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(57) Abstract: The present invention relates to bi-functional compounds which function to recruit endogenous proteins to an E3 ubiq-
uitin ligase for degradation, and methods for using same. More specifically, the present disclosure provides specific proteolysis target-
ing chimera (PROTAC) molecules which find utility as modulators of targeted ubiquitinization of a variety of polypeptides and other
proteins, in particular the androgen receptor of a slice variant of AR which lacks the LBD, labelled as AR-V7, which are then degraded

and/or otherwise inhibited by the compounds as described herein.
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BI-FUNCTIONAL COMPOUNDS AND METHODS FOR
TARGETED UBIQUITINATION OF ANDROGEN RECEPTOR
FIELD OF THE INVENTION
{0001} This invention relates o therapeutic compounds and compositions, and methods for their
use in the treatment of various indications, including various cancers. In particular, the invention

refates to therapics and methods of treatment for cancers such as prostate cancer.

BACKGROUND OF THE INVENTION

{0002} Prostaie cancer is the most commonly diagnosed malignancy in males in the United
States and the second leading cause of male cancer mortality. Numerous studies have shown thai
the androgen receplor {AR) is central not only to the development of prostate cancer, but also the
progression of the discasc to the castration resistance state { Faplin, M. k. ef «l., J. Clin. Oncol.
2003 21:2673-8; and Tilley, W. D, et al., Cancer Res. 1994 54:4096-4102), Thus, effective
ishibition of human AR remains one of the most effective therapeutic approaches Lo the
treatment of advanced, metastatic prostate cancer.

f0003] Androgens are also known to play a role in female cancers. One exaniple is ovarian
cancer where elevated levels of androgens are associated with an increased risk of developing
ovarian cancer (Heladsouer, K. ef al., J4MA4 1995 274, 1926~1930; Edmondson, R, 1. er al., Br.
J. Cancer 2002 86, 879-885). Morcover, AR has been detected in a majority of ovarian cancers
{Risch, H. A., J. Natl. Cancer Inst. 1998 90, 1774-1786; Rao, B. R. ef al., Endocr. Rev. 1991 12,
14-26; Clinton, G. M. et al., Crit. Rev. Oncol. Hematol, 1997 25, 1-9).

[0004] AR belongs to the nuclear hormone receptor famuly that is activated by androgens such as

testosterone and dihydrotestosterone. These androgens, as well as anlagonists such as
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enzalutamide, compete with the androgens that bind to the ligand binding domain (LBD). AR
possesses a modular organization characteristic ol all nuclear receplors. It is comprised of an N-
terminal domain (NTD), a central DNA binding domain (BBD), a short hinge region, and C-
ternunal demain that contains a hormone ligand binding pocket {the LBD, which also comprises
the hormone binding site (HBS)) and the Activation Function-2 (AF2) site (Gao, W. Q. ef ¢l
Chem. Rey. 2005 105:3352.3370). The latter represents a hydrophobic groove on the AR surface
which is flanked with regions of positive and negalive charges — “charge clamps”™ that are
significant for binding AR activation factors (Zhou, X. E. er al., J. Biol, Chem. 2010 285:9161-
9171

{0005} The activaiion of AR follows a well characterized pathway: in the cytoplasm, the receptor
is associated with chaperone proteins that maintain agonist binding conformation of the AR
{Georget, V. ef al., Biochemistyy 2002 41:11824-11831). Upon binding of an androgen, the AR
undergoes a series of conformational changes, disassociation fron: chaperones, dimerization, and
translocation nto the nucleus (Fang, Y. F. et of., J Biol. Chem. 1996 271:28697-28702; and
Wong, C. L etal., J. Biol. Chem. 1993 268:19004-19012) where it further interacts with co-
activator proteins at the AF2 site (Zhowu, X. E. et al. J. Biol. Chem. 2010 285:9161-9171). This
event triggers the recruitment of RNA pelvimerase H and other factors to forny a functional
transeriptional complex with the AR,

[0006] In castration-resistant prostate cancer (CRPC), drug resistance can manifest through AR-
LBD mutations that convert AR-antagonists into agonists or by expression of AR-variants
lacking the LBD. AR is a major driver of prostate cancer and inthibition of its transcripiional
activity using competitive antagonists such as enzalutamide and apalutamide remains a frontline

therapy for prostate cancer managenment. Another therapy is abiraterone which is an inhibitor of

b3
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cytochrome P430 17A1 that impairs AR signaling by depleting adrenal and intratumoral
lestosterone and dihydrotestosterone. Recenl work (Antonarakis, E.S. et af., New Engl J. Med.
2014 37, 1028-1038) has shown thal patients on enzalutamide and abiraterone with a splice
variant of AR, labelled as AR-V7, had lower PSA response rates, shorier PSA progression-free
survival, and shorter overall survival.

{0007} AR-V7 lacks the LBD, which is the target of enzalutamide and testosterone, but AR-V7
remains constitutively active as a transcription [actor. Accordingly, it is desirable to investigate
other approaches to antagonize the AR receptor as well as AR-V7. The commeon domain
between these two proteins is the DBD and compounds have been identified as discussed in Li,
H. et al.. J Med. Chem. 2014 57, 6438-6467 (2014); Dalal, K. et af., Mol Cancer Ther. 2017
vol. 16, 2281-2291; Xu, R. et al., Chem. Biol. & Drug Design 2018 91(1}, 172-180; and WO
2015/120543.

j0008] Scveral methods are available for the manipulation of protein levels, including bi-
functional proteolysis targeting chimeric molecules (PROTACs) which contain a figand that
recognizes the target protein that is finked to a figand that binds to a specific E3 ubiquitin ligase.
The ensuing bifunctional nolecule binds to the target protein and the E3 ligase enabling the
transfer of ubiquiiin fo the target protein from the Ligase provided there 1s a suitable accepior on
the target protein. Another method is the “molecular ghue” process whereby the molecule
together with the E3 ligase recruit the target protein to the E3 ligase fellowed by the ubiquitin
transfer and degradation of the target {(Chopra, R., Sadok, A, Collins, 1., Drug Disc Today:
Technelogies, 2019, 31, 5-13.) In the case ol a compound acting as a “molecalar glue”, the only

requirement is the presence of an E3 ligase binding moiety. After binding to the E3 ligase, the
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ensuing moiety could recruit the protein to be degraded. The labelling of proteins with ubiquitin
is implicated in the protein’s turnover by the 26S proteasome.

{0009] Protein ubiquitination is a multi-step process whereby a ubiquitin protein is successively
relayed between different classes ol enzvmes (E1, B2, E3) in order fo cventually tag a cellular
substrate. Imtially, the C-terminal carboxylate of ubiquitin s adenviaied by the El activating
enzyme in an ATP-dependent step. Subsequently, a conserved nucleophilic cysteine residue of
the E1 enzyme displaces the AMP from the ubiquitin adenylate resulting in a covalent ubiquitin
thicester conjugate, The binding and ensuing adenylation of a second ubiguitin molecule
prontote the recruitment of an E2 conjugating enzyme to this ternary complex. An active site Cys
on ihe B2 subsequently [acilitates the transfer of the covalently linked ubiquitin from the E1 to a
Cys residue on the E2 through a trans-thioesterification reaction. Concomitantly, an E3 ligase
recruits a specific downstream target protein and mediates the transter of the ubiquitin from the
E2 enzyme to the terminal substrate through either a covalent or non-covalent mechanism. Each
ubiquitin is ligated {0 a proteis through either a peptide bond with the N-terminal anuino group or
an isopeptide bond lormed between a side chain s-amino group of a select Lys residue on the
target protein and the ubiquitin,

{0010} Deubiquitinating enzymes (DUBs) are enzymes that specifically cleave the ubiquitin
protein from the substrate thereby offering additional mechanisms of regulation over the entire
fabeling pathway. In the current human proteome there are eight known human Els, about 40
E2s, over 600 E3s and over 100 DUBs, These enzymes are well described in Pavia, S, et af., J.
Med. Chem. 2018 61(2), 405-421.

{0011} The k3 ligases originate in three major classes — the RING finger and U-box E3s, the

HECT E3s, and the RING/HECT-hybrid type E3s. The E3 ligases are localized in vartouns celf
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organelles and hence the effectiveness of the E3 ligase ligand depends at least in part on the
location ol the profein targeted for degradation, assuming that the full molecule is available
within the appropriate location in the cell. In addition, for every combination of the target ligand
and the ubiquitin recruiting ligand, the linker length and conformational flexibility also
contributes to the effectiveness of the degradation molecule. The mechanism depends on the
availability of & Lys residue on the surface of the protein close to the targeted protein hgand
binding pocket. Ubiguitin binds af Lys residues and hence the “dehivery” of ubiquitin for binding
at the appropriate Lys influences the effectiveness of the degradation molecule. Crew et al.
(US20170327469A 1, US20180099940A 1) arc progressing a proposed (reatment for castration-
resistant prostate cancer based on bifunctional molecules coupling vartous E3 ligases to AR
antagomsts binding at the AR LBD site. Our approach is different in that we do not target the
LBD site but the DBD sile and, correspondingly, the chemical matter is quite different.

j0012] There exists a continuing need for effective treatments for discases and conditions that
are refated to aberrant AR regulation or activity, for example, cancers such as prostale cancer,
and Kennedy's Disease. In developing such treatments, it would be desirable to have a molecule
which can simultaneously bind AR and an E3 vbiquitin ligase and which also promotes
ubiquitination of AR-V7 and perhaps AR, and leads (o degradation of AR-V7 and AR by the

proteasome.

SUMMARY OF THE INVENTION
{0013} The present invention relates to bi-functional conipounds which function to recruit
endogenous proteins to an k3 ubiquitin figase for degradation, and methods for using same.

More specifically, the present disclosure provides specific proteolysis targeting chimera
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{(PROTAC) molecules which find utility as moduiators of targeted ubiquitinization of a variety of
polypeptides and other profews, such as AR, which are then degraded and/or otherwise inhibited
by the compounds as described herein.

{0014} In onc aspect, these PROTAC miolecules comprise an E3 ubiquitin ligase binding moiety
(i.e., aligand for an E3 ubiquitin ligase) linked to a moiety that binds a target protein {i.e, a
protein/polypeptide targeting igand) such that the target proteivpolypeptide is placed in
proximity to the ubiguitin lgase to effect degradation (and/or inhibition) of that prolein. In
addition, the description provides methods for using an effective amount of the compounds
described herein for the treatment or amelioration of a disease condition including cancer, ¢.g.,
prostate cancer, and Kennedy's Disease,

{0015} Suitable {igands that bind to the E3 ubiguitin ligase include cerebion binders such as
mmunomodulatory imide drugs (IMiDs) including thatidomide, pomalidoniide, and
tenalidomide (Deshales, R\, Nature Chem Biol, 2015 11, 634-6335), ard analogs or derivatives
thercof, The IMiDs themselves act as “molecular glues™ and therefore have been shown to
recruit a different set of proteins for degradation {reference). In addition, we have uncovered an
interimediate molecule that acts via the “molecalar glue™ mechanism. Other suitable E3 ubiquitin
ligase binders are E3 CRL2V™" compounds, also called Von-Hippel-Lindau or VHL ligands, the
celular inhibitor of apoptosis protein (IAP) as discussed in Shibata, N. ef al., J. Med. Chem.,
2018 61(2), 543-575. Binders of the E3 ligase Mouse Double Minute 2 (MDM2) comprise the
fourth class of E3 Ligase Binders (E3LBs) that are utilized (Skalniak, L., et al., Expert Opin.

Ther, Patents, 2019, 29, 151-170).
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{0016} In one aspect, there are provided compositions comprising such compounds which
function to recrust profeins wictuding AR-V7 and AR for targeted ubiquitination and degradation.
In some embodiments, the structure of such compounds can be depicted as:
ARB - E3LB

wherein ARB is an AR binding moiety and E3LB is a ubiquutin ligase binding moigty.
{0017} In some embodiments, the compounds may further comprise a chemical linker (“L7).
The structure of such compounds can be depicled as:

ARB -~ L ~E3LB
wherein ARB i1s an AR binding moiety, L 18 a bond or linker moiety, and E3LB is a ubiquitin
Higase binding moiety,

[0618] In ar additional aspect, the description provides therapentic compositions comprising an
elfective amout of a compound as described herein or pharmacautically acceptable sait form
thereof, and a pharntaceutically acceptlable carrier. The therapeutic compositions modulate
protein degradation in a patient or subject, lor example, an animal such as a human, and can be
used for treating or ameliorating disease stales or conditions which are moduifated through the
degraded protein. In certain embodiments, the therapeutic compositions as described herein may
be used to cffeciuate the degradation and/or inhibition of proteins of interest for the treatment or
amelioration of a disease, ¢.g., cancer.

[0019] In another aspect, the present disclosure provides a method of ubiquitinating/degrading a
target protein in a cell, In certain embodiments, the method comprises administering a bi-
[unctional compound as described hercin comprising an ARB moiety and a E3LB moiety,
preferably linked through a finker moicty, as otherwise described herein, wherein the E3LB

moiety is coupled to the ARB moiety and wherein the E3LB moiety recognizes an E3 ubiquitin
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ligase and the ARB moiety recognizes the target protein such that degradation of the target
protein occurs when the target protein is placed in proximuty to the ubiquitin ligase, thus
resulting in degradation/inhibition of the effects of the target protein and the control of protein
levels. The control of protein levels afforded by the present disclosure provides treatment of a
discase state or condition, which 1s modulated through the target protein by fowering the level of
that protein in the cells of a patient.

[0020] In another aspect, the description provides methods for treating or ameliorating a disease,
disorder or symptom thereof in a subject or a patient, ¢.g., an animal such as a hunan,
comprising administering to a subject in need thercof a pharmaceuiical composition comprising
an effective amount, e.g., a therapeutically effective amount, of a compound as described herein
or pharmaceutically acceplable salt form thereof, and a pharmaceutically acceptable camier,
wherein the composition is effective for treating or ameliorating the discase or disorder or
symptom thereof in the subject.

{0021} In another aspect, the description provides methods for identifying the effects of the
degradation of proteins of interest in a biological system using contpounds according to the
present disclosure.

{0022} The preceding general areas of utility are given by way of example only and are not
intended to be limiting on the scope of the present disclosure and appended claims. Additional
objecls and advantages assoctated with the composttions, methods, and processes of the present
disclosure will be appreciated by one of ordinary skill in the art in Hght of the instant claims,
description, and examples, For example, the various aspects and embodiments of the (nvention
may be utilized in numerous combinations, all of which are expressly contemplated by the

present description. These additional advantages objects and embodiments are expressty
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mcluded within the scope of the present disclosure. The publications and other materials used
herein to lominate the background of the invention, and in particular cases, to provide
additional details respeeting the practice, are incorporated by reference. Where applicable or not
specifically disclaimed, any one of the embodiments described herein are contemplated {o be
able to combine with any other one or more embodiments, even though the enibodiments are

described under different aspects of the disclosure,

BRIEF DESCRIPTION OF THE DRAWINGS

{0023} Fig. | s an immunoblot of certain exemiphified compounds.

DETAILED DESCRIPTION

{0024} The following is a detailed description provided to aid those skilled in the art in
practicing the present invention, Those of ordinary skill in the art may make modifications and
variations o the emboduments described herein without departing from the spirit or scope of the
present disclosure, All publications, patent applications, patents, figures and other references
mentioned herein are expressly incorporated by reference in their entirety.

{0025} The present deseription relates to the surprising and unexpected discovery that an E3
ubiguitin ligase protein can ubiguitinate a target protein, in particular the androgen receptor of &
slice variant of AR which tacks the LBD, labelled as AR-V7, once the E3 ubiquitin ligase protein
and the target protein are brought into proxiniity by a chimeric construct (¢.g., a PROTAC) as
described herein, in which a moiety that binds the E3 ubiquitin higase protein is coupled, e.g.,

covalently, to a molety that binds the androgen receptor target protein. Accordingly, the present
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description provides compounds, compositions comprising the same, and associated methods of
use for ubiquitination and degradation of a chosen larget prolein, e.g., androgen receptor AR-V7.
{0026] In one aspect, the present disciosure provides compounds useful for regulating protein
activity. The composition comprises a ubiquitin pathway protein binding moiety (preferably for
an E3 nbiquitin ligase, alone or in complex with an E2 ubiguitin conjugating enzyme which is
responsible for the transfer of ubiquitin to targeted proteins) according to a defined chemical
structare and a protein targeting moiety which are linked or coupled together, preferably through
a linker, wherein the ubiquitin pathway protein binding moiety recognizes a ubiquitin pathway
protein and the targeting motiety recognizes a target prolein {(e.g., androgen receptor). Such
compounds may be referred to herein as PROTAC compounds or PROTAC S,
{0027} In onc aspect, the PROTACs of the present invention comprise an E3 ubiquitin ligase
binding moigty ("E3LB™), and a moiety that binds a {fargel protein (i.c. a protein/polypeptide
targeting ligand) that is an AR binding moiety (“ARB"”). In this embodinent, the structure of the
bi-functional compound can be depicted as:
ARB-E3LB

where ARB is an AR binding moiety as described herein, and E3LB is an E3 ligase binding
moiety as described herein
j0028] In certain embodiments the bi-functional compound farther comprises a chemieal linker
(“1."). In these embodiments, the structure of the bi-tunctional compounds can be depicted as:

ARB-~L~E3LB
where ARB is an AR binding moiety as described herein, E3LB 1s an E3 ligase binding moiety
as described herein, and L is a chemical linker moiety, e.g., a linker as described herein, or

optionally a bond, that inks the ARB and E3LB moicties.
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{0029} The respective positions of the ARB and E3LB moieties as well as their number as
tHustrated herein 1s provided by way of exampic only and s not inlended to lumit the compounds
it any way. As would be understood by the skilled artisan, the bi-functional conypounds as
described herein can be synthesized such that the mumber and position of the respective
[unctional moicties can be varied as desired. In certain embodiments, the compounds as
described herein comprise multiple E3LB motetics, multiple ARB nioieties, multiple chemical
linkers, or a combination thereof,

{0030} It will be understood that the general structures are exemplary and the respective moieties
can be arranged spatially in any desired order or configuration, ¢.¢., ARB-L-E3LB, and E3LB-
L~ARB, respectively. The E3LB group and ARB group may be covalently linked to the hnker
group through any covalent bond which is appropriate and stabie to the chemistry of the linker.
I wilt be further understood that for all compounds described herein, one or more hydrogen
atoms may be replaced with an equivalent nuntber of deuterium atoms,

{0031} In certain embodiments, the ARB may be selected from the following structures:

{0032] ARB-a:

i1
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R‘i

R‘i

{0033} ARB-b: =8

j0034] ARB-~¢: R! R

{0035] wherein L is the linker in the general formula above;

{0036} A i3 3-7 membered alicyelic with 0-4 heteroatoms or aryl, heteroaryl independently
substituted by 1 or more hale, hydroxyl, nitro, CN, CECH NR'R?, OCH;, OCy.; alkyl
{optionally substituted by 1 or more halo), CH:F, CHFs, CFs, Ci alkyl (linear, branched,
optionally substituied by 1 or more halo, Cis alkoxvl), Cis alkoxyl (linear, branched, optionally
substituted by 1 or more halo), Cas alkenyl, Cas alkynyl, 3-6 membered alicyelic with 0-4
heteroatonts and substituted by 1 or more halo, hydroxyl, nitro, CN, CECH, CF;, Cy alkyt
{lincar, branched, optionally substituted by 1 or more halo, Cig alkoxy), Cie alkoxy (lingar,
branched, optionally substituted by | or more halo), Ca.e alkenyl, or Ca.g alkynyi;

{0037} B is arvl, heteroaryl independently substituted by 1 or more halo, hydroxyl, nitro, CN,

C=CH, NR'R?, OCH3, OC1.3 alkyl (optionally substituted by 1 or more halo), CF3, Ci.¢ alkyl

12
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(linear, branched, optionally substituted by | or more halo, Cie alkoxyl), Cr alkoxyl (lincar,
branched, optionally substituted by | or more halo), Cae atkenyt, Coe alkynyl, 3-6 membered
alicyelic with 0-4 heteroatoms and substitnted by 1 or more halo, hydroxyi, nitro, CN, C=CH,
CF3, Cros alkyl (linear, branched, optionally substituted by 1 or more halo, Cis alkoxy), Crs
alkoxy (linear, branched, optionally substituted by 1 or more halo), Ca.e alkenyl, or Cz alkynyl,
wheren the linker 1. s attached to B; and

j0038} R! are independently H, OH, CONH:, CONR'R?, SONH:, SONR'R?, SO:NHa,
SO-NRR®, NHCO (1.3 alkyl (optionally subsiituted by 1 or more halo), NR*COC .3 alkyl
(optionally substituted by 1 or more halo), NR*SO:Cy.; alkyt (optionally substituted by 1 or more
halo), NR*SOCy.; alkyl (optionally substituted by | or more halo), CN, CECH, NH,, NR°R’,
OCH;s, OCy; alkyl (optionally substituted by | or more halo), CHF», CH:F, CFs, halo, Cie alkyl
{lincar, branched, optionally substituted by | or more halo, Ci. alkoxyl) or, if applicable, taken
together with an R’ on an adjacent bonded atom, together with the atoms they are attached to,
form a 3-6 membered ring alieyclic, aryl, or heteroaryl system containing 0-2 heteroatoms, and
R*, R* is independently H, halo, Cy.s alkyl (optionally substituted by 1 or more F) or taken

together with the atom they are atfached to, form a 3-8 membered ring system containing 0~2

heteroatons.
H1
e N O
{0039} In onc aspect, A is: R’

wherein R is described above.
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=}

{0040} In another aspect, A is: R!

wherein R! is described above and X =C or N.

R! 77{

{0041} In yet another aspect, B is: R

wherein L is the linker as described above, and R is described above.

{0042} In still another aspect, B is: S

wherein L is the linker as described above, and R! is deseribed above.

[0043] Iu yet another aspect, B is: R

14
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wherein L is the linker as described above, and R is described above.

{0044} The hinker group (1.} comprises a chemical structural unit represented by the fornmila:
~Ag~, in which q is an integer greater than 1; and A s independently selected from the group
consisting of a bond, CR¥RY, O, S, SO, SOz, NRY, SO:NRM, SONRY, CONRY,
NRPCONRY, NRMSONRM, CO, CRM=CRE?, CEC SiRMRE, PIORM, P(OYORM,
NRYCENCNINRY, NRPCENCN), NRMC(=CNO2)NRM, Ca cycloaklyl optionally
substituted with 0-6 R and/or R™ groups, and heteroaryl optionally substituted with 0-6 R*
and/or RM groups, wherein RM, R*, R, R* and R™ are each independently selected from the
group consisting of H, halo, Cigalkvl, OCisalkyl, SCis alkyl, NHCgalkyl, N{Uix alkyl}z, o
cycloalkyl, aryl, heteroaryl, Cs.py heterocycelvl, OCq s eyvcloalkyl, SCig cycloalkyl, NHC«
cycloatkyl, N{Ciscyeloatky)2, N(Cyx eycloalkyl X Cigalkyh), OH, NHy, SH, SO:C g alkyl,
POXOC 15 allyl} Crs alkyl), PIOXOC 15 alkyly, CC-Cios alkyl, CCH, CH=CH(Cy5 alkyl), C(Ch-
g alky)=CH(Crs alkyl), C{Cis alkyl=C{Crs alkyl)z, SH{OH ), SiC(galkyl)s, S{OHYCrgalkyl)s,
COCigalkyl, CO:H, CN, CF;, CHFy, CHaF, NO», 8Fs, SO:NHC g alkyl, SO:NHCs atkyl,
SON(C s atkyl)e, SONHC g atkyl, SON{Crgaltkylys, CONHC1.z atkyl, CON(Cy.5 alkylys, N{Cis
atkyDNCONH(C g alkyl), N(Cy.g alkyYCON(Crz alkyl, NHCONH(C g alkyt), NHCON(C5
atkylyz, NHCONHz, N{Ci2alkvl)SONH(C g alkyl}y, N(C .5 alkyl}SO2N(Cy.g alkyl ),
NHSO:NH{Cy.s alkyl), NHSO2N(Cig alkyl)> and NHSO:NHz R and R*? each, independently
can be linked to another A group to form a cycloalklyl and or heterocyelyl moiety that can be
further substituted with 0-4 R™ groups.

{0045} In certain embodinents, the E3LB moiely may be selected from a variety of nioieties,

including the following structures:
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L
F{1
R‘]
0
{0046} E3LB-a: Rt
1
B 0 o /sz*
L N
Nwiany 0O
R‘l
- LY o
{0047 E3LB-b:
- O 0 R4
Rt N/
Nwnan O
Ri
§0048] E3LB-c: R! and
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R?

{0049] E3LB-d: R

{0050} wherein W™ i the above structures, represents a bond that may be stercospecific
{(R) or (3)), or non-stereospecific:

0051} R' is described above;

{0052 R* consists of H, alky! (linear, branched, optionally substituted with R*), OH,
RIOCOOR?, RPOCONRR’, CHa-heterocyclyl optionally substituted with R®, or benzyt
optionally substiluted with R;

§0053] R’ and R are each independently a bond, H, alkyl (linear, branched), cveloalkyl, aryl,
hetaryt heterocyelyl, or -C{=0IR® each of which is optionally substitute; and

{0054 R® includes CONR’R’, OR®, NRR’, SR?, SO:R®, SO:NR*R, CRR”, CRNRR’, arvl,
hetaryl, alkyl (linear, branched, optionally substituied), cycloalkyl, heteroeyclyl, P(O¥ORMIRY,
P(OR’R’, OP(OYORMR’, OP{O)R R, CL, F, Br, I, CF3, CHF:, CH:F, ON, NR*SO:NR°R’,
NRPCONRR’, CONRCOR’, NR*C(=N-CNNR’R’, C{=N-CN}NR°R", NR*C(-N=CN)R’,
NR3C(=C-NO:NR®R’, SO:NR'COR’, NO», CO:R®, C(C=N-OR*)R’, CR’, CR'R7, CCR?,
S{C=0)XC=N-RIR’, SFs, RONRRY, (R*OLR’, or OCF;, where 1 is an integer from 1 to 10

{0055} The E3LB moiety may also be selected from E3LB-e and E3LB-{ as described below:

17
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RS

ZT
4

e

O

0 EEresase

{0056} E31.B-¢: OH
wherein L is the linker previously described; RYis H, a straight chain or branched Cu.s alkyl, Ci6

cycloalkyl, halo, CFHa, CFaH, or CFs; and R? is a H, halo, 4-methylthiazol-5-yim, or oxazol-5-

yi,
Re

H
N

Rﬁ
T .‘ N

0

o
@

= R[{11T

[+ 43

#

{0057} E3LB-{ OH

wherein L is the linker previousty described and R'! are independently optionaliy substituted
atkyl, optionally substituted cycloatkyl, optionally substituted aryl, optionally substituted
arylalkyl, optionally substituted arylalkoxy, optionally substituted heteroaryl, optionally
substitaied heterocyelyl, optionally substituted heterocycelyalkyl wherein the substituents are

atkyl, halogen, or OH.
i8
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{0058] The E3LB moiety may also be selected from E3LB-g, E3LB-h, E3LB-i, E3LB-{, and

E3LB-k as described below:

{0059} ESLB-g:

)13 Ri2
HN o
¢

{0060} E3LB-h:

[R13 [z
HN P
0

19
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{0061} E3LB-i:

(S}
HN "%

H12
H’iS

10062} E3LB-j:

R13 R!Z
HN S
O

j0063} E3LB-k:

R13 RtE
HN )
NH O %
I\ \
Q\'«i’S} & -

R0 N (s &
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wherein L is the linker previousty described;

j0064] R'" are independently optionally substituted alkyl, optionally substituted cycloalkyl,
optionally substituted cycloalkyialkyl, optionally substituted arvialkyl, optionally substituted
arvl, optionally substituted thicalkyl wherein the substituents attached to the S atom of the
thioalkyl are optionally substituted alkyl, optionally substituted branched alkyl, optionally
substituted heteroevelyt, (CH2WCORY, CH:CHRPCOR™ or CHaRY, where v = to 3; RY and
R!® are independently selected from OH, NR*R™, or -OR?; R¥® is -NRP¥R™; R!7 is oplionaily
substituted arvl or optionally substituted heterocvelyl, where the optional substituents include
alkyl and haloger; R'® is hydrogen or oplionally substituted alkyl; R'® is hydrogen, optionally
substituted alkyl, optionally substituted branched alkyl, optionally substituted arvlalkyl,
optionaily substituted heterecyelyl, - CHx(OCH2CH2OWCHs, or & polyamine chain, where w = 1
1o 8; and optional substituents may be OH, halo, or NHa;

{0065] R'* and R*’ are independently hydrogen, optionally substituted alkyl, or optionally
substituted cycloalkyl;

{0066} X isCH2Z N, orO; Y isSorQ;

{0067} D is a bond (direct bond between X and L} or a ring which may be aryl, heteroaryt
independently substituted by 1 or mare halo, hydroxyl, nitre, CN, CECH, NR*R’, OCH;, OC.a
atkyl {optionally substituled by 1 or more halo), CFs, Cis alkyl (Hnear, branched, optionally
substituted by 1 or more halo, Crs atkoxyl), Crs alkoxyl (linear, branched, optionally substituted
by 1 or more halo), Cre alkenyl, Crs alkvayl, 3-6 membered alicyclic with 0-4 heteroatoms and
substituted by 1 or more halo, hydroxyl, nitre, CN, C=CH, CF;, Ci alkyl (fincar, branched,
optionally substiluted by | or more halo, Ci.s alkoxy), Cie alkoxy (linear, branched, optionally

substituted by 1 or more halo), Ca.g alkenyl, or Cas alkynyl, R¥, R? is independently H, halo, Ci
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atkyl {optionally substituted by 1 or more F) or taken together with the atom they are attached to,
form a 3-8 membered ring systom containing -2 heteroatoms; and

{0068 R™ is selected from the group consisting of:

(o -Cyeveloatkylene ° «(CHa), 4 °
2 or Qr or

wherein A is a Ceg aliphatic ring, and B is an aryl or N-containing heteroaryl and optionally

substituted by alkyl or haloalkyl.
{0069} Optionally, E3LB may be selecied from the MDM2 class of E3 ligases represented by
E3LB-1 below.

{0070} E3LB-L

wherein R* is independently arvl or heteroaryl optionally substituted by halogen, mono-, di or
tri- substituted halogen;

{0071} R?' is independently aryl or heteroaryl, optionally substituted by mono-, di- or tri-
substituted halogen, CN, ethynyl, cyclopropyl, methyl, cthyl, isopropyl, methoxy, ethoxy,

tsopropoxy, other (i alkyl, other Cis atkenyt and Cy. alkynyl;
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{0072} R is selected from alkyl, substituted alkyl, alkenyl, substituted alkenyl, substituted
atkynyl, aryl, substituted arvi, heteroaryl, substitited heteroaryl, cycloalkyl, substituted
cycloatkyl, alkenyt and substituted eycloalkenyl;

0073} R** is H, alkyl, aryl, substituted alkyl, cycloalkyl, aryl substituted cycloakyl and alkoxy
substituted cycloalkyl; and

{0074} E is para-substituted aryl, single or multiple N containing heteroaryl optionally
substituted by -OUHjs, -OCH:CH3 and Halogen. L is the linker previousty defined above.

{0075} The E3LB muoiety is inclusive of all cereblon binders such as imnunontodulatory imide
drogs (EMiDs) including thalidomide, pomalidomide, and lenalidomide, and analogs or
derivatives thereof, as well as B3 CRL2Y® compounds, the ceffular inhibitor of apoplosis
protein (JAP), and the mouse doubie minute 2 (MDM2) binders.

{0076} In cerlain embodiments, the compounds as described herein comprise a plurality of E3LB
moieties and/or a plurality of ARB moicties. In certain additional embodiments, the compounds
as described herein comprise muudtiple ARB moieties (targeting the same or different focations of
the AR), multiple E3LB moietics, one or more moieties that bind specifically to another E3
ubiguitin ligase, e.g., VHL, IAP, MDM2, or a contbination thercof. In any of the aspects of
embodimenis described herein, the ARB moisties, E3LB moieties, and other moieties that hind
specifically to another E3 ubiquitin ligase can be coupled directly or via one or more chemical
finkers or a combination thereef. In additional emabediments, where a compound has multiple
moicties that bind specifically to another E3 ubiquitin ligase, the moieties can be for the same E3
ubiquitin ligase or each respective moiety can bind specifically to a different E3 ubiquitin higase.
In those embodiments where a compound has multiple ARB moieties, such moieties may be the

same or, optionally, different.
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{0077} In certain embodiments, where the compound comprises multipic EILB moieties, the
E3L.B moteties are wdentical or, optlionally, difterent. In additional embodiments, the compound
comprising a plurality of E3LB moieties further comprises at least one ARB moiety coupled to a
E3LB moiety directly or via a chemical linker (“L7) or both. In certain additional embodiments,
the compound conmprising a plurality ol £E31.B moieties further comprises multipie ARB
moicties. In still additional embodiments, the ARB motetics are the same or, optionally,
different.

{0078} In certain embaodiments, the compound is selected from the group consisting of the

exemplary compounds as described below, and salls and polvmorphs thereof:

2-(2,3-difluoro-6-(2-morpholinothiazol-4-

Example 1 §
:g vhphenoxy-N-{6-((2-(2,6-dioxopiperidin-3-

£ o

F 8}

\@(\)\E{WN S yl}-1.3-dioxoisoindolin-4-
N =
Le

RN
ylyaminohexylacetamide
Example 2 8 2.2 3-diftuoro-6-(2-morpholinothiazol-4-
S_Kx J‘j . ey i . . . . . g
‘ 0 3\¥ ¥ yhiphenoxy -N-(8-((2-(2,6-dioxopiperidin-3-
o
:\(/,{_\\/ “,)\ NN \/\V\R v/‘\\//\—‘{} A . i ) .
ol x }«.;..v. N R yl}-1,3-dioxoiseindolin-4-
\“ “\\‘-‘.N i} RS
yhaminooctyl Jacetamide
Example 3 &1 22, 3-diftoore-6-(2-morpholinothiazol-4-
#H \—\
\3=i 3
: a y \} ., 1 yhiphenoxy)-N~(10-{{2-(2 6-dioxopiperidin-3-
F \,(;.\\ RN \/’\‘ T TN e TN 'r\’\,’: \/\\-"'
AN e & vl}-1,3-dioxoisoindolin-4-
S

yhamine)decylacetamide
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Example 4 - _53 2-(2,3-diftuoro-6-(2-morpholinothiazol-d-
a— 3
N $ . . ¢ - ey sy - .
. ° . G\}_:\{"’ yliphenoxy-N-{2-(2-(2-({2-(2,6-
Pt O e B g B AL E . S
‘“*/gi\r-’\r N » dioxopiperidin-3-yi)-1,3-dioxaisoindolin-4-
® yljaminejethoxy)ethoxy)ethyl yacetamide
Example 5 s | 2-(2,3-diflucro-6-(2-morpholinothiazol-4-
- a
AP ° Dphenoxy)-N-2-2-(2-{2-(22,6
A L0y yDphenoxy b N=(2-(2+(2-(2-((2-(2,6~
F = OA\/N\\/H\O/‘“‘-\/O\_/\“DA\/N | = =0
F S dioxopiperidin-3-v1)-1,3-diexoisoindolin-4-
vlYamino)ethoxy)ethoxy)ethoxylethylacetami
de
Example 6 &1 2-(2,3-difluoro-6-(2-morpholinothiazoi-4-

yliphenoxy)-N-( 14-((2-(2 6-dioxopiperidin-3-

vl}-1,3-dioxoisoindolin-4-yljanunoe-3,6,9,12-
tetraoxatetradecylacetamide
Example 7 08 " 2-(2,3-dithioro-6-(2-morpholinothiazol-4-
8]
N ) 7‘
{ {0 o Oi_ J:' ! vhphenoxy }-N-{6-(2-((2-(2,6-dioxopiperidin-
o= = 0 \)L [ R W P N \r/\o E
Sy " o F 3-yI)-1,3-dioxoisoindolin-4-
yvloxylacetanudohexyliacetamide
Example 8 | 3 2-(2,3~diftuoro-6-(2-morpholinothiazol-4-

yvphenoxy -N-(8-(2-((2-(2,6-dioxopiperidin-
3-yl¥-1,3~dioxoisoindolin-4-

yhoxylacetamido)octyhacetamide
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Example 9

2+(2 3-diftaoro-6-(2~morpholinothiazol-d-
yliphenoxy-N-{10-(2-({2-(2,6-
dioxopiperidin-3-yi)-1,3-dioxaisoindolin-4-

ylyoxyjacetamido)decyl)acetamide

Example 10 | ©

NH
8]

\
N

o= i o

Example {1

o]
)L e O
N 8]
H

s
[#]
A

5
\N__<\
4 N

LN

“"H
N 0
14

2-(2,3-difluoro-6-(2-morpholinothiazoi-4-
yhphenoxy pN-{2-(2-(2-{2-{(2-(2,6~
dioxopiperidin-3-v1)-1,3-diexoisoindolin-4-
vloxyjacetamidejethoxy)ethoxyiethylyaceta

mide

2-(2,3-difluoro-6-(2-morpholinothiazoi-4-
yhphenoxy }-N-(1-((2~(2,6~dioxopiperidin-3-
yl}-1,3-dioxoisoindolin-4-yljoxv)-2-oxo-
6,9, 1 2-trioxa-3-azatetradecan- 1 4~

ylyacetanude

Example 12 | Q

Ao (20202402 3-difluoro-6-(2~
morpholinothiazol-4-
vl)phenoxyethoxylethoxylethyllamino)-2-
(2,6-diwxopiperidin-3~yhisoindoline~1,3-

dione

Example 13

A (24224202, 3-difluoTo-6-( 2~
morpholinothiazol-4-

vliphenoxyethoxylethoxylethoxylethylamin
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0)32+(2,6-dioxopiperidin-3-yijsoindoline- 1,3~

dione

Example 14§ %
SN

-
il o

N
LN oL - R R N
H

g ST e
O._\_ _/N —(i:_ir
Example 15 N
P e
& ::iw
\J\
g 51 Wt
. oMo
\)L H TN
F ¢} e N '
N - N
N H/‘"'\\/\Or = A
8]
L N b OH

NA(14-(2,3-diluoro~-6-2-niorpholinethiazol-
4-yliphenoxy)-3,6.9,12-tetraoxatetradecyl)-2-
{{2-(2,6-dioxopiperidin-3-y1}-1,3-

dioxoiseindolin-d-yl)oxylacetamide

{28, 4R¥-1-{(S)-2-(4-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-
yliphenoxylacetamidobutanamido)-3,3-
dimethylbutanoyh-4-hydroxy-N-((S)-1-(4-(4-
methyithiazol-5-yhphenybethyhpyrrolidine-

2-carboxamide

Example 16

-8 -
P2
~LA N o
* H Sy

|
IL§.. N O Ny

ML

¢
3

"T-‘

HN
p IO \,‘rE)

T,. N \“a..m\\“_w\\w_.-“\\r. N \Tf,flj\ N -

(28 AR 1-((S)-2-(5-(2(2,3-difluoro-6-(2~
morpholinothiazol-4-

vl)phenoxy)acetamido)pentanamide)-3,3-

A
1

F ) 0 /T\ & ¢ dimethylbatanoyh-4-hydroxy-N-{{S)~ 1 «{4-{4-
OH
methykhiazol-3-vhphenvliethylpyrrolidine-
2~carboxamide
Example 17 AN (28, 4R-1-{(5)-2-(6-(2-(2,3-difluoro-6-(2-
;S H_?:
\ﬁ"\ morpholinothiazol-4-
N \J\
=3 — 5

Y -
oo
AN H\‘_;D

O

& #L’\Y P o — N N
F

e
g S
:f R e "N -~
YO
M
»
G

yliphenoxylacetamidoYhexanamido)-3,3-

dimethylbutanoyh-4-hydrox y-N-((S)-1-(4-(4-
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methylthiazol-S-yiphenyhethyhpyrrolidine-

2-carboxanude

Example 1§ {28 4AR)-1-({5)-2-(7-(2-(2,3-difluoro-6-( 2~
morpholinothiazol-4-

vlyphenoxyjacetamidoyheptanamido)-3,3-

-
i I_ dimethylbutanoyh-4-hydroxy-N-{((S)-1 -(4-(4~
methyithiazol-S-yhphenyhethylpyrrolidine-
2-carboxamide
Example 19 (Nm/ {28,4R}-1-((S)-2-€2-(3-(2-(2,3-difluoro-6-(2-
S’t} morpholinothiazol-4-
; o » G' Hbj\ 0 yhiphenoxyjacetamidojpropoxylacetamido)-
' T\\L\[\G \NJL ﬁfj:“\ © ,-\g, " \\ll\ "f? o 33-dimethylbutanoyl)-4-hydroxy-N~((S)-1-
} L 5\> S T o {4-(d-methyithiazol-5-
yliphenyllethylipyrrolidine-2-carboxamide
Example 20 <,.“ el {28,4R)-1({S)-2-{tert-butyl)~14-{2 3~

Q diftuoro-6~(2-morpholinothiazol-4-

F - =9 | yl)phenoxy)-4,13-dioxo-6.9-dioxa-3,12-
F = | O\AH/\JO\/\O/WN;.%W ~
N o o G A * 1 diazatetradecanoyl)-4-hydrox y-N-({8)1 (4~
LN on

{4-methyithiazol-5-

yhphenyhethylpyrrolidine-2~carboxaniide
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Example 21 F o g 1 28, 4R J~1 (S )-2-(8~(2 3-difluoro-6-(2-
?\\ :\—\\:\:ﬁ,ﬁ\‘.A.»v\\’_,.v-*'\,\,_,.ow\,\.“_‘_)i\,‘ N *“\:‘;\\ ‘ o
N N AL NS morpholinothiazol-4-
§3 Q}_.‘“ # ;Q ,.-"‘>§J N '~§.§-’ IS,
e ) \ ﬁ.su’;" Yo | vhphenoxyloctanamido)-3,3-
¢ dimethylbutanoyi-4-hydroxy-N-((S)-1-(4-(4-
W ‘-..'_1
& /\ methylthiazoi-5-vhphenvhethylpyrrolidine-
N
2-carboxamide
Example 22 MO Lo p P ESARNALS)-3((4-(2-42,3-ditluoro-6-2-
Ny \NI:.I-"I‘J N;\“L"J
FL ] é 1 morphotinothiazol-4-
&%J\r M (E HI\LI'.-I:;\G
N *a"‘\nfN‘J"“\-""‘H"' N~ \T“"*L yliphenoxyjacctamidoybutylamino}-1-(4-(4-
A & R B
& R : , , ,
5-4 e methyithiazol-5-vhphenvh-3-oxopropyi)-1-

N_x Y yupheny PYOp)

o {{S)-2~(1-fluorocyclopropane-1-
carboxamido)-3,3-dimethyibutanoyl }-4-
hydroxypyirolidine~-2-carboxamide

Example 23 HO \4( 0 r i (2SARN-{(S)-3-((6-(2-(2,3-diflucro-6-(2-
H 15 ., %\_\7
I at holinothiazol-4
WY nothiazol-4-

)j[F ) f\m.’;?‘o o morpholinothiazo

o NW = R . . . . . . .

N Oﬁg ¥ k(i . yliphenoxy jacetando Yhex vhamino)-1-(4-(4-
,\n,’.f‘ -'.N A \'ﬁ"\b

54 AN . - \ :

LN ’ methylthiazol-5-vhphenvi)-3-oxopropyi)-1-

N

Q)

{{S)2~{ I-fluorocyciopropane-1-
carboxamido)-3,3-dimethylbutanoyl}-4-
hydroxypyrrolidine~2-carboxamide
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Example 24 (" )

{S)-14(S)-2~cyclohexyl-2+((S)-2-
{(methylamino)propanamidoacetyl)-N-({8)-1-
{(2-(2-(2-(2,3-difluoro-6-(2~
morpholinothiazol-4-
yliphenoxyethoxylethoxylethyhamino)-1-
0x0-3,3-diphenylpropan-2-ylipyrrolidine-2-

carboxamide

Example 25 &

{S)~1<{({8)-2~cyeclohexyl-2+((8)-2-
(methylaminopropanamidojacetyl)-N-({S)-1-
{(4-(2-(2,3-difluoro-6-(2-morpholinothiazol-
4-ylphenoxylacetamido ybutyl jamino)-1-oxo-
3,3-diphenyipropan-2-vhpyrrohidine-2-

carboxamide

Example 26

(S3-1-((S)-2-cyclohexvl-2-({8)-2-
{methylaminoe jpropanamido)acetyl)-N~((8)-1~
((6-(2-(2,3-dilNuoro-6-(2-morpholinothiazol-
4-yliphenoxy)lacetamidoyhexylDamino}-1-oxo-
3 3~diphenyipropan-2-yipyrrolidine-2-

carboxamide
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Example 27

(2R,35,4R,58})-3-(3-chloro~2-fluorophenyl}-4-
{4-chioro-2-flucrophenyl }-4-cyano-N-{(4-{{2-
{2-(2-(2,3~diltuoro-6-( 2-morpholinothiazol-4~
yliphenoxyjethoxyjethoxyjethyl)carbamoyl)-
2-methoxyphenyl)-5-neopentyipyrrolidine-2-

carboxamide

Example 28 o1 1 (ER35,4R,58)-3-(3-chloro-2-luorophenyl }-4-
o N
B PN, NI N . ey . v
X 5 Y "+ {4-chioro-2-fluorophenyl}~4-cyvano-N-(4-({4-
- A ) A
‘-:v‘_.- o M s :. 3,:\ :\ - -
N 5\“‘«"‘% 1 {2A23-diflnoro-0-(2-morpholinothiazol-4-
Y 3 ¥ *
L . vliphenoxyacetamido)butyl)carbamovl)-2-
methoxyphenyl}-5-neopentylpyrrohidine-2~
carboxamide

Example 29

{2R,35,4R,58)-3-(3-chloro-2-flucrophenyl }-4-
{4-chloro-2~fluorophenyl}-4-cvano-N-(4-((6-
(2-(2,3-difluoro-6-(2-morphohinothiazoi-4-
yliphenoxyacetamidoYhesylcarbamoyt)-2-
methoxyphenyl)-5-neopentyipyrrolidine-2-~

carboxamide
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Example 30 o ?
[.f§§r_.eu.‘ N P '\.\“__J j\«. NM
N
PN RN N &
N ROy
. )
¢ 5 “““ Hw\;
/ 4
\ \\\\ 0 HO F kl

o

N-(5(((8) 1-((2S AR )-d-hydroxy-2-(((S )1 -(4~
{(4-methyithiazol-35-
vliphenvljethylcarbamovtpyrrolidin-yi)-
3,3-dimethyi-  -oxobutan-2-yljanino}-5-
oxopentyl)-2-morpholinobenzof dithiazole-4-

carboxamide

Example 31

N-{6-((S)-2-{(S)-1-((S)-2-cyclohexyl-2-((S)-
2.
(methylaminopropanamido)acetyi)pyrrolidin
e-2-carboxanido)-3,3-
diphenyipropanamidohexyl}-2~

morpholinobenzo|d]|thiazole-4-carboxamide

Example 32

NA6~((2-(2,6-dioxopiperidin-3-yl}-1,3~

G
>\~~NH
\ 2:::(“‘1 7
- ((.0 dioxoisoindolin-4-ylyaminohexyvl)-1-(2-
. ok e i e . C . )
s\ NL " 1 ) morpholinothiazol-4-yl)~ 1 H-imidazole-4-
_,.\_N»-"l\l::N A= \T[“‘N\’Af\\w“-’\\fﬂ\EA N
g\) ¢ carboxamide
Example 33 0\}~~~NH 2, 5-dibromo-N-(6~({2-(2,6-dioxopiperidin-3-
."'\J\ g:::(} ‘
" ({o yl}-1,3-dioxoisoindohin-4-yljaminothexyl}-1-
Br
3 SENEN L "
S\B N H ~ ﬂ (2~morpholinothiazol-4-yi)-1 Hamidazole-4-
N N N
N; Br (Z M

carboxamide
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Example 34 + 9 A-((10~amuinodecylyaminoe }-2-(2,6~
\ Y
M“{N,\ © } . dioxopiperidin-3-yhiscindoline-1,3-dione
o :::%:::5\ h} B T T NH .
. I hydrochloride

[0079] 1 one aspect, the disclosure provides compeunds of formula (1):

which is referred to as Androgen Receptor Binder-Linker-E3 Ligase Binder (1)

EXAMPLES

{0080} Unless otherwise noted, starting neaterials, reagents, and solvents were obtained from
commercial suppliers {¢.g. Acros Organics, Sigma-Aldrich, Alfa Aesar, Fluorochem, and Merck)
and were used without further puritfication. Reactions were routinely monitored by thin-tayer
chromatography (TLC) performed on silica gel 60 Fass (fayer 0.2 mm) pre-coated aluminium foil
{with fluorescent indicator UV234} (Sigma-Aldrich). Developed plates were air-dried and
visuahized under UV hight (254363 nm) or by using KMnQ: or ninhydrin solutions. Flash
column chromatography was performed on Merek silica gel 60 (mesh 230-400),

'H NMR and *C NMR spectra were recorded at room lemperature at 400 and 101 MHz,
respectively, on a Bruker Avance 400 spectrometer by using TMS or residual solvent peak as
infernal standard. Chemical shilts are reporied in ppni (3} and the coupling constants (J) are
given in Hertz (Hz). Peak multiphicities are abbreviated as folfow: s (singlet), bs (broad singlet),
d {doubiet), dd {double doublet), t (triplet), dt (double triplet), q {quartet), p {(pentet), and m

(naudtiplet).

33



WO 2020/160295 PCT/US2020/015922

{0081} High-Resolution Mass Spectroscopy (HRMS) spectra were registered on Agilent
Technelogies 6540 UHD Accurate Mass Q-TOF LU-MS system. The purity of all final
compounds that were evaluated in biological assays was assessed as »95%, using LC-MS. The
analyses were carried out according to the method listed below. The mobile phase was a mixture
of water (solvent A) and acetonitniie (solvent B}, both contatning lormic acid at 0.1%, Method:
Acquity UPLC BEH C18 1.7 pm (C18, 150 x 2.1 num) column at 40° C using a How rate of 0.65
mi/min in 8 10 min gradient elution. Gradient elution was as follows: 99.5:0.5 (A/B} to 5:95
{A/B) over 8 min, 5:95 (A/B) for 2 min, and then reversion back to 99.5:0.5 (A/B) over 0.1 min,
The UV detection is an averaged signal from wavelength of 190 am to 640 nm and mass spectra
are recorded on a mass specirometer using positive mode electro spray omization. The chenical
names were generated using ChemBioDraw 12,0 from CambridgeSoft.

{0082} Compounds described herein may be synthesized as described herein, using modified

methods described herein or by methods known to a person of skill in the art.

{0083} Chemistry abbreviations:

[0084] ACN, acetonitrile; AcOH, acetic acid; AcOK, potassium acetate; Boc, fert-
butoxycarbonyl; CD;0D, denterated methanol; CDCl;, deuterated chioroform; DCE,
dichloroethane; DCM, dichloromethane; DEE, diethyl cther; DIAD, diisopropyl
azodicarboxylate: DIPEA, N, N -diisopreopylethylamine; DMA, dimethylacetamide; DMF,
dimethylormamide;, DMSO, dimethylsulfoxide; DMSO-ds, deuterated dimethylsuifoxide; EA,
ethyl acetaie; h, hour; EDC, 1-Ethyl-3-(3-dimethylaminopropyl)carboditmide; EtyN,
triethylamine; HATU, 2-(7-Aza-1 H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium

hexafluorophosphate; min, minutes; HOBY, -hydroxybenzotriazole; HRMS, high-resolution
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mass spectroscopy; MeOH, methanol; NMR, nuclear magnetic resonance; Bu, ferf-butyl; THF,
tetrahydroforan; TLC, thin-layer chromatography; TMS, tetramethylsilane; PE, petroleum ether;

rt, room iemperature.

{0085} Chemical Synthesis

{0086} Compounds of general formula (1) may be prepared by the general synthetic approaches
described below (General Scheme 1 and 2), together with synthelic methods known in the art of
organic chemistry. In all methods, it 1s well-understood that protecting groups for sensitive or
reactive groups may be cmployed where necessary in accordance with general principles of
chemistry. Protecting groups are manipulated according to standard methods of organic svathesis
{T. W. Green and P, G. M. Wats {1999} Protective Groups in Organic Synthesis, 3' edition, John
Wiley & Sons). These groups are removed at a convenient stage of the compound syathesis using
methods that are readily apparent to those skilled in the art, The selection of processes as well as
the reaction conditions and order of their execution shall be consistenl with the preparation of

compounds of Formuta (1),

{0087} General Scheme 1:

GER—{ EILB

ARE F—RG,
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{0088} General Scheme 2:

ARB: Androgen Receptor (AR) Binder; E3LB: E3 Ligase Binder,

{0089} Scheme 1. Sym:hesis of ARB-1 nwoiety:

5

N
OH ' OH BN
““““““““““““ (‘LrBr L\..«‘?
P;.r DM, i, o O GOE. refux. 14h reﬂux 14h O EA refiux 240 0 E0H reftu, 45

\

A c Br
E 3 0 F 0
F ; OH &) F N G
B-“vu\em " Ovlkofa“ HC! \/JJ\OH
i S\}‘N\_ﬁ_f 2 rt 1°h \>"N\_,_/O dinxane. i, 16h i g)lN\__ﬂ/O
ARB-1 D £

{0090} 2.3-Diflnorophenyl acetate (A).

[0091} The titled compound can be prepared according to the process described by Huifang Li e
al. J. Med, Chem. 2014, 57, 64538-6467. Acetyl chioride (commercially available from, for
example, Fluorochem) (6.01 mL, 6.63 g, 84.35 mmol) was slowly added at rt to a stirred solution
of 2,3-difluorophenol (commercially available from. for example, Fluorochem) (10.0 g, 76.87
mmol) and pyridine (6.83 mL, 6.68 g, 84.55 mmol) in dry DCM (60.0 mL). After 2 h, the
nmixture was diloted with 2N HCH (60 mL) and the agueous layer was separated and exiracted
with DCM (30 mLx3). The reunited organic phases were washed with brine (20 mLx2), dried
over anhydrous NaxSQ, and concentrated under reduced pressurce to afford the titled compound
(13.26 g, 99% vield) as a colorless oil. "H NMR (400 MHz, CDCl): § 7.16-7.03 (m, 2H), 6.99-

6.83 (m, 1H), 2.37 (s, 3H); ¥C NMR (101 MHz, CDCl3): 8 167.96, 151.26 (dd, J = 10.9, 2494
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Hz), 143.29 (dd, J = 14.3, 251.5 Hz), 139.55 (dd, J=2.3, 10.1 Hz), {123.36 (dd, /= 5.0, 7.9 Hz),

118.78 (d, /= 3.5 Ha), 114.71(d, J= 17.3 Ha), 20.44.

{0092} 1-(3.4-Difluoro-2-hydroxyphenylethan-1-one (B).

[0093} The titled compound can be prepared according to the process described by Gomtsyan,
Arthur R, ef al. PCT Int. Appl. WO2010043401. AlLCEH (1.55 g, 11.62 mnwol) was added under
nitrogen at 0 °C 1n small portions o a stired solution of 2,3-diflucrophenyl acetate (A) (2.00 g,
11.62 mmol) in DCE (3.0 mL). After addition was completed, the mixture was refluxed for 14 L.
Aller cooling at rt, the solvent was evaporated and the residue diluted with DCM (20 mb), 2N
HCI (10 mL) was added, and the nuxture was stirred for 20 min. Organic phase was separated,
the water extracted with DCM (10 mLx2), and the reunited organic phases were dried over
anhydrous Na:SOq and concentered under reduced pressure to give the titled compound {1.95 g,
97% vield) as a brownish solid. 'H NMR (400 MHz, CDCL): § 12.59 (d, J = 1.4 Hz, 1H), 7.55
(ddd, J=2.3,5.5,9.1 Hz, 1H), 6.86-6.63 (m, 1H), 2.65 (s, 3H); PC NMR (101 MHz, CDCLl): &
203.66, 157.02, 1534.88 (dd, /=9.7, 2579 Hz), 139.98 (dd, /= 13.7, 249.7 Hz), 12592 {dd. ./ =

4.5, 10.0 Hz), 117.77, 107.24 (d, J = 18.7 Hz), 26.78.

{0094} 2-Brome-1-(34-difluoro-2-hydroxvphenyhethan-I-one (C).

[0095] The titled compound can be prepared according to the process described by Huifang Li ef
al. J. Med, Chem. 2014, 57, 6458-6467, A solution of 1-(3 4-diflucro-2-hydroxyphenyl)ethan-1-
one (B) (1.95 g, 11.33 mmol) in EA (40.0 mL} was added dropwise at 1t to a stirred suspension
of CuBr:(3.03 g, 13.39 mmot} in EA {40 mL). After 24 h of reflux, the mixture was allowed to

cool al rt, filtered over Celite, and the filtrate evaporated to dryness, The crude residue was
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purified by flash column clwonmatography on Si02 (PE/EA, 95:3) to give the titled conmpound
(1.55 g, 69% yield) as yellow solid. 'H NMR (400 MHz, CDCh): 8 12.10-11.84 (m, 1H), 7.58
(ddd, J=122,5.4,8.9 Hz, 1H), 6.93-6.65 (m, 1H), 2.65 (s, 2H) ; "C NMR {101 MHz, CDCL): §
196,41, 155.36 (dd, J= 9.7, 259.7 Hz), 154.11 (dd, /= 5.6, 9.6 Hz), 140.29 (dd, /= 13.9,251.0

Hz), 125.92 (dd, J= 4.6, 10.1 Hz), 115.13, 107.90 (d, /= 19.1 Hz), 29.31.

[0096] 2.3-Diflnoro-6-(2-merpholinethiazel-4-yhphenol (ARB-1).

{0097} The titled compound can be prepared according to the process described by Huifang Li ef
al. J. Med. Chem. 2014, 57, 6458-6467. Morpholine-4-carbothioamide (commercially available
from, for example, Fluorochem) (0.330 g, 2.26 mmol) was added in small portions to a stirred
solution of compound 2-bromo-1-(3,4-ditluoro-2-hydroxyphenyilethan-1-one {(C} (0.568 g, 2.26
mmol) in absolule EtOH (10 ml) at 0 °C, When addition was compieted, the mixture was
refluxed for 4 h, After cooling at rt, the mixture was evaporated to dryness and NaHCO;
saturated solution (20 ml.) was added to pH &. The agueous phase was extracted with EA (10
mix3), the reunited organic phases were dried over anhydrous NaxSO4 and concentered under
reduced pressure to give a solid which was tritured with DEE and filtered alTording the titled
compound (0.590 g, 87% vield) as a light-vellow solid. 'H NMR (400 MHz, CDCh): 8 12.43 (s,

1H), 7.24 (ddd, J = 2.3, 5.6, 8.5 Hz, 1H), 6.76 (s, 1H), 6.66 (td, /= 7.2, 9.3 Hz, 1H), 4.00-3.84

Hz), 148.09, 147.25-146.05 (m), 140.72 (dd, J = 14.2, 244.7 Hz), 119.63 (dd, J = 4.5, 8.7 Hz),

115,71, 106.97 (d, J= 18.4 Hz), 100.25 (d. /= 1.7 Hz), 65.90 (2C), 48.31 (20).



WO 2020/160295 PCT/US2020/015922

{0098] Ters-butyl 2-(2,3-difluoro-6-{2-morpholinothiazol-d-yl}phenoxy)acetate (D).

{0099} Terr-butyl bromoacetate (commercially available from, tor example, Sigma-Aldrich}
(0.434 mL, 0.575 g, 2.95 mmol) was added to a stirred suspension ol 2 3-ditluoro-6-(2~
morpholinothiazol-4-yiiphenol {(ARB-1) (0.800 g, 2.68 numol) and KoCO5 (0.927 g, 6.71 mmol).
The suspension was stirred for 18 h at rt, filtered, and the filirate evaporated to drvness. Residue
was purified by flash column chromatography on SiO: (PE/EA, 95:5 to 90:10) to afford the titled
compound (0.800 g, 73% vield) as a yvellow solid. 'H NMR (400 MHz, CDCls): § 7.92 (ddd, J =
2.3,6.2,8.8 Hz, 1H), 7.68 (s, 1H), 7.10-6.87 (m, 1H), 4.67 (d, J= 1.7 Hz, 2H}, 4.00-3.79 (i,
4H), 3.68-3.47 (m, 4H), 1.53 (s, 9H); “C NMR (101 MHz, CDCh): 8 169.77, 167.40, 150.32
(dd, J= 11,8, 249.8 Hz), 145.30, 144.64-144.23 (m), 143.98 (dd, /= 14,4, 246.]1 Hz), 124.35,
124,04 (dd, /=39, 7.8 Hz), 111.42 (d, /= 17.0 Hz), 107.71, 82.55, 70.00 {d, /= 7.5 Hz), 66.22

(2C), 48.61 (2C), 28.09 (3C).

{0100] 2-(2,3-Difluoro-6-2-morpholinothiazol-4-yhphenoxy)acetic acid (E).

{0101} A solution of 4N HCH in dioxane (13 mL) was added to tert-butyl 2-(2 3~difluoro-6-(2-
morpholinothiazol-4-yiphenoxy)acetate (D) (0.780 g, 1.89 mmol) and the resuliing suspension
was stirred at rt for 16h. The solvent was evaporated o dryness and the residue was fritured with
DEE. The solids were collected by filtration and dned under vacuo to afford the titled compound
(0.672 g, 91% yield)as light-yellow solid. 'H NMR (400 MHz, CDs0OD): § 7.48 (ddd, J = 2.3,
5.7, 8.1 Hz, 1H), 7.27 (s, 1H), 7.18 (td, J=7.5,9.2 Hz, 1H), 5.01 (d, /= 1.5 Hz, 2H}, 4.02-3.86
(ny, 4H3, 3.86-3.67 (m, 4H); C NMR (101 MHz, CD:0D): § 171.72, 169.44, 152.57 (dd, J =

11.6, 252.2 Hz), 144.55 (4, /= 1.7 Hz), 143.30 (dd, /= 15.0, 248.0 Hz}, 136.41 (d, /= 13.3 Ha},
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124,82 (dd, J=3.9, 8.6 Hz), 118,47, 111.66 (d, J=18.2 Hz), 106.15, 69.24 {d, /= 9.0 Hz),

65.05 (2C), 49.17 (2C).

{0102} Scheme 2. Synthesis of pomalidomide-based E3LB-1 moiety and linker connection:

AcOK HN- X SR

IHPEA, dry THE 70° C, 2-Bh

N HQN

HO) H AcOH, 890°C, overnight

BOCHN 'X‘
‘g\/: digxang, 1t, 16h

= (CHE)G L X= (CHQ}&
G X ={(CHy)s M X = {CHy)s

A= {CHE)‘iO NX= (CHz}m (Exampie 34}
I X = CH;CH{OCHCHz)n 0 X = CHCHx{OCHCHo)e
Jd X= CHQCHQ{QGHQCHE)g PX= CHgCHg(OCHgCHg)g
KX= CHQCHQ(DCH2CH2}4 QX= CHchg{OCHQCH2}4

{0103} 2-(2,6-Dioxepiperidin-3-yi}-4-fluoreisoindoline-1,3-dione (E3LB-1).

{0104} The titied compound can be prepared according to the process described by Bradner
James ef af. PCT Int. Appl, WO2016/105518. A mixture of 3-fluorophthalic anhydride
{commercially availlable from, for example, Fluorochem) (1.00 g, 6.02 mmol}, 3-
aminopiperidine~-2,6-dione hydrochloride (commercially available from, for example,
Fluorochem) (1.09 g, 6.62 mmol), and potassium acetate (1.83 g, 18.66 mmol) in AcOH (20 mL)
was stirred at 90 °C overnight. After cooling to rt, the black reaction mixture was poured in ice-
water yielding a brown solid which was filtered and purified by flash column chromatography on

SO (PE/EA, 4:6) to afford the titled compound as a white solid (1.22 g, 73% vield). 'H NMR
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(400 MHz, DMSO-ds): 8 11.16 (s, 1H), 8.03-7.89 (m, 1H), 7.80 (d, /= 7.3 Hz, [H), 7.74 (t, J =
8.9 Hz, 1H), 5.17 (&, J= 12.8, 5.4 Hz, 1H), 3.00-2.81 (m, 1H), 2.71-2.53 (m, 2H), 2.13-1.99 (m,
1H): BC NMR (101 MHz, DMSO-ds): 8 173.19, 170.14, 166.55 (d, J= 2.9 Hz), 164.42, 15725
(d, J=262.3 Hz), 138.51 (d, J= 7.9 Hz), 133.90 (d, J= 1.3 Hz), 123.46 (d, J= 19.6 Hz), 120.50

(d, /=33 Hz), 117.48 (d, J= 12.6 Hz), 49.54, 31.36, 22.30.

[0105] General Procedure I: Nucleophilic substitution on fluorothalidomide.

[0106] Tert-butvl (6-((2-(2,0-dioxopiperidin-3-v1)-1,3-dioxcisoindolin-4-
yiyamino)hexyliearbamate (F).

{0107} The titled compound can be prepared according to the process described by Ishoey, M. et
al. ACS Chem. Biol, 2018, 13, 553-560. Under nitrogen atmosphere, a mixture of 2+(2,6~
dioxopiperidin-3-y1)-4-thuoroisoindoline-1,3-dione (E3LB-1) (0.050 g, 0.181 nunol, 1.0 equiv),
tert-butyl (6-aminohexyljcarbamate (commereially available from, for example, Fluorochem)
(0.043 g, 0.199 mmol, 1.1 equiv), and DIPEA (0.061 mL, 0.362 mmol, 2.0 equiv) in dry THF
(2.0 mL) was reacted at 70° C for 4h (in this case, the reaction was performed in a pressore tube).
After cooling to 1t, the solvent was cvaporated to dryness and the crude residue was purified by
flash celomn chromatography on Si0: (DCM/Acetone, ¥:2) to give a fluorescent yellow solid
(0,040 g, 47% yield). "H NMR (400 MHz, CDCh): 8 8.35 (bs, 1H), 7.50 (1. J= 8.0 Hz, 1H),
7.1 (d, J= 8.0 Ha, 1H), 6.90 (d, /= 8.0 Hz, 1H), 6.25 (bs, 1H), 4.95 (dd, /= &.0 and 16 Hz,
iH), 4.55 (bs, 1H), 3.25 (t,/ = 8.0 Hz, 2H), 3.15-3.10 {m, 2H), 2.95-2.70 (m, 3H), 2.20-2.10 (m,
1H3, 1.70-1.60 (m, 2ZH), 1.55-1.35 (m, 15H); YC NMR (101 MHz, CDCh): & 171.16, 169.52,
168.45, 167.64, 156.02, 146.97, 136,13, 132,49, 116.64, 111,41, 109,87, 79.15, 42.55, 40.45,

31.42,30.02, 29.15, 28.43 (3C), 26.62, 26.47, 22 81,
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{0108] Terr-butyl (8-((2-(2,6-dioxopiperidin-3-yi}-1,3-dioxoiseindolin-4-
yvlyaminojoctybhearbamate (G).

[0109] The titled compound can be prepared according to the process deseribed by Remitlard,
D. et al. Angew. Chem. Int. Ed. Engl 2017, 56, 5738-5743. General Procedure 1 (2h) was
ollowed by using 2-(2,6-dioxopiperidin-3-yi)-4-fluoroisoindoline-1,3-dione (E31LB-1) (0.15 g,
1.543 mmotl), tert-butyl (8-aminooctylycarbamate (0.146 g, 0.597 mmol), and DIPEA (0.18 mi,,
1.086 mmol) in NMP (5.0 mL) to afford the titled compound as [Juorescent yellow solid (0.103
2, 39% yield) following purification by flash column chromatography on Si0: (DCM/MeOH
98:23. '"H NMR (400 MHz, CDCh): 8.05 (bs, 1H), 7.52(dd, /= 8.4 Hz, 1H), 7.1} (d. /= 7.1 Hz,
1H), 6.90(d, /=85 Hz, 1H), 6.25 (bs, 1H), 4.94 (dd, /= 12.1 and 5.3 Hz, 1H), 4.55 (bs, 1H),
3.28(t, J=6.9 Hz, 2H), 3.19-3.01 {m, 2H), 2.99-2.66 {m, 3H), 2.20-2.12 (m, 1H), 1.78-1.54 (m,

6H), 1.53-1.40 (m, 141, 1.38-1.31 (m, 1H).

{0110} Tert-butyl (10-((2-(2,6-dioxopiperidin-3-yb-1,3-dioxeisoindolin-4-
yhamino)deeylycarbamate (H).

f0111] General Procedure [{10h) was lollowed by using 2-(2,6-dioxopiperidin-3-yl}-4-
fluoroisoindobine-1,3-dione (E3LB-1}(0.20 g, 0.724 mmol), tert-butyl (10-
antinodecyDearbamate (0.217 g, 0.796 mmol), and DIPEA (0.25 mL, 1.448 mmol} in dry DMF
(4.0 mlL) to afford the titled compound as flnorescent yellow [ilm (0.122 g, 34% yicld) following
purification by flash columa chromatography on S8iO; (DCM/Acetone 9:1), TH NMR (400 MHz,
CDCl): 8 8.36 (bs, 1H), 7.50 (dd, J = 8.3, 7.3 Hz, 1H), 7.09(d, /= 7.1 Hz, IH), 689 (d, J=R.6
Hz, 1H), 6.25 (t, /=585 Hz, 1H), 493 (dd, J= 12.0, 5.4 Hz, 1H), 456 (s, I H), 3.27 (dd, /= 12.8,

6.9 Hz, 2H), 3.16-3.03 (m, 2H), 2.94-2.68 {m, 3H), 2.17-2.07 (m, 1H), 1.72-1.59 (m, 2H), 1.52-
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1.38 (m, 11H), 1.36-1.24 (m, 12H); “C NMR (101 MHz, CDCl3): § 171.17, 169.52, 168.46,
167.66, 155.99, 147.03, 136.10, 132.50, 116.65, 111.33, 109.80, 79.04, 48.86, 42.63, 40.62.

31.42, 30.05, 29.39 (2C), 29.23 (2C), 28.44 (3C), 26.89, 26,77, 22.81 (2C).

{0112} Teri-butyl {(14-((2-(2,6-dioxopiperidin-3-yI)-1,3-dioxoisoindolin-4-yl)amine)-3,6,9,12-
tetraoxatetradecyl}ycarbamate {I).

[0113] The titled compound can be prepared according to the process described by Remiliard,
D. et al. dngew. Chem, Int. Ed. Engl. 2017, 56, 5738-5743. General Procedure 1{2h) was
followed by using 2-(2,6-dioxopiperidin-3-yi)-4-fluorcisoindoline-1,3-dione (E3LB-1) (0. 150 g,
€.597 mmotl), rerr-butyl (2-(2-(2-aminoethoxylethoxylethycarbamate (0.134 g, mmol), and
DIPEA (8.18 mL, 0,108 mmol} in NMP (2.0 mL) to afford the titled compound as fluorescent
yellow fitm (0.040 g, 14% yicld) following double purification by flash column chromatography
on Si0: (first: DOM/MeOH 98:2; second: PE/EA 6:4). 'H NMR (400 MHz, CDCls): 8.33 (s,
IHY, 7.52 (dd, J= 8.5, 7.2 Hz, 1H), 713 (d, /= 7.0 Hg, |H), 6.94 (d, J= 8.5 He, 1H), 5.09 (s,
1H), 4.96 (5, 1H), 3.75 (1. J= 5.3 Hz, 2H}, 3.72-3.63 (m, 4H), 3.59 (t, J=35.2 Hz, 2H), 3.50 (1, /
=352 Hz, 2H), 3.37- 3.30 {m, 2H), 2.93- 2,70 {m, 3H), 2.18-2.11 (m, /=92, 4.2 Hz, 1H), 1.45
{s, 9H); 13C NMR (101 MHz, CDCl3}: 6 170.97, 169.31, 168.32, 167.59, 1536.08, 146,80,
136.06, 132,55, 116,71, 11171, 11041, 7931, 70.80, 70.38, 70.15, 69.36, 48.89, 42.33, 40.41,

31.40, 28.42 (3C), 22.88.
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[0114] Tert-butyl {2-Q2-(2-(2-((2-(2,6-dioxopiperidin-3-vi)-1 3-dioxeisoindolin-4-
vlyamino)ethoxy)ethoxy)ethoxyjethyhearbamate (J).

[0115] The titled compound can be prepared according to the process described by Peng, L. et
al. ACS Med. Chem. Lert. 2019, 10, 767-772. General Procedure 1 (4h) was [oliowed by using 2-
{2,6-dioxopiperidin-3-yl)-d-fluoroisoindoline-1,3-dione (E3LB-1) {0.250 g, 0.905 mmol), teri-
butyl (2-(2-(2-(2-aminocthoxy ethoxylethoxyiethyljcarbamate (0.291 g, 0.995 mmol), and
DIPEA (6.31 mi., 1.810 mmol} in dry DMF (4.0 ml.) to afford the titled compound as
fluorescent yellow film (0,085 g, 15% yield) following purification by [lash column
chromatography on Si0: (DCM/MeOH 98:2). 'H NMR (400 MHz, CDCLY: § 8.61 (s, 1H), 7.52-
7.43 (m, 1H), 7.15-7.06 (m, 1H), 6.92(d,J = 8.6 Hz, 1H), 6.52-6.46 (m, 1H), 5.08 (s, 1H), 4.93
{dd, J=11.8 and 5.4 Hz, 1H), 3.73(t,.J = 5.2 Hz, 2H), 3.70-3.39 (m, J = 18.3, 4.8 Hz, 8H), 3.58-
3,51 (my, 2EHD), 3.51-3.42 (m, 2H), 3.37-3.23 (m, 2H), 2.93-2.65 (m, 3H), 2.15-2.07 (m, 1H), 1.44
{s, 9H); *C NMR (101 MBz, CDCI3%: 8 171.38, 169.29, 168.56, 167.64, 156.05, 146.82, 136.03,
132.51,116.78, 111.64, 110.29,79.22, 70.73, 70.60, 70.59, 70.21, 70.18, 69.50, 48.87, 42.37,

40.34, 31.43, 28,42 (33, 22,78,

{0116} Ter-butyl (14-((2-(2.6-dioxopiperidin-3-vI)-1,3-dioxeisoindolin-4-yl}amino}-3,6,9,12-
tetraoxatetradecyljcarbamate (K).

[0117] General Procedare {10h) was followed by using 2-(2,6-dioxopiperidin-3-yl)-4-
fluoroisoindoline-1,3-dione (E3LB-1) (0.223 ¢, 0.814 mmol), rert-butyl {14-aminoe-3,6,9,12-
tetraoxatetradec-1-yl)carbamate (0.301 g, 0.896 mmol}, and DIPEA (0.28 mL, 1.629 mmol} in
dry DMF (4.0 mL} to afford the titled compound as vellow film (0.060 g, 13% vield) following

purification by flash column chromatography on Si02 (DCM/MeOH 98:5). 'H NMR (400 MHz,
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CDCla): 8 8.27 (bs, 1H), 7.58-7.42 (m, 1H), 7.13 (d, J= 7.1 Hz, 1H), 6.94 (4, J= 8.5 Hz, 1H),
6.52 (bs, 1H), 5.11 (bs, 1H), 4.93 (dd, J= 5.3, 12.0 Hz, 1H), 3.85-3.43 (m, 183, 3.32 (s, 2H},
2.89.2.63 (m, 3H), 2.26-2.06 (m, 1H), 1.46 (s, 9H); C NMR (101 MHz, CDCly): § 171.00,

169.24, 168.30, 167.59, 156.03, 146.85, 136.05, 132.52, 116.78, 111,67, 110.31, 79.19, 70.79,

70.66, 70.539 (4C), 70.45, 70.28, 69.47, 48.86, 42,40, 31.42, 28.44 (3C), 22.83.

{0118} General Procedure H: Amine Boc-deprotection.

[0119] 4-((6-Aminohexyl}amino)-2-(2,6-dioxopiperidin-3-vl)isoindoline-1,3-dione
hydrochloride (L).

{0120} A solution of 4N HC in dioxane (2.0 mL) was added to rert-butyl (6-((2-(2,6~
dioxopiperidin-3-yly-1,3-dioxoisoindolin-4-yDaminohexyljearbamate (Fy (0.10 g, 0.212 mmol,
1.0 equiv) and the resulting selution was stitved at rt for 16h. The solvent was evaporated to
dryness and the residue was tritured with DEE, collected by filtration, and dried under vacuo to
aftord the titled compound as yellow sohid (0.084 g, 97% yield), which was used in the
successive step without further puarification. 'H NMR {400 MHz, CD;QDY): § 7.61-7.49 {(m, 1H),
7.13-7.01 (m, 2H), 5.08 (dd, /=54, 12.3 Hz, [H), 3.38 (1, J = 7.0 Hz, 2H), 3.00-2.90 {m, 2H),

2.90-2.68 (m, 3HD), 2.18-2.05 (m, 1M, 1.87-1.65 (m, 4H), 1.65-1.38 (m, 4H).

{0121} 4-((8-AminooctyDamino)-2-(2,6-diexeopiperidin-3-yhisoindoline-1,3-dione
hydrochloride (M).

[0122} General Procedure H (16h) was followed by using fert-butyl (8-((2-(2,6-dicxopiperidin-
3-yh)-1,3-dioxoisoindolin-4-yHamino)octylcarbamate (G} (0.093 g, 0.189 mmol} and 4N HCl in

dioxane (1.7 mL) to afford the titled compound as yelow solid (0.080 g, 96% yield). 'H NMR
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(400 MHz, MeOD): § 7.62-7.46 (m, 1H), 7.14-6.92 (m, 2H), 5.08 (dd, J= 5.5, 12.5 Hz, 1H),
336 (t, J = 6.9 Hz, 2H), 2.99-2.90 (m, 2H), 2.90-2.66 (m, 3H), 2.17-2.09 (m, 1H), 1.81-1.61 (m,

4H). 1.61-1.40 (m, H).

[0123] 4-((10-Aminodecyl)amine)-2-(2,6-dioxopiperidin-3-yhisoindoline-1,3-dione
hydrochloride (N) (Example 34).

{0124} General Procedure H (16h) was followed by using fert-butyl {(10-((2-(2,6-dioxopiperidin-
3-yi)-1,3-dioxoiscindolin-4-vhamino)decylycarbamate (H) (0.079 g, 0,149 numol) and 4N HCl in
dioxane (1.0 mL) to afford the iitled compound as yellow solid (0.052 g, 75% vield). '"H NMR
(400 MHz, MeOD): 6 7.57 (dd, /= 8.3, 7.4 Hz, 1H), 7.09-7.03 (m, 2H}, 53.08 (dd, /=127, 5.4
Hz, 1H), 2.96-2.67 (m, 5H), 2.19-2.07 (m, 1H), 1.74-1.61 {m, 4H), 1.51-1.35 (m, 14H). HRMS

(ES1) mz [M+HP caled for CaaH3aNOs 429.24963, found 429.2497,

{0125] 4-((2-(2-(2-Aminoethoxy)ethoxy)ethyDamino)-2-(2,6-dioxopiperidin-3-
yl)isoindeline-1,3-dione hydrochloride (O).

0126} General Procedure [ {16h) was followed by using fert-butyl (14-({2-(2,6-dioxopiperidin-
3-vi)-1,3-dioxoisoindolin-4-yl)amino)-3,6,9,12-tetraoxatetradecyl yearbamate (1) (0.040 g, 0.079
mmely and 4N HCI in dioxane (0.5 mL) to afford the titled compound as yellow solid (0.022 g,
3% yield). "H NMR (400 MHz, MeOD): 5 7.59 (dd, J= 8.6, 7.1 He, 1H). 7.11 (dd, J = 10.6, 7.8
Hz, 2H), 3.08 (dd, /= 12.6, 5.5 Hz, 1H}, 3.80-3.66 (m, 8H), 3,55 (t, /= 3.1 Hz, 2H), 3.18-3.08

{ny, 2H}, 2.95-2.64 (m, 3H), 2.22-2.08 {m, 1H).
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[0127] 4-({2-2-(2~(2-Aminoethoxy)ethoxy)ethoxy)ethyhamino)-2-(2,6-dioxopiperidin-3-
vljisoindoline-1,3-dione hydrochloride (P).

j0128] General Procedure H {16h) was followed by using fert-butyl (2-(2+42-(2-((2+(2,6~
dioxopiperidin-3-yl)-1,3-dioxoisoindelin-4-ylanunoyethoxyiethoxy)iethoxyiethvlyearbanate ()
(0.075 g, 0.137 mmol) and 4N HCH in dioxane (0.8 mL)} to afford the titled compound as yellow
solid (0.035 g, §3% yield). '"H NMR (400 MHz, McODY: 8§ 7.59 (dd, /= 8.6 and 7.1 Hz, 1H),
7.11(dd, J = 12.5 and 7.9 Hz, 2H), 5.08 (dd, /= 12.4 and 5.5 Hz, 1H), 3.80-3.63 (m, 12H}, 3.54

(t.J= 5.2 Hz, 2H), 3.21-3.07 {m, 3H), 2.97-2.65 (m, 3H), 2.19-2.08 (m, [H).

j0129] 4-((14-Amino-3,6,9.12-tetraoxatetradecyllamino}-2-(2,6-dioxopiperidin-3-
vl}isoindoline-1,3-dione hydrochloride (Q).

{0130} General Procedure H (3h) was followed by using fert-butyl (14-((2-(2,6-dioxopiperidin-
3-yi)-1,3-dioxoiseindolin-4-yhamino)-3,6,9,12-tetraox atetradecyl yearbamate (K} (0.060 g, 0,101
mmol} and 4N HCL 1 dioxane (1.6 mi) to afford the titled compound as yellow solid (0.050 g,
94% yield), 'H NMR (400 MHz, MeQD): § 7.58 {t,.J = 7.7 Hz, 1H), 7.30-6.86 (m, 2H), 5.08 (dd,
J=35.35,12.3 Hz, 1H), 3.86-3.58 {m, 16H), 3.58-3.41 (m, 2H), 3.19-3.05 {m, 2H), 2.88-2.64 (n,

3H), 2.21-1.98 {(m, 1H).
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{0131} Scheme 3. Synthesis of Examples 1-6:

O
NH

FaN o 0

HCI N 0

3 0 N 0 o
' N
F 0 , )
L, el
/7N HATU, DIPEA, dry DMF, rf, 18h

N
Ny Q
\S>‘\,J

Example 1 X = (CHzlg

Example 2 X = {CH3)s

Example 3 X = (CHshp

Example 4X= CHchE(DCHECHz}Z
Example § X = CHCH{QCHCH»)5
Example 6 X= CHQCHz(OCHZCH2)4

{0132} General proceduare 11}: HATU-mediated amidation reaction,

{0133} 2-(2.3-Difluoro-6-(2-morpholinothiazol-d-vhphenoxy)-V-(6-{((2~(2,6-dioxopiperidin-
3-yh)-1,3-dioxoisoindolin-4-yhamino)hexyvhacetamide (Example 1).

{0134] In an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred solation of
2-(2,3-diflvoro-6-(2-morpholinothiazol-4-yphenoxylacetic acid (E) (0.048 g, 0.122 mmol, 1.0
equiv), 4-((6-aminohexyliamino)-2-(2,6-dioxopiperidin-3-yliisoindoline-1,3-dione hydrochloride
(L) (0.050 g, 0.122 mmol, 1.0 equiv), and DIPEA (0.083 mi, 0.489 mmol, 4.0 cquiv) in dry
DMF (3.0 mL) was added HATU (0.058 g, 0.153 mmel, 1.25 equiv). Stirring was continued at 1t
for 16h. The reaction mixture was diluted with waler (30 mL} and extracted with EA (15 mLx3).
The reunited organic lavers were washed with water (20 mL.x3), brine (20 mLx3), dried over
arthydrous Na:SO: and then concentrated under reduced pressure to give a crude residue, which
was purified by flash column chromatography on SiO: (DCM/Acetone/MeQOH, 90:10:0 to

£9:10:1) affording a yellow solid (0.015 g, 18% yield). 'H NMR (400 MHz, CDCh): 6 8.09 (s,
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TH). 7.63-7.56 (m, 1H), 7.56-7.48 (m, 1H), 7.11 (d, J= 7.0 Hz. 1H), 7.05 (s, 1H), 7.04-6.96 {m,
1H), 6.93 (s, 1H), 6.90 (d, J = 8.5 Hz, 1H), 6.25 (s, 1H), 4.93 (dd, J = 5.3, 11.9 Hz, 11}, 4.60 (s,
2H), 3.89-3.78 (m, 4H), 3.64-3.51 (m, 4H), 3.36 (g, /= 6.8 Hz, 2H), 3.33-3.26 (m, 2H), 2.97-
2.68 (m, 3H), 2.18-2.11 (m, 1H), 1.79-1.35 (m, 8H); BC NMR (101 MHz, CDCh): & 170.87,
170,74, 169.50, 168.25, 167.92, 167.59, 150.76 (dd, J = 11,6, 251.4 Hz), 146.96, 146.37 —
146.09 (m), 144.62 (dd, J= 1.5, 9.1 Hz), 144,15 (dd, /= 14.0, 247.3 Hz), 136.15, 13248,
125.04, 124.53 (dd, J= 4.0, 7.8 Hz), 116.63, 112.43 (d, J= 17.2 Hx), 111.46, 109.90, 105.96,
72,42 (d,J = 4.9 Hz), 66.11 (2C), 48.87, 48.62 (2C). 42.52, 38.95, 31.41, 29.42, 26.13, 26.62,

26.55, 22.82. HRMS (ESH m/z [M+H}+ caled for CraHasFaNgOS 711.2407, found 711.2412.

{0135} 2-(2,3-Difluoro-6-(Z-morpholinothiazol-4-yhphenoxv)-N-(8-{((2-(2,6-dioxopiperidin-
3-yh)-1,3-dioxoisoindolin-4-vhaminojoctyl)acetamide (Example 2).

j0136] General Procedure HI was followed by using 2-(2,3-difluoro-6-(2-morpholinothiazol-4-
vhphenoxylacetic acid (E) (€.02 g, 3.056 mmol}, 4-({S-aminococtylyamino-2-(2,6-
dioxopiperidin-3-yvhisoindohine-1,3-dione hydrochloride (M) (0.024 g, 0.056 mmol), DIPEA
(0.03 mL, 0.224 mmet), and HATU (0.027 g, 0.70 mumol) in dry DMF (1.0 mL) to afford the
titied compound as yellow sohid (0.016 g, 30% yield) lollowing purilication by flash colunmn
chromatography on Si0:2 (DCM/MeOH, 99:1 10 96:4) followed by further HPLC purification
{Agilent Techunologies 1200; column, Eclipse XDB-U18 4.6 x 150 mm (5 ym); Bow rate, 1.0
mL/min; DAD 190-650 nm; isocratic cluent, ACN/H>Q 70:30). 'H NMR (400 MHz, CDCl): &
8.14 (s, 1H), 7.64-7.55 (m, 1H), 7.55-7.45 (m, 1H), 7.11 (d, /= 7.1 Hz, 1H), 7.04 (s, 1H), 7.04-
6.97 (m, 1H), 6.93 (s, 1H), 6.90 (d, /= 8.6 Hz, 1H), 6.25 (s, 1H}, 5.02-4.86 {(m, 1H}, 4.60 (s,

2H), 3.97-3.76 (m, 4H), 3.64-3.48 (m, 4H), 3.34 {q, ./ = 6.8 Hz, 2H), 3.28 (g, J = 6.6 Hz, 2H),
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2.99-2.67 (m, 3H), 2.21-2.08 (m, 1H), 1.81-1.31 (m, 12H): ¥C NMR (161 MHz, CDCls): 8
170.90, 170.71, 169.50, 168.28, 167.88, 167.61, 150.78 (dd, J = 10.5, 249.5 Hz), 147.01, 146.45
« 145.86 (m), 144.63 (d, J=10.5 Hz), 144.14 (dd, /= 14.0, 247.4 Hz), 136.12, 132.49, 124.99,
124.52 (dd, J = 3.8, 7.8 Hz), 116.63, 11241 (d, /= 17.2 Hz), 111.39, 109,86, 105.96, 72.41 (d, J
= 5.1 Hz), 66.11 (20), 48.86, 48.62 (2C), 42.59, 39.10, 31.42, 29.45, 29.14, 29.12, 29.11, 26.78,

26,72, 22.84. HRMS (ESI) mz [M+H} caled for CasHaoF2NeO-S 739.27200, found 739.27369,

0137} 2-(2,3-Difluoroe-6-2-morpholinothiazol-4-yhHphenoxy)-V-(10-((2-¢2,6-
dioxopiperidin-3-vl)-1,3-dioxeisoindolin-4-yvhHamino)decylacetamide (Example 3).

0138} General Procedure [ was followed by using 2-(2,3-difluoro-6-(2-morpholinothiazoi-4-
yhphenoxylacetic acid {(E} (0.04 g, 0.086 mmol), 4~({10-aminodecyamino }-2~(2,6-
dioxopiperidin-3-vl)isoindoline-1,3-dione hydrochleride (N} (.04 g, 0.086 mamol), DIPEA (.05
n:k, .44 mmol) and HATU (0,041 g, 0.107 mmol} in dry DMF (2.0 mL} to afford the titled
compound as vellow solid (0.026 g, 39% yield) following purification by fash column
chromatography on SiQ2 (DCM/Acetone, 95:5 to §5:15). 'H NMR (400 MHz, CDCl3): 8 8.16 (s,
THY 7.61(ddd, J=8.4, 6.0, 2.1 Hz, 1H), 7.55.747 (m, |H), 7.10 (d,.J = 7.1 Hz, |H), 7.06 -6.95
{m, 2H), 6.94 (s, 1H), 6.90(d, J =~ 8.5 He, 1H), 6.25 ¢t, J= 5.6 Hz, 1H), 493 (dd, J=12.1,5.3
Hz, 1H), 4.59 (s, 2H), 3.93-3.78 (m, 4H), 3.59-3.50 (in, 4H), 3.38-3.23 (m, 4H), 2.97-2.69 (m,
3H), 2.20-2.08 {(m, 1H), 1.74-1.64 {(m, 2H), 1.59-1.48 (m, 2H), 1.47-1.39 (m, 2H), 1.37-1.29 {m,
10H); *C NMR (101 MHz, CDChL); 8 170,97, 170.79, 169.51, 168,32, 167.89, 167.65, 150.71
(dd, /= 251.9, 10.9 Hz), 147.04, 146.51-146.34 (m), 144.21 {(dd, J=247.4, 14.0 Hz), 144.63 (d,
J=160.7 Hz), 136.12, 132,49, 125.32-125.17 (m), 124,50 (dd, /= 7.8, 4.0 Hz), 116.66, 112.45 (d,

J=17.1 Hz}, 111.36, 109.82, 106.06, 72.43 (d. J = 5.1 Hz), 66.14 (2C), 48.86, 48.57 (2C),
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42,65, 39.15,31.43,29.49, 29.39(2C), 29.25,29.22, 29.21, 26.90, 26.84, 22 83. HRMS (ESI)

'z [MAH P caled for CigHaaFaNgOS 767.303360, found 767.30327.

{0139} 2-(2.3-Difluoro-6-(2-morpholinothiazol-4-vhphenoxy)-V-(2-(2-(2-{((2-(2,6-
dioxepiperidin-3-yi}-1.3-dioxoisoindolin-4-yhamino)ethoxy)ethoxy)ethyDacetamide
{Example 4).

{0140} General Procedure HI was followed by using 2-(2,3-difluoro-6-(2-morpholinothiazoi-4-
yhphenoxylacetic acid (E) (6.018 g, 0.049 nunol}, 4-((2-(2-(2-
aminoethoxylethoxylethylyamino}-2-(2.6-dioxopiperidin-3-yi)isoindoline-1,3-dione

hydrochloride (O} (0.022 g

o=

£1.049 mmot), DIPEA (0.034 mL, 0.199 mmol) and HATU (0,024 ¢,
0.062 mmotl} in dry DMF (1.0 mL) to afTord the titled compound as yellow solid (4.5 mg, 12%
yield) following purification by flash column chrematography on SiOz (DCM/MeQOH, 97:3)
followed by HPLC purification (Agient Tecnologics 1200; column, Eclipse XDB-C18 4.6 x 150
mm (5 um); flow rale, 0.8 mL/min; DAD 190-650 nm; tsocratic elueat, ACN/HO 70:30). 'H
NMR {400 MHz, CDCL): § 8.44 (bs, 1H), 7.64 (1, /= 6.5 Hz, 1H), 7.46 (t,./= 7.8 Hz, 1H), 7.36
(bs, 1H), 7.09 (d, /= 7.1 Hz, H), 7.05-6.95 (m, 2H), 6.83 (d, J= 8.5 Hz, 1H}, 6.51 (bs, 1H),
4.98-4.85 (my, 18}, 4.56 (s, 2H), 3.93-3.80 (m, 4H), 3.77-3.64 (m, 8H}, 3.62-3.51 {m, 6H), 3.45-
3.34 (m, 2H), 2.96-2.66 {m, 3H}, 2.20-2.05 (m, I H}, HRMS (ESI) sz [M+H]+ caled for

CsaH3aF2NsOs8 743.23053, found 743.23191.
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j0141] 2-(2,3-Difluoro-6-(2-morpholinothiazol-4-yhphenoxv)-N-(2-(2-(2-(2-{(2-(2,6~
dioxopiperidin-3-yli)}-1,3-dioxoisoindolin-4-yHamine)ethoxy)ethoxy)ethoxylethyvljacetamide
{(Example 5).

{0142} General Procedure HI was followed by using 2-(2.3-difluore-6-(2-morpholinothiazol-4-
yhiphenoxv)acetic acid (E} (0.027 g, 0.076 nymol), 4-((2-(2-(2-(2-
aminoethoxylethoxyethoxyyethybamino }-2-(2,6-dioxopiperidin-3-yliisoindoline-1,3~dione
hyvdrochloride (P} (0.037 g, 0.076 mmol), DIPEA (0.053 mL, 0.305 mmol) and HATU (0.036 g,
0.095 mmol) in dry DMF (1.0 mL) to afford the titied compound as veltow selid (0,041 g, 69%
yield) following purification by fash celumn chromaiography en SiO: (BCM/MeOH, 98:2). 'H
NMR (400 MHz, CDChL): 8 8.31 (s, 1H), 7.66 (1, /= 6.6 Hz, 1H), 7.50 (1. /=78 Hz, 1H). 7.12
{d,/=17.1 Hz, 1H), 7.09-6.96 (m, 3H), 6.91 (d, J=8.5 Hz, 1H), 6.48 (1, /=4.8 Hz, 1H), 4.92
{dd, J= 53, 11.9 Hz, 1H), 4.56 (s, 2H), 3.97-3.81 {m, 6H}, 3.81-3.22 (my, I18H), 3.07-2.58 (m,
3H), 2.16-2.06 (m, 1H); PC NMR (101 MHz, CDCL): § 171,00, 170.63, 169.24, 168.30, 168.05,
167.58, 1530.54 {(dd, /= 11.4, 251.2 Hz), 146,79, 146.23-145.77 (m), 144.52 (d, /= 9.3 Hz),
144.29 (dd, J=13.9, 247.2 Hz), 136.02, 132,51, 125.28, 12443, 116.72, 112.33 (d, /= 17.0 Hz),
111,66, 11030, 106.35, 72.26 {d, J = 4.6 Hz), 70.77, 70.64, 70.60, 70.37, 69,58, 69.42, 66.14
{2C), 48.86, 48.56 (2C), 42.37, 38.88, 31.42, 22.82. HRMS (ESE sz [M+H]+ calced for

CagHaoF2NeOiaS 787.25673, found 787.25712,
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{0143} 2-(2,3-Difluoro-6-(2-morpholinothiazol-4-y)phenoxy)-N-(14-((2-(2,6~
dioxopiperidin-3-y1)-1,3-dioxoisoindolin-4-yHamino)-3.6,9,12-tetraoxatetradecyl}acetamide
{(Example 6).

{0144} General Procedure HI was followed by using 2-(2.3-difluore-6-(2-morpholinothiazol-4-
yvhiphenoxv)acetic acid (E} (0.031 g, 0.087 mymel), 4-(( 14-aniino-3,6.9,12-

tetraoxatetradecyl Jamina}-2-(2 6~dioxopiperidin-3-yHisoindohine~ 1, 3-dione hydrochloride (Q)
{0.036 g, 0.087 mumol}, DIPEA (0.06 mL, 0.348 mumol) and HATU (0.041 g, €.108 mmol) in dry
DMF (1.0 mL} to afford the titled compound as yellow solid (0.03 g, 42% vield) following
purification by flash columa chromategraphy on SiO2 (BCM/MeOH, 98:2). 'H NMR (400 MHz,
CDCLY: 0 837 (s, 1H), 7.67 (ddd, J= 2.2, 6.0, 8.7 Hz, 1H), 7.53-7.47 (m, 1H), 7.39-7.32 {m,
IHY, 7.12(d, J="7.1 Hz, 1H), 7.05 {3, 1H), 7.04-6.96 (m, 1H), 6.92 {d, /= 8.6 Hz, 1H), 6.50(t, J
= 5.4 Hz, 1H), 4.94-4.85 (m, 1H), 4.56 (s, 2H), 3.92-3.80 (m, 4H), 3.71 {, /= 5.4 Hz, 2H)}, 3.69-
3,50 (m, 16H), 3.54-3.50 (m, 4H), 3.46 (q, J = 5.4 Hz, 2H), 2.92-2,65 (m, 3H), 2.17-2.09 (m,
1) PCNMR (101 MHz, CDCly): 8 171.09 (d, /= 2.8 Hz), 170.60, 169.22, 168.38, 168.00,
167.57, 150,49 {dd, /= 11.4, 250.9 Hz), 146.81, 145.99, 144.52 (d, J=9.5 Hz), 144.30 {dd. /=
14.0,247.3 Hz), 136.02, 132,51, 125.38, 124.41 {dd, /= 4.1, 7.7 Hz), 116.74, 112.50 {d, J = 17.1
Hz), 111,64, 110.29, 106.44, 72.22 (d, J= 4,7 Hz), 70.75, 70.63, 70.59, 70.53, 70.43, 70,39,
69,07, 69.41, 66.15 (2C), 48.84, 48.52 (2C), 42,37, 38.86, 31.39, 22 82. HRMS (ESI) mz

[M+H 3+ caled for CiasMasFaNeOn S 831.28296, found 831.28447.
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{0145} Scheme 4. Synthesis of thalidomide-based E3LB-2 niotety and linker connection,
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AD X = CHoCHA{OCH,CH,)

{0146} 2-(2,6-Dioxopiperidin-3-yl)-4-hydroxyisoindoline-1,3-dione {R).

{0147} The titled compound can be prepared according to the process described by Remittard,
D. et al. Angew. Chem. Int. Ed. Engl 2017, 536, 5738-5743. The solution of 3-hydroxyphthalic
anhydride (0.50 g, 3.05 mmol) and 3-aminopiperidine-2,6-dione hydrochloride {0.50 g, 3.03
numol} in pyridine (12.0 ml) was stirred at 110 °C overnight. After cooling, the mixture was
cooled to rt and concentrated under reduced pressure. The crude was purilied by flash column
chromatography on 810 (DCM/MeOH, 93:5) 1o give the titled compound as light-yeltow solid
(0.7 g, 84% yield). "H NMR (400 MHz, DMSO-ds): & 11.16 (bs, 1H), 7.66 (dd, J= 8.2 and 7.3

Hz, 1H), 7.32 (d,J=7.1 Hz, 1H), 7.26 (d, /= 8.4 Hz, 1H), 5.08 (dd, /= 12.8 and 5.4 Hz, 1H),
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2.99-2.81 (m, 1H), 2.69-2.53 (m, 2H), 2.12-1.95 (m, 1H): BC NMR (101 MHz, DMSO-ds): &
173.27, 170.48, 167.48, 166.27. 155.95, 136.84, 133.60, 124.02, 114.81, 114.73, 49.09, 31.42,

22,49,

{0148} Teri-butyl 2-((2-(2,6-dioxopiperidin-3-v1)-1,3-dioxeisoindolin-4-yhoxy)acetate (S).
{0149] The titled compound can be prepared according to the process described by Remillard,
D. et al. dngew. Chem. Int. Ed. Engl 2017, 56, 5738-5743. To the solution of 2-(2,6-
dioxopiperidin-3-yl)-4-hydroxyisoindoline-1,3-dione (R) (0.50 g, 1.82 mmol} in dry DMF (4.0
mL} were added KoCO; (0,37 g, 2.73 mmol) and fert-butyl bromoacetate (0.27 mL, 1.82 mmol}.
The mixture was stirred ai rt for 2 h, Then, it was poured in ice~-water vielding a precipitale
which was filtered and purified by flash column chromatography on SiO: (PE/EA, 6:4) to afford
the titled compound as light-yeliow solid (0.258 g, 42% yield). "H NMR (400 MHz, CDCl3): §
8.37 (bs, 1H), 7.67 (t,J = 7.9 Hz, 1H), 7.51 (d,J=7.3 Hz, 1H), 7.1} (d. J = 8.4 Hz, 1H), 4.99
(dd, /= 11.8 and 5.4 Hz, 1H), 4.80 (s, 2H), 2.95-2.71 {m, 3H), 2.19-2.06 (m, 1H), 1.49 s, OH});
BCNMR (101 MHz, CDCl1): 8 171.09, 168.02, 166.88, 166,84, 165,46, 155.50, 136.29, 133.90,

11975, 117.56, 116.90, 83.12, 77.37,77.05, 70.73, 66.52, 49.17, 31.38, 28.03 (3(), 22.57.

{0150} 2-((2-(2,6-Dioxopiperidin-3-yh-1,3-dioxoisoindolin-4-yl}oxy)acetic acid (E3ILB-2).
[0151] The titled compound can be prepared according to the process described by Remiliard,
D. et al. Angew. Chem. Int. Ed. Engl 2017, 56, 3738-3743, Tert-butyl 2-((2~(2,6-dioxopiperidin~
3-yi)-1,3-dioxoiscindolin-4-yhoxylacetaie (S) (1.75 g, 4.51 mmol} was dissolved in 4N HCl in
dioxane (15 mi, 0.1M) and stirred at rt overnight. The solvent was evaporated under reduced

pressure and the crude residue was tritured with DEE affording the titted compound as white

L
LA
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solid (1.26 g, 84% yield). 'H NMR (400 MHz, DMSO-de): § 13.25 (s, 1H), 11.12 (s, tH), 7.87-
7.73 {m, 1H), 748 (d, /= 7.2 Hg, |H), 7.40 (d, /= 8.6 Hz, 1H), 5.11 (dd, /= 12.7 and 5.4 Hz,
1H), 5.00 (s, 2H), 2.96-2.82 {m, 1H), 2.72-2.54 (m, 2H), 2.11-1.98 (m, 1H); "C NMR (101
MHz, DMSO-ds): 0 173.27, 170,39, 16998, 167.21, 165,64, 155.60, 137.23, 133.72, 120.33,

116,78, 116.23, 65.44, 49.25, 31,41, 22.43.

{0152} General procedure I'V: HATU-mediated amidation reaction.

[0153] Tert-butyl (6-(2-((2-(2,6-dioxopiperidin-3-yl}-1, 3-dioxoiseindolin-4-
yvloxyiacetamidopexylycarbamate (1),

{0154} The titled compound can be prepared according to the process described by Bradner, 1. ef
al. U.S, Pat, Appl. Publ,, US20160176916. In an oven-dried round-bottom flask, under nitrogen
atnzosphere, to a stirred solution of 2-((2-(2,6-dioxopiperidin-3-yi)-1,3-dioxoisoindelin-4-
yhoxy)acetic acid (E3LB-2) (0.020 g, 0.060 mnzol, 1.0 equiv), fert-butyl (6-
aminohexyljcarbamate (0.014 g, 0.066 mmol, 1.1 equiv), and DIPEA (0.02 mi, 6.120 mmol, 2.0
equiv) in dry THF (1.5 mL) was added HATU (0.027 g, 0.072 mmol, 1.20 equiv). Stirring was
continued at rt gvernight. The reaction mixture was evaporated {o dryness ad the crude residue
was purified by flash column chromatography on SiO: (DCM/Aceione, 6:4) to give the titled
compound as white solid (0.02 g, 62% yield). "H NMR (400 MHz, CDCLY: § 8.80 (s, 1H), 7.77
(dd, J = 8.4, 7.4 Hz, 1H), 7.58 (d, J = 7.3 Hz, 1H), 7.51-7.44 (m, 1H), 7.22 (d, /= 8.3 He, 1H),
5.01 {(dd, /=12.3, 5.5 Hz, 1H), 4.66 (s, 2H), 3.52-3.29 (m, 2H), 3.23-3.02 (m, J = 18.9 Hz, 2H),
3.00-2.79 (m, 3H), 2.26-2.14 (m, 1M}, 1.65-1.57 (m, 2ZH). 1.54-1.35 (m, 15H); PC NMR (101

MHz, CDCliy: 8 171,03, 168.12, 166.64, 166,61, 166.05, 156.21, 154.52, 137.05, 133.60,
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119.55, 118.20, 117.41, 8718, 68.05, 49.34, 40,62, 39.09, 31.49, 30.01, 29.05, 28.43 (3C), 26.50

(2C), 22.68.

{0155] Tert-butvl (8-(2-((2-(2.6-dioxopiperidin-3-y1)-1,3-dioxolsoindobin-4-
yvl)oxyjacetamido)octylyearbamate (U).

{0156] The titled compound can be prepared according to the process described by Remillard |
D. et al. 4ngew. Chem. Int. Ed. Engl 2017, 56, $738-5743. General Procedure 1V (4 h) was
followed by using 2-((2-(2,6~dioxopiperidin-3-yl}~1,3-dioxoisoindolin-4-yljoxylacetic acid
(E3LB-23 (0.250 g, 0.752 mmol), ferf-butyl (8-aminooctyl)carbamate (0.202 g, 0.827 mmol),
DIPEA {0.26 mi., 1.505 mmol) and HATU (0.343 g, 0.903 mmol} in dry DMF (3.0 mL)} to
afford the titled compound as light-yellow solid (0.140 g, 33 % vield) following punification by
flash columm chromatography on $iO: (DCM/ Acetone, 85:15 to 70:30). 'H NMR (400 MHz,
CDCL): 5 8.46 (s, 1H), 7.77 (t, J= 7.9 Hz, 1H), 7.58 (d, J= 7.2 Hz, 1H), 7.42 (1, J=5.3 Hz,
1H), 7.22(d, J=8.3 Hz, 1H), 4.99 (dd, /= 12.1, 5.4 Hz, {11, 4.66 (s, 2H), 4.62 (s, 1H), 3.39
{(dd,.J=12.9, 6.7 Hz, 2H}), 3.20-3.04 (m, 2H), 3.02-2.73 {my, 3H), 2.25-2.11 {m, 1H), 1.71-1,57
(1, 4H), 1.46 (s, 11H), 1.37-1.27 (m, 6H); °C NMR (161 MHz, CDCl3): § 170.81, 167.94,
166.63, 166.57, 165.95, 156,05, 154.51, 137.05, 133.59, 11947, 118,12, 11738, 68.00, 49.34,

39.18 (2C), 31.50, 30.01, 29.24, 29,15, 29,13, 28.43 (3(C), 26.92, 26.68, 26.63, 22,58,

{0157} Tert-butyl {10-(2-((2-(2,6-dioxopiperidin-3-yI)-1,3-dioxeoisoindolin-4-
ylhioxyjacetamido)decyhcarbamate (V).
[0158] General Procedure IV (overnight) was followed by using 2-({(2-(2.6-dioxopiperidin-3-yl}-

1. 3-dioxoisoindolin-d-yhoxylacetic acid (E3LB-2) {0.250 g, 0.752 mmol), tert-butyl (10~
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aminodecylycarbamate (0,205 g, 0.752 mmol), DIPEA (0.25 mL, 1.505 mmol) and HATU (0,343
g, (.903 mimol) in dry THF (5.0 ml.) to alford the titled compound as white solid (0.220 g, 50 %
yield) following double purification by tlash column chromatography on SiOa2 (first:
DCM/Acetone, 80:20; second: DCM/MeOH, 96:4). 'H NMR (400 MHz, CDCh): 8 8.25 (bs,
1H), 7.83-7.74 (m, 1H), 7.58 (d, J = 7.3 Hz, 1H), 7.43-7.36 (m, 1M}, 7.22 (d, /= 8.4 Hz, 1H),
4.99 (dd, J=12.3 and 5.2 Hz, 1H), 4.66 (5, 2H), 4.57 (5, 1H), 3.46-3.32 (m, 2H), 3.19-3,04 {m,
2H), 3.02-2.72 (m, 3M), 2.29-2.08 (m, 1H), 1.71-1.55 (m, 4H), 1.46 (s, 9H), 1.42-1.20 (m, 12H});
YO NMR (101 MHz, CDCli): & 171.56, 170.69, 167.85, 166.61, 166,53, 165.93, 154.52, 137.06,
133.58, 119.45, 118.09, 117.37, 68.01, 49.31, 40,59, 39.24, 31.47, 30.05, 29.45, 29,42, 29.34,

29.24,29.22,28.44 (3C), 26,79, 26,73, 22.58.

j0159] Zerr-butyl (1-{(2-(2,6-dioxopiperidin-3-yl}-1,3~-dioxeiseindolin-4-yl}oxy)-2-oxo-
6.9,12-trioxa-3-azatetradecan-14-yl}carbamate (Y).

{0160} General Procedare IV {overnight) was followed by using 2-({(2-(2.6-dioxopiperidin-3-y1}-
1.3-dioxoisoindelin-4-yhoxylacetic acid (E3LB-2} {0.129 g, 0.388 mmol), fert-butyl (14-antino-
3,6.9,12-tetraoxatetradec~ 1 ~vl}carbanzate ({. 130 g, 0.388 mmol), DIPEA (0.132 mL, 6.776
mmol) and HATU {6,177 g, 0.466 mumol) in dry THF (2.5 mL) to afford the titled compound as
white solid (0.124 g, 49% yield) following purification by flash column clwomatography on $i0-
(DCM/MeOH, 97:3). 'H NMR (400 MHz, CDCL): 8 8.90 (bs, 1H), 7.77 (t, J = 7.9 Hz, 1H), 7.68
{bs, 1H), 7.538 (d, /=73 Hz, IH), 721 (d, J=8.4 Hz, 1H), §.23 (bs, |H), 4,98 {dd, /= 11.9 and
5.3 Hz, 1H), 4.67 (s, 2H), 3.79-3.55 (m, 14H), 3.31 (1, J = 4.8 Hz, 2H), 2.99-2.69 (m, 3H)}, 2.27-

211 (my, THD, 1.46 (s, 9H); PC NMR (101 MHz, CDCls): 8§ 171.27, 168.28, 166.92, 166.63,
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165.83, 156.10, 154.44, 137.03, 133.64, 119.40, 118,02, 117.31, 79.24, 70.34 (2C), 70.28 (2C),

70.23, 69.43, 67.88, 55.75, 43.68, 39.11, 31.38, 28.42 (3C), 22.71.

{0161} V-(o-AminohexyD-2-((2-(2,6-dioxopiperidin-3-y1)-1,3-dioxoisoindolin-4-
yvl)oxyjacetamide hydrochloride (Z).

{0162} General Procedure I {overnight) was followed by using ter-butyl (6-(2-((2-(2,6~
dioxopiperidin-3-vl}-1,3-dioxotseindelin-4-yl joxyiacetanidehexyl)carbamate {T) (6.090 g,
.169 mmol) and 4N HCl in dioxane {1.0 mL) to afford the titted compound as white solid
(0.070 g, 89% vicld). '"H NMR (400 MHz, MeOD): 8 7.84 (dd, /= 8.4 and 7.4 Hz, {H), 7.57 (d,
J=T73Hz IH), 746 (d, /=85 Hz, 1H), 5.16 (dd, /= 125 and 5.5 Hz, TH), 4.79 (s, 2H), 3.40-

3.34 (m, 2H), 2.98-2.63 (m, 5H), 2.23-2.12 (m, 1H), 1.72-1.58 (m, 4H), 1.50-1.39 (m, 4H).

[0163] N-(8-Aminooctyl)-2-({2-(2,6-dioxopiperidin-3-y1)-1,3-dioxoisvindolin-4-
vhosviacetamide hydrochloride (AA)

{0164} General Procedare H {4 h) was followed by using tert-butyl (8-(2-((2~(2,6~dioxopiperidin-
3-y1)-1,3-dioxoisoindolin-4-yhoxy)acetanuidoJoctylyearbamate (L1} (0.116 g, 0.208 mmol) and
4N HCl 1n dioxane (1.1 mL) to afford the titled compound as white solid (0.096 g, 93% yield).
"H NMR (400 MHz, MeOD): 8 7.83 (t,J= 7.9 Hz, 1H), 7.56 (4, J= 7.4 Hz, 1H), 746 (d,J=8.5
Hz, 1H), 5.16 (dd, J = 12.5, 5.5 He, 1H), 4.78 (s, 21, 3.00-2.67 (m, SH), 2.25-2.12 (m, 1H),

1.73-1.54 (m, 4H), 1.47-1.37 (m, 10H),
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{0165] N-(10-Aminodecyh-2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
yloxylacetamide hydrochloride (AB).

[0166} General Procedure 11(3 k) was followed by using fert-butyi (10-(2-({2-(2 6-dioxopiperidin-
3-yh)-1,3-dioxoiseindolin-4-yhoxy)acetamido)decyl jcarbamate (V) (0.210 g, 0.3538 mmol) and 4N
HCl in dioxane (2.0 mL) to afford the titled compound as white solid (0.175 g, 93% yield). 'H
NMR (400 MHz, MeOD): 8 8.07 (t, J=5.6 Hz, 1H), 7.88-7.80 {m, 1H), 7.56 (d, /= 7.3 Hz, 1H),
7.45(d, J = 8.5 Ha, 1H), 5.16 (dd, J = 12.6, 5.4 He, 1H), 4.78 (s, 2H), 3.00-2.68 (m, SH), 2.26-

2.11 (m, 1H), 1.75-1.53 (m, 4H), 1.47-1.27 (m, 12H),

{0167} N-2<(2«(2-Aminoethoxy)ethoxy)ethyl)-2-((2-(2,6-dioxopiperidin-3-yi)-1,3-
dioxoisoindolin-d-yljoxv)acetamide hydrochloride (AC).

{0168} General Procedure I {overnight) was followed by using rerr-butyl (2-(2-(2-(2-{(2-(2,6-
dioxopiperidin-3-yl}-1,3-dioxoiseindelin-4-yDoxyjacetamido jethoxy)ethoxyjethyl yearbantate
(W) (synthesized according to the process described by Braduer, 1. er ¢l U.S. Pat. Appl. Publi,,
US20160176916) (0.125 g, 6.222 mmol) and 4N HCI in dioxane (1.0 mL) to afford the titled
compound as white solid (0.076 g, 70% yield). "H NMR (400 MHz, MeOD): § 783 (1, J= 7.9
Hz, 1H), 7.54 (d, J=7.3 Hz, 1H), 746 (d, /= 8.4 Hz, 1H), 5.16 (dd, /= 12.7, 5.5 Hz, 1H), 4.80
(s, 2H), 3.77-3.63 (m, 8H), 3.54 (1, /= 5.2 Hz, 2H), 3.18-3.10 {m, 2H), 2.99-2.66 (m, 3H), 2.25~

213 (m, 1H).
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[0169] N-(2~(2-(2-(2-Aminoethoxy)ethoxy)ethoxv)ethyl)-2-({2-(2,6~-dioxopiperidin-3-yl)-1,3-
diexoiseindolin-4-yloxy)acetamide hydrochloride (AD).

[0170] General Procedure I (overnight) was followed by using fere-butvi (1-{(2-(2,6~
dioxopiperidn-3-yl)-1,3-dioxotsoindelin-4-yl jox y)-2-ox0-6,9,1 2-trioxa-3-azatetradecan-14-
yhcarbamate (Y) (0,145 g, 0.239 mamol} and 4N HCI in dioxane (1.0 mL) to alford the titled
compound as light-yellow solid (0.104 g, 80% yield). 'H NMR (400 MHz, MeQD): § 7.95-7.77
{m, 1H), 7.67-7.54 (m, 1), 7.51-738 (m, 11}, 5.23-5.11 {m, 1H), 4.80 (s, 2H), 3.59-3.49 (m, 2H),

3.33 (s, 4H), 3.14 (s, 2H), 3.04-2.62 (m, 3H), 2.29-2.06 (m, 1H).

{0171} Scheme 5. Synthesis of Examples 7-11,

B
HalL N .

Sy O
HCI @A 7

F Q CE:N{P}HEO |
. D\_)l\ o O F
OH 2AD ﬁ H
N\>__N’[_-.\Q HATU, DIFEA, dry DME, €, 160 O/Y X \[(\Q 8]
L d © ©

Example 7 X = {CHy)g

Example 8 X = (CHs)a

Example 9 X = {CHs)1q

Example 10 X = CHoCH(OCHCHy),
Example 11 X = CHCH{OCHCHY

{0172} 2~(2.3-Diflworo-6-(2-morpholinothiazol-4-yhphenoxy)-V-(6-(2-((2-(2,6-
dioxopiperidin-3-yl}-1,3-dioxoisoindolin-4-yhHoxy}acetamidoyhexyl)acetamide (Example 7).
10173} General Procedare HI (16h) was followed by using 2-(2,3-difluoro-6-(2-
morpholinothiazoi-4-ylphenoxylacetic acid (E) (€.023 g, 8.064 mmol), N-(6-aniinchexyl }-2-((2-

{2,6-dioxopiperidin-3-yl}-1,3-dioxoisoindolin-4-yJoxyjacetamide hydrochloride {Z) (0.030 g,
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0.064 mmol), DIPEA (0.044 mL, 0.257 mmol), and HATU (0.030 g, 0.080 mumol) in dry DMF
{1.0 mi) to afford the titled compound as white solid (0.002 g, 4.6% vield) tollowing
purification by flash column chromatography on SiO:2 (DCM/MeOH, 97:3). 'H NMR (400 MHz,
CDCl3): 0 9.03 (bs, 1H), 7.82-7.73 (m, 1H), 7.65-7.47 (m, 3H), 7.21 {d, /=84 He, 1H), 7.14
{(bs, 1H), 6.99 (dd, /= 16.7, 9.1 Hz, 1H), 6.93 (s, 1H), 4.99 (dd, /= 12.1, 5.3 Hz, 1H), 4.65 (s,
2H), 4.60 (s, 2H), 3.91-3.80 (m, 4H), 3.59-3.50 (m, 4H}, 3.50-3.22 {m, 4H), 3.03-2.70 (i, 3H),
2.24-2.09 (m, 1H), 1.53-1.16 (m, 1), HRMS (ESI) m/z [MH+H ]+ caled for CiebisFaNeOoS

769.24618, found 769,24848.

{0174} 2<(2,3-Diflnoro-6-(2-morpholinothiazold-yh)phenoxy)-/V(8-(2-((2-(2,6-
dioxopiperidin-3-y1)-1,3-dioxoisoindolin-4-yhoxy)acetamidojoctvhacetamide (Example 8).
{0175} General Procedure HI (16h) was followed by using 2-(2,3-diffuoro-6-(2-
morpholinothiazol-4-yhphenoxylacetic acid (E) (0.032 g, 0.091 mmol), N-(8-aminooctyl}-2-((2~
(2,6-dioxopiperidin-3-yl}-1,3-dioxoisoindolin-4-yloxyjacetamide hvdrochloride (AA) (0.045 g,
(.091 mmol), DIPEA (0.062 mL, 0.363 mmotl), and HATU (0.043 g, 0.114 mmol) in dry DMF
(2.0 mL) to allord the titled compound as yellow solid (0.012 g, 17% yield) following
purification by Rash column chromatography on SiQ; (DCM/Acetone, 75:25). 'H NMR (400
MHz, CDClLsj: 8 8.66 (bs, 1H), 7.76 (1, /= 7.8 Hz, 1H), 7.66~7.53 {m, 2H), 7.49-7.39 {m, 1H),
7.21(d, J = 8.4 Ha, 1H), 7.08-6.90 (m, 3H), 4.98 (dd, J = 12.0, 5.0 Hz, 13), 4.65 (s, 21D, 4.60 (s,
2H), 3.94-3,78 (m, 4H), 3.60-3.47 (m, 4H), 3.40-3.25 (m, 4H), 3.02-2.73 (m, 3H), 2.26-2,12 (m,
1H), 1.56-1.47 (m, 2H), 1.45-1.28 (m, 10H); YC NMR (101 MHz, CDCh): & 170.91, 170.82,
168.05, 167.97, 166.64, 166.57, 163,99, 154.51, 150.69 (dd, /= 251.69 and 11.5 Hz), 146.51-

146.44 (my) , 144,19 (dd, /=47.3, 14.0 Hz), 144.63 (d, /= 10.6 Hz), 137.04, 133.60, 12525 (d, J
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= 3.5 Hz), 124.47 (dd, J="7.6, 4.3 Hz), 119.47, 118.14, 117.38, 112.41 (d, J= 17.1 Hz), 106.11,
72.41 (d, J = 5.1 Hz), 68.01, 66.13 (2C), 49.34, 48.55 (2C), 39.16, 39.10, 31.49, 29.44, 29.23,
29,13, 29.06, 26.70, 26.68. 22.59. HRMS (ESI) stz [M<H+ caled for CasHaoFaNeOoS

797.27748, found 797 27834.

{0176} 2-(2,3-Difluoro-6-(Z-morpholinothiazol-4-yhphenoxy)-V-(10-(2-({2-(2,6-
dioxopiperidin-3-vi}-1,3-dioxoisoindelin-4-yhHoxyjacetamido)decyllacetamide (Example 9).
{0177} General Procedure HI (6h) was followed by using 2-(2 3-difluoro-6-(2-
maorpholinothiazol-4-yliphenoxyv)acetic acid (E) (0.031 g, 0.086 mumol), M-(18-aminodecyl)-2-
{(2-(2,6~-dioxopiperidin-3-yi)-1,3~-dioxeisoindolin-4-yHoxylacetamide hvdrochloride (AB) (0,043
g, 0.086 mmol), DIPEA (0.059 mL, 0.344 mmotl), and HATU (0.041 g, 0.107 mmol) in dry DMF
{1.0 mL) to afford the titled compound as white solid (0.041 g, 58% yield) following purificalion
by flash column chromatography on SiO: (DCM/MeOH, 97:3). 'H NMR (400 MHz, CDCl): 8
8.42 (s, M), 7.77 (1, /= 7.9 Hz, 1H}, 7.69-7.48 {m, 2H), 7.40 (s, i), 7.21 {d. /= 8.4 Hg, IH},
7.13-6.96 (my, 2H), 6.94 (s, 1H), 4.98 {dd, /= 5.1, 12.2 Hz, 1H), 4.65 (s, 2H}, 4.60 (s, 2H), 4.04-
3.71 {m, 4H), 3.71-3.45 (ny, 4H), 3.35 (dg. /= 6.2, 6.7, 20.5 Hz, 4H), 3.12-2.68 (m, 3H), 2.27-
2.03 (my, 1H), 1.55-1.44 (m, 4H), 1.44-1.16 (m, 12H); PC NMR (101 MHz, CDCls): 8 170.77
(2C), 167.90 (2C), 166.61, 166.35, 165,95, 154,51, 150.71 (dd, J=11.5, 251.2 Hz), 146.39(d, J
= 2.5 Hz), 144.62 (3, J = 9.7 Hz), 144.17(dd, J = 14.1, 247.4 He), 137.05, 133.58, 125.18 (d, J =
2.8 Hz), 12447 (dd, J=4.0, 7.7 Hz), 119.46, 1 18.09, 117.37, 112,38 (d, /= 17.1 Hz), 106.06,
72,40 (d, J = 5.2 Hz), 68.01, 66.12 (2C), 49.32, 48.56 (2(), 39.25,39.08, 31.47, 19.46, 2941,
20,40, 29.33, 29,21, 29,20, 26.79, 26.77, 22.58. HRMS (ESH) m/z [M+H]+ caled for

CaoHseF2NeOoS 825.30878, found 825.30942,
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[0178] 2-(2,3-Difluoro-6-(2-morpholinothiazol-4-yh)phenoxv)-N-(2-(2-(2-(2-{(2-(2,6~
dioxopiperidin-3-y1}-1,3-dioxoisoindolin-4-yhoxyjacetamido)ethoxyjethoxy)ethyhacetamide
(Example 10).

10179} General Procedure HI (16h) was followed by using 2-(2,3-difluoro-6-(2-
niorpholinethiazol-4-yhphenoxy)acetic acid (E) (0.025 g, 0.070 mmel), N-(2-(2-(2-
aminoethoxylethoxyethyl)-2-((2-(2,6-dioxopiperidin-3-y1}-1,3-dioxoisoindolin-4-
yhoxylacetamide hydrochioride {AC) (0.035 g, 0.070 mumol), DIPEA (0.048 ml., 0.280 mmol),
and HATU (0.033 g, 0.087 mumol} in dry DMF (2.0 mL) to afford the titled compound as light-
yeltow solid (0.009 g, 17% yield) following purification by flash colunm chromatography on
Si02 (DCM/MeOH, 97:3). 'H NMR (400 MHz, CDCh): 8 8.75 (bs, 1HY, 7.75 (1, /= 7.8 Hz, 1H),
7.68-7.52 (m, 3H), 7.40 (bs, 1H), 7.18{d, /= 8.3 Hz, 1H), 7.07-6.91 (m, 2H), 4.96 {dd, J=11.7,
5.1 Hae, 1H), 4.63 (s, 2H), 4.58 (s, 2H), 3.94-3.80 (m, 4H), 3.79-3.63 (m, 8H), 3.60-3.43 {m, §H},
2.97-2,64 (m, 3H), 2.22-2.10 (m, 1H). HRMS (ES1) m/z [M+H]+ caled for CasHasFaNeOn S

801.23601, found 801.23745.

{01806} 2-(2,3-Difluoro-6-{2-morpholinothiazol-d-yHphenoxy)-N-(1-{((2-(2,6-dioxopiperidin-
3-vh)-1,3-dioxoisoindolin-4-vhoxy)-2-0x0-6,9,12-trioxa-3-azatetradecan-14-yhacetamide
(Example 11).

[0181] General Procedure HI (16h) was followed by using 2-(2,3-diftuoro-6-(2-
morpholinothiazol-d-yiiphenoxy)acetic acid {(E) (0,033 g, 0.092 mmol}, N-(2-(2-(2-(2-
anunoethoxy)ethoxyiethoxyyethyh)-2-((2-(2,6-dioxopiperidin-3-yi)-1,3-dioxoisoindolin-4-
vhoxylacetamide hydrochioride (AD) (0.050 g, .092 mmol), DIPEA (0.063 mi., 0.368 mmol},

and HATU (0.043 g, 0.115 mmolj in dry DMF (2.0 mL) to alford the titled compound as light-
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yvellow solid (0.012 g, 16% yield) following purification by flash column chromatography on
Si0r (DCM/MeOH, 97:3). 'TH NMR (400 MHz, CDCly): 6 8.96 (bs, 1H), 7.75 (1, J = 7.9 Hz, 1H),
7.70-7.59 (m, 2H), 7.535 (d, /= 7.3 Hz, 1H), 7.46 (bs, 1H), 7.18 (d, /= 8.4 Hz, 1H), 7.08 (s, 1H),

6.98 (dd, /= 16.7, 9.0 Hz, 1H), 4.92 (dd, /= 12.1, 5.3 Hz, 1H), 4.64 (5, 2H), 4.56 (s, 2H}, 3.90-

3.82 (m, 4H), 3.71-3.47 (m, 20H), 2.92-2.61 (m, 3H), 2.19-2.07 (m. 1H). HRMS (ES1) ms

[M+H}+ caled for CagHazFaNeO12S 845.26

{0182} Scheme 6. Synthesis of Examples 12-14,

, Tound 845.26303,

F
F QOH F O , NHBoc
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{0183} General Procedure ¥: Mitsunobu reaction

{0184 Zerr-butyl (2-(2-(2-(2.3-difluoro-6-(2-morphelinothiazel-4-
vi}phenoxy)ethoxylethoxy)ethyljcarbamate (AE).

{0185} DIAD (0.087 mL, 0.442 mmol, 1.1 equiv} was slowly added 1o a stirred ice-cooled
sotution of 2,3-difleoro-6-(2-morpholinothiazol-4-yhphenol (ARB-1) (0,120 g, 0.402 mmol, 1.0
equiv), fert-butyl (2-2-(2-hydroxyethoxylethoxy)ethyhearbamate (0.110 g, 0.442 mmol, 1.1
equiv), and PPhs (0.116 g, 0.442 munol, 1.1 equiv) in dry THF (5.0 mL}. The solution was stirred
at § °C for 30 nun, then at rt for 16 h. The reaction mixture was quenched with water (20 mb)
and extracted with EA (10 mEx3). Reuniled organic phases were dried over anhydrous NaxSOq
and concentrated under reduced pressure to afford a crude residue which was purified by flash
column chromatography on Si0O: {DCM/EA, 9:1 to 8:2) to give the titled compound as yeltow oil
(6.100 g, 70% yield). 'H NMR (400 MHz, DMSO-di): 8 7.89 (ddd, /= 8.8, 6.3, 2.3 Hz, 1H),
7.58 (5. LH), 7.00-6.88 (m, 1H), 5.10-4.94 (m, 1H), 4.35-4.24 (m, 2H), 3.92-3.79 (m, 6H), 3.72-
3.61 {m, 4H), 3.60-3.48 (m, 6H), 3.39-3.25 (m, 2H), 1.43 (s, OH); C NMR (101 MHz, CDCls):
& 169,71, 15599, 150.35 {dd, J=11.6, 249.5 Hz), 14552, 144.65 (dd, J= 13.6, 246.2 Hz),
125.04¢d, J=2.1 Hz), 123.84 (dd, J=4.0, 78 Hz}, 111,42 (d, J=17.0 Hz), 107.47, 79.17,

72.56 (d, /= 6.0 Hz), 70.46, 70.34, 70.30 (2C}, 66.22 (2C), 48.60 (2C), 40.35, 28.39 (3C).

{0186} Tert-butyl (2-(2-(2-(2-(2,3-diflnoro-6-(2-morpholinothiazol-4-
yl}phenoxy)ethoxy)ethoxylethoxyjethyliearbamate (AF).

{0187} General Procedure V was followed by using DIAD (0.087 ml., 0.442 munwol), 2,3-
difluore-6-{2-morpholinothiazol-4-vi)phenol (ARB-1) (0,120 g, 0.402 mmol}, tert-butyl (2-(2-

{2-(2-hydroxyethoxyethoxyjethoxy)ethylcarbamate (0.130 g, 0.442 mmol), and PPh; (0.116 g,
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.442 mmotl) in dry THF (5.0 mL) to afford the titled compound as yellow oil, which solidified
upon standing at r1 (0. 148 g, 93% yield) tollowing puritication by [fash column chromatography
on Si02 (DCMYEA, 7:3). 'H NMR (400 MHz, DMSO-ds): 8§ 7.90 (ddd, /= 8.9, 6.3, 2.3 Hz, 1H),
7.57 (s, 1H}, 6.99-6.90 (m, 1H), 5.02 (s, 1H), 4.36-4.26 (m, 2H), 3.93-3,82 (m, 6H), 3.75-3.59
(n3, 8H), 3.58-3.49 (m, 63}, 3.39-3.25 (m, 2H), 1.46 (s, 9H); “C NMR (101 MHz, CDCh): &
169.70, 155,98, 150.35 (dd, J=11.7, 249.5 Hz), 145,54, 144.63 (dd, J=13.7, 246.3 Hz), 125.02
{d,J= 3,2 Hz), 123.83 (dd, J= 3.9, 7.8 Hz), 11138 (d, /= 17.0 Ha), 107.48, 79.16, 72.60 (d, J =

6.0 Hz), 70.64, 70.60, 70.58, 70.28, 70.23 (2C), 66.21 (2C), 48.59 (2C), 40.35, 28.41 (3C).

j0188] Tert-butyl (14-(2,3-difluoro-6-(2-morpholinothiazel-4-yhphenoxy)3,6,9,12-
tetraoxatetradecyl) carbamate (AG).

{0189} General Procedure V was followed by using DIAD (0.040 mL., 0.201 mmol), 2,3-
diftuoro-6-(2-morpholinothiazol-4-yl)phenol (ARB-1) (0.05 g, 0.167 mnmol), fert-butyl (14-
hydroxy-3,6.9,[2-tetraoxatetradecyl)carbamate (0.062 g, 0.184 mmol), and PPhis (0.526 g, 0.201
mmol) in dry THF (2.0 mL) to afford the titfed compound as white solid (0.039 g, 37% yield)
following double purification by {lash column chromatography (first on Si10:: DCM/Acetone,
95:5 to 90:10); second on Silica RP-18: waler/ ACN, 5:5). 'H NMR (400 MHz, CDCl): 8 7.89
(ddd, /= 2.3, 6.3, 8.8 Hz, 1H}, 7.57 (s, 1H), 7.03-6.85 {m, LH), 5.06 (s, |H), 4.41-4,14 (m, 2H),
3.95-3.77 (m, 6H), 3.77-3.59 (m, 12H), 3.53 (q. J = 4.9, 5.3 Hz, 6H), 3.31 (d, J= 5.1 Hz, 2H),
1.45 (s, 9H); *C NMR (101 MHz, CDCh): § 169,69, 155.99, 150.33 (dd, J= 11.7, 249.5 Hz),
145,53, 144.62 (dd, 7= 13.7, 2463 Hz), 125.00, 123.81 (dd, J = 4.0, 7.8 Hzy, 111.36 (d, J= 17.0
Hz), 107.51, 79.15, 72.60 (d, /= 6.0 Hz}, 70.65, 70.63, 70.59, 70.55, 70.52, 70.26, 70.23 (2C),

66.21 (20), 48.59 (2C), 40.35, 28.42 (3C).
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[0190] 2-(2-(2-(2,3-Difluoro-6-(2-morphelinothiazol-4-yliphenoxy)ethoxy)ethoxyjethan-1-
amine hydrochloride (AH).

j0191} General Procedure H {(overnight) was followed by using tert-butyl (2-(2-(2-{2,3-diftuoro-
6-(2-morpholinothiazol-4-viyphenoxylethoxyethoxylethyl )carbamaie (AE) (0.100 g, 0.189
nimol} and 4N HC in dioxane (2.0 mL) to afford the titled compound as white selid (6.080 g,
91% vield). "H NMR (400 MHz, MeQD): & 7.49-7.40 (m, 1H), 7.28 (s, 1H), 7.04 (dd, /= 16.9,

9.0 Hz, 1H), 4.25 (s, 1H}, 3.86-3.50 (m, 18H), 3.02 (s, 2H).

{0192} 2-(2-¢2-(2-(2,3-Difluore-6-(2-morpholinothiazol-4-
yl)phenoxy)ethoxy)ethoxy)ethoxy)ethan-1-amine hydrochloride (Al).

{0193} General Procedure H {overnight) was followed by using ferf-buiyl (2-(2-(2-{2-(2,3~
diffnoro-6-( 2-morpholinothiazol-4-y)phenoxylethoxylethox yiethoxyiethylcarbamate (AF)
(0.140 g, 0.244 mmol} and 4N HCH in dioxane (2.0 mL} to afford the titted compound as white
solid (0.115 g, 93% yield). '"H NMR (400 MHz, MeODY: 8 7.59 (s, 1H), 7.43 (s, 1H), 7.15 (dd, /

= 16.8, 8.8 Hz, 1H), 4.39 (s, 2H), 3.91 (s, 4H), 3.82 (s, 2H), 3.77-3.55 (m, 145), 3.15 (s, 25,

{0194} 4-((2-(2-(2-(2,3-Difluoro-6-(2-morpholinethiazol-4-
yliphenoxy)ethoxy)ethoxy)ethyllamino)-2-(2,6-dioxopiperidin-3-yljisoindoline-1,3-dione
{Example 12).

{0195} General Procedure | (6h) was followed by using 2-(2-(2-(2,3-difluoro-6-(2~
niorpholinothiazol-4-ylphenoxy)ethoxy)ethoxyethan- 1 -aniine hydrochloride (AH) (0,044 g,
0.095 mmaol), 2-(2,6-dioxopiperidin-3-yl}-4-fluorcisoindoline-1,3-dione (E3LB-11 (0.024 ¢,

0,086 mmot), and DIPEA (0.044 mL, 0.256 mmolj in dry DMF (0.6 mL} to afford the titled
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compound as yellow solid (0.06 g, 54% yield) following purification by flash column
chromatography on $iO: (DCM/Acetone, 9:1). 'H NMR (400 MHz, CDCh): § 8.21 (s, 1H), 7.89
{ddd, J=8.7,63,2.1 Hz, 1H), 7.58 (s, 1H}, 7.52-7.44 (m, I1H), 7.11 {d. J=7.1 Hz, 1H)}, 6.99-
6.88 (my, 2H), 6.51 {t, /= 5.3 Hz, IH), 4.90 (dd, /= 12.1, 3.3 Hz, 1H), 4.40-4.24 (m, 2H), 3.98-
3.81 {m, 64}, 3.79-3.62 {m, 6H), 3.59-3.38 (m, 6H), 2.96-2.65 {m, 3H), 2.19-2.03 (m, 1H).

HRMS (ESH mz [M+H}H caled for CiaHs3FaNsQsS 686.20907, found 686.20855.

0196} 4-((2-(2-(2-(2-(2,3-Diflnere-6-2-morpholinothiazol-4-
yvi}phenoxyv)ethoxy)ethoxyiethoxylethylyamino)-2-(2,6-dioxopiperidin-3-yljisoindoline-1,3-
dione (Example 13).

{0197} General Procedure [ (6h) was followed by using 2-(2-(2-(2+(2,3~di fluoro~6-{2~
morpholinothiazol-4-yliphenoxylethoxy)ethoxyiethoxylethan-1-amine hydrochloride (AL
(0.050 g, 0.098 mmol}, 2-(2,6-dioxopiperidin-3-yh-4-flucroisoindoline-1,3-dione (E3LB-1)
(0.024 g, 0.086 mmol) and DIPEA (0.044 mi., 0.256 mmol) in dry DMF (0.6 mL.} to afford the
titted compound as vellow solid (0.034 g, 53% yield) following purification by flash colunmn
chromatography on SiO: (DCM/Acetone, 9:1). 'H NMR (400 MHz, CDCL): § 8.19 (s, 1H),
7.88 (ddd, J=8.7, 6.3, 2.1 Hz, 1H), 7.57 (s, I1H)}, 7.52-7.44 (m, 1H), 7.11 (d, /= 7.1 Hz, 1H),
6.98-6.87 (m, 2H), 6.49 (t, /=54 Hz, 1H), 4.91 (dd, /= 12.0, 5.3 Hz, 1H), 4.34-4.22 {m, 2H),
3.92-3.81 {m, 611}, 3.79-3.60 (m, 10H), 3.58-3.40 (m, 611, 2.96-2.62 (m, 3H), 2.15-2.06 (m,
1H); °C NMR (181 MHz, CDCLY: § 170.98, 169.73, 169.25, 168.29, 167.60, 150.36 (dd, J=
11.5,249.7 Nz}, 146.85, 145.64-145.34 (m), 144.64 (dd, J ~ 13.6, 246.2 Hz), 136.04, 132.49,
124.99(d, J=2.8 Hz), 123.84 (dd, J=4.0, 7.8 Hz), 116.77, 111.66, 111,40 (d, /= 17.0 Hz),

110.27, 107.55, 72,65 (d, /= 6.0 Hz), 70.73 (3C), 70.57, 70.26, 69.54, 66.21 (2C), 48.86, 48.60
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(2C), 42.42, 31.41, 22.77. HRMS (EST) m/z [IM+HT+ ealed for Ca:HsrFaNsOeS 73023528, found

730.23653.

{0198} N-(14-(2,.3-Difluoro-6-(2-morpholinothiazel-4-yhphenoxy)-3,6,9,12-
tetraoxatetradecyl)-2-((2-(2,6-dioxopiperidin-3-vI)-1,3-dloxoisoindolin-4-vl)oxyjacetamide
{(Example 14).

{0199} General Procedure H {overnightl) was followed by using rerf-butvl (14-(2,3-dilluoro-6-(2-
morpholinothigzol-4-yhiphenoxy)-3,6,9, | 2-tetraoxatetradecyt) carbamate (AG) (0.039 ¢, 0.063
mmol} and 4N HCl in dioxane (2.0 mb) to afford 14-(2,3-diftuore-6-(2-morphohinothiazol-4-
yiiphenoxy)-3,6,9,12-tetraoxatetradecan-1-amine hydrochloride (A} as white solid (0.034 g,
98% vield). Then, under nitrogen atmosphere, to the solation of 2-((2-(2,6-dioxopiperidin-3-yi)-
1.3-dioxoisoindolin-4-yhoxylacetic acid (E31.B-2) {(0.023 g, 0.069 mmot), 14-2,3-difluoro-6-(2-
morpholinothizzol-4-yhiphenoxy)-3,6,9, | 2-tetraoxatetradecan- -amine hydrochloride (A}

(0.035 g, 0.063 mmol), and DIPEA (0.035 mL, 0.205 mumol} in dry DMF was added HATU
(6.046 g, 0.08 mmot) and the mixture was stirred at rt overnight. The reaction mixture was
poured in ice~water and extracted with EA (10 mLx3). Reunited organic phases were dried over
anhydrous NaxSOq and concentraied under reduced pressure to allord a crude residue which was
purified by HPLC (Agilent Tecnologies 1200; colunin, Eclipse XDB-CI8 4.6 x 150 mm (5 pm};
flow rate, 1.0 mL/nun; DAD 190-650 iy isocratic eluent, ACN/HO 70:30) to afford the titled
compound as white solid (5.5 mg, 10% yield). 'H NMR {400 MHz, CDCl): 8 8.82 (s, tH), 7.89
(ddd, /=23, 6.2, 8.8 Hz, 1H}), 7.82-7.70 (m, 1H}, 7.70-7.61 {m, {H), 7.56 (d. J =~ 7.0 Hz, |H),
7.54 (s, 1N}, 7.20 {(d. J = 8.2 Hz, I1H), 7.04-6.85 {(m, 1H), 4.99-4.81 {m, 1H), 4,66 (s, 2H). 4.42-

4.20 (m, 2H), 3.91-3.79 (m, 6H), 3.79-3.44 (m, 20H), 3.01-2.67 (m, 3H), 2.28-2.01 (m, 1H); 13C
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NMR (101 MHz, CDCls): § 170.94, 169.73, 168.03, 166.75, 166.60, 165.75, 154.40, 150.35 (dd,
J=116,249.7 Hz), 145.63 - 145.21 (m), 144.63 (dd, J= 13.7, 246.2 Hz), 136.93, 133.68,
125.00, 123.82 (dd, J=3.9, 7.9 Hz), 119.23, 118.04, 117.26, 111.42 (d, ./ = 17.0 Hz), 107.50,
72.62 (d,J=5.9 Hz), 70.77, 70.48, 70.46 (2C), 70.35, 70.29, 70.20, 69.45, 67.83, 66.22 (2C),
4928, 4859 (2C), 39.09, 31.41, 22.72. HRMS (ESI) m/z [M+H]+ calcd for CssHisFaNsOnS

832.26698, found 832.26587.
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[0200] Scheme 7. Synthesis of VHL-based E3LB-3 moiety and linker connection.
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[0201] Tert-butyl (S)-1-(4-bromophenyl)ethyl)carbamate (AK).

[0202] The titled compound can be prepared according to the process described by Kanak Raina
et al. Proc. Natl. Acad. Sci. U.S.A. 2016, 113, 7124-7129. To a mixture of (5)-1-(4-
bromophenyl)ethanamine (commercially available from, for example, Fluorochem) (3.98 g,
19.89 mmol) and NaHCOs (1.25 g, 14.92 mmol) in water (10 mL) and EA (10 mL) was added
(Boc)20 (5.20 g, 23.87 mmol) by maintaining the temperature at 5 °C. After stirring at rt for 2 h,
the reaction mixture was filtered. The collected solid was suspended in a mixture of hexane (10
mL) and water (10 mL) for 30 min. The solid was filtered and dried in an oven at 50 °C to afford
the titled compound as a white solid (5.41 g, 91% yield). 'H NMR (400 MHz, CDCls): & 7.55-
7.39 (m, 2H), 7.19 (d, J = 8.3 Hz, 2H), 4.99-4.46 (m, 2H), 1.58-1.22 (m, 12H); *C NMR (101
MHz, CDCl5): § 154.98, 143.26, 131.60 (2C), 127.60 (2C), 120.80, 79.61, 49.68, 28.36 (3C),

22.61.

[0203] Tert-butyl (S)-(1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamate (AL).

[0204] The titled compound can be prepared according to the process described by Raina K. ef
al. Proc. Natl. Acad. Sci. U.S.A. 2016, 113, 7124-7129. Under nitrogen atmosphere, a mixture of
compound zert-butyl (S)-1-(4-bromophenyl)ethyl)carbamate (AK) (5.00 g, 16.65 mmol), 4-
methylthiazole (commercially available from, for example, Fluorochem) (3.30 g, 33.31 mmol),
palladium (IT) acetate (0.037 g, 0.166 mmol), and potassium acetate (3.27 g, 33.31 mmol) in
DMA (12.5 mL) was stirred at 90 °C for 18 h. After cooling, the reaction mixture was filtered.
Water (60 mL) was added to the filtrate, and the resulting mixture was stirred at rt for 4 h. The
solid was collected by filtration and dried in an oven at 50 °C to afford the titled compound (3.14

g, 74% vield) as a gray solid. 'H NMR (400 MHz, CDCls): § 8.70 (s, 1H), 7.44-7.40 (m, 2H),

73

SUBSTITUTE SHEET (RULE 26)



WO 2020/160295 PCT/US2020/015922

7.41-7.35 (m, 2H), 4.86 (bs, 2H), 2.56 (s, 3H), 1.50 (d, J = 6.5 Hz, 3H), 1.46 (s, 9H); °C NMR
(101 MHz, CDCls): § 155.06, 150.20, 148.48, 131.65, 130.72, 129.48 (2C), 127.60, 126.20 (2C),

79.60, 49.91, 28.39 (3C), 22.71, 16.11.

[0205] ($)-1-(4-(4-Methylthiazol-5-yl)phenyl)ethan-1-amine hydrochloride (AM).

[0206] The titled compound can be prepared according to the process described by Raina K. ef
al. Proc. Natl. Acad. Sci. U.S.A. 2016, 113, 7124-7129. A solution of 4N HCl in dioxane (10
mL) was added to 7ert-butyl (5)-(1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamate (AL) (3.00
g, 9.42 mmol). The reaction mixture was stirred at rt for 3 h. The solvent was evaporated to
dryness, and the residue was triturated with DEE, filtered, and dried in an oven at 60 °C to afford
the titled product (2.37 g, 99% yield) as a light-yellow solid. "H NMR (400 MHz, DMSO-ds): 8
9.19 (s, 1H), 8.78 (bs, 3H), 7.68 (d, /= 8.1 Hz, 2H), 7.57 (d, J = 8.3 Hz, 2H), 4.52-4.38 (m, 1H),
2.48 (s, 3H), 1.56 (d, J= 6.8 Hz, 3H); 13C NMR (101 MHz, DMSO-ds): & 152.95, 147.68,

139.93, 131.97, 131.49, 129.64 (2C), 128.09 (2C), 50.11, 21.16, 16.03.

[0207] Methyl (2S5,4R)-4-hydroxypyrrolidine-2-carboxylate hydrochloride (AN).

[0208] The titled compound can be prepared according to the process described by Gmez-
Bengoa E. et al. Chemistry 2010, 16, 5333-5342. Tionyl chloride (2.12 mL, 3.48 g, 29.2 mmol)
was slowly added dropwise under nitrogen atmosphere to a stirred suspension of (25,4R)-4-
hydroxypyrrolidine-2-carboxylic acid (commercially available from, for example, Fluorochem)
(3.20 g, 24.4 mmol) in dry MeOH (60.0 mL) at 0 °C. After stirring overnight at rt, the solvent
was evaporated to dryness and the crude residue was tritured with DEE, filtered, and dried to

afford the titled product as white solid (4.43 g, 100% yield). 'H NMR (400 MHz, DMSO-ds): &
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9.78 (s, 2H), 5.58 (s, 1H), 4.48 (dd, J="7.5, 10.8 Hz, 1H), 4.45-4.39 (m, 1H), 3.77 (s, 3H), 3.39-
3.34 (m, 1H), 3.11-3.01 (m, 1H), 2.26-2.01 (m, 1H); 13C NMR (101 MHz, DMSO-ds): § 169.54,

08.88, 57.87, 53.54, 53.47, 37.43.

[0209] Methyl (25,4R)-1-((S)-2-((tert-butoxycarbonyl)amino)-3,3-dimethylbutanoyl)-4-
hydroxypyrrolidine-2-carboxylate (AO).

[0210] The titled compound can be prepared according to the process described by Raina K. ef
al. Proc. Natl. Acad. Sci. U.S.A. 2016, 113, 7124-7129. Under nitrogen atmosphere, to a
solution of (§)-2-(tert-butoxycarbonyl)amino-3,3-dimethylbutanoic acid (commercially available
from, for example, Fluorochem) (5.09 g, 22.02 mmol), methyl (25,4R)-4-hydroxypyrrolidine-2-
carboxylate hydrochloride (AN) (4.00 g, 22.02 mmol), and DIPEA (13.43 mL, 9.97 g, 77.08
mmol) in dry DMF (40 mL) was added HATU (9.20 g, 21.2 mmol) at 0 °C. The resulting
mixture was allowed to warm to rt and stirred for 16 h. The reaction mixture was dropped in
water (200 mL) and extracted with EA (100 mLx3). The combined organic phases were washed
with water (100 mLx3), 1IN HCI (100 mLx2), saturated NaHCOs3 solution (100 mLx2), brine
(100 mLx2), dried over anhydrous Na2SOs, and concentrated under reduced pressure to afford
the titled product as a light-yellow oil (7.66 g, 98% vield). 'H NMR (400 MHz, CDCl3): § 5.27
(d,/=9.4Hz, 1H),4.71 (t,J=8.6 Hz, 1H), 4.53 (s, IH), 421 (d, /= 9.5 Hz, 1H), 4.14-4.01 (m,
1H), 3.75 (s, 3H), 3.78-3.68 (m, 1H), 2.30 (s, 1H), 2.45-.89 (m, 2H), 1.43 (s, 9H), 1.06 (s, 9H);
15C NMR (101 MHz, CDCls): § 172.6, 1712, 156.3, 80.0, 70.3, 58.7, 57.4, 56.3, 52.2, 37.6, 35.2

2

28.3 (3C), 263 (3C).
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[0211] (25,4R)-1-((:5)-2-((tert-butoxycarbonyl)amino)-3,3-dimethylbutanoyl)-4-
hydroxypyrrolidine-2-carboxylic acid (AP).

[0212] The titled compound can be prepared according to the process described by Raina K. er
al. Proc. Natl. Acad. Sci. U.S.A. 2016, 113, 7124-7129. To the solution of methyl (25,4R)-1-
((S)-2-((tert-butoxycarbonyl)amino)-3,3-dimethylbutanoyl)-4-hydroxypyrrolidine-2-carboxylate
(AO) (2.00 g, 5.58 mmol) in THF (20 mL) at 0° C was added the solution of lithium hydroxide
monohydrate (2.34 g, 55,79 mmol) in water (10 mL). The resulting mixture was stirred at rt for
18 h. The organic solvent was removed under vacuo, the residue was diluted with ice-water (10
mL) and the pH was slowly adjusted to 2-3 with 2N HCI yielding a solid which was collected
by filtration, washed with water (6 mLx2), and then dried in an oven at 50 °C to aftord the titled
compound as a white solid (1.45 g, 75% yield). 'H NMR (400 MHz, DMSO-ds): § 12.10 (bs,
1H), 6.49 (d, J= 9.4 Hz, 1H), 5.19 (bs, 1H), 4.33 (bs, 1H), 4.26 (t, /= 8.3 Hz, 1H), 4.16 (d, J =
9.1 Hz, 1H), 3.69-3.51 (m, 2H), 2.19-1.82 (m, 2H), 1.38 (s, 9H), 0.94 (s, 9H); 1°C NMR (101
MHz, DMSO-ds): § 173.76, 170.41, 155.77, 78.56, 69.28, 58.64, 58.17, 56.49, 37.75, 35.83,

28.64 (3C), 26.67 (3C).

[0213] Tert-butyl ((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)carbamate (AQ).
[0214] The titled compound can be prepared according to the process described by Raina K. ef
al. Proc. Natl. Acad. Sci. U.S.A. 2016, 113, 7124-7129. Under nitrogen atmosphere, to a stirred
solution of (25,4R)-1-((S)-2-((tert-butoxycarbonyl)amino)-3,3-dimethylbutanoyl)-4-
hydroxypyrrolidine-2-carboxylic acid (AP) (1.40 g, 4.06 mmol), (5)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethan-1-amine hydrochloride (AM) (1.04 g, 4.06 mmol), and DIPEA (2.12 mL, 1.57 g,
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12.19 mmol) in dry THF (20 mL) was added HATU (1.85 g, 4.88 mmol) at O °C. The resulting
mixture was allowed to warm to rt and stirred for 5 h. The organic solvent was removed under
vacuo. Water (15 mL) was added to the residue, and the resulting mixture was stirred for 1 h and
then was filtered. The solid was collected, dried in an oven at 50 °C, and purified by flash
column chromatography on Si02 (DCM/Acetone, 75:25) to give the titled product as a white
solid (1.57 g, 71% yield). '"H NMR (400 MHz, CDCls): § 8.70 (s, 1H), 7.62 (d, /= 7.6 Hz, 1H),
7.45-7.37 (m, 4H), 5.23 (d, J= 8.8 Hz, 1H), 5.14- 5.02 (m, 1H), 4.82 (t,J=7.9 Hz, 1H), 4.53 (s,
1H), 422 (d, J=9.0 Hz, 1H), 4.17 (d, J=11.1 Hz, 1H), 3.58 (d, /= 8.6 Hz, 1H), 2.83 (bs, 1H),
2.70-2.59 (m, 1H), 2.55 (s, 3H), 2.14-2.01 (m, 1H), 1.48 (d, /= 7.0 Hz, 3H), 1.44 (s, 9H), 1.07
(s, 9H); 3C NMR (101 MHz, CDCls): § 173.04, 169.45, 156.57, 150.29, 148.52, 143.14, 131.60,
130.91, 129.60 (2C), 126.43 (2C), 80.57, 70.09, 59.01, 58.10, 56.43, 48.89, 35.07, 34.68, 28.30

(3C), 26.47 (3C), 22.30, 16.10.

[0215] (25,4R)-1-((:5)-2-Amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (E3LB-3).
[0216] The titled compound can be prepared according to the process described by Raina K. er
al. Proc. Natl. Acad. Sci. U.S.A. 2016, 113, 7124-7129. A solution of 4N HCI in dioxane (6.0
mL) was added to fert-butyl (($)-1-((25,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-y1)-3,3-dimethyl-1-oxobutan-2-yl)carbamate (AQ) (1.55
g, 2.85 mmol) and the mixture was stirred at rt for 3 h. The solvent was evaporated to dryness
and the crude residue was triturated with DEE, filtered off, and dried in an oven at 50 °C to give
the titled compound as a white solid (1.36 g, 99% yield). "H NMR (400 MHz, DMSO-ds): §9.11

(s, 1H), 8.62 (d,.J= 7.8 Hz, 1H), 8.16 (s, 3H), 7.50-7.34 (m, 4H), 6.83 (s, 1H), 4.91 (q,J=7.2
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Hz, 1H), 4.55 (t,J = 8.4 Hz, 1H), 4.31 (s, 1H), 3.89 (d, /= 5.3 Hz, 1H), 3.75 (d, J= 10.8 Hz,
1H), 3.50 (dd, J=3.7, 10.9 Hz, 1H), 2.47 (s, 3H), 2.21-1.65 (m, 2H), 1.38 (d,.J= 7.0 Hz, 3H),
1.03 (s, 9H); 3C NMR (101 MHz, DMSO-ds):  170.68, 167.08, 151.52, 147.47, 145.31, 131.96,
129.84, 129.32 (2C), 126.85 (2C), 69.35, 59.30, 58.51, 56.94, 48.24, 38.39, 34.85, 26.53 (3C),

22.97,16.14.

[0217] Tert-butyl (4-(((S)-1-((25,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-S-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-4-
oxobutyl)carbamate (AR).

[0218] General Procedure III (1h) was followed by using (25,4R)-1-((S)-2-amino-3,3-
dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-
carboxamide hydrochloride (E3LB-3) (0.20 g, 0.416 mmol), 4-((tert-
butoxycarbonyl)amino)butanoic acid (0.093 g, 0.458 mmol), DIPEA (0.29 mL, 1.666 mmol),
and HATU (0.198 g, 0.521 mmol) in dry DMF (1.0 mL) to afford the titled compound as white
solid (0.16 g, 61% yield) following purification by flash column chromatography on S102
(DCM/MeOH, 99:1 to 96:4). 'H NMR (400 MHz, CDClz): § 8.68 (s, 1H), 7.61 (d, /= 7.3 Hz,
1H), 7.44-7.34 (m, 4H), 7.23 (d, /= 7.0 Hz, 1H), 5.18-5.04 (m, 1H), 4.94 (s, 1H), 4.75 (t, /= 8.1
Hz, 1H), 4.55-4.41 (m, 2H), 4.22-4.05 (m, 1H), 3.69-3.55 (m, 1H), 3.25-3.04 (m, 2H), 2.53 (s,
3H), 2.46-2.34 (m, 1H), 2.33-2.06 (m, 3H), 1.85-1.65 (m, 2H), 1.49 (d, J= 6.9 Hz, 3H), 1.43 (s,
9H), 1.09 (s, 9H); 1*C NMR (101 MHz, CDCl3): § 173.76, 172.06, 170.01, 156.76, 150.31,
148.44, 143.38, 131.62, 130.78, 129.51 (2C), 126.46 (2C), 79.62, 70.13, 58.64, 58.54, 56.74,

48.80, 39.40, 36.00, 34.74, 32.96, 28.40 (3C), 26.66, 26.56 (3C), 22.20, 16.08.
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[0219] Tert-butyl (5-(((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-S-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-5-
oxopentyl)carbamate (AS).

[0220] General Procedure III (Zh) was followed by using (25,4R)-1-((S)-2-amino-3,3-
dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-
carboxamide hydrochloride (E3LB-3) (1.48 g, 3.08 mmol), 5-((tert-
butoxycarbonyl)amino)pentanoic acid (0.735 g, 3.38 mmol), DIPEA (2.14 mL, 12.31 mmol),
and HATU (1.46 g, 3.85 mmol) in dry DMF (6.0 mL) to afford the titled compound as white
solid (1.60 g, 81% yield) following purification by flash column chromatography on SiO2
(DCM/MeOH, 98:2 to 95:5). 'H NMR (400 MHz, CDCls): 6 8.69 (s, 1H), 7.51 (d, /= 7.0 Hz,
1H), 7.41 (q, /= 8.5 Hz, 4H), 6.31 (d, /= 7.6 Hz, 1H), 5.18-5.04 (m, 1H), 4.76 (t, /= 7.9 Hz,
2H), 4.58 (d, /= 8.6 Hz, 1H), 4.53 (bs, 1H), 4.13 (d, J=11.4 Hz, 1H), 3.62 (d, /= 10.4 Hz, 1H),
3.41 (bs, 1H), 3.18-3.00 (m, 2H), 2.55 (s, 4H), 2.33-2.04 (m, 3H), 1.72-1.57 (m, 2H), 1.55-1.38
(m, 14H), 1.06 (s, 9H); *C NMR (101 MHz, CDCls): § 173.59, 172.15, 169.63, 156.14, 150.28,
148.49, 143.15, 131.58, 130.88, 129.55 (2C), 126.45 (2C), 79.26, 70.06, 58 .41, 57.69, 56.77,

48.84,39.99, 35.73, 35.46, 34.95, 29 36, 28.44 (3C), 26.52 (3C), 22.59, 22.26, 16.10.

[0221] Tert-butyl (6-(((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-S-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-6-
oxohexyl)carbamate (AT).

[0222] General Procedure III (1h) was followed by using (25,4R)-1-((S)-2-amino-3,3-
dimethylbutanoyl)-4-hydroxy-N-((S$)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-

carboxamide hydrochloride (E3LB-3) (0. 250 g, 0.521 mmol), 6-((fert-
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butoxycarbonyl)amino)hexanoic acid (0.132 g, 0.573 mmol), DIPEA (0.36 mL, 2.083 mmol),
and HATU (0.247 g, 0.651 mmol) in dry DMF (1.0 mL) to afford the titled compound as white
solid (0.213 g, 63% yield) following purification by flash column chromatography on SiO2
(DCM/MeOH, 95:5). '"H NMR (400 MHz, CDCl5): § 8.70 (s, 1H), 7.49 (d, J = 6.6 Hz, 1H), 7.46-
7.36 (m, 4H), 6.16 (d, J = 8.3 Hz, 1H), 5.16-5.06 (m, 1H), 4.78 (t,J=8.1 Hz, 1H), 4.70 (bs, 1H),
458(d, J=9.1 Hz, 1H), 4.53 (s, 1H), 4.17 (d, /= 11.6 Hz, 1H), 3.79-3.56 (m, 1H), 3.29-2.99

(m, 3H), 2.55 (s, 3H), 2.31-2.05 (m, 3H), 1.56-1.40 (m, 16H), 1.37-1.24 (m, 2H), 1.07 (s, 9H).

[0223] Tert-butyl (7-(((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-7-
oxoheptyl)carbamate (AU).

[0224] General Procedure III (30 min) was followed by using (25,4R)-1-((S)-2-amino-3,3-
dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-
carboxamide hydrochloride (E3LB-3) (0.250 g, 0.521 mmol), 7-((tert-
butoxycarbonyl)amino)heptanoic acid (0.14 g, 0.573 mmol), DIPEA (0.36 mL, 2.083 mmol),
and HATU (0.247 g, 0.651 mmol) in dry DMF (1.0 mL) to afford the titled compound as white
solid (0.244 g, 68% yield) following purification by flash column chromatography on SiO2
(DCM/MeOH, 95:5). 'H NMR (400 MHz, CDCls): 6 8.70 (s, 1H), 7.50 (d, J= 6.2 Hz, 1H), 7.41
(q, /=83 Hz 4H), 6.18 (d, /= 8.5 Hz, 1H), 5.17-5.05 (m, 1H), 4.77 (t, /= 8.0 Hz, 1H), 4.67-
4.47 (m, 3H),4.17 (d, J=11.5 Hz, 1H), 3.61 (d, /= 10.6 Hz, 1H), 3.18-3.01 (m, 3H), 2.55 (s,
4H), 2.35-2.03 (m, 3H), 1.74-1.57 (m, 4H), 1.55-1.40 (m, 12H), 1.32 (s, 4H), 1.07 (s, 9H); °C

NMR (101 MHz, CDCl3): § 173.9 (2C), 172.2, 169.6, 150.3, 148 4, 1432, 130.8, 129.6 (2C),
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126.5 (2C), 109.6, 79.2, 70.0, 58.3, 57.6, 56.7, 48.8, 40.3, 36.2, 35.3, 34.8, 29.7, 28.4 (3C), 28.4,

26.5 (3C), 26.2,25.3,22.2, 16.0.

[0225] Tert-butyl (2-(2-(2-(((S)-1-((2S5,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-2-
oxoethoxy)ethoxy)ethyl)carbamate (AW).

[0226] General Procedure I1I (1h) was followed by using (25,4R)-1-((S)-2-amino-3,3-
dimethylbutanoyl)-4-hydroxy-N-((S5)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-
carboxamide hydrochloride (E3LB-3) (0.10 g, 0.208 mmol), fert-butyl (2-(2-(2-
aminoethoxy)ethoxy )ethyl)carbamate (0.06 g, 0.229 mmol), DIPEA (0.14 mL, 0.833 mmol), and
HATU (0.099 g, 0.260 mmol) in dry DMF (0.5 mL) to afford the titled compound as white solid
(0.072 g, 50% yield) following purification by flash column chromatography on SiO2
(DCM/MeOH, 97:3 to 95:5). 'H NMR (400 MHz, CDCl3): 8 8.69 (s, 1H), 7.52 (d, /= 8.6 Hz,
1H), 7.40 (d, /= 7.3 Hz, 4H), 5.94 (s, 1H), 5.21-5.06 (m, 1H), 4.66 (dd, J=35.2,26.9 Hz, 3H),

4.22-3.05 (m, 14H), 2.54 (s, 3H), 2.37-2.01 (m, 2H), 1.54-1.37 (m, 12H), 1.06 (s, OH).

[0227] (25,4R)-1-((5)-2-(4-Aminobutanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-(($)-1-
(4-(4-methylthiazol-S-yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (AY).
[0228] General Procedure II (2h) was followed by using terz-butyl (4-(((S)-1-((25,4R)-4-
hydroxy-2-(((8)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-
dimethyl-1-oxobutan-2-yl)amino)-4-oxobutyl)carbamate (AR) (0.120 g, 0.190 mmol) and 4N
HCI in dioxane (1.2 mL) to afford the titled compound as light-yellow solid (0.10 g, 92% yield).

'H NMR (400 MHz, MeOD): § 9.84 (s, 1H), 7.55 (dd, J = 16.3, 8.3 Hz, 4H), 5.04 (q, /= 7.0 Hz,
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1H), 4.63-4.53 (m, 2H), 4.46 (s, 1H), 3.95-3.88 (m, 1H), 3.79-3.71 (m, 1H), 2.99 (t,J= 7.3 Hz,
2H), 2.61 (s, 3H), 2.52-2.43 (m, 2H), 2.24 (dd, J = 13.0, 7.6 Hz, 1H), 2.01-1.89 (m, 3H), 1.53 (d,

J=17.0Hz, 3H), 1.07 (s, /= 7.3 Hz, 9H).

[0229] (25,4R)-1-((:5)-2-(5-Aminopentanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-(($)-1-
(4-(4-methylthiazol-S-yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (AZ).
[0230] General Procedure II (2h) was followed by using fert-butyl (5-(((S)-1-((25,4R)-4-
hydroxy-2-((($)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl )carbamoyl)pyrrolidin-1-yl)-3,3-
dimethyl-1-oxobutan-2-yl)amino)-5-oxopentyl)carbamate (AS) (1.35 g, 2.09 mmol) and 4N HCI
in dioxane (10.0 mL) to afford the titled compound as white solid (1.11 g, 91% yield). '"H NMR
(400 MHz, CDsOD): 6 10.03 (s, 1H), 7.57 (d, J = 8.3 Hz, 4H), 5.10-5.01 (m, 1H), 4.73-4.56 (m,
2H), 4.46 (s, 1H), 3.91 (d, /= 10.5 Hz, 1H), 3.76 (d, J= 10.5 Hz, 1H), 3.33 (s, 1H), 3.02-2.84
(m, 2H), 2.64 (s, 3H), 2.48-2.33 (m, 2H), 2.33-2.23 (m, 1H), 2.00-1.90 (m, 1H), 1.80-1.68 (m,
4H), 1.53 (d, J = 6.6 Hz, 3H), 1.05 (s, 9H); *C NMR (101 MHz, DMSO-ds): § 172.12, 171.08,
169.96, 152.39, 147.48, 14534, 131.97, 129.80, 129.29 (2C), 126.88 (2C), 69.19, 59.01, 56.88,

56.73, 48.17, 38.90, 38.20, 35.69, 34.70, 27.09, 26.94 (3C), 22.91, 22.80, 16.13.

[0231] (25,4R)-1-((S)-2-(6-Aminohexanamido)-3,3-dimethylbutanoyl)-4-hydroxy-NV-((:S)-1-
(4-(4-methylthiazol-S-yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (BA).
[0232] General Procedure II (1h) was followed by using fert-butyl (6-(((S)-1-((25,4R)-4-
hydroxy-2-((($)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-
dimethyl-1-oxobutan-2-yl)amino)-6-oxohexyl)carbamate (AT) (0.20 g, 0.304 mmol) and 4N HCI

in dioxane (2.0 mL) to afford the titled compound as white solid (0.128 g, 71 % yield). 'H NMR

82

SUBSTITUTE SHEET (RULE 26)



WO 2020/160295 PCT/US2020/015922

(400 MHz, MeOD): § 10.06 (s, 1H), 7.57 (dd, J = 16.4, 7.8 Hz, 4H), 5.08-5.02 (m, 1H), 4.67-
4.56 (m, 2H), 4.46 (s, 1H), 3.90 (d, J = 10.8 Hz, 1H), 3.81-3.72 (m, 1H), 2.95 (t, J = 7.2 Hz, 2H),
2.65 (s, 3H), 2.46-2.20 (m, 3H), 2.02-1.89 (m, 1H), 1.75-1.63 (m, 4H), 1.54 (d, J = 6.9 Hz, 3H),

1.41 (t, /= 6.8 Hz, 2H), 1.07 (s, 9H).

[0233] (25,4R)-1-((:5)-2-(7-Aminoheptanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-(($)-1-
(4-(4-methylthiazol-S-yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (BB).
[0234] General Procedure II (1h) was followed by using ferz-butyl (7-(((S)-1-((25,4R)-4-
hydroxy-2-(((8)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl )carbamoyl)pyrrolidin-1-yl)-3,3-
dimethyl-1-oxobutan-2-yl)amino)-7-oxoheptyl)carbamate (AU) (0.22 g, 0.327 mmol) and 4N
HCl in dioxane (2.0 mL) to afford the titled compound as white solid (0.199 g, 100 % yield). 'H
NMR (400 MHz, MeOD): 6 9.82 (s, 1H), 7.74-7.26 (m, 4H), 5.04 (q, /= 7.0 Hz, 1H), 4.64 (s,
1H), 4.60 (t, /= 8.4 Hz, 1H), 4.46 (s, 1H), 3.90 (d, /=113 Hz, 1H), 3.84-3.71 (m, 1H), 2.94 (t,
J=75Hz 2H), 2.61 (s, 3H), 2.37-2.21 (m, 3H), 2.05-1.92 (m, 1H), 1.79-1.62 (m, 4H), 1.54 (d,
J=7.0Hz 3H), 1.50-1.33 (m, 4H), 1.06 (s, 9H); *C NMR (101 MHz, MeOD): & 175.86,
173.28, 172.25, 155.50, 147.60, 143.50, 136.81, 130.62 (2C), 128.52, 128.10 (2C), 70.96, 68.11,
60.53, 59.04, 57.98, 49.63, 40.64, 38.82, 36.44, 36.32, 29.58, 28.31, 27.03 (3C), 26.58, 2240,

13.48.
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[0235] (25,4R)-1-((:5)-2-(2-(3-Aminopropoxy)acetamido)-3,3-dimethylbutanoyl)-4-hydroxy-
N-((S5)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride
(BO).

[0236] General Procedure III (30 min) was followed by using (25,4R)-1-((S)-2-amino-3,3-
dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-
carboxamide hydrochloride (E3LB-3) (0.250 g, 0.521 mmol), 2-(3-((tert-
butoxycarbonyl)amino)propoxy)acetic acid (0.134 g, 0.573 mmol), DIPEA (0.36 mL, 2.083
mmol), and HATU (0.247 g, 0.651 mmol) in dry DMF (1.0 mL) to afford zert-butyl (3-(2-(((5)-
1-((25,4R)-4-hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl )ethyl )carbamoyl)pyrrolidin-1-
yl)-3,3-dimethyl-1-oxobutan-2-yl )Jamino)-2-oxoethoxy )propyl)carbamate (AV) as white solid
(0.215 g, 63% yield) after purification by flash column chromatography on Si02 (DCM/MeOH,
95:5). Then, following general Procedure II (1h) by using zerz-butyl (3-(2-(((S)-1-((25,4R)-4-
hydroxy-2-((($)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl )carbamoyl)pyrrolidin-1-yl)-3,3-
dimethyl-1-oxobutan-2-yl)amino)-2-oxoethoxy)propyl)carbamate (AV) (0.210 g, 0.318 mmol)
and 4N HCl in dioxane (2.0 mL) the titled compound was obtained as white solid (0.196 g, 100%
yield). '"H NMR (400 MHz, MeOD): § 9.88 (s, 1H), 7.55 (q, J = 8.4 Hz, 4H), 5.04 (q, J= 6.9 Hz,
1H), 4.75-4.67 (m, 1H), 4.65-4.53 (m, 1H), 4.47 (s, 1H), 4.10 (d, /=3.6 Hz, 2H), 3.90 (d, J =
10.9 Hz, 1H), 3.80-3.70 (m, 2H), 3.37 (s, 2H), 3.13 (t, /= 6.6 Hz, 2H), 2.62 (s, 3H), 2.33-2.17
(m, 1H), 2.08-1.88 (m, 3H), 1.54 (d, /="7.1 Hz, 3H), 1.40 (dd, J=4.3, 6.7 Hz, 2H), 1.07 (d, J =
6.9 Hz, 9H); “C NMR (101 MHz, MeOD): § 173.2, 172.4,171.9, 156.4, 147.7,143.1, 137.1,
130.6 (2C), 128.3, 128.1 (2C), 71.0, 70.4, 60.6, 58.6, 58.1, 50.2, 49.0, 39.4, 38.9, 36.8, 28.2, 26.9

(3C), 22.4, 13.3.
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[0237] (25,4R)-1-((:5)-2-(2-(2-(2-Aminoethoxy)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4-
hydroxy-N-(($)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide
hydrochloride (BD).

[0238] General Procedure II (2h) was followed by using ferz-butyl (2-(2-(2-(((5)-1-((2S,4R)-4-
hydroxy-2-((($)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl )carbamoyl)pyrrolidin-1-yl)-3,3-
dimethyl-1-oxobutan-2-yl)amino)-2-oxoethoxy)ethoxy)ethyl )carbamate (AW) (0.06 g, 0.087
mmol) and 4N HCl in dioxane (1.0 mL) to afford the titled compound as white solid (0.054 g,
100% yield). '"H NMR (400 MHz, MeOD): 6 9.76 (s, 1H), 7.54 (q, /= 8.1 Hz, 4H), 5.10-5.00
(m, 1H), 4.75 (s, 1H), 4.66-4.53 (m, 1H), 4.46 (s, 1H), 4.20-3.96 (m, 2H), 3.88 (d, /=11.1 Hz,
1H), 3.82-3.72 (m, 8H), 3.27-3.16 (m, 2H), 2.60 (s, 3H), 2.34-2.23 (m, 1H), 2.00-1.87 (m, 1H),

1.55(d, J="7.1Hz, 3H), 1.11-1.01 (m, 9H).

85

SUBSTITUTE SHEET (RULE 26)



WO 2020/160295 PCT/US2020/015922

[0239] Scheme 8. Synthesis of Examples 15-20.

0
HZN‘XJ\NH
Hel o
Ws)o
N
4 N (S)
H
HO(R)
F 0 ,S/)
F 0 AY-BD N
\)J\OH

HATU, DIPEA,

N\ N[’\O dry DMF, 1t, 16h
\ S>’ ./

s Na g
} Y
(R)

Example 15 X = (CH,)3

Example 16 X = (CH,),

Example 17 X = (CH,)s5

Example 18 X = (CH,)g

Example 19 X = (CH,)30CH,

Example 20 X = (CH,CH,0),CH,
[0240] (25,4R)-1-((S5)-2-(4-(2-(2,3-Difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)butanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Example 15).
[0241] General Procedure III (3h) was followed by using (2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetic acid (E) (0.035 g, 0.089 mmol), (25,4R)-1-((5)-2-(4-
aminobutanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (AY) (0.05 g, 0.089 mmol), DIPEA

(0.062 mL, 0.356 mmol), and HATU (0.042 g, 0.111 mmol) in dry DMF (0.6 mL) to afford the
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titled compound as white solid (0.046 g, 60% yield) following purification by flash column
chromatography on SiO2 (DCM/MeOH, 98:2 to 95:5). 'H NMR (400 MHz, CDCl3): 8 8.69 (s,
1H), 7.62-7.55 (m, 1H), 7.49 (d, J = 7.8 Hz, 1H), 7.40 (q, J = 8.3 Hz, 4H), 7.27-7.24 (m, 1H),
7.01(dd, J=16.6, 9.0 Hz, 1H), 6.95-6.89 (m, 2H), 5.16-5.02 (m, 1H), 4.78 (t, J = 8.1 Hz, 1H),
4.61 (s, 2H), 4.53 (d, J=8.2 Hz, 1H), 4.47 (s, 1H), 4.15 (d,.J= 11.6 Hz, 1H), 3.92-3.79 (m, 4H),
3.63-3.40 (m, 8H), 3.36-3.24 (m, 1H), 2.63-2.51 (m, 4H), 2.33-2.17 (m, 2H), 2.12-2.03 (m, 1H),
1.80-1.77 (m, 1H), 1.48 (d, J = 7.0 Hz, 3H), 1.07 (s, 9H); '3C NMR (101 MHz, CDCl3): §
173.03, 172.34, 170.98, 169.59, 168.90, 150.73 (dd, /= 251.3, 11.4 Hz), 150.28, 148.51, 146-
73-146.38 (m), 144. 58 (dd, J= 8.9, 1.6 Hz,), 144.21 (dd, J= 2473, 14.1 Hz,), 143.17, 13161,
130.87, 129.57 (2C), 126.46 (2C), 125.34 (d, J=3.4 Hz,), 124.52 (dd, J="7.7, 3.8 Hz), 112.54
(d,J=17.1 Hz), 106.25, 72.36 (d, J = 5.2 Hz), 70.11, 66.11 (2C), 58.25, 58.09, 56.75, 48.85,
48.55 (2C), 37.82, 35.35, 34.80, 32.93, 26.54 (3C), 25.89, 22.22, 16.10. HRMS (ESI) m/z

[M+H]+ caled for C42Hs1F2N707S2 868.33322, found 868.3327.

[0242] (25,4R)-1-((:5)-2-(5-(2-(2,3-Difluoro-6-(2-morpholinothiazol-
4yl)phenoxy)acetamido)pentanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((:$)-1-(4-(4-
methylthiazol-S-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Example 16).

[0243] General Procedure 111 (4h) was followed by using (2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetic acid (E) (0.67 g, 1.71 mmol), (25,4R)-1-((S)-2-(5-
aminopentanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-(($)-1-(4-(4-methylthiazol -5-
yl)phenyl)ethyl)pyrrolidine-2 carboxamide hydrochloride (AZ) (0.99 g, 1.71 mmol), DIPEA
(1.19 mL, 6.82 mmol), and HATU (0.81 g, 2.13 mmol) in dry DMF (7.5 mL) to afford the titled

compound as white solid (0.604 g, 40% yield) following purification by flash column
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chromatography on SiO2 (DCM/Acetone/MeOH, 60:37:3). 'H NMR (400 MHz, CDCl;): & 8.70
(s, 1H), 7.60 (ddd, J= 8.5, 6.0, 2.1 Hz, 1H), 7.48-7.34 (m, 5H), 7.12 (t, J = 5.6 Hz, 1H), 7.05-
6.92 (m, 2H), 6.32 (d, J = 8.6 Hz, 1H), 5.15-5.05 (m, 1H), 4.75 (t, J = 8.0 Hz, 1H), 4.66-4.53 (m,
3H), 4.49 (bs, 1H), 4.11 (d, J = 11.4 Hz, 1H), 3.90-3.80 (m, 4H), 3.59 (dd, /= 11.4, 3.5 Hz, 1H),
3.55-3.46 (m, 4H), 3.45-3.17 (m, 3H), 2.61-2.50 (m, 4H), 2.39-2.21 (m, 2H), 2.07 (dd, J = 13.6,
8.3 Hz, 1H), 1.83-1.52 (m, 4H), 1.48 (d, J = 6.9 Hz, 3H), 1.06 (s, 9H); 13C NMR (101 MHz,
CDCls): 6 173.34, 172.25, 170.85, 169.54, 168.31, 150.64 (dd, J=251.3, 11.3 Hz), 150.26,
148.50, 146.40 (d, J = 1.7 Hz), 144.69-144.42 (m), 144.19 (dd, J= 247.5, 14.0 Hz), 143.11,
131.58, 130.88, 129.56 (2C), 126.41 (2C), 125.32 (d, J = 3.4 Hz), 12448 (dd, J="7.7, 3.9 Hz),
112.49 (d, J=17.1 Hz), 106.25, 72.29 (d, J = 5.0 Hz), 70.03, 66.13 (2C), 58.24, 57.67, 56.72,
48 86, 48.55 (2C), 38.35, 35.47, 35.35, 34.92, 28.73, 26.51 (3C), 22.40, 22.24, 16.10. HRMS

(ESI) m/z [M+H]+ calcd for C43Hs3F2N707S2 882.34887, found 882.3458.

[0244] (25,4R)-1-((:5)-2-(6-(2-(2,3-Difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)hexanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S$)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Example 17).

[0245] General Procedure III (1.5h) was followed by using (2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetic acid (E) (0.036 g, 0.102 mmol), (25,4R)-1-((S)-2-(6-
aminohexanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((5)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (BA) (0.061 g, 0.102 mmol), DIPEA
(0.07 mL, 0.407 mmol), and HATU (0.048 g, 0.127 mmol) in dry DMF (0.5 mL) to aftord the
titled compound as white solid (0.024 g, 26% yield) following purification by flash column

chromatography on SiO2 (DCM/MeOH, 98:2 to 96:4). 'H NMR (400 MHz, CDCl3): § 8.69 (s,
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1H), 7.60 (ddd, J = 8.6, 6.0, 2.3 Hz, 1H), 7.50-7.34 (m, SH), 7.08-6.97 (m, 2H), 6.95 (s, 1H),
6.16 (d, J=8.6 Hz, 1H), 5.10 (p, J= 7.3 Hz, 1H), 4.76 (t, J = 8.0 Hz, 1H), 4.61-4.54 (m, 3H),
451 (s, 1H), 4.12 (d, J=11.6 Hz, 1H), 3.89-3.81 (m, 4H), 3.58 (dd, /= 11.4, 3.5 Hz, 1H), 3.55-
3.50 (m, 4H), 3.32 (dd, J= 142, 7.1 Hz, 2H), 3.22-3.12 (m, 1H), 2.61-2.50 (m, 4H), 2.31-2.16
(m, 2H), 2.14-2.04 (m, 1H), 1.69-1.59 (m, 2H), 1.57-1.46 (m, 5H), 1.39-1.26 (m, 2H), 1.06 (s,
9H); 13C NMR (101 MHz, CDCL3): § 173.50, 172.22, 170.85, 169.57, 169.47, 168.04, 150.67
(dd, J=251.3, 11.4 Hz), 150.26, 148.51, 146,52 (dd, J = 6.4, 1.7 Hz), 144.18 (dd, J = 246 8,
14.7 Hz), 143.13, 131.57, 130.90, 129.57 (2C), 126.42 (2C), 125.31 (d, /= 3.6 Hz), 124.49 (dd,
J=17.7,3.8 Hz), 112.46 (d, J= 17.1 Hz), 106.16, 72.37 (d, J = 5.2 Hz), 70.01, 66.13 (2C), 58.27,
57.58, 56.71, 48.86, 48.54 (2C), 38.87, 36.15, 35.41, 34.87, 29.20, 26.50 (3C), 26.18, 25.07,

22.25,16.11. HRMS (ESI) m/z [M+H]+ calcd for C4sHssFaN70O7S2 896.36452, found 896.3645.

[0246] (2S5,4R)-1-((S)-2-(7-(2-(2,3-Difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)heptanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((5)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Example 18).

[0247] General Procedure III (1h) was followed by using (2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetic acid (E) (0.036 g, 0.100 mmol), (25,4K)-1-((5)-2-(7-
aminoheptanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S$)-1-(4-(4-methylthiazol -5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (BB) (0.061 g, 0.100 mmol), DIPEA
(0.069 mL, 0.401 mmol), and HATU (0.048 g, 0.127 mmol) in dry DMF (0.5 mL) to afford the
titled compound as white solid (0.045 g, 49% yield) following purification by flash column
chromatography on SiO2 (DCM/Acetone/MeOH, 60:40:1.5). 'H NMR (400 MHz, CDCls): §

8.68 (s, 1H), 7.60 (ddd, J=2.2, 6.0, 8.6 Hz, 1H), 7.52 (d, J= 7.9 Hz, 1H), 7.47-7.34 (m, 4H),
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7.10-6.81 (m, 3H), 6.28 (d, J = 8.8 Hz, 1H), 5.09 (p, /= 7.1 Hz, 1H), 4.73 (t, J = 7.9 Hz, 1H),
459 (d, J=8.8 Hz, 1H), 4.56 (s, 2H), 4.50 (s, 1H), 4.07 (d, J= 11.4 Hz, 1H), 3.89-3.80 (m, 4H),
3.76-3.66 (m, 1H), 3.61 (dd, J=3.6, 11.3 Hz, 1H), 3.54-3.47 (m, 4H), 3.30 (q, J = 5.9 Hz, 2H),
2.53 (s, 3H), 2.50 — 2.40 (m, 1H), 2.32-2.01 (m, 3H), 1.69-1.49 (m, 4H), 1.48 (d, /= 6.9 Hz,
3H), 1.38-1.28 (m, 4H), 1.05 (s, 9H); 13C NMR (101 MHz, CDCl5): § 173.50, 171.99, 170.78,
169.83, 167.99, 150.62 (dd, J=11.5, 251.1 Hz), 150.30, 148.45, 146.93-146.03 (m), 144.57 (dd,
J=15,9.1 Hz), 144.16 (dd, J = 14.0, 247.2 Hz), 143.24, 131.58, 130.83, 129.52 (2C), 126.43
(2C), 125.28 (d, J=3.4 Hz), 124.48 (dd, J= 4.0, 7.7 Hz), 114.06, 11243 (d, /= 17.1 Hz),
106.14, 72.34 (d, J= 5.1 Hz), 69.90, 66.12, 58.48, 57.46, 56.74, 53.85, 48.80, 48.52, 38.89,

36.19, 35.69, 35.12, 29.15, 28.44, 26.51 (3C), 26.31, 25.34, 22.24, 16.09. HRMS (ESI) m/z

[M+H]+ calcd for C4sHs7FaN707S2 910.38017, found 910.3802.

[0248] (2S5,4R)-1-((S)-2-(2-(3-(2-(2,3-Difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)propoxy)acetamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((:$)-1-(4-
(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Example 19).

[0249] General Procedure III (1h) was followed by using (2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetic acid (E) (0.035 g, 0.098 mmol), (25,4K)-1-((5)-2-(2-(3-
aminopropoxy )acetamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (BC) (0.059 g, 0.098 mmol), DIPEA
(0.069 mL, 0.395 mmol), and HATU (0.048 g, 0.127 mmol) in dry DMF (0.5 mL) to afford the
titled compound as white solid (0.09 g, 53% yield) following purification by flash column
chromatography on Si02 (DCM/MeOH, 95:5). 'H NMR (400 MHz, CDCl3): & 8.68 (s, 1H), 7.61

(ddd, /=22, 6.0, 8.7 Hz, 1H), 7.45-7.32 (m, SH), 7.25 (t, J= 5.9 Hz, 1H), 7.21 (d,./= 8.8 Hz,
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1H), 7.03-6.96 (m, 1H), 6.96 (s, 1H), 5.07 (p, J= 7.0 Hz, 1H), 4.71 (t, /= 7.7 Hz, 1H), 4.63-4.53
(m, 3H), 4.50 (s, 1H), 4.04-3.87 (m, 3H), 3.86-3.78 (m, 4H), 3.67-3.53 (m, 4H), 3.53-3.48 (m,
4H), 3.46 (q, J = 6.4 Hz, 2H), 2.53 (s, 3H), 2.54-2.45 (m, 1H), 2.12-1.98 (m, 1H), 1.87 (p, J=6.5
Hz, 2H), 1.47 (d, J = 6.9 Hz, 3H), 1.06 (s, 9H); *C NMR (101 MHz, CDCls): § 171.45, 170.78,
169.97, 169.69, 168.21, 150.61 (dd, J=251.3, 11.4 Hz), 150.32, 148.47, 146.40-146.32 (m),
144.56 (dd, J=9.1, 1.4 Hz), 144.22 (dd, J = 247.1, 14.0 Hz), 143.16, 131.60, 130.85, 129.54
(2C), 126.43 (2C), 12535 (d, J = 3.4 Hz), 12453 (dd, J= 7.7, 4.0 Hz), 112.56 (d, J= 17.0 Hz),
106.19, 72.34 (d, J=4.9 Hz), 70.12, 70.03, 69.21, 66.11 (2C), 58.42, 56.96, 56.61, 48.87, 48.54
(2C), 36.18, 35.54, 35.36, 29.45, 26.47 (3C), 22.22, 16.09. HRMS (ESI) m/z [M+H]+ calcd for

C43Hs3F2N70sS:2 898.34379, found 898.3438.

[0250] (25,4 R)-1-((S)-2-(tert-butyl)-14-(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)-
4,13-diox0-6,9-dioxa-3,12-diazatetradecanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Example 20).

[0251] General Procedure III (3h) was followed by using (2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetic acid (E) (0.026 g, 0.072 mmol), (25,4R)-1-((5)-2-(2-(2-
(2-aminoethoxy)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (BD) (0.045 g, 0.072
mmol), DIPEA (0.05 mL, 0.287 mmol), and HATU (0.034 g, 0.089 mmol) in dry DMF (0.6
mL) to afford the titled compound as white solid (0.038 g, 57 % yield) following purification by
flash column chromatography on SiO2 (DCM/MeOH, 97:3 to 95:5). 'H NMR (400 MHz,
CDCl3): 6 8.70 (s, 1H), 7.79-7.67 (m, 2H), 7.42 (dt, /= 24.5, 8.6 Hz, SH), 7.23 (d, /= 7.5 Hz,

1H), 7.07-6.92 (m, 2H), 5.09 (p, J = 7.2 Hz, 1H), 4.66-4.53 (m, 4H), 4.49 (s, 1H), 4.10-3.92 (m,
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3H), 3.89-3.80 (m, 4H), 3.80-3.55 (m, 9H), 3.54-3.45 (m, 4H), 2.90 (s, 1H), 2.55 (s, 3H), 2.50-
2.38 (m, 1H), 1.98-1.86 (m, 1H), 1.49 (d, J = 6.9 Hz, 3H), 1.06 (s, OH); °C NMR (101 MHz,
CDCls): § 17135, 170.59, 170.29, 169.63, 168.34, 150.47 (dd, J=251.0, 11.4 Hz), 150.31,
148.55, 145.91-145.78 (m), 144.43 (d,.J = 8.4 Hz), 144.26 (dd, J=246.8, 14.0 Hz), 143.00,
131.56, 130.98, 129.60 (2C), 126.46 (2C), 125.25 (d, J = 3.5 Hz), 124.64-124.40 (m), 112.63 (d,
J=17.0Hz), 106.39, 72.29 (d, J= 4.6 Hz), 71 31, 70.44, 70.35, 70.10, 70.08, 66.14 (2C), 58.44,
56.91, 56.72, 48.86, 48.53 (2C), 39.18, 35.75, 35.57, 26.52 (3C), 21.98, 16.12. HRMS (ESI) m/z

[M+H]+ calcd for C44HssFaN709S2 928.35435, found 928.3540.

[0252] Scheme 9. Synthesis of Examples 21.
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[0253] Ethyl 8-(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)octanoate (BE).

[0254] To the solution of 2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenol (ARB-1) (0.1 g,
0.335 mmol) in ACN (3.0 mL) K2COs (0.115 g, 0.834 mmol) and ethyl 8-bromooctanoate
(commercially available from, for example, Fluorochem) (0.084 g, 0.335 mmol) were added and
the mixture was stirred at rt overnight. Then, the solvent was evaporated under vacuo and the
crude residue diluted with water (10 mL) and extracted with EA (SmLx3). The reunited organic
phases were washed with brine (10 mL), dried over Na2SO4, and concentrated under reduced
pressure to afford a yellow o1l which was purified by flash column chromatography on SiO2
(PE/EA, 955 to 8:2) affording the titled compound as white solid (0.135 g, 86% yield). 'H NMR
(400 MHz, CDCls): § 7.80 (ddd, J = 8.8, 6.3, 2.3 Hz, 1H), 7.25 (s, 1H), 6.90 (td, /= 9.2, 7.4 Hz,
1H), 2.29 (t, J = 7.5 Hz, 2H), 1.84-1.74 (m, 2H), 1.63 (dd, J= 14.6, 7.3 Hz, 2H), 1.51-1.31 (m,
6H), 1.25 (t,J= 7.1 Hz, 3H); *C NMR (101 MHz, CDCl3): § 173.80, 169.86, 150.52 (dd, J =
2494, 11.7 Hz), 146.11-146.03 (m), 144.50 (d, /= 2.7 Hz), 144.65 (dd, J=246.3, 13.7 Hz),
125.11-125.01 (m), 123.80 (dd, /= 8.0,4.0Hz), 111.12(d, /= 17.1 Hz), 106.34, 74.12 (d, J =
5.6 Hz), 66.22 (2C), 60.20, 48.57 (2C), 34.33, 30.21, 29.04, 28 96, 25.67 (2C), 24.89, 14.27.

HRMS (ESI) m/z [M+Nal+ calcd for C44HseF2NsOsS2 889.35630, found 889.35713.

[0255] 8-(2,3-Difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)octanoic acid (BF).

[0256] To the solution of ethyl 8-(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)octanoate
(BE) (0.095 g, 0.203 mmol) in EtOH (1.0 mL) was added 1M NaOH solution (1.0 mL, 1.014
mmol) and the mixture was stirred at reflux for 4 h. After cooling, the mixture was poured in ice-
water, the pH was slowly adjusted to 2 with 2N HCI and the reaction mixture was extracted with

EA (15mLx3). The combined organic layers were washed with brine (10 mLx2), dried over
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anhydrous Na;SOs, and concentrated under reduced pressure yielding the titled compound as a
white solid (0.072 g, 81% yield). 'H NMR (400 MHz, DMSO-ds): § 7.79 (ddd, J= 8.9, 6.3, 2.4
Hz, 1H), 7.24 (s, 1H), 6.90 (td, J= 9.2, 7.4 Hz, 1H), 4.13-4.03 (m, 2H), 3.90-3.79 (m, 4H), 3.58-
3.46 (m, 4H), 2.35 (t,J = 7.5 Hz, 2H), 1.85-1.72 (m, 2H), 1.71-1.56 (m, 2H), 1.51-1.33 (m, 6H);
BCNMR (101 MHz, CDCls): § 178.64, 169.92, 150.54 (dd, J=249.5, 11.7 Hz), 146.15-146.02
(m), 144.74, 144.67 (dd, J = 246.4, 13.5 Hz), 125.09 (d, J = 3.6 Hz), 123.82 (dd, J = 7.9, 3.9 Hz),
111.14 (d,J=17.1 Hz), 10638, 74.11 (d, J = 5.6 Hz), 66.22 (2C), 48.57 (2C), 33.78, 30.19,

28.94, 28 91, 25.65, 24.59.

[0257] (2S5,4R)-1-((:5)-2-(8-(2,3-Difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)octanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (Example 21).

[0258] Under nitrogen atmosphere, to a stirred solution of 8-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)octanoic acid (BF) (0.018 g, 0.041 mmol), (25,4K)-1-((S5)-2-
amino-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide hydrochloride (E3LB-3) (0.020 g, 0.041 mmol), and
DIPEA (0.029 mL, 0.166 mmol) in dry DMF (0.5 mL) was added HATU (0.0197 g, 0.051
mmol) and the stirring was continued at rt overnight. The reaction mixture was poured in ice-
water (10 mL) yielding a precipitate which was collected by filtration, dried, and purified by
flash column chromatography on Si02 (DCM/MeOH, 97:3) to afford the titled compound as
light-yellow solid (0.018 g, 51% yield). '"H NMR (400 MHz, CDCls): 6 8.74 (s, 1H), 7.85-7.77
(m, 1H), 7.48-735 (m, SH), 7.24 (s, 1H), 6.93 (dd, /= 16.9, 8.4 Hz, 1H), 6.13 (d, /=7.6 Hz,

1H), 5.14-5.04 (m, 1H), 4.76 (t, J = 8.1 Hz, 1H), 4.61-4.49 (m, 2H), 4.16 (d, J= 11.8 Hz, 1H),
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410 (t,J = 6.1 Hz, 2H), 3.94-3.79 (m, 4H), 3.64-3.51 (m, 5H), 2.56 (s, 4H), 2.23 (t,J = 7.3 Hz,
2H), 2.12-2.02 (m, 1H), 1.85-1.73 (m, 2H), 1.71- 1.56 (m, 2H), 1.53-1.40 (m, 5H), 1.35 (s, 4H),
1.07 (s, 9H); 3C NMR (101 MHz, CDCl3): & 173.88, 172.27, 169.84, 169.55, 150.71 (dd, J =
250.0, 11.9 Hz), 150.58, 149.22, 147.60, 146.03 (dd, J=9.1, 1.0 Hz), 144.62 (dd, J=246.5, 13.5
Hz), 143.53, 132.22, 130.29, 129.59 (2C), 126.55 (2C), 124.49-124.36 (m), 124.22-123.95 (m),
111.21(d, J=17.2 Hz), 106.15, 74.18 (d, J = 5.6 Hz), 70.02, 66.19 (2C), 58.30, 57.57, 4888,
4882 (2C), 36.41, 35.22, 34.82, 30.14, 29.02, 28.90, 26.53 (3C), 25.62, 25.43, 22.26, 15.72.

HRMS (ESI) m/z [M+Nal+ calcd for C44HseF2NsOsS2 889.35685, found 889.35713.

[0259] Scheme 10. Synthesis of VHL-based E3LB-4 moieties.
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[0260] (S)-3-((Tert-butoxycarbonyl)amino)-3-(4-(4-methylthiazol-S-yl)phenyl)propanoic
acid (E3LB-4 (A)).

[0261] The titled compound can be prepared according to the process described by Han, X ef al.
J Med Chem. 2019, 62, 941-964. Under nitrogen atmosphere, a mixture of (5)-3-(4-
bromophenyl)-3-((tert-butoxycarbonyl Jamino)propanoic acid (0.25 g, 0.726 mmol), 4-
methylthiazole (commercially available from, for example, Fluorochem) (0.132 ml, 1.453
mmol), palladium (II) acetate (1.63 mg, 7.26x10~* mmol), and potassium acetate (0.142 g, 1.453
mmol) in dry DMA (0.8 mL) was stirred at 90 °C for 18 h. After cooling, the reaction mixture
was extracted with EA (15mLx4). The combined organic layers were washed with water
(20mLx3), brine (20 mLx2), dried over anhydrous NaSOs, and concentrated under reduced
pressure yielding an oil which was purified by flash column chromatography on Si02
(DCM/MeOH, 98:2 to 97:3) to afford the titled compound as a white solid (0.072 g, 81% yield).
The solid was collected by filtration and dried in an oven at 50 °C to afford the titled compound
(0.070 g, 27% yield) as a gray solid. 'H NMR (400 MHz, CDCls): & 8.72 (s, 1H), 7.38 (s, 4H),

5.65 (bs, 1H), 5.16 (bs, 1H), 3.04-2.75 (m, 2H), 2.46 (s, 3H), 1.43 (s, 9H).

[0262] Methyl (25,4R)-1-(($)-2-amino-3,3-dimethylbutanoyl)-4-hydroxypyrrolidine-2-
carboxylate hydrochloride (BG).

[0263] The titled compound can be prepared according to the process described by Laurent, A.
et al. PCT Int. Appl. WO 2011098904. To the solution of methyl (25,4R)-1-((S)-2-((tert-
butoxycarbonyl)amino)-3,3-dimethylbutanoyl)-4-hydroxypyrrolidine-2-carboxylate (AO) (6.80
g, 18.971 mmol) in dry DCM (10.0 mL) at 0° C a solution of 4N HCI in dioxane (10.0 mL) was

added. The mixture was stirred at rt for 4 h. The solvent was evaporated to dryness and the crude
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residue was triturated with DEE and filtered off to afford the titled compound as a white solid
(5.15 g, 92% yield). '"H NMR (400 MHz, DMSO-ds): § 8.21 (bs, 3H), 4.42 (t,J = 8.7 Hz, 1H),
4.36 (s, 1H), 3.94 (s, 1H), 3.81 (d, /= 11.1 Hz, 1H), 3.64 (s, 3H), 3.60-3.48 (m, 2H), 2.24-2.11
(m, 1H), 1.98-1.85 (m, 1H), 1.03 (s, 9H); 13C NMR (101 MHz, DMSO-ds): & 172.30, 167.73,

69.30, 58.41, 58.36, 56.64, 52.33, 37.71, 34.81, 26.40 (3C).

[0264] Methyl (28,4R)-1-(($)-2-(1-fluorocyclopropane-1-carboxamido)-3,3-
dimethylbutanoyl)-4-hydroxypyrrolidine-2-carboxylate (BH).

[0265] In an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred solution of
1-fluorocyclopropane-1-carboxylic acid (commercially available from, for example,
Fluorochem) (0.60 g, 5.765 mmol), methyl (25,4R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-
hydroxypyrrolidine-2-carboxylate hydrochloride (BG) (1.545 g, 5.241 mmol), and DIPEA (4.564
mL, 26.207 mmol) in dry DMF (5.0 mL) was added HATU (2.391 g, 6.289 mmol). Stirring was
continued at rt overnight. The reaction mixture was diluted with water (30 mL) and extracted
with EA (20 mLx4). The reunited organic layers were washed with water (30 mLx2), brine (30
mL), dried over anhydrous Na:SO4 and then evaporated under reduced pressure to give an oil
residue, which was purified by double flash column chromatography on SiOz (first:
DCM/MeOH, 98:2; second: DCM/Acetone, 95:5 to 8:2) affording the titled compound as white
solid (0.687 g, 38% yield). '"H NMR (400 MHz, CDCls):  7.10 (d,.J = 5.9 Hz, 1H), 4.72-4.64
(m, 1H), 4.57 (d, J=9.1 Hz, 1H), 4.53 (s, 1H), 4.02 (d, J = 11.2 Hz, 1H), 3.79-3.69 (m, 4H),
2.41-2.29 (m, 1H), 2.07-2.97 (m, 2H), 1.37-1.20 (m, 4H), 1.08 (s, 9H); °C NMR (101 MHz,
CDCl3): § 172.54, 170.26, 170.02, 78.27 (d, J = 205.7 Hz), 70.39, 57.67, 57.34, 56.47, 52.26,

37.65,35.75, 26.33 (3C), 13. 68 (d, /= 10.3 Hz).
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[0266] (25,4R)-1-((:5)-2-(1-Fluorocyclopropane-1-carboxamido)-3,3-dimethylbutanoyl)-4-
hydroxypyrrolidine-2-carboxylic acid (E3LB-4(B)).

[0267] To the solution of methyl (25,4R)-1-((S)-2-(1-fluorocyclopropane-1-carboxamido)-3,3-
dimethylbutanoyl)-4-hydroxypyrrolidine-2-carboxylate (BH) (0.65 g, 1.887 mmol) in THF (5.0
mL) at 0° C was added the solution of lithium hydroxide monohydrate (0.792 g, 18.874 mmol) in
water (2.5 mL). The resulting mixture was stirred at rt for 18 h. The organic solvent was
removed under vacuo, the residue was diluted with ice-water (15 mL) and the pH was slowly
adjusted to 2-3 with 2N HCI. The mixture was then extracted with EA (5 mLx4). The reunited
organic layers were washed with brine (10 mL), dried over anhydrous Na2SOs and then
evaporated under reduced pressure to give a residue which was tritured with DEE, filtered off,
and dried to give the titled compound as a white solid (0.497 g, 80% yield). "H NMR (400 MHz,
DMSO-ds): § 12.55 (bs, 1H), 7.27 (d, J= 6.9 Hz, 1H), 5.21 (d,J=3.7 Hz, 1H), 4.60 (d, J=9.1
Hz, 1H), 4.3- 4.25 (m, 2H), 3.70-3.54 (m, 2H), 2.21 — 2.06 (m, 1H), 1.96-1.84 (m, 1H), 1.44-1.10
(m, 4H), 0.96 (s, 9H); 3C NMR (101 MHz, DMSO-ds): § 173.56, 169.56, 168.53 (d, J=20.3
Hz), 78.55 (d, J=1232.5 Hz), 69.28, 58.27, 56.88, 56.78, 37.69, 36.48, 26.57 (3C), 13.33 (dd, J =

23.7,103 Hz).
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[0268] Scheme 11. Synthesis of Examples 22 and 23.
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[0269] Tert-butyl (4-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)butyl)carbamate (BI).

[0270] To the solution of 2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenol (ARB-1) (0.250 g,
0.838 mmol) in ACN (3.5 mL) K2COs (0.289 g, 2.095 mmol) and tert-butyl (4-(2-
chloroacetamido)butyl )carbamate (0.244 g, 0.922 mmol) were added and the mixture was
refluxed for 18 h. Then, the solvent was evaporated under vacuo and the crude residue diluted
with water (15 mL) yielding a solid which was collected by filtration, tritured by DEE and
filtered off to afford the titled compound as white solid (0.366 g, 83% yield). 'H NMR (400
MHz, CDCls): § 7.63-7.57 (m, 1H), 7.07 (s, 1H), 7.04-6.96 (m, 1H), 6.94 (s, 1H), 4.60 (s, 3H),
3.91-3.81 (m, 4H), 3.59-3.49 (m, 4H), 3.36 (dd, J = 12.6, 6.4 Hz, 2H), 3.23-3.10 (m, 2H), 1.64-

1.50 (m, 4H), 1.46 (s, 9H).

[0271] Tert-butyl (6-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)hexyl)carbamate (BJ).

[0272] To the solution of 2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenol (ARB-1) (0.06 g,
0.201 mmol) in ACN (1.0 mL) K2COs3 (0.069 g, 0.503 mmol) and tert-butyl (6-(2-
chloroacetamido)hexyl)carbamate (0.065 g, 0.221 mmol) were added and the mixture was
refluxed for 18 h. Then, the solvent was evaporated under vacuo and the crude residue diluted
with water (10 mL) yielding a solid which was collected by filtration, tritured by DEE and
filtered off to afford the titled compound as white solid (0.078 g, 70% yield). "H NMR (400
MHz, CDCls): 6 7.60 (t, J=7.5 Hz, 1H), 7.06 (s, 1H), 7.00 (dd, J=16.6, 8.9 Hz, 1H), 6.94 (s,
1H), 4.60 (s, 2H), 4.55 (s, 1H), 3.90-3.84 (m, 4H), 3.59-3.51 (m, 4H), 3.39-3.29 (m, 2H), 3.18-

3.08 (m, 2H), 1.59-1.48 (m, 4H), 1.46 (s, 9H), 1.40-1.31 (m, 4H).
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[0273] N-(4-Aminobutyl)-2-(2,3-difluoroe-6-(2-morpholinothiazol-4-yl)phenoxy)acetamide
hydrochloride (BK).

[0274] To the solution of zert-butyl (4-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)butyl)carbamate (BI) (0.093 g, 0.176 mmol) in dry dioxane (0.4 mL) at 0°
C a solution of 4N HCl in dioxane (0.44 mL) was added. The mixture was stirred at rt for 2 h.
The solvent was evaporated to dryness and the crude residue was triturated with DEE and
filtered off to afford the titled compound as a white solid (0.081 g, 100% yield). "H NMR (400
MHz, DMSO-dbs): § 8.42-8.34 (m, 1H), 8.03 (bs, 3H), 7.81 (t, /= 7.2 Hz, 1H), 7.68 (s, 1H), 7.25
(dd, /=173,9.1 Hz, 1H), 4.61 (s, 2H), 3.80-3.68 (m, 4H), 3.50-3.39 (m, 4H), 3.22-3.10 (m,
2H), 2.85-2.72 (m, 2H), 1.67-1.42 (m, 4H); 3C NMR (101 MHz, DMSO-ds): § 170.01, 167.60,
150.10 (dd, J =247.8, 11.3 Hz), 144.80 (d, J = 8.6 Hz), 144.57-144.46 (m), 144.04 (dd, J =
245.5, 14.0 Hz), 124.89 (d, J= 2.6 Hz), 124.67 (d, J = 7.9 Hz), 112.25 (d, J= 17.0 Hz), 108.05,

72.08 (d, J = 5.8 Hz), 65.83 (2C), 48.72 (2C), 38.83, 38.17, 26.48, 24.83.

[0275] N-(6-Aminohexyl)-2-(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)acetamide
hydrochloride (BL).

[0276] To the solution of zert-butyl (6-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)hexyl)carbamate (BJ) (0.067 g, 0.121 mmol) in dry dioxane (0.3 mL) at
0° C a solution of 4N HCl in dioxane (0.3 mL) was added. The mixture was stirred at rt for 2 h.
The solvent was evaporated to dryness and the crude residue was triturated with DEE and
filtered off to afford the titled compound as a light-yellow solid (0.059 g, 100% yield). '"H NMR

(400 MHz, DMSO-ds): § 8.30 (s, 1H), 7.96 (bs, 3H), 7.85-7.77 (m, 1H), 7.66 (s, 1H), 7.25 (dd, J
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=17.1,9.4 Hz, 1H), 4.60 (s, 2H), 3.78-3.69 (m, 4H), 3.49-3.42 (m, 4H), 3.19-3.09 (m, 2H), 2.8-

2.70 (m, 2H), 1.59-1.49 (m, 2H), 1.49-1.38 (m, 2H), 1.38-1.22 (m, 4H).

[0277] Tert-butyl (S)-(3-((4-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)butyl)amino)-1-(4-(4-methylthiazol-5-yl)phenyl)-3-
oxopropyl)carbamate (BM).

[0278] In an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred solution of
(8)-3-((tert-butoxycarbonyl)amino)-3-(4-(4-methylthiazol-5-yl)phenyl)propanoic acid (E3LB-4
(A)) (0.030 g, 0.083 mmol), N-(4-aminobutyl)-2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamide hydrochloride (BK) (0.038 g, 0.083 mmol), and DIPEA (0.072 mL, 0.414
mmol) in dry DMF (1.0 mL) was added HATU (0.038 g, 0.099 mmol). Stirring was continued at
rt overnight. The reaction mixture was poured in ice-water yielding a precipitate which was
collected by filtration, dried, and purified by flash column chromatography on SiO2
(DCM/MeOH, 97:3) affording the titled compound as white solid (0.030 g, 48% yield). 'H NMR
(400 MHz, CDCls): § 8.67 (s, 1H), 7.58 (s, 1H), 7.45-7.35 (m, 4H), 7.08 (bs, 1H), 7.00 (dd, J =
17.2, 8.8 Hz, 1H), 6.91 (s, 1H), 6.35 (bs, 1H), 6.17 (bs, 1H), 5.06 (bs, 1H), 4.60 (s, 2H), 3.91-
3.81 (m, 4H), 3.59-3.50 (m, 4H), 3.32-3.11 (m, 4H), 2.82-2.59 (m, 2H), 2.53 (s, 3H), 1.59-1.33

(m, 13H).

[0279] Tert-butyl (S)-(3-((6-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-

yl)phenoxy)acetamido)hexyl)amino)-1-(4-(4-methylthiazol-5-yl)phenyl)-3-

oxopropyl)carbamate (BN).

[0280] In an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred solution of

(8)-3-((fert-butoxycarbonyl)amino)-3-(4-(4-methylthiazol-5-yl)phenyl)propanoic acid (E3LB-4
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(A)) (0.043 g, 0.120 mmol), N-(6-aminohexyl)-2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamide hydrochloride (BL) (0.059 g, 0.120 mmol), and DIPEA (0.105 mL, 0.60
mmol) in dry DMF (1.5 mL) was added HATU (0.055 g, 0.144 mmol). Stirring was continued at
rt overnight. The reaction mixture was poured in ice-water and extracted with EA (10 mLx3).
The reunited organic layers were washed with water (10mLx2), brine (10 mL), dried over
anhydrous Na;SO4 and then evaporated under reduced pressure to give a crude residue which
was purified by flash column chromatography on SiO2 (DCM/MeOH, 97:3 to 96:4) affording the
titled compound as light-yellow solid (0.061 g, 63% yield). "H NMR (400 MHz, CDCl3): & 8.70
(s, 1H), 7.62-7.55 (m, 1H), 7.44-7.35 (m, 4H), 7.11 (bs, 1H), 7.00 (dd, J = 16.8, 9.0 Hz, 1H),
6.92 (s, 1H), 6.43 (bs, 1H), 5.94 (bs, 1H), 5.06 (s, 1H), 4.61 (s, 2H), 3.89-3.83 (m, 4H), 3.58-3.52
(m, 4H), 3.38-3.05 (m, 4H), 2.81-2.61 (m, 2H), 2.55 (s, 3H), 1.54-1.34 (m, 13H), 1.31-1.25 (m,

4H).

[0281] ($)-3-Amino-N-(4-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)butyl)-3-(4-(4-methylthiazol-S-yl)phenyl)propanamide
hydrochloride (BO).

[0282] To the solution of terz-butyl (5)-(3-((4-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)butyl)amino)-1-(4-(4-methylthiazol-5-yl)phenyl)-3-oxopropyl)carbamate
(BM) (0.03 g, 0.039 mmol) in dry DCM (0.3 mL) at 0° C a solution of 4N HCl in dioxane (0.4
mL) was added. The mixture was stirred at rt overnight. The solvent was evaporated to dryness
and the crude residue was triturated with DEE and filtered off to afford the titled compound as

white solid (0.027 g, 100% yield). "H NMR (400 MHz, MeOD): & 9.71 (s, 1H), 7.70 (s, 4H),
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7.57-7.36 (m, 1H), 7.35-7.09 (m, 2H), 5.07 (s, 2H), 4.82 (t, /= 6.3 Hz, 1H), 4.00-3.86 (m, 4H),

3.86-3.71 (m, 4H), 3.28-3.08 (m, 4H), 3.08 — 2.93 (m, 2H), 2.60 (s, 3H), 1.52-1.36 (m, 4H).

[0283] ($)-3-Amino-N-(6-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)hexyl)-3-(4-(4-methylthiazol-5-yl)phenyl)propanamide
hydrochloride (BP).

[0284] To the solution of zert-butyl (5)-(3-((6-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)hexyl)amino)-1-(4-(4-methylthiazol-5-yl)phenyl)-3-oxopropyl)carbamate
(BN) (0.05 g, 0.062 mmol) in dry DCM (0.5 mL) at 0° C a solution of 4N HCl in dioxane (0.6
mL) was added. The mixture was stirred at rt overnight. The solvent was evaporated to dryness
and the crude residue was triturated with DEE and filtered off to afford the titled compound as
light-yellow solid (0.044 g, 100% yield). '"H NMR (400 MHz, MeOD): § 9.97 (s, 1H), 7.78-7.66
(m, 4H), 7.48-7.38 (m, 1H), 7.28-7.13 (m, 2H), 5.09 (s, 2H), 4.83 (t, /= 6.9 Hz, 1H), 3.98-3.87
(m, 4H), 3.84-3.75 (m, 4H), 3.23 (t, /= 6.7 Hz, 2H), 3.13 (t, /= 6.8 Hz, 2H), 3.08-2.93 (m, 2H),

2.64 (s, 3H), 1.55-1.37 (m, 4H), 1.33-1.17 (m, 4H).

[0285] (25,4R)-N-((S)-3-((4-(2-(2,3-Difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)butyl)amino)-1-(4-(4-methylthiazol-5-yl)phenyl)-3-oxopropyl)-1-
((S)-2-(1-fluorocyclopropane-1-carboxamido)-3,3-dimethylbutanoyl)-4-
hydroxypyrrolidine-2-carboxamide (Example 22).

[0286] In an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred solution of
(25,4R)-1-((S)-2-(1-fluorocyclopropane- 1-carboxamido)-3,3-dimethylbutanoyl )-4-

hydroxypyrrolidine-2-carboxylic acid (E3LB-4(B)) (0.013 g, 0.038 mmol), (:S)-3-amino-N-(4-(2-
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(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy )acetamido)butyl)-3-(4-(4-methylthiazol-5-
yl)phenyl)propanamide hydrochloride (BO) (0.027 g, 0.038 mmol), and DIPEA (0.033 mL,
0.191 mmol) in dry DMF (0.5 mL) was added HATU (0.018 g, 0.048 mmol). Stirring was
continued at rt overnight. The reaction mixture was poured in ice-water yielding a precipitate
which was collected by filtration, dried, and purified by flash column chromatography on SiO2
(DCM/MeOH, 95:5 to 93:7) affording the titled compound as white solid (0.004 g, 11% yield).
'H NMR (400 MHz, CDCl3): & 8.67 (s, 1H), 8.00 (d,J = 7.8 Hz, 1H), 7.62-7.56 (m, 1H), 7.43-
7.34 (m, 4H), 7.15 (bs, 1H), 7.10 (dd, /= 8.8, 3.4 Hz, 1H), 6.99 (dd, /= 16.7, 8.9 Hz, 1H), 6.93
(s, 1H), 6.73 (bs, 1H), 5.35(dd, J=13.3, 6.1 Hz, 1H), 4.67 (t, /J=8.1 Hz, 1H), 4.62 (d,/=9.1
Hz, 1H), 4.56 (d, /=4.0 Hz, 2H), 4.51 (s, 1H), 3.98 (d, /= 11.2 Hz, 1H), 3.88-3.82 (m, 4H),
374 (dd, /=110, 3.6 Hz, 1H), 3.55-3.47 (m, 4H), 3.31-3.17 (m, 4H), 2.85-2.71 (m, 2H), 2.51
(s, 3H), 2.25-2.17 (m, 2H), 1.55-1.42 (m, 4H), 1.39-1.22 (m, SH), 1.06 (s, 9H); *C NMR (101
MHz, CDCls): § 170.81, 170.77, 170.73, 170.11, 170.02, 169.81, 168.47, , 150.68 (dd, /= 2513,
11.5 Hz), 150.34, 148.48, 146.19, 144.54 (d, /=9.0 Hz), 144.14 (dd, J= 2471, 14.1 Hz),
140.45, 131.49, 131.09, 129.45 (2C), 126.84 (2C), 125.11, 124.54 (dd, J= 7.6, 3.9 Hz), 112.54
(d,J=17.1Hz), 106.17,78.27 (d, /= 232.3 Hz), 72.26 (d, /= 4.9 Hz), 70.17, 66.09 (2C), 59.41,
57.48, 56.76, 50.61, 48.58 (2C), 41.98, 39.10, 38.66, 37.22, 35.84, 27.10, 26.47 (3C), 26.08,
16.10, 13.64 (dd, /= 17.9, 10.2 Hz) (2C). HRMS (ESI) m/z [M+H]+ calcd for C47Hs7F3NsOsS2

983.37656, found 983.37691.
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[0287] (25,4R)-N-(($)-3-((6-(2-(2,3-Difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)acetamido)hexyl)amino)-1-(4-(4-methylthiazol-5-yl)phenyl)-3-oxopropyl)-1-
((S)-2-(1-fluorocyclopropane-1-carboxamido)-3,3-dimethylbutanoyl)-4-
hydroxypyrrolidine-2-carboxamide (Example 23).

[0288] In an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred solution of
(28,4R)-1-((S)-2~(1-fluorocyclopropane-1-carboxamido)-3,3-dimethylbutanoyl )-4-
hydroxypyrrolidine-2-carboxylic acid (E3LB-4(B)) (0.018 g, 0.054 mmol), ($)-3-amino-N-(6-(2-
(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy )acetamido)hexyl)-3-(4-(4-methylthiazol-5-
yl)phenyl)propanamide hydrochloride (BP) (0.040 g, 0.054 mmol), and DIPEA (0.047 mL, 0.272
mmol) in dry DMF (0.7 mL) was added HATU (0.026 g, 0.068 mmol). Stirring was continued at
rt overnight. The reaction mixture was poured in ice-water yielding a precipitate which was
collected by filtration, dried, and purified by flash column chromatography on SiO2
(DCM/MeQH, 96:4 to 94:6) affording the titled compound as white solid (0.024 g, 44% yield).
'HNMR (400 MHz, CDCls): § 8.70 (s, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.58 (t,.J= 6.5 Hz, 1H),
7.40 (s, 4H), 7.16-7.05 (m, 2H), 7.00 (dd, J = 16.6, 8.9 Hz, 1H), 6.92 (s, 1H), 6.38 (bs, 1H), 5.39-
5.32 (m, 1H), 4.69 (t, /=79 Hz, 1H), 4.66-4.57 (m, 3H), 4.54 (s, 1H), 4.01 (d, /=11.1 Hz, 1H),
3.89-3.82 (m, 4H), 3.74 (dd, /= 11.0, 3.6 Hz, 1H), 3.57-3.51 (m, 4H), 3.32-3.24 (m, 2H), 3.23-
3.14 (m, 2H), 2.87-2.71 (m, 2H), 2.53 (s, 3H), 2.32-2.17 (m, 2H), 1.52-1.40 (m, 4H), 1.39-1.25
(m, 9H), 1.09 (s, 9H); “C NMR (101 MHz, CDCls): & 170.81, 170.74, 170.63, 170.01 (d, J =
20.2 Hz), 169.95, 168.29, 150.86 (dd, J=251.6, 11.4 Hz), 150.36, 148.39, 146.08-145.96 (m),
144.58 (d, J= 8.9 Hz), 144.20 (dd, J = 247.36, 14.80 Hz), 140.55, 131.60, 131.02, 129.48 (2C),
126.82 (2C), 124.96-124.77 (m), 124.55 (dd, /J=7.8,4.0Hz ), 112.49(d, /= 17.1 Hz), 106.02,

78.32(d, J=219.5Hz), 72.28 (d, /= 5.2 Hz), 70.20, 66.08 (2C), 59.33, 57.48, 56.67, 50.63,
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48.63 (2C), 41.92, 39.06, 38.60, 37.08, 35.68, 29.28, 29.05, 26.48 (3C), 25.88, 25.82, 16.07,

13.68 (dd, J=10.2, 7.0 Hz) (2C). HRMS (ESI) m/z [M+H]+ calcd for CasHs1F3NsOsS:

1011.40786, found 1011.40793.

[0289] Scheme 12. Synthesis of IAP ligand-based E3LB-S moiety.

0 0]
s}, NH s). NH
HO 2 1. KOH EtOH, rt BnO 2
é dry DMF, rt, O
overnight
BQ
\"\(S) NBOC
—» \
HOBt EDC.HCI  BnO \[|‘ (s) N “dioxane, ,3h  BnO \“‘ (s) N
DIPEA, dry DMF, rt,
overnight
BR BS
N“B°° BnO \”‘ (s) N LI BnO \n\ (s) N
HOBt EDC.HCI ‘\\ dioxane, rt, 3h
overnlght Boc
BT BU HCI

Boc

\
“° A BnO \”\‘ () N
- A \\ HCOONH,, Pd/C
HOBt, EDC.HCI T e

DIPEA, dry DMF, rt, overnight PhO O (s) dry MeGH, 40°C, 3h
s) ,Boc
N
BV \
N
> \”\‘ (S) N
h O (S)
s) ,Boc
N
E3LB-5 \
107

SUBSTITUTE SHEET (RULE 26)



WO 2020/160295 PCT/US2020/015922

[0290] Benzyl (5)-2-amino-3,3-diphenylpropanoate (BQ).

[0291] (S)-2-amino-3,3-diphenylpropanoic acid (commercially available from, for example,
Fluorochem) (1.00 g, 4.144 mmol) and KOH (0.256 g, 4.559 mmol) were stirred in EtOH (40.0
mL) at rt until complete dissolution of solids. Then, the reaction mixture was concentrated under
vacuo to afford a white solid which was dissolved in dry DMF (40.0 mL) and benzyl bromide
(commercially available from, for example, Sigma Aldrich) (0.542 mL, 4.559 mmol) was added.
The mixture was stirred at rt overnight. The reaction mixture was quenched with saturated
solution NaHCOQ3 and extracted with EA (50 mLx3). The reunited organic phases were washed
with brine (50 mLx2), dried over anhydrous Na2SOs, and concentrated under reduced pressure to
afford a colorless oil which was purified by flash chromatography on SiO2 (PE/EA, 9:1 to 7:3) to
give the titled compound (0.325 g, 24% yield) as a clear oil, which turned white solid upon
standing. 'H NMR (400 MHz, CDCls): § 7.53-7.16 (m, 13H), 7.17-7.05 (m, 2H), 4.97 (dd, J =
29.8,12.2 Hz, 2H), 4.38-4.23 (m, 1H), 4.21-4.06 (m, 1H). HRMS (ESI) m/z [M+H]+ calcd for

C22H21NO2 332.16451, found 332.16494.

[0292] Tert-butyl (5)-2-(((S)-1-(benzyloxy)-1-0x0-3,3-diphenylpropan-2-
yl)carbamoyl)pyrrolidine-1-carboxylate (BR).

[0293] The titled compound can be prepared according to the process described by Shibata, N.
et al. J. Med. Chem. 2019, 61, 543-575. Under nitrogen atmosphere, to a solution of benzyl (S)-
2-amino-3,3-diphenylpropanoate (BQ) (0.32 g, 0.965 mmol) and (7erz-butoxycarbonyl)-L-proline
(commercially available from, for example, Fluorochem) (0.291 g, 1.352 mmol) in dry DMF (3.0
mL) were added HOBt monohydrate (0.207 g, 1.352 mmol), DIPEA (0.336 mL, 1.931 mmol),

and EDC HCl (0.259 g, 1.352 mmol) and the reaction mixture was stirred at rt overnight. The
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solution was poured in ice-water, yielding a precipitate which was collected by filtration and
purified by flash chromatography on SiO2 (PE/EA, 7:3 to 6:4) to give the titled compound (0.408
g, 80% yield) as a white solid. '"H NMR (400 MHz, CDCl3): § 7.53-7.15 (m, 14H), 7.04 (dd, J =
72,23 Hz, 2H), 5.50 (t, /= 9.6 Hz, 1H), 5.02-4.85 (m, J= 12.2 Hz, 2H), 4.37 (d, /= 9.9 Hz,

1H), 4.30-.07 (m, 1H), 3.38-3.00 (m, 2H), 2.25-1.52 (m, 4H), 1.42 (s, 9H).

[0294] Benzyl ($)-3,3-diphenyl-2-((S)-pyrrolidine-2-carboxamido)propanoate
hydrochloride (BS).

[0295] The titled compound can be prepared according to the process slightly modified from
that described by Shibata, N. et al. J. Med. Chem. 2019, 61, 543-575.

To a solution of zert-butyl (5)-2-(((S)-1-(benzyloxy)-1-ox0-3,3-diphenylpropan-2-
yl)carbamoyl)pyrrolidine-1-carboxylate (BR) (0.408 g, 0.772 mmol) in dry THF (2.0 mL) a
solution of 4N HCl in dioxane (2.5 mL) was added. The mixture was stirred at rt for 3 h. The
solvent was evaporated to dryness and the residue was triturated with DEE and filtered off to
afford the titled product (0.344 g, 96% yield) as a white solid. 'H NMR (400 MHz, CDCl3): &
10.87 (bs, 1H), 8.45 (bs, 1H), 7.43-7.14 (m, 14H), 7.05 (d, J = 3.8 Hz, 2H), 6.92 (s, 1H), 5.32 (s,
1H), 5.00-4.79 (m, 2H), 4.64 (d, /= 10.0 Hz, 1H), 4.38 (s, 1H), 3.39-3.02 (m, 2H), 2.35 (s, 1H),

2.00-1.64 (m, 3H).

[0296] Benzyl (:5)-2-((S)-1-((S)-2-((fert-butoxycarbonyl)amino)-2-
cyclohexylacetyl)pyrrolidine-2-carboxamido)-3,3-diphenylpropanoate (BT).
[0297] The titled compound can be prepared according to the process described by Shibata, N.

et al. J. Med. Chem. 2019, 61, 543-575. Under nitrogen atmosphere, to a solution of benzyl (S)-

109

SUBSTITUTE SHEET (RULE 26)



WO 2020/160295 PCT/US2020/015922

3,3-diphenyl-2-((S)-pyrrolidine-2-carboxamido)propanoate hydrochloride (BS) (0.338 g, 0.727
mmol) and (§)-2-((fert-butoxycarbonyl)amino)-2-cyclohexylacetic acid (commercially available
from, for example, Fluorochem) (0.261 g, 1.018 mmol) in dry DMF (4.0 mL) were added HOBt
monohydrate (0.156 g, 1.018 mmol), DIPEA (0.38 mL, 2.181 mmol), and EDC HCI (0.195 g,
1.018 mmol) and the reaction mixture was stirred at rt overnight. The solution was poured in ice-
water, yielding a precipitate which was collected by filtration and purified by flash
chromatography on SiOz (PE/EA, 7:3 to 6:4) to give the titled compound (0.36 g, 74% yield) as a
white solid. "H NMR (400 MHz, CDCls): § 7.35-7.15 (m, 14H), 7.12-7.04 (m, 2H), 6.75 (d, J =
8.7 Hz, 1H), 5.4 (t,J=8.7 Hz, 1H), 5.15 (d, J=9.3 Hz, 1H), 5.01-4.85 (m, 1H), 4.54-4.45 (m,
1H), 4.38 (d, J= 8.7 Hz, 1H), 4.29-4.18 (m, 1H), 3.71-3.56 (m, 1H), 3.43-3.28 (m, 1H), 2.18-

2.08 (m, 1H), 1.89-1.65 (m, 7H), 1.4 (s, 9H), 1.33-0.97 (m, 6H).

[0298] Benzyl (:S)-2-((S)-1-((S)-2-((S)-2-((tert-
butoxycarbonyl)(methyl)amino)propanamido)-2-cyclohexylacetyl)pyrrolidine-2-
carboxamido)-3,3-diphenylpropanoate (BV).

[0299] The titled compound can be prepared according to the process described by Shibata, N.
etal. J. Med. Chem. 2019, 61, 543-575. A solution of 4N HCI in dioxane (2.5 mL) was added to
benzyl (5)-2-((5)-1-((S)-2-((tert-butoxycarbonyl)amino)-2-cyclohexylacetyl)pyrrolidine-2-
carboxamido)-3,3-diphenylpropanoate (BT) (0.345 g, 0.516 mmol) and the mixture was stirred at
rt for 3 h. The solvent was evaporated to dryness and the residue was triturated with DEE and
filtered to afford benzyl (5)-2-((S)-1-(($)-2-amino-2-cyclohexylacetyl)pyrrolidine-2-

carboxamido)-3,3-diphenylpropanoate hydrochloride (BU) (0.290 g, 93% yield) as a white solid.
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Under nitrogen atmosphere, to a solution of the obtained (BU) (0.290 g, 0.480 mmol) and N-
(tert-butoxycarbonyl)-N-methyl-L-alanine (commercially available from, for example,
Fluorochem) (0.136 g, 0.672 mmol) in dry DMF (3.0 mL) were added HOBt monohydrate
(0.103 g, 0.672 mmol), DIPEA (0.25 mL, 1.439 mmol), and EDC HCI (0.129 g, 0.672 mmol)
and the reaction mixture was stirred at rt overnight. The solution was then poured in ice-water,
yielding a precipitate which was collected by filtration and purified by flash chromatography on
Si02 (DCM/MeOH, 98:2) to give the titled compound (0.287 g, 75% yield) as a colourless
amorphous solid. 'H NMR (400 MHz, CDCls): § 7.34-7.15 (m, 14H), 7.07 (dd, J= 6.6, 2.8 Hz,
2H), 6.79-6.65 (m, 1H), 5.43 (t, J = 8.6 Hz, 1H), 5.28 (s, 1H), 4.94 (s, 2H), 4.74-4.59 (m, 1H),
4.54-4.44 (m, 2H), 439 (d,.J = 8.6 Hz, 1H), 3.72-3.59 (m, 1H), 3.42-3.28 (m, 1H), 2.81 (s, 3H),
2.18-2.03 (m, 1H), 1.89-1.59 (m, 7H), 1.51 (d,.J= 6.0 Hz, 9H), 1.36-1.29 (m, 3H), 1.28-0.86 (m,

6H).

[0300] (S5)-2-((S)-1-((S)-2-((S)-2-((Tert-butoxycarbonyl)(methyl)amino)propanamido)-2-
cyclohexylacetyl)pyrrolidine-2-carboxamido)-3,3-diphenylpropanoic acid (E3LB-5).
[0301] The titled compound can be prepared according to the process slightly modified from
that described by Shibata, N. ez al. J. Med. Chem. 2019, 61, 543-575.

Under nitrogen atmosphere, to a solution of benzyl (5)-2-((5)-1-((5)-2-(($)-2-((tert-
butoxycarbonyl)(methyl)amino)propanamido)-2-cyclohexylacetyl )pyrrolidine-2-carboxamido)-
3,3-diphenylpropanoate (BV) (0.280 g, 0.353 mmol) in dry MeOH (4.0 mL) were added 10%
palladium on carbon (0.056 g) and anhydrous ammonium formate (0.089 g, 1.412 mmol). The
reaction mixture was stirred at 40° C for 3 h. After cooling, the reaction mixture was filtered

over Celite and the filtrate was evaporated under vacuo yielding the titled compound as white
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solid (0.230 g, 98% yield). 'H NMR (400 MHz, MeOD): § 7.41-7.10 (m, 10H), 5.19 (d, J = 7.7
Hz, 1H), 4.66-4.30 (m, SH), 3.85-3.73 (m, 1H), 3.68-3.56 (m, 1H), 2.87 (s, 3H), 2.10-1.98 (m,
1H), 1.92-1.66 (m, 9H), 1.51 (s, 9H), 1.39-1.24 (m, SH), 1.15-0.96 (m, 2H). HRMS (ESI) m/z

[M+H]+ caled for C37Hs0N4+O7 663.37523, found 663.37700.

[0302] Scheme 13. Synthesis of Examples 24-26.
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[0303] Tert-butyl ((S)-1-(((S)-1-cyclohexyl-2-((S)-2-(((S)-1-((2-(2-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)ethoxy)ethoxy)ethyl)amino)-1-o0x0-3,3-diphenylpropan-2-
yl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl)amino)-1-oxopropan-2-yl)(methyl)carbamate
(BW).

[0304] General Procedure III (overnight) was followed by using (8)-2-((S)-1-(($)-2-((S)-2-((ert-
butoxycarbonyl)(methyl)amino)propanamido)-2-cyclohexylacetyl )pyrrolidine-2-carboxamido)-
3,3-diphenylpropanoic acid (E3LB-5) (0.057 g, 0.086 mmol), 2-(2-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)ethoxy)ethoxy )ethan-1-amine hydrochloride (AH) (0.040 g,
0.086 mmol), DIPEA (0.06 mL, 0.343 mmol), and HATU (0.049 g, 0.128 mmol) in dry DMF
(1.0 mL) to afford the titled compound as white solid (0.061 g, 66% yield) following purification
by flash column chromatography on SiO2 (DCM/MeOH, 95:5). 'H NMR (400 MHz, CDCls): 8
7.94-7.86 (m, 1H), 7.57 (s, 1H), 7.34-7.13 (m, 11H), 6.94 (dd, J=16.8, 9.0 Hz, 1H), 6.50 (d, /=
9.1 Hz, 1H), 6.18 (bs, 1H), 5.17 (t, /= 9.1 Hz, 1H), 4.72-4.52 (m, 2H), 4.51-4.36 (m, 2H), 4.36-
4.26 (m, 2H), 3.91-3.78 (m, 6H), 3.70-3.58 (m, 4H), 3.57-3.49 (m, 6H), 3.43-3.24 (m, 2H), 3.21-
3.09 (m, 2H), 2.79 (s, 3H), 2.02-1.83 (m, 2H), 1.82-1.59 (m, 7H), 1.49 (s, 9H), 1.41-1.25 (m,
7H), 1.03-0.76 (m, 2H). HRMS (ESI) m/z [M+Nal+ calcd for Cs¢H73F2N7010S 1096.49999,

found 1096.5010.

[0305] Tert-butyl (($)-1-(((S)-1-cyclohexyl-2-((:5)-2-(((S)-1-((4-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetamido)butyl)aminoe)-1-o0xo-3,3-diphenylpropan-2-
yl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl)amino)-1-oxopropan-2-yl)(methyl)carbamate

(BY).
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[0306] General Procedure III (overnight) was followed by using (5)-2-((S)-1-(($)-2-((S)-2-((ert-
butoxycarbonyl)(methyl)amino)propanamido)-2-cyclohexylacetyl)pyrrolidine-2-carboxamido)-
3,3-diphenylpropanoic acid (E3LB-5) (0.050 g, 0.075 mmol), tert-butyl (4-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetamido)butyl)carbamate (BI) (0.035 g, 0.075 mmol), DIPEA
(0.05 mL, 0.302 mmol), and HATU (0.043 g, 0.113 mmol) in dry DMF (1.5 mL) to afford the
titled compound as white solid (0.043 g, 53% yield) following purification by flash column
chromatography on SiO2 (DCM/MeOH, 95:5). 'H NMR (400 MHz, CDCl3): § 7.65-7.56 (m,
1H), 7.36-7.15 (m, 12H), 7.04-6.95 (m, 2H), 6.34-6.16 (m, 2H), 5.28-5.18 (m, 1H), 4.85-4.73 (m,
1H), 4.72-4.56 (m, 3H), 4.46-4.33 (m, 2H), 3.90-3.81 (m, 4H), 3.78-3.62 (m, 2H), 3.61-3.51 (m,
4H), 3.36-3.16 (m, 4H), 3.05-2.91 (m, 1H), 2.79 (s, 3H), 2.10-1.81 (m, 4H), 1.77-1.64 (m, 4H),
1.63-1.54 (m, 2H), 1.48 (s, 9H), 1.38-1.28 (m, 7H), 1.24-1.10 (m, 2H). HRMS (ESI) m/z

[M+H]+ calcd for CssH72F2NsOoS 1071.51838, found 1071.51999.

[0307] Tert-butyl ((5)-1-(((S)-1-cyclohexyl-2-((:5)-2-(((S)-1-((6-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetamido)hexyl)amino)-1-0x0-3,3-diphenylpropan-2-
yl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl)amino)-1-oxopropan-2-yl)(methyl)carbamate
(BZ).

[0308] General Procedure III (overnight) was followed by using (5)-2-((S)-1-(($)-2-((S)-2-((fert-
butoxycarbonyl)(methyl)amino)propanamido)-2-cyclohexylacetyl )pyrrolidine-2-carboxamido)-
3,3-diphenylpropanoic acid (E3LB-5) (0.038 g, 0.057 mmol), fert-butyl (6-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetamido)hexyl)carbamate (BJ) (0.028 g, 0.057 mmol),
DIPEA (0.04 mL, 0.227 mmol), and HATU (0.032 g, 0.085 mmol) in dry DMF (0.5 mL) to

afford the titled compound as white solid (0.031 g, 49% yield) following purification by flash
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column chromatography on Si02 (DCM/MeOH, 98:2 to 97:3). HRMS (ESI) m/z [M+H]+ calcd

for CssH76F2NsOsS 1099.54968, found 1099.55025.

[0309] ($)-1-((S)-2-Cyclohexyl-2-((S5)-2-(methylamino)propanamido)acetyl)-N-((:S)-1-((2-(2-
(2-(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)ethoxy)ethoxy)ethyl)amino)-1-oxo-
3,3-diphenylpropan-2-yl)pyrrolidine-2-carboxamide (Example 24).

[0310] To the solution of zert-butyl ((S)-1-(((S)-1-cyclohexyl-2-(($)-2-(((5)-1-((2-(2-(2-(2,3-
difluoro-6-(2-morpholinothiazol-4-yl)phenoxy )ethoxy )ethoxy)ethyl )amino)-1-oxo-3,3-
diphenylpropan-2-yl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl Jamino)-1-oxopropan-2-
yl)(methyl)carbamate (BW) (0.060 g, 0.056 mmol) in dry DCM (0.5 mL) was added a solution
of 4N HCl in dioxane (0.5 mL) and the mixture was stirred at rt for 4 h. The solvent was
evaporated to dryness and the residue was diluted with saturated solution of NaHCO3 (10 mL)
and extracted with EA (6mLx3). The reunited organic phases were washed with brine (10 mL),
dried over Na2SOs, and evaporated under reduced pressure affording a crude residue which was
purified by flash column chromatography on SiO2 (DCM/MeOH, 95:5 to 94:6) yielding the titled
compound (0.041 g, 75% yield) as white solid. HRMS (ESI) m/z [M+Na]+ calcd for

Cs1HesF2N70sS 996.44756, found 996.44769.

[0311] (S)-1-((S)-2-Cyclohexyl-2-((:5)-2-(methylamino)propanamido)acetyl)-N-((S)-1-((4-(2-
(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)acetamido)butyl)amino)-1-oxo-3,3-
diphenylpropan-2-yl)pyrrolidine-2-carboxamide (Example 25).

[0312] To the solution of fert-butyl ((S)-1-(((S)-1-cyclohexyl-2-(($)-2-(((S)-1-((4-(2-(2,3-

difluoro-6-(2-morpholinothiazol-4-yl)phenoxy )acetamido)butyl)amino)-1-oxo-3,3-
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diphenylpropan-2-yl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl )amino)-1-oxopropan-2-
yl)(methyl)carbamate (BY) (0.035 g, 0.033 mmol) in dry DCM (0.3 mL) was added a solution of
AN HCl in dioxane (0.3 mL) and the mixture was stirred at rt for 4 h. The solvent was evaporated
to dryness and the residue was diluted with saturated solution of NaHCOs (10 mL) and extracted
with EA (5SmLx3). The reunited organic phases were washed with brine (10 mL), dried over
Na2S0s, and evaporated under reduced pressure affording a crude residue which was purified by
flash column chromatography on Si02 (DCM/MeOH, 93:7 to 9:1) yielding the titled compound
(0.010 g, 33% yield) as white solid. HRMS (ESI) m/z [M+Na]+ calcd for CsiHgsF2NsO7S

993.44789, found 993.44843.

[0313] (S)-1-((S)-2-Cyclohexyl-2-(($)-2-(methylamino)propanamide)acetyl)-N-((S)-1-((6-
(2-(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)acetamido)hexyl)amino)-1-0x0-3,3-
diphenylpropan-2-yl)pyrrolidine-2-carboxamide (Example 26).

[0314] To the solution of fert-butyl ((S)-1-(((S)-1-cyclohexyl-2-((5)-2-(((S)-1-((6-(2-(2,3-
difluoro-6-(2-morpholinothiazol-4-yl)phenoxy )acetamido)hexyl )amino)-1-oxo-3,3-
diphenylpropan-2-yl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl )amino)-1-oxopropan-2-
yl)(methyl)carbamate (BZ) (0.030 g, 0.027 mmol) in dry DCM (0.3 mL) was added a solution of
4N HCl in dioxane (0.3 mL) and the mixture was stirred at rt for 4 h. The solvent was evaporated
to dryness and the residue was diluted with saturated solution of NaHCOs (10 mL) and extracted
with EA (5SmLx3). The reunited organic phases were washed with brine (10 mL), dried over
NazS0s, and evaporated under reduced pressure affording a crude residue which was purified by

flash column chromatography on SiO2 (DCM/MeOH, 95:5 to 93.7) yielding the titled compound
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(0.017 g, 63% yield) as white solid. HRMS (ESI) m/z [M+H]+ calcd for Cs3sHesFaNgO7S

999.49725, found 999.49979.

[0315] Scheme 14. Synthesis of Examples 27-29.

MeO, o]

\KS) N RHN o F
R' ’(s) (o]
F cl CN 7

-n

F O\X,NHZ HCI FF
Cl E3LB-6
N\ N/’-\O HATU, DIPEA, dry DMF,
\ S>, \_/ rt, overnight
AH X = (CHchzo)chchz
Bl X = (CHy),
BJ X= (CHz)e

Example 27 X = (CH,CH,0),CH,CH,
Example 28 X = (CH,),
Example 29 X = (CH,)g

[0316] (2R,3S5,4R,55)-3-(3-Chloro-2-fluorophenyl)-4-(4-chloro-2-fluorophenyl)-4-cyano-N-
(4-((2-(2-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy)ethoxy)ethoxy)ethyl)carbamoyl)-2-methoxyphenyl)-S-neopentylpyrrolidine-2-
carboxamide (Example 27).

[0317] General Procedure III (5h) was followed by using 4-((2R,35,4R,55)-3-(3-chloro-2-
fluorophenyl)-4-(4-chloro-2-fluorophenyl)-4-cyano-5-neopentylpyrrolidine-2-carboxamido)-3-
methoxybenzoic acid (E3LB-6) (commercially available, for example, from Carbosynth) (0.021
g, 0.034 mmol), 2-(2-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yl)phenoxy )ethoxy Jethoxy)ethan-1-amine hydrochloride (AH) (0.016 g, 0.034 mmol), DIPEA
(0.024 mL, 0.137 mmol), and HATU (0.016 g, 0.043 mmol) in dry DMF (0.5 mL) to afford the
titled compound as white solid (0.030 g, 85% yield) following purification by flash column

chromatography on SiO2 (DCM/MeOH, 98:2). 'H NMR (400 MHz, CDCI3): § 10.35 (s, 1H),
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8.40 (d, J=8.2 Hz, 1H), 7.88 (t,J= 7.8 Hz, 1H), 7.57 (s, 1H), 7.56-7.51 (m, 1H), 7.49 (s, 1H),
7.35(t,J = 7.6 Hz, 1H), 7.28-7.24 (m, 1H), 7.23-7.10 (m, 4H), 6.92 (dd, J = 17.3, 8.9 Hz, 1H),
6.64 (bs, 1H), 4.78 (d, J= 8.5 Hz, 1H), 4.57 (bs, 1H), 4.28 (s, 2H), 4.16-4.07 (m, 1H), 3.93 (s,
3H), 3.86-3.79 (m, 6H), 3.70 (s, 8H), 3.56-3.50 (m, 4H), 2.80 (s, 1H), 1.70-1.54 (m, 2H), 1.04 (s,

9H). HRMS (ESI) m/z [M+Nal]+ calcd for CsoHs2C12F4N6O7S 1049.28236, found 1049.28585.

[0318] (2R,3S5,4R,55)-3-(3-Chloro-2-fluorophenyl)-4-(4-chloro-2-fluorophenyl)-4-cyano-N-
(4-((4-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)acetamido)butyl)carbamoyl)-2-
methoxyphenyl)-S-neopentylpyrrolidine-2-carboxamide (Example 28).

[0319] General Procedure III (Sh) was followed by using 4-((2R,35,4R,55)-3-(3-chloro-2-
fluorophenyl)-4-(4-chloro-2-fluorophenyl)-4-cyano-5-neopentylpyrrolidine-2-carboxamido)-3-
methoxybenzoic acid (E3LB-6) (0.030 g, 0.049 mmol), zert-buty! (4-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy )acetamido)butyl)carbamate (BI) (0.022 g, 0.049 mmol), DIPEA
(0.034 mL, 0.195 mmol), and HATU (0.023 g, 0.061 mmol) in dry DMF (1.0 mL) to afford the
titled compound as white solid (0.033 g, 66% yield) following purification by flash column
chromatography on SiO2 (DCM/MeOH, 97:3). '"H NMR (400 MHz, CDCl3): § 10.37 (s, 1H),
8.44 (d, /=8.4 Hz, 1H), 7.60-7.45 (m, 3H), 7.35-7.29 (m, 1H), 7.29-7.26 (m, 1H), 7.24 (d, J =
8.3 Hz, 1H), 7.19-7.07 (m, 3H), 6.97 (td, /=9.1, 7.5 Hz, 1H), 6.90 (s, 1H), 6.52 (bs, 1H), 4.76
(d,J=8.4Hz, 1H), 4.60 (s, 2H), 4.54 (t, /= 8.6 Hz, 1H), 4.09 (t, /= 10.4 Hz, 1H), 3.94 (s, 3H),
3.86-3.77 (m, 4H), 3.55-3.49 (m, 4H), 3.42-3.34 (m, 2H), 2.84-2.73 (m, 1H), 1.70-1.54 (m, 6H),
1.01 (s, 9H). HRMS (ESI) m/z [M+Na]+ calcd for CsoHs1Cl2FaN7Q6S 1046.28269, found

1046.28517.
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[0320] (2R,3S5,4R,5S)-3-(3-Chloro-2-fluorophenyl)-4-(4-chloro-2-fluorophenyl)-4-cyano-N-
(4-((6-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-yl)phenoxy)acetamido)hexyl)carbamoyl)-
2-methoxyphenyl)-S-neopentylpyrrolidine-2-carboxamide (Example 29).

[0321] General Procedure III (4h) was followed by using 4-((2R,35,4R,5S)-3-(3-chloro-2-
fluorophenyl)-4-(4-chloro-2-fluorophenyl)-4-cyano-5-neopentylpyrrolidine-2-carboxamido)-3-
methoxybenzoic acid (E3LB-6) (0.031 g, 0.051 mmol), fert-butyl (6-(2-(2,3-difluoro-6-(2-
morpholinothiazol-4-yl)phenoxy)acetamido)hexyl)carbamate (BJ) (0.025 g, 0.051 mmol),
DIPEA (0.035 mL, 0.204 mmol), and HATU (0.024 g, 0.063 mmol) in dry DMF (0.6 mL) to
afford the titled compound as white solid (0.044 g, 82% yield) following purification by flash
column chromatography on SiO2 (DCM/MeOH, 99:1 to 98:2). 'H NMR (400 MHz, CDCls): §
10.38 (s, 1H), 8.43 (d, /=8.3 Hz, 1H), 7.59-7.45 (m, 3H), 7.32 (t, /J=6.8 Hz, 1H), 723 (d, /=
8.3 Hz, 2H), 7.19-7.07 (m, 3H), 6.97 (dd, J= 16.6, 9.2 Hz, 1H), 6.90 (s, 1H), 6.36 (bs, 1H), 4.76
(d,/=8.4Hz, 1H), 4.57 (s, 2H), 4.54-4.48 (m, 1H), 4.09 (t, /= 10.9 Hz, 1H), 3.94 (s, 3H), 3.88-
3.78 (m, 4H), 3.57-3.50 (m, 4H), 3.45-3.38 (m, 2H), 3.39-3.28 (m, 2H), 2.85-2.74 (m, 1H), 1.70-
1.49 (m, 6H), 1.47-1.32 (m, 4H), 1.01 (s, 9H). HRMS (ESI) m/z [M+Na]+ calcd for

Cs2HssClaFaN706S 1074.31399, found 1074.31724.

[0322] Scheme 15. Synthesis of ARB-2 moiety.

MeO_ O MeO._ O
—
NCS HN 0 >_ S\ __LioH >_
N O THFH,O m6h N N
Pd(OAc), K;COs 2
phenanthroline, DMF, 85°C, 18h s
CA ARB-2
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[0323] Methyl 2-morpholinobenzo|d]|thiazole-4-carboxylate (CA).

[0324] Methyl 2-isothiocyanatobenzoate (0.20 g, 1.035 mmol) and morpholine (0.09 mL, 1.035
mmol) were stirred under solvent free condition for 15 min. Successively, DMF (4.0 mL) was
added and the mixture was stirred for further 10 min. Then, K2COs3 (0.143 g, 1.035 mmol),
phenanthroline (0.019 g, 0.103 mmol), and palladium (II) acetate (0.014 g, 0.062 mmol) were
added and the reaction mixture was stirred at 85° C for 24h. The reaction mixture was diluted
with water (40 mL) and extracted with EA (20mLx3). The reunited organic phases were washed
with brine (30 mL), dried over anhydrous Na>SO4, and concentered under reduced pressure
affording a crude residue which was purified by flash column chromatography on Si02 (PE/EA,
9:1 to 8:2) to give the titled compound (0.028 g, 10% yield) as light-yellow solid. 'H NMR (400
MHz, CDCl3): § 7.93 (dd, J=7.8, 1.3 Hz, 1H), 7.76 (dd, J=7.8, 1.3 Hz, 1H), 7.11 (t, /= 7.8 Hz,
1H), 3.96 (s, 3H), 3.89-3.79 (m, 4H), 3.74-3.64 (m, 4H); 3C NMR (101 MHz, CDCls): § 170.02,

16 6.82, 151.78, 132.76, 128.61, 124.88, 120.79, 120.67, 66.29 (2C), 52.12, 48.45 (2C).

[0325] 2-Morpholinobenzo|d]thiazole-4-carboxylic acid (ARB-2).

[0326] To the solution of methyl 2-morpholinobenzo[d]thiazole-4-carboxylate (CA) (0.155 g,
0.557 mmol) in THF (2 mL) at 0° C was added the solution of lithium hydroxide monohydrate
(0.233 g, 5.569 mmol) in water (2.0 mL). The resulting mixture was stirred at rt for 6 h. The
organic solvent was removed under vacuo, the residue was diluted with ice-water (4.0 mL) and
the pH was slowly adjusted to 4-3 with 2N HCl yielding a solid which was collected by
filtration and dried to afford the titled compound as light-yellow solid (0.122 g, 83% yield). 'H

NMR (400 MHz, CDCl3): § 13.51 (bs, 1H), 8.16 (d, /= 7.9 Hz, 1H), 7.78 (d, /= 7.8 Hz, 1H),
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7.25-7.20 (m, 1H), 3.92-3.83 (m, 4H), 3.73-3.65 (m, 4H); °C NMR (101 MHz, CDCl;): §

169.97, 166.34, 150.83, 129.76, 129.23, 125.54, 122.25, 118.90, 65.97 (2C), 48.66 (2C).

[0327] Scheme 16. Synthesis of Examples 30.

(o]
s oy
HCI ' 0
S, o]
W{sy\(
N

H

0] 0
HO 0] HO'(R) s N/\/\)I\NH
N AZ !N/> H : 0
é: \>_N/_\O HATU, DIPEA, dry DMF, /N ® 0
s -/ e S\<N N (s-)'“/(N )
ARB-2 Q__> 5(;7
o HO

Example 30 I N/>

(S)

[0328] N-(5-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-5-
oxopentyl)-2-morpholinobenzo[d]thiazole-4-carboxamide (Example 30).

[0329] General Procedure III (4h) was followed by using 2-morpholinobenzo[d]thiazole-4-
carboxylic acid (ARB-2) (0.040 g, 0.151 mmol), (25,4R)-1-((S)-2-(5-aminopentanamido)-3,3-
dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-
carboxamide hydrochloride (AZ) (0.088 g, 0.151 mmol), DIPEA (0.079 mL, 0.454 mmol), and
HATU (0.072 g, 0.189 mmol) in dry DMF (0.5 mL) to afford the titled compound as light-
yellow solid (0.050 g, 42% yield) following purification by flash column chromatography on
Si02 (DCM/MeOH, 98:2 to 95:5). 'TH NMR (400 MHz, CDCl3): § 9.96-9.85 (m, 1H), 8.67 (s,
1H), 8.21 (d, /=7.7Hz, 1H), 7.69 (d, J=7.7 Hz, 1H), 7.48-7.30 (m, SH), 7.18 (t, /= 7.8 Hz,
1H), 6.38 (d, /= 8.5 Hz, 1H), 5.15-5.01 (m, 1H), 4.74 (t, /=79 Hz, 1H), 4.56 (d, /= 8.6 Hz,

1H), 4.50 (s, 1H), 4.08 (d, /= 11.4 Hz, 1H), 3.88 (t, /= 4.6 Hz, 4H), 3.72-3.57 (m, 6H), 3.51 (d,
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J=2.7Hz, 2H), 2.62-2.43 (m, 4H), 2.41-2.19 (m, 2H), 2.08 (dd, /= 13.3, 8.3 Hz, 1H), 1.87-1.73
(m, 2H), 1.69-1.58 (m, 2H), 1.46 (d, J= 6.9 Hz, 3H), 1.03 (s, 9H); *C NMR (101 MHz, CDCl5):
§173.33, 172.17, 169.73, 169.51, 165.53, 150.28, 149.51, 148.51, 143.19, 131.60, 130.87,
130.75, 129.57 (2C), 128.04, 126.45 (2C), 123.84, 122.72, 121.64, 70.06, 66.12, 58.43, 57.68,
56.93, 48.81, 48.47, 38.92, 35.77, 35.51, 35.06, 29.23, 26.53, 23.02, 22.23, 16.12. HRMS (ESI)

m/z [M+H]+ calcd for C40Hs1N706S2 790.34150, found 790.3412.

[0330] Scheme 17. Synthesis of Examples 31.

ON o
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. \/\/\/\NHBOC NH,
2 ‘/\/\/\NHBoc
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[0331] Tert-butyl (6-(2-morpholinobenzo|d]thiazole-4-carboxamido)hexyl)carbamate (CB).
[0332] In an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred solution of

2-morpholinobenzo[d]thiazole-4-carboxylic acid (ARB-2) (0.050 g, 0.189 mmol), tert-butyl (6-
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aminohexyl)carbamate (0.041 g, 0.189 mmol), and DIPEA (0.099 mL, 0.567 mmol) in dry DMF
(0.5 mL) was added HATU (0.090 g, 0.236 mmol). Stirring was continued at rt overnight. The
reaction mixture was diluted with water (20 mL) and extracted with EA (10 mLx3). The reunited
organic layers were washed with brine (15 mL), dried over anhydrous Na2SOs, and evaporated
under reduced pressure to give a crude residue, which was purified by flash column
chromatography on SiO2 (DCM/MeOH, 97:3) affording a yellow film (0.062 g, 71% yield). 'H
NMR (400 MHz, CDCls): § 9.83 (s, 1H), 8.27 (d, /= 7.8 Hz, 1H), 7.71 (d, /= 7.6 Hz, 1H), 7.22
(t,J=7.6 Hz, 1H), 4.54 (bs, 1H), 3.95-3.82 (m, 4H), 3.70-.59 (m, 4H), 3.53 (dd, /=119, 6.5

Hz, 2H), 3.18-3.01 (m, 2H), 1.73-1.64 (m, 2H), 1.54-1.41 (m, 13H), 1.41-1.31 (m, 2H).

[0333] N-(6-Aminohexyl)-2-morpholinobenzo|d]thiazole-4-carboxamide hydrochloride
(CC).

[0334] To the solution of fert-butyl (6-(2-morpholinobenzo[d]thiazole-4-
carboxamido)hexyl)carbamate (CB) (0.055 g, 0.119 mmol) in dry DCM (0.5 mL) at 0° C was
added dropwise the solution of 4N HCl in dioxane (0.5 mL). The mixture was stirred at rt for 6
h. The solvent was evaporated to dryness and the crude residue was triturated with DEE and
filtered off to afford the titled compound as a light-yellow solid (0.044 g, 92% yield). '"H NMR
(400 MHz, DMSO): § 9.74 (t, J = 5.4 Hz, 1H), 7.98 (dd, J= 7.7, 4.1 Hz, 2H), 7.89 (bs, 3H), 7.20
(t,J=7.8 Hz, 1H), 3.87-3.74 (m, 4H), 3.70-3.56 (m, 4H), 3.40 (dd, J = 12.4, 6.6 Hz, 2H), 2.75

(dd, J=13.8, 6.5 Hz, 2H), 1.67-1.49 (m, 4H), 1.43-1.28 (m, 4H).
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[0335] Tert-butyl ((S)-1-(((S)-1-cyclohexyl-2-((S)-2-(((S)-1-((6-(2-
morpholinobenzo|d]thiazole-4-carboxamido)hexyl)amino)-1-0x0-3,3-diphenylpropan-2-
yl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl)amino)-1-oxopropan-2-yl)(methyl)carbamate
(CD).

[0336] General Procedure III (overnight) was followed by using (8)-2-((S)-1-((S)-2-((S)-2-((ert-
butoxycarbonyl)(methyl)amino)propanamido)-2-cyclohexylacetyl )pyrrolidine-2-carboxamido)-
3,3-diphenylpropanoic acid (E3LB-5) (0.055 g, 0.083 mmol), N-(6-aminohexyl)-2-
morpholinobenzo[d]thiazole-4-carboxamide hydrochloride (CC) (0.033 g, 0.083 mmol), DIPEA
(0.058 mL, 0.331 mmol), and HATU (0.047 g, 0.124 mmol) in dry DMF (1.0 mL) to afford the
titled compound as white solid (0.061 g, 73% yield) following purification by flash column
chromatography on Si02 (DCM/MeOH, 97:3 to 96:4). HRMS (ESI) m/z [M+H]+ calcd for

CssH74NsOsS 1007.54231, found 1007.54274.

[0337] N-(6-((S)-2-((:S)-1-((S)-2-Cyclohexyl-2-((S$)-2-
(methylamino)propanamido)acetyl)pyrrolidine-2-carboxamido)-3,3-
diphenylpropanamido)hexyl)-2-morpholinobenzo|d]thiazole-4-carboxamide (Example 31).
[0338] To the solution of zert-butyl ((S)-1-(((S)-1-cyclohexyl-2-(($)-2-(((5)-1-((6-(2-
morpholinobenzo[d]thiazole-4-carboxamido)hexyl)amino)-1-oxo-3,3-diphenylpropan-2-
yl)carbamoyl)pyrrolidin-1-yl)-2-oxoethyl)amino)-1-oxopropan-2-yl)(methyl )carbamate (CD)
(0.050 g, 0.049 mmol) in dry DCM (0.5 mL) was added a solution of 4N HCl in dioxane (0.5
mL) and the mixture was stirred at rt for 4 h. The solvent was evaporated to dryness and the
residue was diluted with saturated solution of NaHCO;3 (10 mL) and extracted with EA (6mLx3).

The reunited organic phases were washed with brine (10 mL), dried over Na2SO4, and
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evaporated under reduced pressure affording a crude residue which was purified by flash column
chromatography on SiO2 (DCM/MeOH, 97:3) yielding the titled compound (0.015 g, 33% yield)

as white solid. HRMS (ESI) m/z [M+H]+ calcd for CsoHssNsOsS 907.48988, found 907.48938.

[0339] Scheme 18. Synthesis of Examples 32-33.

0
OEt HNE NH o
N \ e @:N*&O
/
R1/AN RZ /4 NH

/—\0
_ _ uoH LO O
/4 PdAcz PPhg), N THFH;O, 1,30 HATU, DIPEA, dry DMF,
toluene, 150°C, 15-16h, N\ , overnight
pressure tube )—S >_ S
/—N (\

o) o
ARB-3 R;=R, = H CERy=R,=H
ARB-4 R{=R; = Br CF Ry=R, =Br
0
¢ NH
° N o
] N 0
H/\/\/\/
N
r\
R ™" Re
N
s Example 32R,=R,=H
(*N Example 33 R=R; = Br
o/

[0340] Ethyl 1-(2-morpholinothiazol-4-yl)-1H-imidazole-4-carboxylate (ARB-3).

[0341] The mixture of ethyl 1/4-imidazole-4-carboxylate (commercially available from, for
example, Sigma Aldrich) (0.24 g, 1.712 mmol), 4-(4-bromothiazol-2-yl)morpholine
(commercially available from, for example, Fluorochem) (0.142 g, 0.571 mmol), and
PdAca(PPhs)2 (0.022 g, 0.028 mmol) in dry and degassed toluene (3.0 mL) was stirred at 150 °C
in an Ace pressure tube (charged under nitrogen atmosphere) for 15 h. After cooling, the reaction

mixture was evaporated to dryness and purified by flash column chromatography on SiO2
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(PE/EA, 7:3 to 5:5) to afford the titled compound (0.105 g, 60% yield) as white solid. 'H NMR
(400 MHz, CDCls): § 8.09-7.96 (m, 2H), 6.36 (s, 1H), 4.39 (q, J= 7.1 Hz, 2H), 3.91-3.74 (m,
4H), 3.57-3.46 (m, 4H), 1.39 (¢, J = 7.1 Hz, 3H). HRMS (ESI) m/z [M+H]+ caled for

C13H16N403S 309.10159, found 309.10191.

[0342] Ethyl 2,5-dibromo-1-(2-morpholinothiazol-4-yl)-1H-imidazole-4-carboxylate (ARB-
4).

[0343] The mixture of ethyl 2,5-dibromo-1H-imidazole-4-carboxylate (0.437 g, 1.466 mmol), 4-
(4-bromothiazol-2-yl)morpholine (commercially available from, for example, Fluorochem)
(0.146 g, 0.586 mmol), and PdAca(PPhs). (0.044 g, 0.058 mmol) in dry and degassed toluene
(3.0 mL) was stirred at 150 °C in an Ace pressure tube (charged under nitrogen atmosphere) for
16 h. After cooling, the reaction mixture was evaporated to dryness and purified by flash column
chromatography on SiO2 (PE/EA, 8:2) to afford the titled compound (0.036 g, 13% yield) as
light-yellow solid. 'TH NMR (400 MHz, CDCls): § 6.62 (s, 1H), 4.25 (q, /= 7.1 Hz, 2H), 3.99-
3.62 (m, 4H), 3.62-3.22 (m, 4H), 1.26 (t, /= 7.1 Hz, 3H). HRMS (ESI) m/z [M+H]+ calcd for

C13H14BraN4O3S 46492261, found 464.92235.

[0344] 1-(2-Morpholinothiazol-4-yl)-1H-imidazole-4-carboxylic acid (CE).

[0345] To the solution of ethyl 1-(2-morpholinothiazol-4-yl)-1/-imidazole-4-carboxylate
(ARB-3) (0.030 g, 0.097 mmol) in THF (0.2 mL) and EtOH (0.1 mL) at 0° C was added the
solution of lithium hydroxide monohydrate (0.008 g, 0.194 mmol) in water (0.3 mL). The
resulting mixture was stirred at rt for 3 h. The organic solvent was removed under vacuo, the

residue was diluted with ice-water (5.0 mL) and the pH was slowly adjusted to 3 with 2N HCI
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yielding a solid which was collected by filtration and dried to afford the titled compound as
white solid (0.025 g, 92% yield). '"H NMR (400 MHz, MeOD): § 8.26 (s, 1H), 8.08 (s, 1H), 6.87

(s, 1H), 3.97-3.74 (m, 4H), 3.68-3.43 (m, 4H).

[0346] N-(6-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)hexyl)-1-(2-
morpholinothiazol-4-yl)-1H-imidazole-4-carboxamide (Example 32).

[0347] In an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred solution of
1-(2-morpholinothiazol-4-yl)-1 H-imidazole-4-carboxylic acid (CE) (0.027 g, 0.098 mmol), 4-
((6-aminohexyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione hydrochloride (L)
(0.044 g, 0.107 mmol), and DIPEA (0.055 mL, 0.318 mmol) in dry DMF (1.0 mL) was added
HATU (0.046 g, 0.122 mmol). Stirring was continued at rt overnight. The reaction mixture was
poured in ice-water yielding a precipitate collected by filtration and then purified by flash
column chromatography on Si02 (DCM/MeOH, 98:2 t097:3) affording a yellow film (0.011 g,
17% yield). '"H NMR (400 MHz, CDCI3): § 9.33 (s, 1H), 8.05 (s, 1H), 7.98 (s, 1H), 7.46 (t, J =
7.6 Hz, 1H), 7.33 (s, 1H), 7.06 (d, /= 6.8 Hz, 1H), 6.86 (d, /= 8.4 Hz, 1H), 6.34 (s, 1H), 6.22 (s,
1H), 4.97-4.86 (m, 1H), 3.81 (s, 4H), 3.57-3.32 (m, 6H), 3.29-3.14 (m, 2H), 2.93-2.62 (m, 3H),
2.20-2.03 (m, 1H), 1.62 (d, J = 6.5 Hz, 4H), 1.42 (s, 4H); C NMR (101 MHz, CDCl3): § 171.5,
170.5, 169.5, 168.8, 167.7, 162.2, 147.0, 142.5, 137 .4, 136.1, 135.0, 132.5, 119.5, 116.8, 111.3,

109.9, 90.6, 66.0 (2C), 48.9, 48.0 (2C), 42.6, 38.9, 31.5, 29.6, 29.0, 26.6, 26.5, 22.9. HRMS

(EST) m/z [M+H]+ calcd for C30H34Ns3O6S 635.23948, found 635.23979.
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[0348] 2,5-Dibromo-N-(6-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
yl)amino)hexyl)-1-(2-morpholinothiazol-4-yl)-1 H-imidazole-4-carboxamide (Example 33).
[0349] To the solution of ethyl 2,5-dibromo-1-(2-morpholinothiazol-4-yl)-1H-imidazole-4-
carboxylate (ARB-4) (0.036 g, 0.077 mmol) in THF (0.2 mL) and EtOH (0.1 mL) at 0° C was
added the solution of lithtum hydroxide monohydrate (0.0065 g, 0.154 mmol) in water (0.3 mL).
The resulting mixture was stirred at rt for 3 h. The organic solvent was removed under vacuo, the
residue was diluted with ice-water (5.0 mL) and the pH was slowly adjusted to 3 with 2N HCI
yielding a solid which was collected by filtration and dried to afford 2,5-dibromo-1-(2-
morpholinothiazol-4-yl)-1H-imidazole-4-carboxylic acid (CF) as yellow solid (0.032 g, 94%
yield). Then, in an oven-dried round-bottom flask, under nitrogen atmosphere, to a stirred
solution of (CF) (0.031 g, 0.071 mmol), 4-((6-aminohexyl)amino)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione hydrochloride (L) (0.029 g, 0.107 mmol), and DIPEA (0.055 mL, 0.318
mmol) in dry DMF (1.0 mL) was added HATU (0.046 g, 0.071 mmol). Stirring was continued at
rt overnight. The reaction mixture was diluted with water (20 mL) and extracted with EA (10
mLx3). The reunited organic layers were washed with brine (15 mL), dried over anhydrous
NazS0s, and evaporated under reduced pressure to give a crude residue, which was purified by
flash column chromatography on SiO: (DCM/MeOH, 96:4) affording a yellow solid (0.004 g,
7% yield). 'H NMR (400 MHz, CDCls): § 8.01 (s, 1H), 7.58-7.42 (m, 1H), 7.15-6.97 (m, 2H),
6.91(d, J=8.5Hz, 1H), 6.70 (s, 1H), 6.26 (t, J= 5.2 Hz, 1H), 4.94 (dd, J= 5.3, 12.2 Hz, 1H),
3.95-3.79 (m, 4H), 3.62-3.47 (m, 4H), 3.42 (¢, J = 6.8 Hz, 2H), 3.35-3.22 (m, 2H), 3.04-2.64 (m,
3H), 2.35-2.08 (m, 1H), 1.87-1.52 (m, 8H). HRMS (ESI) m/z [M+Na]+ calcd for

Ci3H14BnN4O3S 813.04245, found 813.04210.

128

SUBSTITUTE SHEET (RULE 26)



WO 2020/160295 PCT/US2020/015922

[0350] The human prostate cancer cell line, 22Rv1 has been reported to express a high level of
AR-V7. Thus, 22Rv1 was seeded at 50,000 cells/well on a 24-well plate in quadruplicates and
treated with test compound in concentrations ranging up to 20 uM for four days. Standard
culture media was RPMI-1640 supplemented with 10% fetal bovine serum. The test compound
initially was dissolved in DMSO at 50 mM. This stock solution was then diluted as needed for
the indicated concentrations. At the end of the four-day period, cells were harvested using 1%
trypsin and counted using an automated cell counter.
[0351] The results as shown in Table 1 below demonstrate that the test compounds decreased
cell count in a concentration dependent manner.

Table 1

22Rvl1 cell count decrease by compounds in the examples

Examples 22Rv1 cell count decrease at 10 uM for 48 hours

1 ++
2 +
3 ++
4 +
5 +
6 +
7 +
8 +
9 +
10 +
11 +
12 +
13 +
14 +
15 ++
16 ++
17 ++
18 ++
19 ++
20 ++
21 ++
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22 +
23 +
24 +++
25 +++
26 +++
27 +H
28 +++
29 ++
30 ++
31 +++
32 +
33 +
34 ++

+ - the cell count decreased between 0 and 20%

++ - the cell count decreased less than 50%

+++ - the cell count decreased by more than 50%.

[0352] Immunoblot was carried out to determine the effect of the test compound on AR-V7.
22Rv1 was plated at 200,000 cell/well on a 6-well plate and cultured as described with 10 uM
test compound. After four days of treatment, cells were harvested using a cell scraper and lysed
in a standard fashion using SDS. After removing debris via centrifuge, 30 ug of protein were
loaded onto SDS-PAGE gel. After electrophoresis, protein was transferred to a nylon membrane
and ECL was carried out using primary antibody against AR-V7 (Thermofisher Scientific, cat#
NCO0752138). Protein bands were visualized using the commercially available Enhanced
Chemiluminescence (ECL) kit (Thermofisher). As shown in FIG. 1, the results demonstrated a
dramatically decreased level of AR-V7 protein.

[0353] Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this disclosure
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belongs. The terminology used in the description is for describing particular embodiments only
and is not intended to be limiting of the invention.

[0354] Where a range of values is provided, it is understood that each intervening value, to the
tenth of the unit of the lower limit unless the context clearly dictates otherwise (such as in the
case of a group containing a number of carbon atoms in which case each carbon atom number
falling within the range is provided), between the upper and lower limit of that range and any
other stated or intervening value in that stated range is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included in the smaller
ranges 1s also encompassed within the invention, subject to any specifically excluded limit in the
stated range. Where the stated range includes one or both of the limits, ranges excluding either
both of those included limits are also included in the invention.

[0355] The following terms are used to describe the present disclosure. In instances where a term
is not specifically defined herein, that term is given an art-recognized meaning by those of
ordinary skill applying that term in context to its use in describing the present invention.

[0356] The articles “a” and “an” as used herein and in the claims are used herein to refer to one
or to more than one (i.e., to at least one) of the grammatical object of the article unless the
context clearly indicates otherwise. By way of example, “an element” means one element or
more than one element.

[0357] The phrase “and/or” as used herein and in the claims should be understood to mean
“either or both” of the elements so conjoined, i.e., elements that are conjunctively present in
some cases and disjunctively present in other cases. Multiple elements listed with “and/or”
should be construed in the same fashion, i.e., “one or more” of the elements so conjoined. Other

elements may optionally be present other than the elements specifically identified by the
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“and/or” clause, whether related or unrelated to those elements specifically identified. Thus, as a
non-limiting example, a reference to “A and/or B”, when used in conjunction with open-ended
language such as “comprising” can refer, in one embodiment, to A only (optionally including
elements other than B); in another embodiment, to B only (optionally including elements other
than A); in yet another embodiment, to both A and B (optionally including other elements); etc.
[0358] As used herein in the specification and in the claims, the term “or” should be understood
to have the same meaning as “and/or” as defined above. For example, when separating items in a
list, “or” or “and/or” shall be interpreted as being inclusive, 1.e., the inclusion of at least one, but
also including more than one, of a number or list of elements, and, optionally, additional unlisted
items. Only terms clearly indicated to the contrary, such as “only one of” or “exactly one of,” or,
when used in the claims, “consisting of,” will refer to the inclusion of exactly one element of a
number or list of elements. In general, the term “or” as used herein shall only be interpreted as
indicating exclusive alternatives (i.e., “one or the other but not both”) when preceded by terms of

77 <

exclusivity, such as “either,” “one of,” “only one of,” or “exactly one of.”

[0359] The term “about” and the like, as used herein, in association with numeric values or
ranges, reflects the fact that there is a certain level of variation that is recognized and tolerated in
the art due to practical and/or theoretical limitations. For example, minor variation is tolerated
due to inherent variances in the manner in which certain devices operate and/or measurements
are taken. In accordance with the above, the term “about” is normally used to encompass values

within the standard deviation or standard error.

[0360] In the claims, as well as in the specification, all transitional phrases such as “comprising,”

2% 23 CC 2% €y

“including,” “carrying,” “having,” “containing,” “involving,” “holding,” “composed of,” and the

like are to be understood to be open-ended, 1.e., to mean “including without limitation”. Only the
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transitional phrases “consisting of” and “consisting essentially of” shall be closed or semi-closed
transitional phrases, respectively, as set forth in the United States Patent Office Manual of Patent
Examining Procedures, Section 2111.03.

[0361] It should also be understood, that although various compounds, compositions, and
methods are described in “open” terms of “comprising,” “including,” or “having” various
components or steps (interpreted as meaning “including without limitation”), the compounds,
compositions, methods, and devices can also “consist essentially of” or “consist of” the various
components and steps, and such terminology should be interpreted as defining essentially closed-
member groups. This paragraph is not meant in any way to limit the meaning of “comprising,”
“having,” or “including” (and other verb forms thereof) which are to be interpreted as open-
ended phrases meaning “including without limitation” consistent with patent law and custom.
The intent of this paragraph is merely to indicate that the closed-member groups defined by the
“consisting of”” or “consisting essentially of” language are lesser included groups within the
open-ended descriptions and to provide support for claims employing the “consisting of”” or
“consisting essentially of” language.

[0362] As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one element
selected from anyone or more of the elements in the list of elements, but not necessarily
including at least one of each and every element specifically listed within the list of elements and
not excluding any combinations of elements in the list of elements. This definition also allows
that elements may optionally be present other than the elements specifically identified within the
list of elements to which the phrase “at least one” refers, whether related or unrelated to those

elements specifically identified. Thus, as a non-limiting example, “at least one of A and B” (or,
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equivalently, “at least one of A or B,” or, equivalently “at least one of A and/or B”) can refer, in
one embodiment, to at least one, optionally including more than one, A, with no B present (and
optionally including elements other than B); in another embodiment, to at least one, optionally
including more than one, B, with no A present (and optionally including elements other than A);
in yet another embodiment, to at least one, optionally including more than one, A, and at least
one, optionally including more than one, B (and optionally including other elements); etc.
[0363] It should also be understood that, in certain methods described herein that include more
than one step or act, the order of the steps or acts of the method is not necessarily limited to the
order in which the steps or acts of the method are recited unless the context indicates otherwise.
[0364] The terms “co-administration” and “co-administering” or “combination therapy” can
refer to both concurrent administration (administration of two or more therapeutic agents at the
same time) and time varied administration (administration of one or more therapeutic agents at a
time different from that of the administration of an additional therapeutic agent or agents), as
long as the therapeutic agents are present in the patient to some extent, preferably at effective
amounts, at the same time. In certain preferred aspects, one or more of the present compounds
described herein, are co-administered in combination with at least one additional bioactive agent,
especially including an anticancer agent. In particularly preferred aspects, the co-administration
of compounds results in synergistic activity and/or therapy, including anticancer activity.

[0365] The term “effective” can mean, but is in no way limited to, that amount/dose of the active
pharmaceutical ingredient, which, when used in the context of its intended use, effectuates or is
sufficient to prevent, inhibit the occurrence, ameliorate, delay or treat (alleviate a symptom to
some extent, preferably all) the symptoms of a condition, disorder or disease state in a subject in

need of such treatment or receiving such treatment. The term effective subsumes all other
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effective amount or effective concentration terms, e.g., “effective amount/dose,”
“pharmaceutically effective amount/dose” or “therapeutically effective amount/dose,” which are
otherwise described or used in the present application.

[0366] The effective amount depends on the type and severity of disease, the composition used,
the route of administration, the type of mammal being treated, the physical characteristics of the
specific mammal under consideration, concurrent medication, and other factors which those
skilled in the medical arts will recognize. The exact amount can be ascertainable by one skilled
in the art using known techniques (see, e.g., Lieberman, Pharmaceutical Dosage Forms (vols. 1-
3, 1992); Lloyd, The Art, Science and Technology of Pharmaceutical Compounding (1999);
Pickar, Dosage Calculations (1999), and Remington, 7he Science and Practice of Pharmacy,

20th Edition, 2003, Gennaro, Ed., Lippincott, Williams & Wilkins).

3% % <

[0367] The term “pharmacological composition,” “therapeutic composition,” “therapeutic
formulation” or “pharmaceutically acceptable formulation” can mean, but is in no way limited
to, a composition or formulation that allows for the effective distribution of an agent provided by
the present disclosure, which is in a form suitable for administration to the physical location most
suitable for their desired activity, e.g., systemic administration.

[0368] The term “pharmaceutically acceptable” can mean, but is in no way limited to, entities
and compositions that do not produce an adverse, allergic or other untoward reaction when
administered to a patient or subject.

[0369] The term “pharmaceutically acceptable carrier” can mean, but is in no way limited to, any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and

absorption delaying agents, and the like, compatible with pharmaceutical administration to a

patient or subject. Suitable carriers are described in the most recent edition of Remington’s
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Pharmaceutical Sciences, a standard reference text in the field, which is incorporated herein by
reference. Preferred examples of such carriers or diluents include, but are not limited to, water,
saline, ringer’s solutions, dextrose solution, and 5% human serum albumin. Liposomes and non-
aqueous vehicles such as fixed oils may also be used. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any conventional
media or agent is incompatible with the active compound, use thereof in the compositions is
contemplated. Supplementary active compounds can also be incorporated into the compositions,
[0370] The term “systemic administration” refers to a route of administration that is, e.g., enteral
or parenteral, and results in the systemic distribution of an agent leading to systemic absorption
or accumulation of drugs in the blood stream followed by distribution throughout the entire
body. Suitable forms, in part, depend upon the use or the route of entry, for example oral,
transdermal, or by injection. Such forms should not prevent the composition or formulation from
reaching a target cell (i.e, a cell to which the negatively charged polymer is desired to be
delivered to). For example, pharmacological compositions injected into the blood stream should
be soluble. Other factors are known in the art, and include considerations such as toxicity and
forms which prevent the composition or formulation from exerting its effect. Administration
routes which lead to systemic absorption include, without limitations: intravenous, subcutaneous,
intraperitoneal, inhalation, oral, intrapulmonary and intramuscular.

[0371] The rate of entry of a drug into the circulation has been shown to be a function of
molecular weight or size. The use of a liposome or other drug carrier comprising the compounds
of the instant disclosure can potentially localize the drug, for example, in certain tissue types,

such as the tissues of the reticular endothelial system (RES). A liposome formulation which can

136

SUBSTITUTE SHEET (RULE 26)



WO 2020/160295 PCT/US2020/015922

facilitate the association of drug with the surface of cells, such as, lymphocytes and macrophages
is also useful.

[0372] The terms “patient” and “subject” are used throughout the specification to describe a cell,
tissue, or animal, preferably a mammal, e.g., a human or a domesticated animal, to whom
treatment, including prophylactic treatment, with the compositions according to the present
disclosure is provided. For treatment of those infections, conditions or disease states which are
specific for a specific animal such as a human patient, the term patient refers to that specific
animal, including a domesticated animal such as a dog or cat or a farm animal such as a horse,
cow, sheep, etc. In general, in the present disclosure, the term patient refers to a human patient
unless otherwise stated or implied from the context of the use of the term.

[0373] The term “compound,” as used herein, unless otherwise indicated, refers to any specific
chemical compound disclosed herein and includes tautomers, regioisomers, geometric isomers,
and where applicable, stereoisomers, including optical isomers (enantiomers) and other
steroisomers (diastereomers) thereof, as well as pharmaceutically acceptable salts and derivatives
thereof where applicable, in context. Within its use in context, the term compound generally
refers to a single compound, but also may include other compounds such as stereoisomers,
regioisomers and/or optical isomers (including racemic mixtures) as well as specific enantiomers
or enantiomerically enriched mixtures of disclosed compounds. The term also refers, in context
to prodrug forms of compounds which have been modified to facilitate the administration and
delivery of compounds to a site of activity. The term also refers to any specific chemical
compound in which one or more atoms have been replaced with one or more different isotopes of
the same element. It is noted that in describing the present compounds, numerous substituents

and variables associated with same, among others, are described.
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[0374] It is understood by those of ordinary skill that molecules which are described herein are
stable compounds as generally described hereunder. When the bond is shown, both a double
bond and single bond are represented or understood within the context of the compound shown
and well-known rules for valence interactions.

[0375] As used herein, “derivatives” can mean compositions formed from the native compounds
either directly, by modification, or by partial substitution. As used herein, “analogs” can mean
compositions that have a structure similar to, but not identical to, the native compound.

[0376] The term “ubiquitin ligase” refers to a family of proteins that facilitate the transfer of
ubiquitin to a specific substrate protein, targeting the substrate protein for degradation. For
example, cereblon is an E3 ubiquitin ligase protein that alone or in combination with an E2
ubiquitin-conjugating enzyme causes the attachment of ubiquitin to a lysine on a target protein,
and subsequently targets the specific protein substrates for degradation by the proteasome. Thus,
E3 ubiquitin ligase alone or in complex with an E2 ubiquitin conjugating enzyme is responsible
for the transfer of ubiquitin to targeted proteins. In general, the ubiquitin ligase may be involved
in polyubiquitination such that a second ubiquitin may be attached to the first; a third may be
attached to the second, and so forth. Polyubiquitination marks proteins for degradation by the
proteasome. However, there are some ubiquitination events that are limited to mono-
ubiquitination, in which only a single ubiquitin is added by the ubiquitin ligase to a substrate
molecule. Mono-ubiquitinated proteins may not be targeted to the proteasome for degradation,
but may instead be altered in their cellular location or function, for example, via binding other
proteins that have domains capable of binding ubiquitin. Further, different lysines on ubiquitin
can be targeted by an E3 to make chains. The most common lysine is Lys48 on the ubiquitin

chain. This is the lysine used to make polyubiquitin, which is recognized by the proteasome.
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[0377] As used herein, the terms “halo” or “halogen” means fluoro (F), chloro (Cl), bromo (Br)
or iodo (I).

[0378] As used herein, the term “hydrocarbyl” means a compound which contains carbon and
hydrogen and which may be fully saturated, partially unsaturated or aromatic and includes aryl
groups, alkyl groups, alkenyl groups and alkynyl groups.

[0379] As used herein, the term “alkyl” means within its context a linear, branch-chained, or
cyclic fully saturated hydrocarbon radical or alkyl group, preferably a C1 -Cio, more preferably a
C1 -Ce, alternatively a C1-Cs alkyl group, which may be optionally substituted. Examples of
alkyl groups are methyl, ethyl, n-butyl, sec-butyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl,
isopropyl, 2-methylpropyl, cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl,
cyclopentylmethyl, cyclopentylethyl, cyclohexylmethyl, cyclohexylethyl and cyclohexyl, among
others.

[0380] As used herein, the term “alkenyl” refers to linear, branch-chained, or cyclic C2-Cio
(preferably C»-Ce) hydrocarbon radicals containing at least one C=C bond.

[0381] As used herein, the term “Alkynyl” refers to linear, branch-chained, or cyclic C2-Cio
(preferably C2-Cs) hydrocarbon radicals containing at least one C=C bond.

[0382] As used herein, the term “alkylene” refers to a -(CHz)n- group (wherein n s an integer
generally from 0-6), which may be optionally substituted. When substituted, the alkylene group
preferably is substituted on one or more of the methylene groups with a C1-C alkyl group
(including a cyclopropyl group or a t-butyl group), more preferably a methyl group, but may also
be substituted with one or more halo groups, preferably from 1 to 3 halo groups or one or two
hydroxyl groups, O-(Ci-Cs alkyl) groups or amino acid sidechains as otherwise disclosed herein.

In certain embodiments, an alkylene group may be substituted with a urethane or alkoxy group
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(or other group) which 1s further substituted with a polyethylene glycol chain (of from 1 to 10,
preferably 1 to 6, often 1 to 4 ethylene glycol units) to which is substituted (preferably, but not
exclusively on the distal end of the polyethylene glycol chain) an alkyl chain substituted with a
single halogen group, preferably a chlorine group. In still other embodiments, the alkylene
(often, a methylene) group, may be substituted with an amino acid sidechain group such as a
sidechain group of a natural or unnatural amino acid, for example, alanine, (3-alanine, arginine,
asparagine, aspartic acid, cysteine, cystine, glutamic acid, glutamine, glycine, phenylalanine,
histidine, 1soleucine, lysine, leucine, methionine, praline, serine, threonine, valine, tryptophan, or
tyrosine.

[0383] As used herein, a range of carbon atoms which includes Co means that carbon 1s absent
and 1s replaced with H (or deuterium). Thus, a range of carbon atoms which is Co-Cs includes
carbons atoms of 1, 2, 3, 4, 5 and 6 and for Co, H (or deuterium)stands in place of carbon.
[0384] As used herein, the term “unsubstituted” means substituted only with hydrogen atoms.
[0385] As used herein, the term “substituted” or “optionally substituted” means independently
(1.e., where more than a single substitution occurs, each substituent is independent of another
substituent) one or more substituents (independently up to five substituents, preferably up to
three substituents, often 1 or 2 substituents on a moiety in a compound according to the present
invention, and may include substituents which themselves may be further substituted) at a carbon
(or nitrogen) position anywhere on a molecule within context, and includes as substituents
hydroxyl, thiol, carboxyl, cyano (C==N), nitro (NO2), halogen (preferably, 1, 2 or 3 halogens,
especially on an alkyl, especially a methyl group such as a trifluoromethyl), an alkyl group
(preferably, Ci-Cio, more preferably, C1-Ce), aryl (especially phenyl and substituted phenyl for

example benzyl or benzoyl), alkoxy group (preferably, Ci-Cs alkyl or aryl, including phenyl and
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substituted phenyl), thioether (C1-Cs alkyl or aryl), acyl (preferably, Ci-Ce acyl), ester or
thioester (preferably, C1-Cs alkyl or aryl) including alkylene ester (such that attachment is on the
alkylene group, rather than at the ester function which is preferably substituted with a C1-Cs
alkyl or aryl group), preferably, Ci1-Cs alkyl or aryl, halogen (preferably, F or Cl), amine
(including a five- or six-membered cyclic alkylene amine, further including a Ci-Cs alkyl amine
or a C1-Cs dialkyl amine which alkyl groups may be substituted with one or two hydroxyl
groups) or an optionally substituted N(Co-Cs alkyl)C(O)(OC1-Cs alkyl) group (which may be
optionally substituted with a polyethylene glycol chain to which is further bound an alkyl group
containing a single halogen, preferably chlorine substituent), hydrazine, amido, which 1s
preferably substituted with one or two C1-Cs alkyl groups (including a carboxamide which 1s
optionally substituted with one or two C1-Cs alkyl groups), alkanol (preferably, Ci-Cs alkyl or
aryl), or alkanoic acid (preferably, C1-Cs alkyl or aryl). Substituents according to the present
invention may include, for example SiRiR2R3 groups wherein each of R1 and Rz is as otherwise
described herein, and Rs 1s H or a C1-Cs alkyl group, preferably Ri, Rz, R3 in this context is a Ci-
Cs alkyl group (including an 1sopropyl or t-butyl group). Each of the above-described groups
may be linked directly to the substituted moiety or alternatively, the substituent may be linked to
the substituted moiety (preferably in the case of an aryl or heteraryl moiety) through an
optionally substituted -(CHa2)w- or, alternatively, an optionally substituted -(OCHz)m-,
-(OCH2CH2)m- or -(CH2CH20)m- group, which may be substituted with any one or more of the
above described substituents. Alkylene groups -(CH2)m- or -(CHaz)n- groups or other chains such
as ethylene glycol chains, as identified above, may be substituted anywhere on the chain.
Preferred substituents on alkylene groups include halogen or C1-Cs (preferably Ci-Cs) alkyl

groups, which may be optionally substituted with one or two hydroxyl groups, one or two ether
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groups (O-C1-Cs groups), up to three halo groups (preferably F), or a sidechain of an amino acid
as otherwise described herein and optionally substituted amide (preferably carboxamide
substituted as described above) or urethane groups (often with one or two Co-Cs alkyl
substituents, which group(s) may be further substituted). In certain embodiments, the alkylene
group (often a single methylene group) is substituted with one or two optionally substituted Ci-
Cs alkyl groups, preferably C1-Cs alkyl group, most often methyl or O-methyl groups or a
sidechain of an amino acid as otherwise described herein. In the present invention, a moiety in a
molecule may be optionally substituted with up to five substituents, preferably up to three
substituents. Most often, in the present invention moieties which are substituted are substituted
with one or two substituents.

[0386] As used herein, the term “substituted” ( each substituent being independent of any other
substituent) also means within its context of use Ci1-Cs alkyl, Ci-Cs alkoxy, halogen, amido,
carboxamido, sulfone, including sulfonamide, keto, carboxy, C1-Cs ester (oxyester or
carbonylester), C1-Cs keto, urethane -O-C(O)-NRiR2 or -N(R1)-C(0O)-O-Ry, nitro, cyano and
amine (especially including a C1-Cs alkylene -NRiR2, a mono- or di-Ci-Cs alkyl substituted
amines which may be optionally substituted with one or two hydroxyl groups). Each of these
groups contains unless otherwise indicated, within context, between 1 and 6 carbon atoms. In
certain embodiments, preferred substituents will include, for example, NH, NHC(O), O, =0,
(CH2)m (here, m and n are in context, 1,2, 3, 4, 5 or 6), S, S(O), SO20or NHC(O)NH, (CH2)nOH,
(CH2)uSH, (CH2)nCOOH, C1-Cs alkyl, (CH2)aO(C1-Cs alkyl), (CH2)aC(O)(C1-Ce alkyl),
(CH2):OC(0)(C1-Cs alkyl), (CH2)aC(0)O(C1-Cs alkyl), (CH2)aNHC(O)R1, (CH2):C(O)NRIR2,
(OCH2):0H, (CH20):COOH, Ci1-Cs alkyl, (OCH2)nO(Ci1-Cs alkyl), (CH20)nC(O)(C1-Cs alkyl),

(OCH2)aNHC(O)R1, (CH20)nC(O)NRIR2, S(O)2Rs, S(O)Rs (Rs 15 C1-Cs alkyl or a (CH2)mNRiR2
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group), NO2, CN, or halogen (F, Cl, Br, I, preferably F or Cl), depending on the context of the
use of the substituent. R1 and Ry are each, within context, H or a Ci-Cs alkyl group (which may
be optionally substituted with one or two hydroxyl groups or up to three halogen groups,
preferably fluorine).

[0387] The term “substituted” also means, within the chemical context of the compound defined
and substituent used, an optionally substituted aryl or heteroaryl group or an optionally
substituted heterocyclic group as otherwise described herein. Alkylene groups may also be
substituted as otherwise disclosed herein, preferably with optionally substituted C1-Cs alkyl
groups (methyl, ethyl or hydroxymethyl or hydroxyethyl is preferred, thus providing a chiral
center), a sidechain of an amino acid group as otherwise described herein, an amido group as
described hereinabove, or a urethane group OC(O)NR1R2 group wherein Ri and R are as
otherwise described herein, although numerous other groups may also be used as substituents.
Various optionally substituted moieties may be substituted with 3 or more substituents,
preferably no more than 3 substituents and preferably with 1 or 2 substituents. It is noted that in
instances where, in a compound at a particular position of the molecule substitution is required
(principally, because of valency), but no substitution is indicated, then that substituent is
construed or understood to be H, unless the context of the substitution suggests otherwise.
[0388] As used herein, the terms “aryl” and “aromatic,” in context, refer to a substituted (as
otherwise described herein) or unsubstituted monovalent aromatic radical having a single ring
(e.g., benzene, phenyl, benzyl) or condensed rings (e.g., naphthyl, anthracenyl, phenanthrenyl,
etc.) and can be bound to the compound according to the present invention at any available stable
position on the ring(s) or as otherwise indicated in the chemical structure presented. Other

examples of aryl groups, in context, may include heterocyclic aromatic ring systems “heteroaryl”

143

SUBSTITUTE SHEET (RULE 26)



WO 2020/160295 PCT/US2020/015922

groups having one or more nitrogen, oxygen, or sulfur atoms in the ring (moncyclic) such as
imidazole, furyl, pyrrole, furanyl, thiene, thiazole, pyridine, pyrimidine, pyrazine, triazole,
oxazole or fused ring systems such as indole, quinoline, indolizine, azaindolizine, benzofurazan,
etc., among others, which may be optionally substituted as described above. Among the
heteroaryl groups which may be mentioned include nitrogen-containing heteroaryl groups such
as pyrrole, pyridine, pyridone, pyridazine, pyrimidine, pyrazine, pyrazole, imidazole, triazole,
triazine, tetrazole, indole, isoindole, indolizine, azaindolizine, purine, indazole, quinoline,
dihydroquinoline, tetrahydroquinoline, isoquinoline, dihydroisoquinoline, tetrahydroiso-
quinoline, quinolizine, phthalazine, naphthyridine, quinoxaline, quinazoline, cinnoline, pteridine,
imidazopyridine, imidazotriazine, pyrazinopyridazine, acridine, phenanthridine, carbazole,
carbazoline, perimidine, phenanthroline, phenacene, oxadiazole, benzimidazole, pyrrolopyridine,
pyrrolopyrimidine and pyridopyrimidine; sulfur containing aromatic heterocycles such as
thiophene and benzothiophene; oxygen containing aromatic heterocycles such as furan, pyran,
cyclopentapyran, benzofuran and isobenzofuran; and aromatic heterocycles comprising 2 or
more hetero atoms selected from among nitrogen, sulfur and oxygen, such as thiazole, thiadizole,
isothiazole, benzoxazole, benzothiazole, benzothiadiazole, phenothiazine, isoxazole, furazan,
phenoxazine, pyrazoloxazole, imidazothiazole, thienofuran, furopyrrole, pyridoxazine,
furopyridine, furopyrimidine, thienopyrimidine and oxazole, among others, all of which may be
optionally substituted.

[0389] As used herein, the term “substituted aryl” refers to an aromatic carbocyclic group
comprised of at least one aromatic ring or of multiple condensed rings at least one of which
being aromatic, wherein the ring(s) are substituted with one or more substituents. For example,

an aryl group can comprise a substituent(s) selected from: (CH2)nOH, (CH2)aO(C1-Cs)alkyl,
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(CH2)sO(CH2)a(C1-Cs)alkyl, ( CH2)aC(O)(Co-Cs) alkyl, ( CH2)xC(O)O(Co-Cs) alkyl,
(CH2)sOC(0)(Co-Cs) alkyl, amine, mono- or di-(C1-Cs alkyl) amine wherein the alkyl group on
the amine is optionally substituted with 1 or 2 hydroxyl groups or up to three halo (preferably F,
Cl) groups, OH, COOH, C1-Cs alkyl, preferably CHs, CFs, OMe, OCF3, NOz, or CN group (each
of which may be substituted in ortho-, meta- and/or para- positions of the phenyl ring, preferably
para-), an optionally substituted phenyl group (the phenyl group itself is preferably substituted
with a linker group attached to a ARB group, including a E3LB group), and/or at least one of F,
Cl, OH, COOH, CHs, CF3, OMe, OCF3, NOz, or CN group (in ortho-, meta- and/or para-
positions of the phenyl ring, preferably para-), a naphthyl group, which may be optionally
substituted, an optionally substituted heteroaryl, preferably an optionally substituted isoxazole
including a methyl substituted isoxazole, an optionally substituted oxazole including a methyl
substituted oxazole, an optionally substituted thiazole including a methyl substituted thiazole, an
optionally substituted isothiazole including a methyl substituted isothiazole, an optionally
substituted pyrrole including a methyl substituted pyrrole, an optionally substituted imidazole
including a methy limidazole, an optionally substituted benzimidazole or methoxybenzyl-
imidazole, an optionally substituted oximidazole or methyloximidazole, an optionally substituted
diazole group, including a methyldiazole group, an optionally substituted triazole group,
including a methyl substituted triazole group, an optionally substituted pyridine group, including
a halo (preferably, F) or methyl substituted pyridine group or an oxapyridine group (where the
pyridine group is linked to the phenyl group by an oxygen), an optionally substituted furan, an
optionally substituted benzofuran, an optionally substituted dihydrobenzofuran, an optionally
substituted indole, indolizine or azaindolizine (2, 3, or 4-azaindolizine), an optionally substituted

quinoline, and combinations thereof.
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[0390] As used herein, the term “carboxyl” denotes the group C(O)OR, wherein R is hydrogen,
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl or substituted heteroaryl, whereas these
generic substituents have meanings which are identical with definitions of the corresponding
groups defined herein.

[0391] As used herein, the terms “heteroaryl” and “hetaryl” include, without limitation, an
optionally substituted quinoline (which may be attached to the pharmacophore or substituted on
any carbon atom within the quinoline ring), an optionally substituted indole (including
dihydroindole ), an optionally substituted indolizine, an optionally substituted azaindolizine (2, 3
or 4-azaindolizine) an optionally substituted benzimidazole, benzodiazole, benzoxofuran, an
optionally sub-stituted imidazole, an optionally substituted isoxazole, an optionally substituted
oxazole (preferably methyl substituted), an optionally substituted diazole, an optionally
sub-stituted triazole, a tetrazole, an optionally substituted benzofuran, an optionally substituted
thiophene, an optionally substituted thiazole (preferably methyl and/or thiol substituted), an
optionally substituted isothiazole, an optionally substituted triazole (preferably a 1,2,3-triazole
substituted with a methyl group, a triisopropylsilyl group, an optionally substituted (CH2)mOC:-
Cs alkyl group or an optionally substituted (CH2)mC(O)OC1-Cs alkyl group), an optionally

substituted pyridine (2-, 3-, or 4-pyridine) or a group according to the chemical structure:
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[0392] wherein S¢ is CHRSS, NRYRE, or O;
[0393] R¥ET is H, CN, NO», halo (preferably Cl or F), optionally substituted C1-Cs alkyl
(preferably substi-tuted with one or two hydroxyl groups or up to three halo groups ( e.g. CF3),

optionally substituted O(C1-Cs alkyl) (preferably substituted with one or two hydroxyl groups or

up to three halo groups) or an optionally substituted acetylenic group C=C Ra,

wherein Ra 1s H or a C1-Cs alkyl group (preferably Ci-Cs alkyl).
[0394] RS is H, CN, NO2, halo (preferably F or Cl), optionally substituted C1-Cs alkyl

(preferably substituted with one or two hydroxyl groups or up to three halo groups), optionally
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substituted O-(C1-Cs alkyl) (preferably substituted with one or two hydroxyl groups or up to
three halo groups) or an optionally substituted -C(O)(Ci1-Cs alkyl) (preferably substituted with
one or two hydroxyl groups or up to three halo groups);

[0395] RUREis H, a C1-Cs alkyl (preferably H or C1-Cs alkyl) or a -C(0)(C1-Cs alkyl), each of
which groups 1s optionally substituted with one or two hydroxyl groups or up to three halogen,
preferably fluorine groups, or an optionally substituted phenyl group, an optioinally substituted
heterocycle, for example piperidine, morpholine, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, piperidine, piperazine, each of which is optionally substituted, and

[0396] YCis N or C-RYC, wherein RY® is H, OH, CN, NO, halo (preferably Cl or F), optionally
substituted C1-Cs alkyl (preferably substituted with one or two hydroxyl groups or up to three
halo groups (e.g. CF3), optionally substituted O(C1-Cs alkyl) (preferably substituted with one or

two hydroxyl groups or up to three halo groups) or an optionally substituted acetylenic group

C=C Ra, wherein Ra 1s H or a Ci1-Cs alkyl group (preferably C1-Cs alkyl).[0397]
RPRO is H, optionally substituted Co-Cs alkyl or an optionally substituted aryl, heteroaryl or
heterocyclic group selected from the group consisiting of oxazole, isoxazole, thiazole,
isothiazole, imidazole, diazole, oximidazole, pyrrole, pyrollidine, furan, dihydrofuran,
tetrahydrofuran, thiene, dihydrothiene, tetrahydrothiene, pyridine, piperidine, piperazine,
morpholine, quinoline (each preferably substituted with a Co-Cs alkyl group, preferably methyl
or a halo group preferably F or Cl), benzofuran, indolem indolizine, azaindolizine:[0398] RPRC!
and Reroz are each independently H, an optionally substituted Co-Cs alkyl group or together form
a keto group and each n is independently 0,1,2,3.4,5 or 6 or an optionally substituted heterocycle,

preferably tetrahydrofuran, tetrahydrothiene, piperidine, piperazine or morpholine (each of which

groups when substituted are preferably substituted with a methyl or halo).
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[0399] As used herein, the terms “arylkyl” and “heteroarylalkyl” refer to groups that comprise
both aryl or, respectively, heteroaryl as well as alkyl and/or heteroalkyl and/or carbocyclic and/or
heterocycloalkyl ring systems according to the above definitions.

[0400] As used herein, the term “arylalkyl” as used herein refers to an aryl group as defined
above appended to an alkyl group defined above. The arylalkyl group is attached to the parent
moiety through an alkyl group wherein the alkyl group is one to six carbon atoms. The aryl
group in the arylalkyl group may be substituted as defined above.

[0401] As used herein, the terms “heterocycle” and “heterocyclic” refer to a cyclic group which
contains at least one heteroatom, 1.¢., O, N or S, and may be aromatic (heteroaryl) or non-
aromatic. Thus, the heteroaryl moieties are subsumed under the definition of heterocycle,
depending on the context of its use. Exemplary heterocyclics include: azetidinyl, benzimidazolyl
1,4-benzodioxanyl, 1,3-benzodioxolyl, benzoxazolyl, benzothiazolyl, benzothienyl,
dihydroimidazolyl, dihydropyranyl, dihydrofuranyl, dioxanyl, dioxolanyl, ethyleneurea, 1,3-
dioxolane, 1,3-dioxane, 1,4-dioxane, furyl, homopiperidinyl, imidazolyl, imidazolinyl,
imidazolidinyl, indolinyl, indolyl, isoquinolinyl, isothiazolidinyl, 1sothiazolyl, isoxazolidinyl,
isoxazolyl, morpholinyl, naphthyridinyl, oxazolidinyl, oxazolyl, pyridone, 2-pyrrolidone,
pyridine, piperazinyl, N-methylpiperazinyl, piperidinyl, phthalimide, succinimide, pyrazinyl,
pyrazolinyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, pyrrolyl, quinolinyl,
tetrahydrofuranyl, tetrahydropyranyl, tetrahydroquinoline, thiazolidinyl, thiazolyl, thienyl,
tetrahydrothiophene, oxane, oxetanyl, oxathiolanyl, and thiane among others.

[0402] Heterocyclic groups can be optionally substituted with a member selected from the group
consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl,

substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl,
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aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo, carboxy,
carboxyalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted
thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy,
hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SOaryl, -SO-heteroaryl, -
SO»-alkyl, -SO2-substituted alkyl, -SOz-aryl, oxo (=0), and -SOxz-heteroaryl. Such heterocyclic
groups can have a single ring or multiple condensed rings. Examples of nitrogen heterocycles
and heteroaryls include, but are not limited to, pyrrole, imidazole, pyrazole, pyridine, pyrazine,
pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine, quinolizine, isoquinoline,
quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine,
carbazole, carboline, phenanthridine, acridine, phenanthroline, isothiazole, phenazine, isoxazole,
phenoxazine, phenothiazine, imidazolidine, imidazoline, piperidine, piperazine, indoline,
morpholino, piperidinyl, tetrahydrofuranyl, and the like as well as N-alkoxynitrogen containing
heterocycles. The term “heterocyclic” also includes bicyclic groups in which any of the
heterocyclic rings is fused to a benzene ring or a cyclohexane ring or another heterocyclic ring
(for example, indolyl, quinolyl, isoquinolyl, tetrahydroquinolyl, and the like).

[0403] As used herein, the term “cycloalkyl” includes, without limitation, univalent groups
derived from monocyclic or polycyclic alkyl groups or cycloalkanes, as defined herein, e.g.,
saturated monocyclic hydrocarbon groups having from three to twenty carbon atoms in the ring,
including, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
the like.

[0404] As used herein, the term “substituted cycloalkyl” includes, without limitation, a
monocyclic or polycyclic alkyl group being substituted by one or more substituents, for example,

amino, halogen, alkyl, substituted alkyl, carbyloxy, carbylmercapto, aryl, nitro, mercapto, or
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sulfa, whereas these generic substituent groups have meanings which are identical with
definitions of the corresponding groups as defined herein.

[0405] As used herein, the term “heterocycloalkyl” refers to a monocyclic or polycyclic alkyl
group in which at least one ring carbon atom of its cyclic structure being replaced with a
heteroatom selected from the group consisting of N, O, S, or P.

[0406] As used herein, the term “substituted heterocycloalkyl” refers to a monocyclic or
polycyclic alkyl group in which at least one ring carbon atom of its cyclic structure being
replaced with a heteroatom selected from the group consisting of N, O, S, or P, and the group
contains one or more substituents selected from the group consisting of halogen, alkyl,
substituted alkyl, carbyloxy, carbylmercapto, aryl, nitro, mercapto, or sulfa, whereas these
generic substituent group have meanings which are identical with definitions of the

corresponding groups as defined herein.
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CLAIMS
What is claimed is:
I A compound having a chemical structure:
ARB-Link-E3LB
wherein ARB is an AR binding mwoiety that does not bind to a ligand binding domain,
E3LB is an E3 ligase binding moiety, and Link is a linker coupling the AR binding moiety to the

E3 ligase binding motety.
2. The compound of claim 1, wherein the AR binding moicty comprises a structare selecied

Link
E3LB

{rom the group consisting of:
R101 an d
E3LB

N
Oae
S
Link’/

101
N R
S H1G1

9101

wherein;
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Ringl is 3-7 membered alicyelic with 0-4 heteroatoms and substituted by 1 or more halo,
CN, CECH, Oy alkyl (linear, branched, optionally substituted by 1 or more halo, Cy.s alkoxy),
Ci.s alkoxy (linear, branched, optionally substituted by 1 or more halo), Cas alkenyl, or Cas
atkynyl, bridged or spiro, bicvelic rings with 0-4 heteroatoms and substituted by 1 or more halo,
CN, CECH, Cyalkyl (linear, branched, optionally substituted by 1 or more halo, Ci.s alkoxy),
Cr¢ alkoxy (linear, branched, optionally substituted by 1 or more halo), Ca alkenyl, Co.g alkynyl,

o

o

N

0

Ring? is aryl, 2-benzyloxy-3,4diftuore, heteroaryl independently substituted by 1 or more
halo, hydroxyl, CN, CECH, NR“R!I®, OCH3, OC.; alkyl (optionally substituled by 1 or more
halo), Cis alkyl (inear branched, optionally substiteted by 1 or more halo, Cis alkoxyl), Cis
alkoxyl (lincar, branched, optionally substituted by 1 or more halo), Cas atkenyl, Cog atkynyl, 3+
¢ membered alicyelic with 0-4 heteroatoms and substituted with 1 or more haloe, hydroxyl, ON,
C=CH, €y alkyl (lincar, branched, optionally substituted by 1 or more hale, Crs alkoxy), Cre
alkoxy (linear, branched, optionally substituted by  or more halo, Cig alkoxy), Cis alkoxyl
{lincar, branched, optionally substituted by | or more halo), Casalkenvi, or Cae alkynyl, wherein
R'% gnd R™ are independently H, halo, Cr.e alkyl {optionally substituted by 1 or more F) or,
taken together with the atom they are attached to, form a 3-8 membered ring system containing

(-2 heteroatoms,

153



WO 2020/160295 PCT/US2020/015922

F

F L

%
‘_.-*“
'S “/&Nn -
O-f
JSUAe

f or Br s and

R is independently H, OH, CONHz, CONR™ R SONH,, SONR'®R™ SO.NH-,
SONR'R', NHCO Ci.s alkyl {optionally substituted by 1 or more halo), NR*COC .3 alkyl
{optionaily substituted by 1 or more halo), NR*SO2Cy.z alkyl (optionaily substituted by 1 or more
halo), NR'¥SOC.3 alkyl {optionally substituted by 1 or more halo), CN, CECH NHa,
NRM™RM OCH;, OCi3alkyl (optionally substituted by 1 or more halo), CHFz, CH2F, CFs, halo,
Cr alkyt (linear, branched, optionally substituted by | or more haloe, Ci.s alkoxyl) or, taken
together with an R'! on an adjaceni bonded atom, iogether with the atoms they are attached to,
form a 3-6 mentbered ring alicyelie, aryl, or heteroaryl system containing 0-2 heteroatoms,
wherein R'% and R'" are independently H, halo, Ci.¢ alkyl (optionally substituted by 1 or more
F) or, faken together with the atom they are attached to, form a 3-8 membered ring system
containing 0-2 heteroatoms.

3. The compound ol claint 1, wherein the linker comprises a chemical stracture
represented by -Ag-, in which g is an integer greater than [, and A is independently selected from
the group consisting of a bond, CRYRY™, 0, S, SO, SO-, NRM, SO;:NRY, SONRM, CONRY,
NRYWCONRY, NRMSQNRY, €O, CRM=CR'Y, CEC, SiRMRY™, PIORM, PIOYORY,
NRMCENCNINRM, NRFCENCN)Y, NRMCECNO)INRY, Chon eyeloaklyl {optionally

substituted with 0-6 R* and/or R groups), and heteroaryl (opiionally substituted with 0-6 R™
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and/or R'* groups), wherein RM, RV RY RY and R are each independently selected from the
group consisting of H, halo, Cisalkyl, OCisalkyl, SCigalkyt, NHCrz alkyl, N(Crz alkyl)z, G
eveloatkyl, aryl, heteroaryl, Csay heteroeyelyl, OCig eycloalkyl, SCis eveloalkyl, NHC g
cycloalkyl, N{Ci.ccycloalkyD)2, N(Ci.s cycloalky ¥ Crg alkvi), OH, NH», SH, SO:Crsalkyl,
P{OYOC 15 alkyl{(Crgalkyl), POXOC g alkyl), CC-Cigalkyl, CCH, CH=CH{Cs alkyl}, C(C.
s alkyiF=CH(C g alkyl), C{Crs alkyD=C{Crg alkyl), SI{OH ), SiC{is alkylh, SHOHY Cis alkyl)s,
COC s alkyl, CO:H, CN, CFy, CHF,, CHaF, NOgy, SFs, SO:NHC 5 alkyl, SO:NHC g atkyl,
SON(Crg atkyly:, SONHC g alkyl, SON(Cyg alkyl)s, CONHC1.5 atkyl, CON{Chs alkyl)s, N(Ciz
alkyCONH(C s alkvl), N(Crs alkyDCON(Chg alkyl)y, NHCONH(Cy .« atkyl), NHCON{C 5
atkyly, NHCONH2, N{Ci.g alkyDhSONH(C 15 alkvl}, N(C i alkvISON(C g alkvlh,
NHSO:NH(C s alkyl), NHSO:N(C s alkyl): and NHSO:NHo, and wherein RM and R each,
independently may be linked to another A group to fornz a cyeloalkyl and or heterocyelyl moiety

that can be further substituted with 0-4 R™ groups.

4. The compound of claim 1, wherein the finker comprises a structure selected from the

group consisting of:

f?{\ﬂ/“\/\iﬁ
”;s’iN/\/\)Lﬁl |

155



FISN SN
2 NN
/\ﬂ/ NIW, E
X N\/\/\w&v
5 |
;LL’;N\/\/\/\J\?W

22222222222222222



R e V0 VW N1 |

}‘S\/\Q/\/c"\/\O/\/'D\/\@f~ |

?’\/\o/\/o\/\o/\/"\/\,q)l\’v{i

and
}‘\)J\N/\/o\/\o/\/“\/\,\,k%’,



WO 2020/160295 PCT/US2020/015922

5. The compound of claim 1, wherein the E3 ligase binding moiety comprises a structure

selected from the group consisting ol

R105
N
O
and
ARB
H‘I(}S
N
0

f10e

whercin:

R¥ 5 independently H, OH, CONHz, CONRY™R'® SONH:, SONR'®R™, S0O:NH-,
SONRZRM NHCO Cy.aalkyl (optionally substituted by one or more hale), NRICOC.5 alkvl
(optionally substituted by one or more halo), NR*SO:C 1.3 alkyl (optionally substituted by one or
more halo), NR*¥SOC.; alkyl (optionally substituted by one or more halo), CN, CECH, NH,,

NR“R'™ OCH;, OC .z alkyl (optionally substituted by one or more halo), CHFz, CHzF, CF3,
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halo, Ci.e alkyl (linear, branched, optionally substituted by one or more halo, Cie alkoxyl) or,
taken together with an R on an adjacent bonded atom, together with the atoms they are
attached to, form a 3-6 membered ring alicyclic, aryl, or heteroaryl system containing (-2
heteroatoms, wherein and R'™, R'® is independently H, halo, Ci.4 alkyl (optionally substituted
by one or more F) or taken together with the atom they are attached to, forny a 3-8 menibered
ring system containing 0-2 heteroatoms,

R'® is independently H, Ciealkyl (optionally subslituted by one or more F}, and

XisNHorQ,

6. A composilion, comprising:
A-{(10-aminodecyiamino}-2~(2,6~-dioxopipendin-3-yhisoindoling~1,3-dione

hydrochloride, comprising the structure:

HoN
HC1

NH

NH

7. The compound of claim 1, wherein the ~-E3LB moiety is a Von-Hippel-Lindan Ligase

binding moigty sclected from the following structures:
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WO 2020/160295

O
N
(S)
LinT’/ - N
5106
ARB =) -
QRHJS Eﬂ’ld
/ARB X \
Link Nh
Lz
O
o \/NH
ws N
Ak N ®
- N
5106 .
O R )
OR!OB
wherein

R'% is isopropyl, tert-butyl, sec-butyl, cyclopentyl, cyclohexyl, eyclopropyt or haloalkyl,
R is H, haloalkyl, methyl, ethyl, isopropyl, cyclopropyl er C1-Ce atkyl {lincar,

branched, optionaily substituted), each optionally substituted with one or more halo, hydroxyl,
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ON, C-Cs alkyl {lincar, branched, optionally substituted), or C1-Cs alkoxyl (linear, branched,
optionally substituted),

R is H or a prodrug group,

R'"™ is H, halo, optionally substituted Ci.q cycloalkyl, optionally substituted Ci.q atkyl.
Optionally substituted Ci¢ alkenyl or Cy.s haloalkyi, and

XisSorQ.

8. The compound of ¢lainy 1, wherein the ~-E3LB moiety comprises a structure selected from

the group consisting of

=Tl =1
HN (S}
NH
{5}
0 R
§
RﬂE

Y
TTS|ink— ARB
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pue =1kl
=%
NH
©
0 )
S
HT‘I?
Link
M >~ars ,
ARB
Link
E

R113
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=ikt =11l
HN 5
O
ARB  and
RHo g1
HN )
NH O
O )
$©
<
Ai2 N
ARB
wherein:

RY'*® are independently hydrogen, optionally substituted alkyl or optionaily substituted
cycloatkyt,
R'"! are independently hydrogen, optionally substituied alkyl or optionally substituted

cycloalkyl,
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RY'? are independently optionally substituted atkyl, optionally substituted cycloalkyl,
optionally substituted cvcloalkylalkyl, optionally substituted arylalkyl, optionally substituted
aryl, optionally substituted thioalkyl wherein the substituents attached lo the S atom of the
thioalkyl are optionally substituied branched alkyl, optionally substituted heterocyelyi,
{CH)CORY", -CHCHRMCOR' or CHaRMY, where v= 1-3, R' and R are independently
selected from OH, NR*™RM? or QR R1 15 NR'PRMY RS i5 aptionally substituted aryf or
optionally substituted heterocyclyl where the optional substituents include alkyl and halogen,
and R' is hydrogen or oplionally substituted alkyl,

R is selected from the group consisting of’

-CH,
2 where B is an aryl or N-containing heteroaryl and optionally substituted by
alkyl or haloaikyi,

R is selected from the group consisting of:

i, | -Cy geycloalkylene ° (CHy)ya
2 or or or

wherein A s a Cas aliphatic ring, B 1s an aryl or N-containing heteroaryl and optionally
substituted by alkyl or haloalkyl, Y is N, O, C=0, or §, and

XisSorQ.

9. The compound of claim [, wherein the -E3LB moiety is a Mouse Double Minute 2

{MDM2) homolog inhibiior comprising the following structure:

= o
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wherein:

Ring3 is para-substituted aryl, single or muliipie N confaining heteroarvl optionally
substituted by ~OCH3, ~OCH2ZCH3, or halogen,

R!?" s independently aryl or heteroaryl, optionally substituted by nmono-, di- or tri~
substituted halogen, -CN, cthynyl, cvelopropyl, methyl, ethiyl, isopropyt, methoxy, ethoxy,
isopropoxy, other C1-6 alkyl, other C1-6 alkenyl and C1-6 alkynyl,

R is independently aryl or heteroaryl optionally subsiituted by halogen, or niono, di, or
tri-substituted hatogen,

R s selected from alkyl, substitnied alkyl, alkenyl, substituted alkenyl, substituted
atkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, cycloalkyl, substituted
cycloalkyl, alkenyl and substituted cycloalkenyi, and

R ig selected from H, alkyl, aryl, substituted alkyl, cycloalkyl, aryl substituted

cycloakyl and alkoxy substituted cycloalkvl,

10, A compound, selected from the group consisting of;
2-2,3-difluoro-6-(2-morpholinothiazol-4-yphenoxy)-N-(6-((2-(2,6-dioxopiperidin-3-

yi)-1,3-dioxoisomndolin-4-yhaminoYhexylacetanide,
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2-(2 3-dilfuoro-6-(2-morpholinothiazol-4-yl}phenoxy}-N-{10-({2~(2,6~dioxopiperidin-3-
yh-1.3-dioxoisoindolin-4-yhamino)decylacetamide,

{28, 4R} 1 {{ S)-2~{4(2+(2 3-difluoro-6~( 2-morpholinothiazol-4-
yhphenoxy)acetanmuido)butanamido)-3,3-dimethylbutanoyi)-4-hydrox v-N-((S}-1-{4-(4-
nmethylthiazol-5-yl)phenyDethvlpyirohdine-2-carboxamide,

(28,4R)-1-((S)-2-(5-(2+(2 3=l ifluoro-6~2~morpholinothiazol-4-
yhphenoxylacetamidoipentananido}-3,3-dimethvlbutanoyh)-4-hydroxy-N-((S)-1-(4-(4-
methyithiazol-5-ylphenyljethyDpyirolidine-2~carboxamide,

{25,4R)-1-((85)-2-(6-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-
yhphenoxy jacetamido)hexanamido)-3 3-dimethvlbutanoyi)-d-hydrox y-N-{{S}-1-{4-(4~
methylthiazol-5-yl}phenylethylypyrrofidine-2~carboxanide,

(25,4R)-1-({8)-2-(7-(2-2,3-difluoro-6- 2-morpholinothiazol-4-
yhphenoxylacetamidoheptananudo)-3,3-dimethylbutanoyl)-4-hydrox y-N-({S)- 1-(4-(4-
methylthiazol-3-yDpheny Dethylipyrrolidine-2-carboxamide,

(2S5 4R)-1-((8)-2+(2~(3+(2-(2, 3-difluoro-6-{2-morpholinothiazol-4-
yliphenoxy)acetamido)propoxy)acetaniido}-3,3-dimethylbutanoyl)-4-hydrox y-N-({S)-1 -{4-{4-
methyithiazel-3-yliphenylethylipyrrolidine-2-carboxamide,

(28,4R)- 1 -({S)2-{tere-butyt)- 14-(2,3-difluoro-6-2-morpholinothiazol-4-ylphenoxy)-
4,13-dioxo-6,9-dioxa-3,1 2-diazatetradecanoyl)-4-hydroxy-N-{{S}-1 -(4-(4-methylhiazol-5-
yvhphenyhethytipyrrolidine-2-carboxamide,

{25,4R)-1-({S)-2-(8B-(2.3-di{Tuoro-6-(2-morpholinothuazol-4-yliphenox y)octanamido)-
3, 3-dimethylbutanovl)-4-hydroxy-NV-{{S}- 1 -(4-(d-methylthiazol-3-viphenvhethylpyrrolidine-2-

carboxantide,
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(S)-1-((8)-2-cyclohexyl-2-((S)-2-(methylamino)propanamido yacetyD-N-({8)- 1-({2-(2-(2~
{2.3-dilluoro-6-(2-morpholinothiazol-4-yDphenox v)ethoxyiethoxylethyl amino -1 -oxo-3,3-
diphenylpropan-2-ylipyrrolidine-2~carboxamide,

(S)-1-((S)-2-cycichexyi-2-({S)-2-(methylaniino )propanamido acety!)-N-({S)-1-({4-(2-
{2,3-difluoro-6-(2-morpholinothiazel-4-yliphenoxy)acetamidoYoutyllamino)-1-oxo-3,3-
diphenylpropan-2-yDpyrrolidine-2-carboxanide,

(S)-1-((S)-2-cycichexyi-2-((8)-2-(methylamino )propanamido yacetyl)-N-({S}-1-{{6-(2-

(2, 3-difluoro-6-2-morpholinathiazol-4-yliphenoxylacetamidoYhexyhamino - 1 ~ox0-3,3-
diphenyipropan-2-yDpyrrolidine-2-carboxanide,

(2R.35,4R,35)-3-(3-chioro-2-fluorophenyl -4-{4-chioro-2-fluorophenyl -4-cyano-N-(4-
{{2-(2~(2~(2,3~diftuoro-6-{2~morpholinothiazol-d-yl)phenoxy)ethox yiethox yethyhearbamoyl)-2-
methexyphenyl)-S-neopentvlpyivolidine-2-carboxamide,

{2R,3S,4R,58)-3(3~chiora-2-fluorophenyi)-4-(4-chioro-2~fluorophenyl)-4-cyano-N-{4-
{(4-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-vlyphenoxyacetamido jhuiyl )carbamoyl)-2-
methoxyphenyi}-S-neopentvlpvrrolidine-2-carboxamide,

{2R,38,4R,58)-3+(3-chloro-2-fluorophenyi)}-4-(4-chloro-2-fluorophenyl }-4-cyano-N-(4-
{(6-(2-(2,3-difluoro-6-(2-morpholinothiazol-4-vlyphenoxy Jacetamidothex vl jearbamoyi)-2-
methoxyphenyl)-3-~neopentylpyrrolidine-2-carboxamide,

N-(5-(((S)-1-((28,4R )-4-hydroxy-2-({{S)- 1 -{4-(4-methyHhiazol-5-
yhphenylethylicarbamoypyrrolidin-1-y13-3,3-dimethyl- 1-oxobutan-2-ylJamino)-5-oxopentyl )

2-morpholinobenzo[djthiazole-4-carboxamide, and
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NAG((SY2-((S)1-((S)2-cvelohexyl-2-({8)-2~
{methylamino)propanamidoacety Dpyreohidine-2-carboxamido)-3,3-

diphenylpropanamido Yhexyl)-2-morpholinobenzo[d jthiazole-4~carboxamide.

il. A pharmaceutical composition, comprising:
an effective amount of the compound of claim 1, and

a pharmaceutically acceplable carrier, additive and/or excipient

i2. The pharmaceuiical composition of claim 11, further comprising at least one additional

anticancer agenl.

13, A method for treating a disease slate or condition in a patient wherein dysregulated

protein activity is responsible for said disease or condition, said method comprising

administering an eflective amount of the compound according to clamm 1.
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