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DEGRADATION OF CYCLIN-DEPENDENT KINASE 4/6 (CDK4/6) BY CONJUGATION OF

CDE4/6 INsBITORS WITH E3 LIGASE LIGAND AND METHGDS OF USE

RELATED APPLICATION

This apphication claims priority o, and the benefit of, U.S. Provisional Application
No. 62/326,571, filed on April 22, 2016, the entire contents of which are hereby incorporated

by reference.

GOVERNMENT SUPPORT

This invention was made with government support under grant number RO1
CA179483 awarded by The National Institutes of Health. The government has certain rights

in the invention.

BACKGROUND

Ubiguitin-Proteasome Pathway (UPP) is a critical pathway that regulates proteins and
degrades musfolded or abnormal proteins. UPP s central to mudtiple celhular processes, and if
defective or imbalanced, leads fo pathogenesis of a vanety of diseases. The covalent
attachment of ubiquitin to specific protein substrates is achieved through the action of E3
ubiquitin ligases. These ligases comprise over 500 different proteins and are categorized into
multiple classes defined by the structural element of their E3 functional activity. For
exarnple, cereblon (CRBN) interacts with damaged DNA binding protein 1 and forms an E3
ubiquitin ligase complex with Cullin 4 in which the proteins recognized by CRBN are
ubiquitinated and degraded by proteasomes. Various immunomodulatory drugs (IMiDs), e.g
thalidomude and lenalidomide, binds to CRBN and modulates CRBN's role in the
ubiquitination and degradation of protein factors involved in maintaining regular celhular
function.

Bifumctional compounds composed of a target protein-binding moiety and an E3
ubiguitin ligase~-binding moiety have been shown to induce proteasome-mediated degradation
of selected proteins. These drug-like molecules offer the possibility of temporal control over
protein expression, and could be useful as biochemical reagents for the treatment of diseases.

Cyvchin-dependent kinase s a kinase famuly integrating multiple signaling pathways to
control either cell cycle or gene transcription. CDKI1, 2, 4 and 6 are the critical enzymes that
drive cell cyele transition. For example, CDK1 is a key determinant of mitotic progression,

CDK2 regulates DNA replication in 5 phase, and CDK4/6 drives the cell cyele from GO or
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(31 to 8 phase by phosphorviation on Rb protein {0 activate expression of genes involved in
cell cycle control. CDKY7, 9 and 12 are known enzymes that regulate the transcription instead
of directly promoting cell cvcles. CDK7 is the enzymatic component of TFITH coraplex
which is responsible for regulating transcription initiation, and CDK9 and CDK12 regulate
transcription elongation and processing,

Deregulation of CDKs has been shown to have a significant impact on the cell state
and is frequently identified as oncogenic. Numerous selective or pan-CDK small molecule
inhibitors have been identified, however, most of the known inhibitors have failed i clinic
{rials due to the lack of high svstemic drug concentration. More recently, the development of
a CDK7 covalent mhubitor, THZ1, has demonstrated that rreversible binders are superior o
reversible CDK binders.

Alternative strategies o inhibit ¢cyclin-dependent kinases, such as CDE4 and CDKSs,
are needed. At present, suttable corapounds with alternative mechanisms of action targeting

CDK4 and CDKS6 are not available. The present application addresses the need.

SUMMARY

The present application relates to novel bifunctional compounds, which function fo
recruit targeted proteins to E3 ubiquitin ligase for degradation, and methods of preparation

and uses thereof. The bifunctional compound s of Formula X:

{Targeﬁng Ligand) _......( Linker )m(iﬁ)egron}

X0,

whergin:

the Targeting Ligand 1s capable of binding to a targeted protein, such as a cyclin-
dependent kinase {e. g., CDK4 and/or CDKG6};

the Linker is a group that covalently binds o the Targeting Ligand and the Degron;
and

the Degron is capable of binding to a ubiquitin ligase, such as an E3 ubiquitin ligase
{e.g., cereblon).

The present application also relates to targeted degradation of proteins through the use
of bifunctional corpounds, including bifunctional compounds that link an E3 ubiquitin

ligase-binding motety to a ligand that binds the targeted proteins.

)
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The present application also relates to a bifimectional compound of Formulda [

(R'i}n

Ry X}-—-—-A“mBmAmx f Nm{ Lmker) (Degmn)

Ra {I), or

Targeting Ligand

or an enantiomer, diasiereomer, stereoisomer, or pharmaceutically acceptable salt thereof,

wherein;
Ri, B2, Rs, A, AL B, X, and n are each as defined herein;
X M

the Linker is a group that covalently binds to S/ and the Degron;

the Degron is capable of binding to a ubiquitin ligase, such as an E3 ubiquitin ligase
{e.g., cereblon}; and

the Targeting Ligand is capable of binding to a targeted protein, such as CDK4 and/or
CDKe6.

The present application further relates to a Degron of Formula D1

{RM)q §
Y_.._.
/“["\ R15 Zoe
o= Y- | TR
\ / A
AN
Ris © O (D1),

or an enantiomer, diastereomer, or stereoisomer thereof, wherein Y, £, Ris, Ris, Rus, Ris, v,
and ¢ are each as defined herein.

The present application further relates to a Linker of Formuda LO:

Y71M‘“ﬂ"\/w

or an enantiomer, diastereomer, or sterecisomer thereof, wherein pl, p2, p3, W. QQ, and Z, are

(LO).

gach as defined herein, the Linker is covalently bonded to a Degron via the % next to (3,

and covalently bonded to the Targeting Ligand via the _g— next to 7y

The present applicaiion also relates to a pharmacewtical composition comprising a
therapeutically effective amount of a bifunctional compound of the application, or an
enantiomer, diastereomer, stereoisomer, or pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.
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Another aspect of the present application relates to a method of inhibiting a kinase
{e.g.. CDEK4 and/or CDKG). The method comprises administering to a subject in need thereof
an effective amount of a bifunctional compound of the application, or a pharmaceutically
acceptable salt, hvdrate, solvate, prodrug, sterecisomer, or tautomer thereof, ora
pharmaceutical composition of the application.

Another aspect of the present application relates to a method of modulating {e.g..
decreasing) the amount of a kinase {e.g . CDK4 and/or CDK6). The method comprises
admimistening to a subject in need thereof a therapeutically effective amount of a bifunctional
compound of the application, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,
stereoisomer, or tautomer thereof, or a pharmaceutical coraposition of the application.

Another aspect of the present application relates to a method of treating or preventing
a disease {e.g., a disease in which CDK4 and/or CDKS6 plays a role). The method comprises
admanistering to a subject in need thereof an effective amount of a lifimctional compound of
the application, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer,
or tavtomer thereof, or a pharmaceutical composition of the application. In one aspect, the
disease is a kinase (e.g., CDK4 and/or CDK6) mediated disorder. In one aspect, the disease
is a proliferative disease {(e.g., a proliferative disease in which CDDK4 and/or CDK6 plays a
role).

Another aspect of the present application relates t¢ a method of treating or preventing
cancer in 3 subject, wherein the cancer cell comprises an activated CDK4 and/or an activaied
CDEK6 or wherein the subject 1s identified as being in need of inhibition of CDK4 and/or
CDK6 for the treatment or prevention of cancer. The method comprises administering to the
subject an effective armount of a bifunctional compound of the application, or a
pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stereoisomer, or tautomer thereof,
or a pharmaceutical composition of the application.

Another aspect of the present application relates to a kit comprising a bifunctional
compound capable of inhibiting CDK4 and/or CDKS activity, selected from a bifunctional
compound of the application, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug,
stersoisomer, or tautomer thereof.

Another aspect of the present application relates to a kit comprising a bifunctional
compound capable of modulating {e.g., decreasing) the amount of CDK4 and/or CDK6,
selected from a bifunctional compound of the application, or a pharmaceutically acceptable

salt, hvdrate, solvate, prodrug, sterecisomer, or tavtomer thereof,
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Another aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceulically acceptable sall, hydrale, solvate, prodrug, sterecisomer, or
tautorner thereof, or a pharmaceutical composition of the application, for use 1n the
manufacture of a medicament for inhibiting a kinase {e.g, CDK4 and/or CDK6) or for
modulating {e.g., decreasing) the amount of a kinase {e.g., CDK4 and/or CDK6).

Another aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceuficaily acceptable salt, hvdrate, solvate, prodrug, sterecisomer, or
tautomer thereof, or a pharmaceutical composition of the application, for use in the
manufacture of a medicament for treating or preventing a disease {e.g., a disease in which
CDK4 and/or CDK6 plays arole). o one aspect, the disease s a kinase {e.g., CDK4 and/or
CDK6) mediated disorder. In one aspect, the disease is a proliferative disease (e.g., a
profiferative disease in which CDE4 and/or CDKG6 plays a role).

Another aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceuficaily acceptable salt, hvdrate, solvate, prodrug, sterecisomer, or
tautomer thereof, or a pharmaceutical composition of the application, for use in the
manufacture of a medicament for treating or preventing cancer in a subject, wherein the
cancer cell comprises an activated CDDK4 and/or an activated CDK6 or wherein the subject s
identitied as being in need of inhibition of CDK4 and/or CDK6 for the treatment or
prevention of cancer.

Another aspect of the present application relates (o a bifumctional compound of the
application, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, sterecisomer, or
tautomer thereof, or a pharmaceutical composition of the application, for use in inhibiting a
kinase {e.g., CDK4 and/or CDKS) or modulating (e.g., decreasing) the amount of a kinase
{e.g.. CDEA4 and/or CDKG).

Another aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or
tautomer thereof, or a pharmaceutical composttion of the application, for use in treating or
preventing a disease {e.g., a disease in which CDK4 and/or CDKO plays arole). In one
aspect, the disease 1s a kinase {e.g., CDK4 and/or CDK6} mediated disorder. In one aspeci,
the disease is a proliferative disease {e.g., a proliferative disease in which CDK4 and/or
CDK6 plays a role).

Another aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or

tautomer thereof, or a pharmaceutical composttion of the application, for use in treating or
5
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preventing cancer in a subject, wherein the cancer cell comprises an activated CDK4 and/or
activated CDKG or wherein the subject 1s identified as being in need of inhibition of CDK4
and/or CDK6 for the treatroent or prevention of cancer.

The present application provides inhibitors of CDK4 and/or CDKG6 that are
therapeutic agents in the treatment or prevention of diseases such as cancer and metastasis.

The present application further provides compounds and compositions with an
improved efficacy and/or safety profile relative to known CDK4 and CDK6 infubitors. The
present application also provides agents with novel mechanisms of action toward CDK4 and
CDKS6 kinases in the treatment of various types of diseases imcluding cancer and metastasis,

The compounds and methods of the present application address unmet needs in the
treatment of diseases or disorders in which pathogenic or oncogenic endogenous proteins
{e.g., CDK4 and/or CDKS) play arole, such as cancer.

The details of the disclosure are set forth m the accompanying description below.
Although methods and materials sinular or equivalent to those described herein can be used
in the practice or testing of the present application, illustrative methods and materials are now
described. In the case of conflict, the present specification, inchuding defimtions, will
control. In addition, the matenals, methods, and exarples are illustrative only and are not
intended to be limiting. Other features, objects, and advantages of the disclosure will be
apparent from the description and from the claims. In the spectfication and the appended
claims, the singular forms also include the plural unless the context clearly dictates otherwise.
Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs.

The contents of all references (including literature references, issued patents,
published patent applications, and co-pending patent applications) cited throughout this
application are hereby expressly incorporated herein in their entireties by reference. The

references cited herein are not admitied to be prior art to the application,
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In a first aspect, the invention relates to a bifunctional compound of Formula X:

(Targeting Ligand) —(Linker)—(Degron) X)

wherein:

the Targeting Ligand is capable of binding to CDK4 and/or CDK6;

the Linker is a group that covalently binds to the Targeting Ligand and the Degron;
and

the Degron is capable of binding to a ubiquitin ligase;

wherein the Targeting Ligand is of Formula TL-I:

(R1)n

Rz—g/;:\)—A'—B—A—x/\-/__/\N%_

Rs (TL-T),

or a stereoisomer thereof,
wherein:

A is absent or C(Ra4)2;

A'is NRs or O;

Xzs

Bis (Re)t .

Xis N or CH;

Xz 1s N or CRs5;

each R is independently (C;-Ca) alkyl or (C-Cs) haloalkyl;

R» is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, halogen, OH, or NH>;

R3 is (Cs-Cio) aryl or a monocyclic or bicyclic heteroaryl comprising one to four
heteroatoms selected from N, O, and S, wherein the aryl and heteroaryl are optionally
substituted with one or more R7; or

R> and R3 together with the carbon atoms to which they are attached form a 5- or 6-
membered heterocycloalkyl comprising one or two heteroatoms selected from N, O, and S,
wherein the heterocycloalkyl is optionally substituted with one or more Rsg; or R; and R3
together with the carbon atoms to which they are attached form a 5- or 6-membered
heteroaryl comprising one or two heteroatoms selected from N, O, and S, wherein the

heteroaryl is optionally substituted with one or more Ro;

6a
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each R4 is independently H or (C;-Cs4) alkyl;

Rs is H or (Ci-Cas) alkyl;

each R is independently (C-Ca) alkyl, (C1-C4) haloalkyl, (C-C4) alkoxy, (C-C4)
haloalkoxy, halogen, OH, or NHz;

each Ry is independently (C-Ca) alkyl, (C1-C4) haloalkyl, (C;-C4) alkoxy, (C-C4)
haloalkoxy, halogen, OH, or NH;; or

each Rg is independently (C-Ca) alkyl, (C1-C4) haloalkyl, (C;-C4) alkoxy, (C-C4)
haloalkoxy, halogen, C(O)(C-C4) alkyl, C(O)NHz, C(O)NH(C-C4) alkyl, C(O)N((C-Ca)
alkyl)z, (C3-C7) cycloalkyl, or heterocycloalkyl, or two Rg together with the carbon to which
they are attached form C(O);

each Ry is independently (C-Ca) alkyl, (C1-C4) haloalkyl, (C;-C4) alkoxy, (C-C4)
haloalkoxy, halogen, C(O)(C-C4) alkyl, C(O)NHz, C(O)NH(C-C4) alkyl, C(O)N((C-Ca)
alkyl),, (C3-C7) cycloalkyl, or heterocycloalkyl; and

n and t are independently 0, 1, 2, or 3,

_%_ X N

wherein the Targeting Ligand is bonded to the Linker via the nextto M ;

wherein the Degron is of Formula D1:

(T14)q y-5-
RisZ \/\W
o} N | TRl
L
Ris O 0O (D),

or a stereoisomer thereof, wherein:

Y is a bond, (CH2)1-6, (CH2)0-6-O, (CH2)0-6-C(O)NR 11, (CH2)0-6-NR11C(O), (CH2)o-6-
NH, or (CHz)0-6-NR2;

Z is C(O) or C(Ri3)2;

Ri11s H or Ci-Cg alkyl;

Riz is C1-Cs alkyl or C(O)-Ci-Cs alkyl;

each Ry3 is independently H or C;-Cs alkyl;

each Ry4 is independently C;-Cs alkyl;

Ris is H, deuterium, C;-Cs alkyl, F, or CI;

each Ri¢ is independently halogen, OH, C-Cs alkyl, or C-Cs alkoxy;

qis 0,1, 0r2;

vis 0,1, 2, or3; and

6b
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wherein the Degron is covalently bonded to the Linker via _g_.

In a second aspect, the invention relates to a pharmaceutical composition comprising
a therapeutically effective amount of the bifunctional compound of the first aspect, or
stereoisomer, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier.

In a third aspect, the invention relates to a method of inhibiting a kinase or modulating
the amount of a kinase, comprising administering to a subject in need thereof an effective

amount of a bifunctional compound of the first aspect.

In a fourth aspect, the invention relates to a method of inhibiting a kinase or
modulating the amount of cyclin-dependent kinase 4 (CDK4), comprising administering to a

subject in need thereof an effective amount of a compound of the first aspect.

In a fifth aspect, the invention relates to a method of inhibiting a kinase or modulating
the amount of cyclin-dependent kinase 6 (CDK6), comprising administering to a subject in

need thereof an effective amount of a compound of the first aspect.

In a sixth aspect, the invention relates to a method of inhibiting a kinase or
modulating the amount of cyclin-dependent kinase 4 (CDK4) and cyclin-dependent kinase 6
(CDKG®6), comprising administering to a subject in need thereof an effective amount of a

compound of the first aspect.

In a seventh aspect, the invention relates to a method of treating or preventing a
disease in which CDK4 and/or CDKG6 plays a role, comprising administering to a subject in

need thereof an effective amount of a compound of the first aspect.
In an eighth aspect, the invention relates to a bifunctional compound of the first aspect

for use in the manufacture of a medicament for treating or preventing a disease in which

CDK4 plays a role.

6¢
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In a ninth aspect, the invention relates to a bifunctional compound of the first aspect
for use in the manufacture of a medicament for treating or preventing a disease in which
CDKG6 plays a role.

In a tenth aspect, the invention relates to a bifunctional compound of the first aspect
for use in the manufacture of a medicament for treating or preventing a disease in which

CDK4 and CDK 6 play a role.

In an eleventh aspect, the invention relates to a bifunctional compound of the first

aspect for use in treating or preventing a disease in which CDK4 plays a role.

In a twelfth aspect, the invention relates to a bifunctional compound of the first aspect

for use in treating or preventing a disease in which CDK6 plays a role.

In a thirteenth aspect, the invention relates to a bifunctional compound of the first

aspect for use in treating or preventing a disease in which CDK4 and CDK 6 play a role.

In a fourteenth aspect, the invention relates to a bifunctional compound, which is

H
o K\NWN\H/\H o
S =

6d
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(I-18),

2 (I-22),

or a stereoisomer or pharmaceutically acceptable salt thereof.

6h
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In a fifteenth aspect, the invention relates to a bifunctional compound, which is
0

HM
O
o]
M

@]
H H

o’ﬁ’“ﬁgﬂvo&/‘owwj{\w’\j o
SN tl"/JQ“\N N” 0

(1-19),

or a stereoisomer or pharmaceutically acceptable salt thereof.

5 In a sixteenth aspect, the invention relates to a bifunctional compound, which is
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or a stereoisomer or pharmaceutically acceptable salt thereof.

H
; (\NMN N -
P e B9 o ;

In a seventeenth aspect, the invention relates to a bifunctional compound, which is
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or a stereoisomer or pharmaceutically acceptable salt thereof.
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In an eighteenth aspect, the invention relates to a bifunctional compound, which is

o]
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Az
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H(N NN NN L I
° (1-3),

or a stereoisomer or pharmaceutically acceptable salt thereof.

4

In a ninteenth aspect, the invention relates to a method for treating a cancer, comprising
administering to a subject in need thereof an effective amount of the bifunctional compound of
the first aspect, or a stereoisomer or pharmaceutically acceptable salt thereof, wherein the
cancer is selected from breast cancer, brain cancer, endometrial cancer, head and neck cancer,
gastrointestinal cancer, lung cancer, ovarian cancer, prostate cancer, uterine cancer,
hepatocellular carcinoma, liposarcoma, melanoma, multiple myeloma, neuroblastoma,

leukemia, lymphoma, and teratoma.

The term “comprise” and variants of the term such as “comprises” or “comprising” are
used herein to denote the inclusion of a stated integer or stated integers but not to exclude any
other integer or any other integers, unless in the context or usage an exclusive interpretation of

the term is required.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 115 a westem blot showing the levels of CDK4, CBKS6, and tubulin at vanous

time poimts in Jurkat cells treated with DMSO or 5 uM of Compound -3, A decrease in

CDK6 levels over time was observed while CDK4 and tubulin levels were unaffected.

FIG.2 15 a western blot showing the levels of CDK4, CDK6, and tubulin in wild-type
{(WT) or cereblon knockout (CRBN-/-) Moli4 cells treated with various concentrations of
Compound 1-3. Cells treated with Compound 1-3 showed CDK6 degradation in wild-type
cells while CDK 4 was unaffected. Compound I-3 is dependent on the presence of CRBN as
seen by arescue of CBKS6 levels in the CRBN-/- cells.

FIG3A-FIG. 3G are western blots showing levels of CDK4, CDKS, and actin in
Jurkat cells treated for 4 hours with various concentrations of Compound -1 (FiG. 3A),
Compound I-20 (FIG. 3B}, Compound I-5 (FIG. 3C), Compound I-11 (FIG. 3D), Compound
I-12 (FIG. 3E), Compound I-13 (FIG. 3F), or Compound [-14 {FIG. 3G).

FIG. 415 a western blot showing the levels of CDE4, CDK6, Rb, pRb, and actin in
wiid-type (WT) or cereblon knockout (CRBN-/-} Molid cells treated with the indicated
compounds of the present application.

FIG.S 13 a western blot showing the levels of CDKA4, CDK6, and tubulin in Jurkat
cells treated for 4 hours with various concentrations of Compound (-3 or Compound 1-1.

FIG. 6A-FIG. 6D are graphs showing the viability of various cells as a function of the
concentrations of palbociclib, Compound -1, or Compound [-3 in IGROV (FIG. 6A),
SKOV (FIG. 6B), MCAS (FIG. 6C), and MDA MB-453 (FIG. 6D).

DETAILED DESCRIPTION

Compounds of the Application

The present application relates o bifunctional compounds having utility as
modulators of ubiquitination and proteosomal degradation of targeted proteins, especially
compounds comprising a moiety capable of binding to a polypeptide or a protein that 1s
degraded and/or otherwise inhibited by the bifunctional compounds of the present
application. In particular, the present application is directed {o compounds which contain a
moiety, e.g., a small molecule moiety {i.e., having a molecular weight of below 2,600, 1,000,
500, or 200 Daltons), such as a thalidomide-like motety, which is capable of binding o an E3

ubiquitin figase, such as cereblon, and a ligand that is capable of binding 1o a target protein,
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in such a way that the target protein is placed in proximity to the ubiquitin ligase to effect
degradation {and/or inhibition} of that protein,
in one embodiment, the present application provides a bifunctional compound of

Formula X:

(Targeting Ligand) “"“( U”kef)miaﬁgmn} (X3

wherein:

the Targeting Ligand is capable of binding to a targeted protein, such as CDK4 and
CDKe6;

the Linker is a group that covalently binds to the Targeting Ligand and the Degron;
and

the Degron is capable of binding to a ubiquitin ligase, such as an E3 ubiquitin ligase
{e.g., cereblon).

In one embodiment, the present application provides a compound of Formula ©:

{(Rydn

Rs %A“meAmx i —{Lmker) (Degmn)

Ry ), or
Targeting Ligand
or an enantiomer, diastercomer, stereotsomer, or pharmaceutically accepiable salt thereof,
wherein:
Ri Ry, Rs, AL AL B, X and n are each as defined herein;
TN
X M

the Linker is a group that covalently binds to M’/ and the Degron;

the Degron is capable of binding to a ubiquitin ligase, such as an E3 ubiquitin ligase
{e.g., cereblon); and

the Targeting Ligand is capable of binding to a targeted protein, such as CDK4 and/or
CDKS.

The present application further relates to a Degron of Formula D1

{ Rm)q Y§
Ryg 2
""" / N \ T (Ryely
/j
,’:
Rw (D),
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or an enantiomer, diastereomer, or sterecisomer thereof, wherein Y, Z, Rus, Rus, Ris, Ris, q,
and v are each as defined herein.

The present application further relates to a Linker of Formula LO:

YZ1WW\WQ?
03 pit p2

or an enantiomer, diastereomer, or sterecisomer thereof, wherein pl, p2, p3, W, Q. and Z1 are

(L0,

each as defined herein, the Linker is covalently bonded to a Degron via the I next to 3,

and covalently bonded to the Targeting Ligand via the m%.._ nexi io Z1.
Targeting Ligand

Targeting Ligand (L} {or target protein moiety or target protein ligand or ligand}is a
small molecule which is capable of binding to a target protein of interest, such as CDK4
and/or CDK6.

In one embodument, a Targeting Ligand 15 a compound of Formula TL-L:

(iR's)n
N
2R N 4 W
R, MN>—A B—A=—X N §
Rs (TL-T),

or an enantiomer, diasiereomer, stereoisomer, or pharmaceutically acceptable salt thereof,
whergin:

A is absent or C(Rap;

Alis NRs or O
K2,

Bis ' {Ree .

Xis N or CH;

X2 Nor CRs;

each Riis independently (Ci-Cq) alkyl or (C1-Ca) haloalkyl;

Rais H, {Ci-Cs) alkyl, (C1-Cs) haloalkyl, halogen, OH, or NH:;

Rs s (Co-Cio) aryl or a monocyclic or bicyclic heteroarvl comprising one to four
heteroatoms selected from N, O, and S, wherein the aryl and heteroaryl are optionally

substituied with one or more Ry or
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Re and Rs together with the carbon atoms to which they are aftached form a 5- or 6-
membered heterocycloalkyl comprising one or two heteroatoms selected from N, O, and S,
wherein the heterocvcloalkyl 1s optionally substituted with one or more Rs; or R2 and Rs
together with the carbon atoms to which they are attached form a 5- or 6~-membered
heteroarvi comprising one or two heteroatoms selected from N, (3, and S, wherein the
heteroarvi is optionally substituted with one or more Ro;

each Rs is independently H or ({-Cq) alkvl;

Rs 18 H or (C1-Cy) atkyl;

each Re 15 independently (C1~Caq alkyl, (C1-Ca} haloalkyl, (C1-Ca) alkoxy, (C1-Cy)
haloalkoxy, halogen, OH, or NHa;

each Ry 1s independently (C;-Cy) alkvl. (C1-Cs) haloalkyl, (C1-Ca) alkoxy. (C1-Cy)
haloalkoxy, halogen, OH, or NH2; or

each Rs 1s independently (C1-Ca) alkyl, (C1-Cs) haloalkyl, (Ci-Cs) alkoxy, (Ci-Ca)
haloalkoxy, halogen, C(OYC1-Cq) alkyl, CIOINH2, CIOINH(C-Cy) alkyl, C{OINHC1-Ca)
alkyin, (C-Cr) cycloalkyvi, or heterocycloalkyl, or two Rs together with the carbon to which
they are attached form C(O);

each Rois independently (C1-Cq) alkyl, (C1-Ca) haloalkyl, {C1~Cy) alkoxy, (C1-Cy)
haloatkoxy, halogen, C{OY)C1-Cq) alkyl, C(OINHz, C{OINH(C-Cs} alkyl, COMWN{C1-Cy)
alkviy, {C3-C7) cycloalkyl, or heterocycloalkvi; and

n and t are independently 6, 1, 2, or 3,

X M

wherein the Targeting Ligand is bonded to the Linker via the mg_, nextto s
In some embodiments, A is absent. In other embodiments, A 1s CHa.
In some embodiments, A'1s NRs. In other embodimenis, A’ 1s 0. In other

embodiments, A'is NH or . In other embodiments, A’ is NH,

In some embodiments, B is (Rﬁ}t. In other embodiments, B i
SN

BYAW H R

{ P 3
. In other embodiments, B is {(Redt  1n other embodiments, B is

10
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,or

. In other embodiments, B 15

In some embodiments, X 1s N, In other embodiments, X 15 CH.

In some embodiments, X2 1s N. In other embodiments, X215 CH.

In some embodiments, each Ry is independently methyl, ethyl, propyl, or i-propyl In
other embodiments, each Ri 1s independently methyl or ethyl. In other embodiments, each R
is independently methyl. In other embodiments, each Ri is independently (C1-C4) haloalkyl
{(i.e., CFs, CHF», CH2CFs, or CF2CF3).

In some embodiments, Rz is H, (Ci-Cs) alkyl, (€1-Cs) halealkyl, halogen, OH, or
NHz. In other embodiments, Rz is (C1-Cs) alkyl, (C1-Cs) haloalkyl, halogen, OH, or NH2. In
other embodiments, Rz 18 {Ci-Cs) alkvl, {C1-Cs) haloalkyl, or halogen. In other embodiments,
Rz 15 halogen, OH. or NH:. In other embodiments, Ry 15 (C1-Cs) alky! or {Cy-Cs) haloalkyl,
In other embodiments, Re 1s (C1-Cs) alkyl or halogen. In other emnbodiment, Ra is halogen.
In other embodiment, Rois methyl or ¥ In other embodiments, Ro s F.

In some embodiments, Rj 1s (Cs-Cio) ary! optionally substituted with one or more Ry
In other embodiments, Rz is a monocyclic or bicyclic heteroaryl comprising one to fouwr
heteroatoms selected from N, O, and S, optionally substituted with one or more Ry, In some
embodiments, Rz 1s {Ce-Cio) aryl substituted with one or more Ry In other embodiments, R;
is a monocyclic or bicyclic hetercaryl comprising one to four heteroatoms selected from N,
0, and S, substituted with one or more R7. In other embodiments, Rs is amonocvelic
heteroarvl comprising one to three heteroatoms selected from N, O, and S, optionally
substituted with one or more R, In other embodiments, R; is a bicychic heteroarvl
comprising one to four heteroatoms selected from N, O, and S, optionally substituted with
one or more Ry, In other embodiments, Rz is a monocyclic heteroaryvt comprising one to three
hetercatoms selected from N, O, and S, substifuied with one or more Ry, In other
embodiments, Rs is a bicyclic heteroarvl comprising one to four heteroatoms selected from
N, (3, and S, substituted with one or more R~

in some embodiments, R» and Rs together with the carbon atoms to which they are

attached form a 5-membered heterocycloalky! comprising one or two heteroatoms selected

1i
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from N, 3, and S, optionally substituted with one or more Rs. In some embodiments, Ro and
Rs together with the carbon atoms to which they are attached form a 6-membered
heterocycloalkyl comprising one or two heteroatoms selected from N, O, and 8, optionally
substituted with one or more Rs. In some embodiments, R» and Rs together with the carbon
atoms to which they are attached form a 5-membered heterocvcloalkyl comprising one or two
heterocatoms selected from N, O, and S, substituted with one or more Rs. In some
embodiments, Ry and R; together with the carbon atoms to which thev are aitached form a 6-
membered heterocycloalkyl comprising one or two heteroatoms selected from N, O, and S,
substituied with one or more Rs.

in other embodiments, R2 and Rs together with the carbon atoms to which thev are
attachad form a 5-membered heteroaryl comprising one or two heteroatoms selected from N,
0, and S, optionally substituted with one or more Ro. In other embodiments, Rz and Rs
together with the carbon atoms to which they are attached form a 6-membered heteroarvl
comprising one or two heteroatoms selected from N, O, and 8, optionally substituted with
one or more Ro. In other embodiments, Re and R together with the carbon atoms to which
they are attached form a 3~-membered heteroarvl comprising one or two heteroatoms selected
from N, O, and S, substituted with one or more Re. In other embodiments, Ry and Rs together
with the carbon atoms to which they are attached form a 6-membered heteroary! comprising
one or two heteroatoms selected from N, O, and S, substituted with one or more Ro.

In some embodiments, each Ra 1s independently H or (Ci-Cs) alkyl {e.g., methyl,
ethyi, propyl, or i-propvl). In other embodiments, each Ra 15 independenily H, methvl or
ethyl. In other embodiments, each Ru is independently methyl or ethvl. In other
embodiments, each Rq 15 independently H or methyl. In other embodiments, at least one Ra 15
methvl o other embodiments, each R41s H.

In some embodiments, Rs 1s H or (C1-Cs) alkyl {e. g, methy], ethyl, propvl, ori-
propyl). In other embodiments, Rs is H, methy] or ethyl. In other embodiments, Rs is methyl
or ethyl. In other embodiments, Rs is H or methyl. In other embodiments, Rs is methyl. In
other embodiments, Rs is H.

in some embodiments, sach Re is independently (C1-Cs} alkvl, (C1-Cs) haloalkyl, {Ci-
Cs) alkoxy, {(C1~-Cs) haloalkoxy, halogen, OH, or NHz. Tn other embodiments, each Re is
independently (C1-Cs) alkyl, (Ci-Cs) haloalkyl, (C1-Cs) alkoxy, (C1-Cs) haloalkoxy, or
halogen. In other embodiments, gach Re is independently halogen, OH, or NHz. In other
embodiments, each Rs is independently (Ci-Cs) alkyl, (C1-Cs) haloalkyl, or halogen. In other

embodiments, each Rs 1s independently (C1-Cs) alkyl or halogen. In other embodiments,
12
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each Rs is independently methyli, ethyi, propvl, iso-propvl, or halogen. In other
embodiments, each Re 13 independently methyl, ethyl, propyl, iso-propvl, or F.

in some embodiments, each R is independently (Ci-Cs) alkyl, (Ci-Cs) haloalkyl, {(Cs-
Cs) alkoxy, (Ci-Cs) haloalkoxy, halogen, OH, or NHz2. In other embodiments, each Ry is
independently (C1-Cs) alkvl, {Ci-Cs} haloalkyl, {(C1-Cs) alkoxy, {C:-Cs) haloalkoxy, or
halogen. In other ernbodiments, each Ry is independently halogen, OH, or NH2. In other
embodiments, each R i1s independently (Ci-Cs) alkvi, {C-C3) haloalkyl, or halogen. In other
embodiments, each Ry is independently (C1-Cs) atkvl or halogen. In other embodiments,
each R71s independently methvl, ethyvl, propvl, 1so-propyl, or halogen. In other
embodiments, each Ry 1s independently methyl, ethyl, propyl, iso-propyl, or F.

In some embodiments, each Ry is independently (C,-Cs) alkyl, (Ci-Cs) haloalkyl, (Cy-
Cs) alkoxy, (C1-Cs) haloalkoxy, halogen, C{OWCi-Cs) alkyl, C{OWH:, C(ONH(Ci-(s)
alkyl, C{ON((C1-Cs) alkyvl)e, (Cs-Ce) cycloalkyi, or heterocycloalkyl. In other embodiments,
each Rs is independently (C-Cs) alkyl, (Ci-Cs) haloalkyl, halogen, C(OYC;i-Cs) alkyl
C{O)NH:z, CIOINH(C1-Ca) alkyl, COMN{C1-Ca) alkyl), (Ca-Ce) cycloalkyl, or
heterocycloalkyl In other embodiments, each Rs 15 independently (C1-Cs) alkyl, (C1-C3)
haloalkyl, halogen, C{OXC;i~-Cs) alkyl, C{OWH2, C(OMWH(C-Cs) alkyl, C{ON{(Ci-Cs)
alkviy, or ({Us-Cs) cvcloalkyl. In other embodiments, each Ry is independently (C1-Cs) alkyl,
CLONC-Ca) alkyl, CLONHL, CONH(C1-Cs) alkyl, COOINEC-Cs) alkyi), or (C3-Ce)
cycloalkyl In other embodiments, each Rs is independently (C1-Cs) alkyl, CLOYC-Cs)
alkyi, or {C3-Cs) cvcloalkyl. In other embodiments, each Rs is independently ((1-Cs) alkyl,
C{OYC1-Cs) alkyl, or {T5-Ce) cycloalkyl. In some embodiments, two Re together with the
carbon to which they are attached form C{(0).

In some embodiments, sach Ro 15 (C3~-Cs) alkyl, (C1-Cs) haloalkyl, (C1-Cs) alkoxy,
((C1-C3) haloalkoxy, halogen, C{ONC1-Cs) alkyl, CIONH, CIONH{C1-Cs) alkyl,
C{OIN(C1-Cs) alkyl)z, (C5-Cs) cycloalkyl, or heterocvcloalkyl. In other embodiments, each
Ry 1s {(C1-Csy alkyl, {C1-Cay haloalkyl, halogen, C(OYWC1-Cs) alkyl, C{OINH:, C{ONH(C -
Ca} alkyl, COIN{C-Ca) alky ), {C3-Cs) cvcloalkyl, or heterocycioalkyl. In other
embodiments, each Ro is ({1-C3) alkyl, (C1-Cs) haloalkyl, halogen, C{OXC1-Cs) alkyl,
C{ONH:z, CIOWH(C:-Cs) alkyl, COINKC1-Cs) alkyl)z, or (05-Co) cycloalkyl. In other
embodiments, each Rois (C1-Cs) alkyl, C(OXCi-Cs) alkyl, CLOWH:z, C{OINH(C-Cs) alkyl,
C{ON{(Ci-Cs) alkyl)z, or (C3-Co) cycloalkyl. In other embodiments, each Ry is (C1-C3)
atkvl, C{OINH:z, C{OINH(C1-Cs) alkyl, CIOINT1-Ca) alky by, or (U5-Cs) cycloalkyl In
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other embodiments, each Ro 15 C{ONH:z, CIONH{T1-Ca) alkyl, C{ON{ET1-Cs) alkvi), or
{C3-Cs) cvcloalkyl
In some embodiments, t1s O, In other embodiments, 1is 1. in other embodiments, tis

2. In other embodiments, tis 3. In other embodiments. 115 O or 1. In other embodiments, t1s

(W4

1 or 2. In other embodiments, ti1s 0, 1 or 2. In other embodiments, tis 1, 2 or 3.

In some embodiments, nis 0. In other emnbodiments, nis 1. In other embodiments, n
is 2. In other embodiments, nis 3. In other embodiments, nis 0 or 1. In other embodiments,
nis 1 or 2. In other embodiments, nis 0, 1 or 2. In other embodiments, nis 1,2 or 3.

Any of the groups described herein for any of A, A, B, X, X2, R1, Rz, R3, Ry, Bs, Rs,
10 Ry, Rs, Ro, n, and t can be combined with any of the groups described herein for one or more
of the remainder of A, A’ B, X, X2, Ry, Ru, R3, Ry, Rs, Re, Ry, Ry, Ro, n, and t, and may
further be combined with any of the groups described herein for the Linker.

For a Targeting Ligand of Forraula TL-L:

(1 In one embodiment, X is N and A ig absent.

13 (23 In one embodiment, X is N and A is CHz.

(3) In one embodiment, X 1s N and A’ 1s NRs.

(4) In one embodiment, X 1s N, A 1g ahsent, and A’ 1s NRs,
{5) in one embodiment, X is N, A is CHa, and A' 1s NRs.

{6} In one embodiment, X is N and B is

20 (") In one embodiment, X is N, A is absent, and B is (Re)e.

{8 In one embodiment, X 1s N, A is CHz, and B is

(29) In one embodiment, X 1s N and B is .
~8 N
‘Cr

{10} In one embodiment, X is N, A is absent, and B is e )

14
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(1)

(12)

(13)

(i4)

(15)

(16}

(17

(i8)

(19)

(20)

3y

In one embodiment, Xis N, Ais CHe, and B 1s {Rel:

~ M
<

o e‘;{
In one embodiment, X 1s N and B 15

b | Na
L ¥ ]
In one embodiment, X is N, A is absent, and B 1s }

{oN
Ny

in one embodiment, X 1s N, Ais CH, and B 1s

In one embodiment, X 1s N, A'is NRs, and B 1

fn one emsbodiment, X i3 N, A 1s absent, A'1s NRs, and B 15 {(Rg):

In one embodiment, X 1s N, Ais CHz, A'is NR;, and B is

N
mg..;ﬁ:f ”’*l...gm
i
In one embodiment, X 1s N, A'1s NRs, and B 15 k\‘//’j

i
(¥4}
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(22)

(23)

24)

(25)

(26)

(28)

)

(30)

(31)

is H.

In one embodiment, X 1s N, A is absent, A’ is NRs, and B is

iy
(5
Ails CH2, A'is NRs, and B is .

in one smbodiment

in one smbodiment

In one embodiment

in one embodiment

in one embodimend

fn one embodiment

in one embodiment,

in one embodiment,

In one embodiment

X as N,

, Xis N,

, X is N,

, Xis N,

. X is N,

X5 N,

Xis N,

Xis N,

, X is N,

PCT/US2017/028941

Ais OHz A'is NRs, and B is (Rsht

T

A'is NRs, and B is

A'is NRs, B is (Rede and Rsis H.

A is absent, A"is NRs, B is (Rﬁ}i, and Rs

16
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(32

(33)

(34)

1s H.

(35)

(36)

(37)

s H.

(38)

(39)

(40)

s H.

in one embodiment, X is N,

fn one emsbodiment, X is N,

In one embodiment, X 1s N,

in one embodiment, X is N,

fn one emsbodiment, X is N,

In one embodiment, X i3 N,

PCT/US2017/028941

Ais CHa, A'is NRs, B is (Rekt and Rsis

£

§
A'is NRs, B is l\‘?”’a

N
O
Ais absent, A'is NRs, Bis = ,and Rs

.

G+
F ,and Rs 1s

,and Rsis H.

AisCHz, A'1sNRs, B is

cand Bs 1

‘s{l and Rsis H
* | Na

‘é{} and Rs

A'isNRs, B s

A1s absent, ATis NRs, B is

17
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«d N
| | o N '3 |
{41} In one embodiment, X 1s N, A1s CHz, A"1isNRs, Bis cand Rsis
H

AN

in one embodiment, the compound of Formula TL-] is of Formula TL-1a or TL-Ib:

?ﬁﬂn ?3ﬁn
Y N H OH Vst
If \ y /n “\ / \ s m\ Im e
R A B e—X [y S R A B X N
z”ﬂN}“ N g %"’ 2 ""N>m % f %
Rs (TL-Ta), or  Rs (TL-Ib).

5 wherein A", B, X, R1, Rz, Rs, and n are each as defined above in Formula TL-L
For a Targeting Ligand of Formula TL-Ia or TL-1b:
(1) In one embodiment, X 13 N and A' is NRs,

)

(3)

10 (4)

(6) In one embodiment, X 1s N, A'is NRs, and B 1s (R}t

i
{7} in one embodiment, X 1s N, A'is NRs, and B is w

N
}é@%@m
{8} In one embodiment, X is N, A'1s NRs, and B is / .

18
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{2) In one embodiment, X is N, A'is NRs, and B is {Rgh . )

s,
N

(10)  In oneembodiment, X 1s N, A'is NRs, and B 1s

(1)
(12} ,and Rsis H.

3 {13} ,and Rsis H.
(14) cand Rsis H.
{15} In oneembodiment Xis N, A'isNRs, Bis ,and Rsis H.
AL B, X, Ri, R, R3, Re, ni, and t can each be selecied from any of the groups and

combined as described above in Formuia TL-L
10 In another embodiment, the compound of Formula TL-1 1s of Formula TL-Ic, TL-1d,

TL-Ie, or TL-If

{Rajn
{Ry)n X Nege
PS¢0 =
RB \N/j\,N o R:e .j."1~:
H {Rah (TL-e), (TL-Id),

19
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(TL-le) or R (TL-I),
wherein X, R1, Rs. Rs, n, and t are each as defined above in Formula TL-L
For a Targeting Ligand of Formula TL-I¢, TL-1d, TL-Ie, or TL-If;
{1} in one ermbodiment, X is N,
5 (23 In one embodiment, nis 0.
3 In one embodiment, tis .
(4) In one embodiment, nis O and tis 0.
(%) In one embodiment, Rz is halogen.
{6} In one embodiment, Ry is F.
10 (7} In one embodiment, nis 0 and R is halogen.
{8} in one embodiment, nis O and Ro s F,
) In one embodiment, nis 0, t1s 0, and Rz is halogen,
{10} Inoneembodiment nis 0, tis 0, and Rois F.
(1) Inongembodiment, nis 0, tis 0, Xis N, and Ro is halogen.
15 (12} Inoneembodiment nis 0, tis 0, Xis N, and Rois F.
{13} In one embodiment, R is bicyclic heteroarvl comprising one to four
heteroatoms selected from N, O, and 8, optionally substituted with one or more R7.
(14)  In one embodiment, Rs 1s bicychc hetercaryl comprising one to four

heteroatoms selected from N, O, and 8, substituted with one or more Ry,

20 (15} In one embodiment, Rz is halogen and Rs is bicyclic heteroarvi comprising
one to four hetercaioms selected from N, O, and 8, optionally substituted with one or
more Ry
{16}  In one embodiment, R» 1s halogen and Rz is bicyclic heteroaryl comprising
one to four heteroatoms selected from N, O, and S, substituted with one of more R7.

25 (17} In one embodiment, n is 0, Rz 15 halogen, and R 18 bicyclic heteroaryl

comprising one to four heteroatoms selected from N, O, and S, optionally substitined

with one or more R7.
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(18) In one embodiment, n is 0, Rz is halogen, and Rs is bicyclic heteroaryl
comprising one to four heteroatoms selected from N, O, and 8, substituted with one or
more Ry

{19} In one embodiment, n is 0, Rz is halogen, Rs is bicyclic heteroaryl comprising

(W4

one to four heteroatoms selected from N, (3, and S, opticnally substituted with one or

more R7, and X i3 N.

(20} In one embodiment, n 15 0, Rz 15 halogen, Rs is bicyclic heteroaryl comprising

one to four heteroatoms selected from N, O, and 8, substituted with one or more Ry,

and X is N,

10 (21)  In one embodiment, nis 0, t1s 0, Rz 1s halogen, and Rs s bicvelic heteroarvl
comprising one to four heteroatoms selected from N, O, and S, optionally substituted
with one or more Ro.

(22)  In one embodiment, n s 0, t1s 0, Rz is halogen, and Ra 1s bicvclic heteroaryl
comprising one to four heteroatoms selected from N, O, and 8, substituted with one or

15 more Ro.

(23)  In one embodiment, nis 0, t1s 0, Rz 15 halogen, Rs 1s bicyclic heteroaryl
comprising one to four heteroatoms selected from N, O, and 8, optionally substituted
with one or more Ry, and X is N.

{24} In one embodiment, nis 0, tis {0, Rz is halogen, Rs is bicvclic heteroaryl

20 comprising one to four heteroatoms selected from N, O, and S, substituted with one or

more Ry, and X is N.

(25) In one embodiment, each R~ is independently (C1-Ca) alkyl or halogen.

26}  In oneg embodiment, nis 0, tis 0, Rz is halogen, and Rs ts bicyclic heteroaryl
comprising one to four heteroatoms selected from N, O, and 8, optionally substituted

25 with one or more R, and each R7 is independently {C:-(4) alkyl or halogen.

{27y  In one embodiment, nis 0, tis {, Rz is halogen, and Rs is bicvclic heteroarvi
comprising one {o four heteroatoms selecled from N, O, and S, substituted with one or
more R7, and each Rs is independently (C1-C4) alkyl or halogen.

(28) In one embodiment, nis 0, tis 0, Rz is halogen, and Rs is bicyclic heteroaryi

30 comprising one to fouwr heteroatoms selected from N, O, and 8, optionally substituted

with one or more R, each R~ 1s independently (C:~Ca) alkyvl or halogen, and X is N,

{29}  In one embodiment, nis 0, tis 0, Ry is halogen, and R; is bicyclic heteroaryi

comprising one to four heteroatoms selected from N, O, and S, substituted with one or

more Ry, each Ry is independently (C1-Ca) alkyl or halogen, and X is N.
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(303 In one embodiment, Rz and R5 together with the carbon atoms to which they
are attached form a 6~-membered heterocycloalkyl comprising one or two heteroatoms
selected from N, O, and S, optionally substituted with one or more Rs.

(31}  In one embodiment, R and R; together with the carbon atoms to which they

(W4

are attached form a S-membered hetercaryl comprising one or two heteroatoms

selected from N, O, and 8, optionally substituted with one or more Ro.

(32)  In one embodiment, X i1s N and Rs and R; together with the carbon atoms to

which they are attached form a 6-membered heterocycloalkyl comprising one or two

heteroatoms selected from N, O, and S, optionally substituied with one or more Rs.

10 (33) In one embodiment, X 1s N and Rz and R; together with the carbon atoms to
which they are attached form a 5-membered heteroaryl comprising one or two
heteroatoms selected from N, O, and 8, optionally substituted with one or more Ro.
{34y  In one embodiment, B2 and Rs together with the carbon atoms to which they
are attached form a 6-memberad heterocycloalkyl comprising one or two heteroatoms

15 selected from N, O, and S, substituted with one or more Rs.

(35)  In one embodiment, Rz and Rs together with the carbon atoms to which they
are aftached form a 5~-membered heteroarvl comprising one or two heterogtoms
selected from N, O, and 8. substituted with one or more Ro.

{36} In one embodiment, X is N and Rz and R; together with the carbon atoms to

20 which they are attached form a 6-membered heterocycloalkyl comprising one or two
heteroatoms selected from N, O, and 8, substituted with one or more Rs.

(37y  In one embodiment, X i1s N, Rz and R together with the carbon atoms to
which they are altached form a S-membered hetercaryl comprising one or two
heteroatoms selected from N, O, and S, substituted with one or more R,

25 (38} In one embodiment, nis 0 and R; and Rs together with the carbon atoms 1o
which they are attached form a 6-membered heterocycloalkyl comprising one or two
heteroatoms selected from N, O, and 8, optionally substituted with one or more Rs.
(39} In one embodiment, n is 0 and R2 and R together with the carbon atoms to
which they are attached form a 5-membered hetercaryl comprising one or two

30 heteroatoms selected from N, O, and S, optionally substituied with one or more Ro.

(40)  In one embodiment, nis 0 and Rz and R together with the carbon atoros 1o

which they are attached form a 6-membered heterocycloalkyl comprising one or two

heteroatoms selected from N, O, and S, substituted with one or more Ra.
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(41) In one embodiment, nis 0 and Rz and R together with the carbon atoms to
which they are altached form a S-membered hetercaryl comprising one or two
heteroatoms selected from N, O, and S, substituted with one or more R,

{42) In one embodiment, X is N nis 0, and Ry and Rs together with the carbon

(W4

atoms to which thev are attached form a 6-membered heterocycloalkyvl comprising
one or two heteroators selected from N, O, and S, optionally substituted with one or
more Rs.
(43  In one embodiment, X 1s N, nis 0, and Rz and Rs together with the carbon
ators to which they are attached form a 5~-membered heteroaryl comprising one or
10 two heteroatoms selected from N, O, and 8, optionally substituted with one or more
Ro.
{44y  In one embodiment, X 13 N, n 15 0, and R2 and Rs together with the carbon
atoms to which thev are attached form a 6-moembered heterocycloalkvl comprising
one or two heteroatoms selected from N, O, and S, substituted with one or more Ra.
13 (45)  In one embodiment, X 1s N, nis 0, and Rz and Rz together with the carbon
ators to which they are attached form a 5~-membered heteroaryl comprising one or
two heteroatoms selected from N, O, and S, substituted with one or mors Ro.
{46) In one embodiment, nis 0, tis 0, and Ry and R together with the carbon
atoms to which theyv are attached form a 6-membered heterocycloalkyvl comprising
20 one or two heteroatoms selected from N, O, and 8, optionally substituted with one or
more Rs.
{47y  In one embodiment, nis 0, tis 0, and Rz and R together with the carbon
ators to which they are attached form a 5~-membered heteroaryl comprising one or
two heteroatoms selected from N, O, and S, optionally substituted with one or more
25 Ro.
{48} In one embodiment, nis 0, tis 0, and Rz and R together with the carbon
atoms to which thev are attached form a 6-membered heterocyeloalkvl comprising
one or two heteroatoms selected from N, O, and S, substituted with one or more Ra.
(49}  In one embodiment, nis 0, tis 0, and Rz and R; together with the carbon
30 atoms to which they are attached form a 3-membered heteroaryl comprising one or
two heteroatoms selected from N, O, and S, substituted with one or mors Ro.
(50 In one embodiment, X is N nis 0, tis 0, and R and R; together with the

carbon atoms to which they are attached form a 6-membered heterocvcioalkyl
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comprising one or two heteroatoms selected from N, O, and §, optionally substituted
with one or more Rs.
(51) Inoneembodiment, X 1s N, nis 0, 1is 0, and R: and Rs together with the

carbon atoms to which they are attached form a 5-membered heteroarvi comprising

(W4

one or two heteroatoms selected from N, O, and 8, optionally substituted with one or
more Ro,
(52} In one embodiment, X is N, nis 0, tis 0, and Rz and Rs together with the
carbon atoms to which they are attached form a 6-membered heterocycioalkyl
comprising one or two hetercatoms selected from N, O, and S, substituted with one or
10 more Ks.
{53} In oneembodiment, X i1s N_nis 0, tis 0. and Ro and Rs together with the
carbon atoms to which they are attached form a 5-membered heteroarvl comprising
one or two heteroatoms selected from N, O, and 8, substituted with one or more Rs.
{54y In one embodiment, each Rsis independently (Ci-Cy) alkyl, C{O¥Ci-Ca)
15 alkvl, (Cs-C7) eycloalkyl, or two Rs together with the carbon to which they are
attached form C{(O).
(55) In one embodiment, each Ro is independently C{OYNH., C{OIN{Ci-Cs)
alkylh, or {Cs5-Co} cycloalkyl.
{56} In one embodiment, nis 0, tis {0, Rz and Rs together with the carbon atoms {o
20 which they are attached form a 6-membered heterocycloalkyl comprising one or two
heteroatoms selected from N, (O, and 8, optionally substituted with one or more Ra,
and each Rg is independently (C1-Ca) alkvl, C{OHC1-Cy) alkyl, {C3-Cr) cvcloalkyl, or
two Rs together with the carbon to which they are attached form C(O).
(57y In oneembodiment, nis 0, t1s 0, Ro and Rs together with the carbon atoms to
25 which they are attached form a 5-membered heteroarvl comprising one or two
hetercatoms selected from N, O, and §, optionally substituted with one or more Ro,
and each Ro 1s independently C{OINH»2, C(OIN{(C1-Cq) alkylh, or (Cs-Cr) cyveloalkyl
(58) In one embodiment, nis 0, tis 0, Rz and R3 together with the carbon atoms to
which they are attached form a 6-membered heterocycloalkyl comprising one or two
30 heteroatoms selected from N, O, and S, substituted with one or more Rs, and each Rs
1s independently (C1-Cq) alkyl, C{OXC1-Ca) alkyl, (C3-Cr) cycloalkyl, or two Rs
together with the carbon to which they are attached form C{O).
{59} In one embodiment, nis 0, tis {0, Rz and Rs together with the carbon atoms {o

which they are attached form a 3-membered heteroarvl comprising one or two
24
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heteroatoms selected from N, O, and S, substituted with one or more Ro, and each Ro
is independently C(OINH2, C{OIN{Ci-Cy) alky )y, or (C3-Cr) cycloalkyl

(60) In one embodiment, X 1s N, nis 0, 118 0, R2 and Rs together with the carbon
atoms to which they are attached form a 6-membered heterocycloalkyl comprising
one or two heteroatoms selected from N, O, and 8, optionally substituted with one or
more Rs and each Rs is independently (C1-Cy) alkyl, C{OXC1-Cq) alkyl, {C5-Cr)
cvcloalkyl, or two Re together with the carbon to which they are attached form C(O).
(61)  In one embodiment, X is N, nis 0, 115 0, Rz and Rs together with the carbon
atoms to which they are attached form a 3-membered heteroaryl comprising one or
two heteroatoms selected from N, O, and S, optionally substituted with one or more
Rs, and each Ry is independently C{OWNH,, C{ONC-Cy) altky ), or (C3-0C7)
eveloalkyl.

{62y  In one emmbodiment, X is N, nis 0, t1s 0, Rz and Rs together with the carbon
atoms to which they are attached form a 6-membered heterocycloalkyl comprising
ong or two heteroatoms selected from N, O, and S, substituted with one or more Rag,
and each Rs 15 independently (C1~Ca) alkyl, C{OXC1-Cy) alkyl, {(T5-C7) cvcloalkyl, or
two Rs together with the carbon to which they are attached form C(O).

{63} In one embodiment, X i1s N_nis 0, tis 0. and Ro and Rs together with the
carbon atoms to which they are attached form a 5-membered heteroarvi comprising
one or two heteroatoms selected from N, 0, and S, substituied with one or more Rs,
and each Ro 1s independently C(O)NH2, COMN{C1-Cay alkyih, or {Cs-Cr) eycloalkyl.

X, Ri, Rz, Rs, Rs, R7, Rs, Ro, n, and { can each be selected from any of the groups and

combined as described above i Formula TL-L

in another embodiment, the compound of Formula TL-1 1s of Formula TEL-Ig, TL-~Ih

or TL-I:

(TL-Ig), Rg (TL-1h),

)
(V4
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(TL-1i),
wherein X, Ri1, Ry, Rs, Ro, and 1 are each as defined above in Formula TL-L
For a Targeting Ligand of Formula TL-Ig, TL-Ih, or TL-Li:

(1) In one embodiment, X 1s N.

A
T2
p——e

In one embodiment, nis 0.
{3} fn one embodiment, 115 &,
{4) in one embodiment, nis O and tis 0.
(53 In one embodiment, Ko is halogen,
{6) In one embodiment, Rz is F.
10 {7) In one embodiment, nis 0 and Ra s halogen.
{8) In one embodiment, nis 0 and Ry is F.
{9) in one embodiment, nis 0, ti1s §, and Rz is halogen.
{10} Inoneembodiment, nis O, 130, and Rois F
(11} In one embodiment, nis 0, t13 0, X i3 N, and Rz i3 halogen.
15 {(i2) Inoneembodiment nis 0, 1180, XisN, andRxis F.
(13}  In one embodiment, each R~ is independently (C1-C4) alky! or halogen.
(14)  In one embodiment, nis 0, t1s 0, Rz is halogen. and each R~ is independently
{C1-Cy) alkyl or halogen.
{15} In one embodiment, nis 0, tis {0, Rz is halogen, each R~ is independently (Ci-
20 Ca) alkyvl or halogen, and X is N,
{16}  In one emmbodiment, each Rsis independently (C1-Cy) alkvl, C{OWCi-Ca)
alkyvl, or (Cs-C7) cycloatkylh
(17}  In one embodiment, each Ro is independently C{(OGNH,, C{ON{Ci-Cy)
alky iy, or {(Cs-Cr) cveloalkyl,
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(18) In one embodiment, nis 0, t1s 0, and each Rs is independently (C1-Cq) alkyl,
C(OHC1-Cyq) alkyl, or (C3-Cr) cyeloalkyl

(19} In one embodiment, nis 0, tis 0, and each Ro is independently C{O)NH:,
CON{C-Cyy alky i), or (C3-C7) cvcloalkyl,

(W4

X, Ri, Rz, Re, Ry, Rs, Ro, n, and { can each be selected from any of the groups and
combined as described above in Formula TL-1.
Begron

The Degron serves to link a targeted protein, through a Linker and a Targeting
Ligand, to a ubiquitin ligase for protecsomal degradation. In one embodiment, the Degron is
10 capable of binding 1o a ubiquitin ligase, such as an E3 ubiquitin higase. In one embodiment,
the Degron is capable of binding to cereblon.

in one embodiment, the Degron is of Formula D1

(RM)q
\{ .....
R15/Z\ \%\\1 <
O k--N l /“““(Rm)'v
N )
st O O (D})’

or an enantiomer, diastereomer, or sterecisomer thereof, wherein:
15 Y 1s a bond, (CH2)is, (CH2o6-0, (CH2)0.6-C(OINR 11, (CH2)o.6-NR 1 C(O). (CH2)o-6-
NH, or (CHo)os-INRiz;
Z1s C{O) or C(Rusy;
Raiis H or Ci-Cs alkyl
Rizis Ci1~Cs alkyl or C{OY-C1-Ce alkyl;
20 each Ri; is independently H or C3-C; alkyl;
each Risis independently Ci1-Cs alkyl;
Risis H, deuterium, C1-Cs atkyl, F, or Cl;
each Rye 1s independently halogen, OH, Ci-Cs alkyl, or Ci-Cs alkoxy;
gis(, 1, or 2. and

25 vis 0, 1,2, 0r3,

wherein the Degron is covalently bonded to the Linker via _%_.
In one embodiment, Z is C(O}.
In one embodiment, Z 1s C(Ruizp; and each Riz 1s H. In one embodiment, X 1s

C(Ru3)z; and one of Rz 15 H, and the other is Ci-Cs alkyl selected from methyl. ethyl, and
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propvl. In one embodiment, Z is C(Rus)2; and each Rus is independently selected from
methvl, ethyvl, and propvl.

In one embodiment, Y is a bond.

In one embodiment, Y is a bond, O, or NH.

In one embodiment, Y is NH.

In one embodiment, Y 1s {CHz)y, (CHz)z, (CHz)s, (CH2)e, (CHa2)s, or (CH2)e. In one
embodiment, Y is {CHz)y, (CHzk, or (CH2)s. In one embodiment, Y is (CHz )y or (CH2h,

In one embodiment, Y is O, CHz-O, (CHzp-0, {(CH2 k-0, {(CH2e-0, (CHo)s-Or, or
{CH2)6~-0. In one embodiment, Y is O, CH:-O, (CH2-0, or (CH2):-0. In one embodiment,
Yis O or CH2>-Q. In one embodiment, Y is .

In one embodiment, Y is C(ONR, CH2-C{ONRn, (CHoR-C{OINRy, (CHa)s-
COINRnD, (CHau-CONR11, (CH2ps-CUOINR 1, or {CH2)s-C{ONR11. In one embodiment,
Y 15 CIOMWNRn, CHe-COOINRyy, (CHop-C{OINRy, or (CH2-CLONR1L Inone
embodiment, Y 1s C{O)NRy; or CH:-C{ONRy;. In one embodiment, Y is C(ONRq.

in one embodiment, Y is NRyC(O), CH-NR11C(O), (CH2»-NR11C(O), (CH -
MNR1C{O), (CH2-NRuC{0), {CH2)s-NR 11 C{0), or (CHz)e-NRuC(0). In one embodiment,
Y ois NRC(0), CHo-NR 1 C(O), (CH2-NRC(0), or (CH2ps-NR i C{(0). In one
embodiment, Y is NRuC(0) or CHx-NRnC(O). In one embodiment, Y is NR11C(O).

In one embodiment, Ry is H. In one embodiment, R is selected from methvi, ethyi,
propyl, butyl, -butyl, t-butyl, pentyl, i~-pentyl, and hexyl In one embodiment, R 15 C1-Cs
alkyi selected from methyl, ethyvl, and propyl

In one embodiment, Y is NH, CHz-NH, (CHap-NH, (CHzi-NH, {CHou-NH, (CHz)s-
NH, or (CH2)e-NH. In one embodiment, Y 13 NH, CHz-NH, (CH2p-NH, or (CHo-NH. In
one embodiment, Y 1s NH or CHz-NH. In one embodiment, Y 1s NH.

In one embodiment, Y is NRu, CHa-NRuz, {CHa-NR1z, (CHo)s-NRa, (CHou-NR1,
(CH23s-NRy2, or (CHz)e-NR1w2. In one embodiment, Y 1s NRp, CHo-NRip, (CHop-NR1, or
(CH:2)1-NR12, In one embodiment, Y is NRe or CHz-NR1z. In one embodiment, Y is NRu.

In one embodiment, Rz is selected from methyl, ethvl, propyl, butvl, i-butyl, -butyi,
pentyl, i-pentyl, and hexyl. In one embodiment, Riz 13 C1-Cs alkyl selected from methyl,
ethyl, and propyl

In one embodiment, Ryz is selected from C(O)-methyl, C(O)-ethyl, C(O)-propvi,
C{O-butyl, C{O)-1-butyl, C{(O)-t-buty], C(O)pentyl, C(O-i-pentyl, and C{(O)-hexyl. Inone
embodiment, Rz is C(0)-C1-Cs alkyl selected from C{G)-methyl, C(O)-ethvi, and C(0}-

propyl.
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In one embodiment, Rz is H.
In one embodiment, Ris ts C1-Cs alkyl selected from methyl, ethyl, and propyl. In
one embodiment, Rus s methvlh

In one embodiment, q is 0,

(W4

In one embodiment, g is 1.
In one embodiment, g is 2.
In one embodiment, each Ris1s independently C-C5 alkyl selected from methyl,
ethyi, and propvl
In one embodiment, vis 0,
10 In one embodiment, vis 1.
In one embodiment, v 1s 2.
In one embodiment, v is 3.
In one embodiment, each Rie 1s independently selected from halogen {e.g.. ¥, C1, Br,
and 1}, OH, C-Ce alkyl (e g., methyl, ethyl, propyl, buivl, i-butyl, t-butyl, pentvi, i-penivl,
15 and hexyl), and Ci1-Cs alkoxy (e.g.. methoxy, ethoxy, propoxy, butoxy, i-butoxy, i-butoxy,
and pentoxy}. In a further embodiment, each Ris is independently selected from F, Ci, OH,
methvl, ethyvl, propvl, butyl, i-butyl, -butyl, methoxy, and ethoxy.
In one embodiment, Rys is H, deuterium, or C;-Cs alkyl In another embodiment, Rys
is H or Ci1-Cs alkyl In a further embodiment, Ris is in the (8} or {&) configuration. Ina
20 further embodiment, Ris is in the (S) configuration. In one embodiment, the compound
comprises a racemic nuxture of (8)-Rus and (R)-Rus.
In one embodiment, Risis H.
In one embodiment, Ris s deutertun.
In one embodiment, Rys is C1-Cs alkvl selected from methvl, ethyi, and propyvl. In
25 oneembodiment, Rys is methyl
In one embodiment, Ris s F or CL In a {urther embodiment, Ris is in the (5) or (&)
configuration. In a further embodiment, Ris 15 in the {R) configuration. In one embodiment,
the compound comprises a racemic mixiure of {(5)-Ris and (R)-Ris. In one embodiment, Ris
is F.
30 Any of the groups described herein for any of Y, Z, R, Riz, Riz, Rig, Ris, Ris, g and
v ¢an be combined with any of the groups described herein for one or more of the remainder
of ¥, 7, Ry1, Ry, Rz, Rus, Rus, Rug, g and v, and may further be combined with any of the
groups described herein for the Linker.

For a Degron of Formula D1:
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(1} In one embodiment, Z is C(0) and Y 1s a bond.

(2) In one embodiment, 7 15 C(O) and Y 15 NH.

(3) In one embodiment, 7 15 C(O) and Y 15 (CH2)o6-0. In a further embodiment, Y is
0.

{4) In one embodiment, Z 1s C(0); Y is a bond; and q and v are each 0.

{5} In one embodiment, Z is C{0); Y 1s NH; and q and v are each 0.

{6} In one embodiment, Z is C{0}; Y is a bond; and Rysis H.

{7) In one embodiment, Z is C(0); Y is a bond; and Rysis H.

(8) In one embodiment, Z 13 C(O), YisNH. and Ris1s H.

(9} In one embodiment, 7 15 C(O); ¥ is NH; and Ris1s H

{10} In one embodiment, Zis C(O); ¥ 15 a bond; and Rz is H; and Risis H.

{11}  In one embodiment, Z is C{0); Y is NH; and Riz 13 H; and Ruisis H.

{12y  In one embodiment, Z 1s C{O); Y 1s (CH2)o6-0; and Rizis H. In a further

embodiment, Y 1s O.

{13} In oneembodiment Zis C(O) Y 13 (CH2ks-0; and Risis H. In a further
embodiment, Y is O.

(14) Inoneembodiment, Zis C(O) Y 15 (CH2)os-O; RisisH and RisisH. Ina
further embodiment. Y 1s O.

{15} In one embodiment, q and v are each 0; and Y, 7, Ris, Rus, and Rus are each as
defined in any of (1) — (3} and (6) — {14).

in one embodiment, the Degron is of Formula Dla or D1b:

\ Y“%m 3
(R'm)q Q Q
o g —~ K
O N 3’"(R16)\, O== = |
HIN-— ) HN—( }/r/\/
¢ C (Dla) or O O (Dib).

or an enantiomer, diastereomer, or sterepisomer thereof, wherein Y, R4, Rys. g, and v are

each as defined above in Formula D1, and can be selected from any moieties or combinations

thereot described above,

in one embodiment, the Degron is of Formula D2:
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Oz’

N OH

X% (D2),

or an enantiomer, diastereomer, ot sterecisomer thereof, wherein:
each Ry» is independently C1-Cs alkyl;
g'is0, 1,2, 30or4 and
3 Risis H or Ci-Cs alkyl,

wherein the Degron is covalently bonded to another moiety {(e.g., a compound, or a Linker)

via % )

in one embodiment, q is 0.

In one embodiment, g is 1.
10 In one embodiment, q' is 2.

In one embodument, ¢’ is 3.

In one embodiment, each Ry7 is independently C;-Cs alkyl selected from methyl,

ethyi, and propyl

in one embodirment, Rus 1s methyvi, ethyvl, or propyl. In one embodiment, Rus i3

15 methvl

in one embodiment, the Degron is of Formula D2a or D2b:

. O
N in".'

5 ’Q""OH
N

O

Oz

N/ OH .

QE/N
HNT %
kgb (D2a) or %O (D2b).

2
Linker
The Linker is a bond or a carbon cham that serves to link a Targeting Ligand with a
20 Degron. In one embodiment, the carbon chain optionally comprises one, two, three, or more
heteroatoms selected from N, O, and 8. In one embodiment, the carbon chain comprises only
saturated chain carbon atoms. In one ernbodiment, the carbon chain optionally coraprises

two or more unsaturated chain carbon atoms (g g, C==C or CZ=Z=C}. In one embodiment,

one or more chain carbon atoms in the carbon chain are optionally substituted with one or

3
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more substituents (e.g., oxo, Ci1-Cs alkyl, C2-Ce alkenvl, 02-Cs alkvnvi, C1-Cs alkoxy, OH,
halogen, WHz, NH(C1-Cs alkyl), N(Ci-Cs alky e, ON, C5-Cs cycloalkyl, heterocyclyl, phenyl,
and heteroarvl).

In one embodiment, the Linker comprises at least 5 chain atoms {(e.g., €, O, N, and 8}.
In one embodiment, the Linker comprises less than 25 chain aioms {e.g., €, O, N, and 8). In
one embodiment, the Linker comprises less than 20 chain atoms (e.g, C, O, N, and S). In
one embodiment, the Linker comprises 4, 5,6, 7,8, 9. 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, or 24 chain atoms {e.g., €, O, N, and S). In one embodiment, the Linker
comprises 3, 6,7, 8,9, 10, 11, 12,13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, or 24 chain atoms
(e.g.C. O N, and $). In one embodiment, the Linker comprises 5,7, 9, 11, 13, 15,17, or 19
chain atoms {e.g, C, O, N, and 8). In one embodiment, the Linker comprises 5, 7,9, or 11
chain aioms {e.g, C, 0, N, and 8). In one embodiment, the Linker comprises 11, 13, 15, 17,
or 19 cham atoms {e.g., C, O, N, and S). In one embodiment, the Linker comprises 11, 13,
15, 17,19, 21, or 23 chain atoms {e.g., C, O, N, and 8}. In one embodiment, the Linker
comprises 6, &, 10, 12, 14, 16, 1§, 20, 22, or 24 chamm atoms {e.¢.. €, O, N, and 5). In one
embodiment, the Linker comprises 6, 8, 10, 12, 14, 16, 18, or 20 chamn atoms {e.g, C, O, N,
and 8). In one embodiment, the Linker comprises 6, 8, 10, or 12 chamm atoms {e.g, C, O, N,
and 8. In one embodiment, the Linker comprises 12, 14, 16, 18, or 20 cham atoms {e.g., C
O, N, and 8).

In one embodiment, the Linker comprises from 11 10 19 chain atoms {e.g., C, O, N,
and S).

in one embodiment, the Linker is a carbon chain optionally substituted with non-
bulky substituents {e.g., oxo, C1-Cs alkyl, C2-Ce alkenyl, Co-Co alkynyl, Ci-Cs alkoxy, OH,
halogen, NHz, NH(C-Cs alkyl), N(Ci~Cs alkyl), and CN). In one emnbodiment, the non-
bulky substitution is located on the chain carbon atom proximal to the Degron (i.e, the
carbon atom is separated from the carbon atom to which the Degron is bonded by at least 3,
4, or 5 chain atoms in the Linker). In one embodiment, the non-bulky substitution is located
on the chain carbon atom proximal to the Targeting Ligand (7. e., the carbon atom 1s separated
from the carbon atom to which the Degron is bonded by at least 3, 4, or 5 chain atoms in the
Linker),

In one embodiment, the Linker 1s of Formwula LO:

%’{/21\@/@ \/‘9\(,,/

(LO),
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or an enantiomer, diastereomer, or steregisomer thereof, wherein

pl is an integer selected from 0 to 12;

p2 is an integer selected from O to 12;

p3 is an integer selected from 1 to 6;

each W is independently absent, CHz, G, 8, NH, or NRig;
Z11s absent, C(0), CH:C(O)NH, CHoz, O, NH, or NRys;
each Ryy 1s independently Ci-Cs alkyl; and

€ 1s absent or NHC({O)YCHo,

wherein the Linker is covalently bonded 1o a Degron via the % next to (, and covalently

bonded 1o a Targeting Ligand via the mém next {o 71

In one embodiment, the total number of chain atoms in the Linker1s less than 30. Ina

further embodiment, the total nurmber of chain atoms in the Linker is less than 20.

For a Linker of Formula LO:

In one embodiment, pl is an integer selected from 0 to 10.
in one embodiment, pl 1s an integer selected from 1 to 10
In one embodiment, pl s selected from 1, 2, 3, 4, 5, and 6.
In one embodiment, pl 150, 1, 3, or 5.

In one embodiment, pl 130, 1, 2, or 3.

In one embodiment, pl is 0.

In one embodiment, pl is 1.

in one embodiment, pl is 2.

In one embodiment, pl is 3.

in one embodiment, p2 1s an integer selected from 0 to 10,
In one embodiment, p2 is selected from 0, 1, 2,3, 4, 3, and 6.
In one embodiment, p2 130, 1, 2, or 3.

In one embodiment, p2 is 0.

In one embodiment, p2 is 1.

in one embodiment, p2 is 2.

In one embodiment, p3 1s an integer selected from 1 to 5.
In one embodiment, p31s 2, 3, 4, or 5.

In one embodiment, p3 150, 1, 2, or 3.

In one embodiment, p3 15 0.

[¥8)
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in one embodiment, p3 is 1.
In one embodiment, p3 is 2.
In one embodiment, at least one W is CHa.

In one embodiment, at least one W is O,

(W4

In one embodiment, at least one Wis §.
In one embodiment, at least one W is NH.
In one embodiment, at least one W is NRyy; and Ry 1s {1-C;5 alkyi selected from
methvl, ethyl, and propvl.
In one embodiment, each W is O.
10 In one embodiment, Q is absent.
In one embodiment, Q is NHC(O)YCH:.
In one embodiment, Z: is absent.
In one embodiment, Z: 1s CH2.
In one embodiment, Z; is O
15 In one embodiment, Z; is (O3
In one embodiment, Z: 1s CHoC(OINH.
In one embodiment, 7 15 NRyo; and Ruo is C1-Cs alky] selected from methyl, ethyl,
and propvl.
in one embodiment, Z: 1s part of the Targeting Ligand that is bonded to the Linker,
20 namely, Z1 1s formed from reacting a functional group of the Targeting Ligand with the
Linker.
In one embodiment, {} is absent.
In one embodiment, @ 1s NHC(GCYCHa.
In one embodiment, pl is 1, 2, 3, or 4. In one embodiment, pl is 1. Inone
25  embodiment, pl is 2. In one embodiment, pl is 3. In one embodiment, pl 15 4.
In one embodiment, pl i1s 1 and 71 is absent.
In one embodiment, pl is 2 and Z1 1s absent.
in one embodiment, pl is 3 and Z1 is absent.
In one embodiment, p3 is 1 and 71 1s absent.
30 in one embodiment, p3 1s 2 and Z1 1s absent.
in one embodiment, p3 1s 3 and Z1 1s absent.
In one embodiment, pl 1s 1, Z; 1s absent, and Q is absent.
In one embodiment, pl is 2, Z1 18 absent, and @ is absent.

In one embodiment, pl is 3, Z11s absent, and Q is absent.
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in one embodiment, p3 is 1, 71 is absent, and {J is absent.

In one embodiment, p3 1s 2, Z1 15 absent, and (¢ is absent,

In one embodiment, p3 1s 3, 1 18 absent, and Q 1s absent.

In one embodiment, pl is 1, Z1is absent, and @ is NHC{O)CHo.

In one embodiment, pl is 2, Z1 18 absent, and @ is NHC(O)CH.

In one embodiment, pl is 3, Z1 15 absent, and Q 1s NHC{O)YCH:.

In one embodiment, p3 is 1, Z; is absent, and @ is NHC(OG)YCHo.

in one embodiment, p3 1s 2, 71 is absent, and {3 is NHC(O)CHa.

In one embodiment, p3 1s 3, Z1 18 absent, and ¢ 1s NHC(C)YCHo.

in one embodiment, pl 1s 1, Z11s absent, and p3 s 1.

In one embodiment, pl is 2, 115 absent, and p3is 1.

In one embodiment, pl is 3, Z11s absent, and p3 15 L.

In one embodument, pl is 1, 21 1s absent, and p3 is 2.

In one embodiment, 1l is 2, Z; is absent, and p3 1s 2.

in one embodiment, pl is 3, 71 is absent, and p3 is 2.

In one embodiment, pl s 1, Z11s absent, and p3 15 3.

in one embodiment, pl 1s 2, Z1 15 absent, and p3 1s 3.

In one embodiment, pl is 3, Z11is absent, and p3 1s 3.

In one embodiment, pl is 1, Z11s absent, p3 15 1, and (@ is absent.

In one embodiment, pl is 2, 7115 absent, p3 13 1, and ( 13 absent.

In one embodiment, pl is 3, Z1 15 absent, p3 is 1, and Q is absent.

in one embodiment, pl is 1, Z; is absent, p3 is 2, and  1s absent.

In one embodiment, pl is 2, Z1 15 absent, p3 is 2, and Q 1s absent.

In one embodiment, pl 1s 3, Z11s absent, p3 1s 2, and Q 1s absent.

In one embodiment, pl is 1, Z11g absent, p3 is 3, and O 1s absent.

In one embodiment, pl is 2, Z1is absent, p3 is 3, and (¢ is absent.

In one embodiment, pl is 3, 7115 absent, p3 13 3, and ( 13 absent.

In one embodiment, pl is 1, Z; i3 absent, p3 1s 1, and Q is NHC(O)CHa.
in one embodiment, pl 1s 2, 71 is absent, p3 is 1, and Q is NHC{O)yCH:.
In one embodiment, pl 1s 3, Z11s absent, p3 1s 1, and Q is NHC{OYCH:.
In one embodiment, pl 1s 1, £ 1s absent, p3 15 2, and Q 1s NHC(O)YCHo.
In one embodiment, pl is 2, Z11g absent, p3 i1s 2, and (@ is NHC({O)YCHa.
In one embodiment, pl s 3, Z1 18 absent, p3 15 2, and @ is NHC{G)YCHo.
In one embodiment, pl is 1, Z11s absent, p3 15 3, and Q is NHC(O)CHa.
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in one embodiment, pl 1s 2, 71 is absent, p3 is 3, and Q@ is NHC{O)yCH:.
In one embodiment, pl 1s 3, Z11s absent, p3 1s 3, and Q is NHC{OYCH:.
In one embodiment, pl is 1, Z11s absent, p31s 1, and p2 15 0.

In one embodiment, pl is 2, Z11is absent, p31s 1, and p2 15 0.

(W4

In one embodiment, pl is 3, Zi1is absent, p3 15 1, and p2 is O.
In one embodiment, plis 1, Z11is absent, p3 15 2, and p2 15 0.
In one embodiment, pl is 2, Z; is absent, p3 15 2, and p2 is 0.
in one embodiment, pl 1s 3, 71 is absent, p3 1s 2, and p2 is 0.
In one embodiment, pl is 1, Z11s absent, p31s 3, and p2 15 0.
10 In one embodiment, pl 1s 2, Z11s absent, p3 15 3, and p2 15 0.
In one embodiment, pl is 3, Z11is absent, p3 15 3, and p2 15 0.
In one embodiment, pl is 1, Z11s absent, p3 13 1, p21s 0, and Q 1s absent.
In one embodiment, pl is 2, Z11s absent, p3 13 1, p21s 0, and Q 1s absent.
In one embodiment, 1l is 3, Z; s absent, p3 18 1, p2 15 0, and Q is absent.
15 in one embodiment, pl is 1, Z1 is absent, p3 1s 2, p2 is 0, and  is absent.
In one embodiment, pl 1s 2, Z11s absent, p3 15 2, p2 15 0, and Q 15 absent.
In one embodiment, pl i1s 3, Z11s absent, p3 15 2, p2 15 0, and Q 15 absent.
In one embodiment, pl is 1, Z1is absent, p3 18 3, p2 15 0, and 3 1s absent.
In one embodiment, pl is 2, Z1is absent, p3 18 3, p2 15 0, and  is absent.
20 In one embodiment, pl is 3, 7115 absent, p3 13 3, p21s 0, and Q 1s absent.
In one embodiment, pl is 1, Z11is absent, p31s 1, p21s 0, and Q 1s NHC(O)YCHs.
in one embodiment, pl is 2, Z1 is absent, p3is 1, p2 s 0, and ¢ is NHC{O)CHa.
In one embodiment, pl 1 3, Z11s absent, p31s 1, p2 15 0, and ¢ is NHC(O)CH:.
In one embodiment, pl is 1, Z1 18 absent, p3 15 2, p2 15 0, and  1s NHC{O)CH:.
25 In one embodiment, pl i1s 2, Z11s absent, p3 15 2, p2 15 0, and  is NHC(O)CH:.
In one embodiment, pl 1s 3, Z1 18 absent, p3 15 2, p2 15 0, and Q is NHC(O)CHa.
In one embodiment, pl 13 1, Z11s absent, p3 15 3, p2 18 0, and Q 1s NHC(O)CH:.
In one embodiment, pl is 2, Z; is absent, p3 1s 3, p2 15 0, and @ 1s NHC(O)YCH.,.
in one embodiment, pl 1s 3, Z1 is absent, p3 1s 3, p2 s 0, and ¢ is NHC{O)CHa.
30 In one embodiment, pl s 1 and Z1 15 C(O).
In one embodiment, pl is 1, Z11s C(0), and p3 15 2.
In one embodiment, pl is 1, Z1is C(O), and p2 is .
In one embodiment, pl is 1, Z1is C(G), p3is 2, and p2 is 0.

In one embodiment, pl is 3 and Z11s C(O).
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in one embodiment, pl 1s 3, Z1 18 T{0), and p3 1s 2.
In one embodiment, pl 1 3, Z11s C{0), and p2 15 .
In one embodiment, pl 1s3, Z11s C(O), p31s 2, and p2 15 0.

In one embodiment, pl is 5 and Zy 15 C(O).

(W4

In one embodiment, pl is 3, Z1is C(G), and p3 is 2.
In one embodiment, plis 5, 2115 C(O), and p2 is .
In one embodiment, plis 5, Zy 15 £{0), p31s 2, and p2 is O,
in one embodiment, p3 is 3, 71 is absent, and pl s .
In one embodiment, pl is 5, and Z; 1s absent.
10 in one embodiment, pl 1s 5, Z1 15 absent, and p3 15 2.
In one embodiment, pl is 5, Z11is absent, and p2 1s 0.
In one embodiment, pl 13 5, Z11s absent, p3 13 2, and p2 is 0.
In one embodiment, pl is 1 and Z; 1 CH2C{ONH.
In one embodiment, pl is 1, Zy is CHRC(OMNH, and p3 is 2.
15 in one embodiment, pl 1s 1, Z1 is CHC(O)HNH, and Q 1s absent.
In one embodiment, pl is 1, Z11s CH2C(O)NH, p3 is 2, and (¢ 15 absent.
In one embodiment, pl is 1, Z11s CH2C(OINH, p3 s 2, p2 15 0, and Q 15 absent.
In one embodiment, pl is 2 and Zy is CH2C(OINH.
In one embodiment, pl is 2, Z1 18 CH2C{O)NH, and p3 is 2.
20 In one embodiment, pl 13 2, Z1 18 CHzC{OINH, and Q 13 absent.
In one embodiment, pl is 2, Z1 is CH2C(O)NH, p3 is 2, and 15 absent.
in one embodiment, pl s 3, Z1 is CHO(OHNH, p3 15 2, p2 15 0, and {} is absent.
In one embodiment, pl 1s 3 and Z1 1s CHzC{ONH.
In one embodiment, pl 1s 3, Z1 15 CH2C{O)NH, and p3 s 2.
25 In one embodiment, pl 1s 3, Z; 15 CH2C{OYNH, and (@ 15 absent.
In one embodiment, pl is 3, Z1is CH2C(OINH, p3 is 2, and {Q is absent.
In one embodiment, pl is 3, Z11s CH2C{OINH, p3is 2, p2 15 0, and ¢ is absent.
In one embodiment, 7. Q, pl. p2, and/or p3 are as defined and combined above, and
each W is O.

30 In one embodiment, pl s 2, Z11s absent, p31s 2, p2 15 0, ¢ is absent, and each W ig

In one embodiment, pl is 2, Z1is absent, p3 18 2, p2 15 0, 3 1s NHC(OYCH:, and each
Wis O.
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in one embodiment, pl is 3, 71 is absent, p31s 2, p2 is 0, Q is absent, and each W is

In one embodiment, pl 1s 3, Z11s absent, p3 15 2, p2 15 0, @ 15 NHC{O)YCH:, and each
Wis O.

in one embodiment, pl 15 3, Z11s absent, p3 18 2, p2 is 0, Q is absent, and each W is

In one embodiment, pl is 3, Zy is CH2COINH, p3is 2, p2 15 0, (3 is NHC(OYCHz,
and each W 1s (.

In one embodiment, pl 1s 3, Z11s CHRC(OINH, p3is 2, p21s8 0, (3 is absent, and each
Wis O

In one embodiment, 7, (3, pl, p2, and/or p3 are as defined above, and each W is
absent.

In one embodument, pl is 1, 71 1s absent, p3 is 2, p2 15 0, Q15 absent, and W is absent.

In one embodiment, pl is 1, Zyis absent, p3 18 2, p2 15 0, @ is NHC(O)YHy, and W is
absent.

in one embodiment, the Linker—Targeting Ligand (TL) has the structure selected from
Table {,

Table L:
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wherein Q, TL, W_pl, and p3 are each as described above.
10 Any one of the Degrons described herein can be covalently bound to any one of the

Linkers described herein. Any one of the Targeting Ligands described herein can be
covalently bound to any one of the Linkers described herein.
in one embodiment, the present application relates to the Degron-Linker (DL},
wherein the Begron 15 of Formula D1, and the Linker is selected from L1 ~ L14. In one
15 embodiment, the Degron is of Formula Dia or D1b, and the Linker 1s selected from L1 -

L14  in one embodiment, the Degron is of Formula D1a or Db, and the Linkeris L1, L3,
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L3, L7, L8, L1t or L12. In one embodiment, the Degron is of Formula Dlia or Dib, and the
Linkeris L2, L4, L6, LS, L10, L13 or L14. In one embodiment, the Degron is of Formula
D1, and the Linkeris L1, £3, L5, L7, L&, L11 or L12. In one embodiment, the Degron is of

Formula D1, and the Linkeris L2, L4, L6, L9, L10, L13 or L14. In one embodiment, the

(W4

Degron 1s of Formula Diaor Db, and the Linkeris L1, L2, L3, or L4, In one embodiment,
the Degron is of Formula D1a or Dib, and the Linker s LS, L6, L7, or L8, Inone
embodiment, the Degron is of Formula Dla or D1b, and the Linkeris 1.9, L10, 11, or L12.
In one embodiment, the Degron is of Formula Dia or Db, and the Linkeris E11, L12, L13,
or .14,

10 in one embodiment, the present application relates to the Degron-Linker (DL},
wherein the Degron is of Formula D2, and the Linker is selected from L1 —~ L14. In one
embodiment, the Degron 1s of Formula D2a or D2b, and the Linker 15 selected from L1 -
L14. In one embodiment, the Degron is of Formula D2a or D2b, and the Linkeris L1, L3,
L5, L7, L8 Lil or L12. In one embodiment, the Degron is of Formula D2a or D2b, and the

15  Linkeris L2, L4, L6, L9, 110, L13 or L14. In one embodiment, the Degron is of Formula
D2, and the Linkeris LT, L3, LS, L7, L8, L11 or L12. In one embodiment, the Degron 15 of
Formula D2, and the Linker s 1.2, L4, L6, 1.9, 110, L13 or L14. In one embodiment, the
Degron is of Formula D2a or D2b, and the Linkeris L1, L2, L3, or L4 In one embodiment,
the Degron is of Formula D2a or D2b, and the Linker is LS, L6, L7, or L8, In one

20 embodiment, the Degron is of Formula D2a or D2b, and the Linker s L9, L10, L1, or L12,
In one embodiment, the Degron is of Formula D2a or D2b, and the Linkeris L1, L12, £13,
or Li4

In one embodiment, the Linker 13 designed and optimized based on SAR (struciure-
activity relationship) and X-ray crystallography of the Targeting Ligand with regard to the

25 location of attachment for the Linker

In one embodiment, the optimal Linker length and composition vary by the Targeting
Ligand and can be estimated based upon X-ray structure of the Targeling Ligand bound to s
target. Lioker length and composition can be also modified to modulate roetabolic stability
and pharmacokinetic (PK) and pharmacodynamics (PD) parameters.

30 Some embodiments of present application relate to the bifunctional compounds

having the following structures in Table A:

Table A

Cmpd

Structure
Mo,
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Some of the foregoing compounds can comprise one or more asymmetric centers, and
thus can exist in various isoreric forms, .., stereoisomers and/or diastereomers.
Accordingly, compounds of the application may be in the form of an individual enantiomer,
diastereomer or geometric isomer, or mayv be in the form of a mixture of sterecisomers. In
one embodiment, the compounds of the apphication are enantiopure compounds. In another
embodiment, mixtures of stereoisomers or diastereomers are provided.

Furthermore, certain compounds, as described herein, may have one or more double

bonds that can exist as either the Z or E isomer, unless otherwise indicated. The application
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additionally encompasses the compounds as individual Z/E isomers substantially free of other
E/Z 1isomers and alternatively, as mixtures of various isomers.

in one embodiment, the present application relates to compounds that target proteins,
such as such as CDK4 and/or CDK6 for degradation, which have numerous advantages over
inhibiiors of protein function {e.g., kinase activity) and can a) overcome resistance in ceriain
cases; b) prolong the kinetics of drug effect by destroving the protein, thus requiring
resynthesis of the protein even after the compound has been metabolized; ¢} target all
functions of a protein at once rather than a specific catalvtic activity or binding event; d}
expand the number of drug targets by including all proteins that a ligand can be developed
for, rather than proteins whose activity {e.g., kinase activity) can be affected by a small
molecule inhibitor, antagonist or agonist; and e) have increased potency compared 1o
inhibitors due to the possibility of the small molecule acting catalviically.

Some embodiments of the present application relate to degradation or loss of 30% to
100% of the target protein. Some embodiments relate to the loss of 50-100% of the target
protein. Other embodiments refate to the loss of 75-95% of the targeied protein.

A bifunctional compound of the present application (e.g., a bifumctional compound of
any of the formulae described herein, or selected from any bifunctional compounds described
herein) is capable of modulating {e.g., decreasing) the amount of a targeted protein {2.g.,
D4 and/or CDK6). A bifunctional compound of the present application (e.g., a
bifunctional compound of any of the formulae described herein, or selected {rom any
bifunctional compounds described herein) is also capable of degrading a targeted protein
{e.g, CDK4 and/or CDKO) through the UPP pathway. Accordingly, a bifunctional
compound of the present application {e.g., a bifunctional compound of any of the formulae
described herein, or selected from any bifunctional compounds described herem) 1s capable
of treating or preventing a disease or disorder in which CDK4 and/or CDK6 plays arole. A
bifunctional compound of the present application {e.g., a bifunctional compound of any of the
formulae described herein, or selected from any bifunctional compounds described herein) is
also capable of treating or preventing a disease or disorder in which CDK4 and/or CDK6
plays a role or in which CDK4 and/or CDK6 is deregulated {e.g , overexpressed).

Modulation of CDK4 and/or CDES through UPP-mediated degradation by a
hifunctional compound of the application, such as those described herein, provides a novel
approach to the treatment, prevention, or amelioration of diseases or disorders in which
D4 and/or CDKO plays a role including, but not limited to, cancer and metastasis,

nflammation, arthritis, systemic lupus erthematosus, skin-relaied disorders, pulmonary
4
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disorders, cardiovascuiar disease, ischemia, neurodegenerative disorders, liver disease,
gastrointestinal disorders, viral and baclerial infections, ceniral nervous system disorders,
Alrheimer's disease, Parkinson's disease, Huntington's disease. amvotrophic lateral sclerosis,
spinal cord injury, and peripheral neuropathy. Further, modulation of CDK4 and/or CDK6
through UPP-mediated degradation by a bifunctional compound of the application, such as
those described herein, also provides a new paradigm for {reating, preventing, or ameliorating
diseases or disorders in which CDK4 and/or CDK6 1s deregulated.

in one embodiment, a bifunctional compound of the present application {e.g.. a
bifunctional compound of any of the formulae described herein, or selected from any
hifunctional compounds described herem) 1s more efficacious in freating a disease or
condition {e.g , cancer} than, or is capable of treating a disease or condition resistant to, the
Targeting Ligand, when the Targeting Ligand 1s administered alone (i.e., not bonded to a
Linker and a Degron). In one embodiment, a bifunctional compound of the present
application {e.g., a bifunctional compound of any of the formulae described herein, or
selected from any bifunctional compounds described herein) is capable of modulating {e.g.,
decreasing) the amount of CDK4 and/or CDK6, and thus s useful in treating a disease or
condition {e.g., cancer} i which CI3K4 and/or CDK6 plays arole.

In one embodiment, the bifunctional compound of the present application that is more
efficacious in treating a disease or condition than, or is capable of treating a disease or
condition resistant {o, the Targeting Ligand, when the Targeting Ligand ts administered alone
{(i.e., not bonded 1o a Linker and a Degron), is more potent in inhubiting the growth of cells
{e.g, cancer cells) or decreasing the viability of cells (2. g., cancer cells}, than the Targeting
Ligand, when the Targeting Ligand is admunistered alone (i.e., not bonded (o a Linker and a
Degron). In one embodiment, the bifunctional compound inhibits the growth of cells (e.g.,
cancer cells) or decreases the viability of cells {e.g , cancer cells) at an 1Cso that is lower than
the ICso of the Targeting Ligand (when the Targeting Ligand is adminisiered alone (i e., not
bonded to a Linker and a Degron)) for inhibiting the growth or decreasing the viability of the
cells. In one embodiment, the ICso of the bifunctional compound is at most 20%. 80%, 70%,
60%, 50%, 40%, 30%, 20%, 10%, 8%, 5%, 4%, 3%, 2%, 1%, 0.8%, 0.5%, 0.4%, 0.3%,
0.2%, or 0.1% of the ICso of the Targeting Ligand. In one embodiment, the ICso of the
bifumctional compound 1s at most 50%, 40%, 30%, 20%, 10%, 8%, 5%, 4%, 3%, 2%, 1%,
0.8%. 0.5%, 0.4%, 0.3%, 0.2%, or 0.1% of the ICs¢ of the Targeting Ligand. In one
embodiment, the ICso of the bifunctional compound is at most 30%, 20%. 10%, 8%, 5%, 4%,

3%, 2%, 1%, 0.8%, 0.5%, 0.4%, 0.3%, 0.2%, or 0.1% of the ICso of the Targeting Ligand. In
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one embodiment, the ICso of the bifunctional compound is at most 10%, 8%, 5%, 4%, 3%,
2%, 1%, 0.8%, 0.5%, 0.49%, 0.3%, , ot §.1% of the ICso of the Targeting Ligmd In one

embodiment, the ICso of the bifunctional compound is at most 5%, 4%, 3%, 2%, 1%, 0.8%,
.5%, 0.4%, 0.3%, 0.2%, or 0.1% of the ICso of the Targeting Ligand. In one embodiment,
the ICso of the bifunctional compound is at most 2%, 1%, 0.8%, 0.5%, 0.4%, 0.3%, 0.2%, or
0.1% of the ICso of the Targeting Ligand, In one embodiment, the 1Cso of the bifunctional
compound is at most 1%, 0.8%, 0.5%, 0.4%. 0.3%. 0.2%, or 0.1% of the ICse of the
Targeting Ligand. In one embodiment, the bifunctional compound inhibits the growth of
cells {e.g, cancer cells) or decreases the viability of cells (e g, cancer cells) at an Eumax that is
lower than the Emax of the Targeting Ligand (when the Targeting Ligand 1s administered
alone (i.¢.. not bonded to a Linker and a Degron}) for inhihiting the growth or decreasing the
viability of the cells. Tn one ernbodiment, the Emar of the bifunctional compound is at most

90%, 80%, 70%, 60%. 50%, 40%, 30%. 20%., 10%, 8%, 5%, 4%, 3%, 2%, or 1% of the Emax

most 50%, 40%, 30%, 20%. 10%, 8%, 5%, 4%, 3%. 2%, or 1% of the Emex of the Targeting

Ligand. In one embodiment, the Fumax of the bifunctional compound is at most 90%, 80%,
70%, 60%., 50%, 40%, 30%, 20%, or 10% of the Emax of the Targeting Ligand.

In some embodiments, the inhibition of CDK4 and/or CDKS activity is measured by
ICs0.

In some embodiments, the inhibition of CDR4 and/or CDKG activity 1s measured by
ECsc.

Potency of the inhibitor can be determined by ECso value. A compound with a lower
ECs value, as determined under substantially similar conditions, 15 a more potent inhibitor
relative to a corapound with a higher ECso value. In some embodiments, the substantially
similar conditions comprise determining a CDK4-dependent phosphorylation level {(e.g., n
cells expressing a wild-type CDK4, a mutant CDK4, or a fragment of any therzof). In other
embodiments, the substantially similar conditions comprise determining a CDK6-dependent
phosphorvlation level, in vitro or in vive (e g., in cells expressing a wild-type CDK6, a
mutant CDK6, or a fragment of any thereof). In other embodimenis, the substantially similar
conditions comprise determining a CDK4-dependent phosphorylation level and a CDK6-
dependent phosphorvlation level, in vifro or in vive (e.g.. in cells expressing a wild-type
CDK4 and/or CDK6, a mutant CDK4 and/or CDK6, or a fragment of any thereof).

Potency of the inhibitor can also be determined by ICse value. A compound with a

tower ICso value, as determined under substantially similar conditions, 1s a more potent
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ihibitor relative to a compound with a higher ICse value. In some embodiments, the
substantially sumilar conditions comprise determining a CDK4-dependent phosphorviation
level {e.g.. in cells expressing a wild-type CDK4, a mutant CDK4, or a fragment of any
thereof). In other embodiments, the substantially simmlar conditions comprise determining a
CDKo6-dependent phosphorylation level, in virro or in vivo (e.g., in cells expressing a wild-
type CDKG, a mutant CDRS6, or a fragment of any thereof). In other embodiments, the
substantially simtlar conditions comprise determining a CDK4-dependent phosphorviation
fevel and a CDK6-dependent phosphorviation level, in vifro or in vive {e.g., in cells
expressing a wild-tvpe CDK4 and/or CDK6, a mutant CDE4 and/or CDKG, or a fragment of
any thereof).

In one embodiment, the bifunctional compounds of the present application are useful
as anticancer agents, and thus may be useful in the treatment of cancer, by effecting tumor
cell death or mnhibiting the growth of tumor cells. In certain exemplary embodiments, the
disclosed anticancer agents are useful in the treatment of cancers and other proliferative
disorders, mcluding, but not limited to breast cancer, cervical cancer, colon and rectal cancer,
leukemia, lung cancer {e.g., non~small cell lung cancer), melanoma, muliiple myeloma, non-
Hodgkin's lymphoma, ovarian cancer, pancreatic cancer, prostaie cancer, gastric cancer,
feukemias (e.g., myeloid, lymphocvtic, myelocytic and lymphoblastic leukenuas}), malignant
melanomas, and T-cell lymphoma.

A “selective CDK4 inhibitor,” can be identified, for sxample, by comparing the
abitity of a conmpound o mhibit CDKA kinase acuvily 1o it ability to mhibit the other
membere of the CDK kinase family or other kinasge. For examyple, a substance may be
assaved for ite ability to whibit CDE4 kinase activity, as well as CDKY, CDK2, CDRS,
CDRY CDRE, CDERS, COKLL CDRI2 CDRIZ, CDES, and other kinases. In some
embodiments, the selectiviy can be idertified by measuring the ECse or 5o of the
compounds,

In some embodiments, the bifunctional compounds of the present application
containing a Target Ligand inhibit CDK4 more selectively over other cyvchin-dependent
kinases and/or other kinases than the Target Ligand alone (i.¢., a Target Ligand itself
compared to the Target Ligand covalently bound to a Linker and a Degron). In certain
embodiments, the bifunctional compounds of the application are about 10%, about 20%,
about 30%. about 40%, about 509, about 60%, about 70%. about 80%, about 90% or about
99% more selective at inhibiting CDK4 than the Target Ligand alone. In certain

embodiments, the bifunctional compounds of the application are about 10%, about 20%,
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about 30%, about 40%, or aboui 50% more selective at inhibiting CDK4 than the Target
Ligand alone. In certain embodiments, the bifumctional compounds of the application are
about 20%, about 30%, about 40%, about 50% or about 60% more selective at inhibiting
CDK4 than the Target Ligand alone. In certain embodiments, the bifunctional compounds of
the application are about 30%, about 40%, about 50%, about 60% or about 70% more
selective at inhubiting CDK4 thaon the Target Ligand alone. In certain embodiments, the
bifunctional compounds of the application are about 40%, about 50%, about 60%, about
70%, or about 80% more selective at inhubiting CBK4 than the Target Ligand alone. In
certain embodiments, the bifunctional compounds of the application are about 50%, aboul
6(%, about 70%, about 80%, or about 90% more selective at mhibiting CDK4 than the
Target Ligand alone. In certain embodiments, the bifunctional compounds of the application
are about 60%, about 70%, about 0%, about 90%, or about 99% more selective at inhibiling
CDK4 thao the Target Ligand alone. In other erabodiments, the bifunctional coropounds of
the application are at least 10%, at teast 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, or at least 99% more selective at inhibiting
CDK4 than the Target Ligand alone.

in other embodiments, the bifunctional compounds of the application are between
about 10% and about 99% more selective at inhibiting CDK4 than the Target Ligand alone.
in other embodiments, the bifunctional compounds of the application are between about 10%
and about 30% more selective at inhibiting CDK4 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 20% and
about 40% more selective at inhibiting CPDK4 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 30% and
about 50% more selective at inhubiting CDK4 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 40% and
about 60% more selective at inhibiting CDK4 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 50% and
about 70% more selective at inhibiting CDK4 than the Target Ligand alone. To other
embodiments, the bifunctional compounds of the application are between about 60% and
about 80% more selective at inhibiting CDE4 than the Target Ligand alone. In other
emnbodiments, the bifunctional corapounds of the application are between about 70% and
about 90% more selective at inhibiting CDK4 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 80% and

about 99% more selective at inhibiling CDK4 than the Target Ligand alone.
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in some embodiments, the compounds of the present application are selective over
other kinases. As used herein, “selective”, “selective CDK4 inhibitor”, or “selective CDK4
compound” refers 10 a compound, for exanple a bifunctional compound of the apphcation,
that effectively inhibits CIK4 kinase to a greater exient than anv other Kinase enzyme,

5 particularly any enzyme from the Uyclic-dependent kimase family (e g, CDKL, {DKEZ,
ChEsS, COK7, CDRE, CDRES, CDRY, COKI2Z2, CDRIS, CDRI4, efe b

In certain embodiments, the compounds of the application are CDDK4 inhibitors that
exhibit at feast 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or 100-fold selectivity over
other kinases {e.g., COK, CBK2, CDRs, CDKY, CDKE, CDRS, CDELY, CDBKI2, CDKI3,

10 CBKI4, erc ). In vanous embodiments, the compounds of the application exhibit 1000-fold
selectivity over other kinases.

In certain embodiments, the compounds of the application are CDK4 inhibitors that
exhibit at least 2-fold, 3-fold, S-fold, 10-fold, 25-fold, 30-fold or 100-fold selectivity over
other cyclin-dependent kinases {e.g., CIK L, CDKZ, {DKe, CHRKT, CDKE, CDKS, COKT

15 CDKIZ, DK, CDKI4 eicy In various embodiments, the compounds of the application
exhibit 1000-fold selectivity over other cyclin-dependent kinases.

A “selective CDK6 inhibitor,” can be identified, for example, by comparing the
ability of a compound to inbubit CHBKS kinase activity (o us ability to inhibif the other
members of the CBK kinase family or other kinases. For example, a substance may be

20 assaved for s abiltty to mbnbit CDKS kinase activity, as well ac CDEL CBRE2, CDK4

CORT, CHKR, CRKY, CDE L, CORIZ, CRKIZ, CDK 4, and other kinases. Tn some

9

embodiments, the selectivity can be identified by measuring the Fso or ICss of the
compounds,
In some embodiments, the bifunctional compounds of the present application
25  containing a Target Ligand inhubit CDKO6 more selectively over other cyclin-dependent
kinases and/or other kinases than the Target Ligand alone (7.e., a Target Ligand itself
compared to the Target Ligand covalently bound to a Linker and a Degron}. In certain
embodiments, the bifunctional compounds of the application are about 10%, about 20%,
about 30%, about 40%. about 50%., about 60%, about 70%, about 80%, about 90% or about
30 99% more selective at inhibiting CDKG6 than the Target Ligand alone. In certain
embodiments, the bifunctional compounds of the application are about 10%, about 20%,
about 30%, about 40%, or about 50% more selective at inhibiting CDKO6 than the Target
Ligand alone. In certain embodiments, the bifunctional compounds of the application are
about 20%, about 30%, about 40%, about S0% or about 60% more selective at inhibiting
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CDKS6 than the Target Ligand alone. In certain embodiments, the bifunctional compounds of
the application are about 30%, about 40%. about 50%, about 60% or about 70% more
selective at inhibiting CDK6 than the Target Ligand alone. In certain embodiments, the

bifunctional compounds of the application are about 40%, about 50%. about 60%, about

(W4

70:9%, or about 80% more selective at inhibiting CDK6 than the Target Ligand alone. In

certain embodiments, the bifunctional compounds of the application are about 50%, about

60%. about 70%, about 80%, or about 90% more selactive at mnhibiting CDK6 than the

Target Ligand alone. In certain embodiments, the bifunctional compounds of the application

are about 60%, aboutl 70%, about 80%, about 90%, or about 99% more selective at inhibiting

10 CDKG6 than the Target Ligand alone. In other embodiments, the hifunctional compounds of
the application are at least 10%, at least 20%. at least 30%, at least 40%, at least 50%. at least
609%, at least 70%, at teast 80%, at least 90%, or al least 99% more selective at inlubiting
CDK6 than the Target Ligand alone.

In other embodiments, the bifunctional compounds of the application are between

15 about 10% and about 99% more selective at inhibiting CDK6 than the Target Ligand alone.
In other embodiments, the bifunctional compounds of the application are between about 10%
and about 30% roore selective at inhibiting CDKG6 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 20% and
about 40% more selective at inhibiting CDK6 than the Target Ligand alone. In other

20 embodimenis, the bifumctional compounds of the application are between about 30% and
about 50% more selective at inhibiting CDK6 than the Target Ligand alone. To other
embodiments, the bifunctional compounds of the application are between about 40% and
about 60% more selective at inhibiting CDKS than the Target Ligand alone. In other
emnbodiments, the bifunctional corapounds of the application are between about 30% and

25 about 70% more selective at inhibiting CDK6 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 60% and
about 80% more selective at inhibiting CDK6 than the Target Ligand alone. Tn other
embodiments, the bifunctional compounds of the application are between about 70% and
about 90% more selective at inhibiting CDKG6 than the Target Ligand alone. In other

30 embodiments, the bifimctional compounds of the application are between about 80% and

about 99% more selective at inhibiting CDK6 than the Target Ligand alone.

In some embodiments, the compounds of the present application are selective over
other kinases. As used herein, “selective”, “selective CDK6 inhibitor”, or “selective CDK6

compound” refers 1o a compound, {for example a bifunchonal compound of the application,
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that effectively inhubits CDKS kinase fo a greater extent than any other kinasse enzyme,
particularly any ensvioe from the Cyclic-dependent kinase famaly {e.g, CDRY, CDIK2,
CPR4, CDRT7, CDKS, COKY, CORLL CDELZ, CDKI3, CDK4, ere)

In certain embodiments, the compounds of the application are CDK6 inhibitors that
exhibit at least 2-fold, 3-fold, S-fold, 10-fold, 25-fold, 50-fold or 100-fold selectivity over

other kinases {e.g., CDRL, CDEZ, CK4, CDRT, CDEE, CBKS, CDKL CDRI12, CDEILS,

(W4

CDK 4, eic ). In various embodiments, the compounds of the application exhibit 1000-fold
selectivity over other kinases.
In certain embodiments, the compounds of the application are CDKG inhibiiors that
10 exhibit at least 2-fold, 3-fold, 3~-fold, 10-fold, 25-fold, 50-fold or 100-fold selectivity over
other cvclin-dependent kinages (e.g., UKL, CBK2 ChK4, CDR7 CDKS, CORS, CDKIL,
CDRIZ, CBKI3, CDK 4, erc ). In vanous ermnbodiments, the compounds of the application
exhibit 1000-fold selectivity over other cvchin-dependent kinases.

A “selective CDK4 and CDKS mhibitor” or “selective CDK 4/6 inhibitor,” can be

[
W

identified, for example. by comparng the ability of a compound to inhibit CUDR4 and CDES
kinase activity to s abihiy (o indubit the other members of the CDE kimase famuly or other
kinases. For example. a substance roav be assaved for s ability fo iohibit CK4 and CDEo
kinase activity, as well as CDK1, CDK2, CDK7. CDKE, CDKY, CDK11, CDKI2, CDK13,
{R 14, and other kinases. In some embodiments, the selectivily can be identified by

20 measuring the ECso or Hso of the compounds.

In some embodiments, the bifunctional compounds of the present application
comtaining a Target Ligand inhibit CBK4 and CDK6 more selectively over other cyclin-
dependent kinases and/or other kinases than the Target Ligand alone (Z.e., a Target Ligand
itself corapared to the Target Ligand covalently bound to a Linker and a Degron). In certain

25 embodiments, the bifunctional compounds of the application are about 10%. about 20%,
about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, abowt 90% or about
99% more selective at inhibiting CDE4 and CDKS6 than the Target Ligand alone. In certain
embodiments, the bifunctional compounds of the application are about 10%, about 20%,
about 30%, about 40%, or about 50% more selective at inhibiting CDK4 and CDK6 than the
30 Target Ligand alone. In certain embodiments, the bifunctional compounds of the application
are about 20%, about 30%, about 40%, about 50% or about 60% more selective at inhibiting
CDK4 and CDKG6 than the Target Ligand alone. In certain embodiments, the bifunctional
compounds of the application are about 30%, about 40%, about 50%, about 60% or about

70% more selective at inhibiting CDR4 and CDKS6 than the Target Ligand alone. In certain
52



(W4

10

30

WO 2017/185031 PCT/US2017/028941

embodiments, the bifunctional compounds of the application are abowt 40%, about 50%,
about 60%, about 70%, or aboul 80% more selective at mhibiting CDK4 and CDK6 than the
Target Ligand alone. In certain embodimenits, the bifunctional compounds of the application
are about 50%, about 60%, about 70%, about 80%, or about 90% more selective at inhibiting
CDR4 and CDKS6 than the Target Ligand alone. In certain embodiments, the bifunctional
compounds of the application are about 60%, about 70%, about 80%, about 90%, or about
99% more selective at inhibiting CDK4 and CDK6 than the Target Ligand alone. in other
embodiments, the bifunctional compounds of the application are at least 10%, at least 20%, at
least 30%, at teast 40%, at least 53096, at least 60%, at teast 70%, ai least 80%, at least 90%, or
at teast 99% more selective at inhubiting CK4 and CDKG than the Target Ligand alone.

In other embodiments, the bifunctional compounds of the application are between
about 10% and about 99% more selective at inhibiting CDK4 and CDRG than the Target
Ligand alone. In other embodiments, the bifunctional compounds of the application are
between about 10% and about 30% more selective at inhubiting CDK4 and CDK6 than the
Target Ligand alone. In other embodiments, the bifunctional compounds of the application
are between about 20% and about 40% more selective at inhibiting CDK4 and CDKGS than
the Target Ligand alone. In other embodiments, the bifunctional compounds of the
application are between about 30% and about 50% more selective at inhibiting CDK4 and
CDK6 than the Target Ligand alone. In other embodiments, the bifunctional compounds of
the application are between about 40% and about 60% more selective at inhibiting CDK4 and
CDK6 than the Target Ligand alone. In other embodiments, the bifunctional coropounds of
the application are between about 50% and about 70% more selective at inhibiting CDK4 and
CDKS6 than the Target Ligand alone. In other embodiments, the bifunctional compounds of
the application are hetween about 60% and about 80% more selective at inhibiting CDK4
AND CDKS6 than the Target Ligand alone. In other embodiments, the bifunctional
compounds of the application are between about 70% and abowt 90% more selective at
inhibiting CDK4 and CDKG than the Target Ligand alone. In other embodiments, the
bifunctional compounds of the application are between about 80% and about 99% more
selective at inhubiting CDK4 and CDK6 than the Target Ligand alone.

In some embodiments, the compounds of the present application are selective over
other kinases. As used herein, “selective”, “selective CDK4 and CDK6 inbhubitor”, or
“selective CDK4 and CDK6 compound” refers 1o a corpound, for example a bifimetional
compound of the application, that effectively inhibits CBK4 and CDK6 kinase to a greater

extent than any other kinase enzyme, particularly any enzyvime from the Cyclic-dependent
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kinase family {e.g, CDKI, CDK2, UDRT, CDKE, CDK2, CDK 1L, CDRIZ, CLKI3,
CBK14, eic)

in certain embodiments, the compounds of the application are CDK4 and CDK6
inhibitors that exhibit at least 2-fold, 3-fold, 5-fold. 10-fold. 25-fold, 50-fold or 100-fold
selectivity over other kinases {e.g., CBK1, CDK2, CDR7, CLKE, CDK2, CBRI1Z, CDKI3,
efe.y. In various embodiments, the compounds of the application exhibit 1000-fold selectivity
over other kinases.

In certain embodiments, the compounds of the application are CDK4 and CDK6
inhibitors that exhibit at least 2-fold, 3-fold, S-fold, 10-fold, 25-fold, 50-fold or 100-fold
selectivity over other cvchin-dependent kinases {e.g.. CDR L, COEZ, CHK7, CDRE, CDES,
COREE CDRIZ, CDKI3, CDE14, ere s In various embodiments, the compounds of the
application exhibit 1000-fold selectivity over other cyclin-dependent kinases.

Definitions

Listed below are definitions of various terms used in this application. These
definitions apply to the terms as they are used throughout this specification and claims, unless
otherwise limited in specific instances, either individually or as part of a larger group.

The term "alkyl," as used herein, refers to saturated, straight or branched-chain
hydrocarbon radicals containing, in certain embodiments, between one and six carbon atoms.
Examples of €1-Cs alkyl radicals include, but are not limited to, methyl, ethyi, propyl.
tsopropyl, n-butyl, tert-buty!, neopentyl, and n-hexy! radicals.

The term "alkenvl" as used herein, denotes a monovalent group derived froma
hydrocarbon moiety containing, in certain embodiments, from two to six carbon atoms having
at least one carbon-carbon double bond. The double bond may or may not be the point of
attachiment to another group. Alkeny! groups include, but are not limited to, for example,
ethenvl. propenyl, butenvi, 1-methvl-2-buten-1-vl and the like.

The term "alkoxy” refers to an -O-alkyl radical.

The terms "hal,” "halo,” and "halogen,” as used herein, refer (o an atom selected from
flucrine, chlorine, bromine and iodine.

The term "arvl," as used herein, refers to a mono- or poly-cvclic carbocyclic ring
systern having one or more aromatic rings, fused or non-fused, including, but not himited to,
phenyl, naphthyl, tetrahy dronaphthvl, indanyl, indenyi and the like.

The term "aralkvl." as used herein, refers to an alky! residue attached to an aryl ring.

Examples include, bui are not limited to, benzyl, phenethyl and the like.
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The term "cycloalkvl,” as used herein, denotes a monovalent group derived from a
monocyclic or polveyelic saturated or partially unsaturated carbocyelic ring compound.
Examples of C5-Cs cycloalkyl include, but not limited to, evclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cvclopentyl and cyclooctyl; and examples of Cs5-Cia-cycloalkyi
include, but not Hinmied to, cyclopropyl, cyclobutvl, evclopentyl, cyclohexvl, bicyelo [2.2.1]
heptyl, and bicvclo [2.2.2] octyl. Also contemplated is a monovalent group derived from a
monocvclic or polyeyclic carboeyclic ring compound having at least one carbon-carbon
double bond by the removal of a single hydrogen atom. Examples of such groups include, but
are not hmited to, cyclopropenyl, cvclobutenyl, eydopentenyl, cvelohexenyl, eyclohepteny,
cyclooctenyl, and the like.

The term "heteroarvl,” as used herein, refers to a mono- or poly-cyclic {e.g., bi~, or tri-
cyclic or more} fused or non-fused, radical or ning system having at least one aromatic ring,
having from five to ten ring atoms of which one ring atoms is selected from 8, O, and N; zero,
one, o1 two ring atoms are additional heteroatoms independently selected from 8, O, and N;
and the remaining ring atoms are carbon. Heteroaryl includes, but 1s not limited to, pyridinyl,
pyrazinvl, pyrimidinyl, pyrrolvl, pvrazolvl, imidazolvl, thiazolyl, oxazolyl, isooxazolyl,
thiadiazolyl, oxadiazolyl, thiophenvl, furanvl, qunolinvl, isoquinolinyl, benzimidazolyl,
benzooxazolyl, quinoxalinyl, and the like.

The term "hetercaralkvl,” as used herein, refers to an alkyl residue attached to a
heteroarvi ning. Examples include, but are not imited to, pyridinvimethyl, pyrimidinylethyl
and the hike.

The term “heterocyelyl,” or “heterocycloalkyl,” as used herein, refers to a non-
aromatic 3-, 4-, 5-, 6- or 7~-membered ring or a bi- or ini~¢yclic group fused of non-fused
systern, where (i) each ring contains between one and three heteroatoms mdependently
selected from oxvgen, sulfur and nitrogen, (i1} each 5-membered ring has 0 to 1 double bonds
and each 6-membered ring has 0 to 2 double bonds, (iit) the nitrogen and sulfur heteroatoms
may optionally be oxidized, and (iv) the nitrogen hetercatom may optionally be quaternized.
Representative heterocycloalkyl groups include. but are not hinted to, [1,3]dioxolane,
pyrrolidinyl, pyrazolinyl, pvrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinvi,
oxazohdinyl, isoxazolidinyl, morpholinyl, thiazohdinyl, isothiazolidinyl, and tetrahydrofuryl.

The term "alkylamino" refers to a group having the structure -NH{C:-Ciz alkvh), e g, -
WH{C:-Cs alkyl}, where Cy-Cip alkyl is as previously defined.

The term "dialkylamino” refers to a group having the structure -N{C1-Cy2 alkyl)z, e g.,

-NH{C1-Cs alkvl), where Ci1-Ci2 alkyl is as previously defined.
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The term "acyl” includes residues derived from acids, including but not limited to
carboxylic acids, carbamic acids, carbonic acids, sulfonic acids, and phosphorous acids.
Examples include aliphatic carbonyls, aromatic carbonyls, aliphatic sulfonvls, aromatic
sulfinvls, aliphatic sulfinyls, aromatic phosphates and aliphatic phosphates. FExamples of
aliphatic carbonyls inchude, but are not limited to, acetyl, propionyl, 2-fluoroacetyl, butyryl,
2-hydroxy acetyl, and the like.

In accordance with the application, anv of the arvls, substituted aryls, heteroaryls and
substituted heteroarvls described herein, can be any aromatic group. Aromatic groups can be
substituted or unsubstituted.

The terms "hal,” "halo.” and "halogen," as used herein, refer 1o an atom selected from
fluorine, chlorine, bromine and iodine.

As described herein, compounds of the application may optionally be subsiituted with
one ot more substituents, such as are illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the application. 1t will be appreciated that the
phrase "optionally substituted” is used interchangeably with the phrase "substituted or
unsubstituted.” In general, the term "substitided"”, whether preceded by the term "optionally”
or not, refers to the replacement of hydrogen radicals in a given structure with the radical of a
specified substituent. Unless otherwise indicated, an optionally substituted group may have a
substituent at each substitutable position of the group, and when more than one position in
any given structure may be substituted with more than one substituent selected from a
specified group, the substituent may be either the same or different at every position. The
terms "optionally substituted”, "optionally substituted alkvl," "optionally substituted
"optionally sabstituted alkenvl," "optionally substituted alkyny!l", "optionally substituted

LI

cyvcloalkyl" "optionally substituted cvcloalkenyl,” "optionally substituted aryl", "optionally
substituted heteroaryl” "optionally substituted aralkyl", "optionally substituted heteroaralkyl”
"optionally substituted heterocycloalkyl,” and any other optionally substituted group as used
herein, refer to groups that are substituted or unsubstituted by independent replacement of
one, two, or three or more of the hvdrogen atoms thereon with substituents including, but not
limited to:

-F, -Cl, -Br, -1, ~OH, protecied hydroxy, -NQz, -CN, -NH2, protected
amino, -NH-~Ci-Ciz-alkyl, -NH-C2-C-alkenyl, -NH-C2~-Ciz-alkenyl, -NH -C3-Co-cycloalkyl,
-WH-aryl, -NH -heteroaryl, -NH -heterocycloalkyl, -dialkylamino, ~diarviamino,

-dihetercarviaming, -0-Ci-C p-alkyl, -0-Cr-Ciz-alkenvi, -0-Cr-Ci-alkenvl,
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-(3-C3-Ciz~cycloatkyl, -O-aryl, -O-heteroaryl, -O-heterocycloaliyl, -C(03-C1-Cr-alkyl, -
C{O)- Cr-Cro-alkenyl, ~C(O)-Co-Crr-alkenyl, ~-C(O»Cs-Crz-cyveloalkyl, ~-C{O)-aryl, ~-C{O)-
heteroarvi,

-C{O)-heterocycloalkyl, -CONHa, -CONH-C-C p-altkyl, -CONH-C;-Cip-alkenyl,
~CONH-C2-Ciz-alkenyl, -CONH-Cs-Cu-cycloalkyl, -CONH-arvl, -CONH-heteroaryl,
-CONH-heterocvcloalkyl -0C0:-Ci-Ciz-alkyl, ~OCO2-Co-Ciz-alkenyl, -OC0-Ca-Cra-

(W4

alkenvi,
~OC02-Us-Crz-cycloalkyl, -OCOz-aryl, -OCOz-heterocaryl, ~-GCOz-heterocycloalkyl, -
OCONH:z,

10 -OCONH-Ci-Cp-alkyl, -OCONH- Co-Cis-alkenyl, -OCONH- C2-Co-alkenyl,
-OCONH-C3-C-cycloalkyl, -OCONH-aryl, -OCONH-heteroaryl, -QCONH-
heterocycloalkyl,

NHC{O}-C1-Crz-alkyl, -NHC(O)-C2-Ciz-alkenyl, -WHC{O)-C2-Ciz-alkenyl,
NHC(O)-Cs-Cia-cvcloalkyl, -NHC(O)-arvl, -NHC(O)-heteroaryl, -NHC(O)-

15 heterocycloalkyl,

NHCO:-Ci-Ci-alkyl, -NHCO2-Co-Crz-alkenyl, -NHCO2-Cz-Cr2-alkenyl,
~-NHCO:-Cs-Cia-cycloalkyl, -NHCOz-arvl, -NHCOz-heteroaryl, -NHCO:2- heterocycloalkyl,
NHC(O)NH,, -NHC(O)NH-Ci-Cu-atkyl, -NHC(ONH-Co-Cro-alkenyl,

NHC(OWNH-Co-C ir-alkenyl, -NHC(OGINH-C3-C 12-cy cloalkyl, -NHC(ONH-aryl.

20 -NHC(O)NH-heteroarvl, NHCOWNH-heterocvcloalkyl, -NHC(SNH:,
NHC(SINH-Ci-Cro-atkyl, -NHC(SINH-C2-Ci2-alkenvi,

-NHC(SINH-Co-Ciz-atkenyl, -NHC(SINH-C3-Crz-cycloalkyl, -NHC(S)NH-arvl,
NHC(S)NH-hetercaryl, -NHC(S)NH-heterocycloalkyl, -NHCNHINH:,
NHCONH)NH- C1-C-alkyl, -NHC(NHINH-C2-C i2-atkenyl, -NHC(NHINH-C2-Co-atkenyl,

25  NHCONH)NH-C;-Cip-eyvcloalkyl, -NHCO(NH)NH-aryl, -NHC(NH)NH-heteroaryl,
-NHC(NH)NHheterocycloalkyl, -NHO(NH-Ci-Cr-alkyl, -NHC(NH-C2-Cr-alkenyl,
NHCONH)-C2-Cro-alkenyl, -NHC(NH)}-Ca-Cra-cy cloalkyl, -NHC(NH}-ary1,
-NHC(NH}-heteroaryl, -NHC(NH)-heterocycloalkvi, -C(NHNH-C1-Ci-alkyl,
~C(NH)NH-C:-Ciz-alkenyl, -C{NHINH-C2-Crz-alkenvi, CINHINH-C3-Ciz-cycloalkyl,

30 -C(NHO)NH-arvl, ~-C(NH)NH-heteroarvl, ~-C{NHNHheterocycloalkvi,

-S{OY-C1~C z-alkyl~ S{0)-Co-Ciz-alkenvl - S{O)-C2-Ciz-alkenvl,
-S{OY-C3-Ciz-cycloalkyl - S{O)-arvl, -8(O}-hateroarvl, -S(O}-heterocycloalky! -SOQ2NHa,
-SONH-C1-Cro-alkyl, -SONH-Co-{ p-alkenyl, ~-SOGNH-C2-Cz-alkenyi,

-SONH-Cs-Cu-~cvcloalkyl, -SOaNH-aryl, -SOaNH-hetercaryl, -SO:NH-heterocvcloalkyl,
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-NHSO2-Ci-Cre-alkyl, -NHS02-C2-Crz-alkenyl,- NHSG2-Co-Cra-alkenyl,
NHSO2-Cs-Crz-cycloalkyl, -NHSOz-arvl, -NHSOz-hetercaryl, -NHSOz-heterocycloalkyl,
~CHoNH2, -CH280:CHs, ~arvl, ~arvialkyl, ~heteroaryl, -heteroarylalkyl, ~heterocycloalkyl,
-(3-Cr-cvcloalkyl, polyalkoxyalkvl, polvalkoxy, -methoxymethoxy, -methoxvethoxy, -8H,
-8-C1-Cr-alkyl, -S-C2-Crz-alkenyl, -S§-C2-Cr-alkenvl, -S-Cs-Cu-cycloalkyl, -S-arvl,
-S-heteroaryl, ~-S-heterocycloatkyl, or methylithiomethyl.

1t is understood that the arvis, heteroarvls, alkvls, and the like can be substituted.
The term "cancer” includes, but is not limited to, the following cancers: epidermoid Oral:
buccal cavity, hip, tongue, mouth, pharvnx; Cardiac: sarcoma {angiosarcoma, fibrosarcoma,
rhabdomyosarcoma, liposarcoma), myxoma, thabdomyoma, fibroma, lipoma, and teratoma;
Lung: bronchogenic carcinoma {squamous cell or epidermoid, undifferentiated small cell,
undifferentiated large cell, adenocarcinoma), alveolar {(bronchiolar) carcinoma, bronchial
adenoma, sarcoma, lymphoma, chondromatous hamartoma, mesothelioma; Gastrointestinal:
esophagus {(squamous cell carcinoma, larynx, adenocarcinoma, leiomyosarcoma, lymphoma),
stomach {carcinoma, lymphoma, leiomyosarcoma), pancreas (ductal adenocarcinoma,
msulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma), small bowel or small
imtestines {(adenocarcinoma, yraphoma, carcinowd tumors, Karposi's sarcoma, ieiomyoma,
hemangioma, lipoma, neurofibroma, fibroma), large bowel or large intestines
{adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, leiomyvoma), colon, colon-
rectum, colorectal, rectum; Genitourinary tract: kidney (adenocarcinoma, Wilm's tumor
{(nephroblastoma), lymphoma, leukerma), bladder and urethra (squamous cell carcinoma,
transitional cell carcinoma, adenocarcinoma), prostate (adenocarcinoma, sarcomay, testis
(seminoma, teratoma, embryonal carcinoma, teratocarcinoma, choriocarcinoma, sarcoma,
mnterstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid tumors, lipoma); Liver:
hepatoma (hepatocellular carcinoma), cholangiocarcinoma, hepatoblastoma, angiosarcoma,
hepatocellular adenoma, hemangioma, biliary passages; Bone: osteogenic sarcoma
{ostecsarcoma), fibrosarcoma, malignant {fibrous histiocytoma, chondrosarcoma, Ewing's
sarcoma, malignant lviophoma (reticulum cell sarcoma), multiple myeloma, malignant giant
cell tumor chordoma, osteochronfroma {osteocartilaginous exosioses), benign chondroma,
chondroblastoma, chondromyxofibroma, ostecid osteoma and giant cell tumors; Nervous
systern: skull {osteoma, hemangioma, granuloma, xanthoma, osteitis deformans), meninges
(meningioma, meningiosarcoma, gliomatosis), brain (astrocytoma, meduiloblastoma, glioma,
ependymoma, germinoma (pinealoma}, glioblastoma multiform, oligodendroglioma,

schwannoma, retinoblastoma, congenital fumors), spinal cord neurcfibroma, meningioma,
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glioma, sarcoma};, Gynecological: uterus {endometrial carcinoma), cervix {cervical
carcinoma, pre~-tumor cervical dysplasia), ovartes (ovarian carcinoma {(serous
cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified carcinoma), granulosa-
thecal cell tumors, Sertoli-Leydig cell tumors, dyvsgerminoma, malignant teratoma}, vulva
{squamous cell carcinoma, intraspithelial carcinoma, adenocarcinoma, fibrosarcoma,
melanoma), vagina {clear cell carcinoma, squamous cell carcinoma, botrvoid sarcoma
{embryonal rhabdomyosarcoma}. fallopian tubes {carcinoma), breast; Hematologic: blood
{myeloid leukemia (acute and chronic), acute lvmphoblastic leukemia, chronic lvmphocytic
leukemia, myeloproliferative diseases, multiple myeloma, myelodysplastic syndrome,
Hodgkin's disease, non-Hodgkin's lvmphoma (malignant lviphoma) hairy cell; lvmphoid
disorders; Skin: malignant melanoma, basal celi carcinoma, sguamous cell carcinoma,
Karposi's sarcoma, keratoacanthoma, moles dysplastic nevi, lipoma, angioma,
dermatofibroma, keloids, psorniasis, Thyroid gland: papillary thyroid carcinoma, follicular
thyroid carcinoma; medullary thyroid carcinoma, undifferentiated thyroid cancer, multiple
endocrine neoplasia type 2A, multiple endocrine neoplasia type 2B, famulial meduliary
thyroid cancer, pheochromocvtoma, paraganghoma; and Adrenal glands: neuroblastoma.
Thus, the term "cancerous cell” as provided herein, includes a cell afflicted by any one of the
above-identified conditions.

The term “CDK4" herein refers to cyclin-dependent kinase 4.

The term “CDKG" herein refers to cyvchn-dependent kinase 6.

The term "subject” as used heremn refers to a mammal. A subject therefore refers to,
for example, dogs, cats, horses, cows, pigs, guinea pigs, and the like Preferably the subject is
a human, When the subject 1s a hurnan, the subject may be referred o herein as a patient.

"Treat”, "reating” and "treatment” refer to a method of alleviating or abating a disease
and/or its atiendant symptoms.

As used herein, “preventing” or “prevent” describes reducing or eliminating the onset
of the symptoms or complications of the disease, condition or disorder.

The term “targeted protein(s)” 1s used interchangeably with “target protein{s)”, unless
the context clearly dictates otherwise. In one embodiment, a “targeted protein™ is CDE.

The term "subject” as used herein refers to a mammal. A subject therefore refers to,
for example, dogs, cats, horses, cows, pigs, guinea pigs, and the like. Preferably the subject is
a human. When the subject is a human, the subject may be referred to herein as a patient.

The terms “disease{s)”, “disorder{(s)”, and “condition{s)” are used interchangeably,

unless the context clearly dictates otherwise,
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The term "therapeutically effective amount” of a bifunctional compound or
pharmaceutical composilion of the application, as used herein, means a sufficient amount of
the bifunctional compound or pharmaceutical composition so as to decrease the symptoms of
a disorder in a subject. As is well understood in the medical arts a therapeutically effective
amount of a bifunctional compound or pharmaceutical composition of this application will be
at a reasonable benefit/risk ratio applicable to any medical treatment. 1t will be understood,
however, that the total daily usage of the compounds and compositions of the present
application will be decided by the attending physician within the scope of sound medical
judgment. The specific inhibitory dose for any particular patient will depend upon a variety
of factors including the disorder being treated and the severity of the disorder; the activity of
the specific compound emploved; the specific composition emploved; the age, body weight,
general health, sex and diet of the patient; the time of administration, route of admimistration,
and rate of excretion of the specific compound emploved; the duration of the treatment; drugs
used in combination or coincidental with the specific compound employed; and like factors
well known in the medical arts.

As used herein, the term "pharmaceutically acceptable salt” refers to those salts of the
compounds formed by the process of the present apphication which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of humans and lower
enimals without undue toxicity, irritation, allergic response and the like, and are
commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well
known in the art. For example, 8. M. Berge, e ¢/ describes pharmaceutically acceptable salts
in detail in.J Pharmaceutical Sciences, 66 1-19 (1977). The salts can be prepared in situ
during the final isolation and purification of the compounds of the application, or separately
by reacting the free base or acid function with a suitable acid or base,

Examples of pharmaceutically acceptable salts include, but are not limited to, nontoxic
actd addition salts: salts formed with inorganic acids such as hydrochloric acid, hydrobromic
actd, phosphoric acid, sulfuric acid and perchloric acid, or with organic acids such as acetic
acid, maletc aad, tartaric acid, citric aad, succnic acid or malonic acid. Other
pharmacentically acceptable salts include, but are not limited to, adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate,
camphorsulfonate, citrate, cvclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, gluccheptonate, glvcerophosphate, gluconate,
hemisulfate, heptancate, hexanoate, hydroiodide, 2-hydroxy -ethanesulfonate, iactobionate,

tactate, laurate, Taury] sulfate, malate, maleate, malonate, methanesulfonate, 2-
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naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, /7-toluenesulfonate, undecanoate, valerate salts, and the hke.
Representative alkali or alkaline earth metal salts include sodium, hithium, potassium,
calcium, magnesium, and the like. Further pharmaceutically acceptable salts include, when
appropriate, nontoxic ammonium, quaternary anunonium, and amine cations formed using
counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, alky! having
from 1 o 6 carbon atoms, sulfonate and aryi sulfonate.

As used herein, the term "pharmaceutically acceptable ester” refers to esters of the
hifunctional compounds formed by the process of the present application which hydrolvze in
vivo and include those that break down readily in the human body to leave the parent
compound or a salt thereof. Sutable ester groups inchude, for example, those derived {rom
pharmaceutically acceptable aliphatic carboxylic acids, particularly alkanoic, alkenoic,
cycloalkanoic and alkanedioic acids, in which each alkyl or alkenyl moiety advantageously
has not more than 6 carbon atoms. Examples of particular esters include, but are not limited
1o, formates, acetates, propionates, butyrates, acrylates and ethylsuccinates.

The term "pharmaceutically acceptable prodrugs” as used heremn, refers 1o those
prodrugs of the bifunctional compounds formed by the process of the present application
which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals with undue toxieity, frmitation, allergic response, and the
like, commmensurate with a reasonable benefit/risk ratio, and effective for their intended use,
as well as the zwitterionic forms, where possible, of the compounds of the present application.
"Prodrug”, as used herein, means a compound which 1s convertible in vivo by metabolic
means {e.g., by hvdrolysis) to afford any compound delineated by the formulae of the instant
application. Various forms of prodrugs are known in the art, for example, as discussed in
Bundgaard, {ed.), Design of Prodrugs, Elsevier (1985);, Widder, et al. (ed.). Methods in
Enzvmology, vol. 4, Academic Press (1985); Krogsgaard-Larsen, et al., (ed). "Design and
Apphcation of Prodrugs, Textbook of Drug Design and Development, Chapter 5, 113-191
{1991); Bundgaard, et al., Journal of Drug Deliver Reviews, 8:1-38(1992), Bundgaard, J. of
Pharmaceutical Sciences, 77:285 et seq. (1988); Higucht and Stella (eds.} Prodrugs as Novel
Drug Delivery Systems, American Chenucal Society (1975); and Bemnard Testa & Joachim
Mayer, "Hydrolysis In Drug And Prodrug Metabolism: Chemistry, Biochemistry And
Enzvmology." John Wiley and Sons, Lid. (2002).
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This application also encompasses pharmaceutical compositions containing, and
methods of treating disorders through administering, pharmaceutically acceptable prodrugs of
hifunctional compounds of the application. For example, compounds of the application
having free amino, amido, hvdroxy or carboxvlic groups can be converted into prodrugs.
Prodrugs include compounds wherein an amino acid residue, or a polypeptide chain of two or
maore {2.g., two, three or four) amino acid residues 1s covalently joined through an anude or
ester bond to a free amino, hydroxy or carboxylic acid group of compounds of the application.
The amino acid residues include but are not himited to the 20 naturally occurnng amino acids
commonly designated by three letter symbols and also includes 4-hydroxyproline,
hydroxvlysine, demosine, isodemosine, 3~-methylhistidine, norvalin, beta-alanine, gamma-
aminobutyric acid, citrulline, homocysteine, homoserine, ornithine and methionine sulfone.
Additional types of prodrugs are also encompassed. For instance, free carboxyl groups can be
derivatized as amdes or alkyl esters. Free hydroxy groups mav be derivatized using groups
including but not limited to hemisuccinates, phosphate esters, dimethylaminoacetates, and
phosphoryloxymethyloxy carbonyls, as outlined in Advanced Drug Deliverv Reviews, 1990,
19, 1 15. Carbamate prodrugs of hyvdroxy and amine groups are also included, as are
carbonate prodrugs, sulfonate esters and sulfate esters of hvdroxy groups. Derivatization of
hydroxy groups as (acyloxyymethvl and (acvloxy)ethy! ethers wherein the acvl group may be
an alkvi ester, optionally substituted with groups including but not Himited to ether, amine and
carboxylic acid functionalities, or where the acvl group is an amino acid ester as described
above, are also encompassed. Prodrugs of this type are described in J. Med. Chem. 1996, 39,
10. Free amines can also be derivatized as amides, sulfonamides or phosphonanudes. All of
these prodrug moteties may mcorporate groups including but not limited to ether, anmine and
carboxylic acid functionalities.

The application also provides for a pharmaceutical composition comprising a
therapeutically effective amount of a bifunctional compound of the application, or an
enantiomer, diastercomer, stereoisomer, or pharmaceulically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

in another aspect, the application provides a ki comprising a bifunctional compound
capable of inhibiting CDKA4 activity selected from one or more compounds disclosed herein,
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer
thereof, optionally in combination with a second agent and instructions for use in treating

cancer.
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In another aspect, the application provides a kit comprising a bifunctional compound
capable of inhibiting CDK6 activity selected from one or more compounds disclosed herein,
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereocisomer, or fautomer
thereof, optionally in combination with a second agent and instructions for use in treating
cancer.

In another aspect, the application provides a kit comprising a hifunctional compound
capable of inhibiting the activity CDK4 and/or CDKG6 selected from one or more compounds
disclosed herein, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug,
stereoisomer, or tautomer thereof, optionally in combination with a second agent and
mstructions for use in treating cancer.

iIn another aspect, the application provides a method of synthesizing a bifunctional
compound disclosed hergin,

The synthesis of the bifunctional compounds of the application can be found herein
and in the Examples below.

Other embodiments are a method of making a bifunctional compound of any of the
formudae herein using any one, or combination of, reactions delineated herein. The method
can mnclude the use of one or more intermediates or chemical reagents delineated herein.

Another aspect is an isotopically 1abeled bifunctional compound of any of the
formulae delineated herein. Such compounds have one or more isotope atoms which may or
may not be radioactive (e.g., ’H, 2H, ¥C, BC, 8F 38 37P 1] and 1) introduced into the
bifunctional compound. Such compounds are useful for drug metabolism studies and
diagnostics, as well as therapeutic applications.

A bifunctional compound of the application can be prepared as a pharmaceutically
acceptable acid addition salt by reacting the free base form of the compound with a
pharmaceutically acceptable inorganic or organic acid. Alternatively, a pharmaceutically
acceptable base addition salt of a bifunctional compound of the application can be prepared
by reacting the free acid form of the bifunctional compound with a pharmaceutically
acceptable morganic or organic base.

Alternatively, the salt forms of the bifunctional compounds of the application can be
prepared using salts of the starting materials or intermediates.

The free acid or free base forms of the bifunctional compounds of the application can
be prepared from the corresponding base addition salt or acid addition salt from, respectively.
For example, a bifunctional compound of the application in an acid addition salt form can be

converted to the corresponding free base by treating with a suitable base {e.g., ammonium
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hydroxide solution, sodium hydroxide, and the like). A bifunctional compound of the
application in a base addition salt form can be converted {0 the corresponding free acid by
treating with a suttable acid (e.g., hydrochloric acid, 1)

Prodrugs of the bifunctional compounds of the application can be prepared by
methods known to those of ordinary skill in the art {e.g , for further details see Saulnier et al.,
(1994), Bioorganic and Medicinal Chemistry Letters, Vol 4, p. 1985} For example,
appropriate prodrugs can be prepared by reacting a non-derivatized bifunctional compound of
the application with a suitable carbamylating agent {(e.g., 1.1-acyloxvalkyvicarbanochloridate,
para-nitropheny! carbonate, or the like}.

Protected denvatives of the bifunctional compounds of the application can be made by
means known to those of ordinary skill in the art. A detailed description of techniques
applicable {o the creation of protecting groups and their removal can be fomd m T. W,
Greene, "Protecting Groups in Organic Chenustry”, 3rd edition, John Wiley and Sons, Inc,,
1999

Compounds of the present application can be conveniently prepared, or formed during
the process of the application, as solvates (e.g , hydrates). Hydrates of bifunctional
compounds of the present application can be conveniently prepared by recrvstallization from
an aqueous/organic solvent nixture, using organic soivents such ag dioxin, tetrahvdrofuran or
methanol.

Acids and bases useful in the methods herein are known in the art. Acid catalysis are
any acidic chenucal, which can be morganic {2.g., hvdrochloric, sulfuric, niinic acids,
aluminum trichloride} or organic {e.g., camphorsulfonic acid, p-toluenesulfonic acid, acetic
acid, viierbium triflate) in nature. Acids are useful in etther catalytic or stoichiometric
amounts to facilitate chemical reactions. Bases are any basic chemical, which can be
inorganic {e.g., sodium bicarbonate, potassium hydroxide} or organic (2. g., triethylamine,
pyriding) in nature. Bases are useful in either catalytic or stoichiometric amounts to facilitate
chemical reactions.

Combinations of substituents and vartables envisioned by this application are only
those that result in the formation of stable compounds. The term "stable”, as used herein,
refers to compounds which possess stability sufficient to allow manufactore and which
maintains the integrity of the compound for a sufficient period of time to be useful for the
purposes detailed herein {e.g , therapeutic or prophylactic administration to a subject).

When any variable {e.g., Ri4) occurs more than one time in any constituent or formia

for a compound, 1is definition at each occurrence i1s independent of its definition at every
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other sccurrence. Thus, for example, if a group is shown to be substituted with one or more
Ris moieties, then Rus at each occuirence is selected independently from the definition of Ru
Also, combinations of substituents and/or variables are pernussible, but only if such
combinations result in stable compounds within a designated atom’s normal valency.

In addition, some of the compounds of this application have one or more double
bonds, or one or more asymmetric centers. Such compounds can occur as racemates, racemic
mixtures, single enantiomers, mndividual diastereomers, diastereomeric mixtures, and cis- or
trans- or £- o1 Z- double isomeric forms, and other stereoisomeric forms that may be defined,
i terms of absohule slereochemistry, as (R}~ or {§8)-, or as (B)- or {L)- for amino acids. When
the compounds described herein contain olefinic double bonds or other centers of geometric
asymmetry, and unless specified otherwise, it is intended that the compounds include both E
and 7 geomeinc isomers. The configuration of any carbon-carbon double bond appearing
herein 1s selected for conventence only and is not intended to designate a particular
configuration unless the text so states; thus a carbon-carbon double bond depicted arbitranly
herein as frans may be cis, frans, or a mixture of the two in any proportion. Al such
isomeric forms of such compounds are expressly included in the present application.

Optical isomers may be prepared from their respective optically active precursors by
the procedures described herein, or by resolving the racemic nuxtures. The resolution can be
carried out in the presence of a resolving agent, by chromatography or by repeated
crystallization or by some combination of these techmques which are known to those skilled
in the art. Further details regarding resolutions can be found in Jacques, ef al., Enantiomers,
Racemares, and Resolutions (John Wiley & Sons, 1981).

“Tsomerism” means compounds that have identical molecular formulae but differ in
the sequence of bondmg of their atoros or in the arrangerment of their atoms in space. Isomers
that differ in the arrangement of their atoms in space are termed “sterecisomers™.
Sterecisomers that are not mirror images of one another are termed “diasterenisomers™, and
stereoisomers that are non-superimposable mirror images of each other are termed
“enantiomers” or sometimes optical isomers. A mixiure containing equal amounts of
mdividual enantiomeric forms of opposite chirality is termed a “racemic mixture”.

A carbon atom bonded to four non-~identical substituents is fermed a “chiral center”.

“Chiral 1somer” means a compound with at least one chiral center. Compounds with
more than one chiral center may exist etther as an individual diastereomer or as a nuxture of
diastereomers, termed “diastereomeric mixture”. When one chiral center is present, a

sterecisomer may be characterized by the absolute configuration (R or 8} of that chiral center.
6
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Absolute configuration refers to the arrangement in space of the substituents atiached 1o the
chiral center. The substituenis attached to the chival center under consideration are ranked in
accordance with the Sequence Rule of Cahn, Ingold and Prelog. (Cahu er ol , Angew. Chem.
Inter. Edit. 1966, 3, 385; errata 511; Cahn et al | Angew. Chem. 1966, 78, 413; Cahn and
Ingold, J. Chem. Soc. 1951 (London), 612; Cahn ef o/, Fxperientia 1956, 12, 81; Cahn, J/.
Chem. Bduc. 1964, 41, 116).

“(eometric isomer” means the diastereomers that owe their existence to hindered
rotation about double bonds. These configurations are differentiated in thetr names by the
prefixes cis and trans, or 7 and E, which indicate that the groups are on the same or opposiie
side of the double bond in the molecule according to the Cahn-Ingold-Prelog rules.

Furthermore, the structures and other compounds discussed in this application include
all atropic tsomers thereof. “Atropic isomers™ are a type of stereotsomer in which the atoms
of two 1somers are arranged differently in space. Atropic isomers owe their existence to a
restricted rotation caused by hindrance of rotation of large groups about a central bond. Such
atropic isomers typically exist as a mixture, however as a result of recent advances in
chromatography techniques; it has been possible to separate mixtures of two atropic isorers
in select cases.

“Tautomer™ is one of two or more structural isomers that exist in equilibrium and is
readily converied from one isomeric form to another. This conversion results in the formal
migration of a hydrogen atom accompanied by a switch of adjacent conjugated double bonds.
Tautomers exist as a nuxture of a tautomeric set in solution. In solid form, usually one
tautomer predonunates. In solutions where tautomerization is possible, a chemucal
equilibrium of the tautorners will be reached. The exact ratio of the tastomers depends on
several factors, including temperature, solvent and pH. The concept of tautomers that are
interconvertable by tautomerizations is called tautomerism.

Of the various types of tautomerism that are possible, two are commonly observed. In
keto-enol tautomerism a stimultaneous shitt of electrons and a hvdrogen atom occurs. Ring-
chain tautomensm arises as a result of the aldehyde group (-CHQO) in a sugar cham molecule
reacting with one of the hydroxy groups (-GH) in the same molecule to give it a cyclic {ring-
shaped) form as exhibited by glucose. Common tautomeric patrs are: ketone-enol, amide-
mitrile, lactam-lactiro, amide-inudic acid tautomerism in heterocyclic rings {e.g., in
nucleobases such as guanine, thymine and cvtosine), aming-enamine and enamine-enamine,
The compounds of this application may also be represented in muitiple tautomeric forms, in

such instances, the application expressly includes all tastomeric forms of the compounds
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described herein {e.g, alkviation of a ring system may result in alkylation at multiple sites,
the apphication expressly includes all such reaction products}.

in the present application, the structural tformula of the bifunctional compound
represents a certain isomer for convenience in some cases, but the present application
includes all isomers, such as geometrical isomers, optical isomers based on an asymmeirical
carbon, sterecisomers, tautomers, and the like. In the present specification, the structural
formula of the compound represents a certain isomer for convenience in some cases, but the
present application includes all isomers, such as geometrical isomers, optical 1somers based
on an asymmetrical carbon, stereoisomers, tautomers, and the like,

Additionally, the compounds of the present application, for example, the salts of the
hifunctional compounds, can exist in etther hydrated or unhyvdrated (the anhvdrous) form or
as solvates with other solvent molecules. Non-imiting examples of hydrates inchude
monohydrates, dihyvdrates, efc. Noun-limiting examples of solvates include ethanol solvates,
acetone solvates, erc.

“Solvate” means solvent addition forms that contain either stoichiometric or non
stoichiometric amounts of solvent. Some compounds have a tendency 1o trap a fixed molar
ratio of solvent molecules in the crvstalline solid state, thus forming a solvate. It the solvent
is water the solvate formed is a hydrate; and if the solvent is alcohol, the solvate formed is an
alcoholate. Hydrates are formed by the combination of one or more molecules of water with
one molecule of the substance in which the waler retains its molecular state as HzO.

The synthesized bifunctional compounds can be separated from a reaction mixture
and further purified by a method such as columin chromatography, high pressure Hquid
chromatography, or recrystallization. As can be apprecialed by the skilled artisan, further
methods of synthesizing the bifunctional corapounds of the formulae herein will be evident to
those of ordinary skill in the art. Additionally, the various synthetic steps may be performed
in an alternate sequence or order to give the desired compounds. In addition, the solvents,
temperatures, reaction durations, efc. delineated herein are for purposes of ltustration only
and one of ordinary skill in the art will recognize that vanation of the reaction conditions can
produce the desired bridged macrocyclic products of the present application. Synthetic
chemistry transformations and protecting group methodologies (protection and deprotection)
useful in synthesizing the compounds described herein are known in the art and include, for
example, those such as described in R. Larock, Comprehensive Organic Transformations,
VCH Publishers (1989); T.W. Greene and P.G. M. Wuls, Protective Groups in Organic

Synthesis, 2d. Ed., John Wiley and Sons (1991}, L. Fieser and M. Fieser, Fieser and Fieser's
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Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. Paguette, ed.,
Encyclopedia of Reagents for Organic Synthesis, John Wiley and Souns (19935}, and
subsequent editions thereof.

The compounds of this application may be modified by appending various
functionalities via any synthetic means delineated herein to enhance selective biological
properties. Such modifications are known n the art and include those which increase
biclogical penetration into a given biological system {e.g., blood, lvmphatic system, central
nervous system), increase oral availability, increase solubility to allow administration by
imection, alter metabolism and alter rate of excretion.

The compounds of the application are defined herein by their chenucal structures
and/or chemical names. Where a compound is referred to by both a chemical structure and a
chemical name, and the chemical structure and chemical name conflict, the chemical
structure 1s determinative of the compound's identity.

The recitation of a listing of chemical groups in any definition of a variable herein
includes definitions of that variable as anv single group or combination of listed groups. The
recitation of an embodiment for a vanable herein includes that embodiment as any single
embodiment or in cornbination with any other embodiments or portions thereof.

Method of Svnthesizinge the Compounds

Compounds of the present application can be prepared in a variety of ways using
commmercially available starting matenials, compounds known in the literature, or from readily
prepared intermediates, by emploving standard synthetic methods and procedures either
known to those skilled in the art, or which will be apparent to the skilled artisan in light of the
teachings herein. Standard synthetic methods and procedures for the preparation of organic
molecules and functional group transformations and manipulations can be obtained from the
relevant scientific literature or from standard textbooks in the field. Although not limited 1o
any one or several sources, classic texts such as Smuith, M. B., March, J., March’s Advanced
Organic Chemisiry. Reactions, Mechanisms, and Structure, 5™ edition, John Wiley & Sons:
New York, 2001; and Greene, T'W_, Wuts, P.G. M, Protective Groups in Organic Synthesis,
3% edition, John Wiley & Sons: New York, 1999, incorporated by reference herein, are useful
and recognized reference textbooks of orgamic synthesis known o those in the art. The
following descriptions of synthetic methods are designed to illustrate, but not to limit, general
procedures for the preparation of compounds of the present application. The processes
generally provide the desired final compound at or near the end of the overall process,

although it may be desirable in certain mstances to further convert the compoundto a
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pharmacentically acceptable salt, ester or prodrug thereof. Suitable synthetic routes are
depicted in the schemes below,
Those skilled i the art will recogmize if a stereocenter exists in the compounds

disclosed herein. Accordingly, the present application includes both possible sterecisomers

(W4

{unless specified in the synthesis) and includes not only racemic compounds but the
mdividual enantiomers and/or diastereomers as well. When a compound 1s desired as a
single enantiomer or diastereomer, it may be obtained by stereospecific synthesis or by
resolution of the final product or any conventent intermediate. Resolution of the final
product, an intermediate, or a starting material may be affected by any suitable method
10 known in the art. See, for exarnple, "Stereochemistry of Organic Compounds” by E. L. Eliel,
S H. Wilen, and L. N. Mander (Wiley-interscience, 1994).

The compounds of the present application can be prepared in a number of ways well
known to those skilled in the art of organic synthesis. By way of example, compounds of the

present application can be synthesized using the methods described below, together with

[
W

synthetic methods known in the art of synthetic organic chemistry, or variations thereon as
appreciated by those skilled in the art. Preferred methods mclude but are not limited to those
methods described below.

Compounds of the present application can be synthesized by following the steps
outlined in General Scheme 1 which compnse different sequences of assembling
20 intermediates fa, 1b, 1¢, 14, e, If and 1z Stariing materials are either commercially
avatiable or made by known procedures in the reported literature or as illusirated.

General Scheme 1
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wherein Ris, Ris, Rys, Ris, W. pl, g, and v are as defined herain above,
The general way of preparing representative compounds of the present application

{i.e., Compound of Formula (I} shown above) using intermediates 1a, 1b, 1¢, 14, 1e, 1f and
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ig i1s outlined in General Scheme 1. Reaction of 1a with 1b i the presence of a acetic
acid/potassium acetate, optionally in a solvent, i.e., tetrahydrofuran (THF) provides
imtermediate 1¢. Nucleophilic addition of 1d to fluoride e in the presence of a base, i.e.,
N,N-diisopropylethylamine (DIPEA), and in a solvent, i.e., dimethylformamide {DMF),
provides mtermediate te. Deprotection of fe using a strong acid, i.e., trifluorcacetic acid
(TFA) or hvdrochloric acid (HCH), n a solvent, i e., dichloromethane (DCM) or dioxane,
provides carboxvlic acid if. Coupling of acid if and Target Ligand 1g under standard
coupling conditions using a coupling reagent, i e., 1-ethyl-3-(3-dimethylaminopropvi)
carboditmide (EDC) and hydroxvbenzotriazole, in a solvent, ie., BCM or DMF, provides
bifunctional compound of formula ().

Biological Assavs

Enzyme Degradation Assay

Wild-type or cereblon null cells are treated with a control or a bifunctional compound
of the application. After treatment, cells are washed and harvested by resuspending in buffer
and lvsed on ice 30 minutes. Lvsates are then cleared by centrifugation. Samples are boiled
and equal amount of protetn is loaded onto polvacrylamide gel. The gel is transferred (o
nitroceliulose and blotted for CDK6, CDK4 or Tubulin,
Western Blotting on CDK4/6

Cells are treated with a control or a bifunctional compound of the application at
various concentrations for a desired period of time.  Cells are then lysed in a suttable buffer.
Protein concentration may be measured with any appropriate assay known 1o the art.
Equivalent amounts of the samples are loadad on a polvacrylamide gel, transferred to
nitrocelhulose membranes, and immunoblotied with antibodies against CDK4 and CDEKGS and
a loading control, such as actin. Labeled secondary antibodies are added and washed. The
signals from the label are detected.

Methods of the Application

Another aspect of the application provides a method of modulating a kinase,
comprising contacting the kinase with a bifimctional compound disclosed herein, or a
pharmacentically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof,
or with a pharmaceutical composition disclosed herein. In some embodiments, the kinase is
CDK4. In other embodiments, the kinase is CDK6. In other embodiments, the kinase is
CDK4 and CDKG6.

In another aspect, the application provides a method of inhibiting a kinase, comprising

contacting the kinase with a bifunctional compound disclosed herein, or a pharmaceutically
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acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, or with a
pharmaceutical composition disclosed herein. Tn some embodiments, the kinase is CDK4. In
other embodiments, the kinase 15 CIDK6. In other embodiments, the kinase is CDK4 and
ChK6.

in another aspect, the application provides a method of inhibiting a kinase, the method
comprising admnistering to a subject in need thereof an effective amount of a bifunctional
compound disclosed herein, or a pharmacewtically acceptable salt, hvdrate, solvate, prodrug,
stereoisomer, or tautomer thereof. In some embodiments, the kinase 1s CDK4. In other
ermnbodiments, the kinase 1s CDK6. In other embodiments, the kinase 1s CDK4 and CDK6,

in still another aspect, the application provides a method of modulating cyclin-
dependent kinase 4 {CDK4), the method comprising administering to a subject in need
thereofl an effective amount of a bifunciional compound disclosed herein, ora
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof,

In still another aspect, the application provides a method of modulating cyclin-
dependent kinase 6 (CDKG6}, the method comprising administering 1o a subject in need
thereof an effective amount of a bifunctional compound disclosed herein, ora
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof.

In still another aspect, the application provides a method of modulating cyclin-
dependent kinase 4 {CDK4) and cyclin-dependent kinase 6 (CDKG6), the method comprising
adminisiering {0 a subject in need thereof an effective amount of a bifimetional compound
disclosed herein, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,
stereoisomer, or tautomer thereof,

In still another aspect, the application provides a method of modulating cyclin-
dependent kinase 4 (CDK4), the method comprising adnunistering to a subject in need
thereof an effective amount of a pharmaceutical composition comprising a bifimctional
compound disclosed herein, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,
sterecisomer, or tautorner thereof and a pharmaceutically acceptable carner.

In still another aspect, the application provides a method of modulating cyclin-
dependent kinase 6 (CDKG6), the method comprising administering to a subject in need
thereof an effective arount of a pharmaceutical composition comprnising a bifunctional
compound disclosed herein, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,
sterecisomer, or tautomer thereof and a pharmaceutically acceptable carrier.

in still another aspect, the application provides a method of modulating cyclin-

dependent kinase 4 {CDBK4) and ¢vclin-dependent kinase ¢ (CDKG), the method comprising
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admimistering 1o a subject in need thereof an effective amount of a pharmaceutical
composifion comprising a bifunctional compound disclosed herein, or a pharmaceutically
acceptable salt, hvdrate, solvate, prodrug, sterecisomer, or tautomer thereof and a
pharmaceutically acceptable carrier.

Another aspect of the application provides a method of treating or preventing a
disease, the method coroprising administering to a subject in need thereof an effective amount
of a bifunctional compound disclosed heremn, or a pharmaceutically acceptable salt, hydrate,
solvate, prodrug, stereoisomer, or tautomer thereof. In some embodiments, the disease is
mediated by a kinase. In other embodiments, the kinase 1s CDK4. In other embodiments, the
kinase is CDK6. In other embodiments, the kinase 1s CDK4 and CDK6.

Another aspect of the application provides a method of treating or preventing a
disease, the method comprising administering to a subject in need thereof an effective amount
of a pharmaceutical composition comprising a bifunctional compound disclosed herein, or a
pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stereoisomer, or tautomer thereof
and a pharmaceutically acceptable carrier. In some embodiments, the disease is mediated by
akinase. In other embodiments, the kinase i1s CDK4. In other embodiments, the kinase 13
CDK6. In other embodiments, the kinase is CDK4 and CDK6.

in some embodiments, the disease 1s mediated by CDK4 (e g, CDK4 plays a role in
the mitiation or development of the disease). In other embodiments, the disease is mediated
by CDK6 (e.g., CDK6 plays a role in the inttiation or development of the disease). In other
embodiments, the disease is mediated by CDK4 and CDK6 (e.g, CDK4 and CDKG play a
role in the initiation or development of the disease).

In certain embodiments, the disease or disorder is cancer or a proliferation disease.

In further embodiments, the disease or disorder 15 lumg cancer, colon cancer, breast
cancer, prostate cancer, liver cancer, pancreas cancer, brain cancer, kidney cancer, ovarian
cancer, stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer, pancreatic
cancer, glioma, ghoblastoma, hepatocelhuilar carcinoma, papillary renal carcinoma, head and
neck squamous cell carcinoma, leukenuas, lymphomas, myelomas, or solid tumors.

In other embodiments, the disease or disorder 1s inflammation, arthritis, rheumatoid
arthritis, spondviarthropathies, gouly arthritis, ostecarthritis, juvenile arthrilis, and other
arthritic conditions, systemic lupus erthematosus (SLE), skin-related conditions, psoriasis,
eczema, bums, dermatitis, newroinflammation, allergy, pain, neuropathic pain, fever,
pulmonary disorders, hing inflammation, adult respiratory distress syndrome, pulmonary
sarcoisosis, asthma, silicosts, chronic pulmonary inflammatory disease, and chronic
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obstructive pulmonary disease (COPDy), cardiovascular disease, arteriosclerosis, myocardial
mfarction (including post-myocardial infarction indications), thrombosis, congestive heart
fatlure, cardiac reperfusion injury, as well as complications associated with hypertension
and/or heart failure such as vascular organ damage, restenosis, cardiomyopathy, stroke
including 1schemic and hemorrhagic stroke, reperfusion mjury, renal reperfusion injury,
ischerma mcluding stroke and brain ischenua, and ischemma resulting from cardiac/coronary
bypass, newrodegenerative disorders, liver disease and nephritis, gastrointestinal conditions,
inflammatory bowel disease, Crohn's disease, gastritis, irritable bowel syndrome, ulcerative
colitis, ulcerative diseases, gasiric ulcers, viral and bacterial infections, sepsis, septic shock,
gram negative sepsis, malarna, meningitis, HIV mfection, opportunistic infections, cachexia
secondary to infection or malignancy, cachexia secondary 1o acquired immmune deficiency
svondrome (AIDS), AIDS, ARC (AIDS related complex}, pueumoma, herpes viras, myalgias
due to infection. influenza, autoimmune disease, graft vs. host reaction and allograft
rejections, treatment of bone resorption diseases, osteoporosis, multiple sclerosis, cancer,
teukemia, lymphoma, colorectal cancer, brain cancer, bone cancer, epithelial call-derived
neoplasia (epithelial carcinoma), basal cell carcinoma, adenocarcinoma, gastromtesiinal
cancer, lip cancer, mouth cancer, esophageal cancer, small bowel cancer, stomach cancer,
colon cancer, liver cancer, bladder cancer, pancreas cancer, ovarian cancer, cervical cancer,
fung cancer, breast cancer, skin cancer, squamous cell and/or basal cell cancers, prostate
cancer, renal cell carcinoma, and other known cancers that affect epithelial cells throughout
the body, chronic myelogenous leukemia (CML), acute myeloid leukerma (AML) and acute
promyelocytic leukemia (APL), angiogenesis including neoplasia, metastasis, cendral nervous
system disorders, central nervous system disorders having an imflammatory or apoplotic
component, Alzheimer's disease, Parkinson's disease, Huntington's disease, amyotrophic
lateral sclerosis, spinal cord injury, and peripheral neuropathy, or B-Cell Lymphoma.

In further embodiments, the disease or disorder is inflammation, arthritis, rheumatoid
arthritis, spondylarthropathies, gouty arthritis, osteoarthriiis, juvernle arthritis, and other
arthritic conditions, systemic lupus erthematosus (SLE), skin-related conditions, psoriasis,
eczema, dermatitis, pain, pulmonary disorders, lung inflammation, aduli respiratory distress
syndrome, pulmonary sarcoisosts, asthma, chronic pubmonary inflammatory disease, and
chronic obstructive pulmonary disease ({COPD), cardiovascular disease, arteriosclerosis,
myocardial infarction (including post-mvocardial infarction indications), congestive heart
failure, cardiac reperfusion injury, inflammatory bowel disease, Crohn's disease, gastriiis,

urritable bowel svndrome, leukenmia or lymphoma.
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Another aspect of the application provides a method of treating a kinase mediated
disorder, the method comprising adminstering to a subject in need thereof an effective
amount of a bifunctional compound disclosed herein, or a pharmaceutically acceptable salt,
hydrate, solvate, prodrug, stereoisomer, or tautomer thereof. In some embodiments, the
bifunctional compound is an inhibitor of CDK4. In other embodiments, the bifunctional
compound is an mbubitor of CDK6. In other embodiments, the bifunctional corapound is an
inhibitor of CDK4 and CDK6. In other embodimenis, the subject is administered an
additional therapeutic agent. In other embodiments, the bifunctional compound and the
additional therapeutic agent are admunistered simulianeously or sequentially.

in another aspect, the application provides a method of treating a kinase mediated
disorder, the method comprising administering o a subject in need thereof an effective
amount of a pharmaceutical composttion comprising a bifunctional compound disclosed
herein, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or
tautomer thereof and a pharmaceutically acceptable carrier. In some embodiments, the
bifunctional compound is an inhibitor of CDK4. In other embodiments, the bitunciional
compound is an whibitor of CDK6. In other embodiments, the bifunctional compound s an
nhibitor of CDK4 and CDK6. In other embodiments, the subject 1s administered an
additional therapeutic agent. In other embodiments, the pharmaceutical composition
comprising a bifunctional compound and the additional therapeutic agent are administered
simultaneously or sequentially.

In other embodiments, the disease or disorder is cancer. In further embodiments, the
cancer is lung cancer, colon cancer, breast cancer, prostate cancer, liver cancer, pancreas
cancer, brain cancer, kidney cancer, ovarian cancer, stomach cancer, skin cancer, bone
cancer, gastric cancer, breast cancer, pancreatic cancer, glioma, glioblastoma, hepatocellular
carcinoma, papillary renal carcinoma, head and neck squamous cell carcinoma, leukemias,
fymphomas, myelomas, or solid tumors.

Another aspect of the present application relates to a method of treating or preventing
a proliferative disease. The method coraprises adnunistering to a subject n need thereof an
effective amount of a bifunctional compound of the application, or a pharmaceutically
acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof,

Another aspect of the present application relates to a method of treating or preventing
a proliferative disease. The method comprises administering 10 a subject in need thereof an

effective amount of a pharmaceutical composition comprising a bifunctional compound
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disclosed herein, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug,
stereoisomer, or tautomer thereof and a pharmaceutically acceplable carnier.

in another aspect, the application provides a method of treating or preventing cancer,
wherein the cancer cell comprises activated CDK4, comprising administering o a subject in
need thereof an effective amount of a bifunctional compound disclosed herein, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof.

In another aspect, the application provides a method of {reating or preventing cancer,
wherein the cancer cell comprises activated CDK4, comprising administering to a subject in
need thereofl an effective amount of a pharmaceuatical composition comprising a bifunctional
compound disclosed herein, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,
sterecisomer, or tautomer thereof and a pharmaceutically acceptable carrier.

In certain embodiments, the CDK4 activaiion is selected from mutation of CDBK4,
amplification of CDK4, expression of CDK4, and higand mediated activation of CDK4.

In another aspect, the application provides a method of {reating or preventing cancer,
wherein the cancer cell comprises activated CDK6, comprising administering to a subject in
need thereof an effective amount of a bifunctional compound disclosed herein, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof.

In another aspect, the application provides a method of treating or preventing cancer,
wherein the cancer cell comprises activated CDKS6, comprising administering to a subject in
need thereof an effective amount of a pharmaceutical composition comprising a bifunctional
compound disclosed herein, or a pharmaceutically acceptable sall, hvdrate, solvate, prodrug,
stereoisomer, or tautomer thereof and a pharmaceutically acceptable carrier.

In certain embodiments, the CDK6 activation 1s selected from mutation of CIIK6,
amphification of CDK6, expression of CDKG6, and ligand mediated activation of CDK6.

In another aspect, the application provides a method of treating or preventing cancer,
wherein the cancer cell comprises activated UDK4 and CDK6, comprising administering (o a
subject in need thereof an effective amount of a bifunctional compound disclosed herein, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof.

In another aspect, the application provides a method of treating or preventing cancer,
wherein the cancer cell comprises activated CDK4 and CDKG, comprising administering to a
subject in need thereof an effective amount of a pharmaceutical composition comprising a
bifunctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,

solvate, prodrug, sterecisomer, or tautomer thereof and a pharmaceutically acceptable carrier.
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In certain embodiments, the CDK4 activation 18 selected from mutation of CDK4,
amphification of CDEA4, expression of CDE4, and ligand mediated activation of CDK4. In
certain embodiments, the CIDKG6 activation 15 selected from mutation of CDK6, amplification
of CDKS6, expression of CDK6, and ligand mediated activation of CDK6. In certain
embodiments, the CDK4 and CDK6 activation is selected from mutation of CDK4 and/or
CDEK6, amplification of CDK4 and/or CDKO, expression of CDK4 and/or CDKG6, and hgand
mediated activation of CDK4 and/or CDK6.

Another aspect of the application provides a method of treating or preventing cancer
in a subject, wherein the subject is identified as being i need of CDK4 inhibition for the
freatment of cancer, comprising adronistering to the subject an effective amount of a
hifunctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,
solvate, prodrug, sterecisomer, or tautomer thereof.

Another aspect of the application provides a method of treating or preventing cancer
in a subject, wherein the subject 1s identified as being in need of CDK4 inhibition for the
treatment of cancer, comprising administering to the subject an effective amount of a
pharmaceutical composttion comprising a bifunctional compound disclosed herein, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof
and a pharmaceutically acceptable carrier,

Another aspect of the application provides a method of treating or preventing cance
i a subject, wherein the subject 1s 1dentified as being in need of CDKG inhibttion for the
treatment of cancer, comprising adnunistering to the subject an effective amount of a
bifunctional compound disclosad herein, or a pharmaceutically acceptable salt, hvdrate,
solvate, prodrug, sterecisomer, or tautomer thereof.

Another aspect of the application provides a method of treating or preventing cancer
it a subject, wherein the subject is identified as being in need of CDK6 inhibition for the
treatment of cancer, comprising administering to the subject an effective amount of a
pharmaceutical composition comprising a bifunctional compound disclosed herein, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereocisomer, or tautomer thereof
and a pharmaceutically accepiable carrier.

Another aspect of the application provides a method of treating or preventing cancer
in a subject, wherein the subject 1s identified as being i need of CDK4 and CDK6 mnhibition
for the treatment of cancer, comprising administering to the subject an effective amount of a
bifunctional compound disciosed herein, or a pharmaceutically acceptable salt, hydrate,

solvate, prodrug, stereoisomer, or tautorser thereof.
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Another aspect of the application provides a method of treating or preventing cancer
in a subject, wherein the subject is identified as being in need of CDK4 and CDK6 inhibition
for the treatment of cancer, coraprising adronistering fo the subject an effective amount of a
pharmaceutical composition comprising a bifunctional compound disclosed herein, or a
pharmaceuiically acceptable sali, hvdrate, solvate, prodrug, sterecisomer, or tautomer thereof
and a pharmaceutically acceptable carrier.

In certain embodiments, the application provides a method of treating any of the
disorders described herein, wherein the subject is a human. In certain embodiments, the
application provides a method of preventing any of the disorders described herein, wherein
the subject 1s a human.

In another aspect, the application provides a bifunctional compound disclosed herein,
or a pharmaceutically accepiable salt, hvdrate, solvate, prodrug, siereoisomer, or tautomer
thereof, for use in the manufacture of a medicarent for treating or preventing a disease in
which CDK4 plays a role.

in another aspect, the application provides a pharmacetical composition comprising
a bifumctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,
solvate, prodrug, stereoisomer, or tautomer thereof and a pharmaceutically acceptable carrier,
for use in the manufacture of a medicament for treating or preventing a disease in which
CDR4 plays a role.

In another aspect, the application provides a bifunctional compound disclosed herein,
or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stereoisomer, or tautomer
thereof, for use in the manufacture of a medicament for treating or preventing a disease in
which CDKG6 plays arole.

in another aspect, the application provides a pharmaceutical coraposition comprising
a bifunctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,
solvate, prodrug, sterecisomer, or tautomer thereof and a pharmaceutically acceptable carrier,
for use in the manufacture of a medicament {or treating or preventing a disease in which
CDK6 plays arole.

In another aspect, the application provides a bifunctional compound disclosed herein,
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, steresisomer, or tavtomer
thereof, for use in the manufacture of a medicament for treating or preventing a disease in
which CDK4 and CDKS6 play a role.

In another aspect, the application provides a pharmaceutical composition comprising

a bifunctional compound disclosed herein, or a pharmacestically acceptable salt, hyvdrate,
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solvate, prodrug, stereoisomer, or tautomer thereof and a pharmaceutically acceptable carrier,
for use m the manufacture of a medicament for treating or preventing a disease m which
CDK4 and CDKG play a role.

in stilf another aspect, the application provides a bifunctional compound disclosed

(W4

herein, or a pharmaceutically acceptable sali, hvdraie, solvate, prodrug, sterecisomer, or
tautomer thereof, for use in treating or preventing a disease in which CDK4 plays a role.

In still another aspect, the application provides a pharmaceutical composition
comprising a bifunctional compound disciosed herein, or a pharmaceutically acceptable salt,
hydrate, solvate, prodrug, sterecisomer, or tautomer thereof and a pharmaceutically
10 acceptable carrier, for use in treating or preventing a disease in which CDK4 plays a role.

in stilf another aspect, the application provides a bifunctional compound disclosed
herein, or a pharmaceutically acceptable sali, hydrate, solvate, prodrug, sterectsomer, or
tautomer thereof, for use in treating or preventing a disease in which CDKG6 plays a role.

In still another aspect, the application provides a pharmaceutical composition

15 comprising a bifunctional compound disclosed herein, or a pharmaceutically acceptable salt,
hydrate, solvate, prodrug, sterecisomer, or tautomer thereof and a pharmaceutically
acceptable carrier, for use in treating or preventing a disease i which CDK6 plays arole.

in stilf another aspect, the application provides a bifunctional compound disclosed
herein, or a pharmaceutically acceptable sali, hvdraie, solvate, prodrug, stereoisomer, or

20 tautomer thereof, for use in trealing or preventing a disease m which CDK4 and CDK6 play a
role.

In still another aspect, the application provides a pharmaceutical composition
comprising a bifunctional compound disclosed herein, or a pharmaceutically acceptable salt,
hydrate, solvate, prodrug, stereocisomer, or tautomer thereof and a pharmaceutically

25  acceptable carrier, for use in treating or preventing disease in which CDK4 and CDK6 play a
role.

As inhubitors of CDK4 and/or CDKG kinase, the bifunctional compounds and
compositions of this application are particularly useful for treating or lessening the severity of
a disease, condition, or disorder where a protein kinase is implicated in the disease, condition,

30 ordisorder. In one aspect, the present application provides a method for treating or lessening
the severity of a disease, condition, or disorder where a protein kinase 1s tmplicated in the
disease state. In another aspect, the present application provides a method for treating or
fessening the severity of a kinase disease, condition, or disorder where inhibition of
enzymatic activity is implicated i the treatment of the disease. In another aspect, this
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application provides a method for treating or lessening the severity of a disease, condition, or
disorder with bifunctional compounds that inhibit enzymatic activity by binding to the protein
kinase. Anocther aspect provides a method {or treating or lessening the severity of a kinase
disease, condition, or disorder by inhibiting enzymatic activity of the kinase with a protein
kinase inhibitor.

In some embodiments, said method is used to treat or prevent a condition selected
from auwtoimmune diseases, inflammatory diseases, proliferative and hyperproliferative
diseases, immunologically-mediated diseases, bone diseases, metabolic diseases, neurological
and newrodegenerative diseases, cardiovascular diseases, hormone related diseases, allergies,
asthma, and Alzheimer's disease. In other embodiments, said condition 1s selected from a
proliferative disorder and a neurodegenerative disorder.

One aspect of this application provides bifumctional compounds that are usefuld for the
treatment of diseases, disorders, and conditions characterized by excessive or abnormal cell
proliferation. Such diseases include, but are not limited to, a proliferative or
hyperproliferative disease, and a newrodegenerative disgase. Examples of proliferative and
hyperproliferative diseases include, without limitation, cancer. The term "cancer” includes,
but 15 not limited to, the following cancers: breast; ovary; cervix; prostate; testis,
genitourinary tract; esophagus; larynx, glioblastoma; neuroblastoma; stomach; skin,
keratoacanthoma; lung, epidermoid carcinoma, large cell carcinoma, small cell carcinoma,
lung adenocarcinoma; bone; colon; colorectal; adenoma; pancreas, adenocarcinoma; thyroid,
tollicular carcinoma, undifferentiated carcinoma, papillary carcinoma; senunoma; melanoma;
sarcoma; bladder carcinoma; liver carcinoma and biliary passages; kidney carcinoma;
myeloid disorders; lymphoid disorders, Hodgkin's, hairy cells; buccal cavity and pharynx
(oral}, lip, tongue, mouth, pharvox; small intestine; colonrectum, large intestine, rectum,
brain and central nervous system; chronic myeloid leukenua (CML), and leukemia. The term
"cancer" includes, but is not limited to, the following cancers: myeloma, lvmphoma, or a
cancer selected from gastric, renal, or and the following cancers: head and neck,
oropharangeal, non-small cell lung cancer (NSCLC), endometnial, hepatocarcinoma, Non-
Hodgkins lymphoma, and pulmonary.

The term "cancer” refers to any cancer caused by the proliferation of malignant
neoplastic cells, such as tumors, neoplasms, carcinomas, sarcomas, leukemias, lvmphomas
and the like. For example, cancers include, but are not limited to, mesothelioma, leukemias
and lymphomas such as cutaneous T-cell lymphomas (CTCL), noncutaneous peripheral T-

cell lymphomas, Ivmphomas associated with human T-cell lymiphotrophic virus (HTLV) such
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as aduit T-cell leukemia/tymphoma (ATLL}, B-cell lymphoma, acute nonlymphocytic
leukernias, chronic lvmphocytic leukemia, chronic myelogenous leukemia, acute
myelogenous leukemia, lymphomas, and multiple mveloma, non~-Hodgkin lymphoma, acute
lvmphatic leukemia {ALL}, chronic lymphatic leukemia (CLL}, Hodgkin's lymphoma,
Burkitt lymphoma, adult T-cell leukemia lymphoma, acute-myeloid leukemia (AML},
chronic myeloid leukenua (CML), or hepatocellular carcimoma. Further examples include
myelodisplastic syndrome, childhood solid tumors such as brain tumors, neurcblastoma,
retinoblastoma, Wilms' tumor, bone tumors, and sofi-tissue sarcomas, common solid tumors
of adults such as head and neck cancers {e.g., oral, larvngeal, nasopharyngeal and
esophageal), genttourinary cancers (e g, prostate, bladder, renal, uterime, ovarian, testicular),
{ung cancer {e.g , small-cell and non-small cell), breast cancer, pancreatic cancer, melanoma
and other skin cancers, siomach cancer, brain tumors, tumors related to Gorlin's syndrome
{(e.g., medulloblastoma, meningioma, efc ), and liver cancer. Additional exemplary forms of
cancer which mayv be treated by the subject bifunctional compounds include, but are not
limited to, cancer of skeletal or smooth muscle, stomach cancer, cancer of the small intestine,
rectum carcinoma, cancer of the salivary gland, endometrial cancer, adrenal cancer, anal
cancer, rectal cancer, parathvroid cancer, and pituitary cancer.

Additional cancers that the bifunctional compounds described herein may be useful in
preventing, treating and studving are, for example, colon carcinoma, familiary adenomatous
polyposis carcinoma and hereditary non-polyposis colorectal cancer, or melanoma. Further,
cancers include, but are not lirnited to, labial carcinoma, larynx carcinora, hypopharynx
carcinoma, tongue carcinoma, salivary gland carcinoma, gasiric carcinoma, adenocarcinoma,
thyroid cancer {medullary and papillary thyroid carcinoma), renal carcinoma, kidney
parenchyma carcinoma, Cervix carcinoma, uierine corpus carcinoma, endometrium
carcinoma, chorion carcinoma, testis carcinoma, urinary carcinoma, melanoma, brain tumors
such as glioblastoma, asirocytoma, meningioma, medulloblasioma and peripheral
neuroectodermal tumors, gall bladder carcinoma, bronchial carcinoma, multiple myeloma,
basalioma, teratoma, retinoblastoma, choroidea melanoma, seminoma, rhabdomyosarcoma,
craniopharyngeoma, osteosarcoma, chondrosarcoma, myosarcoma, liposarcoma,
fibrosarcoma, Ewing sarcoma, and plasmocytoma. In one aspect of the application, the
present application provides for the use of one or more bifunctional compounds of the
application in the manufacture of a medicament for the freatment of cancer, including without

limitation the various types of cancer disciosed herein.
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in some embodiments, the bifimctional compounds of this application are useful for
treating cancer, such as colorectal, thyroid, breast, and lung cancer; and myeloproliferative
disorders, such as polvevthemia vera, thrombocyvthemia, myeloid metaplasia with
myelofibrosis, chronic myelogenous leukemia, chronic myelomonoeytic leukemia,
hypereosinophilic syndrome, juvenile myelomonocytic feukemia, and systemic mast cell
disease. In some erobodirents, the bifunctional compounds of this application are usetul for
treating hematopoietic disorders, in particular, acute-myelogenous lenkemia (AML), chronic-
myvelogenous leukemia (CML}, acute-promyelocytic leukemia, and acute lymphocytic
leukerma (ALL).

This application further embraces the treatment or prevention of cell proliferative
disorders such as hyperplasias, dysplasias and pre-cancerous lesions. Dysplasia is the earliest
form of pre-cancerous lesion recogrizable in g biopsy by a pathologist. The subject
bifunctional compounds may be admunistered for the purpose of preventing said hyperplasias,
dysplasias or pre-cancerous lesions from continuing to expand or from becoming cancerous.
Examples of pre-cancerous lesions may occur in skin, esophageal tissue, breast and cervical
intra-epithehal tissue.

Exaroples of neurodegenerative diseases mnclude, without hnutation,
Adrenoleukodystrophy {ALD), Alexander's disease, Alper's disease, Alzheimer's disease,
Amyotrophic lateral sclerosis {Lou Gehrig's Disease), Ataxia telangiectasia, Batten disease
{also known as Spielmever-Vogt-Sjogren-Batten disease), Bovine spongiform
encephalopathy (BSE), Canavan disease, Cockayne syndrome, Corticobasal degeneration,
Creutzfeldt-Jakob disease, Familial fatal insomnia, Frontotemporal lobar degeneration,
Huntingion's disease, HIV-associated dementia, Kennedy's disease, Krabbe's disease, Lewy
hady dernentia, Neuroborreliosis, Machado-Joseph disease {Spinocerebellar ataxia tvpe 3},
Mulktiple System Atrophy, Multiple sclerosis, Narcolepsy, Niemann Pick disease, Parkinson's
disease, Pelizacus-Merzbacher Disease, Pick's disease, Primary lateral sclerosis, Prion
diseases, Progressive Supranuclear Palsy, Refsum's disease, Sandhoff disease, Schilder's
disease, Subacute combined degeneration of spinal cord secondary to Permnicious Anaemia,
Spielmeyer-Vogt-Sjogren-Batten disease (also known as Batten disease), Spinocerebellar
ataxia (multiple types with varying characterisiics), Spinal muscular atrophy, Steele-
Richardson-Olszewskt disease, Tabes dorsalis, and Toxic encephalopathy.

Another aspect of this application provides a method for the treatment or lessening the
severity of a disease selected from a proliferative or hyperproliterative disease, or a
neurodegenerative disease, comprising administering an effective amount of a bifunctional
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compound, or a pharmaceutically acceptable composition comprising a bifunctional
compound, to a subject in need thereof.

As inhibitors of CDK4 kinase and/or CDKG6 kinase, the corapounds and compositions
of this application are also useful in biclogical samples. One aspect of the application relates
to inhibiting protein kinase activity in a biological sample, which method comprises
contacting said biological sample with a bifunctional compound of the application or a
composition comprising said bifunctional compound. The term "biological sample”, as used
herein, means an in vifro or an ex vivo sample, including, without limitation, cell cultures or
extracls thereof’ biopsied material obtained from a mammal or exiracts thereof; and blood,
saliva, urine, feces, semen, tears, or other body fluids or extracts thereof Inhibition of protein
kinase activity in a biological sample is useful for a variety of purposes that are known to one
of skill in the art. Examples of such purposes include, but are not Himited to, blood
transfusion, organ- transplantation, and biological specimen storage.

Another aspect of this application relates to the study of CDK4 kinase and/or CDK6
kinase in biological and pathological phenomena; the study of intracellular signal
transduction pathways mediated by such protein kinases; and the comparative evaluation of
new protein kinase mhibitors. Examples of such uses include, but are not hnuted to,
hiological assays such as enzyme assays and cell-based assays.

The activity of the compounds and compositions of the present application as CDK4
and/or CDK6 inhibitors may be assayed in vitro, in vivo, or in a cell line. /n vitro assays
include assays that determine inhibition of either the kinase activity or ATPase activity of the
activated kinase. Alternate iz vifro assays quantitate the ability of the inhibitor to bind to the
protein Kinase and may be measured either by radio labelling the inhibitor prior 1o binding,
isolating the inhubitor/kinase complex and determuning the amount of radio label bound, or by
running a competition experiment where new inhibitors are incubated with the kinase bound
to known radioligands. Betailed conditions for assaying a compound utilized in this
application as an inhibitor of various kinases are set forth in the Examples below.

In accordance with the foregoing, the present application further provides a roethod
for preventing or ireating any of the diseases or disorders described above in 3 subject in need
of such treatment, which method comprises administering to said subject a therapeutically
effective amount of a bifunctional compound of the application, or a pharmaceutically
acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereof. For any of the
above uses, the required dosage will vary depending on the mode of administration, the

particular condition {0 be treated and the effect desired.
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Pharmaceutical Compositions

In another aspect, the application provides a pharmaceutical composition comprising
a therapeutically effective amount of a bifunctional compound of the present application or
an enantiomer, diastereomer, stereoisomer, or pharmaceuticallv acceptable salt thereof, and a
pharmaceutically acceptable carrier.

Bifumctional compounds of the application can be admimistered as pharmaceutical
compositions by anv conventional route, in particular enterally, e g, orally, e.g., in the form
of iablets or capsules, or parenterally, e.g., in the form of injectable solutions or suspensions,
or topically, e 2., in the form of lotions, gels, omntruents or creams, or i anasal or suppository
form. Pharmaceutical compositions comprising a compound of the present application in free
form or in a pharmaceutically acceptable salt form in association with at least one
pharmaceutically acceptable carrier or diluent can be manufactured i a conventional manner
by mixing, granulating or coating methods. For example, oral compositions can be tablets or
gelatin capsules comprising the active ingredient together with a) diluents, e g., lactose,
dexirose, sucrose, mannitol, sorbitol, cellulose and/or glveine; by lubricants, e.g | silica,
talcum, stearic acid, its magnesium or calcium salt and/or polyethyvleneglycol; for tablets also
¢} binders, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth,
methyiceliulose, sodiwm carboxymethvicellulose and or polyvinylpyrrolidone; if desired d}
disintegrants, e.g., starches, agar, alginic acid or its sodium salf, or effervescent mixtures;
and/or e} absorbents, colorants, flavors and sweeteners. Tnjeciable composttions can be
agqueous isotonic solutions or suspensions, and suppositories can be prepared from fatty
emulsions or suspensions. The compositions may be sterilized and/or contain adjuvants, such
as preserving, stabilizing, wetting or emulsifving agents, solution promoters, salts for
regulating the osmotic pressure and/or buffers. In addition, they may also contain other
therapeutically valuable substances. Suitable formulations for transdermal applications
include an effective amount of a compound of the present application with a carrier. A
carrier can include absorbable pharmacologically acceptable solvents to assist passage
through the skin of the host. For example, transdermal devices are in the form of a bandage
comprising a backing member, a reservoir containing the compound optionally with carriers,
optionally a rate conirolling barrier to deliver the compound to the skin of the host at a
controlled and predetermined rate over a prolonged penod of time, and means to secure the
device to the skin. Matrnix transdermal formulations may also be used. Suitable formulations

for topical application, e.g., to the skin and eves, are preferably aquecus solutions, ointments,
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creams or gels weli-known in the art. Such mav contain solubilizers, stabilizers, tonicity
enhancing agents, buffers and preservatives.

The pharmaceutical compositions of the present application comprise a
therapeutically effective amount of a compound of the present application formulated
together with one or more pharmaceutically acceptable carriers. As used herein, the term
"pharmaceutically acceptable carrier” means a non-toxic, inert solid, semi-solid or hiquid
filler, diluent, encapsulating material or formulation auxiliary of any tvpe. Some examples of
materials which can serve as pharmaceutically acceptable carriers include, but are not limited
1o, 1on exchangers, alunnna, alominum stearate, lecithin, serum proteins, such as human
serurn albunun, buffer substances such as phosphates, glycine, sorbic acid, or potassium
sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or
electrolyies, such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zine salts, collotdal silica, magnesiurn trisilicate, polyvinyl
pyrrolidone, polvacrviates, waxes, polyethylenepolyoxy propylene-block polymers, wool fat,
sugars such as lactose, glucose and sucrose; starches such as comn starch and potato starch;
celiulose and its derivatives such as sodiom carboxymethyi cellulose, ethyl celludose and
cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and
suppository waxes, otls such as peanut otl, cottonseed oil; satfiower oil; sesame oil; olive oil;
com oil and soyvbean oil; glvcols such a propvlene glycol or polvethylene glveol; esters such
as ethyl oleate and ethyl laurate, agar; buffering agents such as magnesium hydroxide and
aluminur hydroxide; alginic acid; pyrogen-free water, isotonic saline; Ringer's solution;
ethyt alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
lubricanis such as sodiom lauryl sulfate and magnesium siearate, as well as coloring agents,
releasing agents, coating agents, sweetening, flavoring and perfunung agents, preservatives
and antioxidanis can also be present in the composition, according to the judgment of the
formulator.

The pharmaceutical cornpositions of this application can be admunistered to humans
and other animals orally, rectally, parenterally, intracisternally, intravaginally,
mtraperitoneally, topically (as by powders, ointments, or drops), buccally, or as an oral or
nasal spray.

Ligumd dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
active compounds, the liquid dosage forms may contain inert diluenis commonly used in the

art such as, for exaraple, water or other solvents, solubilizing agents and emulsifiers such as
34
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ethyi alcohol, isopropyl alcohol, ethvl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glveol, 1.3-butyvlene glycol, dimethyviformamide, oils (in particular,
cotionseed, groundnut, com, germ, olive, castor, and sesame oils), glveerol,
tetrahvdrofurfiny! alcohol, polyethyiene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvanis
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfunming agents.

injectable preparations, for example, sterile injectable aqueous, or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution, suspension or enmulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1.3-butanediol. Among the acceplable vehicles and
solvents that may be employed are water, Ringer's solution, U.S.P. and 1sotonic sodium
chioride solution. In addition, sterile, fixad oils are conventionally emploved as a solvent or
suspending medium. For this purpose any bland fixed oil can be emploved including
synthetic mono-~ or diglycenides. In addition, {atty acids such as oleic acid are used in the
preparation of mjectables.

in order to prolong the effect of a drug, 1t is often desirable to slow the absorption of
the drug from subcutaneous or intramuscular injection. This may be accomplished by the use
of a hquid suspension of crystalline or amorphous material with poor water solubility. The
rate of absorption of the drug then depends upon its rate of dissolution which, in tum, may
depend upon crystal size and crystalline form. Alternatively, delayed absorption of a
parenterally adminisiered drug form s accomplished by dissolving or suspending the drug in
an o1l vehicle,

Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing the compounds of this application with suitable non-irritating
excipients or carriers such as cocoa butter, polyethyvlene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore melt in the
rectum or vaginal cavity and release the active compound.

Solid compositions of a similar type may also be employed as fillers in soft and hard
filled gelatin capsules using such excipients as lactose or mulk sugar as well as hugh
molecular weight polvethylene glyeols and the like.

The active compounds can also be in micro-encapsulated form with one or more

excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
3
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granules can be prepared with coafings and shells such as enteric coatings, release controlling
coatings and other coatings well known n the pharmaceutical formulating art. To such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diluenis, e g, tableting tubricants and other tableting
aids such a magnesium stearate and microcrysialline celiulose. In the case of capsules, tablets
and pills, the dosage forms may also comprise buffering agents.

Dosage forms for topical or transdermal administration of a compound of this
application include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active coraponent is adrixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulation, ear drops, eve ointments, powders and solutions are also
contemplated as being within the scope of this application.

The ointments, pastes, creams and gels may contain, in addition 1o an active
compound of this application, excipients such as animal and vegetable fats, oils, waxes,
paraffing, starch, tragacanth, cellulose derivatives, polyethylene glveols, silicones, bentoniies,
silicic acid, tale and zinc oxide. or mixtures thereof,

Powders and sprays can contain, in addition to the compounds of this application,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mistures of these substances. Sprays can additionally contain
customary propellants such as chlorofluorohydrocarbons.

Transdermal patches have the added advantage of providing controlled delivery of a
compound o the body. Such dosage forms can be made by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used 1o increase the flux
of the compound across the skin. The rate can be controlled by etther providing a rate
controlling membrane or by dispersing the compound in a polymer matrix or gel.

Compounds and cormnpositions of the application can be administered in
therapeutically effective amounts in a combinational therapy with one or more therapeutic
agents (pharmaceutical combinations) or modalities, e.g., an anti-proliferative, anti-cancer,
immunomodulatory or anti-inflammatory agent. Where the compounds of the application are
administered in conjunction with other therapies, dosages of the co-admanistered corapounds
will of course vary depending on the tvpe of co-drug employed, on the specific drug
empioyed, on the condition being treated and so forth. Compounds and compositions of the

application can be administered in therapeutically effective amounis in a combinational
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therapy with one or more therapeutic agents (pharmaceutical combinations} or modalities,
e.g., anti-prohiferative, anti-cancer, immunomodulatory or anti-inflammatory agent, and/or
non-drug therapies, efc. For example, synergistic effects can occur with anti-proliferative,
anti-cancer, immunomodulatory or anti-inflammatory substances. Where the compounds of
the application are administered in conjunction with other therapies, dosages of the co-
admanistered compounds will of course vary depending on the type of co~-drug employed, on
the specific drug emploved, on the condition being treated and so forth.

Combination therapy includes the administration of the subject compounds in further
combination with one or more other biclogically active ingredients (such as, but not himited
10, a second CDK4 mbubitor, a second CDKS mhibitor, a second CIDK4/6 mhibitor, a second
and different antineoplastic agent, a second cychin-dependent kinase inhibitor (l.e., CDE1,
CDR2 CBK7, CDRS, CDRS, CRKI, CDKIZ, CDKI3, CDE 4, ¢rc) and non-drug
therapies {such as, but not limited to, surgery or radiation treatment). For instance, the
compounds of the application can be used in combination with other pharmaceutically active
compounds, preferably compounds that are able to enhance the effect of the compounds of
the application. The compounds of the application can be administered simultaneously (as a
single preparation or separate preparation) or sequentially to the other drug therapy or
treatment modality. In general, a combination therapy envisions administration of two or
more drugs during a single cycle or course of therapy.

In another aspect of the application, the compounds may be administered in
combination with one or more separate pharmaceutical agents, e.g., a chemotherapeutic

agent, an immunotherapeutic agent, or an adjunctive therapeutic agent.
EXAMPLES

Analvtical Methods, Materials, and Instrumentation

All reactions were monitored Waters Acquity UPLC/MS system (Waters PDA en
Detector, ODa Detector, Sample manager — FL, Binary Solvent Manager) using Acquity
UPLC® BEH C18 column (2.1 x 30 mum, 1.7 yum particle size): solvent gradient = 90% A at
(O mn, 1% A at 1.8 min; solvent A = 0.1% formic acid in Water; solvent B = 0.1% formic
acid in Acetonitrile; flow rate : 0.6 mL/nun. Reaction products were purtfied by flash column
chromatography using CombiFlash®Rf with Teledyne Isco RediSep®R{ High Performance
Gold or Silicycle SiliaSep™ High Performance columms (4 g, 12 g, 24 g, 40 g, or 80 g,

Waters HPLC system using SunFire™ Prep C18 colunwm {19 x 100 nun, 5 um particle size}:

solvent gradient = 80% A at O min, 5% A at 25 min; solvent A =(.035% TFA in Water;
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solvent B = 0.035% TFA in Me(QH; flow rate : 25 mU/min (Method A), and Waters Acquity

UPLO/MS sysiem (Waters PDA ei Detector, QDa Detecior, Sample manager — FL, Binary

Solvent Manager) using Acquity UPLC® BEH C18 column (2.1 x 50 mun, 1.7 um particle

size): solvent gradient = 80% A at 0 min, 5% A at 2 mun; solvent A = 0.1% formic acid in

Water; solveni B = 0.1% formic acid in Acetoniirile; flow rate : 0.6 mL/min (method B). The

purity of all compounds was over 95% and was analyzed with Waters LC/MS system. 'H

NMR was obtained using a 500 MHz Bruker Avance IH. Chemical shifts are reported relative

to dimethy! sulfoxide (4 = 2.50) for 'H NMR. Data are reported as {(br = broad, s = singlet, d

= doublet, ¢ = triplet, ¢ = quartet, m = multiplet).

Abbreviations used in the following examples and elsewhere herein are:

atm

br
DUM
DIEA
DMA
DMF
DMSO
EDCH
ESI
EtQAC
HCl

h
HATU

HPLC
LOMS

m

MeQOH
MHz
min

MS
NMR
Pdu(dba);

atmosphere

broad

dichloromethane

N, N-diisopropylethyiamine

N, N-dimethylacetamide

N.N-dimethylformamide

dimethyl sulfoxide

I-ethyl-3-(3-dimethylaminopropyl) carbodiimide

electrospray 1omzation

ethyl acetate

hydrochloric acid

hour{s})

bis(dimnethylamimoyoethylenel-14-1.2 3~tnazolo{4,5-blpyridiniurn 3-
oxide hexaftuoro-phosphate

high-performance liquud chromatography

liquid chromatographyv—mass spectrometry

multiplet

methanol

megahertz

minutes

mass spectrometry

nuclear magnetic resonance

iris{dibenzy hdeneacetone}dipalladiom{()
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ppm parts per mullion
rt room temperature
TBAF tetra-n-butvlammonium fluoride
TEA trigthyiamine
s TFA triftuoroacetic acid
THF tetrahy drofuran
TLC thin layer chromatography
Xphos 2-dicyclohexyiphosphino-2',4° 6'-tritsopropylibiphenyl

10 Example 1: Synthesis of N-{4-{4-(6-{6-acetyi-8-cycliopentyl-5-methyi-7-0x0-7,8-
dihydropyrido[2,3-dipyrimidin-2-ylamino)pyridin-3-yhpiperazin-1-yi)butyl}-2-(2-
(2. 6-dioxopiperidin-3-yi}-1,3-dioxciscindolin-4-yiaming)acetamide (I-1)
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15 Step 1. tert-butyl (4-(4-(6-((6-aceiyl-8-cyclopenty-S-methyl-7-0x0-7.8-
dihydropyride|2,3-d} pyrimidin-2-yl)amino)pyridin-3-yDpiperazin-i-
yhbutylhcarbamate (2-3)

To a solation of 6-acetyl-8-cvclopentyl-3-methy1-2-((5-{piperazin-1 -y Dpyridin-2-
vDamino)pyrido[2,3-d|pyrimidin-7(84)-one (Palbocichib, 2-1) (20 mg, 0.045 mmol) in

20 acetone (0.5 mL) was added reri-butvl 4-bromobutyicarbamate (2-2, 17.2 mg, ¢.068 mmol},
followed by K2CO0s (12.3 me, 0.09 mmol) and KI (11 3mg, 0.068 mamol}. The resulting
mixture was then heated to reflux and stirred ovemight. The reaction muxture was diluted
with FtOAc and HoO, extracted, and washed with brine. The organic layer was dried over
enhydrous NaxS04, filtered, and concentrated under reduced pressure. The crude product was

25 purfied by columm chromatography on stlica gel (0-10% MeOH m DCM) to give Boc

protected amine 2-3 as a vellow solid {22.3 mg, 80%). LCMS: m/z 620.3 [M+11].
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Step 2. G-acetyl-2-((5-(4-(4d-aminobutylpiperazin-1-ylpyridin-2-yl)amine)-§-
cyclopeniyl-S-methyipyride]2,3-d|pyrimidin-7(8H}-one Triflueroacetic acid (2-4)

To a solution of tert-buty! (4-(4-(6-({6-acetyi-8~-cyclopentyl-3-methyl-7-ox0-7,8-
dibydropyridof2.3-d} pyvrimidin-2-vljamino)pyridin-3-ylpiperazin-1-yljbutyljcarbamate (2-3,
22 mg, 0.035 mmol} in DCM {0.5 mL} was added TFA (0.5 mL) and the resulting mixiure
was stitred at 1 for 2 h. Once the reaction was complete by LCMS, the reaction muxture was
concentrated to provide the crude product 2-4 which was carried on to the next step without
further purification.

Step 3. N~{4-(4-(6-(6-acetyl-8-cyclopentyl-S-methyl-7-ox0-7,8-dihydropyride|2,3-
dipyrimidin-2-ylamino}pyridin-3-yDpiperazin-1-vhbutyl)-2-(2-(2,6-dioxopiperidin-
3-yD)-1,3-dioxoiscindolin-d-ylaminolacetamide (§-1)

To a solation of 6-acety]-2-((5-(4-(4-aminobuty Dpiperazin-1-vDpvyridin-2-y1amino)-
g-cyclopentyl-S-methylpyrido[2.3-d|pyrinudin-7(8H)-one (2-4} in DMF (0.5 mi.) was added
2-(2-(2,6-dioxopiperidin-3-yi)-1.3-dioxoisoindolin-4-ylaminojacetic acid (11.6 mg, 0.035
mmol} foliowed by EDCT {8.7 mg, 0.046 mmol}, HOBT (6.6 mg, 0.049 mmol), and TEA (19
mg, 26 ul, 0.19 mmol) and the resulting mixture was stirred at rf overnight. The mixiure was
filtered and purified by reverse phase HPLC (0-100% MeOH in H20) to give compound I-1
as a vellow solid (8.7 mg, 30% over two steps). 'H NMR (500 MHz, DMSO-ds) 8 11.10 (s,
TH), 10.28 (s, 1H), 9.66 (s, 1H), 8.97 (s, 1H), 8.19(t, J= 5.8 Hz, 1H). 8.12(d,/ =3.1 Hz,
1H), 7.91 (d, J= 9.1 Hz, 1H), 7.68-7.55 (m, 2H), 7.09 {dd, J = 7.1, 4.2 Hz, 1H)}, 7.02-6.91
(m, 1H). 6.88(d, J=8.6 Hz, 1H), 5.83 (p,/ = 8.9 Hz, 1H), 5.08 (dd, J=12.7, 5.4 Hz, 1H),
4.00-3.91 (m, 1H), 3.86 (d, J = 12.7 Hz, 2H). 3.56 {d, J = 12.4 Hz. 2H). 3.22-3.10 (m, 6H),
3.03 (d..J = 8.6 Hz, 2H), 2.95-2.83 (m, 1H), 2.43 (5. 3H), 2.32 (s, 3H), 2.25 (dq, J = 15.7. §.1
Hz, 7H), 2.09-1.98 (m, 1H), 1.91 (q,J=7.4 Hz, 2H), 1L83-1.72 (m, 2H), 1.72-1.62 (m, 1H),
1.59 (br, 2H), 1.47 (p. J = 7.2 Hz, 1H), 1.28-1.22 (m, 2H). LCMS: m/z 832.3 [M+1].
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Example 2: Synthesis of N-(2-(2-(2-{4-{6-(6-acetyl-8-cyclopentyl-S-methyl-7-6x09-7,8-
dihydropyrido]2,3-d]pyrimidin-2-viamine)pyridin-3-yDpiperazin-i-
yhethoxyjethoxylethyl})-2-(2-(2,6-dioxopiperidin-3-yi)-1,3-diox oiscindelin-4-

yiamingacetamide (I-2)
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Step [ teri-butyl (2-(2-(2-(4-(6-({6~acetyl-B-cyclopentyl-S-methyi-7-0x0-7,8-
dihydrepyrido [2,3-d]pyrimidin-2-y)aminopyridin-3-yDpiperazin-i-
vhethoxylethoxy)ethylcarbamate (2-7)

To a solation of 6-acetyl-8-cvclopentyl-3-methy1-2-((5-{piperazin-1 -y Dpyridin-2-
vhamino)pyrido|2,3-dipyvrimidin-7(8/}-one (Palbociclib, 2-1) (20 mg, 0.045 mmol} in
acetone (0.5 mL) was added feri-butvl 2-(2-(2-bromoethoxyjethoxyethvicarbamate (2-6,
21.2 mg, 0.068 mmol), followed by K2C0: (12.3 mg, 0.09 mumol) and KI (11.3mg, 0.068
mmol) and the resulting roixture was then heated to reflux and stirred overnight. The reaction
mixture was diluted with EtOAc and H2O, exiracted, and washed with brine. The organic
taver was dried over anhydrous Na:SOu, filiered, and concentrated under reduced pressure.
The crude product was purtfied by column chromatography on silica gel {0-10% MeOH in
DBCM) to give Boce protected amine 2-7 as a vellow solid (26.0 mg, 85%). LCMS: m/z 679.4
IMA+1T
Step 2. 6-acetyl-2-((8-(4-(2-2-(2~aminoethoxy)ethoxy)ethyl)piperazin-1-yDpyridin-2-
yilamine}-8-cyclopentyl-S-methylpyride}2,3-d|pyrimidin-7(8H}-one Triflusroacetic acid
salt (2-8)

To a solution of tert-butyl (2-{2-{2-(4-(6-((6-acetyl-8-cyclopentyl-S-methyi-7-0x0-

7.8-dihvdropyrido {2,3~d]pyrimidin-2-yDamino)pyridin-3~-yDpiperazin- -
81
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yhethoxy yethoxy jethvl) carbamate (2-7, 22 mg, 0.035 mmol) in BCM (0.5 mL) was added
TFA (0.5 mL) and and the resulting mixture was stirred at 5t for 2 h. Once the reaction was
complete by LCMS, the reaction mixture was concentrated to provide the crude product 2-8
which was carried on to the next step without further purification.

Step 3; M-(2-(2-{2-(4-(6-{6-acetyl-B-cyclopentyl-S-methyl-7-oxe-7,8-dihydropyride]2,3-
d jpyrimidin-2-vlamine )pyridin-3-yhpiperazin--yiethoxylethoxylethyl)-2-(2-{2.6-
dicxopiperidin-3-y1)}-1,3-dioxeisoindolin-4d-viaminoc)acetamide (1-2)

To a solution of G-acetyl-2-((5-(4-{(2-(2-{2-aminoethoxy Jethoxy jethyjpiperazin-1-
yvhpyridin-2-vDamino)-8-cy clopentyi-S-methylpyrido{ 2, 3-djpyrimdin-7(8H)}-one (2-8) in
DMF (0.5 mL) was added 2-(2-(2 6-dioxopiperidin-3-vi}-1,3~dioxoisoindolin-4-
viaminojacetic acid (11.6 mg, 0.035 mmol) was added, followed by EDCI (8.7 mg, 0.046
mmol), HOBT (6.6 mg, 0.049 mmol), and TEA (19 mg, 26 ul., 0.19 mmol} and the resulting
mixture was stitred at vt overnight. The nuxture was filtered and purified by reverse phase
HPLC (0-100% MeOH in H20) to give compound i-2 as a vellow solid (10.92 mg, 35% over
two steps). H NMR (500 MHz, DMSO-ds) 8 11.09 (s, 1H), 10.27 (s, 1H), 9.71 (s, 1H), 8.95
(s, 1H), 8.21-8.16 (m, 1HD), 8.12 (d.J= 3.1 Hz, 1H), 7.91 (4, J= 9.1 Hz, 1H), 7.68-7.55 (m,
2H), 7.09(dd, J=7.1, 4.2 Hz, 1H), 7.02-6.91 (m, 1H), 6.88 (d, /= 8.6 Hz, 1H). 5.83 (p,.J =
8.9 Hz, 1H), 5.08 (dd. J=12.7. 5.4 Hz, 1H), 4.00-3.91 (m, 2H), 3.86 (d.J = 12.7 Hz, 2H),
3.61-3.49 (m, 4H), 3.42-3.33 {m, 4H), 3.22-3.10 (m, 6H), 3.03 (d, /= 8.6 Hz, 2H), 2.95-2.83
(m, 2H), 2.43 (s, 3H), 2.32 (s, 3H), 2.25 (dg. /= 15.7, 8.1 Hz, 2H), 2.09-1.98 (m, 1H), 1.91
(q.J=7.4Hz 2H), 1.83-1.72 (m, 2H), 1.72-1.62 (m, 1H), 1.59 (g, /= 5.3, 4.5 Hz, 2H).
LCMS: m/z 892.4 {M+11
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Example 3: Synthesis of 2-(4-(6-({6-acetyl-8-cyclopentyl-S-methyl-7-0x0-7,8-
dibydropyrido|2.3-d]pyrimidin-2-yiamino)pyridin-3-yv)piperazin- 1-y)-N-(2-(2-{2-
(2~{(2-(2,6-dioxopiperidin-3-yi}-1,3-dioxoisoindolin-4-

vijaminoethoxyjethoxyiethoxy} ethyllacetamide (E-3)

A g g

| NN N \/’\O/\/Q\/‘ 5y N ~r X
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i
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Step I tert-buiyl 2-(4-(6-({6-acetyl-8-cyclopentyl-S-methyl-7-0x0-7.8-dihydropyride|2,3-
dipyrimidin-2-yhamino)pyridin-3-yDpiperazin-1-ylacetate (2-18)

To a solution of 6-acetyl-&-cvclopentyl-5-methyi-2-((5-(piperazin-1-vipyndin-2-
yvhamino)pyrido[2,3-dlpyvrimidin-7(84}-one (Palbocichb, 2-1) (20 mg, 0.0435 mmmol} in DMF
(0.5 mbL) was added tert-butyl bromoacetate (2-9, 13.2 mg, 0.068 mmol}, followed by K2CO3
(12.3 mg, (.09 mmol) and the resulting mixture was stirred at rt overnight. The reaction
mixture was diluted with EtOAc and Hz O, exdracted, and washed with brine. The organic
laver was dried with NaxSQOq, filtered, and concentrated under reduced pressure. The crude
product was purified by column chromatography on silica gel (0-10% MeOH in DCM) to
give t-butyl ester 2-10 as a yellow solid (22 mg, 85%;.

Step 2. 2-{4-(6~{{6-acetyl-8-cyclopentyi-S-methyl-7-0x0-7.8-dihydvropyrido]2,3-
dipyrimidin-2-vi)amino)pyridin-3-yi)piperazin-i-yhacetic acid trifluersacetic acid salt
(2-11)

To a solation of tert-butyl 2-(4-{6~{{6-acetyl-8-cyclopentyl-5-methvi-7-0x0-7,8-
dihydropvridof2,3-dlpyrimidin-2-vljaminoypyridin-3-vUpiperazin- 1 -vhacetate (2-19, 22 mg,
0.03% mmol} in DCM (0.5 mL} was added TFA (0.5 mL) and the resulting mixture was
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stirred at rt for 2 h. The reaction mixture was concentrated to provide the crude product 2-11
which was carried on to the next step without further punfication.

Step 3. 2-{4-{6~((G-acetyl-8-cyclopentyl-5-methyl-7-ox0-7.8-dihvdropyride2,3-
dipyrimidin-2-yDamins)pyridin-3-yDpiperazin-1-y)-N-{2-2-(2-2-{{2-(2,6-
dioxopiperidin-3-yi}-1,3-dioxoiscindolin-4-yllamino)ethoxyjethoxylethoxy)
ethyhacetamide (1-3)

To a solution of Z-(4-{6-{{6-acetyl-8-cyclopentyl-5-methyi-7-ox0-7 8-
dihydropyrido2,3-dipyrimidin-2-vDamino)pyridin-3-yDpiperazin-1-ylacetic acid
trifluoroacetic acid salt (2-11) in DMF (0.5 ml.) was added 4-((2-(2-(2-(2-
aminoethoxy)ethoxyv)ethoxyethy Danino}-2~(2,6-dioxopipendin-3-yhisoindoline~1,3-dione
(17 mg, 0.038 mmol) followed by EDC (8.7 mg, 0.046 mmol}, HOBT (6.6 mg, 0.049 mmol),
and TEA (19 mg, 26 ul, .19 mmol} and the resulting mixture was stirred at ri overnight.
The reaction mixture was then filtered and purified by reverse phase HPLC (0-100% MeOH
in HhO) to give compound 1-3 as a vellow solid (9.5 mg, 27% over two steps). 'H NMR (500
MHz, DMSO-de). 6 11.10 (5, 1H), 10.35 (s, 1H), 8.98 (s, 1H), 8.75-8.60 {m, 1H}, 8.11 (s,
1H), 7.90(d, /=91 Hz, 1H), 7.65-7.53 (m, 2H}, 7.15(d. /=86 Hz, 1H}, 7.05(d, /=69
Hz, 1H), 6.60 (s, 1H), 5.84 (p. /=89 Hz, 1H), 506 (dd, /=128, 3.4 Hz, 1H). 402 (s, 2H).
3.93-3.69 (m, 1H), 3.63 (t, /=354 Hz, 2H). 3.60-3.50 (m, 8H), 3.47 (¢, /=55 Hz, 4H), 3.36-
3.26 (m, 2H), 3.26-3.08 (m, 1H)}, 2.89 {ddd, J=17.0, 13.8, 5.4 Hz, 1H), 2.64-2.56 (m, 1H),
2.55¢s, 1H), 243 €s, 3H), 2.33 (s, 3H), 2.29-2.17 (m, 2H), 2.08-1.98 (m, 1H), 1.95-1.85 (m,
2H), 1.84-1.72 (m, 2H), 1.65~1.53 (m, 2H). LCMS: m/z 936 4 [M+1].

Example 4: Synthesis of 7-cyclopentyl-2-(5-(4-(4-2-(2-(2.6-disxopiperidin-3-yi)}- 1,3~
dioxoisoindolin-4-ylamino)acetamido)butyl)piperazin-1-yDpyridin-2-yvlaminoe)-MN,N-
dimethyl-TH-pyrrolo{2.3-d | pyrimidine-6-carboxamide (1-8)
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Step 1 tert-butyl (4-{4-(6-((T-cyclopentyl-6-(dimethylcarbamoyl}-7TH-pyrrole{2,3-
dipyrimidin-2-ylamino)pyridin-3-yhpiperazin- I-yDbutylcarbamaie (2-14)

To a solution of 7-cyclopentyl-N,N-dimethyl-2-(5-(piperazin-1-yhpyridin-2-
viamino}-7H-pvrrolof 2, 3-d|pyrimidine-6-carboxamide (Rebocichib, 2-13) (19.6 mg, 0.045
mmol) in acetone {G.5 mL} was added ferf-butyl 4-bromobutylcarbamate (2-2, 17.2 mg, 0.068
mmol}, followed by KoCOs (12.3 mg, 0.09 mmol) and KI (11.3mg, 0.068 romol) and the
resulting mixture was then heated to reflux and stirred overnight. The reaction mixture was
diluted with EtOAc and H20, extracied, and washed with brine. The organic layer was driad
over anhydrous Naz80;, filtered, and concentrated under reduced pressure. The crude product
was purified by colunn chromatography on silica gel {0-10% MeOH in DCM]) to give Boce
protected amine 2-14 as a vellow solid (23.5 mg. 86%). LCMS: m/z 606.4 [M+1].

Step 2: 2-{{5-(4-(4-aminobutyl)piperazin-1-yh)pyridin-2-yl)amine)-7-cyclopentyl-R M-
dimethyi-7H-pyrrele|2,3-d|pyrimidine-6-carboxamide Trifluercacetic acid salt (2-15)

To a solution of tert-butyl (4-{4-(6-{((7-cyclopentyl-6-(dimethyicarbamoyl}-7TH-
pyrrolof2,3-dlpyrimidin-2-vDamino}pvridin-3-yhpiperazin-1-vhbutvl)earbamate (2-14, 21.2
mg, 0.035 mnol) in DCM (0.5 mlb) was added TFA (0.5 miL) and the resulting nixture was
stirred at 1t for 2 h. . Once the reaction was complete by LCMS, the reaction roixture was
concentrated to provide the crude product 2-18 which was carriad on to the next step withow
further purification.

Step 2. T-cyclopeniyl-2-(5-(4-(4-(2-(2-(2 6-dioxopiperidin-3-yI)-1,3-dioxoiscindolin-4-
yiaminojacetamido}butyljpiperazin-1-yDpyridin-2-viamine }-M,N-dimethyl-7TH-
pyrrolof2,3-d|pyrimidine-6-carboxamide {§-8)

To asolution of 2-({5-(4-(4-aminobutyhpiperazin-1-vDpyridin-2-yDamino}-7-
cyclopentyl-N N-dimethvi~-TH-pyrrolo] 2,3-dpyrionudine-6-carboxanude trifluoroacetic acid
salt {2-18} in DMF (0.5 mL)} was added 2-(2-(2 6-dioxopiperidin-3-y1}-1,3-dioxoiscindolin-4-
yiaminojacetic acid {11.6 mg, 0.035 mmol} was added, followed by EDCI (8.7 mg, 0.046
mmol), HOBT (6.6 mg, 0.049 mmol), and TEA (19 mg, 26 ul., 0.19 mmol} and the resulting
mixture was stitred at 1t overnight. The reaction mixture was then filtered and purnified by
reverse phase HPLC (0-100% MeOH in H20) to give compound §-5 as a vellow solid {9.5
mg, 33% over two steps, Step 2 and 33, "H NMR (500 MHz, DMSO-ds)} 8 11.10 (5, 1H),
10.94 (br, 1H), 9.85 (br, 1H), 8.94 (s, 1H), 820 (1. /=58 Hz, 1H), 800 (d, /= 3.0 Hz, 1H),
7.96-7.86 (m, 1H), 7.80-7.68 (m, 1H), 7.65-7.57 (m, 1H), 7.13-7.04 (m, 1H). 6.96 (1, /= 5.8
Hz, 1H), 6.89 (d, J = 8.6 Hz, 1H), 6.78 (s. 1H), 5.14-5.01 {m, 1H), 4.85-4.74 (m, 1H), 4.17

(d.J=14.5Hz, 1H), 3.95(d. J=50Hz, 2H), 3.82 (d, J = 12.5 Hz, 2H), 3.59(d, J= 12.2 Hz,
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2H), 3.16 (h, J= 62 Hz, 6H), 3.01 {s, 1H), 2.97-2.81 (m, 2H}, 2.63-2.51 (m, 2H), 2.41-2.25
(m, 3H), 2.09-1.87 (m, 7TH), 1.73-1.57 (m, 5H), 148 (p, J=7.1 Hz, ZH). LCMS: mz 819 4
IM+11.

Example 5: Synthesis of 7-cyclopentyl-2-{5-(4-{4-(2-(2-(2,6-dioxopiperidin-3-yi}-1,3-
dioxoisoindolin-4-yiaminojaceiamido)butyDpiperazin-I-yhpyridin-2-ylamine )-N M-

dimethyi-7H-pyrrele|2,3-d |pyrimidine-6-carboxamide (1-9)
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Step 1. 6-(2~chlero-S-flusropyrimidin-4-yi)-4-fluoro-1-isoprepyl-2-methyl-1H-
benzoldjimidazole (2-18)

To a suspension of 4-fluoro-1-1sopropyl-2-methyl-6-(4,4,5 5-tetramethyl-1,3,2~

dioxaborolan-2-v1}-1H-benzo|djinudarole (2-16, 318 mg, I mmol), 2.4-dichioro-5-
fluoropyrimidine {2-17, 166 mg, 1 mmol), and PA(PPhs) (115.6 mg, 0.1 mmol) in 6 mL of
CH:CN was added 2 rob. of saturated NaxCOs under an atmosphere of Nz, The mixture was
heated to 85 °C and stirred for &h. Then the reaction was cooled to room temperature,
extracted with CHCL and isopropanol (V/V=4:1) and the combined organic layers were
washed with brine, dried over anhydrous NaxSQ4, filtered, and concenirated under reduced
pressure. The crude product was purified bv colunn chromatography on silica gel (0-10%
MeOH in DCM]} to give 6-(2-chloro-5-fluoropynimidin-4-y1}-4-fluoro-1-isopropyl-2-methyl-
1H-benyojdjimidazole 2-18 as a gray sohid (277 mg, 86%). LCMS: m/z 323.1 [M+1].
Step 2. tert-butyl 4-{6-((5-fluoro-4-{4-fluoro-1-isopropyl-Z-methyl- 1H-
benzoldjimidazol-6-vlipyrimidin-2-yhamine)pyridin-3-vimethylpiperazine- 1 -
carboxviate (2-28)

To a suspension of 6-(2-chloro-3-fluoropyrimidin-4-vi}-4-fluoro~1-1sopropyl-2-

methvi-1H-benzo[dlimidazole (2-18, 258 mg, 0.8 mmol), terr-butyl 4-((6-aminopynidin-3-
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yhmethylipiperazine-1-carboxylate (2-19, 350.6 mg, 1.2 mmol) and C2C05 (782 mg, 2.4
mnol) in 5wl of -~-BuOH were added Pdz{dba)s (73.3 mg, .08 mmol) and Xaniphos (23
mg, 0.04 nwool} under an atmosphere of Nz The mixture was heated to 110°C and stirred for
8h. The mixture was then cooled to room temperature, exiracted with CHCI; and isopropanol
(V/V=4.1), and the combinad organic layers were washed with brine, dried over anhydrous
Na:SOs, filtered, and concentrated under reduced pressure. The crude product was purified
by colunm chromatography on silica gel {(0-10% MeOH in DCM) to give fert-buty! 4-{{6-{5-
fluoro-4-(4-fluoro-1-1sopropyl-2-methyl-1H-benzol dimudazol-6-yDpvrimidin-2-
ylamino)pyridin-3-ymethyUpiperazine-1-carboxylate 2-20 as a white solid {403 mg, 87%!.
LCMS: sz 5793 [M+11].

Step 3. 5-flusro-4-{4-fluore-1-isopropyl-2-methyi-1H-benzo|d | imidazol-6-vi)}-N-(5-
{(piperazin-i-yimethyhpyridin-2-yDpyrimidin-2-amine Trifluoroacetic acid sajt (2-21)

To a solation of tert-butyl 4-({6-({5-fluoro~-4-(4-fluoro-1-isopropyi-2-methyl- 1 H-
benzo|djimidazol-6-ypyrimidin-2-yDamino)pyridin-3-ymethylpiperazine-1-carboxylate
{2-28, 57.9 mg, 0.1 mumol} in BCM (0.5 mL} was added TFA (0.5 mL} and the resuliing
mixiure was stirred at t for 2 h. Once the reaction was complete by LCMS, the reaction
mixture was concentrated to provide the crude product 2-21 which was carried on to the next
step without further puritication.

Step 4: tert-butyl (4-(4-((6-((5-fluoro-4-(4-fluoro-1-isepropyl-2-methyl-1H-benzold]
imidazol-6-yDpyrimidin-2-yhamino)pyridin-3-yDmethyl)piperazin-i-
yi)butylicarbamate (2-22)

To a solution of 5-fluoro-4-(4-fluoro-1-isopropyl-2-methyl-1H-benzo|d jimidazol-6-
y1-N-(S-(prperazin-1~yimethyDpyridin-2-yDpyvrimidin-2-amine triftuoroacetic acid salt (2-
223y 1in 3 mb of acetone, was added rerf-butvl d-bromobutylcarbamate (2-2, 30 mg, 0.2 momol),
KoCOs (41.4 mg, 0.3 mmol) and Ki (33.2 mg, 0.2 mmol} and the resulting mixture was
heated {o reflux and siirred ovemight. The reaction mixture was then cooled to room
temperature and extracted with CHCL and sopropanol {(V/V=4/1). The combined organic
lavers were washed with brine, dried over anhydrous Na:8Qs, filtered, and concentrated
under reduced pressure. The crude product was purified by columm chromatography on silica
gel (0-10% MeOH in DCM) to give fert-butyi 4-(4-((6~(5-fuoro-4-(4-fuoro-1-1sopropyl-2-
methyi~-TH-benzoldiimidazol-6-vhpyrimidin-2-viaminopyridin-3-vDmethvpiperazin-1-

vibutylcarbamate 2-22 as a gray solid {50.7 mg, 78%). LCMS: m/z 650.4 [M~+1}]
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Step 5. N-{5-{{4-(4-aminobutyl}piperazin-1-yhmethyl)pyridin-2-y1)}-5-fluoroe-4-(4-flusre-
I-isopropyl-2-methyi-1H-benzo|djimidazol-6-yhpyrimidin-2-amine Trifluoroacetic acid
sal (2-23)

To asolution of tert-butyl (4-{4-({(6-((5-fluoro-4-(4-fluoro-1-isopropyl-2-methyi-1H-
benzo{d] imidazol-6-v1}pyrimidin-2-yDamino)pyridin-3-yDmethylipiperazin-1-
yhbutyDcarbamate (2-22, 32.5 mg, 0.05 mymol} in DCM (0.5 mL) was added TFA (0.5 mL)
and the resulting muxture was stirred at rt for 2 h. Once the reaction was complete by LUMS,
the reaction mixture was concentrated to provide the crude product 2-23 which was carned
on to the next step without further purification.

Step 6. T-eyclopentyl-2-(5-{4-(4-(2-(2-(2,6~-dioxopiperidin-3-y)-1,3-dioxoisocindolin-4-
ylaminejacetamidobutyDpiperazin-1-ylipyridin-2-ylamins - X, MN-dimethyk-7TH-
pyrrolof2,3-d]pyrimidine-6-carboxamide (1-9)

To asolution of N-(5-({(4-(4-armmobutyDpiperazin- L -vDmethy Dpyridin-2-vH-5-fluoro-4-(4-
fluoro-1-isopropyi-Z-methyl-1H-benzo|d}imidazol-6-ypyrimidin-2-amine trifluoroacetic
actd salt in 1 mb of DMF was added 2-{2-(2,6-dioxoptperidin-3-vi)-1,3-dioxoisoindolin-4-
ylaminojacetic acid (16.6 mg, 0.05 mmol), followed by EDCI (11.5 mg, 0.06 mmol}, HOBT
(8.1 mg, 0.06 mmol), and TEA (19 mg, 26 pL, 0.19 nmumol} and the resulting muxture was
stirred at rt overnight. The reaction mixture was filtered and purified by reverse phase HPLC
(0-100% MeOH in H20} to give compound -9 as a vellow solid (12.9 mg, 30% over two
steps). 'H NMR (500 MHz, DMSO-de) 8 11.10 (s, 1H), 10.77 (s, 1H}, 8.78 (dd, J=3.7, 1.7
Hz 1H) 833(d, /=21Hz 1H), 829¢(d. J=13Hz, 1H), 823811 (m, 1H}, 7.97 - 747
{m, 1H), 7.78-7.65 (m, 1H), 7.64-7.53 {m, 1H}, 7.08 (dd, /= 7.0, 4. 6 Hz, 1H), 7.04-6.90 {m,
1H), 6.86 {d, J = 8.6 Hz, 1H), 5.11-5.02 (m, 2H)}, 4.91-4.82 (m, 2H), 4.27-4.06 (m, 2H), 3.93
(d,/=34Hz 2H), 369 (d, /=9.0Hz, 1H), 3.48 (s, 1H), 3.28-2.94 (m, 6H), 2.95-2 82 {(m,
2H3, 2.67 1(s, 3H), 2.63-2.52 (m, 3H}. 2.04-1.95 (m, ZH), 1.64 (s, 3H), 1.53 (5, 3H), 1.61-.152
(m, 2H), 1.49-1.37 {m, 2H). LCMS: m/z 863 .4 [M+1].
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Example 6: Synthesis of 2-(4-(6-{(6-acety}-8-cyclopentyl-S-methyl-7-0x0-7.8-
dihydropyrido|2,3-d]pyrimidin-2-yDamino)pyridin-3-yDpiperazin-1-y)-N-(2-(2-((2-(2,6~
dioxopiperidin-3-yi}- L,3-dioxoisoindolin-4-yl)amino)ethoxyjethyhacetamide (§-11)

~ A
i N
. Ay PO Q { =0
g1 N ! H e
P N 1, TFA/DOM O M. N, MON St
NP \!//%N NF T/' o 4 My \;,"\‘/ ~7 1 Sy
1o j Lo =L )
O/ \NAN&&EJk/ \.\( \. X N P N,/\= o Q/Y\F
i 2, EDCHHOBTITEADMF o S - i
7 SN e o] [\/N\/’l\N"’\v’U\»/A*N‘ e
_____ o A H H
] -
S
LN /‘)r:o
T;/Wb 14
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To a solution of the t-butvl ester obtained from Exarople 3 (22 mg, 0.038 ramol) n
DCM 0.5 mL) was added TFA (0.5 mL). The mixture was stirred at room temperature for 2
h. The mixture was then concenirated and dissolved in DMF (0.5 mbL). 4-((2-(2-
anmunoethoxy)ethyvlyamino)-2-(2,6-dioxopiperidin-3-yhisoindoline-1,3~dione (14 mg, 0.038
mmol} was added, followed by EDCI (8.7 mg, 0.046 mumol), HOBT (6.6 mg, 0.049 numol),
and TEA (19 mg, 26 ul, 0.19 mmol). The mixture was again stirred at room temperature
overnight. The mixture was filiered and purified by reverse phase HPLC (0-100% MeOH in
H>0) to give compound §-11 as a vellow solid (7.9 mg, 25% over two steps). 'H NMR (500
MHz, DMSO-do) 5 11.11 (s, 1H), 10.33 (s, 1H), 8.97 (s, 1H), 8.68 (1, J = 5.6 Hz, 1H), 8.10
(d./=30Hz 1H),790(d, /=9 1Hz 1H), 7.64 - 7.52 {m, 2H), 716 (d, /= 8.6 Hz, 1H},
7.06(d, J=7.0Hz 1H), 6.60 (s, 1H), 5.83 (p. J=8.9 Hz, 1H), 5.06 (dd. J=12.9, 5.4 Hz,
1H), 4.02 (s, 2H), 3.64 (1, /= 5.5 Hz, 2H), 3.54 (1, / = 5.6 Hz, 2H), 3.49 (q, /= 4.8, 4.4 Hz,
2H), 3.36 (qd. J= 5.8, 5.4, 2.2 Hz, 2H), 3.24 - 3.02 (m, 1H), 2.94 - 2.81 (m, 1H}, 2.62 ~ 2.54
{m, 1H), 2.43 (s, 3H), 2.32 (s, 3H), 2.29-2.19 (m, 2H), 2.16-2.00 (m, 11}, 1.95 — 1.84 (rm,
2H), 1.78 {q. ./ = 11.7, 10.6 Hz, 2H). 1.64 — 1.53 (m, 2H). LOMS: m/z 833.4 [M+1].
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Example 7: Synthesis of 2-{4-(6-{(6-acety}-8-cyclopentyl-S-methyl-7-0x0-7,8-
dihydropyrido|2,3-d]pyrimidin-2-yamino)pyridin-3-yDpiperazin-1-y)-N-(2-(2-(2-((2~
(2,6-dioxopiperidin-3-yi)-1,3-dioxoissind olin-4-yl)aminojethoxy)ethoxylethyDacetamide

(1-12)
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To a solution of the t-buty] ester obtained from Example 3 (22 mg, 0.03% mimol) in
DCM (0.5 mL) was added TFA (0.5 mL). The mixture was stirred ai room temperature for 2
h. The maxture was then concentrated and dissolved in DMF (0.5 mL). 4-((2-(2-(2-
aminoethoxy)ethoxy ethyllanmino}-2-(2, 6-dioxopiperidin-3-ylisoindoline-1,3-dione (15 .4
mg, ¢.038 mimol) was added, followed by EDCI (8.7 mg, 0.046 mmol}, HOBT (6.6 mg,
0.049 mmol), and TEA (19 mg, 26 pl., 0.19 mmol). The mixtare was again stirred at room
terperature overnight. The mixture was filtered and purified by reverse phase HPLC (0~
100% MeOH in HxO) to give compound §-312 ag a vellow solid (10.2 mg, 30% over two
steps). H NMR (500 MHz, DMSO-ds} & 11.09 (s, 1H), 10.35 (s, 1H), .97 (s, 1H), 8.66 {1,
=5.6Hz 1H). 810(d, J=3.0Hz 1H), 789(d, J=9.1Hz 1H), 7.63 - 7.54 {m, 2H}. 7.15
(d,/=8.6Hz 1H), 7.05(d, J=7.0Hz, 1H), 6.60 (1,./=5.6 Hz, IH), 5.83 (p. /= 8.9 Hz,
1HY 5306(dd, J=12.8 55Hz 1H), 401 (s, 2H), 3.63 (¢, J=54Hz 2H}, 3.59dd, /=63,
3.6 Hz, 2H), 3.56 (dd, J = 6.3, 3.7 Hz, 2H), 3.48 (1, J = 5.4 Hz, 4H), 3.32 (g, J = 5.6 Hz, 2H),
2,90~ 2.86 (m, 1H), 2.63 — 2.56 (m. 1H). 2.43 (s. 3H). 2.32 (s. 3H), 228 — 2.19 (m, 2H), 2.13
~ 2.0 (m, TH). 1.90 (h, /= 7.0 Hz. 2H). 1.83 — 1.74 (m, 2H), 1.64 — 1.54 (m. 2H}. LCMS:
m/z 892.4 [M+1L.
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Example 8: Synthesis of 2-(4-(6-{(6-acety}-8-cyclopentyl-S-methyl-7-0x0-7.8-
dihydropyrido]2,3-d]pyrimidin-2-yDamino)pyridin-3-ypiperazin-{-yDH-N-(6-{(2-(2.6-
dioxopiperidin-3-yi}- 1,3-dioxeisoindolin-4-yl)amino }hexyDacetamide (§-13)

¥ Q :

f/\NA\q O

(9} '

A . 3 TEA/DCM syt Y o=
4"’\[/ &Y NF Ty N ~ \/\\ % \J -
NS \r et Y o ﬁ—\

N N

7N
2, EDCHHOBTITEA/DMF

j H 2, EDCHHOBT/TEA/DMF \/ \f/J\ "\\/’\\/’\/ S =0
O i »
f— 0 Q ~F

To a solution of the t-butvl ester obtained from Exarople 3 (22 mg, 0.038 ramol) n
DCM (0.5 mL) was added TFA (0.5 mbL) and stirred at room temperature for 2h. The
mixture was then concentrated and dissolved in DMF (0.5 mL}. 4-{{6-aminchexylyamino)-2-
(2,6-dioxopipenidin-3-yhyisomndoline-1,3-dione (14.1 mg, 0.038 mmol) was added, followed
by EDCI (8.7 mg, 0.046 mmol), HOBT (6.6 mg, 0.049 mmeol), and TEA (19 rog, 26 pk., 0.19
mmol}. The mixture was again stirred at room femperature overnight. The mixture was
filtered and pwrified by reverse phase HPLC (0-100% MeOH in HzO} to give compound 1-13
as a yellow solid (9.2 mg, 28% over two steps). TH NMR (500 MHz, DMSQO-ds) 8 11.09 (s,
1H), 10.33 (5, 1H), 8.97 (5, 1H), 8.54 (1. /= 5.6 Hz, 1H), 8.10(d. /=30 Hz, 1H), 7.90(d, J =
9.1 Hz, 1H), 7.59 (ddd, J= 8.6, 4.7, 1.8 Hz, 2H), 7.10(d, J= 8.6 Hz, 1H), 7.03 (4, /= 7.0 Hz,
IH), 6.53 (s, 1HY, 383 (p, /=89 Hz, 1H), 5.05(dd. /=128, 54 Hz, 1H), 4.00 (s, 2H), 3.30
(q.J=63Hz 3H),3.16 (q. /= 6.5 Hz, 2H), 2.94 — 2.83 {m. 1H), 2.62 - 2.55 (m, 1H), 2.43
(s, 3H), 2.32 (s, 3H), 2.29 - 2.21 (m, 2H), 2.03 (ddgq, /= 10.5, 5.4, 3.0, 2.6 Hz, 1H), 1.90 (b, J
=7.0 Hz, 2H). 1.81 ~ 1.70 (m, 2H), 1.65 - 1.52 (m, 4H). 1.46 (p, J = 7.0 Hz, 2H). 1.41 - 1.26
(m, 4H). LCMS: m/z 860.4 [M+1].
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Example 9: Synthesis of 2-(4-(6-((6-acetyl-8-cyclopentyl-S-methyl-7-0x0-7,8-
dihydropyrido|2.3-d]pyrimidin-2-yDamino}pyridin-3-yDpiperazin-1-yh)-N-(37-((2-(2,6-
dioxopiperidin-3-yi}- L, 3-dioxoisoindolin-4-yl)amine)-3,6,9,12,15-
pentasxaheptadecyl)acetamide (I-14)
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To a solation of the t-buty] ester obtained from Example 3 (22 mg, 0.038 mmol} in
DCM (0.5 mL) was added TFA (0.5 mL) and stirred at room temperature for 2h. The
mixture was then concentrated and dissolved in DMF (0.5 mbL). 4-((17-amino-3.6,9,12,15-
pentaoxaheptadecyliamine)-2-(2,6-dioxopiperidin-3-yisoindoline-1,3-dione (20.4 mg, 0.038
ol was added, followed by EDCI (8.7 mg, 0.046 romol), HOBT (6.6 mg, 0.049 mmol),
and TEA (19mg, 26 ul., 0.19 momol}). The muxture was again stitred at room {emperature
overnight. The mixture was filiered and purified by reverse phase HPLC (0-100% MeOH in
Hz() to give compound I-14 as a vellow solid (9.2 mg, 28% over two steps). 'H NMR (500
MHz, DMSO-de} § 11.09 (s, TH), 10.37 (s, 1H), 8.97 (s, 1H), 8.67 (. J = 5.6 Hz, 1H), 8.10
(d.J=3.0Hz, 1H), 7.89(d, /= 9.0 Hz, 1H), 7.65 —~ 7.51 {m, 2H), 7.18 - 7.09 (m, 1H), 7.04
(d,J=7.0Hz, 1H), 6.60 (s, 1H), 5.83 (p, J = 8.9 Hz, 1H), 5.05 (dd, /= 12.8, 5.4 Hz, 1H),
3.62 (t, J = 5.4 Hz, 2H), 3.56 (dd. J = 5.6, 2.9 Hz, 2H), 3.52 (s, 3H), 3.51 - 3.49 (m, 18H),
333{g,J=55Hz 2H), 2.88(ddd, /=169, 138, 54 Hz, iH), 2.59(d,.7=174,3.2Hz,
TH), 2.43 (s, 3H). 2.32 (s, 3H), 2.29 - 2.17 {m, 2H), 2.02 (dtd, J = 13.0, 5.3, 2.2 Hz, 1H),
189 (d, J=82Hz 2H), 183 - 1.72 (m, 2H), 1.68-1 51 {m, 2H}. LCMS: m/z 1024 5 [M+11].
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Example 18: Synthesis of 2-(4-(6-((6-acetyl-8-cyclopentyl-S-methyl-7-010-7,8-
dihydropyrido|2,3-d]pyrimidin-2-yDamineo)pyridin-3-yDpiperazin-1-yI)-N-(1 7-((2-(2,6~
dioxopiperidin-3-yi}- L, 3-dioxoisoindolin-4-yl)amine)-3,6,9,12,15-
pentasxaheptadecyl)acetamide (I-28)
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To a suspenston of dimethyl 4-hydroxyphthalate (1.1g, 5 mmol) and K2COs (1.38g.
10 mmol) in 20 mb of anhydrous DMF was added ferf-butvl (4-bromobutycarbamate
{1.88g, 7.5 mmol) dropwise at room temperature. The mixture was heated to 8G°C and kept
stirring overnight, and then cooled to room termperature, before being diluted with waler and
extracted with EtOAc three times. The combined orgaruc layers were dried over anhydrous
WNaxSQOs, filtered, and concentrated under vacuum. The crude material was purified by
column chromatography (ISCQ, 40g silica column, 0 to 5% MeOH/DCM 30min gradient) to
give dimethyl 4-(4-{(tert-hutoxvcarbonyDanmunoybutoxy)phthalate (1.7g, 90%). LCMS: m/z
382.2 [M+1].

Dimethyl 4-(4-{{tert-butoxy carbonylyamino)buioxy yphthalate (1.7g, 4.5 mumol) was
dissolved in 10 mL of MeOH, aqueous 3M NaGH (4.5 mL, 13.5 mmol} was then added, and
the mixture was heated to 80°C for 22 hours. The nuxture was cooled to room temperature,
dituted with 50 mi DCM and 20 mL 0.5M HCL. The layers were separated and the organic
faver was washed with 25 mi. water. The aqueous layers were combined and extracted three
times with 50 mb chloroform. The combined organic layers were dried over anhydrous
Na:804, filterad and condensed to give 1.59g of the acid that was carried forward without
further purification. LCMS: m/z 354.1 [M+1].

The resultant acid (1.59g, 4.5 mol} and 3-aminopiperidine-2,6-dione hydrochloride
(0.74 g, 4.5 mmol) were dissolved i pyridine (11.7 ml, 0.25 M} and heated to 110°C for 17h
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The mixture was cooled {o room temperature and concentrated under reduced pressure {o
give crude tert-butyl (4-((2~(2,6-dioxopiperidin-3-y1)-1.3-dioxoisoindolin-5-
vhoxyvibutylcarbamate as a black studge that was carried forward without further
purification. LCMS: m/z 4462 [M+1].

The crude tert-butvl (4-{(2-«(2,6-dioxopiperidin-3-y1)-1,3-dioxoisoindolin-5-
vhoxyybutvljcarbamate was dissolved 1n 20l TFA and heated to 30°C for 2.5 hours. The
mixture was cooled to room temperature, diluted with MeQOH, and concentrated under
reduced pressure. The material was purified by preparative HPLC to give 5-(4-
aminobutoxy }-2-(2,6-dioxopipertdin-3-vhisomdoline-1,3-dione as a grey sohid (1.0g, 60%
over 3 steps). LCMS: m/z 3462 [M+1].

To a solution of the t-butvl ester obtained from Example 3 (22 mg, 0.038 mmol} in
DCM (0.5 mL) was added TFA (0.5 mL) and stirred at room temperature for 2h. The
mixture was concentrated and dissolved in DMF (0.5 mL). S-(d-ammnobutoxy)-2-(2,6-
dioxopiperidin-3-yiisoindoline-1,3-dione (13 11 mg, 0.03% mmol) was added, followed by
EDCI{8.7 mg, ¢.046 mmoi}, HOBT (6.6 mg, 0.049 mmol}, and TEA (19 mg, 26 uL, 0.19
mnol). The misture was stitred af room temperature overnight. The mixture was filtered
and purnified by reverse phase HPLC (0-100% MeOH in H20) to give compound §-20 as a
vellow solid (9.5 mg, 30% over two steps). 'H NMR (500 MHz, DMSO-ds) 8 11.11 (s, 1H),
10.33 (s, 1H), 8.97 (s, 1H). 8.62 (L J = 5.6 Hz, 1H), 8.11 (d, J = 3.0 Hz, 11D, 7.88 (dd, J =
248, 8.7 Hz, 2H), 7.59(dd, J = 9.2, 3.1 Hz, 1H), 7.44 (4. J= 2.3 Hz, 1H), 7.35 (dd. J = §.4,
23 Hz, 1H),5.83{p, /=89 Hz, 1H), 5.12(dd, /=129, 5.4 Hz, 1H), 4.20 (q. J=6.7 Hz,
2H), 4.03 (s, 2H), 3.25 (q. J = 6.6 Hz, 2H), 2.89 (s, 2H), 2.73 (s, 1H), 2.60 (dt. /= 18.0, 3.4
Hz, UH), 2.54 (s, 2H), 2.43 (s, 3H), 2.32 (s, 3H), 2.25 (ddt, J = 13.0, 10.8, 4.7 Hz, 1H), 2.05
(did. J=12.9.52, 2.1 Hz, 1H). 1.89(d, J=8.5 Hz 2H), 1.85-1.72 (m, 5H), 1.67 - 1.52 (m,
SH). LCMS: m/z 833.4 [M+11.

Example 11: Biochemical Studies
Enzyme Degradation Assay

Jurkat cell or Molid wild-type or cereblon null celis were treated with a control or a
bifunctional compound of the application. After treatment, cells were washed and harvested
by resuspending in buffer and tvsed on ice 30 minutes. Lysates were then cleared by
centrifugation. Samples were boiled and equal amount protein is loaded onto gel. Gel was
transferred to mitrocellulose and blotted for CDK6, CDK4 or Tubulin, As can be seen in FIG.
1, a decrease in CBK6 levels over time was cbserved while CDK4 and tubulin levels were
unaffected.
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Celis treated with Compound I-3 show degradation of CBK6 in the wild-tvpe cells
while CDK4 was unaffected (FIG. 2). Compound I-3 13 dependent on the presence of CRBN
as seen by arescue of CDKG6 levels in the CRBN-/- cells.

Western Blotting on CDK4/6

Jurkat cells were treated with the indicated compounds at the indicated concentrations
for the indicated amount of time. Cells were then lysed in M-PER buffer {Thermo Scientific)
containing protease/phosphatase inhibitor cocktaill {Roche). Protein concentration was
measured using a BCA assay {Pierce). Equivalent amounts of each samples were loaded on
4-12% Bis-Tris gels (Invitrogen), fransferred to nitrocellulose membranes, and
immunoblotted with antibodies against CDR4, CDKS, and Actin {Cell Signaling). IRDve®
B00-1abeled goat anti-rabbit 1g(G and IRDve® 680-1abeled goat anti-mouse IgG (LI-COR)
secondary antibodies were purchased for LI-COR, and membranes were detecled on an
Odvssey detection system (LI-COR Biosciences). The results are shown in FIG. 3A-FIG.

3G, FIG 4, FIG.S, and FIG.6A-FIG.6D.
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EQUIVALENTS
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments and methods
described hergin. Such equivalents are infended o be encompassed by the scope of the
present application.
All patents, patent applications, and literature references cited herein are hereby

expressly incorporated by reference.
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1. A bifunctional compound of Formula X:

(Targeting Ligand) —( Linker)—(Degron) X)

wherein:

the Targeting Ligand is capable of binding to CDK4 and/or CDK6;

the Linker is a group that covalently binds to the Targeting Ligand and the Degron;
and

the Degron is capable of binding to a ubiquitin ligase;

wherein the Targeting Ligand is of Formula TL-I:

(R1)n

N —\
/N -___/-/ 4
R2—§;N>—A B—A—X = N-}

Rs (TL-1,
or a stereoisomer thereof,
wherein:
A is absent or C(Ra4)2;
A'is NRs or O;
Xzs

Bis (Re)t .

Xis N or CH;

Xz 1s N or CRs5;

each R is independently (C;-C4) alkyl or (C1-C4) haloalkyl;

R» is H, (Ci-Cs) alkyl, (C1-Cs) haloalkyl, halogen, OH, or NH>;

R3 is (Cs-Cio) aryl or a monocyclic or bicyclic heteroaryl comprising one to four
heteroatoms selected from N, O, and S, wherein the aryl and heteroaryl are optionally
substituted with one or more R7; or

R> and R3 together with the carbon atoms to which they are attached form a 5- or 6-
membered heterocycloalkyl comprising one or two heteroatoms selected from N, O, and S,
wherein the heterocycloalkyl is optionally substituted with one or more Rsg; or R; and R3

together with the carbon atoms to which they are attached form a 5- or 6-membered
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heteroaryl comprising one or two heteroatoms selected from N, O, and S, wherein the
heteroaryl is optionally substituted with one or more Ro;

each R4 is independently H or (C;-Cs4) alkyl;

Rs is H or (Ci-Cas) alkyl;

each R is independently (C-Ca) alkyl, (C1-C4) haloalkyl, (C;-C4) alkoxy, (C-C4)
haloalkoxy, halogen, OH, or NHz;

each Ry is independently (C-Ca) alkyl, (C1-C4) haloalkyl, (C;-C4) alkoxy, (C-C4)
haloalkoxy, halogen, OH, or NH;; or

each Rg is independently (C-Ca) alkyl, (C1-C4) haloalkyl, (C;-C4) alkoxy, (C-C4)
haloalkoxy, halogen, C(O)(C-C4) alkyl, C(O)NHz, C(O)NH(C-C4) alkyl, C(O)N((C-Ca)
alkyl)z, (C3-C7) cycloalkyl, or heterocycloalkyl, or two Rg together with the carbon to which
they are attached form C(O);

each Ry is independently (C-Ca) alkyl, (C1-C4) haloalkyl, (C;-C4) alkoxy, (C-C4)
haloalkoxy, halogen, C(O)(C-C4) alkyl, C(O)NHz, C(O)NH(C-C4) alkyl, C(O)N((C-Ca)
alkyl),, (C3-C7) cycloalkyl, or heterocycloalkyl; and

n and t are independently 0, 1, 2, or 3,

/\

_S_ X N
wherein the Targeting Ligand is bonded to the Linker via the % nextto — ;

>

wherein the Degron is of Formula D1:

(R14)q

-\ Risz \/%(_g_
o} N | TR\
e
Rz O O (D1),
or a stereoisomer thereof, wherein:

Y is a bond, (CH2)1-6, (CH2)0-6-O, (CH2)0-6-C(O)NR 11, (CH2)0-6-NR11C(O), (CH2)o-6-
NH, or (CHz)0-6-NR2;

Z is C(O) or C(Ri3)2;

Ri11s H or Ci-Cg alkyl;

Riz is C1-Cs alkyl or C(O)-Ci-Cs alkyl;

each Ry3 is independently H or C;-Cs alkyl;

each Ry4 is independently C;-Cs alkyl;

Ris is H, deuterium, C;-Cs alkyl, F, or CI;

each Ri¢ is independently halogen, OH, C-Cs alkyl, or C-Cs alkoxy;

qis 0,1, 0r2;
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vis0, 1,2, or3; and

wherein the Degron is covalently bonded to the Linker via _g_.

2. The bifunctional compound of claim 1, wherein X is N.
3. The bifunctional compound of claim 1 or 2, wherein A is absent.
4. The bifunctional compound of claim 1 or 2, wherein A is CHa.
5. The bifunctional compound of any one of claims 1 to 4, wherein A'is NH.
4L N\\_§_
X
6. The bifunctional compound of any one of claims 1 to 5, wherein B is (Re)q .
7. The bifunctional compound of any one of claims 1 to 6, wherein n is 0.
8. The bifunctional compound of any one of claims 1 to 7, wherein t is 0.
9. The bifunctional compound of any one of claims 1 to 8, wherein R> is halogen.
10. The bifunctional compound of any one of claims 1 to 7, wherein R3 is a bicyclic

heteroaryl comprising one to four heteroatoms selected from N, O, and S, optionally

substituted with one or more R7.

11. The bifunctional compound of any one of claims 1 to 7, wherein Rz and Rs together
with the carbon atoms to which they are attached form a 6-membered heterocycloalkyl
comprising one or two heteroatoms selected from N, O, and S, optionally substituted with

one or more Rs.

12. The bifunctional compound of any one of claims 1 to 7, wherein Rz and Rs together

with the carbon atoms to which they are attached form a 5-membered heteroaryl comprising
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one or two heteroatoms selected from N, O, and S, optionally substituted with one or more

Ro.

13. The bifunctional compound of claim 1, wherein the Targeting Ligand is of Formula
TL-Ia, or TL-Ib:
(R1)n (R1)n

N N H H /
y Y, jN o HH AN,
RZ—QN\)—A B—X = N-} Rz4§;N>—A B—C—X N

Ry (TL-Ia),or  Rs (TL-Ib).

14. The bifunctional compound of claim 1, wherein the Targeting Ligand is of Formula

TL-Ic, or TL-Id:
(R1)n

R, _ /f/lf\)“ N N__N x/\i—/\N—é‘
Rer\JN\N N\ x\—/N_§_ Ry | ’\Nr Q

(Re)
H (Re)t (TL-Ic), Rs o (TL-1d).

15. The bifunctional compound of claim 1, wherein the Targeting Ligand is of Formula

TL-Ie or TL-If:

\ /5/51\),\ X N—§
7 )X N+ N

HN
N=< — —/ N \
(Re)t AR\ (Re)t
<‘\ N R, _N)—NH
R, Rs (TL-le),or K3 (TL-If).
16. The bifunctional compound of claim 1, wherein the Targeting Ligand is of Formula

TL-Ig, TL-Ih, or TL-Ii:
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(R1)n (R)n

N N e
HN—@X N—- N DX ' Nt
N=— == 'R )\_/ N= — —/
N o)t (Re):
S/ Wa
Rs N=Rg N
\ XNNR,
Rg O (TL-Ig), Re (TL-Ih),
or
(R1)n
X N
XN
N \
N
Rz / \>_NH (Rs)t
—N
R7\N
sy
Ry Ry (TL-Ii).
17. The bifunctional compound of any one of claims 1 to 16, wherein the Linker is of
Formula LO:
19./21\(\,)/QW\/§\M/Q\955
p3 p1\ /p2 (L0)

or stereoisomer thereof, wherein
pl is an integer selected from 0 to 12;
p2 is an integer selected from 0 to 12;
p3 is an integer selected from 1 to 6;
each W is independently absent, CH», O, S, NH, or NR9;
Z1 is absent, C(O), CH>C(O)NH, CH_, O, NH, or NR9;
each Ryg is independently C;-Cs alkyl; and
Q is absent or NHC(O)CHoa,

wherein the Linker is covalently bonded to a Degron via the _g_ next to Q, and covalently

bonded to a Targeting Ligand via the _g_ next to Zi.

111



2017254708

10 Aug 2021

10

18.

The bifunctional compound of claim 17, wherein the Linker is selected from:

TL MW\A\Q /g/

p3

p1

TL %O\A;Q /3’
ST e S

p3

p1

p1
(0]
)X\/E/
N
p1 H
(0]

(L1),

(L2),

(L3),

(L4),

(L5),

(L6),

(L7),

(L8),

(L9),

(L10),

(L11),
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TL/\[(HV\(WNP{ "N

(L12),
O
TL \/lk m /\%/Q %
N o ~
H P3 p1 (L13), and
N Q
~
o) (L14).
19. The bifunctional compound of claim 1, wherein Z is C(O).
20. The bifunctional compound of claim 1, wherein Y is a bond, O or NH.
21. The bifunctional compound of claim 1, wherein the Degron is of Formula D1a or
Dl1b:
Ris)g Q Y4 o Y
o N (R1ely o N
HN HN
o O (Dla) or 0 O (D1b).
22. A pharmaceutical composition comprising a therapeutically effective amount of the

bifunctional compound of any one of claims 1 to 21, or stereoisomer, or pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

23. A method of inhibiting a kinase or modulating the amount of cyclin-dependent kinase
4 (CDK4), comprising administering to a subject in need thereof an effective amount of a

compound of any one of claims 1 to 21.

24. A method of inhibiting a kinase or modulating the amount of cyclin-dependent kinase
6 (CDK®6), comprising administering to a subject in need thereof an effective amount of a

compound of any one of claims 1 to 21.
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25. A method of inhibiting a kinase or modulating the amount of cyclin-dependent kinase
4 (CDK4) and cyclin-dependent kinase 6 (CDK6), comprising administering to a subject in

need thereof an effective amount of a compound of any one of claims 1 to 21.

26. A method of treating or preventing a disease in which CDK4 and/or CDK®6 plays a
role, comprising administering to a subject in need thereof an effective amount of a

compound of any one of claims 1 to 21.

27. The method of claim 26, wherein the disease is cancer or a proliferation disease.

28. The method of claim 27 wherein the cancer is lung cancer, colon cancer, breast
cancer, prostate cancer, liver cancer, pancreas cancer, brain cancer, kidney cancer, ovarian
cancer, stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer, pancreatic
cancer, glioma, glioblastoma, hepatocellular carcinoma, papillary renal carcinoma, head and

neck squamous cell carcinoma, leukemia, lymphoma, myeloma, or a solid tumor.

29, The method of claim 26, wherein the disecase is inflammation, arthritis, rheumatoid
arthritis, spondyiarthropathies, gouty arthritis, osteoarthritis, juvenile arthritis, and other
arthritic conditions, systemic lupus erthematosus (SLE), skin-related conditions, psoriasis,
eczema, bums, dermatitis, neuroinflammation, allergy, pain, neuropathic pain, fever,
pulmonary disorders, lung inflammation, adult respiratory distress syndrome, pulmonary
sarcoidosis, asthma, silicosis, chronic pulmonary inflammatory disease, and chronic
obstructive pulmonary disease (COPD), cardiovascular disease, arteriosclerosis, myocardial
infarction (including post-myocardial infarction indications), thrombosis, congestive heart
failure, cardiac reperfusion injury, as well as complications associated with hypertension
and/or heart failure such as vascular organ damage, restenosis, cardiomyopathy, stroke
including ischemic and hemorrhagic stroke, reperfusion injury, renal reperfusion injury,
ischemia including stroke and brain ischemia, and ischemia resulting from cardiac/coronary
bypass, neurodegenerative disorders, liver disease and nephritis, gastrointestinal conditions,
inflammatory bowel disease, Crohn's disease, gastritis, irritable bowel syndrome, ulcerative
colitis, ulcerative diseases, gastric ulcers, viral and bacterial infections, sepsis, septic shock,
gram negative sepsis, malaria, meningitis, HIV infection, opportunistic infections, cachexia

secondary to infection or malignancy, cachexia secondary to acquired immune deficiency
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syndrome (AIDS), AIDS, ARC (AIDS related complex), pneumonia, herpes virus, myalgias
due to infection, influenza, autoimmune disease, graft vs. host reaction and allograft
rejections, treatment of bone resorption diseases, osteoporosis, multiple sclerosis, cancer,
leukemia, lymphoma, colorectal cancer, brain cancer, bone cancer, epithelial call-derived
neoplasia (epithelial carcinoma), basal cell carcinoma, adenocarcinoma, gastrointestinal
cancer, lip cancer, mouth cancer, esophageal cancer, small bowel cancer, stomach cancer,
colon cancer, liver cancer, bladder cancer, pancreas cancer, ovarian cancer, cervical cancer,
lung cancer, breast cancer, skin cancer, squamus cell and/or basal cell cancers, prostate
cancer, renal cell carcinoma, and other known cancers that affect epithelial cells throughout
the body, chronic myelogenous leukemia (CML), acute myeloid leukemia (AML) and acute
promyelocytic leukemia (APL), angiogenesis including neoplasia, metastasis, central nervous
system disorders, central nervous system disorders having an inflammatory or apoptotic
component, Alzheimer's disease, Parkinson's disease, Huntington's disease, amyotrophic

lateral sclerosis, spinal cord injury, and peripheral neuropathy, or B-Cell Lymphoma.

30. A bifunctional compound of any one of claims 1 to 25 for use in the manufacture of a

medicament for treating or preventing a disease in which CDK4 plays a role.

31. A bifunctional compound of any one of claims 1 to 21 for use in the manufacture of a

medicament for treating or preventing a disease in which CDK6 plays a role.

32. A bifunctional compound of any one of claims 1 to 21 for use in the manufacture of a

medicament for treating or preventing a disease in which CDK4 and CDK 6 play a role.

33. A bifunctional compound of any one of claims 1 to 21 for use in treating or

preventing a disease in which CDK4 plays a role.

34. A bifunctional compound of any one of claims 1 to 21 for use in treating or

preventing a disease in which CDK6 plays a role.

35. A bifunctional compound of any one of claims 1 to 21 for use in treating or

preventing a disease in which CDK4 and CDK 6 play a role.

36. A bifunctional compound, which is
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or a stereoisomer or pharmaceutically acceptable salt thereof.
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— 37. A bifunctional compound, which is
A
- @]
S XS
o
&N
= RN
< <o
= s s
= Oﬁr \_/\O,«-'\VO\\_/\O/‘-\_, m/\N/\w o
| |
0 R
-] H
~
- (I1-19),
\ : :
([3 or a stereoisomer or pharmaceutically acceptable salt thereof.
—
S
AN 5 38. A bifunctional compound, which is
; N
/ K\N% \”/\N o
—N . N g H
LN ) 1)
o N "‘N’J\N SN o={
o ha
2 (1_5):
or a stereoisomer or pharmaceutically acceptable salt thereof.
39. A bifunctional compound, which is
8]
HN
L]
o}
N
0
& N
o k/Nf]\ NF | =
N H’J*N N"TO
10 (I-18),

or a stereoisomer or pharmaceutically acceptable salt thereof.
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40. A bifunctional compound, which is

o]
N7 XY™~
Az

® CLo-CF

N" H
H(N NN NN L I
° (1-3),

or a stereoisomer or pharmaceutically acceptable salt thereof.

4

41. A method for treating a cancer, comprising administering to a subject in need thereof
an effective amount of the bifunctional compound of claim 1, or a stereoisomer or
pharmaceutically acceptable salt thereof, wherein the cancer is selected from breast cancer,
brain cancer, endometrial cancer, head and neck cancer, gastrointestinal cancer, lung cancer,
ovarian cancer, prostate cancer, uterine cancer, hepatocellular carcinoma, liposarcoma,

melanoma, multiple myeloma, neuroblastoma, leukemia, lymphoma, and teratoma.

42. The method of claim 41, wherein the cancer is a lymphoma or leukemia.

43, The method of claim 41, wherein the cancer is brain cancer.

44. The method of claim 43, wherein the brain cancer is glioblastoma.

45, The method of claim 41, wherein the cancer is breast cancer.

46. The method of claim 41, wherein the cancer is lung cancer.

47. The method of claim 46, wherein the lung cancer is non-small cell lung cancer
(NSCLC).

48. The method of claim 42, wherein the leukemia is acute-myeloid leukemia (AML) or

acute lymphatic leukemia (ALL).
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