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CYCLOPROPY LAMINES AS LSBT INHIBITORS

FIELD OF THE INVENTION
The present invention refates to enzyme inhibitors, which selectively modulate
demethylase, and uses therefor. Particular embodiments contemplate compounds and disease

mdications amenable to treatement by modulation of lysine specific demethyiase-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, 2610, 28(10}): p. 1057-68;
Lund, AH. and M. van Lohuizen, £pigenetics and cancer. Genes Dev, 2004, 18(19): p.
2315-35). Recently, mn depth cancer genomics studies have discovered many epigenetic
regulalory genes are often mutated or their own expression is abnormal in a variety of cancers
{Dawson, M.A. and T. Kouzarides, Cancer epigenetics: from mechanism o therapy. Cell,
200120 150(1 ) p. 12-27; Waldmaon, T. and R. Schneider, Targeting histone modifications--
epigenetics in cancer. Carr Opin Cell Biol, 2013. 25(2): p. 184-9; Shen, H. and P.W. Laird,
Interplay between the cancer genome and epigenome. Cell, 2013, 153(1): p. 38-55). This
waphes epigenetic regulators function as cancer drivers or are permissive for tumorigenesis or
disease progression. Therefore, deregulated epigenetic regulators are attractive therapeutic
targets.

One particular enzyroe which is associated with human diseases is lysine specific
demethylase-1 (L5D1), the st discovered histone demethylase (Shi, Y., et al., Histone
demethylation mediated by the nuclear amine oxidase homolog LSD . 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 protein-protein interaction, such
as transeriptional co-repressor, co-repressor of RE1-silencing transcription {actor (CoREST),
and lastly the C terminal catalytic domain whose sequence and structure share homology with
the flavin adenine dinucleotide {FAD)-dependent monocamine oxidases (1.e., MAO-A and
MAO-B) (Fornens, F., et al,, Structural basis of LYD1-CoREST selectivity in historie H3
recognition. J Biol Chem, 2007, 282(28): p. 206070-4; Anand, R. and R. Marmorstein,

Structure and mechanism of lvsine-specific demethylase enzymes. J Biol Chem, 2007,
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282(49): p. 35425-9; Stavropoulos, P., G. Blobel, and A. Hoelz, Crysral structure and
mechanism of luman [ysine-specific demethylase-I. Nat Struct Mol Biol, 2006, 13(7): p. 626-
32; Chen, Y, et al,, Crystal structurve of human histone lysine-specific demethylase 1 (LSDI).
Proc Natl Acad Sci U S A, 2006, 103(33): p. 13956-61). L3D1 also shares a fair degree of
homology with another lysine specific demethylase (LSD2) (Karytinos, A., et al., 4 nove!
mammalian flavin-dependent histone demethylase. § Biol Chem, 2009. 284(26}: p. 17775~

82). Although the biochemical mechanism of action is conserved in two isoforms, the
substrate specificities are thought to be distinct with relatively small overlap. The enzymatic
reactions of LD and LSD?2 are dependent on the redox process of FAD and the requirement
of a protonated nitrogen in the methylated lysine is thought to limit the activity of LSD1/2 to
mono- and di-methylated at the position of 4 or 9 of histone 3 (H3K4 or H3K8). These
mechanisms make LSD1/2 distinet from other lustone demethylase families (i.e. Jumonji
domain containing family) that can demethylate mono-, di-, and tri-methylated lysines
through alpha-ketoglutarate dependent reactions (Kooistra, S.M. and K. Helin, Molecular
mechanisms and potential functions of histone demethiviases. Nat Rev Mol Cell Biol, 2612,
13(5): p. 297-311; Mosammaparast, N. and Y. Shi, Reversal of histone methylation:
biochemical and molecular mechanisms of histone demethylases. Anni 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 has been reported to demethylate H3K 4 and repress transcription,
whereas L8D1, in nuclear hormone receptor complex {(e.g., androgen receptor), may
demethylate H3KS to activate gene expression {Metzger, E., et al., LSD/ demethyiates
repressive histone marks to promote androgen-recepior-dependent transcription. Nature,
2005, 4377057 p. 436-9; Kahl, P., et al., Androgen receptor coactivators lysine-specific
histone demethylase 1 and four and o half LIM domain protein 2 predict visk of prostate
cancey recurvence. Cancer Res, 2006, 66(23): p. 11341-7). This suggests the substrate
specificity of LS can be determuned by associated factors, thereby regulating alternative
gene expressions in a context dependent manner. In addition to histone proteins, LSD1 may
demethylate non-histone proteins. These include pS3 (Huang, I, et al, p53 is regulared by
the lysine demethylase LS5D1, Natore, 2007, 449(7158): p. 105-8.), E2F (Kontaki, H. and L
Tallanidis, Lysine methviation regulates E2F I-induced cell dearh, Mol Cell, 2010, 3%(1): p.
152-60y, STAT3 (Yang, 1., et al.,, Reversible methylation of promoter-bound STAT3 by
histone-modifving enzvmes. Proc Natl Acad Sci U S A, 2010, 187(50): p. 21499-504}, Tat
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{Sakane, N., et al,, dctivation of HIV wanscription by the vival Tat protein requires a
demethylation step mediated by lysine-specific demethylase 1 (LSDI/KDMI). PLoS Pathog,
2011, 7(8): p. ¢1002184), and myosin phosphatase target subunit | (MYPT1} (Cho, H.8., et
al., Demethyiation of RE regulator MYPT] by histone demethylase LSDI promotes cell cycle
progression in cancer cells. Cancer Res, 2011, 71(3): p. 655-60). The lists of non-histone
substrates are growing with technical advances in functional proteomics studies. These
suggest additional oncogenic roles of LS beyond o regulating chromatin remodeling.
LSD1 also associates with other epigenetic reguolators, such as DNA methylransferase |
{(DNMT1){Wang, I, et al., The fysine demethviase LSDI (KDM1) is veguired jor
maintenance of glohal DNA methylation. Nat Genet, 2009, 41(31 ) p. 125-9) and histone
deacetylases (HDDACs) complexes (Hakim, MLAL, et al, 4 core-BRAF 35 complex containing
histone deacetylase mediates repression of neuronal-specific genes. Proc Natl Acad SaiU S
A, 2002, 99(1 1) p. 7420-5; Lee, MG, et al,, Functional interplay between histone
demethviase and deacetviase enzvmes. Mol Cell Biol, 2006, 26{17): p. 6395-402; You, A, et
al., CoREST is an integral component of the CoREST- human histone deacetylase complex.
Proc Natl Acad Sci 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, prechinical studies have shown such potential already (Smgh,
MM, et al,, Inkibition of LSD1I sensitizes glioblastoma cells to histone deacetylase
inhibitors. Neuro Oneol, 20110 13(8): p. 894-903; Han, H., et al., Synergistic re-activation of
epigenetically silenced genes by combinatorial inhibition of DNMTs and LSD1 in cancer
cells. PLoS One, 2013, 8(%): p. 275136).

LSD1 has been reported to coniribute to a variety of biological processes, including
cell proliferation, epithelial-mesenchymal transition (EMT), and stem celf biology (both
embryonic stern cells and cancer stem cells) or self-renewal and cellular fransformation of
somatic cells (Chen, Y., et al., Lysine-specific histone demethviase 1 (LSD1}: A potential
melecular target for tumor therapy. Crit Rev Eukaryot Gene Expr, 2012, 22(1): p. 53-9; Sun,
QG., et al., Histone demethylase LSD] regulates neural stem cell proliferation. Mol Cell Biol,
2016, 30(8): p. 1997-2005; Adamo, A., ML Barrero, and LC. Izpisua Belmonte, LSD/J and
pluripotency: a new player in the network. Cell Cyele, 2011, 10(19): p. 3215-6; Adamo, A,
ct al., LSO regulates the balance between self-renewal and differentiation in human
embryonic stem cells. Nat Cell Biol, 2011, 13(6): p. 652-9). In particular, cancer stem cells
or cancer mitiating cells have some pluripotent stem cel properties that contribute the

heterogeneity of cancer cells. This feature may render cancer cells more resistant 1o
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conventional therapies, such as chemotherapy or radiotherapy, and then develop recurrence
after treatment (Clevers, H., The cancer stem cell: premises, promises and challenges. 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).  L8D1 was reported to maintain an
undifferentiated tumor initiating or cancer stem cell phenotype in a spectrum of cancers
(Zhang, X., et al., Pluripotent Stem Cell Frotein Sox2 Confers Sensitivity to LSDI Inhibition
in Cancer Cells. Cell Rep, 2013, 5(2): p. 445-57; Wang, 1., ot al., Novel histone demethylase
LEDI inhibitors selectively target cancer cells with pluripotent stem cell properties. Cancer
Res, 2011, 7T1(23): p. 7238-49}. Acute myeloid leukemias (AMLs) are an exampie of
neoplastic cells that retain some of their less differentiated stem cell like phenotype or
feukerma stem cell (LSC) potential. Analysis of AML cells including gene expression amrays
and chromatin immunoprecipitation with next generation sequencing (ChiP-Seq) revealed
that LSD1 may regulate a subset of genes mveolved mn multiple oncogenic programs to
maintain LSC (Harris, WU, et al,, The histone demethylase KDMIA sustains the oncogenic
potential of MLL-AFS lewkemia stem cells. Cancer Cell, 2012, 214} p. 473-87; Schenk, T,

et al., fnhibition of the LSDT (KDMI 4} demethylase veactivates the ali-trans-retinvic acid
differentiation pathway i acute myeloid leukemia. Nat Med, 2012, 18(4): p. 605-11). These
findings suggest potential therapeutic benefit of L3D1 inhibitors targeting cancers having
stem cell properties, such as AMLs.

Overexpression of LSD1 is frequently observed in many types of cancers, including
bladder cancer, NSCLC, breast carcinomas, ovary cancer, glioma, colorectal cancer, sarcoma
mchuding chondrosarcoma, Ewing’s sarcoma, osieosarcoma, and rhabdomyosarcoma,
neuroblastoma, prostate cancer, esophageal squamous cell carcinoma, and papillary thyroid
carcinoma. Notably, studies found over-expression of LS was significantly associated
with clindeally aggressive cancers, for example, recurrent prostate cancer, NSCLC, ghioma,
breast, colon cancer, ovary cancer, esophageal squamous cell carcinoma, and neuroblastoma.
in these studices, either knockdown of LSD lexpression or treatment with small molecular
whibitors of LSDI resulted in decreased cancer cell proliferation and/or tnduction of
apoptosis.  See, e.g., Hayami, 8., et al,, Overexpression of LD contributes to human
carcinogenesis through chromatin regulation in vavious cancers. Int J Cancer, 2011, 128(3):
p. 574-86; Lv, T., ¢t al., Over-expression of LS promotes proliferation, migration and
invasion in non-small cell lung cancer, PLoS Oue, 2012, 7(4): p. e35065; Serce, N., et al,,

Elevated expression of LSD (Lysine-specific demethylase 1) during rumour progression

from pre-invasive to invasive ducial carcinoma of the breast. BMC Clin Pathol, 2012. 12: p.
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13; Lim, S, et al,, Lysine-specific demethviase I (LED1) is highly expressed in ER-negative
breast cancers and a biomarker predicting aggressive biology. Carcinogenesis, 2010, 31(3):
p. 512-20; Konovalov, 8. and L. Garcia-Basseis, Analysis of the levels of {vsine-specific
demethylase 1 (LSDV )} mRNA in human ovarian tumors and the effects of chemical LSDI
inhibitors in ovarian cancer cell fines. J 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; Ding, J

35"“

and metastasis of colon cancer. Br J Cancer, 2013, 109(4): p. 994-1003; Bennani-Baiti, LM.,

et al., LSD 1 -mediated epigenciic modification contributes to proliferation

et al., Lysine-specific demethyiase I (LSDI/KDMIA/AOF2/BHCI10) is expressed and is an
epigenetic drug target in chondrosarcoma, Ewing's sarcoma, asteasarcoma, and
rhabdomyosarcoma. Hum Pathol, 2012, 43(8): p. 1300-7; Schulte, I.H., et al., Lysine-specific
demethylase 1 is stronglv expressed in poorly differentiated neuroblastoma: implications for
therapy. Cancer Res, 2009, 69(5}: p. 2065-71; Cres, F., et al., The emerging role of hisione
fysine demethylases in prostare cancer. Mol Cancer, 2012, 112 p. 52; Suikki, HE., etal,,
Genetic alterations and changes in expression of histone demethylases in prostate cancer.
Prostate, 2010. 70(8): p. 889-98; Yu, Y, et al., High expression of lysine-specific
demethylase 1 correlates with poor progrosis of patients with esophageal squamous cell
carcinoma, Biochem Biophys Res Commun, 2013, 437(2): p. 192-§; Kong, L., et al,,
Immunchistochemical expression of REP2 and LEDI in papiliary thyroid carcinoma. Rom §
Morphol Embryol, 2013, 54(3): p. 499-503.

Recently, the induction of CDR6 expression by mbibiting LSD1 activity was reported
{Lynch, LT, et al., CD86 expression as a survogate cellular biomarker for pharmacological
infithition of the historne demethylase lysine-specific demethylase 1. Anal Biochem, 2013,
447(1): p. 104-6). CDE6 expression is a marker of maturation of dendritic cells {BCs) which
are involved m antitumor immune respouse. Notably, CDE6 functions as a co-stimulatory
factor to activate T cell proliferation {Greaves, P. and 1.G. Gribben, The role of B7 family
melecules in hematologic malignancy. Blood, 2013, 121(5): p. 734-44; Chen, L. and D.B.
Flies, Molecular mechanisms of T cell ca-stimulation and co-inhibition. Nat Rev nmunol,
2013, 13(4): p. 227-42).

In addition to playing a role in cancer, LST activity has also been associated with
viral pathogenesis. Particolarly, LSD1 activity appears to be linked with viral replications
and expressions of viral genes. For example, L.SD1 functions as a co-activator to induce geoe
expression from the viral immediate early genes of various type of herpes virus including
herpes simplex viras (HSV), varicella zoster virus {(VZV}), and B-herpesvirus human
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cytomegalovirus (Liang, Y., et al., Targeting the JMID2 histone demethvlases o
epigenetically control herpesvirus infection and reactivation from latency. Sci Transt Med,
2013, 5(167): p. 167vas; Liang, Y., ef al,, Infiibition of the hisione demethylase LSD1 blocks
alpha-herpesvivus Iytic veplication and reactivation from latency. Mat Med, 2009, [5(1 1) p.
1312-7). In this setting, a LSD 1 inhibitor showed antiviral activity by blocking viral
replication and altering virus associated gene expression.

Recent studies have also shown that the inhibition of LSD1 by either genetic
depletion or pharmacological intervention ncreased fetal globin gene expression in erythroid
cells {Shi, L., et al., Lysine-specific demethylase 1 is a therapeutic target jor fetal hemogiobin
induction. Nat Med, 2013, 19(3): p. 291-4; Xu, J,, et al., Corepressor-dependent silencing of
Jfetal hemaogiobin expression by BCLITA. Proc Natl Acad Scill S A, 2013, 110(16): p. 6518-
23). Inducing fetal globin gene would be potentially therapeutically beneficial for the disease
of B-globinopathies, including B-thalassemia and sickle cell discase where the production of
normal §-globin, a component of adult hemoglobin, is impaired {Sankaran, V.G. and S H.
Orlen, The switch from fetal to adult hemoglobin. Cold Spring Harb Perspect Med, 2013,
3(1) p. adl1643; Bauer, D.E., S.C. Kanwan, and 5. H. Orlin, Reawakening fetal hemoglobin:
prospects jor new therapies for the beta-globin disorders. Blood, 2012, 120(15): p. 2945-53).
Moreover, LD mhibition may potentiate other clinically used therapies, such as
hyvdroxyurea or azacifidine. These agents may act, at least in part, by increasing y-globin
gene expression through different mechanisms.

In sumimary, LSD1 contributes to tumor development by alering epigenetic marks on
histones and non-histone proteins. Accumulating data have validated that either genetic
depletion or pharmacological intervention of LSDI normalizes altered gene expressions,
thereby inducing differentiation programs into mature cell types, decreasing cell proliferation,
and promoting apoptosis in cancer cells. Therefore, LSD1 inhibitors alone or in combination
with established therapeutic drugs would be effective fo treat the discases associated with

LSD1 activity.

SUMMARY OF THE INVENTION

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



RS Re

i
or a pharmaceutically acceptable salt thereof, wherein constituent variables are defined

herein.

%2

The present invention is further directed o a pharmaceutical composition comprising
a coropound of Formula 1 and at least one pharmaceutically acceptable carrier,

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

The present invention is further directed to a2 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

DETAILED DESCRIPTION
The present invention provides, nter afio, LSD-inhibiting compounds such as a

15 compound of Formuda It

" (R%)
(R%)m Y

(R,

or a pharmaccutically acceptable salt thercof, wherein:

20 ring A 18 Ceroary] or 5-10 membered heteroaryl comprising carbonand 1, 2,3 or 4
heteroatoms selected from N, G, and S

3

ring B is 4-10 membered heterocycloalkyl comprising carbon and 1, 2, or 3

heteroators selected from N, O, and §;
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ring Cis (1} monoceyclic Csr eycloalkyl, {2) monocychic 4-7 membered
heterocycloalkyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §,

ot (3} a fused bicychic motety baving Forowda (A):

(A)
wherein:
ring C1 1s Csg cycloalkyl or 5-6 membered heterocycloalky! comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §;
ring C2 1s {1} phenyl, (2) Cs¢cycloalkyl, (33 5-6 membered heteroaryl
comyprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and S, or {4} 5-6
membered heterocycloalkyl comprising cartbon and 1, 2, 3 or 4 heteroatoms selected from N,
O, and 8;
wherein said fused bicyclic motety of Formuala (A} is 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 18 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, Cie alkyl, (o alkenyl, Cre alkynyl, Cie
haloalkyl, Ce.1o aryl, Cs.ao cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceioaryl-Ciaalkyl, Cs.ocycloalkyl-Cig alkyl-, (5-10 roembered
heteroaryl)-Ci-s alkyl-, (4-10 membered heterocycloalliyD-Cia alliyl-, ON, NOw, OR® SR®,
C{OIR®, CIOINRRY, C(O)YORY, OC(OIR®, OC{OMNRRY, NRRE, NRUC(OIR®, NRUC(O)YORS,
NREC{OINRCRY, C=NRORE, CENRONRRY, NREC(ENROGNRRY, NROS(OIRY, NRS(O)RY,
NRES(ORNRRY, SIOHRP, SCOINRRY, S(ORRP, and S(ORNRRY, wherein said Cis alkyl,
Cars atkenyl, Cog alkynyl, Co-roaryl, Csaecycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Coioaryl-Cragalkyl-, Coascycloalkyl-Craalkyl-, (5-10
membered heteroaryl)-Cioa alkyl-, and (4-10 membered heterocycloallyl)-Cia alkyl- ave each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
alkyl, Cis haloalkyl, Cis cyanoalkyl, CN, NO2z, OR®, SR C{O)R®, C{OINRCRY, C(OYOR®,
OC(OWRP, OC(OINRRY, C(ENRONRRE, NREC(=NRONRORY, NRORE, NRC(O)RE,
NRC{OJOR?, NRC{OINRRY, NRS{OIRY, NRS(ORR?, NRES(ORNRRY, S(ORD,
S(OINRRY, S{ORR?, and S(O)NRRY;
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each R? is independently selected from halo, Cis alkyl, CN, OR®, C(ORY,
COINRCIRY, C(OYOR?!, NRHRYL, S(O)RY, S(OWRRY, S(ORRY, and S(O)pNRIRA,
wherein said Cie alkyl i optionally substituted with 1, 2, or 3 substituents independently
selected from halo, ON, OR™, SR, C{ORY, CLOWNRYRY C{OYORY, OC(OIRYY,
OC(OINRCRY | CENREGNRERY, NREC(NRENRERY, NRERY, NREIC(O)RY,
NREC(OYOR®, NRUC(OINROIRY!, NROIG(OIR®, NREIS(O )RR, NREIS(O)RNRYUIRY,
SIORPY, S{OINRIRY, S(0)RY, and S{ORNRERY,

wherein each R? is substituted on any ring-forming atom of ring B except the ring-
forming atom of ring B to which R” is bonded;

cach B3 is independently selected from halo, Cis alkyl, Cos alkenyl, Cows alkynyl, Cis
haloalkyl, Ceroaryl, Ca-io cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceioaryl-Cig alkyl-, Caao cycloalkyl-Ciaalleyl-, (5-10 membered
heteroaryl)-Ci4 alkyl-, (4-10 membered heterocycloalkyi)-Ci alkyl-, CN, NGz, OR¥, SR,
C{OHRY?, C{OMNRTRP, C{OH0R, OC(OIRY, OC(OINRZRYE, NRURY, NRAC(O)RY,
NREZCIOIOR™, NRAC(OINRRE, CENRRY CENRZINRERY, NREC(ENRZINRERE,
NRZS(OIRY, NRES{ORRY, NRES{ORNRZRE, S{O)R?, S(OHINRERY, 5(012RY, and
S{O)RNRZRE, wherein said Cis alkyl, Cos alkenyl, Cug alkyoyl, Ceioaryl, Caae cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocyeloalkyl, Cs o aryl-Cra altkyl-, Cato
cycloatkyl-Craalkyl-, {(5-10 membered heteroaryl}-Cios alkyl-, and (4-10 membered
heterocycloalkyl)-Craalkyl- are each optionally substituted with 1, 2, 3, or 4 substituents
independently selected from halo, Ci4 alkyl, Cis haloalkyl, Ci4 cyanoalkyl, CN, NO»2, ORY,
SR¥, CIORM, C(OINRERE C(OYORY, OC(OIRY, OC(OINRIRE, C(=NRINRARY,
NRZC(=NRONRZRE, NRPRE, NR#C(O)R"?, NRPC{OYORY, NREC(OINRZRE,
NR¥ZS(OIRYZ NRES(O )RR, NRUS{ORNRZRE, S(O)R", S(OINRERY, S(O2RY, and
S(0)NR2RY;

R* is halo, Ci alkyl, Cas alkenyl, Cas alkynyl, Cre haloalkyl, Csoaryl, Cio
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Csioaryl-Cisalkyl-
, Caae cycloalkyl-Cra alkyl-, (5-10 membered heteroaryl)-Cia alkyl-, (4-10 membered
heterocycloalky!)-Cra alkyl-, CN, NO2, OR®, SR¥, C(OWRP, CIOINRERY, CIOYOR?,
OC{ORY, OCLOINRYRE, NRERE, NREC(OIRD, NRPC(OYOR™, NREC{OINRTVRE,
C=NRD)RY, CENRPNRORS, NRECENREINRORE, NRBS(OIRY, NRES(O)RRY,
NRES(ORNRTRS, S(OIR, S(OINRORP, S(ORRY, or S{ORNRPRY, wherein said Cie
alkyl, Coe alkenyl, Cre alkynyl, Csavaryl, Csaoeycloalkyl, 5-10 membered heteroaryl, 4-10

membered heterocycloalkyl, Ce-oaryl-Cis alkyl-, Csoeycloalkyi-Cia alkyl-, (5-10
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membered heteroaryl}-Cis atkyl-, and (4-10 membered heterocycloalkyl}-Cia alkyl- ave each
optionally substituted with 1, 2, 3, or 4 substituenis independently selected from halo, Cia
alkyl, Cra haloalkyl, Cra cyanoalkyl, ON, NOz, OR™, SR*, C{ORY, CONRIR®,
COHYOR™, OC(ORP, OC(OINRZRE, CENRFVINRERY, NRACENRPINRARE, NRORY
NREC(ORY, NREC(OHYOR®, NRPC(OINRERY, NRUS{O)R, NRES(O)RRY,
NREG(ORNRERY S{ORD, S(OINRTRY, S(O)RRY, and S(O)RNRSRY;

R and R® are each independently selected from H, balo, CN, Ci4 alkyl, Cra
cyanoalkyl, Crq haloalkyl, and —(Caalkyl)-OR;

R%1is H, halo, Cis alkyl, Cre alkenyl, (a6 alkynyl, Cis haloalkyl, Co-t0aryl, Csro
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Coaoaryl-Ciaalkyl-
, Csoo oycloalkyl-Cra alkyl-, (5-10 membered heteroary!)-Cig alkyl-, (4-10 membered
heterocycloalkyl-Cra alkyl-, CN, NO2, OR™, SR*, C{ORY, C{ONRFRY, C{O)OR™,
OC{OIRY, OCOINRHR™, NRYR™, NRAC(OR, NRUC{OYORM, NRUC(OINRT@R™,
CENRRY, CENRIINRARY, NRACENRIINRYRY, NRUS(OIRY, NRAS(ORRY,
NR¥S(ORNRURY, S(OIR™, S(OWRURY, S(ORRY™, and S{O)NRURY, wherein said Cis
alkyl, Cre alkenyl, Crs alkynyl, Ce-oaryl, Crao cyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Coroaryl-Craalkyl, Caaocycloalkyl-Craaltkyl-, (5-16
membered heteroaryl)-Ci4 alkyl-, and {(4-10 membered heterocycloalkyl}-Cig alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from haleo, Cig
alkyl, Ci4 haloalkyl, Cis cyanoalkyl, CN, NOz, OR™, SR*, C{OIRM™, C(OINR¥R™,
C{OHOR™, OC(ORYM, OC(OINRURY | CENRYINRURY, NRUC(=NRMINRURH, NRURY,
NRHUC(OIRM, NRUC(OYOR™, NRUC{O)NRURY, NRHUS(OIRP, NRUS(ORRM,
NR##S(O1NRERY, 5{O)RY, S(OINRURY, S(01RM, and 5(O)RNRUR™M,

ecach R? R, R®, R4 R, RY2, R, R®, R®, RS R, R R RM R and R¥ is
mdependently selected frora H, Ci¢ alkyl, Ciahaloalkyl, Cas alkenyl, Crs alkyoyl, Caroaryl,
Cs-ioeycloalkyl, 5-10 membered hetercaryl, 4-10 membered heterocycloalkyl, Ceoaryl-Cia
alkyl-, Cigo cycloalkyl-Craalkyl-, (5-10 membered heteroaryl}-Cios alkyl-, and (4-10
membered heterocycloalky-Cra alkyl-, wherein said Crs alkyl, Cre alkenyl, Co alkynyl,
Cos-o aryl, Cs-o oycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ceio
aryi-Ci alkyl-, Cao cycloalkyl-Cig alkyl-, (5-10 membered heteroaryl}-Crs alkyl-, and (4-10
membered heterocycloalioyly-Cra alkyl- is optionally substitoted with 1,2, 3,4, 0or 5
substituents independently selected from Civ alkyl, Ciabaloalkyl, Cia cycancalkyl, halo,
CN, OR®, 8R®, C{ORY, CIOWNR®RY, C{OYOR®, OC(OIR®, OC(OINRERS, NROR®,
NREC(OIRYS, NRESC(OINRERS, NREC(O)OR, C(=NRSINRERS,
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NROCE=NREOINRERD, S(OIRP, S(OINRERS, S{(ORRY, NROS(ORRY, NREOS{ORNR@RY,
and S{ORNR¥R®;

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
independently selected from Cio alkyl, Cs eycloalkyl, 4-7 membered heterocycloalkyl, Ceto
aryl, 5-6 membered heteroaryi, Crs haloalkyl, halo, CN, OR™, SR®, ({O)R", C{O)NRSR®E,
C{OHOR®, OC(ORY, QCOINRSRY, NEPRY, NEPC(O)RY, NRAC{OINRORY,
NRSC(OYOR®, CENREINRDORY, NRUC(ENREPINRPRE, S(O)RD, S{OINRZRY, S{O)RRY,
NRZS(ORRY, NROS(ORNRYR® and S(ORNRERY, wherein said Cio alkyl, Car
cycloalkyl, 4-7 membered heterocycloalkyl, Ceaoaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from hale, Cia alkyl,
Cia haloalkyl, Cracyanoalkyl, ON, OR®, SR*, C(OIRY, C{ONRSRE, C(OYOR™,
OC{OIRY, OCIOINRSRE, NRERY, NREPC(OR, NREC{OINRZRY, NRSC(OYOR,
C(=NREINRERY, NRSC(ENRINRERY, SIOIRY, S(OINRIRS, S(ORRY, NROS(O)RY,
NRPS(ORNRPRY, 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
mdependently selected from Cis alkyl, Csoeyeloalkyl, 4-7 membered heterocycloalkyl, Cooio
aryl, and 5-6 membered heteroaryl, Cis haloalkyl, halo, ON, OR®, SR*, C{ORY’,
C{OINRERY, CIOYORS, OC(OHRYS, OC(ONRERE, NRERS, NREC(O)R,
NRECOINRSRY, NRSC(O)ORS, CEENRTINRSRY, NRPC(=NRIINRSRY, S(OIRY,
S(OINRPRY, S{ORR, NRES(ORR, NRES(ORNRERY and S(O)RNRPRS, wherein said
Ci-s alkyl, Carcycloalkyl, 4-7 membered heterocycloalkyl, Csroaryl, and 5-6 membered
heteroaryl are optionally substituted by 1, 2, or 3 substituents independently selected from
halo, Ciag alkyl, Cra haloalkyl, Cra cyanoalkyl, ON, OR® SR, C{OIRY, C{OINRSRE,
C(OYOR®, OC(ORY, OC(OINR¥RE, NRPR®, NRPC(O)RY, NREC{ONR¥RE,

NRES{ORRY, NRES(ORNRYRE, and S(ORNRZRY;

or any R°* and R% together with the N atom (o 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 Cioe alkyl, Csr cycloaikyl, 4-7 membered heterocycloalkyi, Ce-io
aryl, 5-6 membered heteroaryl, Ci-s haloalkyl, halo, CN, OR®, SR, C{O)RY, C{ONR“RY,
C(OYOR™, OC(OIRY, OC{OINRERS, NRORES, NREC(OIRY, NREC{ONRERE,
NREC{OYOR®, C{=NRBPINRERD, NRECENRSPINRERD, SOWRD, §(O)NRORY, §(0)RP,
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NRPS(03RY, NRPS(O1NRERY, and S(ORNRERY, wherein said Cros alkyl, Cs7
cycloaltkyl, 4-7 membered heterocycloalkyl, Csaoaryl, and 5-6 membered hetercaryl are
optionally substituted by 1, 2, or 3 substifuents independently selected from halo, Cia alkyl,
Crs haloalkyl, Cracyanoalkyl, ON, OR®, SR® C{(O)RY, C{OINR®R®, C{(OHYOR®,
OC(ORY, OC(OINRTRY, NRTR®, NRPC(O)R, NREC(OINRZRY, NRPC(O)OR™,
C=NRFINRZRY, NREC(=NREINRSRY, S(OIRP, S(OINRTRS, S{ORR, NRSS(ORRY,
NROS(ORNRORY, and S(ORNRERY;

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 sclected from Cis alkyl, Csr cycloalkyl, 4-7 membered heterocycloalkyl, Ceoio
aryl, 5-6 membered heteroaryl, Cr.s haloalkyl, halo, CN, OR®, SR¥ C{OIRY, CIOINRZRY,
C(OMOR™, OC(OIRY, OT(OINRPRP, NRPRE, NROC(OIRD, NREC{OINRPRE,
NREC(OYORY, C=NRSINRORS, NREC(=NRSINRERS, S{OIRS, S(OINRORS, §(0)R,
NROS(O)RRD, NRPS(O)NRPRY, and S(OpNRERY, wherein said Cis alkyl, G
cycloalkyl, 4-7 membered heterocycloalkyl, Cs-ip aryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substitaents independently selected from halo, Cis alkyl
Ci.a baloalkyl, Ciacyanoalkyl, CN, OR®, SR®, C{OIRY, C{OINRERD, C{OOR™,
OCIORD, OCOINRYRS, NRERP, NRPC(OIRD, NROC{OINRERS, NROC(OYOR™,
C{=NRESINRERY, NROC(=NRINRERE, §{O)RY, S(OINRERY, 5(01RY, NRFS(O)RY,
NRES(O)RNRORY, and S{OpNRZRE;

each R®, RP, ReL RY is independenily selected from H and Cres alky! optionally
substituted with 1, 2, 3, 4, or 5 substituents independently selected from halo, ON, OR™,
SR®, CIORY, C(OINRER®, C{OYOR™, OC(OHRY, OC{OINRTRY, NR¥R®, NRPC(O)R™,
NRSC{O)NROSRS, NREC(OHORY, CENRPINRORS, NREC(=NRS)INRORS, S(OIRY,
S{OINRORY, S{ORRY, NRUS(ORRY, NRUS(O)NRYRP, and S{O)NRSRY;

each R*, RY, R%, and R™ is independently selected from H, Cia alkyl, Ci4 haloalkyl,
Czr4 alkenyl, and Cag alkynyl, wherein said Ci alkyl, Co4 alkenyl, and Cra alkynyl, is
optionally substituted with 1, 2, or 3 substituents fndependently selected from OH, CN,
amino, halo, Ci4 alkyl, Civalkoxy, Craalkylthio, Cra alkyiamino, di{Cr4 alkyDarine, Cia
haloalkyl, and Ci.4 haloalkoxy; and

each R%, R® R® R% R¥ and R® is independently selected from H, Craalkyl, and
N

mis§, i, or2;

nis0, 1,2, 0r 3;
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In some embodiments, ring B is monocyclic 4-7 membered heterocycloalkyt
comprising carbon and |, 2, or 3 heteroatoms selected from N, O, and 8.

in some embodiments, ring B is a 4-10 membered heterocycloalkyl comprising
carbon and 1, 2, or 3 heteroatoms selected from N, O, and 8 wherein said ring B comprises at
ieast one ring-forming N atom.

In some embodiments, ring B is a 4-7 membered heterocycloalkyl comprising carbon
and 1, 2, or 3 heteroatoms selected from N, O, and 8 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
icast one ring-forming N atom.

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

In some embodiments, rng B is azetidine.

{n some crobodiments, ring B is piperiding.

in some embodiments, ring € is bound to a ring-forming N atom of ring B.

In some embodiments, ring A is Cersaryl or 5-10 membered hetercaryl having carbon
and 1, 2, 3 or 4 heteroatoms selecied from N, O, and S.

in some embodiments, ring B 1s 4-10 membered heterocycloalkyl having carbou and
1, 2, or 3 heteroatoms selected from N, G, and 5.

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

o

and S, or (3) a fused bicyclic moiety having Formula (A):

(A)
wherein:
ring C1 1s Csg cycloalkyt or 5-6 membered heterocycloalky! having carbon

and 1, 2, 3 or 4 heteroators selected from N, G, and §;

13
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ring C2 18 {1} phenyl, (23 Css cycloalkyl, (3) 5-6 membered heteroaryl having
carbon and 1, 2, 3 or 4 heteroatorms selected from N, G, and S, or (4) 5-6 membered
beterocycloalkyl having carbon and 1, 2, 3 or 4 heteroatoms selected froma N, O, and S.
in some embodiments, the cornpounds of the invention include a compound of

Formula H:

(R%),
(R)m
R4

X\\\N
(R") H /
n Y

q V4
R RS R

i
ot a pharmaccutically acceptable salt thereof, wherein:
ring A 18 Ceparyl or 5-10 membered heteroaryl comprising carbonand 1,2, 3 or 4
heteroatoms selected from N, O, and §;
ving C is {1} monocychic Csaeycloalkyl, (2) monocyclic 4-7 membered
heterocycloalkyl comprising carbon and 1, 2, 3 or 4 heteroators selected from N, O, and §,

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

(A)
wherein:
ring Cl is Cs cycloalkyl or 5-6 membered heterocycloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and 5;
ring C2 1s (1) phenyl, (2) Csseycloalkyl, (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 S;
wherein said fused bicychic 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
X is -CHo- or -CH2-CHo-;
Y is -CHo- or -CH2-CHo-;
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each R! is independently selected from halo, Cis alkyl, Cas alkenyl, Cos alkynyl, Cis
haloalkyl, Csparyl, Cio cycloalkyl, 5-10 membered hetercaryl, 4-10 membered
heterocycloalkyl, Ce.i0 aryl-Cia alkyl-, Caao cycloalkyl-Craalkyl-, (5-10 membered
heteroaryl)-Ci4 alkyl-, (4-10 membered heterocycloalkyD-Craa alkyl-, CN, NO2, OR®, SR*,
C{OR®, C(OINRRY, C(OHOR®, OC{OIR®, OC(OINRORY, NRORY, NRSC({O)R?, NRC(O)OR?,
NRCC{OINRCRY, C(=NRR®, C(=NRINRRY, NREC(=NRONRRY, NRS(O)R®, NRS(O):R",
NRCS(ORENRRY, S(OIR®, S{OINRRY, S(ORR?, and S{ORNRRY, wherein said Cis alkyl,
Cros alkenyl, Cos allkynyl, Covaryl, Criocycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceroaryl-Cia alkyl, Cawocycloalkyl-Cisalkyl-, (5-10
membered heteroaryl)-Cr4 atkyl-, and (4-10 membered heterocycloalkyl}-Ci4 alkyl- are cach
optionally substituted with 1, 2, 3, or 4 substituents independently selected from hale, Civ
alkyl, Cr. haloalkyl, Cis cyanocalkyl, CN, NO2, OR?, SR*, C(ORY, T{ONRRY, C{O)ORY,
OC{O)IR®, OC(OINRRY, C=NRYNRORY, NROC(=NRONRRE, NRRE, NRCC(OIR®,
NROC(OYOR?, NRCCOWWRRY, NRS(OIR®, NRS{ORRP, NRES(ORNRRY, S(OIR®,
S(OINRRY, S(ORRY, and S{ORNRRY,

each R? is independently selected from halo, Cie alkyl, CN, OR®, C{O)RY,
COINRSRY C(OYORM, NRHRIL SIOHRPE, SCOMNREIRY S(ORRY, and S(ORNRERY,
wherein said Crs alkyl is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OR™, SR, C{ORY, C{OINRIRY, C{OYORY, GC{DRMY,
OC{OINRORM, C=NReHNRYRY, NRUC(=NRHNRCRY NRIRY NROC(O)RY,
NRACOWORY, NRACOINRIRI NRES(OIRY, NRIS(ORRY, NRUS{ORNRIRY,
S(OIRM, S{OINREIRY, 8{0RRY, and S{ORNRERY,

wherein each 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:

each R is independently selected from halo, Cis alkyl, Cas alkenyl, Co alkynvl, Cis
haloalkyl, Ce-10 aryl, Caocyeloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce0 aryl-Craalkyl, Caao cycloalkyl-Crgalkyl-, (5-10 membered
heteroaryl)-Cis alkyl-, (4-10 membered beterocycloalky}-Ciaalkyl-, ON, NO2, OR®, SR#,
C{OYRY?, C{ONRIRP, C(OHOR™, OC(OIRY, OC(OINRIRE NRZRY, NRAC(O)RY,
NRZC(OYOR®, NRPC{OINRYRE CENRRY, CENRINRARY, NREC(=NRZINRRY,
NRZS(OIRY, NROS(ORRY, NRUS(ORNRZRE, S(OYR", S(ONRTR?, S(ORRY, and
S{ORNRPRE, wherein said Cre alkyl, Czs alkenyl, Cz26 alkynyl, Csioaryl, Cato cycloalkyl,
5-10 membered hetercaryl, 4-10 membered heterocycloalkyl, Co-ro aryl-Cia alkyl-, Caio

cycloalkyl-Craalkyl-, (5-10 membered heteroaryl}-Cisalkyl-, and (4-10 membered
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heterocycloalkyl)-Ci alkyl- are cach optionally substituted with [, 2, 3, or 4 substituents
independently selected from halo, Ci alkyl, Cis haloalkyl, Cis cyanoalkyl, N, NO», OR®,
SR, C{ORY, C{OINRIRP, C{OHOR?, OC(ORY, OC(OINRIRY | C=NRZINRIR?,
NRECENRYINRERY, NRER® NRAC(OIRY, NRACIOHYOR?, NREUC(OINRERE,
NRES(OIR, NRZS(ORR, NRZS(O):NRERY, S(OHRY?, S(ONRZRE, S(O)R, and
S(ORNRER?,

R4 is halo, Cis alkyl, Cze alkenyl, Czs alkynyl, Cis haloalkyl, Ceroaryl, Capo
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocyeloalkyl, Ceroaryl-Ciaalkyl-
, Caie cycloalkyl-Craaliyl-, (5-10 membered heteroaryh)-Cis altkyl-, (4-10 mombered
heterocycloalkyl)-Craatkyl-, CN, NO2, OR®, SR® C{OIRY, CIOMNRERS, C{OYOR™,
C=NRPIRY, C(=NRDINRORS, NROC(=NRNRORSD, NRSS(O)RY, NROS(0 1R,
NROAS(ORNRORY, S(ORP, S{OINRZRE, S{ORR™, and S(ORNRURY,) wherein said Cis
alkyl, Crs alkenyl, Cos alkynyl, Csroaryl, Caaocyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyeloalkyl, Ce-1o aryl-Croa alkyl-, Caocycloalkyl-Craalkyl-, (5-10
membered heteroaryl}-Cis alkyl-, and (4-10 membered heterocycloalkyl}-Cis alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cig
alkyl, Ci4 haloalkyl, Cia cyanoalkyl, CN, NG2, OR®, SR, C{O)RY, C(OINRRY,
CEOMORS, OC(OIRY, OC(OINRYRY, CENRPINRERY, NRACEHENRPINREARE, NRARE,
NREC(ORY, NREC(OHYORY, NRPC(OINRORYS, NRUS{OIR, NRUS({ORR,
NRES{ORNRERY, S{OIRD, S(OINRARE, S{ORRM, and S{ORNRPRY,;

R® and R® are each independently selected from 1, halo, ON, Ci4 alkyl, Ci4
cyanocalkyl, Crahaloalkyl, and —(Cra alkyl-OR>;

RZ%is H, halo, Cis alkyl, Cre alkenyl, (a6 alkynyl, Cis haloalkyl, Ceioaryl, Cso
cycloalkyl, 5-10 membered heteroaryvl, 4-10 membered heterocycloalkyl, Cs.oaryl-Cia alkyl-
. Csaeycloalkyt-Cra alkyl-, (5-10 membered hetercaryl)}-Cia alkyl, (4-10 membered
heterocycloalkyl)-Craalkyl-, CN, NO2, OR™, SR¥, C(O)RY, C(OINR¥RH, C(OYOR™,
OC{OIRY, OC(OINRRH, NRHURHM NRACIOIRY, NREUCIOYOR™, NRUMC(OINRSR™,
CENRSRY, CENRMINRARY, NRACENRIMINRARM NRUAS(OIRY, NRAS(ORRY,
NR##S(O)ENRERY, 5{O)RY, SIOINRURY, S(0»RY™, and S(ORNR™RY, wherein said Cie
alkyl, Cre alkenyl, Cre alkynyl, Co-toaryl, Csao cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.toaryl-Craalkyl-, Caiocycloalkyl-Craalkyl-, (5-10
membered heteroaryl)-Cia alkyl-, and (4-10 membered heterocycloalky!)-Cia alkyl- are cach

optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
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alkyl, Crg haloalkyl, Cig eyanoalkyl, CN, NG2, OR™, SR* C{OIRM, C{O)NRF¥RH,
C(OYOR™, OC(OYRM, OC(OINRERY, C(=NRNR¥RY, NRAC(=NRNR¥RH, NR¥RH,
NRAC(OIRY, NRAC(OHORY, NR¥C(OINRYRY, NRUS(ORY™, NRUS(ORRY,
NRUS(ORNRTRY, SORM, S{OINRURY, S(ORRY, and S(ORNR¥RY,

each R% RP RS, RY, R¥ RY R RE R¥® RY R RP R™ RM™ R and RM is
independently selected from H, Crs alkyl, Cig haloalkyl, Car alkenyl, Cre alkynyl, Coroaryl,
Caaocycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-to aryl-Cia
alkyl, Cs-o cycloalkyl-Cis alkyl, (5-10 membered hetercaryl)-Cia alkyls, and (4-10
membered heterocycloalioyly-Cra alkyl-, wherein said Cis alkyl, Cre alkenyl, Coe alkynyl,
Ce-10aryl, Csae cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-1o
ary}-Craalkyl-, Cs.o cycloalkyl-Cra alkyl-, (5-10 membered heteroaryl}-Cig alkyl, and (4-10
membered heterocycloalky)-Cia alkyl- is optionally substituted with 1,2, 3,4, or 5
substituents independently selected from Cia atkyl Crahaloalkyl, Crscycanoalkyl, halo,
CN, OR®, SR®, CIOYRY, CIOINRERE, CIOYORS, OC{O)RY, OC(OINRTRD, NR¥R®,
NRPCIORP, NREC(OINRPRE, NROC(OYOR®, C(=NR¥INRSRY,
NRBCENREINRERY, SORD, S(ONRERE, S(ORRY, NROS(ORRY, NROS(ORNRZRY,
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
mdependently selected from Cis alkyl, Us7 cycloalkyl, 4-7 membered heterocycloalicyl, Coaio
aryl, 5-6 membered beteroaryl, Ci¢haloalkyl, balo, CN, OR™, SR®, C{O)R, C{OINRSRE,
C{OH0R™, OC(OIRD, OC(OINRERS, NROR®, NREC(O)IRY, NROC(OINRERS,
NRZPC(OYOR®, C(=NRINRPRY NRPC(=NRFINRPRE ) SOWRD, S{OINRERY, S{ORRY,
NRZS(ORRY, NROS(ORNRER?, and S(ORNRER®, wherein said Cirs alkyl, C37
cycloalkyl, 4-7 membered heterocycloalkyl, Ce.roaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cis alkyl,
Ci4 haloalkyl, Crscyanoalkyl, CN, OR®, SR*, C(OIRY, C{OINRZRE, C(OYOR™,
OC{OIRY, OC(OINRERE, NRERE, NRECIORD, NRECIOWRSRYE, NREC{OOR,
CENRPINREORS, NROCENROINRERY, SIORD, S(OINRPRS, S(ORRE, NRES(ORRY,
NRZS(O)NRER?, and S(OpRNRERY;

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, Cs7 eycloalkyl, 4-7 mernbered beterocycloalkyl, Coto

aryl, and 5-6 membered heteroaryl, Cis haloalkyl, halo, ON, OR®, SR*, C{O)RY?,
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C{OINRTR®, C(OYOR?, OC(OIRY, OC(OINRURE, NRORY, NROC(HRY,
NRBC(OINRERS, NRSC(OIOR®, C=NRZ)NRSRY, NRSC(=NRINRSRS, S(OIRY,
S{OINRORE, S{ORRY, NRPS(ORRY, NRES{ORNRYRP, and S{O)NRORY, wherein said
Cies alkyl, Ca.7cycloalkyl, 4-7 membered heterocycloalkyl, Cs-o aryl, and 5-6 membered
heteroaryl are optionally substituted by 1, 2, or 3 substituents independently selected from
halo, Ciz alkyl, Crahaloalkyl, Ciacyanoalkyl, CN, OR®, SR®, C{O)R, C{O)NRORE,
C{OHOR®, OC(ORY, QCIOINRSRY, NEPRY, NESC(O)RY, NRAC{OINRORY,
NRSC(OYOR®, CENREINRDORY, NRUC(ENREPINRPRE, S(O)RD, S{OINRZRY, S{O)RRY,
NRZS(ORRY, NRPS(ORNRERY, and S(O)pNRERY;

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 Cie alkyl, Cs7 cycloalkyl, 4-7 membered heterocycloalkyl, Coio
aryl, 5-6 membered heteroaryl, Ci-s haloalkyl, halo, CN, OR®, SR®, C{O)RP, C{O)NRORE,
C(OIOR®, OC(OIRY, OC(OINRERY, NRERY, NRSC(OIRY, NREC(OINRSRY,
NRPCIOWOR®, CENRFINRPRY, NRODCENRSINRDRE, S(OIR, 8{OINRVRY, 8{0ORR,
NRZS(0)RRY NRPS(ORNRERY, and S(ORNRERY, wherein said Cioe alkyl, (3
cycloalkyl, 4-7 membered heterocycloalkyl, Ceaoaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cia alkyl,
Cis haloalkyl, Cracyanoalkyl, ON, OR®, SR*, C(OIRY, C{ONRSRE, C(OIOR™,
OC{OIRY, OCIOINRSRE, NRERY, NREC(O)R, NREC{OINRZRY, NREC(OYOR,
C(=NRINRERY, NRESC(ENROINRERY, S(OIRY, S(OINRERS, S(ORRY, NROS(O)LRY,
NRES{O1ENRORS, and S(ORNRORY;

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 frorn Cios alkyl, Cso eycloalkyl, 4-7 mernbered beterocycloalkyl, Ce.1o
aryl, 5-6 membered heteroaryl, Cis haloalkyl, halo, CN, OR*, SR®, C{O)RY, C{OINR“RY,
C(OHYOR™, OC(OIRD, OU(OINRSZRE, NRPRE, NRPC(O)RY, NREC(OINR®RE,
NRECOYOR®, CENRPDINRERD, NRPCENRSINRERD, SIOIRY, S{OINRORS, S{ORRY,
NRES{0)RY, NROS{O)NRPRY, and S{ORNRSRY, wherein said Crs alkyl, s
cycloalkyl, 4-7 membered heterocycloalkyl, Cs-o aryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cig alkyi,
Cis haloalkyl, Ciacyanoalkyl, ON, OR®, SB®, C{O)RY, C{OINRERD, C{O)HOR®,
OC(OIR™, OC(OINRETRY, NRETRS, NREC(OIRY, NRSC{OJNRERE, NREC(OYOR,
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C(=NR¥)NRERY, NRSCE=NREINRERY, S(OHRY, S(OINRSRE, S(ORRYS, NRES(O)RYS,
NRZS{ORNRERP, and S{OpNRERS;

each R*, RY R R4 is independently selected from H and Cis alky! optionally
substituted with 1, 2, 3, 4, or 5 substituents independently selected from hale, CN, OR¥,
SR¥, C(OIRY, C{OINRZRYE, C{OIOR™, OC(OIRY, OC(DINRERP NRER®, NREC(O)RD,
NREC(OMINRSRYE, NRPC(O)YOR?, C(=NR¥INRZRY, NRPC{=NR®INRR®, S(OR™,
SOINRPRY | S{ORRDS, NRUVS{ORRDS, NRUS{ORNRSRY and S(ORNRERP;

each R¥, R, R®, and R® is independently selected from H, Ciq alkyl, Ci4 haloalkyl,
Ca4 alkenyl, and Cz4 allcynyl, wherein said Cis alkyl, Cz4 alkenyl, and Coq alkynyl, is
optionally substituted with 1, 2, or 3 substituents independently selected from OH, ON,
amino, halo, Crqalkyl, Craalkoxy, Ciqalkylthio, Ciq alkylamine, di{Cra alkyhamino, Cia
haloalkyl, and Ci4 haloalioxy; and

cach R®, R®, R¥? R® R and R*® is independently selected from H, Ci4alkyl, and
CN;

misQ, 1, or 2;

nis0, 1,2, 0r3;
pis0, 1,2, 3 and

gqisOor L.

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

Formula Ha or {ilb;

(R%),
(R¥m R
\-n
(R, N
a4 Nz
R® RS R
iffa
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2
(R)m
Ny R
] H
(ROn N a
RS Ro R”
b
or a pharmaceutically acceptable salt thereof, wherein:
ring A is Cepoaryl or 5-10 mermbered heteroaryl comprising carbonand 1, 2, 3 or 4
heteroatoms selected from N, O, and S;
ring C i3 {1} monocychic Csoreycloalkyl, (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):

(A)
wheregin:
ring Cl is CUs. cycloalkyl or 5-6 membered heterccycloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §;
ring C2 1s {1} phenvl, (2) Csccycloalkyl, (3) 5-6 membered heteroaryl
comprising carbon and [, 2, 3 or 4 heteroatoms selected from N, O, and §, or (4} 5-6
wembered heterocycloalkyl comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N,
O, and 5;
wherein said fused bicychic 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 €2
each R! is independently selected from halo, Cie alkyl, Cos alkenyi, Cous alkynvl, Cis
haloalkyl, Ce.10aryl, Cao cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceioaryl-Cia alkyl, Caiocycloalkyl-Cia alkyl-, (5-10 membered
heteroaryl}-Crs alkyl-, (4-10 membered heterocycloalky)-Cra alkyl-, CN, NGOz, OR?, SR?,
C{OIRY, CLOINRERY, C{OYORE, OC(OIRY, OC(OINRORY, NRORE, NRC(O)RY, NRC(O)OR?,
NREC(OINRERY, C=NRORY, CENRONRIRY, NREC(=NRONRRY, NRES(OIR?, NRS(O)RY,
NR5{ORNRRY, S{OR®, S{ONRRY, S{ORR®, and S(ORNRRY, wherein said s alkyl,
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Cos alkenyl, Cas alkyvnyl, Csparyl, Caecycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceoaryl-Ciaalkyl-, Criocyeloalkyl-Crsalkyl-, (5-10
membered heteroaryl)-Crag alkyl-, and (4-10 membered heterocycloalkyl}-Ci4 alkyl- are cach
optionally substituted with 1, 2, 3, or 4 substituents independently selected from hale, Civ
aliyl, Ci4 haloalkyl, Cis cyancalkyl, CN, NO:2, OR?, SR®, C(O)R®, C{OINRRY, C{OYOR?,
OC{OIR®, OC(OMNRRY, CENRENRORY, NREC(=NRONRRY, NRERE NRCC(OIR®,
NROC(OYOR?, NREC(OINRRY, NRUS(OIRP, NRUS{ORR", NROS(URNRRY, S{O)R®,
S(OINRRY, S(0)0RP, and S(O)NRRY,

cach R? is independently selected fron halo, Cie alkyl, CN, OR®, C{(O)RY,
COINRE R C(OYORM, NRHRIL SIOHRPL, SCOWNRERY S(O1RY, and S(ORNRERY,
wherein said Crs alkyl is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OR™, SR, C{ORY, C{OINRIRY, C{OYORY, GC(ORPY,
OC{OINRORM, C=NRHNRYRY, NROUC(=NRHNRCRY NRRY NROC(O)RY,
NRACIOWRY, NRUC(OINRERY, NRUIS(ORY, NROIS{O)1R, NRYS{O)NRIRY,
S(OIRM, S{OINREIRY | 8{0RRY, and S{ORNRERY,

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

each R’ is independently selected from halo, Ci alkyl, Cae alkenyl, o alkynvl, Cie
haloalkyl, Ceysaryl, Usocycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Csro aryl-Craalkyl-, Cs.o cycloalkyl-Crag alkyl-, (5-10 mocmbered
heteroary)-Cr4 alkyl-, (4-10 membered heterocycloalkyD-Craalkyl-, ON, NO2, OR¥, SR,
C{OIRY, C{ONRRE, C{OYOR®, OC(O)R, OC(O)NRERY, NRPRY, NREC(ORY,
NRZC(OYOR™, NREC(OINRZRE, CENRRY, C=NRZNRZRE, NREZCENRENREIRE,
NRES(OIRY?, NRIS(ORRY?, NRZS(ORNRZRY, S(OR?, S{OINRPRY, S(ORY, and
S(O)NRPR®, wherein said Cre alkyl, Cas alkenyl, Ca alkynyl, Coroaryl, Caio cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Coo aryl-Cia alkyl-, Caio
cycloalkyl-Cia alkyl-, (5-10 maembered heteroaryl}-Crsalkyl-, and (4-10 moembered
heterocycloalkyl)-Cr.q alkyl- are cach optionally substituted with 1, 2, 3, or 4 substituents
independently selecied from halo, Ci alicyl, Cis haloalkyl, Ci4 cyancalkyl, ON, NO», OR¥,
SRZ2 CIORD, CHOINRIR®, C{OYOR®, OC(OIRY, OC(OINRZRY, C(=NRZINRZR¥,
NRZC(ENREONRRY NRYRE NRACIOIRY, NRAC(OYOR?, NRC(OINRARY,
NRESIOIRP, NRES(ORRY, NRES(ORNRPRY, S(OHRY?) S(OINRTRE, 8(ORRY, and
S(ORNRER®,
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R* is halo, Cre alkyl, Cos alkenyl, Cze alkynyl, Cis haloalkyl, Ceroaryl, Cano
cycloaltkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Coroaryl-Ciaalkyl-
, Cao eycloalkyl-Cra alkyl-, (5-10 membered heteroaryi)-Cis alkyl-, (4-10 membered
heterocycloalkyl)-Cra alkyl-, CN, NOz, OR®, SR®, C{O)RY, C(OINRRE, C(O)OR™,
OC(ORY, OC(O)NRER®, NRTRH, NREAC(O)RY, NREC{OYOR®, NREC(OINRVR®Y,
CENRFARD, CE=ENREINRERE, NRPC(=NREINRYRE, NRYS(0)RY, NRES(ORRY,
NRES{ORNRERY, S{ORY, S(OINRURE, S(ORR", and S(ORNRPRY, wherein said Cie
alkyl, Cos alkenyl, Cae alkynyl, Ce-roaryl, Caancyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceroaryl-Cia alkyl, Cawocycloalkyl-Cisalkyl-, (5-10
membered heteroaryl)-Cr4 atkyl-, and (4-10 membered heterocycloalkyl}-Ci4 alkyl- are cach
optionally substituted with 1, 2, 3, or 4 substituents independently selected from hale, Civ
alkyl, Cr. haloalkyl, Cia cyanoalkyl, CN, NO2, OR™, SR®, {{O)RY, C(OINRZRE,
C{OYOR®, OC(OIRY, OC(OINRSRE, CENRTDINRERS, NRSBC(=NREB)NRORE, NRORE,
NRACIORD, NROACIOYORY, NECC{OINRPRY, NROSIORP, NROS(ORRY,
NRZS(ORNRERY, SIORY, SIOWRRY, S(ORRY, and S(O)NRERY;

R* and R® are each independently selected from H, halo, ON, Ci alkyl, Cia
cyanoalkyl, Cr4 haloalkyl, and —(Ci4 alkyl)-OR®;

RZ s H, balo, Cis alkyl, Cas alkenyl, Cas alkynyl, Cis haloalkyl, Ceioaryl, Cauo
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Csioary}-Cis alkyl-
. Usaoeycloalkyl-Cra alkyl-, (6-10 membered heteroaryl)-Cia alkiyl-, (4-10 membered
heterocyeloalkyl)-Craalkyl-, CN, NGOz, OR™, SR™, C{ORM, CIOINRYURH, C(OYOR™,
OC{ORY™, OC(OINRURY NRURY NRAC(OIRY, NRUCOYOR™, NRUC(OINRH@ R,
CENRFRY, CENRAINRERY, NRUC(HNREHINRYRH, NRUS(O)RY, NRUS(ORRY,
NRAS(ORNRERY, S(ORM, S(OINRURY, S(O1RR™, and S(ORNR¥R™, wherein said Ci6
alkyl, Cus alkenyl, Crs alkynyl, Csowaryl, Ca-ro cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce-1oaryl-Cis alkyl-, Cioeycloalkyl-Cia alkyl, (5-10
membered heteroaryl)-Ciaa alkyl-, and (4-10 membered heterocycloalkyl)-Cia alkyl- are cach
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cra
alkyl, Ci4 haloalkyl, Cig eyanoalkyl, ON, NO:z, QR SR#) C{OIRY, CIOINRH¥RH,
C{OYOR™, OC(O)RY, OC(OHNRURY, C(=NRNRUR™ NRUC(=NR“INR¥R¥, NR¥RH,
NRHAC(ORY, NRAC(OYORM, NRUC(OINR¥R, NRUS(0IR, NR¥S(0 )R,
NRUS(ORNRER™, S(OIRM, S{OINRURY, S(ORRY, and S(ORNRT¥ R,

each R® RY, RS R R, RYZ ReZ R R® RY RS RS R# RM R and R™ is

independently selected from H, Ci alkyl, Cia haloalkyl, a6 alkenyl, Cre alkynyl, Coroaryl,
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Caocycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Coioaryl-Cig
alkyl, Csao cycloalkyl-Cios alkyl-, (6-10 membered heteroaryl)-Cia alkyl-, and (4-10
membered heterocycloalky)-Cra alkyl-, wherein said Cis alkyl, Cze alkenyl, Co.6 alkyoyl,
Ceroaryl, Caocyceloalkyl, 5-10 membered heteroaryl, 4-10 membered beterocycloalkyl, Cs-1o
aryl-Craallyl-, Caao cyeloalkyl-Cra alkyl-, (5-10 membered heteroaryl)-Cis alkyl-, and (4-10
membered heterocycloalkyl)-Cra alkyl- is optionally substituted with 1, 2, 3, 4, ot 5
substituents independently selected from Cia alkyl, Cid haloatkyl, Crscycanoalkyl, halo,
CN, OR®, SR®, C(RY, CLOMRERY, C(OHOR®, OC(OIRY, DC(OINRSRE NR¥R®,
NRHBC(OIRYS, NREC(OINRSRE, NRSC(OHOR®, C(=NR)NRSRE,
NRSC(ENREINRSRY, SIOIRY, S(OINRERS, S(OHRY, NRSSORRDY, NRSS(O)RNRERE,
and S{ORNR@R®,

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
ndependently selected from Cis alkyl, Crreycloalkyl, 4-7 membered heterocycloalkyl, Ceio
aryl, 5-6 mermbered heteroaryl, Cis haloalkyl, halo, CN, OR®, SR* C(ORY, C{OINR¥RY,
C(O)OR®, OC(O)RY, OC{OINRERS, NRORY, NREC(O)RY, NROSC(OINRSRS,
NESC(O)0RS, C(ENREF)INRORE, NRSC{EENRTFINRSRY, §(O)RY, S(OINRERE, SORRY,
NRES(ORRY, NRPS(ORNRSRY, and S{ORNRERD, wherein said Cis alkyl, Cas
cycloalkyl, 4-7 membered heterocycloalkyl, Cs.1o aryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independenily selected from hale, Cius alkyl,
Ci4 haloalkyl, Cracyanocalkyl, CN, OR®, SR®, C(OIRY, C{OINRSRY, C(OHOR®,
OC{OIRY, OC(OINRERY NRURE, NRAC(ORY, NROCIOINRERY NREC(OIOR®,
C(=NR®)NRERS, NROCE=NRPDINRORS, S(OHRY, S(OINRSRE, S(ORR", NRES(O)RY,
NRBS(ORNRERS, and S{O)NRER®;

or any R and R together with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocyeloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from Ciog alkyl, Csr cycloalkyl, 4-7 menbered heterocycloalicyl, Cooro
aryl, and 5-6 membered heteroaryl, Crs haloalkyl, halo, ON, OR®, SR¥, C(OIRP,
C{OINRERS, C(OHYOR™, OC(OIRY, QC(OINRZRE, NRORY NROC(ORY,
NRSC(OINRERY, NREC(OIOR®, C(=NRS)INRSRYS, NRSC(=NR®)NRSRS, §(0)RY,
S{OYNRPRE, S(ORRD, NRES(O)RR, NRUS(ONRPR®P, and S(O)NR¥RY, wherein said
Cr-a alkyl, Ca7 cyvcloalkyl, 4-7 membered heterocycloalkyl, Cs.o aryl, and 5-6 membered
heteroaryl are optionally substituted by 1, 2, or 3 substituents independently selected from
halo, Cia alkyl, Cia haloalkyl, Cracyanoalkyl, CN, OR®, SR®, C{OYRY, C{OINRORE,
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C(O)OR¥, OC{O)RY, OC(OINRERY, NRERYS, NREC(O)RY, NRSC(OHINRERS,
NRBC(OWOR®, CENREINRDRY, NROCENREINRSRY, S(O)RY, S(OINRERY, S(O)RRY,
NRES(ORRY, NROS(ORNRPRY, and S(ORNR¥RY;

or any RS and R {ogether with the N atom to which they are attached form a 4-, 5-,
6-, or 7-membered heterocyeloalkyl group optionally substituted with 1, 2, or 3 substituents
independently selected from Crs alkkyl, Cs cycloalkyl, 4-7 menbered heterocycloalicyl, Cero
aryl, 5-6 membered beteroaryl, Cie baloalkyl, balo, CN, OR™, SR, C{O)R", C{OINRPRE,
C{OYOR™, OC(O)RM, OC(OHINRERS, NROR®, NREC(OIRY, NROC(OHNRERS,
NRHBC(OYOR®, C(=NREINRDRY, NRSCENREINRDRYS, S(OIRY, S(OINRERE, S(O)RY,
NRSS(ORRY, NRSS(ORNRERS, and S(ORNRERP, wherein said Cis alkyl, Csr
cycloalkyl, 4-7 membered heterocycloalkyl, Ce.10 aryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independenily selected from halo, Cis alkyl,
Ci-4 haloalkyl, Cr4cyanoaliyl, N, OR®, SR, C(OIRY, C{OINRZRY, C(OYOR™,
OC{OIRY, OCOINRSRE, NRTRY NRESC(O)RY, NROCIOWRSRY, NRSC(O)OR,
C=NRZINRERS, NRECE=NREINRERS | SIOWRD, S(OINRSRE, SIORRY, NRES(ONRY,
NRP5(0)NRER®, and S(0)NRERS,

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 Cig alkyl, Csreyeloalkyl, 4-7 membered heterocycloalkyl, Como
aryl, 5-6 membered heteroaryl, Cis haloalkyl, halo, CN, OR®, SR®, C{O)RP, C{O)NRORE,
C{OYOR®, OC(OIRY, OC(OINRERY, NRERY, NRSC(OIRY, NREC(OINRSRY,
NRPCOWOR®, C(ENREINRPRY, NRPDCENREINRPRY, SIOIRP, S(O)NRERE, 8(ORRY,
NRZS5(012RY, NROS(O1NRERY, and S(OpNRERY, wherein said Ci6 alkyl, C57
cycloaltkyl, 4-7 membered heterocycloalkyl, Csaoaryl, and 5-6 membered hetercaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Ci.a alkyl,
Cia haloalkyl, Cracyanoalkyl, ON, OR®, SR*, C(O)RY, C{OINR*RY, C(O)OR®,
OC(O)RD, OC(OINRER®, NRZRE, NREC(OR, NREC(OINRERY, NRPC(OYOR,
CENREINRDRY, NRPC(ENREINRERE, SOIRD, S(OINRTRP, S(ORRY, NRPS(O)RRY,
NRES(O)NRORY, and S(ORNRERY,

each R¥, RP! Re! R is independently selected {rom H and Ci.¢ alkyl optionally
substituted with 1, 2, 3, 4, or 5 substituents independently selected from halo, CN, OR®,
SRS, C{ORY, C{OINRTRD, C{OHOR, OC(OIRY, QC(OINESRY, NRORY, NROC(O)RY,
NRECOINRIRS, NREC(OYORS, CENRESINRERS, NROC(=NRSINRERY, S(O)RY,
SOTNRERE, S(OLRY, NROS(ORRY, NRSS(ORNRPRY, and S(O)NRERS;
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each R¥, R", R¥ and R® is independently selected from H, T alkyl, Cr.q haloalkyl,
(o4 alkenyl, and Crs alloynyl, wherein said Cis alkyl, Cr4 alkenyl, and Cog allynyl, is
optionally substituted with 1, 2, or 3 substituents independently selected from OH, ON,
amino, halo, Crdalkyl, Craalkoxy, Ciaalkylthio, Cra alkylamino, di{Cr alkyhamino, Cia

5  haloalkyl, and Cia haloalkoxy; and

each R®, R*, R¥?, R®, R®, and R* is independently selected from H, Craalkyl, and
CN;

mis{, 1, or2;

nis 0, 1,2,0r3;

2

10 pis 0, 1,2, 3; and

qis0, 1, 0or 2,

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

Formula fVa or iVh:

(R%),
(R?)m
A
(R, N R
q V4
R> RS® R
15
iVa
(R®),
(R?)m
H \/\N
(R"), N R*
q
R> RS® R
Vb,
20
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In some embodiments, the compounds of the invention include a compound of

Formula Va or Vb

N
H
M\QD/&NM/Q
q
Va

<

(R%)

R4

(R%)p

R4

N
H
q
Vb

or a pharmaceutically acceptable salt thereof, wherein:
ring A is Csroaryl or 5-10 membered heteroaryl comprising carbonand 1, 2, 3 or 4
10 heteroatoms selected from N, O, and S;
ring C s (1} monocychic Csoreycloalkyl, (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 motety baving Formula (A):

15 (&)
wherein:
ring C1 is CUs. cycloalkyl or 5-6 membered heterocycloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §;
ring C2 1s {1} phenvl, (2) Csecycloalkyl, (3) 5-6 membered heteroaryl

20 comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §, or (4} 5-6
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membered heterocycloalkyl comprising carbon and 1, 2, 3 or 4 hetersatoms selected from N,
O, and S;

wherein said fused hicyclic moiety of Formoula A s bonded to ring B viaring C1, and
wherein Ring C substituents R’ and R* are substituted on either or both of C1 and €2;

cach R is independently selected from halo, Cis alkyl, Cae alkenyl, Cae alkynyl, Cioe
haloalkyl, Cs.0 aryl, Caio cyeloaltkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Coio aryl-Craalkyl-, Cs.o cycloalkyl-Cra alkyl-, (5-10 membered
heteroaryl)-Ci-q alkyl-, (4-10 membered heterocycloalkyh-Cia alloyl-, ON, NOh, OR®, SR®,
C(OIRY, COINRIRY, C(O)OR?, OC(OIRY, OC(OINRERE, NRRE, NRSC(OIR®, NRC(O)OR?,
NREC(OINRCR?, CENRORY, CEENRONRIRY, NROC(ENREINRORY, NROS(OIRY, NRES(ORRY,
NRES(ORNRARY, S(OIRY, SCOWNRRY, S(ORRY, and S{ORNRRY, wherein said Cis alkyl,
Crs alkenyl, Cos alkynyl, Cerearyl, Csocycloalkyl, 5-11 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce-oaryl-Cis alkyl-, Csoeycloalkyi-Cia alkyl-, (5-10
membered heteroaryl)-Craalkyl-, and (4-10 membered heterocyeloalkyl)-Ciaalkyl- are cach
optionally substituted with 1, 2, 3, or 4 substituents mdependently selected from halo, Cia
alkyl, Cis haloalkyl, Cis cyanoalkyl, CN, NO2z, OR®, SR2, C{O)R", C{OINRCRY, C(OYORE,
OC(OIRY, OC(OINRRY, C(=NRONRRE NROC(=NRINRORY NRORY, NRC(O)R?,
NRC{OIOR®, NRCC{OINRRY, NRCS(OIRY, NRS(ORRP, NRES(ORNRARY, S((HRY,
S(OINRCRY, S{ORR?, and S{O)NRRY;

cach R is independently selected from halo, Cis alkyl, Cae alkenyl, Co alkynyl, Cioe
haloalkyl, Cs-1o aryl, Csaocycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heteroeycloalkyl, Cs-1oaryl-Cis alkyl-, Caro cycloalkyl-Cis alkyl-, (5-10 roembered
heterpary)-Cia alkyl-, (4-10 membered heterocycloalkyl)-Craalkyl-, ON, Nz, OR™, SR%,
C(OIRY, C(OINRZRE, C(OYOR®, OC(OIRY, OC(OINRER™, NRER®E, NREC(OIRY,
NREG(OIRY?, NRES(ORRY, NRPS(0):NRRY, S(OHRY?) S(OINRYRE, S{O»RY, and
S(ORNRER®, wherein said Crs alkyl, Cas alkenyl, Cag alkynyl, Ceroaryl, Cazio cycloalkyl,
5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Cooaryl-Craalkyl-, Ciio
cycloalkyl-Ciaalkyl-, (5-10 membered heteroaryl)-Ci4 alkyl-, and (4-10 membered
heterocycloalkyl)-Cira alkyl- are each optionally substituted with |, 2, 3, or 4 substituents
independently selected from halo, Cia alicyl, Ci4 haloalkyi, Cia cyanoalkyl, ON, NOz, OR#,
SR, C{ORD, C{OINRIRP, C{OYOR?, OC(OIRY, OC(OINRARY | C(=NRZINRIRY,
NRECENRNRIRE, NRERE, NREC(OIRY, NRAC(OYOR2, NRIC(OINRIREY,
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NRS(O)RY, NRES{0RRY, NRES{ORNRURE, S{ORY, S(OINRERE, 5(012R, and
S(O)NRZRE;

R%is halo, Cre alkyl, Cos alkenyl, Cos alkynyl, Cig haloalkyl, Coroaryl, Cano
cycloalkyl, 5-10 membered heteroarvl, 4-10 membered heterocycloalkyl, Cs-varyl-Cisalkyl-
, Csaoeycloalkyt-Cra alkyl-, (5-10 membered hetercaryl)}-Cia alkyl, (4-10 membered
heterocycloalkyl)-Cia aliyl-, CN, N2, OR®, SR¥, C{(O)R, C(OINRVRE, C(OYOR™,
OC(OIRY, OC(OINRARY, NRARY, NRACIORD, NRC(ONOR™, NROC(OINRRS,
CENRSRY, CENRPINRARY, NRACENREINRERYE, NRES(OIRY, NRAS(ORRY,
NRZS(ORNRERY, SIOIRY, S(OINRURE, §(01RRY, and S(O)NRPR®Y, wherein said Cis
alkyl, Coe alkenyl, Crs alkynyl, Covaryl, Cso cyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.io aryl-Cra alkyl, Cspocycloalkyl-Cig alkyl-, (5-10
membered heteroaryl)-Cr alkyl-, and (4-10 membered heterocycloatkyl)-Cig alkyl- are cach
optionally substituted with 1, 2, 3, or 4 substituents independenily selected from hale, Cia
alkyl, Ci4 haloalkyl, Cr4 cyanoalkyl, CN, NO2z, OR®, SR, C{ORY, C{OINRSRYE,
C{O)OR®, DC(OIRY, QC(OINRERY, C=NRDINRERDE, NROCE=NRDNRIRS, NRORE,
NRZPCORY, NRPC(OYOR®, NREC(OINRERY, NRES((HRY, NR=S(0 2R,
NRZS{ORNRIRD, S(OIRY, S{OINRURE, S{01RY, and S(ORNRERS;

gach B* R B¢ RY, R R® R R RS R RS and BRY is independently selected
from H, Crs alkyl, Cishaloalkyl, Cos alkenyl, Cos alkynyl, Coroaryl, Csaneycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Ceo.roaryl-Cia alkyl-, Caio
cycloalkyl-Cia alkyl-, (5-10 membered heteroaryD-Crog alkyl-, and (4-10 membered
heteroeycloalkyi}-Cia alkyl-, wherein said Cie alkyl, Cas alkenyl, Cos alkynyl, Coawparyl, Ca-
10 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Covaryl-Cia
alkyl, Caao cycloalkyl-Cig alkyl-, (6-10 membered hetercaryl)-Cra alkyl-, and (4-10
membered heterocycloalkyl}-Cia alkyl- 15 optionally substituted with 1,2, 3,4, or §
substituents independently selected from Ciu alkyl, Crahaloalkyl, Cis cycanoalkyl, halo,
CN, OR™®, SR®, C(OYRY, C(OINRSRE, C(OYOR®, GC(O)RY, OC(OINRERYS, NRERS,
NREC(OIRD, NREPC(OINRTIRD, NRECOYOR®, C(=NREINRERS,
NROCENROINRORD, S(OIRP, S(OINRYRE, S(ORRY, NRES(ORRY, NRES(ORNRPRS,
and S{O)RNRZRY;

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 Cig alkyl, Cs7 eycloalkyvl, 4-7 mernbered beterocycloalkyl, Coto

aryl, 5-6 membered heteroaryl, Cis haloalkyi, halo, CN, OR®, SR, {{O)RY, C{OINRPRE,
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C(O)OR¥, OC{O)RY, OC{OINRERY, NRERYS, NREC(O)RY, NRSC(OHINRERS,
NRSC(O)ORS, C(=NRINRSRY, NRSC(=NREINRDRY, S(OIRYS, S(OINRERE, S(O)RY,
NEPS(ORRY, NROS(ORNRSRY, and S(ORNRPRP, wherein said Ci alkyl, Csv
cycloalkyl, 4-7 membered heterocycloalkyl, Cs-ioaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cis alkyl,
Ci.a haloalkyl, Cracyanoalkyl, N, OR®, SR¥, C(O)RY, C{O)NR®RY, C(OYOR®,
OC(OIRY, OC(OINRSRY, NRPRY, NRPCOR, NROCIOINRSRY, NRSC{O)YOR,
CENRSINRERS, NRECENRPINRERS, S(OMRD, S(OINRPRE, S(ORRDS, NRPS(ORRY,
NRZS(ORNRER?, and S{OpNRERY;

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 Cie alkyl, Cs7 cycloalkyl, 4-7 membered heterocycloalkyl, Coio
aryl, and 5-6 membered heteroaryl, Cis haloalkyl, halo, ON, OR®, SR¥, C(ORY,
C{OINRERS, C{OYOR™, OC(OIRY, QC(OINRZRE, NRPRY, NREC(ORY,
NRSCOINRERS NRECIOHOR®, CENRIFINREORS, NRECENRDINRERS, S(O)RY,
S(OINRSRE, S{ORRY, NRES(ORRY, NR¥S(0D):NRERY, and S(O)NRPRE, wherein said
Ci-g alkyl, Co7 cyvcloalkyl, 4-7 membered heterocycloalkyl, Cs.oaryl, and 5-6 membered
heteroaryl are optionally substituted by 1, 2, or 3 substituents independently selected from
halo, Cis alkyl, Cra haloalkyl, Cra cyanoalkyl, CN, OR™, SR, C{OYRY, C(OINRSRE,
C{OHOR®, OC(OIRY, OC(OINRSRE, NR¥RY, NROSC(ORY, NREC(OINRSRY,
NRECOMWORS, CENRPINRIRS, NRPCENRSINRIRY, S(OIRP, S{OINRORD, §{ORRY,
NRES(O1RY, NRPS(ORNRERY, and SORNRERY;

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 frorn Cios alkyl, Cso eycloalkyl, 4-7 mernbered beterocycloalkyl, Ce.1o
aryl, 5-6 membered heteroaryl, Cis haloalkyl, halo, CN, OR*, SR®, C{O)RY, C{OINR“RY,
C(OHYOR™, OC(OIRD, OU(OINRSZRE, NRPRE, NRPC(O)RY, NREC(OINR®RE,
NRECOYOR®, CENRPDINRERD, NRPCENRSINRERD, SIOIRY, S{OINRORS, S{ORRY,
NRES{0)RY, NROS{O)NRPRY, and S{ORNRSRY, wherein said Crs alkyl, s
cycloalkyl, 4-7 membered heterocycloalkyl, Cs-o aryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cig alkyi,
Cis baloalkyl, Ciacyanoalkyl, ON, OR®, SB®, C{O)RY, C{OINRERD, C{(O)HYOR®,
OC(OIR™, OC(OINRETRY, NRETRS, NREC(OIRY, NRSC{OJNRERE, NREC(OYOR,
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C(=NR¥)NRERY, NRSCE=NREINRERY, S(OHRY, S(OINRSRE, S(ORRYS, NRES(O)RYS,
NRBS(ORNRERY, and S(OpNRERY;

cach R®, RY R, and R® is independently selected from H, Cia alkyl, Cia haloalkyl,
Co-4 alkenyl, and Cow alkynyl, wherem said Cios alkyl, Co-s alkenyl, and Cog alkynyl, is
optionally substituted with 1, 2, or 3 substituents independently selected from OH, CN,
amino, halo, Craalkyl, Craalkoxy, Craalkylthio, Ciualkylamino, di(Ci4 alkyllamino, Cia
haloalkyl, and Ci.a haloalkoxy; and

each R®, R¥, R®, and R is independently selected from H, Cr4 alkyl, and CN;

nis 0, 1,2,0r3;

pis 0, 1,2, 3; and

qis0, 1, 0or 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 RS are H.

in some embodiments, ring C is monocyclic Car cycloalkyl,

In some embodiments, ring C is monocyclic 4-7 membered heterocycloalkyl
comprising carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, 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, Co-toaryl, 5-10 membered heteroaryl,
C{OIRD, C{OINRERE, C{OHOR®, or S{O)»RD, wherein said Cis alkyl, Ceroaryl, and 5-10
membered heteroaryl are each optionally substitated with 1, 2, 3, or 4 substituents
independently selecied from halo, Ci alicyl, Cis haloalkyl, Ci4 cyancalkyl, ON, NO», OR®,
SRS CIORD, COINRIRD, C{OYORS, OC(OIRY, OC(OINRZRY, C(=NR¥INRSRE,
NERSCENRTONRERY NRPRE, NREC(OIRY, NRAC(OYORP, NRPC(OINRARE,
NRESIOIRY, NRES(ORRY, NRES(ORNRERY | S(OHRY) S(OINRTRY, 8(ORRY, and
S(O)RNRERS,
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in some embodiments, R* is Ci4 alky! optionally substituted by CN, C{ONRERS,
OR®, or C{(OYIR™,

in some embodiments, RY is Cr4 alky! optionally substituted by CN, C{ONRYR®, or
C(OYOR™,

In some embodiments, R* is Craalkyl

in some embodiments, R* is methyl.

n some embodiments, R* is phenyl.

In some embodiments, R* is CN.

In some embodiments, R* is -CH2-CN, -CHy-C=OYOH, -CHa-C(=OWH{CH3), -CHo.
CEOIN(CH ), or -CHoCH2OH.L

in some embodiments, RY is ~CH-CN, -CHz-CEOYH, -CH-CEOINHCHS), or -
CH2-C{=0)N({CHs ).

in some embodiments, R* is ~CH»-CN.

in some embodiments, each R’ is independently selected from Cis alkyl, Ceioaryl, 5-
10 membered heteroaryl, Caso cycloalkyl, 4-10 membered heterocycloalkyl, C(O)R,
C{ONRRY, C(OHYOR™, S{ORRY, and S(O)RNRZRY, wherein said Ci-s alkyl, Coroaryl,
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 hale, Cia
alkvl, Cr. haloalkyl, Cia cyanoalkyl, CN, NO2, OR™, SR¥ {{O)RY, C(OINR“RY,
C{OYOR™, OC(OIRY, OC(OINRZRY, CE=NRZNRIRZ, NRAC(=NRZNRZRY, NR2RE,
NREZC(OIRD?, NRIC(OYORY, NRAC{O)NRPRY, NRIS(ORP?, NROIS(ORRY,
NRES(O1ENRERY, 5{OIRM, S(OWNRERY, S(ORRM, and S(0)NRZRY,

In some embodiments, each R* is independently selected from Cis alkyl, Ceaoaryl, 3-
10 membered heteroaryl, C(OYR, CIOINRERE, C(OHYOR™, S(ORRM, and S(O)NR¥RY,
wherein said Crs alkyl, Ceroaryl, and 5-10 membered heteroaryl are each optionally
substituted with 1, 2, 3, or 4 substitaents mdependently selected from halo, Cig alkyl, Ciu
haloalkyl, Ci« cyanoalkyl, CN, NOz, OR®, SR, C{OHRP, COINRIRY, C{OHOR®,
OC{OIRY, OC(OINRERE, C(=NRZINRVRY, NROC(=NRINRZRE, NRZRE,
NRECOIRY?, NREC(OIORY, NRAC(OINRZR?, NROS(OIR? NRIS(ORRY,
NRZS(OQ)NRERY, S{OIRY, SOINRERY, S(01»RY) and S(O)NRIR™,

in some embodiments, each R” is independently selected from Ci.s alkyl, Co.1oaryl, 3-
10 membered heteroaryl, C{ORY, CLOINRZR® | C{OYORY, and S(ORRY, wherein said Cie
alkyl, Ceroaryl, and 5-10 membered heteroaryl are each optionally substituted with 1, 2,3, or

4 substituents independently selected from halo, Cig alkyl, Cia haloalkyl, Cia cyancalkyl,
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CN, NO2, OR®, SR*, C(ORY, C{OMRIRY, C(HOR™, OC(OIRY?, OC(ONR¥RY,
C(=NRZ)NRIRE, NROCE=NRENRORE, NRORE, NREC(OIRY, NROIC(OIORS,
NREC(OINROR?, NROS(OIRY, NRYS(ORR™, NRIS(ORNRIRE, S(O)RD, S(OINRIRY,
S(0)2RY, and S{ORNRZRE,

In some embodiments, each R® is independently selected from Crs alkyl, Csioaryl, 5-
10 membered hetercaryl, Caio cycloalkyl, 4-10 membered heterocycloalkyl, C{O)RM,
C{OYNROIRY, C(OYOR?, S{ORRY, and S{ORNRR?, wherein said Cis alkyl, Csioaryl, 5-
10 membered heteroaryl, Ciocycloalkyl, and 4-10 membered heterocycloalkyl are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from ¥, Ci, CFs,
CN, OH, C{OYOH, C(OYOCHs, CIO)NHz, CIOINHCHs, CIOMN(CHs ), C{OINH(-Pr),
CONH{CH(CH3)CF3))}, phenyl, cyclopropyl, pyrimidiny], and thaizolyl,

in some embodiments, R? is H, Crq alkyl, or Csto aryl-Cig alkyl-, wherein said Cig
alky! and Ce-10 aryl-Cis alkyl- are each optionally substituted by halo or OR™.

in some embodiments, R%is Crq alkyl.

in some embodiments, 8% is Ciu alkyl substituted by methoxy.

in some embodiments, R%is Ceto aryl-Cia alkyl- substituted by fluoro.

in some embodiments, R% is H, methyl, methoxymethyl, or 4-fluorophenyimethyl.

{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 frans configuration with respect to the di-
substituted cyclopropyl group depicted tn Formula I {or any of Formulas H, a, {iib, IVa,
iVh, Va, and Vb).

in some embodiments, each R% R", R¢, and RY is independently selected from 1, Cie
alkyl, Ci4haloalkyl, Cu alicenyl, Cre alkynyl, Cooaryl, Caaocycloalkyl, 5-10 membered
heteroaryl, 4-10 membered beterocycloalkyl, Ce.ioaryl-Cra alkyl-, Caaocyeloalkyl-Ciaalkyl-
, {5-10 membered heteroary}-Crq alkvl-, and (4-10 membered bheterocycloalkyD-Cig alkyl-,
wherein said Cie alkyl, Cas alkenyl, Cos alkvnyl, Csaoaryl, Caio cycloaliyd, 5-10 membered
heteroaryl, 4-10 membered heterocycloalkyl, Coroaryl-Craalkyl-, Ciio cycloalkyl-Crsalkyl-
, {(5-10 membered heteroaryh-Cis alkyl-, and (4-10 membered heterocycloalkyh)-Cra alkyl- s

3

optionally substitated with 1, 2, 3, 4, or 5 substituents independently selected from Cia alkyl,
Ci4 haloalkyl, Crscycanoalkyl, halo, CN, OR®, SR®, C{OMR™, C{OINRERY, C{(OYIR™,
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OC{OIRY, OCIOINRSRY, NRERY, NRAC(OIRY, NROC(DINRERY, NREC(OHYOR®,
CENRP)NRORD, NROPCENREZ)INRERS, S(OIRY, S{OINRDRY, S(ORRY, NRES(O)RY,
NRES(ORNRPRE®, and S{ORNRYRP,

in some embodiments, each R¥, R™, R and R* is independently selected from H,
Crs alkyl, Cia haloalkyl, Cas alkenyl, Cas alkynyl, Ceroaryl, Caaocycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocyeloalkyl, Ce.ro aryi-Craa alkyl-, Cso
cycloalkyl-Cia alkyl-, (5-10 membered heteroaryl}-Crsalkyl-, and (4-10 moembered
heterocycloalky?)-Cra alkyl-, wherein said Cie alkyl, Cos alkenyl, Crs alkynyl, Coparyl, Ca
10 cycloalicyl, 5-10 membered heteroaryl, 4-10 membered heterocycloaliyl, Covaryl-Cia
alkyl-, Caaocycloalkyl-Cig alkyl-, (5-10 membered heteroaryl)-Cra alkyl-, and (4-10
membered heterocycloalkyl)-Cia alkyl- 1s optionally substituted with 1, 2, 3,4, or 5
substituents independently selected from Ci alkyl, Ciahaloalkyl, Crscycanoalkyl, halo,
CN, OR™, SR®, C{O)R™, C(O)NRRE, C{OYOR®, OC(O)R™, OC(OINRTZRY, NRER®,
NRPCIORD, NROCIOINRPRS, NREC(QYOR®, C(=NRPINR“RY,
NRPC=NREINRORY, SIOIRD, S{OWRERY, S{(01RY, NRES{01RY, NROS{ORNRERY,
and S{ORpNRZRY,

in some embodiments, each R®, R, 89, and B is independently selected from H,
Ci-6 alkyl, Cighaloalkyl, Cos alkenyl, Cas alkynyl, Covaryl, Cauocycloalkyl, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Ceioaryl-Ciu alkyls, Caap
cycloatkyl-Craalkyl-, (5-10 membered heteroaryi}-Crsalkyl-, and (4-10 membered
heterocycloalkyl)-Cra alkyl-, wherein said Cis alkyl, Cos alkenyl, Cos alkyoyi, Ce-paryl, Ca
10 cycloalkyl, 5-10 membered heteroaryl, 4-10 mermbered heterocycloalkyl, Cowaryl-Cia
alkyl, Caao cycloallyl-Cios alkyls, (5-10 membered hetercaryl)-Cis alkyl-, and (4-10
membered heterocycloalkyl)-Cra alkyl- is optionally substituted with 1, 2, 3,4, 0r §
substituents independently selected from Cig alkyl, Ciahaloalkyl, Cra cycanoalkyl, balo,
CN, OR®, 8R®, C{ORY, C{OINR®RE, C{OYOR®, OC(O)R, OC(OINRERS, NROR®S,
NREC(OIRY, NREC(OINRERD, NRPC{OYOR®, C{(=NR®NRZRY,
NRECENRPINRERD, S(OIRY, S(OINRIRE, S{O)RD, NRES(O)RRM, NRES({ORNRSERS,
and S{O}NRPRY,

In some embodiments, each R™, R™ R* and R™ is independently selected from T,
Ci-s alkyl, Ciahaloalkyl, Co6 alkenyl, Cus alkynyl, Co-ioaryl, Caro cycloalkyi, 5-10
membered heteroaryl, 4-10 membered heterocycloalkyl, Ce.o aryl-Cra alkyl-, Cao0
cycloalkyl-Crsalkyl-, (5-10 membered heteroary)-Cios alkyl-) and (4-10 membered

heterocycloalkyl}-Craalkyl-, wherein said Cis alkyl, Cos alkenyl, Cos alkynyi, Cosoaryl, Cs-
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10 cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Covaryl-Cia
alkyl, Csao cycloalkyl-Cios alkyl-, (6-10 membered heteroaryl)-Cia alkyl-, and (4-10
membered heterocycloalky)-Cra alkyl- is optionally substituted with 1,2, 3,4, or 5
substituents independently selected from Cix alkyl, Ciabaloalkyl, Ci4 cycanoalkyl, balo,
CN, OR®, SR®, C{ORY, C{OINR®RE, C{O)YOR®, OC(D)R™, OC(OINRERD, NR¥R®,
NREC(OIRP, NREC(OINRER®, NREC(OYOR®, C(=NRSINRERS,
NRPCENREINRYIRD, S(OIRD, S(OINRIRY, S{ORRY, NR¥S(ORRY, NRPS(ORNRORS,
and S{O}NRZRY,

in some embodiments, each R?, RY, RS, and R is independently selected from H, Cis
alkyl, Crahaloalkyl, Ceaoaryl, Caao cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce.i0 aryl-Cia alkyl-, Cao cycloalkyl-Cra alkyl-, (5-10 membered
heteroaryiy-Cra alkyl-, and (4-10 membered heterocycloallkyl)-Crs alkyl-, wherein said Cis
alkvi, Ceroaryl, Csaocycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloaltkyl, Ceioaryi-Cra alkyl-, Cao cycloalkyl-Cis alkyl-, (5-10 moembered
heteroaryl)-Ci-s alkyl-, and {(4-10 membered heterocycloalkyl}-Ci4 alkyl- is optionally
substituted with 1, 2, or 3 substituents independently selected from OH, CN, amino, halg, Cia
alkyl, Craalkoxy, Cisalkylthio, Cis alkylamine, di{Craalkylamine, Ci4 haloalkyl, and Ciq
haloalkoxy.

in some embodiments, each R¥, R, R, and R is independently selecied from H,
Cis alkyl, Ciahaloalkyl, Csvaryl, Ciaocycloalkyl, 5-10 membered heterocaryl, 4-10
membered beterocycloalkyl, Ceio aryi-Cra alkyl-, Caaoeycloalkyl-Cra alkyl-, (5-10
membered heteroaryl}-Ci4 alkyl-, and (4-10 membered heterocyeloalkyl)-Cig alkyl-, wherem
said Cios alkyl, Csanaryl, Cio cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce.10 aryi-Cra alkyl-, Capo cycloalkyl-Craa alkyl-, {5-10 menibered
heteroaryl)-Ci-4 alkyl-, and (4-10 membered heterocycloalkyl)-Cio4 alkyl- is optionally
substituted with 1, 2, or 3 substituents independently selected from OH, ON, amino, halo, Cis
alkyl, Ciaalkoxy, Ciaalkylthio, Ciaalkylamino, di{Cra alkylamino, Cia haloalkyl, and Cia
haloalkoxy.

in some embodiments, each R®, R® RY and R¥ 15 independently selected from H,
Cios alleyl, Crshaloalkyl, Ceroaryl, Caocveloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Coto aryl-Craalkyl-, Csaocyeloalkyl-Crg alkyl-, (5-10
membered heteroaryl}-Ci4 alkyl-, and (4-10 membered heterocycloalkyl)-Ci4 alkyl-, wherein
said Cios alkyl, Caroaryl, Cs-o cycloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ceroaryl-Ciaalkyl-, Cao cycloalkyl-Crsalkyl-, (5-10 membered
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heteroaryl)-Ci4 alkyl-, and (4-10 membered heterocycloalkyl)-Ci4 alkyl- is optionally
substituted with 1, 2, or 3 substituents independently selected from OH, CN, amino, halo, Ci4
alkyl, Craalkoxy, Cisalkylthio, Ci4 alkylanine, di{Craalkylamino, Ci4 hatoalkyl, and Cia
haloalkoxy.

In some embodiments, each R*, R™, R® and R is independently selected from I,
Crs alkyl, Ci-a haloalkyl, Ceroaryl, Cauocycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Csio aryl-Cig alkyl-, Caascycloalkyl-Craalkyl-, (5-10
membered heteroaryl}-Cra alkyl-, and (4-10 membered heterocycloalkyl}-Cia alkyl-, wherein
said Ci-6 alkyl, Csaoaryl, Caocycioalkyl, 5-10 membered heteroaryl, 4-10 membered
beterocycloalkyl, Ce.io aryl-Cia alkyl-, Caao cycloalkyl-Craalkyl, (5-10 membered
heteroaryl)-Ci-4 alkyl-, and (4-10 membered heterocycloalkyD-Cio4 alkyl- is optionally
substituted with 1, 2, or 3 substituents independently selected from OH, TN, amino, halo, Cis
alkvi, Ciaalkoxy, Ciaalkylthio, Cia alkylamino, d{Cia alkyDaming, Crabaloalkyl, and Cig
haloalkoxy.

In some embodiments, each R*, R, RS, and RYis independently selected from H and
Ci-s alkyl

in some embodiments, each R¥, R¥, 892 and B? is independently selected from B
and Cis alkyl

in some embodiments, each R®, R, RS and R is independently selecied from H
and Cis alkyl.

in some embodiments, each B*, B™ R™ and R™ is independently selected from H
and Ci-e 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 {eatures of the invention which are, for brevity, described
in the context of a single embodiment, can also be provided separately or in any suitable
subcombination.

A floating bond crossing a ring moiety in any structure or formula depicted herein is
intended to show, unless otherwise indicated, that the bond can connect to any ring-forming
atom of the ring motety. For example, where ring A in Formula I 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 RY and R* ave substituted on either or both of C1 and C27 is
mtended to denote that (1) ring B of Formula 1 is connected to ring C1 and not to ring €2, (2)
R4 is substituted on either ring C1 or ring €2, 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 intended 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 herein, the term "substifuted” means that a hydrogen atom is removed and replaced
by a substitaent. It is to be understood that substitution at a given atom is hmited by valency.
Throughout the definitions, the term "Cyy" indicates a range which inchudes the endpoints,
wherein 1 and  are mtegers and indicate the number of carbons. Examples include Cia, Cre,
and the ike.

The term "z-membered” (where z is an integer} typically describes the mumber of
ring-forming atoms in a moiety where the number 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 4 6-membered heteroaryl ring, and 1,
2, 3, 4-tetrahydro-naphthalene is an example of' a [0-membered cycloalkyl group.

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

As used herein, the term "Cigalkyl,” employed alone or 1o combination with other
terms, refers to a saturated hydrocarbon group that may be straight-chain or branched, having
110 j carbons. In some erbodinments, the alkyl group contains from 1 to 6 carbon atoms or
from 1 fo 4 carbon atoms, or from 1 to 3 carbon atoras. Examples of alkyl moietics wnchude,
but are not hmited to, chergical groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, s-
butyl, and t-butyl.

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

As used herein, "Ciy alkeonyl,” employed alone or in combination with other terras,
refers to an unsaturated hydrocarbon group having one or more double carbon-carbon bonds
and having 1to § carbons. In some embodiments, the alkenyl moiety contains 2to 6 or 2 to 4
carbon atoms. Example alkenyl groups inclode, but are not Hmited to, ethenyl, n-propenyl,
isopropenyl, n-butenyl, sec-butenyl, and the bke.

As used herein, "Ciy alkynyl," employed alone or in combination with other terms,

refers to an unsaturated hydrocarbon group having one or more tripic carbon-carbon bonds
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and having 1 to j carbons. Example alkynyl groups include, but are not Hmited to, ethynyl,
propyn-1-v1, propyn-2-y1, and the like. In some embodiments, the alkynyl moiety contains 2
to 6 or 2 10 4 carbon atoms.

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

As used herein, the term "di-Cip-alkylamno,” employed alone or in combination with
other terms, refers to a group of formula -N{alkyl}, whercin each of the two alkyl groups has,
mdependently, 110 j carbon atoms. In some embodiments, each alkyl group mdependently has
1to 6 or ] to 4 carbon atoms. In some embodiments, the dialkylamino group 1s =N{(Ci.4
alkyl)z such as, for example, dimethylamino or dicthylaming.

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

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

As used herein, the term "aryL" emiployed alonc or in combination with other terms,
refers to a monocyclic or polycyclic (e.g., having 2, 3 or 4 fused rings} aromatic hydrocarbon,
such as, but not hmited to, phenyl, I-naphthyl, 2-naphthyl, anthracenyl, phenanthrenvi, and
the ke, In some embodiments, aryl is Cs10 arvl In some embodiments, the aryl groupis a
paphithalene 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{O}- group.

As used herein, the term "Cij cyanoalkyl,” employed alone or in combination with
other terms, refers to an alkyl group substituted by a ON group.

As used herein, the term "Cij cycloalkyl,” employed alone or in combination with
other terms, refers (o a non-aromatic cyehic hydrocarbon moiety having 1 to j ring-forming
carbon atoms, which may optionally contain one or more alkenylene groups as part of the
ring structure. Cycloalkyl groups can include mono- or polycycehic (e.g, having 2, 3 or 4
fused rings) ring systems. Also included in the definition of cycioaikyi are moieties that have

one or more aromatic rings fused (i.e., having a bond in common with) to the cycloalkyi ring,
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for example, benzo derivatives of cyclopentane, cyclopentene, cyclohexane, and the like. One
or more ring-forming carbon atoms of a cycloalkyl group can be oxidized to form carbonyl
tinkages. In some embodiments, cycloalkyl is Cspo cycloalleyl, Car eycloalkyl, or Cag
cycloalkyl. Exemplary cycloalkyl groups include cyclopropyl, eyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclopentenyl, cyelohexenyl, cyclohexadienyl, cycloheptatrienyl,
norborayl, norpinyl, norcarayl, and the like. Further exemplary cycloalkyl groups include
cyclopropyl, eyclobutyl, eyclopentyl, and cyclohexyl

1"

As ased herein, "Cijhaloalkoxy,” emploved alone or in combination with other terms,
refers to a group of formula ~O-haloalkyl having 110 j carbon atoms. An example haloalkoxy
group is OCFs. An additional example haloalkoxy group is OCHF». In some embodiments,
the haloalkoxy group is fluorinated only. In some embodiments, the alkvl group has T to 6 or
1 to 4 carbon atoms. In some embodiments, the haloalkoxy group is Ci4 haloalkoxy.

As used herein, the term "halo," employed alone or in combination with other terms,
refers to a halogen atom selected from F, CL T or Br. In some embodiments, "halo" refers to a
halogen atom selected from F, C, or Br. In some embodiments, the halo substituent s F,

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 i the alkyl group,
wherein the alkyl group has 1 to § carbon atoms. i some embodiments, the haloalkyl group is
fluorinated only. In some crabodiments, the haloalkyl group is flucromethyl, diffuoromethyl,
or trifluoromethyl. In some embodimnents, the haloalkyt group 18 trifluoromethyl. In some
embodiments, the alkyl group has 1 1o 6 or | to 4 carbon atoms.

"i,

As used herein, the term "heteroaryl,” employed alone or in combination with other
terms, refers to a monocyclic or polycyclic (e.g., having 2, 3 or 4 fused rings) aromatic
heterocylic motety, having one or more heteroatom ring members selected from mitrogen,
sulfur and oxygen. In some embodiments, the heteroaryl group has |, 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 heteroaryl group bas 1 or 2 hetercatom ring merbers.
in some embodiments, the heteroaryl group has | heteroatom ring member. In some
embodiments, the heteroaryl group 1s S- to 10-membered or 5- to 6-membered. In some
embodiments, the heteroaryl 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 heteroatoms may be the same or different. The mitrogen atoms in the ring(s) of

the heteroaryl group can be oxidized to form N-oxides. Exaraple heteroaryl groups include,
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but are not hmited to, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, pyrrolyl, pyrazolyl,
azolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, imidazoluyl, furanyl, thiophenyl,
triazolyl, tetrazolyl, thiadiazolyl, quinolinyl, isoquinolinyl, indoleyl benzothiophenyl,
benzofuranyl, benzisoxazolyl, imidazo[ 1, 2-blthuazolyl, purinyl, triazinyl, and the Hike.

A 5-membered heteroaryl is a heteroaryl 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 emboduments, the S-membered hetercaryl group bas 1, 2, o1 3
heteroatom ring members. In some embodiments, the S-membered heteroaryl group has { or
2 heteroatom ring members. in some embodiments, the S-membered heteroary] group has |
heteroator ring member. Exarople ring-forming members tnchude CH, N, NH, O, and 8.
Example five-membered ring heteroaryls are thienyl, faryl, pyrrolyl, mmdazelyl, thiazolyl,
oxazolyl, pyrazolyl, isothiazolyl, isoxazolyl, i, 2, 3-triazolyl, tetrazoly, 1, 2, 3-thiadiazolyl,
1,2, 3-oxadiazolyl, 1, 2, 4-riarolyl, 1, 2, 4-thiadiazolyl, 1, 2, 4-oxadiazolyl, 1, 3, d-triazolyl,
1, 3, 4-thiadiazolyl, and 1, 3, 4-oxadiazolyl.

A 6-membered heteroary] 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 members. In some embodiments, the 6-
membered heteroary! group bas 1 or 2 hetercatom ring members. In some embodiments, the
S&-membered heteroaryl group has | heteroatom ring member. Example ring-forming

wembers include CH and N. Exanple six-membered ring heteroaryls are pyridvl, pyrazinyl,
pyrinddinyl, friazinyl, and pyridazinyl

As used herein, the term "heterocyeloalkyl” employed alone or in combmnation with
other terms, refers to non-aromatic heterocychic ring system, which may optionally contain
one or more unsaturations as part of the ring structure, and which has at least one hetercatom
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 heterocycloalkyl group has 1, 2, or 3 heteroatom ring members. In some
embodiments, the heterocycloalky! group bas 1 or 2 hetercatom ring members. In some
embodiments, the heterocycloalky! 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, ©,
8, 8(0), and S{(O». Heterocycloalkyl groups can include mono- or polycyclic {e.g., having 2,
3 or 4 fused rings) ring systems, including spiro systems. Also included in the definition of

heterocycloalkyl are moietics that have one or more aromatic rings fused (7 e., having a bond
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in common with) to the non-aromatic ring

pe-d]

for example, 1, 2, 3, 4-tetrahydro-quinoline,
dihydrobenzoturan and the Hike. The carbon atoms or heteroatoms in the ring(s) of the
beterocycloalkyl group can be oxidized to form a carbonyl, sulfinyl, or sulfonyl group (or
other oxidized linkage) or a nitrogen atom can be quaternized. In some embodiments, the
heterocycloalkyl is 5- to [0-membered, 4- to 10-membered, 4- to 7-membered, S-membered,
or 6-membered. Examples of heterocycloalkyl groups inchude i, 2, 3, 4-tetrahydro-
gquinohinyl, dihydrobenzofuranyl, azetidioyl, azepanyl, pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, and pyranyl.

The compounds described heretn can be asymmetric (e.g., having one or more
stereocenters). All stereoisomers, such as enantiomers and diastercoisomers, are intended
unless otherwise indicated. Compounds of the present invention that contain asymmetrically
substituted carbon atoms can be isolated in optically active or racemic forms. Methods on
how to prepare optically active forms from optically inactive starting materials are known in
the art, such as by resolution of racemic mixtures or by stercoselective synthesis. Many
geometric isomers of olefins, C=N double bonds, and the like can also be present inthe
compounds described herein, and all such stable isomers are contemplated in the present
mvention. Cis and frans geometric isomers of the compounds of the present invention are
described and may be isolated a3 a muxture of isomers or as separated isomeric forms.

When the compounds of the invention contain a chiral center, the compounds can be
any of the possible siereoisomers. 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 (5} so the
configuration of the chiral centers can be (R} and (R), (R} and {5); {(S) and (R}, or (8} and (5},
in compounds with three chiral centers, the stereochemisiry cach 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 {S); (R}, (8) and (R); (R}, (8} and (8); (8}, (R) and (R); {S), {R) and (B);
(8}, (8) and (R); or (8), {(8) and (S).

Resolution of racenic mixtures of compounds can be carried out by any of numerous
methods known o the art. An example method includes fractional recrystallization using a
chiral resolving acid which 1s an optically active, salt-forming organic acid. Suitable
esoiving agents for fractional recrysiallization methods are, for example, optically active
acids, such as the [ and L forms of tartaric acid, diacetyltartaric acid, dibenzoyhtartaric acid,
mandelic acid, malic acid, lactic acid or the various optically active camphorsuifonic acids

uch as B-camphorsulfonic acid. (ther resolving agenis suitable for fractional crystallization
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methods include stercoisomerically pure forms of a-methylbenzylamine (e.g., S and R forms,
or diastercoisomerically pure forms), 2-phenylglycinol, norephedrine, ephedrine, N-
wethylephedrine, cyclohexylethylamine, 1, 2-diaminocyclohexane, and the kike.

Resolution of racemic nuxtures can also be carried out by clution on a coluron packed
with an optically active resolving agent (e.g., dinitrobenzoylphenylglycine). 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 include prototropic tavtomers which
are isomieric protonation states having the same empirical formula and total charge. Example
prototropic tautomers inchude ketone — enol pairs, amide - imidic acid pairs, lactam — Jactim
patrs, amide - imidic acid pairs, enamine — imine pairs, and annular forms where a proton can
occupy two or more positions of a heterccyclic system, for example, 1H- and 3H-imidazole,
1H-, 2H- and 4H- 1, 2, 4-triazole, 1H- and 2H- isoindole, and 1H- and 2H-pyrazole.
Tautomeric forms can be in equilibrium or sterically focked into one form by appropriate
substitution.

Compounds of the invention can also nclude all isotopes of atoms occurring in the
termediates or final corapounds. Isotopes include those atoros having the same atomic
number but different mass numbers.

The term "compound” as used herein is meant to include all sterecisomers, geometric
isomers, tautomers, and isotopes of the structures depicted. Compounds herein identified by
naroe o siructure as one particular tavtoraeric form are intended to wclude other tautoreric
forms unless otherwise specificd (e.g., in the case of purine rings, unless otherwise indicated,
when the compound name or stracture has the 9H 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 such as water and solvents (e.g., hydrates and solvates) or can be
isolated.

in some emwbodiments, the corapounds of the invention, or salis thereof, 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 formed or detected.
Partial separation can inchude, for example, a composition enriched in a compound of the

mvention. Substantial separation can include compositions containing at least about 50%, at

fEN
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least about 60%, at least about 70%, at least about 80594, at least about 90%, at least about
85%, 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 o the art.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of hwman beings and
animals without excessive toxicity, frcitation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The expressions, "ambient toraperature” and "room temperature,” as used herein, are
vnderstood 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 1s carried out, for example, a
temperature from about 20 °C to about 3¢ °C.

The present invention also inciudes pharmaceutically acceptable salis of the
compounds described herein. As used hevein, "pharmaceutically acceptable salis” refers o
derivatives of the disclosed compounds wherein the parent compound is modified by
converting an existing acid or base moiety o its salt form. Examples of pharmaceutically
acceptable salts fnclude, but are not imited 1o, mineral or organic acid salts 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 salis of the parent corapound formed, for example, from non-toxic inorganic or
organic acids. The pharmacecutically acceptable salts of the present invention can be
synthesized {rom 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 watler ot in an organic solvent, ot In a mixture of the two; generally, non-agueous
media hike ether, ethyl acetate, alcohols (e.g., methanol, ethanol, iso-propanst, or batanoi) or
acetonitrie (MeUN) are preferred. Lists of suitable salts are found in Remingion's
Fharmaceutical Sciences, 17" £d., (Mack Publishing Company, Easton, 1985), p. 1418,
Berge et al., J. Pharm. Sci., 1977, 66(1), 1-19, and in Stahl er al., Handbook of
Pharmaceutical Salts: Properties, Selection, and Use, (Wiley, 2002).

The following abbreviations may be used herein: AcOH (accetic acid); AexO (acetic
anhydride); ag. {agueous); atm. {(atmosphere{(s}); Boc (-butoxycarbonyl); BOP
{({benzotriazol- 1 -yloxy)tris{dimethylamino}phosphonium hexafhuorophosphate); br (broad);

Chz {carboxybenzyl); cale. {calculated); d {(doublet); dd {doublet of doublets); DBU (1,8~
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diazabicyclo[S.4.(Hundec-7-enc); DCM {dichloromethane}; DIAD (N, N-diisopropyl
azidodicarboxylatey; DIEA (IN,N-diisopropylethylamine); DIPEA (N, N-
diisopropyicthylamine); DMFE (N, N-dimethylformamide); EA {(cthyl acetate); Bt {ethyl);
EtOAc (ethyl acetate); g (gram{s)}); b (hour(s}}; HATU (N, N, N', N'-tetramethyl-O-(7-
azabenzotriazol-1 -yhuronium hexafluorophosphate); HCI (hydrochloric acid); HPLC {(high
performance liquid chromatography); Hz (hertz); ¥ {coupling constant); LCMS (liguid
chromatography — mass spectroraetry); m (roultiplet); M (molar); mCPBA (3-
chiloroperoxybenzoic acid); MS (Mass spectrometry); Me {methyl); MeUN (acetonitrile);
McOH (methanol); mg (milligram(s)); min. {minutes(s)); ml (milliliter(s}}; mmol
{mithmole(s)); N (normal); nM (nanomolar); NMP (N-methylpyrrolidinone); NMR (nuclear
magnetic resonance spectroscopy); OTT (rifluorornethanesulfonate); Ph (phenyl); pM
(picomolar); RP-HPLC (reverse phase high performance liquid chromatography); s {(singlet);
t (triplet or tertiary}; TBS (tert-butyldimethylsilyl); tert (fertiaryy; © (triplet of tripiets); TFA
(triffuorcacetic acid); THF (tetrabydrofurany; ug (microgram(s)); ul. (microliter(s})}; uM

{micromolar); wi % (weight percent}.

Svnthesis

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 invention 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
mtermediates, or products at the temperatures at which the reactions are carried out, e.g.,
ternperatures 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 skilted artisan.

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

Greene, Protective Groups in Organic Synthesis, 4" Bd., 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 roonitored according to any suttable method known in the art. For
example, product formation can be roonitored by spectroscopic means, such as nuclear
magnetic resonance spectroscopy (e.g., 'H or C), infrared spectroscopy, spectrophotometry
(e.g., UV-visible), mass spectrometry, or by chromatographic methods such as high
petformance liquid chiromatography (HPLC), liquid chromatography-mass spectroscopy
{LCMS), or thin layer chromatography (TLC). Compounds can be purified by those skilied in
the art by a variety of methods, including high performance liquid chromatography (HPLC)
{("Preparative LC-MS Purification: Improved Compound Specific Merhod Optimization” Karl
¥, Blom, Brian Glass, Richard Sparks, Andrew P. Combs J. Combi. Chem. 20804, 6(6), 874-
383, which s incorporated herein by reference in its entivety) and normal phase silica
chromatography.

Coropounds of formula 3 can be prepared by the methods outhined in Scheme 1. The
cyclopropylamine derivative of forroula 1 can react with aldehydes of formula 2 under
reductive amination conditions well known in 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
Hmited to, sodium triacetoxyborohydride, optionally in the presence of an acid such as acetic
acid. If any functional groups in compound 1 or 2 are protected to aveid any side reactions,
subsequent deprotection step can be perforroed to obtain the fual product of formula 3. The
deprotection conditions can be found in the Hterature or detailed 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 folfowing methods disclosed in the

literature.

Scheme §
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Compounds of formula 3a can be alternatively synthesized by the methods outhined in

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

%2}

of fornmula 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 limited to, CFCO and Chz, followed by selective
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 DUM with a reducing agent such as
10 sodium triacetoxyborohydride can give compound 8, which can be deprotected 1o give

compounds of formula 3a.

Scheme 2
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Compounds of formula 3b can be prepared by the methods outlined m Scheme 3
starting from compounds of formula 1 and compound 9 by reductive amination in a suitable

solvent such as DUM or THF using a reducing agent such as, but not Himited to, sodium

5
triacetoxyborchydride, optionally in 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 formula 3b.

10 Scheme 3
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Cyclopropylamine derivatives of formula 1 can be prepared using methods outlined in

%2

Scheme 4, starting from the o,B-unsaturated esters of formula 1§ (where R is alkyl such as
ethyl} which are either commercially available or prepared using methods disclosed in the
hiterature or detaifed herein. Cyclopropanation of compound 18 under standard conditions
such as Corey-Chaykovsky reaction can give the cyclopropyl dertvatives of formula 11. The
ester can be saponified to give acids of formula 12, which can be subjected to standard

10 Curtius rearrangement conditions followed by deprotection to give cyclopropylamine

derivatives of forowda 1.
Scheme 4

Rn /\(":—"/’COQR cyclopropanation (R1)n\7(\A/CO2R |
A }

{10} (1)

(RY), - O (i} Curtius rearrangement (R, \Y/‘"\(A/N H;
(\\f‘//" (i) deprotection \\A
{12} (1)

15

20 Methods of Use
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Compounds of the invention are LSD1 mhibitors and, thus, are useful in treating
discascs and disorders associated with activity of LSD1. For the uses described herein, any of
the compounds of the invention, including any of the embodiments thereof, may be used.

i{n some embodiments, the compounds of the fovention are selective for LSD 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
ieast about 500-fold or at least about 1000-fold.

As inhibitors of LSD1, the compounds of the invention are useful in treating £SD1-
mediated discases and disorders. The torm "LSD1-mediated discase” or “LSD1-mediated

o
£
)

disorder” refers to any disease or condition in which LSD] plays a role, or where the disease
or condition is associated with expression or activity of LSDB1. The compounds of the
mvention can therefore be used to treat or lessen the severity of disgases and conditions
where LS is known to play a role.

Diseases and conditions treatable using the compounds of the nvention include
generally cancers, inflammation, autoinumne diseases, viral induced pathogenesis, beta-
globinopathies, and other discases Hinked to LSD1 activity.

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

Example hematological cancers include, for example, lymphomas and leukemias such
as acute lymphoblastic levkermia {(ALL}, acute myelogenous leukemia (AML), acute
promyclocytic leukemia (APL), chronic ymphocytic leukemia (CLL), chronic myeclogenous
feukermia (CML), diffuse large B-cell lymophoma (DLBCL), roantle cell lyrophoma, Non-
Hodglin lymphoma (including relapsed or refractory NHL and recurrent follicular), Hodgkin
iymphoma, mycloproliferative diseases {e.g., primary myelofibrosis (PMF), polycythemia
vera (PV), essential thrombocytosis (ET)), myelodysplasia syndrome (MDS), and nuiltiple
myeloma.

Example sarcomas include, for exarmple, chondrosarcoma, Ewing’s sarcoma,
osteosarcoma, rhabdomyosarcoma, angiosarcoma, fibrosarcona, liposarcoma, myxoma,
rhabdomyoma, fibroma, lipoma, harmatoma, and teratoma.,

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

bronchogenic carcinoma (squamous col, undifferentiated small cell, unditferentiated large
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cell, adenocarcinoma}, alveolar (bronchiolar) carcinoma, bronchial adenoma, chondromatous
hamartoma, and mesothelioma.

Example gastrointestinal cancers include, for exanmple, cancers of the esopbagus
{(squamous cell carcinoma, adenocarcinoma, letomyosarcoma, lymphoma), stomach
(carcinoma, lymphoma, leiomyosarcoma), pancreas (ductal adenocarcinoma, insulinoma,
glucagonoma, gastrinoma, carcinoid tumors, vipoma}, small bowel {(adenocarcinoma,
lymphoma, carcinoid tumors, Kapost's sarcorna, leionmyoma, herangiora, Hpoma,
neurefibroma, fibroma}, large bowel {adenccarcinoma, tubular adenoma, villous adenoma,
hamarioma, iciomyoma), and colorectal cancer.

Example genitourinary fract cancers include, for example, cancers of the kidaey
{adenocarcimoma, Wilm's tumor [nephroblastomal), bladder and urethra (squamous cell
carcinoma, transitional cell carcinoma, adenocarcinoma), prostate {(adenocarcinoma,
sarcoma), and testis (seminoma, teratoma, embryonal carcinoms, teratocarcinoma,
choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid
wimors, lipomal,

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

Example bone cancers include, for example, osteogenic sarcoma {osteosarcomay,
fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma, Ewing's sarcoma, mahignant
fymphoma (reticulum cell sarcoroa), multiple mycloma, malignant giant cell tumor
chordoma, osteochronfroma (osteocartilaginous exostoses), benign chondroma,
chondroblastoma, chondromyxoefibroma, osteoid osteoma, and giant cell tumors

Example vervous system cancers include, for example, cancers of the skuli (osteoma,
hemangioma, granuloma, xanthoroa, osteitis deformans), meninges (meningioma,
meningiosarcoma, gliomatosis), brain (astrocytoma, meducblastoma, ghioma, ependymoma,
germinoma {pincaloma), glioblastoma multiform, oligndendroglioma, schwannoma,
retinoblastoma, congenttal tumors), and spinal cord (neurofibroma, weningioma, glioma,
sarcoma), as well as neuroblastoma and Lhermatte-Duclos disease.

Example gynecological cancers inchude, for example, cancers of the oterus
{endometrial carcinoma), cervix {cervical carcinoma, pre -tumor cervical dysplasia), ovarics
{ovarian carcinoma (serous cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified
carcinoma), granulosa-thecal cell tumors, Sertoli-Leydig cell tumors, dysgerminoma,

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

Example skm cavncers include, for example, melanora, basal cell carcinoma,
squamous cell carcinoma, Kaposi's sarcoma, moles dysplastic nevi, lipoma, angioma,
dermatofibroma, and keloids.

The compounds of the jnvention can further be used to treat cancer fypes where LSD1
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 Bamnayan-Zonana syndrome.

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

The compounds of the invention can further be used to freat beta-globinopathics
imchiding, for example, beta-thalassemia and sickle cell anemia.

As used herein, the term "contacting” refers to the bringing together of indicated
moieties in an iz vitro system or an i1 vivo system. For example, "contacting” a LSD1 protein
with a compound of the nvention includes the administration of a compound of the present
mvention to an individual or patient, such as a hurmoan, baving a LSD1 protein, as well as, for
example, infroducing & compound of the mvention into a sanple containing a cellular or
purified preparation containing the LSD1 protein.

As used herein, the term "individual” or "patient, " used interchangeably, refers to any
animal, including mammeals, preferably mice, rats, other rodents, rabbiis, dogs, cats, swine,
cattle, sheep, horses, or primates, 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 biological or medicinal response that
is being sought in a tissue, systen, animal, individual or human by a rescarcher, veterinarian,
medical doctor or other chimician.

As used herein, the term "treating” or "treatment” refers to inhibiting the disease; for
example, inhibiting a discasc, 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 symptomatology) or ameliorating the

discase; for example, ameliorating a disease, 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 syraptomatology of the disease.

Combination Therapies

ip

The compounds of the invention can be used in combination 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 therapeustic agents
are typically those which are normally used to treat the particular condition to be treated. The
additional therapeutic agents can include, e.g., chemotherapeutics, anti-inflammatory agents,
steroids, immunosuppressants, as well as Ber-Abl, Fit-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 simultancously or
sequentially.

In some embodiments, the compounds of the invention can be used in combination

i

with a therapeutic agent that targeis an epigenetic regulator. Examples of epigenetic
regulators include the histone lvsine methyliransferases, histone arginine roethyl transferases,
histone demethylases, histone deacetylases, histone acetylases, and DNA methyltransferases.
Histone deacetylase inhibitors inclade, e.g., vorinostat.

For treating cancer and other prcﬁiibraiive diseases, the compounds of the invention
can be used 1n combination with chemotherapeutic agents, or other anti-proliferative agents.
The compounds of the invention can also be used in combination with medical therapy such
as surgery or radiotherapy, e.g., gamma-radiation, neutron beam radiotherapy, electron beam
radiotherapy, proton therapy, brachytherapy, and systemic radicactive isotopes, Examples of
suitable chemotherapeutic agenis melude any oft abarelix, aldesleukin, alemtuzumab,
alitretinoin, allopurinol, aliretamine, anastrozole, arsenic trioxide, asparaginase, azacitidine,
bendamustine, bevacizumab, bexarotene, bleomycin, bortezombi, bortezomib, busulfan
mntravenous, busulfan oral, calusterone, capecitabine, carboplatin, carmustine, cetuximab,
chlorambuci], cisplatin, cladribine, clofarabineg, cyclophosphamide, cytarabine, dacarbazine,

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

5
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diftitox, dexrazoxane, docetaxel, doxorubicin, dromostanclone propionate, eculizamab,
epirubicin, erfotinib, estramustine, ctoposide phosphate, etoposide, cxemestane, fentanyl
citrate, filgrastim, floxuridine, fludarabine, fluorouracil, filvestrant, gefitinib, gemcitabine,
gemtuzumab ozogamicin, goserehn acetate, histrelin acetate, ibritumormab tiuxetan,
idarubicin, ifosfamide, imatinib mesylate, interferon alfa 2a, irinotecan, lapatinib ditosylate,
icnalidomide, letrozole, leucovorin, leuprohide acetate, levamisole, lonustine,

meclorethamine, megestrol acetate, melphalan, mercaptopurine, rocthotrexate, methoxsalen,
mitomycin C, mitotane, mitoxantrone, nandrolone phenpropionate, nelarabine, nofetumomab,
oxaliplatin, paclitaxel, pamidronate, panitumumab, panobinostat, pegaspargase, pegfiigrastim,

crocirexed disodium, pentostatin, pipobroman, plicamycin, procarbazine, quinacring,

rashuricase, rituximab, ruxolitinib, sorafenib, streptozocin, sunitinib, sunitinab maleate,
tamoxifen, temorolomide, teniposide, testolactone, thalidomide, thioguanine, thiotepa,
topotecan, toremifene, iositomomab, trastuzomab, tretinoin, uracif mustard, valrubicin,
vinblasting, vineristine, vinorelbine, vorinostat, and zoledronate.

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

For treating cancer and other proliferative diseases, the compounds of the invention
can be used in combination with targeted therapics, mcluding JAK kinase mhibitors
(Ruxohitinib, JAK I-selective), Pim kinase inhibitors, PI3 kinase inhibitors incloding PI3K-
delta selective and broad spectrum PI3K inhibitors, MEK inhibitors, Cyclin Dependent
kinase mhibitors, b-RAF inhibitors, mTOR inhibitors, Proteasome inhibitors {Bortezomib,
Carfilzomib), HDAC-inhibitors (Panobinostat, Vorinostat), DNA methyl transferase
mhibitors, dexamethasone, bromo and exira termimal family members inhibitors and
mdeoleamine Z2,3-dioxygenase inhibitors .

For treating autoimrune or inflammatory conditions, the compound of the invention
can be administered in combination with a corticosteroid such as triamcinolone,
dexamethasone, fluocinolone, cortisone, prednisolone, or flumetholone.

For treating autotronwne ot inflammatory conditions, the compound of the nvention
can be admimstered in combination with an immune suppressant such as fluocinolone
acetonide (Retisert®), rimexolone (AL-2178, Vexol, Alcon), or cyclosporine (Restasis®).

For treating autoimmune or inflammatory conditions, the compound of the tnvention
can be administered in combination with one or more additional agents selected from
Diehydrex™ {Holles Labs), Civamide {Opko), sodivm hyaluronate {Vismed, Lantibio/TRB

Chemedia), cyclosporine {(ST-603, Sirion Therapeutics}, ARGI0I(T) {testosterone, Argentis},
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AGRI012(P) (Argentis), ecabet sodium (Senju-Ista), gefarnate (Santen), 15-(s)-
hydroxyeicosatetraenoic acid (15(S)-HETE), cevilemine, doxycycling (ALTY-0501,
Alacrity), minocycling, iDestrin™ (NP50301, Nascent Pharmaceuticals), cyclosporinge A
(NovaZ2007, Novagali), oxytetracycline (Duramycin, MOLII901, Lantibio), CF101 {25, 35,
4R, 5R})-3, 4-dihydroxy-5-[6-[(3-todophenymethylaminoipuarin-8-y1}-N-methyl-oxolane-2-
carbamyl, Can-Fite Biopharma), voclosporin (LX212 or LX214, Lux Biosciences), ARG103
(Agentis), RX-10045 (synthetic resolvin analog, Resolvyx), DYN1S (Dyanmis Therapeutics),
rivoglitazone (DEOT 1, Daiichi Sanke), TB4 (RegeneRx), OPH-01 (Ophialmis Monaco),
PCS101 (Pericor Science), REV1-31 (Evohutec), Lacritin (Senju), rebamipide {Otsuka-
Novartis), OT-551 {Othera), PAL-2 (University of Pennsylvania and Temple University),
pilocarpine, tacrolimus, pimecrohimus {AMS981, Novartis), loteprednol etabonate, ribuximab,
diquafosol tetrasodium (INS3635, Inspire), KLS-0611 (Kissei Pharmaceuticals),
dehydroepiandrosterone, anakinra, efalizumab, mycophenolate sodium, etanercept
(Embrel®), hydroxyehlorogquine, NGX267 (TorreyPines Therapeutics), or thalidonude.

In some embodiments, the compound of the invention can be administered in
combination with one or more agents selected from an antibiotic, antiviral, antifimgal,
anesthetic, anti-foflamumatory agents including steroidal and non-steroidal anti-
milammatories, and anti-allergic agents. Examples of suitable medicaments include
aminoglycosides such as amtkacin, gentamycin, tobramycin, streptomycin, netilmycin, and
kanamycin; fluoroquinolones such as ciprofloxacin, norfloxacin, ofioxacin, trovafloxacin,
iomefloxaciy, levofloxacin, and enoxacin; naphthyridine; sulfonamides; polymyxin;
chloramphenicol; neomycin; paramomycin; cohistimethate; bacitracin; vancorycing
tetracychines; rifampin and its derivatives {"rifampins®™); cycloserine; beta-lactams;
cephalosporins; amphotericins; fluconazole; flucytosine; natamycin; miconazole;
ketoconazole; corticosteroids; diclofenac; thirbiprofen; ketorolac; suprofen; cromolyn;
fodoxamide; levocabasting naphazoline; antazoling; pheniramine; or azalide antibiotic.

Other examples of agents, one or more of which a provided compound may also be
combined with nclude: a treatment for Alzhetmer's Disease such as donepezil and
rivastigmine; a treatment for Parkinson's Disease such as L-DOPA/carbidopa, entacapone,
ropinirole, pramipexole, bromocripting, pergolide, trihexyphenidyl, and amantadine; an agent
for treating multiple sclerosis (MS) such as beta interferon {e.g., Avonex® and Rebif®},
glatiramer acetate, and mitoxantrone; a treatment for asthma such as albuterol and
montelukast; an agent for treating schizophrenia such as zyprexa, risperdal, seroquel, and

haloperidol; an anti-inflaramatory 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
mununomodulatory agent, including inugunosuppressive agenis, such as cyclosporin,
tacrofimus, rapamycin, mycopheuolate mofeti, an interferon, a corticosteroid,
cyclophosphamide, azathioprine, and sulfasalazine; a neurotrophic factor such as an
acetylcholinesterase inhibitor, an MAQ inhubitor, an interferon, an anti-convulsant, an ion
channel blocker, riluzole, or an anti-Parkinson's agent; an agent for freating cardiovascular
disease such as a beta-blocker, an ACE inhibitor, a diuretic, a nitrate, a calcium channel
blocker, or a statin; an agent for {reating Hver disease such 4s a corticosteroid,
cholestyramine, an interforon, and an anti-viral agent; an agent for treating blood disorders
such as a corticosteroid, an anti-leukernic agent, or a growth factor; or an agent for treating
mmmunodeficiency disorders such as gamma globulin,

Biological drugs, such as antibodies and cytokines, used as aunticancer angents, can be
combined with the compounds of the invention. In addition, drugs modulating microenvironment or
imowne responses can be combined with the compounds of the invention. Examples of such drugs
are anti-Her? antibodies, anti-CD20 antibodies, anti-CTLAT, anti-PD-1, anti-PDL 1, and other

imunotherapentic drugs.

Formudation, Dasage Forms and Administration

When eraployed as pharmaceuticals, the compounds of the invention can be
adminisicred in the form of pharmaceutical compositions. These compositions can be
prepared i a manner well known in the pharmaceutical art, and can be administered by a
variety of routes, depending upon whether local or systemic treatment is destred and upon the
area to be treated. Administration may be topical {(including iransdermal, epidermal,
ophthalmic and to nucous membranes including infranasal, vaginal and rectal delivery),
pulmonary {e.g., by inhalation or msafflation of powders or aerosols, including by nebulizer;
intratracheal or intranasal), oral or parenteral. Parenteral administration includes intravenous,
ntraarterial, subcutaneous, infraperitoneal intramuscular or injection or infusion; ot
mtracranmial, 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
pump. Pharmaceutical compositions and formulations for topical administration may include
transdermal patches, ointroents, lotions, creams, gels, drops, supposttories, sprays, hguids and
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners

and the like may be necessary or desirable.
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This invention also includes pharmaceustical compositions which contain, as the active
ingredient, the compound of the invention or a pharmaceutically acceptabie salt thereof, in
combination with one or roore pharmaceutically acceptable carriers (excipicnts). In some
embodiments, the composition s suttable for topical adnunistration. 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, ot other container. When the excipient serves as a dituent, itcan be a
solid, semi-solid, or hquid material, which acts as a vehicle, carrier or medium for the active
ngredient. Thus, the compositions can be in the form of' tablets, pills, powders, lozenges,
sachets, cachets, clixirs, suspensions, enulsions, sohutions, syrups, acrosols (as a sohdorina
Hgquad medium), omtments containing, for exarople, up to 10% by weight of the active
compound, soft and hard gelatin capsules, suppositories, sterile injectable sohutions, and
sterile packaged powders,

n preparing a fornndation, the active compound can be milled to provide the
appropriate particle size prior to combining with the other ingredients. I the active compound
is substantially insoluble, it can be milled o a particle size of less than 200 mesh. If the active
compound 1s substantially water soluble, the particle size can be adjusted by milling to
provide a substantially uniforro distribation in the formuldation, e.g., about 40 mesh.

The compounds of the invention may be milled using known milling procedures sach
as wet milling to obtain a particle size appropriate for tablet formation and for other
formulation types. Finely divided (nanoparticulate) preparations of the compounds of the
mvention can be prepared by processes known in the art, e.g., see International App. No. WO
2002/000196.

Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacia, caleium phosphate, alginates, tragacanth, gelatin, calcium
siticate, microcrystalline cellulose, polyvinylpyrrolidone, celtulose, water, syrup, and methyl
celiulose. The fornwlations can additionally include: lubricating agents such as tale,

magnesium stearate, and roineral oil; wetting agents; emulsifying and suspending agents;

preserving agents such as methyl- and propyihydroxy-benzoates; sweetening agents; and
flavoring agenis. The compositions of the invention can be formulated so as to provide quick,
ustained 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 form, cach dosage containing

from about 5 to about 1,000 mg (1 g}, more usually about 100 mg to about 500 mg, of the
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active ingredient. The term "unit dosage forms" refers to physically discrete units suitable as
unitary dosages for human subjects and other manmals, each unit containing a predetermined
guantity of active material calculated 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
administered in a pharmaceutically effective amount. It will be understood, however, that the
amount of the corapound actually adrmtnistered will usually be determoined 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 15
mixed with a pharmaceutical excipient to form a sohid preformulation composition containing
a homogeneous mixture of a compound of the present invention. When referring to these
preformulation compositions as homogeneous, the active ingredient is 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 capsoles. This solid
preformulation 18 then subdivided into unit dosage forms of the type described above
containing from, for example, about (.1 1o 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 inner 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
mtact jnto the duodenum or to be delayved inrelease. A variety of materials can be used for
such enteric layers or coatings, such materials including a number of polymeric acids and

rixtures of polymeric acids with such materials as shellac, cetyl alcohol, and celtulose
acetate.

The lquid forms in which the compounds and compositions of the present invention
can be incorporaled for administration orally or by injection include agueous sohutions,

uitably flavored syrups, agueous or oil suspenstons, and flavored emulsions with edible oils
such as cottonseed otl, sesame oil, coconut oil, or peanut oil, as well as elixirs and similar

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

Topical formulations can contain one or more conventional carriers. In some
embodiments, ointments can contain water and one or more hydrophobic carriers selected
from, for example, hquid paraffin, polyoxyethylene alkyl ether, propylene glycol, white
vaseline, and the tike. Carrier compositions of creams can be based on water in combination
with glycerol and one or more other components, e.g., glycerinemonostearate, PEG-
glveerinemonostearate and cetylstearyl 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 forroulations
contain at least about 8.1, at least about 8.235, at least about 0.5, at least about 1, at least about
2, or at least about 5 wt % of the compound of the mnvention. The topical formulations can be
suitably packaged in tubes of, for example, 100 g which are optionally associated with
mstructions for the treatment of the select indication, e.g., poriasis or other skin condition.

The amount of compound or composition admmistered to a patient will vary
depending upon what is being adminisiered, the purpose of the administration, such as
prophylaxis or therapy, the state of the patient, the manner of adminisiration, and the like. In
therapeutic applications, compositions can be administered to a patient already suffering from
a disease in an amount sufficient to cure or at least partially arrest the symptoms of the
disease and its complications. Effective doses will depend on the discase condition being
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 hke.

The compositions administered to a patient can be i the form of pharmaceutical
compositions described above, These compositions can be sterilized by conventional
sterilization technigues, or may be sterile filtered. Aqueous solutions can be packaged for use
as is, or Iyophilized, the lyophilized preparation being combined with a sterile aqueous carrier
prior to administration. The pH of the compound preparations typically 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 stabilizers will result in the formation of
pharmaceutical salts.

The therapeutic dosage of a coropound of the present invention can vary according to,
for example, the particular use for which the treatment is made, the manner of administration
of the compound, the health and condition of the patient, and the judgment of the prescribing
physician. The proportion ot concentration of a compound of the invention in a
pharmaceutical composition can vary depending upon a namber of factors inchiding dosage,
chemical characteristics {e.g.. hydrophobicity), and the route of administration. For example,
the compounds of the invention can be provided in an agueous physiological buffer solution
containing about 0.1 to about 10% w/v of the compound for parenteral administration. Some
typical dosc ranges are from about 1 pg/kg to about 1 g/kg of body weight per day. In some
embodiments, the dose range is from about 0.01 mg/kg to about 180 mg/ky of body weight
per day. The dosage is likely to depend on such variables as the type and extent of
progression of the disease or disorder, the overall health status of the particular patient, the

clative biological efficacy of the compound selected, fornudation of the excipient, and its
rouie of administration. Effective doses can be extrapolated from dose-response curves
derived from iz virro or animal model test systeros.

The compositions of the invention can further include one or more additional
pharmaceutical agents such as a chemotherapeutic, steroid, anti-inflammatory compound, or
mununosuppressant, examples of which are listed hereiabove.

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, identfy appropriate subpopulations for treatment, or identify populations
who should not receive a particular treatment because of an increased risk of a serious side
effect.

in some embodiments, the cormpanion diagnostic 1s used to monitor treatroent
response in a patient. o some ernbodiments, the companion 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 effects from administration of a therapeutic agent, compared to a reference
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tandard. In some embeodiments, the companion diagnostic is an 7» vitro diagnostic or
imaging tool selected from the list of FDA cleared or approved companion diagnostic
devices. In some embodiments, the companion diagunostic is selected from the st of tests

that have been cleared or approved by the Center for Devices and Radiological Health.
Labeled Compounds and Assay Methods

Another 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 n assays, both in vitre and in vive, for localizing and quantitating LS in tissue

such labeled compounds.

samples, including human, and for identifying LSD1 ligands by inhibition binding of a
fabeled compound. Accordingly, the present invention includes LSD assays that contain
e

The present invention further inchudes isotopically-labeled compounds of the
mvention. An "sotopically” or "radio-labeled” compound is a compound of the invention
15 where one or more atoms are replaced or substituted by an atom having an atomic mass or
mass number different from the atomic mass or mass mumber typically found in nature (ie
naturally occurring). Suitable radiomuclides that may be meorporated in compounds of the

present invention include but are not Hrnited to *H (also written as T for tritum), UC, 1*C,
20

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

LX

14CJ 13N, ESNﬁ ]50, i70j 180j 181:’ 358, 3 Cl 8251.’ 75}3{” 7681‘, 7781‘, IZSL ]2413 1257 and 1311. The

adio-labeled compound.

it is to be understood that a "radio-labeled * or "labeled compound” is a compound

that has incorporated at least one radionuclide. In some embodiments the radionuchide is
selected from the group consisting of “H, C, 121, #°S and **Br. In some embodiments, the

25  compound incorporates 1, 2, or 3 deuterium atoms.

The present invention can further include synthetic methods for incorporating radio-
30

isotopes into compounds of the invention. Synthetic methods for incorporating radio-isotopes
wto organic compounds are well known in the art, and an ordinary skill inn 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 1o

identify/evaluate compounds. For example, a newly synthesized or identified compound (ie,
test conpound) which is labeled can be evaluated for its ability to bind LSD1 by monitoring

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

example, a test compound (labeled) can be evaluated for its ability to reduce binding of
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another compound which is known to bind to L3D1 (ie., standard compound}. Accordingly,
the ability of a test compound to compete with the standard compound for binding to

1.8 directly correlates to its binding affinity. Conversely, in some other screening assays,
the standard compound 1s labeled and test compounds are unlabeled. Accordingly, the
concentration of the labeled standard compound is monitored in order to evaluate the
competition between the standard compound and the test compound, and the relative binding
affinity of the test corapound is thus ascertained.

The mvention will be described in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not intended to Himit the
mvention n any manner. Those of skill 1o the art will readily recognize a varicty of non-
critical parameters which can be changed or modified to yield essentially the same resulits.

The compounds of the Examples were found to be inhubitors of LSD 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 directed fractionation systeros. The basic equipment setup, protocols, and
control software {or the operation of these systems have been described m detail in the
literatore. See e.g. “Two-Pump At Colamm Dilution Configuration for Preparative LC-MS”,
K. Blom, J. Combi. Chem., 4, 295 (2882); “Optimizing Preparative LC-MS Configurations
and Methods for Paralicl 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:
Improved Compound Specific Method Optinuzation”, K. Blom, B. Glass, R. Sparks, A.
Comibs, J. Combi. Chem., 6, 874-883 (2084). The corapounds 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 Spm particle size, 2.1 x 5.0 ram, Buffers: mobile phase A: 0.025% TFA in
water and roobile phase B: acetonitrile; gradient 2% to 80% of B i 3 minutes with flow rate
2.0 mL/minute.

Some of the compounds prepared were also separated on a preparative scale by
-everse-phase high performance liquid chromatography (RP-HPLC) with MS detector or
flash chromatography (silica gel) as indicated in the Examples. Typical preparative reverse-
phase high performance hquid chromatography (RP-HPLC) column conditions are as
follows:
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pH = 2 purifications: Waters Sunfire™ Cig 5 ym particle size, 19 x 100 mm column,
cluting with mobile phase A: 8.1% TFA (triflucroacetic acid) in water and mobile phase B:
acetonttrile; the flow rate was 30 ml/mivute, the separating gradient was optimized for each
compound using the Compound Specific Method Optimization protoco] as deseribed in the
fiterature [see "Preparative LCMS Purification: Improved Compound Specific Method
Optimization”, K. Blom, B. Glass, R. Sparks, A. Combs, J. Comb. Chem., 6, 874-883
(2004)]. Typically, the flow rate used with the 30 x 100 mm column was 60 mi/minute.

pi = 10 purifications: Waters XBridge Cie 5 pm particle size, 19 x 100 mm column,
chuting 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 optimized for each compound using
the Compound Specific Method Optimization protocol as described in the hiterature [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 100 om column was 60 mi/minute.

Example §:

{1-{4-{(grans-2-Phenylcyclopropyljamine]piperidin-i-ylicyclobutviiacetoniirile

AN
©/ O\Eé/\c{\f

Step 1o [1-(4-oxopiperidin-{-vijcyclobutvl]acetonitrile

i CN

To the mixture of piperidin-4-one hydrochloride hydrate (154 mg, 1.00 momol,
Aldrich, cat#151769) in acetonitrile (2 mL, 40 mmol) was added DBU (225 uL, 1.50 mmol},
followed by cyclobutylideneacetonitrile {187 mg, 2.00 mmol, prepared using methods
disclosed 1o the literature such as WO 2009/114512). The resulting nuxture was heated to 70
°C and stirred overnight. The reaction mixture was then cooled (o room temperature and
difuted with EtOAc. The mixture was then washed with water and brine. The organic layer
was dried over NaxSQa then concentrated. The residue (yellow oil} was used in the next step
without further purification. LC-MS calculated for CriHryNzO (M+H)Y ™ wm/z = 193.1; found

193.2.
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Step 2. (1-#4-{{trans-2-phenvicyclopropvamineJpiperidin- I-vllcvclobutvljacetoniirile

To a solution of 2-phenyleyclopropanamine bydrochloride (36 mg, 0.21 mmol) (7rans,
racemic, Acros: Cat#130470050, Lot AG295784) and [ {-(4-oxopiperidin-1-
yheyelobutyllacetonitrile (41 mg, 0.21 mmol} (erude product from Step 7} in DCM (2

2L} was added acetic acid (36 pL, .64 munol). The resulting yellow solution was stirred at

roorm teraperature for 2 b, Then Na(OAckBH (140 mg, 0.64 mmol) was added. The reaction
mixture was stirred at room temperature overnight. The reaction mixture was dituted with
DBCM then washed with saturated Na2COs, water and brine. The organic layer was dried over
Na2S04 then concentrated. The residue was purified by prep. HPLC (pH = 10,
acetonttrile/water+NHiOH) to give the product as a white solid (frans, racemic). LC-MS

calculated for Coolzels (MHED™: m/z = 310.2; found 310.2.

Example 2:

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

A
© Ogg\ow

N

vijacetonitrile

Step 1 tert-butvl 3-{cyanomethvi)-3-(4-oxopiperidin-l-yiiazetidine- I -carboxylate

A

C,...

N
Boc

To a solution of piperidin-4-one hydrochloride hydrate {1.08 g, 7.00 mmol} and tert-
butyl 3-(cyanomethylene)azetidine- | -carboxylate (2.04 g, 10.5 ramol, prepared using stoifar
methods as disclosed in the Hterature such as WO 2009/114512) in acetonitrile (7 mL) was
added DBU (1.36 mL, 9.10 mumol). The resulting mixture was stirred at room temperatore for
15 min until all the solid dissolved. Then the resulting solution was heated to 70 °C and
stirred 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 eluting with 0 to 7 % MeOH/DCM to give
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the produact (844 mg, 41 %) as a yellow oil. LC-MS calenlated for CriliisM30s (M-Bo+2H)"™
/e = 238.1; tound 238.2.

Step 2. tert-buryl 3-(cvanomethyl)-3-{4-[(trans-2-phenylcyclopropyljamine [piperidin-i -

L

yijazetidine-1-carboxylate

~AN
© \C'Nzg\m

N
Rogo

To a solution of 2-phenyleyclopropanamine hydrochloride (540 mg, 3.2 mmol, Acros:
Cat# 130470050, Lot: AD295784) and tert-butyl 3-{cyanomethyl)-3-{4-oxopiperidin-1 -
yhazetidine- 1 -carboxylate (937 mg, 3.19 momol} in DCM (15 b)) was added acetic acid (540
ul., 9.6 mmol). The resulting yellow solution was stirred at roorn teroperature overnight then
Na(OAchBH (1.4 g, 6.4 mmol} was added. The reaction mixtare was stirred at room
temperature for 2 h then diluted with DUM and washed with saturated Nax{COs, water and
brine. The organic layer was dried over NaxSQ4 then conceuntrated. The residue was purified
on a silica gel column eluting with 0 to 10 % MeOH/DCM to give the desired product {1.07
2. 82 %) as a yellow oil. LC-MS calculated for CaaHasNaGy (M+HY /2 =411.3; found
411.3.

Step 3: tevt-butvl 3-(cvanomethyi)-3-{4-{ (irans-2-

phenvicvelopropyviitrifluoroacetyliomino Jpiperidin- 1 -yi ] azetidine- I -carboxyviate
PAERYICYCIOPIORY i VL pip Vi 3

Fg_C\T,;O

To a solution of tert-butyl 3-(cyanomethyl)-3- {4-[{zrans-2-
pheaylevelopropyDaminolpiperidin- 1-yl}azetidine- 1 ~carboxylate (1.07 g, 2.61 nunol) in
DCM (15 mL) at 0 °C was added DIEA (1.4 ml, 7.8 mmol), followed by dropwise addition
of irifluoroacetic anhydride (0.41 mL, 2.87 mmol). The resolting yellow solution was stirred
at {# °C for 1 h then the reaction was guenched with saturated NaHCOs solution and extracted
with DCM. The combined exiracts were dried over Na2SO4 then filtered and concentrated.

The restdoe was purified on silica gel cohumn eluting with 0 to 60 % EtQAc/Hexanes {o give
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the desired product (922 mg, 70 %) as a yellow o1l which solidified on standing to give a
] s . gW0E

tight vellow solid. LC-MS calculated for CosHsaF3NaDs (MAH)Y vz = 507.3; found 507 4.

Step 40 N-{i-[3-(cyanomethyljazetidin-3-yl]piperidin-4-yi}-2, 2, 2-trifluoro-N-{trans-2-

phenyvicyclopropyl)acetamide

Fa,C\fG

&

To a solution of tert-buty! 3-(cyanomethyl)-3- {4-[{srans-2-
phenyleyclopropyi(irifluorcacetyDamino lpiperidin- 1 -yl azetidine-  ~carboxylate (922 mg,
1.82 mmol} in DCM (7.2 mL} was added TFA (2.80 al, 36.4 mmol). The resulting yellow
solution was stirred at rooro teroperature for 1 h then concentrated. The residue was dissolved
m EtOAc then washed with saturated NaHCO3 solution and brme. The organic layer was
dried over Na:xSO4 then concentrated. The residue was purified on a silica gel columa eluting
with 0 to 20 % MeOH/DCM to give the desired product (700 mg, 93 %) as a yellow oil
which solidified on standing to give a light yellow solid. LC-M3 calculated for CorHzeFaNaG
(M+H)" m/z = 407.2; found 407.2

-

Step 5: N-{I1-{3-Ccyanomethyi}-1-methyiazetidin- 3-yl]piperidin-4-yi}-2, 2, 2-trifluoro-N-(trans-

2-phenylcyclopropyljacetamide

F\C

O“@CN

'}‘

To a solution of N-{1-[3-(cyanomethyhazetidin-3-ylpiperidin-4-y1}-2,2,2-trifluoro-
N-(frans-2-phenyleyclopropyhacetarnide (24 rog, 0.059 numol) jo DOM (2 mbL) was added
formaldehyde (37 wit% in water, 22 ul, 0.30 mmol}, followed by acetic acid (10, pL, 0.18
mmol). The resulting mixture was stirred at room temperature overnight, then Na{OAc):BH
(38 mg, 0.18 mmol} was added. The reaction mixture was stirred at oo temaperature for 2 h
then neutralized with saturated NaxCOs solution and extracted with DCM. The combine

extracts were dried over Naz30O4 then concentrated. The residue was used in the next step
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without further purification. LT-MS calcudated for ConFlosFaNaO (MDY mi/z = 421.2; found
421.2.

Step 6. (I-methvl-3-{4-[(trans-2-phenylcvclopropylaming [ piperidin- -yl }azetidin-3-
yijaceronitrile

The crude product from Step 5 was dissolved in THF (1 mbL) and MeOH (1 ml) then
2.0 M sodium hydroxide in water (0.15 mi, 0.30 mmol) was added. The resulting mixture
was stirred 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 CaeHooNg (M+H)Y m/z =

325.2; found 325.2.

Example 3:
(3-{4-{{grans-2-Phenyleyclopropyaminoejpiperidin-{-yhazetidin-3-yhacetonitrile

To a solution of tert-butyl 3-{cyanomethy)-3- {4-[{#rans-2-
pheanylevelopropylaminolpiperidin- 1-yl} azetidine- 1 -carboxylate (20 mg, 0.049 munol,
prepared as described in Example 2, Step 2) m DCM (1 mL) was added TFA (0.5 mL). The
resulting vellow solution was stirred at room temperature for I h then concentrated. The
‘osiduc was dissolved in acetonitrile then purified by prep. HPLC (pH =2,
acetonitrile/water+THA) to give the desired product in the form of THFA salt as a white solid.

LO-MS caleutated for CroHorNg (M+HY: m/z = 311.2; found 311.2.
Example 4

{1-Benzyl-3-14-|(frans-I-phenylcyclopropyllamino{piperidin-i -yl azetidin-3-

vijacetonitrife

85
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To a solution of N-{1-[3-{cyanomethyhazetidin-3-ylipiperidin-4-y1}-2.2, 2-riffuoro-
N-{rans-2-phenyleyclopropyliacetamide (24 mg, 8.059 mmol, prepared as desceribed in
Example 2, Step 4} in DCM (2 mL) was added benzaldehyde (30 pL, 8.29 mmol), {ollowed

by acetic acid (10 ul, 0.18 mmol). The resulting mixture was stirred at room temperature

(%3}

overnight, then Na(OAckBH (38 mg, 0.18 nuool) 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 neutratized with saturated NaaCOs solution and exiracted
with DCM. The combined extracts were dried over Na:SOuq 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
mb, 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, acetonitrile/water+TFA) to give the desired product in the form of
TFA salt as a white sohid. LC-MS caleulated for CosHasNe (M+H)Y™: w/z = 401.3; found

15 401.2.

Example 5:
3(3-{Cvanomethyl)-3- {4-{{frans-2-phenyicyclopropyhamine]piperidin-1-vijazetidin-1-

yviipropanoic acid

AN
O :\/Ngg\cm

N

20 COOH
To a solution of N-{1-[3~(cyanomethyljazetidin-3-yljpiperidin-4-y1} -2.2,2-triftuoro-
N-{trans-2-phenylcyclopropyDacetamide (33 mg, 0.081 mamol, propared as described in
Example 2, Step 4) in acetonitrile (1 mbL) was added methyl acrylate (36 pl, 0.40 mmot),
followed by DBU (12 pL, 0.081 mumol). The resuliing mixture was stirred at room

25  temperature overnight then diluted with water and extracted with DCM. The combine
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extracts were dried over NaaSO4 then concentrated. The residue was dissolved in THF (1
mbl} and MeOH (1 mL) then 2.0 M sodium hydroxide in water {0.30 mL, 0.60 mumol} was
added. The resulting moixture was stirred at 30 °C for | b then diluted with
MeOH/acetonitrile. The mixture was then filtered and purified by prep. HPLC (pH =2,
acetonitrile/water+TFA) to give the desired product in the form of TFA salt as a white solid.

LC-MS caleulated for CalEnNaQO2 (M+H)": m/z = 383.2; found 383.3.

Example &
{1-Acetyl-3-{4-[{#rans-2-phenyleyclopropyDamino]piperidin-1-ylazetidin-3-

yhacetonitrile

To a solution of N-{1-[3-(cyanomethyliazetidin-3-ylpiperidin-4-v1}-2.2, 2-trifluore-
N-(trans-2-phenyleyclopropyhacetamide (22 mg, 0.054 mmol, prepared as deseribed in
Example 2, Step 4} in THE (1.0 mL) was added DIEA (47 ul, .27 mmoly, followed by
acetyl chloride (7.7 uk, 0.11 mamol). The resulting mixture was stirred at room temperature
for 1 b then MeOH (1.0 rol) was added, followed by 2.0 M sodivo hydroxide in water (0.14
mL, 0.27 munol). The resulting nuxture was stirred at room teroperature for 2 h at which time
LC-MS mndicated the reaction completed to the desired product. The reaction mixtare was
diluted with acetonitrile then purified by prep. HPLC (pH = 2, acetonifrile/water+TFA) to
give the desived product in the form of TFA salt as a white solid. LC-MS calculated for

CodoNaO (M+H)™ m/z = 353.2; found 353.3.
Example 7

{1-Benzoyh-3-{4-[(rrans-2-phenyicyclopropyDamino] piperidin-1-yi} azetidin-3-

viacetonitrile
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To a solution of N-{1-[3-{cyanomethyhazetidin-3-ylipiperidin-4-y1}-2.2, 2-riffuoro-
N-(trans-2-phenyleyclopropylacetamide (22 mg, 0.054 mmol, prepared as described in
Example 2, Step 43 in THF (1.0 mL) was added DIEA (47 ul, 0.27 mmel), followed by
benzoyl chioride (12 ub, 0.11 mmol). The resuliing mixture was stirred at room temperature
for 1 b then MeOH (1.0 L) was added, followed by 2.0 M sodivn hydroxide in water (0.14
mi., 0.27 munol). The mixture was stirred at room temperature {or 2 b then dituted with
acctonitrile and purified by prep. HPLC (pH = 2, acetonitrile/water+TFA) to give the desired
product in the form of TFA salt as a white solid. LC-MS calculated for CasHaiNaO (M+H)
w/z = 415.2; found 415.3.

Example 8:
Methyi 3-(cyanomethy-3-{4-{(frans-2-phenyicyclopropyhamino]piperidin-1-

yijazetidine-1~carboxylate

To a solution of N-{1-[3-(cyanomethylazetidin-3-vl}pipenidin-4-y1}-2,2, 2-triftuoro-
N-{trans-2-phenylcyelopropyDacetamide (20. mg, 0.049 mmol, prepared as described in
Example 2, Step 4) in THF (1.0 mb) was added DIEA (43 gL, 0.25 nunol), followed by
methy! chloroformate (7.6 gL, 0.098 ramol). The resulting mixture was stirred at room
temperature for 1.5 b then MeOH (1.0 mL) was added, followed by 2.0 M sodiom hydroxide
i water (.12 mi, 0.25 mmol). The mixture was stirred at room teraperature for 2 h then
diluted with acetonitrile and purified by prep. HPLC (pH = 2, acetonitrile/water+TFA) to
give the desired product n the form of THFA salt as a white sohid. LC-MS caleulated for

CorHooNaOo (MAH) ™ m/z = 369.2; found 369.3.
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Example %
{1-(Methyisulfonyl}-3-{4-{{(srans-2-phenylcyclopropyljaminelpiperidin-i-yl} azetidin-3-

yiiacetonitrile

b
c_‘);; -
5 ~

To a solution of N-{1-[3-(cyanomethylazetidin-3-ylpipenidin-4-y1}-2,2,2-trifluoro-
N-{trans-2-phenylcyclopropylacetamide (20. mg, 0.049 mmol, prepared as described in
Example 2, Step 4) in THF (1.0 mb) was added DIEA (43 pL, 0.25 munol), followed by
methanesulfonyl chloride (7.6 uk., 0.098 mmol). The resulting mixture was stirred at room
ternperature for 1.5 h then MeOH (1.0 mL) was added, followed by 2.0 M sodium hydroxide
m water (.12 mL, 0.25 mmol). The reaction mixture was stirred at room temperatare for 2 h
then diluted with acetoniirile and purified by prep. HPLC (pH = 2, acctonitrile/water+TFA)
to give the desired product in the form of THFA salt as a white sohid. LC-MS calculated for

CooflooNa(S (MDD m/z = 389.2; found 389.2.

Example 16:
2-(3-{Cyanomethy}-3-{4-{(frans-I-phenyicyclopropyDaminepiperidin-1-yll azetidin-1 -

yiinicotinonitrile

To a solution of N-{1-[3-(cyanomethyDazetidin-3-ylipipenidin-4-y1}-2,2, 2-trifluoro-
N-{trans-2-phenyloyelopropyDacetamide (23 mg, 0.056 mmol, prepared as described in
Example 2, Step 4) and 2-fhioronicotinoniivile (14 mg, 6.11 mmol} in NMP (1.0 mL, 10.
mmol) was added DIEA (39 uk, 0.23 amol). The resulting mixture was heated to 120 °C and
stirred for 1 h at which time LC-MS indicated the reaction was complete to give the desired
mtermediate. The reaction mixture was cooled to room temperature then MeOH (1.0 mL)

was added, followed by 2.0 M sodium hydroxide 1o water (0.14 md, 0.28 nwnol}. The
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resulting mixture was stirred at room temperatare for 2.5 h then diluted 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 yellow solid. LC-MS calculated for CasHaoNe (M+H) T m/z =413.%;

found 413.3.

Example 11:

3-Cvano-4-(3-(cyanomethyi}-3-{4-{{rans-2-phenylcyclopropyhaminopiperidin-1-

A
\O\?g’\cs\s

N
=
X

vijazetidin-1-yl}benzoic acid

NC l
éOOH
This compound was prepared using procedures analogous to those described for
Example 10 with 3-cyano-4-fluorobenzoic acid 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 CorHoNsOr (MH+HY" m/z = 456.2;

found 456.3.

Example 12:
2-(3-(Cyanomethyi}-3-{4-{(frans-2-phenyicyclopropyliamineipiperid in-i-yl}azetidin-1-

yiibenzonitrie

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

4312.3.
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Example 13:
4-3-{Cyanomethyl)-3-{4-{{drans-2-phenylcyclopropyhamino]piperidin-1-yi} azetidin-§ -

vijbenzonitrile

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

Example 14:

{1-(3-{{{rans-2-PhenvicvclopropyDaminolmethyl] azetidin-1-vijevclobutyljacetoniirile
YRyCiopropy Vi YIS 3

/ E\/C/NQ/CN

-

Step 1! tert-butyl 3-{{ (trans-2-phenylcyclopropyllamino]methyl}azetidine- I -carboxylate

H “NBoc
_____ N

P

R

To a solution of tert-butyl 3-formylazetidine- 1 -carboxylate (556 yog, 3.00 muyool, Alfa
Aegsar: Cat#f H52794) and 2-phenyleyclopropanamine hydrochlonide (600, mg, 3.54 mmol,
trans, racemic, J&W Pharmbab: Cat#20-00738, Lot: JW152-128A) in DCM (10 mL} was
added acetic acid (510 uL, 9.0 ramol). The resulting yelow solution was stirred at room
temperature overnight then Na{OAch:BH (1.9 g, 9.0 mmol} was added. The reaction mixture
was stirred at room temperature for 1 b then diluted with DCM, washed with saturated

NaxC0s, water and brine. The organic layer was dried over NaxS04 then concenirated. The

~4
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residue was purified on silica gel column ehuting with 0 to 100 % EtCAc/Hexanes to give the
desired product {513 mg, 57 %} as a light yellow oil. LC-MS caleuiated for CiaHioN202 (M-
Bur2H)Y " mv/e =247.1; found 247.2.

Step 2: tevt-butyl 3-{{[(allvioxyjcarbonyl](trans-2-

phenylcyclopropyl)amine]methyljazetidine-I-carboxylate

1.
.Ar -

N

To a solution of tert-buiyl 3- {{frans-2-phenyleyclopropylaminec jmethyl}azetidine- I
carboxylate (513 mg, 1.70 mumol, prepared fn Step 1) in DCM (5 mal., 80 mmol) was added
DIEA (890 ul, 5.1 mmol), followed by dropwise addition of allyl chloroformate (234 pl,,
2.20 mmol). The resolting mixture was stirred at room temperature {or 40 min then quenched
with water and extracted with DCM. The combined extracts were dried over NaxSO4 then
concentrated. The residue was purified on silica gel colunm chuting with 0 1o 60 %
EtOAc/Hexanes to give the desired product (632 mg, 96 %) as a light yvellow oil. LC-MS
calcolated for CorHaNzOu (MAHH)™ m/z = 387 .2; found 387.2.

Step 30 allyl (azetidin-3-yimethyl) (trans-2-phenyicyclopropylicarbamate
O 20
Y s

-

P
To a solution of tert-butyl 3-{[[{allyloxy)carbonyl{rrans-2-
phenylcyclopropyhaminoimethyl} azetidine-1 -carboxylate (632 mg, 1.64 mmol) in DCM (3
mL} was added TFA (3 mL). The resuliing mixture was stirred at room temperature for 1 h
then concentrated. The residue was dissolved in EtOAc then washed with saturated NaHCOs
solution and brine. The organic layer was dried over NaxSQu then concentrated. The residue
was used in the next step without further purification. LC-MS calculated for CiHaaN202

(MHHY = 287.2; found 287 .2,
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Step 4: aliyl ({1-[1-(cyanomethyl)oyclobutvijazetidin-3-yijmethyl) (frans-2-

phenvicyclopropyvi)carbamate

N NQ/CN
%/A’f‘

®

To a solution of aliyl {azetidin-3-ylmethyl){(rrans-2-phenyleyclopropyicarbamate (48
mg, 0.17 mamol} and cyclobutyhidencacetonitrile (31 mg, 0.34 muimol, prepared using methods
disclosed in the Hierature such as WO 2009/114512) in acetonitrile (0.5 mL) was added DBU
{10 gL, 0.08 mmol}. The resulting mixture was stirred at room femperature overnight then
concentrated. The residue was purified on silica gel coluran cluting with 0 to 10 %
MeOH/DCM to give the desived product (26 mg, 41%) as a yellow oil. LC-MS calculated for
CosHsoN3On (MHH) ™ m/z = 380.2; found 380.2.

Step 50 [1-(3-{{(rans-2-phenylcyclopropyliamine Jmethyl}azetidin- 1 -
ylcyclobutyllacetonitrile

A mixture of allyl ({1-[ 1 -{cyanomethyDeyelobutyllazetidin-3-y1} methy D (srans-2-
phenyleyclopropyhearbamate (26 mg, 0.068 romol} and tetrakis(iriphenylphosphine)-
palladiom(0) (4 mg, 0.003 mmol) in THF (3 mL) was degassed then refilled with mitrogen.
Then N-ethylethanamine (71 pL, .68 mmol) was added. The resulting mixture was heated to
85 °C and stirred for 2 b at which time LS-MS indicated the reaction was compicte. The
mixture was cooled 10 room teraperature then diluted with acetounitrile, filtered and purified
by prep. HPLC (pH = 2, acetonitrile/water+TFA) o give the desired product in the form of
TFA salt as a white sohd. LC-MS calculated for CioHaeNs (MHHY™ my/z = 296.2; found
296.2.

Example 15:
{U'-{Ethylsuifonyi}-3-{[{{rans-2-phenyicyclopropyhiamino]methyl}-1,3"-biazetidin-3'-

yijacetoniirile



This compound was prepared using procedures analogous to those as described for
Example 14 with [1-{cthylsulfonyDazetidin-3-yhdencelacetonitrile (prepared using similar
conditions disclosed in the literature such as WO 2009/114512) replacing
5 cyclobutylidencacetonitrile in Step 4. The product was purified by prep. HPLC (pH =2,
acetontirile/water+THFA) to give the coropound in the form of TFA salt as a white sohd. LC-

MS calculated for CooFiasNaQ8 (MDY my/z = 389.2; found 389.2.

Example 16:
10 A-G-{Grens-2-PhenylcyclopropyDaminoelmethyilazetidin-1-ylpiperidin-4-
vijacetonitrile

H

N
L
N LN

H
/A/N\/’L‘J
\I

o

Step I: tert-buryl 4-(cyanomethyl)-4-(3-{{{trans-2-phenyicyclopropyDamine fmethy{}azetidin-
] . e ? PREIVICYCICPTopy J 3

I-yldpiperidine-1-cavboxylate

N A
ool

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

15

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

20 h. LC-MS calculated for CosHarNaOz (MAH)™ m/z = 425.3; found 425.3.



10

15

20

25

Step 2: [4-(3-{{(trans-2-phenyicyclopropyliaminomethyl}azetidin- I -vljpiperidin-4-
vi]acetonitrile

The crude product from Srep { was dissolved in DCM (1 mL) then TFA {1 k) 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, acetonitrile/water+TFA) to
give the desired product in the form of TFA salt. LC-MS calculated for CooHzeNa (M+H) ™

mz = 325.2; found 325.2.

Example 17:
{1-Methyl-4-(3-{|(frans-2-phenvicyclopropyhamine]methyl aretidin-1-yhpiperidin-4-

viacetonitrile

Step 1: terr-butyl 3-{{ (trans-2-phenylcyclopropyl){triffucroacetyl)amine jmethyl}lazetidine- 1 -

carboxylate

F

f'ad
2C. 20
UNBOC
N -

To a solution of tert-butyl 3-{{(frans-2-phenyleyclopropyliamino imethyl} azetidine- 1-
carboxylate (187 mg, 0.618 mmol, prepared as described in Example 14, Srep 1) 10 DCM (5
mL} at 0 °C was added triethylarine (0.431 kb, 3.09 mmol), followed by dropwise addition
of trifluoroacetic anhydride (114 uL, 0.804 mmol). The resolting yellow solution was stirred
at 0 °C for 1 h then quenched with saturated NaHCOs solution and extracted with DCM. The
combined extracts were dried over NaxS04 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+2H) " m/z = 343.1; found
343.2.

Step 2: N-{azetidin-3-vimethyi}-2,2, 2-wifluovo-N-{trans-2-phenvicyclopropyllacetamide

4 J
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To a sohution of tert-butyl 3- {{{frans-2-phenyicyclopropyl)-
{trifluoroacetyljaminojmethyl} azetidine- L -carboxylate (228 mg, 0.572 mmol) in DCM (3
mkb} was added THFA (3 ml). The resulting light yellow solution 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 CisHisFsNoO (MA+H)Y m/z = 299.1; found
299.2.

Step 3 tert-buyl 4-{cyanomethyl)-4-(3-{ [{rans-2-phenyicyclopropyl(trifluoroace

tyi)

\ I

aminofmethyijazetidin-1-yiipiperidine- I -carboxylate

Boc

F.C. 20 CN

To a sclution of N-{azetidin-3-ylmethyl}-2,2, 2-wifluoro-N-(srans-2-
phenyicyclopropyliacetamide (TFA salt: 0.93 g, 2.2 munol), tert-butyl 4-
{cyanomethylenepiperidine- 1 -carboxyiate (0.50 g, 2.2 mmol, prepared using sinular
conditions disclosed in the Bterature such as WO 2008/064157) in acetonitrile (5 mL) was
added DBU {0.7 mL, 4 mmol}. The resulting mixtare was stirred at room temperatore
overnight. The reaction mixture was guenched with saturated agueous NaHCOs, and
extracted with BtOAc. The combined organic layers were washed with brine, dred ove
NapSOu, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on a silica gel colurman eluting with ethyl acetate in hexanes (0-50%) to
afford the desired product (95 mg, 8 %). LC-MS calculated for CorHaeFsN4Os (M+H)": mo/z =

521.3; found 521 .2.

Step 4. N-{({1-{4-{cyanomethyl)piperidin-4-yijazetidin-3-yi} methyl}-2, 2, 2-trifluoro-N-{trans-

2-phenvicyclopropvljacetamide

i fx
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To a solution of tert-butyl 4-(cyanomethyD)-4-(3-{[(frans-2-
phenyleyclopropyDirithuoroacetyDamino methyl} azetidin- L-yDpiperidine- L -carboxvlate (95
mg, 0.18 mmol} in BCM (1 mL) was added TFA (1 mL). The resolting mixture was stirred at
room temaperatore for 1 h then concentrated. The residue was used in the next step without

further purification. LC-MS caleulated for CozHogFsN4O (MHH)™ /e = 421.2; found 421.2.

Step 5: [1-methyl-4-(3-{{(trans-2-phenvicyclopropvljamine[methyl lazetidin-1-vi)piperidin-4-

vijacetonitrile

To a solution of N-({1-[4-(cyanomethyhpipendin-4-yliazetidin-3-yl} methy})-2,2,2-
triffooro-N-(zrans-2-phenyleyclopropyacetamide (TFA salt, 106 mg, .02 mmol) in THF (0.5
1L} was added a solution of 10.0 M formaldehyde in water (16 uL, 0.1 romeol), followed by

acetic acid (5.8 ulk, 0.10 mumol). The reaction mixture was stitred at room femperature for 2
h then sodiuvm trniacetoxyborohydride (22 mg, 0.10 yomol) was added. The resulting mixture
was stirred at room temperature for 2 h then MeOH (1 mL) and ZN NaOH in water (0.2 mL)

were added. The reaction roixture was stirred at 40 °C for 1 b then cooled to room
teraperature, filtered and purified by prep. HPLC (pH = 10, acetonitrile/water+NH4OH) to
afford the desired product. LC-MS caleulated {or CaiHaiNa (M+H)" m/z = 339.3; found
339.3.

Example 18:
{1-Acetyb-4-(3-{{{trans-2-phenyleyclopropyDamino]methyl} azetidin-1-yhpiperidin-4-

vijacetonitrile

O\\l/

To a solution of N-{{1-[4-{cyvanomecthyhpiperidin-4-yijazetidin-3-yl} methyl}-2,2.2-



triffuoro-N-{&rans-2-phenylcyclopropyDacetamide (TFA salt, prepared as described for
Example 17, Step 4: 9 mg, 0.02 ramol) and DIEA (8.8 L, 0.05 mmol) in THF (I mb) was
added acetic anhydride (3.2 pl, 6.034 romol). The reaction mixture was stirred at room
temnperature for | hthen IN NaOH in water (0.5 mL) and MeOH (1 mb) were added. The

5 resulting mixture was stirred at room temperature for 1 h then purified by prep. HPLC (pH =
10, acetonitrile/water+NH4OH) to afford the desired product. LC-MS calculated for
CozHauNaO (MHH)Y™ m/z = 367.2; found 367.3.

Example 1%:
10 {I-(4-Fluorobenzoyl-4-(3-{{{srans-2-phenyleyelopropyliamino|methyl} azetidin-i-

yipiperidin-d-yljacetoniirile

This compound was prepared by using procedures analogous to those described for
the synthesis of Example I8 with 4-fluorc-benzoyl chloride replacing acetic anhydride. LC-
15 MS calculated for CorHaFN4O (M+H)" m/z = 447.3; found 447.3,
Example 24:
{{-(Methylsulfonryl}-4-(3-{{{(#rans-2-phenyicyclopropyliaminejmethyi}azetidin-§ -
yiipiperidin-d-yijacetonitrile

0
N
0*3

N

H }NNQQ/CN

AN N A

This corpound was prepared by using procedures analogous to those described for

the synthesis of Example 18 with methanesulfony! chloride replacing acetic anhydride. LC-
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Example 21:
{4-(3-{{{frans-2-Phenyicyclopropyhaminojmethyljazetidin-1-yl)-1~

{phenyisulfonyipiperidin-4-ylacetonitrile

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

MS calculated for CasHaaN4O2S (M+H)Y": m/z = 465.2; found 465.2.

Example 22:
Ethyl 4-{cvapomethyi}-4-(3-{{{srans-2-phenylcyclopropyiiamino|methyl} azetidin-1-

yhpiperidine-1-carboxylale

(’

Ca-C
)

— Q/CN

This compound was prepared by using procedures analogous to those described for
the synthesis of Example 18 with ethyl chloroformate replacing acetic anhydnide. LC-MS

calculated for CoaHaNaOh (M) m/z = 397.3; found 397.2.

Example 23:
4-(Cyanomethyh-N,MN-dimethyb4-3-{{(trans-2-

phenylcyclopropyllaminejmethyliazetidin-{-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 calcolated for CosHaaNsO (M+H)" m/z = 396.3; found 396.3.

Example 24:
4-(Cyanomethyh-N-isopropyl-4-(3-{{{#rasns-2-phenvicyclopropyilamine|methyl} azetidin-

i-vi)piperidine-i-carboxamide

X

‘ ,\iNEQ,CN
e

U
This compound was prepared by using procedures analogous to those described for
the synthesis of Example I8 with 2-isocyanatopropane replacing acetic anhydride. LC-MS

calculated for C2aHasNsO (M+H)™ 1o/2 = 410.3; found 410.3.
Example 25:

4-{Cyanomethyh-N-(d-fluorophenyh-4-3-{i(frans-2-

phenyleyclopropyDaminomethyllazetidin-I-yhpiperidine-1-carboxamide

80



This compound was prepared by using procedures analogous to those described for
the synthesis of Example 18 with 1-fluoro-4-isocyanatobenzene replacing acetic anhydride.

LC-MS caleulated for CorHnFNO (MAH) mvz = 462.3; found 462.2.

%2}

Example 26:

(3~{l(zrans-2-Phenylcyclopropyhaminojmethyi}~1,3 -biazetidin-3'-yhacetoniirile

§ A
o

Step 1! tert-butvi 3'-{cvanomethiyi)-3-{{{trans-2-

10 phenyicyclopropyl)itriffuovcaceryllamina[merhyi}- 1,3 -biazetidine- 1'-carboxylate

To a solution of N-(azetidin-3-yimethyh-2,2,2-trifluoro-N-{srans-2-
phenyleyclopropyhacetamide (30 g, 0.07 mmol, prepared as described for Example 17,
Srep 2y, tert-butyl 3-(cyanomethyleneazetidine- | -carboxylate (27 mg, 0.14 mmol, prepared
15 using similar methods as disclosed in the literature such as WO 2009/114512) in acctonitrile
(1.0 mL) was added DBU (20 ulL, 0.1 ramol). The resulting mixture was stirred at room
temperatare overnight. The mixture was diluted with EtOQAc then washed with water and
brine. The organic layer was dried over NaxSO4 then filtered and concentrated. The residoe

was used in the next step without further purification. LC-MS caleulated for CosHisaFsNaOs
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(M+H)" m/z = 493.2; found 493.2.

Step 2: (3-{f(trans-2-Phenyilcyclopropyllamino Jmethiyl}- 1,3 -biazetidin-3 -yliacetonitrile

To a solation of the crude product from Srep [ in THE (1 mL) and MeOH (1 mol) was
added 2N NaQOH solution in water (0.5 mL). The resulting mixture was stirred at 30 °C for 1
h then conled to room temperature and concentrated. The residue was dissolved in DCM then
filtered and concentrated. The residue was then dissolved in DCM (3 mb) and TFA (1 mL)
was added. The mixture was stirred at room temperatare for 1 h then concentrated. The
residuc was dissolved in acetonitrile then purified by prep. HPLC (pH =2,
acctonitrile/water+THA) to give the desired product in the form of THA salt, LC-MS

caleulated for CreHzsNg (M) m/z = 287.2; found 297 2.

Example 27:
4-(3'-(Cyanomethyl)-3-{{{zrans-2-phenyicyclopropyliaming]methyil-1,3 -biazetidin-1'-
yiR2,5-difluore-N-[{18)-2.2 2-trifluore-1-methyiethyiibenzamide

CN

NS
©/ PP
W
F HNe_~

£
To a solution of N-(azetidin-3-ylmethyl}-2,2, 2-trifluoro-N-{frans-2-
phenyleyclopropyhacetarnide TFA salt (25 mg, 0.061 mmol, prepared as described for
Example 17, Step 2) and 4-[3-(cyanomethylenejazetidin-1-yH-2,5-diftuoro-N-{(15)-2,2,
trifluoro-{-methylethylbenzamide (24 rog, 0.070 mmol, prepared using similar methods as
disclosed in the Hterature such as WO 2012/177606} in acetonitrile (1.0 mL) 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 = 10,
acctonitrile/water-+NHaOH) to afford the desired produoct. LC-MS calculated for

Cost3 FsNsO (MAH)": m/z = 5348.2; found 548.2.
Example 28:

82
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MN-{[i-(1-Methylpiperidin-d-yhazetidin-3-ylmethyi} -frans-2-phenyicyciopropanamine

fo

A R
)

To a solution of N-(azetidin-3-ylmethyl)-2,2, 2-trifluoro-N-(irans-2-
phenylcyclopropyhacetamide TFA salt (30 mg, 0.07 mmol, prepared as described for
Example 17, Step 2}, and 1-methyl-4-piperidinone (11 mg, 0.10 mmeol} in THEF (1.0 mL} was
added acetic acid (17 pl., 0.30 romol). The reaction mixture was stirred at room teraperature
overnight then Na{OQAckBH (64 mg, .30 mmol) was added. The reaction mixture was
stirred at room temperatare for 1 h then 2N NaGH in water (0.5 mL) and MeOH (ImL} were
added. The resulting mixtore was stirred at 40 °C for 1h then cooled to room temperature,
filtered and purified by RP-HPLC (pH = 10, acetonitrile/water+NH1OH}) to afford the desired
product. LC-MS calculated for CioHsoNs (M+HH)Y™: m/z = 300.2; found 300.2.

Example 29:
FTrans-2-phenyl-N~-{[1-(1-phenyipiperidin-4-yhazetidin-3-ylimethylleyclopropanamine

This compound was prepared using procedures analogous to those described for the
1

synthesis of Example 28 with 1-phenylpiperidin-4-one replacing |-methyl-4-piperidinone.

LC-MS calculated for CaaHnNs (M+H)™ mv/z = 362.3; found 362.2.
Example 30:

§-Phenyb-4-(3-{{(rans-2-phenyleyclopropyBamincemethyl} azetidin-1-

yvicyclohexanecarbonitrile



This compound was prepared using procedures analogous to those described for the
synthesis of Example 28 with 4-oxo0-1-phenyleyclohexanecarbonitrile (Lancaster, caf#5287)
replacing 1-methyl-4-piperidinone. The product was purified by prep. HPLC (pH = 10,

5 acctonitrile/water+NH4OH) to give two isomers corresponding to the trans- and ¢is-
cyclohexyl. LO-MS calculated for CosllaaNa (M+H)" m/z = 386.3;

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

Isomer (1) LC-MS (pH = 2, acetonitrile/water+TFA): found m/z = 386.2; retention

10 uvme=1.55min
Example 31:

{1-(Ethyisuffonyh-3-{4-{{(frans-2-phenyicyclopropyhamino] methyl} piperidin-1-

yvijazetidin-3-yilacetonitrife

LN
AN

% \/[\ )
AVD

Step 1. {I-(Ethvisulfonyl)-3-{4-(hvdroxymethyljpiperidin-1-yi]azeridin-3-vi}acetonitrile

7 N

15 =

Q o~
0°3

To a solution of 4-piperidinemethanol (60 mg, 0.5 mmeol) and {1~
{cthylsulfonylazetidin-3-ylidenclacetonttrile (110 mg, 0.60 mamol, prepared using similar
20 conditions as disclosed in the hterature such as WO 2009/114512) in acetonitrile (1.0 mbL)
was added DBU (20 puL, 0.1 mmol). The resulting mixture was stirved at room temperature
for 3 b then dihuted 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



chromatography on a silica gel colomn ehiting with MeOH in DCM (0-8%6) to give the

desired product. LC-MS calculated for CraHaaN:0sS (M+H)": m/z = 302.2; found 302.1.

Step 20 [1-(Erhvisulfonvl)-3-(4-formylpiperidin- 1 -vi)azetidin- 3-vi]acetonitrile

O o~
O;

e

N

OW

To a solution of {1-(cthylsulfonyh-3-[4-(hydroxymethvhpiperidin-1-yijazetidin-3-

= Evs]

(%2}

vitacetonitrile (200 mg, 0. 66 mnol) in methylene chloride (4.0 yol) was added Dess-Martm
periodinane (420 mg, 1.0 mmol). The reaction mixture was at r.t. for 3 h then saturated
Na28:03 aqueous solution was added and stirred for 10 min. The mixture was diluted with

10 DCM, washed with 1N NaQOH, 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 colamn ehuting with MeOH in DCM (0-8%). LC-MS calculated for CisHaaNaOsS
(MHHY: m/e = 300.1; found 300.1,

15 Step 3 fI-(Erhyisulfonvi)-3-(4-{[Ctrans- 2-phenyicvclopropyl)aming fmethvi piperidin- 1 -
vljazetidin-3-viacetonitrile
To solution of [ I-(ethylsulfony!}-3-(4-formylpiperidin-1-vhazetidin-3-yljacetonitrile
(15.0 mg, 0.050 mmol) and 2-phenyleyclopropanarsine (10.0 mg, 0.075 mol, trans,
racemic, Acros: Cat#130470050) in DCM (0.5 mL) was added acetic acid (4.3 uL, 0.075
20 ymol). The mixture was stirred at v.1. for 2 b then sodium triacetoxyborohydride (32 rag, .15
smo ) was added. The reaction mixture was stirred at rt. for 1 h then diluted with BCM and
washed with saturated NaHCOz solution, water and brine. The organic layer was dried over
Naz304 then concentrated. The residue was dissolved in acetonitrile then purified by prep.
HPLC {pH = 2, acctonitrile/water+TFA) to give the product in the form of TFA salt. LC-MS
25 caleulated for CozHaNaO2S (M+H)™ m/z = 417.2; found 417.1.

Example 32:

{1-{4-{{{trans-2-Phenylcyclopropyl)aminofmethyil piperidin-i-yiieyclobutyilacetoniirile
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To a solution of 4-piperidinemethano] (230 mg, 2.0 mmol) and
cyciobutylidencacetonitrile (280 mg, 3.0 munol, prepared using methods disclosed in the
fiterature such as WO 2009/114512) in acetonitrile {2.0 mbL) was added DBU (90 ul., 0.6
mrmol). The reaction mixture was stirred at 65 °C overnight. The mixture was cooled (o room
temperature then difuted with DCM, and washed with water and brine. The organic layer was
dried over NazSQOy4, filtered and then concentrated. The residue was purified by flash

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

This compound was prepared using procedures analogous to those described for the
synthesis of Example 31, Step 2 starting from {1-[4-(hydroxymethylipiperidin-1-
yicyclobutyl}acetonitrile. LC-MS calculated for CiaHisN2O (M+H)Y m/z = 207.1; found
207.1.

Step 3. [1-(4-{[(trans-2-Fhenyicyclopropyi)aminoe Jmethvl}piperidin-1-
yhicyelobuvl]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-
vieyclobutyljacetonitrile. The product was purified by prep. HPLC (pH = 2,
acetonttrile/water+THFA) to give the desired product in the form of TFA salt. LC-MS

calculated for CoiHaels (MHED™: m/z = 324.2; found 3243,

Example 33:

86
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{3-{4-{|{(trans-2-Phenylcyclopropylaminejmethyi piperidin-1-yhazetidin-3-

yijacetonitrile

H
Nﬁiﬁ“

Srep I tert-Burvi 4-{{(trans-2-phenylcyclopropvliamino Jmethyl!piperidine- I -carboxylate
)

Lo
E/\N,JL.O‘J(‘\

AN A
o8

To a solution of tert-buiyl 4-formylpiperidine- 1 -carboxylate (430 mg, 2.0 mmol}, and
trans-2-phenyleyclopropanarmine (0.35 g, 2.6 numol, Acros: Cati#f 130470050} in DCM (O mb)
was added acetic acid (0.17 mL, 3.0 mmol). The resulting mixture was stivred at vt for 2 h
then sodium triacetoxyborshydride (1.3 g, 6.0 mmol) was added and the reaction mixture was
stirred at .1, for 1 h. The mixture was diluted with DCM, washed with 1V NaOH, water and
brine. The organic layer was dried over NaaSQy, filtered and then concentrated. The residue
was purified by {lash chromatography on a silica gel colunm eluting with MeOH in DCM (0-

10%). LC-MS calculated for CieHasNzCa (M-But2H) wv/z = 275.2; found 275.2.

Step 20 terr-Buivl 4-[{{(allvioxy jcarbonyl] (trans-2-
phenyicyelopropyl)aminoJmethyllpiperidine- I -carboxyiate

/;/
D) 5
0\{,}0 E/\NJKOK

Allyl chloroformate (0.23 ml, 2.2 vuool) was added to a solution of tert-butyl 4-
{{{#rans-2-phenyleyclopropyDarninofmethyl } piperidine-1 -carboxylate (0.59 g, 1.8 mmol)
and N, N-diisopropylethylamine (.63 mL, 3.6 mumol) in DCM (8.0 mL) at § °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 NaoSO4, filtered and

concentrated. The residue was purified by flash chromatography on a silica gel column
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eluting with EtOAc¢ in hexane (0-20%). LC-MS calculated for CaaHaaMNaNaCs (M+Na)y™ nv/z
=437.2: tound 437.3.

Step 3: Al {trans-2-phenyvicyclopropyli(piperidin-4-yimethyllcarbamate
§
!
\f.O “NH
/\//_\/ 8 ’
X

To a sohution of tert-butyl 4-{{[(allyioxy jcarbonyl{#rans-2-
phenyleyelopropyDarinolmethylpiperidine- | -carboxylate (225.0 mg, 0.5428 romol) in
DCM (2 mL) was added 4.0 M hydrogen chlonide in dioxane {2 mL). The resulting mixture
was stirred at r.t. for 30 min then conceniraied. The residue was dissolved in DCM, washed
with 1 N NaOH and bring, The organic layer was dried over NaxSOq, filtered and then
concentrated. The residue was purified by flash chromatography on a silica gel colurmn
eluting with methanol in DCM (0-10%}) to give the desired product. LC-MS calculated for
CioHo7N202 (MAH)Y: m/z = 315.2; found 315.2.

Step 4. tert-Bunvl 3-(4-{{[(allyloxy)carbonyl] (trans-2-

phenvicyclopropylamine fmethylipiperidin-1-yi)-3-(cyanomethyl)azetidine- 1 -carboxvlate

/;f *rﬂ
N
Nv O&/i/
>

To a solution of allyl (frans-2-phenyleyclopropyli(piperidin-4-ylmethycarbamate

=N

{80.0 mg, 0.254 ouool) and tert-butyl 3-(cyanomethylene)azetidine- | -carboxylate (59 mg,
.30 mmol) in acetomtrile (0.5 mL)} was added DBU (10 uL, 0.08 mmol). The resulting
wixture was stirred at r.t. for 3 h then diluted with DUM, washed with water and brine. The
organic layer was dried over NaxSQq, filtered and concentrated. The residue was purified by
{lash chromatography on a silica gel colunm eluating with EtOAc in DCM (3-20%) to give the

desired product. LC-MS calcudated for CooTlaNaCus (MHH) ™ m/z = 509.3; found S09.3.
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iep S0 AL ({1-13-(cyanomethyi)azetidin-3-yi]piperidin-4-y{ fmethy ] (trans-2-

¢ 4

O\.f'a N

,ris J

To a solution of tert-butyl 3-(4- {{{{allyloxycarbonyli(#rans-2-

phenyicvclopropyijcarbamate

2N

5  pheayleyclopropybhaminojmethyl}piperidio- 1-y1)-3~(cvanomethyhazetidine- 1 -carboxylate
{100.0 mg, 0.1966 mmol) in DCM (0.5 mL) was added 4.0 M hydrogen chloride in dioxane
(0.5 mL, 2 mmol}. The resulting mixtore was stirred at r.t. for 30 min then concentrated. The
residuc 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-Phenylcvclopropylamino]methvl }piperidin- 1 -vl) azetidin-3-
vijaceronitrile

A roixture of allyl (4 1-[3-(cyanomethyDazetidin-3-yllpiperidin-4-y L} methyl)(rrans-2-

phenylcyclopropylicarbamate (30.1 mg, 0.0736 mmel},

it
%2}

tetrakis(triphenylphosphine ypalladium(0) (8.5 mg, 8.0074 mmaol} and N, N-dicthylamine
{0.6761 mlL, 0.736 yamol) in THF (1.0 k) was stirred at 85 °C for 2 h under nitrogen then
cooled to room temperature and Sltered. The filtrate was purified by prep. HPLC (pH =2,
acetonitrile/water+TFA) to afford the desired product as the TFA salt. LC-MS calculated for
CaoHooNa (MHH)Y m/z = 325.2; found 325.3.

20

Example 34

2-13~-{Cyanomethy}-3-(4-{[{frans-2-phenyleyelopropyhamino)methyli piperidin-1-

yvhazetidin-1-yinicotinonitrile

N%\N

A,SVLT

25 tep 1o Ayl (f1-[3-(cyanomethyl}-1-(3-cyanopyridin-2-yi}azetidin-3-y{{piperidin-4-

vimethyli{irans-2-phenvicyclopropylicarbamate
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To a solution of allyl {({1-[3-(cyanomethyDazetidin-3-ylipipenidin-4-y1 i methyD{(#rans-
2-phenylcyelopropylcarbamate (25.0 mg, .0612 mmol, prepared as described in Example
33, Step 5) and 2-fluoronicotinonitrile (15 mg, 8.12 mmol) in NMP (0.6 mL) was added
DIEA (43 ul, 0.24 mmol). The reaction mixture was stirred at 120 °C for 2 h then cooled to
room temperature and dituted with roethylene chloride. The mixture was then washed with
saturated NaHCO3, water and brine. The organic layer was dried over NaxSQx, filtered and
concentrated. The residue was used in the next step without further purification. LC-MS

caleulated for CaoHasNeUo (M+H)" m/z = 511.3; found 511.3.

Step 20 2-[3-(Cyanomethyl)-3-(4-{{(trans-2-phenvicyclopropyliamine fmethyl lpiperidin-1 -
yiiazetidin-1-y{inicotinonitrile

The crude product from Step T was dissolve in THF (0.5 mL) and then diethylamine
(60 pL) was added, followed by PA(PPhs ) (10 mg). The container with the resulting mixture
was evacuated then filled with nitrogen and stirred at 80 °C for 2 h. The mixture was cooled
to room temperature, filtered then purified by prep. HPLC {pH = 2, acetonitrile/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.

Example 35
4-13-{CvanomethyD-3-(4-{{{frans-2-phenyleyclopropyDaminoemethyl} piperidin-1-

yvhazetidin-1-yi]-2,5-difluoro-N-isopropyibenzamide

H
NP NPT 9
T

od
/

P

F
N
N
N

Eiiv J



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-
fluoronicotinonitrile in Step 7. LC-MS calculated for CaoHasFaNsO (M+H)" m/z = 522.3;
found 522 4.

Example 36
{3-{4-{{{rans-2-Phenyicyclopropylamine|methyl} piperidin-1-yi)-1-{3-

{iriffuoromethyDpyridin-2-yijazetidin-3-yilacetoniirile

T
F%Q\i
FE N

o
H

\//A’lzf\iv

£

O

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

N

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

{found 470.2.

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

{triffuoromethylpyridin-2-yijazetidin-3-yl} acetonitriie

This compound was prepared using procedures analogous to those described for the
20 synthesis of Example 34 with 2-fluore-5-(triflucromethylipyridine replacing 2-
fluoronicotinonitrile in Step 1. LC-MS calculated for CaeHuFalNs (M+I)" m/z = 470.3;

found 4706.2.
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Example 38
2-Chloro-6-{3-(cyanomethyl)-3-(4-{[{(frans-2-

phenylcyclopropylaminefmethyl piperidin-i-yijazetidin-1-yljbenzoniiriie

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

i Step 1. LC-MS caleulated for CorHs CINs (MHH)Y nvz = 460.2; found 460.1.

Example 39
2-13-(Cyanomethyi}-3-(4-{{(rrans-2-phenyleyclopropyiaminoemethyl} piperidin-i-

yhazetidin-i-yijbenzonitrile

This conpound was prepared using procedures analogous to those described for the
synthesis of Example 34 with 2-fluorobenzonitrile replacing 2-fluoronicotinonitrile n Srep /.

LC-MS calculated for CorHaNs (MH+H)™ mvz = 426.3; found 426.3.

Example 40
4-13~(CyanomethyD-3-(4-{{{#rans-I-phenyleyclopropyDamino]methyl} piperidin-1-

yijazetidin-1-yijbenzonitrile
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This compound was prepared using procedures analogous to those described for the

N

/

synthesis of Example 34 with 2-flusrobenzoniirile replacing 4-fluoronicotinonitrife in Siep 7.

LC-MS caleulated for CryHanNs (MA+H)Y: m/z = 426.3; found 426.3.

Example 41
Methyl 3-(cyanomethyl)-3-(4-{{{#rans-I-phenyicyclopropyilamino}methyl} piperidin-i-

yhazetidine-1-carboxylate

Methyl chloroformate (7.6 pL, 0.098 mumol} was added to a solution of allyl ({1-[3-
{cyanomethyDazetidin-3-yilpiperidin-4-y i methyD{srans-2-phenyleyclopropylicarbamate
(20.0 rog, 0.0490 mmol, prepared as described in Example 33, Step 5) and triethylaouine (27
ul., 0.20 mynol) in DCM (0.5 mi} at 0 °C. The resulting mixture was stirred for 30 min at §
°( then diluted with DCM, and washed with saturated NaHCOs;, water and brine. The organic
fayer was dried over NaxSO4, filiered and concentrated. The residue was dissolved in THF
(0.5 mL) and theo diethylamine (60 ul.) was added, followed by Pd{PPhs)s (10 mg). A
countaner with the resulting nuxture was evacuated then filled with nitrogen and the mixture
was stirred at 80 °C for 2 h. The mixture was cooled to room temperature, filtered then
purified by prep. HPLC (pH = 2, acetonitrile/water+TFA ) to afford the desired productas a
TEA salt. LC-MS calculated for CoHsiNaO2 (M+H)™ nyvz = 383.2; found 383.3.

Example 42
3-(Cyanomethyi}-N-(2.4-difluorophenyi}-3-(4-{|(frans-2-

phenyicyclopropylamineimethyilpiperidin-1-yhazetidine-I-carboxamide
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This compound was prepared using procedures analogous to those described for the
synthesis of Example 41 with 2,4-difluoro-1-1socyanatobenzene replacing methyl

chloroformate. LO-MS caleulated for CorHeFaNsO (MH+H)Y: o/z = 480.3; found 480.3.

Example 43
N-(3-Chlore-2-fluorophenyi}-3-{cyanomethyD-3-(4-{{{rrans-2-
phenyicyclopropyljamino|methyl} piperidin-i-yijazetidine-f-carboxamide

R L

Oy N
;ﬁ,‘

N
O/&,QVOJWN

This compound was prepared using procedures analogous to those described for the
synthesis of &xample 41 with 1-chloro-2-fluoro-3-isocyanatobenzene replacing methyl

chioroformate. LC-MS caleulated for CorHanCHNSO (MAH)™: mvz = 496.2; found 496.2.

Example 44
{1-(3,5-Difluorobenzoyi)-3-(4-{{{(frans-I-phenyleyclopropybaminoemethyl} piperidin-1-

yhazetidin-3-vijacetonitrile

F

TN

~ N
ZL&VLT%
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This compound was prepared using procedure analogous to those described for the
synthesis of Example 41 with 3,5-diflucrobenzoyl chloride replacing methyl chloroformate.

LC-MS caleulated for CorHaFaNaO (M+H)Y" 1o/z = 465.2; found 465.2.

Example 45

{i-Benzoyi-3-(4-{{{frans-2-phenylcyclopropyliaminol methyl] piperidin-i-ylazetidin-3-
O\v@

{di/’/“
A,ﬁﬂ
9l

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

yiiacetoniiriie

synthesis of Example 47 with benzoyl chloride replacing methyl chloroformate. LC-MS

calcuiated for CprHaaMNaG (MAHY: m/z = 4283 found 4292,

Example 46
{1-2-Fhuorobenzoyl)-3~(4-{{{frans-2-phenyleyclopropyaminojmethyl piperidin- i~

viazetidin-3-viacetonitrile

This compound was prepared using procedures analogous to those described for the
synthesis of Example 41 with 2-fhuorobenzoyl chloride replacing methyl chloroformate. LC-

MS calculated for CarilazFNGO (MA+H)": mv/z = 447 3; found 447.3.

Example 47
{1-(3-Fluorobenzoyl)-3-(4- {{{srans-2-phenylcyclopropyhamino]methylpiperidin-i-

yvhazetidin-3-yijacetoniirile



N
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This compound was prepared using procedures analogous to those described for the
synthesis of Example 41 with 3-fluorobenzoyl chloride replacing methyl chloroformate. LC-

MS calculated for Co7HazFN4O (MAH)Y": mv'z = 447 .3; found 447.3.

2]

Example 48
{1-(4-Fluorobenzoyl}-3-(4-{{{irans-2-phenyicyclopropylaminolmethyl} piperidin-1-

yvijazetidin-3-~yijacetonitrile

o L)
AN Q
@

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

MS calculated for CorHaENaO (M+H)": m/z = 447 3; found 447.3.

Example 49
15 [i-Methyl-3-(4-{{(srans-2-phenyicyciopropyliamino]methyl] piperidin-i-yhazetidin-3-

yijacetonitrile

f
=N
PR
A

N
®
e

To a solution of allyl ({1-[3-(cyanomethyDazetidin-3-ylpiperidin-d-yl} methy ) rrans-
2-phenyleyclopropylicarbamate (20.0 mg, 0.0490 mmol, prepared as described in Example
20 33, Step 5y m DOM (0.5 mb) was added 7.0 M formaldehyde in water (2.7 ul., 0.019 mmol).

The resulting mixture was stirred at room temperature for 1 h then sodium
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triacetoxyborohydride (16 mg, (.076 mumol} was added. The reaction mixtare was stirred for
another 1 b at room temperature then diluted with DCM, and washed with saturated NaHCGs,
water and brine. The orgauvic layer was dried over Na2xS0O4, then filiered and concentrated.
The residue was dissolved in THF (0.5 mb) and then diethyl amine (60 ul) was added,
followed by addition of PA(PPha)4 {10 mg). A container with the mixtare was evacuated then
filled with nitrogen then the mixture was stirred at 80 °C for 2 h. The mixture was cooled to
roorm teraperature, filtered then purified by prep. HPLC (pH = 2, acetouvitrile/water+THA) to
afford the destred product as a TFA salt. LO-MS caleunlated for CoddsiNg (MAH)™: ny/z =
339.3; found 339.3.

Example 50

{3-(4-{{{trans-2-Phenvicyclopropyhaminomethyl] piperidin-i-viazetidin-3-yijacetic

acid
H
3
Seas
N

Step 10 tert-Butyl 3-(2-tert-butoxy-2-oxoethylidenejazetidine- I -carboxyiate

ol

To a solution of tert-butyl (dicthoxyphbosphoryDacetate (Aldrich, car#f348333: 1.1 g,
4.6 mmol} in THF (15 mb) at 0 °C was added 1.0 M potassium tert-butoxide in THE (4.6
ml., 4.6 mmol). The resulting roixture was warmed to room teraperature and stirred for 30
min. The reaction mixture was cooled to 0 °C then a solution of tert-butyl 3-oxoazetidine-1-
carboxylate (Aldrich, cat#696315: 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
colamn ehiting with EtOAc¢ 1o hexane (0-20%) to give the desired product. LC-MS calaulated

for CsHsNOs (M-2'Bu+3H)" m/z = 158.0; found 158.1.

Step 2. tert-Bunvl 3-(4-{{[(allyloxy)carbonyl{ (trans-2-
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phenylcvclopropylamine methvi piperidin-1-vi)-3-(2-tert-butoxy-2-oxoethyijazetidine- 1 -

carboxylate
. ?,O\F_’Q
N

O\T;,O )CNMO» .

RN

To a solution of aliyl (rrans-2-phenvicyclopropyD{piperidin-4-yimethyl)carbamate
{80.0 mg, (.254 yomol, prepared as described in Fxample 33, Step 3} and tert-buty! 3-(2-tert-
butoxy-2-oxoethylideneyazetidine-  ~carboxylate (82 mg, 0.30 mmol) in acetonitrile (0.5
mb} was added DBU {10 pb, 0.08 mmol). The resulting mixture was stirred at 65 °C
overnight then cooled o room temperature, diluted with DCM, washed with water and brine.
The organic layer was dried over NazSQ4, {ilered and concentrated. The residue was purified
by flash chromatography on a silica gel column elating with EtOAc in hexane (3-30%) to
give the desired product. LC-MS calenlated for CaaHsoN3Os (MAH)Y: m/z = 584 .4; found
584.3.

Step 30 [3-(4-{{(trans-2-phenvicyclopropylamine fmethyl pipervidin- I-vl)azetidin-3-yl [acetic
acid

Tetrakis(triphenylphosphine)palladiurn(0)} (8.5 mg) was added to a mixture of tert-
butyl 3-(4-{{I(allyloxy)carbonyli{frans-2-phenyleyclopropyDaming jmethyl} piperidin- T-y1}-
3-(2-tert-butoxy-2-oxoethyljazetidine- 1 -carboxylate (43.0 mg, 0.0736 mmol) and
dicthylamioe (0.0761 mi, 0.736 wuwol) in THF (1.0 rol.). A container with the resulfing
mixture was evacuated then filled with nitrogen and the mixture was stirred at 85 °C for 2 h.
The mixture was cooled to room temiperature then concentrated. The residue was dissolved in
CH2Ch (0.5 mL) then TFA (0.5 b)) was added. The resulting mixture was stirred at room
teroperature for 3 h then concentrated. The residue was dissolved in acetonitrile then purified

by prep. HPLC (plt = 2, acetonitrile/water+TFA) to afford the desired product as a TFA salt.

Example 51
N-Methyi-2-(3-{(4-((frans-2-phenyicyclopropylaminoimethyDpiperidin-f-yhazetidin-3-

yijacetamide



H
%!\é/gi
£

Step 1. [3-(4-{[[(Allyloxvicarbonyi] (trans-2-phenylcvciopropyliamine Jmethvi}piperidin-1-
vij-i-{rert-butoxycarbonyijazetidin-3-yllacetic acid
j 2,0\?0
2 21
OYO 54 oM
Py AN
5 To a solution of tert-butyl 3-(4-{{{{aliyloxy)carbonyl}(frans-2-
phenyleyclopropyDaminolmethyl pipenidin-1-y1)-3-(2-tert-butoxy-2-oxoethyljazetidine- 1 -
carboxyiate {0.10 g, 0.17 mumol, prepared as described in Example 50, Step 23 in DCM (1.0
mh.} was added TFA (1.0 mL). The resulting mixture was stirred at room temperature for S h
then concentrated. The residue was dissolved i THE (4 mb )Y/ water {1 mb} then di-tert-

16 butyldicarbonate (56 mg, 0.26 mmol) and sodiom carbonate (73 mg, 0.68 mmol) was added.
The reaction mixture was stirred at room temperature overnight then diluted with water and
extracted with dicthyl ether. The aqueous phase was then acidified by adding cold 1 N H(CI
and then extracted with cthyl acetate. The combmed extracts were washed with brine, dried
over NaxS(Q4 then concentrated. The residue was used in the next step without further

purification. LC-MS calculated for CosHaN3Os (M+H)": oz = 528.3; found 528.3.

[y
(%2}

Step 2. tert-Bunvl 3-(4-{(talVloxycarbonyl) (trans-2-
phenvicyclopropylamine)methvl}piperidin-1-yij-3-{2-(methvlamino )-2-oxoethylazetidine- 1 -

carboxylate

20 N
To a solution of [3-(4-{[[{allyloxy)carbonyll{(trans-2-
phenyleyclopropyDaminohmethyl} piperidin- 1-yl)- 1-{tert-butoxycarbonyliazetidin-3-yijacetic

acid {20.0 mg, 0.0379 mamol) and BOP (27 mg, 0.060 mmol} in DMF (0.9 mL) was added 2.0

[a]8]

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 resulting mixture was stirred at room temperature for 1 h then dituted with
EtOAc, and washed with saturated NaHCOs, water and brine, The organic layer was dried
over Na2804, filtered and concentrated. The residue was used in the next step without further

purification. LC-MS caleslated for CsoHasNaOs (MH+HY: m/z = 541.3; found 541.3.

Step 3: N-Methyl-2-3-(4-({trans-2-phenyicyclopropviamino Jmethylipiperidin- I -yl jazetidin-
3-vi}acetamide

The crude product from Step 2 was dissolved in THF (1.0 mL) then PA(PPhs)s (10.0
mg) was added, followed by adding diethylamine (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 temperature then concentrated. The residue was dissolved in
CHzCL (0.5 mL) then TFA (0.5 mb} was added. The mixture 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) 1o afford the desired prodact as a TFA salt. LC-MS

calcolated for CaHsNaD (M) vz = 357.3; found 357.3.

Example 52
N,N-Bimethylb-2-(3-{4-((trans-2-phenylcyclopropyiamino)methylipiperidin-i-yhazetidin-

3-yhacetamide

H
N
Q8

This compound was prepared using procedures analogous to those described for the
synthesis of Example 57 with N N-direthylamine replacing methylamine io Step 2. LC-MS

calculated for CozHasNaO (M yo/z = 371.3; found 371.3.
Example 53

{1-14-(4-fluorcbenzyl)-4-({|(3 R, 25)-2-phenyicyclopropyijaminol methylpiperidin-1-

yileyelobutyiiacetic acld

100
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Srep 1 i-tert-bunvl 4-methyl 4-(4-fluorobenzvl)piperidine-1 4-dicarboxviate
9 ) .}/ VT ~ £7 in ! A

\ O
TN

NBoc
— << AN AN

To a solution of N,N-diisopropylamine (4.9 mL, 35 mmol) in tetrabydrofuran (80
mh} at -78 °C was added n-butyliithium (2.5 M 1o hexanes, 14 md, 35 mmol). The resulting
mixture was warmed to -20 °C and stirred for 10 min then cooled to -78 °C and a solhution of
I-tert-butyl 4-methyl piperidine-1,4-dicarboxylate (AstaTech, catfB56857: 6.08 g, 25.0

ymol} in THF (10 mL) was slowly added. The reaction mixture was slowly warmed to -40
°C and stirred for 1 h. The mixture was then cooled 1o -78 °C and a-bromo-4-fluorotoluene
(4.9 mL, 40. mmol) was added. The reaction mixture was stirred at — 78 °C for | hithen
quenched with saturated NH4Cl, warmed to room temperature and dituted with cthyl ether.
The mixture was then washed with water, bring, dried over NaxSOa, filtered and
concentrated. The residue was purified by flash chromatography on a silica gel column
eluting with EtOAc in hexane (0-20%) to give the desired product (6.5 g, 74 96). LC-MS
calculated for CisHisFNGs (M-Bu+2H) t mv/z = 296.1; found 296.1.

To a solution of 1-tert-butyl 4-methyl 4-(4-fluorobenzylpiperidine-1,4-dicarboxylate
(6.5 g, 18 nuool) in tetrahydrofuran (90 mL) at 0 °C was added LiAlHa (1 M 1in THF, 24 mi,
24 mmol) slowly. The resuliing mixture was stirred at 0 °C for 30 min then water (0.9 mL)
was added, followed by NaOH (15 wt % in water, 0.9 mL) and water (0.9 mL), The mixture
was stirred for 20 min theo filtered and washed with THF, The filtrate was concentrated and
the residue (5.8 g, 97 %) was used n the next step without further purification. LC-MS

calculated for CraHioFNG; (M-Bu+2H) " mv/z = 268.1; found 268.1.

101



16

it
(%2}

20

25

Step 3: tert-butyl 4-(4-fluorobenzyli-4-formylpiperidine-1-carboxylase
o= TN
73 NEoc
F \—O_J

A solation of dimethyl sulfoxide (4.3 mi, 60. mmol} in methylene chloride (6 mb)
was added to a solution of oxalyl chloride (2.6 ml, 30 mmol) in methylene chloride 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-fluorobenzyD-4-(hydroxymethyhpiperidine- 1 -carboxylate (.2 g, 16
mmol) in methylene chiloride (6 mL} was slowly added and then warmed to -45 °C over 30
mins. N,N-Diisopropylethylamine (Z1 mb., 120 mmol} was then added and the mixture was
warmed to 0 °C over 15 min. The mixture was poured into a cold | N HCI aqueous solution
and then extracted with ethyl ether. The combined exiracts were dried over NaxSOq, filtered
and concentrated. The residue was purified by flash chromatography on a silica gel column
eluting with EtOAc in hexane (0-20%) to give the desired product (4.3 g, 83 %). LC-MS

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

Step 4: tert-butyl 4-(4-fluovobenzyli-4-({{(I1R 25}-2-

phenvicyclopropyijamino}methyl)piperidine- 1-carboxylate

fy
WAV N

Y
/i

To a solution of tert-butyl 4-(4-fluorobenzyl)-4-formylpiperidine-  -carboxylate (4.2

o, 13 mmol) and (1R, 28)-2-phenylcyclopropanamine (1.96 g, 14.7 mmol) (prepared using
procedures as described in Bicorg. Med. Chem. Leit, 2611, 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 h then sodium triacetoxyborohydride (5.7 g, 27 mmol) was added. The
reaction mixture was stirred at room temperature for S h then diluted with methylene
chloride, washed with 1 N NaOH aqueous solution, water and brine. The organic layer was
dried over NaxSOu4, filtered and concentrated. The residue was purified by flash
chromatography on a silica gel coluron eluting with MeOH in DCM (3-6%) to give the
desired product (5.0 g, 87 %). LC-MS calculated for CorHasFN2On (MHH)Y ™ mv/z = 439.3;
found 439.2.

102
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Step 5. tert-butyl 4-(4-fluorobenzyl)-4-{{{IR,2S}-2-phenyicvclopropyl-

(trifluoroacetvl)amino J-methyl} piperidine-1-carboxviate

FiCesO
&;‘f

~F F
Trifluorcacetic anhydride (2.08 mL, 14.7 nunel) was added to a solution of tert-butyl

4-{4-fluorobenzyl)-4-({[(1R,25)-2-phenvicyclopropylamino } methy Dpiperidine- 1~
carboxylate (4.3 g, 9.8 mmol) and N N-diisopropylethylamine (4.3 mL, 24 mmol} in

methylene chloride (40 mb} at 0 “C. The resuiting mixture was stirred at ¢ °C for 1 hithen
diluted with cther and washed with 1 N HC, water and brine. The organic layer was dried
over NaxSQy, filtered and concentrated. The residue was purified by {lash chromatography on
a silica gel column eluting with EtOAc in hexanes (8-30%) to give the desired product (4.6 g,

§ %), LC-MS caleulated for CasHrFaN203 (M-But2H)™ m/z = 479.2; found 479.2.

Step 6: 2,2, 2-tvifluoro-N-{{4-(4-fuorobenzyl)piperidin-4-yi]methyl}-N-{ (1R, 25)-2-

phenyicyclopropyliacesiamide

Hydrogen chloride {4 M in 1,4-dioxane, 20 mL, 8C nunol) was added to a solution of
tert-butyl 4-(4-fluorobenzyl)-4-{{I( iR,ZS)—Z-
phenyleyclopropyli(trifluorcacetyllamino methyl} -piperidine- 1 -carboxylate (4.6 g, 8.6
mmol) in methylene chiloride {6 ml). The resuliing mixture was stirred at room temperature
for 30 min then concentrated. The residue was used in the next step without further

purification. LC-MS caleulated for CoaFrFaNoO (MAH) ™ m/z = 435.2; found 435.2.

Step 7. tert-hutv! cvclobutvlideneacetare

R/CQQ'BU

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

was stirred at room temperature for 30 min then cyelobutanone (1.0 g, 14 mmol) was added.

103



10

15

20

30

The mixture was stirred at room temperature for 2 hours then guenched with saturated
NaHCOs aqueous solution and exiracted with ethyl acetate. The combined extracts were
washed with brine, dried over Na:x804, filiered then concentrated. The residue was purified
by flash chromatography on a silica gel colump eluting with EtOAc in hexane (0-10%) to
give the desired product (2.0 g, 84 %6). 'H NMR (400 MHz, CDCl) 8 5.50 — 5.46 (m, 1H),
314 - 3.05 (m, 2H), 2.84 - 2.76 (m, 2H), 2.11 - 2.02 {m, 2H), 1.46 (s, 9H).

Step & tevt-butyl [1-{4-(4-fluorobenzyl}-4-{[[{I1R,25)-2-

phenylcvclopropyl] itriffuovoacesyllamino Jmethyl Jpiperidin-1-ylcyclobutyl]acetate

1,8-Dazabicyclo[5.4.0jundec-7-ene {57 pL, .38 munol} was added to a mixture of
2,2, 2-trifluoro-N- {[4-(4-fluorchbenzyDpiperidin-4-ymethy -N-[{(1R,28)-2-
phenyicyclopropyllacetamide (S7ep 61 110, mg, 0.25 mmeol) and tert-butyl
cyclobutylidencacetate (64 mg, 0.38 mmol} in acetonitrile (6.6 mi, 10 mmol). The resulting
mixture was stireed at 65 °C for 3 days then cooled to roor temperature and concentrated.
The restdue was purified by flash chromatography on a silica gel colummn eluting with EiOAc
in hexane {0-20%) to give the desired product (90 mg, 59 %). LC-MS calcaolated for

CraHasFaNoOs (M+H)Y ™ m/z = 603.3; found 603.3.

Step 9 {1-[4-(4-fluorobenzyi)-4-({{ (1R, 25})-2-phenvicyclopropyljamine jmethv)piperidin- 1 -
vifevclobutvllacetic acid

Trifluoroacetic acid (0.5 rol.) was added to a solution of tert-butyl [ 1-{(4-(4-
fluorobenzyl)-4- {[[{1R,25)-2-phenyleyclopropyl[{irifhuoroacetyaminojmethyl} piperidin-1 -
yieyelobutyllacetate (22.0 mg, 0.0364 mmol) in methylene chioride (0.5 mL). The mixtare
was stirred at room temperature for 4 b then concentrated. The residue was dissolved in
THF/methanol (0.3/0.3 mL) and then NaOH (1 N in water, 1.0 mL) was added. The mixture
was stirred at 40 °C for 2 h then cooled to room temperature and purified by prep HPLC (pH
=2 acetonitrile/water+TEFA) to give the desired product as the TFA salt. LC-MS caleulated

for CaalzeFN202 (MAH)": m/z = 451.3; found 451.3.
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Example 54

{1-14-(methoxymethyi}-4-({{(1R,25}-2-phenyicyclopropyllamine} methyl)piperidin-1-

yvilevelobutyiiacetic acid

Step 1. i-tert-butyl 4-methyl 4-(methoxymethvi)pipervidine- 1, 4-dicarboxylate

Q v

Bo-::N\ / a
AN

To a solution of [-tert-butyl 4-methyi piperidine-1,4-dicarboxylate (AstaTech,
catfiB56857: 2.43 g, 10.0 mumol) in tetrahydrofuran (30 ml) at -40 °C was added lithium
ditsopropylaraide (2 M in THF, 5.8 mi,, 12 nunol). The resulting mixture was stirred at -40
°C for 30 min then chloromethyl methyl ether (1.2 mL, 16 mmol) was added. The reaction
mixture was stirved at -40 °C for | h then quenched with saturated NHaCl aqueocus solation
and warmed fo room temperature. The mixture was dituted with cthyl acetate, washed with
saturated NaHCO3 aqueous solution, water and brine. The organic layer was dried over
NaxSOy, filtered and concentrated. The crude material was purified via flash chromatography
on a sitica gel colurnn (0 to 20% EtOAc in hexanes) to give the desired product (2.6 g, 90 %).

LC-MS caleulated for CoHisNOz (M-Boc+2H)": m/z = 188.1; found 188.1,

o

S.

<,

ep 2: tert-butyl 4-(hydroxymethyli-4-(methoxymethyl)piperidine-1-cavboxylate

s

To a solution of i-tert-butyl 4-methyl 4-(methoxymethyljpiperidine-1,4-dicarboxylate
(2.3 g, 8.0 romol) in tetrabydrofuran (40 mb) at 0 °C was added LiAlHs (I M in THF, 10
mb, 10. mmeol) slowly. The resulting mixture was stirred at 0 °C for 30 min then guenched
with addition of water (0.1 mL}, NaOH (15 wt % i water, (.1 mL} and water (6.1 mL). The
mixture was stirred for 10 min then filtered and washed with THF. The filtrate was
concentrated and the residue was used m the next step without further purification. LC-MS

calculated for CoHsNGs (MABuwH2H)™: n/z = 204.1; found 204.1.
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Step 3: tert-butyl 4-formyi-4-(methoxvmethylpiperidine- I -carboxyiate
D Y4 3 . 3 Vi 3

Dimethyl sulfoxide (1.7 mL, 24 mmol) in methylene chioride (2 mL) was added to a
solution of oxalyl chloride (1.0 mL, 12 mmol} in methylene chioride (3 mL) at -78 °C over 10
min. The resulting mixture was warmed to -60 °C over 25 nun then a solution of tert-butyl 4-
(hydroxymethy-4-(methoxymethyDpiperidine- L -carboxylate (1.6 g, 6.0 nunol) in methylene
chloride (5 mL) was slowly added. The mixture was warmed to -45 °C over 30 min then
tricthylamine (6.7 mL, 48 muool) was added. The mixture was warmed to 0 °C over 15
min. The reaction mixture was then poured into a cold § N HCE aqueous solution and
extracted with diethy! ether. The combined extracts were dried over NaxSO4, filtered and
concenirated. The residue was purified via flash chromatography on a silica gel column
cluting with 0 to 20% EtOAc in hexanes to give the desived product (1.3 g, 84 %), LC-MS
calculated for CsHisNG: (M-Boc+2H)™ w/z = 158.1; found 158.1,

Step 4 tert-butyl 4-(methoxymethyl)-4-(4{(1 R, 28)-2-phenyicvclopropyl] amino fmetfyl)-
piperidine-1-carboxyiate

NBoc

R oY
i CMe
P

A mixture of tert-butyl 4-formyl-4-(methoxymethylipiperidine- I -carboxylate (1.3 g,
5.0 mumol), acetic acid (.43 mb, 7.5 mmol) and (1R, 28)-2-phenyleyclopropanamine (699
mg, 5.25 munol) o 1,2-dichloroethane (20 mi) was stirred at room temperature for 1 h then
sodium riacetoxyborohydride (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 layver was dried over Na:SOq,
filtered and concentrated. The residue was purified via flash chromatography on a silica gel
colurmn ehiting with 0 to 8% yoethanol in DCM to give the desived product (1.7 g, 91 %). LC-

MS caleulated for CoaHssN2Os (MAH)Y: vz = 375.3; found 375.2.

Step 5. tert-butvi 4-(methoxvmethyl)-4-{{{(1 R, 28}-2-phenylcyclopropvl]-

(trifluoroaceiylamino Jmethvi}piperidine- I -carboxylate
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Trifluoroacetic anhydride gO..% ml, 6.8 suool) was added to a solution of tert-butyl
4-(methoxymethyl}-4-({[(1R,25)-2-phenyleyclopropylanuno} methyDpiperidine- 1 -
carboxylate (1.7 g, 4.5 mmol) and N,N-diisopropylethylamine (1.6 mL, 9.1 mmol} in
methvlene chloride (25 mL) at § °C. The resulting mixture was stirred at room temperature
for 1 b then dituted with methylene chloride, washed with sat. NaHCOs aqueous solution,
water, and brine. The organic layer was dried over NaxSQu4, filtered and concentrated. The

esiduc was purified via flash chromatography on a silica gel column eluting with 0 to 20%
EtOAc in hexanes to give the desived product (1.8 g, 84 %), LC-MS calculated for
CioHagksNoOr (M-Boe+2H)" vz = 371.2; found 371.1.

Step 6: 2.2, 2-trifluoro-N-{{4-(methoxymethylpiperidin-4d-yijmethy{}-N-[{I1R,25)-2-
henvicvclopropvljacetamide
, ViICYCLOprop Y

F3C

’I OMa

4.0 M Hydrogen chloride in dmxam‘: {7 mk, 28 mmol) was added to a solution of tert-
buiyl 4-(methoxymethyl)-4- {[[{1R,25}-2-phenylcyclopropyl{(irifluoroacety Daminojmethyl} -
piperidine-1-carboxylate (1.8 g, 3.8 ramol) in methylenc chioride (4 mk). 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 CioHaeHaN2On (M+H)"™:
m/z =371.2; found 371.2.

-

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

phenyicyclopropyij(triffuovoacetyDaming [-methvl }piperidin- 1-vl)cyclobutyl] acetate

Az Q .COMe
F;CYO N L 2

1,8-Diazabicycelo]5.4.0andec-7-ene (40. pk, 0.26 mmol) was added to a muxture of

2,2 2-trifluoro-N-{[4-{methoxymethyDpiperidin-4-ylimethyl} -N-[{1R,28)-2-
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phenyleyclopropyltiacetamide (65. mg, 0.17 mmol} and methyl cyclobutylideneacetate

£
{SynChem, cat#SC-25429: 33 mg, .26 muool) in acetonitrile (0.4 mL). The resulting mixture
was stirred at 65 °C for 3 days then cooled to room temperature, dibuted with methylene
chloride, then washed with waier and brine. The organic layer was dried over NanSQOs4,
filtered and concentrated. The residue was purified via flash chromatography on a sifica gel
column eluting with 0 to 50% EtOAc in hexanes to give the desired product. LC-MS
calculated for CaeHasFaN20us (M+H)": nvz = 497.3; found 497.2.

Step 8 {1-f4-(methoxymethvl)-4-({{ (I R 28}-2-phenyicvciopropyijaminoe fmethypiperidin-I -
vijevelobutvllacetic acid

To the solation of methy] { 1-{4-(methoxymethyl}-4- {[[{(1 R,28)-2-
phenyleyclopropyli(iriffuoroacetyljamino jmethyl} piperidin- 1 -yDeyclobutylacetate {60.0
mg, .12 mmol) io MeOH/THF (0.5/0.5 mb) was added 1 N NaOH (1 mL). The resulting
mixture was stitred at 40 °C for 6 h then cooled to room temperature and purified by prep
HPLC (pH = 2, acetonitrile/water+TEFA) to give the desired product as the TFA salt. LC-MS
calculated for CnHasMOs (MAHY mz = 387.3; found 387.3.

Example 55
{1-{4-methyl-4-({[(1R,28)-2-phenylcyclopropyilamino{ methyl)piperidin-1-

vijcyciobutyi}acetic acid

§ LCOLH
Yo
. i
O

Step I: tert-butyl 4-methyl-4-({[(1R, 2S)-2-phenylcvclopropyl Jamino Jmethylipiperidine-1 -
carboxylate

NBoc

A moixture of tert-butyl 4-formyl-4-methyipiperidine- 1 -carboxylate (Synnovator,
cat#PBN2G11767: 2.50 g, 11.0 mumol), acetic acid (6.94 mL, 16 mmol) and (1R,25)-2-
phenyleyclopropanamine (1.54 g, 1 1.5 mmol) in {,2-dichloroethane (40 mL} was stirred at

room tenmperature for 1 h then sodium {riaceioxyborohydride (4.7 g, 22 mmol) was added.
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The mixture was stirred at room temperature for 2 h then diluted with methylene chloride,

washed with saturated NaHCOs, water and brine. The organic layer was dried over NaxSQOu,
filtered and concentrated. The residue was purified via flash chromatography on a silica gel
column eluting with 0 to 8% MeOH in DCM to give the desived product (3.4 g, 90 %). LC-

MS ealculated for CarHaN2Oo (MAH) ™ mv/z = 345.3; found 345.2.

Step 2: tevt-huyl 4-methyl-4-{{{ (1R, 25)-2-phenyicyclopropyii(trifluoroaceivi)amino fmethyi}-
piperidine-1-carboxylate

FSCY'O /\N Boc

!‘\AAN\/

Trifluorcacetic anhydride (0.96 mL, 6.8 nunol) was added to a solution of tert-butyi
4-methyl-4-({[(1 R,28)-2-phenyicyclopropyljamino} methypiperidine- 1 -carboxylate (1.6 g,
4.5 mmnol} and N,N-ditsopropylethylamine (1.6 mL, 8.1 momol} in methylene chloride (25
mb} at § °C. The resulting mixture was stirred at room temperature for | h then diluted with
methylene chioride, washed with saturated NaHCUOs, water and brine. The organic layer was
dried over NaxSOu4, filtered and concentrated. The residue was puriiied via flash
chromatography on a silica gel colurm eluting with 0 fo 205 EtOAc in hexanes to give the
desired product {1.8 g, 80 %). LC-MS caleulated for CioHzaFMN203 (M-But2H) " m/z =
385.2; found 3R85.2.

Step 3 2,2, 2-trifluoro-N-{{4-methyvlpiperidin-4-viymerhy{]-N-{ (I R, 25)-2-phenyicyclopropyl]-

acetamide

To a sohution of tert-butyl 4-methyl-4-{{[(1R,25)-2-
phenyleyclopropyli(irithuoroacetyl)-amino ethyl} piperidine- {-carboxylate (1.5 g, 3.4
mmol} in methylene chioride (3 mL) was added bydrogen chloride (4 M in | 4-dioxane, 6
mb, 24 mmol}. The resulting mixture was stirred at room temperature for 1 h then
concentrated. The residue was used in the next step without forther purification. LC-MS

calculated for CisHaaFaN20O (M+HY" mv/z = 341.2; found 341.2.
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Step 4. tert-butyl [I-{4-methvl-4-{{[{IR 25)-2-phenyicyclopropy{](triffuoroacetyl)amino ] -

Fg(:\f) \NQ LCO,Bu
A&N\/E/j
gy

/f

methyiipiperidin-1-vi)cyclobutyifacetate

1,8-Diazabicyclo[5.4.0mdec-7-ene (40. pL, 0.26 mmol) was added to a mixture of
2.2, 2-trifluoro-N-{{4-methylpiperidin-4-yhmethy]-N-[(1R,28)-2-
phenyleyelopropyljacetamide {(60.0 mg, 0.176 mmol) and tert-butyl cyclobutylidencacetate
(Example 53, Step 7. 44 mg, 0.26 mmol) in acetonitrile (0.4 mL). The resulting mixture was
stirred at 65 °C for 3 days then cooled to room temperatore and dituted with methylene
chloride, washed with water and brine. The organic layer was dried over NaxS8UOy, filiered and
concentrated. The residue was purified via flash chromatography on a sihica gel colamn
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 50 {1-f4-metiyi-4-({{{1R, 25}-2-phenyicyciopropyilamine fmethylipiperidin- 1 -
vifeyelobusyllacetic acid

To the sohution of tert-butyl {1-{(4d-methyl-4-{{{{(1R,28)-2-
phenylevclopropyli{tnifluorcacetyDamino jmethyl f piperidin- 1-yDeyclobutyllacetate (60 mg)
i methylene chioride (0.5 mbL} was added triffuorcacetic acid (0.5 mb). The resulting
mixture was stirred at room temperature for 4 h then concentrated. The residue was dissolved
m methanol/THF (0.5/0.5 rol.) then NaOH (15 wi % o 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+TFA) to give the desired product as the TFA salt. LC-MS calculated for
CoaHaaNoOs (MHHY m/z = 357.3; found 357.2. TH NMR (500 MHz, DMSOY § 7.33 -7.27
(m, 2H), 7.25 - 7.20 (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, 2D, 1.90 - 1.75 (m, 411}, 1.75 — 1.65 (m,
2H), 1.56 — 1.44 (m, 1H), 1.32 - 1.21 {m, 1H), 1.10 (s, 3H).

Example 56
N MN-dimethyl-2-{i-[4-methy-4-({{{(1R, 2532~

phenyicyclopropyljamine] methylipiperidin-i-yijcyciobuiyliacetamide
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To a solution of {1-[4-methy-4-(4[(1R,28)-2-
phenylcyclopropyllamino b methyDpipenidin-1-yleyclobutyl}acetic acid (Example 55: 9.0
mg, 0.025 mmol) and (benzotriazol- T-yloxy yripyrrolidinophosphonium hexafluorophosphate
(21 mg, 0.04 mumol) 1o N,N-dimethyiformamide (0.6 mwl) was added dimethylamine (2 M in
THF, 0.2 mL, 0.5 mmol), followed by triethylamine (24, uL., 8.17 mmeol). The resulting
mixture was stirred at room temperatore for 1 h then purified by prep-HPLC (pH = 2,
acetonttrile/water+THFA) to give the desired product as the TFA salt. LC-MS calculated for

CraH3sNaO (M+HY: m/z = 384.3; found 384.3.

Example 57

N-methyi-2-{1-]4-methy-4-({[(1 R, 25})-2-phenylcyclopropyllamino} methylipiperidin-i-

G

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

yvijeyclebutyllacetamide

synthesis of Example 58 with methylamine replacing dimethylamme. The reaction mixture
was purified by prep-HPLC (pH = 2, acetonitrile/water+TEFA) to give the desired product as
the TFA salt. LC-MS calculated for CosHiseNsO (MHH)Y" m/z = 370.3; found 370.3.

Example 58
{1-(methyisulfonyh-3-(4-{{{(1R,28)-2-phenylcyclopropyllaminolpiperidin-1-yhazetidin-

3-yHacetonitrile

.\\‘/—\‘” N

N

H
>~
LA

4l
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Step 1: tert-butyl 3-(cyanomethyl)-3-{4-oxopiperidin-1-ylazetidine- 1-carboxylate

Q

N
Boc

To the mixture of piperidin-4-one hydrochloride hydrate (4ldrich, car#i51769:1.54
g, 16.0 mmol) and tert-butyl 3-(cyanomethyiene yazetidine- | -carboxylate (prepared using
similar methods as disclosed in the hiterature such as WO 2012/177606: 2.33 g, 12.0
mmol) in acctonitrile (10 b)) was added 1,8-diazabicyclo[5.4.0lundec-7-ene (1.94 ml, 13.0
mmol). The resulting mixture was heated to 75 °C and stirred for two days then cooled to
room temperature and difuted 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 o give the
desired product (2.26 g, 77 %). LC-MS calcolated for CoiblieNaOs (M-Bu+2H)Y: m/z =
23%.1; found 238.2.

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

pfazetidine- 1-carboxylate

o

H
0
Ngg’\CN

N
Boc

To the solution of (1R, 28)-2-phenyleyclopropanamine (2.16 g, 16.2 mmol) {prepared
using procedures as described in Bivorg. Med. Chem. Lett., 2001, 21, 4429) and tert-butyl 3-
{cyanomethyl}-3-(4-oxopiperidin-1-yljazetidine-1-carboxylate (4.77 g, 16.2 mmol} in
methylene chioride (80 mb) was added acetic acid {(1.85 mi,, 32.5 vuvol). The resulting
mixture was stirred at room temperature for 7 h, then sodium triacetoxyborohydride (10.3 g,
48.¢ mmol} was added portion-wise. The reaction mixture was stirred at room teraperature
for overmight then cooled to 0 °C and guenched with saturated NaHCOs aqueous solution.
The mixture was extracted with DCM. The combined extracts were dried over Naz504 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) nv/z = 411.3; found 411.3.
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Step 3. tert-butyl 3-(cyanomethy()-3-{4-[[(1R,25)-2-

phenyicvclopropyi]itrifluorcacetvilaminofpiperidin-1-yi}azetidine-I-carboxyiate
FgC\T;O

‘\\A"’ N
@ QZS’\CN

Boe

<

To the solution of tert-butyl 3-(cyanomethyl)-3-(4- {{{1R,28)-2-
phenyleyclopropyljamino ppipenidin- 1 -yhazetidine- L-carboxylate (5.62 g, 13.7 mmol) in
methylene chloride (80 ml) at 0 °C was added N,N-diisopropylethylamine (5.96 mL, 34.2
mmol}, followed by trifluorcacetic anhydride (2.90 mL, 20.5 mamol). The resulting muixture
was stirred at {# °C for 1 h then quenched with saturated NaHCOs agueous solution. The
organic layer was dried over NaxSQ4 and concentrated. The residue was purified via flash
chromatography on a silica gel colamn ehuting with 0 to 60% EtOAc in hexanes to give the
desired product (5.66 g, 82 %), LC-MS caleulated for CasHauFaNaQsz (MAH)": mvz = 507.3;

found 507.2.

Step 4: N-{I-{3-(cyanomeilyliazetidin-3-yl]piperidin-4-yi}-2.2, 2-triftuoro-N-{ (IR, 2S5}-2-

phenyicyclopropyliacesiamide

Sy §
P N 2§\ CN
H

To a solution of the product {5.66 g from Step 3 in methylene chioride (60 ol at §
°C was added trifluoroacetic acid {10.5 mL). The resulting yellow solution was stirred at
room temperature overnight then concentrated. The residue was dissolved in 50 mL of DCM
then cooled to 0 °C and neutralized with saturated NaHCOs agueous solution. The organic
fayer was dried over Na2804 and concentrated. The residue was purified via flash
chromatography on a silica gel coluron eluting with  to 209 MeOH jn DCM to give the
desired product {4.32 g). LC-MS calculated for CailasEsNaO (M+H) ™ mv/z = 407 .2; found
407.2.

Step 5: N-{I-{3-(cyanomeihyi}-1-{methyisulfonylazetidin-3-vljpiperidin-4-v1}-2,2,2-

triflucro-N-{{(1R,25}- 2-phenvicyclopropyi]acetamide
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To a solution of N-{1-[3-{cyanomethyhazetidin-3-ylipiperidin-4-y1}-2.2, 2-riffuoro-
N-[(1R,28)-2-phenyicyclopropyllacetamide (2.00 g, 4.92 mmol) 1 methylene chlonide (30
mbL) at 0 °C was added N, N-diisopropylethylamine (2.57 mL, 14.8 mmol}, followed by
methanesulfonyl chloride (0.57 mL, 7.38 munol). The resulting yellow solution was stirred at
0 °C for 1 hthen diluted with DCM and washed with saturated NaHCO3 agueous solution.
The organic layer was dried over Na2SO4 and concentrated. The residue was purified via
flash chromatography on a sifica gel coluran cluting with § to 50% EtOAc in hexanes to give
the desired product (2.13 g, 89 %) as a white sohd. LC-MS calculated for CaaHasFaNaOsS
(M+H)": m/z = 485.2; found 485.1.

Step 6: [I-(methvisulfonyl}-3-(4-{{ (1R, 2S}-2-phenvicyclopropyliaminepiperidin-1-
viazetidin-3-vi]aceionitrile

To a solution of produet (2.13 g} from Step 5 m tetrahydrofuran (20 mL) and
methanol (10 mb) was added sodivm hydroxide (2M 1n water, 12 ml, 24 mmol}). The
resulting mixture was stirred at roora teraperature for overnight then gquenched with saturated
NH4Cl agueous solution and extracted with EtOAc. The combined extracts were washed with
water and brine. The organic layer was dried over NaxSQs and concentrated. The residue was
purified via flash chromatography on a silica gel column eluting with § 1o 10% MeOH in
DCM to give the desived product (1.48 g) as a white solid, which was further purified by
prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as the TFA galt.
LC-MS caleolated for Caoli2eN40:8 (MAID)™: m/z = 389.2; found 389.2. 1 NMR (500 Mz,
DMSO) 8 9.07 (br, 2H), 7.33 - 7.27 (m, 2H), 7.24 - 7.20 (m, 1H), 7.19 - 7.15 {m, 2H), 3.91
—3.81 (m, 2H), 3.75 - 3.68 (m, 2H), 3.29 - 3.17 {(m, 1H), 3.02 {5, 3H), 3.00 - 2.92 (m, 3H},
2.86-2.75 (m, 2H}, 2.45 - 2.36 (m, 1H), 2.27 ~ 2.12 {m, 2H}, 2.09 — 1.96 (m, 2H), 1.63 ~
1.49 (m, 2H), 1.48 ~ 1.38 {m, 1H), 1.37 —~ 1.28 {m, iH).

Example 59

{1-methyl-3-(4-{[{IR,25})-2-phenyicyclopropyl] amine} piperidin-1-yhazetidin-3-
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To the solution of N-{1-[3-(cyanomethyhazetdin-3-ylipiperidin-4-y1}-2,2,2-trifluoro-

N-[(1R,28)-2-phenylcyclopropyliacetamide (Example 58, Step 4: 50.0 mg, 0.123 mmol) in

2

methylene chioride (4 ml) was added formaldehyde (37 wi % in water, 46 uL, 0.62 mumol),

U

followed by acetic acid (21 pk., 0.37 mmol). The resulting mixture was stitred at room
temperature for 1 h then sodium macetoxyborohydride (78 mg, .37 mmol} was added.
The reaction mixture was stirred at room temperature gvernight then neutralized with
saturated NaxC(Os agueous solution and extracted with DCM. The combined extracts were
10 dried over NaxS04 then concentrated. The residue was dissolved in tetrahydrofuran (2
mi} and methanol (2 mL) then 2.0 M sodivm 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
dituted 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+TEA)} to give the desired product as the TFA salt.
LC-MS calculated for CaoHaeNg (M+H): mvz = 325.2; found 325.2. TH NMR (500 Miiz,
DMSO0) 8 7.33 728 (m, 2H), 7.25 - 7.20 (m, 1H), 7.19 - 7.15 (0, 2H), 4.31 —4.11 (o, 2H),
398 -3.78 (m, 2H), 3.32 - 3,18 (m, 1H), 3.08 — 2.94 (m, 3H), 2.94 — 2.76 {m, 5H), 2.47 -
238 {m, 1H),2.31 - 220 (m, 2H), 2.13 ~ 1.99 {m, ZH)}, 1.66 — 1.51 (m, 2H), 1.50 - 1.41 (1,
20 1H), 1.39— 1.29 (o, 1H).

Example 60
[3-(4-4{(1R,25)-2-phenyicyclopropyl]amine] piperidin-1-yhazetidin-3-ylacetoniiriie
H

Sauess

N
H
25 To the sohution of tert-butyl 3-{(cyanomethyl}-3-(4-{[(1R,28}-2~
phenylcyclopropyljamine} piperidin- i-yhazetidine- 1 ~carboxylate (Example 58, Step 2: 20

mg) in DCM (0.5 mb) was added TFA (0.5 mob.). The resulting mixture was stirred at room
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temperature for 1 h then concentrated. The residue was dissolved in acetonitrile then purified
by prep-HPLC (pH = 2, acctonitrile/water+TFA) to give the desired product as the TFA salt.
LO-MS caleulated for CioHzrNg (M+H)Y: /e = 311.2; found 311.2.

Example 61
{3-{4-{{{15,2R)-2-phenylcyclopropyl]amine! piperidin-1-yhazetidin-3-yljacetonitrile
H
J‘N
A
R/ Ngfcm
H

This compound was prepared vsing 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. Leit., 2011, 21, 4429) veplacing (1R,28)-2-
phenylcyclopropanamine. The reaction mixture was purified by prep-HPLC (pH = 2,
acctonttrile/water+THFA) to give the desired product as the TFA salt. LC-MS calculated for

CroHoNs (MY mv/z = 311.2; found 311.2.

Example 62
{1-{ethylsulfonyi}-3-(4-{{{(1R,28)-2-phenyicyclopropyijamine} piperidin-1-yijazetidin-3-

vijacetonitrile

v
T\/j\?g\cr\i

N
O;.Tf“\,//
Y
4

~

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,
acctonitrile/water+THA) to give the desired product as the TFA salt. LC-MS calculated for
CorHa NS (MHDY: nvz = 403.2; found 403.2, TH NMR (500 MHz, DMSO0) § 8.99 (br,
JED, 7.33 = 7.27 (m, 28D, 7.25 - 7.20 (m, 111), 7.19 - 7.16 (m, 2H), 3.90 - 3.80 (m, 2H), 3.72
~3.60 (m, 2H), 3.31 - 3.17 (m, 1H}Y, 3.13 (g, /= 7.3 Hz, 2H), 3.02 ~ 2.91 {m, 3H), 2.82 ~
270 {m, 2H), 2.43 - 2.33 (m, 1H), 2.25 - 2.13 {m, 2H), 2.06 — 1.97 (m, ZH), 1.62 ~ 1.47 (m,
2H), 1.46 — 138 (o, 1H), 1.37 - 130 (m, 1H), 1.23 (1, /=73 Hz, 3H).
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Example 63
3-{cyanomethyi}-N,N-dimethyi-3-(4-{{(1R,25)-2-phenvicyclopropyljaminoe piperidin-1i-

yhazetidine-1-suifonamide

v

N

Ox .
SN

This compound was prepared using procedures analogous to those described for the
synthesis of Example 58 with dimethylsulfamoyl chlonde replacing methanesulfony! chiloride
in Step 5. The reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA)
o give the desired product as the TFA sajt. LC-MS calcolated for CuHnNsOLS (M+H) " m/z
=418.2: found 418.2.

Example 64

3-(cyanomethyl)-N-methyi-3-(4-{{(1R.25}-2-phenyleyclopropyliamine] piperidin-1-

yijazetidine-I-sulfonamide

\\\A"» ﬁ
E\j ng\m

N
O'“: N
O o

This conmpound was prepared using procedures analogous to those described for the
synthesis of Example 55 with roethylsulfamnoyl chloride replacing roethanesulfonyl chloride
in Step 5. The reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TEFA)
to give the desived product as the THA salt. LC-MS calculated for CocHaeNsO28 (M+H) " mo/z
= 404.2; found 404.2. 'H NMR (500 MHz, CD:CN) 8 7.37 - 7.29 (m, 2H), 7.28 - 7.22 (m,
1H), 7.19 - 7.12 (m, 2H), 3.81 (d, /= 8.1 Hz, 2H), 3.63 (d, /= 8.5 Hz, 2H), 3.38 - 3.22 (m,
1H}), 2.89 — 2.76 {m, 5H), 2.67 (s, 3H)}, 2.60 - 2.48 (m, 1}, 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-{eyanomethyl)-3~(4-{{(1R,28)-2~phenylcyclopropyljamino} piperidin-1-yhazetidine~1-
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To the solution of chlorosulfonyl isocyanate (86 ul., 0.98 mmol) in methylene
chloride (1.0 mL) at § °C was added a solution of tert-butyi alcohol (94 L, 0.98 mmol) in
methylene chloride (1.0 mb.). The resulting mixture was stirred at 0 °C for 10 nmin theo
warmed to room temperature and stired for T h. The mixture was then added to a solution of
N-{1-[3-{cyanomethylazetidin-3-yijpiperidin-4-y1} -2,2, 2-trittaoro-N-[{ 1R, 28)-2-
phenyleyclopropytacetamide (Example 38, Step 4: 100. mg, 0.246 mmol) and N, N-
diisopropylethylamine (210 pl, 1.2 nyoel) in tetrahydrofuran (5 mL). The reaction mixture
was stirred at { °C for 1 h then warmed to room temperatare and stirred for 2 h. The reaction

rixture was quenched with saturated NaHCO;3 solution then exiracted with DCM. The
combined extracts were dried over NaxSOu and concentrated. The residue was dissolved in
methylene chioride (1.5 mb) then triflacroacetic acid (1.5 ml) was added. The resulting
mixture was stirved at room temperature for | h then concentrated. The residue was dissolved
n tetrahydrofuran (2.0 mb) then 2.0 M sodium hydroxide in water (1.8 mL, 3.7 nunol} was
added, followed by methanol (2.0 md.). 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 white powder. LC-MS caleulated for CioHasNsG2S (MHHY™ my/z =
3960.2; found 390.2. 'H NMR (500 MHz, DMSQ) 8 7.23 - 7.18 (m, 2H), 7.12 - 7.06 (o, 1H),
7.02 - 6.98 (m, 2H), 6.94 (s, 2H), 3.68 - 3.62 (m, 2H), 3.50 - 3.45 (m, 2H), 2.94 (s, 2H}, 2.64
-~ 2.55 (m, 2H}, 2.55 - 2.50 (m, 1H), 2.37 - 228 (m, 1H), 2.21 - 2,11 {m, 3H), 1.81 - 1.70
{m, 3H), 1.30 — 1.18 {m, Z2H), 0.96 ~ 8.90 (i, ZH).

Example 66

{{-methyl-3-(d-{{{(1R,25}-2-phenyicyclopropyijamine} piperidin-1-yhazetidin-3-yijacetic

acid
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Step 1: tert-butyl 3-(2-teri-butoxy-2-oxoethylidenejazetidine- I -carboxyiate
y % 2

U/\C%‘Bu
BochN

1.0 M Potassium tert-butoxide in THF (20.0 mL, 20.0 mmol) was added to a solution
of tert-butyl {diethoxyphosphoryliacetate (5.00 g, 19.8 mmol) in tetrahydrofuran (22.0 ml) at
( °C. The mixture was stirred at room temperature for 30 min then cooled to 0 °C and a
solution of tert-butyl 3-oxoazetidine- 1 -carboxylate (2.83 g, 16.5 mmol) in 10 mL of THF was
added. The reaction mixiure was stirred at room temperature for overnight then diluted with
ethyi acetate, washed with saturated NaHCOs aqueous solution, water and brine. The organic
fayer was dried over Na:504, filtered and concentrated. The residue was purified via flash
chromatography on a silica gel colamm ehuting with 0 to 20% EtOAc in hexanes to give the

desired product {4.46 g, guant.).

Step 2. tert-butyl 3-(2-tert-butoxy-2-oxoethyl)-3-{4-oxopiperidin-1-yl)azetidine- I -carboxylate

o
1@
gg\cogau

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[S.4.0Jundec-7-ene (1.08 mL, 7.20
mmol), followed by tert-butyl 3-(2-tert-butoxy-2-oxoethylidene jazetidine-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 Na:304 and 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 (424 mg, 29 %). LC-MS caleulated for CrsHaN20s (M+HY: m/z =

369.2; found 369.2.

Step 3: tert-butyl 3-(2-teri-butoxy-2-oxoethyl}-3-(4-{{{ IR, 28)-2-phenylcvciopropyijamino -

piperidin-1-yllazetidine-1-carboxylare
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To the solution of (1R,258)-2-phenylcyclopropanamine (173 mg, 1.30 nunol) and tert-
buiyl 3-(2-teri-butoxy-2-oxoethy!)-3-(4-oxopiperidin- 1 -yDazetidine- | -carboxylate (479 mg,
1.30 mmol) in methylene chloride (6 mL) was added acetic acid (150 yL, 2.6 mmol). The
resulting mixture was stirred at room temperature for overnight then sodium
racetoxyborohydride (550 mg, 2.6 mmol) was added. The reaction mixture was stirred at
room temperature for 2 h then diloted with DCM, washed with saturated NaHCGOs aqueous
solution, water and brine. The organic layer was dried over NaxSC4 then concentrated. The
residuc was purified via flash chromatography on a silica gel column eluting with 0 to 10%
MeOH in DCM 1o give the desired produact (512 mg, 81 %). LC-MS calculated for
CosHaaN3Oq (MAH) 1/z = 486.3; found 486 4.

7

Step 4 tert-butyl 3-{2-tert-butoxy-2-oxoethyl}-3-14-[[(I1R 28)-2

-

henyvicvclopropyl] (rithuoroacetyllamino [piperidin-{ -yl lazetidine- | -carboxylate
ezoe Py 'y P Vi 3
FQC
N@
O Co,'Bu
'\i
Boo

To the solution of tert-butyl 3-(2-tert-butoxy-2-oxoethy-3-(4- {[(1R,28)-2-
phenyleyclopropyltiamino bpipenidin- I-ylazetidine- 1 -carboxylate (497 mg, 1.02 mmol} in
methylene chloride (8 ml) at 8 °C was added N,N-diisopropylethylamine (530 pL), followed
by trifluoroacetic anhydride (190 ul., 1.3 ramol). The resulting yellow solution was stirred at
0 °C for 1 h then quenched with saturated NaHCOs solution. The resulting mixture was
extracted with DCM. The combined extracts were dried over Na:SOu4 then concentrated. The
residue was purified via flash chromatography on a silica gel column eluting with 0 to 60%
EtOAc i hexanes to give the destred product (583 mg, 98 %). LC-MS calculated for
CaolLaaFaNaOs (MATDY m/z = 582.3; found 582.3.

Step 50 (3-{4-{{{1R,28)- 2-phenyicyclopropyl] (trifluoroacetvllamino[piperidin- 1 -vi}azetidin-
i1 i yicyelopropy! Py Vi

3-vi}acetic acid dihvdrochloride
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To a solution of the product from Step 4 in methylene chioride (6 ml) was added 4.0
M hydrogen chloride in 1,4-dioxane (2.0 mL, 8.0 mmol). The resolting mixture was stirred at
room temperature for overnight then concenirated to give light yellow solid (548 mg) which
was used 1n the next step without further purification. LC-MS calculated for CaiHarFaNsOs

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

Step 6: [1-methyl-3-(4-{{ (1R 28}-2-phenyicvclopropyiamino jpiperidin-1-vijazetidin-3-
yvijaceric acid

To a sohution of 3-{4-[[(1R,25}-2-
phenyicyclopropyl(triffucroacetyDaminopiperidin- i -yl}azetidin-3-yhacetic acid
dihydrochloride (30. mg, 0.060 nunol) in methylene chloride (2 ml., 30 mmol) was added
formaldehyde (37 wt % in water, 22 ul, .30 mmeol), followed by acetic acid (10. pL, 6.18
mmol}. The resubting mixture was stirred at room temperatare for 1 h, then sodium
triscetoxyborohydride (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 tetrabydrofuran
(1.0 mL} then 2.0 M sodium hydroxide in water (1.0 mL, 2.0 mmol) was added, followed by
methanol (1.0 mL). The resolting mixture was stirred at room temperature for overnight then
purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as the
TFA salt. LC-MS caleulated for CooHaoNaO2 (MHH)™ /e = 344.2; found 344.3. 'HE NMR
(500 Mz, DMSO) § 7.33 ~ 7.27 {m, 2H1), 7.25 — 7.20 (m, 1IT), 7.19 — 7.14 (m, 21T), 4.40 ~
428 (m, 1H), 4.15 - 4.03 (m, 1H), 3.99 - 3.87 {(m, 1H), 3.84 - 3.70 (o, 1 H}), 3.31 - 3.17 (m,
1H), 3.03 - 275 (o, 65, 2.74 — 2.59 (m, 2H), 2.47 — 2.36 (m, 1H), 2.18 - 2.08 (m, 2H), 2.07
—1.96 (m, 2H), 1.65 — 1.49 (10, 2H), 1.50 — 1,40 (m, 1H), 1.38 — 1.25 (m, 1H).

Example 67
{1-ethyl3-(4-{I(1R,28)-2-phenyicyclopropyliaming piperidin-1-yhazetidin-3-vlacetic

acid
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This compound was prepared using procedures analogous to those described for the
synthesis of &xample 66 with acetaldebyde (5 M 1o 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 C2iHaoNaO2 (MA+H): m/z = 358.2;

found 358.2.

Example 68
N N-dimethyl-2-{1-(4-{[{IR,25}-2-phenylcyclopropyilamine} piperidin--

AN
A0
© Nzg\\gf\ﬁ

Step 1o tevt-butvi [ 1-{4-oxopiperidin-i-yljcyclobutyljacerate

o) N
1;\'@ o'8y
ST

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

yiieyelobutylacetamide

mrnol) in acelonttrile (3.0 mb) was added 1,8-diazabicyclo[S.4.0Jundec-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 stivved 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 NaxSOs and concentrated. The residue was purified via {lash chromatography
on a silica gel coluron eluting with 0 o 50% EtOAc 1o hexanes to give the desived product

{57 mg, 11 %). LC-MS calenlated for CisHosNOs (M+H)Y: mvz = 268.2; found 268.1.

Step 2. tert-butyl [I-{4-{{{1R 28)-2-phenylcyciopropy!]aminolpiperidin-1-

vhcycloburyliaceiate
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To the solation of (1R,28)-2-phenylcyclopropanamine (28 mg, .21 mmol) and tert-
butyl [ 1-(4-oxopiperidin-1-yhcyclobutyljacetate (57 mg, 0.21 munol) in methylene chloride
(3 ml) was added acetic acid (24 pl, 0.43 momol). The resulting roixture was stirred at room
temperature for overnight then sodium triacetoxyborohydride (90. mg, 0.43 mmol) was
added. The reaction mixtire was stirred at room temperature for 2 b then dihuted with DCM
and washed with saturated NaHCOs aqueous solution, water and brine. The organic layer was
dried over NaxSO4 then concentrated. The residuc was purified via flash chromatography on a
sifica gel colurom ehiting with 0 to 109 MeOH in DCM to give the desired product (79 mg,

96 %), LC-MS caleulated for CraHaN202 (M+H)Y: m/z = 385.3; found 385.3.

Step 30 [1-(4-{[(1R, 28}-2-phenyicvclopropylamino piperidin- L-vi)cyclobutyllacetic acid

dibvdrochioride
H
JAWAY
oY @ ;
L/ N W,OH
Q

The product from Step 2 was dissolved in raethylene chloride (3 mL} then 4.0 M
hydrogen chloride in 1,4-dioxane {0.533 mi, 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 firther purification. LC-MS calculated for

CooHooMoOn (M+HY: m/z = 329.2; found 329.2.

Step 4: NN-dimethyl-2-[1-(4-{[(1R, 25)-2-phenvicyclopropyl]amine Jpiperidin-1-
yijevelobutvi]acetamide

To the solution of [1-(4-{[(1R,28)-2-phenylcyclopropyl]amivo } piperidin- 1~
vheyclobutyljacetic acid dihydrochloride (24 mg, 0.060 amol) in N, N-dimethylformamide
{2 mL) was added N, N-ditsopropylethylamine (100. uL, 0.574 mmol) and 2.0 M
dimethylamine in THF (0.15 mi, 8.30 mmol). The mixture was stirred at room temperature
for 5 moin then benzotriazol--yloxytris{dimethylamino phosphonium hexaftuorophosphate
(29. mg, 0.066 mmol) was added. The resulting mixture was stirred at room temperature for 2

h then difuted with acetonitrile and purified by prep-HPLC (pH = 14,
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aceonitrile/water+NH4OH) to give the desired product as a white solid. LC-MS caleuslated for

Example 69
Nemethyl2-[1-(d-{{(1R25}-2-phenyicyclopropyiiamine} piperidin-1-

H
\&»N
Ny #
» N N
ES 0

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

vhevelobutyljacetamide

resuiting mixture was purified by prep-HPLC (pH = 10, aceoniirile/water+NHaOH) to give
the desired product as a white solid. LC-MS calculated for C2iHnNO (M+H)": vz = 342.3;

found 342.3.

Example 78
2-1i-{ethyisuifony}-3-(4- IR, 25)-2-phenylcyclopropyliamine] piperidin-{ -yijazetidin-
3-yi-M,N-dimethylacetamide

H
_____ N
" @ |
S e
I‘?EO
o;:;’\/
@]

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

G \
rx N gg\({) ~
To the mixtare of piperidin-4-one hydrochloride hydrate (0.77 g, 5.0 mmol) and tert-
butyl 3-(2-methoxy-2Z-oxocthylidenejazetidine-1-carboxylate (MolBridge, catfMBOGG0IIET:
1.2 g, 5.5 muool) in acetonitrile (5 ml.) was added 1,8-diazabicyclo[5.4.0%undec-7-enc (0.90
ml, 6.0 mmol). The resulting mixture was heated to 75 °C and stirred for two days. The
mixtore was diloted with EtOAc then washed with water and brine. The nrganic layer was

dried over Na2SO4 then concentrated. The residue was purified via flash chromatography on a
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silica gel colomn ehuting with { to 70% EtOAc in hexanes to give the desired product {1.08 g,
66 %}, LO-MS calcalated for CiaHioN20s (M-"Bu+2H)Y": o/z = 271.1; found 271.2.
Step 20 tert-butyl 3-(2-methoxy-2-oxoethyl)-3-(4-{[(IR,28)-2-phenyicyclopropvljaming }-

4

piperidin-1-yl)azetidine-1-carboxylate

M H
RGN

N
Boc

To the solotion of (I R,28}-2-phenylcyclopropanamine (133 mg, 1.00 mmol) and tert-
butyl 3-(2-methoxy-2Z-oxocthyl)-3-{4-oxopiperidin-1-yhazetidine- 1 -carboxylate {326 mg,
1.06 mmol} in methylene chloride (8 ml) was added acetic acid (110 uk, 2.0 amol). The
resulting mixture was stirred at room temperature for overnight 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 NaHCOs, water
and brine. The organic layer was dried over NaxS0O;s then concentrated. The residue was
purified via flash chromatography on a silica gel colunm eluting with 0 to 10% MeOH in
DCM fo give the desired product (483 mg, quant.). LC-MS calculated for CosHalN3O4
(M+H)": m/z = 444.3; found 444.3.

Step 3: tert-butvi 3-(2-methoxy-2-oxoethyl}-3-{4-f{{I1R 28}-2-

phenyicyclopropyl](triflucroacetvamine piperidin-1-vi}azetidine-I -carboxylate

FiCagsO

Xy ‘A&N /\1
@ LN%/\(E(C}\

Boc
To the solution of tert-butyl 3-(2-methoxy-2-oxoethyl}-3-(4-{[(1R,28)-2-
phenylcyclopropyllamino} piperidin- i-yhazetidine- 1 -carboxylate {444 mg, 1.00 nunol) in
methylene chloride (8§ mb} was added N N-diisopropylethylamine (520 pb, 3.0 mmot)},
followed by trifluoroacetic anhydride {180 gL, 1.3 mmol). The resaliing yellow solution was
stirred at room teraperature for 1 h then quenched with saturated NaHCOs solution and
extracted with DUM. The combined exiracts were dried over NaxS04 then concentrated. The

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

CorHi37E 32305 (MAHY: m/z = 540.3; found 540.2.

Step 4. methyl (3-{4-[{(1 R, 28)-2-phenvicyclopropvl]itriflucroacetyl) amine [ piperidin- 1 -

yitazetidin-3-ylacetate diivdrochioride

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

CoaHooF N30 (MAHY: m/z = 440.2; found 440.2.

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

phenyicyclopropyi](trifivoroacetylamino]-piperidin-1-vi}azetidin-3-vlacetate

To the suspension of methyl (3-{4-[[{1R,25)-2-
phenylcyclopropyll trifluoroacetylamino jpiperidin- [ -y1} azetidin-3-ylacetate
dihydrochloride (150 mg, 0.29 mmol) in tetrahydrofuran (5 mL) was added N,N-
ditsopropylethylamine (255 b, 1.46 mamol), then ethanesulfonyl chloride (55.5 pl., 0.585
mmol) was added dropwise. The resulting mixture was stirred at room temperature for 1 h
then guenched with water and extracted with DCM. The combined exiracts were dried over
NaxS04 then concentrated. The residue was purified via flash chromatography on a sifica gel
column eluting with 0 to 60% EtOAc in Hexanes to give the desired product. LC-MS

caleulated for CoaHasFaN3OsS (MAH)Y™ w/z = 532.2; found 332.2.
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Step 6. [1-(ethylsulfonyl}-3-{4-{[{I1R 28)-2-phenylcvciopropyi] amino fpiperidin- I -vjazetidin-

3-yllacetic acid

0*%
O j
The product from Step 5 was dissolved in tetrahydrofiran (2.5 mL) and methanol (2.5
mL) then 2.0 M sodium hydroxide in water (1.0 mL, 2.0 nunol) was added. The resulting
mixture was stirred at room teraperature for 2 h then purified by prep HPLC (pH =
acetonitrile/water+TFA) to give the desired product as the TFA salt. LC-MS calculated for
CoiThoN048 (MATD™: m/z = 422.2; found 422 1.

Step 70 2-fi-ferthyisulfonyl)-3-(4-{{(1 R, 25}-2-phenvicyclopropviamino} piperidin- 1 -
{ Zaay! 3 PropYi; '

s

vijazetidin-3-yl]-N,N-dimethyilacetamide

To a solution of [ -{cthylsulfonyl}-3-(4- {{{1R,28)-2

pheanyicyclopropyljamine Fpiperidin- [ -yDazetidin-3-ylacetic acid bis(iriflucroacetate) (36
mg, 0.055 mmol) in tetrahydrofuran (2.0 mL) was added N N-diisopropylethylamine (58 ui,,
$.33 mmol}, followed by 2.0 M dimethylamine i THE (150 ul., 0.30 mmol). Then

enzotriazol-1-yloxytris-{dimethylaminojphosphonium hexafluorophosphate (27 mg, 0.061
mmol) was added. The resulting roixture was stirred 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 CuHyNaO:S (MH+H) ™ my/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, 5H), 2.85 {5,
3H), 2.75 - 2.66 (m, 21), 2.62 (s, 2H), 2.61 — 2.53 (m, {}), 2.32 ~ 2.24 {(m, 1H), 2.18 - 2.06
{m, 2H), 1.88 —~ 1.80 (m, 2H), 1.80 ~ 1.73 (m, 1H), 1.37 - 1.22 (m, 5H), 1.03 - 0.91 (m, ZH).

Example 71

2-i-{ethyisulfonyD}-3-{(4-{{(R,25}-2-phenyicyclopropyljamine] piperidin-{-viazetidin-

3-yij-N-methyiacetamide
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This compound was prepared using procedures analogous to those described for the
synthesis of Example 70 with methylamine (2 M in THE) replacing dimethylamine in Srep 7.
The reaction mixture was prep HPLC (pH = 10, acetonitrile/water+-NH4OH) to give the
desired product as a white solid. LU-MS caleulated for CaaHasN4OsS (M+HY mvz = 435.2;
found 435.3.

(%3}

Example 72
{1-{trans-4-hydroxycyciohexyl)-3-(4-{{{IR,2S)-Z-phenyicyclopropyl] amine ! piperidin-1-

16 yhazetidin-3-viacetoniirile

v
E:;j“ \[::lzégj\cw

N

Ot
Step 1: N-{I-[I-(4-{{tert-butyiidimethyiisilyiJoxylcyclohexyl)-3-(cyanomethyliazetidin-3-

Viipiperidin-4-vi}-2,2, 2-triftuoro-N-{(18,28)-2-phenvicyclopropyl]acetamide

fgc\Tga
O
AT
N~
ﬂlii 2x> CN
N

OTES

15 To the solution of N-{1-[3-(cyanomethyhazetidin-3-ylipiperidin-4-y1}-2,2,2-trifluoro-

N-[{IR,28)-2-phenvicyclopropyllacetamide (Example 58, Step 4: 20, mg, 0.049 mmol} in

methylene chloride (2 mL} was added 4- {{tert-buty{ dimethyDsilyHoxy } cyclohexanone
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{(Aldrich, carfi638153: 62 ul, 0.25 miaol), followed by acetic acid (8.4 gL, (.15 nunol). The
resulting mixture was stirred at room temperature for | b, then sodivm triacetoxyborchydride
(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 coneentrated. The residue was used in the next step
without further purification. LC-MS caloudated for CastisoF3NaO2Si (M+H): m/z = 619.4;
found 619.3.

Step 2: N-{1-[3-{cvanomethyli-1-(4-hydvoxycyclohexyvl)azetidin-3-vi]piperidin-4-yi}-2,2,2-

triffuoro-N-{{1R,28}-2-phenylcvclopropyl] acetamide

Fi0 \fo

OH

The crude product from Step 7 was dissolved in THF (1 mL) then 4.0 M Hydrogen
chioride in 1 4-dioxane (1.5 mL, 2 mmol) was added. The resulting 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 CorHiaeFaNaOz (MHH) " m/z

= 505.3; found 505.3.

Step 3 [1-(trans-4-hydroxyeyclohexyl)-3-04-{{{ IR, 25)-2-phenylcyclopropyljamino [piperidin-
I-vi)azetidin-3-yl]acetonitrile

The crade product from Step 2 was dissolved in THF (1 mL) and MeOH (I mL) then
2.0 M Sedium hydroxide in water (0.5 mL, I mmol} was added. The resulting mixture was
stirred at roor teraperature for 2 b to give a mixture of ¢is- and trans- products which was
separated and purified by prep-HPLC (pH = 10, acetomitrile/water+NH4OH). LC-MS
calculated for CasHaMN4O (MAHDY": m/z = 409.3; found 409.2.

For the trans-isomer: 'H NMR (500 MHz, CD:CN) & 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 (4, /=78 e, 2H), 283 (4, /=74
Hz, 2H), 2.75 (s, 2H), 2.66 — 2.53 (m, 3H}, 2.29 ~ 2.18 (m, 311}, 2.03 - 1.95 (m, 1H), 1.86 ~



168 (m, THY, 130~ 111 (m, 4H), 1.02 - 0.90 (m, 4H). Trans-configuration of the
cyclohexane ring was confirmed by 2D NMR. Analytical LC-MS (pH = 10,

acetonitrile/water+NH4OH) retention time 1 = 1.91 min.

5  Example 73
{i-{cis-4-hydroxyeyciohexyi}-3-(4-{[{IR,25}-2-phenylcyclopropyl] amino}piperidin-1-

LA

N

yiazetidin-3-ylacetonitrile

OH

The cis-isomer was also formed m the reaction of Example 72, Step 3. [t was isolated
160 via prep-HPLC (pH = 10, acctonitriie/water+NHsOH) o give the desired product. LC-MS
caleulated for CosHaN4G (MHD": m/z = 408.3; found 409.2. 1H NMR (500 MHz, CIDCN} 8
729724 (m, 2H), 718 - 7.13 (m, 1H)}, 7.09 - 7.05 (m, 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, 411}, 1.89 - 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, acetonitrile/water+NH4OH) refention time t =

2.06 min.

Example 74
{1-C-hydroxyethyl}-3-(4-{{{1R25)-2-phenylcyclopropyljamine} piperidin-i -yhazetidin-

20 3~yHacetonilrile

H
\!:““ N
Ry
| N
_ < e
i
OH

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

butyl{dimethyljsilylioxy tacetaldehyde (Aldrich, caf#449438) replacing 4-{[tert-
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butyl{dimethyDsilylloxy t cyelobexanone in Srep /. The reaction mixture was purified by
prep-HPLC (pH = 10, acctoniirile/water+NHaOH) to give the desired product. LC-MS
calculated for C2iHuNaO (M+H)™ 1o/z = 355.2; found 355.2.

Example 73
{3-{4-{{{1R,28)-2-phenylcyciopropyl]amine} piperidin-1-yi}-1-(tetrahydro-2H-pyran-4-

yiazetidin-3-ylacetonitrile

LA
© Ugg\m

®
This compound was prepared according to the procedures of Example 72 with
tetrahydro-4H-pyran-4-one (Aldrich, car#t/ 98242) replacing 4-{[tert-
butyl{dimethysilylioxy i -cyclohexanone i Step /. The reaction mixture was purified by
prep-HPLC (pH = 190, acetonitrile/water+NH4OH) to give the desired product. LC-MS
calculated for CaaHasNaG (MAHD": m/z = 385.3; found 385.2.

Example 76
13-{4-{{{1R2S)-2-phenylcyclopropyljaming ) piperidin-1-yh-1-(tetrahydrofuran-3-

yhazetidin-3-yvijacetonitrile (mixture of diasteromers)

@ \Q?g\cu

3

This compound was prepared according to the procedures of Example 72 with
dihydrofuran-3(2H}-one (J&W Pharmbab, car#! -0169) replacing 4- {{tert-
butyl{dimethyDsilylloxy i cyclohexanone i Step 7. The reaction mixture was purified by
prep-HPLC (pH = 10, acetonitrile/water+NHsOH) to give the desired product. LC-MS
calcuiated for CraHaaMNaG (MAHY" m/z = 381.3; found 381 2.
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Example 77
2-(3-{cyanomethyl}-3-(4-(((1R,25}-2-phenyicyclopropyllaminojpiperidin-1-yDazetidin-{-

Yavi

N
\fﬂ
/N\

yi-N,M-dimethylacetamide

Iyllacetic acid

\ n\AAﬁ\O
© ’Ngg\cm

N
(Nge’
e

To the sohution of N-{1-[3-(cyanomethyhazetudin-3-yljpipendin-4-y1}-2,2,2-trifluoro-
N-[{IR,28}-2-phenyleyclopropyllacetamide (Example 38, Step 4. 150 mg, 0.37 mmol) and
5.0 M ethyf glvoxyiate in toluene (88 ul, 0.44 mmol) in methylene chioride (2 ml) was
added acetic acid (62.9 ul., 1.11 mmol). The resulting mixture was stirred at room
temperature overnight then sodiurn triacctoxyborohydride (160 mg, 0.74 mmol) was added.
The reaction mixture was stirred at room temperature for 2 h then diluted with DCM, washed
with saturated NaHCOs, water and brine. The organic layer was dried over Na:xSOu4, filtered
and concentrated. The residue was dissolved in THF (2 ml) and MeOH (2 ml.) then a
solution of Lithium hydroxade, monohydrate (46 mg, 1.1 ramol) m water (I mbl) was added.
The reaction mixture was stirred at 40 °C for 2 h. The reaction mixture was adjusted to 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 CarHaoNsO:
(M+H)" m/z = 369.2; found 369.2.

Step 2: 2-(3-(cvanomethyl)-3-(4-({{1R, 28)-2-phenvicyclopropvijamine jpiperidin- 1 -
] Ve, 2 9% oV D

vijazetidin-1-yi)-N N-dimethviacetamide

2.0 M Dimethylamine in THF {41 pL, 0.081 nunol} was added to 8 mixture of [3-

(cyanomethyD)-3-(4-1[(1R,28)-2-phenylcyclopropyliamine | piperidin- 1 -yhazetid- i -
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yijacetic acid {20 mg, 0.05 mumol} and benzotriazol-1-yloxytris{dimethylamino jphosphonium
hexafluorophosphate (29 mg, 0.065 munol) in DMF (1 mb), followed by triethylamine (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+TFA) to give the
desired product as the TFA salt. LC-MS caleulated for CoHsaNsO (M+H)Y™ m/z = 396.3;
found 396.2.

Example 78
2-[3-{cyanomethyl}-3-(4-{{(1R,28)-2-phenyicyclopropyllamino} piperidin-1-yviazetidin-1-

yii-N-methylacetamide

m[“\x’ﬁ §

N
H /O

HN_

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

calculated for CooHaaNsG (MAHY™: m/z = 382.3; found 382.2.

Example 79
2-{3-{eyanomethy}-3-(4-{J(AR,25})-2-phenyieyclopropyliamino} piperidin-1-yhazetidin- -

vijacetamide

“ \\\L\»ﬁ
© NZi“‘c:N
N

This compound was prepared according to the procedures of Example 77 with
ammonium carbonate replacing dimethylamine in Srep 2. The reaction mixiure was purified
by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as the THA salt.
LC-MS caleolated for CoHaoNsO (M+H)" mv/z = 368.2; found 368.2.
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Example 88
{1-{({-methyi-1H-pyrazol-d-vijcarbonyl}-3-{(4-{{{(§ R,25}-2-

phenyicyclopropyljamine} piperidin-i-yhazetidin-3-yljacetonitrile

H
N
O A\
B
N
\

Benzotriazol-1-yloxytris(dimethylamino )phosphonium hexafluorophosphate (35 mg, 0.079
mmol) was added to a mixture of N-{1-[3-(cyanomethyhazetidin-3-ylipiperidin-4-y1}-2,2,2-
rifhuoro-N-[{(1 R, 28}-2-phenyicyclopropytacetamide (Example 58, Step 4: 25 mg, 0.061
mmol), {-methyl-1H-pyrazole-4-carboxylic acid (Aldrich, car#682063: 9.9 mg, $.079

myuol) in acetonitrile (1.0 ml), followed by triethylamine (25 pl, 6.18 nmuimol). The reaction
mixture was stirred at room temperature overnight then guenched with saturated agueous
NaHCOs, and extracted with ethyl acetate. The combined organic layers were washed with
brine, dried over NaxSQy, filtered and concentrated. The residue was dissolved in THF (1
mk.} and MeOH (1 mL) then 2 N NaOH (1 mL) was added. The resulting mixture was stirred
at room temperatare for 3 b then acidified with TFA and purified by prep-HPLC (pH =2,
acctonitriie/water+THFA) to give the desired product as the TFA salt. LC-MS calculated for
CosHaNeO (M+HY nvz = 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, BMSO)Y 6 8.15 (s, 1H}, 7.74 (s, 1H), 7.21 (1, /= 7.6 Hz, 2H), 7.09 {t, /= 7.3 Hz,
1HY, 7.00(d, /=75 Hz, 2H), 4.26 - 4.13 (m, 2H), 3.88 - 3.76 {m, 5H), 2.94 (5, 2H}, 2.72 ~
2.62 (m, 2H), 2.56 = 2.50 (m, 1H), 2.22 - 2,10 (m, 3H), 1.84 — 1.70 (3o, 3H), 1.34 - 1.20 (m,
2H}, 0.99 — 0.89 {(m, 2H).

Example 81

{1-{( -methyi-1H-pyrazol-S-ylearbonyi-3-(4-{ [{(1R,28}-2~

phenylcyclopropyljamine] piperidin-i-yhazetidin-3-yljacetonitrile
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This compound was prepared according to the procedures of Example 80 with 1-
rwthyl-1H-pyrazole-S-carboxylic acid replacing -methyl-1H-pyrazole-4-carboxylic acid.
The reaction nuxture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give
5  the desired produoct as the TFA salt. LC-MS calculated for CosHsNeO (MA+H)Y™: ny/z = 419.3;
found 419.3.

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

10 phenyicyclopropyljamine]piperidin-i-vijazetidin-3-vljacetonitrile

L
@ Ugg\cm

N

OA\/j
.

This compound was prepared according to the procedures of Example 80 with trans-4-

“oH

hydroxycyciobexanecarboxylic acid replacing i-methyi-1H-pyrazole-4-carboxylic acid. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the
15 desired product as the TFA salt. LC-MS calculated for CaeHarNaQ2 (MA+H) " m/z = 437.3;

found 437.3.
Example 83

{1-{{cis-4-hydroxyeyclohexylicarbonyl]-3-(4-{{({ R,25}-2-

20 phenyleyclopropyliamino}piperidin-i-yhazetidin-3-ylacetonitrile
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This compound was prepared according to the procedures of Example 80 with cis-4-
hydroxycyclohexanecarboxylic acid replacing 1-methyl-1 H-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 CaeHaNaOr (MAH)Y": m/z = 437.3;
found 437.3.

Example 84
{1-{{1-bydroxycyclopropylicarbonyl-3-(4-{{{1 R, 25}-2~

phenyicyclopropyliaminopiperidin-i-yhazetidin-3-yljacetonitrile

OH
This compound was prepared according to the procedures of Example 86 with 1-
hydroxycyclopropanecarboxylic acid replacing 1-methyl-1H-pyrazole-4-carboxylic acid. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+THFA) to give the
desired product as the TFA salt. LC-MS calculated for CosHsiNaOy (MA+H)Y ™ s/z = 395.2;

found 395.2.
Example 88

{1-{($-hydroxycyclopentybearbonyl]-3-(4-{{(1R,28})-2-

phenyicyclopropyljamine} piperidin-i-yhazetidin-3-yllacetonitrile
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This compound was prepared according to the procedures of Example 8 with 1-
hydroxycyclopentanecarboxylic 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 produact as the TFA salt. LC-MS calculated for CosHiasNaO (MA+H)Y: m/z = 423.3;
found 423.3.

Example 86
{1-(morpholin-4-vicarbony}-3-(4-{{{(IR,28})-2-phenyvicyclopropyijamine) piperidin-i-

yiazetidin-3-vilacetoniirile

§
Ry (j]
L/ N ™en
N
0)\\1/\1

Phosgene (15wt% intoluene, 80 L, 0.1 romol} was added to a mixture of N-{1-[3-
{cyanomethyDazetidin-3-yijpiperidin-4-y1}-2,2 2-tritftuoro-N-[{1R,28}-2-
phenyleyclopropytacctamide {(Example 58, Step 4: 30 mg, 0.08 mamol) and tricthylamine (30
ul, 0.2 mmol) in acetonitriie (1 mb) at 0 °C. The resulting mixture was stirred at room
ternperature for | b, then concentrated under reduced pressure. To the residue was added a
solution of Morpholine (10, uL, 0.11 mmol} and tricthylamine (20 uL, 0.2 nuool) in
acetonitrile (1 mb.). The reaction mixture was stirred at room temperature for 30 moin then 2N
NaOH(1mL) was added. The reaction mixture was stirred at room temperature for 3 b then
purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as the
TEA salt. LC-MS calculated for CaaHuaNsOn (MHH) " m/z = 424.3; found 424.3.

Example 87
{1-{{4-bydroxypiperidin-1-yhicarbonyi}-3-(4-{{({ R,25}-2-

phenyvicyclopropyliamino}piperidin-i-yhazetidin-3-yl{acetonitrile
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This compound was prepared using similar procedures as described for Example 86
with 4-hydroxypiperidine replacing morpholine. The reaction mixture was purified by prep-
HPLC {pH = 2, acctonitrile/water+TFA} to give the desired product as the THA salt. LC-MS
calculated for CasHaugNsOz (M+H)" m/z = 438.3; found 438.3.

Example 88
{1-}{{4-methoxypiperidin-i-yhcarbonyi]-3-(4-{J(1R,25})-2-

phenyicyclopropyliamino}piperidin-i-yhazetidin-3-yl{acetonitrile

H
N

@ oS e
N

o”é\r\O\

OMe

This compound was prepaved according to the procedures of Example 86 with 4-
methoxypiperidine replacing morpholine. The reaction mixture was purified by prep-HPLC
{pH = 2, acetonitrile/water+TFA) to give the destred product as the TFA salt. LC-MS

calculated for CaeHasNsOn (MA+H)™ m/z = 452.3; found 452.3.

Example 89
{1-{(3-bydroxyazetidin-1-yDearbonyl]-3-(4-{{(1R,25}-2~

phenyleyclopropyliamino}piperidin-i-yhazetidin-3-yljacetonitrile

H

Ry
” \_/N AN
o ZS N

N

o”J\ N
L

OH
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This compound was prepared according to the procedures of Example 86 with
azetidin-3-ol hydrochloride replacing Morpholine. The reaction mixture was purified by
prep-HPLC (pH = 2, acetonttrile/water+THA) to give the desired product as the TFA salt.
LO-MS caleulated for CoaHaeNsGa (M+H)Y™: m/z = 410.3; found 410.3.

Example 98
N N-dimethyl-2-(1-(methylsulfonyD-3-(4-(((IR28)-2-

phenyleyclopropyDamine)piperidin-I-yhazetidin-3-ylacetamide

FAWS)
Ry |
| P ,Nm,:\s\
y ol
O=e
i
o)

This compound was prepared according to the procedures of Example 70 with
methanesulfonyl chioride replacing ethanesulfonyl] chioride in Srep 5. The reaction mixture
was purtfied by prep-HPLC (pH =2, acctonitrile/water+TFA) to give the desired product as
the TFA salt. LC-MS caleulated for CaoHasNaG:8 OM+HYT m/z = 435.2; found 435.3.

Example 91
Nemethyl-2-{1-(methyisulfony-3-(4-{{(1 1, 25)-2-phenvicyclopropyliamino} piperidin-1-

vhazetidin-3-yljacelamide

This compound was prepared according to the procedures of Example 70 with
methanesulfonyl chloride replacing ethanesulfonyt chloride in Srep 3; and methylamine
replacing dimethylamine o Step 7. 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

CoHsNaOsS (MAH)™ vz = 421.2; found 421.3.

Example 92
2-[i-{ethyisuifony}-3-(4-{I(1R,25)-2-phenyicyclopropyliamino piperidin-1-ylazetidin-
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To the sohution of [1-(ethylsalfonyl)-3-(4-{[(1R,28)-2-
phenyicyclopropyllamino} piperidin- I -yhazetidin-3-yljacetic acid bis(triflooroacetate)
(Example 70, Step 6: 33 mg, 0.051 mmol} in tetrahydrofuran (1.5 ml) at § °C was added 1.0
M hthium tetrahydroaluminate o THF (300 ul., 0.30 ramol) dropwise. The resulting mixture
was stirved at § °C for 1.5 h then quenched with 8.1 mL water, 0.1 mL NaOH (15 % i water)
then 0.3 mL water. The resulting mixtore was stirred at 0 °C for 10 min then diluted with
THEF and filtered. The filrate was purified by prep-HPLC (pH = 2, acctonitrile/water+TFA)
to give the desired product as the TFA salt. LC-MS calculated for CoarHaaNsGaS (M+HH)Y™ m/z
= 408.2; found 408.2,

Example 93
2- 1 -{methylsulfony-3-(4-{I{1 R,25)-2-phenyieyclopropylamino} piperidin-1-

viazetidin-3-vijethanol

H
\‘ l-/-““ N
O N OH
S
N
Q=c
P
O

This compound was prepared according to the procedures of Example 70 (Steps 3, 6)
and Example 92 with methanesulfonyl chloride replacing ethanesulfonyl chioride in
Example 70, Step 5. The reaction mixture was purified by prep-HPLC (pH =2,
acetonitrile/water+THA) to give the desired product as the TFA salt. LC-MS calculated for

CoollzoN038 (MATD™: m/z = 394.2; found 394 2.
Example 94
methyvi 3-2-(dimethylamino2-oxoethyi-3-(4-{{IR 252~

phenyicyclopropyliamine] piperidin-{-yhazetidine-{-carboxviate
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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+TEFA) to give the desired product as the TFA salt. LC-MS
calculated for CnHasMNaOs (MAHY" mvz = 415.3; found 415.3.

Example 98
methyl 3-2-(methylamine)-2-oxoethyi]-3-(4-{{(1R,28)-2-

phenyicyclopropyljamino}piperidin-i-yijazetidine-1-carboxylate

@ U{?\g/?\i\
N

This compound was prepared according to the procedures of Example 70 with
methylamine replacing dimethylamine. The reaction mixture was purified by prep-HPLC {(pH
=2, acctoniirile/water+TFA) to give the desired product as the THFA salt. LC-MS calculated

for CozHaaNaGs (M+H)" w/z = 401.3; found 401.2.

Example 96
3-2~(dimethylamino)-2-oxoethyi-N,N-dimethy-3-{4- {{{1R,28)-2~

phenyicyclopropyljamine} piperidin-i~yhazetidine-1~carboxamide

, ﬁﬁ@ |
N<§\g,m\
QJLI\;/

This compound was prepaved according to the procedures of Example 70 with N,N-

dimethylcarbamoyl chloride replacing ethanesulfony! chloride in Step 5. The reaction mixture
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was purified by prep-HPLC (pH = 2, acetonitrile/water+TEA) to give the desired product as

the TFA salt. LC-MS calculated for CoaHaeNsO2 (M+H)": my/z = 428.3; found 428.3.
Example 97

N M-dimethyhk-3-[2-(methylamine}-2-oxoethyl-3-(4-{{(1R,25}-2-

phenyicyclopropyljamine} piperidin-{-yvhazetidine-1-carboxamide

DA
® LNNQ\

A
o7 N

No

This compound was prepared according to the procedures of Example 70 with N,N-
dimethylcarbamoyl chloride replacing ethanesulfonyl chloride in Step 5 and methylamine
replacing dimethylamine 1o Step 7. The reaction mixture was purified by prep-HPLC (pH =72,
acetorrile/water+THFA) to give the desired product as the TFA salt. LC-MS caleulated for

CosHiseNsOy (MHHY /e = 414.3; found 414.2.

Fxample 98
{1-{§-methyl- i H-pyrazol-4-yi}-3-(4-{{{1R,28}-2-phenyicyclopropyljamino} piperidin-i-

vhazetidin-3-yilacetoniirile

\x\i\y\ N
© \(’\;ng\m\i

N

O
N“N\

The maxture of N-{1-[3-(cyanomethyazetidin-3-y piperidin-d-y1}-2,2 2-trifluoro-N-
[(1R,28)-2-phenylcyclopropyliacetamide (Exvample 58, Step 4: 40 mg, 0.1 mmol), 4-bromo-
1-methyl-1H-pyrazole (24 mg, 0.15 mmol), tris{dibenzylidencacetone jdipaliadium (0} (4 mg,
0.004 mumol), dicyelohexy(2',4,6'-tritsopropythiphenyl-2-ylphosphine (8.2 mg, 0.017
mmol) and cesium carbonate (70, mg, 0.22 mmol) i toluene (2 mL) was purged with
nitrogen then stirred at 110 °C for overnight. The reaction mixture was cooled to room
teraperature then quenched with saturated agueous NaHCOs, and extracted with ethyl acetate.

The combmned organic layers were washed with brine, dried over NaxSQy, filtered and
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concenirated under reduced pressure. The residue was dissolved in THF (2 mb) then 2N
NaQOH (2mLl) was added. The reaction mixture was stirred at room temperature for 2 h then
purified by prop-HPLC (pH = 2, acetonitrile/water+TFA) to give the desired product as the
TEFA salt. LC-MS caleulated for CasHaiNe (M+H)™: m/z = 391.3; found 391.2,

Example 99

tetrahydrofuran-3-yi 3-(cyanomethyi}-3-4-{J(AR28)-2-

phenvicyclopropyllamine}piperidin-1-ylazetidine-1-carboxylate (mixture of

o
SRS

diastereomers)

To a mixture of N-{1-[3-(cyanomethyhazetidin-3-ylpiperidin-4-y1}-2,2 2-trifluoro-
N-[{1R,25}-2-phenylcyclopropyllacetamde (Example 58, Step 4: 20 mg, 0.05
myool) and tricthylamine (20 uk., 0. 14 mmol) in acetonifrde (0.8 rol) was added 4-
nitrophenyl tetrabydrofuran-3-vl 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 agueous NaHCOs, and extracted with ethyl acetate. The combined
organic iayers were washed with brine, dried over NaxSOu4, filtered and concentrated under
reduced pressure. The residue was dissolved i THE (1 mL) then 2N NaOH (1 mb) was
added. The reaction mixture was stirred at room temperature for 2 b then purified by prep-
HPLC {pH = 2, acctonitrile/water+TFA} to give the desired product as the THFA salt. LC-MS
calculated for CoaHaaNaOs (M+HY" m/z = 425.3; found 425.3.

Example 1040

{1-{{1~methyi-1 H-pyrazol-d-yDsaifonyl]-3-(4-{{{IR,28)-2~

phenyicyclopropyljamine}piperidin-{-yhazetidin-3~yljacetonitrile
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This compound was prepared according to the procedures of Example 58 with 1-
methyl-1 H-pyrazole-4-sulfonyl chloride replacing methanesulfonyi chioride in Step 5. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the

5  desired product as the TFA salt. LC-MS caleulated for CosHniNeO2z8 (M+H)Y" o/z = 455.2;

found 455.2.

Example 181
3-(4-{AR,25)-2-(4-fworophenyheyciopropyll aming  piperidia-1-vIi-1-

10 {(methylsulfonyhazetidin-3-ylacetonitrile

H
\\‘ """ N
© N N
N
ISR
1;’\‘
O

This compound was prepared according to the procedures of Example 5& with
(1R 28})-2-(4d-fluorophenyljcyclopropanamine (Enamine, catf#EN300-159082) replacing
{i1R,2S}-2-phenyleyclopropanamine in Step 2. The reaction mixture was purified by prep-
15 HPLC (pH =2, acctoniirtle/water+TFA) to give the desived product as the THA salt. LC-MS
caleulated for CooHosEN4O2S (MH+H)Y: mvz = 407.2; found 407.1.

Example 102

3-{cyanomethy-3-(4- (1R, 28)-2~(4-fuorophenyleyclopropylamino} piperidin-i~

A0
F/© Ngg\cf\:

N

Oz
P NH,
o

20 yDazetidine-1-sulfopamide
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This compound was prepared according to the procedures of Example 65 with
{1R,28}-2-(4-fluorophenylicyclopropanamine (Enamine, carfiEN3I00-189082) replacing
{1R,28}-2-phenyleyclopropanamine. The reaction moixture was purified by prep-HPLC (pH =
2, acetonitrile/water+TFA) to give the desired product as the TFA salt. LC-MS caleulated for

CroH7FNsORS (MAH) ™ m/z = 408.2; found 408.1.

Example 163
3-d-{OARZS)2-(4-fluorephenyieyclopropyijamino} piperidin--yl-1~{d~

hydroxyeyciohexyhazetidin-3-yl}acetonitrile (fsomer 1)

.
F/©“ \()NKCN

N

5

OH
This corapound was prepared according to the procedures of Example 72 with
(1R, 25)-2-(4-fluorophenyllcyclopropanamine (Enamine, carffEN3I00-/89082) replacing
(1R,25}-2-phenylcyclopropanamine. The reaction mixture was purified by prep-HPLC (pH =
2, acetondtrile/water+TFA) to separate two isoraers as their respective TFA salts. Isomer one
was assigned as Example 103, LC-MS calculated for CasHasFN4O (M+H)™ m/z = 427.3;

found 427.2.

Example 164
{3-(4-{H{IR,25)-2~(4-fnorophenylicyclopropylamine | piperidin-1-yD-1-(4-

hydroxyeyeclohexyhazetidin-3-ylacetonitrile (Iromer 2}

R ‘/_\;\g
FLD \O?g\crxi

N

O

OH
This compound was prepared according to the procedures of Example 72 with

(1R, 28)-2-(4-fluorophenyljcyclopropanamine (Enamine, catfEN300-158082) replacing
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{1R,25}-2-phenyleyclopropanamine. The reaction mixture was purified by prep-HPLC (pH =
2, acetonitrile/water+TFA} to separate two isomers as their respective TFA salts. Isomer two
was assigned as Example 104, LC-MS caleulated for CosHasFN2O (M+H) " m/z = 427.3;
found 427.2.

Example 185
-14-({IQ R2S-2-phenyicyclopropylaminomethylpiperidin-1-yljeyclobutylacetic

\NQ LCOH
H J

‘O -‘\\

This compound was prepared according to the procedures of Example 55 with 1-boc-

acid

4-piperidinecarboxaldehyde (Ark pharm, carf4K-21827) replacing tert-butyl 4-formyl-4-
methylpiperidine- 1 -carboxylate in Sfep /. The reaction mixture was purified by prep-HPLC
{pH = 2, acetonitrile/water+THA) to give the desired product as the TFA salt. LC-MS

calculated for CaiHiNaOz MDY m/z = 343.2; found 343.2.

Example 186
{1-G~hydroxycyclobutyD-3-(4-{ {1 R,25)-2-phenyicyclopropyllamino i piperidin-1-

vhazetidin-3-yilacetonitrile

H
JAVY
Ny \O
S Ngg\cw
N
OH
To the solution of N-{1-[3-(cyanomethyhazetidin-3-ylipiperidin-4-y1}-2,2,2-triftuoro-

N-[(1R,28)-2-phenvicyclopropyllacctamide (Example 58, Step 4: 20 mg, 0.05 mmol) in
methylene chloride (2 mL) was added 3-oxocyclobuty! benzoate (19 mg, 0.098 mmol),
followed by acetic acid (8.4 ub, 0.15 mmol}. The resulting mixture was stirred at room
temperature for 1 b, then sodium triacetoxyborohydride (31 mg, 0.15 munol) was added.

The reaction nuxture was stirred at toom ferperature for 1.5 h then quenched with saturated
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agueous NaHCOs3, and extracted with ethyl acetate. The combined organic layers were
washed with brine, dried over NapSOy4, filtered and concentrated under reduced pressure. The
residue was dissolved in acetomitrile (1 ml} then 4N NaOH (Imd.) was added. The reaction
mixture was stitred at room temperature for 2 h theo purified by prep-HPLC (pH = 2,
acetonitrile/water+TFA) to give the desired product as the TFA salt. LC-MS calculated for
CoaHsaNaO (M+H)" my/z = 381.3; found 381.2.

Example 167
2-(3-(4-({{IR,25)-2-phenvicyclopropylamine jpiperidin-{-yI)-{-(tetrabydrofuran-2-

carbonyljazetidin-3-vhacetonifrile

This compound was prepared according to the procedures of Example 87 with
tetrahydrofuran-2-carboxylic acid replacing 1-methyl-1 H-pyrazole-4-carboxylic acid. The
reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) 1o give the
desired produet as the TFA salt. LC-MS calculated for C2aHaaNaQz (M+H) " m/z = 409.3;
found 409.2.

Example 168
{3-(4-{HIR,25)-2-phenyicyclopropylamino} piperidin-1-y-1-{telrahydrofuran-3-
vicarbonyhazetidin-3-yijacetonitrile

H

SN
@ LN{}A‘CN

-
oJm
O
This corapound was prepared according to the procedures of Example 80 with

tetrahydrofuran-3-carboxylic acid replacing t-methyi- i H-pyrazole-4-carboxylic acid. The

reaction mixture 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 CaaHaaNaGo (MAH) ™ w/z = 409.3;

found 409.3.

Example 109
{3-(4-{{{1R,25)-2-phenyleyclopropyl]amine} piperidin-1-yi}-1-(1,3-thiazol-5-

vicarbonyljazetidin-3-yijacetoniirile

H
Y

P o~ Ngg\cm

S AW
gl
This compound was prepared according to the procedures of Example 80 with
Thiazole-S-carboxylic acid (AstaTech, carfi69866) replacing 1-methyl- 1H-pyrazole-4-
carboxylic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acetonitrile/water+THFA) to give the desired product as the TFA salt. LC-MS calculated for

CoHasNsOS (M+HYT: m/z = 422.2; found 422.2.

Example 118
{1-(isothiazol-S-yicarbonyh-3-(4-{{(I R, 25)-2-phenyicyclopropyi ammine}piperidin-1-

vhazetidin-3-yilacetonitrile

This corapound was prepared according to the procedures of Example 80 with
isothiazole-5-carboxylic acid (AstaTech, car#62856) replacing 1-methyl-1H-pyrazole-4-
carboxyhic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acetomtrile/water+THFA) to give the desired product as the TFA salt. LC-MS caleulated for

CosHoasNsOS (M+HY™ m/z = 422.2; found 422.2.

Example 111
{3-(4-{{(1R25)-2-phenyicyclopropyljamine} piperidin-1-yD)-1-{(pyrazin-2-
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vicarbonylazetidin-3-vijacetonitrile

H
IN\aN
| Ry \'/\W
> \/Ngg\c;\z

N
o%ﬁi/"*N
\
This compound was prepared according to the procedures of Example 80 with 2-
pyrazinecarboxylic acid (Aldrich, car#P56700) replacing 1-methyl- 1H-pyrazole-4-carboxylic
acid. The reaction mixtare was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to
give the desired product as the THFA salt. LC-MS calculated for CasHooNeD (M+H)": o/z =
417.2; found 417.2.
Example 112
3-{4-{I{1R2S)-2-phenyicyclopropyijaming piperidin-I-vI-1-(§ H-pyrazol-4-

yicarbonyljarzetidin-3-vljacetoniirile

N
“NH

This compound was prepared according to the procedures of Example 80 with 1H-
pyrazole-4-carboxylic acid (Ark Pharm, catfidK-25877) replacing 1-methyl-1H-pyrazole-4-
carboxyhic acid. The reaction mixture was purified by prep-HPLC (pH =12,
acetontirile/water+TFA) to give the desired product as the TFA salt. LC-MS calculated for

CosHooNeO (M+H)": m/z = 405.2; found 405.3.
Example 113

{3-d-{{(IR28)-2-phenyicyclopropyijamine} piperidin-1-yD-1-(1 H-pyrazol-5-

vicarbonyllazetidin-3-vijacetonitrile
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HN=y

This compound was prepared according to the procedures of Example 8¢ with 1H-
pyrazole-5-carboxylic acid (Oakwood, carf}/ 4533) 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 calculated for

CosHoNeO (MAH): m/z = 405.2; found 405.2.

Example 114
§3-(4-{I(1R,25)-2-phenylcyclopropyllamine}piperidin-1-vD-1-[3R}-tetrahydrofaran-3-

vicarbonyljazetidin-3-viacetonitrile

M
JAVL
Ry \O
P M /\CN
N
O’»’("Iﬂi’”l/
L/

This conmpound was prepared according to the procedures of Example 80 with (R})-

¥

tetrahydrofuran-3-carboxylic acid (Aldrich, car#7/2280) replacing 1-roethyl-1H-pyrazole-4-
carboxylic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acctonitrile/water+THFA) to give the desired product as the TFA salt. LC-MS calculated for

CosHi3aNaOn (M+H)Y: m/z = 409.3; found 409.4.
Example 115

13-(4-{IAR28-2-phenyicyelopropyllamine} piperidin-1-y1-1-{(38-tetrahydrofuran-3-

yicarbonyl]aretidin-3~yvilacetonitrile
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This compound was prepared according to the procedures of Example 8¢ with (S)-
tetrahydrofuran-3-carboxylic acid (Astech, cat#66517) replacing 1-methyl-1H-pyrazole-4-
carboxylic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acctonitrile/water+TFA) to give the desired product as the TFA salt. LC-MS calculated for

CosH3NaOn (MAH)Y: m/z = 409.3; found 409.3.

Example 116
§3-(4-{I(1R,25)-2-phenylcyclopropyllamine}piperidin-1-yD-1-][(28)-tetrahydrofuran-2-

vicarbonyljazetidin-3-viacetonitrile

JAVS
5 \O
L N ™en
N
L,
O/ g.f/\)
o~/

This compound was prepared according to the procedures of Example 80 with (S)-2-
tetrahydroturoic acid (Aldrich, cat#527890) replacing |-methyl-1 H-pyrazole-4-carboxylic
acid. The reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+THFA) to
give the desired product as the TFA salt. LC-MS caleulated for CaaHNaO2 (M+H)™: m/z =
409 3; found 409.3.

Example 117

{3-(4-{[{IR,25)-2-phenyleyclopropyllamino} piperidin-1-yh-1-[CR)-tetrabydrofuran-2-

vicarbonyl]azetidin-3-yilacetoniirile
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This compound was prepared according to the procedures of Example 80 with (R}-2-
tetrahydrofuroic acid (Aldrich, car#479292) replacing [-methyl-1H-pyrazole-4-carboxylic
acid. The reaction mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA)} to

5 give the desired product as the TFA salt. LC-MS caleulated for CaaHaNaO2 (MATH: my/z =
409.3; found 409.2.

Example 118
[3-{4-{{(IR25)-2-phenyicyclopropyljamine) piperidin-1-y)-1-{(pyridin-2-

160 viacetyljazetidin-3-yljacetonitrile

This compound was prepared according to the procedures of Example 80 with 2-
pyridylacetic acid hydrochloride (Aldrich, car#tP63606) replacing 1-methyl-1H-pyrazole-4-
carboxvhic acid. The reaction mixture was purified by prep-HPLC (pH = 2,

15 acetomtrile/water+TFA) to give the desired product as the TFA salt. LC-MS caleuolated for

CoeHieNsO (M+H) T m/z = 430.3; found 430.3.
Example 119

{3-(4-{{(1R,25)-2-phenyicyclopropyi]amine} piperidin-1-yi)-1-(1,3-thiazeol-4-

20 ylearbonyhazetidin-3-yHaceionitrile
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This compound was prepared according to the procedures of Example 80 with
thiazole-4-carboxylic acid {Aldrich, carfi633658) replacing 1-maethyi-1H-pyrazole-4-
carboxyhic acid. The reaction mixture was purified by prep-HPLC (pH =12,
acetonttrile/water+THA) to give the desired product as the TFA salt. LC-MS caleulated for

5 CosHsNsOS (M+H) " m/z = 422.2; found 422.2.

Example 120
3-d~-{OARZS)Z-phenyicyelopropyliamine) piperidin- 1~y 1~(1,3-thiazol-2~
vicarbonyllazetidin-3-vijacetonitrile

H

AP
0
© LZS CN

N
Q&\Sﬁi}

This corapound was prepared according to the procedures of Example 80 with

10

thiazole-2-carboxylic acid (Ark Pharm, cat#dX-27895) replacing 1-methyl-1H-pyrazole-4-
carboxylic acid. The reaction mixture was purified by prep-HPLC (pH = 2,
acetonitrile/water+THA) to give the desired product as the TFA salt. LC-MS calculated for

15 CoaHogNsOS (M+HY m/e = 422.2; found 422 .2.

Example 121
N N-dimethyb-2-13-(4-{{ (1R, 258)-2-phenyicyclopropylfamine} piperidin-i-yi)-1-

{teirahydro-2H-pyran-d-yhazetidin-3-ylacetamide

20 Q
Step 10 [3-(4-{[(1R, 28}-2-phenylcyclopropyljamino pipevidin- I-vi)- 1 -(tetrahydro-2H-pyran-

d-ylazetidin-3-vl]acetic acid
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To a solution of methyl (3-{4-[[(1R,28)-2-
phenyleyclopropyti(trifluorcacetyaming piperidin- 1-yltazetidin-3-yDacetate {Example 70,
Step 4: 150 mg, 0.29 mumol} in methylene chioride (10 mL) was added tetrahydro-4H-pyran-
4-one (Aldrich, car#i98242: 1060 ul, 1 momol), followed by acetic acid (100 pl., 2 mumol).
The resulting mixture was stirred at room temperature for 1 h, then sodium
triacetoxyborohydride (190 mg, 0.88 mmol) was added. The reaction mixture was stirred
at room temperature for 2 h then diluted with DCM and washed with saturated NaHCOs,
water and brine. The organic layer was dried over NaxS804, filtered and concentrated. The
residue was dissolved in tetrabydrofiran (2 mb) then 2.0 M sodium hydroxide in water (2
ml., 4 mmol) was added, followed by methanol (5 mbL). The resulting mixture was stirred at
room temperature for overnight then diluted with MeOH, filtered and purified by prep-HPLC
{pH = 2, acetonitrile/water+THA) to give the desired product as the TEFA salt. LC-MS

calculated for CaalzeMaOs (MAHY: m/z = 414.3; foand 4143,

Step 20 N N-dimethyl-2-{3-(4-{{{ IR, 28)-2-phenyicvclopropyljamino }piperidin-1-vij-1 -
(tetralydro-2H-pyran-4-vi)azetidin-3-yljacetamide

[3-(4-{[{1R,28)-2-Phenylcyclopropytiamino fpiperidin- L -y1)- 1 -(etrahydro-2H-pyran-
4-yhazetidin-3-yljacetic acid (TFA salt, 20 mg) was dissolved in tetrabydrofuran {1 ml) then
{(benzotriazol- L-yloxyripyrrolidinophosphoniurn hexafluorophosphate (19 mg, 0.037
mmol}, N.N-diisopropylethylamine {150 gL, .86 mmol) and 2.0 M dimethylamine in THF
(80 uL, 0.2 mmol} were added. The mixture was stirred at room temperature for 2 h then
dituted with MeOH and purified by prep-HPLC (pH = 2, acetonitrife/water+TFA) to give the
desired produet as the TFA salt. LO-MS calculated for CaeHarNaOz (M+H) " m/z = 441.3;
found 441.3.

Example 122
Nemethyl-2~{3-{d~{[(1R,25)-Z-phenyicyclopropyiamine} piperidin-1-yI-1-{tetrahydro-

2H-pyran-4-ylazetidin-3-vijacetamide
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This compound was prepared according to the procedures of Example 121 with
methylamine replacing dimethylamine in Step 2. The reaction mixture was purified by prep-
HPLC {pH = 2, acctonitrile/water+TFA} to give the desired product as the THA salt. LC-MS
calculated for CasHaoNaOs (M+H)" m/z = 427.3; found 427.3.
Example 123
2-{i-{cyclopropyvimethyi)-3-(4-{[(1R,25)-2-phenylcyclopropyi amino}piperidin-i-

yhazetidin-3-yij-N,MN-dimethylaceiamide

H
JAVDY
Ty @ E
| P /Nzg\r(?\i\
O

N

.

This compound was prepared according to the procedures of Example 127 with
cyclopropanccarboxaldehyde replacing tetrahydro-4H-pyran-4-one in Step . The reaction
mixture was purified by prep-HPLC (pH = 2, acetonitrile/water+TFA) to give the desired
product as the TFA salt. LO-MS calceulated for CosHaeNaO (M+HD™ wo/z = 411.3; found
411.4.

Example 124
2-fi~{cyclopropyimethyi}-3-(4-{[(AR 28} 2-phenyleyelopropyl amino} piperidin-I~

yvhazetidin-3-yij-N-methylacetamide

H
JAVRY
Sy \O H
eyt
0

N

v
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This compound was prepared according to the procedures of Example 123 with
methylamine replacing dimcthylamine. The reaction mixture was purified by prep-HPLC (pH
= 2, acctonitrile/water+TF A} to give the desired product as the TFA salf. LC-MS calculated

for CoaH3rNaO (M) vz = 397.3; found 397.3.

Example 125
13-{4-{{{1R28)-2-phenylcyclopropylamine piperidin-1-yl}- I-(pyrimidin-2~

yimethylaretidin-3-yljacetic acid

This compound was prepared according to the procedures of Example 121, Step |
with pyrimidine-2-carbaldehyde (Synnovator, car#fiPB0037%) replacing tetrahydro-4H-pyran-
4-one. The reaction mixture was purified by prep-HPLC (pH = 2, acctonitrile/water+TFA) to
give the desired product as the TFA salt. LC-MS calculated for CaaHanNsO: (M+HY: vz =

422.3; found 4222,

Example 126
{3-(4-{{IIR,25)-2-phenyicyclopropyllamine} piperidin-1-yi- 1 -(pyriuidin-5-

vimethyhazetidin-3-yljacetic acid

H
N
y
P N \H,OH
! 0
N

This compound was prepared according to the procedures of Example 121, Step |
with pyrimidine-5-carbaldehyde (Matrix Scientific, car#07321) replacing tetrahydro-4H-
pyran-4-one. The reaction mixture was purified by prep-HPLC (pH =2,
acetonitrile/water+THA) to give the desired product as the TFA salt. LC-MS caleulated for

CoaHazNsCo (MAH) ™ m/z = 422.3; found 422 2.
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Example 127
{3-(4-{{IIR,25)-2-phenyicyclopropyllamine piperidin-1-yi-1-(1 3-thiazol-4-

yvimethyhazetidin-3-ylacetic acid

H
AL
Ry
@ U\iﬁ(ﬂ‘i
0

N

Q

This compound was prepared according to the procedures of Example 121, Step |
with thiazole-4-carboxaldehyde (Aldrich, ca#687105) 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 salt. LC-MS caleulated for CoaHayNaOeS (M+HY : m/z =

427.2; found 427.2.

Example 128
{3-(4-{1(IR,25)-2-phenyicyclopropyilamine) piperidin-1-yi)-1-(1,3-thiazol-5-
yimethyhazetidin-3-yljacetic acid

\!\\ZLAN
© N /\YOH
3
i N
N
g~

This compound was prepared according to the procedures of Example 121, Step 1
with thiazole-5-carboxaldehyde (Aldrich, car#6587103) replacing tetrahydro-4H-pyran-4-one.
The reaction mixture was purified by prep-HPLC (pH = 2, acetoniirile/water+THA) to give
the desived product as the TFA salt. LC-MS calcolated for CosHaMNaOS (MHH) vz =

4272 found 427 .2,
Example 129

3-(4-{(IR,25)-2-phenyicyclopropyllamino} piperidin-1-yi)-1-(1 3-thiazol-2-

yvimethyliazetidin-3-yljacetic acid
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This compound was prepared according to the procedures of Example 121, Step 1
with thiazole-2-carboxaldehyde (Aldrich, carf422460) replacing tetrahydro-4H-pyran-4-one.
The reaction mixture was purified by prep-HPLC (pH = 2, acetomitrile/water+TFA) to give
the desired product as the TFA sahlt. LC-MS calcoulated for CoaHaNaGeS (MFDY: wy/z =
427.2; found 427.2.

Example 130
[3-{4-{{(1R25)-2-phenyicyclopropyljamine) piperidin-1-vi)}-1-(3,3,3-

trifinoropropyi)azetidin-3-vijacetic acid

NN
A
v Nggﬁg/«:m
o

N
N
CFs
This corapound was prepared according to the procedures of Example 121, Step 1
with 3,3, 3-trifluoropropanal (Alfa Aesar, catitf{50472) replacing tetrahydro-4H-pyran-4-one.
The reaction mixture was purified by prep-HPLC {(pH = 2, acetomitrile/water+TFA} to give
the desired produet as the TFA salt. LC-MS calculated for CoHsFsNsOr (M+H)Y  m/z =

426.2; found 426.2.

Example A: LSD1 histone demethylase biochemical assay

LANCE LSDUKDMIA demethylase assay- 10 pl of T oM LSD-1 enzyme (ENZO
BME-SE544-0050) in the assay buffer (50 oM Tds, pH 7.5, 0.01% Tween-20, 25 oM NaCl,
S M DTT) were preincobated for 1 hour at 25°C with 0.8 pb compound/DMSO dotted in
black 384 well polystyrene plates. Reactions were started by addition of 10 pL of assay
buffer containing 0.4 uM Biotin-labeled Histone H3 peptide substrate: ART-K(Mel)-
QTARKSTGGKAPREKQLA-GGR(Biotin) SEQ D NO:1 {AnaSpec 64355) and incubated
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for 1 hour at 25°C. Reactions were stopped by addition of 10 yL 1X LANCE Detection
Buffer (PerkinElmer CR97-100} supplemented with 1.5 nM Eu-anti-ummodified H3K4
Axtibody (PerkinElmer TRF0404), and 225 oM LANCE Ultra Streptavidin (PerkinElmer
TRE102) along with 0.9 oM Tranyleypronmine-HCL (Millipore 61643 1), After stopping the
reactions plates were incubated for 30 minutes and read on a PHER Astar ¥8 plate reader
(BMG Labtech). Compounds having an ICs0 of 1 pM or less were considered active. 1Cso
data for the example compounds s provided in Table 1 (+ refers to ICso < 100 oM ++ refers

to Is0 > 100 nM and < 500 nM).

Table §
Example No., 1Cs0 (nM)

1 +
2 ;
4 +
5 +
& +
8 -+
9 +
10 +
i1 ++
12
13

14 +
15 +
16 +
17 +
1&
19 +
20 +
21 +
22 +
23 Al
24 +
25 +
26 +
28 t
29 ;
30 +
3 -4
33 +
34 '




Example No.

35

¥Cs (M)

36

37 +
39 +
40 +
41 ;
42 +
43 +
44 +
45 +
46 ;
47 +
43 +
49 +
50 +
51 +
52 +
53 +
54 +
55 +
56 +
57 ;
58 +
59 +
60 +
61 +
62 ;
63 +
64 +
65 +
66 +
67 ;
6¥ t
69 +
7 +
71 +
72 +
73 ;
74 +
75 +
76 +
77 +
74 +
80 +
81 +
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Example No.

82

¥Cs (M)

83

84 +
RS +
86 +
87 +
88 ;
39 -
S0 +
91 +
92 +
93 ;
94 +
a5 +
96 +
97 +
98 +
99 +
100 +
101 +
102 +
104 ;
105 +
106 +
107 +
1038 +
109 |
110 +
111 +
112 +
113 +
114 }
11s t
116 +
117 +
118 +
119 +
120 i
121 +
122 +
123 +
124 +
125 :
126 +
127 +
128 +
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Example No. ICs {(nM)
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 intended to fall withio the scope of the appended claims. Each reference, including all
patent, patent applications, and publications, cited in the present application is incorporated

herein by reference in its entirety.
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What is claimed is:

1. A compound of Formula |

5

R._

I

or a pharmaccuticaily acceptable salt thereof, wherein:

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

ring B is 4-19 membered heterocycloalkyl comprising carbon and 1, 2, or 3
heteroatoms selected from N, O, and §;

ring C s {1} monocychic Csreycloalkyl, (2) monocychic 4-7 membered
heterocycloalkyl comprising carbon and 1, 2, 3 or 4 hetercatoms selected from N, O, and §,

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

(A)
whergin:
ring Cl is Cs cycloalkyl or 53-6 membered heterccycloalkyl comprising
carbon and 1, 2, 3 or 4 heteroatoms selected from N, O, and §;
ring C2 1s {1) phenyl, (2} Csecycloalkyl, (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 §;
wherein said fused bicyelic 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 €2
wherein ring C is substituted on any ring-forming atom of ring B except the ring-

forming atom of ring B to which R” is bonded;
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each R! is independently selected from halo, Cis alkyl, Cas alkenyl, Cos alkynyl, Cis
haloalkyl, Csparyl, Cio cycloalkyl, 5-10 membered hetercaryl, 4-10 membered
heterocycloalkyl, Ce.i0 aryl-Cia alkyl-, Caao cycloalkyl-Craalkyl-, (5-10 membered
heteroaryl)-Ci4 alkyl-, (4-10 membered heterocycloalkyD-Craa alkyl-, CN, NO2, OR®, SR*,
C{OR®, C(OINRRY, C(OHOR®, OC{OIR®, OC(OINRORY, NRORY, NRSC({O)R?, NRC(O)OR?,
NRCC{OINRCRY, C(=NRR®, C(=NRINRRY, NREC(=NRONRRY, NRS(O)R®, NRS(O):R",
NRCS(ORENRRY, S(OIR®, S{OINRRY, S(ORR?, and S{ORNRRY, wherein said Cis alkyl,
Cros alkenyl, Cos allkynyl, Covaryl, Criocycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ceroaryl-Cia alkyl, Cawocycloalkyl-Cisalkyl-, (5-10
membered heteroaryl)-Cr4 atkyl-, and (4-10 membered heterocycloalkyl}-Ci4 alkyl- are cach
optionally substituted with 1, 2, 3, or 4 substituents independently selected from hale, Civ
alkyl, Cr. haloalkyl, Cis cyanocalkyl, CN, NO2, OR?, SR*, C(ORY, T{ONRRY, C{O)ORY,
OC{O)IR®, OC(OINRRY, C=NRYNRORY, NROC(=NRONRRE, NRRE, NRCC(OIR®,
NROC(OYOR?, NRCCOWWRRY, NRS(OIR®, NRS{ORRP, NRES(ORNRRY, S(OIR®,
S(OINRRY, S(ORRY, and S{ORNRRY,

each R? is independently selected from halo, Cie alkyl, CN, OR®, C{O)RY,
COINRSRY C(OYORM, NRHRIL SIOHRPE, SCOMNREIRY S(ORRY, and S(ORNRERY,
wherein said Crs alkyl is optionally substituted with 1, 2, or 3 substituents independently
selected from halo, CN, OR™, SR, C{ORY, C{OINRIRY, C{OYORY, GC{DRMY,
OC{OINRORM, C=NReHNRYRY, NRUC(=NRHNRCRY NRIRY NROC(O)RY,
NRACOWORY, NRACOINRIRI NRES(OIRY, NRIS(ORRY, NRUS{ORNRIRY,
S(OIRM, S{OINREIRY, 8{0RRY, and S{ORNRERY,

wherein each R? is substituted 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, Cis alkyl, Cas alkenyl, Cos alkynyvl, Cis
haloalkyl, Ce-10 aryl, Caocyeloalkyl, 5-10 membered heteroaryl, 4-10 membered
heterocycloalkyl, Ce0 aryl-Craalkyl, Caao cycloalkyl-Crgalkyl-, (5-10 membered
heteroaryl)-Cis alkyl-, (4-10 membered beterocycloalky}-Ciaalkyl-, ON, NO2, OR®, SR#,
C{OYRY?, C{ONRIRP, C(OHOR™, OC(OIRY, OC(OINRIRE NRZRY, NRAC(O)RY,
NRZC(OYOR®, NRPC{OINRYRE CENRRY, CENRINRARY, NREC(=NRZINRRY,
NRZS(OIRY, NROS(ORRY, NRUS(ORNRZRE, S(OYR", S(ONRTR?, S(ORRY, and
S{ORNRPRE, wherein said Cre alkyl, Czs alkenyl, Cz26 alkynyl, Csioaryl, Cato cycloalkyl,
5-10 membered hetercaryl, 4-10 membered heterocycloalkyl, Co-ro aryl-Cia alkyl-, Caio

cycloalkyl-Craalkyl-, (5-10 membered heteroaryl}-Cisalkyl-, and (4-10 membered
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heterocycloalkyl)-Ci alkyl- are cach optionally substituted with [, 2, 3, or 4 substituents
independently selected from halo, Ci alkyl, Cis haloalkyl, Cis cyanoalkyl, N, NO», OR®,
SR, C{ORY, C{OINRIRP, C{OHOR?, OC(ORY, OC(OINRIRY | C=NRZINRIR?,
NRECENRYINRERY, NRER® NRAC(OIRY, NRACIOHYOR?, NREUC(OINRERE,
NRES(OIR, NRZS(ORR, NRZS(O):NRERY, S(OHRY?, S(ONRZRE, S(O)R, and
S(ORNRER?,

R4 is halo, Cis alkyl, Cze alkenyl, Czs alkynyl, Cis haloalkyl, Ceroaryl, Capo
cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocyeloalkyl, Ceroaryl-Ciaalkyl-
, Caie cycloalkyl-Craaliyl-, (5-10 membered heteroaryh-Cias alkyl-, (4-10 mombered
heterocycloalkyl)-Craatkyl-, CN, NO2, OR®, SR® C{OIRY, CIOMNRERS, C{OYOR™,
C=NRPIRY, C(=NRDINRORS, NROC(=NRNRORSD, NRSS(O)RY, NROS(0 1R,
NRES(ORNRERY, SUOHRD, S(OINRZRE, S(ORR, or S(ORNRER®, wherein said Cis
alkyl, Crs alkenyl, Cos alkynyl, Csroaryl, Caaocyeloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocyeloalkyl, Ce-1o aryl-Croa alkyl-, Caocycloalkyl-Craalkyl-, (5-10
membered heteroaryl}-Cis alkyl-, and (4-10 membered heterocycloalkyl}-Cis alkyl- are each
optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cig
alkyl, Ci4 haloalkyl, Cia cyanoalkyl, CN, NG2, OR®, SR, C{O)RY, C(OINRRY,
CEOMORS, OC(OIRY, OC(OINRYRY, CENRPINRERY, NRACEHENRPINREARE, NRARE,
NREC(ORY, NREC(OHYORY, NRPC(OINRORYS, NRUS{OIR, NRUS({ORR,
NRES{ORNRERY, S{OIRD, S(OINRARE, S{ORRM, and S{ORNRPRY,;

R® and R® are each independently selected from 1, halo, ON, Ci4 alkyl, Ci4
cyanocalkyl, Crahaloalkyl, and —(Cra alkyl-OR>;

RZ%is H, halo, Cis alkyl, Cre alkenyl, (a6 alkynyl, Cis haloalkyl, Ceioaryl, Cso
cycloalkyl, 5-10 membered heteroaryvl, 4-10 membered heterocycloalkyl, Cs.oaryl-Cia alkyl-
. Csaeycloalkyt-Cra alkyl-, (5-10 membered hetercaryl)}-Cia alkyl, (4-10 membered
heterocycloalkyl)-Craalkyl-, CN, NO2, OR™, SR¥, C(O)RY, C(OINR¥RH, C(OYOR™,
OC{OIRY, OC(OINRRH, NRHURHM NRACIOIRY, NREUCIOYOR™, NRUMC(OINRSR™,
CENRSRY, CENRMINRARY, NRACENRIMINRARM NRUAS(OIRY, NRAS(ORRY,
NR##S(O)ENRERY, 5{O)RY, SIOINRURY, S(0»RY™, and S(ORNR™RY, wherein said Cie
alkyl, Cre alkenyl, Cre alkynyl, Co-toaryl, Csao cycloalkyl, 5-10 membered heteroaryl, 4-10
membered heterocycloalkyl, Ce.toaryl-Craalkyl-, Caiocycloalkyl-Craalkyl-, (5-10
membered heteroaryl)-Cia alkyl-, and (4-10 membered heterocycloalky!)-Cia alkyl- are cach

optionally substituted with 1, 2, 3, or 4 substituents independently selected from halo, Cia
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alkyl, Crg haloalkyl, Cig eyanoalkyl, CN, NG2, OR™, SR* C{OIRM, C{O)NRF¥RH,
C(OYOR™, OC(OYRM, OC(OINRERY, C(=NRNR¥RY, NRAC(=NRNR¥RH, NR¥RH,
NRAC(OIRY, NRAC(OHORY, NR¥C(OINRYRY, NRUS(ORY™, NRUS(ORRY,
NRUS(ORNRTRY, SORM, S{OINRURY, S(ORRY, and S(ORNR¥RY,

each R% RP RS, RY, R¥ RY R RE R¥® RY R RP R™ RM™ R and RM is
independently selected from H, Crs alkyl, Cig haloalkyl, Car alkenyl, Cre alkynyl, Coroaryl,
Caaocycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-to aryl-Cia
alkyl, Cs-o cycloalkyl-Cis alkyl, (5-10 membered hetercaryl)-Cia alkyls, and (4-10
membered heterocycloalioyly-Cra alkyl-, wherein said Cis alkyl, Cre alkenyl, Coe alkynyl,
Ce-10aryl, Csae cycloalkyl, 5-10 membered heteroaryl, 4-10 membered heterocycloalkyl, Ce-1o
ary}-Craalkyl-, Cs.o cycloalkyl-Cra alkyl-, (5-10 membered heteroaryl}-Cig alkyl, and (4-10
membered heterocycloalky)-Cia alkyl- is optionally substituted with 1,2, 3,4, or 5
substituents independently selected from Cia atkyl Crahaloalkyl, Crscycanoalkyl, halo,
CN, OR®, SR®, CIOYRY, CIOINRERE, CIOYORS, OC{O)RY, OC(OINRTRD, NR¥R®,
NRPCIORP, NREC(OINRPRE, NROC(OYOR®, C(=NR¥INRSRY,
NRBCENREINRERY, SORD, S(ONRERE, S(ORRY, NROS(ORRY, NROS(ORNRZRY,
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
mdependently selected from Cis alkyl, Us7 cycloalkyl, 4-7 membered heterocycloalicyl, Coaio
aryl, 5-6 membered beteroaryl, Ci¢haloalkyl, balo, CN, OR™, SR®, C{O)R, C{OINRSRE,
C{OH0R™, OC(OIRD, OC(OINRERS, NROR®, NREC(O)IRY, NROC(OINRERS,
NRZPC(OYOR®, C(=NRINRPRY NRPC(=NRFINRPRE ) SOWRD, S{OINRERY, S{ORRY,
NRZS(ORRY, NROS(ORNRER?, and S(ORNRER®, wherein said Cirs alkyl, C37
cycloalkyl, 4-7 membered heterocycloalkyl, Ce.roaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cis alkyl,
Ci4 haloalkyl, Crscyanoalkyl, CN, OR®, SR*, C(OIRY, C{OINRZRE, C(OYOR™,
OC{OIRY, OC(OINRERE, NRERE, NRECIORD, NRECIOWRSRYE, NREC{OOR,
CENRPINREORS, NROCENROINRERY, SIORD, S(OINRPRS, S(ORRE, NRES(ORRY,
NRZS(O)NRER?, and S(OpRNRERY;

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, Cs7 eycloalkyl, 4-7 mernbered beterocycloalkyl, Coto

aryl, and 5-6 membered heteroaryl, Cis haloalkyl, halo, ON, OR®, SR*, C{O)RY?,
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C{OINRTR®, C(OYOR?, OC(OIRY, OC(OINRURE, NRORY, NROC(HRY,
NRBC(OINRERS, NRSC(OIOR®, C=NRZ)NRSRY, NRSC(=NRINRSRS, S(OIRY,
S{OINRORE, S{ORRY, NRPS(ORRY, NRES{ORNRYRP, and S{O)NRORY, wherein said
Cies alkyl, Ca.7cycloalkyl, 4-7 membered heterocycloalkyl, Cs-o aryl, and 5-6 membered
heteroaryl are optionally substituted by 1, 2, or 3 substituents independently selected from
halo, Ciz alkyl, Crahaloalkyl, Ciacyanoalkyl, CN, OR®, SR®, C{O)R, C{O)NRORE,
C{OHOR®, OC(ORY, QCOINRSRY, NEPRY, NEPC(O)RY, NRAC{OINRORY,
NRSC(OYOR®, CENREINRDORY, NRUC(ENREPINRPRE, S(O)RD, S{OINRZRY, S{O)RRY,
NRZS(ORRY, NRPS(ORNRERY, and S(O)pNRERY;

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 Cie alkyl, Cs7 cycloalkyl, 4-7 membered heterocycloalkyl, Cs-io
aryl, 5-6 membered heteroaryl, Ci-s haloalkyl, halo, CN, OR®, SR®, C{O)RP, C{O)NRORE,
C(OIOR®, OC(OIRY, OC(OINRERY, NRERY, NRSC(OIRY, NREC(OINRSRY,
NRPCIOWOR®, CENRFINRPRY, NRODCENRSINRDRE, S(OIR, 8{OINRVRY, 8{0ORR,
NRZS(0)RRY NRPS(ORNRERY, and S(ORNRERY, wherein said Cioe alkyl, (3
cycloalkyl, 4-7 membered heterocycloalkyl, Ceaoaryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cia alkyl,
Cis haloalkyl, Cracyanoalkyl, ON, OR®, SR*, C(OIRY, C{ONRSRE, C(OIOR™,
OC{OIRY, OCIOINRSRE, NRERY, NREC(O)R, NREC{OINRZRY, NREC(OYOR,
C(=NRINRERY, NRESC(ENROINRERY, S(OIRY, S(OINRERS, S(ORRY, NROS(O)LRY,
NRES{O1ENRORS, and S(ORNRORY;

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 frorn Cios alkyl, Cso eycloalkyl, 4-7 mernbered beterocycloalkyl, Ce.1o
aryl, 5-6 membered heteroaryl, Cis haloalkyl, halo, CN, OR*, SR®, C{O)RY, C{OINR“RY,
C(OHYOR™, OC(OIRD, OU(OINRSZRE, NRPRE, NRPC(O)RY, NREC(OINR®RE,
NRECOYOR®, CENRPDINRERD, NRPCENRSINRERD, SIOIRY, S{OINRORS, S{ORRY,
NRES{0)RY, NROS{O)NRPRY, and S{ORNRSRY, wherein said Crs alkyl, s
cycloalkyl, 4-7 membered heterocycloalkyl, Cs-o aryl, and 5-6 membered heteroaryl are
optionally substituted by 1, 2, or 3 substituents independently selected from halo, Cia alkyl,
Cis haloalkyl, Ciacyanoalkyl, ON, OR®, SB®, C{O)RY, C{OINRERD, C{O)HOR®,
OC(OIR™, OC(OINRETRY, NRETRS, NREC(OIRY, NRSC{OJNRERE, NREC(OYOR,
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CENRPINRERS, NRECH-NREOINRERY, SIHRY, S(OINRPRE, S(ONRS, NRES(OHR",
NRSS(ORNRER®, and S(O)NRERY;

each R*, RY R R4 is independently selected from H and Cis alky! optionally
substituted with 1, 2, 3, 4, or 5 substituents independently selected from hale, CN, OR¥,
SR¥, C(OIRY, C{OINRZRYE, C{OIOR™, OC(OIRY, OC(DINRERP NRER®, NREC(O)RD,
NREC(OMINRSRYE, NRPC(O)YOR?, C(=NR¥INRZRY, NRPC{=NR®INRR®, S(OR™,
SOINRPRY | S{ORRDS, NRUVS{ORRDS, NRUS{ORNRSRY and S(ORNRERP;

each R¥, R, R®, and R® is independently selected from H, Ciq alkyl, Ci4 haloalkyl,
Ca4 alkenyl, and Cz4 allcynyl, wherein said Cis alkyl, Cz4 alkenyl, and Coq alkynyl, is
optionally substituted with 1, 2, or 3 substituents independently selected from OH, ON,
amino, halo, Crqalkyl, Craalkoxy, Ciqalkylthio, Ciq alkylamine, di{Cra alkyhamino, Cia
haloalkyl, and Ci4 haloalioxy; and

cach R®, R®, R¥? R® R and R*® is independently selected from H, Ci4alkyl, and

CN;
misQ, 1, or 2;
nis0, 1,2, 0r3;
pis0, 1,2, 3 and
qis 0,1, or 2,
2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein ring

B is monocyelic 4-7 membered heterocycloalkyl comprising carbon and 1, 2, or 3

heteroatoms selected from N, G, and 8.

3. The compound of clatm | having Fornmula H:
3
(R)p
(R¥)rm
R4
X~~N
1 ¥ /
(R")n N AN
RS ke K

i1
or a pharmaceutically acceptable salt thereof, wherein:

X is -CHa- or -CHz-CHo-;
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Y is -CHz- or -CH2-CHz-;
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 claim 1 having Formula [Ha or Hib:
(R%)p
2
\n
(R"n N
q z
RS RN
iifa
(R%)
(R®)m .
R
™y
(R")n N
)z
RS Ré R
itib

or a pharmaceutically acceptable salt thereof, wherein cach R? is substituted on any ring-
forming carbon atom of the azetidine ring depicted in in Formula Hia or the piperidine ring

depicted in Fornwla Uib except the ring-forming carbon atom to which RZ is bonded.

S. The compound of claim 4, or a pharmaceutically acceptable salt thereof, having

Formula Va or IVh:

(Rs)p
(R%)m
\~n
4
GUN N R
a oz
R> RS® R
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iVa

3
(R%)p
(R¥)m
H \/\N
(R"), N R?
q
RS Re R
Vb,
6. The compound of clatm 1 having Formula Va or Vi
3
(R%)p
R4
N
H
(R")n N
q
Va
3
(R)p
R4
H N
(R N
q
Vb
or a pharmaceutically acceptable salt thereof,
7. The compound of any one of claims 1 to 6, or a pharmaceutically acceptable salt

thereof, wherein g is 0,
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8. The compound of any one of clatms | to 6, or a pharmaceutically acceptable salt

thercof, wherein q is 1.

9. The compound of any one of claims 1 to 8, or a pharmaceutically acceptable salt

thereof, wherein ring A is phenyl

10, The compound of any one of claims 1 to 9, or a pharmaceutically acceptable salt

thereof, wherein n is (.

1. The compound of any one of claims 1 to 9, or a pharmaceutically acceptable salt

thereof, wherem n is 1,

12, The compound of any one of claims 1 to 11, or a pharmaceutically acceptable 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 claims | to 14, or a pharmaceutically acceptable salt

thereot, wherein ring C is monocychic Cz7cycloalkyl.

i6. The compound of any one of claims | to 14, or a pharmaceutically acceptable salt

thereof, wherein ring C 18 monocyclic 4-7 membered heterocycloalky! comprising carbon and

1,2, 3 or 4 heteroatoms selected from N, O, and S.

17 The compound of any one of claims 1 to 14, or a pharmaceutically acceptable salt

thereof, wherein ring C is cyclopropyl, cyclobutyl, cyclohexyl, azetidinyl, or piperidinyl.

i8. The compound of any one of claims | to 14, or a pharmaceutically acceptable salt

thereof, wherein ring C is cyclopropyl, cyclohexyl, azetidingl, or piperidinyl
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19, The compound of any one of claims | to [&, or a pharmaceutically acceptable salt
thereof, wherein R* is Ci alkyl, Ceroaryl, 5-10 mermbered heteroaryl, C(OIR,
COWRZRE C{OYORY, or S(ORRY, wherein said Cis alkyl, Csioaryl, and 5-10 membered
heteroaryl are each optionally substituted with 1, 2, 3, or 4 substituents independently
sefected from halo, Cis alkyl, Cis haloalkyl, Cis cyanoalkyl, CN, NOz, OR®, SR®, C{OHRY,
C{OYNRERE, C(OYORD, OC(OR®, OC(OINRYRE, C(=NR*INRSRE,
NROACENRDINRORD, NRPRS, NRACIOIRD, NROBC(OORY, NRPC(OINRORE,
NR®S(ORY, NRES(0RRY, NRES(ORNRERE, S(ORY, S(OINRERY, 5(01:RY, and
S{O)RNRSRE,

20. The compound of any one of claims 1 to 18, or a pharmaceutically acceptable salt
thereof, wherein R* is Ci.4 alkyl optionally substituted by CN, C(CHNRSRY, OR¥, or
C{OYOR®,

21, The compound of any one of clatms 1 to 1§, or & pharmaceutically acceptable salt

thereof, wherein R* is Ciq alkyl optionally substituted by CN, C{ONR®RE, or {OYOR®.

22, The compound of any one of claims 1 to 18, or a pharmaceutically acceptable salt
thereof, wherein R* is -CH2-CN, -CH2-C(=0)0H, -CH2-C(=ONH(CH3), -CHa-
C=ON(CHa Y, or -CH2CH2OH.

23, The compound of any one of claims 1 to 22, or a pharmaceutically acceptable salt
thereof, wherein each R® is independently selected from Cre alkyl, Ceioaryl, 5-10 membered
heteroaryl, Cs-1o cycloalkyl, 4-10 mernbered heterocycloalkyl, C{OR, CIOINRZRE,
C(OYOR™, S(ORRY?, and S{ORNRZRY, wherein said Cie alkyl, Coioaryl, 5-10 membered
heteroaryl, Cs.io cycloalkyl, and 4-10 membered heterocycloalkyl are each optionally
substituted with 1, 2, 3, or 4 substifuenis fndependently selected from halo, Cia alkyl, Cra
haloalkyl, Ci4 cyanoalkyl, ON, NO2, OR?2, SR®, C{ORY, C(OINRYR?, C{O)OR®,
OC{ORY, OCLOINRYRY C{=NRZ)NRPR?, NRZC{=NR“INRZR®, NRZR*,
NRZC(ORY, NRZC(OYOR2, NREC(OINRZRE, NRUS(OIR, NR25(0 )R,
NRZS(ORNRER®, S(OIRY, S{OINRVRP, S(ORRY, and S(ORNRZR®,
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24, The compound of any one of claims 1 to 22, or a pharmaceutically acceptable salt
thereof, wherein each R° is independently selected from Ci alkyl, Ceioaryl, 5-10 membered
heteroaryl, CIOWRM, C{OINRRY, C(OYWOR™, S{ORRY, and S(ORNRYR?, wherein said
Cies alkyl, Cswaryl, and 5-10 membered heteroaryl are cach optionally substituted with 1, 2,
3, or 4 substituents independently selected from halo, Ci alkyl, Cis haloalkyl, Cis
cyanoalkyl, CN, NOgz, OR®, SR¥, C{OWRY, C{OINRZRE, C(OYOR¥, OC(O)RY,
OC{OINRIR®, CENRONRIRE, NRACENRINRZRY, NRERY, NRAC(ORY,
NREZC(OYOR™, NRPZC(OINRIRY, NRUS(ORY?, NRS{0)2RY, NRS{0)NR¥R?,
S{OYRM, S(OMNRZRE, S{0)RRY, and S(ORNRRE,

25, The compound of any one of claims | to 22, or a pharmaceutically acceptable salt
thereof, wherein each R? is independently selected from Cis alkyl, Ceroaryl, 5-10 membered
heteroaryl, C{O)HRY?, CCOINRER®, C{OH0OR™Y, and S{(ORY, wherein said Ci alkyl, Coto
aryl, and 5-10 membered heteroaryl are each optionally substituted with 1, 2, 3, or 4
substituents independently selected from halo, Cis alkyl, Ci halealkyl, Cid cyanoalkyl, CN,
N2, OR¥, SR®, C(O1R, C{OINRYRE, C(O)OR®, OC{O)R", GC(OINRERY,
CENRZINRER?) NRECENRZINRER®, NRIRY, NREAC(OWRY, NRZC{OYOR™,

~ A% T

S(0 3R, and S{O)NRIRE,
26.  The compound of any one of ¢laims 1 to 5 and 7 to 25, or a pharmaceuticaily
acceptable salt thereof, wherein R% s H, Cis alkyl, or Cet0 aryl-Cia alkyl-, wherein said Ci

alkyl and Ce-10 aryl-Cis alkyl- are each optionally substituted by halo or OR™,

27. The compound of any one of claims 1 to 5 and 7 to 25, or a pharmaceutically

acceptable salt thereof, wherein R” is Ci alkyl

28.  The compound of any one of claims 1 to 5 and 7 to 25, or a pharmaceutically

acceptable salt thereof, wherein R is Ci4 alkyl substituted 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 Cea0 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-flucrophenylmethyl.
31, The compound of any one of claims 1 to 5 and 7 to 25, or a pharmaceutically
acceptable salt thereof, wherein R” is 1L

32, The compound of any one of claims 1 to 31, or a pharmaceutically acceptable salt

thereof, wherein p is {.

33, The compound of any one of claims 1 1o 31, or a pharmaceutically acceptable salt

thereof, wherem pis 1.

34.  The compound of any one of claims 1 to 31, or a pharmaceutically acceptable salt
thereof, wherein p is 2.

/
b

35. The compound of any one of claims 1 1o 5 and 7 to 34, or a pharmaceutically

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 frans configuration with respect {o the di-substituted cyclopropyl group

depicted in Formula 1.

37. The compound of claim | sclected from:
{1-{4-{{#rans-2-Phenyicyclopropyamino fpiperidin- 1 -yl } cyelobutybacetonitrile;
{1-Methyl-3-44-[{trans-2-phenylcyclopropyamino piperidin- 1 -yl azetidin-3-

vhacetonitrife;

(3-{4-{(trans-2-PhenylcyclopropyJamino Jpiperidin- 1 -yl azetidin-3-yacetonitriie;

(1-Benzyl-3-{4-{(frans-2-phenyleyclopropyDaminolpiperidin- 1 -yl azetidin-3-
vhacetonttrile;

3-(3-(Cyanomethy)-3-{4-[(frans-2-phenyleyclopropyhaminopiperidin-1-
vitazetidin-1-ypropanoic acid;

{1-Acetyl-3-{4-[(trans-2-phenyicyclopropyDaminepipenidin- | -yl azetidin-3-
yhacetonitrile;

(1-Benzoyl-3-{4-{{trans-2-phenyleyclopropyliaminopiperidin- 1 -y} azetidin-3-
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yhacetonitrile;

Methyl 3-(cyanomethyl)-3-{4-[(#rans-2-phenyicyclopropyl)aminojpiperidin-1-
yi}azetidine- | -carboxylate;

{(1-(Methylsulfonyh-3- {4-[{rrans-2-phenyleyclopropylamino]piperidin- 1 -yl } azetidin-
3-vhaceioniirile;

2-3-{Cyanomethyl}-3- {4-[(srans-2-phenyleyclopropyhamine jpiperidin- 1 -
vitazetidio-1-yhuicotinonitrile;

3-Cyano-4-(3-{cyanomethyl}-3-{4-[(srans-2-phenyicyclopropylaminolpiperidin- 1 -
yiiazetidin-1-yhbenzoic acid;

2-(3-(CyanomethyD)-3- {4-[(srans-2-phenyleyclopropylyamino jpiperid in-1-
yltazetidin-1-vl}benzonitrile;

4-(3-{Cyanomethyl}-3- {4-[(trans-2-phenyleyclopropy haminolpiperidin- 1~
yitazetidin-1-yhbenzonitrile;

[1-(3-{{{trans-2-Phenyleyclopropyhamino jmethy i azetidin- 1 -
yvheyclobutyllacetonitrile;

{1'-(Ethylsulfonyl}-3- {{srans-2-phenylcyclopropylamino jmethyl} - 1,3 -biazetidin-3'-
yhacetonitrile;

[4-(3-{{ (trans-2-PhenvicyclopropyDamino jmethy 1} azetidin- 1 -yDipiperidin-4-
yiacetonitrile;

[ 1-Methyl-4-(3-{[(#rans-Z-phenyleyclopropyhamino jmethyl f azetidin- 1 -yipiperidin-
4-yllacetonitrile ;

[1-Acetyl-4-(3- {{{frans-2-phenyleyclopropyDaming fmethy 1 azetidin- 1 -yDpiperidin-
4-yljacetonitrile;

[ 1-(4-Fluorobenzoy}-4-(3-{{{(frans-2-phenyleyclopropyhannine jmethyl f azetidin-1-
yhpiperidin-4-yijacetonirle;

[ I-(Methylsulfonyl)-4-(3-{[{rans-2-phenylcyclopropyljaminojmethyl} azetidin- | -
vi}piperidin-4-yljacetonitrile;

4-(3-{{(rrans-2-Phenyleyclopropy hanuno jroethylazetidin- 1 -v1)- 1-
{phenylsulfonypiperidin-4-yHacetonitrile;

“thyl 4-(cyanomethy)-4-(3- {{{#rans-2-phenylcyclopropylaming Jmethyi}azetidin- 1 -
yipiperidine- 1 ~carboxylate;

4-{Cyanomethyl)-N,N-dimethy-4-(3- {[{#ramns-2-

phenyleyclopropyDaminomethyl} azetidin- 1 -yDpiperidine- | ~-carboxamide;
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4-{Cyanomethyl}-N-isopropyl-4-(3- {{{irans-2-
phenyleyclopropy Damino fimethylazetidin-1-yDpiperidine- 1 -carboxamide;

4-(Cyanomethy H-N-(4-fluoropbeny}-4-(3-{{{(frans-2-
phenyleyclopropyDammolmethyl }azetidin-1-yDpiperidine-1 -carboxamide;

{3-{[(trans-2-Phenylcyclopropylamino jmethyl} - 1,3 -biazetidin-3'-yDacetonitrile;

4-(3'-{Cyanomethyl}-3- {{zrans-2-phenylcyclopropylamino methyl} -1,3"-biazetidin-
1-y1)-2,5-difluoro-N-[{18)-2,2,2-trifluore- L -methylethyi fbenzanide;

N-{[1-(1-Methylpiperidin-4-ylazetidin-3-yijmethyl} -frans-2-
phenylcyclopropanamine:;

Trans-2-phenyl-N-{[1-(1-phenylpiperidin-4-yhazetidin-3-
yipmethyl}cyclopropanamine;

1-Phenyl-4-(3- {[{#rans-2-phenyicyclopropylamino Jmethyl} azetidin- 1 -
vicvelohexanccarbonitrile;

[ -(EthylsulfonvD-3-(4- {{#rans-2-phenylcyclopropyliamino}methyl piperidin-1 -
yhazetidin-3-yiacetonitrile;

[ 1-(4- {{{#rans-2-Phenylcyclopropyliaminofmethyl} piperidin-1-
vhevelobutyllacetonitriie;

[3-(4-{[{¢rans-2-PhenylcyclopropyDamino imethy ! piperidin- [ -yvDazetidin-3-
yiacetonitrile;

2-[3-{Cyanomethyl}-3-{4-{{{(rrans-Z-phenyleyclopropyliamine jmethyl } piperidin-1-
vhazetidion- | -vlinicotivoniirile;

4-[3-(Cyanomethy1)-3-{4- {{{#rans-2-phenyleyclopropylamino Jmethyl} piperidin-1-
yhazetidin-1-y1}-2,5-difluore-N-isopropylbenzamide;

13-(4-{{(rrans-2-PheayleyclopropyBaminomethyl piperidin-1-yH-1-[3-
(triftuoromethy Dpyridin-2-yHazetidim-3-y1} acetonitrile;

{3-(4-{{(rrans-2-Phenylcyclopropyilaminoimethyl} piperidin- L -yB-1-[5-
(trifluoromethy Dpyridin-2-vijazetidin-3-yiacctonitrile;

2-Chloro-6- 3-(cyanomethy -3-(4- {{ (rrans-2-
phenyleyclopropyDaminobmethyt piperidin- 1 -yhazetidin- 1 -yl benzonitrile;

2-[3-(Cyanomethy)-3-{4- {{{#rans-2-phenylcyclopropylamino jmethyl} piperidin- 1
yhazetidin-1-yljbenzonitrile;

4-[3-(Cyanomethyl}-3-{4- {[{{(zrans-2-phenylcyclopropyliamine imethyl} pipenidin- 1 -
yhazetidin-1-ylibenzoniinle;

Methyl 3-(cyanomethyl}-3-(4-{{(zrans-2-phenyleyciopropyDaminofmethyl} piperidin-
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{-yhazetidine- 1 -carboxylate;

3-{Cyanomethyl)-N-(2,4-difluorophenyl}-3-{4- {[{trans-2-
phenyleyclopropy DBamino fmethyl piperidin- 1-yhazetidine- | -carhoxamide;

N-{3-Chiovo-2-fluorophenyl}-3-(cvanomethy-3-(4-{ [(rrans-2-
phenylcyclopropylaminoimethyl] piperidin-1-ylazetidine- | -carboxamide;

[1-(3,5-Difluorobenzoyiy-3-(4- {{{frans-2-phenyleyclopropy Hamino jrethyl} piperidin-
1-yDazetidin-3-yljacetonitrile;

[ 1-Benzoyl-3-(4-{[{#rans-2-phenylcyclopropyhamino Jmethyl} piperidin- |- yhazetidin-
3-yllacetonitrile;

[ 1-(2-Fluorobenzoy)-3-(4-{{{(frans-2-phenyleyclopropyhamme fmethyl f piperidin-1-
yhazetidin-3-yHacetonitrile;

[1-(3-Fluorobenzoyl}-3-(4- {{(trans-2-phenyloyclopropyliaminomethyl} piperidin- 1 -
vhazetidin-3-yijacetonitriie;

[1-{4-Fluorobenzoyl)-3-(4- {{{(#rans-2-phenyicyclopropyamino Jmethyl} piperidin- 1 -
yhazetidin-3-yiacetonitrile;

{ I-Methyl-3-{4- {[{#rans-2-phenyleyclopropyhaminofmethyl} piperidin- 1 -vijazetidin-
3-yljacetonitrile;

[3-(4-{[{(¢rans-2-Phenylcyclopropy Damino fmethyl} piperidin- -yDazetidin-3-yljacetic
acid;

N-Methvi-2-(3-(4-((trans-2-phenyleyclopropylaming ymethy Bpiperidin- 1 -ylazetidin-
3-yhacetaroide; and

N, N-Dimethy}-2-(3-(4-((rans-2-phenyleyclopropylaminomethyDpiperidin- | -
yhazetidin-3-yljacetamide,

ot a pharmaceutically acceptable salt of any of the aforemnentioned.
38. The compound of claim 1 selected from:

{1-[4-(4-fluorobenzyly-4-({[(1R,285}-2-phenylcyclopropyliamino} methy Dpiperidin-1-
vijeyelobutyl}acetic acid;

{1-[4-(methoxymethyl)-4-({[(1R,25)-2-phenyleyclopropyllamine b methylpiperidin-
{-yljeyclobutyl}acetic acid;

{1-{4-methyl-4-({{{1R,25})-2-phenylcyciopropyljamine  methyDpiperidin-1-
yileyvelobutyltacetic acid;

NN-dimethy}-2-{1-[4-methyl-4-({{(1R,25)-2-
phenylcyclopropyltjamino f methyDpiperidin- 1-yljcyclobutyl facetamide;
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N-methyl-2-{1-{4-methy}-4-({{{1R,25}-2-
phenyleyclopropyamino f methylpiperidin-1-yljcyclobutyl}acetamide;

[ -(methylsulfonyD-3-(4- {{{1R,25)-2-phenyleyelopropyljamino fpiperidin-1-
yhazetidin-3-ylacetonitrile;

[ 1-methyl-3-(4- {{(1R,28)-2-phenylcyclopropyllamine bpiperidin- | -yDazetidin-3-
vilacctonitrile;

(3-(4-{{(1R,28)-2-phenyleyclopropytlanine } piperidin- 1 -ylazetidin-3-ylacetoniirile;

[3-(4-{[{18,2R)-2-phenylcyclopropyljamino} piperidin- 1 -yDazetidin-3-yljacetonitrile;

[ I-(cthylsulfonyl}-3-(4-{[{1R,28}-2-phenylcyelopropyHamino | piperidin- 1 -
yhazetidin-3-yljacetonitrile;

3-{cyanomethy D-NN-dimethyl-3-(4- {{(1R,25)-2~
phenyleyclopropytamine; piperidin- 1-yDazetidine- I -sulfonamide;

3-{cyanomethy[}-N-methyl-3-(4- {{{(1 R,Z8}-2-phenylcyclopropyliamine | piperidin- 1 -
vhazetidine- 1 -sulfonamide;

3-{cyanomethyl}-3-(4- {{{ IR,28)-2-phenyleyclopropyljaminoe b piperidin- 1 -
yhazetidine- i -sulfonamide;

[ -methyl-3-(4-{1(1R,28})-2-phenyleyelopropy eminoe tpiperidin- 1 -yDazetidin-3-
yilacetic acid;

[1-ethyl-3-(4-{[{IR,25}-Z-phenylcyclopropyllaming | piperidin- L -yHazetidin-3-
vijacetic acid;

N N-dimethyl-2-[ 1-(4- {{1R,28)-2-phenvlcyclopropyl jaraino  piperidin- 1-
yvheyclobutyllacetamide;

N-moethy-2-{1-(4-{{(I1R,Z5}-2-phenyleyclopropyljamino f piperidin- 1 -
yvhcyclobutyllacetamide;

2-[I-(ethylsulfonyD)-3-(4-{{(1R,28)-2-phenyleyclopropyljamine ; piperidin-1-
yhazetidin-3-yi}-N,N-dimethylacetamide;

2-[1-{ethylsulfonyi}-3-(4- {{{1R,28)-2-phenylcyclopropyljamino} piperidin- 1-
vhazetidin-3-yil-N-methylacetamide;

or a pharmaceutically acceptable salt of any of the aforementioned.

39. The compound of claim | sclected from:

[-(1-methyl-1 H-pyrazol-4-yh-3-(4-{[{1R,25)-2-phenylcyclopropyliamine } piperidin-
{-yDazetidin-3-yllacetonitrile;

[ 1-(2-hydroxyethyD-3-{4- {[{1R,ZS)-2-phenylcyclopropyljamino | piperidin-1-
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yvhazetidin-3-yijacetonitrile;
[ 1-(3-hydroxycyclobutyl}-3-(4-{[(1R,28)-2-phenyleyclopropy ljamino f piperidin- 1 -
yhazetidin-3-yljacetonitrile;
[ I-(cis-4-hydroxyeyclohexyl)-3-(4-{[{1R,28)-2-phenyleyclopropyl]amino } pipenidin-
{-yljazetidin-3-yljacetonitrile;
{ 1-(isothiazol-5-ylcarbonyl)-3-(4- {{(1R,25)-2-phenylcyclopropyliamino | piperidin- 1~
vhazetidin-3-yijacetonitrile;
[ I-(morpholin-4-ylcarbonyl}-3-(4-{{(1R,28)-2-phenylcyclopropyllaming f piperidin- 1~
yhazetidin-3-yijacetonitriic;
[ I-(trans-4-hydroxycyclobexyl)-3-(4-{{(1 R,25)-2-
phenyleyelopropyljarine } piperidin- 1 -yhazetidin-3-y1]acetonitrile;
[1-{(1-hydroxyeyclopentylicarbonyl}-3-(4- {[{ 1 R,28)-2-
phenylcyclopropyljamine} piperidin-1-ylazetidin-3-yijacctonitrile;
H-{{(T-hydroxyeyclopropyDearbonyl]-3-(4- {I{(1R,28)-2-
phenyleyclopropyljamino piperidin- | -yljazetidin-3-yljacetionitrile;
{1-{(1-methyi-1H-pyrazol-4-yhearbonyl]-3-(4- {{{1R,25)-2-
phenyicyclopropyllamine f piperidin- 1 -yliazetidin-3-y1jacetonitrile;
L[] -methy - TH-pyrazol-4-yhsulfonyl}-3-(4- 1 [{1 R, 28)-2-
phenylcyclopropyllamine piperidin- I -ylazetidin-3-y1acetonitrile;
[1-{{1-methyl-1H-pyrazol-5-yhicarbonyl}-3-(4- {[(1R,28)-2-
pheavicvclopropyljamino} piperidin-1-yhazetidin-3-yljacetonitrile;
[1-{(3-hydroxyazetidin- I -yDcarbonyl}-3-(4- {{(1R,25)-2-
phenyleyclopropyliamino ppiperidin-1-yljazetidin-3-yijacetonitrile;
[ 1-{(4-hydroxypiperidin-1-yDearbooyl}-3-(4- {{{1R,28)-2-
phenyleyclopropyljamine Fpiperidin-1-yDazetidin-3-y1]acetonitrile;
[1-[{4-methoxypiperidin- I -yhcarbonyl}-3-(4- {[(1R,25)-2-
phenylcyclopropyllamine] piperidin- 1 -yhazetidin-3-yljacetonitrile;
[1-{{cis-4-hydroxycyclohexyhearbonyl]-3-(4- {[{(1R,25)-2-
phenyleyclopropyllamino} piperidin-1 -yDazetidin-3-y1jacetomitrile;
[ 1-[(trans-4-hydroxycyclohexylcarbonyl]-3-(4- {[( 1R, 28)-2-
phenylcyclopropyliamino ppiperidin-1-yljazetidin-3-yijacetonitrile;
[3-(4-{I(1R,25)-2-(4-Tuorophenyleyclopropyljamine piperidin- 1 -y1)- 1 -(4-
hydroxycyclohexyljazetidin-3-yijacetomirile;
[3-(4-{[(1R,28)-2-{4-flucrophenyl)cyclopropyljamine } piperidin-1-y1)-1-
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{methylsulfonyhazetidin-3-yljacetonirile;

[3-(4-{{{1R,28)-2-phenylcyclopropyliamino } piperidin-1-y1)-1-(1,3-thiazol-5-
yicarbonyliazetidin-3-yljacetonitrile;

[3-04-{[(1R,25)-2-phenyleyelopropyilamino | piperidin- 1-yl)- 1-(1 H-pyrazol-4-
yicarbonylazetidin-3-yljacetonitrile;

3-(4-{{(1R,28)-Z-phenylcyclopropyiiaming | piperidin-1-y)-1-(pyrazin-2-
vicarbonyhazetidin-3-yilacetontirile;

[3-(4- {{{1R.28)-2-phenylcyclopropyliamino} piperidin- 1 -y1)- 1 -{tetrahydro-2H-pyran-
4-yhazetidin-3-yl]acetonitrile;

[3-(4-{{{1R,28)-2-phenylcyclopropyliamine | piperidin- -y - 1 -(tetrabydrofuran-3-
yhazetidin-3-yHacetonitrile;

[3-(4-{[(1R,28)-2-phenyicyclopropyllaming | piperidin- 1 -y1}- 1 -(tetrahydrofuran-3-
vicarbonyhazetidin-3-ylacetonitrile;

{1-{4-({[(1 R, 28)-2-phenylcyclopropyljamino fmethylipiperidin- 1 -
yieyclobutyl] acetic acid;

2-(3-(4-{{{ IR, 28)-2-phenylcyclopropyljaminopiperidin- 1 -y1)- 1 -(tetrabydrofuran-2-
carbonyhazetidin-3-yhacetoniirile;

2-(3-{cyanomethyh)-3-(4-(((1 R,28)-2-phenyicyclopropyhaminopiperidin- 1-
yhazetidin- T -yD)-N N-dimethylacetamide;

2-[1-{ethylsulfony-3-(4- {{{1R,28)-2-phenylcyclopropyllamine} piperidin-1-
vhazetidin-3-yijethanol;

2-[1-(methylsulfony])-3-(4- {[{1 R, 25}-2-phenyleyclopropyl]amine } piperidin- 1 -
yhazetidin-3-yijethanol;

2-[3-(cyanomethyh)-3-(4-{[(1 R,28)-2-phenvicyclopropylanyino } piperidin-1 -
yhazetidin-1-ylHacetamide;

2-[3-{cyanomethyl-3-(4-{[{ IR,28)-2-phenyleyclopropylamine  piperidin- | -
vhazetidin-1-yi}-N-methylacetamide;

3-{cyanomethyh)-3-(4-{{(1R,28)-2-{(4-fluorophenyljcyclopropyl jamino ppiperidin-1-
vhazetidine- 1 -sulfonamide;

3-[2-(dimethylamine)-2-oxoethyl-NN-dimethyl-3-{4- {[(1R,28)-2~
phenylcyclopropyljamino ppiperidin- 1 -yliazetidine- 1 -carboxamide;

methyl 3-[2-{dimethylamino}-2-oxoethyl}-3-(4- {{{1 R, 28)-2~
phenyleyclopropytjamine; piperidin- 1-yDazetidine- I -carboxylate;

miethyl 3-[2-(methylamine}-2-oxoethyif-3-(4- {[(1R,25})-2~
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phenyleyclopropyliamino bpipendin- I-ylazetidine- 1 -carboxylate;

N,N-dimnethyi-2- (1 {methyisulfonyi}-3-(4-({{1R,28)-2~
phenyleyclopropyhaninolpiperidin- 1 -yhazetidin-3-yacetamide;

N N-dirpethyi-3-[2-(methylanuno)-2-oxoethyl}-3-(4- {[(1R,28)-2-
phenylcyclopropyllamine; piperidin- 1 -yDazetidine- 1 -carboxamide;

N-methyl-2-{1-(methylsulfonyl)-3-(4- {{{ 1R, 28)-2-
phenyleyclopropyllanine} piperidin-1-yhazetidin-3-yljacetamide;

{etrahydrofiran-3-y1 3-(cyanomethy}-3-{4- {{{ IR ,2S)-2-
phenylcyclopropyltjaminoe ppiperidin- 1-yliazetidine- 1 -carboxylate:

[3-(4-{{{1R,28)-2-phenylcyclopropyliamino { piperidin- 1-y)-1-(1 H-pyrazol-5-
yicarbonyhazetidin-3-yljacetonitrile;

{3-(4-{[(1 R,28)-2-phenyleyclopropylamino { piperidin- I~y 13- 1-{(3R }-tetrahydrofuran-
3-ylcarbonyljazetidin-3-yl}aceionitrile;

{3-(4- {{(1 R,28)-2-phenylcyclopropyamine piperidin-1-y1)- 1-{(38)-tetrabydrofuran-
3-ylearbonylazetidin-3-yl} acetonitrile;

{3-(4-{{{1R,28)-2-phenyicyclopropyljamine} piperidin-1-yH- 1-[(Z8)-tetrahydrofuran-
2-ylearbouyljazetidin-3-yl}acetoniirile;

13-(4-{{(1R,28)-2-phenylcyclopropyllamine  piperidin- -y D- -[{2R }-tetrahydrofuran-
2-ylcarbonyllazetidin-3-ylacetomitnle;

[3-{4-{[(1R,28}-Z-phenylcyelopropyliamine t piperidin- 1-yv1}- 1 -(pyridin-2-
viacetyhazetidin-3-yljacetonitrile;

[3-(4-{{(1R,25)-2-phenylcyclopropyllamino | piperidin- 1-y1}-1-( 1, 3-thiazol-4-
yicarbonyljazetidin-3-yijaceionitrile;

[3-(4-{{[{1R,28)-2-phenylcyclopropyliamivno f piperidin-1-yh-1-(1,3-thiazol-2-
yicarbonybhazetidin-3-y1jacetonitrile;

N, N-dimethyl-2-{3-{4- {{{ IR,2S)-2-phenyleyclopropylamino  piperidin-1-y1)-1-
(tetrahydro-2H-pyran-4-yhazetidin-3-yHacetamide;

N-methyl-2-3-(4- {{{1R,258)-2-phenyleyclopropyljamino  piperidin-1-y - 1-
{(tetrahydro-2H-pyran-4-yhazetidin-3-yHacetamide;

2-[1-(eyclopropylmethyl}-3-(4-{[(1R,28)-2-phenylcyclopropy Hamino tpiperidin- 1 -
yhazetidin-3-y1}-N.N-dimethylacetamide;

2-[1-{cyclopropyimethyl}-3-(4-{{{1R,25}-2-phenyleyclopropyijaminoe d piperidin- 1 -
yhazetidin-3-yi}-N-methylacetamide;

[3-{4-{{(1R,28}-2-phenylcyclopropyliaming | piperidin- 1 -y1)- I -(pyrimidin-2-
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yimethyDazetidin-3-yHacetic acid;

[3-(4-{{[{1R,28)-2-phenylcyclopropyliamino} piperidin-1-y1)- 1 -{pyrimmdin-5-
vimethyDazetidin-3-yHacetic acid;

[3-(4-{[{(1R,28)-2-phenylcyclopropyliamine [ piperidin- -y - 1-(1,3-thiazol-4-
vimethyhazetidin-3-yHacetic acid;

[3-(4-{{(1R,28)-2-phenyleyclopropyljamino | piperidin- 1 -y1}-1-(1,3-thiazol-5-
vimethyDazetidin-3-ylacetic acid;

[3-(4-{{[{1R,28)-2-phenylcyclopropyliamine } piperidin- 1-91)-1-(1,3-thiazol-2-
yimethylazetidin-3-yljacetic acid; and

[3-(4- {[{(1R,28)-2-phenylcyclopropyliamino f piperidin-1-y1)-1-(3,3,3-
triflaoropropyhazetdin-3-yvijacetic acid,

or a pharmaceutically acceptable salt of any of the aforementioned.

40. A pharmaceutical composttion comprising a compound of any one of claims 1 10 39,
or a pharmaceutically acceptable salt thereof, and at least one pharmaceuatically acceptable

carrier,

41. A method of nhibiting LSD1 comprising contacting a compound of any one of claims
110 39, or a pharmaceutically acceptable salt thereof, with said LSD1.

A A + S treaty P 3 o QI < It er < ati e g the T -

42. A maethod of treating a disease comprising admiunistering to a patient a therapeutically

effective amount of a compound of any one of claims 1 to 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 acute
fymphoblastic leukemuia (ALL), acute myclogenous leukemia (AML), acute promyelocytic
ieukemia {APL), chronic lymphocytic teukerma (CLLY, chromic myelogenous leukenua
{CML), diffuse large B-cell lymphoma (DLBCL), mantle cell lymphoma, Non-Hodgkin
tymphoma, Hodgkin lymphoma, primary myelofibrosis (PMF), polycythemia vera (PV),

essential thrombocytosis (ET)), myelodysplasia syndrome (MDS), or multiple mycloma.
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45, The method of claim 43 wherein said cancer is a sarcoma, lung cance,
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 pharmaccuticaily

acceptable salt thereof, wherein said discase is a viral disease or a beta-globinopathy.
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