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METHODS FOR TREATING CANCERS ASSOCIATED WITH
TRANSFORMING ACIDIC COILED-COIL PROTEINS

RELATED APPLICATIONS
This application claims the bevefit of priority (o U.S. Provisional Application Nos:
63/551,832, filed February 9, 2024, and 63/540,716, filed September 27, 2023, the contents of

each of which are fully incorporated by reference herein in their entirety.

BACKGROUND

Cancer 15 a coroplex disease characterized by uncontrolled cell division. In the USA solid
cancers account for a significant namber of all cancer cases. Available treatments have mumerous
drawbacks and are of hmited efficacy. Accordingly, new vectors for treating solid cancers are

required.

SUMMARY OF THE INVENTION

In one aspect, the preseunt disclosure provides methods of treating a solid cancer in a subject
comprising administering a compound haviog a structore represenied by formuda T or a

pharmacentically acceptable salt thereof to the subject
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wherein,

E and B are each independently aryl, heteroaryl, or heterocyelyl:
13 is aroino or heterocycelyl:

A 13 a six-moembered heteroaryl; and

Rlis H, alkyl, or benzyl.



WO 2025/072722 PCT/US2024/048928

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the exemplary biological activity of an exemplary compound of the
disclosure. Compound 80 shows superior tumor growth inhibition in a xenograft model as

compared to the standard of care.

Transforming acidic coiled-coil proteins (TACC) family members are emerging as
important profeins for microtubule and centrosome related functions. Vertebrates express 3
different isoforms of TAC{C: TACCH, TACCZ, and TACC3. TACC plays a critical role in gene
regulation, cell growth and differentiation, mRINA processing, transcription, migration and so on
by  interacting with  different  molecules involved in  microtubule/centrosome
dynamics/transcription {Ha et al., 2013). Members share a conserved domain, called the TACC
domain, which is required for TACC proteins to interact with spindles and the centrosome
apparatus {Gergely et al., 2000). Although the members of TACC family were described as
centrosomal proteins, they are also distributed throughout the cell during interphase. For instance,
TACC3S and TACCZ form a complex with different histone acetyltransferases, including hGUNSL2
and pCAF showing their regulatory function in transcription {(Gangisetty et al., 2004). Noticeably,
TACCS interacts with MBD2Z (mCpG-binding domain 2) in the inferphase muclens where it facilitates
the association of MBD2 with histone acetyliransferases to reactivate methylated promuoters.

TACC proteins levels are elevated in many cancer types including prostate cancer,
hepatocellular carcinoma, non-small cell lung cancer and breast cancer and so on. TACCH, first
member of TACC family, was independently discovered as a breast cancer amplicon 8pl1 (Still
et al., 1999 and later found to be able to promote mammary tumorigenesis possibly through the
activation of Ras/PI13K signaling pathways (Cully et al., 2005). TACCZ has been found to promote
androgen mediated growth in the prostate cancer and is associated with poor prognosis (Takayama
et al., 2012). Furthermore, the overexpression of TACC2 leads to proliferation of breast cancer
cells (Cheng et al, 2010). TACC3, when distupted, also causes a range of different cellular
outcomes ncluding multi-polar spindle formation leading to ritotic arrest (Yao et al, 2012),
chromosome misalignment resalting in caspase-dependent apoptosis (Schneider et al., 2007) and,
in some cases, senescence (Schmidt et al., 2010). Moreover, knockdown of TACCS suppresses

tumorigenesis and cell growth 1o renal cell carcinoma (RCO) (Guo & Liu, 201R) and pancreatic

-
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cancer {Shi et al, 2023). TACC3 has also been shown to be an independent prognostic and
therapeutic target in multiple cancers including but not limited to sarcoma (Matsuda et al, 2017),
liver (Zhou et al, 2015) and gastric cancers {Akanda et al, 2021}. The aforementioned studies show
that the TACC family of proteins are critical molecules enrolled in spindle assembly of cancer
cells, which makes them important and potential targets for cancer targeted therapy.

However, to date, there is no available inhibitor for TACCH and TACC? and there are
merely two inhibitors targeting TACC3. KHS101, a small molecule TACCS inhibitor, was first
identified to promeote neuronal differentiation in rats (Wurdak et al., 2010). Although tumor growth
of glioblastorna (GBM) xenografts was suppressed through KHS10! treatment (Polson et al.,
2018), KHS101 has many drawbacks, such as low oral systemic stability and high working doses
(Wurdak et al,, 2010). Another TACCS3 inhibitor, SPL-B, has been shown to inhibit the centrosome
microtubule nucleation in ovarian cancer cells and suppress tumor growth in ovarlan cancer
xenografts (Yao et al, 2014). However, like KHS101, SPL-B has not been approved for the
treatment of cancer.

In view of the foregoing, there is a clear, urunet need, for the freatroent of solid cancers,
such as solid cancers mediated by TACC (e.g., TACC3).

In one aspect, the present disclosure provides methods of treating a solid cancer in a subject
comprising administering a compound having a strocture represented by formula I or a

pharmaceutically acceptable salt thereof to the subject:

A 8
e T N

wherein,
E and B are each independently aryl, heteroaryl, or heterocyclyl;
D is amino or heterocyclyl;
A s a six-membered heteroaryl; and
R'is H, alkyl, or benzyl.
In certain embodiments, A is pyridyl, pyridazinyl, pyrimidinyl, or pyrazinyl. In certain

preferred embodiments, A is pyridyl. In other preferred embodiments, A is pynidazinyl
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In certain embodiments, the compound is represented by formula Ia or a pharmaceutically

acceptable salt thereof:

X2
Xi/ \\Xﬁ
//ﬂ\\ "/’71\ .
E x4 N/ \D
|
fa

wherein,

E and B are each independently arvl, heteroaryl, or heterocyclyl;

D is amino or heterocyclyl;

Xtis Nor CR%:

X% is N or CR”;

XY is Nor CRY

X*is N or CR”;

R'is H, alkyl, or benzyl; and

R% R’ RY and R® are each independently H, alkyl, alkenyl, alkynyl, halo, hydroxyl, carboxyl,
acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, amido, cyano, nitro, azido,
alkylthio, alkenyl, alkynyl, cycloalkyl, alkylsuifonyl, or sulfonamido.
In certain emnbodiments, the compound is represented by formula la or a pharmaceutically

acceptable sali thereof:

Ha.

In certain preferred embodiments, R is halo (e.g.. fluoro).
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In certain embodiments, the compound is represented by formula IIb or a pharmaceutically

acceptable salt thereof:

Rr2 N Rr*
B
B
] L T - \D
R R
fib.

In certain preferred embodiments, R* is halo (e.g., fluoro). In other embodiments, R* is
hydroxy! or alkoxy {(e.g., methoxy).
In certain embodiments, the compound s represented by formula Hc or a pharmacentically

acceptable salt thereof:

R? N
B
B
E / T/ \D
RS R‘i

In certain embodiments, R? is H, alkyl (e.g., methyl or ethyl), halo {e.g., chloro), hydroxyl,
alkoxy (e.g., methoxy), amino {(e.g., amino alkyl, such as methylamino), amido {e.g., N-methyl
amido), acetyl, carboxy, or ester (e.g., methyl ester). In certain preferred embodiments, R is halo
{e.g.. fluoro). In other preferred embodiments, R%is H

In certain embodiments, R*is H or alkyl (e.g., methyl). In certain preferred embodiments,

In certain embodiments, R' is H. In certain embodiments, R' is alkyl (e.g., methyl or ethyl).

In certain embodiments, B is heteroaryl (e.g.. pyridinyl, pyrimidinyl, or triazinyl). In
certain preferred embodiments, B is pyrimidinyl.

In certain embodiments, B is substituted with at least one R* and each R* is independently

selected from alkyl, alkenyl, alkynyl, halo, hydroxyl, oxo, carboxyl, acyl, acetyl, ester, thinester,
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alkoxy, phosphoryl, amino, amido, cyano, nitro, azidoe, alkylthio, alkenyl, alkynyl, cycloalkyl,
alkyisuifonvi, and sulfonamido. In certain embodiments, B is substituted with at least one R* and
each R* is independently selected from alkyl {e.g., methyl), oxo, and halo (e.g., chloro or fluoro).
In certain preferred embodiments, B is substituted with 1 or 2 R%.

In certain embodiments, the compound is represented by formula Ih or a pharmacentically

acceptable salt thereof:

.
e
N
pe J\ J\D
Rf
ib

wherein,

E and B are sach independently aryl, heteroaryl, or heterocyclyl;

D is amino or heterocyclyl;

X'is N or CR*,

X% is Nor CRY

X%is N or CR*

X*is N or CR%;

X is N or CR%:

X%is N or CR®:

R'is H, alkyl, or benzyl; and

R2, R} RY, R RS R, RS, and R are each independently H, alkyl, alkenyl, alkynyl, halo,
hydroxyl, oxo, carbogyl, acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, arvido,
cyano, nitro, azido, allylthio, alkenyl, alkynyl, cycloalkyl, alkylsulfouyl, or sutfonarnido.
In certain embodiments, the compound is represented by forroula Hla or a pharmaceutically

acceptable salt thereof:
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R? R
R2 RS
1 )l\
E T X8 D
R5 R'i
[Ha.
In certain erabodiments, the compound is represented by formula Ib or a pharmaceutically
accepiable salt thereof:
D
R N R
E \ x@ \\ X5
E DEJ R’
RS R R®
1itb.

In certain embodiments, the compound is represented by fornula Hic or a pharmaceutically

acceptable salt thereof:

R7
R2 N RS
LT
// R //l\\
g T x5 D
RS R
Hic.

In certain embodiments, X is CRS,
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In certain embodiments, R® is H or halo (e.g., fluoro). In certain preferred embodiments,
R¥ is fluoro.

In certain embodiments, X7 is M.
. . e - . 4 . .
In certain embodiments, X% is CR®. In other embodiments, X% is N.

In certain embodiments, R’ is H or halo {(e.g., fluoro). In certain preferred embodiments,
R? is fluoro.

In certain embodiments, the compound is represented by formula 1Va or a pharmaceutically
acceptable salt thereof:

R? RE-

Va.

In certain embodiments, the compound is represenied by formula IVh or a

pharmacestically acceptable salt thereof:

R2 N R4

\
\

Vb,

In certain embodiments, the compound is represented by formula IVce or a pharmaceutically
acceptable salt thereof:
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a7
R?Z N R%
U T
PN
E N N D
Rﬁ FL1
Ve,

In certain embodiments, the compound is represented by formula IVd or a

pharmaceutically acceptable salt thereof:

R7
R3 N RS
E My = I
P R
£ T N D
RS R?
vd.

In certain embodiments, the compound is represented by formula IVe or a pharmaceutically

acceptable salt thereof:

RT
R2 N RE
U T
L R
£ N D
RS FIQ’
Ve.

In certain embodiments, R® is H, hydroxyl, oxo, halo (e.g., fluore), alkyl (e.g., methyl,

hydroxyalkyl, such as hydroxmethyl, or alkyloxyalkyl, such as methoxyethyl), or alkxoy (e.g.,

9.
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methoxy). In certain preferred embodiments, R® is halo {(e.g., fluoro). In other preferred
embodiments, R®is H.

In certain embodiments, R’ is H, alkyl (e.g., methyl}, halo {e.g., fluoro), acyl (e.g., acetyl),
or amido {e.g., methylamido). In certain preferred embodiments, R is halo (e.g., fluoro).

In certain embodiments, D is amino. In certain embodiments, D is N-linked heterocyclyl
{e.g.. azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, wmorpholinyl, thiomorpholinyl,
dioxidethiomorpholinyl, azabicyclooctanyl, oxaazabicyclooctane, hexahydrofuropyrrolyl, or
azabicyclohexanyl). In certain preferred embodiments, D is N-linked morpholinyl, and is
optionally substituted.

In certain embodiments, D) is substituted with at least one R'” and each R'” is independently
selected from H, deuterium, alkyl, alkenyl, alkynyl, halo, hvdroxyl, carboxyl, acyl, acetyl, ester,
thioester, alkoxy, phosphoryl, amino, amido, cyano, nitro, azido, alkylthio, alkenyl, alkynyl,
cycloalkyl, alkylsulfonyl, and sulfonamido; or D) is substituted with at least two R”s and two of the
Rs combine to complete a bicyclic heterocyelyl.

In certain embodiments, D is substituted with at least one R'® and each R is independently
selected from alkyl {e.g., wethyl, fluoromethyl, difluoromethyl, or trifluororoethyl), halo (e.g.,
fluoro), cycloalkyl {e.g., cyclopropyl or cyclobutyl), or heterocyclyl (e.g., oxetanyl). In cerfain
embodiments, I is substituted with 1 or 2 R'® In certain preferred embodiments, D is substitated
with 2 R

In certain embodiments, D has a structure represented by formula V or a pharmaceutically

acceptable salt thereof:

wherein,

10
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R and R are each independently selected from H, deuterium, alkyl, alkenyl, alkynyl, halo,
hvdroxvi, carboxyl, acyl, acetyi, ester, thicester, alkoxy, phosphoryl, amino, amido,
cyano, nitro, azido, alkylthio, alkenyl, alkynyl, cycloalkyl, alkylsulfonyi, and
sulfonamido.

In certain embodiments, [ has a structure represented by formula V* or a pharmaceutically

acceptable salt thereof:

4
.
%
2
=
R 108

v

wherein,

R'% and R'™ are each independently selected from H, deuterium, alkyl, alkenyl, alkynyl, halo,
hydroxyl, carboxyl, acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, amido,
cyano, nitro, azido, alkylthio, alkenyl, alkynyl, cveloalkyl, alkylsulfonyl, and
sulfonarmido.

In certain embodiments, R'™ is alkyl (e.g., methyl, fluoromethyl, difluoromethyl, or
triflucromethyl), halo {e.g., fluoro), cycloalkyl (e.g., cyclopropyl or cyclobutyl), or heterocyclyl
(e.g., oxetanyl). In certain preferred embodiments, R0 4 methyl.

In certain embodiments, R'® is alkyl (e.g., methyl, fluoromethyl, difleoromethyl, or
irifleoromethyl), halo (e.g., {luore), cycloalkyl {e.g., cyclopropyl or eyclobutyD), or heterocyclyl

10b

{(e.g., oxetanyl). Iu certain preferred embodiments, R™ 1s methyl.

i
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In certain preferred embodiments, I is
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In certain emnbodiments, D is \/ . In certatn embodiments, I is .Ina

N
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more preferred embodiment, D is z . In ancther more preferred embodiment, D is

Ay~ A
@ @

E . In another more preferred embodiment, D is % . In certain embodiments,
*f\i\!:?j Ay A N:%
Dis A0 . In certain embodiments, D is ‘\/Q. In certain embodiments, I3 is <O .
f;\ ¢
N N
: O o
In certain embodiments, D is . In certain embodiments, I3 is . In certain

A )} Ay

. . 'e) . .
erbodiments, D is . In certain embodiments, D is . In centain embodiments,

H
/\] %
Dois /K/' . In certain embodiments s D s . o certain embodimments , D is
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A A Ay o

{\/0  In certain embodiments, D is AN  In certain embodiments, D is L\/O

Ay SN

. In certain embodiments, D is k\/G in certain embodiments, D i3 . In certain

SO0 i
embodiments, D is . In certain ernbodiments, D is . In certain embodiments,

'{{N/j\
D s L\/ . In certain embodiments, D is CFs  In certain embodiments, IV is

f\i\f:j\p fii{:\_

. In certain embodirpents, I is

f\ijﬁ f\NJ |

F . In certain embodiments, D is

J

In certain embodiments, D is

In certain embodiments, D is

;‘&\N/\\I "g\ N/\}.
~ . In certain embodiments, D is - In certain embodiments, D is
Ay A

\\<\/0, In certain emnbodiments, D 18 Q_l In certain embodiments, D is

=

' / A
P 7 }

. In certain embodiments, D is k\ . In certain embodiments, D is L\ In
Ay
certain embodiments, Bis | |
In certain embodiments, E is aryl {e.g., phenyl, dihydrobenzofuran, or benzodioxole). In
certain preferred embodiments, E is phenyl. In other ermnbodiments, E is heteroaryl (e.g., pyridinyl,
pyrazinyl, benzofuranyl, or benzodioxyl). In certain preferred embodiments, E is pyridinyl. In

other preferred embodiments, E is pyrazinyl.

13-
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In certain embodiments, E is substituted with at least one R'! and each R is independently
selected from alkyl with alkyl, alkenyl, alkynyl, halo, hydroxyl, carboxyl, acyl, acetyl, ester,
thicester, alkoxy, phosphoryl, amino, amido, cyano, nitro, azide, alkylthio, alkenyl, alkynyl,
cycloalkyl, atkylsuifonyl, and sulfonamido. In certain embodiments, E is substituted with at least
one R® and each R is independently selected from alkyl (e.g., deutercalkyl, methyl, ethyl, butyl,
isopropyl, fluoromethyl, difluoromethyl, difluoroethyl, trifluoromethyl, or difluoroethyly,
alkyloxy {e.g., deuterocalkyloxy, methoxy, ethoxy, fluoromethoxy, diflucromethoxy, or
triflucromethoxy), alkylthio (e.g., methylthio), amino (e.g., dimethylamino), hydroxyl, halo {e.g.,
fluore or chloro), cyano, heterocyelyl (e.g., azetidinyl), and hydroxylL

In certain preferred embodiments, E is substituted with 1 R'. In other preferred
embodiments, B is substituted with 2 R In yet other ernbodiments, B is substituted with 3 R

In certain embodiments, E has a structure represented by formula Via, Vib, or Vic:

Vie

Wherein

-14-
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RY% and R*'® are each independently selected from hydrogen, deuterium, alkyl, alkenyl, alkynyl,
halo, hydroxyl, cartboxyl, acyl, acetyl, ester, thicester, alkoxy, phosphoryl, amine, amido,
cyano, nitro, azido, alkylthio, alkenyl, alkynyl, cycloalkyl, alkylsulfonyi, and
sulfonamido.

In certain embodiments, F has a structure represented by formula Via:

Via.

In certain embodiments, F has a structure represented by formula Vib:

Vib.

In certain embodiments, E has a structure represented by formula Vic:

Rﬂl‘_\

Vic.

In certain embodiments, R js selected from alkyl (e.g., deuteroalkyl, methyl, ethyl, butyl,
isopropyl,  difluoromethyl,  wifluoromethyl, or  difluoroethyl), alkyloxy  {(e.g.,
deutercalkyloxy,methoxy, ethoxy, difluoromethoxy, or wifluoromethoxy), alkylthio {(e.g.,
methylthio), amino {e.g., dimethylamino), halo {e.g., flucre or chiore), cvane, heterocvelyl {e.g.,

azetidinyl), and hydroxyl. In certain preferred embodiments, R'"* is diffuoromethoxy.

-15-
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In certain embodiments, R'' is selected from alkyl (e.g., deuteroalkyl, methyl, ethyl, butyl,
isopropyl, difluoromethyl, trifluoromethyl, or difluoroethyl), alkyloxy (e.g., deuteroalkyloxy,
methoxy, ethoxy, difluoromethoxy, or triflusromethoxy), atkylthio {e.g., methylthio), amino {e.g.,

dimethylamino), halo (e.g., fluoro or chlore), cyane, heterocyclyl {e.g., azetidinvi), and hydroxyl

v OH A DA
In certain pl‘yfill(.‘d embodiments, E is

e L on
ol A ol Y+ \{}{wﬂﬁgﬁm Q{F{;
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oA wme A A oA oA
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9
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F
A ADA a ba
§ - F“?L\ FZE-iCO"‘<< ﬁ%’% or FZHCG'{_:,}“%
F

N4 N _
N . y m{}’% . e A
In certain emibodiments, E is = . In certain embodiments, E is =

K [ F

. In certain embodiments, £ is S . In certain embodirnents, E is = I

-16-
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F

Hoco—4 M}"’%

/

. In certain embodiments, E is F o

certain embodiments, B 1s

Sas O
certain embodiments, E is = . In certain embodiments, E is = in
, , - Fgc—O‘j{ ’<_\‘2” ,
certain embodiments, E is == In certain embodiments, E is in
N 7N,
. . X . , v HQ@ = .
certain ernbodiments, E is S . In certain embodiments, E is e . In certain

. . NC”(%*’% . . - F’"O‘% .
embodiments, E is = . In certain embodiments, E is S . In certain
W
‘|~@‘ HgCFgC@ —% .
embodirgents, E 1s . In certain embodiments, E 1s e CIn certain

D

D )
, _ o»{’\ ) = , _ . FH,CO" / ’%
ergbodiments, E is = . In certain preferred emsbodiments, E is = n
I
. . FoHCO X .
even more preferred embodiments, E is = . In certain embodiments,

N
o d ) A
in certain embodiments, E i = . In certain embodiments, E is
C!\
o OO
- f:-/ . In certain embodiments, E is I . In certain embodiments, E is

o-d_ ) = 4 R
s . In certain embodiments, E is =N . In certain embodiments, E is

N
O {j)/
N
\O'( b / J\r"g ( N
=N . In certain embodiments, E is = . In certain emnbodiments, B is =

i

Eis o /—‘“‘\ % certai j 3 1&/ ’<:>PA§

. In certain embodiments, .o certain embodiments,
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o= b
ot -
cerfain emmbodiments, E is = . In certain embodiments, E is . In certain

O Y p
Fe F }-;00-—@"%
s 2 nd . In certain

. . o] . .
embodimuents, Eis F . In certain embodiments, E is

-
}a
4 ‘}
embodiments, E is F2HCO K::* '_%

In certain embodiments, the compound is represented by formula Vila, Viib, or a

pharmaceutically acceptable salt thereof:

\\\ R'! Ja
5

s THIT

100

Vila

P
[=3

iR THIT

Viib

wherein;

-1R-
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R* and R7 are each independently H, aikyl, alkenyl, alkynyi, halo, hydroxyl, oxo, carboxyl, acyl,
acetyl, ester, thioester, alkoxy, phosphoryl, amine, amido, cvano, nitro, azido, alkylthio,
alkenyl, alkynyl, cycloalkyl, alkylsulfonyl, or sulfonamide;

R’ and R'% are each H, deuterium, alkyl, alkenyl, alkynyl, halo, hydroxyl, carboxyl, acyl,
acetyl, ester, thicester, alkoxy, phosphoryl, amineo, amido, cyano, nitro, azide, alkylthio,
atkenvl, atkynyl, cycloalkyl, alkylsulfonyl, and suifonamide; and

R is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halo, hydroxyl, carboxyl, acyl, acetyl, ester,
thioester, alkoxy, phosphoryl, amino, arnido, cyano, nitro, azido, alkylthio, alkenyl,
alkynyl, cycloalkyl, atkylsulfonyl, or sulfonamido.

In certain embodiments, the compound is represented by formula VHa®, VIb*, or a

pharmaceutically acceptable salt thereof:

VHb*

wherein;

-16-
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R* and R7 are each independently H, aikyl, alkenyl, alkynyi, halo, hydroxyl, oxo, carboxyl, acyl,
acetyl, ester, thioester, alkoxy, phosphoryl, amine, amido, cvano, nitro, azido, alkylthio,
alkenyl, alkynyl, cycloalkyl, alkylsulfonyl, or sulfonamide;

R’ and R'% are each H, deuterium, alkyl, alkenyl, alkynyl, halo, hydroxyl, carboxyl, acyl,
acetyl, ester, thicester, alkoxy, phosphoryl, amineo, amido, cyano, nitro, azide, alkylthio,
atkenvl, atkynyl, cycloalkyl, alkylsulfonyl, and suifonamide; and

R is hydrogen, deuterium, alkyl, alkenyl, alkynyl, halo, hydroxyl, carboxyl, acyl, acetyl, ester,
thioester, alkoxy, phosphoryl, amino, arnido, cyano, nitro, azido, alkylthio, alkenyl,
alkynyl, cycloalkyl, atkylsulfonyl, or sulfonamido.

In certain embodiments, the compound is represented by formula Vila or a

pharmaceutically acceptable salt thereof:

LRE
\N/L\N {‘\\\\*Rma
H

N

O

10b

T Hiisae

VYila.
In certain embodiments of fornmula Vila, R* is alkyl (e.g., methyl), oxo, or halo (e.g., chloro
or fluoro). In certain preferred embodiments of formula Vila, R? is halo (e.g., chloro or fluoro).
In certain embodunents, the compound is represented by formula Vilb, or a

pharuaceutically acceptable salt thereof:



WO 2025/072722 PCT/US2024/048928

Viib.

In certain embodiments of formula ViIb, R7 is H, hydroxyl, oxo, alkyl {e.g., methyl}, halo
{e.g., fluoro), acyl {e.g., acetyl}, or amido {e.g., methylamids). In certain embodiments of formuia
Viib, R7 is H, alkyl (e.g., methyl), halo (e.g., fluoro), acyl {e.g., acetyl), or amido (e.g.,
methylamido). In certain preferred embodiments of formula Viib, R7is halo {e.g., fluoro}.

In certain preferred embodiments of formula Via or Vilb, R is alkyl (e.g., methyl).

In certain preferred embodiments of formula VHa or Viib, R'™ is alkyl (e.g., methyl).

In certain embodiments of formula Viia or ViIb, R** is alkyl (e.g., deuteroalkyl, methyl,
ethyl, butyl, isopropyl, fluoromethyl, difluoromethyl, difluorcethyl, trifluoromethyl, or
diffuoroethyl), alkyloxy ({(e.g. deutercalkvlioxy, methoxy, ethoxy, (fluoromethoxy,
diftuoromethoxy, or trifluoromethoxy), alkylthio (e.g., methylthio), amino (e.g., dimethvlamino},
hydroxyl, halo (e.g., fluoro or chlore), cyano, heterocyclyl {e.g., azetidinyl), and hydroxyl In
certain preferred embodiments of formula VIia or Viib, R is difluoromethyl.

In certain embodiments, the compound is selected from a compound recited in Table 1 or
a pharmaceutically acceptable salt thereof:

Table I Exemplary Compounds of the Present Disclosure
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In certain preferred embodiments, the compound is compound 80.

Some of the compounds disclosed herein may also exist in tautomeric forms. Such forms,
although not explicitly indicated in the formulae described herein, are intended to be included
within the scope of the present disclosure.

This disclosure also includes all suitable isotopic varations of a cormapound of the
disclosure. An isotopic variation of a coropound of the invention is defined as one in which at least
one atorn is teplaced by an atorn baving the sarpe atomic nurober but an atomic mass different
from the atoroic mass asually or predominantly found in nature. Examples of isotopes that can be
incorporated into a compound of the invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, sulfur, fluorive, chlorine, bromine and iodine, such as ’H (deuterium), °H
(ritium), 11C, 1C, MC, BN, 70, B, e, Vip, 38, s, g, ¥, I8F, 3¢ S2py 179 1247 19 gnd
B respectively. Accordingly, recitation of “hydrogen” or “H” should be understood to
encompass 15y {protiam), ’H (deuterium), and “H (ritiam) unless otherwise specified. Certain
isotopic variations of a compound of the invention, for example, those in which one or more
radioactive isotopes such as “H or *C are incorporated, are useful in drug and/or substrate tissue
distribution studies. Tritiated and carbon-14, i.e., "*C, isotopes are particularly preferred for their
ease of preparation and detectability. Further, substitution with isotopes such as deuterium may
afford certain therapeutic advantages resulting from greater metabolic stability, for example,
increased in vivo half-life or reduced dosage requirements and hence may be preferred in some
circumstances. Such variants may also have advantageous optical properties arising, for example,
from changes to vibrational modes due to the heavier isotope. Isotopic variations of a compound
of the invention can generally be prepared by conventional procedures known by a person skilled
in the art such as by the illustrative methods or by the preparations described in the examples
hereafter using appropriate isotopic variations of suitable reagents.

In certain embodiments, the solid cancer is characterized by TACC. In certain

embodiments, the solid cancer is characterized by TACCL. In certain embodiments, the solid
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cancer is characterized by TACC2. In ceriain preferred embodiments, the solid cancer is
characterized by TACC3.

In certain embodiments, the solid cancer is a brain cancer. In certain preferred
embodiments, the brain cancer is a metastasis of a primary cancer. In certain embodiments, the
primary cancer is lung cancer. In certain preferred embodiments, the primary cancer is breast
cancer. In certain ernbodiments, the primary cancer is single negative breast cancer. In certain
embodiments, the primary cancer is double negative breast cancer. In certain preferred
embodiments, the primary cancer is triple negative breast cancer. In certain embodiments, the
primary cancer is ovarian cancer. In certain embodiments, the primary cancer is cervical cancer.
In certain embodiments, the primary cancer is bladder cancer. In certain ernbodiments, the primary
cancer is endometrial cancer. In certain embodiments, the prirmary cancer is liver cancer. In certain
embodiments, the primary cancer is kidney cancer. In certain embodiments, the primary cancer is
skin cancer. In certain embodiments, the primoary cancer is prostate cancer.

In certain ernbodiments, the brain cancer is ghioma, astrocytoma, ghoblastoma, ghoma, a
low-grade astrocytoma, weningioma, 1oixed oligoastrocytoma, pilocytic  astrocytoma,
pleomorphic xanthoastrocytoma, subependymal giant cell astrocytoma, or anaplastic astrocytoma.
In certain preferred embodirnents, the brain cancer is glioblastoroa. In other preferred
emboditoents, the brain cancer 18 roeningioma. In certain preferred ervbodiments, the brain cancer
is relapsed or refractory.

In certain embodiments, the solid cancer is bladder cancer. In certain embodiments, the
bladder cancer is wrothelial bladder cancer, squamouns cell bladder cancer, adenocarcinoma,
sarcoma or small cell bladder cancer. In certain preferred embodiments, the bladder cancer is
urothelial bladder cancer. In certain preferred embodiments, the bladder cancer is relapsed or
refractory.

In certain embodiments, the solid cancer is cervical cancer. In certain preferred
embodiments, the cervical cancer is squamous cell carcinoma. In other preferred embodiments,
the cervical cancer is cervical adenocarcinomas. In certain preferred embodiments, the cervical
cancer is relapsed or refractory.

In certain embodiments, the solid cancer is uterine cancer. In certain preferred

embodiments, the uterine cancer is endometrial cancer. In other preferred embodiments, the uterine
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cancer is uterine sarcoma. In ceriain preferred embodiments, the uterine cancer is relapsed or
refractory.

In certain embodiments, the solid cancer is (Gl cancer. In certain embodiments, the Gl
cancer is anal cancer, bowel cancer, colorectal adenocarcinoma, galibladder cancer, gastric cancer,
(1 carcinoid cancer, islet cell cancer, rectal cancer, small intestine cancer, or bile duct cancer. In
certain embodiments, the Gl cancer is gastrointestinal stroma tumor(s), carcinoid tumors, gastric
stumyp carcinoma, or gastric adenocarcinoma. In certain preferred embodiments, the GI cancer is
relapsed or refractory.

In certain embodiments, the solid cancer is liver cancer. In certain preferred embodiments,
the liver cancer is hepatocellular carcinoma. In other preferred embodiments, the liver cancer is
cholangiocarcinoma. In certain preferred embodiments, the liver cancer is relapsed or refractory.

In certain embodiments, the solid cancer is sarcoma. In certain embodiments, the sarcoma
15 Bwing's sarcoma, soft-tissue sarcoma, leiomyosarcoma, epithelicid sarcoma, fibrosarcoma,
chordoma, synovial sarcorpa, Kaposi's sarcoma, osteo sarcoma, thabdomyo sarcoma, hpo
sarcorna, anglosarcorna, or dermatofibrosarcoma. o certain preferred embodiments, the sarcoma
is relapsed or refractory.

In certain embodiments, the solid cancer 1s breast cancer. In certain ernbodiments, the
breast cancer is ductal carcinorna, lobular carcivorna, metaplastic carcinoma, inflaromatory breast
cancer, triple negative breast cancer, mucinous neoplasm, medullary carcinoma, invasive ductal
carcipoma, invasive lobular carcinoma, hormone-positive breast cancer, or her2-positive breast
cancer. In certain preferred embodiments, the breast cancer is relapsed or refractory.

In certain embodiments, the solid cancer is esophageal cancer. In certain embodiments, the
esophageal cancer is squamouns cell carcinoma. In certain embodiments, the esophageal cancer is
adenocarcinoma. In certain preferred embodiments, the esophageal cancer is relapsed or
refractory.

In certain embodiments, the solid cancer is head and neck cancer. In certain embodiments,
the head and neck cancer is hypopharyngeal cancer, larvngeal cancer, lip and oral cavity cancer,
metastatic squamous neck cancer with occult primary, nasopharyngeal cancer, oropharyngeal
cancer, paranasal sinus and nasal cavity cancer, or salivary gland cancer. In certain preferred

embodiments, the head and neck cancer is relapsed or refractory.
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In certain embodiments, the solid cancer is lung cancer. In certain embodiments, the lung
cancer is non-small cell lung cancer, large cell carcinoma, small cell carcinoma, squamous cell
carcinoma, adenosquamous lung carcinoma, adenocarcinoma, or mesothelioma. In certain
preferred embodiments, the lung cancer is relapsed or refractory.

In certain embodiments, the solid cancer is ovarian cancer. In certain embodiments, the
ovarian cancer is epithelial ovarian carcinoma, germ cell cancer, or stromal cell cancer. In certain
preferred embodiments, the ovarian cancer is relapsed or refractory.

In certain embodiments, the solid cancer is prostate cancer. In certain embodiments, the
solid cancer is adenocarcinoma, transitional cell carcinoma, sguamous cell carcinoma, or small
cell prostate cancer. In certain preferred embodiments, the prostate cancer is relapsed or refractory.

In certain embodiments, the solid cancer 1s skin cancer. In certain embodiments, the skin
cancer is basal cell carcinoma, squarnous cell carcinoma, Merkel cell cancer, or melanoma. In
certain preferred embodiments, the skin cancer is relapsed or refractory.

In certain embodiments, the solid cancer is kidney cancer. In certain embodiments, the
kidney cancer is renal cell carcinoma, urothelial carcinoma, Wilm's tomor, renal sarcoma, renal
adenoma, oncocytomma, or angiornyolipoma. In certain preferred embodiments, the kidney cancer
15 relapsed or refractory.

In certain ervbodiments, the sohid cancer 1s carcinoma. In certain embodiments, the solid
cancer 1s adenocarcinoma. In certain embaodirments, the solid cancer 1s squarnous cell carcinoma.

In certain embodimments, the solid cancer 1s neuroendocrine cancer.

In certain ewsbodiments, the solid cancer is leiomyosarcoma.

In preferred embodiments, the solid cancer is a metastasis of a primary cancer. In certain
erbodiments, the primary cancer is lung cancer. In certain preferred embodiments, the primary
cancer is breast cancer. In certain embodiments, the primary cancer is single negative breast
cancer. lu certain embodiments, the prirnary cancer is double negative breast cancer. In certain
preferred embodiments, the primary cancer is tiriple negative breast cancer. In certain
erpbodiments, the primary cancer is ovarian cancer. In certain embodiments, the primary cancer is
cervical cancer. In certain embodiments, the primary cancer is bladder cancer. In certain
embodiments, the primary cancer is endometrial cancer. In certain embodiments, the primary

cancer is liver cancer. In certain embodiments, the primary cancer is kidney cancer. In certain
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embodiments, the primary cancer is skin cancer. In certain embodiments, the primary cancer is
prostate cancer.

In certain preferred embodiments, the solid cancer is relapsed (e.g., a cancer that was
previously cured or functionally cured and has returned). In certain preferred embodiments, the
solid cancer is refractory {e.g., a cancer that once responded to one or more treatment(s) but has

since stopped respond to said treatment(s)).

Pharmaceutical Compositions

The compositions and methods of the present invention may be utilized to treat an
individual in need thereof. In certain embodiments, the individual is a mammal such as a human,
or a non-hurnan mamumnal. When administered to an animal, such as a human, the coraposition or
the compound is preferably administered as a pharmaceutical composition comprising, for
example, a compound of the invention and a pharmaceutically acceptable carrier. Pharmaceutically
acceptable carriers are well known in the art and include, for exarmple, agueous solutions such as
water or physiologically buffered saline or other solvents or vehicles such as glycols, glveerol, oils
such as olive oil, or injectable organic esters. In preferred embodiments, when such pharmaceutical
compositions are for huroan admingstration, patticularly for mvasive routes of adroinistration (i.e.,
routes, such as injection or iroplantation, that circumvent transport or diffusion through an
epithelial barrier), the agueous solution is pyrogen-free, or substantially pyrogen-free. The
excipients can be chosen, for exaraple, fo effect delayed release of an agent or to selectively target
one or more cells, fissaes or organs. The pharmaceutical coraposition can be in dosage unit formo
such as tablet, capsule (including sprinkle capsule and gelatin capsule), granule, lyophile for
reconstitution, powder, solution, syrup, suppository, injection or the like. The composition can
also be present in a transdermal delivery system, e.g., a skin patch. The composition can also be
present in a solation suitable for topical administration, such as a lotion, cream, or ointment.

A pharmaceutically acceptable carrier can contain physiologically acceptable agents that
act, for example, to stabilize, increase solubility or to increase the absorption of a compound such
as a compound of the invention. Such physiologically acceptable agents inclade, for example,
carbohydrates, such as glucose, sucrose or dextraps, antioxidants, such as ascorbic acid or
glatathione, chelating agents, low molecular weight proteins or other stabilizers or excipients. The
choice of a pharmaceutically acceptable carrier, including a physiologically acceptable agent,

depends, for example, on the route of adminisiration of the composition. The preparation or
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pharmaceutical composition can be a selfemulsifying drug delivery system or a
selfmicroemulsifying drug delivery system. The pharmaceutical composition {preparation) alse
can be a liposome or other polymer matrix, which can have incorporated therein, for example, a
compound of the invention. Liposomes, for example, which comprise phospholipids or other
lipids, are nontoxic, physiclogically acceptable and metabolizable carriers that are relatively
sinple to make and administer.

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

The phrase "pharmaceutically acceptable carrier” as used herein means a pharmaceutically
acceptable material, composition or vehicle, such as a liguid or solid filler, diluent, excipient,
solvent or encapsulating roaterial. Bach carrier mast be "acceptable” in the semse of being
corapatible with the other ingredients of the forroulation and not injurious to the patient. Soroe
examples of materials which can serve as pharmaceutically acceptable carriers include: (1) sugars,
such as lactose, glacose and sucrose; (2) starches, such as corn starch and potato starch; (3)
cellulose, and its derivatives, such as sodiwrn carboxymethyl cellulose, ethyl cellulose and
cellulose acetate; (4) powdered tragacanth; (§) malt; (6) gelating (7} tale; (R) excipients, such as
cocoa butter and suppository waxes; {9} oils, such as peanut oil, cottonseed oil, safflower oil,
sesame oil, olive oil, comn oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols,
such as glycerin, sorbitol, manuitol and polyethyiene glycol; (12) esters, such as ethyl oleate and
ethyt laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15} alginic acid; (16) pyrogen-free water; {17) 1sotonic saline; (1&) Ringer's solution;
(19) ethy!l alcohol; (20) phosphate buffer solutions; and (21} other non-toxic compatible substances
employed in pharmaceutical formulations.

A pharmaceutical composition (preparation) can be administered to a subject by any of a
number of routes of administration including, for example, orally (for example, drenches as in
aquecus or non-aqueous solutions or suspensions, tablets, capsules (including sprinkle capsules
and gelatin capsules), boluses, powders, granules, pastes for application to the tongue}; absorption

through the oral mucosa {e.g., sublingually}); subcutaneously; transdermally (for example as a
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patch applied to the skin}; and topically {for example, as a cream, ointment or spray applied to the
skin). The compound may also be formulated for inhalation. In certain embodiments, a compound
may be simply dissolved or suspended in sterile water. Details of appropriate routes of
administration and compositions suitable for same can be found in, for example, U.S. Pat. Nos.
6,110,973, 5,763,493, 5,731,000, 5,541,231, 5,427,798, 5,358,970 and 4,172,896, as well as in
patents cited therein.

The formulations may conveniently be presented in unit dosage form and may be prepared
by any methods well known in the art of pharmacy. The amount of active ingredient which can be
combined with a carrier material to produce a single dosage form will vary depending upon the
host being treated, the particular mode of administration. The amount of active ingredient that can
be combined with a carrier material to produce a single dosage form will generally be that amount
of the compound which produces a therapeutic effect. Generally, out of one hundred percent, this
amount will range from about 1 percent to about ninety-nine percent of active ingredient,
preferably froro about 5 percent to about 70 percent, most preferably from about 10 percent to
about 30 percent.

Methods of preparing these formoulations or compositions inclade the step of bringiog into
association an active comppound, such as a compound of the invention, with the carrier and,
optionally, one ot more accessory ingredients. Jo general, the formulations are prepared by
aniformly and intiroately bringing into association a corapound of the present invention with hquid
carriers, or finely divided solid carriers, or both, and then, if necessary, shaping the product.

Formulations of the invention suitable for oral administration may be in the form of
capsules (including sprinkle capsules and gelatin capsules), cachets, pills, tablets, lozenges (using
a flavored basis, usnally sucrose and acacia or tragacanth), lyophile, powders, granules, or as a
solution or a suspension in an agueocus or non-aguecus lguid, or as an oil-in-water or water-in-oil
Hawid emulsion, or as an elixir or syrup, or as pastilles {using an inert base, such as gelatin and
glvcerin, or sucrose and acacia) and/or as mouth washes and the like, each containing a
predetermined amount of a compound of the present invenfion as an active ingredient.
Compositions or compounds may also be administered as a bolus, electuary or paste.

To prepare solid dosage forms for oral administration {capsules (including sprinkle
capsules and gelatin capsules), tablets, pills, dragees, powders, granules and the like), the active

ingredient i1s mixed with one or more pharmaceutically acceptable carriers, such as sodium citrate
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or dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such as starches,
lactose, sucrose, glucose, mannitel, andf/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcinm carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodinm carbonate; {5) solution retarding
agents, such as paraffin; (6} absorption accelerators, such as quaternary amiuoninm cornpounds;
(7) wetting agents, such as, for example, cetyl alcohol and glycerol monostearate; {8) absorbents,
such as kaolin and bentonite clay; (9} lubricants, such a talc, calciur stearate, magnesium stearate,
solid polyethylene glycols, sodium lauryl sulfate, and mixtures thereof; (10) complexing agents,
such as, modified and unmedified cyclodextrins: and (11) coloring agents. In the case of capsules
(including sprinkle capsules and gelatin capsules), tablets and pills, the pharmaceutical
compositions may alse comprise buffering agents. Solid compositions of a similar type may also
be employed as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or
roilk sugars, as well as high molecular weight polyethylene glycols and the like.

A tablet may be roade by compression or molding, optionally with ooe or more accessory
ingredients. Compressed fablets may be prepared using binder (for example, gelativ or
hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant (for example,
sodivrn starch glycolate or cross-linked sodiom carboxyroethyl cellulose), surface-active or
dispersing agent. Molded tablets may be made by mwolding 1o a suitable machine a mixture of the
powdered compound moistened with an inert liquid diluent.

The tablets, and other solid dosage forms of the pharmaceutical compositions, such as
dragees, capsules (including sprinkie capsudes and gelatin capsudes), pills and granules, may
optionally be scored or prepared with coatings and shells, such as enteric coatings and other
coatings well known in the pharmaceutical-formulating art. They may also be formulated so as to
provide slow or controlled release of the active ingredient therein using, for example,
hydroxypropylmethyl cellulose in varying proportions to provide the desired release profile, other
polymer matrices, liposomes and/or microspheres. They may be sterilized by, for example,
filtration through a bacteria-retaining filter, or by incorporating sterilizing agents in the form of
sterife solid compositions that can be dissolved in sterile water, or some other sterile injectable
medium immediately before use. These compositions may alse optionally contain opacifying

agents and may be of a composition that they release the active ingredient{s) only, or preferentially,
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in a certain portion of the gastrointestinal tract, optionaily, in a delayed manner. Examples of
embedding compositions that can be used include polymeric substances and waxes. The active
ingredient can also be in micro-encapsulated form, if appropriate, with one or more of the above-
described excipients.

Liguid dosage forms useful for oral administration include pharmaceutically acceptable
enutisions, lyophiles for reconstitution, microermulsions, solutions, suspensions, syrups and elixirs.
In addition to the active ingredient, the liquid dosage forms may contain inert diluents commonly
used in the art, such as, for example, water or other solvents, cyclodextrins and derivatives thereof,
solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,.3-butylene glycol, oils (in particular,
cottonseed, groundnut, corn, germ, olive, castor and sesame oils), glycerol, tetrahydrofuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as wetting
agents, emulsifying and suspending agents, sweetening, {avoring, coloring, perfuming and
preservative agents.

Suspensions, in addition to the active compounds, ay contain suspending agents as, for
example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan  esters,
microcrystalline cellulose, aluminam metahydroxide, bentouite, agar-agar and tragacanth, and
mixtures thereof.

Dosage forms for the topical or transdermal administration include powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches and inhalants. The active compound
may be mixed under sterile conditions with a pharmaceutically acceptable carrier, and with any
preservatives, buffers, or propeliants that may be required.

The ointments, pastes, creams and gels may contain, in addition to an active compound,
excipients, such as apimal and vegetable fats, oils, waxes, paraffins, starch, tragacanth, celiulose
derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc and zinc oxide, or mixtures
thereof.

Powders and sprays can contain, in addition to an active compound, excipients such as
lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and polyamide powder, or
mixtures of these substances. Sprays can additionaily contain customary propellants, such as

chiorofluorchydrocarbons and volatile unsubstituted hydrocarbons, such as butane and propane.
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Transdermal patches have the added advantage of providing controlled delivery of a
compound of the present invention to the body. Such dosage forms can be made by dissolving or
dispersing the active compound in the proper medium. Absorption enhancers can also be used to
increase the flux of the compound across the skin. The rate of such tlux can be controlled by either
providing a rate controlling membrane or dispersing the compound in a polymer matrix or gel.

The phrases "parenteral administration” and "administered parenterally” as used herein
means mades of administration other than enteral and topical administration, usually by injection,
and includes, without lmitation, imfravenous, intramuscular, intraarterial, intrathecal,
intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous,
subcuticular, intraarticular, subcapsular, subarachnoid, imtraspinal and intrasternal injection and
infusion. Pharmaceutical compositions suitable for parenteral administration comprise one or more
active compounds in combination with one or more pharmaceutically acceptable sterile isotonic
agueous or nonaqueous solutions, dispersions, suspensions of ermulsions, or sterile powders which
may be reconstituted into sterile injectable solutions or dispersions just prior to use, which may
contain antioxidants, buffers, bacteriostats, solufes which render the formulation isotonic with the
blood of the intended recipient or suspending or thickening agents.

Hxaroples of suitable aqueous and nonagueous carriers that may be employed in the
pharmacentical compositions of the invention include water, ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol, and the like), and saitable mixtures thereof, vegetable oils,
such as olive oil, and ipjectable organic esters, such as ethyl oleate. Proper fluidity can be
maintained, for example, by the use of coating materials, such as lecithin, by the maintenance of
the required particle size in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of the action of microorganisms may be
ensured by the inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutans!, phenol sorbic acid, and the like. It may also be desirable to include isotonic agents,
such as sugars, sodinm chloride, and the like into the compositions. In addition, prolonged
absorption of the injectable pharmaceutical form may be brought about by the inclusion of agents
that delay absorption such as aluminum monostearate and gelatin.

In some cases, in order to prolong the effect of a drug, it is desirable to slow the absorption

of the drug from subcutaneous or intramuscular injection. This may be accomplished by the use
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of a liquid suspension of crystalline or amorphous material having poor water solubility. The rate
of absorption of the drug then depends upon its rate of dissolution, which, in turn, may depend
upon crystal size and crystalline form. Alternatively, delayed absorption of a parenteraily
administered drug form is accomplished by dissslving or suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsulated matrices of the subject
compounds in biodegradable polymers such as polylactide-polyglycolide. Depending on the ratio
of drug to polymer, and the nature of the particular polymer employed, the rate of drug release can
be controlled. Examples of other bindegradable polymers include poly(orthoesters) and
polv{anhydrides). Depot injectable formulations are also prepared by entrapping the drug in
liposomes or microemulsions that are compatible with body tissue.

For use in the methods of this invention, active compounds can be given per se or as a
pharmaceutical composition containing, for example, 0.1 to 99.5% (more preferably, 0.5 o 90%)
of active ingredient in combination with a pharmaceutically acceptable carrier.

Methods of introdaction may also be provided by rechargeable or biodegradable devices.
Various slow release polyroeric devices have been developed and tested ir vivo in recent years for
the controlled debivery of drugs, including proteinaceous biopharmaceuticals. A variety of
biocorapatible polymers (inchiding hydrogels), including both biodegradable and non-degradable
polymers, can be used to form an tuplant for the sustained release of a compound at a particalar
target site.

Actual dosage levels of the active ingredients in the pharmaceutical compositions may be
varied so as to obtain an amount of the active ingredient that is effective o achieve the desired
therapeutic response for a particular patient, composition, and mode of administration, without
being toxic to the patient.

The selected dosage level will depend upon a variety of factors including the activity of
the particolar compound or combination of compounds employed, or the ester, salt or amide
thereof, the route of administration, the time of administration, the rate of excretion of the
particalar compound(s) being employed, the duaration of the treatment, other drags, compounds
and/or materials used in combination with the particular compound(s) employed, the age, sex,
weight, condition, general health and prior medical history of the patient being treated, and like

factors well known in the medical arts.
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A physician or veterinarian having ordinary skill in the art can readily determine and
prescribe the therapeutically effective amount of the pharmaceutical composition required. For
example, the physician or veterinarian could start doses of the pharmaceutical composition or
compound at levels lower than that required in order to achieve the desired therapeutic effect and
gradually increase the dosage until the desired effect is achieved. By “therapeutically effective
amount” is meant the concentration of a compound that is sufficient to elicit the desired therapeutic
effect. It is generally understood that the effective amount of the compound will vary according
to the weight, sex, age, and medical history of the subject. Other factors which influence the
effective amount may include, but are not limited to, the severity of the patient's condition, the
disorder being treated, the stability of the compound, and, if desired, another type of therapeutic
agent being administered with the compound of the invention. A larger total dose can be delivered
by multiple administrations of the agent. Methods to determine efficacy and dosage are known to
those skilled in the art (Isselbacher et al. (1996) Harrison’s Principles of Internal Medicine 13 ed.,
{814-1882, herein mcorporated by reference).

In general, a suvitable daily dose of an active compound used in the compositions and
methods of the invention will be that arnount of the compound that 18 the lowest dose effective to
produce a therapeutic effect. Such an effective dose will generally depend upon the factors
described above.

It desired, the effective daily dose of the active compound may be administered as one,
two, three, four, five, six or more sub-doses administered separately at appropriate intervals
throughout the day, optionally, ju unit dosage forms. In certain embodiments of the present
invention, the active compound may be administered two or three times daily. In preferred
erbodiments, the active compound will be administered once daily.

The patient receiving this treatment is any animal in need, incloding primates, in particular
humans; and other mammals sach as equines, cattle, swine, sheep, cats, and dogs; pouliry; and
pets in general.

In cestain embodiments, compounds of the invention may be used alone or conjointly
administered with another type of therapeutic agent.

The present disclosure includes the use of pharmaceutically acceptable salts of compounds
of the invention in the compositions and methods of the present invention. In certain embodiments,

contemplated salts of the invention include, but are not limited to, alkyl, dialkyl, trialkyl or tetra-
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alkyl ammonium salts. In certain embodiments, contemplated salts of the invention include, but
are not limited to, L-arginine, benenthamine, benzathine, betaine, calcium hydroxide, choline,
deanol, diethanclamine, diethylamine, 2-(diethylaminojethanol, ethanoiamine, ethylenediamine,
N-methylglucamine, hydrabamine, 1H-imidazole, lithium, L-lysine, magnesium, 4-(2-
hydroxyethylmorpholine, piperazine, potassium, 1-{2-hydroxyethyDpyrrolidine, sodium,
triethanclamine, tromethamine, and zinc salts. In certain embodiments, contemplated salts of the
invention include, but are not limited to, Na, Ca, K, Mg, Zn or cother metal salis. In certain
embodiments, contemplated salts of the invention include, but are not limited to, 1-hydroxy-2-
naphthoic acid, 2,2-dichloroacetic acid, 2-hydroxyethanesulfonic acid, 2-oxoglutaric acid, 4-
acetamidobenzoic acid, 4-aminosalicylic acid, acetic acid, adipic acid, 1-ascorbic acid, l-aspartic
acid, benzenesulfonic acid, benzoic acid, (+)-camphoric acid, {(+)-camphor-10-suifonic acid,
capric acid (decanoic acid), caproic acid (hexanoic acid), caprylic acid {octanoic acid), carbonic
acid, cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1.2-disulfonic acid,
ethanesulfonic acid, formic acid, fumaric acid, galactaric acid, geotisic acid, d-glucoheptonic acid,
d-gluconic acid, d-glucuronic acid, ghitamic acid, glutaric acid, glycerophosphoric acid, glycolic
acid, hippuric acid, bydrobromic acid, hydrochloric acid, isobutyric acid, lactic acid, lactobionic
acid, laoric acid, maleic acid, -roalic acid, malonic acid, mandelic acid, methanesulfonic acid
naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic acid, nicotinic acid, nitric acid, oleic acid,
oxalic acid, palmitic acid, pamoic acid, phosphoric acid, proprionic acid, I-pyroglutamic acid,
salicylic acid, sebacic acid, stearic acid, succinic acid, sulfuric acid, I-tartaric acid, thiocyanic acid,
p-toluenesulfonic acid, trifluorcacetic acid, and undecylenic acid acid salts.

The pharmacentically acceptable acid addition salts can also exist as various solvates, such
as with water, methanol, ethanol, dimethylformamide, and the like. Mixtures of such solvates can
also be prepared. The source of such solvate can be from the solvent of crystallization, inherent in
the solvent of preparation or crystallization, or adventitious to such solvent.

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and magnesium
stearate, as well as coloring agents, release agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can also be present in the compositions.

Hxamples of pharmaceutically acceptable antioxidants include: (1) water-soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium

metabisulfite, sodium suifite and the like; (2) cil-soluble antioxidants, such as ascorbyl palmitate,
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butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate, alpha-
tocopherol, and the like: and (3) metal-chelating agents, such as citric acid, ethylenediamine
tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

Definitions

Unless otherwise defined herein, scientific and technical terms used in this application shall
have the meanings that are comumonly understood by those of ordinary skill in the art. Generally,
nomenclature used in connection with, and techniques of, chemistry, cell and tissue culture,
molecular biology, cell and cancer biology, neurobiclogy, neurochemistry, virology, irnmunology,
microbiology, pharmacology, genetics and protein and nucleic acid chemistry, described herein,
are those well known and commonly used in the art.

The methods and techniques of the present disclosure are generally performed, unless
otherwise indicated, according to conventional methods well known in the art and as described in
various general and more specific references that are cited and discussed throughout this
specification. See, e.g. “Principles of Neural Science”, MeGraw-Hill Medical, New York, N.Y.
(2000); Motulsky, “Intuitive Biostatistics”, Oxford University Press, Inc. (1995): Lodish et al.,
“Molecular Cell Biology, 4th ed.”, W. H. Freeman & Co., New York (2000); Griffiths et al,,
“Introduction to Genetic Analysis, 7th ed.”, W. H. Freeman & Co., N.Y. (1999); and Gilbert et al.,
“Developroental Biology, 6th ed.”, Sinaver Associates, Inc., Sundedand, MA (2000).

Chemistry termos used herein, unless otherwise defined herein, are used according to
conventional usage in the art, as exemplified by “The McGraw-Hill Dictionary of Chemucal
Terms”, Parker 5., Ed., McGraw-Hill, San Francisco, C.A. {1985).

All of the above, and any other publications, patents and published patent applications
referred to in this application are specifically incorporated by reference herein. In case of contlict,
the present specification, inchuding its specific definitions, will control.

The term “agent” is used herein to denote a chemical compound (such as an organic or
norganic compound, a mixture of chemical compounds), a biclogical macromolecule (such as a
nucleic acid, an antibody, inclhuding parts thereof as well as humanized, chimeric and huwman
antibodies and monoclonal antibodies, a protein or portion thereof, e.g., a peptide, a lipid, a
carbohydrate), or an extract made from biological materials such as bacteria, plants, fungt, or
animal (particularly mammalian) cells or tissues. Agents include, for example, agents whose

structure is known, and those whose structure is not known.
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A “patient,” “subject,” or “individual” are used interchangeably and refer to either a human
or a non-human animal. These terms include mammals, such as humans, primates, livestock
animals (including bovines, porcines, efc.), companion animals {e.g., canines, felines, etc.) and
rodents {e.g., mice and rats).

“Treating” a condition or patient refers to taking steps to cobtain beneficial or desired
results, including clinical results. Beneficial or desired clinical results can include, but are not
limited to, alleviation or amelioration of one or more symptoms or conditions, diminishment of
extent of disease, stabilized (i.e. not worsening) state of disease, preventing spread of disease,
delay or slowing of disease progression, amelioration or palliation of the disease state, and
remussion (whether partial or total), whether detectable or undetectable. “Treatment” can also
mean prolonging survival as compared to expected survival if not receiving treatment.

The term “preventing” is art-recognized, and when used in relation to a condition, such as
a local recurrence {(e.g., pain), a disease such as cancer, a syndrome complex such as heart failure
or any other wedical condition, is well understood iu the art, and jocludes administration of a
coraposition which reduces the frequency of, or delays the onset of, symptoms of a medical
condition m a subject relative to a subject which does not receive the composition. Thus,
prevention of cancer includes, for exarple, reducing the muunber of detectable cancerous growths
in a population of patients receiving a prophylactic treatment relative 0 an untreated control
population, and/or delaying the appearance of detectable cancerous growths in a treated population
versus an unfreated control population, e.g., by a statistically and/or clinically significant amount.

“Administering” or “administration of” a substance, a compound or an agent {0 a subject
can be carried out using one of a variety of methods known to those skilled 1n the art. For example,
a compound or an agent can be admunistered, intravenously, arterially, intradermally,
intramuscularly, intraperitoneally, subcwtaneously, ocularly, sublingunally, orally (by ingestion),
intranasally (by inhalation), intraspinally, intracerebrally, and transdermaily (by absorption, e.g.,
through a skin duct). A compound or agent can also appropriately be introduced by rechargeable
or biodegradable polymeric devices or other devices, e.g., patches and pumps, or formulations,
which provide for the extended, slow or controlled release of the compound or agent.
Administering can also be performed, for example, once, a plurality of times, and/or over one or

more extended periods.
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Appropriate methods of administering a substance, a compound or an agent 10 a subject
will also depend, for example, on the age and/or the physical condition of the subject and the
chemical and biological properties of the compound or agent {e.g., solubility, digestibility,
bicavailability, stability and toxicity). In some embodiments, a compound or an agent is
administered orally, e.g., to a subject by ingestion. In some embodiments, the orally administered
compound or agent is in an extended release or slow release formulation, or administered using a
device for such slow or extended release.

As used herein, the phrase “conjoint administration” refers to any form of administration
of two or more different therapeutic agents such that the second agent is administered while the
previously administered therapeutic agent is still effective in the body {e.g., the two agents are
simultaneously effective in the patient, which may include synergistic effects of the two agents).
For example, the different therapeutic compounds can be administered either in the same
formulation or in separate formulations, either concomitantly or sequentially. Thus, an individual
who receives such treatment can benefit from a corobined effect of different therapeutic agents.

A “therapeutically effective amount” or a “therapeutically effective dose” of a drug or
agent is an amount of a drog or an agent that, when adoinistered to a subject will have the intended
therapeutic effect. The full therapeutic effect does pot necessarily occur by administration of one
dose, and may occur only after adourustration of a series of doses. Thus, a therapeutically effective
aroount roay be admunistered in one or more adroinistrations. The precise effective amount needed
for a subject will depend upon, for example, the subject’s size, bealth and age, and the nature and
extent of the condition being treated, such as cancer or MBS, The skilled worker can readily
determine the effective amount for a given situation by routine experimentation.

9

As used herein, the terms “optional” or “optionally” mean that the subsequently described
event or circumstance may occur or may not occur, and that the description inclodes instances
where the event or circumstance oceurs as well as instances in which it does not. For example,
“optionally substituted alkyl” refers to the alkyl may be substituted as well as where the alkyl is
not substituted.

It is understood that substituents and substitution patterns on the compounds of the present
invention can be selected by one of ordinary skilled person in the art to result chemically stable

compounds which can be readily synthesized by techniques known in the art, as well as those

methods set forth below, from readily available starting materials. If a substituent is itself
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substituted with more than one group, it is understood that these multiple groups may be on the
same carbon or on different carbons, so long as a stable structure results.

As used herein, the term “optionally substituted” refers to the replacement of one to six
hydrogen radicals in a given structure with the radical of a specified substituent including, but not
limited to: hydroxyl, hydroxyalkyl, alkoxy, halogen, alkyl, nitro, silyl, acyl, acyloxy, aryl,
cycloalkyl, heterocyelyl, amino, aminoalkyl, cyano, haloalkyl, haloatkoxy, -OCQ-CHy-Q-alkyl, -
OP(OYO-alkyl)y or ~CH2-OP(OYO-alkyly. Preferably, “optionally substituted” refers to the
replacement of one to four hydrogen radicals in a given structure with the substituents mentioned
above. More preferably, one to three hydrogen radicals are replaced by the substituenis as
mentioned above. It is understood that the substituent can be further substituted.

As used herein, the term “alkyl” refers to saturated aliphatic groups, including but not
fimited to Ci-Cio straight-chain alkyl groups or Ci-Cio branched-chain alkyl groups. Preferably,
the “alkyl” group refers to C;-Cs straight-chain alkyl groups or Cs-Cs branched-chain alkyl groups.
Most preferably, the “alkyl” group refers to Ci-Cy straight-chain alkyl groups or C-Cy branched-
chain alkyl groups. Examples of “alky!” include, but are vot limited to, methyl, ethyl, {-propyl, 2-
propyl, o-butyl, sec-butyl, tert-butyl, t-peutyl, 2-pentyl, 3-pentyl, veo-pentyl, I-hexyl, 2-hexyl, 3-
hexyl, t-heptyl, 2-heptyl, 3-heptyl, 4-heptyl, L-octyl, 2-octyl, 3-octyl or 4-octyl and the like. The
“alkyl” group may be optionally sabstifuted.

The term “acyl” 1s art-recognized and refers to a group represenied by the general formula
hydrocarbyl(C(0O)-, preferably alkylC(O)-.

The term “acylaming” is art-recognized and refers to an amino group substituted with an
acyl group and may be represented, for example, by the formula hydrocarby W C(O)NH-.

The term “acyloxy” is art-recognized and refers to a group represented by the general
formula hydrocarbylC(O)Y(-, preferably alkylC(O)0-.

The term “alkoxy” refers to an alkyl group having an oxygen attached thereto.
Representative alkoxy groups include methoxy, ethoxy, propoxy, tert-butoxy and the like.

The term “alkoxyalky!l” refers to an alkyl group substituted with an alkoxy group and may
be represented by the geperal formula alkyl-O-alkyl.

The term “alkyl” refers to saturated aliphatic groups, including straight-chain alkyl groups,
branched-chain alkyl groups, cycloalkyl {alicyclic) groups, alkyl-substituted cycloalkyt groups,

and cycloalkyl-substituted alkyl groups. In preferred embodiments, a straight chain or branched

-67-



WO 2025/072722 PCT/US2024/048928

chain alkyl has 30 or fewer carbon atoms in its backbone (e.g., Ci.a0 for straight chains, a3 for
branched chains), and more preferably 2{ or fewer.

Moreover, the term “alkyl” as used throughout the specification, examples, and claims is
intended to include both unsubstituted and substituted alky! groups, the latter of which refers to
alkyl moieties having substituents replacing a hydrogen on one or more carbons of the hydrocarbon
backbone, including haloalkyl groups such as trifluoromethyl and 2,2,2-trifluoroethyl, etc.

The term “Ciy” or “Cs-Cy”, when used in conjunction with a chemical moiety, such as,
acyl, acyloxy, alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups that contain from X to
v carbons in the chain. Coalkyl indicates a hydrogen where the group is in a terminal position, a
bond if internal. A Crealkyl group, for exaraple, contains from one to six carbon atoms in the
chain.

The term “alkylamine”, as used herein, refers to an amine group substituted with at least
one alkyl group.

The term “alkylthio”, as used herein, refers to a thiol group substituted with an alkyl group
and may be represented by the geveral formula alkylS-.

The term “arnido”, as used herein, refers o a group

o
R
Oy
R':U
¥
. Q 0 . P .
wherein R® and R'® each independently represent a hydrogen or hydrocarbyl group, or R®
and R taken together with the N atom to which they are attached complete a heterocycle having
from 4 to § atoms in the ring structure,
The terms “amine” and “amivo” are art-recognized and refer to both unsubstituied and

substitated arnines and salts thereot, e.g., a moiety that can be represented by

Ro R
g""'Ni or g_.ﬁt,ﬁm

£y H

R0 B10

wherein R”, RY, and R' each independently represent a hydrogen or a hydrocarbyl group,
or R” and R taken together with the N atom to which they are attached complete a heterocycle
having from 4 to 8 atoms in the ring structure.

The term “aminoalikyl”, as used herein, refers to an alkyl group substituted with an amino

Sroup.
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The term “aralkyl”, as used herein, refers to an alkyl group substituted with an aryl group.

The term “arvl” as used herein include substituted or unsubstituted single-ring aromatic
groups in which each atom of the ring is carbon. Preferably the ring is a 5~ to 7-membered ring,
more preferably a 6-membered ring. The term “aryl” also includes polycyelic ring systems having
two or more cyclic rings in which two or more carbons are cammon to two adjoining rings wherein
at least one of the rings is arormatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls,
cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls. Aryl groups include benzene, naphihalene,
phenanthrene, phenol, aniline, and the like.

The term “carbamate” is art-recognized and refers to a group

Q O
o 1
f\O)LE}E‘RM or ;SK\E}lJL\C_IR ¢
B9 R?
,

wherein R” and R'® independently represent hydrogen or a hydrocarbyl group.

The term “carbocyclylalkyl”, as used herein, refers to an alkyl group substituted with a
carbocycle group.

The term “carbocycle” includes 5-7 membered monocyclic and 8-12 membered bicyclic
rings. Bach ring of a bicychic carbocycle may be selected from saturated, unsaturated and aromatic
rings. Carbocycle includes bicyclic molecules in which one, two or three or more atoms are shared
between the two rings. The term “fused carbocycle” refers to a bicyclic carbocycle in which each
of the rings shares two adjacent atoms with the other ring. Each ring of a fused carbocycle may be
selected from saturated, unsaturated and aromatic rings. In an exeroplary erobodiment, an aromatic
ring, e.g., phenyl, may be fused to a saturated or unsaturated ring, e.g., cyclohexane, cyclopentane,
or eyclohesene. Any cornbination of saturated, unsaturated and aromatic bicyclic rings, as valence
perroits, is inchided o the delinition of carbocychic. Exemplary “carbocycles” include
cyclopentane, cyclohexane, bicyclof2.2. Htheptane, 1,5-cyclooctadiene, 1,2,3,4-
tetrahydronaphthalene, bicyclof4.2.0Joct-3-ene, naphthalene and adamantane. Exemplary fused
carbocycles include decalin, naphthalene, 1,23 4-tetrahydronaphthalene, bicyclo[4.2.0}octane,
4,5,6,7-tetrabydro- 1 H-indene and bicyclo[4.1.0thept-3-ene. “Carbocycles” rnay be substituted at
any one or more positions capable of bearing a hydrogen atom.

The term “carbocyclylalkyl”, as used herein, refers to an alkyl group substitated with a

carbocycle group.
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The term “carbonate” is art-recognized and refers to a group -OC0s-.

The term “carboxy”, as used herein, refers to a group represented by the formula -COoH.

The term “cycloalkyl” includes substituted or unsubstituted non-aromatic single ring
structures, preferably 4- 0 8-membered rings, more preferably 4- to 6-membered rings. The term
“cycloalkyl” also includes polycyclic ring systems having two or more cyclic rings in which two
or more carbons are comimon o two adjoining rings wherein at least one of the rings is cycloakkyl
and the substituent (2.g., R'") is attached to the cycloalkyl ring, e.g., the other cyclic rings can be
cycloaltkyls, cycloalkenyls, cycloalkynyls, aryls, heteroarvls, and/or heterocyclyls. Heteroaryl
groups include, for exarople, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, pyrazole,
pyridine, pvrazine, pyridazine, pyrimidine, denzodioxane, tetrahydroguinoline, and the like.

The term “ester”, as used herein, refers to a group -C( O)ORQ wherein R® represents a
hydrocarbyl group.

The term “ether”, as used herein, refers to a hydrocarbyl group linked through an oxygen
to another hydrocarbyl group. Accordingly, an ether substituent of a hydrocarbyl group may be
hydrocarbyl-O-. Ethers may be either symmetrical or unsymmetrical. Examples of ethers include,
but are not limited to, heterocycle-O-heterocycle and aryl-O-heterocycle. Ethers include
“alkoxyalky!l” groups, which mway be represented by the general formula allyl-O-alkyl.

The terms “halo” and “halogen” as used herein means halogen and inclades chloro, fluoro,
bromo, and 1odo.

The terms “hetaralkyl” and “hetercaralkyl”, as used herein, refers to an alkyl group
substituted with a hetaryl group.

The terms “heteroaryl” and “hetaryl” include substituted or unsubstituted aromatic single
ring strucures, preferably 5- to 7-membered rings, more preferably 5- to 6-membered rings, whose
ring structares include at least one heteroatom, preferably one to four hetercatoms, more preferably
one of two heteroatoms. The terms “heteroaryl” and “hetaryl” also include polyeyclic ring systems
having two or more cyclic rings in which two or more carbons are common to two adjoining rings
wherein at least one of the rings is heteroaromatic, e.g., the other cyclic rings can be cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyelyls. Heteroaryl groups inciude,
for example, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, pyrarole, pyridine, pyrazine,

pyridazine, and pyrimidine, and the like.
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The term “hetercatom” as used herein means an atom of any element other than carbon or
hydrogen. Preferred hetercatoms are nitrogen, oxygen, and sulfur.

The term “heterocyciylalkyl”, as used herein, refers to an alkyl group substituted with a
heterocycle group.

28

The terms “heterocyclyl”, “heterocycle”, and “heterccyclic” refer to substituted or
unsutbstituted non-aromatic ring structures, preferably 3- to 10-membered rings, more preferably
3- to 7-membered rings, whose ring structures include at least one heteroatom, preferably one to
four heteroatoms, more preferably one or two heteroatoms. The terms “heterocyclyl” and
“heterocyclic” also include polycyclic ring systerns having two or more cyclic rings in which two
or more carbons are common (o two adjoining rings wherein at least one of the rings is
heterocyclic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls,
heteroaryls, andfor heterocyclyls. Heterocyclyl groups include, for example, piperidine,
piperazine, pyrrolidine, morpholine, lactones, lactams, and the like.

The term “hydrocarbyl”, as used herein, refers 0 a group that is bonded through a cartboun
atom that does not have a =0 or =S sabstituent, and typically has at least one carbon-hydrogen
bond and a privoarily carbow backbone, but muay optionally iochide heteroatoms. Thus, groups like
methyl, ethoxyethyl, 2-pyridyl, and even trifluoromethyl are considered to be hydrocarbyl for the
purposes of this apphcation, but substituents such as acetyl (which has a =0 substituent on the
hinking carbon) and ethoxy (which is hnked through oxygen, not carbon) are not. Hydrocarbyl
groups include, but are not limited to aryl, betercaryl, catbocycle, heterocycle, alkyl, alkenyl,
alkyunyl, and combinations thereof.

The term “hydroxyalkyl”, as used herein, refers to an alkyl group substituted with a
hydroxy group.

The term “lower” when used in conjunction with a chemical moiety, such as, acyl, acyloxy,
alkyl, alkenyl, alkyunyl, or alkoxy is meant to include groups where there are ten or fewer ators in
the substituent, preferably six or fewer. A “lower alkyl”, for example, refers to an alkyl group that
confains ten or fewer carbon atoms, preferably six or fewer. In certain embodiments, acyl, acyloxy,
alkyl, atkenyl, alkynyl, or alkoxy substituents defined herein are respectively lower acyi, lower
acyloxy, lower alkyl, lower alkenyl, lower alkynyl, or lower alkoxy, whether they appear alone or

in combination with other substituents, such as in the recitations hydroxyalkyl and aralkyl (in
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which case, for example, the atoms within the aryl group are not counted when counting the carbon
atoms in the alkyl substituent).

The terms “polycyclyl”, “polycycle”, and “polycyclic” refer to two or more rings {e.g.,
cycloalkyls, cycicalkenyls, cycloalkynyls, aryls, hetersaryls, and/or heterocyclyls) in which two
or more atoms arg common 0 two adjoining rings, e.g., the rings are “fused rings”. Fach of the
rings of the polycyele can be substituted or unsubstituted. In certain embodiments, each 1ing of
the polycycle contains from 3 to 10 atoms in the ring, preferably from 5 to 7.

The term “sulfate” is art-recognized and refers to the group ~0O803H, or a pharmaceutically
acceptable salt thereof.

The termn “sulfonamido” is art-recognized and refers to the group represented by the general

formulae
¢ R Qs S
§—s-n_ o - 0
O RY \R <

wherein R” and R' independently represents hydrogen or hydrocarbyl.
he term “sulfoxide” is art-recognized and refers to the group-S{0)-.
The t ‘sulfoxide” ( i tand referstothe g S(O)
The term “suifonate” is art-recognized and refers to the group SO:H, or a pharmaceutically
acceptable salt thereof.
The term “sulfone” is art-recognized and refers to the group —-S{O)-.
The term “substituted” refer ieties having g ituents replacing a hydroge one
The term “substituted” refers to moieties having substituents replacing a hydrogen on on
or more carbons of the backbone. It will be understood that “substitotion” or “sabstituted with”
by { the backb It will derstood that “substitution’ bstituted with’
includes the implici /iso that suc stitution is in accordance wi rmnitted valence e
includes the implicit proviso that such substitution is in accordance with permitted valence of th
substitited atom and the sabstituent, and that the substitotion results in a stable com d, e.g.,
substituted atom and the substituent, and that the substitution results in a stable compound, ¢
iich does not spontaneously unde ransformation sach as by rearrangement, cvclization,
which does not sportaseounsly undergo transformation such as by rearrangement, cyclization
elimination, etc. As used herein, the term “substituted” 1s contemplated to 1nclude all permissible
livnination, efc. As used herein, the term “substituted” 1s confemplated to include all permissible
substitoents of organic compounds. In a broad aspect, the perruissible substituents include acyclic
and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and non-aromatic
substitnents of organic compounds. The perroissible substituents can be one or more and the same
t=)
or different for appropriate organic compounds. For purpoeses of this invention, the heteroatoms
such as nitrogen may have hydrogen substituents and/or any permissible substituents of organic
£ 3 Yoy X &

compounds described herein which satisfy the valences of the heteroatoms. Substituents can
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include any substituents described herein, for example, a halogen, a hydroxyl, a carbonyl (such as
a carboxyl, an alkoxycarbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thiocester, a
thioacetate, or a thioformate), an alkoxyl, a phosphoryl, a phosphate, a phosphonate, a phosphinate,
an amino, an amido, an amidine, an imine, a cyano, a nitre, an azido, a sulthyvdryl, an alkylthic, 2
sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an
aromatic or heteroaromatic moiety. It will be understood by those skilled in the art that the
moieties substituted on the hydrocarbon chain can themselves be substituted, if appropriate.

The term “thicalkyl”, as used herein, refers to an alkyl group substituted with a thiol group.

The term “thioester”, as used herein, refers to a group -C(O)SR” or ~-SC(QIR"

wherein R” represents a hydrocarbyl.

The term “thicether”, as used herein, is equivalent to an ether, wherein the oxygen is
replaced with a sulfur.

The term “urea” is art-recognized and may be represented by the general formula

o]
o
s‘x\NJ‘LN,R“
R RO

wherein R” and R'" independently represent hydrogen or a hydrocarbyl.

The term “modulate” as used herein inclndes the inhibition or suppression of a function or
activity (such as cell proliferation) as well as the enhancernent of a function or activity.

The phrase “pharmaceutically acceptable” is art-recognized. In certain embodiments, the
term inclodes compositions, excipients, adjuvants, polyroers and other materials and/or dosage
forms which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of haman beings and aniroals without excessive toxicity, irrifation, allergic response, or
other problem or complication, comurnensurate with a reascnable benefit/risk ratio.

“Pharmaceutically acceptable salt” or “salt” is used herein to refer to an acid addition salt
or a basic addition salt which is suitable for or compatible with the treatment of patients.

The term “pharmaceuntically acceptable acid addition salt” as used herein roeans any non-
toxic organic or norganic salt of any base compounds represented by Forroula 1. Hlostrative
inorganic acids which form suitable salts include hydrochloric, hydrobromic, sulfaric and
phosphoric acids, as well as metal salts such as sodium monohydrogen orthophosphate and

potassium hydrogen salfate. Hustrative organic acids that form suitable salts inclide mono-, di-,
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and tricarboxylic acids such as glycolic, lactic, pyruvic, malonic, succinic, gintaric, fumaric, malic,
tartaric, ciiric, ascorbic, maleic, benzoic, phenylacetic, cinnamic and salicylic acids, as well as
sulfonic acids such as p-toluene sulfonic and methanesulfonic acids. Either the mono or di-acid
saits can be formed, and such salts may exist in either a hydrated, solvated or substantiaily
anhydrous form. In general, the acid addition salts of compounds of Formula  are more soluble
in water and various hydrophilic organic solvents, and generally demonstrate higher meliing points
in comparison to their free base forms. The selection of the appropriate salt will be known to one
skilled in the art. Other non-pharmaceutically acceptable salts, e.g., oxalates, may be used, for
example, in the isolation of compounds of Formula 1 for laboratory use, or for subsequent
conversion to a pharmaceutically acceptable acid addition salt.

The term “pharmacentically acceptable basic addition salt” as used herein means any non-
toxic organic or inorganic base addition salt of any acid compounds represented by Formula I or
anty of their intermediates. [Hustrative inorganic bases which form suitable salts include lithium,
sodivro, potassiwm, calciurn, magoesium, or barium hydroxide. Hustrative organic bases which
form suitable salis include aliphatic, alicyclic, or aromatic organic amines such as roethylamine,
trimethylamine and picolive or amuoovia. The selection of the appropriate salt will be known to a
person skilled in the att.

Many of the compounds useful ju the methods and compositions of this disclosure have at
least one stereogenic center in therr structure. This stereogenic center may be presentina R or a
S configuration, said R and S notation is used in correspondence with the rules described in Pure
Appl. Chem. (1976}, 45, 11-38. The disclosure contemplates all sterecisomeric forms such as
enantiomeric and diasteresisomeric forms of the compounds, salts, prodrugs or mixtures thereof
(inctuding all possible mixtures of sterecisomers). See, e.g., WO 01/062726.

Furthermore, certain compounds which contain alkenyl groups may exist as Z (zusammen)
or E {entgegen) isomers. In each justance, the disclosure includes both mixture and separate
individual isomers.

“Prodrug” or “pharmaceutically acceptable prodrug” refers to a compound that is
metabolized, for example hydrolyzed or oxidized, in the host after administration to form the
compound of the present disclesure {(e.g., compounds of formula I). Typical examples of prodrugs
include compounds that have biologically labile or cleavable (protecting) groups on a functional

moiety of the active compound. Prodrugs include compounds that can be oxidized, reduced,
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aminated, deaminated, hydroxylated, dehydroxylated, hydrolyzed, dehydrolyzed, alkylated,
dealkylated, acylated, deacylated, phosphorylated, or dephosphorylated to produce the active
compound. Examples of prodrugs using ester or phosphoramidate as biologically labile or
cleavable (protecting) groups are disclosed in U.S. Patents 6,875,751, 7,585,851, and 7,964,580,
the disclosures of which are incorporated herein by reference. The prodrugs of this disclosure are
metabolized to produce a compound of Formula . The present disclosure includes within its
scope, prodrugs of the compounds described herein. Conventional procedures for the selection
and preparation of suitable prodrugs are described, for example, in “Design of Prodrugs” Ed. H.
Bundgaard, Elsevier, 1985.

The phrase “pharmaceutically acceptable carrier” as used herein means a pharmaceutically
acceptable material, composition or vehicle, such as a liguid or solid filter, diluent, excipient,
solvent or encapsulating material useful for formulating a drag for medicinal or therapeutic use.

LEITS

The term “Log of solubility”, “LogS” or “logS” as used herein is used in the art to quantify

the agueous solubility of a compound. The agueous solubility of a compound significantly affects
its absorption and distribution characteristics. A low solubility often goes along with a poor
absorption. LogS value 1s a unit stripped logarithin (base 10) of the solubility measured 1n

mol/liter.

EXAMPLES

The representative examples which follow are intended to help illustrate the invention, and
are not intended to, nor should they be construed to, limit the scope of the invention. Indeed,
various modifications of the invention and many further ernbodiments thereof, in addition to those
shown and described herein, will become apparent to those skilled in the art from the full contents
of this document, including the examples which follow and the references to the scientific and
patent literature cited herein. It should further be appreciated that the contents of those cited
references are jncorporated herein by reference to help illustrate the state of the art. The following
examples contain important additional information, exemplification and goidance which can be

adapted to the practice of this invention in its various embodiments and equivalents thereof.
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Example 1: Synthesis of Exemplary Compounds of the Disclosure
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The muxture of compound 2-chloropyrimidin-d-amine (2.0 g, 154 mmol, 1.0 eg),
compound (2K,635)-2,6-dimethylmorpholine (5.33 g, 46.3 munol, 3.0 eq) and DIEA (100 g, 77.
mmol, 5.0 eq) in IPA {40 mL) was stirred at 80oC for 16 hunder N2. The reaction was concentrated
under reduced pressure. The residue was partitioned between ethyl acetate (90 mL) and water (150
mb). The separated organic layer was washed with water, dried over anhydrous Na2504 and
evaporated to dryness. The residue was purified by column chromatography (PEEA=5:1 to
DCM:MeOH=40:1) to give 2-((2R,65)-2,6-dimethylmorpholino)pyrimidin-4-amine (3.1 g, 97%)
as a white solid. LCMS: 209.053 [M+11"; 'H NMR (400 MHz, CTL0OD) 3 7.76 (d, T = 5.9 Hz, 1H),
5864(d, J =59 Hz, 1H), 449 - 436 (m, 2H), 3.61 (ddd, J = 10.5, 6.3, 2.5 Hz, 2H), 3.38 (s, 1H),
248 (dd, ¥ =13.2, 10.7 Hz, 2H), 1.22 (d, J = 6.2 Hz, 6H).

Syanthesis of 2-((2R.68)-2.6-dimethyvimorpholino)-3-fluoropyrimidin-4-amine

HNT

K/O F
w |

HNT N G HNT N E\lé\:j

O

To a solution of compound 2-chloro-3-fluoropyrimidin-4-amine (50 g, 338.% mmol, 1.0
eq.), compound (ZR,65)-2,6-dimethylmorpholine (78 g, 667.8 mmol, 2.0 eq) in IPA (500 mL) was
added DIEA (87.6 g, 667.8 mrnol, 2.0 eq.}, and the reaction mixture was stirred at 80°C for 16 h.
The resalt mixture was coocentrated under reduced pressure. The residue was purified by silica
gel chromatography eluted with PE: EtOAc=20:1 to give 2-((2R,65)-2,6-dirsethylmorpholino}-5-
fluoropyrimidin-4-amine (47 g, 61%) as a white solid. LCMS: 227.12 [M+HJ"; 'H NMR (400
MHz, DMSO-de): 8§ 7.76(d, J=3.5 Hz, 1H), 6.83 (s, 2H), 4.28 (d, /= 12.0 Hz, 2H), 3.46 (dd, /=
79,63 Hz, 2H), 232 (dd, J= 127, 10.9 He, 2H), 107 (d, 7= 6.2 Hz, 6H).

Syuthesis of 2-((25.651-2.6-dimethvimorpholine-S-fluoropynimidin-4-amine
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To a solution of compound 2-chloro-5-fluoropyrimidin-4-amine (325 mg, 2.2 mmol, 1.5
eq) and compound (25,65)-2,6-dimethylmorpholine (170 mg, 1.47 mmol, 1.0 eg) in IPA 3 mb)
was added DIEA (569 mg, 4.4 mmol, 2.0 eq). The reaction mixture was stirred at 800C for 16 h.
The resulting mixture was concentrated under reduced pressure. The residue was puritied by Prep-
TLC using BCM/MeOH=40/1 to give 2-({(25,65)-2,6-dimethylmorpholino}-5-fluoropyrimidin-4-
amine (92 mg, 18%) as a white solid. LCMS: 227.10 {M+11+; 'H NMR (400 MHz, DMSO-de) &
7.76(d, I =35 Hr, 1H), 6.82 (s, 2H), 3.06 - 3.83 (m, 2H), 3.61 (dd, } = 12,9, 3.2 Hz, 2H), 3.24
{dd, }=12.9,6.2 Hz, 2H), 1.07 (4, = 6.4 Hz, 6H).

Svnthesis of 2-((2R.6R3-2.6-dimethvimorpholing)-3-fluoropvrimidin-4-amine

Lo Y
>

To a solution of compound 2-chloro-5-fluoropyrimidin-4-amine (200 mg, 1.36 mmol, 1.0
eq) in IPA (4 ml) was added compound (2R,6R)-2,6-dimethylmorpholine (391 mg, 3.40 mmol,
2.5 eq) and DIEA (826 g, 4.08 nmuunol, 3.0 eq), The reaction roixtare was stitred at 80°C for 16
hrs. The mixture was concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with (DCM/MeOH/NH2 H20 = 50/1/0.5) to afford 2-((2R,6R)-
2,6-dimethyimorpholino)-S-fluoropyrimidin-d-anmine (70 mg, white soldy. LC-MS:
227 82[M+11" 'H NMR (400 MHz, DMSO-ds) § 7.77 (d, J = 3.6 Hz, 1H), 6.84 (s, 2H), 3.92 (i,
J=6.3,35Hz 2H), 3.63(dd, ] = 129,33 Hz, 2H), 3.26 (dd, J = 12.9, 6.2 Hz, 2H), 1.08 (4, J =
6.4 Hz, 6H).

Svuthests of S-fluoro-2-{pyrrolidin--vDpynimidin-4-antine

Fal 2~ HF?i F N
o 3
o
H SN e HNT TN ’1‘3

To a solution of 2-chloro-5-fluoropyrimidin-4-amine (200 mg, 1.36 mmol, 1.0 eq) in IPA
(4 mL) was added pyrrolidine (290 mg, 4.08 nmumnol, 3.0 eq) and DIEA (526 mg, 4.08 mumol, 3.0

eq). The reaction mixture was stirred at 80°C for 16hrs. The mixture was concentrated under

79
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reduced pressure. The residue was purified by colummn chromatography on silica gel eluted with
{(PE/EA=1/1) to afford 5-fluoro-2-(pyrrolidin-1-ylpyrimidin-4-amine (230 mg, white solid). LC-
MS: 183.1[M+1]% TH NMR (400 MHz, DMSO-de) 5 7.75 (d, J = 3.8 Hz, 1H), 6.72 (s, 2H), 3.35
{t. J=6.0Hz 4H), 1.84 (1, 1 = 6.6 Hz, 4H).

Svnthesis of 2-(2-oxa-5-azabicvclol4.1.Olheptan-5-vD-53-fluoropvrimidin-4-amine

HN/q E

- : F. 2z
Pay F\[/”\N HCE SO \j;\iN f\f\' -
o - Boc. A%y J\"ca Boc s, /<1 o - \==)\ A\]
Boc

HNT NG & NN

Boo SO L\/O

Step a: To a solution of Z-chloro-5-fluoropyrimidin-4-amine (300 mg, 2.03 mmol 1.0
eq), BooyO (1.77 g, §.13 mmol 4.0 eq) and TEA (821 mg. 8.13 mmol 4.0 eg) in DCM (3 mL)
was added DMAP (12 mg, 0.10 mmol 0.05 eq) at RT. The reaction mixture was stirred at RT
for 2 h. The resulting mixture was concentrated under reduced pressure. The residue was purified
by silica gel chromatography eluted with PE: EiOAc=100:1 to give bis-N-Boc protected compound
(600 mg, 85%) as a white solid. 'H NMR (400 MHz, CDCls) 8 8.49 (s, 1H), 1.44 (s, 18H).

Step br To a solution of bis-N-Boce protected compound (512 mg, 1.47 rowmol, 1.0 eq) 2-
oxa-S-azabicyclo{4.1.0lheptane hydrochloride (200 mg, 1.47 mmol, 1.0 eq) in DIEA (3 mLl) was
added. The reaction mixture was stirred af 100 °C for 16 h. The resulting mixiure was concentrated
under reduced pressure. The residue was purified by Prep-TLC with PE/EA=3/1 1o give the
product (110 mg, crude) as a white solid. LOCMS: 41135 [M+1]7

Step ¢ To a soletion of bis-N-Boc product from step b (110 mg crude, 0.268 myool, 1.0
eq) 10 Dioxane {1 mL) was added HCVDioxane (4M, 1 mL). The reaction mixfure was stirred
at 40°C for 16 h. The resulting muxtore was concentrated under reduced pressure. The residue was
partitioned between ethylacetate (50 mL) and saturated Na;(UOs solution (50 mL). The separated
organic layer was dried over (Na2804 or MgS04) and evaporated to drypess. The residue was
purified by Prep-TLC with BCM/MeOH=40/1 to give 2-(Z-oxa-3-azabicyclo{4.1.0]heptan-5-y1)-
5-fluoropyrimidin-4-amine (12 mg, 21%) as a white solid. "H NMR (400 MHz, CDCI13) § 7.90 (d,
J=3.0Hz, IH), 4.85 (s, 2H), 3.85 - 3.65 (m, 3H), 3.40(dt, J = 7.4, 44 Hz, 2H), 2.92 (¢d, / = 6.9,
5.0 Hz, 1H), 092 (g, /= 6.8 Hz, 1H), 057 {ddd, /=69, 4.8, 3.6 Hz, IH).

-RG-
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Svnthesis of (2R,65)-4-(4,6-diflucropvrimidin-2-vh-2,6-dimethvimorpholine

HN»”\\EM"\ F
F ‘\/O g"é’kN
A PPN

NN
N

To a solution of 2,4, 6-triflucropyrimidine (300 mg, 2.24 mmol, 1.0 eq}, KoCOs (619 mg,
4.48 mmol, 2.0 eq) in ACN (30 mL) was added (2R,65)-2,6-dimethylmorpholine (258 mg, 2.24
mmoi, 1.0 eq). The reaction mixture was stirred for over 10 min under ice-cooling and stirred at
room temperature for another 1 hr. The mixture was concentrated under vacuum to give aresidue,
which was purified by column chromatography on silica gel eluted with (PE/EA = 100/1 1o 50/1)
to afford (2R,68)-4-(4.6-difluoropyrimidin-2-y1}-2.6-dimethylmorpholine (250 mg. 49%) as a
white solid. 'H NMR (400 MHz, CDCL) § 5.68 (1, J = 1.6 Hz, 1H), 4.43 (dd, J = 13.2, 1.3 Hz, 2H),
358 (m, f=125,62,24 Hz, 2H), 2.61 (dd, /= 134, 10.8 Hz, 2H), 1.23 (d, /= 6.2 Hz, 6H).

Synthesis of 3-chloro-N-(2-((2R8.68}-2.6-dimethvimorpholino) pyrimidin-4-vlpvridazin-3-amine

i “ i “ 2 = N
HN %, N/\ o X Ny /Q\/‘N\ J:\U\ o
N TN

To a sohution of 2-((2R,6S5)-2,6-dimethylmorpholino)pyrimidin-4-amine (700 mg, 3.36
munol, 1.0 eq), 3.5-dichloropyridazine (500 mg, 3.36 mmol, 1.0 eq) , Xantphos(197 mg , 0.34
mmol , 0.1 eq) and Cx(C0:(2.2 g, 6.72 nwool, 2.0 eq) in dioxane (10 wl) was added Pdy{dba)
(97 mg, 0.17 muuol, 0.05 eq) at RT under No. Then the reaction mixture was stivred at 110°C for
{6 h uoder Ny, The reaction was concentrated under reduced pressure. The residue was parfitioned
between ethyl acetate (90 ml.) and water (150 mL.). The separated organic layer was washed with
water, dried over anhydrous NaxS5QO4 and evaporated to dryness. The residue was purified by
column chroratography (PE:EA=S:1 to DOCM:MeOH=40:1) 1o give S-chloro-N-{2-{((2R,65)-2,6-
dimethylmorpholinoypyrimidin-4-yDpyridazin-3-amine (200 mg, 185%) as a yellow solid.

LCMS:321.00 [M+1]*

-Ri-
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Svnthesis of 5-chloro-N-(Z-((2R.65)-2.6-dimethvimorpholino)-S-fhuoropyrimidin-4-vDipvridazin-

3-amine

[ EERY]

To a solution of 2-((2R,65)-2.6-dimethylmorpholino}-5-flucropyrimidin-4-amine (35.5 g,
157.08 mmol, 1.0 eq), 3,5-dichloropyridazine (35 g, 234.90 mumol, 1.5 eq), Xantphos(4.54 g, 7.85
mmol, 8.05 eq) and Ts2CO5 (153.5 g, 47115 mmol, 3.0 eq} in Tol. (500 mbL) was added
Pd(dppHC12 (5.75 g, 7.86 mmol, (.05 eq) at RT under Na. The reaction mixture was stirred at 80°C
for 16 h. The reaction was concentrated under reduced pressure. The residue was partitioned
between ethyl acetate (500 mL) and water. The separated organic layer was washed with water,
dried over NaxS(Qy and evaporated to dryness. The residue was purified by silica gel
chromatography  eluted with PE: EtOQAc=51 to give 35-chloro-N-(2-({2R,65)-2.6-
dimethylmorpholino)-S-flucropyrimidin-4-yDpyridazin-3-amine (2% g, 55%) as a yellow solid.
LOCMS: 339.11 [M+HT; 'H NMR (400 MHz, DMSO-de): 8 10.69 (s, 1H), 9.05 (s, 1H), 8.47 (4, J
=20Hz 1H), 817 (d, J=32Hz 1H), 420, J=125Hz 2H), 3.52 (d, /= 7.3 Hz, 2H), 2.51
(s, 2H), 1.10 (d, /= 6.1 Hz, 6H).

Synthesis of S-chlore-N-(2-{{28.65)-2.6-dimethylinorpholine)-5-flucropvrimidin-4-yDpyridazin-
3-

armine
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To a solution of 2-({25,65)-2,6-dimethylmorpholino)-5-fluoropyrimidiv-4-amine (92 mg,

0.41 mmol, 1.0 eq), 3,5-dichloropyridazine (91 mg, 0.61 munol, 1.5 eq) , Xantphos (12 g, 0.02
mmol , 0.05 eq) and CsoC0; 398 mg, 1.22 mmol, 3.0 eq) in Tol (3 mi.) was added Pd(dppt)Clz

(15 mg, 0.02 mmol, 8.05 eq} at RT ander Nz. Then the reaction mixture was stirred at 30°C for 16

-R2-
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h under Na. The reaction was concenirated under reduced pressure. The residue was partitioned
between ethylacetate {30 mL) and water (50 mbL}. The separated organic layer was washed with
water, dried over (Na2S04 or MgS04) and evaporated to dryness. The residue was purified by
Prep-TLC with PEEA=2/1 o give S-chloro-N-(2-((25,65)-2,6-dimethylmorpholino}-5-
fluoropyrimidin-4-vhpyridazin-3-amine (75 mg, 54%) as a yellow solid. LCMS: 33910 [M+1]";
TH NMR (400 MHz, DMSO-de) 8 10.68 (s, 1H), 9.06 (d, /= 2.1 Hz, 1H), 8.44 (d, /= 2.2 Hz, 1H),
8.17¢d, J=3.3 Hz, 1H), 4.01 - 3.91 (m, 2H), 3.67 (dd, / = 13.0, 3.3 Hz, 2H), 3.33 (m, 1H), 3.29
{m, 1H), 1.10 (4, J = 6.4 Hz, 6H).

Svnthesis of 5-chloro-N-(2-((2ZR.6R)-2.6-dimethvlimorpholing)-S-fluoropviimidin-4-

vhovridazin-3-amine

N
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To a solution of 2-{((2R,6R}-2,6-dimethylmorpholino)-5-fluoropyrimidin-4-amine (70 mg,
0.31 mmol, 1.0 eq) in in toluene (4 mL) was added 3,5-dichloropyridazine (46 mg, 0.31 romol, 1.0
eq), Cs2C05 (202 mg, 0.62 munol, 2.0 eq), Xantphos (18 mg, 0.031 mmol, 0.1 eq) and Pd(dppiCly
(23 mg, 0.031 mmwol, 0.1 eq). The reaction mixture was stirred at 80°C for 16 h under Na. 50 mL
H>0O was poured into the mixture and extracted with EtOAc (20 1wl x 3), dried over anhydrous
NapSQy, filtered and concentrated under reduced pressure. The residue was puarified by coluron
chromatography on silica gel ehited with (PE/EA=2/1) to afford 5-chloro-N-(2-((2R,68)-2.6-
dimethylmorpholine)-S-fluoropyrinidin-4-yDpyridazin-3-amive (30 mg). LC-MS: 339.05 [M+1{}

Svuthesis of S-chloro-N-(5-fluoro-2-{pvrrolidin- L -vDipyvnimidin-4-vDpvridarin-3-amine

rf”N“.N

F\T,//;\N Ci//"\\//J\Ci "”/NE\ FI,;\
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HoN

PNP —
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To a solution of S-fluoro-2-(pyrrolidin-1-yhpyrimidin-d-amine (230 mg, 1.26 mmol, 1.0

eq) in toluene (5 mL) was added 3,5-dichloropyridazine (188 mg, 1.26 mmol, 1.0 eq}, Cs2COs

-R3-
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(819 mg, 2.52 mmol, 2.0 eq), Xaniphos (73 mg, 0.126 mmol, 0.1 eq} and Pd{dppDCh (82 mg,
0.126 mmol, 0.1 eq). The reaction mixture was stirred at 80°C for 16 h under No. 56 mL H20 was
poured into the mixture and extracted with EtOAc (20 mL x 3), dried over anhydrous NaxSGq,
filtered and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with (PE/EA=2/1) to afford S-chloro-N-(5-fluoro-2-

{pyrrolidin-1-yhpyrimidin-4-yDpyridazin-3-amine (50 mg, crude). LC-MS: 295.00 [M+1}"

Svnthesis of N-(2-{2-oxa-5-azabicvclo[4.1.01lheptan-5-v1)-5-flucropvrimidin-4-vi)-5-

chloropyridazin-3-amine

To a solution of 2-(2-oxa-3-azabicyclof4. L.Ojheptan-3-yh-3-tlueoropyrimidin-4-amive (12
mg, 0.06 mmol, 1.0 eq), 3,5-dichloropyridazine (13 mg, 0.09 mmol, 1.5 eq) , Xantphos(2 mg ,
(0.003 mmol , 0.05 eq) and CeC0: (59 mg, .18 mmol, 3.0 ¢q) in Tol 3 mL) was added
PAd(dppHiClh (2 mg, 8.003 mmol, 8.05 eg) at RT . Then, the reaction mixture was stirred at 80°C
for 16 h under Na. The reaction was concentrated under reduced pressure. The residue was
partitioned between ethylacetate (50 rul.) and water. The separated organic layer was washed with
water, dried over (NaxSGy or MgS04) and evaporated to dryness. The residue was purified by
Prep-TLC  with  PE/EA=I/1 5 give N-(2-(2-oxa-5-azabicyclo{4.1.0}heptan-5-y1)-5-
fluoropyrimidin-4-y1)-5-chioropyridazin-3-amine (10 mg, 54%) as a white solid. LCMS: 323.07
EMAT1T: TH NMR (400 MHz, CDCl) 8 9.12 (s, 1H), 8.85 (s, LH), 8.10 (s, 2H), 3.88 (m, 3H), 3.46
{m, J=25.7Hz, 2H), 2.88 (s, 1H), 1.08 {d, / = 6.2 Hz, 1H), 0.66 (s, 1H).

Svnthesis of 5-chlorg-N-(2-((2R.65)-2.6-dimethvimorpholino)-S-thioropyvrimidin-4-v1)-6-

methvlpvridazin-3-amine

e
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The reaction mixture of 2-((2R,65)-2,6-dimethyimorpholino)-3-flucropyrimidin-4-amine
{100 mg, (.44 mmol, 1.0 eq), 4,6-dichloro-3-methylpyridazine (71 mg, (.44 mmol, 1.0 eqg),
Xantphos (35 mg, 0.044 mmol, 0.1 eq), Pdx(dba); (56 mg, 0.044mmol, 0.1 eq) and CS5:C0:(380
mg, .88 mmol, 2.0 eq) in toluene (5 mL) was stirred at 110°C for 16 hrs under N». The mixture
was concentrated under reduced pressure. The residue was purified by colamn chromatography on
sitica  gel eluted with (PEEA=T/T to 4/1) to give S-chloro-N-(2-((2R,68)-2,6-
dimethylmorpholino}-3-flucropyrimidin-4-yi)-6-methylpyridazin-3-amine (70 mg, 45%) as a
white solid. 'H NMR (400 MHz, CDCl): 8§ 8.70 (s, 1H), 8.04 (s, 1H), 7.92 (s, 1H), 435 (d. I =
12.9 Hz, 2H), 3.67 (s, 2H), 2.74 (s, 3H), 2.65 (1, I = 11.3 Hz, ZH), 1.28 (d, } = 6.1 Hz, 6H).

Svnthesis of N-(2-((2R.685)-2.6-dimethvimorphohino)pyrimidin-4-v-5-(2-fluoro-4-

methoxyphenyhpvridazin-3-amine - Compound 3
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To a solution of  5-chloro-N-(2-((2R,65)-2,6-dimethylmorpholino)pyrimidin-4-
yihpyridazin-3-amine (100 mg, 0.31 mmol, 1.0 eq), (2-flucre-4-methoxyphenyhboronic acid (80
mg, 0.47 mmol, 1.5 eq) and KoCO5 (86 mg, 0.62 mmol, 2.0 eq) in Dioxane/HoO (§ mL/0.5 mbL)
was added Pd(PPhz)s (36 mg, 0.031 mmel, 0.1 eg) at RT under No. Then the reaction mixture was
stirred at 110°C for 16 h under Nz. The reaction was concentrated under reduced pressure. The
residue was partitioned between ethyl acetate (50 mL) and water {100 mL). The separated organic
iayer was washed with water, dried over anhydrous Na2504 and evaporated to dryness. The
residue was purified by columnn chromatography (PEIEA=5:1 to 1:1) to give N-(2-({2R,65)-2,6-
dimethylmorpholino)pyrimidin-4-y1}-5-(2-fluoro-4-methoxyphenylipyridazin-3-amine {70 mg,
74.7%) as a brown solid. LCMS: 411.05 [M+171%; 'H NMR (400 MHz, CER0D) §9.03 (4, J =23
Hz, 1H), 8.68 (s, 1H), 8.04(d, /= 5.6 Hz, 1H), 7.83 (¢, /=89 Hz, 1H), 691 {d, /= 8.6 Hz, {H},
6.81 {dd, /= 13.0, 23 Hz, IH), 6,17 (d, J = 5.7 Hz, 1H), 440 (d, /= 13.1 Hz, ZH), 3.85 (5, 3H),
3.65 -3.57 (m, 2H), 2.59 - 2.49 (m, 2H), 1.17 (4, /= 6.2 Hz, 6H).

-R5-



WO 2025/072722 PCT/US2024/048928

Svnthesis of 5-(4-{diflugromethoxyvhenv-N-(Z2-{{2R,65)-2.6-dimethvimorpholino pyrimidin-

2}

4-vypvridazin-3-amine - Compound 28
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To a solution of 5-chloro-N-(2-((2ZR,65)-2.6-dimethylmorpholino)pyrimidin-4-
yhpyridazin-3-amine (75 mg, 0.23 mmol, 1.0 eq) in dioxane/HO (2 mL/A0.2 ral) was added (4-
(difluororoethoxy phenyDboronic acid (30 mg, 0.46 mmol, 2.0 eq), KaPO4 (149 mg, 0.7 mmol, 3.0
eq) and Pd{dppHCl (17 mg, 0.023 muwol, 0.1 eq), The reaction mixture was stirred at 110°C for
16 hrs under Na. The reaction maxtare was concentrated under reduced pressure. The residue was
puritied by prep-TLC (PE/EA = 0/1) to afford 5-(4-{difluoromethoxy pheny)-N-(2-((2R,65)-2,6-
dirnethylmorpholino)pyrimidin-4-yDpyridazin-3-avgine as a white solid (68 mg, 68%). LCMA:
[M+1]: 429.10; TH NMR (400 MHz, CD:0D) § 9.12 (s, 1H), 8.72 s, 1H), 8.10 (d, J = 5.5 Hz,
1H), 8.02(d, /=86 Hz, 2H), 731 (d, J =84 Hz, 2H), 6.94 (1, /=73.6 Hz, 1H), 6.21 {d, /= 35.6
Hz, 1H), 4454, J = 12.5 Hz, 2H), 3.65 (m, 2H), 2.67 - 2.57 (m, 2H), 119 {d, /= 6.2 Hz, 6H).

Syuothesis of 5-(4-(diflucromethoxviphenvD-N-2-((2R.65)-2. 6-dimethvinorpholing)-3-

fluoropyrimidin-4-vhpvridazin-3-amine - Compound 80
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To a solution of S-chloro-N-(2-({2R,65)-2,6-dimethylmorpholine)-5-flucropyrimidin-4-
yhpyridazin-3-amine (9 g, 26.57 mumol, 1.0 eq), (4-(diflucromethoxyphenyhboronic acid (9 g,
33.13 mmol, 2.0 eq) and KP4 (16.9 g, 79.7 mmol, 3.0 eq) in Dioxane/H20 (10:1, 90 mL/10 mL)
was added Pd(dppDCl: (1.94 g, 2.66 mumol, 0.05 eg) at RT under No. Then the reaction mixture
was stitred at 110°C for 16h. The reaction was concentrated under reduced pressure. The residue
was partitioned between ethyl acetate (90 mL) and water. The separated organic layer was washed

with water, dried over Na:S04 and evaporated to dryness. The residue was purified by silica gel
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chromatography eluted with PE: EtOAc=2:1 to give 5-(4-(difl umomethmy)pheny J-N-(2-
{{2R,65)-2,6-dimethylmorpholino}-3-finoropyrimidin-4-ylipyridazin-3-amine (5.2 g, 44%) as a
yellow solid. LCMS: 447.35 [M+H]"; 'H NMR (400 MHz, DMSO-de): § 10.42 (s, 1H), 9.31 (s,
1H), 8.61 (s, 1H), 8.16 (d, /= 3.0 Hz, 1H)}, 795 (d, / = 8.6 Hz, 2H), 7.55 - 7.12 {m, 3H), 4.20 (4,
J=125Hz, 2H), 349 (, 2H), 242 (d, / = 12.6 Hz, 2H)}, 0.96 {(d, / = 5.0 Hz, 6H).

Svathesis of 5-(4-(diflucromethoxviphenvD-N-(2-((25.65)-2.6-dimethvimorpholing )-5-

fluorepvrimidin-4-vhovridazin-3-amine - Compound 91
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To a solution of S-chloro-N-(2-({25,65)-2, 6-dimethylmorpholine)-S-fluoropyrimidin-4-

yhpyridazin-3-amine (75 mg, 8.22 mmol, 1.0 eg), (4-(difluoromethoxy)phenyhboronic acid (76
mg, (.44 mmol, 2.0 eq} and K5PO4 {141 mg, 0.66 mmol, 3.0 eg) in Dioxane/H,(0 (2 mL/0.2 mL)
was added Pd{dppD)Cl (16 myg. 0.02 munol. 0.1 eq) at RT under No. Then the reaction mixture was
stirred at 110 °C for 16 h under No. The reaction was concentrated under reduced pressure. The
residue was partitioned between ethy! acetate (50 mL) and water {50 mL). The separated organic
layer was washed with water, dried over (NaZ804 or MgS04) and evaporated to dryness. The
residue was purified by Prep-TLC with PE/EA=1/1 to give 5-(4-(difluoromethoxy jphenyl}-N-(2-
((25,68)-2,6-dimethylmorpholino)-5-fluoropyrimidin-4-ylpyridazin-3-amine (63 mg, 64%) as a
yellow solid. LCMS: 447.35 [M+11"; TH NMR (400 MHz, CD:0D) § 9.17 (s, 1H), 8.83 (s, 1H),
8.03 (s, 1H}, 7.86 (d, /=86 Hz, 2H), 733 (d, /= 8.3 Hz, ZH), 6.93 (¢, / = 733 Hz, 1H), 4.02 (s,
2H, 3.75¢d, F=13.0Hz, 2H), 340 (dd. /= 12.8, 6.3 Hz, ZH}, 1.11 (d, /= 6.3 Hz, 6H).

Synthesis of 3-(4-{difluoromethoxyiphenyD-N-{2-((ZR,6R)-2 . &6-dimethvimorpholing)-5-

fluoropyrimidin-4-yvhpyridazin-3-amine - Compound 90
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To a solution of 5-chloro-N-(2-((2R,6R)-2, 6-dimethyimorpholino)-S-flucropyrimidin-4-
ylipyridazin-3-amine (30 mg, 0.15 mmol, 1.0 eq) in in toluene/HhO (3 mL/Iml) was added (4-
(difluoromethoxy)phenylboronic acid (43 mg, (.23 mmol, 1.5 eq), KaPO4 (64 mg, 0.30 mmel, 2.0
eq) and Pd{dppD)Ch (11 mg, 8.015 mmol, 0.1 eq). The reaction mixture was stirred at 110°C for
{6hrs under Na. 50 mL HoO was poured into the mixture and extracted with EtOAc (15 mL x 3),
dried over anhydrous Na:SOq, filtered and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel eluted with (PE/EA=1/1} to afford the compound
5-{4-(difluoromethoxy)pheny-N-(2-{(2R,6R}-2 6-dimethylmorpholino)-3-fluoropyrimidin-4-
ylypyridazin-3-amine as a yellow oil (21 mg). LC-MS: 447.20iM+11" 'H NMR (400 MHz,
CD:0D)89.16(d, /= 2.0Hz, 1H), 8.81 (d, /= 2.0 Hz, 1H), 8.02(d. /=33 Hz, 1H), 7.89 - 7.81
(m, 28, 7.33 (d, /= 8.6 Hz, 2H), 6.97 (t. /= 73.5 Hz, 1H), 4.08 - 3.98 (m, 2H), 3.75 (dd, / = 12.9,
33 Hz 2H), 340(dd, /=129, 6.5 Hz, 2H), 1.13 (d, J = 6.4 Hz, 6H).

Synthesis of 5-(4-{difluoromethoxy yphenyl}-N-{5-fluoro-2-(pyrrolidin- L -vDpyrimidin-4-

Dpvridazin-3-amine - Compound 184
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To a solution of S-chloro-N-(5-fluoro-2-{pyrrolidin-1-yDpyrimidin-4-yDpyridazin-3-
amine {50 mg, 0.17 mmol, 1.0 eg) in in wluene/HO (3 mb/lml) was added (4-
{difluoromethoxy}phenyiiboronic acid (48 mg, (.26 mmol, 1.5 eq), KaPG4 (72 mg, 0.0.34 mmol,
2.0 eq) and Pd{dppDHHCl (13 mg, 0.017 mmol, 0.1 eg). The reaction mixture was stirred at 110°C
for 16hrs under No. 50 mL H>O was poured into the mixture and extracted with EtOAc (15 mb x
33, dried over anhydrous NapSQs, filtered and concentrated under reduced pressure. The residue
was purified by prep-HPLC to afford the compound S-(4-(difluoromethoxy)phenyl)-N-(5-fluoro-
2-(pyrrolidin-{-yDpyrimidin-4-yDpyridazin-3-amine as a yellow solid (& mg) LC-MS:
403.10[M+11; 'H NMR (400 MHz, CD;0DY 8 9.12 (dd, J = 17.1, 2.0 Hz, 2H), 8.13 (s, IH), 7.96
(d,J =38 Hz, IH), 784 (d, ] =88 Hz, 2H), 7.32(d, J = 8.7 Hz, 2H}, 699 (1, ] = 73.5 Hz, 1H),
3.50 (s, 4H), 2.00(dd, } = 7.8, 5.6 Hz, 4H}.
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Svnthesis of N-(2-(2-oxa-5-azabicyciol4.1.0lheptan-5-vD-S-fluoropvrimidin-4-vh-5-(4-

{difluoromethoxvivhenvlipvridazin-3-amine - Compound 103
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To a solution of N-(2-(2-oxa-5-azabicyclo[4.1.0}heptan-5-y1)-S-flusropyrimidin-4-yi)-5-

chipropyridazin-3-amine (10 mg, (.03 mmol, 1.0 eq), (4d-(diflucromethoxyjphenybboronic acid
(10 mg, 0.06 mmol, 2.0 eq) and KaPO4 (19 mg, .09 mmeol, 3.0 eq) in Dioxane/H0(1 mL /0.1
stirred at 110°C for 16h under No. The reaction was concentrated under reduced pressure. The
residue was partitioned between ethyl acetate (50 mL) and water. The separated organic layer was
dried over (NazSQOy or MgS04) and evaporated to dryness. The residue was purified by Prep-TLC
with PE/EA=1/1 to give N-{2-(2-oxa-5-azabicyclof4.{.Glheptan-5-yi)-5-fluoropyrimidin-4-yi)-5-
(4-(diflucromethoxy jphenylpyridazin-3-amine (63 mg, 64%) as a yellow solid. LCMS: 431.30
[M+1]% TH NMR (400 MHz, CDCl3) 8 9.09 (s, 2H), 8.12 (s, 2H), 7.62 (d, J = 7.4 Hz, 2H), 7.26
(s, 1H), 630 (t, /=728 Hz, 1H), 3.81 (d, = 13.6 Hz, 3H), 3.51 {d, /= 27.5 Hz, 2H}, 2.92 (5, 1H),
0.87 (5, 1H), 0.62 (5, 1H).

Synthesis of 3-(4-(difluoromethoxyiphenyl-N-(2-((2R . 65)-2.6-dimethvimorpholing)-3-

fluoropynmudin-4-vD-6-methvipyrdazin-3-amine - Compound S8
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To a solution of 3-chloro-N-(2-((2R,65)-2.6-dimethylmorpholino-S-flucropyrimidin-4-
yi}-6-methylpyridazin-3-amine (70 mg, 0.20 mmol, 1.0 ¢q} in wluene (4 ml) was added (4-
(difluoromethoxy)phenylboronic acid (38 mg, 0.20 mmol, 1.0 eq), K3PQ4 (85 mg, §.40 mmol, 2.0
eq)y and Pd{dppfiCh (15 mg, 0.020 mmol, 0.1 eq). The reaction mixture was stirred at 110°C for
16hrs under No. The mixture was extracted with EtOAc (20 ml x 3), dried over anhydrous NaxSQs,

fillered and concentrated onder reduced pressure. The residue was purified by colurn
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chromatography on silica gel eluted with (PE/EA=2/1) to afford the compound 5-(4-
{diftuoromethoxyiphenyl}-N-(2-((2R,65}-2,6-dimethylmorpholino)-5-tluoropyrimidin-4-y1 -6~
methylpyridazin-3-amine (25 mg, 27%) as a white solid. LC-MS: 461.15 [M+11" 'TH NMR (400
MHz, CD:0D) 8856 (s, 1H), 8.03(d, J=33Hz, 1H), 757, J =86 Hz, 2H), 7.33(d, ] = 8.6
Hz, 2H), 695 (t, 1 =73.6 Hz, 1H}, 4.21 (4, ] = 12.9 Hz, ZH), 3.60 - 3.47 (m, 2H), 2.60 (s, 3H),
2.44(dd, } =128, 10.8 Hz, 2H), 1.02 (d, I = 6.2 Hz, 6H).

Svnthesis of 5-(4-(diflucromethoxyiphenvlipvridazin-3-amine
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To a solution of S-chloropyridazin-3-arnine (300 mg, 3.86 wmol, L0 eq), (4-
(difluororoethoxy)phenyDboronic acid (1.45 g, 7.7 mmol, 2.0 eq) and K3POs (246 g, 11.58 mmol,
3.0 eq) in Dioxang/H0 (20 mi/ 2 ml) was added Pd(dpph)Cl (283 mg, .39 mmol, 0.1 eq) at RT
gnder No. Then the reaction mixture was stirred at 110 °C for 16 h under No. The reaction was
concentrated under reduced pressure. The residue was partitioned between ethyl acetate (100 mL)
and water (100 rul.). The separated organic layer was washed with water, dried over (Nax804 or
MgS04) and evaporated to dryness. The residue was purified by silica gel chromatography eluted
with DCM/MeOH=80:1 to give 5-(4-(difluoromethoxy phenybhpyridazin-3-amine (780 mg, 85%)
as vellow sold. LCMS:237.07 {M+11" 'H NMR (400 MHz, DMSO) 8 8.76 (s, 1H), 7.78 (d, J =
8.6 Hz, 2H}, 7.53 ~ 7.10 (m, 3H), 6.92 (s, 1H), 6.40 (s, 2H).

Svnthesis of 3-(4-{diflugromethoxv)phenvli-2-methoxvypvridin-3-amine

Br NH;

PdidpphHCla (220 mg, 03 mmol, 0.1 eqy was added into a soluion of (4-

{(diflnoromethoxy)pbenylboronic acid (5364 wog, 3.0 mmol, 1.0 eq), 5-broro-2-vaethoxypyridin-
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3-amine (609 mg, 3.0 mmol, 1.0 eg) and KaP0O4(1.27g, 6.0 mmol, 2.0 eq) in dioxane/HoO (8 mL/2
mL} under MNo. Then the reaction mixture was stirred at 110 °C for 16 hrs under N2 The mixture
was concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel eluted with (PE/EA=6/1 to 4/1) to give 5-(4-(difluoromethoxy)phenyl}-2-
methoxypyridin-3-amine (800 mg, white solid). "H NMR (400 MHz, CDCL) §7.74 (4, /= 2.1 Hz,
1H), 7.52 745 (m, 2H), 717 (4, J = 8.6 Hz, 2H), 7.05(d, J=2.1 Hz, 11}, 653 (t, f =739 Hz,
1H), 4.02 (s, 3H), 3.87 (s, 2H).

Synthesis of N-(2-bromopvridin-4-vh-5-(4-(difluoromethox v phenvhpyridazin-3-amine

SN
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To a solution of 3-(4-(difluoromethoxyjphenyhpyridazin-3-amine (100 mg, 0.42 mmol,
1.0 eq} in toluene (4 mbL}) was added 2-bromo-4-iodopyridine (180 mg, 0.063 mmol, 1.5 eq},
CsoC0: (273 mg, .82 mmol, 2.0 eq), Xantphos (24 mg, 0.042 mmol, 0.1 eq) and Pda(dba): (39
mg, 0.042 nunol, 0.1 eq). The reaction mixture was stirred at 100°C for 16hrs under N2, 50 mL
H>O was poured into the mixture was extracted with EtOAc (20 mL x 3), dried over anhydrous
Nap50,, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with (DCM/MeQH = 30/1) to afford the N-(2-bromopyridin-
4-y1)-5-(4-{(diftuoromethoxy)phenyljpyridazin-3-amine (80 mg, yellow solid). LC-MS: 393.00
M+

Svnthesis of N-{2-chloro-5-flugropyridin-4-vh-3-(4d-{diflucromethox vivhenvhpvridazin-3-amine

N
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To a solution of compound 5-{(4-{difluoromethoxy)phenylipyridazin-3-amine (100 mg,

F

042 mmol, 1.0 eq), 4-bromo-2-chioro-5-fluoropyridine (134 wg., 0.64 mmol, 1.5 eq) ,

XKantphos{Z5 mg , .04 mmol , 0.1 eq) and Cs2CO3 {414 mg, 1.27 mmol, 3.0 eq) in Dioxane (2
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mi.) was added Pdz(dbaj: (39 mg, (.04 mumol, 0.1 eq) at RT under N> Then the reaction mixture
was stirred at 80°C for 16 h. The reaction was concentrated under reduced pressure. The residue
was partitioned between ethylacetate (500 mL) and water. The separated organic layer was washed
with water, dried over (Na2504 or MgS804) and evaporated to dryness. The residue was purified
by Prep-TLC with DCM/MeOH=20/1 to give N-(2-chloro-5-fluoropyridin-4-yi)-5-(4-
{difluoromethoxy)phenyljpyridazin-3-amine (135 mg, 87%) as yellow solid. LCMS: 366.05
[M+1]" TH NMR (400 MHz, DMSO) § 9.84 (s, 1H), 930 (s, 1H), 8.78 (d, F = 6.1 Hz, 1H), 8.33
(d, /= 19Hz, 1H), 7.94 - 781 (m, 3H), 7.56 - 7.15 (m, 3H).

Svnthesis of N-{6-chioro-3-fluoropyridin-2-vh)-3-(4-{difluoromethoxviphenvhpvridazin-3-amine
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To a sohution of 5-(4-(diffworomethoxy)phenylpyridazin-3-amise (100 mg, 0.42 mmol,
1.0 eq) in toluene (4 ml) was added 2,6-dichlore-3-fluoropyridine (105 mg, 0.42 mmol, 1.0 eq),
CaoC(: (273 mg, 0.82 mmol, 2.0 eq), Xantphos(24 mg, 0.042 mmol, 0.1 eq) and Pdy{dba): (39
mg, 0.042 mmol, 0.1 eq). The reaction mixture was stirred at 100°C for 16 b vnder No. 50 mbL
HoO was poured into the mixture and extracted with EtOAc (20 mL x 3), dried over anhydrous
NaxS0s, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with (DCM/MeOH = 30/1) to afford the N-(6-chloroe-3-
fluoropyridin-2-yi)-5-(4-(diflucromethoxy)phenylipyridazin-3-amine (100 mg, white solid). LC-
MS: 367.00 [M+117; 'H NMR (400 MHz, DMSO-d6) § 10.28 (s, 1H), 9.26 (s, 1H), 8.24 (s, 1H),
792 {d, } =84 Hz, 2H}, 7.56 - 7.10 {m, 4H).

Svnthesis of 2-chloro-N-(5-{4-{difluoromethoxy)phenvli-2-methoxvpyridin-3-vhpyrimidin-4-

amine
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The mixture of 3-(d-(difluoromethoxy)phenyl)-2-methoxypyridin-3-amine (300 mg, 1.12
mmol, 1.0 eq), 2,4-dichloropyrimidine (184 mg, 1.24 mmol, 1.1 eq) and DIEA (434 mg, 3.36
mmol, 3.0 eq) in DMSO (5§ mL) was stirred at 80 °C for 16 hrs. The mixture was poured into 60
mE Ho(}, extracted with EtOAc (20 mbL x 3), dried over anhydrous NaxSQOy, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography on
sitica gel eluted with (PE/EA=3/1) to afford 2-chloro-N-(5-(4-(difluoromethoxy)phenyl})-2-
methoxypyridin-3-yhpyrimidin-4-amine (130 mg). LC-MS8: 379.00 [M+11".

Svnthesis of 2-chloro-N-(5-(4-(difluoromethoxyviphenyD-2 -methoxypyridin-3-yh-3-

flugropyrimidin-4-amine
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The mixture of 5-(4d-(difluoromethoxyphenyl)-2-methoxypyridin-3-amine (300 mg, 1.12

mmoi, 1.0 eq), 2.4-dichloro-5-fluoropyrimidine (207 mg,1.24 mmol, 1.1 eq) and DIEA (434 mg,
3.36 mmol, 3.0 eq) in DMSO (5 mL) was stirred at 80°C for 16hrs. The mixture was poured into
60 mbL HoO, extracted with BtQAc (20 mL x 3), dried over anhydrous NaxSQy, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel eluted with (PE/EA=3/1) to afford 2-chloro-N-(5-{4-(diflucromethoxy)phenyl}-2-
methoxypyridin-3-vh-S-flucropyrimidin-4-amine (300 mg, crudey. LC-MS: 397.00 [M+1]".

Svnthesis of S-(4-(difluoromethoxyiphenv-N-(2-((ZR,65)-2.6-dimethvimorpholino)pyridin-4 -

vhpyridazin-3-amine - Compound 428
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To a solation of N-(2-bromopyridin-d-yi}-5-(4-(diflucromethoxy)phenyl)-pyridazin-3-

amine (80 mg, 0.20 mmol, 1.0 eq) in toluene (4 mL) was added (2R,65)-2,6-dimethylmorpholine
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(47 mg, .40 mmol, 2.0 eqg), Cs2CO; (130 mg, 8.4 mmol, 2.0 eq), Xantphos {12 mg, 0.020 mmol,
0.1 eq} and Pdo{dbajs (18 mg, 0.020 mmol, 0.1 eq). The reaction mixture was stirred at 100°C for
16hrs under Na. 58 mi HO was poured into the mixture and extracted with EtOAc (20 mL x 3),
dried over anhydrous Na:SOy, filtered and concentrated under reduced pressure. The residue was
purified by prep-HPLC to afford the compound 5-(4-{difluoromethoxy)pheny}-N-(2-({ZR,65)-
2,6-dimethyimorpholino)pyridin-4-yDpyridazin-3-amine (2.1 mg). LC-MS: 42830 {M+1]*; 'H
NMR (400 MHz, CDa0OD)§9.15 (5, 1H), 7.97 (s, 1H), 7.87 (4, § = 7.4 Hz, 3H), 7.45 (s, 1H), 7.35
{d, 1 =88 Hz, 2H), 696 (m, ] = 81.4, 65.7 Hz, 2H), 3.99 (d, J = 124 Hz, ZH), 3.77 (s, 2H), 2.66
(s, 2H), 1.28 (d, I = 6.0 Hz, 6H).

Svnthesis of 5-(4-(diflugromethoxyiphenyD-N-(2-((ZR.68}-2.6-dimethvimorpholing)-5-

fluoropyridin-4-vhpyridazin-3-amine - Compound 469
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To a sohution of N-{2-chloro-5-fluoropyridin-4-y1)-5-(4-

(difluoromethoxy)phenyDpyridazin-3-amine (I35 mg, 037 mmol, 1.0 eq), (QR65)-2,6-
dimethylmorpholine (85 rug, 0.74 myuol, 1.0 eq) in NMP {5 mL) was added DIEA{143 mg, 1.11
mmoi, 3.0 eq), the reaction mixture was stirred at 200 °C for 2 h under microwave. The reaction
mixture was partitioned between ethyl acetate (500 mL) and water. The separated organic layer
was washed with saturated brine, dried over (Na:zSO4 or Mg804) and evaporated to dryness. The
residue was purified by Prep-TLC with DUM/MeOH=40/1 and Prep-HPLC to give 5-(4-
{diftuoromethoxy)phenyl}-N-(2-((2R,65)-2,6-dimethylmorpholino)-S-fluoropyridin-4-
ylpyridazin-3-amine (6 mg, 3.7%) as white solid. LCMS: 44517 [M+11%; "H NMR (400 MHz,
CD:0D) § 9.10 (s, 1H), 829 (d, /= 5.9 Hz, 1H), 7.87 (dd, J = 23.4, 5.9 Hz, 3H), 7.64 (4, 1H),
732¢d, F=8.6Hz 2H), 694 (t, /=735 He, IH), 3.97(d, = 12.0Hz, 2H), 3.70{d, /= 6.4 Hz,
2H}, 249 - 2.37 (m, 2H), 1.23 {d, J = 6.2 Hz, 6H).

-84-



WO 2025/072722 PCT/US2024/048928

Svnthesis of 5-(4-{difluoromethoxyivhenv-N-(6-{{2R,65)-2.6-dimethvimorpholino)-3-

fluoropvridin-Z2-vhpvridazin-3-amine - Compound 223
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To a solution of N-{6-chlore-3-fluoropyridin-2-y1)-5-(4-

{diflaoromethoxy)pbenylpyridazin-3-arvine (100 mg, 0.27 mmol, 1.0 eq) was added (2R,65)-2,6-
dumethyhoorpholine (95 g, 0.82 romol, 3.0 eq), 1o NMP (4 mbL) was added DIEA (109 rog, 0.82
romol, 3.0 eg). The reaction mixture was stirred at 200°C maicrowave for 1. S0 mL H20 was poured
into the mixture and extracted with EtQAc (20 ml. x 3), dried over anhydrons NapSO., filtered and
concentrated under reduced pressure. The residue was purified by prep-HPLC to afford the
compound 5-{4-{difluoromethox y)phenvl)-N-(6-((2R,65)-2,6-dimethylmorpholino)-3-
fluoropyridin-2-vhpyridazin-3-amine (15 mg). LC-MS: 446.20 [M+1]" 'H NMR (400 MHz,
CDROD)Y 6 9.03 G, 1H), 875 (s, 1H), 7.81 (d, F = 8.2 Hz, 2H), 7.34 (dd, J = 21.2, 9.2 Hz, 3H),
694 (¢, J=73.6 Hr, [H), 630 (d, F=88 Hz, 1H), 3.86 (d, I = 12.2 Hz, 2H), 3.64 (s, 2H), 2.38 (4,
J=11.4Hz, 2H), 1.08(d, J =6.1 Hz, 6H).

Svnthesis of N-(3-(4-(diflugromethoxviphenvl-2-methoxvpvridin-3-vD-2-{((2R.65)-2.6-

dimethvimorpholinopyvrimidin-4-amine — Compound 305
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To a solution of Z2-chloro-N-(5-(4-{diflucromethoxy)phenyl}-2-methoxypyridin-3-
yhpyrimidin-4-amine (150 mg, 0.40 mmol, 1.0 eg) in IPA (4 mb) was added (2R,65)-2,6-
dimethylmorpholine (137 mg,1.20 mumnol, 3.0 eq), DIEA(154 mg,1.20 myool, 3.0 eq). Then the
reaction mixture was stirred at 90°C overnight under No. The mixture was concentrated wnder
reduced pressure. The residoe was purified by column chromatography on silica gel eluted with

(PEEA=S/T 10 2/1) 1o give N-(5-(4-(difluoromethoxy)phenyl)-2-methoxypyridin-3-yi)-2-
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((2R,65)-2,6-dimethylmorpholinojpyrimidin-d-amine (50 mg, white solid). LC-MS: 45815
[MA+1]7 TH NMR (400 MHz, CD30D) 8 8.95 (d, J = 2.2 Hz, 1H), 7.94 (dd, 1 = 16.0, 4.0 Hz, 2H),
7.60 (d, I = 8.0 Hz, ZH), 7.22(d, I = 8.6 Hz, 2H), 6.85{, J = 74.0 Hz, 1H), 627 {d, ] = 5.8 Hz,
1H), 436 (d, I = 13.0 He, 2H), 4.06 (5, 3H), 3.56 (4, ] = 6.2 He, 2H), 2.57 - 2.46 {m, 2H), 1.07 (4,
J=6.2 Hz, 6H).

Svathesis of 5-(4-(difluoromethoxviphenvD-3-{(2-((2R,65)-2,6-dimethvimorpholinolpvrimidin-

4-vhaminopvridin-2{1H-one - Compound 264
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To a solution of N-(§-{4-(difluoromethoxy)phenyD-2-methoxypyridin-3-y1-2-((2R,65)-
2,6-dimethyimorpholino)pyrimidin-4-amine (30 mg, 0.109 murool, 1.0 eq) in DMF (1.5 mL) was
added LiBr (85 mg, 1.090 mmol, 10.0 eq), then the reaction mixture was stirred at 120°C overnight
ander No. HoO (7 b)) was added, and extracted with EA (18 1o 1L53), dried with NaxSQOs. The
filtrate was concentrated under reduced pressure. The residue was purified by HPLC to give 5-(4-
(difhuoromethoxy)phenyl}-3-((2-((2R,65)-2,6-dimethylmorpholino)pyrimidin-4-
yhamino)pyridin-2{1H}-one (5 mg, white solid). LC-MS: 44420 [M+1]"; "H NMR (400 MHz,
CDOD) 6892¢(d, J=24Hz, 1H)Y, 785(d, J=5.8Hz, 1H), 754 (d, J = 8.7 Hz, 2H), 7.22 {dd, J
= 16.5,5.5 He, 3H), 6.84 (t, F=70.2 Hz, 2H}, 6.27 {d, 7 = 5.8 He, 2H), 438 {d, /= 11.3 Hz, 2H),
3.58¢(d, =63 Hz, 2H), 2.55(dd, T = 13.0, 10.7 Hz, 2H), 1.11 (d, 7 = 6.2 Hz, 6H); "F NMR (400
MHz, DMSO-ds) & -83.55, §-83.74.

Synthesis of N-(3-(4-(diflucromethoxyiphenyli-Z-methoxypyridin-3-vh-2-((ZR.68)-2.6-

dimethvimorpholino)-5-flucropvrimidin-4-amine — Compound 387
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To a solution of 2-chloro-N-(5-{4-(difluoromethoxy)phenyl)-2-methoxypyridin-3-yi)-5-
fluoropyrimidin-4-amine (300 mg, 0.70 mmol, 1.0 eg) in IPA(4d mL} was added (2R,065)-2,6-
dimethylmorpholine {261 mg, 2.27 mumol, 3.0 eq) and DIEA(293 mg, 2.27 mmol, 3.0 eg). Then
the reaction mixture was stirred at 90°C overnight under No. The mixture was concentrated under
reduced pressure. The residue was purified by columm chromatography on silica gel eluted with
(PE/EA=S5/1 1o 2/1) to give N-(3-(4-(difluoromethoxyjphenyh)-2-methoxypyridin-3-y1)-2-
((2R,65)-2,6-dimethylmorpholino)-3-fluoropyrimidin-4-amine (200 mg, white solid). LC-MS:
476.35 (M+11"; 'H NMR (400 MHz, CDClL3) § 9.01 (s, 1H), 7.98 (d, J = 17.6 Hz, 2H), 7.55 (d, J
= 8.2 Hz, 2H), 740 (s, 1H), 720 (d, /= 83 Hz, 2H), 6.53 (¢, J = 73.6 Hz, 1H), 437 (d, J =130
Hz, 2H), 4.11 (s, 3H), 3.64 (s, 2H), 2.60 (¢, J = 11.7 Hz, 2H), 1.19(d, J = 6.1 Hz, 6H).

Syanthesis of 3-(4-{dittuoromethoxv)phenyl}-3-((2-((2R.68)-2.6-dimethylmorpholine)-5-

fluoropyrimidin-4-yhaminopyridin-2(1 H)-one - Compound 346
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To a solution of N-(5-(4-(diflucromethoxy jphenyD-2-methoxypyridin-3-yD-2-((2R.65)-
2,6-dimethylmorpholino)-5-fluoropyrimidin-4-amine (50 mg, 0.105 mmel, 1.0 eg) in DMF (1.5
mb) was added LiBr (92 mg, 1.050 mmol, 10.0 eq), then the reaction mixture was stirred at 120
C overnight under Mo, H2O (7 mb) was added, extrated with EA (10 m L*3), dried with Na:SOu
The residue was concenirated under reduced pressure. The residue was purified by TLC
{(DCM/MeOH= 20/1} o give S-{4-{diflvoromethoxy)phenyl)-3-((2-((2R,68)-2,6-
dirwethyhoorpholino)-5-fluoropyrimsidin-4-yhaminojpyridin-2(1Hj-one {7 mg, white solid). LC-
MS: 462.10 [M+11 'H NMR (400 MHz, DMSO-de) 8 12.38 (5, 1H), 8.73 (s, 1H), 8.19 - 8.10 {m,
2H), 7.62(d, F =86 He, 2H), 7.44 (s, 1H), 7.19 (dd, J = 41.4, 32.7 Hz, 3H), 4.39 - 4.22 (m, 2H),
3.64 - 3.51 {m, 2H), 2.60 — 2.52 (m, 2H), 1.14 — 1.03 (m, 6H); "F NMR (400 MHz, DMSO-de) &
-82.26, §-82.46, § -169.61.

Synthesis of S-(4-(diffuoromethoxy phenyD-N-(2-((ZR.65)-2.6-dimethylmorpholing)-6-

fluoropyvrimidin-4-vhpyridazin-3-amine - Compound 131
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To a solution of 5-(4-(difluoromethoxy)phenyDpyridazin-3-amine (82 mg, 0.22 mmol, 1.0
eq) in DMFE (1 mb) was added NaH (13 mg, 0.33 mumol, 1.53eq) at 0°C. The mixture was stirred
for 0.5 b at 0°C |, then (2R,65)-4-{4,6-difluoropyrirnidin-2-v1)-2,6-dimethylmorpholive (30 wg,
0.26 myool, 1.2 eq) in DME0.5 ml) was added. The reaction mixfure was stirred at roorn
temperature for 2 h. 30 mL HO was poured into the mixture and extracted with BfOAc (20 mL x
33 The organic phase was combined, washed with brine, dried over anhydrous NapSQOy, filtered
and concentrated under reduced pressure to give a residae. The residue was purified by prep-TLC
(PE/EA = 1/1) to afford 5-(4-(difluoromethoxy phenyD-N-(2-((2R,65)-2,6-dimethylmorpholino}-
S-{lnoropyrimnidin-4-ypyridazin-3-amine (20 mg, vield: 20%) as a white solid. LOMS: [M+1 ]
447.30; 'H NMR (400 MHz, DMSO-ds) 8 10.69 (s, 1H), 9.25 (s, 1H), 8.49 (s, 1H), 792 (d, / =
8.6 Hz, 2H), 7.54 = 7.15 (m, 3H), 6.30 (s, 1H), 4.29(d, /= 12.4 Hz, 2H), 3.53 (5, 2H), 2.55 (5, 2H),
1.05 (s, OH).

Svuthesis of 6-chloro-4-(4-{difhuorormethoxvivhenyl-3-methoxy-pyridazine
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To a solution of 6-chloro-4-iodo-3-methoxypyridarine (200 mg, .74 mumol, 1.0 eq), (4-

(difluoromethoxy)phenyhboronic acid (139 mg, 0.74 mmol, 1.0 eq) and KsPO4 (471 mg, 2.22
numol, 3.0 eg) in Dioxane/H:O (6 mL/G.6 mL) was added PdidppHCl (16 mg, 0.07 mumnol, 0.1 eg)
at room temperature under Nz. Then the reaction mixture was stirred at 80°C for 16 h. The reaction
was concentrated under reduced pressure. The residue was partitioned between ethyl acetate (90
mkb} and water (150 mL). The separated organic layer was washed with water, dried over

anhydrous Na2S04 and evaporated to dryness. The residue was pursified by Prep-TLC with
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PE/EA=5/1 to give 6-chlore-4-(4-(difluoromethoxy)phenyl)-3-methoxy-pyridazine (120 mg, 57%)
as a yellow solid. LCMS:287.03 [M+11% 'H NMR (400 MHz, DMSO) § 7.88 (s, 1H), 7.78 (4, J =
8.3 Hz, 2H), 7.54 - 7.09 {m, 3H), 4.04 (s, 3H}.

Svnthesis of S-(4-(difluoromethoxyiphenv)-N-(2-((2R.653-2.6-dimethvimorpholing)-5-

fluorepvrimidin-4-vh-6-methoxvpyridazin-3-amine - Compound 326
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To a solution of 6-chloro-4-(4-(difluoromethoxyphenyl)-3-methoxypyridazine (120 mg,
(.42 mmol, 1.0 eq), 2-((2R,65)-2,6-dimethylmorpholino) -5-fluoropyrimidin-4-amine (142 mg,
0.63 mmaol, 1.5 eq) , Xantphos(25 mg , 0.04 mmol , .1 eq) and Cs2C0; (409 mg, 1.26 mmol, 3.0
eq) in Dioxane (2 mL) was added Pda{dba)s (39 mg, 0.04 ramol, 0.1 eq) at RT under Nz Then the
reaction mixture was stitred at 80°C for 16 h. The reaction was concentrated under reduced
pressure. The residue was partitioned between ethylacetate (S0 mbL) and water (100 mL). The
separated organic laver was washed with water, dried over anhydrous Na:SO4 and evaporated to
dryness. The residue was purified by Prep-TLC with PE/EA=2/1 o give 5-{4-
(difluoromethoxy)pheny-N-{2-((ZR.65}-2,0-dimethy]l  morpholino)-5-fluoropyrimidin-4-y1)-6-
methoxypyridazin-3-amine (63 mg, 32%) as yellow solid. LC-MS: 477.35 [M+1]"; 'H NMR (400
MHz, DMSO; 8 10.25 (s, 1H), 831 (5, 1H), 8.09 (5, 1H), 7.75(d, /= 8.6 Hz, 2H}, 7.50 - 7.1 1 (m,
3H), 4.09 (s, 2H), 4.02 (s, 35, 3,41 (s, 2H), 2.34 (t, = 11.5 Hz, 2H), 0.38 (s, 6H).
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Svnthesis of 5-(4-{difluoromethoxyivhenv]-N3-(2-{(ZR,65)-2 . 6-dimethvimorpholing)-5-

fluoropvrimidin-4-vhpyridazine-3,6-diamine - Compound 598
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Step a: To a solution of 4-bromo-6-chloropyridazin-3-amine (1.2 g, 53.77 mmol, 1.0 eq) in
THF (10 mL) was added Boc:0 (2.5 g, 11.54 mmol, 2.0 eq), TEA (1.75 g, 17.31 mmol, 3.0 eq).
The reaction mixiure was stirred at 60°C for 3hrs. 100 mL HoO was poured into the mixture and
extracted with EtQAc (30 mL x 3), dried over anhydrous Na:SOqy, filtered and concentrated under
reduced pressure. The residue was purified by columm chromatography on silica gel eluted with
(PE/EA = 10/1 to 5/1) 10 afford the bis-N-Boc product (1.2 g, white solid ). LC-MS8: 408 02{M+11";
"H NMR (400 MHz, CDCl3) 8 7.86 (s, 1H), 1.41 (s, 18H).

Step br To a solution of bis-N-Boc compound (408 mg, 1.0 mmol, 1.0 eq) in toluene/H:0
(5 mL/1 wml) was added (4-(difluoromethoxy)phenyDboronic acid (188 mg, 1.0 mmol, 1.0 eq),
KsPOs (636 mg, 3.0 nunol, 3.0 eq) and Pd{dppH)Clz (73 mg, 0.1 mmol, 0.1 eq), The reaction
mixture was stirred at 110°C for 16hrs under No. Then 1t was concentrated under reduced pressure.
The residue was purified by prep-TLC (PE/EA = 3/1) to afford the bis-N-Boc protected 6-chloro-
4-(4-(difluoromethoxy)phenyhpyndazio-3-amine (235 mg, crude). LCMS: [M+11: 472,15

Step ¢ To a solution  of  bis-N-Boc  protected 6-chioro-4-(4-
(difluororoethoxy )phenyDpyridazio-3-anune (130 mg, 0.32 ounol, 1.0 eq) in toluene (§ ml) was
added 2-((2R,65)-2,6-dimethylmorpholive)-S-fluoropyrnimidin-d-amive (72 mg, 0.32 mol, 1.0
eq), Cs2C0s (208 mg, .64 mumol, 2.0 eq), Xaniphos(19 mg,0.032 mmol,0.1 eq) and PddppHCl
(24 mg, 0.032 mmol, ¢.1 eq), The reaction mixture was stivred at {00°C for 16hrs under No. Then
it was concentrated under reduced pressure. The residue was purified by prep-TLC (PE/EA = 3/1)

to afford the coupling product (90 mg). LCMS: {M+1}: 662.2; 'TH NMR (400 MHz, CDCl) §8.77
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(s, 1H), 8.17 (s, 1H), 8.06 (s, 1H), 7.50(d, J = 7.4 Hez, 2H), 7.26 - 7.23 (m, 2H), 6.55{t, } = 72.0
Hz, 1H), 426 {(d, J = 12.0 Hz, 2H), 3.5%9 (s, ZH), 2.56 (1, } = 12.2 Hz, 2H), 1.32 (s, 18H), 1.12 (4,
J=6.0 Hz, 6H).

Step d: Boc-protected compound (90 mg, (.136 mmol, 1.0 eq) was added into HCVEA
(4M, 5 mL). The reaction mixture was stirred at 40°C for thrs. Then it was concentrated under
reduced pressure. 50 mbL NaHCQOa(ag) was poured into the residue and extracted with EtOCAc¢ (30
mb x 3), dried over anhydrous Nax8QOu, filtered and concentrated under reduced pressure. The
residoe  was purified by prep-TLC (PE/EA = /1) to afford final product 5-(4-
(difluoromethoxy)phenyD-N°-{2-({ 2R 65}-2,6-dimethylmorpholine)-5-flucropyrimidin-4-
yl)pyridazine-3,6-diamine (19 mg). LCMS: [M+11: 462.15; 'TH NMR (400 MHz, C1:0D) § 8.46
(s, 1H), 818 (d, I =4.0 Hz, 1H), 768 (d, J = 8.1 Hz, 2H), 740 (d. J = 8.1 Hz, 2H)}, 699 (¢, } = 73.2
Hz, 1H}, 4.06(d, } = 13.0 Hz, 2H), 3.58 (5, 2H), 2.64 (¢, = 11.8 Hz, 2H), 1.05(d, } = 5.2 Hz, 6H).

Synthesis of 4-(4-{diflucromethoxyphenyl}-N6-(2-((2R.65)-2.6-dimethylmorpholing)-3-

fluoropyrimidin-4-yvD-N3-methvipyndazine-3.6-diamine - Compound 544

Step a: To a solution of 6-chloro-N-methylpyridazin-3-amine (1.0 g, 7.0 mmol, 1.0 eq) in
AcOH/H-O (5 mL/S mL) was added Bry (3.36 g, 21 mmol, 3.0 eq), KBr (2.5 g, 21 21 mumol, 3.0
eq) and KOAc (1.03 g, 10.5 mmol, 1.5 eq). The reaction mixture was stirred at 80°C for 16hrs.
100 mL HoO was poured into the mixture and extracted with EtOAc (35 mL x 3), dried over

anhydrous NaxSQy, filtered and concentrated under reduced pressure. The residue was purified by
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column chromatography on silica gel eluted with (PE/EA = 5/1 t0 2/1) t0 afford 4-bromo-6-chloro-
N-methylpyridazin-3-amine {400 mg, crude). LO-MS: 221.94{M+11" 'H NMR (400 MHz,
DMSO-d6) & 7.99 (s, 1H), 6.98 (s, 1H), 2.90(d, J = 3.9 Hz, 3H).

Step b: To a solution of 4-bromo-6-chloro-N-methylpyridazin-3-amine (400 mg, 1.79
mmol, 1.0 eq) in THF (7 mbL) was added Boco( (782 mg, 3.59 mmol, 2.0 eq), TEA (5342 mg, 5.37
mmol, 3.0 eg) and DMAFP (22 mg, 0.179 mg, 0.1 eg). The reaction mixture was stirred at 60°C for
3hrs. 100 mi. H2O was poured into the mixture and extracted with EtOAc (38 mL x 3}, dried over
anhydrous NazSQy, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel eluted with (PE/EA = 10/1) to afford terr-butyl (4-bromo-6-
chioropyridazin-3-yl)(methvl)carbamate (640 mg, colorless oil). LC-MS: 321 99{M+1]"

Step ¢ To a solution of fert-butyl (4-bromo-6-chloropyridazin-3-yl{methylcarbamate
(320 mg, 1.0 mmol, 1.0 eq in toluene/HoO (& mb/l ml) was added (4-
(diffuoromethoxyphenyDboronic acid (188 mg, 1.0 mmol, 1.0 eq), KoPQ4 (636 mg, 3.0 mmol, 3.0
eq) and Pd{dppD)Cly (73 mg, 0.1 nunol, 0.1 eq), The reaction mixture was stirred at 110°C for
{6hrs under Nz Then it was concentrated under reduced pressure. The residue was purified by
prep-TLC (PE/EA = 3/1) (o afford rert-buty] {6-chloro-4-(4-(difluorornethoxyphenyDpyridazio-
3-yl(methyl)carbamate (70 mg). LCMS: [M+1]: 386.1; 'H NMR (400 MHz, CDCl5) 8§ 7.52 - 7.40
(m, 3H), 7.27 (4, J = 7.1 Hz, 2H), 6.56 (t, J = 73.0 Hz, 1H), 3.48 (s, 3H), 1.08 (s, 3H).

Step &b To a solution of rer-butyl {6-chloro-4-(4-{(diftuoromethoxy)phenyUpyridazin-3-
y}{methyhcarbamate (70 mg, 0.18 mmol, 1.0 eq) in toluene (5 mL) was added 2-((2R,65)-2,6-
dimethylmorpholino)-5-fluoropyrimidin-4-amine (41 mg, 0.18 mmol, 1.0 eq), C200; (117 mg,
(.36 mmol, 2.0 eq), Xantphos(1l mg, 0.018 mmol, (.1 eq) and Pd(dppHCl: (14 mg, 8.018 mmol,
(.1 eq). The reaction mixture was stirred at 100°C for 16 hrs under Na. Then it was concentrated
under rednced pressure. The residhie was purified by prep-TLC (PE/EA = 2/1) to afford the fert-
butyl {(4-{(4-{difluoromethoxyphenyl)-6-{((2-{(2R 65)-2,6-dimethylmorpholine)-5-
fluoropyrimidin-4-yhamino jpyridazin-3-vh{methyhcarbamate (50 mg, vellow oil. LCMS:
[M+1]: 576.2; TH NMR (400 MHz, CDCh) § 8.71 (s, 0H), 8.06 (d, J = 14.0 Hz, 1H), 7.47 (s, 2H),
653 {, F =730 Hz, 1H), 427 (s, 2H), 3.59 (s, 2H), 343 (5, 3K}, 2.56 (¢, J = 11.7 Hz, 2H), 1.10
{d,}=37.3 Hz, 5H).

Step e: tert-butyl {4-(4-(diflnoromethoxy phenyh)-6-((2-((2ZR,6S5)-2,6-

dimethyimorpholino}-5-flucropyrimidin-4-yhamino)pyridazin-3-yvI)(methylcarbamate (30 mg,
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(.087 mmol, 1.0 eq) was added into HCVEA (4M, 5 mL). The reaction mixture was stirred at 40°C
for Thrs. Then it was concentrated under reduced pressure. 50 mL NaHCQOs (ag) was poured into
the residue and extracted with EtOAc (30 mL x 3), dried over anhydrous Na:SOy, filtered and
concentrated under reduced pressure. The residue was purified by prep-TLC (PE/EA = 1/1) 10
afford 4-(4-(diﬂuommeihoxy}phenyE)—1\'("'~(2—((2R,6S}-2,,6—dimethylmorphoiinﬁ}—ﬁ-
fluoropyrimidin-4-y1)-A°-methylpyridazine-3,6-diamine (18.5 mg). LCMS: [M+1]: 476.20; 'H
NMR (400 MHz, CD30D) 8 8.33 (s, 1H), 8.02 (s, 1H), 761 {(d, J =83 Hz, 2H), 736 (d, J = 8.6
Hz, 2H), 696 (t, J =733 Hz, 1H), 420 (d, J = 13.0 Hz, 2H), 3.52 (s, 2H), 3.02 (5, 3H), 242 (1, J
=11.5Hz, 2H), 1.03 {d, = 6.1 Hz, 6H).

Svnthesis of methvl 4-(4-{difluoromethoxy)phenvh-6-({(2-((2R,68)-2.6-dimethvimorpholing)-5-

fluoropyrimidin-4-vhamino jpyridazine-3-carboxvlate - Compound 616

NP i i
A N . A N F. PN
i N -. o A i
| Ct ol o7y A YN
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0 H

Step a: To a solution of 2-({(2R,65}-2,6-dimethylmorpholino)-5-fluoropyrimidin-4-amine
(2 g, 8.85 mmol, 1.0 eg), methyl 4,6-dichioropyridazine-3-carboxylate (2.7 g, 13.27 mmol, 1.5
eq) , Xantphos (512 g, 0.88 mmol , 0.1 eq) and Cs2CO3 (8.6 g 26.55 mmol, 3.0 eq) in Toluene
(20 mL) was added Pdo(dba)z (810 mg, 0.88 munol, 0.1 eq) at RT. Then the reaction mixture was
stirred at 80°C for 16h under No. The reaction was concentrated under reduoced pressure. The
residue was partitioned between ethylacetate (100 ml.) and water. The separated organic layer was
washed with water, dried over NaxSQy and evaporated to dryness. The residue was purified by

stlica gel chromatography eluted with PE: EA=2:1 to give methyl 4-chloro-6-((2-((2R,65)-2,6-
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dimethylmorpholino}-3-fluoropyrimidin-4-yhamino)pyridazine-3-carboxylate (2.05 g, 58%) as a
white solid. 'H NMR (400 MHz, DMSO) 8 11.15 (s, 1H), 8.63 (s, 1H), 8.23 (d, J = 2.8 Hz, 1H),
421 (d, J=12.1 Hz, 2H), 3.93 (s, 3H), 3.53 {d, /= 6.3 Hz, ZH), 2.52 (m, 2H), 1.11 {d. /= 6.1 Hz,
6H).

Step br To a solution of methyl 4-chlore-6-((2-((2R,65)-2,6-dimethylmorpholino}-5-
fluoropyrimidin-4-yhamino)pyridazine-3-carboxylate (2 g, 505 mmol, 1.0 eq). (4-
(difluoromethoxy)phenyllborenic acid (1.3 g, 7.58 mmol, 1.5 eq) and K5PG4 (3.2 g, 15.15 mmol,
3.0 eq) in Dioxane/H2O(40 mL/ 4 mL) was added Pd(dppf)Clz (370 mg, .51 mmol, 0.1 eq) at RT.
Then the reaction mixiure was stirred at 110°C for 16 h under No. The reaction was concentrated
under reduced pressure. The residue was partitioned between ethylacetate (100 mL) and water. The
separated organic layer was washed with water, dried over Na:SO4 and evaporated to dryness.
The residue was purified by silica gel chromatography eluted with DCM/MeOH=200:1 to give
methyl 4-(4-(difluoromethoxy jphenyD-6-((2-((2R,65)-2,6-dimethylmorpholing)-5-
flucropyrimidin-4-yDamino)pynidazine-3-carboxylate (1.4 ¢, 5353%) as a yellow solid. LOMS:
505.35 [M+11"; 'H NMR (400 MHz, DMSO) 8 10.93 (s, 1H), §.55 (s, 1H), 8.21 (d, J = 3.1 He,
1H), 7.54 =715 (o, SH), 4,11 (3, 2H), 3.76 (5, 3H), 3.44 (5, 2H), 2.43 - 2.34 (1, 2H), 0.83 (s, 6H).

Svuthesis of 4-(4-{difluoromethoxyviphenyD-6-((2-((2R.68)-2.6-dimethylmorpholing)-5-

fuoropyrimudin-4-yDaminopyridazine-3-carboxylic acid - Compound 562
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An

L“\L

0

W/

'\vfx

To a solution of methyl 4-(4-(difluoromethoxy)phenyl}-6-((2-((2R,65)-2,6-
dimethylmorpholino}-5-flucropyrimidin-4-yhamino)pyridazine-3-carboxylate (1.3 g, 2.58 mmol,
{.0eq) in THF/HO (5 ml/S wml) was added LiOH- Ho0 (433 myg, 10.32 mmol, 4.0 eg). The
reaction mixture was stirred at 25°C for 16h. The reaction mixture was partitioned between
ethylacetate (100 mL) and 1N ag. HCI (100 mL). The separated organic layer was washed with
water, dried over Na2504 and evaporated o dryness. The residue was added MeOH(10 mL)
stirred at RT for { h. Then the muxtore was filtered, the cake was diltoted with MeOH (10 ml.

x 2}, dried under reduced pressure to afford 4-(4-(difluoromethoxy)phenyl)-6-((2-((2R,65)-2,6-
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dimethylmorpholino)-3-fluoropyrimidin-4-yhamino)pyridazine-3-carboxylic acid (700 mg, 55%)
as a white solid. LUMS:491.30 [M+11"; 'H NMR (400 MHz, DMSO) § 13.74 (s, 1H), 10.82 (s,
1H), 8.51 (s, 1H), 8.20 (4, J = 3.1 Hz, 1H), 7.56-.7.14 (m, J = 8.6 Hz, 3H), 4.12 (s, 2H), 3.44 (5,
2H), 2.42 - 2.35 (¢, 2H), 0.93 (s, 6H).

Svnthesis of 1-(4-(4-{difluoromethoxvipheny)-6-({2-((2R.685)-2.6-dimethvimorpholing)-5-

fluoropyrimidin-4-vhamino)pvridazin-3-vliethan-l-one - Compound 580

Step a To a solution of 4-(d-{difluoromethoxy)phenyh)-6-((2-((2R,65)-2,6-

dimethylmorpholino)-S-flucropyrimidin-4-yhamino)pyridazine-3-carboxylic acid (100 mg, 0.2
munol, 1O eq) and HATU (93 mg, 024 romol, 1.2 eq) in DMF (2 ml) was added N,0-
dimethylhydroxylamine hydrochloride (24 mg, (.24 mumol, 1.2 eq) and DIEA (79 mg, 8.60 romol,
3.0 eq). Then the mixtare stirred at RT for 16 h. The reaction mixture was partitioned between
ethylacetate (50 mL) and water. The separated organic layer was washed with water, dried over
Nax50: and evaporated to dryness. The residue was purified by  Prep-TLC  with
DCM/MeOH=20/1 o give 4-(4-{difluoromethoxyphenyD)-6-((2-((2R,6S5)-2,6-
dimethylmorpholino)-5-fluoropyrimidin-4-vhamino)-N-methoxy-N-methylpyridazine-3-
carboxaruide (80 mg, 74%) as a white solid. "H NMR (400 MHz, DMSO) § 10.70 (s, 1H), 8.56 (s,
THY, 8.19(d, J=3.1 He, IH), 7.55(d, /= 8.6 Hz, 2H), 7.32(d, J =88 He, 3H), 414 (4, /= 11.5
Hz, 2H), 3.53 {5, 3H), 3.48 - 3.41 {m, 2H), 3.20 (s, 3H), 2.41 (1, /= 12.7 Hz, 2H), 0.92 (5, 6H).
Step b: To a solution of 4-(4-(difluoromethoxy)phenyl)-6-((2-({(2R,65)-2,6-
dimethylmorpholino)-3-flugropyrimidin-4-vhamino)-N-methoxy-N-methylpyridazine-3-

carboxamide (80 mg, (.15 mmol, 1.0 eq} in THF {1 mL) was added MeMgBr {(0.18 mL, (.18
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mmol, 1.2 eq) at 0°C under No. The reaction mixture was stirred at RT for 2h. An aqueous
solution of NH4C] (50 mL) was added the reaction mixture. The agueous layer was extracted
with ethylacetate (50 mL} twice. The combined organic layers were dried over Na2S804 and
evaporated to dryness. The residue was purified by Prep-TLC with DUM/MeOH=20/1 to give
{-(d-(4-{diffuoromethoxyphenvi)-6-((2-((2R,65)-2,6-dimethylmorpholino}-5-flucropyrimidin-4-
yhamino)pyridazin-3-ylethan-1-one (40 mg, 55%) as a white solid. LCMS: 489.20 [M+1]"; 'H
NMR (400 MHz, DMSQO) 6 10.92 (s, 1H), 842 (s, 1H), 822 (d, /=32 Hz, 1H), 749 (d, /= 8.8
Hz, 2H), 7.22 (m, J = 41.2, 32.6 Hz, 3H), 4.10 (s, ZH), 3.43 (5, 2H), 2.73 (s, 3H), 2.41 ~ 2.33 (1,
2H), 0.93 (s, 6H).

Svnthesis of 4-(4-(diflugromethoxyiphenyD-6-((2-((2R,68)-2,6-dimethylmorpholing)-3-

fluoropvrimidin-4-vhamino -N-methvlpyridazine-3-carboxamide - Compound 634

. -
OH HN
N
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To a solution of 4-{4-(ditfluoromethoxy)pheny-6-((2-((2R,68)-2,6-dimethylmorpholino)-

S5-fluoropyrirnidin-4-yhamino)pyridazine-3-carboxylic acid (100 mg, 8.2 mmol, 1.0 eg) and
HATU (93 mg, (.24 mmol, 1.2 eq) in DMF (2 mL} was added methylamine hydrochloride (17
mg, 9.24 mmol, 1.2 eq) and DIEA (79 mg, (.60 mmol, 3.0 eq). Then the mixture stirred at RT for
16 h. The reaction mixnire was partitioned between ethylacetate (30 ml.) and water. The separated
organic layer was washed with water, dried over Na;SO4 and evaporated to dryness. The residue
was purified by Prep-TLC with DCM/MeOH=20/1 to give 4-(4-(difluoromethoxy jphenyl)-6-({2-
((ZR,65)-2,6-dimethylmorpholino)-5-finoropyrimidin-4-ylamino)-N-methylpyridazine-3-
carboxamide {70 mg, 68%) as a white solid. LC-MS: 504.40[M+1]*; "H NMR (400 MHz, DMSO}
$10.73 (s, 1H), 8.79(d, /=45 Hz, 1H}, 845 (s, 1H), 819 (d, F =32 Hz, 1H)}, 7.52 (¢, J = 6.6 Hz,
2H), 7.24 (m, J =411, 32.6 Hz, 3H), 4.11 (s, 2H), 3.43 (5, 2H), 2.72 (d, J/ = 4.6 Hz, 3H), 2.42 -
2.35 (¢, 2H), 0.92 (5, 6H).
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Svnthesis of N-(5-bromo-2-fluoropyridin-3-v3-2-chloropyrimidin-4-amine

The mixtore of 5-bromo-2-fluoropyridin-3-amine (300 mg, 2.6 mmol, 1.0 eq), 2.4
dichloropyrivaidine (770 mg, 5.2 mmol, 2.0 eq) in DIEA (0.5 mb) was stirred 119°C for 16 h.
DCM (5 mb) was added and the residue was purified by column chromatography on silica gel
eluted with (DCM/MeOH = 200/1 to 50/1) to give the crude. The crude was purified by prep-TLC
(DCMMeOH =20/1) to afford N-(5-bromo-2-flucropynidin-3-y1)-2-chloropynoidin-4-amine (50
g crude) as a white solid. LC-MS: [M+1]%: 303.05.

Svothesis of N-(S-bromo-2-fluoropyridin-3-vD-2-{(ZR.68)- 2. 6-dinvethyhmorpholinopyrimidin.4-

amune

/[\/\[ ;/\N 5 L\[f)\/\ﬁ

The mixture of N-{5-bromo-2-fluoropyridin-3-yl)-2-chloropyrimidin-4-amine (50 mg,
.17 mmol, 1.0 eq), (2R,65)-2,6-dimethylmorpholine (38 mg, (.33 mmol 2.0 eq) and DIEA{64 mg,
0.50 mmol, 3.0 eq) in IPA (1 mL) was stirred at 80°C for 16 h. The mixture was concentrated
under reduced pressure. The residue was purified by prep-TLC {(DCM/MeOH = 20/1) to afford N-
{5-bromo-2-fluoropyridin-3-y1)-2-({2R,65)-2,6-dimethylmorpholino jpyrimidin-4-amine (27 mg,
crude). LC-MS: [M+1]": 382.15.

Svnthesis of N-{3-{4-(difluocromethoxv)ohenvli-2-flucsropyridin-3-v1)-2-((2R 685)-2.6-

dimpethvimorpholino pyrimidin-4-amine - Compound §182

OH
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To a solution af N-{5-bromo-2-fluoropyridin-3-y-2-((2R,65)-2.6-
dimethylmorpholinopyrimidin-4-amine 27 mg, 0.07mmol, 1.0 &g, (4-

(difluoromethoxy)phenyl}boronic acid (26 mg, .14 mmol 2.0 eq), KsPOu(d5Smg, 0.21mmol, 3.0
eq) in dioxane/HoO(F mL/0.1 mL ) was added Pd(dppt)Cl: (5mg, 0.007 mmol, 0.1 eq) under Na.
The reaction mixture was stirred at 110 °C for 16 hrs under No. Then it was concentrated under
reduced pressure. The residue was purified by prep-TLC (DCM/MeOH=20/1) to afford N-(5-(4-
(difluoromethoxy)phenyl)-2-fluoropyridin-3-yD-2-({(ZR,65)-2,6-dimethylmorpholino)pyrimidin-
4-amine (2.5 mg). LCMS: [M+1]": 446.30; TH NMR (400 MHz, DMSO-de): §=9.40 (s, 1H), 9.06
(d, J=9.3, 11}, 8.09 (s, 1H), 8.04 (4, /=3.6, 1H), 7.75 (d, J=8.6, 2H), 7.50 - 7.10 (m, 3H), 6.37 (d,
J=5.5, 1H), 4.31 (s, 2H), 3.49 (s, 2H), 2.44 (d, J=1 1.1, 2H). 0.98 (s, 6H).

Methods of making and using related compounds are disclosed in PCT/TR2019/050164,
PCT/TR2019/050951, and U.S. 63/173,796; the contents of each of these applications is fully

incorporated by reference herein.

Example 2: Exemplary Biological Activity of Compounds of the Disclosure

Cell Culture and Reagents

Human breast carcinoma cell line, MDA-MB-231 and human endometrial cancer cell line,
HEC-59 were purchased from ATCC (American Type Culture Collection; USA). MDA-MB-
231cells were cultured in Dulbecco’s modified Hagle's medium (Lonza, NJ, USA), and HEC-59
were grown in Iscove's Modified Dulbecco's Medium (Lonza, NI, USA), supplemented with 10%
fetal bovine serumn (FBS, Lonza), 1% non-essential amino acid (NEAA), 2 oM L-glutamine
(Sigroa Aldrich, MO, USA) and 50 U/rol penicillin/streptomycin (P/S). All cell lines were tested
regularly using MycoAlert Mycoplasiua Detection Kit (Lonza). The cumulative length of the cells

between thawing and use in the experiroents was less than 20 passages.

Cell Viability Assay Protocol
4000 cells/well of MDA-MB-221 and HEC-59 cells were seeded in a 96 well plate in 80 yL

media/well. Approximately 18 hours later, 3X drug solutions were prepared by serial dilution (100,
10, 5, 1, 9.5, 0.3, 0.1, 0.05, 0.01 uM), and the drug containing media was added to each well with
a volume of 40 pL. For MDA-MB-231, 3 days after drug treatinent, the SRB or CTG assay was
performed. HEC39, the drug containing media was renewed at day 4. After 7 days total, the SRB

or CTG assay was performed.
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Table 3. Cell viability data in MDA-MB-231 and HEC-59

Compound MDA-MB-231 ICso HEC-39 ICs
8¢ 0.398 0.236
94 0.333 1101
%1 (0.328 0.200
103 >10 >10
184 0.345 0.086
131 0.181 0.142
182 1.089 0.290
223 0.084 0.061
264 0.202 0.121
365 >10 >10
346 1.049 0.784
387 >10 >10
428 0.794 >10
469 0.645 1.298
508 >i0 7.264
526 >10 1.178
544 >10 2722
562 >10 >10
580 >0 >10
598 0.805 9.854
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616 >10 >10

634 >10 >1{}

Example 3: Further Exemplary Biological Activity of Compounds of the Disclosure

Six-to-eight-week-old female athymic Balb/c nude mice were housed with a temperature-
controlled and 12-howr hight/12-hour dark cycle environment. For in vive colon cancer tumor
growth, 5x10° RKQ cells were prepared in 100 pl of DMEM and injected into right flank of female
nude mice. Mouse weight and tumor volumme were measured twice a week. Tumor volumes were
calculated as length x width® x 0.5. Once the tumor volume had reached about 150-175 mm’,
xenografts were randomized into groups (& mice per group). Animals were treated with vehicle,
Compound 80 or oxaliplatin as mentioned in the table. The formulation for vehicle and Compound
80 was 50% PEG400 and 20% Cremophor RH40 final (50% of 40% Cremophor) in Acetate buffer,
PH=4. Oxaliplatin was prepared in glocose solution. The mice were sacrificed after around 3
weeks or if the tumors reached a predefined tomor volurne cut-off of 2500 mm®. Compound 80
showed strong turoor growth inhibition in a dose-dependent manner in the RKO xenograft with a

TG of 85% at the highest dose (FIG. 1),

Gri;up Compound gj:;;’ (ni);ﬁ;} D?;;;;Di Route Regimen Of doses
i Vehicle 8 - 4 PO BID 20 Days
2 80 8 20 4 PO BID 20 Days
3 80 8 30 4 PO BID 20 Days
4 80 3 50 4 PO Qb 20 Days
5 Oxaliplatin & 5 4 P Twice a week 20 Days

Compound 80 was tested in other xenograft models using the following cell lines: triple
negative breast cancer cell line, MDA-MB-231, ovarian cancer cell lige, SKOV-3 and
endometrium cell line, HEC-59. For the SKOV-3 xenograft, 1.551)7 SKOV-3 cells in 200 ul of
1:1 DMEM: Matrigel {(Thermo Fisher, NJ, USA) and for the MDA-MB-231 xenograft, 1.x1¢07
MDA-MB-231cells in 100 pl of 1:1 DMEM: Matrigel (Thermo Fisher, NI, USA)} for was injected
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in the right flank of six-to-eight-week-old female athymic Balb/c nude mice. When the tumor
volume reached mean of ~200mm’ mice for SKOV-3 xenografts and between 150-175 mum” for
MDA-MB-231xenografts, mice were randomized in a group of 8, and treatiment was initiated
vehicle, 20 mpk BID, 25 mpk BID and 30 mpk BID of Compound 80. For the HEC-59 xenografts,
1.x10" HEC-59 cells in in 100 ul of DMEM (Lonza, NJ, USA) was injected in the right flank of
six-to-gight-week-old female athymic Balb/c nude mice. When the tumor volume reached mean
of ~150mm’® mice were randomized in a group of & mice, and treatment was initiated vehicle, 20
mpk BID, 40 mpk QD and 30/40 mpk BID of Compound 80. Statistically significant tumor growth

inhibition or regression was observed.

Example & Further Exemplary Biological Activity of Compounds of the Disclosure

The activity of compound 80 against certain cell lines was tested according to the following
method.

In a 384 well plate, 1000 celis/well from each cell line were seeded in a 384 well plate in
40 uL. media/well. Approximately 18 hours later, and the drug (5, 1, 0.2, 0.04, 0.008 and 0.0016
uM cone) or reference compound (1, 0.2, .04, 0.008,0.0016 and 0.00032 uM conc) containing
media was added to each well with a volume of 40 uL at following conc. After three days of diug
treatment, CTG assay was performed. Additional cell lines such as ACHN, Caki-2, 786-0,
rhabdomyosarcoma (RD), VA-ES-BJ, Aska-S§, HS-SY-HI, MDA-MB-4358, SK-MEL-2, IPC-
298, Hep(G2, Hep3B, and SUN387 can be tested using the protocol outlined above.

Table 4. Exemplary activity of Compound 80 azainst certain cell lines

Stauwrosporin Compound 80
Entity Cell line ECso Mas ECso Max

i Enhibition X cpsis oo

{(nVD) (% M} Inhibition (%)
BLADDER YMCUBL 1.25 9991 23.52 79.05
BLADDER 3637 28.13 99.66 31.2 95.66
BLADDER 647V 33.65 99.73 74.26 §1.3
BLADDER T24 3.05 97.96 47.77 75.67
BLADDER RT112 35.36 99.94 76.5 93.24
BLADDER SCaBER 12.66 99.96 21.77 89.3
BLADDER IMSUT 2R.29 9919 71.63 60.14
BLADDER KU1919 14.38 97.79 39.39 82.04
BLADDER 639V 15.82 097.66 97.414 71.57
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BLADDER BFTCS05 1194 98.42 38.25 72.57
BLADDER HT1376 11.39 95.85 2.37 77.23
BLADDER UMUCS 0.74 9371 71.20 67.73
BRAIN Hs683 2 90 58 35.06 §6.15
BRAIN GB1 3.09 89.27 38.49 51.74
BRAIN YKGIE 2.57 G8.23 26.56 68.24
BRAIN LN228 56.47 93.37 95.69 63.56
BRAIN Al72 3.79 92.39 180.88 86.66
BRAIN LNIE 3.6 099.94 58.68 75.88
BRAIN MOSIK 1.06 99.26 3698 87.88
BRAIN U25IMG 17.39 87.32 107.98 67.44
BRAIN DBTRGOSMG 3.97 83.82 3.1 62.89
BRAIN SFEI6 7.69 98.16 TS 75.28
BRAIN UgTMG 896.3 93.26 G933 63.81
BRAIN AM38 86.06 93.99 63.37 78.55
BRAIN NMCG] 5.09 91.98 >5000 42.83
BRAIN KNS60 2 9999 35.09 §8.28
BRAIN TOEG 2.01 99.43 20.35 65.16
BRAIN KALS! 3.56 99.79 2673 70.81
BRAIN YHI3 i.d 97.06 47.45 84.88
BRAIN UHBMG 10.67 94.52 30.28 68.12
BREAST HCC1306 5.8 99.4 16.92 §7.99
BREAST HCC70 16.95 99.57 176.88 63.71
BREAST HMCIES 32.57 89574 156.11 95.12
BREAST UACCE93 49.48 99.42 24.67 73.49
BREAST HCC202 25.18 97.88 50.31 82.56
BREAST DPU4475 11.84 99.7 68.8 93.71
BREAST HCC1187 4.96 99.8 95.01 85.45
BREAST BFMIS 33.96 85.46 43.51 70.6
BREAST COLOg24 1935 99.35 47.48 86.65
BREAST CAMAIL 238.74 32.8 90.14 71.64
BREAST CALSH 2.69 099.89 46,17 §9.44
BREAST SUMS2ZPE 14.26 97.08 53.2 78.34
BREAST HCC1954 29.81 88.66 38.93 73.12
BREAST AUS365 40.54 98.61 49.08 78.16
BREAST HCC13265 3.59 97.1 R7.89 8249
BREAST HCC38 2.56 9916 44.44 66.03
BREAST HCC1143 32.77 98.76 158.06 60.1%
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BREAST BT549 4.68 899.25 66.51 68.46
BREAST MFM223 293.54 79.2 65.39 37.43
BREAST HCC1419 13.12 86.93 127.01 68.65
BREAST MCE7 64.57 35.66 154.3 69.94
BREAST MPARMBA68 23.88 99.13 141.82 56.97
BREAST SKBR3 8.81 593.28 53.22 76.04
BREAST HSST78T 3.5 99.66 38.77 91.37
BREAST MDAMBI137 104 999 90.25 75.57
BREAST JIMTH 2.5 97.43 54.48 8G.45
BREAST MBAMBA436 52.06 96.98 78.2 68.32
BREAST MDAMB361 49.13 98.59 25.25 68.28
CHRVIX C33A 100.45 97.91 57.02 96.13
CERVIX SiHa 87.18 94.07 188.22 63.76
CERVIX HT3 13 9984 76.08 62.32
CERVIX MS751 25.86 9941 29.34 94.34
CERVIX CaSki 16.81 91.31 43.32 55.82
CERVIX DoTc24510 3.85 93.16 42.82 63.57
COLON DLDI 10.79 8(0.57 53.05 63.25
COLON COLO205 12.68 99.414 52.61 §7.56
COLON CUKS 58.84 98.19 £26.16 93.28
COLON SW948 1.4 92.22 3.5 70.34
COLON LS41IN 3.74 94.29 2374 69.91
COLON T84 13.34 94 2.88 79.94
COLON LSI8G 17.59 93.96 10.75 87.2

COLON CL1} 5.7 82.72 2.65 64.38
COLON HT1IS 3.56 99.62 9.84 90.96
COLON COLO320 0.84 96 9% 6.28 91.86
COLON SW403 1.36 97.37 1188.88 50.07
COLON OUMS23 17.42 98.2 337.35 71.37
COLON SNUEH (.98 9482 5.77 67.67
COLON 1.8513 (.86 99.21 26.21 85.05
COLON Love 11.89 95.13 46.7 76.82
COLON COLOZ01 0.5 97.7 2.55 73.08
COLON SNUCH 4.58 52.48 13.68 71.57
COLON SW48 1.28 94.8 3.61 65.8

COLON H716 (.55 98.33 7.46 87.81
COLON HCTIS 0.56 94.68 6.83 86.3

COLON HTSS 5.04 85.69 95.37 53.94
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COLON L5123 3.14 73.23 100.71 51.67
COLON SWi463 290.47 92.4 432.75 67.92
COLON L.S1634 2.91 98.76 34.29 78.13
COLON RKO 63.74 0593 33.26 93.24
COLON HCT1i6 28.31 92.99 78.65 79.34
COLON HT29 73.9% 96.35 143.36 56.46
ESCPHAGUS KYSEISO 30.01 05.89 161.15 73.76
ESOPHAGUS KYSES20 3.04 92.47 1.54 63.92
BESOPHAGUS CE21 0.68 89.59 1.69 58.22
ESOPHAGUS KYSE70 1.19 99.17 5.91 760.59
ESOPHAGUS KYSE430 2.839 098.6 3.51 94.11
ESOPHAGUS OFE33 1.6 99.1 9.85 70.83
ESOPHAGUS FLOI 1.54 99.79 7.51 91.03
HSOPHAGUS KYSE410 0.89 79.52 742 61.84
ESOPHAGUS TE! 0.44 87.27 6.24 7292
ESOPHAGUS KYSE270 1.35 99.58 17.67 7875
ESOPHAGUS BECGIO 10.04 99 .88 2.65 §3.85
ESOPHAGUS SKGT4 27.93 90.76 1.63 60.6
: 47.5 37
NECK CAL27 7.7 099.96 47.5 97.89
HEAD & o v )
ISO7 04 2
NECK HSC2 12.02 99.96 16.03 85.19
HEAD & e - , v ,
NECK Detrott562 1.04 99.88 4.18 74.84
HEAD & o R | .o N,
NECK CAL33 1.28 99.93 8.94 88.27
HEAD & e _, . o
NECK HSC3 (.57 9991 3.09 66.18
A253 7 747
NECK A253 6 G7.39 7.4 62.4
HEAD & o - . e y
NECK f)(yiyq' 9. 76 99.27 oy 8 56.42
HEAD & . A | _
K@y 2 Y 4R
NECK SCC2S 10.13 99.94 2.43 51.59
LUNG Hi792 0.77 96.29 <1.60 90.31
LUNG H23 17.15 98.21 22.3 8421
LUNG AS549 2.81 88.43 39.15 65.9
LUNG H322 106.62 92.39 30.36 74.62
LUNG LK2 11.34 93.48 85.45 92.49
LUNG H292 4.96 0521 1335 71.94
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LUNG H358 G.18 97.23 42.45 50.99
LUNG EBCH i.55 76.41 47.45 3411
LUNG H460 40.42 99.79 105.96 90.42
LUNG Hi%isS 7.5 92.38 24.82 33.16
LUNG Hi%44 2.61 93.57 43.57 77.74
LUNG H1975 8.61 89952 42.9 78.95
LUNG A427 (.82 97.51 1811.61 65.03
LUNG H326 5.83 99.77 2.4 97.41
LUNG H2251 20.13 97.38 <1.6 §8.46
LUNG H446 10.86 99.62 <1.6 93.6

LUNG CORL23 52.27 95.18 <1.6 62.62
LUNG H2170 2.9 87.71 <}.6 74.53
LUNG HARA 13.69 91.04 1.88 73.5

LUNG Hieh3 2.21 093.63 42.55 §0.41
LUNG Hi666 <{1.32 97.35 50.76 76.52
LUNG H21H 5.82 99.63 47.84 97.79
LUNG Calub 32.64 77 23.41 70.25
LUNG H2023 13.65 99.65 38.63 85.63
LUNG H209 19.94 97.06 52.85 95.98
LUNG Hoo1 105.7 92.49 131 78.62
LUNG HR2 32.16 91.15 438.46 82.08
LUNG H2126 16.21 90.03 >5000 49.63
LUNG H1i755 2.46 08.17 3.76 82.83
LUNG H322 4.64 895.31 8.2 69.34
LUKNG Hi568 4.33 97.64 4.04 75.77
LUNG H2009 118 9831 211 62.77
LUNG H2172 24.19 96.97 7.33 62.39
LUNG Hii55 0.61 98.6 3.45 93.481
LUNG MSTOZ2HH 27.8 98.84 137.36 60.8

LUNG SKMEST 2.92 95.43 30.54 67.67
LUNG H650 13.78 99.21 23.63 54.82
LUNG LUSS 24797 7187 5.44 66.63
LUNG RERFLCAd2 338.57 79.87 3818.54 61.26
LUNG H647 i2.15 58.94 5.68 92.42
LUNG Hi581 171.48 95.34 6.81 66.51
LUNG HCC827 (.96 91.72 29.68 63.43
LUNG CALI2T 2.02 091.55 41.5 51.99
LUNG RERFLCAdI 20.33 99.19 63.94 87.54
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LUNG 111694 0.52 5526 153 80,45
LUNG 11520 252 89,14 300 7599
LUNG LOUNHO1 11.26 9943 72,66 8133
LUNG 12286 5.85 99 18 9.03 5971
LUNG 11793 108.5 733 86,26 628
LUNG SW756 3133 70,34 1368 55.99
LUNG CORLII 12,30 99,55 12453 7.4
LUNG CORLAT %85 9548 4550 54.99
LUNG SHPT7 6.58 99.82 4551 94.39
LUNG ChaGoK 1 911 98 12 33.9 94.16
LUNG DMS53 10,34 8426 305.62 o152
LUNG HCCTS 82,67 94,46 3711 55.00
LUNG 12110 8,59 08,77 7334 94.63
LUNG [CLCI03H | 1358 9930 4.8 7243
LUNG 11648 13.07 80,17 3936 541
LUNG HCCO5 2747 9554 1310.43 551

OVARIAN OVCAR3 96 92.53 52,1 9175

OVARIAN RMGI 75.00 74.63 5255 66.36

OVARIAN Covasa 0.8 59,15 3288 7739

OVARIAN SKOV3 6.02 9489 4123 57,56

OVARIAN OVCARS 2385 99 120.29 9259

OVARIAN | ©V RAIW)QH 10.86 9184 4285 55.81

OVARIAN OAWAZ 125,03 5567 6651 75.94

OVARIAN TYKnu 1279 69,89 4572 51.87

OVARIAN COV6aa 339 99,87 R3.05 53.00

OVARIAN ES2 16.34 99,01 4844 98.32

OVARIAN TOV21G 078 o7 88 48.09 R7.66

OVARIAN OV oG 765 56.94 66.17 8276

OVARIAN SNUS 2204 95 35 5524 706

OVARIAN COV362 1811 954 121.84 52.18

OVARIAN AZTE0 29.01 96,71 55.8 9143

OVARIAN | TOVI12D 36.00 91.15 56.08 7544

OVARIAN Caov3 527 5723 3352 63 66

OVARIAN Caovd 737 82,6 172.87 6023

OVARIAN OVKIS 28.16 99.97 5553 82.65

OVARIAN RKN 1135 99,71 5503 §5 85

PROSTATE 2RV 34.04 8552 6173 82,02
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PROSTATE VAP 11.67 99,61 73.54 61.77

PROSTATE D45 23.09 88.9 88.28 78.52

PROSTATE H660 195.93 87.37 167.93 80.04
UTERINE MFEE296 20.61 94 .82 22.13 95.22
UTERINE SNGM 143 99.84 43.69 83.11
UTERINE EFE184 14.69 593.66 61.03 50.86
UTERINE RL9S2 11.39 95.85 4.54 77.23
UTERINE SKUTH 33.64 98.35 47.8 82.25
UTERINE HECS% 313.26 85.57 94.7 752
UTERINE HEC116 63.55 96.27 95.43 84.33
UTERINE HEC25] 20.18 74.04 72.26 69.5
UTERINE HECH 63.36 98.13 62.93 62.7
UTERINE COLO684 18.18 82.42 4R8.98 733

Example 5: Exemplary Actiiviy of Compounnds in the Disclosure in a Model of Metastasis

Cell Culture and Xenograft Protogol

The MDA-MD-231-1ac tumor cell Bine was maintained in vitro as monolayer culture in L-
{5 mwedium sopplemented with 10% fetal bovine serurn and 1300 ng/mL puroroycin at 37°C 1o
100% air. The medium was renewed every 2 to 3 days and tumor cells was routinely sub-cultured
at a confluence of §0% - 90% by trypsin-EDTA, not to exceed 4-5 passages. The cells growing in

an exponential growth phase was harvested and counted for tumor 1nocelation.

Six-8 weeks old female athyric BALB/c nude mice were anesthetized by i.m. injection of
ZoletdITM 50 (Virbac S.A). The skin over the coronal and sagittal sutores of anesthetized niice
was sterilized with jodine followed by alcohol. An incision of 0.5 cm was made along the skin
over the midline to expose coronal and sagittal suture junctions. 3 x 105 Luciferase-expressing
MDA-MB-231-luc tumor cells suspended i 2 pl L-15 redinm was injected into the right
forebrain by positioning the peedle at 2.0 muyu Jateral to the sagittal suture, 0.5-1.0 mm anterior to
coronal suture with the injection depth precisely controlled at 3.0 mun. Upon completing injection
and needle removal, the hole was sealed with bone wax and the incision will be closed. The tumor
growth will be monitored by image analysis. The treatments regimen as stated in Table 4 was

started once the luciferase levels showed consistent growth of the tumor.
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Table 4. Exemplary Dosing Regimen for Compound 80 in MDA-MD-231 Xenograft Study

Animals/ | Dose Pose Vol Puration
Group Drug ) , Rounie | Regimen (
group | (mg/kg) | (ulip) (days)
i Vehicle 8 - 4 p.c. bid 21
Compound ‘
2 8 15 4 p.0. hid 21
’G

To measure the tumor growth mice were injected intraperitoneally with 15 mg/ml {(at 5
ul/g BW) of D-luciferin (Perkin Elmer) and anesthetized with 1-2% isoflurane inhalation. At {0
minutes after the luciferin injection, the mice were imaged using IVIS Lumina I (Perkin Elmer)
once a week. Living Image software (Perkin Elmer) is used to compute regions of interest (RO
from brain and integrate the total bicluminescence signal in each ROL Bioluminescent signals
{photons/s) frora RO will be quantified and used as an indicator of tumor growth and antifuror
activity. BLI Decrease (%) = (1-BLI treatment/BLI control) x 100%, where BLI treatment and
BLI control were the mean BLI 1u the treated and the control groups, respectively, on a given day
after tumor inoculation. Significant tamor growth inhibition was observed as measure by the

decrease in the luciferase intensity mentioned in Table 5.

Table 5. Results of MDA-MD-231 Xenograft Study

BLIa (Bicluminescent | BLIa (Bicluminescent
Treatment {photons/s x 186}) (photons/s x 186}) BLI Decrease P-value
at PG-DO at PG-D21
Vehicle 3%1 1721 £ 188 - -
Compound 80 3+2 534 £ 163 68.9% ok

INCORPORATION BY REFERENCE

All publications and patents mentioned herein are hereby incorporated by reference in their
entirety as if each individual publication or patent was specifically and individually indicated to
be incorporated by reference. In case of conflict, the present application, including any definitions

herein, will control.
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EQUIVALENTS

While specific embodiments of the subject invention have been discussed, the above
specification is illustrative and pot restrictive. Many variations of the invention will become
apparent to those skilled 1u the art upon review of this specification and the claims below. The full
scope of the invention should be determined by reference to the claims, along with their full scope

of equivalents, and the specification, along with such variations.
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CLAIMS

We claim:

i. A method of treating a solid cancer in a subject comprising administering a compound

having a structure represented by forrouda T or a pharmaceutically acceptable salt thereof to the

subject:
A B
. e \N e \D
R']
1
wherein,

E and B are each independently aryl, heteroaryl, or heterocyclyls
D is aroino or heterocyclyl:
A 13 a six-muembered heteroaryl; and

rRlis H, alkyl, or benzyl.

2. The method of claim |, wherein A s pyridyl, pyridazinyl, pyrimidioyl, ot pyrazinyl

3. The method of claim, 1 or 2, wherein A is pyridyl.

4. The method of claim 1 or 2, wherein A is pyridazinyl.

5. The method of any one of claims 1-4, wherein the compound is represented by formula Ia

or a pharmaceutically acceptable salt thereof:

XZ

A/‘E\\ //J\\\ B8
x* N/ \D

R1

E

ia
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wherein,

H and B are each independently arvl, hetercaryl, or heterocyclyl;

D is amino or heterocyclyl;

Xlis Nor CR%:

X%is N or CR;

X¥is N or CRY

X*is N or CR”

R'is H, alkyl, or benzyl; and

R? R* R* and R® are each independently H, alkyl, alkenyl, alkynyl, halo, hydroxyl, carboxyl,
acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, amido, cyano, nitro, azido,

alkylthio, alkenyl, alkynyl, cycloalkyl, alkylsulfonyl, or sulfonamido.

6. The method of any one of claims 1-5, wherein the compound is represented by formula

tia or a pharmaceutically acceptable salt thereof:

R3
RZ
B
S 5
- T ~ \D
RS R‘i
Ha.
7. The method of claim 5 or 6, wherein R is halo (e.g., fluoro).
&. The method of any one of claims 1-5, wherein the compound is represented by formula

iib or a pharmaceutically acceptable salt thereof:
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R2 N R4

E / N - B\ o
R° ;L*
1ib.
. The method of claim &, wherein R* is halo (e.g., fluoro).

10, The method of claim 8, wherein R* is hydroxyl or alkoxy {(e.g.. methoxy).

1. The method of any ove of claims 1-5, wherein the compound is represented by forroula

Hc or a pharmaceutically acceptable salt thereof:

2

R N % y

|
B
E // N/ \D
RS ;L*
He.

{2 The roethod of any one of claims 5-11, wherein R*is H, alkyl (e.g., methyl ot ethyl), halo

(e.g., chloro), bydroxyl, alkoxy (e.g., methoxy), amino {(e.g., amino alkyl, such as methylamino),

amido (e.g., N-methyl amido), acetyl, carboxy, or ester {e.g., roethyl ester).

13. The method of any one of claims 5-11, wherein RZis halo {e.g., fluoro).

14.  The methad of any one of claims 5-11, wherein R* is H.

15, The method of any one of claims 5-11, wherein R’ is H or alkyl (e.g., methyl).
16.  The method of any one of claims 5-11, wherein R”is H.
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i7. The method of any one of claims 1-16, wherein R' is H.
18 The method of any one of claims 1-16, wherein R is alkyl (e.g., methyl or ethyl).
1%, The compound any one of clairns §-18, wherein B is heteroaryl (e.g., pyridinyl,

pyrimidinyl, or triazinyl).

20.  The method of any one of claims 1-19, wherein B is pyrimidinyl
21, The method of any one of claims 1-20, wherein B is substituted with at least one R* and

each R* is independently selected from alkyl, alkenyl, atkynyl, halo, hydroxyl, oxo, carboxyl,
acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, amido, cyano, nitro, azido, atkylthio,

alkenyl, alkvnyl, cycloatkyl, alkylsulfonyl, and sulfonamido.

22, The method of any one of claims 1-21, wherein B is substituted with at least one R* and

each R* is independently selected from alkyl {e.g., methyl}, oxo, and halo (e.g., chioro or fluoro).

23. The method of claim 21 or 22, wherein B is substituted with 1 or 2 R
24.  The method of any one of claims 1-23, wherein the compound is represented by formula

ib or a pharmaceutically acceptable salt thereof:

RY
XE REi
x‘if Q‘\\\xs / x5
E x4 l‘*E\I x5 8]
g1

ib

wherein,
E and B are each independently aryl, heteroaryl, or heterocyclyl;

D3 is amsino or heterocyclyl;
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X!is N or CR%

X?is Nor CRY:

X*is N or CR*

X*is Nor CR%;

X is N or CR;

X%is N or CR?;

R'is H, alkyl, or benzyl; and

R2, R RY RS RS R, RS, and R are each independently H, alkyl, alkenyl, alkynyl, halo,

hydroxyl, oxo, carboxyl, acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, amido,

cyano, nitre, azido, alkylthio, alkenyl, alkynyl, cycloalkyl, alkylsulfonyl, or sulfonamido.

25.  'The method of any one of claims 1-24, wherein the compound is represented by formula

iia or a pharmaceutically acceptable salt thereof:

RB R7
R2 R
E \\ N // {(5
E T x8 D
RE !

Rl

IHla.

26, The method of any one of claims 1-24, wherein the compound is represented by formula

i1ib or a pharmaceutically acceptable salt thereof:
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b,

27.  The method of any one of claims 1-24, wherein the compound is represented by formula

IHic or a pharmaceutically acceptable salt thereof:

RY
R% Nae RS
E N N / /ﬂf\
E T x® 0
R R
{te.
28.  The method of any one of claims 24-27, wherein X° is CR®.
29. The method of claim 28, wherein R® is H or halo ( e.g., flaoro).
30.  The method of any one of claims 24-27, wherein X is N.
31, The method of any one of claims 24-30, wherein X% is CR”.
32. The method of claim 31, wherein R® is H or halo {e.g., fluoro).
33, The method of any one of claims 24-30, wherein X®is N.
34, The method of any one of claims 1-24, wherein the compound is represented by formula

{Va or a pharroaceutically acceptable salt thereof:
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R3 7
R2 RS
E \N s {\;
PN
£ // N N D
RS FIQ‘
iva.

=
23

The method of any one of claims 1-24, wherein the compound is represented by formula

IVb or a pharmaceutically acceptable salt thereof:

D
P )|\Kk ;
£ N R
RS i R

I¥bh.

36.  The method of any one of claims 1-24, wherein the compound is represented by formula

1Vc or a pharmaceutically acceptable salt thereof:

R7
R N RS
E . " s {\i
e AN /L\
= N N 3]
R5 F‘L 1
Ve
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2

37.  The method of any one of claims {-24, wherein the compound is represented by formula

iVd or a pharmaceutically acceptable salt thereof:

&7
R? N RS
CU Y]
Z e
& N N 0
R FL“
ivd.
38.  The method of any one of claims 1-24, wherein the compound is represented by formula

IVd or a pharmaceutically acceptable salt thereof:

R7
RZ N RS
8d
E 7 N X D
RS l1
Ve,
39, The method of any one of claims 24-38, wherein R%is H, hydroxyl, oxo, halo (e.g.,

fluore), alkyl {e.g., methyl, hydroxyalkyl, such as hydroxmethyl, or alkyloxyalkyl, such as

methoxyethyl}, or alkxoy (e.g., methoxy).

40.  The method of any one of claims 24-38, wherein R%is H.
43. The method of any one of claims 24-38, wherein R%is halo { e.g., fluoro).
437, The mwethod of any one of claims 24-41, wherein R'is H, alkyl {e.g., methyl), balo (e.g.,

fluoro), acyl (e.g., acetyl), or amido (e.g., methylaroido).
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43.  The method of any one of claims 24-41, wherein R’ is halo (e.g., fluoro).
44.  The method of any one of clatms 1-43, wherein D3 is N-linked heterocyclyl (e.g.,

azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
dioxidethiororpholinyl, azabicyclooctanyl, oxaazabicyclooctane, hexahydrofuropyrrolyl, or

azabicyclohexanyl).
45.  The method of any one of claims 1-43, wherein D) is optionally substituted morpholinyl.

46. The method of any one of claims 1-43, wherein D is amino (e.g., NH, or alkylanuno,

such as dimethylamino, diethylaroino, or rethylethylamino).

47.  The method of any one of claims 1-46, wherein ) is substituted with at least one R'? and
each R!® is independently selected from H, deuteriurn, alkyl, alkenyl, alkynyl, halo, hydroxyl,
carboxyl, acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, amido, cyane, nitro, azido,
alkylthio, alkenyl, alkynyl, cycloalkyl, alkylsulfonyl, and sulfonamido; or D i1s substituted with at

feast two R and two of the R%s combine to corplete a bicychic heterocyclyl.

48. The method of any one of claims 1-46, wherein D is substituted with at least one R and
each R'% is independently selected from alkyl (e.g., methyl, flunromethyl, difluoromethyl, or
trifluoromethyl}, hale (e.g., fluore}, cycloalkyl (e.g., cyclopropyl or cyclobutyl), or heterocyciyl

{e.g.. oxetanyl).

49, The method of claim 47 or 48 wherein D is substituted with § or 2 R,
5. The method of any one of claims 1-49, wherein D has a structure represented by formula
V:
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wherein,

R and RI™ are each independently selected from H, deuterium, alkyl, alkenyl, alkynyl, halo,
hydroxyl, carboxyl, acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, amido,
cyano, nitro, azido, alkylthio, alkenyl, alkynyl, cycloalkyl, alkylsulfonyl, and

sulfonamido.

A

{. The method of claim 49, wherein R'™ is alkyl (e.g., methyl, fluoromethyl,
diflaoromethyl, or trifluoromethyl), halo {e.g., fluore), cycloalkyl (e.g., cyclopropyl or

cyclobutyly, or heterocyclyl (e.g., oxetanyl).

52.  The method of claim 49, wherein R'® is methyl.
53.  The method of any one of claims 49-51, wherein R'™ is alkyl (e.g., methyl, fluoromethyl,

diftaoromethyl, or triflucromethyl), halo (e.g., fluoro}, cycloalkyl (e.g., cyclopropyl or

cyclobutyl), or heterocyclyl (e.g., oxetanyl).

54.  The method of any one of claims 49-52, wherein R is methyl.

™ o
55. The method of any one of claims 1-44, wherein D is LVO , Kr
A - Ay
?‘t\/ NA\I’A q Ay //ﬁ ? Ay N/\ Ay J\
,O O

,O \\/O
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56.  The method of any one of claims 1-33, wherein E 1s aryl {e.g., phenyl,

dihydrobenzofuran, or benzodioxole).

57.  The method of any one of claims 1-35, wherein E is phenyl
58. The method of any one of claims 1-55, wherein E is hetercaryl {e.g., pyridinyl, pyrazinyl,

benzofuranyl, or benzodioxyl).

59.  The method of any one of claims 1-58, wherein E is substituted with at least one R' and
each R' is independently selected from alkyl with alkyl, alkenyl, alkynyl, halo, hydroxyl,
carboxyl, acyl, acetyl, ester, thioester, alkoxy, phosphoryl, amino, amido, cyane, nitro, azido,

alkylthio, alkenyl, alkynyl, cycloalkyl, alkyisulfonyl, and sulfonamido.

60.  The method of any one of claims 1-58, wherein E is substituted with at least one R and
each R'' is independently selected from alkyl {e.g., deutercalkyl, methyl, ethyl, butyl, isopropyl,
fluoromethyl, difluoromethyl, difluoroethyl, triflucromethyl, or difluoroethyl), alkyloxy {(e.g.,
deuteroalkyloxy, methoxy, ethoxy, flucromethoxy, diflucromethyoxy, or triffucromethyoxy),
alkylthio {e.g., methylthio), amino {(e.g., dimethylamino), hydroxyl, halo {e.g., fluoro or chloro),

cyano, heterocyclyl (e.g., aretidinyl), and hydroxyl.
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61. The method of claim 59 or 60, wherein E is substituted with { R,
62. The method of claim 59 or 60, wherein E is substituted with 2 R'L
63. The rethod of clairn 59 or 60, wherein E is substituted with 3 R'L
64.  The method of any one of claims 1-353, wherein E has a structure represented by formula

Via, Vib, or Vic:

Vie

wherein

R and RM® are each independently selected from hydrogen, deuterium, alkyl, alkenyl, alkynyl,
hale, hydroxyl, carboxyl, acyl, acetyl, ester, thicester, alkoxy, phosphoryl, amine, amido,
cyano, nitro, azido, alkylthio, alkenyl, alkynyl, cycloalkyl, alkylsulfonyl, and

sulfonamido.
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65, The method of claim 64, wherein E has a structure represented by formula Va:

Via.
66.  The method of claim 64, wherein E has a structure represented by formula Vib:

R11b

67.

Vic.

68.  The method of any one of claims 64-67, wherein R'!® is selected from alkyl (e.g.,
denteroalkyl, methyl, ethyl, butyl, isopropyl, diflaoromethyl, mfluoromethyl, or diffuoroethyl),
alkyloxy (e.g., deuteroalkyloxy, roethoxy, ethoxy, diftacromethyoxy, or trifluoromethyoxy),
alkvlthio {e.g., methylthio), amvino {e.g., dimethylarnino), halo {e.g., fluoro or chloro), cyano,

heterocyciyl {e.g., azetidiny1), and hydroxyl.

69.  The method of any one of claims 64-67, wherein R!!* is difluoromethyoxy.
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70 The method of any one of claims 64-69, wherein R'' is selected from alkyl {e.g.,
deutercalkyl, methyl, ethyl, butyl, isopropyl, ditftuoromethyl, uwifluoromethyl, or difluoroethyl),
alkyioxy (e.g., deutercalkyloxy, methoxy, ethoxy, diflusromethyoxy, or triflucromethyoxy),
alkylthio (e.g., methylthio), amino {e.g., dimethylamino), halo (e.g., fluoro or chlore), cyano,

heterocyclyl {e.g., azetidinyl), and hydroxyl.

R o R o
T e %}i S
O O e OO O
oA OA A M.{}%)@—qi}—a
oo LA oo {0 roo ) s O oA
OO e @! b"%
A ORI A

E "
FzHCO'{;—;\Jg’A{ or FZHCO’{:’—‘-‘-\}-’%-

72. The method of claim 1, wherein the compound is represented by formula VHa, Vilb, or a

pharmaceutically acceptable salt thereof:
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IZ
O “

e R HITTT

-
fon]
o

Yila

Iz
Q %

Vilb

wherein;

R* and R are each independently H, alkyl, alkenyl, alkynyl, halo, hydroxyl, oxo, carboxyl, acyl,
acetyl, ester, thioester, alkoxy, phosphoryl, amine, amido, cyano, nitro, azido, alkylthio,
alkenvl, alkynyl, cycloalkyl, alkylsulfonyl, or sulfonamide;

R and R'™ are each H, deuterium, alkyl, alkenyl, alkynyl, halo, hydroxyl, carboxyl, acyl,
acetyl, ester, thioester, alkoxy, phosphoryl, amine, amido, cvano, nitro, azido, alkylthis,
alkenyl, alkynyl, cycloalkyl, alkyisulfonyl, and sulfonamide; and

R4 s hydrogen, deuterium, alkyl, alkenyl, alkkynyl, halo, hydroxyl, carboxyl, acyl, acetyl, ester,
thicester, alkoxy, phosphoryl, amino, amido, cyans, nitro, azide, alkylthio, alkenyl,

atkynyl, cycloalkyl, alkylsulfonyl, or sulfonamido.
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73. The method of claim 70, wherein the compound has a structure represented by formula

Viia or a pharmaceutically acceptable salt thereof:

Vila.

The method of claim 71, wherein R is alkyl {e.g., methyl), oxo, or halo {e.g., chloro or

74.

fluoro).

75. The method of claim 71, wherein R is halo (e. £., chloro or fluoro).

76.  The method of claim 70, wherein the compound has a structare represented by formula

V1ia or a pharroaceutically accepiable salt thereof:

-

N R
= . ~ ~ \ //l\\ ‘\\\\\R']\')L’.
ﬁ N N -

106

3 Hiiesan

Viib.

77.  The method of claim 74, wherein R7 is H, alkyl (e.g., methyl), halo (e.g., fluoro), acyl

{(e.g., acetyl), or amido (e.g., methylaraido).
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78. The method of claim 74, wherein R7 is halo ( e.g.. fluoro).

79.  The method of any one of claims 71-76, wherein R'% is alkyl (e.g., methyl).

30. The mwethod of any one of claims 71-77, wherein R g alkyl {e.g., roethyl).
81.  The method of any one of claims 71-78, wherein R''# is alkyl (e.g., deuteroalkyl, methyl,

ethyl, butyl, isopropyl, fluoromethyl, difluoromethyl, difluoroethyl, triftuoromethyl, or
difluoroethyl), alkyloxy (e.g., deateroalkyloxy, methoxy, ethoxy, fluoromethoxy,
diflaoromethyoxy, or trifluoromethyoxy), alkylthio (e.g., methylthio), arvino {e.g.,

dimpethylamine), hydroxvl, halo (e.g., fluoro or chloroe), cvano, heterocyelyvl {e.g., azetidinyl), and
o o V R w <& v

hydroxyl.
R2. The method of any one of claims 71-79, wherein R8s diftuoromethyl.
83.  The compound of any one of the preceding claims, wherein the compound is selected
fron
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or a pharmaceutically acceptable sali thereof.
&4. The method of any one of claims 1-83, wherein the solid cancer is characterized by
TACC.
&5.  The method of any one of claims 1-83, wherein the solid cancer is characierized by
TACCL
&5.  The method of any one of claims 1-83, wherein the solid cancer is characterized by
TACC2.
87.  The method of any one of claims 1-83, wherein the solid cancer is characterized by
TACCS.
88.  The method of any one of claims 1-87, wherein the solid cancer is a brain cancer.
89.  The method of claim 88, wherein the brain cancer is glioma, astrocytoma, glioblastoma,

glioma, low-grade astrocytoma, meningioma, mixed oligoastrocyioma, pilocytic astrocytoma,

pleomorphic xanthoastrocyiora, subependymal giant cell astrocytoma, or anaplastic

astrocytoma.
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S0.

91.

96.

97.

G8.

949,

100.

101,

102

104.

105.

106.

The method of claim 8&, wherein the brain cancer 1s glioblastoma.

The method of claim 88, wherein the brain cancer is meningioroa.

The method of clairo 88, wherein the brain cancer 1s a metastasis of a primary cancer.

The method of claim 2, wherein the primary cancer is lung cancer.

The method of claim 92, wherein the primary cancer is breast cancer.

The method of claim 92, wherein the primary cancer is single negative breast cancer.

The method of claim 92, wherein the primary cancer is double negative breast cancer.

The method of clairo 92, wherein the primary cancer 1s friple negative breast cancer.

The method of claim %2, wherein the primary cancer is ovarian cancer.

The method of claim 92, wherein the primary cancer is cervical cancer.

The method of claim 92, wherein the primary cancer is bladder cancer.

The method of claim 92, wherein the primary cancer is endometrial cancer.

The method of clairo 92, wherein the primary cancer is liver cancer.

The method of claim 92, wherein the primary cancer is kidney cancer.,

The method of claim 92, wherein the primary cancer is skin cancer.

The method of claim 92, wherein the primary cancer is prostate cancer.

The method of any one of claims 1-87, wherein the solid cancer is bladder cancer.
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137.  The method of claim 106, wherein the bladder cancer is urothelial bladder cancer,

squamous cell bladder cancer, adenocarcinoma, sarcoma or small cell bladder cancer.

138.  The method of clairn 107, wherein the bladder cancer is urothelial bladder cancer.

109.  The method of any one of claims 1-87, wherein the solid cancer is cervical cancer.

110. The method of claim 109, wherein the cervical cancer is squamous cell carcinoma.

111, The method of claim 109, wherein the cervical cancer is cervical adenocarcinomas.

112.  The method of any one of claims 1-87, wherein the solid cancer is uterine cancer.

113,  The method of clairn 112, wherein the uterine cancer is endometrial cancer.

114,  The method of claim 112, wherein the uterine cancer 1s gierine sarcoma.

{115, The method of any ove of claims 1-87, wherein the solid cancer is GI cancer.

116.  The method of claim 115, wherein the GI cancer is anal cancer, bowel cancer, colorectal

adenocarcinoma, gallbladder cancer, gastric cancer, GI carcinoid cancer, islet cell cancer, rectal

cancer, small intestine cancer, or bile duct cancer.

117,  The method of claim 113, wherein the Gl cancer is gastrointestinal stroma tumor(s),

carcinoid tumors, gastric stump carcinoma, or gastric adenocarcinoma.

118, The method of any one of claims 1-87, wherein the solid cancer is liver cancer.

119, The method of clairn 118, wherein the liver cancer is hepatoceliular carcinoma.

120, The method of claim 118, wherein the liver cancer 1s cholangiocarcinoma.

121, The method of any one of claims 1-87, wherein the solid cancer is sarcoma.

-160-



WO 2025/072722 PCT/US2024/048928

122,  The method of claim 121, wherein the sarcoma is Ewing’s sarcoma, soft-tissue sarcoma,
leiomyosarcoma, epithelioid sarcoma, fibrosarcoma, chordoma, synovial sarcoma, Kaposi's
sarcoma, osteo sarcoma, rhabdomyo sarcoma, lipo sarcoma, angiosarcoma, or

dermatofibrosarcoma.

{23, The method of any one of claims {-87, where the solid cancer 1s breast cancer.

124.  The method of claim 123, wherein the breast cancer is ductal carcinoma, tobular
carcinpoma, metaplastic carcinoma, inflamimatory breast cancer, triple negative breast cancer,
mucinous neoplasry, meduallary carcinoma, invasive ductal carcinoma, invasive lobular

carcipoma, hormone-positive breast cancer, or her2-positive breast cancer.

125, The method of any one of claims 1-87, wherein the solid cancer is esophageal cancer.

126.  The method of claim 123, wherein the esophageal cancer is squamous cell carcinoma.

127.  The method of claim 125, wherein the esophageal cancer is adenocarcinoma.

128.  The method of any one of claims 1-87, wherein the solid cancer is head and neck cancer.

129, The method of claim 128, wherein the head and veck cancer is hypopharyuogeal cancer,
laryngeal cancer, lip and oral cavity cancer, metastatic squamous neck cancer with occult
primary, nasopharyngeal cancer, oropharyngeal cancer, paranasal sinus and nasal cavity cancer,
or salivary gland cancer.

130, The method of any oone of claims 1-87, wherein the solid cancer is lung cancer.

131, The method of claim 130, wherein the lung cancer is non-small cell lung cancer, large
cell carcinoroa, small cell carcinoma, squamous cell carcinoma, adensquamous lang carcinoma,

adepocarcinoma, or mesothelioma.

{32, The mwethod of any ove of claims {-87, wherein the solid cancer is ovarian cancer.
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133,  The method of claim 132, wherein the ovarian cancer is epithelial ovarian carcinoma,

germ cell cancer, or stromal celi cancer.

~
7
‘

134, The mwethod of any oone of claims 1-87, wherein the solid cancer is prostate cancer.

135, The method of any one of claims 1-87, wherein the solid cancer is adenocarcinoma,

transitional cell carcivoroa, squamous cell carcinoma, or small cell prostate cancer.

136, The method of any one of claims 1-87, wherein the solid cancer 15 carcinoma.

137.  The method of any one of claims 1-87, wherein the solid cancer is adenocarcinoma.

138.  The method of any one of claims 1-87, wherein the solid cancer is squamous cell

carcinoma.

139, The method of any one of claims 1-87, wherein the solid cancer is skin cancer.

140. The method of claim 139, wherein the skin cancer is basal cell carcinoma, squamous cell

carcinoma, Merkel cell cancer, or melanoma.

{41, The method of claim 139, wherein the skin cancer is melanoma.

142, The rethod of any one of claims 1-87, wherein the solid cancer is kidney cancer.

143.  The method of claim 142, wherein the kidney cancer is renal cell carcinoma, urothelial

carcinoma, Wilm's tumor, renal sarcora, renal adenoma, oncocytoma, or angiomyolipoma.

144.  The method of any one of claims 1-87, wherein the solid cancer is neuroendocrine

cancer.

~
7
‘

145, The mwethod of any ove of claims 1-87, wherein the solid cancer is leiomyosarcoma.

-162-



WO 2025/072722 PCT/US2024/048928

146.

The method of any one of claims 1-87, wherein the solid cancer 1s a metastasis of a

primary cancer.

147.

160.

iot.

The method of clairo 146, wherein the primary cancer is lung cancer.

The method of claim 146, wherein the primary cancer is breast cancer.

The method of claim 146, wherein the primary cancer is single negative breast cancer.

The method of claim 146, wherein the primary cancer is double negative breast cancer.

The method of claim 146, wherein the primary cancer is triple negative breast cancer.

The method of clairo 146, wherein the primary cancer is ovarian cancer.

The method of claim 146, wherein the primary cancer is cervical cancer.

The roethod of clairo 146, wherein the primary cavcer is bladder cancer.

The method of claim 146, wherein the primary cancer is endometrial cancer.

The method of claim 146, wherein the primary cancer is liver cancer.

The method of clairo 146, wherein the primary cavcer is Kidney cancer.

The method of claim 146, wherein the primary cancer 1s skin cancer.

The roethod of clairo 146, wherein the primary cancer 1S prostate cancer.

The method of any one of claims 1-1539, wherein the cancer is relapsed.

The method of any one of claims 1-160, wherein the cancer is refractory.
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