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SUBSTITUTED IMIDAZOPYRIDINYL COMPOUNDS USEFUL AS INHIBITORS
OF TLR9

CROSS REFERENCE
This apphcation claims the benefit of U.S. Provisional Application Serial No.
63/311,612 filed Febraary 18, 2022 and U.S. Provisional Application Serial No.

£63/379 340 filed October 13, 2022, cach of which is incorporated herein in #ts entirety.

DESCRIPTION

The present invention generally relates to substituted imidazopynidinyl
compounds useful as inhubitors of signaling through Toll-hike receptor 9 (TLR9}.
Provided herein are substituted imidazopynidinyd compounds, compositions comprising
such compounds, and methods of their use. The invention further pertains to
pharmaccutical compositions contatung at lcast one compound according to the invention
that are useful for the treatment of conditions related to TLRY modulation, such as
fibrotic diseases, and methods of mhibiting the activity of TERY in a mammal.

Toll-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 pattems (MAMPs). A total of 10
human TLRs have been identified and can be located i the cell surface or, as in the case
of TLR7, 8 and 9, in the endolvsosomes. TLRY recognizes unmethyvlated single-stranded
DINA containing cviosine-phosphate-guanine {Cpl) motifs that are typically found in
bacterial and mitochondnal DNA (mtDNA} TLR® may contribute to fibrogenesis by
promoting inflaramation via the MyD88-dependent signalling pathway that ultimately
mediates activation of IL-6, IFN-w, IL-15, and TNF-a among others cvtokines. (Barton
GM, Kagan JC (2009) Nor. Rev. Immuncl. X8}, 535-42; 11 X, Jiang S, Tapping R
2010y Cytokine 49(13, 1-9).

TLRY levels are higher in lung biopsies of rapid idiopattuc pulmonary fibrosis
{IPF) progressors than i the healthy or stable IPF progressors (Sci. Transt. Med. 2010,
2{57y:57ra82). Circulating mtDNA, the higand for TLRY has recently been identified as a

mechanism-based prognostic biomarker of IPF (Am J. Resp. and Crit. Care Med. 2017,

SUBSTITUTE SHEET (RULE 26)
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196(12), 1502). In addition, it has been observed that TLRY is up-regulated in human and
murine non-alcoholic steatohepatitis INASH) (Clin. Sci. 2017, 131(16), 2145}, while
hepatocyte mrtochondrial DNA drives NASH via activation of TLR9 (J. Clin. Inv. 2016,

126(3}, 839, Accordingly, inhubitors/antagonists of TLRS are predicted to have efficacy

Ay

as novel therapeutic agents to treat fibrotic diseases.

TLRS inhibition has been recognized as a potential route to therapies for fibrotic
diseases mnciuding idiopathic pulmonary fibrosis (Trujillo et al. Sc¢i. Tramsl Med. 2010,
2{57):577a82; Yoshizaki et al. dnn Rheum Dis. 2016 Oet;75(10):1858-65), non-alecholic
steatohepatitis (Garcia-Martinez et al. J Clin Invest 2016, 126. 859-864; Gabele et al.

LG Biochem Biophys Res Conumun. 2008,376:271-276), hepatic injury (Shaker et al.
Biochem Pharmacel. 2616, 112:90-101; Hoeque et al. J. Immun. 2013, 190:4297-304),
and scleroderma (systemic sclerosis or 58¢) (Yoshizaki et al. Ann Rhewm Dis . 2016
Oct,75(10): 1858-65); as well as heart fathure (Oka et al. Nature 485, pages251-
255(2012), and hypertension {MeCarthy ot al. Cardiovascular Research, 2015, Pages
15 119-130).

There remains a need for compounds useful as inhibitors of TLRS, Additionally,
there remains a need for compounds uschul as inhibitors of TLRY that have selectivity
over TLRY or TLRE.

In view of the conditions that may benefit by treatment wvolving modalation of

20 Toll-like receptors, it s immediately apparent that new compounds capable of mhibiting
TLRSY 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 mhibitors.
Further, applicants have found compounds that have activity as TLRY inhibitors and are

25 selective over TLR7 or TLRS, These compounds are provided to be uscful as
pharmaceuticals with desirable stability, bioavailability, therapeutic index, and toxicity

values that are important o their drugability.

SUMMARY OF THE INVENTION
30 The present mvention relates to a new class of sabstituted imidazopyridinyl
compounds found to be effective inhibitors of signaling through TERS. These

compounds are provided to be usef] as pharmaccuticals with desirable stability,

3
Fa
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bioavailabiity, therapeuntic index, and toxicity values that are mmportant to thewr
drugabihty.

The prescot invention provides compounds of Formula () that are useful as
mhibitors of signaling through Toll-like receptor ¢ and are useful for the treatment of
fibrotic diseases, or sterecisomers, N-oxides, tautomers, pharmaceutically acceptable
salts, solvates or prodrugs thereof.

The present invention also provides pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and at least one of the compounds of the present
mvention or sterecisomers, tastomers, pharmaceutically acceptable salis) solvates, or
prodrugs thereof.

The present invention also provides a method for inhibition of Toll-like receptor 9
comprising admimstering to a host in need of such treatment a therapeutically effective
amount of at lcast onc of the compounds of the present invention or stercoisomers,
tautomers, pharmaceutically acceptable salts, solvates, or prodrugs thercof.

¢ present invention also provides a method for treating fibrotic discases,
comprising adounistering to a host i need of such treatment a therapeutically cffective
amount of at least one of the compounds of the present mvention or stereoisomers,
tauntomers, pharmaceutically acceptable salis, solvates, or prodrugs thereof.

The present mvention also provides a method of treating a disease or disorder
associated with Toll-like recoptor © activity, the method comprising adnunistering to a
manmaal 1o need thersof, at feast one of the compounds of Formula (1) or salts, solvates,
and prodrugs thereof.

The present mvention also provides processes and infermediaies for making the
compounds of Formula () inclading salts, solvates, and prodeugs thereof,

The prescnt mvention also provides at least one of the compounds of Formula (f)
o1 salts, solvates, and prodrugs thereof, for use in therapy.

The present tnvendion also provides the use of at least one of the compounds of
Formula (1) or salis, solvates, and prodrugs thereof, for the mamufacture of a medicament
for the treatment of prophyvlaxis of Toll-like receptor 9 related conditions, such as fibrotic
diseases, autoimnmune diseases, or inflammatory diseases.

The compound of Formula (1) and compositions comprising the corapounds of

Formula (1) may be used in treating, preventing, or curing various Toll-like receptor 9
3
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related conditions. Phamaceutical compositions comprising these compounds are usefud
for treating, preventing, or slowing the progression of diseases or disorders in a varicty of
therapeutic areas, such as fibrotic discases inchuding nonalcoholic stcatohepatitis
{NASH), non-alcoholic fatty hiver discase (NAFLD), diopathic pulmonary fibrosis,
primary aclerosing cholangitis (PSC), and primary biliary cirthosis (PBCY.

These and other features of the invention will be set forth in expanded form as the

disclosure continues.

DETAILED DESCRIPTION
The first aspect of the present invention provides at least one compound of

Formula (I}

or a salt thereof, wherein:

one of X and Y 1s N and the other of X and Y i3 CRspl

Gis:

{1} phenvl substituted with 1 to 3 substitoents independently selected from F, Cl, Br, Cia
alkoxy, Ciz fluoroalkoxy, Caa eyvcloatkyl ~COINRRy, ~S(ORCHs, -S(On{phenyvl),
~-S{ONNRR, and ~-S{OHNHINR«Rx

(Ri)p Ny (Rén. (FIEZ)F‘

N 4 1 <l B
< j S0 N A '>
Qi) - s (Ra)p N or N

(iv)
{v} a 9-membered heterocyclic ring selected from:

4
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- N
g5 7\ b
S N
4
Y N ‘:\\ 7/ \' U }(Hp)p
L == (Rl == [RZ)S =
(?2);}
§ "i:‘\N
ad SERAY ¢ ; ’,
HN O
N - j ;
H N / 8]
N , | )
= Rl Ra) M (Ray and O

(13 piperidinyl, phenyl, tetrabydropyridinyl, pynidiny, or azabicyclof3.2 1octanyl, each
substituted with ~L—R3 and zero to 2 Ry
5 Lisabond, {(CRR10—, of “C{ONCRRJo-2—;
Ry 18 hydrogen, Cus alkyl, Cia fluoroalkyl, or Cas cveloatkyl;
cach Rz 1s independently halo, ~CN, —OH, -NOa, Ci-1 alkyl, Ci-2 fluoroalkyl, -
cyanoalkyl, Cis hydroxyalkyl, Ci-a aminoalkyl, ~G{CH23-20H, —(CH2)o-aO{C1-4
alkyl}, Ci-1 fluorealkoxy, —O(CH) 120C(OWCr -5 alkyl), ~O(CH2)1-2NRLRy,
4] ~CEMC -3 alkyly, «{(CHao-:CMNRGRy, ~CMNRYC1-5 hyvdroxyalkyi),
~C{NRY Ca-s alkoxyalkyl), ~C{OINRYC -6 cveloalkyly, ~NRyRy, -NRy{(C1-5

i

fluoroatkyl), -NEW{(Ci-4 hydroxyalkyl), -NRLCHa{phenyl), ~NRS(OR{Cs-6
cycloatkvl), ~NRA{OYCr-3 alkyl}, ~NRH{Ca-6 cyeloatkyly, -S{03(Ci-1 alkyl),
=5{01N{Cia alkyl)e, ~-SONNHIN(C 12 alkyl)a, ~«(CHzlo2(Cs-6 cycloalkyl),
i5 —{CHzjo-2{phenyl}, morpholinyl, dioxothiomorpholiny], dimethyl pyrazolyl,
methvipipendinyl, methylpiperazinyl, amino-oxadiazolyl, imidazolyl, triazolyl, or
—-C{O)(thiazolyl);
Rea s Ci-s alkyl, Cis fhuoroalkyl, Ci-6 hvdroxyatkyl, Cis ammoalkyl, {(CHzjeO(1
alkvl), Ca-s cvcloalkyl, —(CH2)isCOIMNRRy, —CH2{Cs-6 cycloalkyl), —CHa{phenyl),
20 tetrahyvdrofuranyl, tetrabhvdropyranyl, or phenvi;
cach Ru is independently hydrogen, halo, ~CN, ~NR:Rx, Ci-s alkyl, Cis flucroalkyl,
Ci-3 hydroxyalkyl, Ci-s fluoroalkoxy, —{CH2)e-20{C 15 alkyvl), ~(CHz)o-sC{OINRRy,
~{(CHz}1-3{Ca6 cvcloalkyl), ~C(OYO(C1-a alkyhy, ~CEONRACr-3 alkyl),

SUBSTITUTE SHEET (RULE 26)
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L Ry=CR Ry, or ~CRe=CH{C1-5 cycloalkyl});
Roc 1s Rog or Ron;
Rog 1s Raa or Ray; provided that one of Bz and Rag 18 Raa, and the other of Roc and Bag is
Bon:
5 Ruis
{13 —N¢CHa),
(i) pyvrrohidinyl, pipendinyd, piperazinyl, pyredinyl, azepanyl, azaspiro{3.3 heptanyl,
octahydrocyelopentalclpyrrolyl, diazaspire]3 3theptanvl, azabicvclo3 2.1 octanvl, or
hexahvdropyreolof3.4-clpyrrolyl. cach substitined with zero to 2 Rag; or
{_figc)m
N N

IS

10 {111} T ;
cach Raa 15 mdependently Cue alkyl, Cis fluoroalkvl, Cia hydroxyalkyl, -(CH23:0CH:,
Css cvcloalkyl, —(CH2)i-3{Cas cveloalkyl), «{CHz)s{oxetanyl),
—(CHzha(morpholinyl), —C{OWCia alkyl), —C{ON s cycloalkyl), —~C{O)phenyl),
~C{OCHACss cveloalkyl), ~CIOYCHa(phenyl}, ~C(O3O(Ca alkyly, -NRyRy,

15 ~NR{Cs6 cycloalkvly, azetidiny], oxetanyl, teteahydropyranyl, pyvoolidioyl, phenyl,
morpholinyl, or pipendinyl substituted with zero to 2 substituents selected from —OH
or —{Hs;

Rapis F, €L —CN, or —CHj3;

cach Rac 15 mddependently Cie alkyl, Croa fluorcalkyl, ~CH2(Cs cycloalkyl), —C(OWCiy
20 alkyl), —C(O)phenyl), ~C(OYXCHz{phenyl)y, —C(OYOCHCH:, or Cas cycloalkyi;

Rsg 18 hvdrogen, F, CL Cip alkyl, Cia fluorcalkyl, or cvclopropyl;

Rsp is hvdrogen, F, Cl, Ci. alkyl, Ciz fluorcalkyl, or evclopropyl;

cach Rx s independently hvdrogen or —CHs;

each Ry 1s independently hyvdrogen or Ci-6 alkyl;
25  maszero, b or2;

nis zero, I, or 2;

piszero, |, 2,3, ot 4; and

gislor2

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

Rsa X /_‘N o
1 (e)
Q7 YT N
Ry M

Formula (I

or a salt thereof, wherem:
5 oncof Xand Y i1z N and the other of X and Y 15 TRy,
Gis
{1) phenvl substituted with 1 to 3 substituents mdependently selected from F, Cl, Br, Ci2
alkoxy. Ciz fluoroatkoxy, (s cycloalkyl, —C(OINRYRy, ~S(0RCH3, —S(O)a(phenyl),
—S{O1NRRy, and —S(OWNHINR. R«

), (Rl
_|':\ =i
]
2—@)\! aW
0 Gy or
. Rap Ryp  Rao
.‘(>:O g / ----- N>::m
N
4 N‘
(i) eor S R
{R:-)
(Rl 7 \
2 k) '
______ 2 NI Gl
={ 1 s Nr
(v} 4 Raa or 7%

H )
SO He 0D
N I {

i3 (Rzkp (Faly
H 3 4
. A N
y N /N o~ !Nh
~ : N \ N
{Rap H {(Ralp
i0
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(??\lp
AN
- : N
ol ol s ol
’ HN O
, )
N \:\\ N/ 4 o
A== Ry, Ry H {Ralp and O :

3 1s pipendinyl, phenyl, teirahydropyridinyl, pyridingl] or azabicyclof3.2 . 1joctanvi, each
substituted with —L—R4 and zero 1o 2 Rap;
L s abond, {CR:R:)1o—, or —“CIOHCR<R 02—

(4]

B; 18 hydrogen, Cis alkyl, Ciz fluoroalkyl, or Cas cycloalkyl;

cach Rz is independently halo, ~CN, —~0OH, ~NGz, Ci-4 alkyl, Ci-2 fluoroalkyl, Ci2

cyanoalkyl, Ci hydroxyalkyl, Ci-s amunoatkyl, ~O{CH2 )1 0H, ~(CH2)0-40{Ch -
alkyl), Ci-s fluorcalkoxy, ~O(CH2)12OCONCi-5 alkyl), ~O(CHz)12NRyRx,
~C{OYO(Ci -3 alkyl), ~(CH)o2C(OINRy Ry, ~CONRA(C1-5 hydroxyalkvl),

16 ~C{OINRLA{Cre atkoxyalloyl}, ~CMNRACs5 evcloalkyl), -NRyRy, ~-NRW{Ci3
fluorealkyl), ~NRy{(Ci-1 hydroxyalkvl}, ~NRCHa(phenyl), ~NRS{G3(Cs-
cycloatkyl), ~NRLCONC 15 alkovl}, ~NRWCHACs-6 cycloalkyly, ~S{O3{Ci alkyly,
=S{ORN(C s atkyl)s, ~S{OYNHIN(C s allovlyz, —(CHplo-2{Ca-s eycloalkyl},

—{ CHoyo2(phenyl}, morpholinyl, dioxothiomorpholinyl, dimethyl pyrazolvl,

i5 methylpipenidinyl, methvipiperazinyl, amino-oxadiazolyl, imidazolvl, triazolyl, or
—-C{O)(thiazolvl),

RBoats Ci-s alkyl, Cis fluorcalkyl, Ci-e hvdroxyalkyl, Cis aminoalkvl, (CH2)o0{Ci
alkvl), Ci-s cveloalkyl, —(CH:1 s CIONRR —CH((s-6 cycloalkyl), ~CHa{phenyl),
tetrahvdrofuranyl, tetrahvdropyranyl, or phenvi;

20 ecach Rop ts mndependently hvdrogen, halo, ~-CN, ~NRxRx, Ci-s alkyl, Ci-3 fluoroalkyl,

Cia hydroxvalkyl, Ci-s fluorcalkoxy, —(CHz)e-20(Cr-3 alkyl), ~(CH2)o-»C{HNRRe,

—{CHz)1-5(Cs6 cycloalkyly, ~COYCi-5 alkyly, ~CONRYC 15 alkyl)

B

~CR=CRxRy, or ~CRe=CH{a-6 cycloalkvl);

Rocis Raaor R;’b;
25 Rogis Res or Ra; provided that one of Roc and Rod 18 Ros, and the other of Rac and Rag 1s
Rﬁb,

i4
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Rsis
(i) —N{CHs)z;
(i1} pyrrolidinyl, piperidinyl, piperazinyi, pyndinyl, azepanvi, azaspiro]3 3iheptanyi,
octabiyvdeocyelopentalclpyrrolvl, diazaspire]3 3theptanvl, azabicvelo[3.2. Hoctanvl, or
5 hexahydropyrrolof3,4-clpyrrolvl, each substifuted with zero to 2 Rua; or

(Rachn

(i) ‘'m

cach Ray is mdependently Cis alkyl, Cis fluorcalkyl, Cas eveloalkyl, ~CHz{Cae
cycloalkyl), ~C(ONCia alkyl}, ~C{ONCs6 cycloalkyl}, ~C(Gi¥(phenyl),
~CENCHA a6 evcloalkyl), ~C(OCHa(phenyl}, or ~C{OY3{C 14 alkyl);
10 RavisF, O, -CN, or —CHs;
cach Rac is mdependently Cioe alkyl, Cis fluoroalkyl, ~CHo(Cas oyveloalkyl), ~C{OHCia
alkvl), ~C(OYphenyh), ~COYCHzphenyl), ~COYOTCHCH, or Cas cveloalkyst;
Rsa s hvdrogen, F, Cl, Ci2 alkyl, Ciz fluorcalkyl, or eyclopropyvi;

Rsp 1s hydrogen, F, Cl, Ciz alkyl, i fluorcalkyl, or cvclopropyl;

Pt
2y

cach R« is independently hvdrogen or —CHs;
cach Ry 15 indepondently hydrogen or (- alkyl;
m is zero, |, or 2;
nis zexa, 1, or2;
piszero, 1,2, 3, or 4; and
200 gistlorl,
In one embodiment, a compound of Formula (1) or a salt thereot is provided
wherein X is CRsp and Y is N, Compounds of this erabodiment have the structure of

Formula (Ia):

Rsp
RSa
=
$$20
AN N
Ry (ia}
25 In one embodiment, a compound of Formula (1) or a salt thereof is provided

wherein X is N and Y is CRse. Compounds of this erabodiment have the structure of
15
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Formula (Ib}:
Rea~-No N
T o)
KNTN -/
Rep {ib}.

In one embodimient, a compound of Formula (I}, or a salt thereof is provided
wherein G is phenyl sobstituted with 1 1o 3 sebstitaents independently selected from F,
5, Br, Cio alkoxy, Ciz fluoralkoxy, Cs.a cveloatkyl, “COINRyRy, —5(0):CHs,
—S(Up(phenyly, —~S(ORNR«R, and —S{OWNH)NR:K«. Included in this embodiment are
compounds in which & is phenyl sobstituted with 1 to 2 substituents independently
selected from F, ~OCHz, -S(ORCHaz, —-S(ORN{CH:z), and ~S(OMNHIN(CH:)2. Also
mchuded 1 this embodiment are compounds in which G 1s phenyl substituted with 1 to 2
10 substituents independently selected from F, ~OCH;, and ~S{0RCHs. Further, included
OCHg

) B o o . § OCH,
this cmbodiment are compounds in which G 15 0 ot

%——@~3(0320H3

in one embodiment, a compound of Formela (1}, or a salt thereof 1s provided

Rop (o
o W §~—<§_> o : ,
wherein G is ¥ or N | Included in this embodiment are compounds in

15 which each Ko s mndependently F, Cl, Br, -CN, —-OH, —CH:, -CH:CH3, —-CFs, -CH:0H,
—C{CH3pOH, ~CHoNH», —OCH3, -OCHCHs, ~OCH(CH )2, ~OCHCH:OCHs,
~QCHCELN(CHR )2, —OCHE:, ~COYOCH:, —~COWHL, —~COWH(CHCH),
—C{O)thiazolyl), —NH2, -NH{CH3)}, -NH{CHCHs), -N(CHa)2, -NHC(0O)CH:,
=NHCOYC(CHs )3, -NH{CHz-cvelopropyl), cvclopropyl, methylpiperidiayl,

20 methylpiperazinyl, amino-oxadiazolyl, imidazolyl, or triazolyl. Also included in this
embodiment are compounds in which cach Rz 1s independently F, Cl, —CN, —-CHs,
-OCH;, -NEL, or evelopropyl. Additionally, meluded in this embodiment are
compounds i which pis 2; one Rais ~CHs; and the other Ro s F, L, ~ON, ~CHas,
~-OCHs, -NH:, or eyclopropyl.

25 In one embodiment, a corapound of Formula (I} or a salt thercof is provided
i6
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wheremn 18 a 9-membered heterocyelic ring selected from:
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Included 1n this embodiment are compounds m which G s
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In one embodiment, a compound of Formula (1) or a salt thereof is provided

wheretn G is a 10-memberad heterocyclic ring selected frony

{(Rajp
:g:\N
s TN
2 O /
o J HN O
PAEN o

(Ralp " and =

Tncluded 10 this embodiment are compounds m which G s

In one embodiment, a compound of Formula (I} or a salt thercof is provided
wherein G s

(1) phenyl substituted with 1 to 2 substituents mdependently selected from F, -OCH;,

=S{0)2CHs, —S(ORMN{CHs):, and —S(OHNHIN{CHs)2;
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(Rz}p {RZ)P
3 :F\\s N 2
Gy N4 o N or
(R P A
g e <\~% )=
_ ) NN NN
=N ey (R2) ¥ N L4
W.\a J %—<L>“i\f ; N 7
' N 2N (Ro) (Ra}
{111} N N W2k o 2lp

Included in this embodiment are compounds in which each Rs is independently (1, —CHs,
—~CH:CH;, ~CH2OH, —-CH.CHOH, —-CHLCN, —-OCH;, —CH»OCH:, or
5  —CH:CHRS(ORCHs.
In one embodiment, a compound of Formula (I} or a salt thereot s provided
wherein G 15
(1} phenvl substituted with 1 to 3 substituents independently selected from F, C, Br, -CN,
a2 alkoxy, € fluorcalkoxy, Caa cycloalkvl, ~C{OINRyRy, ~S{0RCH;,
10 —~S{O)(phenyl), ~S{Oni{cyclopropyl), ~SONNRRx, ~S{OKNHINR Ry, and
~NHS{:CH;s;

(i1} N
Included 1n this embodiment are compounds m which each Ro is independently Cf, —CHa,
15 —CH:CHs, -CH2OH, -CHyCH0H, —~CH2CN, —OCH;, or -CH20OCH;.
In one embodiment, a compound of Formula (1) or a salt thereof s provided
wherein & is:
{1} phenyl substituted —83{02CH: or phenyl substituted with two —OCHS;

(RE)p
ol
W

(i) ; of
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(oo

%C"Bﬂ

Included wn this embodiment are compounds m which each R s imdependently —CHs or

{111}

~OCH:. Also included n this embodiment are compounds m which G i

CHa O-CH;
O o (O
e / g.{}s‘—cm NN

O"'Ci‘ig CH3 """ {'3 Or \Nf:)
5 in one embodiment, a compound of Formala (1) or a salt thereot is provided

wherein G is phenyl substitited —S{(0):CHs or phenyl substituted with two —OCH:,

; = }:Hg
=)
Included 10 this embodiment are compounds m which G is: O-CHs o

O

10 s

wherein G 1s

1s —CHs. Alse included in thus embodiment are compounds m which G is
in one embodiment, a compound of Formula (I} or a salt thereof 18 provided

Rk

NN
“"N\ {j
wherein (18 N . Inchided n this embodiment are compounds in which each

Rz 15 independengly —CHs or —OCH:. Also inchaded 1n this embodiment are compounds
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n which G is N

In one embodiment, a compound of Formula (I} or a salt thereof 1s provided
wherein @ 18 piperidinyl, phenvl, pyvridiny, or tetrahydropyridinyl, cach substituted with
—L~R4 and zevo to 1 Raw. Tocluded 1o this crobodiment are compounds i which Q s
pipendinyl, phenyl, ortetrahydropynidinyl, cach substituted with —L-Rsand zevo to |
Rap.

In one embodiment, a corapound of Formula (I} or a salt thereof is provided
wherein @ is piperidinyl, phenvl, or pyridinyl, each substituied with ~L-Ry and zero to 1
Rav.

In one embodiment, a compound of Formula (1) or a salt thereof is provided
wherein  1s piperidinyl or phenyl, each substituted with —L—R4 and zero to 1 Rap.
Included 1n this crobodiment are compounds in which € is piperidinyl or phenyl, each
substituted with ~L-Ra4.

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

wherem ( 18 piperidinyl substituted with ~L-Rs and zero 1o 1 Ray. Included in this

In one embodiment, a compound of Formula (I} or a salt thereof 1s provided
wherein €} is phenyl substituted with —-L—R4 and zero to 1 Re. Included in this
embodiment are compounds in which ( is phenyl substiteted with —L—Ra.

In one embodiment, a compound of Formula (I} or a salt thereof 1s provided
wherein { is pyridinyl substituted with —-1L—R4 and zero to 1 Raw. Included im this
embodiment are compounds in which Q 1s pyridinyi substituted with —-1—Ra.

in one embodiment, a compound of Formula (I} or a salt thereof 18 provided
wherein Q 1s tetrahydropyridinyt substituted with -L-Ra and zero to 1 Re. Included o
this embodument are compounds 1o which Q 1s tetrahydropyndiny! substituted with
~L-Ra.

In one embodiment, a compound of Formula (1) or a salt thereof 1s provided

wherein R is hydrogen, Cis alkyl, -CHF», —CFs, or Cs4 cvcloalkyl. Included in this

g
(5]
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embodiment are compounds in which Ry is hydrogen, Cio2 alkvl, —CHF», -CF3, or
cvelopropyl. Also included m this embodiment are compounds m which R is hydrogen,
—-CHs, or cyclopropyl.

In one embodiment, a compound of Formula (1) or a salt thereot s provided
wherein Ry is hydrogen.

In one embodiment, a compound of Formula (I} or a salt thereof 15 provided
wherein Ry 3 Crs alkyl, Ci2 fluoroalkyvl, or G oyeloalkyl. Included in this embodiment
arc compounds i which Ry 1s Cio3 atkyl, ~CHFz, —CFs3, or Csa cvcloalkyl. Also included
i this embodiment are compounds in which Ri 1s —CH:s or cyclopropyl. Further,
mcluded in this embodiment are compounds in which R is ~CHa.

In one embodiment, a compound of Formula (1) or a salt thereot is provided
wherein p is zero, 1, 2, or 3. Included i this embodument are compounds in which pis 1
or 2.

In one embodiment, a compoand of Formuda (I} or a salt thereof 18 provided
wherein L is a bond, {(CRxRx}12—, or —C{ONCRR o1~ Included in this embaodiment
are compounds m which L is a bond, ~CHo— or —C{ONCHz)e1—. Also included mn thas
embaodiment are compounds i which L is —~CR:R— or ~C{ONCRRx)o-1—. Additionally,
mchuded 1 this embodiment are compounds m which L 1s —C(O)CHz—.

in one embodiment, a compound of Formulda (I} or a salt thereof is provided
wherein L is a bond or ~{CRxRs}i2—. Inchuded in this embodimaent are compounds in
which L 18 a bond or ~CRsxRu-.

o one embodiment, a compound of Formula (1) or a salt thereof is provided
wherein L 1s a bond or —{CHz)i2—. Included in this embodiment are compounds in which
L1s abond or ~CHa—

In one embodiment, a compound of Formula (I) or a salt thereof 1s provided
wherein L 15 a bond, —CHo—, or —C{O){CHa)oo1—. Included in this embodiment are
compounds in which L is —CHj—.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein L s ~C{OXCHzjox—. Included in this erabodiment are compounds in which L is

—C{ONCHz)o-1—. Also wncluded m this embodunent are compounds in which L 1s

4
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~C{OHCHzh 2.
In one embodiment, a compound of Formula (I} or a salt thereof 15 provided
wheremn L is a bond.

In one embodiment, a compound of Formula {T) or a salt thercof 18 provided

5 wherem L is ~(CRRy} 10~ Inchuded m thus embodiment are compounds in which L s
- (: RXRX'"' .

In one embodiment, a compound of Formula (1) or a salt thereof 1s provided
wherein L is —(CHa)io—. Included in this embodiment are compounds in which L is
~CHe.

{0 in one embodiment, a compound of Formula (1) or a salt thereof 18 provided

wherein L s ~C{O)—.
In one embodiment, a compound of Formulda (1) or a salt thereof is provided
wherein L 1s ~C(OYCHz -
in one embodiment, a compound of Formula (I} or a salt thercof is provided
15 wheremn L is ~CENHCHCHy—.
In one embodiment, a compound of Formula (I) or a salt thereof 1s provided
wherein Rs is -N{CHsh.
In one embodiment, a compoond of Formula (I} or a salt thereof 18 provided
wherein R is pyrrolidinyl, pipenidinyl, piperazinvi, pvadinyl, azepanvi,
20 azaspiro[3 3jheptanyl, octabydrmocyclopentalclpyirolyl, diazaspiro[3 .3 theptanyl,
azabicyclo]3.2. 1octanyl, or hexahydropyrrolof3,4-clpyrmolyl, each substituted with zero
10 2 Res. Included in this embodiment are compounds 1n which R 15 pyrrolidingd,
piperidiayl, piperazinyl, pyridinyl, azepanyl, azaspuro{3 3fheptanyl,

octabydrocyclopentalcipyrrolyl, diazaspiro[3 .3 heptanyl, azabicyelo[3.2 Toctanyl, or

X
Ay

hexahydropyrrolof 3,4-clpyvrrolvl, sach substituted with zero to 1 Raa.

in one embodiment, a compound of Formula (I} or a salt thereof 18 provided
wherein Ry is pipendinvl, piperazinyl, octahydrocyclopentalclpyrrolyl,
diazaspiro]3 3theptanyl, or azabicvelol3 .2 Hoctanyl, cach substituted with zero or 1 Raa,
included in this embodiment are compounds in which Ry is pipenidinyl or piperazinyi,
36 each substituted with zero 10 1 Raa.
In one embodiment, a compound of Formula (I} or a salt thereof s provided

5
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10

20

wheren Rs 1s pipenidinyl substituted with zero or | Raa.

In one embodiment, a compound of Formula (1) or a salt thereot is provided
wherein Re is piperazinyl substituted with zero or | Rus.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Re s octahydrocyclopentafcipyirolyl substitoted with zero or 1 Rua.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein Ry is diazaspiro|3 3 jheptanyl substituted with zero or 1 Ras,

In one embodiment, a compound of Formula (I) or a salt thereof 1s provided
wheremn Rs 1s azabicvelo{3 .2 1 joctanyl substitited with zero or T Raa.

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

(Rdc)m

4

AW

e

or 2. Also included in this embodunent are compounds in which o is . Additionally,

wherein Rs is . Included m this embodiment are compounds m which nis |
meluded 10 this embodiment are compounds m which nis 2.

In one embodiment, a compound of Formula (1) or a salt thereot is provided
wherein cach Rua 1s independently —CHs, —CHuCHs, —-CH{CHs ), ~-CHCH{CH:)z,
—CH:C{CH:ROH, -CHCHOCH;, —-CIOYCH{CH: 2. evelopropyl, eyclobutyl,
—CHz{cvelopropyl), —-CHz{cyvclobutyl), —-CHa(oxetanvl), -CHxCHz(morphohnyh),

—CH: CHuCHe(morpholinyl), —=N{CHske, —N(CH)}(CHuCHy), —N(CHs)Yevelopropyly,
azetidinyl, oxetanyl, tetrahvdropyranyl, pyrrolidinyi, phenyl, morpholinyl, or piperidinyl
substituted with zero to 2 substiuents selected from ~0OH or -CHa. Included in this
embodiment are compounds in which each Ry 15 -CH;, ~CH{CHs)z, ~CHCH{CH:),
~CHC(CHs10H, ~CHCHOCH:, -CHz{evelopropyl), ~CHzCHa(morpholinyd),
~CHCHCHeGmorpholinyly, cyclopropyl, cyclobutyvl, pyrrolidinyl, oxetanyl,
wetrahyvdropyranyl, or morphalinyi.

In one embodiment, a compound of Formula (I} or a salt thereof is provided
wherein each Rua is independently —CHs, —CHaCHs, ~CH{CH: ), -CHCH(CHs ),
—CHC{CHzp0H, ~CH:XCHOCH;, —C{OYCH{CH3 ), cvclopropyl, cyclobutyl,
~CHz{evelopropyhy, —CHi{ovclobutyl), —~CHa{oxetanyvl), ~N{CHz}z, -N{CH}{CH2CHa),

26
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~N¢{CHs}eovelopropyl), azetidhnyl, oxetanyl, tetrahydropyranyl, pyrrolidinyl, phenyl, or
piperidinyd substituted with zero to 2 substituents selocted from ~OH or ~CHs. Included
i this embodiment are compounds in which cach Ras is independently —CHa,
~CH(CH:)a, ~CHCH{CHa):, —~CH2C(CH:20H, ~CHCH0CHs, ~CHa(eyclopropyly,
cyclopropyl, cyelobutyvl, pyrrohidiny, oxetanyl, or tetrabvdropyranyl.

In one embodiment, a compound of Formula (1) or a salt thereof is provided
wherein Ra ts F, -CN, or -CHs. Included in this embodiment are compounds in which
Rap is F. Also inchuded in this embodiment are compounds in which Ras 18 —CHa.

In one embodiment, a compound of Formula (1) or a salt thereot 1s provided
wherem each Rac 15 independently Cria alkyl, Cia fluorcalkyl, ~CHa(Css cycloalkyl),
~C{OMCra alisd), ~C{OXphenyl), ~C{OMWCHapheny), ~CIOYOCHCHs, or (56
cycloalkyl. Included in this embodiment are compounds in which each Rac is
mdependently Cis alkyl, Cio fluorcalkyl, ~CH2{Cs.4 cycloalkyl)y, ~C{OYCia atkyl},
~-C{O)phenyl), ~C(O)YCHa{phenyl), ~C{OYOCHCHs, or Cia cycloalkyl.

In one embodinient, a compound of Formula (I} or a salt thereof 1s provided
wherein cach Re is mdependently F, Cl, —-CN, —OH, C1-s alkvl, Ci— fluorcalkyl, {12
cvanoalkyl, Ci-3 hyvdroxyalkyl, Ci— aminoalkyl, —«(CHalo-20{C1-5 alkyl), Ca- cvcloalkyl,
—NR:Rx, -{CHu)o2C{OINRR, —CHi{Cs-6 cvcloalkyhy, ~CHe{phenyl), or phenvl.
Included in this embodiment are compounds 1 which cach Rz s independently Cl, —CHa,
~CH2CH;, ~CH2OH, ~CHCHROH, ~CHLCN, —OCH:, -CHLOCH:, or
—~CH:CHoSOpCHs. Also, meluded in this embodiment are compounds in which each Rz
is independently CL —CHs, -CH2OH, or ~OCHs.

In one embodiment, a compound of Formulda (1) or a salt thereof is provided
wherein Rz 18 Ciog alkyl, Cro fluorcalkyvl, Cia hydroxvyalkyl, (CH2)1-20CHs, Cae
cycloalkyl, ~CHaC{OINRsRy, ~CHa{Csos oycloalkyl), ~CHa{phenvl), tetrabydrofuranyl,
or phenyl; and cach Rop 15 independently H, F, Cl, -CN, =NRxRx, Crs alkyl, Ci2
fluoroalkyl, Cis hydroxyalkyl, ~(CH2)o20(C 12 alkvh, ~(CHao2C(OINRGR
—(CHzp-a{evelopropyl)y, —~CEOHYOG(Cia alkyl), ~C{OINR(C13 alkyl}, ~CR=CHz, or
~CH=CH{Cs.6 cveloaliyl). Also meluded in this embodument are compounds i which
Rua 15 —CHs; and cach Rap is mudependently H, Cl, o1 —CHs.

?
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in one embodiment, a compound of Formula (1) or a salt thereof 18 provided
wherein Rsz 18 hydrogen, F, (1, -CHs, —-CHuF, ~CHF», —CFs, or cyclopropyl. Included in
this embodiment are compounds in which Rsa is hydrogen, F, -CH;, —CFs, or
cyclopropyl. Also included 1n this embodiment are compounds in which Rss 1s hydrogen,

5  —(CHs, or —CFa.

In one embodiment, a compound of Formuda (1) or a salt thereof is provided
wherein Rs; 19 -CHa,

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

10 In one embodiment, a compound of Formuda (1} or a salt thereof is provided
wherein Ran 18 hvdrogen, F, Cl, ~CHs, ~CHeF, —~CHF2, ~CFs, or cyvelopropyl. Included in
this embodiment are compounds in which Rap is hydrogen, F, ~CHs, or —-CFa. Also
meluded in this embodiment are compounds in which Rsp 15 hvdrogen or -CHs.

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

15 wherein Rs is hyvdrogen.

In one embodiment, a compoond of Formula (I} or a salt thereof 18 provided
wherein Rew 18 —CHs,

In one embodiment, a compound of Formula (1) or a salt thereot s provided
wherein Res is hydrogen; and Rsb is hydrogen,

20 In one embodiment, a compound of Formula (I} or a salt thereof 15 provided
wherein Rss is hydrogen; and Rsb is hydrogen or —CHs.

In one embodiment, a compound of Formula (1) or a salt thereot s provided

wherein G is: () phenyl substituted —S{ORCHs; (1) phenyi substitted with two —QCH:;

.....

25 bond or ~CHz-; Ry 18 hvdrogen, —CHa, or cvelopropvl; Ry 1s pipenidinyl, piperazinyl,
octahydrocyclopentalclpyrrolyl, diazaspiro[3.3 heptanvl, or azabicvelo[3.2. 1 octanvl,
cach substituted with zero or 1 R Rey is —~CHs, —~CH{CH:):, ~CHRUCH{(CHs):,
~CHC(CH)0H, -CHCHOCH:, —-CHz(evclopropyvl), —CH:CHz(morpholinyl),

28

SUBSTITUTE SHEET (RULE 26)



WO 2023/159154 PCT/US2023/062780

~CHCHCHz(morpholinvy, svclopropyl, cyclobutvl, pyrrolidinyl, oxetanyi,
tetrahvdropyranyl, or morpholinvl; Rs; is hydrogen; and Rse 1s hydrogen or ~CHa.

in one embodiment, a compound of Formala (1) or a salt thercof is provided
wherein G is phenyl substituted with 1 o 3 substituents independently sclected from F,

5, Br. —CN, Cie alkoxy, Ci fluoroalkoxy, Csa cycloalkyl, —-C{ONRyRy, —S{ORCHs,

—S(Oh(phenvhy, —S{Ok{cvclopropvh), ~S{ORNRR., —S(OWNHINR:Rx, and
—NESCRCHs; Lo abond, —CHo—, or —CH2CHo—; @ is piperidinyl, phenyl,
totrahyvdropyvridinyl, or pvadinyl, cach substituted with —L—Re and zero 1o 1 Rap;

Ri s hydrogen, Cios alkyl, —CHF2, —CFs, or Cs.a cycloalkyl; cach Ra s

10 independently C1, ~CH;, ~CH.CHs, ~CH:OH, —~CHCH:OH, —~CH.CN, ~GCH;3, or
—CH20CHs; Ra is pyrrolidinyl, piperidinyl, piperazinyl, pyridinyi,
octahvdrocyclopentalcjpyrrolyl, azaspiro{3.3theptanyl, diazaspiro{3.3 jheptanyl,
azabicyelo[3.2. Hoctanyl, or hexahydropyrroiof3.4-clpyrrolyl, cach substituted with zero
0 1 Rag;, Raa is ~CHa, ~CHCHs, ~CH{CHs3), ~CHCHCH ), —~CHRC{CH3: 0,

15 ~CH:CHOCH;, (O CH{CHs Y, ovclopropyl, cvclobutyl, ~CHz(eyclopropyl),
~CHo{cvelobutyl), ~CHa{oxetanyl), ~N(CHs)z, ~N{CH:}{(CH2CH3),
~N{CHz)eyelopropyl), azetidinyl, oxetanyl, teteahyvdropyranyl, pyrrolidinyl, phenyl, or
piperidinyt substituted with zero to 2 substituents selected from ~OH or ~CHa, R s F
~CN, or —~CHz; Rsa1s hydrogen, —{Hs, -UFs, or eyclopropyl; and Rse is hydrogen, —CHa,

20 or -CFs.

In one embodiment, a compound of Formula (I} or a salt thereof 15 provided
wherein: & 1s: (1} phenvi substitated —S(03CHs; (i) phenyl substituted with two —OCH;s;
(Raly
N
or (111) N™ ;@ s phenyi or pipenidinyl, cach substituted with —-L-R4; Lisa
bond or —CHa—; Ry is hvdrogen, —CHs, or cyclopropyl: Ry s pipendinyl, piperazinvi,

25 octabydrocvclopentalclpyirolyl, diazaspiro{3.3jheptanyl, or azabicyela{3 2 1loctanyl,
cach substituted with zero or | Ruy; Rea 15 ~CH;, ~CH{CHs )z, ~CHCH(CH:z ),
~CHC{CHROH, -CHCHOCHs, ~CHo{evelopropyl), ~CHRCHz{morpholinyl},
~CH:CHCHa{morphohnyl), eyclopropyl, eyclobutyl, pyrrolidingd, oxctanyl,

29
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tetrahydropyvranyl, or morpholinyl; Rsa is hydrogen; and Rsy s hydrogen or —CHs.

In one embodiment, a compound of Formula (I} or a salt thereof 15 provided
wherein G is: (&) phenyl substituted —S{0%CHs; or {i1) phenyl substituted with two
—0OCHs;  1s phenvl or piperidinyl, each substituted with —L—Ru; L is a bond or —CHz—;

5  Ruishydrogen, —CH;, or evclopropyl; Ry is piperidinyi, piperazinyl,
octahydrocyclopentalelpyrrolyl, diazaspiro[3 .3 jheptanyl, or azabicyelo{3.2. Hoctanyl,
cach substituied with zero ot 1 Ruy; Rea 18 —CHa, ~CH{CH3)z, ~CHCH{CH:z ),
—CHC(CHR):0H, —CHCH20CH;, —CHaf{evclopropyvl), evelopropyl, cyclobutyl,
pyrrolidinyl, oxetanyl, or tetrahvdropyranyl; Raa is hydrogen; and Rso 15 hydrogen or

16 -CHa,

One embodiment provides a compound of Formula (I} or a salt thercof, wherein
said compound is: 5-(4-{{6-cyclobutyl-2,6-dazaspiro]3 3theptan-2-yDmethyHphenyl-3-
cyclopropyl-7-methyl-2-{4-(methylsulfonyDphenyly-3H-imidazo{4,5-blpyridine {(1}; 3-
cvclopropyl-T-methvl-2-{(d~(methvlsulfonyphenyl-5-(4-({(4-(pyrrolidin- 1 -vliprpendm-1-

15 vhmethyDphenyD-3H-umdazol[4,5-bipvndine (2); 3-cvclopropyl-5-(4-{{6-180propyl-2,6~
diazaspiref3 3 theptan-2-ylmethyhphenyi)-7-methyi-2-(4-(methylsulfonyphenyl -3H-
mudazof 4, S-bipyedime (3); 3-cyelopropyl-3-{4-{{6-1sobutyl-2,6-diazaspire]3 .3 fheptan-2-
vhmethyDphenyl)-7-methvi-2-(4-(methyisulfonvhphenyl}-3H-inudazo[4.5-bipyridine
{4}; 3-cvelopropyi-7-methyl-2-(4-(methyviselfonylpheny}-5-{4-{{6-{tetrahydro-2H-

20 pyran-4-yh-2 6-diazaspirof 3 3theptan-2-yimethybBphenvi)-3H-imidazo|4,5-blpyridine
{5); 3-cyelopropyl-7-methyl-2-(4-(methvisulfonylphenyh-5-(4-{(6-{oxctan-3-y})-2,0-
diazaspiro|3 3 fheptan-2-yvhmethvhphenyi}-3H-mudazo[4,3-blpyndine (6); 5~(4-(4-
isopropylpiperazin-1-yhphenyl}-3, 7-dimethyl-2-{4-{methylsalfonyhphenyi}-3H-
midazof4,5-bipyridine (7); 3-(4-(4-isobutylpiperazin-1-yhphenyl)-3, 7-dimethyvi-2-(4-

25 {(methylsulfonyhphenyvl)-3H-imidazof4,3-bipvridine (8); 3-cyclopropyl-7-methyl-5-(4-(1-
methylpiperidin-4d-yhphenvl)-2-(4-{methyisulfonyhphenvly-3H-mmdazo[4,3-bipyridine
{9}, 2-(3,4-dimethoxyphenvi}-S-{(4-(4-isopropylpiperazin- I-vphenyi}-3, 7-dimethyl-3H-
imidazol4,3-bipyvridine (10); 5-(1'-isopropyl-| 1,4'-bipiperidin}-4-v1}-3-methyl-2-(4-
{methyvlsulfonyDphenyl-3H-imidazof4,5-bipynidine (17}; 5-(1-isobutyl-{1.4"-

30 bipipendin]-4-yi)-3-methyl-2-(4-(methyisalfonyDphenyl}-3H-mmdazof4, 3-bjpyridine
{18} 5-(}"-cyclopropyi-{1 4'-bipipendini-4-vi}-3-methyl-2~-{(d-{methyisulfonylipheavi)-
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3H-imidazo 4, 5-blpyvadine (19); 5-(1-isopropyl-[ L4 -bipipendin}-4-v1)-3,7-dunethyi-2-
{4-(methyviselfonyliphenyt-3H-imidazo{4,5-blpyndine (20}; 5-(1'-isobutyi-[1 4'-
bipiperidin}-4-yi}-3,7-dimethyi-2~(4-{methyvisulfonypheavl}-3H-imidazo{4,5-blpyrdine
{21); 1-(4-3,7-dimethyl-2-{4-(methyisulfonylphenvi)-3H-midazo{4,5-blpyndin-5-yi)-

Ay

[1.4-bipiperidini-1'-y1}-2-methylpropan-2-ol {22}, 3-(1'-{cyelopropyimethyiy-f1.4'
bipiperidin{-4-yi}-3,7-dimethyi-2-{4-(methylsulfonylphenyi}-3H-imidazo{4, 5-bipvridine
{23); 5~(V-cvelobutvi-{ 1.4'-bipipenidinf-4-yh-3,7-dunethyl-2-{4-(methylsulfonyhphenvi}-
3H-imidazo[4,5-blpvandme (24); 3,7-dimethvl-2-(d-(methylsulfonviphenvi)-3-(1'-
{tetrabydro-2H-pyran-d-vi}-{ I 4 -bapiperidini-4-vi-3H-imidazo{4, 5-bipvridine (25}; 5-(1-
16 (B-isopropyl-8-azabicyclo|3 2.1 joctan-3-yhpiperidin-4-y1)-3, 7-dimethyl-2 (4~
{methvisulfonvhphenyl}-3H-inudazol4,3-bipyridine (26-27); 3-(1~{8-isobutyl-8-
azabicyelo]3.2 octan-3-yDpiperidin-4-v13-3, T-dimethyl-2-(d-(methysulfonyvlphenyl}-
3H-imidazol{4,5-blpyndine (28-29}; 5-(1-{8-{cyclopropylimethy]}-8-arabicyclo[3 2.1]
octan-3-vUpperidin-4-vi)-3,7-dimethyl-2 -(4-(methyvisulfonyhphenyl)-3H~1nudazol4, 5-b]

15 pyodine (30-31); 5-(1-(8~cyelobutyl-8-azabicyelol3.2 1octan-3-yhpipenidin-4-v13-3,7-
dimethyvi-2-(4-{methylsulfonyliphenyl)-3H-tmidazof4,5-blpyridme (32-33); 3,7-dimethyl-
Z2-{4-{methvisulfonyljphenvl)-5-(1-{&-(tetrahydro-2H-pyvran-4-y1)-8-azabicyclof3 2.1}
octan-3-yhpipetdin-4-vl}-3H~mudazo[4,5-bipyrdine (34-35); 2-3 4-dimcthoxyphenyi)-
5-(1-(2-sopropyloctahvdrocyclopentafclpyrrol-3-viipipendin-4-v1}-3, 7 -dimethyl-3H-

20 midazol4,5-blpyrdine (36); 2-(3 4-dimethoxyphenyh-8-(1-(2-
isohutvloctahydrocyelopentalclpyrrol-S-vhipipendin-4-vi)-3,7-dimethvl-3H-nudazol4,5-
blpyrdine (37}, 5-(1-2-{cyclopropyimethvhoctahydrocyclopentalcpyrrol-3-vhpiperdm-
4-v13-2-(3 4-dimethoxyphenyl}-3, 7-dimethyvl-3H-mmidazo{4, 5-bipvridine {38); 5-(1-(2-
cyclobutyloctahydroeyclopentalclpyrrol-S-yipiperidin-4-y{-2-3 4-dimethoxyphenyi}-

25 37-dimethyl-3H-1imidazol4.5-blpyndine (39); 2-3 4-dimethoxyphenyt)-3,7-dimethyl-5-
{1-(2-(tetrahydro-2H-pyvran-d-vhoctahydrocyelopentale jpyvrrol-5-vhpipenidin-4-y1}-3H-
midazof4,5-bipyridine (40); 2-(3,4-dimethoxyphenvi}-5-(1-({3aR 55,6a8}-2~(2-
methoxyethyhoctabydrocyelopentajcpyrrol-3-yhpipendin-4~-vi-3, 7-dimethyl-3H-
wmidazo[4,3-bipvridime (41); 5-(1-((3aR 55 6a8)-2-cyclobutyloctahydrocyclopentalc|

36 pyrrol-S-yhpiperidin-4-yi}-2-(8-methoxy-{ 1,2 4ltriazolof 1, 3-alpyridin-6-yi-3,7-

dimethyl-3H-imidazol4,5-bipyridine (42}, 5-(1-({3aR 55.6a8}-2-{cyclopropyimethyl)

octabvdrocyclopentalcipyrrol-5S-yhpipendin-4-vh-2-(8-methoxy-{1,2,4 triazolof 1 5-a)
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pyridin-6-y1)-3,7-dimethyl-3H-imidazof4,5-bipyridine (43); 2~(8-methoxy-
[1,2,4}triazolo] 1, 5-ajpyridin-6-yiy-3, 7-dimethy-3-{1-{({33R, 55,6a8)-2 -{tetrahydro-2H-
pyran-d-vhoctabydrocyclopentalclpyrrol-5-yhpipenidin-4-vi}-3H-mmidazo[4,3-blpyndine

{44}, S-(4-(4-isopropyipiperazin- L-yDphenyl}-2-(8-methoxy-{ 1,2 4 jtriazolof 1,5-a|pyridin-

Ay

6-y1}-3, 7-dimethyl-3H-imidazoid, S-blpyridine (43); 2-(8-methoxy-{ 1,2 4jtriazolof §,3-a]

pyridin-6-vij-5-{1-{{3aR 35,6a8}-2-(2-methoxyethyh} octahydrocyclopentajcjpyirol-3-v1)

piperidin-4-y1}-3, 7-dimethy!-3H-1imidazo{4,5-b] pyridive (46); 4-(1-(4-G-cvclopropyl-7-
methyl-2-{4-(methylsulfonylphenyii-3H-imidazo{4, 3-blpvridn-S-yhbenzypiperidin-4-
yhmorpholing (47); 2-(3,4-dimethoxyphenyl}-S-(4-(4-isopropylpiperazin- 1-vijphenyl}-3-

16 methyl-3H-imudazof4,5-b] pynidine (52); 5-(4-(d-isopropylpiperazin- [ -vD)phenyly-3-
methyl-2-(d-(methvisulfonyis phenyl-3H-tmidazol4, 5-blpyndine (53); 3~cyclopropyl-3-
{4-(d-isopropylpiperazin-1-v1} phenyl}-2-(4-(methyisulfonyhphenyl-3H-imidazol4,.5-b]
pyriding {(34); 3-cyclopropyl-2-(3, 4-dimethoxyphonyl)-5-{4-{4-isopropylpiperazin-1-vi
phenyh-3H~nudazol4,5-b] pyudine {55); 4-(3~(4-{4-G-~cvclopropyt-2-(4-

15 {methylsulfonvlphenyh-3H-imidazo{4 S-bipvridin-5-yhphenvhpiperazim- L-vlipropyl)
morpholine (36); 4-(2-(4-(4-(3-cyclopropyl-2-(4-{(methylsulfonylphenyi}-3H-
inidazof4,3-bipyridin-3-y1) phenybpiperazin-1-vl) cthyDmorpholine {87}; 2-(3.4-
dimethoxyphenyl}-5-{4-(2-1sopropyl-2, 7-diazaspiro] 3.5 jnonan-7-vphenyi)-3,7-
dimethyl-3H-imidazo}4,5-b] pyndine (38}, 2-(3,4-dimethoxyphenvl}-3-{4-(6-1sopropyl-

20 2.6-diazaspiro]3 3theptan-2-vi) phenvly-3, 7-dimethvi-3H-imidazo{4,5-bipyndine (39); 2-
{3, 4-dimethoxypheny-5-(4-(2-isobutvl-2, 7-diazaspiro|3 5 jnonan-7-yhiphenyl)-3,7-
dimethyl-3H-mudazof4,5-blpyndine (606}; 5-(4-(2-1sopropyvl-2,7-dlazaspire3 . 3inonan-7-
yvhphenvly-3-methyl-2-(4-(methviseHonvlphenyl}-3H-tmidazo {4, 5-bipyridine (61}); 5-(4-
{2-1sobutyl-2, 7-diazaspirof 3.5 nonan-7-vijphenyi)-3-meothyl-2-{(4-(methylsulfonyl}

25 phenvh)-3H-tmdazo{4.5-blpynding (62}, 2-methyl-1-(7-(4--methyi-2-(4-
{methyvlsulfonyDphenvh)-3H-imidazol4,5-bipyndin-3-yhphenvi}-2,7-
diazaspiro}3.5 jnonan-2-yljpropan-2-ol {63); 2-(3,4-dimethoxyphenyl}-5-{4-(5-iscbutyl-
2. 6-diazaspiro] 3 3theptan-2-yhphenyl)-3,7-dimethyl-3H~inudazol4,5-blpyridine {64}; 5-
{4-{G-1sopropyl-2,6-diazaspiro[3 .3 Jheptan-2-yjphenvi)-3-methyl-2-(4-(methyisulfonyl)

30 phenyi-3H-imidazo[4,5-bipyridine (63}; or 3-{4-(6-iscbutyl-2,6-dazaspirof 3 3theptan-2-

yhphenyly-3-methyl-2-(4-(methylsulfonyl} phenyl)-3H-imidazo{4,5-blpyridine (66).

One cmbodiment provides a compound of Formula (1) or a salt thereof, wherein said
32
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compound 15 2-(3 d-dimethoxyphenyl}-6-{ U-sopropyl- LA -bipipendim-4-vl)- 1 H-
mntdazof4,5-b] pyridine (11}; 2-(3 4-dimethoxyphenyi}-6-(1'-isobutyl-f I 4"-bipipendm]-
4-vIy-1H-imidazo[4,5-b} pyndine (12); 6-{1'-cyclopropyl-{ L4 -bipipendin{-4-v}-2-(3 4-
dimethoxyphenvi}-1H-mudazol4, 3-blpyndine (13); 6~(V-isopropyi-[ 1,4 -bipipendin]-4-
yh-T-methyvi-2-(4-(methyisulfonyviphenyl}-1H-imidazo{d, 3-bipyndme (14); 6-(1'-
isobutyl-}1 4'-bipipendinj-4-yl)--methvl-2-(4-(methyisefonvlipheny - 1H-imidazo[4,5-
blpyridine {13} 6-(1'-cyclopropyi-[ 1.4 -bipipenidin}-4-vi}-1-methyl-2-(4-(methyisulfonvl)
phenyl}-1H-imudazol4,5-bipyndine (16); 2-(3 4-dimethoxyphenviy-6-(4-(4-
isopropyipiperazin-1-yhphenyvi}-1-methyl-1H-imidazof4 S-b] pyridine (48}, 6-(4-(4-
isopropvipiperazin-1-yhphenyh)-1-methyl-2-(d-(methvisulfonyl) phenvi)-1H-
midazol4,3-bipyndine (49); [-cyclopropyl-2-(3 4-dimethoxyphenyi}-6-(4-{4-
isopropylpiperazin-1-yhphenyli-1H-imidazold S-bipyridine (80); or l-cyclopropyl-6-{4-
{4-isopropylpiperazin-1-yiphenyh-2-(4-(methylsulfonyphenyD)- 1H-imidazo| 4,5-b]
pvrdme (51).

One embodiment provides compounds of the Formula (I having TLRS ICse
values of < 0.6 pML

One embodiment provides compounds of the Fonmnola (1) having TLRS ICs
values of £ 0.1 uM.

One embodiment provides compounds of the Formula (1) having TLR9 1Cs
values of < 0.05 uM.

One embodument provides compounds of the Formula (8} having TLRY 1Cso
values of £ 0.025 uM.

One embodiment provides compounds of the Formula (F) baving TLRS ICso
values of <0.015 uM.

One embodiment provides compounds of the Fornuda (B having TLRS ICso
values of <0.01 uM.

in anocther embodiment, the present nvention provides a COmposiion COMpPrising
at least one of the compounds of the present imvention, or a stercoisomer, a tautomer, or a
phamaceutically acceptable salt or a solvate thercof.

In another embodiment, the present mvention provides a pharmaceutical

composition comprising a pharmacentically acceptable carier and at least one of the

~n
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compounds of the present imvention or a slereoisomer, a tavtomer, or a pharmaceutically
acceptable salt or a solvate thereof.

In another embodunent, the present invention provides a phammaccutical
composition, comprising a pharmaceutically acceptable carrier and a therapeutically
effective amount of at feast one of the compounds of the present invention or a
sigrecisomer, a tantomer, or a pharmmaceutically acceptable salt or a solvate thereof.

in another crabodiment, the present invention provides a process for raaking a
compound of the present mvention.

Inn another embodiment, the present invention provides an intennediate for making
a compound of the prosent invention.

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

agents.

DEFINITIONS

The features and advantages of the invention may be more readily understood by
those of ordinary skill in the art upon reading the following detatled description. R isto
be appreciated that certan features of the mvention that are, for clanty reasons, described
above and below m the context of separate embodiments, may alse be combined to form a
single embodiment. Conversely, various features of the mvention that are, for brevity
rcasons, described in the context of a single embodiment, may also be combined s0 as to
form sub-combmations thereof. Embodiments identified herein as exemplary or preferred
are intended to be tlustrative and not hmiting.

Unless spectfically stated otherwise herein, references made 1 the singular may
also include the plural. For example, a7 and “an” may refer to either one, or ong or
more.

As used herein, the phase “compounds™ refers to at least one compound. For
example, a compound of Formula (1) includes a compound of Formula (I} and two or
more compounds of Formula (I).

Unless otherwise indicated, any heteroatom with unsatisfied valences 1s assamed
1o have hydrogen atoms sufficient to satisty the valences.

The definitions set forth herein take precedence over definitions set forth in any
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patent, patent application, and/or patent application pubhication mcorporated herem by
reference.

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

Throughout the specification, groups and substituents thereof may be chosen by
one skilled in the field to provide stable moieties and compounds.

In accordance with a convention used in the art,

-

1s used in structural formulas herem to depict the bond that is the point of attachment of
the maiety or substituent to the core or backbone structure.

The terms “halo” and “halogen.” as used heren, referio ¥, €, 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 nsed herein, refers to both branched and straight-chain
saturated aliphatic hyvdrocarbon groups containing, for example, from 1 to 12 carbon
atoms, from 1 to 6 carbon atoms, and from: 1 1o 4 carbon atoms. Hxamples of alkyl
groups inchude, but are not imited 1o, methy] (Me), ethyl (Ex}, propyl (e.2., n-propyi and
i-propyi}, butvl {e.g., n-butvl, 1-butyl, sec-butyl, and ~butvl), and pentyl {e.g., n-pentyi,
isopentyl, neopentyl), n-hexyl, Z-methylpentyl, 2-cthvibutyl, 3-methvipentyl, and 4-
methvipentyl, When mumbers appear in a subscript after the symbol “C”, the subscript
defines with more specificity the number of carbon atoms that a particalar group may
contain. For example, “Cis atkyvl” denotes straight and branched chain alkyl groups with
one to six carbon atoms.

The term "fluoroalkyl” as used herein is miended to include both branched and
straight-chain saturated aliphatic hydrocarbon groups substituted with one or more
fluorine atoms. For example, "Cra floorcalkyvl” is intended to inchude €1, Co, G5, and s
atkyl groups substituted with one or more fluorine atoms. Representative examples of

fluorcalkyi groups include, but are not hmited to, —CFz and —CH:CFs.
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The term “eveloatkyl,” as used heremn, refers to a group derived from a non-
aromatic monocyvelic or polveyelic hvdrocarbon molecule by removal of one hydrogen
atom from a saturated ring carbon atom. Representative examples of cyeloalkyl groups
mclude, but are not limited to, evclopropyi, evelopentyl, and cvelohexyvl, When numbers
appear 1n a subscript after the symbol “C7, the subscript defines with more specificity the
number of carbon atoms that a particular cycloalkyl group may contain. For example,
“Cs.s cycloalkyl” denotes cycloalkyl groups with three to six carbon atoms.

The phrase “pharmaceutically acceptable™ 1s emploved herein to refer to those
compounds, materials, compositions, and/or dosage forms which ave, within the scope of
soand medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, Uritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The compounds of Formula (I} can form sabts which are also within the scope of
this mvention, Unless otherwise indicated, reference to an inventive compound is
undersiood o melude reference to one or more salts thereof. The term “salt(s)” denotes
acidic and/or basic salts formed with inorganic and/or orgamc acids and bases. In
addition, the term “salt(s) may nchede zwitterions (inner salts}, e g, when a compound of
Formula (1} contains both a2 basic moiety, such as an amine or a pyridine or imidazoie
ring, and an acidic moicty, such as a carboxvhic acid. Pharmaccutically acceptable (Fe.,
non-toxic, physiologically acceptable) salts are preferred, such as, for exarple,
acceptable metal and amine salts in which the cation does not contribute significantly to
the toxicity or biological activity of the salt. However, other salts may be useful, e g, 10
isolation or purification steps which may be emploved during preparation, and thus, are
contemplated within the scope of the invention. Salts of the compounds of the formulda (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 10 which the salt
precipitates or i an aqueous medium followed by Ivophilization. Lists of suitable salts
are found in Remington's Pharmoceuticad Sciences, 15th Edition, Mack Publishing
Company, Easton, PA (1990}, the disclosure of which is hereby incorporated by
reference.

Exemplary acid addition salis incloade acetates (such as those formed with acetic
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acid or trihaloacetic acid, for example, trifluoroacetic acid), adipates, alginates,
ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates, borates, butyrates,
citrates, camphorates, camphorsulfonates, cyclopentancpropionates, dighiconates,
dodecylsulfates, ethanesulfonates, fumarates, glucoheptanoates, glycerophosphates,
hemisulfates, heptanoates, hexanoates, hydrochlorides (formed with hydrochloric acid),
hydrobromides (formed with hydrogen bromide), hydroiodides, maleates (formed with
maleic acid), 2-hvdroxyethancsulfonates, lactates, methanesulfonates (formed with
methanesalfonic acid), 2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pectinates,
persuelfates, 3-phenvipropionates, phosphates, picrates, pivaiates, propionates, salicylates,
succinates, sulfates (such as those formed with sulfuric acid), sulfonates (such as those
mentioned herein), tartrates, thiocvanates, toluenesulfonates such as tosylates,
undecanoates, and the like.

Exemplary basic salts include ammonium salts, alkali metal salts such as sodinim,
hithium, and potassium salts; alkaline carth metal salts such as calcium and magnesum
salts; barium, zine, and aluminum salts; salts with organic bases (for example, organic
amines) such as trialkylamines such as tricthyvlamine, procaine, dibenzylamine, N-benzyl-
B-phencthylamine, -cphenamine, N,N'-dibenzylethylene-diamine, dehydroabictylanune,
N-ethylpipendine, benzyvlamine, dicvelohexylamine or simifar pharmaceutically
acceptable amines and salts with amine acids such as arginine, ivsine and the ke, Basic
nifrogen-containing groups may be guaternized with agents such as lower alkyl halides
{e.g., methyl, cthyl, propyl, and butyl chilorides, bromides and iodides), dialkyl sulfates
{e.z., dimethyl, dicthyl, dibutyl, and diamyl sulfates), long cham halides (e g., decyl,
laurvl, mynisty! and stearyl chlonides, bromides and 1odides), aralkyl halides {e.g., benzyl
and phenethyl bromides}, and others.

The compounds of Formuia (8} can be provided as amorphous solids or crystaliine
solids. Lyophilization can be employed to provide the compounds of Formula (1) as
amorphous solids.

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

whether organic or inorganic. This physical association inclades hydrogen bonding. In

Lo
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certain nstances the solvate will be capable of 1solation, for example when one or more
solvent molecules are incorporated in the crystal Iattice of the crystathne solid. “Solvate™
cncompasses both solution~-phase and isolable solvates. Exemplary solvates mehude

hydrates, ethanolates, methanolates, isopropanolates, acetominle solvates, and ethyl

Ay

acetate solvates. Methods of solvation are known in the art.
Various torms of prodrugs are well known in the art and arc described in Rautio,
I et al, Nature Review Drug Discovery, 17, 559-587 {201%).
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
10 greater than 99% of a compound of Fornwla (I}, respectively (“substantially pure™),
which is then used or formulated as described herein. Such “substantially pure”
compounds of Formulda (8} are also contemplated herein as part of the present invention.
“Stable compound” and “stable structure™ are mcant to indicate a compound that
15 sufficiently robust to survive 1solation to a uscful degree of purity from a reaction
15 wuxtere, and formudation uio an efficacious therapeutic agent. The present immvention 1s
mtended to embody stable compounds.

“Therapeutically cffective amount™ 15 intended to include an amount of a
compound of the prosent mvention alone or an amount of the combination of compounds
claimed or an amount of 2 compound of the present invention in combination with other

20 active mgredients cffective to act as an inhibitor of TLRY, or effective to treaf or prevent
disorders associated with a fibrotic disease or disorder, dvsregulation of bile acids, such
as pathological fibrosis,

As used herein, “treating” or “treatment’ cover the ireatment of a disease-staie
a mammal, particularly in a buman, and melude: {a) preventing the discasc-state from

25 occurring in a mammal, in pacticular, when such manunal 1s predisposed to the discase-
state but has not vet been diagnosed as having it; (b} inlubiting the discase-state, 1.¢.,
arresting its development; and/or {¢} relieving the disease-state, 1.¢., causing regression of
the discase state.

The compounds of the present invention are intended 1o include all isotopes of

30 atoms occurring in the present compounds. Isotopes include those atoms having the same

atomic number but different mass nsumbers. By way of general example and without

hmitation, isotopes of hvdrogen include deuterivm (I3 and trittum (1), Isotopes of
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carbon include PC and MC. Isotopically-labeled compounds of the invention can
generally be prepared by conventional techniques known to those skilled in the art or by
processes analogous fo those described herein, using an appropriate isotopically-labeled

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

Ay

CHa) also includes deuterated methyl groups sach as ~Cha.

UTIITY
The compounds of the invention are usetl for inhibiting the TLRS receptor.
One embodiment provides a method for the treatment of a disease, disorder, or
16 condition associated with dysregulation of bile acids in a patient in need of such
treatment, and the method comprises admunistering a therapeutically effective amount of
a compound of the present rvention, or a stercoisomer, a tautomer, or a pharmaccutically
acceptable salt or solvate thereof, to the paticnt.
One embodument provides a method for the treatmoent of a discase, disorder, or
15 condition associated with activity of the TLRO receptor in a patient n need of such
treatment comprising admunistering a therapeutically cffective amount of a compound of
the present invention, or a stercoisomer, a tautomer. or a pharmaceutically acceptable salt
or solvate thercof, to 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 offective amount of at least one of the compounds of the present
mvention, alone, or, optionally, in combination with another compound of the present
wyention 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 patient comprising admuustering a therapeutically effective amount of a
compound of the present invention, or a stereoisomer, a tantomes, or a pharmaceutically
acceptable salt or solvate thereof, to the patient.
In some embodiments, the discase, disorder, or condition is associated with TLR9
dvsfunction include pathological fibrosis, cancer, mflammmatory disorders, metabolie, or
30 cholestatic disorders.
In some embodiments, the disease, disorder, or condition is associated with

fibrosis, mcluding liver, biliary, renal, cardiac, demmal, ocular, and pancreatic fibrosis,
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In other embodiments, the disease, disorder, or condition is associated with cell~
proliferative disorders, such as cancer. In some embodiments, the cancer includes solid
tmor growth or ncoplasia. In other embodiments, the cancer meludes tumor metastasis.
In some embodiments, the cancer is of the hiver, gall bladder, small intesting, large
mtesting, kidney, prostate, bladder, blood, bone, brain, breast, central nervous system,
cervix, colon, endometrinm, csophagus, genitalia, genttourinary tract, head, larynx, hung,
muscle tissue, neck, oral or nasal mucosa, ovary, pancreas, skin, spleen, stomach, testicle,
ot thyroid. In other embodiments, the cancer is a carcinoma, sarcoma, lymphoma,
feukemia, melanoma, mesothelioma, multiple myeloma, or seminoma.

Examples of discases, disorders, or conditions associated with the activity of
TLRE that can be prevented, modulated, or treated according to the present invention
melude, but are not limited to, transplant njection, fibrotic disorders {¢. g, liver fibrosis,
kidney fibrosis), inflammatory disorders {¢.g., acute hepatitis, chronic hepatitis, non-
alcoholic steatohepatitis (NASH), uritable bowel syndrome (IBS), mtlammatory bowel
discase (IBD)}, as well as cell-probiferative disorders {e.g., cancer, myeloma, fibroma,
hepatoceltular carcinoma, colorectal cancer, prostate cancer, leokemia, Kaposi's sarcoma,
sohid tumors).

The fibrotic disorders, nflammatory disorders, as well as cell-proliferative
disorders that are suitable to be prevented or treated by the compounds of the present
mvention inchide, but are not limited to, non-alccholic fatty hiver discase (NAFLD),
alcoholic or non-alcoholic steatohepatitis (NASH), acute hepatiiis, chronic hepatitis, liver
cirrhosts, primary biliary curhosis, primary selerosing cholangitis, drug-induced hepatitis,
biliary cirthomsis, portal hyperiension, regenerative fatlure, iver hypotunction, hepatic
blood flow disorder, nephropathy, irritable bowel syndrome (IBS), inflanunatory bowel
disease (IBD), abnormal pancreatic secretion, benign prostatic hyperplasia, neuropathic
bladder disease, diabetic nephropathy, focal segmental glomerulosclerosig, IsA
nephropathy, nephropathy induced by drags or transplantation, awtoimmune nephropathy,
tupus nephritis, liver fibrosis, kidney fibrosis, chronic kidnev discase (CKD), diabetic
kidnev disease {DKD), skin fibrosis, keloids, systemic sclerosis, scleroderma, virally-
mduced fibrogsis, idopathic pulmonary fibrosis (IPF), mterstitial lung discase, non-
specific interstitial poncumonia (NSIP), usual interstitial pneumonia (UIP), radiation-

mduced fibrosis, familial pulmonary fibrosis, airway fibrosis, chronic obstructive
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pulmonary disease (COPD), spinal cord tumor, hermia of mtervertebral disk, spinal canal
stenosis, heart failure, cardiac fibrosis, vascular fibrosis, perivascular fibrosis, foot-and-
mouth discase, cancer, mycloma, fibroma, hepatocellular carcinoma, colorectal cancer,

prostate cancer, leukemia, chronic lyvmphocytic leukenna, Kaposi's sarcoma, solid

Ay

tumors, cerebral mnfarction, cerebral hemorrhage, neuropathic pamn, peripheral
neuropathy, age-related macular degeneration (AMB), glaucoma, ocular fibrosis, comeal
scarring, diabetic retinopathy, proliferative vitreoretinopathy (PVR), cicatricial
pemphigoid glascoma filtration surgery scarring, Crohn’s discase or svstemic lupus
erythematosus; keloid formation resalting from abnormal wound healing; fibrogsis
16 occurring after organ transplantation, myelofibrosis, and fibroids. In one ecmbodiment,
the present invention provides a method for the treatment of a fibrotic disorder, an
mflammatory disorder, or a ecli-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 invention, alone, or, optionally, in combination with another
15 compound of the present invention and/or at least one other type of therapeutic agent.
in another embodiment, the present invention provides a compound of the present
mvention for use 1 therapy,
In another embodiment, the present mvention provides a compound of the present
mvention for use m therapy for the treatment of a fibrotic disorder, an mflammatory
20 disorder, or a cell-proliferative disorder theroof,
in another crunbodiment, 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.
In another embodiment, the present invention provides a method for the treatment
25 of a fibrotic disorder, an inflamumatory disorder, or a coll-proliferative disorder,
comprising admimstering 1o a pationt in need thercof a therapeutically effective amount
of a first and second therapeutic agent, wherein the first therapeutic agent is a compound
of the present mvendion.
In another erabodiment, the present invention provides a combined preparation of
36 acompound of the present invention and additional therapeutic agent(s) for stnmiltancous,
separate or sequential use in therapy.

In another embodiment, the present invention provides a combined preparation of
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a compound of the present nvention and addriional therapeutic agent(s) for simultancous,
separate or sequential use i the treatment of a fibrotic disorder, an inflamumatory
disorder, or a cell-proliferative disorder,

The compounds of the present invention may be emploved in combination with

Ay

addiional therapeotic agent(s), such as one or more anti-fibrotic and/or antt-inflammatory
therapeutic agents.

in onc embodiment, additional therapeutic agent{s) used in combined
pharmaceutical compositions or combined methods or combined uses, are selected from
oune or more, preferably one o three, of the folowing therapeutic agents: TGED receptor
10 mhibitors (for oxample, galunisertib), mhibitors of TGFS synthesis {for exampie,
pirfenidone), inhibitors of vascular endothelial growth factor (VEGF), platelet-denved
growth factor (PDGE) and fibroblast growth factor (FGE) receptor kinases (for example,
nintedanib}, bumanized anti-avBo integrin monoclonal antibody (for example, 3G9},

bhuman recombinant pentraxin-2, recombinant human Scrum Amvleisd P, recombinant

Pt
Ay

human antibody against TGFB-1, -2, and -3, endothelin receptor antagonists {for example.
mactentan), mierferon gamma, c-Jun amino-terminal kinase (INK) inhibitor {for
example, 4-1}9-[(35)-tetrahydro-3-furanvi{-8-{(2, 4 6-trifleorophenyammo |-9H -purin-2-
vljamino-trans-cvclohexanol, 3-pontyvibenzencacctic acid (PBI-4050), wetra-substituted
porphyrm dernvative contaiming manganese (I, monoclonal antibody targeting cotaxin-
20 2, mterleukin-13 {IL-13} antibody (for example, lebrikizumab, tralokinumab), bispecific
antibody targeting interleukin 4 {(IL-4) and interdeukin 13 (IL-13), NK1 tachykin
receptor agonist (for example, Sar’, Met{O:)"'-Substance P}, Cintredekin Besudotox,
human recombinant DNA-derived, I kappa monoclonal antibody to connective

growth factor, and fully human IgG1 kappa antibody, selective for CO-chemokine ligand

b
(4]

2 {for exarmaple, carlumab, CCX 140}, antioxadants {for example, N-acetylcysteine},
phosphodiesterase 5 (PRES} inhibitors (for example, sildenafily, agents for treatment of
obstructive airway discases such as muscarinic antagonists (for example, tiotropium,
patropinm bromide}, adrenergic 32 agonists (for example, salbutamol, salmeterol),
corticosterotds (for example, triameinoloneg, dexamethasone, fluticasong),

3¢ wnmunosuppressive agents (for example, tacrolinus, rapamyctn, pimecrolimus), and

therapeutic agents nseful for the treatment of fibrotic conditions, such as biver, biliary, and
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kdney fibrosis, Non-Alcobolic Fatty Liver Disease (NALFD), Non-Alccholic Steato-
Hepatitis (NASH), cardiac fibrosis, Idiopathic Pulmonary Fibrosis (IPF}, and systemic
sclerosis. The therapeutic agents useful for the treatment of such fibrotic conditions

melude, but are not limited 1o, FXR agonists (for example OCA, G5-9674, and LIN452),

Ay

LOXE2 whibitors {for example simtuzamab), LPA T antagonists (for example, BMS-

986020 and SAR 100842}, PPAR modulators (for example, clafibrinor, pioglitazone, and

saroglitazar, IVA337), SSAG/VAP-1 inhiubitors (for example, PXS-4728A and SZES302),

ASK-1 inhibitors (for example GS-4997 or selonsertib), ACC inlubitors (for example,

CP-640186 and NDI-010976 or G5-0979), FGF21 mimetics {for example, LY 2403319

16 and BMS-986036), caspase nhibitors (for example, emricasan), NOX4 mhibitors (for
example, GKTI37831), MGAT2 inhibitor (for example, BMS-963272), oV integrin
mhibitors {for example, abituzamabjand bile acid/fatty acid conjugates (for example
aramchol} The TLRS mnhibitors of various embodiments of the present mvention may also
be used in combination with one or more therapeutic agents such as CCR2/S inhibitors

13 (for exanaple, cenicriviroe), Galectin-3 inhibitors (for example, TD-139, GR-MD-02),
leukotriene receptor antagonists (for example, tipelukast, montelukast), SGLT2 inhibitors
{for example, dapaghflozin, remoghflozingy, GLP-1 receptor agonists (for example,
kraghutide and semaglutide}, FAK inhibitors (for example, GSK-22560498), CB1 mverse
agorusts {for example, JD-3037), CBZ agouvists {for example, APD-371 and IBT-101),

20 auwtotaxin mbabitors (for example, GLPG16590), prolyl +-RNA synthetase inhibitors (for

example, halofugenone), FPR2Z agonists (for example, ZK-994), and THR agonists {for

example, MGL:3196). In another embodiment, additional therapeutic agent(s) used

combined phammaceutical compositions or combined methods or combined uses, are

selected from one or more, preforably one to three, of mmusoncology agents, such as

b
Ay

Alemtuzumab, Atezolizumab, Ipthimumab, Nivelumab, Ofatumumab, Pembrolizumab,
and Rituximab.

When the terms "TLRS-associated condition” or "TLRS-assoctated disease or
disorder” are used herein, each 15 intended to encompass all of the conditions identfied
above as f repeated at length, as well as any other condition that 1s affected by inhubition
30 of TLRY.

The above other therapewtic agents, when employved in combination with the
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compounds of the present invention, may be used, for example, in those amounts
mdicated in the Physicions” Desk Refererice (PDR} or as otherwise determined by one of
ordinary skill in the art. In the methods of the present invention, such other therapeutic

agent{s) may be administered prior to, simultanecusly with, or following the

Ay

administration of the inventive compounds. The present invention also provides

pharmaceutical compositions capable of treating TLR9-associated conditions.

The mmventive compositions may coutain other therapeutic agents as described
above and may be formulated, for example, by emploving conventional solid or hiqund
vehicles or diluents, as well as phamaceutical additives of a type appropriate to the mode
16 of desired administration (e.g., excipients, binders, preservatives, stabilizers, flavors, etc.)

according fo technigues such as those well known in the art of pharmmaceutical
formulation.

Accordingly, the present mvention further inchudes compositions comprising ane
or more compounds of Formula {(f) and a pharmaceutically acceptable carrier.

15 A "pharmaceutically acceptable carmer” refors to media generally accepted in the
ast for the delivery of biologically active agents to amimals, in particular, mammals.
Pharmaceutically acceptable carricrs are formulated according to a number of factors well
within the purview of those of ordinary skul m the art. These inchade without imitation
the type and nature of the active agent being formulated; the subject to which the agent-

20 containing composition i to be administered; the intended route of adsunistration of the
composition; and, the therapeutic indication being targeted. Pharmaceutically acceptable
carniers include both aqueous and non-aguecus liguid media, as well as a variety of solid
and semi-sohid dosage forms. Such carners can inchude a number of different mgredients
and additives in addition 1o the active agent, such additional mgredicnts being mclnded in

25 the formulation for a vanety of reasons, e.g., stabilization of the active agent, binders,
ete., well known to those of ordinary skill in the art. Descriptions of suitable
pharmaceuvtically acceptable carriers, and factors involved in their selection, are found in
a variety of readily available sources such as, for example, Remingion's Pharmaceutical
Sciences, 1 7th Edition (1985}, which is incorporated herein by reference in its entirety.

30 Compounds in accordance with Formulda (1) can be administered by any means

suttable for the condition to be treated, which can depend on the need for site-specific

treatment or quantity of Formula (1) compound to be delivered.
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Also embraced within this invention 18 a class of pharmaceuiical 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 heretn as

“ecarrier” materials) and, if desired, other active ingredients. The compounds of Formula

Ay

{I} may be admimstered by any suitable route, preferably in the form of a pharmacentical
composition adapted to such a route, and in a dose effective for the treatment intended.
The compounds and compositions of the present invention may, for example, be
administered orally, mucosally, or parentally including intravasculardy, intravenously,
mtraperitoneally, subcutancousty, intramascularly, and intrasternally in dosage unit
16 formulations containing conventional pharmaceutically acceptable carriers, adjuvants,
and vehicles. For example, the pharmmaceuntical carrier may contain a mixture of mannitol
or lactose and microcrystalline cellalose. The mixture may contain additional
components such as a lubricating agent, ¢ .g. magonesium stcarate and a disintegrating
agent such as crospovidone. The carner mixture may be filled 1oto a gelatn capsule or
15 compressed as atablet. The pharmaceutical composition may be administered as an oral
dosage form or an wfusion, for example.

For oral admumistration, the pharmaceutical composition may be in the form of] for
example, a tablet, capsule, liquid capsule, suspension, or liguid. The pharmsaceutical
composition 1s preferably made in the form of a dosage anit containing a particuiar

20 amount of the active ingredient. For example, the pharmaceutical composition may be
provided as a tablet or capsule comprising an araount of active ingredient in the range of
from about 0.1 to 1000 mg, preferably from abouwt 0.25 to 250 mg, and more preferably
from about 0.5 to 10 mg. A soutable dasly dose for & hneman or other mammal may vary
widely depending on the condition of the patient and other factors, but, can be detormined

25 using routine methods,

Any pharmaceutical compostiion conternplated herein can, for example, be
delivered orally via any acceptable and suitable oral preparations. Exenplary oral
preparations, include, but are not linuted to, for example, tablets, troches, lozenges,
aqueous and oilv suspensions, dispersible powders or granules, ernulsions, hard and soft

36 capsules, hiquid capsules, synups, and elixirs. Pharmacentical compositions intended for

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

manufacturing pharmaceutical compositions intended for oral administration. In crderto
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provide pharmaceutically palatable preparations, a phammaceutical composition in
accordance with the invention can confain at least one agent selected from sweetening
agernds, flavoring agents, coloring agents, demulcents, antioxidants, and preserving agents.

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

Ay

Formulda (I} with at least one non-toxic pharmaceuntically acceptable excipient suitable for
the manufacture of tablets. Exemplary excipionts mclude, but are not limited to, for
example, mert diluents, such as, for example, caleium carbonate, sodivm carbonate,
lactose, calcium phosphate, and sodium phosphate; granulating and disintegrating agents,
such ag, for example, microcrystatiine cellolose, sodium crosscarmellose, com starch, and
10 algimc acid; binding agents, such as, for example, starch, gelatin, polyvinvi-pyrrolidone,
and acacia; and lubricating agents, such as, for example, magnesium stearate, stearic acid,
and tale. Additionally, a tablet can etther be uncoated, or coated by known techmiques to
erther mask the bad taste of an unpleasant tasting drug, or delay disintegration and
absorption of the active mgredicnt i the gastromtestinal tract therehy sustaining the
15 effects of the active ingredient for a longer period. Exemplary water soluble taste
masking maicrials, imchude, but are not imited fo, hydroxypropyl-methylceliulose and
hydroxypropyl-cellulose. Exemplary time delay materials, include, but are not limited to,
cthyl cellulose and ccliulose acetate butyrate.

Hard gelatim capsoles can, for example, be prepared by mixing at least one

20 compound of Formula (1} with at least one nert sohid diluent, such as, for example,
calcium carbonate; calom phosphate; and kachn,

Soft gelatin capsules can, for example, be prepared by muxing at least one
sompound of Formula (1} with at least one water soluble carrier, sach as, for example,
polyethyiene glycol: and at least one ot medium, such as, for example, peanut otl, higuid

25 paraffin, and olive oil.

An agueous suspension can be prepared, for example, by admixing at least one
compound of Fornula (1) with at least one excipient suitable for the manufacture of an
agueous suspension. Excraplary excipionts suttable for the manufacture of an agueous
suspension, inclade, but are not himited to, for example, suspending agents, such as, for

36 example, sodium carboxymethyleeltulose, methyicelhilose, hvdroxypropylmethyl-
ceflulose, sodium alginate, alginic acid, polyvinyi-pyrrolidone, gum tragacanth, and gum

acacia; dispersing or wetting agents, such as, for example, a naturaliy-occurring
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phosphatide, ¢.g., lecithin; condensation products of alkvlene oxade with fatty acids, such
as, for example, polyoxyethylene stearate; condensation products of ethvlene oxide with
long chain aliphatic aleohols, such as, for example heptadecacthylene-oxycetanol;

condensation products of ethylene oxide with pariial esters derived from fatty acids and

Ay

hexitol, such as, for example, polyoxyethviene sorbitol monooleate; and condensation

products of ethylene oxide with partial esters derived from fatty acids and hexitol

anhydrides, such as, for cxample, polyvethylene sorbitan monooleste. An agueous

guspension can also contain at least one preservative, such as, for example, ethyl and n-

propyl p-hvdroxybenzoate; at least one coloring agent; at least one flavoring agent; and/or

16 atleast one sweetening agent, including but not inuted to, for example, sucrose,
sacchann, and aspariame.

iy suspensions can, for example, be prepared by suspending at least one
compound of Formula (1) in cither a vegetable o1l such as, for example, arachis o1l; olive
oil; sesame oil; and coconut o1l; or I mineral o1l, such as, for example, higuid paratffin.

15 An oily suspension can also contain at feast one thaickenmg agent, such as, for example,
becswax; hard paraffin; and cetyl alcohol. In order to provide a palatable oily suspension,
at least one of the swectening agents already described hereinabove, and/or at least one
flavormg agent can be added to the oily suspension. An oily suspension can further
contain at least one preservative, imchading, but not limited to, for example, an anti-

20 oxidant, such as, for example, butvlated hydroxyanisol, and alpha-tocopherol.

Dispersible powders and granules can, for example, be prepared by admuxing at
least one compound of Formula (I} 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. Exemplary

25 preservatives inchude, but are not imited to, for exanple, anti-oxidants, ¢.g., ascorbic
acid. In addition, dispersible powders and granules can also contain at least one
exeipient, including, but not limited 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

30 prepared as an oil-in-water emulsion. The oily phase of the emuldsions compnsing

compounds of Formula (1) may be constituted from known ingredients in a known

manner, The oil phase can be provided by, but 1s not himited to, for example, a vegetable
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o1, such as, for example, olive oil and arachis o1l; a moineral o, such as, for example,
liguid paraffing and mixtures thereof. While the phase may comprise merely an
coulsificr, it may comprise a mixture of at least one emulsifier with 3 fat or an oil or with

both a fat and an oil. Sunitable emulsifving agents include, but are not hmited 1o, for

Ay

example, natorally-occurring phosphatides, e.g., soy bean lecithing esters or partial esters
derived from fatty acids and hexitol anhydrides, such as, for example, sorbitan
monooleaie; and condensation products of partial esters with ethylene oxide, such as, for
example, polvoxvethvlene sorbitan monooleate. Preferably, a hvdrophilic emulsifier is
mncluded together with a lipophilic emulsifier which acts as a stabilizer. It is also
16 preferred to include both an 01l and a fat. Together, the emulsifier(s) with or without
stabilizer(s) make-~up the so-called emulsifying wax, and the wax together with the oil and
fat make up the so-catled emulsifying ointment base which forms the oily dispersed phase
of the cream formelations. An emulsion can alsc contain a sweetening agent, a flavonng
ageant, a preservative, and/or an antioxadant. Eraulsifiers and cowlision stabihizers switable
15 for use in the formulation of the present invention include Tween 60, Span 80, cetostearyl
alcobol, mynsiyi alcohol, glyceryl monostearate, sodium lauryl sulfate, ghveeryl
distearaic alone or with a wax, or other matenals well known in the arnt.
The compounds of Formula (1} can, for example, also be delivered miravenously,
subcutaneously, and/or intramuscularly via any phamaceutically aceeptable and suitable
20 mjectable form. Exemplary injectable forms include, but are not lmited to, for example,
sterile aqueous solutions comprising acceptable vehicles and solvents, such as, for
example, water, Ringer’s solution, and sotonic sodium chloride solution; sterile oif-in-
water microemulsions; and aqueous or oleaginous suspensions.
Formulations for parenteral administration may be in the form of aqueous or non-
25 agueous isctonic sterile imjection solutions or suspensions. These solutions and
suspensions may be prepared from stenle 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 suitable dispersing or wetting agents and suspending agents. The compounds
may be dissolved in water, polvethylene glveol, propylene glyeol, ethanol, com oil,
30 cottonsead oil, peanut oil, sesame otl, benzyvl aleohol, sodium chioride, tragacanth gum,
and/or various buffers. Other adjuvants and modes of administration arc well and widely

known in the pharmaceutical art. The active ingredient may also be administered by
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mjoction as a composition with suttable camiers meluding saline, dextrose, or water, or
with cyelodextrin (i.e. Captisol), cosolvent solubilization (i.¢. propylene glycol) or
micellar solubtlization (1.¢. Tween 80).

The sterile mnjectable 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 |,3-butanediol. Among the acceptable vehicles and solvents that may be
craploved are water, Ringer’s sohution, and isotonic sodium chlornide sohution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oif may be employed, inchuding synthetic
mono- or diglycerides. In addition, fatty acids such as oleic acid find usc in the
preparation of injectables.

A sterile mectable oil<n-water microennulsion can, for example, be prepared by
1} dissobving at least one compound of Formula (1) in an oily phase, such as, for example,
a nuxture of sovbean il and lecithing 2) combining the Formula () containing od phase
with a water and glveerol muxture; and 3) processing the combination to form a
microcmulsion.

A sterile agueous or oleaginous suspension can be prepared 1o accordance with
methods already known in the art. For example, a sterile aqueous solution or suspension
can be prepared with a non-toxic parenterallyv-acceptable diluent or sobvent, such as, for
example, 1,3-butane diol; and a sterile oleaginous suspension can be prepared with a
sterile non-toxic acceptable solvent or suspending medivm, such as, for example, sterile
fixed otls, ¢.g., synthetic mono- or diglveerides; and fatty acids, such as, for example,
cleic acid.

Pharmaceutically acceptable carriers, adjuvants, and vehicles that may be used in
the pharmaccutical compositions of this mvention include, but are not limited to, 1on
exchangers, aluming, aluminum stearate, lecithin, setf~emulsifving drug dehivery svstems
{SEDDS) such as d-alpha-tocopherol polyethyleneglveol 1000 succinate, surfactants used
in pharmaceutical dosage forms such as Tweens, polvethoxvlated castor oil such as
CREMOPHOR surfactant (BASF), or other similar polvmeric delivery mairices, serum
proteins, such as human serum albumin, buffer substances such as phosphates, glycine,
sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable fatty

acids, water, salts or electrolyies, such as protamine sulfate, disodium hyvdrogen
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phosphate, potassivm hvdrogen phosphate, sodium chloride, zine salts, collowdal silica,
magnesium tristlicate, polyvinyl pyrrolidone, celhilose-based substances, polvethyviene

ghveol, sodium carboxvmethvicellulose, polyacrylates, waxes, polyethylene-

polvoxypropyiene-block polymers, polvethylene glveol and wool fat. Cyclodextring suc

Ay

as alpha-, beta~, and gamma-cyclodextrin, or chemically modified denvatives sach as
hydroxyalkyleyclodextring, including 2- and 3-hydroxypropyl-cyclodexiring, or other
solubilized derivatives may also be advantageously used to enhance delivery of
compounds of the formulae described herein.
The pharmaceutically active compounds of this mvention can be processed in
10 accordance with conventional methods of pharmacy to produce medicinal agents for
administration to patients, including humans and other mammals. The phammaceutical
compositions may be subjected to conventional pharmaceutical operations such as
sierilization and/or may contain conventional adjuvants, such as preservatives, stabilizers,
wetting agents, cmulsifiers, buffers ete. Tablets and pulls can addtionally be prepared
15 with enteric coatings. Such compositions may also comprise adjuvants, such as wetting,
sweetening, flavoring, and perfuming agents.

The amounts of compounds that are adminisiored and the dosage regimen for
treating a disease condition with the compounds and/or compositions of this invention
depends on a varniety of factors, mcluding the age, weight, sex, the medical condition of

20 the subject, the tvpe of disease, the severity of the discase, the route and frequency of
admuustration, and the particular compound emploved. Thus, the dosage regimen may
vary widely, but can be determined routinelv using standard methods. A daily dose of
about 0.001 to 100 mg/dke body weight, preferably between about 0.0023 and about 50
mg/ke body weight and most preferably between about 0.005 1o 10 mg/fkg body weight,

25 may be appropriate. The daily dose can be administered m one to four doscs per day.
{ther dosing schedules include one dose per week and one dose per two day cvcle.

For therapeutic purposes, the active compounds of this invention are ordinarily
combined with one or more adjuvants appropriate to the indicated rovic of adununistration.
If admmistered orally, the compounds may be admixed with lactose, sucrose, starch

30 powder, cellulose esters of alkanoic acids, celhuilose abkyl esters, tale, stearie acid,

magnesium stearate, magnesium oxide, sodivim and calcium salts of phosphoric and

sulfuric acids, gelatin, acacia gum, sodium alginate, polyvinvlpyrrolidone, and/or
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polyvinyl alcohol, and then tableted or encapsulated for convenient administration. Such
capsules or tablets may contain a controlled-release formulation as may be provided in a
dispersion of active compound in bydroxypropylmethyl cellulose.

Pharmaceutical compositions of this mvention comprise at least one compound of

Ay

Formulda (I3 and optionally an additional agent selected from any pharmaceutically
acceptable carrier, adjuvant, and vehicle. Alternate compositions of this tnvention
comprise a compound of the Formula (1) descrbed herein, or a prodrug thereof, and a
pharmaceutically acceptable carner, adjuvant, or vehicle.

The present mvention also encompasses an article of manufacture. As used

16 herein, article of manufacture is intended o include, but not be limited to, kits and
packages. The article of manufacture of the present mvention, comprises: (a) a first
container; (b} a pharmaceutical composition located within the first container, wheren the
composition, comprises: a first therapoutic agent, compnising: a compound of the present
wwvention or a pharmaccutically acceptable salt form thereof) and, (¢} a package nsert

15 stating that the pharmacentical composition can be used for the treatment of a
cardiovascular disorder, divresis, and/or natriuresis. In another embodiment, the package
msert states that the pharmaceutical composition can be used in combination (as defined
previously) with a second therapeutic agent to treat cardiovascular disorder, diuresis,
and/or natriuresis. The article of manufacture can further comprise: (d} a second

20 container, wherein components {a) and (b) are located within the second container and
component (¢} is located within or outside of the second container. Located within the
first and second contamers means that the respective contaner holds the item within 13
boundaries.

The first container is a receptacie used to hold a phammaceutical composition.

25 This container can be for manutacturing, storing, shipping, and/or individual/bulk selling.
First container 1s ntended 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 distribuic a
pharmaceutical product.

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

sacks. The package insert can be physically attached to the outside of the first contamer
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via tape, giue, 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 1s located on the outside of the second contamer. When located onthe
outside of the second container, it 1s preferable that the package msert is phvsically
attached via tape, ghue, staple, or another method of attachment. Alternatively, 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
mformation relating to the pharmacentical composition located within the first container.
The information recited will usually be deterniined by the regulatory agency goveming
the arca in which the article of manufacture is to be sold {e.g , the United States Food and
Drag Administration}. Preferably, the package insert specifically recites the mdications
for which the pharmaccutical composition has been approved. The package msert may be
made of any material on which a person can read information contamed therem or
thereon. Preforably, the package msert 1s a printable material {e.g., paper, plastic,
cardboard, foif, adhesive-backed paper or plastic} on which the desired mformation has

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

METHODS OF PREPARATION

The compounds of the present invention can be prepared in a number of ways well
known to one skilled 1n the art of organic svnthesis. The compounds of the present
mvention can be synthesized using the methods described below, together with synthetic
methods known 1n the art of synthetic organic chemistry, or variations thereon as
appreciated by those skilled in the art. Preferred methods include, but are not limited to,
those described below.

The reactions and fechnigues described in this section are performed in solvents
appropriate to the reagents and materials employed and are suitable for the
transformations being effected. Also, in the description of the synthetic methods
described below, 1t is to be understood that all proposed reaction conditions, inchiding
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. It is understood by one skilled in
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the art of orgamic synthesis that the functionality present on various portions of the
molecule must be compatible with the reagents and reactions proposed. Such resirictions
1o the substituents that are compatible with the reaction conditions will be readily
apparent to one skilled in the art and aliernate methods must then be used. This will
sometimes require a jadgment to modify the order of the synthetic steps or to select one
particelar process scheme over another in order o obtain a desived compound of the
mvention. It will also be recognized that another major coustderation in the planning of
any svathetic route in this field is the judicious choice of the protecting group used for
protection of the reactive functional groups present in the compounds descrtbed in this
mvention. An authoritative account describing the many alternatives to the traned
practitioner is Greene et al. (Profeciive Groups in Organic Synthesis, Fifth Edition, Wiley

and Sons 2014)).

SCHEME 1

O
R /U\(f_ Rsp
RSa 7 i NOQ H ] G) R5a Pl - N ,/"
‘ o b b N Rt
[halo 17 N7 TNH T ] N7 N -
R R
x
1a ic
N
-
N .
R, Rsy
=

i-B

Scheme 1 describes one potential route for the synthesis of compounds of Formula
I-A and I-B, a subset of Formula I The term “halo.” 1n this scheme refers to any halogen
that one of ordinary skill in the art wonld deca proper to achieve the mtended
transformation. Compound la can be reacted with aldehvde 1b in the presence of sodium
hvdrosulfite, m a suitable solvent {¢.g. FtOH, McOH, DMEO, NMP), with heating, to
furmish compound le. Contingent upon the nature of the Ry substituent, i may be

necessary to first reduce the nitro group of compound 1a. Reduction 1s accomplished
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usmg a typical nitro~reducing agent (e.g. Fe powder, tin chlorde dihydrate, catalytic
hvdrogenation), followed by cyclization with aldehyde 1b in the presence of sodinm
metabisultite, i a sunable solvent {c.g. NMP, DMSO, EtOH), with beating to provide

compound lc. Corapound lc can be reacted with the appropriate boronate ester or

Ay

boronic acid using standard Suzaki couphng conditions to furnish compounds of Formula

I-A and I-B.

EXAMPLES
Compounds of the current mvention and intermediates used in the preparation of
10 compounds of the current invention can be prepared using procedures shown in the
following examples and related procedures. The methods and conditions used in these
examples, and the acteal compounds prepared in these examples, are not meant to be
bmiting, but arc meant to demonstrate how the compounds of the current invention can be
prepared. Starting materials and reagents used 10 these examples, when not prepared by a
15 procedure described herein, are gencrally either commercially available, or are reported in
the chemical hterature, or may be prepared by using procedures described in the chemics
fiterature. The invention is farther defined e the following Examples. It should be
understood that the Examples arc given by way of tlhustration only. From the above
discussion and the Examples, one skilled in the ast can ascertamn the essential
20 characteristics of the wnvention, and without departing from the spirit and scope thereof,
can make various changes and modifications to adapt the tnvention to various uses and
conditions. As a result, the invention is not imited by the dlustrative examples set forth
herein below, but rather defined by the claims appended hersto.
In the examples given, the phrase “dried and concentrated” generally refers to
25 dryving of a solution in an organic solvent over either sodium sulfate or magneswm
sulfate, followed by filtration and removal of the solvent from the filirate (gencrally under
reduced pressure and at a teraperature suitable to the stability of the material being
Chernical names were determined using ChemDraw Professional, version
20.1.0.110 (PerkmEbner Informatics, Inc.}. The following abbreviations are used:
36
AcOH acetic acid

aq. AGUCOUS
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brine saturated agueous sodium chlonde
DCM dichloromethane
DMF N, N-dimethyiformamide
DMSO dimethyi sulfoxade
5 EiDAc othvl acetate
EtOH ethanol
IPA 1sopropvl alcobol
MeCN acetonitrile
MeOH methanol
10 NMP N-methyl-2-pyrrolidone
THF tetrahydrofuran
pet ether petroleum cther
g gramys)
b hour(s)
15 min minute{s}
HPLC High Performance Liguid Chromatography
LC/MS Liquid Chromatography / Mass Spectroscopy
Pdz{dba)s tris{dibenzviidencacetone)dipaliadinm{0)
TEA tricthvlamine
26 TFA trifluorcacetic acid
rac-BINAP {(£)-2,2"-his{diphenylphosphino}-1, '-binaphthalene, 2,2'-
bis{diphenviphosphino)-1, U'-binaphthalene
XPhoa P4 G3 2-dicyciohexyiphosphino-27.47 6 <nisopropyl-1,1 -biphenyi){ 2-
{27 -amino-1, 1 -biphenyvlijpalladiuny(il} methanesulionate
25 XPhos Pd G4 methanesulfonato(2-dicyclohexyviphosphino-2' 4" 6'tri-t~propyl-
L 1-biphenvh(2-methylamino-~ I, U-biphenyl-2-vlpalladium(il)
PdidpphCl BCM |1, 1-bis{diphenyiphosphinoiferrocene dichloropaliadivmdil},
compiex with dichloromethane
36 PREPARATION

All reagents purchased from commercial sources were used without further

purification unless otherwise noted. Al reactions involving air or moISUIC sensitive
55

SUBSTITUTE SHEET (RULE 26)



WO 2023/159154 PCT/US2023/062780

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

were recorded primarily on a Bruker Avance 400 or 560 MHz spectrometer.

Analvtical LC/MS Methods

Method 1: Column: Waters Acquity BEH C18, 2.1 = 30mm, 1.7 um particles;
Mobile Phase A: 5:95 MeCNiwater with 0.05 % TFA,; Mobile Phase B: 95:5
MecCN:water with 0.05 % TFA; Temperature: 50 °C; Gradient: 0 %8B to 100 %8B over 3

min, then a 8,50 min hold at 100 %B; Flow: | mE/mm; Detection: MS and UV (220,254

Ay

nm}.

10 Method 20 Colomn: XBridge C18, 2.1 mm x 50 nwn, 1.7 pm particles; Mobile
Phase A: McOUN/H20 (5:95) with 10 mM NHiOAc; Mobile Phase B: MeCN/H2( (95:3)
with 18 mM NHiOAc, Temperature: 50 °C; Gradient: §-100 %B {0.0-3.0 min), 100 %B
{3.0-3.53 mm}; Flow: 1.0 mL/min; Detection: UV (220 nm) and MS (ESE+).

Method 3: Column: XBudge CI18, 2.1 mm x 50 moy, 1.7 pm particles; Mobile

15 Phase A: McON/HZ(0 {5:95) with 0.05 % TFA; Mobile Phase B: MeCN/H20 (95:5) with
(.05 % TFA; Temperature: 30 °C; Gradient: $-100 %B (6.0-3. 0 min), 100 %B (3.0-3.5
min}; Flow: 1.0 mL/mn; Detection: UV (220 am) and MS (ESI +).

Method 4; Colunu HALO C18, 3.0 x 30mm, 2.7 pm particles; Mobile Phase A
water with 0.05 % TFA; Mobile Phase B: MeUN with .05 % TFA; Temperature: 40 °C;

20 Gradient: 5 %B 1o 100 %B over 1.3 min, then a 0.50 mun hold at 100 %B; Flow: 1.5
mbL/mn; Detection: MS and UV (254/220 nm).

Method 5: Column: HALO CI8, 3.0 x 30mm, 2.7 wm particles; Mobile Phase A:
water with 0.05 % TFA; Mobile Phase B: MeCN with 0.05 % TFA; Temperature, 40 °C;
Gradient: 5 %8 to 50 %8B over 2 min, 50 %B to 100 %8B over 0.4 min, then a 0.40 min

25 held at 100 %B; Flow: 1.5 mL/min; Detection: MS and UV (254/220 num).

Method 6: Column: Waters Acquity BEH C18, 2.1 x 30 mum, 1.7 um particles;
Mobile Phase A: 5:95 MeUN:water with 10 mM NH«QOAc; Mobile Phase B: 955
MeCN:water with 10 mM NHaOAc; Temperature: 50 °C; Gradient: 0 %B to 100 %H
over 3 mun, then a .50 min hold at 100 %6B; Flow: t mL/oun; Detection: MS and UV

30 (220, 254 nm).

Preparative HPLC Methods
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Prep Method A: Column: XBudge CI8, 200 mam x 19 mum, S-pm particles; Mobile
Phase A: 5:95 MeCN: water with NHsOAc;, Mobile Phase B: 95:5 MeCN: water with
MNH1OAc; Gradieot: (variable; dependent on substrate) %B over 20 minutes, then a 0-

minute hold at 100% B; Flow Rate: 20 mL/min; Cohumn Temperatare: 23 °C. Fraction

Ay

collection was triggered by MS and UV signals. Fractions containing the desired product
were combined and dried via centrifugal evaporation.
Prep Method B: Column: XBridge C18, 200 mm x 19 mum, 3-pum particles; Mobile
Phase A: 5:85 MeCUN: water with 8.63% TFA; Mobile Phase B: 955 Me(UN: water with
$.05% TFA; Gradient: {variable; dependent on substrate) % B over 20 minutes, then a 0-
16 minute hold at 100% B; Flow Rate: 20 mL/min; Coluvom Temperature: 23 °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 AXIEA 3o C18, 30x100mm; Mobile Phase
AL 90% HaO/10% MeUOH-10mM NH4OAc; Mobie Phase B: 10% Ha(/90% MeOH-10
15 mM NHsOAc: Method: Grad.Solv. System: From 1009 A: 0% B 1o 0% A: 100% B;
Digtection at 220 nM; 10 min grad.
Prep Method D Column: Phenomenex AXIA 5u C18. 30x100mum; Mobile Phase
A 90% HaO/10% MeCN/0.1% TFA; Mobile Phase B: 1096 Hz(0/90% MeCN/A 1% TFA;
Method: Grad Solv. System: From 100% A: 0% B to 0% A 100% B; Detection at 220
20 oM; 19 nun grad.
Prep Method E: Columuy Column: Sunkire Prep C18 OBD Column, 19x150 mum,
Sum [0nm; Mobile Phase A: Water (0.05% TFA), Mobile Phase B: MeCN; Flow rate: 25
mE/man; Gradient: 5% B to 13% B in 6.3 min; Wave Length: 254 nm; Column
Temperature: 25 °C. Fraction collection was triggered by MS and UV signals. The pure
25 dractions were combined and concentrated under vacuum to remove organic solvents. The
residual agueous solution was dried by lyophilization to afford the final product.
Prep Method F: Column: XBridge Prep C18 OBD Column, 19x150 mm, Sum;
Mobile Phase A: Water (10 mmol/L NHsHCOs), Mobile Phase B: MeCN; Flow rate: 20
mL/min; Gradient: 30% B 1o 30% B in 4.5 mim, Wave Length: 254/210 nm; Column
30 Temperature: 23 °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
S5-(4-{(6-cyelobutyl-2 6-diazaspiro| 3.3 theptan-2-yimethyphenvi)-3-cyclopropyl-7-

methvl-2-(4-(methylsulfonyDphenvi}-3Hamidazo[4,5-blpynidine

BN L ;;
o o 0
- D W

Step AL Intermediate LA, Preparation of 6-chloro-N-cvelopropyl-4-methyi-3-

attropyridin-2-amine

GHs

: NO

RS 2

i

o0
o N N

H (1A}
To a 5300 mL round bottomed flask werg added 2,6-dichloro-4-methyl-3-
16 niropyridine (5.0 g, 24 mumol), DIEA (13 mi, 73 ramol), THF (200 mL}, followed by
cvclopropylamine (1.7 mL, 24 mmol}. The reaction mixture was stirred umder Nz, Afier
18 k, the solvent was concentrated and the residue was purified by flash column
chromatography {120 g silica gel cartridge; A = Hex, B = EtOAc; 30 min grad.; 0% B to
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 9 vicld)
as a yellow solid. Analvtical LC/MS (Method 1} Observed Mass: 228.0; Retention
Time: 2.037 min. 'H NMR (500 MHz, METHANOL-ds) 3 6.65 (s, 1H), 2.91 (s, 1H),
2.46 s, 3H), 0.85 {dd, J=7.0, 1.6 Hz, 2H), 0.66-0.49 (m, 2H).

20 Step B, Imtermediate 1B. Preparation of 6-chlore-N2-cyclopropyl-4-methyipyndine-2,3-

diamine
CHa
f\iwﬁ?
e N N

Hoo (B)
To a 200 mL pear shaped flask were added Intermediate 1A (2.0 g, 8.8 mmol),
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ammonium chlonde (2.4 g, 44 mmol}, tron powder (2.5 g, 44 mmol), BtOH (10 mL}, and
water {10 mL). The mixture was stirred at 80 °C. After 18 h, the reaction mixturs was
cooled, filtered, the filter cake was washed with MeOH, and the volatiles were

concentrated from the filtrate. The resultant suspension was diluted with water (100 mL)

Ay

and extracted with EtOAc (2x50 mL}. The organic phase was combined, washed with
brine, dried over MgSQs, filicred and concentrated. The residue was purified by flash
colunmn chromatography (120 g silica gel cartridge; A =Hex, B = BtOAc; 30 min grad ;
(% B to 100% B! flow rate = 80 mL/min}. The fractions corresponding to product were
combined, concentraied and dried in vacuo © afford the title compounnd (1.0 g, 3.2 mmol,
16 59 % yicld) as a pale yellow solid. Analytical LC/MS (Method 1) Observed Mass:
197.9; Retention Time: 1.133 min. 'H NMR (500 MHz, METHANOL-d4) § 6.42 (s, 1H),
2.85-2.73 (m, 1H), 2.11 (5, 3H), .76 (br d, J=5.0 Hz, ZH}, 0.57-0.47 (m, 2H).

Step C. Imtermediate 1C. Proparation of S-chloro-3-cyclopropvl-7-methyl-2-(4-

15 {methylsulfonvDphenyh-3H-1midazo{4,5-bipvridine

ﬁ (1)

To a 200 mL pear shaped flask were added Intermediate 1B (1.0 g, 3.2 mmol} and
NMP (60 mL}. To this mixture was added sodivm metabisulfite (1.5 g, 7.7 munol},
followed by 4-(methvisulfonyhbenzaldehvde (1.0 g, 3.7 mmol). The reaction mixture
20 was stirred at 70 °C under Ny, After 18 b, the mixture was cooled, diluted with water
{250 mL), and extracted with EtOAc (2x100 mL). The organic phase was combined,
washed with brine, dried over MgSQ, filered and concentrated. The residue was
purified by flash cohwmn chromatography (120 g silica gel cartndge; A=DCM, B =

MeOH, 30 min grad.; 0% B to 159%B; flow rate = 30 mL/mun). The fractions

2
[

corresponding to product were combined, concentrated and dried in vacuo to afford the
title compound (0.85 g, 2.3 munol, 44 % yicld) as a pale yellow solid. Analvtical LC/MS
{Method 1} Observed Mass: 361.9; Retention Tine: 1.592 min. 'H NMR (500 MHz,
METHANOL-d1) 8 832-8.26 (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, 3FD), 2.68 (d, J=0.7 Hz, 3FD), 1.22-1.15 (m, 2F), 0.85-0.76 (m., 2F).

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

{methyvlsalfonyDphenvl-3H~-mudazol4,3-bpyndin-3-viibenzaldehyde

i
"GH3

{1B)

To a 250 mL round bottomed flask were added Intermediate 1C (085 ¢, 2.3
mmol}, 4-{4 4.5 S-tetramethyi-1,3 2-dioxaborolan-2-vhbenzaldehyde (0.60 g, 2.6 mamol},
L4-dioxane (20 mL}, and potassium phosphate tribasic (1.5 g, 7.1 mmol) dissolved m
water (5 mb3. The mixture was purged with Nz, XPhos Pd 3 €0.099 ¢, .12 mmeol) was

10 added, the vessel was purged again, and the reaction was heated to 80 °C and stirred.
Atier 18 b, the mixture was cooled, diluted with water (150 ml), and exiracted with
EtOAc (2x75 mL). The organte phase was combined, washed with brine, dred over
MgS0,, filtered and concentrated. The residue was purified by flash column
chromatography (80 g silica gel cartnidge; A = Hex, B = EtOAc¢; 30 mum grad.; (% B io

15 100% B: flow rate = 60 mbL/min). The fractions corresponding to product were
combined, concentrated and dried 7 vacuo o afford the title compound (0.89 g, 2.1
mmol, 33 % vield) as a pale vellow sohd. Analvtical LC/MS (Method 1) Observed
Mass: 432.0; Retention Time: 1.677 min. (3 min. gradient) is product. "H NMR (500
MHz, DMS0O-ds) 8 10.10 (s, 1FD), R 55-8.50 (m, 1HD, 8.44 (d, /=83 Hz, 2H), 837 (s, 2H),

26 8.34(d, /=86 Hz 2H), 8.06 (d, /=8.5 Hz, ZH}, 3.94-3 80 (m, 1H}, 3.35 (s, 3H), 2.72-2.67
{m, 3H), 1.26-1 .14 (m, 2H), 0.99-0.33 {m, 2H}.

Step E. Intermediate 1E. Preparation of S~(4-({2,6-diazaspiro[3 3fheptan-2-

yhmethyiphenyDy-3-cyclopropyl-T-methyi-2-(4-{methyisalfonyliphenyl)-3H-

2
[

mnidazof4,3-bipyridinc, 2 TFA salt
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(1E)

To a 40 mL vial were added Intermediate 1D (0.40 g, 0.93 mmol}, tert-butyl 2,6-
diazaspirof3.3 theptane-2-carboxvlate, oxalic acid salt (.80 g, 2.8 mmol), AcOH (0.058
mk., 1.0 nunol), magnesium sulfate (1.7 g. 14 mmol), and DMF (10 mL). The reaction

5 rmxture was stirred for 20 min, then sodium tnacctoxyborohydride (0,95 g, 4.6 mmol)
was added. After stirring 18 h, the maxture was diluted with 10% IPA/CHTL (000 mLj}
and filtered. The filtrate was partitioned mto KOH solution (10% agucous saturated with
solid Na(’l) {50 mlL) and the lavers were separated. The agueous phase was extracted
with 10% IPA/CHCH (530 mL), the organie phase was combined, washed with brine, dried

10 over MgSQs, filtered and concentrated. The residue was purified by flash coluomn
chromatography {80 g silica gel cartridge: A = DCM, B = MeOH; 30 vun grad.; 0% B to
20 % B; flow rate = 60 mL/min). The fractions corresponding to product were combined
and concentrated. The obtained mtermediate was dissolved m MeOH {10 mL), TFA (1.4
mk., 19 mmol) was added and the reaction mixture was stirred af 45 °C. After 2 h, the

15 solvent was concentraied, the residue was co-gvaporated with toluene (2x), and the
product was dried in vacuo to atford the title compound (480 mg, 0.65 mmuol, 70 % vield)
as a pale yellow solid. Analvtical LC/MS (Method 13 Observed Mass: 314.1; Retention
Time: 1.051 min. "H NMR (500 MHz, METHANOL-ds) 3 $.34-8.30 (m, 4H), 8.22 (d,
J=8.6 Hiz, 2H), 7.84-7.81 {1, 1H), 7.63-7.60 (1, 2H), 4.45-4.44 (m, 61, 4.39-4.33 (m,

20 4H), 3.86-3.75 {m. 1), 3.27 (s, 3H), 2.79-2.75 (m, 3HD). 1.29-1.18 (m, 2F), 1.01-0.90 {m,
2H).

Step F. Preparation of Example |

To a 40 mL vial were added Intermediate 1E (96 mg, 0.13 mmol), eyclobutanone

2
[

{43 mg, 0.65 mmol), AcOH (8.2 uk, 0. 14 mmol}, magnesum sulfate (230 mg, 1.9
mmal), and DMF (2 mL). The reaction mixture was stirred for 20 mm, then sodium
triacetoxvborohydride (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/CHCE (40 mL)
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and filtered. The filtrate was partitioned mto KOH solution (10% aqueous saturated with
solid NaCl) (20 mL) and the layers were separated. The agoeous phase was extracted
with 10% IPA/CHCH (10 mL), the organic phase was corobined, washed with brine, dried

over MgS04, filtered and concentrated. The crude material was purified via preparative

Ay

HPLC (Method A) to afford the title compound (44 mg, 0.077 mmol, 59 % vield).
Analytical LC/MS (Method 2} Observed Mass: 5368 .20; Retention Time: 1.53 mun,
Analytical LC/MS (Method 3): Observed Mass: 568.20; Retention Time: 1.14 min. 'H
NMR (500 MHz, DMSO0-ds} 3 836 (br d, /=82 Hz, 2H), 8.12 {br dd, /=8.1, 4.1 Hz, 4H},
777 {3, iH}, 738 {brd, /=79 Hz, 2H}, 3.88-3 80 (i, 1H), 3.61-3 34 {m, 1H}, 3.37-3.30
16 (m, 1H), 3.24-321 (m, 2H), 3.16 {g, 3H), 3.05-2.96 (m, 1H), 2.91-2.86 (m, 1H}, 2.66 (s,
3HY, 251 (brs, 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
15 6-{ -1sopropyl-{ 1,4 -bipipendin]-4-yD--methyi-2-{4-{methvisulfonyliphenyl)- 1H-

imidazof4,S-bipyridine

CHg (14)
Step AL Intermediate 14A. Preparation of S-bromo-N-methyb-2-mitro-pyridin-3-anine

N.__NO,

Br = NH

I
CHa (144)

-

20 To a solution of S-bromo-3-fluore-2-nitro-pyridine (5 g, 22.63 mmol} in dry THF
{70 mL) wag added methylamine solution {2 M in THF) (33.94 mL, 67 88 mmol). After
sturing 18 b at 50 °C, the mixture was cooled, the solvent concentrated and the crude
product was punified by silica gel column chromatography (hexane/EtOAc; 0-70% as
chient) to afford the title compound (5.2 g, 22.4 mmol, 99 % vield) as a yeliow schid.

25 Analvtical LO/MS (Method 4): Observed Mass: 232.0/234.0; Retention Time: 9.836 nun.
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Step B. Intermediate 14B. Preparation of 6-bromo-1-methyl-2-(4-

{methvisulfonvhphenyl)-1H-1nmudazo[4,5-bipyridine

/N N\ """ (i:!)
PO NaVWass
Br N G
CHs (14B)

Ay

A nuxture of Intermediate 14A (2 g, 8.62 mmol), 4-methyisulfonyibenzaldehvde
(3.2 g, 1724 mool), Nax$:04 (4.5 ¢, 25 86 mmol) in ethanol {30 mL) and water {15 mL)
was stirred under N> at 90 °C. After 36 b, the reaction mixture was cooled, the mixture
was diluted with water (500 mL} and extracted with EtQAc (35300 mL}. The combined
organic laver was drted over NaxSO4, filtered, concendrated and the residue purified by
16 silca gel column chromatography (hexane/EtDAc; 0-100% as cluent), to afford the title
compound {350 mg, 232 mmol, 27 % vield) as a vellow solid. Analytical LC/MS

{Mcthod 4): Observed Mass: 366.2/368 2, Retention Time: 0.654 min.

Step C. Intermediate 14C. Preparation of tert-butyl 4-(1-methyl-2-(4-(methylsulfonyl)

15 phenyi-1H-imidazo[4,5-bipyndin-6-y1)-3,6-dihydropyridine-1{2H}-carboxylate

O]
V7 S‘"CH:{
{/ﬁ/ e N‘ \“ ..... iy 5

BooN...~ Cr (140)

A mixpire of Intermediate 14B (830 mg, 2.27 mmoly, tert-butyl 4-{4,4,5 5~
tetramethyl-13 2-dioxaborolan-2-yi)-3 6-dihydro-2H-pyridine-1-carboxylate (1.05 g, 3.4
mmol}, KaCOs: (625 mg, 4.53 mmol) and PA(PPhs): 200 mg, 0.24 mmol} in 1 4-dioxane

20 {10 mL) and water (2 mL) was degassed with nitrogen (3x) and stirred at 90 °C. After 18
h, the reaction mixture was cooled, dibited with water (100 mL) and extracted with
EtQOAc (3x80 ml). The combined organic layer was dricd over NaxSQO4, filtered,
concentrated and the residue purified by silica gel column chromatography
thexane/EtOAc; 0-100% as cluent} to afford the titfe compound (850 mg, 1.81 mmol, 80
% vicld) as a vellow solid. Analytical LC/MS (Method 4} Observed Mass: 469 2;

2
[

Retention Time: 0.910 mm.
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10

Pt
Ay

20

Step B, Intermediate 14D, Preparation of 1-methyi-2-(4-{methyvisulfonvl)phenvi}-6-
{piperidin-4-yi)-1H-imidazo{4,5-blpyndine, HC1 salt

j@ :@
N Hy

To a solution of Intermediate 14C (830 mg, 1.77 mmol) in DMF (50 mL) and

DCM (10 mL) was added AcOH (1 mL). The solution was evacuated and flushed with

D=0

HMCHE

O
(o]

(14D)

nitrogen {(3x). To the solution was added PA/C (0.2 g), the mixture was evacuaated and
purged with nitrogen, and the reaction mixture was stirred voder hydrogen. After 3 days,
the catalyst was filicred and the filtrate was concentrated. The residue was dissolved in
DCM (10 m1y, HC solation (2 M in FtOAc) (5 ml) was added and the suspension was
stirred. After 2 h, the resulting precipitate was collected by vacuum filtration and washed
with BUM. The product was dried in vacuo to afford the tite compound (330 mg crude}
as a hight veliow sohid. Analvtical LC/MS (Mcthod 4); Observed Mass: 371.2; Reterdion

Time: 0.551 mun.

Step F. Preparation of Example 14

To a solution of Intermediate 141 (60 mg, 0.15 mamol} in methano! {1 mL} were
added TEA {0.06 ml, .44 mmol}, NaBH:;CON (31 mg, 0.49 mmol}, ZnCh solution 2 M
i THF) (3.09 ml, 0.18 mumol} and 1-isopropvipipendm-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 concentrated, and the crude product was purified by proparative HPLC
{Method E) to afford the title compound (14.6 mg, 0.029 nmumol, 20 % vield) as a white
solid. Analvtical LL/MS {Method 3): Purity: 99.3%; Observed Mass: 496.2; Retention
Time: 6.553 min. 'H NMR (400 MHz, DMSO-ds} & 16.22 (s, 1H), 9.65 (s, 1H), §.46 (s,
1H), 8.23-8.13 (o, 47D}, 8.07-8.01 (m, 1F1), 3.98 (s, 3FD), 3.70-3.47 (m, 6H), 334 (s, 3H),
3.28-3.01 {m, 5H), 2.41-2.33 (m, 2F), 2.25-1.96 (m, 6H). 1.33-1.24 (m, 6H).

EXAMPLE 17
5-(1-isopropvi-[ 1,4 -bipiperidin}-4-v}-3-methyl-2-(4-{methvlsulfonyDphenvl)-3H-
imidazof4,3-bipyridine
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H3C\T,

CHg (17)

Step A. Preparation of 5-chloro-3-methyl-2-{4-methylsulfonyiphenviimidazo{4,5-b]

pyndine
O
IO o
O
Cry (174)
5 To a 40 mL vial were added 6-chlore-N-methyi-3-nitro-pyridin-2-amine (0.5 g,

2.67 mmol}, 4-(methylsulfonylbenzaldehvde (0.491 g, 2.67 mmeol}, sodium hydrosulfite
{0.928 g. 5.33 mumol), followed by the addition of DMSO (15 mL). The reaction mixture
was stirred at 80 °C. After 24 h, the nuxture was coocled, diluted with water {200 mb),
and extracted with EtQAc (2x100 mL). The organic phase was combined, washed with

i brine, dried over MgSQs, filtered and concentrated. The residue was purified by flash
column chromatography (120 g silica gol carindge; A = DCM, B = MeOH, 30 nup grad.;
0% B to 20% B, flow rate = 85 mL/mm). The fractions corresponding to product were
sombined, concentrated and dried 7z vacuo to afford the tifle compound {(0.73 g, 2.269
mmol, 85 % yield) as atan solid. Analytical LO/MS (Method 1) Observed Mass: 321 .8;

15  Retention Time: 1.366 min. 'H NMR (500 MHz, METHANQL-ds} § 8.24-8.20 (m, 2H),
8. 19-8.14 (m, 2H), 8. 13-8.089 (m, 1H}, 7.46-7.38 {m, 1), 4 02-3.99 (m, 3H), 3.26-3.23
{m, 3H).

Step B, Preparation of Exaniple 17
20 Example 17 was prepared according to general methods described elsewhere
herein using appropriate starting materials, reagents and conditions. Analytical LC/MS
{Methaod 3): Purity: 98.8%; Observed Mass: 496.1; Retention Time: 0.584 min. 'H NMR
(300 MHz, DMSO-de) 3 8 26-8.01 (m, SH), 7.26(d, /=84 Hz, 1H), 396 (s, 3H), 332 (s,
3H), 3.04-2.94 {m, 2H), 2.87-2.39 (m, 4H), 2.38-2.00 (m, SH}, 1.96-1.66 {m, 6H), 1.51-
1.33 (m, Z2H), 0.95 {4, J= 6.5 Hz, 6H).

N
2y
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[
(A

EXAMPLE 20
3-{1'~isopropyi-i L4 bipiperidin}-4-vh)-3,7-dunethyl-2-{d~{methylsulfonvhphenyl)-3H-

mudazof4,3-bipyridine

oo

HGCYU
CH

3 (20)

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

amine
H
Ci N N
A
N No,
CHs (20A)

To a solution of 2,6-dichloro-4-methyl-3-nitro-pyridine (1 g, 4.83 mmol) in THF
{1 mL) were added methvlamine solution (2 M in THF) (4.8 mL, 9.66 mmol) and DIEA
{1.87 g, 14 49 mmol}. After stirring 18 b, the mixture was concentrated, and the crude
product was purified by silica gel chromatography {pet ether: DCM; 2:1 as chuent} to
afford the title compound (450 mg, 46 % vicld) as a yellow solid, Analvtical LC/MS
{Method 4). Observed Mass: 202/204; Retention Tune: 1.072 min. ' NMR (300 MHz,
DMSO-dey § 795 {d, J=5.0Hz, 1H), 6.72 (3, 1H}, 2.8 (d,.7= 4.6 Hz, 3H}, 2.38 (s, 3H).

Step B, Intermediate 208, Preparation of 5-chloro-3,7-dimethyl-2-(4-(methylsuifonyl}

phenyb-3H-1midazo{4,5-blpyndine

Cin NN S o
~ §-CH
N W Was it

CHy (20B)
To a stirved solution of Intermediate 20A (440 mg, 2.18 mmol) i cthanol (S mL})

and water (2.5 mb} were added 4-methvisulfonylbenzaldehyde (804.1 mg, 4.36 mmol})
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and Naz5%204 (7395 mg, 4.36 mmol). After stirring at 90 °C tor 18 h, the mixture was
sooled to room temperature, diluted with water (100 mL) and extracted with ethyl acetate
{2x30 mL). The combined organic lavers were washed with brine, dried over Na:S0O4 and

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

Ay

chromatography {pet etherethyl acetate; 1:1 as cluent} to afford the title compound (470
mg, 64 % vield} as a vellow solid. Analytical LE/MS (Method 4 Observed Mass:
336.1/33%.1; Retention Time: 0.919 min. H NMR (300 MHz, DMSO-ds) 8 8 27-8 08
{m, 4H3, 7.31 (s, 1H), 3.92 {5, 3H}, 2.63 (s, 3H)}, 2.53 (g, 31}

16 Siep €. Intermediate 20C. Preparation of tert-butyl 4-(3,7-dimethyl-2-(4-
{methylsulfonvhphenyl)-3H-imidazo[4, 5-blpyridin-5-v1)-3, 6-dihydropynidine- 1 {2H)-

carboxylate

(200)
To a solution of Intermediate 20B (460 mg, 1.37 ramol) and tert-buty] 4-(4.4,5,5-
15 tetramethyl-1,3,2-dioxaborolan-2-v1}-3,6-dihydro-2H-pyndine~1-carboxylate (847.1 mg,
2. 74 mmoly n 1 4-dioxane (5 mL} and water (1 mL) were added KsPO4 (872.3 mg, 411
nwnol} and Pd{dppHiClz (1001 mg, ¢ 14 mamol}. The resulting solution was degassed
with nitrogen (3x) and stirred at 90 °C. Afler 18 h, the mixture was cooled to room
temperature, dibuted with water (100 mL} and extracted with ethyl acetate (2 x 50 mL).
20 The combined organic lavers were washed with brine, dried over NapS0Os and
concentrated under reduced pressure. The crude residue was purified by silica gel
chromatography {ethyl acetate as eluent) to afford the title compound {480 mag, 73%
vield) as a white solid. Analvtical LO/MS (Method 4): Observed Mass: 483.1; Retention
Time: 1.051 min. 'H NMR (300 MHz, DMSO-ds) 6823 (d, J= 83 Hz, 2H), 8.13 d, /=
25 82 Hz 2H), 743 (s, 1H), 6.74 (s, 1H), 4 10 (s, 2H), 397 (s, 3H), 359 (1, /=5 3 Hz, 2H),
270 (s, 2H), 2.63 (s, 3H), 2.53 (s, 3H), 1.45 (g, 9H).

Step [ Intermediate 20D, Preparation of tert-butyl 4-(3,7-dimethyl-2-(4-

{methyvlsulfonyDphenvh-3H-imudazol4,5-bipyndim-3-vhpiperidine- L -carboxylate
67
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CH3
= N 2 i
NTTN O
BocN 3 (20D}

A solution of Intermediate 20C (470 mg, 0.97 mmol) in methanol (3 mb) and
DCM (1 mL) was degassed with nitrogen (3x3. To this mixture was added Pd/C (100
mg}, the reaction vessel was evacuated and back-filled with nitrogen (3x), then back-

5 filled with hvdrogen (1 atm). After stirving 3 b, the mixture was filtered and the filtrate
was concentrated under reduced pressure. The crude material was purified by silica gel
chromatography {cthyl acetate as cluent) to afford the title compound (400 mg, 85%
vield} as a white solid. Analytical LU/MS (Method 4): Observed Mass: 485.3; Retention
Time: 1.005 min. 'HNMR (300 MHz, DMSO-ds) 8821 (d, /=83 Hz, 2H), .13 (d. .7 =

10 82 Hz ZH), 7.12 (s, 1H), 4.19-3.99 (m, ZH), 3.94 (s, 3H)}, 3.06-2.72 (m, 3H), 2.60 {s,

3H), 2.51 (s, 3H), 1.95-1 81 {m, 2H), 1.78-1.59 (m, 2H), 1.44 (s, 9H).

Step E. Preparation of 3,7-dumethyl-2-{4~-(methyisulfonylphenyh-5-{piperidin-4-y13-3H-

midazol4.5-blpyridine

CHs
-
% W
S N—i-c,
N e — il
N7 N O
; ; CH
15 HN -~ s (208}

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
stitred. After 13 mun, the solvent was concentrated, the residue was dissolved in MeOH
{100 mL} and to the solution was added Dowex 330A anion exchange resin (30 g, pre-
20 washed alternately with BCM and McOH}. The resin was filiered after 3 min and the
filtrate was concenteated. The product was dried i vacue to afford the title compound
(1.37 g, 3.56 mmol, 91 % vicld} as a tan sohid. Analviical LO/MS (Method 1): Observed
Mass: 385.1; Retention Time: 0.923 min. 'H NMR (400 MHz, METHANQL-d4)} § 8.21
(s, 2H}, 8.19-8.10 (m, 2H), 7.15 (s, 1H), 4.02-3 98 (m, 3H), 3.50-3.43 (m, 1H), 2.87-2.34
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 solution of Intermediate 20E (80 mg, 0.21 mmol) in DCM (S mb}
were added 1-isopropylpiperidin-~d-one (146.9 mg, 1.04 mmol} and acetic acid (0.1 mL).

After stirring 20 min, NaBH{OAc): (308 8 mg, 1.46 mmol} was added and the reaction

Ay

mixture was sticred. After 20 b, the mixture was concentrated, diluted with water (100
mi} and exiracted with ethyl acetate (3 x 30 mL}. The combined organic layers were
dried over NaxSOs, concentrated, and the crude product was purified by preparative
HPLC (Method F) to afford the title compound {47.3 myg, 0.0943 mmol, 45 % vieldyas a
white solid. Analvtical LC/MS (Method 53 Purity: 99.5%; Observed Mass: 510.4;

10 Retention Time: 0.635 min. 'HNMR (300 MHz, BMSQ-ds) 3821 (d,J = 8.4 Hz, 2H),
RI3{d. J=88Hz ZH), 714 (s, 1H), 398 (s, 3H), 324 {s. 3H), 316 (d. J=11.4 Hz,
2H), 3.05(d, J= 114 Hz, 2H), 2.91-2.80 {m, 1H}, 2.830-2.69 (m, 1H}, 2.68 {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, ZH), 111 {d, /= 6.5
Hz, 6H},

EXAMPLE 26 AND 27

S-(1-{B-isopropyi-8-azabicvelo|3.2 1octan-3-yDmpernidin-4-vi)-3.7-dimethyl-2-{4-

{methylisuifonvDphenyl-3H-imidazo|4.5-blpyvridine
CHa

i
| N, 0
/’(\/N (-‘HB
HSCW/\-..-&)
CHs (26, 27)

20 Step A Intermediate 26A. Preparation of 5-{1-(B-azabicyclo[3 .2 1octan-3-yDpipendin-
4-y1)-3,7-dimethyl-2-{4-(methylsulfonyphenyli-3H-imidazo|4,5-bipyridine, 2 HCI salt
CHa3

= R E_
L | N pECH,
N CHa
INY
H (26A)

To a 250 mL round botiomed flask were added Intermediate 20E (1 g, 2.60
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mnoly, DCE (10 mL), | 4-dioxane (10 ml}, and tert-butyl 3-ox0-8-~
azabicyelo]3.2. 1 octane-8-carboxvlate (2.344 g, 10.40 mmol), followed by titanium¢IV}
isopropoxide (3.85 ml., 13.00 mmol). The reaction mixture was stirred at 40 °C under

Nz, After 18 h, the mixture was cooled to room temperature, then sodium

Ay

triacetoxyborchydride (2.203 g, 10.40 mmol} was added. After stirring 1.5 b, the reaction
mixture was filtered, partitioned into KOH solation {18% agqueous saturated with solid
NaCly (130 mL) and 10% [PA/chloroform (150 mL). The lavers were separated, the
agqueous phase was extracted with 10% PA/chloroform (75 mi), the organic phase was
combined, washed with brine, dried over MgSQ4, filtered and concentrated. The residue
16 was purified by flash column chromatography (120 g silica gcl cartridge; A = DCM, B =
MeOH; 30 min grad.; 0% B to 30%8B, flow rate = 80mL/min). Fractions containing
product were combined and concenirated. The resultant residuc was dissolved 1n MeQH
{20 mL) and H{CT solution (4 M in dioxane) {20 mL} and stirred. After 30 sun, the
solvent was concentrated, the residue was co-cvaporated with tolucne (2x) and the
15 product was dried in vacue 1o atford the title compound (1 g, 1.765 mimol, 68 % vield)
{mixtare of isomers) as a pale vellow solid. Analytical LC/MS {(Method 1} Observed
Mass: 494.1; Retention Time: 0.888. 'H NMR {500 MHz, METHANOL-ds) 5 8.39-8.35
{m, 2H), 8. 28-8.24 (m, 2H), 7.61-7.38 (m, 1H), 4.31-4.27 {m, 1H), 4.26-4.18 (m, 2H)},
415 (s, 3H), 3.90-3 .80 (m, 3H), 3.40-334 (m, 2H), 3.29 (s, 4H}, 2. 99-2.91 (m, 1H}, 2.79
20 {s, 3H), 2.49-232 {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 (8.022 ml, 0.388 mmol}, magoesiom sulate (637 mg,
25 529 ounol), and DMF (2 ml.). The reaction nuxture was stirred for 20 mun, then sodium
triacetoxyvborohvdride (374 mg, 1.765 mmol} was added. Afier stimring 18 b, the mixture
was diluted with 10% IPA/CHCl; {40 mb) and filtered. The filtrate was partitioned into
KOH solution (10% aqueous saturated with solid NaCly (20 ml) and the lavers were
separated. The agueous phase was extracted with 10% IPA/CHCL (16 mL), the organic
36 phase was combined, washed with brine, dried over MgS04, filtered and concentrated.
The crude material was purified via preparative LC/MS using the following conditions:

Column: XBridge C18, 200 mm x 19 mm, S-um particles; Mobile Phase A: 5:03
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acetomitrile: water with NH4OAc; Mobile Phase B: 95:5 acctonitrile: water with
NHsQOAc; Gradient: a G-munute hold at 7% B, 7-52% B over 23 mnutes, then a O-minute
hold at 100% B; Flow Rate: 20 mL/min; Column Temperature: 25 “C. Fraction collection

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

Ay

were combined and dried via centrifugal evaporation,

Example 26 (86 mg, .16 mmol, 46 % vield) was isolated as the 1* cluting isomer.
Analytical LC/MS (Method 2} Punity: 100 9%:; Observed Mass: 536.40; Retention Tirae:
L13 min. (Method 3} Purity: 100 % Observed Mass: 536.20; Retention Time: 1.0 min.
'H NMR (300 MHz, DMSO-ds) 8 8.22-8.17 (m, 2H), 8.13-8.08 (m, 2H), 7.09 (5, 1H),

10 3.935-391 (m, 2H), 3.33-3.28 (m, 2H), 3.04-2.98 (m, 2H), 2.84-2 76 (m, 1H), 2.76-2.69
{m, 1H), 2.69-2.61 {m, 1H}, 2. 60-2 38 (m, ZH), 2.57-2 .34 {m, 3H), 2.25-2.15 {m, 2H)},
1.92-1.75 (m, 8H), 1.73-1.63 (m, 2H}, 1.60-1.533 (m, 2H), 1. 52-1 45 (m, 2H), 1.07-0.98
{m, oH).

Example 27 (73 mg, 0.136 mmol, 39 % vicid} was isolated as the 2™ cluting

15 somer. Analvtical LO/MS (Method 2): Punity: 100 %; Observed Mass: 536.40;
Retention Time: 1.34 min. (Method 3} Purity: 100 9%; Observed Mass: 536.20; Retention
Time: 0.99 min. "H NMR (500 MHz. DMSO-ds} 8 8.24-8.17 (m, 2H). 8.13-8 12 {m, 2H),
T3 (s, 1H), 3.94 (s, 3H), 3.69-3.60 {(m, 1H), 3.58-3.42 (m, 2H), 3.31 {5, 3H), 2.92-2.69
{m, 3H), 2.61-2 538 {m, 3H), 2.41-2.31 (m, ZH}, 2.07-1.92 (i, TH), 1.88-1.78 (m, 6H)},

20 111 {brd, J=6.1Hz 6H).

EXAMPLE 36
2-(3 4-dimethoxyphenyi}-S-(1-¢(3aR 55, 6a8)-2-1sopropvioctahydrocyclopental e fpyrrol-5-

vijpipendin-4-yi}-3,7-dimethyl-3H-mmidazo{4, 5-bjpyridine

CHa
N
O g A
{MN N G CH,
‘@\IAN\//'E CHS HC!O
] “L\j il
H:C N
25 CHy (36)

Step A, Intermediate 36A. Preparation of S-chiore~-2-(3 4-dimethoxyphenyt}-3,7-
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dimethyl-3H-mmudazof4,5-bjpyridine

CH,
N CH.
S A
cl N7 N

CHy  O=CHy (354,
To a 100 mL pear shaped flask were added Intermediate 204 (1.4 g, 6.94 mmol),
EtOH (27.8 mL}, sodiom hvdrosulfite (3.63 g, 20.83 mmol}, followed by 3,4~

W

dimethoxybenzaldehyde (1.154 g, 6.94 mmol). The reaction mixture was stirred at 70 °C.
After 18 b, the mixture was cooled to room temperature, the precipiiated product was
collected by vacoom filtraion, washed with ether, and dried in vacuo to afford the title
compound {2.08 g, 6.535 mmol, 94 % vicld) as a pale veliow solid. Analytical LE/MS
{Method 1) Observed Mass: 317.9; Retention Time: 1380 min. 'H NMR (560 MHz,

10 DMSO-de 8 7.49-7.42 (m, 2H), 7.25-7 23 (m, 1H}, 7.19-7.15 (m, 1H), 3.89-3.86 {m, 9H),
2.62-2 60 (m, 3H).

Step B, Intermediate 368, Preparation of tert-butyl 4-(2-(3.4-dimethoxvphenvly-3,7-

dimethyl-3H-tmidazof4,5-bipyndin-5-vi}-3,6-dihvdropyridine- I 2H)-carboxylate

GHy O-CHy
PR\
i. M N\ ) f:';H3
o i CHs
15 BO(.»N\,/' < (3 65)

To a 250 mL round bottomed flask were added Intermediate 36A {1 4% g, 4.66
mmol}, tert-butyl 4-(4 4.5 S-tgtramethyl-1,3,2 -dioxaborolan-2-v1)-3,6-dihydropyriding-
H{ZH}-carboxylate (1.584 g, 5.12 mumol), Pd{dppHiCl BCM ¢0.190 g, 0.233 mmol},
followed by potassium phosphate tribasic {3.46 g, 16.30 mumol)} dissolved in water (8

20 mL). The vessel was flushed with Nz and the reaction mixture was stirred at 85 °C. After

18 h, the mixture was cooled, dituted with water (200 mL) and extracied with EtDA¢
{(2x1060 mL}. The organic phase was combined, washed with brine, dried over MghQs,
filtered and concenirated. The residue was purified by flash column chromatography

{120 g silica gel cartridge; A = Hex, B = EtOAc; 30 min grad.; 0% B 1 100%B; flow rate

I
|4

= 80 mb/min}. The fractions corresponding to product were combined, concentrated and
dried 1 vacuo to afford the title compound (0.67 g, 1442 mmol, 31 % yicid} as a pale
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vellow solid. Analvtical LO/MS (Method 1): Observed Mass: 465.2; Retention Time:
1.662 min. 'H NMR {500 MHz, METHANOL-ds) 6 747 (s, 1H), 7.45-7 .42 (m, 1H),
T38 (s, 1H), 720 (s, 1H), 6.73-6.61 {m, 1H), 4.20-4.13 {m, 2H), 3.98-3.94 (m, 9H), 3.75-
3.66 (m, 2H), 2.83-2.76 (m, 2H), 2.70-2.66 {m, 3H}), 1.33 (g, 9H}.

Ay

Step C. Intermediate 36C. Preparation of 2-(3 4-dimethoxyphenyi)-3,7-dimethyi-5-
{piperidin-4-yl}-3H~inudazol4,5-bipyridime, HC! salt
¢Hs 0-CHa

I

e

Q
N\ o,

3

Y
s N
HN “Hs {36C)
To a 250 mL round bottomed flask were added Intermediate 368 (1.67 g, 1.442
10 mmoly, DCM {7 mL), MceOH (7 mL). and Pd-C (5% wt. on carbon, wet type) (0307 g,
§.144 mmol). The vessel was evacuated and purged with N, equapped with a hyvdrogen
balloon and stirred. After 18 h, the catalyst was filtered, and to the filtrate was added HCH
solution (4 M in dioxane) (15 mL). After stirring 2 h, the solvent was concentrated, the
residuc was co-cvaporated with toluene, and the product was dried i vacuo to afford the
15 atle compound (0.6 g, 1.48% mumol, 100 % yield) as a pale vellow solid. Analvtical
LE/MS (Method 1) Observed Mass: 367.0; Retention Time: $.945 min. 'H NMR (500
MHz, METHANGL-d4} 8 7.63-7.58 {m, 1H), 7.35-732 (m, 1H), 749 (s, 1M}, 733 (d, J=
8.5 Hz, TH), 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 . Intermediate 361, Proparation of 2-(3 4-dimethoxyphenyl)-3, 7-dimethyl-5-(1-

{octahydrocyclopentafclpyrrol-S-vhpiperidin-4-v1)-3H-imidazo[4,5-bjpyndine, 2 HCI

salt
G O-CHj
e N =
N\N [\E ______ _/ CH;
N CH,
o=
HN (36D)
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To a 40 mL vial were added Totermediate 36C (0.6 g, 1 489 mmol), tert-butyi 5-
oxohexahydrocyclopentafcipyrrole-2{(1H}-carboxyiate (1.006 g, 4 47 mmol), AcOH
{0.094 mL., 1.638 nuweol), magnesium sulfate (2.69 g, 22.34 mmol), and DMF (30 mL).
The reaction mxture was stirred for 20 min, then sodium triacetoxyborohyvdrde (1578 g,
7.45 mmol} was added. After stirring 13 b, the muxture was diluted with 10% IPA/CHCL:
{150 mL} and filtered. The filtrate was partitioned into KOH solution (10% agueous
saturated with solid NaCl) (75 mL) and the layers were separated. The agqueous phase
was extracied with 10% IPA/CHCL (50 mL), the organic phase was combined, washed
with brine, dried over MpgSQs, filtered and concentrated. The residue was purified by
flash columm chromatography (80 g silica gel cartnidge; A = DCM, B = MeOH; 30 min
grad ; 0% B to 20% B; flow rate = 60 mEL/min). The fractions corresponding to product
were combined and concentrated. The resultant residue was dissolved in MeOH (10 mL)
and HC solution (4 M m dioxane) (10 mL). After stirring 1 h, the solvent was
concentrated, the residue was co-evaporated with toluene, and the product was dried in
vacwo to afford the title compound (0.65 g, 1185 mmol, 30 % vield) as an off-white
solid. Anabytical LC/MS (Method 1) Observed Mass: 476 2; Retention Time: 0.908 nun.
"H NMR (500 MHz, METHANOL-ds) § 7.63-7.60 {m, 1H), 7.57-7.51 (m, 2H), 7.35-7 33
(m, TH), 4.16 (s, 3H), 4.00 (d, /= 6.2 Hz, 6H), 3.87-3.78 (0, 2H), 3.49-3.38 (m, 4H),
3.29-3.20 (m, 2H), 3.07-3.02 (m, 2H}, 2.76 {s, 3H}, 2.73-2.71 {m, 2H), 2.66-2.58 {m, ZH},
2.50-2.38 (m, 2H), 2.34-2.26 (m, 2H), 1.98-1 87 {in, 2H).

Step E. Preparation of Example 36

To a 40 mL vial were added Intermediate 360 (0 myg, {1146 mmol), propan-2-
one (42,4 mg, 8.729 mumol}, AcOH (9.18 uyl., 8.160 mmol}, magnesiom sulfate (203 mg,
2188 mumol), and DMF (Z mL}. The reaction nuxture was stitred for 20 nun, then
sodium triacetoxyborohvdride (135 mg, 0.729 mmol) was added. After stimmng 18 b, the
mixture was diluted with 10% IPA/CHCL: (40 mL) and filtered. The filtrate was
parittioned mto KOH solution (10% agqueous saturated with solid NaCl) (20 ml) and the
layers were separated. The aqueous phase was extracted with 10% IPA/CHCH (10 ml),
the organic phase was combined, washed with brine, dried over Mg8Q4, filtered and
concentrated. The crude product was purified by preparative HPLLC (Method A} to afford

the title compound (50.6 mg, 0.0978 mmol, 67 % vicld). Analviical LC/MS (Method 2):
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Purity: 100 %; Observed Mass: 518.5; Retention Time: .53 min. (Method 3): Purity: 100
%: Observed Mass: 513 4; Retention Time: 1.09 min. 'H NMR (5006 MHz, DMSO-de) &
7.29-7.19 (m, 2H), 6 98-6.92 {m, 18}, 6.86-6.79 (m, {H)}, 3.70-3.68 (m, 2H), 3.67-3.64
¢, 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 218210 (m, 1H), 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, ZH), (.88-0.80 (m, 6H}.
EXAMPLE 42
5-(1-{(3aR, 35 6a8 - 2-cyclobutyloctahydrocyclopentalcipvrrol-3-yhpiperndin-4-y1}-2 (8-
10 methoxy-{1.2 4ltriazolof 1. S-alpyridin-6~-v1)-3.7-dimethyl-3H-imidazo[4,5-bpvrdine
CHS O"’CH;{
2 N =
[ > =
YW N
i N
N CH;
oe
[:// (42)
Step A, Intermediate 42A. Preparation of S-chioro-2-(8-methoxy-[ 1,2 4jmazolo] 1,5~
alpyndin-6-yi3-3,7-dimethyl-3H-imidazo[4.5-bipyridine
s 0-CHy
L
S Ve
SR e S
CHs NTaoay
15 To a 100 mL pear shaped flask were added Intermediate 20A (1.75 g, & 68 mmol),

EtOH (34.7 mL), sodivm hydrosulfite (4.53 g, 26.0 mumol}, followed by 8-methoxy-
1,2, 4jnazolof 1, 5-alpyndine~6-carbaidehvde (1.538 g, 8.68 mmol). The reaction
mxture was stirred at 70 °C. After 18 h, the mixture was cooled to room tomperature, 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. Anabytical LC/MS (Method 1) Observed Mass: 328 9; Retention Tome: 1.385 nun.
'HNMR (300 MHz, DMSO-ds) 6 9.15-9. 11 {m, 1H), 8.62-8 58 (m, 1H), 7.51-7.47 (m.
1H}), 7.36-7.29 (m, 1H), 4.10 {5, 3H), 3.96 (s, 3H), 2.67-2.64 (m, 3H).

75

SUBSTITUTE SHEET (RULE 26)



WO 2023/159154 PCT/US2023/062780

Step B. Intermediate 428, Preparation of 2-(8-methoxy-{ 1,2 4ltnazolof L, 5-alpyndin-6-
yhi-3, 7-dimethyi-3-(3-(octahydrocyclopentajcipyvirol-3-yhpiperidin-4-yi}-3H-
midazol4,3-bipvridine, 2 HCI salt

5 jntermediate 42B was prepared according to general methods described elsewhere
herewn using appropriate starting materials, reagents and conditions. Analvtical LO/MS
(Method 1) Observed Mass: 487.2; Retention Time: §.920 min. ‘H NMR (300 MHz,
METHANOL-ds) 3 9.20-9.16 {m, 1H), 8.63 (s, 1H), 7.60-7.52 (mm, 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-

16 296 {(m, 3H), 2.82-2.76 (n, 3H}, 2.68-2.58 (1, 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 eisewhere
153 hercin using appropriate starting materials, reagents and conditions. Analviical LC/MS
{Mcthod 2); Purity: 98.3%; Observed Mass: 341 .4; Retention Time: 1.34 mm. (Method
3): Purity: 100%:; Observed Mass: 541 2; Retention Time: 0.99 min. 'H NMR (500 MHz,
DMSO-ds) § 9.15-9.08 (., 1H), 8.59 (s, 1H), 7.53-7.46 (m, 1H}, 7.13-7.08 (m, 1H} 4.10
{s, 3H), 398 {g, 3H}, 2.65-2.60 (m, 4H), 2.55-2.52 {m, OH}, 2.21-2.08 (m, 4H), 2.07-1 80
26 {oy, 10H), 1.78-1.61 {m, 3H).

EXAMPLE 59
2-(3 4-dimethoxyphenyly-5-{4-(2-isopropvl-2,7-diazaspiro| 3.5 Inonan-7-vlphenyi}-3,7-

dimethyvl-3H-imidazo[4 S-bipyridine
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OHa
Step A, Intermediate S9A. Preparation of tert-butyl 7-(4-bromophenyl)-2,7-

drazaspirof 3.5 nonane-2-carboxylate

oV
BocN%ﬁ N/ s0n)

5 To a 250 mL round bottomed flask were added tert-butyl 2.7~
drazaspire] 3.5 jnonane-2-carboxylate (4 g, 17 67 mmol), 1 4-dibromobenzene (6.25 g,
26.5 mmol), rac-BINAP (1.101 g, 1.767 mmol}, sodiom tert-butoxade (2.72 g, 28.3
momol), followed by toluene (100 mL). The mixture was purged and evacuated with Mz,
then Pdz2{dba)s (00,809 g, {1.884 mmol) was added. The vessel was purged with Nz and
10 stirred at 100 °C. After 18 h, the reaction mixture was cooled, dilated with water (200
mb), and extracted with EtOAc (2 x 100 mbL). The organic phase was combined, washed
with brine, dried over Mg&0;, filtered and concentrated. The residue was purified by
flash column chromatography (220 g silica gel cartridge; A = Hex, B = E10Ac; 30 min
grad ; 0% B to 100% B, flow rate = 100 mL/min}. The fractions corresponding to
153 product were combined, concentrated and dried in vacuo to afford the title compound (3.7
g, 14.95 mmol, 85 % vield) as a tan solid. Analvtical LE/MS (Method 1) Observed
Mass: 383.0; Retention Time: 1.826 min. 'H NMR (400 MHz, METHANGL-d4) § 7.39-
724 (m. 2H), 6.90 {d, J= 9.0 Hz, 2H), 3.77-3.63 (m. 4H), 3.21-3.08 (m, 4H), 1.95-1.80
{m, 4H), 1.46 (s, YH).

20

Step B. Intermediate 39B. Preparation of tert-butyl 7-(4-(4,4,5 5 -tetramethy!-1,3,2-

dioxaborolan-2-vliiphenyl}-2,7-diazaspirof 3.5 jnonane-2-carboxylate

CHa
, =N PCH,
BocN N \ A B\O CH.
CHs (59B)

~d
-3
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To a 250 mL round bottomed flask were added Intermediate 59A (3.7 g, 1495
munol}, potassium acetate (2.93 g, 29.9 mmol}, 4,4,4'4",5,5.5' 5 -octamethyl-2,2-bi{1,3,2-
dioxaborolane) (7.39 g, 299 nuvol), and 1. 4-dioxane (150 ml). The vessel was

evacuated and purged with Na, Pd{dppDCl-DCM (1.221 g, 1.495 mmol) was added, the

Ay

vessel was purged again, and the reaction sixture was stirred at 100 °C. After 18 h, the
mixture was cooled, diluted with water (200 mL) and extracted with EtOAc (2 x 100
mb}. The organic phase was combined, washed with brine, dried over MgSQOu, filtered
and concentrated. The residue was purified by flash column chromatography (120 g
sifica gel cartridee; A = Hex, B = EtQA«; 30 min grad.; 0% B to 100% B; flow rate = 85
16 mb/man}. The fractions corresponding to product were combined, concentrated and dried
in vacuo to atford the title compound (4.1 g, 957 mmol, 64 % vield) as a tan sohid.
Analvtical LC/MS (Method 1): Observed Mass: 429.1; Retention Time: 1.968 min. 'H
NMR (400 MHz, METHANOL-d4) 5 761 (d, /= 8.7 Hz, 2H}, 6. 94 {d, J = 8.7 Hz, 2H},
3.75-3.63 (m, 4H), 3.29-3.20 (ru, 4H), 1.97-1.83 {m, 4H), 1 50-1 .46 {m, 9H), 1.34 (s,
15 12H).

Step €. Intermediate 59C. Preparation of 5-{(4-(2,7-diazaspiro{3 .5 nonan-7-yliphenyi-2-
{3, 4~-dimethoxyphenyly-3,7-dimethyl-3H-1udazol4.5-blpyndine, 2 HCl sakt

Ha O-CHg
PN
IO
D ; . Nt
| S NN CH:
CHa
o 3
'/\Fi\i/
; i
N/ (59C)
20 To a 40 mL vial were added Intermediate 36A (0.26 g, 0.818 mmol), Intermedsate

598 {0.456 g, 1.064 numol), potasstum phosphate tribasic (0347 g, 1.636 mumol), 1,4~
dioxang (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 agam, and the reaction mixture
was stirred at 83 °C. After 18 h, the mixture was cooled, diuted with water (100 mL) and
25 extracted with EtOAc (x50 mL}. The organic phase was combined, washed with brine,
dricd over MgSQs, filtered and concentrated. The residue was purnified by flash column

chromatography {80 g sihica gel cartnidge; A = DBCM, B=MeQH; 30 min grad.; 0% B to
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20% B, flow rate = 60 mEL/vumn). The fractions corresponding to product were combined,
and concentrated. The obtained residue was dissolved 1o MeOH (10 mL), and HCY
solution (4 M dioxane) (10 mL). Afier sturing 2 b, the solvent was concentrated, the
residue was co-evaporated with toluene (2x) and the product was dried 72 vacuo to afford
the title compound (140 mg, 0.252 mmol, 31 % vield) as a tan solid. Analvtical LC/MS

{Method 1}: Observed Mass: 484 .2; Retention Time: 1.052 min.

Step D, Preparation of Example 39

To a 40 mL vial were added Intermediate 59C (70 mg, 0.126 mmoi), MgSG: (76
mg. 0.629 mumol), DMF (5 mL), AcOH {(7.20 L, 0.126 mmol}, followed by propan-2-
one (36.3 mg, 0.629 mmol). Afier stirring for 10 min, sodinm tracctoxyborohyvdride (133
mg, 0.629 mmeol} was added, the vial was capped and the reaction mixture was stirred.
After 18 h, the mixture was diluted with 10% IPA/CHCIs (40 mL), filtered, and the
filtrate was concentrated. The residuc was punified by preparative HPLC (Method D).
The pure fractions were combined and concentrated. The resultant residue was
partittoned in 10% IPA/CHCEH (20 mL), and KOH solution {10% aqueous saturated with
sohid NaCl) (20 mL). The layers were separated, the aqueous phase was extracted with
10% IPA/CHCL: (10 mL). the organic phase was combined, washed with bane, dried over
MgS04, filtored, and concentrated. The product was dried i vacuo to afford the title
compound {35.13 mg, 0.066 mamol, 53 % vicld) as an off-white schid. Analytical LO/MS
{Method 1): Purity: 99%:; Observed Mass: 526.2; Retention Time: 1,123 nun. {Method
6. Purity 99%: Observed Mass: 526 2; Retention Time: | 459 min. H NMR (500 MHz,
DMSO-ds) § 8.07-7.98 (m, 2H), 7.64-7.61 (m, 16D, 7.48 (s, 2H), 7.19-7.14 (m, 1H), 7.06-
6.99 (m, 2H), 3.98-3.93 (m, 3H), 3.91-3.84 (m, 6HD), 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}-3-{4-(6-1sopropyl-2,6-diazaspiro] 3.3 [heptan-2-yUphenyl-3.7-

dimethyvi-3H-midazol4,3-blpynidine
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GHs (60)
Step A, Intermediale 60A. Preparation of tert-butyl 6-(4-bromophenyl}-2.6-

diazaspiro3 .3 theptane-2-carboxylate

BGCN<><>NBr (60A)

To a 300 mL round bottomed flask were added tert-butyl 2,6-
diazaspirof3.3 theptane-2-carboxylate, oxalic acid salt (6 g, 20.81 mmol), 1,4~
dibroraobenzene (7.36 g, 31.2 amaol), rac-BINAP (1.296 g, 2.081 vwnol), sodium tert-
butoxide (5.20 g, 54.1 yamol}, followed by the addition of toluene (100 mL}. The nuxture
was purged and evacuated with No, then Pdo{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 mL) and exiracted with EtOAc (2x150 mL). The
organic phase was combined, washed with brine, dried over MgSQ,, filtered and
concentrated. The residue was purified by flash cohunn chromatography (220 g silica gel
cartridge; A = Hex, B = EtOAc; 30 min grad.; 0% B 1o 100% B; flow rate = 100
mb/min}. The fractions corresponding to product were combined, concentrated and dried
in vacuo to afford the title compound (3.0 g, 14.15 sumol, 68 % vield} as a tan sohd.
Analytical LC/MS (Method 1): Observed Mass: 352.9; Retention Time: 2.180 min. 'H
NMR (500 MHz, METHANOL-d4) 8 732-7.24 (mm, 2H}, 6,41 {d, /=89 Hz, 2H), 485 (s,
4H), 3.99-391 (m, 4H), 1.46 (s, SH).

Step B. Intermediate 60B. Preparation of tert-butyl 6-(4-(4,4,5, S-tetramethyi-1.3,2-

dioxaborolan-2-yDphenyl -2 6-diazaspiro] 3 3theptane-2 -carboxyiate
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To a 500 mL round bottomed flask were added Intermediate 60A (5.0 ¢, 14.15
munol}, potassium 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 nuvol), and 1 4-dioxane (200 ml). The vessel was

evacuated and purged with Na, Pd{dppD)Cl-DCM (1,156 g, 1.415 mamol) was added, the

Ay

vessel was purged again, and the reaction sixture 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, dred over MgSQOq, filtcred, and
concentraied. The residue was purified by tlash column chromatography (120 g silica gel
cartriddge; A = Hex, B = EtQAc; 30 min grad ; (% B to 100% B; flow rate = 80 mL/min}.
16 The fractions corresponding to product were combined, concentrated and dried in vacuo
1o afford the title compound (4 06 g, 10.14 mmol, 72 9 yicld) as a tan solid. Analvtical
LC/MS (Method 1); Observed Mass: 401.0; Retention Time: 2.297 min. 'H NMR (500
MHz, METHANOL~d4} 6 7.63-7.52 {m, ZH), 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 60C. Preparation of 5-{(4-(2,6-diazaspirol3 3 jheptan-2-y1)phenvi}-

2-(3,4-dimethoxypheayl)-3.7-dimethyl-3H-inudazol4, 5-blpyridine, 2 TFA salt

CHy O-CH,
N ......
& SN el oy
. J\{/ CHg
e
HN~ (66

To a 40 mL vial were added Tntermediate 36A (0.26 g, 0.518 mmol}, ntermediate
20 60B (491 g, 1.227 mmol), potassium phosphate tribasic (0.347 g, 1.636 mmel}, 1.4~
dioxane {10 mL), and water (2 mL). The vessel was flushed with Na, then XPhos Pd (G3
{0.021 g. 0.025 mumol) was added, the vessel was flushed agam, and the reaction suxture
was stirred at 83 °C. After 18 h, the nuxture was cooled, diluted with water (100 mE} and

extracted with EtOAc (2 x 50 mb}. The organic phase was combined, washed with brine,

N
Ay

dried over MgS0y, filtered and concentrated. The crude mixture was punfied by flash
column chromatography (80 g silica gel carindge; A = DUM, B = McOH; 30 nun 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 m MeOH (10 mL}, and
HCl solation (4 M in dioxane)} (10 mL). After stirring 2 h, the solvent was concentrated,
the residue was co-~evaporated with tohiene (2x) and the product was dried in vacuo to
afford the fitle compound (90 mg, 0.132 mmol, 16 % vield) as atan solid. Analytical
LO/MS (Method 1): Observed Mass: 456.1; Retention Time: 1.067 min. 'H NMR (500
MHz, METHANOGL-d4) 8 8.16-8.06 (m, 2H), 7.94-7 87 (m, 1H}, 7.64-7.57 {m, 1H), 7.56-
751 {m, 1H), 7.37-7.29 (m, 1H}, 6.69-6.59 (m, ZH}, 439-432 {(m, 4H), 4 17 (s, TH),
4.03-3.98 (m, 6H). 2.82-2.73 {m, 3H).

Step D Preparation of Example 60

To a 40 mb vial were added Intermediate 60C (45 g, 0.066 mumol), MgsG: (396
mg, 0329 mmol), DMF (S mL), AcOH (3.77 uL, 0.066 mmol), followed by propan-2-~
one (18,12 mg, 0.329 mmol). After stirring for 10 mun, sodium tnacetoxyborohyvdride
{69.8 mg, 0.329 mmol) was added, the vial was capped and the reaction mixture was
stirred. After I8 h, the mixture was diluted with 10% IPA/CHCE (40 ml), filtered, and
the filtrate was concentrated. The residue was purified by preparative HPLC (Method Dy,
and the fractions corresponding to prodact were combined. The volatiles were
evaporated, and the resultant agueous solution was partitioned in 10% IPA/CHCL: (20
mkL), and KOH solution {10% agucous saturated with solid NaCl (20 mL). The layers
were separated, the aqueous phase was extracted with 10% [PA/CHCE (10 mL), the
organic phase was combined, washed with brine, dried over MgSQu, filtered, and
concentrated. The product was dried /7 vacno to afford the title compound (21.57 mg,
0.043 nunol, 65 % yield) as a hight tan sobid. Asalytical LC/MS (Method 1) Punity: 99%;
Observed Mass: 498 .2; Retention Time: 1,138 min. (Method 6): Purity 99%, Observed
Mass: 498 2; Retention Time: 1432 min. "H NMR (500 MHz, DMSO-de} § 8.06-7.99
(o, 2H), 7.62-7 58 (m, 1H), 748 (s, 2H), 7.20-7.13 (m, 1H), 652 (d. /=87 Hz, ZH),
397391 (m, TH), 3.88(d, /=26 Hz, 6H}, 3.30-3.28 (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 starting materials, reagents and conditions.
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Analytical LC/MS, "H NMR
No.
Analvtical LO/MS (Method 2} Observed Mass: 368 20; Retention Time: 1.33
min. Analytical LO/MS (Method 3} Observed Mass: 568 20; Retention Time:
Pidmin. 'H NMR (500 MHz, DMSO-ds) 8 8.36 (br d, /=82 Hz, 2H), 8.12 (br
1 dd, /=81 4.1 Hz 4H), 7.77 (s, 1H), 7.38 (br d, J=7.9 Hz, 2H), 3.88-3.80 (m,
PH}, 3.61-3.54 (m, 1H), 3.37-3.30 {m, 1H)}, 3.24-3.21 (mm, ZH), 3.16 (s, 3H},
3.05-296 Gm, TH), 2.91-2.86 {m, 1H)}, 2.66 (s, 3H), 2.51 {(brs, 3H), 1.91 (5, ZH),
P88-1.78 (m, 2H), 1.74-1.51 {m, 4H), 1.25-1.13 (m, 2H), 0.86 {br s, 2H}.
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Analytical LO/MS (Method 2): Purity: 95.6 %; Observed Mass: 370.20;
Retention Tume: 1.46 nun. (Method 3): Punty: 94.4 %; Observed Mass: 570.3;
Retention Time: 1.08 min. 'H NMR (500 MHz, DMS0-ds) § 8.35 (br d, /=382
2 | Hz 2H) 812 {brd, =73 Hz, 4H), 7.80-7.75 (m, 1H), 7.46-7.39 {m, 2H}, 3.90-
377 (m, 1H), 3.63-3.43 (m, 3H), 3.32 (s, 3H), 2.86-2.75 (m, 2H), 2.68-2.63 (m,
3H3, 2.57-2.54 {m, 3H), 2.08-1.92 (m, 48, 1.86-1.76 (m, 2FD), 1 71-1.62 {m,
3H3, 1.49-1 .38 {m, 2H), 1.23-1.12 {m, 2H}, 0.90-0.79 (m, 2H)

Analvtical LC/MS (Method 2} Purity: 100 %; Observed Mass: §56.20;
Retention Time: 1.39 min, (Method 3% Punty: 100 %; Observed Mass: 556 2¢;
Retention Tume: 1.10 min, '"H NMR (500 MHz, DMSO-de) 3 8.38-8.32 (m, 2H).
Q12 {brdd, J=28.1, 4.1 Hz, 4H), 7.70-7.75 (m, 1¥]), 7.43-7.33 (m, 2F, 3 38-
3.78 (m, 1H), 3.64-3.50 {m, 1H), 3.33 (g, 2H), 2.95-2 86 (m, 1H}, 2.78-2.71 (m,
FH), 2.66 (s, 3H), 2.51 (brs, TH), 2.34-2.25 (m, 1H), 1 91 (g, 3H), 1 22-1.12 (m,
2H, 084 (brd, J=61Hz 6H)

Analvtical LC/MS (Method 2): Purity: 100 % Observed Mass: 570.20;
Retention Time: 1.50 min. (Method 3} Purity: 100 %; Observed Mass: 570.20;
Retention Time: 1.14 min. 'H NMR {500 MHz, DMSO-ds) 3835 (brd, /=82
4 | Hz ZHY, 812¢hrdd, J=T79 49Hz 4H) 777 (s, 1H), 738 (brd, J=TO Hz,
2H}, 3.90-3.80 (m, 1H), 3.60-3.54 (m, 1H), 3.52-3.41 (m, 1H), 333 (s, 1H), 3.22
(s, 2H), 2.66 (s, 3H), 2.51 (brs, 8H3, 2.19-2.07 (m, 2H), 1.57-1.40 (m, 1H),
F24-1.12 (m, 2H3, $.90-0.85 (m, 2H), 081 (d, /= 6.7 Hz, 6H}

Analvtical LC/MS (Method 2): Purity: 100 %; Obscrved Mass: 398.2; Retention
Time: |39 min. (Method 3): Purity: 180 %; Observed Magss: 59€.2; Retention
Time: 1.10 min. 'H NMR (500 MHz, DMSO-de} 8 8.31 (5, 2H), 8.10 (brt, J =
7.8 Hz, 4H), 775 (5, 1H), 740 (s, 2H), 378 (br s, SH), 3.64-3.54 {m, 1H), 3.26
(s, 6H, 2.65 (s, 3H), 2.55 (s, 5H), 2.26-2.16 {m, 1H), 1.92-1.84 (m, 11D, 1 60-
149 {m, 2H), 1.20-1.02 (m, 4H), 0.88-0.77 {m, 2H)

(5]
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Analvtical LO/MS (Method 2): Purity: 96.5 %; Observed Mass: 370.20;
Retention Tune: 1.09 nun. (Method 3} Punty: 96.3 %; Observed Mass: 570.20;
Retention Time: 1.09 min. 'H NMR (500 MHz, DMSO-d6) §3.35(d, J =84

6 | Hz 2HY, 812 {brd, J=69Hz 4H), 777 (s, 1H}, 739 {(d, J=8.2 Hz 2H), 4 51
(s, 2H), 4.29 (5, 2H), 3.87-3.79 (m, 1H), 3.69-3 37 (m, iH), 3.35-3.31 (w, ZH},
3.28-3.27 (m, 2H), 2.66 (s, 3H), 2.55 (s, 68D, 1.91 (5, 3H), 1.22-1.12 (m, 2H)},
0.91-0.81 (m, 2H)

Analvtical LC/MS (Method S): Purity: 98.2%: Observed Mags: 504.3; Retention
Time: 1.333 min. 'H NMR (400 MHz, DMSO-ds) § 824 (d. J= 8.1 Hz, 2H),
8.14-8.08 (m, 4H), 7.72 (5, 1H), 7.05(d, J = 8.4 Hz, 2H), 4.02 (s, 3H), 3.34 (s,
3HD), 3.24 (s, 4H) 2.70-2.58 {m, &8H), 1.03 (d, /= 6.4 Hz, 6H)

Analytical LC/MS (Method 3): Purity: 99.1%; Observed Mass: 318.2; Retention
Time: 0.799 min. 'H NMR (400 MHz, DMSO-ds) 5 8.24 (d, 7= 8.4 Hz, 2HD,

8 18143 F=84Hz 2H), 888 (d, J=88Hz Z2H), 772 (s, IH), 7.05(d, J= 88
Hz, 2H), 4.02 (s, 3H), 333 (s, 3H), 3.28-3.20 {m, 4H), 2.66 (5, 3H), 2.49 (5, 4H),
2, J=30Hz 2H), 1 90-1.75 (m, 1H), 0.90(d, /=6 8 Hz, 6H)

Analvtical LC/MS (Method 2): Purity: 100 %; Observed Mass: 301 .40;
Retention Time: 146 min. (Method 3} Punity: 100 %; Observed Mass: 561.10;
Retention Time: 1.38 min. 'H NMR {500 MHz, DMSO-ds) §837(d. /=82
He 2H), 813 (dd, /=79 55 Hz 4H), 7.77 (s, 1H}. 740 (brd. J =82 Hz 2H},
391380 (m, 1H), 2.97-2 .84 (m, ZH), 2.67 (s, 3H), 2.52 (brs, 4H), 2.22 (5, 3H},
2.06-1.96 (m, 2H3, 1.85-1.67 {m, 4k, 1.25-1.13 (m, 2H), 0.88 (brs, 2H)
Analvtical LO/MS (Method 2} Purity: 95.9 96, Observed Mass: 456.0;
Retention Time: 1.81 min. (Method 3} Purity: 97.2 %; Observed Mass: 486.2;
Retention Time: 1.17 min. 'H NMR (500 MHz, DMSO-de) 68.13(d. J =838
Hz, 2H), 7.78 (s, 1H), 7.51 (s, 2H), 7.24-7 .13 {m, 3H), 4.00 s, 4H}, 3.88 (5, 5H),
3.15-299 ¢m, 1H), 2.70-2.65 (m, 3H), 2.55 {5, 3H}, 2.53-24%9 (s, 3H), 1.32(d, J
= 6.6 Hz, 6H)
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Analvtical LO/MS (Method 2): Purity: 96.3 %; Observed Mass: 463.95;
Retention Tumne: 1,12 nun. (Method 3} Punty: 72.9 %; Observed Mass: 463 .93;
Retention Time: 0.97 min. 'H NMR (500 MHz, DMSC-ds) § 8.23-8.17 {m, 1H),
F78& (s, 3HY, 7.17-7.09 (m, 1H), 3.90-3 85 {m, 2H), 3.03-2 98 {m, 3H), 2.92-2 .88
{m, 3H), 2.77-2.72 (m, 3H), 2.33-2.27 {m, 6H), 221-2 15 (m, 4H), 1.76-1.72 (m,
3H3, 1.53-1 .48 (m, 4H), 1.44-1 41 (m, 28D

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

i1

Retention Time: 1.27 min. (Method 33 Punity: 75 %, Observed Mass; 477.93;
Retention Time: 1.12 min. 'H NMR (500 MHz, DMSO-de) 3 8.27-8.17 (m, 1H),
7.94-7 68 (m, 3H), 7.18-7.09 {m, 1H), 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, TH}, 1.63-1.52 (m, 2H), 0.88 (brd, J = 6 4 Hz, 10H)

Analvtical LC/MS (Method 2): Purity: 72.7 %; Observed Mass: 461.96;
Retention Time: 1.20 min. (Method 3): Purity: 74.9 9. Observed Mags: 462,18,
Retention Time: 0.94 min. 'H NMR (500 MHz, DMSO-de) & 8.45-8.40 (m, 1H),
13 {781 ¢brs, 3H), 7.19-7.12 (m, 1H), 3.03-2 94 {m, 3H), 7.68-2.39 (m, 2H), 2.33-
223 {m, 3H), 2.19-2.07 (m, 3H), 1 .94-1 88 {m, 28}, 1.85-1.78 {m, 2}, 1.77-
P65 {(m, 4H), 1.60-1.51 (m, 2H}. 1.45-1.33 (m, 34}, 1.29-1 20 {m, 2H}, 0 43-
0.36 {m, 2H), 0.30-0.24 (m, 2H)

Analvtical LO/MS (Method 537 Punity: 99.3%; Observed Mass: 496.2; Retention
Time: 05353 min. 'H NMR (400 MHz, DMSO-ds} 8 10.22 (s, 1H), 9.65 (s, 1H},
14 | 846 (s, TH), 8.23-8.13 (m, 48}, 8.07-8.01 (m, 1H), 3.98 {s. 3H), 3.70-3.47 (m,
3H), 3.34 (s, 3H), 3.28-3.01 (m, SH), 2.41-2.33 (m, 2H), 2.25-1.96 {m, 3H),
1.33-1.24 (m, 6H}

Analytical LOC/MS (Method 3): Purity: 96.5%,; Observed Mass: 510.2; Retention
Time: 0.588 min. 'H NMR (400 MHz, DMSO-ds} & 10.34-10.30 (m, 1H),

15§ 9.53-9.48 {m, 1H), 8.49-8.44 {(m, 1H), 8.23-8.12 (m, 4H}, 5.06-8.02 {m, 1H)},
398 (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 (m, 2H), 2 24-2 00 {m, 6H), 1.01-0.95 (m, 6H)
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Analvtical LC/MS (Method 5): Purity: 98.0%; Observed Mass: 494 .2; Retention
Time: 0.558 min. 'H NMR (400 MHz, Trifluoroacetic acid-d) & 7.66-7.62 {m,
16 | 2H), 7.23(d, J=8.4 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), 1.533-1.530 (o, 2H), 1.37-1.27 {m, 6Hj), 6.10-0.02 {m, 4H)

Analvtical LC/MS (Method 3): Purity: 98.8%, Observed Mass: 496.1; Retention
Time: 0.584 nin. 'H NMR (300 MHz, DMSO-ds} § 8.26-8.01 {m, 5H}, 7.26 (d,
17 (=84 He 1H), 3.96 (s, 3H), 3.32 {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), 1L.51-1.33 (m, 2H), 095 {d, =635
Hz, 6H)

Analytical LC/MS (Method 5): Purity: 98.1%; Observed Mass: 510.2; Retention
Time: §.606 min. 'H NMR (300 MHz, DMSG-ds) 5 8.27-8.00 (m, 5H), 7.26 (d.
18 | J=84Hz 1H), 3.97 (s, 3H), 3.32 (s, 3H), 3.05-2.95 {m, 2H}, 2.91-2.76 {m,
3H), 2.35-2.21 {(m, 3H), 2.07-1.94 (m, 2H}, 1.93-1.63 (m, 9H), 1.55-1.38 (m,
ZH), 0.85 (d, § = 6.8 Hz, 6H)

Analytical LC/MS (Method 3): Purity: 98 4% Observed Mass: 494 .2; Retention
Time: 0.393 min. 'H NMR (300 MHz, DMSO-ds) & 8.29-7 98 (m, 5H}, 7.26 (d,
19 =84 Hz, 1H), 396 (s, 3H), 332 (s, 3H}, 3.03-2.93 {m, 4H), 2.85-2.72 {m,
FH), 2.35-2.25 {m, 3H), 2.20-2.07 {m, 2H), 1. 98-1.63 (m, 64, 1 61-1.26 (m,
3HY. 0.46-0.23 (m, 4H)

Analytical LC/MS (Method §): Purity: 99.5%; Observed Mass: 510 .4; Retention
Time: 0.635 min. "H NMR (300 MHz, DMSO-de) § 8 21 (d, J= 8.4 Hz, 2H),
813(d, /=88 Hez, 2H), 7.14 (s, 1H), 398 (s, 3H), 3.24 (5, 3H), 3.16 d. J =
114 Hz 2H), 3.05(d, /=114 He, 2H), 2.91-2 80 {m, 1H), 2.80-2.69 (m, 1H},
268 (s, 3H), 2.56-2.34 (m, 3H), 2.30-2.19 {m, ZH), 2.11-1.94 {m, oH), 1.74-1.57
(m, 2H), 111 {d, /=65 Hz, 6H)
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Analvtical LC/MS (Method 5): Purity: 99.8%; Observed Mass: 524 .3; Retention
Time: 0.653 min. 'H NMRB (400 MHz, Methanol-d) 8 821 (d, /= 8.4 Hz, 2H),
813 (d, J=88Hz 2H), 715 (s, IH), 3.99 (¢, 3H), 3.27-3.18 (m, 5H)}, 3.06 (4, J
=11.5 Hz, ZH), 2.96-2.83 (m, 1H), 2.68 (g, 3H), 2.36-2 40 (m, 3H), 2.17 (d, ./ =
7.2 Hez, 2H), 2.09-1.92 (m, 8H), 1.90-1.79 ¢m, 1H), 1.77-1.64 {m, ZH), 0.96 (5,
3H), 6.94 (s, 3H)

Analyviical LC/MS (Method 5): Purtty: 99 7%, Observed Mass: 540.3; Retention
Time: 0.606 min. 'H NMR (300 MHz, DMSO-ds) 5 8.21 (d, J = 6.4 Hz, 2H),
22 1 8.13(d, J=68Hz 2H), 7.10 (s, 1H), 403 {3, 1H), 394 (s, 3H), 3.33 (s, 3H),
3.05-2.91 (m, 4H), 2.78-2.66 (m, 1H), 2.59 (s, 3H), 2.31-2.13 (m, 3H), 2.13-2.03
(m, 2H), 1.91-1.74 (m, 483, 1. 70-1.61 (m, 2H)}, 1.56-1 .43 (m, 2H), 1.08 (g, 6H)
Analvtical LC/MS (Method 2): Purity: 100 %; Observed Mass: 522.1; Retention
Time: 248 min. (Method 3} Purity: 100 %; Observed Mass: 522.2; Retention
Time: 1.020 min. 'H NMR (500 MHz, DMSO-de) 3 8.20 (s, 2H), 8.13 (s, 2H),
23 1 710 (s, TH), 3.95 (5, 3H), 3.36-3.34 (my, 3H), 3.07-2.98 (m, 4H}, 2.78-2.70 (m,
TH), 2.62-2 37 (m, 3H), 2.35-2.22 (m, 3H), 2.21-2.14 (m, 2H), 2.01-1 &1 (m,
6H3, 180-1.72 (m, 2H), 1.58-1.40 (m, 2H}, 0.90-0.78 {m, 1H), 8 33-0.38 (m,
2H), 6.12-0.04 (m, 2H)

Analytical LE/MS (Method 2y Purity: 98 7 %; Observed Masg: 322 20;
Retention Time: 1.29 min. (Method 3y Punty: 100 %, Observed Mass: 522.20;
Retention Tuse: 0.99 min. 'H NMR (300 MHz, DMSO-de) § .18 (s, 2H), 8.15-
24 | 809 (m, 2H), 7.10 {s, 1H), 3.99-3 91 {m, 3H), 3.34-3.27 (m, 2H), 3.067-2.9% {m,
2H), 2.90-2.82 {m, 2H), 2.830-2.63 (m, 2H}, 2.59 {s, 3H}, 2.40-2 26 {m, 3H),
2.61-1.92 (m, 2H), 1.92-1.67 {m, 10H), 1.66-1.55 {m, 2H), 1.53-1.41 (m, ZH)

21

{on¢ proton obscured)

Analytical LC/MS (Mcethod 2): Purity: 100 %; Obscrved Mass: 552.2; Retention
Time: 1.192 mun. {(Method 3} Punity: 100 %; Observed Mass: 552.20; Retention
Time: 0.977 min. 'H NMR (500 MHz, DMSO-ds) & 8.25-8.18 {m, 2H), 8.13 ¢d,
J= 87 He, ZH), 710 (s, THY, 3.95 {5, 3H3, 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, 2H3, 1.94-1.72 (m, TH), 1.71-1.60 {m, 2H), 1.53-1 32 (m, 4H)

N
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Analvtical LO/MS (Method 2): Purity: 100 %; Obscrved Mass: 5336.40;
Retention Tume: 1,13 nun. (Method 3): Punty: 100 %; Observed Mass: 536.20;
Retention Time: 1.0 min. 'HNMR (500 MHz, DMSC-de) 5 8.22-8.17 {m, 2H),
26 | 8.15-8.08 (m, ZH}, 7.09 (s, 1H), 3.95-3.9% (m, ZH), 3.33-3.28 (m, ZH}, 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,
2Hy, 2.57-2.54 {m, 3H), 2.25-2.18 (m, 2H}, 1.92-1.73 {m, 8D, 1.73-1.63 (m,
2H3, 1.60-1.53 {m, 2H}), 1.52-1.45 {m, 2H), 1.07-0.98 (m, 6H)

Analvtical LC/MS (Method 2} Purity: 100 %; Observed Mass: §36.40;
Retention Time: 1.34 min, (Method 3% Punty: 100 %; Observed Mass: 536 2¢;
Retention Tume: 0.99 min, 'H NMR (500 MHz, DMSO-de) 3 8.24-8.17 (m, 2H).
§.13-8.12 (m, 2H}, 7.11 (s, 1H), 3.94 {5, 3H), 3.69-3.60 (m, 1), 3.38-3.42 (m,
2H3, 331 (s, 3H), 2.92-2.69 (m, 3H), 2.61-2.58 (m, 3H), 2.41-2.31 {m, 2H),
2.07-1.92 (m, TH), 1.88-1.78 {my, 6H), 1.11 ¢brd, J =61 Hz, 6H)

Analvtical LE/MS (Method 2}: Purity: 100 %, Observed Mass: 5536.30;
Retention Time: 1.34 min. (Method 3} Purity: 100 %; Observed Mass: 550.3¢;
Rotention Time: 1.04 min. 'H NMR (500 MHz, DMSO-ds) 3 8.17 (s, 2H), 8.12
2800 {s, 2H), 7.09 (s, 1H]}, 3.92 (5, ZH), 3.69-3.52 {m, 1H), 3.29 (s, 2H), 3.25-3.17 (m,
2H3, 3.09-3.00 (m, 2H), 2 81-2.68 {m, 1H), 2.60-2.37 (m, 3H), 2.27-2.19 (m,
2HY, 2.08-2.11 {m, 2H), 1 91175 {m, 8H), 1.69-147 (10, TH), 088 {d. /=64
Hz, 6H}

Analytical LC/MS (Method 2): Purity: 98.4 %; Obscerved Mass: 350.30;
Retention Tume: 1.54 ouin. (Method 3): Punty: 100 %%; Observed Mass: 550.30;
Retention Time: 1.05 min. 'HNMR (500 MHz, DMSG-ds) 5 8.20-8.15 (m, 2H),
29 | &.14-8.08 (m, 2H}, 7.09 (s, 1H), 3.92 {s, 2H), 3.74-3.56 (m, 1H)}, 3.29 (5, 2H},
3.26-3.14 (m, 3H), 2.80-2.69 {m, 1H), 2.60-2 57 {m, 3H}, 2.46-2.36 (1, 1H),
211-2.06 ¢m, 2H), 2.04-1.96 (m, 2H), 186 (brs, 12H), 1.73-1.59 {m, 3H), 0.87
{d, J=06.7 Hz, 6H)

27
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Analvtical LO/MS (Method 2): Purity: 95.3 %; Observed Mass: 348.30;
Retention Tumne: 1.40 nun. (Method 3} Punty: 98.8 %; Observed Mass: 548.20;
Retention Time: 1.03 min. 'H NMR (500 MHz, DMSO-d6) §3.08(d, J =82

30 | Hz ZH). 8.04-7.96 (o, 2H)}, 6.98 (s, 1H), 3.82 (s, 3H}, 3.26-3.15 (., 1H), 2.92-
285 {m, 2H), 2.66-2.57 (m, 1H), 2.55-2 45 {m, 4H), 2.25-2.16 (m, 2H), 2.13-
2.04 {m, 2H), 1.79 (s, OH), 1 58-1 50 (m, 2H), 1.48-1 .38 {m, 4H), 0.81-0.66 {m,
EH3, $.40-0.29 {m, 2H}, 0.06--0.05 {m, ZH) (one proton checured)

Analytical LC/MS (Method 23, Purity: 99.2 %; Observed Mass: 548.60;
Retention Time: 1.39 min, (Method 33 Punty: 98.8 %; Observed Mass: 548.30;
Retention Tume: 1.04 min, 'H NMR (500 MHz, DMSO-de) 3 8.15-8.07 (m, 2H).
31 | 803(d, J=82Hz 2H), 7.00 (s, 1H), 3.84 {5, 3H), 3.22 (s, 3H), 2.70-2 38 {m,
PH), 2.52-2.47 (m, 3H), 2.45 (s, 3H}, 2.33-2.22 (m, 1H), 213 (brd, /= 6.4 Hz,
ZH), 1.90-1.77 (i, 6H), 1.76-1.64 (m, SH), 0.84-0.66 (1, 1H), 06.42-0.26 (m,
2H3, 6.06--0.06 (m, ZH)

Analvtical LC/MS (Method 2): Purity: 100 % Observed Mass: 548 .30
Retention Time: 1.29 min. (Method 3} Purity: 99 %; Obscrved Mass: 548.30;
Retention Time: 0.95 min. 'H NMR (500 MHz, DMSO-ds) 6 8 24-8 17 (m, 2H},
813¢d, J=83 Hz 2H) 710 (s, 1H}) 395 {5, 2H} 324-3.16 {m, 1H), 3.09-2 95
(m, 2H), 2.77-2.66 {m, 1H), 2.59 (s, 3H), 2.55 (5, 3H}, 2.26-2 16 {m, 2H), 2.04-
£95 {m, 2H), 1.91 (s, 3H), 1.88-1.77 (m, 5H), 1.77-1.60 (m, 4H), 1.59-1.47 (m,

5]
N

5H) (three protons obacured)

Analvtical LC/MS (Method 2): Purity: 93 %; Observed Mass: 548.30; Retention
Time: {44 min (Method 3): Purity: 100 %:; Observed Mass: 548.30; Retention
Time: 1.03 min. H NMR (500 MHz, DMSO-ds) § 8.23-8.17 (in, 2H), 8.13(d.J
33 [ =82Hz 2H), 710 (s, 1H), 3.94 (5, ZH), 3.34-3.30 {m, 2H}, 3.29-3.20 (m, 1H),
3.19-3.12 (m, 1H), 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 {m, 18H), 1.70-1.50 {m, 3H} {one proton

obscured)
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Analvtical LO/MS (Method 2): Purity: 100 %; Obsecrved Mass: 578.30;
Retention Tume: 115 nun. (Method 3): Punty: 100 %; Observed Mass: 578 30;
Retention Time: 1.03 min. 'H NMR (500 MHz, DMSC-ds) § 8.25-8.18 {m, 2H),
34 | £.16-8.08 (m, 2H), 7.14-7.07 (&, 1H), 4.00-3.93 (m, 2H}, 3.89-3 83 (m, 2H),
3.36-3.28 ¢m, 2H), 3.10-3.03 (o, 1H), 2.80-2.63 (m, 3H}, 2.63-2.59 (m, 3H),
2.58-2.54 {m, 3H}, 2.28-2.17 (m, JH, 1.93-1.76 {m, 10H), 1.71-1.60 {m, 2H},

o

[.59-1.46 ¢m, 4H), 1.36-1.20 (m, ZH) {two protons obscured)

Analytical LC/MS (Method 23, Purity: 99.2 %; Observed Mass: 578.50;
Retention Time: 1.29 min, (Method 3% Punty: 100 %; Observed Mass: 573 .4¢;
Retention Tume: 1.03 min, 'H NMR (500 MHz, DMSO-de) 3 8.24-8.18 (m, 2H).
35 | 8.17-8.09 (m, 2H3, 7.14-7.09 (o, 1H), 3.99-3.93 (m, 2}, 3.92-3.83 (m, 2H),
351-3.37 (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 43-1 27

(m, 3H) (one proton obscured)

Analvtical LC/MS (Method 2): Purity: 100 %; Observed Mass: 518.5; Retention
Time: 1.33 mun. (Method 3): Purity: 100 %; Observed Mass: 518 4; Retention
Time: 1.09 min. 'H NMR (500 MHz, DMS0-ds) 8 7.29-7.19 {m, 2H), 6.98-6.92
(m, 1H), 6.86-6.79 (i, 1H), 3.70-3.68 {m, 2H), 3.67-3.64 (m, 3H}. 2 96-2.86 {m,
PH), 2.56-2 41 (m, 3H), 2.39-2.33 {m, 6H), 2.28-2.19 (1n, 3H), 2.18-2.10 (m,
FHD), 2.08-1.99 (m, 2H), 1.97-1.81 (m, 4H}, 1.73-1.69 (10, 2H), 1.68-1.61 (m,
4H), 1.11-0.98 (m, 2H), 0.88-0.80 (m, 6H}

Analvtical LC/MS (Method 2} Purity: 99.1 96, Observed Mass: 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 1744 (m, 1H), 7.07-7.02 (m, 1H), 3.86 (s, 8H), 3.64-3.52 (m, 1H), 3.46-3.39 (m,
FH), 3.21-2.96 {m, 2H), 2.95-2.68 {m, 2H), 2.62-2.57 (m, 3H), 2.55 (5, 6H),
2.44-2 31 (m, ZH), 2.22-2.04 (m, 4H), 2.04-1.90 {m, 1H), 1.89-1.67 (m, 2H),
097 (brd,.J = 6.5 Hz, 6H) (three protons obscured)

(3]
(@38
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Analvtical LO/MS (Method 2): Purity: 97.5 9% Observed Mass: 530.6;
Retention Tume: 1.4 min. (Method 3): Punity: 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), 2.69-3.50 (m, SH), 3.18-
3.02 (m, 3H). 2.98-2.74 (m, 7D, 2.61-2.58 {m, 3H), 2.52-2.49 (m, 5H). 2.46-
2.32 (m, 2H), 2.22-2.05 (m, 3HD), 1.84-1.67 {m, 21}, 1.16-0.98 (m. 117), 0.63-
0.57 ¢m, ZH), 0.41-0.32 {m, 2H) {one proton obscured}

Analytical LC/MS (Method 2} Purity: 98.9 %; Observed Mass: 330.3;
Retention Time: 1.64 min, (Method 33 Punty: 100 %; Observed Mass: 530 .4;
Retention Tume: 1.11 min, '"H NMR (500 MHz, DMSO-de) 3 7.44 (s, 2H), 7.15
(d, J=57Hz, 1FD, 7.02 (s, 1H), 3.86 (s, 8F), 3.22-3.05 (m, 1F), 2.96-2.70 {m,
1H), 2.59-2.54 (m, TH), 2.50-2.38 (m, 3H), 2.21-2.04 (m, 5H), 2.00-1.80 {m,
dH), 1.76-1.61 {m, 2H}, 1.38-1.19 {m, 2H} {(two protons chscured)

Analytical LC/MS (Method 2): Parity: 100 %; Observed Mass: 360.4; Retention
Time: 143 pyin. (Method 3): Purity: 190 %; Observed Mass: 560.4; Retention
Time: 1.07 nun. "H NMR (500 MHz, DMSO-de) 8 7.45 (s, 2H}, 7.19-7.13 {m,
1H3, 7.07-7.01 {mn, 1H), 3.93-3.83 ¢m, 10H), 3.40-3.26 (m, 1FD), 3.02-2.77 (m,
PH). 258 (s, 3H), 2.55-2.51 {m, 9H), 2. 40-2.14 (m, 4H}3, 2.10-1 88 (m, 4H),
E87-1.75 Gm, 2H), 1.57-1.33 {m, 3H) (four protons abscured)

Analvtical LO/MS (Method 23 Purity: 99.4 %; Observed Mass: 5334 .2;
Retention Tume: 1.39 nun. (Method 3} Punty: 100 %; Observed Mass: 534.2;
Retention Tune: 0.95 min. 'HNMR (500 MHz, DMSO-de) § 7.44 (s, 2H), 7.17-
712 {m, 1H), 7.02 ¢s, 1H), 3.92-3.83 {m, SH), 3.25 (5, 2H}, 3.12-3.03 (m, 1Hj},
276-2.65 (m, 1H}, 2.55 {5, 11H}, 2.46-2.35 {m, 3H), 2.21-2.60 (m, 6H), 1.89-
P78 (m, 4H), 1.28-1.14 (m, ZH)

Analytical LC/MS (Method 2): Purity: 98.3%; Obscrved Mass: 541.4; Retention
Time: 134 nun. (Method 3): Purity: 100%; Obscrved Mass: 541.2; Retention
Time: 0.99 min. 'H NMR (300 MHz, DMSO-ds) § 9.15-9.08 {m, 1H), 8.59 (s,
FH), 7.53-7 46 {m, 1H), 7.13-7.08 {m, 1H), 4.10 (5. 3H), 3.98 (5, 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).

(¥
O

44
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Analvtical LC/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. H NMR (500 MHz, DM50-de 5 9.02 (s, 1H), 8 51 (5, 1H),
43 1 7A4Z (s, TH), 702 (5, 1H), 4.02 {s, 3H), 3.90 (s, 3H), 3.38-3.31 (m, 1H), 3.04-
297 (m, 1H), 2.74-2.62 (m, 1H), 2.59-2.530 (m, 45, 2.49-2.44 {m, 2H), 2 40-
227 ¢m, 3H), 2.22-1.94 (m, TH), 1.84-1.74 (m, 47, 1.25-1.07 {m, 2F]}, 0 .83~
0.73 {m, 1H), 0.45-0.34 (m, 2H}, 6.07--0.05 {m, 2H})

Analvtical LC/MS (Method 23 Purity: 95.1%: Observed Mass: 571.2; Retention

Time: 121 min. (Method 3) Purity: 100%. Observed Mass: 371 .2; Retention
Time: 0.96 min. 'H NMR (300 MHz, DMSO-de) 5 9.10 (s, 1H), 8.59 (s, 1H),
44 1 750 (s, 1HD), 710 (5, 1H}, 4.10 €, 3H), 3.98 {5, 3H}, 3.91-3.79 (m, 2H)}, 2.83-
2.7 (m, 1H), 2.70-2.63 {m, 2H), 2.61 (s, 3H), 2.55 (s, 5H), 2.49-2 40 (m, 2H]},
2.29-2.00 (m, 6H), 1.94-1 84 (m, 4H), 1 82-1.70 ¢m, ZH), 1 43-1 34 (m, 2H),
1.32-1.17 {m, 2H) (one proton obscured)

Analvtical LC/MS (Method 2): Purity: 99.3%; Observed Mass: 497.6; Retention
Time: 134 nun. (Method 3): Purity: 98.3%; Observed Mass: 497 2; Retention
Time: 1.16 min. 'H NMR (300 MHz, DMSO-ds) 8§ 9.17-9.13 (i, 1H), 8.60 (s,
PH). 8 18-R.06 {m, 2H), 7.80-7.67 {m, 1H), 7.57-7.50 (. 1H), 7.18-7.12 {m,
2HY 411 (s, 3H), 4.06 (s, 3H), 4.04-3 98 (m, 1H}), 3.62-3.52 (m, 1H}, 3.26-3.15
(m, 1H), 3.14-3.03 (m, 1H), 2.68 {5, 3H3, 2.55 (s, 4H), 1.34-1 .30 {m, 6H) {one

.
2y

proton obscurcd)

Analytical LO/MS (Method 2): Punty: 95%,; Observed Mass: 545.2; Retention
Time: |27 min. {Mecthod 3} Punity: 85 2%, Observed Mass: 545 2; Retention
Time: $.94 min. 'H NMR (500 MHz, DMSO-ds) § 9.11 (s, 1H}), 8.59 (. 1H},
750 (s, 1H), 7.10 (s, 1H), 4.10 (s, 3H), 3.98 (5, 3H), 3.30-3.22 (m, 1H), 2 .86~
273 (m, 1H), 2.55 (s, 11H), 2.50-2 38 (m, 3H), 2.32-2.00 {m, 5H}, 1.99-1.75 (m,
4H3, 1.43-1.09 (m, 2H) (three protons chscured)
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Analvtical LC/MS (Method 2): Purity: 98.5%; Observed Mass: 586 2; Retention
Time: | 54 min. (Method 3} Punty: 100%; Observed Mass: 586.5; Retention
Time: 1.07 min. 'H NMR (500 MHz, DMS0-de} 6 8.37 (4, J = 8.3 Hz, 2H),
B30 ¢brd, J=82Hz 2H), 814 (brd, J =85 Hz 2H), 788 (s, 1H), 765 (brs,
FH), 523-503 (m, 1H), 4.47-4.34 (o, 2H), 3.93-3.83 (m, 1H), 3.35 (5, 3H),
3.08-2.94 {m, 1H), 2.76-2.71 (m, 1H3, 2.69 {5, 3H), 2.55 {5, 5H}, 2.52-2.49 {m,
SH), 2.38-2.25 {m, 2H}), 2.01-1.81 {m, 2H), L.19 (br d, J= 6.7 Hz, 2H), 0.89 (br
s, 2H}

Analytical LC/MS (Method 2): Punity: 100%; Observed Mass: 472 4; Retention
Time: 136 min. (Method 3): Purnity: 99.4%,; Gbserved Mass: 472.4; Retention
Time: 112 min. 'H NMR (500 MHz, DMSO0-de) & 8.81-8.75 (m, 1H), 8.47-8 41
(m, 1H), 7.78 (4, /= 8.8 Hz, 2H}, 7.50 (s, 2H), 7.18 (br d, /= 9.0 Hz, 3H), 4.03
(s, 4H), 389 (s, 6H), 3.67-3.53 (m, 1H}, 3.13-3.00 (m, 1H), 2.55 {g, 3H), 132 (d

N
~

48

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

Analvtical LC/MS (Method 2): Purity: 95.6%; Observed Mass: 490.0; Retention
Time: 1.3 min. (Method 3): Purity: 100%; Observed Mass: 490.0; Retention
Time: 1.03 min. 'H NMR (500 MHz, DMSO-ds) 8 8.81-8.78 (m, 1H), 8.40-8.35
(m, 1H), 8.24-820 (m, 2H), 8.18-8.13 {m, 2H), 7831-7.76 (m, 2H}) 721-7.12 {m,
2H), 4.03 (5, 4H), 3.65-3.49 (o, 1H), 3.38-3.26 (m, 1H), 3.20-2.94 (m, 1H), 2.51
(brd, /=18 Hz 4H), 1.32{d, J= 6.6 Hz, TH) (three protons obscured)
Analvtical LE/MS (Method 2} Punty: 100%; Observed Mass: 498.5; Retention
Time: | 48 min. (Method 3): Punty: 98.8%; Obscerved Mass: 498.2; Retention
Time: 121 min. H NMR (500 MHz, DMSQO-ds} 5 8.73 (d, /= 1 2 Hz, 1H),
8234d, /=14 Hz 1H), 775(d, J=85Hz 2H), 7.72-7.68 (m, 1H}, 765 (s,
PH), 7.18 (dd, /= 8.6, 2.7 Hz, 3H), 3.88 (5, 8H), 3.61-3.47 (m, 1H), 3.27-2 98
(m, 1H}, 255 (s, 3H), 132(d, J=6.6Hz, TH), 121 (brd, /=61 Hz, 2H)}, 0.77

49

()]
o)

{(br s, 2H)} (two protons obscured)
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Analvtical LC/MS (Method 2): Purity: 91.7%; Observed Mass: 516.1; Retention
Time: £ 37 min. (Method 3); Punity: 91.5%; Observed Mass: 516; Retention
Time: 111 min. 'H NMR (500 MHz, DMS0-de) 8 8.81-8.71 (m, 1H), 8.41-832
31 | {m, ZH), 8.26-8.19 (u, HH), 8.15 (s, 2H), 7.79-7.73 {m, 2H), 7.21-7.17 (m, 2H),
4.09-3.82 (m, 2H), 3.64-3.48 {;m, 1H), 3.33-3 14 (m, 1H}, 3.12-3.01 (o, 1H),
2.35¢s, 68Dy, 1.33 (4, 7= 6.6 Hz o), 1 25-1 .08 {m, 2H}, 0.83-0.71 (m, 2}
{two protons obscured}

Analvtical LC/MS (Method 23 Punty: 100%; Observed Mass: 472.4; Retention
Time: 1.7 min. (Method 3): Purity: 100%,; Observed Mass: 472.1; Retention

52 | Time: L1 min. HNMR (500 MHz, DMSO-ds) 3 8.06 (s, 3H), 7.85-7.75 (im,
IHD), 7.33 (s, 2H), 7.21-7.10 (m, 1H}, 7.08-7.00 (m, 2H), 4.00 (¢, 3H), 3.87 (s,
6H), 3.29-3.18 (m, 4H), 2.77-2.54 (m, SH}, 1.11-0.96 {m, 6H)

Analvtical LC/MS (Method 2): Purity: 96 2% Observed Mass: 490.1; Retention
Time: |34 min. (Method 3}): Purity: 87.6%,; Observed Mass: 480.5; Retention
Time: 1.07 min. 'H NMR (500 MHz, DMSO-de) 8 8.25 (d,./ = 8.3 Hz, 2H),
814 (d,.J =835 Hz, 3H). 8.09 (s, ZH), 7.91-7 82 {m, 1H), 7.13-7.02 (m, 2H),

4 04 (s, 3H), 3.46-3.35 {m, 2H), 335330 (m, 1H}, 3.20-3 13 (m, 1H), 2.83-2 33
(m, 2H), 106 (brd, J=35.1 Hz, 6H) (six protons ohscured)

Analytical LC/MS (Method 23 Punty: 100%; Observed Mass: 516.6; Retention
Time: 139 min. {(Method 3} Purity: 100%; Observed Mass: 316.1; Retention
Time: 127 min. 'H NMR (300 MHz, DMSO-de) & 8.40-8.32 (m, 2H), 8.20-8 06
34 4 (m, SH), 7.91-7.83 {m, 1H), 7.20-7.12 (m, 2H), 4.12-3.94 {m, 1}H), 3.93-3.78 (m,
PH), 3.62-3.51 {m, 1H), 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}), 6.92-0.84 (m, 2H)

{on¢ proton obscured)
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Analvtical LC/MS (Method 2): Purity: 96 2%; Observed Mass: 498 2; Retention
Time: § 84 min. (Method 3); Punty: 97.3%; Observed Mass: 498.2; Retention
Time: 1.25 min, 'H NMR (500 MHz, DM50-de) & 8.09-8.04 (m, ZH), 8.03-7.9%
{m, 1H), 7.79-7.74 (ra, 1H), 7.71-7.67 {m, 1H), 7.66-7 63 {m, 1H}, 7.17-7.12 (m,
FH), 7.09-7.00 {m, 2H), 3.91-3.84 (m, TH), 3.83-3.77 (m, 1H), 3.26-3.22 {m,
4H3, 2.64-2 57 {m, 4H0), 1.21-1.16 {m, 2H), 1.09-0.98 (m, 6H), . 95-0.85 (m,
IH

Analytical LC/MS (Method 23 Purity: 100%; Observed Mass: 601; Retention
Time: 134 min. (Method 3} Purity: 100%. Observed Mass: 601.1; Retention
Time: 111 min. 'H NMR (300 MHz, DMSO-de) 5 8.36 (d, J= 8.2 Hz, ZH),
10 {dd, /=195, 8.9 ¥z, SH3, 7.87-7.80 (m, 1H), 7.06 (¢, 2H), 3.92-3.79 {m,
FHD), 3.60-3.35 (m, 3H), 3.27-3.23 (m, 4H}, 2.57-2.53 (im, 4H), 2.40-2 28 {m,
FOHD, 1.69-1 38 (m, 2H), 1.23-1.11 {m, 2H), 0.93-0 84 {m, 2H)

Analvtical LO/MS (Method 2} Purity: 99%,; Observed Mass: 587 .3; Retention
Time: 142 nyin. {Method 3} Purity: 100%; Observed Mass: 587.3; Retention
Time: 1.23 min. "H NMR (500 MHz, DMSO-de) 8 835 (d,./ = 8.4 Hz, 2H),
8.11¢dt, /=81, 64 Hz, 5H), 789-781 (m, 1), 7.10 (br 4, /=88 Hz, 2H),
389-379 {m, 1H), 3.72-3.62 (. 1H}, 3.56-3.41 (m, 2H}. 333 {g, 4H), 2 96-2 39
(m, 10H}, 2.55-2.50 (m, 6H), 118 (brd, /=62 Hz, 2H), 0.87 (brs, 7H)
Analvtical LO/MS (Method |y Punty: 99%,; Observed Mass: 526.2; Retention
Time: 1123 mun. (Method 6): Purity 99%; Observed Mass: 526.2; Retention
Time: 1459 min. 'H NMRB (300 MHz, DMSQ-de) 5 8.07-7 98 (m, 2H), 7.64-
7.61 (m, 1H), 748 (s, 2H}, 7.19-7.14 {m, 1H), 7.06-6.99 (m, ZH), 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 cbscured)

Analytical LC/MS (Moethod 1) Parity: 99%:; Observed Mass: 498.2; Retention
Time: 1138 mun. (Method 6): Purnity 99%, Observed Mass: 498.2; Retention
Time: 1432 min. 'H NMR (500 MHz, DMS0O-ds) & 8.06-7.99 {m, 2H), 7.62-
758 (m, 1H), 748 (5, 2H), 7.20-7.13 {m, 1H), 6 .52 {d, J= 87 Hz, ZH), 3.97-
391 (m, 7H), 388 (d, J=2.5Hz, 6H), 3.30-3.28 (o, 1H), 3.26-3.22 (m, 4H),
2.67-2.60 (m, 3H3, 0.88-0.82 {m, 6H).

w4
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Analvtical LC/MS (Method 1): Punity: 99%; Obscrved Mass: 540.3; Retention
Time: L 181 min. (Method 6} Purity 95.3%, Observed Mass: 540.6; Retention
Time: 1,630 mim. ‘H NMR (500 MHz, DMS0-ds) 3 8.06-7.96 {m, 2H), 7.65-
&8¢ | 7.60 (m, 1H), 7.52-7.45 {m, ZH), 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, 2H), 3.25-3.15 (m, 4H), 3.09-
283 {m, 3H), 2.67-2.62 (m, 3H), 2.34-2.09 {m, 1H}, 1.91-1.73 {m, 4H)}, 1.06-
1.02 {m, 1H), 0.92-0.80 (m, 6H)

Analvtical LC/MS (Method 1) Purity: 96.2%: Observed Mass: 530.3; Retention
Time: 1101 min. (Method 6): Observed Mass: 530.2; Retention Time: 1.356
min. ‘H NMR (500 MHz, DMSO-de) 5 8.28-8.23 (m, 2H). 8.19-8.12 (m, 3H),
8.10-8.04 (m, 2Hy, 7.87-7.81 {m, 1H), 7.09-7.03 (m, 2H), 4.04 (s, 31D, 333 (d. J
=10.5 Hz, SH), 3.28-3.18 {(m, 4H), 3.05-2.82 {m, 3H), 1.85-1.66 (m, 4H}, 1.02-
(.79 {(m, 6H)

Analvtical LO/MS (Method 1) Purity: 99%,; Observed Mass: 544 .2; Retention
Time: 1163 min. (Method 6} Observed Mass: 344 2; Retention Time: 1417
min. 'HNMR {366 MHz, DMSO-ds) 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 {za, 3H}, 2.33-2.12 (m, 2H}. 1 89-1.71 {m,
4H}, 1.66-1.46 (m, 1H), 0.92-0.80 {(m, 7TH)

Analvtical LO/MS (Method |y Punty: 99%,; Observed Mass: 560.2; Retention
Time: 1071 mun. (Method 6): Purity: 95%: Observed Mass: 360.2; Retention
Time: 1253 min. 'H NMRB (500 MHz, DMSQ-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 05-
3.97 (m, 4H), 3.35-3.33 {m, 3H), 3.27-3.19 {m, 4H), 3.15-3.03 (m, 4H}, 2.44-
226 {m, 2H), 1.86-1.67 (m, 4H), 1.05 (s, 6H)

Analytical LC/MS (Method 1) Purity: 97.6%; Obscrved Mass: 512.2; Retention
Time: 1188 mun. (Method 6): Purity: 95.6%; Observed Mass: 512.5; Retention
64 | Time: 1.650 min. H NMR (500 MHz, DMSO-ds) & 8.10-8.01 (m, 28}, 7.63-
7.60 {m, 1H), 748 (5, 2H), 7.20-7.13 (m, 1H)}, 6.60-6.52 (m, ZH), 3.96 (s, TH},
388{d./=2.6Hz 6H), 2.63 (s, 3H), 1.16~-1.11 {m, 2H), 0.92-0.84 (m, 11H)

61
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Analvtical LC/MS (Method 1): Punity: 99%; Obscrved Mass: 502.1; Retention
Time: | 121 min. (Method 6} Purity: 99%; Observed Mass: 502.1; Retention
Time: 1271 min. 'H NMR (500 MHz, DMSO-de} 8 28-8.22 {m, 2H), 8.17-
210 ¢m, 3H}, 8.10-8.03 {m, ZH), 7.87-7.78 (m, 1H), 6.56-6.51 {m, 2H}, 4.10-
4.03 ¢m, 3H), 3.98-3.91 (o, 4H), 3.37-3 35 (m, 2H), 3.26-3.22 (m, 5H), 2.27-
237 {m, 1H), 0.88-0.82 (m, 6H)

Analytical LC/MS (Method 1) Parity: 99%:; Observed Mass: 516.2; Retention
Time: 1190 mun. (Method 6): Purity: 99%,; Observed Mass: 316.2; Retention
Time: 1427 min. "H NMR (500 MHz, DMSO-ds) § 8.26-8.22 (m, 2H), 8.16-
$.10 {m, 3H), 8.09-8.03 (m, 2H), 7.86-7.79 (m, 1H), 6.37-6 51 (m, 2H), 4.04 (s,
3H), 3.96 (s, 4H), 3.28 (s, THD, 2.20-2.13 (m, 2H}, 1.58-1.44 (m, 1H), 085 (d, J
= 6.7 Hz, 6H)

66

BIOLOGICAL ASSAYS
The pharmacological properties of the compounds of this mvention may be
contirmed by a number of biological assays. The exemplified biological assays, which

5 {follow, have been carried out with compounds of the invention.

TLR7/8/9 Inhibition Reporter Assays
HEK-Blus™-cells (Invivogen) overexpressing human TLR7, TLRS or TLRY
receptors were used for screening inhibitors of these receptors using an nducible SEAP
10 {scorcied embryonic alkaline phosphatase) reporter gene ander the control of the IFN-§8
muumal promoter fused to five NF-xB and AP-~1-binding sites. Cells arc sceded 1ato
Gromner 384 well plates (15000 cells per well) that are pre dispensed (by ECHO) with
testing compounds 1 DMSG to yield a final dose response concentration range of 0.83
aM-50 uM. After a 60 nunute cormpound pre-treatment in 37 degree mcubator, the cells
15 are then stimulated with a TLR7 ligand (gardiguimod at a final concentration of 2.5 uM),
TLRR higand (R848 at a final concentration of 14.25 pM} or TLRY ligand (ODN2006 ata
final concentration of 200 nM) to activate NF-«B and AP-1 which induce the production
of SEAP. After a 22 hour incubation at 37 °C, 5% CO», SEAP levels are determined with

the addition of HEK-Blue™ Detection reagent (Invivogen}, a cell colture medium that

1l
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allows for detection of SEAP, accordmg to manufacturer’s specifications. The percent
whibition is determined as the % reduction n the HEK-Blue signal present in wells

treated with agomist plus DMSO alone compared to wells treated with a known inhibitor.

Ex. No. TLRS ICs0 (nMj TLRT ICso {nM) TLRE 150 (nM)
1 130 8100 27000
2 100 7280 31000
3 190 710 >56000
4 71 2600 nd.

5 320 200 260

) 730 15000 nd.

7 1206 26000 >56000
& 1706 >50000 >50000
9 1706 130606 >50000
10 750 1900 17000
11 nd. and. ad.
12 74 nd. n.d.
13 1200 >23000 25000
14 31040 >30000 >S0000
15 160 6400 >23000
16 1406 >23000 >25000
17 71 18000 >30000
18 780 2300 >25000
19 870 18006 >25000
20 25 1400 >50000
21 24 4400 >50000
22 26 1360 >Z50060
23 61 1900 >56000
24 240 5400 >5G000
25 42 4100 >50000
26 38 16006 >50000
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Ex. No. TLRY 10 (nM) TLR7 ICse (nM) TLRE ICs0 (nM)
27 300 374040 24000
23 79 1400 >50000
29 550 nd. n.d.
36 60 2900 =56000
31 240 7200 19000
32 42 1660 >50000
33 69 1560 19060
34 37 53700 >50000
35 340 7400 >50000
36 140 1000 >500300
37 100 1200 >30000
33 &0 740 >50000
39 130 310 24000
40 220 1300 >50000
41 73 480 >50000
42 84 17000 >50000
43 52 250 >50000
44 180 4500 >50000
45 140 3800 n.d.
46 27 360 >50000
47 290 13000 >50000
43 280 1500 18000
49 350 4200 2700
50 320 nd. 3400
51 340 2700 4260
52 640 1200 >50000
33 930 >50000 >50000
54 760 >50000 >5G000
35 1460 40000 >5G000
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Ex. No. TLRY ICs0 (nM) TLR7 ICs¢ (n) TLES ICs0 (nM)

56 280 >30000 i

57 32060 >5000( >56000

58 540 1600 15000

59 860 1100 u.d.

6 1100 2500 3600

61 560 160400 18000

62 590 15000 6160

63 550 4200 44000

64 1400 6300 G800

63 744 >30000 3000

66 570 >A0000 >23000

n.d. = no data available
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CLAIMS

What is claimed 1s:

Ay

1. A compound of Formula (I}
Rsa X N -
L)
Q yT N
i 0

or a salt thereof, wherem:
one of X and Y 15 N and the other of X and Y 18 CRsy;
Gis
10 (i) pheny] substituted with 1 to 3 substituents mdependently selected from F, Cl, Br, Ci2
alkoxy, Ci2 fluoroalkoxy, Caa eycloalkyl, ~CONRyRy, ~S(0RCHs, -S(O)(phenyl),
=S{O1NRRy, and SO} NHINR:Rx;

(:Rz)p =N Rzl (RZ)L‘
3 N.';i‘. & > i _1:\ o] Jee
& A0 D)
A ‘ N N N
i) e (Rae 7 o N
R Ry 2n =3
}b- ----- <: sz{ N 4 ® Ray fRZ(:
¢ o """ - N
O
\ © H / 0 3 \ >: % ----- ’/ = o]
VAR N—N . N
iy Rao Na Rey P P o & R
{Rz)y (R
(Relp oy (o) If s2ls
Q ? ¥ AN o & s
AN o
No j Roa . Qf,S\: N Rog
15 (iv) 4 Roa o 5 Raa o %

{v} a @-membered heterocyelic ring sclected from:
H P
N N N \/ , N ‘55\\4/\ N ,,—\x

i \> I/ !
| /i N-— (R} E -~
A Jﬁa\? ;ﬁ “ A
(Rojp  H AN \_/ (Ra)y
$ 'R
2N N o ,;::\N ; //,\N/;\\N f’ NH
N\.'} < N l?q/ @

{Ralp {Ralp (Relp == "(Ralp
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(Radp
=l
R 0 £ 8] : \I &
| % HN O
;
N \‘\'\L / i\-/ _/ O/)
ARy, Ry M (Ray and ¢ :

3 1s pipendinyl, phenyl, teirahydropyridinyl, pyridingl] or azabicyclof3.2 . 1joctanvi, each
substituted with —L—R4 and zero 1o 2 Rap;
L s abond, {CR:R:)1o—, or —“CIOHCR<R 02—

(4]

B; 18 hydrogen, Cis alkyl, Ciz fluoroalkyl, or Cas cycloalkyl;

cach Rz is independently halo, ~CN, —~0OH, ~NGz, Ci-4 alkyl, Ci-2 fluoroalkyl, Ci2
cyanoalkyl, Ci hydroxyalkyl, Ci-s amunoatkyl, ~O{CH2 )1 0H, ~(CH2)0-40{Ch -
alkyl), Ci-s fluorcalkoxy, ~O(CH2)12OCONCi-5 alkyl), ~O(CHz)12NRyRx,
~C{OYO(C1 - alkyhy, ~(CH2o-2C(OINRy Ry, ~C{OINRAC1-5 hydroxyalkyl),

10 ~C{OINRACr-6 alkoxvallevl), ~CMNRACa-s eveloalkyl), -~NRRy, ~NRW{(Ci-3
fluorealkyl), ~NRy{(Ci-1 hydroxyalkvl}, ~NRCHa(phenyl), ~NRS{G3(Cs-
cycloatkyl), ~NRLCONC 15 alkovl}, ~NRWCHACs-6 cycloalkyly, ~S{O3{Ci alkyly,
=S{ORN(C s atkyl)s, ~S{OYNHIN(C s allovlyz, —(CHplo-2{Ca-s eycloalkyl},

—{ CHoyo2(phenyl}, morpholinyl, dioxothiomorpholinyl, dimethyl pyrazolvl,

i5 methylpipenidinyl, methyipiperazinyl, amino-oxadiarolyl, imidazolyl, triazolvl, or
—-C{O)(thiazolvl),

RBoats Ci-s alkyl, Cis fluorcalkyl, Ci-e hvdroxyalkyl, Cis aminoalkvl, (CH2)o0{Ci
alkvl), Ci-¢ cveloaliovl, «(CHz s C{OINRR —CH{5-5 ovcloalkyl), —-CHa{phenyl),
tetrahvdrofuranyl, tetrahvdropyranyl, or phenvi;

20 ecach Rop ts mndependently hvdrogen, halo, ~-CN, ~NRxRx, Ci-s alkyl, Ci-3 fluoroalkyl,
Cia hydroxvalkyl, Ci-s fluorcalkoxy, —(CHz)e-20(Cr-3 alkyl), ~(CH2)o-»C{HNRRe,
—{CHz}1-5(Cs6 cycloalkyl), ~COYHCi-5 alkyl), ~CIOINRLC -5 alkyl),
~{CRx={RxRy, or ~CRe=CH{Cs-6 cycloalkyvl);

Roc s Raaor Row;

25 BRoas Rzaor R, provided that one of Rae and Rod 15 Ras, and the other of Roc and Rua 15

Raop;
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15

20

Rsis
(i) —N{CHs)z;
(i1} pyrrolidinyl, piperidinyl, piperazinyi, pyndinyl, azepanvi, azaspiro]3 3iheptanyi,
octabiyvdeocyelopentalclpyrrolvl, diazaspire]3 3theptanvl, azabicvelo[3.2. Hoctanvl, or
hexahydropyrrolof3,4-clpyrrolvl, each substifuted with zero to 2 Rua; or

(Ruchn

(i) ‘'m

cach Ray 1s mdependently Crs alkyl, Cis fluoroalkyl, Cia hydroxvalkyl, —(CHz):2OCH;,
s cycloalkyl, —«(CHz)13(Cae cycloalkyly, —(CHz)is(oxetanyl},
~{CHa)i s(morpholinyl), ~C(OYCra alkyl}, ~CONCa6 cycloatkvl), ~C(O)phenyl),
~CLO¥CH2(Cs-6 cycloalkyly, ~C{OY CHa(pheovl), ~COY{Ci alkyl), -NRyRy,
—NR«{Cs-s cycloalkyh), aretidinyl, oxetanyl, tetrahydropyranyl, pyrrolidiny, phenyl,
morpholinyl, or pipenidinyd substituted with zero to 2 substituents sclected from -OH
or —CHy;

Ravis F, (1, —CN, or —CHs;

cach Rac 18 independently Ci-s alkyl, Cis fluorcalkyl, ~CHz(Cs-s cycloalkyl), ~C{O} i
alkvD), —“C(O¥phenyh, —COYCH:phenvl), —CIOYOCH:CHs, or Cas cyveloalkyi;

Rsats hvdrogen, F. CL Ciz alkyl, Cia fluorcalkyl, or cyclopropyl;

Rsp 1s hydrogen, F, Cl, Ciz alkyl, Cio fluorcalkyl, or cvclopropyl;

cach R« i3 independently bydrogen or ~CHs;

cach Ry is independently hydrogen or Ch-s alkyl;

mis zero, b, or 2;

nis zexo, 1, or 2;

piszero, 1, 2, 3, o1 4; and

gislor2

2. The compound according to claim 1 having the structure of Formula (I} or a salt
thereof, wherein:

G is phenyl sobstinited with 1 to 3 substitoents mdependently selected from F, Ci, By,

126
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~CN, Cra alkoxy, C12 flaorcalkoxy, Caa oycloalkyl, “-COINRVRy, —S(ORCH;,
-S{Oh{phenyl}, ~S{Ok{cyclopropyl}, —~S{ORNRRy, ~SOMNHINRR,, and
~NHS(O):CHs;

Lisabond, ~CHo- or ~CH2CHa—;

A

3 1s pipendinyl, phenyl, tetrahydropyridinyl, or pyridinyl, cach substitted with -L-Ry

and zero to 1 Ras:

Ry 18 hydrogen, Cios alkyl, —CHFz, —CF, or {34 cycloalkyl;

cach Rz 15 independently (1, —CH;, -CHCHs, -CH:O0H, -CHCHOH, -CHCN,

—-0OCH;s, or —CH2OCH;3;

16 Rsis pyrrolidinyl, piperidinyl, piperazinyl, pyridinyl, azaspiro|3.3theptanyi,
octahydrocvelopentalclpyrrolyl, diazaspire]3 3theptanvl, azabicvclo]3 2 toctanvl, or
hexahydropyrroiof 3 4-clpyrrolvl, each substituted with zero 1o 1 Rag;

Raz 1s ~CHs, ~CHCHs, ~CH(CHs )y, ~CHCH{CHy o, ~CHRO(CHa pOH, ~CHCHROCH:,
~CENCH(CH:)2, evelopropyl, eyclobutyl, ~CHa{cvelopropyh), —~CHa{cvelobutyl),

5 —{Hofoxetanyly, —CHaCHay(morphohinyl), ~CHCHCHo(morpholingd), -N{CHa)z,
~N{CH: {CHCHs), ~N{CH:z Xeyclopropyl), azetidingd, oxctanyl, tetrahydropyranyl,
pyrrohidinyi, phenyl, morphobinyl, or piperidiny substituted with zero to 2
substituents selected from —OH or —CHa;

Ra s F, —CN, or —CH;s;
20 Rsais hvdrogen, -CHs, —CFs, or cyclopropyl; and
Rsp 15 hydrogen, —CHs, or —CFs.

3. The compound according to claim 1 having the structure of Formmla (I} or a salt
thercof, wherem:
25 Gis
(1) pheayl substituted —S{ORCH;s;
{11} phenvl substituted with two —OCH:; or
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3 1s phenyl or piperidinyl, each substituted with —~L—Rq;
Lis a bond or ~CHz—;
R; is hyvdrogen, —~CHa, or eyelopropyl;

Ry is pipernidinyl, piperazinyl, octabydrocyclopentafelpyrrolyl, diazaspirof3 3theptanyl, or

[

azabicyclof3 2 1joctanyl, cach substituted with zero or 1 Ray;

Rag 15 —~CHs, —-CH(CHs )2, —CH2CH{CH: )z, ~CHC(CH30OH, —-CH2CHOCH,
—CHo{evclopropyvl), —CH:CHo{morpholinyty, -CHCHCHz{morpholinyl,
cyclopropyl, cyclobutyl, pyrrolidinyi, oxetanyl, tetrabydropyranyi, or morpholinyk;

Rsa 18 hvdrogen; and

10 Rsis hydrogen or ~CHs.

4. The compound according o claim 1 having the structure of Formula (3} or asalt

thereof, having the structure of Foromula (la):

Rsp
Ry NN -
L
ATTNT N

5. The compound according to claim 1 having the structure of Formula (I} or asalt

thereof, having the structure of Formula {(Ib}:

Reg N
posS0
KON

Ry W

(ib).

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

thercof, wherein:

g = [CHs :“:O“'CH'S
&\ /° \ 8 EJ& -
Gis O~ CHy o or N

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

Lt e
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thereof, wherein L 1s a bond.

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

thereof, wherein L 1s —{CRuRx3 12—

9. The compound according to clain 1 or a sali thereof, wherein said compound is:
3-{4-{{6-cyclobutyl-2,6-diazaspiro]3. 3 theptan-2-yhmethypheny}-3-cyclopropyi-7-
methyl-2-{(d~(methylsulfonylphenyly-3H-imidazo{4,5-blpynidine (1);
3-cvelopropyi-T-methyl-2-{4-(methyisulfonyhphenvh-5-{4-({4-{pyrrolidin-1-v1)
16 piperidin-1-viymethyhphenvi}-3H-imidazo[4,5-bipyridine {2});
3-cyvclopropyl-5-{(4-{{6-1sopropyl-2,6-diazaspiro|3.3 theptan-2-vhmethylpheayl)-7-
methyl-2-{4-(methylsulfonylphenyhy-3H-midazo{4,5-blpvridine (3);
3-cvelopropyl-5-{4-({(6-isobutyl-2, 6-diazaspire]3 3 theptan-2 -y methvijphenyl)-7-
methyl-2-{4-(methylsulfonylphenyly-3H-imidazo{4.5-blpvridine (4);
15 3-cvelopropyi-7T-methyl-2-(4-(methvisulfonyhphenyh-5~(4-((o-(tctrabhydro-2H-pyran-
4-y1y-2 6-diazaspiro]3 Sfheptan-2-vimethyliphenyl)-3H-imidarol4 5-blpyndine (3);
3-cyclopropyl-7-methyi-2-{(4d-(methylsulfonybphenyl}-3-(4-({(6-{ oxetan-3-yi}-2 6~
diazaspiro}3 3 theptan-Z-vlmethyliphenyi)-3H~imidazo{4, 5-bipyndine (6);
S-{4-{d-sopropylpiperazin-1-yhphenyh-3,7-dimethyi-2-(4-(methylsulfonyhphenyi}-
20 3Hamdazo{d,5-blpyrdine {7);
3-{4~(4-1sobutyipiperazin-1-yDphenyl}-3, 7-dimethyl-2-(4-{methyisolfonyljphenyi}-
3H~midazo|4.5-bipvnidine (8);
3-cyclopropyl-T-methyl-5-{4-(L-methylpiperidin-4d-vliphenyl}-2-{(4-(methyIsulfonyl)

phenyi-3Hemidazo{4,5-blpyvridine (9);

b
Ay

2-(3 4-dimethoxyphenyl}-3-{4-(4-1sopropylpiperazin-1-yphenyl)-3, 7-dimethyl-3H-
imidazol4,5-bipyvrdme (10);

2-(3 A-dimethoxyphenvl-6-{ [ -isopropyl-f L4 -bipipenidinf-4-vi)- IH-wmdazo[4,5-b]
pyridine {11},

2-(3 4-dimethoxyphenyi)-6-(P-isobutyl-{ L 4'-bipipendin]-4-v1}- IH-1midazo{4,5-b]
36 pyndwe (12);
&-{1-cyclopropyl-{ L4 -bipiperidin}-4-91)-2-(3, 4-dimethoxyphenyl}- 1 H-imudazof4,5-
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blpyridine {13}
o-{1-isopropyt-[ 1,4 -bipiperidin|-4-y)-T-methvi-2-(4-{methvisnlfonyhphenyl}- 1 H-
midazof4, S-bipyridine (14};

&-{ F-isobutyl-{ L, 4 -bipipendin]-4-vh- L-methvl-2-{d-(methvisulfonyDphenyl)- 1H-

Ay

mmidazof4,3-bipyridine (15);
6-(1'-cyclopropyl-{ 1,4 -bipiperidin -4-v1)-T-methyvl-2-(4~(methylsulfonyljpheny}-1H-
imidazo[4,5-blpyridine (16);
3-(Pasopropyt-[ 1.4 -bipipenidin}-4-y1)-3-methvi-2-(4-(methyisultonsDphenvl)-3H-
mnidazof4, 3-bipyridine (173
16 3-(1-1sobutyl-{ 1,4 -bipipenidin}-4-vh-3-methyl-2 -{(d-(methvisuifonyhphenyl}-3H-
midazol4,3-bipynidine (18);
S-{P-cyclopropyl-{ L4 -bipiperidim -4-v1}-3-methvil-2-(4-{methyilsulfonyljpheny}-3H-
midarold, S-bipyridine (19);
S-{Pisopropyi-[ L4 -bipiperidin}-4-y1}-3, 7-dimethyl-2-(4-{methylsulfonylphenyl)-
15 3H-wmdazo{d,.5-blpyndme (20);
53-{V-isobotyi-f 1.4 -bipipenidin]-d-y1}-3, 7-dimethyl-2-{4-(methylsulfonyvhphenyl)-3H-
unidazofd 3-bipyridine (21}
1-{4-(3, 7-dimethyl-2-(4-{methyisulfonyDphenyh)-3 H-tmidazol 4, 5-blpyrdmn-~5-vi}-
[1,4-bipipendin}-1'-y1}-2-methylpropan-2-ol (223;
20 S-('-{cyelopropylmethyh)-f 1 4'-bipipenidin-4-yD-3, 7-dircthyi-2-(4-(methyisulfonyl)
phenyh-3H~nudazol4,3-blpyndine (23);
5-(V-cyclobutyi-f L 4"-bipipendin}-4-yD-3,7-dunethvi-2-(d-(methvisulfonyiiphenyi)-
3Hamidazo[4,5-bipynidine (24};
3,7-dimethyl-2-(4-(methylsuifonylpbenyl)-5-( I'-{tetrabydro-ZH-pyran-4-yi-[ 1 4'-
25 bipwpernidin}-4-yl-3H-imidazo[4,5-blpyridine (25};
5-{1-{8-1sopropyl-8-azabicvelo3.2. 1 joctan-3-ypiperidin-4-y1}-3,7-dimethvl-2 (4~
{methviselfonyhphenyl}-3H-imidazo{4.3-blpyndine (26-27};
5-(1-(8~1sobutyl-8-azabicyclo]{3 2. Hoctan-3-yhpipenidin-4-vi)-3, 7-dimethyl-2-(4-
{methvisulfonyDphenvl}-3H-imidazo[4.5-blpyndine (28-29};
30 3-(1-(B-(cyclopropylmethyl}-8-azabicyvelo{3 .2 1 octan-3-yhpipendin-4-y13-3,7-
dimethvi-2-{(4-{methylsulfonyl)phenyt)-3H-imidazo{4,5-bipyridine (30-31);

5-{1-{8-cyclobutyl-B-azabicyelof3.2. 1 |octan-3-vhpiperidin-4-vi}-3, 7-dimethyl-2-(4-
124
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Ay

10

20

30

{methvisulfonyhphenvl}-3H-imidazo[4.5-blpyndme (32-33};
3,7-dimethvl-2-(4-(methylsulfonylphenyi}-5-( 1-(8-{tetrahvdro-2 H-pyran-4-v1}-8-
azabicyclol[3.2. 1 octan-3-yhpiperidin-4-vi-3H-tmidazol4,5-blpyridine (34-35);
2-(3 d-dimethoxyphenyl}-3-(1-(2-isopropyloctahvdrocyelopentafejpyrrol-5-vl)
piperidin-4-vi}-3 7-dimethyvi-3H-imidazol4,5-blpyndine (36};
2-(3,4-dimethoxyphenyl}-3-{1 -(Z-isobutyloctabydrocyclopentalclpyrrol-5-vi)
piperidin-4-y1}-3 7-dimethyl-3H-tmidazoi4,5-bjpyndine (37);
3-(1-(2~{cyclopropvimethyhoctahydrocyclopentafcipyvirol-5-yhpiperidin-4-v1}-2~(3.4-
dimethoxyphenylt}-3, 7 -dimethyi-3H-mdazol4,5-bipyridine {38};
3-(1-(2-cyclobutyloctahvdrocyclopentale|pyrrol-3-ylpiperidin-4-y1-2-(3 4~
dimethoxyphenyl)-3,7-dimethyl-3H-midazo[4,5-blpvridine (39);
2-(3 4-dimethoxyphenyl)-3,7-dimethyl-5-( 1-(2-(tctrahvdro-2H-pyran-d-v1}
octahydrocyclopentalcipyrrol-3-yDpipenidin-d-vi-3H-1nudazol4, 5-blpyrnidine {(40}; or
2-(3 4-dimethoxvphenv}-3-(1-{(3aR.55,6a5)-2-( 2-methoxyethyl)
octahydrocyclopentalclpyrrol-5-vhpipendin-4-yH-3, 7-dimethyl-3H-imidazo{4,5-b]

pyridine {41},

10. A pharmaceutical composition comprising one ot more compounds according to any

one of clamms 1 to 9 and a pharmaceutically acceptable carrier or diluent.

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

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
according to clatm 10 in the treatment of mtlammatory disease, awtotmmune disease, or

cancer.

13, A compound according to any one of claims 1 to 9 or salt thereof or composition

according to claim 10 for use in therapy.

14. A compound according to any one of claims 1 t© 9 or pharmaceutical sakt thereof, for

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

lrver fibrosis, renal fibrosis, biliary fibrosis, or pancreatic fibrosis,

Ay

16. A compound according to any one of claims 1 1o 9 or a phamaceutically acceptable
salt thereot, for use in {reating nonalcoholic steatohepatitis (NASH), non-alecholic fatty
biver discase {(NAFLD), chronic kidney disease, diabetic kidney disease, primary

sclevosing cholangitis (PRC), or primary biliary cirrhosis (PBC).

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

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