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COMPOUNDS AND USES THEREOF

Background

The invention relates to compounds useful for modulating BRG1- or BRM-associated factors
(BAF) complexes. In particular, the invention relates to compounds useful for treatment of disorders
associated with BAF complex function.

Chromatin regulation is essential for gene expression, and ATP-dependent chromatin remodeling
is a mechanism by which such gene expression occurs. The human Switch/Sucrose Non-Fermentable
(SWI/SNF) chromatin remodeling complex, also known as BAF complex, has two SWI2-like ATPases
known as BRG1 (Brahma-related gene-1) and BRM (Brahma). The transcription activator BRG1, also
known as ATP-dependent chromatin remodeler SMARCAA4, is encoded by the SMARCA4 gene on
chromosome 19. BRGH1 is overexpressed in some cancer tumors and is needed for cancer cell
proliferation. BRM, also known as probable global transcription activator SNF2L2 and/or ATP-dependent
chromatin remodeler SMARCAZ2, is encoded by the SMARCA2 gene on chromosome 9 and has been
shown to be essential for tumor cell growth in cells characterized by loss of BRG1 function mutations.
Deactivation of BRG and/or BRM results in downstream effects in cells, including cell cycle arrest and

tumor suppression.

Summary
The present invention features compounds useful for madulating a BAF complex. In some
embodiments, the compounds are useful for the treatment of disorders associated with an alteration in a
BAF complex, e.g., a disorder associated with an alteration in one or both of the BRG1 and BRM
proteins. The compounds of the invention, alone or in combination with other pharmaceutically active
agents, can be used for treating such disorders.
In an aspect, the invention features a compound, or a pharmaceutically acceptable salt thereof,

having the structure of Formula | or Il

(RYm (R")m
S A L—B A —L-—B
X N™ XS
] ]
/ N. ..~
HO - | HO - |
= =
(X 7 (X
Formula | Formula ll

where

ring system A is a 5 to 9-membered heterocyclyl or heteroaryl;

mis 0,1, 2, or 3;

kis 0,1, or2;

each R is, independently, halo, optionally substituted C1-Cs alkyl, optionally substituted C1-Cs
heteroalkyl, optionally substituted Cs-Cs cycloalkyl, or optionally substituted C2-Cs heterocyclyl;
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each X is, independently, halo;
L is a linker; and
B is a degradation moiety.
In some embodiments,
5 ring system A is a 5 to 9-membered heterocyclyl or heteroaryl;

mis 0,1, 2, or3;
kis 0,1, or2;
each X is, independently, halo;
L is a linker; and

10 B is a degradation moiety.

In some embodiments, the compound has the structure of Formula I-A or II-A:

(RM)m
sy

1]
N~

HO ~

|
X
Xk , Xk

Formula I-A Formula lI-A

where the dashed bond represents a single or double bond.
15 In some embodiments, the compound has the structure of Formula I-B:

Xk
Formula I-B

In some embodiments, the compound has the structure of Formula I-C:

(R")m

20 Formula I-C
2
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where each R'is, independently, optionally substituted C1-Ce alkyl.
In some embodiments, the compound has the structure of Formula I-D:
/L—B

(X

Formula I-D

5 where each R is, independently, optionally substituted C1-Ce alkyl.
In some embodiments, the compound has the structure of Formula I-E:

(R)m

/

N
Xk

Formula I-E

10 In some embodiments, the compound has the structure of Formula I-F:

(X

Formula I-F

In some embodiments, mis O.
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10

In some embodiments, the compound has the structure of Formula |-G or |I-G:

B

!

L
S —
NI oS Ul oS
N._~ =
HO pZ | HO = |
X X

(X Xk

Formula I-G Formula lI-G

Z==Z

In some embodiments, the compound has the structure of Formula I-H or II-H:

B B,
= L
S —
\ S
1 N. ~
L N. =~
HO - | HO = |
XX XX
Xk Xk
Formula I-H Formula II-H

In some embodiments, the degradation moiety, B, has the structure of Formula A-1:

RA1
RAZ Y. 1

RA4 o) (0] RA5
Formula A-1

where

RAB

O RA6 RA7
Y XY Y Ny
Y'lis , , - , ormlm

RA%is H, optionally substituted C1-Cs alkyl, or optionally substituted C1-Cs heteroalkyl;

)

RA8 is H or optionally substituted C1-Cs alkyl; and RA7 is H or optionally substituted C1-Cs alkyl; or

RA® and R”7, together with the carbon atom to which each is bound, combine to form optionally

15 substituted Cs-Ce carbocyclyl or optionally substituted C2-Cs heterocyclyl; or RA® and RA7, together with

the carbon atom to which each is bound, combine to form optionally substituted Cs-Ces carbocyclyl or

optionally substituted C2-Cs heterocyclyl;

RA% is H, optionally substituted C1-Cs alkyl, or optionally substituted C+-Ce heteroalkyl;
each of RA!, RA2, RA3, and RA4 is, independently, H, A2, halogen, optionally substituted C1-Cs alkyl,

20 optionally substituted C1-Cs heteroalkyl, optionally substituted Cs-C1o carbocyclyl, optionally substituted
C2-Ce heterocyclyl, optionally substituted Cs-C1o aryl, optionally substituted C>-Cq heteroaryl, optionally

substituted C2-Ces alkenyl, optionally substituted C2-Cs heteroalkenyl, optionally substituted -O-Cz-Cs
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carbocyclyl, hydroxyl, thiol, or optionally substituted amino; or RA'" and R*2, R*?2 and R”?, and/or RA? and

RA*, together with the carbon atoms to which each is attached, combine to form ®; and @ is
optionally substituted Cs-C1o aryl, optionally substituted Cs-C10 carbocyclyl, optionally substituted C2-Cso

heteroaryl, or C2>-Ce heterocyclyl, any of which is optionally substituted with A2,

5 where one of RA1, RA2, RA3, and RA*is A2, or @ is substituted with A2; and

AZis a bond between the degradation moiety and the linker.
In some embodiments, R*® is H or methyl. In some embodiments, RA% is H.
In some embodiments, each of RA!, RA2, RA% and RA is, independently, H or A2,
In some embodiments, RA! is A2 and each of RA2, RA3, and RA*is H.

10 In some embodiments, RA2 is A2 and each of RA!, RA3, and RA*is H.
In some embodiments, RA% is A2 and each of RA", RA%2, and RA*is H.
In some embodiments, RA* is A2 and each of RA!, RA2, and RA%is H.

RAS RA7

(0]
In some embodiments, Y is\eg’ or\egf .

In some embodiments, R*® is H. In some embodiments, RA7 is H.
RA8
NPy NNy
15 In some embodiments, Y1 is - OF smduaw .
In some embodiments, RA% is H or optionally substituted C1-Ce alkyl. In some embodiments, RA%
is H or methyl. In some embodiments, R*% is methyl.

In some embodiments, the degradation moiety includes the structure of Formula A2:

A2 fo)
RAZ
T
RA3 N
R o O ‘RAS

A4
20 Formula A2
O
N o
NH
In some embodiments, where the degradation moiety is ©o O
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In some embodiments, the degradation moiety includes the structure of Formula A4:

RA1 o
A2
()0
A3 N
R RAM O O \RA5

Formula A4

0
N 0

NH
o O .

In some embodiments, the degradation moiety is

5
In some embodiments, the degradation moiety includes the structure of Formula A5:
A2
RA2
(3=
A3 N
R RA4 O O \RA5
Formula A5
10 In some embodiments, the degradation moiety includes the structure of Formula A6:
RA1
A2
(3o
A3 N
R RM O O ‘RAS
Formula A6
In some embodiments, the degradation moiety includes the structure of Formula A8:
RA1
RA2
RA3 N
A2 5 O Res
15 Formula A8

In some embodiments, the degradation moiety includes the structure of Formula A10:

RA1
RAZ

A2 N,

Formula A10
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In some embodiments, the degradation moiety includes the structure of

Az\_ 0
N\ / N o
N=( NH
CH5;©

In some embodiments, the degradation moiety includes the structure of

N=N\
A2 N 0

— e e

In some embodiments, the degradation moiety has the structure of Formula C:

RBT
N
B4 [ N RB8
R®40, BS | s>‘
|
N \\
"l/&o
RB3
Formula C
where
UGS
AZ RB2
L*is -N(RB)(RB2), RB2 Jor  A? ;

RB1is H, A2, optionally substituted C1-Cs alkyl, or optionally substituted C1-Ce heteroalkyl,

RB2 is H, optionally substituted C1-Cs alkyl, or optionally substituted C+-Ces heteroalkyl;

RB3 is A2, optionally substituted C1-Ce alkyl, optionally substituted C1-Ce heteroalkyl, optionally
substituted Cs-C1o carbocyclyl, optionally substituted Ce-C10 aryl, optionally substituted C1-Cs alkyl C3-C1o
carbocyclyl, or optionally substituted C1-Cs alkyl Cs-C1o aryl;

RB4is H, optionally substituted C1-Cs alkyl, optionally substituted Cs-C1o carbocyclyl, optionally
substituted Ce-C10 aryl, optionally substituted C1-Cs alkyl C3-C1o carbocyclyl, or optionally substituted C1-
Cs alkyl Ce-C1o aryl;

RB% is H, optionally substituted C1-Cs alkyl, or optionally substituted C-Cs heteroalkyl;

v2is0,1,2, 3, or4;

each RBé is, independently, A?, halogen, optionally substituted C1-Cs alkyl, optionally substituted
C1-Ce heteroalkyl, optionally substituted Cs-C1o carbocyclyl, optionally substituted C2-Cg heterocyclyl,
optionally substituted Cs-C1o aryl, optionally substituted C2-Cs heteroaryl, optionally substituted C>-Cs
alkenyl, optionally substituted C2-Cs heteroalkenyl, hydroxy, thiol, or optionally substituted amino;

each of RE7 and RB8 is, independently, H, halogen, optionally substituted C1-Cs alkyl, or optionally
substituted Ce-C1o aryl;

RB? is H or optionally substituted C+-Ce alkyl; and

A?is a bond between the degradation moiety and the linker;

where one and only one of RB', RB3, and RPB® is A?,

7
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or a pharmaceutically acceptable salt thereof.

In some embodiments, the degradation moiety has the structure of Formula C’:

B7
R I N>\
\ B8
B4, R
R O’r. RBS =~ | S
I
DAL
N B6
L4 (@) RBg (R )Vz
& o}
RB3
Formula C’
where
O\N O\N O‘N
N\ N\ \
A2 RB2 RBZ
L* is -N(RB1)(RB2), RB2 , A? . or RE" :

RB' is H, A2, optionally substituted C1-Cs alkyl, or optionally substituted C1-Cs heteroalkyl;

RB2 is H, optionally substituted C1-Cs alkyl, or optionally substituted C1-Ce heteroalkyl;

RB3 is A2, optionally substituted C+-Ce alkyl, optionally substituted C2-Ce heterocyclyl, optionally
substituted C1-Ces heteroalkyl, optionally substituted Cs-C1o carbocyclyl, optionally substituted Cs-C10 aryl,
optionally substituted C+-Cs alkyl C3-Cio carbocyclyl, or optionally substituted C+-Cs alkyl Ce-C10 aryl;

RB* is H, optionally substituted C1-Cs alkyl, optionally substituted Cs-C10 carbocyclyl, optionally
substituted Ce-C10 aryl, optionally substituted C1-Cs alkyl C3s-C1o carbocyclyl, or optionally substituted C1-
Cs alkyl Ce-C1o aryl;

RB% is H, optionally substituted C1-Cs alkyl, or optionally substituted C-Cs heteroalkyl;

v2is 0,1, 2, 3, or 4;

each RB8 s, independently, A2, halogen, optionally substituted C+-Ce alkyl, optionally substituted
C1-Cs heteroalkyl, optionally substituted Cs-C1o carbocyclyl, optionally substituted C»>-Cg heterocyclyl,
optionally substituted Ces-C1o aryl, optionally substituted C2-Cs heteroaryl, optionally substituted C2-Ce
alkenyl, optionally substituted C2-Cs heteroalkenyl, hydroxy, thiol, or optionally substituted amino;

each of RB” and RB8 is, independently, H, halogen, optionally substituted C1-Cs alkyl, or optionally
substituted Ce-C1o aryl;

RB? is H or optionally substituted C4-Cs alkyl; and

A?is a bond between the degradation moiety and the linker;

where one and only one of RB!, RE3 and RB8 is A2,

or a pharmaceutically acceptable salt thereof.
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In some embodiments, the degradation moiety has the structure of Formula C1:

B7
R ’ N>‘
\ B8
B4 R
R ()C_ RB5 = I S
I
N X
\ O RB® v2
/N//.
RB1 o
RB3
Formula C1
In some embodiments, the degradation moiety is
N
LD
A H S
[ A
H N o
N,
X~ ro
In some embodiments, the degradation moiety is
In some embodiments, the degradation moiety is
N
N\
Ho, [
/ H
OW/N
N
N, o o
F - @)
O
10 In some embodiments, the degradation moiety has the structure of Formula C2:
B7
R N
RB4O , yRBB
S
()ﬁr BQ (RBG) ,
RB3
Formula C2
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In some embodiments, RB® is optionally substituted C1-Cs alkyl. In some embodiments, RB? is

methyl.
In some embodiments, RB? is bonded to (S)-stereogenic center.
In some embodiments, the degradation moiety is
N
N
HO, [P
/ H
()\H/N
/4 N =
N, , O =
o " O

In some embodiments, the linker has the structure of Formula lll:
A'-(B")-(C")g-(BAn-(D)-(B*)i-(CH)- (BH)—A?,
Formula Il
or a pharmaceutically acceptable salt thereof,
where
A'is a bond between the linker and ring system A;
AZ?is a bond between the degradation moiety and the linker;
each of B!, B2, B%, and B* is, independently, optionally substituted C1-C4 alkyl, optionally
substituted Ce-C1o aryl, optionally substituted Cs-C10 aryl C1-4 alkyl, optionally substituted C1-Ca
heteroalkyl, optionally substituted Cs-C1o cycloalkyl, optionally substituted C»2-Ces heterocyclyl, O, S, S(O)2,
or NRV;
each RN is, independently, H, optionally substituted C1-4 alkyl, optionally substituted Cz-4 alkenyl,
optionally substituted C2 4 alkynyl, optionally substituted Cz s heterocyclyl, optionally substituted Ce-12
aryl, or optionally substituted C1— heteroalkyl;
each of CT and C? is, independently, carbonyl, thiocarbonyl, sulphonyl, or phosphoryl;
each of f, g, h, i, j, and k is, independently, 0 or 1; and
D is optionally substituted Ci_10 alkyl, optionally substituted C2_10 alkenyl, optionally substituted
C2-10 alkynyl, optionally substituted C2-s heterocyclyl, optionally substituted Cs-12 aryl, optionally
substituted C2-C1o polyethylene glycol, or optionally substituted Ci-10 heteroalkyl, or a chemical bond
linking AT-(B")+(C")g-(B?)n- to -(B)i-{C2)j-(B*)—A2.
In some embodiments, the linker has the structure of Formula lll:
A'-(B")-(C1)g-(BHn-(D)-(B®)i-(CH)i- (B*)—A2,
Formula Ill
or a pharmaceutically acceptable salt thereof,
where
A'is a bond between the linker and ring system A;
AZis a bond between the degradation moiety and the linker;
each of B!, B2, B?, and B* is, independently, optionally substituted C1-C4 alkyl, optionally
substituted Ce-C10 aryl, optionally substituted Ces-C10 aryl C1.4 alkyl, optionally substituted C1-Ca
heteroalkyl, optionally substituted Cs-C1o cycloalkyl, optionally substituted C2-Cs heterocyclyl, optionally
substituted C2-Co heteroaryl, O, S, S(0)2, or NRN,;

10
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each RN is, independently, H, optionally substituted C1-4 alkyl, optionally substituted Cz-4 alkenyl,
optionally substituted C2-4 alkynyl, optionally substituted Cz-s heterocyclyl, optionally substituted Ce-12
aryl, or optionally substituted C1-7 heteroalkyl;

each of C' and C? is, independently, carbonyl, thiocarbonyl, sulphonyl, or phosphoryl;

each of f, g, h, i, j, and k is, independently, 0 or 1; and

D is optionally substituted Ci_10 alkyl, optionally substituted C2_10 alkenyl, optionally substituted
C2-10 alkynyl, optionally substituted C2-s heterocyclyl, optionally substituted Cs_12 aryl, optionally
substituted C2-C1o polyethylene glycol, or optionally substituted C1-10 heteroalkyl, or a chemical bond
linking A'-(B")+(C"g-(B?)h- to -(B%)i-(C?)i-(BH—A2.

In some embodiments, each of B', B2, B3, and B* is, independently, optionally substituted C1-C2z
alkyl, optionally substituted C1-Cs heteroalkyl, optionally substituted C2-Ce heterocyclyl, or NRN.

In some embodiments, each RN is, independently, H or optionally substituted C1—C4 alkyl.

In some embodiments, each RN is, independently, H or CHs.

In some embodiments, each of B' and B* is, independently,

- A
O AN /\; K/N\)\ Oy Fomy

> ;\
— OOt OOt HC e O NON\,@

=< v sj: | H< O Lo

In some embodiments, each of B! and B* is, independently,
RN
o, E_/ §_<>N_§§_< >—4% ;\/NY’ /“;\/N\)\ f'\/o\f" -’f\o/\f’
Ao\ Foty O O Sl =t
N EN s
HO N N
O B O e L TR T,

- e,
4 p
P e T %4 O, fon

11
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.‘L"z.
) I/
In some embodiments, B! IS

E N_E, or §4</DN—§

S
N
In some embodiments, B? |s J f\/ §_<> _§ 4<:| ,

=N fj Q ~ vt E'&CN_;,

Iy ~
NK/N\J_,J»’%_O*%’ r@\l\r‘:‘l \@“\Hf’or §4</3N—§.

R ff\N/\f’ RN
In some embodiments, B# is A/N\"; FLN , f&/r{l\/’\ JK/O\*"’, Ao/\;,

e’S\N/\
OOt SNy Aol

p, Y

In some embodiments, B*is O,

‘;\N RN
o O %%%%H %3,5{3‘_5, @N\ﬁ,f”\o/\/“?’,

®)

N\ //

(0]
In some embodiments, each of C!' and C2 is \ej\/ or .\{ \";

O

\\ //

In some embodiments, C' is or \{ \f{

12
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O

In some embodiments, C2is \817 .

In some embodiments, B? is optionally substituted C1-C4 alkyl. In some embodiments, B? is

optionally substituted C2-Ce heterocyclyl.

"L"L \G

Ve

—) N
In some embodiments, B? is or .

5 In some embodiments, B2 is optionally substituted C2-Co heteroaryl. In some embodiments, B2 is
s
b7
N)\j
In some embodiments, B2 is optionally substituted Cs-C1o cycloalkyl. In some embodiments, B2 is

e

In some embodiments, D is optionally substituted C1-C1o alkyl.
10 In some embodiments, fis 1. In some embodiments, g is 0. In some embodiments, gis 1. In
some embodiments, h is 0. In some embodiments, his 1. In some embodiments, iis 0. In some
embodiments, iis 1. In some embodiments, jis 0. In some embodiments, jis 1. In some embodiments,

k is 0. In some embodiments, k is 1.

o—%
§—<>—NH
In some embodiments, the linker has the structure of ,
O o) le) O
LN Ly s L
15 % o ¥ % °c

(@] (@] 0 0 0 ()
%/C/N 5 o HALN 6 s EL//:/N s s

0 0O O (o} (@) O
NW; NW;@ N/k/jv(ﬂ\)j\;
pa | EL | pa

% %

O O o o
N Wf N)l\/\/o\g‘ NJ\/\/\O/?E,
PN R R

13
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i i oo
,E/C/NJ\/M\/O\;* ) NSOy A N~

i H ? 1 T

N__ N ~C~

KLNW;E/@*/W;{QN NN

(0] (o]

)J\/\ O )—I\/\ %,
) T ) A

O
% i o "
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Soaniie ~ pw @

o

S e
E/OWE/% B Y

0—i

/_/

—< >—NH
In some embodiments, the linker has the structure of %

\{O\/\Nj\

H

W ¥
JW\)j\g, NW; //:/NW’;
E % ¥
o) 0]
M’f\/u\;” /C/N/U\/jvﬁo\)J\f /C/Nw’;
E % ¥
N)?\/\/ ~ NJ]\/\/\ /724
. O S s . s

15

O
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/C/NJJ\/\'TI/\/O\rrry /C/N)J\/\ﬁ/\/\/\n/ﬁ
(@]
% R
o o}
/C/NJI\/\H/\/\/\/\H/E‘- N)J\/\O/\/O\/\N;%‘
s ° "

O\
/C/N /CN /0 /C/N /O/\/ = /DC/N/\/O\f
% Kt o

o;% NSO N/\)OJ\ Nj\/o\
Poe ,E)Q FATY T
NJOI\/ N)Ok/ \;KAN ON
VSaINGEA e oUl e ol
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O

Qw ﬁl”" g /ﬂm
O RO H)NCI <>C>4

HOOA RO 5 /A RO

, ro” O O GO
\O?—O—C:/)—N ,\{O\/\@ . \(O\/\N 3“
\{O\/\I\@\ﬁ, \<0\/\,\®\£ o/\/\ O\ \(0\/\ O\

QCH/\GV\/W\/\G )\G

In some embodiments, the shortest chain of atoms connectlng two valencies of the linker is 2 to
10 10 atoms long.
In some embodiments, the shortest chain of atoms connecting two valencies of the linker is 6

atoms long.
o]

/C/N /\)J\s’f

In some embodiments, the linker has the structure of ,
7'«,

_ /O N/\/O\g
Pe s |

17
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In an aspect, the invention features a compound selected from the group consisting of 1-33 in
Table 1 and pharmaceutically acceptable salts thereof. In an aspect, the invention features a compound

selected from the group consisting of 1-115 in Table 1 and pharmaceutically acceptable salts thereof.

Table 1. Compounds of the Invention

# Compound

OH

OH

OH

18
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# Compound
Q Z
N 4 IN OH
NS
S N~
N
4
\
! N
O
HO N R
W N \j\N
I \/O/S/
o
Q =
NO—C I T &,
S N~
N
5
o Qe
S
S N~
S
[
N
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# Compound

OH

HO

HO

OH
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# Compound
-0
NI p \OH
11 N N
(o]
HN
o
(o] (s
\
N_?
i ~x
12 E s lN,N OH
-~
"8
: SQ I
z s N~
13 .
-
"\s

s— N~y
N\ A
HO
Dol o
N \“. = (o) N
14 E \‘c\, oK -/
0P \H
S
L2
N
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# Compound
15
16
HO
HO, NH
N h_ S
o O N 7 |N
NS
17 NH s N/
o
S
7
\ N
HO N—N
& D=
o —_
N . A
3 “N N HO
o=\_ o H
NH o
18
s\f/"
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# Compound
[o) y S /N\N
HO -1 1INH \ AN |
0
4 o O HO
/=0
19 HN
s
&N
N
o HO
HN
sz
;=o N 7 |
N R s, N
Ho“'w
20 NH
21
N
HO
N S~
o/ N\
/ \N HO
22 ¥~ o’
HO;C/N/—\O s
" H \T\N
I
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# Compound
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In some embodiments, the compound has a ratio of BRG1 ICso to BRM ICs of at least 5. In
some embodiments, the compound has a ratio of BRG1 ICso to BRM ICse of at least 7. In some
embodiments, the compound has a ratio of BRG1 ICso to BRM ICso of at least 10. In some embodiments,
the compound has a ratio of BRG1 ICso to BRM ICso of at least 15. In some embodiments, the compound
has a ratio of BRG1 ICs0 to BRM ICsp of at least 20. In some embodiments, the compound has a ratio of
BRG1 ICse to BRM ICso of at least 25. In some embodiments, the compound has a ratio of BRG1 ICsp to
BRM ICso of at least 30.

In an aspect, the invention features a pharmaceutical composition comprising any ofthe
foregoing compounds and a pharmaceutically acceptable excipient.

In another aspect, the invention features a method of decreasing the activity of a BAF complex in
a cell, the method involving contacting the cell with an effective amount of any of the foregoing
compounds or a pharmaceutical composition thereof.

In some embodiments, the cell is a cancer cell.

In another aspect, the invention features a method of treating a BAF complex-related disorder in
a subject in need thereof, the method involving administering to the subject an effective amount of any of
the foregoing compounds (e.g., a BRM/BRG1 dual inhibitor compound or a BRM-selective compound) or
a pharmaceutical composition thereof.

In some embodiments, the BAF complex-related disorder is cancer.

In a further aspect, the invention features a method of inhibiting BRM, the method involving
contacting a cell with an effective amount of any of the foregoing compounds (e.g., a BRM/BRG1 dual
inhibitor compound or a BRM-selective compound) or a pharmaceutical composition thereof.

In some embodiments, the cell is a cancer cell.

In another aspect, the invention features a method of inhibiting BRG1, the method involving
contacting the cell with an effective amount of any of the foregoing compounds or a pharmaceutical
composition thereof.

In some embodiments, the cell is a cancer cell.

52

CA 03216773 2023-10-25



10

15

20

25

30

35

40

WO 2022/240825 PCT/US2022/028511

In a further aspect, the invention features a method of inhibiting BRM and BRG1, the method
involving contacting the cell with an effective amount of any of the foregoing compounds or a
pharmaceutical composition thereof.

In some embodiments, the cell is a cancer cell.

In another aspect, the invention features a method of treating a disorder related to a BRG1 loss
of function mutation in a subject in need thereof, the method involving administering to the subject an
effective amount of any of the foregoing compounds (e.g., a BRM/BRG1 dual inhibitor compound or a
BRM-selective compound) or a pharmaceutical composition thereof.

In some embodiments, the disorder related to a BRG1 loss of function mutation is cancer. In
other embodiments, the subject is determined to have a BRG1 loss of function disorder, for example, is
determined to have a BRG1 loss of function cancer (for example, the cancer has been determined to
include cancer cells with loss of BRG1 function).

In another aspect, the invention features a method of inducing apoptosis in a cell, the method
involving contacting the cell with an effective amount of any of the foregoing compounds (e.g., a
BRM/BRG1 dual inhibitor compound or a BRM-selective compound) or a pharmaceutical composition
thereof.

In some embodiments, the cell is a cancer cell.

In a further aspect, the invention features a method of treating cancer in a subject in need
thereof, the method including administering to the subject an effective amount of any of the foregoing
compounds (e.g., a BRM/BRG1 dual inhibitor compound or a BRM-selective compound) or a
pharmaceutical composition thereof.

In some embodiments of any of the foregoing methods, the cancer is non-small cell lung cancer,
colorectal cancer, bladder cancer, cancer of unknown primary, glioma, breast cancer, melanoma, non-
melanoma skin cancer, endometrial cancer, esophagogastric cancer, pancreatic cancer, hepatobiliary
cancer, soft tissue sarcoma, ovarian cancer, head and neck cancer, renal cell carcinoma, bone cancer,
non-Hodgkin lymphoma, small-cell lung cancer, prostate cancer, embryonal tumor, germ cell tumor,
cervical cancer, thyroid cancer, salivary gland cancer, gastrointestinal neuroendocrine tumor, uterine
sarcoma, gastrointestinal stromal tumor, CNS cancer, thymic tumor, Adrenocortical carcinoma,
appendiceal cancer, small bowel cancer, or penile cancer.

In some embodiments of any of the foregoing methods, the cancer is non-small cell lung cancer,
colorectal cancer, bladder cancer, cancer of unknown primary, glioma, breast cancer, melanoma, non-
melanoma skin cancer, endometrial cancer, or penile cancer.

In some embodiments of any of the foregoing methods, the cancer is a drug resistant cancer or
has failed to respond to a prior therapy (e.g., vemurafenib, dacarbazine, a CTLA4 inhibitor, a PD1
inhibitor, interferon therapy, a BRAF inhibitor, a MEK inhibitor, radiotherapy, temozolomide, irinotecan, a
CAR-T therapy, Herceptin®, Perjeta®, tamoxifen, Xeloda®, docetaxol, platinum agents such as
carboplatin, taxanes such as paclitaxel and docetaxel, ALK inhibitors, MET inhibitors, Alimta®,
Abraxane®, Adriamycin®, gemcitabine, Avastin®, Halaven®, neratinib, a PARP inhibitor, ARN810, an
mTOR inhibitor, topotecan, Gemzar®, a VEGFR2 inhibitor, a folate receptor antagonist, demcizumab,
fosbretabulin, or a PDL1 inhibitor).

In some embodiments of any of the foregoing methods, the cancer has or has been determined

to have BRG1 mutations. In some embodiments of any of the foregoing methods, the BRG1 mutations
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are homozygous. In some embodiments of any of the foregoing methods, the cancer does not have, or
has been determined not to have, an epidermal growth factor receptor (EGFR) mutation. In some
embodiments of any of the foregoing methods, the cancer does not have, or has been determined not to
have, an anaplastic lymphoma kinase (ALK) driver mutation. In some embodiments of any of the
foregoing methods, the cancer has, or has been determined to have, a KRAS mutation. In some
embodiments of any of the foregoing methods, the BRG1 mutation is in the ATPase catalytic domain of
the protein. In some embodiments of any of the foregoing methods, the BRG1 mutation is a deletion at
the C-terminus of BRG1.

In another aspect, the disclosure provides a method treating a disorder related to BAF (e.g.,
cancer or viral infections) in a subject in need thereof. This method includes contacting a cell with an
effective amount of any of the foregoing compounds (e.g., a BRM/BRG11 dual inhibitor compound or a
BRM-selective compound), or pharmaceutically acceptable salts thereof, or any of the foregoing
pharmaceutical compositions. In some embodiments, the disorder is a viral infection is an infection with a
virus of the Retroviridae family such as the lentiviruses (e.g., Human immunodeficiency virus (HIV) and
deltaretroviruses (e.g., human T cell leukemia virus | (HTLV-I), human T cell leukemia virus Il (HTLV-II)),
Hepadnaviridae family (e.g., hepatitis B virus (HBV)), Flaviviridae family (e.g., hepatitis C virus (HCV)),
Adenoviridae family (e.g., Human Adenovirus), Herpesviridae family (e.g., Human cytomegalovirus
(HCMV), Epstein-Barr virus, herpes simplex virus 1 (HSV-1), herpes simplex virus 2 (HSV-2), human
herpesvirus 6 (HHV-6), Herpesvitus K*, CMV, varicella-zoster virus), Papillomaviridae family (e.g., Human
Papillomavirus (HPV, HPV E1)), Parvoviridae family (e.g., Parvovirus B19), Polyomaviridae family (e.g.,
JC virus and BK virus), Paramyxoviridae family (e.g., Measles virus), Togaviridae family (e.g., Rubella
virus). In some embodiments, the disorder is Coffin Siris, Neurofibromatosis (e.g., NF-1, NF-2, or
Schwannomatosis), or Multiple Meningioma.

In another aspect, the disclosure provides a method for treating a viral infection in a subject in
need thereof. This method includes administering to the subject an effective amount of any of the
foregoing compounds (e.g., a BRM/BRG1 dual inhibitor compound or a BRM-selective compound), or
pharmaceutically acceptable salts thereof, or any of the foregoing pharmaceutical compositions. In some
embodiments, the viral infection is an infection with a virus of the Retroviridae family such as the
lentiviruses (e.g., Human immunodeficiency virus (HIV) and deltaretroviruses (e.g., human T cell
leukemia virus | (HTLV-1), human T cell leukemia virus Il (HTLV-Il)), Hepadnaviridae family (e.g., hepatitis
B virus (HBV)), Flaviviridae family (e.g., hepatitis C virus (HCV)), Adenoviridae family (e.g., Human
Adenovirus), Herpesviridae family (e.g., Human cytomegalovirus (HCMV), Epstein-Barr virus, herpes
simplex virus 1 (HSV-1), herpes simplex virus 2 (HSV-2), human herpesvirus 6 (HHV-6), Herpesvitus K*,
CMV, varicella-zoster virus), Papillomaviridae family (e.g., Human Papillomavirus (HPV, HPV E1)),
Parvoviridae family (e.g., Parvovirus B19), Polyomaviridae family (e.g., JC virus and BK virus),
Paramyxoviridae family (e.g., Measles virus), or Togaviridae family (e.g., Rubella virus).

In some embodiments of any of the foregoing aspects, the compound is a BRM-selective
compound. In some embodiments, the BRM-selective compound inhibits the level and/or activity of BRM
at least 10-fold greater than the compound inhibits the level and/or activity of BRG1 and/or the compound
binds to BRM at least 10-fold greater than the compound binds to BRG1. For example, in some
embodiments, a BRM-selective compound has an I1Cso or IPso that is at least 10-fold lower than the ICso or

IPso against BRG1. In some embodiments of any of the foregoing aspects, the compound is a
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BRM/BRG1 dual inhibitor compound. In some embodiments, the BRM/BRG1 dual inhibitor compound
has similar activity against both BRM and BRG1 (e.g., the activity of the compound against BRM and
BRG1 with within 10-fold (e.g., less than 5-fold, less than 2-fold). In some embodiments, the activity of
the BRM/BRG1 dual inhibitor compound is greater against BRM. In some embodiments, the activity of
the BRM/BRG1 dual inhibitor compound is greater against BRG1. For example, in some embodiments, a
BRM/BRG1 dual inhibitor compound has an ICso or IPse against BRM that is within 10-fold of the ICso or
IPso against BRG1.

In another aspect, the invention features a method of treating melanoma, prostate cancer, breast
cancer, bone cancer, renal cell carcinoma, or a hematologic cancer in a subject in need thereof, the
method including administering to the subject an effective amount of any of the foregoing compounds or
pharmaceutical compositions thereof.

In another aspect, the invention features a method of reducing tumor growth of melanoma,
prostate cancer, breast cancer, bone cancer, renal cell carcinoma, or a hematologic cancer in a subject in
need thereof, the method including administering to the subject an effective amount of any of the
foregoing compounds or pharmaceutical compositions thereof.

In another aspect, the invention features a method of suppressing metastatic progression of
melanoma, prostate cancer, breast cancer, bone cancer, renal cell carcinoma, or a hematologic cancer in
a subject, the method including administering an effective amount of any of the foregoing compounds or
pharmaceutical compositions thereof.

In another aspect, the invention features a method of suppressing metastatic colonization of
melanoma, prostate cancer, breast cancer, bone cancer, renal cell carcinoma, or a hematologic cancer in
a subject, the method including administering an effective amount of any of the foregoing compounds or
pharmaceutical compositions thereof.

In another aspect, the invention features a method of reducing the level and/or activity of BRG1
and/or BRM in a melanoma, prostate cancer, breast cancer, bone cancer, renal cell carcinoma, or
hematologic cancer cell, the method including contacting the cell with an effective amount of any of the
foregoing compounds or pharmaceutical compositions thereof.

In some embodiments of any of the above aspects, the melanoma, prostate cancer, breast
cancer, bone cancer, renal cell carcinoma, or hematologic cell is in a subject.

In some embodiments of any of the above aspects, the effective amount of the compound
reduces the level and/or activity of BRG1 by at least 5% (e.g., 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) as compared to a
reference. In some embodiments, the effective amount of the compound that reduces the level and/or
activity of BRG1 by at least 50% (e.g., 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) as
compared to a reference. In some embodiments, the effective amount of the compound that reduces the
level and/or activity of BRG1 by at least 90% (e.g., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99%).

In some embodiments, the effective amount of the compound reduces the level and/or activity of
BRG1 by atleast 5% (e.g., 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) as compared to a reference for at least 12 hours (e.g.,
14 hours, 16 hours, 18 hours, 20 hours, 22 hours, 24 hours, 30 hours, 36 hours, 48 hours, 72 hours, or

more). In some embodiments, the effective amount of the compound that reduces the level and/or
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activity of BRG1 by at least 5% (e.g., 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) as compared to a reference for at least 4
days (e.g., 5 days, 6 days, 7 days, 14 days, 28 days, or more).

In some embodiments of any of the above aspects, the effective amount of the compound
reduces the level and/or activity of BRM by at least 5% (e.g., 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) as compared to a
reference. In some embodiments, the effective amount of the compound that reduces the level and/or
activity of BRM by at least 50% (e.g., 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) as compared
to a reference. In some embodiments, the effective amount of the compound that reduces the level
and/or activity of BRM by at least 90% (e.g., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%).

In some embodiments, the effective amount of the compound reduces the level and/or activity of
BRM by at least 5% (e.9., 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) as compared to a reference for at least 12 hours (e.g.,
14 hours, 16 hours, 18 hours, 20 hours, 22 hours, 24 hours, 30 hours, 36 hours, 48 hours, 72 hours, or
more). In some embodiments, the effective amount of the compound that reduces the level and/or
activity of BRM by at least 5% (e.g., 8%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) as compared to a reference for at least 4
days (e.g., 5 days, 6 days, 7 days, 14 days, 28 days, or more).

In some embodiments, the subject has cancer. In some embodiments, the cancer expresses
BRG1 and/or BRM protein and/or the cell or subject has been identified as expressing BRG1 and/or
BRM. In some embodiments, the cancer expresses BRG1 protein and/or the cell or subject has been
identified as expressing BRG1. In some embodiments, the cancer expresses BRM protein and/or the cell
or subject has been identified as expressing BRM. In some embodiments, the cancer is melanoma (e.g.,
uveal melanoma, mucosal melanoma, or cutaneous melanoma). In some embodiments, the cancer is
prostate cancer. In some embodiments, the cancer is a hematologic cancer, e.g., multiple myeloma,
large cell lymphoma, acute T-cell leukemia, acute myeloid leukemia, myelodysplastic syndrome,
immunoglobulin A lambda myeloma, diffuse mixed histiocytic and lymphocytic lymphoma, B-cell
lymphoma, acute lymphoblastic leukemia (e.g., T-cell acute lymphoblastic leukemia or B-cell acute
lymphoblastic leukemia), diffuse large cell ymphoma, or non-Hodgkin’s lymphoma. In some
embodiments, the cancer is breast cancer (e.g., an ER positive breast cancer, an ER negative breast
cancer, triple positive breast cancer, or triple negative breast cancer). In some embodiments, the cancer
is a bone cancer (e.g., Ewing’s sarcoma). In some embodiments, the cancer is a renal cell carcinoma
(e.g., a Microphthalmia Transcription Factor (MITF) family translocation renal cell carcinoma (tRCC)). In
some embodiments, the cancer is metastatic (e.g., the cancer has spread to the liver). The metastatic
cancer can include cells exhibiting migration and/or invasion of migrating cells and/or include cells
exhibiting endothelial recruitment and/or angiogenesis. In other embodiments, the migrating cancer is a
cell migration cancer. In still other embodiments, the cell migration cancer is a non-metastatic cell
migration cancer. The metastatic cancer can be a cancer spread via seeding the surface of the
peritoneal, pleural, pericardial, or subarachnoid spaces. Alternatively, the metastatic cancer can be a
cancer spread via the lymphatic system, or a cancer spread hematogenously. In some embodiments, the
effective amount of an agent that reduces the level and/or activity of BRG1 and/or BRM is an amount

effective to inhibit metastatic colonization of the cancer to the liver.
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In some embodiments the cancer harbors a mutation in GNAQ. In some embodiments the
cancer harbors a mutation in GNA11. In some embodiments the cancer harbors a mutation in PLCB4. In
some embodiments the cancer harbors a mutation in CYSLTR2. In some embodiments the cancer
harbors a mutation in BAP1. In some embodiments the cancer harbors a mutation in SF3B1. In some
embodiments the cancer harbors a mutation in EIF1AX. In some embodiments the cancer harbors a
TFES3 translocation. In some embodiments the cancer harbors a TFEB translocation. In some
embodiments the cancer harbors a MITF translocation. In some embodiments the cancer harbors an
EZH2 mutation. In some embodiments the cancer harbors a SUZ12 mutation. In some embodiments the
cancer harbors an EED mutation.

In some embodiments, the method further includes administering to the subject or contacting the
cell with an anticancer therapy, e.g., a chemotherapeutic or cytotoxic agent, immunotherapy, surgery,
radiotherapy, thermotherapy, or photocoagulation. In some embodiments, the anticancer therapy is a
chemotherapeutic or cytotoxic agent, e.g., an antimetabolite, antimitotic, antitumor antibiotic, asparagine-
specific enzyme, bisphosphonates, antineoplastic, alkylating agent, DNA-Repair enzyme inhibitor, histone
deacetylase inhibitor, corticosteroid, demethylating agent, immunomodulatory, janus-associated kinase
inhibitor, phosphinositide 3-kinase inhibitor, proteasome inhibitor, or tyrosine kinase inhibitor.

In some embodiments, the compound of the invention is used in combination with another anti-
cancer therapy used for the treatment of uveal melanoma such as surgery, a MEK inhibitor, and/or a PKC
inhibitor. For example, in some embodiments, the method further comprises performing surgery prior to,
subsequent to, or at the same time as administration of the compound of the invention. In some
embodiments, the method further comprises administration of a MEK inhibitor and/or a PKC inhibitor prior
to, subsequent to, or at the same time as administration of the compound of the invention.

In some embodiments, the anticancer therapy and the compound of the invention are
administered within 28 days of each other and each in an amount that together are effective to treat the
subject.

In some embodiments, the subject or cancer has and/or has been identified as having a BRG1
loss of function mutation.

In some embodiments, the cancer is resistant to one or more chemotherapeutic or cytotoxic
agents (e.g., the cancer has been determined to be resistant to chemotherapeutic or cytotoxic agents
such as by genetic markers, or is likely to be resistant, to chemotherapeutic or cytotoxic agents such as a
cancer that has failed to respond to a chemotherapeutic or cytotoxic agent). In some embodiments, the
cancer has failed to respond to one or more chemotherapeutic or cytotoxic agents. In some
embodiments, the cancer is resistant or has failed to respond to dacarbazine, temozolomide, cisplatin,
treosulfan, fotemustine, IMCgp100, a CTLA-4 inhibitor (e.g., ipilimumab), a PD-1 inhibitor (e.g.,
Nivolumab or pembrolizumab), a PD-L1 inhibitor (e.g., atezolizumab, avelumab, or durvalumab), a
mitogen-activated protein kinase (MEK) inhibitor (e.g., selumetinib, binimetinib, or tametinib), and/or a
protein kinase C (PKC) inhibitor (e.g., sotrastaurin or IDE196).

In some embodiments, the cancer is resistant to or failed to respond to a previously administered
therapeutic used for the treatment of uveal melanoma such as a MEK inhibitor or PKC inhibitor. For
example, in some embodiments, the cancer is resistant to or failed to respond to a mitogen-activated
protein kinase (MEK) inhibitor (e.g., selumetinib, binimetinib, or tametinib), and/or a protein kinase C
(PKC) inhibitor (e.g., sotrastaurin or IDE196).
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Chemical Terms

The terminology employed herein is for the purpose of describing particular embodiments and is
not intended to be limiting.

For any of the following chemical definitions, a number following an atomic symbol indicates that
total number of atoms of that element that are present in a particular chemical moiety. As will be
understood, other atoms, such as H atoms, or substituent groups, as described herein, may be present,
as necessary, to satisfy the valences of the atoms. For example, an unsubstituted C: alkyl group has the
formula —CH2CHs. When used with the groups defined herein, a reference to the number of carbon
atoms includes the divalent carbon in acetal and ketal groups but does not include the carbonyl carbon in
acyl, ester, carbonate, or carbamate groups. A reference to the number of oxygen, nitrogen, or sulfur
atoms in a heteroaryl group only includes those atoms that form a part of a heterocyclic ring.

The term “acyl,” as used herein, represents a H or an alkyl group that is attached to a parent
molecular group through a carbonyl group, as defined herein, and is exemplified by formyl (i.e., a
carboxaldehyde group), acetyl, trifluoroacetyl, propionyl, and butanoyl. Exemplary unsubstituted acyl
groups include from 1 to 6, from 1 to 11, or from 1 to 21 carbons.

The term “alkyl,” as used herein, refers to a branched or straight-chain monovalent saturated
aliphatic hydrocarbon radical of 1 to 20 carbon atoms (e.g., 1 to 16 carbon atoms, 1 to 10 carbon atoms,
1 to 6 carbon atoms, or 1 to 3 carbon atoms).

An alkylene is a divalent alkyl group. The term “alkenyl,” as used herein, alone or in combination
with other groups, refers to a straight chain or branched hydrocarbon residue having a carbon-carbon
double bond and having 2 to 20 carbon atoms (e.g., 2 to 16 carbon atoms, 2 to 10 carbon atoms, 2 to 6
carbon atoms, or 2 carbon atoms).

The term “alkynyl,” as used herein, alone or in combination with other groups, refers to a straight
chain or branched hydrocarbon residue having a carbon-carbon triple bond and having 2 to 20 carbon
atoms (e.g., 2 to 16 carbon atoms, 2 to 10 carbon atoms, 2 to 6 carbon atoms, or 2 carbon atoms).

The term “amino,” as used herein, represents —N(RN"2, wherein each RV is, independently, H,
OH, NO2z, N(RN?)2, SO20RN?, SO2RM?, SORN?, an N-protecting group, alkyl, alkoxy, aryl, arylalkyl,
cycloalkyl, acyl (e.g., acetyl, trifluoroacetyl, or others described herein), wherein each of these recited RM
groups can be optionally substituted; or two RN combine to form an alkylene or heteroalkylene, and
wherein each RM? is, independently, H, alkyl, or aryl. The amino groups of the invention can be an
unsubstituted amino (i.e., —NH2) or a substituted amino (i.e., —=N(RN")2).

The term “aryl,” as used herein, refers to an aromatic mono- or polycarbocyclic radical of 6 to 12
carbon atoms having at least one aromatic ring. Examples of such groups include, but are not limited to,
phenyl, naphthyl, 1,2,3.4-tetrahydronaphthyl, 1,2-dihydronaphthyl, indanyl, and 1H-indenyl.

The term “arylalkyl,” as used herein, represents an alkyl group substituted with an aryl group.
Exemplary unsubstituted arylalkyl groups are from 7 to 30 carbons (e.g., from 7 to 16 or from 7 to 20
carbons, such as C1-Cs alkyl Cs-C1o aryl, C1-C1o alkyl Cs-C1o aryl, or C1-C2o alkyl Ce-C1o aryl), such as,
benzyl and phenethyl. In some embodiments, the alkyl and the aryl each can be further substituted with
1, 2, 3, or 4 substituent groups as defined herein for the respective groups.

The term “azido,” as used herein, represents a —Ns group.
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The term “bridged polycycloalkyl,” as used herein, refers to a bridged polycyclic group of 5 to 20
carbons, containing from 1 to 3 bridges.

The term “cyano,” as used herein, represents a —CN group.

The term “carbocyclyl,” as used herein, refers to a non-aromatic Cs-C12 monocyclic, bicyclic, or
tricyclic structure in which the rings are formed by carbon atoms. Carbocyclyl structures include
cycloalkyl groups and unsaturated carbocyclyl radicals.

The term “cycloalkyl,” as used herein, refers to a saturated, non-aromatic, and monovalent mono-
or polycarbocyclic radical of 3 to 10, preferably 3 to 6 carbon atoms. This term is further exemplified by
radicals such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl, and adamantyl.

The term “halo,” as used herein, means a fluorine (fluoro), chlorine (chloro), bromine (bromo), or
iodine (iodo) radical.

The term “heteroalkyl,” as used herein, refers to an alkyl group, as defined herein, in which one or
more of the constituent carbon atoms have been replaced by nitrogen, oxygen, or sulfur. In some
embodiments, the heteroalkyl group can be further substituted with 1, 2, 3, or 4 substituent groups as
described herein for alkyl groups. Examples of heteroalkyl groups are an “alkoxy” which, as used herein,
refers alkyl-O— (e.g., methoxy and ethoxy). A heteroalkylene is a divalent heteroalkyl group. The term
“heteroalkenyl,” as used herein, refers to an alkenyl group, as defined herein, in which one or more of the
constituent carbon atoms have been replaced by nitrogen, oxygen, or sulfur. In some embodiments, the
heteroalkenyl group can be further substituted with 1, 2, 3, or 4 substituent groups as described herein for
alkenyl groups. Examples of heteroalkenyl groups are an “alkenoxy” which, as used herein, refers
alkenyl-O-. A heteroalkenylene is a divalent heteroalkenyl group. The term “heteroalkynyl,” as used
herein, refers to an alkynyl group, as defined herein, in which one or more of the constituent carbon
atoms have been replaced by nitrogen, oxygen, or sulfur. In some embodiments, the heteroalkynyl group
can be further substituted with 1, 2, 3, or 4 substituent groups as described herein for alkynyl groups.
Examples of heteroalkynyl groups are an “alkynoxy” which, as used herein, refers alkynyl-O—. A
heteroalkynylene is a divalent hetercalkynyl group.

The term “heteroaryl,” as used herein, refers to a mono- or polycyclic radical of 5 to 12 atoms
having at least one aromatic ring and containing 1, 2, or 3 ring atoms selected from nitrogen, oxygen, and
sulfur, with the remaining ring atoms being carbon. One ortwo ring carbon atoms of the heteroaryl group
may be replaced with a carbonyl group. Examples of heteroaryl groups are pyridyl, pyrazoyl,
benzooxazolyl, benzoimidazolyl, benzothiazolyl, imidazolyl, oxaxolyl, and thiazolyl.

The term “heteroarylalkyl,” as used herein, represents an alkyl group substituted with a heteroaryl
group. Exemplary unsubstituted heteroarylalkyl groups are from 7 to 30 carbons (e.g., from 7 to 16 or
from 7 to 20 carbons, such as C1-Ces alkyl C2-Cge heteroaryl, C1-Cio alkyl C2-Cg heteroaryl, or C1-C2o alkyl
C2-Ce heteroaryl). In some embodiments, the alkyl and the heteroaryl each can be further substituted
with 1, 2, 3, or 4 substituent groups as defined herein for the respective groups.

The term “heterocyclyl,” as used herein, refers a mono- or polycyclic radical having 3 to 12 atoms
having at least one ring containing 1, 2, 3, or 4 ring atoms selected from N, O or S, wherein no ring is
aromatic. Examples of heterocyclyl groups include, but are not limited to, morpholinyl, thiomorpholinyl,
furyl, piperazinyl, piperidinyl, pyranyl, pyrrolidinyl, tetrahydropyranyl, tetrahydrofuranyl, and 1,3-dioxanyl.

The term “heterocyclylalkyl,” as used herein, represents an alkyl group substituted with a

heterocyclyl group. Exemplary unsubstituted heterocyclylalkyl groups are from 7 to 30 carbons (e.g.,
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from 7 to 16 or from 7 to 20 carbons, such as C1-Cs alkyl C2-Ce heterocyclyl, C1-Cio alkyl C2-Ce
heterocyclyl, or C1-Czo alkyl C2-Cs heterocyclyl). In some embodiments, the alkyl and the heterocyclyl
each can be further substituted with 1, 2, 3, or 4 substituent groups as defined herein for the respective
groups.

The term “hydroxyalkyl,” as used herein, represents alkyl group substituted with an —OH group.

The term “hydroxyl,” as used herein, represents an —OH group.

The term “N-protecting group,” as used herein, represents those groups intended to protect an
amino group against undesirable reactions during synthetic procedures. Commonly used N-protecting
groups are disclosed in Greene, “Protective Groups in Organic Synthesis,” 3rd Edition (John Wiley &
Sons, New York, 1999). N-protecting groups include, but are not limited to, acyl, aryloyl, or carbamyl
groups such as formyl, acetyl, propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl,
trifluoroacetyl, trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-
bromobenzoyl, 4-nitrobenzoyl, and chiral auxiliaries such as protected or unprotected D, L, or D, L-amino
acids such as alanine, leucine, and phenylalanine; sulfonyl-containing groups such as benzenesulfonyl,
and p-toluenesulfonyl; carbamate forming groups such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl,
p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 2-nitrobenzyloxycarbonyl, p-
bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 2,4- 20
dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 2-nitro-4,5-dimethoxybenzyloxycarbonyl,
3,4 ,5-trimethoxybenzyloxycarbonyl, 1-(p-biphenylyl)-1-methylethoxycarbonyl, a,a-dimethyl-3,5-
dimethoxybenzyloxycarbonyl, benzhydryloxy carbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl,
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 2,2,2,-trichloroethoxycarbonyl,
phenoxycarbonyl, 4-nitrophenoxy carbonyl, fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyl,
adamantyloxycarbonyl, cyclohexyloxycarbonyl, and phenylthiocarbonyl, arylalkyl groups such as benzyl,
triphenyimethyl, and benzyloxymethyl, and silyl groups, such as trimethylsilyl. Preferred N-protecting
groups are alloc, formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, alanyl, phenylsulfonyl, benzyl, t-
butyloxycarbonyl (Boc), and benzyloxycarbonyl (Cbz).

The term “nitro,” as used herein, represents an —NO2 group.

The term “oxo0,” as used herein, represents a divalent oxygen atom (e.g., the structure of oxo may
be shown as =0). For example, a carbonyl group is a carbon (e.g., alkyl carbon, alkenyl carbon, alkynyl
carbon, heteroalkyl carbon, heteroalkenyl carbon, heteroalkynyl carbon, carbocyclyl carbon, etc.)
substituted with oxo. Alternatively, sulfur may be substituted with one or two oxo groups (e.g., -SO- or -
S02- within a substituted heteroalkyl, heteroalkenyl, heteroalkynyl, or heterocyclyl group).

The term “thiol,” as used herein, represents an —SH group.

The alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, carbocyclyl (e.g., cycloalkyl),
aryl, heteroaryl, and heterocyclyl groups may be substituted or unsubstituted. When substituted, there
will generally be 1 to 4 substituents present, unless otherwise specified. Substituents include, for
example: alkyl (e.g., unsubstituted and substituted, where the substituents include any group described
herein, e.g., aryl, halo, hydroxy), aryl (e.g., substituted and unsubstituted phenyl), carbocyclyl (e.g.,
substituted and unsubstituted cycloalkyl), halo (e.g., fluoro), hydroxyl, heteroalkyl (e.g., substituted and
unsubstituted methoxy, ethoxy, or thioalkoxy), heteroaryl, heterocyclyl, amino (e.g., NHz or mono- or
dialkyl amino), azido, cyano, nitro, or thiol. Another exemplary substituent is oxo. For example, a

carbonyl group is a carbon (e.g., alkyl carbon, alkenyl carbon, alkynyl carbon, heteroalkyl carbon,

60

CA 03216773 2023-10-25



10

15

20

25

30

35

40

WO 2022/240825 PCT/US2022/028511
heteroalkenyl carbon, heteroalkynyl carbon, carbocyclyl carbon, etc.) substituted with oxo. Alternatively,
sulfur may be substituted with one or two oxo groups (e.g., -SO- or -SOz- within a substituted heteroalkyl,
heteroalkenyl, heteroalkynyl, or heterocyclyl group). Aryl, carbocyclyl (e.g., cycloalkyl), heteroaryl, and
heterocyclyl groups may also be substituted with alkyl (unsubstituted and substituted such as arylalkyl
(e.g., substituted and unsubstituted benzyl)). In some embodiments, alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, and heteroalkynyl are optionally substituted with 1, 2, 3, 4, or 5 substituents independently
selected from the group consisting of aryl (e.g., substituted and unsubstituted phenyl), carbocyclyl (e.g.,
substituted and unsubstituted cycloalkyl), halo (e.g., fluoro), hydroxyl, heteroaryl, heterocyclyl, amino
(e.g., NH2 or mono- or dialkyl amino), azido, cyano, nitro, thiol, and oxo. In some embodiments, the
substituents are themselves unsubstituted.

In some embodiments, the alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl,
carbocyclyl (e.g., cycloalkyl), aryl, heteroaryl, and heterocyclyl groups may be substituted or
unsubstituted. When substituted, there will be 1, 2, 3, 4, or 5 substituents present, valency permitting,
unless otherwise specified. The 1 to 5 substituents are each, independently, selected from the group
consisting of acyl, alkyl (e.g., unsubstituted and substituted, where the substituents include any group
described herein, e.g., aryl, halo, hydroxy), alkenyl, alkynyl, aryl (e.g., substituted and unsubstituted
phenyl), cycloalkyl (e.g., substituted and unsubstituted cycloalkyl), halo (e.g., fluoro), hydroxyl, heteroalkyl
(e.g., substituted and unsubstituted methoxy, ethoxy, or thioalkoxy), heteroalkenyl, heteroalkynyl,
heteroaryl, heterocyclyl, amino (e.g., NHz2 or mono- or dialkyl amino), azido, cyano, nitro, thiol, and oxo.
Each of the substituents is unsubstituted or substituted with unsubstituted substituent(s) as defined herein
for each respective group. In some embodiments, alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, and
heteroalkynyl are optionally substituted with 1, 2, 3, 4, or 5 substituents independently selected from the
group consisting of aryl (e.g., substituted and unsubstituted phenyl), cycloalkyl (e.g., substituted and
unsubstituted cycloalkyl), halo (e.g., fluoro), hydroxyl, heteroaryl, heterocyclyl, amino (e.g., NHz2 or mono-
or dialkyl amino), azido, cyano, nitro, thiol, and oxc. Each of the substituents is unsubstituted or
substituted with unsubstituted substituent(s) as defined herein for each respective group. In some
embodiments, the substituents are themselves unsubstituted.

Compounds of the invention can have one or more asymmetric carbon atoms and can exist in the
form of optically pure enantiomers, mixtures of enantiomers such as, for example, racemates, optically
pure diastereocisomers, mixtures of diastereoisomers, diastereocisomeric racemates, or mixtures of
diastereoisomeric racemates. The optically active forms can be obtained for example by resolution of the
racemates, by asymmetric synthesis or asymmetric chromatography (chromatography with a chiral
adsarbents or eluant). That is, certain of the disclosed compounds may exist in various stereocisomeric
forms. Stereocisomers are compounds that differ only in their spatial arrangement. Enantiomers are pairs
of stereoisomers whose mirror images are not superimposable, most commonly because they contain an
asymmetrically substituted carbon atom that acts as a chiral center. "Enantiomer" means one of a pair of
molecules that are mirror images of each other and are not superimposable. Diastereomers are
stereoisomers that are not related as mirror images, most commonly because they contain two or more
asymmetrically substituted carbon atoms and represent the configuration of substituents around one or
more chiral carbon atoms. Enantiomers of a compound can be prepared, for example, by separating an
enantiomer from a racemate using one or more well-known techniques and methods, such as, for

example, chiral chromatography and separation methods based thereon. The appropriate technique
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and/or method for separating an enantiomer of a compound described herein from a racemic mixture can
be readily determined by those of skill in the art. "Racemate" or "racemic mixture" means a compound
containing two enantiomers, wherein such mixtures exhibit no optical activity; i.e., they do not rotate the
plane of polarized light. “Geometric isomer" means isomers that differ in the orientation of substituent
atoms in relationship to a carbon-carbon double bond, to a cycloalkyl ring, or to a bridged bicyclic system.
Atoms (other than H) on each side of a carbon- carbon double bond may be in an E (substituents are on
opposite sides of the carbon- carbon double bond) or Z (substituents are oriented on the same side)
configuration. "R," "S," "S§*" "R*," "E," "Z," "cis," and "trans," indicate configurations relative to the core
molecule. Certain of the disclosed compounds may exist in atropisomeric forms. Atropisomers are
stereoisomers resulting from hindered rotation about single bonds where the steric strain barrier to
rotation is high enough to allow for the isolation of the conformers. The compounds of the invention may
be prepared as individual isomers by either isomer-specific synthesis or resolved from an isomeric
mixture. Conventional resolution techniques include forming the salt of a free base of each isomer of an
isomeric pair using an optically active acid (followed by fractional crystallization and regeneration of the
free base), forming the salt of the acid form of each isomer of an isomeric pair using an optically active
amine (followed by fractional crystallization and regeneration of the free acid), forming an ester or amide
of each of the isomers of an isomeric pair using an optically pure acid, amine or alcohol (followed by
chromatographic separation and removal of the chiral auxiliary), or resolving an isomeric mixture of either
a starting material or a final product using various well known chromatographic methods. When the
stereochemistry of a disclosed compound is named or depicted by structure, the named or depicted
stereoisomer is at least 60%, 70%, 80%, 90%, 99%, or 99.9% by weight relative to the other
stereocisomers. When a single enantiomer is named or depicted by structure, the depicted or named
enantiomer is at least 60%, 70%, 80%, 90%, 99%, or 99.9% by weight optically pure. When a single
diastereomer is named or depicted by structure, the depicted or named diastereomer is at least 60%,
70%, 80%, 90%, 99%, or 99.9% by weight pure. Percent optical purity is the ratio of the weight of the
enantiomer or over the weight of the enantiomer plus the weight of its optical isomer. Diastereomeric
purity by weight is the ratio of the weight of one diastereomer or over the weight of all the diastereomers.
When the stereochemistry of a disclosed compound is named or depicted by structure, the named or
depicted stereoisomer is at least 60%, 70%, 80%, 90%, 99%, or 99.9% by mole fraction pure relative to
the other sterecisomers. When a single enantiomer is named or depicted by structure, the depicted or
named enantiomer is at least 60%, 70%, 80%, 90%, 99%, or 99.9% by mole fraction pure. When a single
diastereomer is named or depicted by structure, the depicted or named diastereomer is at least 60%,
70%, 80%, 90%, 99%, or 99.9% by mole fraction pure. Percent purity by mole fraction is the ratio of the
moles of the enantiomer or over the moles of the enantiomer plus the moles of its optical isomer.
Similarly, percent purity by moles fraction is the ratio of the moles of the diastereomer or over the moles
of the diastereomer plus the moles of its isomer. When a disclosed compound is named or depicted by
structure without indicating the stereochemistry, and the compound has at least one chiral center, it is to
be understood that the name or structure encompasses either enantiomer of the compound free from the
corresponding optical isomer, a racemic mixture of the compound, or mixtures enriched in one
enantiomer relative to its corresponding optical isomer. When a disclosed compound is named or
depicted by structure without indicating the stereochemistry and has two or more chiral centers, it is to be

understood that the name or structure encompasses a diastereomer free of other diastereomers, a
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number of diastereomers free from other diastereomeric pairs, mixtures of diastereomers, mixtures of
diastereomeric pairs, mixtures of diastereomers in which one diastereomer is enriched relative to the
other diastereomer(s), or mixtures of diastereomers in which one or more diastereocmer is enriched
relative to the other diastereomers. The invention embraces all of these forms.

Compounds of the present disclosure also include all of the isotopes of the atoms occurring in the
intermediate or final compounds. “Isotopes” refers to atoms having the same atomic number but different
mass numbers resulting from a different number of neutrons in the nuclei. For example, isotopes of
hydrogen include tritium and deuterium.

Unless otherwise stated, structures depicted herein are also meant to include compounds that
differ only in the presence of one or more isotopically enriched atoms. Exemplary isotopes that can be
incorporated into compounds of the present invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, sulfur, fluorine, chlorine, and iodine, such as 2H, *H, "'C, 1°3C, 4C, N, ®N, 50, 70,
18Q, 32pP, 23p, 35g, 18F 28C|, 23| and '?%|. Isotopically-labeled compounds (e.g., those labeled with *H and
11C) can be useful in compound or substrate tissue distribution assays. Tritiated (i.e., *H) and carbon-14
(i.e., '*C) isotopes can be useful for their ease of preparation and detectability. Further, substitution with
heavier isotopes such as deuterium (i.e., 2H) may afford certain therapeutic advantages resulting from
greater metabolic stability (e.g., increased in vivo half-life or reduced dosage requirements). In some
embodiments, one or more hydrogen atoms are replaced by 2H or 3H, or one or more carbon atoms are
replaced by '*C- or *C-enriched carbon. Positron emitting isotopes such as %0, 3N, ""C, and '8F are
useful for positron emission tomography (PET) studies to examine substrate receptor occupancy.
Preparations of isotopically labelled compounds are known to those of skill in the art. For example,
isotopically labeled compounds can generally be prepared by following procedures analogous to those
disclosed for compounds of the present invention described herein, by substituting an isotopically labeled
reagent for a non-isotopically labeled reagent.Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. Methods and materials are described herein for use in the present disclosure;
other, suitable methods and materials known in the art can also be used. The materials, methods, and
examples are illustrative only and not intended to be limiting. All publications, patent applications,
patents, sequences, database entries, and other references mentioned herein are incorporated by

reference in their entirety. In case of conflict, the present specification, including definitions, will control.

Definitions

In this application, unless otherwise clear from context, (i) the term “a” may be understood to
mean “at least one”; (ii) the term “or” may be understood to mean “and/or”; and (iii) the terms “comprising”
and “including” may be understood to encompass itemized components or steps whether presented by
themselves or together with one or more additional components or steps.

As used herein, the terms “about” and “approximately” refer to a value that is within 10% above or
below the value being described. For example, the term “about 5 nM” indicates a range of from 4.5t0 5.5
nivi.

As used herein, the term “administration” refers to the administration of a composition (e.g., a
compound or a preparation that includes a compound as described herein) to a subject or system.

Administration to an animal subject (e.g., to a human) may be by any appropriate route. For example, in
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some embodiments, administration may be bronchial (including by bronchial instillation), buccal, enteral,
interdermal, intra-arterial, intradermal, intragastric, intramedullary, intramuscular, intranasal,
intraperitoneal, intrathecal, intratumoral, intravenous, intraventricular, mucosal, nasal, oral, rectal,
subcutaneous, sublingual, topical, tracheal (including by intratracheal instillation), transdermal, vaginal,
and vitreal.

As used herein, the term “BAF complex” refers to the BRG1- or HRBM-associated factors
complex in a human cell.

As used herein, the term “BAF complex-related disorder” refers to a disorder that is caused or
affected by the level of activity of a BAF complex.

As used herein, the term “BRG1 loss of function mutation” refers to a mutation in BRG1 that
leads to the protein having diminished activity (e.g., at least 1% reduction in BRG1 activity, for example
2%, 5%, 10%, 25%, 50%, or 100% reduction in BRG1 activity). Exemplary BRG1 loss of function
mutations include, but are not limited to, a homozygous BRG1 mutation and a deletion at the C-terminus
of BRG1.

As used herein, the term “BRG1 loss of function disorder” refers to a disorder (e.g., cancer) that
exhibits a reduction in BRG1 activity (e.g., at least 1% reduction in BRG1 activity, for example 2%, 5%,
10%, 25%, 50%, or 100% reduction in BRG1 activity).

The term “cancer” refers to a condition caused by the proliferation of malignant neoplastic cells,
such as tumors, neoplasms, carcinomas, sarcomas, leukemias, and lymphomas.

As used herein, a “combination therapy” or “administered in combination” means that two (or
more) different agents or treatments are administered to a subject as part of a defined treatment regimen
for a particular disease or condition. The treatment regimen defines the doses and periodicity of
administration of each agent such that the effects of the separate agents on the subject overlap. In some
embodiments, the delivery of the two or more agents is simultaneous or concurrent and the agents may
be co-formulated. In some embodiments, the two or more agents are not co-formulated and are
administered in a sequential manner as part of a prescribed regimen. In some embodiments,
administration of two or more agents or treatments in combination is such that the reduction in a
symptom, or other parameter related to the disorder is greater than what would be observed with one
agent or treatment delivered alone or in the absence of the other. The effect of the two treatments can be
partially additive, wholly additive, or greater than additive (e.g., synergistic). Sequential or substantially
simultaneous administration of each therapeutic agent can be effected by any appropriate route including,
but not limited to, oral routes, intravenous routes, intramuscular routes, and direct absorption through
mucous membrane tissues. The therapeutic agents can be administered by the same route or by
different routes. For example, a first therapeutic agent of the combination may be administered by
intravenous injection while a second therapeutic agent of the combination may be administered orally.

By “determining the level” of a protein or RNA is meant the detection of a protein or an RNA, by
methods known in the art, either directly or indirectly. “Directly determining” means performing a process
(e.g., performing an assay or test on a sample or “analyzing a sample” as that term is defined herein) to
obtain the physical entity or value. “Indirectly determining” refers to receiving the physical entity or value
from another party or source (e.g., a third-party laboratory that directly acquired the physical entity or
value). Methods to measure protein level generally include, but are not limited to, western blotting,

immunoblotting, enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA),
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immunoprecipitation, immunofluorescence, surface plasmon resonance, chemiluminescence, fluorescent
polarization, phosphorescence, immunohistochemical analysis, matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry, liquid chromatography (LC)-mass
spectrometry, microcytometry, microscopy, fluorescence activated cell sorting (FACS), and flow
cytometry, as well as assays based on a property of a protein including, but not limited to, enzymatic
activity or interaction with other protein partners. Methods to measure RNA levels are known in the art
and include, but are not limited to, quantitative polymerase chain reaction (QPCR) and Northern blot
analyses.

By “decreasing the activity of a BAF complex” is meant decreasing the level of an activity related
to a BAF complex, or a related downstream effect. A non-limiting example of decreasing an activity of a
BAF complex is Sox2 activation. The activity level of a BAF complex may be measured using any
method known in the art, e.g., the methods described in Kadoch et al. Cell, 2013, 153, 71-85, the
methods of which are herein incorporated by reference.

As used herein, the term “degrader” refers to a small molecule compound including a degradation
moiety, wherein the compound interacts with a protein (e.g.,, BRG1 and/or BRM) in a way which results in
degradation of the protein, e.g., binding of the compound results in at least 5% reduction of the level of
the protein, e.g., in a cell or subject.

As used herein, the term “degradation moiety” refers to a moiety whose binding results in
degradation of a protein, e.g., BRG1 and/or BRM. In one example, the moiety binds to a protease or a
ubiquitin ligase that metabolizes the protein, e.g., BRG1 and/or BRM.

By “modulating the activity of a BAF complex,” is meant altering the level of an activity related to
a BAF complex (e.g., GBAF), or a related downstream effect. The activity level of a BAF complex may be
measured using any method known in the art, e.g., the methods described in Kadoch et al, Cell 153:71-
85 (2013), the methods of which are herein incorporated by reference.

By “reducing the activity of BRG1 and/or BRM,” is meant decreasing the level of an activity
related to an BRG1 and/or BRM, or a related downstream effect. A non-limiting example of inhibition of
an activity of BRG1 and/or BRM is decreasing the level of a BAF complex in a cell. The activity level of
BRG1 and/or BRM may be measured using any method known in the art. In some embodiments, an
agent which reduces the activity of BRG1 and/or BRM is a small molecule BRG1 and/or BRM degrader.

By “reducing the level of BRG1 and/or BRM,” is meant decreasing the level of BRG1 and/or BRM
in a cell or subject. The level of BRG1 and/or BRM may be measured using any method known in the art.

By “level” is meant a level of a protein, or mRNA encoding the protein, as compared to a
reference. The reference can be any useful reference, as defined herein. By a “decreased level” or an
“increased level” of a protein is meant a decrease or increase in protein level, as compared to a reference
(e.qg., a decrease or an increase by about 5%, about 10%, about 15%, about 20%, about 25%, about
30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, about 90%, about 95%, about 100%, about 150%, about 200%,
about 300%, about 400%, about 500%, or more; a decrease or an increase of more than about 10%,
about 15%, about 20%, about 50%, about 75%, about 100%, or about 200%, as compared to a
reference; a decrease or an increase by less than about 0.01-fold, about 0.02-fold, about 0.1-fold, about
0.3-fold, about 0.5-fold, about 0.8-fold, or less; or an increase by more than about 1.2-fold, about 1.4-fold,
about 1.5-fold, about 1.8-fold, about 2.0-fold, about 3.0-fold, about 3.5-fold, about 4.5-fold, about 5.0-fold,
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about 10-fold, about 15-fold, about 20-fold, about 30-fold, about 40-fold, about 50-fold, about 100-fold,
about 1000-fold, or more). A level of a protein may be expressed in mass/vol (e.g., g/dL, mg/mL, pg/mL,
ng/mL) or percentage relative to total protein or mRNA in a sample.

As used herein, the term “inhibiting BRM” refers to blocking or reducing the level or activity of the
ATPase catalytic binding domain or the bromodomain of the protein. BRM inhibition may be determined
using methods known in the art, e.g., a BRM ATPase assay, a Nano DSF assay, or a BRM Luciferase
cell assay.

The term “pharmaceutical composition,” as used herein, represents a composition containing a
compound described herein formulated with a pharmaceutically acceptable excipient and appropriate for
administration to a mammal, for example a human. Typically, a pharmaceutical composition is
manufactured or sold with the approval of a governmental regulatory agency as part of a therapeutic
regimen for the treatment of disease in a mammal. Pharmaceutical compositions can be formulated, for
example, for oral administration in unit dosage form (e.g., a tablet, capsule, caplet, gel cap, or syrup); for
topical administration (e.g., as a cream, gel, lotion, or cintment); for intravenous administration (e.g., as a
sterile solution free of particulate emboli and in a solvent system suitable for intravenous use); or in any
other pharmaceutically acceptable formulation.

A “pharmaceutically acceptable excipient,” as used herein, refers to any ingredient other than the
compounds described herein (for example, a vehicle capable of suspending or dissolving the active
compound) and having the properties of being substantially nontoxic and non-inflammatory in a patient.
Excipients may include, for example: antiadherents, antioxidants, binders, coatings, compression aids,
disintegrants, dyes (colors), emollients, emulsifiers, fillers (diluents), film formers or coatings, flavors,
fragrances, glidants (flow enhancers), lubricants, preservatives, printing inks, sorbents, suspending or
dispersing agents, sweeteners, and waters of hydration.

As used herein, the term “pharmaceutically acceptable salt” means any pharmaceutically
acceptable salt of a compound, for example, any compound of Formula 1 or Il. Pharmaceutically
acceptable salts of any of the compounds described herein may include those that are within the scope of
sound medical judgment, suitable for use in contact with the tissues of humans and animals without
undue toxicity, irritation, allergic response and are commensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well known in the art. For example, pharmaceutically acceptable
salts are described in: Berge et al., J. Pharmaceutical Sciences 66:1-19, 1977 and in Pharmaceutical
Salts: Properties, Selection, and Use, (Eds. P.H. Stahl and C.G. Wermuth), Wiley-VCH, 2008. The salts
can be prepared in situ during the final isolation and purification of the compounds described herein or
separately by reacting a free base group with a suitable organic acid.

The compounds of the invention may have ionizable groups so as to be capable of preparation as
pharmaceutically acceptable salts. These salts may be acid addition salts involving inorganic or organic
acids or the salts may, in the case of acidic forms of the compounds of the invention be prepared from
inorganic or organic bases. Frequently, the compounds are prepared or used as pharmaceutically
acceptable salts prepared as addition products of pharmaceutically acceptable acids or bases. Suitable
pharmaceutically acceptable acids and bases and methods for preparation of the appropriate salts are
well-known in the art. Salts may be prepared from pharmaceutically acceptable non-toxic acids and

bases including inorganic and organic acids and bases.
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By a “reference” is meant any useful reference used to compare protein or RNA levels. The
reference can be any sample, standard, standard curve, or level that is used for comparison purposes.
The reference can be a normal reference sample or a reference standard or level. A “reference sample”
can be, for example, a control, e.g., a predetermined negative control value such as a “normal control” or
a prior sample taken from the same subject; a sample from a normal healthy subject, such as a normal
cell or normal tissue; a sample (e.g., a cell or tissue) from a subject not having a disease; a sample from
a subject that is diagnosed with a disease, but not yet treated with a compound of the invention; a sample
from a subject that has been treated by a compound of the invention; or a sample of a purified protein or
RNA (e.g., any described herein) at a known normal concentration. By “reference standard or level” is
meant a value or number derived from a reference sample. A “normal control value” is a pre-determined
value indicative of non-disease state, e.g., a value expected in a healthy control subject. Typically, a
normal control value is expressed as a range (“between X and Y”), a high threshold (“no higher than X”),
or a low threshold (“no lower than X”). A subject having a measured value within the normal control value
for a particular biomarker is typically referred to as “within normal limits” for that biomarker. A normal
reference standard or level can be a value or number derived from a normal subject not having a disease
or disorder (e.g., cancer); a subject that has been treated with a compound of the invention. In preferred
embodiments, the reference sample, standard, or level is matched to the sample subject sample by at
least one of the following criteria: age, weight, sex, disease stage, and overall health. A standard curve of
levels of a purified protein or RNA, e.g., any described herein, within the normal reference range can also
be used as a reference.

As used herein, the term “subject” refers to any organism to which a composition in accordance
with the invention may be administered, e.g., for experimental, diagnostic, prophylactic, and/or
therapeutic purposes. Typical subjects include any animal (e.g., mammals such as mice, rats, rabbits,
non-human primates, and humans). A subject may seek or be in need of treatment, require treatment, be
receiving treatment, be receiving treatment in the future, or be a human or animal who is under care by a
trained professional for a particular disease or condition.

As used herein, the terms "treat," "treated," or "treating" mean therapeutic treatment or any
measures whose object is to slow down (lessen) an undesired physiological condition, disorder, or
disease, or obtain beneficial or desired clinical results. Beneficial or desired clinical results include, but
are not limited to, alleviation of symptoms; diminishment of the extent of a condition, disorder, or disease;
stabilized (i.e., not worsening) state of condition, disorder, or disease; delay in onset or slowing of
condition, disorder, or disease progression; amelioration of the condition, disorder, or disease state or
remission (whether partial or total); an amelioration of at least one measurable physical parameter, not
necessarily discernible by the patient; or enhancement or improvement of condition, disorder, or disease.
Treatment includes eliciting a clinically significant response without excessive levels of side effects.
Treatment also includes prolonging survival as compared to expected survival if not receiving treatment.
Compounds of the invention may also be used to “prophylactically treat” or “prevent” a disorder, for
example, in a subject at increased risk of developing the disorder.

The details of one or more embodiments of the invention are set forth in the description below.
Other features, objects, and advantages of the invention will be apparent from the description and from

the claims.
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Detailed Description
The present disclosure features compounds useful for the inhibition of BRG1 and optionally BRM.
These compounds may be used to modulate the activity of a BAF complex, for example, for the treatment

of a BAF-related disorder, such as cancer (e.g., BRG1-loss of function disorders). Exemplary compounds

5 described herein include compounds having a structure according to Formula |, or a pharmaceutically
acceptable salt thereof.
Formula I:
(R")m
S A L—B
N~ X
N~
HO Z
(XX ,
Formula l
10 where
ring system A is a 5 to 9-membered heterocyclyl or heteroaryl;
mis 0,1, 2, or 3;
kis0,1, or2;
each R'is, independently, halo, optionally substituted C1-Cs alkyl, optionally substituted C+-Cs
15

heteroalkyl, optionally substituted C:-Cs cycloalkyl, or optionally substituted C2-Cs heterocyclyl;
each X is, independently, halo;
L is a linker; and
B is a degradation moiety.
Exemplary compounds described herein include compounds having a structure according to
20 Formula ll, or a pharmaceutically acceptable salt thereof.

Formula ll:
(R")m
A )—L-B
N TS
N~
HO_~
X
Formula Il
where
25 ring system A is a 5 to 9-membered heterocyclyl or heteroaryl,
mis 0,1, 2, or 3;
kis0,1, or2;
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each R is, independently, halo, optionally substituted C+-Cs alkyl, optionally substituted C1-Cs
heteroalkyl, optionally substituted Cz-Cs cycloalkyl, or optionally substituted C2-Cs heterocyclyl;

each X is, independently, halo;

L is a linker; and

B is a degradation moiety.

In some embodiments of Formula | or I,

ring system A is a 5 to 9-membered heterocyclyl or heteroaryl,

mis 0,1,2,or 3;

kis0, 1, or2;

each X is, independently, halo;

L is a linker; and

B is a degradation moiety.

In some embodiments, the compound has the structure of any one of compounds 1-66 in Table
1, or pharmaceutically acceptable salt thereof.

Other embodiments, as well as exemplary methods for the synthesis of production of these

compounds, are described herein.

Pharmaceutical Uses

The compounds described herein are useful in the methods of the invention and, while not bound
by theory, are believed to exert their ability to modulate the level, status, and/or activity of a BAF complex,
i.e., by inhibiting the activity of the BRG1 and/or BRM proteins within the BAF complex in a mammal.
BAF complex-related disorders include, but are not limited to, BRG1 loss of function mutation-related
disorders.

An aspect of the present invention relates to methods of treating disorders related to BRG1 loss
of function mutations such as cancer (e.g., non-small cell lung cancer, colorectal cancer, bladder cancer,
cancer of unknown primary, glioma, breast cancer, melanoma, non-melanoma skin cancer, endometrial
cancer, or penile cancer) in a subject in need thereof. In some embodiments, the compound is
administered in an amount and for a time effective to result in one or more (e.g., two or more, three or
more, four or more) of: (a) reduced tumor size, (b) reduced rate of tumor growth, (c) increased tumor cell
death (d) reduced tumor progression, (€) reduced number of metastases, (f) reduced rate of metastasis,
(g) decreased tumor recurrence (h) increased survival of subject, (i) increased progression free survival of
subject.

Treating cancer can result in a reduction in size or volume of a tumor. For example, after
treatment, tumor size is reduced by 5% or greater (e.g., 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, or greater) relative to its size prior to treatment. Size of a tumor may be measured by any
reproducible means of measurement. For example, the size of a tumor may be measured as a diameter
of the tumor.

Treating cancer may further result in a decrease in number of tumors. For example, after
treatment, tumor number is reduced by 5% or greater (e.g., 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, or greater) relative to number prior to treatment. Number of tumors may be measured by any
reproducible means of measurement, e.g., the number of tumors may be measured by counting tumors

visible to the naked eye or at a specified magnification (e.g., 2x, 3x, 4x, 5%, 10x, or 50x).
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Treating cancer can result in a decrease in number of metastatic nodules in other tissues or
organs distant from the primary tumor site. For example, after treatment, the number of metastatic
nodules is reduced by 5% or greater (e.g., 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or greater)
relative to number prior to treatment. The number of metastatic nodules may be measured by any
reproducible means of measurement. For example, the number of metastatic nodules may be measured
by counting metastatic nodules visible to the naked eye or at a specified magnification (e.g., 2x, 10x, or
50x).

Treating cancer can result in an increase in average survival time of a population of subjects
treated according to the present invention in comparison to a population of untreated subjects. For
example, the average survival time is increased by more than 30 days (more than 60 days, 90 days, or
120 days). An increase in average survival time of a population may be measured by any reproducible
means. An increase in average survival time of a population may be measured, for example, by
calculating for a population the average length of survival following initiation of treatment with the
compound of the invention. An increase in average survival time of a population may also be measured,
for example, by calculating for a population the average length of survival following completion of a first
round of treatment with a pharmaceutically acceptable salt of the invention.

Treating cancer can also result in a decrease in the mortality rate of a population of treated
subjects in comparison to an untreated population. For example, the mortality rate is decreased by more
than 2% (e.g., more than 5%, 10%, or 25%). A decrease in the mortality rate of a population of treated
subjects may be measured by any reproducible means, for example, by calculating for a population the
average number of disease-related deaths per unit time following initiation of treatment with a
pharmaceutically acceptable salt of the invention. A decrease in the mortality rate of a population may
also be measured, for example, by calculating for a population the average number of disease-related
deaths per unit time following completion of a first round of treatment with a pharmaceutically acceptable
salt of the invention.

Exemplary cancers that may be treated by the invention include, but are not limited to, non-small
cell lung cancer, small-cell lung cancer, colarectal cancer, bladder cancer, glioma, breast cancer,
melanoma, non-melanoma skin cancer, endometrial cancer, esophagogastric cancer, pancreatic cancer,
hepatobiliary cancer, soft tissue sarcoma, ovarian cancer, head and neck cancer, renal cell carcinoma,
bone cancer, non-Hodgkin lymphoma, prostate cancer, embryonal tumor, germ cell tumor, cervical
cancer, thyroid cancer, salivary gland cancer, gastrointestinal neuroendocrine tumor, uterine sarcoma,
gastrointestinal stromal tumor, CNS cancer, thymic tumor, Adrenocortical carcinoma, appendiceal cancer,

small bowel cancer and penile cancer.

Combination Formulations and Uses Thereof

The compounds of the invention can be combined with one or more therapeutic agents. In
particular, the therapeutic agent can be one that treats or prophylactically treats any cancer described
herein.

Combination Therapies
A compound of the invention can be used alone or in combination with an additional therapeutic

agent, e.g., other agents that treat cancer or symptoms associated therewith, or in combination with other
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types of treatment to treat cancer. In combination treatments, the dosages of one or more of the
therapeutic compounds may be reduced from standard dosages when administered alone. For example,
doses may be determined empirically from drug combinations and permutations or may be deduced by
isobolographic analysis (e.g., Black et al., Neurology 65:53-S6, 2005). In this case, dosages of the
compounds when combined should provide a therapeutic effect.

In some embodiments, the second therapeutic agent is a chemotherapeutic agent (e.g., a
cytotoxic agent or other chemical compound useful in the treatment of cancer). These include alkylating
agents, antimetabolites, folic acid analcgs. pyrimidine analogs, purine analogs and related inhibitors,
vinca alkaloids, epipodopyyllotoxins, antibiotics, L-Asparaginase, topoisomerase inhibitors, interferons,
platinum coordination complexes, anthracenedione substituted urea, methyl hydrazine derivatives,
adrenocortical suppressant, adrenocorticosteroides, progestins, estrogens, antiestrogen, androgens,
antiandrogen, and gonadotropin-releasing hormone analog. Also included is 5-fluorouracil (5-FU),
leucovorin (LV), irenotecan, oxaliplatin, capecitabine, paclitaxel and doxetaxel. Non-limiting examples of
chemotherapeutic agents include alkylating agents such as thiotepa and cyclosphosphamide; alkyl
sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carboquone,
meturedopa, and uredopa; ethylenimines and methylamelamines including altretamine,
triethylenemelamine, triethylenephosphoramide, triethylenethiophosphoramide and trimethylolomelamine;
acetogenins (especially bullatacin and bullatacinone); a camptothecin (including the synthetic analogue
topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic
analogues); cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine, cholophosphamide, estramustine,
ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine, chlorozotocin,
fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the enediyne antibiotics (e.g.,
calicheamicin, especially calicheamicin gammall and calicheamicin omegall (see, e.g., Agnew, Chem. Intl.
Ed Engl. 33:183-186 (1994)); dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an
esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic
chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin,
carabicin, caminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-
5-oxo-L-norleucine, Adriamycin® (doxorubicin, including morpholino-doxorubicin, cyanomorpholino-
doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin, esorubicin, idarubicin,
marcellomycin, mitomycins such as mitomycin C, mycophenolic acid, nogalamycin, olivomycins,
peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-flucrouracil (5- FU); folic
acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine;
androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane, testolactone;
anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid;
aceglatone; aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil;

bisantrene; edatraxate; defofamine; demecolcine; diaziquone; elfomithine; elliptinium acetate; an
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epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as
maytansine and ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin;
phenamet; pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK®
polysaccharide complex (JHS Natural Products, Eugene, Oreg.); razoxane; rhizoxin; sizofuran;
spirogermanium; tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes (especially T-
2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa;
taxoids, e.g., Taxol® paclitaxel (Bristol-Myers Squibb Oncology, Princeton, N.J.), ABraxane®, cremophor-
free, albumin-engineered nanoparticle formulation of paclitaxel (American Pharmaceutical Partners,
Schaumberg, Ill.), and Taxotere® doxetaxel (Rhone-Poulenc Rorer, Antony, France); chloranbucil;
Gemzar® gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum coordination complexes
such as cisplatin, oxaliplatin and carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide;
mitoxantrone; vincristine; Navelbine® vinorelbine; novantrone; teniposide; edatrexate; daunomycin;
aminopterin; xeloda; ibandronate; irinotecan (e.g., CPT-11); topoisomerase inhibitor RFS 2000;
difluoromethylornithine (DMFQO); retinoids such as retinoic acid; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the above. Two or more chemotherapeutic agents can be
used in a cocktail to be administered in combination with the first therapeutic agent described herein.
Suitable dosing regimens of combination chemotherapies are known in the art and described in, for
example, Saltz et al. (1999) Proc ASCO 18:233a and Douiillard et al. (2000) Lancet 355:1041-7.

In some embodiments, the second therapeutic agent is a therapeutic agent which is a biologic
such a cytokine (e.g., interferon or an interleukin (e.g., IL-2)) used in cancer treatment. In some
embodiments the biologic is an anti-angiogenic agent, such as an anti-VEGF agent, e.g., bevacizumab
(Avastin®). In some embodiments the biologic is an immunoglobulin-based biologic, e.g., a monoclonal
antibody (e.g., a humanized antibody, a fully human antibody, an Fc fusion protein or a functional
fragment thereof) that agonizes a target to stimulate an anti-cancer response or antagonizes an antigen
important for cancer. Such agents include Rituxan (Rituximab); Zenapax (Daclizumab); Simulect
(Basiliximab); Synagis (Palivizumab); Remicade (Infliximab); Herceptin (Trastuzumab); Mylotarg
(Gemtuzumab ozogamicin); Campath (Alemtuzumab); Zevalin (Ibritumomab tiuxetan); Humira
(Adalimumab); Xolair (Omalizumab); Bexxar (Tositumomab-1-131); Raptiva (Efalizumab); Erbitux
(Cetuximab); Avastin (Bevacizumab); Tysabri (Natalizumab); Actemra (Tocilizumab); Vectibix
(Panitumumab); Lucentis (Ranibizumab); Soliris (Eculizumab); Cimzia (Certolizumab pegol); Simponi
(Golimumab); llaris (Canakinumab); Stelara (Ustekinumab); Arzerra (Ofatumumab); Prolia (Denosumab);
Numax (Motavizumab); ABThrax (Raxibacumaby); Benlysta (Belimumab); Yervoy (Ipilimumab); Adcetris
(Brentuximab Vedotin); Perjeta (Pertuzumab); Kadcyla (Ado-trastuzumab emtansine); and Gazyva
(Obinutuzumab). Also included are antibody-drug conjugates.

The second agent may be a therapeutic agent which is a non-drug treatment. For example, the
second therapeutic agent is radiation therapy, cryotherapy, hyperthermia and/or surgical excision of
tumor tissue.

The second agent may be a checkpoint inhibitor. In one embodiment, the inhibitor of checkpoint
is an inhibitory antibody (e.g., a monospecific antibody such as a monoclonal antibody). The antibody
may be, e.g., humanized or fully human. In some embodiments, the inhibitor of checkpoint is a fusion

protein, e.g., an Fc-receptor fusion protein. In some embodiments, the inhibitor of checkpoint is an agent,
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such as an antibody, that interacts with a checkpoint protein. In some embodiments, the inhibitor of
checkpoint is an agent, such as an antibody, that interacts with the ligand of a checkpoint protein. In
some embodiments, the inhibitor of checkpoint is an inhibitor (e.g., an inhibitory antibody or small
molecule inhibitor) of CTLA-4 (e.g., an anti-CTLA4 antibody such as ipilimumab/Yervoy or
tremelimumab). In some embodiments, the inhibitor of checkpoint is an inhibitor (e.g., an inhibitory
antibody or small molecule inhibitor) of PD-1 (e.g., nivolumab/Opdivo®; pembrolizumab/Keytruda®;
pidilizumab/CT-011). In some embodiments, the inhibitor of checkpoint is an inhibitor (e.g., an inhibitory
antibody or small molecule inhibitor) of PDL1 (e.g., MPDL3280A/RG7446; MEDI4736; MSB0010718C;
BMS 936559). In some embodiments, the inhibitor of checkpoint is an inhibitor (e.g., an inhibitory
antibody or Fc fusion or small molecule inhibitor) of PDL2 (e.g., a PDL2/lg fusion protein such as AMP
224). In some embodiments, the inhibitor of checkpoint is an inhibitor (e.g., an inhibitory antibody or
small molecule inhibitor) of B7-H3 (e.g., MGA271), B7-H4, BTLA, HVEM, TIM3, GAL9, LAGS3, VISTA,
KIR, 2B4, CD160, CGEN-15049, CHK 1, CHK2, A2aR, B-7 family ligands, or a combination thereof.

In any of the combination embodiments described herein, the first and second therapeutic agents
are administered simultaneously or sequentially, in either order. The first therapeutic agent may be
administered immediately, up to 1 hour, up to 2 hours, up to 3 hours, up tc 4 hours, up to 5 hours, up to 6
hours, up to 7 hours, up to, 8 hours, up to 9 hours, up to 10 hours, up to 11 hours, up to 12 hours, up to
13 hours, 14 hours, up to hours 16, up to 17 hours, up 18 hours, up to 19 hours up to 20 hours, up to 21
hours, up to 22 hours, up to 23 hours up to 24 hours or up to 1-7, 1-14, 1-21 or 1-30 days before or after

the second therapeutic agent.

Pharmaceutical Compositions

The compounds of the invention are preferably formulated into pharmaceutical compositions for
administration to a mammal, preferably, a human, in a biologically compatible form suitable for
administration in vivo. Accordingly, in an aspect, the present invention provides a pharmaceutical
composition comprising a compound of the invention in admixture with a suitable diluent, carrier, or
excipient.

The compounds of the invention may be used in the form of the free base, in the form of salts,
solvates, and as prodrugs. All forms are within the scope of the invention. In accordance with the
methods of the invention, the described compounds or salts, solvates, or prodrugs thereof may be
administered to a patient in a variety of forms depending on the selected route of administration, as will
be understood by those skilled in the art. The compounds of the invention may be administered, for
example, by oral, parenteral, buccal, sublingual, nasal, rectal, patch, pump, or transdermal administration
and the pharmaceutical compositions formulated accordingly. Parenteral administration includes
intravenous, intraperitoneal, subcutaneous, intramuscular, transepithelial, nasal, intrapulmonary,
intrathecal, rectal, and topical modes of administration. Parenteral administration may be by continuous
infusion over a selected period of time.

A compound of the invention may be orally administered, for example, with an inert diluent or with
an assimilable edible carrier, or it may be enclosed in hard- or soft-shell gelatin capsules, or it may be
compressed into tablets, or it may be incorporated directly with the food of the diet. For oral therapeutic
administration, a compound of the invention may be incorporated with an excipient and used in the form

of ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, and wafers. A
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compound of the invention may also be administered parenterally. Solutions of a compound of the
invention can be prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, DMSO, and mixtures thereof
with or without alcohol, and in oils. Under ordinary conditions of storage and use, these preparations may
contain a preservative to prevent the growth of microorganisms. Conventional procedures and
ingredients for the selection and preparation of suitable formulations are described, for example, in
Remington’s Pharmaceutical Sciences (2003, 20th ed.) and in The United States Pharmacopeia: The
National Formulary (USP 24 NF19), published in 1999. The pharmaceutical forms suitable for injectable
use include sterile aqueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In all cases the form must be sterile and must be
fluid to the extent that may be easily administered via syringe. Compositions for nasal administration may
conveniently be formulated as aerosols, drops, gels, and powders. Aerosol formulations typically include
a solution or fine suspension of the active substance in a physiologically acceptable aqueous or non-
aqueous solvent and are usually presented in single or multidose quantities in sterile form in a sealed
container, which can take the form of a cartridge or refill for use with an atomizing device. Alternatively,
the sealed container may be a unitary dispensing device, such as a single dose nasal inhaler or an
aerosol dispenser fitted with a metering valve which is intended for disposal after use. Where the dosage
form comprises an aerosol dispenser, it will contain a propellant, which can be a compressed gas, such
as compressed air or an organic propellant, such as fluorochlorohydrocarbon. The aerosol dosage forms
can also take the form of a pump-atomizer. Compositions suitable for buccal or sublingual administration
include tablets, lozenges, and pastilles, where the active ingredient is formulated with a carrier, such as
sugar, acacia, tragacanth, gelatin, and glycerine. Compositions for rectal administration are conveniently
in the form of suppositories containing a conventional suppository base, such as cocoa butter. A
compound described herein may be administered intratumorally, for example, as an intratumoral injection.
Intratumoral injection is injection directly into the tumor vasculature and is specifically contemplated for
discrete, solid, accessible tumors. Local, regional, or systemic administration also may be appropriate. A
compound described herein may advantageously be contacted by administering an injection or multiple
injections to the tumor, spaced for example, at approximately, 1 cm intervals. In the case of surgical
intervention, the present invention may be used preoperatively, such as to render an inoperable tumor
subject to resection. Continuous administration also may be applied where appropriate, for example, by
implanting a catheter into a tumor or into tumor vasculature.

The compounds of the invention may be administered to an animal, e.g., a human, alone or in
combination with pharmaceutically acceptable carriers, as noted herein, the proportion of which is
determined by the solubility and chemical nature of the compound, chosen route of administration, and
standard pharmaceutical practice.

Dosages

The dosage of the compounds of the invention, and/or compositions comprising a compound of
the invention, can vary depending on many factors, such as the pharmacodynamic properties of the
compound; the mode of administration; the age, health, and weight of the recipient; the nature and extent
of the symptoms; the frequency of the treatment, and the type of concurrent treatment, if any; and the

clearance rate of the compound in the animal to be treated. One of skill in the art can determine the
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initially in a suitable dosage that may be adjusted as required, depending on the clinical response. In

general, satisfactory results may be obtained when the compounds of the invention are administered to a
human at a daily dosage of, for example, between 0.05 mg and 3000 mg (measured as the solid form).

5 Dose ranges include, for example, between 10-1000 mg (e.g., 50-800 mg). In some embodiments, 50,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, or 1000 mg of
the compound is administered.

example, the dose of a compound, or pharmaceutical composition thereof, administered to a patient may
10 range from 0.1-100 mg/kg (e.g., 0.25-25 mg/kg). In exemplary, non-limiting embodiments, the dose may

Alternatively, the dosage amount can be calculated using the body weight of the patient. For

range from 0.5-5.0 mg/kg (e.g., 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, or 5.0 mg/kg) or from 5.0-20

mg/kg (e.g., 5.5,6.0,6.5,7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20 mg/kg).

EXAMPLES

15 The following abbreviations are used throughout the Examples below.
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Ac

ACN or MeCN
AcOH

Ac20

aq.

Boc

Bu or n-Bu
CDI

DCE or 1,2-DCE
DCM

DIAD

DIPEA or DIEA
DMAP

DME

DMF

DMSO

EA or EtOAc
EDCI

equiv

EtsN or TEA
EtOH

FA

h or hr

HATU

HOAt
HOBt or HOBT

acetyl

acetonitrile

acetic acid

acetic anhydride

aqueous

tert-butoxycarbonyl

butyl

1,1'-carbonyldiimidazole
1,2-dichloroethane

dichloromethane

diisopropyl azodicarboxylate
N.N-diisopropylethylamine
4-(dimethylamino)pyridine
1,2-dimethoxyethane
N.N-dimethylformamide

dimethyl sulfoxide

ethyl acetate
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
equivalents

triethylamine

ethyl alcohol

formic acid

hour
1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-
blpyridinium 3-oxid hexafluorophosphate
1-hydroxy-7-azabenzotriazole
1-hydroxybenzotriazole hydrate
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iPr
MeOH
Meat-BuXphos

min

MTBE

n-BuLi

NMP

OAc

Pd/C

PDC

PdClx(dtbpf) or Pd(dtbpf)Clz
PdClz(dppf) or Pd(dppf)Clz
Pdz(dba)s

Pd(PPha)s
Pd(PPhs)2Cl2

PE

PPh3z

Pr

Py

rac

Rf

rt. orrt

sat.

SFC

t-Bu
tBuXphos-Pd-G3 or
tBuXphos Pd Gz or
t-BuXphos-Pd (gen 3)
TFA

T20

THF

TLC
Xantphos-Pd-G3
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Isopropyl
methyl alcohol
ditert-butyl-[2,3,4,5-tetramethyl-6-(2,4,6-
triisopropylphenyl)phenyllphosphane
minute
tert-butyl methyl ether
n-butylithium
1-methyl-2-pyrrolidinone
acetate
palladium on carbon
pyridinium dichromate
dichloro[1,1'-bis(di-t-butylphosphino)ferrocene]palladiumdll)
[1,1"-bis(diphenylphosphino)ferrocene]dichloropalladium(ll)
tris(dibenzylideneacetone)dipalladium(0)
tetrakis(triphenylphosphine)palladium(0
dichlorobis(triphenylphosphine)palladium(ll)
petroleum ether
triphenylphosphine
n-propyl
pyridine
racemic
retention factor
room temperature
saturated
supercritical fluid chromatography
tert-butyl
[2-(2-aminophenyl)phenyl]-methylsulfonyloxypalladium;ditert-
butyl-[2-(2,4 6-triisopropylphenyl)phenyl]phosphane

trifluoroacetic acid

trifluoromethanesulfonic anhydride

tetrahydrofuran

thin layer chromatography

[2-(2- aminophenyl)phenyl]-methylsulfonyloxy-palladium:;(5-
diphenylphosphanyl-9,9-dimethyl-xanthen-4-yl)-diphenyl-
phosphane
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Example 1. Preparation of Compounds

Preparation of methyl 2-(3-hydroxy-1,2-oxazol-5-yl)-3-methylbutanoate (I-1)

Y
Br \\/\OH OH OH OFEt Y
)% oH Br_<§(\/aoetone, Jones magenhrm EtOH, H,S80, Br—m H
- \Y >
Br” "N"" KHCO,, EtOACH,0 N-O , N-© © . N0 © +-BuOK, THF
N alep 8 s Slep A

g(oa MeOH, KOH ¥§'/V\\'(0H HBr, AcOH %(OH SOCl,, MeOH 4%0\
Br— o swos P00 O stop S HO=-0 © stop ¥ HO—-0 ©

N-O

fot

Step 1: Preparation of 2-(3-bromoisoxazol-5-yl)ethan-1-o/

OH

B 4(§|/\/
r S
N’O

A solution of 3-butyn-1-ol (552.89 g, 7888.26 mmol, 4 equiv) and KHCO3 (592.30 g, 5916.197 mmol,

3 equiv) in EtOAc (2600 mL) and H20 (260 mL) was stirred at room temperature. To the above mixture
was added 1-bromo-N-hydroxymethanecarbonimidoyl bromide (400.00 g in EA (840 mL), 1972.066
mmol, 1.00 equiv) dropwise over 60 min at room temperature. The resulting mixture was stirred for

10 overnight at room temperature. The reaction mixture was washed with water (500 mL x 2) and the

combined organic layers dried over anhydrous Na2S0O4. After filtration, the filtrate was concentrated under

reduced pressure. The residue was purified by silica gel column chromatography, eluted with PE/EtOAc

(30:1) to afford intermediate the title compound (338.2 g, 88.98%) as off-white solid. LCMS (ESI) m/z
[M+H]* =192.

15 Step 2: Preparation of 2-(3-bromoisoxazol-5-yl)acetic acid

pad
Br \O o)

N~

OH

A solution of 2-(3-bromoisoxazol-5-yl)ethan-1-ol (360.00 g) in acetone (3600 mL) was stirred at O
degrees C under a nitrogen atmosphere. To the above mixture was added Jones’ reagent (1760 mL)

dropwise over 1 h at 0 degrees C. The resulting mixture was stirred overnight at room temperature. The

20 reaction was quenched with water/Ice at 0 degrees C. The resulting mixture was extracted with EtOAc

(1000 mL x 3). The combined organic layers were washed with water (500 mL x 2), and dried over

anhydrous Na:SOs4. After filtration, the filtrate was concentrated under reduced pressure to afford the title

compound (348.6 g, crude) as a green solid that was used directly without further purification. (LCMS
(ESI) m/z [M+H]* =206.

25 Step 3: Preparation of ethyl 2-(3-bromoisoxazol-5-yl)acetate

OEt

B M
r N\ O
N,O
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A solution of 2-(3-bromoisoxazol-5-yl)acetic acid (397.6 g, 1930.144 mmol, 1.00 equiv) and H2SO4
(18.92 g, 193.014 mmol, 0.1 equiv) in EtOH (2000 mL) was stirred for 2 h at 70 degrees C. The reaction
mixture was concentrated under reduced pressure. The residue was diluted with EtOAc (3000 mL),
washed with water (500 mL x 2), and dried over anhydrous Na:SOa4. After filtration, the filirate was
5 concentrated under reduced pressure. The residue was purified by silica gel column chromatography,

eluted with PE/EtOAc (35:1) to afford the title compound (355 g, 78.61%) as a colorless oil. (LCMS (ESI)
m/z [M+H]+* =234.

Step 4: Preparation of ethyl 2-(3-bromoisoxazol-5-yl)-3-methylbutanoate

OEt
B ~—I
N0 ©
10 To a stirred solution of t-BuOK (244.51 g, 2179.031 mmol, 1.5 equiv) and ethyl 2-(3-bromoisoxazol-

5-ylhacetate (340.00 g, 1452.687 mmol, 1.00 equiv) in THF (2000 mL) was added 2-iodopropane
(321.03 g, 1888.493 mmol, 1.3 equiv) dropwise at 0 degrees C under a nitrogen atmosphere. The
resulting mixture was stirred for overnight at room temperature, then diluted with Water/Ice at O degrees
C. The resulting mixture was extracted with EtOCAc (1000 mL x 2). The combined organic layers were

15 washed with water (500 mL x 1), dried over anhydrous Na2SOa. After filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column chromatography,
eluted with PE/THF (10:1) to afford the title compound (284.1 g, 70.82%) as a colorless oil. (LCMS (ESI)
m/z [M+H]* =276.

Step 5: Preparation of 2-(3-methoxy-1,2-oxazol-5-yl)-3-methylbutanoic acid

OH
==

20 / N-©O

To a stirred solution of Preparation of ethyl 2-(3-bromoisoxazol-5-yl)-3-methylbutanoate (90.00 g,

325.933 mmol, 1.00 equiv) in MeOH (270 mL) was added a solution of KOH (274.30 g, 4888.995 mmol,
15.00 equiv) in MeOH (210 mL) at 0 degrees C. The reaction mixture was stirred overnight at 80
degrees C. The resulting solution was acidified to pH 4 with 1M solution of HCI (aq.) and concentrated

25 under reduced pressure. The resulting mixture was diluted with EtOAc¢ (1800 mL) and filtered. The filter
cake was washed with EtOAc (100 mL x 3). The filtrate was concentrated under reduced pressure to
afford the title compound (62.9 g, 96.88%) as a yellow oil that was used directly without further
purification. LCMS (ESI) m/z: [M+H]* =200.

Step 6. Preparation of 2-(3-hydroxy-1,2-oxazol-5-yl)-3-methylbutanoic acid

OH

==
HO—\

‘o)
30 N-©

To a stirred solution of 2-(3-methoxy-1,2-oxazol-5-yl)-3-methylbutanoic acid (62.90 g, 315.754
mmol, 1.00 equiv) in HOAc (450.00 mL) was added 48% HBr (450.00 mL) at room temperature. The
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resulting mixture was stirred for 16 h at 60 degrees C. The resulting mixture was concentrated under
reduced pressure, and the residue purified by flash C18-flash chromatography, elution gradient 0 to
100% MeCN in water (containing 0.05% FA). Pure fractions were evaporated to dryness to afford the
title compound (43.3 g, 74.05%) as a white solid. LCMS (ESI) m/z: [M+H]* = 186.

5 Step 7: Preparation of methyl 2-(3-hydroxy-1, 2-oxazol-5-yl)-3-methylbutanoate (I-1)

o
HO—
\Y
N-O  ©
81

To a stirred solution of 2-(3-hydroxy-1,2-oxazol-5-yl)-3-methylbutancic acid (20 g, 108.004 mmol,

1.00 equiv) in MeOH (72 mL) was added SOCI2z (35.26 mL, 486.059 mmol, 4.50 equiv) at O degrees C.
The resulting mixture was stirred for 16 h at room temperature. The resulting mixture was concentrated

10 under reduced pressure and the residue was diluted with water (30 mL) and extracted with EtOAc (50
mL x 3). The combined organic layers were washed with saturated aqueous NaCl (30 mL), dried over
anhydrous Na:S04 and filtered. The filtrate was concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography, elution gradient 0 to 100% THF in petroleum
ether. Pure fractions were evaporated to dryness to afford compound I-7 (15.1 g, 70.18%) as an off-

15 white solid. "H NMR (400 MHz, DMSO-ds) 0 11.24 (s, 1H), 5.95 (s, 1H), 3.71 —3.58 (m, 4H), 2.32 - 2.20
(m, 1H), 0.88 (dd, J = 34.2, 6.7 Hz, 6H). LCMS (ESI) m/z: [M+H]* = 200.

Preparation of (2S,4R)-1-{2-[3-(2,2-diethoxyethoxy)-1,2-oxazol-5-yl]-3-methylbutanoyl}-4-hydroxy-
N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide (I-2).

E] H M s
Ny SNTER
okt OFt s o L,/QAH " feon
EtO OH N
HO, OFEt Em—<_o ‘<_0 /KKQ/\H Ha— N oj i

N_-s

B B '
Nall E10 i ~ 9 LIOH, MeOH ek NS LATU, DIEA, DMF ~ "\
o o~  KCO3, DMF NG o . o oH . Bo_ P\

R
) EtO

20 Step 1: methyl 2-[3-(2, 2-diethoxyethoxy)-1, 2-oxazol-5-yl]-3-methylbutanoate

OEt
EtO

To a stirred solution of methyl 2-(3-hydroxy-1,2-oxazol-5-yl)-3-methylbutanocate (I-1, 7 g, 35.140
mmol, 1.00 equiv) and 2-bromo-1,1-diethoxyethane (7.62 g, 38.654 mmol, 1.1 equiv) in DMF (70 mL) was
added K2COs (9.71 g, 70.280 mmol, 2 equiv). The resulting mixture was stirred for overnight at 80

25 degrees C then cooled to room temperature and diluted with EtOAc (300 mL). The organic layer was
washed with water (300 mL), followed by brine (300 mL), then dried over anhydrous sodium sulfate,
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filtered and concentrated. The crude product was purified by Prep-HPLC to afford the title compound (5.2
g, 46.92%) as a brown solid. LCMS (ESI) m/z: [M+H]* = 316.

Step 2: 2-[3-(2,2-diethoxyethoxy)-1, 2-oxazol-5-yl]-3-methylbutanoic acid
Etoi
o}

@] OH

A mixture of methyl 2-[3-(2,2-diethoxyethoxy)-1,2-oxazol-5-yl]-3-methylbutanoate (5.2 g, 16.489
mmol, 1.00 equiv) and LiOH (1.97 g, 82.445 mmol, 5 equiv) in MeOH (15 mL) and H20 (45 mL) was
stirred for 2 h at room temperature. The mixture was acidified to pH 5 with conc. HCI, then extracted with
EtOAc (300 mL x 3). The combined organic layers were washed with brine (100 mL), dried over

10 anhydrous Na2804 and filtered. The filtrate was concentrated under reduced pressure. The crude product
mixture was used in the next step directly without further purification. LCMS (ESI) m/z: [M+H]* = 302.

Step 3: (2S,4R)-1-((R)-2-(3-(2,2-diethoxyethoxy)isoxazol-5-yl)-3-methylbutanoyi)-4-hydroxy-N-((S)-1-(4-
(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (I-2).

EtO -3

15 To a stirred solution of 2-[3-(2,2-diethoxyethoxy)-1,2-oxazol-5-yl]-3-methylbutanoic acid (4.95 g,
16.427 mmol, 1.00 equiv) and (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-
yhphenyllethyllpyrrolidine-2-carboxamide (5.44 g, 16.427 mmol, 1 equiv) in DMF (50 mL) was added
HATU (6.87 g, 18.070 mmol, 1.1 equiv) and DIEA (6.37 g, 49.281 mmol, 3 equiv). The resulting mixture
was stirred for 2 h at room temperature then diluted with EtOAc (300 mL). The organic layer was washed

20 with water (300 mL), followed by brine (300 mL) then dried over anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by silica gel column chromatography, eluted with PE / EA (1:1) to
afford a crude product. The crude product (6.2 g) was purified by Chiral-SFC with Column: CHIRAL ART
Amylose-SA, 3*25 cm, 5 pm; Mobile Phase A: CO2, Mobile Phase B: MeOH--HPLC; Flow rate: 50
mL/min; Gradient: isocratic 40% B; Column Temperature(°C): 35 to provide 1-2 (2.8 g, 27.73%) as a white

25 solid. TH NMR (400 MHz, DMSO-d6) & 8.99 (d, J=3.4Hz, 1H), 843 (d, J=7.7 Hz, 1H), 7.49 — 7.41 (m,
2H), 7.41 — 7.31 (m, 2H), 6.14 (s, 1H), 510 (d, J = 3.6 Hz, 1H), 4.97 —4.87 (m, 1H), 4.81 (t, J=5.2 Hz,
1H), 437 t, J=79 Hz, 1H), 4.32 - 423 (m, 1H), 4.09 (d, J= 5.3 Hz, 2H), 3.73 - 3.49 (m, 6H), 3.45(d, J
=10.8 Hz, 1H), 2.46 (d, J = 2.1 Hz, 3H), 2.31 - 2.15 (m, 1H), 2.03 (ddd, J=11.9, 8.1, 3.0 Hz, 1H), 1.78
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(ddd, J = 12.8, 8.0, 4.7 Hz, 1H), 1.41 (dd, J = 29.6, 7.0 Hz, 3H), 1.13 (t, J = 7.0 Hz, 6H), 0.96 (t, J = 6.4
Hz, 3H), 0.81 (dd, J = 14.4, 6.7 Hz, 3H). LCMS (ESI) nvz: [M+H]* = 615.35.

Preparation of (2S,4R)-4-hydroxy-1-((R)-3-methyl-2-(3-(2-oxoethoxy)isoxazol-5-yl)butanoyl)-N-((S)-
1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (I-3)

\ 0
HN~//

O\ 1M sto4, THF
N

\||

To a stirred solution of H2SO4 (1M) (6.00 mL) and THF (6.00 mL) was added (2S,4R)-1-((R)-2-(3-
(2,2-diethoxyethoxy)isoxazol-5-yl)-3-methylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yhphenylethyl)pyrrolidine-2-carboxamide (300.00 mg, 0.499 mmol, 1.00 equiv) at room temperature. The
resulting mixture was stirred for 8h at 50 degrees C. The reaction was quenched with water/Ice at 0

10 degrees C, then the mixture was basified to pH 7 with saturated NaHCO:3 (aq.). The resulting mixture was
extracted with EtOAc (3 x 100 mL). The combined organic layers were washed with brine (2 x 100 mL),
dried over anhydrous Na2SOq4, and filtered. The filtrate was concentrated under reduced pressure to 1-3
(256 mg, 97.3%) as a white solid that was used directly without further purification. LCMS (ESI) m/z:
[M+H]* =541.

15 The following intermediates in Table 2 were prepared in a similar manner as described in the
preparation of intermediate 1-3 starting with methyl 2-(3-hydroxy-1,2-oxazol-5-yl)-3-methylbutanoate and
the appropriate alkyl bromides.

Table 2.
Intermediate LCMS
Structure Name
No. (ESl) m/z

(2S,4R)-4-hydroxy-1-((R)-3-
methyl-2-(3-(3-
oxopropoxy)isoxazol-5-

1-60 yhbutanoyl)-N-((S)-1-(4-(4- 555
methylthiazol-5-
ylphenyl)ethyl)pyrrolidine-2-
carboxamide
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Intermediate LCMS
Structure Name

No. (ESI) m/z
(28,4R)-1-((R)-2-(3-(2-
aminoethoxy)isoxazol-5-yl)-3-
methylbutanoyl)-4-hydroxy-N-

1-61 Y ¥ y Y 542

((S)-1-(4-(4-methylthiazol-5-
yDphenyl)ethyDpyrrolidine-2-

carboxamide

Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(2-(3-(3-(2-hydroxyphenyl)thienof2,3-cjJpyridazin-6-
ylazetidin-1-yl)ethoxy)is oxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide

BocN

HO

X
B
/
HJ

CI_N. z N.
- |N Pd(PPhy),Gly, Gul ~ — _NaHs __ S~#""N  XPhos Pd G3, Cs,CO4
. TEA, PhMe NMP, 1oo°c oG N\ 1,4-dioxane, H,0
! sap 8 cl swe R
BocN
°
o
Y o N
A o/
HO o

N

S ~ S
BocN & /\ |N OH TFA, DCM HN & /\ IN OH
SRy

Step 1: Preparation of tert-butyl 3-[2-(3, 6-dichloropyridazin-4-yl)ethynylJazetidine-1-carboxylate

BocN

o Ho N g
-3 b

. O3
NaBHCN, AcOH ’;,/N\/O/S/N
DCM, MeOH 4 3

s &

Teo a stirred mixture of 3,6-dichloro-4-iodopyridazine (200 mg, 0.728 mmol, 1.00 equiv) and tert-butyl

10 3-ethynylazetidine-1-carboxylate (145.06 mg, 0.801 mmol, 1.1 equiv) in toluene (5.00 mL) was added
Pd(PPh:)2Clz (76.61 mg, 0.109 mmol, 0.15 equiv), Cul (27.71 mg, 0.146 mmol, 0.2 equiv) and TEA

(220.88 mg, 2.184 mmol, 3 equiv) at room temperature under a nitrogen atmosphere. The resulting

mixture was stirred for 2 h at room temperature then filtered. The filtrate was concentrated under reduced

pressure and the residue purified by reverse phase flash chromatography with the following conditions:
15 column, C18; mobile phase, MeCN in water (0.05% FA), 40% to 60% gradient. This provided the title
compound (170 mg, 64.07%) as a yellow solid. LCMS (ESI) m/z: [M+H]* = 328.

CA 03216773 2023-10-25

82



WO 2022/240825 PCT/US2022/028511
Step 2: Preparation of tert-butyl 3-{3-chlorothieno[2, 3-c]pyridazin-6-yl}azetidine-1-carboxylate

S /N\N
B°°Ni>_<\/\];/k
Cl

To a stirred mixture of tert-butyl 3-[2-(3,6-dichloropyridazin-4-yl)ethynyllazetidine-1-carboxylate (160

mg, 0.488 mmol, 1.00 equiv) in NMP (5 mL) was added sodium hydrosulfide (32.80 mg, 0.586 mmol, 1.2

5 equiv) at room temperature under a nitrogen atmosphere. The resulting mixture was stirred for 2 h at 100

degrees C, cooled, and filtered. The filtrate was purified by reverse phase flash chromatography with the

following conditions: column, C18; mobile phase, MeCN in water (0.05% FA), 30% to 50% gradient. This
provided the title compound (122 mg, 71.43%) as a white solid. LCMS (ESI) m/z [M+H]* =326.

Step 3: Preparation of tert-butyl 3-[3-(2-hydroxyphenyl)thieno[2, 3-c]pyridazin-6-yllazetidine-1-carboxylate

I\I\N OH

S
BocN N\ |

—

A

10

To a stirred mixture of tert-butyl 3-{3-chlorothieno[2,3-c]pyridazin-6-yl}azetidine-1-carboxylate (122

mg, 0.374 mmol, 1.00 equiv) and 2-hydroxyphenylboronic acid (154.94 mg, 1.122 mmol, 3 equiv) in
dioxane (4 mL) and H20 (1 mL) was added Cs2COs3 (244.01 mg, 0.748 mmol, 2 equiv) and XPhos Pd G3
(63.39 mg, 0.075 mmol, 0.2 equiv) at room temperature under a nitrogen atmosphere. The resulting

15 mixture was stirred for 2 h at 80 degrees C, then filtered. The filtrated was concentrated under reduced
pressure. The residue was purified by reverse flash chromatography with the following conditions:
column, C18; mobile phase, MeCN in water (0.05% FA), 40% to 60% gradient. This provided the title
compound (85 mg, 53.28%) as a white solid. LCMS (ESI) m/z: [M+H]* = 384.

Step 4: Preparation of 2-[6-(azetidin-3-yl)thieno[2,3-c]pyridazin-3-yllphenol

N.
N OH

S
HN \ |

d
SN
20
To a stirred mixture of tert-butyl 3-[3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-6-yllazetidine-1-
carboxylate (85 mg, 0.222 mmol, 1.00 equiv) in DCM (4 mL) was added TFA (1 mL) dropwise at room
temperature under a nitrogen atmosphere. The resulting mixture was stirred for 2 h then concentrated
under reduced pressure. The crude product was used in the next step directly without further purification.
25 LCMS (ESI) m/z: [M+H]* = 284.
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Step 2: Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(2-(3-(3-(2-hydroxyphenyl)thieno[2, 3-c[pyridazin-6-
ylazetidin-1-yl)ethoxy)isoxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-
ylphenyl)ethyl)pyrrolidine-2-carboxamide

~

N 4 |
o s— N OH

=0
H0~C/N o S
H T\N
Ny
o

To a stirred solution of 2-[6-(azetidin-3-yl)thieno[2,3-c]pyridazin-3-yllphenol (15 mg, 0.053 mmol, 1.00
equiv) and 2-[6-(azetidin-3-ylthieno[2,3-c]pyridazin-3-yl]phenol (28.62 mg, 0.053 mmol, 1 equiv) in DCM
(1 mL) and MeOH (1 mL) were added NaBH=CN (9.98 mg, 0.159 mmol, 3 equiv) and AcOH (0.15 mL).

The mixture was stirred for 1 h at room temperature under a nitrogen atmosphere. Without any additional

10 work-up, the mixture was purified by reverse phase flash column chromatography and the resulting crude
product was purified by Chiral-Prep-HPLC with the following conditions (NB-Prep-HPLC-01): Column,
XBridge Shield RP18 OBD Column, 19*150 mm, 5um; mobile phase, water (10 mmol/L NH4HCO3») and
ACN (49% ACN up to 55% in 6 min to afford the title compound (15 mg, 35.07%) as a white solid. 'H
NMR (300 MHz, DMSO-d6) 6 12.40 (s, 1H), 8.99 (s, 1H), 8.73 (d, J = 4.9 Hz, 1H), 8.41 (d, J = 7.7 Hz,

15 1H), 8.09 — 7.94 (m, 1H), 7.51 — 7.41 (m, 3H), 7.41 — 7.31 (m, 3H), 7.09 — 6.95 (m, 2H), 6.02 (d, J = 50.5
Hz, 1H), 5.10 (s, 1H), 4.92 (t, J=7.2 Hz, 1H), 4.38 (t, J = 7.8 Hz, 1H), 4.29 (s, 1H), 4.18 (t, J = 5.3 Hz,
2H), 415 —-4.03 (m, 1H), 3.84 —3.61 (m, 4H), 3.52 —3.42 (m, 1H), 3.42-3.35(m, 2H), 285 (t, J=5.4
Hz, 2H), 2.46 (d, J = 3.1 Hz, 3H), 2.30 —2.18 (m, 1H), 2.10 — 1.72 (m, 2H), 1.49 — 1.33 (m, 3H), 0.97 (d, J
=6.7,3.7 Hz, 3H), 0.82 (d, J = 10.1, 6.6 Hz, 3H). LCMS (ESI) m/z: [M+H]* =808.6.
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Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(2-(4-(3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-6-
yl)piperidin-1-yl)ethoxy)is oxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide

Cln 2Ny HQ,
| ChN-y 5

- /

Br Cl ) HO

S 2N~
Boo—N __ __ PA(PPhy),Cly, Cul A S NeMs o ZUN XPhos Pd G3, CsaGO

= TEA, PhMe NMP, 100°C N\ A o 1A d-dioxsne, H20 "
[T

P
WE _N 3 wiag o

Boc’
]

A\
N N 8 /wN

5 ~ S. .

N H N

Boc—N N9 TFA, DCM HN Z N OM NaBHyON, AcOH /\

(SN wiew A N MeOH DCM Ho N S

SRU R
b \

4

5 Step 1: Preparation of tert-butyl 4-((3, 6-dichloropyridazin-4-yl)ethynyl)piperidine-1-carboxylate
(intermediate 2).

To a stirred mixture of tert-butyl 4-ethynylpiperidine-1-carboxylate (1.00 g, 4.778 mmol, 1.00 equiv) and 4-
bromo-3,6-dichloropyridazine (1.20 g, 5.256 mmol, 1.1 equiv) in toluene (10.00 mL) were added

10  Pd(PPh3)2CI2 (0.50 g, 0.717 mmol, 0.15 equiv), Cul (0.18 g, 0.956 mmol, 0.2 equiv), and TEA (1.45 g,
14.334 mmol, 3 equiv) at room temperature under a nitrogen atmosphere. The resulting mixture was
stirred overnight at room temperature then concentrated under reduced pressure. The residue was
dissolved in DMF (15.00 mL) and purified by reverse flash chromatography with the following conditions:
column, C18; mobile phase, MeCN in water (0.05% FA), 0% to 100% gradient in 25 min to afford

15 intermediate 2 (696 mg, 33.61%) as a brown solid. LCMS (ESI) m/z: [M+H]+ = 356.25

Step 2: Preparation of tert-butyl 4-(3-chlorothieno[2,3-c]pyridazin-6-yl)piperidine-1-carboxylate
(intermediate 3).
N

SN«
Cl

3

To a stirred solution of intermediate 2 (596.00 mg, 1.673 mmol, 1.00 equiv) in NMP (10.00 mL) was

20 added NaSH (93.79 mg, 1.673 mmol, 1.0 equiv) at room temperature. The resulting mixture was stirred
for 1 h at 100 degrees C, then allowed to cool down to room temperature. The resulting mixture was
extracted with EtOAG (3 x 200 mL). The combined organic layers were washed with brine (100 mL), dried

over anhydrous Na2SQC4, and filtered. The filtrate was concentrated under reduced pressure. The residue
85
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was dissolved in DMF (10.00 mL) and was purified by reverse flash chromatography with the following
conditions: column, C18; mobile phase, MeCN in water (0.05% FA), 0% to 100% gradient in 30 min; to
afford intermediate 3 (356 mg, 49.91%) as a brown solid. LCMS (ESI) m/z: [M+H]+ = 353.87.

Step 3: Preparation of tert-butyl 4-(3-(2-hydroxyphenyl)thieno[2, 3-c]pyridazin-6-yl)piperidine-1-carboxylate
5 (infermediafe 4).
N.

N OH

S
Boc—N N |

~
AN
&

To a solution of intermediate 3 (350.00 mg, 0.989 mmol, 1.00 equiv) and 2-hydroxyphenylboronic acid
(204.63 mg, 1.484 mmol, 1.5 equiv) in dioxane (5.00 mL) and H2O (1.00 mL) were added Cs2CO3
(644.51 mg, 1.978 mmol, 2.0 equiv) and XPhos Pd G3 (83.72 mg, 0.099 mmol, 0.1 equiv). After stirring

10 overnight at 90 degrees C under a nitrogen atmosphere the mixture was concentrated under reduced
pressure. The residue was dissolved in DMF (10.00 mL) and purified by reverse flash chromatography
with the following conditions: column, C18; mobile phase, MeCN in water (0.05% FA), 0% to 100%
gradient in 20 min; to afford intermediate 4 (188 mg, 44.85%) as a brown solid. LCMS (ESI) m/z: [M+H]+
=411.52.

15 Step 4: Preparation of 2-(6-(piperidin-4-yl)thieno[2, 3-c]pyridazin-3-yl)phenol (intermediate 5).

S N.

Z N OH
HN A \|

To a stirred solution of intermediate 4 (188.00 mg, 0.457 mmol, 1.00 equiv) in DCM (9.00 mL) was added
TFA (3.00 mL) at room temperature. The resulting mixture was stirred for 4 h, then concentrated under
reduced pressure. The residue was purified by reverse flash chromatography with the following

20 conditions: column, C18; mobile phase, MeCN in water (0.05 FA), 0% to 100% gradient in 20 min; to
afford intermediate 5 (130 mg, 91.38%) as a light brown solid. LCMS (ESI) m/z: [M+H]+ = 311.40.
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Step 5: Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(2-(4-(3-(2-hydroxyphenyl)thieno[2, 3-c[pyridazin-6-
ylpiperidin-1-yl)ethoxy)isoxazol-5-yl)-3-methylbutanoyl)-N-((S)- 1-(4-(4-methylthiazol-5-
ylhphenyl)ethyl)pyrrolidine-2-carboxamide.

.N OH

I

N\
Y
. H
§ \

fa
(0]

5 A mixture of intermediate 5 (10.37 mg, 0.034 mmol, 1.2 equiv) and (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-[(2R)-3-methyl-2-[3-(2-oxo0ethoxy)-1,2-0xazol-5-
yllbutanoyl]pyrrolidine-2-carboxamide (I-3, 15.00 mg, 0.028 mmol, 1.00 equiv) in MeOH (1.00 mL) and
DCM (1.00 mL) was stirred for 30 min at room temperature. NaBH3CN (5.23 mg, 0.084 mmol, 3.0 equiv)
and AcOH (0.01 mL) were then added at room temperature and the mixture stirred overnight at room

10 temperature. The resulting mixture was concentrated under reduced pressure, and the residue was
purified by Prep-HPLC with the following conditions (Column: Xselect CSH F-Phenyl OBD column,
19*250 mm, 5um; Mobile Phase A: Water (0.05% FA), Mobile Phase B: ACN; Flow rate: 25 mL/min;
Gradient: 20% B to 51% B in 7 min to afford the title compound (5.8 mg, 23.58%) as a white solid. 1H
NMR (400 MHz, DMSO-d6) & 12.37 (s, 1H), 8.98 (s, 1H), 8.72 (d, J = 2.8 Hz, 1H), 8.41 (d, J = 7.7 Hz,

15 1H), 8.01 (dd, J =8.0, 1.7 Hz, 1H), 7.44 (d, J = 8.3 Hz, 2H), 7.37 (dd, J = 8.4, 3.4 Hz, 4H), 7.02 (dd, J =
12.4, 7.8 Hz, 2H), 6.13 (s, 1H), 5.10 (d, J = 3.7 Hz, 1H), 4.91 (t, J = 7.3 Hz, 1H), 4.38 (d, J = 7.8 Hz, 1H),
4.29 (s, 3H), 3.74 — 3.64 (m, 2H), 3.45 (d, J = 9.9 Hz, 1H), 3.16 — 3.01 (m, 3H), 2.82 — 2.70 (m, 2H), 2.46
(s, 3H), 2.29 — 2.15 (m, 3H), 2.13 — 1.98 (m, 3H), 1.86 — 1.72 (m, 3H), 1.38 (d, 3H), 0.97 (d, J = 6.2 Hz,
3H), 0.83 (d, J = 14.1, 8.7 Hz, 3H). LCMS (ESI) m/z: [M+H]+ = 836.50

20 The compounds in Table 3 were prepared using procedures similar to those above using the

appropriate amine and aldehyde (or ketone).
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Table 3.
LCMS
Compound
Name (ESI) 'H NMR
No.
m/z
1H NMR (400 MHz, Methanol-d4) & 8.87
(s, 1H), 8.860 (s, 1H), 8.00 — 7.90 (M, 1H),
7.51 - 7.24 (m, 6H), 7.06 —6.96 (m, 2H),
6.04 (s, 1H), 503 (q, J = 7.1 Hz, 1H),
(2S,4R)-4-hydroxy-1-((2R)-2-(3-
2-(5-(3-2 461 (s, 1H),4.52 (t,J=8.2 Hz, 1H), 4.42
) (d,J =15.0 Hz, 1H), 4.33 (1, J = 5.6 Hz,
hydroxyphenyl)thieno[2,3-
o 1H), 3.84 (dd, J = 10.9, 4.1 Hz, 1H), 3.69
c]pyridazin-6-yl)-2-
. d,J=99Hz, 1H), 3.62 (d, J = 11.6 Hz,
azabicyclo[2.2.1]heptan-2-
67 848.45 | 1H), 3.55 (s, 1H), 3.14 — 2.93 (m, 3H),
ylethoxy)isoxazol-5-yl)-3-
2.74 (s, 1H), 2.57 (dd, J = 35.5, 10.2 Hz,
methylbutanoyl)-N-((S)-1-(4-(4-
) 2H), 2.48 (s, 2H), 2.45 — 2.32 (m, 2H),
methylthiazol-5-
bph bethy) lidine-2 218 (t, J = 10.8 Hz, 1H), 1.95 (ddd, J =
enyle rrolidine-2-
yopheny y py. 13.3, 88, 46 Hz, 1H), 1.85 (t, J = 12.8
carboxamide
Hz, 2H), 1.74 (d, J = 10.6 Hz, 1H), 1.56
(dd, J = 31.9, 7.0 Hz, 3H), 1.28 (s, 1H),
1.06 (d, J = 6.5 Hz, 3H), 0.91 (dd, J =
10.2, 6.7 Hz, 3H).
1H NMR (300 MHz, Methanol-d4) 5 8.87
(2S,4R)-4-hydroxy-N-[(1S)-1-[4-
) (d,J=13.5Hz, 1H), 8.64 (s, 1H), 7.99 (d,
(4-methyl-1,3-thiazol-5-
J=80Hz,1H), 7.48 — 7.34 (m, 6H), 7.04
yDphenyllethyl]-1-[(2R)-3-methyl-
(d, d = 8.2 Hz, 2H), 6.06 (s, 1H), 4.65 —
2-(3-{2-[(1R,58,6r)-6-[3-(2-
) 4.56 (m, 2H), 4.51 —-4.39 (m, 2H), 3.75 -
hydroxyphenyl)thieno[2,3-
71 848.3 | 3.49 (m, 3H), 3.24 (s, 4H), 3.10 (s, 2H),
c]pyridazin-6-yl]-3-
; 2.78 (s, 2H), 2.48 (d, J = 8.6 Hz, 4H),
azabicyclo[3.1.1]heptan-3-
241 -210 (m, 1H), 2.09 - 1.73 (m, 1H),
yllethoxy}-1,2-oxazol-5-
1.57 (dd, J =217, 7.1 Hz, 3H), 1.30 (s,
yh)butanoyl]pyrrolidine-2-
] 3H), 1.07 d,J=6.5Hz, 3H), 0.98 — 0.93
carboxamide
(m, 1H), 0.91 (d, J = 6.8 Hz, 3H).
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methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenyl)ethyl)pyrrolidine-2-

carboxamide

LCMS
Compound
Name (ESI) 'H NMR
No.
m/z
1H NMR (400 MHz, Methanol-d4) & 8.86
(d, J =7.9 Hz, 1H), 8.54 (s, 1H), 8.03 —
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2-
7.94 (m, 1H), 7.48 —7.28 (m, 5H), 7.26 —
((1R,55,6S)-6-(3-(2-
. 7.18 (m, 1H), 7.06 — 6.96 (m, 2H), 5.51
hydroxyphenylthieno[2,3-
o (s, 1H), 5.04 — 499 (m, 1H), 4.48 (m,
c]pyridazin-6-yl)-3-
: 2H), 4.08 (t, J = 5.2 Hz, 2H), 3.73 (s, 2H),
azabicyclo[3.1.1]heptan-3-
74 ) 848.3 | 3.54 -3.47 (m, 1H), 3.43 — 3.36 (m, 2H),
yhethoxy)isoxazol-5-yl)-3-
2.92-2.83(m,6H),2.46 (d,J=11.0 Hz,
methylbutanoyl)-N-((S)-1-(4-(4-
. 3H), 2.30 (s, 2H), 2.28 (1, J = 5.1 Hz, 1H),
methylthiazol-5-
219-210 (m, 1H), 1.93 (ddd, J = 14 1,
yl)phenyl)ethyl)pyrrolidine-2-
] 9.1, 5.0 Hz, 1H), 1.51 (t, J = 7.2 Hz, 3H),
carboxamide
1.36 d, J =89 Hz, 1H), 0.98 (t, J=6.5
Hz, 3H), 0.79 (dd, J = 13.9, 6.7 Hz, 3H).
1H NMR (400 MHz, Methanol-d4) & 8.86
(d,J =54 Hz, 1H), 8.76 (d, J = 3.0 Hz,
1H), 8.10 (dt, J = 7.4, 2.7 Hz, 1H), 7.93
(28,4R)-4-hydroxy-1-((R)-2-(3-(2-
. (d,J=3.8Hz, 1H), 7.48 — 7.29 (m, 5H),
(4-(3-(2-hydroxyphenythieno[2,3-
703, J=7.4Hz, 2H),6.01 (d,J=239
c]pyridazin-5-yl)piperidin-1-
Hz, 1H), 5.09 —4.94 (m, 2H), 4.61 —4.34
ylhethoxy)isoxazol-5-yl)-3-
101 836.15 | (m, 4H), 3.84 (dd, J =10.8, 4.1 Hz, 1H),

3.65 (dd, J = 27.5, 10.5 Hz, 2H), 3.24 —
3.09 (m, 3H), 2.91 (@, J = 5.7 Hz, 2H),
2.46 (d, J = 11.3 Hz, 3H), 2.42 - 2.30 (m,
2H), 2.26 — 1.89 (m, 6H), 1.56 (dd, J =
30.2, 7.0 Hz, 3H), 1.06 (d, J = 6.6 Hz,
3H), 0.91 (dd, J = 9.8, 6.7 Hz, 3H).
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LCMS
Compound
Name (ESI) 'H NMR
No.
m/z
1H NMR (300 MHz, Methanol-d4) & 8.95
(d,J=72Hz 1H), 8.83 (d, J = 3.5 Hz,
1H), 8.21 — 8.05 (m, 2H), 7.64 — 7.33 (m,
5H),7.14-7.02 (m, 2H), 6.07 (d,J=18.8
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2-
] Hz, 1H), 516 =502 (m, 1H), 459 ({, J =
(3-(3-(2-hydroxyphenythieno[2,3-
o o 8.2Hz, 1H), 4.52 (s, 1H), 4.39 (g, J = 5.2,
c]pyridazin-5-yhazetidin-1-
) 4.8Hz,2H), 4.24 (t, J=7.6 Hz, 1H), 4.07
yhethoxy)isoxazol-5-yl)-3-
102 807.95 | (t,J=7.5Hz, 2H), 3.92 (dd,J=10.8,4.2
methylbutanoyl)-N-((S)-1-(4-(4-
Hz, 1H), 3.85 - 3.65 (m, 2H), 3.64 — 3.52
methylthiazol-5-
(m, 2H), 3.08 (t, J = 5.2 Hz, 2H), 2.55 (d,
yl)phenyl)ethyl)pyrrolidine-2-
J=9.8Hz, 3H), 2.44 (dq, J = 9.7, 6.6 Hz,
carboxamide
1H),2.26 (t, J=10.7 Hz, 1H),2.17 - 1.97
(m, 1H), 1.63 (dd, J =15.6, 7.0 Hz, 3H),
113 (d,J=65Hz, 3H), 097 (t,J=71
Hz, 3H).
1H NMR (300 MHz, DMSO-d6) d 12.55
(s, 1H), 8.99 (s, 1H), 8.83 (s, 1H), 8.42
(d,J=7.7Hz 1H), 8.18 (d, 1H), 8.05 (s,
(28,4R)-4-hydroxy-1-((R)-2-(3-(2- 1H), 7.51 = 7.41 (m, 2H), 7.40 = 7.33 (m,
(3-((3-(2- 3H), 7.10 — 6.99 (m, 2H), 6.07 (s, 1H),
hydroxyphenyl)thieno[2,3- 510(d,J=36Hz 1H), 491 (t, J=72
c]pyridazin-5-yl)methyl)azetidin-1- Hz, 1H), 4.37 (t, J = 7.9 Hz, 1H), 4.32 —
111 yhethoxy)isoxazol-5-yl)-3- 8222 1423 (m, 1H), 4.16 —4.03 (m, 2H), 3.76 —

methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenylethyDpyrrolidine-2-

carboxamide

3.53 (m, 2H), 3.50 — 3.35 (m, 3H), 3.18
(d, J = 7.5 Hz, 2H), 2.97 (t, J = 6.4 Hz,
2H), 2.92 — 2.80 (m, 1H), 2.79 — 2.69 (m,
2H), 2.46 (s, 3H), 2.32 — 2.15 (m, 1H),
2.09 - 1.97 (m, 1H), 1.85 = 1.71 (m, 1H),
1.38 (d, J = 7.0 Hz, 3H), 0.96 (d, J = 6.5
Hz, 3H), 0.79 (d, J = 6.6 Hz, 3H).

CA 03216773 2023-10-25

90




WO 2022/240825

PCT/US2022/028511

Preparation of (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-[(2S)-3-
methyl-2-[3-(piperazin-1-yl)-1,2-oxazol-5-yl]butanoyl]pyrrolidine-2-carboxamide (I-4) and
(2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)p henyl]ethyl]-1-[(2R)-3-methyl-2-[ 3-
(piperazin-1-yl)-1,2-oxazol-5-yl]butanoyl]pyrrolidine-2-carboxamide (I-5)
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Step 1: Preparation of methyl 3-methyl-2-[3-[(1,1,2,2,3,3,4,4,4-nonafluorobutanesulfonyl)oxy]-1,2-oxazol-

5-yljbutanoate (Intermediate 2).

F\(ﬁ:g‘/
/O \}

c)/, \0 N—O

To a stirred solution methyl 2-(3-hydroxy-1,2-oxazol-5-yl)-3-methylbutanoate (100.00 mg, 0.502 mmaol,
10 1.00 equiv) in MeCN (0.50 mL) was added perfluorobutanesulfonyl fluoride (303.29 mg, 1.004 mmol, 2.00
equiv) and K2COs (208.13 mg, 1.506 mmol, 3.00 equiv) at room temperature. The resulting mixture was

stirred for 3 h, then carefully quenched with water at 0 degrees C. The resulting mixture was extracted

with EA (2 x 50 mL), and the combined organic layers were washed with brine (50 mL), and dried over

anhydrous Na2804. After filtration, the filirate was concentrated under reduced pressure, and the residue

15 purified by silica gel column chromatography, eluted with PE/EA (2/1) to afford Intermediate 2 (217 mg,
crude) as a white solid. LCMS (ESI) m/z: [M+H]* = 482.
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Step 2: Preparation of tert-butyl 4-[5-(1-methoxy-3-methyl-1-oxobutan-2-yl)-1,2-oxazol-3-yljpiperazine-1-
carboxylate (Intermediate 3).

To a stirred solution of Intermediate 2 (217.00 mg, 0.451 mmol, 1.00 equiv) in DMF (3.00 mL) was added

5 tert-butyl piperazine-1-carboxylate (83.98 mg, 0.451 mmol, 1.00 equiv) at room temperature. The
resulting mixture was stirred for 1 h at 130 degrees C. The mixture was allowed to cool down to room
temperature. The residue was purified by reverse flash chromatography with the following conditions:
column, C18 silica gel; mobile phase, MeCN in water (0.1% FA), 0 to 100% gradient in 30 min. This
provided intermediate 3 (54 mg, 32.59%) as a yellow oil. LCMS (ESI) m/z: [M+H]* = 368.

10 Step 3: Preparation of 2-[3-[4-(tert-butoxycarbonyl)piperazin-1-yl]-1,2-oxazol-5-yl]-3-methylbutanoic acid
(Infermediate 4).

OH

To a stirred solution of Intermediate 3 (54.00 mg, 0.147 mmol, 1.00 equiv) in MeOH (0.80 mL) was added
THF (0.80 mL) and H20 (0.80 mL) at room temperature, follew by addition of LiOH-H20 (18.50 mg, 0.441

15 mmol, 3.00 equiv). The resulting mixture was stirred for an additional 1 h at room temperature. The
mixture was acidified to pH 6 with HCI (1M, aq.), then extracted with EA (2 x 50 mL). The combined
organic layers were washed with saturated brine (50 mL), dried over anhydrous Na2SOu, and filtered. The
filtrate was concentrated under reduced pressure. This provided Intermediate 4 (52 mg, crude) as a
yellow solid. LCMS (ESI) m/z: [M+H]* = 354.

20

92
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Step 4: Preparation of tert-butyl 4-(5-[1-[(2S,4R)-4-hydroxy-2-[[(1S)-1-[4-(4-methyl-1,3-thiazol-5-
ylphenyllethylJcarbamoyljpyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl]-1, 2-oxazol-3-yl)piperazine-1-
carboxylate (Intermediate 6).

(R), OH

N d
- SN

NH
® o

5 To a stirred solution of Intermediate 4 (52.00 mg, 0.119 mmol, 1.00 equiv) in DMF (2.00 mL) was added
HATU (135.56 mg, 0.357 mmol, 3.00 equiv) and DIEA (76.80 mg, 0.595 mmol, 5.00 equiv) at room
temperature. To the above mixture was added (2S,4R)-4-hydroxy-N-[(1S3)-1-[4-(4-methyl-1,3-thiazol-5-
yhphenyllethyllpyrrolidine-2-carboxamide (70.90 mg, 0.214 mmol, 1.80 equiv) at room temperature. The
resulting mixture was stirred for an additional 1 h. The mixture was purified directly by reverse flash

10 chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1%
FA), 0 to 100% gradient in 30 min. This provided in Intermediate 6 (73 mg, 92.12%) as a white solid.
LCMS (ESI) m/z: [M+H]* = 667.

Step 5: Preparation of (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyllethyl]-1-[(2R)-3-

methyl-2-[3-(piperazin-1-yl)-1, 2-oxazol-5-yl]butanoyljpyrrolidine-2-carboxamide (Infermediate 7); (2S,4R)-
15 4-hydroxy-N-[(1S)-1-[4-(4-methyl-1, 3-thiazol-5-yl) phenyljethyl]-1-[(2S)-3-methyl-2-[3-(piperazin-1-yl)-1,2-

oxazol-5-ylibutanoyl]pyrrolidine-2-carboxamide (Inftermediate 8).

{R) OH (R) OH
v\\\
“, (S) (S)
i NH
O O
O ()
i \
N= N=
¥ Boc 8 \BOC

The Intermediate 6 (73 mg) was purified by SFC with the following conditions: Column, CHIRAL ART
Amylose-C NEO, 3*25 cm, 5 um; mobile phase, MeOH. This provided Intermediate 7 (37 mg, second
20 peak). LCMS (ESI) m/z: [M+H]* = 667, and Intermediate 8 (34 mg, first peak). LCMS (ESI) n/z: [M+H]* =
667.

Step 6: Preparation of (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyllethyl]- 1-[(2R)-3-
methyl-2-[3-(piperazin-1-yl)-1, 2-oxazol-5-y[[butanoyljpyrrolidine-2-carboxamide (I-4).

93
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To a stirred solution of Intermediate 7 (37.00 mg, 0.055 mmol, 1.00 equiv) in DCM (1.50 mL) was added

HCIl in 1,4-dioxane (1.50 mL, 26.276 mmol, 473.57 equiv) at 0 degrees C. The resulting mixture was

stirred for 1 h at room temperature, then concentrated under reduced pressure. This provided 1-4 (45 mg,
5 crude) as a yellow oil. LCMS (ESI) m/z: [M+H]* = 567.

Step 7: Preparation of (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyljethyl]-1-[(2S)-3-
methyl-2-[3-(piperazin-1-yl)-1, 2-oxazol-5-yl[butanoyljpyrrolidine-2-carboxamide (I-5).

OH

W

N
“.—NH

To a stirred solution of Intermediate 8 (34.00 mg, 0.051 mmol, 1.00 equiv) in DCM (1.50 mL) was added

10 HC in 1,4-dioxane (1.50 mL, 26.276 mmol, 515.35 equiv) at 0 degrees C. The resulting mixture was
stirred for 1 h at room temperature, then concentrated under reduced pressure. This provided I-6 (45 mg,
crude) as a yellow oil. LCMS (ESI) m/z: [M+H]* = 567.

Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-{3-[4-(2-{3-[3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-6-
15 yllazetidin-1-yl}acetyl)piperazin-1-yl]-1,2-oxazol-5-y[}-3-methylbutanoyl]-N-[(1S)-1-[4-(4-methyI-1,3-
thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide

94
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Step 1: Preparation of tert-butyl 2-(3-(3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-6-yl)azetidin-1-yl)acetate
(Infermediate 2)

N
OH

5 To a stirred solution of 2-[6-(azetidin-3-yl)thieno[2,3-c]pyridazin-3-yl]Jphenol (30 mg, 0.106 mmol, 1.00
equiv) and K2COs (43.90 mg, 0.318 mmol, 3 equiv) in DMF (3 mL) was added tert-butyl 2-bromoacetate
(24.78 mqg, 0.127 mmol, 1.2 equiv) in portions at room temperature. The resulting mixture was stirred for 1
h at 80 degrees C, and the resulting mixture was diluted with water (3 mL) followed by extraction with
EtOAc (3 x 10 mL). The combined organic layers were washed with brine (2 x 5 mL), dried over

10 anhydrous NazS0Oyg4, and filtered. The filtrate was concentrated under reduced pressure to afford
intermediate 2 (46 mg, crude) as a yellow solid. (LCMS (ESI) m/z [M+H]* =398.

Step 2: Preparation of 2-(3-(3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-6-yl)azetidin-1-yl)acetic acid

(Infermediate 3)

N
N

xS N
| Y,
g Pas
o
OH
15 3
A solution of tert-butyl 2-{3-[3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-6-yl]azetidin-1-yl}acetate (40 mg,
0.101 mmol, 1.00 equiv) and TFA (0.4 mL) in DCM (2 mL) was stirred for 1 h at room temperature under
95
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a nitrogen atmosphere. The resulting mixture was concentrated under reduced pressure to afford
intermediate 3 (34.3 mg, crude) as a brown solid. (LCMS (ESI) m/z [M+H]* =342.

Step 3: Preparation of (28,4R)-4-hydroxy-1-[(2R)-2-{3-[4-(2-{3-[3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-
6-yljazetidin-1-yl}acetyl) piperazin-1-yl]-1, 2-oxazol-5-y[}-3-methylbutanoyi]-N-[(1S)- 1-[4-(4-methyl-1,3-
5 thiazol-5-yl)phenyljethyl]pyrrolidine-2-carboxamide (Compound 3)

To a stirred solution of {3-[3-(2-hydroxyphenyl)thienc[2,3-c]pyridazin-6-yl]azetidin-1-yl}acetic acid (34.3
mg, 0.100 mmol, 1.00 equiv) and (2S,4R)-4-methyl-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyllethyl]-1-
[(2R)-3-methyl-2-[3-(piperazin-1-yl)-1,2-oxazol-5-yl]butanoyl]pyrrolidine-2-carboxamide (1-4, 42.56 mg,

10 0.075 mmol, 0.75 equiv) in DMF (1.5 mL) were added EDCI (38.52 mg, 0.200 mmol, 2 equiv), HOBT
(27.15 mg, 0.200 mmol, 2 equiv) and DIEA (51.94 mg, 0.400 mmol, 4 equiv). The resulting mixture was
stirred for 3 h at room temperature. Without any additional work-up, the mixture was purified by reverse
phase flash with the following conditions (Column: Xselect CSH F-Phenyl OBD column, 19*250 mm, 5
um; Mobile Phase A: Water (0.05% FA), Mobile Phase B: MeOH--HPLC; Flow rate: 25 mL/min; Gradient:

15 40% B to 71% B in 8 min, 71% B; to afford the title compound (10.2 mg,11.41%) as a light yellow solid. 'H
NMR (300 MHz, DMSO-d6) 6 10.70 (s, 1H), 9.00 (s, 1H), 8.80 (d, J = 8.3 Hz, 1H), 8.40 (d, J = 7.7 Hz,
1H), 8.04 (d, J = 8.0, 1.6 Hz, 1H), 7.71 (d, J = 18.1 Hz, 1H), 7.48 — 7.35 (m, 5H), 7.10 — 6.97 (m, 2H),
6.25 (s, 1H), 4.92 (t, J = 7.2 Hz, 1H), 4.75 — 4.24 (m, 9H), 3.91 — 3.62 (m, 1H), 3.66 — 3.55 (m, 4H),3.36 —
3.27 (m, 3H), 3.26 — 3.18 (m, 3H), 2.46 (s, 3H), 2.32 — 2.23 (m, 1H), 2.11 = 1.99 (M, 1H), 1.87 — 1.70 (m,

20  1H), 1.39 (d, J = 6.9 Hz, 3H), 0.98 (d, 3H), 0.82 (d, 3H). LCMS (ESI) m/z: [M+H]* =890.55.

The compounds in Table 4 were prepared using procedures similar to those used above for the

preparation of compound 3 using the appropriate amine and carboxylic acid.

96
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Table 4.
LCMS
Compound
Name (ESI) TH NMR
No.
m/z
1H NMR (300 MHz, DMSO-d6) 5 12.93
(s, 1H), 9.06 (d, J = 11.0 5z, 1H), 8.75
(s, 1H), 8.47 (d, J = 7.8 Hz, 1H), 8.24
(28,4R)-4-hydroxy-1-((S)-2-
(d,J=7.8Hz,1H), 7.78 (d, J = 9.4 Hz,
((1s,4R)-4-(3-(2-hydroxyphenyl)-5-
1H), 7.56 — 7.33 (m, 5H), 7.15 — 7.03
methylthieno[2,3-c]pyridazin-6-
. (m, 2H), 5.22 (d, J = 3.5 Hz, 1H), 5.09
ylcyclohexane-1-carboxamido)-3,3-
50 79525 | —4.95 (m, 1H),4.69 (d, J=9.3 Hz, 1H),
dimethylbutanoyl)-N-((S)-1-(4-(4-
452 (&, J = 8.1 Hz, 1H), 4.38 (s, 1H),
methylthiazol-5-
o 3.73 (s, 2H), 3.35 (s, 1H), 2.81 (s, 1H),
yhphenylethyl)pyrrolidine-2-
. 252(d,J=7.2Hz, 6H),2.21 -2.03 (m,
carboxamide
4H), 1.97 — 1.79 (m, 5H), 1.73 — 1.64
(m, 1H), 1.50 — 1.39 (m, 4H), 1.31 (s,
4H), 1.04 (s, SH).
1H NMR (300 MHz, DMSO-d6) 5 12.91
(s, 1H), 9.07 (s, 1H), 8.76 (s, 1H), 8.48
d,J=78Hz 1H), 824 (dd, J = 8.4,
(2S,4R)-4-hydroxy-1-((S)-2-((1r,4S)- 1.6 Hz, 1H), 7.83 (d, J = 9.2 Hz, 1H),
4-(3-(2-hydroxyphenyl)-5- 7.55 — 7.39 (m, 5H), 7.13 — 7.04 (m,
methylthieno[2,3-c]pyridazin-6- 2H), 520 d, J = 3.5 Hz, 1H), 5.18 —
51 yl)cyclohexane-1-carboxamido)-3,3- 795 3 495 (m, 1H), 462 (d, J = 9.2 Hz, 1H),
dimethylbutanoyl)-N-((S)-1-(4-(4- ' 451 (t, J = 8.1 Hz, 1H), 4.37 (s, 1H),
methylthiazol-5- 3.69 (s, 2H), 3.32 (s, 1H), 2.53 (s, 1H),
yl)phenyl)ethyl)pyrrolidine-2- 251 (d, J =55Hz 6H), 212 d, J =
carboxamide 11.9 Hz, 3H), 2.01 (d, J = 11.3 Hz, 1H),
196 — 1.80 (m, 2H), 1.79 — 1.59 (m,
4H), 1.46 (d, J = 7.0 Hz, 3H), 1.04 (s,
9H).
1H NMR (300 MHz, DMSO-d6) 5 12.84
(s, 1H), 9.06 (d, J = 2.8 Hz, 1H), 8.92
N-((S)-1-((2S8,4R)-4-hydroxy-2-(((S)-
. (s, 2H), 8.78 (s, 1H), 850 (d, J = 7.6
1-(4-(4-methylthiazol-5-
bph bethylcarb b idi Hz, 1H), 8.29 — 8.09 (m, 2H), 7.48 (p, J
yl)phenylethyl)carbamoyl)pyrrolidin-
. =8.1 Hz, 5H), 7.10 (d, J = 7.8 Hz, 2H),
1-yI)-3,3-dimethyl-1-oxobutan-2-yl)-
65 8742 | 522 (s, 1H),5.03 (d, J =10.0 Hz, 3H),
2-(4-(3-(2-hydroxyphenyl)-5-
482 (d,J=9.2Hz, 1H), 4.61 -4.23 (m,
methylthieno[2,3-c]pyridazin-6-
o oo 2H), 3.76 (s, 3H), 3.25 (t, J = 12.8 Hz,
yhpiperidin-1-yl)pyrimidine-5-
. 3H),2.53 d,J=42Hz, 4H),2.16 (d, J
carboxamide
=131 Hz, 3H), 1.85 — 1.58 (m, 3H),
146 (d, J =6.9 Hz, 3H), 1.10 (s, 9H).
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dimethylbutanoyl)-N-(4-(4-
methylthiazol-5-

ylybenzyl)pyrrolidine-2-carboxamide

LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (400 MHz, DMSO-d8) 6 13.02
(s, 1H), 9.02 (s, 1H), 8.85 (s, 1H), 8.79
(d,J=9.4 Hz, 1H), 8.63 — 8.56 (m, 1H),
7.98 (dd, J= 8.1, 1.6 Hz, 1H), 7.66 (s,
(25, 4R)-4-hydroxy-1-((S)-2-(3-(4-(3-
1H), 7.41 — 7.30 (m, 3H), 7.29 — 7.16
(2-hydroxyphenylthieno[3,2-
o o (m, 2H), 7.06 — 6.97 (m, 2H), 5.16 (d, J
c]pyridazin-6-yl)piperidin-1-
. =3.5Hz, 1H), 4.58 (d, J = 9.5 Hz, 1H),
78 yhpropanamido)-3,3- 796.2
. 451 — 4.40 (m, 2H), 4.40 — 4.33 (m,
dimethylbutanoyl)-N-(4-(4-
1H), 4.23 - 4.13 (m, 1H), 3.73 — 3.58
methylthiazol-5-
(m, 2H), 317 — 2.97 (m, 3H), 2.70 —
yhbenzyl)pyrrolidine-2-carboxamide
2.59 (m, 1H), 2.46 —2.40 (m, 1H), 2.33
(s,3H),2.32-2.25(m, 2H),2.23-2.13
(m, 1H), 213 — 2.00 (m, 4H), 2.00 —
1.79 (m, 3H), 0.98 (s, 9H).
1H NMR (300 MHz, DMSO-d6) & 9.16
(s, 1H), 8.99 (s, 1H), 8.58 (s, 1H), 8.02
(28 ,4R)-4-hydroxy-1-((S)-2-(4-(4-(3-
. d,d=7.7Hz, 1H), 7.94 (d, J = 9.2 Hz,
(2-hydroxyphenylthieno[3,2-
1H), 7.73 (s, 1H), 7.47 — 7.32 (m, 6H),
c]pyridazin-6-yl)piperidin-1-yl)-4-
711 — 7.01 (m, 2H), 4.60 — 4.30 (m,
79 oxobutanamido)-3,3- 8241
. 6H), 4.30 — 4.21 (m, 1H), 4.08 — 4.04
dimethylbutanoyl)-N-(4-(4-
i (m, 1H), 3.71 — 3.56 (m, 4H), 2.65 —
methylthiazol-5-
. . 2.55 (m, 3H), 2.44 (s, 4H), 2.15 - 2.09
ylybenzyl)pyrrolidine-2-carboxamide
(m, 3H), 2.01 — 1.87 (m, 1H), 1.84 —
1.39 (M, 2H), 0.95 (s, 9H).
1H NMR (300 MHz, DMSO-d6) 6 13.01
(s, 1H), 9.21 (s, 1H), 9.05 (s, 1H), 8.64
(t, J =6.0 Hz, 1H), 8.09 (d, J = 7.8 Hz,
(28,4R)-4-hydroxy-1-((S)-2-(5-(4-(3- 1H), 7.99 d, J = 9.2 Hz, 1H), 7.79 (s,
(2-hydroxyphenyl)thieno[3,2- 1H), 7.54 — 7.38 (m, 5H), 7.14 — 7.04
c]pyridazin-6-yl)piperidin-1-yl)-5- (m, 2H), 5.21 (d, J = 3.5 Hz, 1H), 4.63
80 oxopentanamido)-3,3- 838.25 | (d,J=9.3 Hz, 2H), 4.56 — 4.40 (m, 3H),

4.29 (dd, J = 15.8, 5.4 Hz, 1H), 4.05 (d,
J=13.6 Hz, 1H), 3.74 (brs, 2H), 3.33 —
321 (m<1H) 2.79 (m, 1H), 2.51 (s,
3H), 2.47 — 2.26 (m, 5H), 2.25 — 2.04
(m, 3H), 2.05 — 1.90 (m, 1H), 1.86 —
1.65 (m, 4H), 1.02 (brs, OH).
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yl)cyclohexane-1-carboxamido)-3,3-
dimethylbutanoyl)-N-(4-(4-
methylthiazol-5-
ylybenzyl)pyrrolidine-2-carboxamide

LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (300 MHz, DMSO-d8) 6 13.01
(brs, 1H), 9.21 (s, 1H), 9.05 (d, J=2.9
Hz, 1H), 8.64 (t, J = 6.0 Hz, 1H), 8.13 —
8.04 (m, 1H), 7.96 (d, J = 9.3 Hz, 1H),
(28 ,4R)-4-hydroxy-1-((S)-2-(6-(4-(3- 7.79 (s, 1H), 7.54 — 7.38 (m, 5H), 7.15
(2-hydroxyphenyhthieno[3,2- —7.03(m, 2H),5.21 d,J =3.6 Hz, 1H),
clpyridazin-6-yl)piperidin-1-yl)-6- 463 (d,J=9.3Hz,2H), 4.58 —-4.45 (m,
84 oxohexanamido)-3,3- 852.1 2H), 4.42 (brs, 1H), 4.28 (dd, J = 15.8,
dimethylbutanoyl)-N-(4-(4- 5.5 Hz, 1H), 4.09 (d, J = 13.6 Hz, 1H),
methylthiazol-5- 3.73 (brs, 2H), 3.47 — 3.43 (m, 1H),
yhbenzyl)pyrrolidine-2-carboxamide 332 -318 (m, 1H), 2.75 d, J = 12.5
Hz, 1H), 2.51 (d, J = 2.3 Hz, 3H), 2.43
(s,3H),2.19-2.05(m, 4H),2.05-1.91
(m,1H), 1.78 (d, J =12.0 Hz, 1H), 1.69
—1.51 (m, 5H), 1.01 (s, 9H).
1H NMR (300 MHz, DMSO-d8) 6 9.07
(s, 1H), 8.78 (s, 1H), 8.66 (s, 1H), 8.37
(2S,4R)-4-hydroxy-1-((S)-2-((1r,4S)-
(s, 2H), 8.24 (d, J = 8.0 Hz, 1H), 7.88
4-(2-(4-(3-(2-hydroxyphenyl)-5-
d,J=9.3Hz, 1H),7.52 - 7.40 (m, 5H),
methylthieno[2,3-c]pyridazin-6-
. o 710 d, J =7.7 Hz, 2H), 490 d, J =
yDpiperidin-1-yl)pyrimidin-5-
85 942.4 12.9 Hz, 2H), 4.64 —4.25 (m, 5H), 3.76

—3.66 (m, 3H), 3.12 (t, J = 12.4 Hz,
2H), 2.52 (s, 3H), 2.50 (s, 3H), 2.50 —
2.46 (m, 2H), 2.11 (d, J = 12.0 Hz, 3H),
1.96 — 1.93 (m, 5H), 1.75 — 1.39 (m,
6H), 1.03 (s, 9H).
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Compound
No.

Name

LCMS
(ESI)

m/z

H NMR

36

(2S,4R)-4-hydroxy-1-((S)-2-
((1s,4R)-4-(2-(4-(3-(2-
hydroxyphenyl)-5-methylthieno[2,3-
c]pyridazin-6-yl)piperidin-1-
yhpyrimidin-5-yl)cyclohexane-1-
carboxamido)-3,3-
dimethylbutanoyl)-N-(4-(4-
methylthiazol-5-

yhbenzyl)pyrrolidine-2-carboxamide

942.4

1H NMR (400 MHz, DMSO-d6) 6 12.79
(s, 1H), 8.98 (s, 1H), 8.70 (s, 1H), 8.56
(t, J = 6.1 Hz, 1H), 8.26 (s, 2H), 8.20 —
8.13 (m, 1H), 7.69 (d, J = 9.3 Hz, 1H),
7.46 — 7.33 (m, 5H), 7.06 — 6.98 (m,
2H), 5.13 (d, J=3.5Hz, 1H), 4.83 (d, J
=13.0 Hz, 2H), 4.58 (d, J = 9.4 Hz, 1H),
4.48 — 4.38 (m, 2H), 4.36 (s, 1H), 4.23
(dd, J = 15.9, 5.4 Hz, 1H), 3.67 (s, 2H),
3.65 — 3.54 (m, 1H), 3.11 — 2.99 (m,
2H), 266 (d, J = 4.9 Hz, 1H), 2.49 —
2.47 (m, 1H), 2.45 (s, 3H), 2.42 (s, 3H),

2.04 (d, J = 12.3 Hz, 3H), 2.00 — 1.71
(m, 5H), 1.65 — 1.44 (m, 6H), 0.95 (s,
OH).

Preparation of 1-{5-[(2R)-1-[(2S,4R)-4-hydroxy-2-{[(1S)-1-[4-(4-methyl-1,3-thiazol-5-
yl)phenyllethyl]carbamoyl}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl[-1,2-oxazol-3-yl}piperidine-4-
5 carboxylic acid (I-6).

°
SN
HO‘“<L,;¢IH)\H :v[[ .

<] N 0 N o
o Ay HN\—/—/{o—é />Lo/ />L0/u )\i)
. ;L - \/FL g JNL //“\>\:° ) ©  , _ LIOHH,0, MeOH, Hz0, 1,5 h m Q <N
oyt -N. o T ez N, OH
FE e o ) DIEA, DMF, 1\3@(;, 1h N >— M HATU, DIEQ,\D\MF, m1h
e FE ane t N‘o/_>— o= R
L] § 3 !
OH oH
oL N § o [ §
. N
///’NH OAIJ\ ) NHo//J l\
D A TFA.DCM, 1, 1h [/\(
N [/ QNQ T wes /\/ "\'5
OH ~ N B N N
0\7\,.‘1\ ,: N \:\4 Ildx/s (7
., N o
“ ~NH | | >/" \ OH
(( o ¢ 7
N SFG 5 i
j,/ < :
\/\ . N
s & OH OH
" — o . ..
o el
¢ o L b L
o ~ o° ~
£ {
L [ D oy TFA, DCM, 1t, 1 h /l/( N
o ) 4 SR Q _2
N S N=
ZEN N_\\ = s
=~

~ - N
Ma/“5 <\/< N: <
0. OH
¥ g o o

100

CA 03216773 2023-10-25



WO 2022/240825 PCT/US2022/028511
Step 1: Preparation of tert-butyl 1-[5-(1-methoxy-3-methyl-1-oxobutan-2-yl)-1,2-oxazol-3-yljpiperidine-4-
carboxylate (Intermediate 2).

To a stirred solution of methyl 3-methyl-2-[3-[(1,1,2,2,3,3,4.4,4-nonafluorobutanesulfonyl)oxy]-1,2-oxazol-

5 5-yl]lbutanoate (300.00 mg, 0.623 mmol, 1.00 equiv) and tert-butyl piperidine-4-carboxylate hydrochloride
(414.63 mg, 1.869 mmol, 3.00 equiv) in DMF (3.00 mL) was added DIEA (402.80 mg, 3.115 mmol, 5.00
equiv) at room temperature. The resulting mixture was stirred for 1 h at 130 degrees C. The mixture was
allowed to cool down to room temperature, and the resulting mixture purified by reverse flash
chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1%

10 FA), 0% to 100% gradient in 30 min. This resulted in Intermediate 2 (V8 mg, 34.15%) as a yellow solid.

LCMS (ESI) m/z: [M+H]* = 367.

Step 2: Preparation of 2-[3-[4-(tert-butoxycarbonyl)piperidin-1-yl]-1,2-oxazol-5-yl]-3-methylbutanoic acid
(Infermediate 3).

15 3

To a stirred solution of Intermediate 2 (78.00 mg, 0.199 mmol, 1.00 equiv) in MeOH (1.00 mL) and H20
(1.00 mL) was added LiIOH-H=20 (25.08 mg, 0.597 mmol, 3.00 equiv) at room temperature. The resulting
mixture was stirred for 5 h at room temperature. The mixture was then acidified to pH 6 with 1 M HCI
(aq.). The mixture was purified directly by reverse flash chromatography with the following conditions:

20 column, C18 silica gel; mobile phase, MeCN in water (0.1% FA), 0 to 100% gradient in 30 min to give
Intermediate 3 (63 mg, 89.74%) as a yellow oil. LCMS (ESI) m/z: [M+H]* = 353.
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Step 3: Preparation of tert-butyl 1-(5-[1-[(2S,4R)-4-hydroxy-2-[[(1S)-1-[4-(4-methyl-1,3-thiazol-5-
ylphenyljethylJcarbamoyljpyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl]-1, 2-oxazol-3-yl)piperidine-4-
carboxylate (Intermediate 4).

—

N=/

OH
(@] ( ;
. § N
“._~NH
(0]
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\
\—
N
S
(o]
. O X

5 To a stirred solution of Intermediate 3 (63.00 mg, 0.179 mmol, 1.00 equiv) in DMF (2.00 mL) was added
HATU (203.91 mg, 0.537 mmol, 3.00 equiv) and DIEA (115.52 mg, 0.895 mmol, 5.00 equiv) at room
temperature. To the above mixture was added (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-
yhphenyllethyl]pyrrolidine-2-carboxamide hydrochloride (118.37 mg, 0.322 mmol, 1.80 equiv), and the
resulting mixture stirred for an additional 1 h. The mixture was purified directly by reverse flash

10 chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1%
FA), 0 to 100% gradient in 30 min; to provide Intermediate 4 (93 mg, 78.13%) as a white solid. LCMS
(ESI) m/z: [M+H]* = 666.

Step 4: Preparation of tert-butyl 1-{5-[(2R)-1-[(2S,4R}-4-hydroxy-2-{[(1S)-1-[4-(4-methyl-1,3-thiazol-5-

15 yl)phenyljethyllcarbamoyl}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl]-1, 2-oxazol-3-yl}piperidine-4-
carboxylate (Intermediate 5) and tert-butyl 1-{5-[(2S)-1-[(2S,4R)-4-hydroxy-2-{{(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl) phenyljethylJcarbamoy}pyrrolidin-1-yi]-3-methyl-1-oxobutan-2-yl]-1, 2-oxazol-3-yl}piperidine-4-
carboxylate (Intermediate 5°)
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Intermediate 4 (93 mg) was purified by SFC with the following conditions: Column, NB_CHIRALPAK AD-
H, 3*25 cm, 5 um; mobile phase, MeOH; Detector, UV 254/220 nm. This resulted in Intermediate &
(peak1, 41 mg, 44.09%) as a white solid, LCMS (ESI) m/z: [M+H]* = 666; and 5’ (peak 2, 35 mg, 37.63%)
as a white solid, LCMS (ESI) m/z: [M+H]* = 666.

5  Step 5: Preparation of 1-{5-[(2R)-1-[(2S,4R)-4-hydroxy-2-{[(1S)-1-[4-(4-methyl-1, 3-thiazol-5-
ylphenyljethyljcarbamoy}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-ylJ-1, 2-oxazol-3-y[}piperidine-4-
carboxylic acid (I-6) and 1-{5-[(2S)-1-[(2S,4R)-4-hydroxy-2-{[(1S)-1-[4-(4-methyl-1,3-thiazol-5-
ylphenyljethyllcarbamoyl}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl]-1, 2-oxazol-3-yl}piperidine-4-
carboxylic acid (I-7).

10

To a stirred solution of Intermediate 5 (41.00 mg, 0.048 mmol, 1.00 equiv) in DCM (2.00 mL) was added
TFA (1.00 mL) at room temperature. The resulting mixture was stirred for 1 h at room temperature. The
resulting mixture was concentrated under reduced pressure. This resulted in 1-6 (35 mg, crude) as a
brown oil. LCMS (ESI) m/z: [M+H]* = 610.

15 Intermediate 1-7 (29 mg, crude) was obtained as a brown oil using the same method. LCMS (ESI) m/z:
[M+H]* = 610.

Preparation of (2S,4R)-4-hydroxy-1-((S)-2-(3-(4-(3-(3-(2-hydroxyphenyl)thieno[2,3-c Jpyridazin-6-
ylazetidine-1-carbonyl)piperidin-1-yl)isoxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-
5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide

0
Q /
o NO—CT T L
i>_q/\'/© S N~
N v |
HN s, -N  OH N

\ N
[ N

HOsC/N 0 S EDCI, HOBt, DIEA, DMF o \
.. “ I\ a1

To a stirred solution of 1-(5-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-
yhphenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-yl)isoxazol-3-yl) piperidine-4-carboxylic
acid (I-7, 10.0 mg, 0.016 mmol, 1.00 equiv) and 2-[6-(azetidin-3-yDthieno[2,3-c]pyridazin-3-yl]phenol (4.7
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mg, 0.016 mmol, 1.00 equiv) in DMF (1 mL) were added EDCI (6.3 mg, 0.032 mmol, 2.00 equiv), HOBT
(4.4 mg, 0.032 mmol, 2.00 equiv) and DIEA (20.6 mg, 0.160 mmol, 10.00 equiv).The resulting mixture
was stirred for 2 h. The crude mixture was purified directly by Prep-HPLC with the following conditions
(Column: XBridge Prep OBD C18 Column, 30*150 mm, 5um; Mobile Phase A: Water with 10 mM
NH4HCOs3), Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 32% B to 60% B in 8 min, 60% B; to
afford the title compound (1.3 mg, 8.89%) as an off-white solid. "TH NMR (300 MHz, Methanol-d4) & 8.88
(s, 1H), 8.68 (s, 1H), 7.98 (dd, J = 8.4, 1.7 Hz, 1H), 7.55 - 7.30 (m, 6H), 7.10 — 6.95 (m, 2H), 6.16 (s, 1H),
5.01(q,J=6.9Hz, 1H), 4.83 — 4.78 (m, 1H), 4.64 — 4.33 (m, 5H), 4.28 — 4.15 (m, 1H), 3.82 — 3.59 (m,
5H), 3.01 —2.81 (m, 2H), 2.57 (s, 1H), 2.48 (s, 3H), 2.46 —2.34 (m, 1H),2.28 - 217 (m, 1H), 2.07 - 1.93
(m, 1H), 1.88 —1.69 (m, 4H), 1.56 (dd, J =28.2, 7.0 Hz, 3H), 1.07 (d, J = 6.6 Hz, 3H), 1.00 — 0.83 (m,
3H). LCMS (ESI) m/z: [M+H]* =875.55

Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(4-(3-(3-(2-hydroxyphenyl)thienof2,3-c Jpyridazin-6-

ylazetidine-1-carbonyl)piperidin-1-yl)isoxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-
5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide

Q,
OH o
NO—C I &
2
N . 2 STON
x. .N OH
M N SN N

. o
H D
HO N g EDCI, HOBt, DIEA, DMF /k’*/[;(”

s 3
. H N ;
7N N HO N"So s

To a stirred solution of 1-(5-((R)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-yl)isoxazol-3-yl) piperidine-4-carboxylic
acid (I-6, 15.0 mg, 0.025 mmol, 1.00 equiv) and 2-[6-(azetidin-3-yl)thieno[2,3-c]pyridazin-3-ylJphenol (10.5
mg, 0.037 mmol, 1.50 equiv) in DMF (1 mL) were added EDCI (9.4 mg, 0.050 mmol, 2.00 equiv), HOBT
(6.7 mg, 0.050 mmeol, 2.00 equiv) and DIEA (31.8 mg, 0.250 mmol, 10.00 equiv). The resulting mixture
was stirred for 2 h. The crude product was purified by Prep-HPLC with the following conditions (Column:
XBridge Prep OBD C18 Column, 30*150 mm, 5um; Mobile Phase A: Water (10 mmol/L NH4HCO3),
Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 32% B to 60% B in 8 min to afford the title
compound (2.1 mg, 9.65%) as a white solid. "H NMR (300 MHz, Methanol-d4) & 8.89 (s, 1H), 8.68 (s,
1H), 8.04 — 7.94 (m, 1H), 7.56 — 7.31 (m, 6H), 7.16 — 6.95 (m, 2H), 6.13 (s, 1H), 5.05 (g, J = 6.8 Hz, 1H),
4.83-4.74 (m, 1H), 4.60 — 4.32 (m, 5H), 4.28 — 4.16 (m, 1H), 3.91 — 3.70 (m, 3H), 3.67 — 3.46 (m, 2H),
3.01 —2.85 (m, 2H), 2.69 — 2.52 (m, 1H), 2.49 (s, 3H), 2.46 —2.28 (m, 1H), 2.25 — 2.13 (m, 1H), 2.06 —
1.91 (m, 1H), 1.88 —1.72 (m, 4H), 1.63 — 1.48 (m, 3H), 1.07 (d, d = 6.5 Hz, 3H), 0.97 — 0.85 (m, 3H).
LCMS (ESD) m/z: [M+H]* =875.50.
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Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-{3-[4-(2-{3-[3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-6-
yllazetidin-1-yl}-2-oxoethyl)piperazin-1-yl]-1,2-oxazol-5-yl}-3-methyilbutanoyl]-N-[(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide

er O oyt Qj o M {j
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5 Step 1: Preparation of terf-butyl 2-(4-{5-[(2R)-1-[(2S,4R)-4-hydroxy-2-{[(1S)-1-[4-(4-methyl-1, 3-thiazol-5-
ylphenyljethyljcarbamoy}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-yl]-1, 2-oxazol-3-yl}piperazin-1-yl)acetate
(Infermediate 2)

A mixture of (2S,4R)-4-hydroxy-N-[(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyllethyl]-1-[(2R)-3-methyl-2-[3-

10 (piperazin-1-yl)-1,2-oxazol-5-yl]butanoyl]pyrrolidine-2-carboxamide (80 mg, 0.141 mmol, 1.00 equiv), tert-
buty 2-bromoacetate (1.0 equiv.), and KzCOs (39.02 mg, 0.282 mmol, 2 equiv) in DMF (2 mL ) was
stirred for 3 h at room temperature. The mixture was purified by directly by reverse flash chromatography
with the following conditions: column, C18 silica gel; mobile phase, ACN in water, 0% to 100% gradient in
20 min; to afford intermediate 2 (42 mg, 43.70%) as an off-white solid. LCMS (ESI) m/z [M+H]* =670.

15
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Step 2: Preparation of (4-{5-[(2R)-1-[(2S,4R)-4-hydroxy-2-{{(1S)-1-[4-(4-methyl-1,3-thiazol-5-
ylphenyljethylJcarbamoyl}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-ylJ-1, 2-oxazol-3-yl[}piperazin-1-yl)acetic
acid (1-8)

5 A mixture of intermediate 2 (37 mg, 0.054 mmol, 1.00 equiv) and TFA (0.5 mL) in DCM (1.5 mL) was
stirred for 2 h at room temperature. Without any additional work-up, the resulting mixture was

concentrated under reduced pressure to afford 1-8 (33 mg, crude) as a brown oil. LCMS (ESI) m/z [M+H]*
=625.

Step 3: Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-{3-[4-(2-{3-[3-(2-hydroxyphenyl)thieno[2, 3-c]pyridazin-
10 6-yljazetidin-1-yl}-2-oxoethyl)piperazin-1-yl]-1,2-oxazol-5-yl}-3-methylbutanoyl]-N-[(1S)-1-[4-(4-methyl-
1,3-thiazol-5-yl)phenyllethyl]pyrrolidine-2-carboxamide (Compound 6)

HO

o0=x NN =
N ‘>/,_N % |
" o S \N,N OH
s
[ >
N

A mixture of I-8 (27 mg, 0.043 mmol, 1.00 equiv), EDCI (16.57 mg, 0.086 mmol, 2 equiv), HOBT (11.68
mg, 0.086 mmol, 2 equiv) and DIEA (55.85 mg, 0.430 mmol, 10 equiv) in DMF (1 mL) was stirred for 5

15 min at room temperature. 2-[6-(azetidin-3-yl)thieno[2,3-c]pyridazin-3-ylJphenol (14.69 mg, 0.052 mmol,
1.2 equiv) was then added and the resulting mixture stirred for 2 h at room temperature. Without any
additional work-up, the crude product was purified by Prep-HPLC with the following conditions (Column:
XBridge Shield RP18 OBD Column, 30*150 mm, 5um; Mobile Phase A: Water (10 mmol/L NHsHCOs3),
Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 40% B to 48% B in 8 min; to afford the title

20 compound (8.1 mg, 20.78%) as an off-white solid. "H NMR (300 MHz, DMSO-d6) & 12.21 (s, 1H), 8.99 (s,
1H), 8.75 (s, 1H), 8.40 (d, J = 7.7 Hz, 1H), 8.02 (dd, J=7.9, 1.7 Hz, 1H), 7.58 (s, 1H), 7.44 (d, J = 8.3 Hz,
2H), 7.41 — 7.33 (m, 3H), 7.04 — 6.97 (m, 2H), 6.16 (s, 1H), 5.11 (s, 1H), 4.99 — 4 .88 (m, 1H), 4.85— 4.62
(m, 1H), 4.53 —4.32 (m, 4H), 4.29 (s, 1H), 4.14 — 4.01 (m, 1H), 3.72 (dd, J = 10.5, 4.4 Hz, 1H), 3.58 (d, J
= 9.9 Hz, 1H), 3.49 — 3.39(m, 1H), 3.26 — 3.16 (m, 4H), 3.16 — 3.04 (m, 2H), 2.61 — 2.54(m, 4H), 2.46 (d, J
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= 1.6 Hz, 3H), 2.27 —2.11 (m, 1H), 2.10 — 1.92 (m, 1H), 1.79 —1.72 (m, 1H), 1.42 (dd, J = 22.2, 7.0 Hz,
3H), 0.96 (d, J = 6.3 Hz, 3H), 0.81 (d, J = 6.4 Hz, 3H). LCMS (ESI) m/z [M+H]* =890.10.

PCT/US2022/028511

The compounds in Table 5 were prepared using procedures similar to those used above for the

preparation of compound 6 using the appropriate amine and carboxylic acid.

5
Table 5.
LCMS
No. Name (ESI) 'H NMR
m/z
1H NMR (400 MHz, DMSO-d6) 6 12.75 (s,
1H), 9.01 — 8.96 (m, 1H), 8.71 (s, 1H), 8.41
d,d =77 Hz, 1H), 8.20 — 8.13 (m, 1H),
(2S,4R)-4-hydroxy-1-((R)-2-(3-(3- 7.48 — 7.35 (m, 5H), 7.06 — 6.98 (m, 2H),
(4-(3-(2-hydroxyphenyl)-5- 6.34 (s, 1H), 5.10 (d, J = 3.7 Hz, 1H), 4.92
methylthieno[2,3-c]pyridazin-6- (p,d =71 Hz, 1H), 4.52 (d, J = 13.0 Hz,
yl)piperidine-1- 1H), 4.40 — 4.27 (m, 3H), 3.78 (d, J = 9.7
64 carbonyl)bicyclo[1.1.1]pentan-1- 900.2 | Hz, 1H), 3.75 — 3.67 (m, 1H), 3.65 — 3.58
yDisoxazol-5-yl)-3-methylbutanoyl)- (m, 1H), 3.53 — 3.42 (m, 1H), 3.29 — 3.23
N-((S)-1-(4-(4-methylthiazol-5- (m, 1H), 2.78 (t, J = 12.3 Hz, 1H), 2.48 (s,
yhphenyl)ethyl)pyrrolidine-2- 3H), 247 — 239 (m, 9H), 229 — 217 (m,
carboxamide 1H), 2.05 — 2.00 (m, 3H), 1.84 — 1.73 (m,
1H), 1.65—-1.49 (m, 2H), 1.42 (dd, J =33.5,
7.0 Hz, 3H), 1.01 — 0.94 (m, 3H), 0.79 (dd,
J=12.1, 6.7 Hz, 3H).
1H NMR (400 MHz, DMSO-d6)  12.92 (s,
1H), 9.16 (s, 1H), 8.98 (s, 1H), 8.61 (t, J =
5.9 Hz, 1H), 8.03 (m, J = 8.0, 1.7 Hz, 1H),
(28,4R)-1-((S)-2-(1-
7.71(s,1H),7.45-7.33 (m,2H), 7.29 (d, J
fluorocyclopropane-1-
. =9.2Hz, 1H), 7.07 —6.94 (m, 4H), 5.19 (d,
carboxamido)-3,3-
J =3.5Hz, 1H), 5.05 (m, J = 15.2, 5.9 Hz,
dimethylbutanoyl)-4-hydroxy-N-(2-
(2-(4-(3-(2 2H),4.59(d, J=9.2 Hz, 1H),4.51 (t,J=83
75 884.2 | Hz,2H),4.33(m,J=16.3,5.8 Hz, 3H), 4.05
hydroxyphenyl)thieno[3,2-
o o (d, J =13.4 Hz, 1H), 3.71 — 3.54 (m, 2H),
c]pyridazin-6-yl)piperidin-1-yl)-2-
349 d,J =104 Hz, 1H), 3.29 — 317 (m,
oxoethoxy)-4-(4-methylthiazol-5-
o 1H), 2.82 (t, J = 12.6 Hz, 1H), 2.45 (s, 3H),
yDbenzyl)pyrrolidine-2-
. 212 (s, 3H),1.92 (m,J =13.1, 8.9, 4.5 Hz,
carboxamide
1H), 1.80 (d, J =12.3 Hz, 1H), 1.61 (d, J =
12.4 Hz, 1H), 1.42 - 1.32 (m, 2H), 1.26 —
1.17 (m, 3H), 0.95 (s, 9H).

CA 03216773 2023-10-25

107




WO 2022/240825

PCT/US2022/028511

LCMS
No. Name (ESI) 'H NMR
m/z
(2S,4R)-1-((8)-2-(1- 1H NMR (300 MHz, DMSO-d6) & 12.77 (s,
fluorocyclopropane-1- 1H), 9.00 (s, 1H), 8.71 (s, 1H), 8.61 (s, 1H),
carboxamido)-3,3- 8.17 (d, J = 7.7 Hz, 1H), 7.48 — 7.26 (m,
dimethylbutanoyl)-4-hydroxy-N-(2- 3H), 7.02 (dd, J = 14.0, 7.8 Hz, 4H), 522 —
(2-(4-(3-(2-hydroxyphenyl)-5- 4.92 (m, 3H),4 55 (d,J=196 Hz, 3H), 4 35
82 methylthieno[2,3-c]pyridazin-6- 898.2 (s, 3H), 4.05 (s, 1H), 3.63 (d, J = 8.9 Hz,
yl)piperidin-1-yl)-2-oxoethoxy)-4- 3H), 2.82 (s, 1H), 2.48 (s, 6H),2.02 (d, J =
(4-methylthiazol-5- 13.2 Hz, 3H), 1.80 — 1.61 (m, 1H), 1.60 —
yhbenzyl)pyrrolidine-2- 1.38 (M, 1H),1.36 (d, J=17.7 Hz, 2H), 1.23
carboxamide (s, 3H), 0.96 (s, 9H).

1H NMR (400 MHz, Methanol-d4) & 8.87 (s,
1H), 8.54 (d, = 6.9 Hz, 1H), 8.06 (dd, J =
8.3, 1.7 Hz, 1H), 7.50 — 7.29 (m, 5H), 7.09
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2- —-6.95(m, 2H),6.23-6.03 (m, 1H), 5.12 (d,
(4-(3-(2-hydroxyphenyl)-5- J =14.7 Hz, 1H), 5.07 — 4.96 (m, 2H), 4.77
methylthieno[2,3-c]pyridazin-6- —4.85(m, 1H), 4.60 —4.49 (m, 1H), 4.44 (s,
yDpiperidin-1-yl)-2- 1H), 4.01 (d, J=13.7 Hz, 1H), 3.85 (dd, J =
93 oxoethoxy)isoxazol-5-yl)-3- 864.1 |[10.8,4.1 Hz, 1H), 3.71 d, J = 9.8 Hz, 1H),
methylbutanoyl)-N-((S)-1-(4-(4- 363 (d,J=10.9 Hz, 2H), 3.38 (s, 1H), 2.90
methylthiazol-5- (t, J = 12.8 Hz, 1H), 2.49 (d, J = 12.7 Hz,
ylphenyl)ethyl)pyrrolidine-2- 3H), 2.46 — 2.33 (m, 3H), 218 (t, J=11.5
carboxamide Hz, 1H), 2.09 (s, 2H), 2.01 — 1.87 (m, 2H),
1.75 (s, 1H), 1.62 — 1.49 (m, 3H), 1.36 (dd,
J=7.0,56Hz,1H), 1.07 (d, J = 6.6 Hz, 3H),

0.91 d, J =6.7 Hz, 3H).
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No.

Name

LCMS
(ESI)

m/z

'H NMR

98

(2S,4R)-4-hydroxy-1-((R)-2-(3-(4-
(4-(3-(2-hydroxyphenyl)-5-
methylthieno[2,3-c]pyridazin-6-
yhpiperidine-1-carbonyl)piperidin-
1-yDisoxazol-5-yl)-3-
methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-
carboxamide

917

1H NMR (400 MHz, DMSO-d6) & 12.75 (s,
1H), 8.99 (d, J = 2.1 Hz, 1H), 8.71 (s, 1H),
8.41 (d,J=7.7 Hz, 1H), 8.15 (t, J = 8.2 Hz,
1H), 7.50 — 7.37 (m, 2H), 7.37 (d, J = 8.2
Hz, 3H), 7.06 — 6.98 (m, 2H), 6.15 (s, 1H),
511 (d, J=3.8 Hz, 1H), 4.92 (t, J = 7.3 Hz,
1H), 4.60 (d, J = 13.4 Hz, 1H), 4.38 , J =
7.9 Hz, 1H), 4.29 (brs, 1H), 4.18 (d, J = 13.2
Hz, 1H), 3.76 — 3.64 (m, 3H), 3.58 (d, J =
9.7 Hz, 2H), 3.48 — 3.41 (m, 1H), 3.26 —
3.20 (m, 1H), 2.88 (d, J=10.6 Hz, 3H), 2.74
(d, J = 12.9 Hz, 1H), 2.48 (s, 3H), 2.46 (s,
3H), 2.27 = 2.19 (m, 2H), 2.10 — 1.96 (m,
3H), 1.84 — 1.74 (m, 1H),1.73 — 1.56 (m,
5H), 1.38 (d, J = 7.0 Hz, 3H), 0.97 (1, J=6.7
Hz, 3H), 0.82 (dd, J = 15.7, 6.7 Hz, 3H).

99

(2S,4R)-4-hydroxy-1-((R)-2-(3-(4-
(3-(3-(2-hydroxyphenyhthieno[3,2-
c]pyridazin-6-yhazetidine-1-
carbonyl)piperidin-1-yl)isoxazol-5-
yI)-3-methylbutanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-
ylphenyl)ethyl)pyrrolidine-2-
carboxamide

875

1H NMR (300 MHz, DMSO-d6) 5 12.87
(brs, 1H), 9.25 (s, 1H), 9.06 (s, 1H), 8.48 (d,
J =7.7 Hz, 1H), 8.14 — 8.08 (m, 1H), 8.04
(s, 1H), 7.58 — 7.40 (m, 5H), 7.10 (t, J = 8.4
Hz, 2H), 6.23 (s, 1H). 5.18 (d, J = 3.7 Hz,
1H), 4.99 (t, J = 7.1 Hz, 1H), 4.86 — 4.76 (m,
1H), 4.56 — 4.30 (m, 5H), 4.18 — 4.06 (m,
1H), 3.77 (t, J = 11.2 Hz, 4H), 3.65 (d, J =
9.9 Hz, 1H), 2.90 (t, J = 12.1 Hz, 2H), 2.53
(s, 3H), 2.38 — 2.03 (m, 3H), 1.94 — 1.72 (m,
3H), 1.72 — 1.52(m, 2H), 1.49 (dd, J = 22.6,
7.0 Hz, 3H), 1.03 (d, J = 6.4 Hz, 3H), 0.88
(d, J = 6.7 Hz, 3H).
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LCMS
No. Name (ESI) H NMR

m/z

1H NMR (300 MHz, DMSO-d6) & 9.19 (s,
1H), 8.99 (s, 1H), 8.44 (d, J = 7.6 Hz, 1H),
8.03 (dd, J = 8.0, 1.7 Hz, 1H), 7.97 (s, 1H),
7.47 — 7.36 (m, 5H), 7.11 — 6.97 (m, 2H),
) 6.20 (s, 1H), 490 (q, J = 7.0 Hz, 1H), 4.83
oxoethoxy)isoxazol-5-yl)-3-
106 8222 | —4.65(m,3H),4.51 —4.37 (m, 4H), 4.29 (s,
methylbutanoyl)-N-((S)-1-(4-(4-
) 1H), 4.14 (s, 1H), 3.77 — 3.64 (m, 2H), 3.45
methylthiazol-5-
(s, 2H), 2.46 (s, 3H), 2.24 (s, 1H), 2.07 —
2.01 (m, 1H), 1.86 — 1.72 (m, 1H), 1.41 (dd,
J=21.3,7.0Hz 3H), 097 d, J = 6.4 Hz,
3H), 0.85—-0.76 (m, 3H).

(2S,4R)-4-hydroxy-1-((R)-2-(3-(2-
(3-(3-(2-hydroxyphenylthieno[3,2-
c]pyridazin-6-yl)azetidin-1-yl)-2-

yhphenyl)ethyl)pyrrolidine-2-
carboxamide

Preparation of (2S,4R)-1-[(2R)-2-[3-(4-formyipiperidin-1-yl)-1,2-oxazol-5-yl]-3-methylbutanoyl]-4-
hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide (I-9).

RF
F});(\F
F F e O
FFA_ 0~
Cbz HO~~~on N-CPZ NH F Fsy N-O O
N p-TsOH H,0 o PA/C, Hy ° ¢ o EO oo LIOHH,0
7 =
N tluene, 110 °C, 1h MeOH.t 3h DMF, 130 °C, 1h o}—CN‘(\ MeOH, H,0, 1t, 2h
et 0] inp R 1) wep @ N-O o] i S
4

k] 2

o

NI
s Z/( D
E° \X(OH NS o, SFC I o, HoS04 (1 M), THF f
o N—¢ HATU, DIEA, DMF. 1, 1 h N=< sten © 509C.3h ) *(
N-O O N = o =

N=(
R N N QY
N Q Ne Q s N
" Q
Q Q —o

o\) o\)

3 4 T 3

% NH N OH
A ° o OH

NS et DR o, d

. “ Nn N “ __NH J LN

. ~ —~NH
— N o [/( 4 R o)ﬁ.,
R
N 7 N,
s [o}
N
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5 Step 1: Preparation of benzyl 4-(1,3-dioxolan-2-yl)piperidine-1-carboxylate (Inferrediate 2).

-Cb
N z

O

Cd

2

To a stirred solution of benzyl 4-formylpiperidine-1-carboxylate (2.00 g, 8.088 mmol, 1.00 equiv) and

ethylene glycol (2.00 mL) in toluene (40.00 mL) was added p-TsOH'H20 (153.71 mg, 0.809 mmol, 0.10

equiv) at room temperature. The resulting mixture was stirred for 1 h at 110 degrees C. The mixture was
10 allowed to cool down to room temperature and was concentrated under reduced pressure. The residue

was purified by reverse flash chromatography with the following conditions: column, C18 silica gel; mobile

110

CA 03216773 2023-10-25



WO 2022/240825 PCT/US2022/028511
phase, MeCN in water (0.1% FA), 0 to 100% gradient in 30 min. This provided Intermediate 2 (3.4 g,
crude) as a brown-yellow oil. LCMS (ESI) m/z: [M+H]* = 292.

Step 2: Preparation of 4-(1,3-dioxolan-2-yl)piperidine (Intermediate 3).

NH
0]

4

5 3

To a stirred solution of Intermediate 2 (3.4 g, 11.670 mmol, 1.00 equiv) in MeOH (40 mL, 987.956 mmol,

84.66 equiv) was added 10% Pd/C (2.00 g, 18.793 mmol, 1.61 equiv) at room temperature. The resulting

mixture was stirred for 3 h under 1 atm of hydrogen. The resulting mixture was filtered, and the filter cake

was washed with MeOH. The filtrate was concentrated under reduced pressure to provide Intermediate 3
10 (1.7 g, 92.66%) as a grey oil. LCMS (ESI) m/z: [M+H]* = 158.

Step 3: Preparation of methyl 2-{3-[4-(1,3-dioxolan-2-yl)piperidin-1-yl]-1,2-oxazol-5-yl}-3-methylbutanoate

(Infermediate 4).

(o]
[o} \
N-O 0

To a stirred solution of methyl 3-methyl-2-{3-[(1,1,2,2,3,3,4,4 4-nonafluorobutanesulfonyl)oxy]-1,2-oxazol-

15 5-yl}butanoate (1.50 g, 3.117 mmol, 1.00 equiv) in DMF (10.00 mL) was added Intermediate 3 (979.95
mg, 6.234 mmol, 2.00 equiv) at room temperature. The resulting mixture was stirred for 1 h at 130
degrees C then allowed to cool to room temperature. The mixture was purified by reverse flash
chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1%
FA), 0 to 100% gradient in 30 min; to provide Intermediate 4 (298 mg, 28.26%) as a brown oil. LCMS

20  (ESI) m/z: [M+H]* = 339.

Step 4. Preparation of 2-{3-[4-(1,3-dioxolan-2-yl)piperidin-1-yl]-1,2-oxaz ol-5-yl}-3-methylbutanoic acid

(Infermediate 5).
@]
g FCM(*I( o
(o] N\

N-O O

To a stirred solution of Intermediate 4 (298 mg, 0.851 mmol, 1.00 equiv) in MeOH (5.00 mL) and Hz20

25 (6.00 mL) was added LiIOH-H20 (107.14 mg, 2.553 mmol, 3.00 equiv) at room temperature. The resulting
mixture was stirred for 2 h at room temperature. The mixture was then acidified to pH 6 with HCI aqueous
(1 M) and extracted with EA (2 x 50 mL). The combined organic layers were washed with brine (50 mL),
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dried over anhydrous Na2SO, and filtered. The filtrate was concentrated under reduced pressure to

provide Intermediate 5 (376 mg, crude) as a yellow oil. LCMS (ESI) m/z: [M+H]* = 325.

Step 5: Preparation of (2S,4R)-1-[2-{3-[4-(1,3-dioxolan-2-yl)piperidin-1-yl]-1,2-oxazol-5-yl}-3-
methylbutanoyl]-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyljethyllpyrrolidine-2-carboxamide
5 (Infermediate 6).

N
Q X
N=
—
N
S
N/

OH
Nt
“. __NH
o
$

O
O.

To a stirred solution of Intermediate 5 (376 mg, 1.116 mmol, 1.00 equiv) in DMF (5.00 mL) were added
HATU (1.30 g, 3.348 mmol, 3.00 equiv) and DIEA (721.17 mg, 5.580 mmol, 5.00 equiv) at room
temperature. To the above mixture was added (25,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-

10 yhphenyllethyllpyrrolidine-2-carboxamide hydrochloride (492.67 mg, 1.339 mmol, 1.20 equiv), and the
resulting mixture was stirred for an additional 1 h. The mixture was purified directly by reverse flash
chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1%
FA), 0 to 100% gradient in 30 min; providing Intermediate 6 (330 mg, 46.36%) as a white solid. LCMS
(ESI) m/z: [M+H]* = 638.

15 Step 6: Preparation of (2S,4R)-1-[(2R)-2-{3-[4-(1,3-dioxolan-2-yl)piperidin-1-yl]-1,2-oxazol-5-y[}-3-
methylbutanoylj-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1, 3-thiazol-5-yl)phenyljethyl]pyrrolidine-2-carboxamide
(Infermediate 7).

0.

N

H
O%’ ”

.,
‘.

OH

Intermediate 6 (330 mg) was purified by SFC with the following conditions: Column, CHIRAL ART
20 Amylose-C NED, 3*25 cm, 5 um; mobile phase, MeOH; Detector, UV 254/220 nm. Thi provided
Intermediate 7 (second peak eluted, 142 mg, 43.03%) as a white solid. LCMS (ESI) m/z: [M+H]* = 638.
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hydroxy-N-[(1S)-1-[4-(4-methyl-1, 3-thiazol-5-yl) phenylJethyl]pyrrolidine-2-carboxamide (I-9).

LR

To a stirred solution of Intermediate 7 (137 mg, 0.215 mmol, 1.00 equiv) in THF (3 mL) was added H2SO4
5 (3.00 mL, 1.0 mol/L) at room temperature. The resulting mixture was stirred for 3 h at 50 degrees C, then
cooled to room temperature. The mixture was basified to pH 8 with saturated NaHCO:s (ag.) and extracted

PCT/US2022/028511
Step 7: Preparation of (2S,4R)-1-[(2R)-2-[3-(4-formylpiperidin-1-yl)-1, 2-oxazol-5-yl]-3-methylbutanoyl]-4-

OH

*O

with EA (2 x 100 mL). The combined organic layers were washed with brine (100 mL), and dried over

anhydrous Na=2S04. After filtration, the filtrate was concentrated under reduced pressure. This provided
Intermediate 1-9 (176 mg, crude) as a white solid. LCMS (ESI) m/z: [M+H]* = 594.

10 The following intermediates in Table 6 were prepared in a similar manner as described in the

preparation of intermediate I-9 starting with methyl 3-methyl-2-[3-[(1,1,2,2,3,3,4 .4 4-

nonaflucrobutanesulfonyl)oxy]-1,2-oxazol-5-yllbutanoate and the appropriate amines.

Table 6.
Intermediate LCMS
Structure Name
No. (ESl) m/z
, (28,4R)-4-hydroxy-1-((R)-3-
- methyl-2-(3-(4-oxopiperidin-1-
Disoxazol-5-yl)butanoyl)-N-
175 yl) yl) | yl) 580
((S)-1-(4-(4-methylthiazol-5-
o yhphenyl)ethyDpyrrolidine-2-
S
N=/ carboxamide
113
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Structure

Intermediate
No.

Name

LCMS
(ESI) m/z

1-79

(25,4R)-4-hydroxy-1-((R)-3-
methyl-2-(3-(methyl(2-
oxoethylyamino)isoxazol-5-
yhbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yphenyl)ethyDpyrrolidine-2-

carboxamide

554

1-77

(28,4R)-1-[(2R)-2-{3-[(1R,4R)-
2,5-diazabicyclo[2.2.1]heptan-
2-yl]-1,2-oxazol-5-yl}-3-
methylbutanoyl]-4-hydroxy-N-
[(18)-1-[4-(4-methyl-1,3-
thiazol-5-
ylphenyllethyl]pyrrolidine-2-
carboxamide

579

1-78

(2S,4R)-1-((R)-2-(3-((1S,48)-
2,5-diazabicyclo[2.2.1]heptan-
2-ylisoxazol-5-yl)-3-
methylbutanoyl)-4-hydroxy-N-
((S)-1-(4-(4-methylthiazol-5-
yDphenylethyDpyrrolidine-2-
carboxamide

579

Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(4-((3-(3-(2-hydroxyphenyl)thieno[2,3-c]pyridazin-6-
ylazetidin-1-yl)methyl)piperidin-1-yl)is oxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-
5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide

=0
ol o
N

//|
s—-N  OH

R / }N
Y0
HO~C/N/\O s
., H N
N NN
o i
5 R
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To a stirred solution of (25,4R)-1-((R)-2-(3-(4-formylpiperidin-1-yl)isoxazol-5-yl)-3-methylbutanoyl)-4-
hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (I-9, 15.00 mg, 0.025
mmol, 1.00 equiv) in MeOH (0.50 mL) and DCM (0.50 mL) was added 2-[6-(azetidin-3-ylthieno[2,3-
c]pyridazin-3-yllphenol (7.16 mg, 0.025 mmol, 1.00 equiv) at room temperature. The resulting mixture
5 was stirred for 30 min followed by addition of NaBHs:CN (7.94 mg, 0.125 mmol, 5.00 equiv) and AcOH
(100.00 mg, 1.665 mmol, 65.91 equiv). The resulting mixture was stirred for additional 1 h at room
temperature, then quenched with water at 0 degrees C. The resulting mixture was concentrated under
reduced pressure, and the crude product was purified by Chiral-Prep-HPLC with the following conditions:
Column, Kinetex EVO C18 Column, 21.2*150,5um; mobile phase, Water (10 mmol/L NHsHCO3) and ACN
10 (44% ACN up to 62% in 7 min); to provide the title compound (11.8 mg, 53.75%) as a white solid. 'H
NMR (400 MHz, DMSO-c®) & 12.43 (s, 1H), 8.98 (s, 1H), 8.72 (s, 1H), 8.39 (d, J = 7.7 Hz, 1H), 8.02 (dd, J
=8.0, 1.6 Hz, 1H), 7.48 — 7.41 (m, 3H), 7.40 — 7.33 (m, 3H), 7.06 —6.98 (m, 2H), 6.12 (s, 1H), 5.10 (d, J =
3.7 Hz, 1H), 4.97 —4.86 (m, 1H), 4.37 (t, J = 7.8 Hz, 1H), 4.32 — 4.25 (m, 1H), 4.08 — 4.00 (m, 1H)), 3.76
—3.52 (m, 6H), 3.48 — 3.37 (m, 1H), 3.30 — 3.24 (m, 3H), 2.80 — 2.69 (m, 2H), 2.46 (s, 3H), 2.41 — 2.35
15 (m, 2H), 2.28 —=2.12 (m, 1H), 2.08 —1.96 (m, 1H), 1.84 — 1.72 (m, 3H), 1.56 — 1.43 (m, 1H), 1.38 (d, J =
7.0 Hz, 3H), 1.27 — 1.12 (m, 2H), 0.96 (t, J = 6.7 Hz, 3H), 0.81 (d, J = 6.7 Hz, 3H). LCMS (ESI) m/z:
[M+H]* = 861.50.

Preparation of tert-butyl (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-
(2R)-3-methyl-2-[3-(piperidin-4-yl)-1 ,2-oxazol-5-yI]butanoyl]pyrrolidine-2-carboxamide (1-80)

OH

=0 - )§ |
/ /SN N
\N \/\ HaN—OH.HCI \/\j NCS \/\S \)L - Boo 1( BOC_N/%
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Hown -

vQJY

HCl/dioxane, DCM

20

Step 1: Preparation of tert-butyl 4-[(1E)-(hydroxyimino)methyllpiperidine-1-carboxylate (Infermediate 2)

~. OH
N
of
Boc”
3

To a stirred solution of tert-butyl 4-formylpiperidine-1-carboxylate (5 g, 23.4 mmol, 1.00 equiv) in
25 MeOH (10 mL) and H20 (10 mL) was added hydroxylamine hydrochloride (1.95 g, 28.133 mmol, 1.2
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equiv) and NazCOs (1.24 g, 11.722 mmol, 0.5 equiv) at 0 degrees C. The resulting mixture was stirred
overnight at room temperature. The resulting mixture was concentrated under reduced pressure. The
resulting mixture was extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with
brine (50 mL), and dried over anhydrous Na=SOa. After filtration, the filtrate was concentrated under

5 reduced pressure to afford intermediate 2 (6 g, crude) as a colorless oil. LCMS (ESI) m/z: [M+H]* = 229.

Step 2: Preparation of tert-butyl 4-[(1Z)-chloro(hydroxyimino)methyljpiperidine-1-carboxylate
(Infermediate 3)

Cl
OH

— 7

N
Boc
3

10 A mixture of intermediate 2 and NCS (3.5 g, 26.282 mmol, 1.0 equiv) in DMF (20 mL) was stirred for
2 h at room temperature. The desired product could be detected by LCMS. The resulting mixture was
diluted with water (50.00 mL) and extracted with EtOAc (3 x 50 mL). The combined organic layers were
washed with brine (50 mL), and dried over anhydrous Na=SO4. After filtration, the filtrate was
concentrated under reduced pressure to afford intermediate 3 (7.8 g, crude) as a colorless oil. LCMS

15 (ESI) m/z [M+H]* =263.

Step 3: Preparation of tert-butyl 4-[5-(2-methoxy-2-oxoethyl)-1,2-oxazol-3-yl]piperidine-1-carboxylate
(Infermediate 4 )

@) O
Boc—N { S
N-O
4
20 A mixture of intermediate 3 (7.8 g, crude) and NaHCOs (3.8 g, 45.675 mmol, 1.5 equiv) in EtOAc

(100 mL) was stirred for 30 min at room temperature. To the above mixture was added methyl but-3-
ynoate (2.99 g, 30.450 mmol, 1 equiv) at 0 degrees C. The resulting mixture was stirred overnight at room
temperature. The desired product could be detected by LCMS. The resulting mixture was concentrated
under reduced pressure. The residue was purified by reverse phase flash chromatography with the

25 following conditions: column, C18 silica gel; mobile phase, MeCN in water (0.05% FA), 0% to 100%
gradient in 30 min; detector, UV 254 nm. The resulting mixture was concentrated under reduced pressure
to afford intermediate 4 (4.1 g, 41.51%) as a light yellow oil. LCMS (ESI) m/z: [M+H]* = 325.

116

CA 03216773 2023-10-25



WO 2022/240825 PCT/US2022/028511
Step 4: Preparation of tert-butyl 4-[5-(1-methoxy-3-methyl-1-oxobutan-2-yl)-1,2-oxazol-3-yljpiperidine-1-
carboxylate (Intermediate 5 )

|
OO

Boc—N < =
N-O

8

A mixture of intermediate 4 (1.0 g, 3.083 mmol, 1.5 equiv) and Nax2SQO4 (1.0 g) in THF (10 mL) was
5 added t-BuCK (518.90 mg, 4.625 mmol, 1.5 equiv) and 2-iodopropane (628.87 mg, 3.700 mmol, 1.2

equiv) at 0 degrees C under an atmosphere of dry nitrogen. The resulting mixture was stirred for 3 h at 0
degrees C under an atmosphere of dry nitrogen. The desired product could be detected by LCMS. After
filtration, the filtrate was concentrated under reduced pressure. The residue was purified by reverse
phase flash chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in

10 water (0.05% FA), 0% to 100% gradient in 30 min; detector, UV 254 nm. The resulting mixture was
concentrated under reduced pressure to afford intermediate 5 (330 mg, 29.21%) as a light yellow oil.
LCMS (ESI) m/z: [M+H]* = 367.

Step 5: Preparation of 2-{3-[1-(tert-butoxycarbonyl)piperidin-4-yl]-1,2-oxazol-5-yl}-3-methylbutanoic acid
15 (Infermediate 6 )
O OH

Boc—N { RS
N-O
&

To a stirred solution of intermediate 6 (320 mg, 0.873 mmol, 1.00 equiv) in MeOH (5 mL) was added

LiOH (62.74 mg, 2.619 mmol, 3 equiv) in H20 (5 mL) dropwise at room temperature. The resulting
mixture was stirred for 3 h at room temperature. The desired product could be detected by LCMS. The

20 resulting mixture was concentrated under reduced pressure. To the above mixture was added aq. HCI
(6M) adjusting pH to ~5. The resulting mixture was extracted with EtOAc (3 x 50 mL). The combined
organic layers were washed with brine (50 mL), and dried over anhydrous Na2SOs. After filtration, the
filtrate was concentrated under reduced pressure to afford intermediate 6 (316 mg crude) as an off-white
solid. LCMS (ESI) m/z: [M+H]* = 353.

25
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Step 6: Preparation of tert-butyl 4-(5-{1-[(2S,4R)-4-hydroxy-2-{{(1S)-1-[4-(4-methyi-1,3-thiazol-5-
ylphenyllethylJcarbamoyl}pyrrolidin-1-ylJ-3-methyl-1-oxobutan-2-yl}- 1, 2-oxazol-3-yl)piperidine-1-
carboxylate (Intermediate 7)

5 A mixture of intermediate 6 (310 mg, 0.880 mmol, 1.00 equiv) and HATU (668.90 mg, 1.760 mmol, 2
equiv) in DMF (5 mL) was stirred for 30 min at room temperature. To the above mixture was added
(2S,4R)-4-hydroxy-N-[(1S3)-1-[4-(4-methyl-1,3-thiazol-5-yI) phenyl]ethyl]pyrrolidine-2-carboxamide (291.53
mg, 0.880 mmol, 1 equiv) at room temperature. The resulting mixture was stirred for additional 2 h at
room temperature. The desired product could be detected by LCMS. The residue was purified by reverse

10 phase flash chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in
water (0.05% FA), 0% to 100% gradient in 30 min; detector, UV 254 nm. The resulting mixture was
concentrated under reduced pressure to afford intermediate 7 (242 mg, 37.31%) as a light brown solid.
LCMS (ESI) m/z: [M+H]* = 666.

15 Step 7: Preparation of tert-butyl 4-{5-[(2R)-1-[(25,4R)-4-hydroxy-2-{{(1S)- 1-[4-(4-methyl-1,3-thiazol-5-
ylphenyljethylJcarbamoy}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-ylJ-1, 2-oxazol-3-y[}piperidine-1-
carboxylate (Intermediate 8)

Boc

R) / }N
T o
HO NTSg

.. H
™
(o]

&
;/ 0
=l

Intermediate 7 was purified by Prep-SFC with the following conditions (Column: CHIRAL ART
20 Amylose-SA, 3*25 cm, 5 um; Mobile Phase A: CO2, Mobile Phase B: MeOH--HPLC; Flow rate: 50

mL/min; Gradient: isocratic 45% B; Column Temperature(°C): 35; Back Pressure(bar): 100; Wave Length:

205 nm; RT1(min): 3.65; RT2(min): 4.88; Sample Solvent: MeOH--HPLC,; Injection Volume: 1 mL) to
afford intermediate 8 (the second peak) (208.1 mg, 43.52%) as a light brown solid. LCMS (ESI) m/z:
[M+H]+ = 666.
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Step 8: Preparation of tert-butyl (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyljethyl]-1-
[(2R)-3-methyl-2-[3-(piperidin-4-yl)-1,2-oxazol-5-yl]butanoyl]pyrrolidine-2-carboxamide (I-80)
NH

R/EN
O

HO N’i
ﬁ HO S‘"\\
- N
e

1-80
To a stirred solution of intermediate 8 (200 mg, 0.300 mmol, 1.00 equiv) in DCM (2 mL) was
5 added 1M HCl in 1,4-dioxane (2 mL) dropwise at room temperature. The resulting mixture was stirred for
1 h at room temperature. The desired product could be detected by LCMS. The resulting mixture was
concentrated under reduced pressure to afford 1-80 (247.5 mg) as a light yellow solid. LCMS (ESI) m/z:
[M+H]* = 566.

10 Preparation of 2-((5-((R)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(2-methylthiazol-5-

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3-methyl-1-oxobutan-2-yl)isoxazol-3-yl)oxy)acetic acid
(1-67)

: o
z \
HO N/\O S—( /wN
| H \ NaClO,, NaH,PO,, 2-methyl-2-butene E &
'7rNM” FBUOHHO. 1 Ho~("N"p s—(
o %" N N
I
0]

-3 I-67

To a stirred solution of (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(2-methyl-1,3-thiazol-5-yl)phenyl]lethyl]-1-

15 [(2R)-3-methyl-2-[3-(2-0x0ethoxy)-1,2-0xazol-5-yl|butanoyl]pyrrolidine-2-carboxamide (30.00 mg, 0.055
mmol, 1.00 equiv) and 2-methyl-2-butene (0.78 mg, 0.011 mmol, 0.20 equiv) in tert-butanol (2 mL) was
added dropwise a solution of NaClOz (50.19 mg, 0.550 mmol, 10.00 equiv) and NaH2PO4 (78.77 mg,
0.550 mmol, 10.00 equiv) in water (2.00 mL) at 0 °C. The mixture was stirred at 0 °C for 0.5 h, then
warmed up to room temperature and stirred for 1.5 h. The reaction was quenched by addition of a mixture

20 of saturated Na:S20; solution and brine, extracted with CHCIs (20 mL x 3). The combined organic extracts
were dried over NazSOx, filtered, concentrated in vacuo and purified by silica gel chromatography
(PE/EtOAC = 1:1 to 1:3). This provided intermediate 1-67 (15.80 mg, 49.93%) as a colorless oil. LCMS
(ESI) m/z: [M+H]* = 557.
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Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-[3-(2-{4-[3-(2-hydroxyphenyl)-5-methylthienof2,3-
c]pyridazin-6-yl]piperidin-1-yl}ethoxy)-1,2-oxazol-5-yl]-3-methylbutanoyl]-N-[(1S)-1-[4-(4-methyl-
1,3-thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide

Brf\l(CI Boc\N
N
cI N

RN o]
N
Boo ) Pd(PPha);Cl, Cul = Cl __ NaHs B°°_N/\:>m
N/ TEA, PhMe ~ _N NMP, 199°C s—>-N
wep 3 cI” N
1 3
7 |
o0
Br /B‘o’B\
Br,, CHCl BocNDmCI PA(AMPhos)Cly, KsPO, PO
BocN
then NaHCOj, (Boc),0 s -N dioxane, Hy0, 60 °C SN §
H,0, THF sl 4 N
sy 3 4 T ]
HO. /[ j
B
OH OH
XPhos Pd G3, Cs,CO5 Boon I~ TFA, DCM VT
-~ Boc
1.4- dloxane HZO 100 °C s \N' OH s \N'
KT
=0
o—/_ HO

A
//L\//Ejj% N 2
HO~CIN S

‘ 3
N
NaBH3CN, AcOH, MeOH, DCM /// \m

5 Step 1: Preparation of tert-butyl 4-((3, 6-dichloropyridazin-4-yl)ethynyl)piperidine-1-carboxylate
(infermediate 2)

Boc.

N
™
= 2N cl
ci Sv-N
2

To a mixture of tert-butyl 4-ethynylpiperidine-1-carboxylate (8.00 g, 38.225 mmol, 1.00 equiv) and 4-
bromo-3,6-dichloropyridazine (10.45 g, 45.870 mmol, 1.20 equiv) in toluene (80 mL) was added

10 Pd(PPh3)2CI2 (4.02 g, 5.734 mmol, 0.15 equiv), Cul (14.56 g, 76.450 mmol, 2.00 equiv) and TEA (11.60
g, 114.675 mmol, 3.00 equiv) under a nitrogen atmosphere. The resulting mixture was stirred overnight at
room temperature and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography, eluted with EtOAc in petroleum ether from 0% to 50% to afford intermediate 2
(5.00 g, 36.7%) as a yellow solid. LCMS (ESI) m/z: [M+H]+ =356.
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Step 2: Preparation of tert-butyl 4-(3-chlorothieno[2, 3-c]pyridazin-6-yl)piperidine-1-carboxylate

Cl
=
e =adt
s S\-N

N
3

(infermediate 3).

To a mixture of intermediate 2 (5.00 g, 14.035 mmol, 1.00 equiv) in NMP (50 mL) was added NaSH (0.79

5 g, 14.035 mmol, 1.0 equiv). The resulting mixture was stirred for an hour at 100 degrees C, colled, and
filtered. The filtrate was purified by reverse flash chromatography with the following conditions: column,
C18; mobile phase, MeOH in water, 10% to 50% gradient in 10 min; to afford intermediate 3 (1.80 g,
36.2%) as a yellow solid. LCMS (ESI) m/z: [M+H]+ = 354.

Step 3: Preparation of tert-butyl 4-(5-bromo-3-chlorothieno[2,3-cjpyridazin-6-yl)piperidine-1-carboxylate
10 (infermediate 4).

Br
cl
X N
STON
4

To a mixture of intermediate 3 (1.80 g, 5.087 mmol, 1.00 equiv) in CHCI3 (20 mL) was added Br2 (8.13 g,
50.870 mmol, 10.00 equiv). The resulting mixture was stirred overnight at room temperature, then
basified with aqueous NaHCO3. Boc20 (2.21 g, 10.174 mmol, 2.00 equiv) was then added and the

15 mixture was stirred for 2 h. The mixture was extracted with EtOAc (3 x 100 mL) and the combined organic
layers were washed with brine (50 mL), dried over anhydrous sodium sulfate, filtered, and concentrated
under vacuum. The residue was purified by reverse phase flash chromatography with the following
conditions: column, C18; mobile phase, MeOH in water, 10% to 50% gradient in 10 min; to afford
intermediate 4 (710.0 mq, 32.4%) as a yellow solid. LCMS (ESI) m/z: [M+H]+ = 432.

20 Step 4: Preparation of tert-butyl 4-(3-chloro-5-methylthieno[2,3-cjpyridazin-6-yl)piperidine-1-carboxylate

Cl
/
BOCNW
N N

N’

(infermediate 5).

wm 07N

To a mixture of intermediate 4 (710.0 mg, 1.641 mmol, 1.00 equiv), K3PO4 (696.50 mg, 3.282 mmol, 2.00
equiv) and Pd(AMPhos)CI2 (174.25 mg, 0.246 mmol, 0.15 equiv) in dioxane (10 mL) and H20 (2 mL)

25 was added trimethyl-1,3,5,2,4 6-trioxatriborinane (411.90 mg, 3.282 mmol, 2.00 equiv), and the resulting
mixture was stirred for an hour at 60 degrees C under a nitrogen atmosphere. The reaction mixture was
filtered through a short pad of Celite and eluted with EtOAc. The filtrate was concentrated under vacuum,
and the residue purified by reverse phase flash chromatography with the following conditions: column,
C18; mobile phase, MeOH in water, 10% to 50% gradient in 10 min; to afford intermediate 5 (450.0 mg,

30 74.5%) as a yellow solid. LCMS (ESI) m/z: [M+H]+ = 368.
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Step 5: Preparation of tert-butyl 4-(3-(2-hydroxyphenyl)-5-methylthieno[2 3-c]pyridazin-6-yl)piperidine-1-

carboxylate (intermediate 6)

BocN 7 =
s SN

N,N OH

[+

To a mixture of intermediate 5 (450.0 mg, 1.223 mmol, 1.00 equiv) and 2-hydroxyphenylboronic acid

5 (337.43 mg, 2.446 mmol, 2.00 equiv) in dioxane (10 mL) and H20 (2 mL) were added XPhos Pd G3
(155.31 mg, 0.183 mmol, 0.15 equiv) and Cs2CO3 (1.2 g, 3.669 mmol, 3.00 equiv), and the resulting
mixture was stirred for an hour at 100 degrees C under a nitrogen atmosphere. The reaction mixture was
filtered through a short pad of Celite and eluted with EtOAc. The filtrate was concentrated under vacuum,
and the residue was purified by reverse flash chromatography with the following conditions: column, C18;

10 mobile phase, MeOH in water, 10% to 50% gradient in 10 min; to afford intermediate 6 (380.0 mg, 73.0

%) as a yellow solid. LCMS (ESI) m/z: [M+H]+ = 426.

Step 6. Preparation of 2-(5-methyl-6-(piperidin-4-yl)thieno[2, 3-c]pyridazin-3-yl)phenol (I-10).

=
X N OH

HN 4
$TN

18

To a mixture of intermediate 6 (380.0 mg, 0.893 mmol, 1.00 equiv) in DCM (6 mL) was added TFA (3 mL,

15 40.389 mmol, 45.23 equiv), and the resulting mixture was stirred for 2 h at room temperature. The
reaction mixture was concentrated under reduced pressure, and the residue purified by reverse flash
chromatography with the following conditions: column, C18; mobile phase, MeOH in water, 10% to 50%
gradient in 10 min; detector to afford 1-10 (246.4 mg, 84.7%) as a yellow solid. 1H NMR (400 MHz,
DMSO-d6) & 8.69 (s, 1H), 8.22-8.11 (m, 1H), 7.43-7.34 (m, 1H), 7.07-6 .99 (m, 2H), 3.67-3.53 (m, 1H),

20 3.43-3.35 (m, 2H), 3.10-3.00 (m, 2H), 2.46 (s, 3H), 2.13-2.04 (m, 2H), 1.91-1.78 (m, 2H).LCMS (ESI)
m/z: [M+H]+ =326.10.

Step 7: Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-[3-(2-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-
cjpyridazin-6-yljpiperidin-1-yl}ethoxy)-1,2-oxazol-5-yl]-3-methylbutanoyl]-N-[(1S)- 1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyljethyljpyrrolidine-2-carboxarnide

25

Ho N o
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To a stirred mixture of (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-[(2R)-3-
methyl-2-[3-(2-oxoethoxy)-1,2-oxazol-5-yl]butanoyl]pyrrolidine-2-carboxamide (1-3,15.00 mg, 0.028 mmol,
1.00 equiv) and compound I-10 (10.83 mg, 0.034 mmol, 1.2 equiv) in DCM (1.00 mL) and MeQOH (1.00
mL) were added NaBH3CN (5.23 mg, 0.084 mmol, 3.0 equiv) and AcOH (0.02 mL, 0.349 mmol, 12.58

5 equiv) at room temperature . The resulting mixture was stirred for 12 h at room temperature, then
concentrated under reduced pressure. The residue was purified by Prep-HPLC with the following
conditions (Column: XBridge Prep Phenyl OBD Column, 19150 mm, 5 um 13 nm; Mobile Phase A:
Water (0.05% NH3H2O), Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 50% B to0 63% Bin 7
min; To afford compound the title compound (4.4 mg, 18.53%) as a white solid. 1H NMR (400 MHz,

10 DMSQO-d6) & 12.71 (d, J = 65.8 Hz, 1H), 8.98 (s, 1H), 8.70 (s, 1H), 840 (d, J=7.8 Hz, 1H), 816 (d, J =
7.9 Hz, 1H), 7.51 - 7.31 (m, 5H), 7.03 (d, J = 7.9 Hz, 2H), 6.15 (s, 1H), 5.11 (d, J =3.5Hz, 1H), 4.92 (1, J
=7.3 Hz, 1H), 4.60 — 4.50 (m, 1H), 4.42 — 4.23 (m, 3H), 3.80 — 3.55 (M, 4H), 3.48 (t, J = 12.2 Hz, 2H),
3.12-2.99 (m, 1H), 2.83 — 2.73 (m, 1H), 2.46 (s, 6H), 2.31 —2.16 (m, 3H), 2.10 — 1.85 (m, 4H), 1.83 —
1.64 (m, 2H), 1.43 (d, J=7.0 Hz, 3H), 0.97 (d, J = 6.5 Hz, 3H), 0.84 (d, J = 6.6 Hz, 3H). LCMS (ESI) m/z:

15 [M+H]+ =850.40.

The compounds in Table 7 were prepared using procedures similar to those used above for the

preparation of compound 8 using the appropriate amine and aldehyde (or ketone).

Table 7.
Compound LCMS
No. Name (ESI) 'H NMR
m/z

1H NMR (400 MHz, Methanol-d4) 5 8.86
(d, J = 8.8 Hz, 1H), 8.53 (d, J = 5.2 Hz,
1H), 8.06 (dd, J = 8.3, 1.6 Hz, 1H), 7.48
—7.31 (m, 5H), 7.02 (dd, J = 8.1, 5.7 Hz,
2H), 6.05 (d, J=1.0 Hz, 1H), 5.05 - 5.00
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2- (m, 1H), 4.59 (s, 1H), 4.52 (t, J = 8.2 Hz,
(4-hydroxy-4-(3-(2- 1H), 4.46 — 4.42 (m, 1H), 4.41 — 4.37 (m,
hydroxyphenyl)-5- 3H), 3.84 (dd, J = 10.9, 4.2 Hz, 1H), 3.69
methylthieno[2,3-c]pyridazin-6- (d,J=98Hz, 1H), 3.62 (d, J=10.3 Hz,
54 ylypiperidin-1-yl)ethoxy)isoxazol-5- | 866.5 | 1H), 3.50 — 3.42 (m, 1H), 3.37 — 3.32 (m,
yl)-3-methylbutanoyl)-N-((S)-1-(4- 4H),2.97 (d, J=7.8Hz,2H),2.90 (t, J =
(4-methylthiazol-5- 5.4 Hz, 2H), 2.70 (d, J = 12.1 Hz, 2H),
yl)phenylethyl)pyrrolidine-2- 2.64(d, J=3.7 Hz, 3H), 2.47 (d,J=5.9
carboxamide Hz, 3H), 2.39 (id, J = 14.6, 13.4, 9.6 Hz,
3H),2.23-2.13(m, 1H), 1.96 (t, J = 11.7
Hz, 3H), 1.60 (d, J=7.1 Hz, 1H), 1.52 (d,
J = 7.0 Hz, 3H), 1.29 (s, 1H), 1.06 (d, J
= 6.5 Hz, 3H), 0.91 (dd, J = 9.5, 6.6 Hz,

3H).
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Compound
No.

Name

LCMS
(ESI)

m/z

'H NMR

58

(2S,4R)-4-hydroxy-1-[(2R)-2-(3-{2-
[(1R,48,5S)-5-[3-(2-
hydroxyphenyl)-5-
methylthieno[2,3-c]pyridazin-6-yl]-
2-azabicyclo[2.2.1]heptan-2-
yllethoxy}-1,2-oxazol-5-yl)-3-
methylbutanoyl]-N-[(1S)-1-[4-(4-
methyl-1,3-thiazol-5-
ybhphenyllethyl]pyrrolidine-2-
carboxamide

862.4

1H NMR (400 MHz, Methanol-d4) 6 8.83
(d,J=29.6 Hz, 1H), 8.48 (d, J= 17.9 Hz,
1H), 8.03 (td, J = 8.3, 1.7 Hz, 1H), 7.53
—7.28 (m, 5H), 7.06 —6.94 (m, 2H), 6.01
(d,J=27.1Hz, 1H), 510 — 4.94 (m, 1H),
4.59 (s, 1H), 4.52 (t, J = 8.2 Hz, 1H), 4.47
—4.28 (m, 3H), 3.89—3.72 (m, 1H), 3.66
(dd, J = 27.0, 10.4 Hz, 2H), 3.56 (d, J =
7.5 Hz, 1H), 3.51 — 3.40 (m, 1H), 3.15 —
2.93 (m, 3H), 2.74 — 2.55 (m, 3H), 2.48
(s, 2H), 2.46 (s, 2H), 2.44 — 2.34 (m, 2H),
2.17 (g, J = 10.2, 8.5 Hz, 1H), 1.96 (ddd,
J =13.0, 8.6, 4.5 Hz, 1H), 1.89 (d, J =
8.6 Hz, 1H), 1.72 (ddd, J = 13.4, 5.7, 2.8
Hz, 1H), 1.56 (dd, J = 30.7, 7.0 Hz, 3H),
1.39 —1.23 (m, 1H), 1.06 (d, J = 6.6 Hz,
3H), 0.91 (dd, J = 9.5, 6.8 Hz, 3H).

60

(2S,4R)-4-hydroxy-1-((R)-2-(3-(2-
((1R,48,5R)-5-(3-(2-
hydroxyphenyl)-5-
methylthieno[2,3-c]pyridazin-6-yl)-
2-azabicyclo[2.2.1]heptan-2-
yhethoxy)isoxazol-5-ylI)-3-
methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenylethyl)pyrrolidine-2-
carboxamide

862.5

1H NMR (400 MHz, Methanol-d4) 5 8.93
- 8.78 (m, 1H), 8.51 (s, 1H), 8.05 (dd, J
= 8.3, 1.7 Hz, 1H), 7.52 — 7.29 (m, 5H),
7.08 —6.95 (m, 2H), 6.01 (d, J = 23.4 Hz,
1H), 5.03 (q, J = 6.9 Hz, 1H), 4.52 (t, J =
8.2 Hz, 1H), 4.47 — 4.29 (m, 3H), 3.84
(dd, J = 10.9, 4.1 Hz, 1H), 3.65 (dd, J =
27.3,10.2 Hz, 2H), 3.55 (s, 1H), 3.47 (q,
J=7.9, 6.6 Hz, 1H), 3.11 — 2.94 (m, 3H),
2.73—2.56 (m, 3H), 2.53 — 2.33 (m, 7H),
2.23—2.11 (m, 1H), 2.04 — 1.83 (m, 3H),
1.77 — 1.68 (m, 1H), 1.56 (dd, J = 30.5,
7.0 Hz, 3H), 1.06 (d, J = 6.5 Hz, 3H),
0.97 —0.79 (m, 3H).
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LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (400 MHz, Methanol-d4) & 8.87
(d,J=6.1 Hz, 1H), 8.45 (s, 1H), 8.12 —
(28,4R)-4-hydroxy-1-((R)-2-(3-(2-
8.03 (m, 1H), 7.51 — 7.28 (m, 5H), 7.08
((1R,5S,6S)-6-(3-(2-
—6.95(m, 2H), 5.42 (s, 1H), 5.05 — 4.99
hydroxyphenyl)-5-
] ) . (m,1H), 455 -4 46 (m, 1H), 4. 43 -4 39
methylthieno[2,3-c]pyridazin-6-yl)-
. (m, 1H), 4.05 (t, J = 5.2 Hz, 2H), 3.78 —
3-azabicyclo[3.1.1]heptan-3-
62 ) 862.3 | 3.66 (m, 2H), 3.56 — 3.48 (m, 2H), 3.48
yhethoxy)isoxazol-5-yl)-3-
—3.37 (m, 2H), 3.02-2.84 (m, 4H), 2.82
methylbutanoyl)-N-((S)-1-(4-(4-
—2.76 (m, 1H), 2.48 (s, 3H), 2.45 - 2.41
methylthiazol-5-
(m,3H),2.37-2.19 (m, 4H), 1.93 - 1.89
yl)phenyl)ethyl)pyrrolidine-2-
(m, 1H), 1.51 d, J=6.9 Hz, 3H), 1.38 (d,
carboxamide
J=8.8Hz, 1H), 1.00-0.86 (m, 3H),0.78
(dd, J = 11.7, 6.7 Hz, 3H).
1H NMR (300 MHz, Methanol-d4) & 9.02
—8.88 (m, 1H), 8.68—-8.54 (m, 1H), 8.15
(28,4R)-4-hydroxy-1-((R)-2-(3-(2- d,J=7.4Hz, 1H), 7.60 — 7.39 (m, 5H),
((1R,58,6R)-6-(3-(2- 7.18 —=7.01 (m, 2H), 6.14 (s, 1H), 5.14 —
hydroxyphenyl)-5- 5.07 (m, 1H), 4.66 — 4.45 (m, 3H), 3.96
methylthieno[2,3-c]pyridazin-6-yl)- —3.88 (m, 1H), 3.82 — 3.65 (m, 2H),3.65
63 3-azabicyclo[3.1.1]heptan-3- 862.15 —-3.62(m, 1H), 3.35-3.25 (m, 6H), 3.16
yl)ethoxy)isoxazol-5-yl)-3- ' (t, J = 8.5Hz, 2H), 2.81 — 2.78 (m, 2H),
methylbutanoyl)-N-((S)-1-(4-(4- 2.73-262 (m, 1H), 2.55 (d, J = 7.8 Hz,
methylthiazol-5- 3H),247 d,J=56Hz,3H),2.31-223
ylphenyl)ethyl)pyrrolidine-2- (m, 1H),2.11 -2.02 (m, 1H), 1.88 — 1.80
carboxamide (m, 1H), 1.61 (dd, J = 21.7, 7.0 Hz, 3H),
1.15(,J=6.5Hz,3H),1.00(, J=7.0
Hz, 3H).
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methylbutanoyl)-4-hydroxy-N-((S)-
1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-
carboxamide

Compound LeMS
No. Name (ESI) H NMR
m/z

1H NMR (400 MHz, DMSO-d6) & 13.46
(s, 1H), 9.05 — 8.78 (m, 1H), 8.42 (q, J =
2.5 Hz, 2H), 8.17 (dd, J = 8.4, 1.7 Hz,
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2- 1H), 7.49 —7.40 (m, 2H), 7.40 - 7.31 (m,
(4-(3-(2-hydroxyphenyl)-5- 3H), 7.03 — 6.94 (m, 2H), 6.18 — 5.90 (m,
methylthieno[2,3-c]pyridazin-6- 1H), 5.11 (d, J=3.6 Hz, 1H), 4.97 — 4.63
66 yDpiperazin-1-yl)ethoxy)isoxazol- 8515 (m, 1H), 4.42 — 4.18 (m, 4H), 3.78 — 3.52
5-yI)-3-methylbutanoyl)-N-((S)-1- (m, 2H), 3.51 — 3.42 (m, 1H), 3.37 — 3.33
(4-(4-methylthiazol-5- (m, 4H), 2.80 (t, J = 5.3 Hz, 2H), 2.70 (t,
yl)phenylethyl)pyrrolidine-2- J = 4.9 Hz, 4H), 2.46 (s, 3H), 2.32 (d, J
carboxamide =2.5Hz, 3H),2.28 —2.15 (m, 1H), 2.12
—1.85(m, 1H), 1.83—=1.72 (m, 1H), 1.55
—1.32 (m, 3H), 0.97 (t, J = 6.2 Hz, 3H),

0.83 (dd, J =142, 6.7 Hz, 3H).
1H NMR (400 MHz, Methanol-d4) & 8.86
d,J=10.5Hz, 1H), 8.57 (d, J = 6.4 Hz,
1H), 8.00 (m, J = 8.2, 1.7 Hz, 1H), 7.48
(2S,4R)-1-((R)-2-(3-(2-(4-(5-fluoro- —7.32(m, 5H), 7.06 —6.98 (m, 2H), 6.01
3-(2-hydroxyphenylthieno[2,3- (d,J=24.7 Hz, 1H), 5.03 (g, J =8.7,7.8
clpyridazin-6-ylpiperidin-1- Hz, 1H), 4.51 (d, J = 8.1 Hz, 1H), 4.44 (s,
68 yhethoxy)isoxazol-5-yl)-3- 854 1H), 4.39 (q, J = 5.4 Hz, 2H), 3.84 (m, J

=10.8, 4.2 Hz, 1H), 3.75 — 3.52 (m, 2H),
3.17(d, J = 11.9 Hz, 2H),2.87 (t, J=5.3
Hz, 2H), 2.47 (d, J = 5.5 Hz, 3H), 2.42 —
2.30 (m, 3H), 2.26 — 2.02 (m, 3H), 2.01
—1.81(m, 3H), 1.56 (m, J = 30.2, 7.0 Hz,
3H), 1.06 (d, J = 6.6 Hz, 3H), 0.90 (m, J
= 7.1, 2.4 Hz, 3H).
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yD-3-methylbutanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-
yhphenylethyl)pyrrolidine-2-
carboxamide

LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (400 MHz, Methanol-d4) & 8.85
(d,J=15.7Hz, 1H), 8.47 (d, J = 9.8 Hz,
1H), 8.03 (dt, J = 9.3, 2.8 Hz, 1H), 7.43—
7.30(m,5H),7.01 (ddd, J=76,4.0,28
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2-
Hz, 2H), 6.02 (s, 1H), 5.03 (d, J = 7.0 Hz,
(6-(3-(2-hydroxyphenyl)-5-
. o 1H),4.51 (t,J=82Hz, 1H),4.42 d,J =
methylthieno[2,3-c]pyridazin-6-yl)-
) 15.8 Hz, 1H), 4.33—4.20 (m, 2H), 3.97 (p,
2-azaspiro[3.3]heptan-2-
) J = 8.5 Hz, 1H), 3.84 (dd, J = 10.9, 4.1
88 yhethoxy)isoxazol-5-yl)-3- 862.3
Hz, 1H), 3.71 (dd, J=24.4, 11.2 Hz, 1H),
methylbutanoyl)-N-((S)-1-(4-(4-
3.65-3.49 (m, 3H), 3.42 d, J = 9.7 Hz,
methylthiazol-5-
2H), 292 (d, J = 5.3 Hz, 2H), 2.80 (id, J
yhphenyl)ethyl)pyrrolidine-2-
= 8.6, 2.3 Hz, 2H), 2.47-2.34 (m, 9H),
carboxamide
2.21-2.15 (m, 1H), 1.95 (ddd, J = 13.2,
8.7,4.5Hz, 1H), 1.60-1.52 (m, 3H), 1.05
(d, J = 6.6 Hz, 3H), 0.90 (dd, J = 10.3,
6.6 Hz, 3H).
1H NMR (300 MHz, Methanol-d4) & 8.90
(s, 2H), 8.22 (dd, J = 8.1, 1.6 Hz, 1H),
7.52-7.29 (m, 5H), 7.12 - 6.96 (m, 2H),
(28,4R)-4-hydroxy-1-((R)-2-(3-(2-
6.10 (s, 1H), 5.06 d, J = 7.0 Hz, 1H),
(4-(3-(2-hydroxyphenyl)-6-
. o 4.62 - 439 (m, 4H), 3.87 (dd, J = 11.0,
methylthieno[2,3-c]pyridazin-5-
o ) 4.3 Hz, 1H), 3.75-3.49 (m, 3H), 3.24 (d,
ylpiperidin-1-yl)ethoxy)isoxazol-5-
89 850.07 | J=127Hz,2H),2.98 (1, J = 5.3 Hz, 2H),

2.71 (d, J = 2.4 Hz, 3H), 2.50 (s, 3H),
2.47-2.30 (M, 5H), 2.22 (d, J = 13.2 Hz,
1H), 2.06 - 1.93 (m, 1H), 1.80 (d, J=11.3
Hz, 2H), 1.58 (dd, J = 22.1, 7.0 Hz, 3H),
1.31 (s, 3H), 1.08 (d, J = 6.6 Hz, 3H),
0.94 (t, J = 6.9 Hz, 3H).
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methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenylethyl)pyrrolidine-2-

carboxamide

Compound LeMS
No. Name (ESl) H NMR
m/z

1H NMR (300 MHz, DMSO-d6) & 11.51
(s, 1H), 10.00 (s, 1H), 8.99 (s, 1H), 8.60
(s, 1H), 8.42 (d, J = 7.6 Hz, 1H), 8.15 —
(2S,4R)-1-((R)-2-(3-(2-(4-(5- 8.06 (m, 1H), 7.52 — 7.33 (m, 5H), 7.11
chloro-3-(2- —6.98(m,2H), 619 (s, 1H), 514 (d, J =
hydroxyphenyl)thieno[2,3- 3.4 Hz, 1H), 4.92 (p, J = 7.0 Hz, 1H),
clpyridazin-6-ylpiperidin-1- 4.66—4.52 (m, 1H), 4.43 — 4.23 (m, 2H),
90 yl)ethoxy)isoxazol-5-yl)-3- 870.1 | 3.77 —3.67 (m, 3H), 3.61 (s, 2H), 3.54 —
methylbutanoyl)-4-hydroxy-N-((S)- 3.42 (m, 2H), 3.20 — 2.99 (m, 1H), 2.88
1-(4-(4-methylthiazol-5- —2.76 (m, 1H), 2.46 (s, 3H), 2.31 -2.15
yl)phenyl)ethyl)pyrrolidine-2- (m, 4H), 2.11 — 1.98 (m, 2H), 1.80 (dq, J
carboxamide = 12.8, 7.7, 6.1 Hz, 1H), 1.43 (dd, J =
28.3, 6.9 Hz, 3H), 1.24 (s, 1H), 0.98 (d,
J=6.5Hz 3H), 0.85(d, J=11.4,65

Hz, 3H).
1H NMR (400 MHz, DMSO-d6) & 12.82
(s, 1H), 8.99 (d, J = 2.6 Hz, 1H), 8.69 (s,
1H), 841 d, J=7.7 Hz, 1H), 817 (d, J
=7.9 Hz, 1H), 7.53 — 7.31 (m, 5H), 7.03
(2S,4R)-4-hydroxy-1-((R)-2-(3-(4- (d,J=7.8Hz, 2H), 6.13 (s, 1H), 5.11 (d,
((4-(3-(2-hydroxyphenyl)-5- J=3.6Hz, 1H), 5.03—-4.85 (m, 1H), 4.44
methylthieno[2,3-c]pyridazin-6- —4.20 (m, 2H), 3.72 (d, d = 6.3 Hz, 1H),
yl)piperidin-1-ylymethyl) piperidin-1- 364 (d,J=120Hz,2H),3.57(d,J=9.9
94 yhisoxazol-5-yl)-3- 903.55 | Hz, 1H), 3.43 (d, J = 10.2 Hz, 1H), 3.27

—3.18 (m, 1H), 2.98 (d, J = 11.0 Hz, 2H),
2.76 (t, J = 12.0 Hz, 2H), 2.45 (d, J = 5.3
Hz, 6H), 2.21 (d, J= 6.8 Hz, 2H), 2.07 (q,
J = 11.8 Hz, 3H), 1.95 (d, J = 12.3 Hz,
2H), 1.74 (dd, J = 26.1, 12.6 Hz, 6H),
1.42 (dd, J = 31.3, 7.0 Hz, 3H), 1.15 (s,
2H), 0.95 (d, J = 6.6 Hz, 3H), 0.82 (dd, J
= 15.8, 6.6 Hz, 3H).
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Compound LeMS
No. Name (ESI) H NMR
m/z
1H NMR (400 MHz, Methanol-d4) & 8.85
d,J=156Hz, 1H), 8.52 (d, J = 7.0 Hz,
1H), 8.05 (d, J = 8.1 Hz, 1H), 7.39 (dd, J
(2S,4R)-4-hydroxy-1-((R)-2-(3-(3- =352, 6.0 Hz, 5H), 7.01 (d, J = 8.0 Hz,
(4-(3-(2-hydroxyphenyl)-5- 2H), 5.98 (d, J = 25.3 Hz, 1H), 5.04 (, J
methylthieno[2,3-c]pyridazin-6- = 7.2 Hz, 1H), 4.60 (s, 1H), 4.56 — 4.37
95 yDpiperidin-1-yl)propoxy)isoxazol- 864.3 (m, 2H), 4.28 (t, J = 6.0 Hz, 2H), 3.89 —
5-yI)-3-methylbutanoyl)-N-((S)-1- 3.80 (m, 1H), 3.65 (dd, J =24.0, 10.4 Hz,
(4-(4-methylthiazol-5- 2H), 3.16 (d,J = 12.4 Hz, 2H), 2.62 (t, J
yl)phenylethyl)pyrrolidine-2- = 7.4 Hz, 2H), 2.52 — 2.43 (m, 6H), 2.42
carboxamide —2.15(m, 4H), 2.05 (d, J = 11.1 Hz, 4H),
1.98 — 1.85 (m, 2H), 1.56 (dd, J = 31.6,
7.0Hz, 3H), 1.28 (s, 1H), 1.06 (d,J=6.5
Hz, 3H), 0.90 (d, J = 6.8 Hz, 3H).
1H NMR (400 MHz, DMSO-d6) & 12.79
(s, 1H), 8.99 (d, J = 1.7 Hz, 1H), 8.69 (s,
1H), 8.41 (d, J = 7.7 Hz, 1H), 8.15 (dd, J
=8.0,64 Hz, 1H), 744 (d, J = 8.3 Hz,
(2S,4R)-4-hydroxy-1-((R)-2-(3-(4- 2H), 7.37 (d, J = 8.0 Hz, 3H), 7.03 (d, J
(3-(2-hydroxyphenyl)-5- = 7.8 Hz, 2H), 6.16 (s, 1H), 5.12 d, J =
methylthieno[2, 3-c]pyridazin-6-yl)- 3.6 Hz, 1H), 5.03 — 4.89 (m, 1H), 4.40 —
96 [1,4"-bipiperidin]-1'-yl)isoxazol-5- 889 4 4.24 (m, 2H), 3.78 — 3.66 (m, 3H), 3.58
yl)-3-methylbutanoyl)-N-((S)-1-(4- (d, J=9.8 Hz, 1H), 3.44 (s, 1H), 3.05 (s,
(4-methylthiazol-5- 1H), 2.79 (t, J = 12.2 Hz, 2H), 2.45 (d, J
yhphenylethyl)pyrrolidine-2- = 5.0 Hz, 6H), 2.24 (q,J = 7.6, 7.2 Hz,
carboxamide 2H), 2.01 (d, J = 11.0 Hz, 3H), 1.87 —
1.75 (m, 3H), 1.72 (s, 2H), 1.61 — 1.44
(m, 3H), 1.38 (d, J = 7.0 Hz, 3H), 1.23 (s,
1H), 0.96 (t, J = 6.7 Hz, 3H), 0.82 (dd, J
=15.9, 6.7 Hz, 4H).
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LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (400 MHz, Methanol-d4) © 8.86
d,J=6.7 Hz, 1H), 8.51 (d, J = 4.1 Hz,
1H), 8.08 — 8.01 (m, 1H), 7.48 — 7.37 (m,
4H), 7.39 — 7.31 (m, 1H), 7.01 dt, J =
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2- 7.5, 3.3 Hz, 2H), 6.02 (s, 1H), 5.03 (d, J
(4-(3-(3-(2-hydroxyphenyl)-5- = 7.1 Hz, 1H), 4.51 ({, J = 8.2 Hz, 1H),
methylthieno[2,3-c]pyridazin-6- 4.44 (s, 1H),4.35 (t, J=5.5 Hz, 2H), 4.23
ylhazetidin-1-yl)piperidin-1- (q,J=7.4Hz,1H), 3.84 (dt,J=10.4,5.8
100 yhethoxy)isoxazol-5-yl)-3- 905.05 | Hz, 3H),3.77 - 3.65 (m, 1H), 3.65—-3.58
methylbutanoyl)-N-((S)-1-(4-(4- (m, 1H), 3.34 (d, J = 7.5 Hz, 2H), 3.02 —
methylthiazol-5- 2.98 (m, 2H), 2.82 (t, J = 5.7 Hz, 2H),
yl)phenyl)ethyl)pyrrolidine-2- 2.47 (d,J = 5.3 Hz, 3H), 2.43 - 2.33 (m,
carboxamide 4H), 2.31 = 2.13 (m, 4H), 1.95 (ddd, J =
13.3,8.8,4.6 Hz, 1H), 1.82 d,J =127
Hz, 2H), 1.63 — 1.49 (m, 3H), 1.43 (q, J
=11.1 Hz, 2H), 1.05 (d, J = 6.5 Hz, 3H),
0.90 (dd, J =104, 6.7 Hz, 3H).
1H NMR (400 MHz, DMSO-d6) 6 12.74
(s, 1H), 9.03-8.78 (m, 1H), 8.69 (s, 1H),
8.51-8.10 (m, 2H), 7.48 — 7.41 (m, 2H),
7.38(m,J=74,6.6,1.9 Hz, 3H), 7.06 —
(25,4R)-4-hydroxy-1-((R)-2-(3-(2-
6.98 (m, 2H), 6.11 (s, 1H), 5.11 (s, 1H),
(4-(3-(2-hydroxyphenyl)-5-
4.97 —4.60 (m, 1H), 4.37 ({, J = 7.9 Hz,
methylthieno[2,3-c]pyridazin-6-yl)-
1H), 4.26 (t, J = 5.4 Hz, 3H), 3.73 — 3.63
[1,4"-bipiperidin]-1'-
) (m, 1H), 3.61 — 3.50 (m, 1H), 3.46 (m, J
107 yhethoxy)isoxazol-5-yl)-3- 933.3
=10.0, 5.6 Hz, 1H), 3.18 (s, 2H), 3.03 (d,
methylbutanoyl)-N-((8)-1-(4-(4-
J = 10.6 Hz, 2H), 2.73 (s, 2H), 2.70 —
methylthiazol-5-
2.56 (m, 2H), 2.48 — 2.42 (m, 7H), 2.36
yhphenyl)ethyl)pyrrolidine-2-
. —2.17 (m, 2H), 2.10 (s, 5H), 2.03 - 1.81
carboxamide
d,J =126 Hz, 5H), 1.51 (m, J = 41.7,
9.7 Hz, 2H), 1.38 (d, J = 7.0 Hz, 3H),
097 (t, J=6.1Hz, 3H),081(d,J=686
Hz, 3H).
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LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (400 MHz, Methanol-d4) &
8.95-8.79 (m, 1H),8.52 d, J = 2.5 Hz,
1H), 8.05 (d, J=7.9 Hz, 1H), 7.52-7.28
(2S,4R)-4-hydroxy-1-((R)-2-(3-(4-
(m, 5H), 7.02 (s, 2H), 6.15 — 6.00 (m,
((3-(3-(2-hydroxyphenyl)-5-
1H),5.03(d,J=72Hz, 2H), 465 -4.38
methylthieno[2,3-c]pyridazin-6-
S o (m, 3H),4.24 (s, 1H), 3.85 (d, J = 8.6 Hz,
yhazetidin-1-yl)methyl)piperidin-1-
) 3H),3.70 (d,J=12.7 Hz, 2H), 3.62 (d, J
108 ylisoxazol-5-yl)-3- 875.3
= 8.8 Hz, 2H), 2.92 — 2.78 (m, 2H), 2.48
methylbutanoyl)-N-((S)-1-(4-(4-
(p,J=4.8Hz, 4H), 2.44 - 2.31 (m, 3H),
methylthiazol-5-
218 (s, 1H), 1.98 (d, J = 11.3 Hz, 1H),
yl)phenyl)ethyl)pyrrolidine-2-
1.85(d,J=12.8Hz,2H),1.59(d,J=9.5
carboxamide
Hz, 2H), 1.56 — 1.46 (m, 2H), 1.31 (d, J
=153 Hz, 3H), 1.13-0.98 (m, 3H), 0.96
—0.80 (m, 3H).
1H NMR (300 MHz, DMSO-d6) & 12.69
(s, 1H), 8.99 (s, 1H), 8.68 (s, 1H), 8.42
d,J=77Hz 1H),8.17 (d,J=8.2,1.7
(28,4R)-4-hydroxy-1-((R)-2-(3-(2- Hz, 1H),7.49 —=7.40 (m, 2H), 740 -7.33
(3-((3-(2-hydroxyphenyl)-6- (m, 3H), 7.09 — 6.98 (m, 2H), 6.05 (s,
methylthieno[2,3-c]pyridazin-5- 1H),5.10 d, J=3.6 Hz, 1H), 4.98 — 4.85
yl)methylazetidin-1- (m, 1H), 4.37 t,J=7.9 Hz, 1H), 4.28 (s,
110 yl)ethoxy)isoxazol-5-yl)-3- 836.15 | 1H), 4.09 (t, J=5.4 Hz, 2H), 3.74 — 3.60

methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenylethyl)pyrrolidine-2-
carboxamide

(m, 2H), 3.44 (d, J = 11.2 Hz, 2H), 3.29
—3.27 (m, 1H), 3.14 (d, J = 7.5 Hz, 2H),
2.94 (s, 2H), 2.83 — 2.70 (m, 3H), 2.67
(s, 3H), 2.46 (s, 3H), 2.32 = 2.13 (m, 1H),
2.11=1.95 (m, 1H), 1.87 — 1.69 (m, 1H),
1.38 (d, J = 7.0 Hz, 3H), 0.95 (d, J= 6.4
Hz, 3H), 0.78 (d, J = 6.7 Hz, 3H).
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Compound
No.

Name

LCMS
(ESI)

m/z

'H NMR

113

(2S,4R)-4-hydroxy-1-((R)-2-(3-(4-
(3-(3-(2-hydroxyphenyl)-5-
methylthieno[2,3-c]pyridazin-6-
yhazetidin-1-yl)piperidin-1-
yhisoxazol-5-yl)-3-
methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-
carboxamide

861.1

1H NMR (400 MHz, DMSO-d6) 6 12.84
(s, 1H), 8.99 (s, 1H), 8.68 (s, 1H), 8.41
(d, J = 7.6 Hz, 1H), 8.17 (d, J = 7.9 Hz,
1H), 7.56 — 7.22 (m, 5H), 7.03 (d, J= 7.9
Hz, 2H), 6.00 (d, J = 53.0 Hz, 1H), 5.19
— 4.85 (m, 2H), 4.38 (t, J = 7.8 Hz, 1H),
4.29 (s, 1H), 4.15 d, J = 8.3 Hz, 1H),
3.72 (t, J = 7.3 Hz, 3H), 3.62 — 3.48 (m,
3H), 3.43 (d, J = 10.9 Hz, 1H), 3.22 (d, J
= 6.5 Hz, 2H), 2.94 (s, 2H), 2.46 (s, 2H),
2.39 (s, 3H), 2.23 (s, 2H), 2.05 (d, J =
19.3 Hz, 1H), 1.76 (d, J = 28.1 Hz, 3H),
1.42 (d, J = 7.0 Hz, 3H), 1.23 (s, 1H),
0.96 (t, J = 6.7 Hz, 3H), 0.82 (dd, J =
15.9, 6.7 Hz, 4H).

69

(2S,4R)-4-hydroxy-1-((R)-2-(3-(3-
(3-(2-hydroxyphenyl)-7,8-
dihydropyrido[3',4":4,5]thieno]2,3-
clpyridazin-6(5H)-
yl)propoxy)isoxazol-5-yl)-3-
methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenylethyl)pyrrolidine-2-
carboxamide

822.1

1H NMR (300 MHz, Methanol-d4) o 8.89
(s, 1H), 8.58 (s, 1H), 8.06 (dd, J = 8.3,
1.6 Hz, 1H), 7.49 — 7.32 (m, 4H), 7.29 —
7.19 (m, 1H), 7.07 — 6.96 (m, 2H), 5.88
(s, 1H), 5.04 — 4.94 (m, 1H), 4.56 (t, J =
8.3 Hz, 1H). 4.51 — 4.35 (m, 1H), 4.10 (t,
J=6.5Hz, 2H), 3.92 - 3.77 (m, 3H), 3.67
(d, J = 9.8 Hz, 2H), 3.20 — 3.07 (m, 3H),
3.05—2.95 (M, 1H), 2.74 (t, J = 7.2 Hz,
2H), 2.49 (s, 2H), 2.47 — 2.30 (m, 2H),
2.28-2.16 (m, 1H), 2.15 — 2.03 (m, 2H),
2.03—1.89 (m, 1H), 1.47 (d, J = 7.0 Hz,
3H), 1.08 (d, J = 6.5 Hz, 3H), 0.98 (d, J
= 6.7 Hz, 3H).
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Compound
No.

Name

LCMS
(ESI)
m/z

'H NMR

70

(2S,4R)-4-hydroxy-1-((R)-2-(3-(4-
(3-(2-hydroxyphenyl)-7,8-
dihydropyrido[3',4".4,5]thieno[2,3-
c]pyridazin-6(5H)-ylpiperidin-1-
ylhisoxazol-5-yl)-3-
methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-
carboxamide

847.2

1H NMR (300 MHz, DMSO-d6) 6 13.03
(brs, 1H), 8.99 (s, 1H), 8.75 (s, 1H), 8.41
d,J =7.7 Hz, 1H), 8.14 d, J = 7.9 Hz,
1H), 7.54 — 7.30 (m, 5H), 7.06 — 6.97 (m,
2H), 6.18 (s, 1H), 5.13 (d, J = 3.5 Hz,
1H), 4.94— 4.88 (m, 1H), 4.40— 4.26 (m,
2H), 4.00 — 3.84 (m, 2H), 3.81 — 3.66 (m,
3H), 3.58 (d, J = 9.8 Hz, 1H), 3.53 — 3.40
(M, 2H), 3.02 = 2.92 (m, 3H), 2.85 (t, J =
12.1 Hz, 2H), 2.73 (s, 1H), 2.47 — 2.41
(M, 3H), 2.27 - 2.17 (m, 1H), 2.10 — 1.84
(m, 3H), 1.84 — 1.55 (m, 3H), 1.38 (d, J
= 7.0 Hz, 3H), 0.96 (d, J = 6.4 Hz, 3H),
0.81 (d, J = 6.8 Hz, 3H).

92

(2S,4R)-4-hydroxy-1-((R)-2-(3-(4-
((3-(2-hydroxyphenyl)-7 8-
dihydropyrido[3',4"4,5]thieno[2,3-
clpyridazin-6(5H)-
ylymethyl) piperidin-1-yl)isoxazol-5-
yl)-3-methylbutanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-
carboxamide

861.3

1H NMR (400 MHz, Methanol-d4) & 8.87
(d, J = 2.5 Hz, 1H), 8.53 (d, J = 2.9 Hz,
1H), 8.07 — 8.01 (m, 1H), 7.47 — 7.36 (m,
4H), 7.38 — 7.32 (m, 1H), 7.00 (dd, J =
8.2, 6.4 Hz, 2H), 6.10 (s, 1H), 5.03 (d, J
= 6.9 Hz, 1H), 4.54 — 4.41 (m, 2H), 3.87
—3.80 (m, 3H), 3.71 (d. J = 13.2 Hz, 2H),
3.61 (dd, J = 10.3, 6.2 Hz, 2H), 3.12 (s,
2H), 3.00 — 2.86 (m, 4H), 2.56 (d, J=6.9
Hz, 2H), 2.47 (d, J = 4.4 Hz, 3H), 2.42 —
2.35 (m, 1H), 2.22 — 2.15 (m, 1H), 2.00
- 1.86 (m, 4H), 1.52 (d, J = 7.0 Hz, 3H),
1.31 —1.39 (m, 1H), 1.05 (d, J = 6.5 Hz,
3H), 0.89 (d, J = 6.7 Hz, 3H).
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LCMS
Compound
Name (ESI) H NMR
No.
m/z

1H NMR (400 MHz, Methanol-d4) o 8.86
(d, J = 5.5 Hz, 1H), 8.57 — 8.48 (m, 1H),
8.07 — 7.96 (m, 1H), 7.38 (d, J = 32.7,
8.5 Hz, 5H), 7.01 (tt, J=7.9, 3.8 Hz, 2H),
6.05 (s, 1H), 5.01(d, 1H), 4.49 (q, J = 4.9,
3.4 Hz, 3H), 4.42 (s, 1H), 3.97 (s, 2H),
3.82 (dd, J = 11.0, 4.2 Hz, 1H), 3.65 (dd,
J=20.4,11.3 Hz, 2H), 3.13 (s, 6H), 2.46
(d,J=11.7 Hz, 3H), 2.21 = 2.11 (m, 1H),
1.93 (ddd, J = 19.6, 9.7, 5.4 Hz, 1H),
1.53 (dd, J = 21.1, 7.1 Hz, 3H), 1.04 (d,
J = 6.5 Hz, 3H), 0.88 (t, J = 7.5 Hz, 3H).

(2S,4R)-4-hydroxy-1-((R)-2-(3-(2-
(3-(2-hydroxyphenyl)-7,8-
dihydropyrido[3',4":4,5]thieno[2,3-
c]pyridazin-6(5H)-

109 yhethoxy)isoxazol-5-yl)-3- 808.2
methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenylethyl)pyrrolidine-2-
carboxamide

Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-[3-(3-{4-[3-(2-hydroxyphenyl)-5-methylthienof2,3-
c]pyridazin-6-yljpiperidin-1-yl}cyclobutyl)-1,2-oxazol-5-yl]-3-methylbutanoyl]-N-[(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyljethyl]pyrrolidine-2-carboxamide (Compound 34) and (2S,4R)-4-
5 hydroxy-1-[(2S)-2-[3-(3-{4-[3-(2-hydroxyphenyl)-5-methyithieno[2,3-cJpyridazin-6-yl]piperidin-1-
ylicyclobutyl)-1,2-oxazol-5-yl]-3-methylbutanoyl]-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-
yvl)phenylJethyl]pyrrolidine-2-carboxamide (Compound 114)
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Step 1: Preparation of (3,3-dimethoxycyclobutyl)methanol (infermediate 2)

o
/
OH
2
To a solution of methyl 3,3-dimethoxycyclobutane-1-carboxylate (10 g, 57.407 mmol, 1 equiv) in
5 THF (100 mL) was added LiAlIH4 (3.27 g, 86.111 mmol, 1.5 equiv) at 0 °C. The resulting solution was
stirred at room temperature for 2 hours. The mixture was quenched by 10% w/v sodium hydroxide (aq).

The mixture was filtered and the filtrate was concentrated under reduced pressure to give intermediate 2
(8.3 g, crude) as a yellow oil. LCMS (ESI) m/z: [M+H]* = 147.

10 Step 2: Preparation of 3,3-dimethoxycyclobutane-1-carbaldehyde (intermediate 3)

To a solution of (COCI)2 (13.9 g, 109.448 mmol, 2 equiv) in DCM (120 mL) was added DMSO (8.55
g, 109.448 mmol, 2 equiv) in DCM (10 mL) at -78 °C. The resulting solution was stirred at -78 °C for 5
min. The intermediate 2 (8 g, 54.724 mmol, 1 equiv) in DCM (20 mL) was added to the mixture at -78 °C
15 and the resulting solution was stirred at -78 °C for 30 min. To above solution was added TEA (27.68 g,
273.61 mmol, 5 equiv) and the resulting solution was stirred at room temperature for 1 h. The mixture was
diluted with DCM (400 mL) and washed with water (3 x 400 mL). The organic layer was dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give intermediate 3 (7 .66
g, crude) as a yellow oil. LCMS (ESIl) m/z: [M+H]* = 145.
20
Step 3: Preparation of (E)-N-[(3,3-dimethoxycyclobutyl)methylidenehydroxylamine (intermediate 4)

To a solution of intermediate 3 (7.66 g, 53.132 mmol, 1 equiv) and hydroxylamine hydrochloride
(7.38 g, 106.264 mmol, 2 equiv) in EtOH (60 mL) was added Na:COsz (16.89 g, 159.396 mmol, 3 equiv).
25 The resulting mixture was stirred at 25 °C for 6 hours. The mixture was diluted with EtOAc (400 mL) and
washed with water (3 x 400 mL). The organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to give intermediate 4 (4.72 g, crude) as a yellow oil. LCMS (ESI)
m/z: [M+H]* = 160.
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Step 4: Preparation of (Z)-N-hydroxy-3, 3-dimethoxycyclobutane-1-carbonimidoyl chloride (intermediate 5)

/
o]
0
/ cl
[
N‘OH
8

To a solution of intermediate 4 (4.72 g, 29.651 mmol, 1 equiv) in DMF (50 mL) was added NCS
(5.94 g, 44.477 mmol, 1.5 equiv). The resulting solution was stirred at 25 °C for 6 hours. The mixture was
5 diluted with EtOAc (300 mL) and washed with water (3 x 300 mL). The organic layer was dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give intermediate & (6.57
g, crude) as a yellow oil. LCMS (ESI) m/z: [M+H]" = 194.

Step 5: Preparation of methyl 2-[3-(3,3-dimethoxycyclobutyl)-1,2-oxazol-5-ylJacetate (infermediate 6)

N—,
‘\’M
—
\O O/
10 8

To a solution of intermediate 5 (6.57 g, 33.931 mmol, 1 equiv) and methyl but-3-ynoate (3.99 g,
40.717 mmol, 1.2 equiv) in EtOAc (50 mL) was added NaHCOs (5.70 g, 67.862 mmol, 2 equiv). The
resulting mixture was stirred at 25 °C for 16 hours. The mixture was diluted with EtOAc (300 mL) and
washed with water (3 x 300 mL). The organic layer was dried over anhydrous sodium sulfate, filtered and
15 concentrated under reduced pressure to give a crude product. The crude product was purified by reverse
phase flash C18 chromatography, elution gradient 0% to 53% ACN in H20, to give intermediate 6 (2.4 g,
27.71%) as a yellow oil. LCMS (ESI) m/z: [M+H]* = 256.

Step 6: Preparation of methyl 2-[3-(3,3-dimethoxycyclobutyl)-1,2-oxazol-5-yl]-3-methylbutanoate
20 (infermediate 7)
N-o o

5 ;
~o0 = O/

¥

To a solution of intermediate 6 (2.4 g, 9.402 mmol, 1 equiv) and 2-iodopropane (3.20 g, 18.804
mmol, 2 equiv) in THF (20 mL) was added Cs2CO3 (6.13 g, 18.804 mmol, 2 equiv). The resulting mixture
was stirred at 60 °C for 16 hours. The mixture was diluted with EtOAc (300 mL) and washed with water (3
25 x 300 mL). The organic layer was dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to give a crude product. The crude product was purified by reverse phase flash C18
chromatography, elution gradient 0% to 48% ACN in H:20, to give intermediate 7 (538 mg, 19.24%) as a
yellow oil. LCMS (ESI) m/z: [M+H]* = 298.
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Step 7: Preparation of methyl 3-methyl-2-[3-(3-oxocyclobutyl)-1, 2-oxazol-5-yl]butanoate (intermediate 8)

/O — O
/
0 O\

8

To a solution of intermediate 7 (538 mg, 1.809 mmol, 1 equiv) in EtOH (5 mL) and H20 (0.5 mL) was
added TsOH (311.56 mg, 1.809 mmol, 1 equiv). The resulting solution was stirred at 25 °C for 6 hours.

5 The mixture was diluted with EtOAc (200 mL) and washed with water (3 x 200 mL). The organic layer was
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give a crude
product. The crude product was purified by reverse phase flash C18 chromatography, elution gradient 0%
to 45% ACN in Hz20, to give intermediate 8 (368 mg, 80.94%) as a yellow oil. LCMS (ESI) m/z: [M+H]* =
252,

10
Step 8: Preparation of methyl 2-[3-(3-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-c]pyridazin-6-
Yllpiperidin-1-yljcyclobutyl)- 1, 2-oxazol-5-yl]-3-methylbutanoate (infermediate 9)

To a solution of intermediate 8 (180 mg, 0.716 mmol, 1 equiv) and 2-[5-methyl-6-(piperidin-4-
15 yDthieno[2,3-c]pyridazin-3-yl]phenol (349.67 mg, 1.074 mmol, 1.5 equiv) in MeOH (2 mL) and DCM (2
mL) were added AcOH (0.1 mL, 1.745 mmol, 2.44 equiv) and NaBHsCN (90.03 mg, 1.432 mmol, 2 equiv).
The resulting solution was stirred at 25 °C for 3 hours. The mixture was diluted with EtOAc (200 mL) and
washed with water (3 x 200 mL). The organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to give a crude product. The crude product was purified by reverse
20 phase flash C18 chromatography, elution gradient 0% te 53% ACN in H20, to give intermediate 9 (165
mg, 41.08%) as a brown solid. LCMS (ESI) m/z: [M+H]* = 561.

Step 9: Preparation of 2-[3-(3-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-c]pyridazin-6-yljpiperidin-1-
ylcyclobutyl)-1,2-oxazol-5-yl]-3-methylbutanoic acid (intermediate 10)

25 18

To a solution of intermediate 9 (165 mg, 0.294 mmol, 1 equiv) in MeOH (2 mL) and H20 (0.4 mL)
was added LiOH (35.24 mg, 1.470 mmol, 5 equiv). The resulting solution was stirred at 25 °C for 6 hours.
The mixture was acidified to pH 5-6 with HCI (1 M in H20). The mixture was diluted with EtOAc (200 mL)
and washed with water (3 x 200 mL). The organic layer was dried over anhydrous sodium sulfate, filtered

30 and concentrated under reduced pressure to give a crude product. The crude product was purified by
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reverse phase flash C18 chromatography, elution gradient 0% to 53% ACN in H20, to give intermediate
10 (182 mg, crude) as a brown solid. LCMS (ESI) m/z: [M+H]* = 547.

Step 10: Preparation of (2S,4R)-4-hydroxy-1-{2-[3-(3-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-
5 c]pyridazin-6-yljpiperidin-1-yl}cyclobutyl)- 1, 2-oxazol-5-yl]-3-methylbutanoyl}-N-[(1S)- 1-[4-(4-methyi-1,3-
thiazol-5-yl)phenyljethyl]pyrrolidine-2-carboxamide (intermediate 11)

HO
MN
o= —
NHO 4
(i \N N Y _
/
S\
N-N Ho
/3
N

4
15
To a stirred solution of intermediate 10 (180 mg, 0.329 mmol, 1 equiv) and (2S,4R)-4-hydroxy-N-

[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide hydrochloride (109.12 mg,

0.329 mmol, 1 equiv) in DMF (3 mL) was added PyBOP (342 mg, 0.658 mmol, 2 equiv). The resulting

solution was stirred at 25 °C for 10 minutes, then DIEA (212.78 mg, 1.645 mmol, 5 equiv) was added to
20 the mixture. The resulting solution was stirred at 25 °C for 6 hours. Without additional work-up, the crude

reaction mixture was purified by reverse phase flash C18 chromatography, elution gradient 0% to 46%

ACN in H20, to give intermediate 11 (14 mg, 4.94%) as a brown solid. LCMS (ESI) m/z: [M+H]* = 860.

Step 11: Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-[3-(3-{4-[3-(2-hydroxyphenyl)-5-methylthienof2, 3-

25 cjpyridazin-6-ylipiperidin-1-yl}cyclobutyl)-1, 2-oxazol-5-yl]-3-methyibutanoyl]-N-[(1S)- 1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyllethyl]pyrrolidine-2-carboxamide (Compound 34) and (2S,4R)-4-hydroxy-1-[(25)-2-[3-
(3-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2,3-c]pyridazin-6-ylJpiperidin-1-ylicyclobutyl)-1,2-oxazol-5-yl]-3-
methylbutanoyl]-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenylJethyljpyrrolidine-2-carboxamide
(Compound 114)

HO HO
o= o= —
NH NH O
e n O\ N
N ) v
|
S N
NN Ho STNAN W4
S S
//) //)
30 N N

Intermediate 11 (14 mg) was purified by chiral Prep HPLC: Column, CHIRALPAK ID, 2*25 cm, 5
pm; Mobile Phase A: MtBE (10 mM NHs:-MeOH), Mobile Phase B: MeOH; Flow rate: 20 mL/min;
Gradient: 5% B to 15% B in 20 min; Detector, UV 254/220 nm; RT1 (min): 10.3; RT2 (min): 15.4. This

resulted in:
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Compound 34 (2.1 mg, 15.00%) (second peak) as an off-white solid. '"H NMR (300 MHz, Methanol-
d4) 56 8.89 (d,J=2.4 Hz, 1H), 8.56 (s, 1H), 8.08 (d,J = 8.2 Hz, 1H), 7.52 - 7.38 (m, 5H), 7.09 —6.99 (m,
2H), 6.42 (d, J = 11.8 Hz, 1H), 5.07 (d, J = 7.0 Hz, 1H), 4.55 (t, J = 8.2 Hz, 1H), 4.47 (s, 1H), 3.94 — 3.77
(m, 2H), 3.66 (d, J = 2.1 Hz, 3H), 3.63 - 3.51 (m, 1H), 3.13 (d, J = 12.8 Hz, 2H), 3.03 — 2.92 (m, 1H),
2.61(d, J=9.0Hz, 2H), 2.50 (s, 6H), 2.47 —2.29 (m, 1H), 2.26 — 2.03 (m, 8H), 2.01 —1.78 (m, 4H), 1.67
—-1.47 (m, 5H), 1.10 (d, J = 6.6 Hz, 4H), 0.90 d, J = 6.7 Hz, 8H). LCMS (ESI) m/z: [M+H]* = 860.30

Compound 114 (2.1 mg, 15.00%) (first peak) as a yellow solid. '"H NMR (300 MHz, Methanol-d4) &
8.88(d,J=12.2Hz, 1H), 8.55(d, J =1.9 Hz, 1H), 8.07 (d,J =7.5 Hz, 1H), 7.53 - 7.32 (m, 5H), 7.09 —
6.98 (m, 2H), 6.43 (d, J = 9.7 Hz, 1H), 5.09 — 4.95 (m, 1H), 461 (t, J= 8.1 Hz, 1H), 4.46 (s, 1H), 3.92 (d,
J=9.1Hz 1H), 3.80 - 3.63 (m, 4H), 3.23 (s, 1H), 3.12 (d, J = 12.3 Hz, 2H), 3.04 - 2.92 (m, 1H), 2.67 —
2.49 (m, 3H), 2.48 — 2.40 (m, 6H), 2.30 - 2.04 (m, 8H), 2.00 — 1.82 (m, 3H), 1.66 — 1.45 (m, 5H), 1.10 (d,
J = 6.6 Hz, 3H), 1.04 — 0.82 (m, 6H). LCMS (ESI) m/z: [M+H]* = 860.30.

The compounds in Table 8 were prepared using procedures similar to those used above for the

preparation of compound 34 using the appropriate amine and ketone.

Table 8.
LCMS
Compound
Name (ESI) H NMR
No.
m/z

1H NMR (400 MHz, DMSO-d6) d 12.74
(s, 1H), 8.92 (d, J = 5.4 Hz, 1H), 8.61 (s,
1H), 8.21 (dd, J = 93.5, 7.8 Hz, 1H), 7.43
—7.26 (m, 5H), 6.95 (t, J = 7.3 Hz, 2H),
6.22 (s, 1H),5.11 (d, J = 3.7 Hz, 2H),
4,98 —4.85 (m, 1H), 4.43 (1, J = 7.7 Hz,
1H), 4.28 (s, 2H), 3.85 (d, J = 8.5 Hz,

ylpiperidin-1-
37 888.4 1H), 3.61 — 3.53 (m, 1H), 3.17 — 3.11 (m,
ylcyclohexyl)isoxazol-5-yl)-3-

1H), 2.99 (s, 2H),2.60 — 2.52 (m, 2H),
methylbutanoyl)-N-((S)-1-(4-(4-

249-239(m, 7H),2.10 (d, J = 37.6 Hz,

methylthiazol-5-

2H), 1.99 — 1.75 (m, 8H), 1.69 (d, J =
13.0 Hz, 1H), 1.47 (d, J = 7.1 Hz, 3H),
1.39 (s, 3H), 1.36 (d, J = 7.0 Hz, 2H),
0.97 (d, J = 6.6 Hz, 3H), 0.83 — 0.71 (m,
3H).

(2S,4R)-4-hydroxy-1-((R)-2-(3-
((1s,4S)-4-(4-(3-(2-
hydroxyphenyl)-5-

methylthieno[2,3-c]pyridazin-6-

yDphenylethyl)pyrrolidine-2-
carboxamide
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methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenylethyl)pyrrolidine-2-
carboxamide

LCMS
Compound
Name (ESI) H NMR
No.
m/z

1H NMR (400 MHz, Methanol-d4) & 8.74
(s, 1H), 8.48 (s, 1H), 8.03 (d, J =7.6 Hz,
(28,4R)-4-hydroxy-1-((R)-2-(3- 1H), 7.47 (s, 1H), 7.34 (s, 4H), 7.06 —
((1r,4R)-4-(4-(3-(2-hydroxyphenyl)- 6.98 (m, 2H), .36 (s, 1H), 4.99 d, J =
5-methylthieno[2,3-c]pyridazin-6- 70Hz, 1H),459 (t,J=8.1 Hz, 1H), 4.44
yhpiperidin-1- (s, 1H), 3.89(d, J=9.2Hz, 1H), 3.73 (d,
38 yhcyclohexyl)isoxazol-5-yl)-3- 888.35 [ J=11.1 Hz, 1H), 3.64 (dd, J=11.1,4.2

Hz, 1H), 3.16 (s, 2H), 3.04 (s, 1H), 2.67
—2.45 (m, 2H), 2.45—2.35 (m, 9H), 2.23
(s, 3H), 1.97 (id, J = 14.1, 13.0, 7.7 Hz,
3H), 1.88 — 1.77 (m, 6H), 1.74 — 1.55 (m,
2H), 1.50 (d, J = 7.0 Hz, 3H), 1.08 (d, J
= 6.6 Hz, 3H), 0.91 (d, J = 6.7 Hz, 3H).

Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-{3-[(1S,2S)-2-{4-[3-(2-hydroxyphenyl)-5-

methylthieno[2,3-cpyridazin-6-yl]piperidin-1-yl}cyclobutoxy]-1,2-oxazol-5-yl}-3-methylbutanoyl]-N-

[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide (Compound 36),

5 (2S,4R)-4-hydroxy-1-[(2S)-2-{3-[(1S,2S)-2-{4-[3-(2-hydroxyphenyl)-5-methyithienof2,3-c Jpyridazin-6-

vllpiperidin-1-yl}cyclobutoxy]-1,2-oxazol-5-yl}-3-methyibutanoyl]-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide (Compound 115) and (2S,4R)-4-hydroxy-1-[(2R)-2-{3-

I(1R, 25)-2-{4-[3-(2-hydroxyphenyl)-5-methylthieno[ 2,3-cJpyridazin-6-yljpiperidin-1-yl}cyclobutoxy]-
1,2-oxazol-5-yl}-3-methylbutanoyl]-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yI)phenyl]ethyl]pyrrolidine-

10 2-carboxamide (Compound 35)
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Step 1: Preparation of methyl 3-methyl-2-[3-(2-oxocyclobutoxy)-1,2-oxazol-5-yljbutanoate (Intermediate

2)
0
o
7
o) o-N
/o
5 2

A mixture of methyl 2-(3-hydroxy-1,2-oxazol-5-yl)-3-methylbutanoate (400 mg, 2.008 mmol, 1 equiv),
2-bromocyclobutan-1-one (448.74 mg, 3.012 mmol, 1.5 equiv) and Cs2CO3 (13.1 g, 4.016 mmol, 2 equiv)
in acetone (3 mL) was stirred for 2 h at room temperature. The resulting mixture was filtered and the filter
cake was washed with acetonitrile (3 x 2 mL). The filtrate was concentrated under reduced pressure to

10 afford Intermediate 2 (860 mg, crude) as a reddish brown solid. LCMS (ESI) m/z: [M+H]* = 268.

Step 2: Preparation of methyl 2-[3-(2-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-c]pyridazin-6-
yllpiperidin-1-yl)cyclobutoxy)-1, 2-oxazol-5-ylJ-3-methylbutanoate (Infermediate 3)

N-Ns -8
I/ Y N
/N o
OH o =
3 o
o]
\
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A mixture of Intermediate 2 (400 mg, 1.497 mmol, 1 equiv) and compound I-10 (200 mg, 0.615 mmol,
0.41 equiv) in DMF (5 mL) was stirred for 30 min at room temperature. To the above mixture was added
NaBH:CN (282.13 mg, 4.491 mmol, 3 equiv) at room temperature. The resulting mixture was stirred for 3
h at room temperature. The mixture was purified by reverse phase flash chromatography with the

5 following conditions: column, C18 silica gel; mobile phase, MeCN in water (10 mmol/L NH4sHCO3), 0% to

100% gradient in 30 min; detector, UV 254 nm. This resulted in Intermediate 3 (91 mg, 10.54%) as a
yellow solid. LCMS (ESI) m/z [M+H]* = 577.

Step 3: Preparation of 2-[3-(2-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-c]pyridazin-6-yijpiperidin-1-
yleyclobutoxy)-1,2-oxazol-5-yl]-3-methylbutanoic acid (Intermediate 4)

N’N\ S N
| P —< >
N (o]
OH o =~
& fo}
10 HO

A mixture of Intermediate 3 (91 mg, 0.158 mmol, 1 equiv) and LiOH.H20 (33.10 mg, 0.790 mmol, 5
equiv) in MeOH (2 mL) and Hz0 (2 mL) was stirred for 2 h at room temperature. The mixture was acidified
to pH 6 with conc. HCI. The resulting mixture was concentrated under reduced pressure to afford
Intermediate 4 (96 mg, crude) as a yellow green solid. LCMS (ESI) m/z: [M+H]* = 563.

15
Step 4: Preparation of (2S,4R)-4-hydroxy-1-{2-[3-(2-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-
c]pyridazin-6-yljpiperidin-1-yljcyclobutoxy)-1,2-oxazol-5-yl]-3-methyibutanoyl}-N-[(1S)-1-[4-(4-methyi-1,3-
thiazol-5-yl)phenyljethyljpyrrolidine-2-carboxamide (Infermediate 5)
&
20 A mixture of Intermediate 4 (90 mg, 0.160 mmol, 1 equiv), (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-

1,3-thiazol-5-yl)phenyllethyl]pyrrolidine-2-carboxamide hydrochloride (63.01 mg, 0.160 mmol, 1 equiv),
PyBOP (124.85 mg, 0.240 mmol, 1.5 equiv) and DIEA (103.36 mg, 0.800 mmol, 5 equiv) in DMF (3 mL)
was stirred for 3 h at room temperature. The mixture was purified by reverse phase flash chromatography
with the following conditions: column, C18 silica gel; mobile phase, MeCN in water (10 mmol/L

25 NH4HCO3), 0% to 100% gradient in 30 min; detector, UV 254 nm. This resulted in Intermediate 5 (80 mg,
57.09%) as a light yellow solid. LCMS (ESI) m/z; [M+H]* = 876.
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Step 5: Preparation of (2S,4R)-4-hydroxy-1-[(2S)-2-{3-[(1S,2S)-2-{4-[3-(2-hydroxyphenyl)-5-
methylthieno[2, 3-c]pyridazin-6-yllpiperidin-1-yl}cyclobutoxy]-1, 2-oxazol-5-yl}-3-methyibutanoylj-N-f(1S)-1-
[4-(4-methyl-1, 3-thiazol-5-yl) phenyl]ethyl]pyrrolidine-2-carboxamide (Compound 115) and (2S,4R)-4-

5 hydroxy-1-[(2R)-2-[3-(2-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-c]pyridazin-6-yllpiperidin-1-
ylcyclobutoxy)-1,2-oxazol-5-yl]-3-methylbutanoyl]-N-[(1S)-1-[4-(4-methyl-1, 3-thiazol-5-
yliphenyljethyllpyrrolidine-2-carboxamide (Infermediate 6)

Intermediate 5 was purified by SFC with the following conditions: Column, CHIRAL ART Amylose-
10 SA, 3*25 cm, 5 um; Mobile Phase A: CO2, Mobile Phase B: MeOH/DCM 1:1; Flow rate: 60 mL/min;

Gradient: isocratic 50% B; Column Temperature (°C): 35; Back Pressure (bar): 100; Detector: 206 nm;

RT1 (min): 5.77; RT2 (min): 10.18. This resulted in:

Compound 115 (356 mg, 38.53%) as a white solid. TH NMR (400 MHz, DMSO-d6) & 12.80 (s, 1H),
9.01 — 8.95 (m, 1H), 8.70 — 8.65 (m, 1H), 8.28 —8.24 (m, 1H), 8.16 (d, J = 7.8 Hz, 1H), 7.51 — 7.27 (m, 5H),
15 7.06 — 6.97 (m, 2H), 6.18 — 6.08 (m, 1H), 5.12 — 4.84 (m, 2H), 4.69 —4.64 (m, 1H), 4.42 (t, J = 7.8 Hz, 1H),
4.27 (s, 1H), 3.77 (d, J = 8.3 Hz, 1H), 3.57 — 3.44 (m, 2H), 3.10 — 2.86 (m, 3H), 2.49 — 2.40 (m, 7H), 2.28 —
2.23 (m, 2H), 2.20 — 2.00 (m, 3H), 2.00 — 1.54 (m, 7H), 1.49 — 1.39 (m, 1H), 1.38 — 1.31 (m, 3H), 1.00 —
0.74 (m, 6H). LCMS (ESI) m/z: [M+H]* = 876.30.

Intermediate 6 (20.0 mg, 21.64%) as a white solid. LCMS (ESI) m/z: [M+H]* = 876.30

20 Step 6: Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-{3-[(1S,25)-2-{4-[3-(2-hydroxyphenyl)-5-
methylthieno[2, 3-c]pyridazin-6-yljpiperidin-1-yl}cyclobutoxy]-1, 2-oxazol-5-y[}-3-methylbutanoylj-N-[(1S)-1-
[4-(4-methyl-1,3-thiazol-5-yl) phenyljethyljpyrrolidine-2-carboxamide (Compound 36) and (2S,4R)-4-
hydroxy-1-[(2R)-2-{3-[(1R, 2S)-2-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-c]pyridazin-6-yljpiperidin-1-
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yleyclobutoxyj-1,2-oxazol-5-yl}-3-methylbutanoyl]-N-[(1S)-1-[4-(4-methyl-1, 3-thiazol-5-
ylphenyljethyllpyrrolidine-2-carboxamide (Compound 35)

o-N

HOEN;S(\,(OA, d HO\C.:

Intermediate 6 was purified by chiral HPLC with the following conditions: Column, CHIRALPAK ID,
5 2*25 cm, 5 ym; Mobile Phase A: MtBE (10 mM NHs-MeOH), Mobile Phase B: MeOH; Flow rate: 20
mL/min; Gradient: 20% B to 50% B in 11.5 min; Detector: 208/268 nm; RT1 (min): 4.555; RT2 (min): 7.69.
This resulted in:

Compound 36 (10.7 mg, 53.07%) as a white solid. "H NMR (400 MHz, DMSO-d6) 5 12.80 (s, 1H),
8.98 (s, 1H), 8.68 (d, J = 1.9 Hz, 1H), 8.40 (d, J = 7.7 Hz, 1H), 8.19 — 8.13 (m, 1H), 7.49 — 7.41 (m, 2H),

10 7.41-7.33 (m, 3H), 7.06 — 6.97 (m, 2H), 6.10 (s, 1H), 5.12 — 5.07 (m, 1H), 4.92 (q, J = 7.3 Hz, 1H), 4.74
— 464 (m, 1H), 4.37 (t, J = 7.9 Hz, 1H), 4.29 (s, 1H), 3.74 — 3.62 (m, 2H), 3.60 — 3.43 (m, 1H), 3.26 — 3.18
(m, 1H), 3.07 = 2.92 (m, 3H), 2.48 —2.41 (m, 6H), 2.36 — 2.23 (M, 2H), 2.21 — 2.00 (M, 3H), 1.99 — 1.92
(m, 3H), 1.84 — 1.74 (m, 1H), 1.74 — 1.55 (m, 3H), 1.52 — 1.35 (m, 4H), 1.01 — 0.93 (m, 3H), 0.87 — 0.77
(m, 3H). LCMS (ESI) m/z: [M+H]* = 876.40.

15 Compound 35 (3.2 mg, 15.68%) as a white solid. "H NMR (400 MHz, Methanol-d4) 6 8.86 (s, 1H),
8.52 (s, 1H), 8.08 — 7.98 (m, 1H), 7.48 — 7.24 (m, 5H), 7.05 — 6.97 (m, 2H), 6.00 (s, 1H), 5.08 —4.93 (m,
1H), 4.79 (s, 1H), 4.55 — 4.35 (m, 2H), 3.88 — 3.80 (m, 1H), 3.76 — 3.58 (m, 3H), 3.56 — 3.44 (m, 1H), 3.17
(d,J=11.7 Hz, 1H), 3.13 — 3.03 (m, 2H), 2.49 — 2.45 (m, 4H), 2.43 — 2.10 (m, 7H), 2.09 — 2.00 (m, 3H),
1.99 — 1.89 (m, 1H), 1.89 — 1.78 (m, 2H), 1.77 — 1.67 (m, 1H), 1.62 — 1.54 (m, 1H), 1.51 (d, J = 7.0 Hz,
20 3H), 1.08 — 1.02 (m, 3H), 0.94 — 0.86 (M, 3H). LCMS (ESI) m/z: [M+H]* = 876.40.

The compounds in Table 9 were prepared using procedures similar to those used above for the

preparation of compound Compound 115 using the appropriate amine and ketone.

Table 9.
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LCMS
Compound
Name (ESI) 'H NMR
No.
m/z
(28,4R)-4-hydroxy-1-((R)-2-(3- 1H NMR (300 MHz, Methanol-d4) & 8.90
(1r,3R)-3-(4-(3-(2- (s, 1H), 8.58 (s, 1H), 8.12 — 8.04 (m, 1H),
hydroxyphenyl)-5- 7.51 - 7.34 (m, 5H), 7.09 — 6.99 (m, 2H),
methylthieno[2,3-c]pyridazin-6- 590 (s, 1H), 512 — 4.96 (m, 2H), 4.65 —
59 yl)piperidin-1- 876.5 4.46 (m, 2H), 3.91 —3.66 (m, 4H), 3.61 —
ylcyclobutoxy)isoxazol-5-yl)-3- ) 3.40 (m, 3H), 2.85-2.65 (m, BH), 2.57 —
methylbutanoyl)-N-((8)-1-(4-(4- 2.42 (m, 7H), 2.35-2.18 (m, 3H), 2.12 —
methylthiazol-5- 1.93 (m, 3H), 1.56 (d, J = 7.0 Hz, 3H),
ylphenyl)ethyl)pyrrolidine-2- 113 (d,J =6.6 Hz, 3H), 1.04 (d,J=6.7
carboxamide Hz, 3H).
1H NMR (300 MHz, DMSO-d6) 0 12.82
(28,4R)-4-hydroxy-1-((R)-2-(3-
(s, 1H), 8.99 (s, 1H), 8.71 (s, 1H), 8.46
((1s,35)-3-(4-(3-(2-
d,J=76Hz 1H), 817 (d, J = 8.0 Hz,
hydroxyphenyl)-5-
1H), 7.50 — 7.33 (m, 5H), 7.10 — 8.97 (m,
methylthieno[2,3-c]pyridazin-6-
2H), 5.88 — 5.60 (m, 1H), 5.22 — 5.05 (m,
yl)piperidin-1-
61 876.35 | 1H), 4.99 —4.86 (m, 1H), 4.71 — 4.21 (m,
ylhcyclobutoxy)isoxazol-5-yl)-3-
3H), 3.78 — 3.46 (m, 4H), 3.29 — 2.81 (m,
methylbutanoyl)-N-((S)-1-(4-(4-
3H), 2.82 -2.63 (m, 2H), 2.49 — 2.35 (m,
methylthiazol-5-
7H), 2.33 -1.90 (m, 7H), 1.87 — 1.54 (m,
yhphenyl)ethyl)pyrrolidine-2-
. 3H),1.39(d,J=7.0Hz, 3H),1.00 (d,J =
carboxamide
6.3 Hz, 3H), 0.92 (d, J = 6.7 Hz, 3H).

Preparation of 3-methyl-2-[3-(morpholin-4-yl)-1, 2-oxazol-5-yl]butanoic acid (intermediate A)

(o}

o]
\
o) o
/A DIEA, DMF THF, HzO /R
~N ~N

O,
OH

LiOH

)

fnd &

5 Step 1: Preparation of methyl 3-methyl-2-[3-(morpholin-4-yl)-1,2-oxazol-5-yl]butanoate (infermediate 2)
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To a solution of intermediate 1 (3.5 g, 7.276 mmol, 1 equiv) and DIEA (1184.27 mg, 21.829
mmol, 3 equiv) in DMF (40 mL) was added morpholine (1.33 g, 36.382 mmol, 5 equiv). The solution was
stirred at 120 °C for 2 h. The mixture was allowed to cool down to room temperature and was purified by
reverse phase flash chromatography with the following conditions: column, C18 silica gel; mobile phase,
5 MeCN in water, 0% to 100% gradient in 20 min; detector, UV 254 nm. This resulted in intermediate 2
(1.06 g, 54.10%) as a colorless oil. LCMS (ESI) m/z: [M+H]* = 269.

Step 2: Preparation of 3-methyl-2-[3-(morpholin-4-yl)-1,2-oxazol-5-yllbutanoic acid (intermediate A)

o
OH

/,N

O

ﬂ&A

10 To a solution of intermediate 2 (1 g, 3.727 mmol, 1 equiv) in THF (5 mL) and H20 (5 mL) was
added lithium hydroxide (0.13 g, 5.590 mmol, 1.5 equiv). The mixture was stirred at 25 °C for 2 h. The
mixture was acidified to pH 6 with conc. HCI. The aqueous layer was extracted with EtOAc (3 x 30 mL).
The combined organic layers were dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. This resulted in intermediate A (852 mg, 89.90%) as a white solid. LCMS (ESI) m/z:

15 [M+H]* = 255.

Preparation of (2S,4R)-4-hydroxy-N-(2-hydroxy-4-(4-methylthiazol-5-yl)benzyl)-1-((R)-3-methyl-2-(3-
morpholinoisoxazol-5-yl)butanoyl)pyrrolidine-2-carboxamide (intermediate B)

yg
Eii &

Z
HO"
SAN
= NH
T3P DIEA, DCM HCI (i ('n dloxane) CH,Cl, Tap DIEA, DCM Chiral Separatlon o=
OH OH [ [o} Y )
ahau N wWag s N
0—/ 'OH 'OH
I3 T3
BocN HN ~N N
OH OH
2 3

® 0

Pdmrronaadiate
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Step 1: Preparation of tert-butyl (2S,4R)-4-hydroxy-2-({[2-hydroxy-4-(4-methyi-1,3-thiazol-5-
ylphenyllmethyl)carbamoyl)pyrrolidine-1-carboxylate (infermediafe 2).

AN

p—

S

OH
NH

0
J

OH

ve]

o

o

Z 5
. Sj

To a solution of (2S,4R)-1-(tert-butoxycarbonyl)-4-hydroxypyrrolidine-2-carboxylic acid (2.97 g, 12.853
5 mmol, 1 equiv) and DIEA (8.31 g, 64.265 mmol, 5 equiv) in DCM (100 mL) at 0 °C was added TsP (6.13
g, 19.279 mmol, 1.5 equiv). After 30 min, 2-(aminomethyl)-5-(4-methyl-1,3-thiazol-5-yl)phenol
hydrochloride (3.3 g, 12.853 mmol, 1 equiv) was added. The solution was stirred at room temperature for
16 h. The resulting mixture was concentrated under reduced pressure. The residue was purified by silica
gel column chromatography, eluted with PE/EA (1:1), to afford intermediate 2 (2.859, 51.15%) as a
10 yellow oil. LCMS (ESI) m/z: [M+H]* = 434.

Step 2: Preparation of (2S,4R)-4-hydroxy-N-{[2-hydroxy-4-(4-methyl-1,3-thiazol-5-
yhphenyllmethyl}pyrrolidine-2-carboxamide (infermediate 3)

AN

S

NH

HN/D\
OH

3

0
AL

15

To a solution of intermediate 2 (2.75 g, 6.343 mmol, 1 equiv) in DCM (3 mL) was added HCl in 1,4-
dioxane (15 mL) in portion. The solution was stirred at room temperature for 2 h. The resulting mixture
was concentrated under reduced pressure. This resulted in intermediate 3 (2.4 g, crude) as a white solid.
LCMS (ESI) m/z: [M+H]* = 334.
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Step 3: Preparation of (2S,4R)-4-hydroxy-N-(2-hydroxy-4-(4-methylthiazol-5-yl)benzyl)-1-(3-methyl-2-(3-
morpholinoisoxazol-5-yl)butanoyl)pyrrolidine-2-carboxamide (infermediate 4)
N

S

NG s
®
5 To a solution of intermediate A (0.92 g, 3.599 mmol, 1 equiv) and DIEA (2.33 g, 17.995 mmol, 5 equiv)
in DCM (20 mL) was added T3P (1.72 g, 5.399 mmol, 1.5 equiv) dropwise at 0 °C. After 30 min, the
intermediate 3 (1.2 g, 3.599 mmol, 1.00 equiv) was added. The mixture was stirred at room temperature
for 3 h. The resulting mixture was concentrated under reduced pressure. The residue was purified by
reverse phase flash chromatography with the following conditions: column, C18 silica gel, mobile phase,

10 MeCN in water (0.1% FA), 10% to 100% gradient in 30 min; detector, UV 254 nm. This resulted in
intermediate 4 (800 mg, 39.02%) as a yellow solid. LCMS (ESI) m/z: [M+H]* = 570.

Step 4: Preparation of (2S,4R)-4-hydroxy-N-(2-hydroxy-4-(4-methylthiazol-5-yl)benzyl)-1-((R)-3-methyl-2-

(3-morpholinoisoxazol-5-yl)butanoyl)pyrrolidine-2-carboxamide (intermediate B)

Q
! N

)
O
intermediste B

15 Intermediate 4 (800 mg) was separated by chiral separation to afford intermediate B (second peak)
(302.9 mg, 37.37%) as a white solid. LCMS (ESI) m/z: [M+H]* = 570.10.

Preparation of (2S,4R)-4-hydroxy-N-{[2-(3-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2,3-c]pyridazin-

6-yl]piperidin-1-yl}propoxy)-4-(4-methyl-1,3-thiazol-5-yl)phenylImethyl}-1-[(2S)-3-methyl-2-[3-

(morpholin-4-yl)-1,2-oxazol-5-yl]butanoyljpyrrolidine-2-carboxamide (Compound 55) and (2S,4R)-
20 4-hydroxy-N-{[2-(3-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2,3-c]pyridazin-6-yl]piperidin-1-
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yl}propoxy)-4-(4-methyl-1,3-thiazol-5-yl)phenyllmethyl}-1-[(2R)-3-methyl-2-[3-(morpholin-4-yl)-1,2-
oxazol-5-yl]butanoyl]pyrrolidine-2-carboxamide (Compound 56).

AN

s N N
Ny 8§
° o~ @(W_CNH
NH o [O>_\—Br NH ° 0‘7 NH o—L\\ OH g
°=*{., K»CO3, DMF, 80 °C °=*{._ HCI (4 M), H,0 °=*{., O NaBH4CN, AcOH, MeOH, DCM
0, afeg 0, s O, [ d
N/D‘OH ) N/:)‘OH N/D~OH
/ /O‘N / /O\N / ,O‘ N
N N N
3
O 0 s O
INTEITALIRWG B
N N
Ny, N-Na—8 Y NN S, -
N S S
LT O, oSO OO
o OH OH
OH chiral HPLC
e & NH NH
Dy e § o o
o= oL ./ o, ./
o™ Q NO\ o‘\/)‘\(g ND‘OH G\‘ N N OH
UM o 3 -5
N-O
4
5
Step 1: Preparation of (2S,4R)-N-({2-[2-(1,3-dioxolan-2-yl)ethoxy]-4-(4-methyl-1,3-thiazol-5-
ylphenyllmethyl)-4-hydroxy-1-{3-methyl-2-[3-(morpholin-4-yl)-1, 2-oxazol-5-ylbutanoyl}pyrrolidine-2-
carboxamide (Intermediate 2).
g SN
(o)
o\/\(j
NH o
o~
N\
N
OH
(o)
I N
N
(=
O
10 To a solution of intermediate B (150.0 mg, 0.263 mmol, 1.00 equiv) and 2-(2-bromoethyl)-1,3-

dioxolane (47.7 mg, 0.263 mmol, 1.00 equiv) in DMF (3.0 mL) was added K2COs (109.2 mg, 0.789 mmol,
3.00 equiv). After stirring for 2 h at 80 °C, the mixture was cooled down to room temperature and was
extracted with EA (3 x 3 mL). The combined organic layers were washed with water (5 mL), then dried
over anhydrous Na:SOq4. After filtration, the filtrate was concentrated under reduced pressure to afford

15 Intermediate 2 (200.0 mg, crude) as a white solid. LCMS (ESI) m/z: [M+H]* = 670.
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Step 2: Preparation of (2S,4R)-4-hydroxy-N-{[4-(4-methyl-1,3-thiazol-5-yl)-2-(3-
oxopropoxy)phenylimethyl}-1-{3-methyl-2-[3-(morpholin-4-yl)-1,2-oxazol-5-ylJbutanoyl}pyrrolidine-2-
carboxamide (Intermediate 3).

(@]
A
/ _N
N
C1 e
o
5 To a solution of Intermediate 2 (200 mg, crude) in HzO (3 mL) was added HCI (4 M) (3 mL). After

stirring for 1 h at room temperature, the mixture was extracted with EA (3 x 5 mL). The combined organic
layers were washed with brine (5 mL), dried over anhydrous sodium sulfate, filtered and the filtrate was
concentrated under reduced pressure. This resulted in Intermediate 3 (147.0 mg, crude) as a white solid.
LCMS (ESI) m/z: [M+H]* = 626.

10
Step 3: Preparation of (2S,4R)-4-hydroxy-N-{[2-(3-{4-[3-(2-hydroxyphenyl)-5-methyithieno[2, 3-c]pyridazin-
6-ylpiperidin-1-yl}propoxy)-4-(4-methyl-1,3-thiazol-5-yl) phenylimethyl}-1-{3-methyl-2-[3-(morpholin-4-yl)-
1,2-oxazol-5-yljbutanoyl}pyrrolidine-2-carboxamide (Infermediate 4).
N
~
N’N\ S \ 7
I / N S
= \_\
o
OH
NH
o=
@]
o N
\\/ N OH
\ \
N-O
4
15 To a solution of Intermediate 3 (147.0 mg, 0.235 mmol, 1.00 equiv) and compound 1-10 (91.8 mg,

0.282 mmol, 1.20 equiv) in MeOH (2.0 mL) and DCM (2.0 mL) was added AcOH (0.05 mL, 0.873 mmol,
3.71 equiv). After stirring for 20 min at room temperature, NaBHzCN (44.3 mg, 0.705 mmol, 3.00 equiv)
was added. After stirring for 2 h at room temperature, the reaction mixture was concentrated under
reduced pressure. The residue was purified by reverse phase flash chromatography with the following
20 conditions: column, C18 silica gel; mobile phase, MeCN in water (0.05% FA), 0% to 100% gradient in 30
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min; detector, UV 254 nm). This resulted in Intermediate 4 (75.5 mg, 34.37%) as a white solid. LCMS
(ESIl) m/z: [M+H]* = 935.

Step 4: Preparation of (2S,4R)-4-hydroxy-N-{[2-(3-{4-[3-(2-hydroxyphenyl)-5-methyithieno[2, 3-c]pyridazin-
6-ylpiperidin-1-yl}propoxy)-4-(4-methyl-1,3-thiazol-5-yl) phenylimethyl}- 1-[(2S)-3-methyi-2-[3-(morpholin-
4-yl)-1,2-oxazol-5-yl]b utanoyljpyrrolidine-2-carboxamide (Compound 55) and (2S,4R)-4-hydroxy-N-{[2-
(3-{4-[3-(2-hydroxyphenyl)-5-methylthieno[2,3-c]pyridazin-6-yljpiperidin-1-yl}propoxy)-4-(4-methyl-1,3-
thiazol-5-yl)phenyllmethyl}-1-[(2R)-3-methyl-2-[3-(morpholin-4-yl)- 1, 2-oxazol-5-yllb utanoyllpyrrolidine-2-
carboxamide (Compound 56).

N’N S N’N S

'/\/ _\_\ PV, M
()

N
N~-Q

Intermediate 4 (75.5 mg) was purified by chiral HPLC with the following conditions: Column,
CHIRALPAK ID, 2*25 cm, 5 pm; Mobile phase A: MtBE (10 mM NHs-MeOH), Mobile Phase B: EtOH;
Flow rate: 18 mL/min; Gradient: 20% B to 50% B in 23 min; Detector: 210/268 nm; RT1 (min): 8.815; RT2
(min): 16.57. This resulted in:

Compound 565 (second peak) (18.7 mg, 24.7%) as a white solid."H NMR (400 MHz, DMSO-d6) &
12.81 (s, 1H), 9.00 (s, 1H), 8.69 (s, 1H), 8.31 (t, J = 6.0 Hz, 1H), 8.20 — 8.12 (m, 1H), 7.43 — 7.34 (m, 1H),
7.34 —7.26 (M, 1H), 7.10 — 6.94 (m, 4H), 6.15 (s, 1H), 5.15 (d, J = 3.7 Hz, 1H), 4.61 — 4.45 (m, 1H), 4.40
—4.32(m, 1H), 4.33 — 4.19 (m, 2H), 4.20 — 4.05 (m, 2H), 3.72 (d, J = 8.9 Hz, 1H), 3.66 (t, J = 4.8 Hz, 1H),
3.63 —3.49 (m, 5H), 3.22 — 3.10 (m, 3H), 3.10 — 2.96 (m, 5H), 2.47 — 2.42 (m, 6H), 2.36 — 1.82 (m, 10H),
1.82 —1.58 (m, 2H),0.97 (d, J = 6.6 Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H). LCMS (ESI) m/z: [M+H]* = 935.15.

Compound 56 (first peak) (5.5 mg, 7.3%) as a white solid. '"H NMR (400 MHz, DMSO-d6) & 12.80 (s,
1H), 9.00 (s, 1H), 8.69 (s, 1H), 8.39 (t, J = 5.9 Hz, 1H), 8.20 — 8.12 (m, 1H), 7.43 — 7.29 (m, 2H), 7.14 —
6.95 (m, 4H), 6.18 (s, 1H), 5.14 (d, J = 3.7 Hz, 1H), 4.47 — 4.20 (m, 4H), 4.14 (t, J = 6.0 Hz, 2H), 3.83 —
3.73 (m, 1H), 3.73 — 3.56 (m, 5H), 3.51 (s, 1H), 3.49 — 3.39 (m, 2H), 3.17 — 3.11 (m, 4H), 3.12 — 3.04 (m,
2H), 2.72 — 2.63 (m, 1H), 2.47 — 2.42 (m, 6H), 2.38 —2.12 (m, 3H), 2.10 — 1.86 (m, 6H), 1.82 — 1.62 (m,
2H), 0.94 (d, J = 9.3, 6.6 Hz, 3H), 0.80 (d, J = 7.8 Hz, 3H). LCMS (ESI) m/z: [M+H]* = 935.15.

The compounds in Table 10 were prepared using procedures similar to those used above for the
preparation of compound 55 using the appropriate amine and aldehyde.
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hydroxyphenyl)thieno[3,2-
c]pyridazin-6-yl)piperidin-1-
yl)propoxy)-4-(4-methylthiazol-5-
yhbenzyl)pyrrolidine-2-

carboxamide

Table 10.
LCMS
Compound
Name (ESI) TH NMR
No.
m/z
1H NMR (400 MHz, DMSO-d6) d 12.84
(brs, 1H), 9.00 (s, 1H), 8.69 (s, 1H), 8.39
t J=59Hz 1H), 8.21 — 8.11 (m, 1H),
7.43 -7.29 (m, 2H), 7.11 —6.93 (m, 4H),
(28,4R)-4-hydroxy-N-(2-(3-(4-(3-
6.23 (s, 1H), 5.21 —4.98 (m, 1H), 4.51 —
(2-hydroxyphenyl)-5-
) S 417 (m, 4H), 413 (t, J = 5.8 Hz, 2H),
methylthieno[2,3-c]pyridazin-6-
o 3.84 — 3.69 (M, 2H), 3.61 — 3.49 (M, 1H),
yl)piperidin-1-yl)propoxy)-4-(4-
57 ) 864.15 | 3.28-3.18 (m, 1H), 3.05 (d, J=10.9 Hz,
methylthiazol-5-yl)benzyl)-1-((R)-
2H), 2.57 — 2.52 (m, 2H), 2.49 (s, 3H),
3-methyl-2-(3-methylisoxazol-5-
2.44 (s, 3H), 2.33 - 2.23 (m, 1H), 2.20 (s,
yhbutanoyl)pyrrolidine-2-
2H), 2.16 —2.12 (m, 1H), 2.11 — 2.09 (m,
carboxamide
1H), 2.08 (s, 1H), 2.06 — 2.01 (m, 1H),
2.00 -1.88 (m, 5H), 1.76 — 1.62 (m, 2H),
095, J=6.5Hz,3H),0.77 (d,J=86.5
Hz, 3H).
1H NMR (300 MHz, DMSO-d6) & 12.99
(s, 1H), 9.14 (s, 1H), 8.98 (s, 1H), 8.51 (1,
(25, 4R)-1-((S)-2-(1-
J=58Hz,1H), 8.06 —7.98 (m, 1H), 7.69
fluorocyclopropane-1-
) (s, 1H), 7.46 — 7.33 (m, 2H), 7.32 - 7.25
carboxamido)-3,3-
) (m, 1H), 7.07 — 7.00 (m, 3H), 7.00 — 6.92
dimethylbutanoyl)-4-hydroxy-N-(2-
3-(4-(3-2 (m,1H), 518 (d,J=3.6 Hz, 1H), 4.60 (d,
76 8842 | J=92Hz 1H),4.52 (t,J =8.3 Hz, 1H),

4.38 — 4.21 (m, 3H), 4.15 — 4.07 (m, 2H),
3.67 — 3.59 (m, 2H), 3.08 — 2.98 (m, 3H),
2.58 — 2.54 (m, 2H), 2.47 (s, 3H), 2.17 —
2.03 (m, 5H), 1.99 —1.90 (m, 3H), 1.84 —
1.71 (m, 2H), 1.44 —1.29 (m, 2H), 1.27 —
1.18 (m, 2H), 0.96 (s, 9H).
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LCMS
Compound
Name (ESI) 'H NMR
No.
m/z
1H NMR (400 MHz, DMSO-d6) & 12.98
(s, 1TH), 9.14 (s, 1H), 8.99 (s, 1H), 8.51 (i,
J=6.0Hz, 1H), 8.08 —7.96 (m, 1H), 7.69
(25,4R)-1-((S)-2-(1-
(s, 1H), 7.45-7.33 (m, 2H), 7.29 (d, J =
fluorocyclopropane-1-
] 9.1Hz,1H), 7.10-6.95 (m, 4H), 5.18 (d,
carboxamido)-3,3-
J=36Hz, 1H), 4.59 (d, J = 9.3 Hz, 1H),
dimethylbutanoyl)-4-hydroxy-N-(2-
2432 452 (t, J=8.3 Hz, 1H), 4.39 — 4.28 (m,
77 . 870.25 | 2H), 4.23 (d,J=12.5 Hz, 3H), 3.63 (9, J
hydroxyphenyl)thieno[3,2-
o o =11.0 Hz, 2H), 3.11 (d, J = 11.4 Hz, 3H),
c]pyridazin-6-yl)piperidin-1-
2.84 (d, J = 6.0 Hz, 2H), 2.47 (s, 3H),
ylhethoxy)-4-(4-methylthiazol-5-
o 229(t,J=12.1Hz, 2H),2.08(d,J=12.0
yhbenzyl)pyrrolidine-2-
. Hz, 3H),1.94 (d,J=8.9Hz, 1H), 1.78 (q,
carboxamide
J=12.1,11.7 Hz, 2H), 1.35 (dt, J =17 .4,
10.7 Hz, 2H), 1.21 (d, J = 9.6 Hz, 2H),
0.95 (s, 9H).
1H NMR (400 MHz, DMSO-d6) & 12.82
(s, 1H), 9.00 (s, 1H), 8.69 (s, 1H), 8.52 (,
(28,4R)-1-((S)-2-(1-
J=59Hz,1H), 8.21-8.11 (m, 1H), 7.44
fluorocyclopropane-1-
] —7.34 (m, 2H), 7.29 (dd, J = 9.1, 2.8 Hz,
carboxamido)-3,3-
) 1H), 7.08 (d,J=1.7 Hz, 1H), 7.05 - 6.95
dimethylbutanoyl)-4-hydroxy-N-(2-
(m,3H), 518 (d, J =3.6 Hz, 1H), 4.62 —
(2-(4-(3-(2-hydroxyphenyl)-5-
83 . o 8845 | 448 (m, 2H), 4.28 (ddd, J = 35.1, 17.7,
methylthieno[2,3-c]pyridazin-6-
o 6.7 Hz, 5H), 3.69 — 3.56 (m, 2H), 3.25 (s,
yDpiperidin-1-yl)ethoxy)-4-(4-
) 1H), 3.13 (d, J = 10.9 Hz, 2H), 2.85 (s,
methylthiazol-5-
o 2H), 2.48 (s, 3H), 2.44 (s, 3H), 2.33 (dd,
yhbenzyl)pyrrolidine-2-
. J=4.0,20Hz 2H), 2.16 — 1.88 (m, 4H),
carboxamide
1.72(q,J =121 Hz, 2H), 1.45 - 1.29 (m,
2H), 1.27 — 1.13 (m, 2H), 0.94 (s, 9H).
1H NMR (300 MHz, DMSO-d6) & 12.90
(25,4R)-1-((S)-2-(1-
(s, 1H), 9.07 (s, 1H), 8.77 (s, 1H), 8.62 —
fluorocyclopropane-1-
] 8.56 (m, 1H), 8.29—-8.20 (m, 1H), 7.53 —
carboxamido)-3,3-
7.33 (m, 3H), 7.15 — 7.00 (m, 4H), 5.25
dimethylbutanoyl)-4-hydroxy-N-(2-
(d,J=3.5Hz, 1H), 4.72 — 4.54 (m, 2H),
(3-(4-(3-(2-hydroxyphenyl)-5-
81 . o 898.3 | 4.46-4.15(m, 5H), 3.73 — 3.67 (m, 2H),
methylthieno[2,3-c]pyridazin-6-
3.36 -3.29 (m, 1H), 3.17 = 3.07 (m, 2H),
yl)piperidin-1-yl)propoxy)-4-(4-
. 2.69-2.64 (m, 2H), 2.55 (s, 3H), 2.52 (s,
methylthiazol-5-
. 3H), 2.27 - 2.13 (m, 3H), 2.07 - 1.97 (m,
yhbenzyl)pyrrolidine-2-
) 5H), 1.82 - 1.73 (m, 2H), 1.49 — 1.36 (m,
carboxamide
2H), 1.34 — 1.25 (m, 2H), 1.03 (s, 9H).
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Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-{3-[3-({4-[3-(2-hydroxyphenyl)-5-methylthieno[2,3-

clpyridazin-6-yl]piperidin-1-yl}methyl)bicyclof1.1.1]pentan-1-yl]-1,2-oxazol-5-yl}-3-

methylbutanoyl]-N-[(1S)-1-[4-(4-methyi-1,3-thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide
5 (Compound 72).

[»]
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Step 1: Preparation of methyl 3-(hydroxymethyl)bicyclo[1.1. 1]Jpentane-1-carboxylate (Intermediate 2).

/
0 f OH
0

2

To a stirred solution of 3-(methoxycarbonyl)bicyclo[1.1.1]pentane-1-carboxylic acid (10 g, 58.767
10 mmol, 1.00 equiv) in THF (50 mL) was added BHz:-THF (147 mL, 293.835 mmol, 5.0 equiv) dropwise at 0
°C under nitrogen atmosphere. The resulting mixture was stirred for 16 h at room temperature under
nitrogen atmosphere. The reaction was quenched with water at 0 °C. The resulting mixture was extracted
with EA (2 x 100 mL). The combined organic layers were washed with brine (100 mL), then dried over
anhydrous Naz2804. After filtration, the filtrate was concentrated under reduced pressure. This resulted in
15 Intermediate 2 (8.4 g, 91.52%) as a colorless oil. LCMS (ESI) m/z: [M+H]* = 157.

154

CA 03216773 2023-10-25



WO 2022/240825 PCT/US2022/028511
Step 2: Preparation of methyl 3-formylbicyclo[1.1. 1]Jpentane-1-carboxylate (Intermediate 3).

v
o
3
To a stirred solution of (COCI)2 (11.39 g, 89.74 mmol, 2.00 equiv) in CH2Cl2 (100 mL) was added
DMSO (10.5 g, 134.62 mmol, 3 equiv) at -78 °C under argon atmosphere. The resulting mixture was
5 stirred for 30 min at -78 °C under nitrogen atmosphere. To the above mixture was added Intermediate 2
(7.0 g, 44.820 mmol, 1.00 equiv) at -78 °C under nitrogen atmosphere. The resulting mixture was stirred
for additional 30 min at -78 °C under nitrogen atmosphere. To the above mixture was added TEA (31 mL,
223.026 mmol, 4.98 equiv) dropwise at -78 °C. The resulting mixture was stirred for additional 1 h from -
78 °C to room temperature under nitrogen atmosphere. The reaction was quenched with water at room
10 temperature and extracted with DCM (2 x 100 mL). The combined organic layers were washed with brine
(100 mL), then dried over anhydrous Na2SQOa. After filtration, the filtrate was concentrated under reduced

pressure. This resulted in Intermediate 3 (7 g, crude) as a colorless oil. LCMS (ESI) m/z: [M+H]* = 155.

Step 3: Preparation of methy! 3-(1,3-dioxolan-2-yl)bicyclo[1.1. 1]pentane-1-carboxylate (Intermediate 4).
/
o
)/'\é\{)
d J
o
4

15 To a stirred mixture of Intermediate 3 (3.90 g, 25.298 mmol, 1 equiv) and ethylene glycol (3.14 g,
50.596 mmol, 2.0 equiv) in toluene (50 mL) was added TsOH (435.63 mg, 2.530 mmol, 0.1 equiv) at
room temperature. The resulting mixture was stirred for 5 h at 110 °C. The resulting mixture was
concentrated under reduced pressure. The residue was purified by silica gel column chromatography,
eluted with PE/EA (5:1), to afford Intermediate 4 (1.8 g, 34.46%) as a light yellow oil. LCMS (ESI) m/z:

20 [M+H]* = 199.

Step 4. Preparation of (3-(1,3-dioxolan-2-ylhbicyclo[1.1.1]pentan-1-yl)methanol (Intermediate §5).
HO
\\©\<oJ
o}
8

To a stirred solution of Intermediate 4 (1.6 g, 8.072 mmol, 1 equiv) in THF (20 mL) was added LiAlH4
(612.72 mg, 16.144 mmol, 2.0 equiv) dropwise at 0 °C. The resulting mixture was stirred overnight at
25 room temperature. The resulting mixture was diluted with EtOAc (20 mL). The resulting mixture was
filtered and the filter cake was washed with EtOAc (3 x 30 mL). The filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography, eluted with PE/EA
(3:1), to afford intermediate 5 (1.1 g, 76.86%) as a light yellow oil. LCMS (ESI) m/z: [M+H]* = 171.
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Step 5: Preparation of 3-(1,3-dioxolan-2-yl)bicyclo[1. 1. 1Jpentane-1-carbaldehyde (Intermediate 6).

o\\\©\<ooj

To a stirred solution of (COCl)2 (1.36 g, 10.693 mmol, 1.3 equiv) in DCM (50 mL) was added DMSO
(1.67 g, 21.385 mmol, 2.6 equiv) dropwise at -60 °C under nitrogen atmosphere. The resulting mixture
5 was stirred for 40 min at -60 °C under nitrogen atmosphere. Then intermediate 5 (1.4 g, 8.225 mmol, 1

equiv) was added at -60 °C under nitrogen atmosphere and the mixture was stirred for 40 min at -60 °C
under nitrogen atmosphere. To the above mixture was added TEA (4.99 g, 49.350 mmol, 6.0 equiv)
dropwise over 4 min at -60 °C. The resulting mixture was stirred for additional 30 min at -50 °C. The
resulting mixture was diluted with water (100 mL). The resulting mixture was extracted with CH2Clz (2 x

10 300 mL). The combined organic layers were washed with brine (100 mL), then dried over anhydrous
NazSO.. After filtration, the filtrate was concentrated under reduced pressure to afford Intermediate 6 (1.2
g, 74.60%) as a light yellow oil. LCMS (ESI) m/z: [M+H]* = 169.

Step 6: Preparation of (£)-3-(1,3-dioxolan-2-yl)bicyclo[1. 1. 1]Jpentane-1-carbaldehyde oxime (Intermediate

7).
OH
N
L©\<o
]
15 7

To a stirred solution of Intermediate 6 (970 mg, 5.767 mmol, 1 equiv) and hydroxylamine (228.59 mg,
6.920 mmol, 1.2 equiv) in MeOH (56 mL) and H20 (5 mL) was added Na=COs (305.63 mg, 2.884 mmol, 0.5
equiv) at room temperature. The resulting mixture was stirred for 4 h at room temperature. The resulting
mixture was diluted with water (100 mL). The resulting mixture was extracted with EtOAc (2 x 300 mL).

20 The combined organic layers were washed with brine (100 mL), then dried over anhydrous Na2S0a. After
filtration, the filtrate was concentrated under reduced pressure to afford Intermediate 7 (960 mg, 82.68%)
as a light yellow oil. The crude product was used in the next step directly without further purification.
LCMS (ESI) m/z: [M+H]* = 184.

Step 7: Preparation of (Z)-3-(1,3-dioxolan-2-yl)-N-hydroxybicyclo[1. 1. 1]Jpentane-1-carbonimidoyl chloride
25 (Infermediate 8).

Sy
~OH
O>\©\</
Cl
8

To a stirred solution of Intermediate 7 (950.00 mg, 5.185 mmol, 1 equiv) in DMF (10 mL) was added
NCS (761.66 mg, 5.704 mmol, 1.1 equiv) at room temperature. The resulting mixture was stirred for 4 h at

156

CA 03216773 2023-10-25



WO 2022/240825 PCT/US2022/028511
room temperature. The resulting mixture was diluted with water (100 mL). The resulting mixture was
extracted with EtOAc (2 x 300 mL). The combined organic layers were washed with brine (100 mL), then
dried over anhydrous Na:SOa. After filtration, the filtrate was concentrated under reduced pressure to
afford Intermediate 8 (1.1 g, 88.69%) as a light yellow cil. The crude product was used in the next step

5 directly without further purification. LCMS (ESI) m/z: [M+H]* = 218.

Step 8: Preparation of methyl 2-{3-[3-(1,3-dioxolan-2-yl)bicyclo[1. 1. 1Jpentan-1-ylJ-1,2-oxazol-5-yljacetate
(Intermediate 9)

o) / o]
o/
{
10 A solution of Intermediate 8 (980.00 mg, 4.503 mmol, 1 equiv) and NaHCOs; (567.38 mg, 6.755

mmol, 1.5 equiv) in EtOAc (10 mL) was stirred for 1 h at room temperature. To the above mixture was
added methyl but-3-ynoate (441.71 mg, 4.503 mmol, 1.0 equiv) at 0 °C. The resulting mixture was stirred
overnight at room temperature. The resulting mixture was concentrated under reduced pressure. The
residue was purified by reverse phase flash chromatography with the following conditions: column, C18
15 silica gel; mobile phase, ACN in water, 0% to 100% gradient in 30 min; detector, UV 220 nm. This
resulted in Intermediate 9 (270 mg, 20.61%) as a light yellow oil. LCMS (ESI) m/z; [M+H]* = 280.

Step 9: Preparation of methyl 2-(3-(3-(1,3-dioxolan-2-yl)bicyclo[1.1. 1]Jpentan-1-yl)isoxazol-5-yi)-3-
methylbutanoate (Infermediate 10)

i@

20 To a stirred mixture of Intermediate 9 (200.00 mg, 0.716 mmol, 1 equiv) and 2-iodopropane (182.60
mg, 1.074 mmol, 1.5 equiv) in THF (5 mL) were added t-BuOK (241.07 mg, 2.148 mmol, 3.0 equiv) and
Na>SO4 (200.00 mg, 1.408 mmol, 1.97 equiv) at 0 °C. The resulting mixture was stirred overnight at room
temperature. The resulting mixture was concentrated under reduced pressure. The residue was dissolved
in DMF (3 mL) and was purified by reverse phase flash chromatography with the following conditions:

25 column, C18 silica gel; mobile phase, MeCN in water, 0% to 100% gradient in 30 min; detector, UV 254
nm. This resulted in Intermediate 10 (40 mg, 17.39%) as a light yellow oil. LCMS (ESI) m/z: [M+H]* = 322.
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Step 10: Preparation of 2-(3-(3-(1,3-dioxolan-2-yl)bicyclo[1.1.1]pentan-1-yl)isoxazol-5-yl)-3-

methylbutanoic acid (Infermediate 11)

(@)
E /N ~0

o)

OH
31

A mixture of Intermediate 10 (600 mg, 1.87 mmol, 1.00 equiv) and LiOH (224 mg, 9.34 mmol, 5
5 equiv) in MeOH (2 mL) and Hz0 (6 mL) was stirred for 2 h at room temperature. The mixture was acidified
to pH 5 with conc. HCI, then extracted with EtOAc (3 x 20 mL). The combined organic layers were
washed with brine (50 mL), then dried over anhydrous NazS0O4 and filtered. The filtrate was concentrated
under reduced pressure. The crude Intermediate 11 (5616 mg) was used in the next step directly without
further purification. LCMS (ESI) m/z: [M+H]+ = 308.

10 Step 11: Preparation of (2S,4R)-1-(2-{3-[3-(1,3-dioxolan-2-yl)bicycio[1.1.1]pentan-1-yl]-1,2-o0xazol-5-y[}-3-
methylbutanoyl)-4-hydroxy-N-[(1S)-1-[4-(4-methyl- 1, 3-thiazol-5-yl) phenylJethyl]pyrrolidine-2-carboxamide
(Infermediate 12).

N
T
s
.
0 /N\O ol
_ O HN
=0
”Q
§2 OH

A mixture of Intermediate 11 (400 mg, 1.301 mmol, 1 equiv) and HATU (742.29 mg, 1.951 mmol, 1.5
15 equiv) in DMF (5 mL) was stirred for 30 min at room temperature. To the above mixture was added
(2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide (517 .61
mg, 1.561 mmol, 1.2 equiv) and DIEA (672.84 mg, 5.204 mmol, 4 equiv) at room temperature. The
resulting mixture was stirred for additional 2 h at room temperature. The mixture was purified by reverse
phase flash chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in
20 water, 0% to 100% gradient in 30 min; detector, UV 254 nm. This resulted in Intermediate 12 (560 mg,
69.31%) as a light brown solid. LCMS (ESI) m/z: [M+H]* = 621.
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Step 12: Preparation of (2S,4R)-1-((R)-2-(3-(3-(1,3-dioxolan-2-yl)bicyclo[1. 1. 1Jpentan-1-yl)isoxazol-5-yl)-
3-methylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl) pyrrolidine-2-carboxamide
(Infermediate 13).

(/
54
(O
0 7z \O [N}
— O HN
\ &0
s N—
/\
13
OH
5 Intermediate 12 was purified by Prep-SFC with the following conditions: Column, CHIRAL ART

Amylose-SA, 3*25 cm, 5 um; Mobile Phase A: COz, Mobile Phase B: IPA; Flow rate: 50 mL/min;

Gradient: isocratic 30% B; Column Temperature (°C): 35; Back Pressure (bar): 100; Detector: 211 nm;

RT1 (min): 6.2; RT2 (min): 7.24. This resulted in Intermediate 13 (first peak) (300 mg, 53.57%) as a light
yellow oil and (2S8,4R)-1-[(25)-2-{3-[3-(1,3-dioxclan-2-yl)bicyclo[1.1.1]pentan-1-yl]-1,2-0xazol-5-yl}-3-

10 methylbutanoyl]-4-hydroxy-N-[(135)-1-[4-(4-methyl-1,3-thiazol-5-yl) phenyllethyl]pyrrolidine-2-carboxamide
(second peak) (260 mg, 46.43%) as a white solid. LCMS (ESI) m/z: [M+H]* = 621.

Step 13: Preparation of (2S,4R)-1-[(2R)-2-(3-{3-formylbicyclo[1. 1. 1]Jpentan-1-yl}-1,2-oxazol-5-yl)-3-
methylbutanoyl]-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1, 3-thiazol-5-yl)phenyljethyl]pyrrolidine-2-carboxamide
(Infermediate 14)

15 34 OH

A mixture of Intermediate 13 (13 mg, 0.021 mmol, 1 equiv) in H2SO4 (1 mol/L) (1 mL) and THF (1
mL) was stirred for 1 h at 60 °C. The mixture was basified to pH 8 with saturated NaHCO:s (aq.). The
resulting mixture was extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with
brine (3 x 5 mL), then dried over anhydrous Na2S0s. After filtration, the filtrate was concentrated under
20 reduced pressure to afford Intermediate 14 (10 mg, 82.80%) as a white solid. LCMS (ESI) m/z: [M+H]* =
577.

159

CA 03216773 2023-10-25



WO 2022/240825 PCT/US2022/028511
Step 14: Preparation of (2S,4R)-4-hydroxy-1-[(2R)-2-{3-[3-({4-[3-(2-hydroxyphenyl)-5-methylthieno[2, 3-
c]pyridazin-6-yljpiperidin-1-ylimethyl)bicyclo[1. 1. 1]Jpentan-1-yl]-1,2-oxazol-5-y[}-3-methylbutanoyl]-N-
[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyljethylipyrrolidine-2-carboxamide (Compound 72)

5 A mixture of Intermediate 14 (10 mg, 0.017 mmol, 1 equiv), compound I-10 (5.64 mg, 0.017 mmol, 1
equiv), AcOH (3.12 mg, 0.051 mmol, 3 equiv) and NaOAc (4.27 mg, 0.051 mmol, 3 equiv) in DCM (1 mL)
and MeOH (1 mL) was stirred for 30 min at room temperature. To the above mixture was added
NaBH3CN (3.27 mg, 0.051 mmol, 3 equiv) at room temperature. The resulting mixture was stirred for
additional 2 h at room temperature. The mixture was purified by Prep-HPLC with the following conditions:

10 Column, XBridge Shield RP18 OBD, 19*150 mm, 5 pm; Mobile Phase A: water (10 mmol/L NH4HCO3),
Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 47% B to 73% B in 7 min, then 73% B; Detector:
254/220 nm; RT (min): 6.47. This resulted in Compound 72 (1.6 mg, 10.12%) as a white solid. "H NMR
(400 MHz, Methanol-d4) & 8.87 (s, 1H), 8.53 (s, 1H), 8.09 — 8.02 (m, 1H), 7.48 — 7.31 (m, 5H), 7.06 —
6.97 (m, 2H), 6.29 — 6.21 (m, 1H), 5.08 — 4.98 (m, 1H), 4.55 — 4.37 (m, 2H), 3.89 — 3.75 (M, 2H), 3.65 —

15 3.57 (m, 1H), 3.28 — 3.26 (m, 1H), 3.21 — 3.13 (M, 2H), 2.63 (s, 2H), 2.50 — 2.46 (M, 6H), 2.45 — 2.24 (m,
3H),2.21 —2.12 (m, 7H), 2.07 — 1.87 (m, 5H), 1.56 (dd, J = 306, 7.0 Hz, 3H), 1.06 (d, J = 6.6 Hz, 3H),
0.91 — 0.83 (m, 3H). LCMS (ESI) m/z [M+H]* = 886.2.

Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-((1R,4R)-5-((S)-3-(2-hydroxyphenyl)-5,6,7,8-
tetrahydrobenzof4,5]thienof2,3-cpyridazine-6-carbonyl)-2,5-diazabicyclo[2.2.1]heptan-2-
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yl)isoxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-
carboxamide (Compound 41)

Cl~ _N-
. ZN cl /N\IN
o o ///\/ >L o O Br Cl (o] P Ny - NaHS, NMP
>|\° )J\/U\o P NaH, DMF, 80 °C o o~  _Pd(eppACly, Cul, TEA o S ——
toluene R
siap . o 0

p 2 e ¥ |
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\ A N TFA, Et;SiH _ acefone ﬁ( XPhos Pd G3, CszCOa
dloxane HZO
5H Cl
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Chiral HPLC

PyBOP,
DIEA, ...
DrE S

N

5 Step 1: Preparation of 1-(tert-butyl) 3-methyl 2-(but-3-yn-1-yl) malonate (Infermediate 2)
>I\ o] O
o) o~

2
l

To a solution of 1-tert-butyl 3-methyl propanedioate (80.00 g, 459.253 mmol, 1.00 equiv) in DMF
(300 mL) was added NaH (22.0 g, 918.506 mmol, 2.00 equiv) at 0 °C. After stirring for an hour at this
temperature, 4-bromobut-1-yne (61.08 g, 459.253 mmol, 1.00 equiv) was added. The resulting mixture
10 was stirred overnight at 80 °C. The resulting mixture was diluted with water (800 mL). The resulting
mixture was extracted with EtOAc (3 x 500 mL). The combined organic layers were washed with brine (3
x 300 mL), then dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography, eluted with EtOAc in

PE from 0% to 30%, to afford intermediate 2 (75.00 g, 64.9%) as a yellow oil. No mass signal observed in
15 LCMS, product was detected by GCMS.
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Step 2: Preparation of 1-(tert-butyl) 3-methyl 2-(4-(3, 6-dichloropyridazin-4-yl)but-3-yn-1-yl)malonate

(Infermediate 3)

To a solution of 4-bromo-3,6-dichloropyridazine (75.53 g, 331.459 mmol, 1.00 equiv), Pd(dppfClz-
5 CHzClIz (27.00 g, 33.146 mmol, 0.10 equiv) and Cul (12.63 g, 66.292 mmol, 0.2 equiv) in toluene (400
mL) were added TEA (100.62 g, 994.377 mmol, 3.00 equiv) and intermediate 2 (75.00 g, 331.459 mmol,
1.00 equiv). After stirring overnight at room temperature under a nitrogen atmosphere, the resulting
mixture was concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with EtOAc in PE from 0% to 30%, to afford intermediate 3 (40.00 g, 29.1%) as
10 yellow oil. LCMS (ESI) m/z: [M+H]* = 373.

Step 3: Preparation of 1-(tert-butyl) 3-methyl 2-(2-(3-chlorothieno[2, 3-¢c]pyridazin-6-yl)ethyl)malonate

(Infermediate 4)

To a solution of intermediate 3 (40.00 g, 107.173 mmol, 1.00 equiv) in NMP (600 mL) was added
15 NaHS (7.81 g, 139.325 mmol, 1.30 equiv). After stirring for 25 min at 100 °C, the resulting mixture was
diluted with water (800 mL). The resulting mixture was extracted with EtOAc (3 x 500 mL). The combined
organic layers were washed with brine (3 x 300 mL), then dried over anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography, eluted with EtOAc in PE from 0% to 50%, to afford intermediate 4 (27.00 g,
20 61.1%) as a yellow solid. LCMS (ESI) m/z: [M+H]* = 371.

Step 4: Preparation of 4-(3-chlorothieno[2,3-c]pyridazin-6-yl)-2-(methoxycarbonyl)butanoic acid

(intermediate 5)

O N
~N
HO S—
SIS
8

To a solution of intermediate 4 (27.00 g, 72.806 mmol, 1.00 equiv) in DCM (150 mL) was added TFA
25 (50 mL, 673.154 mmol, 9.25 equiv). After stirring for one hour at room temperature, the resulting mixture
was concentrated under reduced pressure. The residue was purified by reverse phase flash
chromatography with the following conditions: column, C18 silica gel; mobile phase, ACN in water, 10%
to 50% gradient in 10 min; detector, UV 254 nm. This resulted in intermediate 6 (19 g, 74.62%) as a
yellow solid. LCMS (ESI) m/z: [M+H]* = 315.
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Step 5: Preparation of methyl 3-chloro-5-oxo-5,6,7,8-tetrahydrobenzo[4, 5]thieno[2, 3-c]pyridazine-6-
carboxylate (intermediate 6)

To a solution of intermediate 5 (19.00 g, 60.367 mmol, 1.00 equiv) in methanesulfonic acid (60 mL)
5 was added P20s (17.14 g, 120.753 mmol, 2.00 equiv). After stirring for 1.5 hours at 80 °C, the reaction
was quenched by the addition of water (200 mL) at 0 °C. The mixture was neutralized to pH 7 with
saturated sodium carbonate solution. The resulting mixture was extracted with EtOAc (3 x 500 mL). The
combined organic layers were washed with brine (3 x 200 mL), then dried over anhydrous sodium sulfate.
Atfter filtration, the filtrate was concentrated under reduced pressure to afford intermediate 6 (7.00 g,
10 35.1%) as a yellow solid. LCMS (ESI) m/z: [M+H]* = 297.

Step 6: Preparation of 3-chloro-6-(hydroxymethyl)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-c]pyridazin-5-ol
(infermediate 7)

To a mixture of intermediate 6 (7.00 g, 23.590 mmol, 1.00 equiv) and CaClz (5.24 g, 47.180 mmol,
15 2.00 equiv) in EtOH (150 mL) was added NaBH4 (2.68 g, 70.770 mmol, 3.00 equiv) at 0 °C. After stirring
for 6 h at room temperature, the reaction was quenched with 1N HCI at 0 °C. The resulting mixture was
extracted with DCM/MeOH (10:1) (3 x 500 mL). The combined organic layers were dried over anhydrous
NazS0O,, filtered and concentrated under reduced pressure. The residue was purified by reverse phase
flash chromatography with the following conditions: column, C1s silica gel, mobile phase, ACN in water,
20 10% to 50% gradient in 10 min; detector, UV 254 nm. This resulted in intermediate 7 (4.20 g, 59.1%) as a
white solid. LCMS (ESI) m/z: [M+H]* = 271.

Step 7: Preparation of (3-chloro-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-c]pyridazin-6-yl)methanol
(infermediate 8)

25 To a solution of intermediate 7 (4.20 g, 15.514 mmol, 1.00 equiv) in TFA (50 mL) was added EtzSiH
(25 mL, 154.800 mmol, 9.98 equiv). After stirring for 2.5 h at 90 °C, the resulting mixture was
concentrated under reduced pressure. The residue was dissolved in EtOAc (500 mL), washed with
saturated sodium bicarbonate, dried over anhydrous NaxSOyu, filtered and concentrated under reduced
pressure to afford intermediate 8 (2.50 g, 56.9%) as a yellow solid. LCMS (ESI) m/z: [M+H]* = 255.
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Step 8: Preparation of 3-chloro-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-c]pyridazine-6-carboxylic acid
(infermediate 9)

To a solution of intermediate 8 (2.50 g, 9.814 mmol, 1.00 equiv) in acetone (50 mL) was added
Jones reagent (3.89 g, 19.628 mmol, 2.00 equiv) at 0 °C. After stirring for one hour at room temperature,
the reaction was quenched by the addition of NaHSOs3 solution and diluted with water (50 mL). The
resulting mixture was extracted with EtOAC (3 x 100 mL). The combined organic layers were washed with
brine (100 mL), then dried over anhydrous sodium sulfate. Atfter filtration, the filtrate was concentrated
under reduced pressure to afford intermediate 9 (1.5 g, 51.19%) as a yellow solid. LCMS (ESI) m/z:
[M+H]* = 269.

Step 9: Preparation of 3-(2-hydroxyphenyl)-5,6,7, 8-tetrahydrobenzo [4,5] thieno [2,3-c]pyridazine-6-
carboxylic acid (infermediate 10)

To a solution of intermediate 9 (1.50 g, 5.582 mmol, 1.00 equiv) and 2-hydroxyphenylboronic acid
(1.15 g, 8.373 mmol, 1.50 equiv) in dioxane (35 mL) and water (7 mL) were added Cs2CO3 (5.46 g,
16.746 mmol, 3.00 equiv) and XPhos Pd G3 (0.47 g, 0.558 mmol, 0.10 equiv). After stirring for one hour
at 100 °C under a nitrogen atmosphere, the resulting mixture was concentrated under reduced pressure.
The residue was purified by reverse phase flash chromatography with the following conditions: column,
C1s silica gel; mobile phase, ACN in water, 10% to 50% gradient in 10 min; detector, UV 254 nm. This
resulted in intermediate 10 (910.0 mg, 44.9%) as a yellow solid. LCMS (ESI) m/z: [M+H]* = 327.

Step 10: Preparation of (S)-3-(2-hydroxyphenyl)-5, 6,7, 8-tetrahydrobenzo[4, 5] thieno[2, 3-c]pyridazine-6-

carboxylic acid (infermediate 11)

Intermediate 10 (500 mg) was separated by chiral HPLC with the following conditions: Column:
CHIRALPAK IG-3, 4.6*50 mm, 3 um; Mobile Phase A: Hexane (0.1% TFA), Mobile Phase B: EtOH; Flow
rate: 1 mL/min; Gradient: 0% B to 70% B. This resulted in intermediate 11 (169.0 mg, 33.8%) as a yellow
solid. LCMS (ESI) m/z: [M+H]* = 327.
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Step 11: Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-((1R,4R)-5-((S)-3-(2-hydroxyphenyl)-5,6,7, 8-
tetrahydrobenzo[4, 5Jthieno[2, 3-c]pyridazine-6-carbonyl)-2, 5-diazabicyclo[2. 2. 1Jheptan-2-yl)isoxazol-5-yl)-
3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiaz ol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Compound
41)

Y-8

A solution of intermediate 11 (15 mg, 0.046 mmol, 1 equiv), DIEA (17.82 mg, 0.138 mmol, 3 equiv),
PyBOP (96 mg, 0.184 mmol, 4 equiv) and (2S,4R)-1-[(2R)-2-{3-[(1R,4R)-2,5-diazabicyclo[2.2.1]heptan-2-
yl]-1,2-oxazol-5-yl}-3-methylbutanoyl]-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol- 5-
yl)phenyl]lethyl]pyrrolidine-2-carboxamide (26.60 mg, 0.046 mmol, 1 equiv) in DMF (1 mL) was stirred at 25
°C for 2 h. The mixture was purified by Prep HPLC with the following conditions: Column: X Bridge Prep
OBD C18, 30*150 mm, 5 pm; Mobile Phase A: Water (10 mmol/L NH4HCOs + 0.1% NHs.H20), Mobile
Phase B: ACN; Flow rate: 25 mL/min; Gradient: 40% B to 60% B in 7 min, then 860% B; Detector: 254/220
nm; RT (min): 5.8. This resulted in compound 41 (12.4 mg, 30.41%) as a white solid. 1H NMR (300 MHz,
Methanol-d4) & 8.89 (s, 1H), 8.46 (dd, J = 13.6, 11.7 Hz, 1H), 8.10 — 7.98 (m, 1H), 7.51 — 7.45 (m, 4H),
7.41 —7.23 (m, 2H), 7.08 — 6.96 (m, 2H), 6.10 (d, J = 7.9 Hz, 1H), 5.10 — 4.99 (m, 2H), 4.57 — 4.49 (m,
3H), 3.94 — 3.86 (m, 2H), 3.76 — 3.56 (m, 2H), 3.50 — 3.36 (m, 1H), 3.28 (d, J =10.2 Hz, 2H), 3.18 (id, J =
6.6, 3.7 Hz, 2H), 3.01 —2.89 (m, 1H), 2.64 —2.46 (m, 4H), 2.32 — 2.22 (m, 1H), 2.20 - 2.15 (m, 1H), 2.01 —
1.96 (m, 3H), 1.89 — 1.82 (m, 2H), 1.65 - 1.49 (m, 3H), 1.09 (dd, J =6.6, 1.7 Hz, 3H), 1.02 - 0.89 (m, 3H).
LCMS (ESI) m/z: [M+H]* = 887.30.

Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-((1R,4R)-5-((R)-3-(2-hydroxyphenyl)-5,6,7,8-
tetrahydrobenzof4,5]thienof2,3-cJpyridazine-6-carbonyl)-2,5-diazabicyclof2.2.1]heptan-2-
yl)isoxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-

carboxamide (Compound 42)
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Step 1: Preparation of (R)-3-(2-hydroxyphenyl)-5,6,7, 8-tetrahydrobenzo[4,5] thieno [2 3-c]pyridazine-6-
carboxylic acid (infermediate 12)

Intermediate 10 (500 mg) was separated by chiral HPLC with the following conditions: Column:
CHIRALPAK IG-3, 4.6*50 mm, 3 uym; Mobile Phase A: Hexane (0.1% TFA), Mobile Phase B: EtOH; Flow
rate: 1 mL/min; Gradient: 0% B to 70% B. This resulted in intermediate 12 (180.1 mg, 36.0%) as a yellow
solid. LCMS (ESI) m/z: [M+H]* = 327.

Step 2: Preparation of (25,4R)-4-hydroxy-1-((R)-2-(3-((1R,4R)-5-((R)-3-(2-hydroxyphenyl)-5,6,7, 8-
tetrahydrobenzo[4, 5]thieno[2, 3-c]pyridazine-6-carbonyl)-2, 5-diazabicyclo[2. 2. 1]heptan-2-yl)isoxazol-5-yl)-
3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-yl) phenyl)ethyl)pyrrolidine-2-carboxamide (Compound
42)

A solution of intermediate 12 (15 mg, 0.046 mmol, 1 equiv), DIEA (17.82 mg, 0.138 mmol, 3 equiv),
PyBOP (96 mg, 0.184 mmol, 4 equiv) and (2S,4R)-1-[(2R)-2-{3-[(1R 4R)-2,5-diazabicyclo[2.2.1] heptan-2-
yl]-1,2-oxazol-5-y}-3-methylbutanoyl]-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol- 5-
yhphenyl]ethyllpyrrolidine-2-carboxamide (26.60 mg, 0.046 mmol, 1 equiv) in DMF (1 mL) was stirred at
25 °C for 2 h. The mixture was purified by Prep HPLC with the following conditions: Column: X Bridge
Prep OBD C18, 30*150 mm, 5 pm; Mobile Phase A: Water (10 mmol/L NH4HCO3 + 0.1% NHs.H20),
Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 40% B to 60% B in 7 min, then 80% B; Detector:
254/220 nm; RT (min): 6.4. This resulted in compound 42 (10.8 mg, 26.47%) as a white solid. TH NMR
(400 MHz, DMSO-d6) 8 12.95 (s, 1H), 898 (d, J=1.6 Hz, 1H), 8.63 (d, J = 12.7 Hz, 1H), 8.39 (dd, J =
16.5, 7.7 Hz, 1H), 8.16 (ddd, J=8.1, 3.2, 1.6 Hz, 1H), 7.44 —7.32 (m, 5H), 7.06 — 6.99 (m, 2H), 6.09 (d, J
=7.7Hz, 1H), 5.20 — 4.84 (m, 3H), 4.48 (s, 1H), 4.43 — 4.23 (m, 2H), 3.87 —3.73 (m, 2H), 3.70 — 3.65 (m,
1H), 3.58 — 3.41 (m, 2H), 3.40 — 3.38 (M, 1H), 3.36 - 3.25 (M, 1H), 3.18—3.08 (M, 4H),2.84 (d, J=14.4
Hz, 2H), 2.45 (d, J = 3.7 Hz, 3H), 2.42 - 2.15 (m, 1H), 2.08 (d, J = 7.5 Hz, 1H), 2.04 — 1.98 (m, 1H), 1.95
—1.90 (m, 2H), 1.87 — 1.77(m,1H), 1.49 — 1.33 (m, 3H), 0.97 (t, J = 6.1 Hz, 3H), 0.93 — 0.84 (m, 3H).
LCMS (ESI) m/z: [M+H]* = 887.30.

The compounds in Table 11 were prepared using procedures similar to those used above for the
preparation of compound 41 using the appropriate amine and carboxylic acid.
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Table 11.
LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (400 MHz, DMSO-d6) 5 12.94
(d,J=256Hz,1H),8.99 (d,J=1.9 Hz,
(28,4R)-4-hydroxy-1-((R)-2-(3-
1H), 8.84 — 8.59 (m, 1H), 8.39 (dd, J =
((1S,45)-5-((S)-3-(2-
343,77 Hz, 1H), 822 —8.04 (m, 1H),
hydroxyphenyl)-5,6,7,8-
. 760 — 7.23 (m, 5H), 7.10 — 6.87 (m,
tetrahydrobenzo[4,5]thieno[2,3-
] ) 2H), 6.19 - 5.92 (m, 1H), 5.08 (dd, J =
clpyridazine-6-carbonyl)-2,5-
43 ) ) 887.25 | 25.2,3.6 Hz, 1H), 4.99 — 4.80 (m, 2H),
diazabicyclo[2.2.1]heptan-2-
4.56 — 4.16 (m, 3H), 3.75 — 3.40 (m,
ylisoxazol-5-yl)-3-methylbutanoyl)-
5H), 3.29 - 293 (m, 5H), 283 (d, J =
N-((S)-1-(4-(4-methylthiazol-5-
13.5 Hz, 1H), 2.45 (d, J = 4.5 Hz, 3H),
yl)phenyl)ethyl)pyrrolidine-2-
2.30 — 1.60 (m, 8H), 1.38 (td, J = 14.2,
carboxamide
13.0, 6.5 Hz, 3H), 1.03 — 0.89 (m, 3H),
0.81 (ddd, J =22.1,15.3, 6.4 Hz, 3H).
1H NMR (400 MHz, DMSO-d6) 5 12.96
(s, 1H), 8.99 (s, 1H), 8.86 — 8.63 (m,
(28,4R)-4-hydroxy-1-({(R)-2-(3- 1H), 8.42 (dd, J = 12.3, 7.7 Hz, 1H),
((18,48)-5-((R)-3-(2- 821-8.10(m, 1H),7.44 (d,J=8.1 Hz,
hydroxyphenyl)-5,6,7,8- 2H), 7.41 = 7.32 (m, 3H), 7.01 (dd, J =
tetrahydrobenzo[4,5]thienc[2,3- 11.4,7.7 Hz, 2H), 6.16 — 5.97 (m, 1H),
m clpyridazine-6-carbonyl)-2,5- 887 25 512 (s, 1H), 4.99 — 4.65 (m, 2H), 4.47
diazabicyclo[2.2.1]heptan-2- ' (d,J=23.6Hz,1H), 4.38 (q,J=7.7 Hz,
ylhisoxazol-5-yl)-3-methylbutanoyl)- 1H), 4.30 (s, 1H), 3.77 — 3.43 (m, 4H),
N-((S)-1-(4-(4-methylthiazol-5- 3.29 -2.95 (m, 6H), 2.86 (dd, J = 27.3,
yhphenyl)ethyl)pyrrolidine-2- 13.3 Hz, 1H), 2.46 (s, 3H), 2.36 — 2.11
carboxamide (m, 2H), 2.08 — 1.70 (m, 6H), 1.51 —
1.34 (m, 3H), 0.97 (dd, J=6.7, 2.3 Hz,
3H), 0.83 (g, J = 7.0 Hz, 3H).

CA 03216773 2023-10-25

167




WO 2022/240825 PCT/US2022/028511
LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (300 MHz, DMSO-d8) & 13.0
(s, 1H), 9.06 (s, 1H), 8.80 (s, 1H), 8.49
(d,J=7.6Hz, 1H), 8.41 (s, 1H), 8.30 —
(S)-N-(2-((5-((R)-1-((2S,4R)-4-
8.21 (m, 1H), 7.51 (d, J = 8.2 Hz, 5H),
hydroxy-2-(((S)-1-(4-(4-
7.08 (t, J = 8.1 Hz, 2H), 6.19 (s, 1H),
methylthiazol-5-
bph bethylcarb b idi 519 (s, 1H), 4.98 (1, J = 7.2 Hz, 1H),
enyle carbamo rrolidin-
yopheny y yopy 444 —435(m, 4H),3.75 (t, J=9.2 Hz,
45 1-yl)-3-methyl-1-oxobutan-2- 850.3
. 2H), 3.65 — 3.56 (m, 3H), 3.22 — 3.10
yhisoxazol-3-yh)oxy)ethyl)-3-(2-
(m, 3H), 2.95-2.90 (m, 2H), 2.53 (d, J
hydroxyphenyl)-5,6,7,8-
=1.5Hz,3H),2.22 (d,J =12.0 Hz, 2H),
tetrahydrobenzo[4,5]thieno[2,3-
1.95-1.93 (M, 2H),1.53 (d, J = 7.1 Hz,
c]pyridazine-6-carboxamide
1H), 1.45(d,J=7.0Hz, 3H),1.03 (d, J
= 6.5 Hz, 3H), 0.90 (dd, J = 13.1, 6.6
Hz, 3H).
1H NMR (400 MHz, DMSO-d6) & 12.93
(s, 1TH), 8.99 (s, 1H), 8.72 (s, 1H), 8.41
d,J =77 Hz 2H), 8.18 (dd, J = 8.0,
1.6 Hz, 1H), 7.49 — 7.41 (m, 2H), 7.40
(R)-N-(2-((5-((R)-1-((2S,4R)-4-
— 7.32 (m, 3H), 7.06 — 6.95 (m, 2H),
hydroxy-2-(((S)-1-(4-(4-
) 6.11 (s, 1H), 5.11 (s, 1H), 4.91 (, J =
methylthiazol-5-
bph bethyhcarb b idi 7.5 7.0 Hz, 1H), 4.37 (t, J = 7.9 Hz,
enyl)e carbamo rrolidin-
ybpheny Y yopy 1H), 4.29 (s, 3H), 3.74 — 3.63 (m, 2H),
46 1-yl)-3-methyl-1-oxobutan-2- 850.25

yhisoxazol-3-yl)oxy)ethyl)-3-(2-
hydroxyphenyl)-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-

c]pyridazine-6-carboxamide

3.62 — 3.58 (m, 3H), 3.55 — 3.35 (m,
2H), 3.22 - 3.01 (m, 2H), 2.90 — 2.85
(m, 1H), 2.65 — 2.44 (m, 3H), 2.32 —
2.21 (m, 1H), 2.20 = 2.12 (m, 1H), 2.03
{t,J = 10.0 Hz, 1H), 2.01 —1.99 (m, 1H),
1.98 — 1.94 (m, 1H),1.92 (dd, J = 10.9,
5.5 Hz, 3H), 0.96 (d, J = 6.4 Hz, 3H),
0.82 (dd, J = 14.6, 6.7 Hz, 3H).
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LCMS
Compound
Name (ESI) H NMR
No.
m/z
1H NMR (400 MHz, DMSO-d6) 5 12.99
(s, 1H), 8.99 (s, 1H), 8.73 (d, J = 9.1
Hz, 1H), 8.42 (d, J = 7.8 Hz, 1H), 8.18
d,J=79Hz 1H), 7.44 (d, J=8.0 Hz,
2H), 7.37 d,J=8.0Hz, 3H), 7.01 (t,J
(2S,4R)-4-hydroxy-1-((R)-2-(3-(1-
=8.7Hz, 2H), 6.39 (d,J = 1.8 Hz, 1H),
((S)-3-(2-hydroxyphenyl)-5,6,7,8-
] 529 — 464 (m, 2H), 4.48 (d,J =128
tetrahydrobenzo[4,5]thieno[2,3-
o o Hz, 1H), 4.42 — 4.20 (m, 2H), 4.13 (d, J
c]pyridazine-6-carbonyl)piperidin-4-
47 . 874.25 | = 13.5 Hz, 1H), 3.80 — 3.68 (m, 2H),
ylisoxazol-5-yl)-3-methylbutanoyl)-
348 (d, J =106 Hz, 1H), 3.26 (s, 2H),
N-((S)-1-(4-(4-methylthiazol-5-
311 — 297 (m, 4H), 292 - 2.76 (M,
yl)phenyl)ethyl)pyrrolidine-2-
2H), 2.46 (s, 3H), 2.32 — 2.19 (m, 1H),
carboxamide
214 — 1.85 (m, 5H), 1.84 — 1.73 (m,
1H), 1.66 (t, J = 12.8 Hz, 1H), 1.56 —
1.43 (m, 1H), 1.38 (dd, J= 7.0, 2.8 Hz,
3H), 0.98 (dd, J=6.7, 3.5 Hz, 3H), 0.80
(dd, J = 11.7, 6.5 Hz, 3H).
1H NMR (400 MHz, DMSO-d6) 5 12.95
(s, 1H), 899 (s, 1H), 873 d, J =75
Hz, 1H), 8.42 (dd, J = 8.0, 3.4 Hz, 1H),
8.18 (dd, J = 8.0, 1.6 Hz, 1H), 7.44 (d,
J = 8.1 Hz, 2H), 7.37 (d, J = 8.0 Hz,
(2S,4R)-4-hydroxy-1-((R)-2-(3-(1-
3H),7.01 (¢, J=87Hz,2H),6.38 (d, J
((R)-3-(2-hydroxyphenyl)-5,6,7,8-
=7.6Hz, 1H), 5.25 - 4.64 (m, 2H), 4.49
tetrahydrobenzo[4,5]thienc[2,3-
o o d, J =129 Hz, 1H), 4.40 — 4.23 (m,
c]pyridazine-6-carbonyl)piperidin-4-
48 . 874.25 | 2H), 4.13 (d, J = 13.5 Hz, 1H), 3.80 —
yDhisoxazol-5-yl)-3-methylbutanoyl)-
3.68 (m, 2H), 3.47 (d, J =10.6 Hz, 1H),
N-((S)-1-(4-(4-methylthiazol-5-
bph hethyl) lidine.2 327 (d, J = 11.0 Hz, 2H), 3.12 - 2.97
enyle rrolidine-2-
yopheny y py- (m, 4H), 294 — 2.71 (m, 2H), 2.46 (s,
carboxamide
3H), 2.26 (q, J = 7.0 Hz, 1H), 2.14 —
1.83 (m, 5H), 1.78 {, Jd = 7.9 Hz, 1H),
172 =165 (m, 1H), 1.54 — 1.30 (m,
4H), 0.98 (dd, J=6.7, 3.5 Hz, 3H), 0.80
(dd, J = 11.7, 6.6 Hz, 3H).
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ylhisoxazol-5-yl)-3-methylbutanoyl)-
N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-

carboxamide

Compound LeMS
No. Name (ESI) H NMR
m/z

1H NMR (400 MHz, DMSO-d6) 5 12.94
(d, J =5.2 Hz, 1H), 8.99 (d, J = 2.3 Hz,
1H), 8.84 — 8.67 (m, 1H), 8.40 (d, J =
7.7 Hz, 1H), 817 (dd, J = 8.0, 1.6 Hz,
(2S,4R)-4-hydroxy-1-((R)-2-(3-(4- 1H), 7.55 — 7.29 (m, 4H), 7.01 (id, J =
((S)-3-(2-hydroxyphenyl)-5,6,7,8- 8.0, 1.5 Hz, 2H), 6.24 (s, 1H), 5.12 (d,
tetrahydrobenzo[4,5]thieno[2,3- J = 3.6 Hz, 1H), 5.02 — 4.85 (m, 1H),
52 c]pyridazine-6-carbonyl)piperazin-1- 875 25 4.42 — 4.23 (m, 2H), 3.86 — 3.55 (m,
yhisoxazol-5-y)-3-methylbutanoyl)- 5H), 3.44 d, J = 11.0 Hz, 3H), 3.31 —
N-((S)-1-(4-(4-methylthiazol-5- 3.13 (m, 5H), 3.09 (s, 3H), 2.92 — 2.76
ylhphenyl)ethyl)pyrrolidine-2- (m, 1H), 2.46 (s, 3H), 2.36 — 2.07 (m,
carboxamide 2H), 2.07 — 1.86 (m, 2H), 1.79 (ddd, J
=12.7,79,47Hz,1H),1.47 (d,J=6.9
Hz, 1H), 1.38 (d, J = 7.0 Hz, 2H), 0.97
(t, J = 6.6 Hz, 3H), 0.82 (dd, J = 14.3,

6.7 Hz, 3H).
1H NMR (400 MHz, DMSO-d6) d 12.94
(d, J =6.9 Hz, 1H), 8.99 (s, 1H), 8.84 —
8.69 (m, 1H), 8.40 (d, J = 7.8 Hz, 1H),
(2S,4R)-4-hydroxy-1-((R)-2-(3-(4- 8.17 (dd, J = 8.0, 1.6 Hz, 1H), 7.55 —
((R)-3-(2-hydroxyphenyl)-5,6,7,8- 7.27 (m, 4H), 7.12-6.92 (m, 2H), 6.23
tetrahydrobenzo[4,5]thienc[2,3- (s, 1H), 5.11 (d, J = 3.6 Hz, 1H), 5.03 —
53 c]pyridazine-6-carbonyl)piperazin-1- 875,05 487 (m, 1H), 4.43 -4.22 (m, 2H), 3.83

— 3.53 (m, 5H), 3.42 (s, 3H), 3.28 (s,
5H), 3.09 (s, 3H), 2.91 — 2.80 (m, 1H),
2.46 (d, J = 1.1 Hz, 3H), 2.35 —2.08 (m,
2H), 2.07 - 1.86 (m, 2H), 1.85 — 1.74
(m, 1H), 1.42 (dd, J = 33.7, 6.9 Hz, 3H),
0.96 (d, J = 6.5 Hz, 3H), 0.82 (dd, J =
14.4,6.5 Hz, 3H).
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Preparation of (R)-2-(6-amino-5,6,7,8-tetrahydrobenzof4,5]thieno[2,3-c]pyridazin-3-yl)phenol
(intarmediaie A) and (S)-2-(6-amino-5,6,7,8-tetrahydrobenzof4,5]thienof2,3-c]pyridazin-3-yl)phenol

(intermediate 8)

B
HO™ D
MOMO

S

—=N_ S N XPhos Pd G3, Cs;CO;3
\ ) _DPPA DIEA, tBuOH Q_CZ‘ dioxane, HyO
A et
0 atep 4 B
cl BocHN cl

OH

k] 2

TFA, DCM
stan &
4 interemediaie &
chiral HPLC
Fiap 3
TFA, DCM
i intermeogiate B

5 Step 1: Preparation of tert-butyl (3-chloro-5,6,7,8-tetrahydrobenzof4, 5jthieno[2, 3-c]pyridazin-6-

ylcarbamate (intermediate 2)

=N
N\
BocHN Cl

To a solution of 3-chloro-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-c]pyridazine-6-carboxylic acid (1.30
g, 4.838 mmol, 1.00 equiv) and DIEA (1.88 g, 14.514 mmol, 3.00 equiv) in t-BuOH (15 mL, 157.846
10 mmol, 32.63 equiv) was added DPPA (2.00 g, 7.257 mmol, 1.5 equiv). After stirring overnight at 80 °C,
the resulting mixture was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography, eluted with EtOAc in PE from 0% to 100%, to afford intermediate 2 (1.20 g,
65.6%) as a yellow solid. LCMS (ESI) m/z: [M+H]* = 340.
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Step 2: Preparation of tert-butyl (3-(2-(methoxymethoxy)phenyl)-5,6,7,8-tetrahydrobenzof4,5]thieno[2, 3-

c]pyridazin-6-yl)carbamate (infermediate 3).

BocHN

To a solution of intermediate 2 (1.20 g, 3.531 mmol, 1.00 equiv) and 2-

5 (methoxymethoxy)phenylboronic acid (0.96 g, 5.296 mmol, 1.50 equiv) in dioxane (30 mL) and water (6
mL) were added Cs2C0O3 (3.45 g, 10.593 mmol, 3.00 equiv) and XPhos Pd G3 (0.30 g, 0.353 mmol, 0.10
equiv). After stirring for one hour at 100 °C under a nitrogen atmosphere, the resulting mixture was
concentrated under reduced pressure. The residue was purified by silica gel column chromatography,
eluted with EtOAc in PE from 0% to 50%, to afford intermediate 3 (1.20 g, 69.2%) as a yellow solid.

10 LCMS (ESI) m/z: [M+H]* = 442.

Step 3: Preparation of tert-butyl (R)-(3-(2-(methoxymethoxy)phenyl)-5,6,7,8-

tetrahydrobenzo[4, 5Jthieno[2, 3-c]pyridazin-6-yl)carbamate (intermediate 4) and tert-buty! (S)-(3-(2-
(methoxymethoxy)phenyl)-5,6,7,8-tetrahydrobenzo[4, 5]thieno[2, 3-c]pyridazin-6-yl)carbamate
(infermediate 5)

=

N/
BocHN

MOMO

Intermediate 3 (1.20 g) was separated by chiral HPLC with the following conditions: Column:
CHIRALPAK IC-3, 4.6*50 mm, 3 ym; Mobile Phase A: Hexane (0.1% DEA), Mobile Phase B: EtOH; Flow
rate: 1 mL/min; Gradient: 0% B to 70% B. This resulted in intermediate 4 (475.0 mg, 39.5%) and
intermediate 5 (490.0 mg, 40.8%) as yellow solids. LCMS (ESI) m/z: [M+H]* = 442,

20 Steps 4 and 5: Preparation of (R)-2-(6-amino-5,6,7,8-tetrahydrobenzof4,5]thieno[2, 3-c]pyridazin-3-
ylphenol (intermediate A) and (S)-2-(6-amino-5,6,7,8-tetrahydrobenzof4,5]thienof2, 3-cJpyridazin-3-
ylphenol (intermediate B).

HoN'

intermadiasie & intarmediaie B

Intermediate 4 (10.0 mg, 0.023 mmol, 1.00 equiv) was dissolved in DCM (1 mL) and TFA (0.5
25 mL, 6.732 mmol, 297.23 equiv) was added. The mixture was stirred for one hour at room temperature.
The resulting mixture was concentrated under reduced pressure. The residue was purified by Prep HPLC
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with the following conditions: Column: XBridge Shield RP1s OBD, 19*150 mm, 5 pm; Mobile Phase A:
Water (0.1% FA), Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 11% B to 26% B in 7 min, then
26% B; Detector: 254/220 nm. This resulted in #ermediate & (2.2 myg, 32.4%) as a light yellow solid.
LCMS (ESI) m/z: [M+H]* = 298.05.

Intermediate 5 (10.0 mg, 0.023 mmol, 1.00 equiv) was dissolved in DCM (1 mL) and TFA (0.5 mL,
6.732 mmol, 297.23 equiv) was added. The mixture was stirred for one hour at room temperature. The
resulting mixture was concentrated under reduced pressure. The residue was purified by Prep HPLC with
the following conditions: Column: XBridge Shield RP1s OBD, 19*150 mm, 5 um; Mobile Phase A: Water
(0.1% FA), Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 11% B to 26% B in 7 min, then 26% B;
Detector: 254/220 nm. This resulted in istsrmediate B (2.1 mg, 30.8%) as a light yellow solid. LCMS (ESI)
m/z: [M+H]* = 298.10.

Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(2-(((R)-3-(2-hydroxyphenyl)-5,6,7,8-
tetrahydrobenzof4,5]thieno]2,3-cpyridazin-6-yl)amino)ethoxy)isoxazol-5-yl)-3-methylbutanoyl)-N-
((S)-1-(4-(4-methylthiazol-5-yl)p henyl)ethyl)pyrrolidine-2-carboxamide (Compound 40)

NaBH3;CN, AcOH, DCM, MeOH

intermadiste &

To a stirred mixture of Intermediate A (25 mg, 0.046 mmol, 1 equiv) and Intermediate I-3 (27.50 mg,
0.092 mmol, 2 equiv) in DCM (1.5 mL) were added AcOH (0.1 mL) and MeOH (0.5 mL) dropwise at rcom
temperature. To the above mixture was added NaBH:CN (8.72 mg, 0.138 mmol, 3 equiv) in portions at
room temperature. The resulting mixture was stirred for 1 h at room temperature. The reaction mixture
was purified by Prep HPLC with the following conditions: Column, XBridge Shield RP18 OBD, 19*150
mm, 5 pm; Mobile phase, water (0.1% FA) and ACN, 21% ACN up to 38% in 7 min; Detector, UV 254 nm.
This resulted in Compound 40 (12.6 mg, 18.23%) as a light yellow solid."TH NMR (400 MHz, Methanol-d4)
6887 (,J=49Hz 1H), 8.55-8.37 (m, 2H), 8.03 (d, J=7.9 Hz, 1H), 7.48 - 7.31 (m, 5H), 7.06 — 6.98
(m, 2H), 6.08 (s, 1H), 5.03 (d, J = 7.0 Hz, 1H), 4.54 —4.33 (m, 4H), 3.83 (dd, J = 11.1, 4.2 Hz, 1H), 3.73 —
3.59 (m, 2H), 3.46 — 3.36 (m, 4H), 3.18 — 3.09 (m, 2H), 2.75 (s, 1H), 2.46 (d, J = 13.4 Hz, 3H), 2.39 (s,
2H), 2.23 -2.13 (m, 1H), 2.05 —=1.90 (m, 2H), 1.51 (d, J = 7.0 Hz, 3H), 1.05 (d, J = 6.5 Hz, 3H), 0.94 —
0.85 (m, 3H). LCMS (ESI) m/z: [M+H]* = 822.25.

Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(2-(((S)-3-(2-hydroxyphenyl)-5,6,7,8-
tetrahydrobenzof4,5]thieno]2,3-cpyridazin-6-yl)amino)ethoxy)is oxazol-5-yl)-3-methylbutanoyl)-N-
((S)-1-(4-(4-methylthiazol-5-yl)p henyl)ethyl)pyrrolidine-2-carboxamide (Compound 39)
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0-~0
\CN’%O 3

O

NaBH3CN, AcOH, DCM, MeOH

intpsmpdiaie &

To a stirred solution of Intermediate B (25 mg, 0.046 mmol, 1 equiv) and Intermediate I-3 (27.50 mg,
0.092 mmol, 2 equiv) in DCM (1.5 mL) were added AcOH (0.1 mL) and MeOH (0.5 mL) dropwise at room
temperature. To the above mixture was added NaBH:CN (8.72 mg, 0.138 mmol, 3 equiv) in portions at
room temperature. The resulting mixture was stirred for 1 h at room temperature. The reaction mixture
was purified by Prep HPLC with the following conditions: Column, XBridge Shield RP18 OBD, 19*150
mm, 5 um; Mobile phase, water (0.1% FA) and ACN, 21% ACN up to 38% in 7 min; Detector, UV 254 nm.
This resulted in Compound 39 (11.8 mg, 17.08%) as an off-white solid. 'TH NMR (400 MHz, Methanol-d4)
58.87(,J=4.6Hz 1H), 8.52 - 8.43 (m, 2H), 8.00 (dd, J =17.6, 7.9 Hz, 1H), 7.48 — 7.30 (m, 5H), 7.01
(dd, J = 8.1, 4.9 Hz, 2H), .07 (s, 1H), 5.03 (t, J= 7.0 Hz, 1H), 4.54 — 4.38 (m, 4H), 3.83 (dd, J=10.8, 4.1
Hz, 1H), 3.77 — 3.58 (m, 2H), 3.36 (s, 4H), 3.14 (d, J = 10.1 Hz, 2H), 2.72 (s, 1H), 2.46 (d, J = 13.1 Hz,
3H), 2.37 (s, 2H), 223 -2.13 (m, 1H), 2.02 - 1.89 (m, 2H), 1.61 —1.48 (m, 3H), 1.05 (d, J = 6.5 Hz, 3H),
0.90 (dd, J = 9.8, 8.7 Hz, 3H).LCMS (ESI) m/z: [M+H]* = 822.25.

Preparation of 2-(5,6,7,8-tetrahydropyridof3',4":4,5]thieno[2, 3-cJpyridazin-3-yl)phenol (intermediate
C)

BOC\
NH
NaHS ak Cl TFA, DCM
=N fan i
NMP, 100 °C S S
siag 2 3
cl
& xCl  CbzCl, K,CO;4 A o -C HCHO HN 7 \\N (Boc)20, DMAP
s~ N THF, Hy0 s~ >N N TFA, 60 °C s N DIEA, DCM
& s 4 5 s sten §
oH ’
.B
HO D
Boc Cl HO Boc\
°N == XPhos Pd G3, Cs,C03 N e SH
/ I\
s s~ N ‘
& infermediate &
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Step 1: Preparation of tert-butyl (4-(3, 6-dichloropyridazin-4-yl)but-3-yn-1-yl)carbamate (Intermediate 2).

L?oc

HN
™
= | O
c” NN

A mixture of 4-bromo-3,6-dichloropyridazine (10.00 g, 43.885 mmol, 1.00 equiv), tert-butyl N-(but-3-
yn-1-yl)carbamate (11.14 g, 65.828 mmol, 1.50 equiv), PddppNCIl: (6.42 g, 8.777 mmol, 0.20 equiv), Cul
5 (2.51g, 13.165 mmol, 0.30 equiv) and Et:N (13.32 g, 131.655 mmol, 3.00 equiv) in toluene (100 mL) was
stirred for 4 h at 60 °C under nitrogen atmosphere. After cooling down to room temperature, the resulting
mixture was filtered and the filter cake was washed with EtOAc (3 x 100 mL). The filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column chromatography,

eluted with PE/EA (1:1), to afford intermediate 2 (11 g, crude) as a brown solid. LCMS (ESI) m/z: [M+H]*
10 = 316.

Step 2: Preparation of tert-butyl (2-(3-chlorothieno[2, 3-cjpyridazin-6-yl)ethyl)carbamate (intermediate 3).

Boc,
NH
Cl
7 oS
S N”N
3

A mixture of intermediate 2 (11.00 g, 34.790 mmol, 1.00 equiv) and sodium hydrosulfide (2.26 g,
15 27.832 mmol, 0.8 equiv) in NMP (50 mL) was stirred overnight at 100 °C. After concentration under
reduced pressure, the residue was purified by reverse phase flash chromatography with the following
conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1% FA), 20% to 80% gradient in 20
min; detector, UV 254 and 220 nm. This resulted in intermediate 3 (9.3 g, 85.19%) as a light yellow solid.
LCMS (ESI) m/z: [M+H]* = 314.
20
Step 3: Preparation of 2-(3-chlorothieno[2,3-c]pyridazin-6-yl)ethan-1-amine TFA salt (Intermediate 4).

NH»

=N
N
TFA salt
4 sa

A mixture of intermediate 3 (9.20 g, 29.318 mmol, 1.00 equiv) and TFA (3 mL) in DCM (9 mL) was
stirred for 2 h at room temperature. The resulting mixture was concentrated under reduced pressure. The
25 residue was diluted with water (5 mL). The resulting solid was filtered off and dried by lyophilization to
afford intermediate 4 (3.2 g, crude) as a brown solid. LCMS (ESI) m/z: [M+H]* = 214.
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Step 4: Preparation of benzyl (2-(3-chlorothieno[2, 3-c]pyridazin-6-yl)ethyl)carbamate (Intermediate 5).

NHCbz
Cl
72 | o
S N"N

A mixture of intermediate 4 (3.00 g, 14.040 mmol, 1.00 equiv), CbzCl (4.79 g, 28.080 mmol, 2.00

equiv) and K2COs3 (5.82 g, 42.120 mmol, 3.00 equiv) in THF (15 mL) and H20 (15 mL) was stirred for2 h

5 at room temperature under nitrogen atmosphere. The resulting mixture was diluted with water (300 mL).
The resulting mixture was extracted with EtOAc (3 x 200 mL). The combined organic layers were washed
with water (300 mL), then dried over anhydrous Na-SOa. After filtration, the filtrate was concentrated
under reduced pressure. The residue was dissolved in DMF (10 mL) and purified by reverse phase flash
chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1%

10 FA), 30% to 80% gradient in 20 min; detector, UV 254 and 220 nm. This resulted in intermediate 5 (497

mg, 10.18%) as a brown solid. LCMS (ESI) m/z: [M+H]* = 348.

Step 5: Preparation of 3-chloro-5, 6,7, 8-tetrahydropyridof3',4":4,5]thieno[2, 3-c]pyridazine (Intermediate 6).

Cl
HN =
/ \_.N
S N
&
15 A mixture of intermediate 5 (497.0 mg, 1.429 mmol, 1.00 equiv) and HCHO (128.1 mg, 4.287 mmol,

3.00 equiv) in TFA (4 mL) was stirred for 2 h at 60 °C. The resulting mixture was concentrated under

reduced pressure. The residue was dissolved in DMF (2 mL) and purified by reverse phase flash

chromatography with the following conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1%

NHs.Hz0), 0% to 50% gradient in 20 min; detector, UV 254 and 220 nm. This resulted in intermediate 6
20 (196 mg, 60.78%) as a light brown solid. LCMS (ESI) m/z: [M+H]* = 226.

Step 6: Preparation of tert-butyl 3-chloro-7,8-dihydropyrido[3',4":4, 5]thieno[2, 3-c]pyridazine-6(5H)-
carboxylate (Intermediate 7).

Boc, Cl
N -—
7 \_ N
s N
¥
25 A mixture of intermediate 6 (186.0 mg, 0.824 mmol, 1.00 equiv), (Boc)20 (359.7 mg, 1.648 mmol,

2.00 equiv), DMAP (20.1 mg, 0.165 mmol, 0.20 equiv) and DIEA (319.6 mg, 2.472 mmol, 3.00 equiv) in
DCM (3 mL) was stirred for 2 h at room temperature. The resulting mixture was concentrated under
reduced pressure. The residue was diluted with water (50 mL). The resulting mixture was extracted with
EtOAc (3 x 25 mL). The combined organic layers were washed with water (50 mL), then dried over
30 anhydrous Naz2S04. After filtration, the filtrate was concentrated under reduced pressure to afford
intermediate 7 (247 mg, crude) as a brown solid. LCMS (ESI) m/z: [M+H]* = 326.
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Step 7: Preparation of tert-butyl 3-(2-hydroxyphenyl)-7,8-dihydrothieno[2,3-b:4, 5-c'[dipyridine-6(5H)-

carboxylate (Intermediate 8).

Boc

\N
— OH
B
s N
&
5 A mixture of intermediate 7 (237.0 mg, 0.727 mmol, 1.00 equiv), 2-hydroxyphenylboronic acid (150.5

mg, 1.091 mmol, 1.50 equiv), XPhos Pd G3 (123.2 mg, 0.145 mmol, 0.20 equiv) and Cs2COs (711.0 mg,
2.181 mmol, 3.00 equiv) in 1,4-dioxane (3 mL) and H20 (0.6 mL) was stirred overnight at 80 °C under
nitrogen atmosphere. The resulting mixture was concentrated under reduced pressure. The residue was
dissolved in DMF (5 mL) and purified by reverse phase flash chromatography with the following

10 conditions: column, C18 silica gel; mobile phase, MeCN in water (0.1% FA), 0% to 80% gradient in 20
min; detector, UV 254 and 220 nm. This resulted in intermediate 8 (61 mg, 21.87%) as a brown solid.
LCMS (ESI) m/z: [M+H]* = 383.

Step 8: Preparation of 2-(5,6,7,8-tetrahydropyrido[3’,4":4, 5]thienof2, 3-c]pyridazin-3-yl)phenol
15 (Infermediate C).

HN

S N

infermadiate ©

A mixture of intermediate 8 (56.0 mg, 0.146 mmol, 1.00 equiv) and TFA (0.5 mL) in DCM (1.5 mL)
was stirred for 2 h at room temperature. The resulting mixture was concentrated under reduced pressure.
The residue was diluted with water (5 mL). The resulting solid was filtered off and dried by lyophilization
20 to afford intermediate C (76 mg, crude) as a yellow solid. LCMS (ESI) m/z: [M+H]* = 284.

Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(4-(3-(2-hydroxyphenyl)-5,6,7,8-

tetrahydropyrido[3',4':4,5]thienof2,3-c]pyridazine-6-carbonyl)piperidin-1-yl)isoxazol-5-yl}-3-

methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide
25 (Compound 11)

HN

\ - o
o R \S =N
P9 7\“" - ntermedists © N N O-’/ N N N\
@/\ H/KEN) o >\N OH Ho NS H N
NS ) N PyBOP, DIEA, DMF HO
v-s BH °

HE
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To a stirred solution of 1-6 (15 mg, 0.025 mmol, 1.00 equiv) and intermediate C (8.36 mg, 0.030
mmol, 1.2 equiv) in DMF (2 mL) were added PyBOP (19.20 mg, 0.038 mmol, 1.5 equiv) and DIEA (9.54
mg, 0.075 mmol, 3 equiv) at room temperature. The resulting mixture was stirred for 2 h at room
temperature. The mixture was purified by Prep HPLC with the following conditions: Column: XBridge Prep
5 Phenyl OBD, 19*150 mm, 5 pm; Mobile Phase A: water (0.05% NH3-H20), Mobile Phase B: ACN; Flow
rate: 25 mL/min; Gradient: 50% B to 63% B in 7 min; Detector: 254/220 nm. This resulted in Compound
11 (4.0 mg, 18.26%) as a white solid. '"H NMR (400 MHz, DMSO-d6) 6 12.80 (s, 1H), 8.99 (s, 1H), 8.84
d,J=11.0Hz,1H), 841 d,J=75Hz 1H),821 (d, J=8.0Hz, 1H),7.44 d, J=82Hz 2H),7.37 (. J
=8.2Hz,3H),7.03 (q,J=7.9, 7.3 Hz, 2H), 6.16 (s, 1H), 5.11 (s, 1H), 5.00 — 4.77 (m, 3H), 4.37 (s, 1H),
10 4.29 (s, 1H), 4.00 (s, 1H), 3.93 (s, 1H), 3.69 (d, J = 13.7 Hz, 3H), 3.58 (d, J = 10.1 Hz, 1H), 3.48 (s, 1H),
3.18 (s, 1H), 3.04 (s, 2H), 2.93 (d, J = 12.6 Hz, 2H), 2.46 (s, 3H), 2.23 (s, 1H), 2.02 (s, 1H),1.70 d, J =
27.2 Hz, 5H), 1.38 (d,J = 7.0 Hz, 3H), 0.95 (d, J = 6.6 Hz, 3H), 0.81 (d, J = 6.3 Hz, 3H). LCMS (ESI) m/z:
[M+H]* = 875.60.

The compounds in Table 12 was prepared using a procedure similar to the one used above for the

15 preparation of compound 11 using the appropriate amine and carboxylic acid.

Table 12.
LCMsS
No. Name (ESl) H NMR
m/z

1H NMR (400 MHz, Methanol-d4) & 8.87 (s,
1H), 8.61 (t, J = 16.1 Hz, 1H), 8.06 (dd, J =
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2- 8.2,1.6 Hz, 1H), 7.48 — 7.29 (m, 5H), 7.01
(3-(2-hydroxyphenyl)-7,8- (Q, Jd =11.9, 9.3 Hz, 2H), 6.16 — 6.04 (m,
dihydropyrido[3',4":4,5]thieno[2,3- 1H), 5.17 (s, 2H), 5.02 (d, J = 7.0 Hz, 1H),
clpyridazin-6(5H)-yl)-2- 4.94 (s, 1H), 4.50 (t, J = 8.3 Hz, 1H), 4.43
91 oxoethoxy)isoxazol-5-yl)-3- 8221 (s,1H),4.07 (t, J=55Hz, 1H),3.95 (t,J =
methylbutanoyl)-N-((S)-1-(4-(4- 5.7 Hz, 1H), 3.82 (dd, J=10.9, 4.2 Hz, 1H),
methylthiazol-5- 3.68 (d, J = 10.0 Hz, 1H), 3.64 — 3.57 (m,
ylphenyl)ethyl)pyrrolidine-2- 1H), 3.23 (s, 2H), 2.48 (s, 3H), 2.41 — 2.31
carboxamide (m, 1H), 2.23 — 2.12 (m, 1H), 2.00 — 1.90
(m, 1H), 1.51 (d, J=7.0 Hz, 3H), 1.04 (d, J

=6.5Hz, 3H), 0.88 (d, J = 6.9 Hz, 3H).

178

CA 03216773 2023-10-25



WO 2022/240825 PCT/US2022/028511
Preparation of (2S,4R)-4-hydroxy-1-((R)-2-(3-(2-(3-(3-(2-hydroxyphenyl)thieno[3,2-c]pyridazin-6-
yl)azetidin-1-yl)ethoxy)isoxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide

HO
/3//// HO\BD
Br. €l +BUONO, Cul g a BocN Br [ > s cl OH
m CHal,. THF | \N Pd(PPha?4, C;ul,TEA AN NaHS, NMP, 100 °C BocN'\A)m xphg;::nc::aHKozcoa s
HaN™ O N* wept | N* wRp y 7z step 3 - -N ‘::\\‘:}’d 2
C|

N
1 S Bo: P 4

s S~ /\
BooN”" 2 __TFA.DCM _ & NaBH4CN, AcOH, MeOH, DCM HO*C,N
ocN N\ X,
~ SN OH sWp s N
s

N &8 a r N\f/\l/ﬁ/

5 Step 1: Preparation of 4-bromo-6-chloro-3-iodopyridazine (intermediate 2).

Br- SN Cl

|
i

2

To a stirred solution of 4-bromo-6-chloropyridazin-3-amine (2.00 g, 9.595 mmol, 1.00 equiv) and t-
BuONO (1.09 g, 10.555 mmol, 1.10 equiv) in THF (20 mL) was added Cul (1.83 g, 9.595 mmol, 1.00
equiv) and diiedomethane (2.57 g, 9.595 mmol, 1.00 equiv). The resulting mixture was stirred for

10 overnight at 60 degrees C. The resulting mixture was diluted with EtOAc (300 mL), washed with sat.
NH4CI (ag.) (100 mL x 3), and the organic layer was dried over anhydrous Na:SO4. After filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with PE / EtOAc (4:1) to afford intermediate 2 (1.1 g, 35.90%) as a brown solid.
LCMS (ESI) m/z: [M+H]* = 319.

15 Step 2: Preparation of tert-butyl 3-[2-(4-bromo-6-chloropyridazin-3-yl)ethynylJazetidine-1-carboxylate
(infermediate 3).

BocN

To a stirred solution of intermediate 2 (1.10 g, 3.445 mmol, 1.00 equiv) and tert-butyl 3-ethynylazetidine-
1-carboxylate (624.3 mg, 3.445 mmol, 1.00 equiv) in THF (15 mL) was added Pd(PPhs)4 (796.1 mg,

20 0.689 mmol, 0.20 equiv), Cul (196.8 mg, 1.033 mmol, 0.30 equiv) and TEA (1.05 g, 10.335 mmol, 3.00
equiv). The resulting mixture was stirred for 2 h at 60 degrees C under nitrogen atmosphere. The reaction
mixture was filtered through a short pad of Celite and concentrated in vacuo. The residue was purified by
silica gel column chromatography, eluted with PE / EtOAc (1:1) to afford intermediate 3 (702 mg, 54.69%)
as a brown solid. LCMS (ESI) m/z: [M+H]* = 372.
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Step 3: Preparation of tert-butyl 3-{3-chlorothieno[3, 2-c]pyridazin-6-yl}azetidine-1-carboxylate

S~ Cl
BocN NN IN

N

(infermediate 4).

&

To a stirred solution of intermediate 3 (702.0 mg, 1.884 mmol, 1.00 equiv) in NMP (10 mL) was added

5 NaSH (116.0 mg, 2.072 mmol, 1.10 equiv). The resulting mixture was stirred for 1 h at 100 degrees C.
The mixture was was purified by directly by reverse phase flash chromatography, elution gradient 0 to
70% MeCN in water (containing 0.1% formic acid) to afford intermediate 4 (450 mg, 73.32%) as a white
solid. LCMS (ESI) m/z: [M+H]* = 326.

Step 4: Preparation of tert-butyl 3-[3-(2-hydroxyphenyl)thieno[3, 2-c]pyridazin-6-yllazetidine- 1-carboxylate
10 (infermediate 5).

S
BocN N

To a stirred solution of intermediate 4 (450.0 mg, 1.381 mmol, 1.00 equiv) and 2-hydroxyphenylboronic
acid (571.5 mg, 4.143 mmol, 3.00 equiv) in dioxane (10 mL) and H20 (2 mL) was added XPhos Pd G3
(233.8 mg, 0.276 mmol, 0.20 equiv) and KzCOs (672.6 mg, 4.143 mmol, 3.00 equiv). The resulting

15 mixture was stirred for 2 h at 100 degrees C under nitrogen atmosphere. The resulting mixture was
filtered, and the filter cake was washed with EtOAc (30 mL x 3). The filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography, eluted with PE / EtOAc
(1:1) to afford intermediate 5 (435 mg, 82.13%) as a white solid. LCMS (ESI) m/z: [M+H]* = 384.

Step 5: Preparation of 2-[6-(azetidin-3-yl)thieno[3,2-c]pyridazin-3-yiJphenol (I-11).

=
. .-N OH

S
HN \
N

20 41

To a stirred solution of intermediate 5 (435.0 mg, 1.134 mmol, 1.00 equiv) in DCM (5 mL) was added TFA
(5 mL). The resulting mixture was stirred for 1 h at room temperature. The resulting mixture was
concentrated under vacuum. The crude product was purified by Prep-HPLC with the following conditions
(Column: XBridge Prep C18 OBD Column, 19*150 mm, 5pm; Mobile Phase A: Water(10 mmol/L
25 NH4sHCOs3), Mobile Phase B: ACN; Flow rate: 25 mL/min; Gradient: 18% B to 31% B in 8 min, 31% B,;
Wave Length: 254/220 nm; RT1(min): 6.80) to afford I-11 (233.1 mg, 72.49%) as a white solid. '"H NMR
(400 MHz, DMSO-d6) d 12.94 (s, 1H), 9.16 (s, 1H), 8.03 (dd, J=8.0, 1.6 Hz, 1H), 7.78 (s, 1H), 7.51 —
7.21 (m,1H),712-6.76 (m, 2H), 436 (d, J=8.3 Hz, 1H),4.30-4.26 (p, J=69Hz, 1H), 395 t, J=7.7
Hz, 2H), 3.68 (t, J = 7.0 Hz, 2H). LCMS (ESI) m/z: [M+H]* = 284.10.
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Step 6: Preparation (2S,4R)-4-hydroxy-1-((R)-2-(3-(2-(3-(3-(2-hydroxyphenyl)thieno[3, 2-c]pyridazin-6-
ylazetidin-1-yl)ethoxy)isoxazol-5-yl)-3-methylbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Compound 9)

HO

HO N/:%
O Q)
. N
I m
O N

5 A mixture of compound I-11 (42.0 mg, 0.148 mmol, 1.00 equiv), (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyllethyl]-1-[(2R)-3-methyl-2-[3-(2-0xoethoxy)-1,2-0xazol-5-
yl]butanoyl]pyrrolidine-2-carboxamide (80.1 mg, 0.148 mmol, 1.00 equiv) and AcOH (8.9 mg, 0.148 mmol,
1.00 equiv) in MeOH (3 mL) and DCM (3 mL) was stirred for 30 min at room temperature. To the above
mixture was added NaBHzCN (46.5 mg, 0.740 mmol, 5.00 equiv) at room temperature. The resulting

10 mixture was stirred for additional 3 h at room temperature, then concentrated under vacuum. The crude
product was purified by Prep-HPLC with the following conditions (Column: XBridge Prep C18 OBD
Column, 19*150 mm, 5pm; Maobile Phase A: Water(10 mmol/L NH4sHCOs3), Maobile Phase B: ACN; Flow
rate: 25 mL/min; Gradient: 40% B to 57% B in 8 min, 57% B to afford Compound 9 (67.4 mg, 55.71%) as
an off-white solid. '"H NMR (300 MHz, DMSO-d6) & 12.96 (s, 1H), 9.14 (s, 1H), 8.99 (s, 1H), 8.42 (d, J =

15 7.6 Hz, 1H), 8.07 — 7.97 (m, 1H), 7.77 (s, 1H), 7.44 (d, J = 8.3 Hz, 2H), 7.39 - 7.33 (m, 3H), 7.07 — 6.97
(m, 2H), 6.11 (s, 1H), 5.06 (dd, J = 26.0, 3.2 Hz, 1H), 4.98 — 4.84 (m, 1H), 4.38 (t, J = 7.9 Hz, 1H), 4.29
(s, 1H),4.18 (t, J = 5.3 Hz, 2H), 4.09 (, J = 6.6 Hz, 1H), 3.82 —3.71 (m, 2H), 3.70 — 3.63 (m, 2H), 3.50 —
3.42 (m, 1H), 3.41 = 3.39 (m, 2H), 2.85 (t, J= 5.4 Hz, 2H), 2.45 (d, J = 3.5 Hz, 3H), 2.33 = 2.13 (m, 1H),
212 -1.96 (m, 1H), 1.85—-1.73 (m, 1H), 1.38 (d, J = 7.0 Hz, 3H), 0.97 — 0.94 (m, 3H), 0.80 (d, J=6.6

20 Hz, 3H). LCMS (ESI) m/z [M+H]* =808.30.

The compounds in Table 13 were prepared using procedures similar to those used above for the

preparation of compound 9 using the appropriate amine and aldehyde (or ketone).
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Table 13.
LCMS
No. Name (ESl) H NMR
m/z

1H NMR (300 MHz, Methanol-d4) & 8.87
(d, J =16.0 Hz, 1H), 864 (d, J = 6.5 Hz,
1H), 8.12 — 7.75 (m, 1H), 7.58 — 7.25 (m,
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2- 5H),6.99 (1d, J=7.3,6.9, 1.4 Hz, 2H), 6.47
(4-(3-(2-hydroxyphenyl)thieno[3,2- (d, J =4.5Hz, 1H), 6.04 d, J = 17.2 Hz,
c]pyridazin-6-yl)piperazin-1- 1H), 5.16 — 4.98 (m, 1H), 4.63 — 4.32 (m,
49 yl)ethoxy)isoxazol-5-yl)-3- 837 15 4H), 3.86 (dd, J = 10.9, 4.1 Hz, 1H), 3.78 —
methylbutanoyl)-N-((S)-1-(4-(4- 3.65 (m, 2H), 3.59 (p, J = 5.3 Hz, 4H), 2.99
methylthiazol-5- (t, J = 5.2 Hz, 2H), 2.89 (dt, J = 10.0, 5.2
yl)phenylethyl)pyrrolidine-2- Hz, 4H), 2.48 (d, J = 8.8 Hz, 3H), 2.45 —
carboxamide 213 (m, 2H), 1.98 (ddd, J = 13.3, 8.7, 4.6
Hz, 1H), 1.58 (dd, J = 22.5, 7.0 Hz, 3H),
1.08 (d,J=6.6 Hz, 3H),0.93 (1, J = 6.9 Hz,

3H).
1H NMR (400 MHz, DMSO-d6) 8 13.05 (d,
J=8.5Hz, 1H), 9.15 (s, 1H), 8.99 (s, 1H),
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2- 8.44 (d, J = 7.7 Hz, 1H), 8.03 — 7.95 (m,
(4-hydroxy-4-(3-(2- 1H), 7.77 (s, 1H), 7.61 — 7.20 (m, 5H), 7.82
hydroxyphenylthieno[3,2- —7.02 (m, 2H), 6.13 (s, 1H), 5.98 (d, J =
c]pyridazin-6-yl)piperidin-1- 17.5 Hz, 1H), 5.12 (d, J = 3.6 Hz, 1H), 4.98
73 yl)ethoxy)isoxazol-5-yl)-3- 8521 | —4.78 (m, 1H), 4.48 —4.12 (m, 4H), 3.78 —
methylbutanoyl)-N-((S)-1-(4-(4- 3.62 (m, 2H), 3.49 — 3.42 (m, 1H), 2.98 —
methylthiazol-5- 2.69 (M, 4H), 2.48 — 2.40 (m, 4H), 2.29 —
yhphenyl)ethyl)pyrrolidine-2- 2.00 (m, 4H), 2.08 —1.99 (m, 3H), 1.46 (d,
carboxamide J =6.9 Hz, 1H), 1.37 (d, J = 7.0 Hz, 3H),
096 (d, J = 6.4 Hz, 3H), 0.90 — 0.83 (m,

3H).
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LCMS
No. Name (ESI) H NMR
m/z

1H NMR (400 MHz, Methanol-d4) & 8.99 —
8.84 (m, 2H), 7.97 (d, J = 7.6 Hz, 1H), 7.57
(2S,4R)-4-hydroxy-1-((R)-2-(3-(4- (d, J = 7.0 Hz, 1H), 7.49 — 7.33 (m, 5H),
(3-(2-hydroxyphenyDhthieno[3,2- 7.01 (t, J = 8.0 Hz, 2H), 6.12 (s, 1H), 5.04
clpyridazin-6-yl)-[1,4'"-bipiperidin]- (d, J = 6.8 Hz, 1H), 4.60 — 4.48 (m, 2H),
87 1'-ylisoxazol-5-yl)-3- 8752 3.87 — 3.71 (m, 3H), 3.67 — 3.57 (m, 2H),
methylbutanoyl)-N-((S)-1-(4-(4- 318 - 3.12 (m, 2H), 2.89 (t, J = 12.3 Hz,
methylthiazol-5- 2H), 2.65 (s, 3H), 2.52 - 2.46 (m, J = 7.0
yhphenyl)ethyl) pyrrolidine-2- Hz, 4H), 2.42-2.31 (m, 1H), 2.23 - 2.20 (m,
carboxamide 3H), 1.99 - 1.90 (m, 5H), 1.65 (d, J = 13.5
Hz, 2H), 1.52 (d, J = 7.0 Hz, 3H), 1.05 (d, J

= 6.5 Hz, 3H), 0.93 - 0.88 (m, 3H).
1H NMR (300 MHz, Methanol-d4) & 9.08 —
8.90 (m, 2H), 8.06 (d, J = 7.7 Hz, 1H), 7.69
(2S,4R)-4-hydroxy-1-((R)-2-(3-(2- —7.62 (m, 1H), 7.58 — 7.38 (m, 5H), 7.15 —
(4-(3-(2-hydroxyphenylthieno[3,2- 7.04 (m, 2H), 6.13 (s, 1H), 5.12 (d, J = 7.0
c]pyridazin-8-yl)piperidin-1- Hz, 1H), 4.65 — 4.45 (m, 4H), 3.93 (dd, J =
o7 yDethoxy)isoxazol-5-yl)-3- a36 1 10.8, 4.1 Hz, 1H), 3.79 - 3.76 (m, 2H), 3.26
methylbutanoyl)-N-((S)-1-(4-(4- (d, J = 11.8 Hz, 3H), 2.97 (t, J = 5.3 Hz,
methylthiazol-5- 2H), 2.56 (d, J = 6.1 Hz, 3H), 2.44 (d, J =
yhphenyl)ethyl) pyrrolidine-2- 11.8 Hz, 3H), 2.26 (d, J = 12.1 Hz, 3H),
carboxamide 212 -1.94 (m, 3H), 1.65 (dd, J=22.3,7.0
Hz, 3H), 1.15 (d, J = 6.6 Hz, 3H), 1.00 (t, J

=6.9 Hz, 3H).
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No.

Name

LCMS
(ESI)

m/z

'H NMR

103

(2S,4R)-4-hydroxy-1-((R)-2-(3-(4-
((3-(3-(2-hydroxyphenyl)thieno[3,2-
c]pyridazin-6-yl)azetidin-1-
yhmethyl)piperidin-1-yl)isoxazol-5-
yl)-3-methylbutanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-
carboxamide

861.3

1H NMR (400 MHz, Methanol-d4) & 8.95
(d, J = 3.1 Hz, 1H), 8.87 (d, J = 4.3 Hz, 1H),
7.97 (d, J = 8.0 Hz, 1H), 7.66 (s, 1H), 7.53
—7.29 (m, 5H), 7.02 (d, J = 7.9 Hz, 2H),
6.17 — 6.00 (m, 1H), 5.03 (d, J = 7.0 Hz,
1H), 4.51 (t, J = 8.2 Hz, 1H), 4.44 (s, 1H),
415 (d, J = 7.2 Hz, 1H), 3.96 — 3.81 (m,
3H), 3.70 (d, J = 12.7 Hz, 2H), 3.61 (dd, J
= 10.4, 6.6 Hz, 2H), 3.54 (d, J = 7.9 Hz,
2H), 2.85 (t, J = 12.1 Hz, 2H), 2.58 (d, J =
7.1 Hz, 2H), 2.47 (d, J = 4.9 Hz, 3H), 2.43
—2.29 (m, 1H), 2.18 (t, J = 10.6 Hz, 1H),
1.96 (ddd, J = 13.2, 8.6, 4.8 Hz, 1H), 1.83
(d, J = 12.9 Hz, 2H), 1.65 (s, 1H), 1.56 (d,
J = 7.0 Hz, 3H), 1.40 — 1.29 (m, 2H), 1.05
(d, J = 6.5 Hz, 3H), 0.90 (dd, J = 12.0, 6.6
Hz, 3H).

104

(25 ,4R)-4-hydroxy-1-((R)-2-(3-(3-
(3-(3-(2-hydroxyphenyl)thieno[3,2-
c]pyridazin-6-yl)azetidin-1-
yl)propoxy)isoxazol-5-yl)-3-
methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yhphenyl)ethyl)pyrrolidine-2-

carboxamide

822.2

1H NMR (400 MHz, Methanol-d4) & 8.96
(s, 1H), 8.92 — 8.81 (m, 1H), 7.98 d, J =
8.0 Hz, 1H), 7.64 (d, J = 9.5 Hz, 1H), 7.47
— 7.30 (m, 5H), 7.05 — 6.93 (m, 2H), 6.02
(s, 1H), 5.02 (d, J = 7.0 Hz, 1H), 4.51 (t, J
= 8.2 Hz, 1H), 4.41 (d, J = 17.3 Hz, 1H),
4.28 (t, J =6.3 Hz, 2H), 4.11 (q, J = 7.0 Hz,
1H), 3.82 (p, J = 8.1, 7.4 Hz, 3H), 3.65 (d,
J = 9.9 Hz, 2H), 3.42 (t, J = 6.9 Hz, 2H),
271 (t, J = 7.2 Hz, 2H), 2.45 — 2.31 (m,
4H), 2.22 — 2.13 (m, 1H), 2.01 — 1.83 (m,
3H), 1.58 —1.50 (d, J = 7.0 Hz, 3H), 1.05 (d,
J = 6.5 Hz, 3H), 0.94 — 0.86 (m, 3H).
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No.

Name

LCMS
(ESI)

m/z

'H NMR

105

(2S,4R)-4-hydroxy-1-((R)-2-(3-(4-
(3-(3-(2-hydroxyphenylthieno[3,2-
¢]pyridazin-6-yl)azetidin-1-
yhpiperidin-1-ylisoxazol-5-yl)-3-
methylbutanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-
yDphenyl)ethyl)pyrrolidine-2-
carboxamide

847.25

1H NMR (400 MHz, DMSO-d6, with a drop
of D20) 5 9.20 —9.14 (m, 1H), 8.99 (s, 1H),
8.44 — 8.36 (m, 1H), 8.20 — 7.71 (m, 2H),
7.49 — 7.42 (m, 2H), 7.42 — 7.34 (m, 3H),
7.09 — 6.98 (m, 2H), 6.25 — 6.13 (m, 1H),
4.97 — 4.86 (m, 1H), 4.82 — 4.21 (m, 5H),
415 — 3.67 (m, 3H), 3.67 — 3.49 (m, 3H),
3.49 — 3.41 (m, 1H), 3.06 — 2.73 (m, 2H),
2.46 (s, 3H), 2.29 — 2.13 (m, 1H), 2.10 —
1.88 (m, 2H), 1.86 — 1.60 (m, 2H), 1.44 —
1.26 (m, 5H), 0.97 (t, J = 6.7 Hz, 3H), 0.82
(d, J = 6.7 Hz, 3H).

112

(2S,4R)-4-hydroxy-1-((R)-2-(3-((2-
(3-(3-(2-hydroxyphenylthieno[3,2-
c]pyridazin-6-yl)azetidin-1-
yhethyl)(methyl)amino)isoxazol-5-
yD-3-methylbutanoyl)-N-{(S)-1-(4-
(4-methylthiazol-5-
yDphenyl)ethyl)pyrrolidine-2-
carboxamide

821.4

1H NMR (400 MHz, DMSO-d6) & 12.97 (s,
1H), 9.13 (d, J = 6.8 Hz, 1H), 8.98 (d, J =
4.4 Hz, 1H), 8.41 d, J = 7.7 Hz, 1H), 8.02
(d,J=9.2,46Hz, 1H), 7.74 (d, J = 5.8 Hz,
1H), 7.47 — 7.41 (m, 2H), 7.36 (dd, J = 8.9,
3.2 Hz, 3H), 7.01 (dd, J = 11.8, 7.8 Hz, 2H),
8.05 (s, 1H), 5.11 (s, 1H), 4.91 (t, J = 7.2
Hz, 1H), 4.38 (t, J = 7.8 Hz, 1H), 4.29 (s,
1H), 4.07 — 4.01 (m, 1H), 3.75 — 3.61 (m,
3H), 3.54 (dd, 1H), 3.43 (d, J = 10.2 Hz,
1H), 3.32-3.28 (m, 2H), 3.21 (t, J = 6.4 Hz,
2H), 2.90 (s, 3H), 2.45 (d, J = 3.5 Hz, 3H),
2.33 — 2.13 (m, 1H), 2.12 — 1.96 (m, 1H),
1.85 — 1.73 (m, 1H), 1.38 d, J = 7.0 Hz,
3H), 0.97 — 0.94 (m, 3H), 0.80 (d, J = 6.6
Hz, 3H).

Example 2. Degradation of BRM and BRG1 by Compounds of the Invention

This example demonstrates the ability of the compounds of the disclosure to degrade a HiBit-

BRM or HiBit-BRG1 fusion protein in a cell-based degradation assay.

Procedure: A stable HeLa cell line expressing HiBiT-BRM was generated. On day 0, 5000 cells

were seeded in 40 yuL of media into each well of 384-well cell culture plates. On day 1, cells were treated
with 120 nL DMSO or 120 nL of 3-fold serially DMSO-diluted compounds (10 points in duplicate with 30
pM as final top dose). Subsequently plates were incubated for 24 h in a standard tissue culture incubator

and equilibrated at room temperature for 15 minutes. Nano-Glo HiBIT Lytic Detection System (Promega

10 N3050) reagent was freshly prepared and 20 ul was added to each well. Upon addition of this LgBit-
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The plates were shaken for 10 minutes at room temperature and the bioluminescence read using an

EnVision plate reader (PerkinElmer).

For measurement of BRG1 degradation, a stable HelLa cell line expressing HiBit-BRG1 and LgBit

5 was generated. The same protocol as above was then followed.

The degradation% was calculated using the following formula: % degradation = 100%-100% x
(Lumsample — Lumie) / (Lumuc —Lumcc). DMSO treated cells are employed as High Control (HC) and 2 uM
of a known BRM/BRG1 degrader standard treated cells are employed as Low Control (LC). The data

PCT/US2022/028511

containing reagent, the HiBiT and LgBiT proteins associate to form the luminescent NanoBiT luciferase.

was fit to a four parameter, non-linear curve fit to calculate ICso (UM) values as shown in Table 14.

10 Results: As shown in Table 14 below, the compounds of the invention degraded both BRM and
BRGH1.
Table 14.
Compound BRM HiBit BRM HiBit BRMG1 HiBit BRG1 HiBit
No. Degradation Degradation Degradation Degradation
ICs0 (NM) Maximum (%) ICs0 (NM) Maximum (%)
1 +++ B + C
2 +++ A + C
3 ++ A + C
4 + C + Cc
5 +++ A + C
6 ++ B + c
7 +++ A + C
8 ++++ A + C
9 +++ A + C
10 +++ A + C
11 ++ A + C
12 + Cc + C
13 ++ B + Cc
14 + C + C
15 +++ A + C
16 +++ A + Cc
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Compound BRM HiBit BRM HiBit BRMG1 HiBit BRG1 HiBit
No. Degradation Degradation Degradation Degradation
ICs0 (NM) Maximum (%) ICs0 (NM) Maximum (%)
17 + c + c
18 + C + C
19 + A + A
20 + c + c
21 + cC + C
22 +++ A +++ B
23 ++ B + C
24 + c + Cc
25 + C + C
26 + cC + C
27 + B + C
28 + B + C
29 + c + Cc
30 + C + C
31 + C + C
32 4+ A + C
33 + c + c
34 +++ A + C
35 +++ A + C
36 +++ B + C
37 ++++ A + C
38 ++ A + C
39 + C + C
40 + o + c
41 +++ A ++ B
42 ++ A + C
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Compound BRM HiBit BRM HiBit BRMG1 HiBit BRG1 HiBit
No. Degradation Degradation Degradation Degradation
ICs0 (NM) Maximum (%) ICs0 (NM) Maximum (%)
43 + o + c
44 ++ B + C
45 ++ B + C
46 + o + c
47 ++ A + C
48 + c + C
49 ++++ A +++ A
50 + c + Cc
51 + C + C
52 + cC + C
53 + C + c
54 +++ A + C
55 + A + Cc
56 +++ B + C
57 +++ B + C
58 +++ A + C
59 + A + c
60 +++ A ++ B
61 + C + C
62 + c + Cc
63 +++ A + C
64 ++++ A ++++ A
65 +++ A + C
66 ++++ A +++ A
67 ++ A + C
68 ++ B + C
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Compound BRM HiBit BRM HiBit BRMG1 HiBit BRG1 HiBit
No. Degradation Degradation Degradation Degradation
ICs0 (NM) Maximum (%) ICs0 (NM) Maximum (%)
69 + c + c
70 + C + C
71 +++ A + C
72 ++++ A +++ A
73 +++ A + C
74 + C + Cc
75 + c + C
76 +++ B ++ C
77 + C + C
78 ++ B + A
79 ++ C + C
80 ++ B + c
81 +++ B +++ C
82 + c + Cc
83 + C + C
84 ++ C + C
85 +++ A ++ A
86 + C + C
87 ++++ A + Cc
88 +++ A + C
89 + o} + c
90 +++ A + C
91 + c + C
92 + c + B
93 +++ A + C
94 44+ A + [
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Compound BRM HiBit BRM HiBit BRMG1 HiBit BRG1 HiBit
No. Degradation Degradation Degradation Degradation
ICs0 (NM) Maximum (%) ICs0 (NM) Maximum (%)
95 ++++ A + C
96 4+ A + c
97 ++++ A + C
98 ++++ A + B
99 e+ A + c
100 +++ A + Cc
101 + C + C
102 + C + C
103 +++ A + C
104 +++ B + C
105 ++++ A + C
106 + C + B
107 +++ A + C
108 +++ A + C
109 + c + c
110 + B + C
111 + C + C
112 ++ B + Cc
113 ++++ A + C

“+” indicates inhibitory effect of 2 1000 nM; “++” indicates inhibitory effect of 2 100 nM;

“+++” indicates inhibitory effect of = 10 nM; “++++” indicates inhibitory effect of < 10 nM;

“NT” indicates not tested; “A” indicates maximum degradation = 75%; “B” indicates

maximum degradation = 50%; and “C” indicates maximum degradation < 50%.

Other Embodiments

All publications, patents, and patent applications mentioned in this specification are incorporated

herein by reference in their entirety to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference in its entirety.
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Where a term in the present application is found to be defined differently in a document incorporated
herein by reference, the definition provided herein is to serve as the definition for the term.
While the invention has been described in connection with specific embodiments thereof, it will be
understood that invention is capable of further modifications and this application is intended to cover any
5 variations, uses, or adaptations of the invention following, in general, the principles of the invention and
including such departures from the present disclosure that come within known or customary practice
within the art to which the invention pertains and may be applied to the essential features hereinbefore
set forth, and follows in the scope of the claims.
Other embodiments are in the claims.
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Claims

1. A compound, or a pharmaceutically acceptable salt thereof, having the structure of

FormulalorII:

(R"m (RMm

| |

N™™ N° s
N.__= N.__=
HO _ | HO % |
X\ N

(XN , (XN

Formula I Formula 11

wherein

ring system A is a 5 to 9-membered heterocyclyl or heteroaryl;

mis 0, 1,2, or 3;

kis 0, 1, or 2;

each R! is, independently, halo, optionally substituted Ci-Cs alkyl, optionally substituted
C1-Ce heteroalkyl, optionally substituted C3-Cs cycloalkyl, or optionally substituted Cz-Co
heterocyclyl;

each X is, independently, halo;

L is a linker; and

B is a degradation moiety.

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound has the structure of Formula I-A or I1I-A:

(RMm R"m
oy -
NN B N \\SL/B
N_~ N_~
Ho. | HOo._/ |
XN N
(X (X
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Formula I-A Formula II-A

wherein the dashed bond represents a single or double bond.

3. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound has the structure of Formula I-B:

Formula I-B

4. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound has the structure of Formula I-C:

Formula I-C

wherein each R! is, independently, optionally substituted Ci-Cs alkyl.

5. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound has the structure of Formula I-D:
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Formula I-D

wherein each R! is, independently, optionally substituted Ci-Cs alkyl.

6. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound has the structure of Formula I-E:

(R"m

S N L—B
N~ ™
N
HO.__~
(X

Formula I-E

7. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound has the structure of Formula I-F:
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Formula I-F

8. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein m is

9. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound has the structure of Formula I-G or II-G:

B
/
L
S —
N~ ™ N~ ™S
Il I
N__= N.__~
HO - | HO _— |
X N
(XN ,

Formula I-G Formula I1I-G

10. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

compound has the structure of Formula I-H or II-H:

_-B B
L L
S N ——
NS NS
N__~ lllI =
HO HO._
. \| . \|
(X , Xk .
Formula I-H Formula II-H

11. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety, B, has the structure of Formula A-1:
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AN
N 0
RA3 N\

R o O RAS ’
Formula A-1
wherein
RAS
0 RA6 RA7 /v
Y!is \2&/ orwlw
RA% is H, optionally substituted Ci-Cs alkyl, or optionally substituted C1-Cs heteroalkyl;
RA6 is H or optionally substituted C1-Cs alkyl; and R*” is H or optionally substituted C;-
Cs alkyl; or R4 and RA, together with the carbon atom to which each is bound, combine to form
optionally substituted C3-Cs carbocyclyl or optionally substituted C2-Cs heterocyclyl; or R*® and
RA7, together with the carbon atom to which each is bound, combine to form optionally
substituted Cs;-Cg carbocyclyl or optionally substituted C»-Cs heterocyclyl;
RA8 is H, optionally substituted C1-Cs alkyl, or optionally substituted C1-Cs heteroalkyl;
each of RA!, R*2, R*? and R* is, independently, H, A%, halogen, optionally substituted
C1-Ce alkyl, optionally substituted C1-Cs heteroalkyl, optionally substituted C3-C1o carbocyclyl,
optionally substituted C>-Cy heterocyclyl, optionally substituted Cs-Cig aryl, optionally
substituted C2-Co heteroaryl, optionally substituted C2-Ce alkenyl, optionally substituted C2-Ce
heteroalkenyl, optionally substituted -O-Cs-Cs carbocyclyl, hydroxyl, thiol, or optionally

substituted amino; or RA! and R*?, R? and R*%, and/or R*® and R*4, together with the carbon

atoms to which each is attached, combine to form ®; and @ is optionally substituted Ce-
Cio aryl, optionally substituted C3-Cio carbocyclyl, optionally substituted C>-Co heteroaryl, or
C2-Cy heterocyclyl, any of which is optionally substituted with A2,

where one of RA!, R*2, R**, and R* is A2, or @ is substituted with A2; and
A?is a bond between the degradation moiety and the linker.

12. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein

R*% is H or methyl.
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13. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein

each of RA!, R*2, RA%, and R* is, independently, H or A2,

14. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein Y'
is

(0] RA6 RA7

Y Y

15. The compound of claim 14, or a pharmaceutically acceptable salt thereof, wherein
RA®is H.

16. The compound of claim 14, or a pharmaceutically acceptable salt thereof, wherein
RA7is H.

17. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein Y!
RAB
N N

MMLW orwlw

18. The compound of claim 17, or a pharmaceutically acceptable salt thereof, wherein

R#8 is H or optionally substituted C1-Cs alkyl.

19. The compound of claim 18, or a pharmaceutically acceptable salt thereof, wherein

R8 is H or methyl.

20. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety comprises the structure of Formula A2:
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N O
A3 N
R RA4 O 0O \RA5

Formula A2

21. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein the
degradation moiety comprises the structure of Formula A4:
RA1
A2 P

N O

RA3 N
R O O RAS

Formula A4

22. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety comprises the structure of Formula AS:

AZ
RAZ
N 0]

RA3 N
R4 OO \RA5

Formula AS

23. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein

the degradation moiety comprises the structure of Formula A6:

RA 1
A2

o
RA3 N,

RM O O RAS

Formula A6
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24. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety comprises the structure of Formula AS8:

RA1

RA2
N @]
RA3 N

\

A2 o O R¥

Formula A8

25. The compound of claim 11, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety comprises the structure of Formula A10:

RA1
RA2

N 0
A2 N,

RM o O RA5.

Formula A10

26. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety has the structure of Formula C’:

B7
R / N>‘
B4 RBB
|
(oS
L4 ! @] RB9 (RBﬁ) 2
Ko
RB3
Formula C’
wherein
O-N % O~ O-N
L, —\L
A2 RBZ RBZ
L4 iS 'N(RBI)(RBZ), RBZ s A2 , Or RB1 5

R®!is H, A2, optionally substituted C1-Cs alkyl, or optionally substituted C1-Cs
heteroalkyl;RB? is H, optionally substituted C1-Cs alkyl, optionally substituted C2-Co
heterocyclyl, or optionally substituted C;-Cg heteroalkyl;
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RB3is A?, optionally substituted C1-Cs alkyl, optionally substituted C;-Cg heteroalkyl,
optionally substituted C3-Cig carbocyclyl, optionally substituted Cs-Ci1g aryl, optionally
substituted Ci-Cg alkyl C3-Cig carbocyclyl, or optionally substituted C1-Ce alkyl Cs-Cig aryl;

RB4is H, optionally substituted C1-Cs alkyl, optionally substituted C3-C1o carbocyclyl,
optionally substituted Ce-Cig aryl, optionally substituted Ci1-Cs alkyl C3-Cio carbocyclyl, or
optionally substituted C1-Cs alkyl C¢-C1o aryl;

RPS is H, optionally substituted C1-Cs alkyl, or optionally substituted C1-Cs heteroalkyl;

v2is 0,1,2,3,0r4;

each RP® is, independently, A2, halogen, optionally substituted C;-Cs alkyl, optionally
substituted Ci-Cs heteroalkyl, optionally substituted C3-Cio carbocyclyl, optionally substituted
C2-Co heterocyclyl, optionally substituted Ce-Ci¢ aryl, optionally substituted C2-Co heteroaryl,
optionally substituted C,-Cs alkenyl, optionally substituted C,-Cs heteroalkenyl, hydroxy, thiol,
or optionally substituted amino;

each of RB7 and RB? is, independently, H, halogen, optionally substituted C1-Cs alkyl, or
optionally substituted Cs-Cio aryl;

R®?is H or optionally substituted C1-Cg alkyl; and

A’ is a bond between the degradation moiety and the linker;

wherein one and only one of R®', R®? and RP¢ is A?,

or a pharmaceutically acceptable salt thereof.

27. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety has the structure of Formula C:
B7
R / N}
B4 \ RBB
R Q RB5 = S

| |
O\W N X\
S (R%)z
o)
RB3

L4 R B9

Formula C

wherein
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L4is -N(RP1Y(RB?), RP? or  A? ;

RB!is H, A?, optionally substituted Ci-Cs alkyl, or optionally substituted Ci-Cs
heteroalkyl;

R®? is H, optionally substituted Ci-Cs alkyl, or optionally substituted C1-Cs heteroalkyl;

RB3?is A2, optionally substituted C1-Cs alkyl, optionally substituted Ci-Cg heteroalkyl,
optionally substituted Cs-Cig carbocyclyl, optionally substituted Cs-C1 aryl, optionally
substituted C;-Cs alkyl C3-Cip carbocyclyl, or optionally substituted C1-Cs alkyl Cs-Cio aryl;

R®4is H, optionally substituted Ci-Cs alkyl, optionally substituted C3-C1¢ carbocyclyl,
optionally substituted Cs-Cig aryl, optionally substituted C1-Cs alkyl C3-C1o carbocyclyl, or
optionally substituted C1-Cs alkyl Cs-C1o aryl;

RB3 is H, optionally substituted C;-Cs alkyl, or optionally substituted C;-Cs heteroalkyl;

v2is0,1,2,3,0r4;

each RP® is, independently, A2, halogen, optionally substituted C1-Cg alkyl, optionally
substituted C;-Cs heteroalkyl, optionally substituted Cs-Cio carbocyclyl, optionally substituted
C2-Co heterocyclyl, optionally substituted Cs-Cig aryl, optionally substituted C2>-Co heteroaryl,
optionally substituted C»-Cs alkenyl, optionally substituted C»-Cs heteroalkenyl, hydroxy, thiol,
or optionally substituted amino;

each of R®’ and RB? is, independently, H, halogen, optionally substituted C1-Cs alkyl, or
optionally substituted Cs-Cio aryl;

R®% is H or optionally substituted C;-Cs alkyl; and

A?is a bond between the degradation moiety and the linker;

wherein one and only one of RB!, RB3, and RB is A?,

or a pharmaceutically acceptable salt thereof.
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28. The compound of claim 26, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety has the structure of Formula C1:

B7
R I N>\
\ B8
RB4O R
-, B5 =~
W
o
RBQ
\ N 0 RBg (RBs)v2
/N/,' O
B1
R RB3
Formula C1

29. The compound of claim 26, or a pharmaceutically acceptable salt thereof, wherein the

degradation moiety has the structure of Formula C2:

RB7
N
B4 | M—Rss
RB4Q s e
A2 N e |
7 N \ B6
N \/ o) REB® (R™®)2
o 0

RB3

Formula C2

30. The compound of claim 26, or a pharmaceutically acceptable salt thereof, wherein

R® is optionally substituted C1-Cs alkyl.

31. The compound of claim 30, or a pharmaceutically acceptable salt thereof, wherein
R is methyl.

32. The compound of claim 26, or a pharmaceutically acceptable salt thereof, wherein

R’ is bonded to (S)-stereogenic center.

33. The compound of claim 26, or a pharmaceutically acceptable salt thereof, wherein the

linker has the structure of Formula I11:
A"-(BY(CHe-(B*n-(D)-BHi-(CH-(BHi—A?,
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Formula III

or a pharmaceutically acceptable salt thereof,

wherein

A' is a bond between the linker and ring system A;

A’ is a bond between the degradation moiety and the linker;

each of B!, B?, B, and B* is, independently, optionally substituted C1-C4 alkyl, optionally
substituted C¢-Ci aryl, optionally substituted Cs-Cio aryl Ci4 alkyl, optionally substituted Ci-Cs
heteroalkyl, optionally substituted Cs-Cio cycloalkyl, optionally substituted C2-Cs heterocyclyl,
optionally substituted C>-Cy heteroaryl, O, S, S(O), or NRY;

each R is, independently, H, optionally substituted C1_4 alkyl, optionally substituted C>—4
alkenyl, optionally substituted C>4 alkynyl, optionally substituted C>s heterocyclyl, optionally
substituted Ce_12 aryl, or optionally substituted Ci_7 heteroalkyl;

each of C! and C? is, independently, carbonyl, thiocarbonyl, sulphonyl, or phosphoryl;

each of f, g, h, i, j, and k is, independently, 0 or 1; and

D is optionally substituted Ci—19 alkyl, optionally substituted C>-19 alkenyl, optionally
substituted C,_19 alkynyl, optionally substituted C»_¢ heterocyclyl, optionally substituted Ce_12
aryl, optionally substituted C>-C1o polyethylene glycol, or optionally substituted Ci_1o
heteroalkyl, or a chemical bond linking A'-(B")&-(C")g=(B?)i- to ~(B*)i~(C?);-(B)—A>

34. The compound of claim 20, or a pharmaceutically acceptable salt thereof, wherein the

linker has the structure of Formula I11:
Al-BNe(CN-(B?)-(D)-(B)i(CH-(BY)—A,
Formula III

or a pharmaceutically acceptable salt thereof,

wherein

Al is a bond between the linker and ring system A;

A? is a bond between the degradation moiety and the linker;

each of B!, B?, B®, and B* is, independently, optionally substituted C1-C4 alkyl, optionally
substituted C¢-Ci aryl, optionally substituted Cs-Cio aryl Ci4 alkyl, optionally substituted Ci-Cs
heteroalkyl, optionally substituted Cs-Cio cycloalkyl, optionally substituted C»-Cs heterocyclyl,
0, S, S(O)2, or NRY,
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each R is, independently, H, optionally substituted C1—4 alkyl, optionally substituted Cr—4
alkenyl, optionally substituted C» 4 alkynyl, optionally substituted C»_s heterocyclyl, optionally
substituted Ces-12 aryl, or optionally substituted Ci—7 heteroalkyl;

each of C' and C? is, independently, carbonyl, thiocarbonyl, sulphonyl, or phosphoryl;

each of f, g, h, i, j, and k is, independently, 0 or 1; and

D is optionally substituted Ci_1o alkyl, optionally substituted C>_19 alkenyl, optionally
substituted C»-19 alkynyl, optionally substituted C>_¢ heterocyclyl, optionally substituted Ce-12
aryl, optionally substituted C2-C1o polyethylene glycol, or optionally substituted Ci-10
heteroalkyl, or a chemical bond linking A'-(B")e-(C1)e~(B2)i- to ~(B*)i-(C2);-(B¥)—A2.

35. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein
each of B!, B2, B, and B* is, independently, optionally substituted C;-C- alkyl, optionally
substituted Ci-C; heteroalkyl, optionally substituted C>-Cs heterocyclyl, or NRN,

36. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein

each RN is, independently, H or optionally substituted C1—Cs alkyl.

37. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein

each of B! and B* is, independently,
RV A
- ! N RN
O’ EJ ’§*<>N_§’§ g )‘&/N};’ éN b &/N\}z’&/oy’

Farst from oy =0 v 1
A &
OO B WL A

b b ’ b
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. T
s ;
\@“\;ﬁ, \@\5, §%N_§, %ﬁ , %p , §*<>§, or

A0

38. The compound of claim 37, or a pharmaceutically acceptable salt thereof, wherein B!
is

/
@\s o

39. The compound of any one of claim 37, or a pharmaceutically acceptable salt thereof,
wherein B* is

A e
o,;VN\f, R AN A0y Aoy O DN

’ ’

- - N
§~<}§’ §_<:>*§, %@N_é, ’\Q\l\fﬁ’ @“\5’ ﬁo/\/z?f’
f\O/\)L“,or ;VO\}E

40. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein
each of C' and C? is
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o)
NS

Y Y

41. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein B2
is optionally substituted C;-C4 alkyl, optionally substituted C»-Cs heterocyclyl or optionally
substituted C>-Co heteroaryl.

42. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein B2

s

43. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein B>

is

fﬁf“ .
N/)\f, 5“@

is optionally substituted C3;-Ci¢ cycloalkyl.

44, The compound of claim 43, or a pharmaceutically acceptable salt thereof, wherein B3

=

45. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein D

is

is optionally substituted C-Ci¢ alkyl.

46. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein fis

47. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein g

is 0.
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is 1.

is 0.

is 1.

is 0.

is 1.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein g

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein h

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein h

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein 1is

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein i is

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein j is

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein j is

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein k

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein k

The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein the

linker has the structure of

CA 03216773 2023-10-25
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25:}J§f?{Ii})k/\g%?{I:Fﬂ\/\/ky
NO *, N0 f
Feane oS REGS IR - P

}{C%NC:>%€—<$M{C:N%,%{3&{C3er%W,ME_<>_¢:3%%’

OO OO A oL

OO F ORI,
" " \ Aoy
‘e ?i%n\/\gllylﬁp\/\gglf’ 0 (:Lf’

N
1 e
oo, YL s, Y0,
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58. The compound of claim 33, or a pharmaceutically acceptable salt thereof, wherein the

linker has the structure of

N D QNS A
E/LN fﬂi/Qwaﬁw

b

0 5
&/“\ O;% 0 @
ATy O T oy

0 % 0
A, N*Qw Y a,
/@/\/O /Q /szz /QJK/\)OSH
N >, ON
E/QJ\/\/T H/LN/\/ ;.

,or

59. A pharmaceutical composition comprising a compound according to any one of

claims 1 to 58, and a pharmaceutically acceptable excipient.

60. Use of a compound of any one of claims 1 to 58 in the manufacture of a medicament

for treating cancer in a subject in need thereof.

61. The use of claim 60, wherein the cancer is non-small cell lung cancer, colorectal
cancer, bladder cancer, cancer of unknown primary, glioma, breast cancer, melanoma, non-
melanoma skin cancer, endometrial cancer, esophagogastric cancer, pancreatic cancet,
hepatobiliary cancer, soft tissue sarcoma, ovarian cancer, head and neck cancer, renal cell

carcinoma, bone cancer, non-Hodgkin lymphoma, small-cell lung cancer, prostate cancer,
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embryonal tumor, germ cell tumor, cervical cancer, thyroid cancer, salivary gland cancer,
gastrointestinal neuroendocrine tumor, uterine sarcoma, gastrointestinal stromal tumor, CNS
cancer, thymic tumor, Adrenocortical carcinoma, appendiceal cancer, small bowel cancer, or

penile cancer.

62. The use of claim 60, wherein the cancer is non-small cell lung cancer, colorectal
cancer, bladder cancer, cancer of unknown primary, glioma, breast cancer, melanoma, non-
melanoma skin cancer, endometrial cancer, or penile cancer.

63. The use of claim 60, wherein the cancer is non-small cell lung cancer.

64. The use of claim 60, wherein the cancer is soft tissue sarcoma.

65. Use of a compound of any one of claims 1 to 58 in the manufacture of a medicament
for treating melanoma, prostate cancer, breast cancer, bone cancer, renal cell carcinoma, or a

hematologic cancer in a subject in need thereof.

66. The use of claim 65, wherein the compound is for use in combination with an

anticancer therapy.
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