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DEGRADATION OF CYCLIN-DEPENDENT KINASE 4/6 (CDE4/6) BY CONJUGATION OF
CDER4/6 INHIBITORS WITH E3 LIGASE LIGAND AND METHODS OF USE
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BACKGROUND

Ubiquitin-Proteasome Pathway (UPP} is a critical pathway that regulates proteins and
degrades misfolded or abnormal proteins. UPP is central to nwultiple cellular processes, and if
defective or imbalanced, leads to pathogenesis of a variety of diseases. The covalent

15 attachment of ubigquitin to specific protein substraies 1s achigved through the action of E3
whiquutin higases. These ligases comprise over 500 different proteins and are categorized into
multiplc classes detined by the structural element of their £3 functional activity. For
example, cereblon (CRBN) interacts with damaged DNA binding protein 1 and forms an E3
pbiquitin higase complex with Cullin 4 1 which the proteins recognized by CRBN are

20 ubigutinated and degraded by proteasomes. Various immunomodulatory drugs (IMiDs), e g
thalidomude and lenalidomide, binds to CRBN and modulates CRBN s role in the
ubigquitination and degradation of protem factors mvolved in maintaining regular cellular
function.

Bifunctional compounds composed of a target protein-binding motety and an E3

25 ubiquitin higase-bindimg 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 discases.

Cvehin-dependent kinase is a kinase family integrating multiple signaling pathways to
control either cell eycle or gene transeription. CDK1, 2, 4 and 6 are the critical enzymes that

30 drive cell cycle transition. For example, CDK1 is a key deterninant of mitotic progression,
CDKZ regulates DNA replication in S phase, and CDK4/6 drives the cell cyele from GO or

G1 to S phase by phosphorviation on Rb protein to activate expression of genes mvolved in
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cell cycle control. CDK7, 9 and 12 are known enzymes that regulate the transcription mstead
of directly promoting cell cveles. CDK7 s the enzymatic component of TFHH complex
which is responsible for regulating transcription initiation, and CDK9 and CDK1Z regulate
transcription clongation 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
mhibitors have been identified, however, most of the known inhibitors have faided in clinic
tnals due to the lack of high systemic drug concentration. More recently, the development of
a CDK7 covalent mhubitor, THZ1, has demonstrated that irreversible binders are superior to
reversible CDK binders.

Alternative strategics to inhibit cychin~dependent kinases, such as CDK4 and CDKGO,
arc needed. At present, suitable compounds with altemative mechanisms of action targeting

CDK4 and CDKG6 are not available. The present application addresses the need.

SUMMARY

The present application relates to novel bifunctional compounds, which function to
recruil targeted proteins to B3 ubiguitin ligase for degradation, and methods of preparation

and uses thereof. The bifunctional compound is of Formula X

§ Targeting Ligand Pm(i..mkar')m(DegrOﬂ} (X)

wherein:

the Targeting Ligand is capable of binding to a targeted protein, such as a cvclin-
dependent kinase {e.g., 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 Higase, such as an E3 ubiquitin ligase
{e.g., cercblon).

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

ligase-binding moiety to a ligand that binds the targeted proteins.
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The present application also relates to a bifunctional compound of Formula [

(R‘E)n

/

R, /m:%*}mA’mBmAmXQNm{ Linker)m([)egron)

Ry

(I}, or
Targeting Ligand

or an enantiomer, diastereomer, stergoisomer, or pharmaceutically acceptable salt thereof,

wherein:
Ry, Re, Ry, AL A' B, X, and n are cach as defined herein;
)4 M

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

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

the Targeting Ligand is capable of binding to a targeted protein, such as CDE4 and/or
CBKs.

The present application further relates to a Degron of Formula D1

(R’lzs)q 2
i
""""" N l —(Ragly
/N ..... ?,f Z
Ria O © {D1),

or an cnantiomer, diastercomer, or stereoisomer thereof, wherein Y, Z, Ris, Rua, Ris, Rus, v,
and g are cach as defined herein.

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

E/21WVV\/§\L,3/Q“}9
i 03 eth 2

or an enantiomer, diastercomer, or sterecisomer thergof, wheremn pl, p2, p3, W, Q. and Z; are

(LO),

cach as defined herein, the Linker 1s covalently bonded to a Degron via the __é_, next to (Q,

and covalently bonded to the Targeting Ligand via the mgm nextto Z1.

The present application also relates to a pharmaceutical composition comprising a
therapeutically effective amount of a bifunctional compound of the application, or an
enantiomer, diastercomer, stereoisomer, or pharmaceutically acceptable salt thercof, and a

pharmaceutically acceptable carrier.
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Another aspect of the present application relates to a method of inhubiting a kinase
{e.g., CDK4 and/or CDK6). The method comprises admimnistering to a sabject in need thereof
an effective amount of a bifunctional compound of the application, or a pharmaceutically
acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof, ora
phammaceutical composition of the application.

Anocther 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
administering 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 composition of the application.

Another aspect of the present application relates to a method of treating or preventing
adisease (e.g., a disease in which CDK4 and/or CBK6 plays a role). The method comprises
administenng to a subject in need thercof an effective amount of a bifunctional compound of
the application, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer,
or tautomer thereof, or a pharmaceutical composition of the apphication. In one aspect, the
disease 18 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 CDK4 and/or (DK6 plays a
role).

Angcther aspect of the present application relates to a method of treating or preventing
cancer in a subject, wherein the cancer cell comprises an activated CDK4 and/or an activated
CDKG6 or wherein the subject is identified as being in need of inhibition of CD¥K4 and/or
CDK6 for the freatment or prevention of cancer. The method comprises adnunistering to the
subject an effective amount of a bifunctional compound of the application, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, sterecisomer, or tautomer thereot,
or a pharmaccutical composition of the application.

Another aspect of the present application relates to a kit comprising a bifunctional
compound capable of inhibiting CDK4 and/or CDK6 activity, selected from a bifunctional
compound of the application, or a pharmaceutically acceptable salt, hydrate, solvate, prodmg,
stereoisomer, or tautomer thereof.

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

salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof.
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Another aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stercoisomer, or
tautomer thereof, or a pharmaceutical composttion of the application, for use m the
manufacture of a medicament for inhibiting a kinase {e.g., CDK4 and/or CDK6) or for
modudating {e.g., decreasing) the amount of a kinase {e.g., CBK4 and/or CDKS#).

Anocther aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stercoisomer, or
tautomer thereof, or a pharmacentical composition of the application, for use m the
manufacture of a medicament for treating or preventing a disease {e.g., a disease in which
CDK4 and/or CDKG plays a role). In onc aspect, the discase is a kinase {e.g., CDK4 and/or
CDKo6) mediated disorder. In one aspect, the disease is a proliferative disease (e.g., a
proliferative discase in which CDK4 and/or CDKG6 plays a role).

Anocther aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stercoisomer, or
tautomer thereof, or a pharmacentical composition of the application, for use m the
manufacture of a medicament for treating or preventing cancer in a subject, wherein the
cancer cell compnses an activated CDK4 and/or an activated CDK6 or wherein the subject is
identified as being 1n need of nhibition of CDK4 and/or CDKG ftor the treatment or
prevention of cancer.

Anocther aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stercoisomer, or
tautomer thereof, or a pharmaceutical composition of the application, for use in inhibiting a
kinase {e.g., CDK4 and/or CBK6) or modulating (e g, decreasing} the amount of a kinase
{e.g., CDK4 and/or CDK6E).

Another aspect of the present application relates to a bifunctional compound of the
application, or a pharmaceutically acceptable salt, hyvdrate, solvate, prodrug, stercoisomer, or
tautomer thercof, or a pharmaceutical composttion of the application, for use in treating or
preventing a discase (e.g., a discase in which CDK4 and/or CDKG6 plays a role). In one
aspect, the disease 1s a kinase {e.g., CDK4 and/or CDK6) mediated disorder. In one aspect,
the disease i a proliferative disease (e.g . a proliferative disease in which CDK4 and/or
CDKS plays a role).

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

tautomer thereof, or a pharmaceutical composition of the application, for use in treating or



(]

10

20

CA 03106523 2021-01-13

WO 2020/023480 PCT/US2019/042985

preventing cancer in a subject, wherein the cancer cell comprises an activated CDK4 and/or
activated CDK6 or wherein the sabject 15 identified as being in need of inhibition of CDK4
and/or CDK6 for the treatment or prevention of cancer.

¢ 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
mmproved efficacy and/or safety profile relative to known CDK4 and CDK6 inhibitors. The
present application also provides agents with novel mechanisms of action toward CDK4 and
CDK6 kinases in the treatment of vanous types of dissases including 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 CDK6} play a role, such as cancer.

The details of the disclosure are set forth in the accompanying description below.
Although methods and materials similar or equivalent to those described herein can be used
m the practice or testing of the present application, illustrative methods and matenals are now
described. In the case of conflict, the present specification, including definitions, will
control. In addition, the materials, methods, and examples are tlustrative 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 specification and the appended
claims, the singular forms also nclude 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 conteunts 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 entiretics by reference. The

references cited herein are not admitted to be prior art to the application.

6
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A, FIG. 1B, FIG. 1C, FIG. 1D, and FIG . 1E are westemn blots showing levels of
ChR4, CDKS, and actm n Jurkat cells treated for 4 hours with various concentrations of
Compound .23 (FIG. 1A), Compound [-24 (FIG. 1A}, Compound [-25 (FIG. 1B),
5 Compound [-26 (FIG. 1), Compound 1-27 (FIG. 1B, or Compound 1-28 (FIG. 1E).

DETAILED DESCRIPTION

Compounds of the Apphication

The present application relates to bifunctional compounds having utility as
modulators of ubiquitination and proteosomal degradation of targeted proteins, especially
10 compounds comprising a moicty capable of binding to a polvpeptide or a protein that is
degraded and/or otherwise mhibited by the bifunctional compounds of the present
application. In particular, the present application is directed to compounds which contain a
moiety, e.g., a small molecule moiety (7 e, having a molecular weight of below 2,660, 1,000,
500, or 200 Daltons), such as a thalidomide-like moicty, which is capable of binding to an E3
15 ubiguitin ligase, such as cereblon, and a higand that 1s capable of binding to a target protei,
i such a way that the target protein is placed in proximity to the ubiquitin ligase to effect
degradation {(and/or inhubition) of that protein.
In one embodiment, the present application provides a bifunctional compound of

Formula X:

(Targetir:g Liganc{) ----( Linker )-——-—-(Degron)

20 (X},
wherein:
the Targeting Ligand is capable of binding to a targeted protein, such as CDK4 and
CDK6;
the Linker is a group that covalently binds to the Targeting Ligand and the Degron;
25 and

the Degron is capable of binding to a ubiquitin ligase, such as an E3 ubigquitin ligase

{e.g., cercblon).
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In one embodiment, the present application provides a compound of Formula I

(R‘E)n

/

R, /m:%*}mA’mBmAmXQNm{ Linker)m([)egron)

Ry

(I}, or
Targeting Ligand

or an enantiomer, diastereomer, stergoisomer, or pharmaceutically acceptable salt thereof,

wherein:
Ry, Re, Ry, AL A' B, X, and n are cach as defined herein;
)4 M

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

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

the Targeting Ligand is capable of binding to a targeted protein, such as CDEK4 and/or
CBKs.

The present application further relates to a Degron of Formula D1

(R’lzs)q 2
i
""""" N l —(Ragly
/N ..... ?,f Z
Ria O © {D1),

or an enantiomer, diastercomer, or sterecisomer thergof, wherein Y, 7, Ris, Rug, Ris, Rus, q.
and v are cach as defined herein.

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

E/21WVV\/§\L,3/Q“}9
i 03 eth 2

or an enantiomer, diastercomer, or sterecisomer thergof, wheremn pl, p2, p3, W, Q. and Z; are

(LO),

cach as defined herein, the Linker 1s covalently bonded to a Degron via the __é_, next to (Q,

and covalently bonded to the Targeting Ligand via the mgm nextto Z1.
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Targeting Ligand
Targeting Ligand (TL) {(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 CDEK®.
3 In one embodiment, a Targeting Ligand is a compound of Formuda TL-L:

(;mﬁ

N

2R NN V'S
R, MN>-—A B—A-——X = N-}

Rs (TL-D,
or an enantiomer, diastereomer, stergoisomer, or pharmaceutically acceptable salt thereof,
wherein:
A 1s absent or C(Ra)z;
10 Alis NRsor G,
Xz

Bis R&)t;

Xis N or CH;

Xz1s Nor CRs;

cach R: is independently (Ci-Ca) alkyl or (C1-Ca) haloalkyi;

i3 Rais H, (Ci-Ca) alkyl, {C1-Ca) haloalkyi, halogen, OH, or NHz;

Rs 15 {Ce-Cio) arvl or a monocychc or bicyclic heteroary! comprising one to four
heteroatoms selected tfrom N, O, and $, wherein the arvl and heteroarvl are optionally
substituted with one or more Ry; or

Rz and Rj together with the carbon atoms to which they are attached form a 5- or 6~

20 membered heterocycloalkyl comprising one or two heteroators selected from N, O, and 5,
wherein the heterocycloalkvl is optionally substitited with one or more Rs; or Rz and Rs
together with the carbon atoms to which thev are attached form a 5- or 6-membered
hetercaryl comprising one or two heteroatoms selected from N, O, and S, wherein the
heteroaryl 1s optionally substituted with one or more Ko,

25 each R is wndependently H or (C1-Cq) alkyl;

Rsis Hor (C1-Cy) alkyl;

cach R is independently ({-Cs) alkyl, {Ci-Cya) haloalkyl, {(Ci-Cq) atkoxy, {(C1-C4)

haloalkoxy, halogen, OH, or NHo;
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each R7 is ndependently (C1-Cq) alkyl, (C1-Ca) haloalkvl, (C1-Ca) alkoxy, (C1-Ca)
haloatkoxy, halogen, OH, or NHz; or

cach Rz is independently (Ci-Cy) alkyl, (Ci-Ca) haloalkyl, (C1-Ca) alkoxy, (C1-Ca)
haloalkoxy, halogen, C(OXCi-Ca) alkyl, CCONH, CIOINH(C1-Ca) alkyl, C{OIN{Ci-Ca)
alkyl)z, (Cs-Cr) cycloalkyl, or heterocycloalkyl, or two Rs together with the carbon to which
they are attached form ({0);

each Re is independently (Ci-Cy) alkyl, (C1-Cy) baloalkyl, {(C1-Cs) alkoxy, {C1-Cy)
haloatkoxy, halogen, C(OYC1-Ca) alkyl, CONH, CIOMINH(C-Ca) alkyl, CONC-Ca)
alkyl, (C3-Cr) evcloalkyl, or heterocveloalkyl; and

nand tare independently 0, 1,2, or 3,

X M

wherein the Targeting Ligand is bonded to the Linker via the g nextio Nt
In some embodiments, A 1s absent. In other embodiments, A 15 CHo.

In some embodiments, A'i1s NRs. In other embodiments, A'1s O. In other

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

in some embodiments, B 13 (Rﬁ)t. In other embodiments, B 13
RN

5

. In other embodiments, B is (Rﬁ)ﬁ. In other embodiments, B 1s

. OF

. In other embodiments, B is

in some embodiments, X is N, In other embodiments, X 1s CH.

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

In some embodiments, cach Ry s independently methyl, ethyl, propyl, or i-propvl In
other embodiments, cach Ry is independently methyl or ethyl. In other embodiments, each Ry
18 independently methyl. In other embodiments, each R: is independently {C1-Cs) haloalkyl

{i.e., CF3, CHF:, CHoCF;, or CF(CF3).

1
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In some embodiments, Ra 1s H, (C1-Cs) alkvl, (Ci-Cs) haloalkyl, halogen, OH, or
NH. In other embodiments, Ry is (C1-Cs) alkyl, {(Ci-C3) haloalkyl, halogen, OH, or NHz. In
other embodiments, Ko is (Ci-Cs) alkyl, (Ci-Cs) haloalkyl, or halogen. In other embodiments,
R2 s halogen, OH, or NFL. In other embodiments, Ra 18 (C1-Cs) alkyl or (€1-Cs) haloalkyl.
In other embodiments, R 1s {C1-Cs) alkyl or halogen. In other embodiment, Rz s halogen.
In other embodiment, Rz is methyl or F. In other embodiments, Rz is F.

In some embodiments, B3 is {Ce-Cio} ary! optionally substituted with one or more R
In other embodiments, R is a monocyclic or bicyclic hetercaryl comprising one to four
heteroatoms selected from N, O, and S, optionally substituted with one or more Ry, In some
embodiments, Rs 18 {{Ts-Cie) aryl substituted with one or more Ry In other embodiments, R
is a monocyclic or bicvelic heteroaryl comprising one to four heteroatoms selected from N,
0, and S, substituted with ong or more Ry, In other embodiments, Rs 15 a monocyclic
heteroaryl comprising one to three hetercatoms selected from N, O, and 5, optionally
substituted with one or more Ry, In other enmibodiments, Rs is a bicyclic heteroarvl
comprising one to four heteroatoms selected from N, O, and S, optionally substituted with
one or more Ry In other embodiments, R is a monocyche heteroaryl comprising ong to three
heteroatoms selected from N, O, and 8, substituted with one or more Ry, In other
crbodiments, Rz s a bievclic heteroaryl comprising one to four heteroatoms selected from
N, G, and S, substituted with one or more Ry

In some embodiments, Rz and Rs together with the carbon atoms to which they are
attached form a S-membered heterocycloalkyl comprising one or two heteroatoms selected
from N, O, and S, optionally substituted with one or more Rs. In some embodiments, Rz and
R together with the carbon atoms to which they are attached form a 6-membered
heterocycloatkyl comprising one or two hetercatoms selected from N, O, and §, optionally
substituted with one or more Rz, In some embodiments, Rz and Rs together with the carbon
atoms to which they are attached form a S-membered heterocycloalkyl comprising one or two
heteroatoms sclected from N, O, and S, substituted with one or more Rz, In some
embodiments, Rz and Rs together with the carbon atoras to which they are attached form a 6-
membered heterocyeloalkyl comprising one or two heteroatoms selected from N, O, and 5,
substituted with one or more Rae.

In other embodiments, Ry 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,
0, and S, optionally substituted with one or more Rs. In other embodiments, Rz and Rs

together with the carbon atoms to which thev are attached form a 6-membered heteroaryl
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comprising one or two heteroatoms selected from N, O, and S, optionally substituted with
one or more Ro. In other embodiments, R2 and Rs together with the carbon atoms to which
thev are attached form a S-membered beteroaryl comprising ong or two heteroatoms selected
from N, O, and 5, substituted with one or more Rs. In other embodiments, Rz and R together
with the carbon atoms to which they are attached form a 6-membered heteroaryl comprising
one or two heteroatoms sclected from N, O, and &, substituted with one or more Ry,

In some embodiments, cach Rs 1s independently H or (C1-Cs) alkvl (e g, methvl,
cthvl, propyl, or i-propyl). In other embodiments, cach Ru 13 independently H, methvl or
cthyl. In other embodiments, cach Rs is independently methyl or ethyl. In other
embodiments, cach Ru 1s independently H or methyl. In other embodiments, at lcast one Rs is
methyl. In other embodiments, cach Reis H.

In some embodiments, Rs s H or (C:-Ca) alkyl {e.g., methyl, ethyl, propyl, ori-
propyl). In other embodiments, Rs is H, methyl or ethyl. In other embodiments, Rs is methyl
or cthyl. In other embodiments, Rs 1s H or methvl. In other embodiments, Rs is methyl. In
other embodiments, Rs is H.

In some embodiments, each Rs 15 independently (C1-Cs) alkyl, (C1-C5} haloalkyl, (Cs-
s} alkoxy, {Ci-C5) haloalkoxy, halogen, OH, or NHz. In other embodiments, cach Be is
mdependently (C1-Ca) alkyl, (Ci-Cs) haloalkyl, (C1-Cs) alkoxy, {(C1-Cs) haloalkoxy, or
halogen. In other embodiments, each Rs 15 independently halogen, OH, or NHz. In other
embodiments, each Bs is independently (C-C3) alkyl, {Ci-Cs) haloalkyl, or halogen. In other
embodiments, each Re 1s independently {C1-Cs) alkyl or halogen. In other embodiments,
cach Re 13 independently methyl, ethyl, propyl, 1so-propyl, or halogen. In other
embodiments, gach Re is mdependently methyl, ethvl, propyl, iso-propyl, or F.

In some embodiments, gach Ry s independently (Ci-(3) alkyl, (C1-C5) haloalkyl, (-
Cs) alkoxy, (C1-Cs) haloalkoxy, halogen, OH, or NHz. In other embodiments, cach Ry is
mdependently (C1-Ca) alkyl, (Ci-C3) haloalkyl, {C1-Cs) alkoxy, {C1-Cs) haloalkoxy, or
halogen. In other embodiments, cach R- 1s independently halogen. OH, or NHa. In other
embodiments, each Rz 1s independently (C1-Cs) alkyl, {(Ci-Cs) haloalkyl, or halogen. In other
embodiments, each Ry 1s mmdependently (C1-Cs) alkyl or halogen. In other embodiments,
cach R7 s independently methyl, ethyl, propyl, iso-propyl, or halogen. In other
embodiments, cach Ry is independently methyl, ethyl, propyl. iso-propyl, or F.

in some cmbodiments, cach Rs is independently (C:-Cs) alkyl, {C1-Cs) baloalkyl, (Ci-
Cs) alkoxy, {C1-Cs) haloalkoxy, halogen, C(OXCi-Cs) alkyl, CLONFL, C{OINH(C1-Cs)

atkyl, CAON((C1-Cs} alkyhy, (C3-Ce) cveloalkyl, or heterocyeloatkyl. In other embodiments,
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cach Re 13 independently (C1-Cs) alkyl, {C1-Cs) haloalkyl, halogen, C{OWC1-Ca) atkyl,
C{OINHs, C(ONH{(C1-C5) alkyl, CEOMNC-Cs)y alkyD, (C3-Co) cyvcloalkyl, or
heterocycloalkyvl. In other emabodiments, each Rs 1s independently {(Ci-Cs) alkyl, (C1-Cs)
haloalkyl, halogen, C{OWC1-Ca) alkyl, COINH., C(OINH(C1-Cs) alkyl, COIN{Ci-Cs)
alkvlls, or (Cs-Cs) cycloalkyl. In other embodiments, cach Re 1s independently (C1-Cs) alkyl,
C{ONC1-Cs) alkyl, CIOINH,, C{OWNH{C-Cs) alkovl, CEOMINKC-Cs) alkyl )z, or (C5-Ce)
cycloalkvl. In other cmbodiments, each Rs 15 independently (Ci-Cs) alkyl, C{ONC1-Cs)
alkvl, or {Cs5-Cs) cycloalkyl. In other embodiments, cach R s independently {C1-Cs) alkyl,
C{OHC1-Ca) alky], or {Cs-Co) cycloalkyl. In some embodiments, two Rs together with the
carbon to which they are attached form C{O).

in some embodiments, each Ro 1s (C1-C3) alkyl, (Ci-Cs) haloalkyl, (C1-Cs) alkoxy,
(C1-C3} haloalkoxy, halogen, C(OXC:-Cs) alkyl, C(OINH,, CHOMNH{C:-Cs} alkyi,
CIOINWC-Cs) alkylh, {(C3-Co) cycloalkyl, or heterocycloalkyl. In other embodiments, cach
Ry 18 {C1~Cs) alkyl, (C1-Cs) haloalkyl, halogen, C{ONCi-Cs) alkyl, COONH:, CIOWNH(Cy-
Ca) alkvl, CAOIN((C1-Cs) alkyl)z, (Ca-Co) eycloalkyl, or heterocveloalkyl. n other
embodiments, gach Rs is (C1-C5) alkyl, {C1-Cs) haloalkyl, halogen, C{ONC1-Cs) alkyl,
C{ONNH:, C(OINH(C1-0s) alkyl, CEMNUCH-C5) alkyly, or (U3-Co) cveloalkyl In other
embodiments, cach Ro is {C1-Cs) alkyl, CIOXC1-Cs) alkyl, CIOWNH:, CIOINH(Ci-Cs) alkyl,
C{OINC1-Ca) alkylh, o1 {C3-Co) cycloalkyl. In other embodiments, cach Ro is (C1-Cs)
atkyl, C(ONH:, CHOINH(C-C5) alkyl, CIOIN{(C-Cs) alkyin, or {(C3-Ce) cycloalkyl. In
other embodiments, cach Ro is C{OINH2, C(OINB(C1-Cs) alkyl, CON{Ci~Cs) alkyv), or
{(C3-Cs) cycloaltkyl.

In some embodiments, £1s 0. In other embodimenis, tis 1. In other embodiments, {15
2. In other embodiments, t1s 3. In other embodiments, t1s O or 1. In other embodiments, t1s
Lor2. In other embodiments, tis 0, 1 or 2. In other emboduments, tis 1, 2 or 3.

In some embodiments, nis 0. {n other embodiments, n i3 1. In other embodiments, o
i1s 2. In other embodiments, n is 3. In other embodiments, nis 0 or 1. In other embodiments,
nis 1 or2. In other cmbodiments, 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, Xo, Ri, Rz, Rs, R4, Rs, Rs,
R7, Rs, Ro, 1, and t can be combined with any of the groups described herein for one or more
of the remamder of A, A" B, X, Xo, Ri, Ko, B3, R4, Rs, Re, Ry, R, Ro, n, and t, and may
further be combined with any of the groups described herein for the Linker.

For a Targeting Ligand of Formula TL-I:

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

13
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{2} In one embodiment, Xis N and A 1s CHo,
{3) In one embodiment, X is N and A’ is NRs.
{4 In one cobodiment, X is N, A is absent, and A’ is NRs.
{5} In one embodiment, X 1s N, A 1s CHz, and A" 15 NRs.
{6) In one embodiment, X is N and B is
{7 In one embodiment, X is N, A is absent, and B 1s
{3} In one embodiment, X 1s N, A1isCHz, and B s
N
£ g

§

{9} In one embodiment, X 13 N and B is W .
M
3 | %’.;,_.%m
{10}  In one embodiment, X is N, A 13 absent, and B s &
M

{11}  In one embodiment, X 1s N, A 1s CHy, and B is = .
(12} Inone embodiment, X 1s N and B is (Rglt
{13}  In one embodiment, X is N, A is absent, and B is (Re);
{14y  In onc embodiment, X 1s N, A 1s CHz, and B is {Rek

14
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(18)

(1)

(25)
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LoN

In one embodiment, X is N and Bis

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

In one embodiment, X is N, AisCHz, and B is

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

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

In one embodiment, X is N, Ais CHz, A'is NRs, and B is

...,%,.;tef N‘E@

i
In one embodiment, X is N, A'is NRs, and B is W

N
k | "Elmgm
In one embodiment, X is N, A is absent, A' s NRs, and B is F
N
k E ?.1_,%_..,

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

]
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30y Inone embodiment, X 1s N, A'1s NEs, B s
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{(Rekt and Rsis H.

(31}  In onc cmbodiment, X is N, A is absent, A'1s NRs, B is (Rg) , and

Rsis H.

{32} In onc embodiment, X 1s N, A is CHo, A'1s NRs, B is

is H.

{33} In onc embodiment, X is N, A' 1s NRs, B is

<

) Rﬁ)t , and Rs

i ‘:_"%_

,and Rsis H.

N
Ut
(34) Inonc embodiment, X 1s N, A 1s absent, A'is NRs, Bis Z . and

Rsis H

is H.

16
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(36) Inone embodiment, X 1s N, A'1s NRs, B s {Reh ,and Rsis H.

{37y In onc embodiment, X 1s N, A 1s absent, A’ 1s NRs, B ig (Reh cand Bs
is H

(38)  In one embodiment, X is N, A is CHy, A'is NRs, B is (Reh _and Rs is

5 H.
{39y  In one embodiment, X1s N, A'1s NRs, B s -~ "iﬁ and Rsis H.

{40y  In onc embodiment, X 1s N, A 1s absent, A'is NRs, Bis ,and Rs
is H.
A
-
(41) Inoncembodiment, X 1s N, A s CHz, A'is NRs, Bis , and Rs is
10 H.

In one embodiment, the compound of Formula TL-T 1s of Formula TL-fa or TL-Ib:

(F'!)n (fR’i)n
N N H H
Rz{ ‘j’}—wA'—--»B-——xf "\N-"%-" Rr-{: “}«A"-—-—-us—--»‘{:’u-———xr m\Nwéw
ez A —_— oo -
Rs (TL-fay or Rs (TL-1b).

wherein A', B, X, Ri, Ro, Ra, and n are each as defined above in Formwula TL-1L
For a Targeting Ligand of Formula TL-fa or TL-Ib:

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

{2} In one embodiment, X 13 N and B is

17
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{4)

(¢

(7

(8

(9

(10)

(13)
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In one embodiment, X is N, A'is NEs, and B is

§
In one embodiment, X 1s N, A"1s NRs, and B s L\/;J

\(T}
In one embodiment, X is N, A'is NRs, and B is &

In one embodiment, X 1s N, A'1s NRs, B g {Rg)t ,and Rs1s H.

M
45 2
f
In one embodiment, X 1s N, A'1s NRs, B is cand Rsis H.
Y
? | ﬁngm
In one embodiment, X is N, A'is NRs, B is 2 ,and Rsis H.
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(14)

(15)

In one embodiment, X 1s N, A"1s NRs, B is {Reh

~ Y

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

e

PCT/US2019/042985

,and Rsis HL

5
‘sxi, and Rsis H.

A’ B, X, R, Rz, B3, Re, n, and t can each be selected from any of the groups and

combined as described above in Formula TL-1

In another embodiment, the compound of Formula TL-1 is of Formula TL-i¢, TL-Id,

TL-Ie, or TL-IF

wherein X, R1, R3, Re, n, and t are cach as defined above in Formula TL-L

For a Targeting Ligand of Formula TL-Ic, TL-Id, TL-le, or TL-if:

(1
(2)
(3)
(4)
&)
(6)
(7
(8)
(9
(10)

(R‘i)n

R, ~ N, NN N
I}*\g@ N . N“’%‘“ ! \T, u_
R \N/L\N B L/ R, N

! Ho (R

h (TL-I¢), Ry

(R‘E)n

(TL-Ie),or  Ra

In one embodiment, X is N.

In one embodiment, n is 0.

In one embodiment, tis 0.

In onec embodiment. nis O and tis 0.

In one embodiment, Ry is halogen.

In one embodunent, Ro s F.

In one embodiment, 0 is 0 and R» s halogen.

In one embodiment, nisOand Ry is F.

In one embodiment, nis 0, tis 0, and Rz is halogen.

In one embodiment n18 0,118 0, and Rois F.

1o

{(Rgh

(Ridn

(TL-TH),



CA 03106523 2021-01-13

WO 2020/023480 PCT/US2019/042985

{11}  In one embodiment, nis 0,113 0, X 1s N, and Ra is halogen.
{12}  In onc embodiment, nis 0, tis 0, X1s N, and Rois F.
{13y  In onc embodiment, Rs is bicvehic heteroaryl comprising one to four

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

(]

(14} In ong embodiment, Rs is bicvehie heteroaryl comprising one to four

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

(15  In one embodiment, Rz is halogen and Ks s bicyclic heteroarvl comprising

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

more R7.

10 {16} In onc embodiment, Ro is halogen and Rs is bicychic hetercaryl comprising
one to four heteroatoms selected from N, O, and S, substituted with one or more 7.
(173 In one embodiment, n 1s 0, Rz 15 halogen, and Rs 1s bicyclic hetercaryl
comprising ong to four heteroatoms selected from N, G, and 5, optionally substituted
with one or more Ry,

15 (18}  In one embodiment, n 18 0, Rz 18 halogen, and Ra 1s bicyclic heteroaryl
comprising ong to four heteroatoms selected from N, O, and S, substituted with one or
more Ry
{19y  In onc embodiment, n is 0, Ko 1s halogen, R is bicvelic heteroaryl comprising
one to four heteroatoms selected from N, O, and 5, optionally substituted with one or

20 more Ry, and X is N,

(20} In one embodiment, v is 0, Rz 1s halogen, Rs is bicyclic heteroarvl comprising
one to four heteroatoms selected from N, O, and &S, substituted with one or more Ry,
and X is N.

21} In one embodiment, ni5 0, tis 0, Ro 18 halogen, and K5 is bicyclic heteroaryt

25 comprsing one to four heteroatoms selected from N, O, and 8, optionally substituted
with ong or more Rr.

(223  In onec embodiment, n is 0, 115 0, R is halogen, and Rs is bicyclic heteroaryl
comprising one to four heteroatoms selected from N, O, and S, substituted with one or
more Rr.

30 {233  In one embodiment, n 13 0, t 18 0, Rz 18 halogen, Rs 1s bicyelic hetercaryl

comprising ong 1o four heteroatoms selected from N, O, and S, optionally substituted

with one or more Ry, and X is N.

20
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{243  In one embodiment, nis 0, 11s 0, Rz 13 halogen, K5 1s bicyehice heteroaryi
comprising ong to four heteroatoms selected from N, O, and S, substituted with one or
more Ry, and X is N

{25y  In one embodiment, each Ry is ndependently (C1-Ca) alkyl or halogen.

(]

(26) Inong embodiment, n1s 0, t1s 0, Ra 1s halogen, and Rj s bicyclic hetercaryt
comprising ong to four heteroatoms selected from N, G, and 5, optionally substituted
with one or more Ry, and cach Ry is independently (C:-Ca) alky! or halogen.

{27y In one embodiment, nis 0, t1s 0, Rz 18 halogen, and Rs 1s bicvelic heteroaryt

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

10 more Ry, and each Ry is independently {Ci-Ca) alkyl or halogen.

{28} In one embodiment, nis 0, tis 0, Rz 1s halogen, and Rs 1s bicyclic heteroary!
comprising one to four hetercatoms selected from N, G, and 5, optionally substituted
with one or more Ry, cach Ry is independently {C1-Ca) alkyl or halogen, and X s N,
{29  In one embodiment, nis 0, t1s 0, Rz 1s halogen, and Rj 15 bicyclic heteroaryl

5 comprising one to four heteroatoms selected from N, O, and 8, substituted with one or
more R7, cach Ro 18 independently (C1-Cyq) alkyl or halogen, and X s N,

{30 In one embodiment, Ro and Rs together with the carbon atoms to which they
arc attached form a G6-membered heterocyeloalkyvl comprising one or two heteroatoms
selected from N, O, and 5, optionally substituted with one or more Rs,

20 31y In one embodiment, Ry and R together with the carbon atoms to which they
arc attached form a S-membered heteroaryl compnsing one or two heteroatoms
selected from N, O, and S, optionally substituted with one or more Rs,

(323  In one embodiment, X is N and Ro and R; together with the carbon atoms to
which they are attached form a 6-membered heterocycloalkyl comprising one or two

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

36 are attached form a 6-membered heterocyeloalkyl comprising one or two hetercatoms

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

{35y  In onc embodiment, Ro and Rs 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 5, substituted with one or more Ro.
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{363 In one embodiment, X is N and R2 and Rs together with the carbon atoms to
which they are attached form a 6-membered heterocveloalkyl comprising one or two
heteroatoms selected from N, O, and S, substituted with one or more Rs.

37y In one embodiment, X 1s N, Rz and Rs together with the carbon atoms to

(]

which they are attached form a S-membered heteroaryl comprising one or two
heteroatoms selected from N, O, and S, substituted with one or more Ro.
(38} In one embodiment, v is 0 and Ko and Rs together with the carbon atoms to
which they are attached form a 6-membered heterocveloalkyl comprising one or two
heterpatoms selected from N, O, and S, optionally substituted with ong or more Re.
10 {39} In onc embodiment, n is 0 and B2 and Rs together with the carbon atoms to
which they are attached form a S-membered heteroary! comprising onc or two
heteroatoms selected from N, O, and S, optionally substituted with one or more Rs.
(40} In onc embodiment, o is 0 and Ko and Rs together with the carbon atoms to
which they are attached form a 6-membered heterocvcloatkyl comprising one or two
15 heteroatoms sclected from N, O, and S, substituted with one or more Rs.
(413  In one embodiment, n 18 0 and Rz and Ra together with the carbon atoms to
which they are attached form a S-membered hetercaryl comprising one or two
heteroatoms selected from N, O, and S, substituted with one or more Ro.
{42y  In one embodiment, X 1s N, n1s 0, and Rz and Rs together with the carbon
20 atoms to which they are attached form a 6-membered heteroeycloalkyl comprising
one or two heteroatoms sclected from N, O, and S, optionally substituted with one or
more Rs.
{43y  In one embodiment, X is N, nis 0, and R» and Rs together with the carbon
atoms to which they are attached form a 5-membered heteroaryl comprising one or
25 two heteroatoms selected from N, O, and S, optionally substituted with one or more
Rs.
(44} In ong embodiment, X is N, 0 i3 0, and K: and R; together with the carbon
atoms to which they are attached form a 6-membered heterocycloaltkyl comprising
one or two heteroatoms selected from N, G, and 5, substituted with one or more Rs.
30 {45y  In one embodiment, X is N, nis 0, and R» and Rs 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, substituted with one or more Ro.
{46) In one embodiment, nis 0, t1s 0, and Ro and Rs together with the carbon

atoms to which they are attached form a 6-membered heterocycloalkyl comprising

[
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one or two heteroatoms selected from N, O, and S, optionally substituted with one or
more Rs.

{47y In one embodiment, n1s 0, t1s 0, and Ko and Rs together with the carbon
atoms to which they are attached form a S-membered heteroaryl comprising ong or
two heteroatoms selected from N, O, and S, optionally substituted with one or more
e,

{48y  In one embodiment, n 15 0, t1s 0, and Rz and B together with the carbon
atoms to which they are attached form a 6-membered heterocyeloalkyl comprising
one or two heteroatoms selected from N, O, and 5, substituied with one or more Rs.
{49y In onc embodiment, nis 0, 115 0, and Rs and R together with the carbon
atoms to which they are attached form a S-membered heteroary! comprising one or
two heteroatoms selected from N, O, and S, substituted with one or more Ro.

(503  Inong embodiment, X is N, nis 0, tis 0, and Ry 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 substituted
with one or more Re.

{51} In onc embodiment, X is N, nis 0, tis 0, and Rz and R; together with the
carbon atoms o which thev are attached form a S-membered heteroaryl comprising
one or two heteroatoms selected from N, O, and §, optionally substituted with one or
more Ro.

(52) In one embodiment, X is N, n1s 0, tis 0, and 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 5, substituted with one or
more Rs.

{53 In onc embodiment, X is N, nis 0, t1s 0, and Ro and R; together with the
carbon atoms to which thev are attached form a S-membered heteroaryl comprising
one or two heteroatoms selected from N, O, and S, substituted with one or more Ro.
(54) In one embodiment, cach Ra is independently (Ci-Cs) alkyl, C(OWC1-Cs)
alkvl, (Cs-Cr) eycloalkyl, or two Rs together with the carbon to which they are
attached form C{O).

{55} In onc embodiment, cach Re is independently C(ONH, C{OIN{T-Ca)
alkyl)z, or ((3-C5) cycloalkyl

{56) In one embodiment, nis 0, tis 0, R and Rs together with the carbon atoms to

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

o]
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heteroatoms selected trom N, O, and S, optionally substituted with one or more Ke,
and each Rz 13 independently {C1-Ca) alkvl, C{OWCi-Cad alkyl, (C3-Cr eveloalky], or
two Rz together with the carbon to which they are attached form C(O).

{57y Inone embodiment, nis 0, tis 0, R and Rs together with the carbon atoms to
which they are attached form a S-membered heteroaryl comprising one or two
heteroatoms selected from N, O, and S, optionally substituted with one or more Re,
and ecach Ry is independently C(ONHz, COMN{(C1-Ca) alkyl), or (C:-Cr) eveloalkyl.
{383 In one embodiment, nis 0, t1s 0, Rz and Rs together with the carbon atoms to
which they are attached form a 6-membered heterocveloalkyl comprising one or two
heteroatoms selected from N, O, and 8, substituted with one or more Rs, and cach Re
is mdependently (Ci-Ca) alkyl, C{OHC1-Ca) alkyl, (Cs-Cr) eycloalkyl, or two Rs
together with the carbon to which they are attached form C(O).

(593 In onc embodiment, nis 0, tis 0, Rz and Rs fogether with the carbon atoms to
which thev are attached form a 3-membered heteroaryl comprising one or two
heteroatoms sclected from N, O, and S, substituted with one or more Re, and cach Rs
is mdependently COWNH, C{ON{(C1-Ca) alkylyz, or (C5-C7) eycloalkyl.

{60} In one embodiment, X is N, nis 0, tis 0, R and Rs together with the carbon
atoms to which they are attached form a S-membered heterocyeloalkyl comprising
one or two heteroatoms selected from N, O, and §, optionally substituted with one or
more Re and cach Rs is independently (Ci-Cy) alkyl, C{ONC1-Cs alkvl, ((3-Co)
cycloalkyl, or two Rg together with the carbon to which they are attached form C(O).
{613y  In one embodiment, X is N, n1s 0, t1s 0, Rz and R3 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 5, opticnally substiteted with one or more
R, and cach R is independently C{OINH:, C{OINKC-Cy) alkvh)z, or {Cs-Cr)
cycloalkyl.

(62} Inong embodiment, X is N, nis 0, tis 0, Rz and Rs together with the carbon
atoms to which they are attached form a 6-membered heterocycloaltkyl comprising
one or two heteroatoms selected from N, O, and S, substituted with one or more Rs,
and each Re 13 independently {C1-Ca) alkyvl, C{OWC1-Cq alkyl, (C5-Crh cyveloalky], or
two Rs together with the carbon to which they are attached form C{0).

{63y In onc embodiment, X is N, nis 0, t1s 0, and Ro and R; together with the

carbon atoms to which thev are attached form a S-membered heteroaryl comprising

PCT/US2019/042985
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one or two heteroatoms selected from N, O, and S, substituted with one or more Ro,
and each Ry is mmdependently C{(OWH, C(OWN((C1-Ca) alkyl), or (C3-Cr) cveloalkyl
X, Ri, Ry, Rs, Re, Ry, Rz, R, n, and t can cach be selected from any of the groups and

combined as described above m Formula TL-L

(]

In another embodiment, the compound of Formulda TL-I 15 of Formula TL-Ig, TL-Th

or TL-1i

(R‘E;n

(TL-h),

(TL-Ii),
10 wherein X, Ry, Ry, Re, Ro, and n are each as defined above i Formula TL-L
For a Targeting Ligand of Formula Th-1g, TL-Ih, or TL-It:
(1) In one combodiment, X is N,
{2} In one embodiment, n1s 0.
(3} In one embodiment, £is 0,
15 {4 In one embodiment, nis O and t1s 0.
{3} In one embodiment, Ro is halogen,
{6) In one embodiment, Ry is F.
{7} In one embodiment, n is 0 and Ro is halogen.

{8) In one embodiment, nis 0 and R2is F.
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{9} In one embodiment, n 15 0, {18 0, and R21s halogen.

{10y Inoncembodiment n180, 1180, and Rois F.

{11}  In onc embodiment, nis 0, t1s 0, X is N, and Rz is halogen.

{12} I onceombodiment, nis0,tis0, XN, and Reis F.

(13} In one embodiment, cach Ry is independently (C1-Cy) alkyl or halogen.

(14} Inong embodiment, n1s 0, t1s 0, Rz is halogen, and each R is independently
(C:-Cy) alkyl or halogen.

{15y  In one embodiment, n is 0, 1 is 0, Rz 18 halogen, each Ry is independently (Ci-
(a} alkyl or halogen, and X is N.

{16} In one embodiment, cach Rs is independently {(Ci-Ca) alkyl, C(ONC1-Ca
alkyl, or (C2-Cr) cycloalkvl

(17} In one embodiment, cach R is independently C{ONH,, C{OIN{C1-C4)
alkvl)z, or {Cs-Cr) cycloalkyl.

(18}  In onec embodiment, nis 0, tis 0, and cach Rz is independently {Ci-Cy) alkyl,
C(OWC1-Cy) alkyl, or (Cs-Cr) eveloalkyl,

{193 In one embodiment, n 18 0, t 1s 0, and each Rs 1s independently C(ONH:,
C{OMNYC-Ca) alky i, or (C3-07) cvcloalkyl

X, Ri, Rz, Re, R7, Re, Ry, n, and t can cach be sclected 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 ubiguitin hgase for proteosomal degradation. In one embodiment, the Degron is
capable of binding o a ubiquitin ligase, such as an E3 ubiguitin ligase. In one embodiment,

the Degron 1s capable of binding to cerchblon.

In one embodiment, the Degron is of Formula D1

(IRM)q y4-
""" Rz 7. A/i\\
O:\( NWM(R@V
P
/N ----- &
Ris 00 ©1),

or an enantiomer, diastercomer, or stereoisomer thereof, wherein:

Y g a bond, (CHa s, (CHzlo-6-0, (CH2)o-6~C{OINR 11, (CH2)o-s-NR 1T, (CHolos~

NH, or {CHz)oe-NRi2;

2153 C(0) or C(Ris;

PCT/US2019/042985
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Ri1is H or C1-Ce alkyl;

Rizis Ci-Cs alkyl or C{O)-C1-Co alkyl;

cach Ris is independently H or C1~Cs alkyi;

each Risis independently Ci-Cs alkyl;

Risis H, deuterium, C1-Cs alkyl, F, or CL;

cach Rie is independently halogen, OH, Ci-Cs alkyl, or £:5-Co alkoxy,
gis0, 1,01 2; and

vis0, 1,2, 0r3,

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

In one embodiment, Z 15 C{O).

In one embodiment, Z 1s C(Ruiz)s; and each Riz is H. In one embodiment, X 18
C{Rus)z; and one of Ry is H, and the other 13 Ci-{s alkyi selected from methyl, ethyl, and
propyvl. In one embodiment, 7 is C{Ru); and each Rz 1s independently selected from
methyl, ethvi, and propyl.

In one embodiment, Y is a bond.

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

In one embodiment, Y 1s NH.

In one embodiment, Y 1s (CH2)1, (CHah, (CHzda, (CHa)s, (CHz)s, or (CHa)s. In one
embodiment, Y 15 {CHa), (CHakp, or ((H2)s. In one embodiment, Y is {CHz) or (CHa)a.

in one embodiment, Y is O, CHz-0, (CH2)2-0, (CHu)3-0, (CH2)4-0, ((H2)s-0, or
{CH2)-0. In one embodiment, Y 15 O, CHe-O, (CH2 -0, or (CHe 0. In one embodiment,
Y is O or {H2-0O. In one embodiment, Y 15 O,

In one embodiment, Y 1s C(OMNRy, CH2-C(OINRu, (CH2)-COWNRu, (CHa)s-
C{OINRu, (CHo-COONR, (CHo)s-COONR, or (CHo)s-C{OMNRL1. In one embodiment,
Y is COONRy, CHR-C{ONR L, (CHR)-CAOMNRL, or (CH)s-COONR. Inone
embodiment, Y 1s C{O)NR11 or CHr-CU{O)NE;1. In one embodiment, Y is C{O)NR.

in one embodiment, Y 1s NRuC(0), CHz-NRLC(O), (CHz)-NRuC(0), (CHa)s-
NRuC(O), (CHzlu-NRLC(O), (CH2)s-NRuC(0G), or (CHe)e-NRUC(O). In one embodiment,
Y 18 NRuC{0), CHz-NRuT{O), (CHzp-NRUT{O}, or (CHz):-NRuC{(0}. Inone
embodiment, Y s NR1C{O) or CH-NR1C{O). In one embodiment, Y 1s NRHT{O),

In one embodiment, Ri1is H. In one embodiment, Rl is selected from methyl, ethyl,
propvl, butyl, i-butyl, t-butyl, pentvl, 1-pentvl, and hexyl. In one embodiment, Rivis Ci-Cs

atkyl selected from methyl, ethyl, and propyl.
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In one embodiment, ¥V 13 NH, CHa-NH, (CHop-NH, (CHa)-NH, (CHaje-NH, (CHz)s-
NH, or {CH2)s-NH. In one embodiment, Y is NH, CH:-NH, (CHa)e-NH, or (CHz)3-NH. In
one embodiment, Y 1s NH or CH2-NH. In one embodiment, Y 1s NH.

In one embodiment, ¥ 1s NRiz, CH2-NR 1y, (CHe-NR 2, ({CHz)}a-NR 2, ({CHz-NR 12,
{CH2)5-NR 12, or {CHzde-NR12. In one embodiment, Y is NRi, CHo-NRyz, (CHo)-NRuz, or
(CHz)3-NR12. In one embodiment, Y is NRu or CHa-NRuz. In one embodiment, Y is NRu.

In one embodiment, Riz 1s selected from methyl, ethyl, propyl, butyl, i-butyl, t-butyvl,
pentyl, i-pentyvl, and hexyl. In one embodiment, Riz is Ci-Cs alkyl selected from methyl,
cthyl, and propvl

In one embodiment, Rz 1s selected from C(O)-methyl, C{O)-ethyl C(O)-propyl,
C(O)-butvl, C{O)-1-butyl, CLO-t-butyl, C(O-penty], C(O)-1-pentyvl, and C(O)-hexyl. In one
embodiment, Riz 18 C(0)-C1-Cs alkyl selected from C(Oy-methyl, C(O)-cthyl, and C{O}-
propyl.

In one embodiment, Rz is H

In one embodiment, Ris1s C1-Cs alkyl selected from methyi, ethyl, and propyvl. In
one embodiment, Ris is methyl.

In one embodiment, ¢ is 0.

in one embodiment, g is 1.

In one embodiment, q is 2.

In ong ¢mbodiment, each Risis independently Ci-Cs alkyl selected from methyl,
cthyl, and propvl

In one embodiment, vis G

In one embodiment, vis 1.

in one embodiment, v is 2.

{n one embodiment, vis 3.

In one embodiment, cach Rie 15 independently selected from halogen (e.g., F, {1, By,
and §), OH, C5-Co alkyl {e.g., methyl, ethyl, propyvh butyl, i-butyl, t-butvl, pentyl, i-pentyl,
and hexyl), and C1-Co alkoxy {e.g., methoxy, cthoxy, propoxy, butoxy, i-butoxy, t-butoxy,
and pentoxy). In a further embodiment, cach Rig 1s independently selected from F, Cl, OH,
methyl, ethyl, propyl, butyl, 1-butyvl, t-butyl, methoxy, and ethoxy.

In one embodiment, Ris 1s H, devterium, or £5-Cs altkyl In another embodiment, Ris
is H or Ci-Cs alkyl. In a further embodiment, Ris is in the {8} or (&) configuration. Ina
further embodiment, Ris is in the {8) configuration. In one embodiment, the compound

comprises a racemic mixture of {(8)-Ris and (R)-Rus.

23
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In one embodiment, Risis H

In one embodiment, Ris 1s denterinm,

in one embodiment, Ris 1s C1-Gs alkyl selected from methyl, ethvl, and propyl. In
one embodiment, Ris 18 methyl.

In one embodiment, Ris 18 F or Tl In a further embodiment, Ris 1s in the {8 or (/O
configuration. ln a further embodiment, Ris is in the (R) configuration. In one embodiment,
the compound compriscs a racemic mixture of {53-Rus and (#3-Ris. In one embodument, Ris
is F.

Any of the groups described herein for any of Y, Z, Ru, Riz, Rz, Rug, Rus, Ris, qand
v can be combingd with any of the groups described herein for one or more of the remainder
of Y, Z, Ruy, Rua, Ruz, Ris, Rus, Rus, g and v, and may further be combined with any of the
groups described herein for the Linker.

For a Degron of Formula D1

{1} In onc embodiment, Z is C{O) and Y is a bond.

{2} In ong embodiment, £ 15 C{O} and Y 15 NH.

(3} In one embodiment, Z 18 C(O) and Y 1s (CHz)o6-0. In a further embodiment, Y is

0.
{4} In one embodiment, Z is C{0O); Y 1s a bond; and g and v arc gach 0.
(5) In one embodiment, Z 1s C(0); Y 18 NH; and g and v are cach 0.
{6} In one embodiment, 7 1s C(0); Y s abond; and Rizis H.
{7} In one embodiment, 7 is C(0); Y is a bond; and Ris is H.
{8} In ong embodiment, £ 15 C{0); Y 1s NH; and Riz1s H.
{9} In one embodiment, Z 18 C(0); Y 1s NH; and Risis H.
{10}  In onc embodiment, Z 1s C(0); Y 1s abond; and Ris 1s H; and Ris 1s H.
(11}  Inonc embodiment, 7 15 C(O); Y is NH; and Riz is H; and Rys 1s H.
(12} In one embodiment, 7 is C{0); Y 1s {CHz2)os-O; and Rz 1s H. In a further
embodiment, Y 18 O.
{13} In one embodiment, £ 1s C{O); Y is (CH2)o6~-0; and Risis H. In a further
embodiment, Y 1s O.

{14}  In one embodiment, Z1s C{O), Y 18 (CH2)os-G; Rzis H and Risis H. Ina
further embodiment, Y 15 O.

{15y  In onc embodiment, g and v are cach 0, and Y, 7, Ri3, Rus, and Ris are cach as
defined 1o any of (1) — (3) and {6} — (14).

In one embodiment, the Degron s of Formula Bla, Dib, Ble, or D1d:

Y
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(Blicy, or (D1d).
or an enantiomer, diastereomer, or stereoisomer thereof, wherein Y, Rua, Ris, g, and v are
cach as defined above in Formula D1, and can be selected from anv moieties or combinations

thereof described above.

W

Linker
The Linker is a bond or a carbon chain that serves to link a Targeting Ligand with a
DBegron. In one embodiment, the carbon chaim optionally comprises one, two, three, or more
10 heteroatoms selected from N, O, and S, In one embodiment, the carbon chain comprises only

saturated chain carbon atoms. In one embodiment, the carbon chain optionally comprises

two or more unsaturated chain carbon atoms (e g, O===c or <), Inone

embodiment, one or more chain carbon atoms in the carbon chain are optionally substituted
with one or maore substituents (¢.z., oxo, Ci-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, €1-Cs

15 alkoxy, OH, halogen, NHz, NH{(C-Cs5 alkyl}, N{C1-C5 atkvl}z, CN, C5-Ca eyeloalkyl,
heterocyclyl, phenyvi. and heteroaryl).

in one embodiment, the Linker comprises at least 5 chain atoms {e.g., C, O, N, and 8).

In one embodiment, the Linker compnises less than 25 chain atoms {e.g., C, O, N, and 8). In
one embodiment, the Linker comprises less than 20 chamn atoms (e.g., C, O, N, and §). In

20 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., C. O, N, and §). In one embodiment, the Linker
comprises 5,6,7, 8,9, 10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 cham atoms
{e.g., C, O, N, and 8). 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 onc embodiment, the Linker comprises 5,7, 9, or 11

25 chan atoms {e.g., C, O, N, and 5}. In one embodiment, the Linker comprises 11, 13, 15, 17,
or 19 chain atoms {e.g., C, O, N, and 8). In one embodiment, the Linker comprises 11, 13,
15,17, 19, 21, or 23 chain atoms {e.g., , O, N, and 8}, In one embodiment, the Linker

comprises 6, 8, 10, 12, 14, 16, 18, 20, 22, or 24 chain atoms {e.g., C, 0, N, and 8). Inone

30
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embodiment, the Linker comprises 6, 8, 10, 12, 14, 16, 18, or 20 chan atoms {e.g., C, O, N,
and 5}, In one embodiment, the Linker comprises 6, 8, 10, or 12 chain atoms {e.g., C, O, N,
and 8). In one crabodiment, the Linker comprises 12, 14, 16, 18, or 20 chain atoms {e.g., C,

O, N, and S).

(]

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-Ce alkyl, C2-Cs alkenyl, C2-Co alkynyl, Ci-Cs alkoxy, OH,
halogen, NHz, NH(C1-Cs alkyl), N(Ci-Cs alkylh, and CNY. In one embodiment, the non-

10 bulky substitution is located on the chain carbon atom proximal to the Degron (Je., the
carbon atom is separated from the carbon atom to which the Degron is bonded by at least 3,
4, or 5 chan atoms in the Linker). In one embodiment, the non-balky substitution is located
on the chain carbon atom proximal to the Targeting Ligand (7. e, the carbon atom 18 separated
from the carbon atom to which the Degron is bonded by at least 3, 4, or 5 cham atoms in the

15 Linker).

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

LG NS .
pg pl pZ

or an cnantiomer, diastercomer, or sterecisomer thereof, wherein

([‘0):

pl s an mteger selected from O to 12

20 p2 18 an integer sclected from 0 1o 12;
p3 18 an integer selected from 1 to 6;
gach W is mdependently absent, CHz, O, 5, NH, or NRj9;
Z11s absent, C(0), CH:C((WNH, CHa, O, NH, or NRus;
each Riois independently Ci-Cs alkvl; and

25 {315 absent or NHC{O)YCH,,
wherein the Linker is covalently bonded to a Degron viathe ¢ next to Q, and covalently

bonded to a Targeting Ligand via the __.gm nextto 7.
In one embodiment, the total number of chain atoms in the Linker is less than 30, Ina
further embodiment, the total number of chain atoms in the Linker 1s less than 20.
30 For a Linker of Formuia LO:

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

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

(]

In one embodiment, pl 15 0.
In one embodiment, pi is L.
In one embodiment, pl is 2.
In one embodiment, pi 1s 3.
In one embodiment, p2 1s an integer selected from ¢ to 10
10 in one embodiment, p2 is selected from 0, 1, 2, 3, 4. 5, and 6.
In one embodiment, p2 150, 1, 2, or 3.
In one embodiment, p2 15 0.
In one embodiment, p2 is 1.
In one embodiment, p2 is 2.
5 In one embodiment, p3 1s an miteger selected from 1 to 5.
In one embodiment, p31s 2, 3,4 or 5.
In one embodiment, p31s0, 1,2, or 3.
in one embodiment, p3 1s 0.
In one embodiment, p3 i3 1.
20 In one embodiment, p3 is 2.
In onc embodiment, at least one W is CHb.
In one embodiment, at least one W is Q.
In one embodiment, at least one Wis 5.
in onec ecmbodiment, at least one W is NH.
25 in onc embodiment, at least one W 1s NEuv; and Ris 15 C1-Cs alkyl sclected from
methyl, ethyl, and propyl.
In one embodiment, cach W 1s O.
in onc embodiment, { is absent.
In one embodiment, 18 NHC{OYCH:.
30 In one embodiment, 71 15 absent.
in one embodiment, 7 1s CHa.
in one embodiment, 7 is O,
In one embodiment, £ 1s C{O).

In one embodiment, Z; is CH2C(OINH.

jo8]
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In one embodiment, Z1 1s NRus: and Rio 1s C1-Ca alkyl selected from methyl, ethyl,
and propyl.
In one embodiment, £ is part of the Targeting Ligand that 1s bonded to the Linker,

namely, Z1 is formed from reacting a functional group of the Targeting Ligand with the

(]

10

]

20

Linker.
In one embodiment, 3§ is absent.
In one embodiment,  is NHC(OYCH:.
In one embodiment, pl s 1, 2, 3, or 4. In one embodiment, plis 1. Inone
embodiment, pl is 2. In onc embodiment, pl is 3. In one embodiment, pl is 4.
In one embodiment, pl is T and 21 13 absent.
In onc embodiment, pl 1s 2 and Z: 15 absent.
In one embodiment, pl is 3 and Z; is absent.
In one embodiment, p3 i1s 1 and Z; is absent.
In onc embodiment, p3 1s 7 and Z; is absent.
In one embodiment, p3 15 3 and Z; 15 absent.
In one embodiment, pl is 1, Z1 is absent, and Q 15 absent.
In one embodiment, pl is 2, 7y 1s absent, and 15 absent.
in one embodiment, pl 1s 3, 71 is absent, and 15 absent.
In one embodiment, p3 is 1, 71 is absent, and  is absent.
In one embodiment, p3 18 2, 71 is absent, and  is absent.
In one embodiment, p3 is 3, 71 is absent, and Q 15 absent.
In one embodiment, pl 1s 1, Z1 15 absent, and @ s NHC{O)CH:.
In one embodiment, pl 15 2, Z1 15 absent, and @ 1s NHC(O)CH:.
In one embodiment, pl s 3, Zyis absent, and Q 1s NHC(O)CH:.
in one embodiment, p3 1s 1, 71 1s absent, and Q 1s NHC(O)CH:.
In one embodiment, p3 15 2, 71 is absent, and Q 1s NHC(O)YCH:.
In one embodiment, p3 15 3, 7 5 absent, and § s NHC{O)CH:.
In one embodiment, pl s 1, Z1 15 absent, and p3 1s 1.
In one embodiment, pl 15 2, Z1 15 absent, and p3 s 1.
In one embodiment, pl 15 3, Zris absent, and p3 18 L.
In one embodiment, plis |, Zyis absent, and p3 15 2.
in onc embodiment, pl 1s 2, 1 is absent, and p3 1s 2.
In one embodiment, pl 15 3, 71 1s absent, and p3 15 2.

In one embodiment, pl is 1, 71 s absent, and p3 15 3.

)
)
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In one embodiment, pl 15 2, Z1 15 absent, and p3 18 3.

In one embodiment, pl 1s 3, Z1is absent, and p3 18 3.

in one embodiment, pl 1s 1, 71 1s absent, p3 is 1, and Q 1s absent.
In one embodiment, pl 15 2, 71 is absent, p3 is 1, and ( 13 absent.
In one embodiment, pl 13 3, 71 18 absent, p3 15 1, and @ is absent,
In one embodiment, pl 18 1, 7 15 absent, p3 is 2, and O is absent.
In one embodiment, pl 1s 2, 71 is absent, p3 18 2, and O 1s absent.

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

52

In one embodiment, pl s 1, Z1is absent, p3 is 3, and (3 1s absent.

In one embodiment, pl s 2, 71 ig absent, p3 i3 3, and 3 is absent.

in one embodiment, pl 1s 3, 71 1s absent, p3 is 3, and Q 1s absent.

In one embodiment, pl i1s 1, 71 1s absent, p3 15 1, and ¢ 1s NHC(O)CH,.
In one embodiment, pl 18 2, 7 t5 absent, p3 is 1, and @ s NHC(G)CHz.
In one embodiment, pl 1s 3, 71 is absent, p3 8 1, and Q s NHC(O)CHa.
In one embodiment, pl 15 1, Z1 15 absent, p3 15 2, and G 1s NHC(G)CH:.
In one embodiment, pl 15 2, Z1is absent, p3 is 2, and G 1s NHC(G)CH:.
In one embodiment, pl is 3, Zvis absent, p3 i3 2, and Q 1s NHC(OYCH:.
in one embodiment, pl 1s 1, 71 1s absent, p3 is 3, and Q 1s NHC(OYCHa.
In one embodiment, pl 15 2, Z1 s absent, p3 18 3, and  1s NHC(OYCHz.
In one embodiment, pl 18 3, 7 s absent, p3 is 3, and @ s NHC(G)CHz.
In one embodiment, pl is 1, 71 is absent, p3 15 1, and p2 15 0.

In one embodiment, pl 15 2, Z11s absent, p3 is 1, and p2 15 0.

In one embodiment, pl 1s 3, Zris absent, p3is 1, and p2 15 .

In one embodiment, plis 1. Zyis absent, p3is 2, and p2 15 O,

in one embodiment, pl 18 2, Z11s absent, p3 18 2, and p2 is 0.

in one embodiment, pl 15 3, 71 is absent, p3 18 2, and p2 15 0.

In one embodiment, pl is 1, 71 is absent, p3 15 3, and p2 15 Q.

In one embodiment, pl is 2, 71 is absent, p3 15 3, and p2 1 0.

In one embodiment, pl 18 3, Z11s absent, p3 is 3, and p2 15 0.

In one embodiment, plis |, Zyis absent, p3is 1, p2 15 0, and (@ is absent.

In one embodiment, pl s 2, Zvis absent, p3 is 1, p2 15 0, and (3 is absent.

[ N

in one embodiment, pl 18 3, 71 1s absent, p3 is 1, p2 15 0, and @ is absent.
In one embodiment, pl is I, 71 is absent, p3 18 2, p? 13 0, and Q is absent,

In one embodiment, pl 18 2, Z1 15 absent, p3 18 2, p2 18 0, and  1s absent.
2 2 3 > 2 “
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In one embodiment, pl 15 3, Z11s absent, p3 is 2, p2 1s 0, and Q 15 absent.

In one embodiment, pl s |, Ziis absent, p3 is 3, p2 15 0, and (@ is absent.

in one embodiment, pl 1s 2, 71 1s absent, p3 18 3, p2 15 0, and @ is absent.

In one embodiment, pl 15 3, 71 is absent, p3 18 3, pZ 13 0, and Q is absent,

In one embodiment, pl is 1, 7y 1s absent, p3 13 1, p2 18 0, and ¢ 1s NHC(O)YCH,.
In one embodiment, pl 18 2, Zy is absent, p3 s 1, p2 i3 0, and @ s NHC(O)YCHs.
In one embodiment, pl 15 3, Z1 is absent, p3 15 1, p2 is 0, and Q 1s NHC(O)(CHa.
In one embodiment, pl 1s 1, Z1 15 absent, p3 15 2, p2 15 0, and Q 1s NHC{O)CHa.
In one embodiment, pl 15 2, Ziis absent, p3is 2, p2 15 0, and 3 1s NHC{OQ)CHa.
In one embodiment, pl s 3, Z1is absent, p3is 2, p2 15 0, and  1s NHC{OY CHa.
in one embodiment, pl 1s 1, 71 1s absent, p3 15 3, p2 15 0, and @ 1s NHC(OYCH:.
In one embodiment, pl 18 2, 71 18 absent, p3 13 3, p2 18 0, and ¢ 1s NHC(O)YCH,.
In one embodiment, pl 18 3, 71 is absent, p3 15 3, p2 i3 0, and @ s NHC(O)CHs.
In one embodiment, pl is ¥ and Z; 1s C{O).

In one embodiment, pl 1s 1, Z11s C(O), and p3 15 2.

In one embodiment, plis 1, Z1is C(O), and p2 15 0.

In one embodiment, plis b Zris C(O), p31s 2, and p2 15 0.

in one embodiment, pl is 3 and 21 15 C(O).

In one embodiment, pl 15 3, Z1 15 C(0), and p3 15 2.

In one embodiment, pl 18 3, 71 15 {{0), and p2 15 0.

In one embodiment, pl 153, Z1 s C{O), p31s 2, and p2 15 0.

In one embodiment, pl 1s 5 and Z; 18 C(O).

In one embodiment, pl s 5, Z1is C(O), and p3is 2.

In one embodiment, plis 5, Z11s C(0), and p2 i 0.

in one embodiment, pl 1s 5, Z11s C(0), p31s 2, and p2 is 0.

In one embodiment, p3 15 3, 71 1s absent, and pl 15 0.

In one embodiment, pl is 5, and Z1 1s absent.

In one embodiment, pl 1s 5, 71 15 absent, and p3 15 2.

In one embodiment, pl 1s 5, Z1 15 absent, and p2 15 0.

In one embodiment, pl s 5, Zris absent, p3is 2, and p2 15 0.

In one embodiment, pl is T and 21 15 CH2C(O)NH.

in one embodiment, pl 1s 1, 71 1s CH2O(OMNH, and p3 15 2.

In one embodiment, pl s I, 71 is CHO{O)NH, and Q is absent.

In one embodiment, pl s 1, 7y 18 CHRC(ONH, p3 18 2, and Q 1s absent.
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In one embodiment, pl 1s 1, Z11s CHC(O)NH, p31s 2, p2 15 0, and 18 absent.

In one embodiment, pl 1s 2 and Z1 15 CH2C(O)NH.

in one embodiment, pl 1s 2, 71 1s CH:O(OMNH, and p3 15 2.

In one embodiment, pl 1s 2, 71 is CHO{O)NH, and Q is absent.

In one embodiment, pl 15 2, 7y 18 CHRC(ONH, p3 18 2, and Q 1s absent.

In one embodiment, pl 18 3, 71 s CHC{ONH, p3 18 2, p2 15 0, and @ i3 absent.

In one embodiment, pl is 3 and 7 1s CH2C{O)NH.

In one embodiment, pl 153, Z11s CH:C(OWNH, and p3 13 2.

In one embodiment, pl 1s 3, Z11s CH:C(OINH, and G 15 absent.

In one embodiment, pl is 3, Z11s CHRC(ONH, p3 is 2, and 15 absent.

in one embodiment, pl 1s 3, 71 1s CH2C{O)NH, p31s 2, p2 15 0, and (@ 15 absent.

In one embodiment, Z, Q, pl, p2, and/or p3 are as defined and combined above, and
cach Wis O

In onc embodiment, pl is 2, Z1 15 absent, p3 15 2, p2 15 0, Q is absent, and cach W 1s
p p p

In one embodiment, pl 15 2, Zyis absent, p3 is 2, p2 15 0, Q 18 NHC(O)YCH;, and each
Wis O.

in one embodiment, pl 1s 3, 71 1s absent, p3 is 2, p2 15 0, Q is absent, and cach W is
Q.

In one embodiment, pl 18 3, 71 ts absent, p3 is 2, p2 15 0,  1s NHC(OYCH:, and cach
Wis O

In one embodiment, pl 15 3, Z1 15 absent, p3 15 2, p2 1s 0, (J 1s absent, and cach W is
0.

In one embodiment, pl s 3, Z1is CHC(ONH, p31s 2, p2 15 0, Q@ is NHC(OYCHs,
and each Wis O,

in one embodiment, pl 15 3, 71 is CHO{O)NH, p3 18 2, p2 15 0, @ 15 absent, and cach
Wis O

In one embodiment, Z, Q, pl, p2. and/or 3 are as detined above, and cach W s
absent.

In one embodiment, pl s 1, Zyis absent, p3is 2, p2 15 0, Q 1s absent, and W 1s absent.

In one embodiment, plis b, Zrigabsent, p3is 2, p2 18 0, @ s NHO{O)CH:, and W 15
absent.

In one embodiment, the Linker-Targeting Ligand (TL) has the structure selected from

Table L:
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Table L
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po pt H (L4),

wherein 21, TL, W, pl, p2, and p3 are cach as described above.

In one embodiment, pli1s 0. 1,2, 3, or 4. In onc embodiment, plis 0, 1,2, or 3.

in one embodiment, p31s 1, 2, 3, or 4. In one embodiment, p3is 1. fnone
embodiment, p3 15 2. In one embodiment, p3 15 3.

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
covalenily bound to any one of the Linkers described herein.

In one embodiment, the present application relates to the Degron-Linker (DL),
wherein the Degron is of Formula D1, and the Linker is selected from L1 - L4 Inone
embodiment, the Degron is of Formula Dla or Db, and the Linker is selected from L1 - L4,
In one embodiment, the Degron is of Formula Dla or Dlb, and the Linker1s L2 or L3, In
one embodiment, the Degron 1s of Formula B la or D1b, and the Linkeris L3, In one
embodiment, the Degron is of Formula Dlaor Db, and the Linker is L2 or L4, Inone
embodiment, the Deogron is of Formula Dla or Db, and the Linker is L4, Inone
embodiment, the Degron s of Formula D¢, and the Linker is selected from L1 - L4, Inone
embodiment, the Degron is of Formula Dlc, and the Linker1s L2 or L3, In one embodiment,
the Degron is of Formula Dlc, and the Linkeris L.3. In one embodiment, the Degron is of

Formula Dlc, and the Linkeris £.2 or L4, In one embodiment, the Degron is of Formula
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Dlc, and the Linker is L4, In one embodiment, the Degron is of Formula D 1d, and the
Linker 1s selected from L1 — L4, In one embodiment, the Degron is of Formula D4, and the
Linker 1s L2 or L3, In one embodiment, the Degron is of Formula D1d, and the Linker 1s L3,

In one embodiment, the Degron 1s of Formula D1d, and the Linkeris L2 or L4, Inone

(]

embodiment, the Degron s of Formula D1d, and the Linkeris L4, In a further embodiment,

i any of the combinations of Degron and Linker described above, pl 50, 1,2, 013 In

another further embodiment, 10 any of the combinations of Degron and Linker described

above p3is 1, 2, 3, or 4. In a further embodiment, in any of the combinations of Degron and

Linker described above, plis 0, 1, 2, or 3, and p3is 1, 2, 3, or 4. In a further embodiment,

10 the Targeting Ligand 15 of Formula TL-Ig. In another turther embodiment, the Targeting
Ligand is of Formula TL-th.

In one embodiment, the Linker s designed and optimized based on SAR (structure-
activity relationship) and X-ray crystallography of the Targeting Ligand with regard to the
location of attachment for the Linker.

15 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 Targeting Ligand bound to its
target. Linker length and composition can be also modified to modulate metabolic stability
and pharmacokinetic (PK) and pharmacodynamics (PD) parameters.

Some embodiments of present application relate to the bifunctional compounds

20 having the following structures in Table A:

Table &
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Some of the foregoing compounds can comprise one or more asymmetric centers, and
thus can exist in various isomeric forms, e.g., stereoisomers and/or diastereomers.
Accordingly, compounds of the application may be in the form of an mdividual enantiomer,
diastereomer or geometric isomer, or may be m the form of a mixture of stereoisomers. In
one embodiment, the compounds of the application are cnantiopure compounds. In another
embodiment, mixtures of stercoisomers or diastergomers are provided.

Furthermorg, 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
additionally encompasses the compounds as individual Z/E isomers substantially free of other
E/Z 1somers and alternatively, as mixtures of various isomers.

In one embodiment, the present application relates to compounds that target proteins,
such as such as CIDK4 and/or CDKG6 for degradation, which have numerous advantages over
mhibitors of protein function {(e.g., kinase activity) and can a) overcome resistance in certam
cases; b) prolong the kinetics of drug effect by destroving the protein, thus requiring
resynthesis of the protein even afier the compound has been metabolized; ¢} target all
functions of a protein at once rather than a specific catalytic activity or binding ovent; d}

expand the number of drug targets by including all proteins that a ligand can be developed




(]

10

20

CA 03106523 2021-01-13

WO 2020/023480 PCT/US2019/042985

for, rather than proteins whose activity {e.g., Kinase activity) can be atfected by a small
molecole inhibitor, antagonist or agonist; and e} have increased potency compared to
inhibitors duc to the possibility of the small molecule acting catalvtically.

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 relate to the loss of 75-95% of the targeted protein.

A bifunctional compound of the present application {e.g., a bitunctional compound of
any of the tormulae described herein, or selected from any bifimctional compounds described
herein) is capable of modulating (e.g., decreasing} the amount of a targeted protein {e.g.,
CDEK4 and/or CDK6). A bifunctional compound of the present application {e.g., a
bifunctional compound of any of the formulae described herein, or selected from any
bifanctional compounds described herein) is also capable of degrading a targeted protein
{e.g.. CDK4 and/or CDKSG) through the UPP pathway. Accordingly, a bifunctional
compound of the present application (¢.g., a bifunctional compound of any of the formulae
described herein, or selected from any bifunctional compounds described herein) is capable
of treating or preventing a discase or disorder in which CDK4 and/or CBK6 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) 1s
also capable of treating or preventing a discase or disorder in which CIHK4 and/or CDK6
plavs a role or in which CDK4 and/or UBK6 15 deregulated (e.g., overexpressed).

Modulation of CDK4 and/or CDK6 through UPP-mediated degradation by a
bifunctional 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
CDKA4 and/or CPK6 plays a role including, but not limited to, cancer and metastasis,
mflammation, arthritis, systenuc lupus erthematosus, skin-related disorders, pulmonary
disorders, cardiovascular disease, ischenmia, neurodegenerative disorders, hiver disease,
gastrointestinal disorders, viral and bacterial iofections, central nervous system disorders,
Alzheimer's discase, Parkinson's discase, Huntington's disease, amyvotrophic lateral sclerosis,
spinal cord mjury, 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 treating, preveunting, or ameliorating
diseases or disorders in which CDEK4 and/or CDK6 s deregulated.

in one embodiment, a bitunctional compound of the present application {e.2., a

bifunctional compound of any of the fornuilae deseribed herein, or selected from any
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bitunctional compounds described herein) 1s more efficacious n treating a discase or
condition {e.g2., cancer} than, or is capable of treating a discase or condition resistant to, the
Targeting Ligand, when the Targeting Ligand is administered alone (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 CHK4 and/or CDKS6, and thus is useful in treating a discase or
condition {e.g., cancer} in which CDK4 and/or CDK6 plays a role.

In one embodiment, the bifunctional compound of the present application that s more
cfficacious in treating a discase or condition than, or is capable of treating a discase or
condition resistant to, the Targeting Ligand, when the Targeting Ligand 1s admimstered alone
(i.e., not bonded to a Linker and a Degron), 1s more potent in inhibiting the growth of cells
{e.g.. cancer cells) or decreasing the viability of cells {e.g., cancer cells), than the Targeting
Ligand, when the Targeting Ligand is adounistered alone (.e., not bonded to a Linkerand a
Degron). In one embodiment, the bifunctional compound nhibits the growth of cells (e.g.,
cancer cells} or decreases the viability of cells (e.g., cancer celis) at an 1Cs0 that 1s lower than
the 1Cso of the Targeting Ligand (when the Targeting Ligand is administered alone (7.¢., 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 1s at most 909, 80%, 70%,
6()%, 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 ¥Cse of the Targeting Ligand. In one embodiment, the ICso of the
bitunctional compound s at most 50%, 40%, 30%, 20%, 10%, 8%, 5%, 4%, 3%, 2%, 1%
0.8%, 0.3%, 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 30%, 20%, 10%., 8%, 5%, 4%,
3%, 2%, 1%, 0.8%, 0.5%, 0.4%, 0.3%, 0.2%, or 0.1% of the 1Cs0 of the Targeting Ligand. In
one embodiment, the 1Cso of the bifunctional compound is at most 10%, 8%, 5%, 4%, 3%,
2%, 1%, 0.8%, 0.5%, 0.4%, 9.3%. 0.2%, or £.1% of the Iso of the Targeting Ligand. In one
embodiment, the ICso of the bifunctional compound is at most 3%, 4%, 3%, 2%, 1%, 0.8%
0.5%, 0.4%, 0.3%, 0.2%, or 0.1% of the 1Cse of the Targeting Ligand. In one embodimcm,
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 1s at most 1%, 0.8%, 0.5%, 0.4%, 0.3%. 0.2%, or 0.1% of the ICs0 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 Enax that 18
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lower than the Emax of the Targeting Ligand (when the Targeting Ligand is administered
alone (i e., not bonded to a Linker and a Degron}) for inhibiting the growth or decreasing the
viability of the cells. In one crabodiment, the Emax 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
of the Targeting Ligand. In one embodiment, the Enax of the bifunctional compound is at
most 50%, 40%, 30%, 20%, 10%, 8%, 5%, 4%, 3%, 2%, or 1% of the Euux of the Targeting
Ligand. In onc embodiment, the Emax of the bifunctional compound is at most 90%, 80%,
T0%, 60%, 50%, 40%, 30%, 20%, or 10% of the Emax of the Targeting Ligand.

In some embodiments, the mhibition of CDK4 and/or UBKS activity is measared by
1Cso.

in some embodiments, the inhibition of CDK4 and/or CDKS6 activity is measured by
ECso.

Potency of the inhibitor can be determuned by ECso value. A compound with a lower
ECso value, as determined under substantially similar conditions, is a more potent inhibitor
relative to a compound with a higher ECso value. In some embodiments, the substantially
similar conditions comprise determining a CBK4-dependent phosphorylation level {e.g., in
cells expressing a wild-tvpe CDK4, a mutant CDEKA4, or a fragment of any thereof). fn other
cmbodiments, the substantially similar conditions compnise determining a CDK6-dependent
phosphorylation level, in vifro or in vive {e.g., in cells expressing a wild-type CDKS, a
mutant CDKS, or a fragment of any thereof). In other embodiments, the substantially similar
conditions comprisc determuning a CDK4-dependent phosphorylation level and a CDK6-
dependent phosphorylation level, iz virro or in vivo {e.g., n cells expressing a wild-type
CDK4 and/or CDK6, a mutant CDK4 and/or CDKS, or a fragment of any thergof}.

Potency of the inhibitor can also be determined by [Cso value, A compound with a
lower 1Cso value, as determined under substantially similar conditions, 15 a more potent
mhibitor relative to a compound with a higher ICse value. In some embodiments, the
substantially similar conditions comprise determining a CBK4-dependent phosphorylation
level {e.g., n cells expressing a wild-type CDK4, a nutant CDK4, or a fragment of any
thercof). In other embodiments, the substantially similar conditions comprise determining a
CDK6-dependent phosphorvlation level, in vifro or in vive {e.g., in cells expressing a wild-
type CDK6, a mutant CDKS6, or a fragment of any thereof}. In other embodiments, the
substantially stmilar conditions comprise deternuning a CDK4-dependent phosphoryviation

level and a CDK6-dependent phosphorylation level, in vitro or in vive {e.g., in cells
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expressing a wild-tvpe CDK4 and/or CDEKS, a mutant CDK4 and/or CDK6, or a fragment of
any thereof}.

{n onc embodiment, the bifunctional compounds of the present application are useful
as anticancer agents, and thus may be useful m the treatment of cancer, by effecting tumor
cell death or inhibiting the growth of tumor cells. In certain exemplary embodiments, the
disclosed anticancer agents arg useful in the treatment of cancers and other proliferative
disorders, including, but not limited to breast cancer, cervical cancer, colon and rectal cancer,
leukemia, lung cancer {e.g., non-small cell lung cancer), melanoma, multiple myeloma, non-
Hodgkin's lymphoma, ovarian cancer, pancreatic cancer, prostate cancer, gastric cancer,
leukemias {e.g., myeloid, lvmphocytic, myelocviic and lyvmphoblastic leukemias), malignant
melanomas, and T-cell lymphoma.

A “sclective CDK4 inhibitor,” can be identified, for example, by comparing the
abifity of a compound o inhibg CHK4 kinase activity to its ability o inhubit the other
members of the CHK kinase famiby or other kinases. For example, a substance may be
assaved for s ability to mbibit CDR4 kinase activity, as well as CBR L, CBE2, CDKe,
CDKT7, CEKS, CRKS, CDELL CDKI12, CBRI3, CDBR 14, and other kinases. In some
embodiments, the selectivity can be identified by measuring the ECso or Ise of the
corapounds.

In some embodiments, the bifunctional compouands of the present apphication
containing a Target Ligand mhibit CBK4 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
99% more sclective at mhibiting CDKA4 than the Target {igand alone. To 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 than the 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 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 than the Target Ligand alone. In certai embodiments, the
bifunctional compounds of the application are about 40%, about 50%, about 60%, about

70%, or about 80% more selective at inhibiting CDK4 than the Target Ligand alone. In
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certain embodiments, the bifimctional compounds of the application are about 50%, about
60%, about 70%, about 80%, or about 90% more selective at inhibiting CDK4 than the
Target Ligand alone. In certain embodiments, the hifunctional compounds of the application

are about 60%, about 70%, about 80%, about 0%, or about 99% more selective at intubiting

(]

CDK4 than the Target Ligand alone. In other embodiments, the bifunctional compounds of

the application are at least 10%, at feast 20%, at least 30%, at least 40%, at least 50%, at least

60%, at least 70%, at least 809, at least 90%, or at least 99% more selective at inlubiting

CDK4 than the Target Ligand alone.

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

10 about 109 and about 99% more selective at inhibiting CIDK4 than the Target Ligand alone,
In other embodiments, the bifunctional compounds of the application are between about 10%
and about 30% more sclective 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 sclective at inhibiting CDK4 than the Target Ligand alone. In other

15 embodiments, the bifunctional compounds of the application are between about 30% and
about 50% more selective at inhibiting 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

20 about 709% more selective at inhibiting CDK4 than the Tareet Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 60% and
about 80% more selective at inhibiting CDK4 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 70% and
about 90% more selective at inhibiting CDK4 than the Target Ligand alone. in other

25  embodiments, the bifunctional compounds of the application are between about 80% and
about 99% more selective at mhibiting CDR4 than the Target Ligand alone.

In some embodiments, the compounds of the present application are selective over
other kinases. As used herein, “sclective”, “selective CDK4 inhubitor”, or “sclective CDK4
compound” refers to a compound, for example 2 bifunchional compound of the application,

30 that effectively inhibits CPE4 kinase 1o a greater extent than any other kinase enzvme,
particolardy any enzvroe from the Cyvclic-dependent kinase fanuly {e.g., CODK, CORZ,
ChEsS, CORT.CDKE, CDKY, CDE L CDRIZ, CDKI3, CDE 4, efc ).

In certain embodiments, the compounds of the application are CDEK4 inhibitors that

exhibit at least 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or 100-fold sclectivity over
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other kinases {e.g., CDR 1, CDKZ, CDKe, CBKT7, CDES, CDES, CDKL COBKIZ, CDRIS,
DK 14, ered. In vanous embodiments, the compounds of the application exhibit 1000-fold
selectivity over other kinases.

In certain embodiments, the compounds of the application are CDEK4 inhibitors that
exhibit at least 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold or 100-fold sclectivity over
other cyclin-dependent kinases (e.g., CRKI, COKZ, CBK4, {DK7, COKS, CORS, DK,
COKI2, CDRE3, CHR 14, erc ). In various embodiments, the compounds of the application
exhibit 1000-fold selectivity over other cvelin-dependent kinases.

A “selective CIHKG mbubitor,” can be identiticd, for example. by comparing the
ahility of a compound o whibit CRKS Kinase activity 0 g abiinty to mnbibit the other
members of the CDE kinase family or other kinases. For example, 2 substance may be
assayed for s ability to inhibit TBKS kmase activity, as well ag CBK, CBK2, R4,
CORT, CDKE TS CDRU, CHEKIZ, CDKI3, CDR4, and other kinages. In some
embodiments, the selectivity can be wentified by moeasuring the ECs or 1 of the
compounds,

In some embodiments, the bifunctional compounds of the present application
containing a Target Ligand inhibit CBK6 more selectively over other cyvelin-dependent
kinases and/or other kinases than the Target Ligand alone (.e., a Target Ligand itself
compared to the Target Ligand covalently bound fo 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
99% more selective at inhibiting CDIKS than the Target Ligand alone. In certain
embodiments, the bifunctional compounds of the application are about 10%, about 20%,
about 30%, about 409%, or about 50% more selective at inhibiting CDKSG than the Target
Ligand alone. In certain embodiments, the bifunctional compounds of the application are
about 20%, about 30%, about 40%, about 30% or about 60% more selective at inlubiting
CDK6 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 CDKS6 than 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 inhibiting CDK6 than the Target Ligand alone. In
certain embodiments, the bifunctional compounds of the application are about 50%, about
6%, about 70%, about 0%, or about 90% more selective at inhibiting CDKS6 than the

Target Ligand alone. In certain cmbodiments, the bifunctional compounds of the application
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are about 60%, about 70%, about 80%, about 90%, or about 99% more selective at inhibiting
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 least 40%, at least 50%, at least

6%, at least 70%, at least 80%, at least 90%, or at least 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 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% more selective at inhibiting CBK6 than the Target Ligand alone. In other
10 embodiments, the bifunctional compounds of the application are between about 20% and

about 40% more selective at inhibiting CDKS6 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 CDK6 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 40% and
15 about 60% more selective at inlubiting CDK6 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 CDK6 than the Target Ligand alone. in other
cmbodiments, the bifunctional compounds of the application are between about 60% and
about 80% more selective at inhibiting CDK6 than the Target Ligand alone. In other
20 embodiments, the bifunctional compounds of the application are between about 70% and
about 90% more sclective at inhibiting CDK6 than the Target Ligand alone. In other
embodiments, the bifunctional compounds of the application are between about 80% and
about 9%% more selective at inhubiting CDK6 than the Target Ligand alone.
In some embodiments, the compounds of the present application are selective over
25  other kinases. As used herein, “selective”, “selective CDKS mhibitor”, or “sclective CDK6
compound” refors 1o a compound, for example a bifunctional compound of the application,
that effectively inbibis CDKS kinase 1o a greater extont than anv other kinase cnzyme,
particularly any enzvime from the Cvelio-dependent kinase family (e g, CDKI, CDED,
CDK4, CRK7, CDES, CDES, CDKIY, CDKZ, CDEIS CDKI4, ey
30 In certain embodiments, the compounds of the application are 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 (¢.g., CDK1, CDKI, ChE4, CORY, CDKE, CBKY, CDK L CDRIZ CBKI3,
ChDE 14, ete ). In various embodiments, the compounds of the application exhibit 1000-fold

selectivity over other kinases.
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In certain embodiments, the compounds of the application are CDK6 inhibitors that
exhibit at least 2-fold, 3-fold, 3-fold, 10-fold, 25-fold, 50-fold or 100-fold selectivity over
other cyvclin-dependent kinases (e.g., CIK, CDEI, Chid, COKT, COKR, CORe, CDE L
ChE12 CDKI3, CK14, ey, In vanous embodiments, the compounds of the application
gxhibit 1000-fold selectivity over other cychin-dependent kinases.

A “selective UDE4S and UDKS inhibitor” or “selective CDK 4/6 mnhibitor,” can be
wdontificd, for exarple, bv comparing the abiiiy of a compound to inbibit CDKA4 and CDKS
kinase activify o tis ability to intubit the other members of the CDE knase fannly or other
kinases. For example, a substance may be assayed for 115 abitity to mhibit COK4 and CDKS
binase activity, as well as CDRK, CDBK2, CDK7, CHER, CDRS. CDK L, CDKIZ, ChERE,
COE 4, and other kinases. In some embodimoends, the selectivity can be idoniified by
measuring the ECse or I of the compoands.

In some embodiments, the bifunctional compounds of the present application
contatning a Target Ligand mhubtt CDK4 and CDK6 more sclectively over other cychin-
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 20% or about
99% more selective at inhibiting CDK4 and CDK6 than the Target Ligand alone. In certam
embodiments, the bifunctional compounds of the application are about 10%, about 20%,
about 30%, about 40%, or about 50% nore selective at inhibiting CHK4 and CDK6 than the
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
CDKA4 and CDKS than the Target Ligand alone. In cortain embodiments, the bifunctional
corpounds of the application are about 30%, about 40%, about 50%, about 50% or about
70% more selective at inhibiting CDK4 and CDKG6 than 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 sclective at inhibiting CHK4 and 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 sclective at inhibiting
CDKA4 and CDKS than the Target Ligand alone. In ¢ertain embodiments, the bifunctional
corapounds of the application are about 60%, about 70%, about 80%, about 90%, or about
949% 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
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feast 30%, at least 409, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or
at least 99% more selective at inhibiting CDK4 and CDK6 than the Target Ligand alone.
in other embodiments, the bifunctional compounds of the application arc between

about 10% and about 99% more selective at inlubiting CDK4 and CDK6 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 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 CDE4 and CDES6 than

the Target Ligand alone. In other embodiments, the bifunctional compounds of the

10 application are between about 30% and about 50% more selective at inhibiting CDK4 and
CDE6 than the Target Ligand alone. In other embodiments, the bifunctional compounds of
the application are between about 40% and about 60% more sclective at inhibiting CDK4 and
CDK6 than the Target Ligand alone. In other embodiments, the bifunctional compounds of
the application arc between about 50% and about 70% more selective at inhibiting CDK4 and

15 CDKG6 than the Target Ligand alone. In other embodiments, the bifunctional compounds of
the application arg between about 60% and about 80% more selective at ihibiting CDK4
AND CBKG6 than the Target Ligand alone. In other embodiments, the bifunctional
corpounds of the application are between about 70% and about 90% more selective at
mhibiting CDK4 and CBKS than the Target Ligand alone. In other embodiments, the

20 bifunctional compounds of the application are between about 80% and about 99% more
selective at inhibiting 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, “sclective”, “selective TUDK4 and CDK6 mnhubitor”, or
“selective CDKA4 and CDKS compound” refers to a compound, for example a hifunctional

25 coropound of the application, that eftectively mhibiis T4 and CDKOS kinase fo a greator
extont than any other Kinase cnzyvme, particutarly any enzyvme from the Cyelic-dependent
kinass family {e.g., CDK1, COR2 COKT7, CDKR CDKS, CDRIE CBKIZ, (DK13,
CHK14, ere )

In certain embodiments, the compounds of the application are CDK4 and CDKé

30 mhibitors that exhubit at least 2-fold, 3-fold, S-fold, 10-fold, 25-fold, 30-fold or 100-fold

selectivity over other kinases {e.g., CDK 1, COR2, CBK7, CDKE CDKS, CDKI1Z, CDKI3,
efe.}. In various embodiments, the compounds of the application exhibit 1000-fold sclectivity

over other kinases.
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In certain embodiments, the compounds of the application are CDK4 and CDKé
mhibitors that exiubit at least 2-fold, 3-fold, S-fold, 10-fold, 25-fold, 30-fold or 100-fold
selectivity over other cychin-dependent kinases (e g, CDR I, CHK2, K7, CDIKE, CDRY,
ChRELL CDKIZ, CBKI13, CDE 4, e ). In various embodiments, the compounds of the
application exhibit 1000-fold selectivity over other cyclin-dependent kinases.

Definttions

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
bydrocarbon radicals contaiming, in cortain embodiments, between one and six carbon atoms.
Examples of Ci-Cs alkyl radicals include, but are not hinuted to, methyl, ethyl, propyl,
isopropyl, n-butyl, tert-butvl. neopentyi, and n-hexyl radicals.

The term "alkenvl," as used herein, denotes a monovalent group derived from a
hyvdrocarbon moiety containing, n certain embodiments, from two to six carbon atoms having
at least one carbon-carbon double bond. The double bord may or may not be the point of
attachment to ancther group. Alkenyl groups include, but are not hmited to, for example,
cthenyl, propenvl, butenvl, I-methyl-2-buten-1-vl and the like.

The term "alkoxy" refers to an -QG-alkyl radical.

The terms "hal," "halo.” and "halogen,” as used hergin, refer to an atom selected from
fluorine, chlorne, bronine and 1odine.

The term "aryl," as used herein, refers to a mono- or polv-cvelic carbocyelic ring
system having one or more aromatic rings, fused or non-fused, including, bot not hmited to,
phenyl, naphthyl, tetrahydronaphthyl indanyl, indeny! and the like.

The term "aralkyl" as used herein, refers to an alkyl residue attached to an aryl ring.
Examples include, but are not limuted 1o, benzyl, phenethyl and the like.

The term "cycloalkyL" as used herein, denotes a monovalent group derived from a
monocyclic or polycevelic saturated or partially unsaturated carbocyclic ring compound.
Examples of C3-Cs cvcloalkyl include, but not limited to, cyclopropyi, cvclobutyl,
cyelopentyl, cyvclohexyl, cyvclopentyl and cyclooctyl; and examples of C3-Cia-cycloalkyl
mehude, but not limited to, cyelopropyl, evclobutyl, eyclopentyl, cyclohexyl, bicyclo [2.2.1]
heptyl, and bicyelo {2.2.2} octyl. Also contemplated is a monovalent group derived from a
monocvelic or polveyvehc carbocyelic nng compound having at least one carbon-carbon

double bond by the removal of a single hydrogen atom. Examples of such groups melude, but
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are not himited 1o, cvclopropenyl, cyclobutenyl, cyclopentenyl, cvclohexenyl, cycloheptenyl,
cvelooctenyl, and the like.

The term "heteroaryl." as used herein, refers to a mono- or poly-cyelic {e.g., bi-, or i~
cvelic or more) fused or non-fused, radical or ring system having at least one aromatic ring,
having from five to ten ning atoms of which one nng atoms 15 selected from §, O, and N, zero,
one, or two ring atoms are additional hetercatoms independently selected from §, O, and N;
and the remaining ring atoms are carbon. Heteroaryl includes, but is not fimued to, pynidinyi,
pyrazinvl, pyrimidinyl, pyrrolyl, pvrazolyl, imidazolvl, thiazolyl, oxazolvl, isooxazolyi,
thiadiazolyl, oxadiazolyl, thiophenyl, furanyl, quinolinyl, isoguinolinyl, benzimidazolyl,
benzooxazolvl, quinoxalinyf, and the like.

¢ term "heteroaralkyl,” as used herein, refers to an alkyl residue attached to a
heteroaryl ring. Examples inchude, but are not limited to, pyridinylmethyl, pyrimidinylethyl
and the like.

The term “heterocyclyl,” or “heterocycloalkvl,” as used herein, refers to a non-
aromatic 3-, 4-, 5-, 6~ or T-membered ring or a bi- or tri~cyclic group fused of non-fuse
system, where {1} cach ring contains between one and three heteroatoms mdependently
selected from oxvgen, sulfur and nitrogen, (11} cach S-membered ring has O to 1 double bonds
and cach 6-membered ring has 0 to 2 double bonds, (i11) the nitrogen and sulfur heteroatoms
may optionally be oxidized, and (iv) the nmitrogen heteroatom may optionally be quaternized.
Representative heterocycloatkyl groups include, but are not hmited to, | 1.3 |dioxolane,
pyvrrolidinyl, pyrazolinyl, pyrazolidmyi, imidazolinyl, imidazolidimyi, pipenidinvi, piperazinyl,
oxazolidmyvi, isoxazolidinvl, morpholinyl, thiazolidinyl, 1sothiazolidinyl, and tetrahydrofuryl.

The term "alkylamino" refers to a group having the structure -NH(C1-Crz alkyl), e g, -
NH(C:-Cs alkeyly, where Ci-Ciz alkyl is as previously defined.

The term "dialkylamino” refers to a group having the structure -N(C1-Co alkyil, e g,
NH{C1~Cs alkvl), where C1-Cia alkyl 1s as previously defined.

The term "acyl” inciudes residucs denived from acids, including but not limited to
carboxvlic acids, carbamic acids, carbonic acids, sulfonic acids, and phosphorous acids.
Examples melude aliphatic carbonyls, aromatic carbonyls, aliphatic sulfonyls, aromatic
sulfinyls, aliphatic sulfinyls, aromatic phosphates and aliphatic phosphates. Examples of
aliphatic carbonyls include, but are not limited to, acetyl, propionyl, 2-flucroacetyl, batyryl,

2-hvdroxy acetyl, and the like.
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In accordance with the application, any of the aryls, substituted arvis, heteroaryls and
substituted hetercaryls described herein, can be any aromatic group. Aromatic groups can be
substituted or unsubstituted.

The terms "hal,” "halo,” and "halogen,” as used herein, refer to an atom selected from
fluonne, chiorine, bromine and iodine.

As described herein, compounds of the application may optionally be substituted with
one or more substituents, such as are llustrated generally above, or as exemplified by
particular classes, subclasses, and species of the application. It will be appreciated that the
phrase "optionally substituted” 15 ased mterchangeably with the phrase "substituted or
unsubstituted.” In general, the term "substituted”, whether preceded by the term "optionally”
ot not, reters to the replacement of hvdrogen radicals n a given structure with the radical of a
specified substituent. Unless otherwise indicated, an optionally substituted group may have a
substituent at cach substitutable position of the group, and when more than one position in
any given structure may be substituied with more than one substituent sclected from a
specified group, the substituent may be either the same or different at every position. The
terms "optionally substitated”, "optionally substituted alkyL" "optionally sebstituted
"optionally substituted alkenyl" "optionally substitoted alkynyl", "optionally substituted

o

cveloalkyl” "optionally substituted cycloalkenvl," "optionally substituted arvl”, "optionally
substituted heteroarvl,” "optionally substituted aralkyl", "optionally substituted heteroaralkyl"
“optionally substituted heterocyveloalkyl" and any other optionally substitoted group as used
herein, refer to groups that are substituted or unsubstituted by dependent replacement of
one, two, or three or more of the hvdrogen atoms thereon with substituents including, but not
hoted to:

-F, -Cl, -Br, -1, -OH, protected hydroxy, -NQq, -UN, -NH», protecied
aming, -NH-C1-Ciz-altkyl, -NH-Cz~-Crz-alkenyl, -NH-Cz-Crz-alkenyl, ~-NH -Cs~Ciz-cveloaltkyl,
-NH-arvl, -NH -heteroaryl, -NH -heterocvcloalkyl, ~dialkylamino, ~diarviamino,
-diheteroarviamine, -0-Ci-Ci-alkyl, -0-Co-Ciz-alkenyl, -0-C2-Ciz-alkenyi,
~0-C3-Cia-cveloalkyl, ~G-aryl, -O-heteroaryl, -O-heterocyeloalkyl, ~C{0)-C1-Ciz-atkyl, ~
C{O) Co-Crr-alkenyl, ~-C(0)-Co-Ciz-alkenvi, ~-C{O}-Ca-Cia~cveloalkyl, -C(O)-arvi, ~-C(O}-
heteroaryl, -C{O}-heterocveloalkyl, -CONHz, -CONH-Ci-Ciz-alkyl, -CONH-Cz-Crr-alkenyl,
~CONH-Co-Ciz-alkenyl, -CONH-C3-Ciz-cyeloalkyl, -CONH-aryl, -CONH-heteroaryl,
-CONH-heterocycloalkyl,-0C0:~-Cr1-Ciz-alkyl, ~-0C02-Ca-Ciz-alkenyl, ~0C0-Ca-Cia-
alkenyl, ~-OCO-Cs-Cir-cycloalkyl, ~-O0COz-arvl, -OCOx-heteroaryl, ~OCO-heterocycloalkyl,
~OCONHz, ~OCONH-Ci-Crz-alkyl, -OCONH- Co-Crz-alkenyl, ~-OGCONH- C2-Cir-alkenyl,
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~OQCONH-C3-Crz-cyeloalkyl, -OCONH-aryl, -OCONH-heteroaryl, ~-OCONH-hetero-
cyeloalkyl, -NHC(O)-Ci-C-alkyl, -NHC{O}-Co-Cr-alkenyl, -NHC(()-Co-Crz-alkenyl, -
NHC{O)-C5-Criz-cvaloalkyl, -NHC(OGy-arvl, -NHC(O)-heteroarvl, -NHC{O)-heterocycloalkyl,
NHCO:-C1-Ciz-alkyl, -NHCO:-Co-Cro-alkenyl, -NHCO:-Co-Ciz-alkenyt, -NHCO:-C5-Ciz-
cycloalkyl, -NHCO-aryl, -NHCO:-heteroarvl, -NHCO:- heteroeycloalkyl, NHC(O)NH,, -
NHC(OWNH-Ci-Crzmalkyl, -NHCOINR-C2-Chz-alkenyl, -NHC{(O)NH-C2-Cra-alkenyl, -
NHC(OWNH-Cs5~-Crz-cycloalkyl, ~-NHC(ONH-arvl, -NHC{G)NH-heteroaryl, NHC(O)NH-
heterocycloalkyl, -NHC{SNH,, -NHC{(SINH-C1-Crz-alkyl, -NHC(SYNH-Co-Crz-alkenyl, -
NHC(S)NH-C2-Crz-alkenyl, -NHC{SNH-C3-Cra-cycloalkyl, -NHC{SNH-aryl,
-NHC{S)NH-hetercaryl, -NHC(S)NH-heterocycloalkyl, -NHC(NH)NH:, -NHC(NHINH- (i~
Coalkvl, -NHC(NHYNH-Co-Ciz-alkenyl, -NHCNHYNH-Ch-Ci-alkenyl, -NHC(INHINH-Cs-
Cu-cyeloalkyl, -NHC(NH}NH-arv], -NHCNH)NH-heteroaryl, NHC(NH)NH-
heterocycloalkyl, -NHC(NH-C1-Co-atkyl, -NHC(NH)-C2-Ci-alkenyl, -NHC(NH-Co-Coo-
atkenyl, -NHC(NH)-C5-Crz-cycloalkyl, -NHC(NH)-aryl, ~-NHC(NH}-heteroaryl, -NHC(ONH)}-
heterocycloalkyl, ~-CONHINH-C1-C-alkyl, -CONHNH-Co-Crz-alkeny!, ~C(NHINH-C3-Ci2-
alkenyl, CINHINH-Ca-Ciz-cyeloalkyl, -CINH)NH-aryl, ~-CINH)NH-hetercaryl, ~-C{NH)NH-
heterocycloatkyl, -S{0)-C)-Cir-alkyl - ${(0)-C7-Cia-alkenyl,- S{0)-C2-Cir-alkenyl,
-5(0)-Cs-Cuz-cveloalkyl- S(O)-arvl, -S(0O)-heteroaryl, -5(0)-heterocycloalkvl -S02NHz,
~SOGNH-C1-Crz-alkyl, ~SC2NH-Co-Ciz-alkenvl, -SCNH-Co-Ciz-alkenyl,
~SONH-Cs-Cie-cvcloalkyl, -SC:NH-aryl, -SO:NH-heteroaryl, -50:NH-heterocycloalkyl,
-NHSO2-Co-Crz-alkyl, -NESG:-Co-Cor-alkenyl,- NHSO0-Co-Crr-alkenyl,
~NHSO:-Cs-Crz-cveloalkyi, -NHSOz-aryl, -NHSOz-heteroaryi, -NHSOs-heterocyeloalkv,
~CHoNH;, -CH:50:CHz, -aryl, -arvlalkyl -hetercaryl, ~heteroarylalkyl, -heterocycloalkyl,
-Cs-Cia-cveloalkvl, polyalkoxvaltkyl, polvalkoxy, -methoxyvmethoxy, -methoxyethoxy, -SH.
-S-Ci-Ciz-alkyl, -8-Co-Crr-alkenvl, -5-Ca-Cra-alkenyl, -8-Cs-Ciz-cveloalkyl, -S-arvi,
-S-heteroarvl, -S-heterocycloalkvl, or methvithiomethyl.

It is understood that the arvls, heteroaryls, alkyls, and the like can be substituted.
The term "cancer” includes, but is not limited to, the following cancers: epidermoid Oral:
buccal cavity, lip, tongue, mouth, pharynx; Cardiac: sarcoma {angiosarcoma, fibrosarcoma,
rhabdomyoesarcoma, hiposarcoma}, myxoma, rhabdomyoma, fibroma, lipoma, and teratoma;
Lung: bronchogenic carcinoma (squamous cell or epidermoid, undifferentiated small cell,
uvndifferentiated large cell, adenocarcinoma), alveolar (bronchiolar) carcinoma, bronchial
adenoma, sarcoma, vmphoma, chondromatous hamartoma, mesothelioma; Gastrointestinal:

esophagus (squamous cell carcinoma, larvnx, adenocarcinoma, lgiomyosarcoma, lvmphoma),
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stomach {(carcinoma, lymphoma, leiomvosarcoma), pancreas (ductal adenocarcinoma,
msulinoma, glicagonoma, gastrinoma, carcinoid fumors, vipoma}, small bowel or small
mtestines (adenocarcinoma, lymphoma, carcinoid tumors, Karposi's sarcoma, leiomyoma,
hemangioma, hipoma, neurofibroma, fibroma), large bowel or large mtestines
{adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, leiomyoma), colon, colon-
rectum, colorectal, rectum; Genitourinary tract: kidney {adenocarcinoma, Wilm's tumor
{nephroblastoma}, lvymphoma, leukemia), bladder and urethra (squamous cell carcinoma,
transitional cell carcinoma, adenocarcinoma), prostate (adenocarcinoma, sarcoma), testis
{seminoma, {eratoma, embryonal carcinoma, teratocarcinoma, choriocarcinoma, sarcoma,
mterstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid tumors, lipoma); Liver:
hepatoma (hepatocellular carcinoma), cholangiocarcinoma, hepatoblastoma, angiosarcoma,
hepatocellular adenoma, hemangioma, biliary passages; Bone: ostecgenic sarcoma
{ostensarcoma), fibrosarcoma, malignant fibrous histicoyvioma, chondrosarcoma, Ewing's
sarcoma, malignant lymphoma (reticulum cell sarcoma}, raultiple mycloma, malignant giant
cell tumor chordoma, osteochronfroma {osteocartilaginous exostoses), benign chondroma,
chondroblastoma, chondromyxofibroma, osteoid osteoma and giant cell tumors; Nervous
systemn: skull (osteoma, hemangioma, granuloma, xanthoma, osteitis deformans), meninges
{meningioma, meningiosarcoma, gliomatosis), brain {astrocytoma, medulloblastoma, ghioma,
ependymoma, germinoma {pincaloma}, ghoblastoma muldtiform, oligodendroglioma,
schwannoma, retincblastoma, congenital tumors), spinal cord neurctfibroma, meningioma,
ghioma, sarcoma); Gynecological: uterus (endometrial carcinoma), cervix {cervical
carcinoma, pre-tumor cervical dyvsplasia), ovaries {ovaran carcinoma (serous
cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified carcinoma), granulosa-
thecal cell tumors, Sertcli-Leydig cell tumors, dysgerminoma, malignant teratoma}, vulva
{squamous cell carcinoma, intracpithehial carcinoma, adenocarcinoma, fibrosarcoma,
melanoma), vagina {clear cell carcinoma, squamous cell carcinoma, botrvoid sarcoma
{embryonal rhabdomyosarcoma), fallopian tubes (varcinoma), breast; Hematologic: blood
{myeloid leukemia {acute and chronic), acute lvmphoblastic leukenua, chronic lymphocytic
leukemia, myeloproliferative diseases, multiple myeloma, myelodysplastic syndrome),
Hodgkin's disease, non-Hodgkin's lymphoma (malignant lymphoma} hairy cell; lvmphoid
disorders; Skin: malignant melanoma, basal cell carcinoma, squamous cell carcinoma,
Karposi's sarcoma, keratoacanthoma, moles dysplastic nevi, lipoma, angioma,
dermatofibroma, keloids, psonasis, Thyroid gland: papillary thyroid carcinoma, follicular

thyroid carcimoma; medullary thyroid carcinoma, undifferentiated thyroid cancer, multiple
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endocrine neoplasia type 2A, multiple endocrine neoplasia type 2B, familial meduliary
thyroid cancer, pheochromocytoma, paraganghoma; and Adrenal glands: neurgblastoma.
Thus, the term "cancerous cell” as provided herein, includes a cell afflicted by any one of the
above-identified conditions.

The term “CDEKA4" herein refers to cyclin-dependent kinase 4.

The term “CDK6" herein refers to cyclin-dependent kinase 6.

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 1s
a human. When the sabject 1s a human, the subject may be referred to herein as a patient.

"Treat", "treating” and "treatment” refer to a method of alleviating or abating a discase
and/or 1ts attendant symptoms.

As used hergin, “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)” is used interchangeably with “target proten(s)”, unless
the context clearly dictates otherwise. In one embodiment, a “targeted protein” 1s CDK.

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 subjectis
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,
uniess the context clearly dictates otherwise.

The term "therapeutically effective amount” of a bifunctional compound or
phammaceutical composition of the application, as used herein, means a sufficient amount of
the bifunctional compound or pharmaceutical composition so as to decrgase the symptoms of
adisorder in a subject. As is well understood 1n 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 anv medical treatment. It 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 nlubitory dose for any particular patient will depend upon a variety
of factors inchiding 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 dict of the patient; the time of admimistration, route of adounistration,

and rate of excretion of the specific compound employed; the duration of the treatment; dimgs
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used in combination or comcidental with the specific compound emploved; 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 application which are, within the scope of
sound medical pudgment, suitable for use i contact with the tissues of humans and lower
animals without undue toxicity, trritation, 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, S. M. Berge, ef af. describes pharmaceutically acceptable salis
i detail i J. Pharmaceutical Sciences, 66; 1-19 (1977}, The salts can be prepared 1 situ
during the final 1solation 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 pharmacestically acceptable salts include, but are not limited to, nontoxic
acid addition salts: salts formed with inorganic acids such as hydrochloric acid, hvdrobromic
acid, phosphoric acid, sulfuric acid and perchloric acid, or with organic acids such as acetic
actd, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid. Other
pharmaceutically acceptable salts include, but are not limited to, adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphor-
sulfonate, citrate, cyclopentancpropionate, digluconate, dodecylsulfate, ethanesulfonate,
formate, fomarate, glucoheptonate, glyveerophosphate, ghiconate, hemisulfate, heptanoate,
hexanoate, hvdroiodide, 2-hydroxy-cthanesulfonate, lactobionate, lactate, laurate, lauryl
sulfate, malate, malcate, malonate, methanesulfonate, 2-naphthalencsulfonate, nicotinate,
nitrate, oleate, oxalate, palnuiate, pamoate, pectinate, persulfate, 3-phenvipropionate,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, /7~
toluenesulfonate, undecanocate, valerate salts, and the like. Representative alkali or alkaling
carth metal salts include sodium, hithium, potassium, calcium, magnesium, and the like.
Further pharmaceutically acceptable salts mclude, when appropriate, nontoxic amimonium,
guateraary amnonium, and amine cations formed using counterions such as halide,
hvdroxide, carboxylate, sulfate, phosphate, nitrate, alkvl having from 1 1o 6 carbon atoms,
sulfonate and arvl sulfonate.

Ag used herein, the term "pharmaceutically acceptable ester” refers to csters of the
bifunctional 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. Suitable ester groups include, for example, those derived from

phamaceutically aceepiable aliphatic carboxyvlic acids, particularly alkanoic, alkenoic,
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cycloalkanoic and alkanedioic acids, in which each alkyl or alkeny] moicty advantageously
has not more than 6 carbon atoms. Examples of particular esters include, but are not limited
to, formates, acetates, propionates, butvrates, acrylates and ethylsuccinates.

¢ term "pharmaceutically acceptable prodrugs” as used herein, refers to 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
tissucs of humans and lower animals with undue toxicity, irritation, allergic response, and the
Iike, commensurate with a reasonable benefit/risk ratio, and effective for their mtended use,
as well as the zwitterionic forms, where possible, of the compounds of the present application.
"Prodrug”, as used herein, means a compound which is convertible ir vive by metabolic
means (e.g., by hydrolysis) to afford any compound delineated by the formulae of the mstant
application. Various forms of prodrugs are known in the art, for example, as discussed in
Bundgaard, {(ed.), Design of Prodrugs, Elsevier (1985); Widder, ¢t al. (ed.}, Mcthods m
Enzymology, vol. 4, Academic Press (1983); Krogsgaard-Larsen, et al, {ed). "Design and
Apphcation of Prodrugs, Textbook of Drug Design and Development, Chapter 5, 113-191
{1991); Bandgaard, et al., Journal of Drug Deliver Reviews, 8:1-38(1992); Bundgaard, I. of
Pharmaceutical Sciences, 77:285 et seq. {1988); Higuchi and Stella {eds ) Prodrugs as Novel
Drug Delivery Systems, American Chemical Society (1975); and Bemard Testa & Joachim
Maver, "Hydrolysis In Drug And Prodrug Metabolism: Chemustry, Biochemistry And
Enzyvmology,” John Wiley and Sons, Lid. (2002).

This application also encompasses pharmaceutical compositions containing, and
methods of treating disorders through administering, pharmaceutically acceptabie prodrugs of
bifunctional compounds of the application. For example, compounds of the application
having free amine, amido, hyvdroxy or carboxylic groups can be converted mto prodriugs.
Prodrugs include compounds wherein an amino acid residue, or a polypeptide chain of two or
more {e.g., two, three or four) amino acid residues is covalently joined through an amide or
ester bond to a free amino, hydroxy or carboxyhic acid group of compounds of the application.
The amino acid residues include but arc not limited to the 20 naturally occurring amino acids
commonly designated by three letter symbols and also includes 4-hydroxyproline,
hydroxylysine, demosine, isodemosine, 3-methylhistidine, norvalin, beta-alanine, gamma-
aminobutyric acid, citrulline, homocysteine, homosering, omithine and methionine sulfone.
Additional types of prodrugs are also cncompassed. For instance, free carboxvl groups can be
derivatized as amides or alkyl esters. Free hydroxy groups may be denvatized using groups

mcluding but not himited to hemisuceinates, phosphate esters, dimethylaminoacetates, and

60



(]

10

20

CA 03106523 2021-01-13

WO 2020/023480 PCT/US2019/042985

phosphorvioxymethyloxy carbonylis, as outlined m Advarnced Dirug Delivery Reviews, 1996,
19, 1 15. Carbamate prodrugs of hvdroxy and aminoe groups are also incloded, as are
carbonate prodrugs, sulfonate esters and sulfate esters of hvdroxy groups. Derivatization of
hydroxy groups as {acvioxymethyl and {acvioxy)ethyl ethers wherein the acyl group may be
an alkyl ester, optionally substituted with groups including but not limited to ether, amine and
carboxyvlic acid functionalities, or where the acyl group is an amine acid ester as descnbed
above, are also encompassed. Prodrugs of this type are described in ./ Med. Chem. 1996, 39,
10. Free amines can aiso be derivatized as amides, sulfonamides or phosphonamides. All of
these prodrug moieties may incorporate groups including but not Iimited to ether, anune and
carboxvhc acid functionalities.

¢ application also provides for a pharmaceutical composition comprising a
therapeutically effective amount of a bifunctional compound of the application, or an
enantiomer, diastereomer, stercoisomer, or pharmaceuatically acceptable salt thercof and a
phammaceutically acceptable carrier.

In another aspect, the application provides a kit comprising a bifunctional compound
capable of mhibiting CDK4 activity selected from one or more compounds disclosed herein,
or a pharmaceutically acceptable salt, hydrate, sclvate, prodrug, stercoisomer, or tautomer
thercof, optionally in combination with a second agent and mstructions for use in treating
CAnCer.

In another aspect, the application provides a kit comprising a bifunctional compound
capable of mbibiting CDK6 activity selected from one or more compounds disclosed herein,
or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stereoisomer, or tautomer
thercof, optionally in combination with a second agent and mstractions for ase in treating
cancer.

{n another aspect, the application provides a kit comprising a bifunctional compound
capable of inhibiting the activity CDK 4 and/or CDKS6 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.

In another aspect, the application provides a method of synthesizing a bifunctional
compound disclosed herein.

The synthesis of the bifunctional compounds of the application can be found herein

and in the Examples below.
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Other embodiments are a method of making a bifunctional compound of any of the
formulae herein using any one, or combination of, reactions delineated hereim. The method
can include the use of one or more intermediates or chemical reagents delineated herein.

Another aspect 1s an 1sotopically labeled bifunctional compound of any of the
formulae delineated herein. Such compounds have one or more isctope atoms which may or
may not be radioactive {e.g., *H, 2H, *C, PC, BF, 358 32P_123f and 1'l) introduced into the
bifimctional compound. Such compounds are useful for drug metabolism studics and
diagnostics, as well as therapeutic applications.

A ifanctional 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.  Alicmatively, a pharmaceutically
acceptable base addition salt of a bifimetional 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.

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

The free acid or free base forms of the bifimctional 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
hvdroxide solution, sodivm hvdroxide, and the like). A bifunctional compound ot the
application in a base addition salt form can be converied to the corresponding free acid by
treating with a suitable acid {e.g., hvdrochloric acid, ¢fc. ).

Prodrugs of the bifunctional compounds of the application can be prepared by
methods known to those of ordinary skill 1n the art (e.g., for further details sec Saunlnicr et al.,
{1994), Bioorganic and Medicinal Chemustry Letters, Vol. 4, p. 1983). 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~acvioxyalkyicarbanochioridate,
para-nitropheny! carbonate, or the hike).

Protected derivatives of the bifumctional compounds of the apphication can be made by
means known to those of ordinary skill in the art. A detailed description of technigues
applicable to the creation of protecting groups and their removal can be found m T. W.
Greene, "Protecting Groups in Organic Chenustry”, 31d edition, John Wiley and Sons, Inc.,

1999,
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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
corapounds of the present application can be conveniently prepared by recrystatiization from
an agueous/organic solvent mixture, using orgamic solvents such as dioxin, tetrahvdrofuran or
methanol.

Acids and bases usetul in the methods herein are known in the art. Acid catalysts are
any acidic chemical, which can be inorganic {e.g., hydrochloric, sulfuric, nitric acids,
aluminum trichlonide) or organic (e.g., camphorsuifonic acid, p-toluenesulfonic acid, acetic
acid, vtterbium triflate) in nature. Acids are usefud i etther catalytic or stoichiometric
amounts to facilitate chemical reactions. Bases are any basic chemical, which can be
morganic {e.g., sodium bicarbonate, potassium hydroxide) or organic (e.g., tricthyvlamine,
pyridine} m nature. Bases are useful in etther catalvtic or stoichiometric amounts to facilitate
chemical reactions.

Combinations of substituents and variables 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 manufacture and which
maintains the imtegrity of the compound for a sufficient period of time to be useful for the
purposes detailed herein {e.g., therapeutic or prophylactic admunistration to a subject).

When any variable (e.g., Ri4) occurs more than one time in any constituent or formula
for a compound, s definition at each occurrence is independent of ifs definition at every
other occurrence. Thus, for example, if a group is shown to be substituted with one or more
Riz moicties, then Rus at each occurrence 1s selected independently from the definition of Rua.
Also, combinations of substituents and/or variables are permissible, but only 1if such
combinations resulf 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, individual diastereomers, diastercomeric mixtures, and cis- or
trans~ or £- or Z- double isomeric forms, and other stereoisomeric forms that mayv be defined,
i terms of absolute stereochenustry, as (R)- or (8}, or as (D)~ or {L}- tor amino acids. When
the compounds described hercin contain olefinic double bonds or other centers of geometric
asymmetry, and unless specified otherwise, it 1s indended that the compounds inchude both E
and Z geometric isomers. The configuration of any carbon-carbon double bond appearing
herein is selected for convenience only and 18 not intended to designate a particular

configuration unless the text so states; thus a carbon-carbon double bond depicted arbitrarily
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herein as frans may be cis, frans, or a nuxture of the two in any proportion. All such
wsomeric forms of such compounds are expressly mcluded 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 mixtures. The resolution can be
carried out i the presence of a resolving agent, by chromatography or by repeated
crystallization or by some combination of these techniques which are known to those skilled
m the art. Further details regarding resolutions can be found in Jacques, ef af., Fnanfiomers,
Racemates, and Resolutions (John Wiley & Sons, 1981).

“Isomertsm” means compounds that have identical molecular formulae but differ m
the sequence of bonding of their atoms or 1n the arrangement of their atoms in space. Isomers
that differ m the arrangement of their atoms in space are termed “stercoisomers”.
Stercoisomers that are not mirror images of one another are termed “diastercoisomers”, and
sterepisomers that are non-superimposable mirror images of each other are termed
“enantiomers” or someiimes optical isomers. A mixture 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 termed a “chiral center”.

“Chiral isomer” means a compound with at least one chiral center. Compounds with
maore than one chiral conter may exist either as an individual diastereomer or as a nuxture of
diastersomers, termed “diastereomeric mixture”. When one chiral center is present, a
stereoisomer may be characterized by the absolute configuration (R or §) of that chiral center.
Absolute configuration refers to the arrangement 1 space of the substituents attached to the
chiral center. The substituents attached to the chiral center under consideration are ranked in
accordance with the Sequence Rule of Cahn, Ingold and Prelog. (Cahn ef ol Angew. Chem.
Inter. Edit. 1966, 5, 385; errata 511; Cahn ef o/ , Angew. Chem. 1966, 78, 413; Cahno and
Ingold, J. Chem. Soc. 1951 (London), 612; Cahn et o/, Experientia 1956, 12, 81, Cahn, J.
Chem. Educ. 1964, 41, 116},

“Geometric isomer” means the diastercomers that owe their existence to hindered
rotation about double bonds. These configurations are differcutiated in thewr names by the
prefixes ¢is and trans, or Z and E, which indicate that the groups are on the same or opposite
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 mclude
all atropic 1somers thereof. “Atropic 1somers” are a type of sterecisomer 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
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atropic isomers typically exist as a mixture, however as a result of recent advances in
chromatography techniques; it has been possible to separate mixtares of two atropic isomers
m select cases.

“Tautomer” is one of two or more structural isomers that exist in equibibrium and is
readily converted from one tsomeric 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 muxture of a tautomeric set in solution. In sohid form, usually one
tautomer predominates. In solutions where tamtomerization is possible, a chemical
cquilibrium of the tautomers will be reached. The exact ratio of the tautomers depends on
several factors, including temperature, solvent and pH. The concept of tautomers that are
mierconvertable by tautomerizations 1s called tautomerism.

Of the various types of tautomerism that are possible, two are commonly observed. In
keto-enol tautomerism a simultancous shift of electrons and a hvdrogen atom socurs. Ring-
chain tautomerism arises as a result of the aldehyde group (-CHO) in a sugar chain molecule
reacting with one of the hydroxy groups (-OH) n the same molecule to give 1t a cyclhic (ning-
shaped} form as exhibited by glucose. Common tautomeric pairs are: ketone-enol, amide-
nitrife. lactam-lactim, amide-imidic acid tautomerism 10 heterocyelic rings {e.g., in
nucleobases such as guanine, thvmine and cytosing), aminc-enamine and cnanyne-enaming.
The compounds of this application may also be represented in multiple tavtomeric forms, in
such 1nstances, the application expressly includes all tavtomenc formg of the compounds
descnibed berein (e g., alkvlation of a ring system may result in alkylation at multiple sites,
the application expressly includes all such reaction products).

In the present application, the stractaral fornuda of the bifunctional compound
represents a certain isomer for convenience 1 some cases, but the present application
ncludes all 1somers, such as geometrical isomers, optical isomers based on an asymmetrical
carbon, stereoisomers, 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, stercoisomers, tautomers, and the hike.

Additionally, the compounds of the present application, for example, the salts of the
bifunctional compounds, can exist in either hydrated or unhydrated {the anhydrous) form or
as solvates with other solvent molecules. Non-lhimiting examaples of hvdrates mclude
monohvdrates, dihvdrates, efc. Non-limuting examples of solvates mmclude ethanol solvates,

acetone solvates, efe.
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“Solvate” means solvent addition forms that contain either stoichiometric or non-
stoichiometric amounts of solvent. Some compounds have a tendency to trap a fixed molar
ratio of solvent molecules in the crvstaliine solid state, thus forming a solvate. If the solvent
is water the solvate formed 1s a hydrate; and if the solvent 15 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 water retains its molecular state as HzO.

The synthesized bifunctional compounds can be scparated from a reaction mixture
and further purified by a method such as column chromatography, high pressure hguid
chromatography, or recrystallization. As can be appreciated by the skilled artisan, further
methods of synthesizing the bifunctional compounds 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, efe. delineated herein are for purposes of itHustration only
and one of ordinary skili in the art will recoguize that variation of the reaction conditions can
produce the desired bridged macrocyclic products of the present application. Synthetic
chenustry transformations and protecting group methodologies (protection and deprotection)
usefutl in svnthesizing the compounds described herein are known in the art and include, for
cxample, those such as described in R. Larock, Comprehensive Organic Transformations,
VCH Publishers (1989); T'W. Greene and P.G .M. Wuts, Protective Groups in Organic
Synthests, 2d. Ed., John Wiley and Sons (1991} L. Fieser and M. Fieser, Figser and Figser's
Reagents for Organic Svathesis, John Wilev and Sons (1994); and L. Paquette, ed
Encyclopedia of Reagents for Organic Svnthesis, John Wiley and Sons (1993}, and
subsequent editions thereof.

The compounds of this application may be modified by appending various
functionalitics via anv svithetic mmeans delineated herein to enhance selective biological
propertics. Such modifications are known in the art and include those which increase
biological penctration into a given biclogical system {e.g., blood, lvmphatic system, central
nervous system), increase oral availability, increase solubility to allow administration by
mjection, alter metabolism and alter rate of exeretion.

The compounds of the application are defined hercin by their chemical stractures
and/or chemical names. Where a compound is referred to by both a chemical structure and a
chenucal name, and the chemaical structure and chemical name contlict, the chemical

structure is determinative of the compound's wdentity.
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The recitation of a listing of chemical groups in any definition of a variable herein
mcludes definitions of that variable as any single group or combination of listed groups. The
recitation of an crbodiment for a variable herein includes that embodiment as any single

embodiment or in combination with any other embodiments or portions thereof.

Method of Svathesizing the Compounds

Compounds of the present application can be prepared in a variety of ways using
commercially available starting matenials, compounds known in the Iiterature, or from readily
prepared intermediates, by emploving standard synthetic methods and proceduores either
kanown to those skilled in the art, or which will be apparent to the skilled artisan in light of the
teachings herein. Standard svithetic 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 to
anv one or several sources, classic texts such as Smith, M. B., March, J., March s ddvanced
COrganic Chemisiry: Reactions, Mechanisms, and Structure, 3% edition, John Wiley & Sons:
New York, 2001; and Greene, TW,, Wuts, P.G. M., Profective Groups in Organic Synthesis,
3" edition, John Wiley & Sons: New York, 1999, incorporated by reference herein, are useful
and recognized reterence texthooks of organic svnthesis known to those in the art. The
following descriptions of synthetic methods are designed to illastrate, 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 instances to further convert the compound o a
pharmaceutically acceptable salt, ester or prodrog thereof. Suttable synthetic routes are
depicted in the schemes below.

Those skilled in the art will recognize if a stereocenter exists in the compounds
disclosed heremn. Accordmgly, the present application includes both possible stercoisomers
{unless specified i the synthesis) and inclades not only racemic compounds but the
mdividual cnantiomers and/or diastercomers as well, When a compound 1s desired as a
single enantiomer or diastercomer, it may be obtained by stereospecific synthesis or by
resolution of the final product or any convenient intermediate. Resolution of the final
product, an intermediate, or a starting material may be affected by any suitable method
known in the art. See, for example, "Stereochenustry of Grganic Compounds” by E. L. Eliel,

5. H. Wilen, and L. N. Mander (Wiley-Interscience, 1994},

67



CA 03106523 2021-01-13

WO 2020/023480 PCT/US2019/042985

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

synthetic methods known in the art of synthetic organic chemistry, or variations thereon as

(]

appreciated by those skilled in the art. Preferred methods include but are not himited to those
methods described below.

Compounds of the present application can be svnthesized by following the steps
outlined in General Scheme 1 which comprise different sequences of assembling
mtermediates 1a, 1b, 1¢, 1d, Ie, 1f and Ig. Starting materials are cither commercially

10 avaiable or made bv known procedures in the reported literature or as tustrated.

General Scheme 1

{(Raa)a

v}
o ) HN A~ Pom,
HASEYN p1
N P 1d
Riz O
A Step 2

Target Ligand-NH;
g

Step 4

wherein B3, Rug, Ris, Ris, W, pl, ¢, and v are as defined herein above.

15 The general way of preparing representative compounds of the present application
{i.e., Compound of Formula {I) shown above} using intermediates 1a, 1b, 1c, 1d, 1e, I, and
ig is outlined in General Scheme 1. Reaction of $a with b i the presence of a acetic
acid/potassium acetate, optionally in a solvent, i.e., tetrahydrofuran (THF) provides
miermediate Te. Nucleophilic addition of 1d to fluoride 1e¢ in the presence of a base, i.e.,

20 N N-dusopropylethviamine (DIPEA), and in a solvent, i e, dimethyHormannde (DMF),
provides intermediate 1e. Deprotection of 1e using a strong acid. 7.e., trifluorsacetic acid

{(TFA) or hvdrochloric acid (HCY), in a solvent, i.e., dichloromethane (DCM) or dioxane,
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provides carboxylic acid 1f. Coupling of acid 1f and Target Ligand 1g under standard
coupling conditions using a coupling reagent, 7.¢., 1-ethyl-3-(3-dimethylaminopropyl)
carbodiinude (EDC) and hydroxybenzotriazole, in a solvent, 7.e., DCM or DMF, provides

bifunctional compound of tormula (§).

Biclocical Assavs

Fnzyme Degradation Assay

Wild-type or cercblon null cells are treated with a control or a bifunctional compound
of the application. After treatment, cells arc washed and harvested by resuspending in buffer
and lysed on 1oe 30 minutes. Lysates are then cleared by centrifugation. Samples are boiled
and equal amount of protein is loaded onto polyacrvlamide gel. The gel is transferred to

nitrocellulose and blotted for CDK6, CDK4 or Tubulin,

Western Blotting on CDK4/6

{Cells are treated with a3 control or a bifunctional compound of the application at
various concentrations for a desired period of time. Cells are then lysed in a suitable buffer.
Protein concentration may be measured with any appropriate assay known in the art.
Equivalent amounts of the samples are loaded on a polvacrylamide gel, transferred o
nitrocellulose membranes, and immunoblotted with antibodies against CDK4 and CDK6 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 bifunctional compound disclosed herein, or a
pharmaceutically acceptable salt, hvdrate, solvate, prodrug, sterecisomer, or tautomer thereof,
or with a pharmaceutical composition disclosed herein. In some embodiments, the kinase is
CDEK4. In other embodiments, the kinase 1s CDES6. In ather embodiments, the kinase is
CDE4 and CDES.

In another aspect, the application provides a method of inhibiting a kinase, comprising
contacting the kinase with a bifunctional compound disclosed hercin, or a phammaceutically
acceptable salt, hvdrate, solvate, prodrug, stereoisomer, or tautomer thereof, or with a

pharmaceutical composition disclosed herein. In some embodiments, the kinase 1s CDE4. In
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other embodiments, the kinase 1s CDKS. In other embodiments, the kinase 15 CDE4 and
DKo,
In another aspect, the application provides a method of mhibiting a kinase, the method

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,
stercoisomer, or tautomer thereof. In some embodiments, the kinase 1s CDK4. In other
embodiments, the kinase is CDK6. In other embodiments, the kinase 1s CDK4 and CDKS6.
In still another aspect, the application provides a method of modulating cvclin-
dependent kinase 4 (CDK4), the method comprising administering to a subject in need
10 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 cychin-
dependent kinase 6 (CDK6), the method comprising administering o a subject 1 need
thercof an effective amount of a bifunctional compound disclosed herein, or a

15 pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stereoisomer, or tautomer thereof,
In still another aspect, the application provides a method of modulating cychn-
dependent kinase 4 (DK 4) and cychin-dependent kinase 6 ({UDK6), the method comprising
administering to a subject in need thereof an effective amount of a bifunctional compound
disclosed heren, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug,
20 stercoisomer, or tautomer thereof.

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
thercof an effective amount of a pharmaceutical composition comprising a bifunctional
compound disclosed hergin, or a phamnaceutically acceptable salt, hydrate, solvate, prodrug,

25 stereoisomer, or tautomer thereof and a pharmaceutically acceptable camier.

In still another aspect, the application provides a method of moduiating cychin-
dependent kinase 6 (CDK6), the method comprising administering o a subject 1 need
thereof an effective amount of a pharmaceutical composition comprising a bifunctional
compound disclosed herein, or a pharmaceutically acceptable salt, hyvdrate, solvate, prodrug,

30 sterecisomer, or tautomer thereof and a pharmaceutically acceptable carrier,

In stll another aspect, the application provides a method of modulating cychn-
dependent kinase 4 (CDK4) and cvelin-dependent kinase 6 {CDKS), the method comprising
administering to a subject in need thereof an effective amount of a pharmaceutical

composition comprising a bifumctional compound disclosed herein, or a pharmaceuntically
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acceptable salt, hvdrate, solvate, prodrug, stereoisomer, or tautomer thereof and a
pharmaceutically acceptable carrier.

Another aspect of the application provides a method of freating or preventing a
disease, the method comprising administering 0 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 disease is
mediated by a kinase. In other embodiments, the kinase i1s CDK4. In other cmibodiments, the
kinase 15 CBKS6. In other embodiments, the kmase 1s CDK4 and CDBKG6.

Another aspect of the application provides a method of treating or preventing a
diseasc, the method comprising administering to a subject in need thereof an effective armount
of a pharmaceutical composition comprising a bitunctional compound disclosed herein, or a
pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof
and a pharmaceutically acceptable carmier. In some embodiments, the disease is mediated by
akinase. Inother embodiments, the kinase 15 CDK4. In other embodiments, the kinase 15
CDK6. In other embodiments, the kinase 15 CDE4 and CDKS.

In some embodiments, the disease 18 mediated by CDK4 {e. 2., CDK4 plays a role m
the mitiation or development of the disease}. In other embodiments, the discase is mediated
by CDK6 (e.g., CDKG6 plays a role m the initiation or development of the discase). In other
embodiments, the disease 1s mediated by CDK4 and CDK6 {e.g., CDK4 and CDKS6 play a
role in the nitiation or development of the discase).

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

In further embodiments, the discase or disorder 1s 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, ghioma, glioblastoma, hepatocellular carcimoma, papillary renal carcinoma, head and
neck squamous cell carcinoma, leukemias, lvmphomas, myvelomas, or solid tumors.

In other cmbodiments, the discase or disorder 1 inflammation, arthritis, rheumatoid
arthritis, spondyiarthropathics, gouty arthritis, osteoarthritis, juvenile arthritis, and other
arthritic conditions, svstemic fupus erthematosus (SLE), skin-related conditions, psoriasis,
cczema, bums, dermatitis, neuromflammation, allergy, pain, neurcopathic pain, fever,
pulmonary disorders, lung inflammation, adult respiratory distress syndrome, pulmonary
sarcoisosis, asthma, sificosis, chronic pulmonary mflammatory disease, and chronic
obstructive pulmonary disease (COPDY), cardiovascular disease, arteriosclerosis, mvocardial

mfarction {inchuding post-myocardial infarction indications), thrombosis, congestive heart
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fatlure, cardiac reperfusion injury, as well as complications associated with hypertension
and/or heart fatlure such as vascular organ damage, restenosis, cardiomyopathy, stroke
mcluding ischemic and hemorrhagic stroke, reperfusion injury, renal reperfusion injury,
ischenua including stroke and bram ischenuia, and ischemia resulting from cardiac/coronary
bypass, neurodegencrative disorders, liver discase and nephritis, gastrointestinal conditions,
mflammatory bowel disease, Crohn's disease, gastritis, irntable bowel syndrome, ulcerative
colitis, ulcerative discases, gastric ulcers, viral and bacterial infections, sepsis, septic shock,
gram negative sepsis, malana, meningitis, HIV infection, opportunistic infections, cachexia
secondary to infection or malignancy, cachexia secondary to acquired immune deficiency
syndrome (AIDS), AIDS, ARC (AIDS related complex), preumonia, herpes virus, myalgias
due to infection, influenza, autoimmune disease, graft vs. host reaction and allograft
rejections, treatment of bone resorption diseases, osteoporosis, mudtiple sclerosis, cancer,
leukemia, lymphoma, colorectal cancer, brain cancer, bone cancer, epithelial call-derived
neoplasia {(epithehial carcinoma), basal cell carcinoma, adenocarcinoma, gastromtestinal
cancer, Iip cancer, mouth cancer, esophageal cancer, small bowel cancer, stomach cancer,
colon cancer, liver cancer, bladder cancer, pancreas cancer, ovarian cancer, cervical cancer,
hing 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 leukema (CML), acute myeloid leukemia (AMLY and acute
promvelocytic leukemia (APL), angiogenesis including ncoplasia, metastasis, central nervous
system disorders, central nervous system disorders having an inflammatory or apoptotic
component, Alzheimer's discase, Parkinson's discase, Huntington's disease, amvotrophic
lateral sclerosis, spinal cord injury, and peripheral neuropathy, or B-Cell Lymphoma.

In further embodiments, the discase or disorder 1s inflammation, arthritis, rheumatoid
arthritis, spondylarthropathies, gouty arthritis, osteoarthritis, juvenile arthritis, and other
arthritic conditions, systenuc fupus erthematosus (SLE), skin-related conditions, psoriasis,
sczema, dermatitis, pain, pulmonary disorders, hung inflammation, adult respiratory distress
syndrome, pulmonary sarcoisosis, asthma, chronic pulmonary inflammatory disease, and
chronic obstructive pulmonary disease (COPD), cardiovascular disease, arteriosclerosis,
myvocardial infarction (including post-myocardial infarction mdications), congestive heart
failure, cardiac reperfusion injury, inflammatory bowel disease, Crohn's discase, gastritis,
irritable bowel syndrome, leukenua or lvraphoma.

Another aspect of the application provides a method of treating a kinase mediated

disorder, the method comprising administering to a subject in need thereof an effective
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amount of a bifunctional compound disclosed herein, or a pharmaceutically acceptable salt,
hydrate, solvate, prodrug, sterecisomer, or tautomer thereof. In some embodiments, the
bifunctional compound is an inhibitor of CDK4. In other embodiments, the bifunctional
corapound 1s an inhibitor of CDES6. In other embodiments, the bifunctional compound s an
inhibitor of CDK4 and CDK6. In other embodiments, the subject is administered an
additional therapeutic agent. In other embodiments, the bifinctional compound and the
additional therapeutic agent are admimstered simultancously or sequentially.

In another aspect, the application provides a method of treating a kinase mediated
disorder, the method comprising administering to a subject in need thereof an effective
amount of a pharmaccutical composition comprising a bifunctional compound disclosed
herein, or a pharmaceutically acceptable salt, hyvdrate, solvate, prodrug, stereoisomer, or
tavtomer thereof and a pharmaceutically acceptable carrier. In some embodiments, the
bifunctional compound is an inhibitor of CDK4. In other embodiments, the bifonctional
compound is an nhibitor of CHK6. In other embodiments, the bifunctional compound s an
mwhibitor of CDK4 and CDE6. In other embodiments, the subject 1s admmistered an
additional therapeatic agent. In other embodiments, the pharmacestical composition
comprising a bifunctional compound and the additional therapeutic agent are admimstered
simultancously or sequentially,

In other embodiments, the discase or disorder is cancer. In further embodiments, the
cancer s lung cancer, colon cancer, breast cancer, prostaie cancer, liver cancer, pancreas
cancer, bramn cancer, kidnev cancer, ovarian cancer, stomach cancer, skin cancer, bong
cancer, gastric cancer, breast cancer, pancreatic cancer, ghoma, glioblastoma, hepatocellular
carcinoma, papillary renal carcinoma, head and neck squamous ccll carcinoma, leukenias,
Ivmphomas, myeclomas, or solid tumors.

Another aspect of the present application relates to a method of treating or preventing
a proliterative disease. 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, hydrate, solvate, prodrug, stereoisomer, or tautomer thereof,

Another aspect of the present application relates to a method of treating or preventing
aproliferative disease. The method comprises 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, prodmg,

stereoisomer, or tautomer thereof and a pharmaceutically acceptable carmrier.
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In another aspect, the application provides a method of treating or preventing cancer,
wherein the cancer cell comprises activated CDK4, 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 CBK4, comprising administering to a subject in
need thereof an effective amount of a phammaceutical composition comprising a bifunctional
compound disclosed herein, or a pharmaceutically acceptable salt, hyvdrate, solvate, prodrug,
stereoisomer, or tautomer thercof and a pharmaceutically acceptable camier.

in certain embodiments, the CDK4 activation 1s selected from mutation of CDK4,
amplification of CDEK4, expression of CDERA4, and higand mediated activation of CDK4.

In another aspect, the application provides a method of treating or preventing cancer,
wherein the cancer cell comprises activated CBK6, comprising administering to a subject in
need thereof an cffective amount of a bifimetional compound disclosed herein, or a
pharmaceutically acceptable salt, hvdrate, 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 CBDKS, comprising administering to a subjoct in
need thereof an effective amount of a pharmaceutical composition comprising a bifunctional
compound disclosed herein, or a pharmaceutically acceptable salt, hydrate, solvate, prodrug,
stergoisomer, or tautomer thereof and a pharmaceutically acceptable carier.

In certain embodiments, the CDIS activation is selected from mutation of CDKG6,
amplification of CDK6, expression of CDK6, and ligand mediated activation of CDEKGS.

In another aspect, the application provides a method of treating or preventing cancer,
wherein the cancer cell comprises activated CDKA4 and CDKS, comprising administermg to a
subject m 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 CDK4 and CHK6, comprising admuinistering to a
subject n 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 carmer.

in certam embodiments, the CDK4 activation s selected from mutation of CDK4,
amplification of CDEK4, expression of CDERA4, and higand mediated activation of CDK4. In

certain embodiments, the CDK6 activation s selected from mutation of CDK6, amplification
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of CDKS, expression of CDK6, and igand mediated activation of CDK6. In certain
embodiments, the CDK4 and CDK6 activation 18 sclected from sutation of CBDK4 and/or
CDKS, arplification of CDK4 and/or CDK6, cxpression of CDK4 and/or CDK6, and ligand
mediated activation of CDKA4 and/or CDES.

Another aspect of the application provides a method of treating or preventing cancer
i a subject, wherein the subject is identified as being 1n need of CBK4 inhibition for the
treatment of cancer, comprising administering to the subject an effective amount of a
bifimctional compound disclosed herein, or a pharmaceutically acceptable salt, hvdrate,
solvate, prodrug, sterecisomer, or tautomer thereof,

Another aspect of the application provides a method of freating or preventing cancer
in a subject, wherein the subject is identified as being 1 need of CDE4 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, hvdrate, solvate, prodrug, stercoisomer, or tautomer thereof
and a pharmaceutically acceptable carrier.,

Another aspect of the application provides a method of treating or preventing cancer
in a subject, wherein the subject is identified as being 1n need of CBKS inhibition for the
treatment of cancer, comapnsing adminisiering to the subject an effective amount of a
bifumctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,
solvate, prodrug, stereoisomer, or tautomer thereof,

Another aspect of the application provides a method of treating or preventing cancer
i a subject, wherein the subject is identified as being 10 need of CDK6 intubition for the
treatment of cancer, compnsing 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, stercoisomer, or tautomer thercof
and a pharmaceutically acceptable carner.

Anocther aspect of the application provides a method of treating or preventing cancer
m a subject, wherein the subjoct is identified as being n need of CDK4 and CDK6 mnhibition
for the treatment of cancer, comprising administering to the subject an effective amount of a
bifunctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,
solvate, prodrug, sterecisomer, or tautomer thereof,

Another aspect of the application provides a method of freating or preventing cancer
n a subject, wherein the subject is identified as beng in need of CDEK4 and CDES6 inhibition

for the treatment of cancer, comprising administering to the subject an effective amount of a
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phammaceutical composition comprising a bifunctional compound disclosed herein, or a

pharmaceutically acceptable salt, 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 2 human. In cortain embodiments, the
application provides a method of preventing any of the disorders described herein, wheren
the subject is a human.

In another aspect, the application provides a bifunctional compound disclosed herein,
or g pharmaceutically acceptable salt, hydrate, solvate, prodrug, stergoisomer, or tavtomer
thercof, for use in the mamufacture of a medicament for treating or preventing a disease in
which CDK4 plays a role.

In another aspect, the application provides a pharmaceutical composition comprising
a bifunctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,
solvate, prodrug, storcoisomer, o1 tautomer thereof and a pharmaceutically acceptable carnier,
for use in the manufacture of a medicament for treating or preventing a disease in which
CDK4 plays a role.

In another aspect, the application provides a bifunctional compound disclosed herein,
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tautomer
thereof, for use in the manufacture of a medicament for treating or preventing a disease in
which CDK6 plays a role.

In another aspect, the application provides a pharmaceutical composition comprising
a bifunctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,

solvate, prodrug

g, stereoisomer, or tautomer thereof and a pharmaceutically acceptable carrier,
for use m the manufacture of a medicament for treating or preventing a disgase in which
CDKS plays a role.

In another aspect, the application provides a bitunctional compound disclosed herein,
or a pharmaceutically acceptable salt, hydrate, solvate, prodrug, stereoisomer, or tavtomer
thercof, for use in the manufacture of a medicament for treating or preventing a discase in
which CDK4 and CDES play arole.

In another aspect, the application provides a pharmaceutical composition comprising
a bifunctional compound disclosed herein, or a pharmaceutically acceptable salt, hydrate,
solvate, prodrug, stereoisomer, or tautomer thercof and a pharmaceutically acceptable carner,
for use m the manufacture of a medicament for treating or preventing a disease m whic

CDE4 and CBRK6 play a role.
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In still another aspect, the application provides a bifunctional corpound disclosed
herein, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stercotsomer, 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 disclosed herein, or a pharmaccutically acceptable salt,
hydrate, solvate, prodrug, stereoisomer, or tautomer thereof and a pharmaceatically
acceptable carrier, for use in treating or preventing a disease i which CDEK4 plays a role.

In still another aspect, the application provides a bifunctional corapound disclosed
herein, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stercotsomer, or
tautomer thereof, for use in treating or preventing a disease in which CDKS plays a role.

In still another aspect, the application provides a pharmaceutical composition
comprising a bifunctional compound disclosed herein, or a pharmaccutically acceptable salt,
hydrate, solvate, prodrug, stereoisomer, or tautomer thereof and a pharmaceatically
acceptable carrier, for use in treating or preventing a disease 1 which CDK6 plays a role.

In still another aspect, the application provides a bifunctional corapound disclosed
herein, or a pharmaceutically acceptable salt, hvdrate, solvate, prodrug, stercotsomer, or
tautomer thereof, for use in treating or preventing a disease in which CDK4 and CDKS6 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, stereoisomer, or tautomer thereof and a pharmaceutically
acceptable camer, for use in treating or preventing disease in which CDR4 and CDR6 play a
role,

As inhubitors of CDK4 and/or CDKS kinase, the bifunctional compounds and
coraposttions of this application are particularly uscful for treating or lessening the severity of
a disease, condition, or disorder where a protem kinase 1s implicated in the disease, condition,
or disorder. 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 is mmplicated m the
disease state. In another aspect, the present application provides a method for treating or
lessening the severity of a kinase disease, condition, or disorder where inhibition of
enzymatic activity is implicated 1o the treatment of the disease. In ancther aspect, thig
application provides a method for treating or lessening the severity of a disease, condition, or
disorder with bifunctional compounds that inluibit enzymatic activity by binding to the protein

kinase. Another aspect provides a method for treating or lessening the severity of a kinase
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diseasc, condition, or disorder by inhibiting enzvmatic activity of the kinase with a protein
kinase whibitor.

in some embodiments, said method 1s used to treat or prevent a condition selected
from autoimmune diseases, mflammatory diseases, proliferative and hvperproliferative
diseases, immunologically-mediated diseases, bone diseases, metabolic discases, neurological
and neurodegencrative diseases, cardiovascular discases, hormone related diseases, allergics,
asthma, and Alzheimer's disease. In other crabodiments, said condition is selected from a
proliferative disorder and a neurodegenerative disorder.

One aspect of this application provides bifunctional compounds that are useful for the
treatment of diseases, disorders, and conditions characterized by excessive or abnormal cell
proliteration. Such diseases mclude, but are not limited to, a proliferative or hyper-
proliferative discase, and a neurodegenerative disease. Examples of proliferative and
hvperproliferative discases include, without himitation, cancer. The term "cancer” includes,
but is not limited to, the following cancers: breast; ovary; cervix; prostate; testis, genito-
urinary tract; esophagus; larynx, glioblastoma; neuroblastoma; stomach; skin, kerato-
acanthoma; lung, epidermoid carcinoma, large cell carcimoma, small cell carcinoma, lung
adenocarcinoma; bone; colon; colorectal; adenoma; pancreas, adenocarcinoma; thyroid,
follicular carcinoma, undifferentiated carcinoma, papillary carcinoma; seminoma; melanoma;
sarcoma; bladder carcinoma; liver carcinoma and biliary passages; kidney carcinoma;
myeloid disorders; lymphoud discrders, Hodgkin's, hairy cells; buccal cavity and pharyox
{oral}, lip, tongue, mouth, pharvax; small intestine; colonrectum, large intosting, rectum,
brain and central nervous system; chronic myeloid leukemia (CML), and leukemia. The term
"cancer” meludes, but 1s not limited to, the following cancers: myeloma, lymphoma, or a
cancer selected from gastric, renal, or and the following cancers: head and neck,
oropharangeal, non-small cell lung cancer (NSCLC), endometrial, hepatocarcinoma, Non-
Hodgking lymphoma, and pulmonary.

The term "cancer™ refers {o any cancer caused by the proliferation of mahignant
neoplastic cells, such as tumors, ncoplasms, carcinomas, sarcomas, leukenias, lvmphomas
and the ike. For example, cancers include, but are not limited to, mesothelioma, leukemias
and lyvmphomas such as cutaneous T-cel lymphomas (CTCL}, noncutaneous peripheral T-
cell ivimphomas, lymphomas associated with human T-cell tvmphotrophic virus (HTLV) such
as adult T-cell leukemia/lymphoma (ATLL), B-cell lvmphoma, acuic nonlymphocviic
leukemias, chronic lymphocytic leukemia, chronic myclogenous leukemia, acute

myelogenous leukemia, lymphomas, and multiple myeloma, non-Hodgkin lvmphoma, acute

)

~J



(]

10

20

CA 03106523 2021-01-13

WO 2020/023480 PCT/US2019/042985

bymphatic leukemia (ALL), chronic lymphatic leukemia (CLL), Hodgkin's lvmphoma,
Burkitt lvmphoma, adult T-cell leakemia lymphoma, acute-myeloid leukemia (AML},
chronic myeloid leukemia (CML), or hepatocellular carcinoma. Further examples mclude
myelodisplastic syndrome, childhood solid tumors such as brain tumors, neuroblastoma,
retmoblastoma, Wilms' tumor, bone tumors, and soft-tissue sarcomas, common solid tumors
of adelts such as head and neck cancers {e.g.. oral, laryngeal, nasopharyngeal and
esophageal}, genitouninary cancers {e.g., prostate, bladder, renal, wterine, ovanan, testicular),
fung cancer {e.g., small-cell and non-small cell), breast cancer, pancreatic cancer, melanoma
and other skin cancers, stomach cancer, brain tumors, tumors related to Gorlin's syndrome
{e.g., medulloblastoma, meningioma, efc.}, and liver cancer. Additional exemplary forms of
cancer which may be treated by the subject bifunctional compounds include, but are not
fimited 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, parathyroid cancer, and pituitary cancer.

Additional cancers that the bifunctional compounds described herem may be useful in
preventing, treating and studying are, for example, colon carcinoma, familiary adenomatous
polyposis carcinoma and hereditary non-polyposis colorectal cancer, or melanoma. Further,
cancers inchude, but are not limited to, labial carcinoma, larvox carcinoma, hvpopharynx
carcinoma, tongue carcinoma, salivary gland carcimoma, gastric carcinoma, adenocarcinoma,
thyroid cancer {medullary and papillary thyroid carcinoma), renal carcinoma, kidoney
parenchvina carcinoma, CCrviX carcinoma, ulering corpus carcinoma, cndometrivm
carcinoma, chorion carcinoma, testis carcinoma, urinary carcinoma, melanoma, bram tumors
such as ghoblastoma, astrocytoma, meningioma, medulloblastoma and peripheral
neurocctodermal tumors, gall bladder carcinoma, bronchial carcinoma, multiple myeloma,
basalioma, teratoma, retinoblastoma, choroidea melanoma, seminoma, thabdomyosarcoma,
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 treatment of cancer, including without
hmitation the various types of cancer disclosed herein.

In some embodiments, the bifunctional compounds of this application are useful for
treating cancer, such as colorectal, thyroid, breast, and lung cancer; and mycloproliferative
disorders, such as polveythemia vera, thrombocythemia, myeloid metaplasia with myelo-

fibrosis, chronic myelogenous leakemia, chronic myelomonocytic leukemia, hyper-
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cosinophilic syndrome, juvenile myclomonocytic leukemia, and systemic mast cell disease.
In some embodiments, the bifunctional compounds of this application are useful for treating
hematopoictic disorders, in particular, acute-myclogenous leukemia (AML), chronic-
myelogenous leukemia (CML), acute-promyelocytic leukemia, and acute lymphocyiic
leukemia (ALL}.

This application further cmbraces the treatment or prevention of cell proliferative
disorders such as hyperplasias, dysplasias and pre-cancerous lesions. Dysplasia is the earliest
form of pre~-cancerous iesion recognizable in a biopsy by a pathologist. The subject
bifunctional compounds may be administered 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 i skin, esophageal tissue, breast and cervical
mtra-cpithelial tissue.

Examples of neurodegenerative diseases include, without limitation,
Adrenoleukodystrophy (ALD), Alexander's discase, Alper's discase, Alzheimer's disease,
Amvotrophic lateral sclerosis (Lou Gehnig's Disease), Ataxia telangiectasia, Batten discase
{also known as Spielmever-Vogt-Sjogren-Batten disgase), Bovine spongiform
encephalopathy (BSE), Canavan disease, Cockayne syndrome, Corticobasal degeneration,
Creutzfeldi-Jakob discase, Familial fatal insomnia, Frontotemporal lobar degencration,
Huntington's discase, HIV-associated dementia, Kennedy's disease, Krabbe's disease, Lewy
body dementia, Neurcborreliosis, Machado-Joseph disease (Spinocerebellar ataxia tvpe 3),
Multiple System Atrophy, Multiple sclerosis, Narcolepsy, Niemann Pick disease, Parkinson's
disease, Pelizacus-Merzbacher Dhsease, Pick's disease, Primary lateral sclerosis, Prion
disgases, Progressive Supranuclear Palsy, Refsum's disease, Sandhoff disease, Schilder's
disgase, Subacute combined degeneration of spinal cord secondary o Pemicious Anacmia,
Spiclmever-Vogt-Sjogren-Batten disease (also known as Batten discase), Spinocercheliar
ataxia (multiple types with varving characteristics), Spinal muscular atrophy, Steele-
Richardson-Olszewski discase, Tabes dorsalis, and Toxic encephalopathy.

Another aspect of this application provides a method for the freatment or lessening the
severity of a disease selected from a proliferative or hyperproliterative discase, ora
neurodegenerative disease, compnsing adminstering an effective amount of a bifunctional
compound, or a pharmaceutically acceptable composition comprising a bifinctional
corapound, to a subject 1o need thercof,

As mhibitors of CDK4 kinase and/or CDES6 kinase, the compounds and compositions

of this application are also useful in biological samples. One aspect of the application relates
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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
corposition comprising said bifunctional compound. The term "biclogical sample”, as used
herein, means an # vitro or an ex vivo sample, including, without limitation, cell cultures or
gxtracts thergof; biopsied material obtained from a mammal or extracts thereof, and blood,
saliva, urine, feces, semen, tears, or other body flinds or extracts thereof, Inhibition of protein
kinase activity in a biological sample is uscful for a variety of purposes that arc known to one
of skill in the art. Examples of such purposes imclude, but are not limited 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 n biological and pathological phenomena; the study of mtracellular signal
transduction pathways mediated by such protein kinases; and the comparative evaluation of
new protein kinase inhibitors. Examples of such ases include, but are not limited to,
biological assays such as enzvme assays and celi-based assays.

The activity of the compounds and compositions of the present application as CDK4
and/or CDK6 wnhibitors may be assaved in vitro, in vive, or in a cell line. f vifro assays
mehude assays that determing inhibition of either the kinase activity or ATPase activity of the
activated kinase. Alemate in vifro assays quantitate the ability of the inhibitor to bind to the
protein kinase and may be measured either by radio labelling the mhibitor prior to binding,
isolating the mhibitor/kinase complex and determining the amount of radio label bound, or by
running a competition experiment where new inhibitors are mcubated with the kinase bound
to known radioligands. Detailed conditions for assayving a compound utifized in this
application as an inhibttor of various kinases are set forth in the Examples below.

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

particolar condition to be treated and the effect desired.

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
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an enantiomer, diastercomer, stereotsomer, or pharmaceutically acceptable sait thereof, and a
pharmaceutically acceptable carrier.

Bifunctional compounds of the application can be administered as pharmaceutical
corapositions by any conventional route, in particular enterally, e.g., orally, e.g., in the form
of tablets or capsules, or parenterally, e.g., in the form of injectable solutions or suspensions,
or topically, e.g., in the form of lotions, gels, oimtments or creams, of in a nasal or suppository
form. Pharmaceutical compositions comprising a compound of the present application in free
form or 1 a pharmaceutically acceptable salt form in association with at least one
pharmaceutically acceptable carrier or diluent can be manufactired in 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) dituents, e. g, lactose,
dextrose, sucrose, mannitol, sorbitol, cellulose and/or glveine; b) lubricants, e g, silica,
talcum, stearic acid, s magnesium or calcium salt and/or polyethyleneglyeol; for tablets also
¢} binders, €. g., magnesium aluminum silicate, starch paste, gelatin, tragacanth,
methvicellulose, sodium carboxymethyicellulose and or polyvinylpyrrolidone; if desired d)
disintegrants, e.g., starches, agar, alginic acid or its sodium salt, or effervescent mixtures;
and/or ¢) absorbents, colorants, flavors and sweeteners. Injectable compositions can be
agqueous isotonic solutions or suspensions, and suppositorics 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
melude an effective amount of a compound of the present application with a carner. 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
coraprising a backing member, a reservoir containing the compound optionally with carriers,
optionally a rate controlling barrier to deliver the compound to the skin of the host at a
controlled and predetermined rate over a prolonged period of time, and means to secure the
device to the skin. Matrix transdermal formulations mav also be used. Sustable formulations
for topical application, e g, to the skin and eyes, are preferably agueous solutions, ointments,
creams or gels well-known in the art. Such may contain solubilizers, stabilizers, tonicity
enhancing agents, buffers and prescrvatives.

¢ pharmaceutical compositions of the present application comprise a

therapeutically effective amount of a compound of the present application formulated
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together with one or more pharmaceutically acceptable carmers. As used herein, the term
"pharmaceutically acceptable carrier” means a non-toxic, inert solid, semi-solid or liguid
filler, diluent, encapsulating matenal or formulation auxiliary of any tvpe. Some examples of
materiais which can serve as pharmaceutically acceptable camers inciude, but are not himited
to, ion exchangers, aluming, aluminum stearate, lecithin, serum proteins, such as human
serum albunun, buffer substances such as phosphates, glveine, sorbic acid, or potassium
sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or
electrolvtes, such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zing salts, colloidal silica, magnesium trisilicate, polvvinyl
pyvrolidone, polvacrylates, waxes, polyethylenepolyoxy propylene-block polvmers, wool fat,
sugars such as lactose, glucose and sucrose; starches such as corn starch and potato starch;
cellulose and its derivatives such as sodium carboxymethyl celhulose, ethyl cellulose and
cellulose acetate; powdered tragacanth; malt; gelatin; tale; excipients such as cocoa butter and
suppository waxes, ouls such as peanut otl, cottonseed oil; safflower oil; sesame oil; olive oil;
corn ot} and soybean oil; glveols such a propviene glveol or polvethviene glveol: esters such
as cthyl oleate and ethyl laurate, agar; buffering agents such as magnesium hvdroxade and
aluminum hvdroxide; alginic acid: pyrogen-froe water, isotonic saline; Ringer's sohution;
cthyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
fubricants such as sodium lauryl sulfate and magnesiom stearate, as well as coloring agents,
releasing agents, coating agents, sweetening, Hlavoring and perfuming agents, preservatives
and antioxidants can also be present in the composition, according to the judgment of the
formulator.

The pharmaceutical compositions of this application can be admunistered to humans
and other animals orally, rectally, parenterally. wtracisternally, intravaginally,
ntraperitoneally, topicallv (as by powders, ointments, or drops}, buccally, or as an oral or
nasal spray.

Liquad dosage forms for oral administration include pharmaceutically acoeptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
active compounds, the liquid dosage forms may contain inert diluents commonly used in the
art such ag, for example, water or other solvents, solubilizing agents and emudsifiers such as
cthyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propyicne glyeol, 1,3-butvlene glveol, dimethylformamide, oils (in particular,
cottonseed, groundnut, com, germ, olive, castor, and sesame oils), glycerol, tetrahvdro-

furfuryl alcohol, polyethviene glycols and fatty acid esters of sorbitan, and mixtures thergof.
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Besides mert diluents, the oral compositions can also mclude adjuvants such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming agents.

Injectable preparations, for example, sterile injectable agueous, or oleaginous
suspensions may be formulated according to the known art using suttable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile
mjectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butancdiol. Among the acceptable vehicles and
solvents that may be emploved are water, Ringer's solution, U.S.P. and isotonic sodium
chloride solution. In addition, steride, fixed oils are conventionally emploved as a solvent or
suspending medinm. For this purpose any bland fixed ol can be emploved including
synthetic mono- or diglveerides. In addition, fattv acids such as oleic acid are used n the
preparation of injectables.

In order to prolong the effect of a drug, it is often desirable to slow the absorption of
the doug from subcutancous or intramuscular injection. This may be accomplished by the use
of a hiquid suspension of crystalline or amorphous material with poor water solubility. The
rate of absorption of the drug then depends upon s rate of dissolution which, in tum, may
depend upon crystal size and crystalline form. Alernatively, delayed absorption of a
parcnterally administered drug form is accomplished by dissolving or suspending the drug in
an oil 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, polyethviene glycol or a suppository wax whic
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 cmployed as fillers in soft and hard
filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene 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, capsuies, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlhing
coatings and other coatings well known in the phamaceutical formulating art. In such schid
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 1s normal practice,

additional substances other than inert dilaents, e.g., tableting lubricants and other tableting
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aids such a magnesium stearate and microcrystalline celiulose. In the case ot capsulies, 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 ointmentis, pastes, creams, lotions, gels, powders, solutions, sprays,
mhalants or patches. The active component ts admixed under sterile conditions with a
phamaceutically acceptable carrier and any necded preservatives or buffers as may be
required. Ophthalmic fornmlation, car drops, eyve ointients, powders and solutions are also
contemplated as bemg within the scope of this application.

The ointments, pastes, creams and gels may contain, in addition to an active
corapound of this application, excipients such as animal and vegetable fats, oils, waxes,
parafting, starch, tragacanth, cellulose derivatives, polyethylene glveols, silicones, bentonites,
stlicic acid, take and zine oxide, or nuxtures 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 mixtures of these substances. Sprays can additionally contain
customary propellants such as chlorofluorchydrocarbons.

Transdermal patches have the added advantage of providing controlled delivery of 3
compound to the body. Such dosage forms can be made by dissolving or dispensing the
compoand in the proper mediom. Absorption enhancers can also be used to merease the flux
of the compound across the skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in a polvmer matrix or gel.

Compounds and compositions 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-inflanunatory agent. Where the compounds of the application are
administered in conjunction with other therapies, dosages of the co-administered compounds
will of course vary depending on the tvpe of co-drug emploved, on the specific drug
employed, on the condition being treated and so forth. Compounds and compositions of the
application can be administered m therapeutically effective amounts mn a combinational
therapy with one or more therapeutic agents {pharmaceutical combinations) or modalities,
e.g., anti-proliferative, anti-cancer, imounomodulatory or anti-inflammatory agent, and/or
non-drug therapies, efc. For cxample, synergistic effects can occur with anti-proliterative,
anii-cancer, immunomodulatory or anti-inflammatory substances. Where the compounds of

the application are administered in conjunction with other therapies, dosages of the co-
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adnunistered compounds will of course vary depending on the type of co-drug employed, on
the specific drug employed, on the condition being treated and so forth,

Combination therapy includes the admunistration of the subject compounds in further
cornbination with one or more other biologically active ingredients (such as, but not hmited
to, a second CDK4 inhibitor, a second CDK#6 inhibitor, a second CDK4/6 mhubitor, 4 sccond
and different antineoplastic agent, a second cvelin-dependent kinase inbibitor (.e., CORI,
CHK2Z, CDK7, CDEE, CDRD, COKIEL, CDKI2, CRELS, CDKI4, ere) and non-drug
therapics (such as, but not himited 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 admimstered simultaneously (asa
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 cvele or course of therapy.

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

agent, an immunotherapentic agent, or an adjunctive therapeutic agent.

EXAMPLES

Analytical Methods, Materials, and Instrumentation

All reactions were monitored Waters Acquity UPLC/MS systern (Waters PDA e
Detector, QDa Detector, Sample manager — FL, Binary Solvent Manager) using Acquity
UPLLCR BEH C18 column (2.1 x 50 mm, 1.7 yum particle size): solvent gradient = 90% A at
0 nun, 1% A at 1.8 min; solvent A = 0.1% formic acid 1n Water; solvent B = 0.1% formic
acid in Acctonitnle; flow rate : 0.6 mL/mm. Reaction products were purified by flash column
chromatography using CombiFlash®Rf with Teledyne Isco RediSep®Rf High Performance
Gold or Silicyele SiliaSep™ High Performance columns (4. 12, 24 g, 40 g, or 80 g),
Waters HPLC system using SunFire™ Prep CI8 colunn (19 x 100 num, 5 pm particle size):
solvent gradient = 80% A at 0 min, 3% A at 25 min; solvent A = 0.035% TFA m Water;
solvent B = 0.035% TFA » MeOH; flow rate : 25 mL/min (Method A}, and Waters Acquity
UPLL/MS system {Waters PDA ¢ Detector, QDa Detector, Sample manager ~ FL., Binary
Solvent Manager) using Acquity UPLC® BEH C18 column (2.1 x 30 mum, 1.7 wm particle

size): solvent gradient = 80% A at 0 min, 5% A at 2 min; solvent A = 0.1% formic acid in
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Water; solvent B = 0.1% formic acid in Acetonitrle; flow rate : 0.6 mL/mmn (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 I, Chemical shitts are reported relative

to dimethyl sulfoxide (8 = 2.50) for 'H NMR. Data arc reported as (br = broad, 5 = singlet,

= doublet, 7 = triplet, ¢ = quartet, m = multiplet).

Abbreviations used in the following examples and clsewhere herein are:

atm

br
DUM
DIEA
DMA
DMF
DMSO
EDCT
ESI
EtDAc
HCl

h
HATU

HPLC
LCMS
m
McOH
MHz
min
MS
NMR
Pdzx{dba)s
ppim

1t
TBAF
TEA

atmosphere

broad

dichloromethane

N N-ditsopropylethylamine
N N-dimethylacetamide

N N-dimethylformamide
dimethyl sulfoxide
I-ethyl-3-(3-dimethylaminopropyl) carbodumide
electrospray ionization
cthyl acetate

hydrochloric acid

hour(s}

oxide hexafluoro-phosphate
high-performance hquid chromatography
Higuid chromatography-mass spectrometry
multiplet
methanol
megahertz
minutes
mass spoctrometry
nuclear magnetic resonance
tris{dibenzyhdencacetons Jdipaliadiom{(})
parts per nullion
room temperature
tetra-n-butviammonium fluoride

triethylamine
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TFA trifluoroacetic acid
THF tetrahvdrofuran
TLC thin laver chromatography
Xphos 2-dicyclohexyiphosphino-2°,4".6'-trisopropyibiphenyl

Exampie 1: Synthesis of N-{4-{4-(6-{6-acetyi-8-cyclopentyi-5-methyl-7-ox0-7,8-
dikydropyride|2,3-d]pyrimidin-2-yiamino)pyridin-3-yi)piperazin-1-yhbutyl)}-2-(2-
{2,6-dioxopiperidin-3-yi}-1,3-dioxeisoindolin-d-ylamine }acetamide (-1}

o K\NH _ o r,/\N/’\\J/\/[\iHBOC
,)J\)I“\N \‘{/\/N\,/ Br/\/Z'\E/NHbOC ,/ufr\; UN\/I
7N '\i'?‘\f\)\\/ o N()\N =
H Step 1 i H
2 OREE
o Q
o~ NH. P NH
Q d N R > =0
i o 1
AN vy NF N~ . /1\\;\’_‘ G
L | TFA HO™
Step 2 NN T =5

Step 11 tert-butyl {4-{4-(6-{{6-acetyl-8-cyclopentyl-Z-methyl-T-0x0-7,8-
dibydropyridoi2,3-d} pyrimidin-2-yljamino}pyridin-3-yi}piperazin-1-
yviibutyhcarbamate (2-3)

To a solution of 6-acetyl-8-cvclopentyl-5-methyl-2-({3-(piperazin-1-yDpvridin-2-
vhamino)pyrido}2.3-dlpyrinidin-7{8 H}-one (Palbocichb, 2-1) 20 mg, 0.045 mmoly
acetone (0.5 mL) was added rerr-butyl 4-bromobutylcarbamate (2-2, 17.2 mg, 0.068 mmol},
followed by K2CO: (12.3 mg, 0.09 mmol) and KI {(11.3mg, 0.068 mmol). The resulting
mixture was then heated to reflux and stirred overnight. The reaction mixture was diluted
with EtQAc and H:O, extracted, and washed with brine. The organic layer was dried over
anhydrous NaxSQq, filtered, and concentrated under reduced pressure. The crude product was
purified by column chromatography on silica gel {0-10% MeOH m DCM) to give Boc
protected amineg 2-3 as a yellow solid (22.3 mg, 80%). LCMS: m/z 620.3 [M+1].
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Step 2 G-acetyl-2-{{5-{4-(4-aminobutyl)piperazin-1-yhpyridin-2-yljamino}-8-
cyclopentyl-S-methylpyrido}2,3-dlpyrimidin-7{8H}-one Trifluoroacetic acid (2-4)

To a solution of tert-butyl (4-(4-(6-((6-acetyl-8-cvclopentyl-3-methyl-7-ox0-7 8-
dihydropyrido]2,3-d} pynimidin-2-ylaminojpyridin-3-ypiperazin-1-yhbutylcarbamate (2-3,
22 myg, 0.035 mmol} in DCM (0.5 mL) was added TFA {0.5 mL) and the resulting mixture
was stirred at ¢ for 2 h. Unce the reaction was complete by LCMS, the reaction mixture was
concentrated to provide the crude product 2-4 which was carried on to the next step without

further purification.

Step 31 N-{4-(4-{6-(6-acetyi-8-cyclopentyl-S-methyi-7-oxe-7,8-dihydropyride]2,3-
dipyrimidin-2-ylamine}pyridin-3-yhpiperazin-1-yDboatyl}-2-(2-(2.6-dioxopiperidin-
3-vi}-1,3-dioxotsoindolin-4-ylaminelacetamide (§-1)

To a solution of 6-acetyl-2-({5-(4-(4-amnobutyipiperazin-1-yhpyrdin-2-vamino}-
3-cyclopentyl-5-methvlpyrido|2,3-djpvrinudin-7(8H}-one (2-4) mn DMF (0.5 mL) was added
2-2-(2,6-dioxopiperidin-3-v1}-1,3-dioxotsoindolin-4-viaminojacetic acid (11.6 mg, 0.035
mmal} followed by EDCI (8.7 mg, 0.046 mmol), HOBT (6.6 mg, 0.049 mumol), and TEA (19
mg, 26 uL, 0.19 mmol) and the resulting mixtare was stirred at 1t overmight. The mixture was
filtered and purified by reverse phase HPLC {0-100% MeOH in Ho0) to give compound i1
as a vellow solid (8.7 mg, 30% over two steps). 'H NMR (500 MHz, DMSO-ds) 5 11.10 (s,
1H), 1028 (s, 1H), 9.66 (5, 1H), 8.97 (s, 1H), 8.19(t, /=58 Hz, 1H), 812 (d,/=3.1 Hz,
1H), 791 (d, J=9.1 Hz, 1H), 7.68-7.35 (m, 2H), 7.09(dd, /= 7.1, 4.2 Hz, 1H), 7.02-6.91
(m, 1H), 6.88{d, J=86Hz 1H), 583 (p, /=89 Hz, IH}, 508{dd, /=127, 54 Hz, 1H)},
4.00-391 (m, 1H), 386 (d, /= 12.7Hz, 2H), 3.56 (d, /= 12.4 Hz, 2H), 3.22-3.10 (m, 6H),
303(d,J=86Hz 2H), 2.95-2.83 (m, 1H), 2.43 (s, 3H), 232 (s, 3H), 2.25 (dq, /=157, 8.1
Hz, 2H), 2.09-1.98 (m, 1H), 1.91 (g, J= 74 Hz, 2H), 1.83-1.72 (m, 2H), 1.72-1.62 (m, 1H)},
159 (br, 2H), 147 {p, /=72 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-7-0x0-7,8-
dihydropyrido2,3-dipyrimidin-2-ylaminolpyridin-3-yhpiperazin-1-ylethoxyethoxy)-
ethyl}-2-(2-(2,6-dioxopiperidin-3-y1}-1,3-dioxoisoindolin-4-vilaminc)acetamide (-2}

o @H g~ Oy NHBOG
NN

Q N M
i H Step 1
§ / 24
. O NHBoC
o (/\ N N o
/d\ / | By NV/}TNVJ
o7 H N’;l‘s/\\\/ Step 2
A\ 2.7
A o0
/\N/\/OV/\O/*\,NHZ o | P N e
i O
SV HO»L\,NH
2-5
Step 3
2-8

/
H i
N”'\/ N \[/\NQFO
o=
HN

&}

Step 11 tert-butyl (2-(2-(2-{4-(6-({6-acetyl-8-cyclopentyl-S-methyl-7-0x0-7,8-
dibydropyrido {2,3-d|pyrimidin-2-vi}amino}pyridin-3-yi}piperazin-1-
vhethoxyjethoxyjethyljcarbamate (2-7)
To a solution of 6-acetyl-8-cvclopentyl-5-methyl-2-({3-(piperazin-1-yDpvridin-2-

10 yhamino)pyndo|2.3-d|pyrinudin-7{8H}-one (Palbocichib, 2-1) (20 me, 0.045 mmol} in
acetone (0.5 mL) was added feri-butyl 2-(2-(2-bromogcthoxylethoxyethylcarbamate (2-6,
21.2 mg, 0.068 mmol), followed by K2C03 (12.3 mg, 0.09 mmol) and KI (11 3mg, 0.068
mmol} and the resulting mixture was then heated to reflux and stirred overnight. The reaction
mixture was diluted with EtOAc and H20, extracted, and washed with brine. The organic

I5  layer was dnied over anhydrous NaxSO, filtered, and concentrated under reduced pressure.

The crude product was porified by column chromatography on silica gel (0-10% MeQOH in

90



(]

10

]

20

WO 2020/023480

CA 03106523 2021-01-13

DCM) to give Boc protected amine 2-7 as a vellow solid (26.0 mg, 85%). LCMS: m/z 6794

M.

Step 20 6-acetyl-2-{(5-{4-(2-(2-(Z-aminoethoxy)ethoxy)ethypiperazin-1-ylpyridin-2-
yhamine})-8-cyclopentyl-S-methylpyrido|2,3-d]pyrimidin-7{(§H})-one Triflusroacetic acid
sait (2-8)

To a solution of tert-butyl (2-(2-(2-(4-(6-({6-acctyl-8~cyclopentyi-5-methyi-7-oxo0-
7.8-dihydropyndo [2,3-d]pyrmmdin-2-yhamino jpyvrdin-3-vDpiperazin- 1 -
vhethoxy)ethoxy)ethyl} carbamate {2-7, 22 mg, 0.035 mumol} in DCM (0.5 mL)} was added
TFA (0.5 mL) and and the resulting mixture was stirred at 1t for 2 h. Once the reaction was
coraplete 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 37 M-(2-{2-{2-(4-(6-{G-acety}-8-cyclopentyl-5-methyl-T-0x0-7,8-dihvdropyride|2,3-
dipyrimidin-2-ylamino)pyridin-3-yl)piperazin-1-ylethoxy)ethoxylethyi}-2-(2-(2.6-
dioxopiperidin-3-yi}-1,3-dioxoissindolin-4-ylaminojacetamide (I-2}

To a solution of 6-acetvi-Z-{((5-{4-(2-(2-{2-aminocthoxy jethoxv)ethy Dpiperazin-1-
vhpyridin-2-viamino)-8-cyclopentyvl-S-methvipyrido| 2, 3-dipvrimidin-7(8H}~one (2-8) m
DMF (0.5 mL} was added 2-(2-(2,6-dioxopipendin-3-vl)-1,3-dioxotsomdolin-4-
viaminojacetic acid {11.6 mg, 0.035 mmol} was added, followed by EDCIL (8.7 myg, (0.046
mmaol), HOBT (6.6 mg, 0.049 mmol}, and TEA (19 mg, 26 ul, 0.19 mmol) and the resulting
mixture was stirred at rt overnight. The mixture was filtered and purified by reverse phase
HPLC (0-100% MeOH in Hz20} to give compound I-2 as a vellow solid {10.9 mg, 35% over
two steps). TH NMR (500 MHz, DMSO-ds) § 11.09 (5. 1H), 10.27 (s, 1H), 9.71 (s, 1H), .95
(s, 1H), 8.21-8.16 (m, 1H), 8.12(d, /=31 Hz, 1H), 791 (d. J=9.1 Hz, 1H), 7.68-7.55 (i,
2H), 7.09{dd. J=7.1,42Hz, 1H), 7.02-6.91 {m, I1H), 6.88 (d,/=8.6Hz, 1H), 583 (p,/=
89 Hz IH),308(dd, /=127 54 Hz, IH), 400-391 {m, 2H), 3.86(d, /= 12.7 Hz, 2H},
3.61-3.49 (m, 4H), 3.42-3.33 (m, 4H), 3.22-3.10 (g0, 6H}, 3.03 (d. J=8.6 Hz, 2H), 2.95-2.83
(o, 2H), 2.43 (s, 3H), 2.32 (s, 3H), 2.25 (dq. /=157, 8.1 Hz, 2H), 2.09-1.98 (m, 1H), 1.9
{q,/ =74 Hz 2H}, 1.83-1.72 (m, 2H}, 1.72-1.62 (m, 1H), 1.3% (g, J=35.3,4.5 Hz, 2H}.
LCMS: m/z 892 4 [M+1].

PCT/US2019/042985
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Example 3: Synthesis of 2-(4-(6-({6-acetyl-8-cyclopentyl-5-methyl-T-exe0-7.8-
dihydropyrido|2,3-dipyrimidin-2-yhamino}pyridin-3-yDpiperazin- 1 -y)-N-(2-(2-(2-
{2-{(2-{2 6-dioxopiperidin-3-yi)-1 3-dioxoispindolin-4-
yhaminojethoxyjethoxyjethoxy) ethylacetamide (8-3)

U7 N7 N
H Step 1
24 \ / 2-10
o Q
N/\ CH s j NH
M =)
FA HN NH
~ o™
Step 2 3 242
\ 2141 Step 3

r/\N/\T/N \//\O/\“/O\’/\O/\V/ \f(\N -0

ﬁ‘ 55 g o
==

Step 11 tert-butyl 2-{4-{6-({6-acetyl-8-cyclepentyl-5-methyi-7-ox0-7,8-dibydropyrids|2,3-
dipyrimidin-2-yl}aminopyridin-3-vi}piperazin-1-yi)acetate (2-10)

To a solution of 6-acetyl-8-cvclopentyl-5-methyl-2-({53-(piperazin-1-yDpvridin-2-
viamino)pyrido| 2, 3-dlpyrimidin-7{8 H}-one (Palbocichb, 2-1) (20 mg, 0.043 mmol) m DMF
(0.5 mL) was added tert-butyl bromoacetate (2-9, 132 mg, §.068 mumeh), followed by KaC0Os
(12.3 mg, 0.09 mmol} and the resulting mixture was stirred at vt overnight. The reaction
mixture was diluted with EtOAc and Hz O, extracted, and washed with brine. The organic
laver was dried with Na:SQ., filtered, and concentrated under redaced pressore. The crade
product was purified by column chromatography on silica gel {(0-10% MeOH in BCM) to

give t-butyvl ester 2-18 as a vellow solid (22 mg, 85%

Step 20 2-{4-{6-({6-acetyl-8-cyclopentyi-S-methyl-7-0x6-7,8-dihydropyrido2,3-
dipyrimidin-2-yDaminopyridin-3-yipiperazin-1-yljacetic acid trifluoroacetic acid salt
2-11)

Rl
(o]
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To a solution of tert-butyl 2-(4-(6-((6-acetyl-8-cvclopentyl-5-methyil-7-ox0-7 8-
dihydropyrido] 2, 3-djpyrimidin-2-yDammo)pyridin-3-yDpiperazin- 1-ylacetate (2-10, 22 mg,
0.038 mmol) in DCM (0.5 mL) was added TFA (0.5 mL) and the resulting mixture was
stirred at 1t 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 purification.

Step 30 2-(4-(6-((6-acetyl-8-cyclopentyl-S-methyl-7-ox0-7 8-dihydropyride{2,3-
dipyrimidin-2-y)aminejpyridin-3-yl)piperazin-1-y)-N-2-C-2-C-((2-(2,6-
dioxopiperidin-3-yi}-1,3-disicisoimndolin-4-yljaminolethoxylethoxylethoxy)
ethyllacetamide {§-3)

To a solution of 2-(4-(6-{{6-acetyl-8-cvelopentyl-5-methyl-7-ox0-7 8-
dihydropyrido] 2 3-dpyrimidin-2-vhamino}pyridin-3-yDpiperazin- 1 -vhacetic acid
trifluorcacetic acid salt (2-11) in DMF (0.5 mL) was added 4-((2-(2-(2-(2-
aminocthoxyjethoxviethoxyjethylyamino}-2-(2,6-dioxopiperidin-3-visoindoline-1,3-dione
{17 mg, 0.038 mmol} followed by EDC (8.7 mg, 0.046 mmol), HOBT (6.6 mg, .049 mmol},
and TEA (19 mg, 26 pL, (.19 mmol) and the resulting mixture was stirred at 1t ovemnight.
The reaction mixture was then filtered and purified by reverse phase HPLC (0-100% MeOH
in H20) to give compound I-3 as a vellow solid (9.5 mg, 27% over two steps). 'H NMR (500
Mz, DMSO-de): & 1110 (s, 1H), 10.35 (5, 1H), 8.98 (s, 1H), 8.75-8.60 (m, 1H), 8.11 (s,
1H), 7.90(d, J=91Hz, 1H), 7.65-753 {m, 2H), 715, /=86 Hz, 1H}, 705{(d, /=69
Hz, 1H), 6.60 (s, 1H), 584 (p,. /=89 Hz, 1H), 506 (dd, J= 128,54 Hz, 1H), 4.02 (s, 2H),
3.93-3.69 (m, 1H), 3.63 {t, /=54 Hz, 2H}), 3.60-3.50 (u, 8H), 3.47 (1,.J =55 Hz, 4H), 3.36-
326 (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),
255 (s, 1H), 2.43 (5, 3H), 2.33 (s, 3H}, 2.29-2.17 (m, 2H), 2.08-1 98 {m, 1H}, 1.95-1.%5 (m,
2H), 1.84-1.72 (m, 2H), 1.65-1.53 (m, 2H). LCMS: m/z 936.4 [M+1].

O
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Example 4: Synthesis of 7-cyclopentyl-2-(5-{4-{4-(2-(2-(2,6-dioxopiperidin-3-yi}-1,3-
dioxoisoindolin-4-ylamino)acetamido}butylpiperazin-1-yhpyridin-2-yvlamine}-N,N-
dimethyl-7H-pyrrolo{2,3-djpyrimidine-6-carboxamide {I-5}

[//\N/WNHBOC

/
_Nmﬁ“\i U _)r/\/\/ NHBog }_q\ /(j/ N
¢ NN s
- !
’\; 243 Step 1 ﬁ> 214

3G
y/
(/\N/\/\/NHZ E\ N%M—E'O
823;32 /[\
2-15
H
N/\\//\/Nm/\

N Q

Step 1 tert-butyl (4-{4-{6-({T-eyclopentyl-6-(dimethylecarbamoyl}-7TH-pyrrolo]2,3-
dipyrimidin-2-yDaminojpyridin-3-yijpiperazin-1-ylbutyljcarbamate (2-14)

To a solution of 7-cvclopentyl-N N-dimethyi-2-(S-(piperazin-1-yljpyridin-2-
viamino}-7TH-pyrrolo{2,3-dipyrimidine-6-carboxamide (Rebociclib, 2-133 {19.6 mg, 4.045
mmol} in acetone (0.5 mb} was added ferr-butyl 4-bromobutylcarbamate (2-2, 17.2 mg, 0.068
mmol), followed by KzCOs (12.3 mg, 0.09 mmol) and Ki {11 3mg, 0.068 mmol} and the
resulting mixture was then heated to reflux and stirred overnight. The reaction mixture was
diluted with EtOQAc and Ha O, extracted, and washed with brine. The organic layer was dred
over anhydrous NaxSQq, filtered, and concentrated under reduced pressure. The crude product
was purified by column chromatography on silica gel (0-10% MeOH m DCM) to give Boc
protected amine 2-14 as a vellow solid (23.5 mg, 86%;). LCMS: m/z 606 4 [M+1].

Step 20 2-{(5-(4-(4-aminobutyl}piperazin- i-ylipyridin-2-yhamino}-7-cyclopenty-N,N-
dimethyl-7TH-pyrrolof2 3-djpyrimidine-6-carboxamide Trifluoroacetic acid salt (2-15)
To a solution of tert-butyl (4-(4-(6-((7-cyclopentyl-6-(dimethylcarbamoyl}-TH-
pyrrolof2,3-dipyrimidin-2-yDamino)pyridin-3-vhipiperazin-1-vbutvDcarbamate (2-14, 21.2
mg, 0.035 mmol} in DCM (0.5 mb) was added TFA (0.5 mL) and the resuiting muxture was

stirved at 1t for 2 h. . Once the reaction was complete by LCMS, the reaction mixture was
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concentrated to provide the crude product 2-18 which was carried on to the next step without

further purification.

Step 31 T-cyclopentyl-2-(5-{4-(4-(2-(2-(2,6-dioxopiperidin-3-y1}-1,3-dioxeiscindolin-4-
viaminojacetamide)butylipiperazin-1-yhpyridin-2-ylamino}-N,N-dimethyl- 7H-
pyrrolo{2.3-djpyrimidine-6-carboxamide (I-5)

To a solution of 2-{((5-(4-(4-aminobutvDpiperazin-1-yvhpyridin-2-vhamino)-7-
cyclopentyl-N N-dimethyvl-TH-pyrrolo{ 2, 3-d jpynmidine-6-carboxamide trifluoroacetic acid
salt (2-15) m DMF (0.5 mL) was added 2-(2-(2, 6-dioxopiperidin-3-y1}-1,3-dioxoisoindolin-4-
viamino}acetic 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 stirred at vt overnight. The reaction mixture was then filtered and purnified by
reverse phase HPLC (G-100% MeOH 1n H:0) to give compound §-5 as a yellow solid (8.5
mg. 33% over two steps, Step 2 and 3). 'H NMR (500 MHz, DMSO-ds) & 11.10 (s, 1H),
10.94 (br, TH), 985 (br, 1M}, 8.94 (5, IH}, 820, /=58 Hz, 1H), 8.00(d, /=30 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 (t, /=58
Hz, 1H), 6.89(d, /= 8.6 Hz, 1H), 6.78 (s, 1H), 5.14-5.01 {m, 1H), 4.85-4.74 (m, 1H}, 4.17
(d.J=145Hz 1H),395(d,/J=50Hz,2H). 382 (d. J=125Hz, 2H), 3.59(d, /= 12.2 Hz,
2HY, 316 (b, J= 6.2 Hz, 6H), 3.01 (s, 1H), 2.97-2.81 (m, 2H), 2.63-2.51 (m, 2H}, 2.41-2.25
(ra, 3H), 2.09-1.87 {m, 7TH), 1.73-1.57 {m, 5H), 148 (p, /= 7.1 Hz, 2H). LCMS: m/z 8194
M+
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Example 5: Synthesis of 7-cyclopentyl-2-(5-{4-{4-(2-(2-(2,6-dioxopiperidin-3-yi}-1,3-
dioxoisoindolin-4-ylamino)acetamido}butylpiperazin-1-yhpyridin-2-yvlamine}-N,N-

dimethyl-7H-pyrrolo{2,3-djpyrimidine-6-carboxamide {I-9}

Boc
a ) N
.\\( ,O-Ji; Fj!\/QI'}E \( F /;\?:j _ {;.)
Nepr i Bo” 7 oW N Sy g NS g
WP 247 = N~ 2419
JO—— N
216 Stop 1 T 21 Step 2
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Step 1. 6-{2-chloro-S-fluoropyrimidin-4-yi-4-fluero-1-isepropyi-Z-methyl-1 H-
benzoldlimidazole (2-18)

To a suspension of 4-fluoro-I-1sopropyvi-2-methyi-6-(4.4,5 S-tetramethy!-1,3,2-
dioxaborolan-2-y1)-1H-benzold imidazole (2-16, 318 mg, 1 mmol}, 2 4-dichloro-5-

10 fluoropynmidine (2-17, 166 mg, 1 mmol}), and PA{(PPhs) (115.6 mg, 0.1 mmol} in 6 mbL of
CH3CN was added 2 mL of saturated NaxCOs under an atmosphere of N2 The nuxture was
heated to 85 °C and stirred for 8h. Then the reaction was cooled to room femperature,
extracted with CHCls and 1sopropanol (V/V=4:1} and the combined organic layers were
washed with brine, dried over anhydrous Nax$04, filtered, and concentrated under reduced

15 pressure. The crude product was purnfied by column chromatographyv on stlica gel (0-10%
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McOH in DCM) to give 6-(2-chloro-S-fluoropynmidin-4-y-4-fluoro-l-isopropyl-2-methyi-
1H-benzofdimidazole 2-18 as a gray solid (277 mg, 86%;). LOCMS: m/z 323.1 [M+1].

Step 2: tert-butyl 4-((6-{{5-fluoro-4-{4-fluoro-1-isepropyl-2-methyl-1H-
benzo|dlimidazol-6-ylipyrimidin-2-yDamino)}pyridin-3-yhmethylipiperazine-1-
carboxylate (2-28)

To a suspension of 6-(2-chloro-5-fluoropyrimidin-4-vi}-4-fluoro-1-isopropyl-2-
methvl-1H-benzo[djimidazole (2-18, 258 mg, 0.8 mmol), ferr-butyl 4-({(6-aminopyridin-3-
vhmethyDpiperazine-1-carboxvlate (2-19, 350.6 mg, 1.2 mmol} and CeC033 (782 mg, 2.4
mmol) in 5 mb of ~BuQOH were added Pda{dba)s (73.3 mg. 0.08 mmol} and Xantphos {23
mg, 0.04 mmeol) under an atmosphere of Na. The mixture was heated to 110°C and stitred for
8h. The mixture was then coocled to room temperature, extracted with CHClz and isopropanol
{(V/V=4:1)}, and the combined organic layers were washed with brine, dried over ashydrous
MNazS0y, filtered, and concentrated under reduced pressure. The crude product was purificd
by column chromatography on silica gel (0-10% MeOH m DCM) to give reri-butyl 4-((6-(3-
fluore-4-(4-tluoro-1-isopropyl-2-methyi-1H-benzold imidazol-6-yDpyrimidin-2-
viaminopvridin-3-yhmethvlpiperazine-1-carboxylate 2-28 as a white solid (403 mg, 87%;.

LCMS: m/z 5793 [M+11.

Step 3. S-fluoro-4-{4-fluoro-1-isopropyl-2-methyl-1 H-benzo{d]imidazoi-6-y1}-N-{5-
{piperazin-1-yimethylpyridin-2-yhipyrimidin-2-amine Trifluoroacetic acid salt {2-21)
To a solution of tert-butyl 4-((6-((5-fluoro-4-(4-fluoro- 1 -1sopropyl-2-methyl- 1H-
benzoldjimidazol-6-yhpyvrimidin-2-yvDamino)pyridin-3-yvimnethylpiperazing- 1 ~-carboxylate
{2-28, 57 9 mg, 0.1 mmol} i DCM (0.5 mb) was added TFA (0.5 mL) and the resulting
mixture was stirred at rt for 2 h. Once the reaction was complete by LCMS, the reaction
mixture was coneentrated to provide the crude product 2-21 which was carried on to the next

step without further punfication.

Step 4: tert-butyl {(4-{4-{(6-{(5-fluoro-4-(4-fluoro-1-isopropyi-2-methyl-1 H-benzoid]
imidazel-6-yljpyrimidin-2-yhaminolpyridin-3-yhmethylpiperazin-1-
yhbutyhcarbamate (2-22)

To a solution of 5-fluoro-4-(4-fluoro- 1-isopropyi-2-methyl-1 H-benzold jimidazol-6-
v-N-{S-(piperazin- I -vimethyvhpvodm-2-y Dpyrimidin-2-amine trifluoroacetic acid salt (2-

22y 1n 3 mb of acetone, was added rerf-butyl 4-bromobutylcarbamate (2-2, 30 mg, 0.2 mmol},

97
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KoCOs (41.4 mg, 0.3 mmol} and KI (33.2 mg, 0.2 mmol) and the resulting mixture was
heated to reflux and stirred overnight. The reaction mixture was then cooled to room
temperature and extracted with CHCY and 1sopropanol (V/V=4/1}. The combined organic
tayers were washed with brine, dried over anhydrous Na:xS04, filtered, and concentrated
under reduced pressure. The crude product was purnified by column chromatography on silica
gel {0-10% MeOH in DCM) o give ferr-butyl 4-{4-({(6-(5-fluoro-4-(4-fluoro-1-isopropyl-2-
methvi-1H-benzold himidazol-6-yhpyrinudin-2-viamino jpyridio-3-vhmethyipiperazin-1-

viybutylcarbamate 2-22 as a gray solid (50.7 mg, 78%). LCMS: m/z 650.4 [M+11.

Step 51 N-(5-({4-(4-aminobutybpiperazin-1-vhmethylipyridin-2-yh-5-fluore-4-{4-fluore-
i-isopropyl-2-methyl-1H-benzoldlimidazel-6-ylpyrimidin-2-amine Trifluoreacetic acid
salt (2-23}

To a solution of tert-butyl {(4-(4-((6-{(5-flucro-4-{4-fluoro-t-isopropyl-2-methyl-1H-
benzo{d| inudazol-6-vhpyrimidin-2~vhaminopvridin-3-vimethylpiperazin-~1 -
vhbutycarbamate (2-22, 32.5 mg, 0.05 mmeol) in BCM (0.5 mL) was added TFA (0.5 mL)
and the resulting mixtare was stirred at rt for 2 h. Once the reaction was complete by LCMS,
the reaction mixiure was concentrated to provide the crude product 2-23 which was carnied

on to the next step without further purification.

Step 6. T-cyclopentyi-2-(5-{4-{4-(2-(2-(2,6-dioxopiperidin-3-yi}-1,3-dioxoisoindelin-4-
viamino)acetamido)butylipiperazin-1-yhpyridin-2-viamino}-N,N-dimethyl-7H-
pyrrolo{2,3-dlpyrimidine-6-carboxamide (1-9)

To a solution of N-{5-({(4-(4-aminobutypiperazin-1-yDmethyDpyndin-2-y1)-5-fluoro-4-(4-
fluoro-1-isopropyl-2-methyi-1H-benzo{djimidazol-6-vDpyrimdin-2 -amine triffuoroacetic
acid salt m | mlb of DMV was added 2-(2-(2,6-dioxopiperidin-3-vi}-1, 3-dioxoisoindolin-4-
viaminojacetic acid {(16.6 mg, 0.05 mmol), followed by EDCIE (11.5 mg, 6.06 mmol), HOBT
(3.1 mg, 0.06 mmol), and TEA (19 mg, 26 ul, 0.19 mmol} and the resulting mixture was
stirved at rt overnight. The reaction nuxture was filicred and purified by reverse phase HPLC
{0-100% MeOH in H2O) to give compound §-9 as a vellow solid {12.9 mg, 30% over two
steps). THNMR (500 MHz, BMSG-ds) 8 11.10 (s, 1H), 10.77 (s, 1H), 8.78 {dd, /= 3.7, 1.7
Hz, 1H), 833 (d, J=21Hz 1H), 829(d, /=13 Hz, 1H), 823~ 811 (m, IH), 797787
(o, 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,J=34Hz, 2H), 3.69(d, J=90Hz 1H), 348 (s, 1H), 3.28-2.94 (m, 6H}, 2.95-2.82 {m,

9%

PCT/US2019/042985
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2H), 2.67 (s, 3H), 2.63-2.52 (m, 3H), 2.04-1.95 (m, 2H), 1.64 (s, 3H), 1.53 (3, 3H), 1 61-.152
{m, 2H}, 1.49-1.37 {m, 2H). LCMS: m/z 863.4 [M+1].

Example 6: Synthesis of 2-(4-(6-{{6-acetyl-8-cyclopentyl-S-methyi-7-0x0-78-
5 dibydropyride]2,3-dipyrimidin-2-ylamino)pyridin-3-ylpiperazin-1-y1)-N-2-(2-((2-(2,6-

dioxopiperidin-3-yi}-1,3-dioxoiscindolin-4-yljamingjethoxyjethyliacetamide (1-11)
« G
i SRR
S I RN UN O
o7 N N//l\N = 2 Q
H X NH
%, 216 N"‘ _____ /0

1. TFA R
DOM 2. EDCI/HOBT/TEADMF

0
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8 N o
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AN N N ©
0PN N N 11

To a solution of the t-butyl ester obtained from Example 3 (22 mg, 0.038 mumol) in

DCM (0.5 ml) was added TFA (0.5 mL). The mixture was stirred at room temperature for 2

10 h. The mixture was then concentrated and dissolved in DMF (0.5 mL). 4~((2-(2-
aminoethoxyethyDamine}-2-(2,6-dioxopipenidin-3-viyisoindoline-1,3-dione {14 mg, 0.038
mmol} 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 numol). The mixture was agam sturred at room temperature
overnight. The mixture was filtered and punitied by reverse phase HPLC (0-100% MeOH in

15 H:0) to give compound 1-11 as a vellow solid (7.9 mg, 23% over two steps). 'H NMR (300
MHz, DMSO-do) 5 11.11 (s, 1H), 10.33 (s, 1H), 8.97 (s, 1H), 8.68 (t. J=5.6 Hz, 1H), §.10
(d,J=30Hz, [H), 790, J=91Hz, 1H), 764 - 752 (m, 2H), 7.16 (d,. /= 8.6 Hz, 1H),
7.06(d,J=T70Hz, 1H}, 6.60 (s, 1H), 583 (p, /=89 Hz, 1H),5.06 (dd,/=12.9,54 Hz,
1H), 4.02(s, 2H), 364 (1. J=35Hz 2H), 354 (t, /=56 Hz, 2H}), 349 {q. /= 4.8, 44 Hz,

200 2H).336{qd. J=518,54,22Hz 2H), 324 -3.02 (m, 1H), 2.94 - 281 (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, 1H), 1.95 - 1 .84 (m,
JHY, 178 (g, J=11.7, 10.6 Hz, 2H}, 1.64 - 1.53 (m, 2H}. LCMS: m/z 833 .4 [M+1].
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Example 7: Synthesis of 2-(4-{6-{{6-acetyl-8-cyclopentyl-S-methyi-7-0x0-7,8-
dihydropyrido2,3-dipyrimidin-2-yhamino}pyridin-3-yhipiperazin-1-y1}-N-(2-(2-(2-((2-
{2,6-dioxopiperidin-3-yi}-1,3-dioxoisoindolin-4-yl)aminojethoxyjethoxyjethvijacetamide
(I-12)

0 SRE

| TRA
AN N N e 2. EDCIHOBT/TEAIDMF
- H
oINS 0 0
H A NH
210 @(N o

O

HzN ~¥ O/\},2NH o

G

-

To a solution of the t-butyl ester obtained from Example 3 (22 mg, 0.038 mmol} in
DCM (0.5 mL) was added TFA (0.5 mL). The mixture was stirred at room temperature for 2
h. The mixture was then concentrated and dissolved i DMF (0.3 mbL). 4-((2-(2-(2~
aminoethoxyjethoxyethyBaming }-2-(2.6-dioxopiperidin-3-vijisoindoline-1 3-dione {15 4
mg. 0.038 mmol) was added, followed by EDCI (8.7 mg, 0.046 mmol), HOBT (6.6 mg,
0.049 mymol), and TEA (19 mg, 26 pl, 0.19 mmol). The mixture was again stirred at room
temperatare overnight. The mixture was filtered and purified by reverse phase HPLC (0-
100% MeOH in Ha0) to give compound 1-32 as a yellow solid (10.2 mg, 30% overtwo
steps). 'HNMR (500 MHz, DMSO-ds) 6 11.09 (s, 1H), 10353 (s, 1H). 8.97 (s, 1H), 8.66 (t. J
=56Hz [H), 810(d, J=30Hz, 1H),7.8%(d,./J=91Hz IH).7.63-754(m, 2H), 7.15
(d,7=86Hz I1H), 705{(d, J=T70Hz 1H), 660t J=56Hz 1H), 3583 {p,/=89 Hz,
1H), 5.06(dd, /=128, 55 Hz, 1H}, 401 {s, 2H), 3.63{t. /=54 Hz, 2H), 3.539(dd, /= 6.3,
36Hz 2H),3.36(dd, J=63,37Hz, 2H), 348 {{, /=54 Hz 4H),332 {q, /= 3.6 Hz, 2H),
2.90 286 {m, 1H), 2.63 - 2.56 (m, 1H), 2.43 (5, 3H), 2.32 (s, 3H}, 2.28 - 2.19 (m, 2H}, 2.13
=201 (m, 1H), 190 (b, J=7.0Hz, 2H), 1.83 ~ 1.74 (m, ZH}, 1.64 ~ 1.54 (m, ZH}). LCMS:
m/z 8924 [M+1}.
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Example 8: Synthesis of 2-(4-(6-{{6-acetyl-8-cyclopentyl-S-methyi-7-0x0-7,8-
dihydropyrido2,3-djpyrimidin-2-yhamino)pyridin-3-ypiperazin-1-yI-N-{(6-{{(2-(2,6-

dicxopiperidin-3-yi}-1,3-dioxoiseindolin-4-yl)aminohexylacetamide (1-13)

v
OI (/\N,/\\ET, \\i<
i N\) o 1 LTFA
~ E%N N | BOM 2. EDCHHOBT/TEA/DMF

H
O rN'q/\TrN\/"\/M
G N N{J\ﬁ = 13

To a solution of the t-butyl ester obtained from Example 3 (27 mg, 0.038 mmol} in
BCM (0.5 mbL) was added TFA (0.5 mL) and stirred at room temperature for 2 h. The
mixture was then concentrated and dissolved in DMF (0.5 mL). 4-({6-aminohexyljamino}-2-
{2.6-dioxopiperidim-3-yisoindohine-1,3-dione (14.1 mg, 0.038 mmol) was added, followed
by EDCI (8.7 mg, 0.046 mmoly, HOBT (6.6 mg, 0.049 mmol}, and TEA (19 mg, 26 ul,, 0.19
mmol}. The mixture was again stirred at room temperature overmight. The mixture was
filtered and purified by reverse phase HPLC (0-100% MeOH in Ha0) to give compound §-13
as a vellow solid (9.2 mg, 28% over two steps). 'H NMR (500 MHz, DMSQO-ds) 8 11.09 (s,
1H), 1033 (s, 1H), 8.97 (s, 1H), 834 (1, /=56 Hz, IHL Q10 J=30Hz 1H),790{d,J=
0.1 Hz, 1H),759(ddd. J=86,47 1 8Hz 2ZH), 7.10(d, /=86 Hz, 1H}. 7.03{(d, /= 7.0 Hz,
1H), 6.53 (s, 1H), 583 {p, /=89 Hz, 1H), 5.05(dd, /= 12.8, 5.4 Hz, iH), 4.00 (s, 2H), 3.30
{q,/=63Hz 3H}, 3.16{(q, J=65Hz, ZH), 294 — 283 (m, 1H), 2.62 - 2.55 (m, 1H}, 243
(s.3H), 232 (s, 3H), 229221 {m, 2H}, 2.03 (ddq, /= 105,54,30, 26 Hz, 1H), 1 90 (b, J
=T70Hz, ZH), 181 —1.70 (m, 2H), 1 .65 - 152 (m, 4H), 1 46 (p, /=70 Hz, 2H), 1 41 - 1.26
{m, 4H). LCMS: w7z 860.4 [M+11].
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Example 9: Synthesis of 2-{4-(6-((6-acetyl-8-cyclopentyl-S-methyl-7-0x0-7,8-
dihydropyrido]2,3-dipyrimidin-2-yhamino}pyridin-3-yhipiperazin-1-yI-N-(1 7-{({2-(2,6-
dioxopiperidin-3-vi}-1,3-dioxoiscindolin-4-yl)amino}-3.6,9,12,15-
pentaoxaheptadecyljacetamide (1-14)

0.

o YR
i G gf 1. TFA
Y

/’ufv’%i\ U’ Ch 2. EDCIHOBT/TEA/DMF

i -

o \N/\N/L\N 2 oo
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HZNwO/N\%EiEH 0
5

H
H
e e N A i

. Y
/\f/ i :f\ )J 114

e
0‘/;\ !\‘j A N E‘_‘ji

s O

To a solution of the t-butyl ester obtamed from Example 3 (22 mg, 0.038 mmol) m

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 mL}. 4-((17-aming-3,6,9.12,15-
pentaoxaheptadecyllamino)-2-(2,.6-dioxopiperidin-3-vl}isomdoline-1,3-dione (204 mg, 0.038

10 mmol) was added, followed by EDCI (8.7 mg, 0.046 mmol), HOBT (6.6 mg, 0.049 mmol}),
and TEA (19 mg, 26 pnk, .19 mumol). The mixture was again stirred at room temperature
overnight. The mixture was filtered and purificd by reverse phase HPLC (0-100% MeOH 1n
H:0) to give compound 1-14 as a vellow solid (9.2 mg, 28% over two steps). 'TH NMR (500
MHz, PMSO-de) 6 11.09 (s, 1H), 10.37 {s, 1H}, 8.97 (s, IH), 8.67 (t, /=356 Hz, 1H), 8.10

15 (d,J=30Hz IH), 789{(d. J=9.0Hz, 1H), 765751 (m, 2H), 718 - 7.09 (n, 1H), 7.04
(d,/=T70Hz, IH). 660 (s, 1H), 583 (p, /=89 Hz, 1H), 505(dd,./ =128, 54 Hz, 1H),
362, J=54Hz 2H),356(dd.J=56,29Hz 2H), 3.52 (s, 3H), 3.51 - 349 (m, 18H),
333(q,/=55Hz 2H}, 288 {(ddd, J= 169,138, S4 Hz, 1H}, 2.59(dt, /J=174,32 Hz,
1H), 2.43(s,3H), 232 (s, 3H), 2.29 - 217 {m, 2H), 2.02 (&td, J = 13.0, 3.3, 2.2 Hz, 1H),

20 1.89(d,J=82Hz 2H). 1.83 - 1.72 (m, 2H). 1.68~1.51 (o, 2H). LCMS: mz 1024.5 [M+11].
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Example 10: Synthesis of 2-{4-{6-{{6-acetyl-8-cyclopentyl-5-methyl-7-0x0-7,8-
dihydropyrido]2,3-dipyrimidin-2-yhamino}pyridin-3-yhipiperazin-1-yI-N-(1 7-({2-(2,6-
dioxopiperidin-3-vi}-1,3-dioxoiscindolin-4-yhamino}-3,6,9,12,15-
pentaoxaheptadecyljacetamide (1-20)
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N\‘/\/\O P
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§-20

To a suspension of dimethyl 4-hvdroxyphthalate (1.1g, 3 mmol) and K2C0Os (1.38¢,
10 mmol} in 20 mb of anhydrous DMF was added fer-butyl {4-bromobutyljcarbamate
{1.88g, 7.5 mmol) dropwisc at room temperature. The mixture was heated to 80°C and kept
stirrmg overnight, and then cooled to room temperature, before being diluted with water and
extracted with EtOAc three times. The combined organic lavers were dried over anhydrous
NSOy, filtered, and concentrated under vacuum. The crude material was purified by
column chromatography (ISCO, 40g silica column, 0 to 5% MeOH/DCM 30min gradient) to
give dimethvl 4-(4-((tert-butoxycarbonyDaminobutoxy)phthalate (1.7g, 90%). LCMS: m2z
382.2 [M+11.

Bimethyl 4-{4-{(tert-butoxycarbonyljaminobutoxyjphthalate (1.7g, 4.5 mmol} was
dissolved m 10 mL of MeOH, aqueous 3M NaOH (4.5 mL, 13.53 mmol) was then added, and

the mixture was heated to 80°C for 22 hours. The mixture was cooled to room temperatore,
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diluted with 50 mi DCM and 20 mL 0.5M HCIL The lavers were separated and the organic
laver was washed with 25 mL water. The agueous lavers were combined and extracted three
times with 50 mL chloroform. The combined organic layers were dried over anhydrous
NaxS0y, filiered and condensed to give 1.59g of the acid that was carred forward without
further purtfication. LCMS: m/z 354 1 [M+1]

The resultant acid (1.59g, 4.5 mmol} and 3-aminopiperidine-2.6-dione hydrochloride
(0.74 g, 4.5 mmol} were dissolved in pyridine (11.7 mi, 0.25 M} and heated to 110°C for 17h.
The nuxture was cooled to room temperature and concentrated under reduced pressure to
give crude tert-butyvl (4-{(2-(2,6-dioxopipernidin-3-y1)-1,3-dioxoisoindolin-5-
vhoxybutyljcarbamate as a black sludge that was carried forward without further
purification. LEMS: m/z 446.2 [M+1].

The crude tert-butyl (4-((2-(2 6-dioxopiperidin-3-v1}-1 3-dioxoisoindolim-5-
vhoxyjbutyvhcarbamate was dissolved in 20mb TFA and heated to 56°C for 2.5 hours. The
mixture was cooled to room temperature, diluted with MeGH, and conceuntrated under
reduced pressure. The matenial was purified by preparative HPLC to give 5-(4-
aminobutoxy)-2-2,6-dioxopipendin-3-vljisomdoline-1 3-dione as a grey solid (1.0g, 60%
over 3 steps). LOMS: m/z 3462 [M+1]

To a solution of the t-buty! cster obtamed from Example 3 (22 mg, 0.038 mowol) n
DCM (0.5 mL) was added TFA (0.5 mL) and stirred at room temperature for 2h. The
mixtare was concentrated and dissolved 10 DMF (0.5 mL). 5-(4-amincbutoxy}-2-{2.6-
dioxopiperidin-3-yljisoindoline-~1,3~dione (13.11 mg, 0.038 mmol) was added, foliowed by
EDCI (8.7 mg, .046 mmol), HOBT (6.6 mg, $.049 mmol), and TEA {19 mg, 26 ul,, 0.19
mmol). The mixture was stirred at room temperature overnight. The mixture was filtered
and purified by reverse phase HPLC (0-100% MeOH in H:0) to give compound 1-20 as a
vellow solid (9.5 mg, 30% over two steps). 'H NMR (500 MHz, DMSO-ds} § 11.11 (s, 1H),
1033 (s, THY, 897 (s, 1H}, 862 (1, J=536Hz 1H), 811 (d,/=30Hz, 1H}, 7838 (dd, /=
248 8 THz 2H), 759(dd, /=92, 31 Hz, 1H), 744 (d. /=23 Hz, 1H),735(dd, /=84,
23Hz 1H), 583 (p, J=89Hz 1H),512(dd, /=129,54Hz, 1H), 420(q, /=67 Hz,
2H}, 4.03 (s, 2H), 325 (q, J=6.6Hz, 2H}, 2.89 (5, 2H), 2.73 (s, 1H), 2.60 {dt, /= 18.0, 3 4
Hz, 1H), 2.54 (5, 2H), 243 {5, 3H), 2.32 {s, 3H), 2.25 (ddt, J = 13.0, 10.8, 4.7 Hz, 1H), 2.05
(dtd, /=129.52 2 1 Hz 1H) 1.89(d. J=835Hz ZH), 1.85-1 72 (m, 5H), 1.67 - 152 (m,
SHY. LOMS: iz 833 .4 [M+1].
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Example 11: Synthesis of N~-{2-(2-(2-{2-{4-(6-{{6-acety}-8-cyclopentyl-5-methyl-7-oxo-
7,8-dihydropyrids{2,3-djpyrimidin-2-yDamino}pyridin-3-ylpiperazin-1-
vhethoxyjethoxyjethoxyjethyl)-2-{(2-(2,6-dioxopiperidin-3-yi)-1,3-dioxoiscindolin-4-
vijoxylacetamide (£-23)

"
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Step 11 2-(2,6-dioxopiperidin-3-yi)-4-hydroxyiseindoline-1,3-dione (3-9}
3-Hydroxvphthalic anhydride (3-7, 1.64 g, 10 mmol) and 3-aminopiperidine-2,6-

dione hvdrochlonide (3-8, 1.65 g, 10 mmol) were dissolved m pynidine (40 mL, 0.25 M) and
heated to 110 °C. After 14 hours, the mixture was cooled to room temperature and

10 councentrated under reduced pressure. The residue was punfied by column chromatography
on stlica gel (0-10% McOH/DCM) to give 2-(2,6-dioxopipendin-3-yi}-4-hvdroxyisoindoline-
1,3~dione (3-9) as a grev sohid (2.41 g, 88%;). LC-MS: m/z 273 [M+1].
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Step 2 tert-butyl 2-((2-(2,6-dioxopiperidin-3-yl}-1, 3-dioxoiscindolin-4-yiloxylacetate (3-
11)

To a solution of 2-(2,6-dioxopiperidin-3-vl}-4-hvdroxyisoindoline-1,3-dione (3-9,
219 g, 8 mmol} in 8 mE of DMF was added K:CO: (1.66 g, 12 mmol) and t-butyl
bromoacetate (3-18, 1.18 mL, 8 mmol} respectively. The mixiure was stirred at room
temperature for 2 hours, then diluted with EtOAc and washed once with water then twice
with brine. The organic layer was dnied over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography
on silica gel (5-100% EtOAc/Hexanes) to give tert-butyl 2-{((2-(2,6-dioxopiperidin-3-vi}-1,3-
dioxotsoindolin-4-vhoxylacetate (3-11) as a cream colored solid (2.70 g, 87%). LC-MS: m/z

389 [M+1].

Step 30 2-((2-(1,6-dioxopiperidin-3-vi}-1,3-dioxcisoindolin-4-vljoxylacetic acid {3-12)

Tert-buty! 2-((2-(2,6-dioxopipenidin-3-yl}-1,3-dioxoisomndolin-4-yvhoxy)acetate (3-11,
2.06 g, 5.3 mmol} was dissolved in TFA (33 mL., 0.1M} at room temperature. After 4 hours,
the solution was diluted with DCM and concentrated under reduced pressure to give 2-((2-
(2,6-dioxopipenidin-3-y1}-1,3-dioxoisomdolin-4-vloxyiacctic acid (3-12) as a cream colored
solid (1.5 g, 85%;) which was deemed sufficiently pure and carried onto the next step without
further purification. LC-MS: m/z 333 [M+1]. H NMR (500 MHz, DMSO-ds) & 11.09 (s,
1H), 7.79(dd, /=84, 74 Hz, 1H), 748 (d. /=74 Hz, 1H), 7.39(d, J=8.6Hz, 1H), 510
(dd,. /=128, 5.4 Hz, 1H), 4.99 (s, 2H), 2.93-2.89 (m, 1H), 2.63-2.51 (m, 2H}, 2.11-2.03 {m,
1H).

Step 4 tert-butyl (2-(2-(2-{2-(4-(6-{{6-acetyl-8-cyclopentyl-S-methyi-7-0x0-7,8-
dihydropyride(2,3-d]pyrimidin-2-yhamino)pyridin-3-ylpiperazin-1-
yhethoxyethoxyjethoxyjethyDearbamate (3-15}

To a suspension of Palbociclib (3-13, 100 mg, 0.22 mmol) in DMSO (5 mL) was
added rerr-butyl (2-(2-(2-2-bromoethoxy)ethoxyethoxyiethvlcarbamate (3-14, 156 mg,
0.44 mmol) and DIPEA (0.115 mL, 0.66 mmol}. The mixture was heated to 80 °C and kept
stirring for 48 hours. The mixture was thes cocled down o room temperature, ¢xtracted,
dried, filicred and concentrated. The residuc was purified by reverse phase HPLC (5-95%
MeOH in Hz0) to give rert-butyl (2-(2-(2-(2-(4-(6-({6-acectvl-E-cyclopentyl-S-methyl-7-ox0-
7 8-dihydropyride{2,3-dpyrimudin-2-vhaminojpyridin-3-yDpiperazin-1-
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vhethoxylethoxylethoxy)ethylcarbamate (3-15, TFA salf) as a vellow sohid (103 mg, 65%).
LC-MS: miz 723 [M+1]. 'H NMR (500 Miiz, DMSO-ds) 8 10.34 (s, 111), 8.97 (s, 111),
812 (d,J=3.0Hz 1H), 790(d,.7=9.1Hz, 1H), 7.64-7.58 (1, 1H), 6.81-6.74 (m, 1H),
5.89-5.78 (m, 1H}, 3.93-3.75 (m, 4H), 3.67-3.60 (m, 4H), 3.59-3.55 (m, 2H), 3.55-3.46
(m, 4H), 3.44-3.35 (m, 4H), 3.27 (br, 2H), 3.15-3.01 (m, 4H), 2.42 (8, 3H), 2.32 (s, 3H),
2.28-2.19 (m, 2H), 1.95-1.84 (m, 2H), 1.83-1.71 {(m, 2H), 1.64-1.52 (m, ZH), 1.36 (s,
9H).

Step 50 W-{2-(2-2-(2-(4-(6-({6-acetyl-B-cyclopentyl-S-methyl-7-0x6-7 8-
dihydropyrido|2,3-dipyrimidin-2-yijamino jpyridin-3-ylpiperazin-i-
yhethoxy)ethoxylethoxyethyl)-2-((2-(2,6-dioxepiperidin-3-yi}-1,3-dioxoisoindslin-4-
yhoxy)acetanude (§-23)

To a solution of the ferr-butyi (2-{2-(2-{2-{4-(6~{{6-acetyl-E-cyclopentyl-5-methyl-7-
oxo-7,8-dthydropyrido{ 2. 3-d jpyrimudin-2-vhamino)pyridin-3-vlipiperazin-1-
vhethoxylethoxyiethoxy)ethylcarbamate (3-15, 30.5 mg, 0.0422 mmol) m DCM (2 mL}) was
added TFA (1 mL) and the resulting solution was stirred at room temperature for 1 hour. The
mixture was concentrated and the residue was then dissclved in DMFE (1 mL) followed by
adding 2-((2~(2,6-dioxopiperidin-3~vi)-1,3-dioxoisomndolin-4-vioxviacetic acid (3-12, 14
mg, 0.0422 mmol), HATU (33 mg, 0.0844 mmol} and DIPEA (37 4L, 0.211 mmol). The
resulting mixture was stirred for 1 hour at room temperature, then the solvent was evaporated
and the crude matenial purified by reverse phase HPLC (5-95% MeOH in H20) to give N-(2-
(2-(2-(2~(4-(6~({6-acetyl-E-cyclopentyl-5-methyl-7-ox0-7 §-dihy dropyrido{2,3-
dlpyrimidim-2-yDamino)pyridin-3-yDpiperazin-1 -y Dethoxy yethoxy yethoxyjethyl}-2-((2-
(2,6-choxopiperidin-3-y1)-1 3-dioxoisoindolin-4-yjoxy yacetamide (8-23, T A salt) as a
yellow solid (34.4 mg, 87%). LC-MS: m/z 937 [M+1]. YT NMR (500 MHz, DMSQO-ds)
SHLI2 (s, 1H), 1039 (s, 1H), 896 (s, 1H), 8.10(d, /=30 Hz, 1H), 799 (1, J=57Hz,
1H), 7.87(d, J=9.1 Hz, 1H), 7.83-7.73 (m, 1H), 7.63 (dd, /=92, 3.1 He, 1H), 7.49 (4,
J=T73Hz, 1H), 740 (d, /=85 Hz, 1H), 587-5.76 (m, 1H), 5.15-5.04 (m, 1H), 4.78 {5,
2H), 3.91-3.76 (m, 4H), 3.65-3.54 (br, 10H), 3.49-3.41 (m, 6H), 3.36-3.30 (m, 4H), 3.17-
3.02 {m, 2H), 2.95-2.83 (m, 1), 2.62-2.50 {m, 1H), 2.43 (s, 3HD), 2.32 (s, 3H), 2.29-2.18
{m, 2H), 2.07-1.99 (m, 1H), 1.95-1.84 (m, 2H), 1.82-1.74 (m, ZH), 1.64-1.53 (m, 2H).
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Example 12: Synthesis of N-(8-(4-(6-{{6-acetyl-8-cyclopentyl-S-methyl-7-0x0-7.8-
dihydropyrido(2,3-djpyrimidin-2-yhamino}pyridin-3-ylipiperazin-1-yhocty}-2-({(2-(2,6-
dioxopiperidin-3-vi}-1,3-dioxoiseindolin-4-yi)oxy)acetamide (1-24}

Compound [-24 was synthesized with similar procedures as compound 1-23 from
Palbociclib (3-13, 30.3 mg, 0.0422 mmol} and fers-butyl {8-bromooctylcarbamate (13 mg,
0.0422 mmol). N-(8-{4-(6-{{6~acetyl-&-cyclopentyl-5-methyl-7-ox0-7 8-dihydropyrido]2,3-
dipyronidin-2-vlamimopyridin-3-ylpiperazin- 1 -y hocty }-2-{(2~(2 6-dioxopipendin-3-vi)-
1,3~-dioxoisomdolin-4-vhoxylacetamide (§-24) was obtained as a yellow solid (19.1 mg,

51%). LC-MS: m/z 889 [M+1].

Example 13: Synthesis of N-(3-(4-(6-((6~acetyi-&-cyclopentyl-5-methyl-7-0x0-7,8-
dihydrepyride{2,3-dipyrimidin-2-yhamine}pyridin-3-ylipiperazin-1-yhpropyl}-2-{(2-
{2,6-dioxopiperidin-3-yi}-1,3-dioxoiscindolin-4-yloxyjacetamide (1-25}

Compound §-25 was synthesized with similar procedures as compound 1-23 from
Palbociclib (3-13, 30.5 mg, 0.0422 mmol) and rers-butyl (3-bromopropyljcarbamate (8.7 mg,
0.0422 mmol). N-(3-(4-{6-{{6-acetyvl-8-cyclopentyl-5-methyl-7-oxo0-7 &-dthvdropyridoi2.3-
dipyrimidin-2-vlaminojpyridin-3-yDpiperazin--yhpropyl}-2-{({2-(2,6-dioxopiperidin-3-vi)-
1.3-diwoxotsoindolin-4~viyoxyjacetamide (§-25) was obtained as a yellow solid (20 mg, 58%).
LC-MS: m/z 819 [M+1].

Example 14: Synthesis of N-{2-(4-{6-({6-acetyl-8-cyclopentyl-S-methyl-7-0x0-7,8-
dihydrepyrido{2,3-d]pyrimidin-2-yamine)pyridin-3-ylipiperazin-1-yhethy}-2-((2-(2,6-
dioxopiperidin-3-yi}-1,3-disxoiseindolin-4-yljoxylacetamide (1-26}

Compound §-26 was synthesized with similar procedures as compound 1-23 from
Palbociclib (3-13, 30.5 mg, 0.0422 mmol) and rerr-butyl (2-bromocthyljcarbamate (9.4 mg,
0.0422 mmol). N-(2-(4-(6-((6-acetyl-8-cyclopentyl-S-methyl-7-0x0-7,8-dihydropynido|2,3-
dipvrimidin-2-vl}aminojpyridin-3-vljpiperazin--viethy-2-((2~{2,6-dioxopiperidin-3-vi)-
1,3~-dioxoisomdolin-4-vloxylacctamide (1-26) was obtained as a yellow solid (204 mg,
60%). LC-MS: m/z 803 [M+1]. "H NMR (500 MHz, DMSO-ds} & 1112 (s, 1H), 1035 (s,
1H), 9.69 (s, 1H), 897 (s, 1H), 831 (t, /=60 Hz, 1H), 812 (d, J=3.0Hz, 1H},790(d, /=
G1Hz 1H), 783(dd, /=85, 73 He. 1H), 762 (dd, /=92, 3.1 Hz, 1H}, 7.53{d, /= 7.2 Hz,
1H), 744 (d. /=285 Hz, 1H), 583 (p, /=89 Hz, 1H), 520-5.06 (m, I1H), 485 (s, 2H), 3.75-
3.54 (m, 3H), 3.40-3.17 (m, 4H). 3.04 (s, 2H), 2.65-2.56 (m, 1H), 2.43 (s, 3H), 2.32 (s, 3H),
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2.29-2.21 (m, 2H), 2.08-2.01 (m, 1H), 1.96-1.87 (m, 2H), 1.83-1.72 (m, 1H), 1.64-1.52 (m,
2H).

Example 15: Synthesis of N-{2-(2-{2-(2-{4-{6-({6-aceiyl-8-cyclopentyl-5-methyi-7-ox0-

(]

7.8-dihydropyrido{2,3-dipyrimidin-2-yllamine}pyridin-3-yhpiperazin-1-
yhethoyyethoxyjethoxyjethy-2-{((2-( -methyi-2,6-dioxopiperidin-3-yi}-1,3-

dioxotsoindolin-4-yloxyjacetamide (1-27)

Qe N O
Cr ™ Lo s L

O -4 -4 N O
2 ---------:?----E----b « -------------- ?j----? ----- Do ‘\‘S
on O Step 1 on < Step 2 ~ /[j\‘/ e} 13

3-7 317 [®) -
P Q7
ol PN
| N 0

— . LN
Step 3 o)

HO o 3.19

! =N N (
P v /E N NF i BGCHNAVQ\/\O/\“’O\’/\Br
:”’k S 3-14
(7 313 Step 4

o .
NS PN TFA 349
NS J/

N &L\ o Step 5

07 NT NN
H 3-18

o7 NT NN -
H -27
O -

Step [ — Step 3. 2-{(2-(1-methyl-2,6-disxopiperidin-3-yi}-1,3-dioxoiseindolin-4-
10 yhoxyacetic acid (3-19)
The intermediate 2-((2-(1-methyl-2, 6-dioxopiperidin-3-y1)-1,3-dioxoisomdolin-4-

yhoxylacetic acid (3-19) was synthesized with similar procedures as intermediate 2-((2-
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(2,6-dioxopiperidin-3-vl}-1,3-dioxoisoindolin-4-vhoxylacetic acid (3-12) in Example 11
from 3-hydroxyphthalic anhvdride (3-7, 328 mg, 2 mmol}, 3-amino-1-methyipiperidine-2,6-
dione {3-16, 357 mg, 2 mumol) and #-butyl bromoacetate (3-10, 0.295 mL, 2 mumol). 2-((2-(1-
methyl-2,6-dioxopiperidin-3-yl)-1,3~-dioxoisoindolin-4-yDoxy)acetic acid (3-19) was
obtained as an off-white solid (451 mg, 65% yield in 3 steps). LC-MS: /2 347 [M+11.
'H WNMR (500 MHz, DMSQO-ds) 6 13.24 (s, 1H), 780 (dd, J= 8.5, 73 Hz, 1H), 748 (4, .7 =
73Hz 1H), 740(d, J=85Hz 1H),517(dd. J=13.0, 5.4 Hz, 1H), 4.99 (s, 2H), 3.02 (s,
3H), 2.99-2.91 (m, 1H), 2.80-2.73 (m, 1H), 2.59-2.52 (m, 1H), 2.09-2.02 {(m, 1H).

Step 4 — Step 5. N-(2-(2-(2-2-(4-(6-{{6-acetyl-B-cvciopentyl-5-methyl-7T-ox0-7 8-
dihydrepyride{2,3-dipyrimidin-2-yl)amine}pyridin-3-yiipiperazin-1-
vhethoxyjethoxy)ethoxy)ethyl)-2-((2-(1-methyl-2,6-dioxopiperidin-3-yi}-1,3-
dioxoisoindolin-4-yloxyjacetamide (I-27)

Compound §-27 was synthesized with stmlar procedures as Compound 1-23 from
Palbociclib (3-13, 30.5 mg, 0.0422 mmol}, fer-butyl (2-(2-(2-(2-
bromocthoxyethoxy)ethoxy)ethyljcarbamate (3-14, 13 mg, 0.0422 mmol) 2-((2-(1-methyl-
2, 6-dioxopiperidin-3-yD-1,3-dioxoisoindolin-4-yDoxyacetic acid (3-1%, 14.6 mg, 0.0422
mmal} N-{2-(2-(2-(2-(4-{6-{{6-acetyl-8-cyvclopentyl-5S-methyi-T-oxo-7 8-dihyvdropyridof 2 .3-
dipyrimidin-2-vhamino)pyndin-3-ylpiperazin~-1 -ylethoxyiethoxyiethoxy)ethy)-2-({2-(1 -
methyl-2 6-dioxopipendin-3-yi}-1,3-dioxoisoindolin-4-yhoxviacetamide (1-27) was obtained
as a yeHow solid (20.4 mg, 32%). LC-MS: m/z 952 [M+1]. 'H-NMR (500 MHz, DMSO-ds)
51041 (s, 1H), 975 (s, 1H), 897 (s, IH), 8.10{d, J=3.1 Hz, 1H), 8.03-7.93 (m, 1H), 7.87
(d, /=91 Hz, 1H), 7.85-776 (10, 1H), 7.64 (dd, /=92, 32 Hz, 1H), 750 (d, /=73 Hz,
1H), 740(d, J=85Hz, 1H), 5.87-5.76 (m, 1H), 5.21-5.10 (m, 1H), 4.79 (s, ZH), 3.91-3.75
{m, 4H3, 3.65-3 59 (m, 8H), 3.38-3.55 {m, 4H), 347 (t, J=358 Hz, 4H),3.33 {gq, J= 5.8 Hz,
4H}, 3.30-3.18 (m, 2H), 3.02 (s, 3H), 3.04-2.89 (m, 1H), 2.60-2.51 {m, 1H), 243 (s, 3H), 2.32
(s, 3H), 2.29-2.16 (m, 2H), 2.10-2.03 (m, 1H), 1.95-1.84 (m, ZH), 1.83-1.72 (m, 2H), 1.653-
1.51 (m, ZH).

Example 16: Synthesis of 7-cyclopentyb-2-{{(5-(4-(4-(2-((2-(2,6-dioxopiperidin-3-y1)-1,3-
dioxoisoindolin-4-yljoxy)acetamide)butylipiperazin-1-yhpyridin-2-yljamino)-N,N-
dimethyl-TH-pyrrolo]2,3-djpyrimidine-6-carboxamide (I-28)

Compound §-28 was synthesized with similar procedures as compound 1-23 from

Ribociclib (18.4 mg, 0.0422 mmol) and fer-butyl (4-bromobutyvlcarbamate (10.6 mg, 0.0422

110



(]

10

]

20

30

WO 2020/023480

CA 03106523 2021-01-13

mmol). 7-cyclopentyl-2-((8-(4-{(4-(2-((2-(2 6-dioxopipendin-3-vi)-1,3-dioxoisomdolin-4-
vhoxyacctamidoybutyDpiperazin-1-yDpyvridin-2-yDamino)-N, N-dimethyl-7TH-pyrrolo]2,3-
djpyrimidine-6-carboxamide (1-28) was obtained as a yvellow solid (19 mg, 55%). LC-MS:
miz 820 [M+1]. 'TH NMR (500 MHz, DMSO-de) 8 11.16 (s, 1H), 11.12 (s, 1H), 9.84 (s, IH),
8.97 (s, 1H), 8.06{t,J =58 Hz, 1H), 8.02-7.92 (m, 2H), 7.83 (dd, /= 8.5, 73 Hz, 1H), 7.68
(d,/=92Hz, IH),752{(d, J=73Hz 1H), 742 (d, /=85 Hz, 1H), 681 (s, 1H), 5.12 (dd,
J=12854Hz 1H), 480(d,J=31Hz, 3H),383(d, J=127Hz 2H). 361 {d. /=117
Hz, 2H), 3.24-3.12 (m, 6H), 3.06 (s, 6H}, 2.65-2.53 (m, 2H), 2.36-2.29 (m, 2H), 2.11-1.87
{m, 4H), 1.76-1.61 (m, 5H), 1.56-1.47 (m, 2H}.

Example 17: Biochemical Studics
finzyme Degradation Assay

Jurkat cell or Moltd wild-type or cercblon null cells were treated with a control ora
bifunctional compound of the apphication. Afier treatment, cells were washed and barvested
by resuspending in butfer and ysed on ice 30 minuies. Lysates were then cleared by
centrifugation. Samples were boiled and equal amount protein is loaded onto gel. Gel was

transferred to nitrocellulose and blotied for CDK6, CDK4 or Tubulin,

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 bysed in M-PER buffer (Thermo Scientific)
containing protease/phosphatase nhibitor cocktail (Roche}. Protem concentration was
measured using a BCA assay (Picree). Equivalent amovnts of each samples were loaded on
4-12% Bis-Tris gels {Invitrogen), transferred to nitrocetiulose membranes, and
immmunoblotted with antibodies against CDK4, CDKG, and Actn (Cell Signaling). [RDye®
300-labeled goat anti-rabbit IgG and IRDye® 680-labeled goat anti-mouse [gG (LI-COR)
secondary antibodies were purchased for LE-COR, and membranes were detected on an

QOdvssey detection systern (LI-COR Biosciences). The results are shown in FIG.1A-FIGIE.

i
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EQUIVALENTS
Those skilled 1n the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments and methods
described herein. Such equivalents are intended to 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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CLAIMS

L. A bifunctional compound of Formula X:

Targeting Ligand m(Liﬂker}m({)egrom}

(%),

wherein:

the Targeting Ligand is capable of binding to CDE4 and/or CDK6;

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

the Degron 15 capable of binding to a ubiquitin ligase;

wherein the Targeting Ligand is of Formula TL-L:

(/R‘E)n
N
28 N A WY
Rzmg;N}mA B—A—X N §
Rz (TL-1),

ot an cnantiomer, diastercomer, stercoisomer, or pharmaccutically acceptable salt thereof,
wherein:

A 1s absent or C{Ra);

AlisNRsor O
X3

Bis {Rek ;

XisNorTH;

X s NorCRs;

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

Rz s H, (C1~Ca) alkvl, (C1-Cy) haloalkyl, halogen, OH, or NHz;

Rz is (Ce-Cro) arvl or a monocychic or bicyclic heterocaryl comprising one to four
heteroatoms selected from N, O, and 8, wherein the arvl and heteroary! are optionally
substituted with one or more R7; or

R2 and B3 together with the carbon atoms to which they are attached form a 5- or 6-
membered heterocycloalky! comprising one or two heteroatoms selected from N, O, and S,
wherein the heterocveloalky! is optionally substituted with one or more Rs; or Rz and R
together with the carbon atoms to which they are attached form a 3- or 6-membered
heteroaryl comprising one or two heteroatoms selected from N, 0, and S, wherein the

hetercaryl 1s optionally substituted with one or more Ro;
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cach R+ 1s ndependently H or (C1-Ca) alkyl;

Rsis Hor (C1-Cy) alkyl;

cach Rs is independently (C1-Ca) alkyi, (C1-Ca) haloaltkvl, (C1-Ca) alkoxy, (C1-Ca)
haloalkoxy, halogen, OH, or NHz;

gach R is independently (Ci-Cq) alkyl, (Ci-Ca) haloalkyl, (C1-Cay alkoxy, (Cr-Ca)
haloatkoxy, halogen, OH, or NH»; or

each Rg is independently (Ci-Cy) alkyl, (C1-Cy) baloalkyl, {C1-Cs) alkoxy, {C1-Cy)
haloatkoxy, halogen, C(OYC1-Ca) alkyl, CONH, CIOMINH(C-Ca) alkyl, CONC-Ca)
alkylh, (C3-Cr) cyvcloalkyl, or heterocveloalkyl, or two Re together with the carbon to which
they are attached form C(O);

cach Ry is independently (Ci-Ca) alkyl, (Ci-Ca) haloalkyl, (Ci~Ca) alkoxy, (Ci-Ca)
haloatkoxy, halogen, C(OXC1-Ca} alkvl, CEONH, C{OINH(T-Cq) alkyl, COIN{C-Cy)
atkvl}, (C5-07) eycloalkyl, or heterocycloalkyl; and

n and t arc mmdependently 0, 1, 2, or 3,

wherein the Targeting Ligand is bonded to the Linker via the NEXL0  Nowed |

wherein the Linker is of Formuda L1

H
2{21W\NVWN
p3 p1 p2
O

(L1Y, and
wherein:

plis an integer sclected from O to 12;

p2 1s an integer sclected from 0 to 12;

p3 1s an integer selected from 1 to 6;

cach W is mdependently absent, CHo, O, 5, NH, or NRyy;

Z1is absent, C(O), CHhC(OINH, CHa, O, NH, or NR19; and

cach Riois independently Ci-Cs alkyl,
wherein the Linker 1s covalently bonded to a Targeting Ligand via the _,Eu next to Z1, and is

covalently bonded to a Degron via the other _,%_,ﬁ and,

wherein the Begron is of Formula Dla:
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P~
O N /\]\/ (Righ
.”N i ’
Riz O O {D1la),

wherein:
Rizis H or C1-Cs alkyl;

each Risis independently Ci-Cs alkyl;

5 gach Ris ts independently halogen, OH, C1-Cs alkyl, or {1-Ce alkoxy;
gis0, 1, 0r2; and
visO, 1,2, or3,
wherein the Begron is covalently bonded to the Linker via e
o 2 The bifumctional compound of claim 1, wherein X 1s N.
3. The hifunctional compound of claim 1 or 2, wherein A is absent.
4. The bifunctional compound of claim 1 or 2, wherein A is CHz.
15
5. The bifunctional compound of any one of claims 1 to 4, whercin A’ is NH.
N
48 g
PoSe
WR
6. The bifunctional compound of any one of claims 1 to 5, wherein B is (Rs)q
09 The bifunctional compound of any one of claims 1 to 6, wherein nis 0.
8. The bifunctional compound of any one of claims 1 1o 7, wherein t is 0.
9. The bifunctional compound of any one of claims 1 to 8, wherem R 1s halogen.
25
10.  The bifunctional compound of any one of claims | to 9, whercin Rs 13 a bicychic

heteroaryl comprising one to four heteroatoms selected from N, O, and 5, optionally

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

one of more Rs.

12. 'The bifunctional compound of any one of claims | to 8, whercin Rz and Rs together
with the carbon atoms to which they are attached form a 5-membered heteroaryl comprising
one or two heteroatoms selected from N, (3, and S, optionally substituted with one or more

Ro.

13 The bifunctional compound of claim 1, wherein the Targeting Ligand is of Formula
TL-la, or TL-Ib:

(!R1 I (!R")“
N VoY N HH =
Sy A WL ST VORI | A
z"”’QN}”‘” \ ; §'” ZMQN}“ U, %
Ry (TL-Ia), or  Fs {TL-Ib}.
14. The bifunctional compound of claim 1, wherein the Targeting Ligand is of Formula
TL-lc, or TL-Id:
{Rihn
{Re}n H X N"‘%"
f M, N. N Y
2 .ﬂ\ X N/ R =N
R N® N 2
3 H R R {Rsk
(Rl (TL-I¢), 3 (TL-Id).
15 The bifunctional compound of claim 1, wherein the Targeting Ligand is of Fornula

TL-le or TL-If
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Ry Ry (TL-le), or T3 (TL-If).

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

Ti-fg, TL-th, or TL-1:

{Ryh (R*i }n
X N
A—_—
{Rgh
5 (TL-Ih),
(TL-5).
17.  The bifunctional compound of any one of claims 1-16. wherein the Linker is selected
10 from:
O
TL W /JL\'/%/
N N
& pt H (L2},

117



CA 03106523 2021-01-13

WO 2020/023480 PCT/US2019/042985

0
TL MOW J\J%/
N
p3 o1 H

(L3), and
O
B N 2 /J\/%V
N
33 4 - \
P p1 H (L4).
18.  The bifunctional compound of anv one of claims 1-17, wherein the Degron 15 of

5 Formula Dlia. Dib, Dic or Did:

(Dlc), or o 0 (D1d).

19, The hifunctional compound of claim 1, wherein the bifunctional compound is

o}
r/\NA\/Q\/\G/\\/G\/’\EJ\/Q .

o
”I’Y“ o
07N \N"‘ﬁ N7

10

20 The bifunctional compound of claim 1, wherein the bifunctional compound is

SN

i |
N A

o N V\Of\qlw

FNFN N o N

SSwel .

Hi

A0 .
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21, The bifunctional compound of claim 1, wherein the bifimetional compound 15
O
o K\N/\/\NJL\/O 5
P N H |
FNENN oy 0=
sl AL A N4
o \a‘;s N a M - / o
(l'\li >::::O
\ NH
O
22 bifunctional compound of claim 1, wherein the bifunctional compound 1s

NN N 0=
HiN
O
3 (-
23, The bifunctional compound of claim 1, wherein the bifunctional compound is

K\ N’A\/O\'/\O ’\\/O\/AN /LL\/O

i H o
z N\/ O oo
)ié % 0 oY

10 24 The bifumctional compound of clamm 1, wherein the bifunctional compoond is

T Ra r\oﬁk

/
N /j’
0}_(“;/1\\‘ Az GQ
Sl ™
[&]

25, A pharmaceutical composition comprising a therapeuntically effective amount of the
bifunctional compound of any one of claims 1 to 24, or an enantiomer, diastercomer,
15 stereoisomer, or pharmaceutically acceptable salt thercof, and a pharmaceutically acceptable

carrier.
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26. A method of inhibiting a kinase or modulating the amount of a kinase, comprising
administering to a subjoct in need thereof an effective amount of a bifunctional compound of

any one of claims 1 to 24

27, A method of inhubiting a kinase or modulating the amount of ¢yclin-dependent kinase
4 (CDK4), comprising administering o a subject in need thereof an effective amount of a

compound of any one of claims 1 to 24.

28, A method of inhibiting a kinase or modulating the amount of cvclin-dependent kinase
6 (CDIK6), comprising administering to a subject in need thereof an effective amount ot a

compoand of any one of claimas 1 to 24.

29, A method of inhibiting a kinase or modulating the amount of cyclin-dependent kinase
4 (CDK4) and cychin-dependent kinase 6 (CDK6), compnising administering to a subject in

need thereof an effective amount of a compound of any one of claims 1 to 24

30, A method of treating or preventing a proliferative discase, comprising administering

to a subject in need thereof an effective amount of a compound of any one of claims 1 to 24.

31. A method of treating or preventing a disease in which CDK4 and/or CDK6 plays a
role, comprising adnunistering to a subject in need thereof an effective amount of a

compound of any one of clamms 1 1o 24,

32 The method of claim 31, wherein the discase is cancer or a proliferation discase.

33, The method of claim 32, 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, ghoblastoma, hepatocellular carcinoma, papillary renal carcinoma, head and

neck squamous cell carcinoma, leokemias, lymphomas, myelomas, or sohid tumors.

34, The method of claum 31, wheremn the disease 1s inflammation, arthritis, rheumatoid

arthritis, spondyiarthropathies, gouty arthritis, osteoarthritis, juvenile arthritis, and other
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arthritic conditions, svstemic fupus erthematosus (SLE), skin-related conditions, psoriasis,
cczema, bums, dermatitis, neuromflammation, allergy, pain, neurcopathic pain, fever,
pulmonary disorders, lung inflammation, adult respiratory distress syndrome, pulmonary
sarcoisosis, asthma, silicosis, chronic pulmonary inflammatory disease, and chronic
ohstructive pulmonary disease (COPIY, cardiovascular discase, arterigsclerosis, myocardial
mfarction {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
meluding ischemic and hemorrhagic stroke, reperfusion mjury, renal reperfusion mjury,
ischemia including stroke and brain ischenua, and ischemia resulting from cardiac/coronary
bypass, neurodegenerative disorders, liver disease and nephritis, gastrointestinal conditions,
mflammatory bowel disease, Crohn's disease, gastritis, irntable bowel syadrome, ulcerative
colitis, ulcerative discases, 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
syadrome (AIDS), AIDS, ARC (AIDS related complex), preumonia, herpes virus, myalgias
due to infection, influenza, autoimmune disease, graft vs. host reaction and allograft
rejections, treatment of bone resorption discases, osteoporosis, multiple sclerosis, cancer,
leukemia, lymphoma, colorectal cancer, brain cancer, bone cancer, epithelial call-derived
neoplasia (opithelial carcinoma}, basal cell carcmoma, 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,
hing 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
promyelocyiic leukemia (APL), angiogenesis including neoplasia, metastasis, central nervous
system disorders, central nervous system disorders having an inflammatory or apoptotic
component, Alzhcimer's discase, Parkinson's discase, Huntington's disease, amvotrophic

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

35, A bifunctional compound of any one of claims 1 to 24 for use in the manufacture of a

medicament for treating or preventing a disease in which CDK4 plavs arole.
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36. A bifunctional compound of any one of claims 1 to 24 for use in the manufacture of 2

medicament for treating or preventing a discase in which CDEKG6 plays a role.

37, Abifunctional compound of any one of claims 1 to 24 for use in the mamufacture of a

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

3% A bifunctional compound of any one of claims 1 to 24 for usc in treating or

preventing a disease i which CDKA4 plays a role.

39 A bifunctional compound of any one of claims 1 to 24 for usc in treating or

preventing a disease in which CDEKS6 plays a role.

40, A bifunctional compound of anv one of claims 1 to 24 for use i treating or

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