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TECHNICAL FIELD

The present application relates to a cyclobutyl-containing compound, a preparation method therefor, a

pharmaceutical composition containing the compound, and use thereof for treating a related disease (e.g., cancer).
BACKGROUND

The androgen receptor (AR) is a steroid receptor in the nuclear receptor superfamily. When bound to androgens
(such as testosterone and dihydrotestosterone), AR is released from the complex formed by heat shock proteins for
a phosphorylation reaction to form a dimer. The dimer is transferred into the nucleus and binds to a DNA fragment
associated therewith, thereby stimulating transcription of its target gene. The transcriptional activity of androgen
receptors activated by ligand binding is coordinated by proteins known as co-activators. The primary function of AR
antagonists is to directly prevent testosterone or dihydrotestosterone from binding to androgen receptors, thereby
blocking the effect of androgens on cells. This exerts anti-androgenic and cell growth inhibitory effects, ultimately

resulting in cell apoptosis and achieving the important role in treating prostate cancer.

The proteolysis targeting chimera (PROTAC) molecule is a bifunctional compound capable of binding to a target
protein and E3 ubiquitin ligase simultaneously. Such compounds can induce the target protein to be recognized by
proteasomes of cells, cause the degradation of the target protein, and effectively reduce the content of the target
protein in the cells. The introduction of ligands capable of binding to different target proteins into PROTAC
molecules has made it possible to apply the PROTAC technology to the treatment of various diseases, and this

technology has received much attention in recent years.
SUMMARY

In one aspect, the present application relates to a compound of formula I, a stereoisomer thereof, or a

pharmaceutically acceptable salt thereof,
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wherein

ring A is absent or selected from the group consisting of Cs.i5 cycloalkenyl, 5- to 15-membered heterocycloalkenyl,
phenyl, and 5- to 6-membered heteroaryl;

ring B is selected from the group consisting of phenyl and 5- to 6-membered heteroaryl;

ring C is selected from 5- to 6-membered heteroaryl;

each R! is independently selected from the group consisting of halogen, -OH, -NH>, -CN, Ci.19 alkyl, Ci.19 alkoxy,
and halogenated Ci.10 alkyl, wherein the -OH, -NHa, Ci.10 alkyl, Ci.1 alkoxy, or halogenated Ci.10 alkyl is optionally

substituted with one or more substituents;



n is selected from the group consisting of 0, 1, 2, and 3;

L is selected from a connecting group;

X3 is selected from the group consisting of C(Rf) and N;

R'is selected from the group consisting of H, halogen, deuterium, and Ci. alkyl optionally substituted with one or
more substituents (e.g., R is selected from the group consisting of halogen, deuterium, and Ci.¢ alkyl optionally
substituted with one or more substituents);

X6 is selected from the group consisting of -O-, -NH-, and -N(C}. alkyl)-, wherein the -NH- or -N(C,.¢ alkyl)- is
optionally substituted with one or more substituents;

each R?, each R3, and each R* are independently selected from the group consisting of halogen, -OH, -NH,, -CN,
Ci.10 alkyl, Ci.10 alkoxy, and halogenated Ci.10 alkyl, wherein the -OH, -NHa, Ci.10 alkyl, Ci-10 alkoxy, or halogenated
Ci-10 alkyl is optionally substituted with one or more substituents;

m, p, and q are each independently selected from the group consisting of 0, 1, 2, 3, 4, 5, and 6;

ring G is selected from the group consisting of Ce.19 aryl and 5- to 10-membered heteroaryl;

ring E is selected from the group consisting of Cs.io cycloalkyl and 3- to 10-membered heterocycloalkyl;

ring F is selected from the group consisting of Ce.19 aryl and 5- to 10-membered heteroaryl;

R' is selected from the group consisting of hydrogen, -OH, C, alkyl, Cs.io cycloalkyl, and 3- to 10-membered
heterocycloalkyl, wherein the Ci.s alkyl, Cs.1o cycloalkyl, or 3- to 10-membered heterocycloalkyl is optionally

substituted with one or more substituents.

In some embodiments, ring A is absent or selected from the group consisting of Cs.io cycloalkenyl, 5- to 10-

membered heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs.o cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs.7 cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 10-membered

heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs_¢ cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, pyrrolyl, pyrazolyl, furanyl, and oxazolyl.

In some embodiments, ring A is absent or selected from the group consisting of Cs cycloalkenyl, Cs cycloalkenyl,
5-membered heterocycloalkenyl, 6-membered heterocycloalkenyl, 7-membered heterocycloalkenyl, 8-membered
heterocycloalkenyl, 9-membered heterocycloalkenyl, phenyl, pyrrolyl, pyrazolyl, furanyl, and oxazolyl.

In some embodiments, ring A is absent or selected from the group consisting of cyclopentenyl, monocyclohexenyl,
bicyclohexenyl, dihydropyrrolyl, tetrahydropyridinyl, tetrahydroazepinyl, azaspirooctenyl, azaspirononenyl, phenyl,
pyrrolyl, pyrazolyl, furanyl, oxazolyl, and dihydrooxazinyl.

In some specific embodiments, ring A is selected from the group consisting of Cs.io cycloalkenyl, 5- to 10-membered

heterocycloalkenyl, and 5- to 6-membered heteroaryl.

In some specific embodiments, ring A is selected from the group consisting of Cs.9 cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, and 5- to 6-membered heteroaryl.



In some specific embodiments, ring A is selected from the group consisting of Cs_7 cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, and 5- to 6-membered heteroaryl.

In some specific embodiments, ring A is selected from the group consisting of Cs.s cycloalkenyl, 5- to 10-membered

heterocycloalkenyl, and 5- to 6-membered heteroaryl.

In some specific embodiments, ring A is selected from the group consisting of Cs.s cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, and 5- to 6-membered heteroaryl.

In some specific embodiments, ring A is selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, and 5-membered heteroaryl.

In some specific embodiments, ring A is selected from the group consisting of Cs.1o cycloalkenyl and 5- to 10-
membered heterocycloalkenyl. In some specific embodiments, ring A is selected from the group consisting of Cs.g
cycloalkenyl and 5- to 9-membered heterocycloalkenyl. In some specific embodiments, ring A is selected from Cs.g
cycloalkenyl. In some specific embodiments, ring A is selected from Css cycloalkenyl. In some specific
embodiments, ring A is selected from 5- to 9-membered heterocycloalkenyl. In some embodiments, ring A is selected
from 5- to 9-membered heterocycloalkenyl containing 1-2 heteroatoms selected from the group consisting of N and
0. In some embodiments, ring A is selected from 5- to 8-membered heterocycloalkenyl containing 1-2 heteroatoms
selected from the group consisting of N and O. In some embodiments, ring A is selected from 5- to 7-membered
heterocycloalkenyl containing 1-2 heteroatoms selected from the group consisting of N and O. In some embodiments,

ring A is selected from 5- to 7-membered heterocycloalkenyl containing 1-2 N atoms.

In some specific embodiments, ring A is selected from the group consisting of cyclopentenyl, monocyclohexenyl,
bicyclohexenyl, dihydropyrrolyl, tetrahydropyridinyl, tetrahydroazepinyl, azaspirononenyl, azaspirooctenyl, and
dihydrooxazinyl.

In some embodiments, ring A is cyclopentenyl. In some embodiments, ring A is monocyclohexenyl. In some
embodiments, ring A is bicyclohexenyl. In some embodiments, ring A is dihydropyrrolyl. In some embodiments,
ring A is tetrahydropyridinyl. In some embodiments, ring A is tetrahydroazepinyl. In some embodiments, ring A is

azaspirononenyl. In some embodiments, ring A is azaspirooctenyl. In some embodiments, ring A is dihydrooxazinyl.

In some more specific embodiments, ring A is selected from the group consisting of phenyl, pyrrolyl, pyrazolyl,

furanyl, and oxazolyl.
In some more specific embodiments, ring A is selected from the group consisting of phenyl, pyrrolyl, and pyrazolyl.

In some embodiments, ring B is selected from the group consisting of phenyl and 6-membered heteroaryl (e.g., 6-

membered heteroaryl containing 1-3 or 1-2 N atoms). In some embodiments, ring B is phenyl.

In some embodiments, ring C is selected from 5-membered heteroaryl. In some embodiments, ring C is selected

from the group consisting of isoxazolyl and furanyl.
In some specific embodiments, ring C is isoxazolyl. In some specific embodiments, ring C is furanyl.
In some specific embodiments, ring A is present, and when ring A and ring B are both phenyl, ring C is not oxazolyl.

In some embodiments, the substitution position for R! is selected from the group consisting of ring A and ring B. In
some embodiments, the substitution position for R! is selected from ring A. In some embodiments, the substitution
position for R! is selected from ring B. In some embodiments, the substitution position for R! is selected from ring
C.

In some embodiments, ring F is linked to L. In some embodiments, ring A is linked to L. In some embodiments, ring

B is linked to L. In some embodiments, ring C is linked to L. In some embodiments, ring A is linked to fragment
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In some embodiments, each R! is independently selected from the group consisting of halogen, -OH, -NHo, -CN, C.
¢ alkyl, Ci. alkoxy, and halogenated Ci.¢ alkyl, wherein the -OH, -NH>, Ci.¢ alkyl, Ci.¢ alkoxy, or halogenated Ci.¢
alkyl is optionally substituted with one or more substituents. In some embodiments, each R! is independently selected
from the group consisting of halogen, -OH, -NHo>, -CN, Ci4 alkyl, C;4 alkoxy, and halogenated Ci.4 alkyl. In some
embodiments, each R! is independently selected from the group consisting of halogen, -OH, -NH,, -CN, C,; alkyl,
C.3 alkoxy, and halogenated C,.; alkyl. In some embodiments, each R! is independently selected from the group
consisting of fluorine, chlorine, bromine, -OH, -NH,, and -CN. In some embodiments, each R! is independently
selected from the group consisting of fluorine, chlorine, and bromine. In some embodiments, each R! is

independently fluorine.

In some embodiments, n is selected from the group consisting of 0, 1, and 2. In some embodiments, n is selected

from the group consisting of 0 and 1. In some specific embodiments, n is 0.

. 1 . .
In some embodiments, the structural fragment (R%n is selected from the group consisting of



In some embodiments, L is selected from the group consisting of the following groups optionally substituted with
one or more substituents: Ci.5o alkylene, Cz-50 alkenylene, and C».so alkynylene, wherein 1 or more -CH»- of the C.
s0 alkylene, C»-50 alkenylene, or Cs.50 alkynylene are optionally replaced by -O-, Cs.i5 cycloalkyl, 3- to 15-membered
heterocycloalkyl, 4- to 15-membered heterocycloalkenyl, Ce.15 aryl, 5- to 15-membered heteroaryl, -NH-, -N(Cj¢
alkyl)-, or -S-.

In some embodiments, L is selected from the group consisting of the following groups optionally substituted with
one or more substituents: Ci.30 alkylene, C2-30 alkenylene, and C».39 alkynylene, wherein 1 or more -CH»- of the C.
30 alkylene, C»-30 alkenylene, or C».30 alkynylene are optionally replaced by -O-, Cs.12 cycloalkyl, 3- to 12-membered
heterocycloalkyl, 4- to 12-membered heterocycloalkenyl, Ce.12 aryl, 5- to 12-membered heteroaryl, -NH-, -N(Cj
alkyl)-, or -S-.

In some embodiments, L is selected from the group consisting of the following groups optionally substituted with
one or more substituents: Ci.o0 alkylene, C220 alkenylene, and C».2 alkynylene, wherein 1 or more -CH»- of the C.
20 alkylene, C-2 alkenylene, or Ca.0 alkynylene are optionally replaced by -O-, Cs.1o cycloalkyl, 3- to 11-membered
heterocycloalkyl, 4- to 10-membered heterocycloalkenyl, Ce.10 aryl, 5- to 10-membered heteroaryl, -NH-, -N(Ci.¢
alkyl)-, or -S-.

In some embodiments, L is selected from the group consisting of the following groups optionally substituted with
one or more substituents: Ci.15 alkylene, C».15 alkenylene, and C».15 alkynylene, wherein 1 or more -CH»- of the C.

15 alkylene, C»-15 alkenylene, or C».i5 alkynylene are optionally replaced by -O-, Cs.9 cycloalkyl, 3- to 11-membered



heterocycloalkyl, 4- to 8-membered heterocycloalkenyl, Ce.s aryl, 5- to 8-membered heteroaryl, -NH-, -N(Ci4
alkyl)-, or -S-.

In some embodiments, L is selected from the group consisting of the following groups optionally substituted with
one or more substituents: Ci.io alkylene, Cs.10 alkenylene, and C.1o alkynylene, wherein 1 or more -CHs- of the C;.
10 alkylene, C»-19 alkenylene, or Ca.1o alkynylene are optionally replaced by -O-, Cs.9 cycloalkyl, 3- to 11-membered
heterocycloalkyl, 4- to 6-membered heterocycloalkenyl, Cs aryl, 5- to 6-membered heteroaryl, -NH-, -N(Ci.3 alkyl)-,
or -S-.

In some embodiments, L is selected from the group consisting of the following groups optionally substituted with
one or more substituents: Ci.¢ alkylene, Co.s alkenylene, and Ca.6 alkynylene, wherein 1 or more -CH»- of the Ci6
alkylene, Ca.¢ alkenylene, or Ca.¢ alkynylene are optionally replaced by -O-, Cs.9 cycloalkyl, 3- to 11-membered
heterocycloalkyl, 4- to 6-membered heterocycloalkenyl, C¢ aryl, 5- to 6-membered heteroaryl, -NH-, -N(C;.3 alkyl)-,
or -S-.

In some embodiments, L is selected from the group consisting of the following groups optionally substituted with
one or more substituents: Ci.4 alkylene, C,.4 alkenylene, and C».4 alkynylene, wherein 1 or more (e.g., 1 or 2, 1 or 3,
etc.) -CHz- of the Ci.4 alkylene, Co.4 alkenylene, or C».4 alkynylene are optionally replaced by -O-, C4.6 cycloalkyl,
4- to 6-membered heterocycloalkyl, 4- to 6-membered heterocycloalkenyl, Cs aryl, 5- to 6-membered heteroaryl, -
NH-, -N(Ci; alkyl)-, or -S-. In some embodiments, L is selected from Cj.¢ alkylene, wherein 1 or more -CH»- of the
Ci.6 alkylene are optionally replaced by a group selected from the group consisting of -O-, Cs.19 cycloalkyl, 4- to 11-
membered heterocycloalkyl, 4- to 10-membered heterocycloalkenyl, -NH-, -N(Ci.3 alkyl)-, and -S-, and the Ci

alkylene is optionally substituted with one or more substituents.

In some embodiments, L is selected from Ci.¢ alkylene, wherein 1 or more -CH»- of the Ci.¢ alkylene are optionally
replaced by a group selected from the group consisting of -O-, Cs.1o cycloalkyl, 4- to 11-membered heterocycloalkyl,
5- to 6-membered heterocycloalkenyl, -NH-, -N(C.3 alkyl)-, and -S-, and the C;. alkylene is optionally substituted
with one or more substituents. In some embodiments, L is selected from the group consisting of -(5- to 8-membered
heterocycloalkyl containing 1-2 N atoms or O atoms)-Cj.¢ alkylene-, -(Csg cycloalkyl)-Ci.¢ alkylene-, -Ci.¢ alkylene-
(5- to 8-membered heterocycloalkyl containing 1-2 N atoms or O atoms)-Ci.¢ alkylene-, and -Ci.¢ alkylene-(Cs.s
cycloalkyl)-Ci.s alkylene-.

In some embodiments, in the definition of L, the substituent is selected from the group consisting of halogen, =0, -
OH, -NHa, -CN, Ci.s alkyl, Ci.¢ alkoxy, halogenated Ci.¢ alkyl, C;.¢ alkylamino, di-Ci.¢ alkylamino, Cs.i2 cycloalkyl,
and 4- to 12-membered heterocycloalkyl. In some embodiments, in the definition of L, the substituent is selected
from the group consisting of halogen, =0, -OH, -NH,, -CN, Ci4 alkyl, Ci4 alkoxy, halogenated C;4 alkyl, Ci4
alkylamino, di-C;4 alkylamino, Cs.19 cycloalkyl, and 4- to 10-membered heterocycloalkyl. In some embodiments,
in the definition of L, the substituent is selected from the group consisting of halogen, =O, OH, NH», CN, Ci.¢ alkyl,
and Ci. alkoxy. In some embodiments, in the definition of L, the substituent is selected from the group consisting
of =0, OH, NH,, halogen, and CN. In some embodiments, in the definition of L, the substituent is =O.

In some embodiments, L is selected from -LNK'-Cy!-LNK-Cy?-LNK?-Cy3-, wherein

Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following groups
optionally substituted with one or more R*: Cs.1» cycloalkyl, 4- to 12-membered heterocycloalkyl, and 4- to 12-
membered heterocycloalkenyl,

LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond, NH, O, S, and the
following groups optionally substituted with one or more R?: Cy.1» alkylene, Cs.1» alkenylene, C,.12 alkynylene, and
Ci-12 heteroalkylene;

each R? and each R® are independently selected from the group consisting of halogen, =O, -OH, -NH,, -CN, Ci
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alkyl, Ci.¢ alkoxy, halogenated Ci¢ alkyl, Ci alkylamino, di-Ci.s alkylamino, Cs.i» cycloalkyl, and 4- to 12-

membered heterocycloalkyl.

In some embodiments, Cy', Cy?, and Cy? are not bonds at the same time. In some embodiments, Cy? and Cy? are
bonds. In some embodiments, LNK' and LNK? are bonds.

In some embodiments, L is selected from the group consisting of -Cy'-, -Cy?-, -LNK!-, -Cy!-LNK-, -Cy'-Cy?-, -
LNK!'-Cy!-LNK-, -LNK-Cy?-LNK?-, -Cy'-Cy?-LNK?-, -LNK!-Cy!-Cy?-, -Cy!-LNK-Cy?-, -LNK!-Cy'-Cy?-LNK?-,
-LNK!'-Cy!-LNK-Cy?-, -Cy!-LNK-Cy?-LNK?-, -Cy!-Cy?-Cy?-, and -Cy!-Cy?-LNK?-Cy?-. In some embodiments, L
is selected from -Cy'-. In some embodiments, L is selected from -LNK'-. In some embodiments, L is selected from
-Cy!-LNK-.

In some embodiments, LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond,
NH, O, S, and the following groups optionally substituted with one or more R®: Cy.1¢ alkylene, C».19 alkenylene, Ca-
10 alkynylene, and Ci.jo heteroalkylene. In some embodiments, LNK, LNK!, and LNK? are each independently
selected from the group consisting of a bond, NH, O, S, and the following groups optionally substituted with one or
more RP: Cy.¢ alkylene, C,. alkenylene, Co.¢ alkynylene, and C.¢ heteroalkylene. In some embodiments, LNK, LNK',
and LNK? are each independently selected from the group consisting of a bond, NH, O, S, and the following groups
optionally substituted with one or more R®: C;.4 alkylene, C2.4 alkenylene, Co.4 alkynylene, and Ci.4 heteroalkylene.
In some embodiments, LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond,
NH, O, S, and the following groups optionally substituted with one or more R®: C;.¢ alkylene and C). heteroalkylene.
In some embodiments, LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond,
NH, O, S, and the following groups optionally substituted with one or more R®: C;.4 alkylene and C).4 heteroalkylene.
In some embodiments, LNK, LNK', and LNK? are each independently selected from the group consisting of a bond,
NH, O, and the following groups optionally substituted with one or more R®: C;.3 alkylene and C;3 heteroalkylene.
In some embodiments, LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond,
NH, O, and the following groups optionally substituted with one or more R®: Ci., alkylene and Ci., heteroalkylene.
In some embodiments, LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond,
NH, O, -NHCH,-, -CH,NHCH>-, -CH;-, -CH,CH,-, -C(O)-, and -C(O)CH:z-. In some embodiments, LNK, LNK!,
and LNK? are each independently a bond. In some embodiments, LNK, LNK!, and LNK? are each independently -
CHs-.

In some embodiments, Cy', Cy?, or Cy? is each independently selected from the group consisting of a bond and the
following groups optionally substituted with one or more R*: Cs.11 cycloalkyl, 4- to 12-membered heterocycloalkyl,
and 4- to 11-membered heterocycloalkenyl. In some embodiments, Cy!, Cy?, or Cy? is each independently selected
from the group consisting of a bond and the following groups optionally substituted with one or more R* Ca.10
cycloalkyl, 4- to 11-membered heterocycloalkyl, and 5- to 6-membered heterocycloalkenyl. In some embodiments,
Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following groups
optionally substituted with one or more R* Cs.9 cycloalkyl, 4- to 11-membered heterocycloalkyl, and 5- to 6-
membered heterocycloalkenyl. In some embodiments, Cy', Cy?, or Cy? is each independently selected from the
group consisting of a bond and the following groups optionally substituted with one or more R*: Cs.¢ cycloalkyl, Co

cycloalkyl, 4- to 11-membered heterocycloalkyl, and 6-membered heterocycloalkenyl.

In some embodiments, Cy', Cy?, or Cy? is each independently selected from the group consisting of a bond and the
following groups optionally substituted with one or more R* cyclobutyl, cyclopentyl, cyclohexyl, spirononanyl,
azetidinyl, pyrrolidinyl, piperidinyl, tetrahydropyridinyl, piperazinyl, monoazaspiroheptyl, monoazaspirononanyl,
diazaspirononanyl, = monoazaspirodecyl, diazaspirodecyl, monoazaspiroundecanyl, diazaspiroundecanyl,

octahydrocyclopentapyrrolyl, diazabicyclooctyl, and monoazabicyclononanyl.
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In some specific embodiments, Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond
and the following group optionally substituted with one or more R*: 4- to 11-membered heterocycloalkyl. In some
specific embodiments, Cy', Cy?, or Cy? is each independently selected from the group consisting of a bond and the
following group optionally substituted with one or more R*: 7- to 11-membered heterocycloalkyl. In some specific
embodiments, Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following
group optionally substituted with one or more R*: 4- to 6-membered heterocycloalkyl. In some embodiments, Cy',
Cy?, or Cy? is each independently a bond. In some embodiments, Cy!, Cy?, or Cy? is each independently selected

from 6-membered heterocycloalkyl optionally substituted with one or more R®.

In some specific embodiments, Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond
and the following groups optionally substituted with one or more R® cyclobutyl, cyclopentyl, cyclohexyl,
spirononanyl, azetidinyl, pyrrolidinyl, piperidinyl, tetrahydropyridinyl, and piperazinyl. In some specific
embodiments, Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following
groups optionally substituted with one or more R*: monoazaspiroheptyl, monoazaspirononanyl, diazaspirononanyl,
monoazaspirodecyl, diazaspirodecyl, monoazaspiroundecanyl, diazaspiroundecanyl, octahydrocyclopentapyrrolyl,

diazabicyclooctyl, and monoazabicyclononanyl.

In some embodiments, Cy', Cy?, or Cy?® is each independently selected from the group consisting of a bond,
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In some embodiments, each R? and each R® are independently selected from the group consisting of halogen, =0, -
OH, -NH>, -CN, C.¢ alkyl, Ci.s alkoxy, halogenated Ci.¢ alkyl, Ci.¢ alkylamino, di-C;.¢ alkylamino, C3.1o cycloalkyl,

and 4- to 10-membered heterocycloalkyl. In some embodiments, each R* and each R® are independently selected

embodiments, Cy', Cy?, or Cy? is each independently

from the group consisting of halogen, =0, OH, NH,, CN, Cis alkyl, Ci.s alkoxy, halogenated Ci alkyl, Ci.s
alkylamino, and di-C.¢ alkylamino. In some embodiments, each R?* and each R are independently selected from the
group consisting of halogen, =0, -OH, -NH», -CN, C;.4 alkyl, Ci.4 alkoxy, halogenated C;.4 alkyl, Ci.4 alkylamino,

and di-Ci.4 alkylamino.

In some embodiments, each R? and each R® are independently selected from the group consisting of halogen, =0, -

OH, -NH>, -CN, and Ci.; alkyl. In some embodiments, each R* and each R® are independently selected from the
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group consisting of halogen, =0, -OH, -NH>, and -CN. In some embodiments, each R?* and each R® are independently
=0.

In some embodiments, L or -LNK!- is selected from the group consisting of a bond, -NHCH-, -CH,NHCH>-, -CH>-,
and -C(O)CHz-.

T Ch, N
In some embodiments, L or -Cy'- is selected from the group consisting of ﬁﬂﬂ»
@C SO Cp% Oﬁ =
)+ b”ﬁ N 5N Ni N
Cf QO @%
N
HN . N\;, and .
m HONTR
In some embodiments, L or -Cy'-LNK- is selected from the group consisting of , ,
\f‘ N/>< i
%N% 5N ng/D AN AN 4N O

£ e T
Sk ON@& K/?)A’

SN ?{N gN ?\O@ *ﬁ,\OE\ 3§N
K/)\l\/\f\’ \jg\/ngg’ QQ\X’ N\}{’ N\j{’ \%\/)‘lvﬁzﬁ’
NN C(:N %
%@Q | /a%, " | 9 T 7&”’ Nt
£ A

%, and

3
A O\W |

>

| | W O
In some embodiments, L or -Cy'-Cy*- is selected from the group consisting of ,

Ot OO K O=Ong #0007 OO

OO +O-Or | 20O e,
'%’N/:N/CN%—‘
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. ) o iNmNCN{:N%
In some embodiments, L or -Cy!-Cy?-Cy?- is selected from the group consisting of ,

%CN‘CN{:N‘%’ §—<:><>N‘<>N/<:N‘§" %—NCN{:N{:NE—’ -%—N(:>7N/\:>7Ni>—§—’
%CNACN{;N%’ %@N@N—CN%—’ %N/\:/\N@NO%’ %—NCNCN—OEH’
wa WO O

%’NCNQN?’{J ’

In some embodiments, L or -Cy!'-Cy?-LNK?2- is selected from the group consisting of

%ND/NO/N, %NQ\CN%’ %NO/NO/{’ ?ND/N%’and }{CN,CN/}{.

N
Q\/C/N%
In some embodiments, L or -Cy!-LNK-Cy?- is selected from the group consisting of ,

ﬁav@“?{’ m% | ﬁC\N\Q%’ﬂ ﬁQ\N\Q){ %CN/Y\N{,

%ﬁ% ﬁO\C% mﬁ“%d xofﬁ}{

(e
In some embodiments, L or -LNK'-Cy!-Cy?-LNK?- is selected from the group consisting of O ,

A N\//J\N/CN/N ?NO/N% ?%/NO/CN/N

0 ,and O )
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o
In some embodiments, L or -Cy'-LNK-Cy?-LNK?- is )

In some embodiments, L is selected from the group consisting of a bond, -NHCH,-, -CH.NHCH:-, -CH:-, -C(O)CHa-,

n,%,an,%NQ%, VN; m”f @Oﬁ(,
;iN

Cou P P Ty, o
m HONE TR %Cf il | Oﬁ WX

%OQ/K’%NC}CV’%, & 0 CLW: ?{NQW’ Qm,
%NQN& ONW siUm gNQOV“;ﬂ FihOQ\k @vaz,
OCN@ QOv“z %@QNW QQT QQ? OOW,
:@OCNW, %%, %J{, %% Ng%, %CNO%,

%CN<>§ JFCN’<>'§", ;CN‘CN%, %NUNﬁ%, @NO%

HOrOr OO A0+ 0 $0r0%
N ACN—CN—%’ ?CNACN{:N—}’ §—<:><>N<:N/<;N—§—’ %-NCN{:N{:N@’

%—N/\:>7N/\:>7Ni>%’ %CNACN{:Né—’ —%—@N@N—CN%—, %NCN—CNO%*

aS:N
WOrOrOr WO Ov . Gl X0
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m% | X@\\\Q“ﬁ‘, KQ\Q’? KO *SNQVN%,
(oo Vs oo e e o We'S

>QOq\\\\,CN;k , m VCN%» | F\OCN \/C/N}( | ?NO/NO/}{

s N N N
RO S OV S OVt

(o] nd

N L05 g”@@
In some embodiments, L is selected from the group consisting of K/ N; 5 N\i , N\;,
-+ e
TR %NC)/%, WS %N@ﬂt, N S OQ\X
%"OO\P\H ‘QLN:: :‘aLN: IJV %NO/N% and %NO/NO/\NJ\J'

;\N/\
. . K/N é){ . . %NO/\{ . .
In some embodiments, L is . In some embodiments, L is . In some embodiments, L is

N7
S

hafefo)t
In some embodiments, the structural fragment is selected from the group consisting of

ﬁ@ﬁfy |
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In some embodiments, the structural fragment is selected from the group consisting of
~
N 0\
o-N 0-N N /
\ O~
w7 | (}F C@/& Pl N
Rees N . '
b B %b B
O-N _
00y, ¢ : & 8
A O WO O
N o.
BQN\/, % :‘QN\/, /\i@/({ %N\// P >éN\\/j\N

(e}
" e \ﬁ | }{ONW L w %ON/E@O/;
\ﬁN/\\\/\N\@D‘){‘;\ ?’{N\/\\\/N\%;};\ ?gNCN,(@f/}\ @w
Ot Ol 00O v
J\\; (0]
v O—Rl v o—rx\j . Ofl\\l

In some embodiments, Rf is selected from the group consisting of H, fluorine, chlorine, bromine, deuterium, and C;.
3 alkyl optionally substituted with one or more substituents. In some embodiments, R is selected from the group
consisting of H, fluorine, chlorine, bromine, deuterium, and C,.3 alkyl, wherein the Ci_3 alkyl is optionally substituted
with one or more of the following groups: halogen, -OH, -NH,, and -CN. In some embodiments, R is selected from
the group consisting of H, fluorine, chlorine, bromine, deuterium, and C;3 alkyl. In some embodiments, Rfis selected

from the group consisting of H, fluorine, deuterium, and methyl. In some embodiments, R is H.
In some embodiments, X3 is selected from the group consisting of CH and N. In some embodiments, X> is CH.

In some embodiments, X° is selected from the group consisting of -O-, -NH-, and -N(C;3 alkyl)-. In some

embodiments, X¢ is selected from the group consisting of -O- and -N(CH3)-. In some embodiments, X is -O-.

In some embodiments, each R?, each R?, and each R* are independently selected from the group consisting of halogen,
-OH, -NH,, -CN, Ci.s alkyl, Ci.¢ alkoxy, and halogenated Ci. alkyl, wherein the -OH, -NHo, -CN, Ci.s alkyl, Ci.6
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alkoxy, or halogenated Ci_ alkyl is optionally substituted with one or more substituents. In some embodiments, each
R?, each R3, and each R* are independently selected from the group consisting of halogen, -OH, -NHa, -CN, Ci.4
alkyl, Ci.4 alkoxy, and halogenated C;.4 alkyl.

In some embodiments, each R? is independently selected from the group consisting of halogen, -OH, -NHo, -CN, C.
5 alkyl, C.3 alkoxy, and halogenated C;3 alkyl. In some embodiments, each R? is independently selected from the
group consisting of halogen, -OH, -NH», -CN, C; alkyl, and C;3 alkoxy. In some embodiments, each R? is
independently selected from the group consisting of fluorine, chlorine, bromine, -OH, -NH,, -CN, methyl, and
methoxy. In some embodiments, each R? is independently selected from the group consisting of fluorine, chlorine,
bromine, -CN, and methoxy. In some embodiments, each R? is independently selected from the group consisting of
-CN and methoxy. In some embodiments, each R? is independently selected from the group consisting of -CN and

Ci-6 alkoxy (e.g., Cis alkoxy, Ci.4 alkoxy, or Ci.3 alkoxy).

In some embodiments, each R? is independently selected from the group consisting of halogen, -OH, -NHo, -CN, C;.
5 alkyl, C.; alkoxy, and halogenated C;3 alkyl. In some embodiments, each R? is independently selected from the
group consisting of halogen, -OH, -NH,, -CN, and C; alkyl. In some embodiments, each R?® is independently
selected from the group consisting of Ci.s alkyl, Cis alkyl, and Ci.4 alkyl (preferably Ci.3 alkyl). In some

embodiments, each R? is independently methyl.

In some embodiments, each R* is independently selected from the group consisting of halogen, -OH, -NHo, -CN, C;.
3 alkyl, C.; alkoxy, and halogenated C;3 alkyl. In some embodiments, each R* is independently selected from the
group consisting of halogen, -OH, -NH,, -CN, and C; alkyl. In some embodiments, each R* is independently

selected from the group consisting of fluorine, chlorine, bromine, -OH, -NH>, and -CN.

In some embodiments, m is selected from the group consisting of 0, 1, 2, and 3. In some embodiments, m is selected
from the group consisting of 1, 2, and 3. In some embodiments, m is 2. In some embodiments, p is selected from the
group consisting of 1, 2, 3, and 4. In some embodiments, p is selected from the group consisting of 3 and 4. In some
embodiments, p is 4. In some embodiments, q is selected from the group consisting of 0, 1, 2, and 3. In some

embodiments, q is selected from the group consisting of 0 and 1. In some embodiments, q is 0.

. X
X i j
2 @/ NZ
In some embodiments, the structural fragment (R%)m is
In some embodiments, ring G is selected from the group consisting of phenyl and 5- to 6-membered heteroaryl. In

some embodiments, ring G is selected from the group consisting of phenyl and 6-membered heteroaryl (6-membered

heteroaryl containing 1-2 N atoms). In some embodiments, ring G is phenyl.

In some embodiments, ring E is selected from the group consisting of Cs9 cycloalkyl and 3- to 9-membered
heterocycloalkyl. In some embodiments, ring E is selected from the group consisting of Cs.9 cycloalkyl and 4- to 9-
membered heterocycloalkyl. In some embodiments, ring E is selected from the group consisting of C4.7 cycloalkyl
and 4- to 7-membered heterocycloalkyl. In some embodiments, ring E is selected from Ca.7 cycloalkyl (e.g., Cs-6
cycloalkyl or Ca.5 cycloalkyl). In some embodiments, ring E is selected from the group consisting of cyclobutyl,

cyclopentyl, and cyclohexyl.

In some embodiments, ring E is cyclobutyl. In some embodiments, ring E is . In some embodiments, ring

j= ©,

E is ?H{ . In some embodiments, the structural moiety R is . In some embodiments, the
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OX

. 3 .
structural moiety R 1s

In some embodiments, ring F is selected from the group consisting of Ce.19 aryl and 5- to 7-membered heteroaryl. In
some embodiments, ring F is selected from the group consisting of phenyl and 5- to 6-membered heteroaryl. In some
embodiments, ring F is selected from the group consisting of phenyl and 6-membered heteroaryl (e.g., 6-membered
heteroaryl containing 1-3 or 1-2 N atoms). In some embodiments, ring F is selected from the group consisting of
phenyl, pyridinyl, pyridazinyl, pyrimidinyl, and pyrazinyl. In some specific embodiments, ring F is phenyl. In some
embodiments, ring F is pyridinyl. In some embodiments, ring F is pyrimidinyl. In some embodiments, ring F is

pyrazinyl. In some embodiments, ring F is pyridazinyl. In some embodiments, ring F is selected from the group

.. 2 = N~ N\/ﬁ . . .
consisting of , N s s , and . In some embodiments, ring F is
N,
| X | SN
. . . = . . . =
. In some embodiments, ring F is N . In some embodiments, ring F is . In some

A
. . . N~ . . . N\/?{
embodiments, ring F is . In some embodiments, ring F is

X N\‘N
4 | = | =
In some embodiments, aR") is selected from the group consisting of , N , ,
N

, and .
In some embodiments, R' is selected from the group consisting of hydrogen, -OH, Ci.4 alkyl, Cs.¢ cycloalkyl, and 3-
to 6-membered heterocycloalkyl, wherein the Ci.4 alkyl, Cs.¢ cycloalkyl, or 3- to 6-membered heterocycloalkyl is
optionally substituted. In some embodiments, R' is selected from the group consisting of hydrogen, -OH, Ci.; alkyl,
Cs4 cycloalkyl, and 3- to 4-membered heterocycloalkyl, wherein the C_3 alkyl, Cs.4 cycloalkyl, or 3- to 4-membered

heterocycloalkyl is optionally substituted. In some embodiments, R* is selected from the group consisting of

hydrogen and C,; alkyl (e.g., methyl, ethyl, or propyl). In some embodiments, R* is hydrogen.

In some embodiments, the optional substitution refers to optional substitution with one or more of the following

groups: halogen (e.g., fluorine, chlorine, bromine, or iodine), -CN, -OH, and -NHo.

R®)g
SORS

In some embodiments, the structural fragment is selected from

[
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N (R%q
embodiments, the structural
(R3)p\

O/, O
\ .
|
(R < Q D‘N
H -
(R%)q

In some embodiments, the structural fragment
o
0}
N
Q ’
N/ 7 O— (R4)q
is selected from In some
(o7
(R®m /R
®) \
o T
4
fragment L ®a is selected from
In some embodiments, the structural fragment
o
O
N
- Q H §
o R
is selected from . In some
IOnaY
(R)m @ %
(R3)p N
SORS
4 .
fragment L (R . is  selected from
In some embodiments, the structural fragment



22

O,

Ry
D - JrRaf
4 Y (RA)Q

} 4
L . is selected from N O—

. In some embodiments,

[
L

Ry
SORS
the structural fragment g
N X N N SN
2 N //Q Ny //)i;( H)SwA
NTo NTol N NT ol N AL

is selected from the group consisting of

\ 7/

N
N SN N N SN

W A W ”J\@ W HJ\M

O N , o , O

O,,. 0

’ )KU&
NZ H

o N~ .

~ In some embodiments, the structural fragment

G

ol o
(R3m o v (Rz)m/©/ \u”)‘\@ A \% )\\@
“ORT P

RY
(R¥q q &%
M Pl oS *@ pee
R /Q/ //Q/ ”)k(jﬁ
| q or N (RA)Q N= O\ ‘

In some embodiments, the heterocycloalkenyl, heteroaryl, heterocycloalkyl, or heteroalkylene described above
comprises one or more heteroatoms or heteroatom groups independently selected from the group consisting of -O-,
-NH-, -N-, -S-, C=0, -C(=0)NH-, -C(=0)0O-, -S(=0)-, and -S(=0).-; in some embodiments, the heterocycloalkenyl,
heteroaryl, heterocycloalkyl, or heteroalkylene described above comprises one or more heteroatoms or heteroatom
groups independently selected from the group consisting of -O-, -NH-, -N-, and -S-; in some embodiments, the
heterocycloalkenyl, heteroaryl, heterocycloalkyl, or heteroalkylene described above comprises one or more
heteroatoms or heteroatom groups independently selected from the group consisting of -O-, -NH-, and -N-. In some
embodiments, the number of the heteroatoms or heteroatom groups is independently selected from the group
consisting of 1, 2, 3, 4, 5, and 6, or is selected from the group consisting of 1, 2, 3, and 4, or is selected from the

group consisting of 1, 2, and 3, or is selected from the group consisting of 1 and 2.



23

In some embodiments, the heteroatom in the heterocycloalkenyl described above is selected from the group
consisting of N, NH, O, and S. In some embodiments, the heteroatom in the heterocycloalkenyl described above is
selected from the group consisting of N, O, and S. In some specific embodiments, the heteroatom in the
heterocycloalkenyl described above is selected from the group consisting of N and O. In some embodiments, the
number of the heteroatoms in the heterocycloalkenyl described above is selected from the group consisting of 1, 2,
3,4, 5, and 6. In some embodiments, the number of the heteroatoms in the heterocycloalkenyl described above is
selected from the group consisting of 1, 2, 3, and 4. In some embodiments, the number of the heteroatoms in the
heterocycloalkenyl described above is selected from the group consisting of 1, 2, and 3. In some specific
embodiments, the number of the heteroatoms in the heterocycloalkenyl described above is selected from the group

consisting of 1 and 2.

It should be understood that any embodiment of the compounds of the present application as described above, and
any specific substituents set forth herein with respect to particular ring A, ring B, ring C, ring E, ring F, ring G, R!,
R2, R3, R%, R, L, X5, and X° substituents in the compounds of the present application as described above, may be
independently combined with other embodiments of the present application and/or substituents of the compounds to
form embodiments of the present disclosure not specifically set forth above. Further, when a range of substituents is
disclosed in specific embodiments and/or claims with respect to any particular ring A, ring B, ring C, ring E, ring F,
ring G, R, R%, R3, R4, R}, L, X>, and X° substituents, it should be understood that one or more substituents may be
deleted from the range and the remaining range of substituents should also be considered as an embodiment of the

present application.

The present application relates to a compound of formula I-1 or I-1A, a stereoisomer thereof, or a pharmaceutically

acceptable salt thereof,

o i
m(R’) /nNH O\V\xsj
©
BORWEA00
(R ®e
I-1
Qx‘?,, H o
2 - 0 N
m(R?) Qg( .
NH
o(R%) e
@ L
R ®
- I-1A

wherein ring A, ring B, ring C, ring F, R, n, R%, m, R3, p, R*, q, X®, X®, and L are as defined herein.

In some embodiments, the structural moiety ﬁaa is as described herein.

The present application relates to a compound of formula I-2, formula I-2A, formula I-3, or formula I-3A, a

stereoisomer thereof, or a pharmaceutically acceptable salt thereof,



N o, o)
ore 1D kI )
m(R?) X m(R) NH

NH 3, N

R3) x p(R°) X

| %@/L (el d o Gl d
@

oRY

I-3 , or I-3A ,

wherein ring A, ring B, ring C, ring F, R!, n, R%, m, R, p, R%, q, X>, and L are as defined herein;
X is selected from the group consisting of CH and N.

(ale] ( -
In some embodiments, the structural fragments and o) are as defined herein.

In some embodiments, optionally, the compound of the present application is not the following compound:

H
N,

O
cl
peae JoOs 4
- =
. Y N// HJ\q @
N Wl NS N Q N\
L \) o

o]

=

t“ro

QA C
0

“NT N N

OO

(o}

In some embodiments, optionally, the compound of the present application is not the following compound:

, or

o} N Ve
i i\ _ NH
Ne O N = \F\ AR
[ _H ﬁ\T‘N\J o A Y C"_'(\::'—< d ~ N o
N Y O’N f\““ h i -
o ) ° Ngf@ -
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In some embodiments, optionally, the compound of the present application is not the following compound:
0 o
gﬂn KN NA
Na ci — i o
\@\ y Nr\_JNI\"\/\o Q { o C'-b N r}’\d e o
o ] ° o W N
© or
H
H O\V\Njo
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o Nj X8
X @ﬁ@
SOC !
. . 0 .
In some embodiments, the structural moiety 4+t or ®) is not selected
o  H
N o o

N N
\egNQ\/g\ Q
from the group consisting of

o  H
N Q
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o @fj
o

B b b b

oy’ o
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H 0
(0]
)
§L

- ay FALele) o
In some embodiments, the structural moiety or ®) is not selected from
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In some embodiments, the structural moiety or ®) is not selected from the
o H
N o, H
o K o | M, e °
o o) UO
_ _ .u/’_o /o 0 ’O
(0] O
N ccaiteeai> SRl e SR e
group consisting of , , , , , and . In some

H
N O

Oﬁ; )
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. . Mo .
embodiments, the structural moiety aaa or ® is not selected from the group
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In another aspect, the present application relates to a compound of formula I' or I", a moiety, a stereoisomer thereof,

a derivative (specifically, such as a Protac molecule), or a pharmaceutically acceptable salt thereof,

H o

- o
51 ©
aDOR A0

& &

[ or [ ’

wherein ring A is absent or selected from the group consisting of Cs.ip cycloalkenyl, 5- to 10-membered
heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl;

ring B is phenyl;

ring C is selected from the group consisting of isoxazolyl and furanyl,

L is a connecting group; optionally, L is as defined herein; optionally, R! and n are as defined herein.

In some embodiments, the present application relates to the following moiety, or a compound (including a Protac

molecule) comprising the moiety, a stereoisomer thereof, or a pharmaceutically acceptable salt thereof:

wherein L is as defined above, Y° is C(R%) or N, and R’ is H, deuterium, tritium, C,.3 alkyl, or =O (preferably H); d

and d' may be identical or different and are each independently 1, 2, or 3.

In some embodiments, the present application relates to the following moiety, or a compound (including a Protac

molecule) comprising the moiety, a stereoisomer thereof, or a pharmaceutically acceptable salt thereof:

wherein L, Y, d, and d' are as defined herein, Y? is C(R%) or N, and R is H, deuterium, tritium, C;.; alkyl, or =O
(preferably H).



28

In some embodiments, the structural moiety ﬁaa is as described herein.

In another aspect, the present application relates to a compound of formula I'-a or I"-a, a moiety, a stereoisomer
thereof, a derivative (specifically, such as a Protac molecule), or a pharmaceutically acceptable salt thereof,

H
N.__O

OY“ o o
oncaelions

n(R1a) n(R1 a)

Ia I"-a
wherein ring A is absent or selected from the group consisting of Cs.ip cycloalkenyl, 5- to 10-membered
heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl;
ring B is phenyl;
ring C is selected from the group consisting of isoxazolyl and furanyl,
each R'# is independently selected from the group consisting of halogen, -OH, -NH,, -CN, =0, -CHO, C,.4 alkyl, C;-
4 alkoxy, C1.¢ alkyl OC(O)-, Cs.12 cycloalkyl, and 4- to 12-membered heterocycloalkyl, wherein the Ci.4 alkyl, Ci.4
alkoxy, Cs.12 cycloalkyl, or 4- to 12-membered heterocycloalkyl is optionally substituted with one or more of the
following groups: halogen, =0, -OH, -NH,, -CN, CHO, COOH, -C4 alkyl-OH, Ci.¢ alkyl OC(O)-, and 4- to 10-
membered heterocycloalkyl optionally substituted with Ci.¢ alkyl COC(O)-;

n is selected from the group consisting of 0, 1, 2, and 3.

In some embodiments, ring A is absent or selected from the group consisting of Cs.7 cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 10-membered

heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs_ cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5-membered heteroaryl.

In some embodiments, ring A is absent or selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, pyrrolyl, pyrazolyl, furanyl, and oxazolyl.

In some embodiments, ring A is absent or selected from the group consisting of Cs cycloalkenyl, C¢ cycloalkenyl,
5-membered, 6-membered, 7-membered, 8-membered, and 9-membered heterocycloalkenyl, phenyl, pyrrolyl,

pyrazolyl, furanyl, and oxazolyl.

In some embodiments, ring A is absent or selected from the group consisting of cyclopentenyl, monocyclohexenyl,
bicyclohexenyl, dihydropyrrolyl, tetrahydropyridinyl, tetrahydroazepinyl, azaspirooctenyl, azaspirononenyl, phenyl,
pyrrolyl, pyrazolyl, furanyl, oxazolyl, and dihydrooxazinyl.

In some specific embodiments, ring A is selected from the group consisting of Cs.g cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5-membered heteroaryl.

In some specific embodiments, ring A is selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 9-membered

heterocycloalkenyl, phenyl, and 5-membered heteroaryl.

In some specific embodiments, ring A is selected from the group consisting of Cso cycloalkenyl and 5- to 9-

membered heterocycloalkenyl. In some specific embodiments, ring A is selected from the group consisting of Cs.s
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cycloalkenyl and 5- to 9-membered heterocycloalkenyl.

In some specific embodiments, ring A is selected from Cs.g cycloalkenyl. In some specific embodiments, ring A is
selected from Cs.s cycloalkenyl. In some specific embodiments, ring A is selected from 5- to 9-membered

heterocycloalkenyl.

In some specific embodiments, ring A is selected from the group consisting of cyclopentenyl, dihydropyrrolyl,

tetrahydropyridinyl, tetrahydroazepinyl, azaspirononenyl, azaspirooctenyl, phenyl, pyrrolyl, and pyrazolyl.

In some specific embodiments, ring A is selected from the group consisting of cyclopentenyl, dihydropyrrolyl,
tetrahydropyridinyl, tetrahydroazepinyl, azaspirononenyl, and azaspirooctenyl. In some specific embodiments, ring
A is selected from the group consisting of cyclopentenyl, dihydropyrrolyl, tetrahydropyridinyl, tetrahydroazepinyl,

and azaspirooctenyl.

In some specific embodiments, ring A is selected from cyclopentenyl. In some specific embodiments, ring A is

selected from the group consisting of dihydropyrrolyl, tetrahydropyridinyl, tetrahydroazepinyl, and azaspirooctenyl.

In some specific embodiments, ring A is selected from the group consisting of phenyl, pyrrolyl, and pyrazolyl.

HN HN HN
O Sy O
In some embodiments, ring A is selected from the group consisting of , , , ,
HN HN HN N
/ // Hl}l N\ HNTN 0\ — HN
b b b b N = b = 2 = b b HN b b

In some specific embodiments, ring C is isoxazolyl. In some specific embodiments, ring C is furanyl.

In some embodiments, the structural moiety is selected from the group consisting of I
oQC
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In some embodiments, the structural fragment is selected from the group consisting of
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In some embodiments, the structural fragment is selected from the group consisting of

" @O o( > oy,
N ) p ‘
{ s ° s , { and ° . In some
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, ; or, the structural fragment is selected from the group
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S ce G, M
consisting of and ; or, the structural fragment is .

In some embodiments, the structural fragment is selected from the group consisting of
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In some specific embodiments, the structural fragment is not selected from the group consisting of

S0P
Q Nand / .

In some embodiments, the structural fragment is selected from the group consisting of
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some embodiments, each R'? is independently selected from the group consisting of halogen, -OH, -NH,, -CN,-CHO,
Ci alkyl OC(O)-, Ci1.4 alkyl, Ci.4 alkoxy, Cs.10 cycloalkyl, and 4- to 10-membered heterocycloalkyl, wherein the
Ci4 alkyl, Ci.4 alkoxy, Cs.10 cycloalkyl, or 4- to 10-membered heterocycloalkyl is optionally substituted with one or
more of the following groups: halogen, =0, -OH, -NH,, -CN, -CHO, -COOH, -C;.4 alkyl-OH, Ci.s alkyl OC(O)-,
and 4- to 10-membered heterocycloalkyl optionally substituted with C;.¢ alkyl COC(O)-.

%O

In some embodiments, each R'? is independently selected from the group consisting of halogen, -OH, -NH>, -CN, -
CHO, Ci4 alkyl OC(O)-, Ci3 alkyl, C;3 alkoxy, Cs.9 cycloalkyl, and 4- to 9-membered heterocycloalkyl, wherein
the C1.3 alkyl, Ci.3 alkoxy, Cs.9 cycloalkyl, or 4- to 9-membered heterocycloalkyl is optionally substituted with one
or more of the following groups: halogen, -OH, =0, -NH>, -CN, -CHO, -COOH, -C|.4 alkyl-OH, C;.4 alkyl OC(O)-,
and 4- to 9-membered heterocycloalkyl optionally substituted with C;.4 alkyl COC(O)-.

In some embodiments, each R'? is independently selected from the group consisting of halogen, -OH, -NH>, -CN, -
CHO, Ci. alkyl OC(O)-, Ci3 alkyl, C;3 alkoxy, Cs.¢ cycloalkyl, and 4- to 6-membered heterocycloalkyl, wherein
the C1.3 alkyl, Ci.3 alkoxy, Ca.6 cycloalkyl, or 4- to 6-membered heterocycloalkyl is optionally substituted with one
or more of the following groups: halogen, -OH, =0, -NH>, -CN, -CHO, -COOH, -C.4 alkyl-OH, C,.s alkyl OC(O)-,
and 3- to 6-membered heterocycloalkyl optionally substituted with C;.¢ alkyl COC(O)-.

In some embodiments, each R'? is independently selected from the group consisting of halogen, -OH, -NH,, -CN, -
CHO, Ci.4 alkyl OC(O)-, Ci.3 alkyl, and 4- to 6-membered heterocycloalkyl, wherein the Ci3 alkyl or 4- to 6-
membered heterocycloalkyl is optionally substituted with one or more of the following groups: -OH, =0, -NHa, -
CN, -CHO, -COOH, C1.4 alkyl OC(O)-, and 4- to 6-membered heterocycloalkyl optionally substituted with Ci.4 alkyl
0C(0)-.

In some embodiments, each R!? is independently selected from the group consisting of halogen, -OH, -CHO,
(CH3)3COC(0O)-, Ci3 alkyl, cyclobutyl, and piperidinyl, wherein the Ci.3 alkyl, cyclobutyl, or piperidinyl is
optionally substituted with one or more of the following groups: -OH, (CH3);COC(O)-, and cyclobutyl optionally
substituted with (CH3)3:COC(O)-.

In some embodiments, each R'* is independently selected from the group consisting of F, -OH, -CHO,
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In some embodiments, n is selected from the group consisting of 0, 1, and 2. In some embodiments, n is selected

from the group consisting of 0 and 1. In some embodiments, n is 0.

The present application relates to the following compound, a moiety, a stereoisomer thereof, a derivative (specifically,

such as a Protac molecule), or a pharmaceutically acceptable salt thereof,
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In some embodiments, the present application relates to a compound of formula I, a stereoisomer thereof, or a
pharmaceutically acceptable salt thereof, wherein ring A is Cs.o cycloalkenyl or 5- to 15-membered
heterocycloalkenyl containing 1-2 heteroatoms selected from the group consisting of N and O (e.g., Cs.g cycloalkenyl
or 5- to 8-membered heterocycloalkenyl containing 1-2 heteroatoms selected from the group consisting of N and O);
ring B is phenyl; ring C is 5- to 6-membered heteroaryl containing 1-2 heteroatoms selected from the group
consisting of N and O; n is 0; X° is selected from C(Rf), and Rfis selected from the group consisting of H, deuterium,
and Ci.¢ alkyl;

L is Ci.19 alkylene, wherein 1 or more -CH»- in the Ci.19 alkylene are optionally replaced by Cs.s cycloalkyl or 5- to
8-membered heterocycloalkyl containing 1-3 or 1-2 N atoms or O atoms;

each R? is independently -OH, -NH», -CN, Ci.jo alkyl, Ci.;o alkoxy, or halogenated Ci.;o alkyl; each R? is
independently halogen, C).19 alkyl, or halogenated Cj.10 alkyl; qis 0, mis 0, 1,2, 0r 3,and pis 0, 1, 2, 3, or 4; X% is
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-O- or -NH-; ring G is phenyl or 6-membered heteroaryl containing 1-2 N atoms or O atoms; ring E is Cs.¢ cycloalkyl;
ring F is phenyl or 6-membered heteroaryl containing 1-3 or 1-2 N atoms or O atoms; R' is hydrogen, -OH, or Ci.6
alkyl.

In some embodiments, the present application relates to the following compound, a stereoisomer thereof, or a

pharmaceutically acceptable salt thereof:

e

(Rz)m

wherein each R? is independently -NHo, -CN, C.6 alkyl, C.¢ alkoxy, or halogenated C.¢ alkyl (e.g., -CN, Ci.¢ alkoxy,
Ci1s alkoxy, C1.4 alkoxy, or C1.3 alkoxy);

each R is independently Ci. alkyl or halogenated C,.s alkyl (e.g., Ci- alkyl, Ci.s alkyl, Ci4 alkyl, or C;3 alkyl);
mis 1, 2, or 3 (preferably 1 or 2), and p is 0, 1, 2, 3, or 4 (preferably 2, 3, or 4);

X6 is -O- or -NH- (preferably -O-);

R'is hydrogen, -OH, or C alkyl (preferably hydrogen);

ring F is Ce.10 aryl or 6- to 10-membered heteroaryl (preferably phenyl or 6-membered heteroaryl containing 1-4, 1-
3, or 1-2 N atoms);

L is Cis alkylene, wherein 1 or more -CH»- in the Ci.s alkylene are optionally replaced by 5- to 7-membered

e NeuNe
N N
heterocycloalkyl containing 1-3 or 1-2 N atoms (e.g., % , or % \) , preferably

[N
N N
4 or %% \/' );
ring A is Cso cycloalkenyl or 5- to 9-membered heterocycloalkenyl containing 1-2 N atoms (preferably Cs.;

cycloalkenyl or 5- to 7-membered heterocycloalkenyl containing 1 N atom).

In some embodiments, the present application relates to the following compound, a stereoisomer thereof, or a

pharmaceutically acceptable salt thereof:

o ey
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wherein R?, R3, m, p, X%, RY, ring F, L, and ring A are as defined above, and each R? may be identical or different,
and each R 3 may be identical or different; Y!, Y2, Y3, Y4, Y>, and Y® are each independently C(R3) or N, and R5 is
H, deuterium, tritium, C;3 alkyl, or =O (preferably H, deuterium, or tritium); d and d' may be identical or different
and are each independently 1, 2, or 3. In some preferred embodiments, at most 3 of Y', Y2, Y3, and Y# are N, and
more preferably, at most 2 of Y, Y2, Y3, and Y* are N.

In some embodiments, Y! is CH or N. In some embodiments, Y' is CH. In some embodiments, Y' is N.

In some embodiments, Y2 is CH or N. In some embodiments, Y2 is CH. In some embodiments, Y2 is N.

In some embodiments, Y3 is CH or N. In some embodiments, Y is CH. In some embodiments, Y? is N.

In some embodiments, Y# is CH or N. In some embodiments, Y* is CH. In some embodiments, Y* is N.

In some embodiments, Y> is CH or N. In some embodiments, Y? is CH. In some embodiments, Y? is N.

In some embodiments, Y° is CH or N. In some embodiments, Y° is CH. In some embodiments, Y° is N.

In another aspect, the present application relates to use of the compound (e.g., formula I' or formula I", formula I'-a
or formula ["-a, or a specific compound), the moiety, the isomer (e.g., stereoisomer) thereof, or the derivative thereof
for preparing a Protac molecule. In another aspect, the present application relates to use of the compound (e.g.,
formula I' or formula I", formula I'-a or formula I"-a, or a specific compound), the moiety, the isomer (e.g.,
stereoisomer) thereof, or the derivative thereof for constituting part of a Protac molecule. In another aspect, the
present application relates to the compound (e.g., formula I' or formula I", formula I'-a or formula I"-a, or a specific
compound), the moiety, the isomer (e.g., stereoisomer) thereof, or the derivative thereof present in the form of a
Protac molecule. In another aspect, the present application relates to use of the compound (e.g., formula I' or formula
I", formula I'-a or formula I"-a, or a specific compound), the moiety, the isomer (e.g., stereoisomer) thereof, or the
derivative thereof for degrading a protein (e.g., AR), and for example, the compound (e.g., formula I' or formula I",
formula I'-a or formula I"-a, or a specific compound), the moiety, the isomer (e.g., stereoisomer) thereof, or the
derivative thereof degrades the protein in the form of a Protac molecule. In another aspect, the present application
relates to use of the compound (e.g., formula I' or formula I", formula I'-a or formula I"-a, or a specific compound),
the moiety, the isomer (e.g., stereoisomer) thereof, or the derivative thereof for degrading a protein in the form of a
Protac molecule. The present application relates to use of the compound (e.g., formula I' or formula I", formula I'-a
or formula ["-a, or a specific compound), the moiety, the isomer (e.g., stereoisomer) thereof, or the derivative thereof
(e.g., as a preparation intermediate) for preparing a Protac molecule. The present application relates to use of the

compound (e.g., formula I' or formula I", formula I'-a or formula I'"-a, or a specific compound), the moiety, the isomer
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(e.g., stereoisomer) thereof, or the derivative thereof (e.g., as a preparation intermediate) for preparing a protein

degrader.

The present application relates to the following compound, a stereoisomer thereof, or a pharmaceutically acceptable
salt thereof:
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The present application also relates to the following compound, a stereoisomer thereof, or a pharmaceutically

acceptable salt thereof:
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The present application also covers solutions obtained by any combination, deletion, or exchange of the

embodiments described above.

In another aspect, the present application relates to a pharmaceutical composition, and the pharmaceutical
composition comprises the compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof of
the present application described above; optionally, the pharmaceutical composition of the present application also

comprises a pharmaceutically acceptable excipient.

In another aspect, the present application relates to use of the compound, the stereoisomer thereof, or the
pharmaceutically acceptable salt thereof, or the pharmaceutical composition thereof described above for preparing
a medicament for preventing or treating a disorder treated by degrading a target protein (e.g., androgen receptor, AR)
that binds to a targeting ligand.

In another aspect, the present application relates to use of the compound, the stereoisomer thereof, or the

pharmaceutically acceptable salt thereof, or the pharmaceutical composition thereof described above for preparing

a medicament for preventing or treating a disorder treated by binding to cereblon protein (CRBN) i vivo.

In another aspect, the present application relates to use of the compound, the stereoisomer thereof, or the

pharmaceutically acceptable salt thereof, or the pharmaceutical composition thereof described above for preparing
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a medicament for preventing or treating an AR-related disease.

The present application relates to a method for treating or preventing a disorder treated by degrading a target protein
(e.g., androgen receptor, AR) that binds to a targeting ligand in a mammal, which comprises administering to a
mammal (preferably a human) in need of such treatment a therapeutically effective amount of the compound, the
stereoisomer thereof, or the pharmaceutically acceptable salt thereof, or the pharmaceutical composition thereof of

the present application described above.

The present application relates to a method for treating or preventing a disorder treated by binding to cereblon protein
in vivo, which comprises administering to a mammal (preferably a human) in need of such treatment a therapeutically
effective amount of the compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof, or the

pharmaceutical composition thereof of the present application described above.

In another aspect, the present application relates to a method for treating an AR-related disease in a mammal, which
comprises administering to a mammal (preferably a human) in need of such treatment a therapeutically effective
amount of the compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof, or the

pharmaceutical composition thereof of the present application described above.

In another aspect, the present application relates to the compound, the stereoisomer thereof, or the pharmaceutically
acceptable salt thereof, or the pharmaceutical composition thereof described above for use in preventing or treating

a disorder treated by degrading a target protein (e.g., androgen receptor, AR) that binds to a targeting ligand.

In another aspect, the present application relates to the compound, the stereoisomer thereof, or the pharmaceutically
acceptable salt thereof, or the pharmaceutical composition thereof described above for use in preventing or treating

a disorder treated by binding to cereblon protein in vivo.

In another aspect, the present application relates to the compound, the stereoisomer thereof, or the pharmaceutically
acceptable salt thereof, or the pharmaceutical composition thereof described above for use in preventing or treating

an AR-related disease.

In another aspect, the present application relates to use of the compound, the stereoisomer thereof, or the
pharmaceutically acceptable salt thereof, or the pharmaceutical composition thereof described above for preventing
or treating a disorder treated by degrading a target protein (e.g., androgen receptor, AR) that binds to a targeting
ligand.

In another aspect, the present application relates to use of the compound, the stereoisomer thereof, or the
pharmaceutically acceptable salt thereof, or the pharmaceutical composition thereof described above for preventing

or treating a disorder treated by binding to cereblon protein in vivo.

In another aspect, the present application relates to use of the compound, the stereoisomer thereof, or the
pharmaceutically acceptable salt thereof, or the pharmaceutical composition thereof described above for preventing

or treating an AR-related disease.

In some specific embodiments, the AR-related disease described above is selected from the group consisting of
disorders treated by degrading and/or inhibiting a protein (androgen receptor, AR) that binds to an AR target protein
ligand; in some specific embodiments, the AR-related disease described above is selected from the group consisting
of disorders treated by binding to cereblon protein in vivo; in some embodiments, the disease or disorder described

above is selected from the group consisting of cancers, such as prostate cancer.

In some specific embodiments, the disorder treated by binding to cereblon protein in vivo and/or by degrading a
target protein that binds to a targeting ligand described above is selected from the group consisting of AR-related
diseases; in some specific embodiments, the AR-related disease described above is selected from the group

consisting of cancers, such as prostate cancer.
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“One or more” used herein refers to an integer ranging from one to ten. For example, “one or more” refers to one,
two, three, four, five, six, seven, eight, nine, or ten; in some embodiments, the “one or more” is selected from the
group consisting of one, two, three, four, five, and six. In some embodiments, the “one or more” is selected from the
group consisting of one, two, and three. In some embodiments, the “one or more” is selected from the group

consisting of one and two.

In some embodiments, the present application encompasses the variables defined above and embodiments thereof,

as well as any combination thereof.
Technical Effects

The compounds of the present application have protein degradation activity for AR or mutants thereof and have anti-
proliferative activity for related cells, and for example, the compounds have degradation activity for AR in VCaP
cells, and/or AR in MDA-PCA-2B cells (including L702H and/or T878A mutations thereof), AR in 22RV1 cells
(including H875Y and/or ARV7 mutations thereof), AR in HEK293 cells (including L702H mutation thereof),
and/or AR in LNCaP cells (including T878A mutation thereof); additionally, the compounds have anti-proliferative
activity for VCaP cells, and/or LNCaP cells (including T878A mutation thereof), and/or 22RV1 cells (including
H875Y and/or ARV7 mutations thereof), and/or MDA-PCA-2B cells (including L702H and/or T878A mutations
thereof), and/or HEK293 cells (including L702H mutation thereof). In addition, the compounds of the present
application also have good in vitro liver microsome stability and good in vivo pharmacokinetic properties
(specifically, such as AUC, ti2, and other parameters) in mammals (e.g., mice), can inhibit the growth of tumors in

vivo, and show good druggability.
Definitions

Unless otherwise stated, the following terms used in the present application shall have the following meanings. A
certain term, unless otherwise specifically defined, should not be considered uncertain or unclear, but interpreted
according to its common meaning in the art. When referring to a trade name, it is intended to refer to its corresponding

commercial product or its active ingredient.

Unless otherwise specified, [ ] is used to indicate that a hydrogen atom at any position of a group within

@ 9

[ ] may be substituted with a group linked by

The term “substituted” means that any one or more hydrogen atoms on a specific atom are substituted with
substituents, as long as the valence of the specific atom is normal and the resulting compound is stable. When the
substituent is oxo (i.e., =0), it means that two hydrogen atoms are substituted; oxo is not possible on an aromatic
group.

The term “optional” or “optionally” means that the subsequently described event or circumstance may, but does not
necessarily, occur. The description includes instances where the event or circumstance occurs and instances where
it does not. “Optionally substituted” includes unsubstituted and substituted. For example, ethyl being “optionally”
substituted with halogen means that the ethyl may be unsubstituted (CH2CH3), monosubstituted (for example,
CH>CH;F), polysubstituted (for example, CHFCH2F and CH,CHF>), or fully substituted (CF.CF3). It will be
appreciated by those skilled in the art that for any groups comprising one or more substituents, any substitutions or

substituting patterns that may not exist and/or cannot be synthesized spatially are not introduced.

Cm-n used herein means that the moiety has an integer number of carbon atoms in the given range. For example, “Ci.
¢~ means that the group may have 1 carbon atom, 2 carbon atoms, 3 carbon atoms, 4 carbon atoms, 5 carbon atoms,

or 6 carbon atoms.

When any variable (e.g., R) occurs more than once in the constitution or structure of a compound, the definition of
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the variable in each case is independent. For example, if a group contains 2 R, the definition of each R is independent.

When a bond is crosslinked to two atoms of a ring (including monocyclic, fused, or spiro ring), the bond may be

bonded to any atom on the ring (including monocyclic, fused, or spiro ring). For example, the structural unit

aea indicates that the bonds on two sides may be linked to any two different atoms on ring A, ring B,

or ring C; for another example, i !< indicates that the bonds on two sides may be linked to any two

HN
O\IN

different atoms on ring A, the middle benzene ring, or ring C; for further example, indicates that

the bonds on two sides may be linked to any two different atoms of the four rings in the system.

The term “halo-" or “halogen” refers to fluorine, chlorine, bromine, and iodine. The term “hydroxyl” refers to an -

OH group. The term “amino” refers to an -NH» group. The term “cyano” refers to a -CN group.

The term “alkyl” refers to hydrocarbyl with a general formula of CyHa2n+1. The alkyl may be linear or branched. For
example, the term “C,-¢ alkyl” refers to alkyl containing 1 to 6 carbon atoms (e.g., methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl, hexyl, 2-
methylpentyl, etc.). Similarly, the alkyl moieties (i.e., alkyl) of alkoxy, alkylamino, dialkylamino, alkylsulfonyl, and

alkylthio have the same definition as described above.

The term “alkylene” refers to a divalent group formed by the removal of one hydrogen at any position of alkyl. For
example, the term “Ci-¢ alkylene” refers to alkylene containing 1 to 6 carbon atoms; the term “Ci-4 alkylene” refers
to alkylene containing 1 to 4 carbon atoms, including but not limited to -CH»-, -CH2CH>-, -CH,CH,CH>-, or -
CH>CH>CH,CH>-.

The term “alkenylene” refers to a divalent group formed by the removal of one hydrogen at any position of alkenyl.
For example, the term “Cs-¢ alkenylene” refers to alkenylene containing 2 to 6 carbon atoms; the term “Cz-4
alkenylene” refers to alkenylene containing 2 to 4 carbon atoms, including but not limited to -CH,CH=CH-, -
CH>CH>CH=CH-, or -CH,CH=CHCHs>-.

The term “alkynylene” refers to a divalent group formed by the removal of one hydrogen at any position of alkynyl.

For example, the term “Cs-¢ alkynylene” refers to alkynylene containing 2 to 6 carbon atoms; the term “Cr-4

alkynylene” refers to alkynylene containing 2 to 4 carbon atoms, including but not limited to —C=C— ,

—H,c-C=C— —HCHC-CZC— | —H,C-C=C-CH,—

The term “heteroalkyl” is linear or branched alkyl consisting of a certain number of carbon atoms and at least one
heteroatom,; it has preferably 1 to 14 carbons, more preferably 1 to 10 carbons, even more preferably 1 to 6 carbons,
and most preferably 1 to 3 carbons in the chain, and preferably has 1, 2, or 3 heteroatoms selected from the group
consisting of S, O, and N. For example, C, heteroalkyl represents alkyl consisting of m carbon atoms and at least
one heteroatom (e.g., 1-3 heteroatoms selected from the group consisting of S, O, and N) located between any two
carbon atoms and having a heteroatom inserted in the chain. The nitrogen and sulfur atoms are optionally oxidized,
and the nitrogen atom is optionally quaternized. The heteroatom or heteroatom group can be located at any interior
position of the heterohydrocarbyl, including the position at which the hydrocarbyl is attached to the rest of the
molecule. Exemplary heteroalkyl includes alkyl ether, secondary alkylamine and tertiary alkylamine, amide, alkyl

sulfide, and the like, including alkoxy, alkylthio, and alkylamino; unless otherwise specified, Ci heteroalkyl
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includes Ci, C,, Cs, Cs, Cs, and Cs heteroalkyl, e.g., Ci¢ alkoxy, Ci.¢ alkylthio, or C;.¢ alkylamino.

The term “heteroalkylene” refers to a divalent group formed by the removal of one hydrogen at any position of

heteroalky]l.
The term “alkoxy” refers to -O-alkyl.

The term “alkenyl” refers to linear or branched unsaturated aliphatic hydrocarbyl consisting of carbon atoms and
hydrogen atoms and having at least one double bond. Non-limiting examples of the alkenyl include, but are not
limited to, ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, isobutenyl, 1,3-butadienyl, and the like.

The term “cycloalkenyl” refers to a non-aromatic carbocyclic ring that is not fully saturated and may exist as a
monocyclic ring, a bicyclic bridged ring, or a spiro ring. Unless otherwise specified, the carbocyclic ring is usually
a 4- to 16-membered ring, a 4- to 12-membered ring, a 4- to 10-membered ring, or a 4- to 8-membered ring. Non-
limiting examples of the cycloalkenyl include, but are not limited to, cyclopentenyl, cyclopentadienyl, cyclohexenyl,

cyclohexadienyl, cycloheptenyl, cycloheptadienyl, and the like.

The term “cycloalkyl” refers to a carbocyclic ring that is fully saturated and may exist as a monocyclic ring, a bridged
ring, or a spiro ring. Unless otherwise specified, the carbocyclic ring is usually a 3- to 16-membered ring (e.g., a 3-
to 10-membered ring or a 5- to 8-membered ring). Non-limiting examples of cycloalkyl include, but are not limited
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, norbornyl (bicyclo[2.2.1]heptyl), bicyclo[2.2.2]octyl,
adamantyl, and the like.

The term “heterocycloalkyl” refers to a cyclic group that is fully saturated and may exist as a monocyclic ring, a
bridged ring, or a spiro ring. Unless otherwise specified, the heterocyclyl is usually a 3- to 16-membered, 3- to 11-
membered, 3- to 10-membered, 3- to 7-membered, 3- to 6-membered, or 3- to 5S-membered ring containing 1 to 3
heteroatoms (preferably 1 or 2 heteroatoms) independently selected from the group consisting of sulfur, oxygen, and
nitrogen. Examples of 3-membered heterocycloalkyl include, but are not limited to, oxiranyl, thiiranyl, and aziranyl.
Non-limiting examples of 4-membered heterocycloalkyl include, but are not limited to, azetidinyl, oxetanyl, and
thietanyl. Examples of 5-membered heterocycloalkyl include, but are not limited to, tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, isoxazolidinyl, oxazolidinyl, isothiazolidinyl, thiazolidinyl, imidazolidinyl, and
tetrahydropyrazolyl. Examples of 6-membered heterocycloalkyl include, but are not limited to, piperidinyl,
tetrahydropyranyl, tetrahydrothiapyranyl, morpholinyl, piperazinyl, 1,4-oxathianyl, 1,4-dioxanyl, sulfomorpholinyl,
1,3-dithianyl, and 1,4-dithianyl. Examples of 7-membered heterocycloalkyl include, but are not limited to, azepanyl,

oxepanyl, and thiepanyl. Monocyclic heterocycloalkyl having 5 or 6 ring atoms is preferred.

The term “spiro ring” refers to a fully saturated or partially unsaturated polycyclic ring system in which monocyclic
rings share one carbon atom (referred to as a spiro atom), including carbocyclic rings and heterocyclic rings. Unless
otherwise specified, the spiro ring is 5- to 20-membered, preferably 6- to 14-membered, and more preferably 8- to
12-membered. When the spiro ring is a heterocyclic ring, one or more ring atoms in the polycyclic ring are
heteroatoms (preferably 1 or 2 heteroatoms) selected from the group consisting of N, O, S(O),, and P(O), (wherein

nis 0, 1, or 2), and the remaining ring atoms are carbon atoms.

The term “spirocycloalkyl” refers to a fully saturated all-carbon polycyclic ring in which monocyclic rings share one
carbon atom (referred to as a spiro atom). Unless otherwise specified, the spirocycloalkyl is 5- to 20-membered,
preferably 6- to 14-membered, and more preferably 8- to 12-membered. According to the number of spiro atoms
shared among the rings, the spirocycloalkyl is monospirocycloalkyl, bispirocycloalkyl, or polyspirocycloalkyl,
preferably monospirocycloalkyl or bispirocycloalkyl, and more preferably 4-membered/4-membered, 4-

membered/5-membered, 4-membered/6-membered, 5-membered/5-membered, or 5-membered/6-membered
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monospirocycloalkyl. Non-limiting examples of the spirocycloalkyl include % , : , , and

Un

The term “spiro-heterocycloalkyl” refers to a fully saturated polycyclic ring in which monocyclic rings share one
carbon atom (referred to as a spiro atom), wherein one or more ring atoms in the polycyclic ring are heteroatoms
(preferably 1 or 2 heteroatoms) selected from the group consisting of N, O, S(O),, and P(O), (whereinn is 0, 1, or
2), and the remaining ring atoms are carbon atoms. Unless otherwise specified, the spiro-heterocycloalkyl is 5- to
20-membered, preferably 6- to 14-membered, and more preferably 6- to 10-membered. According to the number of
spiro atoms shared among the rings, the spiro heterocyclic ring is a monospiro heterocyclic ring, a bispiro
heterocyclic ring, or a polyspiro heterocyclic ring, preferably a monospiro heterocyclic ring or a bispiro heterocyclic
ring, and more preferably a 4-membered/4-membered, 4-membered/5-membered, 4-membered/6-membered, 5-

membered/5-membered, or 5S-membered/6-membered monospiro heterocyclic ring. Non-limiting examples of the

O
o,
0] /
wOCH MO " U, moC O@
spiro-heterocycloalkyl include , , NH, NH, , NH,

or the like.

The term “heterocycloalkenyl” includes cycloalkenyl in which one or more (e.g., 1-5, 1-4, 1-3, or 1-2) carbon atoms
are substituted with a heteroatom, specifically, such as cycloalkenyl in which at most 3 carbon atoms, in one
embodiment at most 2 carbon atoms, and in another embodiment 1 carbon atom, are each independently replaced by
0O, S, S(0), or N, provided that at least one cycloalkenyl carbon-carbon double bond is preserved. The
heterocycloalkenyl may be a cyclic group that exists as a monocyclic ring, a bridged ring, or a spiro ring and may
be a 3- to 16-membered ring (for example, a 3- to 12-membered or 5- to 8-membered ring, specifically, for example,
a S5-membered, 6-membered, 7-membered, 8-membered, 9-membered, 10-membered, or 11-membered ring).
Examples of the heterocycloalkenyl include, but are not limited to, dihydropyrrolyl, tetrahydropyridinyl,

tetrahydroazepinyl, or azaspirooctenyl.

The term “aryl” refers to an all-carbon aromatic monocyclic or fused polycyclic group having a conjugated n-electron
system. For example, aryl may have 6-20 carbon atoms, 6-14 carbon atoms, or 6-12 carbon atoms. Non-limiting
examples of the aryl include, but are not limited to, phenyl, naphthyl, anthryl, 1,2,3 4-tetrahydronaphthalene, and
the like.

The term “heteroaryl” refers to a monocyclic or fused polycyclic system that comprises at least one (e.g., 1-5, 1-4,
1-3, or 1-2) ring atom selected from the group consisting of N, O, and S, with the remaining ring atoms being C, and
that has at least one aromatic ring. Preferably, the heteroaryl has a single 4- to 8-membered ring, in particular a 5- to
8-membered ring (e.g., 5-membered, 6-membered, 7-membered, or 8-membered), or has a plurality of fused rings
comprising 6 to 14 ring atoms, in particular 6 to 10 (e.g., 6, 7, 8, 9, or 10) ring atoms. Non-limiting examples of the
heteroaryl include, but are not limited to, pyrrolyl, furanyl, thienyl, imidazolyl, oxazolyl, pyrazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, quinolyl, isoquinolyl, tetrazolyl, triazolyl, triazinyl, benzofuranyl, benzothienyl, indolyl,
isoindolyl, and the like.

Unless otherwise specified, the term “hetero” refers to a heteroatom or a heteroatom group (i.e., a heteroatom-
containing group), including atoms other than carbon (C) and hydrogen (H) and groups containing such heteroatoms,
including, for example, oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), silicon (Si), germanium (Ge),
aluminum (Al), boron (B), -O-, -S-, =0, =S, -P(=0)-, -P(=0)>-, -P(=0)O-, -P(=0),0-, -C(=0)0O-, -C(=0)-, -C(=S)-,
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-S(=0)-, -S(=0)»-, and optionally substituted -C(=O)N(H)-, -N(H)-, -C(=NH)-, -S(=0)>N(H)-, or -S(=O)N(H)-.
The term “derivative” refers to a new compound or a group of new compounds that are produced through one or

more chemical reactions or structural evolutions. The derivative retains the basic structure of the parent compound,

with changes or modifications occurring in the side chains, functional groups, or substituents only.

LR I3

The substitution or substitution with a substituent in the term “substituent”, “optionally substituted with one or more
substituents”, or “optionally substituted” includes all substituents mentioned in the text, and may be, e.g., the terms
“halogen”, “deuterium”, “o%”, “-NH,”, “-NH(C.4 alkyl)”, “-N(Ci.4 alkyl),”, “-OH”, “-OC 4 alkyl”, “-CN”, “Ci.4
alkyl”, and “3- to 6-membered heterocycloalkyl”, and the corresponding non-limiting or exemplary groups
mentioned below, wherein some non-limiting examples of the “substituent” include sulfydryl, nitro, nitroso, cyano,
azido, a sulfoxide group, a sulfone group, a sulfonamide group, carboxyl, an aldehyde group, an imine group, alkyl,
halogenated alkyl, cycloalkyl, halogenated cycloalkyl, alkenyl, halogenated alkenyl, cycloalkenyl, halogenated
cycloalkenyl, alkynyl, halogenated alkynyl, cycloalkynyl, halogenated cycloalkynyl, heteroalkyl, halogenated
heteroalkyl, alkoxy, alkylthio, aryl, aryloxy, arylthio, arylalkylene, arylalkoxy, arylalkylthio, heteroaryl,
heteroaryloxy, heteroarylthio, heteroarylalkylene, heteroarylalkoxy, heteroarylalkylthio, heterocyclyl,
heterocyclyloxy, heterocyclylthio, heterocyclylalkylene, heterocyclylalkoxy, heterocyclylalkylthio, acyl, acyloxy, a
carbamate group, amido, ureido, an epoxy group, an ester group, oxo, and the like, wherein these substituents are
optionally substituted with one or more substituents selected from the group consisting of the following substituents:
oxo, hydroxy, amino, nitro, halogen, cyano, alkyl, alkenyl, alkynyl, alkoxy, haloalkoxy, alkylamino, dialkylamino,
haloalkylamino, halodialkylamino, carboxyl, -C(O)O-alkyl, -OC(O)-alkyl, -C(O)NH,, -C(O)NH-alkyl, -
C(O)N(alkyl),, -NHC(O)-alkyl, -C(O)-alkyl, -S(O)-alkyl, -S(O).-alkyl, -S(O),NH,, -S(O).NH-alkyl, -
S(0)2N(alkyl), cycloalkyl, cycloalkylalkylene, cycloalkyloxy, heterocyclyl, heterocyclylalkylene, heterocyclyloxy,
heterocycloalkyl, heterocycloalkylalkylene, heterocycloalkyloxy, heteroaryl, heteroarylalkylene, heteroaryloxy, aryl,
arylalkylene, and aryloxy.

In some embodiments herein, the substituent is selected from the group consisting of deuterium, tritium, hydroxyl,
sulfydryl, halogen, amino, nitro, nitroso, cyano, azido, a sulfoxide group, a sulfone group, a sulfonamide group,
carboxyl, an aldehyde group, an imine group, Ci.12 alkyl, halogenated Ci.12 alkyl, 3- to 12-membered cycloalkyl,
halogenated 3- to 12-membered cycloalkyl, C.12 alkenyl, halogenated Cs.12 alkenyl, 3- to 12-membered cycloalkenyl,
halogenated 3- to 12-membered cycloalkenyl, C.12 alkynyl, halogenated C,.;» alkynyl, 8- to 12-membered
cycloalkynyl, halogenated 8- to 12-membered cycloalkynyl, Ci.12 heteroalkyl, halogenated Ci.12 heteroalkyl, Ci.i2
alkoxy, Ci.12 alkylthio, 6- to 10-membered aryl, 6- to 10-membered aryloxy, 6- to 10-membered arylthio, 6- to 10-
membered aryl Ci.12 alkylene, 6- to 10-membered aryl Ci.12 alkoxy, 6- to 10-membered aryl Ci.12 alkylthio, 5- to
10-membered heteroaryl, 5- to 10-membered heteroaryloxy, 5- to 10-membered heteroarylthio, 5- to 10-membered
heteroarylalkylene, 5- to 10-membered heteroarylalkoxy, 5- to 10-membered heteroarylalkylthio, 3- to 12-membered
heterocyclyl, 3- to 12-membered heterocyclyloxy, 3- to 12-membered heterocyclylthio, 3- to 12-membered
heterocyclyl Ci.i2 alkylene, 3-to 12-membered heterocyclyl Ci.i2 alkoxy, 3- to 12-membered heterocyclyl Ci.i2
alkylthio, Ci.12 acyl, Ci.12 acyloxy, a carbamate group, Ci-12 amido, ureido, an epoxy group, a Cz.12 ester group, and
oxo, wherein these substituents are optionally substituted with one or more substituents selected from the group
consisting of the following substituents: oxo, hydroxy, amino, nitro, halogen, cyano, Ci.12 alkyl, Cz.12 alkenyl, Ca.12
alkynyl, Ci.12 alkoxy, halogenated Ci.12 alkoxy, Ci.12 alkylamino, di-C;.12 alkylamino, halogenated Ci.12 alkylamino,
halogenated di-Ci.12 alkylamino, carboxyl, -C(O)O-Cj.12 alkyl, -OC(O)-Ci.12 alkyl, -C(O)NH>, -C(O)NH-C.;» alkyl,
—C(O)N(Cl.lz alkyl)z, —NHC(O)—C1_12 alkyl, —C(O)—Cl.lz alkyl, —S(O)—C1_12 alkyl, —S(O)z—cl.lz alkyl, —S(O)zNHz, -
S(O):NH-Ci.12 alkyl, -S(O)2N(Ci-12 alkyl),, 3- to 12-membered cycloalkyl, 3- to 12-membered cycloalkyl Ci.i2
alkylene, 3- to 12-membered cycloalkyloxy, 3- to 12-membered heterocyclyl, 3- to 12-membered heterocyclyl Ci.12
alkylene, 3- to 12-membered heterocyclyloxy, 3- to 12-membered heterocycloalkyl, 3- to 12-membered
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heterocycloalkyl Ci.i2 alkylene, 3- to 12-membered heterocycloalkyloxy, 5- to 10-membered heteroaryl, 5- to 10-
membered heteroaryl Ci.12 alkylene, 5- to 10-membered heteroaryloxy, 6- to 10-membered aryl, 6- to 10-membered
aryl Cy.12 alkylene, and 6- to 10-membered aryloxy.

Unless otherwise specified, the term “hetero” refers to a heteroatom or a heteroatom group (i.e., a heteroatom-
containing group), including atoms other than carbon (C) and hydrogen (H) and groups containing such heteroatoms.
For example, heteroatoms include, but are not limited to, oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), silicon
(Si), germanium (Ge), aluminum (Al), and boron (B); specific heteroatoms or heteroatom groups are, e.g., -O-, -S-,
-N=, =0, =S, -P(=0)-, -P(=0)2-, -P(=0)0O-, -P(=0),0-, -C(=0)O-, -C(=0)-, -C(=S)-, -S(=0), -S(=0).-, and
optionally substituted -C(=O)N(H)-, -N(H)-, -C(=NH)-, -S(=0),N(H)-, or -S(=O)N(H)-. Preferably, the term “hetero”
means that a heteroatom or a heteroatom of a heteroatom group (i.e., a heteroatom-containing group) is selected

from the group consisting of oxygen, nitrogen, and sulphur.

\
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In the present application, one of the absolute configurations (e.g., one of A or ; specifically,

O-N

0-N O-N
represents or ) or one of the relative configurations (e.g.,
O o O O
represents or ) of a stereogenic center is represented by a wavy line

(v ). Unless otherwise specified, the compounds described herein include both £ and Z geometric isomers when
they contain olefinic double bonds or other centers of geometric asymmetry. Likewise, all tautomeric forms are
included within the scope of the present application.

The group or structural fragment in the present application, such as -LNK'-Cy!-LNK-Cy?-LNK?-, -Cy!-Cy?-LNK?-,
LNK, Cy!, Cy?, -Cy'-LNK-Cy?-, -Cy'-LNK-, or -LNK-Cy?-, and specific options thereof, optionally can be linked
to the left-side group and the right-side group of the group or fragment respectively in the general formula in a left-

to-right reading order. For example, in the case that L is selected from -Cy!-LNK-, when Cy' is selected from

N
N+ , according to a left-to-right reading order, the left side of Cy' is linked to the fragment

Q >/x6
m(R?) \;\
NH

o(R%)
o -

o(RY) on the corresponding left side in the general formula, and the right side is linked to

&Nk

the fragment

o
m(R?) \;\

NH
O)\@»NDCN—LNKE

oRY

on the right side, resulting in a fragment

. Optionally, the group or structural fragment in the present
application, such as -LNK!-Cy!-LNK-Cy?-LNK?-, -Cy'-Cy?-LNK?-, LNK, Cy!, Cy?, -Cy!-LNK-Cy?-, -Cy!-LNK-,
or -LNK-Cy?-, and specific options thereof, can be linked to the left-side group and the right-side group of the group

or fragment respectively in the general formula in a right-to-left reading order. For example, in the case that L is

N
selected from -Cy'-LNK-, when Cy! is selected from %_OC + , according to a right-to-left reading order, the
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m(R?) m

NH
o(R?)

o .

right side of Cy' is linked to the fragment o(RY) on the corresponding left side in the

&Nk

general formula, and the left side is linked to the fragment

o
m(R?) \;\
/ "NH
p(R%)
o Ni><:>\LNK%

oRY

on the right side in the general formula,

resulting in a fragment . The other groups are as described above.

The term “treat”, “treating”, or “treatment” means administering the compound or formulation of the present
application to ameliorate or eliminate a disease or one or more symptoms associated with the disease, and includes:
(i) inhibiting the disease or disease state, i.e., arresting its progression; (ii) relieving the disease or disease state, i.c.,

causing regression of the disease or disease state.

99 ¢

The term “prevent”, “preventing”, or “prevention” means administering the compound or formulation of the present
application to prevent a disease or one or more symptoms associated with the disease, and includes: preventing the
occurrence of the disease or disease state in a mammal, particularly when such a mammal is predisposed to the

disease state but has not yet been diagnosed with it.

The term “therapeutically effective amount” refers to an amount of the compound of the present application for (i)
treating or preventing a specific disease, condition, or disorder; (ii) alleviating, ameliorating, or eliminating one or
more symptoms of a specific disease, condition, or disorder, or (iii) preventing or delaying onset of one or more
symptoms of a specific disease, condition, or disorder described herein. The amount of the compound of the present
application composing the “therapeutically effective amount” varies depending on the compound, the disease state
and its severity, the mode of administration, and the age of the mammal to be treated, but may be determined

routinely by those skilled in the art in accordance with their knowledge and the present disclosure.

The term “pharmaceutically acceptable” is used herein for those compounds, materials, compositions, and/or dosage
forms that are, within the scope of sound medical judgment, suitable for use in contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, or other problems or complications, and

commensurate with a reasonable benefit/risk ratio.

A pharmaceutically acceptable salt, for example, may be a metal salt, an ammonium salt, a salt formed with an
organic base, a salt formed with an inorganic acid, a salt formed with an organic acid, a salt formed with a basic or

acidic amino acid, and the like.

The term “pharmaceutical composition” refers to a mixture consisting of one or more of the compounds or the salts
thereof of the present application and a pharmaceutically acceptable excipient. The pharmaceutical composition is

intended to facilitate the administration of the compound of the present application to an organic entity.

The term “pharmaceutically acceptable excipient” refers to those that do not have a significant irritating effect on an
organism and do not impair the biological activity and properties of the active compound. Suitable excipients are
well known to those skilled in the art, such as carbohydrate, wax, water-soluble and/or water-swellable polymers,

hydrophilic or hydrophobic material, gelatin, oil, solvent, and water.

The word “comprise” and variations thereof such as “comprises” or “comprising” will be understood in an open,

non-exclusive sense, i.e., “including but not limited to”.
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Unless otherwise specified clearly in the context, singular terms herein encompass plural referents, and vice versa.

Similarly, unless otherwise specified clearly in the context, the word “or” herein is intended to include “and”.

Unless otherwise stated, all numbers expressing the amounts of ingredients, measurements, or reaction conditions
used herein are to be understood as being modified in all instances by the term “about”. The term “about” when

connected to a percentage may mean, for example, +1%, preferably, +0.5%, and more preferably, =0.1%.

The compounds and intermediates of the present application may also exist in different tautomeric forms, and all
such forms are included within the scope of the present application. The term “tautomer” or “tautomeric form” refers
to structural isomers of different energies that can interconvert via a low energy barrier. For example, a proton
tautomer (also referred to as prototropic tautomer) includes interconversion via proton transfer, such as keto-enol
isomerization and imine-enamine isomerization. A specific example of a proton tautomer is an imidazole moiety
where a proton can transfer between two ring nitrogens. A valence tautomer includes the interconversion via
recombination of some bonding electrons. Specifically, any of the compounds of the present disclosure in which, for

example, pyrazolyl is independent or as part of heterocyclyl, may exist in the form of any tautomer or a mixture of

(O
/,
HN
[1(; fz:m N= 0
N’ \N’ HN
two tautomers in any amount, i.e., H or o O. The

present disclosure includes all possible tautomers of the compounds of the present disclosure, either as a single

tautomer or any mixture of the tautomers in any ratio.

The present application also includes isotopically labeled compounds of the present application, which are identical
to those recited herein but have one or more atoms replaced by an atom having an atomic mass or mass number
different from the atomic mass or mass number generally found in nature. Examples of isotopes that can be
incorporated into the compounds of the present application include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorus, sulfur, fluorine, iodine, and chlorine, such as 2H, 3H, ''C, 13C, 14C, 13N, BN, 130, 70, 180, 3P, 3?P, 3§,
I8F_ 123 125 and 36C],

Certain isotopically labeled compounds of the present application (e.g., those labeled with *H and '*C) can be used
to analyze compounds and/or substrate tissue distribution. Tritiated (i.e., *H) and carbon-14 (i.e., “C) isotopes are
particularly preferred for their ease of preparation and detectability. Positron emitting isotopes, such as 150, N, !'C,
and '8F, can be used in positron emission tomography (PET) studies to determine substrate occupancy. Isotopically
labeled compounds of the present application can generally be prepared by following procedures analogous to those
disclosed in the schemes and/or examples below while substituting a non-isotopically labeled reagent with an

isotopically labeled reagent.

Furthermore, substitution with heavier isotopes such as deuterium (i.e., 2H) may provide certain therapeutic
advantages (e.g., increased in vivo half-life or reduced dose) resulting from greater metabolic stability and hence
may be preferred in some circumstances in which deuterium substitution may be partial or complete, wherein partial

deuterium substitution refers to substitution of at least one hydrogen with at least one deuterium.

The compound of the present application may be asymmetrical, for example, having one or more stereoisomers.
Unless otherwise stated, all stereoisomers include, for example, enantiomers and diastereoisomers. The compound
of the present application containing asymmetrical carbon atoms may be separated in an optically pure form or in a
racemic form. The optically pure form can be separated from a racemic mixture or can be synthesized using a chiral

raw material or a chiral reagent.

The pharmaceutical composition of the present application may be prepared by combining the compound of the
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present application with a suitable pharmaceutically acceptable excipient, and may be formulated, for example, into
a solid, semisolid, liquid, or gaseous formulation such as tablet, pill, capsule, powder, granule, ointment, emulsion,

suspension, suppository, injection, inhalant, gel, microsphere, and aerosol.

Typical routes of administration of the compound or the pharmaceutically acceptable salt thereof or the
pharmaceutical composition thereof of the present application include, but are not limited to, oral, rectal, local,
inhalation, parenteral, sublingual, intravaginal, intranasal, intraocular, intraperitoneal, intramuscular, subcutaneous,

and intravenous administration.

The pharmaceutical composition of the present application may be manufactured using methods well known in the

art, such as conventional mixing, dissolving, granulating, dragee-making, levigating, emulsifying, and lyophilizing.

In some embodiments, the pharmaceutical composition is in an oral form. For oral administration, the pharmaceutical
composition can be formulated by mixing the active compounds with pharmaceutically acceptable excipients well
known in the art. These excipients enable the compounds of the present application to be formulated into tablets,

pills, pastilles, dragees, capsules, liquids, gels, slurries, suspensions, and the like for oral administration to a patient.

A solid oral composition can be prepared by conventional mixing, filling, or tableting. For example, the solid oral
composition can be obtained by the following method: mixing the active compound with solid excipients, optionally
grinding the resulting mixture, adding additional suitable excipients if desired, and then processing the mixture into
granules to obtain the core parts of tablets or dragees. Suitable excipients include, but are not limited to: binders,

diluents, disintegrants, lubricants, glidants, sweeteners, flavoring agents, or the like.

The pharmaceutical composition may also be suitable for parenteral administration, such as sterile solutions,

suspensions, or lyophilized products in suitable unit dosage forms.

In all of the administration methods of the compound of general formula I described herein, the daily dose

administered is from 0.01 mg/kg of body weight to 200 mg/kg of body weight, given in individual or separated doses.

The compounds of the present application can be prepared using a variety of synthetic methods well known to those
skilled in the art, including the specific embodiments listed below, embodiments formed by combining them with
other chemical synthetic methods, and equivalent substitutions well known to those skilled in the art. The preferred

embodiments include, but are not limited to, the examples of the present application.

The chemical reactions in the specific embodiments of the present application are conducted in a proper solvent that
must be suitable for the chemical changes in the present application and the reagents and materials required. In order
to obtain the compounds of the present application, it is sometimes necessary for those skilled in the art to modify

or select a synthesis procedure or a reaction process based on the existing embodiments.

An important consideration in synthetic route planning in the art is the selection of suitable protective groups for
reactive functional groups (e.g., amino in the present application). For example, reference may be made to Greene’s

Protective Groups in Organic Synthesis (4th Ed.) Hoboken, New Jersey: John Wiley & Sons, Inc.

In some embodiments, when L is -Cy'-LNK-, the compound of formula I-2 of the present application can be prepared
by one skilled in the art of organic synthesis using the following intermediates or salts thereof by the following

routes:
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wherein ring A, ring B, ring C, ring F, R!, n, R%, m, R?, p, R4, q, X®, X¢, Cy!, and LNK are as defined herein;
R* is selected from a leaving group, such as halogen (fluorine, chlorine, bromine, or iodine);

Rr is selected from a protecting group, such as Boc.

The following abbreviations are used in the present application:

DMSO represents dimethyl sulfoxide; DMF represents N,N-dimethylformamide; MeOH represents methanol; IBX
represents 2-iodoxybenzoic acid; DIPEA represents N,N'-diisopropylethylamine; HATU represents O-(7-
azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate; DCE represents dichloroethane; iPrOH
represents isopropanol; Boc represents tert-butoxycarbonyl; DCso represents the drug concentration at which the

degradation rate reaches 50%; Dmax represents the maximum degradation rate.

For clarity, the present disclosure is further described with the following examples, which are, however, not intended
to limit the scope of the present application. All reagents used in the present application are commercially available

and can be used without further purification.
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DETAILED DESCRIPTION
Example 1: Synthesis of Compound 1

S§ \
1a 1b OH 1c OH 1d Q\

Step 1: Preparation of intermediate 1b

Intermediate 1a (10 g), 4-piperidinemethanol (8.97 g), DMSO (100 mL), and DIPEA (16.77 g) were added to a
single-necked flask in sequence, and the mixture was heated to 90 °C and reacted. After the reaction was completed,
the reaction solution was cooled to room temperature, and ethyl acetate and water were added to the system for
extraction. The organic phase was separated, and the aqueous phase was then extracted with ethyl acetate. The
organic phases were combined, washed with saturated brine, dried over anhydrous sodium sulfate, filtered,
concentrated by evaporation under reduced pressure to remove the solvent, and purified by silica gel column
chromatography to give intermediate 1b (10.03 g). MS(ESI, [M+H]") m/z: 250.2

Step 2: Preparation of intermediate 1¢

Intermediate 1b (2.7 g), MeOH (40 mL), water (5 mL), and sodium hydroxide (1.24 g) were added to a single-necked
flask in sequence, and the mixture was heated to 50 °C and reacted. After the reaction was completed, the reaction
solution was cooled to room temperature, and 3 N diluted hydrochloric acid was added to the system to adjust the
pH to weak acidity. The solvent was removed by evaporation under reduced pressure, and methanol was added to
the concentrate to dissolve the product. The mixture was filtered, and the filtrate was collected and concentrated by
evaporation under reduced pressure to remove the solvent to give intermediate 1c (1.82 g). MS(ESI, [M-H]") m/z:
234.1

Step 3: Preparation of intermediate 1d

Intermediate 1¢ (235 mg), intermediate 2d (175 mg), DMF (5 mL), DIPEA (0.562 mL), and HATU (321 mg) were
added to a single-necked flask in sequence, and the mixture was reacted at room temperature. After the reaction was
completed, ethyl acetate and water were added to the system for extraction. The organic phase was separated, and
the aqueous phase was extracted with ethyl acetate. The organic phases were combined, washed with saturated brine,
dried over anhydrous sodium sulfate, filtered, concentrated by evaporation under reduced pressure to remove the
solvent, and purified by silica gel column chromatography to give intermediate 1d (0.22 g). MS(ESI, [M+H]") m/z:
492.1

Step 4: Preparation of intermediate 1e

Intermediate 1d (220 mg), DMSO (2 mL), and IBX (405 mg) were added to a single-necked flask in sequence, and
the mixture was reacted at room temperature. After the reaction was completed, ethyl acetate and a saturated aqueous
sodium bicarbonate solution were added to the system for extraction. The organic phase was separated, and the
aqueous phase was then extracted with ethyl acetate. The organic phases were combined, washed with saturated

brine, dried over anhydrous sodium sulfate, filtered, and concentrated by evaporation under reduced pressure to
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remove the solvent to give intermediate 1e (190 mg).

Step 5: Preparation of compound 1

Intermediate 1e (200 mg), intermediate z1 (131 mg) (with reference to Example 19 of W02023088406 for the
synthetic route), DCE/iPrOH = 5/1 (5 mL), sodium acetate (35.4 mg), and sodium triacetoxyborohydride (268 mg)
were added to a single-necked flask in sequence, and the mixture was reacted at room temperature. After the reaction
was completed, the mixture was concentrated by evaporation under reduced pressure to remove the solvent and

purified by silica gel column chromatography to give compound 1 (128 mg).
MS(ESI, [M+H]") m/z: 759.6. '"H NMR (500 MHz, DMSO-ds) 6 11.08 (s, 1H), 7.74 (d, J = 8.5 Hz, 2H), 7.64 (d, J

= 8.6 Hz, 1H), 7.58 (d, J= 8.1 Hz, 1H), 7.48 (d, /=9.2 Hz, 1H), 7.11 (d, /= 8.3 Hz, 1H), 6.96 (d, /= 8.6 Hz, 2H),
6.64 (d, J=2.2 Hz, 1H), 6.54 (dd, J=8.6,2.2 Hz, 1H), 4.56 (dd, J=11.9, 5.0 Hz, 1H), 4.27 (s, 1H), 4.05 (d, /= 9.1
Hz, 1H), 3.91 (s, 5H), 3.71 (s, 2H), 3.00 (t, J = 5.6 Hz, 2H), 2.85 — 2.72 (m, 5H), 2.61 (dt, J = 17.3, 4.3 Hz, 1H),
2.49 —2.44 (m, 1H), 2.40 (d, /= 7.1 Hz, 2H), 2.19 (dq, J=13.8, 4.8 Hz, 1H), 1.95 - 1.79 (m, 3H), 1.22 (s, 8H), 1.15
(s, 6H).

Example 2: Synthesis of Compound 2
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Step 1: Preparation of intermediate 2¢
Intermediate 2a (6 g) and DMF (30 mL) were added to a reaction flask in sequence, sodium hydride (1.479 g) was
added in an ice bath, and the mixture was stirred in the ice bath for 20 min. Intermediate 2b (4.47 g) was added, and
the mixture was reacted at room temperature. After the reaction was completed, the reaction solution was slowly

poured into ice water (300 mL) to quench the reaction, and the mixture was filtered to give a filter cake. The filter
cake was dried to give intermediate 2¢ (8.9 g). MS(ESI, [M+H]") m/z: 275.42. '"H NMR (500 MHz, DMSO-ds) ¢

7.62 (d, J= 8.6 Hz, 1H), 6.65 (d, J=9.5 Hz, 1H), 6.60 (d, /= 2.2 Hz, 1H), 6.50 (dd, J = 8.7, 2.3 Hz, 1H), 4.12 (s,
1H), 3.93 (s, 1H), 3.89 (s, 3H), 1.40 (s, 9H), 1.13 (s, 6H), 1.06 (s, 6H).

Step 2: Preparation of intermediate 2d

Intermediate 2¢ (8.9 g) and a solution of hydrochloric acid in dioxane (59.4 mL) were added to a single-necked flask
in sequence, and the mixture was reacted at room temperature. After the reaction was completed, the mixture was

concentrated by evaporation under reduced pressure to remove the solvent and dried in vacuum to give intermediate
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2d (8.2 g). MS(ESL, [M+H]") m/z: 275.21. 'H NMR (500 MHz, DMSO-ds) d 8.47 (d, J = 6.3 Hz, 3H), 7.64 (d, J =

8.6 Hz, 1H), 6.63 (d, J= 2.3 Hz, 1H), 6.53 (dd, /= 8.7, 2.3 Hz, 1H), 4.31 (s, 1H), 3.90 (s, 3H), 3.06 (q, /= 6.0 Hz,
1H), 1.32 (s, 6H), 1.11 (s, 6H).

Step 3: Preparation of intermediate 2g

Intermediate 2e (2 g), intermediate 2f (1.782 g), DMF (20 mL), and potassium carbonate (5.35 g) were added to a
single-necked flask in sequence, and the mixture was heated to 110 °C and reacted. After the reaction was completed,
the reaction solution was cooled to room temperature, and ethyl acetate and water were added to the system for
extraction. The organic phase was separated, and the aqueous phase was then extracted with ethyl acetate. The
organic phases were combined, washed with saturated brine, dried over anhydrous sodium sulfate, filtered,
concentrated by evaporation under reduced pressure to remove the solvent, and purified by silica gel column
chromatography to give intermediate 2g (0.72 g). MS(ESI, [M+H]") m/z: 251.0. '"H NMR (500 MHz, DMSO-d) ¢
8.36 (d,/=3.0Hz, 1H), 7.84 (d, /= 8.9 Hz, 1H), 7.31 (dd, /= 8.9, 3.1 Hz, 1H), 4.49 (t,J= 5.3 Hz, 1H), 4.02 - 3.95
(m, 2H), 3.79 (s, 3H), 3.30 — 3.24 (m, 2H), 2.86 (td, J=12.7, 2.8 Hz, 2H), 1.81 — 1.71 (m, 2H), 1.69 — 1.56 (m, 1H),
1.25-1.12 (m, 2H).

Step 4: Preparation of intermediate 2h

Referring to the preparation process of intermediate 1¢ in Step 2 of Example 1, intermediate 2h (0.86 g) was prepared
by the reaction with intermediate 1b being replaced by intermediate 2g.

MS(ESI, [M+H]") m/z: 237.23. '"H NMR (500 MHz, DMSO-ds) ¢ 8.30 (d, J=3.0 Hz, 1H), 8.03 (d, /=9.1 Hz, 1H),
7.75 (dd, J=9.2, 2.9 Hz, 1H), 4.06 (dt, J = 13.4, 3.4 Hz, 2H), 3.28 (d, J = 6.2 Hz, 2H), 3.00 (td, J = 12.6, 2.6 Hz,
2H), 1.83 — 1.73 (m, 2H), 1.68 (tq, /= 11.4, 3.5 Hz, 1H), 1.21 (qd, J=12.5, 4.1 Hz, 2H).

Step 5: Preparation of intermediate 2i

Referring to the preparation process of intermediate 1d in Step 3 of Example 1, intermediate 2i (0.25 g) was prepared
by the reaction with intermediate 1¢ being replaced by intermediate 2h.

MS(ESI, [M+H]") m/z: 493.44. "H NMR (500 MHz, DMSO-ds) J 8.33 (d, J=2.9 Hz, 1H), 8.09 (d, /= 9.1 Hz, 1H),
7.82 (d,J=8.8 Hz, 1H), 7.64 (d, J= 8.6 Hz, 1H), 7.41 (dd, J = 8.9, 2.9 Hz, 1H), 6.67 (d, J= 2.2 Hz, 1H), 6.57 (dd,
J=8.7,2.2 Hz, 1H), 4.49 (t,J= 5.3 Hz, 1H), 4.37 (s, 1H), 3.99 —3.93 (m, 3H), 3.91 (s, 3H), 3.28 (t, /= 5.7 Hz, 2H),
2.85 (td, J=12.6, 2.7 Hz, 2H), 2.69 (s, 1H), 1.74 (dd, /= 13.7, 3.6 Hz, 2H), 1.62 (dtd, J = 14.1, 7.7, 3.4 Hz, 1H),
1.23 (d, J=8.7 Hz, 1H), 1.20 (s, 6H), 1.15 (s, 6H).

Step 6: Preparation of intermediate 2j

Referring to the preparation process of intermediate le in Step 4 of Example 1, intermediate 2j (210 mg) was
prepared by the reaction with intermediate 1d being replaced by intermediate 2i.

MS(ESI, [M+H]") m/z: 491.25

Step 7: Preparation of compound 2

Referring to the preparation process of compound 1 in Step 5 of Example 1, compound 2 (160 mg) was prepared by

the reaction with intermediate 1e being replaced by intermediate 2j.
MS(ESI, [M+H]") m/z: 760.01. 'TH NMR (500 MHz, DMSO-ds)  11.08 (s, 1H), 8.34 (d, /= 3.0 Hz, 1H), 8.09 (d, J

=9.1 Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.64 (d, J = 8.6 Hz, 1H), 7.58 (d, J = 8.2 Hz, 1H), 7.42 (dd, J= 9.0, 2.9 Hz,
1H), 7.11 (d, J = 8.3 Hz, 1H), 6.67 (d, J = 2.2 Hz, 1H), 6.57 (dd, J = 8.6, 2.2 Hz, 1H), 4.56 (dd, J = 11.9, 5.0 Hz,
1H), 4.37 (s, 1H), 3.95 (dd, /= 10.7, 5.0 Hz, 3H), 3.91 (s, 3H), 3.71 (s, 2H), 3.00 (t, /= 5.7 Hz, 2H), 2.94 — 2.85 (m,
2H), 2.82 — 2.73 (m, 3H), 2.61 (dt, J = 17.2, 4.2 Hz, 1H), 2.47 (dd, J = 12.1, 4.4 Hz, 1H), 2.40 (d, J = 7.1 Hz, 2H),
2.19 (dq, J= 13.4, 4.6 Hz, 1H), 1.94 (d, J= 7.0 Hz, 1H), 1.84 (d, J = 13.0 Hz, 2H), 1.20 (s, 8H), 1.15 (s, 6H).

Example 3: Synthesis of Compound 3
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Step 1: Preparation of intermediate 3b
Referring to the preparation of intermediate 2g in Step 3 of Example 2, intermediate 3b (2.5 g) was prepared with

intermediate 2e being replaced by intermediate 3a.
MS(ESI, [M+H]") m/z: 251.31. '"H NMR (500 MHz, DMSO-dp) J 8.62 (d, J= 2.3 Hz, 1H), 7.90 (dd, J= 9.0, 2.5 Hz,

1H), 6.85 (d, J=9.1 Hz, 1H), 4.51 —4.40 (m, 3H), 3.78 (s, 3H), 3.27 (t,J = 5.7 Hz, 2H), 2.90 (td, J = 12.8, 2.6 Hz,
2H), 1.77 - 1.62 (m, 3H), 1.09 (tdd, J = 12.7, 11.2, 4.3 Hz, 2H).

Step 2: Preparation of intermediate 3¢

Referring to the preparation process of intermediate 1¢ in Step 2 of Example 1, intermediate 3¢ (0.86 g) was prepared

by the reaction with intermediate 1b being replaced by intermediate 3b.
MS(ESIL, [M+H]") m/z: 237.31. 'H NMR (500 MHz, DMSO-ds) 6 8.41 (d, J=2.3 Hz, 1H), 8.11 (dd, J=9.6, 2.3 Hz,

1H), 7.31 (d,J=9.6 Hz, 1H), 4.44 (d, /= 13.4 Hz, 2H), 3.28 (d, /= 5.9 Hz, 2H), 3.24 — 3.17 (m, 2H), 1.86 — 1.71
(m, 3H), 1.30 — 1.16 (m, 2H).

Step 3: Preparation of intermediate 3d

Referring to the preparation process of intermediate 1d in Step 3 of Example 1, intermediate 3d (0.25 g) was prepared

by the reaction with intermediate 1¢ being replaced by intermediate 3c.
MS(ESI, [M+H]") m/z: 493.45. '"H NMR (500 MHz, DMSO-dp) J 8.61 (d, J= 2.5 Hz, 1H), 7.93 (dd, J=9.0, 2.6 Hz,

1H), 7.64 (d, J= 8.6 Hz, 1H), 7.58 (d, /= 9.3 Hz, 1H), 6.85 (d, J=9.0 Hz, 1H), 6.64 (d, /= 2.2 Hz, 1H), 6.54 (dd,
J=18.6,2.3 Hz, 1H), 4.50 — 4.39 (m, 3H), 4.25 (s, 1H), 4.05 (d, /=9.2 Hz, 1H), 3.91 (s, 3H), 3.27 (t, J = 5.7 Hz,
2H), 2.87 (td, J = 12.8, 2.6 Hz, 2H), 1.77 — 1.62 (m, 3H), 1.22 (s, 6H), 1.14 (s, 6H), 1.12 — 1.07 (m, 2H).

Step 4: Preparation of intermediate 3e

Referring to the preparation process of intermediate le in Step 4 of Example 1, intermediate 3e (210 mg) was
prepared by the reaction with intermediate 1d being replaced by intermediate 3d. MS(ESI, [M+H]") m/z: 491.27.
Step 5: Preparation of compound 3

Referring to the preparation process of compound 1 in Step 5 of Example 1, compound 3 (150 mg) was prepared by
the reaction with intermediate 1e being replaced by intermediate 3e. MS(ESI, [M+H]") m/z: 759.90. '"H NMR (500

MHz, DMSO-de) 5 11.08 (s, 1H), 8.62 (d, J = 2.5 Hz, 1H), 7.93 (dd, J = 9.0, 2.5 Hz, 1H), 7.64 (d, J = 8.5 Hz, 1H),
7.58 (d, J = 8.6 Hz, 2H), 7.11 (d, J = 8.3 Hz, 1H), 6.85 (d, /= 9.1 Hz, 1H), 6.64 (d, J= 2.2 Hz, 1H), 6.54 (dd, J =
8.7,2.2 Hz, 1H), 4.56 (dd, J= 11.9, 5.0 Hz, 1H), 4.42 (d, J = 13.0 Hz, 2H), 4.25 (s, 1H), 4.05 (d, J= 9.1 Hz, 1H),
3.91 (s, 3H), 3.71 (s, 2H), 3.00 (t, J = 5.8 Hz, 2H), 2.93 (td, J= 13.1, 2.6 Hz, 2H), 2.82 — 2.72 (m, 3H), 2.61 (dt, J =
17.3, 4.3 Hz, 1H), 2.47 (dd, J = 12.2, 4.4 Hz, 1H), 2.38 (d, J= 7.1 Hz, 2H), 2.19 (dq, J = 13.6, 4.8 Hz, 1H), 1.99 (t,
J=3.8 Hz, 1H), 1.83 (d, J= 12.8 Hz, 2H), 1.22 (s, 6H), 1.14 (s, 8H).
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Example 4: Synthesis of Compound 4
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Step 1: Preparation of intermediate 4b

Referring to the preparation of intermediate 2g in Step 3 of Example 2, intermediate 4b (6.8 g) was prepared with

intermediate 2e being replaced by intermediate 4a.

MS(ESI, [M+H]") m/z: 266.2.

Step 2: Preparation of intermediate 4¢

Referring to the preparation process of intermediate 1¢ in Step 2 of Example 1, intermediate 4¢ (1.54 g) was prepared

by the reaction with intermediate 1b being replaced by intermediate 4b. MS(ESI, [M-H]") m/z: 236.1.

Step 3: Preparation of intermediate 4d

Referring to the preparation process of intermediate 1d in Step 3 of Example 1, intermediate 4d (0.26 g) was prepared

by the reaction with intermediate 1¢ being replaced by intermediate 4c. MS(ESI, [M+H]") m/z: 494.1.

Step 4: Preparation of intermediate 4e

Referring to the preparation process of intermediate le in Step 4 of Example 1, intermediate 4e (224 mg) was

prepared by the reaction with intermediate 1d being replaced by intermediate 4d.

Step 5: Preparation of compound 4

Referring to the preparation process of compound 1 in Step 5 of Example 1, compound 4 (142 mg) was prepared by

the reaction with intermediate 1e being replaced by intermediate 4e.
MS(ESI, [M+H]") m/z: 760.9. '"H NMR (500 MHz, DMSO-ds) 6 11.07 (s, 1H), 8.75 (s, 2H), 7.70 (d, J = 9.2 Hz,

1H), 7.64 (d, J = 8.6 Hz, 1H), 7.58 (d, J = 8.2 Hz, 1H), 7.11 (d, J = 8.3 Hz, 1H), 6.64 (d, J = 2.3 Hz, 1H), 6.54 (dd,
J=8.6,2.2 Hz, 1H), 4.75 (d, J = 13.0 Hz, 2H), 4.56 (dd, J = 11.9, 5.0 Hz, 1H), 4.23 (s, 1H), 4.03 (d, /= 9.2 Hz,
1H), 3.91 (s, 3H), 3.71 (s, 2H), 2.99 (d, J = 11.1 Hz, 4H), 2.77 (tt, J = 11.8, 5.9 Hz, 3H), 2.61 (dt, /= 17.3, 4.3 Hz,
1H), 2.53 (s, 1H), 2.49 — 2.43 (m, 1H), 2.39 (d, J= 7.2 Hz, 2H), 2.19 (dq, J = 13.5, 4.9 Hz, 1H), 1.85 (d, J = 12.1
Hz, 2H), 1.22 (s, 6H), 1.13 (s, SH).

Example 5: Synthesis of Compound 5
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Step 1: Preparation of intermediate Sb

Referring to the preparation process of intermediate 1d in Step 3 of Example 1, intermediate 5b (0.56 g) was prepared
by the reaction with intermediate 1¢ being replaced by intermediate 5a. MS(ESI, [M+H]") m/z: 415.4.

Step 2: Preparation of intermediate Sc¢

Intermediate Sb (0.56 g), intermediate 2f (0.3 g), acetonitrile (20 mL), and potassium carbonate (0.55 g) were added
to a single-necked flask in sequence, and the mixture was warmed to 80 °C and reacted. After the reaction was
completed, ethyl acetate and water were added to the system for extraction. The organic phase was separated, and
the aqueous phase was then extracted with ethyl acetate. The organic phases were combined, washed with saturated
brine, dried over anhydrous sodium sulfate, filtered, concentrated by evaporation under reduced pressure to remove
the solvent, and purified by silica gel column chromatography to give intermediate 5¢ (0.48 g). MS(ESI, [M+H]*)
m/z: 494.1.

Step 3: Preparation of intermediate 5d

Referring to the preparation process of intermediate le in Step 4 of Example 1, intermediate 5d (425 mg) was
prepared by the reaction with intermediate 1d being replaced by intermediate 5c.

Step 4: Preparation of compound 5

Referring to the preparation process of compound 1 in Step 5 of Example 1, compound 5 (98 mg) was prepared by

the reaction with intermediate 1e being replaced by intermediate 5d.
MS(ESI, [M+H]*) m/z: 761.0. 'H NMR (500 MHz, DMSO-ds) § 11.08 (s, 1H), 8.61 (d, J = 1.2 Hz, 1H), 8.33 (d, J

= 1.5 Hz, 1H), 7.81 (d, J= 9.1 Hz, 1H), 7.64 (d, J = 8.6 Hz, 1H), 7.58 (d, J = 8.2 Hz, 1H), 7.11 (d, J= 8.2 Hz, 1H),
6.66 (d, J = 2.3 Hz, 1H), 6.56 (dd, J = 8.7, 2.3 Hz, 1H), 4.56 (dd, J= 11.9, 5.0 Hz, 1H), 4.49 (d, J = 13.2 Hz, 2H),
4.37 (s, 1H), 3.98 — 3.89 (m, 4H), 3.72 (s, 2H), 3.08 — 2.97 (m, 4H), 2.76 (dt, J = 16.9, 5.5 Hz, 3H), 2.61 (dt, J =
17.3,4.4 Hz, 1H), 2.47 (dd, J = 12.2, 4.3 Hz, 1H), 2.40 (d, J= 7.1 Hz, 2H), 2.24 — 2.15 (m, 1H), 2.08 — 1.97 (m, 1H),
1.86 (d, J = 12.6 Hz, 2H), 1.17 (d, J = 26.2 Hz, 14H).

Example 6: Synthesis of Compound 6
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Step 1: Preparation of intermediate 6b

Referring to the preparation process of intermediate 1b in Step 1 of Example 1, intermediate 6b (6.8 g) was prepared
by the reaction with intermediate 1a being replaced by intermediate 6a. MS(ESI, [M+H]") m/z: 252.0.

Step 2: Preparation of intermediate 6¢

Referring to the preparation process of intermediate 1¢ in Step 2 of Example 1, intermediate 6¢ (2.62 g) was prepared
by the reaction with intermediate 1b being replaced by intermediate 6b. MS(ESI, [M-H]") m/z: 236.1.

Step 3: Preparation of intermediate 6d

Referring to the preparation process of intermediate 1d in Step 3 of Example 1, intermediate 6d (0.17 g) was prepared
by the reaction with intermediate 1¢ being replaced by intermediate 6c¢.

MS(ESI, [M+H]") m/z: 494.1.

Step 4: Preparation of intermediate 6e

Referring to the preparation process of intermediate le in Step 4 of Example 1, intermediate 6e (162 mg) was
prepared by the reaction with intermediate 1d being replaced by intermediate 6d.

Step 5: Preparation of compound 6

Referring to the preparation process of compound 1 in Step 5 of Example 1, compound 6 (78 mg) was prepared by

the reaction with intermediate 1e being replaced by intermediate 6e.
MS(ESI, [M+H]") m/z: 761.6. '"H NMR (500 MHz, DMSO-ds) 6 11.08 (s, 1H), 8.24 (d, J=9.2 Hz, 1H), 7.82 (d, J

=9.5 Hz, 1H), 7.64 (d, J = 8.6 Hz, 1H), 7.58 (d, J= 8.1 Hz, 1H), 7.37 (d, J= 9.7 Hz, 1H), 7.11 (d, J= 8.3 Hz, 1H),
6.67 (d, J=2.2 Hz, 1H), 6.57 (dd, J = 8.6, 2.2 Hz, 1H), 4.60 — 4.47 (m, 3H), 4.40 (s, 1H), 4.00 (d, J= 9.2 Hz, 1H),
3.91 (s, 3H), 3.72 (s, 2H), 3.11 — 2.97 (m, 4H), 2.77 (dt, J = 17.3, 5.5 Hz, 3H), 2.61 (dt, J = 17.2, 4.2 Hz, 1H), 2.54
(d,J=4.6 Hz, 1H), 2.47 (dd, J= 12.1, 4.2 Hz, 1H), 2.40 (d, J= 7.2 Hz, 2H), 2.19 (dq, J = 8.6, 4.5 Hz, 1H), 1.87 (d,
J=12.1 Hz, 2H), 1.20 (d, J = 34.9 Hz, 14H).

Example 7: Synthesis of Compound 7

/©/?< e Oy /©ﬁ< :

Step 1: Preparation of intermediate 7a

Intermediate 2d (0.20 g), 7a-1 (0.19 g), DIPEA (0.33 g), and DMF (5 mL) were mixed, and HATU (0.29 g) was
added. The mixture was reacted at room temperature until the reaction was completed. The reaction solution was
poured into water, and the mixture was extracted with ethyl acetate and purified by silica gel column chromatography
to give intermediate 7a (0.28 g).

MS (ESI) m/z [M+H]*: 563.31.

Step 2: Preparation of intermediate 7b
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Intermediate 7a (0.28 g), DCM (10 mL), and a 4 M solution of hydrochloric acid in dioxane (5 mL) were mixed,
and the mixture was reacted at room temperature until the reaction was completed. The mixture was concentrated to
give intermediate 7b (0.19 g). MS (ESI) m/z [M+H]*: 463.25.

Step 3: Preparation of compound 7

Intermediate 7b (0.11 g), intermediate z5 (0.07 g) (with reference to intermediate 26f of W02024037616 for the
synthetic route), sodium acetate (0.04 g), and DCE/IPA (viv = 5:1) (5 mL) were mixed, and sodium
triacetoxyborohydride (0.10 g) was then added. The mixture was reacted at room temperature until the reaction was
completed. The reaction solution was concentrated and purified by silica gel column chromatography to give

compound 7 (0.06 g).
MS (ESI) m/z [M+H]": 745.43. '"H NMR (500 MHz, DMSO) & 11.08 (s, 1H), 7.76 (d, J= 8.6 Hz, 2H), 7.63 (dd, J =

15.6, 8.3 Hz, 2H), 7.52 (d, J = 9.2 Hz, 1H), 7.28 (d, J = 8.1 Hz, 1H), 6.99 (d, J = 8.9 Hz, 2H), 6.64 (d, J = 2.2 Hz,
1H), 6.54 (dd, J = 8.7, 2.2 Hz, 1H), 4.57 (ddd, J= 11.9, 5.0, 1.8 Hz, 1H), 4.27 (s, 1H), 4.06 (d, J= 9.2 Hz, 1H), 3.91
(s, 3H), 3.35 (s, 1H), 3.30 — 3.17 (m, 6H), 2.93 (d, J = 13.0 Hz, 2H), 2.86 (dd, J = 16.0, 5.2 Hz, 1H), 2.77 (ddd, J=
17.2,11.9, 5.4 Hz, 1H), 2.66 — 2.54 (m, 5H), 2.41 (d, J= 7.3 Hz, 2H), 2.23 - 2.16 (m, 1H), 1.23 (s, 6H), 1.15 (s, 6H).

With reference to the synthetic method for intermediate 7b, the following intermediates were synthesized:

Intermediate| Starting material .
Intermediate structure MS (ESI) m/z data
No. structure

s S 3
HCI 0 O -
7 7 ad //\@( N A MS (ESI) m/z [M+H]":464.5
0] 74

~
— — 7c HCI
>—O*N N—Boc N
HO N

o O Q
d s //\Q( N\ N//LNCNH MS (ESI) m/z [M+H]":465.3
o 7

-
=N M N 7d Hel
Ho>—< N/%N\_/N—Boc
/OI]OM%‘NHZ o QN
Hel o " h
b L //\Q nW%m MS (ESI) m/z [M+H]*:465.3
N" \__NH
o N=  ,—\ NG 7e HCI
HOW}N\_/N*BOC

o S 0. X S

HC o

7t 7 2d //\@ N N NC MS (ESI) m/z [M+H]":465.5
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- / N\ N
WN N—Boc

HO N-N 7

Example 8: Synthesis of Compound 8
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Intermediate 1e (0.1 g), intermediate z2 (0.08 g) (with reference to Example 1 of W02024037616 for the synthetic
route), sodium acetate (0.04 g), 1,2-dichloroethane (10 mL), and isopropanol (2 mL) were added to a reaction flask
in sequence, and the mixture was reacted with stirring at room temperature for 10 min. Sodium triacetoxyborohydride
(0.1 g) was then added, and the mixture was reacted at room temperature for 1 h. After the reaction was completed,
the reaction was quenched with a saturated sodium bicarbonate solution, and the reaction solution was extracted with
dichloromethane, washed with saturated brine, concentrated, and then purified by silica gel column chromatography
to give compound 8 (0.10 g). MS(ESI, [M+H]") m/z: 745.41. '"H NMR (500 MHz, DMSO) 8 11.09 (s, 1H), 7.73 (dd,
J=14.9, 8.3 Hz, 3H), 7.64 (d, J= 8.6 Hz, 1H), 7.49 (d, J = 9.2 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 6.97 (d, /= 9.0
Hz, 2H), 6.64 (d, J=2.2 Hz, 1H), 6.54 (dd, J=8.7,2.2 Hz, 1H), 4.60 (dd, /= 11.9, 5.0 Hz, 1H), 4.27 (s, 1H), 4.16
(s, 2H), 4.09 — 4.03 (m, 3H), 3.91 (s, 5H), 2.80 (dddd, J =29.4, 17.1, 12.2, 3.9 Hz, 3H), 2.69 — 2.58 (m, 3H), 2.54
(d, J=4.5Hz, 1H), 2.20 (dq, J = 13.6, 4.8 Hz, 1H), 1.93 — 1.85 (m, 2H), 1.81 (d, /= 3.8 Hz, 1H), 1.31 — 1.24 (m,
2H), 1.23 (s, 6H), 1.15 (s, 6H).

Example 9: Synthesis of Compound 9

HCI
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Referring to the method in Example 8, compound 9 (0.08 g) was synthesized with intermediate z2 being replaced
by intermediate z3 (with reference to Example 3 of W02024037616 for the synthetic route). MS(ESI, [M+H]") m/z:
759.39. 'TH NMR (500 MHz, DMSO) 4 11.07 (s, 1H), 7.74 (d, J = 8.6 Hz, 2H), 7.64 (d, J= 8.6 Hz, 1H), 7.59 (d, J =
8.1 Hz, 1H), 7.48 (d, J=9.2 Hz, 1H), 7.15 (d, J = 8.2 Hz, 1H), 7.00 — 6.93 (m, 2H), 6.64 (d, /= 2.3 Hz, 1H), 6.54
(dd, J=8.7,2.2 Hz, 1H), 4.56 (dd, J=11.9, 5.0 Hz, 1H), 4.27 (s, 1H), 4.05 (d, J= 9.2 Hz, 1H), 3.91 (s, 3H), 3.86
(d,J=12.9 Hz, 2H), 3.81 (s, 2H), 2.96 (t, J= 5.7 Hz, 2H), 2.89 — 2.72 (m, 5H), 2.60 (dt, /= 17.3,4.2 Hz, 1H), 2.48
(d,J=4.3 Hz, 1H),2.44 (d, J= 6.9 Hz, 2H), 2.19 (dt, J=13.2, 4.8 Hz, 1H), 1.99 — 1.80 (m, 3H), 1.22 (s, 8H), 1.14
(s, 6H).

N
1e 9

Example 10: Synthesis of Compound 10
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Referring to the method in Example 8, compound 10 (0.07 g) was synthesized with intermediate z2 being replaced
by intermediate z4 (with reference to Example 5 of W02024037616 for the synthetic route). MS(ESI, [M+H]") m/z:
773.42. 'TH NMR (500 MHz, DMSO) 8 11.07 (s, 1H), 7.74 (d, J = 8.8 Hz, 2H), 7.65 (d, /= 8.6 Hz, 1H), 7.54 (d, J =
7.9 Hz, 1H), 7.49 (d, J=9.2 Hz, 1H), 7.18 (d, /= 8.1 Hz, 1H), 7.01 — 6.94 (m, 2H), 6.64 (d, J= 2.2 Hz, 1H), 6.54
(dd, J=8.6,2.2 Hz, 1H), 4.54 (dd, J=11.9, 5.0 Hz, 1H), 4.27 (s, 1H), 4.05 (d, /=9.2 Hz, 1H), 3.91 (s, SH), 3.20 —
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3.13 (m, 2H), 3.09 — 3.01 (m, 2H), 2.85 — 2.73 (m, 3H), 2.62 (ddt, J = 21.6, 17.5, 5.1 Hz, 5H), 2.47 (dd, J = 12.3,
4.4 Hz, 1H), 2.34 (d, J = 6.8 Hz, 2H), 2.18 (dq, J = 13.6, 4.1 Hz, 1H), 1.83 (t, J = 14.6 Hz, 3H), 1.23 (s, 8H), 1.15

(s, 6H).

The following compounds were synthesized with reference to the synthetic method for compounds 7 and 8:

Compound
No.

Starting

material

Compound structure

Data analysis

11

3e,z2

0, o o}
O /ﬁ P oN NH
N
z L °
N

MS (ESI) m/z [M+H]*:746.39

'H NMR (500 MHz, DMSO) & 11.09 (s, 1H), 8.62 (d,
J=2.5Hz, 1H), 7.94 (dd, J=9.0, 2.5 Hz, 1H), 7.71 (d,
J=28.0 Hz, 1H), 7.64 (d, J = 8.6 Hz, 1H), 7.59 (d, J =
9.2 Hz, 1H), 7.30 (d, J = 8.1 Hz, 1H), 6.87 (d, J = 9.1
Hz, 1H), 6.64 (d, ] = 2.2 Hz, 1H), 6.54 (dd, ] = 8.7,2.2
Hz, 1H), 4.60 (dd, J = 11.9, 5.0 Hz, 1H), 4.44 (d, ] =
13.0 Hz, 2H), 4.25 (s, 1H), 4.15 (s, 2H), 4.05 (d, ] = 9.0
Hz, 3H), 3.91 (s, 3H), 3.00 — 2.91 (m, 2H), 2.77 (ddd,
J=17.1,12.0, 5.3 Hz, 1H), 2.68 — 2.58 (m, 3H), 2.54
(d,J=4.6 Hz, 1H),2.20 (dq,J = 13.5, 3.8 Hz, 1H), 1.88
(d, J=13.0 Hz, 3H), 1.23 (s, 6H), 1.14 (s, 8H).

12

3e,z3

o o 0 9
: NH
A ”)X\(l oM, o
- RSN
N N
2

MS (ESI) m/z [M+H]":760.4

"H NMR (500 MHz, DMSO) & 11.08 (s, 1H), 8.62 (d,
J=2.5Hz, 1H), 7.93 (dd, J=9.0, 2.5 Hz, 1H), 7.64 (d,
J=8.6Hz, 1H), 7.59 (dd, J=8.8, 6.9 Hz, 2H), 7.15 (d,
J=8.2Hz, 1H), 6.85 (d, 1 =9.1 Hz, 1H), 6.64 (d, ] =
2.2 Hz, 1H), 6.54 (dd, J=8.7, 2.2 Hz, 1H), 4.56 (dd, J
=11.9, 5.0 Hz, 1H), 4.42 (d, J=13.1 Hz, 2H), 4.25 (s,
1H),4.05 (d,J=9.2 Hz, 1H), 3.91 (s, 3H), 3.81 (s, 2H),
3.17(d,J=5.3 Hz, 1H), 2.95 (dt, T = 14.0, 8.1 Hz, 4H),
2.76 (p, J = 5.7 Hz, 3H), 2.65 — 2.57 (m, 1H), 2.48 (d,
J=42Hz, 1H), 2.43 (d, J = 7.2 Hz, 2H), 2.22 - 2.16
(m, 1H), 1.83 (d, J = 12.6 Hz, 2H), 1.22 (s, 6H), 1.14
(s, 8H).

13

3e,z4

MS (ESI) m/z [M+H]*:774.3

'H NMR (500 MHz, DMSO) & 11.07 (s, 1H), 8.63 (d,
J=2.5Hz, 1H), 7.94 (dd, ] = 9.0, 2.5 Hz, 1H), 7.65 (d,
J=18.6 Hz, 1H), 7.58 (d, ] = 9.3 Hz, 1H), 7.54 (d, J =
8.0 Hz, 1H), 7.18 (d, J = 8.1 Hz, 1H), 6.86 (d, J = 9.1
Hz, 1H), 6.64 (d, ] = 2.2 Hz, 1H), 6.54 (dd, ] = 8.6, 2.2
Hz, 1H), 4.54 (dd, J = 11.9, 5.0 Hz, 1H), 4.43 (d, ] =
13.0 Hz, 2H), 4.26 (s, 1H), 4.07 — 4.04 (m, 1H), 3.91
(s, 3H), 3.16 (d, T = 4.8 Hz, 2H), 3.05 (dd, ] = 6.6, 3.4
Hz, 2H), 2.98 — 2.89 (m, 2H), 2.77 (ddd, J = 17.2, 11.9,
5.3 Hz, 1H), 2.63 (ddt, J=21.4, 17.6, 4.8 Hz, 5H), 2.47
(dd,J=12.3,4.4 Hz, 1H), 2.33 (d, J = 6.8 Hz, 2H), 2.18
(dt, J = 132, 4.4 Hz, 1H), 1.85 (t, J = 15.7 Hz, 3H),
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1.23 (s, 6H), 1.14 (s, SH).

MS (ESI) m/z [M+H]*:746.2

'H NMR (500 MHz, DMSO) & 11.08 (s, 1H), 8.64 (d,
J=2.5Hz, 1H), 7.97 (dd, J = 9.0, 2.5 Hz, 1H), 7.67 —
7.59 (m, 3H), 7.28 (d, ] = 8.1 Hz, 1H), 6.88 (d, = 9.0
Hz, 1H), 6.64 (d, ] = 2.2 Hz, 1H), 6.54 (dd, ] = 8.6, 2.2
Hz, 1H), 4.57 (ddd, T = 11.9, 5.0, 1.9 Hz, 1H), 4.25 (s,

14 |7ez5 1H), 4.06 (d, J = 9.2 Hz, 1H), 3.91 (s, 3H), 3.64 (1, ] =
5.0 Hz, 4H), 3.34 (s, 1H), 3.31 — 3.14 (m, 3H), 2.93 (d,
J=13.4 Hz, 2H), 2.86 (dd, J = 16.1, 5.1 Hz, 1H), 2.77
(ddd, T=17.2, 11.8, 5.3 Hz, 1H), 2.67 — 2.58 (m, 1H),
2.52 (s, 2H), 2.47 (dd, T = 12.1, 4.3 Hz, 1H), 2.40 (d, J
= 7.5 Hz, 2H), 2.19 (dq, J = 8.6, 4.4 Hz, 1H), 1.23 (s,
6H), 1.14 (s, 6H).

15 |dez2 /C 4& g NOVN ° |MS (ESI) m/z [M+H]":747.39

16  |dez3 pss % as &ﬁtﬁ ° |MS (ESI) m/z [M+H]":761.43

17 |de,z4 v : ﬁ /*& [ IMS (ESI) m/z [M+H]*:775.41

18 7d,z5 )Q/ ﬁ *m / ° IMS (ESI) m/z [M+H]":747.37

19 |sdz2 P ﬁ J\El&ﬁi} MS (ESI) m/z [M+H]":747.46

20 5d,z3 )Q( % k@@ﬁ@‘ MS (ESI) m/z [M+H]*:761.45
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21 |5dz4 )Q ﬁ*ﬁl& ﬁ& MS (ESI) m/z [M+H]":775.3

O,

2 |7es5 P ﬁ kﬂl@ 0™ IMS (EST) m/z [M+H]*:747.3

23 |6e,22 )Q 4& et L ﬁ& MS (ESI) m/z [M+H]":747.3

24 6e,23 ;p % NW&N&° MS (ESI) m/z [M+H]":761.4

25 6e,z4 )Q ﬁ*@& ﬁb‘ MS (ESI) m/z [M+H]":775.3

26 |75 )Q( ?i *@Lm ﬁz} MS (ESI) m/z [M+H]*:747.3

Example 27: Synthesis of Compound 27

HCI
HN

27

o o, Q

Referring to the method in Example 8, compound 27 (0.15 g) was synthesized with intermediate 1e being replaced
by intermediate 3e and intermediate z2 being replaced by intermediate z6 (with reference to Example 12 of
W02024037616 for the synthetic route).

MS(ESI, [M+H]") m/z: 759.33. '"H NMR (500 MHz, DMSO) 8 10.87 (s, 1H), 8.62 (d, J = 2.5 Hz, 1H), 7.93 (dd, J

=9.0,2.5 Hz, 1H), 7.84 (s, 1H), 7.64 (d, J= 8.6 Hz, 1H), 7.58 (d, J = 9.3 Hz, 1H), 7.33 (d, J= 8.0 Hz, 1H), 6.96 (d,
J=8.1Hz, 1H), 6.85 (d, J=9.0 Hz, 1H), 6.64 (d, J = 2.2 Hz, 1H), 6.54 (dd, J = 8.6, 2.2 Hz, 1H), 4.42 (d, J= 132
Hz, 2H), 4.25 (s, 1H), 4.10 (dd, J = 11.8, 4.9 Hz, 1H), 4.05 (d, J = 9.2 Hz, 1H), 3.91 (s, 3H), 3.65 (s, 2H), 3.05 —
2.87 (m, 4H), 2.74 (tt, J = 12.0, 5.8 Hz, 3H), 2.57 (dt, J= 17.3, 4.2 Hz, 1H), 2.41 —2.23 (m, 3H), 2.11 (dg, J = 13.7,
4.8 Hz, 1H), 1.83 (d, J= 12.8 Hz, 2H), 1.18 (d, J = 41.6 Hz, 14H).

Example 28: Synthesis of Compound 28
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Referring to the method in Example 8, compound 28 (0.11 g) was synthesized with intermediate 1e being replaced

by intermediate 3e and intermediate z2 being replaced by intermediate z7 (with reference to Example 75 of
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W02024037616 for the synthetic route).
MS(ESI, [M+H]") m/z: 774.43. "H NMR (500 MHz, DMSO) & 10.50 (s, 1H), 8.63 (d, /= 2.5 Hz, 1H), 8.05 (s, 1H),

7.94 (dd, /=9.0,2.5 Hz, 1H), 7.64 (d, J= 8.6 Hz, 1H), 7.58 (d, J=9.3 Hz, 1H), 7.29 (d, /= 7.8 Hz, 1H), 7.06 (d, J
= 8.0 Hz, 1H), 6.86 (d, /=9.0 Hz, 1H), 6.64 (d, J=2.2 Hz, 1H), 6.54 (dd, /= 8.6, 2.2 Hz, 1H), 4.43 (d, /= 13.0 Hz,
2H), 4.25 (s, 1H), 4.05 (d, J= 9.5 Hz, 1H), 3.91 (s, 3H), 3.82 (t, J = 6.7 Hz, 2H), 3.12 (d, J = 6.1 Hz, 2H), 3.03 —
2.88 (m, 4H), 2.77 (t,J= 6.6 Hz, 2H), 2.69 — 2.56 (m, 4H), 2.32 (d, J = 6.6 Hz, 2H), 1.85 (t, /= 14.8 Hz, 3H), 1.23
(s, 6H), 1.14 (s, 6H), 1.13 — 1.05 (m, 2H).

Compounds 29-36 were prepared by referring to the synthetic procedures in Example 3 or those for compound 14

or those disclosed in the prior art:

Compound Data analysis

o MS (ESI) m/z [M+H]*: 732.4
On »\C>\ /\\ O—I;l
PR AC s O
N~ O
N/ o— H

o
30

Prepared by using intermediate 7c¢ and referring to the
preparation process in Example 54 of W02023088406

Q
O - O-N
jy - Gy,
o
N O— N
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Ho 31

MS (ESI) m/z [M+H]*: 732.3

Reference is made to the preparation process in Example 55
of W02023088406

" o MS (ESI) m/z [M+H]": 786.3

MS (ESI) m/z [M+H]*: 800.2

+.
0 4& 9 oy MS (ESI) m/z [M+H]': 746.4
= |
S
N
N/ O N OVN o H o y
Q MS (ESI) m/z [M+H]": 745.5
_ _ o
! S0 o
H N N i
Vi Q\/N g
N O— 35
9 MS (ESI) m/z [M+H]": 746.5
o) — o\
7
N O— 36

Test Example 1: Effect of Compounds on AR Degradation in Cells
1.1 Assay on degradation activity for AR in VCaP cells
The detection was carried out using the HTRF HUMAN ANDROGEN RECEPTOR DETECTION KIT (cisbio,
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64ANDRPEQG), 4x Supplemented Lysis buffer was prepared using the Blocking reagent stock solution (100x) and
Lysis buffer stock solution (4x), and 1x Supplemented Lysis buffer was prepared using the 4x Supplemented Lysis
buffer and ddH»O. Premixed antibody solutions were prepared using Detection buffer, Androgen Receptor Eu
Cryptate antibody, and Androgen Receptor d2 antibody.

VCaP cells in a good growth state were taken, washed with PBS, and digested with pancreatin, and a phenol red-
free DMEM complete medium containing 1% CSS-FBS was added to terminate the digestion. The cells were
collected into a centrifuge tube, adjusted to a cell density of 5 x 10° cells/mL, and seeded in a 96-well plate (100
uL/well). The cells were cultured overnight in a cell incubator. Compounds were added using a nanoliter pipettor
and subjected to a 5-fold gradient dilution such that the final concentrations of the compounds were 100 nM-0.032
nM. 2 duplicate wells were set, and meanwhile, a control was set. After the cells were cultured in the cell incubator
for another 24 h, the medium was pipetted out, the 1x Supplemented Lysis buffer was added at 40 pL/well to lyse
the cells. After the cells were oscillated for 40 min at room temperature, 16 pL of the cell lysis buffer was added to
a 384-well plate, the Premixed antibody solutions were added at 4 uL/well, and the mixture was left to stand at 25 °C
for 2 h. Fluorescence values at 665 nm/620 nm were measured using an Envision microplate reader, the four-
parameter analysis was performed, the dose-response curves were fit, and DCso and Dmax were calculated. The
results are shown in Table 1.

Table 1. Degradation activity of compounds for AR in VCaP cells

Example No. | DCso(nM) | Dmax Example DCso (nM) Dmax
No.
1 <5 >75% 8 <5 >75%
3 <5 >75% 10 <5 >75%
4 <5 >75% 11 <5 >75%
5 <5 >75% 13 <5 >75%
6 <5 >75%

The test results show that the compounds of the present application (e.g., the example compounds) have degradation
activity for AR in VCaP cells.

1.2 Assay on degradation activity for AR in LNCaP (T878A) cells

The detection was carried out using the HTRF HUMAN ANDROGEN RECEPTOR DETECTION KIT (cisbio,
64ANDRPEG), 4x Supplemented Lysis buffer was prepared using the Blocking reagent stock solution (100x) and
Lysis buffer stock solution (4x), and 1x Supplemented Lysis buffer was prepared using the 4x Supplemented Lysis
buffer and ddH»O. Premixed antibody solutions were prepared using Detection buffer, Androgen Receptor Eu
Cryptate antibody, and Androgen Receptor d2 antibody.

LNCaP cells in a good growth state were taken, washed with PBS, and digested with pancreatin, and a phenol red-
free 1640 complete medium containing 2% CSS-FBS was added to terminate the digestion. The cells were collected
into a centrifuge tube, adjusted to a cell density of 1 x 10° cells/mL, and seeded in a 96-well plate (100 pL/well).
The cells were cultured overnight in a cell incubator. Compounds were added using a nanoliter pipettor and subjected
to a 2-fold gradient dilution such that the final concentrations of the compounds were 500 nM-0.488 nM. 2 duplicate
wells were set, and meanwhile, a control was set. After the cells were cultured in the cell incubator for another 24 h,
the medium was pipetted out, the 1x Supplemented Lysis buffer was added at 40 pL/well to lyse the cells. After the
cells were oscillated for 40 min at room temperature, 16 pL of the cell lysis buffer was added to a 384-well plate,
the Premixed antibody solutions were added at 4 pL/well, and the mixture was left to stand at 25 °C for 2 h.
Fluorescence values at 665 nm/620 nm were measured using an Envision microplate reader, the four-parameter
analysis was performed, the dose-response curves were fit, and DCso and Dmax were calculated. The test results are

shown in Table 2.



68

Table 2. Degradation activity of compounds for AR in LNCaP (T878A) cells

Example No. | Dmax Example No. Dmax
1 >90% 4 >90%
2 >90% 5 >90%
3 >90% 6 >90%

The test results show that the compounds of the present application (e.g., the example compounds) have degradation
activity for AR in LNCaP cells.

1.3 Assay on degradation activity for AR in MDA-PCA-2B (L702H\T878A) cells

The detection was carried out using the HTRF HUMAN ANDROGEN RECEPTOR DETECTION KIT (cisbio,
64ANDRPEG), 4x Supplemented Lysis buffer was prepared using the Blocking reagent stock solution (100x) and
Lysis buffer stock solution (4x), and 1x Supplemented Lysis buffer was prepared using the 4x Supplemented Lysis
buffer and ddH,O. Premixed antibody solutions were prepared using Detection buffer, Androgen Receptor Eu
Cryptate antibody, and Androgen Receptor d2 antibody.

MDA-PCA-2B cells in a good growth state were taken, washed with PBS, and digested with pancreatin, and an
MDA-PCA-2B complete medium was added to terminate the digestion. The cells were collected into a centrifuge
tube, adjusted to a cell density of 1 x 10° cells/mL, and seeded in a 96-well plate (100 uL/well). The cells were
cultured overnight in a cell incubator. Compounds were added using a nanoliter pipettor and subjected to a 5-fold
gradient dilution such that the final concentrations of the compounds were 5000 nM-1.6 nM. 2 duplicate wells were
set, and meanwhile, a control was set. After the cells were cultured in the cell incubator for another 24 h, the medium
was pipetted out, the 1x Supplemented Lysis buffer was added at 40 pL/well to lyse the cells. After the cells were
oscillated for 40 min at room temperature, 16 pL of the cell lysis buffer was added to a 384-well plate, the Premixed
antibody solutions were added at 4 uL/well, and the mixture was left to stand at 25 °C for 2 h. Fluorescence values
at 665 nm/620 nm were measured using an Envision microplate reader, the four-parameter analysis was performed,

the dose-response curves were fit, and DCso and Dmax were calculated. The results are shown in Table 3.

Table 3
Example No. | DCso(nM) | Dmax Example No. | DCso(nM) | Dmax

1 <500 >70% 9 <500 >70%
3 <500 >70% 10 <500 >70%
4 <500 >70% 11 <500 >70%
5 <500 >70% 12 <500 >70%
6 <500 >70% 13 <500 >70%
8 <500 >70%

The test results show that the compounds of the present application (e.g., the example compounds) have degradation
activity for AR in MDA-PCA-2B cells.

Test Example 2: Inhibitory Activity for In Vitro Cell Proliferation

2.1 Assay on inhibitory activity for VCaP cell proliferation

VCaP cells in a good growth state were taken, washed with PBS, and digested with pancreatin, and a phenol red-
free DMEM complete medium containing 5% CSS-FBS was added to terminate the digestion. The cells were
collected into a centrifuge tube, adjusted to a cell density of 1 x 10° cells/mL, and seeded in a 96-well plate (100
uL/well). Meanwhile, compounds were added using a nanoliter pipettor and subjected to a 2-fold gradient dilution
such that the final concentrations of the compounds were 1000 nM-0.061 nM and 5000 nM-0.305 nM. 2 duplicate
wells were set, and meanwhile, a control was set. After the cells were cultured in the cell incubator for another 168
h, the detection reagent CCK-8 (manufacturer: Dojindo, 10 uL/well) was added. After 7.0 h of incubation in the cell

incubator, absorbance values at 450 nm were measured using a PerkinElmer Envision microplate reader, the four-
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parameter analysis was performed, the dose-response curves were fit, and ICso was calculated. The results are shown
in Table 4.
Table 4. Inhibitory activity of compounds for LNCaP cell proliferation

Example No. | ICso (uM) Example No. | ICso (M)
1 <2 10 <2
2 <2 11 <2
3 <2 13 <2
4 <2 14 <2
5 <2 28 <2
7 <2

The test results show that the compounds of the present application (e.g., the example compounds) have inhibitory
activity for the proliferation of VCaP cells.
2.2 Assay on inhibitory activity for LNCaP (T878A) cell proliferation
LNCaP cells in a good growth state were taken, washed with PBS, and digested with pancreatin, and a phenol red-
free 1640 complete medium containing 2% CSS-FBS was added to terminate the digestion. The cells were collected
into a centrifuge tube, adjusted to a cell density of 1 x 10° cells/mL, and seeded in a 96-well plate (100 pL/well).
Meanwhile, compounds were added using a nanoliter pipettor and subjected to a 2-fold gradient dilution such that
the final concentrations of the compounds were 1000 nM-0.061 nM and 5000 nM-0.305 nM. 2 duplicate wells were
set, and meanwhile, a control was set. After the cells were cultured in the cell incubator for another 168 h, the
detection reagent CCK-8 (manufacturer: Dojindo, 10 uL/well) was added. After 2.0 h of incubation in the cell
incubator, absorbance values at 450 nm were measured using a PerkinElmer Envision microplate reader, the four-
parameter analysis was performed, the dose-response curves were fit, and ICso was calculated. The test results are
shown in Table 5.

Table 5. Inhibitory activity of compounds for LNCaP (T878A) cell proliferation

Example No. | ICso(nM) Example No. ICs0 (nM)
1 <50 4 <50
2 <50 5 <50
3 <50 6 <50

The test results show that the compounds of the present application (e.g., the example compounds) have inhibitory
activity for the proliferation of LNCaP cells.
2.3 Assay on inhibitory activity for 22RV1 (H875Y/ARV7) cell proliferation
22RV1 cells in a good growth state were taken, washed with PBS, and digested with pancreatin, and a 1640 complete
medium containing 5% FBS was added to terminate the digestion. The cells were collected into a centrifuge tube,
adjusted to a cell density of 5 x 10* cells/mL, and seeded in a 96-well plate (100 pL/well). Meanwhile, compounds
were added using a nanoliter pipettor and subjected to a 3-fold gradient dilution such that the final concentrations of
the compounds were 5000 nM-2.286 nM. 2 duplicate wells were set, and meanwhile, a control was set. After the
cells were cultured in the cell incubator for another 168 h, the assay reagent CellTiter-Glo (manufacturer: Promega,
50 pL/well) was added. After 10 min of incubation at room temperature, the mixture was transferred to a white plate
at 100 pL/well. Luminescence values were measured using a PerkinElmer Envision multi-functional microplate
reader, the four-parameter analysis was performed, the dose-response curves were fit, and ICso was calculated. The
test results are shown in Table 6.
Table 6. Inhibitory activity of compounds for 22RV1 (H875Y/ARV7) cell proliferation

Example No. | ICso(nM) ICs0 (nM)

1 <500 4 <500

Example No.
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3 <500 | 5 | <s00 |

The test results show that the compounds of the present application (e.g., the example compounds) have inhibitory

activity for the proliferation of 22RV1 cells.
2.4 Assay on inhibitory activity for MDA-PCA-2B (L702H\T878A) cell proliferation
MDA-PCA-2B cells in a good growth state were taken, washed with PBS, and digested with pancreatin, and an
MDA-PCA-2B complete medium was added to terminate the digestion. The cells were collected into a centrifuge
tube, adjusted to a cell density of 1 x 103 cells/mL, and seeded in a 96-well plate (100 pL/well). Meanwhile,
compounds were added using a nanoliter pipettor and subjected to a 3-fold gradient dilution such that the final
concentrations of the compounds were 5000 nM-2.286 nM. 2 duplicate wells were set, and meanwhile, a control
was set. After the cells were cultured in the cell incubator for another 168 h, the detection reagent CCK-8
(manufacturer: Dojindo, 10 uL/well) was added. After 5.0 h of incubation in the cell incubator, absorbance values
at 450 nm were measured using a PerkinElmer Envision microplate reader, the four-parameter analysis was
performed, the dose-response curves were fit, and ICso was calculated. The test results are shown in Table 7.

Table 7. Inhibitory activity of compounds for MDA-PCA-2B (L702H\T878A) cell proliferation

Example No. | ICso(nM) Example No. ICs0 (nM)
1 <500 4 <500
3 <500 5 <500

The test results show that the compounds of the present application (e.g., the example compounds) have inhibitory
activity for the proliferation of MDA-PCA-2B cells.

Test Example 3: In Vitro Liver Microsome Stability

Liver microsome incubation samples were prepared by mixing a PBS buffer (pH 7.4), a liver microsome solution
(0.5 mg/mL), a test compound, and an NADPH + MgCl, solution, followed by incubation at 37 °C and 300 rpm for
1 h. Zero-hour samples were prepared by mixing a PBS buffer (pH 7.4), a liver microsome solution (0.5 mg/mL),
and a test compound. An acetonitrile solution containing an internal standard was added to the samples, and
supernatants were prepared by protein precipitation, diluted with a 1:1 (v:v) mixed solution of acetonitrile and water,
and then assayed by LC/MS/MS. The results are shown in Tables 8 and 9.

Table 8
Example No. HLM (human) Example HLM (human)
Remaining amount at 60 min % | No. Remaining amount at 60 min %
1 >70% 8 >70%
2 >70% 9 >70%
3 >70% 10 >70%
4 >70% 11 >70%
5 >70% 12 >70%
Table 9
Example No. MLM (mouse) Example MLM (mouse)
Remaining amount at 60 min % | No. Remaining amount at 60 min %
1 >70% 6 >70%
2 >70% >70%
3 >70% 10 >70%
4 >70% 11 >70%
5 >70% 13 >70%

The test results show that the compounds of the present application have in vitro liver microsome (species: human,

dog, rat, or mouse) stability.
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Test Example 4: Mouse Pharmacokinetics

ICR mice weighing 18-22 g were randomized into groups of 9 after 3-5 days of acclimatization. The mice in the
intragastric administration group were intragastrically given the test compound solution at a dose of 10 mg/kg (20
mg/kg or 30 mg/kg), and the mice in the intravenous injection administration group were intravenously injected with
the test compound solution at a dose of 1 mg/kg.

Blood collection time points for the intragastric administration group were 15 min, 0.5 h, 1 h, 2 h,4h, 6 h, 8 h, 10
h, 24 h, and 48 h after administration. Blood collection time points for the intravenous injection administration group
were 0.083 min, 15 min, 0.5h, 1 h,2h,4h, 6 h, 8 h, 10 h, 24 h, and 48 h after administration. Blood was collected
from the orbit to prepare plasma samples to be tested.

30 puL of each of the plasma samples to be tested and a standard curve sample were taken, and an acetonitrile solution
containing an internal standard was added. Supernatants were obtained by protein precipitation, diluted with a 1:1
(v:v) mixed solution of acetonitrile and water, and then assayed by LC/MS/MS. Data were fitted using a non-
compartmental model. The test results are shown in Table 10.

Table 10. Mouse pharmacokinetic test results of compounds

Example Mouse i.v. (0-48 h), 1 mpk Mouse i.g. (0-48 h), 10 mpk
No. AUC tin CL Vs AUC tin Crnax F
(ng*h/mL) | (h) (L/hr/kg) | (L/kg) (ng*h/mL) (h) (ng/mL)

1 8377 13.9 0.107 2.13 26795 249 786 31.99%
4 7729 10.5 0.118 2.14 38962 11.7 1364 55.36%
5 4345 9.91 0.21 3.79 22066 9.72 1013 50.78%
8 20235 18 0.042 1.1 77641 15 2813 37.00%
10 5405 13 0.17 3.1 16245 11 620 30.00%
13 6813 9.7 0.14 2 27985 8.3 1392 41.00%

The test results show that the compounds of the present application have good in vivo pharmacokinetic properties
(e.g., AUC, Cmax, ti2, F, and other parameters), for example, AUC > 15000 ng x h/mL, Cmax > 600 ng/mL, and ti» >
8 h for intragastric administration (10 mpk).

Test Example 5: Evaluation of Drug Effect of DPTC-AR on VCap Human Prostate Cancer B-NDG Mouse
Subcutaneous Xenograft Tumor Model

SPF-grade male B-NDG mice (source: Biocytogen) were inoculated subcutaneously at the right armpit with 5 x 106
VCap human prostate cancer cells (inoculated by mixing with Matrigel at a ratio of 1:1). When the mean tumor
volume reached about 250 mm?, the animals were grouped. The day of grouping was defined as day 0, and
intragastric administration was performed once a day (1-10 mpk) from day 0. Meanwhile, the vehicle (DMSO +
PEG40) was administered as a control group. The tumor volume was measured twice to thrice every week.
Meanwhile, the mice were weighed, and the data were recorded. The general behavior of the mice was observed and
recorded every day. After the experiment was completed, the tumors were removed, weighed, and photographed.
The detection index and the calculation formula are as follows:

Tumor volume TV (mm?) = 1/2 x (a x b?), where a represents the long diameter of the tumor, and b represents the
short diameter of the tumor.

Relative tumor volume RTV = TV¢/TV,, where TV is the tumor volume on day 0, and TV is the tumor volume at
each measurement.

Relative tumor proliferation rate T/C (%) = (Trrv/Crrv) x 100%, where Trrv represents RTV of the treatment group,
and Crrv represents RTV of the vehicle control group.

Tumor growth inhibition rate TGI (%) = (1 - TW/TWO0) x 100%, where TW represents the tumor weight of the

treatment group, and TWO represents the tumor weight of the vehicle control group.
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Weight change rate WCR (%) = (Wt - Wto)/Wto x 100%, where Wto represents the mouse body weight on day 0,
and Wt represents the mouse body weight at each measurement.

The test results show that the example compounds of the present application have a good in vivo tumor inhibitory
effect (e.g., TV, RTV, T/C (%), TGI (%), WCR (%), and other parameters). For example, at an administration dose
of 3 mpk, on day 23, the relative tumor proliferation rate (T/C) was <40%, and the tumor growth inhibition rate TGI
(%) was >66%.
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CLAIMS

1. A compound of formula I, a stereoisomer thereof, or a pharmaceutically acceptable salt thereof,
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wherein

ring A is absent or selected from the group consisting of Cs.15 cycloalkenyl, 5- to 15-membered heterocycloalkenyl,
phenyl, and 5- to 6-membered heteroaryl;

ring B is selected from the group consisting of phenyl and 5- to 6-membered heteroaryl;

ring C is selected from 5- to 6-membered heteroaryl,

each R! is independently selected from the group consisting of halogen, -OH, -NH>, -CN, Ci.1¢ alkyl, Ci.19 alkoxy,
and halogenated Ci.19 alkyl, wherein the -OH, -NHa, Ci.10 alkyl, Ci.1 alkoxy, or halogenated Ci.10 alkyl is optionally
substituted with one or more substituents;

n is selected from the group consisting of 0, 1, 2, and 3;

L is selected from a connecting group;

X3 is selected from the group consisting of C(Rf) and N;

R'is selected from the group consisting of H, halogen, deuterium, and Ci. alkyl optionally substituted with one or
more substituents;

X6 is selected from the group consisting of -O-, -NH-, and -N(C}.¢ alkyl)-, wherein the -NH- or -N(C,. alkyl)- is
optionally substituted with one or more substituents;

each R?, each R3, and each R* are independently selected from the group consisting of halogen, -OH, -NH,, -CN,
Ci.10 alkyl, Ci.10 alkoxy, and halogenated Ci.10 alkyl, wherein the -OH, -NHa, Ci.10 alkyl, Ci-10 alkoxy, or halogenated
Ci.10 alkyl is optionally substituted with one or more substituents;

m, p, and q are each independently selected from the group consisting of 0, 1, 2, 3, 4, 5, and 6;

ring G is selected from the group consisting of Ce.19 aryl and 5- to 10-membered heteroaryl;

ring E is selected from the group consisting of Cs.io cycloalkyl and 3- to 10-membered heterocycloalkyl;

ring F is selected from the group consisting of Ce.19 aryl and 5- to 10-membered heteroaryl;

R' is selected from the group consisting of hydrogen, -OH, C, alkyl, Cs.io cycloalkyl, and 3- to 10-membered
heterocycloalkyl, wherein the Ci.s alkyl, Cs.io cycloalkyl, or 3- to 10-membered heterocycloalkyl is optionally

substituted with one or more substituents.

2. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to claim 1,
wherein ring A is absent or selected from the group consisting of Cs.;o cycloalkenyl, 5- to 10-membered
heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl;

or, ring A is absent or selected from the group consisting of Cs_g cycloalkenyl, 5- to 9-membered heterocycloalkenyl,
phenyl, and 5- to 6-membered heteroaryl;

or, ring A is absent or selected from the group consisting of Cs_7 cycloalkenyl, 5- to 9-membered heterocycloalkenyl,
phenyl, and 5- to 6-membered heteroaryl;

or, ring A is absent or selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 10-membered heterocycloalkenyl,
phenyl, and 5- to 6-membered heteroaryl;

or, ring A is absent or selected from the group consisting of Cs.¢ cycloalkenyl, 5- to 9-membered heterocycloalkenyl,
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phenyl, and 5- to 6-membered heteroaryl;

or, ring A is absent or selected from the group consisting of Cs_¢ cycloalkenyl, 5- to 9-membered heterocycloalkenyl,
phenyl, and 5-membered heteroaryl;

or, ring A is absent or selected from the group consisting of Cs_¢ cycloalkenyl, 5- to 9-membered heterocycloalkenyl,
phenyl, pyrrolyl, pyrazolyl, furanyl, and oxazolyl;

or, ring A is absent or selected from the group consisting of Cs cycloalkenyl, Cs cycloalkenyl, 5-membered
heterocycloalkenyl, = 6-membered heterocycloalkenyl, = 7-membered heterocycloalkenyl, = 8-membered
heterocycloalkenyl, 9-membered heterocycloalkenyl, phenyl, pyrrolyl, pyrazolyl, furanyl, and oxazolyl;

or, ring A is absent or selected from the group consisting of cyclopentenyl, monocyclohexenyl, bicyclohexenyl,
dihydropyrrolyl, tetrahydropyridinyl, tetrahydroazepinyl, azaspirooctenyl, azaspirononenyl, phenyl, pyrrolyl,
pyrazolyl, furanyl, oxazolyl, and dihydrooxazinyl; and/or,

ring B is selected from the group consisting of phenyl and 6-membered heteroaryl;

or, ring B is selected from phenyl; and/or,

ring C is selected from 5-membered heteroaryl;

or, ring C is selected from the group consisting of isoxazolyl and furanyl.

3. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to claim 1 or

2, wherein the structural fragment aaa is selected from the group consisting of I and
OGE

or, the structural fragment is selected from the group consisting of
¢ 580 *ﬂm ﬁ
or, the structural fragment aaa is selected from the group consisting of
o Ha) o
j °
N
/ Y
S
v, X, and ;
gz §O‘N§
or, the structural fragment ﬁaa is selected from the group consisting of
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4. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-3, wherein each R! is independently selected from the group consisting of halogen, -OH, -NH,, -CN, Ci
alkyl, C1.¢ alkoxy, and halogenated Ci.¢ alkyl, wherein the -OH, -NHa, Ci.¢ alkyl, Ci.¢ alkoxy, or halogenated Ci.¢
alkyl is optionally substituted with one or more substituents;

or, each R! is independently selected from the group consisting of halogen, -OH, -NHa, -CN, C\.4 alkyl, C.4 alkoxy,
and halogenated Ci.4 alkyl;

or, each R! is independently selected from the group consisting of halogen, -OH, -NHa, -CN, C\.3 alkyl, C.3 alkoxy,
and halogenated Ci.3 alkyl;

or, each R! is independently selected from the group consisting of fluorine, chlorine, bromine, -OH, -NH;, and -CN;
or, each R! is independently selected from the group consisting of fluorine, chlorine, and bromine;

or, each R! is independently selected from fluorine; and/or,

n is selected from the group consisting of 0, 1, and 2;

or, n is selected from the group consisting of 0 and 1.

5. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-4, wherein L is selected from the group consisting of the following groups optionally substituted with one
or more substituents: Ci.so alkylene, Cs.50 alkenylene, and Cs.50 alkynylene, wherein 1 or more -CH»- of the Ci.so
alkylene, C».s50 alkenylene, or C».50 alkynylene are optionally replaced by -O-, Cs.i5 cycloalkyl, 3- to 15-membered
heterocycloalkyl, 4- to 15-membered heterocycloalkenyl, Ce.15 aryl, 5- to 15-membered heteroaryl, -NH-, -N(Cj¢
alkyl)-, or -S-;

or, L is selected from the group consisting of the following groups optionally substituted with one or more
substituents: Ci.39 alkylene, Ca.30 alkenylene, and Ca.30 alkynylene, wherein 1 or more -CHa- of the Ci.30 alkylene,
Cz30 alkenylene, or Cs.30 alkynylene are optionally replaced by -O-, Cs.i2 cycloalkyl, 3- to 12-membered
heterocycloalkyl, 4- to 12-membered heterocycloalkenyl, Ce.12 aryl, 5- to 12-membered heteroaryl, -NH-, -N(Ci
alkyl)-, or -S-;
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or, L is selected from the group consisting of the following groups optionally substituted with one or more
substituents: Cio alkylene, Ca9 alkenylene, and Ca0 alkynylene, wherein 1 or more -CH»- of the Ci.9 alkylene,
Cy0 alkenylene, or Cio alkynylene are optionally replaced by -O-, Cs.io cycloalkyl, 3- to 11-membered
heterocycloalkyl, 4- to 10-membered heterocycloalkenyl, Ce.19 aryl, 5- to 10-membered heteroaryl, -NH-, -N(Cj¢
alkyl)-, or -S-;

or, L is selected from the group consisting of the following groups optionally substituted with one or more
substituents: Ci.15 alkylene, Cs.15 alkenylene, and Ca.15 alkynylene, wherein 1 or more -CHa- of the Ci.15 alkylene,
C».15 alkenylene, or Ci.is alkynylene are optionally replaced by -O-, Cso cycloalkyl, 3- to 11-membered
heterocycloalkyl, 4- to 8-membered heterocycloalkenyl, Ce.s aryl, 5- to 8-membered heteroaryl, -NH-, -N(Ci.4
alkyl)-, or -S-;

or, L is selected from the group consisting of the following groups optionally substituted with one or more
substituents: Ci.jo alkylene, C,.19 alkenylene, and Ca.19 alkynylene, wherein 1 or more -CH»- of the Ci.1¢ alkylene,
Co.10 alkenylene, or Cs.io alkynylene are optionally replaced by -O-, Cso cycloalkyl, 3- to 11-membered
heterocycloalkyl, 4- to 6-membered heterocycloalkenyl, C¢ aryl, 5- to 6-membered heteroaryl, -NH-, -N(C-3 alkyl)-,
or -S-;

or, L is selected from the group consisting of the following groups optionally substituted with one or more
substituents: Ci.¢ alkylene, Cs.¢ alkenylene, and Ca.¢ alkynylene, wherein 1 or more -CH»- of the C.¢ alkylene, Ca.¢
alkenylene, or C».¢ alkynylene are optionally replaced by -O-, Cs.9 cycloalkyl, 3- to 11-membered heterocycloalkyl,
4- to 6-membered heterocycloalkenyl, Cs aryl, 5- to 6-membered heteroaryl, -NH-, -N(C1.; alkyl)-, or -S-;

or, L is selected from the group consisting of the following groups optionally substituted with one or more
substituents: Ci.4 alkylene, Co.4 alkenylene, and C».4 alkynylene, wherein 1 or more (e.g., 1 or 2, 1 or 3, etc.) -CHo-
of the Ci4 alkylene, C,4 alkenylene, or C,.4 alkynylene are optionally replaced by -O-, Css cycloalkyl, 4- to 6-
membered heterocycloalkyl, 4- to 6-membered heterocycloalkenyl, C¢ aryl, 5- to 6-membered heteroaryl, -NH-, -
N(Ci3 alkyl)-, or -S-; or, L is selected from Ci.¢ alkylene, wherein 1 or more -CHaz- of the Ci.¢ alkylene are optionally
replaced by a group selected from the group consisting of -O-, Cs.19 cycloalkyl, 4- to 11-membered heterocycloalkyl,
4- to 10-membered heterocycloalkenyl, -NH-, -N(C;.3 alkyl)-, and -S-, and the C.¢ alkylene is optionally substituted
with one or more substituents;

or, L is selected from C.¢ alkylene, wherein 1 or more -CH>- of the Ci.¢ alkylene are optionally replaced by a group
selected from the group consisting of -O-, Cs.1 cycloalkyl, 4- to 11-membered heterocycloalkyl, 5- to 6-membered
heterocycloalkenyl, -NH-, -N(C1.3 alkyl)-, and -S-, and the C.¢ alkylene is optionally substituted with one or more

substituents.

6. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-4, wherein L is selected from -LNK!-Cy'-LNK-Cy?-LNK?-Cy?3-, wherein

Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following groups
optionally substituted with one or more R?*: Cs.12 cycloalkyl, 4- to 12-membered heterocycloalkyl, and 4- to 12-
membered heterocycloalkenyl;

LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond, NH, O, S, and the
following groups optionally substituted with one or more R?: Cy.1» alkylene, Cs.1» alkenylene, C,.12 alkynylene, and
Ci-12 heteroalkylene;

each R? and each R® are independently selected from the group consisting of halogen, =0, -OH, -NH,, -CN, Ci
alkyl, Ci.¢ alkoxy, halogenated Ci¢ alkyl, Ci alkylamino, di-Ci.s alkylamino, Cs.i» cycloalkyl, and 4- to 12-

membered heterocycloalkyl.

7. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to claim 6,
wherein LNK, LNK!', and LNK? are each independently selected from the group consisting of a bond, NH, O, S, and
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the following groups optionally substituted with one or more R®: Cy.1¢ alkylene, Cs.19 alkenylene, Cx.19 alkynylene,
and Cy.1o heteroalkylene;

or, LNK, LNK', and LNK? are each independently selected from the group consisting of a bond, NH, O, S, and the
following groups optionally substituted with one or more RP: Cy alkylene, C,.¢ alkenylene, C.¢ alkynylene, and C;.-
¢ heteroalkylene;

or, LNK, LNK!', and LNK? are each independently selected from the group consisting of a bond, NH, O, S, and the
following groups optionally substituted with one or more R®: Cy.4 alkylene, C,.4 alkenylene, C>.4 alkynylene, and C;.
4 heteroalkylene;

or, LNK, LNK!', and LNK? are each independently selected from the group consisting of a bond, NH, O, S, and the
following groups optionally substituted with one or more R®: C.¢ alkylene and Ci.¢ heteroalkylene;

or, LNK, LNK', and LNK? are each independently selected from the group consisting of a bond, NH, O, S, and the
following groups optionally substituted with one or more R®: C4 alkylene and C).4 heteroalkylene;

or, LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond, NH, O, and the
following groups optionally substituted with one or more R®: C,_; alkylene and C).3 heteroalkylene;

or, LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond, NH, O, and the
following groups optionally substituted with one or more R®: C,.; alkylene and C)., heteroalkylene;

or, LNK, LNK!, and LNK? are each independently selected from the group consisting of a bond, NH, O, -NHCH>-,
-CH,NHCHz;-, -CH;-, -CH2CHz;-, -C(O)-, and -C(O)CHz-; and/or

Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following groups
optionally substituted with one or more R*: Cs.11 cycloalkyl, 4- to 12-membered heterocycloalkyl, and 4- to 11-
membered heterocycloalkenyl;

or, Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following groups
optionally substituted with one or more R*: Cs.19 cycloalkyl, 4- to 11-membered heterocycloalkyl, and 5- to 6-
membered heterocycloalkenyl;

or, Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following groups
optionally substituted with one or more R* Cs.9 cycloalkyl, 4- to 11-membered heterocycloalkyl, and 5- to 6-
membered heterocycloalkenyl;

or, Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following groups
optionally substituted with one or more R*: Ca.¢ cycloalkyl, Co cycloalkyl, 4- to 11-membered heterocycloalkyl, and
6-membered heterocycloalkenyl;

or, Cy!, Cy?, or Cy? is each independently selected from the group consisting of a bond and the following groups
optionally substituted with one or more R?* cyclobutyl, cyclopentyl, cyclohexyl, spirononanyl, azetidinyl,
pyrrolidinyl,  piperidinyl, tetrahydropyridinyl, piperazinyl, —monoazaspiroheptyl, —monoazaspirononanyl,
diazaspirononanyl, monoazaspirodecyl, diazaspirodecyl, monoazaspiroundecanyl, diazaspiroundecanyl,

octahydrocyclopentapyrrolyl, diazabicyclooctyl, and monoazabicyclononanyl.

8. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to claim 6 or
7, wherein each R* and each R® are independently selected from the group consisting of halogen, =0, -OH, -NHo, -
CN, Ci alkyl, Ci alkoxy, halogenated Ci.s alkyl, Ci.¢ alkylamino, di-C1.¢ alkylamino, Cs.10 cycloalkyl, and 4- to
10-membered heterocycloalkyl;

or, each R® and each R® are independently selected from the group consisting of halogen, =O, OH, NHa, CN, Ci
alkyl, Ci.¢ alkoxy, halogenated Ci.¢ alkyl, Ci.¢ alkylamino, and di-C;.¢ alkylamino;

or, each R? and each R® are independently selected from the group consisting of halogen, =0, -OH, -NH>, -CN, C;4
alkyl, Ci.4 alkoxy, halogenated Ci4 alkyl, Ci.4 alkylamino, and di-C;-4 alkylamino;

or, each R? and each R? are independently selected from the group consisting of halogen, =0, -OH, -NH,, -CN, and
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C1.3 alkyl;
or, each R® and each R" are independently selected from the group consisting of halogen, =0, -OH, -NHa, and -CN;

or, each R? and each R® are independently selected from =O.

9. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-8, wherein L is selected from the group consisting of a bond, -NHCH>-, -CH,NHCH:-, -CH>-, -C(O)CH>-,
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10. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-9, wherein Rf is selected from the group consisting of H, fluorine, chlorine, bromine, deuterium, and Ci3
alkyl optionally substituted with one or more substituents;

or, Ris selected from the group consisting of H, fluorine, chlorine, bromine, deuterium, and C;.3 alkyl, wherein the
Ci3 alkyl is optionally substituted with one or more of the following groups: halogen, -OH, -NH>, and -CN;

or, Rfis selected from the group consisting of H, fluorine, chlorine, bromine, deuterium, and C,.; alkyl;

or, Rfis selected from the group consisting of H, fluorine, deuterium, and methyl; and/or

X3 is selected from the group consisting of CH and N; and/or

X©is selected from the group consisting of -O-, -NH-, and -N(C; alkyl)-; or, X° is selected from the group consisting
of -O- and -N(CH3)-; or, X® is selected from -O-.

11. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-10, wherein each R, each R3, and each R* are independently selected from the group consisting of halogen,
-OH, -NH_, -CN, Ci.¢ alkyl, Ci.¢ alkoxy, and halogenated Ci.¢ alkyl, wherein the -OH, -NH>, -CN, Ci.¢ alkyl, Ci.s
alkoxy, or halogenated Ci.s alkyl is optionally substituted with one or more substituents;

or, each R?, each R3, and each R* are independently selected from the group consisting of halogen, -OH, -NH;, -CN,
Ci4 alkyl, Ci.4 alkoxy, and halogenated Ci.4 alkyl;

or, each R? is independently selected from the group consisting of halogen, -OH, -NHa, -CN, C\.3 alkyl, C.3 alkoxy,
and halogenated Ci.3 alkyl;

or, each R? is independently selected from the group consisting of halogen, -OH, -NHa, -CN, C,.; alkyl, and C;3
alkoxy;
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or, each R? is independently selected from the group consisting of fluorine, chlorine, bromine, -OH, -NH,, -CN,
methyl, and methoxy;

or, each R? is independently selected from the group consisting of fluorine, chlorine, bromine, -CN, and methoxy;
or, each R? is independently selected from the group consisting of -CN and methoxy; and/or

each R3 is independently selected from the group consisting of halogen, -OH, -NHo, -CN, C,; alkyl, C;.3 alkoxy,
and halogenated Ci.3 alkyl;

or, each R? is independently selected from the group consisting of halogen, -OH, -NH>, -CN, and C,3 alkyl;

or, each R? is independently selected from C,.; alkyl,

or, each R? is independently selected from methyl; and/or

each R* is independently selected from the group consisting of halogen, -OH, -NHa, -CN, C;.3 alkyl, C;.3 alkoxy,
and halogenated C,.3 alkyl;

or, each R* is independently selected from the group consisting of halogen, -OH, -NH>, -CN, and C 3 alkyl;

or, each R* is independently selected from the group consisting of fluorine, chlorine, bromine, -OH, -NH, and -CN.

12. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-11, wherein m is selected from the group consisting of 0, 1, 2, and 3; or, m is selected from the group
consisting of 1, 2, and 3; or, m is selected from 2; and/or

p is selected from the group consisting of 1, 2, 3, and 4; or, p is selected from the group consisting of 3 and 4; or, p
is selected from 4; and/or

q is selected from the group consisting of 0, 1, 2, and 3; or, q is selected from the group consisting of 0 and 1; or, q

is selected from 0.

13. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-12, wherein ring G is selected from the group consisting of phenyl and 5- to 6-membered heteroaryl; or,

ring G is selected from the group consisting of phenyl and 6-membered heteroaryl; or, ring G is phenyl.

14. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-13, wherein ring E is selected from the group consisting of Cs.9 cycloalkyl and 3- to 9-membered
heterocycloalkyl; or, ring E is selected from the group consisting of Caso cycloalkyl and 4- to 9-membered
heterocycloalkyl; or, ring E is selected from the group consisting of Cas7 cycloalkyl and 4- to 7-membered
heterocycloalkyl; or, ring E is selected from Ca.7 cycloalkyl;
or, ring E is selected from the group consisting of cyclobutyl, cyclopentyl, and cyclohexyl;

\

0

or, ring E is cyclobutyl; or, ring E is ,orring E is & .

15. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-14, wherein ring F is selected from the group consisting of Ce.10 aryl and 5- to 7-membered heteroaryl; or,
ring F is selected from the group consisting of phenyl and 5- to 6-membered heteroaryl; or, ring F is selected from
the group consisting of phenyl and 6-membered heteroaryl; or, ring F is selected from the group consisting of phenyl,

pyridinyl, pyridazinyl, pyrimidinyl, and pyrazinyl; or, ring F is selected from phenyl; or, ring F is selected from the

X N, N\ S
T L T, T,
group consisting of , N , s 7 , and .

16. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-15, wherein R' is selected from the group consisting of hydrogen, -OH, C;.4 alkyl, Cs.¢ cycloalkyl, and 3-
to 6-membered heterocycloalkyl, wherein the Ci.4 alkyl, Cs.6 cycloalkyl, or 3- to 6-membered heterocycloalkyl is
optionally substituted; or, R' is selected from the group consisting of hydrogen, -OH, C,.3 alkyl, C3.4 cycloalkyl, and
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3- to 4-membered heterocycloalkyl, wherein the Ci.3 alkyl, Cs.4 cycloalkyl, or 3-to 4-membered heterocycloalkyl is
optionally substituted; or, R' is selected from the group consisting of hydrogen and C,.3 alkyl (e.g., methyl, ethyl, or
propyl); or, Rt is selected from hydrogen.

17. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of

claims
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18. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-17, wherein the compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof is a

compound of formula I-1 or I-1A, formula I-2, formula I-2A, formula I-3, or formula I-3A, a stereoisomer thereof,
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[

is

[
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or a pharmaceutically acceptable salt thereof,
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, OF )
X is selected from the group consisting of CH and N.

19. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of
claims 1-18, wherein ring A is Cs.io cycloalkenyl or 5- to 15-membered heterocycloalkenyl containing 1-2
heteroatoms selected from the group consisting of N and O; ring B is phenyl; ring C is 5- to 6-membered heteroaryl
containing 1-2 heteroatoms selected from the group consisting of N and O; n is 0; X3 is selected from C(Rf), and Rf
is selected from the group consisting of H, deuterium, and C alkyl;

L is Ci.10 alkylene, wherein 1 or more -CH»- in the Ci.10 alkylene are optionally replaced by Cs.g cycloalkyl or 5- to
8-membered heterocycloalkyl containing 1-3 or 1-2 N atoms or O atoms;

each R? is independently -OH, -NH>, -CN, Ci.jo alkyl, Ci.1o alkoxy, or halogenated Ci.io alkyl; each R? is
independently halogen, Cj.19 alkyl, or halogenated Cj.10 alkyl; qis 0, mis 0, 1,2, 0r 3,and pis 0, 1, 2, 3, or 4; X% is
-O- or -NH-; ring G is phenyl or 6-membered heteroaryl containing 1-2 N atoms or O atoms; ring E is Cs.¢ cycloalkyl;
ring F is phenyl or 6-membered heteroaryl containing 1-3 or 1-2 N atoms or O atoms; R' is hydrogen, -OH, or Ci.6
alkyl.

20. A compound of formula I' or formula 1", a moiety, a stereoisomer thereof, a derivative, or a pharmaceutically

acceptable salt thereof,

5l 5
L L eﬁ

& &

Il Ill
or ,

wherein ring A is absent or selected from the group consisting of Cs.ip cycloalkenyl, 5- to 10-membered
heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl;

ring B is selected from phenyl;

ring C is selected from the group consisting of isoxazolyl and furanyl,

L is selected from a connecting group.

21. A compound of formula I'-a or I"-a, a moiety, a stereoisomer thereof, a derivative, or a pharmaceutically

acceptable salt thereof,

H H
0] N (0] (0} N o)
T
ont
n(R1 a) n(R1a)
I'-a I"-a

wherein ring A is absent or selected from the group consisting of Cs.;o cycloalkenyl, 5- to 10-membered

heterocycloalkenyl, phenyl, and 5- to 6-membered heteroaryl;
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ring B is selected from phenyl;

ring C is selected from the group consisting of isoxazolyl and furanyl;

each R'? is independently selected from the group consisting of halogen, -OH, -NH>, -CN, =0, -CHO, C,.4 alkyl, C;-
4 alkoxy, Ci.6 alkyl OC(O)-, Cs.12 cycloalkyl, and 4- to 12-membered heterocycloalkyl, wherein the Ci.4 alkyl, Ci4
alkoxy, Cs.12 cycloalkyl, or 4- to 12-membered heterocycloalkyl is optionally substituted with one or more of the
following groups: halogen, =0, -OH, -NH>», -CN, CHO, COOH, -C,.4 alkyl-OH, C;.s alkyl OC(O)-, and 4- to 10-
membered heterocycloalkyl optionally substituted with Ci.¢ alkyl COC(O)-;

n is selected from the group consisting of 0, 1, 2, and 3.

22. The compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any one of

claims 1-19, wherein the compound is:

°ﬁ i ﬁf i
N
-N A -N
N// H)b\ L ) N// Hb 2 g
N N
N o H N o H




N o)

N \o
s
Iz

\\\( \o
%o
I=




87

O

h
I= o
-
'y
(Z
_J
O
_ |
O,
I=z
(@]
h
@]
Iz o
-
2]
4
4
?
=Z
Iz
o

A\
o
/
N
(o]
/

h
e}
Iz
=
Z\
(2
)
?
—Z
e}
\i\
(o]
T
O

A\
(]

/

(@]

Iz

z
o
/

=z

Z\\
o
T
O
Z\ /
&
z
Q
-z
o
Z\\
s
Z\ /
gj
=z
o) é_

o
/

(0] o o
O B A o 0
é ~ \
m \_ s N o N " N N/lo
N N NH H N N J—NH
V. 0 y
N O— N z O—

o
/

z
\ 2
IS
I=
; O
2 Z
<
-4
=
N
5 SD\
=
(@]
=
/
?
=

z
N\ N
(@]
/
S )
° =
O
A/
]
z
z
N
A‘ Q
p
(o] } ;
> =
(@]
/)
z
]
_z o

=z

AN
—iz E\) (o]
/
IS

=z

A
(o]
pa z 2 /

o
Iz

(z
)
/

Q

P4
O.

4
u

o
=z
N\

O/\< 2
/

o
Apr P
Iz
; o

Qz
4
Q
/Z
Z
I
@)

=z
o/ >//
ZT




\>:1§;
Ap_%

z

\>::§j
Apfv

=z

o,
ph

z
o
/

&
Ap,v

=z

\\k:g
A?T

=z

\\?;12
Ap,r

=z

N\ b
°

z

N\ b
o

Pz

\
N\ o
S

=z

\
N\ o
o

Pz

\ \o
o

P

88




89

23. A pharmaceutical composition, comprising the compound, the stereoisomer thereof, or the pharmaceutically
acceptable salt thereof according to any one of claims 1-19 and 22, or the compound, the moiety, the stereoisomer

thereof, the derivative, or the pharmaceutically acceptable salt thereof according to claim 20 or 21.

24. Use of the compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any
one of claims 1-19 and 22, or the compound, the moiety, the stereoisomer thereof, the derivative, or the
pharmaceutically acceptable salt thereof according to claim 20 or 21, or the pharmaceutical composition according
to claim 23 for preparing a medicament for preventing or treating a disorder treated by degrading a target protein

that binds to a targeting ligand.

25. Use of the compound, the stereoisomer thereof, or the pharmaceutically acceptable salt thereof according to any
one of claims 1-19 and 22, or the compound, the moiety, the stereoisomer thereof, the derivative, or the
pharmaceutically acceptable salt thereof according to claim 20 or 21, or the pharmaceutical composition according
to claim 23 for preparing a medicament for preventing or treating a disorder treated by binding to cereblon protein

in vivo.
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26. The use according to claim 24 or 25, wherein the disease or disorder is selected from cancer.



