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SULFONE PYRIDINE ALKYL AMIBE-SUBSTITUTED HETERGARYL
COMPOUNDS

CROSKS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No.
62/5891635, filed November 21, 2017, the disclosure of which is mcorporated herein by

reference in iis entirety.

FIELD OF THE INVENTION
This invention relates to compounds useful 1o the modulation of IL-12, 1L-23
and/or IFNg by acting on Tyk-2 to cause signal transduction inhibition. Provided herein
are amide-substituied heterocy clic compounds, compositions comprising such
compounds, and methods of their use. The mvention further pertains to pharmaceutical
composiiions containing at feast one compound according to the invention that are useful
for the treatment of conditions related to the modulation of IL-12, IL-23 and/or IFNa in a

mammal.

BACKGROUND OF THE INVENTION

The heterodimeric cviokines interteukin {(IL)-12 and 1L-23, which share a
common pd0 subunit, are produced by activated antigen-presenting cells and are critical
in the differentiation and proliferation of Thi and Th17 cells, two effector T cell lineages
which play key roles in autoimmunity. 1L-23 is composed of the p40 subunit along with
a unique pl9 subunit. TL-23, acting through a heterodimeric receptor composed of TL-
23R and IL-~12RB1, 1s essential for the survival and expansion of Thi7 cells which
produce pro-inflammatory cytokines such as IL~-17A, IL-17F, 1L-6 and TNF-¢
{(McGeachy, M.J. et al., "The link between 1L-23 and Thi7 cell-mediated immune
pathologies”, Semin. Immunol., 19:372-376 (2007)). These cyvtokines are critical in
mediating the pathobiology of a number of autoimmune diseases, including rheumatoid
arthritis, multiple sclerosis, inflammatory bowel disease, and lupus. IL-12, in addition {o
the p40 subunit in common with IL-23, contains a p33 subonit and acts through a
heterodimeric receptor composed of [L-12RB1 and 1L-12RP2. 1L-12 15 essential for Thi

cell development and secretion of IFNy, a cytokine which plays a critical role in



Wh

16

20

WO 2019/103952 PCT/US2018/061726

immunity by stimulating MHC expression, class switching of B cells to IgG subclasses,
and the activation of macrophages {(Gracie, L A et al., "Interleukin-12 induces interferon-
gamma-dependent switching of IgG alloantibody subclass”, Fur. J. Immunol., 26:1217-
1221 (1996); Schroder, K. et al., "Interferon-gamma; an overview of signals, mechanisms
and functions”, J Leukoc. Biol, 75(2):163-189 {2004)).

The iraportance of the p40-containing cvtokines in autoimmunity s demonstrated
by the discovery that mice deficient in either p40, p19, or IL-23R are protected from
disease in models of multiple sclerosis, rheumatoid arthritis, inflammatory bowel disease,
tapus and psoriasis, among others (Kyttaris, V.C. et al,, "Cutting edge: 1L-23 receptor
deficiency prevents the development of fupus nephritis i CS7BL/6-lpr/lpr mace”, J.
Immunol., 184:4605-4609 (2010); Hong, K. etal, "1L-12, independently of IFN-gamma,
plays a crucial role in the pathogenesis of a murine psoriasis hike skin disorder”, J.
Immunol., 162:7480-7491 (1999); Hue, 8. el al., "Interleukin-23 drives inmate and T celi-
mediated intestinal inflammation”, J. Exp. Med.. 203:2473-2483 (2006); Cua, D J et al.,
"Interleukin-23 rather than interleukin-12 is the critical cytokine for autoimmune
inflammation of the brain", Natre, 421:744-748 (2003); Murphy, C A, et al., "Divergent
pro~ and anti-inflammatory roles for [L-23 and [L-12 in joint autoirmomune inflanmmation”,
J. Exp. Med., 198:1951-1957 (2003)).

in human disease, high expression of p40 and pl19 has been measured in psoratic
lesions, and Th17 cells have been identified in active lesions in the brain from MS
patients and in the gut mucosa of patients with active Crohn's disease (Lee, E. et al |
"Increased expression of interfeukin 23 p19 and p40 in lestonal skin of patients with
psoriasis vulgaris", J. Exp. Med., 199:125-130 (2004), Trartos, 1.8, et al., "Interleukin-17
production in central nervous system infiltrating T cells and ghial cells is associated with
active disease in multiple sclerosis”, 4m. J. Pathol 172:146-155 (2008)). The mRNA
igvels of p19, p40, and p35 in active SLE patients were also shown to be significantly
higher compared with those in inactive SLE patients (Huang, X et al., "Dysregulated
expression of interleukin-23 and interleukin-12 subunits in systemic lupus erythematosus
patients”, AMod. Rheumatol. | 17:220-223 {2007}}, and T celis from lupus patients have a
predominant Th1 phenotype (Tucel, M. et al., "Overexpression of interleukin-12 and T

helper 1 predominance in lupus nephritis”, Ciin. Fxp. fmmumol., 154:247-254 (2008)),
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Moreover, genome-wide association studies have identified a number of loct
associaied with chronic imflammatory and astoimmune diseases that encode factors that
function in the 1L-23 and 1L-12 pathways. These genes include TL23A, IL12A, HL12B,
ILIZRB1, IL1ZRB2, TL23R, JAK2, TYKZ2, STAT3, and STATS (Lees, CW. et al, "New
IBD genetics: common pathways with other diseases”, Guz, 60:1739-1753 (2011); Tao,
JH. etal., "Meta-analvsis of TYK2 gene polymorphisms association with susceptibility
to autoimmune and inflammatory diseases”, Mol Biol Hep., 38:4663-4672 (2011); Cho,
JH. et al., "Recent insights inio the genetics of inflammatory bowel disease”,
Gastroenterology, 140:1704-1712 (2011)).

Indeed, anti-p40 treatment, which inhibits both 1L-12 and 11.-23, as wel} as 11.-23-
specific anti-pl9 therapies have been shown to be efficacious in the treatment of
autoimmumity in diseases including psoriasis, Crohn's Disease and psoriatic arthritis
(Leonardi, C.L. et al., "PHOENIX 1 study mvestigators. Efficacy and safety of
ustekinumab, a human interleukin-12/23 monoclonal antibody, in patients with psoriasis:
76-week results from a randomized, double-blind, placebo-controlled trial (PHOENIX
D, Lancet, 371:1665-1674 (2008); Sandborm, W.J. et al |, "Ustekinumab Crohn's Disease
Study Group. A randomized trial of Ustekinumab, a human mterleukin~12/23 monoclonal
antibody, in patients with moderate-to-severe Crohn's disease”, Gastroenterology,
135:1130-1141 (2008); Gottlieb, A et al., "Ustekinumab, a human interleckin 12/23
monocional antibody, for psoriatic arthritis: randomized, double-blind, placebo-
controlled, crossover tnal", Lancer, 373:633-640 (2009)). Therefore, agents which inhibit
the action of IL~12 and [L-23 may be expected to have therapeutic benefit in human
autortmmmune disorders,

The Tvpe I group of interferons (IFNs), which include the IFNa members as well
as IFINB, IFNe, IFNk and IFN®, act through a heterodimer IFNo/b receptor (IFNAR).
Type I IFNs have multiple effects in both the innate and adaptive immume systems
including activation of both the cellular and humoral immune responses as well as
enhancing the expression and release of autoantigens (Hall, J.C. et al., "Typel
interferons: crucial participants in disease amplification in autoimmunity”, Nat. Rev.
Rheumatol., 6:40-49 (2010},

In patients with systermc fupus erythematosus (SLE), a potentially fatal

autoimmune disease, increased serum levels of interferon (IFN)a (a tvpe [ interferon}) or
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increased expression of tvpe 1 IFN-regulated genes (a so-calied IFNa signature) in
peripheral blood mononuclear cells and i affected organs has been demonstrated in a
majority of patients (Bennett, L. et al,, "Interferon and granulopoiesis signatures in
svstemuc lupus ervthematosus blood”, J. Exp. Med., 197:711-723 (2003); Peterson, K.S.
et al., "Characterization of heterogeneity in the molecular pathogenesis of fupus nephritis
fromo transcriptional profiles of laser-captured glomeruli”, J Clin. Invest., 113:1722-1733
(2004)), and several studias have shown that serum IFNg levels correlate with both
disease activity and severity {Bengisson, A A et al., "Activation of type | inferferon
svstem in systenic lupus erythematosus correlales with disease activity but not with
antiretroviral antibodies”, Lupus, 9:664-671 (2000)). A direct role for IFNo in the
pathobiclogy of lupus is evidenced by the observation that the administration of IFNg to
patients with malignant or viral diseases can induce a lupus-like syndrome. Moreover,
the deletion of the IFNAR in lupus-prone mice provides high protection from
autoimmunity, disease severity and mortality (Santiago-Raber, ML, et al.. "Type-}
mterferon receptor deficiency reduces hupus-like disease in NZB mice", J. Fxp. Med.,
197:777-788 (2003)), and genome-wide association studies have identified loct associated
with lupus that encode factors that function in the type I interferon pathway, including
IRF5, IKBKE, TYK?2, and STAT4 (Deng, Y. et al., "Genetic susceptibility 1o systemic
hupus ervihematosus in the genomic era”, Nai. Rev. Rheumatol., 6:683-692 (2010},
Sandling, JK. et al, "A candidate gene study of the type [ interferon pathway smplicates
IKBKE and 1L% as risk loci for SLE”, Eur. J Hum. Genet., 19:479-484 (2011)). In
addition to lupus, there is evidence that aberrant activation of type I interferon-mediated
pathways are important in the pathobiology of other autoimmune diseases such as
Sjogren's syndrome and scleroderma (Bave, U. et al, "Activation of the type 1 interferon
system in primary Sjogren's syndrome: a possible etiopathogenic mechanism”, Arthrifis
Rheum., 52:1185-1195 (20053, Kim, D. et al, "Induction of interferon-aipha by
scleroderma sera containing autoantibodies o topotsomerase [1 association of higher
interferon-alpha activity with lung fibrosis”, Arthritis Rheum., 58:2163-2173 (Z008)).
Therefore, agents which inhibit the action of type I interferon responses mayv be expected
o have therapeutic benefil in human autoimmune disorders,

Tyrosine kinase 2 (Tyk2) is a merober of the Janus kinase (JAK) fanuly of

nonreceptor tyrosine kinases and has been shown to be critical in regulating the signal
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transduction cascade downstream of receptors for IL-12, IL-23 and type I interferons in
both mice {Ishizaki, M. et al., "Tnvolvement of Tyrosime Kinase-2 in Both the 1L-12/Tht
and 1L-23/Th17 Axes In vivo", J. Immunol, 187:181-189 (201 1); Prchal-Murphy, M. et
al., "TYK2 kinase activity is required for functional tvpe I interferon responses /i vive",
PLoS One, T.e39141 {2012} and humans {Minegishi, Y. et al., "Human tyrosine kinase 2
deficiency reveals its requisite roles in multiple cvtokine signals mvolved in innate and
acquired tnunity ", Immunity, 25:745-755 (2006)). Tyk2 mediates the receptor-induced
phosphoryiation of members of the STAT family of transcription factors, an essential
signal that leads to the dimerization of STAT proteins and the transcription of STAT-
dependent pro-inflammatory genes. Tvk2-deficient mice are resistant to experimental
maodels of colitis, psoriasis and multiple sclerosis, demonstrating the importance of Tyk2-
mediated signaling in avwtotmmunity and related disorders (Ishizaki, M. et al,,

"Involvement of Tyvrosine Kinase-2 1n Both the IL-12/Th1 and 1L-23/Th17 Axes In vivo",

J o dmmunol, 187:181-189 (2011); Ovamada, A. et al., "Tyrosine kinase 2 plays critical

roles in the pathogenic UD4 T cell responses for the development of experimental
autoimmune encephalomyelitis”, J fmmunol., 18373397346 (2009)).

In humans, individuals expressing an mactive variant of Tvk2 are protected from
nultiple sclerosis and possibly other autoimmune disorders {Couturier, N. et al.,
"Tyrosine kinase 2 variant influences T lvmphocyte polarization and multiple sclerosis
susceptibility”, Brain, 134:693-703 (2011)). Genome-wide association studies have
shown other varants of Tvk2 to be associated with autoimmune disorders such as Crobn's
Dnsease, psoriasis, systemic lupus eryvthematosus, and rheumatoid arthritis, further
demonstrating the imporiance of Tyk2 in autoimmounity (Elhinghaus, D, et al., "Combined
Analysis of Genome-wide Association Studies for Crohm Disease and Psoriasis Identifies
Seven Shared Susceptibility Loci", 4m. J. Hum. Genet., 90:636-647 (2012); Graham, D.
et al., "Association of polvmorphisms across the tvrosine kinase gene, TYK2 in UK SLE
families", Rheumatology (Oxford), 46:927-930 (2007}, Eyre, 8. et al., "High-density
genetic mapping identifies new susceptibility loci for theumatoid arthritis”, Nar. Genet.,
44:1336-1340 (2012)).

In view of the conditions that may benefit by treatment mvolving the modulation

of cvtokines and/or interferons, new compounds capable of modulating cytokines and/or
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interferons, such as 1L-12, 1L-23 and/or IFNa, and methods of using these compounds

may provide substantial therapeuiic benefiis to a wide variety of patients in need thereof.

SUMMARY OF THE INVENTION

Wh

The mvention s directed to compounds of Formula §, infra, that which are useful
as modulators of 1L.-12, [L.-23 and/or IFNa by mhibiting Tvk2-mediated signal
fransduction.

The present invention also provides processes and intermediates for making the
compounds of the present invention.

10 The present invention also provides pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and at least one of the compounds of the present
invention.

The present invention also provides a method for the modulation of 1L-12, 1L-23
and/or IFNa by mhibiting Tyk-2-mediated signal transduction comprising administering

15 1o ahost in need of such treatment a therapeutically effective amount of at least one of the
compounds of the present invention.

The present invention also provides a method for treating proliferative, metabolic,
allergic, autoimmune and inflammatory diseases, comprising administering to a hostin
need of such treatment a therapeutically effective amount of at east one of the

20 compounds of the present invention,

A preferred embodiment is a method for treating inflammatory and autoimmune
diseases or diseases. For the purposes of this invention, an inflammatory and
autotmmune disease or disorder includes any disease having an inflammaltory or

autoinunune coroponent.

W

An alternate preferred embodiment is a method for treating metabolic diseases,

b2

including type 2 diabetes and atherosclerosis.
The present nvention also provides the use of the compounds of the present
invention for the manufacture of a medicament for the treatment of cancers.
The present invention also provides the compounds of the present mvention for
30 usein therapy.
These and other features of the invention will be set forth in the expanded form as

the disclosure continues.

oG-
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DETAILED DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION

In a first aspect of the present invention, there is provided a corapound of formula

Y
R4- R3
Q e -
R1
H |
Yoo . R?
"y
3 R
I
wherein
Y is N or CR%;
R} is H, CDs or Cisalkyl;
10 R?is -C{OIR™; or Creatkyl, (CH2)-3-14 membered carbocycle substituted with

0-1 R* or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and 5, each group substituted with 0-4 R?%;

R al each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NG, «(CH2OR®, -(CH2MSRY, ~(CHC(OWRP, (CH2C(OYORY, -{(CH2:0C{OIRD,
CHo3NRURY (CH2:CIOINRIR Y, (CH)NRPC(OIRS, -(CH2)NRPC({OJORS, -NRYC{O
INRURM SSEORNRIRY, NRPS(OWRRE, -S(OWR, Cie alkyl substituted with 0-3 R?, Cis

-
(v

haloalkvl, Ca6 alkenyl substituted with 0-3 R?, ~(CH2)~3-14 membered carbocycle
substituted with 0-1 R? or a -(CH2}-5-7 membered heterocycle containing 1-4

heteroatoms selected from N, ©, and S{O}; substituted with (-2 R

O
H,C” Sy |
NS
g NT R
20 R°1s :

X i3 absent, O or NH;
R* and R’ are independently hydrogen, C14 alkvl substituted with 0-1 Rf,
{CHz)-pheny! substituted with 0-3 R or a -{(CH2)-5-7 membered heterocycle containing
1-4 heteroatoms selected from N, O, and S{QO)y;
25 R® is hydrogen, halo, Cr4 atkyl, Cia alkyoxy, Cirahaloalkyl, Crahaloalkoxy, Cis
cycloalkvl, CN, NO2 or OH;
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R at each occurrence is independently hydrogen, Ci4 alkyl substituted with 0-3
RS, CFz, Csa0 cycloalkyl substituted with 0-1 R, (CHz)-phenyl substituted with 0-3 R¢
or -{CH2)-5-7 membered heterocycle containing -4 heteroatoms selected from N, O, and
S{0)p substituted with 0-3 RY;

R? and R?! ai each occurrence are independently hydrogen, F, Cl, Br, OCF;, CFs,
CHF2, CN, NO2, -(CHzRORY, ~(CHSRY, (CH2LC(O)RY, -(CH2:C(O)YOR?,
{CH2:0C(OR?, -(CHNRVR!Y (CH)A(OINRYRY, {CH2)NRPC(OIR®, {CH2)NRY
C{OYOR®, -NRPC(OINR!R! -S(O)pNRIRM -NRPS(O)R®, -S{OR", -8(O)R", Cis
alkyl substituted with 0-3 RY, C1.s haloalkyl, Co. alkenyl substituied with 0-3 R®, Cae
alkvoyl substituted with 0-3 R, -(CH2)r-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(U
substituted with 0-3 R

RY is hydrogen, Cre alkyl substituted with 0-3 RY, Ci haloalkyl, Cxe cycloatkyl
substituted with 0-2 R®, or -(CH2)~5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S{0), substituted with 0-3 Rf or (CH2)-phenyi substituted with
(-3 RY

R®is Ci.6 alkyl substituted with 0-3 Bf, (CH2~Ci. cvcloalkyl substituted with -3
Rf or (CH2)-phenyi substituted with 0-3 R,

R4 is independentily at each occurrence, hvdrogen, F, C1, Br, OCFs, CF3, CN,
N2, ~OR®, {(CHRC(ORS, -NRER®, -NRC(IOYORS, Cie alkyl or (CHzh-phenyl
substituted with 0-3 RE

R* is independently at each occuwrtence, hydrogen, Cis alkyl, CUs.6 cvcloalkyl or
(CH2)-phenyl substituted with 0-3 R%

R’ is independently at each occurrence, hydrogen, halo, CN, NH», OH, Cas
cyveloatkvi, CFs, O(Cr-s alkyl) or a -(CH2)-5-7 membered heterocvcle containing 1-4
heteroatoms selected from N, ©, and S{O)y;

pis G, 1, 0r2;

ris0, 1,2, 3, or4;

or a sterepisomer or pharmaceuiically acceptable sali thereof

In a second aspect of the invention, there 1s provided a compound of formula [T
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r* R
o N
R‘1
\N \
H E
N, oA, _R?
NN
Rf’;
i

wherein

Riis H, CDs or Crsalkyl

R? is -C{OIR?%; or Crealkyl, (CH2)-3-14 membered carbocycle substituted with
-1 R? or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and $, each group substituted with 0-4 R?;

R™ at each occurrence is independently hydrogen, OH, halo, OCF3, CN,
NGy, {CH2R0RP, {CH)SRE, -(CH2WC(O)RY, (CH2:C{OYORD, (CH2:OC(OIR®,
CH)NRVRM ((CH)C(OWNRYRY, «(CH2)NRPC(OIRE, «(CH2)NRIC(OYOR®, -NRPC(O
INRURH -S(O)NRURY -NRPS(O)R, -S{O),R, Cis alkvl substituied with 0-3 R?, Cis
halealkyl, Ca.s alkeny! substituted with 0-3 R®, -(CH2)-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH2)-3-7 membered heterocycle containing 1-4

heteroatoms selected from N, O, and S{(O}p substituied with -2 R,

R is ‘VLC N RE :

X 1s absent, O or NH;

R* and R° are independently hydrogen, Ci14 alkyl substituted with 0-1 R,
{CH2)~.pheny! substituted with 0-3 RY or a -(CH2)-5-7 membered heterocycle containing
1-4 hetercatoms selected from N, O, and S{(O)y;

Rf is hydrogen, halo, Craatkyl, Craalkyoxy, Cirahaloalkyl, Crahaloaltkoxy, Cse
cycloalkyl, CN, NO» or OH;

R at each occurrence is independently hydrogen, Ci4 alkyl substituted with 0-3
RS, CFz, Csa0 cycloalkyl substituted with 0-1 R, (CHz)-phenyl substituted with 0-3 R¢
or -{CH2)-5-7 membered heterocycle containing -4 heteroatoms selected from N, O, and

S{0)p substituted with 0-3 RY;
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R? and R at each occurrence are independently hydrogen, F, Cl, Br, OCF3, CF3,
CHF2, CN, NO», «{CH2:OR?, -(CH2MSRP, -(CHC(OIRD, «(CH)C(OYORY,
{CH2LOC(OIR®, «(CHNRMRY ((CHoBCOINRYR Y ((CH)NRPC(OIRS, (CH2)}NRP
C(OYORS®, -NRPC(OINRIR!L -S(O)NRIRIL -NRPS(O)RC, -S(O)IRC, -S{0)2RE, C1s
atkyl substituted with 0-3 Rf, Ci6 haloalkyl, Czs atkenyl substituted with 0-3 R3, Ca
alkyny! substituted with 0-3 R% ~(CHz2)~3-14 membered carbocvcle or ~{(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O)
substituted with 0-3 RS

R® is hydrogen, Cis alkyl substituted with 0-3 RY, C1¢ haloatkyl, Css cycloalkyl
substituted with 0-2 R4, or -(CH2)~5-7 membered heterocycle containing 1-4 heteroatoms
sefected from N, O, and S(O); substituted with 0-3 Rf or (CH2)-pheny] substituted with
0-3 R4

R is Ci alky! substituted with 0-3 RY, (CH2)-Cs.6 cycloalkyl substituted with 0-3
Rf or {CHz}-phenyl substituted with 0-3 R,

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCF;, CF3, CN,
NGOz, -OR®, {(CH:1C(O)R®, -NR°RE, -NREC(O)OR®, Cis alkyt or {CH2)-phenyl
substituted with 0-3 R’;

R® 1s independently at each occurrence, hydrogen, Ci.e alkyl, Cs.s cvcloalkyl or
(CHo)-pheny! substituted with 0-3 RY

R’ is independently at each occurrence, hydrogen, halo, CN, NHz, OH, (s
cycloalkyl, CFs, O(Ci~ alkyl) or a -(CH2}-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(Op;

pisQ, 1 or 2,

ris0, 1,2, 3 ord;

or a sterecisomer or pharmaceutically acceptable salt thereof

In athird aspect of the nvention, there is provided a compound of formula T1

g* RS
o N
R'ﬁ
\N \
H
A, R?
NN
R5
it

~10-
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wherein
R}is H, CDs or Crsalkyl;
R?is -C{OIR™: or Crs alkyl, «(CH2)-3-14 membered carbocycle substituted with

0-1 R* or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,

Wh

and 8, each group substituted with 0-4 R?3;
R?% at each occurrence is independently hydrogen, OH, halo, OCFs, CN,

NOo, {(CH23OR®, -(CH2)SRY, -(CH2 ) CIOR?, (CH2)C(OYORD, -(CH2 ) OC(OIRY,
CHNRURY, (CH2LCOINRIRY, (CHNRPC(OIRS, -(CH2NRPC(OYORS, -NRYC(O
INRURM SSEORNRIRY, NRYS(O)RE, -S{O)RC, C 16 alkyl substituted with 0-3 R?, Cis
10 haloalkvl, C2 alkenyl substituted with 0-3 R?, ~(CH2)~3-14 membered carbocycle
substituted with 0-1 R? or a -{CH2)-5-7 memberad heterocycle containing -4 heteroatoms
selected from N, O, and S{O), substituted with 0-2 R

H. OO

o

s U TN Re :
X 1s absent, O or NH;
15 R* and R® are independently hydrogen, Ci4 alkyl substituted with 0-1 R,
{CH2)-phenyl substituted with 0-3 RY or a -(CH2)-5-7 membered heterocycle containing
1-4 heteroatoms selected from N, O, and S{O):
R® is hydrogen, halo, Ci4 alkyl, Craatkvoxy, Cirahaloalkyl, Cighaloalkoxy, Cse
cyeloalkyl, CN, NGz or OH;
20 R at each occurrence is independently hydrogen, Ci4 alkyl substituted with 0-3
Rf, CF3, Cs.10 cvcloalkyl substituted with 0-1 RE, (CHz)-phenyl substituted with 0-3 R¢
or -{CHz3~-5-7 membered heterocycle containing 1-4 hetercatoms selected from N, O, and
S{0)p substituted with 0-3 RY;
R® and R?! at each occurrence are independently hydrogen, F. Cl, Br, OCFs, CFs,
CHF2, ON, NO2, -(CH23%0Rb, -(CH2)SRY, -(CH21C(OIR?, -(CH21C(OYORD,
{CH}OCORY, (CHDNRVIRY, S(CHOCOINRYRYE, (CH2NRPC(O)RE, -(CH2)}NRP
C{OYORC, -NRPC{OHNRIR Y -S{O)pNRIRM, -NRPS(O)RE. -S(ORE, -S{O)R", Cis
alkyl substituted with 0-3 RY, C1.s haloalkyi, Co.c alkenyi substituted with 0-3 R2 Cae

|\
W

alkynyl substituted with 0-3 R?, «(CH2)r-3-14 membered carbocydle or ~(CH2}-5-7

~11-
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membered heterocycle containing 1-4 heteroatoms selected from N, O, and 5(O)
substituted with 0-3 RY;
RY is hvdrogen, Crs alkyl substituted with 0-3 RY, Cr¢ haloalkyl, Cs cycloalkyl

substituted with 0-2 R?, or ~(CH»)-5-7 membered heterocycle containing 1-4 heteroatoms

Wh

selected from N, O, and S(Q), substituted with 0-3 RY or (CH2)-pheny] substituted with
0-3 R4
R is i alkyl substituted with 0-3 RE, (CH23-Cs.s cycloalky! substituted with 0-3
Rf or (CH2)-phenyl substituted with 0-3 Rf;
RY is independently at each occurrence, hydrogen, F, Cl, Br, OCF3, CF3, CN,
10 NOz, -OR®, {(CH2RC{O)RC, -NRERE, -NRC{O)YORS, Crs alkyl or {CH2)-phenyl
substituted with 0-3 Rf;
R® 15 independently at each occurrence, hydrogen, Cis alkyl, Cas cycloalkyl or
{CHz)-phenvl substituted with 0-3 R
R’ is independently at each occurrence, hydrogen. halo, CN, NHz, OH, Cs
15 cycloalkyl, CF3, O{C1-¢ alkyl) or a «(CH2}~5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O)p;
pis0, 1, or2;
ris0,1,2, 3, or4;
or a sterecisomer or pharmaceutically-acceptable salt thereof
20
In a 4th aspect of the invention, there is provided a compound according to the

first and second aspecis of formula II

It
25  wherein
RiisH, CDsor Craalkyl
R? is -C{OWR?% or Cie alkyl, -(CH2)-3-14 membered carbocvcle substituted with
0-1 R? or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, each group substituled with 0-4 R%;

-~ 12 -



Wh

10

20

WO 2019/103952 PCT/US2018/061726

R?2 at each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NGOz, -(CH2RORP, (CH2)SRY, (CH2RC(ORE, «(CH2uC(OYORY, «(CHL)OC(O)R?,
CH2ENRPRY (CH L COINRYR Y, (CH3NRPCOWRE, {(CHNRPC(OYORS, -NRPC(O
INRUR -S(O)NRIRIL -NRYS(O)R, -S(O)R", Ci.s alkyvl substituted with 0-3 R, Ci
haloalkyl, Cz6 alkenyl substituted with 0-3 R® -(CH2}3-14 membered carbocycle
substituted with 0-1 R? or a -(CHz)r-5-7 membered heterocycle containing -4

heteroatoms selected from N, O, and S{(O}p substituted with 0-2 R¥;

O
L
HC” /i
-
[
R3is ‘27 N R :

X1s O

R* and R’ are independently hydrogen, Ci4 alkyl substituted with 0-1 R,
{CH2)-phenyl substituted with 0-3 RY or a -(CH2)-5-7 membered heterocycle containing
1-4 heteroatoms selected from N, O, and S{O):

R® is hydrogen, halo, Ci4 alkyl, Craatkvoxy, Cirahaloalkyl, Cighaloalkoxy, Cse
cyeloalkyl, CN, NGz or OH;

R at sach occurrence is independently hydrogen, Ci4 alkyl substituted with 0-3
RE, CFs, Csap0 ovcloaltkyl substituted with 0-1 RE, (CHz)-phenyl substituted with 0-3 R4
or ~{CHz3-5-7 membered heterocycle containing i-4 hetercatoms selected from N, O, and
S{0)p substituted with 0-3 RY;

R® and R?! at each occurrence are independently hydrogen, F. Cl, Br, OCFs, CFs,
CHF,, CN, NO», -(CH2):0R?, -(CH2)SRP, -(CH2 L C(OIR?, -(CH21C(O)YORD,
{(CH2}OCOIRY, (CH)NRVRY | (CHOCOINRIRY ((CH2LNRPC(O)RE, -(CH2)NRP
C{O)YOR®, -NRPC(OINRUR Y -S(O)NRIRN, -NRPS(O)RE, -S{OIRE, ~-S(ORRE, Cis
alky! substituted with 0-3 RY, Ci haloalkyl, Cas alkenyi substituted with 0-3 R2 Co
alkynyl substituted with 0-3 R?, «(CH2)-3-14 membered carbocydle or ~(CH2}-5-7
membered heterocycle containing 1-4 heteroatorns selected from N, O, and S(O)
substituted with 0-3 R,

RY is hydrogen, Cie alkvl substituted with 0-3 RY, C1 haloalkyl, Cis cycloalkyl
substituted with 0-2 RY, or -(CH2)-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S{O) substituted with 0-3 Rf or (CH2)-phenyl substituted with
-3 R4
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RC 15 Ci« alkyl substituted with 0-3 Rf, (CH23-Caws cycloalkyl substituted with 0-3
RS or (CH2)-phenyl substituted with 0-3 RS,

RY is independently at each occurrence, hydrogen, F, CL, Br, OCF;3, CF;, CN,
NO», -OR®, -(CHLC(OIRS, -NRERE, -NREC{OYORC, g alkyvl or (CHu)e-phenyl
substituted with 0-3 R

Wh

R*® 15 independently at each occurrence, hvdrogen, Cie alkyl, Cas cycloalkyl or
{(CH2)-phenyl substituted with 0-3 RE
R’ is independently at each occurrence, hydrogen, halo, CN, NH», OH, Ci.¢
cycloalkyl, CFs, O(C1-s alkyl) or a «(CH2)-5-7 membered heterocycle containing 1-4
10 heteroatoms selected from N, O, and S{(O)p;
pis 0, 1, 0r2;
ris 0, 1,2, 3, or4;

or a sterecisomer or pharmaceuticallv-acceptable salt thereof

15 In a 5th aspect of the invention, there is provided a compound of the formula
R3
O HN
R’!
H |
N. —=A._ _R?
N
H
wherein

RiisH, CDs or Cisalkyl;

R? is -C{OIR; or Cis alkyl, -(CH23-3-14 membered carbocycle substituted with
20 0-1 R* or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, 0,
and S, each group substituted with 0-4 R?%;

R? at each ocourrence is independenily hydrogen, OH, halo, OCF3, CN,

NOo, «(CHRORY, (CH2ASRY, (CH ) COORE, (CHL)LC(OYOR?, «(CH2OC{O)RY,
CHoENRERY {CHO)COWRYIRY (CH2NRYC(OIRS, (CH2LNRPC{OYOR®, -NRYC(O
INRURM, -S(O)NRIR! -NROS(OWLRE, ~S(OWRE, Crs alkyl substituted with 0-3 R?, C1s
haloatkyl, Co.s alkenvl substituted with ¢-3 R?, «(TH2)-3-14 membered carbocycle

[\
(9

substituted with 0-1 R? or a ~(CH2)-5-7 membered heterocycle containing 1-4

heteroatoms selected from N, O, and S(O)p substituted with 0-2 R¥;

- 14 -
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.0
HaC” /I
N
M RE
R3is (?? ;

R® is hvdrogen, halo, Ci alkyl, Cia alkyoxy, Ci-ahaloaliyl, Ci haloalkoxy, Css
cycloalkyl, CN, NO2 or OH,

R at each occurrence is independently hydrogen, Ci4 alkvl substituted with -3
R! CF3, Caao cycloalkyl substituted with 0-1 R, (CH)-phenyl substituted with 0-3 R?
or -{CH2)~5-7 membered heterocycle containing -4 heteroatoms selected from N, O, and
S{O); substituted with 0-3 RY;

R? and R2! at each occurrence are independently hydrogen, F, CL, Br, OCF3, CF;,
CHF2. CN, NO», -(CH2)OR?, ({CH)SRP, -(CH)C(O)RY, (CH2)C{OYORD,
A{CHOC(ORE, «(CHNRVRY (CH)C(OINRVRY, (CH2),NRPC(OIR®, (CH2)NRE
COHORS, -NRPC(OINRVR Y -S(O)pNRIRM, -NRYS(O)R®, -S{O)R®, -S{O)0RS, C16
alkyl substituted with 0-3 Rf, (1. haloalkyl, Ca. alkenyl substituted with 0-3 R, Caus
alkynyl substituted with 0-3 R*, ~(CHz23-3-14 membered carbocycle or -{(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O)
substituted with 0-3 R

R is hydrogen, Ci. alkyi substituted with 0-3 R4, Cy haloalkyl, Cse cycloalkyl
substituted with 0-2 RY, or -(CHz)-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S{O); substituted with 0-3 Rf or ({CH2)-phenyl substituted with
0-3 R%:

RS is Cis alkyl substituted with 0-3 RY, (CH2)-Cs.s cvcloalkyl substituted with 0-3
Rf or (CHz)-phenyl substituted with 0-3 R

R4 is independently at each cccurrence, hydrogen, F, Cl, Br, OCF;, CF3, CN,
NO2. -OR®, -(CH2pC(OIRE, -NROR®, -NREC(O)YOR®, Ci alkyl or (CH2)-phenyl
substituted with 0-3 RY;

R® 15 independently at each occurrence, hydrogen, Ci alkyl, Cs- cvcloalkyl or
(CH2)-pheny! substituted with 0-3 RE;

Rf is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Tz
cyeloalkyl, CFs, O(Crs alkyl) or a {{CH2)-5-7 membered heterccycle containing 1-4
heteroatoms selected from N, O, and S{O)p;

pisQ,. 1, 0r2;

~15-
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ris 0, 1.2, 3, ord;

or a sterecisomer or pharmaceuiically-acceptable salt thereof

In a 6th aspect of the invention, there is provided a compound of the formula

R3
O HNT
k]
R\N %
H E
N. = _R?
N N

H

W

wherein

RUisH, CDs or Crs alkyl;

R?is -C{O)R?; or Crealkvl, -(CH2)~3-14 membered carbocycle substituted with
0-1 R% or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,

10 and 8, each group substituted with 0-4 R,

R4 at each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NGOz, -(CH2RORP, (CH2)SRY, (CH2RC(ORE, «(CH2uC(OYORY, «(CHL)OC(O)R?,
CH2OENRPRY (CH2COINRYR Y, (CH2)NRPCOWRE, {(CH2NRPC(OYORS, -NRPC(O
INRURI -S(O)NRIRIL -NRPS(O)RS, -S(O)RE, Cis alkyvl substituted with 0-3 R Ci

15 haloalkyl, Cze alkenyl substituted with 0-3 R?, -(CHz)-3-14 membered carbocycle
substituted with 0-1 R? or a -(CHz}-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S{O})p substituted with 0-2 R?;

9]
[PXe)
HC™ Y
Sy i RS
R3is ?? ;
R is hvdrogen, halo, Cis atkyl, Cis alkyoxy or Cie cycloalkyl;
20 R at each occurrence is independently hydrogen, Ci.4 alkyl substituted with 0-3

RE CFs, Czao cycloalky! substituted with 0-1 RY, (CHo)-phenyl substituted with 0-3 R?
or ~{CH2)~5-7 membered heterocyele containing 1-4 heteroatoms selected from N, O, and
S{O)p substituted with 0-3 RY;
R? and R?! at each occurrence are independently hydrogen, F, Cl. Br, OCFz, CF3,
25 CHF2, CN, NO, «(CH)OR?, «(CH2 SR, -(CH)LC(O)RY, «(CHL)LC(OHORY,
CCH)OC(OIRY, (CH)NRURY, (CHLCOINRIRH (CH2)NRPC(OIRS, (CH2)NRY

-16-
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C{OYOR®, -NRPC(OINR!R! -S(O)pNRIRM -NRPS(O)R®, -S{OR", -8(O)R", Cis
alkyl substituted with 0-3 RY, C1.s haloalkyl, Co. alkenyl substituied with 0-3 R®, Cae
alkvoyl substituted with 0-3 R, -(CH2)r-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(U
substituted with 0-3 R

RY is hydrogen, Cie alkyl substituted with 0-3 RY, C1.6 haloalkyl, Ca-s cycloalkyl
substituted with 0-2 R®, or -(CH2)~5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S{0), substituted with 0-3 Rf or (CH2)-phenyi substituted with
(-3 RY

R®is Ci.6 alkyl substituted with 0-3 Bf, (CH2~Ci. cvcloalkyl substituted with -3
Rf or (CH2)-phenyi substituted with 0-3 R,

R4 is independentily at each occurrence, hvdrogen, F, C1, Br, OCFs, CF3, CN,
N2, -OR®, -{CH:C(ORE, -NROR®, -NR*C(OYOR®, Cis alkyl or (CH2)-phenyi
substituted with 0-3 RE

R* is independently at each occuwrtence, hydrogen, Cis alkyl, CUs.6 cvcloalkyl or
(CH2)-phenyl substituted with 0-3 R%

Rfis independently at each occurrence, hydrogen, halo, CN, NH». OH, Czs
cyveloatkvi, CFs, O(Cr-s alkyl) or a -(CH2)-5-7 membered heterocvcle containing 1-4
heteroatoms selected from N, ©, and S{O)y;

pis G, 1, 0r2;

ris 0, 1,2, 3, or4;

or a sterecisomer or pharmaceuiically-acceptable salt thereof

In a 7th aspect of the invention, there is provided a compound of the formula

R3
O HNT
]
R\N R
H E
N. =\, _R?

wherein
RUisH, CDs or Cis alkyl;
R? is -({ O)RE’"‘;

~17 -
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R?? at each occurrence is independently hydrogen, OH, halo, OCF3, Cis alkyl
substituted with 0-2 R?, C1 haloalkyl, Cie alkoxy substituted with -2 R?, (o alkenyl

substituted with 0-2 R? or Cs.6 cyvcloalkyi substituted with 0-2 R,

O
1.0

s
H‘?C/fi
|
‘7? N~ RS

R is - ;
5 Rf is hydrogen, halo, Cis atkyl, Crsalkyoxy or Use cycloalkyl
R at each occurrence is independently hydrogen, Cia alkyl substituted with 0-3
Rf, CF3, Cs.10 cvcloalkyl substituted with 0-1 RE, (CHz)-phenyl substituted with 0-3 R¢
or -{CHz3~-5-7 membered heterocycle containing 1-4 hetercatoms selected from N, O, and
S{0)p substituted with 0-3 RY;
10 R® and R?! at each occurrence are independently hydrogen, F. Cl, Br, OCFs, CFs,

CHF,, CN, NO», -(CH2):0R?, -(CH2)SRP, -(CH2 L C(OIR?, -(CH21C(O)YORD,
{CH}OCORY, (CHDNRVIRY, S(CHOCOINRYRYE, (CH2NRPC(O)RE, -(CH2)}NRP
C{OYORC, -NRPC{OHNRIR Y -S{O)pNRIRM, -NRPS(O)RE. -S(ORE, -S{O)R", Cis
alkyl substituted with 0-3 RY, C1.s haloalkyi, Co.c alkenyi substituted with 0-3 R2 Cae
15 alkynyl substituted with 0-3 R?, {CH2)-3-14 membered carboceycle or «(CH2)~5-7
membered heterocycle containing 1-4 hetercatoms selected tfrom N, O, and S{(O)
substituted with 0-3 R,
RY is hydrogen, Cie alkvl substituted with 0-3 RY, C1 haloalkyl, Cis cycloalkyl
substituted with 0-2 RY, or -(CH2)-5-7 membered heterocycle containing 1-4 heteroatoms
20 selected from N, O, and S{O) substituted with 0-3 Rf or (CH2)-phenyl substituted with
(-3 R%:
RC 15 Ci6 alkyl substituted with 0-3 RY, (CH2»-Cas cycloalkyl substituted with -3
RS or (CH2)-phenyl substituted with 0-3 R';
R¢ is independently at each occurrence, hvdrogen, F, CL, Br, OCF;. CF;. CN,
NO2, -OR®, -(CH):C(OIRS, -NRR®, -NRC({OYOR®, T alkyl or (CHz)e-phenyl

substituted with 0-3 RY

|\
W

R® 1s independently at each occurrence, hydrogen, Cie alkyl, Cs.s cyvcloalkyl or

(CH2)-phenyl substituted with 0-3 RE;

- 18-
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R’ is independently at each occurrence, hydrogen, halo, CN, NH», OH, Ci.¢
cycloalkyl, CFs, O(C1-s alkyl) or a «(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S{(O)p;

pis 0, 1, 0r2;

Wh

ris 0, 1,2, 3, or4;

or a sterecisomer or pharmaceuticallv-acceptable salt thereof

In an 8th aspect of the invention, there is provided a compound of the formula

R3
O HN
k]
R\N N
H |
M. —=A._ _R?

pe b4

10 whersin

RiisH, CDs or Cisalkyl;

R? is pyvridine, pyridazine, pyrimidine, pyrazine, pyrazole, triazole, isoxazole,
isothiazole or quinoline, each group substituted with 0-4 R,

R?? at each occurrence is independently hydrogen, OH, halo, OCFz, CN,
NO2, -(CH2)ORY, (CH23SRP, «(CH2)(C(O)RE, -(CH2)C(OYOR?, «(CH23OC{O)RY,
CHNRVRY ((CHCOWRVRY (CH)NRPC(OIR®, «(CH2)NRPC(OYOR®, -NRPC(O
INRURY SO NRIRY NRPS(OWRE, -S{O)RE, Crs alkyl substituted with 0-3 R, C16

haloalkyvl, Co. alkenyl substituted with 0-3 R?, -(CH2)-3-14 membered carbocycle

[
W

substituted with 0-1 R? or a -(CH2)-3-7 membered heterocycle containing 1-4

20 heteroatoms selected from N, O, and S{O)p substituted with 0-2 R¥;

1.0
-8

R is %
RS is hydrogen, halo, Ciz alkyl, Cira alkyoxy or Cas cycloalkyl;
R at each occurrence is independently hydrogen, Ci alkyl substituted with 0-3
RE, CF3, Cs.0 cyvcloalkyl substituted with 0-1 RE, (CH:)-phenyl substituted with 0-3 R¢
25 or «{CHz3-5-7 memberad heterocycle containing i-4 hetercatoms selected from N, O, and

S(O)p substituted with 0-3 RY;

19 -
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R? and R at each occurrence are independently hydrogen, F, Cl, Br, OCF3, CF3,
CHF2, CN, NO», «{CH2:OR?, -(CH2MSRP, -(CHC(OIRD, «(CH)C(OYORY,
{CH2LOC(OIR®, «(CHNRMRY ((CHoBCOINRYR Y ((CH)NRPC(OIRS, (CH2)}NRP
C(OYORS®, -NRPC(OINRIR!L -S(O)NRIRIL -NRPS(O)RC, -S(O)IRC, -S{0)2RE, C1s
atkyl substituted with 0-3 Rf, Ci6 haloalkyl, Czs atkenyl substituted with 0-3 R3, Ca
alkyny! substituted with 0-3 R% ~(CHz2)~3-14 membered carbocvcle or ~{(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O)
substituted with 0-3 RS

R® is hydrogen, Cis alkyl substituted with 0-3 RY, C1¢ haloatkyl, Css cycloalkyl
substituted with 0-2 R4, or -(CH2)~5-7 membered heterocycle containing 1-4 heteroatoms
sefected from N, O, and S(O); substituted with 0-3 Rf or (CH2)-pheny] substituted with
0-3 R4

R is Ci alky! substituted with 0-3 RY, (CH2)-Cs.6 cycloalkyl substituted with 0-3
Rf or {CHz}-phenyl substituted with 0-3 R,

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCF;, CF3, CN,
NGOz, -OR®, {(CH:1C(O)R®, -NR°RE, -NREC(O)OR®, Cis alkyt or {CH2)-phenyl
substituted with 0-3 R’;

R® 1s independently at each occurrence, hydrogen, Ci.e alkyl, Cs.s cvcloalkyl or
(CHo)-pheny! substituted with 0-3 RY

R’ is independently at each occurrence, hydrogen, halo, CN, NHz, OH, (s
cycloalkyl, CFs, O(Ci~ alkyl) or a -(CH2}-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(Op;

pisQ, 1 or 2,

ris0, 1,2, 3 ord;

or a sterecisomer or pharmaceutically acceptable salt thereof

In a 9th aspect of the imvention, there is provided a compound of formula [1F

g* RS
o N
R'ﬁ
\N \
H
A, R?
NN
R5
it
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RbisH, CDs or Cisalkyl
R” is -C{OIR; or Crs alkyl, -(CHz)-3-14 membered carbocycle substituted with

0-1 R¥ or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, ©,

and 8, each group substituted with 0-4 R?%;

Wh

R” at each occurrence is independently hydrogen, OH, halo, OCF3;, CN,
NO2, -(CH2}ORY, -(CH2RSRY, (CHC(ORY, (CHC(OYOR®, (CH2ROC(OIRY,
CH2)NRERY, (CHOCOINRIRIL (CH2LENREC(OIRS, (CH2)NRPC(O)ORE,
NREC(OINRURM -S(O)pNRERY, -NRPS(O)RC, -S{0)R, C1 alky! substituted with
(-3 R? Ci6 haloalkyl, Czs alkenyl substituted with 0-3 R®, -{CH2}-3-14 membered
10 carbocycle substituted with 0-1 R? or a ~{CH2)-3-7 membered heterocycle containing 1-4

hetercatoms selected from N, O, and S(O), substituted with 0-2 R?;

“2,2’; N~ TR®
R3is ;

X1s O
R* and R are independently hydrogen, Ci4 alkyl substituted with 0-1 Rf,

[
W

(CH2)wphenyl substituted with 0-3 R? or a -(CH2)-5-7 membered heterocycle containing
1-4 hetercatoms selecied from N, G, and S(0O)y;

R® is hydrogen, halo, Ciualkyl. Cishaloalkyl, ~OC 4 haloalkyl, OCiraalkyl. CN,
N2 or OH;

R at each occurrence is independently hydrogen, Ci4 alkyl substituted with 0-3
20 RECFs, Caao eycloalkyl substituted with 0-1 RE, (CHzh-pheny substituted with 0-3 R4
or -{CH2)-5-7 membered heterocycle containing -4 heteroatoms selected from N, O, and
5{0), substituted with -3 RY;

R and R?! at each occurrence are independently hydrogen, F, CL, Br, OCF;3, CFs,
CHF2, CN, NO2, -(CH2:0RY, ~(CHDSRY, -(CH2LC(O)RY, -(CH2RC(O)YOR?,
{CHBOCORY, (CHANRVRY (CH)C(OINRYRY, {CHRBNRPC(OIRS, -{CH2)NRY
C{OYOR®, -NRPC(OINR!R! -S(O)pNRIRM -NRPS(O)R®, -S{OR", -8(O)R", Cis

alkyl substituted with 0-3 R', C1.s haloalkyl, Cas alkeny! substituted with 0-3 R?, Ca

[\
(93

alkvoyl substituted with 0-3 R <(CH2)r-3-14 membered carbocycle or -(CH2)-5-7
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membered heterocycle containing 1-4 heteroatoms selected from N, O, and 5(O)
substituted with 0-3 RY;

RY is hvdrogen, Crs alkyl substituted with 0-3 RY, Cr¢ haloalkyl, Cs cycloalkyl
substituted with 0-2 R?, or ~(CH»)-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(Q), substituted with 0-3 RY or (CH2)-pheny] substituted with
0-3 R%:

R is i alkyl substituted with 0-3 RE, (CH23-Cs.s cycloalky! substituted with 0-3
Rf or (CH2)-phenyl substituted with 0-3 Rf;

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCF3, CF3, CN,
NGz, -ORS, -(CH2:C(O)RE, -NRER®, -NRC(O)YOR®, Cis alkvl or (CH2)r-phenyl
substituted with 0-3 Rf;

R® 15 independently at each occurrence, hydrogen, Cis alkyl, Cas cycloalkyl or
{CHz)-phenvl substituted with 0-3 R

R’ is independently at each occurrence, hydrogen. halo, CN, NHz, OH, Cs
cycloaliyi, CF3, O(Ci- alkyl) or a «(CH2)-5-7 membered heterocvcle containing 1-4
heteroatoms selected from N, O, and S(O)p;

pis0, 1, or2;

ris0,1,2, 3, or4;

or a sterecisomer or pharmaceutically acceptable salt thereof

In a 10th aspect of the invention, there is provided a compound of the formula

RZ
G HN
4
R\N N
H
. _R?
N N
H

wherein

RiisH, CDs or Cisalkyl;

R? is -C{OIR?; or -(CH2)-3-14 membered carbocycle substituted with 0-1 R or
a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O, and S,

substituted with 0-4 R?%;
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R?2 at each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NGOz, -(CH2RORP, (CH2)SRY, (CH2RC(ORE, «(CH2uC(OYORY, «(CHL)OC(O)R?,
CH2ENRPRY, (CHC(OINR YR Y, (CHZ)NRPCOWRE, {(CHNRPC(OYORS,
NRPC(OINRIR! -S(0)NRIRY, -NRPS(O)RS, -S(O)RS, C 16 alkyl substituted with
0-3 R®, Ci6 haloalkyvi, Cos alkenyl substituted with -3 R?, «{CH2)-3-14 membered
carbocycle substituted with 0-1 R* or a «(CH2)»-5-7 membered heterocycle contaming -4

heteroatoms selected from N, O, and S{(O}p substituted with 0-2 R¥;

ch;’s = |
\N RS
R3is VL? :

X1s O
R® is hvdrogen, halo, Cis alkyl, Cis alkyoxy or Cis cycloalkyl;

R at each occurrence is independently hydrogen, Ci4 alkvl substituted with -3
R! CF3, Caao cycloalkyl substituted with 0-1 R, (CH)-phenyl substituted with 0-3 R?
or -{CH2)~5-7 membered heterocycle containing i-4 heteroatoms selected from N, O, and
5(0), substituted with -3 RY;

R? and R*! af each occurrence are ndependently hydrogen, F, CI, Br, OCFz, CFs,
CHF2. CN, NO», -(CH2)OR?, ({CH)SRP, -(CH)C(O)RY, (CH2)C{OYORD,
S{CH2OCORE, -(CH)NRURY, -(CH)C(OINRURY (CH2)NRPC(OIR®, -(CH2)NR?
COHORS, -NRPC(OINRVR Y -S(O)pNRFRM, -NRYS(O)R®, -S{O)R®, -S{O)RC, Ci6
alkyl substituted with 0-3 Rf, (1. haloalkyl, Ca. alkenyl substituted with 0-3 R, Caus
alkynyl substituted with 0-3 R*, ~(CHz23-3-14 membered carbocycle or -{(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selecied from N, O, and S(O)
substituted with 0-3 R

RY is hydrogen, Ci. alky! substituted with 0-3 R4, Ci. haloalkyl, Cze cycloatkyl
substituted with 0-2 RY, or -(CHz)-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O); substituted with 0-3 Rf or (CH2)-pheny! substituted with
0-3 R%:

RS is Cis alkyl substituted with 0-3 RY, (CH2)-Cs.s cvcloalkyl substituted with 0-3
Rf or (CHz)-phenyl substituted with 0-3 R
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R? at each occurrence is independently hvdrogen, F, Cl, Br, OCF3, CF3, CN,
NGOz, -OR®, {(CH:1C(O)R®, -NR°RE, -NREC(O)OR®, Cis alkyt or {CH2)-phenyl
substituted with 0-3 R

R® at each occurrence 1s independently selected from hvdrogen, Cis alkvl,
Css cycloalkyl and (CHa)-phenyl substituted with 0-3 RY;

R/ independently at each occurrence is hydrogen, halo, CN, NH», OH,
(.6 cycloalkyl, CF;, O(Cealkyl) or a -{CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O)p;

pisQ, 1 or 2,

ris0, 1,2, 3 ord;

or a stereoisomer or pharmaceutically-acceptable salt thereof

In another aspect, there is provided a compound selected from the exemplified
examples within the scope of the first aspect. or a pharmaceutically acceptable salt or
sterepisomer thereof.

In another aspect, there is provided a compound selected from any subset list of
compounds within the scope of any of the above aspects.

In another aspect, there is provided a compound (IUPAC naming convention)
selected from

6~cyclopropaneamido-4-[ (3-methanesul fonylpyridin-2-vDamino[-N-

(*H;s ymethvipyridazine-3-carboxamide;

G- (S-fluoropyridin-2-yDamino}-4-[(3-methanesulfonyipyndin-2-yDamino|-N-
(*Hz)methylpyridazine-3-carboxamide;

4-{ 3~methanesulfonylpyridin-2-vhamino |-6-{{6~-methoxypvnidazin-3-vhamino}-
N-(Hzymethyipyridazine-3-carboxamide;

4-[(3-methanesulfonvipyridin-2-yDamino]-N-*Hzymethyl-o-[(1-methyi-1H-
pvrazol-3-vijaminolpvridazine-3-carboxamide;

6-{(6~cy clopropyl-2-methy Ipyrimidin-4-vDamino}-4-{ (3-methanesul fonypyvridin-
2-yhaminoj-N-(*H ymethy ipvridazine-3-carboxanude;

6~ {| 5-(2-hydroxypropan-2-vhpyridin-2-yHamino } ~4-{ (3~-methanesulfonylpyridin-

2-vhamino-N-{(*Hgymethylipvridazine-3-carboxamide;

~ 24 .
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6-{(6-cyclopropyipyrimudin-4-yaming |-4-{(3-methanesulfonyipyndin-2-
vlyamino]-N-(Hz ymethylpyridazine-3-carboxarmde;
6-{{6-cyclopropyvipyiidazin-3-yamino |-4-{ (3-methanesulfonyipyridin-2-
yyamino]-N~(*Hz)ymethyvipyridazine-3-carboxanude;
5 6-1{1,5-dimethyl-1H-pyrazol-3-vhamino}-4-| 3-methanesulfonylpvridin-2-
vlyamino]-N-(Hz ymethylpyridazine-3-carboxarmde;
4-1(3-methanesulfonylpyridin-2-vhamino |2N-CHz ymethyi-6- {{ 5-
(trifluoromethy hpvridin-2-yHarino} pyndine-3-carboxarmde;
4-](3-methanesulfonylpyridin-2-yDamino |-N-{*Hz ymethyl-6- {6~
10 (nfluoromethyvDpyridazin-3-vijamino | pyvridazine-3-carboxamide;
4-{(3-methanesuifonylpvndin-2-vDamino-6-{(Z-methoxy pyrimidin-4-vHamino}-
N-(?Hz)methylpyvridazine-3-carboxamide;
6-{{5-fluoro-4-(2-hvdroxy propan-2-yDpyridin-2-yijamino } -4-{ (3~

methanesul{onylpyridin-2-vamino |-N-(BHz ymethyipyridazine-3-carboxamide;

[
(i

6- £} 5-(2-aminopropan-2-v hpyridin-2-vHamings } -4-{ (3-methanesulfonylpyridin-2-
vhamno]-N-(*Hzymethvlpyridazine-3-carboxamde;
4-] (3-methanesulfonylpyridin-2-yBamino|-N-{*Hz ymethyl-6- {{ 1-(2,2.2-
triftuoroethyy-1H-pyrazol-3-vijamino} pyridazine-3-carboxamide;
4-{(3-methanesulfonyipyridin-2-yhaminoi-6-{{6-(*Hsymethoxypyridazin-3-
20 yljanuno}-N-(*Hszymethvipyridazine-3-carboxamide;
6-{(S-cyanopyridin-2-yamino}-4-{(3-methanesulfonylpyridin-2-viyamino}-N-
(*Hy)methylpyridine-3-carboxanude;
methyl N-{2-{6-{{5-{(3-methanesuifonylpvridin-2-yvlyamino}-6-
{(*Hzymethylcarbamovlpyridazin-3-vl}anmino)pyridin-3-yljpropan-2-y1} carbamate;
25 6-4|5-(1-cyanocy clopropylipvridin-2-vi{amino } -4-{{3-methanesulfonvipyridin-2-
vhamino|-N-(Hzymethylpyridazine-3-carboxarmde;
4-1(3-methanesulfonvlpyridin-2-vBamino]-N-{*Hz ymethy1-6- {| S-(morpholin-4-
v hpyridin-2-yHamino} pyndazine-3-carboxamide;
61 (S-cyclopropyipyvrazin-2-yljamino|-4-{(3-methanesulfonvipynidin-2-yjamine |-
30 N-(*Hzymethvlpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yhamino 2N-(CHz ymethyvi-6-[ {G-methylpyridazin-

3-yhaminolpyridazine-3-carboxanude;

~ 25 -
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4-1{3-methanesulfonylpyridin-2-vhamino 2N-CH ymethy 1-6-{{ 5-
{(trifluoromethvDpyridin-2-vijamino } pyridazine-3-carboxamide;

4-{ 3~methanesulfonylpyridin-2-vhamino |-N-CHzymethvi-6-[(5-methyvipyrazin-2-
yvlyamino]pyridazine-3-carboxamide;

4-{ (3-methanesulfonylpyridin-2-vijamino|-6- { {4-{methoxymethy Dpyridin-2-
vlamino}~-N-(*H g ymethvipvridazine-3-carboxamide:

6-1(2,6~-dimethy lpyrimidin-4-yHanuino}-4-{(3-methanesulfonylpyridin-2-
vhamino]-N~(*Hz)methvipyridazine-3-carboxanude;

6-{[6-(2.6-difluorophenvlipyridazin-3-yljamino} -4-{ (3-methanesulfonvipyridin-2-
yvhamino]-N-(3Hz ymethylpyridazine-3-carboxarmde;

6-cyclopropaneamido-4-[(3-methanesulfonylpyridin-2-yDamino-N-
(*Hz)methylpyridine-3-carboxamide;

6-{{(18,2R}-2-fluorocy clopropaneamido|-4-{(3-methanesulfonvipyridin-2-
ylyamino}-N-CHz ymethyipyridazine-3-carboxamide;

6-{(18,28)-2-fluorocy clopropaneamido}-4-{ (3-methanesulfonylpyridin-2-
yvhamano]-N-(%Hz methyipyridazine-3-carboxamde;

4-{ (3-methanesulfonylpyridin-2-yhamino|-N-{*H; ymethyl-6-{ (1R, 2R }-2-
methylcyclopropaneamudolpyridazine-3-carboxamide;

4-{(3-methanesulfonyipyridin-2-yhaming |-N-CH; ymethvi-6- {spirof 2.2 |pentane-1-
amido pyridazine-3-carboxamide;

4-{ (3-methanesulfonylpyridin-2-yhamino|-N-{*H; ymethyl-6-{ (1R, 2R }-2-
methylcyclopropaneamudolpyridazine-3-carboxamide;

6-[{6-cyclopropylpyrimidin-4-y Damano -4~ (3-methanesulfonyipyridin-2-
vhamno]-N-(*Hzymethylpyridine-3-carboxamide;

4-{(3-methanesulfonylpvridin-2-yhamino|-N-(*H; ymethvi-6-{(Z-methvi-2H-1 .2 3-
triazol-4-yhaminoipyridazine-3-carboxamide;

6-{{6-cvclopropyi-2-methylpyrimidin~-4-yhamino|-4-[(3-methanesul fonylpyridin-
2-yhamino{-N-{*H;)methylpvridine-3-carboxamide;

6~ {} 5-(2-hydroxypropan-2-vhpyvridin-2-yHamino} ~4-[(3~methanesulfony -6~
methylpvridin-Z-vhamino}-N-(*Hz)methylpyridazine-3-carboxamide;

4-{(3-methanesulfonylpyridin-2-vDamino|-N-(*H ymethy1-6-{{5-

triflucromethoxy ypy nidin-2-vljamino b pyndarzine-3-carboxamde;
Y IPY ] Py .

o
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4-](3-methanesulfonylpyridin-2-yDamino -N-(2Hz ymethy1-6-[ (18-
spirof2.21pentane-1-amidojpyridazine-3-carboxamide;

4-[(3-methanesulfonylpyridin-2-vhamino |\N-CHz ymethyi-6-[{1R)-
spirof2 2ipentane-1-amidopvridazine-3-carboxamde;

6-{{4-chloro-5-(2-hydroxy propan-2-ypyridin-2-vijamino} -4-{(3-
methanesulfonyl-G-methylpvndin-2-yQarmino |-N-(#H;z ymethylpyridazine-3~carboxammde;

6-cy clopropaneanudo-4-[(3-methanesul fonyl-6-methylpyridin-2-yhamino{-N-
(*H3methylpyridine-3-carboxamide;

6-{i4-chloro-5-{2-hydroxypropan-2-ypyridin-2-yljamino} -4-{(3-
methanesulfonyl-6-methoxypyridin-2-yDamino]-N~(*Hzymethyipynidazine-3-
carboxamide;

6-{(2-cyclopropyi-6-methy Ipyrimidin-d-viyamino |-4-{ (3-methanesul fonylpyvridin-
2-yhamino-N-(*Hsmethy Ipvridazine-3-carboxanude;

6-{{6-fluoro-5-(2-hvdroxypropan-2-yDpyridin-2-vijamino} -4-{ (3~
methanesulfonylpyridin-2-vijamino |-N-{?H; ymethylpyridazine-3-carboxamide;

4-1(3-methanesulfonyipyvridin-Z-vhamino}-6- {| 5-{methoxymethy Hpyridin-2-
yvHamuno} -N~{(*H;ymethylpyvridazine-3-carboxanude;

4-1(3-methanesulfonylpyridin-2-yBamino-6-(4 5-[(*H 3 ymethoxymethy Hpyridin-2-
vi}amino}-N-{*#;)methylpyridazine-3-carboxamide;

6~ {|6~(difluoromethoxy pyridazin-3-vljamino} -4~ 3-methanesulfonylpyridin-2-
vilamino]-N-(*Hz)ymethvipyridazine-3-carboxamide;

4-{(3-methanesulfonylpyridin-2-yhamino |-N-(H ymethvi-6- ] 6-(propan-2-
vhpynidazin-3-yijamino} pyvridazine-3-carboxamide;

6~ (6~-tert-butylpyridazin-3~vljamino|-4-[3-methanesulfonvipyridm-2-yDamino}-
N-(*Hzmethylpyridazine-3-carboxamide;

G- 6-(difluoromethylipyridazin-3-yljamino} -4-I(3-methanesutfonylpyridin-2-
vhamino|-N-{*Hgymethylpyridazine-3-carboxamide;

4~ (3~-methanesulfonylpyridin-2-vhamino |-N-CHz methvi-6-[{18,28)-2-
methylcyclopropaneamidofpyridazine-3-carboxamide; or

t-cyclopropaneamido-4-[ (3-methanesutfonyl-6-methylpyridin-2-vDHamino}-N-
(*Hzymethylpyridazine-3-carboxamide;

or asterecisomer or pharmaceutically acceptable salt thereof

27 -
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In another aspect, there is provided a compound (ITUPAC naming convention}
selected from

6-cyclopropaneanido-4-[(3~-methanesulfonylpyridin-2-yDamino|-MN-
(*Hz)methylpyridazine-3-carboxamide;

6-{(6-cyclopropyl-2-methylpyrimidin-4-yhamino}-4-[(3~-methanesul fonylpyridin-

2-yamino -N-CHz ymethvipyridazine-3-carboxamide;

6-[{6-cyclopropylpyrimidin-4-y Damano -4~ (3-methanesulfonyipyridin-2-
vhamino|-N-(*Hzymethylpyridazine-3-carboxamide;

6-{(6-cyclopropylpyvridazin-3-yDanuino]~4-{ 3-methanesulfonvipynidin-2-

vilamino]-N-(*Hz)ymethvipyridazine-3-carboxamide;

6-cyclopropaneanido-4-[(3~-methanesulfonylpyridin-2-yDamino|-MN-
(*Hz)ymethylpyridine-3-carboxamide;

4-{(3-methanesulfonylpvridin-2-yhamino|-N-(*H; hmethvi-6-{ (1R, 2R}-2-
methylcyclopropaneamidofpyridazine-3-carboxamide;

4-{(3-methanesulfonylpyridin-2-yhamino |-N-(CH; ymethyvi-6-{spirof 2. 2 pentane-1-
amido} pyridazine-3-carboxamide;

4-{(3-methanesulfonylpyridin-2-yDamino]-N~-(*Hz ymethy-6-[(15,25)-2-
methylcyclopropaneamidofpyridazine-3-carboxamide;

6-cy clopropaneamido-4-[(3-methanesulfonyl-6-methylpyridin-2-yDamino -N-
(*Hy)ymethylpyridazine-3-carboxamide;

4-[(3-methanesulfonylpvridin-2-vhamino |-N-CH ymethvl-6- {{5-
(triftuoromethoxy ypyndin-2-ylHamine } pyridazine-3-carboxamide;

4-1(3-methanesulfonylpvridin-2~-yDamino]-N-(*H ymethyl-6-[{(15)-
spirof 2.2 ipentane-1-amidojpyridazine-3-carboxamide;

4-[(3-methanesulfonylpvridin-2-vhamino |-N-CH ymethyl-6-[{1R)-
spirof 2.2 ipentane-1-amido|pvridazine-3-carboxanude; or

6-{{4-chloro-5-(2-hvdroxy propan-2-y Dpyridin-2-yllamino} -4-{(3~
methanesulfony!-6-methyvipyrdin-2-yDamino |-N-(*H; ymethylpyridazine-3-carboxamide

of a sterecisomer or pharmaceutically acceptable salt thereof,

TR



WO 2019/103952 PCT/US2018/061726

In another embodiment, there is provided a pharmaceutical composiiion
comprising one or more compounds of formula I and a pharmaceutically acceptable
carrier or diluent.

The present invention is also directed to pharmaceutical compositions useful in

Wh

treating diseases associated with the modulation of 1L-12, 11-23 and/or IFNg by acting on
Tyk-2 to cause signal fransduction inlubition, comprising compounds of formula I, or
pharmaceuticallv-acceptable salts thereof, and pharmaceutically-acceptable carriers or
difuents.
The mvention further relates to methods of treating diseases associated with the
10 modulation of 1L-12, 1L-23, and/or IFNo, comprising adnunistering to a patient in need of
such treatment a therapeutically-effective amount of a compound according to formula L
The present invention also provides processes and intermediates for making the
compounds of the present invention.

The present invention also provides a method for treating proliferative, metabolic,

pns
(¥4}

allergic, autoimmune and inflammatory diseases {or use of the compounds of the present
mvention for the manufacture of a medicament for the treatment of these diseases),
comprising admanistering to a host in need of such treatment a therapeutically effective
amount of at least one of the compounds of the present invention.

The present invention also provides a method of treating an inflammatory or
20 autoimmune disease (or use of the compounds of the present invention for the
manufacture of a medicament for the treatment of these diseases) comprising
administering {0 a patient in need of such treatment a therapeuticallv-effective amount of
a compound of Formula L

The present invention also provides a method for treating a disease {or use of the

W

compounds of the present invention for the manufacture of a medicament for the

b2

treatment of these diseases), comprising administering to a patient in nead of such
treatment a therapeutically-effective amount of a compound of Formuda 1, wherein the
disease is rheumatoid arthritis, multiple sclerosis, systemic lupus ervthematosus (SLE).
fupus nephritis, cutaneous lupus, inflammatory bowel disease, psoriasis, Crohn's Disease,
30 psoratic arthritis, Sjogren's syndrome, sysiemic scleroderma, vlcerative colitis, Graves'
disease, discoid lupus ervthematosus, adult onset Stills, svsternic onset juvenile idiopathic

arthritis, gout, gouty arthritis, type 1 diabetes, insulin dependent diabetes mellitus, sepsis,
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septic shock, Shigeliosis, pancreatitis (acute or chronic), glomerulonephritis, autoimmune
gasiniis, diabetes, autoimmune hemolytic anemia, autoimmune neulropenia,
thrombocytopenia, atopic dermatifis, myasthenia gravis, pancreatitis (acute or chronic),
ankviosing spondvlitis, pemphigus vulgarns, Goodpasture's disease, antiphospholipid
syndrome, idiopathic thrombocytopenia, ANCA-associated vasculitis, pemphigus,
Kawasalki disease, Chronic Inflammatory Demyelinating Polyneuropathy (CIDP),
dermatomvositis, polymyosiiis, uveitis, Guillain-Barre syndrome, autoimmune pulmonary
inflammation, aitoimimune thyroiditis, autoimmune inflammatory eye disease, and
chromie demyelinating polynewropathy.

The present invention also provides a method of treating an inflanuoatory or
autoimmune disease (or use of the compounds of the present invention for the
manufacture of a medicament for the treatment of said diseases), comprising
admimstering to a patient in need of such treatment a therapeuticallv-effective arnount of
a compound of Formula I, wherein the disease is selected from systemic lupus
erythematosus (S8LE), lupus nephritis, cuiansous lupus, Crobn's Disease, ulcerative colitis,
type 1 diabetes, psoriasis, theurnatoid arthritis, systemic onset juvenile idiopathic arthritis,
ankylosing spondylitis, and multiple sclerosis.

The present invention also provides a method for treating a rheumatoid arthritis
{or use of the compounds of the present invention for the manufacture of a medicament
for the treatment of rheumatoid arthritis, comprising administering to a patient in need of
such treatment a therapeutically-effective amount of a compound of Formula I

In addition, the present invention also provides a method of treating a condition
{or use of the compounds of the present nvention for the manufacture of a medicament
for the treatment of these conditions) comprising administering to a patient in need of
such treatment a therapeutically-effective amount of a compound of Formula |, wherein
the condition is selected from acute myelogenous feukemia, chronic myelogenous
leokemia, metasiatic melanoma, Kaposi's sarcoma, mulliple myeloma, solid tumors,
ocular neovasculization, and infantile haemangiomas, B cell lymphoma, systemic hupus
erythematosus (S8LE), rheumatoid arthritis, psoriatic arthritis, multiple vasculitides,
idiopathic thrombocytopenic purpura (ITP), myasthema gravis, allergic rhanitis, multiple
sclerosis (MS), transplant rejection, Type 1 diabetes, roembranous nephritis, mflammatory

bowel disease, autoimmune hemolytic anemia, autoimmune thyroiditis, cold and warm
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agglutinin diseases, Evans syndrome, hemolytic uremic syndrome/thrombotic
thrombocytopenic purpura (HUS/TTP), sarcoidosis, Sjdgren's syndrome, peripheral
neuropathues, pemphigus vulgans and asthma

The present invention also provides a method of treating an IL-12, 1L.-23, and/or

Wh

[FNo mediated disease {or use of the compounds of the present invention for the
manufacture of a medicament {or the treatment of these diseases), comprising
admministering to a patient in need of such treatment a therapeuticallv-effective amount of
a compound of formmila 1.
The present invention also provides a method of treating an [L-~12, 1L.-23 and/or
10 IFNo mediated disease {or use of the compounds of the present invention for the
manufacture of a medicament for the treatment of these diseases), comprising
administering to a patient in need of such treatment a therapewtically-effective amount of
a compound of formula I, wherein the 1L.-12, 1L-23 and/or IFNo mediated disease is a
disease modulated by [L-12, 1L.-23 and/or IFNa.
15 The present inveniion also provides a method of treating diseases, comprising
administering to a patient in need of such treatment a therapeutically-effective amount of
a compound of formula I in combination with other therapeutic agents.
The present invention also provides the compounds of the present invention for
use in therapy.
20 In another embodiment, compounds of formula T are selected from exemplified
compounds or combinations of exemplified compounds or other embodiments herein.
In another embodiment are compounds having an ICse < 1000 nM i at least one of
the assays described below.

The present invention may be embodied in other specific forms without departing

W

from the spirit or essential atiributes thereof. This invention encormpasses all combinations of

b2

preferred aspects and/or embodiments of the invention noted herein. i is understood that any
and all erabodiments of the present invention may be taken in conjunction with any other
embodiment or embodiments to describe additional more preferred embodiments. It is also
to be undersiood that each individual element of the preferred embodiments is its own

30 independent preferred embodiment. Furthermore, any element of an erabodirsent is meant 1o
be combined with any and all other elements from any erabodiment to describe an additional

embodiment.

?
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DETAILED DESCRIPTION OF THE INVENTION

The following are defimitions of terms used in this specification and appended
claims. The inmtial definition provided for a group or term herein applies to that group or
term throughout the specification and claims, individually or as part of another group,
urdess otherwise indicated.

Compounds of this invention may have one or more asvmmetric centers. Unless
otherwise indicated, all chiral (enantiomeric and diastereomeric) and racemic forms of
compounds of the present invention are included in the present invention. Many geometric
isomers of olefins, C=N double bonds, and the like can also be present in the compounds, and
all such stable isomers are contemplated n the present invention. (is- and frans-geometric
isomers of the compounds of the present invention are described and may be isolated as a
miaxture of isomers or as separated 1someric forrms. The present compounds can be isolated in
optically active or racemic forms. H is well known in the art how to prepare optically active
forms, such as by resohution of racemic forms or by svnthesis from optically active siarting
materials. All chiral, (enantiomeric and diastereomeric) and racemic forms and all geometric
isomeric forms of a structure are intended, unless the specific stereochemustry or 1somer form
is specifically indicated.

When any variable (e.g., R’y occurs more than one time in any constituent or formula
for a compound, its definition at each occurrence s independent of s defimtion at every
other occurrence. Thus, for example, if a group is shown to be substituted with 0-2 R°, then
said group may optionally be substituted with up to two R* groups and R’ at each occurrence
is selected independently from the definition of R®. Also, combinations of substituents
and/or variables are permissible only if such combinations result in stable compounds.

When a bond o a substituent is shown to cross a bond connecting two atorns in a ring,
then such substituent may be bonded {0 anv atom on the ring. When a substituent is listed
without indicating the atom via which such substituent is bonded to the rest of the compound
of a given formula. then such substituent may be bonded via any atom in such substituent.
Combinations of substituents and/or variables are permissible only if such combinations
result in stable compounds.

In cases wherein there are nitrogen atoms {e.g., anunes) on compounds of the present

mvention, these can be converted to N-oxides by treatment with an oxidizing agent (2. g.,
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MCPBA and/or hydrogen peroxides) to atford other compounds of this invention. Thus, ali
shown and claimed nitrogen atoms are considered to cover both the shown nitrogen and its

N-oxide (N—0} derivative.

In accordance with a convention used in the art, ém is used in structural formulas
5 herein to depict the bond that is the point of attachment of the moiety or substituent to the
core or backbone structure.
A dash "-" that is not between two letters or svmbols is used to indicate a point of
attachment for a substituent. For example, ~CONHz 1s attached through the carbon atom.
The term "optionally substituted" in reference to a particular moiety of the
10 compound of Formula I {e.g.. an optionally substitited hetercary! group) refersfo a
moiety having 0, 1, 2, or more substituents. For example, "optionally substituted atkyl”
encompasses both "alkyl" and "substituted alkvl" as defined below. It will be understood
by those skilled in the art, with respect to anv group coniaining one or more substituents,
that such groups are not intended to introduce any substitution or substitution patterns that
1§ are stencally imopractical, synthetically non-feasible and/or inherently unstable.
As used herein, the term "at least one chenucal entity" is interchangeable with the
term "a compound”.
As used herein, the term "alkvl” or "alkylene” 1s mtended to include both branched
and straight-chain saturated aliphatic hydrocarbon groups having the specified number of
20 carbon atoms. For example, "Ci.10 alkyl" {or alkylene), is intended to include Cy, T2, T3, C4,
Cs, Us, 7, Ca, Co, and Cio alkyl groups. Additionally, for example, "C1-Ce alkyvl" denotes
alkyl baving 1 to 6 carbon atoms.  Alkyvl groups can be unsubsiituted or substituted so that
one or more of its hyvdrogens are replaced bv another chenucal group. Example alkyl groups

include, but are not limited to, methyl (Me), ethyl {(Et), propyl {e.g., n-propyl and isopropvi),

|\
W

butyl {e.g., n-butyl, isobutyl, /~buivh), pentvi (e.g., n-penivl, isopentyl, neopentyl), and the
like.

"Alkenyl” or "alkenviene” is intended to include hydrocarbon chains of either siraight
or branched configuration and having one or more double carbon-carbon bonds that may
occur in any stable point along the chain. For example, "Cz- alkenyl” (or alkenviene), is
30 intended to include Cs, Cs, Cq, Cs, and Cs alkenvi groups. Examples of alkeny! include, but

are not limited to, ethenvl, 1-propenyl, 2-propenyl, 2-butenyl, 3-butenyl, 2-pentenyl, 3-
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pentenyl, 4-pentenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 2-methyl-2-propenyl, 4-
methyl-3-pentenyl, and the like.
"Alkvnvl" or "alkyovlene" is intended to mclude hydrocarbon chains of etther straight

or branched configuration and having one or more iriple carbon-carbon bonds that may occur

Wh

in any stable point along the chain. For example, "Cac alkynyl” (or alkynylene), is intended
to include Ca, Cs, C4, Cs, and Ce alkynvl groups: such as ethvnyl, propvovi, butvoyi,
pentynyl, hexynyl and the like.

One skilied in the field will understand that, when the designation "C(:2" is used

O
. e e X ! !
herein, this is intended to refer to the group —¢—0—,

10 When the term "alky!" is used together with another group, such as in "arylalkyl",
this conjunction defines with more specificity at least one of the substituents that the
substituted alky!l will contain. For example, "arylalkyl" refers to a substituted alkyl group
as defined above where at least one of the substituents is an arvi, such as benzyl. Thus,
the term arvli{Co-)alkyl includes a substituted Iower alkyl having at least one aryi

15 substituent and also imcludes an aryl divectly bonded to ancther group, i.e., arvi{Coatkyl.
The term "heteroarylalkyl” refers fo a substituted alkyl group as defined above where at
least one of the substituents is a heterocaryl.

When reference is made o a substituted alkenyl, alkynyl, alkylene, alkenylene, or
alkynylene group, these groups are substituted with one to three substituents ag defined

20 above for substituted alky! groups.

The term "alkoxy" refers {0 an oxygen atom substifuded by alkyvl or substituted
alkvl, as defined herein. For example, the term "alkoxy" includes the group -O-Crealkyi
such as methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, sec-hutoxy, fert-butoxy,
pentoxy, 2-pentyloxy, isopentoxy, neopentoxy, hexoxy, Z-hexoxy, 3-hexoxy, 3-

25 methylpentoxy, and the ike. "Lower alkoxy" refers to alkoxy groups having one {o four
carbons.

It should be understood that the selections for all groups, including for example,
alkoxy, thisalkyi, and anminoalkyl, will be made by one skilled in the field to provide
stable compounds.

30 The term "substituted", as used herein, means that any one or more hydrogens on
the designated atom or group is replaced with a selection from the indicated group,

provided that the designaied atom’s normal valence is not exceeded. When a substituent is
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oxo, or keto, (i.e., =0) then 2 hvdrogens on the atom are replaced. Keto substituents are
not present on aromatic moieties. Unless otherwise specified, substituents are named nto
the core structure. For example, it 15 to be understood that when (cvcloalkylalkyl is histed
as a possible substituent, the point of attachment of this substituent to the core struciure is
in the alkvl portion. Ring double bonds, as used herein, are double bonds that are formed
between two adjacent ring atoms (e.g., C=C, C=N, or N=N).

Combinations of substituents and/or variables are permissible only if such
combinations result in stable compounds or useful synthetic intermediates. A stable
compound or stable structure 15 meant to imply a compound that is sufficiently robust to
survive isolation from a reaction nuxture to a useful degree of purity, and subsequent
formulation o an efficacious therapeutic agent. It is preferred that the presently recited
compounds do not contain a N-halo, S{O)H. or S{O)H group.

The term "cycloalkyl" refers to cvclized alkyl groups, mcluding mono-, bi- or poly-
cyclic ring systems. (3.7 cycloatkyl is intended to include Cs. Cq, Cs, Uy, and C7 cycloalkyl
groups. Example cycloalkyl groups include, but are not limited to, cvclopropyl, cvclobutyl,
cyclopentyl, cvclohexyl, norbornyl, and the like. As used herein, "carbocyele" or
"carbocychic residue” is intended to mean any stable 3+, 4-, 5-, 6-, or 7-membered monocychic
or bicyclic or 7-, 8-, 9-, 10-, 11-, 12~ or 13-membered bicyclic or tricyclic ring, anv of which
may be saturated, partially unsaturated, unsaturated or aromatic. Examples of such
carbocycles include, but are not limited (o, cyclopropyl, evclobutyl, eyclobutenyl,
cyclopentvl, cyclopentenvl, cyclohexyl, cycloheptenvi, cycloheptyl. cycicheptenyl,
adamantyi, cyclooctvl, cyclooctenyi, cyclooctadienyl, [3.3.0bicyclooctane,
{4.3.0]bicyclononane, {4.4.Olbicyclodecane, [2.2. 2 bicyclooctane, fluorenyl, phenyvl,
naphthyl, indanyl, adamantyl, anthracenyl, and tetrahvdronaphthyl (tetralin}. As shown
above, bridged rings are also included in the definmition of carboeycle {e.g.,
{2.2.2bicvclooctane). Preferred carbocycles, unless otherwise specified, are cyclopropyl,
cyelobutyl, cyclopentyl, cvcohexvl, and phenyl. When the term "carbocycle” 15 used, it is
intended to include "aryl”. A bridged ring occurs when one or more carbon atoms link two
non-adiacent carbon atoms. Preferred bridges are one or two carbon atoms. H is noted that a
bridge always converts a monocyclic ring into a bicyclic ning. When a ring s bridged, the

substituents recited for the ring may also be present on the bridge.
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The term "arv]” refers to monocyclic or bicvelic aromatic hydrocarbon groups having
6 to 12 carbon atoms in the ring portion, such as phenyl, and naphthyl groups, each of which
may be substituted.

Accordingly, in compounds of formula I, the term "cvcloalkyl" includes
cyelopropyl, cvelobutyl, cyclopentyl, cvclohexyl, cyvcloheptyvl, bicyclooctvl, etc., as well

as the following ring systems:

OEIR A 0 A oo
e ol P ISOR

and the like, which optionally may be substituted at any available atoms of the ring(s).

.
Preferred cycloalkyl groups include cvclopropyl, cvelopentyl, cyclohexyvl, and £ -

The terr "halo" or "halogen" refers to chloro, bromo, fluore and 1odo.

The term "haloalkyl" means a substituted alkyl having one or more halo
substituents. For example, "haloalkyl" inclades mono, bi, and imfluoromethyl.

The term "haloalkoxy” means an alkoxy group having one or more halo
substituents. For example, "haloalkoxy" includes OCF;.

Thus, examples of aryl groups include:

i R [ \a = it R . i \a 1 X : i s B
i = ’

paN
, {fluorenyl) and the like, which optionally

r—c Z
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may be substituted at any available carbon or nitrogen atom.
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The terms "heterocycle”, "heterocycloalkyl”, "heterocvelo”, "heterocvclic”, or
"heterocyclyl” may be used interchangeably and refer o substituted and onsubstituied 3-
to 7-membered monocyclic groups, 7- to 1 1-membered bicvclic groups, and 10- to |5-
membered tricyclic groups, in which at least one of the rings has at least one heteroatom
(O, § or N), said heteroatom containing ring preferably having 1, 2, or 3 heteroatoms
selected from O, §, and N. Each ring of such a group containing a heteroatom can
contain one or two oxygen or sulfur atoms and/or from one to four nitrogen atoms
provided that the total number of heteroatoms in each ring is four or less, and further
provided that the ring contains at least one carbon atom. The nitrogen and sulfur atoms
may optionally be oxidized and the nitrogen atoms may optionally be quaternized. The
fused rings completing the bicyclic and tricyclic groups may contain only carbon atoms
and may be saturated, partially saturated, or fully unsaturated. The heterocyclo group
may be attached at any available nitrogen or carbon atom.  As used herein the terms
"heterocycle”, "heterocycloalkyl”, "heterocvclo”, "heterocyclic”, and "heterocycly!”
include "heteroarvi” groups, as defined below.

In addition (o the hetercaryl groups deseribed below, exemplary monocyclic
heterocvelyl groups include azetidinyl, pyrrohiding], oxetanyl, inudazolinyl, oxazolidinyl,
isoxazolinyl, thiazolidinyl, isothtazolidinyl, tetrahydrofuranyl, piperidyl, piperazinyl, 2-
oxopiperazinyl, 2-oxopiperidyl, 2-oxopvrrolodinyl, 2-oxoazepinyl, azepinyl, 1-pyrdonvi,
4-piperidonyl, tetrahydropyranyl, morpholinyl, thiamorphohinyl, thiamorpholinyl

sulfoxide, thiamorpholiny! sulfone, 1,3-dioxolane and tetrahydro-1,1-dioxothienyl and the

like. Exemplary bicyclic heterocyclo groups include quinuchdinyl. Additional

The term "heteroaryl" refers to substituted and unsubstituted aromatic 5- or 6~
membered monocyclic groups, 9- or 10-membered bicyclic groups, and 11~ to 14-
membered tricyclic groups which have at least one heteroatorm (O, S or Njin at least one

of the rings, said heteroatom-countaining ring preferably having 1, 2, or 3 heteroatorns
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selected from O, 8, and N. Each ning of the heteroaryl group containing a heteroatom can
contain one or two oxygen or sulfur atoms and/or from one to four nitrogen atoms
provided that the total number of heteroatoms n each ring 1s four or less and each ring

has at lzast one carbon atom. The fused rings completing the bicyclic and tricyclic groups

Wh

may contain only carbon atoms and may be saturated, partially saturated, or unsaturated.

The nitrogen and sulfur atoms may optionally be oxidized and the nitrogen atorns may

optionally be quaternized. Heteroarvl groups which are bicyclic or tricyelic must include

at least one fully aromatic ring but the other fused ring or rings may be aromatic or non-
aromatic. The hetercaryl group may be attached at any available nitrogen or carbon atom

10 ofany ring. As valence allows, if said further ning 1s cvcloalkyl or heterocyclo it is
additionally optionally substituted with =0 (oxo).

Exemplary monocyclic hetercaryl groups include pyrrolyl, pyrazolyl, pyrazolinyl,
imidazolyl, oxazolvl, isoxazolyl, thiazolvl, thiadiazolyl, isothiazolyl, furanyl, thienvl,
oxadiazolyl, pyridyl, pyvrazinyl, pynmidinyl, pyridazinyl, triaziny! and the like.

15 Exemplary bicyelic heteroarvl groups include indolyl, benzothiazolyl,
benzodiosolyvl, benzoxazolyl, benzothienyl, quanohinyl, tetrahydroisoquinohnyl,
isoquinolinyl, benzinudarzolyl, benzopyranyl, indolizinyl, benzofuranyl, chromonvi,
cowmarinyl, benzopyranyl, cinnolinvl, guinoxalinyl, indazolyl. pvrrolopyridyl,
furopyridyl, dihydroisoindeolyl, tetrahvdrogquinolinyl and the like.

20 Exemplary tricvclic heteroaryi groups inclade carbazolyl, benzindolvi,

phenanthrollinyl, acridinyl, phenanthridinyl, xantheny! and the like.

In compounds of formula 1, preferred heteroarvi groups include:
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28 N ’ sand =2~ and the like, which optionally may

be substituted at any available carbon or nitrogen atom.
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Unless otherwise indicated, when reference is made to a spectfically-named aryl
(e.g., phenyl), cvcloalkyvl (e.g., cvclohexyl), heterocyclo {e.g., pyrrolidinyl, piperidinyl,
and morpholinyl) or heteroarvl (e.g., tetrazolvl, imidazolvl, pyrazolyl, trnazolvl, thiazolyl,
and furvl) the reference is intended to include rings having 0 to 3, preferably 0 to 2,
substituents selected from those recited above for the arvl, cycloalkyl, heterocyclo and/or
heteroary! groups, as appropriate.

The term "carbocyclyl" or "carbocyclic” refers to a saturated or unsaturated
monocyclic or bieyclic ring in which all atoms of all rings are carbon. Thus, the term
includes cycloalkyl and arvi rings. Monocyclic carbocyceles have 3 1o 6 ring atoms, still
more typically 5 or 6 ring atoms. Bicyclic carbocvcles have 7 to 12 ring atoms, e.g.,
arranged as a bicyclo {4,5], [5,5], [5.6] or [6.6] system, or 9 or 10 ring atoms arranged as
a bicyclo {5,6] or {6,6] system. Examples of mono- and bicyclic carbocycles include
cyclopropyl, cyclobutyl, cyclopentyl, 1-cvclopent-1-envl, 1-cvclopent-2-enyl, i-
cyclopent-3-envi, cyclohexyl, 1-cyclohex-1-enyl, 1-cyclohex-2-enyl, I-cyclohex-3-enyl,
phenvl and naphthyl. The carbocyclic ring may be substituted in which case the
substituents are selected from those recited above for ¢vcloalkyl and aryl groups.

The term "heteroatoms” shall include oxvgen, sulfur and mifrogen.

When the term "unsaturated” is used herein to refer to a ring or group. the ring or
group may be fully unsaturated or partially unsaturated.

Throughout the specification, groups and substituents thereof may be chosen by
one skilled in the field to provide stable moieties and compounds and compounds useful
as pharmaceuticaliy-acceptable compounds and/or intermediate compounds useful in
making pharmaceutically-accepiable compounds.

The compounds of formula | may exist in a free form {with no ionization) or can
form salts which are also within the scope of this invention. Unless otherwise indicated,
reference to an inventive compound is understood to include reference to the free form
and 1o salts thereot The term "salt(sy” denotes acidic and/or basic salis formed with
inorganic and/or organic acids and bases. In addition, the term "salt(s}" may include
zwitterions {inner salts), e.g., when a compound of formula I, contains both a basic
moiety, such as an amine or a pyridine or imidazoele ring, and an acidic moiely, such as a
carboxvlic acid. Pharmaceutically acceptable (7.e., non-toxic, physiologically acceptable)

salts are preferred, such as, for example, acceptable metal and anune salis in which the
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cation does not contribute significantly to the toxicity or biclogical activity of the salt.
However, other salts may be useful, e.g., in 1solation or purification steps which may be
employed during preparation, and thus, are conternplated within the scope of the

invention. Salts of the compounds of the formula I mayv be formed, for example, by

Wh

reacting a compound of the formuta  with an amount of acid or base, such as an
equivalent amount, in a medium such as one in which the salt precipitates or in an
aquecus medium followed by lyvophilization.

Exemplary acid addition salts include acetates {(such as those formed with acetic
acid or trihaloacetic acid, for example, trifluorcacetic acid), adipates, alginates,
10 ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates, borates, butyrates,
citrates, camphorates, camphorsulfonates. cyclopentanepropionates, dighuconates,
dodecylsulfates, ethanesulfonates, fumarates, glucoheptanoates, glycerophosphates,
henusulfates, heptanoates, hexanoates, hvdrochlondes (formed with hydrochloric acid),
hydrobromides (formed with hydrogen bromide}, hvdroiodides, 2-
15 hydroxyethanesulfonates, lactates, maleates (formed with maleic acid), methanesulfonates
{formed with methanesulfonic acid}, 2-naphthalenesulfonales, nicotinates, nitrates,
oxalates, pectinates, persulfates, 3-phenvipropionates, phosphates, picrates, pivalates,
propionates, salicylates, succinates, sulfates (such as those formed with sulfuric acid),
sulfonates {such as those mentioned herein), tartrates, thiocyanates, toluenesulfonates
20 such as tosvlates, undecancaies, and the like.

Exermplary basic salts include ammonium salts, alkali metal salts such as sodium,
lithium, and potassium salis; alkaline earth metal salts such as calcivm and magnesium
salts; barium, zing, and aluminum salts; salts with organic bases {for example, organic
amines) such as trialkvlamines such as triethylamine, procaine, dibenzylanune, N-benzyl-

5  PB-phenethylanune, 1-ephenamine, NNV -dibenzyvlethylene-diamine, dehvdroabietviamine,
N-ethyipiperidine, benzvlamine, dicvclohexviamine or similar pharmaceutically
acceptable amines and salts with amino acids such as arginine, lysine and the like. Basic
nitrogen-containing groups may be quaternized with agents such as lower alkyl halides
(e.g., methyl, ethyl, propyl, and butyl chlorides, bromides and iodides), dialky! sulfates

30 {eg, dimethyl, diethyl, dibutyl, and diamy! sulfates), long chain halides {e.g., decyl,

tauryl, mynistyl and stearvl chlonides, bromides and iodides), aralkyl halides (e.g., benzyl
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and phenethyl bromides}, and others. Preferred salts include monohydrochlonde,
hydrogensulfate, methanesulfonate, phosphate or nitrate salts.

The phrase "pharmaceutically acceptable” 15 emploved herein to refer to those
compounds, materials, compostiions, 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, irritation, allergic response, or other problem or
complication, comumensurate with a reasonable benefit/nisk ratio.

As used herein, "pharmaceutically-acceptable salis” refer to derivatives of the
disclosed compounds wherein the parent compound is modified by making acid or base
salts thereof. Examples of pharmaceutically-acceptable salts include, but are not hinuted
to, minegral or organic acid salts of basic groups such as amines; and alkali or organic salts
of acidic groups such as carboxylic acids. The pharmaceutically-acceptable salts include
the conventional non-toxic salts or the quaternary ammonium salts of the parent
compound formed, for example, from non-toxic inorganic or organic acids. For example,
such conventional non-ioxic salts include those derived from inorganic acids such as
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, and nitrie; and the salts
prepared trom organic acids such as acetic, propionic, succinic, giveolic, stearic, lactic,
malic, tartaric, citric, ascorbic, pamoic, maleic, hvdroxymaleic, phenvlacetic. glutamic,
benzoic, salicylic, sulfanilic, 2-acetoxvbenzoic, fumaric, toluenesultfonic,
methanesulfonic, sthane disulfore, oxalic, and isethionic, and the like.

The pharmaceutically -acceptable salts of the present invention can be synthesized
from the parent compound which contains a basic or acidic moiety by conventional
chemical methods. Generally, such salts can be prepared by reacting the free acid or base
forms of these compounds with a stoichiometric amount of the appropriate base or acid in
water or in an organic solvent, or in a mixture of the two; generally, nonagueous media
like ether, ethyl acetaie, ethanol, isopropanol, or acetonitrile are preferred. Lists of
suitable salts are {found in Remingfon's Pharmaceutical Sciences, 18th Edition, Mack
Publishing Company. Easton, PA (1994}, the disclosure of which is hereby incorporated
by reference.

All sterecisomers of the compounds of the instant invention are conternplated, either
i adnuxiure or in pure or substantially pure form. Stereoisomers may include conpounds

which are optical isomers through possession of one or more chiral atoms, as well as
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compounds which are oplical isomers by virtue of limited rotation about one or more bonds
(atropisomers). The definition of compounds according to the invention embraces all the
possible stereoisomers and their nuxtures. It very particularly embraces the racernic forms
and the isolated optical isomers having the specified activity. The racenuc forms can be

resolved by phyvsical methods, such as, for example, fractional crystallization, separation or

crystallization of diastereomeric dertvatives or separation by chiral coluron chromatography.

The individual optical 1somers can be obtained from the racemates from the conventional
methods, such as, for example, salt formation with an optically active acid followed by
crystallization.

The present invention is intended to include all isotopes of atoms occurring in the
present compounds. Isotopes include those atoms having the same atomic number but
different mass numbers. By way of general example and without limitation, isotopes of
hydrogen include deuterium and trittunm. Isotopes of carbon include 1*C and “C.
Isotopicallv-labeled compounds of the imvention can generally be prepared by
conventional technigues known {o those skilled in the art or by processes analogous to
those described herein, using an appropriate isolopically -labeled reagent i place of the
non-labeled reagent otherwise emploved.

Prodrugs and solvates of the inventive compounds are also contemplated. The
term "prodrug” denotes a compound which, upon administration to a subject, undergoes
chemical conversion by metabolic or chemical processes to vield a compound of the
formula |, and/or a salt and/or solvate thereof Any compound that will be converted in
vivo to provide the bioactive agent {i.¢., the compound for formula I} is a prodrug within
the scope and spirtt of the invention. For example, compounds containing a carboxy
group can form physiologically hydrolyzable esters which serve as prodrugs by being
hydrolyzed in the body to yield formula I compounds per se. Such prodrugs are
preferably administered orally since hydrolysis in many instances occurs principally
under the influence of the digestive enzymes. Parenteral administration may be used
where the ester per se is active, or in those instances where hydrolysis occurs in the
bood. Examples of physiologically hvdrolyzable esters of compounds of formuda 1
include Cisalkylbenzyl, 4-methoxybenzyl, indanyl, phthalyl, methoxymethyl,
Cisalkanoyloxv-Cirealkyl, e g., acetoxyvmethyl, pivaloyloxymethyl or

propionyloxymethyl, Cisalkoxycarbonyloxy-Creatkyl, e. g, methoxycarbonyl-oxymethyl
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or ethoxycarbonyioxymethyl, glyeyvioxymethvi, phenviglvevioxymethyl, (5-methyi-2-
oxo-~1,3-dioxolen-4-y)-methyl and other well known phyvsiologically hydrolyzable esters
used, for example, in the penicillin and cephalosporin arts. Such esters mav be prepared
bv conventional technigques known in the art.

Various forms of prodrugs are well known in the art. For examples of such
prodrug denivatives, see:

aj Bundgaard, H., ed., DJesign of Prodrugs, Elsevier {1985}, and Widder, K.
et al., eds., Methods in Enzymology, 112:309-396, Academic Press (1985);

b} Bundgaard. H., Chapter 5, "Design and Application of Prodrugs”,
Krosgaard-Larsen, P. et al., eds., A Texthook of Drug Design and Development, pp. 113-
191, Harwood Academic Publishers (1991); and

c) Bundgaard, H., Adv. Drug Deliv. Rev., 8:1-38 (1992},

each of which is mcorporated herein by reference.

Compounds of the formula I and salts thereof may exist in their tautomeric form,
in which hydrogen atoms are transposed to other parts of the molecules and the chemical
bonds between the atorns of the molecules are consequently rearranged. It should be
understood that the all tautomeric forms, insofar as they may exist, are included within
the invention. Additionally, inventive compounds may have frans- and cis-isomers.

It should further be understood that solvates (e.g , hydrates) of the compounds of
Formula I are also with the scope of the present invention. Methods of solvation are

generally known in the art.

UTILITY
The compounds of the invention modulate IL-23-stimulated and IFNa-stimulated
cellular functions, inchuding gene transcription. Other tvpes of cellular functions that may
be modulated by the compounds of the imstant invention include, but are not limited to,
[L~-12-stimulated responses.
Accordingly, compounds of formula I have utility in treating conditions
associated with the modulation of the function of IL-23 or IFNu, and particularly the

selective inthubition of function of 1L-23, IL-12 and/or IFNa, by acting onTvk2 to moediate
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signal transduction. Such conditions include HL.-23-, 1L-12-, or IFNg-associated diseases
n which pathogenic mechanisms are mediated by these ¢yviokines.

As used herein, the terms "treating” or "treatroent” encompass the treatment of a
disease state in a mammal, particularly in a human, and include: {a} preventing or
delaving the occurrence of the disease state in 8 mammal, in particular, when such
manunal 18 predisposed to the disease state but has not yet been diagnosed as having it;
(b} inhibiting the disease state, i.e., arresting its development; and/or (¢} achieving a full
or partial reduction of the symptoms or disease state, and/or alleviating, ameliorating,
lessening, or curing the disease or disorder and/or ifs symptoms.

In view of their activity as modulators of H.-23~, 1L-12 and IFNo~-stinulated
cellular responses, compounds of Formula | are useful in treating 1L.-23~, 1L-12- or IFNg-
associated diseases including, but not limited to, inflammatory diseases such as Crohn's
disease, ulcerative colitis, asthma, graft versus host disease, allografl rejection, chronic
obstructive pulmonary disease; autoimmune diseases such as Graves' disease, rtheumatoid
arthritis, svstemic lupus erythematosis, cutaneous lupus, hupus nephriiis, discoid fupus
erythematosus, psoriasis; auto~-inflammatory diseases including CAPS, TRAPS, FMF,
adult onset stills, systenuc onset juvenile idiopathic arthritis, gout, gouty arthritis;
metabolic diseases including type 2 diabetes, atherosclerosis, myocardial imfarction;
destructive bone disorders such as bone resorpiion disease, osteoarthritis, osteoporosis,
multiple mveloma-related bone disorder; proliferative disorders such as acute
myvelogenous leukemia, chronic myelogenous leukemia; angiogenic disorders such as
angiogenic disorders including solid tumors, ocular neovasculization, and imfantile
haemangiomas, infectious diseases such as sepsis, septic shock, and Shigellosis;
neurodegenerative diseases such as Alzheimer's disease, Parkinson's disease, cerchral
ischemias or neurodegenerative disease caused by traumatic injury, oncologic and viral
diseases such as meiastatic melanoma, Kaposi's sarcoma, multiple myveloma, and HIV
infection and CMV retimitis, AIDS, respectively.

More particularly, the specific conditions or diseases that may be treated with the
inventive compounds include, without himitation, pancreatitis {(acute or chronic), asthma,
allergies, adulf respiratory distress syndrome, chronic obsiructive pulmonary disease,
glomerulonephritis, rheumatoid arthritis, systemic lupus erythematosis, cutaneous lupus,

tupus nephritis, discoid lupus ervthematosus, scleroderma, chronic thyroiditis, Graves'
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disease, autoimmune gastritis, diabetes, autoimumune hemolviic anemia, autoimmumns
neutropenia, thrombocytopema, atopic dermatitis, chronic active hepatitis, rmyasthenia
gravis, multiple sclerosis, inflaramatory bowel disease, ulcerative colitis, Crohn's disease,
psoriasis, graft vs. host disease, inflarnmatory reaction induced by endotoxin,
tuberculosis, atherosclerosis, muscle degeneration, cachexia, psoriatic arthritis, Reiler's
syndrome, gout, traumatic arthritis, rubella arthritis, acute synovitis, pancreatic f-cell
disease; diseases characterized by massive neutrophil infiltration; rheumatoid spondvlitis,
gouty arthritis and other arthritic conditions, cerebral malaria, chronic pulmonary
mflammnatory disease, silicosis, pulmonary sarcoidosis, bone resorption disease, allografl
rejections, fever and myalgias due to infection, cachexia secondary to infection, kelowd
formation, scar tigsue formation, ulcerative colitis, pyresis, influenza, osteoporosis,
osteoarthritis, acute myelogenous leukemia, chronic myelogenous feukemia, metastatic
melanoma, Kaposti's sarcoma, nmultiple myeloma, sepsis, septic shock, and Shigellosis;
Alzheimer's disease, Parkinson's disease, cerebral ischemias or neurodegenerative disease
caused by iraumatic injury; angiogemic disorders including solid tumors, ocular
neovasculization, and infantile haemangiomas; viral diseases including acute hepatitis
infection (including hepatitis A, hepatitis B and hepatitis C), HIV nfection and CMV
retimitis, AIDS, ARC or malignancy, and herpes; stroke, mvocardial ischemia, ischemia in
stroke heart atiacks, organ hyposia {should this be hypoxia], vascular hvperplasia, cardiac
and renal reperflusion injury, thrombosts, cardiac hyperirophy, thrombin-induced platelet
aggregation, endotoxemia and/or toxic shock syndrome, conditions associated with
prostaglandin endoperoxidase syndase-2, and pemphigus vuigaris. Preferred methods of
treatment are those wherein the condition 1s selected from Crohn's disease, ulcerative
colitis, allograft rejection, theumatoid arthritis, psoriasis, ankylosing spondylitis, psonatic
arthritis, and pemphigus vulgaris. Altematively preferred methods of treatment are those
wherein the condition is selected from ischemia reperfusion injury, inchuding cerebral
ischemia reperfusions injury arising from stroke and cardiac ischema reperfusion injury
arising from myocardial infarction. Another preferred method of treatment is one in
which the condition is multiple myeloma.

When the terms "1L-23-, IL-12- and/or IFNa-associated condition™ or "HL-23-,

IL-12- and/or IFNwu-associated disease or disorder” are used herein, each is intended to
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encompass all of the conditions identified above as if repeated at length, as well as any
other condition that s affected by IL-23, IL-12 and/or TFNa.

The present invention thus provides methods for treating such conditions,
comprising administering to a subject in need thereof a therapeutically-effective amount
of at least one compound of Formula  or a salt thereof. "Therapeutically effective
amount" 1s intended to include an amount of a compound of the present invention that 1s
effective when administered alone or in combination to inhibit IL-23, IL-12 and/or IFNg
function and/or treat diseases.

The methods of treating 1L-23-, 1L-12 and/or IFNg-~associated conditions may
comprise administering cornpounds of Formula I alone or in combination with each other
and/or other suitable therapeutic agents useful in treating such conditions. Accordingly,
“therapeutically effective amount” is also intended 1o include an amount of the
combination of corapounds claimed that is effective to inhibit 1L-23, 1112 and/or IFNa
function and/or treat diseases associated with 1L-23, 1L-12 and/or IFNa.

Exemplary of such other therapeutic agents inchude corticosteroids, rolipram,
calphostin, cytokine-suppressive anti-inflammatory drugs (CSAIDs), Interdeukin-10,
glucocorticoids, salicylates, nitric oxide, and other immunosuppressants; nuclear
transiocation inhibitors, such as deoxyspergualin {D8G), non-steroidal anti-inflammatory
drugs (NSAIDs) such as ibuprofen, celecoxib and rofecoxib; steroids such as prednisone
or dexamethasone; antiviral agents such as abacavir; antiproliferative agenis such as
methotrexate, leflunomide, FK306 (tacrolimus, PROGRAF®); anti-malarials such as
hydroxychloroquine; cvtotoxic drugs such as azathiprine and cyclophosphamide; TNF-a
inhibitors such as tenidap, anti-TNF antibodies or sohuble TNF recepior, and rapamycin
{sirolimus or RAPAMUNE®) or derivatives thereof.

The above other therapeutic agents, when emploved in combination with the
compounds of the present invention, may be used, for example, in those amounts
indicated in the Physicians’ Desk Reference (PDR) or as otherwise determined by one of
ordinary skill in the art. In the methods of the present invention, such other therapeutic
agent(s) may be admunistered prior to, simultanecusty with, or following the
admunistration of the inventive compounds. The present invention also provides

pharmaceutical compositions capable of treating 1L.-23-, 1L-12- or IFNg-associated
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conditions by inhibiting TvkZ2-mediated signal transduction, including 1L-23-, TL-12-
and/or IFNa-mediated diseasss, as described above.

The mventive corapositions may contain other therapeutic agents as described
above and may be formulated, for example, by employing conventional solid or liguid
vehicles or diluents, as well as pharmaceutical additives of a type appropiiate {0 the mode
of desired adounistration (2. ., excipients, binders, preservatives, stabilizers, flavors, eic.)
according 1o technigques such as those well known in the art of pharmaceutical
formulation.

Accordingly, the present invention further includes compositions comprising one
or more compounds of Formula | and a pharmaceutically acceptable carrier.

A “"pharmaceutically acceptable carrier” refers to media generally accepted in the
art for the delivery of biologically active agents to animals, in particular, mammals.
Pharmaceutically acceptable carners are formulated according 1o a number of factors well
within the purview of those of ordinary skill in the art. These include without limitation
the tvpe and nature of the active agent being formulated; the subject to which the agent-
containing composition 15 to be administered; the intended route of administration of the
composition; and, the therapeutic indication bemg targeted. Pharmaceutically acceptable
carriers include both aqueous and non-aqueous liquid media, as well as a variety of solid
and semi-solid dosage forms. Such carriers can inchude a number of different ingredienis
and additives in addition {o the active agent, such additional ingredients being included in
the formulation for a variety of reasons, e.g., stabilization of the active agent, binders,
etc., well known to those of ordinary skill in the art. Descriptions of suitable
pharmaceutically acceptable carmers, and factors involved in their selection, are found in
a variety of readily available sources such as, for exarople, Remington'’s Pharmaceutical
Sciences, 17th Edition (19835), which is incorporated herein by reference in its entirety.

The compounds of Formula I may be administered by any means sutiable for the
condition to be treated, which may depend on the need for stie-specific treatiment or
quantity of drug to be delivered. Topical administration 15 generally preferred for skin-
related diseases, and systematic treatment preferred for cancerous or pre-cancerous
conditions, although other modes of delivery are conternplated. For example, the
compounds may be delivered orally, such as in the form of tablets, capsules, granules,

powders, or liquid formulations including syrups; topically, such as in the form of

- 47 -



1

2

b2

Wh

0

0

W

0

WO 2019/103952 PCT/US2018/061726

solutions, suspensions, gels or ointmenis; sublingually; bucally; parenterally, such as by
subcutanecus, intravenous, inframuscular or infrasternal injection or mfusion techniques
{e.g., as stenle injectable aq. or non-aq. solutions or suspensions); nasally such as by
inhalation spray; topically, such as in the form of a cream or ointment; rectally such as in
the form of supposttories; or liposomally. Dosage unit formulations containing non-toxic,
pharmaceutically acceptable vehicles or diluents may be adovmistered. The compounds
may be administered in a form suitable for inunediate release or extended release.
Immediate release or extended release may be achieved with snitable pharmaceutical
composttions or, particularly in the case of extended release, with devices such as
subcutaneous implants or csmotic pumps.

Exemplary compositions for topical adminisiration include a topical carrier such
as PLASTIBASE® {mneral o1l gelled with polyvethviene).

Exemplary compositions for oral admunistration include suspensions which may
contain, for example, microcrystalline cellulose for imparting bulk, alginic acid or sodium
alginate as a suspending agent, methylcellulose as a viscosity enhancer, and sweeteners or
Havoring agents such as those known m the art; and immediate release tablets which may
contain, for example, ricrocrystalline cellulose, dicalcium phosphate, starch, magnesium
stearate and/or lactose and/or other excipients, binders, extenders, disintegrants, diluents
and lubricants such as those known in the art. The inventive compounds may also be
orallv delivered by sublingual and/or buccal administration, e.g., with molded,
compressed, or freeze-dried tablets. Exemplary compositions may include fast-dissolving
diluents such as mannitol, lactose, sucrose, and/or cyclodextrins. Also inchided in such
formulations may be high molecular weight excipients such as celluloses (AVICEL®) or
polyethylene glycols (PEG); an excipient to aid mucosal adhesion such as hydroxypropyl
cellulose (HPC), hydroxypropyl methyi cellulose (HPMC), sodium carboxymethyl
celiuiose (SCMC), and/or maleic anhvdride copolymer (e.g., GANTREZ®); and agents to
control release such as polyvacryhic copolymer {e.g, CARBOPOL 934®). Lubricants,
glidants, flavors, coloring agents and stabilizers may also be added for ease of fabrication
and use.

Exemplary composttions for nasal aerosol or inhalation admimistration include

solutions which may contain, for example, benzyl alcohol or other suitable preservatives,
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absorption promoters {¢ enhance absorption and/or bioavailability, and/or other
solubilizing or dispersing agents such as those known in the art.

Exemplary compositions for parenteral administration include njectable solutions
or suspensions which may contain, for example, suitable non-toxic, parenterally
acceptable dituents or solvents, such as mannitol, 1,3-bwtanediol, water, Ringer's solution,
an isotonic sodiurn chloride solution, or other surtable dispersing or wetting and
suspending agents, including synthetic mono- or diglycerides, and fatty acids, including
oleic acid.

Exemplary composttions for rectal adminstration include suppostiories which
may contain, for exarople, suitable non-irritating excipients, such as cocoa butter,
svnthetic glvceride esters or polyethylene glycols, which are solid at ordinary
temperatures but liquefy and/or dissolve in the rectal cavity o release the drug.

The therapeuticallyv-effective aroount of a compound of the present invention may
be determined by one of ordinary skill in the art, and includes exemplary dosage amounts
for a mammal of from about .05 to 1000 mg/kg; 1-1000 mg/kg; 1-50 mg/kg; 5-250
me/kg: 250-1000 mg/kg of body weight of active compound per day, which mayv be
administered n a single dose or in the form of individual divided doses, such as from | fo
4 times per day. 1t will be understood that the specific dose level and frequency of dosage
for any particular subject may be varied and will depend upon a variety of factors,
mecluding the activily of the specific compound employed, the metabolic stability and
fength of action of that compound, the species, age, body weight, general health, sex and
diet of the subject, the mode and time of administration, rate of excretion, drug
combination, and severity of the particular condition. Preferred subjects {or treatment
melude amimals, most preferably manuwnalian species such as humans, and domestic
animals such as dogs, cats, horses, and the like. Thus, when the ferm "patient” 15 used
herein, this term is intended to include all subjects, most preferably mammalian species

that are affected by modulation of 11.-23, TL-12 and/or IFNo~-mediated functions.

METHODS OF PREPARATION
The compounds of the present mvention may be synthesized by many methods
avatlable to those skilled in the art of organic chemustry. General synthetic schemes for

preparing compounds of the present invention are described below. These schemes are

LAY .
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ithustrative and are not meant to limit the possible technigues one skilled m the art may
use to prepare the compounds disclosed herein. Different methods 1o prepare the
compounds of the present invention will be evident to those skilled in the art.
Additionally, the various steps in the synthesis may be performed in an alternate sequence
int order to give the desired compound or compounds. Examples of compounds of the
present invention prepared by methods described m the general schemes are given in the

preparations and examples section set out hereinafter.

EXAMPLES

Preparation of compounds of Fornula (1), and intermediates used in the
preparation of compounds of Formula (1), can be prepared using procedures shown in the
following Examples and related procedures. The methods and conditions used in these
examples, and the actual coropounds prepared in these Examples, are not meant to be
fimiting, but are meant to demonstrate how the compounds of Formula (1) can be
prepared. Starting materials and reagents used in these examples, when not prepared by a
procedure described herein, are generally either commercially available, or are reporied 1o
the chenucal Hiterature, or may be prepared by using procedures described i the chemical
literature.

in the Examples given, the phrase "dried and concentrated” generally refers to
drying of a solution in an organic solvent over either sodium sulfale or magnesium
sulfate, followed by filtration and removal of the solvent from the filtrate (generally under
reduced pressure and at a temperature suitable to the stability of the material being
prepared). Colurmn chromatography was performed with pre-packed silica gel cartridges
using an Isco medium pressure chromatography apparatus (Teledyne Corporation),
eluting with the solvent or solvent mixture indicated. Chemical names were determined

using ChemDraw Ultra, version 9.0.5 (CambridgeSoft). The following abbreviations are

used:

Abbreviations
Abbreviation | Meaning
Ac acetyl
ACN acetonitrile
AcOH acetic acid
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Abbreviation | Meaming

anhvd. anhydrous

aq. aguecus

Bn benzyl

Bu butyl

Boc tert-butoxycarbonyl

BOPR benzotriazol-1-vioxyins-(dimethylamino)-phosphonium
hexafluorophosphate

v Column Vohumes

DCE dichloroethane

DCM dichloromethane

DIPEA ditsopropylethylamine

DMF dimethyiformamide

DMSO dimethylsulfoxide

FtQAc ethyl acetate

Et ethyl

EiQH ethano!

HorHa hydrogen

h, hr or hrs hour{s})

HATU O-{7-azabenzotriazol-1-v)-N, N, N', N'-tetramethyluronium
hexafluorophosphate

hex hexane

i 150

PA isopropyl alcohol

ISCO automated chromatography

HOAc acetic acid

HCH hydrochloric acid

HPLC high pressure liqguid chromatography

LC liguid chromatography

LIHMDS Lithium bis(irimethvisibvllamide

M molar

mM millimolar

Me methvi

MeOH methanol

MHz megahertz

min. minute(s)

mins minute(s)

M+ (M+H )+

ME mass spectrometry

norN normal

nm nanometer

~ 51 -
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Abbreviation | Meaming
nhi nanomolar
NMP N-methylpyrrolidine
pa/C paltadium on carbon
PACL{dpptr | [1.1 -bis{diphenylphosphino)f
errocene]dichloropalladium(il}
Pdadbas Tris{dibenzylideneacetonedipalladium(®)
Ph pheny]
PPhs triphenylphosphine
Pr propyl
PST pounds per square inch
b round bottle
It room termperature
Ret Time retention time
sat. saturated
SFC supercritical fluid chromatography
TEA triethylamine
TFA trifluoroacetic acid
THF tetrahydrofuran
Preparations

The preparations set out below are for the synthesis of reagents that were not
obtained from commercial sources and were emyployed for the preparation of compounds
of formula I of the invention. Al chiral compounds in the Tables and Scheroes are
racenuic unless specified otherwise.

Reverse-phase preparative high performance liquid chromatography ("HPLC")
was performed with Shimadzu A hiquid chromatographs using YMC 55 ODS colunmins
(20 x 100, 20 x 250, or 30 x 250 millimeter ("mm")). Gradient elution was performed
with methanol ("MeOH")/ water nuxtures in the presence of 0.1% tnifluoroacetic acid

("TFA").

Analytical HPLC Method Eraploved in Characterization of Examples
Analytical HPLC was performed on Shimadzu LC10AS ligquid chromatographs

using the following methods:
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Method A (used in all cases, unfess otherwise indicated}):
Linear gradient of 0 to 100% solvent B over 4 minutes ("mun"}, with 1 minute
("oun") hold at 100% B
Ultraviolet ("UV") visualization at 220 nanometers ("nm"}

Column: YMC S5 ODS Ballistic 4.6 x 30 mm

Wh

Flow rate: 4 miliiliters ("ml")/min
Solvertt A: 0.2% phosphoric acid, 90% water, 109 methanol

Solvent B: 0.2% phosphoric acid, 90% methanol, 10% water

10 Method B:
Column: PHENOMENEX® Luna CI8(2), 46 x50 mmx 5 pm
Mobile Phase: (A} 10:90 methanol water; (B) 90:10 methanol water
Buffer: 0.1% TFA
Gradient Range: 0-100% B
15 Gradient Time: 4 min
Flow Rate: 4 mbL/min
Analysis Time: 5 min
Detection:
Detector 1. UV at 220 nm
20 Detector 2. MS(ESTY)
Detector 3: ELSD

Method C:

Column: Waters SunFire C18, 46 x S0 mm x 5 yro

W

Mobile Phase: (A) 10:90 methanol water; (B) 90:10 methanol:water
Buffer: 0.1% TFA
Gradient Range: 0-100% B

b2

Gradient Time: 4 min
Flow Rate: 4 mL/min

30 Analysis Time: 5 min
Detection:

Detector 1 UV at 220 nm
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Dietector 2: MS(ESIH
Detector 3. ELSD

Method D

Wh

Column: Acquity BEHCI8, 2.1 x50 mmx 1.7 um
Mobile Phase: (A) water; (B) acetonitrile
Buffer: 0.05% TFA
Gradient Range: 2-98% B (1 min}; 98% B (0.5 min}; 98-2% B (0.6 min)
Run time: 1.7 min
10 Flow Rate: 0.8 mL/min
Analysis Time: 1.7 min
Dietection:
Detector 11 UV at 254 nm
Detector 2: MS{ESIH)

Method E:

Column: Waters XBridge C18, 2.1 x 50 ramx 1.7 pm
Mobile Phase: (A) 5: 95 acetonitrile | water (B) 95 1 5 methanol ;| water
Buffer: 0.1% TFA

20 Gradient: 0-100% B
Gradient time: 3 min
Run time: 3.75 min
Flow Rate: T mbL/min

Analysis Time: 3.75 min

W

Detection:

b2

Detector 1; U1V at 254 nm
Detector 2. MS(ESTY)

~ 54 -
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Intermediale 1
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Step 1

Dimethy! 3-oxopentanedioate (3.77 g, 21.65 mmol} was dissclved in acetontirile
{70 mL} and triethviamine (3.02 mb, 21.65 mimol) was added. After cooling to 0°C, 4-
acetamidobenzenesulfonyl azide (5.2 g, 21.65 mmol) was added slowly to the reaction

10 portionwise over ~3 munutes. Afier addition was nearly complete, a heavy vellow
precipitate formed. The mixture was stirred at 1t for ~ th and then was filtered to remove
the precipitated solid. The fiiter cake was rinsed sparingly with additional ACN until the
vellow color was completely washed away from the solid to give a white solid and a
cloudy vellow filirate. The filirate containing the product was concentrated in vacuo to

15 vield avellow solid, which was slurried in a 1:1 mixture of hexanes/E O {~ 150 mL) and
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the suspension was again filtered. The solid was rinsed sparingly with additional 1:1
hexanes/Et20 and the resulting vellow turbid filtrate was concentraied to afford 4.59 g of
a yvellow o1l containing a small arnount of solid as the crude product mixture containing

dimethyl 2-diazo-3-oxopentanedioate. This material was used directly in the next step.

Step 2

To a mixture of the crude product dimethyl 2-diazo-3-oxopentanedioate (2092 ¢,
104 mmol) in diethyl ether (250 mL) at rt was added PhaP (27.3 g, 104 mmol) and the
resulting myuxture was stirred at rt for 1 day. The heterogeneous reaction mixture was
concentrated to remove the ether and the resulting solids were taken up in AcOH (240
mb ) and water (24 mbL) and refluxed for 4 h. The reaction was cooled and concentrated
in vacuo 1o give a pale vellow semu solid which was co-evaporated with 2 portions of
toluene (2 x 50 b} to remove the residual AcOH. The resulting solids were then
sturried in 75 mL of sat. aq sodium carbonate and 75 mbL of water and the mixture was
extracted with DCM {4 x 200 mL) to remove the impurnities. The aqueous layers were
filtered to give a clear vellow solution which was cooled 1o an ice bath and carefully
made acidic by a dropwise addition of 6N ag HCL Once the desired pH was reached (~
1-23, a heavy cream colored precipitate formed. The mixture was stirred at 0°C for ~ 5
min, then the solid was collected by vacuum filiration and rinsed sparingly with ice cold
water. The solid was allowed to partially air dry i the funnel then the still moist sohid
was transferred into an rb flask and allowed to dry under vacuum over the weekend to

give methvi 4 6-dihy droxypyridazine-3-carboxylate (11.76 g, 69.1 mmol, 66.5% vield).

Step 3

A slurry of methyl 4,6-dihyvdroxypyridazine-3-carboxviate (11.7 g, 68.8 mmol} in
POCH (110 mL, 1180 mimol) was heated to reflux for 3h during which time the mixture
became a nearly homogeneous dark brown solution. The reaction mixture was cooled to
1t. allowed to stand overnight and concentrated in vacuo. The resulting dark brown
residue was dissolved in DCM (~300 mL} and was slowly poured onto ~ 500 mL of
crushed ice with swirling of the flask. Afier the addition was compleie, water was slowly
added {~ 200 ml) until the nuxture became stirrable and the mixture was stirred while

warming to 1t over ~ 3 h. The resulting phases were separated and the agueous portion
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was extracted with additional BCM (3 x 100 mL). The combined exiracts were washed
with brine, dried over anhydrous sodium sulfate, decanted and concentrated under
vacuum to afford a white solid as the pure product, methyl 4.6-dichloropyridazine-3-
carboxylate (9.16 g, 44.2 mmol, 64.3% yield). Material was used as is without any
further purification.

MS (M+1ym/z: 206.9 (MH"). LC retention time .80 min [A].

Step 4

To asolution of methyl 4,6-dichloropyridazine-3-carboxvlate (5.5 g, 26.6 mmol)
mn THF (60 mL), at 0°C was added 1M solution of lithium hydroxide (39.9 ml., 399
nmmol} with stirring. The resultant mixture was stirred continuously at 0°C for 40 nun.
The THF was removed and the aqueous layer was acidified with 1.5N HCl to give a white
solid. The mixture was filtered and the solid filter cake was washed with water and dried
under vacuum overnight o give 4, 6-dichloropyridazine-3-carboxylic acid (5 g, 25.9
mmol, 98% vield).

MS (M+1) mz: 193 (MHT). LC retention time 0.19 min [D].

Step 5

To a THF {20 mL} solution of 4,6-dichloropyridazine-3-carboxylic acid (0.734 g,
3.80 mumol) and 3-(mwethyvithio)pyridin-2-amine (0.68 g, 4.85 munol) was added LIHMDS
(9.51 mL, 9.51 mmol} siowly at 0°C. The reaction was stirred at 0°C for 15 min and then
warmed to room temperature for Zh. The reaction was quenched with water {~ 5 mL) and
actdified with HCHU(IN, 15 mL). The resulting precipitate was filtered, washed with water
and dned under vacuum overnight to give as an orange solid 6-chloro-4-((3-
(methylthio)pyridin-2-vljamino)pyridazine-3-carboxylic acid (0.712 g, 2.40 mmol, 63.1%
yield).
MS (M+1)ym/z: 297.0 {MH"). LC retlention time 0.86 min [A]
IH NMR (400 MHz, DMSO-d6) & 11.46 (s, 1H), 9.15 (s, 1H}, 8.34 (dd, J=4 .9, 1.7 Hz,
HH), 7.95 (dd, J=7.7, 1.7 Hz, 1H), 7.18 (dd, }=7.7, 4.8 Hz, 11D, 2.53 (s, 3H).

Step 6

~ 587 -



WO 2019/103952 PCT/US2018/061726

1-propanephosphonic anhydride (0.409 mL, 0.700 mmol} was added to a DMF
(1.9 mL) solution of 6-chloro-4-((3-(methyithioypyridin-2-vDamino)pyridazine-3-
carboxylic acid (0.1383 g, 0.467 numol) and TEA (0.130 mb., 0.933 mmol) at room

terperature. After 2 nun, a suspension was formed. The reaction was stirred at room

Wh

temperature for 1 hour before the addition of methvlamine (0.439 g, 4.67 mmol}. The
reaction was stirred for 2 hours at room temperature, diluted with water and the
suspension filtered and washed with water. The solid was dried under vacuum overnight
to give the product 6-chloro-N-methyl-4-((3-{methythioypyridin-2-yDamino jpyridazine-
3-carboxamide {0.112 g, 0.362 mmol, 78% vield, Intermediate 1).

10 MS (M+1ymz: 3111 (MH"). LC retention time (.92 nun [EL

NMR (400 MHz, DMSO-d6) 5 12.35 - 12.30 {m. 1H), 9.49 (br d. J=4.4 Hz, 1H), 9.14 (s,
THD), 8.30 (dd, J=4.8, 1.4 Hz, 1H), 7.93 - 7.87 (m, 1H), 7.16 (dd, J=7.7, 4.9 Hz, 1H), 2.88
(d, }=4.9 Hz, 3H), 2.55 (s, 3H).

15 Intermediate 2
H
o O 0 O OH 7 9
W PPhy £to L LiOH H@J\{i
? ® 7 diethy! ether " THF, MeOH, Water N om
E\\ f‘?@ /! acetic acid, water ‘N OM ’ ’
N Step 1 Step 2
Et 5 foo
Vg o c u fﬁ :SiNSE:
O , Ch,NH, HCI, DIPEA Dzﬂﬁﬁ HaN N” i
POGL N e LN
Step 3 o
MeS =
X
O HN N
PN NS
N
Ny
Step 1
20 Diethyl 2-diazo-3-oxopentanedioate (180g, 789 mmol) was dissolved in diethyl

ether (1800 rol), triphenylphosphine (207 g, 789 nunol) was added, and stitring

- 58 -
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continued overnight. Diethyl ether was removed under reduced pressure and the thick
orange mass was dissolved in acetic acid (180 mL) and water {1800 mL). The clear
solution was heated to 110°C that was maintained for 3 hrs. The starting matenial was
consumed. Acetic acid was removed under reduced pressure. The obtained thick mass
was kept for one day in a cold room at about 0°C for crystallization. DUCM was added
and the slurry was stirred and filtered. The filter cake was washed with DCM, and
collected as the desired product, ethyl 4,6-dihydroxypyridazine-3-carboxylate (80 g, 434
mmol, 55.1% vield).

MS (M+13 vz 1851 (MH'). LC retention time .51 min [A].

H NMR (400 MHz, CHLOROFORM-d} § 6.45 - 6.22 (m, 1H), 4.65 - 4.40 {m. 2H), 1.60
- 1.40 (m, 3H).

Step 2

In a 5000 mi rb flask, ethyl 4,6-dihydroxypyridazine-3-carboxylate (200 g, 1086
mmol} was dissolved in THF (2000 mL}, methanol {1600 mL} and water (800 mL}.
LiOH (137 g, 3258 mimol) was added slowly at rt and stivred at 1t for 3-4 hr. The starting
material was gone. The solvent was removed at 50°C under reduced pressure to afford a
vellow solid. The solid was acidified with aqueous HCI solution (400 mi) (1:1 ratio) at
0°C and stirred at rt for 30-40 mimutes. The solid was filtered and washed with water. It
was then dried under vacuum for 1-2 hr. This solid was taken into 300 mi of
methanol: DCM (2 © &) and stirred at rt for 20-25 mimutes. The nuixture was filtered and
the solid was washed with methanol and dried under vacuum for 1 hr. The desired
product was obtained as a vellow solid, 4,6-dihvdroxypyridazine-3-carboxylic acid (153
g, 9531 mmol, 88% vield).
MS (M+1)y m/z: 156.9 (MH"Y). LC retention time 0.31 nun [A].
I NMR (400 MHyz, deuterium oxide) § 6.00 - 5.34 (m, 1H), 4.75 (s, 7H)

Step 3

A suspension of 4,6-dihydroxypyridazine-3-carboxylic acid, HCI (15 g, 78 mmol)
and N MN-digthylaniline (12.39 ml, 78 mmol} in POC (200 mi) was stirred at 110°C
under a drving tube for 1h. The reaction was completed after th. POCE was removed

under vacuum and co-evaporated 3x with DCE. The crude intermediate, acid chlornide

-850 .
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was dissolved in 200 mL of THF. D3-methviamine HCl salt (2.75 g, 38.9 mmol} was
added as a solid. The reaction was cooled to 6°C. DIPEA 2 x (13.61 ml, 78 mmol) was
added. The ice bath was removed and the reaction was stirred at 1t ABer 45 mun, the
reaction was complete. THF was removed under vacuum. The crude product was
suspended in DUM, then evaporated onto Celite. This solid matenal was eluted with 0-
100% EtOAc 1n hexanes through a 330 g silica gel column. The reaction produced 4,6~
dichloro-N-{D3}-methvipyridazine-3-carboxamide (6.1 g, 29.2 mmol, 74.9% vield).

MS (M+1ym/z: 2091 (MHY). LC retention time .64 min |B}.

BCNMR (101 MHz, Chloroform-d) 8 161.7, 138.43 - 156.22 (m, 1C), 149.8, 139.3,
130.7, 265

Step 4

To asolution of 4,6-dichloro-N-irideuteromethvipyridazine-3-carboxamide and 3-
(methylthio)pyridin-2-amine {(0.205 g, 1.464 mmol} in THF (10 mL} at rt was added
hithium bis{inmethylsilyvljamide i THF (3.59 mL, 3.59 mmol) over 5 min. The resulting
mixture was stirred at vt for 1h. The reaction was quenched with water (3 mL). The
mixture was adjusted with 1N HCI solution to pH 9-10, and further diluted with water (80
mb}. The precipitating product, 6-chloro-N-tridewteromethyi-4-((3-(methyithio)pyridin-
2~yDyamino)pyridazine-3-carboxamide (0.297 g, 0.950 mmol, 66.2% vield, Intermediate
23, was collected as a pale solid by suction filiration and dried at 50°C under vacuurm.

MS (M+1)ymz: 3131 (MH"Y). LC retention time 0.90 min [{A].

Entermediate 3

O
o oH m)%(ca o o a <
’ 5 056 i
m)\(‘j T owF mm CDL,NH, HOL, DIPEA D3 NS
"8 Son  DCM ~yP el DCM NP e
Step 1 Step 2

Step 1

To a heterogeneous, white solution of 4,6-dichloronicotinic acid (24.00 g, 125
mmaol} in dichioromethane (250 mi} under nitrogen at 0°C was added N, N-
dimethyHormamide (1 mL, 12.91 mmol). Oxalyl dichloride (14 mb, 162 mmol} was then

added over 12 nun. Afler 15 nun, the 1ce-water bath was removed and the reaction was

~60 -
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stirred to rt. After T h, N . N-dimethylformamide {1 mL, 12.91 mmol) was added to the
still heterogeneous, white solution. After a total of 2.5 h the reaction showed >95%
conversion to desired product.  After another 30 min the reaction was concentrated in

vacuo. DUM {100 mL) was added, and the solution was concentrated in vacuo. Another

Wh

portion of DCM (100 mlL} was added, and the sohution was concenirated in vacuo to give
the crude product which was used in the next step. The sample was guenched with

ethanol. The mass detected is

¢ cl

MS (M+1)ym/z: 22008 (MH"). LC retention time 0.95 min [B].
10
Step 2
To a solution of 4,6-dichloronicotinoyl chlonde (26.3 g, 125 mmol) and methan-d3-
amune, HCI salt (11 .46 g, 163 mmol) in BDCM (250 mb) under nitrogen at 0°C was

syringed DIPEA (65.5 mL, 375 mmol). After 20 min, the ice-water bath was removed,

[
W

and the reaction was stirred to rt. The reaction was stired overmight and completed. The
reaction mixture was washed with 0.5N aqueous HCIH (80 mL). The lavers were
separated, and the agueous laver was extracted with DCM (2 x 150 mL). The orgamic
lavers were combined, dried over NaxSOs, filtered, and concentrated in vacuo. The
reaction mixture containing the product was purified with silica gel chromatography (1.5
20 kg silica Gold columm) eluting with hexane and ethy! acetate. Product was collected at
60% ethyl acetate. 22.83 g of aslightly vellow solid was obtained, which was triturated
with EtOAc (40 mL) and rinsed with Et0Ac (20 mL) to give 4,6-dichloro-N-(methvi-
d3micotinamide (21.93 g, 105 mmol, 849% vield) as a white sohd.
MS (M+1ym/z: 2081 (MH"). LC retention time .58 min [B].
25 'H NMR (400 MHz, CHLOROFORM-d) § 8.71 - 8.63 (m, 1H), 7.47 - 7.40 {(m. 1H), 6.35
- 6.08 (m, 1H).

30 Example 1

-6l -
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fies L EI NF
QI Hi?j \N/ HoN N/ f Xaﬁt;}h@s, CsCOE, szdba3
D:.‘C\ H H
N E = Dioxane, N-Methyl-2-pyrrolidinone
N =
N ci Btep 1
Ojg,/
fle = E
N32W04‘2H20 N
30% H,0, 0wy N
aﬁc\ . F
Acetic Acid A /f\/f
Step 2 N‘N/ N ’
H
5  Stepl

A solution of Intermediate 2 (0.1028 g, 0.329 mamol, 6-chioro-N-trideuteromethyl-
4-{(3-(methylthio)pyndin-2-yDaminoejpyridazine-3-carboxamide), 5-fluoropyridin-2-
amine {(0.0845 g, 0.754 mmol), Xantphos {0.0345 g, 0.060 mmol), cesium carbonate
{(.2481 g, 0.761 mmol) and Pdodbas (0.0483 g, 0.053 mimol) in dioxane {5 mL} and N-

10 methyl-2Z-pyrrolidinone (1 mL) was microwaved at 150°C for 1 h. The completed
reaction mixture was diluted with ethyl acetate (10 mb} and filtered through Celite. The
filtrate was concenirated in vacuo. DMSO (1 mL) and water (20 mL), followed by
saturated NaHCOs, were added to the residue. The preciptiate was collected, filiered and

washed with water to give crude product as an orange solid. The crude product was

-
(93}

purified by flash chromatography using an ISCO 4g column eluting with 6-5%
MeQOH/DCM {4 cv, 0% 40 cv, 0-5%). Appropriate fractions (2-3% eluiion) were
collected and concentrated /i vacuo to give product, 6-({(5-fluoropyvridin-2-yarino}-N-
{methy-d3}-4-((3-(methyithio)pyridin-2-vDyaminoYpyridazine-3-carboxamide, {0.035 g,
0.078 mmol, 23.85% vield) as a light vellow solid.

20 MS (M+1)ymz 3892 (MH'. LC relention time 0.94 min [B].

Step 2
To a homogeneous, vellow solution of reactant, 6-({5-fluoropyridin-2-yiamino}-

N-{methyi-d3)-4-((-(methy lthioypvnidin-2-vDamme)pvndazine-3-carboxamude (0.035 g,

~-62 -
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{(1.090 mmol}, in acetic acid {0.3 mL) was added sodium tungstate dihvdrate (0.0311 g,
.094 mmol} o give a slurry. 30% hvdrogen peroxide (0.2 mk., 1.958 mmol) was added
which led fo homogeneitv. After 1.5 hr, water {2 mL) was added to the reaction which

was extracted with ethy! acetate (3 x 15 mL}. The organic layers were combined and

Wh

washed with sat. ag. sodium bisulfite (5 mL} and water (5§ mL) successively, dried over
NaxSO4, {filtered, and the filirate was concentrated i vacuo. The residue was difuted with
DMSO (0.5 mL)y and MeOH (1.5 mL) and subjected to awtoprep HPLC. The appropriate
fractions were collected; NaHCGs (solid) was added, and the fractions were concentrated
in vacuo not 1o dryness. The reaction mixture was extracted with DCM (3x), the organic
10 lavers were combined, dried over NaxSOa, filtered and concentrated in vacuo to give the
product, 6-((5-fluoropyridin-2-vhamino}-N-{methvi-d3)}-4-((3-(methyisulfonyvpyridin-2-
yvhamino)pyridazine-3-carboxamide (0.00435 g, 10.35 pmol, 11.48% vield).
MS (M+1ym/z: 4211 (MH™Y). LC retention time 0.61 moin {B].
'H NMR (400 MHz, DMSO-ds) § 12.26 - 11.92 (my, 1H), 10.54 - 10.32 (m, 1H), 9.67 -
15 9.32 (m, 1H), 9.26 - 9.05 (m, 1H), 8.87 - 8.58 (m, 1H), 8.42 - 8.19 (m, 2H), 7.88 - 7.64
(m, 2H), 7.47 - 7.15 (m. TH).

AN
N
-
G HN N
DiCr
H o
N, o~ R?
M N
RS
20 The following Examples were prepared in a similar manner to the preparation of
Example 1.
Table 1
Example 7D 5 . 'z Ri {min)
No. NRR MW ivirH] | IMethod]
SO 0.61
2 I P 432.47 | 4332 .
?Eﬁ N [B]
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Example 3 , mz Rt {nun)
No. NRR MW v | Method]
Yy 5
3 416.47 | 4172 0.59
s Z |B}
3 M
H
F
4 Y 42044 | 4211 %g}o
P w '
H
£
5 NJ\\ , , 0.66
5 ),\/ 42044 | 4212 Bl
P '
H
" 0.63
6 434.46 | 4352 e
§s: l P 3 3 {BE
N N
H
N O
7 T 43346 | 4341 0.59
Py o ' Al
H
i 0.64
8 gﬁ/u\/ 381.43 | 3821 Al
&
N 0.73
. "7 A \’) .
9 ?imjﬁ 407.46 | 408.1 A
H
® 060
i
10 41647 | 4172 -
TN id |B]
H
M/’
N~ , 0.68
12 WN 430.46 | 431.1 A
N .
Ly
O
M .
13 B 460.53 | 4613 (;B’}S
Py F '
H
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Example Y s , m'z Rt {nun)
No. NRR MW v | Method]
N’/\\‘\N
| ] 0.60
14 4435 | 4441
Py F [A]
H
3 - .59
15 4435 | 4441 Al
6,
16 42044 | 4210 (; A?
0.60
“F A .
17 419.48 | 4202 i8]
, 0.61
1% 433.46 | 4341 (Al
, 672
) 43 / :
19 471.43 | 4721 Al
e
20 45546 | 4560 E'i?’
Q/
A 0.58
21 N™ YN 433.46 | 4341 ;
) /k/ 5]
Py
]
NN 0.66
- .60
22 5 “ 47852 | 4791 0%
[ e Al
H
/A 13
23 Ty 36543 | 3662 | [QC-ACN-
H AA-XB]
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Example 3 , mz Rt {nun)
No. NRR MW [M+HTT [Method]
N7 NH L
24 | 2 45954 | 460.2 | [QC-ACN-
TN TFA-XB]
H
/\/k i
1.3
25 N >N 501.58 | 5021 | [QC-ACN-
gNJ\/‘ AA-XB]
H
F
f‘{—F ,
, B F P, . (.65
26 N 47345 | 4740 "
» FA]
Py
H
N;/%N
27 ?iN)\/\r(F 47143 | 4721 %g?
H F
F
?Ds
N0 <
28 NS 43648 | 437.0 9;;\;,7
«§{ P E* E
M
H
N Ci
‘ | ‘ ‘ 0.69
29 W 2N 49497 | 4951 Bl
N ,
e
30 51059 | 510.9 Ejgj?
N Y 6L
31 | . 52853 | 5288 ({iz;
Py N ’
H F
F
N7 S 1.9
32 | Ny 653.16 | 6331 | [QC-ACN-
)ﬁﬁ & AA-XB]
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Example Y s , m'z Rt {nun)
No. NRR MW v | Method]
1.4
N .
33 i Ty 467.52 | 4682 | [QC-ACN-
T AA-XB]
H
N/\QN
| . o 0.58
34 gﬁ)@\?/ 4465 | 4469 A
NN
. | o < . 0.58
\ !
OH
36 NS 490.55 | 4909 0.60
A [A]
I 0
H
N . (.65
37 |ﬂ//i\ 4435 | 4440 )
AN (Al
H
N A
” “~. 3
38 N 4465 | 4469 ‘{;j
Ty F -
H
N T
39 | 431.49 | 4319 063
?SN‘)\';N 431.49 . A]
H
40 NEZN 4435 | 4440 (E);i?
?‘NM
H
OMe
J¢
41 Nl N 487.55 | 488 [QC-ACN-
TFA-XB
H
Nl/y\e/ 58
42 447.49 | 4479 ~
éﬁ)\\?m FA]
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Example Y s , m'z Rt {nun)
No. NRR MW v | Method]
0 0.67
3.0
F / :
43 éﬁ/&\/\ 411.43 | 4119 A
i 0.63
2 F . . . . ),:‘
44 gsﬁ/l&v» 41143 | 4120 A
i 470
) {3
45 F 42942 | 4300 -
e -
9 0.6
. o 169
\ 07 46 | 408 08 b
46 giﬁj&rjﬁ!\\ 407 46 | 408.08 (Al
o
47 3 41947 | 4200 0.71
b R ' [A]
G
48 » 407.46 | 408.08 0.69
Sy RE [A]
j 0.69
49 b, 407.46 | 408.08 -0
\Sgﬁ ", v& 5 [A]
\N/
L
50 Ny o 54152 | 5418 0.6
P [A]
By P e,
/
51 E?E”N‘ 406.44 | 406.8 0.61
AN ‘ * [A]
X 0.74
52 567.56 | 5677 '
FA]
53 ,;L;/N“ 406.44 | 4068 58
LY [A]
Nt 0.68
56 5 A N 43248 | 4333 oo
N |B]
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Example 3 , mz Rt {nun)
No. NRR MW v | Method]
M=l —
o Nt , X 0.64
5 \Sﬁgﬁ Py 43449 | 4348 A
N-O 0.67
i — L . 6
53 06. 06, -
8 8y A 406.44 | 40638 A
M o “:;’N .
39 “ | 46752 | 4682 (;B;
bRy :
H
/:/N
, N~ , 0.64
60 | 441.48 | 4418 (A]
P
H
61 NIN 457.53 | 45738 (;/i?
H
NS 0.60
- i — - . 10U
652 4225 33
52 S AT 4225 | 4228 A
H
N_O©
63 L] A 48953 | 489.9 0.58
N O
64 O 47751 | 4782 0.59
O H 3 .. ) .
ER TR [A]
H
O
< N’fN\XN/IK/Nﬂz . f1r e 08 ,
65 ; H 5166 5169 [QC-ACN-
Eim/l\\\/ TFA-XB]
H
0 —
66 Sy o 45551 | 4562 ?Z?
" H \ Y o
O
4\>’< —JI\_/NH 08
67 R 151758 | 5183 | [QC-ACN-
g&N&/ TFA-XB]
H
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Example 3 , mz Rt {nun)
No. NRR MW [M+HTT [Method]
o “ )
68 5 e j 437.53 | 438.08 vl
9 13 o ved ) PRV A
INgY N [A]
H
Example 69
5
WieS 1. Xantphos, CsCO,, Pdydbay
= I o Dioxane
%, o
[»] HM N 2. NaZWQA,‘2H20, HzOz, N328203
oo P ;;E/H\ Acetic Acid
o N S
H ?a‘!i\ P HNT TN Step 1
N e
O\‘.\ //O
ST T o
D?’C\N v RS ./ N/Ik\
CL LT
NN
H
Step 1
10 A mixture of 6-chloro-N-{methvl-d3}-4-((3-(methylthioypyridin-2-

viyamino)pyridazine-3-carboxamide (20 mg. 0.064 mmol, Intermediate 2), N-{(6-
aminopyridin-3-yymethvDacetamide (15.84 mg, 0.096 mmol), Pdz(dba)s (5.86 mg, 6.39
umol}, Xantphos (7.40 mg, 0.013 mmol) and Cs2C0: {(41.7 mg, 0.128 mmol) i dioxane

(1.0 L) was purged with nitrogen for 5 nun. The reaction was placed into a preheated

-
(93}

130°C heating block for 2h to give the intermediate sulfide (M+H=442). The solvent was
concentrated and the material was re-dissolved in AcOH {2 mbL) To the solulion was
added sodium tungstate dihydrate (6.33 mg, 0.019 mmeol) and hydrogen peroxide (98 ul,
3.20 munol) and the mixture was stirred at rt for th.  Sodium thiosulfate (505 mg, 3.20
mimol} was added and the reaction mixture was stirred for 10 min. The solvent was

20 removed to give 6-((5-{acetamidomethyDpyridin-2-vDamino }-N-{methy{-d3)}-4-((3-

~70 -
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(methylsulfonyDpyridin-2-vhamino}pyridazine-3-carboxamide (3 mg, 5.7 pmol, 8.92%
yield, 90% purity).

MS (M+1ymz: 4211 (MHY). LC retention tiroe 0.61 nun {B].

'H NMR (500 MHz, DMSO-de)y 8 12.14 - 12.02 {m, 1H), 10.36 - 10.25 (m, 1H), 9.57 -

5 943 (m, 1H), 9.18 - 9.05 (m, 1H), 8.69 - 8.59 (m, 1H), 8.40 - 8.33 (m, 1H), 8.32 - 8.25
(m, 1H), 8.22 - 8.14 (m, 1H), 7.67 - 7.59 (m. 2H). 7.38 - 7.28 (m, 1H), 4.21 {brs, 3H).
3.41 -3.33 (m, 2H), 1.89 - 1.83 (m, 3H).

AN
SN
4
G HN N
DSC\N P
Ho
N. oA, R?
N7 TN
RS
10 The following Examples were prepared in a simtlar manner to the preparation of
the product of Example 69.
Table 2
Example 3273 S Ly + Rt (mun)
RIRA 1 m/z i MAH . )
No NRZR MW | mz [M+H] Mothod]
0.9
70 501.58 502.3 TQC-ACN-
TFA-XB]
0.8
71 376.46 377.2 [QC-ACN-
TFA-XB]
1.1
72 501.62 502.3 [QC-ACN-
AA-XB]
1.4
73 487.6 487.9 [QC-ACN-
AA-XB]
I
74 517.58 518.2 [QC-ACN-
TFA-XB]

~71 -



WO 2019/103952

PCT/US2018/061726

Example
No,

NRZR®

MW

m/z [M+H]"

Rt (rain)
IMethod}

~
N

\"" 4
O

530.37

0.98
[QC-ACN-
TFA-XB]

76

52762

13
[OC-ACN-
AA-XB]

77

490.55

491

13
[QC-ACN-
AA-XB]

78

545.63

546.1

1.5
[QC-ACN-
TFA-XB]

79

531.61

532

15
[QC-ACN-
AA-XB]

433.46

434.1

13
[OC-ACN-
AA-XB]

81

487.53

488.17

112
[QC-ACN-
TFA-XB]

82

416,47

4173

15
[QC-ACN-
AA-XB]

447.49

448.1

1.3
[QC-ACN-
AA-XB]

34

44749

448.2

11
[QC-ACN-
AA-XB]

T2
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Example 13T S I Rt (min)
RARY MW ni/z i MHH ]
No. NRZR MW | m/z [M+H] ‘Method]
N7 0.8
85 8 L 417.46 4182 [QC-ACN-
N TFA-XB]
N7 0.9
86 x L 421.43 4223 [QC-ACN-
N TFA-XB]
e i 14
87 < Mo 438.43 439 [QC-ACN-
SN F AA-XB]
/
N 1.5
88 [ )—cr, 473.45 4742 [QC-ACN-
Py AA-XB]
H
© RN
N 1.4
89 N ¢t | 52097 530 [QC-ACN-
N P AA-XB]
H
RN 13
90 X L 437.88 438 [QC-ACN-
N AA-XB]
NSy O 1.73
91 § P 470.45 471.18 [QC-ACN-
N AA-XB]
H
CF,
O
= 1.6
92 PN~ 563.53 563.9 [QC-ACN-
i TFA-XB]
Py
H
N/\Y i
93 S J\%N 417.46 417.9 [QC-ACN-
N TFA-XB]
i
N/:‘ﬁ/
94 | 555.53 556.2
Eﬁﬁ)\,}?\!
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Example
No,

MW

m/z [M+H]"

Rt (rain)
IMethod}

471.43

1.6
[QC-ACN-
AA-XB]

96

446.5

4471

11
[QC-ACN-
TFA-XB]

97

501.54

502.2

0.8
[QC-ACN-
TFA-XB]

98

431.49

4321

0.7
[QC-ACN-
TFA-XB]

99

471.55

1.6
[QC-ACN-
AA-XB]

100

515.61

516.1

1.5
[QC-ACN-
AA-XB]

101

461.52

462.2

12
[QC-ACN-
AA-XB]

102

478.55

479.2

1.8
[QC-ACN-
AA-XB]

50158

502

1.4
[QC-ACN-
AA-XB]
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Example
No,

MW

m/z [M+H]"

Rt (rain)
IMethod}

104

515.51

516.1

1.3
[QC-ACN-
AA-XB]

105

(¥4}
i
>
N
ot

516.2

11
[QC-ACN-
TFA-XB]

106

479.53

480.3

1.6
[QC-ACN-
AA-XB]

107

558.63

o]
2
Nl

1.3
[OC-ACN-
AA-XB]

108

39545

3962

13
[QC-ACN-
AA-XB]

109

546.54

5472

1.7
[QC-ACN-
TFA-XB]

110

488.54

489.2

~
pe

[OC-ACN-
AA-XB]

I8

479.53

479.9

1.4
[QC-ACN-
TFA-XB]
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Example
No,

MW

m/z [M+H]"

Rt (rain)
IMethod}

112

383.4

384.1

i
[QC-ACN-
AA-XB]

113

170.45

4711

1.7
[QC-ACN-
AA-XB]

114

480.2

1.7
[QC-ACN-
AA-XB]

479.53

480.1

1.6
[QC-ACN-
AA-XB]

tie

459.54

459.9

1.5
[QC-ACN-
AA-XB]

478.55

479

1.5
[QC-ACN-
TFA-XB]

118

411,43

1.07
[QC-ACN-
AA-XB]

119

409.48

410.2

15
[QC-ACN-
AA-XB]

120

407.46

408.2

13
[QC-ACN-
AA-XB]

396.44

3972

0.8
[QC-ACN-
TFA-XB]

122

424.49

4251

1.4
[QC-ACN-
AA-XB]
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Example 13T S I Rt (min)
TR2pS MW iz | MA+H )
No NRZR MW | m/z [M+H] Method]
0 o 1
123 >£ P 449.5 449.9 [QC-ACN-
> N TFA-XB]
0 0 1.1
124 < / 4495 450 [QC-ACN-
> N TFA-XB]
o
1.19
125 Py \ 425.45 426.1 [QC-ACN-
H . AA-XB|
0
1.31
126 ém/l’\, 425.45 426.1 [QC-ACN-
Hoo\ . AA-XB]
CF,
P 1.4
127 N 471.43 472.1 [QC-ACN-
?aw& N TFA-XB]
H
o 1.7
128 < P 447.53 448.1 [QC-ACN-
N AA-XB]
9 13
129 ?SLNJ‘\/J\ 409.48 410.2 [QC-ACN-
H TFA-XB]
T
130 NT TN 445.52 446.3 [QC-ACN-
i .
S, PNy AA-XB]
H
© 12
131 Ty 395.45 396.1 [QC-ACN-
i AA-XB]
Q 1.2
132 S5 /[-\G/\ 397.42 398 [QC-ACN-
H TFA-XB]
) ~ 15
133 S Mo ) [4ms 474 [QC-ACN-
N ' ' TFA-XB]
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Example 52D R I — Rt (min)
No, NRZR MW | /2 [M+H] ‘Method]
£
134 g M 411.45 412.2 [QC-ACN-
?‘ﬁ o TFAXB]
0 11
135 & ,l\ 370.42 371.2 QC-ACN-
N I
H TFA-XB]
0 1.4
136 S /U\O o~ 411.45 4123 |QC-ACN-
H TFA-XB]
o 1
137 ES*NJL\/ 383.44 384.2 [QC-ACN-
o TFA-XB]
CF;
A 14
138 N iN 471.43 4723 [QC-ACN-
?SNM AA-XB]
H
o 1.4
139 X, U< 423,51 4242 [QC-ACN-
H TFA-XB]
NZ G\CF;; 1.68
140 < 486.44 4873 [QC-ACN-
SN AA-XB]
/7‘;\?
N_ 1
141 ?5 Y 442.47 4432 QC-ACN-
S TFA-XB]
H
i
P 1.1
142 ¥ ™ 478.48 479.1 [QC-ACN-
I N AA-XB]
H
/
N——N 0 O(}
1%) i 449 .4 U, OQC-ACN-
143 Mo J( 449.46 450.1 [QC-ACN
”s\‘*ﬁ oH AA-XB]
o
~ i 1
144 N7 oM 447 44 448 [QC-ACN-
éN&N TFA-XB]
H
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Example 13T S I Rt (min)
RARY MW ni/z i MHH ]
No. NRZR MW | m/z [M+H] ‘Method]
gi? 1.4
145 PN 421.49 421.9 [QC-ACN-
H \/< AA-XB]
147 N h OH 523.02 523.4 [QC-ACN-
: i AA-XB
§§/&§VW\CE |
e}
P A Ll
148 N I N 529.39 5304 [QC-ACN-
ESN)\‘/'\Q/\ TFA-XB|
H
/\>< 13
M OH . T
149 L 504.58 505.4 [QC-ACN-
?ig&/\o“’\ AA-XB]
1
151 478.52 4791 [QC-ACN-
TFA-XB]
1.6
152 442.51 4429 [QC-ACN-
AA-XB]
i 14
1353 ?EN/&\K 421.49 4221 [QC-ACN-
H AA-XB]
N’f\lr/\c/ 12
154 NP 446.5 447.1 [QC-ACN-
\ég’/\/ AA-XB]
NP o s 12
155 S e | 449.52 450.2 [QC-ACN-
N AA-XB]
N~ | 1.4
156 N o. 449.52 450.2 [QC-ACN-
N By AA-XB]
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Example 13T S I Rt (min)

RARY MW piz | MHH ]
No. NRZR MW m/z {M+H] [Method]

NPT g I
157 i | 474 85 4753 [QC-ACN-
?52/\\\\/ TFA-XB]
NN NS 1.04
158 ¢ - i 476.53 4772 [QC-ACN-
Sy TFA-XB]
FExample 159
Ox\ 4
s
o < i :; ;si;i\N,sE;::
BiCw S HN i o)
R THF Py
NG Step 1 H
0\
o] /33!/ e l
HZNJ\Y/? , Xaniphos, CsCO,, Pdydba, O HN Sy
0.0 5
Dioxane ﬁ | = G
Step 2 N\N/ T N
H
Step 1

Lithiom bis(trimethyisityDamide (6581 mb, 0.581 mmol, 1 M in THF) was

quickly added to a solution of 3-(methylsulfonylpyridin-2-anune (0.05 g, 0.290 romol)

and 4,6~dichioro-N-trideuteromethylpyridazine-3-carboxamide {0.073 g, 0.348 mmol) in

THF (5 mL} at room temperature. Afier complete addition, the reaction mixture was

stirred at room temperature for thirty minutes. The reaction mixture was quenched with

IN HCI and MeOH and concentrated under vacuum. The product was chromatographed

on silica gel using the ISCO and eluting with 0-10%MeQOH/DCM. Fractions containing

product were combined and concentrated under vacuum o provide 6-chloro-N-{methyl-
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d3)}-4-{(3-(methvisulfonyDpyridin-2-vamino pyvridazine-3-carboxamide (40 mg, 0.116
mmol, 40% vield).

MS (M+1) mz: 345.08 (MH"). LC retention time 0.71 nun [A]

Step 2

A stirred roixture of 6-chloro-N-trideuterorethy I-4-((3-(methylsulfory lpyndin-2-
viyamino)pyridazine-3-carboxamide {(0.025 g, 0.073 mmol), cyclopropane carboxamide
{6.79 mg, 0.080 mmol)}, tris{dibenzylideneacetone)dipalladiunm(0) (0.664 mg, 0.725
urnol}, 4,5-bis(diphenyliphosphine}-9,9-dimethyixanthene (0.420 mg, 0.725 umol) and
cesium carbonate (0.071 g, 0.218 nunol) in |, 4-dioxane (2 mL) was heated i a sealed
vessel at 130 °C for one hour. The reaction mixture was diluted with ethyl acetate {5
mk), filtered and the filirate was concentrated. The residue was dissolved in 1 mb, DMF
and purified with prep HPLC. The desired fractions were collected and concentrated to
give 6-{cyclopropanecarboxamido)}-N-trideuteromethyl-4-((3-{methyisulfonypyvridin-2-
yvijamino)pyridazine-3-carboxamide (4 mg, 10.17 pmol, 10.4% vield).
MS (M+1) /7 394.08 (MH™). LC retention time 0.64 mun [A].
'H NMR (500 MHz, DMSO-de) 8 2.61 - 9.36 (m, 1H), 9.31 - 9.0% (m, 1H), 8.80 - 8.53 (m,
1H), 8.37 - 8.07 (m, 1H), 7.52 - 7.20 {m, 1H), 2.19 - 2.04 (m, 1H), 0.94 - 0.73 (m, 4H),

The following Examples were prepared it a simntlar manner to the product of
The foll F § d i to th duct of

Example 159

Table 3
Example S ; Ly 4 Rt (min}
o NRIR MW | mz [M+H] Method]
N7 )
160 4025 4031 U6
Sy - > (A]
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Example DS i R Rt (min)
AR MW /2 {MEHH i
No. NRR MW pvz (MHH] [ Method]
N/
N~ o
161 MC’ 439.9 4401 (‘Eﬁf‘
sy A

Example 163

MQS]://\II o MeS Z i,
i U
O HN \N/ HZN/l\ ; Kaniphos, CsC0,, Pdedba, o HH N
DG ! D4C.. ’
ﬁ)%j Dioxane, N-Methyl-2-pyrrolidinone N i = j;\
N. =
B Step 1 WN
Q:»S’/O O\\g’p
Me” ~p | @ Me” YF
N32WG4‘2H20 G "
30% Hy0, G NNy 10% PAIC Q HNT N
D,C. O DsC. A A
Acetic Acid ﬁ ! 9 Ethanol/THF ﬁ [
Step 2 N‘N/ Step 3 N\N/
H H

(93}

Step 1

A muxture of 6-chioro-N-trideuteromethy-4-((3-(methylithio)pyridin-2-
vhamino)pyridazine-3-carboxamide (100 mg, 0.320 mmol, Intermediate 2), acetanude
{41.5 mg, 0.703 mmol), tris{dibenzylideneacetoneidipalladium(0) (43 9 mg, 0.048 mmol},
Nantphos (27.7 mg, 0.048 mmol}, and cesium carbonate (229 mg, (.703 mmol} in 1,4~
10 dioxane {6 mL} was heated under microwave conditions at 150 °C for 1 h. The muixture
was diluted with ethyl acetate (8 mol.) and filtered through Celite. The filtrate was
concentrated under vacuum. To the residue was added DMSO (5 mL), followed by water
{55 mL} and saturaied NaHCO:s solution (3 mL). The msohuble material was collected by

filtration, and further purified by {8CO (24 g silica gel, solid loading, 0-3%

by

[
(i

MeOH/dichloromethane) to provide the desired product, 6-acetamido-N-
trideuteromethy-4-{(3-(methylthio)pyridin-2-yDamino)pyridazine-3-carboxamide (21
mg, 0.063 mmol, 19.58% vield) as a white solid.

MS (M+1ym/z: 336.1 (MH"). LC retention time 0.67 moin {B].
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Step 2

To asolution of 6~acetarmdo-N-trideuteromethy-4-((3~(methyithio)pyridin-2-
vilyamino)pyridarzine-3-carboxamide (21 mg, 0.063 mmol} in acetic acid (1.5 ml) was
added sodium tungstate dihydrate (21.69 mg, 0.066 mmol), followed by 30% hydrogen
peroxide (0.192 mL, 1.878 mmol). The solution was stirred at rt overmight. The starting
material sulfide was consumed, but the sulfoxide was the predominant product.
Additional sodium tungstate dihydrate (21.69 mg, 0.066 mmol} and 30% hydrogen
peroxide {0,192 mL, 1.878 mmol) were added. The mixture was heated at 50°C for t h.
The product was over oxidized to produce N-oxide. The mixture was diluted with water
{15 mL), basified with solid NaxCOs, and exiracted with DCM (B3 x 30 mL). The
combined extraction was dried over anhydrous Na:SO4. The product, 2-({(6-acetamido-3-
(trideuteromethylcarbamovlpyndazin-4-yamino}-3-{methvisutforypyridine 1-oxide
(12 mg, 0.031 mmol, 50.0% vield), was isolated as a white solid by prep HPLC.

MS (M+1) m/z: 384.08 (MH"Y). LC retention time 0.59 min JA].

Step 3

To a solution of 2-{{6-acetamido-3-{trideuteromethvicarbamoyDpyridazin-4-
yhamino)-3-(methylsulfonypyridine T-oxide (12 mg, 0.031 mmol) in THF (3 mL) and
ethanol (1 mL) was added 10% Pd/C (24.98 mg, 0.023 munol), followed by cyclohexene
{0,101 mL, 1.002 nmmol}. The mixture was heated at #0 °C in a closed vial for 16h. The
solid phase was removed by filtration. The filtrate was concentrated under vacoum, and
the residue was subjecied 10 ISCO (12 g silica gel, solid loading, 0-5%
MeOH/dichloromethane) to provide the desired product, 6-acetarido-N-
trideuteromethyl-4-((3-(methyisulfony})
pyridin-2-vhamino}pyridazine-3-carboxamide (2.7 mg, 7.13 umol, 22.78% vield), as a
white solid.
MS (M+1ym/z: 368.08 (MH"). LC retention time 0.57 min Al
'H NMR (400 MHz, DMSO-ds} 8 12.15 - 12.06 (m, 1H), 11.19 - 11.02 (m, 1H), 9.59 -
944 {m, 1H), 9.26 - 9.12 (m, 1H), 8.66 - §.56 {m. 1H), 8.34 - 8.23 (ro, 1H), 7.35 - 7.26
(m, 1H), 3.39- 3.35 (5, 3H), 2.19 - 2.15 (5. 3H).
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The following Examples were prepared in a similar manner to the product of

Example 163.

5 Table 4
Example Ty 3 . Ly + Rt (min)
IRZRS MW | sz [MHE , o
No NRZR MW | mz [M+H] Mothod]
O
164 M 407 46 408.08 0‘72
Py a : (Al
H
oy (
165 | 45752 45%.08 ')‘_59
N )\\\/J\\_/ [B]
N
H
Example 166
o
/ w OH Me3
o O e
HZN/Q\Q L 9 nn x
BsC. ta
THF H |
Stap’i N“N/ N
H
o 0
w0
Me’s = i
Na, W0, 2H,0 v M
30% ?{2022 G HN N7 y
D4C.. \ N
Acetic Acid N N
Step 2 N“N/ N L
10 H

Step 1
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A muxture of 6-chioro-N-trideuteromethy-4-((3-(methylithio)pyridin-2-
ylyamino)pyridazine-3-carboxamide {100 mg, 0.320 mmol, Intermediate 2), 1-methvi-1H-
pvrazol-3~amine {(68.3 mg, 0.703 mmol), and 4-methyibenzenesulfonic acid monohydrate
{91 mg, 0.480 mmol) in THF {7 mL} was heated in a closed vial at 100°C for 36 h. The
mixfure was concentrated under vacuum to dryvness. The residue was diluted with DMSO
(1.2 L) and MeOH (4.8 ml), divided into 3 portions, and purified by prep HPLC. The
desired fractions were combined. concentrated under vacuum, basified with 1.3 N
KzHPG. solution o pH 10, and exiracted with BCM (3 x 35 mL}. The combined extracts
were dried over anhydrous NaxSOq filtered and concentrated under vacuum {o give the
destred product, N-trideuterornethyl-6~({(1-methyvl-1H-pvrazol-3-vhamino}-4-((3-
(methylthio)pyridin-2-vDamino)pyridazine-3-carboxamide (49 mg, 0.131 mmol, 41.0%

vield), as a white solid.

Step 2

To asolution of N-trideuteromethyi-6-{{1-methvi-1H-pyrazol-3-vDamino}-4-((3-
(methylthio)pvridin-2-vBamino)pyndazine-3-carboxamide (49 mg, 0.131 mmol} in acetic
acid (3 mL) at it was added sodium tungstate dihvdrate (54.1 mg, 0.164 mmol) in one
portion, followed by 30% hvdrogen peroxide (0.227 mL, 3.94 mmol}. The solution was
stirred at rt for 1 h. The muxture was diluted with water (25 mb)}, basified with solid
NazCOs, and extracted with DCM (3 x 45 ml}3. The combined extracts were dried over
anhydrous NaxSQOs, filtered and concentrated under vacuum. The residue was dissolved
in DPMS0O (0 mL) and MeOH (G mL), which was divided into two portions, and purified
by prep HPLC. The desired fractions were combined, concentrated under vacuum,
basified to pH 10-11 with IN KoHPOs solution, and extracted with DCM (3 x 40 mL).
The combined extracts were dried over anhvdrous NaxSOyq, filtered and concentrated
under vacuum to give the desired product, N-tndeuteromethyl-6-((1-methyl-1H-pyrazol-
3-yDamino)-4-((3-(methylsutfonvhpyridin-2-yDammmo)pyridazine-3-carboxamide (28 mg,
{.068 mmol, 52.1% vield), as a white solid.

MS (M+13ym/z: 406.1 (MH"). LC retention time (.56 min [A].
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The following Examples were prepared in a similar manner to the product of

Example 166,

Table 5
Example 1 2 S , A Ert Rt {min)
i L . M T //Z + ] ; \
No. NRR MW pvz (MHH] [ Method]
167 Eﬁ“’N 431.49 43208 (;;2
\55 f / 4R
N
H
F
. <> g 0.69
168 E}“}MN 405.47 406.08 (Al
?i /J’\,;;
N
H
5
Example 169
MeSf\ii mﬂz Meﬁm
G HN SNT NS , Xantphos, CsCQ,, Pdadba; . o HNTUN /\/k
BsC-pg N Dioxane Bs g [ N7 YT ONH
H N,N/ - Step 1 NN/ NN »
H
a0
O NaBH,CN, TEA, Me” T
/,’i.\ NazWQ4_2H2Q, H202 >
NaZSZOS Q HN N /\/I(J\
s Bl NPy N
Acetic Acid H i:j B /L\\Vi H
Step 2 N ﬁ

10 Stepl
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A mixture of 6-chloro-N-{methvi-d3}-4-((3-(methylthio)pyridin-2-
ylyamino)pyridazine-3-carboxamide (50 mg, 0.160 mmol, Intermediate 2), 5-(2-
aminopropan-2-vhpyridin-Z-anune (31 .4 mg, 0.208 mmol), Xantphos (13.87 mg, 0.024
nmmol}, Pda(dba)s (10.98 mg, 0.012 mmeol) and Cs:CO: (78 mg, 0.240 munol) in dioxane
(1.5 mL} was purged with nitrogen for 2 min., then stirred at 130°C for 3h. After cooling,
the solid was collected via filtration and used as is in the next reaction.

MS (M+1ym/z: 42835 (MH"). LC retention time 0.90 min [C].

Step 2

The 6-((5--aminopropan-2-vpyndin-2-yDamino)-N~(methy1-d3)-4-(¢3~
(methylthio)pyridin-2-vhamino)pyridazine-3-carboxanide (13 mg, 0.030 mmol} was
mixed with 1 mL of DCM, propan-2-one (1.766 mg, 0.030 mumol) was added, followed
by the addition of sodiurn cvanoborohydride (3.82 mog, 0.061 mumol) and TEA (8.48 pl,
0.061 mmol} The mixture was stirred at 1t overnight. The mixture was diluted with DCM
{20 mL), washed with saturated NaHCOs {10 mb) and brine (10 mb), dnied and
concentrated under vacuum. The resulting residue was mixed with AcOH (1 mL), sodium
tungstate dibvdrate (3.01 mg, 9.12 pmol} and then hydrogen peroxide (0.155 ml, 1.520
nmmol). The muxture was stirred at 1t for 1Th. To the mixture was added sodium
thiosulfate {961 mg, 1.520 mmol) and then stirred for 10 min. The mixture was filtered
and purified with prep HPLC {0 provide the desired product, 6-((5-(2~
(isopropylamino)propan-2-ypyridin-2-vyamino)-N-{methyl-d3}-4-{(3-
(methylsulfonyDpyridin-2-viamino}pyridazine-3-carboxamide (3.8 mg, 7.5 pmol,
24.66% yield).
MS (M+1) mz: 502 (MH"). LC retention time 1.3 min [QC-ACN-AA-XB].
'H NMR (500 MHz, DMSO-de) § 9.59 - 9.44 (m, 1H). 9.23 - 9.06 (m, 1H), 8.73 - 8.60
(m, 1H), 8.40 - 8.33 (m, 1H), 8.31 - 8.24 (m, 1H). 7.92 - 7.84 (m, 1H), 7.65 - 7.56 (m,
THY, 7.37 - 7.29 (m, 1H), 1 48 - 1.33 (m, 6H), .93 - 0.76 (m, 6H).
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The tollowing Example was prepared in a similar manner to the product of Example

169.
Table 6
Example 535S . Ly . Ri (min)
No. NER MW mi/z [MHH] [ Method]
/\\//]< &
'l Co
170 ji\/l N 515.60 516.4 ?S?
?SN = '
H
Example 171
o B 0.0
ME,S 4 il Me"sﬁ
S i
O HNT N a O HNT N o
i i DMAP
QSG.NJ\H)E NP o 93&”% SN
S NN 0.054 M acetic anhydride/THF o s |
H Step 1 H
Step 1

A heterogeneous solution of 6-{({53-(2-hydroxvpropan-2-vhpyridin-2-yhamino)-IN-
{methyl-d3)-4-((3-(methyisutfonvDpyridin-2-yDamino)pyridazine-3-carboxamide (0.0627
2, 0.136 mymol, Example 13) and DMAP (0.0183 g, 0.150 mimol} in 8.054M acetic
anhydride/THF (6.30 mi, 0.340 mmol} in a sealed vial was heated to 80°C. The reaction
was stirred for 2 davs. The reaction was cooled {0 room temperature. Acetic anhydride
{0.020 mL, 0.212 mmol, 1.56 eq.) was added, and heating was resumed. The reaction
was stirred for another day and the starting material was consumed. The reaction was
cooled to rt and DMAP and FtOH were added. The heating was resumed for another day

and the reaction was cooled to rt. The reaction was dilited with EtOAc (50 mbL) and

- B8 -
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washed with waier (20 mL). The orgamic laver was washed with brine, dried over
Nax$50q and filtered. Silica gel {(~0.4 g) was added to the filtrate and concentrated in
vacuo. The crude product was purified by flash chromatography using an ISCO 24g
column eluting with 0-3% MeQOH/ethyl acetate. Appropriate fractions were coliected and
5 concentrated in vacuo 1o give a residue containing the desired product. This residue was

iriturated with MeOH and dried overnight under vacuum to give 2-(6-({6-({methyi-
d3)carbamoy)-5-((3-(methyisulfonvhpyrdm-2-yDamino)pyridazin-3-yDamino jpyridin-
3-ylpropan-2-yl acetate (0.01025 g, 0.019 mmol, 14.23% vield} as a white solid.
MS (M+13m/z 503.2 (MHT). LC retention time 0.67 min {B].

10 'H NMR (400 MHz, DMSO-ds) 8 1218 - 12.04 (m, 1H). 10.40 - 10.29 (m, 1H). 9.58 -
945 (m, 1H), 9.23 - 9.08 (m, 1H). 8.75 - 8.64 (m, 1H), 8.38 - 8 19 (m, 2H). 7.79 - 7.71
(m, 1H), 7.70 - 7.62 {m, 1H), 7.38 - 7.30 (m, 1H), 3.42 - 3.35 {m, 3H), 2.07 - 1.95 (m,
3H), 1.82 - 1.65 (m. 6H).

15 Example 172

MeS P _ \] MeS >
) et 9
F

O HN N Fe gow !
{}3CQN L > CHO D3C'N N i F
N7 | Step 1 LI \E

N N X N N

N H

g, 0
Ma WG, 2H,0, 30% Hy0, o HN™ TN F
DLC.
Acetic Acid ? Ny v N?\;Vi/k?
Step 2 NN
H

20 Stepl
To a suspension of 6-((5-formyipyridin-2-y}aming }-N-(methyl-d3}-4-((3~
{methylthiopyndin-2-vBamimo)pyndazine-3-carboxamide (130 mg, 0.326 mmol) in
DCM (11 mL) at vt was added {(diethylamino)sulfur tnfluoride (DAST) (0.28 mi., 2.119

nmmol} dropwise. The mixture was heated at 45°C for 16h. After cooling to 11, the

|\
W

reaction was carefully quenched with water (20 mL). The resulting mixture was basified
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with solid NaxCOs to pH 9-10 and extracted with DCM (3 x 40 mL). The combined
extracts were dried over anhydrous NaxSOs. The destred product, 6-((5-

{(difluoromethy Dpyridin-2-vDamino)-N-(methyi-d3)-4-((3-(methvithio)pyridin-2-
viyamino)pyridarzine-3-carboxamide (47 mg, 0.112 mmol, 34.3% vield), was isolated as a
white solid by ISCO (40 g silica gel, solid loading, 0-5% methanol/dichloromethane}.

MS (M+1ym/z: 421 .08 (MH"). LC retention time 0.74 min [B].

Step 2

To asolution of 6-((S-(difluoromethylpyridin-2-vhamino}-N-{methyi-d3)-4-((3-
(methylthioypyrndin-2-vhaminopyndazine-3-carboxanude (47 mg, 0.112 romol) 1o acetic
acid {4 mL) at rt was added sodium tungstate dihydrate (46.1 mg, 0.140 mmol} in one
portion, followed by 30% hvdrogen peroxide (0.343 mi, 3.35 mmol). The solution was
stirred at rt for 1h. The mixture was diluted with water (30 mi.), basified with solid
Nax(COs, and extracted with DCM (3 x 45 mL). The combined exiracts were dried over
anhyvdrous NaxSO4. The desired product, 6-{(S-(difluoromethyl}pyridin-2-vijamino}-N-
(methyl-d3)-4-((3-(methylsutfonyDipynidin-2-vDamino jpvridazine-3-carboxamide {20 mg,
0.044 mumol, 39.1% vield), was 1solated as a white solid by I1SCO (24 g silica gel, solid
foading, 0-5% MeOH/DCM).
MS (M+1Yym/z: 453.08 (MH"). LC retention time 0.63 min [A]
THNMR {400 MHz, DMSO-de) 8 12.19 - 12.09 (m, 1), 10.72 - 10.61 {m, 1H). 9.66 - 9.34
(m, 1H), 9.26 - 9.16 (m, 1H), 8.79 - 8.64 (m, 1H), 8.56 - 8.45 (m, 1H), 8.35 - 8.24 (m, 1H),
8.01 - 7.89 (m, 1H}, 7.85-7.73 (m, 1H), 740 - 7.29 (m, 1H), 7.25 - 6.81 (m, iH), 3.34 -
3.30 {m, 3H).

Example 173

N - E

MeS 8
7 - 2
T AN | Xantphos, CsCO,, Pdydba Me ;
s HoN 3; FOGas N
O HN® N o O HN™ N
i KONE
Dsc.ﬁ% . mﬁ% N%
i igxane g
N Ay N7 N/J\\/N
Step 4 H

Step 1
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A mixture of 6-chloro-N-{methvi-d3}-4-((3-(methylthio)pyridin-2-
ylyamino)pyridazine-3-carboxamide {30 mg, 0.096 mmol, Intermediate 2), 6-
methylpyrazin-2-amine (31.4 myg, 0.288 mmol), Xantphos (8.32 mg, 0.014 mmol),
Pdx{dba) (6.59 mg, 7.19 umol) and Cs2C03 (125 mg, 0.384 mmol) in dioxane (1.5 mL)
was purged with nitrogen for 2 min, then stirred at 130°C for 3 h. The nmuxture was mixed
with MeGH/DCM (1.1, 5 mL), filtered and the filtrate was concentraied and the residue
was used in the next step. The above residue was nuxed with MeOH (1 mL)}, acetone (1
mb} and water (0.5 mL). Oxone (177 mg, 0.288 mmol} was added and the mixture was
stirred at .t for 18h. The reaction mixture was concentrated to dryness then dissolved in
DMSO and purified with prep HPLC. The reaction provided N-{roethyl-d3)-6-({6-
methylpyrazin-2-vhamino}-4-({3-(methyisulfony Dpyridin-2-vDamino)pyridazine-3-
carboxamide (3.4 mg, 7.74 umol, 8% vield).

MS (M+1ym/z: 4181 (MH"). LC retention time .95 min [QC-ACN-TFA-XB].

H NMR (500 MHz, DMSO-de) § 12.27 - 12.00 (m, 1H), 10.74 - 10.47 {m, 1H), 9.68 - 9.55
(m, 1H), 9.27 - 9.10 (m, 1H), 8.77 - 8.61 (m, 2H), 8.38 - 8.21 (m, 1H), 8.13 - 8.00 (m, 1H),
7.42 - 731 (m, 1H), 3.37 (s, 3H), 2.47 - 2.41 (m, 3H).

Example 174

EVE IR
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MeS
OMe 7
Me3 /i E/E \A(j
o 4 N A O HNTON
M 0,0 d

% N ) TFA
oo, Oide N s Olfle
TN H oy —
HOoNL 2 Step 1 N ﬁ i \i
N Aome  Step 2
MeS O MeS
= =
| c ci | Na, WO, 2H.0,
NS . o
G HNT N ¢t , Pyridine O HNT N 30% H0,
D,C. 04C

DOM ‘N A TR *) Acetic Acid

N x
H% Hon ok A C e
N UNH, Step 3 N W Step 4

G o
S\

O HNT N

DB(LQ')\H)\\E o .
N.N«Aﬁwm

Xz

-~

Step 1

6-chloro-N-(methyl-d33-4-((G-(methylthio}pyridin-2-vi}amino)pvridazine-3-

[

carboxamide (0.5304 g, 1.696 munol, Intermediate 2} and (2,4~
dimethoxy phenyDmethanamine (2. 1068 g, 12.60 mmol) were melied at 145°C. Vapors
appeared by 88°C.  After 1.5 hrs. EtOAc (150 mL) and 1M agueous KoHPO4 (40 mL)
were added. After separation of layers, the organic laver was washed with 1M aq.
K2HPO4 (40 mL) and brine (40 mL) successively, dried over Naz80s and filtered. Silica
10 gel was added to the filirate and concentrated /n vacuo. The crude product was purified
by flash chromatography using an ISCO 120 g column eluting with 0-5% MeOQH/DCM
(0%, cv2; 0-5%, ¢v12). Appropriate fractions (1.6-2.2%) were collected and concentrated
in vacuo to give 6-((2,4-dimethoxybenzy Damino}-N-{(methy1-d33)-4-((3-
{(methylthio}pyridin-2-vianmino}pvridazine-3-carboxamide (0.7215 g, 1.627 mumsl, 96%
15 vield) as a yellow solid.

MS (M+1) mz: 4442 (MH™Y). LC retention tiroe 8.79 nun [A].

Step 2

VIR
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To a homogeneous yellow solution of 6-((2,4-dimethoxybenzyamino)-N-
(methyl-d3)-4-((3~(methylthio)pyridin-2-yamino)pyridazine-3-carboxamide {0.7215 g,
1.627 munol) in dichloromethane (20 mb) at 0°C under nitrogen was added trifluoroacetic
acid (20 mL, 260 nmmol) dropwise. After 10 min, the ice-water bath was removed and the
reaction was stirred at rt overnight. The mixture was concentrated in vacuo and diluted
with DCM (100 mL) and 1.5 M aquecus KoHPO4 (25 mL). Afier separation of layers, the
aq laver was extracted with DUM (4 x 100 mL). The organic layers were combined,
dried over Na:50., filtered and concentrated in vacuo (.68 ). THF was added, and the
heterogeneous solution was filtered and the filtrate concentrated in vacuo. The crude
product was purified by flash chromatography using an ISCO 120 g column eluting with
0-75% MeOH/CH2(Cl:. Appropriate fractions were collected and concenirated in vacuo to
give 6-amino-MN-(methyl-d3}-4-{(3-(methvHhiojpyridin-2-y1{}Jamino}pyridazine-3-
carboxamide (0.2534 g, 0.864 mmol, 53 1% vield) as a yellow solid.

MS (M+1ym/z: 294 0 (MH"Y). LC retention time (.60 min [A].

Step 3

To a heterogeneous solution of 6-amino-N-{methy1-d3)-4-{(3~(methvlthio)pyridin-
2-vlyaminolpvridazine-3-carboxamide (0.042 g, 0.143 nunol} in dichloromethane (2.0
mkb) was added pyridine (0.05 ml, 0.618 mmol}. A solution of 2,2-
dichlorocy clopropanecarbonyl chloride in BCM (0.17 M, 1.0 wml, 0.17 mmol) was then
added leading to homogeneity. After 1 h the reaction additional 2,2-
dichlorocyclopropanecarbonyi chioride in BCM (0.17 M, 1.0 ml, 0.17 mimol} was added.
Stirring was continued for several hours and then additional 2 2-dichlorocyclo
propanecarbonyl chloride in DCM (0.17 M, 1.0 ml, 0.17 mmol} was added and stirring
continued overnight. Additional 2,2-dichlorocyclopropanecarbonyl chloride/ in DCM
{0.47 M, 0.61 mL, 0.29 mmol) was added and after conversion, was determined {o be
~50%. Heating the reaction vessel to 50°C provided no further conversion. The reaction
was cooled to rt, diluted with DCM (40 mL} and washed with water (5 mL). The organic
laver was further washed with water {5 mL} and brine (5§ mL) successively, dried over
NaxS04 and filtered. Silica gel was added 1o the filtrate and concentrated in vacuo. The
crude product was purified by flash chromatography using an ISCO 12 ¢ colunm eluting

with 0-10% MeOH/CH2Cly. Appropriate fractions were collected and concentrated in
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vacuo to give impure desired product (~50% pure, 52.8 mg), used as is in the subsequent

reaction.

Step 4

To a homogeneous, yvellow solution of 6-(2,2-dichlorocyclopropane-1-
carboxamido)-N-(methyvl-d3}-4-((3-(methyithio)ypyvridin-2-vDamino)pyridazine-3-
carboxamide (0.0528 g, 0.123 mmol) in acetic acid (1.5 mi.} was added sodium tungstate
dihydrate {0.0561 g, 0.170 mmol}, followed by 30% hvdrogen peroxide (0.4 mL, 3.92
mmol). After 1.5 h, water (25 mb) was added and the reaction was immersed in an ice-
water bath. NaxCOs; (sohid) was added untid pH was basic by litmus paper. This was
extracted with DCM (4 x 50 mL}. The organic layers were combined and then washed
with 1N ag HCI (30 mL), saturated ag NaHCGOs (30 mL} and brine (30 mL} successively,
dried over Nax80u, filtered and concentrated in vacuo. The crude product was purified by
flash chromatography using an ISCO 12 g column eluting with 0-5% MeOH/DUM (0%,
cv2; 0-10%, ¢v20). Appropriate fractions were collected, concentrated in vacuo and dried
in a desiccator oven at 30°C to give 6-(2,2-dichlorocy clopropane-1-carboxamido }-N-
(methyl-d3)-4-((3-(methylsultfonyDpyridin-2-vDamino )pvridazine-3-carboxanude
(0.00691 g, 0.015 mmol, 12.2% vield).
MS (M+1)ymz: 4621 {MH"). LC retention time 0.79 min B}
THNMR {400 MHz, DMSO-de) 8 12.24 - 12.08 (m, 1), 11.91 - 11.77 (m. 1H). 9.59-9.46
(m, 1H), 9.35 - 9.20 (m. 1H), 8.75 - 8.52 (m, 1H), 8.37 - 8.19 (m, 1H), 7.40 - 7.26 (m, 1H),
3.39 - 3.34 (m, 3H), 3.22 - 3.13 (m, 1H), 2.16 - 1.99 (m, 2H).

Examples 175 and 176

- G4 -
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Steps 1 & 2

Foliow the procedures shown above to prepare Example 174,

[

Step 3

A mixture of 6-amino-N-{methyi-d3)-4-((3-(methylthio}pyridin-2-
yhaminoypyridazine-3-carboxamide {97 mg, 0.331 mmol), {(=)-{rans-2-
(tritftuoromethyiey clopropane-1-carboxvlic acid (76 mg, 0.496 mamol), BOP (205 mg,

10 0.463 nunol), and N .N-dusopropylethyvlamine (0.202 mb, 11537 mmol) in DMF (2 ml)
was heated at 60°C for 2h. The desired product was detected, but the majority of the
starting material remained. The mixture was continued to be heated at 60°C overnight
but no change was noticed. The reaction mixture was diluted with ethyl acetate (SO ml),
washed with water (3 x 15 mbL) and brine (15 mL), and dried over anhydrous MgSO4. The

1§ product, {)-N-(methyi-d3}-4-((3-(methylthio}pyridin-2-yDamino}-6-((1R, 2R }-2~
(triftuoromethy ey clopropane-1-carboxamido)pyridazine-3-carboxamide (23.6 mg, 0.053
mmol, 16.62% vield), was isolated as a beige solid. MS (M+1)y m/z: 4302 (MH"). LC
retention fime 0.90 min [A]. The starting material, 6-amino-N-(methy!-d3}-4-((3-
{methyvlthio)pyridin-2-yDamino)pvridazine-3-carboxamide (60 mg, 0.205 mwnol, 61.9%

20 yield), was partially recovered as a beige solid.

-G8 .
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Step 4

To asolution of (£)}-N-{methyl-d3)-4-(3-(methyHhio}pyridin-2-yamine)-6-
{(1R2ZR)-2-(rifluoromethylicyclopropane-1-carboxamido}pyvridazine-3-carboxamide
{23.6 mg, 0.055 mmol} in acetic acid (4 mL} at rt was added sodium tungstate dihydrate
{22.66 mg, 0.069 mmol) 1n one portion, followed by dropwise addition of 30% hvdrogen
peroxide (0.168 mi, 1.649 mmol). The solution was stirred at rt for th. The mixture was
diluted with water (20 mb), basified with solid Na:COs, and exiracied with DCM (4 x 30
mb). The combined extract was dried over anhydrous Nax8O4. The title compound, N-
{methyl-d3)-4-((3~(methylsulfonyDpyridin-2-vDamino)-6-((1R 2R )-2-
{(trifluoromethyicyclopropane-1-carboxanmidolpyridazine-3-carboxamide (10 mg, 0.022
mimol, 39.4% vield), was isolated as a white solid by ISCG (24 g silica gel, solid loading,
{3-5% MeOH/dichloromethane).
MS (M+1ym/z: 462.1 (MH"). LC retention time .79 min [A].
A racemate sample (10 mg) obtained as above went through chiral separation to give N-
(methyl-d3)-4-((3-(methyisulfonyDpyvridin-2-vDamino}-6-((18,28)-2-
(trifluoromethvbcy clopropane-1 ~carboxamido)pyridazine-3-carboxamide (4.52 mg, 9.31
umol, 86% vield), '"H NMR (400 MHz, DMSO-de} 8§ 12.19-12.09 (m, 1H), 11.73 - 11.63
(m, 1H), 9.53 - 9.47 (m, 1H), 9.32 - 9.20 (m, 1H), 8.65 - 8.54 (m, 1H), 8.38 - 8.24 (m,
THY, 741 - 729 (m, 1H), 338-335(m, 3H), 2.71 - 2.61 (my, 1H), 241 - 228 (m, 1H),
1.41 - 1.30 (m, 2H), and N-{methvi-d3)}-4-((3-(methylsulfonyDpvridin-2-vhaming)-6-
(1R, 2R )-2-(trifluoromethyi)cy clopropane-1-carboxamido)pyridazine-3-carboxamide
(4.36 mg, 898 umol, 83% vield) as white solids, 'H NMR (400 MHz, DMSO-de) 5 12.20
-12.08 (m, TH), 11.73 - 11.58 (m, 1H). ©.57 - 9.44 (m, 1H), 9.33 - 9.18 (m. 1H), 8.69 -
8.50 (m, 1H), 8.37 - 8.21 (m, 1H). 7.41 - 7.25 (m, 1H), 3.40 - 3.34 (m, 3H). 2.72 - 2.62
(m, 1H), 2.42 - 2.30 (m, 1H), 1.40 - 1.29 (m, 2H).

The absolute stereochemistry of the two enantionmers was randomly assigned.

Example 177
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Step |

A muxture of 6-chloro-N-trideuteromethyl-4-((3-(methylthio)pyridin-2-
viYaminopyridazine-3-carboxanude (150 mg, 0.480 mmol), 3,3-

5 difluorocy clobutanecarboxamide (87 mg

P2y

0.647 mmol), tris{dibenzyviideneacetone)
dipalladium(0)} (65.9 mg, 0.072 mmol), Xaniphos (41.6 mg, 0.072 mmol), and cesium
carbonate {281 mg. 0.863 mmol) in 1 4-dioxane (10 mL} was heated under microwave at
145°C for th. The reaction mixture was dituted with ethyi acetate {20 mL) and filierad
through Celite. The filtvate was further diluted with ethyl acetate (20 mL) and filtered

10 through Celite. The filtrate was concentrated under vacuum to dryness. To the residue
was added water (50 mL), followed by saturated NaHCO;3 solution (5 mL). The insoluble
material was collected by suction filtration and further purified by ISCO {40 g silica gel,
solid loading, 0-4% MeOH/DCM) to give the desired product, 6-(3,3-

diftuorocy clobitane-1-carboxanmido}-N-{methyl-d3)-4-((3-(methylthio)pyridin-2-

[
W

yvhaminojpyridazine-3-carboxamide (57 mg, 0.139 mmol, 28.9% vield), as a beige solid.

MS (M+1)ym/z: 4122 {MH"). LC relention time 0.89 min [A]

Step 2
To asuspension of 6-(3,3-difluorocyclobutane-1-carboxamido}-N-{methvi-d3}-4-
20 A(B~(methyithioypyridin-2-yDamimo)pyridazine-3-carboxamide (57 mg, 0.139 mamol) in
acetic acid (20 ml) at rt was added sodium tungstate dibvdrate (7.1 mg, 0.173 mamol) in
one portion, followed by 30% hyvdrogen peroxide (0.425 mL, 4.16 mmol). The solution
was stirred at 1t for 1h, The starting material was all converted to sulfoxide but not the

desired sulfone. Additional sodium tungstate dihwdrate (57.1 mg, 0.173 mmol) and 30%

- G7 .
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hydrogen peroxide {0.213 mL, 2.08 mmol) were added. The heterogeneous mixture was
stirred at rt for another hour. The muxture was diluted with water (40 mL), basified with
solid NaxCOs and extracted with DCM (4 x 50 mL). The combined exiracts were dried
over anhydrous Na:8Q0, filtered and concentrated in vacuo. The product, 6-(3,3-
diftuorocy clobutane-1-carboxamido 3-N-{methvi-d3)}-4-((3-(methylsulfiny}pyndin-2-
yvhaminojpyridazine-3-carboxanude (15 mg, 0.035 munol, 25.3% vield), was isolated as a
white solid by ISCO (24 g silica gel. solid loading, 0-5% MeOH/DCM).

MS (M+1ym/z: 428 2 (MH"Y). LC retention time 0.7 min [A].

Step 3

To asuspension of 6-(3,3-difluorocy clobutane-1-carboxamido)-N-{methvi-d3})-4-
{(3-(methyisulfinyDpyridin-2-v)amino}pyridazine-3-carboxamide (13 mg, 0.035 mmol}
10 acetic acid (3 ml) at vt was added sodium tumgstate dihydrate (14.47 mg, 0.044 mmol}
in one portion, followed by 30% hydrogen peroxide {0.108 mL, 1.053 mmol). The
solution was stirred at 1t for 1.5 h. The mixture was diluted with water (20 mi.}, basified
with solid NaoCGs and exivacted with DCM (3 x 40 mL). The combined extract was
dried over anhydrous NaxS0s and concenirated under vacuum to dryness. The residue
was dissolved in DMSO (1.2 mbL) and purnified by prep HPLC. The desired product, 6-
(3.3-difluorocyclobutane-1-carboxamido}-N-{methyi-d3}-4-((3-(methvisulfony Dpyridin-
2-yDamino)pyridazine-3-carboxamide (5.8 mg, 0.013 mmol, 36.2% yield), was obtained.

o

MS (M+1)ym/z: 444 0 (MH"). LC retention time 1.39 min |QC-AUN-TFA-XB].

FExample 178

~ 08 -
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Step 2
Step 1

To a solution of 4,6-dichloro-N-indeuteromethyipyridazine-3-carboxamide (114

W

mg, 0.544 mmol) and 6-flucro-3-(methylthiojpyridin-Z-amine (86 mg, 0.544 mmol) in

THF (5 mL} at rt was added lithiom bis(trimethvisilvyDamide in THF (1.359 mL, 1.359

mmol) over 5 mun. The resulting mixture was stivred at rt for 1h. The reaction was

quenched with water (5 ml), the nuxture was adjusted with 1IN HCI solution to pH 9-10,

and further diluted with water (10 mL). The precipitating product, 6-chloro-4-({6-fluoro-

10

3-(methylthiopvridin-2-yhamino}-N-{(methyi-d3)pyridazine-3-carboxamide (145mg,

(.438 munol, 81% yield}, was collected as a pale solid by suction filtration and dried

under vacuum.

MS (M+1)m/z: 331.25 (MH"). LC retention time 1.19 nun [C].
'H NMR (400 MHz, DMSO-de) 5 12.65 - 12.53 {m, 1H), 9.62 - 9.42 (m, 1H), 9.04 - 8 85
13 {m. ITH), 8.22-8.06 (m, 1H), 7.00 - 6.83 (m, 1H).

Step 2

A mixture of 6-chioro-4-((6-fluoro-3-(methylthio)pyridin-2~yDamino)-N-(methy1-

d3)pyridazime-3-carboxamide (30 mg, 0.091 mmol}, 2,6-dimethyipynmidin-4-amine

20

(16.75 mg, 0.136 mmol), Xantphos (7.87 mg, 0.014 mmol}, Pda(dba): (6.23 mg, 6.80

umol) and Cs2005 (59.1 mg, 0.181 mmol) in dioxane (1.5 mL} was purged with nitrogen

for 2 min, then stirred at 130°C for 3h. The muixture was mixed with MeOBH/DCM (1.1,

5mil}, filtered and the filtrate was concentrated. The resulting residue was used in the next

step. The residue was mixed with AcOH (1 mL) and sodium tungstate dihvdrate (8.97

-9y .
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mg, 0.027 mmol) was added. Hydrogen peroxide (278 pb, 2.72 mumol} was added and
the mixture was stirred at 1t for Th. To this muxture was added sodium thiosulfate (430
mg, 2.72 romol) and the reaction stirred for 10 mun. The nuxture was filtered and punfied
with prep HPLC to provide the product, 6-((2.6-dimethylpyrinudin-4-yDaminoj-4-{({6-
fluoro-3-{methyisulfony Dpyridin-2-vhamino)-N-(methvi-d3}pynidazine-3-carboxamide
(6.8 mg, 0.014 romol, 15.85% yield).

MS (M+1ym/z: 4499 (MH"). LC retention time 1.11 min [QC-AUN-TFA-XB].

H NMR (500 MHz, DMS0-ds) § 10.83 - 10.68 (m, 1H), 9.48 - 9.34 (m, 1H). 9.32-9.15
(m, 1H}, 832 - 35 (my, 1H), 742 - 724 (m, 1H), 7.02 (brs, 1H), 339 (brg, 3H), 2.57 -

10 2.53 (m, 6H).
W/
~ ~
-
O HN N F
BiC. N
H | ,
N, 2. R?
N
RS
The following examples were prepared in a sinular manner to the product of
15 Example 178
Table 7
Example 13913 8 . , . Rt {min)
H 3 i ] m/z |1 +F 7 ) ’
No. NRZR MW | m/z [M+H] Method]
G 1.26
179 §§ N Jl\/ 399.41 3999 {Q£~AC\]—
¥ TFA-XB]
O 1.16
180 ESN)K\_/ 41142 4122 [QC-ACN-
H TFA-XB]
N 1.24
181 5 E P 451.45 452.0 [QC-ACN-
SN AA-XB]
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Example 31 S I Rt (rain)
B NRR? MW m/z {M+H] :
No, W mz | 1 IMethod}
1.62
182 533.3 3339 [QC-ACN-
AA-XB]
Example 183
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Step 2
5
Step 1

To asolution of 4,6-dichloro-N-trideuteromethvipyridazine-3-carbosamide (144

mg, 0.687 mmol) and 6-methyi-3-(methylthiojpyridin-2-amine {106 mg, 0.687 mmol} in

THF (5 mL) at rt was added Lithium bis{trimethylsilyBamide in THF (1.718 mL, 1.718

10 mmol) over 5 min. The resulting misture was stirred at 1t for 1h. The reaction was

quenched with water (5 mL), the mixture adjusted with 1N HCl solution to pH 9-10, and

further diluted with water {10 mL). The precipitating product, 6-chloro-N-(methyi-d3}-4-

({6-methy1-3-(methylthioypyridin-2-vhaminojpyridazine-3-carboxamide (160 mg, 0.490

mmol, 71.2% vield), was collected as a pale solid by suction filtration and dried under

[
W

Vacuuin

MS (M+1)ym/z: 327 3 (MH"). LC redention time 1.27 min {C].
H NMR (400 MHz, DMSO-de) 5 12.41 - 12.25 {m, 1H), 9.49- 936 (m, 1H), 9.29 - 9.14

{m, 1H), 7.91 - 7.77 (m, 1H), 7.10 - 6.96 (m. 1H), 2.49 - 2.48 (m, 6H)
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Step 2

A mixture of 6-chloro-N-{methyl-d3}-4-((5-methvi-3-(methyvlthio)pyridin-2-
yvhjamino)pyridazine-3-carboxamide (30 mg, 0.092 mmol}, 6-methoxypyridazin-3-amine
(17.23 mg, 0.138 mmol), Xantphos (7.97 mg, 0.014 mmol), Pdo(dba)s; (6.30 mg, 6.88
umol} and Cs2C03 (59 8 mg, 0.184 mmol) n dioxane (1.5 mL) was purged with nitrogen
for 2 min, then stirred at 130°C for 3h. The mixture was mixed with MeOH/DCM (1.1,
Smi}, filtered and the filtrate was concentrated and the residue was used in the next step.
The resulting residue was mixed with AcOH (1 mbL) and sodium fungstate dihydrate (9.08
mg, 0.028 mmol). Hydrogen peroxide (281 ul, 2.75 mmol) was added and the mixture
was stirred at rt for th. To this mixture was added sodium thiosulfate (435 mg, 2.75
mmol) and the mixture was stirred for 10 min. The mixture was filtered and purified with
prep HPLC to give the product, 6-((6~-methoxypyrdazin-3-yDamino }-N~{methy1-d3}-4-
{{6-methyl-3-(methylsulfonyl}pyridin-2-vamino)pyridazine-3-carboxamide (4.2 mg,
9.10 umol, 9.92% vield).
MS (M+13 vz 447 8 (MHY). LC retention time §.01 min [QC-ACN-TFA-XB].
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The following examples were prepared in a similar manner to the produoct of
Example 183
Table 8

Rt (mun)
IMethod]

Example

IR AAR /7 TMHHT
N NRR MW | mz [M+H]

1.41
529.54 530.3 [QC-ACN-
TFA-XB]

184

0.89
4455 4461 [QC-ACN-
TFA-XB]

1.24
39545 396.3 [QC-ACN-
AA-XB]

1.35
407.46 408.1 [QC-ACN-
AA-XB]

1.20
47455 4752 [QC-ACN-
AA-XB]

188

= | 1.40
189 AN 5440 : [QC-ACN-
NS AA-XB]

n
i
:i;;
5]
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Example
No,

MW

m/z [M+H]"

Rt (rain)
IMethod}

190

577.55

1.57
[QC-ACN-
AA-XB]

191

410.46

411.1

1.30
[QC-ACN-
AA-XB]

192

501.58

1.23
[QC-ACN-
TFA-XB]

438.52

440.5

1.48
[QC-ACN-
AA-XB]

194

509.0

5093

1.49
[QC-ACN-
AA-XB]

456.5

4371

126
[QC-ACN-
AA-XB]

516.4

1.09
[OC-ACN-
AA-XB]

456.53

438.5

1.62
[QC-ACN-
AA-XB]

198

435.51

1.63
[QC-ACN-
AA-XB]

Example 199
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Step 2 H

Step 1

To asolution of 4,6-dichloro-N-{methvl-d3)pyridazine-3-carboxamide (491 mg,
2.350 munol) and 6~-methoxy-3-(methylthio)pynidin-2-amine (400 mg, 2.35 nunol) in THF
{5 mL) at rt was added lithium bis(trimethyisivhamide in THF {5.87 mL, 5 87 mmol)
over S min. The resulting mixture was stirred at rt for overnight. The reaction was
quenched with IN HCI (1.5 mL) and water was added (20 mL). The mixture was
extracted with DCM (3 x 20 b} and the combined organic layers dried over NaxSO4 and
concentrated under vacuum to provide the product 6-chloro-4-({6-methoxy-3-
(methylthioypyrdin-2-vhamino}-N-{methvi-d3)pyridazine-3-carboxamide (600 mg, 1.75
mmol, 74.5% vield). Material used in next step as is.

MS (M+1)ymz 3433 (MH"Y). LC retention time 1.19 nun [C].

Step 2

A nuxture of 6~-chloro~-4-({ 6~-methoxy -3-(methylthioypyvrnidin-2-vhamino)-N-
{(methyl-d3)pyridazine-3-carboxamide (35 mg. 0.102 mmol), propicnamide {11.19 mg,
(. 153 munol), Xantphos (8.86 myg, 0.015 mmol), Pda{dba)z (7.01 myg, 7.66 umel) and
Cs2C0: (66.5 mg, 0.204 mmol) in dioxane (0.7 ml) was purged with rutrogen for 2 roin,
then stirred at 130°C for 3h. The nuxture was mixed with MeOH/DCM (1:1, 5 mL},
filtered and the filirate was concentrated and the residue was used in next step. The
restidue was mixed with AcOH (1 mL) and sodium tungstate dihydrate (10.10 mg, 0.031
mmol) was added. Hydrogen peroxide (313 ul, 3.06 nunol) was added and the mixture

was stirred at 1t for 1h. To the muxture was added sodium thiosulfate (484 mg, 3.06
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mmol) and it was stirred for 10 min. The mixture was filtered and purified by prep HPLC
o provide 4-({(6-methoxy-3-{methyvisulfonyDpyridin-2-yamino)-N-(methyl-d3}3-6-
propionanudopyridazine-3-carboxamide (13.0 mg, 0.031 mmaol, 30.95% vield).

MS (M+1) m/z; 412.4 (M+HY). LC retention time 1.26 min [QC-ACN-TFA-XB].

5 TH NMR (500 MHz, DMSO-de) 6 12,13 - 11.98 (m, 1H), 11.23-11.02 (m, 1H), 9.44 -
9.29 (m, 1H). 9.24 - 9.12 (m, 1H), 8.19 - 8.07 (m, 1H). 6.79 - 6.57 (m, 1H), 4.03 - 3.90
{m, 3H), 3.48 - 3.39 (m, 3H), 2.49 - 2.44 (g, 2H), 1.08 (s, 3H).
=
o
O HN N OCH,
DSG\N S
K l
N, = _R2
N
R5
10

The following examples were prepared in a similar manner to the produoct of

Example 199

Table ¢
Example .y " AR P . Rt (mun}
No. NRZR MW | mz [M+H] Metbod]
O 1.4
200 gw)\_? 4235 424.4 [QC-ACN-
AA-XB]
13
201 490.6 491 4 [QC-ACN-
AA-XB]
1.6
202 525 5251 [QC-ACN-
AA-XB]
i3
203 Ni == \/| 517.6 518.2 [QC-ACN-
S f%/‘&“XB
\Sag:é P ]
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Example 13T S I Rt (min)
MW pi/z IMHH ]
No NR’R MW | sz [MHH] "Method]
/
N—N 1.3
204 v 4355 436 [QC-ACN-
Py AA-XB]
H
y
PN 1.4
205 NN 472.5 473.1 [QC-ACN-
?\NM AA-XB]
H
8] ;
SN N 1 1.9
206 S L 516.5 517.4 [QC-ACN-
ﬁ AA-XB]
Example 267
E L MeS
Y ~si siT “
O Ct e N,}\v -~ blg ~ o
QSC~N N 2 Li O HN® N
HoJd DiC. A
N ey THF Ho
Step 1 N‘N/ cl
. N7 O 0, .0
. i Xantphos, CsC0;, Pd,dbag Me”’s s
HoN Ci Dioxane \ |
o HNT N
2. NaZWQ‘fCE-;i% ;Egg N3232G3 D3C,§ ‘ \i NP i OH
N., 25 A
5 Step 2 NN Ct
Step 1
To asolution of 4,6-dichloro-N-trideuteromethylpyvridazine-3-carboxamide (209
mg, 0.999 mmol} and 6-cyvclopropyvl-3-{methyithio)pyridin-2-amine {180 mg, 0.999
10 mmol) m THF (10 mL) at 1t was added lithiom bis(trimethvistlyDamide in THF (2.496

mi., 2.496 mmol) over 5 nun. The resulting mixture was stirred at rt for th. The reaction

was quenched with water (5 mi) and the mixture was adjusted with 1N HCl solution to

pH 9-10 and further diluted with water (10 mL). The precipitating product was collected

by suction filtration and dried under vacuum to give 6-chioro~4~{{6-cyclopropyl-3-
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(methylthiopyridin-2-vhamino}-N-{methvi-d3)pyridazine-3-carboxamide (260 mg, 0.737
mmol, 73.8% vield) as a pale solid. MS (M+ 1} m/z: 353 4 (MH"). LC relention time 1.40
min [C]. "H NMR (499 MHz, DMSO-de} § 12.35 - 12.22 (m. 1H). 944 - 931 (m, 1H),
916 -900(m, 1H), 7.90-7.73 (m, 1H), 7.17 - 6.98 (m, 1H), 2.47 - 2.44 {m. 3H), 2.21 -
211 {m, 1H), 1.09 - 1.03 {m, 2H}, 1.60 - 0.94 (m, 2H).

Step 2

A muxture of 6-chioro-4-((6-cyclopropyl-3-(methylthiopyvridin-Z-yHamino}-N-
{methyl-d3)pyridazine-3-carboxamide {100 mg, 0.283 mmol)}, 2-(G-amino-4~
chloropyridin-3-vipropan-2-ol (63.5 mg, 0.340 mmol), Xantphos (24.60 mg, (.043
nmmol}, Pda(dba)s (19.46 mg, 0.021 mmol) and Cs:CO: (185 mg, 0.567 mmol) in dioxane
(0.7 mL) was purged with nitrogen for 2 nun, then stirred at 130°C for 3h. The resulting
mixture was mixed with MeOH/DCM (1:1, 5 mL), filtered and the filtrate was
concentrated and the residue used in the next step. The resulting residue was mixed with
AcOH {1 mL), sodium tungstaie dihyvdrate (28.0 mg, 0.085 mimol) and hydrogen peroxide
{289 ul, 2.83 mmol). After 1 hr at rt, sodium thiosulfaie (672 mg, 4.25 mmol) was added
and the maxture stirred for 10 min. The mixture was filtered and purnified by prep HPLC
to provide the product, 4-((6-cyclopropyl-3-(methylsulfony Dpyridin-2-vDamino)}-6-((4-
(2-hvdroxypropan-2-yphenyDamino}-N-(methvi-d3)pyridazine-3-carboxamide (8.3 mg,
0.015 mmol, 5.42% vield).

MS (M+1ym/z: 5354 (M+H"). LC retention time 1.65 min [QC-ACN-AA-XB].
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The following example was prepared in a simiar manner {o the product of

Example 207,
Table 10

Example iy s Rt {mun)
; NRR® MW m/z {MAHHTT ,
No. { 1 IMethod]
1.39
208 500.59 501.5 [QC-AUN-
AA-XB]
5
Example 209
N'N\ Oife
N ; = /3\//’3\\.
| HoN -
N
0 BTN 1,4"-bis{d ;hpdzadias hino)f o N
A -bis{dicycliohexylphosphinolferrocene i ]
NS K,PO, \ﬁm ?‘.‘!"N\EK’O\
H i i i i
N. N, oA o
NT e DHoxane N ﬁ/\“/
Step 1
o
a, H
Me’ 4 E Me"s 2 E
= =
Na, WO, 2H,0, 30% H,0, O HNT N v o O HNT R
~ N._O
Acetic Acid NSy YT T R ot
Step 2 N e NP ™
H H
209
16 Step 1

A suspension of tris{dibenzyhidencacetoneg)dipalladium({0) (7.40 mg, 8.09 umol)},

L, 1'-bis(dicy clohexylphosphino}ferrocene (9.36 mg, 0.016 mmol), 6-chloro-N-methyl-4-

{(3-{methvithiojpyridin-2-yDaninocjpyridazine-3-carboxamide {0.1002 g, $.323 mmol),

6-methoxy pyridazin-3-amine (0.081 g, 0.647 mmol} and potassivm phosphate tribasic

15 {0404 mi, 0.809 mmol) in 1 4-dioxane (2.5 mbL} in a 1 dram vial underwent a vacuum/N2

cycle three imes. The reaction mixture was heated at 80°C for 3 hours then diluted with

water and filtered. The solid was washed with water and dried under vacoum overnight

to give crude 6-{{6-methoxypyridazin-3-yDamino}-N-methyl-4-((3-(methylthio)py ridin-2-
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vi}amino)pvridazine-3-carboxamide {0.119 g, 0.299 mmol, 92% vield). 14 mg of the
crude was purified with prep HPLC to give a pure product, 6-((6-methoxypvrnidazin-3-
vyamino)-N-methyl-4-~{(3-(methy lthiojpyridin-2-yDanuno)pyridazine-3~carboxamide
(8.5 mg, 0.021 mmol, 6.40% vield}.

MS (M+1ym/z: 3993 (MEY), LC retention ime 1487 min [QU-ACN-AA-XB]

1H NMR (500 MHz, DMSO-d6) 6 12.01 (s, 1H), 10.37 (s, 1H), 9.30 (s, 1H), 9.20 (br d,
J=4.6 Hz, 1H}, 821 (d, J=3.7 Hz, 1H}, 8.02(d, }=9.5 Hz, 1H), 7.83 (d, }=6.7 Hz, 1H),
7.23{(d, J=9.5 Hz, 1H), 7.09 {dd, J=7.6, 4.9 Hz, 1H), 3.99 {5, 3H), 2.86 {d, J=4.6 Hz, 3H),
2.53¢s, 3H).

Step 2

To a sohution of 6-({6-methoxypyridazin-3-vhamino}-N-methyi-4-({3-
(methyvlthio)pyridin-2~vhanminojpvridazine-3-carboxamide (0.1 g, 0.251 nunol) in acetic
acid (15 mL) at vt was added sodium tungstate dihydrate (0.159 ¢, 0.482 mmol} in one
portion, followed by 30% hydrogen peroxide (0.769 mL, 7.53 mmol). The solution was
stirred at vt for 1 hour. To the reaction was added 0.8 mL of 30% H202 which was stirred
at 1t for 6 hours. The reaction nuxture was diluted with 1ce water and basified with
MNa:COs powder. The agueous laver was extracted three timeas with DCM, and the
combined organic layers were dried (Na2SQu}, filtered and concentrated. The resulting
solid was dissolved in 14 mL AcOH, followed by the addition of sodium tungstate
dihvdrate (0.124¢) and 0.8 mL of 30% hydrogen peroxide. The reaction was stirred at
room temperature for 2 hours. The reaction muxture was purified by prep HPLC {o
provide the product 6-((6-methoxypyridazin-3~-yhamino)-N-methvl-4-((3-
(methylsulfonyDpyndin-2-vhamino)pyridazine-3-carboxamude (8.6 mg, 0.020 mmol,
7.96% vield).
TH NMR (500 MHz, DMSO-de) 8 12.09 - 11.97 (m, 1H), 924 - 9.16 (m, 1H), 9.13 - 9.02
(m, TH), 865~ 853 (m, 1H), 834 -8.23 {m, 1H), 7.94 (s, 1H), 731 (brs, 1H), 7.27 -
717 {m, 1H}. 4.05 - 3.92 {(m, 3H), 3.41 - 3.30 (m, 3H}. 2.89 - 2.81 {m, 3H).

This reaction also provided the side product 6-({6-methoxypyridazin-3-yljamino)-
Ne-methvi-4-((3-(methyisulfinyDpyndin-2-vDamino}pyndazine-3-carboxamide (6.6 mg,
0.016 mumol, 6.35% vield).

MS (M+1)ym/z: 4152 (MH"Y). LC retention time 0.89 min {QC-ACN-TFA-XB].
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FExample 210
£
~ /’i / /s 2
o HNT N N -
~ L HNM » Ts-OH @ OHR N Na,wW0, 2H,0, 30% HyO,
Hoo . Y Xy n-N T
N, = THF Ho i Acetic Acid
NT o Step 1 N“N/ E Step 2
0,2
/5 ./
o Hi}iNN )
oo W
N"N{/\N

Step 1

A suspension of tosic acid (6.091 g, 0.479 mmol}, 6-chlorg-N-methy{-4-((3-
(methylthio)pyridin-2-yHamino)pyridazine-3-carboxamide (0.099 g, 0.320 mmnol) and 1-
methyl-1H-pyrazol-3-amine (0.184 g, 1.895 mmol) in THF (2 mL) was heated at 100°C
for 8 hours. The reaction was diluted with ethyl acetate, washead with 1N NaQH and
waler. The ethyl acetate laver was separated, dried (Naz504), filtered and concentrated to
give crude product N-methy1-6-({1-methyl- 1 H-pyrazol-3-yhamino}-4-((3-
(methylthio)pyridin-2-vhamino)pyridazine-3-carboxanide (0.1268 g, 0.342 mmwol, 107%
vield). A portion (23 mg) of crude product was purified by prep HPLC to provide N-
methy -6-{{(1-methyl-1H-pyvrazol-3-yDamino)-4-((3-(Gmethyithio)pyridin-2-
vhaminojpyridazine-3-carboxanide (12.4 mg, 0.031 mmol, 9.85% yield).
MS (M+1ym/z: 371.2 (MH"). LC retention time 1.377 min {QC-ACN-AA-XB].
HNMR (500 MHz, DMSO-de) § 12.05 - 11.86 (m, 1H), 9.89-9.72 (m, 1H)}, 9.21 - 9.00
(m, 2H), 8.32 - 812 (m. 1H). 7.93 - 7.69 (m, 1H), 7.63 - 7.47 (m. 1H), 717 ~ 6.97 (m,
1H), 6.33 - 6.17 {m, 1H). 3.82 - 3.75 {m, 3H), 2.89 - 2.79 (m, 3H).

Step 2
To asolution of N-methyl-6-((1-methvi-1H-pyrazol-3-yhamimo)-4-({3-
{(methylthio}pyridin-2-vhaminoypvridazine-3-carboxamide (0.1158 g, 0.313 mmol) in

acetic acid (15 mL) at rt was added sodium tungstate dibivdrate (0.129 g, 0.391 mmol) in
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one portion, followed by 30% hydrogen peroxide (0.958 mi, 9.38 mmol). The solution
was stirred at 1t for 1 hour. The reaction mixture was diluted with ice water and basified
with NaxCOs powder. The agueous laver was extracted three times with DCM. The

organic laver was washed with sodium thiosulfate (5%), dried {(Na:804), filtered and

Wh

concentrated. The crude residue was purified by prep HPLC to give N-methyl-6-((1-
methyl-1H~pyrazol-3-yDamino)-4-((3-(methylsulfony Dpyridin-2-vDamuno)pyridazine-3-
carboxamide (56 mg, 0.13% mmol, 44.1% yield}.

MS (M+1ym/z: 402.9 (MHY). LC retention time 0.817 min [QC-ACN-TFA-XB].

TH NMR (400 MHz, DMSQO-d6) 6 12.08 (s, 1H), 9.94 (s, 1H), 912 (br d, J=4.6 Hz, 1H),
10 9.06(s. 1H). 8.65 (dd, J=4.8, 1.8 Hz. 1H). 828 (dd, }=7.8, 1.8 Hz, 1H), 7.59 (d. }=2.2 Hz.
TH), 7.30 (dd, J=7.8, 4.8 Hz, 1H), 6.28 (d. J=2.1 Hz, 1H), 3.79 (s, 3H), 3.38 (s, 3H), 2.85
(d, 3=4.8 Hz, 3H).

Example 211

15
A8\ 7 NH, HCI 87
)@ oty 9
O HN N t-propansphesphonic anhydride, TEA O HN™ N
| P
HO™ Sy DMF NS
Ny Step 1 N-n>en
N RN
Pdgdbﬁg, :(E
1,1’ -bis{dicyclohexylphosphinoiferrocene o HNT N
K;P0,
: AN NI oM
Dioxane H N§ P “ |
Btep 2 "N g

NaZWQ,g‘ZHZO, 38% HQQZ O HN N /\/J(
TN 8Ty ou

Acetic Acid How L U
Step 3 N ﬁJ\/

Step 1
i~propanephosphonic anhydride (0.698 ml, 1.196 mmol) was added to a DMF
(2.5 mbL) solution of 6-chioro-4-{(3-{methvithio)pyridin-2-ylamino jpyridazine-3-
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carboxylic acid (0.2365 g, ¢.797 mmol) and TEA {(0.222 mi, 1.594 mimol} at rt. The
reaction was stirred at room temperature for 1 hour before addition of ethanamine
hydrochloride {0.3383 g, 415 munol) and TEA (0.2 mL). The reaction was stirred for 16
hours at 1t, diluted with water and the suspension was filtered and washed with water.
The solid was dried under vacuum overnight. The crude product was purified with silica
gel flash chromatography (ISCO, 12 g colurn} and eluted with ethyl acetate in hexane
from 0 to 50% to give the desired product 6-chloro-N-ethyl-4-((3-(methylithio)pyridin-2-
vi}amino)pyridazine-3-carboxamide {102 mg, 0.315 mmol, 39.6% vield).

MS (M+1) iz 324.0 (MHY). LC retention tine 0.97 min [A]

H NMR (400 MHz, CHLOROFORM-d) & 12.59 - 12.44 (m, 1H), 933 -9.27 (m. IH).
857 - 8.51 (m, 1H), .45 - 8.31 (m. 2H), 7.39 - 7.31 (m, 1H), 3.67 - 3.49 (m, 2H), 3.06 -
2.79 (m, 3H), 1.39 - 1.27 {m, 3H).

Step 2

A suspension of tris{dibenzylideneacetoneydipalladium(0) {2.262 mg, 2.471
urool), 1,1-bis{dicyclohesviphosphino)errocene (2.86 mg, 4.94 umol}, 6-chloro-N-ethyl-
4-((3~(methylithioypyridin-2-yhamino)pyridazine-3-carboxarmde (0.0320 g, 0.099 munol),
2-(6-aminopyridin-3-v1propan-2-ol (0.0182 g. 0.120 mmol} and potassium phosphate,
tribasic (0.124 mL, 0.247 mmol} in 1 4-dioxane (0.5 mL} in a 1 dram vial underwent a
vacuum/N2 cycle three times. The reaction mixture was heated at 80°C for 3 hours. The
reaction was diluted with ethyl acetate and was washed with water three times. The ethyl
acetate layer was separated, dried (Na:504), filtered and concentrated. The crude product,
N-gthvl-6-({5-(2-hy droxypropan-2-vDpy ridin-2-yHamino)-4-((3-(methy lthuo ypyridin-2-
vhaminolpyridazine-3~carboxarnide (41.3 mg, 0.094 mmol, 5% vield) was obtained.
The crude product was used as is in next step,

MS (M-1} mvz: 438.4 (MH"). LC retention time (.89 min [E].

Step 3

To asolution of N-gthyi-6-({5-(2-hydroxypropan-2-vhpyridin-2-yDamino}-4-({3-
(methyvlithio)pyridin-2-yhamimo)pyridazine-3-carboxamide (0.0412 g, 0.094 mmol)
acetic acid (3 mL) at rt was added sodium tungstate dihvdrate (0.039 g, 0.117 mmol} in
one portion, followed by 30% hydrogen peroxide (0.287 mi, 2.81 mmol). The solution

was stirred at 1t for 1 hour. 0.3 md. 30% HoO» was added and the reaction was stigred for
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another 1 hour. This was repeated 3 more times. The reaction mixture was dihited with
ice water and basified with Na:COs powder. The aqueous layer was extracted three times
with DCM. The DUM layer was washed with sodium thiosulfate (5%) one time, dried

{(Naz804), filtered and concentrated. The crude was purified with prep HPLC to provide

Wh

the desired product, N-ethyl-6-((5-(2-hydroxy propan-2-ylpvridin-2-vDamino}-4-((3-
(methyvisulfonyDpyridin-2-yDamino)pyridazine-3-carboxarmde (12.3 mg, 0.026 mmol,
27.8% vield}.
MS (M+1ymz: 472.1 (MHY). LC retention time 1.299 min {QC-ACN-AA-XB].
H NMR (500 MHz, DMSO-ds} 8 12.16 - 11.97 (m, 1H), 10.33 - 10.17 (m, 1H), 9.53 -
10 937 (m, 1H), 930~ 9.08 (m, 1H), 8.72 - 8.60 {m, 1H), 843 - 833 (m, 1H), 832 -822
(m, 1H), 7.85-7.75 (m, 1H), 7.70 - 7.60 (m, 1H), 7.37 - 7.29 (m, 1H), 256 - 2.54 (m,
S5H), 1.51 - 1.43 (m, 6H}, 1.21 - 1.13 (m, 3H).

o, 0

AN/
SN
4
3 HN N
//\N ~
H |
N, oA R
Ny
RS
15 The following example was prepared in a simular manner to the product of
Example 211,
Table 11
Example 21y S . . - Rt {min)
, 2 S : oz TV ;
No NR2R MW | mz [MHH] Method]
N/LN 1.71
212 | 468.53 469.1 [QC-ACN-
%N/K//’%, AA-XB|
H
20
Example 213
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N NH,OH /Sﬁ
4 7]

0 HNTON 1-propanephosphonice anhydride, TEA G HN™ N
HO™ Yy DME HM™ S
M e Step 1 NN e

n- MO

f

HNT P LS.z
P’Cﬁzdbag E
1,1 -bis{dicyclohexyiphosphinolferrocens O HN Y
KPP0y
: H N S R
Dioxane ! |
M. = Xy
Step 2 NT N
H
Gs‘ Ly
PN
o
Na WO, 2H,0, 30% H,0, @ moN v o
“~
Acetic Acid HANT YT N
Step 3 N‘N/ Y] S
H

[

Step |
i~propanephosphonic anhydride (0.416 mL, 0.712 mmol) was added to a DMF (2
mL} solution of 6-chloro-4-{(3-(methylithio)pyridin-2-vianminolpyridazine-3-carboxylic
acid (0.1408 g, 0.475 mumol) and TEA (0.132 mL, 0.949 mmol} at rf. The reaction was
diluted with diethy! ether and filiered. The solid was collected as a gummy brown solid.
10 The rest of the material (filirate) was combined, concentrated and treated with NH4OH
overnight. The gummy brown solid was suspended in | mb of DMSO and NH4OH (2
mkb ) was added. The suspension was stirred vigorously. After 1 hour, the mixture showed
complete conversion io the primary anude. All of the above were combined, diluted with
ethyl acetate and washed with water three times. The ethyl acetate laver was separated,
15 dried (Na:80y), filtered and concenirated. The crude product, 6-chloro-4-{(3-
(methylthioypyridin-2-vhaminojpyndazine-3-carboxamide (97 4 mg, 0.329 mmol, 69.4%
vield), was used as 15 in the next step.

MS (M+1)ymz: 296.1 (MH"Y). LC retention time 0.86 min {E].
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Step 2

A suspension of tris{dibenzylideneacetoneydipalladium(0} {7.54 mg, 823 pmol),
1.1 -bs{dicvelohexylphosphinolterrocene (9.53 g, 0.016 mumol), 6-chloro-4-((3-
(methylthio)pyridin-2-yhamino)pyridazine-3-carboxanude (0.0974 g, 0.329 mmol}), 6-
methoxypyridazin-3-amine (0.082 g, 0.659 mmol) and potassium phosphate, tribasic
(0.412 mi, 0.823 mimol) in 1,4-dioxane (2.5 mL) in a 1 dram vial underwent a vacuunyMNz
cycle three times. The reaction mixture was heated at 80°C for 3 hours. During the
heating, the reaction muxfure became a clear sohution. The reaction mixture was diluted
with ethyl acetate and washed with water three times. The ethyl acetate layer was
separated, dried (Nap804), filtered and concentrated to give a crude product.
MS (M+1)mz: 385.2 (MH"). LC retention time 0.76 nun {E].
TH NMR (400 MHz, CHLOROFORM-d) 6 12.09 (s, 1H), 9.15 (5, 1H), 8.33 (d, }=9.5 Hz,
THD), 8.30 (dd. J=4.9, 1.7 Hz, 1H), 8.09 (br d, J=2.9 Hz, 1H), 7.90 (s, 1H), 7.78 (dd, I=7 6,
1.7 Hz, 1H), 7.06 (d. J=9.4 Hz. 1H), 6.98 (dd, J=7.6, 49 Hz, 1H), 5.55 (br d, J=3.2 Hz,
TH), 4.13 (s, 3H}, 2.52 (s, 3H).

Step 3

To asolution of 6-{{6-methoxypyridazin-3-yhamino}-4-((B-(methylthio)pyridin-2-
ylyamino)pyridazine-3-carboxamide (0.0329 g, 0.086 mmol) in acetic acid (3 mL} at rt
was added sodium tungstate dihydrate (0.035 g, 0.107 mimol) in one portion, followed by
30% hydrogen peroxide (0.262 mL, 2.57 mmol). The solution was stirred at rt. for 20
min and a suspension was observed. The reaction was stirred at room temperature for 3
hours. The reaction was diluted with water (80 mL) and basified with NaxCOs powder.
The aqueous layer was extracted with DCM three times. The DCM layer was combined,
dried (NaxSO4), filtered and concentrated to give the crude product. The crude product
was pwrified with prep HPLC to provide the desired product, 6-({(6-methoxypyridazin-3-
yvhamino}-4-((3-(methylsulfonvpyridin-2~yHamino)pyridazine-3-carboxamide (2.6 mg,
6.24 umol, 7.30% vield).
MS (M+1ym/z: 4173 (MHY). LC retention time 0.907 min [QC-ACN-TFA-XB].
HNMR (500 MHz, DMSO-de) $ 12.23 - 12.14 (m, 1H), 10.54 - 10.39 (m, 1H), 9.33 -
917 (m, 1H), 8.65 - 8.61 (m, 1H). 8.59 - 8.53 (m, 1H), 8.31 - 8.26 (m, 1H), 8.07 - 8.01
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(m, 110), 7.88 - 7.83 (m, 1FD). 7.37 - 7.31 (m, 1H), 7.27 - 7.23 {m, 1H). 402 - 3.95 (m,

3H).

The following example was prepared in a similar manner o the product of Example 213,

Table 12

Example B Ds : R — Rt (min)
No. NRR MW m/z [ MHEH] (Method]
sf;"\N 0.766
214 ?AN/I{\NI T 388.4 389.2 {QC-ACN-
4 TFA-XB]

Example 2158
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Step 1 N7 e
. MeS e
Ly W
<, Xantphos, CsC0;, Pddba, G AR N
HN- N D5C. N o~ F
Dioxane, N-Methyi-2-pyrrolidinone H i P - E
Step 2 SRNEUNTON
H
O, f
Me”
N32W04_2H20 /L\“\ '
50% H,0, O HN N
RSN F
Acetic Acid TEYY P
SBiep 3 N{)\N Y
H
Step 1

To asolution of 4,6-dichioro-N-{methvi-d3)nicotinamide (30 mg, 0. 144 mmol}

Wh

and 3-(methylthio)pyridin-2-amine (22.24 mg, 0.139 mmol} in THF (5 mL) at rt was
added hithium bis(trimethylsilyDamide i THF (0.360 mL, (0.360 mmol} over 3 min. The
resulting muxture was stirred at t overnight. The reaction was quenched with 1N HC
(1.5 mL) and water was added (20 mL}. The mixture was extracted with DCM (3 x 20
mbL} which was combined, dried (NaxS04) and concentrated under vacuum and used as is
10 in the next step.

MS (M+1)ym/z: 312.2 (MH"Y). LC retention time 1.06 mun {C].

Step 2

A solution of 6-chloro-N-(methy1-d3)-4~-{(3~(methylthio)pyridin-2-

pns
(¥4}

yi}amino)nicotinamide (0.13 g, 0.412 mmol}, S-fluoropyridin-2-amine (0.104 g, 0.928
mmol), Xantphos (0.046 g, 0.080 mmiol}, cesium carbonate (0.352 g, 1.081 mimol) and
Pdadbas (0.072 g, 0.079 mmol) in dioxane (10 ml) and N-Methvl-2-pyrrolidinone (2.00
mb) in a sealed vial was microwaved to 150°C for 1 h. Once the reaction was
completed, the reaction mixture was diluted with ethvi acetate (10 mL} and filtered

20 through Celite. The filtrate was concentrated in vacuo. BMSO (3 mbL) and water (45
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mb}, followed by saturated NaHCO3 (4 mb), were added {o the residue. The precipitate
was collected, {iHered and washed with water to give crude product as an orange solid.
The crude product (readily soluble i THF) was purified by flash chromatography using
an ISCO 40 g colunn (solid loading) eluting with 0-10% MeOH/DCM (0%, 1 cv; 0-5%,
20 ¢cv; 5-10%, 8 cv). Appropriate fractions (5.0-7.5% elution) were collected and
concentrated in vacuo to give 6-((5-Ouoropyridin-2-vhamino)-N-{methvi-d3)-4-((3-
(methylthiopyridin-2-vhaminomicotinamide (0.0367 g, 0.095 mmol, 22.97% vield) as a
light vellow solid.

MS (M+1)mz: 388.1 (MHY). LC retention tirne 0.70 mun [F].

Step 3

To 6-{({3-fluoropvridin-2-yyaminoj-N-(methvi-d3-4-((3-(methyithic)pyridin-2-
yhaminonicotinamide (0.0367 g, 0.095 mmol) was added acetic acid 3 ml) to give a
heterogeneous solution. The solution was warmed slightly and turmed homogeneous.
After cooling to 11, sodium tungstate dihydrate {0.0411 g, 0.125 mmol} was added,
followed bv 50% hvdrogen peroxide (0.2 mi., 3.47 mamol). Within 1 mun, the solution
tuned heterogeneous. After 0.5 h, the starting material was consumed. The reaction
mixture was stirred for another 1 h to achieve complete oxidation. Water (25 mb) was
added to the reaction, followed by sodium carbonate until pH was shown to be basic by
hitmus paper. The mixture was exiracted with BCM (4 x 50 mL). The organic layers were
combined, dried over NaxS04 and filtered. Silica gel was added to the filirate and
concentrated in vacuo. The crude product was purified by flash chromatography (solid
loading) using an ISCO 24 g column eluting with 0-5% MeOH/DCM (0%, T ¢v; 0-5%, 15
cv; 5%, 5 ¢v). Appropriate fractions (4.5-5.0%) were collected and concentrated in vacuo
to give the desired product. MeQOH was added and the triturated material was washed
with MeOH and dried in a desiccator oven at 55°C to give 6-{{5-fluoropyridin-2-
yhamino}-N-(methy1-d3)-4-((3-{methyisulfonyDpvridin-2-vDaminonicotinamide (0.012
g, 0.029 mmol, 30.3 % vield}.
MS (M+13ym/z: 420.1 (MHY). LC retention time (.59 min |{B}.
TH NMR (400 MHz DMSO-ds) 8 11.56 - 11.47 (m, 1H), 10.02 - 9.85 (m. 1H), 8.89 -
8.78 (m, 1H), 8.70 - 8.59 (m, 1H). 8.57 - 8.50 (m, 2H), 8.26 - 8.20 (m, 2H), 7.83 - 7.74
(m, TH), 7.71 - 7.58 {m, 1H), 7.28 - 7.20 (m, 1H), 3.39 - 3.34 {(m. 3H).
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The following Fxamples were prepared in a simiiar manner to the product of

Example 215
Table 13
Example - ; m/z Rt (min)
No. NRR MW ivis iy | [Method]
| X 0.56
216 S A 40145 | 4021 [B]
H
Co “ 0.62
217 | 43590 | 436.0 O
?sw N LA]
i
Sl 0.62
218 Q 3347 | 4341 Al
PN N '
H
o o 0.67
* 69.46 | 4702 -
219 s A 2 46946 1 470, "
H
N
220 i 42647 | 427.0 0.59
o~ o | 18]
H
NE o 0.65
221 42647 1 427.0
PN ey [F]
H
N 0.63
222 /\T/& 44251 | 4430 6.
Syt [A]
H
223 o 47044 | 4712 | [QC-ACN-
SN AA-XB]
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Example R ; miz Rt (min)
No. NRR MW ivis by | [Method]
TN 0.86
224 J 40244 | 403.1 QC-ACN-
RN
N AA-XB]
Ng&N 0.65
225 /L\/J\ 470.44 | 4712 o
éﬁ ek, [B]
N;/%N 0.6%
(3 430 46 43 )
226 ggNW 430.46 | 4311 N
H
Nr%w 0.64
- - D04
A5
227 S, MW 45855 | 439.0 Al
H
228 lew 482,57 | 4828 ?A(’?
P F
]
229 0 456.5 | 457.08 ;/;9
P ~F .
H
NS 061
0.6]
230 E 4405 | 4408 :
I [Al
H
NE R o 0.75
231 4945 | 4952 I
P cr, (B
H
232 Vo o 4945 | 4952 0.77
a3l V4.5 493,
> Y [F]
s NS - wios | si0s 0.60
L3 g& N / .3 . i_}’-\‘i
H
Example 234
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Step 1

) P
HQNA«/’

, Xaniphos, CsCO;, Pdydba, /
dioxane

2. N32WQ4_2H29, 38% HZOZF Naz$203/AC&ﬁC Acid

Step Zand 3
Step 1

Foliow the procedure from preparation 3, example 1 step 1.

[

Step 2
A nuxture of 6-chloro-N-(methyl-d3)-4-((3-(methylthiopyridin-2-

viaminojnicotinamide (25 mg, 0.080 mmol}, S-phenylpyridin-Z-amine (17.74 mg, 0.104

mmaol), Pda{dba); (7.34 mg, 8.02 pmol}, Xaniphos (9.28 mg, 4.016 mmol), Cs:C05 (34.0

mg, 0.104 mmol) 1 dioxane (1.0 ml) was purged with nitrogen for S min., and the

10 reaction was placed into a preheated 130 °C heating block for Zh to give N-{methyl-d3)-
4-((3-(methyithio)pyridin-2-yhamino}-6-((S-phenylpyridin-2-vDamimomicotinamide
(M+H=446). The solution was diluted with AcOH (2 ml} and passed through a {ilter.
To the solution was added sodium tungstate dihydrate (7.93 mg. 0.024 miol}, 30%
hydrogen peroxide {164 ul, 1.604 mmol) and stirred at rt for 1h.  To the mixture was

15 added sodium thiosulfate (254 mg, 1.604 mmol) at 0°C and reaction mixiure was stirred
at rt for 10 min. The sohid was filtered off and the solvent was removed in vacuo to give
the impure desired product. The reaction maxture was diluted with DMSO, filtered and
purified with prep HPLC {o provide N-{methvi-d3)-4-((3-(methyisuifonvi)pyridin-2-
yhamino}-6-((S-phenyipyvridin-2-vDaminomcotinamide (3.5 mg, 7.33 umol, 9.14%

20 vyield).

MS (M+1ym/z: 478.2 (MH"Y). LC retention time 1.72 min |QC-AUN-AA-XB].

'H NMR (500 MHz, DMSO-ds) & 10.09 - 9.93 (m, 1H), 9.04 - 8.92 (m, 1H}, 8.73 - 8.63

{m, 1H), 8.61 - 850 {m, 3H), 828 - 8.18 (m, 1H), 8.07 - 7.96 (m, 1H), 785~ 773 {(m,

1H), 7.73 - 7.65 (m, 2H), 7.53 - 7.43 (m. 2H). 7.41 - 7.32 (m, 1H), 7.29 - 7.18 (m. 1H).
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The foliowing examples were prepared in a similar manner {0 the product of

5  Example 234,

Table 14

Example
Ng.

R3

MW

mz Rt (man})
IMAHHTT [Method]

235

380.4

1
[QC-ACN-

38t AA-XB]

236

H

3925

15
393.1 | [QC-ACN-
AA-XB]

237

382.4

0.7
3827 | [QC-ACN-
TFA-XB]

238

477.6

1.7
4779 | IQC-ACN-
AA-XBJ

H

406.3

1.2
4071 | [QC-ACN-
AA-XB]

244

N
el
h
W

1.2
486.1 | 1QC-ACN-
TFA-XB]

243

N

394.3

1.2
395 | [QC-ACN-
AA-XB]

242

¢

406.5

12
4071 | JQC-ACN-
AA-XB]
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Example 52 : . me Rt (man})
NRR? R3 MW , i i g
No. v IMAHHT {Method]
9 1.3
243 ;&N/'“E/;,, ______ 55\ 434.5 4353 JQC-ACN-
H AA-XB]
G 11
244 409.5 410.1 QC-ACKN-
H H AA-XB]
Example 248
MeS. - q% 4C
Meﬁﬂ T ~ f\
AR x M
I \N PMB-NH,IKF b O HN M Nz, W0, 2H,0 ? HN M
3.C i 3 QN i \= ----------------------------- il EKC- R
AT DMSO W . pmp  AcOHM,O, MY
H P "N N. o PMB
Mo Step 1 F Step 2 NN
G o . B
W N4
TFA o HN N Gl Kantphos/Pd,dbas/Cs, L0, o HNT TN
Y a
i’)gCum ™ M. P D3C‘N A 2 Y
H if N Di H ] - ;‘;
N, o o). €:1513] M. o N
Step 3 M7 OTNH, Step 4 N ;\_jg
Step 1

fonmd
W

4-Methoxybenzylamine (4.95 mi, 37.9 mmol}, 6-chloro-N-(methyl-d3)-4-((3-
{methvithio)pyridin-2-yBamino)pyridazine-3-carboxamide (2.370 g, 7.58 mmol} and
potasstum fluoride (1.321 g, 22.74 mmol) were combined in DMSO (20 ml) and heated to
120 °C for 6 hours. The reaction was then cooled to 1, diluted with EtGAc, and washed
with basic agueous buffer (1.5 M K3POu), water, saturated ag. ammonium chloride and
brine. The agueous layer was back extracted once with EtOAc and the organic lavers
were cornbined. The orgaruc layer was subsequently dried over sodiuro sulfate, filtered,
concentrated. The product 6-{{4-methoxybenzyDamino-N-(methyl-ds)-4-((3-
{methylthio)pyridin-2-yamino)pyridazine-3-carboxamide was purified via automated
flash chromatography eluting with methanol 10 DCM from 0 1o 10%. (2.78 g, §9% vield).
MS (M+1)ym/z: 414.3 (MH"). LC retention time .75 min [D]. 'H NMR (400 MHz,
CHLOROFORM-d) 6 12.11-12.04 (m, 1H), 8.44 - 840 (m, 1H), 8.28 - 8.22 (m, 1H),
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$.19-8.12 (m, 1H), 7.73 - 7.66 (m, 1H), 7.39 - 7.33 (m, 2H), 6.95 - 6.86 (m, 3H), 5.31 -
5.25 (m, 1H), 4.62 - 4.57 (m, 2H), 3.82 (s, 3H), 2.53 - 2.48 (m, 3H).

Step 2

Sodium tungstate dihydrate (0.831 g, 2.52 mmol) was added o an AcOH (20 mL)
suspension of hydrogen peroxide (30% solution in water, 5.14 ml, 50.4 mmol) and 6-({(4~
methoxy benzyyamino }-N-(methvl-d3}-4-((3-{methvithioypyridin-2-yDamino jpyridazine-
3-carboxamide {1.041 g, 2.52 mmol) at room temperature.  After stirring at room
temperature for 1 hour, the reaction was diluted with water, basified with NaxCOs powder
and extracted three times with ethyl acetate. The ethyl acetate layer was combined,
washed twice with 1.5 M KoHPO4 solution and once with Naz5203 (5% solution). The
organic layer was dried (NaxS{y), filtered and concentrated. The product 6-({4-
methoxy benzy Damino-N-(methy -d:)-4-((3-(methylsulfony Dpyridin-2-
viamino)pyridazine-3-carboxanude was purified by automated flash chromatography
eluting with methanol in DCM from 0 to 10% (0.66 g, 59%;). MS (M+1)ym/’z. 4461
(MH"). LC retention time 0.66 min [D].

Step 3

A mixture of TFA (4 mi, 51.9 mmol}, 6-((4-methoxybenzybiamino }-N-(methyl-
d3}-4-((G-(methylsulfonylpynidin-2-yDamano)pyridazine-3-carboxanude (0.4881 g, 1.096
mmol} was heated at 60 °C for 2 hours. The solvent was removed via vacuum. To the
crude was added ethyl acetate and the organic layer was washed with 1.5M K2HPOs and
water. The ethyl acetate laver was dried (Na2804), and filtered. The filter cake was
washed with DCM to nunimize loss of product. The solvent was removed in vacuo and
the product was purified via automated chromatography eluting with ethvl acetate in
hexane from G {o 100%, holding 100%, and then switched o methanol in BCM from 0 to
10% to provide the product 6-amino-N-{methyi-ds)}-4-((3-(methyisulfonyDpyridin-2-
viyamino)jpyridazine-3-carboxamide as a light vellow solid. (0.14 g, 40% yield). MS
(M+1ym/z: 326.3 (MH"). LC retention time (.50 min |D]. 'H NMR (400 MHz,
CHLOROFORM-d) 8 12.74 - 12.63 (m, 1H), 873 - .65 (m, 1H)}, 8.64 - 8.58 (m, 1H),
§45-8.37 (m, 1H), 7.89 - 7.78 (m. 1H), 3.37 - 3.28 (m, 3H).
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Step 4
The mixture of 3-(tert-buly}-6-chloropyridazine (10.49 mg, 0.061 mmol),
Pdo(dba)s {1.407 mg, 1.537 pmol), 6-anuno-N-{methyl-ds)-4-{(3-(methvisulfonyDpyridin-

2-viyaminopyridazine-3-carboxamide (10 mg, 0.031 mumol), Xantphos (1.778 mg, 3.07

Wh

umol}, and cesium carbonate (10.01 mg, 0.031 mmol) in dioxane (0.3 mL) was degassed
via a vacuurm/Nz fill cycle three times and then heated at 110 °C for 16 hours. The
reaction was dilited with methanol, filtered and purified using reverse phase prepHPLC
to give the product 6-{({6-(tert-butyipyridazinyi-3-y1 jamino}-N-(methy1-ds)-4-{{3-
(methylsulfonyDpyndin-2-vDamino)pyridazine-3-carboxamide (3.8 mg, 26% yield). MS
10 (M+Dymz 460.3 (MH"Y). LC retention time §.17 min [E] "H NMR (500 MHz, DMSO-
de) 8 12.03 (s, 1H), 10.43 (brs, 1H). 9.22 (s, 1H). 9.04 (brs, 1H), 8.61 (br d, J=4.5 Hz,
THD), 8.29 (d, J=7.8 Hz, 1H), 8.05 (d, J=9.3 Hz, 1H), 7.74 (d, J=9.3 Hz, 1H), 7.34 (dd,
J=11, 4.8 Hz, 1H), 1.38 (s, 9H) (3H was buried below DMSO peak).

15 Example 246
6-{(6-(difluoromethoxy)pyridazin-3-yhamine)}-N-(methyl-d3}-4-((3-
(methylsulfonyl)pyridin-Z-yl)amine)pyridazine-3-carboxamide

&

NP
« |
O HNT N
Df*c‘wj\n)\j\ “ Q‘Cin«;
AR TP S N

N° N N
H

20
The preparation of Example 245 was followed using 3-chloro-6-
{(difluoromethoxy)
pvridazine as the starting matenial to give title compound (4.5 mg, 36% vield}). MS
(M+1)y m/z: 4700 (MH). LC retention time 1.21 min {E}L
25
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Example 247
6~{(6-isopropyipyridazin-3-yDamino )} N-(methyl-d3)-4-((3-(methylsuifonyDpyridin-2-

vhamino)pyridazine-3-carboxamide

|
O HNTON |
n?’c‘:\aﬂﬁ/‘j\ 2
Hoo s N
NTON N
H
5
The preparation of Example 245 was followed using 3-chloro-6-
isopropylpyridazine as the starting material to give title compound (16.7 mg, 54% vield).
MS (M+1) mvz 4463 (MH"Y). LC retention time 1.05 nun {E].
10 Example 248

6-({6-(diflnoromethylpyridazin-3-yhamino )-N-(methyl-d3)-4-((3-

{methylsuifonylpyridin-2-yhaminec)pyridazine-3-carboxamide

o, 0
-

O HNTON F
DL, A P
i . i

L N
H
15 Siep b 6-chloropvridazine-3~carbaldehyde
O
~d i H
o, N
Ci N

DIBAL-H (5.89 ml, 5.89 mmol) was added to a THF (295 ml) solution of methyl
6-chloropyridazine-3-carboxylate (0.5083 g, 2.95 mmol} at 0 °C. The reaction was stirred
20 at 0°C for 30 min. The reaction was quenched at 0 °C by the addition of water (§ mL)
and 1 N HCI(5.89 mlL). The reaction mixture was warmed up to room temperature, and
MNaHCO:s (saturated aqueous solution) was added. The crude product was extracted three

times with BUM. The combined organic layers were dried {Nax884), filtered and
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concentrated. The crude product was purified using automated flash chromatography
with ethyl acetate in hesane from 0 to 80% gave the titled product (0.22 g, 52%). HPLC
retention time: 0.82 min [B]. 'H NMR (400 MHz, CHLOROFORM-d) § 10.34 (s. 1H),
8.03 (d, J=R 8 Hz 1H), 7.77 - 7.71 (m, 1H).

Step 2. 3-chloro-6-(difluoromethyhpvridazine

ci” N

DAST (0.147 mL, 1.115 mmol) was added to a DCM (5 mL) solution of 6-
chloropyridazine-3-carbaldehvde (0.106 g, 0.744 ramol) at 0 °C. The reaction was stirred
for 16 hours while it was warmed up to room temperature. The reaction was re-cooled to
¢ °C and quenched with water. The reaction was diluted with DCM and washed with
MNaHCO: (saturated aqueous solution}. The DCM faver was separated, dried (NaxSOq),
filtered and concentraied to give the crude product, which was used as 15 {(0.12 g, 36%;).
MS (M+1)y m/z: 1651 (MH™). LC relention time 0.62 min [D].  'H NMR (400 MHz,
CHLOROFORM-d) 8 7.87 - 7.79 (m, 1H), 7.77 - 7.68 (m, 1H). 7.10 - 678 (1, J=54 34Hz.
TH). ¥F NMR (376 MHz, CHLOROFORM-d) § -114.89 (s, 2F).

Step 3

The preparation of Example 245 was followed using 3-chloro-{6-difluororsethyl)
pvridazine as the starting material to give title compound 6-((6-
{difluoromethyhpyridazin-3-yhamino}-N-(methyl-d3)-4-(3~(methylsulfonyDpyndin-2-
yhaminojpyridazine-3-carboxamide (5.7 mg, 12% vield). MS (M+1) mvz: 454.2 (MH™).
LC retention time 0.66 min [D]. 'H NMR (400 MHz, CHLOROFORM-d) 8 12.50 (s,
1H), 9.24 (s, 1H), 8.62 (dd, /=4 .8, 1. 3 Hz, 1H)}, 851 (d. /=93 Hz, 1H), 838 (dd, /=78,
1.9 Hz, 21, 8.24 (brs, 1H), 7.82 (d, /=93 Hz, 1), 7.21 (dd, J=7.8. 4.8 Hz, 1H),6.88 (L,
J=56.0 Hz, 1H), 3.33 (s, 3H):19F NMR (376 MHz, CHLOROFORM-d) § -113.93 (s, 2F).
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Example 249
6-{{5-(1,3-dioxolan-Z-y)pyridin-2-yhHamine }-N-{(methyl-d3)-4-{(3-

(methylsulfonyl)pyridin-Z-yl)amine)pyridazine-3-carboxamide

'i*

Q‘

- 1/?

D:».C:.N/Lkh/j /(j/‘\}
L

N™ N
H

Step 1: 2~chioro~-5-(1,3-dioxolan-2-yDpyridine

o

The muxture of p-toluenesulfonic acid monohydrate {0.0766 g, (0.403 mmol),
ethane-1,2-diol (0.2445 ¢, 3.94 mmol} and 6-chloronicotinaldehyde (0.3174 g, 2.242
mmol} in toluene {3 mb) was heated at 120 °C for 2 hours. The reaction was diluted
with ethvl acetate and washed with 1N NaOH and then with water. The ethyl acetate
layver was separated, dried (Na2S(4), and filtered. The product was purified by automated
flash chromatography eluting with ethyl acetate in hexane from 0 to 30% (0.26 g, 62%).
MS (M+1) m/z: 1859 (MH"). LC relention time 0.70 min {D]. 'H NMR (400 MHz,
CHLOROFORM-d) & 8.50 (d, ./=2.3 Hz, 1H), 7.77 (dd, J=8.2. 2.4 Hz, 1H), 7.37 (d, /=8 3
Hz, 1H), 5.86 (s, 1H), 4.15 - 4.06 (m, 4H),

Step 2

The preparation of Example 245 was followed using 2-chlors-5-(1,3~dioxolan-2-
vi}-pyridine as the starting material {o give title compound 6-((5-(1,3-dioxolan-2-
yvDpyridin-2-yDamino)}-N-(methyl-d3)-4-((3-(methylsulfonyDpyridin-2-
yhaminojpyridazine-3-carboxamide (4.7 mg, 31% vield). MS M+ mvz 4732 (MH").

LC retention time 1.15 min [E].

Example 250
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M-{methyl-d3)-6-({(3-(2-methyl-1,3-dioxeolan-2-vl)pyridin-2-vhamine }-4-({3-

(methylsulfonyl) pyridin*zuyi)aminﬁ)pyrﬁdazine~3~carb oxamide

53 /f\x
./‘\

Step 1: 2-chioro-S-(2-methyi-1,3-dioxolan-2-vhpyridine
/7
0.0

=

N

5 ¢t N
The preparation of Example 249 Step 1 was followed using 1-{6-chioropyridin-3-
yiethan-1-one as the starting material gave the title product 2-chlorg-5-(2-methyi-1.3-
dioxolan-2-yDpyridine (0. 125 g, 45%3. MS (M+1) mz: 200.0 (MHY). LC retention time
0.79 min {33}, "H NMR (400 MHz, CHLOROFORM-d} 8 8.53 - 8.50 {(m, [H), 7.75 (dd.
10 J=82,25Hz 1H), 731(dd, /=82, 0.7 Hz, 1H), 410 - 4.07 (m, 2H}. 3.80 - 3.78 (m, 2H),
1.66 (s, 3H).
Step 2
The preparation of Example 245 was followed using 2-chloro-5-(2-methyi-1.3-
dioxoia‘nu?‘uvi)upyridme as the starting material to give title compound N-{(methyi-d3)-6-
1§ ((5~(2-methyi-1,3-dioxolan-2-y Dpyridin-2-v Damino)-4-((3-(methy Isulfonvpyndin-2-
yi}ammo)pyrldazme%-carboxmmde (4.4 mg, 27% vield). MS (M+1}ym/z: 489.2 (MH").
LC retention time 1.29 min [E]. *H NMR (500 MHz, DMSO-ds) 6 12.10 - 12.01 (m, 1H),
10.39 - 10.27 (m, 1H), 9.52 - 9.44 {(m, 1H}, 9.16 - 9.07 (m, 1H)}, 872 - 8.62 (m, 1H}, 8.36
=823 {m, 2H), 777 -7.71 (m, TH), 7.70 - 7.63 {m, 1H), 7.37 - 7.28 (m, 1H), 4.03 - 3.96
20 {m, 2H). 380 -3.72 (m, 1H), 3.64 - 3.54 (m, 2H), 1.65 - 1.56 {m, 3H) (3H was buried
below DMSO peak).

Example 251

M-{methyl-d3)-4-((3-(methylsulfonyi)pyridin-2-ylamine)}-6-(pyridazin-3-

|\
W

ylamine)pyridazine-3-carboxamide
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o, 0
e
o~ i
0 HN N
BiC. \ 2~
Ny N
H

Step 1. N-{methvi-d3)-4-((3-(methylthio)pyridin-2-yBamino}-6-{pyridazin-3-
e
o HN TN
N.y#on N'N
]

The nuxture of 1, U'-bis(dicyclohexylphosphinojferrocene (6.27 mg, 10.84 umol),

Pdodba)s (4.14 mg, 4.52 ymol}, 6-chloro-N-{methy!-d3)-4-({(3-(methylthio)pyridin-2-

yiamino)pyridazine-3-carboxanmide

viyamino)pyridazine-3-carboxamide {56.5 mg, 0.181 mmol}, pyridazin-3-amine (25.8 mg,
0.271 mwol} and potassium phosphate tribasic (2 M in water, 0.226 mL, 0.452 mmol) in
dioxane (2 ok} was degassed using a vacuumvN2 fill cycle three times and then heated to
110 °C for 1.5 hours. The reaction was diluted with ethy! acetate and washed three times
with water. The ethyl acetate layer was separated, dned (NaxS0O«}, filtered and
concentrated. Flash chromatography eluting with methanol in DCM from 0 to 10% gave
the desired product. {39.3 mg, 59% vield). MS (M+1)ym/z: 372.1 (MH"). L retention
time ¢.69 min { D]

Step 2

Sodium tungstate dihydrate (0.035 g, 0.106 mmol} was added to a suspension of
hydrogen peroxide (30% solution in water, 0.325 mL, 3.18 mmol) and N-{methyi-d3)-4-
((3-(methylthiopyridin-2-y hanuno}-6~(pyridazin-3-ylanunopyvridazine-3-~carboxamide
(0.0394 g, 0.106 mmol) in AcOH (1 mbL) at room temperature. Afier stirring at room
temperaiure for 6 hours, the reaction was diluted with water, basified with NaxCGs
powder and extracted three times with DCM. The DCM laver was combined, washed
with NaxS203 (5% solution), dried (Nax$SO4), filtered and concentrated.  The crude was
purified using reverse phase prepHPLC to provide the title compound (11 mg, 24%
vield), MS (M+1) m/z: 404.2 (ME"). LC retention time .80 min [D]. 'H NMR (500
MHz, DMSO-de) 8 12.02 (s, 1H), 10.55 - 10.44 (nn, 1H), 9.31 (s, 1H), 9.01 (brs, 1H),
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8.84{d J=42 Hz 1H) 862¢brd J=46Hz 1H), 829(d, J=6.6 Hz 1H) 8.06{d, /=90
Hz, 1H), 7.62 {dd, J=9.0, 4 6 Hxz, 1H}, 7.33 (dd, /=7.7, 4.8 Hz, 1TH){(3H was buried below
DMSO peak).

5 Chiral Amide Synthesis of Infermediates 4 and 5:

{(S)-spire]2.2|pentane-1-carboxamide and (R)-spiro{2.2]pentane-1-carboxamide

O
G
Sy o a) X ,«ﬂ\\/\ e
HO /\ 7 P v Step 2
Step 1 Step
Q CE O
| 6 Vi N N A v S .
PENPCN 0) /\ E ‘]/\O e HO) \/\ HJ/\‘K'/'A
Step 3 4
ok 1) pr2} Rand 8
Ji i
d
Step 4 .
3and R intermediate 4 intermediate 5

a}. Di-tert-butyl (E)-diazene-1,2-dicarboxyiate/PPhs/THF; by Chiral SFC Separation
10 ¢y LIiOH/THF/H20/MeOH: d). Oxalvi chloride (overnight), NHi/MeOH

Step 1. Naphthalen-2-yimethy! spiro{2 2]pentane-i-carboxylate

O
YN

L

-~
(93}

Di-tert-butyl {E)-diazene-1,2-dicarboxyiate (0.407 g, 1.766 mmol) was added to a
THF (5 mL) solution of spiro]2.2|pentane-1-carboxylic acid (0.1650 g, 1.472 mimgol,
Chembridge-BB), naphthalen-2-ylmethanol (0.279 g, 1.766 mmol), and
triphenylphosphine (0.463 g, 1.766 mmwol} at 0 °C. After the addition completed the
reaction was allowed to warm to room temperature and stirred for 14 howrs. The reaciion
20 was diluted with DCM and silica gel was added. The volatile organic solvents were
evaporated in vacuo and the resulting silica gel was loaded onto a pre~-columm. The
product was purified by automated flash chromatography eluting with ethyl acetate in

hexane from 0 10 5% {274 mg, 74% vield). "H NMR (400 MHz, CHLOROFORM-d) §
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7.90 - 7.83 (m, 4H), 7.55 - 7.46 (m, 3H), 5.37 - 5.24 (m, 2H), 2.12 - 2.05 (m, 1H), 1.61 -
1.58 (m, 1HD), 1.46 - 1.39 (r, 1H), 1.06 - 0.96 (m, 2, 0.95 - 0.90 (m, 2H). HPLC

retention time (Method A): m = 3.69 nun.

Wh

Step 2 {pk1) and (pk2)

J i
“ “os I = ) B
b .
Naphthalen-2-yimethyl (5)-spiro]2. 2} pentane-1- Naphthalen-2-vimethyl (R)-spiro{2.2 [pentanc-1-~
carboxylate carboxyiate
{pk1) (pk2

0.403 g of Step | compound was separated by chiral SFC described above. The
two tsomers isolated were named as "pkl” and “pk2” in the elution. Obtained pkl ttle
compound 0.1917g (47% vield) and pk2 title compound 0.1728g (43% vield}.

10 Stereochemical assignment based on comparison to literature values of the corresponding
carboxylic acid (see below).

Naphthalen-2-yimethyl (S)-spiro[2.2]pentane-1-carboxylate, pkl: 'H NMR (400 MHz,
CHLOROFORM-d) 5 7.90 - 7.82 (m, 4H), 7.55 - 7.46 (m, 3H). 5.31 (q, /=12.5 Hz, 2H).
2.07{dd, /=75 42 Hz, 1H), 159, J~4.0Hz 1H), 1.43(dd, /=76, 3.8 Hz, 1H), 1.07 -

-
(93}

(.88 {m, 4H} SFC retention time: 1r = 2.21 min. Optical rotation {OR); 72.90 (20°C}.

Naphthalen-2-yimethyl (R)-spiro]2.2]pentane-1-carboxylate, pk2: 'H NMR {400 MHz,
CHLOROFORM-d) § 7.89 - 7.83 (m, 4H), 7.54 - 7.46 (m, 3H), 5.31 (g, /=12.4 Hz, 2H),

20 2.07(dd, =7.5,4.2 Hz, 1H), 138 (¢, J=4.0 Hz, 1H), 1.43 (dd, /=76, 3.8 Hz, 1H), 1.07 -
(.87 (m, 4H}.SFC retention time: fr = 3.17 min, OR; -76.09 Q0°Cy.

Step 35 (8)-spiro] 2. 2|pentane-1-carboxylic acid

&
25 A moixture of lithium hvdroxide (0.066 g, 2.78 mmol) and naphthalen-2-vimethyl

{(S)-spiro] 2. 2ipentane-1-carboxviate (0.1751 g, 0.694 mmol} in THF (2 mL), water {0.5
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mb} and MeQGH (0.5 mL} was stirred at room temperature for 16 hours. The volaiile
organics were removed under vacuurn and to the residue was added water. The agueous
solution was washed four times with DCM (discarded), and then acidified with 1N HCI
3.5 mL}. The crude product was extracted from the aqueous laver three times with
DCM. The combined DCM layers were dried (Na:804), filiered and concentrated to give
the desired title compound {(62.7 mg, 81% vield). "H NMR (400 MHz, CHLOROFORM-
d)61.99(dd, /~7.5, 42 Hz, 1H), 1.58 (1, /~4.0 Hz, 1H), 1.48 {dd, /=7.6, 3.8 Hz, 1H),

1.05 - 0.91 (m, 4H) OR: 188.25 (20°C).

Step 3R: {R)-spiro{2.2{pentane-1-carboxylic acid
O

The titled product was prepared the same way as Step 38 from pk2 to give titled
compound (R)-spiro{2.2]pentane-1-carboxylic acid. (60.0 mg, 83% yield). 'H NMR (400
MHz, CHLOROFORM-d) 3 1.99 (dd, J=7.6,4.1 Hz, 1H), 1. 58 (1, /=4.0 Hz, 1H), 1.47
(dd, J=7.6. 3.8 Hz, TH), 1.04 - 0.90 {m. 4H).0R: -187.72 (20°C). Literature OR [a]p*’ =
-113.3% 10 -172.7° depending on optical purity (K. B. Wiberg, C. Osterle, J. Org. Chem,
64, TT63-7767 (1999},

Step 45 (8)-spiro|2 2}peniane-~1-carboxamide

i
H;'.N/l \7&

Oxalvl chionde {0.054 ml., 0.612 mmol)) was added to a DCM (3 mL) solution of
{(S)-spiro] 2 2ipentane-1-carboxvlic acid (0.0572 g, 0.510 mmol} at room temperature.
The reaction was stirred for 16 hours then the volatile organics were removed under
vacuum. To the crude acid chloride was added DCM (1.5 mb) and then ammonia (7 M in
MeOH, 2.5 mL, 17.50 romol) solution was added to the intermediate at 0 °C. The
reaction was stirred overnight while alfowing to warm {o room temperature. The solvent
was removed under vacoum o give atan solid as the title compound (39.8 mg, 70%
yield). TH NMR (400 MHz, CHLOROFORM-d) 5 5.51 - 5.16 (m, 2H), 1.91 - 1.84 (m,
TH), 1.50 - 1.44 (m, 1H), 1.43 - 1.38 {m, 1H), 0.96 (s, 4H).
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Step 4R (R}-spiro] 2. 2]pentane-1-carboxamde
o}

H?-NJ\VA

The titled product was prepared the same way as Step 48 from (R)-

W

spiro|2.2ipentane-1-carboxylic acid as starting material to give title compound (53.5 mg,
98% vield). 'H NMR (400 MHz, CHLOROFORM-d) 4 5.51 - 5.22 {m, 2H), 1.91 - 1.85
(m, 1H), 148~ 143 (m, 1H), 1.43 - 1.37 (m, 1H), 0.96 {s, 4H).

General Scheme for Examples 252 and 253:

-5 ™ -5 S
/"i s
o HNT N 0 HNT N
a) DGy b b} DLOo
P Py =~ G m—TN = 0
H | H E
Na Nx
NN NT N
h Step 1 H H
10 Step 2

a.) Pdz{dba)s/ Xantphos/Cs2C0s/Mhoxane; b). Sodium tungstate dihydrate/H202/ AcOH

Example 252

-
(93}

Step 1

/S —
|
O HNT N
PaCy | |y 0
T

A nuxture of cesium carbonate {149 mg, 0.457 mumol}, Xantphos (14.43 mg, 0.025
20 mmol), Pda{dba); {(11.42 mg, 0.012 mmol}, 6-chloro-N-(methyl-d3-4-((3-
(methylthiopyridin-2-vhaminojpyndazine-3-carboxamide (65 mg, 0.208 mmol)}, and
{(R)-spire[2.2]pentane-i-carboxamde {30.8 mg, 0.457 nunol) in dioxane (3 mb) was

degassad using a vacuumy/N2Z fill cycle three times. The reaction was heated at 110 °C for

- 135 -



Wh

16

20

WO 2019/103952 PCT/US2018/061726

16 hours. The reaction was diluted with water and DUM. The DUM layer was separated
and washed two more {imes with waler and then dried (Na:804), filtered and
concentrated.  Purification via automated flash chromatography, eluting with rethanol m
DCM from 0 to 10%, gave the title compound (R}-N-{methvi-d3)-4-((3-
{methvithio)pyridin-2-yHamino)-6-{spiro] 2.2 {pentane- 1 -carboxamido jpyridazine-3-
carboxamide (34 mg, 67% vield). TH NMR (400 MHz, CHLOROFORM-d) 8 12.15 (br s,
TH), 9.88 (s, 1H). 8.68 (brs. 1H). 8.36 (br d, J=3.5 Hz, 1H), 8.25 (brs. 1H). 7.72 (br d.
J=7.4 Hz, 1H), 6.97 (br dd, J=7.0, 5.1 Hz, 1H).2.51 (s, 3H), 2.21 - 2.09 (m, 1H), 1.58 -
110 {m, 6H3, 1.08 - .93 (m, 5H).

LCMS (EST) mve 3881 [(M+H), calc’d CisHisD:aNe0281, 388 11 LC/MS retention ime
{method D) 12 = 0.80 min.

Step 2
G .G

N\

- i
O HN N/

To asuspension of hyvdrogen peroxide (30% solution wn water, 0.258 mi,, 2.52
mmol) and (R)-N-{methyl~d3}-4-((3-(methyithio)pyridin-2-yyanuno)~6-
{(spiro|2.2pentane-1-carboxamido)pyridazine-3-carboxamide (0.0489 ¢, 0.126 mimol} in
AcOH {1 mL) was added sodium tungstate dibydrate (0.042 g, 0.126 mmol) at room
temperature. After stirning at room temperature for 1 hour, the reaction was diluted with
water, basified with NaxCOs powder and extracted three times with DCM. The DCM
layers were combined, washed with Nax$8:03 (5% soluiion), dried (NazS804), filiered and
concentrated. The crude product was purified using reverse phase prepHPLC to give the
fitte compound (R)-N-(methy1-d3)-4-((3-(methyisulfony Dpyrdin-2-yDamino -6~
(spiro| 2.2 }pentane-1-carboxamido)pyridarine-3-carboxamide (16.2 mg. 31%)as a
colorless solid. 'H NMR (500 MHz, DMSO-ds) 6 12.07 (s, TH), 11.22 (s, 1H), 9.49 (s,
1H), 9. 164, 1H), 8.63 (dd, J=4.6, 1. SHz, 1H), 829 (dd, /=7 8, 1.4 Hz, 1H), 7.34 (dd,
J=7.8, 4.7 Hz, 1H).2.48 - 2.43 (m, 1H), 1.46 - 141 (m, 1H), 1.42 - 1.36 (m, 1H), 0.95 -
0.82 (m, 3H), 0.80 - 0.73 {m, 1H}). (3H methv! sulfone was buned under BMSO peak}.
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LCMS (EST) m/e 420.0 {(M+H), cale’d CisHlisDNeGuS, 420.1 ] LO/MS retention time
{method E): rr = 1.38 min; OR: -205.39 (20°C).

Example 2353

Step 1

<
=

aeR I
H |
N vy
NN

H

Following the preparation of Example 252 (Step 1) using {S)-spiro|2.2|pentane-1-
carboxamide, the titled compound {8)-N-(methyl-d3}-4-((3-{methylthio}pvridin-2-
vi}amino)-6-(spirof 2. 2ipentane-1-carboxamidopyridazine-3-carboxamide was obtainad
(55 mg, 72% vield). LCMS (ESI) m/e 388.1 [(M+H)', calc’d CisHisDsNe0281, 388.11;

LC/MS retention time {(method D) = 0.80 mun.

Step 2

I N\ P 4.
N N !"v‘{:&
H

Follow the preparation of Example 252, the titled corapound (S)-N-{methvl-d3}-4-
{(3-{methylsulfonyl}pyridin-2-yamino}-6-(spiro{ 2. 2 Jpentane- 1 -carboxamido jpyidazine-
3-carboxamide was obtained (13.3 mg, 23% vield) as a colorless solid. '"H NMR (500
MHz, DMSO-d6) 5 12.02 (s, 1H). 11.07 (s, 1H), 9.33 (s, 1H), 9.09 7 (s. 1H), 8.67 - §.55
{m, 1H), 836 -823 (m, 1H), 740-725(m, 1H), 2.47-243 {m 1H), 150-142{m,
1H), 1.40 - 1.34 (m, 1H). 1.00 - 0.83 (m, 3H), 0.83 - 0.73 (m, 1H). (3H methy! sulfone
was buried under DMSO peak). LCMS (ESI) nve 420.1 [((MHH)Y, cale’d CisHisDsNeQ4S,
420.1]; LC/MS retention time (method E): /2 = 1.39 min. QR 160.12 (20°C).
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TZ

The following Examples were prepared n a sitotlar manuer to the product of

5  Example 177, Step 2.

Table 15
Example 3273 S oy + Rt (mun)
RIRA 1 m/z i MAH . )
No NRZR MW | mz [M+H] Mothod]
254 vy 415.49 416
5 5.4 116
?:js N M
H
N O 1.87
255 E 417.47 417.9 Method A
?s M = (334
N {254 nm)
N,N/ 1.84
256 /[;\) 389.46 390.2 Method A
T (254 nm)
H
BIOLOGICAL ASSAYS
10 The following assay is used to show the activity for compounds of the invention.

[FNo-Induced STAT Phosphorylation in Human Whole Blood

After an hour long incubation with compound, human whole blood {drawn with
either EDTA or ACD-A as anti-coagulant} was stimulated with 1000 U/mL recombinant
15 human IFMNa A/D (R&D Sysiems 11200-2) for 15 min. The stimulation was stopped by
adding Fix/Lyse buffer (BD 558049). Cells were stained with a CD3 FITC antibody (BD
555916}, washed, and permeabilized on ice using Perm [ buffer (BD 558050}, Cells
were then stained with an Alexa-Fluor 647 pSTATS (pY 694} antibody (BD 612599 for
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30 mun prior to analysis on the FACS Canto 1 The amount of pSTATS expression was

quantitated by median fluorescence intensity after gating on the CD3 positive population.

{FNg-Induced STAT Phosphorylation in Human Whole Blood Inhibition Data

IFNo-Induced Stat
Example No. Phosph.
(ICs0, uM)
I 0.012
2 0.026
4 0.032
5 0.013
7 0.042
& 0.049
9 0.077
1o 0.021
1z 0.038
13 0.002
i4 0.011
13 0.013
16 1.434
17 0.018
19 0.044
20 0.047
21 0.037
22 0.031
23 2.14
24 0.009
23 0.015
26 0.049
27 0.088
28 0.028
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IFNe~-Induced Stat
Example No. Phosph.
(ICso, uM)
29 0.092
30 0.057
31 0.031
32 0.036
33 0.018
34 0.115
33 0.090
36 0.022
37 0.026
38 0.018
39 0.015
40 0.018
41 0.024
42 0.015
43 0.026
44 0.014
43 0.034
46 0.053
47 0.048
48 0.040
49 0.058
50 0.03
St 0.029
52 0.092
>3 0.132
36 0.018
37 0.059
S8 0.024
39 0.219
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IFNe~-Induced Stat
Example No. Phosph.
(ICso, uM)
61 0.018
62 1.682
63 0.013
64 0.079
63 0.193
66 1.237
67 3.581
68 1.345
69 0.012
70 1.096
71 0.032
72 0.023
73 0.076
74 0.004
73 0.018
76 0.02
77 0.398
78 0.04
79 0.024
80 0.057
81 0.003
82 0.037
83 0.076
84 0.042
83 0.011
86 0.04
87 0.417
88 0.047
89 0.032
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IFNe~-Induced Stat
Example No. Phosph.
(ICso, uM)
20 0.013
ol 0.043
92 0.013
93 0.028
94 0.162
93 0.133
96 0.004
97 0.013
o8 0.049
99 0.044
100 0.015
101 0.095
102 0.138
103 0.016
o4 0.046
103 0.009
106 0.124
107 0.013
108 0.167
Ho 0.02
1 0.248
H2 0.142
H3 0.088
LS £.190
He 0.782
Y 0.334
118 0.131
H9 0.073
120 0.062
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IFNe~-Induced Stat
Example No. Phosph.
(ICso, uM)
121 0.039
122 0.156
123 0.183
124 0.037
125 0.272
126 0.343
127 0.302
123 0.061
129 0.08
130 0.310
131 0.434
132 0.209
133 1.569
134 0.296
135 0.227
136 0.349
137 0.141
138 0.447
139 0.893
140 0.034
145 0.255
147 0.231
148 0.408
149 0.141
151 0.002
152 0.04
133 0.36
154 0.006
133 0.007
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IFNe~-Induced Stat
Example No. Phosph.
(ICso, uM)
156 0.007
157 0.021
153 0.01
159 0.012
t60 0.011
161 0.047
163 0.095
164 0.088
165 0.023
166 0.04
167 0.06
168 0.016
169 0.008
170 0.011
b7 0.009
172 0.018
173 0.017
174 1.808
173 0.278
176 0.132
177 0.648
178 0.474
179 1.062
180 0.073
181 0.55
182 2.227
183 0.105
184 0.263
185 1.727
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IFNe~-Induced Stat
Example No. Phosph.
(ICso, uM)
186 0.132
187 0.032
183 0.006
189 0.106
190 0.061
191 0.066
192 0.013
193 0.165
194 0.035
195 0.211
196 0.012
197 0.058
198 0.262
199 1.034
200 0.198
201 0.024
202 0.05
203 0.046
204 0.579
207 0.229
208 0.067
209 0.056
2H 0.08
212 1.082
213 0.114
214 0.046
215 0.021
216 0.028
217 0.052
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IFNe~-Induced Stat
Example No. Phosph.
(ICso, uM)
218 0.034
219 0.024
220 0.015
221 0.013
222 0.059
223 0.094
224 0.044
225 0.164
226 0.217
227 0.009
228 0.181
229 0.047
230 0.022
231 0.36
232 0.131
233 0.061
234 0.636
235 0.144
236 0.013
237 1.082
238 2.454
239 0.288
240 0.115
241 0.203
242 0.05
243 0.832
244 0.42
245 0.01
246 0.034
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IFNe~-Induced Stat
Example No. Phosph.
(ICso, uM)
247 0.006
251 0.007
252 0.053
253 0.047
254 0.186
253 0.466
256 0.744
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WE CLAIM:

1. A compound having the following formula I:

R* RS
O °N°
R1
\N \
b
~
>N N

5 I
or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein
Y is N or CR®;
RYis H, CD3 or Cizalkyl;
10 R? is -C(O)R%,; or Cis alkyl, -(CH2)-3-14 membered carbocycle substituted with
0-1 R% or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, substituted with 0-4 R%;
R? at each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NO2, -(CH2):ORP, -(CH2):SR®, -(CH2),C(O)R?, -(CH2):C(O)OR®, -(CH2):0C(O)R®, -
15  (CH2)NRMR, -(CH2):C(O)NRMRM, -(CH2):NRPC(O)R?, -(CH2):NRPC(O)OR¢, -NRPC(
O)NRMR, -S(0),NRMR™, -NRPS(0)sR¢, -S(0)sR¢, C1-6 alkyl substituted with 0-3 R?,
C1-6 haloalkyl, Cz-6 alkenyl substituted with 0-3 R?, -(CH2)r-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH.)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O), substituted with 0-2 R,

20 R3is %7 N R
Xis absent, O or NH;
R* and R® are independently hydrogen, Ci.4 alkyl substituted with 0-1 R,
(CH_2)r-phenyl substituted with 0-3 RY or a -(CH2)-5-7 membered heterocycle containing
1-4 heteroatoms selected from N, O, and S(O)p;
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R® is hydrogen, halo, Ci-4alkyl, C1.4alkyoxy, Ci.4 haloalkyl, C1.4 haloalkoxy, Cs-s
cycloalkyl, CN, NO- or OH;

R at each occurrence is independently hydrogen, Ci-4 alkyl substituted with 0-3
R, CF3, Ca.10 cycloalkyl substituted with 0-1 R', (CH2)r-phenyl substituted with 0-3 R
or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;

R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)/OR?, -(CH2)/SR®, -(CH2);C(O)R®, -(CH2);C(O)OR",

-(CH2):OC(0O)R®, -(CH2)NRR!, -(CH2),C(O)NR R, -(CH2)/NRPC(O)RE, -(CH)NR®
C(O)OR¢, -NRC(O)NRMR, -S(0),NR¥R*?, -NRPS(0),R¢, -S(O)RS, -S(O)2R¢, C1-6
alkyl substituted with 0-3 Rf, C1.6 haloalkyl, Cz-6 alkenyl substituted with 0-3 R?, C-6
alkynyl substituted with 0-3 R?, -(CH2),-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O),
substituted with 0-3 R;

R® is hydrogen, C1-6 alkyl substituted with 0-3 RY, C1.6 haloalkyl, Cs-s cycloalkyl
substituted with 0-2 RY, or -(CH,)-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R" or (CH2)r-phenyl substituted with
0-3 RY;

RC is C1-6 alkyl substituted with 0-3 Rf, (CH2),-Cs-6 cycloalkyl substituted with 0-3
R" or (CH2)r-phenyl substituted with 0-3 R";

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCFs, CF3, CN,
NO2, -OR®, -(CH2)/C(O)RS, -NR°R¢?, -NR*C(O)ORYS, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

R® is independently at each occurrence, hydrogen, Ci-¢ alkyl, Cs.¢ cycloalkyl or
(CHa)r-phenyl substituted with 0-3 R;

R"is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Cs.6
cycloalkyl, CF3, O(Czi-g alkyl) or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O)p;

pis0,1,or2;and

risQ,1,2,3,or4.
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2. The compound according to claim 1 of formula 11

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein

RYis H, CDs or Cisalkyl;

R? is -C(O)R?; or Cisalkyl, -(CH2)-3-14 membered carbocycle substituted with
0-1 R% or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, substituted with 0-4 R%;

R? at each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NO2, -(CH2):ORP, -(CH2):SR®, -(CH2),C(O)R?, -(CH2);C(O)ORP, -(CH2);0C(0O)RP, -(CH)
NRMRY, -(CH2):C(O)NRMR™M, -(CH2)/NRC(O)RE, -(CH2):NRPC(O)OR®, -NR’C(O)NR*
IR -S(0),NRMR!, -NRPS(O),R, -S(0)sRC, Ci-s alkyl substituted with 0-3 R?, C1.6
haloalkyl, Cz-¢ alkenyl substituted with 0-3 R?, -(CH3),-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O), substituted with 0-2 R¥

(o]
In_X
S/

R3is (’Z'l NT R

X is absent, O or NH;

R* and R® are independently hydrogen, Ci-4 alkyl substituted with 0-1 R,
(CH2)r.phenyl substituted with 0-3 RY or a -(CH2)-5-7 membered heterocycle containing
1-4 heteroatoms selected from N, O, and S(O)p;

R® is hydrogen, halo, Ci-salkyl, C1-4 alkyoxy, C1.4 haloalkyl, C1-4 haloalkoxy, Ca-6
cycloalkyl, CN, NOz or OH;

R at each occurrence is independently hydrogen, Ci.4 alkyl substituted with 0-3
R", CFs, Cs.10 cycloalkyl substituted with 0-1 RY, (CH.)-phenyl substituted with 0-3 R®
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or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;

R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)/OR?, -(CH2),SR®, -(CH2);C(O)R®, -(CH):C(O)OR®,

-(CH2)[OC(0O)RP, -(CH2)/NR R, -(CH2);C(O)NR¥R, -(CH2)/NRPC(O)RS, -(CH2):NR"
C(O)OR¢, -NR’C(O)NRMR?, -S(0),NRMR*?, -NRPS(0),R¢, -S(O)RS, -S(O)2R¢, C1-6
alkyl substituted with 0-3 Rf, C1.¢ haloalkyl, C,.¢ alkenyl substituted with 0-3 R?, Cz-6
alkynyl substituted with 0-3 R?, -(CH2)r-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O),
substituted with 0-3 R;

R® is hydrogen, C1-6 alkyl substituted with 0-3 RY, C1.6 haloalkyl, Cs-s cycloalkyl
substituted with 0-2 RY, or -(CH2)-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R" or (CH2)r-phenyl substituted with
0-3 R%;

RC is C1.6 alkyl substituted with 0-3 Rf, (CH2),-Cs. cycloalkyl substituted with 0-3
R" or (CH2)-phenyl substituted with 0-3 R;

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCFs, CF3, CN,
NO2, -OR®, -(CH2)/C(O)RS, -NR°R?, -NR*C(O)OR¢, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

R is independently at each occurrence, hydrogen, Ci.6 alkyl, Cs.s cycloalkyl or
(CH_2)r-phenyl substituted with 0-3 R;

R" is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Cs.6
cycloalkyl, CFs, O(Cy-s alkyl) or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O)p;

pis0,1,or2;and

risQ,1,2,3,or4.
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3. The compound according to claim 1 of formula 11l

R* R3
O °N°
R1
\N |\
H
— _R?
NN
R5

or a stereoisomer or pharmaceutically acceptable salt thereof,

wherein

RYis H, CDs or Cizalkyl;
R? is -C(O)R?; or Cysalkyl, -(CH2)-3-14 membered carbocycle substituted with

0-1 R% or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, substituted with 0-4 R%;

R? at each occurrence is independently hydrogen, OH, halo, OCF3, CN,

NO2, -(CH2)[OR®, -(CH2)/SR®, -(CH2):C(O)RP, -(CH2):C(O)ORP, -(CH2){OC(O)R®, -(CH>)
NRMRY, -(CH2):C(O)NRMR™M, -(CH2)/NRC(O)RE, -(CH2):NRPC(O)OR¢, -NR°C(O)NR*
IR -S(0),NRMR, -NRPS(O),R, -S(0)RC, Ci-s alkyl substituted with 0-3 R?, C1-6
haloalkyl, Cz-¢ alkenyl substituted with 0-3 R?, -(CH2),-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH2)r-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O), substituted with 0-2 R,

o)
X
S/

6
R3is ‘21 voF

X is absent, O or NH;
R* and R® are independently hydrogen, Ci.4 alkyl substituted with 0-1 R,

(CH_2)r-phenyl substituted with 0-3 RY or a -(CH2)-5-7 membered heterocycle containing
1-4 heteroatoms selected from N, O, and S(O)p;

R® is hydrogen, halo, Ci-4alkyl, C1-4 alkyoxy, Ci-4 haloalkyl, C1.4 haloalkoxy, Cs-s

cycloalkyl, CN, NO2 or OH,;
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R at each occurrence is independently hydrogen, Ci.4 alkyl substituted with 0-3
R", CFs, Cs.10 cycloalkyl substituted with 0-1 R', (CH.)-phenyl substituted with 0-3 R®
or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;

R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)[OR®, -(CH2)/SR?, -(CH2):C(O)R®, -(CH2):C(O)OR®,

-(CH2)/OC(O)R®, -(CH2)NRR, -(CH2)/C(O)NRMR™, -(CH2)INR’C(O)R®, -(CH2)\NR"
C(O)OR¢, -NRPC(O)NRMRM, -S(0)p,NRM™R, -NRPS(O),R¢, -S(O)RE, -S(0)2R®, C1-6
alkyl substituted with 0-3 R', C1.¢ haloalkyl, Cz. alkenyl substituted with 0-3 R?, Cp.6
alkynyl substituted with 0-3 R?, -(CH2),-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O)p
substituted with 0-3 R";

R® is hydrogen, C1.6 alkyl substituted with 0-3 RY, C1.6 haloalkyl, Cs-s cycloalkyl
substituted with 0-2 RY, or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R or (CH2)r-phenyl substituted with
0-3 RY;

R® is C1-s alkyl substituted with 0-3 R', (CH2)r-Cs. cycloalkyl substituted with 0-3
R" or (CH2)r-phenyl substituted with 0-3 R;

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCFs, CF3, CN,
NO2, -OR®, -(CH2)/C(O)RS, -NR°R?, -NR®C(O)ORYS, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

R is independently at each occurrence, hydrogen, Ci.6 alkyl, Cs.s cycloalkyl or
(CHa)r-phenyl substituted with 0-3 R;

R"is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Cz-
cycloalkyl, CFs, O(C1-s alkyl) or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O);

pis0,1,or2;and

riso, 1, 2, 3, or 4.
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4, The compound according to claim 2 of the formula

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein

RYis H, CDs or Cisalkyl;

R? is -C(O)R?; or Cisalkyl, -(CH2)-3-14 membered carbocycle substituted with
0-1 R% or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, substituted with 0-4 R%;

R? at each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NO2, -(CH2):ORP, -(CH2):SR®, -(CH2),C(O)R?, -(CH2);C(O)ORP, -(CH2);0C(0O)RP, -(CH)
NRMRY, -(CH2):C(O)NRMR™M, -(CH2)/NRC(O)RE, -(CH2):NRPC(O)OR®, -NR’C(O)NR*
IR -S(0),NRMR!, -NRPS(O),R, -S(0)sRC, Ci-s alkyl substituted with 0-3 R?, C1.6
haloalkyl, Cz-¢ alkenyl substituted with 0-3 R?, -(CH3),-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O), substituted with 0-2 R¥

o)
%
H,C~ |
N
% N RS
R3is :

XisO;

R* and R°® are independently hydrogen, Ci.4 alkyl substituted with 0-1 R,
(CH2)r.phenyl substituted with 0-3 R or a -(CH2)-5-7 membered heterocycle containing
1-4 heteroatoms selected from N, O, and S(O)p;

R® is hydrogen, halo, Ci-salkyl, C1-4 alkyoxy, C1.4 haloalkyl, C1-4 haloalkoxy, Ca-6
cycloalkyl, CN, NO- or OH;
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R at each occurrence is independently hydrogen, Ci.4 alkyl substituted with 0-3
R", CFs, Cs.10 cycloalkyl substituted with 0-1 R', (CH.)-phenyl substituted with 0-3 R®
or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;

R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)[OR®, -(CH2)/SR?, -(CH2):C(O)R®, -(CH2):C(O)OR®,

-(CH2)/OC(O)R®, -(CH2)NRR, -(CH2)/C(O)NRMR™, -(CH2)INR’C(O)R®, -(CH2)\NR"
C(O)OR¢, -NRPC(O)NRMRM, -S(0)p,NRM™R, -NRPS(O),R¢, -S(O)RE, -S(0)2R®, C1-6
alkyl substituted with 0-3 R', C1.¢ haloalkyl, Cz. alkenyl substituted with 0-3 R?, Cp.6
alkynyl substituted with 0-3 R?, -(CH2),-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O)p
substituted with 0-3 R";

R® is hydrogen, C1.6 alkyl substituted with 0-3 RY, C1.6 haloalkyl, Cs-s cycloalkyl
substituted with 0-2 RY, or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R or (CH2)r-phenyl substituted with
0-3 RY;

R® is C1-s alkyl substituted with 0-3 R', (CH2)r-Cs. cycloalkyl substituted with 0-3
R" or (CH2)r-phenyl substituted with 0-3 R;

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCFs, CF3, CN,
NO2, -OR®, -(CH2)/C(O)RS, -NR°R?, -NR®C(O)ORYS, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

R is independently at each occurrence, hydrogen, Ci.6 alkyl, Cs.s cycloalkyl or
(CHa)r-phenyl substituted with 0-3 R;

R"is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Cz-
cycloalkyl, CFs, O(C1-s alkyl) or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O);

pis0,1,or2;and

riso, 1, 2, 3, or 4.

- 155 -



10

15

20

25

5. The compound according to claim 4 of the formula

R3
O HN~
R1
= X
|
N. ~A_ _R?
N N
H

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein

RYis H, CDs or Cisalkyl;

R? is -C(O)R?; or Cy.galkyl, -(CH2)-3-14 membered carbocycle substituted with
0-1 R% or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, each group substituted with 0-4 R%,;

R at each occurrence is independently hydrogen, OH, halo, OCF3, CN,
NO;, -(CH2):OR®, -(CH2)/SR?®, -(CH2):C(O)R®, -(CH2);C(O)OR?, -(CH)OC(O)R®, -(CH>)
NRMRY, -(CH2).C(O)NRMR, -(CH2):NRPC(O)RS, -(CH2):NRPC(O)OR¢, -NR’C(O)NR!
IR -S(0),NRMR!, -NRPS(O),R, -S(0)RC, Ci-s alkyl substituted with 0-3 R?, C1-6
haloalkyl, Cz-¢ alkenyl substituted with 0-3 R?, -(CH3),-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH2)r-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O), substituted with 0-2 R

_0

N 6
R3 is VL?» N R

R® is hydrogen, halo, Ci-4alkyl, C1-4 alkyoxy, Ci-4 haloalkyl, C1.4 haloalkoxy, Cs-
cycloalkyl, CN, NO- or OH;

R at each occurrence is independently hydrogen, Ci.4 alkyl substituted with 0-3
R, CF3, Ca-10 cycloalkyl substituted with 0-1 R', (CH2)r-phenyl substituted with 0-3 R
or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;

R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)/OR?, -(CH2),SR®, -(CH2);C(0O)R®, -(CH2);C(O)OR®,
-(CH2):OC(0O)R®, -(CH2)NRR!, -(CH2)/C(O)NR R, -(CH2)/NR’C(O)R, -(CH2)NR®
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C(O)OR¢, -NR’C(O)NRMR, -S(0),NRMR*?, -NRPS(0),R¢, -S(O)RS, -S(O)2R¢, C1-6
alkyl substituted with 0-3 R', C1.¢ haloalkyl, Cz- alkenyl substituted with 0-3 R?, C2.6
alkynyl substituted with 0-3 R?, -(CH2)r-3-14 membered carbocycle or -(CH2)r-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O),

5  substituted with 0-3 R;

R® is hydrogen, C1-6 alkyl substituted with 0-3 RY, C1.6 haloalkyl, Cs-s cycloalkyl
substituted with 0-2 RY, or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R" or (CH2)r-phenyl substituted with
0-3RY;

10 R® is C1.6 alkyl substituted with 0-3 Rf, (CH2),-Cs.6 cycloalkyl substituted with 0-3
R" or (CH2)r-phenyl substituted with 0-3 R";

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCFs, CF3, CN,
NO2, -OR¢, -(CH2)/C(O)RS, -NR®R?, -NR*C(O)OR¢, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

15 R® is independently at each occurrence, hydrogen, Ci-6 alkyl, Cs.6 cycloalkyl or
(CH>)r-phenyl substituted with 0-3 R;

R' is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Cs.6
cycloalkyl, CF3, O(Cz-s alkyl) or a -(CH2)r-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O)y;

20 pis0,1,or2;and

riso, 1, 2, 3, or 4.

6. The compound according to claim 5 of the formula

R3
O HN~

\N \
H |
N. ~~_ _R?
N N
25 H
or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein

Rlis H, CDs or C1zalkyl;
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R? is -C(O)R?; or Ci-salkyl, -(CH2)r-3-14 membered carbocycle substituted with
0-1 R% or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, each group substituted with 0-4 R?,;

R? at each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NO2, -(CH2)[OR®, -(CH2)/SR®, -(CH2):C(O)RP, -(CH2):C(O)OR®, -(CH2){OC(O)R®, -(CH>)
NRMRY, -(CH2):C(O)NRMR™M, -(CH2)/NRC(O)R, -(CH2):NRPC(O)OR¢, -NR’C(O)NR*
1RM, -S(0)pNRMR™M, -NRPS(0),R, -S(O)pRS, Ci-5 alkyl substituted with 0-3 R?, C1-6
haloalkyl, Cz.¢ alkenyl substituted with 0-3 R?, -(CH2)r-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH.),-5-7 membered heterocycle containing 1-4

heteroatoms selected from N, O, and S(O), substituted with 0-2 R

o)

1.0
S/

H,C™ &7 |
NS
R3is ONTTR,

R® is hydrogen, halo, Ci-salkyl, C1.3alkyoxy or Cs-¢ cycloalkyl;

R at each occurrence is independently hydrogen, Ci1.4 alkyl substituted with 0-3
Rf, CF3, Ca-10 cycloalkyl substituted with 0-1 R', (CH2)r-phenyl substituted with 0-3 RY or
a -(CH2)-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;

R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)/OR®, -(CH,),SR®, -(CH2):C(O)R®, -(CH2):C(O)OR®,

-(CH2):OC(0O)R®, -(CH2)NRR!, -(CH).C(O)NRR!, -(CH2)/NRPC(O)RE, -(CH)NR®
C(O)OR®, -NRPC(O)NRMR™, -S(0)p,NRMR, -NRPS(O),R¢, -S(O)RE, -S(0O)2R®, C1-6
alkyl substituted with 0-3 Rf, C1.6 haloalkyl, Cz-6 alkenyl substituted with 0-3 R?, C-6
alkynyl substituted with 0-3 R?, -(CH2)r-3-14 membered carbocycle or a -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O),
substituted with 0-3 R;

R® is hydrogen, C1-6 alkyl substituted with 0-3 RY, C1.6 haloalkyl, Cs-s cycloalkyl
substituted with 0-2 RY, or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R" or (CH2)r-phenyl substituted with
0-3RY;

R® is C1.6 alkyl substituted with 0-3 Rf, (CH2),-Cs. cycloalkyl substituted with 0-3
R" or (CH2)r-phenyl substituted with 0-3 R";
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RY is independently at each occurrence, hydrogen, F, Cl, Br, OCFs, CF3, CN,
NO2, -OR®, -(CH2)/C(O)RS, -NR°R¢, -NR*C(O)OR¢, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

R® is independently at each occurrence, hydrogen, Ci.6 alkyl, Cs.s cycloalkyl or
(CH2)r-phenyl substituted with 0-3 R;

R"is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Ca-
cycloalkyl, CFs, O(Cy-s alkyl) or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O)y;

pis0,1,or2;and

riso, 1, 2, 3, or 4.

7. The compound according to claim 6 of the formula

R3
O HN~

1
R N X
H |
N. ~A_ _R?
N N
H

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein

RYis H, CDs or Cizalkyl;

R? is pyridine, pyridazine, pyrimidine, pyrazine, pyrazole, triazole, isoxazole,
isothiazole or quinoline, each group substituted with 0-4 R%;

R at each occurrence is independently hydrogen, OH, halo, OCFs, CN, NO, -
(CH2)[OR®, -(CH_2)/SR®, -(CH2)/C(O)R®, -(CH2),C(O)OR?®, -(CH2){OC(O)R", -
(CH2)/NRMR, -(CH2)/C(O)NRMR, -(CH2)/NRC(O)R¢, -(CH2):NR"C(O)OR¢,
NRPC(O)NRMR™, -S(0)p,NR™R™, -NRPS(0),R°, -S(O)pR¢, Ci-5 alkyl substituted with 0-3
R?, C1.6 haloalkyl, C2.6 alkenyl substituted with 0-3 R?, -(CH>),-3-14 membered
carbocycle substituted with 0-1 R? or a —-(CH>)-5-7 membered heterocycle containing 1-4

heteroatoms selected from N, O and S(O), substituted with 0-2 R?;

1.0
H,C~ /|
N 6
R3is N R

- 159 -



10

15

20

25

30

R® is hydrogen, halo, Ci-salkyl, C1.3alkyoxy or Cs-¢ cycloalkyl;

R at each occurrence is independently hydrogen, Ci.4 alkyl substituted with 0-3
R, CF3, Ca.10 cycloalkyl substituted with 0-1 R', (CH2)r-phenyl substituted with 0-3 RY or
a -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;

R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)/OR?, -(CH2),SR®, -(CH2);C(O)R®, -(CH):C(O)OR®,

-(CH2):OC(0O)R®, -(CH2)NRR, -(CH2)/C(O)NR R, -(CH2)/NR’C(O)R¢, -(CH2)NR®
C(O)OR¢, -NRPC(O)NRMR?, -S(0),NRMR*?, -NRPS(0),R¢, -S(O)RS, -S(O)2R¢, C1-6
alkyl substituted with 0-3 R', C1.¢ haloalkyl, Cz-¢ alkenyl substituted with 0-3 R?, C2.6
alkynyl substituted with 0-3 R?, -(CH2)r-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O)p
substituted with 0-3 R";

RY is hydrogen, C1.¢ alkyl substituted with 0-3 RY, C1.¢ haloalkyl, Cs.6 cycloalkyl
substituted with 0-2 RY, or -(CH2)-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R" or (CH2)r-phenyl substituted with
0-3 R%;

R® is C1-s alkyl substituted with 0-3 R', (CH2)r-Cs.6 cycloalkyl substituted with 0-3
R" or (CH2)-phenyl substituted with 0-3 R;

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCFs, CF3, CN,
NO2, -OR®, -(CH2)/C(O)RS, -NR°R?, -NR*C(O)OR¢, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

R is independently at each occurrence, hydrogen, Ci.6 alkyl, Cs.s cycloalkyl or
(CH2)r-phenyl substituted with 0-3 R;

R" is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Cs.6
cycloalkyl, CFs, O(C1-s alkyl) or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O)p;

pis0,1,or2;and

risQ,1, 2, 3,or4.
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8. The compound according to claim 3 of formula 111

R* R3
O °N°
R1
H
— _R?
NN
R5

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein
RYis H, CDs or Cizalkyl;
R? is -C(O)R?; or Cysalkyl, -(CH2)-3-14 membered carbocycle substituted with
10  0-1 R%or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, each group substituted with 0-4 R??;
R? at each occurrence is independently hydrogen, OH, halo, OCF3, CN,
NO2, -(CH2)[OR®, -(CH2)/SR®, -(CH2):C(O)RP, -(CH2):C(O)ORP, -(CH2){OC(O)R®, -(CH>)
NRMRY, -(CH2):C(O)NRMR™M, -(CH2)/NRC(O)RE, -(CH2):NRPC(O)OR¢, -NR°C(O)NR*
15 'R, -S(0),NRMRY, -NRPS(O),R, -S(0)sRC, Ci-s alkyl substituted with 0-3 R?, C1.6
haloalkyl, Cz-¢ alkenyl substituted with 0-3 R?, -(CH2),-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH2)r-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O), substituted with 0-2 R,

o)
X
S/

6
R3is ‘21 voF

20 Xis O;
R* and R® are independently hydrogen, Ci.4 alkyl substituted with 0-1 R,
(CH_2)r-phenyl substituted with 0-3 RY or a -(CH2)-5-7 membered heterocycle containing
1-4 heteroatoms selected from N, O, and S(O)p;
R® is hydrogen, halo, C1.salkyl, C1-4 haloalkyl, -OCi.-4 haloalkyl, OC1.4 alkyl, CN,
25 NOzor OH;

-161 -



10

15

20

25

30

R at each occurrence is independently hydrogen, Ci.4 alkyl substituted with 0-3
R", CFs, Cs.10 cycloalkyl substituted with 0-1 R', (CH.)-phenyl substituted with 0-3 R®
or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;

R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)[OR®, -(CH2)/SR?, -(CH2):C(O)R®, -(CH2):C(O)OR®,

-(CH2)/OC(O)R®, -(CH2)NRR, -(CH2)/C(O)NRMR™, -(CH2)INR’C(O)R®, -(CH2)\NR"
C(O)OR¢, -NRPC(O)NRMRM, -S(0)p,NRM™R, -NRPS(O),R¢, -S(O)RE, -S(0)2R®, C1-6
alkyl substituted with 0-3 R', C1.¢ haloalkyl, Cz. alkenyl substituted with 0-3 R?, Cp.6
alkynyl substituted with 0-3 R?, -(CH2),-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O)p
substituted with 0-3 R";

R® is hydrogen, C1.6 alkyl substituted with 0-3 RY, C1.6 haloalkyl, Cs-s cycloalkyl
substituted with 0-2 RY, or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R or (CH2)r-phenyl substituted with
0-3 RY;

R® is C1-s alkyl substituted with 0-3 R', (CH2)r-Cs. cycloalkyl substituted with 0-3
R" or (CH2)r-phenyl substituted with 0-3 R;

RY is independently at each occurrence, hydrogen, F, Cl, Br, OCFs, CF3, CN,
NO2, -OR®, -(CH2)/C(O)RS, -NR°R?, -NR®C(O)ORYS, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

R is independently at each occurrence, hydrogen, Ci.6 alkyl, Cs.s cycloalkyl or
(CHa)r-phenyl substituted with 0-3 R;

R"is independently at each occurrence, hydrogen, halo, CN, NHz, OH, Cz-
cycloalkyl, CFs, O(C1-s alkyl) or a -(CH2)-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O);

pis0,1,or2;and

riso, 1, 2, 3, or 4.
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9. The compound according to claim 8 of the formula

R3
O HN~
R1
°N AN
H
A _R?
N N
H

or a stereoisomer or pharmaceutically acceptable salt thereof,
wherein

RYis H, CDs or Cisalkyl;

R? is -C(O)R%; or Cy-galkyl, -(CH2)r-3-14 membered carbocycle substituted with
0-1 R% or a 5-14 membered heterocycle containing 1-4 heteroatoms selected from N, O,
and S, each group substituted with 0-4 R%,;

R% at each occurrence is independently hydrogen, OH, halo, OCFs, CN,
NO2, -(CH2):ORP, -(CH2):SR®, -(CH2),C(O)R?, -(CH2):C(O)OR®, -(CH2):0C(O)R®, -
(CH2)NRMR™M, -(CH2);C(O)NRMR™, -(CH2)NR’C(O)R¢, -(CH2):NR’C(O)OR¢, -NRPC(
O)NRMR! -S5(0),NRMR™, -NRPS(0)pR¢, -S(0)R®, C1-6 alkyl substituted with 0-3 R?,
C1-6 haloalkyl, Cz-6 alkenyl substituted with 0-3 R?, -(CH2)-3-14 membered carbocycle
substituted with 0-1 R? or a -(CH.),-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O), substituted with 0-2 R

R3is n NR

XisO;

R® is hydrogen, halo, Ci-salkyl, C1-4 haloalkyl, -OC1.4 haloalkyl, OC1.4 alkyl, CN,
NO2 or OH;

R at each occurrence is independently hydrogen, Ci.4 alkyl substituted with 0-3
R, CFs, Cs.10 cycloalkyl substituted with 0-1 R', (CH)r-phenyl substituted with 0-3 R
or -(CH2)r-5-7 membered heterocycle containing 1-4 heteroatoms selected from N, O, and
S(O)p substituted with 0-3 RY;
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R? at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CHF,
CN, NO2, -(CH2)[OR®, -(CH2)/SR?, -(CH2):C(O)R®, -(CH2):C(O)OR®,

-(CH2):OC(0O)R®, -(CH2)NRR, -(CH2)/C(O)NR R, -(CH2)/NRPC(O)R, -(CH2)NR®
C(O)OR®, -NRPC(O)NRMRM, -S(0)p,NRMR, -NRPS(O),R¢, -S(O)RE, -S(0O)2R®, C1-6
alkyl substituted with 0-3 R', C1.¢ haloalkyl, Cz- alkenyl substituted with 0-3 R?, C2.6
alkynyl substituted with 0-3 R?, -(CH2),-3-14 membered carbocycle or -(CH2)-5-7
membered heterocycle containing 1-4 heteroatoms selected from N, O, and S(O),
substituted with 0-3 R;

R® is hydrogen, C1.s alkyl substituted with 0-3 RY, C1.¢ haloalkyl, Cs.¢ cycloalkyl
substituted with 0-2 RY, or -(CH2)-5-7 membered heterocycle containing 1-4 heteroatoms
selected from N, O, and S(O), substituted with 0-3 R or (CH2)r-phenyl substituted with
0-3RY;

R® is C1.6 alkyl substituted with 0-3 Rf, (CH2),-Cs. cycloalkyl substituted with 0-3
R" or (CH2)-phenyl substituted with 0-3 R;

RY at each occurrence is independently hydrogen, F, Cl, Br, OCFs, CF3, CN,

NO2, -OR¢, -(CH2)/C(O)RS, -NR®R¢, -NR*C(O)OR¢, C1.6 alkyl or (CH2)-phenyl
substituted with 0-3 R;

R® at each occurrence is independently selected from hydrogen, Ci6 alkyl,
C3- cycloalkyl and (CHy)r-phenyl substituted with 0-3 R';

R" independently at each occurrence is hydrogen, halo, CN, NHz, OH,
Cs-6 cycloalkyl, CFs, O(Ci-salkyl) or a -(CH2)r-5-7 membered heterocycle containing 1-4
heteroatoms selected from N, O, and S(O)y;

pis0,1,or2;and

riso, 1, 2, 3, or 4.

10. A pharmaceutical composition comprising one or more compounds

according to claim 1 and a pharmaceutically acceptable carrier or diluent.
11. A compound which is

6-cyclopropaneamido-4-[(3-methanesulfonylpyridin-2-yl)amino]-N-

(3H3)methylpyridazine-3-carboxamide;
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6-[(5-fluoropyridin-2-yl)amino]-4-[(3-methanesulfonylpyridin-2-yl)amino]-N-
(3H3)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-6-[(6-methoxypyridazin-3-yl)amino]-
N-(2Hz)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs;)methyl-6-[ (1-methyl-1H-
pyrazol-3-yl)amino]pyridazine-3-carboxamide;
6-[(6-cyclopropyl-2-methylpyrimidin-4-yl)amino]-4-[(3-methanesulfonylpyridin-
2-yl)amino]-N-(2Hz)methylpyridazine-3-carboxamide;
6-{[5-(2-hydroxypropan-2-yl)pyridin-2-ylJamino}-4-[(3-methanesulfonylpyridin-
2-yl)amino]-N-(2Hz)methylpyridazine-3-carboxamide;
6-[(6-cyclopropylpyrimidin-4-yl)amino]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2H;)methylpyridazine-3-carboxamide;
6-[(6-cyclopropylpyridazin-3-yl)amino]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2Hs)methylpyridazine-3-carboxamide;
6-[(1,5-dimethyl-1H-pyrazol-3-yl)amino]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2H;)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2H;)methyl-6-{[5-
(trifluoromethyl)pyridin-2-ylJamino}pyridine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-{[6-
(trifluoromethyl)pyridazin-3-ylJamino}pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-6-[(2-methoxypyrimidin-4-yl)amino]-
N-(2Hz)methylpyridazine-3-carboxamide;
6-{[5-fluoro-4-(2-hydroxypropan-2-yl)pyridin-2-ylJamino}-4-[(3-
methanesulfonylpyridin-2-yl)amino]-N-(2Hs;)methylpyridazine-3-carboxamide;
6-{[5-(2-aminopropan-2-yl)pyridin-2-ylJamino}-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2Hs)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2H;)methyl-6-{[1-(2,2,2-
trifluoroethyl)-1H-pyrazol-3-ylJamino}pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-6-{[6-(?H3)methoxypyridazin-3-
yllamino}-N-(?Hz)methylpyridazine-3-carboxamide;
6-[(5-cyanopyridin-2-yl)amino]-4-[(3-methanesulfonylpyridin-2-yl)amino]-N-
(3H3)methylpyridine-3-carboxamide;
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methyl N-{2-[6-({5-[(3-methanesulfonylpyridin-2-yl)amino]-6-
[(3H3)methylcarbamoyl]pyridazin-3-yl}amino)pyridin-3-yl]propan-2-yl }carbamate;
6-{[5-(1-cyanocyclopropyl)pyridin-2-ylJamino}-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2H;)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hz)methyl-6-{[5-(morpholin-4-
yl)pyridin-2-ylJamino}pyridazine-3-carboxamide;
6-[(5-cyclopropylpyrazin-2-yl)amino]-4-[(3-methanesulfonylpyridin-2-yl)amino]-
N-(2Hs)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-[ (6-methylpyridazin-
3-yl)amino]pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2H;)methyl-6-{[5-
(trifluoromethyl)pyridin-2-ylJamino}pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-[ (5-methylpyrazin-2-
yl)amino]pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-6-{[4-(methoxymethyl)pyridin-2-
yllamino}-N-(2Hz)methylpyridazine-3-carboxamide;
6-[(2,6-dimethylpyrimidin-4-yl)amino]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2Hs)methylpyridazine-3-carboxamide;
6-{[6-(2,6-difluorophenyl)pyridazin-3-ylJamino}-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2Hs)methylpyridazine-3-carboxamide;
6-cyclopropaneamido-4-[(3-methanesulfonylpyridin-2-yl)amino]-N-
(3H3)methylpyridine-3-carboxamide;
6-[(1S,2R)-2-fluorocyclopropaneamido]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2H;)methylpyridazine-3-carboxamide;
6-[(1S,2S)-2-fluorocyclopropaneamido]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2Hs)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hz)methyl-6-[(1R,2R)-2-
methylcyclopropaneamido]pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-{spiro[2.2] pentane-1-
amido}pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-[(1R,2R)-2-

methylcyclopropaneamido]pyridazine-3-carboxamide;
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6-[(6-cyclopropylpyrimidin-4-yl)amino]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2Hz)methylpyridine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-[(2-methyl-2H-1,2,3-
triazol-4-yl)amino]pyridazine-3-carboxamide;
6-[(6-cyclopropyl-2-methylpyrimidin-4-yl)amino]-4-[(3-methanesulfonylpyridin-
2-yl)amino]-N-(2Hz)methylpyridine-3-carboxamide;
6-{[5-(2-hydroxypropan-2-yl)pyridin-2-ylJamino}-4-[(3-methanesulfonyl-6-
methylpyridin-2-yl)amino]-N-(2Hz)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hz)methyl-6-{[5-
(trifluoromethoxy)pyridin-2-ylJamino}pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2H;)methyl-6-[ (1S)-
spiro[2.2]pentane-1-amido]pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-[(1R)-
spiro[2.2]pentane-1-amido]pyridazine-3-carboxamide;
6-{[4-chloro-5-(2-hydroxypropan-2-yl)pyridin-2-ylJamino}-4-[(3-
methanesulfonyl-6-methylpyridin-2-yl)amino]-N-(2Hs;)methylpyridazine-3-carboxamide;
6-cyclopropaneamido-4-[(3-methanesulfonyl-6-methylpyridin-2-yl)amino]-N-
(3H3)methylpyridine-3-carboxamide;
6-{[4-chloro-5-(2-hydroxypropan-2-yl)pyridin-2-ylJamino}-4-[(3-
methanesulfonyl-6-methoxypyridin-2-yl)amino]-N-(2H;)methylpyridazine-3-
carboxamide;
6-[(2-cyclopropyl-6-methylpyrimidin-4-yl)amino]-4-[(3-methanesulfonylpyridin-
2-yl)amino]-N-(2H3)methylpyridazine-3-carboxamide;
6-{[6-fluoro-5-(2-hydroxypropan-2-yl)pyridin-2-ylJamino}-4-[(3-
methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-6-{[5-(methoxymethyl)pyridin-2-
yllamino}-N-(?Hz)methylpyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-6-({5-[(2Hs)methoxymethyl]pyridin-2-
yl}amino)-N-(?Hz)methylpyridazine-3-carboxamide;
6-{[6-(difluoromethoxy)pyridazin-3-ylJamino}-4-[(3-methanesulfonylpyridin-2-

yl)amino]-N-(2Hs)methylpyridazine-3-carboxamide;
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4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-{[6-(propan-2-
yl)pyridazin-3-ylJamino}pyridazine-3-carboxamide;

6-[(6-tert-butylpyridazin-3-yl)amino]-4-[(3-methanesulfonylpyridin-2-yl)amino]-
N-(2Hz)methylpyridazine-3-carboxamide;

6-{[6-(difluoromethyl)pyridazin-3-ylJamino}-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2H;)methylpyridazine-3-carboxamide;

4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2H;)methyl-6-[(1S,2S)-2-
methylcyclopropaneamido]pyridazine-3-carboxamide; or

6-cyclopropaneamido-4-[(3-methanesulfonyl-6-methylpyridin-2-yl)amino]-N-
(3H3)methylpyridazine-3-carboxamide;

or a stereoisomer or pharmaceutically acceptable salt thereof.

12. A compound according to claim 11 which is
6-cyclopropaneamido-4-[(3-methanesulfonylpyridin-2-yl)amino]-N-
(3H3)methylpyridazine-3-carboxamide;
6-[(6-cyclopropyl-2-methylpyrimidin-4-yl)amino]-4-[(3-methanesulfonylpyridin-
2-yl)amino]-N-(?Hz)methylpyridazine-3-carboxamide;
6-[(6-cyclopropylpyrimidin-4-yl)amino]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2H;)methylpyridazine-3-carboxamide;
6-[(6-cyclopropylpyridazin-3-yl)amino]-4-[(3-methanesulfonylpyridin-2-
yl)amino]-N-(2Hs)methylpyridazine-3-carboxamide;
6-cyclopropaneamido-4-[(3-methanesulfonylpyridin-2-yl)amino]-N-
(3H3)methylpyridine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-[(1R,2R)-2-
methylcyclopropaneamido]pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-{spiro[2.2] pentane-1-
amido}pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-[(1S,2S)-2-
methylcyclopropaneamido]pyridazine-3-carboxamide;
6-cyclopropaneamido-4-[(3-methanesulfonyl-6-methylpyridin-2-yl)amino]-N-

(3H3)methylpyridazine-3-carboxamide;
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4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-{[5-
(trifluoromethoxy)pyridin-2-ylJamino}pyridazine-3-carboxamide;
4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2Hs)methyl-6-[(1S)-
spiro[2.2]pentane-1-amido]pyridazine-3-carboxamide;
5 4-[(3-methanesulfonylpyridin-2-yl)amino]-N-(2H;)methyl-6-[(1R)-
spiro[2.2]pentane-1-amido]pyridazine-3-carboxamide; or
6-{[4-chloro-5-(2-hydroxypropan-2-yl)pyridin-2-ylJamino}-4-[(3-
methanesulfonyl-6-methylpyridin-2-yl)amino]-N-(?Hs)methylpyridazine-3-carboxamide
or a stereoisomer or pharmaceutically acceptable salt thereof.
10

13. A compound having the structure

H%:%

O\

P /

J\@%

N

e /

%Q/K

- 169 -



J\@%ﬁ

\
P /

*@w
A

14. A pharmaceutical composition comprising the compound according to

claim 13 and a pharmaceutically acceptable carrier or diluent.

15. A pharmaceutically acceptable salt of a compound having the structure

\\//
X
=

N\
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16. A pharmaceutical composition comprising the pharmaceutically acceptable

salt according to claim 15 and a pharmaceutically acceptable carrier or diluent.

5 17. A compound having the structure
0 0
N/
} fj
™
0 HN N
D,C
3 \N AN o
L
N =
N N
H

18. A pharmaceutically acceptable salt of a compound having the structure

10
19. A compound having the structure
0 0
N/
~ =



20.
21.

5
22,

10

A pharmaceutically acceptable salt of a compound having the structure

\\//
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;
T
N/

A compound having the structure
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A pharmaceutically acceptable salt of a compound having the structure
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24,

5
25.

10

A compound having the structure

\\//

A compound having the structure
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26. A pharmaceutically acceptable salt of a compound having the structure

27. A compound having the structure

28. A pharmaceutically acceptable salt of a compound having the structure
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