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CHEMICAL COMPOUNDS AS INHIBITORS OF INTERLEUKIN-1
ACTIVITY

Cross Reference (o Related Applications

{0601] This application claims the benefit of U.S. Provisional Application No. 62/449,431,
filed January 23, 2017 and of U.S. Provisional Application No. 62/492 813, filed May 1, 2017,
the contents of which are incorporated herein by reference in their entireties.

Field of Disclosure

{86821 The present disclosure relates to novel sulfonylurea and sulfony] thiourea compounds
and related compounds and their use in treating a disease or condition responsive to modulation
of cytokines such as IL-1P and 11.-18, modulation of NLRP3, or inhibition of the activation of
NLRP3 or related components of the inflammatory process.

Backeround

{0003] The NOD-like receptor (NLR} family, pyrin domam-contaiing protein 3 {NLRP3)
mflammasome 1s a component of the inflammatory process, and its aberrant activation is
pathogenic in inhertted disorders such as cryopyrin-associated periodic syndromes {CAPS) and
complex diseases such as multiple sclerosis, type 2 diabetes, Alzheimer's disease and

atherosclerosis.

{0004] NLRP3 s an intracellular receptor protein that senses certain inflammatory signals.
Upon activation, NLRP3 binds to apoptosis-associated speck-like protein containing a caspase
activation and recruitment domain {ASC). The NLRP3 - ASC complex then polymerizes to form
a large aggregate known as an ASC speck. Polymerized NLRP3-ASC i turn interacts with the
cysteine protease caspase-1 to form a complex termed the inflarnmasome. This results in the
activation of caspase-1, which cleaves the proimnflammatory cytokines IL-1 and 1L-18 to their
active forms and mediates a type of inflarnmatory cell death known as pyroptosis. The ASC
speck can also recruit and activate caspase-8, which can process pro-IL-1p and pro-IL-18 and

trigger apoptotic cell death.

[0003] Caspase-1 cleaves pro-IL-1p and pro-TL-18 1o their active forms, which are secreted
from the cell. Active caspase-1 also cleaves gasdermin-D to trigger pyroptosis. Through s

control of the pyroptotic cell death pathway, caspase-1 also mediates the release of alarmin
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molecules such as IL-33 and high mobility group box 1 protein (HMGB1). Caspase-1 also
cleaves miracellular IL-1R2 resulting 1n its degradation and allowing the release of IL-1¢. In
human cells caspase-1 may also control the processing and secretion of 1L-37. A number of other
caspase-1 substrates such as components of the cytoskeleton and glycolysis pathway may

contribute to caspase-1 -dependent inflammation.

{0606] NLRP3-dependent ASC specks are released into the extracelliular environment where
they can activate caspase-1, induce processing of caspase-1 substrates and propagate

inflammation.

{0087} Active cytokines derived from NLRP3 mflammasome activation are important drivers
of inflammation and interact with other cytokine pathways to shape the immune response to
mfection and injury. For example, 11-1 signalling induces the secretion of the pro-inflammatory
cytokines TL-6 and TINF. IL-15 and 1L-18 synergize with 1L.-23 to induce IL-17 production by
memory CD4 Th17 cells and by y0 T cells in the absence of T cell receptor engagement. 1L-18
and fL-12 also synergize to induce IFN-y production from memory T cells and NK cell driving a

Thi response.

{0008] Other intracellular pattern recognition receptors (PRRs) are also capable of forming
mflammasomes. These include other NLR family members such as NLRP1 and NLRC4, as well
as non-NLR PRRs such as the double-stranded DNA (dsDNA) sensors absent in melanoma 2
(ATM2) and interferon, gamma inducible protein 16 (IF116). NLRP3-dependent TL-1p processing

can also be activated by an indirect, non-canonical pathway downstream of caspase-11.

[0009] The mherited CAPS diseases Muckle-Wells syndrome (MWS), familial cold
autoinflammatory syndrome and neonatal-onset multisystem nflaromatory disease are caused by
gain-of-function mutations in NLRP3, thus defining NLRP3 as a critical component of the
inflaramatory process. NLRP3 has also been implicated in the pathogenesis of a number of
complex diseases, notably including metabolic disorders such as type 2 diabetes, atherosclerosis,

obesity and gout.

[B010] A role for NLRP3 in diseases of the central nervous system is emerging, and lung
diseases have also been shown to be influenced by NLRP3. Furthermore, NLRP3 has a role in
the development of hver disease, kidney disease and aging. Many of these associations were

defined using mice with constitutive NLRP3 activation, but there have also been msights into the

2
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specific activation of NLRP3 in these diseases. In type 2 diabetes, the deposition of islet amyloid
polypeptide in the pancreas activates NLRP3 and IL-1f signaling, resulting in cell death and

inflammation.

[0011] There is a need to provide compounds with improved pharmacological and/or
physiological and or physicochemical properties and/or those that provide a useful alternative to

known compounds.

Summary

[0012] The present disclosure provides compounds that are effective in the inhibition of an
inflammasome, such as the NLRP3 inflammasome. The compounds are also effective in
modulating of interleukins. The disclosed compounds have desirable molecular weights,
physico-chemical properties, and lipophilicity, which are features that help with achieving

therapeutic efficacy and decreasing unintended liabilities.

[0012a] In one aspect, the present disclosure relates to a compound of formula (Ib):

X1

o\\//o

b LR?

R N N
| |

R® R* (Ib)
or a pharmaceutically acceptable salt, solvate, or tautomer thereof,
wherein:
X'isOorS;

R! is selected from the group consisting of
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wherein === represents a single bond or a double bond provided that the ring

comprising one or more A? is a non-aromatic ring;

each A is independently CR* or N;

each A? is independently CR, C(R%?),, N, NR, or O, and at least one A2 is N, NR>?,
or O;

R%is

AN
L o (R,
X2 or :

X?is N or CR*;
R? and R* are H;

each R is independently H, D, halogen, -OH, -CN, -NO», -SR®, -ORS, -NHR®,
—NR®R7, —S(0)2N(R®),, —=S(0)2R®, —C(O)R®, —C(O)OR®, —C(O)NRR’, -NRSS(0),R’, —S(O)RS,
—S(O)NRR’, -NRSS(O)R’, C;-Cealkyl, C2-Csalkenyl, C4-Cscycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH>-C3-Cscycloalkyl; wherein the Ci-Csalkyl,
Cy-Cealkenyl, C4-Cscycloalkenyl, Co-Csalkynyl, C3-Cscycloalkyl, heterocyclyl, aryl, heteroaryl,
and -CH>-C3-Cscycloalkyl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NH>, -
NH(C-Csalkyl), or -N(C-Csalkyl); or

two R>® together with the atoms to which they are attached can form C3-Cscycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-3 heteroatoms
selected from the group consisting of N, S, P and O; wherein the C3-Cgcycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, C1-Cealkyl, -OR®, -NH,, -NH(C-
Csalkyl), or -N(C1-Csalkyl), or

two geminal R>* can form an oxo group;

3a
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each R is independently H, D, halogen, -OH, -CN, -NO», -SR®, —OR®, -NHR®,
—NR®R’, —S(0)2N(R®)2, —S(0)2R¢, —C(O)R®, —-C(O)OR®, —C(O)NRR’, -NR®S(0)2R’, —S(O)R®,
—S(O)NRCR’, -NR®S(O)R’, C;-Cealkyl, C>-Csalkenyl, C4-Cscycloalkenyl, or C>-Cgalkynyl;
wherein the Ci-Csalkyl, C2-Csalkenyl, C4-Cscycloalkenyl, and C2-Cealkynyl are optionally
substituted with D, halogen, -OR®, -NH,, -NH(C-Csalkyl), or -N(C-Csalkyl)>;

R® and R’ are independently, at each occurrence, H, D, C;-Csalkyl, C-Csalkenyl, Ca-
Csalkynyl, C5-Cgcycloalkyl, C4-Cscycloalkenyl, heterocyclyl, aryl, or heteroaryl; wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the C;-Cgalkyl, C>-Csalkenyl, C4-Cgcycloalkenyl, C,-Cesalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with D, halogen, C;-
Csalkyl, -OH, -O-C;-Cesalkyl, -NH>, -NH(C;-Csalkyl), or -N(C-Csalkyl),; or

R® and R’ together with the atom to which they are attached can form heterocyclyl or

heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, S, P and O; and
n is an integer from 0 to 5.

[0012b] In another aspect, the present disclosure provides a method of treatment of a disease,
disorder, or condition in a subject in need thereof, comprising administering an effective amount
of a compound as defined herein, or a pharmaceutically acceptable salt, solvate or tautomer
thereof, to a subject in need thereof, wherein the disease, disorder or condition is one which is

responsive to inhibition of activation of the NLRP3 inflammasome.

[0012¢] In another aspect, the present disclosure provides a use of an effective amount of a
compound as defined herein, or a pharmaceutically acceptable salt, solvate or tautomer thereof,
in the manufacture of a medicament for the treatment of a disease, disorder, or condition,

wherein the disease, disorder or condition is one which is responsive to inhibition of activation of

the NLRP3 inflammasome.

[0013] The present disclosure provides compounds of Formula I:

3b
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R N N
R R* (D
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, or tautomers
thereof,

wherein:
ok C—NO
X'is0, s, ¥ CN,orézH %

R!is selected from the group consisting of an optionally substituted C;-Csalkyl,
optionally substituted Ci-Cealkenyl, optionally substituted Ci-Cealkynyl, -(CH2)m-O-(CH2)m-
CHs,

2 AZ:AZ
A\ “ \ R

A2 A
%ﬂkw%gk%xw W

A2_A2

\

b

3¢
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wherein === represents a single bond or a double bond provided that the ning comprising

one or more A’ is 4 non-aromatic ring;
each A is independently CR® or N;
AMis NR®, O, S, or C(O);
each A? is independently CR®, C(R%)2, N, NR®, O, S, or S(O);

B Ny
- | (R
R? s X2 or ~F :

X? i3 N or CR;

R*and R* are H;

each R is independently H, I, halogen, OH, CN, -NO»,-SR®, ~0OR® ~-NHR®, ~NR°R’, -
S{ORNR -, -S(ORRE, ~C{OIR®, ~C(OYOR®, ~C(OINRR’ ~NROS{ORR’, ~S(O)RS,
~S{O)NR°R’, ~NR SR, Ci-Cealkyl, Ca-Csalkenyl, Ca-Cscycloalkenyl, Co-Cealkynyl, Ca-

Cacycloalkyl, heterocyclyl, aryl, heteroarvi, or -CH2-Cs-Cscyeloalkyl; or
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two R° together with the atoms to which they are attached can form Cs-Cseycloalkyl,
heterocyclyl, aryl, or hetercaryl, wherein the heterocyclyl and heteroaryl contain 1-3 hetercatoms
selected from the group consisting of N, 8§, Pand O, or

two geminal R® can form an oxo group;

R® and R are independently, at each occurrence H, D, Ci-Csalkyl, Co-Cralkenyl, Ca-
Cscycloalkenyl, Cr-Csalkynyl, Ci-Cseycloalkyl, heterocyelyl, arvl, or heteroaryl; wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
Pand O; or

R’ and R together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 hetercatoms selected from the group consisting of N, §, Pand O;

each m 15 independently an integer from one to 4; and

n is an integer from zero to 5;

provided that when the ring comprising A and/or A' is an imidazole, then at least one A?

is N, NR®, O, 8, or S{O).

{0014] The present disclosure provides compounds of Formula fa:
1
') X
‘MA’O .
4® S o -~ Rz
RN
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thergof,

whergin:
- ST =GN0,
X5 Q, 8, FN-CN .or %H :
R! is selected from the group consisting of an optionally substituted C-Cealkyl,

optionally substituted Ci-Cealkenvyl, optionally substituted Ci-Cealkynyl, -{CH2 ) O-{CH2 -
CHs,

A2 “p2 AP p?
A\._.'\i \\Az A A 4 \:t\ 2
% ‘ 2 Yegg N

GRS g

— - AF = AT

‘A’ ,//‘ \A/ ) A AA - '3‘2 i A Az:_:A.::/ ,
5
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each A is independently CR™ or N;
AVis NR® 0, 8, or C(O);
each A’ is independently CR™, C(R™), N, NR™ O, S, or S(O);

R is X

X% is N or CR™;

R*and R* are H;

each R™ is independently H, D, halogen, OH, CN, -N(2,-SR®, ~OR®, -NHR®, ~NR°R’,
~S(ORN(R Y-, ~S(O)R®, ~C(O)R®, ~C{OIORS, -C(OINRR' -NRES(ORR’, ~S{HR?,
—S{OINRR’, -NROS(O)R’, C1-Cealkyl, C2-Coalkenyl, Ca-Creycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyelyl, arvl, hetercaryl, or -CH»-C3-Cscycloalkyl; or
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two R together with the atoms to which they are attached can form C3-Cseycloalkyl,
heterocyclyl, aryl, or hetercaryl, wherein the heterocyclyl and heteroaryl contain 1-3 hetercatoms
selected from the group consisting of N, 8§, Pand O, or

two geminal R can form an oxo group;

each R is independently H, D, halogen, OH, CN, -NO2,-8R® —OR® —NHR® —NRR’,
—S{ORN{R Y-, —S{ORR®, -C(OIR®, -C{O)YOR®, ~C{OINR R’ ~NRS(ORR’, -S(O)RS,
—S{OINRR’, -NROS(O)R’, C1-Cealkyl, C2-Coalkenyl, Ca-Creycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyelyl, arvl, hetercaryl, or -CH»-C3-Cscycloalkyl; or

two R together with the atoms to which they are attached can form Ci-Cscycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-3 hetercatoms
selected from the group consisting of N, §, P and O;

R® and R are independently, at each occurrence H, D, Ci-Csalkyl, C2-Csalkenyl, Ca-
Cscycloalkenyl, Co-Cralkynyl, Cs-Cseycloalkyl, heterocyelyl, arvl, or hetercaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
Pand O; or

R® and R” together with the atom to which they are attached can form heterocyclyl or
heteroaryvl containing 1-3 heteroatoms selected from the group consisting of N, 8, Pand O;

each m is independently an integer from one to 4; and

n 13 an integer from zero to S

provided that when the ring comprising A and/or Al 13 an imidazole, then at least one A’

i3 N, NR*® O, §, or ${0)z,

[0818] The present disclosure provides compounds of Formula Tb:

1

s} X
Vo )
4’S\ xR-

N

R ORY (Ib)

-

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof]

wherein:

2 n g C—NG,
Xtis O, 8, FN-CN , Of %H ;

~J
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R!is selected from the group consisting of an optionally substituted C1-Csalkyl,

optionally substituted C1-Csalkenvl, optionally substituted Ci-Cealkynyl, -(CH2)u-O-(CHa pn

CHa,

A\A,.

AN\/ \2

}i{ )\ - AZ §< )\\Az : }L</A/I\ z,fA?

one or more A is a non-aroratic ring;
.o i z. -
each A 1s independently CR™ or N;
Alis NR™, (O, S, or C(O);

ach A? is independently CR™, C{R)2, N, NR* O, S, or S{O);
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X% is N or CR™;

R*and R* are H;

each R™ is independently H, D, halogen, OH, CN, -N(2,-SR®, ~OR®, -NHR®, ~NR°R’,
~S(ORN(R Y-, ~S(O)R®, ~C(O)R®, ~C{OIORS, -C(OINRR' -NRES(ORR’, ~S{HR?,
—S{OINRR’, -NROS(O)R’, C1-Cealkyl, C2-Coalkenyl, Ca-Creycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyelyl, arvl, heteroaryl, or -CH»-C3-Cscycloalkyl; wherein the Ci-Cealkyl,
Ca-Coalkenyl, Ca-Caeycloalkenyl, C2-Cralkynyl, Cs-Cacycloalkyl, heterocyclyl, aryl, heteroaryl,
and -CH»-C3-Cseycloalkyl are optionally substituted with D, halogen, Ci-Csalkyl, -OR®, -NHo, -
NH(C:-Coalkyl}, or -N(Ci-Cealkyl); or

two R together with the atoms to which they are attached can form Ci-Cscycloalkyl,
heterocyclyl, arvl, or hetercaryl; wherein the heterocyclyl and heteroary! contain 1-3 heteroatoms
selected from the group consisting of N, 8, P and O; wherein the Cs-Cscycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHz, NH(C1-
Cealkyl), or N(Ci-Cealkyl): or

two geminal R™ can form an oxo group;

each R 15 independently H, D, halogen, OH, CN, -N(O2,—SR¢ —OR®, -NHR®, —-NRR’,
~S{ORN(R® -, —8(0)RR®, ~C(OIR®, C(OYORS, -C(OINRR’ -NRSS(ORR’, —S(O)R®,
—S{OINRR7, -NRSS(O)R’, C1-Cealkyl, C:-Csalkenyl, Cs-Caeycloalkenyl, or Cz-Cealkynyl;
wheremn the C1-Cealkyl, Co-Cealkenyl, Ca-Cecycloalkenyl, and C2-Csalkynyl are optionally
substituted with D, halogen, -OR®, -NHz, -NFH(C1-Cealkyl), or -N{C1-Csalkyl)z;

R® and R are independently, at each occurrence H, D, Ci-Caalkyl, Co-Cralkenyi, Cu-
Cseycloalkenyl, C2-Csalkynyl, Cs-Cseyveloalkyl, heterocyclyl, arvl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, §,
P and O; wherein the C1-Cealkyl, C2-Csalkenyl, Ca-Cscycloalkenyl, U2-Cealkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, and heteroary! are optionally substituted with D, halogen, Ci-

Sealkyl-OH, -0-Ci-Cealkyl, -NHa, -NH{(C1-Cealkyl), or -N{T1-Csalkyi); or

R® and R together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, S, P and G,

each m 18 independently an integer from one to 4; and

1 1s an integer from zero to 5

9
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provided that when the ring comprising A and/or A' is an imidazole, then at least one A’

is N, NR™ O, §, or S{O)2,

{0016] The present disclosure provides compounds of Formula Ic:

x1

O%z?O 5
4"3\ /Rl
Y

R® R' (o)
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof,

wherein:
-on  FC-NO
X'is O, 8, %:N CN , of %H ;
R’ is selected from the group consisting of an optionally substituted Ci1-Cealkyl,

optionally substituted Ci-Cealkenyl, optionally substituted Ci-Cealkynyi, -{CH2)-O-(CH2 pn-

CH;,

10
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A2 o
A2 p2 5 AZT Tpz I,A‘,_Ai\
TN AL, A
2 \AZ AZ AZ A? \AZ Ea ;

Al 4 Al 1
X N N Ayt Al H
A ‘Ni‘, \/":‘91\ s A:ﬂ
\ , cand P AT
wherein === represents a single bond or a double bond provided that the ring comprising

one or more A is a non-aromatic ring;
each A is independently CR™ or N;
Abis NR™ 0, 8, or C(O);
each A? is independently CR™, C(R*)2, N, NR™ O, S, or S{O);

ey

I RN

R%1s x&

X% is N or CR™;

R*and R* are H;

each R™® is independently H, D, halogen, OH, CN, ~N(O2,-SR® ~OR®, -NHR® ~NRR’,
~S{ORN(R Y-, ~S{0):R®, ~C(O)R®, -C{OIORS, ~C(OINRR' -NROS(ORR’, ~S{OHRS,
~S{OINRERT ~NROS(O)R’, C1-Cealkyl, C2-Cealkenyl, Cs-Cacycloalkenyl, C2-Csalkynyl, Ca-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH2-C3-Cscycloalkyl; wherein the Ci-Cealkyl,
Ci-Cealkenyl, Cs-Cseycloalkenyl, C2-Csalkynyl, Cs-Cacycloalkyl, heterocyclyl, aryl, hetercaryl,
and -CHa-Ca-Cseycloalkyl are optionally substituted with D, halogen, Ci-Csalkyl, -OR®, -NHa,
-NH{C1-Coalkyl}, or -N(Ci-Cealkyh; or

two R together with the atoms to which they are attached can form Cs-Cgeycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-3 heteroatoms
selected from the group consisting of N, 8, P and O; wherein the Cs-Cacycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHz, -NH(C;-
Cealkyl), or -N{C1~-Cesalkyl): or

two geminal R™ can form an oxo group;

each R 15 independently H, D, halogen, OH, CN, -N(O2,—SR¢ —OR®, -NHR®, —-NRR’,
~S{ORNR)—, ~S(0)2R®, ~C(OIR®, ~C{OIOR®, -C(OINRR7 ~NRS(ORR’, —S{O)R?,

=

11

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

~S{OINRER, ~NROS(O)R’, C1-Csalkyl, Ca-Cealkenyl, C4-Cacycloalkenyl, or Cz-Cealkynyl;
wherein the C1-Cealkyl, Co-Cealkenyl, Cs-Cacvcloalkenyl, and C2-Csalkynyl are optionally
substituted with D, halogen, -OR®, -NHz, -NH(Ci-Cealkyl), or -N{C1-Csalkyl)s;

R® and R’ are independently, at each occurrence H, I3, Ci-Cralkyl, Co-Csalkenyl, Cu-
Cecycloalkenyl, Co-Csalkynyl, Cs-Cseycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 hetercatoms selected from the group consisting of N, S,
P and O; wherein the C1-Coalkyl, Co-Cralkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, and heteroary! are optionally substituted with D, halogen, Ci-
Cealkyl, -OH, -O-C1-Cealkyl -NHa, -NH(Ci-Cealkyl), or -N{C1-Cealkylys; or

R® and R” together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, S, Pand O;

each m is independently an integer from one to 4; and

n 15 an integer from zero to S

provided that when the ring comprising A and/or A! is an imidazole, then at least one A?

is N, NR¥™ 0O, S, or §(O)z.

{0017} The present disclosure provides compounds of Formula Id:

Yl
's) X

Y )

- A’S\ IR

R i‘;ﬁ i;»i
R R (g
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof,

wherein:

S p g =C-NO,
X'is O, 8, FN-ON , Of %—H ;
R! is selected from the group consisting of an optionally substituted C1-Cealkyl,

optionally substituted C1-Cealkynyl, —(CHz)m—O{CHz)m—CHsﬁ

A - \ AZ R ‘/‘Az:‘:.&i\
/ -N \ / \ ' Ao N AN A?
/L\ / /L ‘g—< /L\ p‘z _é-“{ /‘K : i z
:\ % : = A
\A/ , AA - A‘Z i A A2'_‘_:A2/ ,
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, and -
wherein === represents a single bond or a double bond provided that the ring comprising
one or more A’ is a non-aromatic ring;
each A is independently CR™ or N;
Alis NR™ O, S, or C(O);
each A’ is independently CR™, C{R*)2, N, NR™ O, S, or S(O);

R’is |

R? and R* are H;

each R is independently H, D, halogen, OH, CN, -NQ2,-SR®, —~OR®, -NHR® —NR°R’,
~S{ORNR)—, ~S(0)2R®, ~C(OIR®, ~C{OIOR®, -C(OINRR7 ~NRS(ORR’, —S{O)R?,
—S{OINRRT, -NROS(OWR’, Ci-Cealkyl, C2-Csalkenyl, Cs-Cseyeloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocycelyl, aryl, heteroarvl, or -CH2-Cs-Cscycloalkyl; wherein the C1-Cealkyl,

(Cz-Cealkenyl, Ca-Cseycloalkenyl, C-Coalkynyl, C3-Cseycloalkyl, heterocycelyl, aryl, hetercaryl,

13
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and -CH»-Cs-Cseycloalkyl are optionally substituted with D, halogen, Ci1-Cealkyl, -ORS, -NH>,
NH(Ci-Csalkyl), or N{C1-Csalkylyz; or

two R™ together with the atoms to which they are attached can form Cs-Cseycloalkyl,
heterocyclyl, aryl, or hetercaryl, wherein the heterocyclyl and heteroaryl contain 1-3 hetercatoms
selected from the group consisting of N, §, P and O; whereimn the C3-Cscycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHa, -NH{(C-
Cealkyl), or -N{C1-Cealkyl); or

two geminal R> can form an oxo group;

each R is independently H, D, halogen, OH, CN, -NQO2,-8R® —OR® —NHR® —NRR’,
—S{ORNRY—, —S{O}R®, -C(OIR®, —-C{OYOR®, -C(OINRRT ~NRES(ORR7, —S(O)RS,
—S(OINRR’, -NROS(O)R’, C1-Csalkyl, C2-Coalkenyl, Cs-Creycloalkenyl, or Co-Coalkynyl;
wherein the C1-Cealkyl, Co-Cealkenyl, Cs~Cseveloalkenyl, and Cz-Cealkynyl are optionally
substituted with D, halogen, -OR®, -NH., -NH(C-Cealky!), or -N(C1-Csalkyl)z;

R® and R are independently, at each occurrence H, D, Ci-Csalkyl, C2-Csalkenyl, Ca-
Cscycloalkenyl, Co-Cralkynyl, Cs-Cseycloalkyl, heterocyelyl, arvl, or hetercaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the C1-Cealkyl, Co-Cralkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, and heteroary! are optionally substituted with D, halogen, Ci-
Coalkyl, ~-OH, ~-0-Ci-Cealkyl, -NHz, -NH(C1-Cealkyl), or -N{C1-Cealkyl)z; or

R® and R together with the atom to which they are attached can form heterocyelyl or
heteroary] containing 1-3 heteroatoms selected from the group consisting of N, 8, P and ©;

each m 1s independently an integer from one to 4; and

n 13 an integer from zero to S

provided that when the ring comprising A and/or A' is an imidazole, then at least one A’

is N, NR™ O, §, or S{O)2,

{0018] The present disclosure provides compounds of Formula le:

1
o o0 X
Y )
Rﬁ,s\ _R

14

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof,

wherein:

X'isCor§;

R!is selected from the group consisting of

A Py Z:Ag
A\ rd :\ / A Al A, AN 9
N A
. AZ o '/ ‘ A2
A —‘AA Azy’
AZ_ 2_p2
A 3:} z A*\ /A A /A - 5
7 / VRN ;
A ) A A E
s A2 o A P GAZ
Az”'"‘ 222 a2
,and * A=A
wherein === represents a single bond or a double bond provided that the ring comprising

one or more A’ is 3 non-aromatic ring;
each A is independently CR™! or N;
each A’ is independently CR™?, C{R**?), N, NR*Z O, S, or S{O)s;

RYis Rb13 b2

X*is N or CR7™!;

each R0 RO RV RPLY RVM and RO is independently H, -OH, or oxo;

R? and R* are H;

each R is independently H, D, halogen, OH, CN, —-NO2,—SR®, —OR®, -NHR® —NR°R’,
-NROC(OIR®, -NROC(OYORS, -NROC{O)NR®, C1-Csalkyl, Cz-Cealkenyl, Ca-Cseycloalkenyl, Cz-
Cealkynyl, Cs-Cseycloalkyl, heterocyelyl, aryl, heteroaryl, or ~-CH2-Cs-Cseycloalkyl; wherein the
Ci-Cealkyl, Co-Cealkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Ci-Cseveloalkyl, heterocycelvl, aryl,
heteroarvl, and -CHz-Cs-Cscycloalkyl are optionally substituted with D, -CN, halogen, Ci-
Coalkyl, -ORS, -NHz, -NH(C1-Cealkyl), -N(Ci-Cealkyly, -NROC(O)OR®, or -NRC(O)R;

each B> is independently H, D, halogen, OH, CN, -NO2,-SR®, ~OR®, -NHR?® ~NRR’,
-C{O)RC, -5(ORRC, -C(OYOR®, -C(OINR®, C1-Cealkyl, C2-Cealkenyl, C4-Cecycloalkenyl, Co-

[
LA
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Cealkynyl, Cs-Uscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CHz-Cs-Cscycloalkyi; wherein the
(1-Cealkyl, Co-Cealkenyl, Cs-Cacycloatkenyl, Co-Cealkynyi, Cs-Cseyeloalkyl, heterocyclyl, aryl,
hetercarvi, and -CH2-Cs-Uscycloalkyl are optionally substituted with I, -CN, halogen, Ci-
Coalkyl, -OR®, -NHaz, -NH(C-Cealkyl), -N(C1-Cealkylh, -NRC{OYOR®, -NR°C(O)RS, -
NROC{OINR®, -NROC(O)RS, or -NRS(O)RRS; or

two R together with the atoms to which they are attached can form Cs-Caeycloalkyl or
heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from the group
consisting of N, §, P and O; wherein the Cs-Cacycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Cealkyl, -OR®, -NHa, -NH{C1-Cralkyl}, -N(Ci-Cealkyl)s,
—S{O)-R®, -COR®, -NRPC(OYOR®, -NRC(O)R®, -NROC(O)NRS, or -NRPS(OWR®: or

two geminal R™ can form an oxo group;

R is H, D, halogen, -CN ~OR®, or Ci-Cealkyl, Ci-Cseycloalkyl, -C{OINR®, -C(O)OR®;
wherein the C1-Cealkyl, and Cs-Cseycloalkyl, are optionally substituted with D, halogen, ~-CN,
-OR®, -NHz, -NH(C1-Csalkyl), or -N{C1-Cealkyl)z;

each R72 R R R and R™ is independently H, D, halogen, OH, -CN, -NO»,
—SR, —OR® —NHR®, -NR°R’, C1-Csalkyl, Cz-Csalkenyl, Cs-Creyeloalkenyl, C3-Cseycloalkyl, or
Co-Coalkynyl;, wherein the Ci-Cealkyl, Co-Cealkenvl, Cs-Creveloalkenyl, Cs-Cseycloalkyl, and
C:-Cealkynyl are optionally substituted with D, halogen, -CN, -OR®, -NH>, -NH(C1-Csalkyl), or -
N{C1-Cealkyl)z; or

two adjacent R™2 R R R and R™ together with the atoms to which they are
attached can form Us-Cseycloalkyl, heterocyclyl, aryl, or heteroaryl, wheremn Cs-Cseycloalkyl,
heterocyclyl, aryl, or heteroary! are optionally substituted with halogen, -CN, Ci-Cealkyl, -OR®,
~NHz, -NH(C1-Cealkyl), or -N{C1~Cealkyl; and

R® and R are independently, at each occurrence, H, D, Ci-Cralkyl, (r-Csalkenyl, Co-
Csalkynyl, Cs-Ceeycloalkyl, Ca-Cseycloalkenyl, heterocyclyl, aryl, or heteroaryl; wherein the
heterocvelyl and hetercaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the C1-Csalkyl, Cr-Csalkenyl, C2-Cralkynyl, C3-Cscycloalkyl, Cy-
Ceeycloalkenyl, heterocyclyl, aryl, and hetercary! are optionally substituted with D, -CN,
halogen, Ci-Cealkyl-OH, -O-Ci-Cealkyl, -NHz, -NH{C1-Cealkyl}, or -N{Ci-Csalkyiy; or

R®and R together with the atom to which they are attached can form heterocyelyl or

heteroaryl containing 1-3 hetercatoms selected from the group consisting of N, S, P and O;
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provided that when the ring comprising A and/or A' is an imidazole, then at least one A’

is N, NR™, 0, §, or $(0)2.

{0019} The present disclosure provides compounds of Formula I

o X

o
RY "":;@ N

BR (1)

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof,

wherein:

X'is Oor §;

R is selected from the group consisting of

Aa.. 2 AZp?
A Az 42 A A A\N”’ RIE
? - 1 AQ
Ac. A . 7
2 A2____A2
AZ 2 A% -2 Az_, A2
Aveg Tz A A AR ‘\ RN
72 i /4 N W2 S
— . AZ — 2/ s o
A2 ] A 425 A X 222 p
, , cand
wherein === represents a single bond or a double bond provided that the ring comprising

one or more A is a non-aromatic ring;
each A is independently CR™! or N;
each A” is independently CR* C(R™);, N, NR™_ (3, S, or $(O);

R’ is X?
X2 i3 N or CR™,
R'and R*are H;
each R*! s independently H, D, halogen, OH, CN, -NO»,—8R®, —-OR® -NHR®, -NR°R’,
NROC(OIR®, -NREC(OYORS, -NROC(OINR®, C1-Csalkyl, C2-Csalkenyl, Cs-Cscycloalkenyl, Ca-

Csalkynyl, Cs-Cseycloalkyl, heterocyclyl, aryl, hetercaryl, or -CH2-Us-Cseycloalkyl; wherein the
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Ci-Cealkyl, Cr-Cralkenvl, Ca-Cseycloalkenyl, Co-Cealkynyl, Cs-Cscycloalkyi, heterocyelyl, aryl,
heteroaryl, and -CHz-C3-Ceeycloalkyl are optionally substituted with D, -CN, halogen, Ci-
Cealkyl, -ORS, -NHa, -NH{C1-Csalkyl), -N(Ci-Cealkyl), -NR°C(O)YOR®, or ~-NRC(O)R";

each R is independently H, I}, halogen, OH, CN, -NO2,~SR®, -OR®, ~NHR®, -NR°R’,
-C{O)R®, -S(ORRS, -C(OYOR®, -C{OINRS, Ci-Cealkyl, Cr-Csatkenyl, Cy4-Cscycloalkenyl, Ca-
Csalkynyl, Cs-Cacycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH»-Cs-Cscycloalkyl; wherein the
Ci-Cealkyl, C2-Cealkenyl, Cs-Cseycloatkenyl, Co-Coalkynyl, Cs-Cscycloalkyl, heterocyelyl, aryl,
heteroarvl, and -CHz-Cs-Cacycloalkyl are optionally substituted with D, -CN, halogen, Ci-
Cealkyl, -ORS, -NHz, -NH(C1-Csalkyl), -N{C1-Cealkyl), -NRC(O)OR®, -NRC{O}R", -
NROCOINR®, -NROC{O)R®, or -NRS{ORR®; or

Sa2

two R together with the atoms to which they are attached can form Cs-Cscycloalkyl or
heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from the group
consisting of N, S, P and O; wherein the Cs-Cscycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Cealkyl, -OR®, -NH, -NH{(C1-Csalky!l}, -N(C1-Csalkyhy,
~S{0)-R®, -COR®, -NROC(OYOR®, -NROC(OR®, -NROC(OINRS, or -NRS(ORRS; or

two geminal R% can form an oxo group;

R i35 H, D, halogen, -CN,—ORS, or C1-Cealkyl, C3-Cseycloalkyl, -C(OWNR?, -C(OYORS,
wherein the C1-Cealkyl, and Cs-Cseyceloalkyl, are optionally substituted with D, halogen, -CN, -
QRS -NH2, -NH(C1-Cealkyl), or -N(C1-Csalkyl);

each R2 RV R™ R™ and R s independently H, D, halogen, OH, -CN, -NO,
~SR®, ~OR®, ~NHR®, ~NRR’, C1-Csalkyl, C2-Cealkenyl, Ce-Cecyeloalkenyl, C3-Cscycloalkyl, or
Cr-Cealkynyl; wherein the Ci-Cealkyl, Cz-Cealkenyl, Ca-Cacycloalkenyl, Cs-Cscycloalkyl, and
C2-Csalkynyl are optionally substituted with D, halogen, ~-CN, -OR®, -NHa, -NH(Ci-Csalkyl), or
-N{C1-Csalkylh: or

two adjacent R7"2, R R R and R™ together with the atoms to which they are
attached can form Cs-Cacycloalkyl, heterocyclyl, aryl, or hetercaryl, wherein Us-Cseycloalkyl,
heterocyclyl, aryl, or hetercaryl are optionally substituted with halogen, -CN, Ci-Cealkyl, -ORS,
-NHz, ~-NH{C1-Cealkyl), or -N(Ci-Cealkyl)2; and

R® and R’ are independently, at each occurrence, H, D, Ci-Csalkyl, Ca-Caalkenyl, Ca-
Cralkynyl, Cs-Cscycloalkyl, Cs-Cecycloalkenyl, heterocyclyl, aryl, or heteroaryl; wherein the

heterocyclyl and heteroaryl contain 1-5 hetercatoms selected from the group consisting of N, S,
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P and O; wherein the C1-Csalkyl, C2-Csalkenyl, Co-Csalkynyi, Cs-Cseyeloalkyl, Ca-
Uscycloalkenvl, heterocyelyl, arvl, and heteroaryl are optionally substituted with I3, -UN,
halogen, Ci-Cealkvl, -OH, -O-Ci-Usalkyl, -NHa, -WNH{C1-Usalkyl}, or -N{C1-Cealkyl})z; or
R® and R’ together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, 8, Pand O;
provided that when the ring comprising A and/or A' is an imidazole, then at least one A’
is N, NR* (3, 8, or $(O).

{0626] The present disclosure provides compounds of Formula Ig:
X1
%s{? /“\ JR?
RN
RO RY (g

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, 1somers, and
tavtomers thereof,

wherein:

X'isOor S

R!is selected from the group consisting of

A ~ X ’ny A /AZ:.- 2 A REAS
~— <2 A A — - — 2
/; i 0 L TN + </ l hS + ) i
L oo B2 i Vv et 44 e a2
WS : S N A/\A?:A; :
A /Az A A A /A2:: 2 AZ—p2
SNT A N TN AW AR R
& 0K AZ A S I’ f
e ’_:, AZ — 2/ i . ii Pt P Az
2 A ST A 7
A ndee A% 7232
~ , ™ , ,and ” ;
wherein === represents a single bond or a double bond provided that the ring comprising

one or more A’ is a non-aromatic ring;
each A is independently CR™! or N;
each A’ is independently CR™, C{R**), N, NR*¥ 0, S, or S{O);

RZis X2
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X% is N or CR™;

R*and R* are H;

each R™ is independently H, D, halogen, OH, CN, ~-NO2,-SR® ~OR® -NHR® ~NRR’,
SNROC(OIR®, -NROC(OYOR®, -NROC(OINR®, C1-Csalkyl, Co-Coalkenyl, Ca-Creycloalkenyl, Ca-
Cealkynyl, Cs-Cscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CH>-Cs-Cscycloalkyl; wherein the
C1-Cealkyl, Cs-Coalkenyl, Cs-Cacycloaltkenyl, Co-Cealkynyl, Cs-Cscyeloalkyl, heterocyclyl, aryl,
heteroaryl, and -CH»-C3-Cseycloalkyl are optionally substituted with D, -CN, halogen, Cy-
Cralkyl, -OR®, -NH., -NH(C-Cealkyl), -N(Ci-Cealkyl), -NRC{OYORS, or -NR*C(O)RS;

each R** is independently H, D, halogen, OH, CN, -NO2,-8R®, ~OR® -C{OIR®,
-S{ORRS, -C(OYOR®, -C{OINR®, Ci-Cealkyl, (2-Csalkenyl, Cs-Cscycloalkenyl, Co-Coalkynyl,
Cs-Cseyeloalkyl, heterocycelyl, aryl, heteroaryl, or -CH2-Cs-Cscycloalkyl;, wherein the Ci-
Cealkyl, Co-Cealkenyl, Cs~-Cseycloalkenyl, Co-Cealkynyl, Cs-Cscycloalkyl, heterocyelyl, arvi,
heteroarvl, and -CH:-Cs-Cscycloalkyl are optionally substituted with D, -CN, halogen, Ci-
Cealkyl, -OR®, -NREC(OQYOR®, -NROC(O)RE, -NROC(O)NRS, -NR°C(O)R®, or -NRSS(ORRS; or

two R together with the atoms to which they are attached can form C:-Cseycloalkyl or
heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from the group
consisting of N, S, P and O; wherein the Cs-Cscycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Cealkyl, -OR®, —8((0)2-R®; -COR®, -NR*C{O)OR®, -NR°C(O)RS,
-NROC(OINR®, or -NROS(O):R; or

two geminal R% can form an oxo group:

R 15 H, D, halogen, -CN ~ORS, or C1-Cealkyl, C3-Cseycloalkyl, -C(OINR®, -C(O)ORS,
wheremn the C1-Csalkyl, and Cs-Cseycloalkyl, are optionally substituted with D, halogen, -CN,
-OR®, -NH>, -NH(C1-Cealkyly, or -N(C1-Csalkyl;

each R2 RV R™ R and R is independently H, B, halogen, OH, -CN, -NQ,
~SR®, ~0OR® ~NHR®, ~NRR’, C1-Cealkyl, Ca-Cealkenyl, Cs-Ceeyeloalkenyl, C3-Cscycloalkyl, or
Cz-Cealkynyl;, wherein the Ci-Cealkyl, Ca-Cealkenyl, Cs-Cscycloalkenyl, Us-Uscycloalkyl, and
(2-Csalkynyl are optionally substituted with D, halogen, -CN, -OR®, -NHz, -NH(C;-Cealkyl), or
-N{C1-Csalkylh; or

two adjacent R, R7 R™ R and R together with the atoms to which they are

attached can form Cs-Cacycloalkyl, heterocyclyl, aryl, or hetercaryl, wherein Us-Cseycloalkyl,
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heterocyclyl, aryl, or heteroary! are optionally substituted with halogen, -CN, Ci-Csalkyl, -ORS,
-NHy, -NH(Ci-Cealkyl), or -N{C1-Cealkyl)z; and

R®and R are independently, at each occurrence, H, D, C1-Caalkyl, Co-Csalkenyl, Ca-
Csalkynyl, Cs-Cacyeloalkyl, Ca-Cscycloalkenvl, heterocyelyl, arvl, or hetersaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the Ci-Csalkyl, Co-Csalkenyl, Cs-Csalkynyl, Cs-Cscycloalkyl, Cy-
Cscveloalkenyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with I, -CN,
halogen, Ci-Coalkyl,-OH, -O-Ci-Cealkyl, -NHo, -NH{(C1-Cealkyl), or -N{Ci-Csalkyl); or

R’ and R together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 hetercatoms selected from the group consisting of N, S, P and O;

provided that when the ring comprising A and/or A' is an imidazole, then at least one A’

is N, NR* Q, S, or S(Op.

{0021} The present disclosure provides compounds of Formula fh
X']

M e

R™ONT N7

£ !
R® R (b

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and

tautomers thergof,

wherein:
X' isOor§;
R} is selected from the group consisting of
\ 1"‘\?: A2
A"\ ‘_ A\ N 2 Az \\ ?\i/ i‘t%pz
/ )\\ / i \ / J\\ Aé : : 2
§ < §—< $ :: /" A
?-“’/"\Z A/ AQZAE/
A o~ Z 22
A\ -~ \ g A\-._ //‘\2 A AT=A

N "2 ,{/- N A/7 :?
X‘I\ "A’— \)\ )ﬂ)\\ 2—~A2 YL\ . f/A2
,and ~ AT—AS :

wherein === represents a single bond or a double bond provided that the ring comprising

one or more A’ is a non-aromatic ring;
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each A is independently CR%! or N:

each A? is independently CR™, C{R> ), N, NR™ O, 8, or {0,

R’is X?

X?is N or CR™;

R? and R* are H;

each R is independently H, D, halogen, -OH, -CN, -NQ2,-SR®, -OR®, —-NHR®,
—NRR, -NRCC(OIR®, -NROC(OYOR®, -NRSC(OINR®, C1-Cealkyl, C2-Cealkenyl, Ca-
Cscycloalkenyl, Co-Cealkynyl, Cs-Cseveloalkyl, heterocyelvl, arvl, hetercaryl, or -CHz-Cs-
Cscycloalkyl;, wherein the Ci-Cealkyl, Co-Cralkenyl, Cs-Csevcloalkenyl, Co-Cealkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and -CH2-Cs-Cseycloalkyl are optionally substituted
with D, -CN, halogen, Ci1-Cealkyl, -OR® -NH», -NH(C1-Cealkyl), -N(C1-Csalkyl), -
NREC{OYORS, or ~NRC(O)IRS,

each R™ is independently H, D, halogen, OH, -CN, -NQO,~8R®, —OR®, -NHR®,
-NRER', -C(ORS, -S(O1RE, -C{OIORS, -C(OINRS, C1-Coalkyl, Ca-Csalkenyl, Cs-
Cscycloalkenyl, Co-Coalkynyl, Ca-Cscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CH2-Cs-
Cecveloalkyl, wherein the Ci-Cealkyl, Co-Cealkenyl, Ca-Cscycloalkenyl, Co-Csalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and -CH:-Cs-Cecycloalkyl are optionally substituted
with D, -CN, halogen, C1-Csalkyl, -OR®, -NHz, -NH(C1-Cealkyl), -N(C1-Cealkyl), -
NROC(OYOR®, or -NRP°C(O)R®, -NROC(O)NR®, -NRC{OIR®, or -NR°S{O):R5,

wherein at least one R°2 is -NHRS®, ~NR®R’, C;-Cealkyl, or heterocyelyl containing N;
wherein the C1-Cealkyl 1s substituted with -NHaz, -NH{Ci-Cealkyl}, or -N(Ci-Csalkyl), and
wherein the heterocvelyl is optionally substituted with D, -CN, halogen, Ci-Csalkyl, -OR®, -NHa,
-NH(C1-Coalkyl), -N(Ci-Cealkyl), -NRPC(OYOR®, or -NRPC(O)R®, -NROC(O)NR®, -
NROC{O)R®, or -NR°S{O}:R

R is H, D, halogen, -CN ~ORS, or Ci-Cealkyl, C3-Cseycloalkyl, -C{OINR®, -C(O)OR®;
wherein the Ci-Cealkyl, and Cs-Cscycloalkyl, are optionally substituted with D, halogen, -CN,
-OR®, -NHz, -NH{(C:1-Cealkyl), or -N(Ci-Cealkyl);

each R°, R R R and R™ is independently H, D, halogen, OH, -CN, -NO»,
SR, —OR® —NHR®, -NR°R’, C1-Csalkyl, Ca-Csalkenyl, Cs-Creycloalkenyl, Cs-Cseycloalkyl, or
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Cz-Cealkynyl;, wherein the Ci-Cealkyl, Ca-Cealkenyl, Cs-Cscycloalkenyl, Us-Uscycloalkyl, and
(2-Csalkynyl are optionally substituted with D, halogen, -CN, -OR®, -NHz, -NH(C;-Cealkyl), or
-N{C1-Csalkylh; or

two adjacent R, R7 R™ R and R together with the atoms to which they are
attached can form Cs-Cscycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein C5-Cscycloalkyl,
heterocyclyl, aryl, or heteroary! are optionally substituted with halogen, -CN, Ci-Cealkyl, -ORS,
-NHz, -NH{C1-Cealkyl), or -N(Ci-Cealkyl)z; and

R® and R’ are independently, at each occurrence, H, D, C1-Csalkyl, C2-Cralkenyl, Ca-
Cralkynyl, Cs-Cscycloalkyl, Cs-Cacycloalkenyl, heterocyclyl, aryl, or heteroaryl; wherein the
heterocyclyl and heteroaryl contain 1-5 hetercatoms selected from the group consisting of N, S,
P and O; wherein the C1-Csalkyl, Ca-Cralkenyl, Cr-Csalkynyl, Cs-Cseyeloalkyl, Cy-
Cscycloalkenyl, heterocyclvl, aryl, and heteroary] are optionally substituted with D, -CN,
halogen, Ci-Cealkyl,-OH, -O-Ci1-Cealkyl, -NHz, -NH(C1-Cealkyl), or -N{C1-Csalkyl); or

R® and R” together with the atom to which they are attached can form heterocyclyl or
heteroaryvl containing 1-3 heteroatoms selected from the group consisting of N, 8, Pand O;

provided that when the ring comprising A and/or A! is an imidazole, then at least one A?

is N, NR>*2 (3, §, or 8(O).

[0022] The present disclosure provides a pharmaceutical composition comprising a compound
of the present disclosure, and pharmaceutically acceptable salts, prodrugs, solvates, hydrates,
1somers, and tautomers thereof, and a pharmaceutically acceptable carrier, diluent and/or

excipient.

{0023] The present disclosure provides a method of treatment or prevention of a disease,
disorder or condition mcluding the step of administering an effective amount of a compound of
the present disclosure, and pharmaceutically acceptable salts, prodrugs, solvates, hydrates,
isomers, and tautomers thereof to thereby treat or prevent the disease, disorder or condition ina

subject n need thereof.

{8024] The present disclosure provides a compound of the present disclosure, and
pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers thereof,
or the pharmaceutical composition of the present disclosure for use mn the treatment or prevention

of a disease, disorder or condition in a subject in need thereof
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{0025] The present disclosure provides for use of a compound of the present disclosure, and
pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers thereof,

for the treatment or prevention of a disease, disorder or condition in a subject in need thereof

{0626] The present disclosure provides for use of a compound of the present disclosure, and
pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers thereof,
in the manutacture of a medicament for the treatment or prevention of a disease, disorder or

condition.

{0627] In certain embodiments, the disease, disorder or condition is responsive to inhibition of

an inflammasome.

{0628] In certain embodiments, the disease, disorder or condition is responsive to inhibition of

activation of the NLRP3 inflammasome.

{0629] In certain embodiments, the disease, disorder or condition is a disease, disorder or
condition of the immune system, the liver, the lung, the skin, the cardiovascular system, the renal
system, the gastrointestinal tract, the respiratory system, the endocrine system, the central
nervous system, or is a cancer or other malignancy, or 1s caused by or associated with a

pathogen.

{0038] The present disclosure provides a method of modulating the activity of a biological
target comprising the step of exposing the biclogical target to a compound of the present

disclosure, and pharmaceutically acceptable salts thereof.
{0031] The biological target may be selected from the group consisting of the NLRP3
nflammasome, 1L-6, IL-18, IL-17, [L-18, {L-1¢, 1L-37, 1L-22 11.-33 and Th17 cells.

Brief Description of the Drawinos

[0032] Figure | shows inhibition of 1L-1f production 1n peripheral blood mononucleocytes

{PBMCs) as a result of treatment with Compound 1, Compound 2, or Compound 3.

{0633] Figure 2 shows inhibition of IL-1§ and I1.-18 production, but not TNFg production in

Kupffer cells (KCs) as a result of treatment with Compound 1, Compound 4, or Compound 5.

[0034] Figure 3 shows modulation of IL-10 10 an LPS and ATP challenge model of Compound
1 and Compound 2.
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{0035} Figure 4 shows modulation of TNFo in an LPS and ATP challenge model of
Compound 1 and Compound 2.

{0036} Figure 5 shows modulation of IL-10 in an LPS and ATP challenge model of Compound
3.

{0037} Figure 6 shows inhibttion of activation of Caspasel {conversion of pro-Caspasel to
active Caspasel) as a result of treatment with Compound 1, Compound 4, or Compound 2.

Detatled Description

{0638] As used above, and throughout this disclosure, the following terms, unless otherwise
indicated, shall be understood to have the following meanings. If a term is missing, the

conventional term as known to one skilled in the art controls.

{003%] As used herein, the terms “including,” “containing,” and “comprising” are used in their
open, non-limiting sense.
{0048} The articles "a" and "an" are used in this disclosure to refer to one or more than one

{i.e., to at least one) of the grammatical object of the article. By way of example, "an element”

means one element or more than one element.

{0641} The term "and/or" 15 used in this disclosure to mean either "and" or "or" unless

indicated otherwise.

{0642] To provide a more concise description, some of the quantitative expressions given
herein are not qualified with the term “about”. It 15 understood that, whether the term “about” is
used explicitly or not, every quantity given herein is meant to refer to the actual given value, and
it 1s also meant to refer to the approximation to such given value that would reasonably be
mferred based on the ordinary skill in the art, including equivalents and approximations due to
the experimental and/or measurement conditions for such given value. Whenever a vield is given
as a percentage, such yield refers to a mass of the entity for which the vield 1s given with respect
to the maximum amount of the same entity that could be obtained under the particular
stoichiometric conditions. Concentrations that are given as percentages refer to mass ratios,

unless indicated differently.
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{0043} A "patient” 1s a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat, horse, cow,
pig, or non-human primate, such as a monkey, chimpanzee, baboon or rhesus. "Patient” includes

both human and animals.

{0644] The term “inhibitor” refers to a molecule such as a compound, a drug, enzyme, ora

hormone that blocks or otherwise interferes with a particular biologic activity.

{0645] The terms “effective amount” or “therapeutically effective amount” when used in
connection with a compound refer to a sufficient amount of the compound to provide the desired
biological result. That result can be reduction and/or alleviation of the signs, symptoms, or
causes of a disease, or any other desired alteration of a biological system. For example, an
“effective amount” for therapeutic use is the amount of the composition comprising a compound
as disclosed herein required to provide a clinically significant decrease in a disease. An
appropriate “effective amount” in any individual case may be determined by one of ordinary skill
in the art using routine experimentation. Thus, the expression “effective amount” generally refers
to the quantity for which the active substance has therapeutic effects. In the present case the

active substance 1s the inhibitor of the inflammasome.

{6046] As used herein, the terms “treat” or “treatment” are synonymous with the term
“prevent” and are meant to indicate a postponement of development of diseases, preventing the
development of diseases, and/or reducing severity of such symptoms that will or are expected to
develop. Thus, these terms include ameliorating existing disease symptoms, preventing
additional symptoms, ameliorating or preventing the underlying causes of symptoms, inhibiting
the disorder or disease, e.g., arresting the development of the disorder or disease, relieving the
disorder or disease, causing regression of the disorder or disease, relieving a condition caused by
the disease or disorder, or stopping or alleviating the symptoms of the disease or disorder.

{0047] The term "disorder” 1s used m this disclosure to mean, and 15 used interchangeably

with, the terms disease, condition, or illness, unless otherwise indicated.

[0048] By using the terms “pharmaceutically acceptable” or “pharmacologically acceptable” it
15 intended to mean a material which is not biologically, or otherwise, undesirable—the material
may be administered to an mdividual without causing any substantially undesirable biological
effects or interacting in a deleterious manner with any of the components of the composition in

which it 18 contained.
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{004%] The term "carrier”, as used in this disclosure, encompasses carriers, excipients, and
diluents and means a material, composition or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent or encapsulating material, involved in carrying or transporting a
pharmaceutical agent from one organ, or portion of the body, to another organ, or portion of the
body of a subject. Excipients should be selected on the basis of compatibility and the release
profile properties of the desired dosage form. Exemplary carrier materials include, e.g., binders,
suspending agents, disintegration agents, filling agents, surfactants, solubilizers, stabilizers,

lubricants, wetting agents, diluents, spray-dried dispersions, and the like.

{0058] The term “pharmaceutically compatible carrier materials” may comprise, e.g., acacia,
gelatin, colloidal silicon dioxide, calcium glycerophosphate, calcium lactate, maltodextrin,
glycerine, magnesium silicate, sodium caseinate, soy lecithin, sodium chloride, tricalcium
phosphate, dipotassium phosphate, sodium stearov! lactylate, carrageenan, monoglyceride,
diglyceride, pregelatinized starch, and the like. See, e.g., Hoover, John E., Remington s

Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa. 1975

{0051} As used herein, the term “subject” encompasses mammals and non-mammals.
Examples of mamimals include, but are not limited to, any member of the class Mammala:
humans, non-human primates such as chimpanzees, and other apes and monkey species; farm
animals such as cattle, horses, sheep, goats, swine; domestic animals such as rabbits, dogs, and
cats; laboratory animals including rodents, such as rats, mice and guinea pigs, and the hike.
Examples of non-mammals include, but are not liited to, birds, fish and the like. In one

embodiment of the present disclosure, the mammal 1s a human,

{8052] The present disclosure also includes “prodrugs” of compounds. The term “prodrug”
means a compound which 1s convertible 7z vivo by metabolic means {e.g., by hydrolysisjtoa
disclosed compound or active ingredient. Prodrugs can be prepared by techmques known to one
skilled in the art. These techniques generally modify appropriate functional, e.g., a hydroxy,
anuno, carboxylic, eic., groups n a given compound. These modified functional groups,
however, regenerate original functional groups by routine manipulation or in vive. Examples of
prodrugs mclude, but are not limited to esters {e.g., acetate, formate, and benzoate derivatives),
carbamates {e.g., N,N-dimethylammocarbonyl) of hydroxy or anmino functional groups in

compounds of the present disclosure, amides {e.g., trifluoroacetylanino, acetylaming, and the
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like}, and the hike. Since prodrugs are known to enhance numerous destrable qualities of
pharmaceuticals {e. g., solubility, bicavailability, manufacturing, transport, pharmacodynamics,
etc.}, the compounds of the present disclosure may be delivered in prodrug form. Prodrugs, for
mstance, may be bioavailable by oral administration even when the parent drug is not. Thus, the
present disclosure is intended to cover prodrugs of the presently claimed compounds, methods of
delivering the same, and compositions containing the same. Generally speaking, prodrugs are
derivatives of per se drugs that after administration undergo conversion or metabolism to the
physiologically active species. The conversion may be spontaneous, such as hydrolysis in the
physiological environment, or may be enzyme-catalyzed. Prodrugs include compounds that can
be oxidized, reduced, aminated, deaminated, hydroxylated, dehydroxvlated, hydrolyzed,
esterified, alkylated, dealkylated, acylated, deacylated, phosphoryiated, and/or dephosphorylated

to produce the active compound.

{0053] The term “ICs0”, as used herein, refers to concentrations at which a measurable activity,
phenotype or response, for example growth or proliferation of cells such as tumor cells, is
inhibited by 50%. ICso values can be estimated from an appropriate dose-response curve, for
example by eve or by using appropriate curve fitting or statistical software. More accurately, ¥Cso

values may be determined using non-hinear regression analysis.

[0054] The terros “administered”, “administration”, or “administering” as used n this
disclosure refers to either directly adnunistering a disclosed compound or pharmaceutically
acceptable salt of the disclosed compound or a composition to a subject, or adnunistering a
prodrug derivative or analog of the compound or pharmaceutically acceptable salt of the
compound or composition 1o the subject, which can form an equivalent amount of active
compound within the subject's body, including an animal, in need of treatment by bringing such

mdividual in contact with, or otherwise exposing such individual to, such compound.

{B035]  As used herein, “alkyl” means a straight chain or branched saturated chain having from
1 to 10 carbon atoms. Representative saturated alkyl groups include, but are not limited to,
methyl, ethyl, n-propyl, isopropyl, 2-methyl-1-propyl, 2-methyl-2-propyl, 2-methyl-1-butyl, 3-
methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-1-pentyl, 3-methyl-1-pentyl,
4-methyl-1-pentyl, Z-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyi-1-
butyl, 3,3-dimethyi-I-butyl, 2-ethyi-1-butyl, butyl, isobutyl, t-butyl, n-pentyl, isopentyl,
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neopentyl, n-hexyl and the like, and longer alkyl groups, such as heptyl, and octyl and the like.
An alkyvl group can be unsebstituted or substituted. Alkyl groups containing three or more carbon
atoms may be straight, or branched. As used heremn, “lower alkyl” means an alkyl having from 1

to 6 carbon atoms.

{0056] As used herein, an “alkeny!” includes an unbranched or branched hydrocarbon chain
containing 2-12 carbon atoms. The “alkenyl” group contains at least one double bond. The
double bond of an alkenvyl group can be unconjugated or conjugated to another unsaturated
eroup. Examples of alkeny! groups include, but are not limited to, ethylenyl, vinyl, allyl, butenyl,
pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl, 2-ethylhexenyl, Z-propyl-2-butenyl, 4-(2-
methyl-3-butene)-penteny! and the like. An alkeny! group can be unsubstituted or substituted.

Alkenvl, as defined herein, may also be branched or straight.

{0057} As used herein, “alkyny!” includes an unbranched or branched unsaturated hydrocarbon
chain containing 2-12 carbon atoms. The “alkynyl” group contains at least one triple bond. The
triple bond of an alkynyl group can be unconjugated or conjugated to another unsaturated group.
Examples of alkynyl groups include, but are not limited to, ethynyl, propynyl, butynyl, pentynyl,
hexynyl, methylpropynyl, 4-methyl-1-butynyl, 4-propyl-2-pentynyl, 4-butyl-2-hexynyl and the

like. An alkyny! group can be unsubstituted or substituted.
{0058] The term “hydroxyl” or “hydroxy” means an OH group;

{0089] The term “alkoxy”™ as used herein refers to a straight or branched chain saturated
hydrocarbon containing 1-12 carbon atoms containing a terminal “O” in the chamn, i.e., ~-Ofalkyl).
Examples of alkoxy groups mnclude, without limutation, methoxy, ethoxy, propoxy, butoxy, t-

butoxy, or pentoxy groups.

[0060] Tt should also be noted that any carbon as well as heteroatom with unsatisfied valences
in the text, schemes, examples and Tables herein 1s assumed to have the sufficient number of

hydrogen atom(s) to satisfy the valences.

{0061]  As used herein, references to hydrogen may also refer to a deuterium substitution if
desired. The term “deuterium” as used herein means a stable 1sotope of hydrogen having odd

numbers of protons and neutrons.

[0062] The term “halo” or “halogen” refers to fluorine, chlorine, bromine, or 1odine.
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{0063] The term “haloalkyl” as used herein refers to an alkyl group, as defined herein, which 1s
substituted one or more halogen. Examples of haloalkyl groups include, but are not limited to,

trifluoromethyl, diflucromethyl, pentafluoroethyl, trichloromethyl, etc.

{6064] The term “haloalkoxy” as used herein refers to an alkoxy group, as defined herein,
which is substituted one or more halogen. Examples of haloalkyl groups include, but are not

fimited to, tnifluoromethoxy, diflucromethoxy, pentafivoroethoxy, trichloromethoxy, etc.

{0065] The term “cyano” as used herein means a substituent having a carbon atom joined to a

nitrogen atom by a triple bond, je., © N,

{0066] The term “amino” as used herein means a substituent containing at least one nitrogen
atom. Specifically, NHa, -WNH{alkyl) or alkylamino, -N{alkvi) or dialkyiaming, amide,

carboxamide, urea, and sulfamide substituents are included in the term “amino”.

{0667] Unless otherwise specifically defined, the term "aryl" refers to cyclic, aromatic
hydrocarbon groups that have 1 to 3 aromatic rings, including monocychic or bicyclic groups
such as phenyl, biphenyl or naphthyl. Where containing two aromatic rings (bicyclic, etc ), the
aromatic rings of the aryl group may be joined at a single point {e.g., biphenyl), or fused (e.g.,
naphthyl). The ary! group may be optionally substituted by one or more substituents, e.g, 1 to S
substituents, at any point of attachment. The substituents can themselves be optionally
substituted. Furthermore when containing two fused rings the aryl groups herein defined may
have an unsaturated or partially saturated ring fused with a fully saturated ring. Exemplary ring
systeras of these aryl groups include, but are not limited to, phenyl, biphenvi, naphthyl,
anthracenyl, phenalenyl, phenanthrenyl, indanyl, indenyl, tetrahydronaphthalenyl,

tetrahydrobenzoannulenyl, and the like.

[0068] Unless otherwise specifically defined, "hetercaryl” means a monovalent monocychc or
polycychc aromatic radical of S to 18 ring atoms or a polycyclhic aromatic radical, containing one
or more ring heteroatoms selected from N, O, or S, the remaining ring atoms being C.

Heteroaryl as herein defined also means a bicychic heteroaromatic group wherein the heteroatom
15 selected from N, O, or 8. The aromatic radical 1s optionally substituted independently with
one or more substituents described herein. The substituents can themselves be optionally
substituted. Examples include, but are not limited to, benzothiophene, furyl, thienyl, pyrrolyl,

pyridyl, pyrazinyl, pyrazolyl, pyridazinyl, pyrimdinyl, imidazolyl, isoxazolyl, oxazolyl,
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oxadiazolyl, pyrazinyl, imdolvl, thiophen-2-yi, quinolyl, benzopyranyl, isothiazolyl, thiazolyl,
thiadiazolyl, thieno[3,2-bithiophene, tnazolyl, triazinyi, imidazo[1,2-blpyrazolyl, furof2,3-
clpyridinyl, imidazof1,2-alpyridinyl, indazolyl, pvrrolo{2, 3-clpyridinyl, pyrrolof3,2-clpyndinyl,
pyrazolo]3,4-clpyridinyl, benzoimidazolyl, thieno{3,2-clpyridinyl, thieno|2,3-clpyridinvi,
thieno{2 3-blpyridinyl, benzothiazolyl, indolyl, indolinyl, indolinonyl, dihydrobenzothiophenyi,
dihydrobenzofuranyl, benzofuran, chromanyl, thiochromanyl, tetrahydroquinolinyl,
dihvdrobenzothiazine, dihydrobenzoxanyl, quinolinyl, isoquinolinyl, 1,6-naphthyridinyi,
benzo[delisoquinolinyl, pyrido{4,3-b}[1,6]naphthyridinyl, thienof2,3-blpyrazinyl, quinazolinyi,
tetrazolo[1,5-alpyridinyl, [1,2,4triazolo{4,3-alpyridinyl, isoindolyl, pyrrolof2,3-blpyridinyl,
pyrrolof3,4-blpyridinyl, pyrrolo[3,2-blpyridinyl, midazo[5,4-blpyridinyl, pyrrolo1,2-
alpyrimidinyl, tetrahydropyrrolof1,2-alpyrimidinyl, 3,4-dihydro-2H-1A%-pyrrolo]2,1-
blpyrimidine, dibenzo[b,djthiophene, pyridin-2-one, furo{3,2-clpyridinyl, furof2,3-clpyridinyl,
1H-pyrido[3.4-b}[1,4]thiazinyl, benzooxazolyl, benzoisoxazolyl, furof2,3-blpyridinyi,
benzothiophenyl, 1,S-naphthynidinyl, furo{3,2-blpyridine, [1,2,4]trazolof1,5-alpyridinyl, benzo
[1,2,31trazolyl, mudazof1,2-alpyrimudinyl, [1,2,4]trazolof4,3-blpyndazinyl,
benzo[c][1,2,5thiadiazolyl, benzo[c][1,2,5]oxadiazole, 1,3-dihydro-2H-benzofdhimidazol-2-one,
3,4-dihydro-2H-pyrazolo[1,5-b}[ 1, 2Joxazinyl, 4,5,6,7-tetrahydropyrazolof 1, 3-ajpyridinyl,
thiazolo[3,4-dJthiazolyl, imidazo[2,1-b][1,3,4}thadiazolyl, thienof2,3-blpyrrolvl, 3H-indolyl,
and denvatives thereof. Furthermore when containing two fused rings the heteroaryl groups
herein defined may have an unsaturated or partially saturated ring fused with a fully saturated

Fing.

[0069] As used herein, the term “cycloalkyl” refers to a saturated or partially saturated,
monocyclic, fused or spiro polyeychic, carbocycle having from 3 to 18 carbon atoms per ring.
The cycloalkyl ring or carbocycle may be optionally substituted by one or more substituents,
e.g., | to 5 substituents, at any pomnt of attachment. The substituents can themselves be
optionally substituted. Examples of cycloalkyl groups include, without limitations, cyclopropyl,
cyclobutyl, cvclopentyl, cyclohexyl, cycloheptanyl, cyclooctanyl, norboranyl, norborenyl,
bicyclo][2.2 2]octanyl, bicyclo[2.2. 2}octenyl, decahydronaphthalenyl, octahydro-1H-indenyl,
cyclopentenvl, cyciohexenyl, cyclohexa-1,4-dienyl, cyclohexa-1,3-dienyl, 1,2,3.4-
tetrahyvdronaphthalenyl, octahvdropentalenyl, 3a,4,5,6,7, 7a-hexahydro-1H-indenvi, 1,2,3,3a-

tetrahydropentalenyl, bicyclo{3.1.0lhexanyl, bicyclof2.1.0lpentanyl, spirof3.3theptanyl,
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bicyclo[2.2. 1}heptanyl, bicyclo[2.2.1Thept-2-enyl, bicyelo{2.2. 2]octanyl, 6-

methylbicyclo{3.1 1}heptanyl, 2,6,6-trimethylbicyclo{3.1.1]heptanyl, and derivatives thereof.

180768} As used herein, the term “cycloalkenyl” refers to a partially saturated, monocyclic,
fused or spiro polycvelic, carbocvele having from 3 to 18 carbon atoms per ring and contains at
least one double bond. The cycloalkenyl ring may be optionally substituted by one or more
substituents, e.g., 1 to 5 substituents, at any point of attachment. The substituents can themselves

be optionally substituted.

{8071}  As used herein, the term “heterocycloalkyl” or “heterocyclyl” refers to a saturated or
partially unsaturated and non-aromatic monocyclic, or fused or spiro, polycyclic, ring structure
of 4- to- 18 atoms containing carbon and hetercatoms taken from oxygen, nitrogen, or sulfur and
wherein there 15 not delocalized n-electrons (aromaticity) shared among the ring carbon or
hetercatoms. The heterocycloalkyl or heterocyclyl ring structure may be substituted by one or
more substituents. The substituents can themselves be optionally substituted. Examples of
heterocycloalkyl or heterocyelyl rings include, but are not limited to, oxetanyl, azetidinyl,
tetrahydrofuranyl, pyrrohidinyl, oxazolinyl, oxazolidinyl, thiazolinyl, thiazolidinyl, pyranvi,
thiopyranyl, tetrahydropyranvl, dioxalinyl, piperidinyl, morpholinyl, thiomorpholinvi,
thiomorpholinyl S-oxide, thiomorpholinyl S-dioxide, piperazinyl, azepinyl, oxepinyl, diazepinyl,
tropanyl, homotropanyl, dihydrothiophen-2{3H}-onyl, tetrahydrothiophene 1,1-dioxide, 2.5-
dihydro-1H-pyrrolyl, immidazolidin-2-one, pyrrolidin-2-one, dihydrofuran-2(3H)-one, 1,3-
dioxolan-2-one, isothiazolidine 1,1-dioxide, 4,5-dihydro-1H-inudazolyl, 4,5-dihvdrooxazolyl,
oxiranyl, pyrazolidinyl, 4H-1 4-thiazinyl, thiomorpholinyl, 1,2,3 4-tetrahydropynidinyl, 1,23 4-
tetrahydropyrazinyl, 1,3-oxazinan-2-one, tetrahydro-2H-thiopyran 1, 1-dioxide, 7-
oxabicyclof2 2.1 theptanyl, 1,2-thiazepane 1,1-dioxide, octahydro-2ZH-quinolizinyl, 13-
diazabicyclof2.2 2]octanyl, 2,3-dihydrobenzo|b][1,4}dioxine, 3-azabicyclof[3.2.1]octanyl, 8-
azaspiro[4.5}decane, 8-oxa-3~azabicyclo[3 2 1joctanyl, 2-azabicyclo[2.2. 1heptane, 2,8-
diazaspiro] 5. Sfundecanyl, 2-azaspiro[ 3. Sjundecanyl, 3-azaspurof5.Sjundecanyl,
decahydroisoquinohnyl, 1-oxa-8-azaspirof4 Sidecanyl, 8-azabicyclo{3.2 1octanyl, 1,4'-
bipiperidiny], azepanyl, 8-oxa-3-azabicyclo[3.2.1]octanyl, 3,4-dihydro-2H-
benzo[b}{1.4joxazinyi, 5,6,7 8-tetrahydroinudazof1,2-alpyridinyl, 1,4-diazepanyl,

phenoxathunyl, benzo[d][1,31dioxolyl, 2,3-dihydrobenzofuranyl, 2,3-dihydrobenzo{bi[1,4]
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dioxinyl, 4-(piperidin-4-yDmorpholinyl, 3-azaspirof5.5jundecanyl, decahydroquinolinyi,
piperazin-2-one, 1-(pyrrohidin-2-yimethyhpyrrolidingl, 1,3'-bipyrrolidinyi, and 6,7,8,9-
tetrahydro-1H, 5H-pyrazolo[1,2-a][ 1,2 |diazepinyl.

{0672 Numerical ranges, as used herein, are intended to include sequential integers. For

example, a range expressed as “from 0 to 5” would include 0, 1, 2, 3, 4 and 5.

{8073] As used herein, the term “substituted” means that the specified group or moiety bears
one or more suitable substituents wherein the substituents may connect to the specified group or
moiety at one or more positions. For example, an aryl substituted with a cycloalkyl may indicate
that the cycloalkyl connects to one atom of the aryl with a bond or by fusing with the aryl and

sharing two or more common atoms.

{0074] As used herein, the term “unsubstituted” means that the specified group bears no

substituents.

{0075] The term “optionally substituted” 1s understood to mean that a given chemical moiety
{e.g., an alky! group) can (but is not required to) be bonded other substituents {e.g., heteroatoms).
For instance, an alkyl group that 15 optionally substituted can be a fully saturated alky! chain (7.e.,
a pure hydrocarbon). Alternatively, the same optionally substituted alkyl group can have
substituents different from hydrogen. For instance, it can, at any point along the chain be
bounded to a halogen atom, a hydroxyl group, or any other substituent described herein. Thus
the term “optionally substituted” means that a given chemical moitety has the potential to contain
other functional groups, but does not necessarily have any further functional groups. Suitable
substituents used 1n the optional substitution of the described groups include, without hinitation,
oxo, -halogen, Ci-Cealkyl, Ci-Cealkoxy, Ci-Ce haloalkyl, Ci1-Cs haloatkoxy, ~-OCi-Ce alkenvi, -
OCi-Coalkynyl, ~Ci-Csalkenyl, -Ci-Cs alkynyl, -OH, CN (cvano), -CH2CN, -OP(O}OH)., -
C{OYOH, -OC{0)Ci-Co alkyl, -C(OYC1-Coalkyl, ~-C{0)-Co-Cs alkylenyl-cycloalkyl, ~-C{O)-Co-Cs
alkylenvi-heterocycloalkyl, ~-C(0}-Co-Cs alkylenyl-aryl, ~C{0)-Co-Co alkylenyl-heteroaryl -
CC{OYOCi-Coalkyl, NHz, NH{C:i-Cs alkyl), N(Ci-Coalkyl)e, ~-C(O)NH2, -C{OINH(Ci-Cs alkyl),
~C{ON(C1-Co alkylh, -C(ONH cycloalkyl, -C(ON(C1-Cs alkyi)cyc!oa kyt, -
C(O)NHheterocycloalkyl, ~C(OMN(C1-Ce alkyljheterocycloalkyl, ~-C{ONHaryl, ~-C{O)N(C1-Cs
alkybharyl, -C{O)NHheteroaryl, -C(ON{C1-Cs a kvi)heteroaw , ~S{0)-Cr-Ce alkyl, ~-S(OR-Ci-Cs
haloalkyl, -S(O)2-~ eycloalkyl, -S(O)-heterocycloalkyl, ~-S(O)-aryl, -S{(O)-hetercaryl -Co-Ce
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alkylenvi-S{O)NH:, -S(ORNHC1-Ce alkyl, -S{(ORN(C1-Ce alkyl)z, -S{OpNHcycloalkyl, -
S{OpNHheterocycloalkyi, -S(GpNHaryl, -S(O)NHhetereoaryl, -NHS{(OC1-Cs alkyl, -N{Ci-Cs
alkyDIS(0)(C1-Co alkyl), -NHS(Oparyl, -N(C1-Ce alky}S(O)r aryl, -NHS(O)2 heteroaryl, -N{C1-
Cs alkyD}S(O): hetercaryl, -NHS{O): cyeloalkyl, -N{Ci-Co alkyDiS{C )2 cycloalkyl, -NHS{O)
heterocycloalkyl, -IN(Ci-Ce alky1}S{Oh heterocycloalkyl, -N(Ci-CealkyDS(O)2 aryl,-Co-Cs
alkylenyl-aryl, -Co-Cs alkylenyl-hetercaryl, -Co-Ce alkyvlenyl-cycloalkyl, -Co-Cs alkylenyl-
heterocycloalkyl, -O-aryl, -WNH-aryl, and N{C1-Cs alkyljaryl The substituents can themselves be
optionally substituted. When a multifunctional moiety i1s shown, the point of attachment to the
core 15 indicated by a line, e.g., (cycloalkyloxy)alkyl- refers to alkyl being the point of
attachment to the core while cycloalkyl 1s attached to alkyl via the oxy group. “Optionally

substituted” also refers to “substituted” or “unsubstituted”, with the meanings described above.
{0076] The term “oxa” as used herein refers to an “-0-" group.
{0077} The term “ox0” as used herein refers to an “=0" group.

{0078] The term "solvate" refers to a complex of variable stoichiometry formed by a solute and
solvent. Such solvents for the purpose of the present disclosure may not interfere with the
biological activity of the solute. Examples of suitable solvents include, but are not limited to,
water, methanol, ethanol, and acetic acid. Solvates wherein water is the solvent molecule are
typically referred to as hydrates. Hydrates include compositions containing stoichiometric

amounts of water, as well as compositions containing variable amounts of water.

{0079 The term "salt(s)", as employed heren, denotes acidic salts formed with inorganic
and/or organic acids, as well as basic salts formed with inorganic and/or organic bases. In
addition, when a compound of the Formula contains both a basic motety, such as, but not himited
to a pyridine or imidazole, and an acidic moiety, such as, but not himited to a carboxylic acid,
zwitterions {"inner salts”) may be formued and are included within the term "salt(s)" as used
herein. Pharmaceutically acceptable {(i.e., non-toxic, physiologically acceptable) salts are
preferred, although other salts are also useful. Salts of the compounds of the Formula may be
formed, for example, by reacting a compound of Formula with an amount of acid or base, such
as an equivalent amount, 1in a medium such as one in which the salt precipitates or in an aqueous

medium followed by lyophilization.
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{0088} In another embodiment of the present disclosure, the compounds of Formula (1) are
enantiomers. In some embodiments the compounds are the (S)-enantiomer. In other
embodiments the compounds are the {(K}-enantiomer. In vet other embodiments, the compounds

of Formula (I} may be (+) or {-) enantiomers.

{0081} It should be understood that all isomeric forms are included within the present
disclosure, including mixtures thereof. If the compound contains a double bond, the substituent
may be in the E or Z configuration. If the compound contains a disubstituted cycloalkyl, the
cycloalkyl substituent may have a cis- or trans- configuration. All tautomeric forms are also

intended to be mncluded.

{0082] Compounds of the various Formulae, and salts, solvates, esters and prodrugs thereof,
may exist in their tautomeric form (for example, as an amide or imino ether). All such tautomeric

forms are contemplated herein as part of the present disclosure.

{0083] The compounds of the various Formulae may contain asymmetric or chiral centers, and,
therefore, exist in different sterecisomeric forms. It 1s intended that all stereoisomeric forms of
the compounds of the various Formulae as well as mixtures thereof, including racemic mixtures,
form part of the present disclosure. In addition, the present disclosure embraces all geometric and
positional isomers. For example, if a compound of the various Formulae incorporates a double
bond or a fused ring, both the cis- and trans-forms, as well as mixtures, are embraced withio the
scope of the present disclosure. Each compound herein disclosed includes all the enantiomers
that conform to the general structure of the compound. The compounds may be in a racemic or
enantiomerically pure form, or any other form in terms of stereochemistry. The assay results may
reflect the data collected for the racemic form, the enantiomerically pure form, or any other form

m terms of stereochemustry.

[0084] Duastereomeric mixtures can be separated into their individual diastereomers on the
basis of their physical chemical differences by methods well known to those skilled 1n the art,
such as, for example, by chromatography and/or fractional crystallization. Enantiomers can be
separated by converting the enantiomeric mixture into a diastereomeric mixture by reaction with
an appropriate optically active compound {e.g., chiral auxiliary such as a chiral alcohol or
Mosher's acid chloride), separating the diastereomers and converting (e.g., hydrolyzing} the

mdividual diastereomers to the corresponding pure enantiomers. Also, some of the compounds of

(PN
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the various Formulae may be atropisomers (e.g., substituted biaryls) and are considered as part of

the present disclosure. Enantiomers can aiso be separated by use of a chiral HPLC column.

{0085} It 15 also possible that the compounds of Formula (I} may exist in different tautomeric
forms, and all such forms are embraced within the scope of the present disclosure. Also, for
example, all keto-enol and imine-enamine forms of the compounds are included in the present

disclosure.

{0086] All sterecisomers (for example, geometric 1somers, optical isomers and the like) of the
present compounds (including those of the salts, solvates, esters and prodrugs of the compounds
as well as the salts, solvates and esters of the prodrugs), such as those which may exist due to
asymmetric carbons on various substituents, including enantiomeric forms (which may exist
even in the absence of asymmetric carbons), rotameric forms, atropisomers, and diastereomeric
forms, are contemplated within the scope of the present disclosure, as are positional 1somers
(such as, for example, 4-pyridyl and 3-pyridyl). (For example, if a compound of the various
Formulae incorporates a double bond or a fused ring, both the cis- and trans-forms, as well as
mixtures, are embraced within the scope of the present disclosure. Also, for example, all keto-
enol and mine-enanune forms of the compounds are included n the present disclosure.)
Individual sterecisomers of the compounds of the present disclosure may, for example, be
substantially free of other 1somers, or may be admixed, for example, as racemates or with all
other, or other selected, sterecisomers. The chiral centers of the present disclosure can have the S

or R configuration as defined by the ITUPAC 1974 Recommendations,

{8087} The present disclosure also embraces 1sotopically-labelled compounds of the present
disclosure which are identical to those recited herein, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass number different from the atomic mass or
mass number usually found in nature. Examples of isotopes that can be incorporated into
compounds of the present disclosure mclude 1sotopes of hydrogen, carbon, mitrogen, oxygen,
phosphorus, fluorine and chlorine, such as °H (or D), “H, BC, “C, BN, B0, 70, *1p, 2p, °S, ¥F,

2 .
and *°Cl, respectively.

[0088] Certan 1sotopically-labelled compounds of the various Formulae {e.g., those labeled
with *H and “C) are useful in compound and/or substrate tissue distribution assays. Tritiated

(i.e., *H) and carbon-14 (i.e., ¥*C) isotopes are particularly preferred for their ease of preparation
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and detectability. Further, substitution with heavier isotopes such as deuterium (7.e., °H) may
afford certain therapeutic advantages resulting from greater metabolic stability {e.g., mcreased in
vivo halt-life or reduced dosage requirements} and hence may be preferred in some
circumstances. Isotopically labelled compounds of the various Formulae can generally be
prepared by following procedures analogous to those disclosed in the Schemes and/or in the
Examples herein below, by substituting an appropriate isotopically labelled reagent for a non-

isotopically labelled reagent.

{0089] In some embodiments, the compound comprises at least one deuterium atom. For
example, one or more hydrogen atoms in a compound of the present disclosure can be replaced
or substituted by deuterium. In some embodiments, the compound comprises two or more
deutertum atoms. In some embodiments, the compound comprises 1,2, 3,4, 5, 6,7, 8,9, 10, 11

or 12 deuterium atoms.

{0098] The compounds of Formula (1} may form salts which are also within the scope of the
present disclosure. Reference to a compound of the Formula herein 1s understood to include

reference to salts thereof, unless otherwise indicated.

{0091} The present disclosure is directed to compounds as described herein and
pharmaceutically acceptable salts, enantiomers, hydrates, solvates, prodrugs, 1somers, or
tautomers thereof, and pharmaceutical compositions comprising one or more compounds as
described herein, or pharmaceutically acceptable salis, enantiomers, hydrates, solvates, prodrugs,

1somers, or tautomers thereof.

[0092] In the present disclosure, reference to Formula (1b) mcludes reference to Formula (1b)-
1 and similarly for Formula (Ic), (Id), and (Ig). In the present disclosure, referenceto, e g,
Formula 1b-1g ncludes reference to Formula (1b)-1, (Ic)-1, (1d)-1, (1g)-1, and (Th)-1

Compounds

[0093] The present disclosure provides a compound having the structure of Formula (I},

1
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and pharmaceutically accepiable salis, enantiomers, hydrates, solvates, prodrugs, isomers, and

tnstomers thereof, where X1, RU R, RS, and R are as described above.

{0094] The present disclosure provides a compound having the structure of Formula (Ia},
1
O X
% /?O .
47 S\ P RA
Y

R® R ()

and pharmaceutically acceptable salts, evantioroers, hydrates, solvates, prodrugs, somers, and

tantomers thereof, where XY, R R% RY, and RY are as described above.

[0093] The present disclosure provides a compound having the structure of Formula (Ib),
X’]
M w
Rq" '\E}E E\;/
RPR* (b

and pharmaceutically acceptable salts, enantiomers, hyvdrates, solvates, prodrugs, somers, and

. . o g P
tautomers thereof, where X', R R R, and RY are as described above

{8096] In certain embodiments, the present disclosure provides a compound having the
structure of Formula (Ib), which is of the Formula (Ib)-1:
X1
PR ~R
R R*  (Ib)-1
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof,

whersin:

X'is O, 8, %:NHCN , O %SMNQZ;

R’ is selected from the group consisting of

A2 A ~p2 AZ -A2
A\\ A\ '4 A‘ N \13‘3
- 4 o \ 4 <’ /L\ ~§—</ {
I / Z

/k )\ ™ 5 n2 A J\A‘:AgA
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Alop2 A2zzA?
. A1 N 2
LT /’ ~A
| ]
d N A2
A2 ) A222 A2

,and
wherein === represents a single bond or a double bond provided that the ring comprising
one or more A’ is a non-aromatic ring;
each A is independently CR™ or N;
Alis NR™ O, S, or C(O);
each A’ is independently CR™, C{R*)2, N, NR™ O, S, or S(O);

R is X2
X% is N or CR™;
R and R* are H;
each R is independently H, D, halogen, OH, CN, -N0».-SR® —OR® -NHR®, -NR°R’,
—S{ORN(R® -, —S{O)R®, ~C(O)R®, ~C{OIORS, -C{OINRR' —NRS(ORR’, —S{OIR’,
—S{OINRR’, -NROS(O)R’, C1-Cealkyl, C2-Coalkenyl, Ca-Creycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyelyl, arvl, heteroaryl, or -CH»-C3-Cscycloalkyl; wherein the Ci-Cealkyl,
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Ci-Cealkenyl, Cs-Cseycloalkenyl, C2-Csalkynyl, Cs-Cacycloalkyl, heterocyclyl, aryl, hetercaryl,
and -CHz-Ca-Cseycloalkyl are optionally substituted with D, halogen, Ci-Csallyl, -OR®, -NHa, -
NH(Ci-Cealkyl}, or -N(Ci-Cealkyl); or

two R together with the atoms to which they are attached can form Cs-Caeycloalkyl,
heterocyclyl, arvl, or hetercaryl; wherein the heterocyclyl and heteroary! contain 1-3 heteroatoms
selected from the group consisting of N, 8, P and O; wherein the Cs-Cacycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHz, -NH(C;-
Cealkyl), or -N(Cy-Coalkyil; or

two geminal R™ can form an oxo group,

each R is independently H, D, halogen, OH, CN, -NO»,—SR®, —-OR® -NHR®, -NR°R,
—S{ORNRS)—, -S{0)2R®, -C{OIR®, —-C{OYOR®, -C(OINRR7 ~NRES(ORR’, —S(O)RS,
—S{OINRR’, -NRCS(O)R’, Ci-Cealkyl, C:-Csalkenyl, Cs-Cseycloalkenyl, or C:-Cealkynyl;
wherein the Ci-Cealkyl, Ca-Cealkenyl, Cs-Cscycloalkenyl, and Co-Cealkynyl are optionally
substituted with D, halogen, -OR®, -NHz, -NH(C1-Cealkyl}, or -N{C1-Cealkyl)z;

R® and R are independently, at each occurrence H, D, C1-Csalkyl, Co-Cralkenyl, Cs-
Cscycloalkenyl, C2-Csalkynyl, Cs-Csevcloalkyl, heterocyclyl, aryl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatorus selected from the group consisting of N, 8,
P and O; wherein the Ci1-Cealkyl, Co-Cralkenyl, Cs-Cscycloalkenyl, Co-Cealkynyl, Ci-
Cscycloalkyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with D, halogen, Ci1-
Cealkyl,-OH, -0-C1-Cealkyl, -NHz, -NH(C1-Cealkyl), or -N{C1-Csalkylh; or

R® and R’ together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 heterocatoms selected from the group consisting of N, S, Pand G,

each m 15 mdependently an mteger from one to 4; and

1 1s an integer from zero to 5

provided that when the ring comprising A and/or A' is an imidazole, then at least one A?

is N, NR™ (3, 8, or S(O)2.

{0697] The present disclosure provides a compound having the structure of Formula (Ic),
Q X!
2 /?’O 5
el _R
R l‘?i i‘?i
R®  RY (o)
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and pharmaceutically acceptable salts, enantiomers, hydrates, solvates, prodrugs, 1somers, and

trutomers thereof, where X', KU B2, B, and RY are as described above,

{0098} In certain embodiments, the present disclosure provides a compound having the

structure of Formula (Ic), which is of the Formula (Ic)-1:

1
o o =%
N .,
I S oy Fd RZ
N
R® R (fopt
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof,

wherein:

, PN, FC—NO,
X508, N C'\!,Gf é—H :
R!is selected from the group consisting of

A 2 AP AZ
Py / “\ 3 A\ —A A

Ny
%_<l /k %—{ )\ AAE’ ‘?‘{ /J\, H,AZ A’///KAEA;_”"izﬁ
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A2 o
A2 p2 5 AZT Tpz I,A‘,_Ai\
TN AL, A
2 \AZ AZ AZ A? \AZ Ea ;

Al 4 Al 1
X N N Ayt Al H
A ‘Ni‘, \/":‘91\ s A:ﬂ
\ , cand P AT
wherein === represents a single bond or a double bond provided that the ring comprising

one or more A is a non-aromatic ring;
each A is independently CR™ or N;
Abis NR™ 0, 8, or C(O);
each A? is independently CR™, C(R*)2, N, NR™ O, S, or S{O);

ey

I RN

R%1s x&

X% is N or CR™;

R*and R* are H;

each R™® is independently H, D, halogen, OH, CN, ~N(O2,-SR® ~OR®, -NHR® ~NRR’,
~S{ORN(R Y-, ~S{0):R®, ~C(O)R®, -C{OIORS, ~C(OINRR' -NROS(ORR’, ~S{OHRS,
~S{OINRERT ~NROS(O)R’, C1-Cealkyl, C2-Cealkenyl, Cs-Cacycloalkenyl, C2-Csalkynyl, Ca-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH2-C3-Cscycloalkyl; wherein the Ci-Cealkyl,
Ci-Cealkenyl, Cs-Cseycloalkenyl, C2-Csalkynyl, Cs-Cacycloalkyl, heterocyclyl, aryl, hetercaryl,
and -CHa-Ca-Cseycloalkyl are optionally substituted with D, halogen, Ci-Csalkyl, -OR®, -NHa,
-NH{C1-Coalkyl}, or -N(Ci-Cealkyh; or

two R together with the atoms to which they are attached can form Cs-Cgeycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-3 heteroatoms
selected from the group consisting of N, 8, P and O; wherein the Cs-Cacycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHz, -NH(C;-
Cealkyl), or -N{C1~-Cesalkyl): or

two geminal R™ can form an oxo group;

each R 15 independently H, D, halogen, OH, CN, -N(O2,—SR¢ —OR®, -NHR®, —-NRR’,
~S{ORNR)—, ~S(0)2R®, ~C(OIR®, ~C{OIOR®, -C(OINRR7 ~NRS(ORR’, —S{O)R?,

=
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~S{OINRER, ~NROS(O)R’, C1-Csalkyl, Ca-Cealkenyl, C4-Cacycloalkenyl, or Cz-Cealkynyl;
wherein the C1-Cealkyl, Co-Cealkenyl, Cs-Cacvcloalkenyl, and C2-Csalkynyl are optionally
substituted with D, halogen, -OR®, -NHz, -NH(Ci-Cealkyl), or -N{C1-Csalkyl)s;

R® and R’ are independently, at each occurrence H, I3, Ci-Cralkyl, Co-Csalkenyl, Cu-
Cecycloalkenyl, Co-Csalkynyl, Cs-Cseycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 hetercatoms selected from the group consisting of N, S,
P and O; wherein the C1-Coalkyl, Co-Cralkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, and heteroary! are optionally substituted with D, halogen, Ci-
Coalkyl,-OH, -0-C-Cealkyl, -NHa, -NH(C-Cealkyl), or -N{C1-Cealkylys; or

R® and R” together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, S, Pand O;

each m is independently an integer from one to 4; and

n 15 an integer from zero to S

provided that when the ring comprising A and/or A! is an imidazole, then at least one A?

is N, NR¥™ 0O, S, or §(O)z.

[0099] The present disclosure provides a compound having the structure of Formula (Id},
X"

O
LY
RZ
AT M -~
R
R R (g
and pharmaceutically accepiable salis, enantiomers, hydrates, solvates, prodrugs, isomers, and

trutomers thereof, where X', KU B2, B, and RY are as described above,
{00108] In certain embodiments, the present disclosure provides a compound having the
structure of Formuia (Id), which is of the Formula (1d)-1:
1
0 0 %
N 5
4 S Ney - R-—
RN
R RY (Id)1
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof,

wherein:
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Niso. g FNoN o TGN

R} is selected from the group consisting of

“rop2 A= p?
A\ / \ A \ / A A — N “/ \:,:\A?
+_| P e +0Y
. Aé /L / / ‘___ i\z A,;;’ ’,:./A'.
A , Az:: AZ ,
AL 2 Az\Az 242
A .::} 2 A\~/ A A\ A ::ﬁf—
S — x/-;‘ / T E \\Az / iy \\\ /!’-\::\\( \\\\ A2
N A \ !

JAZ -
AZ==p2 2 a2 Sz NEAL
S Ad ; 2 2 a2
4 N\ N :{ : ‘\\ Al lA
AT A2 AT AR 2 A? *
L A2 AZ
) = = V= :
; NIV
As Al 4 ~ Al A ~ A A{;:/N K = A
t
DA G G b e
, ! , and A? ;
wherein === represents a single bond or a double bond provided that the ning comprising

one or more A is 4 non-aromatic ring;
each A is independently CR™ or N,
Alis NR™ O, S, or C{O);
each A? is independently CR™, C{R™), N, NR™® O, S, or ${(0);

R*and R* are H;
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each R™® is independently H, D, halogen, OH, CN, ~N(O2,-SR® ~OR®, -NHR® ~NRR’,
~S{ORN(R Y-, ~S{0):R®, ~C(O)R®, -C{OIORS, ~C(OINRR' -NROS(ORR’, ~S{OHRS,
~S{OINRR’, ~NROS(O)R’, C1-Cealkyl, C2-Cealkenyl, C4-Cacycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CH2-C3-Cscycloalkyl; wherein the Ci-Cealkyl,
Ca-Coalkenyl, Ca-Caeycloalkenyl, C2-Cralkynyl, Cs-Cacycloalkyl, heterocyclyl, aryl, heteroaryl,
and -CH»-C3-Cseycloalkyl are optionally substituted with D, halogen, Ci-Csalkyl, -OR®, -NHo,
-NH{C1-Coalkyl}, or -N(Ci-Cealkyh; or

two R together with the atoms to which they are attached can form Cs-Cgeycloalkyl,
heterocyclyl, arvl, or hetercaryl; wherein the heterocyclyl and heteroary! contain 1-3 heteroatoms
selected from the group consisting of N, 8, P and O; wherein the Cs-Cacycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHz, NH(C1-
Cealkyl), or N(Ci-Cealkyl): or

two geminal R™ can form an oxo group;

each R 15 independently H, D, halogen, OH, CN, -N(O2,—SR¢ —OR®, -NHR®, —-NRR’,
~S{ORNR)—, ~S(0)2R®, ~C(OIR®, ~C{OIOR®, -C(OINRR7 ~NRS(ORR’, —S{O)R?,
—S{OINRR’, -NRCS(O)R’, Ci-Cealkyl, C:-Csalkenyl, Cs-Cseycloalkenyl, or C:-Cealkynyl;
wherein the Ci-Cealkyl, Ca-Cealkenyl, Cs-Cscycloalkenyl, and Co-Cealkynyl are optionally
substituted with D, halogen, -OR® -NHa, -NH(C1-Csalky!), or -N{C1-Cealkyl)z;

R® and R are independently, at each occurrence H, D, Ci-Caalkyl, Co-Cralkenyi, Cu-
Cseycloalkenyl, C2-Csalkynyl, Cs-Cseyveloalkyl, heterocyclyl, arvl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, §,
P and O; wherem the C1-Cealkyl, C2-Caalkenvl, C4-Cseycloalkenyl, Co-Cealkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with D, halogen, Ci1-

Cealkyl, -OH, -O-C1-Cealkyl, -NHa, -NH{C1-Cealkyl), or -N{Ci-Cealkyll; or

R® and R together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, S, P and G,

each m 18 independently an integer from one to 4; and

1 1s an integer from zero to 5

provided that when the ring comprising A and/or A’ is an imidazole, then at least one A

is N, NR™ 0, 8, or $(O).

{06101} The present disclosure provides a compound having the structure of Formula (le),

Ao
LA
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1
o o A
N4 5
LS. _R
RNy
R® R (e
and pharmaceutically accepiable salis, enantiomers, hydrates, solvates, prodrugs, 1somers, and

tautomers thereof, where X', R, R R, and RY are as deseribed above,

{00102] The present disclosure provides a compound having the structure of Formula (),

1
'e) X
N 2
Rq" "\i}g i/'
3 4 -
R R (H}

and pharmaceutically accepiable salis, enantiomers, hydrates, solvates, prodrugs, isomers, and
tnstomers thereof, where X1, RU R, RS, and R are as described above.
{00183] The present disclosure provides a compound having the structure of Formula (Ig},

X']

AV )
- R=
R1 N i\{j E}E -
R RY ()

and pharmaceutically acceptable salts, enantiomers, hydrates, solvates, prodrugs, somers, and
tantorners thereof, where X1 RY B2, R, and R* are as described above. Compounds of Formula
{1f} do not contain a basic anuno group in the R* substityent. The sulfonviures moiety within
compounds of Formula {1g) renders pka values for these compounds n the range of 3262,
charactenizing them as weak organic acids. Compounds of this structure may display low

volumes of distribution m vive and may exbibit high plasma protemn binding

>

[00104] In certain emb odiments, the present disclosure provides a compound having the

structure of Formula (Ig), which is of the Formula (Ig)-1:

=
- X']
RITTT N7

} i
R® RY (g1
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof]

wherein:
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X'isQor§;
R’ is selected from the group consisting of

Rbaza Roab

N RSaZc
/3 N Ny Ra2d N—n
R5a1a Rﬁgﬂa / Rﬁa‘?a // s
- - ”vaZS
O 0O 0O [ 5b2f
, ,and ,
' N
R?is X? or

X?is N or CR™,

R*and R are H;

R¥1 i5 H, D, halogen, OH, CN, -N(2,-8R® ~OR® -NHR® ~NRR’, -NR°C(O)RS,
SNROC(OYOR®, -NROC(OINRS, Cr1-Csalkyl, Cr-Cealkenyl, Co-Cacycloalkenyl, Ca-Cealkynyl, Cs-
Cecycloalkyl, heterocyclyl, aryl, heteroarvi, or -CH»-C3-Cscycloalkyl;, wherein the C1-Csalkyl,
(2-Cealkenvl, Co-Cseycloalkenyl, Ca-Cealkynyl, C3-Cscycloalkyl, heterocyclyl, aryl, heteroaryl,
and -CH»-Cs-Cseycloalkyl are optionally substituted with D, -CN, halogen, Ci-Cealkyl, -OR®,
-NHz, -NH(C1-Cealkyl), N(C1-Cealkyl)z, -NROC{OYORS, or -NROC(O)RS;

RI#% Roeb goale piaid pdake and R are selected from independently H, D, halogen,
OH, CN, -NO»,~SR®, ~OR®, -C(O)RS, -S{(ORR, -C(OYOR®, -C(OINR®, C1-Csalkyl, Co-
Coalkenyl, Cs-Cacycloaltkenyl, Ca-Cealkynyl, Cs-Cscyeloalkyl, heterocyclyl, aryl, heteroaryl, or
-CH-Cs-Cacycloalkyl; wherein the Ci-Coalkyl, Co-Cealkenyl, Co-Cscycloalkenyl, Cr-Cealkynyl,
Cs-Cacyeloalkyl, heterocyclyl, aryl, heteroaryi, and -CHz-Cs-Cscycloalkyl are optionally
substituted with D, -CN, halogen, Ci-Cealkyl, -OR®, -NR°C{O)OR®, -NRC(OIR®, -
NROC(OINR®, -NROC(O)R®, -NS(O)RR"; or

two R332 REED R RERd RO and R¥ which are germinal, together with the atoms
to which they are attached can form Cs-Cscycloalkyl or heterocyelyl, wherein the heterocyclyl
contains -3 heteroatoms selected from the group consisting of N, 8, P and O; wheremn the Cs-
Cscycloalky! and heterocycly! are optionally substituted with D, halogen, C1-Cealkyl, -OR®,
—8{0)-R%; -COR®, -NREC(OYORS, -NROC(O)RE, -NROC(OINRS, or -NS(ORR®; or

. La2s 54 Sa2c 1d b rd S
two gerninal R728 R Rdae piaZd psale and R can form an oxo group;
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R is H, D, halogen, -CN,~OR®, or Ci1-Cealkyl, Ca-Caeveloalkyl, -C{OINRS, -C(OIORS;
wherein the C1-Csalkyl, and Cs-Cscycloalkyl, are optionally substituted with D, halogen, -CN,
-OR®, -NHa, -NH(C:-Csalkyl), or -N(C1-Cealkyl)z;

each R R R™ R and R is independently H, D, halogen, OH, -CN, ~NOz,
—SR®, —OR®, —-NHR®, —NR°R’, C-Csalkyl, C2-Csalkenyl, Ca-Cscycloalkenyl, Cs-Cscycloalkyl, or
(C2-Coalkynyl; wherein the Ci-Cealkyl, Co-Cealkenyl, Cs-Cseycloalkenyl, Cs-Cacycloalkyl, and
C2-Coalkyny! are optionally substituted with D, halogen, -CN, -OR®, -NH;, -NH(C:-Csalkyl), or
-N{C1-Coalkyl); or

two adjacent R, R R RO and RO together with the atoms to which they are
attached can form C3-Cseycloalkyl, heterocyclyl, aryl, or hetercaryl, wherein Cs-Cacycloalkyl,
heterocyclyl, aryl, or heteroaryl are optionally substituted with halogen, -CN, Ci-Cealkyl, ~-ORS,
-NH», -NH(Ci-Cealkyl), or -N{C1-Cealkyl)z; and

R® and R are independently, at each occurrence, H, D, Ci1-Czalkyl, C2-Csalkenyl, Cz-
Csalkynyl, Cs-Cseycloalkyl, Ca-Cscycloalkenyl, heterocyclyl, aryl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatorus selected from the group consisting of N, 8,
P and O; wherein the C1-Csalkyl, Co-Csalkenyi, Cz-Csalkynyl, Ci-Cseyceloalkyi, Cy-
Cscycloalkenvl, heterocyclyl, arvl, and heteroaryl are optionally substituted with I3, -CN,
halogen, Ci-Cealkyl -OH, -O-Ci-Coalkyl, -NHz, ~-NH(C1-Csalky1), or -N{C1-Cesalkyl)z; or

R® and R’ together with the atom to which they are attached can form heterocyclyl or

heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, §, Pand O

{80105] The present disclosure provides a compound having the structure of Formula (Th),
X1

¢
V ,
gD LR

i i
R® R (Ih)
and pharmaceutically acceptable salts, enantiomers, hydrates, solvates, prodrugs, 1somers,
and tautomers therenf, where X', RY, R?, R, and R® are as described above. Compounds of
Formula (Ih) contamn a basic amino group. Tncorporation of a basic aming group o a compound
of Formula {(1h}, which also bears the acidic sulfonylurea mosety, would be expected to exist as a

Fwitterion, having a net zero charge. Zwitierionic compounds cant have different

physicochemical properties than weak organic acids. Notably, there may be ncreased volumes
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of distribution in vivo as well as lowered plasma protein binding. In certain embodiments of
Formula Ih, one or two R72 are -WHR®, ~NRR’, C1-Cealkyl, or heterocyclyl containing N;
wheretn the Ci-Cealkyl 15 substituted with -WNHz, -NH(C:i-Csalkyl), or -N{C1-Cealkyl)z, and
wherein the heterocyclyl is optionally substituted with D, -CN, halogen, Ci-Csalkyl, -OR®, -NHz,
-NH(C-Coalkyl), -N(C1-Coalkyl}z, -NRC{OYOR®, or -NRC(OIR®, -NR*C(OINRS,
-NROC(OIR®, or -NRS(O)R. In certain embodiments of Formula il one R is -NHR®,
—NR®R’, Ci-Csalkyl, or heterocyclyl containing N; wherein the Ci-Csalkyl is substituted with
-NHz, -NH(Ci-Cealkyl), or -N{C1-Cealkyl)z, and wherein the heterocycly! i1s optionally
substituted with D, -CN, halogen, Ci-Csalkyl, -OR®, -NH., -NH(C1-Cealky1}, -N(C1-Coalkyl),
-NROC(OYOR®, or -NRC(O)RE, -NROC(OINR®, -NROC{OIR®, or -NRCS(ORRE.

{00106] In certain embodiments, the present disclosure provides a compound having the
structure of Formula (Ih), which is of the Formula (Ih)-1:
1
%‘s’yc I R*
Y
R® R* (h)1
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and
tautomers thereof,
wherein:
X'isOor§;
R!is selected from the group consisting of

R532a REaZb

RSaZc
N\N 5a2d N\”N
Rf\,am // R” f Sala /
- P R5ble
0O 8] R5b2f
, ,and ,
l =
R? s X2 ;

X*is N or CR™!,
R*and R* are H;
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R 15 1, D, halogen, OH, CN, -NO2,-SR®, ~OR®, -NHR®, -NR'R”, -NRC{O)R",
SNROC(OYOR®, -NROC(OINRS, Cr1-Csalkyl, Cr-Cealkenyl, Co-Cacycloalkenyl, Ca-Cealkynyl, Cs-
Cecycloalkyl, heterocyclyl, aryl, heteroarvi, or -CH»-C3-Cscycloalkyl;, wherein the C1-Csalkyl,
(r2-Cealkenvl, Co-Csoycloalkenyl, Co-Coalkynyl, Ca-Cseycloalkyl) heterocyelyl, aryl, heteroaryl,
and -CHz-Cs-Cseycloalkyl are optionally substituted with D, -CN, halogen, Ci-Csalkyl, -OR®,
-NH, -NH(Cs-Cealkyl), N(Ci-Cealkyl)z, -NROC(OYORS, or -NRC(O)RS;

gach R Road piale piad piale and R are independently selected from H, -NHR®,
—NR°R’, C1-Cealkyl, and heterocyclyl containing N; wherein the Ci-Cralkyl is substituted with
-NHz, -NH{C1-Cealkyl), or -N(Ci-Cealkyl)z, and wherein the heterocyelyl is optionally
substituted with with D, -CN, halogen, Ci-Cealkyl, -OR®, -NHa, -NH(C-Csalkyl), -N(C:-
Coalleyt)s, -NREC(OYORS, or -NROC(O)R®, -NRC(OINRS, -NROC{O}R®, or -NRES{ORR;

R is H, D, halogen, -CN ~OR®, or Ci-Cealkyl, Ci-Cseycloalkyl, -C{OINR®, -C(O)OR®;
wherein the C1-Cealkyl, and Cs-Cseycloalkyl, are optionally substituted with D, halogen, ~-CN,
-OR®, -NHz, -NH(C1-Csalkyl), or -N{C1-Cealkyl)z;

each R72 R R R and R™ is independently H, D, halogen, OH, -CN, -NO»,
—SR, —OR® —NHR®, -NR°R’, C1-Csalkyl, Cz-Csalkenyl, Cs-Creyeloalkenyl, C3-Cseycloalkyl, or
Co-Coalkynyl;, wherein the Ci-Cealkyl, Co-Cealkenvl, Cs-Creveloalkenyl, Cs-Cseycloalkyl, and
C:-Cealkynyl are optionally substituted with D, halogen, -CN, -OR®, -NH», -NH(C1-Csalkyl), or
-N{C1-Cealkyl)z; or

two adjacent R™2 R R R and R™ together with the atoms to which they are
attached can form Us-Cseycloalkyl, heterocyclyl, aryl, or heteroaryl, wheremn Cs-Cseycloalkyl,
heterocyclyl, aryl, or heteroary! are optionally substituted with halogen, -CN, Ci-Cealkyl, -OR®,
~NHz, -NH(C1-Cealkyl), or -N{C1~Cealkyly; and

R® and R are independently, at each occurrence, H, D, Ci-Cralkyl, (r-Csalkenyl, Co-
Csalkynyl, Cs-Ceeycloalkyl, Ca-Cseycloalkenyl, heterocyclyl, aryl, or heteroaryl; wherein the
heterocvelyl and hetercaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the C1-Csalkyl, Cr-Csalkenyl, C2-Cralkynyl, C3-Cscycloalkyl, Cy-
Ceeycloalkenyl, heterocyclyl, aryl, and hetercary! are optionally substituted with D, -CN,
halogen, Ci-Cealkyl-OH, -O-Ci-Cealkyl, -NHz, -NH{C1-Cealkyl}, or -N{Ci-Csalkyiy; or

R®and R together with the atom to which they are attached can form heterocyelyl or

heteroarvl containing 1-3 hetercatoms selected from the group consisting of N, 8§, Pand O.
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i In certain empogiments of Formuia 1, wiaen R 18
[00167] 1 in ernbod fF lal, when R'i

/"\2\ 2 Az_'_\ z
(W =,
3 Lo RE s As
Y AL
Jor , then at least one A is N, NR®, O, 8, or S(O)2. In certain
A%,
A
Aol / :1":(/ W
N “ 5 N ‘\ y}Az
// - A NS N\A‘
&
h i} . T X
embodiments of Formulae Ia-Id, when R’ 1s N , , Of
A2~... 2
No— \ o '
o A?
\ N“‘\Az/
. , then at least one A% is N, NR™ O, 8, or S(O).

[00108] In certain embodiments of the formulae described herein, X' is O. In certain

embodiments, X' is 8. In certain embodiments, X' is :§:N~CN

%SMNOZ

. In certain embodiments, X' is

{06109] In certain embodiments of the formulae described herein, R? is X2 Cn

. . . A 5 . . .
certain embodiments of Formula I, R” 1s R . In certain embodiments of Formulae
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i
la-Id, R is R . In certain embodiments, R is In certain
X
. . l /
embodiments, R? is N
{00118} In certain embodiments of the formula described herein, R? is F

[006111] In certain embodiments of Formula I, R® is H, D, halogen, CN.-OR®, or Ci-Cealkyl. In
certain embodiments, R” is H, halogen, or Ci-Csalkyl. In certain embodiments, R® is H, halogen,
or methyl. In certain embodiments, R° is H, fluoro, chloro, or methyl. In certain embodiments,

R’ is H. In certain embodiments, R is halogen. In certain embodiments, R is fluoro. In certain

embodiments, R® is chloro. In certain embodiments, R is methyl.

{00112} In certain embodiments of Formulae 1a-Id, R™ is H, D, halogen, CN,—OR®, or Ci-

Csalkyl. In certain embodiments, R is H, halogen, or Ci-Cealkyl. In certain embodiments, R
is H, halogen, or methyl. In certain embodiments, R* is H, fluoro, chioro, or methyl. In certain
embodiments, R°° is H. In certain embodiments, R is halogen. In certain embodiments, R°® is

fluoro. In certain embodiments, R° is chloro. In certain embodiments, R™ is methyl.

(R,
. In certain embodiments of

{00113] In certain embodiments of Formula I, R? is

(REb)
\ n . . B
. In certam embodlfnents, 18 £81rQ, One, or two.

Formula Ia-Id, R% is

[00114] In certain embodiments of Formula I, each R is independently H, halogen, OH, CN,
~NQO2, -OR®, C1-Cealkyl, C2-Csalkenyl, Ca-Cseycloalkenyl, or Ca-Cseycloalkyl In certain
embodiments, each R’ is independently selected from the group consisting of H, halogen, Ci-

Csalkyl, Cs-Cseycloalkyl, and -CN.
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100115} In certain embodiments of Formulae Ia-Id, each R is independently H, halogen, OH,

CN, -NO», ~ORS, C1-Csalkyl, Cr-Cealkenyl, Cs-Cecycloalkenyl, or Cs-Cscyeloalkyl. In certain

embodiments, each R™ is independently selected from the group consisting of H, halogen, Ci-

Cealkyl, Cs-Cseycloalkyl, and -CN.

Formulae Ia-Id, R® is R . In certain embodiments of Formula I, R* is R

. . ~ . N1 5
In certain embodiments of Formulae Ta-Id, R? is R* R9Y

[00117] In certain embodiments of the formulae described herein, R? is selected from the group

i
i

consisiing of - , G , Cl , , and
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R5b4

[00118] In certain embodiments of the formula Ie-fh, R? is , wherein at least one
of R, R9% R R and R™ is Ci-Cealkyl or Cs-Cscyeloalkyl, wherein the Ci-Csalkyl and
Cs-Ceeyeloalkyl are optionally substituted with D, halogen, -CN, -OR®, -NHa, -NH(C1-Csalkyl),
or -N(C1-Csalkyl). In certain embodiments, at least one of R°2 R R R gnd R 15 C1-
Csalkyl or C3-Cscycloalkyl, wherein the Ci-Cealkyl and Cs-Ceeyeloalkyl are optionally

substituted with halogen.

[00119] In certain embodiments of the formulae described herein, R is an optionally substituted
C1-Cealkyl. In certain embodiments, R} is C1-Cealkyl In certain embodiments, R! is C1-Cralkyl
In certain embodiments, R! is methyl. In certain embodiments, R is an optionally substituted
C1-Cealkenyl. In certain embodiments, R! is an optionally substituted C1-Cealkynyl. In certain

embodiments, R! is ~(CH2)u-O-(CHz)m-CHs, each m is independently an integer from one to 4.

[00120] In certain embodiments of the formulae described herein, R! is selected from the group

consisting
/'\\ T~ 2 AZ_'.':AZ
L\‘\ - \\ ? A'\N/’Az A\“N’/ /\\\ . A\N/, ‘§A2
% /\ — f’ 5 = Za
% AZ 7 A,/‘\ ?,—»A } A AzwA;
A2 ,
A::: o Ai\ A:.: h %;\}\i A Ad:A\Z\
/ \r 2 A/\ xAz A/\ :/A2 A'/ \\( ~£@
2 A N ANV I S N
s A ‘Nim A:’_'__'.'A.)
AZ 2 A =pE Ao AZ
A AN Ay A Ay T / R
/ N \iAz 4 N N /7 N A\ XA\N \Az
A it A AR N AT 7 |
o 2,;‘}\2 — \Ag — A = A2
o ATTA
2 . A2 2.2
4 % . 1 AZ 1 AL AfTA
/A \\AZ /A \ /A s Al §A2
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[00121] In certain embodiments of the formulae described herein, R' is

W
e - Az
100122} In certain embodiments of the formulae described herein, R’ is A AZ ,
’ \ 2 A2:A2
: N*“"b : <f\ N A\ , :"*\N’f o2
/;// //Az
A? , AAMA ot A "AZTIAZ )
2
A\ e 2
e i
t
N
[00123] In certain embodiments of the formulae described herein, R' is ,
2 .
Ane A A Azzn? A=A
// \ 4 e \‘j\ 2 A;\ WAL
A , A / § E
\\ / \\ N "/ A \‘ N |/ 2
A2 N, nn A2 NN A
A or W§N A ':_“_AZ
2
A'“\ =/ R 2
¥/ N {A
A — E/A\’>
s AT
- A*
{06124] In certain embodiments of the formulae described herein, R' 1s
A2 2
2 Al
A\N/A A\i\e A A“\N’j \“‘ z
2 /’k /
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SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

1
Va S
N 2
AZ
Lo B
P R
/"\\21 ! !’\2 A2 AZ
/ 1 U J 1
A Al A A

¢
[00126] In certain embodiments of the formulae described herein, Rl is ,
A2 2..p2
277 WTea2 AfzA
iﬁ’\: \!::.\:‘“ AE’; R§A2
a2 ‘52 f :

H AZ\/’_:___{AZ
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. or
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A !
— - A?
, ‘ . . . ~ i A
{00127} In certain embodiments of the formulae described herein, R* is . dn

Rﬁa

N
/ | N R
— O/ e o/)
certain embodiments, R is . In certain embodiments, R is )

{06128] In certain embodiments of the formulae described herein, the === are single bonds in
the ring comprising A°, thereby forming a saturated ring. In certain embodiments, one to two

=== are double bonds in the ring comprising A”, thereby forming an unsaturated ring.
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00129} In certain embodiments of Formula I, A is CR®. In certain embodiments of Formulae
|

1a-Id, A is CR™. In certain embodiments of the formulae described herein, A is N.

100136} In certain embodiments of Formula I, A’ is NR®. In certain embodiments of Formulae
1a-Id, Al is NR™ In certain embodiments of the formulae deseribed herein, Al is O. In certain
embodiments of the formulae described herein, A' is 8. In certain embodiments of the formulae

described herein, Al is C(O).

100131} In certain embodiments of the formulae described herein, each A’ is independently CH:

or O. In certain embodiments, each A% is (Ha.

100132} In certain embodiments of Formula I, one A is CR® and the other A is N. In certain

embodiments, each A* is independently C{(R’), NR®, or O

100133} In certain embodiments of Formulae la-Id, one A is CR™ and the other A is N. In

certain embodiments, each A’ is independently C{R™), NR™ or O.

100134} In certain embodiments of Formula I, R® is independently H, D, halogen, OH, CN,

~C{OINRR" ~NRS{ORR7, —S(OIRS, —S{OINR R, -NR*S{O)R", Ci-Cealkyl, C2-Csalkenyl, Cs-
Cscycloalkenyl, Cr-Coalkynyl, Cs-Cscycloalkyl, heterocyclyl, arvl, hetercaryl, or -CHz-Cs-
Cscveloalkyl. In certain embodiments, the Ci-Cealkyl, C2-Coalkenyl, Cs-Cscycloalkenyl, Co-

Csalkynyl, Cs-Cacycloalkyl, heterocyclyl, aryl, or heteroarvl is optionally substituted.

[00135] In certain embodiments of Formula Ia, each R™ is independently H, D, halogen, OH,
CN, —NO3,-SR®, -OR®, -NHR®, —-NR°R’, ~S(OnN(R®%)2—, -S(O):R®, -C(O}RS, -C(O)ORS,
~C{OINRR" —NRS{ORR, —S(OIR®, —S(O)NRR7, -NROS(OR’, C-Cealkyl, Ca-Cralkenyl, Cs-
Cscycloalkenyl, Cr-Coalkynyl, Cs-Cscycloalkyl, heterocyclyl, arvl, hetercaryl, or -CHz-Cs-
Cscycloalkyl. In certain embodiments, the Ci-Cealkyl, C2-Cealkenvl, Ca-Cscycloalkenyl, Co-

Ceatkynyl, Cs-Cseycloalkyl, heterocvelyl, aryl, or heteroarvl 1s optionally substituted.

[00136] In certain embodiments of Formula Ia, each R is independently H, D, halogen, OH,
CN, -NO2,-SR®, ~OR®, -WNHR®, -NRR’, ~S{(OnN(R -, ~S(O)RE, ~C(O)R®, —-C{(OYORS,
~C{ONR R’ —NRS(ORR7, —S{O)R®, —S(O)NR R, -NRS(OIR’, Ci-Csalkyl, C2-Cealkenyl, Cs-

Cscycloalkenyl, Co-Cealkynyl, Cs-Cseveloalkyl, heterocyelvl, arvl, hetercaryl, or -CHz-Cs-

Uy
~1
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Cecveloalkyl. In certain embodiments, the Ci-Cealkyl, Cr-Cealkenyl, Ca-Creyeloalkenyl, Ca-

Csalkynyl, Cs-Ceeycloalkyl, heterocyclyl, aryl, or heteroaryl 1s optionally substituted.

100137} In certain embodiments of Formula I, two R® together with the atoms to which they are
attached can form (s-Cseycloalkyl, heterocyclyl, aryl, or hetercaryl; wherein the heterocyclyl
and heteroaryl contain 1-3 hetercatoms selected from the group consisting of N, 8§, Pand O. In
certain embodiments, the Ci-Uscycloalkyl, heterocyelyl, aryl, or heteroaryl is optionally

substituted.

[60138] In certain embodiments of Formulae Ia-Id, two R™ together with the atoms to which
they are attached can form Cs-Cscycloalkyl, heterocyclyl, aryl, or hetercaryl; wherein the
heterocyclyl and heteroaryl contain 1-3 hetercatoms selected from the group consisting of N, S,
P and O. In certain embodiments, the (3-Cseycloalkyl, heterocyelyl, arvl, or hetercaryl is
optionally substituted. In certain embodiments, the Cs-Cacycloalkyl, heterocyclyl, aryl, or
heteroaryl is optionally substituted with D, halogen, Ci-Cealkyl, -OH, -NH», NH{C-Csalkyl), or
N(Ci-Cealkyl)s. In certain embodiments, two R™ together with the atoms to which they are
attached can form Cs-Cacycloalkyl, optionally substituted with D, halogen, Ci-Cealkyl, -ORS, -
NH, -NH(Ci-Cealkyl), or -N{C1-Cealkyl)z.

[00139] In certain embodiments of the formulae described herein, two geminal R® can form an

oxo group. In certain embodiments of Formula Ta-1d, two geminal R™ can form an oxo group.

[00148] In certain embodiments of Formulae Ib-1d, each R™ is independently H, D, halogen,
OH, CN, -N(Q:,~SR® —~OR®, -NHR®, —NRR’, ~S{ORN(R®)—, ~8(0)R®, ~C(O)R®, ~C{(O)ORS,
~C{ONR R’ —NRS(ORR7, —S{O)R®, —S(O)NR R, -NRS(OIR’, Ci-Csalkyl, C2-Cealkenyl, Cs-
Cscycloalkenyl, Ca-Cealkynyl, Cs-Csevcloalkyl, heterocyclyl, aryl, hetercaryl, or -CHz-Cs-
Cscycloalkyl;, wherein the Ci-Cealkyl, Co-Cealkenyl, C4-Csevcloalkenyl, Co-Cealkynyl, Cs-
Cscycloalkyl, heterocyelyl, aryl, heteroaryl, and -CHz-Cs-Cseycloalkyl are optionally substituted
with D, halogen, Ci-Cealkyl, -OH, -NHa, -NH{C1-Csalkyl), or -N{Ci1-Cealkyi)z. In certain
embodiments, R* is Ci-Cealkyl optionally substituted with D, halogen, Ci-Cealkyl, -ORS, -NHa,
NH{(C:-Csalkyl), or N(Ci-Cealkyl)z. In certain embodiments, R™ 1s heterocyclyl optionally
sabstituted with D, halogen, Ci-Cealkyl, -OH, -NH:z, -NH{C:i-Cealkyl}, or -N(Ci-Cealkylih.

[00141] In certain embodiments of Formulae Ib-1d, two R together with the atoms to which

they are attached can form Ci-Cscycloalkyl, heterocycliyl, aryl, or hetercaryl; wherein the
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heterocvelyl and hetercaryl contain 1-3 heterocatoms selected from the group consisting of N, S,
P and O; wherein the C3-Cscycloalkyl, heterocyclyl, aryl, or hetercaryt are optionally substituted
with D, halogen, Ci1-Cealkyl, -OH, -NH:, -NH{C1-Cealkyl), or -N{C1-Csalkyi}. In certain
embodiments, two R> together with the atoms to which they are attached can form Cs-
Cecycloalkyl, optionally substituted with I, halogen, C1-Csalkyl, -OR®, -NHz, -NH(Ci-Cealkyl),
or ~-N{C1-Cralkyl)z.

[00142] In certain embodiments of Formulae Ib-1d, two geminal R™ can form an oxo group.

[006143] In certain embodiments of Formulae Ib-1d, each R™ is independently H, I3, halogen,
OH, CN, -NO:,-8R®, -OR®, -NHRS, —-NRR’ ~S{O)RN(R®)2—, —S(ORR®, ~C{O)R®, -C{OYOR®,
~C{OINRR’ -NROS{O)R’, —S{O)R®, —S{OINRR’, -NRSS(O)R’, C1-Csalkyl, Co-Cealkenyl, Ca-
Cscveloalkenyl, or Co-Coalkynyl wherein the Ci-Cealkyl, Co-Coalkenyl, Cs-Cacyeloalkenyl, and
(2-Coalkynyl are optionally substituted with D, halogen, -OR®, -NHa, -NH(C1-Csalkyl), or -
N{C1-Cealkylh.

{06144] In certain embodiments of Formula I, each R is independently H-NHRS, or -NR°R’.
in certain embodiments, each A’ is independently C{(R’); or O; and each R® is independently H,
~NHR’, or -NR°R.

[00145] In certain embodiments of Formulae Ia-Id, each R> is independently H, -NHR®,
—NR°R’, Ci-Cralkyl, or heterocyclyl containing N, wherein the Ci-Cealkyl is substituted with -
NHz, -NH{C1-Cesalkyl}, or -N(Ci-Cealkyl)2, and wherein the heterocyclyl is optionally substituted
with D, halogen, C1-Cealkyl, -OR®, -NHo, -NH({C1-Cealkyl), or -N(C1-Csalkyl)e. In certain
embodiments, each A’ is independently C{R™)2 or O; and each R is independently H, -NHR®,
—NRPR’, C1-Cealkyl, or heterocyclyl containing N, wherein the Ci-Cealkyl is substituted with -
NHz, -NH{C1-Cesalkyl}, or -N(Ci-Cealkyl)2, and wherein the heterocyclyl is optionally substituted
with D, halogen, C1-Cealkyl, -OR®, -NHy, -NH{C1-Cealkyl), or -N(C1-Cealkyl)z.

[00146] In certain embodiments of the formulae described herein, R is selected from the group

consisting of
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Ruazu
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Sala ERE: / N \R)? # Sata
R R¥ R RSb2e

Rsz‘
,and
wherein R4 15}1 D, halogen, OH, CN, —-NO2,-SR®, -OR®, -NHR®, -NR°R’,

-NROC(OIR®, -NROC(OYORS, -NROC{O)NR®, C1-Csalkyl, Cz-Cealkenyl, Ca-Cseycloalkenyl, Cz-

Cealkynyl, Cs-Cseycloalkyl, heterocvelyl, aryl, heteroaryl, or ~-CHz-Cs-Cseycloalkyl, wheremn the
Ci-Cealkyl, Co-Cealkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Ci-Cseveloalkyl, heterocycelvl, aryl,
heteroarvl, and -CHz-Cs-Cscycloalkyl are optionally substituted with D, -CN, halogen, Ci-
Csalkyl, -ORS, -NHz, -NH{C1-Csalkyl), -N(C1-Caalkyl)z, -NRC(GYORS, or -NRPC{O)R"; and

RIa2 R3b pialc piadl gk and R3 are selected from independently H, -NHR®,
—NRCR’, C1-Csalkyl, or heterocyclyl containing N, wherein the C1-Coealkyl is substituted with -
NHo, -NH{C1-Cealkyl), or -N(Ci-Cealkyl)z, and wherein the heterocyely! 1s optionally substituted
with D, -CN, halogen, C1-Cealkyl, -OR®, -NHy, -NH(C1-Cealkyl), -N{C1-Csalkyl)h,
-NROC(OYOR®, or ~NRC{OIR®, -NRSC(OINRS, -NRC(OIR®, or -NRES(O)R®.

[00147] In certain embodiments of the formulae described herein, R® and R are independently,
at each occurrence H, D, C1-Csalkyl, C2-Csalkenyl, Cs-Cseycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein the heterocyclyl and hetercaryl contain 1-
S heteroatoms selected from the group consisting of N, §, Pand . In certain embodiments, the
C1-Csalkyl, Co-Cralkenyl, Ca-Cecycloalkenyl, Co-Csalkyuyl, Cs-Creyeloalkyl, heterocyclvl, aryl,

or heteroaryl 1s optionally substituted.

[00148] In certain embodiments of the formulae described herein, R® and R together with the
atom to which they are attached can form heterocyclyl or heteroaryl containing 1-3 heteroatoms
selected from the group consisting of N, 8§, Pand G. In certain embodiments, the heterocyclyi or
heteroarvl is optionally substituted.
{06149] In certain embodiments of Formulae Ib-1d, R® and R’ are independently, at each
occurrence H, D, Ci-Caalkyl, (2-Usalkenyl, Cs-Cseycloalkenyl, Co-Csalkynyl, C3-Cscycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-5 heteroatoms
selected from the group consisting of N, §, P and O; wherein the C1-Csalkyl, C2-Csalkenyl, Cs-

Cscycloalkenyl, Co-Cealkynyl, Cs-Caeycloalkyl, heterocyclyl, arvl, and heteroaryl are optionally
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substituted with D, halogen, Ci-Cealkyl,-OH, -0-Ci1-Cealkyl, -NHa, -NH(C1-Cealkyl}), or -N{{C1-
Csalkyi). In certain embodiments, R® is Ci1-Cealkyl optionally substituted with D, halogen, Ci-
Cealkyl, -OH, -NHz, -NH(C1-Cealkyl}, or -N(Ci1-Cealkyl)s. In certain embodiments, R’ is C1-
Coalky! optionally substituted with I, halogen, Ci-Csalkyl, -OH, -NH», -NH(Ci-Cealkyl), or
-N{C1-Cealkylp.

100156} As described above in Formula Ie, R? can be R R°12

each RV RO RMZ RV ROM 55d R is independently H, -OH, or oxo. In certain
embodiments, one of RV RPY RO RPYB RY4 and RV is -OH or oxo and the rest are H. In
certain embodiments, one of RP10, R®!! RY? RPV ROM and RP7 15 -OH and the rest are H. In

certain embodiments, one of R¥¢ RPU RP? RPY RY4 and R°Y is oxo and the rest are H.

, wherein

{06151] As described above in Formula Ie-Ih, X' is O or S. In certain embodiments of Formula

le-Ig, X' is O. In certain embodiments, X' is 8.

| RS

{06152] As described above in Formula fe-Ih, R is X
l RN
[00153] In certain embodiments of Formula Te-Th, R? is x?

[00154] As described above in Formula Te-Th, X? is N or CR*®!. In certain embodiments of

Formula Ie-Th, X2 is CR®!. In certain embodiments, X2 is N.

[00158] As described above in Formula Te-Th, R is H, D, halogen, -CN,—OR®, or Ci-Csalkyl,
Cs-Creyeloalkyl, -C(ONR?, -C(OYORS; wherein the Ci-Coalkyl, and Ca-Cscycloalkyl, are
optionally substituted with D, halogen, -CN, -OR®, -NH», -NH(C1-Cealkyl), or -N{C1-Csalkyl).

[00136] In certain emnbodiments of Formula Ie-Th, R is H, halogen, or Ci-Cealkyl. In certain
embodiments, R°® is H, halogen, or methyl. In certain erabodiments, R°®! s H, fluoro, chioro,

or methyl. In certain embodiments, R>! 15 H. In certain embodiments, R is halogen. In
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certain embodiments, R™' is fluoro. In certain embodiments, R°® is chloro. In certain

5bl

embodiments, R% is methyl. In certain embodiments of Formula Ie-Th, R®! is an optionally
substituted C1-Cealkyl. In certain embodiments, R°®' is C1-Csalkyl, optionally substituted with

halogen. In certain embodiments, R 15 ~OR®. In certain embodiments, R*! is ~OH.
g

[00157] In certain embodiments of Formula Te-Ih, R? is . In certain

s

ernbodiments, R? is lI ‘ I A

s
RS2 (56

R‘SKI:I RSbS

[00158] In certain embodiments of Formula Te-Th, R? is RSP

[00159] As described above in Formula Te-Th, each R, R R R and R 15
independently H, D, halogen, OH, -CN, -NQO2,-SR® ~ORS®, -NHR®, ~NR°R’, C;-Cealkyl, Cz-
Csalkenyl, Cs-Useycloalkenyl, Cs-Cseyeloalkyl, or Ca-Cealkynyl; wherem the C1-Cealkyl, Co-
Cealkenyl, Cs-Caeyeloalkenyl, Cs-Cseycloalkyl, and Ca-Cealkynyl are optionally substituted with
D, halogen, -CN, -OR®, -NHz, -NH(C1-Csalkyl), or -N{C1-Csalky); or two adjacent R%? R,
R R and R together with the atoms to which they are attached can form Cs-Cseveloalkyl,
heterocyclyl, aryl, or hetercaryl, wherein Cs-Uscycloalkyl, heterocyelyl, aryl, or heteroaryi are
optionally substituted with halogen, -CN, Ci-Cealkyl, -OR®, -NHo, -NH(C1-Cealkyl), or -N(C:-
Cralkylih.

100160} In certain embodiments of Formula Ie-Th, each R, R R™ R™® and R is
independently H, D, halogen, OH, CN, ~NO», ~OR®, C1-Csalkyl, Cr-Cealkenyl, Cs-
Caeycloalkenyl, or Cs-Cseycloalkyl In certain embodiments, each R™2, R™ R R and R™
is independently selected from the group consisting of H, D, halogen, C-Cealkyl, Cs-
Cseycloalkyl, and -CN. In certain embodiments, at least one of R°% R R™ R and R i3
not hydrogen. In certain embodiments, one of R%, R™ R R and R is -OR® In certain

embodiments, one of R7%, R R R and R is -OH.
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RS b8

[00161] In certain embodiments of Formula fe-Th, R? is RO . In certain embodiments

of Formula le-Ih, R? ig R%® RO

{06162] In certain embodiments of Formula le-Th, R? is selected from the group consisting of
||
éN cdn

Cl , and Ci . In certain embodiments, R? is F

[00163] In certain embodiments of Formula Ie-Th, two adjacent R R™% R R and RO
together with the atoms to which they are attached can form Cs-Cscycloalkyl, heterocycelyl, aryl,
or heteroaryl, wherein Cs-Cscycloalkyl, heterocyclyl, aryl, or heteroaryl are optionally
substituted with halogen, C1-Cealkyl, -OR®, -NHa, -NH(C1-Csalky!), or -N(C1-Cealkyl). In
certain embodiments, two adjacent R%2, R R™ R and R together with the ators to
which they are attached can form Cs-Cscycloalkyl or heterocyclyl, wheremn Cs-Cscycloalkyl and
heterocyelyl are optionally substituted with halogen, C1-Cealkyl, -OR®, -NH», -NH(C1-Cealkyl},
or =N{C1-Cealkyl)a.
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RSbZ

[00164] In certain embodiments of Formula fe-Th, R? is R%*  In certain embodiments,
each R°™ and R is selected from the group consisting of H, I, halogen, Ci-Cealkyl, Cs-

Cscycloalkyl, and —-CN.

[00165] In certain embodiments of Formula Te-Th, R? is

{00166] As described above in Formula Ie-Ih, R! is selected from the group consisting of

2 2. aZ
A"y A A A A? ARY 4 "Aﬁ@
S J\ § { \ < 1\ Az %</ /k :
£ < a2 ?
A2 5 A':: 2 A2 A2
/’-‘\\N/ .\\"\:/-\2 /A\N/-A\ A\N/ {\\\ A\'N/ \§A2
/j/ ¥ /4 2 4 “p2 ",:/ :
A\)\\ a2 A /A 7 A 5!7
./ Az,;A P 22 P . <. X/ b A
whns , , and ATA , wherein ===

represents a single bond or a double bond provided that the ring comprising one or more A’ is a

non-aromatic ring.

are single bonds in the ring comprising A”, thereby forming a saturated ring.
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A , 2
s -2 Al o 5
, A A
[00168] In certain embodiments of Formula Te-Th, R is \ , OF

A /A2:-.A2 2
S e S 2
/;’/ \N \‘:\AZ /f\\N/ \NEAZ A\N/A\
K oA };{’\ T/ 2
X T . Az 7
[l . . i A > - 2
. In certain embodimenis, R' is A , A AT or
2 .
Ay A
- D
/L\ ‘Az
s ’,/
A A;.:::-AZ

[00169] As described above in Formula e-Th, each A is independently CR* or N; and each A®
is independently CR™ C(R¥),, N, NR*, O, §, or S(O).

[00178] In certain embodiments of Formula Ie-Th, one A is CR™! and the other A is N. In

certain embodiments, each A’ is independently C{R*%), NR™ or O.

{00171} As described above in Formula le-lh, each R™ is independently H, D, halogen, OH,
CN, -NO3,-SR®, —OR®, -NHR®, -NR°R’, -NRCC(QIR®, -NR*C(OYOR®, -NROC(O)NRS, C1-
Cealkyl, Co-Cealkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Ci-Cscycloalkyl, heterocyclyl, aryl,
heteroarvl, or ~-CH>-Cs-Cscycloalkyl; wherein the Ci-Cealkyl, C2-Cralkenyl, Ca-Cseycloalkenyl,
Ca-Cealkynyl, Cs-Cseycloalkyl, heterocyelyl, aryl, heteroaryl, and -CHz-Cs-Cacycloalkyl are
optionally substituted with D, -CN, halogen, C1-Csalkyl, -OR®, -NHz, -NH{C1-Cesalkyl), -N(C1-
Coalkyi), -NROC{OYORS, or -NR°C(O)R®.

{00172] In certain embodiments of Formula Ie-Th, each R* is independently H, halogen, OH,
~QR® —NHR?®, —NR°R’, C1-Cealkyl, C3s-Cscycloalkyl, or heterocyelyl, wherein the Ci-Cealkyl,
Ca-Cseyeloalkyl, and heterocycly! are optionally substituted with halogen, Ci1-Csalkyl, -ORS,
-NHz, -NH{(C1-Csalkyl), -N(C1-Csalkyl)s, -NROC(OYOR®, or -NR°C(O)R®.

{00173} As described above in Formula Ie-Ih, each R* is independently H, D, halogen, OH,
CN, —-NQO2,-SR®, ORS¢, -NHR® —NRR’, -C(OIR®, -S{OnR®, -C(OYORS®, -C(ONRS, C1-Cealkyl,
(Cz-Cealkenyl, Ca-Cseycloalkenyl, C-Coalkynyl, C3-Cseycloalkyl, heterocycelyl, aryl, hetercaryl,
or -CH2-Cs~Cseyeloalkyl; wherein the Ci-Cealkyl, Co-Cealkenyl, Cs-Cseycloalkenyl, Co-
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Cealkynyl, Cs-Uscycloalkyl, heterocyelyl, aryl, heteroaryl, and -CH3z-Cs-Cecycloalkyl are
optionally substituted with D, -CN, halogen, C1-Cealkyl, -OR®, -NHaz, -NH({C1-Cealkyl), -N{C1-
Cealkyl), -NROC(OYORS, -NROC{OIR®, NROC(OINR®, -NRCC(OIRS, or ~NRS(ORRS; or

two R together with the atoms to which they are attached can form Ci-Caevcloalkyl or
heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from the group
consisting of N, §, P and O; wherein the Cs-Cacycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Cealkyl, -OR®, -NHa, -NH{C1-Cralkyl}, -N(Ci-Cealkyl)s,
—S{0)-R®, -COR®, NROC(OYOR®, -NRP°C(O)RS, -NR°C(O)NR®, or -NR°S{ORR®; or

. 1 19 5a2 i~
two geminal R* can form an oxo group;

{06174] In certain embodiments of Formula le, If and Ig, each R* is independently H, halogen,
OH, —OR®, C1-Calkyl, Cs-Cseycloalkyl, or heterocyclyl; wherein the Ci-Cealkyl, Cs-
Cscycloalkyl, and heterocyclyl are optionally substituted with halogen, Ci-Csalkyl,

-OR®, -NR*C(OYOR®, or —~NROC(O)R®.

{00175] In certain embodiments of Formula e, If, and Ih, each R°" is independently H,
halogen, OH, —OR® -NHR® —NR°R’, C1-Cealkyl, Ci-Caoycloalkyl, or heterocyclyl; wherein the
C1-Cealkyl, Cs-Cseycloalkyl, and heterocyclyl are optionally substituted with halogen, Ci-

Coalkyl, -ORS, -NHz, -NH(C1-Cealkyl), -N(C1-Cealkyi}s, -NROC{O)JOR®, or -NR°C(O)R".

{00176] In certain embodiments of Formula Ie, If, and Th, each R** is independently H,
~NHR®, or C1-Csalkyl; wherein the C1-Cealkyl is substituted with -NHz, -NH{(C1-Cealkyl), or
-N(C1-Cealkyl)e. In certain embodiments, each R is independently H, or heterocyclyl
containing N; wherein the heterocyclyl is optionally substituted with D, -CN, halogen, Ci1-
Cealkyl, -ORS, -NHy, -NH(C1-Csalkyl}, -N(C1-Cesalkyl), -NR°C(OYORS, ar -NR°C(O)R®,
-NRPC(O)NR®, -NROC(O)R®, or -NROS(0):R®.

[006177] In certain embodiments of Formula Ie, If, each A is independently C(R*?) or O; and
each R°% is independently H, -NHR®, —NR°R’, C1-Csalkyl, or heterocyclyl containing N;
wherein the Ci-Cealkyl 1s substituted with -WHz, -NH(C:1-Csalkyl), or -N{C1-Cealkyl)z, and
wherein the heterocyclyl is optionally substituted with D, -CN, halogen, C1-Cealkyl, -OR®, -NHa,
“NH(C1-Cealkyly, -N(C1-Cealkylyz, -NR*C{OYORS, or ~NROC(OIR®, -NROC(OINRS,
-NROC(OIRE, or -NRES(O)RE.

[00178] In certain embodiments of Formula Te-Th, two geminal R>* can form an oxo group.
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{00179} In certain embodiments of Formula Ie-If, R! is selected from the group consisting of

Rba&a Ruaz o

\i"\
‘<KJ\ RSala

wherein R*? 15 H, D, halogen, OH, CN, —NOz,—SR6, —OR®, —NHRS®, -NR°R’,
-NROC(OIR®, -NROC(OYORS, -NROC{O)NR®, C1-Csalkyl, Cz-Cealkenyl, Ca-Cseycloalkenyl, Cz-

RSY‘ME

RobZ

Cealkynyl, Cs-Cseycloalkyl, heterocyelyl, aryl, heteroaryl, or ~-CH2-Cs-Cseycloalkyl; wherein the
Ci-Cealkyl, Cr-Cealkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Cs-Cseycloalkyl, heterocyclyl, aryl,
heteroarvl, and -CHz-Cs-Cscycloalkyl are optionally substituted with D, -CN, halogen, Ci-
Coalkyl, -ORS, -NHz, -NH(C1-Cealkyl), -N(Ci-Cealkyly, -NROC(O)OR®, or -NRC(O)R;

Roa2 b pialc piatd piul and R¥ are selected from independently H, D, halogen,
OH, CN, ~NO2,-8R®, ~OR®, -NHR® ~NR°R’, -C(O)R®, -S(O)R®, -C(G)YORS, -C(OINRS, Ci-
Cealkvl, Co-Cealkenyl, Ca-Cscycloalkenyl, Co-Coalkynyi, Ca-Cscycloalkyl, heterocyelyl, aryl,
heteroaryl, or ~-CHz-Cs-Cseycloalkyl, wherein the Ci-Cealkyl, C2-Usalkenyl, Cs-Cseycloalkenyi,
Cz-Cealkynyl, Cs-Cseycloalkyl, heterocyelyl, aryl, heteroaryl, and ~-CH2-Cs-Cseycloalkyl are
optionally substituted with D, -CN, halogen, C1-Csalkyl, -OR®, -NH», -NH{C1-Cealkyl), -N{C1-
Cealkyl)z, -NROC(OIORS, ~NRC{OIR®, NRC(OWNR®, -NRC(OIRS, or ~NRSS(ORRS; or

two R72 RP2 R4 R R and RO which are germinal together with the atoms
to which they are attached can form (3-Cscycloalkyl or heterocyclyl, wherein the heterocycivl
contains 1-3 hetercatoms selected from the group consisting of N, §, P and O, wherein the (s-
Ceeycloalkyl and heterocyclyl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®,
-NHz, -NH(C1-Cealkyl), -N(C1-Cealkyl)s, —S(O)-RE, -COR®, NROC{(OYOR®, -NR°C(O)R®,
-NROC(OINRE, or -NRSS(ORR®; or

¢ 1y 5ald
two geminal RO RO A R RIC and R¥ can form an oxo group.

[00188] In certain embodiments of Formula Ie-Ig, R is selected from the group consisting of

Rbe2a R5a2b

5::2

N\ N p5azd
‘<)-/J\ R Re! dv%\ R5bze
3 5b21
,and
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wherein R*' is H, D, halogen, OH, CN, -NO,,-SR®, ~OR®, ~NHR®, ~NR°R’,
-NROC(OIRS, -NROC(OYORS, -NROC(OINRS, C1-Csalkyl, C2-Coalkenyl, Cs-Caeyeloalkenyl, Ca-
Cealkynyl, Cs-Uscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CHz-Cs-Cscycloalkyi; wherein the
C-Cealkyl, Co-Coalkenyl, Cs-Creyeloalkenyl, Ca-Cealkynyi, Cs-Cacyeloalkyl, heterocyclyl, aryl,
heteroaryl, and -CH»-C3-Cseycloalkyl are optionally substituted with D, -CN, halogen, Cy-
Cralkyl, -OR®, -NH., -NH(C-Cealkyl), -N(Ci-Cealkyl), -NRC{OYORS, or -NR*C(O)RS;

RPaZe RAIb Rak piad piale and RV are selected from H, D, halogen, OH, CN,
—NO»2,-SR®, —~OR®, -C(O)RS, -S{(ORRS, -C(OYORS, -C{OINR®, Ci-Cealkyl, C2-Csalkenyl, Cs-
Cecyecloalkenyl, Co-Cealkynyl, Cs-Cseycloalkyl, heterocyelyl, aryl, heteroaryl, or -CHz-Cs-
Cscycloalkyl, wherein the Ci-Cealkyl, Ca-Cralkenyl, Ca-Cseycloalkenyl, Co-Coalkynyi, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and ~-CH2-Cs-Cscycloalkyl are optionally substituted
with D, -CN, halogen, Ci-Cealkyl, -OR®, -NRSC({O)OR®, -NR°C(O)R®, -NRC{OINRS,
-NROC(OIR®, or -NRPS(O)R:; or

two RO828 R Rowde Rk RSk and R¥ which are germinal, together with the atorus
to which they are attached can form Cs-Cscycloalkyl or heterocyelyl, wherein the heterocyclyl
contains -3 heteroatoms selected from the group consisting of N, 8, P and O; wheremn the Cs-
Cscycloalky! and heterocyclyl are optionally substituted with D, halogen, C1-Cealkyl, -OR®,
~S(0)2-R®; -COR®, NR°C(QYORS, -NROC(O)R®, -NROC(O)NRS, or -NRS(ORRS; or

. £y - T ] a f »
two geminal R4 R34 R psa2d poale and R3¥ can form an oxo group.

{00181} In certain embodiments of Formula Ie-If and Th, R! is selected from the group
consisting of
‘?;ﬁ?a RS?Z?)

'-\‘ji R532(
sata i ¥{5a2d
RY Rib2e
O R%bz

wherein R* is H, D, halogen, OH, CN, -NO.- %RG, ~0ORS, ~-NHR® ~-NRR’, -
NROC(O)RS, -NROC(O)OR®, -NROC(OINRY, C1-Caalkyl, Ca-Cealkenyl, Ca-Cacycloalkenyl, Ca-

Cealkynyl, Ca-Uscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CH2-Cs-Cscycloalkyi; wherein the

C1-Cealkyl, Cs-Coalkenyl, Cs-Cacycloaltkenyl, Co-Cealkynyl, Cs-Cscyeloalkyl, heterocyclyl, aryl,
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hetercarvi, and -CH2-Cs-Uscycloalkyl are optionally substituted with I, -CN, halogen, Ci-
Csalkyl, -OR®, -NH:, -NH(C1-Cealkyl}, -N(C1-Cealkyl)z, -NROC(OIORS, or -NR®C{O)R®; and
RIA% Roeb goale piwid pdak and R3 are selected from independently H, ~NHR®,
~NRR, C1-Cealkyl, or heterocyclyl containing N; wherein the Ci-Cealkyl is substituted with
-NHz, -NH{C1-Cealkyl), or -N(Ci-Cealkyl)z, and wherein the heterocyelyl is optionally
substituted with D, -CN, halogen, Ci-Cealkyl, -OR®, -NHa, -NH{C1-Cralkyl}, -N(C1-Cealkyl)s,
-NROC(OYOR®, or -NRC(O)R®, -NROC(O)NR®, -NRC{OIR®, or -NR°S{ORR".

2
Ay A\ 2
N A
a7 |
%\ o AP
L AZ
100182} In certain embodiments of the formulae described herein, R’ is ’ n
certain embodiments, one A 1s CR*' and the other A is N. In certain embodiments, each A” is
independently C(R*?), NR™, or 3. In certain embodiments, wherein each R is
independently H, halogen, OH, ~OR®, -NHR®, ~NR°R", C1-Csalkyl, Cs-Cscycloalkyl,
heterocvelyl, aryl, hetercaryl, or -CH2-Cs-Cseycloalkyl. In certain embodiments, whergin two
R yogether with the atoms to which they are attached can form Cs-Cscycloalkyl or
heterocyclyl.

AZ
A\N/ \‘."32

A”P\ .

g o A7

: AL

100183} In certain embodiments of the formulae described herein, R’ is ’ , which

2ab
PN G
A\N m\AZbd

Y ]
A i
L . AZef
Azgh
is a formula of , wherein:

A 5 selected from CR™, C(RPHHROY), N, NR™2, O, S, or S{O);

A% g selected from CR, CREEHR™M, N, NR™ O, S, or (O

A s selected from CR O(RPEYRMH), N, NR™2 0, §, or S{0);

A s selected from CR™2, C(RP2EH(R72M N, NR*2, 0, S, or S{O);

each R RPa Roede powd poale pialt poals and R are independently H, D,
halogen, OH, CN, -NQO2,-SR®, ~OR® ~NHR®, ~NRR", -C(O)R®, -S(O)R®, -C(OORS, -
C{OINRSE, Ci-Cealkyl, C2-Csalkenyl, Cs-Cseycloalkenyl, Co-Cealkynvi, Ca-Cscycloalkyl,
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heterocvelyl, aryl, hetercaryl, or -CH-Cs-Cscycloalkyl, wherein the Ci-Cealkyl, Co-Csalkenyl,
C4-Cseycloalkenyl, Co-Cealkynyl, Ci-Cscycloalkyl, heterocyelyl, aryl, hetercaryl, and -CHz-Cs-
Cacyeloalkyl are optionally substituted with D, -CN, halogen, C1-Csalkyl, -OR®, -NH., -NH(C-
Coalky), -N(Ci-Cealkyl), -NROC(O)YOR®, -NRC(OIR®, -NROC(OINRS, -NR°C(O)R®, or
~NR®S{ORR; or

two RO RIaIb Riele goald goale psall goele and R together with the atoms to which
they are attached can form Cs-Cacycloalkyl or heterocyclyl; wherein the heterocyclyl contains 1-
3 heteroatoms selected from the group consisting of N, 8, P and O; wherein the Cs-Cscycloalkyl
and heterocyclyl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHz, -NH(C1-
Cealkyl), -N(Ci-Cealkyl), —S(O)-RS, -COR® - NRSC(O)YORS, -NROC(O)RS, -NRSC(OINRS, or
-NRPS(ORR®; or

~ Sala TSalb Tialc piald piale 5 Sadg 547 )
two geminal RO#28 Roab Rl piadd poale gl poale and R can form an oxo group.

|00184] In certain embodiments of the formulae described herein, R is

R5azrs

N
st % N p2522d
s

O

" , wherein

wherein R is H, D, halogen, OH, CN, -NO2,-SR®, ~OR®, -NHR®, ~NR°R’,
-NROC(OIR®, -NROC(OYORS, -NROC(OINR®, C1-Cealkyl, Ca-Csalkenyl, Ca-Cseycloalkenyl, Ca-
Csalkynyl, Cs-Ceeycloalkyl, heterocyclyl, aryl, heterocaryl, or -CHz-Cs-Cseycloalkyl, wherein the
Ci-Cealkyl, Cr-Cralkenvl, Ca-Cseycloalkenyl, Co-Cealkynyl, Cs-Cscycloalkyi, heterocyelyl, aryl,
heteroaryl, and -CHz-C3-Ceeycloalkyl are optionally substituted with D, -CN, halogen, Ci-
Cealkyl, -ORS, -NHz, -NH{C1-Csalkyl), -N(C1-Csalkyl)s, -NR°C{OYOR®, or -NR°C{O)RS;

R and R* are each independently H, D, halogen, OH, CN, —-NO2,-SR®, -OR®,
~NHR®, -NRR’, -C(O)R®, -S{O}R®, -C{OYORS, -C(OINRS, C-Cealkyl, C2-Cralkenyl, Ca-
Cscycloalkenyl, Cr-Coalkynyl, Cs-Cscycloalkyl, heterocyclyl, arvl, hetercaryl, or -CHz-Cs-
Cscveloalkyl;, wherein the Ci-Cealkyl, Co-Coalkenyl, Ca-Cscycloalkenyl, C2-Cealkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, hetercaryl, and -CH»-Cs-Cecycloalkyl are optionally substituted
with D, -CN, halogen, C1-Cealkyl, -OR®, -NHa, -NH(C-Cealkyl), -N(Ci-Coalkyl),
-NROC(OYOR®, -NROC(O)R®, -NROC{OINR?®, -NROC(O)RS, or -NRS(ORRS; or
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R7% and R together with the atoms to which they are attached can form Cs-
Cscycloalkyl or heterocyelyl; wherein the heterocyclyl contains 1-3 hetercatoms selected from
the group consisting of N, 8, P and O; wherein the Cs-Cscycloalkyl and heterocyclyl are
optionally substituted with D, halogen, C1-Csalkyl, -OR®, -NH», -NH(C;-Cealleyl), -N(Cs-
Cealkylh, —S{O)-R®, -COR®, -NRCC{(O)OR®, -NRC(O)R®, -NR°C(O)NR®, or -NR*S{O1R"; or

R and R* can form an oxo group.

[00185] In certain embodiments, each R and R is independently H, halogen, OH,

~OR®, —-NHR® —NR°R’, C1-Cealkyl, Cs-Cacycloalkyl, heterocyclyl, aryl, heteroaryl, or -CHz-Cs-
Cseycloalkyl. In certain embodiments, each R*¥ and R is independently H, halogen, OH,
—OR®, -NHR®, or -NR°R’. In certain embodiments, one of R** and R™ is H and the other is
independently halogen, OH, -OR®, —NHR®, or -NR°R’. In certain embodiments, R™% and R

together with the atoms to which they are attached can form Cs-Cscycloalkyl or heterocyclyl.
Rba2a po9azb

N
N
Y/

e

[00186] In certain embodiments of the formulae described herein, R is. ©
wherein

R gnd R are each independently H, D, halogen, OH, CN, —~N(O»,-SR®, ~OR®,
~NHR®, ~NR°R, -C{O)R®, -8(0O1R®, -C(OYOR®, -C(ONRS, C1-Cealkyl, Cz-Cealkenyl, Ca-
Cscycloalkenyl, Cz-Cealkynyl, Cs-Cseyeloalkyl, heterocyclyl, aryl, hetercaryl, or ~CHz-Cs-
Cscycloalkyl;, wherein the Ci-Cealkyl, Co-Cralkenyl, Cs-Csevcloalkenyl, Co-Cealkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and -CH2-Cs-Cseycloalkyl are optionally substituted
with D, -CN, halogen, C1-Cealkyl, -OR®, -NHa, -NH(C1-Cealkyl), -N{C1-Csalkyl),
SNROC(OYORS, -NROC(O)R®, NROC(O)NR®, -NROC(OIR®, or -NRS(ORR"; or

R and R together with the atoms to which they are attached can form Ca-
Ceeycloalkyl! or heterocyclyl;, wherein the heterocyelyl containg 1-3 hetercatoms selected from
the group consisting of N, §, P and ; wherein the Us-Cscycloalkyl and heterocyelyl are
optionally substituted with D, halogen, C1-Csalkyl, -OR®, -NHy, -NH{C1-Cealkyl), -N{C1-
Csalkyl), ~S(OR-R®, -COR®, -NRC(OYORS, -NROC(O)R®, -NROC{OINRS, or -NRES(ORRE; or

R and R™* can form an oxo group.
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100187} In certain embodiments, each R and R* is independently H, halogen, OH, ~OR®,
~NHR®, -NR°R, C1-Csalkyl, Cs-Creyeloalkyl, heterocyclyl, aryl, heteroaryl, or -CHp-Cs-
Cacyeloalkyl. In certain embodiments, each R™* and R¥® is independently H, halogen, OH,
~OR® -NHR®, or =NRR’. In certain embodiments, one of R and R™ is H and the other is
independently halogen, OH, “OR®, -NHR®, or -NR°R’. In certain embodiments, R and R

together with the atoms to which they are attached can form Cs-Cscycloalkyl or heterocyclyl.

N'“ i
\N
/

- _pbb2e

, , : : , : el 07 RO
{00188} In certain embodiments of the formulae described herein, R' is. ,

wherein

R*%% and R are each independently independently H, D, halogen, OH, CN, -NQO»,
—SR®, —OR® ~NHRS®, -NRR’, -C{(O)R®, -S{O}R", -C(O)OR®, -C(O)NR®, C1-Cealkyl, Co-
Csalkenyl, Cs-Cseyeloalkenyl, Ca-Cealkvnyl, Ci-Cseycloalkyl, heterocycelyl, aryl, heteroaryl, or
-CHz-Cs-Cseveloalkyl; wherein the Ci-Coalkyl, Co-Cealkenyi, Cy-Cseycloalkenyl, Ca-Cealkynyl,
Cs-Cseyeloalkyl, heterocyclyl, aryl, heteroaryl, and ~-CHz-Cs-Cseycloalkyl are optionally
substituted with D, -CN, halogen, Ci-Csalkyl, -OR®, -NHz, -NH(C1-Cealkyl}, -N(C1-Cealkyl)z,
NROC{OYOR®, ~NRC(O)R®, NROC(O)NRS, -NROC(O)R®, or -NR°S(ORR®; or

R34% and R together with the atoms to which they are attached can form Cs-
Cscycloalkyl or heterocyelyl, wherein the heterocyclyl containg 1-3 heteroatoms selected from
the group consisting of N, S, P and O; wherein the Cs-Cseycloalkyl and heterocyelyl are

optionally substituted with D, halogen, C1-Csalkyl, -OR®, -NHz, -NH(C1-Cealkyl), -N(C1-

Al Lof ~
R¥% and R can form an oxo group.

[00189] In certain embodiments, each R and R™2 is independently H, halogen, OH, ~ORS,
~NHR®, -NR°R’, C1-Csalkyl, C:-Cseycloalkyl, heterocyelyl, aryl, heteroaryl, or -CH»-Cs-

Cscycloalkyl. In certain embodiments, each B2 and R’ 15 independently H, halogen, OH,

~0R®, ~NHR®, or ~NRR’. In certain embodiments, one of R™% and R>% 15 H and the other is
independently halogen, OH, ~OR® -NHR®, or -NR°R’. In certain embodiments, R and R

together with the atoms to which they are attached can form Cs-Cseyeloalkyl or heterocyclyl

72

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

Pﬁa?c

N~ N/\\L\ R5a2d

[00198] In certain embodiments of the formulae described herein, R is.
wheremn

R and R are each independently H, D, halogen, OH, CN, -NO2,—SR® —OR®,
~NHR®, -NRR’, -C(O)R®, -S{O)R®, -C(OMORSE, -C{OINRS, C1-Cealkyl, C2-Csalkenyl, Cs-
Cscycloalkenyl, Co-Coalkynyl, Ca-Cscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CH2-Cs-
Cscycloalkyl; wherein the Ci-Cealkyl, Ca-Cealkenyl, Ca-Cscycloalkenyl, Co-Cealkynyi, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and ~-CH2-Cs-Cecycloalkyl are optionally substituted
with B, -CN, halogen, C1-Csalkyl, -OR®, -NHz, -NH(C1-Csalkyl), -N(C1-Cealkyl),
NROC(OYOR®, ~NROC(O)R®, NREC(OINRS, -NROC(OIR?, or ~-NRES(O)RS; or

R% and R together with the atoms to which they are attached can form Cs-
Cscycloalkyl or heterocyelyl; wherein the heterocyclyl contains 1-3 hetercatoms selected from
the group consisting of N, 8, P and O; wherein the Ca-Cscycloalkyl and heterocyclyl are
optionally substituted with D, halogen, C1-Csalkyl, -OR®, -NHa, -NH(Ci-Cealkyl), -N(Ci-

“ealkylly, ~S{OR-R®, -CORS, -NRC{OYOR®, -NROC(O)R, -NROC(OINR®, or -NR°S{O):R®; or

RM% and R* can form an oxo group.

100181} In certain embodiments, each R and R* is independently H, halogen, OH, ~OR®,
~NHR®, -NR°R, C1-Csalkyl, Cs-Creyeloalkyl, heterocyclyl, aryl, heteroaryl, or -CHp-Cs-
Cecycloalkyl. In certain embodiments, each R*% and R* is independently H, halogen, OH,
~OR®, -NHR®, or -NRR’. In certain embodiments, one of R’ and R i3 H and the other is
independently halogen, OH, ~OR® -NHR®, or ~NR®R’. In certain embodiments, R and R

together with the atoms to which they are attached can form Cs-Cseycloalky! or heterocyciyl.

100192} In certain embodiments of the formulae described herein, R is selected from the group

;} ;>
o g: N N (s\} N
m N0  N_O h} h N_ O h
N’ N NN T N TN N
o \:xj/ J | R \,I \t\j \\I
consisting of Y, N T N R N, N
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wheremn --- 1s connection to the rest of the compound.

[00193] In certain embodiments in the formulae described herein, R! is selected from the group

?/ UN"
NN T N T
W A A ‘ , _ ﬁ
consisting of R *« , and *», wherein --~ 15 connection to the rest of the

compound.

[00194] In certain embodiments of the formulae described herein, R} is selected from the group

O/

PO S

NLO O NO N_D
NN T N T
WA \ A\
consisting of N v, and ", wherein --~ i3 connection to the rest of the
compound.
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o
{60195} In certain embodiments of the formulae described herein, R is t‘L/\\A n
certain embodiments, one A is CR! and the other A is N. In certain embodiments, each A” is
independently C{R*?),, NR™2 or O. In certain embodiments, wherein each R is
independently H, halogen, OH, ~OR®, -NHR®, -NR®R’, C1-Csalkyl, C2-Cscycloalkyl,
heterocyclyl, aryl, heteroaryl, or -CH»-Cs-Cacycloalkyl. In certain embodiments, wherein two

R together with the atoms to which they are attached can form Cs-Cscycloalkyl or

heterocyclyl.
2
froy T
2
A = A
— /
. . . " K\\Af;ﬁ\z
{06196] In certain embodiments of the formulae described herein, R' 1s ,
A% ey
— AT
A, ~N

AY
A“’? :\AZE!‘
e /Y
42~ A%
which is a formula of , wherein.

A i selected from CR™™, CRP (R, N, NR*?, O, S, or S{O);

A is selected from CR, CROHR), N, NR™™, O, S, or S(O);

A¥ s selected from CR, C(RP*YRPM), N, NR* O, §, or ${O);

A% s selected from CR™, CRPEHR™M N, NR*?, 0, S, or S{0)z;

A% is selected from CR, C{ROZHROY), N, NR*, 0, 8, or S(O);

each R Rowb Roae Roald goale poaf poale gialh gl and R¥ are independently H,
D, halogen, OH, CN, -N(O2,-SR®, —OR® —NHR® —NR°R’, -C(O)R®, -S(O:R®, -C(O)OR®,
-C{OWR?, C1-Cealkyl, C2-Cealkenyl, Cs-Cscycloalkenyl, Ca-Csalkynyl, C3-Cseycloalkyl,
heterocyelyl, aryl, heteroaryl, or -CH>-Cs-Cscycloalkyl, wherem the Ci-Cealkyl, Co2-Cealkenyl,
Cs-Cseycloalkenyl, Co-Coalkynyl, Cs-Cseycloalkyl, heterocyclvl, aryl, heteroaryl, and -CHz-Cs-
Cscycloalky! are optionally substituted with D, -CN, halogen, C1-Cealkyl, -OR®, -NHz, -NH(C1-
Cealkyl), -N(Ci-Cealkyl)z, -NROC(OIOR®, -NR®C(O)R®, NR°C(OINR?®, -NRSC(OJR®, or
~NROS(ORRS; or

3
LA
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two RO R R piwd piae gSf piwe RIh R and 9 together with the
atoms to which they are attached can form Cs-Cscycloalkyl or heterocyclyl; wherein the
heterocvelyl contains 1-3 heteroatoms selected from the group consisting of N, S, P and G,
wherein the Us-Cseycloalkyl and heterocyelyl are optionally substituted with D, halogen, Ci-
Cealkyl, -ORS, -NHz, -NH{C1-Csalkyl), -N{C1-Csalkyl), —8(0)-R®, -COR®, NR*C(OYORS,
—NROC(O)R®, -NRP°C(O)NR®, or -NR°S{O)R®; or

two geminal R7 ROWD Roalke piald poale piaf poals palh poa2i and R can form an

OX0 group.

[00197] In certain embodiments the formulae described herein, RY is gr“/‘k

A\N/-Af\

X
[00198] In certain embodiments of the formulae described herein, R' is e . ln
certain embodiments, one A is CR*! and the other A is N. In certain embodiments, each A’ 1s
independently C{R™?)z, NR>2, or O. In certain embodiments, wherein each R™ is
independently H, halogen, OH, -OR®, -NHR®, -NR°R’, C1-Csalkyl, Cs-Cscycloalkyl,
heterocyelyl, arvl, heteroaryl, or -CH2-Cs-Cscycloalkyl. Tn certain emobodiments, wherein two

R tagether with the atoms to which they are attached can form C3-Cscycloaltkyl or

heterocyelvl.
A TR /A?
NT N
Ai? /AZ
100199} In certain embodiments the formulae described herein, R' is ., which 1s

N
A/f/ \AECC!
Y{\\ A;Bf
a formula of s , wherein.

A 15 selected from C{RPHRY™YY NR 0, 8, or S(0):;
A% g selected from CROZOYR>) NR*2, O, S, or S(O):2;
A% s selected from CROFWRM), NR™2, 0, S, or $(O);
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gach R R powe piad piale and R are independently H, D, halogen, OH, CN,
~NO2,-SR® ~OR® -NHR® ~NRR7, -C(O)RS, -S(O)RS, -C{OMOR®, -C{OINRS, Ci-Cealkyl, Ca-
Cealkenyl, Cs-Cacvcloalkenyl, Ca-Csalkynyi, Cs-Creyeloalkyl, heterocyclyl, aryl, heteroaryl, or
~CHo-Cs-Caeveloalkyl;, wherein the Ci-Coalkyl, Co-Cealkenyl, Ca-Cscycloalkenyl, Cr2-Cralkynyl,
Cs-Cacyeloalkyl, heterocyclyl, aryl, heteroaryi, and -CHz-Cs-Cscycloalkyl are optionally
substituted with D, -CN, halogen, Ci-Cealkyl, -OR®, -NHa, -NH{C1-Cralkyl}, -N(C1-Cealkyl)s,
-NROC{OYOR®, -NR°C(O)R®, NR°C(O)NR®, -NROC{OIR®, or -NR°S{ORR"; or

two R4 RIwIb Roele gl goale and R together with the atoms to which they are
attached can form Cs-Cacycloalkyl or heterocyclyl; wherein the heterocyelyl contains 1-3
heteroatoms selected from the group consisting of N, S, P and O; wherein the Cs3-Cscycloalkyl
and heterocyclyl are optionally substituted with D, halogen, C1-Csalkyl, -ORS, -NH:2, -NH{C1-
Cealkyl), -N(Ci-Cealkyl)z, -S(0)2-RE, -COR®, NRCC{OYOR®, -NRCC(O)R, -NROC(O)NR®, or
-NRPS(ORR; or

: Sa0 a2 Sa2c 15ald T oal 530f
two geminal RO28 R Rk Rk Roale and R¥ can form an oxo group.

[00206] In certain embodiments the formulae described herein, R' is

[00201] In certain embodiments of the formulae described herein, Rl is A? n
certain embodiments, one A is CR™! and the other A is N. In certain embodiments, each A% is
independently C{R*?),, NR™2 or O. In certain embodiments, wherein each R s
independently H, halogen, OH, ~OR®, -NHR®, ~NR°R’, C1-Cealkyl, C3-Cscycloatkyl,

heterocycelvl, aryl, heteroaryl, or ~-CH2-Cs-Cseycloalkyl In certain embodiments, wherein two

R together with the atoms to which they are attached can form Cs-Cseyeloalkyl or
heterocyclyl.
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: </ |
‘&L\ . E AZef
A 2 wherein.

A i selected from CR™™, CRP (R, N, NR*?, O, S, or S{O);

A is selected from CR, CROHR), N, NR™™, O, S, or S(O);

A% s selected from CR™, CRPYRT), N, NR*™, O, 8, or S(O);

A% g selected from CRPY, CRPZEWRY N, NR™ (0, S, or S(O)z;

gach R Roa% Rpiaie piald piale poalf piile and RO gre independently H, D,
halogen, OH, CN, -NO2,-SR® —~OR®, —~NHR®, —-NR°R’, -C(O)R®, -S{O)R®, -C(OYOR®,
-C{OYNR®, C1-Csalkyl, C2-Csalkenyl, Cs-Creyeloalkenyl, Ca-Cealkynyl, Ci-Cseycloalkyl,

which 1s a formula of

heterocyclyl, aryl, heteroaryl, or -CHz-Cs-Cscycloalkyl; wherein the C1-Cealkyl, Co-Coalkenyl,
Cs~Cseyeloalkenyl, Co-Cealkynyl, Cs-Cseycloalkyl, heterocyclyl, arvl, heteroaryl, and ~-CHx-Cs-
Cscycloalkyl are optionally substituted with I, ~-CN, halogen, Ci-Cealkyl, -OR®, -NH:, -NH(C1-
Csalleyl), -N(Ci-Coalkyly, -NROC(O)YORS, -NROC(O)RS, NRPC(OINRS, -NRC(O)R®, or
~NRS{O)RR" or

two R4 R Riwe padd poade poall psale and R32U ogether with the atoms to which
they are attached can form Ci-Cscycloalkyl or heterocycelyl;, wherein the heterocyelyl contains 1-
3 heteroatoms selected from the group consisting of N, §, P and O; wherein the Cs-Cscycloalkyl
and heterocyclyl are optionally substituted with D, halogen, C1-Cealkyl, -OR®, -NHa, -NH{C-
Csalleyl), -N(Ci-Cealkyl)s, -S(OR-RE, -COR®, NRSC{OYOR®, -NR°C(O)R®, -NROC{O)NR® or
-NROS(ORRC or

. 2 n £, oo %, ala a7 2o s,
two geminal R4 R0 R Roadd goade psall g2 and R¥ can form an oxo group.

{00283] The present disclosure provides a compound of formula le-If, wherein
X' is O;

R!is selected from the group consisting of
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5 A%,z
A2 A»\ ~ !'-\ —AE Ay T <A
A/ ,{/ \N AN // N \\\ 5
: </ A AZ A | A?
o A2 / i f
= AL A Az o - AZ
and A ;
wherein === represents a single bﬁnd;

each A? is independently C(R>) or O;

X7 is CR™Y,

each R”! is independently H or C1-Coalkyl; wherein the Ci-Csalkyl is optionally
substituted with D, halogen, -OR®, -NH», NH(C1-Cealky!), N(Ci-Cealkyl), -NR*C(OYOR®, or
~NRC(O)RS;

each R** is independently H, halogen, OH, -OR®, -NHR®, -NR°R’, C1-Csalkyl, or
heterocyclyl; wherein the Ci-Coalkyl and heterocyclyl are optionally substituted with D, halogen,
-OR®, -NHa, -NH(Ci-Cealkyl), -N(Ci-Cealkyl), -NR*C(OYOR®, or -NR°C{O)RS; or

two R together with the atoms to which they are attached can form Cs-Caeycloalkyl or
heterocycelvl; wherein the heterocyelyl contains 1-3 hetercatoms selected from the group
consisting of N, §, P and O; wherein the Cs-Cscycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Cealkyl, -OR®, -NH:z, -NH(C1-Cealkyl}, -N(Ci-Cealkyl)z, or
~S(0)-R®; or

two geminal R™ can form an oxo group;

R is H, D, halogen, or Ci-Cealkyl;

each R, R R R and R™ is independently H. D, halogen, -CN,—OR®, Ci-
Cealkyl, or Cs-Creyeloalkyl; wherein the Ci-Cealkyl, and Cs-Cscycloalkyl, are optionally
substituted with D, halogen, -OR®, -NHa, -NH(C1-Cealkyl), or -N(C1-Csalkyl); or

two B2 R R R and R together with the atoms to which they are attached can
form Cs-Csreyeloalkyl, heterocyclyl, or heteroaryl, wherein Cs-Creyeloalkyl, heterocyclyl, or
heteroaryl are optionally substituted with halogen or C1-Cealkyl; and

R® and R’ are independently, at each occurrence, H, D, Ci-Csalkyl, C2-Csalkynyl, or aryl;
wheremn the Ci-Cralkyl, C2-Csalkynyl, and arvl, are optionally substituted with D, halogen or Ci-

Cralkyl.

[00204] In certain embodiments, the compound 13 of formula:

79

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890

o o X
AZ:':AZ \t:\ ’{!
G S\ ;
/_\2 — N
%, |
AZWN\ ZA :
"
{00205] In certain embodiments, the compound 1s of formula:
o X
i o '
A2 - )
N !
e i
A N A

[002066] In certain embodiments of fornula (1), X is O and R% 15

1002087} In certain embodiments of formula (1), X' is G and R'is o

Ai/\f:J\

[602068] In certain embodiments of formula (I), Rb s~

i X2

A?_
A \N/ ~t\;\l’?‘2
o A2
az”

PCT/US2018/014728

A2
2
[N}
i
.- A2
Az/
()
-~ 2‘”‘
and R 15 X

[00209] In some embodiments, the present disclosure provides a compound of formula (I),

1

G X
W ,
Vu\% AR

i
RPORY ()
having one, two, or three of the following features:

a) X5 O;
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AZ

I;\\N/ S A?

i

A i
i - A2

, a2

b) R'is
e ' R

) R’is X2 :

d) X% is CH or CF.

{00216} In some embodiments, the present disclosure provides a compound of formula (),

1
o o ¥
\Y ,
RN -
H

R3 ;z“ )

having one, two, or three of the following features:

a} Xis G,
/_\2
/A\ N/ ”’s‘A?
/4 :
A '
i - AZ
. A"
b) R'is
' =
¢) R’ s X2 :

d) X?is CH.

{00211] In some embodiments, the present disclosure provides a compound of formula (I),

I Xl
VA ,
IEEAS ~R*
i ?;‘E ﬁ;!
3 4
R R O

having one, two, or three of the following features:

a) Xis S
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AZ
I;\\N/ \.\AZ
;
A '
i - A2
, A"
b) R'is ;
e ' R
) R’is X2 :

d) X?is CH.

{00212] In some embodiments, the present disclosure provides a compound of formula (),

1
o o X
N

4o R?
i_%: \?;E e

R® ;z“ )
having one, two, or three of the following features:

a} X 15 G;

b} R!is methyl;

¢ R%is x=
d) X*is CH.

{06213] In some embodiments, the present disclosure provides a compound of formula (1),

X1

o 0
P
Rt \i:i 5\5»"'

A

R R
having one, two, or three of the following features:
a} X5 5;
b) R} is methyl;

i ~2
¢ R%is X

d) X*is CH.
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{00214] In some embodiments, the present disclosure provides a compound of formula (1),

1
o o X
N
LS _R?
Sy N
RRORY

having one, two, or three of the following features:

a) Xis O
5a
N R
/ N Raa
o
N 1. O
b) R'is ;
! ~
¢y Rlis X?
d) X*is CH.

{00215} In some embodiments, the present disclosure provides a compound of formula le-If]

1
o o 2%
N4 —”
1"8\ /Rz
RN
©ORY ()
having one, two, or three of the following features:
a) Xis O
R5a2c
Npy R5azd
i
. . ] O
by Rlis e :

c) one of R*% and R is H and the other is independently halogen, OH, ~OR®, -NHRS, or
\[RGR’7 :
=%

4y Rlis X2
e} X% i3 CH or CF.

{00216] In some embodiments, the present disclosure provides a compound of formula (1),
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having one, two, or three of the following features:

a) Xi50;

b} R'is

c) R*is 3

{06217] In certain embodiments, the present disclosure provides for

N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamoyl}-6,7-dihydro-SH-pyrazolo[ 5,1~

b} 1.3]oxazine-3-sulfonamide and pharmaceutically acceptable salts thereof.

{00218] In certain embodiments, the present disclosure provides for

N-{{1,2,3,5,6,7-hexahydro-s-indacen-d-ylcarbamoylymethanesulfonamide and pharmaceutically

acceptable salts thereof

[80219] In certain embodiments, the present disclosure provides for
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and pharmaceutically acceptable salts thereof

{00228] In certain embodiments, the present disclosure provides for

and pharmaceutically acceptable salts thereof.

{06221] In certain embodiments, the present disclosure provides for

N
O/J
“

and pharmaceutically acceptable salts thereof.

{00222] In certain embodiments, the present disclosure provides for

2.
%
e
AN S
=0
7N
T

and pharmaceutically acceptable salts thereof.

{00223] In certain embodiments, the present disclosure provides for

20
LA
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/
O

i\\c}
; - o
s 9 ;3 ]
3. S
0 "N N
O H H
and pharmaceutically acceptable salts thereof

{00224] In certain embodiments, the present disclosure provides for

and pharmaceutically acceptable salts thereof.

{06225] In certain embodiments, the present disclosure provides for

O/
A
/N O

and pharmaceutically acceptable salts thereof.

{06226] In certain embodiments, the present disclosure provides for
Ve

N

o

;N .io

N O
S

C;/SN N7

)

and pharmaceutically acceptable salts thereof.
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{00227} In certain embodiments, the present disclosure provide for a compound, and
pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers thereof,

selected from the group consisting of’

and

[00228] In certain embodiments, the present disclosure provide for a compound, and
pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers thereof,

selected from the group consisting of’
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[00229] In certain embodiments, the present disclosure provides for the following compounds,

and pharmaceutically acceptable salis, prodrugs, solvates, hydrates, isomers, and tautomers

thereof:
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{80238] In certain embodiments, the present disclosure provides for the following compounds,

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers

thereof:

QOC

O\/,
3 /H\N A J

=n=0

N"
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[00231] In certain embodiments, the present disclosure provides for the following compounds,

and pharmaceutically acceptable salis, prodrugs, solvates, hydrates, isomers, and tautomers

thereof:

BN

{
N0
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{80232] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, 1somers, and tautomers

thereof:

O
LA
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{80233] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers

thereof:
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{00234] In certain embodiments, the present disclosure provides for the following compounds,

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, 1somers, and tautomers

thereof:
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{00235] In certain embodiments, the present disclosure provides for the following compounds,

ceptable salts thereof’

eutically ac

and pharmac,
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{80236] In certain embodiments, the present disclosure provides for the following compounds,

and pharmaceutically acceptable salts thereof

SUBSTITUTE SHEET (RULE 26)
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100237} In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, 1somers, and tautomers

thereof:

[00238] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salis, prodrugs, solvates, hydrates, isomers, and tautomers

thereof:
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{00239] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hyvdrates, isomers, and tautomers

thereof

102

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

{080240] In certain embodiments, the present disclosure provides for the following compounds,

and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers

thereof:
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{06241] In certain embodiments, the present disclosure provides for the following compounds,

, 1somers, and tautomers

hvdrates

o

solvates,

and pharmaceutically acceptable salts, prodrugs,

thereof:
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[00242] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, 1somers, and tautomers

thereof
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{00243] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, 1somers, and tautomers

thereof:
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{06244] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers

thereof:
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{00245] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, 1somers, and tautomers

thereof:
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{00246] In certain embodiments, the present disclosure provides for the following compounds,
and pharmaceutically acceptable salts, prodrugs, solvates, hydrates, 1somers, and tautomers

thereof:
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{00247} Unless otherwise stated, structures depicted herein are also meant to include

compounds which differ only in the presence of one or more isotopically enriched atoms. For

1i0
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example, compounds having the present structure except for the replacement of a hydrogen atom
by deuterium or tritium, or the replacement of a carbon atom by PC or *C, or the replacement of
a nitrogen atom by N, or the replacement of an oxygen atom with V'O or'*0 are within the
scope of the present disclosure. Such isotopically labeled compounds are useful as research or
diagnostic tools.

Methods of Treatment

{06248] The disclosed compounds {e.g., compounds of formula 1, Ia, Ib, Ic, Id, le, I, Ig, and 1h),

3 D

and thetr pharmaceutically acceptable salts have activity as pharmaceuticals, as discussed herein.

{06249] The present disclosure provides a method of treatment or prevention of a disease,
disorder or condition including the step of administering an effective amount of a compound of
the present disclosure, and pharmaceutically acceptable salts, prodrugs, solvates, hydrates,
1somers, and tautomers thereof to thereby treat or prevent the disease, disorder or condition in a

subject in need thereof.

{00258] The present disclosure provides a compound of the present disclosure, and
pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers thereof,
or the pharmaceutical composition of the present disclosure for use in the treatment or prevention

of a disease, disorder or condition in a subject 1n need thereof.

{00251] The present disclosure provides for use of a compound of the present disclosure, and
pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers thereof,

for the treatment or prevention of a disease, disorder or condition in a subject in need thereof.

{00252] The present disclosure provides for use of a compound of the present disclosure, and
pharmaceutically acceptable salts, prodrugs, solvates, hydrates, isomers, and tautomers thereof,
in the manufacture of a medicament for the treatment or prevention of a disease, disorder or

condition.

[00253] In certain embodiments, the disease, disorder or condition 1s one which is responsive 1o
inhibition of activation of an inflammasome. In one particular embodiment, the disease, disorder

or condition is one which 1s responsive to inhibition of activation of the NLRP3 inflammasome.

[00234] According to this embodiment, the compound of the present disclosure, or

pharmaceutically effective salt, solvate or prodrug thereot 1s a specific inhibitor of NLRP3.
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{00255] In a further embodiment, the disease, disorder or condition is responsive to modulation
of one or more of 1L-6, IL-1P, IL-17, 1L-18, [L-1o, 1L-37, 1L-22, [1.-33, and Th17 cells. In
certain embodiments, the disease, disorder or condition 1s responstve to modulation of one or

more of IL-10 and 1L-18.

{00256] In one embodiment, the modulation is inhibition of one or more of IL-6, 1L-15, 1L.-17,
1L-18, IL-1e, IL-37 1L-22 and IL-33. In one embodiment, the modulation is inhibition of one

or more of IL-1p and IL-18.
{06257] In one embodiment, the modulation of Th17 cells i1s by inhibition of production and/or
secretion of IL-17.

{06258] In general embodiments, the disease, disorder or condition 1s a disease, disorder or
condition of the immune system, the cardiovascular system, the endocrine system, the
eastrointestinal tract, the renal system, the respiratory system, the central nervous system, 1s a

cancer or other malignancy and/or is caused by or associated with a pathogen.

{00259] It will be appreciated that these general embodiments defined according to broad
categories of diseases, disorders and conditions are not mutually exclusive. In this regard any
particular disease, disorder or condition may be categorized according to more than one of the
above general embodiments. A non-limiting example 15 Type [ diabetes which 1s an autoimmune

disease and a disease of the endocrine system.

{00268] In one embodiment, the disease, disorder or condition 1s of the immune system. In
particular embodiments, the disease, disorder or condition is an inflammatory disease, disorder

or condition or an autoimmune disease, disorder or condition.

{00261} In one embodiment, the disease, disorder or condition 1s of the liver.

{00262] In one embodiment, the disease, disorder or condition s of the lung.

{00263} In one embodiment, the disease, disorder or condition is of the skin.

{00264] In one embodiment, the disease, disorder or condition 1s of the cardiovascular system.

{60265] In one embodiment, the disease, disorder or condition is a cancer, tumor or other
malignancy. As used herein, cancers tumors and malignancies, refer to diseases, disorders or

conditions, or to cells or tissues associated with the diseases, disorders or conditions,
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characterized by aberrant or abnormal cell proliferation, differentiation and/or migration often
accompanied by an aberrant or abnormal molecular phenotype that includes one or more genetic
mutations or other genetic changes associated with oncogenesis, expression of tumor markers,
loss of tumor suppressor expression or activity and/or aberrant or abnormal cell surface marker
expression. In general embodiments, cancers, tumors and malignancies may include sarcomas,
lymphomas, leukenuas, solid tumors, blastomas, gliomas, carcinomas, melanomas and metastatic
cancers, although without limitation thereto. A more comprehensive listing of cancers tumors
and malignancies may be found at the National Cancer Institutes website

http://www.cancer. gov/cancertopics/types/alphalist, which 1s hereby incorporated by reference in

its entirety.

{00266] In one embodiment, the disease, disorder or condition 1s of the renal system.

{00267} In one embodiment, the disease, disorder or condition s of the gastro-intestinal tract.
{00268] In one embodiment, the disease, disorder or condition s of the respiratory system.
{00269] In a further embodiment, the disease, disorder or condition is of the endocrine system.

{00278} In one embodiment, the disease, disorder or condition 1s of the central nervous system

(CNS).

{00271} In one embodiment, the disease, disorder or condition is caused by, or 1s associated
with, a pathogen. The pathogen may be a virus, a bacterium, a protist, a worm or a fungus or any

other organism capable of infecting a mammal, although without limitation thereto.

{00272} Non-hinmiting examples of viruses include influenza virus, cytomegalovirus, Epstein
Barr Virus, human immunodeficiency virys (HIV), alphavirus such as Chikungunya and Ross
River virus, flaviviruses such as Dengue virus, Zika virus and papillomavirus, although without

limitation thereto.

{00273} Non-limiting examples of pathogenic bacteria include Staphviococcus aureus,
Helicobacter pylort, Bacillus anthracis, Bordatella pertussis, Corynebacterium diptheriae,
Clostridium tetani, Clostridium botulinum, Streptococcus pneumoniae, Streptococcus pyogenes,
Listeria monocytogenes, Hemophilus influenzae, Pasteuretia multicida, Shigella dysenteriae,
Mycobacterium tuberculosis, Mycobacterium leprae, Mycoplasma pneumoniae, Mycoplasma

honunis, Neisseria meningitidis, Neisseria gonorrhoeae, Rickettsia rickettsii, Legionella
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pneumophila, Klebsiella pneumoniag, Pseudomonas aeruginosa, Propionibacterium acnes,
Treponema pallidum, Chlamydia trachomatis, Vibrio cholerae, Salmonella typhimurium,

Salmonella typhi, Borrelia burgdorfert and Yersinia pestis, although without limitation thereto.

{06274] Non-limiting examples of protists include Plasmodium, Babesia, Giardia, Entamoeba,

Leishmamia and Trvpanosomes, although without limitation thereto.

{06275] Non-limiting examples of worms inchude helminths inclusive of schistisimes,
roundworms, tapeworms and flukes, although without imitation thereto.

~

{06276] Non-limuting examples of fungi mclude Candida and Aspergillus species, although

without limitation thereto.

{06277} In particular embodiments, the disease, disorder or condition is selected from the group
consisting of constitutive inflammation including the cryopyrin-associated periodic syndromes
{CAPS): Muckle-Wells syndrome (MWS}, familial cold automflammatory syndrome (FCAS)
and neonatal-onset multisystem inflammatory disease (NOMID); including autoinflammatory
diseases: familial Mediterranean fever (FMF}, TNF receptor associated periodic syndrome
(TRAPS), mevalonate kinase deficiency (MKD), hyperimmunoglobulinemia D and periodic
fever syndrome (H IDS), deficiency of interleukin 1 receptor (DIRA) antagonist, Majeed
syndrome, pyogenic arthritis, pyoderma gangrenosum and acne (PAPA), haploinsufficiency of
AZ20 (HA20), pediatric granulomatous arthritis (PGA), PLCG2 -associated antibody deficiency
and munune dysregulation (PLAID), PLCG2-associated autoinflammation, antibody deficiency
and imamune dysregulation (APLAID), sideroblastic anenua with B-cell immunodeficiency,
periodic fevers, and developmental delay (SIFD); Sweet s syndrome, chronic nonbacterial
osteomyelitis (CNQO), chronic recurrent multifocal osteomyelitis (CRMO) and synovitis, acne,
pustulosis, hyperostosis, osteitis syndrome (SAPHO); autoimmune diseases including multiple
sclerosis (MS), type-1 diabetes, psoniasis, rtheumatoid arthritis, Behcet's disease, Sjogren's
syndrome and Schnmitzler syndrome; respiratory diseases including idiopathic pulmonary fibrosis
(1PF), chronic obstructive pulmonary disorder {(COPD), steroid-resistant asthma, asbestosis,
stlicosis and cystic fibrosts; central nervous system diseases including Parkinson's disease,
Alzheimer's disease, motor neuron disease, Huntington's disease, cerebral malaria and brain
mypury from pneumococcal memngitis; metabolic diseases inclading Type 2 diabetes,

atherosclerosis, obesity, gout, pseudo-gout; ocular diseases mncluding those of the ocular
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epithelium, age-related macular degeneration {AMD), corneal infection, uveitis and dry eye;
kidney disease including chronic kidney disease, oxalate nephropathy and diabetic nephropathy;
liver disease including non-alcoholic steatohepatitis and alcoholic liver disease; inflammatory
reactions in skin including contact hypersensitivity and sunburn; inflammatory reactions in the
jomnts including ostecarthritis, systemic juvenile idiopathic arthritis, adult-onset Sull's disease,
relapsing polychondritis; viral infections including alpha virus (Chikungunya, Ross River} and
flavivirus (Dengue and Zika Virus), flu, HIV; hidradenitis suppurativa (HS) and other cyst-
causing skin diseases; cancers including lung cancer metastasis, pancreatic cancers, gastric
cancers, myelodisplastic syndrome, leukemia; polymyositis; stroke; myocardial infarction; Graft
versus Host Disease; hypertension; colitis; helminth infection; bacterial infection; abdominal
aortic aneurism; wound healing; depression, psychological stress; pericarditis including
Dressler's syndrome, ischaemia reperfusion injury and any disease where an individual has been

determined to carry a germline or somatic non-silent mutation i NLRP3,

[00278] In one non-limiting example of those described, the disease, disorder or condition being
treated is NASH. NLRP3 inflammasome activation is central to inflammatory recruitment in
NASH, and inhibition of NLRP3 may both prevent and reverse liver fibrosis. Compounds of the
present disclosure, by interrupting the function of NLRP3 mflammasomes in liver tissue, can
cause histological reductions in hiver inflammation, decreased recruntment of macrophages and
neutrophils, and suppression of NF-«B activation. Inhibition of the NLRP3 can reduce hepatic
expression of pro-1L-1P and normalized hepatic and circulating IL-18, IL-6 and MCP-1 levels

thereby assisting n treatment of the disease.

{B0279] In a further non-limiting example of those described, the disease, disorder or condition
being treated is severe steroid resistant (S8SR) asthma. Respuratory infections induce an NLRP3
mflaramasome/caspase-1/IL-IB signaling axis 1o the lungs that promotes SSR asthma. The
NLRP3 inflammasome recruits, and activates, pro-caspase-1 to induce IL-1P responses. NLRP3
mflammasome-induced TL- B responses are therefore important in the control of infections,
howsever, excessive activation resulis in aberrant inflammation and has been associated with the
pathogenesis of SSR asthma and COPD. The administration of compounds of the present
disclosure that target specific disease processes, are more therapeutically attractive than non-
specifically mhibiting inflammatory responses with steroids or [L-18. Targeting the NLRP3

mflammasome/caspase-1/11-1 signaling axis with the compounds of the present disclosure may
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therefore be useful in the treatment of S8R asthma and other steroid-resistant inflammatory

conditions.

{00288] In one further non-himiting example of those described, the disease, disorder or
condition being treated 1s Parkinson's disease. Parkinson's is the most common
neurcdegenerative movement disorder and is characterized by a selective loss of dopaminergic
neurons, accompanted by the accumulation of mis-folded a-synuclemn (Syn) into Lewy bodies
that are pathological hallmarks of the disease. Chronic microghal neuroinflammation s evident

early in the disease, and has been proposed to drive pathology.

{00281] A central role for microglial NLRP3 1s postulated in Parkinson's progression. The
NLRP3 inflammasome is activated by fibrillar Syn via a Syk kinase dependent mechanism, and
also occurs in the absence of Syn pathology at the early stages of dopaminergic degeneration,
and drives neuronal loss. The compounds of the present disclosure may block NLRP3
mflammasome activation by fibrillar Syn or mitochondrial dystfunction and thereby confer
effective neuroprotection of the nigrostriatal dopaminergic system and assist with treatment of

Parkinson's.

{60282] In certain embodiments, the method treats or prevents a disease or disorder, including,
but not limited to, a bacterial infection, a viral infection, a fungal infection, inflammatory bowel
disease, celiac disease, colitis, mntestinal hyperplasia, cancer, metabolic syndrome, obesity,
rheumatoid arthritis, liver disease, hiver fibrosis, hepatic steatosis, fatty liver disease, non-

alcoholic fatty hver disease (NAFLD), and non-alcoholic steatohepatitis (NASH),

[00283] In certain embodiments, the disease, disorder or condition is selected from the group
counsisting of NASH (vonaleoholic steatohepatitisy, CAPS (Cryvopyrin Associated Periodic
Svndromes); IPF (Idiopathic pulmonary fibrosis); MI (R/I) (myocardial infarction and
reperfusion injury); Gout; /O (immuno-oncology); Asthma; IBD (inflammatory bowel disease);
Renal fibrosis; adult onset Still's disease; systemic juvenile idiopathic arthritis; turmour necrosis
factor receptor-associated periodic syndrome (TRAPS),; colchicine-resistant famihial
Mediterranean fever (FMF ) hyper IgD syndrome (HIDS)Y Mevalonate Kinase Deficiency
(MKD}; traumatic brain injury; Parkinson's Dhsease; moderate to severe inflammatory acne;
acute non-anterior non~-infectious uvettis (NIU); AD (Alzheimer's disease), COPD (Chronic

Obstructive Pulmonary Disease);, Sepsis; MS (multiple sclerosis); Behcet's disease; RA
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(rheumatord arthritis}; erosive osteoarthritis; T1D (Type 1 diabetes), T2D (Type 2 diabetes);
Obesity; osteoporosis; cystic fibrosis; alcoholic liver disease; aging, HCC (hepatocelivlar
carcinomay}; depression; endometriosis; pyoderma gangrenosum (“PG”), a rare ulcerative skin
disease; Lupus Nephritis; Epilepsy; tschemic stroke; deafness; sickle cell disease; SLE (Systemic

Lupus Erythematosus); and Spinal cord injury.

{06284] For the above-mentioned therapeutic uses the dosage administered will, of course, vary
with the compound employed, the mode of administration, the treatment desired and the disorder
mdicated. For example, the daily dosage of the compound of the present disclosure, if inhaled,
may be in the range from about 0.05 micrograms per kilogram body weight {pg/kg) to about 100
micrograms per kilogram body weight {ug/ke). Alternatively, if the compound 1s administered
orally, then the daily dosage of the compound of the present disclosure may be in the range from
about 0.01 micrograms per kilogram body weight {ug/kg) to about 100 milligrams per kilogram
body weight (mg/kg).

Pharmaceutical Compositions

{00285] The disclosed compounds {(e.g., compounds of formula 1, fa, Ib, Ic, Id, Ie, If, Ig, and Ih),
and pharmaceutically acceptable salts thereof may be used on their own but will generally be
adminustered in the form of a pharmaceutical composttion in which the disclosed compound/salt
{e.g., compounds of formula 1, fa, Ib, Tc, Id, Te, I, Tg, and Th and salts thereof) (active ingredient)
is in association with a pharmaceutically acceptable adjuvant, diluent or carrier. Conventional
procedures for the selection and preparation of suitable pharmaceutical formulations are
described in, for example, "Pharmaceuticals - The Science of Dosage Form Designs®, ML E.
Aulton, Churchill Livingstone, 1938, which 15 hereby imcorporated by reference in its entirety.
{00286] Depending on the mode of administration, the pharmaceutical composition will
comprise from about 0.05 to about 99 %w {per cent by weight), more particularly from about
0.05 to about 80 %w, still more particularly from about 0.10 to about 70 Y%w, and even more
particularly from about 0.10 to about 50 %w, of active ingredient, all percentages by weight
being based on total composition.

{00287} The present disclosure also provides a pharmaceutical composition comprising a

disclosed compound {e.g., compound of formula 1, Ia, Ib, Ic, Id, Ie, If, Ig, and Ih), or a
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pharmaceutically acceptable salt thereof as hereinbefore defined, in association with a

pharmaceutically acceptable adjuvant, diluent or carrier.

{00288] The present disclosure further provides a process for the preparation of 3
pharmaceutical composition of the present disclosure which comprises mixing a disclosed
compound (e.g., compound of formula I, Ia, Ib, Ic, Id, Ie, If, Ig, and Ih), or a pharmaceutically
acceptable salt thereof as hereinbefore defined with a pharmaceutically acceptable adjuvant,
diluent or carrier.

{06289] The pharmaceutical compositions may be administered topically (e.g. to the skin or to
the lung and/or airways) in the form, e g, of creams, solutions, suspensions, heptafluorcalkane
(HF A) aerosols and dry powder formulations, for example, formulations in the inhaler device
known as the Turbuhaler™; or systemically, e.g. by oral administration in the form of tablets,
capsules, syrups, powders or granules; or by parenteral administration in the form of a sterile
solution, suspension or emulsion for injection (including intravenous, subcutaneous,

mtramuscular, intravascular or infusion); or by rectal administration in the form of suppositories.

{00298] Dry powder formulations and pressurized HF A aerosols of the compounds of the
present disclosure (including pharmaceutically acceptable salts) may be admuinistered by oral or
nasal inhalation. For inhalation, the compound 1s desirably finely divided. The finely divided
compound preferably has a mass median diameter of less than 10 micrometres (pm), and may be
suspended in a propellant mixture with the assistance of a dispersant, such as a Cs-Coo fatty acid
or salt thereof, (for example, oleic acid), a bile salt, a phospholipid, an alkyl saccharide, a

perfluorinated or polyethoxylated surfactant, or other pharmaceutically acceptable dispersant.

{00291] The compounds of the present disclosure may also be administered by means of a dry
powder inhaler. The inhaler may be a single or a multi dose inhaler, and may be a breath actuated

dry powder mhaler.

[00292] One possibility ts to mix the finely divided compound of the present disclosure with a
carrier substance, for example, a mono-, di- or polysaccharide, a sugar alcohol, or another polyol.

glucose, ratfinose, melezitose, lactitol, makltitol,

p

Suitable carriers are sugars, for example, lactose,
trehalose, sucrose, mannitol; and starch. Alternatively the finely divided compound may be
coated by another substance. The powder mixture may also be dispensed 1nto hard gelatin

capsules, each containing the desired dose of the active compound.
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{00283] Another possibility 1s to process the finely divided powder into spheres which break up
during the inhalation procedure. This spheronized powder may be filled into the drug reservorr of
a multidose inhaler, for example, that known as the Turbuhaler” in which a dosing unit meters
the desired dose which 1s then inhaled by the patient. With this system the active ingredient, with

or without a carrier substance, 1s delivered to the patient.

{06294] Another possibility 18 to process the compound as an amorphous dispersion in a
polymer matrix such as hydroxypropyl methylcellulose (HPMC) or hydroxypropyl
methylcellulose acetate succinate (HPMCAS). As the name suggests, spray-dried dispersions
(SDDs) are obtained by dissolving drug and polymer in an organic solvent, atomizing the
resulting solution mto droplets, and evaporation to dried solid particles. SDDs are usually

amenable for use a variety of final oral dosage forms, including capsules and tablets.

{00295] For oral adnunistration the compound of the present disclosure may be admixed with an
adjuvant or a carrier, for example, lactose, saccharose, sorbitol, mannitol; a starch, for example,
potato starch, corn starch or amylopecting a cellulose derivative; a binder, for example, gelatin or
polyvinylpyrrolidone; and/or a lubricant, for example, magnesium stearate, calcium stearate,
polyethylene glycol, a wax, paraffin, and the like, and then compressed into tablets. If coated
tablets are required, the cores, prepared as described above, may be coated with a concentrated
sugar solution which may contain, for exarmple, gum arabic, gelatin, talcum and titaruum dioxide.
Alternatively, the tablet may be coated with a suitable polymer dissolved in a readily volatile

organic solvent.

[00296] For the preparation of soft gelatin capsules, the compound of the present disclosure
may be admixed with, for example, a vegetable o1l or polyethvlene glycol. Hard gelatin capsules
may contain granules of the compound using either the above-mentioned excipients for tablets.
Also hiquid or semisohd formuldations of the compound of the present disclosure may be filled
mto hard gelatin capsules.

[006297] Liquid preparations for oral application may be in the form of syrups or suspensions,
for example, solutions containing the compound of the present disclosure, the balance being
sugar and a mixture of ethanol, water, glycerol and propvlene glycol. Optionally such liquid
preparations may contain colouring agents, flavouring agents, saccharime and/or

carboxymethylcetiulose as a thickening agent or other excipients known to those skilled i art.
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Combination Therapy
{00298] The compounds of the present disclosure (that 15, compounds of formula 1, 1a, Ib, Ic, Id,
Ie, If, Ig, and th, and pharmaceutically acceptable salts thereof} may also be adnunistered in

conjunction with other compounds used for the treatment of the above conditions.

{06299] The present disclosure therefore further relates to combination therapies wherein a
compound of the present disclosure or a pharmaceutical composition or formulation comprising
a compound of the present disclosure 1s administered concurrently or sequentially oras a
combined preparation with another therapeutic agent or agents, for the treatment of one or more
of the conditions histed.

Methods of Synthesizing the Compounds

{0083068] The compounds of the present disclosure may be made by a variety of methods,
mcluding standard chemistry. One suitable synthetic route is depicted in the Scheme provided

below.

{60301] The compounds of the present disclosure {e. g., compound of formula [, Ia, Ib, Ic, 1d, Ie,
If, Ig, and Th), or a pharmaceutically acceptable salt, enantiomer, hydrate, solvate, prodrug,
isomer, or tautomer thereof, may be prepared by methods known in the art of organic synthesis
as set forth in part by the following synthetic scheme. In the scheme described below, 1t 1s well
understood that protecting groups for sensitive or reactive groups are employed where necessary
in accordance with general principles or chemistry. Protecting groups are manipulated according
to standard methods of organic synthesis (T. W. Greene and P. G. M. Wats, "Protective Groups
in Organic Synthesis”, Third edition, Wiley, New York 1999, which is hereby mncorporated by
reference in its entirety). These groups are removed at a convenient stage of the compound
synthesis using methods that are readily apparent to those skilled in the art. The selection
processes, as well as the reaction conditions and order of their execution, shall be consistent with
the preparation of disclosed compounds (e.g., compounds of formula I, Ta, Ib, Ic, Id, Ie, If, Ig,
and [h}.

[00302] Those skilled n the art will recognize f a stereocenter exists in the compounds of
Formula (I}. Accordingly, the present disclosure includes both possible sterecisomers {unless
specified o the synthesis} and includes not only racemic compounds but the mdividual

enantiomers and/or diastereomers as well. When a compound is desired as a single enantiomer or
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diastereomer, it may be obtained by stereospecific synthesis or by resolution of the final product
or any convenient intermediate. Resolution of the final product, an intermediate, or a starting
material may be affected by any suitable method known 1n the art. See, for example,
"Stereochemistry of Organic Compounds” by E. L. Ehiel, S, H. Wilen, and L. N. Mander (Wiley-

Interscience, 1994), which 1s hereby incorporated by reference in its entirety.

{80303] The compounds described herein may be made from commercially avatlable starting
materials or synthesized using known organic, inorganic, and/or enzymatic processes.

Preparation of Compounds

{00304] The compounds of the present disclosure can be prepared in a number of ways well
known to those skilled in the art of organic synthesis. By way of example, compounds of the
present disclosure can be synthesized using the methods described below, together with synthetic
methods known in the art of synthetic organic chemistry, or variations thereon as appreciated by
those skilled in the art. Hlustrative methods include but are not limited to those methods
described below. Compounds of the present disclosure can be synthesized by following the steps
outlined in Scheme 1. Starting materials are etther commercially available or made by known

procedures in the reported hiterature or as tlustrated.

[00305] Formula L, Ia, Ih, Ic, Id, fe, If, Ig, and Ih can be prepared according to the general
procedures outhined in Scheme 1. In Method A, disclosed compounds (e.g., compounds of
formula I Ia, Ib, Ic, 1d, Ie, If, Ig, and Th) are readily accessible from reaction of sulfonyl
1socyanate or 1sothiocyanate {coropound A-1) and an amine (compound A-2). In certain
ernbodiments, compound A-2 1s treated with a base m an appropriate solvent. Then, compound
A-1 1s added to compound A-2. The reaction is performed in a suitable solvent {e.g.,

tetrahydrofuran or dichloromethane) at room temperature to reflux.

[00306] With continued reference to Scheme 1, in Method B, compounds of Formula (I) are
readily accessible from reaction of an isocyanate or isothiocyanate (compound B-1yand a
sulfonamide {compound B-2). In certain embodiments, compound B-2 1s treated with a base 1
an appropriate solvent. Then, compound B-1 s added to compound B-2. The reaction 1s
performed n a suitable solvent {(e.g., tetrahvdrofuran or dichloromethane} at room temperature to

refhux.

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

Scheme 1
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Example Embodiments

{00307} Embodiment I-1. A compound of formula L

1
o X
Qﬁé;. ,fji~\
R R“' D
or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tavtomer
thersof,
wherein:

— C—NO
X5 0,8, %:N CN ,of %:H 2;
R!is selected from the group consisting of an optionally substituted C1-Csalkyl,
optionally substituted C1-Csalkenvl, optionally substituted Ci-Cealkynyl, -(CH2)u-O-(CHa pn
CHa,
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wherein === represents a single bond or a double bond provided that the ring comprising
one or more A is a non-aromatic ring;

each A is independently CR® or N;

AMis NR®, O, S, or C(O);

each A is independently CR®, C(R%)z, N, NR®, O, S, or $(O);

SN J‘”;Jv
Y X
- | R
R? is X2 or F :

X? i3 N or CR;

R*and R* are H;

each Ris independently H, I, halogen, OH, CN, ~NQO2,-8R®, ~OR®, -NHR® ~NR®R’, ~
S{ORN{R Y-, ~S{ORR®, ~C{OIR®, ~C(OYOR®, ~C(OINR R’ ~NR S{ORR, -S(O)R®,
~S{OINRR", ~NR°S{OR’, Ci-Cealkyl, C2-Csalkenyl, Ca-Cscycloalkenyl, Co-Cealkynyl, Ca-
Cecycloalkyl, heterocyclyl, aryl, heteroarvl, or -CH»-Cs-Cscycloalkyl; or

two R’ together with the atoms to which they are attached can form Cs-Cscycloalkyl,
heterocyclyl, arvl, or hetercaryl; wherein the heterocyclyl and heteroary! contain 1-3 heteroatoms
selected from the group consisting of N, 8§, Pand O; or

two geminal R” can form an oxo group;

R® and R are independently, at each occurrence H, D, Ci-Csalkyl, C2-Csalkenyl, Ca-
Cscycloalkenyl, Co-Cralkynyl, Cs-Cseycloalkyl, heterocyelyl, arvl, or hetercaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,

Pand O; or
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R® and R together with the atom to which they are attached can form heterocyelyl or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, 8§, Pand O,

each m 1s independently an integer from one to 4; and

1t is an integer from zero to 5;

provided that when the ring comprising A and/or A' is an imidazole, then at least one A’

is N, NR® O, 8, or S(O)n.
100308] Embodiment I-2. The compound of Embodiment I-1, wherein X' is O.
{60309} Embodiment I-3. The compound of Embodiment I-1, wherein X' is S,

100318} Embodiment I-4. The compound of any one of Embodiments 1-1 to [-3, wherein R? is

[00311] Embodiment I-5. The compound of any one of Embodiments I-1 to I-3, wherein R® is

o

{00312] Embodiment I-6. The compound of any one of Embodiments I-1 to -5, wherein the

=== gre single bonds in the ring comprising A%, thereby forming a saturated ring.

{00313] Embodiment I-7. The compound of any one of Embodiments I-1 to I-5, wherein R! is

100314} Embodiment I-8. The compound of Embodiment 1-7, wherein each A? is independently

CHo or O,

100315} Embodiment I-9. The compound of any one of Embodiments 1-1 to [-5, wherein R! is
N\N/\\
4

/ i
e
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100316} Embodiment I-10. The compound of any one of Embodiments I-1 to I-5, wherein R! is

methyl.

{00317] Embodiment I-11. The compound of anv one of Embodiments I-1 o5 I-9, wherem the

compound is of formula:

X1

{00318] Embodiment I-12. The compound of Embodiment I-1, which 15

e

O j?\
Y
d UH [

N-~{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-6,7-dihydro-5H-pyrazolo{S,1-

>

bli1,3joxazine-3-sulfonamide.

[06319] Embodiment I-13. The compound of Embodiment I-1, which 13

Q.0 G
/S\i}f g«?! \
H H

N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-vijcarbamoylymethanesulfonamide.

{00328] Embodiment I-14. The compound of Embodiment I-1, which is selected from the

group consisting of
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n 2

{00321] Embodiment I-15. A pharmaceutical composition comprising a compound of any one

of Embodiments I-1 to I-14 and a pharmaceutically acceptable carrier.
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{00322] Embodiment I-16. A method of treatment or prevention of a disease, disorder or
condition including the step of administering an effective amount of a compound of any one of
Embodiments I-1 to I-14, or a pharmaceutically acceptable salt, prodrug, solvate, hydrate,

isomer, or tautomer thereof, to thereby treat or prevent the disease disorder or condition.

{00323] Embodiment I-17. The method of Embodiment I-16, wherein the disease, disorder or

condition is responsive to inhibition of inflammasome.

{00324] Embodiment I-18. The method of Embodiment I-16 or I-17, wherein the disease,
disorder or condition is one which is responsive to inhibition of activation of the NLRP3

nflammasome.

{06325] Embodiment I-19. The method of Embodiment 1-16 or I-17, wherein the disease,
disorder or condition is responsive to modulation of one or more of 1L-6, IL-18, IL-17, 1L-18,
IL-Tq, 1L-37 1L-22 YL-33 and Th17 cells.

{00326] Embodiment {-20. The method of any one of Embodiments 1-16 to 1-19, wherein the
disease, disorder or condition is a disease, disorder or condition of the immune system.

{00327} Embodiment {-21. The method of any one of Embodiments 1-16 to 1-19, wherein the
disease, disorder or condition is an inflammatory disease disorder or condition or an autoimmune

disease disorder or condition.

{00328] Embodiment 1-22. The method of any one of Embodiments 1-16 to I-19, wherein the

disease, disorder or condition 1s a disease, disorder or condition of the liver.

{00329] Embodiment I-23. The method of any one of Embodiments 1-16 to I-19, wherein the

disease, disorder or condition 1s a disease, disorder or condition of the lung.

{00330} Embodiment I-24. The method of any one of Embodiments 1-16 to I-19, wherein the

disease, disorder or condition is a disease, disorder or condition of the skin.

{00331} Embodiment I-25. The method of any one of Embodiments 1-16 to I-19, wherein the

disease, disorder or condition 1s a disease, disorder or condition of the cardiovascular system.

{00332] Embodiment 1-26. The method of any one of Embodiments 1-16 to I-19, wherein the

disease, disorder or condition 1s a cancer, tumor or other malignancy.
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{00333] Embodiment I-27. The method of any one of Embodiments I-16 to I-19, wherein the

disease, disorder or condition 18 a disease, disorder or condition is of the renal system.

{00334] Embodiment I-28. The method of any one of Embodiments I-16 to I-19, wherein the

disease, disorder or condition 18 a disease, disorder or condition 18 of the gastro-intestinal tract.

{00335] Embodiment I-29. The method of any one of Embodiments I-16 to I-19, wherein the

disease, disorder or condition s a disease, disorder or condition is of the respiratory system.

{00336] Embodiment I-30. The method of any one of Embodiments 1-16 to I-19, wherein the

disease, disorder or condition 18 a disease, disorder or condition is of the endocrine system.

{00337} Embodiment I-31. The method of any one of Embodiments I-16 to I-19, wherein the
disease, disorder or condition 18 a disease, disorder or condition is of the central nervous system

(CNS),

{06338] Embodiment [-32. The method of any one of Embodiments 1-16 10 1-19, wherein the
disease, disorder or condition is selected from the group consisting of constitutive inflammation,
the cryopyrin-associated periodic syndromes (CAPS), Muckle-Wells syndrome (MWS), familial
cold autoinflammatory syndrome (FCAS), neonatal-onset multisystem inflammatory disease
(NOMID)}, automnflammatory diseases, fanulial Mediterranean fever (FMF), TNF receptor
associated periodic syndrome {TRAPS), mevalonate kinase deficiency (MKD),
hyperimmunoglobulinemia D, periodic fever syndrome (HIDS), deficiency of interleukin 1
receptor {DIRA) antagonist, Majeed syndrome, pyogenic arthritis, pyoderma gangrenosum and
acne (PAPA), haploinsufficiency of A20 (HA20), pediatric granulomatous arthritis (PGA),
PLCG2-associated antibody deficiency and nnmune dysregulation (PLAID), PLCG2-associated
autoinflammation, antibody deficiency and immune dysregulation (APLAID), sideroblastic
anemia with B-cell immunodeficiency, periodic fevers, developmental delay (SIFD), Sweet's
syndrome, chronic nonbacterial osteomyelitis (CNO), chronie recurrent multifocal osteomyelitis
(CRMO) and synovitis, acne, pustulosis, hyperostosis, osteitis syndrome (SAPHO), autoimmune
diseases including multiple sclerosis (MS), type-~1 diabetes, psoriasis, rheumatoid arthritis,
Beheet's disease, Sjogren's syndrome, Schuitzier syndrome, respiratory diseases, idiopathic
pulmonary fibrosis (IPF)}, chronic obstructive pulmonary disorder (COPD), steroid-resistant
asthma, asbestosis, silicosis, cystic fibrosis, central nervous system diseases, Parkinson's disease,

Alzheimer's disease, motor neuron disease, Huntington's disease, cerebral malana, brain injury
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from pneumococcal meningitis, metabolic diseases, Type 2 diabetes, atherosclerosis, obesity,
gout, pseudo-gout, ocular disease, disease of the ocular epithelium, age-related macular
degeneration {AMD}, corneal infection, uveitss, dry eve, kidney disease, chronic kidney disease,
oxalate nephropathy, diabetic nephropathy, liver disease, non-alccholic steatohepatitis, alcoholic
liver disease, mflammatory reactions mn skin, contact hypersensitivity, sunburn, inflammatory
reactions in the joints, ostecarthritis, systemic juvenile idiopathic arthritis, adult-onset Suill's
disease, relapsing polychondritis, viral infections, alpha virus infection, Chikungunya virus
mfection, Ross River virus infection, flavivirus infection, Dengue virus mfection, Zika virus
mfection, flu, HIV infection, hidradenitis suppurativa (HS), cyst-causing skin diseases, cancers,
lung cancer metastasis, pancreatic cancers, gastric cancers, myelodisplastic syndrome, leukemia,
polymyositis, stroke, myocardial infarction, Graft versus Host Disease, hypertension, colitis,
helmuinth 1nfection, bacterial infection, abdonunal aortic aneurism, wound healing, depression,
psychological stress, pericarditis, Dressler's syndrome, ischaemia reperfusion mjury, and any
disease where an individual has been determined to carry a germ line or somatic non-silent

mutation i NLRP3.

{00339] Embodiment I-33. The method of Embodiment I-15, wherein the disorder 15 selected
from the group consisting of a bacterial infection, a viral infection, a fungal infection,
inflammatory bowel disease, celiac disease, colitis, mtestinal hyperplasia, cancer, metabolic
syndrome, obesity, theumatoid arthritis, hiver disease, hepatic steatosis, fatty liver disease, liver
fibrosis, non-alcoholic fatty hiver disease (NAFLD), and non-alcoholic steatohepatitis (NASH).
{00348] Embodiment I-34. The method of Embodiment 1-33, wherein the disorder s non-
alcoholic steatohepatitis (NASH)

{00341] Embodiment I-35. The method of any one of Embodiments 1-16 to I-34, wherein the
treatment or prevention of the disease, disorder or condition 1s performed on a mammal.
[00342] Embodiment I-36. The method of Embodiment 1-35, wherein the mammal is a human
subject.

[80343] Embodiment I-37. A method of modulating the activity of a biological target
comprising the step of exposing the biological target to a compound of any one of Embodiments

I-1 to0 I-14, or a pharmaceutically effective salt, solvate or prodrug thereof.
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{00344] Embodiment I-38. The method of Embodiment 1-37, wherein the biological target may
be selected from the group consisting of the NLRP3 inflammasome, 11-6, IL-18, IL-17, IL-18,
I-Te, 1L-37, 1L-22, 1L.-33 and Thi7 cells.

{06345] Embodiment [-39. Use of a compound of any one of Embodiments I-1 to 1-14 in the

treatment of a disease, disorder or condition that 1s responsive to inhibition of inflammasome.

{06346] Embodiment [-40. A compound of any one of Embodiments I-1 to I-14 for use in the
manufacture of a medicament for treating a disease, disorder or condition that is responsive to

inhibition of nflammasome.

{00347} Embodiment II-1. A compound of formula fa:

X']
Q\l\ /?O .
4% S o Fd RA
Y
R® R ()
or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer
thereof,

whersin:

:%:N CN , OF %SMNOZ;

50, 8
R’ is selected from the group consisting of an optionally substituted Ci1-Cealkyl,
optionally substituted Ci-Cealkenyl, optionally substituted Ci-Cealkynyi, -{CH2)-O-(CH2 pn-
CH;,

2 '\ AZ—p2
A\ "\j -~ A\ A2 A‘\ o A/ A\‘ [-\2 N/ \:“AZ
4 i / A? [ g{f {
- - A2 % ,/ , AZ
A /-\\2/ A A/’Az 2"
-~ /’\\2-\ 5
2 -._A" S AL
/A“\j/ e A /A::]/ N, Ass N
A i A Ac A A /T {
. / /, A o
NS N\A?,/AA N Ny N N 4 NN
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_AZ 2o a2
A2 A2 2 AT a2 A “A‘l\ -
ZRCN. U U A
2 Y2 A2 A2 a2 a2 b '
— L A A= 'y
---------- NN K
A'] A1 { A1 q W '\\AZ
X Ax A N Al o
\ , ,and AR
wherein === represents a single bond or a double bond provided that the ring comprising

one or more A? is a non-aromatic ring;
each A is independently CR™ or N;
Alis NR¥ 0, S, or C(O);
each A? is independently CR™, C(R*)2, N, NR™ O, S, or S{O);

R?is x=

X% is N or CR™;

R*and R* are H;

each R™® is independently H, D, halogen, OH, CN, ~N(O2,-SR® ~OR®, -NHR® ~NRR’,
~S{ORN(R Y-, ~S{0):R®, ~C(O)R®, -C{OIORS, ~C(OINRR' -NROS(ORR’, ~S{OHRS,
~S{OINRR’, ~NROS(O)R’, C1-Cealkyl, C2-Cealkenyl, C4-Cacycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyelyl, arvl, hetercaryl, or -CH»-C3-Cscycloalkyl; or

two R together with the atoms to which they are attached can form Cs-Cseycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-3 hetercatoms
selected from the group consisting of N, S, Pand O; or

two geminal R> can form an oxo group;

each R is independently H, D, halogen, OH, CN, -NO2,-SR® —~OR® -NHR® —NRR’ -
S(ORN(R -, —S{ORR®, —C{OIRS, -C(OOR®, -C(OINR R’ -NROS(O)R’, —S{O)R®,
—S{OINRR’, -NRS(O)JR’, C1-Cealkyl, C2-Coalkenyl, Cs-Creycloalkenyl, Ca-Cealkynyl, Cs-

Cscycloalkyl, heterocyelyl, arvl, heteroaryl, or -CH»-Ci-Cscyeloalkyl; or
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two R together with the atoms to which they are attached can form Cs-Cseycloalkyl,
heterocyclyl, aryl, or hetercaryl, wherein the heterocyclyl and heteroaryl contain 1-3 hetercatoms
selected from the group consisting of N, §, P and ©;

R® and R’ are independently, at each occurrence H, I3, Ci-Cralkyl, Co-Csalkenyl, Cu-
Cecycloalkenyl, Co-Csalkynyl, Cs-Cseycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 hetercatoms selected from the group consisting of N, S,
Pand O; or

R® and R’ together with the atom to which they are attached can form heterocycly! or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, S, Pand O;

each m 1s independently an integer from one to 4; and

n is an integer from zero to S

provided that when the ring comprising A and/or A! is an imidazole, then at least one A?

is N, NR¥™ 0O, S, or §(O)z.

{00348] Embodiment -2, A compound of formula Ib:
X"
¥ 2
S _R

H {
R’ R* {Ib)

or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer
thereof,
wherein:

tn-on  FCONO
FN C”,m%_}_s 2

X'is G, 8,
R!is selected from the group consisting of an optionally substituted C1-Csalkyl,
optionally substituted Ci-Csalkenyl, optionally substituted Ci-Coalkynyl, -(CH2)m-O-(CH2 e

CHz,

2 A — ?_AQ
Ay ~\ 2 Ay A A; Ay R
%{’ / N2 g<’ g{ f
- A‘( )\ 2 / /fAZ
2 2 A "A27T A2

> B
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d N A2
A2 ) A222 A2

,and
wherein === represents a single bond or a double bond provided that the ring comprising
one or more A’ is a non-aromatic ring;
each A is independently CR™ or N;
Alis NR™ O, S, or C(O);
each A’ is independently CR™, C{R*)2, N, NR™ O, S, or S(O);

R is X2
X% is N or CR™;
R and R* are H;
each R is independently H, D, halogen, OH, CN, -N0».-SR® —OR® -NHR®, -NR°R’,
—S{ORN(R® -, —S{O)R®, ~C(O)R®, ~C{OIORS, -C{OINRR' —NRS(ORR’, —S{OIR’,
—S{OINRR’, -NROS(O)R’, C1-Cealkyl, C2-Coalkenyl, Ca-Creycloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocyelyl, arvl, heteroaryl, or -CH»-C3-Cscycloalkyl; wherein the Ci-Cealkyl,
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Ci-Cealkenyl, Cs-Cseycloalkenyl, C2-Csalkynyl, Cs-Cacycloalkyl, heterocyclyl, aryl, hetercaryl,
and -CHz-Ca-Cseycloalkyl are optionally substituted with D, halogen, Ci-Csallyl, -OR®, -NHa, -
NH(Ci-Cealkyl}, or -N(Ci-Cealkyl); or

two R together with the atoms to which they are attached can form Cs-Caeycloalkyl,
heterocyclyl, arvl, or hetercaryl; wherein the heterocyclyl and heteroary! contain 1-3 heteroatoms
selected from the group consisting of N, 8, P and O; wherein the Cs-Cacycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHz, -NH(C;-
Cealkyl), or -N(Cy-Coalkyil; or

two geminal R™ can form an oxo group,

each R is independently H, D, halogen, OH, CN, -NO,,—SR® —OR®, -NHR®, —-NR°R’, -
S{ORNER -, —S(ORR®, —C(OIRE, -C(OYOR®, —C(OINR R’ —NROS{ORR, —S(O)R®,
—S{OINRR’, -NRCS(O)R’, Ci-Cealkyl, C:-Csalkenyl, Cs-Cseycloalkenyl, or C:-Cealkynyl;
wherein the Ci-Cealkyl, Ca-Cealkenyl, Cs-Cscycloalkenyl, and Co-Cealkynyl are optionally
substituted with D, halogen, -OR®, -NHz, -NH(C1-Cealkyl}, or -N{C1-Cealkyl)z;

R® and R are independently, at each occurrence H, D, C1-Csalkyl, Co-Cralkenyl, Cs-
Cscycloalkenyl, C2-Csalkynyl, Cs-Csevcloalkyl, heterocyclyl, aryl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatorus selected from the group consisting of N, 8,
P and O; wherein the Ci1-Cealkyl, Co-Cralkenyl, Cs-Cscycloalkenyl, Co-Cealkynyl, Ci-
Cscycloalkyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with D, halogen, Ci1-
Cealkyl,-OH, -0-C1-Cealkyl, -NHz, -NH(C1-Cealkyl), or -N{C1-Csalkylh; or

R® and R’ together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 heterocatoms selected from the group consisting of N, S, Pand G,

each m 15 mdependently an mteger from one to 4; and

1 1s an integer from zero to 5

provided that when the ring comprising A and/or A' is an imidazole, then at least one A?

is N, NR™ (3, 8, or S(O)2.

{06349] Embodiment 1-3. A compound of formula Ic:
Qo X
N4
S R?
R \PEE/JL\IE/
R®  RY (o)
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or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tavtomer

thereof,
wherein:

g fon =C—-NO,
Xtis O, 8, TN CN,@r %H ?;

R!is selected from the group consisting of an optionally substituted C1-Cesalkyl,

optionally substituted Ci-Cealkenyl, optionally substituted Ci-Cealkyoyl, ~(CH2)m-O-(CHz2 )

CHz,

X A o Al A2
A\ ~ ‘\\ 4 \ ey A\ A‘l A J -;%A?
= S, WU el
- 2
)\ - e
A2 A2 "‘A” A 827 AZ/
A2 2 22
A By A~ A
SN AN e P
D
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A2 5 AZ:.: A2
/A\N/ J’;\:\Az A\_N/A\ \;\ ’ \a2
4 A 2 A A2
. A2 / it P
o AZ’/ A% o " / ?AZ
AZ / 2
i 2 AP :
A ] A A A i
) I ”;Az 9\1 ‘ £ 22
2 A AZ 7
2 .
AZ=p2 2 p2= mpz AEAS
Ve \ /!5\\ . /I'! \‘\ A;& -.‘A_.
A2 \Az AZ & \ E ] ‘

3

,and

wherein === represents a single bond or a double bond provided that the ring comprising

one or more A? is a non-aromatic ring;

each A is independently CR™ or N;
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Alis NR™ Q, S, or C{O),
each A? is independently CR™, C{R™), N, NR™® O, S, or ${(0);

SN

R?is X2

X? s N or CR;

R*and R* are H;

each R is independently H, D, halogen, OH, CN, -NO2-SR® —~0OR® ~NHR®, ~NR°R’,
~S{ORNR -, ~S(O)RE, ~C(OIR®, ~C{OYOR®, ~C(OINR R -NR*S(O1:R7, ~S(OIRS,
~S{O)NR°R’, ~NR SR, Ci-Cealkyl, Ca-Csalkenyl, Ca-Cscycloalkenyl, Co-Cealkynyl, Ca-
Cacycloalkyl, heterocyclyl, aryl, heteroarvi, or -CH2-Cs-Cscycloalkyl;, wherein the Chi-Csalkyl,
(C2-Cralkenvl, Cs-Cseycloalkenyl, Co-Coalkynyl, Ca-Cscycloalkyl, heterocyelyl, aryl, heteroarvl,
and -CHz-Cs-Cseycloalkyl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHa, -
NH(C:i-Cealkyl), or -N{C1-Cealkyl)s; or

two R™ together with the atoms to which they are attached can form Cs-Cscycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-3 hetercatoms
selected from the group consisting of N, S, P and O; wherein the Cs-Cscycloalkyl, heterocyelyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Cealkyl, -OR®, -NHz, -NH(C-
Coalkyl), or -N(Ci-Cealkyly; or

two geminal R can form an oxo group;

each R is independently H, D, halogen, OH, CN, -NO»,—8R®, —OR®, -NHR® —NR*R’, -
S(ORN(R -, —S(O)RR®, —C{OR®, -C(OYOR®, —-C(OINRR’ —NR®°S(O)R7, —S(O)R®,
—S(OINRR’, -NROS(O)R’, C1-Cealkyl, Co-Csalkenyl, Cs-Cseycloalkenyl, or Co-Cealkynyl;
wherein the C1-Cealkyl, (o-Cealkenyl, Cs-Cseycloalkenyl, and Cz-Cealkynyl are optionally
substituted with D, halogen, -OR®, -NHa, -NH(C1-Cealky!), or -N(C1-Cealkyl)z;

R® and R are independently, at each occurrence H, D, Ci-Cralkyl, Co-Caalkenyl, Co-
Cscycloalkenyl, Co-Cralkynyi, Ca-Cacycloalkyl, heterocycelyl, aryl, or heteroaryl, wherein the
heterocyclyl and hetercaryl contaim 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the C1-Csalkyl, Co-Cralkenyl, C4-Cscycloalkenyl, Co-Cealkynyl, Cs-
Cecycloalkyl, heterocyclyl, aryl, and heteroary! are optionally substituted with D, halogen, (1-

Cralkyl -OH, -0O-C1-Cealkyl, -NHa, -NH{C1-Cealkyl), or -N{Ci1-Cealkyl); or
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R® and R together with the atom to which they are attached can form heterocyelyl or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, 8§, Pand O,

each m 1s independently an integer from one to 4; and

1t is an integer from zero to 5;

provided that when the ring comprising A and/or A' is an imidazole, then at least one A’

is N, NR™ O, S, or S{O).

{0035¢] Embodiment {I-4. A compound of formula Id:

1
o o0 X
By
1”&\ P

P
R R (1d)

P\Z

or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer
thereof,

wherein;

g FN-CN “’g‘:g“N@z;

50, 8
R’ is selected from the group consisting of an optionally substituted Ci1-Cealkyl,

optionally substituted Ci-Cealkynyl, <{CH2}m-O-{CH2)m-CHs,

A — AL A2
An\ «\ 2 A” A~ v =A 5
AN /N AL
WU e o
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\Az 2/ A)___AZ
AZ 2 AP p2 2 a2
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wherein === represents a single bond or a double bond provided that the ring comprising

one or more A? is a non-aromatic ring;
each A is independently CR™ or N;
Alis NR¥ 0, S, or C(O);
each A? is independently CR™, C(R*)2, N, NR™ O, S, or S{O);

R’ is !

R*and R*are H;

each R is independently H, D, halogen, OH, CN, —-NO2,-SR®, -OR®, -NHR®, —NR°R’,
—S{ORNR)—, -S(O1R®, ~C{OIR®, —-C{OYOR®, -C(OJNRR7 -NR*S(O)R7, —S(O)RS,
—S{OINRRT, -NROS(OWR’, Ci-Cealkyl, C2-Csalkenyl, Cs-Cseyeloalkenyl, C2-Csalkynyl, Cs-
Cscycloalkyl, heterocycelyl, aryl, heteroarvl, or -CH2-Cs-Cscycloalkyl; wherein the C1-Cealkyl,
(Cz-Cealkenyl, Ca-Cseycloalkenyl, C-Coalkynyl, C3-Cseycloalkyl, heterocycelyl, aryl, hetercaryl,
and -CHz-Cs-Cseycloalkyl are optionally substituted with D, halogen, Ci1-Cesalkyl, -OR®, -NHa, -
NH(Ci-Cealkyl), or -N{C1-Cealkyl)z; or

two R together with the atoms to which they are attached can form Cs-Cscycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-3 heteroatoms
selected from the group consisting of N, S, P and O; wheremn the Ca-Cecycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, Ci-Ceallyl, -OR®, -NH:z, -NH{(C-
Coalkyl), or -N(C1-Cealkyl)z; or

two geminal R> can form an oxo group;
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each R is independently H, D, halogen, OH, CN, -N{O:,-8R® ~OR® ~NHR®, ~NR*R’, ~
S(ORN(R®)2—, ~S{ORRE, ~C(OIRS, -C(OOR®, ~C{OINR R’ -NROS(O)R’, ~S(O)IR®,
~S{OINRR’, ~NROS(O)R’, C1-Cealkyl, C2-Cealkenyl, C4-Cacycloalkenyl, or Co-Cealkynyl;
wherein the Ch-Cealkyl, Co-Coalkenyl, Cs-Cacycloalkenyl, and C2-Csalkynyl are optionally
substituted with D, halogen, -OR°, -NH, -NH(C-Cealky!), or -N{C1-Csalkyl)z;

R® and R’ are independently, at each occurrence H, D, Ci-Cgalkyl, C2-Csalkenyl, Cs-
Cecycloalkenyl, Co-Csalkynyl, Cs-Cseycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 hetercatoms selected from the group consisting of N, S,
P and O; wherein the C1-Coalkyl, Co-Cralkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, and heteroary! are optionally substituted with D, halogen, Ci-
Coalkyl, -OH, -O-C1-Cealkyl, -NHz, -NH{C1-Csalkyl), or -N(C1-Cealkyl); or

R® and R” together with the atom to which they are attached can form heterocyclyl or
heteroaryvl containing 1-3 heteroatoms selected from the group consisting of N, 8, Pand O;

each m is independently an integer from one to 4; and

n 15 an integer from zero to S

provided that when the ring comprising A and/or A! is an imidazole, then at least one A?

is N, NR® (3, 8, or 5(0O).

{00351} Embodiment I-5. The compound of any one of Embodiments 1I-1 to II-4, wherein R}

15 selected from the group consisting of

A —p? Al p?
L\\ / A\ - A\“N ~~’/§\ A\N"/ \"AQ
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X \r A / \ w2 o \( \( N
A
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[00352] Embodiment II-6. The compound of any one of Embodiments 11-1 to II-5, wherein X!
i3 0.
[00353] Embodiment II-7. The compound of any one of Embodiments 11-1 to II-5, wherein X!
3 5.

{00354] Embodiment I1-8. The compound of any one of Embodiments II-1 to [I-3 and [1-5 to

: , 2
11-7, wherein R? i3 X

[00355] Embodiment 1-9. The compound of any one of Embodiments -1 to [I-3 and [I-5 to

11-7, wherein R? is '
{00356] Embodiment 1-10. The compound of any one of Embodiments H-1 to [1-9, wherein
the === are single bonds in the ring comprising A%, thereby forming a saturated ring.

{00357} Embodiment I-11. The compound of any one of Embodiments H-1 to I1-10, wherein

AZ

//{\w\N/ ‘E:AZ
A 11
P 24;,/-\2
R A
HS AR

00358] Embodiment 11-12. The compound of Embodiment T1-11, wherein each A is
{ ] p ,

imdependently CHz or O.
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{00359] Embodiment {1-13. The compound of anv one of Embodiments H-1 to H-10, wherein

RB&
N N Rﬁa
4
/
) O
is.
1{1 R

{06360] Embodiment -14. The compound of any one of Embodiments H-1 to H-10, wherein

N\N

7/

o

O
Rlis

{00361} Embodiment I-15. The compound of any one of Embodiments H-1 to I1-10, wherein

R!is

{00362] Embodiment {1-16. The compound of anv one of Embodiments H-1 to H-15, wherein

R! is methyl.

{00363] Embodiment [1-17. The compound of any one of Embodiments -1 to H-3 and H-5 to

[1-16, wherein the compound 1s of formula:

N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyli}-6,7-dihydro-SH-pyrazolof 5,1 -

bli1,3joxazine-3-sulfonanude, or a pharmaceutically acceptable salt thereof.
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{00365] Embodiment [1-19. The compound of Embodiment 1-1, which 1s

! i
H H

N-{{1,2,3.5,6,7-hexahydro-s-indacen-4-yljcarbamoylymethanesulfonamide, or a

pharmaceutically acceptable salt thereof.

{00366] Embodiment 1-20. The compound of Embodiment 11-1, which 13

O/
®
g

,,S\

Q
Iz

or a pharmaceutically acceptable salt thereof.

{00367} Embodiment I1-21. The compound of Embodiment -1, which 1s
N ©
N
v e
I-/S\
O

or a pharmaceutically acceptable salt thereof.

[00368] Embodiment 1-22. The compound of Embodiment 11-1, which 15 selected from the

group consisting of
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[00369] Embodiment 1-23. The compound of Embodiment 11-1, which 15 selected from the

group consisting of
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n 2

{06370} Embodiment 1-24. The compound of any one of Embodiments -1 to -4, which 18

selected from the group consisting of
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{00371] Embodiment H1-25. A pharmaceutical composition comprising a compound of any one
of Embodiments -1 to {1-24 and a pharmaceutically acceptable carrier.

{00372] Embodiment 11-26. A method of treatment or prevention of a disease, disorder or
condition including the step of administering an effective amount of a compound of any one of
Embodiments H-1 to 1-24, or a pharmaceutically acceptable salt, prodrug, solvate, hydrate,

isomer, or tautomer thereof, to thereby treat or prevent the disease disorder or condition.

{08373] Embodiment 11-27. The method of Embodiment H-25, wherein the disease, disorder or

condition is responsive to inhibition of inflammasome.

{00374] Embodiment [1-28. The method of Embodiment H{-26 or l1-27, wherein the disease,
disorder or condition is one which is responsive to inhibition of activation of the NLRP3
mflammasome.

{06375] Embodiment 1-29. The method of Embodiment 11-26 or I-27, wherein the disease,
disorder or condition is responsive to modulation of one or more of 1L-6, IL-18, IL-17, 1L-18,
IL-Tq, 1L-37 1L-22 YL-33 and Th17 cells.

{00376} Embodiment {1-30. The method of any one of Embodiments 1-26 to 11-29, wherein the
disease, disorder or condition is a disease, disorder or condition of the immune system.

{00377} Embodiment {1-31. The method of any one of Embodiments 11-26 to 11-29, wherein the
disease, disorder or condition is an inflammatory disease disorder or condition or an autoimmune

disease disorder or condition.

{00378] Embodiment 11-32. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition 1s a disease, disorder or condition of the liver.

{00379} Embodiment 11-33. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition 1s a disease, disorder or condition of the lung.

{00380} Embodiment 1-34. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition is a disease, disorder or condition of the skin.

{00381} Embodiment 1-35. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition 1s a disease, disorder or condition of the cardiovascular system.

160

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

{00382] Embodiment {1-36. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition 18 a cancer, tumor or other malignancy.

{00383] Embodiment {1-37. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition 18 a disease, disorder or condition is of the renal system.

{00384] Embodiment [1-38. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition 18 a disease, disorder or condition 18 of the gastro-intestinal tract.

{00385] Embodiment {1-39. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition s a disease, disorder or condition is of the respiratory system.

{00386] Embodiment {1-40. The method of any one of Embodiments 11-26 to 11-29, wherein the

disease, disorder or condition 18 a disease, disorder or condition is of the endocrine system.

{00387} Embodiment [{-41. The method of any one of Embodiments 11-26 to 11-29, wherein the
disease, disorder or condition 18 a disease, disorder or condition is of the central nervous system

(CNS),

{06388] Embodiment 1-42. The method of anv one of Embodiments 11-26 to 11-29, whergin the
disease, disorder or condition is selected from the group consisting of constitutive inflammation,
the cryopyrin-associated periodic syndromes (CAPS), Muckle-Wells syndrome (MWS), familial
cold autoinflammatory syndrome {FCAS), neonatal-onset multisystem inflammatory disease
(NOMID)}, automnflammatory diseases, fanulial Mediterranean fever (FMF), TNF receptor
associated periodic syndrome {TRAPS), mevalonate kinase deficiency (MKD),
hyperimmunoglobulinemia D, periodic fever syndrome (HIDS), deficiency of interleukin 1
receptor {DIRA) antagonist, Majeed syndrome, pyogenic arthritis, pyoderma gangrenosum and
acne (PAPA), haploinsufficiency of A20 (HA20), pediatric granulomatous arthritis (PGA),
PLCG2-associated antibody deficiency and nnmune dysregulation (PLAID), PLCG2-associated
autoinflammation, antibody deficiency and immune dysregulation (APLAID), sideroblastic
anemia with B-cell immunodeficiency, periodic fevers, developmental delay (SIFD), Sweet's
syndrome, chronic nonbacterial osteomyelitis (CNO), chronie recurrent multifocal osteomyelitis
(CRMO) and synovitis, acne, pustulosis, hyperostosis, osteitis syndrome (SAPHO), autoimmune
diseases including multiple sclerosis (MS), type-~1 diabetes, psoriasis, rheumatoid arthritis,

Behcet's disease, Sjogren's syndrome, Schuitzler syndrome, respiratory diseases, diopathic
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pulmonary fibrosis (IPF), chronic obstructive pulmonary disorder (COPD), steroid-resistant
asthma, asbestosis, silicosis, cystic fibrosis, central nervous system diseases, Parkinson's disease,
Alzheimer's disease, motor neuron disease, Huntington's disease, cerebral malaria, brain injory
from pneumococcal meningitis, metabolic diseases, Type 2 diabetes, atherosclerosis, obesity,
gout, pseudo-gout, ocular disease, disease of the ocular epithelium, age-related macular
degeneration {AMD), corneal infection, uveitis, dry eye, kidney disease, chronic kidney disease,
oxalate nephropathy, diabetic nephropathy, liver disease, non-alcoholic steatohepatitis, alcoholic
liver disease, inflammatory reactions in skin, contact hypersensitivity, sunburn, inflammatory
reactions in the joints, osteoarthritis, systemic juventle idiopathic arthritis, adult-onset Still's
disease, relapsing polychondritis, viral infections, alpha virus infection, Chikungunya virus
infection, Ross River virus infection, flavivirus infection, Dengue virus infection, Zika virus
infection, flu, HIV mfection, hidradenitis suppurativa (HS), cyst-causing skin diseases, cancers,
lung cancer metastasis, pancreatic cancers, gastric cancers, myelodisplastic syndrome, leukena,
polymyositis, stroke, myocardial infarction, Graft versus Host Disease, hypertension, colitis,
helminth infection, bacterial infection, abdorminal aortic aneurism, wound healing, depression,
psychological stress, pericarditis, Dressler's svndrome, ischaemia reperfusion imjury, and any
disease where an individual has been determined to carry a germ line or somatic non-silent

mutation in NLRF3,

{80389] Embodiment [1-43. The method of Embodiment H-26, wherein the disorder 15 selected
from the group consisting of a bactenial infection, a viral infection, a fungal infection,
mflammatory bowel disease, cebiac disease, colitis, mtestinal hyperplasia, cancer, metabolic
syndrome, obesity, theumatoid arthritis, liver disease, hepatic steatos:s, fatty hiver disease, liver
fibrosis, non-alcoholic fatty hver disease (NAFLDY), and non-alcoholic steatohepatitis (NASH),
{00396] Embodiment I1-44. The method of Embodiment 1-43, wherein the disorder 1s non-
alcoholic steatohepatitis (NASH).

[003%81] Embodiment I1-45. The method of any one of Embodiments 11-26 to 11-44, wherein the
treatment or prevention of the disease, disorder or condition 15 performed on a mammal.

[006392] Embodiment 11-46. The method of Embodiment - 45, wherein the mammal i1s a

human subject.
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{003%3] Embodiment {1-47. A method of modulating the activity of a biological target
comprising the step of exposing the biological target to a compound of any one of Embodiments
1I-1 to H-24, or a pharmaceutically effective salt, solvate or prodrug thereof

{06394] Embodiment 1-48. The method of Embodiment H-47, wherein the bioclogical target
may be selected from the group consisting of the NLRP3 inflammasome, IL-6, IL-1, 1L-17, IL-
18, HL-1g, 1L-37, 1L-22, 11.-33 and Thi7 cells.

{00395] Embodiment {1-49. Use of a compound of any one of Embodiments H-1 to II-24 n the

treatment of a disease, disorder or condition that is responsive to inhibition of inflammasome.

{003%96] Embodiment H1-50. A compound of any one of Embodiments H-1 to H{-24 for use in the
mamifacture of a medicament for treating a disease, disorder or condition that is responsive to

inhibition of inflammasome.

{06397} Embodiment -1, A compound of formula If;

Q0 X ?
RN K
-
or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tavtomer
thersof,
wherein:

X'isCorS;

R!is selected from the group consisting of

2 Afen2 A2 Al
Ay SONAZ A rRe A
<Ay Ay N ~ 2
§_<’/J\ Loy R =4 e g/ :
s oo B2 | / o " o A2
S TRE R A N :
2\ 252
A P —A 7\ P N
/;/ A(’i/ Y \3?"
- AZ \/'!\ Pt P AZ
A4 “’A/ 22,7
,and ° ATTA
wherein === represents a single bond or a double bond provided that the ring comprising

o IO . .
one or more A 18 a non-aromatic rng,

each A is independently CR™! or N;
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each A? is independently CR*2 C(R*?), N, NR*2 O, S, or $(O);

R’is x=

X2 is N or CR;

R'and R*are H;

each R™ is independently H, D, halogen, OH, CN, -NO2,-8R®, —OR® —NHR® -NR°R’,
-NROC(O)R®, -NROC(OYORS, -NROC(OINR®, C1-Csalkyl, Co-Csalkenyl, Cs-Creycloalkenyl, Ca-
Coalkynyl, Cs-Cseycloalkyl, heterocyelyl, aryl, hetercarvl, or -CH>-Cs-Csevcloalkyl; wherein the
C1-Cealkyl, C2~Csalkenyl, Cs-Caeyeloalkenyl, Co-Cealkynyl, Cs-Cseycloalkyl, beterocyclyl, arvl,
heteroaryl, and -CHz-Cs-Cseycloalkyl are optionally substituted with D, -UN, halogen, (-
Cealkyl, -OR®, -NHa, -NH{C1-Csalkyl), -N(C1-Csalkyl), -NROC(OYOR®, or ~-NRC{O)RS;

each R™ is independently H, D, halogen, OH, CN, -NO»2,-8R®, ~-OR®, -NHR®, -NR°R’,
-C(O)R®, -S(O)RE, -C(DHOR®, -C{OINRSE, Ci-Cealkyl, Cr-Cealkenyl, C4-Creycloalkenyl, Ca-
Csalkynyl, Cs-Cseycloalkyl, heterocyclyl, aryl, hetercaryl, or -CH2-Us-Cseycloalkyl; wherein the
C1-Cealkyl, C2-Cralkenyl, Cs-Cseycloalkenyl, Co-Caalkynyl, Cs-Cseycloalkyl, heterocyelyl, arvl,
heteroaryl, and -CHz-Cs-Cseycloalkyl are optionally substituted with D, -UN, halogen, (-
Cealkyl, -OR®, -NHa, -NH{C1-Csalkyl), -N(C1-Csalkyl), -NROC(O)OR®, -NROC(OIR, -
NROC(OINR®, -NRC{OR®, or ~NR®S{ORR®; or

two R together with the atoms to which they are attached can form C3-Cseycloalkyl or
heterocyclyl; wherein the heterocyelyi contains 1-3 heteroatoms selected from the group
consisting of N, §, P and O; wherein the C3-Uscycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Csalkyl, -OR®, -NHz, -NH(C1-Cealkyl), -N(Ci-Cealkyl)z,
~8{0)-R®, -COR® -NR°C(OYOR®, -NRC{OIR®, -NROC(OINRS, or -NROS(ORR®; or

two geminal R> can form an oxo group;

R is H, D, halogen, -CN.—OR®, or C1-Csalkyl, Cs-Cacycloalkyl, -C(OINR®, -C(OYORS;
wherein the C1-Cralkyl, and Cs-Cseycloalkyl, are optionally substituted with D, halogen, -CN, -
OR®, -NH, -NH(C:1-Cealkyl), or -N{C1-Cealkyl):

each R R R™ R and R is independently H, I}, halogen, OH, -CN, -NO,
—SR®, —OR®, -NHR®, —-NR°R’, Ci-Cealkyl, C2-Csalkenyl, Ca-Cscycloalkenyl, Cs-Cseyeloalkyl, or
(C2-Coalkynyl; wherein the Ci-Cealkyl, Co-Cealkenyl, Cs-Cseycloalkenyl, Cs-Cacycloalkyl, and
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C2-Cealkynyl are optionally substituted with D, halogen, -CN, -OR®, -NH>, -NH{C1-Cesalkyl), or
SN(Ci1-Coalkyl); or

two adjacent R R™™ R™ R and R together with the atoms to which they are
attached can form (3-Cseycloalkyl, heterocyclyl, aryl, or hetercaryl, wherein Cs-Cacycloalkyl,
heterocyelyl, aryl, or heteroaryl are optionally substituted with halogen, -CN, Ci-Cealkyl, -OR",
-NHaz, -NH(C-Cealkyl), or -N{Ci-Cealkyl)s; and

R’ and R are independently, at each occurrence, H, D, Ci-Czalkyl, C2-Csalkenyl, Ca-
Csalkynyl, Cs-Cacycloalkyl, Ca-Cscycloalkenyl, heterocyclyl, aryl, or heteroaryl; wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the Ci-Csalkyl, Co-Csalkenyl, Cs-Csalkynyl, Cs-Cscycloalkyl, Cy-
Cscycloalkenyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with I, -CN,
halogen, Ci-Cealkyl,-OH, -O-Ci-Cealkyl, -NHz, ~-NH(C1-Cealkyl), or -N{Ci-Cealkyl)s; or

R® and R7 together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 hetercatoms selected from the group consisting of N, S, Pand O;

provided that when the ring comprising A and/or A' is an imidazole, then at least one A?

is N, NR*, Q, S, or S(Oh.

[00398] Embodiment ITI-2. The compound of claim 1, or a pharmaceutically acceptable salt,
prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein:
X'is O;

R* s selected from the group consisting of

A2
A\ Z
N7 A
-, AL
S
AP 2
/A\ A A? A\ /AZ A\N/ “*A
/2
3//J\\ ‘AQ \\/l\/-\z Y\\
, and
wherein === represents a single bond;

each A? is independently C(R™) or O;
X% is CR
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each R is independently H or Ci-Csalkyl; wherein the Ci-Cealkyl is optionally
substituted with D, halogen, -OR®, -NHa, -NH{C1-Cealkyl), -N{C1-Csalkyl), -NROC(OYOR®, or
~NROC(O)R®,

each R is independently H, halogen, OH, ~OR®, -NHR", ~NR°R’, C1-Csalkyl, or
heterocyclyl; wherein the Ci-Cealkyl and heterocyclyl are optionally substituted with D, halogen,
-OR®, -NHz, NH(C1-CealkyD), N{(C1-Csalkyl), -NROC{O)ORS, or -NRC{O)R®; or

two R™ together with the atoms to which they are attached can form Ci-Cseycloalkyl or
heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from the group
consisting of N, S, P and O; wherein the (s-Cscycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Csalkyl, -OR®, -NHz, -NH(C1-Cealkyl), -N(Ci-Coalkyl), or
—S(0)-R% or

two geminal R% can form an oxo group;

R°®! is H, D, halogen, or Ci-Cealkyl;

each B2 R R¥™ R and R 15 independently H, D, halogen, -CN,—OR®, Ci-
Coalkyl, or Cs-Cscycloalkyl; wherein the Ci-Cealkyl, and Cs-Cscycloalkyl, are optionally
substituted with D, halogen, -OR®, -NHz, -NH{(C1-Cealkyl), or -N{C1-Cealkyl); or

two R, R R R and R™ together with the atoms to which they are attached can
form Cs-Cscycloalkyl, heterocyclyl, or heteroaryl, wherein Cs-Cseycloalkyl, heterocyclyl, or
heteroary] are optionally substituted with halogen or Ci-Cesalkyl; and

R® and R are independently, at each occurrence, H, D, Ci-Cealkyl, Cr-Cralkynyl, or arvl;
wheremn the C1-Csalkyl, Co-Cealkynyl, and aryl, are optionally substituted with D, halogen or Ci-
Cealkyl.
{806399] Embodiment I1I-3. A compound of formula Ig;:

1
%s{) j\ R
o
RYORY (Ig)

or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or a tautomer
thereof,

wherein:

X'500rS;
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R!is selected from the group consisting of

A’ep2 AP A2
A\ - ~\ X A J:S— TTAS Ay’ NP
N N N N A
g----</ /J\ i E :/ i /"\2 é{ A\ i\/’ L\\Z ) / i H 2
A // . 7 7 “//,:‘ H /J,A-
/\A2 A A?-"AA i A /\AZZ.:AZ ,
A e 2.2
A\ / \\ A\ /A A‘: A ,»"A ——A;A "
N F\ /;/ N a2
| A 4 f
2 A2 o L A2
2/!"\ AZ:Azj
,and 7 ;
wherein === represents a single bond or a double bond provided that the ring comprising

one or more A’ is a non-aromatic ring;
each A is independently CR™! or N;
each A’ is independently CR™, C{R**), N, NR*¥ 0, S, or S{O);

. 7
RZis X

X?is N or CR™,

R*and R are H;

each R is independently H, D, halogen, OH, CN, -NO2,-SR®, ~OR®, -NHR?® ~NRR’,
NROC(OIR®, -NROC(OYORS, -NROC(OINR®, C1-Csalkyl, Cz-Csalkenyl, Ca-Caeycloalkenyl, Ca-
Cealkynyl, Cs-Cscycloalkyl, heterocyelyl, aryl, heteroaryl, or ~-CHz-Cs-Cseycloalkyl; wherem the
(1-Cealkyl, Co-Cealkenyl, Cs-Cacycloatkenyl, Co-Cealkynyi, Cs-Cseyeloalkyl, heterocyclyl, aryl,
hetercarvi, and -CH2-Cs-Uscycloalkyl are optionally substituted with I, -CN, halogen, Ci-
Csalkyl, -ORS, -NHz, -NH(C1-Cealkyl), N(Ci-Cealkyl)z, -NRC{OYORS, or ~-NROC{O)R®;

each R is independently H, D, halogen, OH, CN, -NO: -SR° ~OR® -C{O)R®, -
S{ORRS, -C{OMOR®, -C{OINRE, C1-Cealkyl, C2-Csalkenyl, Cs-Cscycloalkenyl, Co-Cealkynyl, Ca-
Cecycloalkyl, heterocyclyl, aryl, heteroarvi, or -CH»-C3-Cscycloalkyl;, wherein the C1-Csalkyl,
(2-Cealkenvl, Co-Cseycloalkenyl, Ca-Cealkynyl, C3-Cscycloalkyl, heterocyclyl, aryl, heteroaryl,
and -CHz-Cs-Cseycloalkyl are optionally substituted with D, -CN, halogen, Ci-Csalkyl, -OR®,
-NROC(OYOR®, -NROC(OIR®, -NROC{OINR?®, -NR°C(O)R®, or -NROS(O):RS,; or

two R™ together with the atoms to which they are attached can form Ci-Cseycloalkyl or

heterocyclyl; wherein the heterocyelyl contains 1-3 heteroatoms selected from the group
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consisting of N, §, P and O; wherein the C3-Uscycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Csalkyl, -OR®, -8(0)-R®; -COR®, NRC(OYOR®, -NRC{O)RS,
SNROC(OINRS, or -NRS(ORR; or

two geminal R% can form an oxo group;

R is H, D, halogen, -CN.—OR®, or C1-Csalkyl, Cs-Cacycloalkyl, -C(OINR®, -C(OYORS;
wherein the C1-Cealkyl, and Cs-Cscycloalkyl, are optionally substituted with D, halogen, -CN,
-ORS, -NH», -NH(C1-Cealkyl), or -N{(Ci-Cealkyl)a:

each R R R™ R and R is independently H, I}, halogen, OH, -CN, -NO,
—SR®, —OR®, —-NHR®, —NR°R’, C-Csalkyl, C2-Csalkenyl, Ca-Cscycloalkenyl, Cs-Cscycloalkyl, or
(C2-Coalkynyl; wherein the Ci-Cealkyl, Co-Cealkenyl, Cs-Cseycloalkenyl, Cs-Cacycloalkyl, and
C2-Cealkynyl are optionally substituted with D, halogen, -CN, -OR®, -NHz, -NH(C1-Csalkyl), or
N(C1-Coalkylyz; or

two adjacent R%2, R R RS and R together with the atoms to which they are
attached can form Cs-Cscycloalkyl, heterocyelyl, arvl, or hetercaryl, wherein Us-Cseycloalkyl,
heterocyelyl, arvl, or heteroaryl are optionally substituted with halogen, -CN, Ci-Cealkyl, -ORS,
-NH», -NH(Ci-Cealkyl), or -N{C1-Cealkyl)z; and

R® and R’ are independently, at each occurrence, H, D, Ci-Csalkyl, C2-Csalkenyl, Cz-
Csalkynyl, Ca-Cscycloalkyl, Ca-Cscycloalkenyl, heterocyclyl, aryl, or heteroaryl, wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, §,
P and O; wherem the C1-Csalkyl, C2-Csalkenyl, Co-Csalkynyl, Cs-Cseyeloalkyl, Cy-
Cscycloalkenyl, heterocycelyl, aryl, and heteroaryl are optionally substituted with I3, -CN,
halogen, Ci-Ceallkyl,-OH, -O-Ci-Cealkyl, -NHa, -NH{C1-Csalkyl), or -N{Ci-Cealkyl}z; or

R® and R together with the atom to which they are attached can form heterocyclyl or
hetercarvi containing 1-3 heteroatoms selected from the group consisting of N, §, Pand ©;

provided that when the ring comprising A and/or A' is an imidazole, then at least one A?

is N, NR* (3, S, or $(O).

{06460] Embodiment HI-4. A compound of formula th
o o X
L4 .
R-E - S >~ /JL\ N Pd RZ
i ]
R® R (Ih)
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or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or a tautomer
thereof,

wherein:

X'isOor§;

R!is selected from the group consisting of

A Py Z:Ag
Ay :\ w A, Al A\.\i R
. AZ o '/ ‘ A2
A —‘AA Azy’
AZ_ 2_p2
A 3:} z A*\ /A A /A - 5
7 / VRN ;
A ) A A E
s A2 o A P GAZ
Az”'"‘ 222 a2
,and * A=A
wherein === represents a single bond or a double bond provided that the ring comprising

one or more A’ is 3 non-aromatic ring;
each A is independently CR™! or N;
each A’ is independently CR™?, C{R**?), N, NR*Z O, S, or S{O)s;

R%1s x? or

X% is N or CR™!:

R*and R* are H;

each R is independently H, D, halogen, -OH, -CN, -N(2,-SR®, ~OR®, ~NHR®,
~NRR’ -NROC(O)RS, -NRPC(O)YOR®, -NROC(OINRS, C1-Csalkyl, Co-Cealkenyl, Cs-
Ceeycloalkenyl, Co-Cealkynvi, Cs-Cscycloalkyl, heterocyclyl, arvl, heteroaryl, or -CHz-Cs-
CUscycloalkyl;, wherein the Ci-Cealkyl, Cr-Usalkenyl, Ca-Csevcloalkenyl, Co-Cealkynyl, Cs-
Cecycloalkyl, heterocyclyl, aryl, heteroarvi, and -CHz-Us-Uscycloalkyl are optionally substituted
with D, -CN, halogen, C1-Cealkyl, -OR®, -NH,, -NH{C1-Csalkyl), -N(C1-Csalkyl), -
NRC{OYOR®, or -NRC{OIR®;

each R is independently H, D, halogen, OH, -CN, -NO,,~SR® —OR®, -NHR?,
—NRER, -C(O)RS, -S(O)R®, -C{OYORS, -C{OINR®, C-Cealkyl, C2-Cealkenyl, Cs-
Cscycloalkenyl, Cr-Coalkynyl, Cs-Cscycloalkyl, heterocyclyl, arvl, hetercaryl, or -CHz-Cs-
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Cecveloalkyl, wherein the Ci-Cealkyl, Co-Cealkenyl, Ca-Cscycloalkenyl, Co-Csalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and -CH:-Cs-Cecycloalkyl are optionally substituted
with D, -CN, halogen, C1-Csalkyl, -OR®, -NHa, -NH(C-Cealkyl), -N(C1-Cealkyl),
-NROC(OYOR®, or -NROC(O)R®, -NRC(OINR®, -NRC(OIR®, or -NRUS{ORR"; or

wherein at least one R™ is -NHR®, —NR°R’, C;-Cealkyl, or heterocycly! containing N,
wherein the C1-Cealkyl 1s substituted with -NHz, -NH(C:-Cealkyl}, or -N(C:i-Cealkyl), and
wherein the heterocycelyl is optionally substituted with D, -CN, halogen, Ci-Cealkyl, -ORS®, -NH>,
-NH(C1-Coalkyl), -N(Ci-Cealkyl), -NRPC(OYOR®, or -NRPC(O)R®, -NROC(O)NR®, -
NROC{O)R®, or -NR°S{O}:R

R is H, D, halogen, -CN,~ORS, or C;-Cealkyl, C3-Cscycloatkyl, -C{O)NR®, -C(O)YORS;
wherein the Ci-Cealkyl, and Cs-Cscycloalkyl, are optionally substituted with D, halogen, -CN,
-OR®, -NHz, -NH(C1-Csalkyl), or -N{C1-Cealkyl)z;

each R72 R R R and R™ is independently H, D, halogen, OH, -CN, -NO»,
—SR, —OR® —NHR®, -NR°R’, C1-Csalkyl, Cz-Csalkenyl, Cs-Creyeloalkenyl, C3-Cseycloalkyl, or
Co-Coalkynyl;, wherein the Ci-Cealkyl, Co-Cealkenvl, Cs-Creveloalkenyl, Cs-Cseycloalkyl, and
Cz-Csalkynyl are optionally substituted with D, halogen, -CN, -OR®, -NH>, -NH(C1-Cealkyl), or
N(C1-Cealkylyz; or

two adjacent R%2 R R R and R together with the atoms to which they are
attached can form Us-Cseycloalkyl, heterocyclyl, aryl, or heteroaryl, wheremn Cs-Cseycloalkyl,
heterocyelyl, aryl, or heteroaryl are optionally substituted with halogen, -CN, Ci-Csalkyl, ~-ORS,
~NHz, -NH(C1-Cealkyl), or -N{C1~Cealkyly; and

R® and R are independently, at each occurrence, H, D, Ci-Caalkyl, Co-Csalkenyl, Ca-
Csalkynyl, Cs-Cseycloalkyl, Ca-Cseycloalkenyl, heterocyelyl, arvl, or heteroaryl, wherem the
heterocvelyl and hetercaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the C1-Csalkyl, Cr-Csalkenyl, C2-Cralkynyl, C3-Cscycloalkyl, Cy-
Ceeycloalkenyl, heterocyclyl, aryl, and hetercary! are optionally substituted with D, -CN,
halogen, Ci-Cealkyl-OH, -O-Ci-Cealkyl, -NHz, -NH{C1-Cealkyl}, or -N{Ci-Csalkyiy; or

R® and R together with the atom to which they are attached can form heterocyelyi or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, 8, Pand ©;

provided that when the ring comprising A and/or Al is an imidazole, then at least one A’

is N, NR™, O, 8, or S(O).
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{00401] Embodiment HI-5. A compound of formula fe:

1
«:J%S/?o /PL‘E\ .
R \rf r;z’
R R'  (le)

or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or a tautomer
thereof,

wherein:

X'is Oor §;

R’ is selected from the group consisting of

A ——p 2 A A
A\ -~ ‘\ 4 /[‘\ A N"/ Az
%4{ /L\\ ‘i /: %{ /k ”2
A2 A‘ A//\Az——Az }

2\,1\2 A7,,A?

/Z\‘\\ ~ :\ 2 l’\\ /A

\}{k "’k
ANA l/
, and

wherein === represents a single bond or a double bond provided that the ring comprising
one or more A is a non-aromatic ring;

each A is independently CR™! or N;

each A” is independently CR* C(R™);, N, NR™_ (3, S, or $(O);

R2ig Rb13 b2

X%is N or CR

each RP10 RO RVEZ RPUF RYM and RYY is independently H, -OH, or oxo;

R*and R* are H;

each R™ is independently H, D, halogen, OH, CN, ~-NO2,-SR® ~OR® -NHR® ~NRR’,
SNROC(OIR®, -NROC(OYOR®, -NROC(OINR®, C1-Csalkyl, Co-Coalkenyl, Ca-Creycloalkenyl, Ca-
Cealkynyl, Cs-Cscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CH>-Cs-Cscycloalkyl; wherein the
C1-Cealkyl, Cs-Coalkenyl, Cs-Cacycloaltkenyl, Co-Cealkynyl, Cs-Cscyeloalkyl, heterocyclyl, aryl,
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hetercarvi, and -CH2-Cs-Uscycloalkyl are optionally substituted with I, -CN, halogen, Ci-
Csalkyl, -OR®, -NH:z, -NH(C1-Cealkyl), -N(C1-Cealkylyz, -NR*C{OYORS, or -NROC(OIR,

each R™ is independently H, D, halogen, OH, CN, ~-NO2,-SR® ~OR® -NHR® —~NRR’,
-C{OIR®, -S{(ORR®, -C(OYOR®, -C(O)NR®, Ci-Cealkyl, Ca-Cealkenyl, Ca-Caeycloalkenyl, Ca-
Cealkynyl, Cs-Cscycloalkyl, heterocyelyl, aryl, heteroaryl, or -CH>-Cs-Cscycloalkyl; wherein the
C1-Cealkyl, Cs-Coalkenyl, Cs-Cacycloaltkenyl, Co-Cealkynyl, Cs-Cscyeloalkyl, heterocyclyl, aryl,
heteroaryl, and -CH»-C3-Cseycloalkyl are optionally substituted with D, -CN, halogen, Cy-
Cralkyl, -OR®, -NH., -NH(C-Cealkyl), -N(C1-Cealkyl), -NRC(OYOR®, -NRPC{O)R,
NROC{OINR®, -NR°C(O)R®, or -NR®S(ORRS; or

two R together with the atoms to which they are attached can form Ci-Caeycloalkyl or
heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from the group
consisting of N, §, P and O; wherein the Cs-Cscycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Cealkyl, -OR®, -NH:z, -NH(C1-Cealkyl}, -N(Ci-Cealkyl)z,
—8{0)-R®, -COR®, NROC(O)OR®, -NROC{O)RS, -NROC(O)NR®, or -NRS(ORR; or

two geminal R™ can form an oxo group;

R is H, D, halogen, -CN ~OR®, or Ci-Cealkyl, Ci-Cseycloalkyl, -C{OINR®, -C(O)OR®;
wherein the C1-Cealkyl, and Cs-Cseycloalkyl, are optionally substituted with D, halogen, ~-CN,
-OR®, -NHa, -NH(C:-Csalkyl), or -N(C1-Cealkyl)z;

each R™% R R®™ R and R™ is independently H, D, halogen, OH, -CN, -NO»,
~SR® ~OR®, -NHR®, ~NR®R’, C1-Cesalkyl, C2-Csalkenyl, Cs-Cseycloalkenyl, C3-Cseyeloalkyl, or
(2-Cealkynyl;, wherein the Ci-Cealkyl, Co-Cealkenyl, Ca-Cseycloalkenyl, Ca-Caeycloalkyl, and
Cz-Cealkyny! are optionally substituted with D, halogen, -CN, -OR®, -NH», -NH{C1-Cealkyl), or
-N{C1-Cealkyl)z; or

two adjacent R%2 R R R and R together with the atoms to which they are
attached can form (s-Cseycloalkyl, heterocyclyl, aryl, or hetercaryl, wherein Cs-Cscycloalkyl,
heterocyclyl, aryl, or heteroary! are optionally substituted with halogen, -CN, Ci-Csalkyl, -ORS,
-NHy, -NH(Ci-Cealkyl), or -N{C1-Cealkyl)z; and

R® and R are independently, at each occurrence, H, D, Ci-Cralkyl, (r-Csalkenyl, Co-
Csalkynyl, Cs-Ceeycloalkyl, Ca-Cseycloalkenyl, heterocyclyl, aryl, or heteroaryl; wherein the
heterocvelyl and hetercaryl contain 1-5 heteroatoms selected from the group consisting of N, S,

P and O; wherein the Ci-Csalkyl, Co-Csalkenyl, Cs-Csalkynyl, Cs-Cscycloalkyl, Cy-
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Ceeycloalkenyl, heterocyclyl, aryl, and hetercary! are optionally substituted with D, -CN,

halogen, Ci-Cealkyl-OH, -O-Ci-Cealkyl, -NHz, -NH{C1-Cealkyl}, or -N{Ci-Csalkyiy; or
R®and R together with the atom to which they are attached can form heterocyelyl or

heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, 8, Pand ©;
provided that when the ring comprising A and/or A' is an imidazole, then at least one A’

is N, NR™, Q, 8, or S{O),

{00402] Embodiment {{I-6. The compound of any one of Embodiments {i-1 and 111-3 to [I-35,
or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof,

wherein X! is 0.

{00403} Embodiment HI-7. The compound of any one of Embodiments Hi-1 to 11-6, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

EH
M

i ~
R?is xZ
[00404] Embodiment ITI-8. The compound of Embodiment III-7, or a pharmaceutically

acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein X° 1s CRL

[00405] Embodiment I1I-9. The compound of Embodiment III-8, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein R is H,

halogen, or Ci-Cealkyl

{00406] Embodiment I-10. The compound of Embodiment T11-8, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein R is H, fluoro,

chloro, or methyl,

[00407] Embodiment IHI-11. The compound of any one of Embodiments ITI-1 to III-10, or a

pharmaceutically acceptable salt, prodrug, solvate, hyvdrate, isomer, or tautomer thereof, wherein

R?ig F
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{00408] Embodiment [1{-12. The compound of any one of Embodiments 1Hi-1 to [1I-10, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

R’is

{00409] Embodiment {fI-13. The compound of any one of Embodiments [{i-1 to I11-6, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein
pa5h2 ) 56

REBS R5b5
RPis R
{00416} Embodiment TI-14. The compound of Embodiment TII-13, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein each R°%, R™,

R R and R is independently H, D, halogen, OH, CN, -NO», ~OR®, Ci-Cealkyl, Ca-

Cealkenyl, Cs-Cseycloalkenyl, or Cs-Cscycloalkyl.

{00411] Embodiment IHI-15. The compound of any one of Embodiments -1 to III-13, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wherein

R5b2 Rﬁbﬁ

R%is R4

{06412] Embodiment 11-16. The compound of Embodiment 111-15, or a pharmaceuntically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein each R™ R™,
R R and R is independently selected from the group consisting of H, D, halogen, Ci-

Cealkyl, Cs-Cscycloalkyl, and -CN.

{06413] Embodiment I{-17. The compound of any one of Embodiments [1-1 to I11-16, ora

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein
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R? is selected from the group consisting of

-N:tnl

N
L
i/\/\s/ and CHN

{00414] Embodiment 11-18. The compound of any one of Embodiments I1-1 to 11-17, ora

pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wherein

R” 15 selected from the group consisting of

[00415] Embodiment IH{-19. The compound of any one of Embodiments ITI-1 to III-18, or a

pharmaceutically acceptable salt, prodrug, solvate, hyvdrate, isomer, or tautomer thereof, wherein

R’ is F

[00416] Embodiment 1H-20. The compound of any one of Embodiments ITI-1 to II1-13, or a

pharmaceutically acceptable salt, prodrug, solvate, hyvdrate, isomer, or tautomer thereof, wherein

RZ 1 g R5b4

{00417] Embodiment [11-21. The compound of Embodiment 111-20, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein each R and
R is selected from the group consisting of H, D, halogen, Ci-Cealkyl, Cs-Cseycloalkyl, and -

CN.
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{00418] Embodiment I1{-22. The compound of any one of Embodiments H1-20 and 111-21, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

R’is Cl
{00419] Embodiment [1{-23. The compound of any one of Embodiments 1Hi-1 to I11-22, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

A\ A A\N/—A? \AZ
/f/
o AA
\H\ %\AZ \(L\Azm"/‘-\
HS

{00428] Embodiment [1{-24. The compound of any one of Embodiments 1H1-1 to [11-22, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

Ao, / \ -N/-\Z

%J\ ’Az %{ \n’m%)\ ?_—-AZ

A

{00421} Embodiment 11-25. The compound of any one of Embodiments 11-1 to 111-24, ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

one A is CR! and the other A is N.

{00422] Embodiment {1{-26. The compound of any one of Embodiments {fi-1 to [11-25, or a
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

each A” is independently C(R™ ), NR™, or O.

{06423] Embodiment I1I-27. The compound of Embodiment [11-26, wherein each R is
independently H, -NHR®, —-NRR’, Ci-Csalkyl, or heterocycly! containing N, wherein the C1-
Cealkyl 15 substituted with -NHz, -NH{C1-Cealkyl}, or -N(Ci-Cealkyl), and wherein the
heterocyelyl is optionally substituted with with D, -CN, halogen, Ci-Cealkyl, -OR®, -NHa,
-NH(C1-Coalkyl), -N(Ci-Cealkyl)z, -NRC{OYOR®, or -NROC(O)RS, -NROC(O)NRS,
-NROC(O)R®, ar -NRSS(0O):RE.
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100424} Embodiment [1-28. The compound of Embodiment [11-27, wherein R! is selected from

the group consisting of

RS&’?a R‘<
Raaz\,
N\"\E N\“N
Baia Eala / ! R)? 2 5ata
R R R R5b2e
st
,and
wherein R712 1sH D, halogen, OH, CN, -NQO», —SR6 —QOR® — & —NRR’,

NROC(OIR®, -NROC(O)YOR?®, -NRC(OYNR®, C1-Cealkyl, C2-Cealkenyl, Ca-Cseycloalkenyl, Cz-
Cealkynyl, Cs-Cseycloalkyl, heterocvelyl, aryl, heteroaryl, or ~-CHz-Cs-Cseycloalkyl, wheremn the
Ci-Cealkyl, Co-Cealkenyl, Ca-Cseycloalkenyl, Co-Coalkynyl, Ci-Cseveloalkyl, heterocycelvl, aryl,
heteroarvl, and -CHz-Cs-Cscycloalkyl are optionally substituted with D, -CN, halogen, Ci-
Csalkyl, -ORS, -NHz, -NH(C1-Cealkyl), -N(C1-Cealkyl)z, -NRSC(OYORS, or -NRPC(O)R"; and
RAa2a Rl poalc piaid Rk and R are selected from independently H,
~NHR®, ~NR°R’, C1-Csalkyl, or heterocyclyl containing N, wherein the Ci-Csalkyl s substituted
with -NHz, -NH{C1-Cealkyl}, or -N{Ci-Csalkyi)s, and wherein the heterocyclyl is optionally
substituted with with D, -CN, halogen, Ci-Cealkyl, -OR®, -NHa, -NH(C1-Cealkyl), -N(C:-
Cealkyl)z, -NRC(GYORS, or -NROC(O)R®, -NROC(OINR®, -NRSC{O)RS, or -NROS(ORRS.

{00425] Embodiment [H-29. The compound of any one of Embodiments [11-1 to 1I1-23, ora

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherem

a

A
A\N/ a2

A/? )
— <

1 A?
R s .

[00426] Embodiment ITI-30. The compound of Embodiment 111-29, or a pharmaceutically

z=l

W

acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein one A is CR™

and the other A 5 N,

{00427} Embodiment II-31. The compound of any one of Ernbodiments 1H-29 to I-30, ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wheremn

each A? 15 independently C(R%2)z, NR*%, or O.
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{00428] Embodiment {11-32. The compound of any one of Embodiments 11-29 t0 [1I-30, or a
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein
each R°% is independently H, halogen, OH, ~OR®, -NHR®, ~NR°R’, C1-Csalkyl, Ca-

Csceycloalkyl, heterocyclyl, aryl, heteroaryi, or -CH2-C3-Cscycloalkyl

{00429] Embodiment {11-33. The compound of any one of Embodiments 1H-20 t0 [1I-32, or a
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein
two R together with the atoms to which they are attached can form Cx-Cscycloalkyl or

heterocyclyl.

{00430] Embodiment {1{-34. The compound of any one of Embodiments {fi-1 to [11-22, or a
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

AZ 2ab
- el o —y N
Ay ‘:\\‘Aé AR Tp 200
3

& } I’ o
P - Al e . AZe.
. /_\2 ‘ . AZgh ~
R'is = , which is a formula of , wherein

AM® s selected from CR®, C(RPFY(RMY N, NR™ (O, S, or (O

A% is selected from CR, CRMHR N, NR*2, O, S, or S{O);

A% s selected from CR™, CRP*YR™), N, NR™, O, S, or S(O); and

A’ s selected from CR™Y, CRPVERY), N, NR*™, (0, 8, or S(O)z;

gach R Roab piale piald piale powli R3a2e and ROM are independently H, D,
halogen, OH, CN, -NO2,-SR® ~OR® —~NHR® —NR°R’, -C{O)R®, -S{O):R®, -C(OYOR®,
-C{O)NR®, C1-Cralkyl, Ca-Coalkenyl, Cs-Cacyeloalkenyl, Ca-Csalkynyl, Cs-Cseyeloalkyl,
heterocyclyl, aryl, heteroaryi, or -CHu-Cs-Cacycloalkyl; wherein the Ci-Cealkyl, C2-Coalkenyl,
Cs-Cseyeloalkenyl, Cr-Cealkynyl, Cs-Cscyceloalkyl, heterocyclyl, aryl, heteroaryl, and -CH2-Cs-
Cscycloalkyl are optionally substituted with D, -CN, halogen, Ci-Cealkyl, -OR®, -NHz, -NH(Ci-
Coalky), -N(C1-Cealkyly, -NRSC(OYOR®, -NROC(O)RS, NROC(O)INR®, -NRSC(O)R®, or
~NR°S(ORR; or

two R Ria2d poaic paid piale pial piale and RO yagether with the atoms to which
they are attached can form Ci-Cscycloalkyl or heterocycelyl; wherein the heterocyclyl contains 1-
3 heteroatoms selected from the group consisting of N, S, P and O; wherein the Cs-Cscycloalkyl

and heterocyclyl are optionally substituted with D, halogen, C1-Csalkyl, -ORS, -NHa, -NH(C:1-
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Cealkyl), -N{Ci-Cealkylyz, -S{0):2-R®, -CORS, NRPC(OYOR®, -NREC(OIR®, -NROC(OINRS, or
-NROS(ORR®; or

two geminal R7 RO Roale poald piale gl p3%e and RO can form an oxo group.

{06431} Embodiment 1-35. The compound of Embodiment 111-34, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wherein R' is.

RSaZ-:

N
N ~ 35324
}'{5&‘] a // R
s

O .
, wherein

wherein R is H, D, halogen, OH, CN, -NO»,~SR®, ~ORS, -NHR®, —~NR°R’,
-NROC(OR®, -NRC(OIORS, -NROC(OINR®, C1-Csalkyl, C2-Csalkenyl, Cs-Cseycloalkenyl, Ca-
Csalkynyl, Cs-Cseycloalkyl, heterocyclyl, aryl, hetercaryl, or -CH2-Us-Cseycloalkyl; wherein the
C1-Cealkyl, C2-Cralkenyl, Cs-Cseycloalkenyl, Co-Caalkynyl, Cs-Cseycloalkyl, heterocyelyl, arvl,
heteroaryl, and -CHz-Cs-Cseycloalkyl are optionally substituted with D, -UN, halogen, (-
Cealkyl, -OR®, -NHy, -NH{C1-Csalkyl), -N(C1-Csalkyl), -NR°C(OYOR®, or -NR*C(O)R®;

R and R* are each independently H, D, halogen, OH, CN, ~NO2,-SR®, ~OR®,
~NHRS, -NRR, -C(O)R®, -S(O)R®, -C{OORSE, -C(OINRS, Ci-Cealkyl, Ca-Csalkenyl, Ca-
Cscycloalkenyl, Cr-Coalkynyl, Ca-Cscycloalkyl, heterocyclyl, aryl, hetercaryl, or -CHz-Cs-
Cecveloalkyl, wherein the Ci-Cealkyl, Co-Cealkenyl, Ca-Cscycloalkenyl, Co-Csalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and -CH:-Cs-Cecycloalkyl are optionally substituted
with D, -CN, halogen, C1-Csalkyl, -OR®, -NHa, -NH(Ci-Cealkyl), -N(C1-Cealkyl),
-NROC(OYOR®, -NROC{OMR®, NRYC(OINRS, -NRC(O)RS, or -NROS(ORR®; or

R and R together with the atoms to which they are attached can form Cs-
Cscycloalkyl or heterocyelyl; wherein the heterocyclyl contains 1-3 hetercatoms selected from
the group consisting of N, 8§, P and O; wherein the Cs-Cscycloalkyl and heterocyclyl are
optionally substituted with I, halogen, C1-Csalkyl, -OR®, -NHz, -NH(C;-Cealkyl), -N(Ci-
Cealkyl, —S{O)-R®, -COR®, NROC{O)OR®, -NRCC{O)R®, -NR*C(O)NR®, or -NR°S(O)R®; or

R and R* can form an oxo group.

{00432] Embodiment {1I-36. The compound of Embodiment 11-35, or a pharmaceutically

acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein each R™ and
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R% i5 independently H, halogen, OH, ~OR®, ~NHR® ~NR®R’, C-Cealkyl, C3-Cseycloalkyl,

heterocyclyl, aryl, heteroarvi, or -CHu-Cs-Creycloalkyl

{00433] Embodiment {11-37. The compound of any one of Embodiments 11-35 to0 [1I-36, or a
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein
R¥% and R%% together with the atoms to which they are attached can form Cs-Cscycloalkyl or

heterocyclyl.

{00434] Embodiment [11-38. The compound of Embodiment 111-34, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein R is.
Rba2a RSa2b

N\N

4 i
- i
f O/

e , wherein
R and R are each independently H, D, halogen, OH, CN, —-NO2,—SR®, —-OR®,
~NHR®, -NR°R’, -C{O}R®, -S{O}R®, -C(OYOR®, -C(OINRS, C1-Cealkyl, Co-Cealkenyl, Ca-
Cseycloalkenvl, Co-Cealkynvl, Cs-Cseycloalkyl, heterocyelyl, arvl, heteroaryl, or ~-CH>-Cs-
Cscycloalkyl; wherein the Ci-Cealkyl, Cz-Cealkenyl, C4-Cscycloalkenyl, Co-Coalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and ~-CH2-Cs-Cecycloalkyl are optionally substituted
with B, -CN, halogen, C1-Csalkyl, -OR®, -NHz, -NH(C1-Cealkyl), -N(C1-Cealkyl),
NROC(OYOR®, ~NROC(O)R®, NREC(OINRS, -NROC(OIR?, or ~-NRES(O)RS; or

R and together with the atoms to which they are attached can form Ca-Ceeyeloallkyl or
heterocyclyl; wherein the heterocyelyl contains 1-3 hetercatoms selected from the group
consisting of N, §, P and O; wherein the Cs~-Cscycloalkyl and heterocyclyl are optionally
substituted with D, halogen, Ci-Csalkyl, -OR®, -NHz, -NH(C1-Cealkyl), -N(Ci-Cealkyl)z,
~8(0)-R®, -COR®, NROC(Q)YOR®, -NROC{OIR®, -NROC(OINR®, or -NRS(O)RR®; or

R and R can form an oxo group.

{00435] Embodiment [11-39. The compound of Embodiment 111-38, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein each R¥ and
R is independently H, halogen, OH, ~OR®, ~NHR® ~NR®R’, C-Cealkyl, C3-Cseycloalkyl,

heterocyclyl, aryl, heteroarvi, or -CHu-Cs-Creycloalkyl
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{00436] Embodiment {1{-40. The compound of any one of Embodiments 111-38 to0 [11-39, or a
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein
R¥% and R%% together with the atoms to which they are attached can form Cs-Cseycloalkyl or

heterocyclyl.

{00437} Embodiment [1I-41. The compound of Embodiment 111-33, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein R is.

Neo.

N
4 .
o Rf\bze
JVEM: 9 RSb?f

, wherein

R3¢ and R* are each independently independently H, I}, halogen, OH, CN, -NO»,
—SR®, —OR® -NHR®, -NRR’, -C(O)R®, -8§(0)R°, -C(OYOR®, -C{(OINR®, C-Cealkyl, C2-
Cealkenvl, Cs-Cscveloalkenyl, C2-Coalkynyl, Cs-Cscycloalkyl, heterocyelyl, aryl, hetercaryl, or
~CH2-Ca-Cseycloalkyl;, wherein the Ci-Cealkyl, Co-Coalkenyi, Ca-Cseycloalkenyl, Co-Cealkynyl,
Cs-Cseyeloalkyl, heterocyelyl, aryl, heteroaryl, and -CH2-Cs-Cseveloalkyl are optionally
substituted with D, -CN, halogen, Ci-Cealkyl, -OR®, -NH, -NH{C1-Csalky!l}, -N(C1-Csalkyhy,
-NROC(OYOR®, -NROC(O)R®, NRPC(OINRS, -NR°C(O)JR®, ar -NROS(O):R®; or

R%% and R together with the atoms to which they are attached can form Cs-
Cscycloalkyl or heterocvelyl;, wherein the beterocyely! contains 1-3 hetercatoms selected from
the group consisting of N, §, P and O; wherein the Us-Cseycloalkyl and heterocyclyl are
optionally substituted with D, halogen, C1-Csalkyl, -OR®, -NH», -NH(C1-Cealkyl), -N{C1-
Coalkyi), ~S(OR-R®, -COR®, NR*C(O)ORS, ~NRC{OIR®, -NRSC{O)NR®, or -NRS(O)R®; or

R4 gnd R™ can form an oxo group.
{00438] Embodiment [1I-42. The compound of Embodiment I1I-41, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein each R™ and
R 13 independently H, halogen, OH, ~OR®, ~NHR?®, ~NR°R’, C1-Cealkyl, C3-Cscycloalkyl,
heterocyclyl, aryl, heteroaryl, or ~-CHz-Cs-UCscycloalkyl
{00439] Embodiment [11-43. The compound of any one of Embodiments [11-41 to 111-42, ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherem
R and R together with the atoms to which they are attached can form Ca-Cecycloalkyl or

heterocyclyl.
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{004468] Embodiment {{1-44. The compound of Embodiments HI-34, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein R' is.

RSaZc

N\N R5a2d
, wherein

R gnd R™ are each independently H, D, halogen, OH, CN, -N(O»,-SR®, ~OR®,
~NHR®, ~NR°R, -C{O)R®, -8(0O1R®, -C(OYOR®, -C(ONRS, C1-Cealkyl, Cz-Cealkenyl, Ca-
Cscycloalkenyl, Cz-Cealkynyl, Cs-Cseyeloalkyl, heterocyclyl, aryl, hetercaryl, or ~CHz-Cs-
Cscycloalkyl;, wherein the Ci-Cealkyl, Co-Cralkenyl, Cs-Csevcloalkenyl, Co-Cealkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and -CH2-Cs-Cseycloalkyl are optionally substituted
with D, -CN, halogen, C1-Cealkyl, -OR®, -NHy, -NH(C1-Cealkyl), -N{C1-Csalkyl)h,
-NROC{OYOR®, -NROC(OIRS, NRPC(OINR®, -NRC(OIR®, or -NR°S(01R" or

R and R* together with the atoms to which they are attached can form Ca-
Ceeycloalkyl! or heterocyclyl;, wherein the heterocyelyl containg 1-3 hetercatoms selected from
the group consisting of N, §, P and ; wherein the Us-Cscycloalkyl and heterocyelyl are
optionally substituted with D, halogen, C1-Csalkyl, -OR®, -NHy, -NH{C1-Cealkyl), -N{C1-
Csalkyl), ~S(OR-RE, -COR®, NROC(OYORS, ~NROC{O)R®, -NROC(OINRS, or -NRS(ORRS; or

R4 and R™™ can form an oxo group.
{06441} Embodiment 11-45. The compound of Embodiment 11-44, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein each R™ and
R is independently H, halogen, OH, ~OR®, -WHR®, ~NRR’, (1-Csalkyl, Cs-Cacveloalkyl,
heterocyclyl, aryl, heteroarvl, or ~-CH2-Cs-Cseycloalkyl
{06442] Embodiment 11-46. The compound of any one of Embodiments 111-44 to Hi-45 ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein
R and R together with the atoms to which they are attached can form Cs-Cscycloalkyl or
heterocyclyl.
{00443] Embodiment 11I-47. The compound of Embodiment 111-29, or a pharmaceutically

acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein R! is selected
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{00444] Embodiment [11-48. The compound of Embodiment 111-29, or a pharmaceutically

acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wherein R! is selected

mﬁwﬁk
waligiivg

from the group consisting of v, an

[00445] Embodiment 11I-49. The compound of Embodiment 111-29, or a pharmaceutically

acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein R! 15 selected

,m N._O N_O
NN T N
N K L
from the group consisting of o “v , and N

{00446] Embodiment I1-50. The compound of any one of Embodiments 11-1 to 11-22 ora

pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

2
VAR N2
A A
P ’{l
AZ:‘:AZ

Rlis
{00447} Embodiment HI-51. The compound of Embodiment 111-50, or a pharmaceutically

acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein one A is CR™

and the other A s N,

{00448] Embodiment {{1-52. The compound of any one of Embodiments [{-50 to HI-51, or a
pharmaceutically acceptable salt, prodrug, solvate, hyvdrate, isomer, or tautomer thereof, wherein
each A% is independently C(R* ), NR°%, or O.

{00449] Embodiment I-53. The compound of any one of Embodiments TH-~1 to [I1-22, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wherein

2 2ab
A /A ;:.AZ A A ».A?(o‘
/2 R\ Y/ N 2\
A ) AZ A ) AZef
- i/ - i/
. 275 A ‘ 2= A"
Rlig , which 15 a formula of , wherein.
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AM® s selected from CR®, C(RPFY(RMY N, NR™ (O, S, or (O

A% is selected from CR, CRMHR N, NR*2, O, S, or S{O);

A% s selected from CR™, CRP*YR™), N, NR™, O, S, or S(O); and

A’ s selected from CR™Y, CRPVERY), N, NR*™, (0, 8, or S(O)z;

A s selected from TR C{RIR3), N, NR*, 0, S, or $(0O)z;

each R Roeb Rowde Roald goale poall poals gtk Rl and R¥H are independently H,
D, halogen, OH, CN, -NO;,-SR®, ~OR®, -NHR® —NR°R’, -C{O)R®, -S{O)R®, -C(O)YOR®, -
C{ONRS, Ci-Cealkyl, C2-Cealkenyl, Ca-Cscycloalkenyl, Co-Cealkynyl, Ca-Cscycloalkyl,
heterocyclyl, arvl, heteroaryl, or -CH2-Ca-Uscycloalkyl; wherein the Ci-Cealkyl, C2-Cealkenyl,
Cs-Cseveloalkenyl, Ci-Coalkynyl, Cs-Cscycloalkyl, heterocyelyl, aryl, heteroaryl, and -CHz-Cs-
Cacycloalkyl are optionally substituted with D, -CN, halogen, C1-Csalkyl, -OR®, -NH», -NH(C1-
Cealkyl), -N(Ci-Cealkyl)z, -NRC{OYOR®, -NROC(O)R®, NROC(OINRS, -NRC(OIR®, or —
NRCS{O)RS; or

two RO82a RO Rowle piakd goale poal poale giah goal and RO together with the
atoms to which they are attached can form Cs-Cscycloalkyl or heterocyclyl; wherein the
heterocyclyl contains 1-3 hetercatoms selected from the group consisting of N, S, Pand O;
wherein the Cs-Cscyeloalkyl and heterocycly] are optionally substituted with D, halogen, Ci-
Cealkyl, -OR®, -NH2, -NH(C1-Csalkyl), -N(C1-Csalkyl), —S(0)-RS, -COR®, NR*C(O)ORS,
~NROC(OIRE, -NROC(O)NRS, or -NROS(O):R®; or

two geminal R528 RID Riale Road piale piaf poals poadi R and R3 can form an
OXO group.
[{00456] Embodiment HI-54. The compound of Embodiment 111-50, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isormer, or tautomer thereof, wherein R! is

M-

gy N
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{00451] Embodiment [H{-55. The compound of any one of Embodiments 1H1-1 to [11-22, or a
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

,
Ay AL

A//)/ A?_
)
e 52
Rlis )

{00452] Embodiment HI-56. The compound of Embodiment TI1-55, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein one A s CR™!

and the other A 1s N,

{00433] Embodiment [11-57. The compound of any one of Embodiments 111-55 to 1I1-56, ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherem

each A is independently C(R* ), NR¥2 or O

[00454] Embodiment IHI-38. The compound of any one of Emnbodiments -1 to III-22, or a
pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wherein

A N - AE Aer AZab

v/ 2 / 26
A‘/ ps A/ fAzk.d
2 I 26
Rlis ., which is a formula of s ., wherein.

A% 55 selected from C(RIZH RPN, NR™, O, S, or S{O);

A% 35 selected from CRTHR™Y, NR™, O, 8, or ${0)2;

A¥ s selected from CR™)R¥) NR™ 0, §, or ${0)z; and

gach R Ria% Rpiae piad piale and R gre independently H, D, halogen, OH, CN,
~N(2,~SR®, ~OR®, —-NHR®, —-NR°R’, -C(O)}R®, -S{O}R®, -C{OYOR®, -C{OINR®, C1-Cealkyl, Ca-
Csalkenyl, Cs-Cseyeloalkenyl, Ca-Cealkvnyl, Ci-Cseycloalkyl, heterocycelyl, aryl, heteroaryl, or
-CHz-Cs-Cseveloalkyl; wherein the Ci-Coalkyl, Co-Cealkenyi, Cy-Cseycloalkenyl, Ca-Cealkynyl,
Cs-Cseyeloalkyl, heterocyclyl, aryl, heteroaryl, and ~-CHz-Cs-Cseycloalkyl are optionally
substituted with D, -CN, halogen, C1-Csalkyl, -OR®, -NH:z, -NH(C1-Cealkyl), -N(C1-Cealkyl}z,
NROC(OYOR®, ~NROC(O)R®, NREC(OINRS, -NROC(OIR?, or ~-NRES(O)RS; or

two R R piale piad Ria2 and R¥¥2 together with the atoms to which they are
attached can form Us-Cseycloalkyl or heterocyclyl; wherein the heterocyclyl contains 1-3
heteroatoms selected from the group consisting of N, 8, P and G, wherein the Us-Cseycloalkyl

and heterocyclyl are optionally substituted with D, halogen, C1-Csalkyl, -OR®, -NHz, -NH(C:-
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Cealkyl), -N{Ci-Cealkylyz, -S{0):2-R®, -CORS, NRPC(OYOR®, -NREC(OIR®, -NROC(OINRS, or
-NROS(ORR®; or

two geminal R7 RO Rive poakd psile and R¥ can form an oxo group.
{006455] Embodiment 1-59. The compound of Embodiment 111-55, or a pharmaceuntically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein R' is
N
N
7 />
/
O

Y

{00456] Embodiment I1-60. The compound of any one of Embodiments 11-1 to 11-22 ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein

A2
‘\.AZ
i

%A\N/ 5

i
/)\ - A2
R'is A A2

{00457} Embodiment {{I-61. The compound of Embodiment 111-60, or a pharmaceutically
acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, wherein one A is CR>

and the other A 5 N,

{00458] Embodiment I1-62. The compound of any one of Emnbodiments 1H-60 to I-61, ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wheremn
each A? 15 independently C(R>?)z, NR*®, or .

[00439] Embodiment IH-63. The compound of any one of Embodiments ITI-1 to II1-22, or a

pharmaceutically acceptable salt, prodrug, solvate, hyvdrate, isomer, or tautomer thereof, wherein

2 2ab
:‘\ A\ N -~ \:}Azcd

é{ ;T\ . AZ %A ’;A\A?;h :,izef

., which 1s a formula of ., wherein.
A 55 selected from CROZ, CRTBWRDY N, NR™, O, 8, or $(O);
A 35 selected from CR™, CRPHROZY, N, NR™2, O, S, or S{O);
A% s selected from CR™2 C(RPY(R2 N NR*2, O, S, or $(O); and

A% g selected from CR™Z CRZZYR™I N, NR™, O, S, or S{(O);
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gach R R powe piald poale powlf piale and RO are independently H, D,
halogen, OH, CN, ~NO2,-SR®, ~OR®, -NHR®, ~NRR’, -C{O)R®, -S(O:R®, -C(O)OR®,
-C(OINR®, C1-Csalkyl, C2-Cealkenyl, Cs-Cacyeloalkenyl, Ca-Cealkynyl, Cs-Creyeloalkyl,
heterocyclyl, aryl, heteroaryl, or -CHz-Cs-Cacycloalkyl, wherein the (1-Cealkyl, Co-Coalkenyl,
Cs-Caeyeloalkenyl, Co-Cealkynyl, Cs-Ceeyceloalkyl, heterocyclyl, aryl, heteroaryl, and -CH>-Cs-
Cscycloalkyl are optionally substituted with D, -CN, halogen, Ci-Cealkyl, -OR®, -NHz, -NH{C1-
Coalkyl), -N(Ci-Cealkyl), -NROC(OYOR®, -NROC(O)R®, NR*C(O)NR®, -NROC(OIR®, or
~NR®S(ORR® or

two R R poalc piad piale Rl piale and RO together with the atoms to which
they are attached can form (3-Cseycloalkyl or heterocyclyl; wherein the heterocyclyl contains 1-
3 heteroatoms selected from the group consisting of N, S, P and O; wherein the Cs-Cscycloalkyl
and heterocyclyl are optionally substituted with D, halogen, Ci1-Csalkyl, -OR®, -NHy, -NH(C:-
Coalkyl), -N(C1-Cealkyl), —S{O)-RS, -COR®, NROC(O)OR®, -NROC(O)R®, -NRC(OINRE, or
-NRS(ORRE or

two geminal R7 R Roae poald piale piall piale and R34 can form an oxo group.
{00460] Embodiment T-64. The compound of any one of Embodiments IH-~1 to [I1-63, or a

pharmaceutically acceptable salt, prodrug, solvate, hydrate, 1somer, or tautomer thereof, wheremn

the === are single bonds in the ring comprising A%, thereby forming a saturated ring.

[00461] Embodiment ITI-65. A compound, or a pharmaceutically acceptable salt, prodrug,

solvate, hydrate, 1somer, or tautomer thereof, selected from the group consisting of

C i q i o
oD IS LN S PO o
g i e ad e N
NN U v | VL Ny g
N |\ fa PN NT O
XN (i) A i k\/)
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{60462] Embodiment HI-66. A compound, or a pharmaceutically acceptable salt, prodrug,

solvate, hvdrate, 1somer, or tautomer thereof, selected from the group consisting of
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{00463] Embodiment IH1-67. A compound, or a pharmaceutically acceptable salt, prodrug,

solvate, hydrate, 1somer, or tautomer thereof, selected from the group consisting of
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, and

{00464] Embodiment {{1-68. A compound, or a pharmaceutically acceptable salt, prodrug,

solvate, hydrate, 1somer, or tautomer thereof, selected from the group consisting of

z I
1 9 f(\) o W L\‘f
i e N * PN N i
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{00465] Embodiment {11-69. A pharmaceutical composition comprising a compound of any one
of Embodiments [H-1 to IH-68, or a pharmaceutically acceptable salt, prodrug, solvate, hydrate,

isomer, of tautomer thereof, and a pharmaceutically acceptable carrier.

{80466] Embodiment 11-70. A method of treatment or prevention of a disease, disorder, or
condition that 1s 1s responsive to inhibition of inflammasome, comprising administering an
effective amount of a compound of any one of Embodiments 11-1 to I11-68, ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, to
thereby treat or prevent the disease disorder or condition in a subject 1n need thereof.

{00467] Embodiment {{I-71. The method of Embodiment {11-70, wherein the disease, disorder
or condition is one which is responsive to inhibition of activation of the NLRP3 inflammasome.
{00468] Embodiment {1I-72. The method of Embodiment {11-70 or II1-71, wherein the disease,
disorder or condition is responsive to modulation of one or more of 1L-6, IL-18, IL-17, 1L-18,
IL-Yo, IL-37, 1L-22, 11-33 and Th17 cells.

{00469] Embodiment 11-73. The method of Embodiment I1-70 or II1-71, wherein the disease,

disorder or condition is responsive to modulation of one or more of 1IL-1p and IL-18.
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{00476] Embodiment I1{-74. The method of any one of Embodiments HI-70 to 1-73, wherein

the disease, disorder or condition is a disease, disorder or condition of the immune system.

{00471} Embodiment I{-75. The method of any one of Embodiments HI-70 to H1-73, wherein
the disease, disorder or condition is an mflammatory disease disorder or condition or an
autormmune disease disorder or condition.

{60472] Embodiment [11-76. The method of any one of Embodiments HI-70 to 111-73, wherein

the disease, disorder or condition 1s a disease, disorder or condition of the hver.

{06473} Embodiment H-77. The method of anv one of Embodiments HI-70 to 111-73, whergin
the disease, disorder or condition 1s a disease, disorder or condition of the lung.

{06474} Embodiment 1-78. The method of anv one of Embodiments HI-70 to 111-73, whergin
the disease, disorder or condition 1s a disease, disorder or condition of the skin.

{06475} Embodiment I-79. The method of anv one of Embodiments HI-70 to 111-73, whergin
the disease, disorder or condition 1s a disease, disorder or condition of the cardiovascular system.
{06476] Embodiment I-80. The method of anv one of Embodiments HI-70 to 111-73, whergin

the disease, disorder or condition 1s a cancer, tumor or other malignancy.

{06477} Embodiment H-81. The method of anv one of Embodiments HI-70 to 111-73, whergin

the disease, disorder or condition 1s a disease, disorder or condition 1s of the renal system.

{60478] Embodiment 1I-82. The method of any one of Embodiments HI-70 to 111-73, wherein
the disease, disorder or condition 1s a disease, disorder or condition 1s of the gastro-mtestinal

tract.

{00479] Embodiment [1{-83. The method of any one of Embodiments HI-70 to H1-73, wherein

the disease, disorder or condition is a disease, disorder or condition is of the respiratory system.

{00488] Embodiment [1{-84. The method of any one of Embodiments HI-70 to H1-73, wherein

the disease, disorder or condition is a disease, disorder or condition is of the endocrine system.

{00481] Embodiment [1{-85. The method of any one of Embodiments HI-70 to 1-73, wherein
the disease, disorder or condition is a disease, disorder or condition s of the central nervous

system {{CNS).
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{00482] Embodiment [1{-86. The method of any one of Embodiments HI-70 to H1-73, wherein
the disease, disorder or condition 18 selected from the group consisting of constitutive
mflammation, the cryopyrin-associated periodic syndromes (CAPS), Muckle-Wells syndrome
{(MWS), familial cold autoinflammatory syndrome (FCAS), neonatal-onset multisystem
mflammatory disease (NOMID), autoinflammatory diseases, familial Mediterranean fever
(FMF), TNF receptor associated periodic syndrome {TRAPS), mevalonate kinase deficiency
(MKD)}, hyperimmunoglobulinemia D, periodic fever syndrome (HIDS), deficiency of
mterleukin 1 receptor (DIRA} antagonist, Majeed syndrome, pyogenic arthritis, pyoderma
gangrenosum and acne (PAPA), haploinsufficiency of A20 (HA20), pediatric granulomatous
arthritis (PGA), PLCGZ-associated antibody deficiency and immune dysregulation (PLAID),
PLCGZ-associated autoinflammation, antibody deficiency and immune dysregulation
{APLAID), suderoblastic anemuia with B-cell immunodeficiency, periodic fevers, developmental
delay (SIFD), Sweet's syndrome, chronic nonbacterial osteomyelitis (CNO), chronic recurrent
multifocal osteomyelitis (CRMO) and synovitis, acne, pustulosis, hyperostosis, osteitis syndrome
(SAPHO), autoimmune diseases including multiple sclerosis (MS), type-1 diabetes, psoriasis,
rheumatoid arthritis, Behcet's disease, Sjogren's syndrome, Schnitzler syndrome, respiratory
diseases, idiopathic pulmonary fibrosis (IPF), chronic obstructive pulmonary disorder (COPD),
sterord-resistant asthuna, asbestosts, silicosis, cystic fibrosis, central nervous system diseases,
Parkinson's disease, Alzheimer's disease, motor neuron disease, Huntington's disease, cerebral
malaria, brain mjury from puneumococcal meningitis, metabolic diseases, Type 2 diabetes,
atherosclerosis, obesity, gout, pseudo-gout, ocular disease, disease of the ocular epithelium, age-
related macular degeneration (AMD), corneal infection, uveitis, dry eve, kidney disease, chronic
kidney disease, oxalate nephropathy, diabetic nephropathy, liver disease, non-alcoholic
steatohepatitis, alcoholic liver disease, inflammatory reactions i skin, contact hypersensitivity,
sunburn, inflammatory reactions in the joints, osteoarthritis, systemic juvenile idiopathic
arthritis, adult-onset Still's disease, refapsing polychondritis, viral infections, alpha virus
mfection, Chikungunya virus infection, Ross River virus infection, flavivirus infection, Dengue
virus infection, Zika virus infection, flu, HIV infection, hidradenitis suppurativa (HS), cyst-
causing skin diseases, cancers, fung cancer metastasis, pancreatic cancers, gastric cancers,
myelodisplastic syndrome, leukemua, polvmyositis, stroke, myocardial infarction, Graft versus

Host Disease, hypertension, colitis, helminth infection, bacterial infection, abdominal aortic
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aneurism, wound healing, depression, psychological stress, pericarditis, Dressler's syndrome,
ischaemia reperfusion injury, and any disease where an individual has been determined to carry a

germ line or somatic non-silent mutation in NLRP3.

{06483] Embodiment HI-87. The method of Embodiment 111-86, wherein the disorder 1s
selected from the group consisting of a bactenal infection, a viral infection, a fungal mfection,
mflammatory bowel disease, celiac disease, colitis, intestinal hyperplasia, cancer, metabolic
syndrome, obesity, theumatoid arthritis, liver disease, hepatic steatosis, fatty liver disease, liver
fibrosis, non-alcoholic fatty hiver disease (NAFLDY), and non-alcoholic steatohepatitis (NASH).
{00484] Embodiment {{I-88. The method of Embodiment {1{-87, wherein the disorder is non-
alcoholic steatohepatitis (NASH).

{00485] Embodiment {1{-89. The method of any one of Embodiments HI-70 to T1-88, wherein
the treatment or prevention of the disease, disorder or condition s performed on a mammal.
{00486] Embodiment {11-90. The method of Embodiment {1{-89, wherein the mammal is a
human subject.

{00487} Embodiment {1I-91. A method of modulating the activity of a biological target
comprising the step of exposing the biological target to a compound of any one of Embodiments
111 to [11-68, or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or
tautomer thereof.

{00488] Embodiment {11-92. The method of Embodiment {11-91, wherein the biological target
may be selected from the group consisting of the NLRP3 inflammasome, fL.-6, IL-13, [L-17, IL-
18, T-1o, 1L-37, 1L-22, 1L-33 and Thi7 cells.

{00489] Embodiment HI-93. The method of Embodiment 1H-91, wherein the biological target
may be selected from the group consisting of IL-15 and 1L-18.

{00490] Embodiment 11-94. A method of inhibiting activation of an imflammasome comprising
the step of exposing the biological target to a compound of any one of Embodiments 111-1 to i~
68, or a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof.
{00491] Embodiment {1I-95. The method of Embodiment [11-94, wherein the inflammasome s

NLRP3 inflammasome.
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{00492] Embodiment [11-96. The method of Embodiment 111-94 or 111-95, wherein mnhibition of
mflammasome is associated with one or more of 1L-6, 1L-18, 1L-17, 1L-18, IL-1q, 1L-37 1L-22,

11.-33 and Th17 cells.

{06493] Embodiment H1-97. The method of Embodiment [11-96, wherein inhibition of

mflammasome is associated with one or more of [L-13 and [L-18.

{06494] Embodiment 1-98. Use of a compound of any one of Embodiments Hi-1 to HI-68, or
a pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, in the

treatment of a disease, disorder or condition that is responsive to inhibition of inflammasome.

{00495] Embodiment [11-99. A compound of any one of Embodiment Hi-1 to HI-68, ora
pharmaceutically acceptable salt, prodrug, solvate, hydrate, isomer, or tautomer thereof, for use
in the manufacture of a medicament for freating a disease, disorder or condition that is
responsive to mhibition of inflammasome.

Examples

{00496] The following examples are provided to illustrate the present disclosure, and should not
be construed as limiting thereof. 1n these examples, all parts and percentages are by weight,

uniess otherwise noted. Abbreviations in the examples are noted below.

Abbreviations
aq. aquests
EtOAc ethyl acetate
h hour
HPLC high performance liquid chromatography
min minutes
mb milliliter
mmol millimole
MeOH methanol
NMR nuclear magnetic resonance
sat. saturated
THF tetrahydrofuran
TLC thin layer chromatography
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Example 1: Synthesis of Compeound 1. (N-{((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-

6,7-dihvdro-SH-pyrazolo[5,1-b}| 1,3 }oxazine-3-sulfonamide}

Method A
1. Boc,O, DMAP —
N,
._dN>:’}[\ /g) O
) S
HN 5 o O o N N
' Ni‘j[ NaH H H
e
o NH, Compound 1

[80497] N N-dimethylpyndin-d-amine (0.517 mmol, 0.063 g} was dissolved n THF (1.5mL}
and then a solution of di-tert-butyl dicarbonate (0.492 romol, 0.113 mL) in THF (1.5mL) was
added slowly. After stirring for a few minutes, a solution of 1,2,3,5,6,7-hexahydro-s-indacen-4-
amine (0.492 mmol, 0.085 g) in THF (1ml.) was added and the muxture was left to stir for 30
min. At the same time, 6,7-dihydro-5H-pyrazolo[S,1-b][1,3joxazine-3-sulfonamide (0.492
mmol, 100 mg) in THF {1mL) was treated with sodium hydride {0.492 mmol, 0.018 g) and left

to stir for 30 min. At this time the two solutions were mixed and left to stir for 18 h.

{00498] The reaction was then quenched with sat. NHaCl (10mL)} and diluted with EtOCAc
{10mL). The lavers were separated and the aq. laver extracted with EtOAc {10mL}. The
combined organic extracts were then washed with water (10mL) and concentrated. The resuiting
solid was suspended in MeOH (5ml), filtered off, and the filtrate purified by prep HPLC (10-
40% MeCN: 10mM aq. NH3}. The purified fractions were combined and concentrated to

yield N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-vi}carbamoy}-6,7-dihydro-5H-pyrazolof 5,1 -
b}i1,3]oxazine-3-sulfonamide (Compound 1) (3.5 mg, 1.768%) as a white solid. [M+H]™ found

403.

100499] 'H-NMR (400 MHz; MeOD): § 7.67 (s, 1H), 6.93 (d, J= 0.9 Hz, 1H), 6.93 (d, J=0.9
Hz, 1H), 442 (t, J =53 Hz, 2H), 442 (1, J =53 Hz, 2H), 4.16 (1, /= 6.2 Hz, 2H), 416 (t, J =
6.2 Hz, 2H), 2.86 (1, .J = 7.4 Hz, 4H), 2.86 (t, J = 7.4 Hz, 4H), 2.74-2.71 (m, 4H), 2.74-2.71 (m,
4H), 2.31-2.25 (m, 3H), 2.31-2.25 {m, 3H), 2.08-2.00 (m, 6H), 2.08-2.00 (m, 6H).
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Method B:

o o o i ¢l
Pyr, 80,Cl, C‘\S,,o
ether, -78°Cto RT SN
<
|
© TCPC

N oo 8 ™8 O\r:::> NBS, MeCN 1}51 -Bull, THF, -78°C
\e/ K,CO5, DMF, 1307C N~y Toctn E\:\N 2} ZnCly, -78°C

3} TCPC, 0°C 1o RT

) /
- 3.5z i -
[/N K SNy 1} riphosgens, EtsN CE;D
2} MeONa, THF, 1h

Compound 1

Preparation of TCPC

[00506] A solution of 2,4,6-trichloro-phenol {50 g, 250 mmol) and pynidine (20.5 mL, 250
mmol) 10 ether (800 mL) was cooled to -78 °C under No. Upon cooling, solids formed n the
mixture. To the mixture was added SGoCh (21 ml, 250 mrol) slowly. The reaction was then
stirred at r.t. overnight. The reaction mixture was filtered through a cefire-pad and rinsed with
ether (300 mL}. The ether solution was concentrated below 40 °C. The residue was purified by

stlica gel column (hexane ~ PE) to give TCPC (55 g, yield 75%) as a colorless oil.

100501} "H NMR (400 MHz, CDChL): § = 7.45 (s, 2H).
Step 1

{00562] 1,2-Dihvdro-pyrazol-3-one (4.0 g, 47.6 mmol) and K2C03 (23.0 g, 166.7 mmol) were
heated to 130 °C in DMF (80 mL). 1,3-Dibromopropane (11.6 g, 57.1 mmol) was added and the
miixture was heated for 3 hrs and then concentrated. The residue was partitioned between ethyl
acetate (100 mL) and water {100 mL} and the layers were separated. The aqueous layer was
extracted with EA (50 mL) and the combined organic layer was washed with brine (50 mL),
dried over Na:SQOuq, filtered and concentrated in vacuo. The residue was purified by silica gel
column (PE/EA = 1/2) to give 6,7-dithydro-5H-pyrazolo[5,1-b}f1,3]oxazine (3.0 g, vield: 51%) as

a yellow o1l
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106503} 'H NMR (400 MHz, CDCL): § = 7.31 (d, /= 2.0 Hz, 1H), 5.48 (d, J = 2.0 Hz, 1H),
428 (1, = 5.2 Hz, 2H), 4.18 (1, J = 6.2 Hz, 2H), 2.29-2.22 {m, ZH).

Step 2

{006504] NBS (4.4 g, 247 mmol} was added portionwise to a solution of 6,7-dihydro-5H-
pyrazolo[5,1-b}{1,3loxazing (3.0 g, 24.3 mmol) in MeCUN (40 mL) at 0 °C and the reaction was
stirred for 2 hrs at room temperature. The muxture was filtered and purified by reverse phase
column (5% - 95% MeCN in H20) to give 3-bromo-6,7-dihydro-5H-pyrazolofS,1-b}{1,3]oxazine

(3.6 g, yield: 74%: as a yellow solid.

[00505] 'H NMR (400 MHz, CDCL): §=7.30 (s, 1H), 436 (t, J=52Hz, 2H), 4.17 (1, J=62
Hz, 2H), 2.30-2.24 (m, ZH).

Step 3

{00506] To a solution of 3-bromo-6,7-dihydro-SH-pyrazolo[S,1-b][1,3joxazine (1.8 ¢, 89
mmol} in dry THF (15 mL) was added n-Buli in hexane (2.5 M, 3.5 mL, 8.9 mmol) slowly at -
78°C under Nz After stirred with cooling for 20 min, ZnCh in ether (1 M, 8 9 mL, 8.9 mmol)
was added slowly at this temperature. The cold bath was removed and the reaction was stirred at
r.t. for 1 hr. TCPC (2.6 g, 8.9 mmol)} was then added at 0°C and stirred at r.t. for 1 hr. The
reaction was quenched with saturated NHaCl solution (10 mbL) and partitioned between water (80
ml) and EA (80 mL). The organic layer was washed with brine (80 ml.), dried over NaxS0s and
concentrated to give crude 6,7-dihydro-3H-pyrazolo[3,1-b][ 1,3 Joxazine-3-sulfonic acid 2,4,6-
trichloro-phenyl ester as a yellow oil which was used for next step directly without any
purification.

Step 4

{80507} A mixture of 6,7-dithyvdro-3H-pyrazolo[5,1-b}{ 1,3 ]oxazine-3-sulfonic acid 2,4,6-
trichloro-phenyl ester {crude, ~8.9 mmol}, NHaOH (10 ml.) and THF (10 mL) was stured at
60°C overnight. The reaction was concentrated under reduced pressure until 10 mL of iquid
remained. The remained solution was acidified with 1 N HCl to pH = 5 and partitioned between
EA (10 mL) and water (50 mL}. The aqueous layer was purified by reverse phase colaomn
{(MeCN/H20) to give 6,7-dihydro-SH-pyrazolof S, 1-b]{ 1,3 Joxazine-3-sulfonic acid anude {650

mg, yield: 36% over 2 steps} as a light yellow solid.
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100568] THNMR (400 MHz, DMSO-d6): §=7.47 (s, 1H), 7.09 (brs, 2H), 4.40 (t, J = 5.2 Hz,
2H), 425 (1, J= 6.0 Hz, 2H), 2.22-2.14 (m, 2H). MS: m/z 203.9 (M+H").

Step S

{06509] To a solution of 6,7-dihydro-SH-pyrazolo[5,1-b][ 1,3 Joxazine-3-sulfonic acid amide
(120 mg, 0.6 mmol) i THF {10 mL) was added MeONa (40 mg, 0.7 mmol) and stirred at r.t. for

20 mins to give a sodium salt suspension.

{00518] In another flask, to a solution of 1,2,3,5,6,7-hexahydro-s-indacen-4-ylamine (110 mg,
0.6 mmol) and TEA (120 mg, 1.2 mmol} m THF (10 mL}, was added triphosgene {120 mg, 0.4
mmol} in one portion and stirred at r.t. under N, for 20 mins. The reaction muxture was then
filtered. The filtrate was added to the sodium salt suspension above and stirred at r.t. for 20 min.
After that, the reaction solution was partitioned between EA (60 mL) and water (60 mL). The
aqueous phase was acidified to pH=5 with conc. HCl and extracted with EA (60 mL}. The
organic layer was washed with water (50 mL) and brined {50 mL), dried over Na:SO4 and
concentrated until white solid appeared. The sohid formed was collected by filiration and dried to
give N-{{1,2,3,5,6,7-hexahvdro-s-indacen-4-ylicarbamoyi)-6,7-dihydro-5H-pyrazolof 5,1-

bli 1,3 joxazine-3-sulfonamide (57 mg, yield: 22%) as a white solid.

[00511] THNMR (400 MHz, DMSO-d6): § = 10.46 (brs, 1H), 7.91 (s, 1H), 7.61 (s, 1H), 6.93 (s,
1H), 442 (t,J=5.2 Hz, 2H), 425 (1, /= 5.8 Hz, 2H), 2.79 (. J = 7.6 Hz, 4H), 2.60 (. /= 7.6
Hz, 4H), 2.22-2.18 (m, 2H), 1.99-1.92 (m, 4H). MS: m/z 403.0 (M+H").

Example 2: Synthesis of Compound 2. N-({1,2.3,5,6,7-hexahydro-s-indacen-4-

vijcarbamoymethanesulfonamide:

: §

- —S-NH; '
f = triphosgene | Ny O
s TEA, THF, 1t s NaH, THF, 1t

Compound 2

{00512] To a solution of methanesulfonamide {95 mg, 1.0 mmol} in THF (5 mL} was added
NaH (60%, 45 mg, 1.1 mmol) and stirred at room temperature for 10 min to give a sodium salt

suspension.
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{00513] Toasollution of 1,2,3,5,6,7-hexahydro-s-indacen-4-ylamine (173 mg, 1.0 mmol) and
TEA (0.5 mL, 3.5 mmol) in THF (10 mL) was added triphosgene (120 mg, 0.4 mmol) in one
portion and the mixture was stirred at room temperature under N2 for 20 min. The reaction
mixture was then filtered. The filtrate was added to the sodium salt suspension above and stirred
at room temperature for 30 min. After that, the reaction solution was partitioned between ethyl
acetate (50 mL}) and water (100 mL). The aqueous phase was filtered and acidified topH =15
with aq. HCl (IN). The solid formed was collected by filtration and dried to give N-{(1,2,3,5,6,7-
hexahydro-s-indacen-4-yljcarbamoylimethanesulfonamide (130 mg, vield: 44%) as a white

solid.

[00514] 'H NMR (400 MHz, DMSO-ds): § = 10.19 (brs, 1H), 8.13 (s, 1H), 6.96 (s, 1H), 3.26 (s,
3H), 2.82 (t, J = 7.2 Hz, 4H), 2.71 (t, J = 7.2 Hz, 4H), 2.03-1.94 (m, 4H). MS: m/z 295.0
(VHHD,

Example 3: Synthesis of N-((1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamothioyl}-6,7-
dihydro-SH-pyrazole(5,1-b}{1,3]oxazine-3-sulfonamide

{00515] Synthesis of N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yiicarbamothioyl}-6,7-dihydro-5H-

pyrazolo[5,1-b}[1,3}oxazine-3-sulfonamide is shown below.

“\

NH, _ NCS ( \ S
thiophosgene, ,ﬂ ~Q QL0

PN TEA, THF - e

| :> o N7 N

A NaH, DMF A .

Step 1

{{3{3516} To a solution of 1 ,2,3ﬁS,6%7—hexa.hydro-s~indacen—4—yia.mine (350 mg, 2 mmol} in THF

nmuxture was stirred at room temperature ovemight and then evaporated in vacuo. The residue
was diluted n saturated NaHCO: (50 L) and the agueous phase was extracted with EA (50 mL
x3}). Organic extracts was combined, dried over anhydrous NaxSOs and concentrated in vacuo to
give 4-isothiocyanato-1,2,3,5,6,7-hexahydro-s-indacene as a crude product which was used for
the next step without further purification.

Step 2
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{00517} To a solution of 6,7-dihydro-5H-pyrazolo{5,1-6}{1,3joxazine-3-sulfonic acid amide {60
mg, 0.3 mmol) in DMF (5 mL} was added 4-isothiocyvanato-1,2,3,5,6,7-hexahvdro-s-indacene
(64.5 mg, 0.3 mmol} and NaH (60% in mineral oil, 24 mg, 0.6 mmol}. The reaction was stirred at
room temperature for 2 hrs {monitored by LU-MS} and was guenched by H0O (20 mL). The
nmuxture was acidified by 1 M HCl to pH = 3 and extracted with EA (20 mL x3). Organic phase
was combined, dried over anhydrous Nax8Os and evaporated in vacuo. The residue was purified
by pre-HPLC to give N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamothioyl}-6,7-dihydro-SH-
pyrazolo[5,1-b}[1,3}oxazine-3-sulfonamide (30 myg, yield: 24.2%) as a white solid.

[00518] 'H NMR (400 MHz, DMSO-d6): §=7.62 (s, 1H), 7.21-6.96 (m, 2H), 4.40-4.35 {m,
ZH), 4 11-4.08 (m, 2H), 2.80 (t, /=72 Hz, 4H), 2.63-2.58 {m, 4H), 2.19-2.16 (m, ZH), 1.98-1.91
(m, 4H). MS: m/z 417.0 (M-H").

Example 4: Synthesis of N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamovi}-4,5,6,7-
tetrahydropyrazole{1,5-ajpyridine-3-sulfonamide:

{00519} Synthesis of N-{(1,2,3,5,6,7-hexahydro-s-indacen-4-yHcarbamoyl)-4,5,6,7-

tetrahydropyrazolo[1,5-a} pyndme&nsulfonamide is shown below.

u\( \\ AHa 0, P
o A N7
. g\éiT ~~~\/ osd E NN
w5 b ‘
r/ﬁ/[\ 1) n-Buli. THF, -78°C \,=/> G g, {
-—-ﬂ» ;\j / —

SN 2)zne, -78°C AL B

THF, 80°C /\[/> 1) iphosgene, Ei3N
3 TCPC, 0°C 0 RT 2y MeONs, THF, 1h .

{00528] To a solution of 3-bromo-4,5,6,7-tetrahydro-pyrazolof1,5-alpyridine (1 g, 5 mmol) in
dry THF (10 mL} was added n-Buli in hexane (2.5 M, 2 mL, 5 mmol} slowly at -78 °C under

Step 1

Nz, After stirring with cooling for 20 nun, ZaCh in ether (1 M, S mL, 5 mmol) was added slowly
at this temperature. The cold bath was removed and the reaction was stirred at room temperature
for 1 hr. TCPC (1.8 g, 5 mmol) was then added and the reaction solution was stirred at room
temperature for 1 hr. The reactant was partitioned between water (80 mL) and EA (80 mL}. The
organic layer was washed with brine (80 mL), dried over Na:S04 and concentrated to give crude
4,5,6,7-tetrahydro~-pyrazolo[ 1,5-alpynidine-3-sulfonic acid 2,4,6-trichloro-phenyl ester as a
vellow gel which was used for next step directly without any purification.

Step 2
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{00521] A miuxture of 4,5,6,7-tetrahydro-pyrazolof1,5-ajpyridine-3-sulfonic acid 2,4, 6-trichloro-
phenyl ester {crude, ~5 mmol}, NH; H20 (15 mb) and THF (15 mL} was stirred at 60 °C
overmight. The reaction was concentrated under reduced pressure. The remaining solution was
acidified with 1 N HCl to pH = 5 and partitioned between EA (15 mL) and water (70 mi). The
aqueous phase was purified by reverse phase column to give 4,5,6,7-Tetrahydro-pyrazolof1,5-
alpyridine-3-sulfonic acid anude (270 mg, vield: 27% over 2 steps) as a vellow solid.

100522} 'H NMR (400 MHz, DMSO-d6). 6 =7.62 (s, 1H), 7.15 (brs, 2H), 4.08 (t, /= 6.0 Hz,
ZH), 2.90 (t, J= 6.4 Hz, 2H), 1.98-1.92 (i, 2H), 1.83-1.77 (m, ZH). MS: m/z 201.9 (M+H").
Step 3

{00523] This step 1s similar to general procedure for N-({1,2,3,5,6,7-hexahydro-s-indacen-4-
vhcarbamoy!)-6,7-dihydro-5H-pyrazolo{S,1-b}[1,3Joxazine-3-sulfonamide (Example 1).
{00524] HNMR (400 MHz, DMSO-d6): 8 =10.54 (s, 1H), 7.99 (s, 1H), 7.79 (s, 1H), 6.94 (s,
1H), 409 (t, /J=S56Hz 2H) 297 (t, /=064 Hz 2ZH), 278 (t, J=76 Hz 4H), 257 (1,./ =76
Hz, 4H), 1.98-1.90 {(m, 6H), 1.82-1.78 (m, ZH). MS: m/z 401.0 (M+H").

Example 5: Synthesis of N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yhcarbamoyi)-3',7'-
dihydrospiro[oxetane-3,6'"-pyrazels{S,1-b}{1,3joxazine]-3'-sulfonamide

{00525] Synthesis of N-{{1,2,3,5 6,7-hexahvdro-s-indacen-4-ylicarbamoyl)-5',7'-

AN

Ci
Cl~—, x““ 3

O Br O‘?é‘;xo):\\\
H . .
N _o Br\%?ﬁ '/O\Iﬂ NBS, MeCN (J‘Tﬁg 1) n-BuLi, THF, -78°C O\r;g ct
mﬁ M /.

HN N !
[ KoCOs DMF, 80°C ™R _ N~/  oCton [7[)«.&,’ 2) ZnGly, -78°C LN
o~/ O~ 3)TCPC, 0°C to RT O
NH e
. 2 00 P 7@0
Oté,‘NH | > ui \T/ -
! 2 o Lz
NH3 H,0 N HNTSg N
D ————
4 T
Iy S Y 1) triphosgene, Fi;N e
o 2) MeONa, THF, 1h P

[00526] The title compound was prepared using general procedure of N-((1,2,3,5,6,7-
hexahydro-s-indacen-4-yljcarbamoy}-6,7-dihydro-SH-pyrazolo]5,1-b}[ 1,3 Joxazine-3-

sulfonamide (Example 1}.
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[60527] "H NMR (400 MHz, DMSO-d6). § = 7.77 (s, 1H), 7.51 (s, 1H), 6.85 (s, 1H), 4.59 (s,
2H), 4.50 (d, J = 6.0 Hz, 2H), 4.43 (d, J = 6.4 Hz, 2H), 4.38 (s, 2H), 2.76 (1, J = 7.2 Hz, 4H),
2.60 (t,J = 6.4 Hz, 4H), 1.94-1.90 {m, 4H). MS: m/z 445.0 (M+H),

Example 6: Synthesis of N-{{2,6-diisopropyiphenylicarbamoyl}-6,7-dihydro-SH-
pyrazole]5,1-bi{1,3joxazine-3-suifonamide

{06528] Synthesis of N-({2,6-dusopropylphenylicarbamovi}-6,7-dihydro-5H-pyrazolo| 5,1-

bl 1,3]oxazine-3-sulfonamide is shown below.

O i ;
NS 4 i
s 5
SNH, NaH, THF & N}\ﬁi\\/

[00529] 6,7-Dihvdro-3H-pyrazolo[5,1-b}{ 1,3 ]oxazine-3-sulfonamide (0.123 munol, 0.025 g) was
suspended in THF (ImL) and cooled to 0C. NaH (0.123 mmol, 2.95 mg) was added and the
mixture left to stir for S min. 2-Isocyanato-1,3-dusopropylbenzene (0,123 mmol, 6.026 mL) was
then added and the mixture left to stir at room temperature for 2h. At this time the reaction was
quenched with water and the organic solvent evaporated. The reaction was then acidified with
HCl and a white precipitate filtered off, washed with water and dried to yield N-({2,6-
disopropyiphenvijcarbamoy!)-6,7-dihydro-5H-pyrazolol S, 1-b][ 1,3 joxazine-3-sulfonamide (38
mg, 76%). 'H-NMR (400 MHz, DMSO-ds): § 10.60 (s, 1H), 7.6 (s, 1H)}, 7.59 (s, 1H), 7.24

{(t, /=77Hz 1H), 712(d, J =77 Hz, 2H)}, 4 46-4.44 (m, 2H), 411 (dd, J=7.5,4.7 Hz, 2H),
2.91 (¢, J= 6.9 Hz, 2H), 2.23-2.20 (m, 2H), 1.13-1.01 {m, 12H). MS: m/z 407 (M+H).

Example 7: Synthesis of N-{{4-chloro-2,6-diisopropyiphenyljcarbamoyl)-6,7-dihydro-SH-

pyrazolo]8,1-bl{1,3}oxazine-3-sulfonamide

[005306] Synthesis of N-{{4-chloro-2,6-diisopropyiphenyl)carbamoyi}-6,7-dihydro-SH-

pyrazolo]3,1-bl[1,3joxazine-3-sulfonamide 1s shown below.
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[00531] 6,7-Dihydro-SH-pyrazolo[5,1-b}{1,3}oxazine-3-sulfonamide (0. 105 mmol, 0.021 g} was
dissolved it THF (2mL} and treated with NaH (0.105 nmumol, 4.21 mg) at 0C. After a few
nmunutes S-chioro-2-isocyanato-1,3-dusopropylbenzene (0.105 mmol, 25 mg) was added and the
mixture was left to stir over the weekend. The reaction was then quenched with water and the
solvent reduced to ~1/3 of the onginal volume. The reaction was then acidified with 1M HCl
and a fine white precipttate filtered off, washed with water and dried to vield N-({(4-chloro-2,6-
dusopropylphenyicarbamoyl}-6,7-dihydro-SH-pyrazolo] 5,1-b][1,3 Joxazine-3-sulfonamide (23.7
mg, 51.1%). 'H-NMR (400 MHz, DMSO-de). 8 10.70 (s, 1H)}, 7.76 (s, 1H), 7.59 (5, 1H), 7.15
(s, 2H), 4.45 (dd,J = 5.4, 4.8 Hz, 2H), 4.11 (1.7 = 6.1 Hz, 2H), 3.62-3.59 (m, 3H), 2.93-2.86 (m,
2H), 2.24-2.20 (m, 2H), 1.78-1.75 (m, 3H), 1.11-1.01 (m, 13H). MS: m/z 442 (M+H).

Example 8: Synthesis of N~({1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-6,6-dimethyl-

6,7~-dihydro-SH-pyrazolo|[5.1-b}[1.3]oxazine-3-sulfonamide

[00532] Synthesis of N-{(1,2,3,5,6,7-hexahydro-s-indacen-4-yiicarbamoyl}-6,6-dimethyl-6,7-

dihydro-SH-pyrazolo]5,1-b][1,3 Joxazine-3-sulfonanide is shown below.
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Step 1

{806533] To a suspension of PPhs (252.0 g, 961.5 mmol) 10 acetonitrile (600 mL} was added
dropwise a solution of Bra (49.3 mL, 961.5 mmol} m acetorutrile (200 mL} at 0 °C, then 2,2~
dimethyl-propane-1,3-diol (50.0 g, 480.8 mmol} was added. The reaction mixture was heated to
85 °C and refluxed for 16 hrs. The solvent was removed in vacuo. The residual solid was
washed with (PE/EA = 3/1, 300 mL) and filtered. The filtrate was concentrated and distilled to

give 1,3-dibromo-2 2-dimethyl-propane {45.0 g, yvield: 41%j as a colorless o1l.

{00534} HNMR (300 MHz, CDChL): § = 3.42 (s, 4H), 1.18 (s, 6H).

Step 2

{065358] 1,2-Dihydro-pyrazol-3-one (25.0 g, 297.6 mmol) and KoCOs (144.0 g, 1041.7 mmol)
were heated to 120 °C in DMF (700 mL}. 1,3-Dibromo-2,2-dimethyl-propane (82.0 g, 357.1
mmol) was added and the mixture was heated for 24 hrs. The solvent was removed i vacuo. The
residue was partitioned between EA/HO (200 mL /500 mL) and the layers were separated. The
aqueous fayer was extracted with EA (200 mL) and the combined organic laver was washed with
brine (100 mL}, dried over NaxSQO4 and concentrated. The residue was cooled to 5 °C and washed
with PE {100 mL) to give 6,6-dimethyl-6,7-dihydro-SH-pyrazolo[5,1-b}{1,3joxazine (14.0 g,

vield: 31%) as a yellow solid.
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100536] THNMR (300 MHz, CDCL): § = 7.32 (s, 1H), 5.48 (s, 1H), 3.87 (s, 2H), 3.84 (s, 2H),
1.13 (s, 6H).
Step 3-8

{06537] These three steps are similar to general procedure of N-({1,2,3,5,6,7-hexahydro-s-
indacen-4-yl)carbamoyl}-6,7-dihydro-SH-pyrazolo[5,1-b}| 1,3 Joxazine-3-sulfonamide {(Example
1)

Step 6

{06538] To a suspension of 6,6-dimethyl-6,7-dihydro-5H-pyrazolof S, 1-bj{ 1,3]oxazine-3-
sulfonic acid amide (400 mg, 1.7 mmol) in THF (10 mL) was added MeONa (190 mg, 3.5
mmol) and the mixture was stirred at room temperature for 20 muns to give a sodium salt

suspension.

{00539] In another flask, to a solution of 1,2,3,5,6,7-hexahydro-s-indacen-4-ylamine (300 mg,
1.7 mmol) and TEA (530 mg, 5.2 mmol} in THF (15 mL} was added triphosgene {210 mg, 0.7
mmol) in one portion and the nuxture was stirred at room temperature under No for 20 mins. The
reaction mixture was then filtered. The filtrate was added to the sodium salt suspension above
and stirred at room temperature for 16 hrs. After that, the reaction solution was partitioned
between EA (50 mL) and water (150 mL)}. The aqueous phase was filtered and bubbled by N2 for
S nuns, then acidified to pH = 5 with conc. HCL The solid formed was dissolved after MeCN (50
ml) was added. And the mixture was concentrated to remove MeCN at 40 °C. The solid formed
was collected by filtration and dried to give N-((1,2,3,5,6,7-hexahydro-s-indacen-4-
vijcarbamoy)-6,6-dimethyl-6,7-dihydro~-3H-pyrazolo[5,1-bi[ 1,3 Joxazine-3-sulfonamide (320

mg, vield: 43%;) as a whate solid.

[00540] 'HNMR (400 MHz, DMSO-ds): 6 = 10.49 (s, 1H), 7.90 (s, 1H), 7.64 (s, 1H), 6.93 (s,
1H), 4.14 (s, 7H), 3.88 (s, 2H), 2.78 {t, /= 7.2 Hz, 4H), 2.58 (1, ./ = 7.2 Hz, 4H), 1.95-1.90 (m,
4H), 1.02 (5, 6H). MS: m/z 431.0 (M+H").

Example 9; Synthesis of 6,6-dimethyl-6,7-dihydro-SH-pyrazole|5,1-b]{1,3]loxazine-3-

sulfonic acid amide

[00541] Another method to synthesize 6,6-dimethyi-6,7-dihydro-5H-pyrazolof3,1-

bli1,3Joxazine-3-sulfonic acid amide 1s shown below,
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Step 1

[00542] 6,6-Dimethyl-6,7-dihydro-SH-pyrazolof5,1-b]{ 1,3 loxazine (3.0 g, 19.7 mmol) was
added portion wise to CISO:H (25 mb) at 0 °C. After stirred at 80 °C for 16 hrs, the reaction
mixture was added dropwise to 1ice-water {250 ml) and extracted with EA (100 mL x3). The
combined organtc layer were washed with brine (30 mL)}, dried over Na:SOs and concentrated.
The residue was cooled to 5 °C and washed with PE/EA (5/1, 30 mL} to give 6,6-dimethyi-6,7-
dihydro-5H-pyrazolo]5,1-b]{1,3joxazine-3-sulfonyl chloride (2.4 g, vield: 49%) as a yellow
solid.

[06543] 'HNMR (300 MHz, CDChL): § = 7.79 (s, 1H), 4.16 (s, 2H), 3.90 (s, 2H), 1.20 (s, 6H).
Step 2

{06544] To a solution of 6,6-dimethvi-6,7-dihydro-5H-pyrazolo[5,1-b][1,3 joxazine-3-sulfonyl
chloride {2.2 ¢, 8.8 mmol} in THF (18 mL) was added NHz HzO (10 mL). After stirred at 60 °C
for 1 hr, the reaction mixture was concentrated to dryness. The residue was diluted with MeOH
(20 mL) and acidified by aq HCH(2 N} to pH = 5. The resuiting solution was purified by reverse
phase column {0% - 60% MeCUN in H20) to give 6,6-dimethyl-6,7-dihvdro-SH-pyrazolo[5,1-

bil1,3joxazine-3-sulfonic acid amude (1.6 g, yield: 79%) as a vellow solid.
Example 10: Synthesis of N-({1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-6-hydroxy-
6,7-dthydro-SH-pyrazole{5,1-b]| 1, 3]loxazine-3-suifonamide

{0065458] Synthesis of N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yijcarbamoyl}-6-hydroxy-6,7-

dihydro-SH-pyrazolo]5,1-bi[1,3Joxazine-3-sulfonanmide is shown below.

S
s
J
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Step 1

[00546] To as solution of 1,3-dibromo-propan-2-0l {42.5 g, 0.19 mol} and DHP (33 g, 0.38 mol)
in DCM (300 mL), was added TsOH (3.6 g, 0.019 mol) in portions and the mixture was stirred at
room teraperature for 2 hrs. The reaction solution was concentrated and the residue was purified
by stlica gel column (PE/EA = 50/1}) to give 2-{2-bromo-1-bromomethyl-ethoxy-tetrahydro-

pyran (34 g, vield: 60%) as a colorless oil.

[00547] 'H NMR (300 MHz, DMSO-d6): 6 = 4.80-4.79 (m, 1H), 4.04-3.90 (m, 2H), 3.72-3.52
{m, SH), 1.87-1.55 {m, 6H}.
Step 2

[B0348] A maxture of 2-(2-bromo-1-bromomethyl-ethoxy)-tetrahydro~-pyran {17 g, 56.3 mmol},
1.2-dihydro-pyrazol-3-one (4 g, 47 mmol) and KoCOs (23 g, 165 ramol) n BDMF (250 mL} was
stirred at 100 °C overnight. The solvent was removed under reduced pressure. The residue was
partitioned between EA (200 ml.} and water (200 mi}. The agueous phase was extracted with EA
{200 ml). The organic layers were combined, washed with water {100 mL) and brine (100 mL),
dried over NaxS0O4 and concentrated. The residue was purified by silica gel column (EA) to give
o-{tetrahydro-pyran-2-yloxy}-6,7-dihydro-SH-pyrazolo[5,1-b]| 1,3 Joxazine (4.9 ¢, vield: 46%} as
a yellow ot

[00549] 'H NMR (300 MHz, DMSO-d6): §=7.34 (s, 1H). 5.51 (s, 11}, 4.89-4.83 (m, 1H),
4.36-4.24 (m, 45, 3.93-3.88 (m, 1H), 3.59-3.54 (m, 11}, 1.79-1.69 (m, 3H), 1.65-1.51 (m, 4H).
MS: m/z 224.9 (M+H").

Step 3
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{00558] To a solution of 6-(tetrahvdro-pyran-2-viexy}-6,7-dihydro-5H-pvrazolof s, 1-
blf1,3joxazine (5.1 g, 22.8 mmol} in MeCN, was added NBS at 0 °C under N2 in two portions.
The reaction was then stirred at room temperature for 1 hr. The reaction was partitioned between
EA (100 mL} and water (200 mL}. The organic layer was washed with water (100 mL) and brine
(100 mL}, dried over Nax504 and concentrated. The residue was purified by stlica gel column
(PE/EA = 1/1) to give 3-bromo-6-{tetrahydro-pyran-2-yloxy}-6,7-dihydro-5H-pyrazolo{S,1-
bif1,3loxazine (5.6 g, yield: 81%) as a yellow solid.

{00551] 'H NMR (300 MHz, DMSO-d6): § =733 (s, 1H), 4.88-4.82 {(m, 1H), 448-4.18 {(m,
5H), 3.88-3.75 (m, 1H), 3.58-3.53 (m, 1H), 1.84-1 51 {m, 7H). MS: m/z 303.0 (M+H"}.
Step 4

100552] To a solution of 3-bromo-6-(tetrahydro-pyran-2-vloxy}-6,7-dithydro-5H-pyrazolo[ 5, 1-
bli1,3joxazine (2 g, 6.6 mmol) in dry THF (20 mL} was added n-Bult in hexane (2.5 M, 2.6 mL,
6.6 mmol} slowly at -78°C under Nz, After stirred with cooling for 20 min, ZnCh in ether (1 M,
6.6 mL, 6.6 mmol) was added slowly at this temperature. The cold bath was removed and the
reaction was sturred at room temperature for 1 hr. TCPC (2 g, 6.6 mmol} was then added and the
mixture was stirred at room temperature for | hr. The reaction was partitioned between water
(100 L) and EA (100 mL). The organic layer was washed with brine (100 mL), dried over
Naz804 and concentrated to give crude 6-(tetrahydro-pyran-2-yloxy}-6,7-dihydro-SH-
pyrazolo[5,1-b}[1,3joxazine-3-sulfonic acid 2,4,6-trichloro-phenyl ester as a yellow gel which
was used for next step directly without any purification.

Step 5

[00553] A nuxture of 6-(tetrahydro-pyran-2-yloxy)-6, 7-dihydro-SH-pyrazolo[5.1-
bli1,3Joxazine-3-sulfonic acid 2.4,6-trichloro-phenyl ester {crude, ~6.6 mmol), NHsOH (20 ml)
and THF (20 mlL) was stirred at 60 °C overmght. The reaction was concentrated under reduced
pressure until 10 mb of hquid remained. The remamed solution was acidified with 1 N HCl to
pH = 5 and extracted with EA (100 oL x5}. The organic layers were combined, dried over
Na2804 and concentrated to give crude 6-(tetrahydro-pyran-2-yloxy)-6,7-dihy dro-5H-
pyrazolo]5,1-bl[1,3joxazme-3~sulfonic acid amide as a vellow gel which was used for next step
directly without any purification. MS: m/z 304.1 (MH+HT).

Step 6
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{00554] To a solution of 6-(tetrahvdro-pyran-2-viexy}-6,7-dihydro-5H-pvrazolof 5, 1-
bf1,3joxazine-3-sulfonic acid amide {crude, 6.6 mmol} in THF/HO/EtOH (50 mL/10 mL/50
mb} was added conc. HCH (10 mL} and stirred at room temperature overnight. The reaction was
concentrated under reduced pressure. The residue was purified by reverse phase column
(MeCN/H20) to give 6-hydroxy-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1,3}oxazine-3-sulfonic acid

amide (290 mg, yield: 21% over 3 steps) as a white solid.

[00555] 'H NMR (300 MHz, DMSO-d6): 6 =7.48 (s, 1H), 7.11 (brs, 2H), 5.65 (brs, 1H), 4.30-
4.20 (m, 4H), 3.96-3.92 {m, 1H). MS: nv/z 220.1 (M+H").

Step 7

{00556] To a solution of 1,2,3,5,6,7-hexahvdro-s-indacen-4-ylamine {63.1 mg, 0.365 mmolL)

and TEA (0.203 mi, 1.1 mmoL) i THF {5 ml), was added triphosgene {(43.7 mg, 6.146 mmoL),

and the mixture was stirred for 10 min at room temperature. In another round-bottomed flask, to
a solution of 6-hydroxy-6,7-dihydro-SH-pyrazolof5,1-bl[ 1,3 Joxazine-3-sulforuc acid amide (80
mg, 0.365 mmoL) m THF {5 ml) was added MeONa (21.7 mg, 0.401 mmoL) and the mixture
was stirred for 20 muns at room temperature. The prepared 4-1socyanato-1,2,3,5,6,7-hexahydro-s-
indacene was filtered to remove the resulting precipitate and the filtrate was added to another
flask contaming sulfonamide salt. The reaction was check by TLC and guenched with the
addition of water (30 mL) after 20 mins. The aquecus phase was washed with EA (20 mL) and
filtered later. The filtrate was acidified to pH = 3~4. The resuiting solid was collected by
filtration to give N-({1,2,3,5,6,7-hexahydro-s-indacen-d-yljcarbamoyl}-6-hydroxy-6,7-dihy dro-

SH-pyrazolo]5,1-bl[1,3Joxazine-3-sulfonamide (15 mg, yield: 10%) as a white sohid.

[06557] 'H NMR (400 MHz, DMSO-d6): § = 10.45 (s, 1H), 7.90 (s, 1), 7.62 (s, 11}, 6.93 (s,
1H), 5.67 (s, 1H), 4.34 (s, 3H), 4.24 (dd, J = 4.0, 3.2 Hz, 1H), 3.96 (d, J = 12.4Hz, 1H), 2.78 (. J

B

=7.2Hz, 4H), 2.60 (1, J = 7.6Hz, 4H), 1.98-1.93 {m, 4H). MS: m/z 419.1 (M+H").
Example 11: Synthesis of N-({(1,2,3,5,6,7-hexahydro-s-indacen-4-yl)carbamoyi}-5.6,7,8-
tetrahvdrepyrazols{S,1-b}j1,3|oxazepine-3-sulfonamide

{00558] Synthesis of N-{{1,2,3,5,6,7-hexahvdro-s-indacen-4-yijcarbamoyl)-5,6,7 &-

AN

tetrahydropyrazolof5,1-bl[1,3Joxazepine-3-sulfonamide is shown below
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Step 1
{06559] 1,2-Dihydro-pyrazol-3-one (3.0 g, 35.7 mmol} and KoC(O5 (17.0 g, 125.0 mmol} were
heated to 130 °C in DMF (100 mbL). 1,4-Dibromo-butane (9.3 g, 42.9 mmol)} was added and the
mixture was heated for 16 hrs. The solvent was removed in vacuo. The residue was partitioned
between EA/H2O (50 mL /80 mL} and the layers were separated. The aqueous layer was
extracted with EA (50 mL) and the combined organic layers were washed with brine (S0 mL),
dried over Na:SQ04 and concentrated. The residue was purified by silica gel column (PE/EA =

/1) to give 5,6,7 8-tetrahydro-4-oxa-1,8a-diaza-azulene (1.3 g, yield: 27%) as a colorless oil.

[00568] 'H NMR (300 MHz, CDCl): §=7.24(d, J=1.5Hz, 1H), 5.69(d, /= 1.5 Hz, 1H),
4.25-4 20 (m, 2H), 406 (t, J= 5.1 Hz, 2H), 2.07-2.03 {m, 2H), 1.91-1 84 (m, 2H).

Step 2-35

{00561} These four steps are sumilar to general procedure of N-({1,2,3,5,6,7-hexahydro-s-
mndacen-4-yljcarbamoyl}-6,7-dihydro-5H-pyrazolo[S,1-b}[ 1,3 Joxazine-3-sulfonamide (Example
3).

[00562] 'HNMR (400 MHz, DMSO-de): § = 10.60 (s, 1H), 7.94 (s, 1H), 7.60 (s, 1H), 6.94 (5,
1H), 4.22-4.16 {m, 48, 2.79 (t, J =7 6 Hz, 4H), 2.58 (,./ = 7.2 Hz, 4H), 2.03-1.90 (m, 6H),
1.80-1.70 {m, ZH). MS: nv/z 417.0 (M+H").

Example 12: Synthesis of N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbameoyl}-6,7-dihydro-

SH-pyrazole[5,1-b]{1,3|oxazine-3-sulfonamide

216
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{00563] Synthesis of N-{{1,2,3,5,6,7-hexahvdro-s-indacen-4-yljcarbamoyl})-6,7-dihydro-5H-

pyrazolo]5,1-blf1,3Joxazine-3-sulfonamide is shown below.
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Step 1
{00564] 1,2-Dihydro-pyrazol-3-one (2.0 g, 23.8 mmol} and K2COs (11.5 g, 83.3 mmol)} were
heated to 120 °C in DMF (60 mL}. 1,3-Dibromo-butane (6.2 g, 28.6 mmol) was added and the
mixture was heated for 16 hrs. The solvent was removed in vacuo. The residue was partitioned
between EA/H2O (50 mL /80 mL} and the layers were separated. The aqueous layer was
extracted with EA (50 mL) and the combined organic layers were washed with brine (S0 mL),
dried over NaxS04 and concentrated. The residue was purified by silica gel column (PE/EA = 5/1
to 1/1) to give 7-methyl-6,7-dihydro-SH-pyrazolo[S,1-b][1,3]oxazine (1 3 g, vield: 40%) as a
vellow o1l and 5-methyl-6,7-dihydro-SH-pyrazolo[ 5, 1-b][ 1,3 Joxazine (500 mg, yield: 153%) as a

vellow solid.

[00565] 7-methyl-6,7-dihydro-5H-pyrazolo[3,1-b]{1,3]oxazine: "THNMR (400 MHz, CDCL): &
=732{(d,J=20Hz 1H), 545(d, /=16 Hz, 1H), 436-431 (m, 2H), 4.24-4.18 (m, 1H), 2.34-
2.27 (m, 1H), 2.02-1.94 {(m, 1H), 1.59(d, /=60 Hz, 3H).

[00566] S-methyl-6,7-dihydro-SH-pyrazolofS,1-b}[1,3]oxazine: THNMR (400 MHz, CDCL): §
=730(d, J=106Hz 1H), 5345(d, J=2.0Hz 1H), 438-430 (m, 1H), 4.25-4.20 (m, 1H), 4.15-
4.08 (m, 1H), 2.19-2.03 (m, 2H), 1.46 (d.J = 6.4 Hz, 3H).

Step 2-3

{00567] These four steps are simntlar to general procedure of N-({(1,2,3,5,6,7-hexahydro-s-
indacen-4-yljcarbamoyl)-6,7-dihydro-5H-pyrazolo[S,1-b}[ 1.3 }oxazine-3-sulfonamide (Example

1.
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[06568] THNMR (400 MHz, DMSO-de): § = 10.47 (s, 1H), 7.91 (s, 1H), 7.64 (s, 1H), 6.94 (s,
1H), 4.53-4.32 (m, 3H), 2.79 (1, J = 7.2 Hz, 4H), 2.58 (1, J = 7.2 Hz, 4H), 2.38-2.31 (m, 1H),
1.99-1.91 (m, SH), 1.45 (d, /= 6.0 Hz, 3H). MS: m/z 417.0 (M+H),

Example 13: Synthesis of 6-fluore-N-{{1,2,3,5,6,7-hexahyvdro-s-indacen-4-yljcarbamoyl})-
6,7-dthydro-SH-pyrazole{5,1-b]| 1, 3]loxazine-3-suifonamide

{06569] Synthesis of 6-fluoro-N-{(1,2,3,5,6,7-hexahydro-s-indacen-4-viycarbamoy1}-0,7-

dihydro-SH-pyrazolo]5,1-bi[1,3Joxazine-3-sulfonanmide is shown below.

NH
: Q{‘g}o O}'F
i
HNT Y
¥, e IO T
O=g. Osdl. : -
o NHz DAST, DCM o NH; HN™ S0
L/ﬁ -78°C o RT /I/\:\% T)triphosgeﬂe, EtB.N
HOY N~y . N 2) MeONa, THF, 1h }

Step 1

[08576] To a solution of 6-hydroxy-6,7-dihydro-5H-pyrazolof5,1-b][1,3 Joxazine-3-sulfonic
acid amude {100 mg, 0.46 mmol} in BCM (5 mL) was added DAST (148 mg, 0.92 mmol} at -
78°C under N2, The reaction was then stirred at room temperature overnight. The reaction was
quenched with HzO (20 mL} and partitioned between DCM (40 mL) and water (20 mL). The
organic layer was dried over NaxSOs and concentrated. The residue was purified by reverse
phase column (MeUN/H20) to give 6-fluoro-6,7-dihydro-SH-pyrazolo{S,1-b]{ 1,3 Joxazine-3-
sulfonic acid amide (18 mg, yield: 18%) as a white solid. MS: m/z 222.1 (M+H").

Step 2

{00571] This step 1s similar to general procedure for N-((1,2,3,5,6,7-hexahydro-s-indacen-4-
yiycarbamoyl)-6,7-dihydro-5H-pvrazolo{5,1-b}{ 1,3 joxazine-3-sulfonamide (Example 1}.
100572} 'H NMR (400 MHz, DMSO-d6). 6 = 10.58 (s, 1H), 8.00 (s, 1H), 7.65 (s, 1H), 6.93 (s,
1H), 558 (d, /=44 0 Hz, 1H}, 4.75(t, /= 12.0 Hz, 1H), 4 59-4.37 {(m, 3H), 2.78(t, /= 7.2 Hz,
4H), 2.60 (t, J=7.2 Hz, 4H), 1.97-1.90 {m, 4H}. MS: m/z 421.0 (M+H").

Example 14: Synthesis of N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-6-methoxy-

6,7-dthydro-SH-pyrazole{5,1-b]| 1, 3]loxazine-3-suifonamide
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{008573] Synthesis of N-{{1,2,3,5,6,7-hexahvdro-s-indacen-4-yljcarbamoyl}-6-methoxy-6,7-

dihydro-5H-pyrazolo]5,1-b]{1,3joxazine-3-sulfonamide 1s shown below.

cr {
=
it S
Br 8r O-:S’O)\:
3 / ~
i\rﬁg conc HCL THE ¢ \r—‘> NaH, DMF \::% 1) nBuli, THF. - O ¢l
e T L T jon
rrpey N HeO, EOH Ho”'\/i\“ Mel Ny B nch, 78°C IPNGE

i 31TCPC, 0°C o RT

O
o A O\S&:(i‘& “\“OM@
C':é’ > HN L ,N”"
. ‘/-&,h =N

NH; H:0 /C}\ HN D
V/, A i : na
THEF, 60°C N~ 1) trishosgene, Eigh X
MeO N 2) MeONa, THF, 1h |
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Step 1

{06574] To a solution of 3-bomo-6-{tetrahydro-pyran-2-yloxy}-6,7-dihydro-SH-pyrazolof5, 1 -
bi{1,3joxazine (4.6 g, 15.2 mmol} in THF/HO/EtOH (50 mL/10 mL/50 mL) was added

conc. HCL The reaction was stirred at room temperature for 2 hrs. The reaction solution was
concentrated. The residue was treated with saturated NaHCOs solotion. The sohid formed was
collected by filtration to give 3-bromo-6,7-dihvdro-SH-pyrazolo[5,1-blf 1,3 }oxazin-6-0l (2.76 g,

yield: 84%}) as a white solid.

{006375] 'H NMR (300 MHz, DMSQO-d6): § =7.36 (s, 1H), 5.59 (brs, 1H), 4.28-4.18 (m, 4H),
3.95-3.90 (m, 1H).
Step 2

{008576] To a solution of 3-bromo-6,7-dihydro-5H-pyrazolo|5,1-b]{1,3joxazin-6-01 (1.2 g, 5.5
mmol) n DMF (12 mL} was added NaH (60% in mimeral o1l, 263 mg, 6.6 mmol). The reaction
was stirred at room temperature for 1 hr under N2, Then Mel (940 mg, 6.6 mmol) was added and
the mixture was stirred at room temperature for 2 hrs. The reaction mixture was poured into
water (60 mL} and extracted with EA (50 mL). The organic layer was washed with water (50
mb} and brine (50 mL), dried over Na:SO4 and concentrated. The residue was purified by
reverse phase column (MeCN/H»QO) to give 3-bromo-6-methoxy-6,7-dihydro-SH-pyrazolofS,1-
bli1,3joxazine {1 g, yield: 78%}) as a white solid.

[00577] 'H NMR (300 MHz, CDCLY): § = 7.34 (s, 1H), 4.53-4.48 (m, 1H), 4.27-4.18 (m, 3H),
3.94-3.93 (m, 1H), 3.49 (s, 3H). MS: m/z 232.9 (M+H"),
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Step 3~5

{06578] These steps are similar to general procedure for N-((1,2,3,5,6,7-hexahydro-s-indacen-4-

yijcarbamovyl}-6,7-dihydro-SH-pyrazolo]5,1-bl[ 1,3 Joxazine-3-sulfonamide (Example 1).

{60579} 'H NMR (400 MHz, DMSO-d6): § = 10.47 (s, 1H), 7.91 (5, 1H), 7.62 (5, 1H), 6.93 (s,

1H), 4.65(d, J=11.6Hz, 1H), 437 (4, J=11.2 Hz, 1H), 424-4.22 {m, 2H), 4.06 (s, 1H), 3.34

{overlap, 3H}, 278 {t, /= 7.6 Hz, 4H), 2.60 (1, J= 7.2 Hz, 4H), 1 98-1.91 {m, 4H). MS: mv/z
433.0 (M+H").

Example 15: Synthesis of N-({1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-S-methyl-
6,7-dihydro-SH-pyrazolo{3,1-b}{ 1. 3]oxazine-3-suifonamide
{00580] Synthesis of N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yi)carbamoyl)-5-methyl-6,7-

dihydro-SH-pyrazolo]5,1-bi[1,3Joxazine-3-sulfonanmide is shown below.

HM‘

{00581] The title compound was prepared using general procedure for N-{{1,2,3,5,6,7-
hexahydro-s-indacen-4-vijcarbamoyl}-6,7-dihydro-5H-pyrazolo{5,1-b}{ 1,3 joxazine-3-
sulfonamide {Example 1).

{00382] 'HNMR (400 MHz, DMSO-de): 6 = 10.51 (s, 1H), 7.90 (s, 1H), 7.61 (s, 1H), 6.94 (s,
1H), 4.60-4.56 (m, 1H), 4.13-4.08 {m, 2H), 2.79(t, /=72 Hz, 4H), 2.59 {t, J = 6.8 Hz, 4H},
2.28-2.24 {(m, 1H), 1.98-1.93 (m, 5H), 1.38 (4, J = 6.0 Hz, 3H) MS: m/z 417.0 (M+H").

Example 16: Synthesis of N-({8-chlore-1,2,3,5,6,7-hexahydro-s-indacen-4-ylicarbameoyl)-
6,7-dihyvdro-SH-pyrazolo|S,1-bl|1,3|oxazine-3-sulfonamide

{00583] Synthesis of N-{{8-chloro-1,2,3,5,6,7-hexahydro-s-indacen-4-ylycarbamoyl}-6,7-

dihydro-5H-pyrazolo]5,1-b]{1,3joxazine-3-sulfonamide 1s shown below.

e
e
<O
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Step 1
{00584] 1,2,3,5,6,7-hexahydro-s-indacen-4-amine {2.332 mmol, 404 mg) and NCS (2.332
mmol, 0.311 g} were nuxed in BCM (5mL) and left to stir overnight. The mxiture was then
partitioned between water (Z0mL} and DCM (20mL). The layers were separated and the aq.
laver extracted with DCM (20mL). The combined organic layers were then dried over Na2504,
filtered and concentrated to yield 1,2,3,5,6,7-hexahydro-s-indacen-4-amine (2.332 mmol, 404
mg) as a brown solid which was used without purification. MS: m/z 209 (M+H").

Step 2

{00585] N N-dimethylpyridin-4-amine (0.481 mmol, 0.059 g} was dissolved i THF (1.5mL)
and then a solution of di-tert-butyl dicarbonate (0.481 mmol, 0.111 mbL) i THF (1 SmL) was
added slowly. After stirring for a few minutes, a solution of 8-chloro-1,2,3,5 6, 7-hexahydro-s-
indacen-4-amine (0.481 mmol, 100 mg) in THF (1ml) was added and the mixture was left to stir
for 30 muin. At the same time, 6,7-dthydro-5H-pyrazolo[S5,1-b]i 1,3 ]Joxazine-3-sulfonanude
{0.481 ramol, 0.098 g) in THF (ImL) was treated with sodium hydride (0.481 mumol, 0.012

g) and left to stir for 30 min. At this time the two solutions were mixed and left to stir for 18 h.

[{00586] The reaction was then quenched with sat NH4CH (10ml) and diduted with EtOAc
(40mL). The layers were separated and the aq. layer extracted with EtOAc (30mL). The
combined organic extracts were then washed with water (20mL) and concentrated. The resulting

solid was suspended in MeOH: water (10:1, 10mL), a reddish sohid filtered off and

o]
[SS]
nni
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discarded. The filtrate was concentrated and purified by prep HPLC (10-40% MeCN:10mM aq.
NH3}. The purtfied fractions were combined and concentrated to yield N-{{8-chloro-1,2,3,5,6,7-
hexahydro-s-indacen-4-yijcarbamoyl)-0,7-dihvdro-SH-pyrazolo{5,1-bl[ 1,3 Joxazine-3-
sulfonamide (5.8 mg, 2.76%) as 3 white solid.

100587] ‘H- NMR {400 MHz; DMSO-ds): & 7.88-7.85 (m, 1H), 7.55 (s, 1H), 4.42-4.39 {m, 2H),
4.11-4.08 (m, 2H), 2.85-2.82 (m, 4H), 2.71 (t, J = 7.4 Hz, 41), 2.22-2.16 (m, 2H), 2.04-1.97 {m,
4H). MS: m/z 437 (M),

Example 17: Synthesis of 4-fluors-N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamovl}-

4,5,6,7-tetrabvdropyrazolo{1,5-ajpyridine-3-suifonamide

{00588] Synthesis of 4-fluoro-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yhcarbamoyl}-4,5,6,7-

tetrahydropyrazolof,5-ajpyridine-3-sulfonamide is shown below.

O
/
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=
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Step 1

{00589] To a solution of 4-bromo-2H-pyrazole-3-carboxylic acid ethy! ester (8.0 g, 36.4 mmol)
in DMF (80 mL) was added K2COs (10 g, 72.8 mmol) and 4-bromo-butyric acid ethyl ester (10

g, 54 8 mmol), then the suspension was stirred overnight. The reaction was guenched with the
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addition of EA (200 mL) and water {200 mL). The organic layer was separated. The aqueous
laver was extracted with EA (200 mL). The organic layers were combined and washed with
water {300 mL x3), brine (300 mL)}, and dried over NaxSQOs. The solution was concentrated in
vacuo. The residue was purified by silica gel column (PE/EA = 10/1) to give 4-bromo-2-(3-
ethoxycarbonyl-propyl)-2H-pyrazole-3-carboxvlic acid ethyl ester (6.7 g, vield: 55.4%)asa
colorless oil. MS: m/z 332.8 (M+H").

Step 2

{00596] To a solution of 4-bromo-2-(3-ethoxycarbonyl-propyl}-2H-pyrazole-3-carboxylic acid
ethyl ester (6.7 g, 20.2 mmol} in THF (120 mL)} was added NaH (1.2 g, 30.3 mmol} at 0 °C and
then the mixture was heated to reflux overnight. When the reaction was finished, the reaction
was quenched with saturated aqueous solution of NH4C1 (20 mL). The aqueous phase was
extracted with EA (100 mL x2). The extracts were washed with brine (100 mL), dried over
Na:S04 and concentrated to give 3-bromo-4-ox0-4,5.6,7-tetrahydro-pyvrazolo{1,5-a]pyridine-5-
carboxylic acid ethyl ester (5.2 g, yield: 90%) as a white solid. MS: m/z 286.9 (M+H").

Step 3

{60591] To asolution of 3-bromo-4-ox0-4,3,6,7-tetrahydro-pvrazolo{ 1, 5-a]pyndine-5-
carboxylic acid ethyl ester (5.2 g, 15.7 mmol) i DMSO (200 ml.) and water {5 ml.) was added
NaCl (5.5 g, 94 ramol), and the nuxture was heated to 150 °C for 2 hrs. After cooled to room
temperature, the reactant was diluted with EA (200 mL) and water (200 mL). The organic layer
was separated. The aqueous layer was extracted with EA (200 mL). The combined organic lavers
were washed with water (300 mL x3), brine (300 mL}, and dried over NaxSQOu. The solution was
concentrated in vacuo. The residue was purified by silica gel colomn (PE/EA = 5/1) to give 3~

bromo-6,7-dihydro-SH-pyrazolof1,S-alpyridin-4-one (2.6 g, yield: 66%) as a white solid.

[00592] 'H NMR (400 MHz, DMSO-d6): 6 =7.55 (s, 1H), 440 (t, J=60Hz 2H), 2.72 (1, J =
6.4 Hz, 2H}, 2.36-2.40 (m, ZH).
Step 4

{806393] To a solution of 3-bromo-6,7-dihydro-SH-pyrazolo[1,5-alpyridin-4-one (1.6 g, 7.36
mmol} in MeOH (20 ml.) was added NaBH4{1.4 g, 12.8 mmolj at 0 °C, and the mixture was
stirred at room temperature for 2 hrs. When the reaction was finished, the reactant was

evaporated to remove MeOH. The residue was portioned between EA (50 mlL) and water (50

2
2
2
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mb}. The organic layer was separated. The aqueous layer was extracted with EA (50 mL}. The
combined organic layers were washed with brine (30 mL}, and dried over NaxSQO4. The solution
was concentrated to give 3-bromo-4,5,6,7-tetrahydro-pyrazolo|1,5-alpyridin-4-ol (1.4 g, yield:
88%) as a white solid. MS: m/z 216.9 (M+H").

Step S

{80594] To a solution of 3-bromo-4,5,6,7-tetrahydro-pyrazolof1,5-ajpynidin-4-0l (1.4 g, 6.5
mmol} in DCM (30 mL) was added DAST (2.1 ¢, 13 mmol} at -60 °C. The solution was allowed
to warm slowly to room temperature, and stirred at room temperature for 2 hrs. When the
reaction was finished, DCM (50 mL} and water (50 mL} was added to the mixture. The organic
layer was separated. The aqueous layer was extracted with DCM (50 mL). The combined organic
layers were washed with brine {50 mL), dried over Na:SOu, and concentrated in vacuo. The
residue was purified by stlica gel column (PE/EA = 5/1) to give 3-bromo-4-fluore-4,5.6,7-

tetrahydro-pyrazolo[1,5-ajpyridine (830 mg, vield: 59%) as a yellow oil.

[006595] 'H NMR (400 MHz, DMSO-d6): § =7.50 (s, 1H), 5.60 (dt, J=51.2, 2.8 Hz, 1H), 4.28-
432 (m, 1H), 3.87-3.94 (m, 1H), 2.26-2.40 {m, 2H), 1.92-2.00 {m, 2H).
Step 6

{00596] To a solution of 3-bromo-4-fluore-4,5,6,7-tetrahydro-pyrazolo[1,5-ajpyridine (0.5 g,
2.3 mmol) in dry THF (5 mL) was added n-BuLi1 in hexane (0.92 mL, 2.3 mmol, 2.5 M) slowly
at ~78 °C under Nz protection, After stirred at this temperature for 20 min, ZnCh in ether (2.3
mi, 2.3 mmol, 1 M) was added slowly at this temperature. The cold bath was removed and the
reaction was stured at room temperature for 1 hr. TCPC (0.68 g, 2.3 mmol) was added to the
mixture at O °C and the mixture was allowed to stir at room temperature for 1 hr. The reaction
was quenched with saturated NH4Cl solution (2 mL) and partitioned between water (20 mL) and
EA (20 mlL). The organic layer was washed with brine (80 mL}, dried over NaxSOu and
concentrated to give crude 6, 7-dihydro-SH-pyrazolof5,1-b][ 1,3 Joxazine-3-sulfonic acid 2,4,6-
trichloro-phenyl ester as a yellow oil. The crude was dissolved in THF (5 mL), and NH: H0 (5
mb} was added, then heated to 60 °C overnight. When the reaction was finished, the reaction
solution was concentrated to remove the solvent. The residue was acidified with 1 N HCl to pH =
5 and partitioned between EA (20 mlL) and water {20 mL). The organic layer was separated. The

aqueous laver was extracted with EA (20 mL}. The combined organic layers were washed with
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brine (30 mL), dried over Na>SO4, and concentrated in vacuum. The residue was puritied by
silica gel column (PE/EA=2/1) to give 4-fluoro-4,5,6, 7-tetrahvdro-pyrazolo{1,5-ajpyridine-3-
sulfonic acid amide (0.17 g, yield: 34%) as a yellow solid. MS: m/z 220.0 (M+H").

Step 7

188597} To a solution of 4-Fhioro-4,5,0,7-tetrahydro-pyrazolo 1, 5-ajpynidine-3-sulfonic acid
amide (75 mg, 0.34 mmol) in THF (2mL} was added MeONa (22 mg, 0.41 mmol} and the

mixture was stirred at room temperature for 20 mins to give a sodium salt suspension.

{06598] In another flask, to a solution of 1,235 6,7-Hexahydro-s-indacen-4-viamine (59 mg,
0.34 mmol} and TEA {69 mg, 0.68 mmol} in THF (3 mL}, was added triphosgene (141 mg, 0.14
mmol) in one portion and the nuxture was stirred at room temperature under No for 20 mins. The
reaction mixture was then filtered. The filtrate was added to the sodium salt suspension above
and stirred at room temperature for Thr. After that, the reaction solution was partitioned between
EA (15 mL) and water {15 mL). The aqueous phase was separated and acidified to pH = 5 with
IM HCL The resulting solid was collected by filtration and air dried to give 4-fluoro-N-
(1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-4,5,6, 7-tetrahydropyrazolo] 1, 5-alpyridine-3-
sulfonamide (45 rog, vield: 31.4%) as a white solid.

100599 'H NMR (400 MHz, DMSO-d6): §=10.67 (s, 1H), 8.03 (s, 1H), 7.94(s, 1H), 6.93 (s,
1H), 6.08 (d, J=49.2 Hz, 1H), 4.35-4.37 (m, 1H), 4.05-4.08 (m, 1H), 2.78 (t, /= 6.8 Hz, 4H),
2.55(t,J=68Hz, 4H)}, 1.92-2.29 (m, 8H). MS: m/z 419.0 (M+H").

Example 18

[80600] Synthesis of sodium ((6,7-dihydro-3H-pyrazolo[5,1-bl{ 1,3 Joxazin-3-

yvhsulfony1)}(1,2,3,5,6,7-hexahydro-s-indacen-4-yhcarbamoyhamide is shown below.

o]
S
L
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Step 1:

{00661] 1,2-Dihvdro-pyrazol-3-one (53.0 g, 630.9 mmol) and K:CO3 (305.0 g, 2210.1 mmol}
were heated to 130 °C in BMF (1 L}, 1,3-Dibromopropane (140.0 g, 693.1 mmol} was added and
the mixture was heated for 8 hrs and then concentrated. The residue was partitioned between EA
{200 mL) and water {500 mL) and the layers were separated. The aqueous layer was extracted
with EA (150 mL x8) and the combined organic layer was washed with brine (300 mL), dried
over Na:SQuq, filtered and concentrated in vacuo. The residue was purified by silica gel column
(PE/EA = 3/1} to give 6,7-dihydro-5H-pyrazolof5,1-b]{1,3]oxazine (32.0 g, yield: 41%) as a

vellow oil.

[00602] 'H NMR (400 MHz, CDCl): §=7.31(d, J=2.0Hz, 1H), 548 (d, /= 2.0 Hz, 1H),
428, J=52Hz 2ZH), 418 (t, /=02 Hz, 2H), 2.29-2.22 (m, 2H}.
Step 2:

{00603] ©,7-Dihydro-5H-pyrazolo[5,1-b}{1,3loxazine (64.0 g, 516.1 mmol} was added dropwise
to CISOsH (380 mL) at O °C. After being stirred at 80 °C for 16 hrs, the reaction mixture was
added dropwise to a mixture of ice-water/ EA (4 L/1.5 L). The layers were separated and the
aqueous laver was extracted with EA (300 mL x2). The combined organic layers were washed
with brine (500 ml), dried over NaxS04 and concentrated. The residue was washed with PE (200
mbL) to give 6,7-dihydro-5SH-pyrazolo[5,1-b}{1,3Joxazine-3~sulfonyi chlonde (73.0 g, vield:
63%) as a vellow sohid.

Step 3:

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

{00684] To a solution of 6,7-dihydro-SH-pyrazolo|5,1-b]{1,3joxazine-3-sulfonyl chloride (73.0
g, 328.8 mmol) in THF (430 mL) was added NHz H.O (180 mL}. After being stirred at 60 °C for
16 hrs, the reaction mixture was concentrated to dryness. The residue was washed with ag HC
{0.2 M, 110 mL}, HoO (40 mL), and dried to give 6,7-dihydro-5SH-pyrazolof5,1-b}i 1,3 ]oxazine-

3-sulfonic acid amide (52.0 g, yvield: 78%) as a yellow solid.

[00603] 'HNMR (300 MHz, DMSO-de): 6= 7.47 (s, 1H), 7.08 (s, 2H), 440 (t, J = 5.1 Hz, 2H),
410, J=60Hz 2H), 2.23-2.15 {m, 2H).
Step 4:

{00606] To a solution of 1,2,3,5,6,7-hexahydro-s-indacen-4-ylanmine (15.0 g, 87 mmol}) and
TEA (13.3 mL, 95.4 mmol} in THF (300 mL) was added triphosgene (8.5 g, 28.6 mmol) in one
portion at 0~3°C and the mixture was stirred at 70 °C under N2 for 1 hour. The reaction mixture
was then filtered through diatomite. Then filter cake was washed with 30 mL PE. The filtrate
was concentrated to dryness and dissolved in 100 mL n-hexane. The mixture was filtered
through a silica gel pad. The filtrate was concentrated to dryness to give the 4-1socyanato-

1,2,3,5,6,7-hexahydro-s-indacene (14.6 g, yvield: 84%) as a pink oil.

{00667] The suspension of 6,7-dihydro-SH-pyrazolo|5,1-b][1,3Joxazine-3-sulfonic acid amide
(14.3 g, 70.4 mmol) in MeOH (500 mL) was stirred at 80 °C until getting a clear solution, then
MeONa (3.8 g, 70.4 mmol) was added and the muxture was stired for 5 mins. The solution was
concentrated to dryness and the residue was co-evaporated with MeCN (100 mL). The residual
solid was suspended 10 MeCN (320 mL) and 4-isocyanato-1,2,3,5,6,7-hexahydro-s-indacene
(14.6 g, 73.3 mmol) was added. The mixture was stured for 16 hours at room temperature and
filtered. The filter cake was triturated with EtOH (250 ml), PE/EA (5/1, 250 oL} to give the
product. The product was dissolved in Hz0 (200 mL) and concentrated to dryness to give sodium
((6,7-dihydro-5H-pyrazolo[5,1-bi[ 1,3 Joxazin-3-yhsulfonv{(1,2,3,5,6,7-hexahydro-s-indacen-4-
vijcarbamoylamide (24.5 g, vield: 82%) as a white solid.

[00608] "HNMR (400 MHz, D:0): & =7.64 (s, 1H), 7.02 (s, 1H), 4.40 (1, J = 5.2 Hz, 2H),

410 {t, J=060Hz 2H), 283 (t, J=72 Hz, 4H), 2.66 (1, /=72 Hz, 4H), 2.28-2.22 {m, 2H),
2.04-1.96 (m, 4H). MS: m/z 403.1 (M+H).

Example 19
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{00609] Synthesis of 1-({(1,2,3,5,6,7-Hexahydro-s-indacen-4-y1}}-3-(2,3-dihydro-pyrazolo| 5,1 -

bloxazole-7-sulfonyl-urea 1s shown below.

O
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Step 1

{006168] To a solution of 1,2-dihydro-pyrazol-3-one (500 mg, 5.9 mmol) in MeCN (50 mL} was
added 1,2-dibromo-ethane (3.3 g, 17.6 mmol) and KoCG0: (2.4 g, 17.6 mmol). After being stirred
at reflux overnight, the reaction mixture was filtered and the filtrate was concentrated in vacuo.
The residue was purified by reverse phase HPLC (MeUN n H20, 5% to 95%) to give 2,3~

dihydro-pvrazolo 5, 1-b]oxazole (260 mg, 40%) as a yellow solid.

{60611} H NMR (400 MHz, DMSO-ds): § =727 (5, 1H), 5.37(d, /= 1.6 Hz, 1H), 5.06 (t, J =
8.0 Hz, 2H), 423 (t, /= 8.0 Hz, 2H).
Step 2

{00612] 2,3-Dihvdro-pyrazolo[5,1-bloxazole (1 g, 9.1 mmol) was dissolved in CISGsH (20
mL). After being heated at 80 °C overnight, the reaction muxture was added dropwise to a
nmixture of EA (150 mb), NHs HzO (20 mL}, and HoO (150 mL). After bemng stirred at room
temperature, the reaction mixture was concentrated in vacuo. The residue was suspended in
MeOH (30 mL), stirred for 0.5 h, and the mixture was filtered. The filtrate was evaporated in
vacue and the residue was purified by reverse phase HPLC (MeCN in water, 0% to 60%) to give
2,3-dihydro-pyrazolo[5,1-bjoxazole-7-sulfonic acid amide (60 mg, 4%) as a yellow solid.

Step 3 — Preparation £

{00613] To asolution of 1,2,3,5,6,7-hexahydro-s-indacen-4-vlamine (55 mg, 0.32 mmol) in
THF (10 mL) was added triphosgene (30 mg, 0.1 mmol) and TEA (48 mg, 0.48 mmol). After
being stirred at room temperature for 2 hrs, the reaction mixture was filtered. The filtrate was
evaporated in vacuo. The residue was then dissolved in THF (5 mL}. Then to the mixture was
added 2,3-dihydro-pyrazolo[5,1-bjoxazole-7-sulfonic acid anude (60 mg, 0.32 mmol) and
NaOMe (35 mg, 0.64 mmol). After being stirred at room temperature for 3 hrs, the reaction was

quenched by HoO (10 mL), acidified by 3 N HCl to pH = 3, and extracted with EA (10 mL x3).
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Organic phase was combined, dried over anhydrous NaxSQO4, and evaporated in vacuo. The
residue was purified by prep-HPLC to give 1-((1,2,3,5,6,7-hexahydro-s-indacen-4-vi}}-3-(2,3-

dihydro-pyrazolof 5, 1-6loxazole-7-sulfonyl}-urea (6 mg, 5%} as a white solid.

[00614] 'H NMR (400 MHz, DMSO-ds): § = 10.52 (brs, 1H), 7.86 (s, 1H), 7.58 (s, 1H), 6.91 (s,
1H), 521 (t, J=80Hz 2H}, 432 (t,/=80Hz 2H), 278 (t, J=T72 Hz 4H), 262 (1, /=72
Hz, 4H), 1.98-1.91 (m, 4H). MS: m/z 389.0 (M+H").

Example 20

{06615] Synthesis of (R)-N-({1,2,3,5,6,7-Hexahydro-s-indacen-4-ylcarbamoyl)-6-hydroxy-6,7-
dihydro-5H-pyrazolo{S,1-b][1 ,5}oxazine~3 ~-sulfonamide and (8)-N-({1,2,3,5,6,7-hexahydro-s-
mdacen-4-ylicarbamoyl}-6-hydroxy-6,7-dihydro-SH-pyrazolof 5,1-b}{ 1,3]oxazine-3-sulfonamide

1s shown below.
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Step 1

100616} To a solution of rac-6-hydroxy-6,7-dthydro-5H-pyrazolo{S5,1-b}[ 1,3 }oxazine-3-
sulfonamide (530 mg, 2.4 mamol) and pyridine (382 mg, 4.8 mmol) in THF (10 mL) was added
TBSOTE (702 g, 2.7 mmol) at 0 °C. The reaction was stirred at room temperature for 2 hus. The
reaction was quenched by HoO (20 mL) and acidified to pH =5 by 1 N HCL The residue was
purified by reverse phase HPLC (MeCN/H20) to give o-({fert-butyldimethylsilylyoxy}-6,7-
dihydro-SH-pyrazolo]5,1-b][1,3Joxazine-3-sulfonamide (330 mg, yvield: 41%) as a white solid.
MS: mvz 334.1 (M+H"),

Step 2

{00617} Rac-6-((rer-Butyldimethylsiyhoxy)-6,7-dihvdro-3H-pyrazolo[5,1-b}{ 1,3 Joxazine-3-
sulfonamide (420 mg, 1.3 mmol} was resolved by chiral prep-HPLC to give two isomers {(S)-6-

{{fert-butyldimethylsilyhoxy)-6,7-dihydro-SH-pyrazolo[S,1-b}{ 1, 3]oxazine-3-sulfonamide (130
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mg, vield: 42%) as a white solid; (R)-0-{({rerr-butyldimethylsilyhoxy}-6,7-dihydro-5H-
pyrazolo]5,1-bl[1,3joxazine-3-sulfonamide (200 mg, yield: 46%) as a white solid.

Step 3

{06618] To a solution of (8)-0-({ferr-butyvidimethvisilyDoxy}-6,7-dihydro-5H-pyrazolo{ 5,1~
bil1,3joxazine-3-sulfonamide (180 mg, 0.5 mmol) in THF (4 mL) was added conc. HC1 {4 mL).
After being stirred at room temperature overnight, the reaction was concentrated under reduced
pressure. The residue was purified by reverse phase HPLC (MeCN/H» O} to give (8)-6-hydroxy-
6,7-dihydro-SH-pyrazolo[5,1-b}{ 1,3 Joxazine-3-sulfonamide {115 myg, yield: 97%) as a white

solid. MS: mv/z 220.1 (M+H").

{00619] (R)-6-Hydroxy-6,7-dihydro-5H-pyrazolof5,1-b][1,3]oxazine-3-sulfonamide was
prepared using the same procedure.

Step 4

100628] (8)-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-6-hydroxy-6,7-dihydro-5H-
pyrazolof5,1-bl[1,3}oxazine-3-sulfonamide was synthesized as in Preparation A herein to yield

the destred product (50 mg, vield: 23%) as a white solid.

[06621] 'H NMR (400 MHz, DMSO-ds): § = 10.45 (s, 1H), 7.90 (s, 1H), 7.62 (5, 1H), 6.93 (s,
1H), 5.66(d, /J=24Hz 1H),434(s,3H),4.24 (dd, /=4.0,32Hz, 1H),396(d, /=124 Hz,
1H), 2.78 (1, J = 7.2 Hz, 4H), 2.60 (t, J = 7.2 Hz, 4H), 1.98-1.91 (m, 4H). MS: m/z 419.0
(MAHH™).

{00622] (R)-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamoy}-6-hydroxy-6, 7-dihydro-5H-
pyvrazolo]5,1-b}[1,3Joxazine-3-sulfonamide was prepared using the same procedure.

[06623] 'H NMR (400 MHz, DMSO-ds): § = 10.45 (s, 1H), 7.90 (s, 1H), 7.62 (5, 1H), 6.93 (s,
1H), 5.66 (d, .J=3.2 Hz, 1H), 4.34 (5, 3H), 4.27-4.23 (m, 1H), 3.96 (d, J= 13 6 Hz, 1H), 2.78 (t,
J=72Hz, 4H), 2.61 (t, /= 7.2 Hz, 4H), 1.98-1.91 {m, 4H). MS: nv/z 419.0 (M+H"}.

Example 21

[00624] Synthesis of rac-0-(Dimethylamino)-N-((1,2,3,5.6,7-hexahydro-s-indacen-4-

viycarbamoy)-6,7-dihydro-5H-pyrazolof S, 1-b][1,3]Joxazine-3-sulfonanide 1s shown below.
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Step 1

[80623] To a solution of rac-fert-butyl (3-bromo-6,7-dithvdro-5H-pyrazolo]5,1-b}f 1,3 joxazin-6-
yicarbamate (1.0 g, 3.2 mmol) in DCM (5 mL) was added TFA (5 mlL) and the mixture was
stirred at room temperature for 20 nuns. The reaction was concentrated to dryness to give crude
rac-3-bromo-6,7-dihydro-3H-pyrazolo[5,1-b}{ 1,3 Joxazin-6-anune as a yellow solid, which was
used for next step directly without any purification. MS: m/z 218.0 (M+H").

Step 2

[00626] To a solution of rac-3-bromo-6,7-dihydro-SH-pyrazolo[5,1-b}[ 1,3 ]Joxazin-G-amine
{crude, ~3.2 mmol) n MeOH (10 mlL) was added HCHO (30%, 3.2 g, 31.5 mmol). The nuxture
was stirred for 2 hrs at room temperature, NaBH3CN (2.0 g, 31.5 mmol) was then added. The
reaction was then stirred at room temperature for 16 hrs. The reaction was purified by reverse
phase HPLC (0% -~ 95% MeCUN in H20) to give rac-3-bromo-N, N-dimethyl-6,7-dihydro-SH-

pyrazolo]5,1-b}{1,3joxazin-6-anune (410 mg, yield: 53%j} as a white solid.

[00627] 'H NMR (300 MHz, CDCla): 6 = 7.33 (s, 1H), 4.45-4.44 (m, 1H), 4.30-4.24 (m, 2H),
4.18-4.11 {m, 1H), 3.00-2.97 (m, 1H}, 2.40 (s, 6H}. MS: m/z 2459 (M+H").
Step 3 — Preparation B

[00628] To a solution of rac-3-bromo-N,N-dimethyl-6,7-dihydro-5H-pyrazolo{S, 1~
bli1,3joxazin-G-amme (400 mg, 1.6 mmol) i dry THF (5 mL) was added n-Buli (2.5 M in
hexane, 0.7 mL, 1.6 mmol} slowly at -78 °C under Nz atmosphere. After stirring with cooling for
20 mns, ZoCl (1 M in ether, 1.6 mL, 1.6 mmol) was added slowly at this temperature. The
cooling bath was removed and the reaction was stirred at room temperature for 1 hr. TCPC (479
mg, 1.6 mmol) was then added and the mixture was stirred at room temperature for 1 hr. The

reaction was partitioned between water (30 mb) and EA (30 mL}. The organic layer was washed

231
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with brine (30 mL), dried over Na:804 and concentrated to give crude rac-2,4,6-trichlorophenyl
6-{dimethylamino}-6,7-dihydro-SH-pyrazolo[5,1-b]{ 1,3 Joxazine-3-sulfonate as a yveliow gel
which was used for next step without purification.

Step 4 — Preparation C

{00629] A mixture of rac-2,4, 6-trichlorophenyt 6-(dimethviamine)-6,7-dihydro-5H-
pyrazolo]5,1-bl[1,3joxazine-3-sulfonate (crude, ~1.6 mmol), NH4OH (10 mL} and THF (10 mL}
was stirred at 60 °C overnight. The reaction was concentrated under reduced pressure until 10
mk of iquid remained. The remained solution was acidified with 1 N HCl to pH = 5. The residue

was purified by reverse phase HPLC (0% - 95% MeCN in H20) to give

{00630] rac-2 4,6-trichlorophenyl 6-{dimethylamino)-6,7-dthydro-5H-pyrazolo[S, -
b} 1.3]oxazine-3-sulfonate (66 mg, yield: 16% over two steps) as a white sohid. Alternatively, the

solution may be concentrated to dryness and purified by flash chromatography.

[00631] 'H NMR (400 MHz, DMSO-de): § = 7.47 (s, 1H), 7.13 (brs, 2H), 4.95-4.41 {m, 2H),
4.23-4.13 (m, 2H), 2.89-2.86 {(m, 1H), 2.26 (5, 6H).
Step S — Preparation A

{00632] To a solution of rac-2 4, 0-trichloropheny! 6-(dimethylamino}-6,7-dihydro-5H-
pyrazolo[5,1-b}[1,3}oxazine-3-suifonate (66 mg, 0.3 mmol} in THF (5 mL} was added MeONa
{18 mg, 0.3 mmol} and the mixture was stirred at room temperature for 20 mins to give a sodium

salt suspension.

{60633] In another flask, to a solution of 1,2.3,5.6,7-hexahydro-s-indacen-4-viamine {47 mg,

0.3 mmol) and TEA (55 mg, 0.5 nunol} in THF (5 mL) was added triphosgene (33 mg, 0.1
mmol) n one portion and the nuxture was stirred at room temperature under N2 for 20 mins. The
reaction muxture was then filtered. The filtrate was added to the above sodium salt suspension
and stirred at room temperature for 20 mins. After that, the reaction solution was partitioned
between FA (20 mL) and water (20 mL). The aqueous phase was acidified topH =3 with 1 N
HCI. The solid formed was collected by filtration and dried to give rac-6-(dimethylamino)-N-
((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoy)-6,7-dihydro-5H-pyrazolo[S, 1 -b}[ 1.3 Joxazine-

3-sulfonamide (27 mg, yield: 22%) as a white sohd.
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100634] 'H NMR (400 MHz, DMSO-de): § = 7.41 (s, 1H), 7.33 (s, 1H), 6.76 (s, 1H), 437-4.22
{m, 2H), 411-4.09 {m, 1H}, 4.03-4.01 {m, 1H), 2.83-2.82(m, 1H), 2.74 (t, /= 7.2 Hz, 4H), 2.64
(t,J=7.6 Hz, 4H), 2.25 (s, 6H}, 1.93-1.86 {m, 4H). M8 m/z 446.0 {(M+H"}.

Example 22

{00635] Synthesis of (S}-0-{Dimethylamino)-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-
yiycarbamoyl)-6,7-dihydro-5H-pyvrazolo{5,1-b}{ 1,3 joxazine-3-sulfonamide and (R}-6-
(dimethylamino)-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamovl)-6,7-dithydro-5H-
pyrazolo[5,1-b}[1,3}oxazine-3-sulfonamide is shown below.

NH,
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Step 1

[00636] rac-6-(Dimethylanuno)-6, 7-dihyvdro-SH-pyrazolo[ 5, 1-b]{ 1,3 Joxazine-3-sulfonamide
(110 mg, 0.4 mmol} was resolved by chiral prep-HPLC to afford (§)-6-(dimethyvlamino}-6,7-
dihydro-SH-pyrazolo]5,1-b][1,3Joxazine-3-sulfonamide (41 mg, yield: 42%) as a white sohid and
(R)-0-{dimethylanmine)-6,7-dihydro-SH-pyrazolo[ 5, 1-b][ 1,3 Joxazine-3-sulfonanide (36 mg,
vield: 37%) as a white solid.

Step 2

{00637} (S)-6-(dimethylamuno)-N-((1,2,3,5,6,7-hexahvdro-s-indacen-4-y1icarbamoyt)-6,7-
dihydro-5H-pyrazolo]5,1-b][1,3Joxazine-3-sulfonamide was synthesized as in Preparation A to
vield the desired product (14 mg, yield: 18%) as a white sohid.

[00638] 'H NMR (400 MHz, DMSO-ds): § = 10.47 (brs, 1H), 7.84 (s, 1HD), 7.57 (s, 1H), 6.90 (s,
1H}, 4.46-4.43 (m, 2H), 4.24-4.12 {(m, 2H), 2.92-2.91 {m, 1H), 2.80 (t, /=72 Hz, 4H), 2.64 (1, J
=7.2 Hz, 4H), 2.25 (s, 6H} , 1.93-1.90 {m, 4H). MS: m/z 446.0 (M+H"}.
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{00639] (R)-6-{dimethylamino}-N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yHcarbamoyl}-6,7-
dihydro-5H-pyrazolo]5,1-b]{1,3joxazine-3-sulfonamide was synthesized in the same manner to

vield the product as a white solid (15 mg, yield: 22%;).

[00640] 'H NMR (400 MHz, DMSO-ds): § = 7.91 (s, 1H), 7.61 (s, 1H), 6.93 (5, 1H), 4.54-4.45
(m, 2H}, 4.25-4.15 (m, 2H), 2.93-2.91 (m, 1H), 2.79 (t, /= 7.2 Hz, 4H}, 2.62-2.54 (m, 4H)}, 2.27
(s, 6H}, 1.99-1.92 (m, 4H). MS: m/z 446.0 (M+H).

Example 23

{06641] Synthesis of (R)-N-({1,2,3,5,6,7-Hexahydro-s-indacen-4-yljcarbamoyl)-6-methoxy-6,7-
dihydro-SH-pyrazolof5,1-b][1,3Joxazine-3-sulfonamide and (8-N-{{1,2,3,5,6,7-hexahydro-s-
mdacen-4-ylicarbamoyl}-6-methoxy-6,7-dihydro-SH-pyrazolof 5,1-b}[1,3Joxazine-3-sulfonamide

1s shown below.
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Step 1

{06642] rac-6-Methoxy-0,7-dihvdro-SH-pyrazolo[5,1-bi[1,3Joxazine-3-sulfonamide {460 mg)
was resoived by chiral column to give two isomers:

{06643] (R)-6-methoxy-0,7-dihydro-SH-pyrazolo]5,1-bl[ 1,3 Joxazine-3-sulfonamide {peak 1, 91
mg) and {)-6-methoxy-6,7-dihydro-SH-pyrazolo][5,1-b}{ 1,3 joxazine-3-suifonamide (peak 2, 116
mg}.

Step 2

{006644] (R)-N-{{1,2,3,5,6,7-hexahvdro-s-indacen-4-ylicarbamoyl}-6-methoxy-6, 7-dihydro-5H-
pyrazolo|5,1-b}{1,3loxazine-3-suifonamide was synthesized using Preparation A to deliver the

desired product (44 mg, yield: 31%) as a white solid.
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106645 "H NMR (400 MHz, DMSO-de): 5 = 10.48 (brs, 1H), 7.92 (brs, 1H), 7.62 (s, 1H), 6.93
(s, 1H), 4.63 (d,J=11.6 Hz, 1H), 436 (d, J= 11.6 Hz, 1H), 4.27-4.19 (m, 2H), 4.06 (s, 1H),
3.34 (overlap, 3H), 2.78 (1, J = 7.2 Hz, 4H), 2.60 (t, J = 7.2 Hz, 4H), 1.99-1.93 (m, 4H). MS: m/z
433.0 (M+H).

{00646] (5)-N-((1,2,3,5,6,7-hexahvdro-s-indacen-4-ylicarbamoyl}-6-methoxy-6,7-dihydro-5H-

pyrazolo]5,1-blf1,3Joxazine-3-sulfonamide was prepared using the same procedure.

100647} 'H NMR (400 MHz, DMSO-de): § = 10.51 (s, 1H), 7.98 (s, 1H), 7.62 (s, 1H), 6.93 (s,
1H), 464 (d, /J=11.6Hz, 1H}, 437 (d, J=12.0 Hz, 1H), 424-4.22 (m, 2H), 4.05 (s, 1H), 3.34
(overlap, 3H), 2.78 (t, /=7.6 Hz, 4H), 2.60 (t, /= 7.2 Hz, 4H), 1 98-1.91 {(m, 4H). MS: m/z
433.0 (M+H").

Example 24

{00648] Synthesis of (R)-{{1,2,3,5,6,7-Hexahydro-s-indacen-4-ylcarbamoy}{{6-methoxy-6,7-
dihydro-SH-pyrazolo]5,1-bl[1,3Joxazin-3-ylsulfonyllamide and sodium (53-((1,2,3,5,6,7-
hexahydro-s-indacen-4-ylcarbamoyl}{{6-methoxy-6,7-dihydro-5H-pyrazolo{$,1-b][ 1 ,3]oxazin-

3-ylsulfonyljamide is shown below.
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Step 1

{00649 To a solution of rac-6-({tetrahydro-ZH-pyran-2-yijoxy}-6,7-dihydro-SH-pyrazolo[5,1 -
bi[1,3loxazine (36 g, 0.161 mol} in MeOH (200 mL) and H20 (50 mL) was added conc. HCI
{50 mL). After being stirred at room temperature for 1 hr, the reaction solution was concentrated
under reduced pressure. The residue was treated with saturated NaHCOs solution (pH = 8) and
puritied by reverse phase HPLC (0% -~ 50% MeCN in H20) to give rac-6,7-dihydro-SH-

pyrazolo[5,1-b}[1,3joxazin-6-0l (27 g, crude vield: quantitative) as a yellow solid.

[00650] 'H NMR (300 MHz, DMSO-ds): 5= 7.21 (s, 1H), 5.56 (s, 1H), 5.43 (s, 1H), 423-4.15
{m, 4H), 3 94-3.89 (m, 1H).
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Step 2

{06651] To a solution of rac-0,7-dihvdro-5H-pyrazolo]5,1-bl{ 1,3 Joxazin-6-01 {10 g, 71.4 mmol)
in dry BMF {150 mL) was added NaH (60%, 4.3 g, 107 mmol} at O °C under Na. After stirring at
room temperature for 1 hr, Mel (15.2 ¢, 107 mml} was added to the reaction. The reaction was
stirred at room temperature overnight, poured into water {100 mL) and filtered. The filter cake
was dried to give rac-6-methoxy-6,7-dihydro-5SH-pyrazolof5,1-b}[ 1,3 ]oxazine (5.5 g, yield:
50%) as a yellow solid.

(00652 'H NMR (300 MHz, DMSO-ds): § = 7.21 (s, 1H), 5.44 (s, 1H), 4.44-4.40 (m, 1H),
4.23-4.10 (m, 31}, 3.96 (s, 1H), 3.34 (overlap, 3H).

Step 3

100653] Rac-6-Methoxy-6,7-dihydro-5SH-pyrazolofS,1-b][1 3loxazine (5.5 g) was resolved by

chiral column to give two isomers:

{00654] (R)-6-methoxy-6,7-dihydro-5H-pyrazolo]5,1-b}[1,3joxazine (peak 1, 2.4 g} as a white
sohid and (8}-6-methoxy-0,7-dihydro-5H-pyrazolo{S,1-bl[1,3Joxazine {peak 2, 2.5 g} as a white
solid.

Step 4

{00655] To a solution of (R)-6-methoxy-6,7-dihydro-SH-pyrazolo[5,1-b}[1,3 Joxazine (2.4 g,
15.6 mmol} in MeCN was added NBS (2.78 g, 15.6 mmol) in portions with ice-cooling. After
stirring at room temperature for 1 hr, the reaction solution was purified by reverse phase HPLC
{(MeCN/H20) to give (R}-3-bromo-6-methoxy-6,7-dihydro-5H-pyrazolo{S,1-b][ 1, 3]oxazine (2.6

g, yield: 72%).

[00656] 'H NMR (300 MHz, CDCls): § = 7.33 (s, 1H), 4.52-4.48 (m, 1H), 4.32-4.20 (m, 3H),
3.93-3.92 (m, 1H), 3.49 (s, 3H),

{00657 (5)-3-bromo-6-methoxy-6,7-dithydro-SH-pyrazolo[5,1-b}{1,3]oxazine was prepared
using the same procedure.

Step 5

[00638] (R)-2,4,6-trichloropheny] 6-methoxy-6,7-dihydro-SH-pyrazolo[5,1-bH{ 1,3 Joxazine-3-
sulfonate was synthesized using Preparation B to yield the product as a vellow ol which was

used for next step without any purification,

o]
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{00659] (5)-2.4,6-trichlorophenyl 6-methoxy-0,7-dihydro-SH-pyrazolo]5,1-bi[ 1,3 Joxazine-3-
suffonate was prepared using the same procedure.

Step 6

{06660] (R)-6-methoxy-0,7-dihydro-SH-pyrazolof5,1-bl[1,3 Joxazine-3-sulfonamide was
synthesized as in Preparation  to vield the desired product (800 mg, vield: 32% over 2 steps)

as a yellow solid. MS: m/z 234.0 (M+H).

{00661] (S)-6-Methoxy-6,7-dihydro-5H-pyrazolof5,1-b}{ 1,3 joxazine-3-suifonamide was
prepared using the same procedure.

Step 7 — Preparation D

{06662] To a solution of (R}-6-methoxy-6,7-dihydro-5H-pyrazolo{5,1-bif 1,3 Joxazine-3-
sulfonamide {800 mg, 3.43 mol) in THF (10 mL) was added MeONa (370 mg, 6.86 mmol}. The

mixture was stirred at room temperature for 30 mins to give a sodium salt suspension.

{00663] In another flask, to a solution of 1,2,3.5,6,7-hexahydro-s-indacen-4-amine (891 mg, 5.1
mol) and TEA (1.5 g, 15.3 mmol) in THF (20 mL), was added triphosgene (611 mg, 2.1 mmol}
in one portion. After stirring at room temperature under N2 for 30 muns, the reaction mixture was
filtered. The filtrate was added to the sodium salt suspension above and the reaction was stirred
at room temperature overnight. After that, the reaction solution was partitioned between EA (50
mb} and water (80 mL). The aqueous phase was purified by reverse phase HPLC (MeCN/H.0)
to give sodium (R)-((1,2,3,3,6,7-hexahydro-s-indacen-4-ylcarbamovl }{(6-methoxy-6,7-dihydro-

SH-pyrazolo[5,1-b}[1,3]Joxazin-3-yhsulfonyDamide (250 mg, yvield: 16%) as a yellow solid.

[00664] 'H NMR (400 MHz, Dn0O): §=7.52 (s, 1H), 6.88 (s, 1H), 4.51 (¢, /= 12.0 Hz, 1H),
4.16-4.11 (m, 3H), 4.02-4.00 (m, 1H), 3.30 (5, 3H), 2.68 (1, /= 7.2 Hz, 4H), 2.51 (. J = 7.6 Hz,
4H), 1.90-1.81 (m, 4H). MS: m/z 433.1 (M+H).

[00665] Sodium (5)-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl {(6-methoxy-6,7-
dihydro-SH-pyrazolo]S,1-b][1,3Joxazin-3~-yl)sulfonyljamide was prepared using the same
procedure.

[00666] 'H NMR (400 MHz, DMSO-ds): § = 7.47 (brs, 1H), 3= 7.39 (s, 1H), 6.78 (s, 1H), 4.49
(dt,J = 8.0 Hz, 2.0 Hz, 1H), 4.23-4.15 (m, 2H), 4.14-4.08 (m, 1H), 3.99-3.95 (m, 1H), 3.34 (s,
3H), 2.75 (t. J= 7.2 Hz, 4H), 2.65 (t, J = 7.2 Hz, 4H), 1.96-1.86 (m, 4H). MS: m/z 433, (M+H"),
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Example 25

{06667] Synthesis of Sodium (R)-((1,2,3,5,6,7-Hexahydro-s-indacen-4-y1licarbamoy H{{6-

methoxy~6,7~dihydmuSi-iupyrazaio{5,1—b} {1,3]oxazin-3-yljsulfonyljamide is shown below.

o
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Step 1

{00668] A solution of 1,2-dihydro-pyrazol-3-one {50.0 g, 600 mmol } in pynidine (300 mL) was
heated to 95 °C. To the solution, a solution of acetic anhydride (61.2 g, 600 mmol) in pyridine
{100 mL} was added slowly over 0.5 hour. The reaction was heated for additional 1 hr at 95 °C.
The reaction mixture was concentrated in vacuo resulting a dark red oil which was triturated with
MeQOH (150 mL) and filtered to give the 1-acetyl-1, 2-dihydro-pyrazol-3-one (54.0 g, yield: 71%)
as a white solid. 'H NMR (300 MHz, DMSO-ds): § = 10.92 (s, 1H), 8.08 (s, 1H), 5.96 (s, 1H),
2.45 (overlap, 3H).

Step 2

{00669] A mixture of 1-acetyl-1,2-dihydro-pyrazol-3-one (34.7 g, 280 mol) and PPh: (24.9 g,
420 mol) i THF (400 mL) was cooled to 0 °C under Nz. To the nuxture was added DIAD (84 8
2, 420 romol) slowly. The reaction was stirred for additional | hour at 0 °C, then (R)-oxiran-2-
yvimethanol (25.2 ¢, 340 mmol) was added slowly. The reaction was then stirred at room
temperature overnight. The reaction mixture was concentrated i vacuo and the residue was
puritied by silica gel column (PE/EA = 10/1) to give (R)-1-acetyl-2-{oxiran-2-yvlmethyl}-1H-
pyrazol-3(2H}-one (34.8 g, vield: 68%} as a white sohd.

J
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100676] 'H NMR (400 MHz, CDChL): § =8.06(d, J =28 Hz, 1H), 6.00(d, /= 3.2 Hz, 1H),
455{dd, J=12.0,32Hz 1H}, 420(dd, /=12.0,3.2 Hz, 1H}, 339{(q, /=32 Hz, 1H}, 292 {4,
J=4 4Hz 1H), 276 (dd, /= 4.4, 2.4 Hz, 1H), 2.57 (s, 3H).

Step 3

{00671} To a solution of (R)-1-acetyl-2-{oxiran-2-yimethyl)-1H-pyrazol-3(2H)-one (34.8 g, 190
mmol} i AcOH (34.2 g, 570 mmol) and THF (200 mL}, was added LiC1{13.1 g, 310 mmol) at
room temperature. The reaction was then stirred at room temperature overnight. The reaction
was partitioned between EA (200 mbL) and water (200 mL). The organic layer was washed with
sat NaHCO; (100 mL) and brine (100 mL), dried over NaxSOs and concentrated in vacuo to give
crude {R}-1-acetyl-2-(3-chloro-2-hydroxypropyl)-1H-pyrazol-3{2H}-one as a colorless otl which

was used for next step directly without any purification.

[06672] 'H NMR (300 MHz, DMSO-ds): 5 =8.25(d, J=2.7 Hz, 1H), 6.23 {d, /= 3.0 Hz, 1H),
5.59 (brs, 1H), 4.24-4.19 (m, ZH), 4.07-4.04 (m, 1H), 3.75-3.62 (m, 2H), 2.50 (overlap, 3H). MS:
m/z 219.4 (MY,

Step 4

{00673] A muxture of (R)-1-acetyl-2-(3-chloro-2-hydroxypropyl)-1H-pyrazol-3(2H)-one (crude,
190 mmol) and KoCO: (78.7 g, 570 mmol} in DMF (400 mL) was stirred at 135 °C overnight.
The solvent was removed under reduced pressure. The residue was purified by silica gel column
(EA) to give (R)-6,7-dihydro-SH-pyrazolo[ 5, 1-b][ 1,3 Joxazin-6-0l (12.8 g, vield: 48%) as a white

sofid,

[00674] 'H NMR (400 MHz, DMSO-ds}y: §=7.21(d, /=16 Hz, 1H), 5.51 (d, /= 3.2 Hz, 1H),
544 (d, J=1.6Hz, 1H), 424-4 13 (m, 4H), 3.92 (d, /=124 Hz, 1H).
Step 5

[00675] To a solution of (R)-6,7-dihydro-5SH-pyrazolo[S,1-b}{1,3]oxazin-6-0l (12.8 g, 91 4
mmol) in MeCN (200 mlL) was added NBS (17.9 g, 100.6 mmol) at 0 °C under N2 1n two
portions. The reaction was then stirred at room temperature for 1 hr. The reaction was partitioned
between EA (200 mL) and water (200 mL). The organic layer was washed with sat NaHCOs
{100 mL) and brine {100 mL}, dried over Na2SOs and concentrated iz vacuo. The residue was
triturated with EA (50 mL) and filtered to give the (R)-3-bromo-6,7-dithydro-5H-pyrazolo[ 5,1~

bil1,3loxazin-6-01 (11.3 g, vield: 57%) as a white solid. MS: m/z 2193 (M+H").
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Step 6

{86676] To a solution of (R}-3-bromo-6,7-dihydro-SH-pyrazolof5,1-bi{1,3 Joxazin-6-01 (12.2 g,
55.7 mmol} in DMF (60 mL) was added NaH {60% in mineral o1l, 2.7 g, 66.8 mmol}. The
reaction was stirred at room temperature for 1 hr under Na. Then Mel (9.5 g, 66.8 mmol} was
added. After being stirred at room temperature for 2 hrs, the reaction was poured into water (200
mL) and extracted with EA {100 mbLx2). The organic layer was washed with water (100 mL} and
brine {100 mL}, dried over NaxS0Os and concentrated. The residue was triturated with
MeOH/H20 (2/1, 100 mi) and filtered to give {R}-3-bromo-6-methoxy-6,7-dthydro-5H-
pyrazolo]5,1-b}[1,3Joxazine (9.5 g, yield: 73%) as a white solid. MS: nmv/z 233.3 (M+H").

Step 7

{00677} (R)-2,4,6-trichloropheny] 6-methoxy-6,7-dihydro-SH-pyrazolo[5,1-b}{1,3Joxazine-3-
sulfonate was synthesized using Preparation B to vield the product as a yellow oil which was

used for next step directly without any purification.

{00678 (R)-6-methoxy-0,7-dihydro-SH-pyrazolo[S,1-b}[1,3Joxazine-3-sulfonamide was
synthesized as in Preparation C to vield the desired product (2.6 g, vield: 27% over 2 steps) as a
white solid.

100679] 'H NMR (300 MHz, DMSO-ds): &= 7.47 (s, 1H), 7.08 (s, 2H), 4.58-4.54 (m, 1H),
4.32-4.18 (m, 3H), 4.01 (d, J= 1.2 Hz, 1H), 3.35 (overlap, 3H).

Step 8

{00680 To a solution of 1,2,3,5,6,7-hexahyvdro-s-indacen-4-ylamine {15.0 g, 87 mmuol) and
TEA (13.3 mL, 954 mmol) in THF (30 mL), was added triphosgene (8.5 g, 28.6 mmol} in one
portion at 0 °C and the mixture was stirred at 70 °C under N2 for T hr. The reaction nuxture was
then filtered through diatomite. The filter cake was washed with 30 mL PE. The filtrate was
concentrated to dryness and dissolved in 100 mL n-hexane. The mixture was filtered through a
stlica gel pad. The filtrate was concentrated to dryness to give the 4-isocyanato-1,2,3,5,6,7-

hexahvdro-s-indacene (14.1 g, vield: 81%) as a pink oil.

[00681] The suspension of (R)}-6-methoxy-6,7-dihydro~-3H-pyrazolo[5,1-b}[ 1,3 Joxazine-3~
sulfonamide (1.6 g, 6.9 mmol} in MeGOH (30 mL) was stirred at 80 °C until getting a clear

solution, then MeONa (372.6 mg, 6.9 mumol) was added and the mixture was stured for 30 mns.

241

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

The solution was concentrated to dryness and the residue was co-evaporated with MeUN (30
mL). The residual solid was suspended in MeCN (30 mL} and 4-isocvanato-1,2,3,5,0,7-
hexahydro-s-indacene (1.4 g, 7.2 mmol) was added. The mixture solution was stirred for 16 hrs
at room temperature and filtered. The filter cake was triturated with PE/EA (5/1, 40 mL) to give
sodium {(R}3-({1,2,3,5,6,7-hexahydro-s-indacen-4-yl}carbamov!}{({6-methoxy-6,7-dihydro-5H-
pyrazolof5,1-bl[1,3joxazin-3-ylsulfonyllamide (2.4 g, vield: 80%:) as a white sohid.

100682] 'H NMR (400 MHz, DMSO-ds): 6= 7.42 (s, 1H), 7.36 (s, 1H), 6.76 (s, 1H), 4.50 (d, J
=12.0 Hz, 1H), 4.21-4.08 (m, 3H), 3.95 (s, 1H), 3.34 (overlap, 3H), 2.76 {t, J = 6.8 Hz, 4H),
2.67 (t,J=6.8 Hz, 4H), 1.94-1.88 (m, 4H). MS: mv/z 433.1 (M+H),

Example 26

{00683] Synthesis of sodium (K}-({(1,2,3,5,6,7-Hexahydro-s-indacen-4-yjcarbamoy}{((6-

methoxy-6,7-dihydro-5H-pyrazolof 5,1-b}{ 1,3]oxazin-3-yljsulfonyljamide is shown below.
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Step 1

{06684] To a solution of (R}-3-chloropropane-1,2-diol (61.0 g, 552.0 mmol} in pyridine (450
mb} was added TsC1{105.2 g, 552.0 mmol) in portions at 0 °C. After being stirred at room
temperature for 1 hr, the reaction was quenched with H»O (10 mL) and concentrated. The residue
was poured to aq. HCH {2 N, 200 mL) and extracted with DCM (300 mL x3). The combined
organic layer was washed with sat NaHCOs; (300 mL), dried over Na:SOs and concentrated to
give {R}-3-chloro-2-hydroxypropyl 4-methylbenzenesulfonate (121.8 g, crude, yield: 76%) as a
vellow oil.

Step 2
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{00685] A miuxture of (R)-3-chloro-2-hydroxypropyl 4-methvibenzenesulfonate (121.8 g, 461 4
mmol), CHsl (43 mL, 690.4 mmol} and Ag20 (128.0 g, 551.7 mmol) in BCM (1 L) was refluxed
at 45°C for 24 hrs. Another portion CH3I (28.7 mi., 460.8 mmol} was added and the reaction was
refluxed for another 24 hrs. Ag2O was removed by filtration and the filtrate was concentrated,
purified by silica gel column (PE/EA = 8/1) to give (R}-3-chloro-2-methoxypropyl 4-

methylbenzenesulfonate (77.0 g, yield: 60%}) as a yellow oil.

[00686] 'H NMR (300 MHz, CDCl): §=7.79(d, J=8.1 Hz, ZH), 7.35(d, /= 8.1 Hz, 2H),
4.15-4 08 (m, 2H), 3.64-3 50 (m, 3H), 3.38 (s, 3H), 2.44 (s, 3H).
Step 3~4

{00687] A muxture of (R)-3-chloro-2-methoxypropy! 4-methylbenzenesulfonate (26.2 g, 94.2
mmol}, F-acetyl-1,2-dihydro-pyrazol-3-one (11.9 g, 94 2 mmol) and KoC0O3 (39.0 g, 2826
mmol) in DMF (350 mL) was stirred at 50 °C for 16 hrs. HO (35 mL) was added and the
reaction was stirred at 130 °C for another 3 hrs. KoCQOs was removed by filtration and the filtrate
was concenirated. The residue was purified by silica gel column (PE/EA = 2/1}) to give (R)-6-
methoxy-6,7-dihydro-SH-pyrazolofS,1-bj{ 1,3]oxazine (13.8 ¢, contain some DMF and an

unknown byproduct, vield: 95%) as a white solid.

|00688] 'H NMR (400 MHz, CDCLY): § =733 (d, /= 2.0 Hz, 1H), 5.50 (d, J = 2.4 Hz, 1H),
4.40-4.34 (m, 1H), 4.32-4.23 (m, 2H), 4.17 (dd, J=11.6, 1.6 Hz, 1H), 3.92-3.89 (m, 1H), 3.48
(s, 3H}.

Step 5

[00689] To a solution of (R}-6-methoxy-6,7-dihydro-SH-pyrazolo[5,1-b}[1,3]Joxazine (13 8 g,
89.6 romol) in DCM (150 o) was added CISOsH (13.1 mL, 197.1 muuol) dropwise at § °C.
After being stirred at room temperature for 16 hrs, pyridine (15.8 mL, 1971 mmol) was added
dropwise at O °C and then PCls (41.0 g, 197.1 munol} was added portion wise at 0 °C. The
reaction mixture was stirred at room temperature for 1 hr, poured onto ice-water (200 mL) and
extracted with EA (100 mL x3). The combined organic layer was washed with brine (100 ml.),
dried over Na:804 and concentrated to give (R)-6-methoxy-6,7-dihydro-SH-pyrazolo5,1-
bli1,3joxazine-3-sulfonyl chloride (16.7 g, crude, yield: 74%) as a yellow solid.

Step 6
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{00696] To a solution of (R)-6-methoxy-6,7-dihydro-SH-pyrazolof5,1-b}[ 1,3 Joxazine-3-sulfonyi
chloride (16.7 g, 66.3 mmol) in THF (100 mL) was added NH3 HoO (42 mL). After being stirred
at 60 °C for 2 hrs, the reaction mixiure was concentrated to about 20 mL. The residual
suspension was acidified with ag HC1 (1 N} to pH = 3 and filtered. The filter cake was washed
with H20 (50 mL) and triturated with MeOH (20 mL) to give (R)-6-methoxy-6,7-dihydro-SH-
pyrazolof5,1-b][1,3}oxazine-3-sulfonamide (10.7 g, vield: 69%) as a white solid.

100691] 'H NMR (400 MHz, DMSO-ds): &= 7.49 (s, 1H), 7.12 (s, 2H), 4.59 (td, /= 11.6, 2.4
Hz, 1H), 432 (d, J=12.0 Hz, 1H), 4.27-4.17 (m, 2H), 4.04-4.02 (m, 1H), 3.35 (s, 3H).

Step 7

[00692] (R)-((1,2,3,5,6,7-hexahydro-s-indacen-4-ylycarbamoy }{{6-methoxy-6,7-dithydro-5H-
pyrazolo[5,1-b}[1,3}oxazin-3-ylsulfonyllamide was synthesized as described in Step 8 in the
previous example to produce the desired product (2.4 ¢, vield: 80%) as a white solid.

Example 27

{00693] An alternative synthesis of (R)-0-methoxy-6,7-dihydro-5H-pyrazolo[5,1-

b} 1,3]oxazine-3-sulfonamide 15 shown below.

Br SBn lSOZCE o S(_):)NHZ
o r-BuLi, (BnS), 0\[_4(> NCS oA NHy H,0 e
o0 Lo 10 e Jo L0 e oAy
sl THE U7 M S Ny ! - () - HE, 00 ~
(E_) /N“N THF, -78 °C (53 N 2 (l_) LN~y {E_)
Step 1

{006%4] To a solution of (R)-3-bromo-6-methoxy-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1,3 joxazine
(1.0 g, 4.3 mmol} in dry THF {10mL} was added n-BuLi in hexane (2.5 M, 2.1 mL, 5.2 mmol}
stowly at -78 °C under N2, After being stirred with cooling for 1 hr, (BnSh (1.6 g, 6.5 mmol)
was added slowly at this temperature. The cooling bath was removed and the reaction was stirred
at room temperature overnight. The reaction was guenched with saturated NHaCl solution (5 mL)
and partitioned between water (20mL) and EA (20 ml.). The organic layer was washed with
brine (20 mL}, dried over NaxSG4 and concentrated. The residue was purified by stlica gel
column (PE/EA = 1/1) to give (R)-3-(benzylthio)-6-methoxy-6,7-dihydro-5H-pyrazolo|5,1 -
bil1,3Joxazine (760 mg, yield: 63%) as a yellow oil. MS: m/z 277 4 (M+H").

Step 2
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{00695] To a solution of (R)-3-(benzylthio)-6-methoxy-6,7-dihydro-5H-pvrazolo{s,1-
blf1,3joxazine {750 mg, 2.7 mmol} in AcOH/H:0 (3 mL/1 mL) was added NCS (1.5 g, 10.9
mmol} at ¢ °C under N2 in two portions. The reaction was then stirred at room temperature for 1
hr. The reaction was partitioned between EA (20 mbL) and water (20 mL}. The organic layer was
washed with sat NaHCO3 (20 mL) and brine (20 ml), dried over Na:SOs and concentrated in
vacuo to give the crude (R)-0-methoxy-6,7-dihydro-5SH-pyrazolo[5,1-b]{1,3 Joxazine-3-sulfonyl
chloride as a yellow otl which was used for next step directly without any purification.

Step 3

100696] (R)-6-methoxy-6,7-dihydro-SH-pyrazolo[3,1-b]{1,3 joxazine-3-sulfonamide was
synthesized as in Preparation C to yield the desired product (280 mg, yield: 44% over 2 steps)
as a white solid.

[00697] TH NMR (400 MHz, DMSO-ds): § =748 (s, 1H), 7.11 (s, 2H), 4.61-4.56 (m, 1H), 4.34
(d,J=11.6Hz, 1H), 4.26-4.16 (m, 2H), 4.03 (d, /= 1.2 Hz, 1H), 3.35 (s, 3H). MS: m/z 233.8
(MAHHN.

Example 28

{00698] Synthesis of rac-N-({(1,2,3,5,06,7-Hexahydro-s-indacen-4-yiicarbamoyl)-6-methyl-6,7-
dihydro-SH-pyrazolof5,1-bl[1,3Joxazine-3-sulfonanude is shown below.

80,01 O“si?
y s0, -
N

- o] N HEE
. 5 CISO,} = NH3 H,0 W{,()
: N\-j(’/ T T L‘m ----“--E‘“-““?l -------- > Wﬂ § ------------------- "’/(// \ 4
] WsCl TEA, THF N 80%C, O/N N“N Ny

NKLC 05, DMF, 30°C

NH;
% - St I
L0 SRS
"N

HN™ ™0

1) trighosgene, EisN
2y MeONa, THF, th

Step 1
{00699] To a solution of 2-methyl-propane-1,3-diol (1 g, 11 1 mmol)and TEA (45 g, 444
mmol) in THF (30 mL), was added MsCI (2.8 g, 24.4 mmol) slowly with ice-cooling under Na.

The reaction was stirred at room temperature for 1 hr and filtered. The filtrate was concentrated

to give a colorless oil. A muxture of thus oi, 1,2-dihydro-pyrazol-3-one (993 mg, 11.1 mmol) and
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K2C0s (6.1 g, 44.4 mmol) in DMF {40 mb)} was heated to 80 °C for 12 hrs. The reaction was
cooled and partitioned between EA (100 mL) and water (200 mL) and the lavers were separated.
The organic layer was washed with water (80 mL) and brine (50 mL)}, dried over Na:8Q4 and
concentrated. The residue was purified by silica gel column (PE/EA = 2/1} to give rac-6-methyl-

6,7-dihydro-SH-pyrazolo[5,1-b}f 1,3 Joxazine (500 mg, yield: 33%) as a white solid.

{06700] 'H NMR (300 MHz, CDCLY: § = 7.31 (s, 1H), 5.47 (s, 1H), 427-4.23 (m, 2H), 3.87-
3.68 (m, 2H), 2.47-2. 45 (m, 1H), 1.23-1.09 (m, 3H). MS: m/z 1390 (M+H").
Step 2~3

{00781] A solution of rac-6-methyl-6,7-dithydro-5H-pyrazolo{S,1-b}[ 1,3]Joxazine {500 mg, 3.6
mmol) in chlorosulfonic acid (5 mL) was stirred at 80 °C overnight. The reaction was dissolved
i EA (60 mL) and added slowly to water {100 mL). The organic layer was washed with brine
{60 mL), dried over Na:80u4 and concentrated. The residue was dissolved in THF {15 mL) and
ammonia (5 mL} was added. The mixture was stirred at 60 °C for T hr. The reaction was
concentrated, acidified with 1 N HCI and purified by reverse phase HPLC (MeCN/H20) to give
rac-6-methyl-6,7-dithydro-SH-pyrazolo[5,1-b}{1,3}oxazine-3-sulfonic acid amide (450 mg, yield:
58% over 2 steps) as a white solid.

[00702] 'H NMR (300 MHz, DMSO-ds): 5= 7.46 (s, 1H), 7.11 (brs, 2H), 4.43-4.38 (m, 1H),
4.21-4.15 (m, 1H), 4.06-3.99 (m, 1H), 3.76-3.69 (m, 1), 2.42-2.34 (m, 1H), 1.02-1.00 (m, 3H).
Step 4

{00703] rac-N~((1,2,3,5,6,7-hexahydro-s-indacen-4-yHcarbamoy)-6-methyi-6,7-dihydro-SH-
pyrazolo[5,1-b}[1,3joxazine-3-sulfonamide was synthesized using Preparation A to deliver the
desired product {(29.7 mg, vield: 18%) as a white solid.

[00704] 'H NMR (400 MHz, DMSO-do): § = 10.49 (s, 1H), 7.92 (5, 1H), 7.62 (5, 1H), 6.93 (s,
1H), 4.48-4.45 (m, 1H), 4.44-4.18 (m, 1H), 4.08 (t, J= 11 4 Hz, 1H), 3.77-3.72 (m, 1H), 2.78 (¢,
J=17.6Hz, 4H), 2.60 (1, J = 7.2 Hz, 4H), 2.40 (overlap, 1H), 1.98-1.91 (m, 4H), 1.01 (d, /= 6.4
Hz, 3H). MS: m/z 417.0 (M+H").

Example 29

[00705] Synthesis of (§)-N-((1,2,3,5,6,7-Hexahydro-s-indacen-4-yicarbamoyl)-6-methyl-6,7-
dihydro-SH-pyrazolo]S,1-b][1,3Joxazine-3-sulfonamide and {(R)-N-((1,2,3.5,6,7-hexahydro-3-

246

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

indacen-4-yljcarbamoyl}-6-methyl-0,7-dihydro-SH-pyrazolo] 5, 1-b}] 1,3 Joxazine-3-sulfonamide
1s shown below.

NH,

O:i" Qi:g_\ » Q::g_\ .
O\LZ%WNH;: Chiral separation D\% NHy D\F}S NH; : ’
o s
i SN Q/ 2 1) triphosgene, EisN

N“N el 23 MeONa, THF, 1h

o, 0 0 ¢
5,34 o s o Q:"‘@!’C()’Z) ’39 "
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Step 1

{80706] rac-6-Methyl-6,7-dihydro-5H-pyrazolo]5,1-b}[ 1,3 Joxazine-3-sulfonamide (350 mg)
was resolved by chiral prep-HPLC to give (83-6-methyl-6,7-dihydro-5H-pyrazolo[5,1-
bli1,3joxazine-3-sulfonamide {242 mg as dicthylamine salt) and (R)-6-methyl-6,7-dihydro-SH-
pyrazolo[5,1-b}[1,3joxazmme-3~sulfonamide (240 mg as diethylamine salt)

Step 2

{06767} (R)-N-{(1,2,3,5,6,7-hexahydro-s-indacen-4-yi)carbamoyl}-6-methyl-6,7-dihydro-SH-
pyrazolo]5,1-bl[1,3joxazine-3-sulfonamide was synthesized as i Preparation A to yield the
desired product (112 mg, vield: 37%;) as a white solid.

[00708] 'H NMR (400 MHz, DMSO-ds): § = 10.45 (brs, 1H), 7.90 (s, 1H), 7.61 (s, 1H), 6.93 (s,
1H), 4.48-4.45 (m, 1H), 4.44-4.18 (m, 1H), 4.08 (t, /= 11.4 Hz, 1H), 3.77-3.72 (m, 1H), 2.78 (1,
J=7.6 Hz, 4H), 2.60 (1, J = 7.2 Hz, 4H), 2.40 (overlap, 171}, 1.98-1.91 (m, 4H), 1.00 (d, J= 6.4
Hz, 3H). MS: m/z 417.1 (M+H),

[80709] (5)-N-({1,2,3,5,6,7-Hexahydro-s-indacen-4-yljcarbamoyl}-6-methyl-6,7-dihvdro-SH-
pyrazolo]5,1-b}f 1,3Joxazme-3-sulfonanmude was prepared using the same procedure.

[00710] 'H NMR (400 MHz, DMSO-ds): § = 10.45 (s, 1H), 7.90 (s, 1H), 7.61 (s, 11}, 6.93 (s,
1H), 4.48-4.44 (m, 1H), 4.22-4.18 (m, 1H), 4.11-4.06 (m, 1H), 3.77-3.72 {m, 1H), 278 (t, J= 7.2
Hz, 4H), 2.60 (t, J = 6.8 Hz, 4H), 2.42-2.38 (m, 1H), 1.98-1.92 (m, 45, 1.00 (d, J = 6.8 Hz, 3H).
MS: m/z 417.1 (M+H).
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Example 3¢

{06711] Synthesis of N-({1,2,3,5,6,7-Hexahydro-s-indacen-4-yljcarbamoyl}-5',7'-

dihydrospirofcyclopropane-1,6'-pyrazolio]5,1-bl{ 1,3 Joxazine}-3'-sulfonamide 1s shown below.

AUNE NBS. MeCN v[j% Dn-Butd, THF, -78°C

EE‘: H
HN\jO > | p MBS MeCN
- DMSCL TEA, THE (= N

2K 00, DMF, 80°C

Y/
Mo 2ZnCly, THF, -78°C

STCPC, RT

o\}/g Cl NHaH20 \J\W’/’g
2 . /
V(JN“N:/ Ny 1) triphosgene, Et3N

2y MeONa, THF, 1h

Step 1

{00712] To a solution of (1-hydroxymethyl-cyclopropylj-methanol (1.53 g, 15 mmol) and TEA
(6.1 g, 60 mamol) 10 THF (45 mL)}, was added MsC1 (3.8 g, 33 romol} slowly with ice-cooling
under N». After being stirred at room temperature for 1 hr, the reaction was partitioned between
EA (500 mL) and water (100 mL). The organic layer was washed with brine (100 mL), dried
over NaxSO4 and concentrated to give a colorless o1l A muxture of thus oil, 1,2-dihydro-pyrazol-
3-one {13 g, 15 mmol) and K2CO05 (8.3 g, 60 mmol) in DMF (60 ml.) was heated to 80 °C
overnght. The reaction was cooled and partitioned between EA (120 mL) and water (300 ml).
The organic layer was washed with water (100 mL) and brine (80 mL), dried over NaxSO4s and
concentrated. The residue was purified by reverse phase HPLC (MeCN/H2(3) to give 5,7~
dihydrospirofcyclopropane-1,6'-pyrazolo[5,1-bl{ 1,3 Joxazine] (380 mg, vield: 17%) as a white

sohid.

[00713] 'H NMR (300 MHz, CDCl3): = 7.33(d, J=1.8 Hz, 1H), 5.52(d, /= 1.8 Hz, 1H),
3.99 (s, 45, 0.81-0.49 (m, 4H). MS: mw/z 151.0 (M+H).

Step 2

[00714] NBS (960 mg, 5 mmol} was added portionwise to a solution of 5,7'-
dihydrospirofcyclopropane-1,6'-pyrazolo]5,1-bl{ 1,3 Joxazine] (380 mg, 5.3 mmol) in MeCUN (15

ml.). After being stirred at room temperature for 1 hr, the reaction was partitioned between EA
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(60 mL} and water (60 mL). The organic layer was washed with brine {60 mL), dried over
Na2804 and concentrated. The residue was purified by silica gel colomn (PE/EA = 2/1) to 3'-
bromo-5', 7'-dihydrospiro{cyclopropane-1,6'-pyrazolof5,1-b}i 1,3 Joxazine] (380 mg, vield: 66%)

as a yellow solid.

166715] 'H NMR (300 MHz, CDCLY): § = 7.33 (s, 1H), 4.07 (s, 2H), 3.98 (s, 2H), 0.86-0.81 (m,
4F). MS: m/z 230.9 (M),

Step 3

{86716] 2,4 6-trichlorophenyl 5',7'-dihydrospiro]cyclopropane-1,6'-pyrazolof5,1-

bl 1.3]oxazine}-3'-sulfonate was synthesized using Preparation B to vield the productas a
yvellow o1l which was used for next step without any purification.

Step 4

{00717} 5',7'-dihydrospirofcyclopropane-1,6'-pyrazolo]5,1-bi[ 1,3 Joxazine}-3'-sulfonamide was
synthesized as in Preparation C to yield the desired product (105 mg, vield: 27% over 2 steps)
as a white solid.

[00718] 'H NMR (400 MHz, DMSO-ds): § = 7.49 (s, 1H), 7.12 (brs, 2H), 4.20 (s, 2H), 4.00 (s,
ZH), 0.78 (s, 4H).

Step 5

{00719] N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-5',7'-dihydrospiro[cyclopropane-
1,6'-pyrazolof5,1-b}{1,3]oxazinel-3"-sulfonamide was synthesized using Preparation A to
deliver the destred product (54 mg, yield: 34%) as a white solid.

100720] 'H NMR (400 MHz, DMSO-ds): § =10.53 (s, 1H), 8.01 (s, 1H), 7.62 (s, 1H), 6.94 (s,
1H), 4.25 (s, 2H), 4.01 (s, ZH), 2.79 (1, /= 7.2 Hz, 4H), 2.60 (t, J = 7.2 Hz, 4F), 1.99-1.93 {m,
4H), 0.78 (s, 4. MS: m/z 429.0 (MHT").

Example 31

{08721} Synthesis of N-{{1,2,3,5,6,7-Hexahydro-s-indacen-4-yljcarbamoyl}- 1 -tosyi-53',7'-

dihydrospirofazetidine-3,6-pyrazolof S, 1-bi 1. 3]oxazine]-3"-sulfonamide is shown below.
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Step 1

{06722] To a solution of [3-bromomethyi-1-(toluene-4-sulfonyl}-azetidin-3-y1l}-methanol (4 g,
12 mmol} i DCM (60 ml.) was added CBra (6.4 g, 192 mmoljand PPh: (5.2 g, 192 mmoljat O
°C. After being stirred at room temperature for 16 hrs, the reaction was partitioned between
DCM (200 mL) and H20 (200 mL). The agueous layer was extracted with DCM (200 mL). The
combined organic layer was washed with brine (100 mL)}, dried over NaxSQ4 and concentrated.
The residue was purified by silica gel column (PE/EA = 5/1}) to give 3,3-bis-bromomethyl-1-
(toluene-4-sulfonyl)-azetidine (3.8 g, yield: 79%) as a yellow solid. MS: m/z 3959 (M+H").
Step 2

{008723] To a solution of 3,3-bis-bromomethyl-1-{toluene-4-sutfonyl)-azetidine (4.2 g, 10.6
mmol} and 1,2-dihvdro-pyrazol-3-one (0.89 g, 10.6 mmol} in DMF (50 mL) was added Ko2COs
(3.7 g, 26.5 mmol). After being stirred at 130 °C for 16 hrs, the reaction was cooled down and
quenched with the addition of EA (1060 mL} and water (100 mL). The organic layer was
separated. The aqueous layer was extracted with EA (100 mL}. The organic layers were
combined, washed with brine {80 mL), dried over Na280s and concentrated /n vacuo. The
residue was purified by silica gel column (PE/EA = 1/1) to give 1-tosyl-5,7'-
dihydrospirofazetidine-3,6'-pyrazolof5,1-bi{ 1 3]oxazine] (1.4 g, yvield: 42%) as a white solid.
MS: m/z 320 (M+H").

Step 3

{00724] NBS (0.64 g, 3.6 mmol) was added portionwise to a solution of 1-tosyl-5',7'-
dihydrospirofazetidine-3,6'-pyrazolof5,1-bi{ 1, 3]oxazine] (1 g, 0.33 mmol} in MeCN (10 mL} at

0 °C and the reaction was stirred for 2 hrs at room temperature. The mixture was filtered and the
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filtrate was purified by reverse phase HPLC (5% - 95% Me{UN n Hz0) to give 3'-bromo-1-tosyi-
5, 7'-dihydrospiro{azetidine-3,6"-pyrazolof5,1-b}{ 1,3 Joxazine] (1.16 g, vield: 83%} as a yellow
solid. MS: m/z 398 (M+H").

Step 4

{00725] 2,4 6-trichlorophenyl 1-tosyl-5,7'-dihydrospire{azetidine-3,6'-pyrazolof5,1-
blf1,3joxazine]-3'-sulfonate was synthesized using Preparation B to yield the product as a

vellow oil.

{80726] 1-tosyl-5',7'-dihydrospirofazetidine-3,0"-pyrazolo|5,1-b}{1,3]oxazine]-3"-sulfonamide
was synthesized as in Preparation C to vield the desired product {140 mg, vield: 32%) as a light
yvellow solid. MS: m/z 399 1 (M+H").

Step S

{00727} N-((1,2.3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-1-tosyl-5',7'-
dihydrospirofazetidine-3,6'-pyrazolof5,1-b}{ 1,3 ]oxazine]-3'-sulfonamide was synthesized using
Preparation A and further purified by prep HPLC to deliver the desired product (24 mg, yield:
22%) as a white sohid.

[06728] 'H NMR (400 MHz, DMSO-ds): § = 10.52 (s, 1H), 7.90 (s, 1H), 7.74 (d, /= 8.0 Hz,
2H), 7.62 (s, 1H), 7.53 (d, J = 8.0 Hz, 2H), 6.94 (s, 1H), 4.24 (s, 2H), 4.00 (s, 2H), 3.68 (s, 4H),
2.80 (t, J=7.2 Hz, 4H), 2.55 (t, J = 6.8 Hz, 4H), 2.46 (s, 3H), 1.91-1.98 (m, 4H). MS: m/z 598.2
(MAHH™).

Example 32

[006729] Synthesis of 6-Amino~-N-({1,2,3,5,6,7-hexahydro-s-indacen-4-y1)carbamoyl}-6,7-

dihydro-SH-pyrazolof3,1-b][1,3 Joxazine-3-sulfonamide is shown below.
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Step 1

{06738} To a solution of 2-aminopropane-1,3-diol (5.0 g, 54.9 mmol) and TEA (111 g, 1099
mmoly n DCM (40 ml) was added BocxO (14.4 g, 65.9 mmol) and the reaction was stirred at
room teraperature for 2 hrs. The reaction was partitioned between water (80 mL) and EA (80
mk}. The organic layer was washed with brine (80 mL), dried over NazSO4 and concentrated to
give crude fert-butyl (1,3-dithydroxypropan-2-yljcarbamate as a white solhid which was used for
next step directly without any purification.

Step 2

{00731} To a solution of rerr-butyl (1,3-dihydroxypropan-2-yl}carbamate {crude, ~21.0 mmol)
and TEA (8.5 g, 84.0 mmol) m dry THF (30 mL} was added MsC1 (5.3 g, 46.0 mmol}and at 0
°C. After stirring at room temperature for 2 hrs, the reaction was filtered. The filtrate was
concentrated to dryness. The residue was purified by silica gel coluwnn (PE/EA = 1/1) to give 2-
{{tert-butoxycarbonyDaminopropane-1,3-diyvl dimethanesulfonate (3.9 g, vield: 539%) as a white

solid.

[00732] 'HNMR (300 MHz, CDChL): § =5.11(d, J = 7.5 Hz, 1H), 4.36-4.22 (vn, SH), 3.07 (s,
6H), 1.44 (s, 9H).

Step 3

[80733] A maxture of 2-({rert-butoxycarbonyljaminojpropane-1,3-diy! dimethanesulfonate (3.9

g, 11.2 mmol), 1,2-dihydro-pyrazol-3-one (945 mg, 11.2 mmol} and KoCO: (5.4 g, 39.3 mmol}
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in DMF (30 mL} was heated to 80 °C for 12 hrs. The reaction was cooled and partitioned
between EA (150 mL} and water (200 mbL). The organic layer was washed with water {80 mL)
and brine (50 mL), dried over Na:5O1 and concentrated. The residue was purified by silica gel
column (PE/EA = 1/1) to give reri-butyl (6,7-dihydro-SH-pyrazolo[ 5, 1-bf 1,3 ]oxazin-0-

vicarbamate (975 mg, vield: 13%}) as a white sokhid.

[06734] 'H NMR (300 MHz, CDCLY: § =7.37(d,J=12Hz, 1H), 5.55(d, /= 1.5 Hz, 1H),
5.14-5.04 (m, 1H), 443-4.12 (m, SH), 1.46 (s, 9H). MS: m/z 240.1 (M+H").
Step 4

{00735] To a solution of fert-butyl (6,7-dihydro-5H-pyrazolo{5,1-b][1,3]Joxazin-6-ylicarbamate
(610 mg, 2.6 mmol} in MeCN, was added NBS (454 mg, 2.6 mmol) at 0 °C under N2 1n two
portions. The reaction was then stirred at room temperature for 1 hr. The reaction was partitioned
between EA (20 mbL) and water (20 mL}. The organic layer was washed with water (20 mL) and
brine (20 mL), dried over Na2S0u4 and concentrated. The residue was purified by silica gel
column (PE/EA = 1/1) to give reri-butyl (3-bromo-06,7-dihydro-SH-pyrazolo[5,1-bi{1,3 joxazin-6-
yijcarbamate (640 mg, vield: 79%) as a white solid. MS: m/z 318.0 (M+H").

Step 5

100736] 2,4 6-trichlorophenyl 6-({fert-butoxycarbonyljamino)-6,7-dihydro-SH-pyrazolo[3,1-
bli 1,3 ]oxazine-3-sulfonate was synthesized using Preparation B 1o yield the product as a yellow
gel which was used for next step directly without any purnification.

Step 6

{88737} A mixture of 2,4,0-trichlorophenyl 6-({fert-butoxycarbonylamine)-6,7-dihydro-5H-
pyrazolo[5,1-b}[1,3joxazine-3-sulfonate (crude, ~1.9 mmol), NH4OH (20 mL) and THF (20 mL)
was stirred at 60 °C overnight. The reaction was concentrated under reduced pressure until 10
mk of iquid remained. The remained solution was acidified with | N HCl to pH = 5 and
extracted with EA (20 mL x2). The organic layers were combined, dried over NaxSO4 and
concentrated. The residue was purified by silica gel column (DCM/MeOH = 40/1} to give tesr-
butyl (3-sulfamoyl-6,7-dihydro-5H-pyrazolo[S,1-b]{ 1,3 Joxazin-6-yhcarbamate (30 mg, vield:
13% over 2 steps) as a yellow semi-solid. MS: m/z 317.0 (M-H"}.

Step 7
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{00738] rer-Butyl (3-{N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-vijcarbamoylisultamoy)-6,7-
dihydro-5H-pyrazolo] s, 1-b]{1,3joxazin-6-yijcarbamate was synthesized using Preparation A to
deliver the desired product (28 mg, vield: 22%}) as a white solid.

Step 8

{0073%] To a solution of rers-butyl (3-(N-((1,2,3,5,6,7-hexahydro-s-indacen-4-
ylycarbamoylsulfamoyl}-6,7-dihydro-5H-pyrazolof5,1-bi{ 1,3 Joxazin-6-yl)carbamate {28 mg,
0.05 mmol} in DCM (5 mL) was added TFA (5 mL) and the mixture was sturred at room
temperature for 20 mins. The reaction was concentrated to dryness and the residue was triturated
with EA to give TFA salt of 6-amino-N-({1,2,3,5,6,7-hexahydro-s-indacen-4-yiicarbamoyi)-6,7-

dihydro-5H-pyrazolo{5,1-b][1,3joxazine-3-sulfonamide (5.4 mg, vield: 23%) as a white solid.

[00740] 'H NMR (400 MHz, DMSO-ds): § = 8.15 {(brs, 1H), 7.54 (s, 1H), 6.88 (s, 1 H}, 4.32-
430 (m, 1H), 4.21-4.16 {(m, 1H), 4 11-4.01 (m, 1H), 3.81-3.75 (m, 1H)}, 3.47 (overlap, 1H}, 2.77
(t,./=72Hz 4H), 2.67-2.62 {m, 4H), 1.97-1.92 {m, 4H). MS: m/z 4182 (M+H"}.

Example 33

{00741} Synthesis of Sodium {((6-({{fert-butoxycarbonylyamino)methyl)-6,7-dihydro-SH-
pyrazolof5,1-bi[1,3loxazin-3-ylsulfonyl}((1,2,3,5,6,7-hexahydro-s-indacen-4-

vijcarbamoylyamide is shown below.
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{00742] A mixture of 1,2-dihydro-pyrazol-3-one (1042 g, 0.124 mol} and KoCOz (42.8 g, .31
mol} in BMF {700 mL) was heated to 100 °C. 3-Chloro-2-chloromethyl-propene {(15.5 ¢, 0.124
mol) was added and the mixture was stirred at 100 °C for 16 hrs. The solvent was removed in
vacuo. The residue was partitioned between EA (200 mL) and H20 {500 mL). The aqueous layer
was extracted with EA (200 mL). The combined organic layer was washed with brine (100 mL),
dried over Na:SO4 and concentrated. The residue was purified by stlica gel column (PE/EA =
1/1} to give 6-methylene-6,7-dihydro-SH-pyrazolo{5,1-b]{1,3]oxazine (1.7 g, yield: 10%)as a

vellow oil.

100743} 'H NMR (300 MHz, CDCl): § =734 (s, 1H), 5.51 (s, 1H), 5.39 (s, ZH), 4.80 (s, 2H),
4.63 (s, 2H). MS: m/z 137.1 (M+H").
Step 2

{00744] To a solution of 6-methylene-6,7-dihydro-5SH-pyrazolo[5,1-b]{1,3 joxazine (1.7 g, 12.5
mmol} in THF (20 mL) was added BH3/Me:S (10 M, 5 mL, 50 mmol} at 0 °C. After sturring at
room temperature for 16 hrs, NaOH solution (3 M, S0 mL, 150 mmol) and Ha02(30%, 5.7 g, SO
mmol} were added to the reaction slowly. After stirring at 80 °C for 2 hrs, the reaction was
cooled down. Saturated agueous solution of NaxS0s; (50 mL) was added to the reaction. After
stirring at room teraperature for 0.5 hr, the resulting mixture was extracted with EA (100 mL x3).
The combined organic layer was washed with brine (100 mL), dried over NazSOq and
concentrated to give (6,7-dihydro-SH-pyrazolof5,1-b][1,3 Joxazin-6-yl}-methanol (1.3 g, vield:

68%) as a vellow oil.

[00745] 'H NMR (300 MHz, CDCh): §=731(d, J=18Hz 1H), 549(d, /= 1.§ Hz, 1H),
4.37(dd, J=11.4, 3 Hz, 1H), 4.28-4.12 (m, 2H), 4.07-4.00 (m, 1H), 3.77 (d, J= 6.6 Hz, 2H),
2.58-2.50 (m, 1H).

Step 3

[006746] To a solution of (6,7-dihydro-SH-pyrazolo[5,1-b}[1,3Joxazin-G-vi)}-methanol (2.05 g,
13.3 mmol} in THF (30 mL) was added DPPA (7.3 g, 26.6 mamol} and DBU (6.1 g, 39.9 mmol)
at room temperature. The suspension was stirred at 60 °C for 16 hrs. The reaction was quenched
by the addition of EA (100 mL} and water (100 mL}. The organic layer was separated. The
aqueous layer was extracted with EA (100 ml.). The organic layer was washed with brine (100

ml.}, dried over Nax8Q04 and concentrated in vacuo. The residue was purified by silica gel
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column (PE/EA = 2/1) to give 6-azidomethyl-6,7-dihydro-5H-pyrazolof 5, 1-b}{1,3 joxazine (1.24
g, vield: 62%) as a yellow oil. MS: m/z 180.3 (M+H).

Step 4

{06747} To a solution of 6-azidomethyl-6,7-dihvdro-SH-pyrazolo]5,1-b][1,3 Joxazine (1.24 g,
16.9 mmol} in MeOH (20 mL) was added Boc2( (3 g, 13.8 mmol} and Pd/C (5%, 0.2 g). The
mixture was stirred under Ha (balloon atmosphere) at room temperature for 16 hrs. The reaction
was filtered and the filtrate was concentrated to give a crude product, which was used for next
step directly without further purification. MS: m/z 254.0 (M+H").

Step S

{00748] NBS (1.3 g, 24.7 mmol} was added portionwise to a solution of fers-butyl ((6,7-
dihydro-SH-pyrazolof5,1-bl[1,3Joxazin-6-ylimethyljcarbamate {crude, 6.9 mmol} in MeCN (20
mL} at 0 °C and the reaction was stirred for 2 hrs at room temperature. The mixture was filtered
and purified by reverse phase HPLC (5% - 95% MeCN in HO} to give fert-butyl ((3-bromo-6,7-
dihydro-5H-pyrazolof5,1-b][1,3Joxazin-6-yhmethylcarbamate (1.62 g, yield: 71%) as a yellow
solid. MS: m/z 331.9 (M+H".

Step 6

100749] 2.4 6-trichlorophenyl 6-({{sert-butoxycarbonyhaminoymethyl}-6,7-dihydro-5H-
pyrazolo[5,1-b}[1,3Joxazine-3~-sulfonate was synthesized using Preparation B 1o yield the
product as a vellow oil which was used for next step directly without any purification.

Step 7

[008730] rer-butyl ((3-sulfamoyl-6, 7-dihvdro-3H-pyrazolo[ 5, 1-b}{ 1,3 Joxazin-6-
yhmethylcarbamate was synthesized as in Preparation C to yvield the desired product (80 mg,
vield: 33% over 2 steps) as a light vellow solid. MS: m/z 333.4 (M+H").

Step 8

{00751} ((6-({{fert-butoxycarbonyhaminoymethyl)-6,7-dithydro-SH-pyrazolof 5, 1-b}{ 1,3 Joxazin-
3-yDsulfony)((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyljamide was synthesized as in
Preparation D to vield the desired product (27 mg, vield: 21%) as a white sohid.

[06752] 'H NMR (400 MHz, DMSO-ds): 6 =7.35 (s, 1H), 7.31 (s, 1H), 7.11 (s, 1H), 6.75 (s,
1H), 4.31 (d, = 5.6 Hz, 1H), 4.10-3.98 (m, 2F), 3.78 (dd, J=10.0, 2.0 Hz, 1H), 3.07-3.04 (m,
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2H), 274 {t, J =72 Hz, 4H}, 2,64 (t, J = 7.2 Hz, 4H), 2.40-23 (m, 1H}, 1.93-1.86 (m, 4H}, 1.39
{s, 9H). MS: m/z 532.2 (M+H").

Example 34

{06753] Synthesis of rac-N-{((3-(N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-
yijcarbamovysulfamovi}-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1,3 ]oxazin-6-yDmethyljacetamide s

shown below.
NH,

R N
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Step 1

{80734] To a solution of rac-fert-butyl {((6,7-dithydro-5H-pyrazolof5,1-b}i 1,3 Joxazin-6-
yhmethyhcarbamate (crude, ~1.05 mmol} in BCM (3 mlL) was added TFA (1 mL}. After the
solution was stured at room temperature for 2 hrs, the solution was concentrated and dissolved
with AczO (3 mL}. After stirring at reflux for 3 hrs, the reaction solution was quenched with the
addition of EA (20 mL} and water (10 mL). The organic layer was separated. The aqueous layer
was extracted with EA (10 mL). The organic layvers were combined and washed with brine (10
mL), and dried over NaxSQOu. The solution was concentrated in vacuo. The residue was purified
by silica gel column (PE/EA = 1/1)} to give rac-N-acetyl-N-((6,7-dihydro-5H-pyrazolo|5,1-
bf1,3joxazin-0-yhmethylacetamide (90 mg, vield: 31%) as a vellow o1l MS: m/z 2384
(MAHT).

Step 2

{008755] To a solution of rac-N-acetyl-N-{{6,7-dihydro-5H-pyrazolo{5,1-b}f 1,3 joxazin-6-
yviymethyhacetamide (90 mg, 0.38 mmol) in BDCM (2 mL} was added CISG:H (0.075mL, 1.14
mmol} dropwise at 0 °C. After stirring at room temperature for 16 hrs, pyridine (0.092 mi, 1.14
mmol} was added to the reaction dropwise at O °C, followed by addition of PCls (237 mg, 1.14
mmol} in portions. The reaction nuxture was stirred at room temperature for 1 hr, poured to ice-
water {2 mb) and extracted with EA (10 mL x3}. The combined organic layer was washed with
brine (10 mL), dried over Na:S0u4 and concentrated to give a crude product, which was directly
used for next step without further purification.

Step 3
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{008756] To a solution of rac-6-((N-acetylacetamidoymethyl})-6,7-dihydro-5H-pyrazolo|5,1-
blf1,3joxazine-3-sulfonyl chloride (crude, ~0.387 mmol} in THF (3 mL} was added NHz Ha0O (3
mb}. After stirring at 60 °C for 2 hrs, the reaction mixture was concentrated to about 1 mL. The
residual suspension was acidified with aq HCI (1 N} to pH = 3 and filtered. The filtrate was
purified by reverse phase HPLC (MeCN/H20) to give rac-N-((3-sulfamoyl-6,7-dihydro-5H-

pyrazolo[5,1-bl{1,3joxazin-6-yimethyhacetamide (67 mg, yield: 64%) as a white sohid.

100757} 'H NMR (400 MHz, DMSO-ds): § = 8.02 (brs, 1H), 7.37 (s, 1H), 6.65 {brs, 2H}, 4.40-
4.30 (m, 1H), 4.17-4.04 {m, ZH), 3.85-3.73 (m, 1H), 3.10-3.00 (m, ZH}, 2.50 (overlap, 1H), 1.76
(s, 3H).

Step 4

{00738} rac-N-({(3-(N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yl)carbamoylisultamoyl}-6,7-
dihydro-5H-pyrazolof5,1-b][1,3 joxazin-6-yhmethyhacetamide was synthesized as in

Preparation D to yield the desired product (34 mg, yield: 48%) as a white solid.

{00759] 'H NMR (400 MHz, DMSO-ds): § = 1047 (s, 1H), 8.07 (t, J=6 Hz, 1H), 7.90 (s, 1H)},
7.63 (s, 1H), 6.93 (s, 1H), 448 (d, /=88 Hz, 1H}, 426-4.14 (m, 2H), 3.93-3.85 (m, 1H), 3.23-
3.08(m, 2H), 2.79 (t, J=7.2 Hz, 4H), 2.59 (1, /= 6.8 Hz, 4H), 2.50 (overlap, 1H), 2.10-1.90 (m,
4H), 1.83 {s, 3H). MS: m/z 474.2 (M+H").

Example 35

[807608] Synthesis of rac-6-((Dimethylaminoymethyl)-N-{(1,2,3,5,6,7-hexahydro-s-indacen-4-

yicarbamoyl}-6,7-dihydro-SH-pyrazolo] 5, 1-b}[1,3Joxazine-3-sulfonamide 15 shown below.
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Step 1

{86761] To a solution of rac-fert-butyl ((3-sulfamoyl-6,7-dihydro-SH-pyrazolo]5,1-
bil1,3joxazin-6-y}methyijcarbamate (110 mg, 0.33 mmol) in MeOH (2 mL} was added
HCVdioxane {4 M, 1 mL, 4 mmol} at © °C. After stirring at room temperature for 2 hrs, the
solution was concentrated to give the crude of rac-6-(aminomethyvi}-6,7-dihydro-5H-
pyrazolo]5,1-blf 1,3 Joxazine-3-sulfonamide hydrochloride, which was directly used for next step
without further purification.

Step 2

100762] To a solution of rac-6-(aminomethyl}-6,7-dihydro-5SH-pyrazolofS,1-b}[ 1 3loxazine-3-
sulfonamide hydrochloride {crude, 0.33 mmol) in MeOH (Z mL) was added HCHO (1 S mL) and
NaCNBH;s (20.8 mg, 0.33 mmol}). After stirring at room temperature for 3 hrs, the reaction was
filtered and the filtrate was purified by reverse phase HPLC (MeCUN/H20) to give rac-6-
({dimethylaminoymethy H)-6,7-dihydro-5H-pyrazolof 5,1-b]{ 1,3]oxazine-3-sulfonamide (50 mg,
vield: 59%) as a white solid MS: m/z 261.1 (M+H").

Step 3

{00763] rac-6-({(dimethylammoymethy}-N-((1,2 3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-
6,7-dihydro-SH-pyrazolo[5,1-b}[ 1,3 }oxazine-3-sulfonamide was synthesized as in Preparation
D to yield the desired product {27 mg, vield: 219%) as a white solid.

[00764] 'H NMR (400 MHz, DMSO-ds - CD:ODY). § = 7.37 (s, 1H), 7.32 (s, 1H), 6.75 (s, 1),
437 (dd, 7= 6.8, 2.8 Hz, 1H), 4.10-4.00 (m, 2H), 3.80-3.75 (m, 1H), 2.74 (t, J = 7.2 Hz, 4H),
2.64 (t, J="7.2Hz, 4H), 2.47-2.43 (m, 1H), 2.23 (d, J= 7.2 Hz, 2H), 2.14 (s, 6H), 1.95-1.85 (m,
4H). MS: nv/z 460.1 (M+H"),

Example 36

[00765] Synthesis of rac-N-((1,2,3,5,6,7-Hexahydro-~s-indacen-4-yhcarbamoyl}-6-

(methoxymethyl)-6,7-dihydro-5SH-pyrazolof$,1-b}{ I,3]oxazine-3-sulfonamide is shown below.
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Step 1

{008766] To a solution of rac-(6,7-dihydro-SH-pyrazolo] 5,1-b}{ 1,3 Joxazin-6-yi}-methanol (0.6 g,
3.9 mmol) in THF (10 mL) was added NaH (187 mg, 4.7 mmol) followed by Mel (667 mg, 4.7
mmol} at 0 °C. After being stirred at overnight, the reaction was quenched with the addition of
EA (20 mL) and water (20 mL}. The organic layer was separated. The aqueous layer was
extracted with EA (20 mL}. The organic layers were combined, washed with brine (30 mL),
dried over Na:804 and concentrated in vacuo. The residue was purified by silica gel column
(PE/EA = 1/1} to give rac-6-methoxymethyl-6, 7-dihydro-SH-pyrazolo[5,1-bi[1,3loxazine (270
mg, yield: 41%) as a yellow solid. MS: m/z 169.3 (M+H").

Step 2

{00767] NBS (256 mg, 1.44 mmol) was added portionwise to a solution of 6-methoxymethyl-
6,7-dihydro-SH-pyrazolo[5,1-b}f 1,3 joxazine (230 mg, 1.37 mmol} in MeCN (S mL) at 0 °C and
the reaction was stirred for 2 hrs at room temperature. The mixture was filtered and the filtrate
was purified by reverse phase HPLC (5% - 95% MeCN in H20) to give 3-bromo-6-
{methoxymethyl}-6,7-dithydro-5H-pyrazolo[5,1-b}{ 1,3 ]oxazine (220 mg, yield: 65%) as a yellow
oil. MS: m/z 247.3 (M+H"),

Step 3

{00768] 2.4 6-trichlorophenyl 6-(methoxymethyl}-6,7-dihydro-SH-pyrazolofS,1-bj{ 1,3]oxazine-
3-sulfonate was synthesized using Preparation B to vield the product as a yellow o1l which was
used for next step directly without any purification.

Step 4
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{00769] 6-(methoxymethyl}-6,7-dihydro-5H-pyrazolo|5,1-b}[1,3joxazing-3-suifonamide was
syvathesized as in Preparation C to yield the desired product (25 mg, yield: 13% over 2 steps) as
a light vellow solid.

Step 5

{00778] N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-6-(methoxyvmethyl}-6,7-dihydro-
SH-pyrazolof 5,1-b][ 1,3 joxazine-3-sulfonamide was synthesized as in Preparation D to vield the

desired product (9 mg, vield: 20%) as a white sohid.

[06771] 'H NMR (400 MHz, DMSO-ds): § = 10.46 (s, 1H), 7.90 (s, 1H), 7.63 (s, 1H), 6.93 (5,
1H), 4.51 (dd,./=108,28 Hz, 1H), 429(dd, /=112, 72 Hz, 1H}, 451 (dd, /=124, 52 Hz,
1H), 451(dd, /=124, 72 Hz 1H), 343 (d, /=3.6Hz ZH),3.25(, 3H), 2.79(t, /=72 Hz,
4H), 2.61-2.58 {m, 5H), 1.99-1 92 {m, 4H). MS: m/z 446 8 (M+H").

Example 37

{00772] Synthesis of rac-6-Ethoxy-N-{{1,2,3,5,6,7-hexahvdro-s-indacen-4-ylicarbamoyl}-6,7-

dihydro-5H-pyrazolo{5,1-b][1,3joxazine-3-sulfonamide 1s shown below.
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Step 1

{86773} To a solution of rac-3~-bromo-6,7-dihydro-SH-pyrazolo[3,1-b}[ 1,3 Joxazin-6-0l (700
mg, 3.2 mmol) in DMF (10 mL) was added NaH (60% in mineral o1l, 192 mg, 4.8 mmol}. The
reaction was stured at room temperature for 1 hr under Na. Then iodoethane (549 mg, 3.5 mmol)
was added and the mixture was stured at room temperature for 2 hrs. The reaction mixture was
poured into water (60 mL) and extracted with EA (50 mL). The organic layer was washed with
water (S0 mL} and brine (50 mL), dried over NaxSQ4 and concentrated. The residue was purified
by reverse phase HPLC (MeCN/Hz0) to give rac-3-bromo-0-ethoxy-6,7-dihydro-5H-
pyrazolo[5,1-b}[1,3joxazine (640 mg, vield: 81%) as a white solid.
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100774] MS: m/z 2489 (M+H™).
Step 2

{008775] 2,4 6-trichioropheny! 6-ethoxy-6,7-dihvdro-SH-pyrazolo]5,1-bl 1,3 joxazine-3-
suffonate was synthesized using Preparation B to vield the product as a yellow oil which was
used for next step directly without any purification.

Step 3

{008776] A solution of rac-2,4,6-trichlorophenyl 6-ethoxy-6,7-dihydro-SH-pyrazolof5,1-
blf1,3joxazine-3-sulfonate (crude) and NHz Hz0 (8.4 mL) in THF (8.4 mL) was stirred at 60 °C
for 16 hrs. The mixture was concentrated in vacuo. The residue was purified by reverse phase
HPLC (MeCN/H20) to give rac-6-ethoxy-6,7-dihydro-SH-pyrazolof5,1-b}f 1,3 ]oxazine-3-

sulfonanude (222.0 mg, vield: 35%) as a white sohid.

[066777F MS: m/z 2479 (M+H").
Step 4 — Preparation F

{60778] To a solution of rac-6-ethoxy-6,7-dihydro-5H-pyrazolo[5,1-bl[1,3]oxazine-3-
sulfonamide {116 mg, 0.47 mmol} in THF (8.0 mL) was added MeONa (28 mg, 0.52 mumol) and

the mixture was stirred at room temperature for 20 mins to give a sodium salt suspension.

{00779} In another flask, to a solution of 1,2,35,6,7-hexahydro-s-indacen-4-ylamine (81 mg,
0.47 mmol}) and TEA (142 mg, 1.4 mmol) in THF (10 mL) was added triphosgene (56.0 mg,
0.19 mmol} in one portion and the mixture was stured at room temperature under Nz for 20 mins.
The reaction mixture was then filtered. The filtrate was added to the sodium salt suspension
above and the mixture was stirred at room temperature for 20 min. After that, the reaction
solution was partitioned between EA (60 ml.} and water (60 mL). The aqueous phase was
acidified to pH = 5 with conc HCl and extracted with EA (60 mL). The organic layer was
washed with water (50 mL) and brined (50 mL), dried over NaxSOu and concentrated until white
solid appeared. The solid formed was collected by filtration and dried to give rac-6-ethoxy-N-
{((1,2,3,5,6,7-hexahydro-s-indacen-4-ylicarbamoyl}-6,7-dihydro-SH-pyrazolo[5,1-b}[ 1,3 Joxazine-
3-sulfonamide (68 mg, vield: 32%) as a white solid.

[006786] 'H NMR (400 MHz, DMSO-ds). 6 =1048 (s, 1H), 7.91 (s, 1H), 7.63 (s, 1H), 6.93 (5,

1H), 4.58 (d, J=11.6 Hz, 1H), 4.36 (d, /= 11.6 Hz, 1H), 4.27-4.24 (m, 1H), 4.18-4.15 (m, 2H),
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3.61-3.56 (m, 2H), 2.79 (1, J =72 Hz, 4H), 2.60 (t, /= 7.2 Hz, 4H), 1.99-1.91 {m, 4H), 1.09 (t, J
=72 Hz, 3H). MS: m/z 4470 (M+H").
Example 38

{06781] Synthesis of (R)-6-Ethoxy-N-{{1,2,3,5,6,7-hexahvdro-s-indacen-4-yljcarbamoyl}-6,7-

dihydro-SH-pyrazolo]5,1-bi[1,3Joxazine-3-sulfonamide and {5)-6-ethoxy-N-{{1,2,3,5,6,7-

hexahydro-s-indacen-4-vijcarbamoyl}-6,7-dihydro-5H-pyrazolo{5,1-b}{ 1,3 joxazine-3-

sulfonamide is shown below.

o
O;‘.éi\ NH O'\‘.éi\ NH Oqé)’
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Step 1

{80782] rac-6-FEthoxy-N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoy1}-6,7-dihydro-5H-
pyrazolo[5,1-b}[1,3joxazine-3~sulfonamide (222 mg) was resolved by chiral prep-HPLC to give
{i}-6-ethoxy-6,7-dihydro-5H-pyrazolol S, 1-b]{ 1,3 ]oxazine-3-sulfonamide {20 mg) as a white
solid and (3)-6-ethoxy-6,7-dihydro-SH-pyrazolo[5,1-b]{ 1,3 Joxazine-3-sulfonamide {20 mg) as a
white solid.

Step 2

[B0783] (R)-6-ethoxy-N-({(1,2,3,5,6,7-hexahydro-s-indacen-4-ycarbamoyl}-6, 7-dihydro-SH-
pyrazolo]5,1-b}f 1,3Joxazme-3-sulfonamude was synthesized as described in Preparation ¥ to

deliver the destred product (5.0 mg, vield: 14%) as a white solid.

[00784] "H NMR (400 MHz, DMSO-ds): 6 = 10.47 (s, 1H), 7.90 (s, 1H), 7.63 (s, 1H), 6.93 s,
1H), 4.58 (d, /= 10.0 Hz, 1H), 4.36 (d, / = 11.2 Hz, 1H), 4.27-4.24 (m, 1H), 4.18-4.15 (m, 2H),
3.59 (q.J = 7.2 Hz, 2H), 2.79 (t, J = 7.6 Hz, 4H), 2.60 (1, J = 7.2 Hz, 4H), 1.99-1.91 (m, 4H),
1.09 (1, J = 6.8 Hz, 3H). MS: m/z 447.1 (M+H"),
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{008785] (S)-6-ethoxy-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-vi)carbamovyi}-6, 7-dthydro-SH-

pyrazolo]5,1-blf1,3Joxazine-3-sulfonamide was prepared using the same procedure.

100786] 'H NMR (400 MHz, DMSO-de): § = 10.47 (s, 1H), 7.94 (s, 1H), 7.62 (s, 1H), 6.93 (s,
1H), 4.59(d, /=116 Hz, 1H}, 437 (d, J=11.6 Hz, 1H)}, 427-4.23 (m, 1H), 4.17-4.15 (m, 2H),
353(q, J=72Hz 2H}, 278 (t, J =72 Hz 4H), 2.60 (t, J = 7.2 Hz, 4H), 1.98-1.91 {m, 4H),
1.08(1,J =72 Hz 3H). MS: m/z 447.1 (M+H").

Example 39

{06787] Synthesis of N-({1,2,3,5,6,7-Hexahydro-s-indacen-4-ylicarbamoyi}-6-1sopropoxy-6,7-

dihydro-SH-pyrazolof5,1-bl[1,3Joxazine-3-sulfonanude is shown below.
Ie)
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Step 1

{06788] To a solution of dimethyl malonate (5.0 g, 38.0 mmol} and TEA (7.7 g, 76.0 mmol) in
MeCN (80 mL} was added 4-acetamidobenzenesulfonyl azide (9.1 g, 38.0 mmol) and the
reaction was stirred at room temperature for 16 hrs. The reaction was filtered and the filtrate was
partitioned between water (80 mL) and EA (80 mL}. The organic layer was washed with brine
{80 mL), dried over Na:S0u4 and concentrated. The residue was purified by silica gel column
(PE/EA = 10/1) to give dimethy} 2-diazomalonate (3.9 g, yield: 53%) as a yellow oil.

Step 2

{00789] To a solution of dimethyl 2-diazomalonate (3.4 g, 21.5 mmol) and Rhao{Ac) (36 mg,
0.2 mmol) in DCM (10 mL} was added 1-PrOH (132.0 g, 0.2 mol) and the reaction was stirred at

70 °C for 4 hrs. The reaction was concentrated to dryness. The residue was purified by silica gel

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

column (PE/EA = 10/1) to give dimethy] 2-isopropoxymalonate (3.7 g, yield: 90%;) as a colorless

oil.

[007906] 'H NMR (300 MHz, CDCL): § = 4.60 (s, 1H), 3.81-3.74 (m, 7TH), 1.26 (d, J = 6.0 Hz,
6H).

Step 3

{06791} To a solution of dimethyl Z-1sopropoxymalonate (3.7 g, 19.4 mmol} in dry THF (30
mb} was added LiBH4 (2 M 1n THF, 19.4 mL, 38.7 mol} at 0 °C and the reaction was stirred at
room temperature for 2 hrs. The reaction was quenched by HoO (20 mL} and the mixture was
dried over MgSOs. The reaction was filtered and the filtrate was concentrated to dryness to give

Z-1sopropoxypropane-1,3-diol (2.5 g, yield: 96%) as a colorless oil.

[00792] 'H NMR (300 MHz, CDCl): § =3.72-3.50 (m, 6H), 1.26 (t, J= 54 Hz, 2H), 1.22(d, J
= 6.0 Hz, 6H).

Step 4

{00793} To a solution of 2-1sopropoxypropane-1,3-diol (2.5 g, 18.7 mmol) and TEA (5.7 g, 56.0
mmol} in dry THF (30 mL) was added MsC1{4.7 g, 41.0 mmol} at O °C. After stirring at room
temperature for 2 hrs, the reaction was filtered. The filtrate was concentrated to dryness to give
crude 2-isopropoxypropane-1,3-divl dimethanesulfonate as a white solid which was used for next
step directly without any purification.

Step 5

{00794] A muxture of 2-1sopropoxypropane-1,3-diyl dimethanesulfonate (crude, ~18.7 mmol},
1,2-dihydro-pyrazol-3-one (1.6 g, 18.7 mamol) and K2COs (7.7 g, 56.0 mmol) i DMF (40 ml.)
was heated to 100 °C for 16 hrs. The reaction was cooled and partitioned between EA (150 mL)
and water (200 mL) and the layers were separated. The organic layer was washed with water (80
kL) and brine (50 mL}, dried over NaxSO4 and concentrated. The residue was purified by silica
gel column (PE/EA = 1/2) to give 6-1sopropoxy-6,7-dihydro-SH-pyrazolo[5,1-b}[ 1,3 Joxazine

(2.1 g, vield: 88%) as a white solid.

[00795] 'H NMR (300 MHz, CDCl): =733 (s, 1H), 5.49 (s, 1H), 4.31-3.84 (m, SH), 3.84-
3.80 (m, 1H), 1.22-118 (m, 6H). MS: m/z 183.3 (M+H").
Step 6
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{00796] To a solution of 6-1sopropoxy-0,7-dihydro-SH-pyrazolof5,1-bi]1,3Joxazine (1.0 g, 7.8
mmol) in MeCN, was added NBS {1.5 g, 8.6 mmol} at 6 °C under N2 tn two portions. The
reaction was then stirred at room temperature for 2 hrs. The reaction was partitioned between EA
{40 mL) and water {40 mL}. The organic layer was washed with water (40 mL) and brine (40
ml), dried over Na:SQO4 and concentrated. The residue was purified by silica gel column (PE/EA
=2/1} to give 3-bromo-6-1sopropoxy-06, 7-dihydro-SH-pyrazolof 5,1-b1[1,3Joxazine (1.2 g, yield:
75%) as a yellow solid. MS: m/z 261 2 (M+H").

Step 7

{00797] 2,4 6-trichlorophenyl G-isopropoxy-6,7-dihydro-5H-pyrazolo{S,1-b][1,3]oxazine-3-
sulfonate was synthesized using Preparation B to yield the product as a yellow gel which was

used for next step directly without any purification.

{00798] G-1sopropoxy-6,7-dihydro-5SH-pyrazolo[5,1-b}{1,3]oxazine-3-sulfonamide was
synthesized as in Preparation C to yield the desired product (110 mg, vield: 22% over 2 steps)
as a yellow solid MS: m/z 262.3 (M+H").

Step 8

{00799] N-((1,2.3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-6-isopropoxy-6,7-dihy dro-5H-
pyrazolo{5,1-b}[1,3]Joxazine-3-sulfonamide was synthesized using Preparation A to deliver the
desired product (18 mg, vield: 10%) as a white solid.

[00800] H NMR (400 MHz, DMSO-do): § = 10.47 (brs, 1H), 7.90 (s, 1H), 7.62 (s, 1H), 6.93 (s,
1H), 4.49-4.46 (m, 1H), 4.37(d, J=12.0 Hz, 1H), 4 28-4.24 {(m, 2H), 4.09-4.06 {(m, 1H), 3.87-
3.81 (m, 1H), 2.77 (t. J= 8.0 Hz, 4H), 2.61 (overlap, 4H), 1.97-1.91 (m, 4H), 1.09-1.05 (m, 6H).
MS: m/z 461.1 (MH).

Example 40

{00801] Synthesis of sodwm rac-({1,2,3.5,6,7-hexahydro-s~-indacen-~-4-yljcarbamoyl ({6~

(methylamino)-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1, 3Joxazin-3~yDsulfonyljamide is shown below.
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Step 1

{00802] To a solution of Z-aminopropane-1,3-diol {10.0 g, 0.1 mol} in EtOH (100 mL) was
added di-reri-butyl dicarbonate (24.0 g, 0.1 mol). The reaction was stirred at room temperature
for 16 hrs. The reaction solution was concentrated in vacuo to dryness to give tert-butyl {1,3-
dihydroxypropan-2-yiicarbamate (21.0 g, vield: 100%) as a white sohid.

Step 2

{06803] To a solution of fere-butyl (1,3-dihydroxypropan-2-vijcarbamate (21.0 g, 0.1 mol) and
TEA (23.0 g, 0.2 mol} in dry CHaClh (200 mL) was added MsCl (26.0 g, 0.2 mol} at 0 °C. After
the stirring at room temperature for 2 hrs, the reaction was filtered. The filtrate was concentrated
to dryness to give crude 2-{{ferr-butoxycarbonyl}amino)propane-1,3-diyl dimethanesulfonate
(37.0 g, vield: 97%) as a white solid which was used for next step directly without any
purification.

Step 3

{00804] 2-((fert-butoxycarbonyamino)propane-1,3-diyl dimethanesulfonate (373 g, 0.11 mol},
1H-pyrazol-3(2H}-one (9.0 g, 0.11 mol) and K2COs3 (30.0 g, 0.22 mol} in DMF (300 mL) were
heated at 120 °C for 16 hrs. After concentration, the residue was partitioned between EA (300

mb} and water (500 mL}. The aqueous layer was extracted with EA (300 mL). The combined

267

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

organic layer was washed with brine {100 mL), dried over Na:504, filtered and concentrated in
vacuo to dryness  to give rac-feri-butyl (6,7-dihydro-5H-pyrazolof 5,1-bj{ 1,3]oxazin-6-
yljcarbamate (8.8 g, yield: 34%) as a yellow solid. MS: m/z 240.0 (M+H").

Step 4

{00805] NBS (6.5 g, 37.0 mmol) was added portionwise to a solution of rac-fert-butyl (6,7-
dihydro-5H-pyrazolo]s,1-b]{1,3joxazin-6-yijcarbamate (8.8 g, 37.0 mmol) in MeCN (100 mbL) at
0 °C and the reaction was stirred for 2 hrs at room temperature. The reaction mixture was
concentrated. The residue was purified by silica gel column (PE/EA = 5/1) to give rac-fert-butyl
(3-bromo-6,7-dihydro-SH-pyrazolo[5,1-b][ 1,3 Joxazin-6-yhcarbamate (2.5 g, vield: 21%}as a
veliow solid MS: nvz 319.9 (M+H™).

Step 5

{00806] To a solution of rac-tert-butyl (3-bromo-6,7-dihydro-SH-pyrazolo[5,1-b}[ 1,3 ]oxazin-6-
vlycarbamate (900 mg, 2.8 mmol) in DMF {10 mL) was added NaH (60% in mineral oil, 226 mg,
5.7 mmol). The reaction was stirred at room temperature for | hr under No. Then odomethane
(2.0 g, 14.2 mmol) was added and the mixture was stirred at room temperature for 2 hrs. The
reaction mixture was poured nto water (60 mL) and extracted with EA (50 oL}, The organic
laver was washed with water (50 mL) and brine (50 mL), dried over Na>SO4 and concentrated.
The residue was purified by reverse phase HPLC (MeCN/H20) to give rac-rert-butyl (3-bromo-
6,7-dihydro-SH-pyrazolo[5,1-b}f 1,3 Joxazin-G-vi}{(methylcarbamate (550 mg, vield: 59%) as a
vellow sohid.

[00807] 'H NMR (300 MHz, CDCl): §=7.36(s, 1H), 4.6 (br, 1H), 4.38-4.29 (m, 4H}, 2.82 (d,
J=13.6 Hz, 3H), 1.50 (s, 9H). MS: m/z 3339 (M+H"}.

Step 6

[00808] rac-2.4,6-trichlorophenyl 6-{{terr-butoxycarbony}{methylamino)-6,7-dthydro~-5H-
pyrazolo[5,1-b}[1,3joxazine-3-sulfonate was synthesized using Preparation B to yield the
product as a vellow oil which was used for next step directly without any purification.

Step 7

[00809] A solution of rac-2,4,6-trichlorophenyl 6-{{rers-butoxycarbonyi{methylJamino)-6,7-
dihydro-5H-pyrazolo] S, 1-b][1,3Joxazine-3-sulfonate (crude) and NH3 HzO 3.0 mL) imn THF (5.0

ml) was stirred at 60°C for 16 hrs. The muxture was concentrated @ vacuo. The residue was
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purified by silica gel column {CH2Cly/MeOH = 25/1) to give teri-butyl methvi{3-suifamoyl-6,7-
dihydro-5H-pyrazolo]5,1-b]{1,3joxazin-6-yljcarbamate (26.0 mg, vield: 8%, 2 steps}as a

colorless o1l

{60816} 'H NMR (400 MHz, CDCls): 6 = 7.64 (s, 1H), 5.14 (br, 2H), 4.68 (br, 1H), 4.53-4 44
{m, 2H}, 4.38-4.26 (m, 2H), 2.84 (s, 3H), 1.48 {s, 9H). MS: m/z 276.9 (M-56+H").
Step 8

{00811] rer-Butyl (3-{(N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-vijcarbamoylisulfamoyl)-6,7-
dihydro-5H-pyrazolo]5,1-b]{1,3Joxazin-6-vi}{methyljcarbamate was synthesized as in
Preparation D to yield the desired product (40 mg, yield: 95%) as a white solid. MS: m/z 476.0
{(M-557),

Step 9

{00812] To a solution of rerr-butyl (3-(N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-
vhcarbamoysulfamoyl}-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1,3 Joxazin-6-y}{methyl}carbamate
{40 mg, 0.08 mmol} in CH2Cl (2 mL) was added TFA (0.6 mL) and the mixture was stirred at
room temperature for 30 mins. Then the mixture was concentrated in vacuo to remove off the
solvent. The residue was treated with 2 M NaOH solution to pH > 13. The resulting solution was
purified by reverse phase HPLC (MeCN/H20) to give rac-sodium ((1,2,3,5,6,7-hexahydro-s-
indacen-4-yhcarbamoyl}{({(6~{methylamino}-6,7-dihydro-SH-pyrazolo[5,1-bi[ 1,3 Joxazin-3-
visulfonylamide (25.0 mg, 78%) as a white sohid.

{06813] 'H NMR (400 MHz, DMSO-ds): 6 =7.33 (s, 1H), 7.30 (s, 1H), 6.75 (s, 1H), 425-4.10
{m, 3H), 3.83-3.79(m, 1H), 3.07 {m, 1H}, 2.77-2.73 {m, 4H), 2.67-2.63 (m, 4H), 2.33 (s, 3H),
1.92-1 88 (m, 4H). MS: m/z 4321 (M+H").

Fxample 41

[00814] Synthesis of sodwm (R)-({1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoy 1 ){(6-
(methylamino)-6,7-dihydro-SH-pyrazolo[5,1-b}H 1, 3Joxazin-3-v)sulfonyllamide and sodium (5)-
{(1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamoy}{{6-{methylamino}-6,7-dihy dro-SH-

pyrazolo[5,1-b}[1,3joxazin-3-yvljsulfonylamide 15 shown below.
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Step 1

[00815] rac-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yl)carbamoyl)-6-(methylamino)-6,7-
dihydro-SH-pyrazolo[5,1-b][1,3]oxazine-3-sulfonamide (400 mg, 1.2 mmol) was resolved by
chiral prep-HPLC to give (R)-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yl)carbamoyl)-6-
(methylamino)-6,7-dihydro-5SH-pyrazolo[5,1-b][1,3]oxazine-3-sulfonamide (240 mg, yield:
60%) as a white solid and (S5)- N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yl)carbamoyl)-6-
(methylamino)-6,7-dihydro-5SH-pyrazolo[5,1-b][1,3]oxazine-3-sulfonamide (150 mg, yield:
37%) as a white solid.

Step 2:

[00816] (R)-tert-butyl (3-(N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yl)carbamoyl)sulfamoyl)-6,7-
dihydro-SH-pyrazolo[5,1-b][1,3]oxazin-6-yl)(methyl)carbamate was synthesized as in
Preparation D to yield the desired product (200 mg, yield: 52%) as a white solid.

[00817] (S)-tert-butyl (3-(N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yl)carbamoyl)sulfamoyl)-6,7-
dihydro-SH-pyrazolo[5,1-b][1,3]oxazin-6-yl)(methyl)carbamate was prepared using the same
procedure.

Step 3

[00818] To a solution of (R)-tert-butyl (3-(N-((1,2,3,5,6,7-hexahydro-s-indacen-4-
ylhcarbamoyl)sulfamoyl)-6,7-dihydro-SH-pyrazolo[5,1-b][ 1,3]oxazin-6-yl)(methyl)carbamate
(250 mg, 0.75 mmol) in CH2Cl2 (5 mL) was added TFA (2 mL) and the mixture was stirred at

room temperature for 30 mins. Then the mixture was concentrated in vacuo to remove the
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solvent. The residue was treated with 2 M NaOH sohution to pH > 13. The resulting solution was
purified by reverse phase HPLC (MeCUN/H20) to give sodium {(K}-({(1,2,3,5,6,7-hexahydro-s-
indacen-4-ylcarbamoy }{{0-{methylamino)-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1,3 Joxazin-3-

yisulfonyllanude (130 mg, 30%) as a white solid.

106819] 'H NMR (400 MHz, DMSO-ds): 5= 7.50 (s, 1H), 7.38 (s, 1H), 6.8 (s, 1H), 4.28 (dd, J
= 10.8 Hz, 2.4Hz, 1H), 4.20-4.10 (m, 2H), 3.85(dd, /= 11.6 Hz, 4 8Hz, 1H), 3.14-3.06 (m, 1H},
276, JJ=72Hz 4H), 2.64 (t, /=72 Hz, 4H), 2.33 (5, 3H), 1.97-1.86 {m, 4H). MS: m/z 4321
{(M+H™).

100828] Sodwum (5)-((1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamovh{{6-(methylaming}-6,7-
dihydro-5H-pyrazolo{5,1-b]{1,3joxazin-3-vhsulfonyljamide was prepared using the same
procedure.

{00821] 'H NMR (400 MHz, DMSO-d6): § =735 (s, 1H), 7.30 (s, 1H), 6.75 (s, 1H), 427-4.21
(m, 1H), 417-4.12 (m, 1H), 4.08-4.05 (m, 1H), 3.84-377 (m, 1H), 3.11-3.03 (m, 1H), 276 (1, J
=8.0Hz 4H), 2.65(t, J =76 Hz, 4H), 2.33-2.27 {m, 3H), 1 97-1.83 {(m, 4H) MS: n/z 432.1
(MHH™).

Example 42

{00822} Synthesis of (R)-({1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoy}{({6-(methylamino)-

6,7-dithydro-5H-pyrazolo[5,1-b}[ 1,3}oxazin-3-yhisulfonyamide is shown below.
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Step 1

{00823] A muxture of 1-acetyl-1,2-dthydro-pyrazol-3-one {10.0 g, ¢.79 mmol), {S}-oxiran-2-
yimethanol (7.0 g, 95 mmol} and PPhs (31.0 g, 118.5 mmol} in THF (100 mL} was cooled to 0°C
under Na. To the mixture was added DIAD (23.3 mL, 118.5 mmol} in THF (25 mL} slowly. The
reaction was stirred for additional T hour at 0°C. The reaction was then stirred at room
temperature overnight. The reaction mixture was concentrated iz vacuo and the residue was
purified by silica gel column (PE/EA = 10/1) to give (S)-1-acetyl-2-{oxiran-2-ylmethyl}-14-
pyrazol-3(2H)-one (10.1 g, yield: 70%;) as a white solid.

[00824] 'H NMR (400 MHz, CDCls): 5 = 8.07 (d, J= 2.8 Hz, 1H), 6.00 (d,.J = 2.8 Hz, 1H),
4.56-4.51 (m, 1H), 421-4.15 (m, 1H), 3.41-3.34 (m, 1), 2.93-2.89 (m, 1H), 2.77-2.74 (m, 1H),
2.58 (s, 3H).

Step 2
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{00825] To a solution of (S)-1-acetyl-2-{oxiran-2-yimethyl)-14-pyrazol-3(2H}-one {55.0 g, 300
mmol) in AcOH (52 mL, 900 mmol) and THF (250 mL}, was added LiCLH0 (29.0 g, 480
mmol} at ¢ °C in batches. The reaction was then stirred at room temperature overnight. After
removal of AcOH and THF in vacue, the residue was partitioned between EA (200 mL) and
water (200 mL}. The aqueous layer was extracted with EA (50 mL x 4} The combined organic
layer was washed with saturated NaHCO; solution and brine {100 mL), dried over Na:SO4 and
concentrated in vacuo to give crude (5)-1-acetyl-2-(3-chloro-2-hydroxypropyl}-1 H-pyrazol-
3(2H}-one (59.0 g, 90%) as a colorless o1l which was used for next step directly without any

purification.

{00826] 'H NMR (400 MHz, CDCls): §=8.07(d, /=32 Hz, 1H), 6.00(d, J=3.2 Hz, 1H),
441(d, /=4 8 Hz, 2H}, 428-4.20 (m, 1H)}, 3.78-3.64 (m, ZH), 2.58 (s, 3H).
Step 3

{00827 A mixture of (8)-1-acetyl-2-(3-chloro-2-hydroxypropyi}-1 H-pyrazol-3(2H)-one (65.4 g,
0.3 mol}, KoCOs (82.8 g, 0.6 mol) and K1 (996 g, 60 mmol} in DMF (500 mL) was stirred at 130
°C overnight. The solvent was removed under reduced pressure. The residue was purified by
silica gel column (EA) to give (8)-6,7-dithydro-5H-pyrazolo]5,1-b][ 1,3 Joxazin-6-01 (27.6 g,
vield: 66%) as a white solid.

{00828] 'H NMR (400 MHz, DMSO-ds): 6=7.22(d,J=2.0Hz 1H), 544 (d, J= 2.0 Hz, 1H),
4.28-4.09 (m, 4H), 3.94-3.87 (m, 1H).

Step 4

[00829] To a solution of (8)-6,7-dihydro-SH-pyrazolo[5,1-b}{1,3Joxazin-6-01 (28.0 g, 0.2 mol)
in pyridine (200 mL) was added methanesulfonyl chloride (23.0 g, 0.2 mol). The reaction was
stirred at room teroperature for 30 nuns. The reaction solution was concentrated in vacuo to
dryness and the residue was partitioned between EA (300 ml) and water (500 mL). The agueous
laver was extracted with EA (300 mL). The combined organic layer was washed with brine (100
ml.}, dried over Nax8Qu, filtered and concentrated in vacuo to dryness to give {(8)-6,7-dihydro-
SH-pyrazolo{ 5,1-b}[1,3Joxazin-6-yl methanesulfonate {(44.0 g, yield: 99%) as a white solid
which was used for next step directly without any purification.

Step 3
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{00838] A miuxture of (8)-6,7-dihydro-5H-pyrazolof$5,1-b]{1,3 joxazin-6-yl methanesulfonate
{44.0 g, 0.2 mol} and NaNs (26.0 g, 0.4 mol} in dry DMF (300 mL} was stirred at 120°C for 2
hrs. Then the mixture was used for next step directly without any purnification.

Step &

{00831] A solution of (R}-6-azido-0,7-dihydro-SH-pyrazolo]5,1-b][1,3Joxazine {crude solution
i BME}, Boc(O (44 g, 0.2 moL) and Pd/C (3.0 g} in MeOH (300 mL} was stirred at room
temperature under a hydrogen atmosphere (50 Psit} for 16 hrs. The reaction mixture was filtered
and concentrated to dryness in vacuo. The residue was purified by silica gel column (PE/EA =
1/1) to give (R}-teri-butyl (6,7-dihydro-SH-pyrazolof 5,1-b]{1,3Joxazin-6-yljcarbamate (30 g,
63%) as a white solid.

Step 7

{00832] NBS (10.7 g, 60.0 mmol} was added portionwise to a solution of (R)-fert-butyl (6,7~
dihydro-SH-pyrazolof5,1-bi[1,3Joxazin-6-yljcarbamate (14.0 g, 60.0 mmol} in MeCN (200 mL)
at 0 °C and the reaction was stirred for 2 hrs at room temperature. After filtration, the filtrate was
concentrated. The residue was purified by silica gel column (PE/EA = 1/2) to give (R}-rerf-butyl
{3-bromo-6,7-dthydro-5H-pyrazolo{S,1-b}[ 1 3Joxazin-6-yhicarbamate (20.5 ¢, crude) as a yellow
solid. MS: m/z 320.0 (M+H").

Step 8

[00833] To a solution of (R)-fert-butyl (3-bromo-6,7-dihydro-SH-pyrazolo[5,1-b}[1,3Joxazin-6-
yviycarbamate (20.5 g, 64.4 mmol} in DMF (150 mL) was added NaH (60% in mineral oil, 5.2 g,
130.0 mmol). The reaction was stirred at room temperature for 1 hr under Nz, Then 1odomethane
{46.0 g, 320.0 mmol) was added and the nuxture was stirred at room temperature for 2 hrs. The
reaction mixture was poured mto water (300 ml) and extracted with EA (300 mL). The organic
iayer was washed with water (150 mL)}, brine (50 mL)}, dried over Na2SOu and concentrated. The
residue was purified by silica gel column (PE/EA = 3/1} to give (R)-ferr-butyl (3-bromo-6,7-
dibydro-SH-pyrazolo]5,1-b][1,3 Joxazin-6-vl){methyl)carbamate (18 g, yield: 90%) as a white
solid. MS: m/z 334.0 (M+H").

Step 9
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{00834] (R)-2,4,6-trichloropheny] 6-({ferf-butoxycarbonyl}{methyllamino)-6,7-dihydro-5H-
pyrazolo]5,1-bl[1,3joxazine-3-sulfonate was synthesized using Preparation B to yigld the
product as a vellow otl which was used for next step without purification.

Step 16

{00835] A solution of {(R}-2,4,6-trichlorophenyl 6-{{fers-butoxycarbonyli{methyliamino}-6,7-
dihydro-5H-pyrazolo]5,1-b]{1,3joxazine-3-sulfonate (crude) and NHz HoO (12.0 mL) in THF
(50.0 mL) was sturred at 60°C for 16 hrs. The mixture was concentrated in vacue. The residue
was purified by silica gel column (DCM/MeOH = 25/1) to give (R)-fert-butyl methyl(3-
sulfamoyl-6,7-dihydro-SH-pyrazolof5,1-b}{1,3]oxazin-6-yl)carbamate (1.8 ¢, yield: 25%, 2
steps) as a yellow solid. MS: nv/z 333.1 (M+H").

Step 11

{00836] (Ry-rert-butyl (3-(N~((1,2,3,5,6,7-hexahydro-s-indacen-4-yijcarbamoysulfamoyl}-6,7-
dihydro-SH-pyrazolo]S,1-bl[1,3Joxazin-6-yl}{methyljcarbamate was synthesized as in
Preparation D to yield the desired product {230 mg, yield: 96%) as a yellow solid.

Step 12

{00837} To a solution of (R)-fert-butyl (3-(N-({(1,2,3,5,6,7-hexahydro-s-indacen-4-
vhcarbamoysulfamoyl}-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1,3 Joxazin-6-y}{methyl}carbamate
{230 mg, 0.43 mmol) in CH2Ch (2 mL) was added TFA (0.6 mL) and the mixture was stured at
room temperature for 30 muns. Then the mixture was concentrated in vacuo to remove the
solvent. The residue was treated with 2 M NaOH solution to pH > 13. The resulting solution was
purified by reverse phase HPLC (0%-30% MeCN 10 H2O) to give sodiur (5)-((1.2,3,5,6,7-
hexahvdro-s-indacen-4-ylcarbamoy{{6-(methylamino)-6,7-dihydro-SH-pyrazolof 5, 1-
bi1,3joxazin-3-ysulfonyliamide {(150.0 mg, 80%) as a white sohid.

[06838] 'H NMR (400 MHz, DMSO-ds): 6=7.41 (s, 1H), 7.33 (s, 1H), 6.76 (s, 1H), 426 (d, J
=92 Hz, 1H),4.19-4.07 (m, 2H}, 3.84-3.80 (m, 1H), 3.09 (br, 1H), 275 (,/=72Hz, 4H), 2.66
(t,J =72 Hz, 4H), 2.34 (s, 3H), 1.94-1.87 (m, 4H). MS: m/z 432.1 (M+H").

Example 43

{0083%] Synthesis of rac-6-{Ethylamino}-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-

6,7-dihydro-SH-pyrazolo[5,1-blf 1,3 Joxazine-3-sulfonamide 13 shown below.
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Step 1~3

[{00846] These three steps are similar to general procedure of sodium ((1,2,3,5,6,7-hexahydro-s-
mdacen-4-ylicarbamoy ){{6-(methylamino}-6,7-dihvdro-5SH-pyrazolo[5,1-b}{ 1,3 Joxazin-3-
yisulfonviamide.

Step 4

{00841] rac-tert-Butyl ethyi{3-(N-((1,2,3,5,6,7-hexahydro-s-indacen-4-
ylycarbamoylsulfamoyl}-6,7-dihydro-5H-pyrazolof5,1-bi{ 1,3 Joxazin-6-yl)carbamate was
synthesized as described in Preparation ¥ to deliver the desired product (100 mg, vield: 64%) as
a white solid. MS: m/z 546.3 (M+H")
Step S
{06842] To a solution of rac-fert-butyl ethyvl(3-(N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-
yijcarbamovysulfamovi}-6,7-dihydro-5SH-pyrazolo[5,1-b}{ 1,3 ]oxazin-6-yl}carbamate (100 mg,
0.2 mmol) in CHoCl: (2 mb) was added TFA (1 mb) and the mixture was stirred at room
temperature for 30 mins. Then the mixture was concentrated to remove the solvent. The residue
was co-evaporated with CHoCl: (5 mE x3) and then purified by reverse phase HPLC [0%-95%
MeCN in HaO (0.1% NH3 . H20)] to give rac-6-(ethylamino}-N-{(1,2,3,5,6,7-hexahydro-s-
mdacen-4-ylicarbamoyl}-6,7-dihydro-SH-pyrazolo[ 5,1-b]{1,3 Joxazine-3-sulfonamide (60 mg,

73%} as a white sohid.

{00843] 'H NMR (400 MHz, DMSO-ds): §=7.91 (s, 1H), 7.62 (s, 1H), 6.93 (s, 1H), 4.41 (dd, J
=112, 24Hz 1H), 431 (dd, /=108 48 Hz 1H) 424(dd, /=128, 44 Hz 1H},395(dd, /=
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12.8, 4.4 Hz, 1H), 3.33 {overlap, 1H)}, 2.79 {1, / = 7.2 Hz, 4H}, 2.68-2.58 (m, 6H]}, 2.00-1.91 (m,
4H), 1.01 (, J =72 Hz, 3H). MS: m/z 4461 (M+H").
Example 44

{006844] Synthesis of (R)-6-(Ethylamino}-N-({1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamovi}-
6,7-dihydro-5H-pyrazolo[5,1-b}i1,3 joxazine-3-sulfonamide hydrochloride and (S}-6-
{ethviamino}-N-({1,2,3,5,6,7-hexahydro-s-indacen-4-yl)carbamovi)-6,7-dihydro- SH-

pyrazolo{5,1-b}[1,3]Joxazine-3-sulfonamide hydrochloride is shown below.

OZT((S) Ox !{’3 Ox '(’)
o N P NH, P NH,
¢ \«—3 chiral separation Q\fg (O%
i ) ¥/ 4
//\N/\VN“N P N\N Py \/N“N
| ; |
Boc Boc Boc
NH; — ~
N O\\S&O O”\,'”N\ Oﬁs’/g/f YN
w HNT \\4/\;\;,»" Boc HNT SN Boc
e e, ¢ /& L /
P . HN S N HN g N
) triphosgene, Et;
2y MeQCNa, THF ‘A

TFA, DCM
> D
~ L
Step 1

{00845] rac-tert-Butyl ethyl{(3-sulfamoyl-6,7-dihydro-5H-pvrazolof 5, 1-b][ 1,3 ]oxazin-6-
vi}carbamate (120 mg} was resolved by chiral prep-HPLC to give

{00846] (R)-ferr-butyl ethyl(3-sulfamovi-6,7-dihydro-5H-pyrazolo 5, 1-bf 1,3 joxazin-0-
vi}carbamate (peak 1, 52 mg} and (S)-rert-butvi ethyl{(3-sulfamoyl-6,7-dihydro-SH-pyrazolof 5,1-

bif1,3loxazin-6-yl}carbamate (peak 2, 48 mg).
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Step 2

{06847] This step 1s similar to general procedure of rac-6-(ethylamino)-N-({1,2,3,5,6,7-
hexahydro-s-indacen-4-yijcarbamoyl)-0,7-dihvdro-SH-pyrazolo{5,1-bl[ 1,3 Joxazine-3-
sulfonamide.

Step 3

{006848] To a solution of (R}-ferr-butyl ethyl(3-(N-{{(1,2,3,5,6,7-hexahydro-s-indacen-4-
yijcarbamovysulfamovi}-6,7-dihydro-SH-pyrazolo[5,1-bi{ 1,3 ]oxazin-6-yl}carbamate (40 mg, 0.1
mmol) in CHCh (2 mL) was added TFA (1 mL) and the mixture was stirred at room
temperature for 30 mins. Then the mixture was concentrated to remove the solvent. The residue
was co-evaporated with CHoCl: (5 mb x3) and then neutralized to pH = 8 with sat NaHCOs;. The
resulting solution was acidified to pH = 5 with aq. HCl (2 N) and then purified by reverse phase
HPLC [0%-95% MeCN in HoO] to give (R)-6-(ethylanmino)}-N-({1,2,3,5,6,7-hexahydro-s-
mndacen-4-yljcarbamoyl}-6,7-dihydro-5H-pyrazolo{S,1-b]{ 1,3 ]oxazine-3-sulfonamide

hydrochloride (15 mg, 22%) as a white sohid.

[00849] "H NMR (300 MHz, DMSO-ds): § = 7.74 (s, 1H), 7.52 (s, 1H), 6.88 (s, 1H), 4.38-4.33
(m, 1H), 4.24-4.17 {m, 2H), 3.92-3.85 (m, 1H), 3.32 (overlap, 1H), 2.77 (t,.J = 7.2 Hz, 4H), 2.64-
2.59 (m, 6H), 2.00-1.89 (m, 4H), 1.00 {t, J = 7.2 Hz, 3H). MS: m/z 446.1 (M+H").

{00850 (S)-O-{ethylamino)-N-{{(1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-6,7-dihydro-
SH-pyrazolof 5,1-b][1,3Joxazine-3-sulfonamide hydrochloride was prepared using the same

procedure.

[00851] 'H NMR (400 MHz, DMSO-ds): § = 7.89 (5, 1H), 7.60 (s, 1H), 6.93 (5, 1H), 4.41 (dd, J
=108, 24Hz 1H), 431 (dd, /=108 52 Hz 1H),424(dd, /=124, 44Hz 1H),395(dd, J=
12.4, 4.4 Hz, 1H), 3.00 (overlap, 1H), 2.78 {t, /= 7.6 Hz, 41}, 2.63-2.58 (m, 6H), 1.97-1.93 {m,
4H), 1.01 (t, J=7.2 Hz, 3H). MS: m/z 446.1 (M+H").

Example 45

{00852] Synthesis of Sodwum (R)}~((8-fluoro-1,2,3,5,6,7-hexabydro-s-indacen-4-

viycarbamoy {{(6-(methylanmino)-6,7-dihydro-5H-pyrazolo[5,1-b}j 1,3 ]oxazin-3-

yvhsulfonylamide 15 shown below.
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Step 1

{00853] Toasolution of 1,2,3,5,6,7-hexahydro-s-indacen-4-aming (3.0 g, 17.3 mmol} in
THF/H2O0/HBF4 (45 mL/7mL/22mL) was added a solution of NaNO2 (1.3 g, 18.2 mmol) in H2O
(3 mL} dropwise at -10 °C under Nao. After stirring with cooling for 2 hrs, the cold bath was
removed and the reaction was partitioned between water {100 mL} and EA (100 mL). The
organic layer was washed with sat NaHCO3 (50 mL), brine (50 mL), dried over Na:8Qs and
concentrated. The residue was purified by silica gel column (PE) to give 4-fluore-1,2,3,5,6,7-

hexahvdro-s-indacene (1.4 g, vield: 46%) as a white solid.

{00854] 'H NMR (300 MHz, CDCL): § = 6.88 (s, 1H), 2.92-2 87 (m, 8H), 2.17-2.07 (m, 4H).
Step 2

{00855] To a solution of 4-fluoro-1,2,3,5,6,7-hexahydro-s-indacene (1.4 ¢, 8.0 mmol) in MeCN
(20 mL} was added NO2BF4 (1.3 g, 9.8 mmol} at O °C under N» in two portions. The reaction
was then stirred at 0 °C for | hr. The reaction was partitioned between EA (100 ml) and water
(100 L), The organic layer was washed with water (20 mL) and brine (20 mL), dried over
Na2804 and concentrated. The residue was purified by silica flash columm (0% ~ 45% EA in PE)
to give 4-fluoro-§-nitro-1,2.3,5,6, 7-hexahvdro-s-indacene (1 4 g, vield: 80%) as a white solid.
[00856] 'H NMR (400 MHz, CDCL): § = 3.30 (t. /= 6.8 Hz, 4H), 2.95 (t, J = 7.6 Hz, 47,
2.22-2.13 (m, 4H).

Step 3

{00837} To a solution of 4-fluoro-8-nitro-1,2,3,5,6,7-hexahydro-s-indacene (1.4 ¢, 6.3 mmol} in
MeOH (20 ml) was added 10% Pd/C (200 mg). After stirring at room temperature under balloon

hyvdrogen atmosphere overnight, the reaction mixture was filtered. The filtrate was evaporated mn
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vacuo to dryness and the residue was purified by silica flash column {0% ~ 45% EA in PE) to

give &-fluore-1,2,3,5,6,7-hexahydro-s-indacen-4-amine (1.1 g, vield: 91%) as a white solid.

o

100858] 'H NMR (400 MHz, DMSO-de): § = 4.42 (s, 2H), 2.75 (t, J = 7.6 Hz, 4H), 2.62 {t, J =
7.6 Hz, 4H), 2.05-1.97 (m, 4H). MS: m/z 192.4 (M+H").

Step 4

{006859] (Ry-rert-butyl (3-{N-((8-fluoro-1,2,3,5,6,7-hexahydro-s-indacen-4-
yijcarbamovysulfamovi}-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1,3 ]oxazin-6-y}{methyl}carbamate
was synthesized as in Preparation D to yield the desired product (1.8 g, yield: 72%) as a yellow
solid. MS: mv/z 550.2 (M+H").

Step 5

{00868] To a solution of (R)-fert-butyl (3-(N-{(8-fluoro-1,2,3,5,6,7-hexahydro-s-indacen-4-
viycarbamoylisulfamoyl}-6,7-dihydro-SH-pyrazolo[5,1-b}{ 1, 3]oxazin-6-yl}{methyl}carbamate
(1.8 g, 3.3 mmol) in CH2Ch (8 mL) was added TFA (8 mL) and the mixture was stirred at room
temperature for 30 mins. Then the mixture was concentrated in vacuo to remove the solvent. The
residue was treated with 2 N aq.NaOH to PH > 13, The resulting solution was purified by reverse
phase HPLC (MeCN/H20) to give sodium (R)-((8-fluors-1,2,3,5,6,7-hexahydro-s-indacen-4-
yvhcarbamoy{{6-{methylamino)-6,7-dthydro-5H-pyrazolo[5,1-b}[ 1,3 ]oxazin-3-
yhsulfonyDanide (1.2 g, 80%) as a yellow solid.

[00861] 'H NMR (400 MHz, DMSO-ds): §=7.42 (5, 1H), 7.32 (5, 1H), 4.28-4.24 (m, 1H), 4.16
(q,.J=4.8 Hz, 1H), 4.09 (q,.7= 6.0 Hz, 1H), 3.82 (q, /= 5.2 Hz, 1H), 3.08 (br, 1H), 2.78 (t. J =
7.6 Hz, 4H), 2.71 (1, .J = 7.6 Hz, 4H), 2.33 (5, 3H), 1.99-1.93 (m, 4H). MS: m/z 450.1 (M+H"),
Example 46

[00862] Synthesis of (R)-N-((8-Fluoro-1,2,3,5,6, 7-hexahydro-s-indacen-4-ylycarbamoyl}-6-

methoxy-0,7-dihydro-SH-pyrazolof 3, 1-bl{ 1,3 Joxazine-3-sulfonamide 15 shown below.

ohc{NHz ci\ pe % Rtte
o HNTTSNN
= —
P N
'\O N‘"N

1) triphosgens, EtaN
2) MeONa, THF

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

{00863] To a solution of (R)-6-methoxy-6,7-dihydro-SH-pyrazolo{5,1-b}{ 1,3 joxazine-3-suifonic
acid anude {80 mg, 0.34 mmol} in THF (10 mL} was added MeONa (54 mg, 1.0 mmol) and the

mixture was stirred at room temperature for 30 mins to give a sodium salt suspension.

{06864] In another flask, to a solution of &-fluore-1,2,3,5,6,7-hexahvdro-s-indacen-4-amine (66
mg, 0.34 mmeol} and TEA (102 mg, I mmol) in THF (10 mL}, was added triphosgene (40 mg,
0.14 mmol} in one portion and the muxture was stirred at room temperature under N2 for 30 mins.
The reaction mixture was then filtered. The filtrate was added to the sodium salt suspension
above and stirred at room temperature for overnight. After that, the reaction solution was
partitioned between EA (10 mL) and water {5 mL}. The aqueous phase was acidifiedtopH=15
with I N HCl The solid formed was collected by filtration and dried to give (R)-N-{{8-flucro-
1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-6-methoxy-6,7-dihydro- SH-pyrazolo[ 5,1-
bli1,3joxazine-3-sulfonamide (27 mg, yield: 17.6 %) as a white solid.

[00865] 'H NMR (400 MHz, DMSO-ds): & = 10.55 (brs, 1H), 7.91 (brs, 1H), 7.61 (s, 1H), 4.62
(d,J=11.6Hz, 1H), 435(d, J=11.6 Hz, 1H), 4.18-4.27 (m, 2F), 4.06 (s, 1), 3.35 (s, 3H),
2.82(t,J =72 Hz, 4H), 2.64 (t,.J = 7.6 Hz, 4H), 1.98-2.05 (m, 4H) MS: m/z 450.8 (M+H"),
Example 47

{00866] Synthesis of sodium (K)-({(1,2,3,5,6,7-hexahydro-s-indacen-4-ylicarbamoy }{{(6-(prop-

2-yn-1-yloxy)-6,7-dthydro-3H-pyrazolo[ 5,1-b}[ 1,3 Joxazin-3-yDsulfonyDamide is shown below.
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Step 1

{00867] To a solution of rac-N,N-dibenzyl-6-(3-hydroxyazetidin-1-y1)-6,7-dihydro-SH-
pyrazolo[5,1-b}[1,3joxazine-3-sulfonamide (840 mg, 2.1 mmol) in DMF (10 mL) was added
NaH (60% in mineral 01l, 126.0 mg, 3.2 mmol}. The reaction was stured at room temperature for
1 hr under Nz Then 3-bromoprop-~1-yne (273.0 mg, 2.3 mmol) was added and the mixture was
stirred at room temperature for 2 hrs. The reaction nuxture was poured juto water (20 ml) and
extracted with EA (20 mL). The organic layer was washed with water {10 mL) and brine (10

ml.}, dried over Nax804 and concentrated to dryness to give rac-N N-dibenzyl-6-(prop-2-yn-1-
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vioxy}-6,7-dihydro-5H-pyrazolo|5,1-b]{ 1,3 joxazine-3-sulfonamide (580 mg, yield: 63%)as a

yvellow solid.

[00868] 'H NMR (300 MHz, CDCL): § = 7.63 (s, 1H), 7.25-7.16 (m, 10H), 4.52-4.17 (m, 11H),
2.55 (s, 1H). MS: m/z 438.1 (M+H).

Step 2

{06869] To a stirred solution of rac-N N-dibenzyl-6-(prop-2-yn-1-yloxy}-6,7-dihydro-SH-
pyrazolo]5,1-b}{1,3loxazing-3-suifonamide (115 mg, .3 mmol) in CHaCl: (3.0 mL) was added
conc. Hz804 (16 drops, 0.32 mL) and stirred at 0 °C for 10 nmuns. The reaction solution was
concentrated. The residue was neutralized with saturated NaHCO: solution. Then the mixture
was filtered off the sohid and the filtrate was purified by reverse phase HPLC (MeCN/H20} to
give rac-6-(prop-2-yn-1-yloxy)-6,7-dihydro-5H-pyrazolo{5,1-b}[ 1,3 Joxazine-3-sulfonamide

{23.0 mg, vield: 34%) as a yellow solid.

[00870] MS: m/z 258.0 (M)
Step 3

{00871] rac-((1,2,3,5,6,7-hexahydro-s-indacen-4-vhcarbamoy }{{(6-{prop-2-yn-1-yloxy}-6,7-
dihydro-5H-pyrazolo{5,1-b]{1,3Joxazin-3-vhsulfonyljamide was synthesized as in Preparation
B to vield the desired product (20.0 mg, vield: 49%) as a white solid.

{00872] 'H NMR (400 MHz, DMSO-ds): § = 7.86 (brs, 1H), 7.85 (s, 1H), 6.92 (s, 1H), 4.63-
459 (m, 1H), 4.40-4.25 (m, 6H), 3.52(t, J=24Hz 1H), 279, J=72Hz 4H), 262 (1, /=72
Hz, 4H), 1.99-1.92 (m, 4H). MS: m/z 457.1 (M+H").

Example 48

{00873] Synthesis of sodium rac-({6-({{(rert-butoxycarbonylmethyljaminoymethyl}-6,7-
dihydro-SH-pyrazolo] S, 1-b][1,3]Joxazin-3~-yhsulfonyl}{{1,2,3,5,6,7-hexahydro-s-indacen-4-

yicarbamoyljamide s shown below.
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Step 1

[80874] To a solution of rac-fert-butyl ((3-bromo-6,7-dihydro-5H-pyrazolo{ 5, 1-bli 1,3 Joxazin-
6-yhmethylearbamate (0.3 g, 0.9 mmol) i THF (3 mlL) was added NaH (60%, 108 mg, 2.7
mmol} followed by Mel {639 mg, 4.5 mmol} at 0 °C. After stirring at room temperature for 16
hrs, the suspension was quenched with the addition of EA (20 mL} and water (10 mL}. The
organic layer was separated. The aqueous layer was extracted with EA (10 mL). The organic
layers were combined, washed with brine (10 mL), dried over Na:5(4 and concentrated in
vacuo. The residue was purified by silica gel column (PE/EA = 2/1) to give rac-fers-butyl ((3-
bromo-6,7-dihydro-5H-pvrazolo{5,1-b]{ 1,3 joxazin-6-yDmethy}{methvl}carbamate {290 mg,
vield: 93%} as a yellow oil.

Step 2

{00875] rac-2,4,6-trichlorophenyl 6-({{ferf-butoxycarbonyl}{methyljaminojmethyl}-6,7-
dihydro-SH-pyrazolo]5,1-bi[1,3Joxazine-3-sulfonate was synthesized using Preparation B to
vield the product as a vellow o1l which was used for next step without purification.

Step 3

{00876] rac-rert-Butyl methyl{(3-sulfamoyi-6, 7-dihydro-SH-pyrazolo[5,1-bi{1,3 Joxazin-6-
vhymethyljcarbamate was synthesized as in Preparation C to vield the desired product (60 mg,
vield: 16% over 2 steps) as a light vellow solid. MS: m/z 369 4 (M+Na™).

Step 4
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{00877] Sodium ({6-({{terr-butoxycarbony{methyBaminoymethyl}-6,7-dihydro-5H-
pyrazolo]5,1-bi[1,3joxazin-3-ysulfonyl}((1,2,3,5,06,7-hexahydro-s-indacen-4-
vijcarbamovyllamide was synthesized as in Preparation B to vield the desired product (28 mg,

vield: 31%) as a white solid.

106878] 'H NMR (400 MHz, DMSO-ds): 5= 7.33 (s, 1H), 7.31 (s, 1H), 6.75 (s, 1H), 428 (d, J
= 10.4 Hz, 1H}, 4.10-4.0 (m, 2H}, 3.80-3.73 (m, 1H), 3.25-3.15 (m, 2H), 2.80 (s, 3H), 2.74 {t, J =
7.2 Hz, 4H), 2.64 (1, /= 7.2 Hz, 4H), 2.50 {overlap, 1H), 1.95-1 85 (m, 4H), 1.41-1 .31 (m, OH).
MS: m/z 546.2 (M+H").

Example 49

{00879 Synthesis of sodium ((1,2,3,5,6,7-hexahydro-s-indacen-4-yijcarbamoy}{{6-
{{methylaminoymethyl)-6,7-dihydro-SH-pyrazolo[5,1-b}f 1,3 joxazin-3-yhsulfonyhamide 1s

shown below.

\ .
NBoc o NH
- ” g
g e, LT
HN o N HNTYo N

1) TFA, DCM,

2) NaOH, CHaCN, ¢
H,0. '

{00880] To a solution of sodiur rac~-{({6-({{(rerr-butoxycarbony Y{methyDammnomethyl)-6,7-
dihydro-SH-pyrazolo] S, 1-b][1,3]Joxazin-3~-yhsulfonyl}{{1,2,3,5,6,7-hexahydro-s-indacen-4-
ylycarbamoylaroide (15 mg, 0.03 muvol) 10 CH2Ch (2 ml) was added TFA (0.6 ml.) and the
nmuxture was stirred at room temperature for 30 mins. Then the mixture was concentrated /n
vacuo to remove the solvent. The residue was added 2 N NaOH solution to pH > 13 The
resulting solation was purified by reverse phase HPLC (MeCN/H20} to give sodium rac-
{(1,2,3,5,0,7-hexahydro-s-indacen-4-yijcarbamoy J{{6-({methylammo}methy 1}-6,7-dihydro-SH-
pyrazolo]5,1-bi[1,3joxazin-3-y1sulfonyliamide {10 mg, 80%) as a white solid.

[00881] 'H NMR (400 MHz, DMSO-de): 6 = 7.36 (s, 1H), 6.77 (s, 1H), 4.39(dd, J= 11.2 Hz,
2.8 He, 1H), 4.20-4.1(m, 2H), 3.83 (dd, /= 12.4 Hz, 7.6 Hz, 1H}, 3.42 {m, SH), 3.16-3.11 {m,
1H), 2.75 (t, J = 7.2 Hz, 4H), 2.66 {1, J = 7.2 Hz, 4, 1.96-1.86 (m, 4H). MS: m/z 446.1
M+,
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Example 50

{006882] Synthesis of (R)-0-Ethyi-N-((1,2,3,5,6,7-hexahvdro-s-indacen-4-ylcarbamoyl)-6,7-
dihydro-SH-pyrazolo]5,1-bi[ 1,3 Joxazine-3-sulfonamide and (8}-6-ethyl-N-{{1,2,3,5,6,7-
hexahydro-s-indacen-4-vijcarbamoyl}-6,7-dihydro-5H-pyrazolo{5,1-b}{ 1,3 joxazine-3-

sulfonanide is shown below.

H
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Step 1

{00883] To a solution of dimethyvl 2-ethylmalonate (1.8 g, 9.6 mmeol) in THF (10 mL) was
added LiBHs (2 M in THF, 9.6 mL, 19.2 mmol) dropwise at G °C under Nz atmosphere. The
reaction mixture was stirred at room temperature for 16 hrs and then poured to water (40 mbL).
The resulting solution was concentrated to about 5 mL and mixed with EA (50 mL). The mixture
was stirred vigorously for S muns, dried with MgSOs and concentrated to give 2-ethylpropane-
1,3-diol (970 mg, vield: 97%) as a colorless oil.

Step 2

[00884] To a solution of 2-ethylpropane-1,3-diol (970 mg, 9.3 molyand EsN (2.4 ¢, 23.8
mmol) in dry THF (20 ml) was added MsC1(2.2 g, 19.3 mmol) at 0 °C. After being stirred at
room temperature for 30 muns, the reaction mixture was filtered. The filtrate was concentrated to
dryness to give crude 2-ethylpropane-1,3-divl dimethanesulfonate as a yellow oil.

Step 3
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{00885] A muxture of Z-ethylpropane-1,3-divi dimethanesulfonate (crude), 1H-pyrazol-3{2ZH)-
one (750 mg, 8.9 mmol) and KoCOs (4.3 g, 31.2 mmol} in DMF (40 mL) was heated at 100 °C
for 16 hrs. The reaction mixture was partitioned between EA/HO (80 mL /200 mL) and the
lavers were separated. The aqueous layer was extracted with EA {80 mL x3} and the combined
organic layer was washed with brine (50 mbL), dried over Na:SO4 and concentrated. The residue
was purified by silica gel column (PE/EA = 3/1) to give rac-6-ethyi-6,7-dihydro-SH-

pyrazolo[5,1-b}[1,3}oxazine (650 mg, vield: 48%) as a colorless oil.

{00886] 'H NMR (300 MHz, CDCls): §=732(d,/=1.5Hz, 1H), 548 (d,/=1.5Hz, 1H),
4.34-4.26 (m, ZH}, 3.95-3.87 (m, 1H}, 3.81-3.73 (m, 1H}, 2.30-2.19 (m, 1H), 1.60-1.40 (m, 2H),
1.05(t,J="7.5Hz 3H).

Step 4

{00887] rac-6-Ethyl-6,7-dihydro-5H-pyrazolo[5,1-bi{1,3 Joxazine (650 mg, 4.3 mmol) was
added dropwise to CISO3H (4 mb) at 0 °C. After being stirred at 80 °C for 2 hrs, the reaction
mixture was added dropwise to a mixture of ice-water/EA (30 mL /20 mL). The lavers were
separated and the aqueous layer was extracted with EA {10 mL x2}. The combined organic layer
was washed with brine (20 mL), dried over NaxSO4 and concentrated to give crude rac-t-ethyl-
6,7-dihydro-SH-pyrazolo[5,1-b}[ 1,3 Joxazine-3-sulfonyl chloride as a yellow sohid.

Step 5

[00888] To a solution of crude rac-6-ethyl-6,7-dihydro-5SH-pyrazolo[S,1-b][1,3Joxazine-3-
sulfonyl chloride in THF (3 mL) was added NH: HoO (1 mL). After being stured at 60 °C for 1
h, the reaction nuxture was concentrated to dryness. The residue was dissolved m MeOH (3 mi.)
and acidified with ag. HC1 (1 N} to pH = 3. The residue was purified by reverse phase HPLC (0%
~ 95% MeCN wn H20) to give rac-6-ethyl-6,7-dihydro-5H-pyrazolo[S, 1 -b][ 1,3 joxazine-3-

sulfonannde (200 mg, yield: 20%, two steps) as a yellow sohd.

[00889] 'H NMR (400 MHz, DMSO-ds): § = 7.48 (5, 1H), 7.08 (5, 2H), 4.48-4.44 (m, 1H), 4.21
(dd, J=12.4, 5.6 Hz, 1H), 412-4.07 {m, 1H), 3.81-3.75 {m, 1H), 2.24-2.17 {m, 1H), 1.47-1.32
{m, 2H), 0.96 (t, /= 7.2 Hz, 3H).

Step 6

{B0890] rac-6-Ethyl-6,7-dihydro-5SH-pyrazolo[5,1-bi{1,3 joxazine-3-sulfonamide (200 mg} was

separated by chiral HPLC to give two 1somers:
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{008%1] (R)-6-ethyl-6,7-dihydro-5H-pyvrazolofSs,1-b]{1,3 joxazine-3-sulfonamide (peak 1, 80
mg} and (S}-6-ethyl-0,7-dihydro-SH-pyrazolo]5,1-bl[ 1,3 Joxazine-3-sulfonamide {peak 2, 83
mg).

Step 7

{008%2] ()-6-ethyl-N-{{(1,2,3,5,6,7-hexahvdro-s-indacen-4-vijcarbamoyl}-6,7-dihydro-5H-

pyrazolo]5,1-blf1,3joxazine-3-sulfonamide was synthesized using Preparation A to deliver the

desired product (53 mg, yield: 34%) as a white solid.

[00893] 'H NMR (400 MHz, DMSO-ds): § = 10.48 (brs, 1H), 7.90 (s, 1H), 7.61 (s, 1H), 6.93 (s,
1H), 451 (d, /=28 Hz, 1H), 448-4 15 (m, 2H), 3.82-3.77 (m, 1H), 2.78 (t, ./ = 7.2 Hz, 4H),
260 (t, /=068 Hz, 4H), 2.20-1.98 (m, 1H), 1.97-1.91 (m, 4H), 1.45-1 11 (m, 2H), 096 (1, /=76
Hz, 3H). MS: m/z 431.1 (M+H™}.

[00894] (R)-6-Ethyl-N-{(1,2,3,5,6,7-hexahydro-s-indacen-4-yl}carbamoyl-6,7-dihydro-SH-
pyrazolo]5,1-b}[1,3Joxazine-3-sulfonamide was prepared using the same procedure.

{00895] 'H NMR (400 MHz, DMSO-ds): § =10.46 (s, 1H), 7.90 (s, 1H), 7.62 (s, 1H), 6.93 s,
1H), 450 (dd, /=108, 3.2 Hz, 1H), 4.24-4.13 (m, 2H), 3.83-3.78 (m, 1H), 2.79 (1, /=72 Hz,
4H), 2.59 (1, /=72 Hz, 4H), 2.21-2.19 (m, 1H), 1.99-1.92 {m, 4H), 1 42-1.35 (m, ZH), 0.95 (¢, J
=72 Hz 3H) MS: m/z431.1 (M+H").

Example 51

{00896] Synthesis of 6-(3-Fluorcazetidin-1-yH-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-

vi}carbamoyl}-6,7-dihydro-SH-pyrazolof5,1-b][1,3Joxazine-3-sulfonamide 15 shown below.
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Step 1

[00897] o-(tetrahydro-pyran-2-yloxy}-6,7-dihydro-SH-pyrazolo[5,1-bi{1,3 Joxazine-3-sulfonic
acid 2.4 6-trichloro-phenyl ester was synthesized using Preparation B to vield the productas a
vellow gel which was used for next step without punification.

Step 2

{008%8] A mixture of 6-(tetrahydro-pyran-2-yloxy)-6,7-dihydro-SH-pyrazolo{5,1-
blf1,3joxazine-3-sulfonic acid 2,4,6-trichloro-phenvi ester (crude, ~6.6 mmol), dibenzylamine
(2.5 g, 12.0 mmol) and THF (20 mL} was stirred at 60 °C overnight. The reaction was
concentrated under reduced pressure until 10 mb of liquid remained. The remained solution was
actdified with ag. HCH (1 N) to pH = 5 and extracted with EA (100 mL x5). The organic layers
were combined, dried over NaxS0s and concentrated to give N N-dibenzyl-6-((tetrahydro-2H-
pyran-2-vhoxy-6,7-dihydro-SH-pyrazolo[5,1-b]{ 1,3 ]oxazine-3-sulfonamide (1.5 g, yield: 51%)

as a yellow solid.

[00899] MS: m/z 4842 (M+H").
Step 3
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{00908] To a solution of N,N-dibenzyl-6-{{(tetrahydro-2H-pvran-2-yHoxy)-6,7-dihydro-5H-
pyrazolo]5,1-bl[1,3joxazine-3-sulfonamide (6.1 g, 12.6 mmol} in THE/HO/EtOH {50 miL/10
mb/50 mL} was added conc. HCI {10 mL) and the mixture was stirred at room temperatare
overnight. The reaction was concentrated under reduced pressure. The residue was purified by
reverse phase HPLC (MeCN/H20) to give N,N-dibenzyl-6-hydroxy-6,7-dihydro-5H-
pyrazolof5,1-bl[1,3}oxazine-3-sulfonamide (4.0 g, vield: 80%) as a white solid. MS: m/z 400.1
(MHH™).

Step 4

{00961} A solution of N N-dibenzyl-6-hydroxy-6,7-dihydro-SH-pyrazolo[5,1-b}{1,3joxazine-3-
sulfonamide (3.4 g, 8.5 mmol) and Dess-Martin periodiane (7.2 g, 17.0 mmol} in CH2Cl: (50.0
mL} was stirred at room temperature for 16 hrs. The mixture was concentrated in vacuo. The
residue was purified by stlica gel column chromatography (PEEA = 1:2) to give N,N-dibenzyl-
6-0x0-6,7-dihydro-SH-pyrazolo[5,1-b}{1,3]oxazine-3-sulfonamide (3.0 g, yield: 91%}asa
yvellow solid.

Step 5

{00902] To a stirred solution of N,N-dibenzyi-6-0x0-6,7-dihydro-SH-pyrazolo[5,1-
bli1,3joxazine-3-sulfonamide (397 0 mg, 1 0 mmol) and 3-fluorcazetidine hydrochloride (224.0
mg, 2.0 mmol} in MeOH (10.0 mL) was added sodium triacetoxyborohydnde (424.0 mg, 2.0
mmol) at room temperature. After stirring at room temperature for 30 mins, sodium
cyanotrihydroborate (126 mg, 2.0 mimol) was added to the mixture. The reaction was stirred at
room temperature for 16 hrs and concentrated in vacuo. The residue was purified by silica gel
column chromatography (CH2Cl/MeOH = 5/1} to give N,N-dibenzyl-6-(3-fluorcazetidin-1-vi}-
6,7-dihydro-SH-pyrazolo[5,1-bl[ 1,3 Joxazine-3-sulfonamide (160 mg, yield: 35%) as a vellow
sohid.

Step 6

[06903] To a solution of N,N-dibenzyl-6-(3-fluorcazetidin-1-v1}-6,7-dihydro-SH-pyrazolof 5,1-
bli1,3joxazine-3-sulfonamide (140 mg, 0.3 mmol) 1o CH2Ch (3.0 ml) was added conc HaSO4
{16 drops, 0.32 ml) and the muxture was stirred at room temperature for 30 mins. The reaction

solution was concentrated. The residue was neutrabized with saturated NaHCOs solution and

filtered. The filtrate was purified by reverse phase HPLC (0%-95% MeCN 1n HaO) to give 6-(3-
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flusroazetidin-1-y1}-6,7-dihydro-5H-pyrazolo] 5, 1-b}[ 1,3 loxazine-3-sulfonamide (60.0 mg, yield:
71%;) as a vellow solid.

Step 7

{00904] o-(3-fluoroazetidin-1-y1}-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-6,7-
dihydro-5H-pyrazolo]5,1-b}[ 1,3 ]oxazine-3-sulfonamide was synthesized as described in

Preparation ¥ {o deliver the desired product {(11.0 mg, yield: 11%) as a white solid.

106905] 'H NMR (400 MHz, DMSO-ds): 5 = 10.48 (brs, 1H), 7.87 (s, 1H), 7.58 (s, 1H), 6.93 (s,
1H), 5.20-5.17 {(m, 0.5H), 5.06-5.03 {m, 0.5H}, 432 {q, F = 0.0 Hz, 2H), 417 (dd, = 12.8, 4.0
Hz, 1H), 3.89(d, /=13 2 Hz, 1H)}, 3.65-3.60 {(m, 2H), 3.28 (overlap, 2H}, 3.09(d, /=4 .0 Hz,
1H), 279 (t, J=7.6 Hz, 4H), 2.61 (t, /=76 Hz, 4H), 1.99-1 94 (m, 4H). MS: m/z 476.1
(MHH™).

Example 52

100906] Synthesis of sodium ((1,2,3,5,6,7-Hexahydro-s-indacen-4-yijcarbamoy ) {({6-{pyrrolidin-
1-y1}-6,7-dihydro-SH-pyrazolo{ S, 1-b][1,3]oxazin-3-yl}sulfonyljamide s shown below.

/ H i ’9
O::S! N O- ! O'@S\
NBn2 NBHZ 3 NH2
TS m _conc.H,S0, ﬁg
4" Y
NaBHLCN, DCM, 1t N Nepg
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=
NH, NP o />/
I HN \E<
1) triphosgene, EigN
2) MeONa, THF
Step 1
{80907] To a solution of 6-0x0-6,7-dihvdro-5H-pyrazolo[5,1-b}{ 1, 3]oxazine-3-sulfonc acid

dibenzylamide (750 mg, 1.9 munol) and pyrrolidine (270 mg, 3.8 mumol) in MeOH (18 mL) was
added AcOH until pH = 6. Then NaBR(OAc): (810 mg, 3.8 momol} was added and the reaction
nmuxture was stirred at room temperature for 3 hrs. NaBH3CN (240 mg, 3.8 munol) was added and
the reaction mixture was stirred at room terperature for another 16 hrs. The reaction solution

was concentrated to about 6 ml. and then punified by reverse phase HPLC (0%-95% MeCUN mn
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Ho() to give 6-pyrrohidin-1-yi-6,7-dihydro-5H-pyrazolo[5,1-bi{ 1,3 Joxazine-3-sulfonic acid
dibenzylamide {290 mg, yield: 34%) as a gammy yellow solid. MS: m/z 453.1 (M+H")

Step 2

{06908] This step 1s similar to general procedure of 6-(3-flucroazetidin-1-y13-N-{{1,2,3,5,6,7-
hexahydro-s-indacen-4-yijcarbamoyl)-0,7-dihvdro-SH-pyrazolo{5,1-bl[ 1,3 Joxazine-3-
sulfonamide.

Step 3

{06909] To a suspension of 6-pyrrolidin-1-yl-6,7-dihydro-5H-pyrazolof 5, 1-b]{ 1,3 |oxazine-3-
sulfonic acid amide (50 mg, 0.2 mmol} in THF (2 mL) was added MeONa (35 mg, 0.6 mmol)

and the mixture was stirred at room temperature for 20 mins to give a sodium salt suspension.

{00918} In another flask, to a solution of 1,2,3.5,6,7-hexahydro-s-indacen-4-ylamine (30 mg,
0.2 mmol) and TEA (50 mg, 0.5 mmol) in THF (3 mL) was added triphosgene (20 mg, 0.1
mmol} in one portion and the mixture was stirred at room temperature under N2 for 20 mins. The
reaction mixture was then filtered. The filirate was added to the sodium salt suspension above.
After stirring at room temperature for 16 hrs, the reaction solution was partitioned between EA
{10 mL) and water (30 mL}. The aqueous phase was bubbled by N for 5 nuns and then purified
by reverse phase HPLC (0%-95% MeCN in H20) to give sodium ({(1,2,3,5,6,7-hexahydro-s-
indacen-4-yhcarbamoyl){{(6~{pyrrolidin-1-y1)-6,7-dihydro-SH-pyrazolo[5,1-bi{ 1, 3]oxazin-3-
vijsulfonvijamide (10 g, vield: 12%) as a whute solid.

[06911] 'H NMR (400 MHz, DMSO-ds): 6 =7.86 (s, 1H), 7.60 (s, LH), 6.92 (s, 1H), 4.50-4.40
(m, 2H), 427 (dd, /=128, 40Hz, 1H), 413 (dd, J=12.8, 40 Hz, 1H), 2.94-2.91 (m, 1H),2.79
{t, /=72 Hz, 4H), 2.68-2.58 (m, 8H), 2.00-1.91 {m, 4H), 1.70-1.60 (m, 4H) MS: m/z 472.1
(MAHH™).

Example 53

[00912] Sodwm {((6-(Azetidin-1-y1)-6,7-dihydro-SH-pyrazolo[5,1-b}{1,3]oxazin-3-

yvhsulfony1)}(1.2,3,5,6,7-hexahydro-s-indacen-4-yhcarbamoyhamide
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O‘(“S’/O O}NO
e
HN o N

{80913] The nitle compound was prepared using general procedure of sodium ((1,2,3,5,6,7-
hexahydro-s-indacen-4-yhcarbamoy{{6-{pyrrolidin-1-y1}-6,7-dihydro-SH-pyrazolo|S,1-

bif1,3joxazin-3-yhsulfonyljamide.

[06914] "H NMR (400 MHz, DMSO-de): 6 = 7.42 (s, 1H), 7.33 (s, 1H), 6.77 (s, 1H), 4 15-4.02
{m, 3H), 3.75(dd, J=12.8, 1.6 Hz, 1H), 3.20(t, /=68 Hz, 4H), 2.84-2.80 (m, 1H), 2.75{t,J =
7.2 Hz, 4H), 2.66 (t, J = 7.2 Hz, 4H), 1.97-1.87 {m, 6H). M8 m/z 458 1 (M+H"}.

Example 54

{00915} Synthesis of N-{{1,2,3,5,6,7-Hexahydro-s-indacen-4-yljcarbamoyl}-6-methoxy-6-

X >

methyl-0,7-dihydro-SH-pyrazolo]5,1-b}[ 1,3 Joxazine-3-sulfonanide 1s shown below.

O\g’(’:) O i(/:} O /(!)
TPNBR S5 TSy
O 2 TiCl, MeMgBr o NBn: ) so, O NH
L THF, it 16 hrs i o CHLCI r -
A , 10 . s 1
N~ v - 2%z i .
o N Ho” NN Ho NN

NH, O

2 INPS QI}OH
S
e
¢ /‘[\\\ s, 7
N HN Yo N

1) triphosgene, EiN
2} MeONa, THF

Step 1

{06916] To a stirred solution of TiCls (0.5 mL, excess) and methylmagnesium bromide (1.0 mL,
excess) i THEF (5.0 mL} was added N N-dibenzyl-6-0x0-6,7-dithydro-SH-pyrazolofS,1-
bli1,3joxazine-3-sulfonamide {(140.0 mg, 0.4 mmol) at -78 °C under Nz. Then the mixiure was

filtered and the filtrate was purified by silica gel column chromatography (CH:2Cly/MeOH =
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25/1) to give N, N-dibenzyl-6-hydroxy-6-methyl-6,7-dihyvdro-5SH-pyrazolo[5,1-b}{ 1,3 joxazine-3-
sulfonamide (55 mg, vield: 38%) as a white solid.

Step 2

{86917} To a stirred solution of N N-dibenzyi-6-hvdroxy-6-methyl-6,7-dithydro-5H-
pyrazolo|5,1-b}[1,3loxazing-3-suifonamide (55 mg, 0.1 mmol) in CH2Cl: (3.0 mL}) was added
conc. Hz804 (8 drops, 0.16 mbL) and stirred at room temperature for 30 mins. The reaction
solution was concentrated. The residue was neutralized with saturated NaHCO: solution. Then
the mixture was filtered and the filtrate was purified by reverse phase HPLC (MeCN/H20) to
give 6-hydroxy-6-methyi-6 7-dihydro-SH-pyrazolo[5,1-bi[ 1, 3]oxazine-3-sulfonamide {26.0 mg,
vield: 87%) as a white solid.

Step 3

{B6918] N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-6-hydroxy-6-methyl-6,7-
dihydro-5H-pyrazolo[$,1-b}][ 1 3]oxazine-3-sulfonamide was synthesized as described in
Preparation ¥ to deliver the desired product (7.0 mg, vield: 15%;) as a white solid.

100915] 'H NMR (400 MHz, DMSO-ds): § = 10.4 (s, 1H), 7.89 (s, 1H), 7.62 (s, 1H), 6.93 (s,
1H), 545 (s, 1H), 4.18 (S, 2H), 404(d, J=124Hz 1H)}, 391(d,/J=120Hz 1H), 279 (1, J=
7.2 Hz, 4H), 2.61 (1, .J = 7.2 Hz, 4H), 1.99-1.92 {m, 4H), 1.25 (s, 3H). MS: m/z 433.1 (M+H").
Example 55

[009208] Synthesis of N-{(1,2,3,5.6,7-Hexahydro-s-indacen-4-yl)carbamoyi)-6-methoxy-6-

methyl-6,7-dihydro-5H-pyrazolo[$,1-b][ 1,3]oxazine-3-sulfonanude is shown below.

o
08 P o o.? C\ N
SﬂNBng Mel o) §-hBne HaS0 BN @ -0 J - L/> 3\ 1
Figuilg g -
‘T» —— T NG [ o o=
NaH, DMF - Noyf DCM XN\ 7 1w phasgenn Etgid H
HOX{\’ ?X\/ N 7 N 2. NaOMe, THF N ---s’--mﬁﬁ
! i

Step 1

{86921] To a solution of N,N-dibenzyl-6-hydroxy-6-methyl-6,7-dithydro-5H-pyrazolo[5, 1~
bli1,3joxazine-3~-sulfonamide (35 mg, (.08 mmol) in DMF (3 ml) was added NaH (60% in
mineral oil, 6.4 mg, 0.16 mmol}. The reaction was stirred at room temperature for 1 hr under Na.
Then iodomethane (60 mg, 0.4 mmol) was added and the mixture was stirred at room

temperature for 2 hrs. The reaction mixture was poured mto water (20 mb) and extracted with
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EA (20 mL). The organic layer was washed with water (10 mL} and brine (10 mL}, dried over
Na2504 and concentrated. The residue was purified by reverse phase HPLC (MeUN/H2(0} to give
N, N-dibenzyl-6-methoxy-6-methyl-6,7-dihvdro-5H-pyrazolo[5,1-bi[ 1,3 Joxazine-3-sulfonamide

{30 mg, vield: 83%} as a vellow otl.

o

166922] 'H NMR (300 MHz, CDCL): § = 7.58 (s, 1H), 7.29-7.26 (m, 5H), 7.18-7.15 (m, 5H),
434 (s, 4H), 4.21 (s, 3H), 4.16 (s, 2H), 2.67 (s, 2H), 1.38 (s, 3H).

100923} MS: m/z 428 0 (M+H™).
Step 2

{00924] To a stirred solution of N, N-dibenzyl-6-methoxy-6-methyi-6,7-dihydro-5H-
pyrazolol5,1-bl{1,3joxazine-3-sulfonamide (25 mg, 0.06 mmol) in CHoCla (3.0 mb) was added
conc. HaS04 (8 drops, 0.16 mL) and the mixture was stirred at room temperature for 30 mins. The
reaction solution was concentrated. The residue was neutralized with saturated NaHCOs
solution. Then the mixture was filtered and the filtrate was purified by reverse phase HPLC
{(MeCN/H20) to give 6-methoxy-6-methyl-6,7-dithydro-5H-pyrazolo[5,1-b}[ 1,3 ]oxazine-3-
sulfonanide (6.0 mg, yield: 35%;) as a yellow solid.

[00925] H NMR (400 MHz, DMSO-ds): §=7.57 (s, 1H), 4.09 (s, 3H), 3.89 (q, J = 10.4 Hz,
2H), 3.66 (g, J = 10.0 Hz, 2F), 1.24 (s, 3H).

[06926] MS: m/z 247.9 (M+H"),

Step 3

{6937 N-((1,2,.3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyi}-6-methoxy-6-methyl-6,7-
dihvdro-SH-pyrazolof5,1-bl[1,3]Joxazine-3-sulfonanude was synthesized as in Preparation D to
vield the desired product (7.0 mg, yield: 73%) as a white solid.

100928] 'H NMR (400 MHz, DMSO-ds): § = 7.42 (s, 1H), 6.80 (s, 1H), 4.15 (s, 3H), 4.01 (s,
ZH), 2.75 (¢, J = 7.2 Hz, 4H), 2.60 (¢, .7 = 8.4 Hz, 4H), 2.58 (overlap, 2H), 1.92-1 88 {m, 4H),
1.20 (s, 3H). MS: m/z 447.1 (M+H),

Example 56

{08929} Synthesis of sodium rac-{{1,2.3,5,6,7-Hexahydro-s-indacen-4-vl}carbamoy }{{6-(3-
methoxyazetidin-1-v1}-6,7-dihydro-SH-pyrazolo[ 3, 1-b][ 1, 3]oxazin-3-yhsulfonyamide is shown

below.
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Step 1

{00938] To a stirred solution of N,N-dibenzyl-6-ox0-6,7-dihvdro-SH-pyrazolo[5,1-
blf1,3joxazine-3-sulfonamide {794 mg, 2.0 mmol) and azetidin-3-ol hydrochloride {440.0 mg,
4.0 mmol} in MeOH (30.0 mL} was added sodium triacetoxyborohvdride {(848.0 mg, 4.0 mmol)
at room temperature. Then the mixture was stirred at room temperature for 30 mins. Sodium
cyanotrihvdroborate (252.0 mg, 4.0 mmol} was added to the mixture and stirred at room
temperature for 16 hrs. The mixture was concentrated iz vacuo. The residue was purified by
stlica gel column chromatography {CH2Cly/MeQOH=5/1) to give rac-N N-dibenzyl-6-(3-
hydroxyazetidin-1-y1)-6,7-dihydro-5H-pyrazolo{ 5, 1-b]{1,3]oxazine-3-sulfonamide (340 mg,
yield: 37%) as a vellow solid. MS: m/z 4552 (M+H").

Step 2

{00931} To a solution of rac-N N-dibenzyl-6-(3-hydroxyazetidin-1-yi}-6,7-dihydro-5H-
pyrazolo[5,1-b][1,3}oxazine-3-sulfonamide (105 mg, 0.2 mmol) in DMF (3 mL} was added NaH
(60% in mineral o1l, 14.0 mg, 0.4 mmol). The reaction was stirred at room temperature for | hr
under N2 Then iodomethane (39.0 mg, 0.3 mmol) was added and the mixture was stirred at room
temperature for 2 hrs. The reaction mixture was poured into water (20 mL)} and extracted with
EA (20 mL}. The organic layer was washed with water (10 mL) and brine (10 mL), dried over
Na2804 and concentrated to dryness to give rac-N, N-dibenzyl-6-(3-methoxyazetidin-1-y1}-6,7-

dihydro-SH-pyrazolo]5,1-b][1,3Joxazine-3-sulfonamide (120 mg, crude) as a yvellow oil.

[60932] MS: m/z 469.1 (M+H").
Step 3
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{00933] To a stirred solution of rac-N,N-dibenzyl-0-(3-methoxyazetidin-1-y1}-6,7-dihydro-5H-
pyrazolol5,1-bl{1,3joxazine-3-sulfonamide (120 mg, 0.3 mmol) in CHoCl (3.0 mb) was added
conc. HaSO4 (16 drops, 0.32 mL} and stirred at room temperature for 30 mins. The reaction
solution was concentrated. The residue was neutralized with saturated NaHCOs solution. Then
the mixture was filtered off the solid and the filirate was purified by reverse phase HPLC
(MeCN/H20) to give rac-6-(3-methoxvazetidin-1-y1)-6,7-dihydro-5H-pyrazolo[5,1 -
bif1,3loxazine-3-sulfonamide (52.0 mg, yield: 70%}) as a white solid. MS: m/z 2891 (M+H").
Step 4

100934] Sodwum rac-({1,2,3,5,6,7-hexahydro-s-indacen-4-ylicarbamoy{({6-(3-methoxyazetidin-
1-y1}-6,7-dihydro-SH-pyrazolo] S, 1-bl[1,3]Joxazin-3-yl}sulfonyljamide was synthesized as in

Preparation D to yield the desired product (10.0 mg, vield: 11%) as a white solid.

{00935] 'H NMR (400 MHz, DMSO-ds): § = 7.85 (brs, 1H), 7.57 (s, 1H), 6.92 (s, 1H), 4.30-
4728 (m, 2H), 4.17-4.12 (m, 1H), 3.91-3 84 (m, 2H), 3.52 (1, /=72 Hz 2H), 3.14 (s, 3H), 3.01-
294 (m, 3H), 279 (t, /=72 Hz, 4H), 2.62 (t,./ =72 Hz, 4H), 1.99-1 92 {m, 4H). MS: m/z
488.2 (M+H").

Example 57

100936] Synthesis of sodium (K}-({1,2,3,5,6,7-Hexahydro-s-indacen-4-yljcarbamoy}{(6-(3-
methoxyazetidin-1-v1}-6,7-dihydro-SH-pyrazolo[ 3, 1-b]{ 1,3 Joxazin-3-yhsulfonyamide and
sodium (8)-((1,2,3,5,6,7-hexahydro-s-indacen-4-yhcarbamoy{({6~(3-methoxyazetidin-1-y1)-6,7-

dihydro-SH-pyrazolo[3,1-b][ 1,3 }oxazin-3-yhsulfonylamide is shown below.

O o 0
0=l Oag Cagd
L PTNBn, B niH, TPNH,
O%Lg chiral separation O\fég C/ (i)/ ’
Ry (S} Wy Vo
e e et
. \O \‘Q
s o
R ’5 VA Ol SN
. HN HNT TN
~. -’ [
o /z) HN/gD {L}T N
1} triphosgens, ERN K
2 MeONa, THF m
Step 1
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{00937] rac-6-(3-Methoxvazetidin-1-y1}-6,7-dithydro-5H-pyrazolof5,1-b}i 1,3 joxazine-3-

sulfonamide (150 mg) was resolved by chiral prep-HPLC to give (R)-6-(3-methoxyazetichn-1-

yvi}-6,7-dihydro-5H-pyrazolof 5,1-b]{1,3 joxazine-3-sulfonamide (65 mg) as a white solid ($)-6-

{3-methoxyazetidin-1-y1}-6,7-dihydro-5H-pyrazolo[5,1-b}{1,3 joxazine-3-sulfonamide (60 mg) as

a white solid.

Step 2

{00938] Sodwum (R)-((1,2,3,5,6,7-hexahydro-s-indacen-4-v1ljcarbamoy }{{6-(3-methoxvazetidin-

1-y1}-6,7-dihydro-SH-pyrazolo] S, 1-bl[1,3]Joxazin-3-yl}sulfonyljamide was synthesized as in

Preparation D to yield the desired product (54.0 mg, vield: 48%) as a white solid.

{00939] 'H NMR (400 MHz, DMSO-ds): § = 7.37 (brs, 1H), 7.30 (s, 1H), 6.75 (s, 1H), 4.13-

4.08 (m, 3H), 3.96-3.92 (m, 1H), 3.79-3.76 (m, 1H), 3.55-3.53 (m, 2H), 3.14 (s, 3H), 2.98-2.94

{m, 2H), 2.87 (br, 1H), 2.75 (1, /= 6.8 Hz, 4H), 2.66 {t, /= 6.8 Hz, 4H), 1 92-1 8% (m, 4H} MS:

m/z 488.2 (M+H"),.

{00940] Sodium (8)-((1,2,3,5,6,7-hexahydro-s-indacen-4-vljcarbamoy }{(6-(3-methoxyazetidin-

1-y1}-6,7-dihydro-5H-pyrazolo{5,1-b][1,3Joxazin-3-vhsulfonylamide was prepared using the

same procedure.

100941} 'H NMR (400 MHz, DMSO-ds): § = 7.39 {(brs, 1H), 7.30 (s, 1H), 6.76 (s, 1H}, 4.12-

4.06 (m, 3H), 3.95-3.92 {m, 1H)}, 3.79-3.76 (m, 1H), 3.55-3.52 (m, ZH), 3.14 (s, 3H), 2.98-2.92

(m, ZH), 288 (br, 1H), 2.75(t, /=72 Hz, 4H), 2.66 {, /= 7.2 Hz, 4H), 1.95-1 87 {(m, 4H}. MS:
/7 488.2 (M+H"}.

Example 58

[00942] Synthesis of N~({1,2,3,5,6,7-Hexahydro-s-indacen-4-yljcarbamovi}-6,7-dihydro-4H-

pyrazolo[5,1-c} 1,4]oxazine-2-sulfonamide 1s shown below.

297

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

g~~~ OH
TsOH, DHP
DCM OTHP
o] 0
LN LN OTHP o
HO -~ MeOH, concHSO4  Me( - Br/\/ i ?\3 LiBH,, THF
A YTy A MeO™ ™y ——
4 5°C, ofn KoCOs, NMP Ly,
N, NG,
NG,
OTHP OTHP OH
; PFPh,, CBr, : ag. HCl : NaH, THF N
i - i 3 A PR S RNt s N
HO/\‘{ N;N Epo.tzn o B 0 E\;N THF BF/A\EE\/‘N \E N
~ ~ ~ \
NG, NO, NO, NO;
b
(')/\[ O/\.ﬁ O/\] Vi N \>
; | ! aNGs HCL HaO Y : N ~F
Hp FO/C, MeOH W\ N, - NalGs HOb HaD SN, - N0 N
| /N ACOH, CuCls, k_\,(/N THF :LJ(\ 1) triphosgene, EtaN
Cutl, S, \ - NHz 2) MeONa, THF, 1h
NH, MeCN, 0°C S0,CH "y
Q/“*
N,
N
R
% §
J
Step 1

{00943] To as solution of 2-bromoethanol (3.8 g, 30.0 mmeol} and DHP (2.5 g, 30.0 mmol} in
DCM (50 mL}, was added TsOH (380.0 mg, 2.2 mmol} in portions and the mixture was stirred at
room temperature for 2 hrs. The reaction was concentrated and purified by silica gel column
{PE/EA = 50/1) to give 2-{2-bromoethoxy jtetrahvdro-2H-pyran (5.6 g, vield: 89 %) as a

colorless o1l

{00944] 'H NMR (400 MHz, CDCls): §=4.68 {t, /= 3.2 Hz, 1H), 4.05-3.99 (m, 1H), 3.92-3.86
(m, 1H}, 3.80-3.74 (m, 1H), 3.54-3.49 (m, 3H), 1.85-1.71 {m, 3H), 1.65-1.53 {m, 3H).
Step 2
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{00945] To a solution of 3-nitro-1H-pyrazole-S-carboxylic acid (1.57 g, 10.0 mmol} in MeOH
{20 mL) was added conc. H2SCG4 (2.0 mL). The resulting mixture was stirred at 65 °C gvernight.
Then the mixture was concentrated in vacuo to give a residue, which was purified by silica gel
column (BCM/MeQOH = 50/1} to afford methyl 3-nitro-1H-pyrazole-5-carboxylate {1.42 g, yield:

83%} as yellow solid.

[00946] 'H NMR (400 MHz, DMSO-ds): 6 = 15.24 (brs, 1H), 7.54 (s, 1H), 3.90 (s, 3H).

Step 3

{06947} To a solution of methyl 3-nitro-1H-pvrazole-5-carboxylate (1.7 g, 10.0 mmol} in NMP
(20 mL) was added 2-(2-bromoethoxy jtetrahydro-2H-pyran (2.6 g, 13.0 mmol), followed by
KoCOs (1.7 g, 13.0 mmol). The resulting mixture was stirred at 80 °C for 16 hrs. Then KoCOs
was filtered off The filtrate was concentrated in vacuo to give a residue, which was purified by
sifica gel column (PE/EA = 2/1) to afford methy! 3-nitro-1-(2-((tetrahydro-2H-pyran-2-

vhoxyjethyl}-1H-pyrazole-S-carboxylate (2.8 g, yield: 94%) as yellow oil.

[00948] 'H NMR (400 MHz, CDCls): 6 = 7.39 (s, 1H), 4.92 (t, J = 7.2 Hz, 2H), 4.57 (s, 1H),
4.11-4.07 {m, 1H), 3.98 (overlap, 1H), 3.96 (s, 3H), 3.84-3.80 (m, 1H), 3.64-3.60 (m, 1H), 3.49-
3.46 {m, 1H), 1.67-1.46 (m, 6H).

Step 4

{00949] To a solution of methy! 3-nitro-1-{2-({tetrahydro-2H-pyran-2-yHoxy Jethyl}-1H-
pyrazole-5-carboxylate (2.5 g, 8.4 mmol) in dry THF (50 mL) was added LiBHs (6.3 ml, 20 M
in THF) at 0 °C. The resulting muxture was stirred from 0 °C to room temperature for 3 hrs.
Then the reaction was quenched by addition of MeOH (4 ml.}). The nuxture was concentrated in
vacuo to give a residue, which was purified by silica gel column (PE/EA = 1/1) to afford (3-
nitro-1-(2-{(tetrahydro-2ZH-pyran-2-yloxy)ethyh- 1 H-pyrazol-5-yhmethanol (2.2 g, vield: 96%)

as vellow oil.

[00958] 'H NMR (300 MHz, CDCh): § = 6.88 (s, 1H), 4.69 (1, J= 6.3 Hz, 2H), 4.57-4.49 (m,
3H), 4.21-4.16 (m, 1H), 3.92-3.85 (m, 1H), 3.77-3.65 (m, 2H), 3.51-3.42 (m, 2H), 1.72-1 48 (m,
6H).

Step 5
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{00951] To a stirred solution of (3-nitro-1-(2-{{tetrahydro-2H-pyran-2-yloxyjethyi}-1H-
pyrazol-S-yviymethanol (2.0 g, 7.5 mmeol}, pyridine {593 mg, 7.5 mmol} and perbromomethane
(5.0 g, 15.0 mmol) in dry EO (30 mL) was added triphenylphosphine (3.9 g, 15.0 mmol) at ©
°C. The resulting mixture was stirred from G °C to room temperature for 3 hrs. The reaction was
stirred at room temperature for 16 hrs. Then the reaction was filtered off the solid and the solvent
was concenirated in vacuo to dryness to give a yellow gum, which was puritfied by silica gel
column (PE/EA = 1/1) to afford 5-(bromomethyl}-3-nitro-1-{2-({tetrahydro-2H-pyran-2-

viyoxy)ethyvh)-1H-pyrazole (1.5 g, yield: 60%:} as yellow oil.

[00952] 'H NMR (400 MHz, CDCL): 6 = 6.89 (s, 1H), 4.69 (¢, J = 16.0 Hz, 2H), 4.57-4.48 (m,
3H), 4.16-4.10 (m, 1H), 3.84-3.77 {(m, 1H}, 3.64-3.57 (m, 1H}, 3.48-3.43 (m, 1H), 1.72-1.45 (m,
6H).

Step 6:

{00933] To a solution of 5-(bromomethyl}-3-nitro-1-{2-{{tetrahydro-2H-pyran-2-yHoxy)ethyl}-
1H-pyrazole {1.5 g, 4.5 mmol} in THF {5 mL) was added conc. HC1 (1.0 mL) and the mixture
was stirred at room temperature 16 hrs. The reaction was concentrated under reduced pressure.
The residue was neutralized with saturated NaHCOs solution and extracted with EA (60 mL).
The organic layer was washed with water (50 mL) and brined (50 mL), dried over NazSO4 and
concentrated in vacuo to dryness to give a yellow gum, which was purified by silica gel column
(PE/EA = 1/1) to give 2~(5~(bromomethyl}-3-nitro- 1 H-pyrazol-1-ylethanol (1.0 g, yield: 91%)
as a vellow oil.

Step 7

[00954] To a solution of 2-(S-(bromomethyl}-3-nitro-1H-pyrazol-1-yhethanol (1.4 g, 447
mmol} i dry THF was added NaH (60%, 197 mg, 492 mmol). After stirring at room
temperatare under N2 for 4 hrs, the reaction was partitioned between water (50 mL} and EA (50
mkL}. The organic layer was washed with brine {50 mL), dried over Na:SC4 and concentrated.
The residue was purified by silica gel column (PE/EA = 4/1) to give 2-nitro-6,7-dihy dro-4H-

pyrazolo]5,1-cl{1,4]oxazine (300 mg, vield: 40%} as a white solid.

[00955] 'H NMR (300 MHz, DMSO-de): 6 = 6.88 (s, 1H), 4.82 (s, 2H), 4.23 (1, J = 4.8 Hz, 2H),
412, J =48 Hz, 2H}.
Step 8
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{009356] To a solution of 2-nitro-6,7-dihvdro-4H-pyrazoio(5,1-c]{1,4]oxazine (300 mg, 1.78
mmol) in MeOH (10 mbL) was added Pd/C (10% wet, 100 mg). The reaction was stirred at room
temperature under Ha (1 atm) for 3 hrs and filtered. The filtrate was concentrated to give 6,7~
dihydro-4H-pyrazolof5,1-cl{1,4joxazin-2-amine (250 mg, vield: quantitative) as a vellow gum.

MS: m/z 277.0 (M-536+H7).

{006937] 'H NMR (300 MHz, DMSO-ds): § = 5.20 (s, 1H), 4.63-4.55 (m, 4H), 3.98-3.94 (m,
2H), 3.79-3.75 {m, 2H).
Step ¢

{00938] To a solution of 6,7-dihydro-4H-pyrazolo|5,1-¢c}[1,4joxazin-2-amine {250 mg, 1.8
mmol} m MeCN/H20 (12 mE/1 mL) was added conc. HC1{2.7 mL} and AcOH (1.1 mL). The
nuxture was then cooled to 0 °C and a solution of NaNQO2 (149 mg, 2.2 mmol) in HO (1 mL)
was added slowly. After stirring at 0 °C for 30 mins, CuCl (121 mg, 0.9 mmol) and CuCl {9 mg,
0.09 mmol} were added. SO was then bubbled through the reaction solution for 10 nuns. The
reaction was partitioned between water (50 mL} and EA (50 mL). The organic layer was washed
with brine (40 mL), dried over Na:S0Os and concentrated to give crude 6,7-dihydro-4H-
pyrazolo[5,1-cl{1,4]oxazine-2-sulfonyl chloride which was used for next step directly.

Step 10

[00959] To a solution of crude 6,7-dihydro-4H-pyrazolo[S,1-cH 1, 4joxazine-2-sulfonyl chloride
{crude, ~1.8 myool) in THF (15 mlL) was added amumorua (S mb). The roixture was stured at 60
°C for 1 hr. The reaction was concentrated, acidified with 2 N HCl to pH = 5 and purified by
reverse phase HPLC (MeCN/H20) to give 6,7~dihydro-4H-pyrazolo[S,1-c}[1,4]Joxazine-2-

sulfonamide (100 mg, yield: 27% over 2 steps) as a white solid.

[00968] 'H NMR (300 MHz, DMSO-ds)y: § = 7.42 (5, 2H), 6.39 (5, 1H), 4.80 (s, 2H), 4.17-4.14
{m, 2H), 4.08 (1,./=4.8 Hz, 2H).
Step 11

{00961} N-((1,2,3,5,6,7-hexahvdro-s-indacen-4-yljcarbamoyl)-6,7-dihydro-4H-pyrazolo[5,1-
cli1,4]oxazine-2-sulfonamide was synthesized using Preparation A to deliver the desired

product (60 mg, vield: 30%) as a white solid.
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166962] 'H NMR (400 MHz, DMSO-ds): & = 10.86 (brs, 1H), 8.05 (s, 1H), 6.95 (s, 1H), 6.59 s,
1H), 4.81 (s, 2H), 4.19 (1, J= 4.8 Hz, 2H), 4.10 (t, J = 4.8 Hz, 2H), 2.79 (t, J = 7.2 Hz, 4H), 2.60
(t,J=7.2 Hz, 4H), 1.97-1.94 (m, 4H). MS: m/z 403.0 (M+EH),

Example 89

{00963] Synthesis of N-{{1,2,3,5,6,7-hexahvdro-s-indacen-4-yljcarbamoyl)-3,4-dihydro-2H-

et )

imidazof S, 1-b}{1,3joxazine-8-sulfonamide 1s shown below.

B " 0oH
E DHP, TSOH
| DCM, o/n
N Bn. Bn e £ NB!’E» ¥ O ,NBnZ
HPE;? CISO4H F’\).-; ol By ~s\0 B TP Br JSQ,O
' Ysoec 2n F‘L,N DCM, RT HN K005 BMF 1Hpo N
HN_ 2 NN \y
NHy
_en NH e
QQ%;NBRZ ’ Ozd ? ii P
aq.HGH te  NaH, DVF H,S0, o
_arel {0 o o
MeCOH, HF HO 80°C DLM N 1} triphosgene , BN
\,/"\/N\/ N
2) MeONa , THF
OQS,,O /E"\;
Hbid’ o -
M=/
HNT YO
gl i -
.
JCT-053-1

Step 1

{00964] To a solution of 3-bromo-1-propancl (4 g, 28.8 mmol} in DCM (50 mL) was added
TsOH (496 mg, 2.88 mmol) and 3,4-2H-dihydropyran (7.2 g, 86.2 mmol} at 0 °C. The mixture
was stirred at room temperature overnight. The reaction mixture was poured nto HoO (1060 mL).
The mixture was extracted with DCM (70 mL x2). The combined extracts was washed with brine
(100 L), dried over NaxS04 and concentrated to dryness. The residue was purified by silica gel

column (PE) to give 2~-(3-bromo-propoxy)-tetrahydro-pyran {838 mg, yield: $7%) as a red sohid.

[00965] 'H NMR (300 MHz, DMSO-ds): § = 4.60-4.56 (m, 1H), 3.77-3.72 (m, 2H), 3.61-3.56
(m, 2H), 3.47-3.42 (m, 2H), 2.07-2.03 (m, 2H), 1.70-1.61 (m, ZH), 1.51-1.45 (m, 4H).
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Step 2

{06966] A solution of S-bromo-1H-immidazole (6.6 g, 44.9 mmol} in CISOsH (30 mbL) was
stirred at 180 °C under Nz atmosphere for 2 hrs. The reaction mixture was poured into ice-water
{70 mL) and filtered. The filter cake was washed with H20 (30 mL)} and dried to give 5-bromo-
1H-tmidazole-4-sulfonyl chloride (7 g, yield: 63%) as a vellow solid.

Step 3

{00967] To a solution of S-bromo-1H-mudazole-4-sulfonyl chloride (4 g, 16.3 mmol} in THF
{50 mL) was added TEA {4.5 mL, 32.6 mmol} and dibenzylamne (3.2 g, 16.3 mmol} at room
temperature. After being stirred at room temperature overnight, the reaction mixture was poured
mto HoO (100 mL) and extracted with EA (50 mL x2). The combined EA was washed with brine
(50 mL), dried over NaxS0us and concentrated. The residue was purified by silica gel column
(PE/EA = 1/1) to give 5-bromo-1H-imidazole-4-sulfonic acid dibenzylanude (1.4 g, yield: 21%)

as a red solid.

{00968] 'H NMR (300 MHz, DMSO-ds): § = 7.96 (s, 1H), 7.25-7.19 (m, 6H), 7.12-7.05 (m,
4H), 4.36 (s, 4H).
Step 4

{00969] To a solution of 5-bromo-1H-mudazole-4-sulfonic acid dibenzylamide (1.4 ¢, 3.2
mmol} in DMF (20 mL} was added KoCOs (883 mg, 6.4 mmol}, 2-(3-bromo-propoxy)-
tetrahydro-pyran (856 mg, 3.8 mumol) at room temperature and the mixture was stirred at 80 °C
with N> overnight. The reaction mixture was added silica gel and concentrated to dryness. The
residue was purified by silica gel column (PE/EA =3/1 10 1/1) to give 5-bromo-1-[3-(tetrahydro-
pyran-2-yloxy)-propyl]- 1H-imidazole-4-sulfonic acid dibenzylanude (1.6 g, vield: 69%) as a red

o1l

{00976] 'H NMR (300 MHz, DMSO-ds): 6 =8.08 (s, 1H), 7.23-7.20 (m, 6H), 7.13-7.10 {m,
4H), 4.55-4 52 (m, 1H), 4.36 (5, 4H), 4.12 (1, /= 6.9 Hz, ZH), 3.72-3.64 {(m, 2H), 3.40-3 .30 (m,
2H}, 2.02-1.95 (m, 2H), 1.80-1.39 (m, 2H), 1.50-1 .40 (m, 4H).

Step 5

{00971} To a solution of S-bromo-1-{3-(tetrahydro-pyran-2-yloxy)-propyi]-iH-imidazole-4-

sulfonic acid dibenzylamide (1.6 g, 3.0 mmol) in THF (10 mL) was added MeOH (5 mL),
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aq.HCL (6 mL, 6 N} at room temperature and it was stirred at room temperature for 1 hr. The
reaction mixture was poured into HoO (50 mL) and neutralized to pH = 7 with sat NaHCO3. The
resulting mixture was extracted with EA (30 mL x2). The combined EA was washed with brine
{50 mL), dried over Na:804 and concentrated to give 5-bromo-1-(3-hydroxy-propvi}-1H-
imidazole-4-sulfonic acid dibenzylamide (1.4 g, crude) as a red otl.

Step &

{00972] To a solution of 5-bromo-1-(3-hydroxy-propyi}-1H-imidazole-4-sulfonic acid
dibenzylamide (1.4 g, 3.0 mmwol} in DMF (20 mL) was added NaH (60%, 145 mg, 3.6 mmol)
and the mixture was stirred at 80 °C under N; for 4 hrs. The reaction mixture was poured into
HzO (100 mL) and extracted with EA {50 mL x3)}. The combined EA layer was washed with
H20 (60 mL x2), dried over NaxSQ4 and concentrated to dryness. The residue was purified by
prep-HPLC (NH4HCOs) to give 3,4-dihydro-2H-1midazo[5,1-b}[ 1,3 }oxazine-8-sulfonic acid

dibenzylamide (176 mg, yield: 16%) as a colorless oil.

[006973] 'H NMR (300 MHz, DMSO-ds): § =7.42 (s, 1H), 7.23-7.18 (m, 6H), 7.15-7.12 (m,
4H), 4.34 (t, /=51 Hz, 2H)}, 426 (s, 4H), 4 08 {t, J= 6.3 Hz, ZH), 2.10-2.06 (m, ZH}.
Step 7

{00974] To a solution of 3,4-dihydro-2ZH-imidazofS,1-bj{ 1,3]oxazine-8-sulfonic acid
dibenzylamide (170 mg, 0.44 mmol) in DCM (3 mL ) was added conc. HaSOs (12 drops) at 0 °C
and the mixture was stirred at room temperature for 30 minutes. The reaction mixture was
poured into sat. NaHCO5 (20 mlL) and then concentrated to remove DCM. The resulting solution
was neutralized to pH = 7 and filtered. The filtrate was purified by reverse phase HPLC (20%
MeCN in H2O) to give 3,4-dihydro-ZH-imudazo[ 5, 1-b]{ 1,3 Joxazine-§-sulfonic acid amide (60

mg, vield: 62%) as a white solid.

[00975] 'H NMR (300 MHz, DMSO-de): §=7.32 (s, 1H), 6.87 (s, 2H), 433 (1, /= 5.7 Hz, 2H),
4.07 (t, /=063 Hz, 2H), 2.09-2.05 (i, 2H).
Step 8

[80976] N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-3,4-dithvdro-2H-imidazo[ 5,1~
bli1,3joxazine-8-sulfonanude was synthesized as described in Preparation E to deliver the

desired product (8 mg, yield: 8%} as a white sohd
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100977] "H NMR (300 MHz, DMSO-ds): 6 = 7.98 (s, 1H), 7.40 (s, 1H), 6.91 (s, 1H), 433 (1, /=
24 He Z2H), 406 (t, /=24 Hz ZH), 2.80 (1, J=3.0Hz 4H), 2.60 (1, /= 2.4 Hz, 4H), 2.07-2.05
(m, 2H)}, 1.98-1.92 (m, 4H). MS: m/z 403.1 (M+H").

Example 60

{00978] Synthesis of V-((1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamovi)-4-oxo-4,5,6,7-

tetrahydropyrazolo{1,5-ajpyrazine-2-sulfonamide is shown below.

o O
i :
\Q)WNO fert-butyl (2-bromoethylcarbamate \OJ\‘@ 1y HCl/dioxane, 1, 8 hrs
’ 2 o - . NG, .
:\Lﬁ K,COs5, DMF, 80°C, 3 hrs BocH N“”\VN“P‘«{ 2) K,C04, DMF, 80°C, oin

=

G G 1} 80Ck, H,0, CuCl, 0 o

Fe, NH,CI, EIOH, H,O ) NaNQ,, HCI, 0°C N =N,

T N0, T arcom LT ] N
-7 ., i 2

[\\/N“‘N L\/F\L’N

2) NHg H,0, THF, 0°C NOO

NH,
= HN
1} triphosgene, EtzN K/

2) MeONa, THF
Step 1
{00979] To a solution of methyl 5-nitro-1H-pyrazole-3-carboxylate (100 mg, 0.58 mmol} in
DMF (10 mL) was added fert-butyl (2-bromoethyljcarbamate (197 mg, 0.88mmol} and KoCOs
(240 mg, 1.74 mmol). Then the reaction mixture was stirred at 80 °C for 3 hrs. The reaction
mixture was filtered, and filtrate was concentrated in vacuo. The residue was purified by silica
gel column chromatography (PE/EA = 3/1) to give methyl 1-(2-({(vers-
butoxycarbonyljamino)ethyh-3-nitro- 1 H-pyrazole-3-carboxylate (166 mg, 80%) as a vellow
solud.
{00980] 'H NMR (400 MHz, DMSO-ds): 6 =757 (s, 1H), 6.96 (t, J=6.0Hz, 1H), 4.60(d,J=
5.6 Hz, 2H), 3.90 (s, 3H), 3.41-3.36 (m, 2H), 1.26 (s, 9H).
Step 2
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{00981] To a solution of methyl 1-(2-{{fers-butoxycarbonyljamino}ethyl)-3-nitro-1 H-pyrazole-
S-carboxylate {166 mg, 0.46 mmol} in dioxane (5 mL)} was added HCI (1.15 mL, 46 mmol, 4 M
in dioxane). Then the reaction mixture was stirred at room temperature for 6 hrs. The reaction
mixture was concentrated in vacuo. The residue was added into the suspension of DMF (10 mL)
and KoCOs3 (127 mg, 0.92 mmol). The reaction mixture was stirred at 80 °C overnight and was
monttored by LCMS. The reaction mixture was filtered, and filirate was concentrated in vacuo.
The residue was purified by silica gel column chromatography (DCM/MeOH = S0/1 ~ 10/1) to

give 2-nitro-6,7-dihydropyrazolo[l,5-alpyrazin-4(5H}-one {65 mg, 68%) as a yvellow solid.

100982] 'H NMR (400 MHz, DMSO-ds): § = 8.61 (s, 1H), 7.43 (s, 1H), 4.46 (t, J = 6.0 Hz, 2H),
3.72-3.65 {(m, 2H).

Step 3

{00983] To a solution of 2-nitro-6,7-dihydropyrazolo[1,53-alpyrazin-4(5H}-one {1.2 g, 6.6mmol)
in BEtOH (30 mL} was added iron powder {1.8 g, 33.Ommol), NHaC1 (1.76 g, 33.0 mmeol} and
HzO (10 mL). The reaction mixture was stirred at 80 °C 1n N» overnight and was monitored by
LCMS. The reaction mixture was filtered, and filtrate was concentrated s vacuo. The crude
product was purified by silica gel column chromatography (DCM/MeOH = 10/1) to give 2-

amino-6,7-dihydropyrazolof 1,5-alpyrazin-4(5H)-one (0.76 g, 76%) as a yellow solid.

[00984] 'H NMR (400 MHz, DMSO-ds). 5 =8.01 (s, 1H), 5.80 (s, 1H), 4.88 (s, 2H), 3.98 (t, /=
5.6 Hz, 2H), 3.54-3 .45 (m, 2H).
Step 4

[00985] To a suspension of CuCl(0.204 ¢, 2.1 mmol) i HoO (265 ml) was added dropwise
SOCh (44.85 mL, 0.618 mol} at 0 °C with vigorous stirring. The solution was stured at room
temperature overnight to give a hght vellow solution. Separately, to a solution of 2-amino-6,7-
dihydropyrazolo[1,5-alpyrazin-4{SH}-one (0.62 g, 4.1 mmol) in conc. HCI (4 mL} was added
dropwise a solution of NaNO:z (0.33 g 4.8 mmol} in H20 (2 ml) at -10 °C. The resulting dark
orange solution was stirred at -10 °C for 30 minutes, and then added to the solution (10.6 mL)} of
copper {1) chloride from the first step at -5 °C over Smunutes. The reaction was stirred at -5 °C
for 1 hr and extracted with EA (10 mL x 3}. The organic layer was concentrated in vacuo to give
a yvellow solid. This solid was dissolved i THF (20 mL), followed by the dropwise addition of

NH3 (10 mlL, 28% wt) at 0 °C. The reaction was stirred for 2 hrs at 0 °C and then concentrated in
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vizcno. The resulting solid was purified by stlica gel column chromatography (BCM/MeQOH =
10/1} to give 4-0x0-4,5,6,7-tetrahydropyrazolo{ 1, 5-alpvrazine-2-sulfonamide (0.2 g, 23%) as a
white solid.

[60986] 'H NMR (400 MHz, DMSO-ds): § = 8.46 (s, 1H), 7.59 (5, 2H), 6.94 (5, 1H), 439 (1, J =
5.2 Hz, 2H), 3.70-3.63 {m, 2H}.

Step 5

{00987] N-((1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamoyl}-4-ox0-4,5,6,7-
tetrahydropyrazolo{1,5-a]pyrazine-2-sulfonamide was synthesized as described in Preparation
¥ to deliver the destred product (8.3 mg, 4.3%) as a white sohid.

[00988] 'H NMR (400 MHz, DMSO-ds): § =837 (s, 1H), 7.81 (s, 1H), 7.11 (s, 1H), 6.92 (5,
1H), 6.85 (s, 1H), 433 (t, /= 6.0 Hz, 2H), 3.65-3.61 (m, 2H), 276 (t, /=72 Hz 4H), 263 (t,J
= 6.8 Hz, 4H), 1.96-1.88 (m, 4H). MS: m/z 414.1 (M - H").

Example 61

{00989] Synthesis of N-((1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamoyi}-5-methyl-4-oxo-

4,5,6,7-tetrahydropyrazolo[1,5-a}pyrazine-2-sulfonamide 1s shown below.

O AN H 3 0 ‘::"
HO 1} 2-(methylaminojethanol, - -
TN NG SOCH,, DMF, DCM, 50°C N = .~ Fe, NH.ClL EtOH, H,O N el
N 2 L ND, —NH,
N 5 - n "\\/Nw 8OGC k\/‘N\
H 2y TEA, DMF, 1t , 16 hrs N . o N
NH,
1) SOCL, Hx0, CuCl, Q o & o Q ,
NaNOD,, HCI, 0°C \NMH NH \NMS‘ N\%---M-i
v/ o TN ' Y oI
2) Niy H,0, THF, 0°C I\VN‘N o 1} triphosgene, EtgN k\/"“N &
2) MeONa, THF, 1hr
Step 1

{8069983] To a solution of 5-nitro-1H-pyrazole-3-carboxylic acid (5.0 g, 31.8mmol} and 2-
{methylaminojethanol (3.58 g, 47.7 mmol) in BCM (50 ml.} was added dropwise SOCL (11.5
mL, 159 mmumol) and DMF (4 drops) at -5 °C for 10 min. Then the reaction muxture was stirred
at 50 °C overnight. The reaction mixture was concentrated in vacuo. The residue was added nto

DMEF (50 mL}and TEA {13.3 mL, 95.4 mamol). The reaction was theun stirred at 60 °C overnight.
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After removal of solvent in vacuo, the residue was purified by silica gel column chromatography
{DCM/MeOH = 50/1 ~ 10/1) to give S-methyl-2-nitro-6,7-dihvdropyrazolo1,5-alpyrazin-4{5H4)-

one {4.66 g, 75%j) as a yellow solid.

{60991} 'H NMR (400 MHz, DMSO-ds): § =7.42 (5, 1H), 4.53 (t, /= 6.0 Hz, 2H), 3.87(t, J =
6.8 Hz, 2H), 3.03 (s, 3H).
Step 2

{00992] To a solution of S-methyl-2-nmitro-6,7-dihvdropyrazolo|1,5-alpyrazin-4(5H}-one (700
mg, 3.6mmol} in EtOH (20 mL) was added ron powder (1.0 g, 17.9mmol}, NH«C1 {096 g, 17.9
mmol} and HaO (7 mL). The reaction mixture was stirred at 80 °C under N2 atmosphere
overnight and was monitored by LCMS. The reaction muxture was filtered, and filtrate was
concentrated in vacuo. The crude product was purified by silica gel column chromatography
{(DCM/MeOH = 530/1 ~ 10/1) to give 2-anmino-S-methyl-6, 7-dihydropyrazolo[1,5-a]pyrazin-

45H)-one (0.44 g, 73%;) as a yellow solid.

{00993} 'H NMR (400 MHz, DMSO-ds): § = 5.80 (s, 1H), 4.85 (brs, 2ZH), 408 (t, /= 6.0 Hz,
2H), 3.87 (t, /= 0.4 Hz, 2H}, 2.95 (s, 3H).
Step 3

100994] To a suspension of CuCl{0.204 ¢, 2.1 mmol) m HO (265 mL} was added dropwise
SOCE (44.85 mL, 0.618 mol) at -3 °C with vigorous stirring. The solution was stirred at room
temperature overnight to give a hght vellow solution. Separately, to a solution of 2-amino-5-
methyl-6,7-dihydropyrazolol 1, 5-alpyrazin-4(SH}-one (100 mg, 0.6 mmol} in conc. HCI{0.97
mk) was added dropwise a solution of NaNOz (50 mg, 0.72 mmol) in HoO (2 mL) at -10 °C. The
resulting dark orange solution was stirred at -10 °C for 30 minutes and then added to the above
solution (1.6 mL) of copper (1) chloride at -5 °C over S nunutes. The reaction was stirred at -5 °C
for 1 hr and extracted with EA (10 mL x 3}. The organic laver was concentrated in vacuo to give
a yellow solid. This solid was added THF (5 ml.}, followed added dropwise NHz {3 mL, 28% wt)
at -5 °C. The reaction was stirredfor 2 hrs at 0 °C then concentrated /s vacuo. The resulting solid
was purified by silica gel column chromatography (DCM/MeOH = 10/1) to give S-methyl-4-

0x0-4,5,6,7-tetrahydropyrazolo|1,5-alpyrazine-2-sulfonamide {42 mg, 30%) as a yellow solid.

[00995] 'H NMR (400 MHz, DMSO-ds): § = 7.60 (s, 2H), 6.93 (5, 1H), 4.46 (t, J = 6.0 Hz, 2H),
3.87(t,.J=6.4Hz, 2H), 3.01 (s, 3H).
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Step 4

{06996] N-({1,2,3,5,6,7-hexahydro-s-indacen-4-yicarbamoyl)-S-methyi-4-ox0-4,5,6,7-
tetrahydropyrazolo[1,5-alpyrazine-2-sulfonamide was synthesized as described in Preparation
E to deliver the desired product (21.8 mg, 12%) as a white solid.

166997] 'H NMR (400 MHz, DMSO-ds): § = 7.70 (s, 1H), 7.13 (s, 1H), 6.86 (s, 1H), 6.82 (s,
1H), 4.39 (1, J = 6.0 Hz, 2H), 3.78 (t, J = 6.4 Hz, 2H), 3.34 (s, 3H), 2.76 {1, J = 7.2 Hz, 4H), 2.64
(t,J=7.2 He, 4H), 1.96-1.86 (m, 4H). MS: m/z 430.0 (M + H").

Example 62

{00998] Synthesis of N-((1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamovi)-4-oxo-4,5,6,7-

tetrahydropyrazolo{1,5-a]pyrazine-3-sulfonamide is shown below.

O O G ~Boc
: NO NG 2 HN
f 2 4 TsOH ’ 2 (Bog),0, PA/C, H !
HO% Mz;)ij—i,: .s/()i-i \OJ\& {Boc), 2 \OJ\%
P YL, o 4 MeCOH, 40°C, o/n y;
N~ HN< HN-
2 Hn-Boc O NH,
tert-butyl (2-bromoethyhcarbamate \O% 1) TFA/DCM HNJ\l‘;g
i /.
K,CO,, DMF N D KCOs, DMF, 80°C, o/ S Ney
' BocHN

=
IO o M i ~(
=g .
1) SOCH, H,0, Cuct, | HNJ& Y

) .
NaNO,, HCI, 0°C HNM o ©
L\/N N/ 1) triphosgene, EisN N,

2) NH; M0, THF, 0°C

2) MeONa, THF 1hr
Step 1
{06999] To a solution of 4-nitro-1H-pyrazole-5-carboxylic acid (1.0 g, 6.4 mmol) in MeOH (30
mb} was added TsOH {52 mg, 0.3 mmol}. Then the reaction muxture was stirred at 65 °C
overnight. The reaction mixture was concentrated in vacuo. The residue was purified by silica
gel column chromatography (BUM/MeOH = 40/1 ~ 10/1) to give methyl 4-nitro-1H-pyrazole-5-

carboxyiate (1.0 g, 91%j) as a white solid.

1661060} 'H NMR (400 MHz, DMSO-ds): 5 = 8.90 (s, 11), 3.88 (s, 3H).
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Step 2

{061601] To a solution of 4-nitro-1H-pyrazole-5-carboxylate (3.0 g, 17.5 mmol} in MeQOH (100
mb} was added (Boch( (4.2 g, 19.25 mmol} and Pd/C (300 mg, 10% wt). Then the reaction
mixture was stirred at 40 °C overnight under Ho atmosphere and was monitored by LCMS. The
reaction nuxture was filtered and the filtrate was concentrated in vacuo. The residue was purified
by stlica gel column chromatography (PE/EA = 2/1 ~ 1/1) to give methyl 4-((zerr-
butoxycarbonyljamino}-1H-pyrazole-S-carboxylate (2.52 g, 60%) as a white solid.

Step 3

1001002} To a solution of methyl 4-({rers-butoxycarbonybiamino}-1 H-pyrazole-5S-carboxylate
{4.2g, 17 4mmol} in DMF (50 mL) was added fers-butyl (2-bromoethyljcarbamate (5.8 g, 26.1
mmol} and KoCOs (7.2 ¢, 52.2 mmol). Then the reaction mixture was stirred at 80 °C for
overnight and was monitored by LCMS. The reaction muxture was filtered, and the filirate was
concentrated in vacuo. The residue was purified by silica gel column chromatography (PE/EA =
3/1) to give methyl 4-({fers-butoxycarbonyDamino}-1-{2-{{ferr-butoxycarbonyllamino)ethy - 14-

pyrazole-S-carboxylate (1.26 g, 19%) as a yellow a1l

{001003] 'H NMR (400 MHz, DMSO-ds): § =8.16 (s, 1H), 7.80 (s, 1H), 6.81 {t, J= 6.8 Hz, 1H),
440 (t, J=06.4 Hz, 2H), 3.86 (s, 3H), 3.29- 3 22 (m, 2H), 1.46 (s, OH), 1.33 {5, OH).
Step 4

[001004] To a solution of methyl 4-((rers-butoxycarbonyhamino)-1-(2-({vers-
butoxycarbonyljaminojethyl)-1H-pyrazole-S-carboxylate (1.26 g, 3.3 mmol) in DCM (20 ml)
was added CF:CO2H (2.4 mL, 33 munol). Then the reaction mixture was stirred at room
temperature overnight and was monitored by LCMS. The reaction mixture was concentrated in
vacuo. The residue was added to the suspension of DMF (20 mL) and K2CO3 (1.36 mg, 9.9
mmol). The reaction mixture was stured at 80 °C overnight and was monttored by LCMS. The
reaction nuixture was filtered, and filtrate was concentrated i vacuo. The residue was purified by
stlica gel column chromatography (DCM/MeOH = 20/1 ~ 10/1} to give 3-amino-6,7-

dihydropyrazolo[l,S-alpyrazin-4{53Fy-one (354 mg, 71%} as a white solid.

[001065] 'H NMR (400 MHz, DMSO-de): 6 = 7.75 (brs, 1H), 7.00 (s, 1H), 4.68 (brs, 2H), 4.08
{d, =56 Hz, 2H), 3.55-3.47 (m, 2H).
Step 5
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{0010066] To a suspension of CuCl (0.204 ¢, 2.1 mmol) in H20 (265 mL} was added dropwise
SOCHE {(44.85 mL, 0.618 mol} at 0 °C with vigorous stirring. The solution was stirred at room
temperature overnight to give a light yellow solution. Separately, to a solution of 3-amino-6,7-
dihydropyrazolo|1,5-alpyrazin-4{5H}-one (155 mg, 1.02 mmol} in conc. HCH (1 mL} was added
dropwise a solution of NaNQO2 (84.4 myg. 1.23 mmol) in HoO (2 mL) at -10 °C. The resulting dark
orange solution was stirred at -10°C for 30 nunutes and then added to the above solution (2.65
mL) of copper (I} chloride at -5 °C over Sminutes. The reaction was stirred at -5 °C for 1 hr and
then extracted with EA (10 mL x 3}. The organic layer was concentrated in vacuo to give a
vellow solid. This solid was dissolved in THF (5 mL)}, followed by dropwise addition of NH; (4
mb, 28%wt} at 0 °C. The reaction was stirred for 2 hrs at 0 °C and then concentrated in vacuo.
The resulting solid was purified by prep-TLC (DCM/MeOH = 10/1} to give 4-0x0-4,5,6,7-
tetrahydropyrazolo{1,3-ajpyrazine-3-sulfonamide (5 mg, 2.2%) as a yellow sohid.

Step 6

[001007]V-((1.2,3,5,6,7-hexahydro-~s-indacen-4-ylicarbamoyi}-4-ox0-4,5,6,7-
tetrahydropyrazolo[1,5-a]pvrazine-3-sulfonamide was synthesized as described in Preparation
E to deliver the desired product (1.1 mg, 5.8%) as a yellow solid.

[001008] 'H NMR (400 MHz, DMSO-ds): § = 8.64 (s, 1H), 8.15 (s, 1H), 7.85 (s, 1H), 6.87 (s,
1H), 4.38 (d, J= 5.6 Hz, 2H), 3.65-3.59 {(m, 2H), 2.77 (t, J = 6.8 Hz, 4H), 2.57 {t, /= 7.2 Hz,
4H), 1.97-1.87 (m, 4H). MS: m/z 416.1 (M + H).

Example 63

[001009] Synthesis of N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yhcarbamoyi)-S-methyl-4-ox0-

4,5,6,7-tetrahydropyrazolo[ 1,3-alpyrazine-3~-sulfonanide 1s shown below,

0
@ NO, 1) 2<{methylamino)ethanal, SOCH, @ NG, NH;
HOM DMF, toluene, 80°C \NM Fe, NH,CL EIOH, H0 N ==
7 LNy 80°C, of LN/
N~ 2) TEA, DMF, 80°C “N 0°C, o/n N
NH,

0 NH, 1)S0Ch, Ha0, Cud, 0 0\\3\\0

\Nj\ﬁg NaNQy, HCI, 0°C \NM N
LNy [Ny

NN 2) NHg H,0, THF, 0°C 1) triphosgene, EtaN
2) MeONa, THF
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Step 1

{061616] To a solution of 4-nitro-1H-pyrazole-5-carboxylic acid (1.0 g, 6.4mmol} and 2-
{methylamino)ethanol {(0.55 g, 7.3 mmol} in toluene (5 mL) was added dropwise SOCL (20 mL)
and DMF (3 drops) at -5 °C for 10 min. Then the reaction mixture was stirred at 80 °C overnight.
The reaction mixture was concentrated in vacuo. The residue was dissolved in DMF (20 mL} and
TEA (2.7 mb, 19.3 mmol}. The reaction was then sturred at 60 °C overmight and was monitored
by LCMS. After removal of solvent in vacuo, the residue was purified by silica gel column
chromatography (PE/EA =3/1 ~ 1/1} to give 5-methyl-3-mitro-6,7-dihydropyrazolo[1,5-

alpyrazin-4{5H}-one (0.7 g, 56%) as a vellow solid.

{061011]'H NMR (400 MHz, DMSO-ds): § =834 (s, 1H), 447 (t,J =56 Hz, 2H), 3.85(t, /=
6.4 Hz, 2H), 3.05 (s, 3H).
Step 2

1001612} To a solution of 5-methyl-3-nitro-6,7-dihydropyrazolo[ 1, 5-alpyrazin-4(5H)-one (3.52
¢, 18mmol} tn EtOH (75 mL) was added iron powder (5.04 g, 90 mmol), NH4Cl (482 g, 90
mmol} and HaO (25 mL). The reaction mixture was stirred at 80 °C under Nz atmosphere
overnight and was monitored by LCMS. The reaction mixture was filtered, and filtrate was
concentrated in vacuo. The crude product was purified by silica gel column chromatography
(DCM/MeOH = 10/1) to give 3-amino-S-methyi-6,7-dihydropyrazolof1,S-alpyrazin-4(5H)-one
{2.58 g, 86%) as a yellow solid.

[061613]'H NMR (400 MHz, DMSO-de): 5= "7.01 (s, 1H), 4.76 (s, 2H), 4.16 (t, J = 6.0 Hz, 2H),
3.66 (t, J = 6.4 Hz, 2H), 2.94 (s, 3H).
Step 3

[001014] 50Ch (20 mL) was added dropwise to water (70 mL) at -5 °C. The solution was sturred
at 5 °C for 1 hr and at room temperature for | hr. CuCl(0.16 g) was added to give a yellow
solution. Tt was stirred at room temperature for 5 min then cooled to -10 °C. Separately, toa
solution of 3-amino-S-methyl-6,7-dihydropyrazolo[1,S-alpyrazin-4(5H}-one (358 mg, 2.2 mmol)
in cone. HC1 (2.0 mL) was added dropwise a solution of NaNO2 (180 mg, 2.62 mmol) m H:0
(1.6 b} at -10 °C. The resulting dark orange solation was stirred at -10 °C for 30 minutes and
then added to the above solution (5.7 mL} of copper (I} chioride at -5 °C over 5 minutes. The

reaction was stirred at -5 °C for 1 hr and then extracted with EA (5 mlL. x 3). The organic layer
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was concentrated in vacuoto give a yellow solid. This sohid was dissolved in THF (5 mL),
followed by the dropwise addition of NHs (3 mL, 28% wt) at -5 °C. The reaction was stirred for
2 hrs at 0 °C and then concentrated in vacuo. The resulting solid was purified by prep-TLC
{(DCM/MeOH = 10/1} to give S-methyl-4-0x0-4,5,6,7-tetrahydropyrazolo{ 1, 5-a|pyrazine-3-

sulfonamide (30 mg, 6%) as a yellow sohid.

{061015] 'H NMR (400 MHz, DMSO-ds): § = 7.86 (s, 1H), 7.18 (s, 2H), 4.48 (¢, J = 6.0 Hz, 2H),
3.87(t,J=064Hz 2H), 3.06 (s, 3H).
Step 4

{001816] NaH (6.24 mg, 0.156 mmol, 60% dispersion in paraffin liquid) in DMSO (2 mL) was
stirred at 70 °C for 30 min. Then 5-methyl-4-0x0-4,5,6,7-tetrahydropyrazolo[1,5-alpyrazine-3-
sulfonamide (30 mg, 0.13mmol} was added to the solution of NaH in DMSO (2 mb) at -5 °C and
was stirred at -5 °C for 30 min. Separately, to a solution of 1,2,3.5,6,7-hexahydro-s-indacen-4-
amine (24.8 mg, 0.14 mmol) in THF {5 mL) was added triphosgene (15.4 mg, 0.052 mmol} and
TEA (0.1 mL) at -5 °C. Then the reaction mixture was stirred at -5 °C for 30 min and was
monitored by TCL. This reactant was filtered and the filtrate was added to the above suspension
of sodium ((S-methyl-4-0x0-4,5,6,7-tetrahydropyrazolo[ 1, 5-alpyrazin-3-ylsulfonyDamide at -5
°C. The reaction was stured at room temperature overnight and was monitored by LC-MS. Thas
reaction was then washed with saturated aqueous NH4Cl {5 mL x 3). The organic layer was dried
over anhydrous Nax8Os, and concentrated in vacuo. The residue was purified by prep-HPLC to
give N-{(1,2,3,5.6,7-hexahydro-s-indacen-4-yiicarbamoyl}-5-methyl-4-ox0-4,5,6,7-

tetrahydropyrazolo[1,5-alpyrazine-3-sulfonamide (12.8 mg, 25%) as a white solid.

[001617] 'H NMR (400 MHz, DMSO-ds): § =8.27 (brs, 1H), 7.91 (s, 1H), 6.90 (s, 1H), 447 (t, J
=56Hz 2H),3.83(t, J=060Hz 2H), 3.06 (5, 3H), 2.77 (1, /= 6.8 Hz, 4H), 2.55 (1, /= 7.6 Hz,
4H}, 1.99-1.88 (m, 4H). MS: m/z 430.1 (M+H").

Example 64

{001018] Synthesis of N-{{1,2,3,5,6,7-Hexahydro-s-indacen-4d-yHcarbamoyi}-4,5,6,7-

tetrahydropyrazolo] 1, 5-ajpyrimidine-3-sulfonamide 13 shown below.
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Step 1

{061619] T a solution of 1H-pyvrazol-5-amine (9.8 g, 0.1 mol} and TEA (36.0 g, 0.3 mmol) in
1,4-dioxane {200 mL) was added 1,3-dibromopropane (26.3 g, 0.1 mmol}. After stirring at 110
°C for 5 hrs, the reaction mixture was filtered. The filtration was concentrated to dryness. The
residue was purified by silica gel column (DCM/MeOH = 100/1} to give 4,5,6,7-
tetrahydropyrazolo{1,5-ajpyrimidine (5.3 g, yield: 36%) as a white solid.

[001028] 'H NMR (300 MHz, CDCl): § = 7.18 (s, 1H), 5.26 (5, 1H), 4.22-4.00 (m, 3H), 3.26-
3.22 (m, 2H), 2.11-2.03 (m, 2H).

Step 2

{001021] To a solution of 4,5,0,7-tetrahydropyrazolo[1,5-a]pyrimidine (3.0 g, 24 4 mmol) in
THF (20 mL} was added NaH {60% in mineral o1l, 1.5 g, 36.6 mmol). The reaction was stirred at
room temperature for 1 hr under Nu. Then Boc0O (8.0 g, 36.6 mmol} was added and the mixture
was stirred at room temperature for 16 hrs. The reaction mixture was poured into water (60 mL)
and extracted with EA (50 mL x2}. The organic layer was washed with water (50 mL) and brine
(50 mL), dried over NaxS0us and concentrated. The residue was purified by silica gel column
(DCM/MeOH = 100/1) to give fert-butyl 6,7-dithvdropyrazolo[1,5-alpyrimidine-4(SH)-

carboxylate (4.4 g, yield: 81%) as a white solid.

[061022] 'H NMR (300 MHz, CDCL): § = 7.37 (s, 1H), 6.28 (s, 1H), 4.21-4.16 {m, 2H), 3.86-
3.80 (m, 2H), 2.20-2.15 (m, 2H), 1.57 (s, O9H). MS: m/z 224 4 (M+H").
Step 3
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{001023]NBS (4.2 g, 23.5 mmol) was added in portions to a solution of rers-butyl 6,7-
dihydropyrazolof1,5-alpyrinudine-4{SH}-carboxylate (4.4 g, 19.6 mmol) in MeCN {20 mL) at O
°C and the reaction was stirred at room temperature for 16 hrs. The reaction mixture was poured
mto water {40 mL) and extracted with EA (40 mL x2). The organic layer was washed with water
(40 mL) and brine (40 mL), dried over Na:504 and concentrated. The residue was purified by
sifica gel column (PE/EA = 1/1) to give rerr-butyl 3-bromo-6,7-dihydropyrazolof{1,5-
alpyrimidine-4{5H}-carboxylate (4.1 g, vield: 69%) as a vellow solid. MS: m/z 304.3 (M+H"}.
Step 4

1001024} rer-Butyl 3-((2,4,6-trichlorophenoxy)sulfonyl)-6,7-dthydropyrazolo{ 1, S-alpyrimidine-
4{SH}-carboxylate was synthesized using Preparation B to yield the product as a yellow o1l
which was used for next step without purification.

Step 5

1001025] A mixture of ferr-butyl 3-((2,4,0-trichlorophenoxy)sulfonyl)-6, 7-dihydropyrazolo[ 1,5-
alpyrimidine-4(5H}-carboxylate {crude, ~1 .85 mmol), NH4OH (5 mL) and THF (20 mL) was
stirred at 60 °C for 12 hrs. The reaction was concentrated under reduced pressure. The remained
solution was acidified with ag HCH (1 N) to pH = 3 and partitioned between EA (60 mL) and
water {60 mL). The organic layer was washed with water (60 mL), brine (60 mL)}, dried over
Na2804 and concentrated. The residue was purified by silica gel column (PE/EA = 1/1) to give
tert-butyl 3-sulfamoyl-6,7-dihydropyrazolof 1, 5-ajpyrimidine-4(5SH)-carboxylate (100 mg, yield:

18% over 2 steps) as a white solid.

[001026] 'H NMR (300 MHz, CDCl): §=7.80 (s, 1H), 5.54 (brs, 2H), 423 (t, /= 6.3 Hz, 2H),
3.96 (t,J=6.0Hz 2H), 2.23-2.19 (m, 2H)}, 1.57 (5, 9H). MS: m/z 3031 (M+H").
Step 6

{001027] To a solution of 1,2,3,5,6,7-hexahydro-s-indacen-4-ylamine (68.7 mg, 0.397 mmol} and
TEA (0.16 mL, 1.2 mmol) in THF (5 ml) was added triphosgene {(47.2 mg, 0.16 mamol}. The
mixture was stirred for 20 minutes at room temperature. In another round-bottomed flask, to a
solution of fert-butyl 3-sulfamoyl-6,7-dthydropyrazolof 1, 5-alpyrimidine-4(SH)-carboxylate (120
mg, 0.397 mmol} mn THF (5 ml) was added MeONa (23.6 mg, 0.436 mmol) and the mixture was
stirred for 20 nunutes at room temperature. The prepared 4-1socyanato-1,2,3,5,6,7-hexahydro-s-

mdacene was filtered to remove the resulting precipitate and the filtrate was added to another
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flask contaming sulfonamide salt. The reaction was quenched with the addition of water (30 mL)

after 30 minutes. The aqueous phase was extracted with EA (20 mL) and filtered. The filtrate

{{1,2,3,5,6,7-hexahvdro-s-indacen-4-yljcarbamoyl}sulfamoyl}-6, 7-dihydropyrazolof1,5-
alpyrimidine-4{5H}-carboxylate (32 mg, yield: 16%) as a white solid.

Step 7

1001028] To a solution of fert-butyl 3-(N-({1,2,3,5,6,7-hexahydro-s-indacen-4-
viycarbamoylisulfamoy}-6,7-dihydropyrazolof1,5-a]pyrimidine-4(5H}-carboxylate (32 mg,
0.064 mmol) in DCM (2 mbL) was added TFA (1 mL} and the nuxture solution was stirred for 30
minttes at room temperature. The reaction was monitored by LC-MS, and the reaction mixture
was concentrated to dryness in vacuo. The residue was purified by prep-HPLC (NH3-H20) to
give N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yHcarbamovyi}-4,5,6,7-tetrahydropyrazolo[ 1, 5-
alpyrimidine-3-sulfonamide (11.6 mg, yield: 45%) as a white solid.

[601029] 'H NMR (300 MHz, DMSO-ds): § =8.01 (s, 1H), 7.39 (s, 1H), 6.92 (s, 1H), 6.42 (5,
1H), 396 (t, /=56 Hz, 2H), 3.25-323 (m, 2H), 279 (t, /=7.6 Hz, 4H), 260 (t, /=72 Hz,
4H), 1.97-1.91 (m, 6H). MS: m/z 402.0 (M+H").

Example 65

{001030] Synthesis of N~({1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-4,5,6,7-

tetrahydropyrazolo[1,5-a]pyrazine-2-suifonamide trifluorcacetic acid 15 shown below.
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Step 1

{001031] To a solution of 3-nitro-1H-pyrazole-S-carboxylic acid (1.57 g, 10.0 mmol) in MeOH
{20 mL) was added conc. H2S04 (2.0 mL). The resulting mixture was stirred at 65 °C overnight.
Then the mixture was concentrated in vacuo to give a residue, which was purified by silica gel
column (DCM/MeOH = 50/1) to afford methyl 3-nitro-1H-pyrazole-5-carboxylate {1.42 g, yield:
83%; as yellow solid.

[001032] 'H NMR (400 MHz, DMSO-ds): 4 = 15.24 (brs, 1H), 7.54 (s, 1H), 3.90 (s, 3H).

Step 2
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{0081833] To a solution of methyl 3-nitro-1H-pyrazole-5-carboxvlate (342 mg, 2.0 mmol} in
acetone {40 mL) was added 1,2-dibromoethane (412 mg, 2.2 mmol), followed by KoC 05 (828
mg, 6.0 mmol}. The resulting mixture was stirred to reflux for 2 hrs. Then KoCOs was filtered
off. The filtrate was concentrated n vacuo to give a residue, which was purified by sifica gel
column (DCM/MeOH = 50/1) to afford methyl 1-(2-bromoethyi}-3-nitro-1 H-pyrazole-5-

carboxylate (430 mg, vield: 77%) as yellow solid.

[001034] 'H NMR (400 MHz, CDCL): 6 = 7.42 (s, 1H), 5.08 (t, J = 6.4 Hz, 2H), 3.97 (s, 3H),
378 (t, /=04 Hz, 2H).

Step 3

{001035] To a solution of 1-{Z-bromoethyl)-3-nitro-1 H-pyrazole-5S-carboxylate (278 mg, 1.0
mmol} in dry THF (20 mL) was added LiBHs (2 mL, 2.0 M 1in THF) at 0 °C. The resulting
mixture was stirred from 0 °C to room temperature for 3 hrs. Then the reaction was quenched by
addition of MeOH {4 mL). The mixture was concentrated in vacuo to give a residue, which was
purified by silica gel column (DCM/MeOH = 100/1) to afford (1-(2-bromoethyl)-3-nitro-14-

pyrazol-3-ylimethanol (122 mg, vield: 49%} as white sohid.

{001036] 'H NMR (400 MHz, DMSO-ds): § =6.99 (s, 1H), 5.69 (1, J=56Hz, 1H), 466 (1, J=
6.0 Hz, 2H), 4.61 (d, /=506 Hz, 2H), 3.91 (1, /=64 Hz, 2H).
Step 4

[881037] A mixture of [2-(2-Bromo-ethyl}-5-nitro-ZH-pyrazol-3-yl}-methanol (3.0 g, 12.0
mmol), PBrs (4.9 g, 18.0 nuvol) and CHzCh (50 mL) was stirred at 45 °C for 3 hrs. The reaction
was neutralized with sat. NaHCOs and extracted with CHaCh (60 mL) and the combined organic
layer was washed with brine (50 m1), dried over Na:80Qy, filtered and concentrated in vacuo to
dryness to give 1-(2-bromo-ethyl)-S-bromomethyl-3-mitro-1H-pyrazole (2.2 g, vield: 58%)asa

light yellow solid.

[001038] 'H NMR (300 MHz, CDChL): §=6.93 (s, 1H), 463 (t, J= 3.8 Hz, ZH), 4.53 (s, ZH),
3.86(t,J=42Hz 2H)

Step 5

[001039] A nuxture of 1-(2-bromo-ethyl)-S-bromomethyi-3-nitro-1H-pyrazole (1.5 g, 4.8 mmol),

NH3H20 (8 ) and MeOH (10 mL) was stirred at 50 °C for 16 hrs in sealed tube. The reaction
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mixture was concentrated in vacuo 1o dryness to give 2-mitro-4,5,6,7-tetrahydro-pyrazolo| 1,5-

alpyrazine (700 mg, vield: 87%) as a white solid.

001040 MS: m/z 169.0 (M+H™).
Step &

{001041] A mixture of 2-mitro-4,5,6,7-tetrahydro-pyrazolo|1,5-ajpyrazine (700 mg, 4.2 mmol},
Chz(l {700 mg, 4.2 mmol}, KoCOs (1.2 g, 8.4 mmol} and CH3CN {20 mL) was stirred at room
temperature for 16 hrs. The reaction mixture was concentrated in vacuo to dryness. The residue
was purified by silica gel column (PE/EA = 5/1 to 1/1) to give 2-nitro-6,7-dihydro-4H-

pyrazolo[1,5-alpyrazine-S-carboxylic acid benzyl ester (900 mg, vield: 69%) as a yellow sohd.

Step 7

{001042] A mixture of Z-nitro-6,7-dihydro-4H-pyrazolo[1,5-a]pyrazine-S-carboxylic acid benzyl
ester (710 mg, 2.4 mmol}, Fe (658 mg, 11.8 mmol), NHaCl (637 mg, 11.8 mmol), H:O (10 mL)
and EtOH (20 mL} was stirred at 80 °C for 106 hrs. The reaction mixture was filtered through a
celite-pad and rinsed with CH2Ch (30 mL). The filtrate solution was concentrated to dryness to
give 2-amino-6,7-dihydro-4H-pyrazolo[1,5-a]pyrazine-5-carboxylic acid benzyl ester {639 mg,
vield: 98%) as a vellow oil.

Step 8

{001043] A solution of benzyl Z-aming-6,7-dihydropyrazolo{1,3-alpyrazine-5{(4H)-carboxylate
{639 g, 2.4 mmol) in MeCN (8 mL) at 0 °C was treated with conc HCI G0l in HaO (1.2
mL} followed by agueous solution of NaNQO2 {198 mg, 2.9 mmol) dissolved in Ho0 (0.9 mL).
The resulting solution was stirred at O °C for 45 mins. AcOH (1.2 mL), CuCh (162 mg, 1.2
mmol) and CuCl (12 mg, 0.12 mmol) were sequentially added to the above ruxture and purged
with SOz gas for 25 mins at 0 °C. After being stured for 1 hr at 0 °C, the reaction mixture was
poured to we-water {100 mL) and extracted with EA (40 mb x3). The combined organic layer
was dried over Na:SQq, filtered and evaporated in vacuo to give benzyl 2-(chlorosulfonyl)-6,7-
dibydropyrazolo[1,5-ajpyrazine-5{(4H)-carboxylate {crude} as a yellow otl. This material was
used for next step without further purification,

Step ¢

{001044] To a solution of benzyl 2-(chlorosulfonyi}-6,7-dihydropyrazolof1, S-a]pyrazine-5(4H}-
carboxylate (crude} in THF (6 mL} was added NHyH20 (3 mL). After being stirred at room
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temperature for 20 muns, the reaction mixture was concentrated, difuted with MeQOH (5 mL} and
acidified by aq. HCL (1 N} to pH = 5. The resulting solution was purified by reverse phase HPLC
{0%-50% MeCN 1n Ho() to give benzyl 2-sulfamoyi-6,7-dihydropyrazolof1,5-a]pvrazine-5{4H}-

carboxyiate (122 mg, vield: 15%, two steps) as a white sohid.

=2

1001045] MS: m/z 337.0 (M+H™).
Step 106

{001046] A solution of benzvi 2-sulfamoyl-6,7-dihvdropyrazolo] 1, 5-alpyrazine-5{4H)-
carboxylate (102 mg, 0.3 mmoL}, Boc2G (73 mg, 0.33 mmoL) and P4/C (20 mg) m MeOH (10
mb} was stirred at room temperature under a hydrogen atmosphere {50 pst} for 16 hrs. The
reaction mixture was filtered and concentrated to dryness in vacuo. The residue was purified by
stlica gel column (CH2C1/MeOH = 40/1} to give fert-butyl 2-sulfamoyi-6,7-

dihydropyrazolof1,5-alpyrazine-5(4H)-carboxylate {106 mg, vield: 96%) as a yellow solid.

[001047] MS: m/z 303.0 (M+H").
Step 11

001048} rer-Butyl 2-(N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoylsulfamoyl)-6,7-
dihydropyrazolol1,5-alpyrazine-5(4H)-carboxylate was synthesized as described in Preparation

¥ to deliver the destred product (108 mg, crude) as a yellow solid.

[661049]MS: m/z 502.1 (M+H™).
Step 12:

{001050] To a solution of rerr-butyl 2-(N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-
vhcarbamoysulfamoyl}-6,7-dihydropyrazolof1,5-a]pyrazine-5(4H}-carboxylate (68 mg, crude}
in CHaCl {1 mL) was added TFA (0.5 mL) and the mixture was stirred at room temperature for
30 mins. The resulting solution was purtfied by reverse phase HPLC (096-50% MeCN in H20) to
give N~{{(1,2,3,5,6,7-hexahydro-s~-indacen-4-yHcarbamoy1)-4,5,6,7-tetrahydropyrazolo[ 1, 5-

alpyrazine-2-sulfonamide TFA salt (7.9 mg, 15%) as a white solid.

[061051] 'H NMR (400 MHz, DMSO-ds): 6 =8.01 (s, 1H), 6.93 (s, 1H), 6.50 (s, 1H), 405 (t, /=
4.8 Hz, 2H), 3.93 (5, 2H), 3.17 (1, /=52Hz, 2H), 279 (1, /=72 Hz, 4H), 2.61 (t, /=7 6 Hz,
4H},1.99-1.94 (m, 4H). MS: m/z 401 9 (M+H").

Example 66
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{001052] Synthesis of N-{{1,2,3,5,6,7-Hexahydro-s-indacen-4-yijcarbamovi}-5-methyi-4,5,6,7-

AN

tetrahydropyrazolol1,5-ajpyrazine-2-sulfonamide is shown below.

NH,
BOC\N,/\H HN/\ \N \E X
N TFA LN g, 38% formaldehyde N, i
~ B e o - T . H .
TN orhon v NaBHLCN, 11, 2 hirs VN 4y tiphosgene, BN
4 2 X O 2) MeONa, THF, thr
»;»S{) “:’S\/ ’;»)‘
UV @ g © N,
Van\ '
_____ N N“N 1
M iR 1
I3 “N
C H H

Step 1

{061053] To a solution of rers-butyl 2-sulfamoyl-6,7-dihydropyrazolof1,5-alpyrazine-5(4H)-
carboxylate (60 mg, 0.2 mmol) 1 CHoCh (1 mL) was added TFA (2 mL) and the nuxture was
stirred at room temperature for 30 mins. The resulting solution was purified by reverse phase
HPLC (0% - 50% MeCN in HzO) to give 4,5,6,7-tetrahydropyrazolo| 1, 5-alpyrazine-2-
sulfonamide TFA salt (50 mg, crude) as a brown solid. MS: m/z 202.9 (M+H").

Step 2

{001054] To a stirred solution of 4,5,6,7-tetrahydropyrazolof1,5-ajpyrazine-2-sulfonanmide TFA
salt {45 mg, crude) in MeOH {10 mL) was added formaldehyde (40 mg, 1.3 mmol} and sodium
cyanoborohydride (14 mg, 0.2 mmol). After being stirred at room temperature for 2 hrs. The
reaction mixture was concentrated and purified by reverse phase column (0% - 50% MeCUN in
Ho() to give S-methyi-4,5,6,7-tetrahydropyrazolof1,5-alpvrazine-2-sulfonamide (17 mg, vield:
32% as a white solid.

1001058 MS: m/z 217.0 (M+H™).

Step 3:

{001056] N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamovl)-5-methyi-4,5,6,7-
tetrahydropyrazolol1,5-ajpyrazine-2-sulfonamide was synthesized using Preparation A to

deliver the desired product (9.6 mg, vield: 29%) as a white solid.

[
o]
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[001057] 'H NMR (400 MHz, DMSO-de): § = 10.80 (s, 1H), 8.02 (s, 1H), 6.94 (s, 1H), 6.55 (s,
1H), 4.16 (1, J = 5.6 Hz, 2H), 3.62 (s, 2H), 2.89 (¢, J = 5.8 Hz, 2H), 2.79 {1, J = 7.2 Hz, 4H), 2.60
(t,J= 6.8 Hz, 4H), 2.40 (s, 3H), 1.99-1.93 (m, 4H). MS: m/z 416.1 (M+H").

Example 67

{001058] Synthesis of 4,4-Difluore-N-((1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamovi})-

4,5.6,7-tetrahydropyrazolof1,5-a]pyridine-3-sulfonamide 1s shown below.

O‘:{V
N\N lé N“N/\ 13 n-Bul, ZnCly, Mo
| TCPE, -78°C P
_IoPC, T8¢
iz peM <, HF.Pyr, DCM, ey oM 708 2 NHoHa0, THF,
Br T\/ Br N

FF o 60°.16h HNOS  FOF

F

NH,
L s8h
A0 bS]

< /‘k} ,_-::Nl

— : HNT0
1) triphosgene, EtsN i

2) MeONa, THF, h

Step 1

[8061059] To a solution of 3-bromo-6,7-dihydropyrazolo{1,5-ajpyridin-4(5SH}-one (500 mg, 2.34
mmol} in BCM (5 mL) was added I (58 myg, .23 mmol) and propane-1,3-dithiol (276 mg, 2.57
mmol)}, then the mixture was stirred at room temperature overnight. The reaction was then
partitioned between DCM (20 mL) and water (20 mL). The organic layer was separated and the
aqueous layer was extracted with DCM (20 mL). The combined organic layers were washed with
brine (20 mL), dried over NaxSQu, filtered and concentrated in vacuo. The residue was punified
by silica gel column (PE/EA = 2/1} to give 3-bromo-6',7'-dihydro-5H-spirof[1,3 Jdithiane-2,4'
pyrazolo[1,5-ajpyridine] {530 mg, vield: 75%} as a white sohd.

Step 2

{061060] To a solution of 1,3~-dibromo-5,5-dimethyl-imidazolidine-2 4-dione {1.61 g, 5.6 mmol}
in BCM (5 mL) was added HF pyridine (55%, 3.4 ml., 18.6 mmol} and 3-bromo-6',7-dihydro-
SH-spirof{1,3]dithiane-2 4-pyrazolo[1,5-alpyridine] (430 mg, 1.4 mmol) at -70°C. After stirring
at room temperature for 1 hour, the reaction was partitioned between DUM (20 mL) and water

(20 mL). The organic layer was separated and the agueous layer was extracted with DCM (20
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mb}. The organic layers were combined, washed with brine (20 mL), dried over Na:SQOy, filtered
and concentrated in vacue. The residue was purified by silica gel column (PE/EA = 5/1) to give
3-bromg-4,4-diftuocro-4,5,6,7-tetrahydropyrazolo{ 1,5-ajpyridine (260 mg, yvield: 57%}as a
yellow oil. MS: m/z 236.9 (M+H").

Step 3

{801061] To a solution of 3-bromo-4,4-difluoro-4,5,6,7-tetrahydropyrazolof 1,5-a]pyndine {0.26
g, 1.1 mmol) in dry THF (5 mL) was added n-Bult in hexane (0.44 mE, 1.1 mmol, 2.5 M)
slowly at -78 °C under N2 After stirring at this temperature for 20 mins, ZnCl in ether (1.1 mL,
1.1 mmol, T M} was added slowly at this temperature. The cold bath was removed and the
reaction was stirred at r.t. for 1 hr. TCPC (0.33 g, 1.1 mmol} was added to the mixture at 0 °C
and the mixture was stirred at r.t. for 1 hr. The reaction was quenched with saturated NHaCl
solution (2 mL) and partitioned between water (20 mL} and EA (20 mL). The organic layer was
washed with brine (80 mL)}, dried over NaxS04 and concentrated to give crude 2,4,6-
trichlorophenyl 4,4-difluoro-4,5,6,7-tetrahydropyrazolof 1, 3-ajpyridine-3-sulfonate as a yellow
oil. The crude was dissolved i THF (5 mL), and NH3 H20 (5 mL) was added to the solution.
After stirring at 60 °C overnight, the reaction was concentrated to remove the solvent. The
residue was acidified with 1| N HCl to pH = 5 and partitioned between EA (20 mL) and water (20
mL}. The organic layer was separated amd the aqueous layer was extracted with EA (20 mL).
The organic layvers were combined, washed withe brine (30 mlL.), dried over Na:xS0;q, filtered and
concentrated in vacuo. The residue was purified by silica gel colomn (PE/EA = 2/1) to give 4,4-
difhuoro-4,5,6,7-tetrahydropyrazolof 1, 5-alpyridine-3-sulfonamide (50 mg, yield: 19% over 2
steps} as a vellow solid. MS: m/z 238 (M+H"}.

Step 4

[081062]4,4-Difluoro-N-{{1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-4,5,6,7-
tetrahydropyrazolo{1,5-ajpyridine-3-sulfonamide was synthesized using Preparation A to
deliver the desired product {26 mg, vield: 28%) as a white solid.

[001063] 'H NMR (400 MHz, DMSO-ds): § = 10.65 (brs, 1H), 7.97 (s, 1H), 7.94 (s, 1H), 6.93 (s,
1H), 4.28 (1, J = 5.6 Hz, 2H), 2.78 (1, J = 6.8 Hz, 4H), 2.60 (1. J = 6.8 Hz, 4H), 2.50 (overlap,
2H), 2.20-2.11 (m, 2H), 1.99-1.91 (m, 4H). MS: m/z 437.0 (M+H).

Example 68

)
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801064 Synthesis of N-{{8-Fluoro-1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl}-6,7-
] Y Ly J

dihydro-5H-pyrazolo]5,1-b]{1,3joxazine-3-sulfonamide 1s shown below.

o g a0 9
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<: N 1) triphosgene, EiyN < i \I/>
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2) MeONea, THF

F

{001065] N-((8-fluore-1,2,3,5,6,7-hexahydro-s-indacen-4-yljcarbamoyl)-6,7-dihydro-SH-
pyrazolo{5,1-b}[1,3]Joxazine-3-sulfonamide was synthesized using Preparation A to deliver the

desired product (210 mg, yield: 61%j) as a white solid.

[001866] ' H NMR (400 MHz, DMSO-ds): § = 10.51 (brs, 1H), 7.91 (s, 1H), 7.60 (s, 1H}, 4.45 (1,
J=52Hz 2H}, 411 {t, J=04Hz 2H}, 282 (t, /=76 Hz 4H), 2.64 (t, /=68 Hz, 4H), 2.22-
2.17 (m, 2H) , 2.05-1.98 {(m, 4H). MS: m/z 421.1 (M+H").

Example 69

{001067] Synthesis of N-{((8-Methyl-1,2,3,5,6,7-hexahydro-s-indacen-4-ylicarbamoyl)-6,7-

dihydro-SH-pyrazolof3,1-b][1,3 Joxazine-3-sulfonamide is shown below.

E\!HQ
Qxd
pob
a O

\’f/"<>
#
o3
itriphosgene, EtoN
2MeONa, THF

N, N

H,
NBS, 0°C f . MeB(OH) 5, K00,
DCM, 2h ' ’ Pd{PPhi)s, dioxane,

Br

H,0, 100°C, o/n

Step 1

{061068] To a solution of 1,23,5,6,7-hexahydro-s-indacen-4-ylamine {1 g, 5.78 mmol) in DCM
(20 mL} was added NBS (1.03 g, 5.78 mmol) at 0 °C and the mixture was stirred at 0 °C for 2
hrs. The reaction mixture was poured into HoO (30 mL) and extracted with EA (560 mL x2}. The
combined EA was washed with brine (100 mL}, dried over NaxSQs and concentrated to dryness.
The residue was purified by sifica gel column (PE/EA = 50/1) to give 8-bromo-1,2,3,5,6,7-

hexahydro-s-indacen-4-amine {838 mg, vield: 57%) as a red solid.

o
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1661068} 'H NMR (300 MHz, CDCL): § = 3.48 (brs, 2H), 2.91 (t, J = 7.5 Hz, 41, 2.81 (t, J =
6.9 Hz, 4H}, 2.19-2.06 (m, 4H).

Step 2

{061670] To a solution of 8-bromo-1,2.3,5,6,7-hexahydro-s-indacen-4-amine (200 mg, 0.79
mmol} in dioxane (8 mL} and H>O (2 mb) was added methylboronic acid (52 mg, 0.87 mmol},
KoCOs (327 mg, 2.37 mmol) and PA(PPhs ) (45 mg, 0.039 mmol} at room temperature and it was
stirred at 100 °C under N2z overnight. The reaction mixture was filtered over silica, and then 1t
was purified by prep-HPLC (NHz-H20) to give 8-methyi-1,2,3,5,6,7-hexahydro-s-indacen-4-
amine (26 mg, yield: 18%}) as a white solid.

Step 3

{06167 N-((8-methvi-1,2,3 5,6, 7-hexahydro-s-indacen-4-yl}carbamoyl}-6,7-dihydro-5H-
pyrazolo|5,1-b}[1,3loxazine-3-suifonamide was synthesized as described in Preparation K to
deliver the destred product (14 mg, yield: 24%) as a white solid.

16610672} 'H NMR (400 Mz, DMSO-de): 6 = 10.41 (s, 1H), 7.81 (s. 1H), 7.60 (s, 1H), 4.44 {1,/
=4 8Hz, 2H}, 411 (1, /=56 Hz ZH), 2.74 (t, J= 6.8 Hz, 4H), 2.69-2.58 (m, 4H}, 2.21-2.17 (m,
2H), 2.08 (s, 3H), 2.00-1.92 (m, 4H). MS: m/z 417.0 (M+H").

Example 70

{081873] Synthesis of Sodiom {(R)}-({4-chloro-2,6-disopropyiphenylicarbamoy{{6-methoxy-6,7-

dihydro-5H-pyrazolo]5,1-b]{1,3joxazin-3-yijsulfonyijamide is shown below.

o 'NHZ
B
Qﬁ/ﬁ ©
V(/ "
Y/
NCS, DMF, i N Ny ‘

1) tiphosgene, TEA, TH>--
2y MeONa, THF, 1t

Step 1

{061674] T'o a solution of 2,6-dusopropyl-phenylamine (2.4 g, 13.5 mmol} in DMF (20 mL) was
added NCS (1.9 ¢, 14.2 mmol} at one portion. After being stirred at room temperature for 16 hrs,
the reaction mixture was poured to water {100 mL) and extracted with EA (50 mL x2). The

combined organic layer was washed with brine (50 mL x2), dried over Na:504 and concentrated.

[
[ o]
L

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

The residue was purified by silica gel column (PE/EA = 50/1) to give 4-chloro-2,6-disopropyi-
phenylamine (2.0 g, vield: 70%) as a red oil.

Step 2

{061675] (Ry-((4-chloro-2,6-dusopropylphenyhcarbamoy{({6-methoxy-6,7-dihydro-5H-
pyrazolo|5,1-b}[1,3loxazin-3-vi}suifonvilamide was synthesized as described in Preparation £
to deliver the desired product (50 mg, yield: 51%} as a whaite sohid.

1661076} 'H NMR (400 MHz, DMSO-de): & = 7.38 (s, 1H), 7.33 (s, 1H), 7.00 (s, 2H), 4.49-4.45
{m, 1H), 4.18-4.08 (m, 3H), 4.00-3.90 {m, 1H), 3.34 (s, 3H), 3.20-3.05 {m, 2H), 1.05-1.03 (m,
12H). MS: m/z 471.0 (M+H™.

Example 71

{001877] Synthesis of N-{(8-chloro-1,2,3,5,6,7- hexahydro-s-indacen-4-yljcarbamoyl}-6,6-

dimethyi-6,7-dihydro-SH-pyrazolo[5,1-bi[1,3}oxazine-3- sulfonamide 1s shown below.

[0810678] N N-dimethylpyridin-4-amine {0.657 mmol, 0.080 g} was dissolved in THF (1.5mL)
and then a solution of di-fert-butyl dicarbonate (0.626 mmol, 0.144 mL}) in THF {1.5mL) was
added slowly. After stirring for a few minutes, a solution of 8-chioro-1,2,3,5,6,7-hexahydro-s-
mndacen-4-amine (0.626 mmol, 130 mg) in THF {1mL) was added and the mixture was left to stir
for 30 mun. At the same time, 6,6-dimethy]-6,7-dihydro-SH-pyrazolo[5,1-b}[1,3 Joxazine-3-
sulfonamide (0.626 mmol, 0.145 g) in THF {1mL} was treated with sodium hydride (0.626
mmol, 0.023 g} and left to stir for 30 min. At this time, the two solutions were mixed and left to

stir for 18 h

{0081879] The reaction was then quenched with sat NHsCl (10mL) and diluted with EtOAc
(10mL). The layers were separated and the ag. layer extracted with EtOAc (10mL). The
combined organic extracts were then washed with water (10mL) and concentrated. The resulting

solid was suspended 1n MeOH (S5ml), filtered and punified by prep HPLC {10-40%
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MeCN:10mM aq. NHsOH). The purified fractions were combined and concentrated to yield N-
{{8-chloro-1,2,3,5,6,7- hexahydro-s-indacen-4-yl}carbamoyl}-6,6-dimethyl-6,7-dhihydro-5H-

pyrazolo]5,1-b}{1,3loxazing-3- sulfonanide (4 mg, 1.374%) as a white solid.

[001080] H-NMR (400 MHz; MeOD): § 7.68 (s, 1H), 4.08 (s, 2H), 3.86 (s, 3H), 2.90-2.87 (m,
411), 2.80-2.76 (m, 4H), 2.09-2.02 (m, SH), 1.11 (s, 6H). MS: m/z 465.0 (M),

Example 72

{001081] Synthesis of N-{{2,2-dimethyl-2 3- dihydrobenzofuran-7-yljcarbamoyl}-6,7-dihydro-

SH-pyrazolof5,1-b][1,3]Joxazine-3-sulfonamide 15 shown below.

(% ¥
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{001082]6,7-dihydro-5H-pyrazolof5,1-b]{1,3joxazine-3-sulfonamide (100 mg, 0.492 mmol} was
dissolved in MeQGH (4 mL) at 80 °C. sodium methoxide {0.106 g, 0.492 mmol} was then added
and the muxture was stirred for 30 nun. The solvent was then evaporated and 7- isocyanato-2,2-
dimethy}-2, 3-dihydrobenzofuran {0.093 g, 0.492 mmol} in MeCN (4 mL) was added and the
mixture was left to stir overnight. At this time the reaction was filtered and the filterand washed
with EtOAc and dried to vield N-((2,2-dimethyl-2,3- dihydrobenzofuran-7-yl}carbamoyl)-6,7-
dihydro-SH-pyrazolo]5,1-bi[1,3Joxazine-3-sulfonamide {108.5 mg, 56.19 %) as a cream solid.
MS: m/z 393 (M+H").

Example 73

{001083] Synthesis of N-((1,2,3,5,6,7-hexahydro-s-indacen-4- yiicarbamoyl}-2-methyl-6,7-

dihydro-SH-pyrazolof5,1-bl[1,3Joxazine-3-sulfonanude is shown below.

N o Nat
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{001084] 2-methvi-6,7-dihydro-5H-pyvrazolo[5,1-bj{ 1,3 Joxazine-3-sulfonamide was prepared in
the same manner as 6,7-dihydro-5H-pyrazolo[S,1-b]{ 1,3 joxazine-3-sulfonamide except the using

the appropriate 3-methyl-3-pyrazolin-5-one starting material.

{061085] 2-methyl-6,7-dihydro-SH-pyrazolo]5,1-b}{ 1,3 Joxazine-3-sulfonamide (80 mg, 0.368
mmol} , 4-1socyanato-1,2,3,5,6,7-hexahydro-sindacene (0.073 g, 0.368 mmol) , and sodium
hydride (13.595 mg, (.368 mmol) were mixed in DMF (5 mL) and left to stir overnight. The
reaction was then quenched with water and a white solid filtered off. The filtrate was
concentrated and the residue suspended in acetone (10 mL), filtered and washed with acetone
before drying to yield N-{{(1,2,3,5,6,7-hexahydro-s-indacen-4- yljcarbamoyh)-2-methy}-6,7-
dihydro-5H-pyrazolo{5,1-b][1,3joxazine-3-sulfonamide (51 4 mg, 33.51 %) as a light tan sohd.
MS: m/z 417 (M+H").

Example 74

{001086] Synthesis of N-{{(4-cyano-2,6-dusopropylphenyhicarbamoyi)-6,7-dihydro-5H-

-

pyrazolo[5,1-b}[1,3}oxazine-3-sulfonamide is shown below.

o NH,
e i 1. triphosgens, EtgN
WA 2. NeH, THF, 1h
L\ O
O

CN (\ /Q

{001087] To a solution of 4-anmino-3,5-dusopropylbenzonitrile (300 mg, 1.48 mmol) in
anhydrous THF (10 mL} was added Et:N (0.41 mL, 2.97 mumol) followed by triphosgene (220
mg, 0.74 mmol) at r.t The reaction mixture was heated at 60 °C for 1 hr before cooled to r.t, and
partitioned between FtOAc (30 mL) and water (20 mL). The aqueous phase was extracted with
EtOAc (2 x 10 mlL). The combined organic exiracts were washed with water {20 mL), brine (20
mL}, dried over NaxSO4 and concentrated under reduced pressure to yield a vellow sohid (210

mg, 62%).

{001088] The solid {100 mg, 0.44 mmol} was dissolved i anhydrous DMF (1 mL}. To this
solution was added 6,7-dihydro-5H-pyrazolof 5, 1-b}{ 1,3 Joxazine-3-sulfonamide (90 mg, 0.44
mmol} followed by NaH (60% in mineral oil, 17 mg, 0.44 mimol} at r.t. The reaction was stirred
for 1 hr before MeOH (3 mL} was added. The solvent was removed under reduced pressure and

the resulting residue was purified by silica gel chromatography (MeOH/DCM 0 to 5% to afford

328
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N-{{4-cyano-2,6-dusopropylphenyljcarbamoyl}-6,7-dihvdro-SH-pyrazole]5,1-bi{ 1,3 Joxazine-3-
suffonamide (36.3 mg, 19%) as white solids. MS: m/z 432 (M+H"}.

Example 75

{061089] Synthesis of N-{((4-chlore-2,06-dicyclopropyiphenvicarbamoyl}-6, 7-dihydro-SH-
pyrazolo|5,1-b}[1,3loxazing-3-suifonamide is shown below.

1. triphosgene, Ef;N
2. NaH, THF, 1h

{8616906] T'o a solution of 4-chloro-2,6-dicyclopropylaniline {180 mg, 0.87 mmol} in anhydrous
THF (10 mL}) was added Et:N (0.24 mb, 1.73 mmol) followed by triphosgene (130 mg, 0.43
mmol) at r.t. The reaction mixture was heated at 60 °C for 1 hr before cooled to 1.1, and
partitioned between EtOAc (30 mL) and water (20 mL). The aqueous phase was extracted with
EtOAc (2 x 10 mL). The combined organic extracts were washed with water (20 mL}, brine (20
mb), dried over Na:SO4 and concentrated under reduced pressure to yield light vellow solids

{170 mg, 84%).

001091} The solids {100 mg, 0.49 mmol} were dissolved 1n anhydrous DMF (1 mL). To this
solution was added 6,7-dithydro-SH-pyrazolo[5,1-bjf 1,31oxazine-3-sulfonamide (115 mg, 0.49
mmol} followed by NaH (60% in mineral otl, 20 mg, 0.49 mmol) at r.t The reaction mixture was
stirred at RT for 1 hr before MeOH (3 mL) was added. The solvent was removed under reduced
pressure and the resulting residue was purified by silica gel chromatography (MeOH/DCM 0 to
5% to atford N-({4-chloro-2,6-dicyclopropylphenyijcarbamoyl)-6,7-dihydro-SH-pyrazolof5,1-
b}i1,3]oxazine-3-sulfonamide (377 mg, 17%) as white solids. MS: m/z 437 (M+H").

Example 76

{001092] Synthesis of N-{(3,5-dicyclopropylphenyl)carbamoyi}-6,7-dihydro-SH-pyrazolofS,1-

bli 1,3 joxazine-3-sulfonamide

[
o]
O
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N Q N 1. triphosgens, EigN
L S NHg 2. NaH, THF, 1h
{/N i En

L/OO

{081693] To a solution of 3,5-dicyclopropylaniline {200 mg, 1.15 mmol} n anhydrous THF (10
mLy was added Et:N (0.27 mL., 2.0 mmol) followed by triphosgene (120 mg, 0.3%9 mmol) at r.t.
The reaction was stitred for 2 hrs before THF was removed. The resulting residue was suspended
in hexanes {50 mL), the insoluble white solids were removed by vacaum filtration and hexanes

were removed under reduced pressure to yield a clear o1l.

{0861094] The o1l obtained was then dissolved in anhydrous DMF (2 mL}. To this solution was
added 6,7-dihydro-5H-pyrazolo5,1-b}{ 1,3 Joxazine-3-sulfonanude (80 mg, 0.39 mmol) followed
by NaH (60% in mineral oil, 20 mg, 0.49 mmol} at r.t. The reaction mixture was stirred for 1 hr
before MeOH {5 mL} was added. The solvent was removed under reduced pressure and the
resulting residue was purified by silica gel chromatography (MeGH/DCM 0 to 10%} to afford N-
((3,5-dicyclopropylphenyljcarbamovi)-6,7-dihydro-SH-pyrazolo[ 5, 1-b}{ 1,3 joxazine-3-
sulfonamide (90 mg, 57%) as white solids. MS: m/z 403 (M+H").

Example 77

{0610695] Synthesis of N-((7-chloro-5-cyclopropyl-2,3-dihydro-1H-inden-4-y1jcarbamoyl}-6,7-

dihydro-SH-pyrazolo]5,1-bi[1,3Joxazine-3-sulfonanmide is shown below.

1. triphosgens, EiN

N 1
2. NaH, THF, 1h CNAS,Q 0 N\ O

[08061096] To a solution of 7-chloro-S-cyclopropyl-2,3-dihydro~-1 H-inden-4-amine (85 mg, 0.41
mmol) n anhydrous THF (10 mL) was added BN (0.17 mL, 1.2 nuvol) followed by
triphosgene (60 g, 0.20 mmol) at .t The reaction mixture was heated at 60 °C for 1 hr before
cooled to r.t., and partitioned between EtOA¢ (30 mL) and water (20 mL). The aqueous phase

was extracted with BtOAc¢ (2 x 10 mL}. The combined organic extracts were washed with water

N
e
<O
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(20 mL}, brine (20 mL}, dried over Na2SG4 and concentrated under reduced pressure to yield a

veliow oil.

{0081097] The o1l obtained was then dissolved in anhydrous DMFE (1 mL}. To this solution was
added 6,7-dihydro-5H-pyrazolo{5,1-b}f 1,3 Joxazine-3-sulfonanmide (50 mg, 0.25 mmol) followed
by NaH {60% in mineral oil, 16 mg, 0.41 mmol) at r.t. The reaction mixture was stirred for 1 hr
before MeOH (5 mL) was added. The solvent was removed under reduced pressure and the
resulting residue was purified by silica gel chromatography (MeOH/DCM 0 to 10%) to afford N-
{{7-chloro-3-cyclopropyi-2 3-dihydro-1 H-inden-4-vyHcarbamovyi}-6,7-dihydro-SH-pyrazolof 5,1~
bli1,3joxazine-3-sulfonamide (60 mg, 57%) as light yellow solids. MS: mv/z 437 (M+H").
Example 78

1001098} Synthesis of N-{{1,2,3 4-tetrahydroacridin-9-ylicarbamoyl}-6,7-dihydro-5H-

-

pyrazolo[5,1-b}[1,3}oxazine-3-sulfonamide is shown below.

N =
N 0 NH, 1. triphosgene, EiN N I
{ )-S-NH, 2. NaH, THF, 1h =0 0 Ny
N - + ) \ S\ /PK i

{001099] To a solution of 1,23 4-tetrahydroacridin-9-amine (200 mg, 1.01 mmol) in anhydrous
THF (10 mL) was added EtsN {0.17 mL, 1.2 mmol) followed by triphosgene {150 mg, 0.49
mmol} at r.t. The reaction mixture was heated at 60 °C for 2 hrs before cooled to RT. THF was
removed and the resulting residue was suspended in hexanes {50 mL), the insoluble white solids
were removed by vacuum filtration and hexanes were removed under reduced pressure to yield a

yvellow oil.

{001100] The o1l obtained was then dissolved in anhydrous DMF (1 mL}. To this solution was
added 6,7-dihydro~-5H-pyrazolo{$,1-b}[ 1,3 ]oxazine-3~-sulfonanude (50 mg, 0.25 mmol) followed
by NaH (60% in mineral oil, 20 mg, 0.49 mmol} at r.t. The reaction mixture was stirred for 1 hr
before MeOH (1 mlb) was added. The residue was purified by pre-HPLC (MeCN/water/0.1%
formic acid) to afford N-((1,2,3,4~tetrahydroacridin-9-yljcarbamoy!)-6,7-dihydro~-5H-
pyrazolo[5,1-b][1,3Joxazine-3~sulfonamide (1.8 mg, 2%} as white solids. MS: nv/z 428 (M+H").

Example 79

(o]
Led
annk
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{001161] Synthesis of Sodium {({6-(aminomethyl}-6,7-dithydro-5H-pyvrazolof5,1-5]{1,3 joxazin-3-
ysulfonyl}((1,2,3,5,6,7-hexahydro-s-indacen-4-ylcarbamoyamide and sodium ((1,2,3,5,6,7-
hexahydro-s-indacen-4-yljcarbamoy}{{6-({2,2,2-trifluoroacetamido ymethy1)-6,7-dihydro-5H-

pyrazolo]5,1-51[1,3}oxazin-3-ylsulfonyllamide are shown below.

o o
NH, A 1) CISO4, BOM, AN
N FsC” “NH IS ; FiC” NH .
~0 TEAA reflux 0°C to RT, o/n | NHgH,©
D "0 o) e
S I T 2 pvidine, 0°C \( Q THE, 60°C
N= SN, &) Py, 0°C to ot 5 ~Cl
{‘\j::- N-—=‘ O
O
{
NH HN= E o NH,
Y o C 4
FiC” “NH l NaN“> >N, NaN" NN
fad ) - P ) \ ;N { ‘... h
k o —_— . H?'/}\\' =N . NaOH HN&Q N
Y\ 9 1) triphosgene, EtgN BMSOIRG
N7y 5N 2) MeONa, DMSO C: \/> Y
i H !
{\—../ [o] P
Step 1:

{061102](6,7-Dihydro-5H-pyrazolo[5,1-611,3 Joxazin-6-y}methanamine {crude, ~1.2 mmol)
was dissolved in TFAA (3 mL). After the solution was heated to reftux for 3 hrs, 1t was quenched
with the addition of EA (20 mL) and water {10 mL}. The organic laver was separated. The
aqueous laver was extracted with EA (10 mL x3). The organic layers were combined and washed
with brine {10 mL)}, and dried over anhydrous NaxSO4. The solution was concentrated in vacuo.
The residue was purified by silica gel column (PE/EA = 1/1) to give N-{({6,7-dithydro-5H-
pyrazolo[5,1-5][1,3 oxazin-6-yymethy-2,2, 2-trifluorcacetanude (140 mg, yield: 47%) as a
yellow solid. MS: m/z 250.2 (M + H").

Step 2:

001103} To a solution of N-({(6,7-dihydro-SH-pyrazolo]5,1-51[1,3loxazin-6-ylimethy})-2,2 2-
trifluoroacetamide (140 mg, 0.56 mmol) in DCM (3 mL) was added CISOsH (0.11 mL, 1.68
mmol} dropwise at 0 °C. After being stirred at room temperature for 16 hrs, pyridine (0.14 mi,
1.68 mmol) was added dropwise at 0 °C, and then PCls (350 mg, 1.68 mmuol) was added
portionwise at 0 °C. The reaction mixture was stirred at room temperature for 1 hr, poured into
wce-water (2 ml) and extracted with EA (10 ml x3). The combined organic layers were washed
with brine (10 mL)}, dried over anhydrous NazS04 and concentrated to give a crude product,
which was directly used for next step without further purification.

Step 3:

e
[
[
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{0011064] To a solution of 6-((2,2,2-nifluorcacetamido)methyl}-6,7-dihydro-5H-pyrazolo]5,1-
5H1,3Joxazine-3-sulfonyl chloride {crude, ~0.56 mmol} in THF (3 mL) was added NH: Ha0 (3
mb}. After being stirred at 60 °C for 2 hrs, the reaction mixture was concentrated to about T mL.
The residual suspension was acidified with 1 M aq. HCl to pH = 3 and fiitered. The filtrate was
purified by reverse phase column (MeCN/H20) to give 2.2, 2-trifluoro-N-((3-sulfamoyl-6,7-
dihydro-5H-pyrazolof5,1-5][1,3 joxazin-6-vlymethylacetanude (120 mg, yield: 65%) as a yellow

solid.

{001105] 'H NMR (400 MHz, DMSO-ds): §=7.58 (s, 1H), 451 (dd, /= 11.2, 2.8 Hz, 1H), 4.32-
423 (m, 2H), 3.96(dd, /=12.4,3.2Hz, 1H), 344 (d, /=72 Hz, 2H), 2.73-2.64 (m, 1H).
Step 4:

1001106} To a suspension of N-((3-sulfamov!-6,7-dihydro-5H-pyrazolo[S,1-£}[ 1,3]oxazin-6-
viymethyhacetamide (60 mg, 0.18 mmol} in DMSO (2 mL) was added MeONa (10.7 mg, 0.2
mmol} and the mixture was stirred at room temperature for 20 min to give a sodium salt
suspension. In another flask, to a solution of 1,2,3,5.6,7-hexahvdro-s-indacen-4-ylamine (38 mg,
22 mmol} and TEA (54 mg, 0. 54 mmol) in THF {2 mL) was added triphosgene (24 mg, 0.80
mmol) n one portion and the nuxture was stirred at room temperature under No for 20 min. The
reaction muxture was then filtered. The filtrate was added to the above sodium salt suspension
and stirred at room temperature for 16 hrs. After that, the above suspension was filtered, the
filtrate was purified by reverse phase column (MeCN/H20) to give sodium ({(1,2,3,5,6,7-
hexahydro-s-indacen-4-yljcarbamoy){{(6~((2,2, 2-triflucroacetanudojmethy )-6,7-dthvdro-5H-

pyrazolo]5,1-51[1,3joxazin-3-y1sulfonyllanmide {44 mg, vield: 44%;) as a white solid.

[661167] 'H NMR (400 MHz, DMSO-ds): 6= 9.69 (t, J= 5.6 Hz, 1H), 7.53 (brs, 1H), 7.41 (s,
1H), 6.80 (s, 1H), 4.37 (dd, 7= 10.8, 2.8 Hz, 1H), 4.19-4.11 {m, 2H), 3.88 (dd, 7= 12.0, 7.6 Hz,
1H), 3.30-3.25 (m, 2H), 2.75 (t, J = 7.2 Hz, 4H), 2.66-2.59 (m, SH), 1.95-1.85 (m, 4H). M5: m/z
528 1 (M +H".

StepS:

[0081108] To a solution of sodium ((1,2,3,5,6,7-hexahydro-s-indacen-4-yHcarbamoy){(6-((2,2,2~
trifluoroacetamidoymethyl -6, 7-dihvdro-SH-pyrazolo[5,1-61{ 1,3 Joxazin-3-ysulfonyamide (7
mg, 0.01 mmol) in DMSO (1 mL) was added aqueous NaOH (0.5 ml, 1 mmol, 2 M) and the

mixture was stirred at room temperature for 48 hrs. After that, the suspension was filtered and

Lol
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the filtrate was purified by reverse phase column (MeUN/H20} to give sodium {{6-
{aminomethyi)-6,7-dihydro-SH-pyrazolo|5,1-5}{ 1,3 joxazin-3-v}sulfony1}((1,2,3,5,6,7-

hexahydro-s-indacen-4-yljcarbamoyljamide (4.9 mg, vield: 84%) as a white solid.

{001109] 'H NMR (400 MHz, DMSO-ds): § = 7.45 (brs, 1H), 7.34 (5, 1H), 6.76 (s, 1H), 4.37 (dd,
J=108,32Hz 1H), 4.13-4.02 (m, 2H), 3.82(dd, /=124, 80 Hz, 1H), 274 (t, /= 6.8 Hz,
4H), 2.68-2.57 (m, 6H), 2.30-2.12 (m, 1H), 1.94-1 .85 (m, 4H). MS: m/z 432.1 (M + H").
Example 8¢

{0611106] Synthesis of (R)-{({4-fluoro-2,6-ditsopropyiphenyljcarbamoy){{6-methoxy-6, 7-dihydro-

SH-pyrazolo{S,1-8][1,3Joxazin-3-ylisulfonyliamide is shown below.

P

Pd{dppf)Cl, CSZCO:;
dioxane/H,0, 100°C

PAiC, Hy
MaOH, rt

1} friphosgene, Et;N,

THF, 30 min i
2) MeONa, THF, 16 hrs F
Step 1

[001111] To a solution of 2,6-dibromo-4-fluorocaniline (2.0 g, 7.4 mmol), 4,4,5,5-tetramethyi-2-
{(prop-l-en-2-y1}-1.3,2-dioxaborolane (3.37 g, 20.1 mmol), Cs2C03 (7.23 g, 22.2 mmel) and H20
(4 mkL)} in dioxave {40 mL) was added Pd(dppfiCl2 (0.54 g, 0.74 mmol) nt N2 The reaction
mixture was stirred at 100 °C overmight. The mixture was concentrated in vacuo. The residue
was purified by silica gel column chromatography (PE/EA = 10/1) to give 4-fluoro-2,6-di{prop-

l-en-2-yhanihine {(1.10 g, 78%} as a brown o1l.

[001112] 'H NMR (400 MHz, DMSO-ds): § =6.72 (d, /= 9.6 Hz, 2H), 5.29 (t, /= 1.6 Hz, 2H),
5.01(d,J=12Hz 2H), 424 (s, 2H}, 2.01 {s, 6H}.

Step 2

N
e
BN
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{001113] To a solution of 4-fluoro-2,6-di(prop-1-en-2-yhamline (1.10 g, 5.7 mmol} in MeOH (30
mL) was added Pd/C (0.11 g, 10% wi}. The reaction mixture was degassed and purged with Ho
for three times. It was stirred at room temperature overnight under Hz balloon atmosphere and
monitored by LOMS. The muxture was filtered. The filtrate was concentrated in vacuo to give 4-

fluore-2,6-duisopropylaniline (1.05 g, 94%) as a brown oil.

[061114] 'H NMR (400 MHz, DMSO-ds): § = 6.67 (d, J = 10.0 Hz, ZH), 4.44 (brs, 2H), 3.07-
3.01 (m, 2H), 1.16-1.10 (m, 12H).
Step 3

001115} To a solution of (R)-6-methoxy-6,7-dihydro-SH-pyrazolo[5,1-5][1,3]oxazine-3-
sulfonamide (55 mg, 0.25 mmol) in THF (5 mL) was added MeONa (15 mg, 0.28 mumol} at -5
°C. Then the reaction muxture was stirred at -5 °C for 30 muin. Separately, to a solution of 4-
fluoro-2,6-dusopropylaniline (45 mg, 0.23 mmol) in THF (5 mL)} was added triphosgene (27 mg,
0.092 mmol) and TEA (47 mg, 0.46 mmol} at -5 °C. Then the reaction mixture was stirred at -5
°C for 30 mun. This reactant was filtered and the filtrate was added at -5 °C to the suspension of
sodium {(R}-({6-methoxy-6,7-dihydro-5H-pyrazolo]5,1-51[ 1,3 Joxazin-3-ylisulfonyhamide from
the first step. The reaction was stirred at room temperature overnight. After removal of solvent 1w
vacuo, the residue was puritied by prep-HPLC to give sodium (R)-({4-fluoro-2,6-
disopropyiphenvyijcarbamoyD{(6-methoxy-6,7-dihy dro-SH-pyrazolof 5, 1-6][1,3 Joxazin-3-

viysulfonvijamide (28.2 mg, 27%) as a white solid.

[061116] 'H NMR (400 MHz, DMSO-ds): 6 =7.65 (s, 1H), 7.57 (s, 1H), 6.91 {d, /= 9.6 Hz,
2H), 4.63(d,.J=116Hz, 1H), 431 (d,/J=116Hz 1H), 422(d, /=106 Hz 2H), 406 (s, 1H),
3.36 (s, 3H), 2.96-2.86 {m, 2H}, 1.05 (s, 12H). MS: m/z 455.1 (M + H").

Example 81

{001117] Synthesis of sodum (R)}-({(4-fluore-2,6-disopropylphenyijcarbamoy}{(6-
{methylamino}-6,7-dihydro-SH-pyrazolo[5,1-p}{ 1, 3]oxazin-3 ~Vi)sulfonyi)amide

NH, . /
‘ Oy 0 ) \NBO\, O\\S,,O 2 ;\%,uNH
Oxd? HiN /O / Nat‘y" = N
TG H L~- H o ;,‘
o _{ HN S0 \ i Sg, N
OV F Voo 1) TFA, DCM =
BN 7o P T
%C)C 1) triphosgene, EigN, | / 2} aq. NaOH e
THF, 30 min i
2) MeONa, THF, 16 hrs F F
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Step 1

{061118] T a solution of (R}-ferr-butyl methyl(3-sulfamoyl-6,7-dihydro-5H-pyrazolo{ 5,1~

611, 3joxazin-6-yi}carbamate (375 mg, 1.13 mmol) in THF (10 mL) was added MeONa (165
mg, 3.06 mmol) at -5 °C. Then the reaction mixture was stirred at -5 °C for 30 min. Separately, to
a solution of 4-fluors-2,6-diuisopropylaniline (200 mg, 1.02 mmol) in THF (5 mL) was added
triphosgene {121 mg, 0.41 mmol) and TEA (0.28 mL, 2.04 mmol} at -5 °C. Then the reaction
mixture was stirred at -5 °C for 30 min and was monitored by TLC. This reactant was filtered
and the filtrate was added at -5 °C to the suspension of sodium (R)-{{6-({(rert-
butoxycarbonyl}{methyllamino}-6,7-dihydro-5H-pyrazolo{S,1-A][ 1, 3]oxazin-3-ylisulfonyamide
from the first step. The reaction was stirred at room temperature overnight. After removal of
solvent in vacuum, the residue was purified by flash column chromatography to give (R)-fert-
butyl (3-(N-({4-fluoro-2,6-dusopropylphenvijcarbamoylisultamoyl)-6,7-dihydro-5H-
pyrazolo[5,1-5][1,3Joxazin-6-y ) methylcarbamate (237 mg, 43%) as a vellow solid.

Step 2

1001119} To a solution of (R)-fert-butyl (3-(N-{{4-fluoro-2,6-
dusopropylphenvijcarbamoysulfamovl)-6,7-dihydro-5H-pyrazolof 3, 1-61[ 1,3 Joxazin-6-
vl}(uethyljcarbamate (100 g, 0.18 romol) in DCM (2 L) was added CF3COzH (S mL). Then
the reaction mixture was stirred at room terperature for 20 nun. The mixture was basified with 4
M aqueous NaOH to pH = 12 at -5 °C. The aqueous layer was concentrated in vacuo. The residue
was purified by flash column chromatography to give sodium (R)-((4-fluoro-2,6-
dusopropylphenyhearbamoy{{6-(methylammo)-6,7-dihydro-SH-pyrazolo[5,1-5]{ 1, 3]oxazin-3-
yhsulfonyDamide (23.6 mg, 23%j) as a vellow solid.

TH NMR (400 MHz, DMSO-ds): § = 7.67 (s, 1H), 7.57 (s, 1H), 6.92 (d, J = 10.0 Hz, 2F), 4.40-
4.28 (m, 2H), 4.22(dd, J= 12.4, 4.4 Hz, 1), 3.94 (dd, J = 12.8, 4.4 Hz, 111}, 3.21-3.16 (m, 1),
2.95-2.85 (m, 2H), 2.34 (s, 3H) 1.09-1.00 (m, 12H}. MS: m/z 454 2 (M + H").

Example 82

{0861128] Synthesis of N-{{4-fluoro-2,6-dusopropylphenyicarbamoyi}-6, 7-dihy dro-5H-

pyrazolo[5,1-6][1,3joxazime-3-sulfonamide 1s shown below.

336
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G

QS&O O]
i
=N

iy
\ -
R/‘\“N 1) triphosgene, Et;N, THF, 30 min
2) MeONa, THF, DMSO, 16 hrs

Step 1

001121} To a solution of 6,7-dihydro-SH-pyrazolo]5,1-5][1,3Joxazine-3-sulfonamide (100 mg,
0.45 mmol) in THF (5 mL) was added MeONa (73 mg, 1.35 mmol} and DMSO (1 mL} at -5 °C.
Then the reaction mixture was stirred at -5 °C for 30 mun. Separately, to a solution of 4-fluoro-
2,6-dusopropylaniline (100 mg, 0.45 mamol) in THF (5 mL) was added triphosgene (53 mg, 0.18
mmol) and TEA (0.13 mL, 0.90 mmol) at -5 °C. Then the reaction mixture was stirred at -5 °C
for 30 mm. This reactant was filtered and the filirate was added at -5 °C to the suspension of
sodium ((6,7-dihydro-3H-pyrazolof 5,1-6][ 1,3 Joxazin-3-yhsulfonyDamide from the first step.
The reaction was stirred at room temperature overnight. After removal of solvent in vacuo, the
residue was purified by prep-HPLC to give N-{({4-fluoro-2,6-dusopropylphenyljcarbamoyl)-6,7-

dibydro-SH-pyrazolo]5,1-5][1,3 Joxazine-3-sulfonande (103.5 mg, 54%) as a white sohid.

1001122} 'H NMR (400 MHz, DMSO-ds): & = 8.52 (brs, 1H), 7.61 (s, 1H), 7.51 (s, 1H), 6.89 (d,
J=10.0 Hz, 2H), 4.39 (t, J = 4.8 Hz, 2H), 4.08 (t, J= 6.4 Hz, 2H), 3.00-2.90 (m, 2H), 2.24-2.14
{m, 2FD), 1.04 (s, 12H). MS: m/z 424.8 (M + H"),

Biological Testine Methods

Abbreviations

PBMCs: pertpheral blood mononuclear cells
K{s: Kupffer cells

FBS: fetal bovine serum

LPS: lipopolysaccharides

NLRP3 activation and inkibitory assays

N
e
~J
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{001123] Some of the following assavs were used to determine the inhibitory activity of the
compounds on the NLRP3 inflammasome using a common inflammasome activation stimuli —
nigericin.

Biological Example 1: Cell Culture

{001 124] Human peripheral blood mononuclear cells (PBMCs), consisting of lymphocytes (T, B
and NK cells), monocytes and dendritic cells, were freshly isolated from human peripheral blood
from healthy donors. Cells were obtained through an IRB approved donor program by 1XCells
Biotechnologies where all the donors were tested for bacterial and viral infections. Cells were

purified from peripheral blood using ficoll gradient centrifugation.

{00611258] Human Kuptfer cells (K(Cs), specialized liver macrophages residing in the space of
Disse, were obtained by gradient isolation from liver specimens harvested post-morrem by
Samsara Sciences. Cells were obtained through an IRB approved donor program by Samsara

Sciences and all donors tested negative for bacterial and viral infections.
Biological Example 2: NLRP3 inflanunasome activation assays

1001126} Fresh or cryopreserved PMBCs were seeded in V-bottom 96-well plate at 0.5-1x10°
cells per well and incubated overnight at 37°C with 5% CO: in RPMI 1640 medium with
GlutaMAX supplement, 4.5 g/L. D-glucose, 10% Fetal Bovine Serum (FBS), 100mM Sodiom
Pyruvate, 1% Pemicillin/Streptomycin, 10mM HEPES and 0.05mM of B-mercaptoethanol.
Freshly isolated or crvopreserved KCs cells were seeded 1n flat-botiom 96-well plates at 0.6~
1.5x10° cells/well and mcubated overnight at 37°C, 5% CO» 1 RPMI 1640 Medium with
GlutaMAX supplement, FBS, 1% Penicillin/Streptomycin and 10mM HEPES. The following
day, the cells were primed with 100 ng/mL of lipopolysaccharides (LPS; Sigma Aldrich) in FBS-
free RPMI 1640 for 3 h. After the priming step, the media was removed and PBMCs were pre-
incubated with serial concentrations of test compounds (0.00017 — 10uM) or vehicle (DMSO) for
30 min 1in FBS-free media prior to addition of the NLRP3 activator. Cells were then stimulated
with 10uM Nigericin (Sigma Aldrich; InvivoGen) for 1.5 h. Plates were centrifuged at 1,500 rpm
for 3 nunutes 1o pellet cells and supernatant was transferred into new plates for subsequent

experiments.

Measurement of cytokines/ assessment of NLRP3 infliammasome activity

e
[
o0
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{001127]For ELISA assays cells were seeded into 96-well plates. Post study, supernatants were

removed and the levels of mature 1L-1, IL18 and TNFo (Quantikine ELISA, R&D systems)

were measured m cell conditioned media by ELISA according to manufacturer’s instructions.

Results

061128 Results of certain compounds are shown below.

Assay
Compound ICs0 {uM) | Cell hine Description
Q.0
/S/
NN
N/&D

PBMCs 1Cs0 IL-113
o0 O =
(\YZ 7
p. R«”S“N}L\N N/
N, )\
N O
k\/l A PBMCs 1Cs0 IL-10
Y
= KS\NJLN%
N
A KCs 1Cs0 IL-18
=
N /Lu\.\\\/
%
NG
' C PBMCs ICs0 HL-15

N
e
Re)
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Assay
Compound ICso (uMy | Cell line Description
¢ O /
i1
N)kmfﬁ'"f_/i\,f“
O =N
=/ l
e B PBMCs TCso IL-18
0
O 0 @
N il Yoo !
O =N
Ay A B PBMCs ICso 1L-18
8 PBMCs 1Cs0 IL-18
]
L B PBMCs 050 IL-10
5 g K
NN
.O ' A PBMCs ICso 1L-1B
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Assay
Compound ICso (uMy | Cell line Description
O
N
N0
N\l/
N e
/S\
N o
NAO
> A PBM(s ICso HL-18
O\«*;S{,o O
N “‘»%(\
N
NSO TN
O’ B PBMCs ICso 1L-18
OQS,,,O o
v \ﬁ?
N"%o =N
B PBMCs Cs0 TL-153
Q.(\,;O O~
t i N
E:QAO N
7 i>
Sy B PBMCs ICs0 HL-18
?/
‘M
NP .
e g
o NN :
H o H A PBMC's ICso 1L-18
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Assay
Compound ICso (uMy | Cell line Description

A PBMCs ICso IL-113

Ch

4N N
© L A PBMCs ICs0 TL-18

A <100nM

B 100nM - 1uM
Cl-10pM

D >10uM

Biological Example 3: TG (CeliTitre-Glo} 4ssay

{0011298] Viability of compound treated cells is measured using CellTiter-Glo® assay (Promega,
Madison, WI) that measures the ATP content of cells which is proportional to the number of live
cells within a well. This is a counter-screen to establish that the reduction of IL-15 levels in LPS
and mgericin stimulated and compound treated cells 1s not due to cytotoxicity, but rather through
the inhibition of the inflammasome pathway. Compounds inhibiting NRLP3 inflammasome
activation ultimately increase the viability of LPS and nigericin stimulated cells by blocking
NLRP3 mediated pyroptosis that would otherwise lead to cell lysis.

Biological Example 4: TNFla

{001130] TNFq levels of LPS and nigericin stimulated cells 15 measured by HTRF assay (Cisbio,
Bedford, MA). Inflammasome pathway selective compounds do not inhibit TNFg production
that is solely dependent on LPS stimulation and proceeds through the TLR4/NFkB pathway.
Measuring TNFalpha production also serves as a technical counter-screen to eliminate
compounds that interfere with the HTRF reagents. Thus compounds that inhibit both IL-1J and
TNFu levels are triaged for either being non-seective for inflammasome or interfering with the

HTRF readout.
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Additional assays
{061131] Some of the following assays were used.
Biological Example 5: Human Microsomal Stability (El)

{061132] The stock solutions of test article and positive control were prepared at a concentration
of 10 mM using DMSO as diluents. All stock solutions were then diluted to working
concentrations at 0.25 mM with 70% acetonitrile. The cofactor used in this study was NADPH
regenerating system, that was composed of 6.5 mM NADP, 16.5 mM G-6-P, 3 U/mL G-6-P D.
The quench reagent was consisted of acetonitrile containing tolbutamide and propanolol (serve
as internal standard}. Incubation mixtures containing 0.5 mg/mL liver microsomal protein and 1

uM test article/positive control in 100 mM potassium phosphate buffer.

{001133] The C-minute samples were prepared by addition of an 80 uL aliquot of each incubation
mixture to 300 uL quench reagent to precipitate proteins. The samples were vortexed, and then a
20 uL aliquot of the NADPH regenerating system was added in. The reaction was nitiated by
addition of 80 uL of the NADPH regenerating system to 320 uL of each incubation mixture. The
final incubation conditions achieved in 400 uL are: 0.5 mg/mL microsomal protein, 1 uM test
article/positive control, 1.3 mM NADP, 3.3 mM glucose 6 phosphate, 0.6 U/mbL glucose 6
phosphate dehydrogenase. The mixtures were incubated in a 37°C water bath with gentle
shaking. A 100 ul aliquot of each mixture was removed at 10, 30, 90 minutes to a clean 96-well
plate which contains 300 pL quench reagent to precipitate proteins, and centrifuged (4000 xg, 10
min}. 80 uL of supernatant are taken into 96-well assay plates pre-added with 160 pL. ultrapure
water, and then analvzed by LC-MS/MS. Hepatic extraction ratio (Eh) values were calculated
from measured in vitro clearance assuming a human liver blood flow of 20.7 mL/min/kg. Eh

values of <0.3 are indicative of compounds with favorable metabolic stability.
Biological Example 6: Lipophilicity:

[001134] Lipophilicity as represented by logly was calculated using LogD plugin from

ChemAxon for certain compounds, as shown in the table below.

{001135] There have been multiple publications i recent yvears which associate the clinical
success of drug candidates with their physical properties. For example, the degree of

lipophilicity can be a factor to the success of drug candidates. In “Lipophilicity in Drug

343
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Discovery” (Waring, Expert Opinion on Drug Discovery YVolume 5, 2010 - Issue 3 Pages 235-
248, which 1s herein incorporated by reference), the author’s analysis of attrition indicated that
the optimal lipophilicity for small molecule drugs, as measured by logD, 1s somewhere between
1 and 3. Design of compounds cutside of this range can introduce unintended hiabilities (1.e.
ADMET, promiscuity). Care should be exercised when adding non-polar atoms during the
course of lead optimization in drug discovery n order to wdentify quality molecules capable of

successfully advancing through chinical trials.

{001136]For example, a pyrazolo-oxazine described herein can offer an advantageous position
with respect to hipophilicity. As an example, when compared to an analog with a similar number

of non-polar atoms, the cyclic saturated ring spares the rise of ~0.7 log units of clogD.

-
r/x\j N;::,‘ }
Ll O
- N\ o /0 G I’/N 2 /,Q H
N ’l\s: M ~ Sy S N
N o O \
8/ =] H H i
clogh 3.5 clogD 2.8 clagh 1.8

1001137} Additionally, an oxazine ring offers a scaffolding with a polar atom as well, resulting in
a clogD of 1.8, This can allow for further elaboration with other substituents, such as non-polar
substituents, without stepping outside of an ideal range described herein.

Hesults

{001138] Results of certain compounds are shown below and in Figures 1 and 2. PBMC IL-1f
1050 and KC IL-13 ICS0 are described above. A <100nM, B 100nM - 1pM, C1 - 10uM, D

>10uM
Compound PBMC | KC TNFa Human )
IL-1B IL-1p (J_i? five ICso Microsomal fi?_%;’D
ICso ICso | Joe O | (PBMC | Swbility | P
» o KCy | (Ew) "
O 0O C
NG -
,yis“m/u\w \ A A A o 0.3 1.8
N\ Curve
\N (?
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) 8 ol r a= W h
Compound PBMC | KC ot 11\} o Hlililjiaﬁ clogD
IL-1B IL-1p rotective 1Csq Microsommal | o
iCo [1Cn | RO pBMC | Subility | )
o or KC) (Ep) o
B 2.7
B 14
C 2.3
B 2.9
A A A No 0.5 2.8
Curve
A A A No 0.1 1.1
Curve
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5] 4 2l TNE h
Compound PBMC | KC lere 11\?& Human clogD
IL-1B IL-1p rotective 1Csq Microsomal b
iCo [1Cn | RO pBMC | Subility | )
0 or KC) (Ex) o
»‘;‘.(3,«:&0 O
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A e N
N O TN A A 2.3
o |
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Y L ;N{
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~ I/ i
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Compound PBMC | KC CTG TNFe Human cloeD
TG VST N B (o Microsomal | }f
iCo [1Cn | RO pBMC | Subility | )
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) 8 ol r a= W h
Compound PBMC | KC ot 11\} o Hlililjiaﬁ clogD
IL-1B IL-1p rotective 1Csq Microsommal | o
iCo [1Cn | RO pBMC | Subility | )
o or KC) (Ep) o
B D 2.7
A A A 0.2 1.5
No v
B B Curve 23
B 3.4
A A A No 03 1.8
Curve
B B B No 0.2 18
Curve
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5] 2l 4 TNE .
Compound PBMC | KC ot 11\?& Hlililjiaﬁ clogD
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; =y
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No
R
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Compound PBMC | KC CTG TNFo Human clogD
IL-1B IL-1p rotective ICso Microsommal | o
iCo [1Cn | RO pBMC | Subility | )
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Compound PBMC | KC ot 11\} o Hlililjiaﬁ clogD
IL-1B IL-1p rotective 1Csq Microsommal | o
iCo [1Cn | RO pBMC | Subility | )
o or KC) (Ep) o
B B 2.1
A A 0.6 2.1
A A 0.2 1.7
B B 2.1
A A 2.5
A A 1.7
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Compound PBMC | KC TNFa Human
lp | ILap | OIS ey Microsomal | €97
G0 [1Cn | Do (PBMC | Sabilty | P
o or KC) (Ep) o
A A 0.1 1.3
C C 1.7
ND ND 0.8
B B 27
C C 13
s C 1.4
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D al =4 s a= = .
Compound PBMC KL lcte 11\} o Hlililjiaﬁ clogD
IL-1B IL-1p rotective JLOEN Microsomal | ] o
iCo [1Cn | RO pBMC | Subility | )
o or KC) (Ep) o
A 1.5
B 1.1
B B 2.4

Biclogical KExample 7. Effects of Treatment on Cytokine Production after LS/ ATP Injectionin
C37BL/6 Mice

Sumumary:

{001139] The effect of Compounds 1 and 2 treatment on the NLRP3 dependent release of 1L-I§
and TNFa cytokines was explored in an acute in vivo LPS/ATP challenge model. Levels of [L-
iP in peritoneal lavage from LPS plus ATP-challenged mice were reduced >98%, relative to
vehicle treated animals, following single oral doses of Compound 1 at 1.5 and 5 mg/kg and
Compound 2 at 1 and 2.5 mg/ kg, at the 3.5 hour time point. IL-1P release was reduced >79% at
0.5 mg/kg Compound 1 and >57% at 0.25 mg/kg Compound 2 after a single oral dose at the 3.5
hour time point, relative to the vehicle treated animals. There were no significant changes in

TNFo levels in any of the groups compared to vehicle treated animals.

SUBSTITUTE SHEET (RULE 26)



WO 2018/136890 PCT/US2018/014728

Compound 1 i\/‘

T o ¢
\.,/}“\”S(QN)'L\N%
Compound 2: O H H

Compound 3:

O\\ ,;»;,O G
N’S o j><
16

gl

N° 70O TN

Compound 4:
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{ }
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N\ !

Compound 5:
Study Objectives:
{0611406] The purpose of this study was to determine the effects of Compounds 1 and 2 treatment
on cytokine production after LPS/ATP injection in female CS7BL/6 mice.

Experimental Design and Procedures:

{061141| Key study parameters are shown in Table 1.
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Table 1
Bescription Cytokine production after LPS/ATP mjection in CS7BL/6

mice

Ammal strain{s} & gender(s)

CSTBL/6 mice, females

Day O Hour O

Time of LPS administration

Study length 1 day
ANIMALS & GROUPS
Total number of animals 56

Source of animals

Taconic Biosciences {breeder)

Age at start of study (Day 0)

8 12 weeks

MNumber of groups 7

Group size 8 animals
Group assignment dav(s) Day-1
TREATMENT

Dosing starts Day 0
Dosing ends Day O

READOUTS

Tissue collection & analysis

Blood collected, plasma isolated, peritoneal lavage
collected, cytokine analysis in peritoneal lavage

[001142] Mice were acchmated to the facility for at least 7 days before the start of the study.

001143} On Day -1 mice were weighed and assigned to groups per Table 2 (see below} ina

balanced manner to achieve similar average weight across the groups at the start of the study.

SUBSTITUTE SHEET (RULE 26)

Table 2
. Plasma
Group) # Treatment _ ‘hme of Time Dose {Route} Volume Purpose
mice Treatment | pgingg o
{(mg/kg) {mL/ke)
1 ] Vehicle Hour 1 .o 5 Negatiye
n control
2 2 | Compound 1 Hour 1 3.3 0.5% {po 3 Test
3 g | Compound 1 Hour | 3.5 1.5% | pa 5 Test
4 8 | Compound 1 Hour 1 3.5 5.0% | po 3 Test
5 8 { Compound 2 Hour | 3.3 025 | po 3 Test
6 3 Compound 2 Hour 1 35 L0 0.0, 5 Test
7 3 Compound 2 Hour | 35 2.5 p.c. S Test
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*corrected for salt content
{001 144] All mice received a single dose of treatment or vehicle, at hour minus 1.

{061145] At hour 0, all muce received 1 ug of ipopolysaccharide, ultra pure (LPS, InviveGen,

San Dnego, CA) m 0.5 mi PBS, mntrapernitoneally.

{0801146] At bour 2 (two hours after LPS injection), all mice were injected intraperitoneally with

0.5 ml of 80 mM ATP disodium salt (Sigma, pH adjusted to 7.2 before injection).

[B81147] At bour 2.5 (30 minutes after ATP injection and 3.5 hours after compound dosing),
blood from all mice was collected via retro-orbital bleeding into K2 EDTA tubes and plasma was
prepared and stored at 80 . Samples were shipped to the customer or vendor of customers

choosing within 7 days of completing the study.

{061148] Immediately after the collection of blood, each mouse was euthanized, the peritoneal
cavity was lavaged with 3 ml of ice-cold PBS containing 25U/ml heparin sodium salt, cocktail of
protease inhibitors (complete™ ULTRA Tablets, Sigma, Roche), and 10% FBS. Approximately

1 ml of the lavage was collected, spun down to remove cells and the supernatant stored at -80° C.

{061149] The vehicle for Compound 1 was PBS and for Compound 2 was 0.5% methylicellulose.
Compound powders were stored at 4°C. All compounds were prepared fresh. Compounds were
weighed out and first ground with a mortar and pestle, then ground with a small amount of
vehicle. The mortar was then repeatedly rinsed with vehicle to remove all material and achieve
the correct concentration. The final solution was vortexed to create a homogeneous mixture.
Cytokine Analysis:

{001150] Mouse [L-1p and TNFa concentrations in peritoneal lavage samples were determined
using Becton Dickinson (Franklin Lakes, NI} CBA analysis kit, according to manufacturer’s
protocol. A single analysis was performed on each sample.

Statistical analysis:

(001151 ] Concentrations of cytokines were compared using Student t-test.

Results:

{001152] The effects of Compound 1 and Compound 2 treatment on IL-1j cytokine production
was evaluated in the LPS/ATP injection model. Female CS57BL/6 mice were dosed orally with
either Compound 1 at 0.5, 1.5 and 5 mg/ke or Compound 2 at 0.25, 1 and 2.5 mg/kg and the

relative amounts of IL-13 (pg/ml) were determined using Becton Dickinson CBA analysis kit
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Levels of IL-1f} in perttoneal lavage from LPS plus ATP-chalienged mice were reduced >98%,

relative to vehicle treated animals, following single oral doses of Compound 1 at 1. 5and 5

mg/ke, and Compound 2 at 1 and 2.5 mg/ke

3)

&

at the 3.5 hour time pomnt (Tables 3 and 4, Figure

{001 153}1L-1P release was reduced >79% at 0.5 mg/ke Compound 1 and >57% at 0.25 mg/kg

Compound 2 after a single oral dose at the 3.5 hour time point, relative to the vehicle treated

animals. There were no significant changes in TNFg levels in any of the groups compared to

vehicle treated animals (Tables 3 and 4, Figure 4}

{001154] The effect of Compound 3 treatment on IL-1J cytokine production was evaluated in the

LPS/ATP mnjection model. Female CS7BL/6 mice were dosed orally with Compound 3 at 0.25,

1 and 2.5 mg/kg and the relative amounts of IL-1 (pg/ml) were determined using Becton

Dickinson CBA analysis kit. Levels of IL-1P in peritoneal lavage from LPS plus ATP-

challenged mice were reduced >96%, relative to vehicle treated amimals, following single oral

doses of Compound 2 at 1 and 2.5 mg/ke, at the 3.5 hour time point (Tables 3, Figure 5).
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Table 3 Compound 1 at 3.5 howrs post single oral dose
Dose Mgan | STD a T-Test % Decreasg of L~
{mg/kg) (IL-13) Dev iff vs. Vehicle
{pg/ml)
Vehicle 13542 5692 8 - -
0.5 198.4 50.0 3 0.0001 853
L3 17.1 7.5 7 0.0000 98.7
3 10.2 45 & 00000 G993
Dose Mea,n | 9TD n T-Test Yo D@uaawa of
(mg/ke) {TNFu) Dev TNFg vs.
{pg/mL) Vehicle
Vehicle 3420 1228 2 - .
0.5 4090 140.0 2 0 3260 -19.6
15 339.9 84.4 7 0.9707 0.6
3 449.4 74.3 8 0.0526 -31.4
Table 4 Compound 2 at 3.5 hours post single oral dose
Dose Mean (pa/mi.) ST o T Tost %% Decreasev of IL-1P
(ng/ke) Dev va. Vehicle
Vehicle 13342 5692 g - -
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0.25 392.7 1105 8 0.0003 71.0
1 12.9 4.4 i 0.0000 99.0
2.5 10.7 4.8 8 0.0000 992
Dose Meanrﬁ‘ﬁf'a) STD f T-Test % IJiEijease of
(rmg/ke) {pg/mL) Dev I'NFa vs.
Vehicle
Vehicle 342.0 122.8 g
0.25 3847 93 4 8 0.4459 -12.5
1 394.9 116.2 8 0.3904 -15.5
25 416.6 126.9 3 0.2516 218
Table 5 Compound 3 at 3.5 hours post single oral dose
Dase Mean STD a T-Test % Decreasg of IL-1B
{mg/kp) {(pg/mi} Dev vs. Vehicle
Vehicle 1664.7 432.4 2 - -
0.25 781.8 3847 g £0.0007 53.0
1 57.7 24.8 8 0.0000 96.5
25 146 7.1 8 0.0000 99 1
Conclusions:

{001155] The effect of Compound 1 and Compound 2 treatment on the NLRP3 dependant release

of IL-IP cytokine was explored in an acute in vivo LPS/ATP challenge model. Levels of IL-1B 1

peritoneal lavage from LPS plus ATP-challenged mice were reduced >98%, relative to vehicle

treated animals, following single oral doses of Compound 1 at 1.5 and S mg/kg, and Compound

2 at 1 and 2.5 mg/kg, at the 3.5 hour time point. 1L-1f release was reduced >79% at 0.5 mg/kg

Compound 1 and >57% at 0.25 mg/kg Compound 2 after a single oral dose at the 3.5 hour time

point, relative to the vehicle treated animals. There were no significant changes in TNFu levels

m any of the groups compared to vehicle treated animals.

Biological Example 8: Infiibition of Caspasel Activation

Matenals and Methods

Cell Culture

{001156] Bone marrow cells were collected from freshly harvested mouse bones of 16 Black 6

nuce, from 4 bones each (2x tibia and 2x femur). Bones were delivered fresh in complete

BMDM media: RPMI 1640 Medium, GlutaMAX™ Supplement, 1% Non-essential amino acids,

SUBSTITUTE SHEET (RULE 26)
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1% Penicitiin/Streptomycin, 10 mM HEPES, 0.05 mM B-ME, 20 ng/ml GM-CSF and 10% FBS.
Tops and bottoms were cut off with scissors and 25G needle had been used to wash out the cells
carefully with complete BMDM media from each bone. Cells were run through a 100 pm cell
strainer before centrifuging at 250g. CD 147 cells were isolated through magnetic negative
selection using EasySep Mouse Monocyte Isolation Kit (StemCell Technologies) according to
manufacturer's instructions. Approximately 2 ml of cells were run through 3 independent
purification procedures. Total number of cells was approximately 12.7 million. CD14" cells
were seeded at 25,000 cells/well into 96-well plates. Complete BMDM media was exchanged
every 3 days. Experiments were performed at day 9 post-seeding,

Inflammasome Activation

[0061157] Bone marrow derived macrophages (BMDMs) were pre-incubated with DMSO or
compounds at indicated concentrations for 30 min before being stimulated with LPS at 100
ng/ml. Cells were incubated at 37°C, 5% CO:z environment for 3 hours. Cells were then further
stimulated with 10 uM nigericio and incubated at 37°C, 5% CO; for 90 minutes. At the end of
the incubation period supernatants were collected and analyzed for cytokines. Cells were either
harvested for Western Blot analysis or tested for viability using CeliTiter-Glo (Promega).
Western Blots

{061158] Cell samples from 90-well plates were prepared by lysing cells in sivy with 50 pl of 4x
NuPAGE LDS sample buffer (Fisher) + 5% P-mercaptoethanol. Plates were put on a plate shaker
at 700 rpm for an hour and then sonicated for 10 minutes. Cell lysates were transferred to a PCR
plate and heated to 95°C, for 5 mn. Samples were run on NuPAGE Bis-Trs gels (Fisher) and
transferred to PV DF membranes using the iBlot 2 system {Fisher}. PYDF membranes were
blocked in Azure Blot Washing Buffer {Azure Biosystems) + 5% low-fat dry milk for at least 5
min. Membranes were probed with the following primary antibodies: pro-caspase-1 + pl0 +pl2
[EPR16883] {(Abcam), P-actin (Sigma), NLRP3 [Cryo-2] (Adipogen) All antibody incubations
were performed in Azure Blot Washing Buffer + 5% low-fat dry milk. Secondary antibodies
were purchased from Azure Biosystems. Membranes were washed for at least 3x5 nunutes after
each antibody incubations with Azure Blot Washing Buffer. Membranes were imaged with a
Azure ¢300 imager {Azure Biosystems)

Resulis

Western Blots
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{001159] Sumulation of BMDMs by LPS followed by nigericin results in the activation of the
NLRP3 inflammasome which in turn inttiates pro-caspase-1 activation. During autocatalytic
cleavage, the p45 pro-caspase is cleaved in to a pl10 and p20 fragment. The reduced intensity p45
band and the appearance of the p10 band on the attached Western Blots indicates successful pro-
caspase-1 activation upon LPS and nigericin stimult. In the presence of 10 pM Compounds 1, 4,
and 2, the activation of pro-caspase-1 1s blocked as mdicated by intact p4S bands and lack of pi10
bands (Figure 6).

Biological Example 9: Pharmacokinetics in Mice

{061160] The mtravenous dosing solutions were administered at 1 mg/kg and were made by
dissolving the test article into the formulations shown below. The oral dosing suspensions or
solutions were administered at 10 mg/kg and were made by dissolving the test article in the
formulations shown below. Blood sampies were collected into tubes containing either KZEDTA
or sodium heparn and kept chilled on 1ce block or wet ice immediately following collection and
during processing. After centrifugation, the resuliing plasma samples were stored in a freezer at
-30°C antid samples wers analyred. Pharmacokinetic parameters were determined following
measurement of compound concentrations in plasma using standard bioanalytical methods at

timepoints ranging from O to 24 hours,
O\ /O -
eI
N
T
i‘;i O TN
Compound A: : ‘! ||

Compound B:

Compound C:
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Compound D: O n H
/O\C\ o
N“"-(\ QNN
LAY
Compound E: et
AUC Bio-
] Gender e Dose : Cmax Tz (| CHLS | V2 avail-
Cwmpd | Reoute | Formulation , O-24hr o o e N oo
Specics (mgkg) | . (mg/mL) | (hr) | hi/kg)y | (Likg)y | ability
(hr*pg/ml) (%%F)
Male 58LDMSG+10%Solutol
A CD-1 v HS 15+85%HP-beta~ i 29234 9197 2.8 (.04 0.137
Mice D
Male
A CD-1 PO 0.5% MC 10 86219 22684 34 64
Mice
Male 3% DMSO+10%Solulo}
B -1 v HS 15+85%HP-beta- i 20174 Y727 19 0.05 0.13
Mice D
Male
B CD-1 PO 0.5% MC i0 255966 62977 196 160
Mice
Male 5% DMSO+10%50lntol
C CD-1 v HS 15+85%HP-beta~ 1 2991 5292 i3 0.34 0.64
Mice Ch
Male
C Ch-1 PO 0.5% MC 10 9954 7528 i.0 33
Mice
Fomale 'E?%%Pmpyienl@ Giz*coi f9
. 3% Transcutol; 853% o . n ! . .
13 %f(:j v S0mM Na,HPO, at pH i 3400 3313 1o 0.3¢ 0.69
i 7.4
Fomale . ‘S %]'\./[C; 0.25%Tween
D CD-1 po | 0in>0mM 10 23465 13700 | 1.7 69
Mice NapHPO/NaH PO, at
pHS
Fomale “Z/o %{;ropy}snei(};% i:oi; .
. , 5% Transcutol; 90% of - ony . ,
E i,/j]’i—j IRY EO;HM Na:HPO, at pH i 1570 2830 1.6 0.64 1.47
Ferale G .»S %MC; 0.25% Tween
E cD1 {po | S0inS0mM 10 8267 8620 19 53
Mice NaHPO/NaH,PO, at
pH 7.4
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EQUIVALENTS
[001161] While the present invention has been described in conjunction with the specific
embodiments set forth above, many alternatives, modifications and other variations thereof will
be apparent to those of ordinary skill in the art. All such alternatives, modifications and

variations are intended to fall within the spirit and scope of the present invention.

[001162] Tt is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the common

general knowledge in the art, in Australia or any other country.

[001163] In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense, i.¢.
to specify the presence of the stated features but not to preclude the presence or addition of

further features in various embodiments of the invention.
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CLAIMS:
L A compound of formula (Ib):

N L
B SR
TNy
R® R* (Ib)
or a pharmaceutically acceptable salt, solvate, or tautomer thereof,
wherein:
X'isOorS;

R!is selected from the group consisting of

A\ o \ 2 A\ —A A? \A2 §A
/ / G ! 2 / A2 / ;
—%—( % < A —§—< —%—( |
)\ )\ 2/ /K 2/A2 /K //AZ

2
2 V2 A =A? A2— A\2

A\/ \2 A\ —A

% g A

2 5 4 ’\/A2 4 |
o A A2 > 2:A2 i //AZ
B and AR

wherein === represents a single bond or a double bond provided that the ring comprising

A\N

one or more A? is a non-aromatic ring;

each A is independently CR> or N;

each A? is independently CR, C(R>)2, N, NR*, or O, and at least one A” is N, NR?, or
R?is

X
. 2 (R%),
X2 or :

X2 is N or CR*;

R? and R* are H;

each R>® is independently H, D, halogen, -OH, -CN, -NO», -SR®, —~OR®, -NHRS,
—NR®R’, —S(0)2N(R),, —=S(0)2R®, —C(O)R®, —C(O)OR®, —C(O)NRR’, -NR’S(0),R’, —S(O)RS,
—S(O)NRCR’, -NR®S(O)R’, C;-Cealkyl, Co-Csalkenyl, C4-Cscycloalkenyl, Ca-Cgalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH2-C3-Cscycloalkyl; wherein the C1-Csalkyl,
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C»-Cealkenyl, C4-Cscycloalkenyl, Co-Csalkynyl, C3-Cscycloalkyl, heterocyclyl, aryl, heteroaryl,
and -CH,-C3-Cscycloalkyl are optionally substituted with D, halogen, C1-Csalkyl, -ORS, -NH,, -
NH(C-Csalkyl), or -N(C-Csalkyl)2; or

two R>* together with the atoms to which they are attached can form C3-Cscycloalkyl,
heterocyclyl, aryl, or heteroaryl; wherein the heterocyclyl and heteroaryl contain 1-3 heteroatoms
selected from the group consisting of N, S, P and O; wherein the C3-Cscycloalkyl, heterocyclyl,
aryl, or heteroaryl are optionally substituted with D, halogen, C1-Cealkyl, -OR®, -NH», -NH(C-
Csalkyl), or -N(C1-Csalkyl)2, or

two geminal R>* can form an oxo group;

each R*" is independently H, D, halogen, -OH, -CN, —NO, —SR® —OR®, -NHR®,
—NR°R7, =S(0)2N(R®)2, —S(0)2R®, —C(O)R®, —C(O)OR®, —-C(O)NRR’, -NR*S(0),R7, —S(O)R®,
—S(O)NRCR’, -NR®S(O)R’, C;-Csalkyl, C2-Csalkenyl, C4-Cscycloalkenyl, or C>-Cealkynyl;
wherein the Ci-Cealkyl, C2-Cgalkenyl, C4-Cgcycloalkenyl, and C2-Cealkynyl are optionally
substituted with D, halogen, -OR®, -NH», -NH(C-Cealkyl), or -N(C;-Cealkyl)z;

R% and R’ are independently, at each occurrence, H, D, C;-Csalkyl, Co-Csalkenyl, Ca-
Csalkynyl, C3-Cgeycloalkyl, C4-Cscycloalkenyl, heterocyclyl, aryl, or heteroaryl; wherein the
heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,
P and O; wherein the C;-Cgalkyl, C>-Cgalkenyl, C4-Cgcycloalkenyl, C»-Cesalkynyl, Cs-
Cscycloalkyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with D, halogen, C;-
Csalkyl, -OH, -O-C1-Cealkyl, -NH2, -NH(C1-Cesalkyl), or -N(C1-Csalkyl)2; or

R® and R” together with the atom to which they are attached can form heterocyclyl or
heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, S, P and O; and

n is an integer from 0 to 5.

2. The compound of claim 1, wherein the compound is of formula (I):

1
9] X
\Y ;
1’ \I}j I}j/R
3 4
R R (D,

or a pharmaceutically acceptable salt, solvate, or tautomer thereof, wherein:

X'isOorS;
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R! is selected from the group consisting of:

A2__A2
A— / \ A2

a B %xri%xx%x

b

2 2
A\ / \\ 2 A\ /A2 A __A

2
Ao \A2
\
A iy 4
A? =
AzzA e 2
, ,and AT—A

wherein == represents a single bond or a double bond provided that the ring comprising

one or more A? is a non-aromatic ring;
each A is independently CR® or N;

each A is independently CR3, C(R%)2, N, NR3, or O, and at least one A2 is N, NR>, or O;

X
| s (R,
2is X or -

X?is N or CR?;

R? and R* are H;

each R’ is independently H, D, halogen, -OH, -CN, -NO», —SR%, —OR® -NHR® —NR°R’,
—S(0)2N(R),, =S(0)2R®, —C(O)R®, —C(O)OR®, —C(O)NRR’, -NR®S(0),R’, —S(O)RS,
—S(O)NRR’, —NRSS(O)R’, C;-Cealkyl, C2-Csalkenyl, C4-Cscycloalkenyl, or C2-Cealkynyl;

R®and R’ are independently, at each occurrence H, D, Ci-Csalkyl, C»-Cgalkenyl, C4-
Cscycloalkenyl, C»-Cgalkynyl, C3-Cscycloalkyl, heterocyclyl, aryl, or heteroaryl; wherein the

heterocyclyl and heteroaryl contain 1-5 heteroatoms selected from the group consisting of N, S,

P and O; or

R% and R” together with the atom to which they are attached can form heterocyclyl or

heteroaryl containing 1-3 heteroatoms selected from the group consisting of N, S, P and O; and

n is an integer from 0 to 5.
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3. The compound of claim 1, or a pharmaceutically acceptable salt, solvate, or tautomer
thereof, wherein one A is CR and the other A is N; and each A? is independently C(R>?),, NR,

or O, wherein at least one A% is NR> or O.

4.  The compound of claim 1 or 3, or a pharmaceutically acceptable salt, solvate, or tautomer
thereof, wherein each R* is independently H, -NHR®, -NR®R’, C;-Cgalkyl, or heterocyclyl
containing N, wherein the Ci-Cealkyl is substituted with -NH, -NH(C-Cealkyl), or
-N(C1-Cealkyl)2, and wherein the heterocyclyl is optionally substituted with D, halogen,
Ci-Cealkyl, -OR®, -NH,, -NH(C1-Cealkyl), or -N(C1-Cealkyl)s.

5. The compound of claim 1, or a pharmaceutically acceptable salt, solvate, or tautomer
RSaZC
N—
N 5a2d
R531a / R>
/
. O "
thereof, wherein R" is , Wherein

R js H, D, halogen, -OH, -CN, -NO,, —SR®, -OR®, -NHR®, -NR°R’,

Ci-Cealkyl, Co-Cgalkenyl, C4-Cscycloalkenyl, C>-Cealkynyl, C3-Cgcycloalkyl, heterocyclyl, aryl,
heteroaryl, or -CH>-C3-Cscycloalkyl; wherein the Ci-Csalkyl, C>-Csalkenyl, Cs-Cscycloalkenyl,
C»-Cealkynyl, C3-Cgceycloalkyl, heterocyclyl, aryl, heteroaryl, and -CH»-C3-Cscycloalkyl are
optionally substituted with D, halogen, C1-Csalkyl, -ORS, -NH>, -NH(C;-Cgalkyl) or -N(C;-
Cealkyl),;

R%¢ and R>* are each independently H, D, halogen, -OH, -CN, —NO, - SR - OR®,
—NHR®, —NR®R’, -C(O)RS, -S(0)2R®, -C(O)OR®, C;-Csalkyl, C2-Csalkenyl, C4-Cscycloalkenyl,
C»-Cealkynyl, C3-Cgeycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH»>-C3-Cscycloalkyl; wherein
the C1-Cealkyl, C2-Csalkenyl, Cs-Cscycloalkenyl, C2-Cealkynyl, C3-Cscycloalkyl, heterocyclyl,
aryl, heteroaryl, and -CH,-C3-Cscycloalkyl are optionally substituted with D, halogen, C1-
Cealkyl, -OR®, -NH, -NH(C1-Csalkyl) or -N(C1-Csalkyl)z; or

R3%2¢ and R34 together with the atoms to which they are attached can form Cs-

Cscycloalkyl or heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from

the group consisting of N, S, P and O; wherein the C3-Cscycloalkyl and heterocyclyl are
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optionally substituted with D, halogen, C;-Csalkyl, -OR®, -NH,, -NH(C-Csalkyl) or -N(C;-
Csalkyl)z; or

R3¢ and R34 can form an oxo group.

6. The compound of claim 5, or a pharmaceutically acceptable salt, solvate or tautomer
thereof, wherein each R3>° and R**¢ is independently H, halogen, -OH, ~ORS, -NR°R’, C;-
Csalkyl, C3-Cgcycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH>-C3-Cscycloalkyl.

7 The compound of claim 5, or a pharmaceutically acceptable salt, solvate or tautomer
thereof, wherein R**¢ and R3¢ together with the atoms to which they are attached form Cs-

Cscycloalkyl or heterocyclyl.

8. The compound of claim 1, or a pharmaceutically acceptable salt, solvate or tautomer

R5a2a R5a2b
N— N

—
thereof, wherein R! is © , Wherein:

R3%22 and R3%2® are each independently H, D, halogen, -OH, -CN, -NO,,—SR® —OR®,
—NHR®, -NR®R’, -C(O)R®, -S(0),R®, -C(O)ORS, C;-Cealkyl, Co-Csalkenyl, C4-Cscycloalkenyl,
C2-Cealkynyl, C3-Cscycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH2-C3-Cscycloalkyl; wherein
the C-Cealkyl, C>-Csalkenyl, Cs-Cscycloalkenyl, C2-Cealkynyl, C3-Cgcycloalkyl, heterocyclyl,
aryl, heteroaryl, and -CH>-C3-Cgcycloalkyl are optionally substituted with D, halogen, C;-
Cealkyl, -OR®, -NHa, -NH(C-Csalkyl) or -N(C1-Csalkyl)2; or

R3%2% and R together with the atoms to which they are attached can form Cs-
Cscycloalkyl or heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from
the group consisting of N, S, P and O; wherein the C3-Cscycloalkyl and heterocyclyl are
optionally substituted with D, halogen, C1-Csalkyl, -OR®, -NH,, -NH(C-Csalkyl) or -N(C;-
Csalkyl)y; or

R3%22 and R3%2° can form an oxo group.
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0. The compound of claim §, or a pharmaceutically acceptable salt, solvate, or tautomer
thereof, wherein each R3** and R**" is independently H, halogen, -OH, -ORS, -NR°R’, C;-
Csalkyl, C3-Cgcycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH>-C3-Cscycloalkyl.

10.  The compound of claim 8, or a pharmaceutically acceptable salt, solvate, or tautomer
thereof, wherein R**** and R3*® together with the atoms to which they are attached form Cs-

Cscycloalkyl or heterocyclyl.

11.  The compound of claim 1, or a pharmaceutically acceptable salt, solvate, or tautomer
N—
N
-4
L R5a2e
. o O R5a2f .
thereof, wherein R" is ™ , Wherein

R322¢ and R3*f are each independently H, D, halogen, -OH, -CN, —-NO»,
—SRS, —OR®, -~NHR® —NR°R’, -C(O)RS, -S(0)2R®, -C(O)OR®, C;-Cealkyl, Co-Csalkenyl, C4-
Cscycloalkenyl, C>-Csalkynyl, C3-Cscycloalkyl, heterocyclyl, aryl, heteroaryl, or
-CH»-C3-Cseycloalkyl; wherein the Ci-Cesalkyl, C>-Cealkenyl, C4-Cgcycloalkenyl, C2-Csalkynyl,
Cs-Cscycloalkyl, heterocyclyl, aryl, heteroaryl, and -CH»-Cs-Cgcycloalkyl are optionally
substituted with D, halogen, C1-Cealkyl, -OR®, -NH,, -NH(C-Csalkyl) or -N(C;-Cealkyl)s; or

R3¢ and R3*f together with the atoms to which they are attached can form Cs-
Cscycloalkyl or heterocyclyl; wherein the heterocyclyl contains 1-3 heteroatoms selected from
the group consisting of N, S, P and O; wherein the C3-Cscycloalkyl and heterocyclyl are
optionally substituted with D, halogen, C;-Csalkyl, -OR®, -NH,, -NH(C-Csalkyl) or -N(C;-
Csalkyl)z; or

R3¢ and R3*f can form an oxo group.

12.  The compound of claim 11, or a pharmaceutically acceptable salt, solvate, or tautomer
thereof, wherein each R3%° and R%*! is independently H, halogen, -OH, -OR®, -NR°R’, C;-
Csalkyl, C3-Cgcycloalkyl, heterocyclyl, aryl, heteroaryl, or -CH»-Cs3-Cscycloalkyl.
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13. The compound of claim 12, or a pharmaceutically acceptable salt, solvate, or tautomer
thereof, wherein R%*¢ and R3*f together with the atoms to which they are attached form Cs-

Cscycloalkyl or heterocyclyl.

14. The compound of any one of claims 1 to 13, or a pharmaceutically acceptable salt,
| AN
solvate, or tautomer thereof, wherein R? is X2 , X? is CR*®, and R is H, fluoro,

chloro, or methyl.

15. The compound of any one of claims 1 to 13, or a pharmaceutically acceptable salt,

solvate, or tautomer thereof, wherein R? is

16. The compound of any one of claims 1 to 13, or a pharmaceutically acceptable salt, solvate,

G
or tautomer thereof, wherein R is .

17.  The compound of claim 1 or claim 16, or a pharmaceutically acceptable salt, solvate, or
tautomer thereof, wherein each R*" is independently selected from the group consisting of H,

halogen, -OH, -CN, -NO,, —OR®, C;-Cgalkyl, C>-Cealkenyl, and Cs-Cscycloalkenyl.

18. The compound of claim 16, or a pharmaceutically acceptable salt, solvate, or tautomer

thereof, wherein R? is selected from the group consisting of

, ' , and N
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19. The compound of any one of claims 1 to 4 or 14 to 18, or a pharmaceutically acceptable

A2
AN~ A2

K/ 1,
— Az’;A
salt, solvate, or tautomer thereof, wherein X' is O and R' is .

20. The compound of any one of claims 1 or 14 to 19, or a pharmaceutically acceptable salt,

solvate, or tautomer thereof, wherein R! is selected from the group consisting of
~0 F
O O L o

SN
{
HNJ oJ o)\\ oJ 4;) o~

N’ / \Qﬂ/ Nﬁ;:g Nﬁ;fi \’1/

J
h
.

OH

O NH
e o) f f
, N ,
SE Sl gV gite

b b
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21.  The compound of any one of claims 1 or 14 to 19, or a pharmaceutically acceptable salt,

solvate, or tautomer thereof, wherein R' is selected from the group consisting of .

s o HN"

P&

N N

« , and .

22. The compound of claim 1, wherein the compound is:

~

op B o 0
— I A _,"II-"II //O O Os #
N/_ "',_I'li\ E E/\> o OQ«S\N’U\N 0 S\.NJ‘I\N
iyt D SO O
P o N\N/ °N
- Cl
o © o O
Ox 7 O # @] o]
~ ~ O\\‘ i
b oL P .
Qv_’/_ﬁ H H ><,>::S H H ,((»ﬁg H H
7 N., # Z
N‘N N ’ HO N\N

(o o.p 7
N é/ /U\N % ((w::g H H
d H H FI N7
o 9 (b
NN Ko g
b NN
, or i :

375

18631407_1 (GHMatters) P111430.AU



or a pharmaceutically acceptable salt, solvate, or tautomer thereof.
23. The compound of claim 1, wherein the compound is:
O/
9!
il ]
O’/
N- O
ug
/S
0]

TC0T KRN 60  STSOTTSI0T
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/\N/ \ § =0
| ¢ - 2\\
" | Oo ) F X Pl F
N\ N\ I (8] o] TR N’\I 0 @]
- S AL S
o N N o0 N7 N Y o N7 N
H H H H | H H

or a pharmaceutically acceptable salt, solvate, or tautomer thereof.

24. The compound of claim 1, wherein the compound is:
S0 97N e 99 9% on e b N
/\é” )é” )é/ %
HN-Z SN HN-Z SN HN" NN
iNNo SN iNNo SN o SN
Og O ,\{ O\é/o 0] o (\)é/O (0]
vin SR e R e

HN-No N iNo SN

5 oo o

" 0,
!

[ o 0 s [ 7 8
0 S—NH o™ 0 © h}‘ H
s o o -
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O\‘S“'fo P_\' ’
CN =i
(\ 0 o 5 JOL HN T_:j‘tN gty
N\ - h?\“ H 1 >—8-N" N HN o N
| §_NH N BH H .
NS b 1D
\\.—f‘ “‘s‘.’;’ -
o © o ©
o, s, L o, s, L
SN“ N SN N
o ﬁ H H /\O,C'}:S H H
/ VY
*N *N
o 0
HN"> N . HN-SNN H/’L \fﬁN
HN"So N HN"So N HN"=0
o OD‘.\I\{H 9 0> d
?é,/o OD‘I\(H/ H/IL 2 HN- %N
L NS0 N NS0 N
iNNo SN : ?: : )T\:
“NH Og O

Op O H
o) o 0
(@) 0] /\é// D Y \é//o .\\N\
%’/O D’\ o HN- \f(N
=N

HNAO

S g Y
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IAD HN%"O/OD | TQ

HNA

52 C@? R

or a pharmaceutically acceptable salt, solvate, or tautomer thereof.

25. The compound of claim 1, wherein the compound is:

/J§ o
* o
7\/\0 0
0 H
E&é_n?:
6 , or a pharmaceutically acceptable salt, solvate, or tautomer thereof.

26. The compound of claim 1, wherein the compound is
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pharmaceutically acceptable salt, solvate, or tautomer thereof.

27. A pharmaceutical composition comprising a compound of any one of claims 1 to 26, or a
pharmaceutically acceptable salt, solvate, or tautomer thereof, and a pharmaceutically acceptable

carrier.

28. A method of treatment of a disease, disorder, or condition in a subject in need thereof,
comprising administering an effective amount of a compound of any one of claims 1 to 26, or a
pharmaceutically acceptable salt, solvate or tautomer thereof, to a subject in need thereof,
wherein the disease, disorder or condition is one which is responsive to inhibition of activation of

the NLRP3 inflammasome.
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29.  Use of an effective amount of a compound of any one of claims 1 to 26, or a
pharmaceutically acceptable salt, solvate or tautomer thereof, in the manufacture of a
medicament for the treatment of a disease, disorder, or condition, wherein the disease, disorder

or condition is one which is responsive to inhibition of activation of the NLRP3 inflammasome.

30. The method of claim 28, or the use of claim 29, wherein the disease, disorder, or
condition is a disease, disorder, or condition of the immune system, the cardiovascular system,
the endocrine system, the gastrointestinal tract, the renal system, the respiratory system, the
central nervous system, is a cancer or other malignancy, or is caused by or associated with a

pathogen.

31. The method of claim 28, or the use of claim 29, wherein the disease, disorder or

condition is an inflammatory or autoimmune disease, disorder or condition.

32. The method of claim 28, or the use of claim 29, wherein the disease, disorder or
condition is selected from the group consisting of constitutive inflammation, the cryopyrin-
associated periodic syndromes (CAPS), Muckle-Wells syndrome (MWS), familial cold
autoinflammatory syndrome (FCAS), neonatal-onset multisystem inflammatory disease
(NOMID), autoinflammatory diseases, familial Mediterranean fever (FMF), TNF receptor
associated periodic syndrome (TRAPS), mevalonate kinase deficiency (MKD),
hyperimmunoglobulinemia D, periodic fever syndrome (HIDS), deficiency of interleukin 1
receptor (DIRA) antagonist, Majeed syndrome, pyogenic arthritis, pyoderma gangrenosum and
acne (PAPA), haploinsufficiency of A20 (HA20), pediatric granulomatous arthritis (PGA),
PLCG2-associated antibody deficiency and immune dysregulation (PLAID), PLCG2-associated
autoinflammation, antibody deficiency and immune dysregulation (APLAID), sideroblastic
anemia with B-cell immunodeficiency, periodic fevers, developmental delay (SIFD), Sweet's
syndrome, chronic nonbacterial osteomyelitis (CNO), chronic recurrent multifocal osteomyelitis
(CRMO) and synovitis, acne, pustulosis, hyperostosis, osteitis syndrome (SAPHO), autoimmune
diseases including multiple sclerosis (MS), type-1 diabetes, psoriasis, rheumatoid arthritis,
Behcet's disease, Sjogren's syndrome, Schnitzler syndrome, respiratory diseases, idiopathic

pulmonary fibrosis (IPF), chronic obstructive pulmonary disorder (COPD), steroid-resistant
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asthma, asbestosis, silicosis, cystic fibrosis, central nervous system diseases, Parkinson's disease,
Alzheimer's disease, motor neuron disease, Huntington's disease, cerebral malaria, brain injury
from pneumococcal meningitis, metabolic diseases, Type 2 diabetes, atherosclerosis, obesity,
gout, pseudo-gout, ocular disease, disease of the ocular epithelium, age-related macular
degeneration (AMD), corneal infection, uveitis, dry eye, kidney disease, chronic kidney disease,
oxalate nephropathy, diabetic nephropathy, liver disease, non-alcoholic steatohepatitis, alcoholic
liver disease, inflammatory reactions in skin, contact hypersensitivity, sunburn, inflammatory
reactions in the joints, osteoarthritis, systemic juvenile idiopathic arthritis, adult-onset Still's
disease, relapsing polychondritis, viral infections, alpha virus infection, Chikungunya virus
infection, Ross River virus infection, flavivirus infection, Dengue virus infection, Zika virus
infection, flu, HIV infection, hidradenitis suppurativa (HS), cyst-causing skin diseases, cancers,
lung cancer metastasis, pancreatic cancers, gastric cancers, myelodisplastic syndrome, leukemia,
polymyositis, stroke, myocardial infarction, Graft versus Host Disease, hypertension, colitis,
helminth infection, bacterial infection, abdominal aortic aneurism, wound healing, depression,
psychological stress, pericarditis, Dressler's syndrome, ischaemia reperfusion injury, and any
disease where an individual has been determined to carry a germ line or somatic non-silent

mutation in NLRP3.

33. The method of claim 28, or the use of claim 29, wherein the disease, disorder, or
condition is selected from the group consisting of cryopyrin-associated periodic syndromes
(CAPS), atherosclerosis, gout, pseudo-gout, rheumatoid arthritis, systemic juvenile idiopathic
arthritis, non-alcoholic steatohepatitis, myocardial infarction, Parkinson's disease, Alzheimer's

disease, multiple sclerosis, and type-1 diabetes.
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