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SUBSTITUTED IMIDAZOPYRIDINYL COMPOUNDS USEFUL AS INHIBITORS
OF TLRO

CROSS REFERENCE

5 This application claims the bensfit of U.S. Provisional Application Serial No.
63/311,612 filed Febmary 18, 2022 and U.S. Provisional Application Serial No.
63/379.340 filed October 13, 2022, cach of which is incorporated herein i its entirety.

DESCRIPTION
10 The present invention generally relates to substituted imidazopyridinyl

compounds uscful as mnhibitors of signaling through Toll-like receptor 9 (TLRS).
Provided herein are substituted inmidazopyridinyl compounds, compositions comprising
such compounds, and methods of their use. The invention further pertains to
pharmaceutical compositions containing at least one compound according to the invention

15 that are useful for the treatment of conditions related to TLRO modulation, such as
fibrotic diseases, and methods of ihibiting the activity of TLRY in a mammal.

Toli-like receptors (TLRs) are transmembrane proteins having the ability to
mitiate an inflanunatory response upon recognition of pattern-associated molecular
patterns (PAMPSs) or microbe-associated molecular patterns (MAMPs). A total of 10

20 human TLRs have been identified and can be located in the cell surface or, as in the case
of TLR7, 8 and 9, in the endolysosomes. TLRY recognizes unmothylated single-stranded
DNA contamning cvtosine-phosphate-guanine {Cp() motifs that are typically found m
bacterial and mitochondnial DNA (mtDNA}. TLRO may contribute to fibrogenesis by
promoting inflaramation via the MyD88-dependent signalling pathway that ultimately

25 mediates activation of [L-6, IFN-a, IL-1B, and TNF-a among others evtokines. {Barton
GM, Kagan JC (2009) Nat. Rev. Immuncl 9(8), 535-42; 11 X, Hang S, Tapping Ri
(2010} Cytokine 49(13, 1-9).

TLRY levels are higher in lung biopsies of rapid idiopathic pulmonary fibrosis
(IPF} progressors than in the healthy or stable IPF progressors {Sci. Transl. Med. 2010,

3¢ 2(57y57ra82). Circulating ntDNA, the higand for TLRY has recently been identified as a

mechanism-based prognostic biomarker of IPF (Am J. Resp. and Crit. Care Med. 2017,
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196(12), 1502). In addition, it has been observed that TLRY is up-regulated in human and
murine non-aicoholic steatohepatitis INASH) {Clin. Sci. 2017, 131(16), 2145}, while
hepatocyte mitochondrial DNA drives NASH via activation of TLRY (J. Clin. Inv. 2016,
126(3), 839, Accordingly, mhibitors/antagonists of TLRS are predicted to have efficacy
as novel therapeutic agents to treat fibrotic diseases.

TLRO inhibition has been recognized as a potential route to therapies for fibrotic
diseases meluding idiopathic pulmonary fibrosis (Trujillo et al. Sci. Tramsl Med 2010,
2(37y:57ra82; Yoshizaki ¢t al. Ann Rhewm Dis. 2016 Ot 75(10):1858-63), non-alcoholic
steatohepatitis (Garcia-Martinez et al. J Clin Fnvesr 2016, 126: 859-864; Gabele et al.
Biochem Biophys Res Commun. 2008,376:271-276), hepatic injury {Shaker et al.
Biochem Pharmacol. 2016, 112:90-101; Hoeque et al. J Immun. 2013, 190:4297-304),
and scleroderma {systemic sclerosis or 88¢) (Yoshizaki et al. Ann Rhewm Dis . 2016
Oct:75(10): 1858-65}; as well as heart fatlure (Oka et al. Nature 485, pages251-—
255(2012)), and hypertension (McCarthy et al. Cardiovascular Research, 2015, Pages
119-130).

There remains a need for compounds usefid ag inhibitors of TLRY. Additionally,
there remains a need for compounds useful as inhibitors of TLRO that have selectivity
over TLR7 or TLRE.

iIn view of the conditions that may benefit by treatment involving modulation of
Toll-like receptors, it 1s immediately apparent that new compounds capable of inhibiting
TLRY and methods of using these compounds could provide substantial therapeutic
benefits to a wide variety of patients.

Applicants have found potent compounds that have activity as TLR9 inhibitors.
Further, applicants have found compounds that have activity as TLRY inhibitors and are
selective over TLR7 or TLRS. These compounds are provided to be useful as
phammaceuticals with desirable stability, bioavailability, therapeutic index, and toxicity

values that are important to their dougability.

SUMMARY OF THE INVENTION
The present invention relates to a new class of substituted mnidazopyridingd
compounds found to be effective ihibitors of signaling through TLRY. These

compounds are provided to be useful as pharmaceuticals with desirable stability,

3
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bioavailability, therapentic index, and toxicity values that are important to thewr
drugabibity.

The present invention provides compounds of Formula (1) that arc useful as
fnhibitors of signaling through Toll-like receptor 9 and are useful for the treatment of
fibrotic diseases, or stereocisomers, N-oxides, tantomers, pharmaceutically acceptable
salts, solvates or prodrugs thercof.

The present invention also provides pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and at least one of the compounds of the present
wnvention or stereoisomers, tautomers, pharmaceutically acceptable salts, solvates, or
prodrugs thercof.

The present mnvention also provides a method for inhibition of Toll-like receptor 9
comprising administering to a host in need of such treatment a therapeutically effective
amount of at least one of the compounds of the present invention or stereoisomers,
tautomers, pharmmacentically acceptable salts, solvates, or prodrgs thereof.

¢ present invention also provides a method for treating fibrotic diseases,
comprising administering to a host in need of sach treatment a therapeutically offective
amount of at least one of the compounds of the present invention or stereoisomers,
tantomers, pharmaceutically acceptable salts, solvates, or prodrugs thereof,

The present invention also provides a method of treating a disease or disorder
associated with Toll-like receptor 9 activity, the method comprising administering to a
manwnal in need thercof, at least one of the compounds of Formula (1) or salts, solvates,
and prodrugs thereof.

The present invention also provides processes and intermediates for making the
compounds of Formula (1) including salts, solvates, and prodmgs thercof.

The present nvention also provides at least one of the compounds of Formula (I)
or salts, solvates, and prodrugs thereof, for use in therapy.

The present invention also provides the use of at least one of the compounds of
Foroula (1} or salis, solvates, and prodrugs thereof, for the manufacture of a medicament
for the treatment of prophyvlaxis of Toll-like receptor 9 related conditions, such as fibrotic
diseases, autommune diseases, or inflammatory diseases.

The compound of Formula (1} and compositions comprising the compounds of

Forraula (1) may be used in treating, preventing, ot curing various Toll-like receptor ©
3



WO 2023/159154 PCT/US2023/062780

related conditions. Pharmaceutical compositions comprising these compounds are useful
for treating, preventing, or slowing the progression of diseases or disorders in a variety of
therapeutic areas, such as fibrotic discases including nonalcoholic steatohepatitis

{(NASH), non-alcohohc fatty hver disease (NAFLD), diopathic pulmonary fibrosis,

(4

primary sclerosing cholangitis (PSC), and primary biliary cirrhosis (PBC}).
These and other features of the invention will be set forth in expanded form as the

disclosure continues.

DETAILED DESCRIPTION
10 The furst aspect of the present mvention provides at least one compound of

Formula (I

or a salt thereof, wherein:
one of X and Y is N and the other of X and Y 15 CRay;
15 G
(1) phenyl substituted with 1 o 3 substituenis mdependently selected from F, Cl, Br, Ci2
alkoxy, Ci.z fluoroatkoxy, Caa cvcloalkvl, ~C{OMNR Ry, —S(0)nCHs, —S(O)(phenyl),
—S{ORNRRy, and —S{OMNH)NR:Rx;

(R2)p

(RZ)p BN (RQ)p
N-f} § “““ {\/\.i /::é::\ l'":i:
—a A0 4
SJ <R”:\of WN ot E_\wi:ll :

RZa

(]‘V\) Vg
(v} a 9-membered heterocyclic ring selected from:

4
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> N
7N 7N TN X
N % ; =ARy), UN}(Rz)p

(R? >p.
SN
o ¢ >\ ,/<N
j HN /‘0
/ G >—‘
Ra and o ;

( s piperidinyl, phenyl, tetrahydropyridingl, pyridinvl, or azabicyclo[3.2 . 1joctanyl, each

substitated with ~L~Ra and zero 1o 2 Ray,;

3 Lisabond, {CR«Rx)12—, or “C{ONCR:RJo-2—;

Ruis hydrogen, Cis atkyl, Cio flucroalkyl, or Css cyvoloalkyl;

cach Rz s independently halo, ~CN, ~OH, ~NO», Cia alkyl, Ci2 fluorcalkyl, Ci2

cyanoalkyl, Ci-3 hydroxyalkyl, Ci-3 amingalkyvl, ~O{CH2 -2 0H, ~{(CHz o414
adkyl), Ci-3 fluorcatkoxy, —{CH}1-20C{OYMCr alkyl), ~O(CH2NRRy,
10 ~CNO(Cr3 alkyl), < CHo-2COINRGRy, ~C{OINRYC1-5 hydroxyalkyl},

~COYNR s alkoxyalkyl), ~CIOINRYCa-s cveloalkyly, ~NRyRy, ~NRy(Ci-

fluoroalkyl}, ~NRy(Ci-4 hydroxvalkyl}, -NRLCHa{phenyl), ~NRsS{O0{Ts-6

cycloalkyl}, ~-NRsC{OWCi-3 alkyl}, ~NRsCHA{Cs-6 cyeloallyly, ~S{8p{(Ci-3 alkyl),
=S{01N{C13 alkyl)z, —~S(OMNHIN(C1.3 alkyl), —(CHo-2(Cs-6 cvcloalkyl),

pot
v

—{CHaz o2 phenyl}, morpholinvl, dioxothiomorpholinyl, dimethyl pyrazolyl,

methylpipenidinyl, methyipiperazinyl, amino-oxadiazolyl, imdazolyl, triazolyl, or

~C{O){thiazolyl}):

Raais Cr-s alkyl, Cios fluoroalkyl, Ci-s hvdroxyalkyl, Ci-3 ammoalky], <{(CH2)o-+O(Cr1

alkyly, (s cvcloalkyl, -(CH2) 3 CEOMNRR, ~CH2(Cs—6 cycloalkyl}), ~CHofphenyi),

20 tetrabydroturanyl, tetrahydropyranyl, or phenyl;

cach Rz 18 independently hvdrogen, halo, —~ON, -NR:Rx, Cis alkyl, Ci fluoroalkyl,
Ci-3 hydroxyalkyl, Ci-s fluoroalkoxy, ~(CHz)o-2{C1-5 atkyl), ~(CH2)o-3C{OINRRyx,
—{CHz}1-3(Cas cycloalkyl), ~C{OYO(Ci 3 alkyl), ~CLOINRAC -5 alkyl),
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~CR=CRxRy, or ~CR=CH{Cx-5 cycloalkyl);

Roc is Rog or Row:

Rag 1s Raa or Rap; provided that one of Roc and Rud 15 Raa, and the other of Roc and Rog is
Rop;

5 Ras
(i) —N¢CHa);
(11} pyvrrohidinyl, piperidinyl, piperazinyl, pyridinyl, azepanyl, azaspiro{3 3 theptanvi,
octahydrocyclopentalcfpyrrolyl, diazaspiro{3 3 jheptanyl, azabicyclo]3 .2 Hoctanyl, or
hexahydropyrrolof3.4-clpyrrolyl, cach substituted with zero to 2 Rua; or
(Rechm
”N/“*' Nt

10 (iiiy ‘n
cach Rua is ndependently Cus alkyl, Cis fluoroalkyi, Cia hydroxyvalkvl, «(CH23:0CHs,
Ci-s cycloatkyl, —{(CH2)i-3(Css cyveloalkyl), «(CHuhs{oxetanyl),
—{(CHzhs{morpholinyly, —CEONCia alkyl), “C{OXCs.6 cycloalkyly, ~C{O){phenyl),
—C{OMCHACa6 cyoloalkyl), —CIOY}CH(phenyl), —C{OYM(Cr alkyh), —NRyRy,

15 ~NR(s-6 cycloalkyl), azetidinyl, oxetanyl, tetrahydropyvranyl, pyrrolidinyl, phenyl,
morpholinyl, or piperidinyl substituted with zero to 2 substituents sclected from —~OH
or —{CHs;

Rapis F, Cl, -CN, or —CH;3;

cach Rac 18 mdependently Cie alkyl, Cra fluoroalkyl, —CH2A{Cs6 cycloalkyvl), —CIOXCru
20 alkyvly, —C{O){phenyly, —C{O)CHadphenyl), ~C{OYOCH2CH;s, or Cs.6 cvcloalkyl;

Rsq 18 hvdrogen, F, CL, Cra altkyl, Cia flucroalkyl, or cyclopropyl;

Rap is hvdrogen, F, CL, Cz alkyl, Cis fluorsaltkyl, or cyclopropyl;

each Ry s independently hvdrogen or —-CHs;

each Ry is independently hvdrogen or Ci-6 alkyl;
25 mis zero, |, or 2;

nis zero, 1, or 2;

piszero, 1,2, 3, ord; and

gislor2

9
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The second aspect of the present mvention provides at least one compound of

Raan - Xs N
R0

o YT TN

Ry

Formula (I):

H
or a salt thereof, wherein:
5 oneof Xand Y is N and the other of X and Y is CRsp,;
Gis
(1) pheny! substituted with 1 to 3 substituents independently selected from F, Cl, Br, Ciz
alkoxy, Ci2 fluoroalkoxy, U4 oycloatkyl, ~C(OINRRy, ~5{03CH:, ~S(O):(phenyl),
~S{ORNRRy, and -S{OMNH)NR Ry

{R2) (Rf)
o CT;‘)\P Ve
-0 s/ N, b )
------ NG
10 (Re)o : N7 o Ly :
Ban Ry
© @ fiao Fop  Rec
...... N= ;
/ N
e 05 O 7 o
H /
=N )T . N,
Roa Ry R o5 & Rag
(Rz
o) 5 \i
s V. )
% 7N P . !)q
e AN
N A
v} Ve Rag % T
(v} a 9-membered heterocyclic ring selected from:
15
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(3 1s pipendinyl, phenyl, tetrahydropyridinyl, pyridinyl, or azabicyclof3.2. 1 joctanyl, each
substituted with —L-Rs and zero to 2 Rap;

L is abond, {CR:R)12—, or “C{OWCRxRY02—,

Ry 18 hydrogen, Ci.3 alkyl, Cia fluoroalkyl, or Cag cycloalkyl;

each R is independently halo, ~CN, —~OH, ~NG2, Ci-4 alkyl, Cia fluoroalkyl, Cia
cyanoalkyl, Ci-3 hydroxyalkyl, Ci-3 aminoalkyl, - {(CHap-20H, ~«(CH2)o-10(Cr -+
alkyly, Ci-5 fluorsalkoxy, ~O{CH21 2 OCONCi-3 alkyl), ~O(CHz2 ;-2 NRRy,
~C{OYO{ T3 alkyl), ~(CH)o2C{OINR Ry, ~C{OINRA{C1-5 hydroxyalkyl),
~C{OINRA(Ca-s alkoxyalkyl), ~COINR Cs-5 cycloalkyl), ~NR(Ry, ~NRy{Ci-3
fluoroalkyly, ~NRy{C -4 hydroxyalkyl}, ~NRCHx(phenvl}, ~NRS{O3:(Cs-6
cycloatkyl}), ~NRCONC -5 alkyl}, ~NRWCHHCs-5 cvcloalkyl), —S(0n{ i alkyiy,
~S{ORN(Cs alkyl), ~S{OMNEIN(C 13 alkvlye, —(CHaYo-2{ Cr-s cycloaikyl),
—{CHz)o2{phenyl}), morpholinyl, dioxothiomorpholinyl, dimethyl pyrazolyl,
methyipiperidinyl, methvipiperazinyl, amino-oxadiazolyl, imidazolyl, triazolyl, or
—C{O)(thiazolvl);

Raa is Ci-s alkyl, € fluoroalkyl, Ci-¢ hvdroxyalkyl, Ci-s aminoalkyl, «(CH2)o-40{C1-
alkyl), Ci-s cyeloalkyl, «(CH2 s C{OINRLR s, —CH{Cs-¢ cycloalkyl), ~CHa(phenyl),
tetrahydrofuaranyl, tetrahvdropyranyl, or phenyl;

cach Ry 1s independently hvdrogen, halo, ~CN, ~NR\Rx, Ci-s alkyl, Cia fluorcalkyl,
Cia hvdroxyvalkyl, Ci-s fluoroalkoxy, —~(CHzo-20{C1-2 alkyl), «(CH2o-xC{OINRRy,
—{CH) -3 Cas cvcloalkyly, ~-COYO(Cis alkyl)y, ~C{O)NR(C -5 alkyl),
LR R Ry, or ~CRe=CH{C3-6 cycloalkyl),

Rocis Roaor Rop;

Rod 1s Ras or Rav; provided that one of Rae and Rog 18 Raa, and the other of Rac and Raq is
Rop,;

i4
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Raig
(1) —N(CHz)u:
(113 pyrrolidingl, piperiding], piperazinvl, pyridinyl, azepanyl, azaspiro[3 3theptanyi,
octahvdrocyclopentalclpyvirolyl, diazaspiro{3 31heptanyl, azabicyclo{3.2.1]octanyi, or
5 hexahydropyrrolof3,4-clpyvrrolvl, each substitited with zero to 2 Raa; or

(R—-ic)m

VAR
iy 0 ;

cach Rua is independently Cie alkyl, Cis fluoroalkyl, Cas cycloalkyl, —~CH{Cae
eycloalkyl}, ~C{OXCia alkyl), ~C{OHC a6 cycloalkyl), ~C{O ) phenyt},
~C{NCHACas eveloalkyl), ~COOYCHu(phenyl), or ~C{OY 14 alkyl);
10 RaasF, Ol —CN, or —CHs;
cach Rue is independently Cre alkyl, Cis flaorcalkyl, ~CHuCas cycloalkyly, ~C{ONCia
alkvl), ~C{O)phenyl), ~COYCHphenyly, ~C(OYOCHCHs, or Ca.s eveloalkyl:
Rsa is hydrogen, F, CI, Ci2 alkyl, Cios fluoroalkyl, or cyclopropyi;

Rsp 1s hydrogen, F, Cl, Ci2 alkyl, T fluorcalkyl, or cvclopropyl;

Pt
v

cach Ry is independently bydrogen or —CHa:
cach Ry is independently hydrogen or Ci-s alkyl;
m s zero, §, or 2;
nis zero, 1, 0r 2;
piszero, 1,2, 3, or 4; and
200 gislor2.
in one embodiment, a compound of Formula (1) or a salt thereof is provided
wherein X ts CRsp and Y is N. Compounds of this emabodiment have the structure of

Formula (fa):

Rsp
Rsa N
=
20
<
KTONT N
R (Ta}.
23 In one embodiment, a compound of Formala (I} or a salt thercof is provided

wherein X s Nand Y is CRs. Compounds of this embodiment have the structure of
15
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Formula (Ib):
Rea N\\\Y»N
PR G
KN N ~
Rgp (ib).

In one embodiment, a compound of Formula (I}, or a salt thereof 1s provided
wherein G is pheny! substituted with 1 to 3 substituents independently selected from F,

5 1, Br, C12 alkoxy, Ciz2 fluoroalkoxy, Cia eveloalkyl, “C{OWNRVRy, —5{0):CH:,
=S5{Ondphenyl), =S(ORNR:Rs, and —-S(OYNHINR:R« Included in this emabodiment are
cormnpounds i which G is phenyl substituted with 1 to 2 substituents independently
selected from F, ~OCH:, -5(0):CHs, -S(00RN(CHs), and ~-S(OMNEHIN(CHz . Also
mchuided in this embodiment are compounds in which G is phenyl substituted with 1 to 2

10 substituents independently selected from F, ~OCH;, and ~S{8pCHa. Fusther, included in
OCHZ

. . . ) .. N A OCHs
this embodiment are compounds in which G is:

@S(O)ZCHE ‘

In one embodiment, a compound of Formula (I), or a salt thereof is provided

of

(R}
{(Ra)p V2
o N AN N7 o . ‘
wherein G 1s 7 or N . Incladed in this embodiment are compounds in

15 which each Ro is independently F, CL, Br, —CN, -OH, —-CHs, -CH:CHs, —CF;, -CH:OH,
—C{CH3pOH, -CHNH., -OCH:;, -OCHCH;, -OCH(CH: o, ~OCHCH2OCHs,
~OCH CHuN(CHa )z, ~OCHF:, ~C{OYOCH:, —CIOWNH:, ~C{OINH(CHCH3),
—C{O)thuazolyl), —NHz2, -NH{CH;), -NH{CH:CHs), —N(CH:z)e, -NHC(OG)YCHs,
—NHC(OYC(CHs)3, -NH{CHz-cvelopropyl), cvclopropyl, methyipiperiding,

20 methylpiperazinyf, amino-oxadiazolyl. imidazolyl, or triazolyl. Also included in this
embodiment are compounds in which cach Rz 15 independently F, 1, -CN, ~CHs,
~OCH;, ~NHa, or eyclopropyl. Additionally, mcluded i this embodiment are
compounds in which p is 2; one Rz is —~CHs; and the other Roas F, G, ~ON, ~-CHs,
~-OCH;, ~NHa, or evclopropyl.

25 In one embodiment, a compound of Formula (1) or a salt thercof is provided
i6
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Included in this embodiment are compounds in which G is
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In one embodiment, a compound of Formala (1) or a salt thereof s provided

wherein G is a 16-membered heterocyclic ring selected from:

g7 N
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N
g \ ® N
(X @ [ Fwa
5 NN Rl (Ralp x
(Raky
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Included in this embodiment arc compounds in which G s
¢ (Ra)p
N~ [/%
P
N N
N
7N
</ X
= (F{Z-}pl
10 In one embodiment, a compound of Formula (I} or a salt thereof is provided

wherein G is:
(1) pheny! substituted with 1 to 2 substituents mdependently selected trom F, ~OCH;,
=S{O)CHs, —S(ORN(CH: )2, and —S(OHNEIN{CH: )2,
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Included mn this embodiment are compounds i which each Ro is mndependently ClL, —CHs,
—CH2CHs, -CH2OH, —~CH:CHROH, —-CHCN, —OCH:, —-CHO0CH:, or
~CH:CHS(OpCHs.

In one embodiment, a corapound of Formula (1) or a salt thereof is provided
wherein G is;
(i) phenyl substituted with 1 to 3 substituents independently selected from F, 1, Br, ~ON,
iz alkoxy, Ciraz fluoroatkoxy, Cia cycloalkyl, ~COINRRy, ~S{OnCH;,
~S{Ok{phenyl), ~S{On{cyelopropyl), ~S{ORNRRy, ~S{O)NHINRR,, and
~NHS{(():CH;;

i) N
Included in this embodiment are compounds i which each Ro is independently Cl, —CHs,
—CH:CHs, -CHOH, —-CHCH20H, —-CHUN, —OCH;, or -CHOCHs.

In one embodiment, a compound of Formala (I} or a salt thereof is provided
wherein G is:
(1) phenyl substituted —~5{0RCH: or phenyi substitted with two ~OCH;;

{(Rajp

(it} }_@N ;or

>

21
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(iii) N
Included n this embodiment are compounds in which each R2 1s independently —CHz or

~0OCH:. Also included in this embodiment are compounds in which G is:

L 0-CHsy
e PHy = .
O =R e K
¥ R S S W)
O=CHa CH,, =/ 5 or N
5 In one embodiment, a compound of Formala (f) or a sakt thereof is provided

wherein G i1s pheoyl substituted —S{0):CHs or pheny! substituted with two —OCH:.

2 == fCHg
TNYTC
Included in this embodiment are compounds in which G is: O-CHs o

10 wherein G is . Included inx this cmbodiment are compounds in which cach R

CHy

is -CHs. Alse included m this embodiment are compounds in which G is CHg

in one embodiment, a compound of Formula (I} or a salt thereof is provided

{Ralp

O

Rz is independently —CHs or ~OCH:. Also included in this embodiment arc compounds

wherein G is . Included in this embodiment are compounds in which each
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n which G 15 N

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wheretn  is piperidinyl, phenyvl, pyridinyl, or tetrahydropyridinyl, cach substituted with
—L—R4 and zero to § R, Tocluded in this embodiment arc compounds i which Q s
pipenidinyl, phenyl, ot tetrahydropynidinyl, each substituted with —L—Rs and zero to |
Rap.

In one embodiment, a compound of Formula (I} or a salt thercof 1s provided
wheretn  is piperidinyl, phenvl, or pyridinyl, each substituted with —~L-Ra and zero to 1
Rap.

In one embodiment, a compound of Formala (f) or a salt thereof is provided
wheremn ( is piperidiny! or phenyl, each substitined with —1.—R4 and zero to | Rae.
Tacluded in this embodiment arc compounds in which Q is pipenidinyi or phenvl, each
substituted with ~L-Ra.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wheretn (@ is piperidiny! substituted with ~L-R4 and zero to 1 Ras. Included in this
embodiment are compounds in which @ is pipenidinyl substituted with —-L-Ra.

in one embodiment, a compound of Formuda (I} or a salt thereof is provided
wheretn Q is phenyl substituted with —-L-Rs and zero to 1 R, Included in this
cembodiment are compounds in which Q s pheny! substituted with —L—Ra.

in one embodiment, a compound of Formula (I} or a salt thereof is provided
wheretn Q s pyridinyl substituted with —L—Rs and zero to | Ras. Included i thus
embodiment are compounds in which Q is pynidinyl substituted with ~L~Ra.

in one embodiment, a compound of Formula (I) or a salt thereof is provided
wherein Q is tetrabydropyridingl substiniged with —~L-Ra and zero to 1 Re. Included in
this embodiment are compounds in which Q is tetrahvdropyridiny] substituted with
—L—R4.

In one embodiment, a compound of Formala (I} or a salt thereof 1s provided

wherein Ri is hydrogen, Cios alkyl, ~CHE», —CFs, or Cis cveloalkyl. Tocluded in this

[
[
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embodiment are compounds in which R is hydrogen, Ci2 alkyl, ~CHF2, ~CF3, or
cveclopropyl. Also included 1n this embodiment are compounds 1 which Ry s hvdrogen,
—CHs, or ¢yclopropyl.

In one embodiment, a compound of Formula (1) or a salt thereof is provided
wheretn Ry is hydrogen.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Ry is Cis alkyl, Ci fhuoroalkyl, or Cius eyveloalkyl. Included in this embodiment
are compounds in which Ri is Ciz atkyl, -CHFz, —CFs3, or G54 evcloalkyl. Also included
m this embodiment are corapounds inn which Ri 1s —CHs or eyclopropyl. Further,
ncluded i this embodiment are compounds o which Ri 15 -CHas.

In one embodiment, a corapound of Formula (1) or a salt thereof is provided
wherein p s zero, 1, 2, or 3. Included in this embodiment are compounds in which pis 1
or 2.

in one embodiment, a compound of Formuda (I} or a salt thereof is provided
wherein L is a bond, -{(CRxR} 12—, or ~C{OWCR R~ Included in this embodiment
are compounds m which L is a bond, —CHa— or =C(O}CHz)o-1—. Also included in thus
embaodiment are compounds i which L is ~CR:R«— or ~C{O}CRRyJo1—. Additionally,
ncluded n this embodiment are compounds in which L s —C(0)Y(Hz—

in one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein L is a bond or «(CRRy) 1o~ Inchuded in this embodiment are compounds in
which L is a bond or ~CRxRy-.

{n one embodiment, a compound of Formula (I) or a salt thereof is provided
wherein L is a bond or «(CHz}io—. Included in this embodiment are compounds in which
L is a bond or ~CHz—.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wheremn L is a bond, —CHo—, or —C{(O}CHaoa—. Included in this embodiment are
compounds in which L is -CHo—.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein L s “C{O¥CH2jo—s—. Included 1o this embodiment are compounds in which L is

~C{O}CHz)o-1—. Also included in this embodiment are compounds in which L is

24
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~C{OWCHz).
In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein L is a bond.

{n one embodiment, a compound of Formula (I} or a salt thereof is provided

(4

wheremn L is «(CRRy} 12—, Inchuded m this embodiment are compounds in which L is
~CRxRy—.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wheremn L is {(CHahio—. Included in this embodiment are compounds in which L is
~CHa~.

10 In one embodiment, a compound of Formula (I) or a salt thereof 1s provided
wherein L s —C{O)-.
in one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein L 1s ~C{0)CHz—,
In ong embodiment, a compound of Formula (I) or a salt thercof 1s provided
15 wheremn L is ~C{MHCHCHy—
In one embodiment, a compound of Formula (I} or a salt thereof 1s provided
wherein Rs 15 —N(CH;z ).
in one embodiment, a compound of Formuda (I} or a salt thereof is provided
wherein Rs is pyreolidinyl, piperidinyl, piperazinyl, pyridinyl, azepanyl,
20 azaspiro|3 3lheptanyl, octabvdrocvelopentalclpyrrolyl, diazaspiro[3 3iheptanyl,
azabicyelof3.2. Loctanyl, or hexahydropyrrolof3,4-clpvrrolvl, each substituted with zero
10 2 Rua. Included in this embodiment are compounds 1n which Rs is pyrrolidinyl,
pipenidinyl, piperazioyl, pyridinyl, azepaoyl, azaspio{3.3 [beptanyl,

octahvdrocvelopentalclpyrrolyl, diazaspiro[3 3theptanyl, azabicyclof3.2 octanyl, or

o]
(4

hexahydropyrrolo]3,4-clpyrrolyl, each substituted with zero to 1 Ru.

in one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein R4 1s pipendinyl, piperazinyl, octahydrocyclopentalcipyrrolyl,
diazaspiro[3 3theptanyl, or azabicyclo[3.2. Hoctanyl, cach substituted with zero or | Rua,
Included in this embodiment are compounds in which Ra is piperidiny or piperazinyl,
30 each substituted with zero to 1 Rua.
in one embodiment, a compound of Formula (1) or a salt thercof 1s provided

25
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wheren R is pipenidinyl substituted with zero or 1 Ras.
In one embodiment, a compound of Formala (f) or a salt thereof is provided
wherein Ra is piperazinyl substituted with zero or 1 Ruaa,

In one embodiment, a compound of Formuda (I} or a salt thereof is provided

(4

wherein Rs is octahydrocyelopentafcpyrrolvl substitoted with zero or 1 Rua.

in one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Rs s diazaspiro{3 3 theptanyl substituted with zero or 1 Raa,

In one embodiment, a compound of Formula (I} or a sakt thereof is provided
wherein Ra ts azabicvelo{3.2. Hoctanyl substitited with zero or 1 Rua,
10 In one embodiment, a compound of Formula (1) or a salt thereof is provided

(Rackm

_—vN!»TL»\N--%

or 2. Also included in this embodiment are compounds in which nis 1. Additionally,

wherein Rs is . Included in this embodiment are compounds in which nis 1

mncluded in this embodiment are compounds 1o whichnis 2.
In one embodiment, a corapound of Formula (1) or a salt thereof is provided

15 wherem each Rua 1s independently —CHs, ~CHCHs, ~CH{CHa ), ~CH2CH(CHz)z,
~CHC(CHR R OH, ~CHCHOCH:, ~COOYCH{CHa ), eyclopropyl, evclobutyd,
~CHe{cyclopropvly, ~CHa{eyclobutvl), ~CHa(oxetanvl), ~CHCHa(morpholmyi),
~CH CHoCHa{morpholingd}, ~N{CHa)z, ~N{CHHCHCHz), -N{CHz){evclopropyl),
azctidinyl, oxetanyl, tetrahydropyranyl, pyrrolidinyl, phenyl, morpholinyi, or piperidinyl

20 substituted with zero to 2 sabstituents selected from —~OH or ~CHa. Included in this
embodiment are compounds in which each Ras is ~CHs, ~CH(CHs), ~CHCH(CH: ),
~CHC{CH3 ) 0H, ~CHCH2OCH,, -CHalevelopropyvl), ~CHeCHa(morpholmyl),
~CHCHCHe(morpholinyd), eyvclopropyl, cvclobutyl, pyrrolidinyl, oxetanyl,

tetrahydropyranvl, or morpholinyl.

o]
(4

In one embodiment, a compound of Formuda (I} or a salt thereof is provided
wherein each Rua s independently —CHa, —CH2CH;, —CH(CH: o, -CH:CH(CHa)n,
~CH2C(CHs3:0H, —CH:CHOCH:, —COYCH(CH: ), cyclopropyl, cyclobutyl,
—CH:{evclopropyl), —CHu{evclobutyl), —CHz{oxetanvl), -N(CHs )z, -N(CH:}{(CH2CH3),
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-N(CHs)evelopropyl), azetidinyl, oxetanyl, tetrahydropyranyl, pyrrohidinyl, phenyl, or
piperidinyi substitated with zero to 2 substituents selected from ~OH or ~CHs. Incladed
in this embodiment are compounds in which cach Ray is independently —CHa,
~CH{CHs)a, ~CHCH{CHa )z, ~CH2C(CH: R OH, ~CHCH:OCHs, ~CHe(eyclopropyly,
cvclopropyl, cyvclobutyl, pyrrolidinyl, oxetanyl, or tetrahvdropyranyl.

In one embodiment, a compound of Formala (I} or a salt thereof 1s provided
wherein R 15 F, —CN, or —CHs. Included in this embodiment are compounds i which
Rap 1s F. Also mchuded in this embodiment are compounds in which Rap is —CHa.

In one embodiment, a compound of Formula (1) or a salt thereof is provided
wherein each Ruc 18 independently Cia alkyl, Ci2 fluoroalkyl, ~CHTs6 cyvcloalkyl),
~C{OHCra alkyl), ~C{O)phenyl), ~CIOYHphenyl), ~COYOCHCHs, or Cas
cvcloalkvl. Included m this embodiment are compounds tn which cach Rac is
mdependently Cis alkyl, Ciz Huoroalkyl, ~CH2{Cs.4 cycloalkvl), ~C{O} iz alkyl},
~C{O)phenyl), ~-C{OYCH{phenyl), ~-C{OYOCHCHs, or Caw cycloalkyl.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
whereimn each Rz is mdependently F, C1, —-CN, —OH, C1-s alkyl, Ci- fluoroalkyl, Ci—2
cyvanoalkvl, Ci-s bydroxyalkyl, Ci— aminoalkyl, «{CH2)e20{Ci1-5 alkyly, Ci-s cvcloalkyl,
—NR:Rx, < CH:)o2C{OINRLR, —~CH{C3-6 cvcloalkyl), ~CHz{phenvl), or phenyl.
Included i this embodiment are compounds 1 which cach Rz is independently Cl, —CHs,
~CHCH3, ~-CH2OH, ~-CH2CHOH, ~CHCON, -QCH;, -CHO0CH:, or
~CHCH:S(0RCHs. Also, included in this erabodiment are compounds in which cach Rz
is independently Cl, —~CHs, -CH20H, or —OCH:s.

in one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Ras is Crog alkyl, Cro fluorcalkyl, Ciaa hydroxvalkyl, ~(CH23120CH:, Cae
cyvcloalkyl, ~CHC{OMNRRy, ~CHACaos eyveloalkyl), ~CHo{phenyl), tetrahydrofuranyt,
or phenyi; and each Rov ts mdependently H, F, Cl, -CN, -NR«Rx, Crs alkyl, Ci2
fluorcalkyl, Cios hydroxyalkyl, ~(CHajo20(Cr 2 alkyl), ~(CH2jo2C{OINRRx,
-{CHaha{cyclopropyl), ~C{OYMC 2 alkyl), ~C{OINR(C: 3 alkyl), ~CR=CHz, or
~CH=CH{(Cs.¢ cycloalkyl). Also mmchided in this embodiment are compounds in which
Rua is —CH35; and cach Rab 15 independently H, CL or —CHs,
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in one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Rsa 1s hydrogen, F, Cl, —-CHs, —CHuF, —-CHF», —CF3, or cyclopropyl. Included in
this cobodiment are compounds in which Rsa is hydrogen, F, —-CHs, —-CF3, or
cyclopropvl. Also included in this cmbodiment are compounds in which Rsq is hydrogen,

5  —CHs, or —CFa.

in one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Rss 18 ~CHs,

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Rsas 1s hydrogen.

10 in one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Ra 18 hydrogen, F, Cl, ~CHs, ~-CHeF, ~CHF2, ~CFs, or cvclopropyl. Included in
this embodiment are compounds in which Ra 18 hydrogen, F, ~CHs, or -CFa. Also
meluded in this embodiment are compounds in which Rsp is hvdrogen or —-CHs.

In ong embodiment, a compound of Formula (I) or a salt thercof 1s provided

15 wherein Rso 18 hvdrogen.

in one embodiment, a compound of Formuda (I3 or a salt thereof is provided
wheretn Ras 1s —CHs.

In one embodiment, a compound of Formula (1) or a salt thereof is provided
wherein Rs: 1s hydrogen; and Rsp 1s bydrogen.

20 In one embodiment, a compound of Formula (I} or a salt thereof 1s provided
wherein Rsa is hvdrogen; and Rsv s hydrogen or —CHs.

In one embodiment, a cormpound of Formula (1) or a salt thereof is provided

wherein G is: (1) phenyl substituted —S(0):CHs; (1) phenyi substituted with two —OCH;;

or {ili} NT o € is phenyl or piperidinyl, each substituted with ~-L-Rs; Lisa
25 bond or -CHz—; Ry 1s hydrogen, —CHs, or cyclopropvl; R is piperidinyl, piperazinyl,
octahydrocyclopentalclpyrrolyvl, diazaspivo[3 3theptanyl, or azabicyelof3 2. Hoctanyl,
cach substituted with zero or 1 Rua; Raa is —CHa, ~CH{CH: )2, ~-CHCH(CHz),
—CH:C{CUH:)0H, ~CHCHOCH:, ~CHa{(oyclopropvl), ~CH2CHz(morpholinyl},
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~CHCHCHe(morpholinyl), cyclopropyl, cyclobutyl, pyrrolidinyl, oxetanyl,
tetrahydropyranyl, or morpholinvl; Rss is hydrogen; and Rsp is hydrogen or ~CHa.

In one embodiment, a compound of Formala (I} or a salt thereof 1s provided
wheretn G is phenyl substiteted with | to 3 substituents independently selected from F,
Cl Br. —-CN, Ci2 alkoxy, € fluorcalkoxy, Cs-1 cycloalkyl, —-C{OYNRRy, —S{OnCH;,
=S{Ontpheoyl), —S{On{cvelopropvl), —S{ORNR«R:, —S(OYNHINR:R, and
~NHS(O)CHy; L is a bond, —~CHo—, or ~CH2CHo—;  is piperidinyl, pheayl,
tetrahvdropyridinyl, or pvadinyl, each substituted with —L—Ras and zero to 1 Rag;

R ig hvdrogen, Cis alkyl, -CHE», —CF3, or Cs.4 cycloalkyl; cach Ro 1s
mdependently C1, —CHs, ~CHCH;, -CHOH, -CHCHOH, -CHCN, -0OCH;s, ot
—CH20CH;; Rs s pyrrolidinyl, pipenidinyl, piperazivyl, pyridinyi,
octahydrocyvelopentalcipyrrolyl, azaspiro{3.3 theptanyl, diazaspiro{3.3jheptanyl,
azabicyclof3.2. Hoctanvl, or hexahydropvyrrolof3,4-clpyrrolvl, cach substituted with zero
to 1 Raa) Rag is —CHs, ~CHoCHs, ~CH(CHi )z, ~CHCH{CH: o, ~CHRC(CH:p(OH,
~CHCHLOCH;, ~C{OYCH{CHa):, eyclopropyl, cyclobutyl, ~CHz{cyclopropyiy,
~CHo{evelobutyl), ~CHo(oxetanyl), ~N(CHs ), ~N{CH:3{(CHCH:),
~N{CHa}{(cyclopropyly, azetidinyl, oxetanyl, tetrahvdropyranyl, pyrrolidinyl, phenvl, or
piperidinyl substituted with zero to 2 substituents selected from ~OH or ~CHs;, R 15 F,
~CN, or ~CHz; Rsais hydrogen, —CHs, —-CF;3, or cyclopropyl; and Rsp is hvdrogen, ~CHa,
or —CFs.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein: (G is: (i} phenyi substituted —8(01CH;; (it) phenyl substituted with two —OCH;;

(Ralp

NPT
or {11} \Nf:j ; Q 1s phenyi or pipendinyl, cach substituted with -L-Rs; Lisa
bond or ~CHa—: Ry 15 hydrogen, —CHs, or cyclopropyl; Ra s pipernidinyl, piperazinyl,
octahydrocyclopenta{clpyrrolyl, diazaspire{3 3theptanyl, or azabicyclof3.2. Hoctanyl,
cach substituted with zero or 1 Ras; Raa 18 ~CHi, ~CH(CH: )2, ~CHCH(CH: )2,
~CHC(CHRROH, ~CHCH2OCH:, ~CHa{eyelopropyl), ~CHRCHu{morpholingt),
~CHoCHaCHo{morpholinyl), eyclopropyl, eyelobutyl, pyrrolidinyl, oxetanyi,

29
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tetrahydropvranyl, or morpholinyl; Rsa is hydrogen; and Rs, is hydrogen or —CHs.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein G is; (1) pheay! substituted —S{G}CHs; or (i1} pheny!l substituted with two
—3CHs;; © is phenyl or piperidinyl, each substituted with —-L-R4; L 15 a bond or -CHz—;
R is hydrogen, —CH;, or cyclopropyl: Re is piperidiny!, piperazinyl,
gctahydrocyclopentalclpyvrrolvl, diazaspiro{3 3theptanyl, or azabicyelo[3 2. Hoctanyl,
cach substituted with zero or 1 Rua; Raa 15 ~CHs, —CH{CHs )2, ~CH:CH{CH:z ),
~CH:C(CHz ROH, —CHCHOCH;, —~CHa{evclopropvl), cyclopropyl, cyclobutyl,
pyrrolidinyl, oxetanyl, or tetrahydropyranyl; Rsa is hyvdrogen; and Rso is hydrogen or
~CHa.

One embodiment provides a compound of Formula (1) or a salt thereof, wherein
said compound is: 5-{(4-{{6-cyclobutyl-2 6-diazaspiro]3 3 jheptan-2-yDmethyl}phenyl}-3-
cyclopropyl-7-methyl-2-{4-(methylsulfonyDphenyiy-3H-imidazo{4,5-blpyridine {1}; 3~
cyclopropyi-T-methyl-2-(4-(methylsulfonylpbenyl}-5~-(4-{{4-(pyrrolidin- 1 -vpipendin- i~
vhmethyDphenyly-3H-imidazol4,5-blpyvndine (2); 3-cvclopropyl-5-(4-({6-1sopropyl-2,6-
diazaspiro[3 3lheptan-2-viymethylphenyl)-7-methyl-2-{(4-(methyisulfonyphenyi}-3H-
midazof4,5-bipyridine (3}, 3-cyclopropyl-3-{4-({6-isobutyl-2,6-diazaspiro| 3.3 fheptan-2-
viethyDphenyly-7-methyi-2-(4-(uethyisulfonvhphenyl)-3H-1mudazof4,5-blpyridine
(4); 3-cvelopropyl-7-methyvi-2-(4-(methviselfonylyphenyl)-5-(4-({(6-{tetrahydro-2H-
pyran-4-vi}-2,6-diazaspirof 3 3theptan-2-vhmethyhphenyl-3H-inudazo[4, 5-blpyridine
(5); 3-cyclopropyl-T-methyl-2-(4-(methyisutfonylphenyh-5-(4-({6-(oxetan-3-y1)-2.6-
diazaspiro[3 3theptan-2-vimethylphenyl}-3H-midazo[4,5-blpyndine (6); 5-(4-(4-
sopropylptperazin-1-vhphenvl)-3,7-dimethyl-2-(4-{methvisalfonyhphenyl}-3H-
midazol4,5-bipyridine (7}, 3-{4-(4d-isobutvipiperazin-1-yhphenyl}-3,7-dimethyi-2-(4-
{methylsulfonyhphenyl}-3H-imidazof4.5-bjpvridine {8}, 3-cyclopropyl-7-methyl-5-(4-(1-
methylpiperidin-4-yHphenyh-2-(4-(methyisulfonyphenyvi}-3H-1midazof4,5-blpyndine
(9); 2-(3.4-dimethoxyphenvi}-S-(4-(4-1sopropylpiperazin- I-viyphenyl}-3,7-dimethyl-3H-
imidazol4.5-bipyridine {10}; 5-(1'-isopropyvi-{ 1.4 -bipiperidin}-4-y1}-3-methyi-2-(4-
{methvisulfonyhphenvl}-3H-mmidazof4,5-blpynidine (17); 5-(1'-sobutyl-{1,4'-
bipiperidinf-4-yH-3-methyl-2-¢4-(methylsalfonylphenyvl}-3H-imidazo[4, 3-bipyridine
{18}; 5-(1'-cyclopropyi-{ L4 -bipiperidini-4-y1}-3-methvi-2-(4-{methylsulfonylypheayh)-
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3H-imidazo{4,5-blpyridme (19); 5-(1-isopropyl-{ 14" -bipipenidin}-4-v1)-3,7-dimnethyl-2-
{(4-{methylsulfonyliphenyl)-3H-imtdazo{4, 5-bipyndine (20}; 5-(1'-isobutvi-{1,4'-
bipipenidin}-4-y1}-3,7-dimethyi-2-(4-(methylsulfonylphenyh)-3H-midazo{4,5-bjpyndine
{21y 1-(4-3,7-dimethyi-2-{4-(methyisulfonyhphenyh-3H-imidazol4,.5-blpyndin-5-yi}-
[1.4%bipiperidinf-1-yl}-2-methylpropan-2-ol {(22}; 5«(P'<{cyvelopropyimethyl)-f 1,4
bipipernidinf-4-yh-3 7-dimethvi-2-(4-{methylsulfonyhphenyl)-3H-imidazol4, 5-bipvridine
{23} 5-(V-cyclobutyl-[ 1.4 -bipipenidin-4-vl)-3,7-dirnethyl-2-{4-{methylsulfonyhphenyl}-
3H-imidazold,5-bipyadine (24); 3,7-dmmethyl-2-(d-(methylsulfonyvlphenyi}-5-{1'-
(tetrahydro-2H-pyran-4-v1}-{ 1.4 -bipiperidin}-d-vi}-3H-midazo{4, 5-bipvridine {25}; S-(1-
{(8~1sopropyl-8-azabicyvclo[3.2 Hoctan-3-yhpiperidin-4-y1)-3,7-dumethyl-2~{4~
(methvisulfonyhphenvl-3H-imudazol4,5-blpyndine (26-27); 5-(1-(8-1isobutyl-8-
azabicyelo]3.2 Hoctan-3-yDpiperidin-d-vi}-3, 7-dimethy-2-{d-(methyisulfonviiphenyl)-
3H-imidazo{4,5-bipyrdine (28-29}; 5-(1-€8-{cyclopropylmethvl}-8-azabicyclof3 2.1}
octan-3-vlpipenidin-d~yh-3,7-dimethvi-2-(d-(methylsulfonyDphenyl}-3H-imidazo[4,5-b}
pvridine (30-31); 5-(1-(8-cyclobutyl-8-azabicyclo[3.2 Hoctan-3-ypiperidin-4-v1}-3,7-
dimethyl-2-(4-{methylselfonyDphenyl)-3H-imidazo{4,5-blpynidine (32-33}; 3,7-dimethyl-
2-{4-(methyisulfonylphenyl}-5-(1-{8-{tetrahydro-2H-pyran-4-yi}-8-azabicyclo{3.2.1}
octan-3-vpiperdin-4-yH-3H~1nudazol4, 5-blpyndine (34-35); 2-(3 4-dimethoxyphenyi)-
5-(1-(2-isopropvicctahydrocyclopentalcjpyrrol-5-vipiperidin-4-y1}-3,7-dimethyl-3H-
midazof4,5-bipyridine (36); 2-(3 4-dimethoxyphenyl}-5-(1-(2-
isohutyloctahydrocyclopentafcipyrrol-S-yUpipenidin-4-vI)-3,7-dunetbyl-3H-mmudazof4,5-
bipyridine (37); 5-(1-2-{cyclopropyvimethyhoctahydroeyclopentafcipyrrol-5-ylpiperidin-
4-y13-2-(3 4-dimethoxyphenyl)-3,7-dimethyl-3H-imidazo{4, 5-bipyridine (38); 5-¢1-{2-
cyclobutyloctahvdrocyclopenta{clpyrrol-5-vijpiperidin-4-y1)-2-(3 4-dimethoxyphenyl}-

3, 7~dimethyl-3H-imidazo[4.5-blpynidine (39}; 2-(3.4-dimethoxyphenyl}-3,7-dimethyi-3-
{(1-(2-{tetrabydro-2H-pyran-4~yhoctahydrocyclopentalcjpvrrol-3-yhpipendin-4-y1}-3H-
midazol4,5-bipyridine (40); 2-(3 4-dimethoxyphenyl}-5-(1-¢(3aR,5s5,6a8})-2-(2-
methoxyethyljoctabydrocyclopentalcipyrrol-3-yhpipendin-4-y1})-3, 7-dimethyl-3H-
vmdazo[4,5-blpyridine {(41); S-(1-({3aR 55,6a8)-2-cyclobutyloctahydrocyclopentalc]
pyrrol-3-vhpiperidin-4-y1}-2-(8-methoxy-{1,2 4itriazolo] 1 3-ajpvridin-6-y1}-3,7-
dimethvi-3H-imidazof4 . 3-bipyridine (42}, 5-(1-({3aR,55 6a8}-2-(cyvclopropyimethyl)

octabydrocyclopentalclpyrrol-5-yhpiperidin-4-yh-2-(8-methoxy-{ 1,2, 4 Jtriazolof 1.5-a}
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pyvridin-6-y1}-3,7-dimethyl-3H-imidazof4,5-bipyridine {43}); 2-(8-methoxy-
11,2 4ftriazolo] 1, 5-ajpyridin-6-y1}-3,7-dimethyl-5-{ 1 -((3aR, 35,6a5)-2 -(tetrahy dro-2H-
pyran-4-yhoctabydrocyclopentalclpyrrol-S-yhpiperidu-4-vi-3H-midazo{4, 5-bipyridine

{44}, S-{(4-{4-sopropyipiperazin-1-vlphenyi}-2-(8-methoxy-1,2 4jtriazolo] 1,5-ajpyridin-

(4

6-yi)-3,7-dimethyl-3H-imidazo{4,5-bipyridine (45}, 2-(8-methoxy-{1,2 4}triazolof1,5-a]

pyridin-6-y1}-5-¢ 1-{(3aR_3s,6a8)-2-(2-methoxyethyh) octabydrocyclopentajcipyrrol-3-v1)

piperidin-4-y1}-3, 7-dimethyl-3H-imidazo{4,5-b] pyridine (46); 4-(1-(4-(3-cyclopropyl-7-
methyl-2-{(4-(methvisutfonyphenyl)-3H-amidazo[4,5-blpyridin-5S~ylybenzyDpiperidin-4-
yhmorpholine (47); 2-(3,4-dimethoxyphenyl}-S-(4-(4-isopropylpiperazin-1-vljphenyi}-3-

160 methyvl-3H-1nudazof4,5-b] pyridine {52}; 5-(4-{4-1sopropvlipiperazin- | -vijpheovi)-3-
methyl-2-(4-(methvisulfonyl) phenyl)-3H-imidazo{4,5-blpyridine (§3); 3-cyclopropyl-5-
{4~(d-isopropvipiperazin-1-y1) phenyiy-2-(4-(methylsulfonviiphenvl}-3H-imidazo{4,5-b]
pyridine (54}; 3-cyvclopropyl-2-(3,4-dimethoxyphenyl)-5-(4-{4-isopropylpiperazin-1-yl
phenyb-3H-inudazol4,5-b} pyndine (53); 4-(3~{4-{4-(B~cvclopropyl-2-{4-

15 (methylsulfonvhphenvh-3H-1midazo[4,5-b]pyridin-S-yhphenyhpiperazin- I-viipropyl)
morpholine (36}; 4-2-(4-{4-G-cyclopropyl-2-(4-(methylsulfonyphenyi}-3H-
imidazof4,5-blpyridin-5-y1} phenyhpiperazin-1-v1) ethyDmorpholine (87); 2-(3.4-
dimethoxyphenyl)-5-(4-(2-isopropyl-2,7-diazaspirof3 .S inonan~7-vhiphenyi}-3,7-
dimethyl-3H-imidazo[4,5-b] pyridine (58); 2-(3,4-dimethoxyphenyl}-3-{4-(6-isopropyl-

20 2,6-diazaspiro]3 3theptan-2-yvl} phenyl}-3,7-dimethyl-3H-imidazo{4,5-blpyndine (39); 2-
(3,4-dunethoxyphenyl}-5-(4-(2-isobutyl-2, 7-diazaspiro[3 Sinonan-7-yliphenyi)-3.7-
dimethyl-3H-inudazof4,5-blpyndine (60}; S-(4~(2-isopropyl-2,7-diazaspiro[3. 5 nonan-7-
yvhphenyl)-3-methyl-2-(4-{methylselfonyviiphenyt)-3H-imidazo{4,5-blpyndine (61); 5-(4-
(Z2-1sobutyl-2, 7-diazaspirof 3.5 lnonan-7-yHphenyi)-3-methyl-2-(4-(methylsulfonyi}

25 phenyh-3H-unidazo[4,5-blpyndine (62); 2-methyl-1-(7-(4-(G-methyl-2-(4-
(roethvisulfonyhiphenvh-3H-inudazo{4,3-blpyndin-3-yhphenvi)-2,7-
diazaspiro|3.5 nonan-2-yhipropan-2-ol (63}, 2-(3 4-dimethoxypheny)-5-(4-(6-1sobutyl-
2.6-diazaspiro|3 3lheptan-2-viiphenyl)-3,7-dimethyl-3H-1nidazol4, 5-blpynidine (64); 5-
{4-{6-~1s0opropyi-2,6-diazaspiro[3 31heptan-2-yphenyl)-3-methy - 2~(d-(methylsulfonyl)

30 phenyh-3H-imidazo[4,5-blpyndine (63}, or 3-{4-(6-isobutyl-2 6-diazaspiro{3.3theptan-2-

yhpheayl)-3-methyl-2-(4~{methylselfonyl) phenyi)-3H-imidazo{4, 5-blpyridine {66).

One embodiment provides a compound of Formula (1) or a salt thercot, wherein said
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compound is 2-(3 4-dimethoxyphenyh-6-(1'-isopropyl-{ | 4-bipiperidin]-4-vi)}-1H-
wmdazo[4.5-b] pynidine (11); 2-(3,4-dimethoxyphenvi}-6-(1'-isobutyl-[ 1,4"-bipiperidin]-
4-yh-1H-inudazo[4.5-b} pyndme (12); 6-(1'-cyclopropyl-{ 1 4'-bipiperidin-4-vi}-2-(3 4-
dimethoxyphenyvl}-1H-inudazo[4,5-blpyndine {13}, 6-(V-sopropyl-[1,4'-bipiperidin]-4-
yh-T-methvl-2-(4-(methyisalfonviipheny - 1H-imidazo{4,S-blpyridine (14); 6-(1'-
isobutyl-{ 1,4-bipiperidin}-4-v1}-t-methyi-2-(4-{methvisulfonylphenyi)-1H-imidazo{4,5-
bipyridine (15}); 6-(1'-cyclopropyl-[ 1,4-bipipenidin}-4-yi}-1-methyi-2~-(4-(methyisulfonyi}
phenyl}-1H-nidazo[4,5-blpyndine (16); 2-(3 4-dimethoxyphenyl}-6-(4-{4-
isopropylipiperazin-1-yhphenvl}-1-methyl-1H-imidazo{4,5-b] pyridine (48); 6-{(4-(4-
isopropyipiperazin-1-vhphenvi)-I-meothyi-2-(4-(methylsulfouyl) phenv)-1H-
imidazo[4,5-bipyridine (49); f-cvclopropyl-2-(3,4-dimethoxyphenyvl)-6-(4-(4-
isopropylpiperazin-1-vhphenvi)-1H-imidazo[4,5-bipyridine (50}; or l-cyclopropyl-6-{4-
{4-1sopropylpiperazin-1-vhipheny}-2-(4-(methylsulfonyliphenyl)- 1H-imidazof4,5-b]
pvrding (51).

One embodiment provides compounds of the Formula (I} having TLRS ICse
values of < 0.6 uM.

One embodiment provides compounds of the Formula (1) having TLRS Cso
values of <0.1 uM.

One embodiment provides compounds of the Formula (B having TLRS {Cse
values of <0.05 uM.

One embodiment provides compounds of the Formula (B) having TLRS ICs¢
vatues of < 0.025 pM.

One embodiment provides compounds of the Formula () having TLRY ICso
values of <0.015 M.

One embodiment provides compounds of the Foromda (1) having TLRS ICso
values of <001 uM.

in another embodiment, the present invention provides a composition comprising
at least one of the compounds of the present invention, or a stercoisomer, a tautomer, or a
phammaceutically acceptable salt or a solvate thereof.

In another embodiment, the present mmvention provides a pharmaceutical

composition comprising a pharmaceutically acceptable carrier and at least one of the

oy
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compounds of the present invention or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt or a solvate thereof,
in another embodiment, the present invention provides a pharmaceutical

composition, comprising a pharmaceutically acceptable camer and a therapeutically

(4

effective amount of at least one of the compounds of the present invention or a
stereoisomer, a tautomer, or a phammaceutically acceptable salt or a solvate thereof.

{n another crubodiment, the present invention provides a process for making a
corpound of the present mvention.

In another embodiment, the present invention provides an intermediate for making
10 acompound of the present invention.

In another embodiment, the present mvention provides a pharmaceutical
composition as defined above further comprising one or more additional therapeutic

agents.

13 DEFINITIONS
The features and advantages of the invention may be more readily vnderstood by
those of ordinary skill in the art upon reading the following detailed description. Histo
be appreciated that certain features of the mvention that are, for clarity reasons, described
above and below in the context of separate embodiments, may also be combined to form a
20 single embodiment. Conversely, various features of the mvention that are, for brevity
reasons, described in the context of a single embodiment, may also be combined so as to
form sub-combinations thercof. Embodiments identified herein as exemplary or preferred
are infended to be llustrative and not hmiting,.
Unless specifically stated otherwise herein, references made in the singular may
25 alsonclude the plural. For example, “a” and “an” may refer to either one, or one or
more.
As used herein, the phase “compounds™ refers to at least one compound. For
example, a compound of Formwla (1) includes a compound of Formula (1) and two or
more compounds of Formula (T).
30 Unless otherwise indicated, any heteroatom with unsatisfied valences is assamed
to have hydrogen atoms sufficient to satisty the valences.

The definttions set forth herein take precedence over definitions set forth inany
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patent, patent application, and/or patent application publication incorporated herein by
reference.

Listed below are definttions of various tenus used 1o describe the present
fnvention. These definitions apply to the terms as they are used throughout the
specification (unless they are otherwise limited in specific instances) either mdividually
or as part of a larger group.

Throughout the specification, groups and substituents thercof may be chosen by

one skilled in the field to provide stable moieties and compounds.

In accordance with a convention used in the art,

ts used in structural formulas herein to depict the bond that is the pomnt of attachment of
the moiety or substituent to the core or backbone structure.

The terms “halo” and “halogen,” as used herein, referto F, Cl, Br, and L

The term “cvano” refers to the group ~-CN.

The term “amino” refers to the group -NHz.

The term "oxo" refers to the group =0,

The term “alkyl” as used herein, refers to both branched and straight-chain
saturated aliphatic hyvdrocarbon groups containing, for example, from 1o 12 carbon
atoms, from 1 to 6 carbon atoms, and from 1 to 4 carbon atoms. Examples of atkyl
groups include, but are not limited to, methyl (Me), ethvl (Et), propyl {e.£., n-propyi and
i-propvi}, butvl (e g., n-butvl, i-butvl, sec-butvi, and #~butyl), and pentyl {e.g., n-pentyl,
isopentyl, neopentyl), n-hexyl, 2-methylpentyl, 2-cthylbutyl, 3-methvipentyl, and 4-
methyvipentyf, When numbers appear in a subscript after the symbol “C”, the subscript
defines with more specificity the number of carbon atorms that a particular group may
contain. For example, “Cis alkvl” denotes straight and branched chain alkyl groups with
one to six carbon atoms.

The term "fluorcalkyl” as used herein is intended to include both branched and
straight-chain saturated aliphatic hydrocarbon groups substituted with one or more
fluorine atoms. For example, "Cia fluorcalkyl” 1s mntended to include O, Co, $5, and Cs
atkvyl groups substituted with one or more fluorine atoms. Representative examples of

flucroatky! groups include, but are not limited to, —CFs and —CH2CFs.
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The term “cycloalkyl,” as used herem, refers to a group derived from a non-
aromatic monocyelic or polveyclic hydrocarbon molecule by removal of one hydrogen
atorn from a saturated ring carbon atom. Representanive exaniples of cyeloalkyl groups
inchude, but are not limited to, cvclopropyl, cvclopenty], and cyclohexyl, When numbers
appear in a subscript after the symbol “C7, the subscript defines with more specificity the
number of carbon atoms that a particelar cvcloalkyl group may contain. For example,
“Cs.e cvcloalkyl” denotes cycloalky] groups with three to six carbon atoms.

The phrase “pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use 1 contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensuorate with a reasonable benefit/risk ratio.

The compounds of Formula (I) can form salbts which are also within the scope of
this imvention. Unless otherwise indicated, reference to an inventive compound is
understood to mclude reference to one or more salis thereof. The torm “sali{s)” denotes
acidic and/or basic salts formed with inorganic and/or organic acids and bases. In
addition, the term “salt(s) may inchule zwitterions {imner salts}, e.g., when a compound of
Fornula (1) contains both a basic moiety, such as an amine or a pyridine or imidazole
ring, and an acidic moicty, such as a carboxylic acid. Pharmaceutically acceptable (f.e,
non-toxic, physiclogically acceptable) salts are preferred, such as, for example,
acceptable metal and amine salts in which the cation does not contribute sigaificantly to
the toxicity or biological activity of the salt. However, other salts may be useful, e g, in
isolation or purification steps which may be employed during preparation, and thus, are
contemplated within the scope of the invention. Salts of the compounds of the formula (I}
may be formed, for example, by reacting a compound of the Formula (1) with an amount
of acid or base, such as an equivalent amount, in a medium such as one in which the salt
precipitates or i an agueous medium followed by tvophilization. Lists of suitable salts
are found in Remington's Pharmaceutical Sciences, 18th Edition, Mack Publishing
Company, Easton, PA (1990}, the disclosure of which is hereby incorporated by
reference.

Exemplary acid addition salts include acetates (such as those formed with acetic
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acid or trihaloacetic acid, for example, tnifluoroacetic acid), adipates, alginates,
ascorbates, aspariates, benzoates, benzencsulfonates, bisulfates, borates, butyrates,
citrates, camphorates, camphorsulfonates, cyclopentanepropionates, digluconates,
dodecylsulfates, ethanesulfonates, fumarates, gluccheptancates, glveerophosphates,
hemisulfates, heptanoates, hexanoates, hydrochlorides (formed with hydrochloric acid),
hyvdrobromides {formed with hydrogen bromide}, hydroiodides, maleates (formed with
maleic acid), 2-hvdroxvethancsulfonates, lactates, methanesulfonates (formed with
methanesulfonic acid), 2-naphthalenesutfonates, nicotinates, nitrates, oxalates, pectinates,
persalfates, 3-phenvipropionates, phosphates, picrates, pivalates, propionates, salicylates,
succinates, sulfates (such as those formed with sulfuric acid), sulfonates {such as those
mentioned herein), tartrates, thiocvanates, toluenesulfonates such as tosvlates,
undecanoates, and the like.

Exemplary basic salts include amamonium salts, alkali metal salts such as sodium,
lithium, and potassium salts; alkaline carth metal salts such as calcium and magnesium
salts; barium, zinc, and aluminum salts; salts with organic bases (for example, organic
amipes) such as trialkylamines such as triethviamine, procaine, dibenzylamine, N-benzyl-
B-phencthylamine, i-cphenarnine, N,N'-dibenzylcthylene-diamine, debydroabictylamine,
N-cthylpiperidine, benzylamine, dicyclohexylamine or similar pharmaceutically
acceptable amines and salts with anmuno acids such as arginine, lysine and the like. Basic
nifrogen-containing groups may be guaternized with agents such as lower alkyl halides
{e.g., methyl, ethyl, propyl, and butyl chiorides, bromides and iodides}, dialkyl sulfates
{e.g., dimethyl, dicthyl, dibutyl, and diamyl sulfates), long chain halides (e g, decvl,
lauryl, mynistyl and stearvl chlorides, bromides and iodides), aralky] halides {e.g., benzyi
and phenethyl bromides), and others.

The compounds of Formula (I} can be provided as amorphous solids or crystalling
solids. Lyophilization can be crployed to provide the compounds of Fornwula (I} as
amorphous solids.

it should further be understood that solvates (e .g., hydrates) of the compounds of
Formula (1) are also within the scope of the present invention. The term “solvate”™ mcans
a physical association of a compound of Formula () with one or more solvent molecules,

whether organie or inorganic. This physical association includes hydrogen bonding. In

(%]
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certain mstances the solvate will be capable of isolation, for example when one or more
solvent molecules are incorporated in the crystal lattice of the crystalline solid. “Solvate”
encompasses both solution-phase and 1solable solvates. Exemplary solvates include
hydrates, ethanolates, methanolates, isopropanolates, acetomtrile solvates, and ethyl
acctate solvates. Methods of solvation are known in the art.

Various forms of prodrugs are well known m the art and are described 1n Rautio,
I et al, Namre Review Drug Discovery, 17, 559-587 (2018).

In addition, compounds of Formula (1), subsequent to their preparation, can be
isolated and purified to obtain a composition containing an amount by weight equal (o or
greater than 99% of a compound of Forowla (1), respectively (“substantially pure™),
which 1s then used or formulated as described herein. Such “substantially pure”
compounds of Formula (I} are also contemplated herein as part of the present invention.

“Stable compound” and “stable structure™ are meant to indicate a compound that
is sufficiently robust to survive isolation to a useful degree of purity from a reaction
mixture, and formulation into an efficacious therapeutic agent. The present mvention 18
mtended to embody stable compounds.

“Therapeutically effective amount” is intended to include an amount of a
compound of the present invention alone or an amount of the combination of compounds
claimed or an amount of a compound of the present invention in combination with other
active mngredients effective to act as an inhibitor of TLRS, or effective to treat or provent
disorders associated with a fibrotic disease or disorder, dysregulation of bile acids, such
as pathological fibrosis.

As used hergin, “treating” or “treatment” cover the treatment of a disease-state in
a mammal, particularly 1n a human, and mchude: {a) preventing the discase-state from
ococurTing i a mammal, in particular, when such manunal is predisposed to the disease-
state but has not vet been diagnosed as having it; (b) inhabiting the discase-state, i.¢.,
arresting its development; and/or (¢} relieving the discase-state, 1.¢., causing regression of
the discase state.

The compounds of the present invention are intended to include all isotopes of
atoms cocurring 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 deutermum (D) and tritium (1), Isotopes of
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carbon include BC and “C. Isotopically-labeled compounds of the invention can
generally be prepared by conventional techatgues known to those skilled in the art or by
processes analogous to those described heremn, using an appropriate isotopically-labeled

reagent in place of the non-labeled reagent otherwise emploved. For example, methyl (-

(4

CHa) also includes deuterated methyl groups such as -CDs.

UTILITY
The compounds of the mvention are useful for inhibiting the TLRO receptor.
One embodiment provides a method for the treatment of a disease, disorder, or
10 condition associated with dysregulation of bile acids i a patient in need of such
treatment, and the method comprises administering a therapeutically effective amount of
a compound of the present invention, or a stercoisomer, a tautomer, or a pharmaceutically
acceptable salt or solvate thereof, to the patient.
One embodiment provides a method for the treatment of a disease, disorder, or
15 condition associated with activity of the TLR9 recepior in a patient in need of such
treatment comprising admunistering a therapeutically cffective amount of a compound of
the present invention, or a stereoisomer, a tauwtomer, or a pharmaceutically acceptable salt
or solvate thereof, 1o the patient.
One embodiment provides a method for the treatment of the disease, disorder, or
20 condition comprising administering to a patient in need of such treatment a
therapeutically effective amount of at least one of the compounds of the present
mvention, alone, or, optionally, in combnation with another compound of the present
wvention and/or at least one other type of therapeutic agent.
One embodiment provides a method for eliciting an TLRY receptor agonizing
25 effect in a paticnt comprising administening a therapeutically effective amount of 2
compound of the present invention, or a stereoisomer, a tautomer, or a pharmaceutically
acceptable salt or solvate thereof, to the patient,
in some embodiments, the discase, disorder, or condition is associated with TLR9
dvstunction include pathological fibrosis, cancer, mflammatory disorders, metabolic, or
36 cholestatic disorders.
In some embodiments, the disease, disorder, or condition is associated with

fibrosis, including hiver, biliary, renal, cardiac, demmal, ocular, and pancreatic fibrosis.
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In other embodiments, the disease, disorder, or condition 18 associated with cell-
proliferative disorders, such as cancer. In some embodiments, the cancer inclades solid
tumor growth or neoplasia. In other embodiments, the cancer includes tumor metastasis.
In some embodiments, the cancer is of the hiver, gall bladder, small intesting, large
mtestine, kidney, prostate, bladder, blood, bone, brain, breast, central nervous system,
cervix, colon, endometrium, esophagus, genitalia, genttourinary tract, head, larynx, lung,
muscle tissue, neck, oral or nasal mucosa, ovary, pancreas, skin, spleen, stomach, testicle,
orthyroid. In other embodiments, the cancer 15 a carcinoma, sarcoma, lymphoma,

cukemia, melanoma, mesothelioma, multiple myeloma, or seminoma.

Examples of discases, disorders, or conditions assoctated with the activity of
TLRY that can be prevented, modulated, or treated according to the present mvention
mchude, but are not limited to, transplant injection, fibrotic disorders {¢. g., liver fibrosis,
kidney fibrosis), inflammatory disorders {e.g., acute hepatitis, chronic hepatitis, non-
alccholic steatohepatitis (NASH), trmitable bowel svadrome (IBS), inflammatory bowel
disease (IBD}), as well as cell-proliferative disorders {e.g., cancer, myeloma, fibroma,
hepatocellular carcinoma, colorectal cancer, prostate cancer, levkemia, Kaposi's sarcoma,
solid fumors).

The fibrotic disorders, inflammatory disorders, as well as cell-proliferative
disorders that are suitable to be prevented or treated by the compounds of the present
mvention include, but are not limited to, non-alcoholic fatty liver discase (NAFLD),
alcoholic or non-alccholic steatohepatitis (NASH), acute hepatitis, chronic hepatitis, liver
cirrhosis, primary biliary cirrhosis, primary sclerosing cholangitis, drug-induced hepatitis,
biliary cirrhosis, portal hypertension, regenerative failure, Hiver hypofunction, hepatie
blood flow disorder, nephropathy, irritable bowel syadrome (IBS), inflammatory bowel
disease (IBD), abnormal pancreatic secretion, benign prostatic hyperplasia, neuropathic
bladder disease, diabetic nephropathy, focal scgmental glomerulosclerosis, IgA
aephropathy, nephropathy induced by drugs or transplantation, autotmoumne nephropathy,
tupus nephriis, liver fibrosts, kidney fibrosts, chronic kidney disease (CKD), diabetic
kidney disease (DKD), skin fibrosis, keloids, systemic sclerosis, scleroderma, virally-
mduced fibrosis, idiopathic pulmonary fibrosis (IPF), mterstitial lung disease, non-
specific interstitial pncwmonia (NSIP), usual interstitial pnewmonia (UIP), radiation-

mnduced fibrosis, famihial pulmonary fibrosis, atrway fibrosis, chronic obstructive
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pulmonary disease (COPD), spmal cord tumor, hemia of intervertebral disk, spinal canal
stenosis, heart fatlure, cardiac fibrosis, vascular fibrosis, perivascular fibrosis, foot-and-
mouth discase, cancer, mycloma, fibroma, hepatoceliular carcinoma, colorectal cancer,
prostate cancer, leukemia, chronic lymphocytic leukemia, Kaposi's sarcoma, solid
tumors, cerebral infarction, cerebral hemorrhage, nearopathic pain, peripheral
neuropathy, age-related macular degeneration (AMD), elaucoma, ocular fibrosis, corneal
scarring, diabetic retinopathy, proliferative vitreoretinopathy (PVR), cicatricial
pemphigowd glancoma filtration surgery scarming, Crohn’s disease or systemic lupus
erythematosus; keloid formation resulting from abnormal wound healing; fibrosis
occurrng affer organ transplantation, myelofibrosis, and fibroids. o one embodiment,
the present invention provides a method for the treatment of a fibrotic disorder, an
mflammatory disorder, or a cell-proliferative disorder, comprising administering to a
patient in need of such treatment a therapeutically effective amount of at least one of the
compounds of the present mvention, alone, or, optionally, tn combination with another
compound of the present mvention and/or at least one other type of therapeutic agent.

In another embodiment, the present invention provides a compound of the present
inverndion for use in therapy.

In another embodiment, the prosent invention provides a compound of the present
invention for use in therapy for the treatment of a fibrotic disorder, an inflammatory
disorder, or a cell-proliferative disorder thereof.

in another crabodiment, the present invention also provides the use of a compound
of the present invention for the manufacture of a medicament for the treatment of a
fibrotic disorder, an inflammatory disorder, or a cell-proliferative disorder thereof.

{n another embodiment, the present invention provides a method for the treatment
of a fibrotic disorder, an nflammatory disorder, or a coll-proliferative disorder,
comprising admimstering to a patient in need thereof a therapeutically effective amount
of a first and second therapeutic agent, wherein the first therapeutic agent is a compound
of the present invention.

In another embodiment, the present invention provides a combined preparation of
a compound of the present invention and additional therapeutic agent(s} for simultancous,
separate or sequential use in therapy.

in another embodiment, the present invention provides a combined preparation of
41



WO 2023/159154 PCT/US2023/062780

(4

10

Pt
94

20

b
g

a compound of the present mvention and additional therapeutic agent(s) for simultancous,
separate or sequential use in the treatment of a fibrotic disorder, an inflanumatory
disorder, or a cell-proliferative disorder,

The compounds of the present jnvention may be employved in combination with
additional therapeotic agent(s}, such as one or more anti-fibrotic and/or anti-inflammatory
therapeutic agents.

{n one embodiment, additional therapentic agent(s) used in combined
pharmaceutical compositions or combined methods or combined uses, are selected from
one or more, preferably once to three, of the following therapeutic agents: TGFB receptor
inhibitors {for example, galunisertib), inhibitors of TGFP syathesis {for example,
pirfenidone}, inhibitors of vascular endothelial growth factor (VEGEF), platelet-denved
growth factor (PDGF) and fibroblast growth factor (FGF) receptor kinases (for example.,
mntedanib), humanized anti-avB6 integnn monoclonal antibody (for example, 3G9),
buman recombinant pentraxin-2, recombivant human Scrurn Amyloid P, recombinant
human antibody against TGFB-1. -2, and -3, endothelin recoptor antagonists {for example.
macitentan), interferon gamma, ¢-Jun aminc-terminal kinase (JNK) inhibitor {for
example, 4-[19-[(38)-tetrahydro-3-furanyi{-8-{(2 4 6-trifluorophenyhaming |-9H-purin-2-
vljamino}-trans-cyclohexanol, 3-pentvibenzencacetic acid (PBI-4050), tetra~substituted
porphyrin derivative containing manganese (1), monoclonal antibody targeting eotaxin-
2, mterdenkin-13 {(IL-13} antibody (for example, lebrikizumab, tralokinumab), bispecific
antibody targeting interleukin 4 {(IL-4) and interdeukin 13 (1L-13), NK1 tachvkinin
receptor agonist (for example, Sar’, Met{0:)"'-Substance P}, Cintredekin Besudotox,
human recombinant DNA-denved, IgG1 kappa monoclonal antibody to connective
growth factor, and fully human IgG1 kappa antibody, selective for CC-chemokine ligand
2 {for example, carfumab, CCX140}, antioxidants {for example, N-acetylcysteine},
phosphodiesterase 5 (PDES} inhibitors (for example, sildenafil}y, agents for treatment of
chstructive airway discases such as muoscarinic antagonists (for example, tiotropium,
ipatropium bromide), adrencrgic B2 agonists {for exaraple, salbutamol, salmeterol},
corticosteroids {for example, triameinolone, dexamethasone, fhiticasone),
romunosuppressive agents (for example, tacrolimus, rapamyein, pimecrolimus}), and

therapeutic agents useful for the treatment of fibrotic conditions, such as biver, biliary, and
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kidnev fibrosis, Non-Alcoholic Fatty Liver Pisease (NALFD), Non-Alcoholic Steato-
Hepatitis (NASH), cardiac fibrosis, Idiopathic Pulmonary Fibrosis (IPF), and systemic
sclerosis. The therapeutic agents useful for the treatment of such fibrotic conditions
inchude, but are not limited to, FXR agonists (for example OCA, GS-9674, and LIN452),
LOXL2 mhibitors {for example simtuzamab), LPAT antagonists (for example, BMS-
086020 and SAR 100842), PPAR modulators (for example, elafibrinor, ploglitazone, and
saroglitazar, IVA337), SSAQ/VAP-1 mlubitors (for example, PXS-4728A and SZE5302),
ASK-1 inhibitors {for example G8-4997 or selonsertib), ACC intubitors (for example,
CP-640186 and NDI-010976 or 35-0976), FGF21 mumetics {for example, LY 2403319
and BMS-986036), caspasc mhibitors {for example, emricasan), NOX4 mnhibutors (for
example, GKT137831), MGAT2 nhibitor {for example, BMS-063272), oV mtegrin
mhibitors (for example, abituzumabjand bile acid/fatty acid comjugates {for example
aramcholy The TLRY inhibitors of various embodiments of the present invention may also
be used in combination with one or more therapeutic agents such as CCR2/S inhibitors
{for example, cenicriviroc), Galectin-3 1nhibitors (for example, TD-139, GR-MD-02),
leukotriene receptor antagonists {for example, tipelukast, montehikast), SGLT2 inhibitors
{for example, dapaghflozin, remoghflozin}, GLP-1 receptor agonists {(for example,
liraglutide and semaglutide), FAK inhibitors (for example, GSK-22560983, CB1 inverse
agonists {for example, JD-5037), CB2 agounists (for example, APD-371 and JBT-101),
autotaxin inhibitors (for example, GLPG1690), prolyl t-RNA synthetase inhibitors (for
example, halofugenone}, FPR2 agonists {for cxample, ZK-994), and THR agonists {for
exarple, MGE:3196). In another embodiment, additional therapeutic agent(s) used in
combined pharmaceutical compositions or combined methods or combined uses, are
selected from one or more, preferably one to three, of immunoncology agents, such as
Alemtuzumab, Atczolizmab, Iptimumab, Nivolumab, Ofatinumab, Pembrolizumab,
and Rituximab.

When the terms "TLRS-associated condition” or "TLR®-associated disease or
disorder” are used herein, each is intended to encompass all of the conditions identified
above as if repeated at length, as well as any other condition that is affected by infubition
of TLRS.

The above other therapeutic agents, when emploved in combination with the

a
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compounds of the present invention, may be used, for example, in those amounts
mdicated i the Physicians’ Desk Reference (PDR} or as otherwise determined by one of
ordinary skill in the art. 1o the methods of the present invention, such other therapeutic
agent{s) may be adnyinistered prior to, simultancously with, or following the
administration of the mventive compounds. The present invention also provides
pharmaceutical compositions capable of treating TLR9-associated conditions.

The mventive compostiions may countain other therapeutic agents as described
above and may be formulated, for example, by emploving conventional sohd or ligind
vehicles or dilaents, as well as phamaceutical additives of a type appropriate to the mode
of desired adounistration {e.g., excipients, binders, preservatives, stabilizers, flavors, etc.)
according to technigues such as those well known n the art of pharmaceutical
formulation.

Accordingly. the present invention further includes compositions comprising one
or more compounds of Formula {I) and a pharmaceutically acceptable carner.

A "pharmaceutically acceptable carrer” refors to media generally accepted in the
art for the delivery of biclogically active agents to animals, in particular, mammals.
Pharmaceutically acceptable carriers are formulated according to a number of factors well
within the purview of those of ordinary skill in the art. These include without bnutation
the type and nature of the active agent being formulated; the subject to which the agent-
containing composition is to be administored; the intended route of administration of the
coraposition; and, the therapeutic indication being targeted. Pharmaceutically acceptable
carners inchude both aqueous and non-agueous liquid media, as well as a variety of sohid
and semi-solid dosage forms. Such carriers can include a number of different ingredients
and additives in addition to the active agent, such additional ingredients being included in
the formulation for a variety of reasous, e.g., stabilization of the active agent, binders,
ete., well known to those of ordinary skill 1o the art. Descriptions of suitable
pharmaceutically acceptable carriers, and factors involved in their selection, are found in
a variety of readily avatlable sources such as, for example, Remingron's Pharmaceutical
Sciences, 17th Edition {1985), which 1s incorporated herein by reference in ifs entirety.

Compounds 1n accordance with Formula (I} can be administered by any means
suttable for the condition to be treated, which can depend on the need for site-specific

treatment or guantity of Fornwula (1) compound to be delivered.
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Also embraced withun this invention is a class of pharmaceutical compositions
comprising a compound of Formula (1), and one or more non-toxic, pharmaceutically-
acceptable carriers and/or diluents and/or adjuvants {collectively referred to herein as

“carnier” matenals) and, if desired, other active mgredients. The compounds of Formula

(4

(I} may be admimstered by any suitable route, preferably in the form of a pharmaceotical
composition adapted to such a route, and in a dose effective for the treatment intended.
The compounds and compositions of the present mvention may, for example, be
adrmwmistered orally, mucosally, or parentally mclading intravascularly, intravenously,
wtraperitoneally, subcutancously, mtramuscularly, and intrasternally in dosage unit
10 formulations containing conventional pharmaceutically acceptable carriers, adjuvants,
and vehicles. For example, the pharmaceutical carrier may contain a mixture of mannitol
or lactose and microcrystalline cellulose. The mixtare may contain additional
components such as a lubricating agent, ¢.g. magoesium stearate and a disintegrating
agent such as crospovidone. The carrer muxture may be filled into a gelatin capsule or
15 compressed as atablet. The pharmaceutical composttion may be administered as an oral
dosage form or an infusion, for example.

For oral adnunistration, the pharmaceutical composition may be in the form of, for
example, a tablet, capsule, hiquid capsule, suspension, or liquid. The pharmaceutical
composition is preferably made in the form of a dosage unit containing a particular

20 amount of the active ingredient. For example, the pharmaceutical composition may be
provided as a tablet or capsule comprising an amount of active ingredient in the range of
from about 0.1 to 1000 mg, preferably from abowt 0.25 to 250 mg, and more preferably
from about 0.5 to 100 mg. A suitable daily dose for a lnuman or other mamimal may vary
widely depending on the condition of the patient and other factors, but, can be determined

25 using routine methods.

Any pharmaceutical composition conternplated herein can, for example, be
delivered orally via any acceptable and suitable oral preparations. Exemplary oral
preparations, inchide, but are not linuted to, for example, tablets, troches, lozenges,
agqueous and vilv suspensions, dispersible powders or granules, emulsions, bard and soft

36 capsules, ligquid capsules, syrups, and elixirs. Pharmaceutical compositions intended for

oral administration can be prepared according to any methods koown in the art for

manufacturing pharmaceutical compositions intended for oral admunistration. Inorderto
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provide pharmaceutically palatable preparations, a pharmaceutical composition in
accordance with the invention can contain at least one agent selected from sweetening
agents, flavoring agents, coloring agents, demulcents, antioxidants, and preserving agenis.

A tablet can, for example, be prepared by admixing at least one compound of

(4

Formuda (1) with at least one non-toxic pharmaceutically acceptable excipient suitable for
the manufacture of tablets. Exemplary excipients nclude, but are not himited to, for
example, inert diduents, such as, for example, calcium carbonate, sodium carbonate,
lactose, calcium phosphate, and soduun phosphate; granolating and disintegrating agents,
such as, for example, microcrystalline cellelose, sodivm crosscarmeliose, corn starch, and
10 alginic acid; binding agents, such as, for example, starch, gelatin, polyvinyi-pyrrolidone,
and acacia; and lubricating agents, such as, for example, magnesium stearate, stearic acid,
and tale. Additionally, atablet can either be uncoated, or coated by known techniques to
cither mask the bad taste of an vnpleasant tasting drug, or delay disintegration and
absorption of the active ingredient in the gastrointestinal tract therchy sustaming the
15 effects of the active ingredient for a longer period. Exemplary water soluble taste
masking materials, inchide, but are not limited to, hydroxypropyl-methylcetiulose and
hvdroxypropyl-celhilose. Exemplary time delay materials, include, but are not limited to,
cthyl cellulose and cellulose acetate butyrate.

Hard gelatin capsules can, for example, be prepared by mixing at least one

20 compound of Fornmula (1) with at least one inert solid difuent, such as, for example,
calcium carbonate: caleturn phospbate; and kaolin.

Soft gelatin capsules can, for example, be prepared by mixing at least one
compoand of Formula (I} with at least one water soluble carrier, such as, for example,
polyethylene glycol; and at least one o1 medium, such as, for cxample, peanut otl, liguid

25 paraffin, and olive oil.

An agueous suspension can be prepared, for example, by admixing at least one
compound of Formula (1) with at least one excipient suitable for the manufacture of an
agueous suspension. Excmplary exeipients suttable for the manufacture of an agqueous
suspension, mnclude, but are not hmited to, for example, suspending agents, such as, for

36 example, sodium carboxymethyleelhdose, methvicellulose, hvdroxypropylmethyl-
cellufose, sodium alginate, alginic acid, polyvinyl-pyrrolidone. gum tragacanth, and gum

acacia; dispersing or wetting agentds, such as, for example, a naturally-occurring
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phosphatide, ¢.g., lecithin; condensation products of alkylene oxide with fatty acids, such
as, for example, polyoxyethylene stearate; condensation products of ethyviene oxide with
long chain aliphatic alcohols, such as, for example heptadecacthylene~oxycetanol;
condensation products of ethylene oxide with partial esters derived from fatty acids and
hexitol, such as, for example, polyoxvethylene sorbitol monooleate; and condensation
products of ethylene oxide with partial esters derived from fatty acids and hexitol
anhydrides, such as, for example, polvethylene sorbitan monoolcate. An agueous
suspension can also contain at least one preservative, such as, for example, ethyl and n-
propyl p-hyvdroxybenzoate; at feast one coloring agent; at least one flavoring agent; and/or
at least one sweetening agent, including but not limuted to, for example, sucrose,
saccharin, and aspartame.

Oily suspensions can, for example, be prepared by sespending at least one
compound of Formula (1) in either a vegetable oil, such as, for example, arachis oil; olive
oil; sesame oil; and coconut oil; or in mineral o1, such as, for example, liguid paraffin.
An oily suspension can also contain at least one thickening agent, such as, for example,
beeswax; hard paraffin; and cetyl alechol. In order to provide a palatable oily suspension,
at least one of the sweetening agents already described hereinabove, and/or at least one
flavoring agent can be added to the otly suspension. An aily suspension can further
contain at least one preservative, including, but not Himited to, for example, an anti-
oxidant, such as, for example, butylated hydroxyanisol, and alpha-tocopherol.

[ispersible powders and granules can, for example, be prepared by adnixing at
least one compound of Formula (1) with at least one dispersing and/or wetting agent; at
least one suspending agent; and/or at least one preservative. Suitable dispersing agents,
wetting agents, and suspending agents are as alrcady described above. Excmplary
preservatives include, but are not hinuted to, for example, anti-oxidants, ¢.g., ascorbic
acid. In addition, dispersible powders and granules can also contamn at least one
excipient, including, but not linited to, for example, sweetening agents; flavoring agents;
and coloring agents.

An emulsion of at least one compound of Formula (1) thereof can, for example, be
prepared as an oil-in-water emulsion. The oily phase of the emulsions comprising
compounds of Formula () may be constituted from known ingredients in a known

manner. The oil phase can be provided by, but 1s not limited to, for exaraple, a vegetable
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oil, such as, for example, olive il and arachis oil; a moineral i, such as, for exampie,
tigpuud paraffin; and muxtures thereof. While the phase may comprise merely an
emulsificr, it may comprise a nuixture of at least one enmulsificr with a fat or an ol or with

both a fat and an oil. Suitable emulsifving agents include, but are not limited to, for

(4

example, naturally-occurring phosphatides, e.g., soy bean lecithin; esters or partial esters
derived from fatty acids and hexitol anhvdrides, such as, for example, sorbitan
monooleate; and condensation products of partial esters with ethylene oxide, such as, for
example, polvoxyethylene sorbitan monooleate. Preferably, a hydrophilic emulsifier is
incloded together with a lipophilic emulsifier which acts as a stabilizer. Itisalso
16 preferred to include both an o1l and a fat. Together, the emulsificr(s) with or without
stabilizer{s) make-up the so-called emulsifving wax, and the wax together with the oil and
fat make up the so-calied emulsifying ointment base which forms the oily dispersed phase
of the cream formulations. An emulsion can also contain a sweetening agent, a flavoring
agent, a preservative, and/or an antioxadant. Emulsifiers and enmulsion stabilizers suitable
15 foruse mn the formulation of the present invention include Tween 60, Span 80, cetostearyl
alcohol, myristyl alcohol, glyceryl monostearate, sodium laurvl sulfate, glveeryl
distearate alone or with a wax, or other materials well known in the art.
The compounds of Formula (I} can, for example, also be delivered mtravenously,
subcutaneously, and/or intramuscularly via any pharmaceutically acceptable and suitable
20 imjectable form. Exemplary injectable forms include, but are not limited to, for example,
sterile aqueous solutions comprising acceptable vehicles and solvents, such as, for
example, water, Ringer’s solution, and sotonic sodinm chloride solution; sterile oil-in-
water microemalsions; and aquecus or oleaginous suspensions.
Formulations for parenteral administration may be in the form of aqueous or non-
25 aqueous isotonic stertle injection solutions or suspensions. These solutions and
suspensions may be prepared from sterile powders or granules using one or more of the
carriers or diluents mentioned for use in the formulations for oral administration or by
using other suttable dispersing or wetting agenis and suspending agents. The compounds
may be dissolved 1n water, polvethylene glyveol, propylene glveol, ethanol, com o,
30 cottonseed oil, peanat oil, sesame i, benzyl aleohol, sodivm chioride, tragacanth gum,
and/or various buffers. Other adjuvants and modes of administration are well and widely

known in the pharmaceutical art. The active ingredient may also be admmistered by
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mjection as a composition with suttable carriers including saline, dextrose, or water, or
with cyclodextrin (i.c. Captisol), cosolvent solubilization (i.c. propylene glycol) or
micellar solubtlization (i.¢. Tween 80).

The sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable dilaent or solvent, for example as a
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be
craployed are water, Ringer’s sohution, and isotonic sodivm chioride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending
mediam. For this purpose any bland fixed oil may be employed, mchiding synthetic
mono- ot diglveerides. In addition, fatty acids such as oleic acid find use in the
preparation of mjectables.

A sterife imectable oil-in-water microemulsion can, for example, be prepared by
1} dissolving at least one compound of Formulda (1} in an oily phase, such as, for example,
a nuxture of sovbean oil and lecithin; 2) combinung the Formula ) contaiing o phase
with a water and glveerol mixture; and 3} processing the combiation to form a
microemulsion.

A sterile aqueous or oleaginous suspension can be prepared in accordance with
methods already known in the art. For example, a steride agucous solution or suspension
can be prepared with a non-toxic parenterally-acceptable diluent or solvent, such as, for
example, 1,3-butane diol; and a sterile oleaginous suspension can be propared with a
sterile non-toxic acceptable solvent or suspending medium, such as, for example, stenile
fixed otls, ¢.g., synthetic mono~ or diglveerides; and fatty acids, such as, for example,
oletc acid.

Pharmaceutically acceptable carriers, adjuvants, and vehicles that may be used in
the pharmaceutical compositions of this invention melude, but are not linuted to, 1on
exchangers, alumina, alaminum stearate, lecithin, self~emulsifving drug dehvery systoms
{SEDDS) such as d-alpha-tocophera! polyethyvleneglycol 1000 succinate, surfactants used
in pharmaceutical dosage forms such as Tweens, polyethoxvlated castor oil such as
CREMOPHOR surfactant (BASF}, or other similar polvmeric delivery matrices, serum
proteins, such as human serum albunun, buffer substances such as phosphates, glycine,
sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable fatty

acids, water, salts or electrolytes, such as protamine sulfate, disodiura hydrogen
49



WO 2023/159154 PCT/US2023/062780

(4

10

20

30

phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica,
magnesium iristlicate, polyvinyl pyrrofidone, celhilose-based substances, polvethviene
glveol, sodium carboxymethylcellulose, polyvacryviates, waxes, polyethylene-
polyoxypropviene-block polymers, polyethviene glveol and wool fat. Cyclodextring such
as alpha-, beta-, and gamma-cyclodextrin, or chemically modified denvatives such as
hydroxyalkvleyclodextrns, including 2- and 3-hydroxypropyl-cyclodexirins, or other
solubilized derivatives may also be advantageously used to enhance delivery of
corpounds of the formulae described herein.

The pharmaceutically active compounds of this invention can be processed in
accordance with conventional methods of pharmacy to produce medicinal agents for
administration to patients, inchuding humans and other mammals. The phammaceutical
compositions may be subjected to conventional pharmacestical operations such as
sterilization and/or may contain conventional adjuvants, such as preservatives, stabilizers,
wetting agents, emulsifiers, buffers cic. Tablets and pills can additionally be prepared
with enteric coatings. Such compositions may also comprise adjuvants, such as wetting,
sweetening, flavoring, and perfuming agents.

The amounts of compounds that are administered and the dosage regimen for
treating a disease condition with the compounds and/or compositions of this invention
depends on a variety of factors, including the age, weight, sex, the medical condition of
the subject, the type of discase, the severity of the discase, the route and frequeney of
admuustration, and the particular compound employed. Thus, the dosage regimeon may
vary widely, but can be determined routinely using standard methods. A daily dose of
about 0.001 to 100 mg/kg body weight, preferably between about 0.0025 and about 50
mg/ke body weight and most preferably between about 0.003 10 10 mg/ke body weight,
may be appropriate. The daily dose can be administered m one to four doses per day.
Other dosing schedules include one dose per week and one dose per two day cvele.

For therapeutic purposes. the active compounds of this tnvention are ordinarily
corabined with one or more adjuvants appropriate 1o the indicated route of aduunistration.
If admunistered orally, the compounds may be admixed with lactose, sucrose, starch
powder, cellulose esters of alkanoic acids, celbdose alkyl esters, tale, stearic acid,
magnesiwm stoarate, magnesium oxide, sodium and calemm salts of phosphoric and

sulfuric acids, gelatin, acacia guny, sodmm alginate, polyvinyipyrrolidone, and/or
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polyvinyl alcohol, and then tableted or encapsulated for convenient administration. Such
capsules or tablets may contain a controlied-release formulation as may be provided in a
dispersion of active compound in hydroxypropyimethvi cellulose,

Phammaceutical compositions of this invention comprise at least one compound of
Formudda (1) and optionally an additional agent selected from any pharmaceutically
acceptable carrier, adjuvant, and vehicle. Alternate compositions of this invention
comprise a conpound of the Formula (I) descnbed herein, or a prodrug thereof, and a
pharmaceutically acceptable cammer, adjuvant, or vehicle.

The present invention also encompasses an article of manufacture. As used
herein, article of manufacture 1s intended to include, but not be Limited to, kits and
packages. The article of manufacture of the present invention, comprises: {a) a first
container; (b) a pharmaceutical composition located within the first container, whercin the
composition, comprises: a first therapeutic agent, comprising: a compound of the present
mvention or a pharmaceutically acceptable salt form thereof) and, {¢) a package insert
stating that the pharmaceutical composition can be used for the treatment of a
cardiovascular disorder, diuresis, and/or natriaresis. In another embodiment, the package
insert states that the pharmaceutical composition can be used in combination (as defined
previously) with a second therapeutic agent to treat cardiovascular disorder, diuvresis,
and/or natriuresis. The article of manufacture can further comprise: {d) a second
container, wherein components {a) and (b) arc located within the sccond container and
component (¢} is located within or outside of the second container. Located within the
first and sccond contaners means that the respective contaner holds the item within its
boundaries.

The first container is a receptacie used to hold a pharmmaceutical composition.
This container can be for manufacturing, storing, shipping, and/or individual/bulk selling.
First container is intended to cover a bottle, jar, vial, flask, syringe, tube {e.g., for a cream
preparation), or any other container used to manufacture, hold, store, or distribute a
pharmaceutical product,

The second container is one used to hold the first container and, optionally, the
package insert. Examples of the second container include, but are not limited to, boxes
{e.g.. cardboard or plastic), crates, cartons, bags {e.g., paper or plastic bags), pouches, and

sacks. The package insert can be physically attached to the outside of the first container
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via tape, glue, staple, or another method of attachment, or it can rest mside the second
container without any physical means of attachment to the first container. Alternatively,
the package insert is located on the outside of the second container. When located on the

outside of the second container, it 1s preferable that the package msert is physically

(4

attached via tape, glue, staple, or another method of attachment. Altematively, it can be
adjacent to or touching the outside of the second container without being physically
attached.
¢ package insert is a label, tag, marker, or other written sheet that recites
information relating to the pharmaceutical composition located within the first container.
160 The information recited will usually be deternuned by the regulatory agency goveming
the area in which the article of manufacture is to be sold {e. g, the United States Food and
Drog Administration}. Preferably, the package nsert specifically recites the indications
for which the pharmaceutical composition has been approved. The package insert may be
made of any material on which a person can read information contarned therein or
15 thereon. Preferably, the package inseri is a printable matenial {e.g., paper, plastic,
cardboard, foil, adhesive-backed paper or plastic) on which the desired information has

been formed {e.g., printed or applied).

METHODS OF PREPARATION
20 The compounds of the present invention can be prepared in a number of ways well
konown to one skilled v the art of organic synthesis. The conpounds of the present
mvention can be synthesized using the methods deseribed below, together with synthetic
methods known in the art of synthetic organic chemistry, or variations thereon as
appreciated by those skilled in the art. Preferred methods include, but are not liumited to,
25 those described below.

The reactions and techmques described in this section are performed in solvents
appropriate to the reagents and materials employed and are suitable for the
transformations being effected. Also, n the description of the synthetic methods
described below, 1t is to be understood that all proposed reaction conditions, including

30 choice of solvent, reaction atmosphere, reaction temperature, duration of the experiment
and work up procedures, are chosen to be the conditions standard for that reaction, which

should be readily recognized by one skilled in the art. 1t 15 vnderstood by one skilled in
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the art of orgamic svnthesis that the functionality present on various portions of the
molecule must be compatible with the reagents and reactions proposed. Such resirictions
to the substituents that are compatible with the reaction conditions will be readily

apparent to one skilled m the art and alternate methods must then be used. This will

(4

sometimes require a judgment to modify the order of the synthetic steps or 1o select one
particular process scheme over another in order to obtain a desired compound of the
mvention. It will also be recognized that another major consideration inx the planning of
any svathetic route mn this field s the judicious choice of the protecting group used for
protection of the reactive functional groups present in the compounds described in this
10 mwvention. An authoritative account describing the many alternatives to the tramed

practitioner is Greene ot al. (Profective Groups in Organic Synthesis, Fifth Edition, Wiley

and Sons (2014)).
SCHEME 1
O
Rap P Rsp
R NO, i -
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5 T I-B
Scheme 1 describes one potential route for the synthesis of compounds of Foroula
I-A and I-B, a subset of Formula 1. The term “halo.” in this scheme refers to any halogen
that onc of ordinary skill in the art would deem proper to achicve the intended
transformation. Compound la can be reacted with aldehyde 1b in the presence of sodium
20 hvdrosalfite, in a suitable solvent {¢.g. EtOH, MeOH, DMSO, NMP), with heating, to
furnish compound l¢. Contingent upon the natwre of the Ry substituent, it may be

necessary to first reduce the nitro group of compound la. Reduction is accomplished
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using a typical nitro~reducing agent (e.g. Fe powder, tin chloride dihydrate, catalytic
hvdrogenation), followed by cyclization with aldehyde b 1 the presence of sodium
metabisulfite, in a suitable solvent {c.g. NMP, DMSO, EtOH), with heating to provide
compound le. Compound Ic can be reacted with the appropriate boronate ester or
boronic acid using standard Suzeki couphing conditions to furnish compounds of Formuda

{-A and I-B.

EXAMPLES

Compounds of the current invention and intermediates used in the preparation of
compounds of the current invention can be prepared using procedures shown in the
following examples and related procedures. The methods and conditions used 1 these
examples, and the acteal compounds prepared in these examples, are not meant to be
limiting, but arc meant to demonstrate how the compounds of the current invention can be
prepared. Starting materials and reagents used in these examples, when not prepared by a
procedure deseribed herein, are generally either commercially available, or are reported in
the chemical hiterature, or may be prepared by using procedures deseribed in the chemical
literature. The invention is further defined in the following Examples. i should be
understood that the Examples are given by way of illustration only. From the above
discussion and the Examples, one skilled in the art can ascertain the essential
characteristics of the invention, and without departing from the spirit and scope thereof,
can raake various changes and modifications to adapt the invention to various uses and
conditions. As a result, the invention is not limited by the llustrative examples set forth
herein below, but rather defined by the claims appended hergto.

in the examples given, the phrase “dried and concentrated” generally refers to
drymng of a solution i an organic solvent over either sodium sulfate or magnesium
sulfate, followed by filtration and removal of the solvent from the filtrate (generally under
reduced pressurc and at a temperature suitable to the stability of the material being

Chemical names were determined using ChemBDraw Professional, version

20.1.0.110 (PerkinEbner Informatics, Inc.). The following abbreviations are used:

AcOH acetic acid

aq. AUCONS
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brine
DCM
DMF
DMSO
EtOAe
EtOH
PA
MeCN
MeDOH
NMpP
THF
pet ether

o
&

b

min

HPLC
LC/MS
Pdu(dba):
TEA

TFA
rac-BINAP

XPhos Pd G3

XPhos P4 G4

Pd(dppHCh DCM

PCT/US2023/062780

saturated agueous sodium chloride

dichloromethane

N, N-diaethviformanude

dimethyl sulfoxade

othyl acetate

cthanci

isopropyl alcohol

acctonitrile

methanol

N-methyl-Z-pyreolidone

tetrabyvdrofuran

petroleum cther

gram{s}

hour(s)

minute(s}

High Performance Liguid Chromatography

Liquid Chromatography / Mass Spectroscopy
tris{dibenzylidencacetone)dipaliadium(0)

triethylamine

trifluoroacetic acid

(+)-2,2'-bis{diphenylphosphino)- I, '-binaphthalene, 2,2'-
bis{diphenylphosphino)-1, '-binaphthalene
2-dicyclohexylphosphine-27,47 6 -triisopropyi-1,17-biphenyl){ 2-
{27-amino-1, 1 -biphenvl}|paliadium{il) methancsulfonate
methanesulfonato(2-dicyclobexylphosphine-2',4'.6'tri-i-propyl-
1, P-biphenyD {2 methylamino- L, P-biphenyl-2-vDpalladium(ll)
[1,1-bis{diphenviphosphino}ferrocenejdichloropaliadiumil},

complex with dichloromethane

PREPARATION

All reagents purchased from commercial sources were used without further

purification undess otherwise noted. All reactions invelving air or motsture scositive

55



WO 2023/159154 PCT/US2023/062780

(4

10

20

30

reagents were performed under an inert atmosphere. Proton magnetic resonance spectra

were recorded primarily on a Broker Avance 400 or 500 MHz spectrometor.

Analvtical LC/MS Methods

Method 1. Column: Waters Acquity BEH CI8, 2.1 x 30mm, 1.7 um particles;
Mobile Phase A: 5:95 MeCN:water with 0.05 % TFA; Mobile Phase B: 955
MeCN:water with .05 % TFA; Temperature: 50 °C; Gradient: 0 %8B to 100 %B over 3
min, ther a 0.50 min hold at 100 %B; Flow: I mL/min; Detection: MS and UV (220, 254
s},

Method 2: Column: XBridge C18, 2.1 mm x 50 mum, 1.7 pm particles; Mobile
Phase A: MeCN/H20 (5:95) with 10 mM NHiOAc; Mobile Phase B: MeCUN/H20 (95:5)
with 10 mM NHiOAc; Temperature: 50 °C; Gradient: 0-100 %B {(0.0-3.0 min), 100 %B
{3.0-3.5 min); Flow: 1.0 mi/min; Detection: UV {220 am) and MS (ESI +).

Method 3: Column: XBridge CI8, 2.1 mun x 50 mm, 1.7 pm particles; Mobile
Phase A: MeUN/HZ( (5:95) with 0.05 % TFA; Mobile Phase B: MeCUN/H20 {95:5) with
$.05 % TFA; Temperature: 30 °C; Gradient: (-100 %B ¢0.0-3.0 min}, 100 %B (3.0-3.5
min}; Flow: 1.0 mi/min; Detection: UV (220 am) and MS (ESL+).

Method 4: Column: HALO C18, 3.0 x 30, 2.7 um particles; Mobile Phase A:
water with 0.05 % TFA; Mobtle Phase B: MeCUN with 0.05 % TFA; Temperature: 40 °C;
Gradient: 5 %B to 100 %B over |3 min, then a 0.50 min hold at 100 %B; Flow: 1.5
ml/min; Detection: MS and UV (254/220 nmy).

Method 5: Column: HALO C18, 3.0 x 30mm, 2.7 um particles; Mobile Phase A:
water with 0.05 % TFA; Mobile Phase B: MeCN with 0.05 % TFA; Temperature: 40 °C;
Gradient: 5 %B to 50 %8B over 2 nun, 50 %B to 100 %8B over 0.4 min, then a 0.40 min
hold at 100 %B; Flow: 1.5 mL/min; Detection: MS and UV (234/220 nm).

Method 6: Column: Waters Acquity BEH C18, 2.1 < 50 muim, 1.7 wm particles;
Mobile Phase A: 5:95 MeCN:water with 10 mM NH:QAc; Mobile Phase B: 953
McCN:water with 10 mM NHaOAc; Temperature: 30 °C; Gradicnt: 0 %8 to 100 %k
over 3 min, then a .50 min hold at 100 96B; Flow: 1 mnL/min; Detection: MS and UV

(220, 254 am).

Preparative HPLC Methods
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Prep Method A: Colomn: XBrdge CI8, 200 ram x 19 mm, 5-um particles; Mobile
Phase A: 5:95 MeCN: water with NHa(bA¢; Mobile Phase B: 95:3 MeUN: water with
MNH4OAc; Gradient: {(variable; dependent on substrate) %8B over 20 minutes, then a -
minute hold at 100% B; Flow Rate: 20 yvoL/min; Cohmn Temperature: 25 °C. Fraction
collection was triggered by MS and UV signals. Fractions containing the desired product
were combined and dried via centrifugal evaporation.

Prep Method B: Coluran: XBridge C18, 200 mm x 9 num, 3-pm particles; Mobile
Phase A: 5:95 MeCN: water with 0.05% TFA; Mobile Phase B: 95:5 MeUN: water with
0.05% TFA,; Gradient: (variable; dependent on substrate) % B over 20 minutes, then a 0-
minuie hold at 100% B; Flow Rate: 20 mal/oun; Coluown Temperature: 25 °C. Fraction
collection was triggered by MS signals. Fractions containing the desired product were
combined and dried via centrifugal evaporation.

Prep Method C: Column: Phenomenex AXIA Su €18, 30x100mm; Mobile Phase
Az 90% Ha(3/10% MeUOH-10mM NHiOAc; Mobile Phase B: 10% Ha0/90% MeOH-10
mM NHsOAc; Method: Grad. Solv. System: From 100% A: 0% B o 0% A 100% B;
Dictection at 220 nM; 10 min grad.

Prep Method D Column: Phenomenex AXIA 5u €18, 30x100mm; Mobile Phase
A 90% H0/10% MeCN/0.1% TFA; Mobile Phase B: 10% Hx0/90% MeCN/A.1% TFA;
Method: Grad.Solv. Systemt: From 100% A: 0% B to 0% A: 100% B; Detection at 220
aM; 10 min grad.

Prep Method E: Colunun Column: SunFue Prep Ci8 OBD Column, 19%150 num,
Sum {0nm; Mobile Phase A: Water (6.05% TFA), Mobile Phase B: MeCN; Flow rate: 23
mE/min; Gradient: 5% B to 15% B in 6.8 min; Wave Length: 254 nm; Coluomn
Temperature: 25 °C. Fraction collection was triggered by MS and UV signals. The pure
fractions were combined and concentrated under vacuum to remove organic solvents. The
residual aqueous solution was dried by lyophilization to afford the final product.

Prep Method F: Columa: XBridge Prep C18 OBD Columa, 19x 150 mm, Sum;
Mobile Phase A: Water (10 mmol/L NH4HCO:), Mobile Phase B: MeCN; Flow rate: 20
mL/min; Gradient: 30% B to 50% B in 4.5 min; Wave Length: 234/210 nm; Colummn
Temperature: 25 °C. Fraction collection was triggered by MS and UV signals. The pure
fractions were combined and concentrated under vacuum to remove organic solvents. The

residual aqueous solution was dried by lyophilization to afford the final product.
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EXAMPLE 1
5-{(4-((6-cyelobutyl-2,6-diazaspiro[3 .3 Jheptan-2-vhmethylphenyl)-3-cyclopropyl-7-

methyl-2-(4-{methvisulfonyphenvl}-3H-amidazof4,5-blpyridine

CHa
2 N e 9
B o \%@m}wﬁﬂm
5\{‘/‘ “\ i‘\ N7 TN O
LN P 5 .
5 (1

Step A, Imtermediate [A. Preparation of 6-chloro-N-cyclopropyl-4-methyl-3-

nitropyridin-2-amine

To a 500 mL round bottomed flask were added 2,6-dichloro-4-methyl-3-

10 nitropyridine (5.0 g, 24 mmol), DIEA (13 mL, 73 mmol), THF (200 mL), followed by
cyclopropyviamine (1.7 mL, 24 mmol}. The reaction mixture was stirred under N2, After
18 h, the solvent was concenirated and the residue was purified by flash column
chromatography {120 g silica gel cartridge; A =Hex, B =EtOAc; 30 min grad.; 0% B 1o
100%B; flow rate = 80 mL/min). The fractions corresponding to product were combined,

15 concentrated and dried in vacuo to afford the title compound (2.9 g, 13 mmol, 34 % vicld)
as a yellow solid. Analytical LO/MS (Method 1} Observed Mass: 228.0; Retention
Time: 2.037 min. H NMR (500 MHz, METHANOL-d4) 6 6.65 (s, 1H), 2.91 (s, 1F),
2.46 (s, 3H), 0.85 (dd, J=7.0, 1.6 Hz, 2H), 0.66-0.49 (m, 2H}.

20 Step B, Intermediate 1B, Proparation of 6-chloro-N2-cyelopropyl-4-methvipyndine-2,3-

diamine

CHy
&/NHE
A
mJ:N”/’\N
H (1B}

To a 200 mL pear shaped flask were added Intermediate 1A (2.0 g, 8.8 mmol),
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ammoniam chlonde (2.4 g, 44 mmol}, iron powder (2.5 g, 44 mmol), BtOH (10 mL}, and
water (10 mL}). The muxture was stirred at 80 °C. After 18 b, the reaction mixture was
cooled, filiered, the filter cake was washed with MeQOH, and the volatiles were
concentrated from the filtrate. The resultant suspension was diluted with water {100 mL)
and extracted with EtQAc (2550 mL}. The organic phase was combined, washed with
brine, dried over Mg8Q:, filtered and concentrated. The residue was purified by flash
column chromatography (120 ¢ silica gof cartnidge; A =Hex, B = EtOAc; 30 min grad ;
0% B to 100% B: flow rate = 80 mL/min). The fractions corresponding to product were
combined, concentrated and dried i vacuo to afford the title compound (1.0 g, 5.2 mmol,
59 % vield) as a pale yellow solid. Analytical LC/MS (Method 1) Observed Mass:
197.9; Retention Time: 1.133 min. 'HNMR (500 MHz, METHANOL-ds) § 6.42 (s, 1H),
2.85-2.73 (m, 1H), 2.11 {8, 3H}, 0.76 (br d, S=5.0 Hz, 2H), 0.57-0.47 (m, 2H}.

Step C. Intormediate 1C. Preparation of S-chloro-3-cvelopropvl-7-methyl-2~(4-

(methylsulfonvhphenyty-3H-imidazo{4, S-bipyridine

CHy
2O
o N N)\ \ &

(10)

To a 200 mL pear shaped flask were added Intermediate 18 (1.0 g, 5.2 mmol) and
NMP (60 mL). To this nuxture was added sodivm metabisulfite (1.5 g, 7.7 nunci),
followed by 4-{methylsulfonylibenzaldehyde (1.0 g, 5.7 mamol}. The reaction mixture
was stirred at 70 °C under No. After 18 h, the muxture was cooled, diluted with water
{250 mL}, and extracied with EtQAc (2x100 mL). The organic phase was combined,
washed with brine, dried over MgSQ4, filtered and concentrated. The residuc was
purified by flash column chromatography (120 g silica gel cartridge; A=DCM, B =
MeOH,; 30 min grad.; 0% B to 15%B; flow rate = 80 mL/mmn}. The fractions
corresponding to product were combined, concentrated and dried in vacuo to afford the
title compound (0.85 g, 2.3 vuaol, 44 % vield) as a pale vellow sohid. Analvtical LC/MS
{(Method 1} Observed Mass: 361.9; Retention Time: 1.392 nuin. 'H NMR (500 MHz,
METHANOL-d4) 8 8.32-8.26 (m, 2H), 8.21-8.17 (m, 2H}, 7.29-7.21 {m, 1H), 3.77-3.67
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(o, 1FD), 3.25 (s, 3H), 2.68 (d, J=0.7 Hz, 3H), 1.22-1.15 (m, 2, 0.85-0.76 (s, 2H).

Step D, Imtermediate 1D, Preparation of 4-(3-cyclopropyi-7-methyl-2-(4-

{methyisulfonvhphenyl}-3H~mudazo[4,5-blpyndin-5-vhbenzaldehyde

(1)

To a 250 mkL round bottomed flask were added Intermediate 1C (085 g, 2.3
mumol}, 4-(4,4,5, S-tetramethyl-1,3,2-dioxaborolan-2-yiibenzaldehyde (0.60 g, 2.6 mmol},
L 4-dioxane (20 mL), and potassium phosphate tribasic (1.5 g, 7.1 mmol) dissolved m
water (5 mL}. The nmuxture was purged with Nz, XPhos Pd G3 (0.099 g, 0.12 mmol) was
added, the vessel was purged again, and the reaction was heated to 80 °C and stirred.
After 18 h, the mixture was cooled, diluted with water (150 mb), and extracted with
EtOAc (2x75 mL). The organic phase was combined, washed with brine, dried over
MgS0q, filtered and concentrated. The residue was purified by flash column
chromatography {80 g silica gel cartndge; A = Hex, B = EtOAc; 30 mun grad.; (% B to
100% B: tlow rate = 60 mL/min}. The fractions corresponding to product were
conobined, concentrated and dried in vacuo to afford the title compound (0.89 g, 2.1
mmol, 88 % yield) as a pale yellow sohd. Analytical LC/MS (Method 1) Observed
Mass: 432.0; Retention Time: 1.677 min. (3 min. gradient} is product. "H NMR {500
MHz, DMSQO-ds) 6 10.10 (s, 1H), 8.55-8.30 (m, 1H), 8.44 (d, J=8.3 Hz, 2H), 8.37 (s, 2H},
8.14 (d, /=8.6 Hz, 2H}, 8.06 {d, J=8.5 Hz, 2H), 3.94-3.80 {m, 1H}, 335 (s, 3H), 2.72-2.67
{m, 3H), 1.26-1.14 {m, 2H), 0.99-0.83 (m, 2H}.

Step E. Intermediate 1E. Preparation of 5-(4-({2,6-diazaspirof 3 3theptan-2-

vhmethyliphenyl)-3-cyclopropyl-T-methyl-2-(4-(uethylsulfonyhphenyt-3H-
mmtdazof4,5-bjpvridine, 2 TFA salt
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To a 40 mL vial were added Intermediate 11 (0.40 g, 0.93 mmol), tert-butyl 2,6-
diazaspirof3 3theptane-Z-carboxylate, oxalic acid salt (.80 g, 2.8 mmol}, AcOH (0.053
mi, 1.0 mmol), magnesivm sulfate (1.7 g, 14 mumol), and DMF (10 mL). The reaction
mixture was stirred for 20 min, theo sodium triacetoxyborchydride (0.98 g, 4.6 ramol}
was added. After stirring 18 b, the muxture was dituted with 10% IPA/CHCL: (100 mL)
and filtered. The filtrate was partitioned into KOH solution {(10% aqueous saturated with
solid NaCly (50 mL) and the layers were separated. The agueous phase was oxiracted
with 10% IPA/CHC; (50 ml), the organic phase was combined, washed with brine, dried
over MgSO4, filtered and concentrated. The residue was purified by flash colomn
chromatography {80 g silica gel cartnidge; A = DCM, B = McOH; 30 min grad; 0% B to
20 % B; flow rate = 60 al/oun). The fractions corresponding to product were combined
and concentrated. The obtained intermediate was dissolved in MeOH (10 mL), TRA (1.4
mi., 19 mmol) was added and the reaction mixture was stirred at 45 °C. After 2 h, the
solvent was concentrated, the residue was co-evaporated with toluene (2x), and the
product was dried in vacuo 1o afford the title compound (480 mg, 0.65 mmol, 70 % vickd)
as a pale yellow solid. Analytical LC/MS (Method 1) Observed Mass: 514.1; Retention
Time: 1.051 min. "H NMR (500 MHz, METHANOL-ds) 5 8.34-8.30 {m, 4H), 8.22 (d,
J=R.6 Hz, 2H), 7.84-7 81 (o, 1H), 7.63-7.60 (m, 2H), 4.48-4 44 (m, 6H), 4.39-4 33 (m,
4H}, 3.86-3.75 (m, 1H), 3.27 (s, 3FH, 2.79-2.75 (m, 3H), 1.29-1.18 {m, 2H), 1.01-0.90 {m,
2H).

Step ¥, Preparation of Example |

To a 40 mL vial were added Intermediate 1E (96 mg, 0.13 nmumol), cyclobutanone
{43 mg, 0.65 munol), AcOH (8.2 uL, 0.14 mmol), magnesium sulfate (230 mg, 1.9
mmol}, and DMF (2 mal). The reaction mixture was stured for 20 ron, then sodivm
tnacetoxyborohydride (140 mg, 0.65 mmol) was added, the vial was capped and the

mixture was stirred. After 18 b, the reaction was diluted with 10% IPA/CHCL; (40 mL)
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and filtered. The filtrate was partitioned mnto KOH solution (10% aqueous saturated with
solid NaCh (20 mL) and the lavers were separated. The agacous phase was extracted
with 10% TPA/CHCI: (10 ml.), the organic phase was conobined, washed with brine, dried
over MgS04, filtered and concentrated. The crude material was purified via preparative
HPLC (Method A) to afford the title compound (44 mg, .077 mmol, 59 % vield).
Analvtical LC/MS (Method 2} Observed Mass: 368 20; Retention Time: 1.53 nun.
Analytical LC/MS (Method 3} Observed Mass: 568.20; Retention Time: 1.14 min. *H
NMR (500 MHz, DMSO-de) 3 836 (brd, /=82 M=, 2H), 8.12 {brdd, /=8.1, 4.1 Hz, 4H)},
7.77 (s, 1H}, 738 {br d, S=7.9 Hz, 2H}, 3 88-3 80 (m, 1H), 3.61-3.54 {m, 1H)}, 3.37-3.30
(m, 1H}, 3.24-3.21 (m, 2H)}, 3.16 (s, 3H), 3.05-2.96 (m, 1H), 2.91-2.86 (m, 1H}, 2.66 (s,
3H), 2.51 (brg, 3H), 191 (s, 2H), 1 88-1.78 (m, 2H}, 1.74-1.51 {m, 4H), 1.25-1.13 {m,
2H}, 0.86 (br s, 2H).

EXAMPLE 14
6-{ 1 -isopropvi-[ 1,4 -bipipendin]-4-v)- -methvl-2-(4-(methvisuifonyliphenyl}-1H-

imidazofd, S-bipyridine

CHy (14)
Step A, Intermediate 14A. Preparation of 5-bromo-N-methyl-2-mitro-pyridin-3-amine
N i NO;
Br SN
CHs(144)

To a solution of 5-bromo-3-Hucro-2-nitro-pyridine (5 g, 22.63 mmol} in dry THF
{70 mL) was added methyvlamine sohition {2 M in THF) (33.94 mi., 67 88 mumol). After
sturing 18 b at 50 °C, the mixture was cooled, the solvent concentrated and the crude
product was purified by silica gel column chromatography (hexane/EtOAc; 0-70% as
chient) to afford the title compound (3.2 g, 22.4 nunol, 99 % yicld) as a vellow sohid.
Analytical LC/MS (Method 4); Observed Mass: 232.0/234.0; Retention Time: 0.836 nun.
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Step B. Intermediate 14B. Preparation of 6-bromo-1-methyl-2-(4-
(racthvisulfonyhphenyh~1H-mudazo{4,5-bipyndine

Pes 1

A mixtore of Intermediate 14A (2 g, 8.62 mumol), 4-methyvisalfonyibenzaldehyde

(14B)

{32 7.24 mmol}, NaxS204 (4.5 g, 25 86 mmol} in ethanol {30 mL) and water {15 mb)
was stirred under Na at 90 °C. After 36 h, the reaction mixture was cooled, the mixture
was diluted with water (500 mL) and extracted with EtQAc (35300 mL). The combined
organic layer was dried over NazSQu, filtered, concentrated and the residue purified by
slica gel column chromatography (hexanc/EtQAc; 0-100% as cluent), to afford the utle
compound (850 mg, 2.32 mmol, 27 % yield) as a vellow solid. Analytical LC/MS
{Method 4} Observed Mass: 366.2/368.2; Retention Time: (.654 min.

Step C. Intermediate 14C. Preparation of tert-butyl 4-(L-methyl-2~{(4-(methvisulfonyl)
phenyl}-1H-imidazof4, 5-bipyndin-6-vi)-3,6-dihydropyridine - 1{2H}-carboxyiate

AN N ?
s —S-Cils
CH
BocN ~ 3 (14(/\)

A muxture of Intermediate 148 (830 mg, 2.27 mumol}, tert-butyl 4-(4,4,5.5-
tetramethyl-1,3,2-dioxaborolan-2-yh)-3 6-dihydro-2H-pyridine-1-carboxylate (1.05 g, 3.4
mmod), KoCOs (625 mg, 4.53 mmol) and Pd(PPhs)s (200 mg, 0.24 mmel) in 1 4-dioxane
{10 mL} and water (2 mL) was degassed with nitrogen {3x) and stirred at 90 °C. After I8
h, the reaction muixture was cooled, dihuted with water (100 mL) and extracted with
EtOAc (3x80 mL). The combined organic layer was dried over Na:SOq, filtered,
concentrated and the residue purified by silica gel column chromatography
(hexane/EtOAc; 0-100% as cluent) to afford the title compound (850 mg, 1.81 mmol, 80
% yield) as a yellow solid. Analytical LC/MS {(Method 4} Observed Mass: 4692,

Retention Time: 0.910 mmn.
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Step D, Intermediate 14D, Preparation of 1-methyl-2-(4-(methylsulfonyl)phenvl}-6-

{piperidin-4-yh-1H-imidazo{4,5-blpyndine, HC salt

(14D}

To a solution of Intermediate 14C (830 mg, 1.77 mmol} in DMF (50 mL} and
DCM (10 ;L) was added AcOH (1 mL). The solution was evacuated and flushed with
nitrogen (3x}. To the solution was added PA/C (0.2 g}, the muxture was evacuated and
purged with nitrogen, and the reaction mixture was stirred voder hvdrogen. After 3 days,
the catalyst was filiered and the filtrate was concentrated. The residue was dissolved in
DCM (10 mLy, HCI solution (2 M in EtOAc) (5 mL) was added and the suspension was
stirred. After 2 h, the resulting precipitate was collected by vacuum filtration and washed
with DCM. The product was dried in vacuo to afford the title compound (330 mg crude)
as a light vellow sohid. Analyvtical LC/MS (Method 4); Observed Mass: 371.2; Retention

Tune: 0.551 muin.

Step F. Preparation of Example 14

To a solution of Intermediate 14D (60 mg. 0.15 mmol} in methanol (1 mL) were
added TEA (0.06 mL, 0.44 mmol), NaBH:ON (31 mg, 0.49 nunol), ZnCh solution (2 M
tn THE) (.09 mb., 0.18 numol) and I-isopropvipipendin-4-one (69 mg, 0.49 mmol}. The
resulting suspension was stirred at 60 °C. After 20 h, the reaction mixture was cooled,
the solution was concendrated, and the crade product was purnified by preparative HPLC
{Method E) to afford the title compound (14.6 mg, 0.029 nunol, 20 % yield) as a white
solid. Analytical LL/MS (Method 5): Purity: 99.3%; Observed Mass: 496.2; Retention
Time: 0.553 roin, H NMR (400 MHz, DMSO-ds) § 10.22 {5, 1H), 9.65 (5, 1H), 8.46 (5,
1), 8.23-8.13 (m, 4H), 8.07-8.01 (m, 1H), 3.98 {5, 3H), 3.70-3.47 (m, 610). 3.34 (s, 37D,
3.28-3.01 (m, 5H), 2.41-2.33 {m, 2H), 2.25-1.96 (m, 6H), 1.33-1.24 (m, 6H}.

EXAMPLE 17
5-(Vasopropvi-[1,4-bipiperidin]-4-v)-3-methyl-2-(4-(methylsulfonyDphenyl)-3H-

imidazof4,5-bipyridine
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Step A. Preparation of 5-chloro-3-methyl-2-{(4-methyisulfonviphenvilimidazo4,5-b]
pyridine
=~ N == i
O RaYal
o NN o)
CHg (17A)

10

20

b
(4

To a 40 mL vial were added 6-chloro-N-methyl-3-oitro-pynidin-2-amine (0.5 g,
2.67 mmol), 4-(methvlsulfonylibenzaldehvde (0.491 g, 2.67 mmol}, sodiam hydrosulfite
{0.928 g, 5.33 mmol)}, followed by the addition of BMSO (15 mL). The reaction mixture
was stirred at 80 °C. After 24 h, the muxture was cooled, diluted with water (200 mL),
and extracted with EtOAc (2x100 mL). The organic phase was combined, washed with
brine, dried over MgSQs, filtered and concentrated. The residue was purified by flash
column chromatography (120 ¢ silica gel cartridge; A = DCM, B = MeOH; 30 mun grad.;
0% B 1o 20% B; flow rate = 85 mL/min). The fractions corresponding to product were
combined, concentrated and dried iz vacuw to afford the title compound (0.73 g, 2.269
mmol, 85 % vield) as atan solid. Analytical LO/MS (Method 1): Observed Mass: 321 .8;
Retention Time: 1.366 min, 'H NMR (500 MHz, METHANOL-d4} § 8.24-8 20 (m, 2H),
R.10-8.14 (m, 2¥). 8 13-8.00 (m, 1H), 7.46-7 38 (m. 1H), 4.02-3.99 (m, 3H), 3.26-3.23
{m, 3H).

Step B. Preparation of Example 17

Example 17 was prepared according to general methods described elsewhere
herein using appropriate starting materials, reagents and conditions. Analvtical LC/MS
(Method 5y Purity: 98.8%; Observed Mass: 496.1; Retention Time: 0.584 min. 'H NMR
(300 MHz, DMSO-ds) 6 8.26-8.01 (mm, SH), 7.26(d, /=84 Hz, 1H), 396 (s, 3H), 332 (s,
3H), 3.04-2.94 (m, 2H), 2.87-2.59 (m, 4H), 2.38-2.00 (m, SH), 1.96-1.66 {m, 6H), 1.51-
1.33 (m, 2H), 0.95 {(d, J= 6.5 Hz, 6H).
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EXAMPLE 20
S-(1-isopropyi-{ 14" -bipiperidini-4-vi)-3, 7-dunethvi-2-(4-(methvisuifonyhphenyl-3H-

udazof4,5-bipyndine

cHs
: o}
Zd N 7 i
] @—%-‘Cl"ig
( NTOTN =0
N CHg,
Hg()YEO/
3 CHy (20)

Step A, Intermediate 20A. Preparation of 6-chloro-N 4-dimethyl-3-nitro-pyridin-2-

amine
H
ci /N\F/N\CHB
N No,
CHs (204)

To a solution of 2,6-dichloro-d~methyl-3~-mitro-pyridine (1 g, 4.83 munol) in THF
16 (1 mbL) were added methylamine solution (2 M in THF) (4.8 mL, 9.66 mmol) and DIEA
{1.87 g. 1449 mmol}. After stirring 18 b, the muxture was concentrated, and the crude
product was purified by silica gel chromatography {pet ether:DCM; 2:1 as chient) to
afford the title compound (450 mg, 46 % yield) as a vellow solid. Analytical LC/MS
(Method 4): Observed Mass: 202/204; Retention Time: 1.072 min. 'H NMR (300 MHz,

15 DMSO-de) 6 795{d, J=50Hz 1H), 6.72 (s, 1H), 2.89{d, 7= 4.6 Hz, 3H), 2 38 (s, 3H).
Step B. Intermediate 20B. Preparation of 5-chloro-3,7-dimethyl-2-{4-{(methylsuifonyvl)
phenyi}-3H-imidazo{4, 5-bipyndine

CHg
Cin N N e o
\L\(]\Nf’ N/ ﬁ"CHg
CHa (20B}
20 To a stirred sohution of Intermediate 20A (440 mg, 2.18 mmol) in ethanol {8 mL)

and water (2.5 mbL) were added 4-methyisulfonyibenzaldehyde (804.1 mg, 4.36 mmol}
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and NazS204 (759.5 mg, 4.36 mmol}. After stirring at 90 °C for 18 b, the mixtore was
cooled to room temperature, diluted with water (100 mL) and extracted with ethyl acetate
(2x3C¢ mL). The combined organic layers were washed with brine, dried over Na:504 and

concentrated under reduced pressure. The crude was purified by sihica gel

(4

chromatography {pet ether-ethyl acetate; 11 as claent} to afford the title compound (470
mg, 64 % vield} as a vellow solid. Analytical LO/MS (Method 4) Observed Mass:
336.1/338.1; Retention Time: 0.919 min. 'H NMR (300 MHz, DMSU-ds) 4 8. 27-8.08
(m, 4, 7.31 (s, 1H), 3.92 (s, 3H}, 2.63 {s, 3H}, 2.53 (s, 3H).

10 Step €. Intermediate 200, Preparation of tert-butyl 4-(3,7-dimethyl-2-(4-

(raethylsulfonyvhphenyl-3H-mudazof4,5-bipyridin-3-v1}-3,6-dibydropynidme- 1 (ZH)-

carboxylate
CHy
%’K,/N ?
¢y N7 N o
Booh_.~ CHs

(200)
To a solution of Intermediate 20B (460 mg, 1.37 mmol) and teri-butyl 4~(4,4,5 .5~

Ju—
(4

tetramethyl-1,3,2-dioxaborelan-2-v1)-3,6-dihydro-2H-pynidine- T-carboxyiate (847.1 mg,
2.74 mmol} m 1 4-dioxane (5 mb} and water (I mL) were added ¥K5P04 (8723 mg, 4.11
ol and Pd{dppHiClz (100.1 mg, 0.14 mmol). The resulting solution was degassed
with nitrogen (3x) and stirred at 90 °C. After 18 h, the muxture was cooled to room
temperature, dibuted with water (100 mL} and extracted with ethvl acetate (2 x 560 mL).
20 The combined organic lavers were washed with brine, dried over NaaSOs and
concentrated under reduced pressure. The crude residuc was purified by silica gel
chromatography {ethyl acetate as eluent) to afford the title compound (480 mg, 73%
yield} as a white solid. Analytical LO/MS (Method 4): Observed Mass: 483.1; Retention
Time: 1.051 min. 'H NMR (300 MHz, DMSO-ds) 6 823 (d, J =83 Hz, 2H), 8.13 (d, J =
25 8.2 Hz 2H), 743 (s, 1H}, 6.74 (5, 1H), 4.10 ¢s, 2H), 3.97 (s, 3H), 359 (t, =55 Hz, 2H),
270 {s, 2H}, 2.63 {s, 3H}, 2.53 (s, 3H), 1.45 (s, 9H).

Step . Imtermediate 20D, Preparation of tert-butyl 4-(3,7-dimethyl-2-(4-

(methyvisulfonyhphenvh-3H-muidazol4,5-blpyndin-3-yDpiperidine- 1-carboxylate
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CHs
2N ; g
N Nl‘H O
BocN Wiy (20D

A solution of Intermediate 20C {470 mg, 0.97 mmol} in methanol (3 mL) and
DCM (1 mL) was degassed with nttrogen (3x). To this muxture was added Pd/C (100
mg}, the reaction vessel was evacuated and back-filled with nitrogen (3%}, then back-

5 filled with hydrogen (1 atm). After stirring 3 h, the mixture was filtered and the filtrate
was concentrated under reduced pressure. The crude material was purified by silica gel
chromatography (cthyl acetate as eluent) to afford the title cormpound (400 mg, 85%
yield} as a white solid. Analytical LC/MS (Method 4): Observed Mass: 485.3; Retention
Time: 1.005 min. 'HNMR (300 MHz, DMSO-ds) 6821 (d, J= 83 He, ZH), .13, J =

10 8.2 Hz 7H), 7.12 (s, 1H), 4.19-3.99 (m. 2F), 3.94 (s, 3H), 3.06-2.72 (m, 3H). 2.60 (s,

3H), 251 (s, 3H), 1.95-1 81 (m, 2H), 1.78-1.59 {m, 2H), 1.44 (s, 9H).

Step E. Preparation of 3,7-dimethyl-2-{4~-(methyisulfonyhphenyl}-5-{piperidin-4-yi}-3H-

imidazo[4.5-blpynidine

CHs
,/JE[N\ m?nCH
S N>_J\*-/ g o
. CHs
15 AN~ s (20E)

To a 200 mL pear shaped flask were added Intermediate 20D (1.9 g, 3.92 mmol),
MeOH (20 mL), and HCI solution (4 M in dioxane) (20 mL). The reaction mixture was
stirred. After 15 min, the solvent was concentrated, the residue was dissolved in MeOH
{100 mL) and to the solution was added Dowex 550A anion exchange resin (30 g, pre-
20 washed aliemately with DCM and MeOH). The resin was filtered afier 5 min and the
filtrate was concentrated. The product was dried in vacuo to afford the title compound
(1.37 g, 3.56 mmol, 91 % vield) as a tan sohd. Analvtical LT/MS (Method 1): Observed
Mass: 385.1; Retention Time: $.923 min. H NMR (400 MHz, METHANOL-d4) § 8.21
(s. 2H), 8.19-5.10 (. 2H). 7.15 (s, 1H). 4.02-3.98 (m, 3H), 3.50-3.43 (m, 1H), 2.87-2.84
25 {m, 3H), 2.72-2.68 (m, 3H), 2.44-2.33 (m, 2H}, 2.10-2.03 {m, 2H), 2.02-1 88 {m, 4H).
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Step F. Preparation of Example 20
To a stirred sohution of Intermediate 20E (80 mg, .21 mmol) in DOM (5 mbL}
were added 1-isopropvipiperidin-d-one (146.9 mg, 1.04 ramol} and acetic acid (0.1 mi).

After stirring 20 min, NaBH{(OAc): (308.8 mg, 1,46 mmol} was added and the reaction

(4

mixture was stirred. After 20 b, the mixture was concentrated, dibuted with water (100
mb} and extracted with ethyl acetate (3 x 30 mL). The combined organic layers were
dried over Na:S04, concentrated, and the crude product was purified by preparative
HPLC (Method F to afford the title compound (47.5 mg, 0.0945 mmol, 45 % yieldy as a
white solid. Analytical LC/MS (Method 53 Parity: 99.5%,; Observed Mass: 510.4;

10 Retention Time: 0.635 min. 'H NMR (300 MHz, DMSQ-ds) 5821 (d,J = 8.4 Hz, 2H).
813(d. J=88Hz ZH), 714 (s, 1H), 3.98 (5, 3H}. 3.24 (s, 3H). 3.16(d. /= 11 4 Hz,
2H}, 3.05(d, J=11.4 Hz, 2H}, 2.91-2 80 {m, 1H)}, 2.830-2.69 (m, 1H}, 2.68 {5, 3H}, 2.50-
234 (m, 3H), 2.30-2.19 (m, 2H), 2. 11-1.94 (m, 6H), 1 74-1 57 {m, 2H), 1.11{d, S = 6.5

EXAMPLE 26 AND 27
5-(1-{8-isopropyl-8-azabicyclo]3 .2 l{octan-3-yhpiperidin-4-yi}-3.7-dimethyi-2-{4-
{(methylsulfonylphenyh-3H~inudazol4,5-blpyridine

CHg
N o O
N /"—\}'”‘—"3

NN
"‘30\/@
CHs {26,27)

20 Step A, Intermediate 26A. Preparation of 3-{1-{8-azabicyclo{3.2 Hoctan-3-yl)piperidin-
4-yiy-3.7-dimethyl-2-(4-(methylsulfonylphenyl}-3H-imidazo{4,5-bipvridine, 2 HCI salt
CHs

;Z\{/Z
Q=0
(!)

x

O

{264)
To a 250 mL round bottomed flask were added Intermediate 20E (1 g, 2.60
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mmol}, BCE (10 mL), {4-dioxane (10 mbL), and tert-butyl 3-ox0-8-

azabicyciof3.2. Hoctane-8-carboxylate (2.344 g, 10.40 mmol)}, followed by titanium{IV)
isopropoxide {3.85 ml, 13.00 mmol). The rcaction mixture was stirred at 40 °C under
Ny, After 18 b, the mixture was cooled to room temperature, then sodinm
triacetoxyborchydride (2.205 g, 10.40 mmol) was added. After stirring 1.5 b, the reaction
mxture was filtered, partitioned mnto KOH solution {10% agqueous saturated with solid
NaCh (150 mL) and 10% IPA/chloroform (150 ml). The layers were separated, the
agqueous phase was extracted with 10% TPA/chloroform (75 mL), the organic phase was
combined, washed with brine, dried over MgSQs, filtered and concentrated. The residue
was purified by flash column chromatography (120 g sifica gel cartridge; A= DCM, B =
McOH; 30 min grad.; 0% B to 30%B; flow rate = 80mi/nun). Fractions containing
product were combined and concentrated. The resultant residac was dissolved i MeQOH
{20 mL} and HCT solution (4 M in dioxanc) (20 mdL} and stirred. After 30 min, the
solvent was concentrated, the residue was co-cvaporated with toluene (2x) and the
product was dnied in vacue to atford the title compound (1 g, 1.7653 mmol, 68 % vield)
{mixtare of isomers) as a pale yellow sohid. Analytical LC/MS (Method 1} Observed
Mass: 494.1; Retention Time: 0.488. 'H NMR {500 MHz, METHANOL-d4) & 8.39-8.35
(ra, 2H), 8.28-8.24 (m, 2H), 7.61-7.58 (m, 1H), 4 31-4.27 {m, 1H), 426-4.18 (m, 2H),
4.15 (s, 3H), 3.90-3.80 (m, 3H), 3.40-3.34 {m, 2FD), 3.29 (s, 4H). 2.99-2.51 (m, 1H), 2.79
(s, 3H), 2.49-2 32 {m, 6H), 2.27-2.06 (m, 4H).

Step B. Examples 26 and 27

To a 40 mL vial were added Intermediate 26A (200 mg, 0.353 mmol}, propan-2-
one {103 mg, 1.765 mmol), AcOH (0.022 mb, 0.388 mmol}, magnesium sulfate (637 mg,
5.29 vunol), and DMF (2 ml.). The reaction nuxture was stirred for 20 mun, then sodium
triacetoxyborohydride (374 mg, 1.765 mmol) was added. Afier stirring 18 b, the mixture
was diluted with 10% IPA/CHCY (40 ml) and filtered. The filtrate was partitioned into
KOH solution {10% aqueous saturated with solid NaCly (20 mL) and the layers were
separated. The agueous phase was extracted with 10% IPA/CHCE: (10 mL), the organic
phase was combined, washed with brine, dried over MgS{4, filtered and concentrated.
The crude material was purified via preparative LC/MS using the following conditions:

Column: XBridge C18, 200 mm x 19 mm, 5-pm particles; Mobile Phase A: 5:95
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acetonitrile: water with NHsOAc; Mobile Phase B: 953:5 acetonitrile: water with
NHsOAc, Gradient: a O-minute hold at 7% B, 7-32% B over 23 nunutes, then a O-minute
hold at 100% B; Flow Rate: 20 mi/min; Column Temperature: 25 °C. Fraction collection

was triggered by MS and UV signals. Fractions containing the respective desired product

(4

were combined and dried via centrifugal evaporation.

Example 26 (86 mg, 0.16 mmol, 46 % vield) was isolated as the 1* eluting isomer.
Analytical LC/MS (Method 2} Punty: 100 %; Observed Mass: 536.40; Retention Time:
113 mm. (Method 33 Punty: 100 %:; Observed Mass: 536.20; Retention Time: |.0 min,
'H NMR (500 MHz, DMSO-ds) § 8.22-8.17 (m, 2H), 8.15-8.08 {1, 2H), 7.09 (s, 1H),

16 3.95-391 {(m, 2H), 3.33-3.28 {m, 2H), 3.04-2.98 (m, 2H), 2.84-2.76 (m, 1H), 2.76-2.69
(ra, 1H), 2.69-2.61 (m, LH), 2.60-2.58 (m, 2H), 2.57-2.54 (m, 3H), 2.25-2.15 (m, 2H),
1.92-1.75 (m, 8H), 1.73-1.63 (m, 2H}, 1.60-1.53 {m, 2H), 1.52-1 45 (m, 2H)}, 1.07-0.9%
{m, SH}.

Example 27 {73 mg, 0.136 mmol, 39 % vield) was isolated as the 2™ chuting

15 isomer. Analvtical LC/MS (Method 2} Purity: 100 %; Observed Mass: 336.40;
Retention Time: 1.34 min. (Method 3): Purity: 100 %; Observed Mass: 536.20; Retention
Time: 0.99 min. 'H NMR (500 MHz, DMSO-ds} § 8.24-8.17 (m, 2H), 8.13-8.12 (m, 2H),
731 (s, IH), 3.94 (s, 3H), 3.69-3.60 {m, 1H), 3.58-342 (m, 2H), 3.31 (s, 3H), 2.92-2.69
(m, 3FD), 2.61-2.58 {(m. 3H), 2.41-2.31 (m, 2H), 2.07-1.92 {m, TFD), 1.88-1.78 {m, 6H),

20 Lit{brd,J=6.1Hz 6H).

EXAMPLE 36
2-(3 4-dimethoxyphenvi}-S-(1-({3aR 55,648 )-2-isopropvloctahydrocyclopentafc jpyrrol-5-
yhpiperidin-4-y1}-3,7-dimethyl-3H-imidazo|4, 5-blpyridine

CH3
P N
’v‘i}: p / \ o\
e Ve R G
s‘\r@N\/j ’H3 H C/O
! 3
i Lt
}4;;(:\\/:\;:::> '
25 CHg (36)

Step A. Intermediate 36A. Preparation of S-chloro-2-(3,4-dimethoxvphenyt}-3,7-

71



WO 2023/159154

10

15

20

b
g

dimethyl-3H-imidazof4,5-bipyridine

N CH:
= | A\ // \\ 0’ 3
X —
o N7 N

CH;  O-CHa (364,

To a 100 mL pear shaped flask were added Intermediate 20A (1.4 g, 6.94 mmol),
EtOH (27.% mL), sodium hvdrosulfite (3.63 g, 20.83 mmol), followed by 3.4-
dimethoxybenzaldehyde (1.154 g, 6.94 mmol}. The reaction muxture was stirred at 70 °C.
After 18 b, the mixture was cooled to room temperature, the precipitated product was
collected by vacuom filtration, washed with ether, and dried /s vacuo to afford the title
compound {2.08 g, 6.55 munol, 94 % vicld) as a pale vellow solid. Analvtical LO/MS
{(Mathod 1): Observed Mass: 317.9; Retention Time: 1.380 min. 'H NMR (500 MHz,
DMSO-ds) § 7.49-7.42 (m, 2HD, 7.25-7.23 (m, 1H}, 7.19-7.15 (m. 1H), 3.89-3.86 (m, SFD),
2.62-2.60 (m, 3H).

Step B. Intermediate 36B. Preparation of tert-butyl 4-(2-(3 4-dimethoxyvphenyl}-3,7-
dimethvl-3H-inudazof4,5-bipyridin-5-vi}-3,6-dihydropynidine-1{2H)-carboxylate

G O-CHg

| ¢
BooN~_~ et (36B)

To a 250 mL round bottomed flask were added Intermediate 36A (148 g, 4.66
mmol), tert-butyl 4-(4.4.5 S-tetramethyi-1,3,2-dioxaborolan-2-v13-3 6-dihydropyridine-
1(2H}~carboxylate (1.584 g, 5.12 muol}, Pd{dppiCl BCM {0.190 g, 0.233 mmol},
followed by potassiam phosphate tribasic (3.46 g, 16.30 mmol) dissolved in water (8
mb}. The vessel was flushed with Ne and the reaction mixture was stirred at 85 °C. After
18 h, the mixture was cooled, diluted with water (200 mL) and extracted with EtOAc
{2x100 mL). The organic phase was combined, washed with brine, dried over MgSQ.,
filtered and concentrated. The residue was purified by flash column chromatography
{120 g silica gel cartndge; A = Hex, B = EtOAc; 30 min grad.; 0% B to 100%B: flow rate
= 80 mb/min). The fractions corresponding to product were combined, concentrated and
dried in vacuo to afford the titie compound (0.67 g, 1 .442 mumol, 31 % vield) as a pale
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vellow solid. Analvtical LC/MS (Method 1) Observed Mass: 465.2; Retention Time:
1.662 min. 'H NMR (500 Mz, METHANOL-ds) 8 747 (s, 1H), 7.45-7.42 {(m, 1T,
738 (s, iH), 720 (s, 1H), 6.73-6.61 {m, 1H), 4.20-4.13 (o, 2H), 3.98-3.94 {m, OH), 3.75-
3.66 (m, 2H}, 2.83-2.76 (m, 2H), 2.70-2.66 (o, 3H), 1.53 (s, 9H).

Step C. Intermediate 36C. Preparation of 2-(3 4-dimethoxyphenyty-3,7-dimethyl-5-

{piperidim-4-y1}-3H-imidazo[4,5-bipyridine, HC! salt

CHs O-CH
~ N —
5

{/\T/\\\N N CHs

)
; j CH
N~ ° (36C)

To a 250 mb. round bottomed flask were added Intermediate 368 (0.67 g, 1.442
munoly, BCM (7 mL), MeOH (7 ml.), and Pd-C (5% wt. on carbon, wet tvpe) (0.307 g,
$.144 mmol). The vessel was evacuated and purged with Na, equipped with a hvdrogen
balloon and stirred. After 18 b, the catalyst was filtered, and to the filtrate was added HCl
solution (4 M i dioxane) (135 ok}, Aficr sturring 2 h, the solvent was concentrated, the
residue was co-gvaporated with toluene, and the product was dried in vacuo to afford the
title compound (0.6 g, 1.489 mmol, 100 % yield) as a pale yellow solid. Analytical
LE/MS (Method 1) Observed Mass: 367.0; Retention Time: 0.945 min. "H NMR (500
MHz, METHANOL~d4) 3 7.63-7.58 (m, 1H), 7.55-752 (m, 1H), 749 (s, 1H), 733(d, J=
8.5 Hz, 1H), 4.16-4.11 (m, 3H)}, 4.03-3.98 {m, 6H), 3.71-3.66 (m, 1H), 3.62-3.57 (m, 2H},
3.28-3.19 (m, 2H), 2.76 (s, 3H), 2.32-2.16 (m, 4H).

Step B. Intermediate 36D, Preparation of 2-(3,4-dimethoxyphenyl)-3, 7-dimethyl-5-(1-
{octahvdrocyclopentafclpyrrol-S-yhpiperidin-d-y1-3H-imidazo{4,5-blpvridine, 2 HCI
salt

Cis O~CHs
# N
5> 0
]/\/‘”\\‘N ;\5> \\‘\é......'! oH

No_-
rﬂ
HN 36D)
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To a 40 mL vial were added Intermediate 36C (0.6 g, 1.489 mmol), tert-butyl 5-
oxohexahydrocyclopentajcipyrrole-2( 1H)-carboxylate (1.006 g, 4 47 mmol), AcOH
{0.094 mL, 1.638 mumol), magnesium sulfate (2.69 g, 22.34 mmol), and DMF (36 mL).
The reaction mixture was stirred for 20 min, then sodium triacetoxvborohvdnde (1.578 g,
7.45 mmol} was added. After stirring 18 b, the muxture was dibted with 10% IPA/CHCL:
{150 mL) and filtered. The filtrate was partitioned into KOH solution (10% agqueous
saturated with solid NaCly (75 mL} and the layers were separated. The aqueous phase
was extracted with 10% IPA/CHCI: (50 mL), the organic phase was combined, washed
with brine, dried over MgSQs, filtered and concentrated. The residue was purified by
flash columa chromatography (RO g silica gel cartridge; A = DUM, B = McOH,; 30 min
grad.; 6% B to 20% B; flow rate = 60 mL/min). The fractions corresponding to product
were combined and concentrated. The resulbtant residuc was dissolved in MeOH (10 mL)
and HCI solution (4 M in dioxane) (10 mL). After stirring 1 b, the solvent was
concentrated, the residue was co-evaporated with toluene, and the product was dried in
vacuo to afford the title compound (0.65 g, 1,185 mmol, 30 % vield) as an off-white
solid. Analytical LC/MS (Method 1y Observed Mass: 476 2; Retention Time: 0.908 min.
'H NMR (500 MHz, METHANOL-ds) § 7.63-7.60 (m, 1H), 7.57-7.51 (m, 2H), 7.35-7.33
(ra, 1H), 4.16 (s, 3H), 4.00 (d, J=6.2 Hz, 6H}, 3.87-3.78 (m, 2H), 3.49-3.38 (m, 4H),
3.29-3.20 {m, 2. 3.07-3.02 (m, 2H), 2.76 (s, 3H), 2.73-2.71 {m. 2H), 2.66-2 58 (m, ZF),
2.50-2.38 (m, 2H), 2.34-2.26 (m, 2H), 1.98-1.87 {m, 2H).

Step E. Preparation of Example 36

To a 40 mL vial were added Intermediate 36D (80 mg, 0.146 mmol), propan-2-
one (42.4 mg, 0.729 munol), AcOH (9.18 uL., 0.160 mumol), magnesium sulfate (263 mg,
2.188 mumoh), and DMF (2 mL}. The reaction muxture was stirred for 20 nun, then
sodium triacetoxyborohvdride (155 mg, 0.729 mmol) was added. After stimng 18 b, the
mixture was diluted with 10% IPA/CHCL: (40 mL) and filtered. The filtrate was
partitioned nto KOH solution (10% agueous saturated with solid NaCl) (20 mb} and the
layers were separated. The aqueous phase was extracted with 10% IPA/CHCEH (10 ml),
the organic phase was combined, washed with brine, dried over MgS(h, filtered and
concentrated. The crude product was purified by preparative HPLC (Method A} to afford

the title compound (50.6 mg, 0.0978 mmol, 67 9% vield). Analytical LC/MS (Method 2):
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Purity: 100 %; Observed Mass: S18.5; Retention Time: 1.53 min. (Method 3): Punity: 100
%: Ohserved Mass: $18.4; Retention Time: 1.09 min. 'H NMR (500 MHz, DMS0-de} &
7.29-7.19 (m, 2H), 6.98-6 92 {m, 1H}, 6.86-6.79 (m, 1H), 3.70-3.68 (m, 2H), 3.67-3.64
(o, 3H), 2.96-2.86 (m, 1H), 2.56-2.41 (m, 3H), 2.39-2.33 {m, 6H), 2.28-2.19 (m, 3H),

5 2.18-2.10 (m. 1HD). 2.08-1.99 (m, 2H), 1.97-1.81 (m, 4H), 1.73-1.69 {(m, 25D, 1.68-1.61
(o, 4HD), 1.11-0.98 (m, 2H), 0.88-0.80 (m, 6H).
EXAMPLE 42
5-(1-{(3aR 55 6a8}-2-cyclobutyloctahydrocyclopentalclpyrrol-5-vhpiperidin-4-y1}-2-(8-
10 methoxy-{ 1,2 4ltriazolo[ L, S-ajpyridin-6-y1)-3, 7-dimethyl-3H-mmidazo[4,5-bjpyvadine
FHs 0-CHz
I
i b =N
N[\N e
-\\N\//j GHEJ N
&
[\7/ (42)
Step A. Imtermediate 42A. Preparation of S-chloro-2-(8-methoxy-{1,2 4 jtriazolo{ 1,5~
alpyridin-6-y1}-3,7-dimethyi-3H~-imidazo[4,5-bipyridine
GHg O-CHs
ST
N\ /N
o SN N N A
CHy (424)
15 To a 100 mal pear shaped flask were added buermediate 20A {1.75 g, .68 mmol),

EtOH (34.7 mL}, sodium hydrosuifite {4.33 g, 26.0 mmol}, followed by 8-methoxy-
[1.2 4ltrazololl,S~alpyridine-6-carbaldehyde (1.538 g, 83.68 munol). The reaction
muxture was stivced at 70 °C. Afier 18 h, the mixture was cooled to room temperature, the
precipitated product was collected by vacuum filtration, washed with ether, and dried in
20 vacuo to afford the title compound (2.84 g, 8.64 mmol, 100 % vield} as a pale yellow
solid. Analytical LC/MS (Method 1y Observed Mass: 328 9; Retention Time: 1.385 min.
'H NMR {500 MHz, DMSO-de} 5 9.15-0.11 {m, 1H), 8.62-8.58 {m, 1H), 7.51-7.47 (m,
1H}, 7.36-7.29 {m, 1H), 4.10 (s, 3H), 3.96 (s, 3H}, 2.67-2.64 (m, 3H}.
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Step B. Intermediate 42B. Preparation of 2-(8-methoxy-{1,2,4}inazolol 1, 5-alpyndin-6-
yvi}-3,7-dimethyl-5-(1-(octabydrocyclopentafcjpverol-3-yDpiperidin-4-y1}-3H-
midazo[4,5-blpyridine, 2 HC salt

¢Hs O~CH
- N ES\

e

-

\i 0=

NTN N,
N CHs N
Hi\zﬁr (428)
5 {ntermediate 428 was prepared according o general methods described clsewhere

herein using appropriate starting materials, reagents and conditions. Analytical LO/MS
{(Mathod 1) Observed Mass: 487.2; Retention Time: 0.920 min. 'H NMR (500 Mz,
METHANOL-~ds) 6 9.20-9.16 {my, 1H), 8.63 (s, 1H), 7.60-7.52 (m, 2H), 4.24-4.22 (m,
3H), 4.20-4.18 (m, 3H), 3.86-3.80 {m, 2H), 3.48-3.35 (m, 5H), 3.31-3.22 {m, 2H), 3.11-

16 2.96 (m, 3H), 2.82-2.76 (m, 3H}, 2.68-2 58 {m, 2H), 2.50-2.40 (m, 2H), 2.36-2.28 (m,
2H), 1.99-1.89 {m, 2H).

Step €. Preparation of Example 42
Example 42 was prepared according to general methods described elsewhere
15 herein using appropriate starting materials, reagents and conditions. Analytical LC/MS
{(Method 2} Purity: 98.3%; Observed Mass: 341 .4; Retention Time: 1.34 min. (Method
3): Purity: 100%; Observed Mass: 541 2; Retention Time: 099 min. 'H NMR (500 MHz,
DMSC-ds) § 9.15-9.08 {m, 1H), 8.59 (s, 1H), 7.53-7.46 (m, 14}, 7.13-7.08 (m, 1H)}, 4.10
{s, 3H), 398 (s, 3H), 2.65-2.60 (m, 4H), 2.55-2.52 (m, OH}, 2.21-2.08 (m, 4H}, 2.07-1 80
26 (o, 10HD, 1.78-1.61 {m, 3H).

EXAMPLE 59
2-(3 4-dimethoxyphenyl}-5-(4-(2-isopropyl-2.7-diazaspiro[3 .5 jnonan-7-yhphenyvi}-3.7-

dimethyl-3H-imidazo{4,5-blpvridine
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Step A. Intermediate S9A. Preparation of tert-butyl 7-(4-bromophenylt}-2.7-

diazaspirof 3.3 jnonane-2-carboxylate

BOCNQCNO&' on

To a 250 ml round bottomed flask were added tert-butyl 2,7-
diazaspirof3 3jnonane-2-carboxylate (4 g, 17.67 mmol}, 1,4-dibromobenzene (6.25 g,
26.5 nunol), rac-BINAP {1,101 g, 1.767 mmol), sodium tert-butoxide (2.72 g, 283
mmol), followed by toluene (100 mL). The mixture was purged and evacuated with N,
then Pda(dba)s (0.809 g, 0.884 mmol) was added. The vessel was purged with Nz and
stirred at 100 °C. After 18 h, the reaction mixture was cooled, diluted with water (200
mb}, and extracted with EtOAc (2 x 100 mL). The organic phase was combined, washed
with brine, dried over MgSQs, filtered and concentrated. The residue was purified by
flash column chromatography (220 g silica gel cartridge; A = Hex, B = EtQAc; 30 min
grad.; 0% B to 100% B; flow rate = 100 mL/min}. The fractions corresponding to
product were combined, concentrated and dried 1 vacuo to afford the utle compound (5.7
2, 14.95 mmol, 83 % vyicld) as a tan solid. Analvtical LO/MS (Method 1} Observed
Mass: 383.0; Retention Time: 1.826 min. 'H NMR (400 MHz, METHANOL-d4) § 7.39-
7.24 (o, 2H), 690 (d, J= 9.0 Hz, ZH), 3.77-3.63 (m, 4H), 3.21-3.08 {m, 4H), 1.95-1 80
{(m, 4H), 146 {5, 9H).

Step B. Intermediate 59B. Preparation of tert-butyl 7-(4-(4,4,5 5 tetramethyl-1.3,2-

dioxaborolan-2-vlphenyl}-2. 7-diazaspiro[ 3. S nonane-2-carboxylate
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To a 250 mL round bottomed flask were added Intermediate 59A (5.7 g, 14.95
mmol}, potassivm acetate (2.93 g, 29.9 mmol), 4,4,4° 4°,5,5.5 5-octamethyl-2,2-bi(1,3,2-
dioxaborolane) (7.59 g, 29.9 nunol), and |.4-dioxane (150 ml). The vessel was
evacuated and purged with Na, Pd{dppfiCl-DCM (1.221 g, 1.495 mmol) was added, the
vessel was purged again, and the reaction muxture was stirred at 100 °C. After 18 h, the
mixture was cooled, diluted with water (200 mL) and extracted with EtOAc (2 x 100
mhb}. The organic phase was combined, washed with brine, dred over MgSQO4, filtered
and concentrated. The residae was purified by flash columm chromatography (120 g
silica gel cartridge; A = Hex, B = EtOAc«; 30 min grad.; 0% B to 100% B; flow rate = 85
mE/min}. The fractions corresponding to product were combined, concentrated and dried
in vacuo o afford the title compound (4.1 g, 957 mmol, 64 % yield) as a tan solid.
Analvtical LC/MS (Method 1) Observed Mass: 429.1; Retention Time: 1.968 min. 'H
NMR (400 MHz, METHANOL-ds) 3 7.6 (d, /=87 Hz, 2H), 6. 94 {d, J = 8 7 Hz, ZH),
3.75-3.63 (m, 4H), 3.29-3.20 (m, 4H), 1.97-1.83 (o, 4H), 1.50-1.46 (m, 9H), 134 (s,
12H).

Step C. Intermediate 59C. Preparation of 5-{4-(2,7-diazaspiro{3 Sinonan-7-yhphenyiy-2-
(3 4-dimethoxyphenyl}-3,7-dimethyl-3H~imidazo[4,5-blpynidine, 2 HCl salt

O-CHy
7\ 0
==/ CH,

HN- (39C)
To a 40 mL vial were added Intermediate 36A (0.26 g, 0.818 mmol), Intermediate
598 (0.456 g, 1.064 mmol}, potassium phosphate tribasic (0.347 g, 1.636 mmol}, 1,4~
dioxane (10 mL}), and water {2 mL). The vessel was flushed with Na, then XPhos Pd G3
{0.021 g, 0.025 mmol) was added, the vessel was flushed again, and the reaction mixture
was stirred at 85 °C. After 18 h, the mixture was cooled, diluted with water (100 mL) and
extracted with EtOAc (2x50 mL). The organic phase was combined, washed with brige,
dried over MgS0s, filtered and concendrated. The residue was purified by flash colunn

chromatography {80 g silica gel cartndge; A = DCM, B = MeOH; 30 min grad.; 0% B to0
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20% B flow rate = 60 mL/min}. The fractions corresponding to product were combined,
and concentrated. The obtained residue was dissolved in MeOH (10 mL), and H{1
solution (4 M in dioxane) (10 k). Aficr sturring 2 b, the solvent was concentrated, the
residue was co~evaporated with toluene {2x) and the product was dried i vocus to afford
the title compound (140 mg, 0.252 mmol, 31 % vield) as a tan solid. Analytical LC/MS

{Method 1) Observed Mass: 484 2; Retention Time: 1.032 min.

Step B. Preparation of Example 39

To a 40 mL vial were added Intermediate 59C (70 mg, 0.126 mmol}, MgSQ: (76
mg, 0.629 munol), DMF (& mL), AcOH (7.20 uk, 0.126 ramol}, followed by propan-2-
one (36.5 mg, 0.629 nuuol). Afier stiring for 10 min, sodium triacetoxyborchydride (133
mg, 0.629 mmol) was added, the vial was capped and the reaction mixture was stirred.
After 18 h, the mixture was diluted with 10% IPA/CHCE; (40 mL), filtered, and the
filtrate was concentrated. The residue was purified by preparative HPLC (Mcthod D).
The pure fractions were combined and concentrated. The resultant residoe was
partiioned in 10% IPA/CHCE (20 mL)}, and KOH solution {10% agueous saturated with
solid NaCh (20 mL). The layers were separated, the aqueous phase was extracted with
10% IPA/CHCE: (10 mL), the organic phase was combined, washed with brine, dried over
MgS0O, filtered, and concentrated. The product was dried 2 vacuo (o afford the title
compound (35.13 mg, 0.066 mmol, 53 % yield) as an off-white solid. Analytical LC/MS
{(Method 1} Purity: 99%. Observed Mass: 326.2; Retention Tuue: 1,123 nun. (Method
6} Purity 99%; Observed Mass: $26.2; Retention Time: 1459 min. 'H NMR (300 Miz,
DMSO-de & 8.07-7.98 (m, 2H), 7.64-7.61 (m, 1H), 7.48 (s, 2H), 7.19-7.14 (m, 1), 7.06-
6.99 (m, 2H), 3.98-3.93 (m, 3H), 3.91-3.84 (m, 6H), 3.25-3.18 (m, 4H), 3.08-2.87 {m,
3H}, 2.66-2.62 (m, 3H), 1.83-1.70 (m, 4H), 0.97-0.79 {(m, 6H) (two protons obscured).

EXAMPLE 60

2-(3 4-dimethoxyphenyl}-5-{4-{ 6-isopropyi-2.6-diazaspiro|3 3 jheptan-2-ylphenyi}-3.7-

dimethyl-3H-anudazof4,5-bipyndine
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¢ O~CHs
N <<<<<<<
Jessas
Ei N \N” N\ —————— \CH';
~ P CH,
J
!
HaC NZT
CHg (60)

Step A. Intermediate 60A. Preparation of tert-butyl 6-(4-bromophenyl}-2,6-

diazaspiro| 3 3theptanc-2-carboxylate

Boch NOBr
X (60A)

To a 5300 mL round bottomed flask were added tert-butyl 2,6+
diazaspirof3 3theptane-Z-carboxylate, oxalic acid salt (6 g, 20.81 mmol), 1,4~
dibromobenzenc {7.36 g, 31.2 mmol), rac-BINAP (1296 g, 2 081 mumol), sodinum tert-
butoxide (5.20 g, 54 1 amol), followed by the addition of toluene (100 al). The vuxture
was purged and evacuated with No, then Pda(dba)s (0.953 g, 1.041 mmol) was added.
The vessel was purged with Nz and stirred at 100 °C. After 18 h, the reaction mixture
was cooled, dituted with water (300 L) and extracted with EtQAc (Zx150 ml). The
organic phase was combined, washed with brine, dried over MgS80,, filtered and
concentrated. The residue was purified by flash column chromatography (220 g silica gel
cartridge; A = Hex, B = EtOAc; 30 min grad.; 0% B to 100% B; flow rate = 100
mi/min}, The fractions corresponding to product were combined, concentrated and dried
in vacue 1o afford the title compound (5.0 g, 14.15 mumol, 68 % yicld) as a tan sohd.
Analytical LC/MS (Method 1): Observed Mass: 352.9; Retention Time: 2.180 min. 'H
NMR (500 MHz, METHANOL-ds) 8 7.32-7.24 (m, 2H), 6.41 (4, J=$.9 Hz, 7H), 485 (s,
4FD). 3.99-3.91 (m, 4H), 1.46 (s, OH).

Step B. Intermediate 60B. Preparation of tert-butyl 6-(4-(4,4.5 5-tetramethyl-1.3,2-
dioxaborolan-2-yiphenyi)-2.6-diazaspiro]3 3theptane-2-carboxylate

OHy

BP -CHy
oY CH;
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To a 500 mL round bottomed flask were added Intermediate 60A (5.0 g, 14.15
mmol}, potassivm acetate (2.78 g, 28.3 mmol), 4,4,4° 4°,5.5.5 5-octamethyl-2,2-bi(1,3,2-
dioxaborolane) (7.19 g, 28.3 nunol), and |.4-dioxane (200 ml). The vessel was
evacuated and purged with Na, Pd{dppfiCh-DCM (1,156 g, 1.415 mamol) was added, the
vessel was purged again, and the reaction muxture was stirred at 100 °C. After 18 h, the
mixture was cooled, diluted with water (200 mL), and extracted with EtOAc (2x100 mL}.
The organic phase was combined, washed with brine, dried over MgSQO4, filicred, and
concentrated. The residue was purified by flash column chromatography (120 g silica gel
cartridge; A = Hex, B = EtQAc; 30 min grad.; 4% B to 100% B; flow rate = 80 mL/min}.
The fractions corresponding to product were combined, concentrated and dried in vacuo
to afford the title compound (4.06 g, 10.14 ramol, 72 % vield) as a tan solid. Analvtical
LO/MS (Method 1) Observed Mass: 401.0; Retention Time: 2.297 min. H NMR (300
MHz, METHANOL-~d4) 6 7.63-7 .52 {m, 2H), 6.50-6.42 {m. 2H}, 4.24-4 .09 {m, 4H}, 4.00
(s, 4H), 1 48-1.43 (m, 9H), 1.36-1.31 (m, 12H).

Step €. Intermediate 60{. Preparation of 3-(4-(2 6-diazaspiro{3 3 theptan-2-yljphenyi}-

2-(3,4-dimethoxyphenyl}-3,7-dimethyl-3H-imidazo{4,5-blpyridine, Z TFA salt

HN {60C)

To a 40 mL vial were added Intermediate 36A (0.26 g, 0.818 mmol}, Intermediate
608 (0,491 g, 1.227 mmol), potassium phosphate tribasic (0.347 g, 1.636 mmol}, 1.4-
dioxane {10 mL), and water (2 mL}. The vessel was flushed with N2, then XPhos Pd G3
{0.021 g, 0.025 mimol) was added, the vessel was flushed again, and the reaction mixture
was stirred at 85 °C. After 18 b, the mixture was cooled, diluted with water {100 mL) and
extracted with BtOAc (2 x 50 mb}. The organic phase was combined, washed with brine,
dried over MgSQOuy, filtered and concentrated. The crude mixture was purnified by flash
column chromatography (80 g silica gel cartndge; A = DCM, B = MeOH; 30 min grad ;

(% B to 20% B; flow rate = 60 mL/min}. The fractions corresponding to product were
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combined, and concentrated. The obtained residue was dissolved in MeOH (10 mL}, and
HCl solution (4 M in dioxane) (10 mL). After stirring 2 h, the solvent was concentrated,
the residue was co-gvaporated with toluene (2x} and the product was dried i vacue to
afford the title compound (90 mg, 0.132 mmol, 16 % yield) as a tan solid. Analytical
LO/MS (Method 1) Observed Mass: 456.1; Retention Time: 1.067 min. 'H NMR (500
MHz, METHANOL-d4) 8 8.16-8.06 (m, 2H), 7.94-7 87 (m, 1H), 7.64-7.57 (m, 1H), 7.56-
7.51 {m, 1H), 7.37-7.29 {m, 1H), 6.69-6.59 (m, 2H}, 4.39-4 32 (m, 4H), 4 17 (s, TH),
4.03-3.98 (m, 6H), 2.82-2.73 (m, 3H).

Step B, Preparation of Example 60

To a 40 mL vial were added Intermediate 60C (45 mg. 0.066 mmol), MgSGa (39.6
mg, 0.329 mmol), DMF (S mL}, AcOH (3.77 uL, 0.066 mmol}, followed by propan-2-
one €19.12 mg, 0.329 mmol). After stirring for 10 min, sodium triacetoxyborchydride
(69.8 mg, 0.329 mmol) was added, the vial was capped and the reaction mixture was
stirred. After 18 b, the mixture was dituted with 10% IPA/CHCE (40 ml), filtered, and
the filtrate was concentrated. The residue was purified by preparative HPLC (Method D),
and the fractions corresponding to prodact were combined. The volatiles were
cvaporated, and the resultant agueous solution was partitioned in 10% IPA/CHCLE (20
mbL), and KOH salution {10% aqueous saturated with solid NaCl) (20 mL}). The layers
were separated, the aqueous phase was extracted with 10% IPA/CHCE (10 mL), the
organic phase was combined, washed with brine, dried over MgSO4, filtered, and
concentrated. The product was dried #7 vacuo to afford the title compound (21.57 mg,
0.043 mumol, 63 % yield) as a hight tan solid. Analvtical LO/MS (Method 1): Purity: 99%,;
Observed Mass: 498 2; Retention Time: 1.138 min. (Method 6} Purity 99%, Observed
Mass: 498.2; Retention Time: §.432 min. 'H NMR (500 MHz. DMSO-ds} § 8.06-7.99
(m, 7D, 7.62-7 58 (m. 1H), 7.48 (s. 2H), 7.20-7.13 (m, 1H). 6.52 (d. J = 8.7 Hz. 2H),
397-391 {m, TH), 3.88 (d, J= 2.6 Hz, 6H), 330-3 28 (m, 1H}, 3.26-322 {(m, 4H), 2.67-
2.60 {m, 3H)}, 0.88-0.82 {m, 6H).

The following Examples were prepared according to general methods described

elsewhere herein nsing appropriate starfing materials, reagents and conditions.
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Analytical LC/MS, "H NMR

No.

Analvtical LC/MS (Method 2); Observed Mass: 568.20; Retention Time: 1.53

min. Anabytical LO/MS (Method 3): Observed Mass: 568.20; Retention Time:

114 min. 'H NMR (500 MHz, DMSQO-ds) 8 8.36 (br d, ./=8.2 Hz, 2F), 8.12 {br

i dd, /=8 1. 4.1 Hz, 4H), 7.77 (s, 1H), 738 (br 4. /=78 Hz, 2H), 3.88-3.80 {m,

IH3, 3.61-3.54 {m, 1H}, 3.37-3.30 {m, 1H)}, 3.24-3.21 (m, 2H}, 3.16 (s, 3H},

3.05-2.96 {m, 1H), 2.91-2.86 (m, 1H), 2.66 (s, 3H). 2.51 (brs, 3H), 1.91 (s, 2H),

188178 {m, 2H), 1.74-1.51 (v, 4H), 1.25-1.13 {m, 2H), 0.86 (br s, ZH).
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Avalvtical LE/MS (Method 2): Purity: 95.6 %; Observed Mass: 370.20;
Retention Time: 1.46 min. (Method 3} Purity: 94.4 %; Observed Mass: $70.3;
Retention Time: 1.08 min. 'H NMR (500 MHz, DMSO-ds) 8§ 8.35 ¢brd, /=8.2
2 | Hz 2H). 8.12 (brd. J=7.3 Hz. 4H), 7.80-7.75 (m, 1H). 7.46-7.39 (m, 2H), 3.90-
377 (m, HH), 3.63-3.43 (m, 3H), 3.32 (s, 3H), 2.86-2.75 {m, 2H), 2.68-2.63 (m,
3H), 2.57-2.54 (m, 3H), 2.08-1.92 (m, 4F1), 1.86-1.76 (m, 2FD), 1.71-1.62 (m,
3H}, 1.49-1.38 {m, 2H), 1.23-1.12 {m, 2H), 0.90-6.79 (m, ZH)

Analytical LC/MS (Method 2): Purity: 100 %: Observed Mass: 556.20;
Retention Time: 1.39 min. (Method 3} Purnity: 100 %; Observed Mass: 556 20;
Retention Time: 1.10 min, "H NMR (500 MHz, DMSO-de) § 8.38-8.32 (m, 2H),
812 (brdd, /=81, 4.1 Hz, 4H), 7.79-7.75 {m, 1H), 7.43-7.33 (m, 2H), 3 88
3.78 (m, 1H), 3.64-3.50 (m, 1H), 3.33 (s, 25, 2.95-2.86 (m, 1H), 2.78-2.71 (m,
1H), 2.66 (s, 3H), 251 {brs, TH}, 2.34-2.25 {m, 1H), 1 91 (s, 3H), 1.22-1.12 (m,
TH), 0.84 (brd, J = 6.1 Hz, 6H)

Analvtical LO/MS (Method 2): Purity: 100 %, Observed Mass: 370.20;
Retention Time: 1.50 min. (Method 3): Purity: 100 %; Observed Mass: 570.20;
Retention Time: 1.14 min. 'H NMR (500 MHz, DMS0-ds} 3 835 (brd, /=82
4 | Hz 2H), 8.12 (brdd, /=79, 4.9 Hz, 4H). 7.77 (s, 1H), 7.38 (brd, /= 7.9 Hz,
2H), 3.90-3.80 (m, 1H), 3.60-3.34 (m, 1H), 3.52-3.41 (m, 1H)}, 333 (s, 1H). 322
{s. 2H1), 2.66 (5. 3H). 2.51 (br s, 8, 2.19-2.07 G, 2F), 1.57-1.40 (m. 110),
1.24-1.12 {m, 2H}, 0.90-0.85 {m, 2H), 0.81 (d, /= 6.7 Hz, 6H}

Analvtical LO/MS (Method 2): Purity: 100 %; Observed Mass: 598.2; Retention
Time: 1.39 min. (Method 3} Purity: 100 %; Observed Mass: 598.2; Retention
Time: 1.10 min. 'H NMR (500 MHz, DMSO-de) 5 .31 (5, 2H), 810 (brt, J =
7.8 Hz, 4H), 7.75 {s. 1H), 7.40 (s. 2H), 3.78 (br s, SH). 3 64-3 54 (m, 1H), 3.26
(s, 6H}, 2.65 {5, 3H}, 2.55 (s, 5H}, 2.26-2.16 {(m, 1H), 1.92-1.84 (m, 1H), 1.60-

§ 49 (m, 2H), 1.20-1.02 (m, 4H). 0.88-0.77 (m, 2H)

(5
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Avalvtical LE/MS (Method 2): Purity: 96.5 %; Observed Mass: 370.20;
Retention Time: 1.09 mun. (Method 3): Purity: 96.3 %; Observed Mass: $70.20;
Retention Time: 1.09 min. 'H NMR (500 MHz, DMSO-ds) §8.35¢d, J =84
Hz, 2H). 812 {brd, J=69 Hz 4H), 7.77 (s, 1H), 739 (d, J= 8.2 Hz, 2H), 4 51
(s, 2ZH), 4.29 (s, ZH), 3.87-3.79 (m, 1H), 3.69-3.57 (m, 1H), 3.35-3.31 {m, ZH),
3.28-3.27 {m, 2H), 2.66 (s, 3H), 2.55 (s, 6H), 1.91 (5, 3H), 1.22-1.12 {m, 2H),
0.91-0.81 {m, 2H)

Analytical LC/MS (Method Sy Purity: 98.2%:; Observed Magss: 504 3; Retention
Time: 1.333 min. "H NMR (400 MHz, DMSO-ds) § .24 (d, J= 8.1 Hz, 2H),
8.14-8.08 (m, 4H), 7.72 (5, 1H), 7.05¢d, /=84 Hz, 2H), 402 (5, 3H), 334 (s,
3H), 3.24 (s, 4H) 2.70-2.58 {m, 8H), 1.03(d, /= 6.4 Hz, 6H)

Analytical LC/MS (Method 5): Purity: 99.1%; Observed Mass: 518.2; Retention
Time: 0.799 min. 'H NMR (400 MHz, DMSO-ds) 3 8.24 (4, /= 8.4 Hz, 2H),
8§14 (d, J=84Hz 2H), 888(d, /=88 Hz, 2H), 7.72 (3, 1H), 7.05{d, J=8.8
Hz, 2H), 4.02 {s, 3H), 333 {s, 3H), 3.28-3 20 {m, 4H), 2.66 (5, 3H), 2.49 (5, 4H),
21¢d, J=36Hz, 2H), L90-1.75 (m, 1H), 0.90(d, J=6.8 Hz, 6H)

Analytical LC/MS (Method 2): Purity: 100 %: Observed Mass: 361.40;
Retention Time: 1.46 min. (Method 3): Purnity: 100 % Observed Mass: 501.10;
Retention Time: 1.38 min, 'H NMR (500 MHz, DMS0-de} § 837 (. /=82
Hz 2ZH), 8.13(dd, /=79, 5.5 Hz, 4H), 7.77 {s, 1H}. 740 {brd, J =82 Hz, ZH),
391-3.80 (m, 1H), 2.97-2.84 (m, ZH), 2.67 (s, 3H), 2.52 (brs, 4H), 2.22 (s, 3H),
2.06~1.96 (m, 213, 1.85-1.67 {m, 4H), 1.25-1.13 {m, 2H), 0.88 (brs, 2H)

10

Analvtical LC/MS (Method 2} Purity: 5.9 %; Observed Mass: 486.0;
Retention Time: 1.81 min. (Method 3): Purity: 97.2 %; Observed Magss: 486.2;
Retention Time: 1.17 min. 'H NMR (500 MHz, DMSO-ds) 68.13¢d, /=88
Hz, 2H), 7.78 (s, 1H), 751 {s, 2H), 7.24-7 13 {m, 3H), 4.00 (5, 4H), 3.88 (s, 5H),
3.15-2.99 (m, {1H), 2.70-2.65 (m, 3H), 2.55 (5, 3H}, 2.53-2.49 (m, 3H), 1.32 (4, J
= 6.6 Hz, 6H)
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Avalvtical LE/MS (Method 2): Purity: 96.3 %; Observed Mass: 463.95;
Retention Time: 1,12 mun. (Method 3): Purity: 72.9 %; Observed Mass: 463 .93,
Retention Time: 0.97 min. 'H NMR (500 MHz, DMSO-ds) 8§ 8.23-8.17 (n, 1H),
7.78 (s. 3H), 7.17-7.09 (m, 1H), 3 90-3 85 {m, 2H), 3.03-2.98 {m, 3H}, 2.92-2 8%
(m, 3H), 2.77-2.72 (m, 5H)}, 2.33-2.27 (o, 6H), 2.21-2.15 (m, 4H), 1.76-1.72 (m,
3H), 1.53-1.48 (m, 4H), 1 .44-1 .41 {(m, 2H)

Analytical LC/MS (Method 2): Purity: 86.2 %, Observed Mass: 477.96;

11

Retention Time: 1.27 min. (Method 33 Punity: 75 %; Observed Mass: 477 .93;
Retention Time: 1.12 min. 'H NMR (500 MHz, DMSO-de} § 8.27-8.17 (m, 1H),
7.94~7 68 (m, 3H), 7.18-7.09 (m, {H), 3.20-3.08 (m, 2H), 3.00-2.95 (m, ZH),
2.82-2.70 {m, 2H}), 2.57-2.55 {m, 3H), 2.21-2.09 (m, 3H), 2.08-1.95 (m, 3H),
1.93-1.68 (m, 7H}, 1.63-1.52 {m, 2H), 0.88 (br d, /= 6.4 Hz, 10H}

Analvtical LO/MS (Method 2): Purity: 72.7 %:; Observed Mass: 461.96;
Retention Time: 1.20 min. (Method 3): Purity: 74.9 %: Observed Mags: 462.18;
Retention Time: 0.94 min. 'H NMR (500 MHz, DMSO-ds) & 8.45-8.40 {m, 1H),
13 ) 781 (brs, 3H), 7.19-7.12 (my, 1H), 3.03-2.94 (m, 3H), 2.68-2.59 (m, 2H), 2.33-
223 (m, 3H), 2.19-2.07 (m, 3H), 1.94-1 88 (m, 2H), 1.85-1.78 (m, 2H), 1.77~
165 {m, 4H), 1.60-1.51 (m, 2H), 1.45-1.33 (m, 3H), 1.29-1 20 {m, 2H), 0.43-
0.36 (m, 2H}), 0.30-0.24 (m, 2H)

Analytical LO/MS (Method 5): Purity: 99.3%; Observed Mass: 496 2; Retention
Time: 0.553 min. 'H NMR (400 MHz, DMSO-ds} & 10.22 (s, 1H}, 9.65 (5, 11},
14 | 846 (s, 1H), 8.23-8.13 (m, 4H), 8.07-8.01 {m, 1H), 3.98 {s, 3H), 3.70-3.47 {m,
5H), 3.34 (s, 3H), 3.28-3.01 (m, SH), 2.41-2.33 (m, 2H}, 2.25-1.96 {m, 5H),
1.33-1.24 (m, 6H}

Analytical LC/MS (Method 3): Purity: 96.5%:; Observed Mass: 510.2; Retention
Time: 0588 min. 'H NMR (400 MHz, BMSO-ds) 8 10.34-10.30 (m, 1H),

1S | 9.33-9.48 {m, {1H), 8.49-8.44 {(m, 1H), 8.23-8.12 (m, 4H}, 8.06-8.02 (m, 1H),
3.98 (s, 3H)}, 3.77-3.46 {(m, 5H), 3.34 (s, 3H), 3.26-3.10 {m, 3H}, 3.06-2.91 {m,
3H). 2.36-2.29 (my, 2H), 2.24-2 00 {m, 6H), 1.01-0.95 {m, 6H)

12
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Avalvtical LE/MS (Method 5): Purity: 98.0%; Obscrved Mass: 494 .2; Retention
Time: 9.558 min. 'H NMR (400 MHz, Trifluoroacetic acid-d) 8 7.66-7.62 {m,
16 | 2H), 7.23(d, /=84 Hz, 2H), 7.01 {d, J= 8.4 Hz, 2H), 3.07 (s, 3H), 2.89-2.85
(m, 4H), 2.85-2.82 (m, 1H), 2.32-2.29 (m, 5H). 2.20 (s, 3H), 1.69-1.60 {m,
PH), 153-1.30 (m, 2H), 1.37-1.27 (m, 6H), 0.10-0.02 (m, 4H)

Analytical LC/MS (Method 3): Purity: 98.8%:; Observed Mass: 496.1; Retention
Time: 0.584 min. 'H NMR (300 MHz, BMSO-ds} § 8.26-8.01 {m, 5H), 7.26 (d,
17 {J=84Hz 1H), 3.96 (s, 3H), 332 (s, 3H}, 3.04-2.94 {m, 2H), 2.87-2 39 {m,
4H}, 2.38-2.00 (m, 5H), 1.96-1.66 {m, 6H), 1.51-1.33 (m, 2H}, 0.95{d, /=635
Hz, 6H)

Analytical LO/MS (Method 53 Purity: 98.1%:; Observed Mass: 510.2; Retention
Time: 0.606 min. 'H NMR (300 MHz, DMSO-ds) § 8.27-8.00 (m, 5H), 7.26 (d.
18 | T=84Hz 11D, 3.97 (s, 3H), 3.32 (s, 3HT), 3.05-2.95 (m, 2H), 2.91-2.76 (m,
3H), 2.35-2.21 (m, 3H), 2.07-1.94 (m, 2H3, 1.93-1.63 (m, OH), 1.55-1.38 {m,
2H), 0.85 (d, J = 6.8 Hz, 6H)

Analvtical LO/MS (Method 3): Purity: 98.4%; Observed Mass: 494 .2; Retention
Time: 0.593 min. 'H NMR (300 MHz, DMSO-ds) § 8.29-7.98 (m, 5H}, 7.26 (d,
19 | J=84Hz, ), 3.96 (s, 3H), 3.32 (5, 3H}, 3.03-2.93 {m, 4H), 2.85-2.72 {m,
THD, 2.35-2.25 (m, 3H), 2.20-2.07 {m, 2H), 1.98-1.65 (m, 6H), 1.61-1.26 (m,
3H), 0.46-0.23 (m, 4H)

Analytical LC/MS (Method S Purity: 99.5%; Observed Magss: 510.4; Retention
Time: 0.635 min. "H NMR (300 MHz, DMSO-ds) § 821 (d. J= 8.4 Hz. 2H),
813(d, J=88Hz 2H), 7.14 (s, IH), 3.98 (s, 3H), 3.24 (5, 3H), 3.16 (d, J=
11.4 Hz, 2H), 3.05(d, /= 11.4 Hz, 2H), 2.91-2 80 {m, 1H), 2.80-2.69 (m, 1H},
2.6% (5. 3H), 2.50-2.34 {m, 3H), 2.30-2.19 (m, 2H), 2.11-1.94 {m, 6H), 1.74-1.57
(m, 2H), 111 {d, /= 6.5 Hz, 6H)
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21

Avalvtical LE/MS (Method 5): Purity: 99.8%; Observed Mass: 524 .3; Retention
Time: 0.653 min. ‘H NMR (400 MHz, Methanol-d,} & 8. 21 (d, J = 8.4 Hz, 21},
13 (d, J=88Hz 2H), 7.15 (s, 1H}, 3.99 (s, 3H), 3.27-3.18 (m, SH), 3.06 (4, J
= 11,5 Hz, 2H). 2.96-2.83 (m, 1H). 2.68 (s, 3H), 2.56-2.40 (m, 3H), 2.17 (4, 7 =
7.2 He, 2H), 2.09-1.92 {m, 8H), 1.90-1.79 (m, 1H), 1 77-1.64 (m, 2H), 6.96 (s,
31, 0.94 (s, 3H)

22

Analytical LC/MS (Method 5): Purtty: 99.7%:; Observed Mass: 340.3; Retention
Time: 0.606 min. ‘H NMR (300 MHz, DMSQ-ds) 5 8.21 (d, J = 6.4 Hz, 2H),
8.13{d, J=68 Hz 2H), 7.10 (s, 1H}, 4.03 {5, 1H}. 394 (s, 3H), 3.33 {5, 3H),
3.05-2.91 (m, 4H), 2.78-2.66 (m, 1H), 2.539 (s, 3H), 2.31-2.13 (m, 3H), 2.13-2.03
(m, 2H), 1.91-1.74 (m, 4H), 1.70-1.61 (m, 2H}, 1.56-1 .43 (m, 2H), 1.08 (5, 61))

Analyvtical LO/MS (Method 2): Purity: 100 %; Observed Mass: 522.1; Retention
Time: 1.248 min. (Method 3): Purity: 100 9%; Observed Mass: 522.2; Retention
Time: 1.020 min. 'H NMR (300 MHz, DMSO-de) 5 8.20 (s, 2H), 8.13 (s, 2H),
7.10 (s, TH), 3.95 (s, 3H), 3.36-3.34 {m, 3H), 3.07-2 98 (m, 4H), 2.78-2.70 (m,
1H), 2.62-2.57 (m, 3H), 2.35-2.22 (m, 3H), 2.21-2. 14 (m, ZH), 2.01-1 81 (m,
oM}y, 1.80-1.72 {m, 2H), 1.58-1.40 (m, 2H), 0.90-0.78 (m, 1H}, 0.53-0.358 (m,
2H), 0.12-0.04 {m, 2H)

24

Analytical LC/MS (Method 2): Punty: 98.7 %, Observed Mass: 522 .20;
Retention Time: 1.29 nun. (Method 3} Purnity: 100 %; Observed Mass: 522 .20;
Retention Time: 0.99 mun. "H NMR (500 MHz, DMSO-de) 3 8.18 (s, 2H), 8.15-
8.09 (m, 2H), 7.10 (s, 1H), 3.99-3.91 {m, 3H), 3.34-3.27 {m, 2H), 3.07-2.99 (m,
2H), 2.90-2.82 (m, 2H), 2.80-2.63 (m, 2H}, 2.59 (s, 3H), 2 40-2.26 {m, 3H),
2.01-1.92 {m, 2H}. 1.92-1.67 (m, 10H), 1 66-1.35 {m, ZH)}, 1.53-1.41 (1, 2H)

{one proton obscured)

3]
4

Analvtical LC/MS (Method 2): Purity: 100 %; Observed Mass: 552.2; Retention
Time: 1.192 mun. {Method 3): Purity: 100 %; Observed Mass: 552.20; Retention
Time: 0.977 min. 'HNMR (500 MHz, BMSO-ds} § 8.25-8.18 (m, 28, 8.13 (d,
J=8 T He, 2H), 7.10 (s, 1H), 3.95 (s, 3H}. 3.91-3.84 (m, 2H), 3.30-3 .23 (m,
4H), 3.06-2.90 (m, 4H), 2.81-2.68 (m, 1H), 2.59 (s, 3H), 2.47-2 21 (m, 4H),
2.18-2.04 (m, 2H}, 1.94-1.72 (o, 7H), 1.71-1.60 (m, 2H), 1.53-1.32 (m, 4H)

101



WO 2023/159154 PCT/US2023/062780

Avalvtical LE/MS (Method 2): Purity: 100 %; Observed Mass: 536.40;
Retention Time: 1,13 mun. (Method 3): Purnity: 100 %; Observed Mass: 336.20;
Retention Time: 1.0 min. 'H NMR (500 MHz, DMSO-de) 6 8.22-8.17 {m, 2H),
26 | 8.15-8.0% (m, 2H). 7.09 (s, 1H), 3.95-3.91 (m, 2H), 3.33-3.28 (m, 2H), 3.04-2.9%
(m, 2H), 2.84-2.76 (m, 1H}, 2.76-2.69 (m, 1H), 2.69-2 61 {(m, 1H), 2.60-2.58 (m,
IH3, 2.57-2.54 (m, 3H), 2.25-2.15 {m, 2H), 1.92-1.75 (m, 8H), 1.73-1.63 (m,
2H}, 1.60-1.53 {m, 2H), 1.52-1.45 {m, 2H)}, 1.07-0.98 (m, 6H}

Analytical LC/MS (Method 2): Purity: 100 %: Observed Mass: 536.44;
Retention Time: 1.34 min. (Method 3} Purnity: 100 %; Observed Mass: 536 .20;
Retention Time: 0.99 min, "H NMR (500 MHz, DMSO-de) § 8.24-8.17 (m, 2H),
8.13-8.12 (m, 2H}, 7.11 {s, 1H}, 3.94 (s, 3H), 3.69-3.60 (m, 1H), 3.58-3.42 (m,
2H), 3.31 (5, 3F), 2.92-2.69 (m, 3H), 2.61-2.58 (m, 3H), 2.41-2.31 {m, 2F),
2.07-1.92 {m, 7H). 1.88-1.78 (o, 6H), 1.11 (brd, /=61 Hz, 6H}

Analvtical LC/MS (Method 2): Purity: 100 %, Observed Mass: 550.30;
Retention Time: 1.34 min. {Method 3): Purity: 100 %; Observed Mass: 350.30;
Retention Time: 1.04 min. 'H NMR (500 MHz, DMSO-de) 3 8.17 (s, 2H), 8.12
25 | (s, 2H), 7.09 (s, 1F1), 3.92 (s, 2H), 3.69-3.52 {m. 111}, 3.29 (s, 2H), 3.25-3.17 (m,
2H), 3.09-3.00 {m, 2H), 2.81-2.68 (m, 1H), 2.60-2.57 (m, 3H), 2.27-2.19 {m,
2H), 2.18-2.11 (m, 2H), 1.91-1.75 (m, 8H), 1.69-147 (m, TH), 088(d. /=64
Hz, 6H)

27

Analyvtical LE/MS (Method 2} Purity: 98.4 %: Observed Mass: 350.30;
Retention Time: 1.54 nun. (Method 3} Purity: 100 %; Observed Mass: 330.30;
Retention Time: 1.05 min. 'H NMR (500 MHz, DMSO-ds) § 8.20-8.15 (m, 2H),
20 1 B.14-8.08 (m, 2H). 7.09 (s, 1H), 3.92 (g, 2H), 3.74-3 536 (m, 1H), 3.29 (s, 2H),
3.26-3.14 (m, 3H), 2.80-2.69 (m, 1H), 2.60-2.57 (m, 3H), 2.46-2.36 (., 1H),
2.11-2.06 {m, 2H), 2.04-1.96 (m, ZH), 1.86 {brs, 12H), 1.73-1.59 {m, 3H), 0.87
(d.J= 6.7 Hz, 6H)
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Avalvtical LE/MS (Method 2): Purity: 95.3 %; Observed Mass: 348.30;
Retention Time: 1.40 mun. (Method 3): Purity: 98.8 %; Observed Mass: 348.20;
Retention Time: 1.03 min. 'H NMR (500 MHz, DMSO-ds) §8.08¢d, J =82

30 | Hz, 2H). 8.04-7.96 (m, 2H), 6.98 (s, 1H), 3.82 (s, 3H), 3.26-3.15 (m, 1H), 2.92-
2.85 (m, 2H), 2.66~2.57 (m, 1H), 2.55-2.43 {(m, 4H}, 2.25-2.16 (m, 2H), 2.15-
.04 (m, 2F). 1.79 (s, SFD). 1 .S8-1.50 (m, 270, 1.48-1.38 {m. 4F]), 0.81-0.66 (m,
1H3, 0.40-0.29 (m, 2H), 0.06--0.05 {m, ZH) (one proton chscored)

Analytical LC/MS (Method 2): Punity: 99.2 %, Observed Mass: 548.60;
Retention Time: 1.39 min. (Method 3} Purity: 98.8 %; Observed Mass: 348.30;
Retention Time: 1.04 mun. "H NMR (500 MHz, DMSO-de) § 8.15-8.07 (m, 2H),
31 | 803 (d, J=82Hz 2H}, 7.00 (s, 1H}, 3.84 (s, 3H), 3.22 (5, 3H), 2.70-2.58 (m,
1H), 2.52-2.47 (m, 3H), 2.45 (s, 3H), 2.33-2.22 (m, 1H), 2.13 (br d, J = 6.4 Hz,
2H), 1.90-1.77 (m, 6H), 1.76-1.64 (m, 9H)}. 0.84-0.66 (m, 1H), 0.42-0.26 (m,
TH), 0.06--0.06 (m, 2H)

Analvtical LO/MS (Method 2): Purity: 100 %, Observed Mass: 548.30;
Retention Time: 1.29 min. (Method 3): Purity: 99 %; Observed Mass: 548.30;
Retention Time: 0.95 min. 'H NMR (500 MHz, DMSO-ds) & 8 24-8.17 (m, 2H),
813 (d, J =85 Hz, 2H). 7.10 (s, 1H). 3.95 (s, 2H). 3.24-3.16 (m, 1H), 3.09-2.95
(m, 2H), 2.77-2.66 (o, 1H), 2.59 (5, 3H), 2.55 (s, 3H}), 2.26-2.16 {m, 2H), 2.04~
1.95 (m, 2H), 1.91 (s, 3F), 1.88-1.77 (m. 5H), 1.77-1.60 (m, 4H). 1.59-1.47 (m,

23
B2

3H) (three protons obscured)

Analvtical LO/MS (Method 2): Purity: 93 %; Observed Mass: 348.30; Retention
Time: 144 min. (Method 3): Purity: 100 %; Observed Magss: 548.30; Retention
Time: 1.03 min. 'H NMR (500 MHz, DMSO-de) § 8.23-8.17 (m, 2H), 813 (d. ./
33 | =82 Hz 2H), 710 (s, 1H), 3.94 (5, 2H), 3.34-3.30 (m, 2H), 3.29-3.20 (m, 1H),
319312 (m, LH), 3.05-2.95 (m, 1H), 2.78-2.67 (m, 1H), 2.59 (s, 3H), 2.53-2.49
(m, 2H), 2.42-2 33 {m, 1H), 2.02-1.72 (ma, 18H), 1.70-1.50 (m, 3H} {one proton

obscured)
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Avalvtical LE/MS (Method 2): Purity: 100 %; Observed Mass: 578.30;
Retention Time: 1,15 mun. (Method 3): Purnity: 100 %; Observed Mass: 378 30;
Retention Time: 1.03 min. 'H NMR (500 MHz, DMSO-ds) 8 8.25-8.18 (i, 2H),
34 | 8.16-8.08 (m, 2H), 7.14-7.07 (m, 1H), 4.00-3.93 {m, ZH), 3.89-3 83 (m, 2H),
3.36-3.28 {m, 2H), 3.10-3.03 (m, 1H), 2.80-2.63 (m, 3H), 2.63-2.59 (1, 3H).
7.58-2.54 {m., 3H), 2.28-2.17 (m, 2¥D), 1.93-1.76 Gm, 10HD, 1.71-1.60 (m. 2H),
1.59-1.46 {m, 4H), 1.36-1.20 (m, ZH) {two protons obscured)
Analytical LC/MS (Method 2): Punity: 99.2 %, Observed Mass: 378.50;
Retention Time: 1.29 min. (Method 3} Purnity: 100 %; Observed Mass: 578 40;
Retention Time: 1.03 mun. "H NMR (500 MHz, DMSO-de) § 8.24-8.18 (m, 2H),
35 | B17-8.09 (m, ZH}, 7.14-7.09 {m, 1H}, 3.99-3.93 (m, 2H)}, 3.92-3 83 (m, 7H},
3.51-3.37 (m, 2H), 3.35-3.27 (m, 2H), 2.86-2.69 {m, 2H), 2.60 (s, 2H), 2.57-2.54
(m, 2H), 2.51-2.45 (m, 5H), 2.44-2.32 (m, 2H), 2.01-1 78 {m, 13H), 1.43-127

{m, 3H) {one proton obscured)

Analvtical LC/MS (Method 2): Purity: 100 %: Observed Mass: 518.3; Retention
Time: 1.53 nun. (Method 3): Parity: 100 %,; Observed Mass: 318.4; Retention
Time: 1.09 puin. 'HNMR (500 MHz, DMSO-ds) § 7.29-7.19 (i, 2H), 6.98-6.92
(m, 1H), 6.86-6.79 {m, 1H}, 3.70-3.68 {m, Z2H), 3.67-3.64 {m, 3H}, 2.96-2.86 {m,
[H), 2.56-2.41 (m, 3H), 2.39-2.33 (m, 6H), 2.28-2.19 (m, 3H), 2.18-2.10 {m,
IH), 2.08-1.99 (m, 2H), 1.97-1.81 (m, 4H), 1.73-1.69 (m, 2H), 1.68-1.61 {m,
4H), 1.11-0.98 (m, 2H), 0.88-0.80 (m, 6H}

Analvtical LO/MS (Method 2): Purity: 99.1 %; Observed Masgs: 532.6;
Retention Time: 1.46 min. (Method 3): Purity: 98.7 %; Observed Mass: $32.6;
Retention Time: 0.97 min. 'H NMR (500 MHz, DMSO-ds) § 7.45 ¢s, 2H), 7.17-
37 {744 (m, HH), 7.07-7.02 (o, 1H), 3.86 (s, 8H), 3.64-3.52 {m, 1H), 3.46-3.39 (m,
TH}, 3.21-2.96 (m, 2H}, 2.95-2.68 {m, 2H)}, 2.62-2.57 (m, 3H), 2.55 (s, 6H},

2 44-2 31 {m, 2H), 2.22-2.04 (1, 4H), 2.04-1 90 (m, 1H), 1.89-1 67 {m, ZH),
0.97 (brd, J= 6.5 Hz, 6H) (three protons obscured)

(98]
N
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Avalvtical LE/MS (Method 2): Purity: 97.5 %; Observed Mass: 530.6;
Retention Time: 1.4 min. (Method 3): Purity: 100 %; Observed Mass: 530.6;
Retention Time: 0.96 min. 'H NMR (500 MHz, DMSO-ds) § 7.45 ¢s, 2H), 7.18-
38 | 7.14 (m, 1H). 7.08-7.04 {m, 1H), 3.93-3.82 (m. 8H). 3.69-3.50 (m, 5H), 3.18~
3.02 (m, 3H), 2.98-2.74 (m, 2H), 2.61-2 38 {m, 3H}, 2.52-2.49 (m, 5H), 2. 46~
232 (m, 2H), 2.22-2.05 (m, 3H), 1.84-1.67 (m, 2H), 1.16-0.98 {m, {H), 6.63-
0.57 ¢m, 2H), 0.41-0.32 {m, 2H} {one proton obscured})

Analytical LC/MS (Method 2): Purity: 98.9 %, Observed Masg: 330.3;
Retention Tune: 1.64 qun. (Method 3 Purnity: 100 %; Observed Mass: 530.4;
Retention Time: 111 mun. "H NMR (500 MHz, DMSO-de) 8 7.44 (s, 2H), 7.15
(d, J=87Hz 1H), 7.02 (s, 1H}, 3.86 (s, 8H}, 3.22-3.05 {m, 1H), 2.96-2.70 (m,
1H), 2.59-2.54 (m, 7H), 2.50-2.38 (m, 3H), 2.21-2.04 (m, 5H), 2.00-1.80 {m,
&H), 1.76-1.61 (m, ZH), 1.38-1.19 {m, 2H)} {two protons obscured)

Analvtical LC/MS (Method 2): Purity: 100 % Observed Mass: 560.4; Retention
Time: 1.43 min. (Method 3} Purity: 100 %; Observed Mass: 560.4; Retention
Time: 1.07 pun. "H NMR (500 MHz, DMSO-de) § 7.45 (s, 2H), 7.19-7.13 {m,
TH), 7.07-7.01 {m, 1H), 3.93-3.83 (m, 10F), 3.40-3.26 ¢m, 1FD), 3.02-2.77 (m,
1H), 2.58 (s, 3H). 2.55-2.51 {m, 9H), 2.40-2.14 (m, 4H), 2.10-1.88 (m, 4H),
F87-1.75 (m, ZH), 1.57-1.35 {m, 3H) (four protons abscured)

Analytical LC/MS (Method 2): Purity: 99.4 %: Observed Mass: 534.2;
Retention Time: 1.39 nun. (Method 3} Punty: 100 %; Observed Mass: 334.2;
Retention Time: 0.95 min. 'HNMR (500 MHz, DMSO-ds) § 7.44 (s, 28, 7.17-
7.12 (m, 1H), 7.02 (s, 1H), 3.92-3.83 {m, 9H), 3.25 (s, 2F), 3.12-3.03 (m, 1H,
2.76-2.65 {m, 1H), 2.55 (s, 11H), 2.46-2.35 (m, 3H), 2.21-2 00 (m, 6H), 1.89-
1.78 (m, 4H), 1.28-1.14 (m, 75D

Analvtical LC/MS (Method 2): Purity: 98.3%; Observed Mass: 541 4; Retention
Time: 1.34 mun. (Method 3} Purity: 100%,; Observed Mass: 541.2; Retention
Time: 0.99 min. 'HNMR (300 MHz, DMSO-ds) § 9.15-9.08 (m, 1H), 8.59 (s,
1H). 7.53-7.46 (m, 1H), 7.13-7.08 (m, 1H), 4.10 (5. 3H), 3.98 (s. 3H), 2.65-2.60
(m, 4H), 2.35-2.52 (m, 9H}, 2.21-2.08 (m, 4H), 2.07-1 80 (m, 10H), 1.78-1.61
{m, 3H}.
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Avalvtical LE/MS (Method 2): Purity: 99.5%; Observed Mass: 541.5; Retention
Time: .44 min. (Method 3} Purity: 98.8%; Observed Mass: 541.2; Retention
Time: .95 min. 1HNMR (500 MHz, DMSQ-de} 6 9.02 (s, 1H), .51 (s, 1H),
43 | 742 (s. 1H), 7.02 (s, FHD). 4.02 (s, 3H). 3.90 (s, 3H), 3.38-331 {m, 1H), 3.04-
2.97 (m, 1H), 2.74-2.62 (m, 1H), 2.59-2.30 (m, 4H), 2.49-2 .44 (0, 2H), 2.40-
227 ¢m, 3H), 2.22-1.94 {m, TH), 1.84-1.74 (m, 4H), 1.25-1.07 {(m, 2H), .83~
0.73 {m, 1H), 0.45-0.34 (m, 2H}, 0.07--0.05 (m, 2H})

Analytical LC/MS (Method 2 Purity: 95.1%:; Observed Mags: 571.2; Retention

Time: 1.21 min. {Method 3). Purity: 100%; Observed Mass: 371 2; Retention
Time: §.96 min. 'H NMR (500 MHz, DMSO-ds) § 9.10 (s, 1H), 8.59 (s, 1H),
44 1750 (s, 1THD, 7.10 (s, TH), 4.10 (s, 3H), 3.98 (s, 3H), 3.91-3.79 (m, 2H), 2. 83~
2.71 (m, 1H), 2.70-2.63 {m, 2H), 2.61 (s. 3H), 2.55 (s, SH). 2.49-2 40 (m, 2H),
2.29-2.00 {m, 6H}, 1.94-1 84 (m, 4H), 1.82-1 70 {m, 2H), 1.45-1.34 (1, 2H},
1.32-1.17 {m, 2H) {one proton obscured)

Analvtical LO/MS (Method 2): Purity: 99.3%; Observed Mass: 497 .6; Retention
Tune: 1.54 mun. (Method 3): Purity: 98.3%; Observed Mass: 497.2; Retendion
Time: 1.16 min. 'FNMR (500 MHz, DMSO-ds) 8 9.17-9.13 (m, 1H), 8.60 (s,
TH). 8.18-8.06 (m, 2H). 7.80-7.67 {m, 1H), 7.57-7.50 (m. 1H), 7.18-7.12 (m,
2H), 4.11 (s, 3H), 4.06 {5, 3H), 4.04-3 98 (m, 1H), 3.62-3.52 {m, 1H}, 3.26-3.15
(m, 1HD). 3.14-3.03 (m, 1HD). 2.68 (s, 3H), 2.55 {s, 4H), 1.34-1.30 (m. 6H) (one

oo
(4

proton obscured)

Analvtical LO/MS (Method 2): Punity: 95%,; Observed Maass: 545.2; Retention
Time: 1.27 min. {Method 3}: Purity: 95.2%; Observed Mass: 545 2; Retention
Time: 0.94 min. 'H NMR (500 MHz, DMSO-de) 5 9.11 (s, 1H), 859 (s, 1H),
750 (s, 1H), 7.10 (s, 1H), 4.10 (5, 3H), 398 (s, 3H), 3.30-3.22 (m, 1H}), 2.86-
273 (m, 1), 2.55 (s, 11H), 2.50-2.38 (m, 3H}), 2.32-2.0G (m, 5H), 1.99-1.75 (m,
4H). 1.43-1.09 (m, 2H) {three protons obscured)

46

106



WO 2023/159154 PCT/US2023/062780

A
~k

Avalvtical LE/MS (Method 2): Purity: 98.5%; Observed Mass: 586.2; Retention
Time: 154 min. (Method 3} Purity: 100%; Observed Mass: 586.6; Retention
Time: 1.07 min. TH NMR (500 MHz, DMSO-de) 5 .37 (d, J = 8.3 Hz, 2H),
8§30 (brd. J= 82 Hz, 7H), 8 14 (brd, /= 8.5 Hz, 2H). 7.88 (s, 1H), 7.63 (br s,
2H), 323513 (m, 1H), 4.47-4.34 (m, 2H), 3.93-3.83 (m, 1H), 3.35 {5, 3H),
3.08-2.94 (m, 1H), 2.76-2.71 (o, 1H), 2.69 (s, 3F), 2.55 (s, SH), 2.52-2.49 (1,
SH3, 2.38-2.25 {m, 2H), 2.01-1.81 {m, 2H), 119 (br &, J= 6.7 Hz, 2H), 0.89 (br
s, 2H}

48

Analyvtical LC/MS (Method 23 Punty: 100%; Observed Mass: 472 4; Retention
Time: 1.36 min. (Method 3); Purity: 99.4%; Observed Mass: 472 .4; Retention
Time: 1.12 min. 'H NMR (500 MHz, DMS0-de) 3 8. 81-8.73 (m, 1H), §.47-8.41
(m, 1H). 7.78 (d. J = 8.8 Hz, 2H), 7.50 (s, 2H), 7.18 {br d, J = 9.0 Hz, 3H), 4.03
(s, 4H), 3.89 (s, 6H), 3.67-3.53 (m, 1H), 3.13-3.00 (m, 1H), 2.55 (s, 3H), 1.32 (d,

J=6.6 Hz, 6H) {one proton obscured)

49

Analvtical LO/MS (Method 2): Purity: 95.6%; Observed Mass: 490.0; Retention
Time: 1.3 nun., (Method 3): Purity: 1009%; Observed Mass: 490.0; Retention
Time: 1.03 piin. 'HNMR (300 MHz, DMSO-ds) 5 8.81-8.78 (m, 1H), 8.40-8.35
(m, 1H), 8.24-8.20 {m, ZH), 8.18-8.13 (m., ZH}, 7.81-7.76 (m, 2H}, 7.21-7 12 {m,
2H), 4.03 (s, 4H), 3.65-3.49 (m, 1H), 3.38-3.26 (m, 1H), 3.20-2.94 (m, 1H), 2.51
(brd, J= 1.8 Hz, 4H), 1.32{d, J= 6.6 Hz, 7TH) {three protons obscured)

36

Analyvtical LE/MS (Method 2): Punty: 100%; Observed Mass: 498 .5; Retention
Time: 1.48 min. (Method 3} Purity: 98.8%; Observed Mass: 498.2; Retention
Time: 1.21 min. H NMR (500 MHz, DMSO-ds) 3 8.73 (d, /= 12 Hz, 1H),
8234, J=14Hz 1H), 775(d, J=85Hz, 2H), 7.72-7.6% {m, 1H}, 7.65 (s,
TH), 7.18(dd, /= 8.6, 2.7 Hz, 3H), 3.88 (s, 8H). 3.61-3.47 (m, 1H), 3.27-2 98
(m, 1H}, 2.55¢s, 3H), 1.32(d, J=6.6Hz, TH), 1.21 (brd, J=6.1 Hz, 2H}, 0.77

{(br s, 2H) (two protons obscured)
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Avalvtical LE/MS (Method 2): Purity: 91.7%; Observed Mass: 516.1; Retention
Time: 137 min. (Method 3} Purity: 81.5%; Observed Mass: 516; Retention
Time: 1.11 min. 'H NMR (500 MHz, DMS0-ds) 5 8.81-8.71 (m, 1H), 8.41-8 32
51 | (m, 2H), 8.26-8.19 (m, [H), 8.15 (s, 2H), 7.79-7.73 {m, 2H), 7.21-7.17 {m, ZH),
4.09-3.82 {m, 2H), 3.64-3.48 {m, 1H), 3.33-3.14 {m, 1H), 3.12-3.01 (o, 1H).
2.55 (s, 6H), 1.33 (d, J= 6.6 Hz, 6F]). 1.25-1.08 (m, 2H), 0.83-0.71 {m. 2H)
{two protons obscured}

Analytical LC/MS (Method 2): Punty: 100%; Observed Mass: 472 .4; Retention
Time: 1.7 min. (Method 3): Purity: 100%; Observed Mass: 472.1; Retention

52 | Time: 1.1 min. 'HNMR (500 MHz, DMSO-ds) 3 8.06 (s, 3H), 7.85-7.75 (m,
FH), 7.53 (s, 2H), 7.21-7.10 (m, 1H), 7.08-7.00 (m, 2H}, 4.00 (s, 3H), 3.87 (s,
6H), 3.29-3.18 (m, 4H). 2.77-2.54 (m, SH), 1.11-0.96 (i, 6H)

Analvtical LC/MS (Method 2): Purity: 96.2%; Observed Mass: 490 1; Retention
Time: 1.54 min. {(Method 3}: Purity: 87.6%; Observed Mass: 490.5; Retention
Time: 1.07 min. 'H NMR (300 MHz, DMSO-de} 3 8.25 (d, ./ = 8.3 Hz, 2H).
814 (d,.J = 8.5 Hz, 3H). 8.09 (s, 2H), 7.91-7.82 (r, 1H), 7.13-7.02 {rn. 2H).
4.04 (s, 3FT), 3.46-3.35 (m, 2D, 3.35-3.30 (m, 17D, 3.20-3.15 (. 1F)), 2.83-2.55
(m, 2H), 1.06 {(brd, /= 5.1 Hz, 6H) {(six protons shscured)

Analytical LC/MS (Method 2): Punty: 100%; Observed Mass: 516.6; Retention
Time: 1.5% min. (Method 3): Purity: 100%; Observed Mass: 516.1; Retention
Time: 1.27 min. 'H NMR (500 MHz, DMSO-ds) & 8.40-8 32 (m, 2H), 8.20-8.06
54 | {m, SHY, 791783 (m, TH), 7.20-7.12 {m, 2H), 4.12-3.94 (m, 1H), 3.93-3.78 (m,
1H), 3.62-3.51 (m, 1), 3.50-3.39 (m, 1H), 3.33 (s, 2H), 3.26-2.97 {m, 1H),
2.53-2.49 {m, 5H), 1.36-1.28 {m, 6H), 1.25-1 14 {m, 2H), 0.92-0.84 (m, 2H}

{one proton obscured)
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Avalvtical LE/MS (Method 2): Purity: 96.2%; Observed Mass: 498 .2; Retention
Time: .84 min. (Method 3} Purity: 87.3%; Observed Mass: 498.2; Retention
Time: 1.25 min. TH NMR (500 MHz, DMSQ-de} 5 8.09-8.04 (m, ZH), .03-7.98
(m. 1H), 7.79-7.74 (m. 1H). 7.71-7.67 (m, 1H), 7.66-7.63 (m, 1H), 7.17-7.12 (m.
1H), 7.09-7.00 (m, 2H), 3.91-3.84 (m, 7TH), 3.83-3.77 (m, 1H), 3.26-3.22 (m.
4T3, 2.64-2.57 (m, 4FT), 1.21-1.16 (m. 2H). 1.09-0.98 (m, 6FD). 0.95-0.85 (m,
2H3

Analytical LC/MS (Method 2): Purity: 100%; Observed Mass: 601; Retention
Time: 134 min. (Method 3): Purity: 100%; Observed Mass: 601.1; Retention
Time: 111 min. 'H NMR (500 MHz, DMSO-ds) 5 836 (d, /= 8.2 Hz, 2H),
810 (dd, J=195, 8.9 Hz, SH), 7.87-7 .80 {m, 1H}, 7.06 (s, 2H}, 3.92-3.79 (m,
1H), 3.60-3.55 (m, 5H), 3.27-3.23 (m, 4H), 2.57-2.53 (m, 4H), 2.40-2.28 {m,
10H), 1.69-1 38 {m, 2H), 1.23-1.11 {m, 2H}. 0.93-0.84 (m, 2H)

Analvtical LC/MS (Method 2): Purity: 98%,; Observed Mass: 587 3; Retention
Time: 1.42 min. {(Method 3} Purity: 100%; Observed Mass: 587.3: Retention
Time: 1.23 pun. 'H NMR (300 MHz, DMSO-de) 3 8.35 (d, /=84 Hz, 2H).
811 (dt, =81, 6.4 Hz 5H), 7.89-7.81 (m, 111). 7.10 (br d. = 8.8 Hz. 2H),
3.89-3.79 {m, 1H), 3.72-3.62 (m, 1H), 3.56-3.41 {m, 2H). 3.33 (s, 4H), 2.96-2.59
(m, 10H), 2.55-2 50 (m, 6H), 118 (brd, J=62 Hz, 2H), 0.87 (brs, 2H)
Analytical LC/MS (Method 1) Punity: 99%; Observed Mass: 526 2; Retention
Time: 1123 min. (Method 6): Purnity 99%; Observed Mass: 526.2; Retention
Time: 1.459 min. 'H NMR (300 MHz, DMSO-de) 5 8.07-7.98 (m, 2H), 7.64-
7.61 (m, 1H), 7.48 (s, 2F), 7.19-7.14 {(m, 1), 7.06-6.99 (m, 2H), 3.98-3.93 (m,
3H), 3.91-3.84 (m, 6H), 3.25-3.18 (m, 4H), 3.08-2 87 {m, 3H), 2.66-2.62 (m,
3H), 1.83-1.70 {m, 4H), 0.97-0.79 (m, 6H) (two protons obscured)

Analvtical LC/MS (Method 1) Punity: 99%; Observed Mass: 498.2; Retention
Time: 1.138 mun. (Method 6): Purity 999%, Observed Mass: 498 2; Retention
Time: 1432 min. 'HNMR (500 MHz, BMSO-ds) § 8.06-7.99 (mn, 2H), 7.62-
758 (m, 1H), 7.4% (s. 2H), 7.20-7.13 (m, 1H). 6.52 (4. J = 8.7 Hz, ZH), 3.97-
391 (m, 7TH), 3.88(d, /= 2.6 Hz, 6H), 3.30-3.28 (o, 1H), 3.26-3.22 (m, 4H),
2.67-2.60 (m, 3H), 0.88-0.82 (m, 6H).
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Avalvtical LC/MS (Method 1) Punity: 99%,; Obscrved Mass: 540.3; Retention
Time: 1181 min. (Method 6} Purity 95.3%, Observed Mass: 540.6; Retention
Time: 1.630 min. 'H NMR (500 MHz, DMSO-de} 5 8.06-7.96 (i, 2H), 7.65-
7.60 (m, 1H). 7.52-7.45 (m, 2H), 7.21-7.11 {m, 1H), 7.08-6.97 (m, 2H), 3.99-
3.95 (m, 3H), 3.90-3.86 (m, 6H), 3.38-3.27 (m, ZH}), 3.25-3.15 (m, 4H), 3.09-
7.83 (m, 3H). 2.67-2.62 (o, 3H), 2.34-2.06 (m, 1), 1.91-1.73 (m, 41), 1.06-
1.02 {m, 1H), 0.92-0.80 (m, 6H)

61

Analytical LC/MS (Method 1) Purity: 96.2%:; Observed Mags: 530.3; Retention
Time: 1.101 nun. (Method 6): Observed Mass: 530.2; Retention Time: 1.356
min, 'H NMR (500 MHz, DMSQO-ds) 8 8.28-8.23 (m, ZH}), 8.19-8.12 (m, 3H),
§.10-8.04 (m, 2H}, 7.87-7.81 (m, 1H}, 7.09-7.03 (m, 2H), 4.04 (5, 3H), 333 (d, J
= 10.5 Hz, 5H), 3.28-3.18 {m, 4H), 3.05-2 82 {m, 3H), 1.85-1.66 (m, 4H}, 1.02-
0.79 (m, 6H}

Analvtical LC/MS (Method 1): Purity: 99%,; Observed Mass: 544.2; Retention
Time: 1.163 min. (Method 6} Observed Mass: 544 2; Retention Time: | 417
min. ‘H NMR {500 MHz, DMSO-de) 5 8.29-8.22 (m, 2H), 8.20-8.12 (m, 3H),
8.11-8.03 (m, 2H), 7.89-7.79 (m, 1H), 7.11-7.02 (m, 2H}, 4.04 (s, 3H}, 3.35-3.33
(m, 3H), 3.26-3 19 {m, 4H), 3.06-2.87 (m, 3H}, 2.33-2.12 (m, 2H}. 1.89-1.71 {m,
4H), 1.66-1.46 (m, 1H), 0.92-0.80 {m, 7H)

63

Analytical LC/MS (Method 1) Punity: 99%; Observed Mass: 560.2; Retention
Time: 1071 min. (Method 6): Purnity: 95%; Observed Mass: 560.2; Retention
Time: 1.233 min. *H NMR (300 MHz, DMSO-de) 5 8.29-8.22 (m, 2H), 8. 18-

&.11 (m, 3H), 8.10-8.05 {m, 2H), 7.88-7.79 {m, 1H), 7.09-7.02 (m, 2H}, 4.09-

3.97 (m, 4H), 3.35-3.33 {m, 3H), 3.27-3.19 {m, 4H), 3.15-3.03 (m, 4H}, 2.44-

2.26 (m, 2H). 1.86~1.67 (o, 4H), 1.05 (5, 6H)

64

Analvtical LC/MS (Method 1): Purity: 97.6%; Observed Mass: $12.2; Retention
Time: 1.188 nmun. (Method 6): Purity: 95.6%; Observed Mass: 512.5; Retention
Time: 1.650 min. 'H NMR (500 MHz, BMSO-ds) § 8.10-8.01 (m, 2H), 7.63-
760 {m, 1H), 744 (s, 2H), 7.20-7.13 (m, 1H), 6.60-6 52 {m, 2H), 3.96 (s, TH),
388(d, J=2.6 Hz, 6H), 2.63 (s, 3H), 1.16-1.11 (m, 2H), 0.92-0.84 {m, 11H)
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Avalvtical LC/MS (Method 1) Punity: 99%,; Obscrved Mass: 502.1; Retention
Time: 1121 min. (Method 6} Purnity: 99%; Observed Mass: 502.1; Retention
Time: 1.271 min. 'H NMR (500 MHz, DMSQ-ds) 5 8.28-8.22 (m, 2H), §.17-

&.10 (m, 3H), 8.10-8.03 {m, 2H), 7.87-7.78 {m, 1H}, 6.56-6.51 (m, 2H}, 4,10~

4.03 (m, 3H), 3.98-3.91 (m, 4H), 3.37-3.35 (m, 2H), 3.26-3.22 (m, 3H), 2.27-

217 (m, 1H), 0.88-0.82 (m, 6H)

Analytical LC/MS (Method 1) Punity: 99%; Observed Mass: 516.2; Retention
Time: 1.190 mun. (Method 6): Purity: 99%, Observed Mass: 516.2; Retention
Time: 1427 min. "H NMR (300 MHz, DMSO-ds) § 8.26-8.22 (m, 2H), 8.16-
8.10 {m, 3H), 8.09-8.03 {m, 2H), 7.86-7.79 (m, 1H), 6.57-6.51 {m, 2H), 4.04 (s,
3H), 3.96 (s, 4H), 3.28 {8, TH), 2.20-2.13 (m, 2H), 1.58-1.44 {m, 1H), 085(d, J
= §.7 Hz, 6H)

66

BIOLOGICAL ASSAYS
The pharmacological properties of the compounds of this invention may be
confirmed by a number of biological assavs. The cxemplified biological assays, which

follow, have been carded out with compounds of the invention.

TLR7/8/9 Inhibition Reporter Assays

HEK-Bhlie™-cells (Invivogen) overexpressing human TLR7, TLRS or TLRY
receptors were used for screening inhibitors of these receptors using an mducibie SEAP
(secreted embryonic alkaline phosphatase} reporter gene under the control of the IFN-§
minimal promoter fused to five NF~-xB and AP-1-binding sites. Cells are sceded into
Gremer 384 well plates (15000 cells per well) that are pre dispensed (by ECHO) with
testing compounds in DMSQO 1o vield a final dose response concentration range of .85
nM-50 uM. After a 60 munute compound pre-treatment in 37 degree incubator, the cells
are then stimulated with a TLR7 ligand (gardiquimod at a final concentration of 2.5 uM),
TLRR higand (R848 at a final concentration of 14.25 pM) or TLRO ligand (ODN2006 at a
final concentration of 200 nM) to activate NF-«B and AP-1 which induce the production
of SEAP. Aftera 22 hour incubation at 37 °C, 3% CO:, SEAP lovels are determined with

the addition of HEK-Blue™ Detection reagent (Invivogen), a cell colture medium that
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allows for detection of SEAP, according to manufacturer’s specifications. The percent

hibition is determined as the % reduction in the HEK-Bhie signal present in wellg

treated with agonist plus DMSO alone compared to wells treated with a known inbibitor.

Ex. No. TERS ICs0 (nM) TLRT {Csp (oM) TLRE [Cs0 (M)
i 130 8100 27000
2 100 7200 31000
3 190 710 >50000
4 71 2600 nd.

3 320 2060 260

) 730 15000 nd.

7 1200 29000 >50000
& 1700 >50000 >50000
9 1700 13600 >30000
10 750 1900 17000
11 n.d nd. nd.
12 74 nd. n.d.
13 1260 >25000 >25000
14 3100 >50000 >30000
i5 160 6400 >75000
16 1400 >25000 >25000
17 71 18600 >50000
8 780 2800 >25000
19 870 1RGO0 >25000
20 25 1400 >30000
21 24 4400 >530000
22 26 1300 >25000
23 61 1900 >50000
24 240 5400 >50000
25 42 4100 >30000
26 38 16600 >30000
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Ex. No. TLRY 1Cs0 (M) TLR7 1050 (nh) TERS ICs0 (nM)
27 300 3700 24600
28 79 1400 >30000
29 550 nd. nd.
30 60 2900 >50000
31 240 7200 19000
32 42 1600 >50000
33 69 1500 19000
34 37 5700 >30000
35 340 7400 >50000
36 140 1000 >30000
37 100 1200 >30000
38 &0 740 >30000
39 130 310 24000
40 220 1300 >30000
41 73 480 >50000
42 84 17600 >50000
43 52 250 >30000
44 180 4500 >30000
45 140 5800 nd.
46 27 360 >30000
47 290 13600 >50000
48 280 1500 18000
45 356 4200 2760
50 320 nd. 3460
31 340 2700 4260
32 640 1200 >50000
33 930 >30000 >50000
34 760 >50000 >50000
35 1460 46000 >30000
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Ex. No. TLRY 1Cs0 (M) TLR7 1050 (nh) TLR8 ¥Cs0 (nM)
56 280 >50000 n.d.
57 3200 >50000 >30000
58 540 1600 15000
39 860 1100 n.d.
60 1100 2300 3660
61 560 16000 18000
62 390 15600 6100
63 330 4200 44000
64 1460 6300 9800
65 740 >50000 3000
66 570 >50000 >25000

n.d. = no data available
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CLAIMS

‘What 1s claimed 1s;

(4

1. A compound of Formula (I):
Fsa, o K N
T
o’ YT TN
Ry 4

or a salt thereof, wherein:
one of X and Y 1s N and the other of X and Y 15 CRa;
Gis
10 {i) phenyl substituted with 1 to 3 substituends mdependently selected from F, Cl, Br, Ci2
alkoxy, (i fluoroalkoxy, Cia cvcloalky], ~CNMNRyRy, ~S(O0CH;, —-S(O){phenyl),
-S{ORNRRy, and —-S{OHNHINRsRx;

(Ralp SN} (R?ip “‘2).4
N- ,_< =iz
— "!?J /\fu §-<: %‘{X
S Rado  ° N4 N
{2 R

Ros  Roe

15

{Radp GEAN (Ralp ==/ Ry,
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N—%ﬂ\ {(Ra)p (Ralo (Relp (Ra)o
N
Z TNH .
_ 5 Rolo 3 {Rado R
5 ;/ ,/—;\\\ HX\](/' N \ 2;_:)
UL E\I\lw I NN
N N’ N\ »Ni . — .}\H
{Rede NTOg H NN
N
HN\ Xy y ‘
5 (R))o 5 <::; Y ’ 2 ) N&\i _/N St
N 7 i W
M NH \__;,_// /N Y
Ny A5y {Ra)p {Ralp {(Ralp
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}RZ\P;)
== ‘N"”\\N W\T/\>
HN X i, U
N e
Q (Rz}p
= h /‘\O v E/O\N
S { PN
(Rz)p @] (Rl)o
P e} L O,
% ﬁk e
N LRTTN
Rak {Rady, H
:Q[/A\FJ% {(Roly
o M BN,
SN = 1 7]
{Fakp TN
o7 R
= S N8 a Q
SO T & o R @ o
SN NN
5 (G2 (R Ry M

&
gos
P
(Ralp ;or

{vi) 10~-membered heterocyelic ring selected from:

(Ro) ¢ (Relp \
S NP N x E N

——————— b /-———‘N

;, \;\((Rz)p § _____ 7N §'“—-’/ \\)

g VAR 7N
\:/\\(p;“;p == Ry,

118

PCT/US2023/062780



WO 2023/159154 PCT/US2023/062780

(Rz}p

; f:§=\N

£ 8
é_Q &QO\I J\Q E/Q\' -§\_/<
| HN O
2N ~ -

N 4 N V4 O }*’

M(Rz)p (Rak H {Ra)y and O :

v

10

20

(3 1s pipendinyl, phenyl, tetrahydropyridinyl, pyridinyl, or azabicyclof3.2. 1 joctanyl, each
substituted with —L-Rs and zero to 2 Rap;

L is abond, {CR:R)12—, or “C{OWCRxRY02—,

Ry 18 hydrogen, Ci.3 alkyl, Cia fluoroalkyl, or Cag cycloalkyl;

each Ro is independently halo, ~CN, —~OH, ~NQG2, Ci- alkyl, Ci fluoroalkyl, Cia
cyanoalkyl, Ci-a hvdroxvalkyl, Ci-s amincalkyl, ~O(CH2)120H, ~«(CH2)o-40{(C14
alkyly, Ci-5 fluorsalkoxy, ~O{CH21 2 OCONCi-3 alkyl), ~O(CHz2 ;-2 NRRy,
~C{OYO{ T3 alkyl), ~(CH)o2C{OINR Ry, ~C{OINRA{C1-5 hydroxyalkyl),
~C{OINRA(Ca-s alkoxyalkyl), ~COINR Cs-5 cycloalkyl), ~NR(Ry, ~NRy{Ci-3
fluoroalkyly, ~NRy{C -4 hydroxyalkyl}, ~NRCHx(phenvl}, ~NRS{O3:(Cs-6
cycloatkyl}), ~NRCONC -5 alkyl}, ~NRWCHHCs-5 cvcloalkyl), —S(0n{ i alkyiy,
~S{ORN(C 15 alkyl), ~S{OMNEIN(C 15 alkvlyz, —(CHaYo2{Ca-s cycloaikyl),
—(CHojo-2{phenyl), morpholinyl, dioxothiomorpholinyl, dimethyl pyrazolyl,
methvipiperidinyl, methyvipiperazinyl, amino-oxadiazolyl, imidazolyl, triazolyl, or
—C{O)(thiazolvl);

Raa is Ci-s alkyl, € fluoroalkyl, Ci-¢ hvdroxyalkyl, Ci-s aminoalkyl, «(CH2)o-40{C1-
alkyl), Ci-s cyeloalkyl, «(CH2 s C{OINRLR s, —CH{Cs-¢ cycloalkyl), ~CHa(phenyl),
tetrahydrofuaranyl, tetrahvdropyranyl, or phenyl;

cach Ry 1s independently hvdrogen, halo, ~CN, ~NR\Rx, Ci-s alkyl, Cia fluorcalkyl,
Cia hvdroxyvalkyl, Ci-s fluoroalkoxy, —~(CHzo-20{C1-2 alkyl), «(CH2o-xC{OINRRy,
—{CH2)1-3(Cae cvcloalkyly, ~-COYO(Cis alkyl), ~C{O)NRL(Ci-5 alkyl),
~CR=CR Ry, or ~CRAECH{Ca-6 oycloalkyl),

Rocis Roaor Rop;

Rod 1s Ras or Rav; provided that one of Rae and Rog 18 Raa, and the other of Rac and Raq is
Rop,;
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Raig
(1) —N(CHz)u:
(113 pyrrolidingl, piperiding], piperazinvl, pyridinyl, azepanyl, azaspiro[3 3theptanyi,
octahvdrocyclopentalclpyvirolyl, diazaspiro{3 31heptanyl, azabicyclo{3.2.1]octanyi, or
5 hexahydropyrrolof3,4-clpyvrrolvl, each substitited with zero to 2 Raa; or

(R—-ic)m

VAR
iy 0 ;

cach Rua is independently Cie alkyl, Cis flaorcalkyl, Cia hydroxyalkyl, —(CHaz)i2OCH;,
Cas cveloalkyl, —(CHz}3(Cae cycloalkyvl), —~{(CHz)is{oxetanyvl},
~{CHa}ia{morphohinyl), ~CEOMCrg alkyl}, ~C{OX 6 cvcloalkyl), ~C(O)phenyl),
10 ~C{OYCHHCs6 cycloalkvly, ~COCHa{phenvl), ~CIOY(Cia alkyvl), -NRyRy,
~NR«{Cs6 cycloatkyl), azetidinvl, oxctanyl, tetrahydropyranyl, pyrrolidinyl, phenyvl,
morpholinyl, or piperidinyl substituted with zero to 2 substituents selected from ~OH
or —=CHz;
Ravis F, Cl, =CN, or —CHs;
15 cach Rucis independently Cios altkyl, Ci3 fluoroalkyl, —CHo(Crs cycloalkyly, ~C{O}Cia
alkyl), ~“C{O)phenvh), ~-CIOYCH:(phenyl), ~C{OYOCHCHG, or Cas oveloalkyl:
Rsa 18 hydrogen, ¥, CL, Ciz alkyl, Cia fluorcalkyt, or cyclopropyl:
Rsp is hydrogen, F, Cl, Cia alkyl, Cia fluorcalkyl, or cvclopropyl;
cach Ry« s independently hydrogen or —CHa;
20 cach Ry is independently hydrogen or (i altkyl;
m s zero, 1, or 2;
nis zero, 1, or 2;
piszero, 1,2, 3, or4; and

gistor2

2. The compound according to claim 1 having the structure of Formula (1) or a salt
thereof, wherein:
(G 1s phenyl sebstituted with 1 to 3 substitoents independently selected from F, CI, By,
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~CN, Cia alkoxy, Ci2 flucrcalkoxy, Cia oycloalkyl, ~C{OINRY Ry, ~S{(ORCH;,
~S{Oh{phenyiy, —S{Ok{cyclopropvl}, ~S{ORNRRy, ~S{OHNHINRR:
~NHS$(0»CHs;

L is a bond, ~CHy—, or ~CHCHy—;

and

>

(3 1s pipendinyl, phenyl, tetrahydropyridinyd, or pyridiny, each substituted with —L-Ra
and zero to 1 Ray;

Ry is hydrogen, Cios alkyl, —-CHF2, —CF3, or (5.4 ¢evcloalkyl;

cach Rz is independently Cl, —CHs, -CH(CHs, —CH2OH, —CH2CH2OH, —CHRCN,
—{CH;3, or -CH,OCH;5;

Ry 1s pyrrolidinyl, piperidinyl, piperazinyi, pyridinyl, azaspiro|3 3theptanyl,
octahydrocyclopentalcipyrrolyl, diazaspiro]3 31heptanyl, azabicyclo]3.2 Hoctanyi, or
hexabydropyrrolof3.4-clpyrrolyl, cach substituted with zero to 1 Raa;

Ras is ~CHs, ~CHCHs, ~CH(CHz)2, ~CH2CH(CH: o, ~CH2C(CHa pOH, ~CHCHYOCH;,
~CMCH(CHa 2, evelopropyl, evelobutyl, ~CHe{evelopropyl), ~CHo{cvelobuatyl),
~{CHp{oxetanyl), ~CH:CHa(morpholingl), ~CH2CHCHotmorpholiny ), ~N{CHa)a,
~N{CH:}{CHCHs), ~N¢CHa W evclopropyl), azetidingd, oxetanvl, tetrahydropyranyl,
pyrrohdinyl, phenvl, morpholinyl, or piperidinyl substituted with zero to 2
substituents sclected from —OH or —CHs;

Rap s F, —CN, or —CHj;

Rosq 18 hydrogen, —CHs, —CF3, or eyclopropyl; and

Rsp s hydrogen, -CHs, or —CFs.

3. The compound according to claim 1 having the structure of Formula (I} or a salt
thereof, wherein:
Gis
(1) phenyl substituted —S{(0CHs;
{11} pheny! substituted with two —OCH3; or
{Fak

=
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(3 1s phenyl or piperidinyl, cach substituted with ~L-Rq;
L is a bond or ~CHz—;
Ry is hydrogen, —CHs, or cvelopropyl;

R is piperidinyl, piperazinyl, octabvdrocyclopentafelpyrrolyl, diazaspiro[3 3theptanyl, or

(4

azabicyclof3.2. 1]octanyl, cach substituted with zero or 1 Raa;

Rugis —CHs, ~CH{CHs o, —CHCH(CHa o, —CH:C(CH320H, —-CHCH2OCHS,
~CHo{cvclopropyvl), —CHCHz(morpholinyl), ~-CH:CHzCHz(morpholinyl),
cyclopropyl, cyclobutyl, pyrrolidinyl, oxetanyl, tetrahvdropyranvl, or morpholinyi;

Rsa 1s hydrogen; and

10 Rsvis hydrogen or —~CHa.

4. The compound according to claim 1 having the structure of Formla (I} or a salt

thereof, having the structure of Formula (Ia):

Rap
R‘:a N ™
B3~ R

N e
ATTONT TN

R (Ia).

5. The compound according to claim 1 having the stractare of Formela (I} or a salt

thereof. having the structure of Formula (§b):

Roan Ny N
A N
Rep  F {b).

20 6. The compound according to claim | having the structure of Formula (1) or a salt

thereof, wheren:

7. The compoond according to claim 1 having the structure of Formulda (I} or a salt

para
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b
v

thereof, wherein L is a bond.

8. The compound according to claim 1 having the structure of Fornula (1) or a salt

thereof, wheremn L is ~(CR:R312—.

9. The compound according to claim 1 or a salt thereof, wherein said compound 1s:

S-{4-({6-cyclobutyl-2,6-diazaspiro]3 3 fheptan-2-yhmethyiipheayl}-3-cyclopropyi-7-
methyl-2-(4-(methylsulfonyiiphenyly-3H-imidazo{4.5-blpyndine (1}

3-eyclopropyl-T-methyl-2-{(4d-(methylsulfonyphenyl)-5-¢4-({(4-{pyrrolidin-1-y}}
piperidin-1-viymethylphenvl}-3H-imidazo{4,3-bipynidine (2);

3-cyclopropyl-5~(4-{{6-isopropyl-2.6-diazaspiro]|3 Stheptan-2-vlimethylipheayi)-7-
methyl-2-(4-(methylsulfonyDphenyly-3H-imidazo[4,5-blpvridine (3);

3-cyvclopropy-5-{4-({6-isobutyl-2,6~-diazaspiro| 3 3 fheptan-2-y Dmethyiphenyl)-7-
methyl-2-{4-(methylsutfonyiphenyly-3H-imidazo[4,5-blpyridine {4};

3-cyclopropyi-T-methyl-2-{(4-(methyisulfonyhphenvh-3~-(4-{{6-(tetrahydro-2H-pvran-
4-y1)-2,6-diazaspirof3 3theptan-2-vmethyhphenyh-3H-mudazol4,5-blpyndine (8);

3-cyclopropyl-7T-methyi-2-(4-(methylsulfonyHphenyi)-5-(4-{(6-(oxctan-3-y1}-2,6-
diazaspiro|3 3theptan-2-vimethylphenyl)-3H-tmidazo{4,5-blpyndine (6);

S-{4-(d-sopropyipiperazin-1-yhphenyh)-3, 7-dunethyi-2-(4-(methvisulfonviphenyl)-
3H-imidazo{4,5-bipvrdine (7);

3-{4d-{4-isobutyipiperazin-i-yhphenyl})-3, 7-dimethyl-2-{(4-{methylsolfonyliphenyl}-
3H-imidazol4,5-bipyridine (8):

3-gyclopropyi-T-methyl-5-{(4-( L-methylpiperidin-4d-vliphenyl)-2-(4-{methylsutfonyl)
phenyl)-3H-imidazol4, S-blpyridine (9);

2-(3 4-dimecthoxyphenyl}-5-{4~(4-isopropvipiperazin-1-yhphenyi}-3, 7-dimethyl-3H-
imidazof4,3-bipyadine (10);

2-(3 A-dimethoxyphenyl}-6-(H-isopropyl-{ 14 -bipiperidin}-4-vh)- 1H-imidazo{4,5-b]
pyridine {113,

2-(3 4~dimethoxyphenyi}-6-(1-isobutyl-{ 14" -bipipendin]-4-v1}- 1 H-nidazo{4,5-b]
pyndine (12);

6-(V'-cyclopropyl-{1,4-bipipenidin}-4-91}-2-(3 4-dimethoxyphenvl}-1H-imidazo[4,3-
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blpyridine (13);
6-{V'-isopropyl-{1,4"-bipiperidin}-4-yi)-T-methyl-2-(4-(methyisulfonyphenyi}- 1H-
midazo[4,5-blpyridine {14);

o-(1-isobutyl-[ [, 4 -bipipendin]-4-v1)}-L-methyl-2-(d-(methyisulfonyiphenyi}- 1H-

5 imidazofd,S-bipyridine (15);
6-(1'-cyclopropyvl-{ 1,4 -bipiperidin]-4-vi)-1-methyl-2-{(4-{methyvisulfonylphenyh-1H-
imidazof4,3-bipyadine (16);
3-{Vasopropyi-[ 14 -bipipendin}-4-y}-3-methyl-2-(4-{methyisulfonyDphenyl}-3H-
wmidazo[4,5-blpyridine {17};
10 S-(P'-isobutyl-[1,4-bipipenidin}-4~-yh-3-methyl-2-{4-(methyisulfonylphonyi}-3H-

mmidazo[4,5-blpyridine {18);
S-(V-cyclopropyl-{ 1,4 -bipipentdin]-4-y1}-3-methyl-2-{(4-{methviselfonvijphenyiy-3H-
midazo{4,5-bipyridine (19);
S~(V-sopropyl-{ 1 4'-bipiperidin}-4-y1)-3, 7-dimethyi-2-(4-{methylsulfonybphenvi)-
15 3H-imdazo{4,5-bipvrdine (20);
3-{Vuisobutyl-[1 4 -bipiperidin]-d-y1}-3, 7-dimethyl-2-{d-(methyisulfonvi}phenyl)-3H-
imidazol4,5-blpyridine {21);
1-(4~(3, 7-dimethyi-2-(4-{methvisulfonylphenvi)-3H-tmidazo{4,5-bipyndin-5-yi}-
[ 4"bipiperidin}-1'-y}-2-methylpropan-2-0i {22};
20 S5-(V'-{cyclopropylmethyl)-f L4 -bipiperidinf-4-v1)-3,7-dimethyi-2-{4-(methylsutfonyh)
phenyh-3H-1oudazol4,5-blpyridine (23);
5-(Vecyclobutyl-f 1 4'-bipipenidinf-4-v1)y-3,7-dimethyl-2-(4-(methyisulfonyliphenyl)-
3H-1madazol4,5-bipyridine (24);
3,7-dimethyl-2~{4-(methylsulfonyDphenyl}-5~(1'-{tetrabydro-2 H-pyran-4-y1-{ 1,4
25 bipipenidin}-4-yh-3H~mudazo[4,5-blpynidine (25);
5-{1~{8-1s0propyi-8-azabicyelol3 .2 1 octan-3-ypiperidin-4-yi}-3,7-dimethyl-2-(4-
{methylselfonyliphenyi}-3H-imidazo{4,5-bipyrnidine (26-27);
5-(1-(8-1sobutyl-8-azabicyelo{3 2. 1loctan-3-vhipipendin-4-y1-3, 7-dimethyl-2-(4-
{methyisulfonvlphenyl}-3H-imidazo[4,5-bipyridine {28-29});
30 5-(1-(8~(cyclopropylmethyl}-8-azabicyvelo{3.2 Hoctan-3-ylpipenidin-4-v13-3,7-
dimethyl-2-(4~{methylselfonyliphenyh-3H-tmidazo{4,5-blpyridine (30-31};

5-{1~{8-cyclobutyl-8-azabicyclo[3.2 1 joctan-3~yhpiperidin-4-y1}-3, 7-dimethyl-2-(4-
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(methylsulfonvhphenyh-3H-imidazo{4, S-bipynidine (32-33);
3,7-dimethyl-2-(4-(methylsulfonyphenyiy-5-(1-{8-{tetrahvdro-2H-pyran-4-v1}-8-
azabicyclof 3.2 octan-3-ylpiperidin-4-vi}-3H-imidazo[4,5-bipyridine (34-35);

2-(3 4-dimethoxypheny)-3-{1-C-isopropvioctahvdrocvelopentalcipyrrol-S-vl}

(4

piperidin-d-v1}-3, 7-dimethyl-3H-imidazof4,5-blpyrndine {36);
2-(3 4-dimethoxyphenyl}-3-(1-(Z-isobutyloctahydrocyclopentalclpyrrol-5-vi)
piperidin-4-y1}-3, 7-dimethyl-3H-tmidazo{4,5-blpynding 37}
3-(1-(2-{cyclopropyimethyloctahydrocyclopentalcipyrrol-5-yvhpiperidin-4-v1}-2-(3 4~
dimethoxyphenyl)-3,7-dimethyl-3H-1midazol4,5-blpyridine {38};
10 S-(1~(Z2~cyclobutyloctabydrocyclopentalcipyrrol-S-vUpipendin-d-v1-2-(3,4-
dimethoxyphenyl)-3,7-dimethyl-3H-imidazol4,5-blpyridine (39);
2-(3 d-dimethoxyphenyly-3, 7-dimethyl-5-( 1-{2-(tetrabydro-2H-pyran-4-vi}
octahvdrocyelopentalcipyrrol-S-yhpiperidin-4-vi)-3H-imidazol4, 5-bipvridine {40); or
2-(3 d4~dimmcthoxvphenyl}-5-(1~((3aR 55,6a8)-2~( 2-methoxvethyi)
15 octahydrocyclopentalclpyrrol-5-vhpiperidin-4-y1)-3,7-dimethyl-3H-imidazo{4,5-b]

pyridine {41}

10. A pharmaceutical composition comprising ong or more compounds according to any
one of claims | to 9 and a pharmaceutically acceptable carrier or diluent.

20
11 A compound according to any one of claims 1 to © or salt thereof or compasition

according to claim 10 for use in therapy.

12. A compound according to any one of claims 1 to 9 or salt thereof or composition
25 according to clamm 10 in the treatment of inflammatory disease, autormmune disease, or

Cancer,

13, A compound according to any one of claims 1 to 9 or salt thereof or compasition
according to claim 10 for use in therapy.

30
14. A compound according to any one of claims 1 to 9 or pharmaceutical salt thereof, for

use in treating pathological fibrosis.
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15. The compound for use according to claim 14, wherein the pathological fibrosis 1s

liver fibrosts, renal fibrosis, biliary fibrosts, or pancreatic fibrosis.

2

16. A compound according to any one of claims 1 to 9 or a phammaceutically acceptable
salt thercof, for use in treating nonalccholic stcatohepatitis (NASH), non-aleoholic fatty
tiver discase (NAFLDY, chronic kidney disease, diabetic kidney disease, primary

sclerosing cholangitis (PSC), or primary biliary cirrhosis (PBC).

16 17 A compound according to any onc of claims 1 to 9 or a pharmaceutically acceptable

salt thereof, for use n treating idiopathic pulmonary fibrosis (IPF).



