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PROTEOLYSIS TARGETING CHIMERIC (PROTAC) COMPOUND WITH E3
UBIQUITIN LIGASE BINDING ACTIVITY AND TARGETING ALPHA-SYNUCLEIN
PROTEIN FOR TREATING NEURODEGENERATIVE DISEASES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of and priority to U.S. Provisional
Application No. 62/719,937, filed 20 August 2018 and titled MODULATORS OF
PROTEOLYSIS AND ASSOCIATED METHODS OF USE, which is incorporated herein in its

entirety for all purposes.

INCORPORATION BY REFERENCE

[0002] U.S. Patent Application Serial No. 15/230,354, filed on August 5, 2016, published as
U.S. Patent Application Publication No. 2017/0065719; and U.S. Patent Application 15/206,497
filed 11 July 2016, published as U.S. Patent Application Publication No. 2017/0008904; and U.S.
Patent Application 15/209,648 filed 13 July 2016, published as U.S. Patent Application
Publication No. 2017/0037004; and U.S. Patent Application Serial No. 15/730,728, filed on
October 11, 2017, published as U.S. Patent Application Publication No. 2018/0099940; and U.S.
Patent Application Serial No. 14/686,640, filed on April 14, 2015, published as U.S. Patent
Application Publication No. 2015/0291562; and U.S. Patent Application Serial No. 14/792,414,
filed on July 6, 2015, published as U.S. Patent Application Publication No. 2016/0058872; and
U.S. Patent Application Serial No. 14/371,956, filed on July 11, 2014, published as U.S. Patent
Application Publication No. 2014/0356322; and U.S. Patent Application Serial No. 15/074,820,
filed on March 18, 2016, published as U.S. Patent Application Publication No. 2016/0272639;
and U.S. Patent Application Serial No., filed January 31, 2018; and U.S. Patent Application
Serial No. 15/885,671, filed January 31, 2018, published as U.S. Patent Application Publication
No. 2018/0215731 Al;and International Patent Application No. PCT/US2016/023258, filed
March 18, 2016, published as International Patent Application Publication No. W02016/149668,
are incorporated herein by reference in their entirety. Furthermore, all references cited herein are

incorporated by reference herein in their entirety.

FIELD OF THE INVENTION
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[0003] The description provides bifunctional compounds comprising a target protein binding
moiety and an E3 ubiquitin ligase binding moiety, and associated methods of use. The
bifunctional compounds are useful as modulators of targeted ubiquitination, especially with
respect to a-synuclein, which is degraded and/or otherwise inhibited by bifunctional compounds

according to the present disclosure.

BACKGROUND

[0004] Most small molecule drugs bind enzymes or receptors in tight and well-defined
pockets. On the other hand, protein-protein interactions are notoriously difficult to target using
small molecules due to their large contact surfaces and the shallow grooves or flat interfaces
involved. E3 ubiquitin ligases (of which hundreds are known in humans) confer substrate
specificity for ubiquitination, and therefore, are more attractive therapeutic targets than general
proteasome inhibitors due to their specificity for certain protein substrates. The development of
ligands of E3 ligases has proven challenging, in part due to the fact that they must disrupt
protein-protein interactions. However, recent developments have provided specific ligands
which bind to these ligases.

[0005] Hetero-bifunctional small molecule compounds such as those that are described in
U.S. Patent Application Publications 2015-0291562 and 2014-0356322 (incorporated herein by
reference), function to recruit target proteins to an E3 ubiquiuin ligase, leading to poly-
ubiquitylation of the target protein and its subsequent intracellular degradation via the
proteasome. These compounds are comprised of a target protein Hgand connected by a chemical
linker to an E3 ligase binding moiety. Over the past decade, such compounds have been shown
to degrade a variety of target proteins. These compounds provide the ability to turn weak ligands
into highly potent degraders, convert promiscuous ligands into selective degraders, and use
allosteric sites to degrade proteins.

[0006] An ongoing need exists in the art for effective treatments for disease associated with
overexpression or aggregation of a-synuclein. However, non-specific effects, and the inability to
target and modulate a-synuclein, remain as obstacles to the development of effective treatments.
As such, small-molecule therapeutic agents that target a-synuclein and that leverage or potentiate

E3 ubiquitin ligase substrate specificity would be very useful.
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SUMMARY

[0007] The present disclosure describes bifunctional compounds which function to recruit
endogenous proteins to an E3 ubiquitin ligase for degradation, and methods of using the same.
In particular, the present disclosure provides bifunctional or proteolysis targeting chimeric
(PROTAC) compounds, which find utility as modulators of targeted ubiquitination of a variety
of polypeptides and other proteins, which are then degraded and/or otherwise inhibited by the
bifunctional compounds as described herein. An advantage of the compounds provided herein is
that a broad range of pharmacological activities is possible, consistent with the
degradation/inhibition of targeted polypeptides from virtually any protein class or family. In
addition, the description provides methods of using an effective amount of the compounds as
described herein for the treatment or amelioration of a disease condition, such as a disease or
disorder associated with accumulation or aggregation of a-synuclein. These diseases or
disorders include, but are not limited to, a-synucleinopathies or neurological or
neurodegenerative diseases or disorders, such as, Parkinson Disease (PD), Alzheimer’s Disease
(AD), dementia (e.g., dementia with Lewy bodies) , or multiple system atrophy.

[0008] As such, in one aspect the disclosure provides bifunctional or PROTAC compounds,
which comprise an E3 ubiquitin ligase binding moiety (i.e., a ligand for an E3 ubquitin ligase or
“ULM” group), and a moiety that binds a target protein (i.e., a protein/polypeptide targeting
ligand or “PTM” group) such that the target protein/polypeptide is placed in proximity to the
ubiquitin ligase to effect degradation (and inhibition) of that protein. In a preferred embodiment,
the ULM (ubiquitination ligase modulator) can be Von Hippel-Lindau E3 ubiquitin ligase (VHL)
binding moiety (VLM), or a cereblon E3 ubiquitin ligase binding moiety (CLM), or a mouse
double miniute 2 homolog (MDM2) E3 ubiquitin ligase binding moiety (MLM), or an IAP E3
ubiquitin ligase binding moiety (i.e., a “ILM”). For example, the structure of the bifunctional

compound can be depicted as:

PTM ULM

[0009] The respective positions of the PTM and ULM moieties (e.g., VLM, CLM, MLM or
ILM) as well as their number as illustrated herein is provided by way of example only and is not

intended to limit the compounds in any way. As would be understood by the skilled artisan, the
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bifunctional compounds as described herein can be synthesized such that the number and
position of the respective functional moieties can be varied as desired.
[0010] In certain embodiments, the bifunctional compound further comprises a chemical

linker (“L”). In this example, the structure of the bifunctional compound can be depicted as:

PTM L ULM

where PTM is a protein/polypeptide targeting moiety, L is a linker, e.g., a bond or a chemical
group coupling PTM to ULM, and ULM is a IAP E3 ubiquitin ligase binding moiety, or a Von
Hippel-Lindau E3 ubiquitin ligase (VHL) binding moiety (VLM), or a cereblon E3 ubiquitin
ligase binding moiety (CLM), or a mouse double minute 2 homolog (MDM?2) E3 ubiquitin ligase
binding moiety (MLM).

[0011] For example, the structure of the bifunctional compound can be depicted as:

PTM L VLM or CLM or MLM or ILM

wherein: PTM is a protein/polypeptide targeting moiety; “L” is a linker (e.g. a bond or a
chemical linker group) coupling the PTM and at least one of VLM, CLM, MLM, ILM, or a
combination thereof; VLM is Von Hippel-Lindau E3 ubiquitin ligase binding moiety that binds
to VHL E3 ligase; CLM is cereblon E3 ubiquitin ligase binding moiety that binds to cereblon;
MLM is an MDM?2 E3 ubiquitin ligase binding moiety that binds MDM2; and ILM is a IAP
binding moiety that binds to IAP.

[0012] In certain preferred embodiments, the ILM is an AVPI tetrapeptide fragment. As
such, in certain additional embodiments, the ILM of the bifunctional compound comprises the
amino acids alanine (A), valine (V), proline (P), and isoleucine (I) or their unnatural mimetics,
respectively. In additional embodiments, the amino acids of the AVPI tetrapeptide fragment are
connected to each other thorugh amide bonds (i.e., -C(O)NH- or -NHC(O)-).

[0013] In certain embodiments, the compounds as described herein comprise multiple
independently selected ULMs, multiple PTMs, multiple chemical linkers or a combination
thereof.

[0014] In certain embodiments, ILM comprises chemical moieties such as those described

herein.
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[0015] In additional embodiments, VLM can be hydroxyproline or a derivative thereof.
Furthermore, other contemplated VLMs are included in U.S. Patent Application Publication No.
2014/03022523, which as discussed above, is incorporated herein in its entirety.

[0016] In an embodiment, the CLM comprises a chemical group derived from an imide, a
thioimide, an amide, or a thioamide. In a particular embodiment, the chemical group is a
phthalimido group, or an analog or derivative thereof. In a certain embodiment, the CLM is
thalidomide, lenalidomide, pomalidomide, analogs thereof, isosteres thereof, or derivatives
thereof. Other contemplated CLMs are described in U.S. Patent Application Publication No.
2015/0291562, which is incorporated herein in its entirety.

[0017] In certain embodiments, MLM can be nutlin or a derivative thereof. Furthermore,
other contemplated MLMs are included in U.S. Patent Application 15/206,497 filed 11 July 2016,
which as discussed above, is incorporated herein in its entirety. In certain additional
embodiments, the MLM of the bifunctional compound comprises chemical moieties such as
substituted imidazolines, substituted spiro-indolinones, substituted pyrrolidines, substituted
piperidinones, substituted morpholinones, substituted pyrrolopyrimidines, substituted
imidazolopyridines, substituted thiazoloimidazoline, substituted pyrrolopyrrolidinones, and
substituted isoquinolinones.

[0018] In additional embodiments, the MLM comprises the core structures mentioned above
with adjacent bis-aryl substitutions positioned as cis- or trans-configurations.

[0019] In certain embodiments, “L” is a bond. In additional embodiments, the linker “L” is a
connector with a linear non-hydrogen atom number in the range of 1 to 20. The connector “L”
can contain, but not limited to the functional groups such as ether, amide, alkane, alkene, alkyne,
ketone, hydroxyl, carboxylic acid, thioether, sulfoxide, and sulfone. The linker can contain
aromatic, heteroaromatic, cyclic, bicyclic and tricyclic moieties. Substitution with halogen, such
as Cl, F, Br and I can be included in the linker. In the case of fluorine substitution, single or
multiple fluorines can be included.

[0020] In certain embodiments, VLM is a derivative of trans-3-hydroxyproline, where both
nitrogen and carboxylic acid in frans-3-hydroxyproline are functionalized as amides.

[0021] In certain embodiments, CLM is a derivative of piperidine-2,6-dione, where

piperidine-2,6-dione can be substituted at the 3-position, and the 3-substitution can be bicyclic
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hetero-aromatics with the linkage as C-N bond or C-C bond. Examples of CLM can be, but not
limited to, pomalidomide, lenalidomide and thalidomide and their derivatives.

[0022] In an additional aspect, the description provides therapeutic compositions comprising
an effective amount of a compound as described herein or salt form thereof, and a
pharmaceutically acceptable carrier. The therapeutic compositions modulate protein degradation
and/or inhibition in a patient or subject, for example, an animal such as a human, and can be used
for treating or ameliorating disease states or conditions which are modulated through the
degraded/inhibited protein. In certain embodiments, the therapeutic compositions as described
herein may be used to effectuate the degradation of proteins of interest for the treatment or
amelioration of a disease, e.g. a-synucleinopathies or a neurodegenerative disease or disorder. In
yet 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 bifunctional
compound as described herein comprising an ILM and a PTM, a PTM and a VLM, or a PTM and
a CLM, or a PTM and a MLM, preferably linked through a linker moiety, as otherwise described
herein, wherein the VLM/ILM/CLM/MLM is coupled to the PTM through a linker to target
protein that binds to PTM for degradation. Similarly, the PTM can be coupled to VLM or CLM
or MLM or ILM through a linker to target a protein or polypeptide for degradation. Degradation
of the target protein will occur when the target protein is placed in proximity to the E3 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 disease state or condition, which is modulated through the target protein by
lowering the level of that protein in the cells of a patient.

[0023] In still another aspect, the description provides methods for treating or ameliorating a
disease, disorder or symptom thereof in a subject or a patient, e.g., an animal such as a human,
comprising administering to a subject in need thereof a composition comprising an effective
amount, e.g., a therapeutically effective amount, of a compound as described herein or salt form
thereof, and a pharmaceutically acceptable carrier, wherein the composition is effective for
treating or ameliorating the disease or disorder or symptom thereof in the subject.

[0024] In another aspect, the description provides methods for identifying the effects of the
degradation of proteins of interest in a biological system using compounds according to the

present disclosure.
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[0025] 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
objects and advantages associated with the compositions, methods, and processes of the present
disclosure will be appreciated by one of ordinary skill in the art in light of the instant claims,
description, and examples. For example, the various aspects and embodiments of the disclosure
may be utilized in numerous combinations, all of which are expressly contemplated by the
present description. These additional aspects and embodiments are expressly included within the
scope of the present disclosure. The publications and other materials used herein to illuminate
the background of the disclosure, and in particular cases, to provide additional details respecting

the practice, are incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are incorporated into and form a part of the
specification, illustrate several embodiments of the present disclosure and, together with the
description, serve to explain the principles of the disclosure. The drawings are only for the
purpose of illustrating an embodiment of the disclosure and are not to be construed as limiting
the disclosure. Further objects, features and advantages of the disclosure will become apparent
from the following detailed description taken in conjunction with the accompanying figures
showing illustrative embodiments of the disclosure, in which:

[0027] Figures 1A and 1B. Illustration of general principle for PROTAC function. (A)
Exemplary PROTACs comprise a protein targeting moiety (PTM; darkly shaded rectangle), a
ubiquitin ligase binding moiety (ULM; lightly shaded triangle), and optionally a linker moiety
(L; black line) coupling or tethering the PTM to the ULM. (B) Illustrates the functional use of
the PROTACs as described herein. Briefly, the ULM recognizes and binds to a specific E3
ubiquitin ligase, and the PTM binds and recruits a target protein bringing it into close proximity
to the E3 ubiquitin ligase. Typically, the E3 ubiquitin ligase is complexed with an E2 ubiquitin-
conjugating protein, and either alone or via the E2 protein catalyzes attachment of ubiquitin
(dark circles) to a lysine on the target protein via an isopeptide bond. The poly-ubiquitinated
protein (far right) is then targeted for degradation by the proteosomal machinery of the cell.
[0028] Figures 2A and 2B. Pre-formed alpha-synuclein fibrils (0a-syn PFFs) were added to

TREX tetracycline inducible HEK293 cells that overexpress AS3T mutant o-syn to induce
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detergent-insoluble aggregates as measured by WES™ (capillary protein separation and
immunoblot analysis). FIG. 2A shows detection of total o-syn using MJFR1 antibody by
WES™ analysis. Lanes 20 and 23 show control uninduced sarkosyl insoluble (SI) and soluble
lysates, respectively. Total o-syn AS3T expression was induced by doxycycline (Dox) and the
resulting sarkosyl insoluble versus soluble fraction was characterized by examination of MJFR1
immunoreactivity and is shown in lane 22 compared to 25. Doxycycline (Dox) induced o-syn
AS53T cells were treated with pre-formed fibrils (PFFs) to produce higher order oligomeric o-syn
AS53T in the sarkosyl insoluble and soluble fractions, shown in lanes 21 and 24, respectively. In
FIG. 2B, data are shown demonstrating that the presence of sarkosyl insoluble phospho-S129
containing o-syn species was only observed after treatment with PFF to induce the higher order
oligomeric oi-syn AS3T (in lane 24 compared to lane 25).

[0029] Figure 3. Targeted degradation of sarkosyl-insoluble a-synuclein via exemplary
bifunctional degradation compounds. Targeted degradation of sarkosyl insoluble (SI) -
synuclein via bifunctional degradation compounds was assessed by MJFR1 immunoreactivity by
WES™ following treatment of PFF induced A53T a-synuclein overexpressing HEK293 cells
with 1uM bifunctional compound to DMSO vehicle control lane (lane 3). The molecular weight
ladder lane 1 and uninduced AS53T o-synuclein lane 2 is shown. Bifunctional degrading
compounds in lanes 5 (Exemplary Compound 25), 7 (Exemplary Compound 13), 8 (Exemplary
Compound 12), and 9 (Exemplary Compound 9) resulted in cytotoxicity (data not shown) at the
concentration tested and did not see a decrease in sarkosyl insoluble a-synuclein. Bifunctional
degrading compounds in lanes 10 (Exemplary Compound 6), 11 (Exemplary Compound 7), 12
(Exemplary Compound 2), and 13 (Exemplary Compound 5) greatly reduced sarkosyl insoluble
a-synuclein. These data indicate that exemplary bifunctional compounds that effectively
degrade a-synuclein aggregates have been identified.

[0030] Figure 4. Development of a conformational specific ELISA for a-Synuclein
aggregates. Conformational specific a-synuclein ELISA was developed by coating High Binding
96-well ELISA plates with MJFF-14-6-4-2 antibody (Corning; Abcam). PFF oligomeric
synuclein or monomeric synuclein were made as described in Graef er al., 2019 (full citation
included below) and dilution curves were generated with the highest standard concentration of

600 ng/ml. Following incubation, MJFF-14-6-4-2 secondary antibody previously conjugated to
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alkaline phosphatase (AP; Novus Biologicals) was added to the ELISA plates for detection.
Specificity for oligomeric a-synuclein is shown in squares compared to monomer in triangles.
The linear range for detection of oligomeric a-synuclein is about 2 to about 150ng/ml.

[0031] Figure 5. Exemplary a-synuclein targeting bifunctional degrader compounds induce
degradation of oligomeric a-synuclein. Targeted degradation of sarkosyl insoluble (SI) -
synuclein via exemplary bifunctional compounds was assessed by MJFF-14-6-4-2 conformation
specific ELISA following treatment of PFF induced A53T a-synuclein overexpressing HEK293
cells with 1uM bifunctional compounds compared to DMSO vehicle control lanes. Exemplary
bifunctional degrading compounds 25, 12, and 9 used to generate the data shown in bars 2, 4 and
5, were cytotoxic at the concentration tested and did not sarkosyl insoluble fraction. Exemplary
bifunctional degrading compounds 6, 7, 2, and 5 used to generate the data shown in bars 6-9,
greatly reduced sarkosyl insoluble o-synuclein conformational species. These data demonstrate
that bifunctional compounds of the present disclosure are effective at degrading o-synuclein
aggregates.

[0032] Figures 6A and 6B. o-Synuclein bifunctional degradation compound activity

requires the E3 ligase activity for effective degradation. Pre-formed alpha-synuclein fibrils (o-
syn PFFs) were added to TREX tetracycline inducible HEK293 cells that overexpress AS3T
mutant o-syn to induce detergent-insoluble oligomers as measured by Oligomer ELISA.
Doxycycline induced o-syn AS5S3T cells were treated with PFFs to produce higher order
oligomeric o-syn AS53T in the sarkosyl insoluble fraction and SI o-syn oligomers were detected
by ELISA, as described in below. Exemplary bifunctional degradation compounds 7 and 23 at 1
uM concentration, used to generate the data shown in bars 1 and 3, reduced sarkosyl insoluble -
syn. Fifteen-fold excess E3 ligase ligands, VHL Ligand and Cereblon Ligand, shown in Figure
6B, used to generate the data shown in bars 2 and 4, when co-incubated with the exemplary
bifunctional compound treatment effectively competed the activity of the exemplary bifunctional
compound to induce targeted degradation of o-syn. These data indicate that the exemplary
bifunctional compound requires E3 ligase recruitment to a-syn to effectively induce degradation,

thereby confirming the bifunctional compound mechanism of action.

DETAILED DESCRIPTION
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[0033] The following is a detailed description provided to aid those skilled in the art in
practicing the present disclosure. Those of ordinary skill in the art may make modifications and
variations in the embodiments 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.

[0034] Presently described are compositions and methods that relate to the surprising and
unexpected discovery that an E3 ubiquitin ligase protein (e.g., inhibitors of apoptosis proteins
(IAP), a Von Hippel-Lindau E3 ubiquitin ligase (VHL), a cereblon E3 ubiquitin ligase, or a
mouse double minute 2 homolog (MDM2) E3 ubiquitin ligase) ubiquitinates a target protein
once it and the target protein are placed in proximity by a bifunctional or chimeric construct that
binds the E3 ubiquitin ligase protein and the target protein. Accordingly the present disclosure
provides such compounds and compositions comprising an E3 ubiquintin ligase binding moiety
(“ULM?”) coupled to a protein target binding moiety (“PTM”), which result in the ubiquitination
of a chosen target protein, which leads to degradation of the target protein by the proteasome
(see Figure 1). The present disclosure also provides a library of compositions and the use thereof.
[0035] In certain aspects, the present disclosure provides compounds which comprise a
ligand, e.g., a small molecule ligand (i.e., having a molecular weight of below 2,000, 1,000, 500,
or 200 Daltons), which is capable of binding to a ubiquitin ligase, such as IAP, VHL, MDM2, or
cereblon. The compounds also comprise a moiety that is capable of binding to target protein, in
such a way that the target protein is placed in proximity to the ubiquitin ligase to effect
degradation (and/or inhibition) of that protein. Small molecule can mean, in addition to the
above, that the molecule is non-peptidyl, that is, it is not generally considered a peptide, e.g.,
comprises fewer than 4, 3, or 2 amino acids. In accordance with the present description, the
PTM, ULM or PROTAC molecule can be a small molecule.

[0036] 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
belongs. The terminology used in the description is for describing particular embodiments only
and is not intended to be limiting of the disclosure.

[0037] 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

10
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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 disclosure. The
upper and lower limits of these smaller ranges may independently be included in the smaller
ranges is also encompassed within the disclosure, 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 disclosure.

[0038] 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 disclosure.

[0039] The articles "a" and "an" as used herein and in the appended 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.

[0040] The phrase "and/or," as used herein in the specification 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 "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.

[0041] As used herein in the specification and in the claims, "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, i.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
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indicating exclusive alternatives (i.e., "one or the other but not both") when preceded by terms of

nn

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

[0042] In the claims, as well as in the specification above, all transitional phrases such as
"comprising,” "including,” ‘"carrying,” "having," "containing," "involving," "holding,"
"composed of," and the like are to be understood to be open-ended, i.e., to mean including but
not limited to. Only the 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.

[0043] 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 nonlimiting example, "at least one of A and B" (or,
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.

[0044] 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.

[0045] The terms "co-administration" and "co-administering" or “combination therapy” 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,
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at the same time. In certain preferred aspects, one or more of the present compounds described
herein, are coadministered in combination with at least one additional bioactive agent, especially
including an anti-neurodegenerative agent. In particularly preferred aspects, the co-
administration of compounds results in synergistic activity and/or therapy, including anti-
neurodegenerative activity.

[0046] The term “anti-neurodegenerative agent” or ‘“additional anti-neurodegenerative
agent” is used to describe an anti-neurodegenerative agent, which may be combined with
PROTAC compounds according to the present description to treat neurodenerative diseases.
[0047] 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
stereoisomers (diastereomers) thereof, as well as pharmaceutically acceptable salts and
derivatives, including prodrug and/or deuterated forms thereof where applicable, in context.
Deuterated small molecules contemplated are those in which one or more of the hydrogen atoms
contained in the drug molecule have been replaced by deuterium.

[0048] 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. It is noted that in describing the present compounds, numerous substituents
and variables associated with same, among others, are described. 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.

[0049] 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, IAP 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
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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 is involved in
polyubiquitination such that a second ubiquitin is attached to the first; a third is 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 are not 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 complicating matters, 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.

[0050] The term “patient” or “subject” is used throughout the specification to describe an
animal, preferably 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.

[0051] The term “effective” is used to describe an amount of a compound, composition or
component which, when used within the context of its intended use, effects an intended result.
The term effective subsumes all other effective amount or effective concentration terms, which
are otherwise described or used in the present application.

[0052] Compounds and Compositions

[0053] In one aspect, the description provides compounds comprising an E3 ubiquitin ligase
binding moiety (“ULM”) that is an IAP E3 ubiquitin ligase binding moiety (an “ILM”), a
cereblon E3 ubiquitin ligase binding moiety (a “CLM”), a Von Hippel-Lindae E3 ubiquitin
ligase (VHL) binding moiety (VLM), and/or a mouse double minute 2 homologue (MDM2) E3
ubiquitin ligase binding moiety (MLM). In an exemplary embodiment, the ULM is coupled to a

target protein binding moiety (PTM) via a chemical linker (L) according to the structure:
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(A) PTM-L-ULM

wherein L is a bond or a chemical linker group, ULM is a E3 ubiquitin ligase binding moiety,
and PTM is a target protein binding moiety. The number and/or relative positions of the
moieties in the compounds illustrated herein is provided by way of example only. As would be
understood by the skilled artisan, compounds described herein can be synthesized with any
desired number and/or relative position of the respective functional moieties.

[0054] The terms ULM, ILM, VLM, MLM, and CLM are used in their inclusive sense unless
the context indicates otherwise. For example, the term ULM is inclusive of all ULMs, including
those that bind IAP (i.e., ILMs), MDM2 (i.e., MLLM), cereblon (i.e., CLM), and VHL (i.e., VLM).
Further, the term ILM is inclusive of all possible IAP E3 ubiquitin ligase binding moieties, the
term MLM is inclusive of all possible MDM?2 E3 ubiquitin ligase binding moieties, the term
VLM is inclusive of all possible VHL binding moieties, and the term CLM is inclusive of all
cereblon binding moieties.

[0055] In another aspect, the present disclosure provides bifunctional or multifunctional
compounds (e.g., PROTACsS) useful for regulating protein activity by inducing the degradation
of a target protein. In certain embodiments, the compound comprises an ILM or a VLM or a
CLM or a MLM coupled, e.g., linked covalently, directly or indirectly, to a moiety that binds a
target protein (i.e., a protein targeting moiety or a “PTM”). In certain embodiments, the
ILM/VLM/CLM/MLM and PTM are joined or coupled via a chemical linker (L). The ILM
binds the IAP E3 ubiquitin ligase, the VLM binds VHL, CLM binds the cereblon E3 ubiquitin
ligase, and MLM binds the MDM2 E3 ubiquitin ligase, and the PTM recognizes a target protein
and the interaction of the respective moieties with their targets facilitates the degradation of the
target protein by placing the target protein in proximity to the ubiquitin ligase protein. An

exemplary bifunctional compound can be depicted as:

(B) PTM—ILM
©) PTM—CLM
(D) PTM—VLM
(E) PTM—MLM
[0056] In certain embodiments, the bifunctional compound further comprises a chemical

linker (“L”). For example, the bifunctional compound can be depicted as:

(F) PTM—L—ILM
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(G) PTM—L—CLM
(H) PTM—L—VLM
) PTM—L—MLM

wherein the PTM is a protein/polypeptide targeting moiety, the L is a chemical linker, the
ILM is a IAP E3 ubiquitin ligase binding moiety, the CLM is a cereblon E3 ubiquitin ligase
binding moiety, the VLM is a VHL binding moiety, and the MLM is a MDM2 E3 ubiquitin
ligase binding moiety.
[0057] In certain embodiments, the ULM (e.g., a ILM, a CLM, a VLM, or a MLM) shows
activity or binds to the E3 ubiquitin ligase (e.g., IAP E3 ubiquitin ligase, cereblon E3 ubiquitin
ligase, VHL, or MDM2 E3 ubiquitin ligase) with an 1Csp of less than about 200 uM. The ICso
can be determined according to any method known in the art, e.g., a fluorescent polarization
assay.
[0058] In certain additional embodiments, the bifunctional compounds described herein
demonstrate an activity with an ICso of less than about 100, 50, 10, 1, 0.5, 0.1, 0.05, 0.01, 0.005,
0.001 mM, or less than about 100, 50, 10, 1, 0.5, 0.1, 0.05, 0.01, 0.005, 0.001 uM, or less than
about 100, 50, 10, 1, 0.5, 0.1, 0.05, 0.01, 0.005, 0.001 nM, or less than about 100, 50, 10, 1, 0.5,
0.1, 0.05, 0.01, 0.005, 0.001 pM.
[0059] In certain embodiments, the compounds as described herein comprise multiple PTMs
(targeting the same or different protein targets), multiple ULMs, one or more ULMs (i.e.,
moieties that bind specifically to multiple/different E3 ubiquitin ligase, e.g., VHL, IAP, cereblon,
and/or MDM2) or a combination thereof. In any of the aspects or embodiments described herein,
the PTMs and ULMs (e.g., ILM, VLM, CLM, and/or MLM) can be coupled directly or via one
or more chemical linkers or a combination thereof. In additional embodiments, where a
compound has multiple ULMs, the ULMs can be for the same E3 ubiquintin ligase or each
respective ULM can bind specifically to a different E3 ubiquitin ligase. In still further
embodiments, where a compound has multiple PTMs, the PTMs can bind the same target protein
or each respective PTM can bind specifically to a different target protein.
[0060] In certain embodiments, where the compound comprises multiple ULMs, the ULMs
are identical. In additional embodiments, the compound comprising a plurality of ULMs (e.g.,
ULM, ULM’, etc.), at least one PTM coupled to a ULM directly or via a chemical linker (L) or

both. In certain additional embodiments, the compound comprising a plurality of ULMs further
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comprises multiple PTMs. In still additional embodiments, the PTMs are the same or, optionally,
different. In still further embodiments, wherein the PTMs are different, the respective PTMs
may bind the same protein target or bind specifically to a different protein target.

[0061] In certain embodiments, the compound may comprise a plurality of ULMs and/or a
plurality of ULM’s. In further embodiments, the compound comprising at least two different
ULMs, a plurality of ULMs, and/or a plurality of ULM’s further comprises at least one PTM
coupled to a ULM or a ULM’ directly or via a chemical linker or both. In any of the
embodiments described herein, a compound comprising at least two different ULMs can further
comprise multiple PTMs. In still additional embodiments, the PTMs are the same or, optionally,
different. In still further embodiments, wherein the PTMs are different the respective PTMs may
bind the same protein target or bind specifically to a different protein target. In still further
embodiments, the PTM itself is a ULM (or ULM’), such as an ILM, a VLM, a CLM, a MLM, an
ILM’, a VLM’, a CLM’, and/or a MLM’.

[0062] In additional embodiments, the description provides the compounds as described
herein including their enantiomers, diastereomers, solvates and polymorphs, including
pharmaceutically acceptable salt forms thereof, e.g., acid and base salt forms.

[0063] Exemplary ILMs

[0064] AVPI tetrapeptide fragments

[0065] In any of the compounds described herein, the ILM can comprise an alanine-valine-
proline-isoleucine (AVPI]) tetrapeptide fragment or an unnatural mimetic thereof. In certain
embodiments, the ILM is selected from the group consisting of chemical structures represented

by Formulas (1), (II), (III), (IV), and (V):
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wherein:

R! for Formulas (I), (II), (III), (IV), and (V) is selected from H or alkyl;

R? for Formulas (I), (II), (1), (IV), and (V) is selected from H or alkyl;

R? for Formulas (I), (ID), (III), (IV), and (V) is selected from H, alkyl, cycloalkyl and
heterocycloalkyl;

R’ and R® for Formulas (I), (I), (II), (IV), and (V) are independently selected from H, alkyl,
cycloalkyl, heterocycloalkyl, or more preferably, R and R® taken together for Formulas
(D, dD, (11D, (IV), and (V) form a pyrrolidine or a piperidine ring further optionally
fused to 1-2 cycloalkyl, heterocycloalkyl, aryl or heteroaryl rings, each of which can then
be further fused to another cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring;

R3 and R® for Formulas (I), (II), (IIT), (IV), and (V) taken together can form a 5-8-membered
ring further optionally fused to 1-2 cycloalkyl, heterocycloalkyl, aryl or heteroaryl rings;

R’ for Formulas (1), (II), (III), (IV), and (V) is selected from cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl, aryl-C(O)-R* arylalkyl, heteroaryl,
heteroaryl-C(O)-R*,  heteroaryl-R*,  heteroaryl-naphthalene, = C(O)NH-R*,  or
heteroarylalkyl, each one further optionally substituted with 1-3 substituents selected
from halogen, alkyl, haloalkyl, hydroxyl, alkoxy, cyano, (hetero)cycloalkyl,
(hetero)aryl,—C(O)NH-R*, or -C(0)-R*; and
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R* is selected from alkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, heterocycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, further optionally substituted with 1-3
substituents as described above.

[0066] As shown above, P1, P2, P3, and P4 of Formular (II) correlate with A, V, P, and 1,
respectively, of the AVPI tetrapeptide fragment or an unnatural mimetic thereof. Similarly, each
of Formulas (I) and (III) through (V) have portions correlating with A, V, P, and I of the AVPI
tetrapeptide fragment or an unnatural mimetic thereof.

[0067] In any of the compounds described herein, the ILM can have the structure of Formula
(VI), which is a derivative of IAP antagonists described in WO Pub. No. 2008/014236, or an

unnatural mimetic thereof’:

R, O
N
o
R
Ry

(VD),

wherein:
R: of Formula (V1) is, independently selected from H, C1-Cs-alky, C1-Cy-alkenyl, C1-Cy-
alkynyl or C3-Cio- cycloalkyl which are unsubstituted or sobstituted;
Ro of Formula (V1) is. independently selected from H, C1-Cy-alkyl, Ci-Cs-alkenyl, Ci-Cs-
alkynyl or C3-Cio- cycloalkyl which are unsubstituted or substituted;
R3 of Formula (V1) i3, independently selected from H, -CFs, -CaHs, C-Ca-alkyl, C-Cy-
alkenyl, C1-Cs-alkynyl, - CH2-Z or any Rz and Rs together form a heterocycelic ring;
each 7 of Formula (V1) is, independently selected from H, -OH, F, Ci, -CHs -C¥Fs -CH(, -
{CHpF or -CH2OH;
R4 of Formula (V1) is, independently selected from Cy-C 6 straight or branched alkyl, Ci-
Cis-alkenyl, C1-Cie- alkynyl, C3-Cio-cycloalkyl, -(CHz2)o6-Z1, -(CHz)os-aryl, and -(CHz)o6-
het, wherein alkyl, cycloalkyl, and phenyl are unsubstituted or substituted;
Rs of Formula (V1) is, independently selected from H, Co-alkyl, aryl, phenyl, Caq-
cycloalkyl, (CHa)-6-Cs7- cycloalkyl, -Cie-alkyl-aryl, (CHz)o6-Csr-cycloalkyl-(CHo)os-
phenyl, «(CH2)o4-CHE{CH2)y4- phenyi, indanyl, -C{O)-Cyg-alkyl, -C(O)-(CH2)i.6-Cs9-
cycloalkyl, -C{O)-(CHzjoe-phenyl, - (CH2)o6-C(O)-phenyl, (CHz)gs-het, -C{O)-(CH2)16-het,
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or Rs is selected from a residue of an amino acid, wherein the alkyl, cycloalkyl, phenyl, and
aryl substitucnts are unsubstituted or substituted;

Zy of Formula (V1) is, independently selected {from -N{(R10)}-C(O)-Cioip-alkyl, -N{R10)-C(O)-
(CH2)oe-Car-cycloalkyl, -N(R:10)-C({O)}-(CHzjos-phenyl, -N{R10}-C(OXCHa)16-het, -C(O)-
NR iRz}, -C(O)-0-Cyio-alkyl, -C(O3-0O-(CH2)16-Csr-cycloalkyl, -C(O)-O-(CHz)oe-
phenyl, ~-C{O)-0O- (CH:z)16-het, -O-C{O-Crp-alkyl, -O-C{O-(CH2)1.6-Csg-cycloalkyl, -O-
C(O)-(CHajos-phenyl, - O-C(O)-(CH2)16-bet, wherein alkyl, cycloalkyl, and phenyl are
unsvbstituted or substituted:

het of Formula (V1) 1s, independently selected from a 53-7 member heterocyclic ring
containing 1 -4 hetercatoms selected from N, O, and S, or an 8-12 member {used ring system
including at least one 5-7 member heterocyclic ring containing 1, 2, or 3 heteroatoms
selected from N, O, and S, which heterocyclic ring or {used ring system is unsubstituted or
substituted on a carbon or nitrogen atom;

Rio of Formula (VD) is selected from H, -CH;, -CHs, -CH20H, or -CHLCL;

Ri1 and Rz of Formula (V1) are independently seleted from H, Ci4-alkyl, Caz-cycloalkyl, -
(CH2)16-Ca- cycloakyl, (CHa)os-phenyl, wherein alkyl, cycloalkyl, and phenyl are
ansubstituted or substituted; or Ry and Ry together with the nitrogen form het, and

U of Formula (V1) is, independently, as shown in Formula (VII):

Ry Re
{Rale™Re
) - (Ru'},};.t - Rﬂ‘ -

(VID,
wherein:
each n of Formula (VH) 1s, independently selected from 0 to 5;
X of Formula (V1) is selected from the group -CH and N;
R, and Ry, of Formula (VH) are independently selected from the group O, S, or N atom or Co.
s-alkyl wherein one or more of the carbon atoms in the alkyl chain are optionally replaced
by a heteroatom selected from O, S, or N, and where each alkyl is, independently, cither

unsubstituied or substituted:
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Rq of Formula (VII) is selected from the grounp Re-Q-(Ra)p(Ry)g, and Ari-D-Arg;

R of Formula (VII) is sclected from the group H or any R¢ and Ry together form a cycloalkyl
or het; where if R and Ry form a cycloalkyl or het, Rs is attached to the formed ring at a
C or N atom;

p and g of Formula (VI1) are independently selected from O or 1;

Re of Formula (VII) is selected from the group Cig-alkyl and alkylidene, and each Re is
either unsubstituied or substituted;

(} is selected from the group N, O, §, 5(0), and S(0O)z;

Ary and Atz of Formula (V) are independently selected from the group of substituted or
ansubstituted aryl and het;

Rrand R, of Formula (V1) are independently selected from H, -C1-10-alkyl, Ciap-alkylaryl,
-OH, -O-Crae-alkyl, - (CH2)o.6-Cav-cycloalky, -O-(CHzos-aryl, phenyl, aryl, phenyl —
phenyl, -(CHz2)16-het, -O-(CHz)1s-het, -ORu3, -C{0)-Ria, -CLORN{R 3 3{R14), -N{R12}¥Rus),
-S-Rus, -S(0)-Rys, -5(0)-Ris, -5(0)2- NR3R 1, -NR13-5(0)2-Rug, -5-Ceio-alkyl, arvi-Cia-
alkyl, or het-Cy s-alkyl, wherein alkyl, cycloalkyl, het, and aryl are unsubstituted or
substituted, -502-Cia-alkyl, -SO2-Cia-alkylphenyl, -0-Cis-alkyl, or any Rg and Ry
together form a ring selected from het or arvl;

D of Formula (VII) is selected from the group -CO-, -C(0)-Ci7-alkylene or arylene, -CFa-, -
O-, -5{Q), where v 1s (-2, 1,3-dioxalane, or Ciy-alkyl-OH; where alkyl, alkylene, or
arylene are unsubstituted or substituted with one or more halogens, OH, -0O-Ci¢-alkyl, -
5-Ci-alkyl, or -CFs; or each D 15, independently selected from N(Ry);

Rh is selected {from the group H, unsubstituted or substituted C; 7-alkyl, aryl, unsubstituted
or substituted -O-(Ci7-cycloalkyl), -C(O)-Ciao-alkyl, - C(O)-Coao-alkyl-aryl, -C-0-Cos-
o-atkyl, -C-0-Co.po-alkyl-aryl, -502-Ciio-alkyl, or -SO2-(Co10- alkylaryl);

Re. R7, Ry, and Ry of Formula (V1) are, independently, selected from the group H, -Ciio-
alkyl, -Cyo-alkoxy, aryl-Cy 10- alkoxy, -OH, -O-Crie-alkyl, -(CH2)o6-Cs-7-cycloalkyl, -
O-(CHo)os-aryl, phenyl, -(CHz)1.6-het, -O-(CHz)1.6-het, -ORy3, -C(O)-Ry3, -C(O)-

N{R )R 4, -NR 33Rua), -5-Ruz, -S{O)-Ruz, -5(0)2- Ruz, -S5(0O)2-NR13R 14, or -NRy3-
5(0)-Risa; wherein each alkyl, cycloalkyl, and aryl is unsubstituted or substituted; and

any Re, R7, Rg, and Ro optionally together form a ring system;
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R13 and Ryq of Formula (VII) are independently selected from the group H, Cryo-alkyl, -
{CH2)os-Car-cycloalkyl, (CHajos- (CHjo1-(aryDiz, -C{O»-Croo-alkyl, -C(O3-(CHzj16-
Cag-cycloalkyl, -C(O)-0-(CHz)og-arvl, - CLO-{CHz2)o.6-O-{lnorenyl, -C({O)-NH-(CH2)o¢-
aryl, -C{O)-(CH2)o¢-aryl, ~-C{O)}-(CHzjo.s-het, - C(5)3-Ciao-alkyl, -C(S(CH2)16-C3s-
cycloalkyl, -C(5)-O-(CHae-aryl, -C(S)-(CHz)os-O-{luorenyl, ~-C(8)-NH-(CHa2)o-g-arvl, -
C{S)-(CHz)p6-aryl, or -C{S)-{CHz)1¢-het, wherein each alkyl, cycloalkyl, and aryl is
unsubstituied or substituted: or any Ris and Ry together with a nitrogen atom form het;

wherein alkyl substituents of Ri3 and Rys of Formula (VII) are unsubstituted or substituted
and when substituted, are substituted by one or more substituents selected from Cioo-
alkyl, halogen, OH,- O-Cie-alkyl, -5-Crs-alkyl, and -C¥Fs; and substituted phenyl or aryl
of Rys and Rys arc substituted by onc or more substituents sclected from halogen,
hydroxyl. Crs-alkyl, Cig-alkoxy, nitro, -CN, -O0-C(0)-Cyg-alkyl, and -C(O)}-0-Cig-aryl;
or a pharmaceutically acceptable salt or hydrate thereof.

[0068] In any of the compounds described herein, the ILM can have the structure of Formula
(VIII), which is based on the IAP ligrands described in Ndubaku, C., et al. Antagonism of c-IAP
and XIAP proteins is required for efficient induction of cell death by small-molecule IAP

antagonists, ACS Chem. Biol., 557-566, 4 (7) ( 2009), or an unnatural mimetic thereof:

(VIID),

wherein each of Al and A2 of Formula (VIII) is independently selected from optionally
substituted monocyclic, fused rings, aryls and hetoroaryls; and

R of Formula (VIII) is selected from H or Me.
[0069] In a particular embodiment, the linker group L is attached to Al of Formula (VIII).
In another embodiment, the linker group L is attached to A2 of Formula (VIII).

[0070] In a particular embodiment, the ILM is selected from the group consisting of
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[0071] In any of the compounds described herein, the ILM can have the structure of Formula
(IX), which is derived from the chemotypes cross-referenced in Mannhold, R., et al. IAP
antagonists: promising candidates for cancer therapy, Drug Discov. Today, 15 (5-6), 210-9

(2010), or an unnatural mimetic thereof:

(IX),

wherein R! is selected from alkyl, cycloalkyl and heterocycloalkyl and, most preferably,
from isopropyl, tert-butyl, cyclohexyl and tetrahydropyranyl , and R? of Formula (IX) is selected
from —OPh or H.

[0072] In any of the compounds described herein, the ILM can have the structure of Formula
(X), which is derived from the chemotypes cross-referenced in Mannhold, R., et al. IAP
antagonists: promising candidates for cancer therapy, Drug Discov. Today, 15 (5-6), 210-9

(2010), or an unnatural mimetic thereof:
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X,

wherein:

R! of Formula (X) is selected from H, -CH,OH, --CH>CH,OH, --CH.NH,, --CH,CH>NH>;
X of Formula (X) is selected from S or CHz;

R? of Formula (X) is selected from:

R? and R* of Formula (X) are independently selected from H or Me
[0073] In any of the compounds described herein, the ILM can have the structure of Formula
(XI), which is derived from the chemotypes cross-referenced in Mannhold, R., et al. IAP
antagonists: promising candidates for cancer therapy, Drug Discov. Today, 15 (5-6), 210-9

(2010), or an unnatural mimetic thereof:

(XD,
wherein R! of Formula (XI) is selected from H or Me, and R? of Formula (XI) is selected

from H or
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[0074] In any of the compounds described herein, the ILM can have the structure of Formula
(XII), which is derived from the chemotypes cross-referenced in Mannhold, R., et al. IAP
antagonists: promising candidates for cancer therapy, Drug Discov. Today, 15 (5-6), 210-9

(2010), or an unnatural mimetic thereof:

(XID),
wherein:

R! of Formula (XII) is selected from:
I w

sBackons

R? of Formula (XII) is selected from:

S
o

[0075] In any of the compounds described herein, the IAP E3 ubiquitin ligase binding moiety

is selected from the group consisting of:
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Br

(D
HZN\.)O]\NJ\S\ O
: H _

[0076] In any of the compounds described herein, the ILM can have the structure of Formula
(XIII), which is based on the IAP ligands summarized in Flygare, J.A., et al. Small-molecule
pan-IAP antagonists: a patent review, Expert Opin. Ther. Pat., 20 (2), 251-67 ( 2010), or an

unnatural mimetic thereof’:

n={, 2 or, proferably, 1
(XTID),

wherein:
Z. of Formula (XIII) is absent or O;
R! of Formula (XIII) is selected from:

R0 of
X is selected from CH2 and O; and

is selected from H, alkyl, or aryl;
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is a nitrogen-containing heteroaryl.

[0077] In any of the compounds described herein, the ILM can have the structure of Formula
(X1V), which is based on the IAP ligands summarized in Flygare, J.A., et al. Small-molecule
pan-IAP antagonists: a patent review, Expert Opin. Ther. Pat., 20 (2), 251-67 ( 2010), or an

unnatural mimetic thereof’:

(X1V),
wherein:
Z. of Formula (XIV) is absent or O;
R? and R* of Formula (XIV) are independently selected from H or Me;
R! of Formula (XIV) is selected from:

is selected from H, alkyl, or aryl;

is selected from CH2 and O; and

27



WO 2020/041331 PCT/US2019/047291

is a nitrogen-containing heteraryl.
[0078] In any of the compounds described herein, the ILM is selected from the group

consisting of:

AN H
& o N, A
Mooy s
g 9 0y N w*i\ﬁ}\\,,ﬁ.a\s A
N B\N}v\ \g y {f! \‘x B H I
~ # 1-/ ‘}a:::;-' (}/C» e N
Fgy I
L \Nﬁ o o " v‘_g%. },}
H \;? A q ¢
"\ vl.'f an ) qu

which are derivatives of ligands disclose in US Patent Pub. No. 2008/0269140 and US
Pat. No. 7,244,851.
[0079] In any of the compounds described herein, the ILM can have the structure of Formula
(XV), which was a derivative of the IAP ligand described in WO Pub. No. 2008/128171, or an

unnatural mimetic thereof’:

(XV)
wherein:
Z. of Formula (XV) is absent or O;
R! of Formula (XV) is selected from:
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is selected from H, alkyl, or aryl;

X of

of is a nitrogen-containing heteraryl; and
R? of Formula (XV) selected from H, alkyl, or acyl;
[0080] In a particular embodiment, the ILM has the following structure:

[0081] In any of the compounds described herein, the ILM can have the structure of Formula
(XVI), which is based on the IAP ligand described in WO Pub. No. 2006/069063, or an

unnatural mimetic thereof’:

A

- 5 s
.o R o
4 I N ».
N 3 o 3
oY N N

Q

&
=

ik
s
e

(XVD),

wherein:
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R? of Formula (XVI) is selected from alkyl, cycloalkyl and heterocycloalkyl; more preferably,
from isopropyl, tert-butyl, cyclohexyl and tetrahydropyranyl, most preferably from

cyclohexyl;

of Formula (XVI) is a 5- or 6-membered nitrogen-containing heteroaryl; more
preferably, S-membered nitrogen-containing heteroaryl, and most preferably thiazole; and
Ar of Formula (XV]) is an aryl or a heteroaryl.
[0082] In any of the compounds described herein, the ILM can have the structure of Formula
(XVII), which is based on the IAP ligands described in Cohen, F. et al., Antogonists of inhibitors
of apoptosis proteins based on thiazole amide isosteres, Bioorg. Med. Chem. Lett., 20(7), 2229-

33 (2010), or an unnatural mimetic thereof:

X

I
}

N AL A N
YT N

! (XVID),

wherein:

R! of Formula (XVII) is selected from te group halogen (e.g. fluorine), cyano,

3 - i o
&

X of Formula (XVII) is selected from the group O or CH2.
[0083] In any of the compounds described herein, the ILM can have the structure of Formula
(XVIID), which is based on the IAP ligands described in Cohen, F. et al., Antogonists of
inhibitors of apoptosis proteins based on thiazole amide isosteres, Bioorg. Med. Chem. Lett.,

20(7), 2229-33 (2010), or an unnatural mimetic thereof:
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)
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- E\‘Vx,t s SR N
O
- O ey
g N
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Yomech
{ \};{,,_\.R
N, &
o (XVIID),

wherein R of Formula (XVIII) is selected from alkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl or halogen (in variable substitution position).
[0084] In any of the compounds described herein, the ILM can have the structure of Formula
(XIX), which is based on the IAP ligands described in Cohen, F. et al., Antogonists of inhibitors
of apoptosis proteins based on thiazole amide isosteres, Bioorg. Med. Chem. Lett., 20(7), 2229-

33 (2010), or an unnatural mimetic thereof:

(XIX),

o,

wherein - iga 6-member nitrogen heteroaryl.
[0085] In a certain embodiment, the ILM of the composition is selected from the group

consisting of:
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[0086] In certain embodiments, the ILM of the composition is selected from the group

consisting of:

, and ,

[0087] In any of the compounds described herein, the ILM can have the structure of Formula
(XX), which is based on the IAP ligands described in WO Pub. No. 2007/101347, or an

unnatural mimetic thereof’:
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ZT
Ir=z
Z

R1
0]
N

H (XX),
wherein X of Formula (XX) is selected from CHa, O, NH, or S.
[0088] In any of the compounds described herein, the ILM can have the structure of Formula
(XXI), which is based on the IAP ligands described in U.S. Pat. No. 7,345,081 and U.S. Pat. No.

7,419,975, or an unnatural mimetic thereof:

O \

R (XXD),

%YQ

*\ R6
HN‘< * R6
R of Formula (XXI) is selected from: O and \—/ ; and

W of Formula (XXI) is selected from CH or N; and

H
N

~

Ir=z

wherein:

R? of Formula (XXI) is selected from:
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RS of O and \_/

heteroaryl.

are independently a mono- or bicyclic fused aryl or

[0089] In certain embodiments, the ILM of the compound is selected from the group

consisting of:

.““aw\}
g 9 S B
A o 3 3 N
e 3 £ ‘”"‘1\ ‘\-.H . N '&L . ﬁL ¥ "\-.kh\‘\”,\
.. o re ?’; - ,;—""‘\""\1 .\: &% \\\K /_:-
AP e S S AN
o M N H e N
N 2 - 3
HN ‘i.-‘,::“ \"" g./
% 3 34
N i
o %3 bt o
A N Y
{;\ ',:;'? e
, %=X and h

[0090] In any of the compounds described herein, the ILM can have the structure of Formula
(XXII) or (XXIV), which are derived from the IAP ligands described in WO Pub. No.
2015/006524 and Perez HL, Discovery of potent heterodimeric antagonists of inhibitor of
apoptosis proteins (IAPs) with sustained antitumor activity. J. Med. Chem. 58(3), 1556-62

(2015), or an unnatural mimetic thereof, and the chemical linker to linker group L as shown:

Linker

(XX10);
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(XXIID); or

YR [»**

{
) ; p— Linker
Q‘:\ RN <4
ai

nald
(XXIV),

wherein:

R! of Formula (XXII), (XXIII) or (XXIV) is selected from optionally substituted alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally
substituted heterocyclyl, optionally substituted arylalkyl or optionally substituted aryl;

R? of Formula (XXII), (XXIII) or (XXIV) is selected from optionally substituted alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally
substituted heterocyclyl, optionally substituted arylalkyl or optionally substituted aryl;

or alternatively,

R! and R? of Formula (XXII), (XXIII) or (XXIV) are independently selected from optionally
substituted thioalkyl wherein the substituents attached to the S atom of the thioalkyl are
optionally substituted alkyl, optionally substituted branched alkyl, optionally substituted
heterocyclyl, -(CH2)COR?, -CHCHR*'COR?? or -CH2R?%,

wherein:

v is an integer from 1-3;
R? and R?* of -(CH2)vCOR?" and -CH>R* are independently selected from OH, NR**R*
or OR?®;
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[0091]

R?!' of -CHCHR?!COR? is selected from NR**R?>;

R? of -CHoR? is selected from optionally substituted aryl or optionally substituted
heterocyclyl, wherein the optional substituents include alkyl and halogen;

R* of NR*R% is selected from hydrogen or optionally substituted alkyl;

R% of NR¥R?* is selected from hydrogen, optionally substituted alkyl, optionally
substituted branched alkyl, optionally substituted arylalkyl, optionally substituted
heterocyclyl, -CH2(OCH2CH20)mCH3, or a polyamine chain, such as spermine or
spermidine;

R? of OR? is selected from optionally substituted alkyl, wherein the optional
substituents are OH, halogen or NH2; and

m is an integer from 1-8;

R? and R* of Formula (XXII), (XXII) or (XXIV) are independently optionally
substituted alkyl, optionally substituted cycloalkyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted arylalkoxy, optionally
substituted heteroaryl, optionally substituted heterocyclyl, optionally substituted
heteroarylalkyl or optionally substituted heterocycloalkyl, wherein the substituents
are alkyl, halogen or OH;

R3, RS, R7 and R® of Formula (XXII), (XXIII) or (XXIV) are independently hydrogen,
optionally substituted alkyl or optionally substituted cycloalkyl; and/or a
pharmaceutically acceptable salt, tautomer or stereoisomer thereof.

In a particular embodiment, the ILM according to Formulas (XXII) through (XXIV):

R” and R® are selected from the H or Me;

RS and R® are selected from the group comprising:

vy QY

R3 and R* are selected from the group comprising:

v, s o
o Ny SN IS
E H i ]
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[0092] In any of the compounds described herein, the ILM can have the structure of Formula
(XXV), (XXV]), (XXVII), or (XXVIII), which are derived from the IAP ligands described in
WO Pub. No. 2014/055461 and Kim, KS, Discovery of tetrahydroisoquinoline-based bivalent
heterodimeric IAP antagonists. Bioorg. Med. Chem. Lett. 24(21), 5022-9 (2014), or an unnatural

mimetic thereof, and the chemical linker to linker group L as shown:

{inksr
" (XXV);

N s
R \—»{: g Linker
S &F
T (XXVI);
RONM O
B =8 T
N SN
I B4
DU
Sf i
A — Linkeer
sl?‘éx: .
K (XXVID); and
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(XXVIID),
wherein:

R? of Formula (XXV) through (XXVIII) is selected from H, an optionally substituted alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkylalkyl, optionally
substituted heterocyclyl, optionally substituted arylalkyl or optionally substituted aryl;

or alternatively;

R! and R? of Formula (XXV) through (XXVIII) are independently selected from H, an
optionally substituted thioalkyl -CR®R®'SR™ wherein R® and R® are selected from H or
methyl, and R™ is an optionally substituted alkyl, optionally substituted branched alkyl,
optionally substituted heterocyclyl, -(CH2)yCOR?’, -CH,CHR*'COR?* or -CH2R%;

wherein:

v is an integer from 1-3;

R% and R?? of —(CH2),COR? and -CH>CHR*'COR?* are independently selected from OH,
NR*R* or OR*;

R?! of -CHCHRZ'COR? is selected from NR*R>;

R? of -CH2R? is selected from an optionally substituted aryl or optionally substituted
heterocyclyl, where the optional substituents include alkyl and halogen;

R* of NR*R% is selected from hydrogen or optionally substituted alkyl;

R of NR¥R? is selected from hydrogen, optionally substituted alkyl, optionally substituted
branched alkyl, optionally substituted arylalkyl, optionally substituted heterocyclyl, -
CH2CH2(OCH2CH2)mCH3, or a polyamine chain -
[CH2CH2(CH2)sNH]wCH2CH2(CH2)®:NH> , such as spermine or spermidine,

wherein  =0-2, y = 1-3, ® = 0-2;

R? of OR? is an optionally substituted alkyl, wherein the optional substituents are OH,
halogen or NH»,
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m is an integer from 1-8;

R® and R® of Formula (XXV) through (XXVIII) are independently selected from hydrogen,
optionally substituted alkyl or optionally substituted cycloalkyl; and

R3! of Formulas (XXV) through (XXVIII) is selected from alkyl, aryl, arylalkyl, heteroaryl

or heteroarylalkyl optionally further substituted, preferably selected form the group

consisting of:

[0093] In any of the compounds described herein, the ILM can have the structure of Formula
(XXIX) or (XXX), which are derived from the IAP ligands described in WO Pub. No.

2013/071039, or an unnatural mimetic thereof:

3

L%

h

i
o A
b'-l" e »\‘w R\)\i
i N
i

4
7 i‘\.N\ |
el { \Sfi‘a
R AR g
! o

(XXIX),

i 2
g{i‘ l RJH £}
R }\\wx\z S /ﬂw
H ] X
L QO RM

(XXX),
wherein:
R* and R* of Formulas (XXIX) and (XXX) are independently selected from hydrogen, alkyl,

aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, cycloalkylalkyl further optionally
substituted, and
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R® and R® of Formula (XXIX) and (XXX) are independently selected from hydrogen,
optionally substituted alkyl or optionally substituted cycloalkyl.
each X of Formulas (XXIX) and (XXX) is independently selected from:

O
o) H
H NS
o H 9 \/N\(S)K/ 1\( : 2
N @9 YN\@)JV 1 : 02 4
NI DR J:
O HN HN O
W\/ MNO/ 1 NS
3 3 H 3 3
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3 O , O , 3 ,
H(S)O H(R)O H(S)O
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T, e Q
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3 2 0/73 O/5,3
2
O{ H (S) i 0
_ . N &)
1 N 1Y Ej- 2 1Y : )
: : 3
3 , 3 , and O/\)\ ;
N\
| N
N —]
each Z of Formulas (XXIX) and (XXX) is selected from , wherein each

represents a point of attachment to the compound; and

each Y is selected from:

40



WO 2020/041331 PCT/US2019/047291

4
H H
A - YTL e Av(_{
O/\/Y4' 4 O/\)\A" ﬁ_h '

4

H
N_ _A
NY 0 A . 1A
\5— XY 1\/NYA XY
4 7 \©\o/\4 O/\/
H N A
1 E _\©\ 0 (j/
\©\0/\/\4 e/ 4\(\)]\”
N__A
~N
’ “\/A XY
H A N\/A 1Y z
X 1 \
1
O /( O O\\,N
v\)l\ HN @) l /S\\ l
N O
4 H Yy 4 4
H Me
N A N_ A N_ _A
Ny XY XY N._A (\4
H ~o 1 :
o) 4 O/V4 \©/

N_ A
~N
1\(é

\CLO/\/\

\
N=

N._A
4 1\( :
A\ : \OMNW4

N

41



WO 2020/041331 PCT/US2019/047291

Zz-Z

)

wherein:
_I 1 represents a point of attachment to a —C=0 portion of the compound;

_I 2 represents a point of attachment to an amino portion of the compound;

—Ils represents a first point of attachment to Z;

_I 4 represents a second point of attachment to Z; and

A is selected from -C(O)R? or

-N N-O N/H X N-C -0 S °
M Q=0 =0 =0 J y»=s | »ou \)\;ﬁ
S \/Lﬁ \/LN ,\/LO \%N N , OH |
OH

F F

, or a tautomeric form of any of the foregoing, wherein:

R? of -C(O)R?is selected from OH, NHCN, NHS02R'°, NHOR!! or N(R'*)(R");

R! and R!! of NHSO:R! and NHOR!! are independently selected from -C;-Cs alkyl,
cycloalkyl, aryl, heteroaryl, or heterocycloalkyl, any of which are optionally substituted,
and hydrogen;

each of R'? and R"® of N(R'?)(R'?) are independently selected from hydrogen, -Ci-C4 alkyl, -
(C1-C4 alkylene)-NH-(C1-Cy alkyl), benzyl, -(C1-C4 alkylene)-C(O)OH,

-(C1-Csalkylene)-C(O)CHs, -CH(benzyl)-COOH, -C1-C4 alkoxy, and
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-(C1-C4 alkylene)-O-(Ci-Cs hydroxyalkyl); or R!? and R'® of N(R'?)(R"3) are taken together
with the nitrogen atom to which they are commonly bound to form a saturated
heterocyclyl optionally comprising one additional heteroatom selected from N, O and S,
and wherein the saturated heterocycle is optionally substituted with methyl.

[0094] In any of the compounds described herein, the ILM can have the structure of Formula
(XXXI), which are derived from the IAP ligands described in WO Pub. No. 2013/071039, or an

unnatural mimetic thereof’:

g‘i
AR
YU §§ b
h X LA R s
YUrRY
o - (XXXD),
wherein:

W! of Formula (XXX]I) is selected from O, S, N-R#, or C(R®*)(R®);

W? of Formula (XXXI) is selected from O, S, N-R*, or C(R¥)(R3); provided that W' and
W? are not both O, or both S;

R! of Formula (XXXI) is selected from H, Ci-Cealkyl, C3-Cecycloalkyl, -Ci-Cealkyl-
(substituted or unsubstituted Cs3-Cecycloalkyl), substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -C1-Csalkyl-(substituted or unsubstituted aryl), or
—C1-Cealkyl-(substituted or unsubstituted heteroaryl);

when X! is selected from O, N-R4, S, S(0), or S(0)2, then X? is C(R*R?);

or:

X! of Formula (XXXI) is selected from CR*R?® and X? is CR*R?®, and R* and R* together
form a bond;

or:

X! and X? of Formula (XXXI) are independently selected from C and N, and are members of
a fused substituted or unsubstituted saturated or partially saturated 3-10 membered
cycloalkyl ring, a fused substituted or unsubstituted saturated or partially saturated 3-10
membered heterocycloalkyl ring, a fused substituted or unsubstituted 5-10 membered aryl
ring, or a fused substituted or unsubstituted 5-10 membered heteroaryl ring;

or:
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X! of Formula (XXXI) is selected from CHz and X? is C=0, C=C(R%)2, or C=NR"; where

RA

each R is independently selected from H, -CN, -OH, alkoxy, substituted or unsubstituted
C1-Cealkyl, substituted or unsubstituted C3-Cescycloalkyl, substituted or unsubstituted Ca-
Csheterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted Cs3-Cecycloalkyl), -Ci-Cealkyl-
(substituted or unsubstituted C2-Csheterocycloalkyl), -Ci-Cealkyl- (substituted or
unsubstituted aryl), or —C1-Cealkyl-(substituted or unsubstituted heteroaryl);

of N-R* is selected from H, C1-Cealkyl, -C(=0)C1-Caalkyl, substituted or unsubstituted

aryl, or substituted or unsubstituted heteroaryl;

R?%, R?, R*, R* of CR*R?* and CR*R? are independently selected from H, substituted or

RB

RD

unsubstituted C1-Céalkyl, substituted or unsubstituted Ci-Cgheteroalkyl, substituted or
unsubstituted Cs3-Cecycloalkyl, substituted or unsubstituted C2-Csheterocycloalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -Ci-Cealkyl-
(substituted or unsubstituted C3- Cecycloalkyl), -C1-Cealkyl-(substituted or unsubstituted
Ca-Csheterocycloalkyl), -Ci-Cealkyl- (substituted or unsubstituted aryl), -Ci-Cealkyl-
(substituted or unsubstituted heteroaryl) and - C(=O)RE;

of - C(=O)R® is selected from substituted or unsubstituted Ci-Csalkyl, substituted or
unsubstituted Cs3-Cecycloalkyl, substituted or unsubstituted C2-Csheterocycloalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -Ci-Cealkyl-
(substituted or unsubstituted C3- Cecycloalkyl), -C1-Cealkyl-(substituted or unsubstituted
Ca-Csheterocycloalkyl), -Ci-Cealkyl- (substituted or unsubstituted aryl), -Ci-Cealkyl-
(substituted or unsubstituted heteroaryl), or - NRPRE;

and R® of NRPRF are independently selected from H, substituted or unsubstituted Ci-
Cealkyl, substituted or unsubstituted Cs-Cecycloalkyl, substituted or unsubstituted Ca-
Csheterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -Ci-Cealkyl- (substituted or unsubstituted Cs3-Cescycloalkyl), -Ci-Cealkyl-
(substituted or unsubstituted Cz- Csheterocycloalkyl), -Ci-Cealkyl-(substituted or

unsubstituted aryl), or —C1-Cealkyl- (substituted or unsubstituted heteroaryl);

m of Formula (XXXI) is selected from 0, 1 or 2;

-U-

of Formula (XXX]) is selected from -NHC(=0)-, -C(=0O)NH-, -NHS(=0)2-, -S(=0)2NH-,
-NHC(=O)NH-, -NH(C=0)0O-, -O(C=0)NH-, or -NHS(=0)>,NH-;
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R3 of Formula (XXXI) is selected from Ci-Csalkyl, or Ci-Csfluoroalkyl;

R* of Formula (XXX]I) is selected from -NHR?, -N(R”)2, -N+(R%)3 or -OR?;

each R’ of -NHR?, -N(R”)2, -N+(R%)3 and -OR’ is independently selected from H, Ci-Csalkyl,
C1-Cshaloalkyl, Ci-Csheteroalkyl and —C1-Csalkyl-(Cs-Cscycloalkyl);

or:

R3 and R of Formula (XXXI) together with the atoms to which they are attached form a
substituted or unsubstituted 5-7 membered ring;

or:

R3 of Formula (XXXI) is bonded to a nitrogen atom of U to form a substituted or
unsubstituted 5-7 membered ring;

R® of Formula (XXXI) is selected from -NHC(=O)R’, -C(=O)NHR’, -NHS(=0)2R’, -
S(=0):NHR’; -NHC(=O)NHR’, -NHS(=0):NHR’, -(Ci-Csalkyl)-NHC(=O)R’, -(Ci-
Csalkyl)-C(=O)NHR’, -(C;-Csalkyl)-NHS(=0)2R’, -(Ci-Csalkyl)-S(=0)2NHR’; -(Ci-
Csalkyl)-NHC(=O)NHR’, -(C;-Csalkyl)-NHS(=0)2NHR’, substituted or unsubstituted
Ca-Cioheterocycloalkyl, or substituted or unsubstituted heteroaryl;

each R’ of -NHC(=O)R’, -C(=0)NHR’, -NHS(=0)2R’, -S(=0),NHR’; -NHC(=O)NHR’, -
NHS(=0):NHR’, -(Ci-Csalkyl)-NHC(=O)R’, -(Ci-Csalkyl)-C(=O)NHR’, -(Ci-Csalkyl)-
NHS(=0)2R’, -(C-Czalkyl)-S(=0)2NHR; -(C;-Czalkyl)-NHC(=O)NHR’, -(C;-Csalkyl)-
NHS(=0)2NHR” is independently selected from Ci-Cealkyl, Ci-Cghaloalkyl, Ci-
Cesheteroalkyl, a substituted or unsubstituted C3-ClOcycloalkyl, a substituted or
unsubstituted C2- Cioheterocycloalkyl, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted C3-Ciocycloalkyl), -
C1-Cealkyl- (substituted or unsubstituted C2-ClOheterocycloalkyl, -CI-Cé6alkyl-
(substituted or unsubstituted aryl), -C1-Cesalkyl-(substituted or unsubstituted heteroaryl), -
(CH2)p-CH(substituted or unsubstituted aryl)2, -(CH2),-CH(substituted or unsubstituted
heteroaryl)2, -(CH2)p-CH(substituted or unsubstituted aryl)(substituted or unsubstituted
heteroaryl), -(substituted or unsubstituted aryl)-(substituted or unsubstituted aryl), -
(substituted or unsubstituted aryl)-(substituted or unsubstituted heteroaryl), -(substituted
or unsubstituted heteroaryl)-(substituted or unsubstituted aryl), or -(substituted or
unsubstituted heteroaryl)-(substituted or unsubstituted heteroaryl);

p of R’ is selected from 0, 1 or 2;
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R3 R R, and R3 of C(R3)(R®) and C(R®)(R3) are independently selected from H, Ci-

or:
RSa
or:

RSa

or:

RSC

or:

RSa

Cealkyl, Ci-Cefluoroalkyl, Ci-C¢ alkoxy, Ci-Ceheteroalkyl, and substituted or

unsubstituted aryl;

and R® are as defined above, and R® and R* together form a bond;

and R® are as defined above, and R® and R® together with the atoms to which they are
attached form a substituted or unsubstituted fused 5-7 membered saturated, or partially
saturated carbocyclic ring or heterocyclic ring comprising 1 -3 heteroatoms selected from
S, O and N, a substituted or unsubstituted fused 5-10 membered aryl ring, or a substituted
or unsubstituted fused 5-10 membered heteroaryl ring comprising 1 -3 heteroatoms

selected from S, O and N;

and R® are as defined above, and R® and R® together with the atoms to which they are
attached form a substituted or unsubstituted saturated, or partially saturated 3 -7
membered spirocycle or heterospirocycle comprising 1 -3 heteroatoms selected from S, O

and N;

and R® are as defined above, and R® and R3 together with the atoms to which they are
attached form a substituted or unsubstituted saturated, or partially saturated 3 -7
membered spirocycle or heterospirocycle comprising 1 -3 heteroatoms selected from S, O

and N;

where each substituted alkyl, heteroalkyl, fused ring, spirocycle, heterospirocycle, cycloalkyl,

heterocycloalkyl, aryl or heteroaryl is substituted with 1 -3 R%; and

cach R? of R® R® R® and R¥ is independently selected from halogen, -OH, -SH, (C=0),

CN, Ci-Caalkyl, C1-C4fluoroalkyl, Ci-C4 alkoxy, Ci-Cs fluoroalkoxy, -NH2, -NH(C;-
Caalkyl), -NH(C:-Csalkyl)z, - C(=0)OH, -C(=0)NHa», -C(=0)C;-Czalkyl, -S(=0)>CH3, -
NH(C:-Caalkyl)-OH, -NH(C;-Csalkyl)-O-(C-Csalkyl), -O(Ci-Csalkyl)-NH2; -O(Ci-
Caalkyl)-NH-(Ci-Caalkyl), and -O(Ci-Caalkyl)-N-(Ci-Caalkyl)s, or two R? together with
the atoms to which they are attached form a methylene dioxy or ethylene dioxy ring

substituted or unsubstituted with halogen, -OH, or C;-Csalkyl.
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[0095] In any of the compounds described herein, the ILM can have the structure of Formula
(XXXII), which are derived from the IAP ligands described in WO Pub. No. 2013/071039, or an
unnatural mimetic thereof:

“5}:’" 't R‘,E
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(XXXID),
wherein:

W! of Formula (XXXII) is O, S, N-R#, or C(R¥*)(R?®);

W? of Formula (XXXII) is O, S, N-R#, or C(R¥*)(R3); provided that W' and W? are not both
O, or both S;

R! of Formula (XXXII) is selected from H, Ci-Cealkyl, C3-Cecycloalkyl, -Ci-Cealkyl-
(substituted or unsubstituted Cs3-Cecycloalkyl), substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -C1-Csalkyl-(substituted or unsubstituted aryl), or
—C1-Cealkyl-(substituted or unsubstituted heteroaryl);

when X! of Formula (XXXII) is N-R#, then X? is C=0, or CR*R*, and X? is CR*R?;

or:

when X! of Formula (XXXII) is selected from S, S(O), or S(O)a, then X? is CR*R*¢, and X3
is CR*R?;

or:

when X! of Formula (XXXII) is O, then X? is CR*R*® and N-R* and X? is CR*R?";

or:

when X! of Formula (XXXII) is CHs, then X2 is selected from O, N-R4, S, S(0), or S(O)2,
and X3 is CR*R?;

when X! of Formula (XXXII) is CR**R*f and X2 is CR*R*, and R* and R* together form a
bond, and X3 of Formula (XXXII) is CR*R?;

or:

X! and X3 of Formula (XXXII) are both CH> and X of Formula (XXXII) is C=0, C=C(R°)2,
or C=NR%; where each R® is independently selected from H, -CN, -OH, alkoxy,
substituted or unsubstituted C1-Céalkyl, substituted or unsubstituted C3-Cecycloalkyl,

substituted or unsubstituted Cs-Csheterocycloalkyl, substituted or unsubstituted aryl,
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or:

substituted or unsubstituted heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted Cs-
Cecycloalkyl), -Ci-Cealkyl-(substituted or unsubstituted Caz- Csheterocycloalkyl), -Ci-
Cealkyl-(substituted or unsubstituted aryl), or —C1-Cesalkyl- (substituted or unsubstituted

heteroaryl);

X! and X? of Formula (XXXII) are independently selected from C and N, and are members

or:

0

of a fused substituted or unsubstituted saturated or partially saturated 3-10 membered
cycloalkyl ring, a fused substituted or unsubstituted saturated or partially saturated 3-10
membered heterocycloalkyl ring, a fused substituted or unsubstituted 5-10 membered aryl
ring, or a fused substituted or unsubstituted 5-10 membered heteroaryl ring, and X° is

C RZaRZb .

X* and X7 of Formula (XXXII) are independently selected from C and N, and are members

of a fused substituted or unsubstituted saturated or partially satorated 3-10 membered
cycloalkyl ring, a fused substituted or unsubstituted saturated or partially saturated 3-10
membered heterocycloalkyl ring, a fused substituted or unsubstituted 5-10 membered aryl
ring, or a fused substituted or unsubstituted 5-10 membered heteroaryl ring, and X! of

Formula (XXXII) is CR*R”;

RA of N-R* is selected from H, C1-Cealkyl, -C(=0)C1-Caalkyl, substituted or unsubstituted

aryl, or substituted or unsubstituted heteroaryl;

R?%, R?, R*, R%, R*, and R* of CR*R?, CR*R? and CR*™R™ are independently selected

RB

from H, substituted or unsubstituted C1-C6alkyl, substituted or unsubstituted C;-
Ceheteroalkyl, substituted or unsubstituted C3-Cecycloalkyl, substituted or unsubstituted
Ca-Csheterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted Cs- Cecycloalkyl), -Ci-Cealkyl-
(substituted or unsubstituted Cs-Csheterocycloalkyl), -Ci-Cealkyl-(substituted or
unsubstituted aryl), -Ci-Csalkyl-(substituted or unsubstituted heteroaryl) and - C(=O)R;

of -C(=O)R® is sclected from substituted or unsubstituted Ci-Cealkyl, substituted or
unsubstituted Cs3-Cecycloalkyl, substituted or unsubstituted C2-Csheterocycloalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -Ci-Cealkyl-
(substituted or unsubstituted C3- Cecycloalkyl), -C1-Cealkyl-(substituted or unsubstituted
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Ca-Csheterocycloalkyl), -Ci-Cealkyl- (substituted or unsubstituted aryl), -Ci-Cealkyl-
(substituted or unsubstituted heteroaryl), or - NRPRE;

RP and R* of NRPRF are independently selected from H, substituted or unsubstituted Ci-
Cealkyl, substituted or unsubstituted Cs-Cecycloalkyl, substituted or unsubstituted Ca-
Csheterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -Ci-Cealkyl- (substituted or unsubstituted Cs3-Cescycloalkyl), -Ci-Cealkyl-
(substituted or unsubstituted Cz- Csheterocycloalkyl), -Ci-Cealkyl-(substituted or
unsubstituted aryl), or —C1-Cealkyl- (substituted or unsubstituted heteroaryl);

m of Formula (XXXII) is selected from 0, 1 or 2;

-U- of Formula (XXXII) is selected from -NHC(=0)-, -C(=0O)NH-, -NHS(=0)>-, -
S(=0):NH-, -NHC(=O)NH-, -NH(C=0)O-, -O(C=0)NH-, or -NHS(=0)>NH-;

R3 of Formula (XXXII) is selected from Ci-Csalkyl, or Ci-Csfluoroalkyl;

R* of Formula (XXXII) is selected from -NHR?, -N(R%),, -N+(R>); or -OR?;

each R’ of -NHR?, -N(R”)2, -N+(R%); and -OR” is independently selected from H, Ci-Csalkyl,
C1-Cshaloalkyl, Ci-Csheteroalkyl and —C1-Csalkyl-(Cs-Cscycloalkyl);

or:

R3 and R’ of Formula (XXXII) together with the atoms to which they are attached form a
substituted or unsubstituted 5-7 membered ring;

or:

R3 of Formula (XXXII) is bonded to a nitrogen atom of U to form a substituted or
unsubstituted 5-7 membered ring;

R® of Formula (XXXII) is selected from -NHC(=O)R’, -C(=O)NHR’, -NHS(=0)2R’, -
S(=0):NHR’; -NHC(=O)NHR’, -NHS(=0):NHR’, -(Ci-Csalkyl)-NHC(=O)R’, -(Ci-
Csalkyl)-C(=O)NHR’, -(C;-Csalkyl)-NHS(=0):R’, -(Ci-Csalkyl)-S(=0)NHR’; -(C;-
Csalkyl)-NHC(=O)NHR’, -(C;-Csalkyl)-NHS(=0)NHR’, substituted or unsubstituted
Ca-Cioheterocycloalkyl, or substituted or unsubstituted heteroaryl;

each R’ of -NHC(=O)R’, -C(=0)NHR’, -NHS(=0)2R’, -S(=0),NHR’; -NHC(=O)NHR’, -
NHS(=0):NHR’, -(Ci-Csalkyl)-NHC(=O)R’, -(Ci-Csalkyl)-C(=O)NHR’, -(Ci-Csalkyl)-
NHS(=0)2R’, -(C-Czalkyl)-S(=0)2NHR; -(C;-Czalkyl)-NHC(=O)NHR’, -(C;-Csalkyl)-
NHS(=0)2NHR” is independently selected from Ci-Cealkyl, Ci-Cghaloalkyl, Ci-
Cesheteroalkyl, a substituted or unsubstituted C3-ClOcycloalkyl, a substituted or
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unsubstituted C2- Cioheterocycloalkyl, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted C3-Ciocycloalkyl), -
C1-Cealkyl- (substituted or unsubstituted C2-ClOheterocycloalkyl, -CI-Cé6alkyl-
(substituted or unsubstituted aryl), -C1-Cesalkyl-(substituted or unsubstituted heteroaryl), -
(CH2)p-CH(substituted or unsubstituted aryl)2, -(CH2),-CH(substituted or unsubstituted
heteroaryl)2, -(CH2)p-CH(substituted or unsubstituted aryl)(substituted or unsubstituted
heteroaryl), -(substituted or unsubstituted aryl)-(substituted or unsubstituted aryl), -
(substituted or unsubstituted aryl)-(substituted or unsubstituted heteroaryl), -(substituted
or unsubstituted heteroaryl)-(substituted or unsubstituted aryl), or -(substituted or

unsubstituted heteroaryl)-(substituted or unsubstituted heteroaryl);

p of R’ is selected from 0, 1 or 2;
R3 R R, and R3 of C(R3)(R®) and C(R®)(R3) are independently selected from H, Ci-

or:
RSa
or:

RSa

or:

RSC

or:

RSa

Cealkyl, Ci-Cefluoroalkyl, Ci-C¢ alkoxy, Ci-Ceheteroalkyl, and substituted or

unsubstituted aryl;

and R® are as defined above, and R® and R* together form a bond;

and R® are as defined above, and R® and R® together with the atoms to which they are
attached form a substituted or unsubstituted fused 5-7 membered saturated, or partially
saturated carbocyclic ring or heterocyclic ring comprising 1 -3 heteroatoms selected from
S, O and N, a substituted or unsubstituted fused 5-10 membered aryl ring, or a substituted
or unsubstituted fused 5-10 membered heteroaryl ring comprising 1 -3 heteroatoms

selected from S, O and N;

and R® are as defined above, and R® and R® together with the atoms to which they are
attached form a substituted or unsubstituted saturated, or partially saturated 3 -7
membered spirocycle or heterospirocycle comprising 1 -3 heteroatoms selected from S, O

and N;

and R® are as defined above, and R® and R3 together with the atoms to which they are

attached form a substituted or unsubstituted saturated, or partially saturated 3 -7
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membered spirocycle or heterospirocycle comprising 1 -3 heteroatoms selected from S, O
and N;
where each substituted alkyl, heteroalkyl, fused ring, spirocycle, heterospirocycle, cycloalkyl,
heterocycloalkyl, aryl or heteroaryl is substituted with 1 -3 R%; and
cach R? of R® R® R® and R¥ is independently selected from halogen, -OH, -SH, (C=0),
CN, Ci-Caalkyl, C1-C4fluoroalkyl, Ci-C4 alkoxy, Ci-Cs fluoroalkoxy, -NH2, -NH(C;-
Caalkyl), -NH(C:-Csalkyl)z, - C(=0)OH, -C(=0)NHa», -C(=0)C;-Czalkyl, -S(=0)>CH3, -
NH(C:-Caalkyl)-OH, -NH(C;-Csalkyl)-O-(C-Csalkyl), -O(Ci-Csalkyl)-NH2; -O(Ci-
Caalkyl)-NH-(Ci-Caalkyl), and -O(Ci-Caalkyl)-N-(Ci-Caalkyl)s, or two R? together with
the atoms to which they are attached form a methylene dioxy or ethylene dioxy ring
substituted or unsubstituted with halogen, -OH, or C;-Csalkyl.
[0096] In any of the compounds described herein, the ILM can have the structure of Formula
(XLIHI), which is derived from the IAP ligands described in WO Pub. No. 2013/071039, or an

unnatural mimetic thereof’:
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(XXXIID),
wherein:

W! of Formula (XXXIII) is selected from O, S, N-R#, or C(R¥*)(R®);

W? of Formula (XXXIII) is selected from O, S, N-R#, or C(R¥)(R?); provided that W' and
W? are not both O, or both S;

R! of Formula (XXXIII) is selected from H, Ci-Cealkyl, C3-Cecycloalkyl, -Ci-Cealkyl-
(substituted or unsubstituted Cs3-Cecycloalkyl), substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -C1-Csalkyl-(substituted or unsubstituted aryl), or
—C1-Cealkyl-(substituted or unsubstituted heteroaryl);

when X! of Formula (XXXIII) is selected from N-R%, S, S(O), or S(O)2, then X? of Formula
(XXXII) is CR*R*, and X of Formula (XXXIII) is CR*R?";

or:

when X! of Formula (XXXIII) is O, then X? of Formula (XXXIII) is selected from O, N-R4,
S, S(0), or S(0)2, and X3 of Formula (XXXIII) is CR*R?;
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or:

when X' of Formula (XXXIII) is CR*R* and X? of Formula (XXXIII) is CR**R*, and R*
and R* together form a bond, and X3 of Formula (XXXIII) is CR**R?;

or:

X! and X? of Formula (XXXIII) are independently selected from C and N, and are members
of a fused substituted or unsubstituted saturated or partially saturated 3-10 membered
cycloalkyl ring, a fused substituted or unsubstituted saturated or partially saturated 3-10
membered heterocycloalkyl ring, a fused substituted or unsubstituted 5-10 membered aryl
ring, or a fused substituted or unsubstituted 5-10 membered heteroaryl ring, and X* of
Formula (XXXIII) is CR*R?;

or:

X? and X* of Formula (XXX111) are independently selected from C and N, and are members
of a fused substituted or unsubstituted saturated or partially saturated 3-10 membered
cycloalkyl ring, a fused substituted or unsubstituted saturated or partially saturated 3-10
membered heterocycloalkyl ring, a fused substituted or unsubstituted 5-10 membered aryl
ring. or a fused substituted or unsubstituted 5-10 membered heteroaryl ring, and X! of
Formula (XXXII) is CR*RY:

RA of N-R* is H, Ci1-Cealkyl, -C(=0)Ci-Cqalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl;

R?%, R?, R*, R%, R*, and R* of CR*R?, CR*R? and CR*R” are independently selected
from H, substituted or unsubstituted Ci-Cealkyl, substituted or unsubstituted C;-
Ceheteroalkyl, substituted or unsubstituted C3-Cecycloalkyl, substituted or unsubstituted
Ca-Csheterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted Cs- Cecycloalkyl), -Ci-Cealkyl-
(substituted or unsubstituted Cs-Csheterocycloalkyl), -Ci-Cealkyl-(substituted or
unsubstituted aryl), -Ci-Csalkyl-(substituted or unsubstituted heteroaryl) and - C(=O)R;

R® of -C(=O)R® is substituted or unsubstituted Ci-Csalkyl, substituted or unsubstituted Cs-
Cecycloalkyl, substituted or unsubstituted Cz-Csheterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, -Ci-Cealkyl-(substituted or
unsubstituted C3- Cecycloalkyl), -Ci-Cealkyl-(substituted or unsubstituted Ca-
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Csheterocycloalkyl), -Ci-Cealkyl- (substituted or unsubstituted aryl), -Ci-Cealkyl-
(substituted or unsubstituted heteroaryl), or - NRPRE;

RP and R* of NRPRF are independently selected from H, substituted or unsubstituted Ci-
Cealkyl, substituted or unsubstituted Cs-Cecycloalkyl, substituted or unsubstituted Ca-
Csheterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -Ci-Cealkyl- (substituted or unsubstituted Cs3-Cescycloalkyl), -Ci-Cealkyl-
(substituted or unsubstituted Cz- Csheterocycloalkyl), -Ci-Cealkyl-(substituted or
unsubstituted aryl), or —C1-Cealkyl- (substituted or unsubstituted heteroaryl);

m of Formula (XXXIII) is 0, 1 or 2;

-U- of Formula (XXXIII) is -NHC(=0)-, -C(=O)NH-, -NHS(=0)2-, -S(=0).NH-, -
NHC(=O)NH-, -NH(C=0)0-, -O(C=0)NH-, or -NHS(=0).NH-;

R3 of Formula (XXXIII) is C1-Csalkyl, or C1-Csfluoroalkyl;

R* of Formula (XXXIII) is -NHR?, -N(R”)2, -N+(R%)3 or -OR?;

each R’ of -NHR?, -N(R”)2, -N+(R%); and -OR” is independently selected from H, Ci-Csalkyl,
C1-Cshaloalkyl, Ci-Csheteroalkyl and —C1-Csalkyl-(Cs-Cscycloalkyl);

or:

R3 and R’ of Formula (XXXIII) together with the atoms to which they are attached form a
substituted or unsubstituted 5-7 membered ring;

or:

R3 of Formula (XXXIII) is bonded to a nitrogen atom of U to form a substituted or
unsubstituted 5-7 membered ring;

R® of Formula (XXXIII) is selected from -NHC(=O)R’, -C(=0)NHR’, -NHS(=0)2R’, -
S(=0):NHR’; -NHC(=O)NHR’, -NHS(=0):NHR’, -(Ci-Csalkyl)-NHC(=O)R’, -(Ci-
Csalkyl)-C(=O)NHR’, -(C;-Csalkyl)-NHS(=0):R’, -(Ci-Csalkyl)-S(=0)NHR’; -(C;-
Csalkyl)-NHC(=O)NHR’, -(C;-Csalkyl)-NHS(=0)NHR’, substituted or unsubstituted
Ca-Cioheterocycloalkyl, or substituted or unsubstituted heteroaryl;

each R’ of -NHC(=O)R’, -C(=0)NHR’, -NHS(=0)2R’, -S(=0),NHR’; -NHC(=O)NHR’, -
NHS(=0):NHR’, -(Ci-Csalkyl)-NHC(=O)R’, -(Ci-Csalkyl)-C(=O)NHR’, -(Ci-Csalkyl)-
NHS(=0)2R’, -(C-Czalkyl)-S(=0)2NHR; -(C;-Czalkyl)-NHC(=O)NHR’, -(C;-Csalkyl)-
NHS(=0)2NHR” is independently selected from Ci-Cealkyl, Ci-Cghaloalkyl, Ci-
Cesheteroalkyl, a substituted or unsubstituted C3-ClOcycloalkyl, a substituted or
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unsubstituted C2- Cioheterocycloalkyl, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted C3-Ciocycloalkyl), -
C1-Cealkyl- (substituted or unsubstituted C2-ClOheterocycloalkyl, -CI-Cé6alkyl-
(substituted or unsubstituted aryl), -C1-Cesalkyl-(substituted or unsubstituted heteroaryl), -
(CH2)p-CH(substituted or unsubstituted aryl)2, -(CH2),-CH(substituted or unsubstituted
heteroaryl)2, -(CH2)p-CH(substituted or unsubstituted aryl)(substituted or unsubstituted
heteroaryl), -(substituted or unsubstituted aryl)-(substituted or unsubstituted aryl), -
(substituted or unsubstituted aryl)-(substituted or unsubstituted heteroaryl), -(substituted
or unsubstituted heteroaryl)-(substituted or unsubstituted aryl), or -(substituted or

unsubstituted heteroaryl)-(substituted or unsubstituted heteroaryl);

pofR7is 0, 1 or 2;
R3 R R, and R3 of C(R3)(R®) and C(R®)(R3) are independently selected from H, Ci-

or:
RSa
or:

RSa

or:

RSC

or:

RSa

Cealkyl, Ci-Cefluoroalkyl, Ci-C¢ alkoxy, Ci-Ceheteroalkyl, and substituted or

unsubstituted aryl;

and R® are as defined above, and R® and R* together form a bond;

and R® are as defined above, and R® and R® together with the atoms to which they are
attached form a substituted or unsubstituted fused 5-7 membered saturated, or partially
saturated carbocyclic ring or heterocyclic ring comprising 1 -3 heteroatoms selected from
S, O and N, a substituted or unsubstituted fused 5-10 membered aryl ring, or a substituted
or unsubstituted fused 5-10 membered heteroaryl ring comprising 1 -3 heteroatoms

selected from S, O and N;

and R® are as defined above, and R® and R® together with the atoms to which they are
attached form a substituted or unsubstituted saturated, or partially saturated 3-7
membered spirocycle or heterospirocycle comprising 1 -3 heteroatoms selected from S, O

and N;

and R® are as defined above, and R® and R3 together with the atoms to which they are

attached form a substituted or unsubstituted saturated, or partially saturated 3 -7
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membered spirocycle or heterospirocycle comprising 1 -3 heteroatoms selected from S, O
and N;
where each substituted alkyl, heteroalkyl, fused ring, spirocycle, heterospirocycle, cycloalkyl,
heterocycloalkyl, aryl or heteroaryl is substituted with 1 -3 R%; and
cach R? of R® R® R® and R¥ is independently selected from halogen, -OH, -SH, (C=0),
CN, Ci-Caalkyl, C1-C4fluoroalkyl, Ci-C4 alkoxy, Ci-Cs fluoroalkoxy, -NH2, -NH(C;-
Caalkyl), -NH(C:-Csalkyl)z, - C(=0)OH, -C(=0)NHa», -C(=0)C;-Czalkyl, -S(=0)>CH3, -
NH(C:-Caalkyl)-OH, -NH(C;-Csalkyl)-O-(C-Csalkyl), -O(Ci-Csalkyl)-NH2; -O(Ci-
Caalkyl)-NH-(Ci-Caalkyl), and -O(Ci-Caalkyl)-N-(Ci-Caalkyl)s, or two R? together with
the atoms to which they are attached form a methylene dioxy or ethylene dioxy ring
substituted or unsubstituted with halogen, -OH, or C;-Csalkyl.
[0097] In any of the compounds described herein, the ILM can have the structure of Formula
(XXXIV), which is derived from the IAP ligands described in WO Pub. No. 2013/071039, or an

unnatural mimetic thereof’:

XF ,SR§
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wherein:

W! of Formula (XXIV) is selected from O, S, N-R#, or C(R®*)(R®);

W? of Formula (XXIV) is selected from O, S, N-R*, or C(R)(R3); provided that W' and
W? are not both O, or both S;

W? of Formula (XXIV) is selected from O, S, N-R*, or C(R¥)(R®), providing that the ring
comprising W!, W2, and W? does not comprise two adjacent oxygen atoms or sulfer
atoms;

R! of Formula (XXIV) is selected from H, Ci-Cealkyl, C3-Cecycloalkyl, -Ci-Cealkyl-
(substituted or unsubstituted Cs3-Cecycloalkyl), substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -C1-Csalkyl-(substituted or unsubstituted aryl), or

—C1-Cealkyl-(substituted or unsubstituted heteroaryl);
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when X! of Formula (XXIV) is O, then X? of Formula (XXIV) is selected from CR*R?*® and

or:

N-R#, and X3 of Formula (XXIV) is CR*R?;

when X! of Formula (XXIV) is CHa, then X? of Formula (XXIV) is selected from O, N-R#4,

or:

S, S(0), or S(0)2, and X3 of Formula (XXIV) is CR*R?;

when X' of Formula (XXIV) is CR**R*' and X? of Formula (XXIV) is CR**R?*¢, and R*® and

or:

R* together form a bond, and X3 of Formula (XXIV) is CR*R?;

X! and X? of Formula (XXIV) are both CH> and X? of Formula (XXIV) is C=0, C=C(R®)2,

or:

or C=NR%; where each R® is independently selected from H, -CN, -OH, alkoxy,
substituted or unsubstituted Ci-Cealkyl, substituted or unsubstituted Cs3-Cecycloalkyl,
substituted or unsubstituted Cz-Csheterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted Cs-
Cecycloalkyl), -Ci-Cealkyl-(substituted or unsubstituted Caz- Csheterocycloalkyl), -Ci-
Cealkyl-(substituted or unsubstituted aryl), or —C1-Cesalkyl- (substituted or unsubstituted

heteroaryl);

X! and X? of Formula (XXIV) are independently selected from C and N, and are members of

or:

a fused substituted or unsubstituted saturated or partially saturated 3-10 membered
cycloalkyl ring, a fused substituted or unsubstituted saturated or partially saturated 3-10
membered heterocycloalkyl ring, a fused substituted or unsubstituted 5-10 membered aryl
ring, or a fused substituted or unsubstituted 5-10 membered heteroaryl ring, and X* of

Formula (XXIV) is CR**R?;

X2 and X3 of Formula (XXIV) are independently selected from C and N, and are members of

a fused substituted or unsubstituted saturated or partially saturated 3-10 membered
cycloalkyl ring, a fused substituted or unsubstituted saturated or partially saturated 3-10
membered heterocycloalkyl ring, a fused substituted or unsubstituted 5-10 membered aryl
ring. or a fused substituted or unsubstituted 5-10 membered heteroaryl ring, and X! of

Formula (XXIV) is CR*R¥;
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RA of N-R* is selected from H, C1-Cealkyl, -C(=0)C1-Caalkyl, substituted or unsubstituted
aryl, or substituted or unsubstituted heteroaryl;

R?%, R?, R*, R%, R*, and R* of CR*R?, CR*R? and CR™R are independently selected
from H, substituted or unsubstituted Ci-Cealkyl, substituted or unsubstituted C;-
Ceheteroalkyl, substituted or unsubstituted C3-Cecycloalkyl, substituted or unsubstituted
Ca-Csheterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted Cs- Cecycloalkyl), -Ci-Cealkyl-
(substituted or unsubstituted Cs-Csheterocycloalkyl), -Ci-Cealkyl-(substituted or
unsubstituted aryl), -Ci-Csalkyl-(substituted or unsubstituted heteroaryl) and - C(=O)R;

R® of -C(=O)R® is selected from substituted or unsubstituted Ci-Cealkyl, substituted or
unsubstituted Cs3-Cecycloalkyl, substituted or unsubstituted C2-Csheterocycloalkyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, -Ci-Cealkyl-
(substituted or unsubstituted C3- Cecycloalkyl), -C1-Cealkyl-(substituted or unsubstituted
Ca-Csheterocycloalkyl), -Ci-Cealkyl- (substituted or unsubstituted aryl), -Ci-Cealkyl-
(substituted or unsubstituted heteroaryl), or - NRPRE;

RP and R* of NRPRF are independently selected from H, substituted or unsubstituted Ci-
Cealkyl, substituted or unsubstituted Cs-Cecycloalkyl, substituted or unsubstituted Ca-
Csheterocycloalkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, -Ci-Cealkyl- (substituted or unsubstituted Cs3-Cescycloalkyl), -Ci-Cealkyl-
(substituted or unsubstituted Cz- Csheterocycloalkyl), -Ci-Cealkyl-(substituted or
unsubstituted aryl), or —C1-Cealkyl- (substituted or unsubstituted heteroaryl);

m of Formula (XXIV) is selected from 0, 1 or 2;

-U- of Formula (XXIV) is selected from -NHC(=0)-, -C(=0)NH-, -NHS(=0)>-, -S(=0)NH-,
-NHC(=O)NH-, -NH(C=0)0O-, -O(C=0)NH-, or -NHS(=0)NH-;

R3 of Formula (XXIV) is selected from Ci-Csalkyl, or Ci-Csfluoroalkyl;

R* of Formula (XXIV) is selected from -NHR?, -N(R”)2, -N+(R>)3 or -OR?;

each R’ of -NHR?, -N(R%)2, -N+(R%)3 and -OR?’ is independently selected from H, C;-Csalkyl,
C1-Cshaloalkyl, Ci-Csheteroalkyl and —C1-Csalkyl-(Cs-Cscycloalkyl);

or:

R3 and R of Formula (XXIV) together with the atoms to which they are attached form a

substituted or unsubstituted 5-7 membered ring;
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or:

R3 of Formula (XXIV) is bonded to a nitrogen atom of U to form a substituted or
unsubstituted 5-7 membered ring;

R® of Formula (XXIV) is selected from -NHC(=O)R’, -C(=O)NHR’, -NHS(=0)2R’, -
S(=0):NHR’; -NHC(=O)NHR’, -NHS(=0):NHR’, -(Ci-Csalkyl)-NHC(=O)R’, -(Ci-
Csalkyl)-C(=O)NHR’, -(C;-Csalkyl)-NHS(=0):R’, -(Ci-Csalkyl)-S(=0)NHR’; -(C;-
Csalkyl)-NHC(=O)NHR’, -(C;-Csalkyl)-NHS(=0)NHR’, substituted or unsubstituted
Ca-Cioheterocycloalkyl, or substituted or unsubstituted heteroaryl;

each R’ of -NHC(=O)R’, -C(=0)NHR’, -NHS(=0)2R’, -S(=0),NHR’; -NHC(=O)NHR’, -
NHS(=0):NHR’, -(Ci-Csalkyl)-NHC(=O)R’, -(Ci-Csalkyl)-C(=O)NHR’, -(Ci-Csalkyl)-
NHS(=0)2R’, -(C1-Csalkyl)-S(=0)2NHR”; -(C1-Csalkyl)-NHC(=O)NHR’, -(C1-C3alkyl)-
NHS(=0)2NHR” is independently selected from Ci-Cealkyl, Ci-Cghaloalkyl, Ci-
Cesheteroalkyl, a substituted or unsubstituted C3-ClOcycloalkyl, a substituted or
unsubstituted C2- Cioheterocycloalkyl, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, -Ci-Cealkyl-(substituted or unsubstituted C3-Ciocycloalkyl), -
C1-Cealkyl- (substituted or unsubstituted C2-ClOheterocycloalkyl, -CI-Cé6alkyl-
(substituted or unsubstituted aryl), -C1-Cesalkyl-(substituted or unsubstituted heteroaryl), -
(CH2)p-CH(substituted or unsubstituted aryl)2, -(CH2),-CH(substituted or unsubstituted
heteroaryl)2, -(CH2)p-CH(substituted or unsubstituted aryl)(substituted or unsubstituted
heteroaryl), -(substituted or unsubstituted aryl)-(substituted or unsubstituted aryl), -
(substituted or unsubstituted aryl)-(substituted or unsubstituted heteroaryl), -(substituted
or unsubstituted heteroaryl)-(substituted or unsubstituted aryl), or -(substituted or
unsubstituted heteroaryl)-(substituted or unsubstituted heteroaryl);

p of R’ is selected from 0, 1 or 2;

R3 R R R8 R and R¥ of C(R¥)(R®), C(R¥*)(R®) and C(R5)(R®) are independently
selected from H, Ci-Csalkyl, Ci-Cefluoroalkyl, Ci-Cs alkoxy, Ci-Ceheteroalkyl, and
substituted or unsubstituted aryl;

or:

R# R3 R3¢ and R¥ of C(R¥*)(R?®), C(R¥*)(R¥) and C(R¥*)(R®) are as defined above, and
R® and R¥ together form a bond;

or:

58



WO 2020/041331 PCT/US2019/047291

R# R®, R3 and R of C(R®*)(R®), C(R*)(RE?) and C(RP)(R®) are as defined above, and
R® and R% together form a bond;

or:

R# R3 R3¢ and R¥ of C(R¥*)(R?®), C(R¥*)(R¥) and C(R¥*)(R®) are as defined above, and
R® and R% together with the atoms to which they are attached form a substituted or
unsubstituted fused 5-7 membered saturated, or partially saturated carbocyclic ring or
heterocyclic ring comprising 1 -3 heteroatoms selected from S, O and N, a substituted or
unsubstituted fused 5-10 membered aryl ring, or a substituted or unsubstituted fused 5-10
membered heteroaryl ring comprising 1 -3 heteroatoms selected from S, O and N;

or:

R# R®, R3 and R of C(R®*)(R®), C(R*)(RE?) and C(RP)(R®) are as defined above, and
R and R¥ together with the atoms to which they are attached form a substituted or
unsubstituted fused 5-7 membered saturated, or partially saturated carbocyclic ring or
heterocyclic ring comprising 1 -3 heteroatoms selected from S, O and N, a substituted or
unsubstituted fused 5-10 membered aryl ring, or a substituted or unsubstituted fused 5-10
membered heteroaryl ring comprising 1 -3 heteroatoms selected from S, O and N;

or:

R¥, R¥, R%, and R¥ of C(R¥*)(R?) and C(R¥*)(R¥)are as defined above, and R® and R®
together with the atoms to which they are attached form a substituted or unsubstituted
saturated, or partially saturated 3-7 membered spirocycle or heterospirocycle comprising
1 -3 heteroatoms selected from S, O and N;

or:

R R® R® and R¥ of C(R®*)(R®®) and C(R¥*)(R®) are as defined above, and R% and R3
together with the atoms to which they are attached form a substituted or unsubstituted
saturated, or partially saturated 3-7 membered spirocycle or heterospirocycle comprising
1-3 heteroatoms selected from S, O and N;

or:

R R® R¥, and R¥ of C(R®*)(R®) and C(R¥*)(R?) are as defined above, and R¥* and R¥
together with the atoms to which they are attached form a substituted or unsubstituted
saturated, or partially saturated 3-7 membered spirocycle or heterospirocycle comprising

1-3 heteroatoms selected from S, O and N;
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or:
where each substituted alkyl, heteroalkyl, fused ring, spirocycle, heterospirocycle, cycloalkyl,
heterocycloalkyl, aryl or heteroaryl is substituted with 1 -3 R%; and
cach R? of R® R® R¥% R¥ R8¢ and R¥ is independently selected from halogen, -OH, -SH,
(C=0), CN, C;-Caalkyl, C1-C4fluoroalkyl, Ci-C4 alkoxy, Ci-Cs fluoroalkoxy, -NHa, -
NH(Ci- Caialkyl), -NH(C;-Csalkyl);, - C(=0)OH, -C(=0)NH:, -C(=0)C;-Czalkyl, -
S(=0)2CH3, -NH(C;-Caalkyl)-OH, -NH(C;-Csalkyl)-O-(C-Caalkyl), -O(Ci-Csalkyl)-
NH2; -O(Ci-Caalkyl)-NH-(Ci-Caalkyl), and -O(C1-Caalkyl)-N-(Ci-Caalkyl), or two R’
together with the atoms to which they are attached form a methylene dioxy or ethylene
dioxy ring substituted or unsubstituted with halogen, -OH, or C;-Csalkyl.
[0098] In any of the compounds described herein, the ILM can have the structure of Formula
(XXXV), (XXXV] or (XXXVII), which is derived from the IAP ligands described in Vamos,
M., et al., Expedient synthesis of highly potent antagonists of inhibitor of apoptosis proteins
(IAPs) with unique selectivity for ML-IAP, ACS Chem. Biol., 8(4), 725-32 (2013), or an

unnatural mimetic thereof’:

(XXXV),
~ o R H
N H H Na”
AT e T T N N AL
b4 i} Y [
.. : ]
OF N Sy
Hooff
oo
b ‘ﬂ,}
N (XXXVI),
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(XXXVID),

wherein:
R? of Formulas (XXXV) and (XXX VII) are independently selected from H or ME;
R? and R* of Formula (XXXV) are independently selected from H or ME;
X of Formulas (XXXV) and (XXXVII) is independently selected from O or S; and
R! of Formulas (XXXV) and (XXXVII) is selected from:

[0099] In a particular embodiment, the ILM has a structure according to Formula (XXXVIII):

e R3 ),(—X‘
X
M AA
H R*
O N
O H (XXXVIID),

wherein R? and R* of Formula (XXX VIII) are independently selected from H or ME;

x-X
X

*’N\(

* is a 5-member heteocycle selected from:

S 8
M‘Q \fNr;e @N ‘"8<} J\ﬁ“
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x-X
! X
« N \( _ ,\Q
b
[00100] In a particular embodiment, the *  of Formula (XXXVIII) is *
[00101] In a particular embodiment, the ILM has a structure and attached to a linker group
L as shown below:
o

gjﬁ‘%"

[00102] In any of the compounds described herein, the ILM can have the structure of

Formula (XXXIX) or (XL), which is based on the IAP ligands described in Hennessy, EJ, et al.,
Discovery of aminopiperidine-based Smac mimetics as IAP antagonists, Bioorg. Med. Chem.

Lett., 22(4), 1960-4 (2012), or an unnatural mimetic thereof:

g R\ R

Ho ‘1
N .\_E___W«‘J\ b »f!\.ﬁf N ’\\"‘#\ §“ B
: H 3 M
M
h =0, 1,2 (XXXIX),

(XD,

wherein:

R! of Formulas (XXXIX) and (XL) is selected from:

62



WO 2020/041331

PCT/US2019/047291
S
‘w\!_x—-f §K¥ A
]
®
R? of Formulas (XXXIX) and (XL) is selected from H or Me;
R? of Formulas (XXXIX) and (XL) is selected from:
R — F—
¢ ’ ;“"‘ ht
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X of is selected from H, halogen, methyl, methoxy, hydroxy, nitro or trifluoromethyl.
[00103]

In any of the compounds described herein, the ILM can have the structure of and

be chemically linked to the linker as shown in Formula (XLI) or (XLII), or an unnatural mimetic
thereof:

{inker

(XLD,
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H

N

S Lfnker
Qj, NH
i“‘EN ’zz.‘!
i (XLID).
[00104] In any of the compounds described herein, the ILM can have the structure of

Formula (XLII), which is based on the IAP ligands described in Cohen, F, et al., Orally
bioavailable antagonists of inhibitor of apoptosis proteins based on an azabicyclooctane scaffold,

J. Med. Chem., 52(6), 1723-30 (2009), or an unnatural mimetic thereof:

(XLII)
wherein:
R1 of Formulas (XLIII) is selected from:
T,
¥ T
x 3 .-"'.§\~ - \]’i\ x"\'}‘L 5 ;"§ L
xx\,\:f;.-/‘ \\_.,r' \,.‘;_ e \-\:_'_;c‘ :::\_} .
[Qé#«"] .
‘ ﬁ.‘-":%vs,w“f@&‘@
X 1
\')\”\, :::‘Q \'ﬂ""'\;x‘:}
X of is selected from H, fluoro, methyl or methoxy.
[00105] In a particular embodiment, the ILM is represented by the following structure:
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[00106] In a particular embodiment, the ILM is selected from the group consisting of, and
which the chemical link between the ILM and linker group L is shown:

; and

[00107] In any of the compounds described herein, the ILM is selected from the group
consisting of the structures below, which are based on the IAP ligands described in Asano, M, et
al., Design, sterioselective synthesis, and biological evaluation of novel tri-cyclic compounds as
inhibitor of apoptosis proteins (IAP) antagonists, Bioorg. Med. Chem., 21(18): 5725-37 (2013),

or an unnatural mimetic thereof:
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[00108] In a particular embodiment, the ILM is selected from the group consisting of, and

which the chemical link between the ILM and linker group L is shown:

; and

[00109] In any of the compounds described herein, the ILM can have the structure of
Formula (LVIII), which is based on the IAP ligands described in Asano, M, et al., Design,
sterioselective synthesis, and biological evaluation of novel tri-cyclic compounds as inhibitor of
apoptosis proteins (IAP) antagonists, Bioorg. Med. Chem., 21(18): 5725-37 (2013), or an

unnatural mimetic thereof’:

(XLIV),
wherein X of Formula (XLIV) is one or two substituents independently selected from H, halogen

or cyano.
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[00110] In any of the compounds described herein, the ILM can have the structure of and
be chemically linked to the linker group L as shown in Formula (XLV) or (XLVI), or an

unnatural mimetic thereof’:

(XLV) or

(XLVD),

wherein X of Formula (XLV) and (XLVI) is one or two substituents independently selected from
H, halogen or cyano, and ; and L of Formulas (XLV) and (XLVI) is a linker group as described
herein.

[00111] In any of the compounds described herein, the ILM can have the structure of
Formula (XLVII), which is based on the IAP ligands described in Ardecky, RJ, et al., Design,
sysnthesis and evaluation of inhibitor of apoptosis (IAP) antagonists that are highly selective for
the BIR2 domain of XIAP, Bioorg. Med. Chem., 23(14): 4253-7 (2013), or an unnatural mimetic

thereof:
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(XLVII),

R? of Formula (LX) is selected from:
[00112] In any of the compounds described herein, the ILM can have the structure of and
be chemically linked to the linker group L as shown in Formula (XLVIII) or (XLIX), or an

unnatural mimetic thereof’:

-
Y

OOy ™
\ ) }

¥

N 3
3"\ - ">'\.. .-*_‘f:-\:"’
- it

(LXII), or

(XLIX),
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R of Formulas (XLVIII) and (XLIX) is a natural or unnatural amino acid; and

L of Formulas (XLVIII) and (XLIX) is a linker group as described herein.

[00113] In any of the compounds described herein, the ILM can have the structure
selected from the group consisting of, which is based on the IAP ligands described in Wang, J, et
al., Discovery of novel second mitochondrial-derived activator of caspase mimetics as selective

inhibitor or apoptosis protein inhibitors, J. Pharmacol. Exp. Ther., 349(2): 319-29 (2014), or an

unnatural mimetic thereof’:

&
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[00114] In any of the compounds described herein, the ILM has a structure according to
Formula (L), which is based on the IAP ligands described in Hird, AW, et al., Structure-based
design and synthesis of tricyclic IAP (Inhibitors of Apoptosis Proteins) inhibitors, Bioorg. Med.
Chem. Lett., 24(7): 1820-4 (2014), or an unnatural mimetic thereof:

—

@),

wherein R of Formula (L) is selected from the group consisting of:
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R1 of R is selected from H or Me;

R2 of is selected from alkyl or cycloalkyl;
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X of is 1-2 substitutents

independently selected from halogen, hydroxy, methoxy, nitro and trifluoromethyl

is O or NH;

is mono- or fused bicyclic heteroaryl; and
--- of Formula (L) is an optional double bond.
[00115] In a particular embodiment, the ILM of the compound has a chemical structure

selected from the group consisting of:
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[00116] The term “independently” is used herein to indicate that the variable, which is
independently applied, varies independently from application to application.

[00117] The term “alkyl” shall mean within its context a linear, branch-chained or cyclic
fully saturated hydrocarbon radical or alkyl group, preferably a Ci-C1o, more preferably a Ci-Ce,
alternatively a Ci-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, cyclopen-
tylethyl, cyclohexylethyl and cyclohexyl, among others. In certain embodiments, the alkyl group
is end-capped with a halogen group (At, Br, Cl, F, or I). In certain preferred embodiments,
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compounds according to the present disclosure which may be used to covalently bind to
dehalogenase enzymes. These compounds generally contain a side chain (often linked through a
polyethylene glycol group) which terminates in an alkyl group which has a halogen substituent
(often chlorine or bromine) on its distal end which results in covalent binding of the compound
containing such a moiety to the protein.

[00118] The term “Alkenyl” refers to linear, branch-chained or cyclic C2-Cio (preferably
C2-Cs) hydrocarbon radicals containing at least one C=C bond.

[00119] The term “Alkynyl” refers to linear, branch-chained or cyclic C2-Cio (preferably
(C2-Cs) hydrocarbon radicals containing at least one C=C bond.

[00120] The term “alkylene” when used, refers to a —(CH2)n- group (n is 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 Ci-Ce alkyl group
(including a cyclopropyl group or a t-butyl 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-(C1-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 (or other group) which is
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, B-alanine, arginine, asparagine, aspartic acid,
cysteine, cystine, glutamic acid, glutamine, glycine, phenylalanine, histidine, isoleucine, lysine,
leucine, methionine, proline, serine, threonine, valine, tryptophan or tyrosine.

[00121] The term “unsubstituted” shall mean substituted only with hydrogen atoms. A
range of carbon atoms which includes Co means that carbon is absent and is replaced with H.
Thus, a range of carbon atoms which is Co-Ce includes carbons atoms of 1, 2, 3, 4, 5 and 6 and
for Co, H stands in place of carbon.

[00122] The term “substituted” or “optionally substituted” shall mean independently (i.e.,
where more than substituent occurs, each substituent is independent of another substituent) one

or more substituents (independently up to five substitutents, preferably up to three substituents,

73



WO 2020/041331 PCT/US2019/047291

often 1 or 2 substituents on a moiety in a compound according to the present disclosure 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, C1-Cs alkyl or aryl, including phenyl and substituted phenyl),
thioether (C1-Ce alkyl or aryl), acyl (preferably, C1-Cs acyl), ester or thioester (preferably, C1-Ce
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-Ce alkyl or aryl group), preferably,
C1-Cs alkyl or aryl, halogen (preferably, F or Cl), amine (including a five- or six-membered
cyclic alkylene amine, further including a Ci-Ce 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 alky)C(O)(O-C1-C¢ 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 is preferably substituted with one or
two C1-Cg alkyl groups (including a carboxamide which is optionally substituted with one or two
C1-Cs alkyl groups), alkanol (preferably, C1-Cs alkyl or aryl), or alkanoic acid (preferably, C1-Ce
alkyl or aryl). Substituents according to the present disclosure may include, for example —
SiR1R2R3 groups where each of R and R2 is as otherwise described herein and R3 is H or a Ci-
Cs alkyl group, preferably Ri, Rz, R3 in this context is a C;-Cs alkyl group (including an
isopropyl 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 -(CH2)m-
or alternatively an optionally substituted -(OCH2)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 -(CH2)a- groups or other chains such as ethylene glycol chains, as identified
above, may be substituted anywhere on the chain. Preferred substitutents on alkylene groups
include halogen or C1-Cg (preferably Ci-Cs) alkyl groups, which may be optionally substituted
with one or two hydroxyl groups, one or two ether groups (O-C1-C¢ groups), up to three halo

groups (preferably F), or a sideshain of an amino acid as otherwise described herein and
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optionally substituted amide (preferably carboxamide substituted as described above) or urethane
groups (often with one or two Co-Ce alkyl substitutents, 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 C1-Cs alkyl groups, preferably Ci-C4 alkyl
group, most often methyl or O-methyl groups or a sidechain of an amino acid as otherwise
described herein. In the present disclosure, a moiety in a molecule may be optionally substituted
with up to five substituents, preferably up to three substituents. Most often, in the present
disclosure moieties which are substituted are substituted with one or two substituents.

[00123] The term “substituted” (each substituent being independent of any other
substituent) shall also mean within its context of use Ci-Ce alkyl, C1-Cs alkoxy, halogen, amido,
carboxamido, sulfone, including sulfonamide, keto, carboxy, C;-Ce ester (oxyester or
carbonylester), Ci1-C¢ keto, urethane -O-C(O)-NRiR2 or —N(R1)-C(0)-O-R1, nitro, cyano and
amine (especially including a Ci-Ce alkylene-NRiR2, a mono- or di- Ci1-Cs alkyl substituted
amines which may be optionally substituted with one or two hydroxyl groups). Each of these
groups contain 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)-, SO2- or -NH-C(O)-NH-, -
(CH»),OH, -(CH2).SH, -(CH2),.COOH, Ci-Cs alkyl, -(CH2)nO-(C1-Cs alkyl), -(CH2)nC(O)-(C1-Cs
alkyl), -(CH2).OC(0O)-(Ci-Cs alkyl), -(CH2)sC(O)O-(Ci1-Cs alkyl), -(CH2).NHC(O)-Ri, -
(CH2)2C(O)-NRR2, -(OCH2),OH, -(CH20),COOH, C;-C¢ alkyl, -(OCH2),O-(Ci-Cs alkyl), -
(CH20).C(0)-(C1-Cs alkyl), -(OCH2)usNHC(O)-R1, -(CH20)xC(O)-NR1R2, -S(O)2-Rs, -S(O)-Rs
(Rs 1s C1-Cg alkyl or a (CH2)m-NR1R2 group), NO2, CN or halogen (F, Cl, Br, 1, preferably F or
C1), depending on the context of the use of the substituent. R; and R are each, within context, H
or a C1-Ce alkyl group (which may be optionally substituted with one or two hydroxyl groups or
up to three halogen groups, preferably fluorine). The term “substituted” shall also mean, 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 O-C(O)-NR1R2
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group where R1 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.

[00124] The term "aryl" or “aromatic”, in context, refers 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 disclosure 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” 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,
tetrahydroisoquinoline, quinolizine, phthalazine, naphthyridine, quinoxaline, quinazoline,
cinnoline, pteridine, imidazopyridine, imidazotriazine, pyrazinopyridazine, acridine,
phenanthridine, carbazole, carbazoline, pyrimidine, 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,
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furopyrrole, pyridoxazine, furopyridine, furopyrimidine, thienopyrimidine and oxazole, among
others, all of which may be optionally substituted.

[00125] 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),OH, -(CH2)s-O-(C1-Ce)alkyl, -(CH2)y-O-(CH2)x-
(C1-Ce)alkyl, -(CH2)u-C(O)(Co-Cs) alkyl, -(CH2)n-C(O)O(Co-Ce)alkyl, -(CH2)s-OC(O)Co-
Ce)alkyl, amine, mono- or di-(Ci1-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, C;-Cg alkyl, preferably CH3, CF3;, OMe, OCF3, NO2, 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 connected to a PTM
group, including a ULM group, via a linker group), and/or at least one of F, CI, OH, COOH, CH3,
CF3, OMe, OCF3, NO2, 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
methylsubstituted isoxazole, an optionally substituted oxazole including a methylsubstituted
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 methylsubstituted pyrrole, an optionally substituted imidazole including a
methylimidazole, an optionally substituted benzimidazole or methoxybenzylimidazole, an
optionally substituted oximidazole or methyloximidazole, an optionally substituted diazole group,
including a methyldiazole group, an optionally substituted triazole group, including a
methylsubstituted triazole group, an optionally substituted pyridine group, including a halo-
(preferably, F) or methylsubstitutedpyridine 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.

[00126] "Carboxyl" denotes the group --C(O)OR, where R is hydrogen, alkyl, substituted

alkyl, aryl, substituted aryl, heteroaryl or substituted heteroaryl , whereas these generic
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substituents have meanings which are identical with definitions of the corresponding groups
defined herein.

[00127] The term “heteroaryl”or “hetaryl” can mean but is in no way limited to 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 substituted imidazole, an optionally substituted isoxazole, an optionally substituted
oxazole (preferably methyl substituted), an optionally substituted diazole, an optionally
substituted 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)m-O-
C1-Cs alkyl group or an optionally substituted -(CH2)m-C(O)-O-C1-Ce alkyl group), an optionally

substituted pyridine (2-, 3, or 4-pyridine) or a group according to the chemical structure:
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wherein:
S¢is CHRSS, NRYRE, or O;
R™ET is H, CN, NO», halo (preferably Cl or F), optionally substituted Ci-Cs alkyl
(preferably substituted with one or two hydroxyl groups or up to three halo groups
(e.g. CF3), optionally substituted O(C1-C¢ alkyl) (preferably substituted with one or
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two hydroxyl groups or up to three halo groups) or an optionally substituted
acetylenic group —C=C-Ra where Ra is H or a Ci-Ce alkyl group (preferably Ci-Cs
alkyl);

R% is H, CN, NO», halo (preferably F or CI), optionally substituted Ci-Cs alkyl
(preferably substituted with one or two hydroxyl groups or up to three halo groups),
optionally substituted O-(Ci-Cs alkyl) (preferably substituted with one or two
hydroxyl groups or up to three halo groups) or an optionally substituted -C(O)(C1-Ce
alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo
groups);

RYRE is H, a Ci-Cs alkyl (preferably H or Ci-Cs alkyl) or a —-C(O)(C1-Cs alkyl), each of
which groups is optionally substituted with one or two hydroxyl groups or up to three
halogen, preferably fluorine groups, or an optionally substituted heterocycle, for
example piperidine, morpholine, pyrrolidine, tetrahydrofuran, tetrahydrothiophene,
piperidine, piperazine, each of which is optionally substituted, and

Y€ is N or C-RYS, where RY® is H, OH, CN, NO», halo (preferably Cl or F), optionally
substituted C1-Cg alkyl (preferably substituted with one or two hydroxyl groups or up
to three halo groups (e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably
substituted with one or two hydroxyl groups or up to three halo groups) or an
optionally substituted acetylenic group —C=C-R. where Ra is H or a C1-Cg alkyl group
(preferably C1-Cs alkyl).

[00128] The terms “aralkyl” 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.

[00129] 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.

[00130] The term "Heterocycle" refers to a cyclic group which contains at least one
heteroatom, e.g., N, O 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 heteroaryl groups are described hereinabove.
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[00131] Exemplary heterocyclics inclade: azetidinyl, benzimidazolyl, 1.4- benzodioxanyl,
1,3-benzodioxolyl,  benzoxazolyl,  benzothiazolyl,  benzothienyl,  dihydroimidazolyl,
dihydropyranyl, dibydrofuranyl, dioxanyl, dioxolanyl, ethyleneurea, 1,3-dioxolane, 1,3-dioxane,
1,4-dioxane, furyl, homopiperidinyl, imidazolyl, imidazolinyl, imidazolidinyl, indolinyl, indolyl,
isoquinolinyl, isothiazolidinyl, isothiazolyl, isoxazolidinyl, isoxazolyl. morpholinyl,
naphthyridinyl, oxazolidinyl, oxazolyl, pyridone, 2-pyrrolidone, pyridine, piperazinyl, , N-
methylpiperazinyl, piperidinyl, phthalimide, succinimide, pyrazinyl, pyrazolinyl, pyridyl,
pyrinuidinyl, pyirolidinyl, pyrrolinyl, pyrrolyl, quinolinyi, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydroquinoline, thiazolidinyl, thiazolyl, thienyl, tetrahydrothiophene, oxane, oxetanyl,
oxathiolanyl, thiane among others.

[00132] 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, 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, —SO2-alkyl, —SO2-substituted alkyl, —SO2-aryl, oxo (=0), and -SO2-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-alkoxy-nitrogen containing heterocycles. The term "heterocyclic” also includes bicyclic
groups in which any of the heterocyclic rings s fused to a benzene ring or a cyclohexane ring or
another heterocyclic ring (for example, indolyl, quinolyl, isoguinolyl, tetrahydroquinolyl, and the
like).

[00133] The term “cycloalkyl” can mean but is in no way limited to univalent groups

derived from monocyclic or polycyclic alkyl groups or cycloalkanes, as defnied herein, e.g.,
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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. The term "substituted cycloalkyl" can mean but is in no way limited to a monocyclic or
polycyclic alkyl group and being substituted by one or more substituents, for example, amino,
halogen, alkyl, substituted alkyl, carbyloxy, carbylmercapto, aryl, nitro, mercapto or sulfo,
whereas these generic substituent groups have meanings which are identical with definitions of
the corresponding groups as defined in this legend.

[00134] "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. "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 is
containing one or more substituents selected from the group consisting of halogen, alkyl,
substituted alkyl, carbyloxy, carbylmercapto, aryl, nitro, mercapto or sulfo, whereas these
generic substituent group have meanings which are identical with definitions of the
corresponding groups as defined in this legend.

[00135] The term “hydrocarbyl” shall mean 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.

[00136] The term “independently” is used herein to indicate that the variable, which is

independently applied, varies independently from application to application.

[00137] The term “lower alkyl” refers to methyl, ethyl or propyl
[00138] The term “lower alkoxy” refers to methoxy, ethoxy or propoxy.
[00139] In any of the embodiments described herein, the W, X, Y, Z, G, G’, R, R’, R”’,

Q1-Q4, A, and Rn can independently be covalently coupled to a linker and/or a linker to which is
attached one or more PTM, ULM, ILM or ILM’ groups.

[00140] Exemplary MIL.Ms

[00141] In certain additional embodiments, the MLM of the bifunctional compound

comprises chemical moieties such as substituted imidazolines, substituted spiro-indolinones,

substituted pyrrolidines, substituted piperidinones, substituted morpholinones, substituted
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pyrrolopyrimidines, substituted imidazolopyridines, substituted thiazoloimidazoline, substituted
pyrrolopyrrolidinones, and substituted isoquinolinones.

[00142] In additional embodiments, the MLM comprises the core structures mentioned
above with adjacent bis-aryl substitutions positioned as cis- or trans-configurations.

[00143] In still additional embodiments, the MLM comprises part of structural features as
in RG7112, RG7388, SAR405838, AMG-232, AM-7209, DS-5272, MK-8242, and NVP-CGM-
097, and analogs or derivatives thereof.

[00144] In certain preferred embodiments, MLM is a derivative of substituted imidazoline
represented as Formula (A-1), or thiazoloimidazoline represented as Formula (A-2), or spiro
indolinone represented as Formula (A-3), or pyrollidine represented as Formula (A-4), or
piperidinone / morphlinone represented as Formula (A-5), or isoquinolinone represented as
Formula (A-6), or pyrollopyrimidine / imidazolopyridine represented as Formula (A-7), or

pyrrolopyrrolidinone / imidazolopyrrolidinone represented as Formula (A-8).

R 7
R, R4 R R4
2 N 6 R, E N)E/Rg
R1 :i /)\R5 R'] - 7 S
N ZN
R3 R3
Formula (A-1) Formula (A-2)
Rt Ry"
—N
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wherein above Formula (A-1) through Formula (A-8):

X of Formula (A-1) through Formula (A-8) is selected from the group consisting of carbon,
oxygen, sulfur, sulfoxide, sulfone, and N-R?

R*® is independently H or an alkyl group with carbon number 1 to 6;

Y and Z of Formula (A-1) through Formula (A-8) are independently carbon or nitrogen;

A, A’ and A’’ of Formula (A-1) through Formula (A-8) are independently selected from C, N,
O or S, can also be one or two atoms forming a fused bicyclic ring, or a 6,5- and 5,5-fused
aromatic bicyclic group;

R1, Rz of Formula (A-1) through Formula (A-8) are independently selected from the group
consisting of an aryl or heteroaryl group, a heteroaryl group having one or two heteroatoms
independently selected from sulfur or nitrogen, wherein the aryl or heteroaryl group can be
mono-cyclic or bi-cyclic, or unsubstituted or substituted with one to three substituents
independently selected from the group consisting of:

halogen, -CN, C1 to C6 alkyl group, C3 to C6 cycloalkyl, -OH, alkoxy with 1 to 6
carbons, fluorine substituted alkoxy with 1 to 6 carbons, sulfoxide with 1 to 6
carbons, sulfone with 1 to 6 carbons, ketone with 2 to 6 carbons, amides with 2 to 6

carbons, and dialkyl amine with 2 to 6 carbons;
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R3, R4 of Formula (A-1) through Formula (A-8) are independently selected from the group
consisting of H, methyl and C1 to C6 alkyl;

Rs of Formula (A-1) through Formula (A-8) is selected from the group consisting of an aryl or
heteroaryl group, a heteroaryl group having one or two heteroatoms independently selected
from sulfur or nitrogen, wherein the aryl or heteroaryl group can be mono-cyclic or bi-cyclic,
or unsubstituted or substituted with one to three substituents independently selected from the
group consisting of:

halogen, -CN, C1 to C6 alkyl group, C3 to C6 cycloalkyl, -OH, alkoxy with 1 to 6
carbons, fluorine substituted alkoxy with 1 to 6 carbons, sulfoxide with 1 to 6
carbons, sulfone with 1 to 6 carbons, ketone with 2 to 6 carbons, amides with 2 to 6
carbons, dialkyl amine with 2 to 6 carbons, alkyl ether (C2 to C6), alkyl ketone (C3
to C6), morpholinyl, alkyl ester (C3 to C6), alkyl cyanide (C3 to C6);

Re of Formula (A-1) through Formula (A-8) is H or —-C(=O)R®, wherein

R® of Formula (A-1) through Formula (A-8) is selected from the group consisting of
alkyl, cycloalkyl, mono-, di- or tri-substituted aryl or heteroaryl, 4-morpholinyl, 1-
(3-oxopiperazunyl), 1-piperidinyl, 4-N-R°-morpholinyl, 4-R°®1-piperidinyl, and 3-
R®-1-piperidinyl, wherein

R® of Formula (A-1) through Formula (A-8) is selected from the group consisting of
alkyl, fluorine substituted alkyl, cyano alkyl, hydroxyl-substituted alkyl, cycloalkyl,
alkoxyalkyl, amide alkyl, alkyl sulfone, alkyl sulfoxide, alkyl amide, aryl,
heteroaryl, mono-, bis- and tri-substituted aryl or heteroaryl, CH2CH2RY, and
CH2CH2CH2RY, wherein

RY of Formula (A-1) through Formula (A-8) is selected from the group consisting of
alkoxy, alkyl sulfone, alkyl sulfoxide, N-substituted carboxamide, -NHC(O)-alkyl, -
NH-SO»-alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl;

R7 of Formula (A-1) through Formula (A-8) is selected from the group consisting of H,
C1 to C6 alkyl, cyclic alkyl, fluorine substituted alkyl, cyano substituted alkyl, 5- or
6-membered hetero aryl or aryl, substituted 5- or 6-membered hetero aryl or aryl;

Rs of Formula (A-1) through Formula (A-8) is selected from the group consisting of —
Re-C(0)-Rf, -Ré-alkoxy, -R-aryl, -R%heteroaryl, and -R°-C(0)-R-C(0)-R®,

wherein:
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R® of Formula (A-1) through Formula (A-8) is an alkylene with 1 to 6 carbons, or a
bond;

Rf of Formula (A-1) through Formula (A-8) is a substituted 4- to 7-membered
heterocycle;

R# of Formula (A-1) through Formula (A-8) is selected from the group consisting of
aryl, hetero aryl, substituted aryl or heteroaryl, and 4- to 7-membered heterocycle;

Ry of Formula (A-1) through Formula (A-8) is selected from the group consisting of a mono-,
bis- or tri-substituent on the fused bicyclic aromatic ring in Formula (A-3), wherein the
substitutents are independently selected from the group consistin of halogen, alkene, alkyne,
alkyl, unsubstituted or substituted with CI or F;

Rio of Formula (A-1) through Formula (A-8) is selected from the group consistin of an aryl or
heteroaryl group, wherein the heteroaryl group can contain one or two heteroatoms as sulfur
or nitrogen, aryl or heteroaryl group can be mono-cyclic or bi-cyclic, the aryl or heteroaryl
group can be unsubstituted or substituted with one to three substituents, including a halogen,
F, Cl, -CN, alkene, alkyne, C1 to C6 alkyl group, C1 to C6 cycloalkyl, -OH, alkoxy with 1 to
6 carbons, fluorine substituted alkoxy with 1 to 6 carbons, sulfoxide with 1 to 6 carbons,
sulfone with 1 to 6 carbons, ketone with 2 to 6 carbons;

R11 of Formula (A-1) through Formula (A-8) is -C(O)-N(R")(RY), wherein R" and R! are
selected from groups consisting of the following:

H; optionally substituted linear or branched C1 to C6 alkyl; alkoxy substituted alkyl;
mono- and di-hydroxy substituted alkyl (e.g., a C3 to C6), sulfone substituted alkyl;
optionally substituted aryl; optionally substituted heteraryl; mono-, bis- or tri-
substituted aryl or heteroaryl; phenyl-4-carboxylic acid; substituted phenyl-4-
carboxylic acid, alkyl carboxylic acid; optionally substituted heteroaryl carboxylic
acid; alkyl carboxylic acid; fluorine substituted alkyl carboxylic acid; optionally
substituted cycloalky, 3-hydroxycyclobutane, 4-hydroxycyclohehexane, aryl
substituted cycloalkyl; heteroaryl substituted cycloalkyl; or Rh and Ri taken
together form a ring ;

Ri12 and R13 of Formula (A-1) through Formula (A-8) are independently selected from H, lower
alkyl (C1 to C6), lower alkenyl (C2 to C6), lower alkynyl (C2 to C6), cycloalkyl (4, 5 and 6-
membered ring), substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, 5- and 6-
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membered aryl and heteroaryl, R12 and R13 can be connected to form a 5- and 6-membered
ring with or without substitution on the ring;

R14 of Formula (A-1) through Formula (A-8) is selected from the group consisting of alkyl,
substituted alkyl, alkenyl, substituted alkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, substituted heterocycle, cycloalkyl, substituted cycloalkyl,
cycloalkenyl and substituted cycloalkenyl;

R1s of Formula (A-1) through Formula (A-8) is CN;

Ri6 of Formula (A-1) through Formula (A-8) is selected from the group consisting of C1-6
alkyl, C1-6 cycloalkyl, C2-6 alkenyl, C1-6 alkyl or C3-6 cycloalkyl with one or multiple
hydrogens replaced by fluorine, alkyl or cycloalkyl with one CHz replaced by S(=0), -S, or -
S(=0)a, alkyl or cycloalkyl with terminal CH3 replaced by S(=0):N(alkyl)(alkyl), -
C(=0)N(alkyl)(alkyl), -N(alkyl)S(=O)2(alkyl), -C(=0)2(allkyl), -O(alkyl), C1-6 alkyl or
alkyl-cycloalkyl with hydron replaced by hydroxyl group, a 3 to 7 membered cycloalkyl or
heterocycloalkyl, optionally containing a -(C=0)- group, or a 5 to 6 membered aryl or
heteroaryl group, which heterocycloalkyl or heteroaryl group can contain from one to three
heteroatoms independently selected from O, N or S, and the cycloalkyl, heterocycloalkyl,
aryl or heteroaryl group can be unsubstituted or substituted with from one to three
substituents independently selected from halogen, C1-6 alkyl groups, hydroxylated C1-6
alkyl, C1-6 alkyl containing thioether, ether, sulfone, sulfoxide, fluorine substituted ether or
cyano group;

R17 of Formula (A-1) through Formula (A-8) is selected from the group consisting of
(CH2)nC(O)NR*R!, wherein R* and R! are independently selected from H, C1-6 alkyl,
hydrxylated C1-6 alkyl, C1-6 alkoxy alkyl, C1-6 alkyl with one or multiple hydrogens
replaced by fluorine, C1-6 alkyl with one carbon replaced by S(O), S(0)(O), C1-6
alkoxyalkyl with one or multiple hydrogens replaced by fluorine, C1-6 alkyl with hydrogen
replaced by a cyano group, 5 and 6 membered aryl or heteroaryl, aklyl aryl with alkyl group
containing 1-6 carbons, and alkyl heteroaryl with alkyl group containing 1-6 carbons,
wherein the aryl or heteroaryl group can be further substituted;

R1s of Formula (A-1) through Formula (A-8) is selected from the group consisting of
substituted aryl, heteroaryl, alkyl, cycloalkyl, the substitution is preferably -N(C1-4
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alkyl)(cycloalkyl), -N(C1-4 alkyl)alkyl-cycloalkyl, and -N(C1-4 alkyl)[(alkyl)-(heterocycle-
substituted)-cycloalkyl];

Ri9 of Formula (A-1) through Formula (A-8) is selected from the group consisting of aryl,
heteroaryl, bicyclic heteroaryl, and these aryl or hetroaryl groups can be substituted with
halogen, C1-6 alkyl, C1-6 cycloalkyl, CFs, F, CN, alkyne, alkyl sulfone, the halogen
substitution can be mon- bis- or tri-substituted;

R20 and R21 of Formula (A-1) through Formula (A-8) are independently selected from C1-6
alkyl, C1-6 cycloalkyl, C1-6 alkoxy, hydoxylated C1-6 alkoxy, and fluorine substituted C1-6
alkoxy, wherein Rao and Raz; can further be connected to form a 5, 6 and 7-membered cyclic
or heterocyclic ring, which can further be substituted;

R22 of Formula (A-1) through Formula (A-8) is selected from the group consisting of H, C1-6
alkyl, C1-6 cycloalkyl, carboxylic acid, carboxylic acid ester, amide, reverse amide,
sulfonamide, reverse sulfonamide, N-acyl urea, nitrogen-containing 5-membered heterocycle,
the 5-membered heterocycles can be further substituted with C1-6 alkyl, alkoxy, fluorine-
substituted alkyl, CN, and alkylsulfone;

R23 of Formula (A-1) through Formula (A-8) is selected from aryl, heteroaryl, -O-aryl, -O-
heteroaryl, -O-alkyl, -O-alkyl-cycloalkyl, -NH-alkyl, -NH-alkyl-cycloalkyl, -N(H)-aryl, -
N(H)-heteroaryl, -N(alkyl)-aryl, -N(alkyl)-heteroaryl, the aryl or heteroaryl groups can be
substituted with halogen, C1-6 alkyl, hydoxylated C1-6 alkyl, cycloalkyl, fluorine-substituted
C1-6 alkyl, CN, alkoxy, alkyl sulfone, amide and sulfonamide;

R4 of Formula (A-1) through Formula (A-8) is selected from the group consisting of —CH2-
(C1-6 alkyl), -CH2-cycloalkyl, -CH2-aryl, CH2-heteroaryl, where alkyl, cycloalkyl, aryl and
heteroaryl can be substituted with halogen, alkoxy, hydoxylated alkyl, cyano-substituted
alkyl, cycloalyl and substituted cycloalkyl;

Ros of Formula (A-1) through Formula (A-8) is selected from the group consisting of C1-6
alkyl, C1-6 alkyl-cycloalkyl, alkoxy-substituted alkyl, hydroxylated alkyl, aryl, heteroaryl,
substituted aryl or heteroaryl, 5,6,and 7-membered nitrogen-containing saturated
heterocycles, 5,6-fused and 6,6-fused nitrogen-containing saturated heterocycles and these
saturated heterocycles can be substituted with C1-6 alkyl, fluorine-substituted C1-6 alkyl,
alkoxy, aryl and heteroaryl group;
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R of Formula (A-1) through Formula (A-8) is selected from the group consisting of C1-6
alkyl, C3-6 cycloalkyl, the alkyl or cycloalkyl can be substituted with —OH, alkoxy, fluorine-
substituted alkoxy, fluorine-substituted alkyl, -NH>, -NH-alkyl, NH-C(O)alkyl, -NH-S(O):-
alkyl, and -S(O)2-alkyl;

R27 of Formula (A-1) through Formula (A-8) is selected from the group consisting of aryl,
heteroaryl, bicyclic heteroaryl, wherein the aryl or heteroaryl groups can be substituted with
C1-6 alkyl, alkoxy, NH2, NH-alkyl, halogen, or -CN, and the substitution can be
independently mono-, bis- and tri-substitution;

Rog of Formula (A-1) through Formula (A-8) is selected from the group consisting of aryl, 5
and 6-membered heteroaryl, bicyclic heteroaryl, cycloalkyl, saturated heterocycle such as
piperidine, piperidinone, tetrahydropyran, N-acyl-piperidine, wherein the cycloalkyl,
saturated heterocycle, aryl or heteroaryl can be further substituted with —OH, alkoxy, mono-,
bis- or tri-substitution including halogen, -CN, alkyl sulfone, and fluorine substituted alkyl
groups; and

R1 of Formula (A-1) through Formula (A-8) is selected from the group consisting of H, alkyl,
aryl substitituted alkyl, alkoxy substituted alkyl, cycloalkyl, aryl- substituted cycloalkyl, and
alkoxy substituted cycloalkyl.

[00145] In certain embodiments, the heterocycles in R! and R# of Formula (A-1) through
Formula (A-8) are substituted pyrrolidine, substituted piperidine, substituted piperizine.

[00146] More specifically, non-limiting examples of MLMs include those shown below as
well as those ‘hybrid” molecules that arise from the combination of 1 or more of the different
features shown in the molecules below.

[00147] Using MLM in Formula A-1 through A-8, the following PROTACs can be
prepared to target a particular protein for degradation, where ‘L” is a connector (i.e. a linker
group), and “PTM” is a ligand binding to a target protein.

[00148] In certain embodiments, the description provides a bifunctional molecule

comprising a structure selected from the group consisting of:

R N

Ry I 4,R6 R4

L Re s

PTM=LT Ry~ N/)\R5 PTM—L{— R1—:Z_/)—s ]
Rs Ry N
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Formula (A-9) Formula (A-10)
R "n
=M Ry Rit Ry
R1o N - N
AR SRS
PTM—L+ Ay, 1 o l R, Ris
R9 A H 1
Formula (A-11) Formula (A-12)
O
R16\ R3 O
N R17 R18mR20
o X
PTM-L R1):\:< PTM-L
{ Rag, ] % Rig Ra1
Formula (A-13) Formula (A-14)
Raa~ 2 0 Yoo R27
\W \>_R25 \ Y
N~ N N
PTM-L N PTM—L Ry R
R 'R 26
Ros 24 5
,and 5
Formula (A-15) Formula (A-16)

wherein X, R%, Y, Z, A, A’, A”’, R1, Ro, R3, R4, Rs, Re, R®, RS, R%, R7, R, RY, R&, Ro, R0, Ri1, Riz,
Ri3, Ri4, Ris, Ris, R17, RY, R}, Ris, Rig, Rao, Ra1, Ra2, R23,Ro4, Ras, Ras, R27, Ros, and Ry are as
defined herein with regard to Formulas (A-1) through (A-8).

[00149] In certain embodiments, the description provides bifunctional or chimeric
molecules with the structure: PTM-L-MLM, wherein PTM is a protein target binding moiety
coupled to an MLM by L, wherein L is a bond (i.e., absent) or a chemical linker. In certain
embodiments, the MLM has a structure selected from the group consisting of A-1-1, A-1-2, A-1-
3, and A-1-4:
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Ry . N \
720 N TR FN
— \ . — .
N Re H N\ Re
PTM-L o 0 ' PTM-L - 0 -
\ e \, VA
Ry’ Ry’

A-1-1 A-1-2
il Rs ) Rg
3
7Ny N\ 2 N =N
_ N\ \ 7 Ry’ — N \ N/>—R4-
N —
PTM-L —\ o PTM-L =0
\| /R \| /Ry
R, R,
A-1-3 A-1-4
wherein:

R1’ and R2’ of Formulas A-1-1 throught A-1-4 (i.e., A-1-1, A-1-2, A-1-3, and A-1-4) are
independently selected from the group consisting of F, Cl, Br, 1, acetylene, CN, CF3 and NOz;
R3’ is selected from the group consisting of -OCH3, -OCH2CH3, -OCH2CH:F, -OCH2CH2OCH3,
and -OCH{(CH3)z;

R4’ of Formulas A-1-1 throught A-1-4 is selected from the group consisting of H, halogen, -CH3,
-CF3, -OCH3, -C(CH3)3, -CH(CHs)2, -cyclopropyl, -CN, -C(CH3).OH, -C(CH3)OCH2CH3, -
C(CH3):CH20H, -C(CH3)2CH20CH2CH3, -C(CH3)2CH2OCH2CH20H, -C(CH3)CH2OCH2CH3,
-C(CH3)2CN, -C(CH3):C(O)CH3, -C(CH3)2C(O)NHCH3, -C(CH3)2C(O)N(CHs)2, -SCH3, -
SCH2CHs, -S(0O)2CH3, -S(O2)CH2CH3, -NHC(CH3)3, -N(CH3)2, pyrrolidinyl, and 4-morpholinyl;
R5” of Formulas A-1-1 throught A-1-4 is selected from the group consisting of halogen, -
cyclopropyl, -S(O)2CHs, -S(O)>CH2CH3, 1-pyrrolidinyl, -NHa, -N(CH3)2, and -NHC(CH3)3; and
R6’ of Formulas A-1-1 throught A-1-4 is selected from the structures presented below where the
linker connection point is indicated as “*”.

Beside R6’ as the point for linker attachment, R4’ can also serve as the linker attachment
position. In the case that R4’ is the linker connection site, linker will be connected to the terminal

atom of R4’ groups shown above.
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[00150] In certain embodiments, the linker connection position of Formulas A-1-1
throught A-1-4 is at least one of R4’ or R6’ or both.
[00151] In certain embodiments, R6’ of Formulas A-1-1 throught A-1-4 is independently

selected from the group consisting of H,

-i- Lo | | |
N N N N N
F Ve
OH F F O

N N N N N
F
OH F F o
O«. ~ O., O., O,
1 - -l _:__ _:__
S oL O OO0
[N] O N [}j N
O=
l\* k* OA\* P Oékw/
~t- -b- ]S- N “i-
YOk ) Q) C
0
(_3 QN N N Q
\\* \\* O)\* O}ﬁ\* O\*
\ L -1- L i
_[{_j_ N Q\ N l‘\l
[;;1\ - ’ o K;"z \
o~ [;;]\TT/ F 0—
o) F |

91



WO 2020/041331 PCT/US2019/047291

-L- L -
OO0 9
N N N N N
Z N N)\N Z N N
Y MY
N N
* . , T, * , and wherein “*” indicates the point of
attachment of the linker.
[00152] In certain embodiments, the linker of Formula A-4-1 through A-4-6 is attached to

at least one of R1’, R2’, R3’, R4’, R5’, R6’, or a combination thereof.

[00153] In certain embodiments, the description provides bifunctional or chimeric
molecules with the structure: PTM-L-MLM, wherein PTM is a protein target binding moiety
coupled to an MLM by L, wherein L is a bond (i.e., absent) or a chemical linker. In certain
embodiments, the MLM has a structure selected from the group consisting of A-4-1, A-4-2, A-4-
3, A-4-4, A-4-5, and A-4-6:

7L 12 ZNxz\/R12
R1O\N R { \\_/8
i NH NH
R\ o i\ o=, o R7\ o=, R,
7\ 7\ N
. _ \Rg . AR /_\ Re
_ AN N N
PTM-L & PTM—L{ @ N PTM-L 7 |\N
X N X
Re' Rg' \Rs'
A'4'1 A_4_2 A'4'3
2 =R 2 S
\_/ \_<\ 4 \ /(N
NH NH H
Ry, O=L Ry R, O~ R o=
PN Y AYe A TN
— . RQ‘ — . R9 / \ R
= \\N = \\N — B °
PTM-L 7 | PTM-L Z | PTM-L Z |\N
LV N
Re' R’ \\Rs'
A-4-4 A-4-5 AdE

wherein:
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R7’ of Formula A-4-1 through A-4-6 (i.e., A-4-1, A-4-2, A-4-3, A-4-4, A-4-5, and A-4-6) is
one or more (e.g., 1, 2, 3, or 4) halogens;

R8’ of Formula A-4-1 through A-4-6 is one or more goups (e.g., 1, 2, 3, or 4 groups) selected
from the group consisting of H, -F, -Cl, -Br, -1, -CN, -NOa, ethylnyl, cyclopropyl, methyl,
ethyl, isopropyl, vinyl, methoxy, ethoxy, isopropoxy, -OH, other C1-6 alkyl, other C1-6
alkenyl, and C1-6 alkynyl, mono-, di- or tri-substituted;

R9” of Formula A-4-1 through A-4-6 is selected from the group consisting of alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl,
substituted aryl, hetero aryl, substituted heteroaryl, cycloalkyl, substituted cycloalkyl,
alkenyl, and substituted cycloalkenyl;

Z of Formula A-4-1 through A-4-6 is selected from the group consistin of H, -OCH3, -
OCH>CHs;, and halogen;

R10’ and R11’ of Formula A-4-1 through A-4-6 are each independently selected from the
group consisting of H, (CH2),-R', (CH2),-NR'R", (CH2),-NR'COR", (CH2),-NR'SO2R",
(CH2)y-COOH, (CH2)x-COOR', (CH)y,-CONR'R", (CH2)s-OR', (CH2)s-SR', (CH2),-SOR,
(CH2),-CH(OH)-R', (CH2),-COR', (CH2)»-SO2R’, (CH2)s-SONR'R", (CH2)»-SO2NR'R",
(CH2CH2O)m-(CH2)n-R', (CH2CH20)m-(CH2)0-OH, (CH2CH20)m-(CH2)0-OR’,
(CH2CH2O)m-(CH2)p-NR'R",  (CH2CH2O)m-(CH2)p-NR'COR",  (CH2CH20)m(CH2)n-
NR'SO:R", (CH2CH20)m(CH2),-COOH, (CH2CH20)m(CH2)y-COOR',  (CH2CH20)m-
(CH2),-CONR'R", (CH2CH20)m-(CH2)a-SO2R’, (CH2CH20)m~(CH2)a-COR',
(CH2CH20)m-(CH2)p-SONR'R", (CH2CH20)m-(CH2)n-SO2NR'R",  (CH2)p-(CH2CH20) -
(CH2)wR', (CH2)p-(CH2CH20)m-(CH2)4-OH, (CH2)p-(CH2CH20)m-(CH2)n-OR', (CH2)p-

(CH2CH2O)m-(CH2)n-NR'R", (CH2)p-(CH2CH20)m-(CH2)s-NR'COR”", (CH2)p-
(CH2CH20)m-(CH2)»-NR'SO2R", (CH2)p-(CH2CH20)m-(CH2)o-COOH, (CH2)p-
(CH2CH20)m-(CH2)a-COOR!, (CH2)p-(CH2CH20)m-(CH2)n-CONR'R", (CH2)p-

(CH2CH20)m-(CH2)s-SO2R’, (CH2),-(CH2CH20)m-(CH2)0-COR', (CH2)p-(CH2CH20)m-
(CH2).-SONR'R",  (CH2)p-(CH2CH20)m-(CH2)n-SO2NR'R",  Aryl-(CH2),-COOH, and
heteroaryl-alkyl-CO-alkyl-NR'R"m, wherein the alkyl may be substituted with OR’, and
heteroaryl-(CHz)y-heterocycle wherein the heterocycle may optionally be substituted with

alkyl, hydroxyl, COOR'" and COR'; wherein R' and R" are selected from H, alkyl, alkyl
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substituted with halogen, hydroxyl, NH2, NH(alkyl), N(alkyl)2, oxo, carboxy, clcloalkyl
and heteroaryl;

m, n, and p are independently O to 6;

R12’ of Formula A-4-1 through A-4-6 is selected from the group consisting of -O-(alkyl), -
O-(alkyl)-akoxy, -C(O)-(alkyl), -C(OH)-alkyl-alkoxy, -C(O)-NH-(alkyl), -C(O)-N-
(alkyl)2, -S(O)-(alkyl), S(O)2-(alkyl), -C(O)-(cyclic amine), and -O-aryl-(alkyl), -O-aryl-
(alkoxy);

R1” of Formula A-4-1 through A-4-6 is selected from the group consisting of H, alkyl, aryl
substitituted alkyl, aloxy substituted alkyl, cycloalkyl, ary- substituted cycloalkyl, and
alkoxy substituted cycloalkyl.

[00154] In any of the aspects or embodiments described herein, the alkyl, alkoxy or the
like can be a lower alkyl or lower alkoxy.

[00155] In certain embodiments, the linker connection position of Formula A-4-1 through
A-4-61s at least one of Z, R8’, R9’, R10°, R11°’, R12”, or R1"".

[00156] The method used to design chimeric molecules as presented in A-1-1 through A-
1-4, A-4-1 through A-4-6 can be applied to MLM with formula A-2, A-3, A-5, A-6, A-7 and A-8,
wherein the solvent exposed area in the MLM can be connected to linker “L” which will be
attached to target protein ligand “PTM”, to construct PROTACS.

[00157] Exemplary MDM?2 binding moieties include, but not limited, the following:
[00158] 1. The HDM2/MDM2 inhibitors identified in Vassilev, et al., In vivo activation
of the p53 pathway by small-molecule antagonists of MDM2, SCIENCE vol:303, pag:844-848
(2004), and Schneekloth, er al., Targeted intracellular protein degradation induced by a small
molecule: En route to chemical proteomics, Bioorg. Med. Chem. Lett. 18 (2008) 5904-5908,
including (or additionally) the compounds nutlin-3, nutlin-2, and nutlin-1 (derivatized) as

described below, as well as all derivatives and analogs thereof:
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/
o
>—o

(derivatized where a linker group L or a —(L-MLM)group is attached, for example, at the

methoxy group or as a hydroxyl group);
Br

o O
N™ °N
HO/\/N\/’ <N O Br

@)

- P
O
(derivatized where a linker group L or a —(L-MLM) group is attached, for example, at the

methoxy group or hydroxyl group);

(derivatized where a linker group L or a —(L-MLM) group is attached, for example, via the
methoxy group or as a hydroxyl group); and

[00159] 2. Trans-4-lodo-4'-Boranyl-Chalcone
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O
A
oaa oW

[00160] OH
[00161] (derivatized where a linker group L or a a linker group L or a—(L-MLM) group is
attached, for example, via a hydroxy group).
[00162] Exemplary CL.Ms
[00163] Neo-imide Compounds
[00164] In one aspect the description provides compounds useful for binding and/or

inhibiting cereblon. In certain embodiments, the compound is selected from the group consisting

of chemical structures:

X X G X G
/Q4 N/ /Q4 N/
i — i N—
N Z N zZ
%/01/ W A | A~ \ N
R Rn '

(al) (b)

() (d1)
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G

X N z
X
X X G
e / . U
o7 wy 03 X N \
N Rn

eF
Rn Rn R Rn ,
(a2) (d2)
X /G X X G
4 Qq
ﬂ L= I “2%
Z ” N >:Z
2 Qz. /
Rn . or R/ Rn ,
(a3) (ad)

wherein:

W of Formulas (a) through (f) [e.g., (al), (b), (c), (d1), (e), (f), (a2), (d2), (a3), and (ad)] is
independently selected from the group CH», O, CHR, C=0, SO2, NH, N, optionally
substituted cyclopropyl group, optionally substituted cyclobutyl group, and N-alkyl;

W3 is selected from C or N;

X of Formulas (a) through (f) is independently selected from the group absent, O, S and CHo;

Y of Formulas (a) through (f) is independently selected from the group CH», -C=CR’, NH,
N-alkyl, N-aryl, N-heteroaryl, N-cycloalkyl, N-heterocyclyl, O, and S;

Z of Formulas (a) through (f) is independently selected from the group absent, O, S or CHz
except that both X and Z cannot be absent or CHa;
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G and G’ of Formulas (a) through (f) are independently selected from the group H, optionally
substituted linear or branched alkyl (e.g., optionally substituted with R”), OH, R?”OCOOR,
R’OCONRR”, CHz-heterocyclyl optionally substituted with R’, and benzyl optionally
substituted with R’;

Q1 — Q4 of Formulas (a) through (f) represent a carbon C substituted with a group
independently selected from H, R, N or N-oxide;

A of Formulas (a) through (f) is independently selected from the group H, optionally
substituted linear or branched alkyl, cycloalkyl, Cl and F;

R of Formulas (a) through (f) comprises, but is not limited to: -CONR’R”, -OR’, -NR’R”, -
SR’, -SO2R’, -SO2NR’R”, -CR’R”-, -CR’NR’R”-, (-CR’O)x'R”, optionally substituted
heterocyclyl (e.g., optionally substituted C3-C7 heterocyclyl), optionally substituted-aryl
(e.g., an optionally substituted C5-C7 aryl), optionally substituted alkyl-aryl (e.g., an
alkyl-aryl comprising at least one of an optionally substituted C1-C6 alkyl, an optionally
substituted C5-C7 aryl, or combinations thereof), optionally substituted-heteroaryl (e.g.,
an optionally substituted C5-C7 heteroaryl), unsubstituted or substituted linear or
branched alkyl (e.g., a C1-C6 linear or branched alkyl optionally substituted with one or
more halogen, cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)),
optionally substituted alkoxyl group (e.g., a methoxy, ethoxy, butoxy, propoxy, pentoxy,
or hexoxy; wherein the alkoxyl may be substituted with one or more halogen, alkyl,
haloalky, fluoroalkyl, cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)),

\/

/o 0 N

z
optionally substituted y (e.g., optionally substituted

with one or more halogen, alkyl, haloalky, fluoroalkyl, cycloalkyl (e.g., a C3-C6
cycloalkyl), or aryl (e.g., C5-C7 aryl)), optionally substituted

\'// @)
FaYe
X
y

alkyl, haloalky, fluoroalkyl, cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7

(e.g., optionally substituted with one or more halogen,

aryl)), optionally substituted-cycloalkyl, optionally substituted-heterocyclyl, -
P(O)(OR”)R”, -P(O)R’R”, -OP(O)(OR’)R”, -OP(O)R’R”, -Cl, -F, -Br, -I, -CF3, -CN, -
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NR’SO:NR’R”, -NR’CONR’R”, -CONR’COR”, -NR’C(=N-CN)NR’R”, -C(=N-
CN)NR’R”, -NR’C(=N-CN)R”, -NR’C(=C-NO2)NR’R”, -SO2NR’COR”, -NO, -CO2R’,
-C(C=N-OR")R”, -CR’=CR’R”, -CCR’, -S(C=0)(C=N-R’)R”, -SFs and -OCF3, wherein
at least one R is a functional group or atom independently selected from, for example, O,
OH, N, NH, NH», C1-C6 alkyl, C1-C6 alkoxy, optionally substituted heterocyclyl (e.g.,
optionally substituted C3-C7 heterocyclyl), -alkyl-aryl (e.g., an —alkyl-aryl comprising at
least one of C1-C6 alkyl, C4-C7 aryl, or a combination thereof), optionally substituted
aryl (e.g., optionally substituted C5-C7 aryl), optionally substituted heteroaryl aryl (e.g.,
optionally substituted C5-C7 heteroaryl), amine, amide, or carboxy);

each of x, y, and z are independently 0, 1, 2, 3,4, 5, or 6;

R’ and R” of Formulas (a) through (f) are independently selected from a H, optionally
substituted alkyl, optionally substituted cycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted heterocyclic, -C(=O)R, optionally
substituted heterocyclyl;

n' and n of Formulas (a) through (f) are each independently an integer from 1-10 (e.g. 1-4, 1,
2,3,4,5,6,7,8,9, or 10);

e
~
>~
~

wn of Formulas (a) through (f) represents a bond that may be stereospecific ((R) or (S)) or

non-stereospecific.

[00165] Exemplary CL.Ms

[00166] In any of the compounds described herein, the CLM comprises a chemical

structure selected from the group:

X X G X X G
% { P {
i = i —
N z N Z
st\ / W/ Qz‘\ / W/ \
Q1 A R, Q1 N
Rn " \
Ri R' G'

(al) (b)
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W of Formulas (a) through (f) [e.g., (al), (b), (c), (d1), (e), (f), (a2), (d2), (a3), and (ad)] is
independently selected from the group CH», O, CHR, C=0, SO2, NH, N, optionally
substituted cyclopropyl group, optionally substituted cyclobutyl group, and N-alkyl;

X of Formulas (a) through (f) is independently selected from the group absent, O, S and
CH2;

Y of Formulas (a) through (f) is independently selected from the group CH», -C=CR’, NH,
N-alkyl, N-aryl, N-hetaryl, N-cycloalkyl, N-heterocyclyl, O, and S;

Z of Formulas (a) through (f) is independently selected from the group absent, O, S or CHz
except that both X and Z cannot be absent or CHz;

G and G’ of Formulas (a) through (f) are independently selected from the group H, optionally
substituted linear or branched alkyl (e.g., optionally substituted with R”), OH, R?”OCOOR,
R’OCONRR”, CHz-heterocyclyl optionally substituted with R’, and benzyl optionally
substituted with R’;

Q1 — Q4 of Formulas (a) through (f) represent a carbon C substituted with a group
independently selected from H, R, N or N-oxide;

A of Formulas (a) through (f) is independently selected from the group H, optionally
substituted linear or branched alkyl, cycloalkyl, Cl and F;

R of Formulas (a) through (f) comprises, but is not limited to: -CONR’R”, -OR’, -NR’R”, -
SR’, -SO2R’, -SO2NR’R”, -CR’R”-, -CR’NR’R”-, (-CR’O)yR”, optionally substituted-
aryl (e.g., an optionally substituted C5-C7 aryl), optionally substituted alkyl-aryl (e.g., an
alkyl-aryl comprising at least one of an optionally substituted C1-C6 alkyl, an optionally
substituted C5-C7 aryl, or combinations thereof), optionallys ubstituted heteroaryl (e.g.,
an optionally substituted C5-C7 aryl), -optionally substituted linear or branched alkyl
(e.g., a C1-C6 linear or branched alkyl optionally substituted with one or more halogen,
cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)), optionally substituted
alkoxyl group (e.g., a methoxy, ethoxy, butoxy, propoxy, pentoxy, or hexoxy; wherein
the alkoxyl may be substituted with one or more halogen, alkyl, haloalky, fluoroalkyl,
cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)), optionally

\/

/o 0 N

z
substituted y (e.g., optionally substituted with one or
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more halogen, alkyl, haloalky, fluoroalkyl, cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl

\/I 0]

(e.g., C5-C7 aryl)), optionally substituted y (e.g.,
optionally substituted with one or more halogen, alkyl, haloalky, fluoroalkyl, cycloalkyl
(e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)), optionally substituted-cycloalkyl
(e.g., optionally substituted C3-C7 cycloalkyl), optionally substituted-heterocyclyl (e.g.,
optionally substituted C3-C7 heterocyclyl), -P(O)(OR’)R”, -P(O)R’R”, -OP(O)(OR")R”,
-OP(O)R’R”, -Cl, -F, -Br, -I, -CF3, -CN, -NR’SO2NR’R”, -NR’CONR’R”, -
CONR’COR”, -NR’C(=N-CN)NR’'R”, -C(=N-CN)NR’R”, -NR’C(=N-CN)R”, -
NR’C(=C-NO2)NR’R”, -SO2NR’COR”, -NO2, -CO2R’, -C(C=N-OR’)R”, -CR’=CR’R”,
-CCR’, -S(C=0)(C=N-R*)R”, -SF5 and -OCF3, wherein at least one R (e.g., at least one
of O, OH, N, NH, NH», C1-C6 alkyl, C1-C6 alkoxy, optionally substituted-cycloalkyl
(e.g., optionally substituted C3-C7 cycloalkyl), optionally substituted-heterocyclyl (e.g.,
optionally substituted C3-C7 heterocyclyl), -alkyl-aryl (e.g., an —alkyl-aryl comprising at
least one of C1-C6 alkyl, C4-C7 aryl, or a combination thereof), optionally substituted
aryl (e.g., optionally substituted C5-C7 aryl), optionally substituted heteroaryl aryl (e.g.,
optionally substituted C5-C7 heteroaryl), amine, amide, or carboxy) is modified to be
covalently joined to a PTM, a chemical linker group (L), a ULM, a CLM’ (e.g., CLM’ is
an additional CLM that has the same or different structure as a first CLM), or a
combination thereof;

each of x, y, and z are independently 0, 1, 2, 3,4, 5, or 6;

R’ and R” of Formulas (a) through (f) are independently selected from a H, optionally
substituted linear or branched alkyl, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted heterocyclic, -
C(=0O)R, optionally substituted heterocyclyl;

n and n’ of Formulas (a) through (f) are each independently an integer from 1-10;

== represents a single bond or a double bond; and
wn of Formulas (a) through (f) represents a bond that may be stereospecific ((R) or (S)) or

non-stereospecific.
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[00167] In certain embodiments described herein, the CLM or ULM comprises a chemical

structure selected from the group:

\ NH

Formula (g)
wherein:
W of Formula (g) is independently selected from the group CHz, O, C=0, NH, and N-alkyl;
A of Formula (g) is selected from a H, methyl, or optionally substituted linear or branched
alkyl;
R of Formula (g) is independently selected from a H, O, OH, N, NH, NH>, methyl, optionally
substituted linear or branched alkyl (e.g., optionally substituted linear or branched C1-C6
alkyl), optionally substituted C1-C6 alkoxy, optionally substituted heterocyclyl (e.g.,
optionally substituted C3-C7 heterocyclyl), optionally substituted -alkyl-aryl (e.g., an —
alkyl-aryl comprising at least one of C1-C6 alkyl, C4-C7 aryl, or a combination thereof),
optionally substituted aryl (e.g., optionally substituted C5-C7 aryl), optionally substituted
heteroaryl aryl (e.g., optionally substituted C5-C7 heteroaryl), amine, amide, or carboxy);
n of Formulas (g) represent an integer from 1 to 4 (e.g., 1, 2, 3, or 4), wherein at least one R
(e.g., at least one of O, OH, N, NH, NH», C1-C6 alkyl, C1-C6 alkoxy, optionally
substituted heterocyclyl (e.g., C3-C7 heterocyclyl), -alkyl-aryl (e.g., an —alkyl-aryl
comprising at least one of C1-C6 alkyl, C4-C7 aryl, or a combination thereof), aryl (e.g.,
C5-C7 aryl), amine, amide, or carboxy) is modified to be covalently joined to a PTM, a
chemical linker group (L), a ULM, CLM (or CLM’) or combination thereof; and
wnn of Formula (g) represents a bond that may be stereospecific ((R) or (S)) or non-
stereospecific.
[00168] In any of the embodiments described herein, the W, X, Y, Z, G, G’, R, R’, R”’,
Q1-Q4, A, and Rn of Formulas (a) through (g) [e.g., (al), (b), (c), (d1), (e), (f), (a2), (d2), (a3),
(a4), and (g)] can independently be covalently coupled to a linker and/or a linker to which is

attached one or more PTM, ULM, CLM or CLM’ groups.
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[00169] In any of the aspects or embodiments described herein, the CLM comprises from
1 to 4 R groups independently selected functional groups or atoms, for example, O, OH, N, C1-
C6 alkyl, C1-C6 alkoxy, -alkyl-aryl (e.g., an —alkyl-aryl comprising at least one of C1-C6 alkyl,
C4-C7 aryl, or a combination thereof), aryl (e.g., C5-C7 aryl), amine, amide, or carboxy, and
optionally, one of which is modified to be covalently joined to a PTM, a chemical linker group
(L), a ULM, CLM (or CLM’) or combination thereof.

[00170] In some embodiments, the CLM is represented by the following structures with
the dashed lines indicating linker attachment points:

O O

0O
N o) . N 0 N o)
NH ‘\ NH NH
O O O O -1 o}

0
y@j °
> NH

\
o}

[00171] More specifically, non-limiting examples of CLMs include those shown below as

well as those “hybrid” molecules that arise from the combination of 1 or more of the different

features shown in the molecules below.
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[00172] In any of the compounds described herein, the CLM comprises a chemical structure

selected from the group:
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) R?
(R )n (ak)

wherein:

W is independently selected from CH2, CHR, C=0, SO, NH, and N-alkyl;

Q1, Q2, Q3, Q4, Qs are each independently represent a carbon C or N substituted with a group
independently selected from R’, N or N-oxide;

R! is selected from absent, H, OH, CN, C1-C3 alkyl, C=0;

R? is selected from the group absent, H, OH, CN, C1-C3 alkyl, CHF., CF;, CHO,
C(=O)NHz;

R3 is selected from H, alkyl (e.g., C1-C6 or C1-C3 alkyl), substituted alkyl (e.g., substituted
C1-C6 or C1-C3 alkyl), alkoxy (e.g., C1-C6 or C1-C3 alkoxyl), substituted alkoxy (e.g.,
substituted C1-C6 or C1-C3 alkoxyl);

R* is selected from H, alkyl, substituted alkyl;

R’ and R® are each independently H, halogen, C(=O)R’, CN, OH, CFj;

Xis C,CH, C=0, or N;

X118 C=0, N, CH, or CHy;

R’ is selected from H, halogen, amine, alkyl (e.g., C1-C3 alkyl), substituted alkyl (e.g.,
substituted CI1-C3 alkyl), alkoxy (e.g., C1-C3 alkoxyl), substituted alkoxy (e.g.,
substituted C1-C3 alkoxyl), NR?R?, C(=0)OR?, optionally substituted phenyl;

nis 0-4;

74 is a single or double bond; and
the CLM is covalently joined to a PTM, a chemical linker group (L), a ULM, CLM (or

CLM’) or combination thereof.

[00173] In any aspect or embodiment described herein, the CLM or CLM’ is covalently joined

to a PTM, a chemical linker group (L), a ULM, a CLM, a CLM’, or a combination thereof via an
R group (such as, R, R, R%ZR3* R*orR’), W, X, oraQ group (such as, Q1, Q2, Q3, Q4, or Qs).
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[00174] In any of the embodiments described herein, the CLM or CLM’ is covalently joined
to a PTM, a chemical linker group (L), a ULM, a CLM, a CLM’, or a combination thereof via W,
X, R, R, RL R, R, R% R’, Q1, Q2, Q3, Q4, and Qs.

[00175] In any of the embodiments described herein, the W, X, R, R% R R*, R’, Q1, Q2, Qs,
Qs, and Qs can independently be covalently coupled to a linker and/or a linker to which is
attached to one or more PTM, ULM, ULM’, CLM or CLM’ groups.

[00176] More specifically, non-limiting examples of CLMs include those shown below as
well as “hybrid” molecules or compounds that arise from combining 1 or more features of the

following compounds:
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wherein:
W is independently selected from the group CH», CHR, C=0, SO, NH, and N-alkyl;
R! is selected from the group absent, H, CH, CN, C1-C3 alkyl;
R?is H or a C1-C3 alkyl;
R3 is selected from H, alkyl, substituted alkyl, alkoxy, substituted alkoxy;
R* is methyl or ethyl;
R’ is H or halo;
R® is H or halo;
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R’ is H or an attachment point for a PTM, a PTM’, a chemical linker group (L), a ULM, a
CLM, a CLM’,

Q1 and Q2 are each independently C or N substituted with a group independently selected
from H or C1-C3 alkyl;

Neisa single or double bond;

R comprises a functional group or an atom, e.g., a functional group or atom selected from:
CONR’R”, -OR’, -NR’R”, -SR’, -SO2R’, -SO2NR’R”, -CR’R”-, -CR’NR’R”-, (-
CR’O)x’R”, optionally substituted heterocyclyl, optionally substituted -aryl (e.g., an
optionally substituted C5-C7 aryl), optionally substituted alkyl-aryl (e.g., an alkyl-aryl
comprising at least one of an optionally substituted C1-C6 alkyl, an optionally substituted
C5-C7 aryl, or combinations thereof), optionallys ubstituted heteroaryl (e.g., an
optionally substituted C5-C7 aryl), -optionally substituted linear or branched alkyl (e.g., a
C1-C6 linear or branched alkyl optionally substituted with one or more halogen,
cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)), optionally substituted
alkoxyl group (e.g., a methoxy, ethoxy, butoxy, propoxy, pentoxy, or hexoxy; wherein
the alkoxyl may be substituted with one or more halogen, alkyl, haloalky, fluoroalkyl,
cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)), optionally

\//

/o 0 .

substituted y (e.g., optionally substituted with one or
more halogen, alkyl, haloalky, fluoroalkyl, cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl

\/l 0]

(e.g., C5-C7 aryl)), optionally substituted y (e.g.,
optionally substituted with one or more halogen, alkyl, haloalky, fluoroalkyl, cycloalkyl
(e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)), optionally substituted cycloalkyl,
optionally substituted heterocyclyl, -P(O)(OR’)R”, -P(O)R’R”, -OP(O)(OR’)R”, -
OP(O)R’R”, -Cl, -F, -Br, -I, -CF3, -CN, -NR’SO2NR’R”, -NR’CONR’R”, -
CONR’COR”, -NR’C(=N-CN)NR’'R”, -C(=N-CN)NR’R”, -NR’C(=N-CN)R”, -
NR’C(=C-NO2)NR’R”, -SO2NR’COR”, -NO2, -CO2R’, -C(C=N-OR’)R”, -CR’=CR’R”,
-CCR’, -S(C=0)(C=N-R")R”, -SF5 and -OCF3.
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[00177] In any aspect or embodiment described herein, at least one R (e.g., at least one of OH,
NHa, C1-C6 alkyl, C1-C6 alkoxy, -alkyl-aryl (e.g., an —alkyl-aryl comprising at least one of C1-
C6 alkyl, C4-C7 aryl, or a combination thereof), aryl (e.g., C5-C7 aryl), amine, amide, or
carboxy) is modified to be covalently joined to a PTM, a chemical linker group (L), a ULM, a
CLM’ (e.g., CLM’ is an additional CLM that has the same or different structure as a first CLM),
or a combination thereof.

[00178] In any of the embodiments described herein, the W, R!, R%, Q1. Q2, Qs, Q4, and R can
independently be covalently coupled to a linker and/or a linker to which is attached one or more
PTM, ULM, ULM’, CLM or CLM’ groups.

[00179] In any of the embodiments described herein, the RY, R% Q1, Q2. Q3, Q4 and R can
independently be covalently coupled to a linker and/or a linker to which is attached one or more
PTM, ULM, ULM’, CLM or CLM’ groups.

[00180] In any of the embodiments described herein, the Qi, Q2, Q3, Q4, and R can
independently be covalently coupled to a linker and/or a linker to which is attached one or more
PTM, ULM, ULM’, CLM or CLM’ groups.

[00181] In any aspect or embodiment described herein, R is modified to be covalently joined
to the linker group (L), a PTM, a ULM, a second CLM having the same chemical structure as the
CLM, a CLM’, a second linker, or any multiple or combination thereof.

[00182] In any aspect or embodiment described herein, the CLM is selected from:
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wherein R’ is a halogen and R! is as described in any aspect or embodiment described herein.
[00183] In certain cases, “CLM” can be imides that bind to cereblon E3 ligase. These imides

and linker attachment point can be but not limited to the following structures:
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[00184] Exemplary VL.Ms
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[00185] In certain embodiments of the compounds as described herein, ULM is VLM and

comprises a chemical structure selected from the group ULM-a:

M RP
=N

X2
ULM-a @

L - k4

wherein:

a dashed line indicates the attachment of at least one PTM, another ULM or VLM or MLM
or ILM or CLM (i.e., ULM’ or VLM’ or CLM’ or ILM’ or MLM’), or a chemical linker
moiety coupling at least one PTM, a ULM’ or a VLM’ or a CLM’ or a ILM’ or a MLM’
to the other end of the linker;

X!, X? of Formula ULM-a are each independently selected from the group of a bond, O,
NRY}, CRY’R¥*, C=0, C=S, SO, and SO»;

RY?, RY* of Formula ULM-a are each independently selected from the group of H, linear or
branched Ci¢ alkyl, optionally substituted by 1 or more halo, optionally substituted Ci.6
alkoxyl (e.g., optionally substituted by 0-3 R” groups);

R? of Formula ULM-a is 0, 1, 2, or 3 groups, each independently selected from the group H,
halo, -OH, C;3 alkyl, C=0;

W3 of Formula ULM-a is selected from the group of an optionally substituted T, an
optionally substituted —T-N(R'“R'*)X?, optionally substituted —T-N(R'*R'?), optionally
substituted —T-Aryl, an optionally substituted —T-Heteroaryl, an optionally substituted T-
biheteroaryl, an optionally substituted —T-Heterocycle, an optionally substituted —T-
biheterocycle, an optionally substituted -NR!-T-Aryl, an optionally substituted -NR!-T-
Heteroaryl or an optionally substituted -NR!-T-Heterocycle;

X? of Formula ULM-a is C=0, R, R"%, R"";

each of R!, R'%, R'" is independently selected from the group consisting of H, linear or
branched C1-Cg alkyl group optionally substituted by 1 or more halo or -OH groups,
RYC=0, R¥’C=S, RSO, R™S0s, N(RR™)C=0, NR’R™)C=S, N(R*’R**SO, and
NRY*RS0y;
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T of Formula ULM-a is selected from the group of an optionally substituted alkyl, (CH2)x-
group, wherein each one of the methylene groups is optionally substituted with one or
two substituents selected from the group of halogen, methyl, optionally substituted
alkoxy, a linear or branched C1-Cs alkyl group optionally substituted by 1 or more
halogen, C(O) NR'R!*, or NR'R!? or R! and R are joined to form an optionally
substituted heterocycle, or -OH groups or an amino acid side chain optionally
substituted;

nis 0 to 6, often 0, 1, 2, or 3, preferably O or 1;

W* of Formula ULM-a is an optionally substituted -NR1-T-Aryl wherein the aryl group may
be optionally substituted with an optionally substituted 5-6 membered heteroaryl or aryl,
an optionally substituted -NR1-T-Heteroaryl group or an optionally substituted -NR1-T-
Heterocycle, where -NR1 is covalently bonded to X* and R! is H or CH3, preferably H.

[00186] In any of the embodiments described herein, T is selected from the group of an
optionally substituted alkyl, —(CHz2)s- group, wherein each one of the methylene groups is
optionally substituted with one or two substituents selected from the group of halogen, methyl,
optionally substituted alkoxy, a linear or branched C1-Cs alkyl group optionally substituted by 1
or more halogen, C(O) NR!R!* , or NR!R'* or R! and R'* are joined to form an optionally
substituted heterocycle, or -OH groups or an amino acid side chain optionally substituted; and n

is 0 to 6, often 0, 1, 2, or 3, preferably O or 1.

<~/ R14a < R14a
@Rmb “Ry4b
| |
. . . . R1s Ris
[00187] In certain embodiments, W~ of Formula ULM-a is , ,
N._R N._R
\/ 14a \/ 2 148
Ri4b R14b
Ris or R1s , wherein: W? is optionally substituted (e.g., W? is an

optionally substituted phenyl, an optionally substituted napthyl, or an optionally substituted 5-10
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membered heteroaryl); and Ri4a, R14p, are each independently selected from the group of H,
haloalkyl, or optionally substituted alkyl.

[00188] In any of the embodiments, W> of Formula ULM-a is selected from the group of a
phenyl or a 5-10 membered heteroaryl,

Ris5 of Formula ULM-a is selected from the group of H, halogen, CN, OH, NO2, N
R14aR14b, OR142, CONR14aR 146, NR142COR 145, SO2NR142R 146, NR 142 SO2R 140, Optionally
substituted alkyl, optionally substituted haloalkyl, optionally substituted haloalkoxy, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted cycloalkyl, or optionally
substituted cycloheteroalkyl.

[00189] In additional embodiments, W* substituents for use in the present disclosure also
include specifically (and without limitation to the specific compound disclosed) the W*
substituents which are found in the identified compounds disclosed herein. Each of these W*
substituents may be used in conjunction with any number of W* substituents which are also
disclosed herein.

[00190] In certain additional embodiments, ULM-a, is optionally substituted by 0-3 R” groups
in the pyrrolidine moiety. Each R is independently H, halo, -OH, C1-3alkyl, C=0.

[00191] In any of the embodiments described herein, the W3, W* of Formula ULM-a can
independently be covalently coupled to a linker which is attached one or more PTM groups.

and wherein the dashed line indicates the site of attachment of at Ieast one PTM, another
ULM (ULM”) or a chemical linker moiety coupling at least one PTM or a ULM’ or both to ULM.
[00192] In certain embodiments, ULM is VHL and is represented by the structure:

7 —_——d e ——

H R'I4a
N
"R 14p
N

ULM-b

wherein:
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W3 of Formula ULM-b is selected from the group of an optionally substituted aryl, optionally

Rg
§+R1o

substituted heteroaryl, or R :

Rog and R0 of Formula ULM-b are independently hydrogen, optionally substituted alkyl,
optionally substituted cycloalkyl, optionally substituted hydroxyalkyl, optionally
substituted heteroaryl, or haloalkyl, or Rg, Rio, and the carbon atom to which they are
attached form an optionally substituted cycloalkyl;

R11 of Formula ULM-b is selected from the group of an optionally substituted heterocyclic,
optionally substituted alkoxy, optionally substituted heteroaryl, optionally substituted aryl,

0 O

Ri12 X
T e HO
w,, N R, Of 7 g

2

R12 of Formula ULM-b is selected from the group of H or optionally substituted alkyl;

R13 of Formula ULM-b is selected from the group of H, optionally substituted alkyl,
optionally substituted alkylcarbonyl, optionally substituted (cycloalkyl)alkylcarbonyl,
optionally substituted aralkylcarbonyl, optionally substituted arylcarbonyl, optionally
substituted (heterocyclyl)carbonyl, or optionally substituted aralkyl;

R 142, R14b of Formula ULM-b, are each independently selected from the group of H, haloalkyl,
or optionally substituted alkyl;

W5 of Formula ULM-b is selected from the group of an optionally substituted phenyl or an
optionally substituted 5-10 membered heteroaryl,

R1s of Formula ULM-b is selected from the group of H, halogen, CN, OH, NO2, N R14aR14p,
OR 144, CONR14aR 145, NR 142COR 145, SO2NR 142R 146, NR 142 SO2R 14, optionally substituted
alkyl, optionally substituted haloalkyl, optionally substituted haloalkoxy, optionally
substituted aryl, optionally substituted heteroaryl, optionally substituted cycloalkyl, or
optionally substituted cycloheteroalkyl;

each Ri6 of Formula ULM-b is independently selected from the group of H, CN, halo,
optionally substituted alkyl, optionally substituted haloalkyl, hydroxy, or optionally
substituted haloalkoxy;

o of Formula ULM-bis 0, 1, 2, 3, or 4;
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Ris of Formula ULM-b is independently selected from the group of H, halo, optionally
substituted alkoxy, cyano, optionally substituted alkyl, haloalkyl, haloalkoxy or a linker;
and

p of Formula ULM-b is 0, 1, 2, 3, or 4, and wherein the dashed line indicates the site of
attachment of at least one PTM, another ULM (ULM’) or a chemical linker moiety
coupling at least one PTM or a ULM’ or both to ULM.

F

N
[00193] In certain embodiments, Ris of Formula ULM-b is Xa~g wherein Ri7 is H, halo,

R17

T

optionally substituted Csscycloalkyl, optionally substituted Cisalkyl, optionally substituted Ci-
salkenyl, and Cichaloalkyl; and Xa is S or O.

[00194] In certain embodiments, Ri7 of Formula ULM-b is selected from the group methyl,
ethyl, isopropyl, and cyclopropyl.

[00195] In certain additional embodiments, Ris of Formula ULM-b is selected from the group

consisting of:

j‘ j‘ Cl Br j 4
FsC
% %4 /N
ety ) S

/NJ’ /NJg (J ;éﬂN};g{N’éﬂ’é—@’

. A Vi

/ r/ g_,wg_; S\/z\?/\om [N)—
o~
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[00196] In certain embodiments, R11 of Formula ULM-b is selected from the group consisting
of:

BoolEesTeodtory
o ke b g
sesl i ee:
Soch ®\ o

2

- LN
GG by A
and .

N

2

[00197] In certain embodiments, ULM has a chemical structure selected from the group of:
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HO, HO,

HG,
H R
N 14a H R14a
H Risa N
N N
A
\
i)
A}

ULM-c ULM-d ULM-e
wherein:

R of Formulas ULM-c, ULM-d, and ULM-e¢ is H, ethyl, isopropyl, tert-butyl, sec-butyl,
cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl; optionally substituted alkyl,
optionally substituted hydroxyalkyl, optionally substituted heteroaryl, or haloalkyl;

Ri4a of Formulas ULM-c, ULM-d, and ULM-e is H, haloalkyl, optionally substituted alkyl,
methyl, fluoromethyl, hydroxymethyl, ethyl, isopropyl, or cyclopropyl;

Ris5 of Formulas ULM-c, ULM-d, and ULM-e is selected from the group consisting of H,
halogen, CN, OH, NO>, optionally substituted heteroaryl, optionally substituted aryl,
optionally substituted alkyl, optionally substituted haloalkyl, optionally substituted
haloalkoxy, optionally substituted cycloalkyl, or optionally substituted cycloheteroalkyl
(each optionally substituted);

X of Formulas ULM-¢, ULM-d, and ULM-¢e is C, CHa, or C=0

R3 of Formulas ULM-c, ULM-d, and ULM-e is absent or an optionally substituted 5 or 6
membered heteroaryl; and

the dashed line indicates the site of attachment of at least one PTM, another ULM (ULM”) or
a chemical linker moiety coupling at least one PTM or a ULM’ or both to ULM.

[00198] In certain embodiments, ULM comprises a group according to the chemical

structure:
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HO, N
‘ H
N R14a
N
(@]
R
. 9>‘/§O
10
Ry
R1s
ULM-f

wherein:
R142 of Formula ULM-f is H, haloalkyl, optionally substituted alkyl, methyl, fluoromethyl,
hydroxymethyl, ethyl, isopropyl, or cyclopropyl;
Ro of Formula ULM-f is H;
R1o of Formula ULM-{ is H, ethyl, isopropyl, tert-butyl, sec-butyl, cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl;

Ri2
i—N
Ri1 of Formula ULM-f is Ris .
/
AV
O 0 :5“5 o N/
§_'\l\»:\(\_(R“*)p N [ 1w | N | Y
N/) ; P (18)p; Y Y |
(R18)p @)
\
| N

; or optionally substituted heteroaryl;
p of Formula ULM-fis 0, 1, 2, 3, or 4;
each Ris of Formula ULM-f is independently halo, optionally substituted alkoxy, cyano,
optionally substituted alkyl, haloalkyl, haloalkoxy or a linker;
R of Formula ULM-f is H, C=0;
R13 of Formula ULM-f is H, optionally substituted alkyl, optionally substituted alkylcarbonyl,
optionally substituted (cycloalkyl)alkylcarbonyl, optionally substituted aralkylcarbonyl,
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optionally substituted arylcarbonyl, optionally substituted (heterocyclyl)carbonyl, or
optionally substituted aralkyl,

R1s of Formula ULM-f is selected from the group consisting of H, halogen, Cl, CN, OH, NO-,
optionally substituted heteroaryl, optionally substituted aryl;

e W e
N| / ;QE_ ?Jr/ e S\{EAOH;[}? :
$¢d N N
9’5 F j Cl Br ;
OO0 T O

2 2 2 2 2

N N
g_ﬂgﬂéﬂgfjéﬂgjjé—@%
H o o, /v sy /v NYad
wherein the dashed line of Formula ULM-f indicates the site of attachment of at least one
PTM, another ULM (ULM?’) or a chemical linker moiety coupling at least one PTM or a
ULM’ or both to ULM.

[00199] In certain embodiments, the ULM is selected from the following structures:

OH
OH OH 0
i i o
v N N
o o " H
H n H (0] NH
o H 0 o]
(o] N fe} NH

_ _ N
s N d__N ULM-a3 ~
h ULM-a2 ~
OH OH OH
(0] fe} 0
Y N ' ,
\(");U\” OH 7‘(")ﬁmN N e \"(")#J\N N
O oo " H
0 o” N O
_ OH
SN S. N
4 V. N
ULM-a4 ULM-a5 ~ ULM-a6 S\
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OH

OH
OH
0O
ol AN i 2
R Aemow o A
O N H oo " H
o g7 N 0 e

~

=z

)\ —
N /
ULM-a7 N ULM-a8 o ULM-a9 ON
F OH o OH OH
O o)
kA e %&Q
O H
© o7 N 0
- - - - ULM-a12 =
ULM-a10 SN ULM-a11 SN a dN
OH OH 0
o] o 0
HFU\H N (v);u\” N ,(%U\” N
ULM-a13 cl ULM-a14 CN ULM-a15 =
SN

whereinnis O or 1.

[00200] In certain embodiments, the ULM is selected from the following structures:
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ULM-b6

ULM-b5

-b4

ULM

ULM-b9

ULM-b8

ULM-b7

ULM-b12

ULM-b11

ULM-b10

ULM-c3

ULM-c2

ULM-cl1
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ULM-c6

ULM-c5

ULM-c4

i
gl

ULM-c9

ULM-c8

ULM-c7

ULM-c12

ULM-c11

ULM-c10

ULM-c15

ULM-c14

ULM-c13
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ULM-d1 ULM-d2 ULM-d3

MOy
T
“, "‘\\ “-i
C’ c~\\‘i.;\
kY )
4 \k:n_
} Wil
N &\.z.i:’;é
ULM-d4 ULM-d5 ULM-dé

ULM-d7 ULM-d8 ULM-d9

wherein, the phenyl ring in ULM-al through ULM -al5, ULM -b1 through ULM-b12,
ULM-c1 through ULM-c15 and ULM-d1 through ULM-d9 is optionally substituted with
fluorine, lower alkyl and alkoxy groups, and wherein the dashed line indicates the site of
attachment of at least one PTM, another ULM (ULM”) or a chemical linker moiety coupling at
least one PTM or a ULM’ or both to ULM-a.
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[00201] In one embodiment, the phenyl ring in ULM-al through ULM-al5, ULM-bl
through ULM-b12, ULM-c1 through ULM-c15 and ULM-d1 through ULM-d9 can be
functionalized as the ester to make it a part of the prodrug.

[00202] In certain embodiments, the hydroxyl group on the pyrrolidine ring of ULM-al
through ULM-al5, ULM-b1 through ULM-b12, ULM-c1 through ULM-c15 and ULM-d1

through ULM-d9, respectively, comprises an ester-linked prodrug moiety.

[00203] In any of the aspects or embodiments described herein, the ULM and where
present, ULM’, are each independently a group according to the chemical structure:
RY
N
3 / '
ULM-¢

wherein:

R! of ULM-g is an optionally substituted C1-Cs alkyl group, an optionally substituted -
(CH2)xOH, an optionally substituted -(CH2),SH, an optionally substituted (CH2),-O-(C:1-
Ce)alkyl group, an optionally substituted (CH2)n-WCOCW-(Co-Ce)alkyl group containing
an epoxide moiety WCOCW where each W is independently H or a C1-Cs alkyl group, an
optionally substituted -(CH2)sCOOH, an optionally substituted -(CH2).C(O)-(C1-Ce alkyl),
an optionally substituted -(CH2)sNHC(O)-R1, an optionally substituted -(CH2)xC(O)-
NR1R2, an optionally substituted -(CH2)nOC(O)-NR Rz, -(CH20):H, an optionally
substituted -(CH2),OC(O)-(C1-Cs alkyl), an optionally substituted -(CH2),C(O)-O-(C1-Cs
alkyl), an optionally substituted -(CH20),COOH, an optionally substituted -(OCH2),O-
(C1-Cs alkyl), an optionally substituted -(CH20),C(O)-(C1-Cg alkyl), an optionally
substituted -(OCH2),NHC(O)-R1, an optionally substituted -(CH20),C(O)-NRR2, -
(CH2CH20),H, an optionally substituted -(CH2CH20),COOH, an optionally substituted -
(OCH2CH2),O-(C1-Ce alkyl), an optionally substituted -(CH2CH20),C(O)-(C1-Cs alkyl),
an optionally substituted -(OCH2CH2)sNHC(O)-R1, an optionally substituted -
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(CH2CH20).C(O)-NR1R2,an optionally substituted -SO2Rs, an optionally substituted
S(O)Rs, NO2, CN or halogen (F, Cl, Br, 1, preferably F or Cl);

R1 and Rz of ULM-g are each independently H or a C;-Cs alkyl group which may be

optionally substituted with one or two hydroxyl groups or up to three halogen groups

(preferably fluorine);

Rs of ULM-g is a C1-Cs alkyl group, an optionally substituted aryl, heteroaryl or heterocycle

group or a -(CH2)mNR1R2 group,;

X and X’ of ULM-g are each independently C=0, C=S, -S(O), S(O)2, (preferably X and X’

R?

R¥

are both C=0);

of ULM-g is an optionally substituted —(CH2)n-(C=0)u(NR1)«(SO2)walkyl group, an
optionally substituted —(CH2)n-(C=0)u(NR1)«(SO2)wNR1nR2n group, an optionally
substituted —(CH2)y-(C=0)u(NR1)y(SO2)w-Aryl, an optionally substituted —(CH2),-
(C=0)u(NR1)y(SO2)w-Heteroaryl, an optionally substituted —(CH2)y-(C=0)yNR1(SO2)w-
Heterocycle, an optionally substituted -NR!-(CH2)-C(O)o(NR1)+(SO2)w-alkyl, an
optionally substituted -NR!-(CH2)n-C(O)u(NR1)«(SO2)w- NR inR2n, an optionally
substituted -NR!-(CH2)a-C(O)u(NR 1)v(SO2)w-NR1C(O)R |n, an optionally substituted -
NR!-(CH2)s-(C=0)u(NR1)«(SO2)w-Aryl, an optionally substituted -NR!-(CHz),-
(C=0)u(NR)«(SO2)w-Heteroaryl or an optionally substituted -NR!-(CH2)-
(C=0).NR(SO»)w-Heterocycle, an optionally substituted -X®* -alkyl group; an optionally
substituted -X®? - Aryl group; an optionally substituted -X®? - Heteroaryl group; an
optionally substituted -X®? - Heterocycle group; an optionally substituted;

of ULM-g is an optionally substituted alkyl, an optionally substituted —(CH2)x-
(O)u(NR1)v(SO2)w-alkyl, an optionally substituted —(CH2)y-C(O)u(NR1)v(SO2)w-NR1nR2N,
an optionally substituted -(CH2)n-C(O)u(NR1)v(SO2)w-NR1C(O)R N, an optionally
substituted —(CH2)y-C(O)u(NR1)v(SO2)w-C(O)NRR2, an optionally substituted —(CH2),-
C(O)u(NR1)«(SO2)w-Aryl, an optionally substituted —(CH2)y-C(O)u(NR1)W(SO2)w-
Heteroaryl, an optionally substituted —(CH2)s-C(O)u(NR1)«(SO2)w-Heterocycle, an
optionally substituted -NR!-(CH2)n-C(O)u(NR1)«(SO2)w-alkyl, an optionally substituted -
NR!-(CH2)s-C(O)u(NR1)v(SO2)w- NRinR2x, an optionally substituted -NR!-(CH2),-
C(0)u(NR1)«(SO2)w-NR1C(O)R 1, an optionally substituted -NR!-(CH2),-
C(O)u(NR1)v(SO2)w-Aryl, an optionally substituted -NR'-(CH2)u-C(O)u(NR1)«(SO2)w-
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Heteroaryl, an optionally substituted -NR!-(CH2)u-C(O)u(NR1)«(SO2)w-Heterocycle, an
optionally substituted -O-(CH2)n-(C=0)u(NR1)«(SO2)w-alkyl, an optionally substituted -
O-(CH2)n-(C=0)u(NR1)«(SO2)w-NR1nR2N, an optionally substituted -O-(CH2)n-
(C=0)u(NR1)v(SO2)w-NR1C(O)R N, an optionally substituted -O-(CH2)n-
(C=0)u(NR1)y(SO2)w-Aryl, an optionally substituted -O-(CH2)y-(C=0)u(NR1)«(SO2)w-
Heteroaryl or an optionally substituted -O-(CH2)u-(C=0)u(NR1)+(SO2)w-Heterocycle; —
(CH2)n-(V)n-(CH2)u-(V)w-alkyl group, an optionally substituted —(CH2)n-(V)n'-(CH2)u-
(V)n-Aryl group, an optionally substituted —(CH2)n-(V)n-(CH2)n-(V)n-Heteroaryl group,
an optionally substituted —(CH2)n-(V)w-(CH2)a-(V)w-Heterocycle group, an optionally
substituted -(CH2)n-N(R1)(C=0O)m-(V)n-alkyl group, an optionally substituted -(CH2)n-
N(R1))(C=0)m-(V)n-Aryl group, an optionally substituted -(CH2)n-N(R1- )(C=0)w-(V)u'-
Heteroaryl group, an optionally substituted -(CH2)u-N(R 1 )(C=0)m-(V)n-Heterocycle
group, an optionally substituted -X® - alkyl group; an optionally substituted -X®*- Aryl
group; an optionally substituted -X®* - Heteroaryl group; an optionally substituted -X&*-
Heterocycle group; an optionally substituted;

Rin and Ron of ULM-g are each independently H, C1-Cs alkyl which is optionally substituted
with one or two hydroxyl groups and up to three halogen groups or an optionally
substituted —(CH2)n-Aryl, —(CH2)n-Heteroaryl or —(CH2)n-Heterocycle group;

Vof ULM-gis O, S or NRy;

R1 of ULM-g is the same as above;

R! and R of ULM-g are each independently H or a C;-C3 alkyl group;

XR? and X®* of ULM-g are each independently an optionally substituted ~CHx)n-, ~CH2)n-
CH(Xy)=CH(Xy)- (cis or trans), —CH2),-CH=CH- , -(CH2CH>0);- or a C3-Cs cycloalkyl
group, where X is H, a halo or a C1-Cs alkyl group which is optionally substituted;

each m of ULM-g is independently 0, 1, 2, 3, 4, 5, 6;

each m’ of ULM-g is independently O or 1;

each n of ULM-g is independently 0, 1, 2, 3, 4, 5, 6;

each n” of ULM-g is independently O or 1;

each u of ULM-g is independently O or 1;

each v of ULM-g is independently O or 1;

each w of ULM-g is independently O or 1; and
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any one or more of R'', R*, R*, X and X’ of ULM-g is optionally modified to be covalently
bonded to the PTM group through a linker group when PTM is not ULM’, or when PTM
is ULM’, any one or more of RY,R%, R*, X and X’ of each of ULM and ULM’ are
optionally modified to be covalently bonded to each other directly or through a linker
group, or a pharmaceutically acceptable salt, stereoisomer, solvate or polymorph thereof.
[00204]

In any of the aspects or embodiments described herein, the ULM and when

present, ULM’, are each independently a group according to the chemical structure:

R

R3' /

X R*

ULM-h
wherein:

each of R'', R? and R*" of ULM-h are the same as above and X is C=0, C=S, -S(O) group
or a S(O)2 group, more preferably a C=0 group, and

any one or more of R'', R*and R* of ULM-h are optionally modified to bind a linker group
to which is further covalently bonded to the PTM group when PTM is not ULM’, or
when PTM is ULM’, any one or more of RY, R%, R? of each of ULM and ULM’ are
optionally modified to be covalently bonded to each other directly or through a linker

group, or

a pharmaceutically acceptable salt, enantiomer, diastereomer, solvate or polymorph thereof.

[00205] In any of the aspects or embodiments described herein, the ULM, and when

present, ULM’, are each independently according to the chemical structure:
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.u|||';U

ULM-i
wherein:

any one or more of R'', R*and R* of ULM-I are optionally modified to bind a linker group
to which is further covalently bonded to the PTM group when PTM is not ULM’, or
when PTM is ULM’, any one or more of RY, R%, R? of each of ULM and ULM’ are
optionally modified to be covalently bonded to each other directly or through a linker
group, or

a pharmaceutically acceptable salt, enantiomer, diastereomer, solvate or polymorph thereof.

[00206] In further preferred aspects of the disclosure, R' of ULM-g through ULM-i is
preferably a hydroxyl group or a group which may be metabolized to a hydroxyl or carboxylic
group, such that the compound represents a prodrug form of an active compound. Exemplary
preferred RY groups include, for example, -(CH2)sOH, (CH2)y-O-(C1-Ce)alkyl group, -
(CH2).COOH, -(CH20),H, an optionally substituted -(CH2),OC(O)-(C1-Cs alkyl), or an
optionally substituted -(CH2)aC(O)-O-(C1-Cs alkyl), wherein n is O or 1. Where R is or contains
a carboxylic acid group, a hydroxyl group or an amine group, the hydroxyl group, carboxylic
acid group or amine (each of which may be optionally substituted), may be further chemically
modified to provide a covalent link to a linker group to which the PTM group (including a ULM’
group) is bonded;

[00207] X and X’, where present, of ULM-g and ULM-h are preferably a C=0, C=S, -
S(O) group or a S(O)2 group, more preferably a C=0 group;

[00208] R? of ULM-g through ULM-i is preferably an optionally substituted -NR!-T-Aryl,
an optionally substituted -NR!-T-Heteroaryl group or an optionally substituted -NR!-T-
Heterocycle, where R! is H or CH3, preferably H and T is an optionally substituted —(CH2)n-
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group, wherein each one of the methylene groups may be optionally substituted with one or two
substituents, preferably selected from halogen, an amino acid sidechain as otherwise described
herein or a C1-Cs alkyl group, preferably one or two methyl groups, which may be optionally
substituted; and n is O to 6, often 0, 1, 2 or 3, preferably O or 1. Alternatively, T may also be a —
(CH20)x- group, a -(OCH2)s- group, a —(CH2CH20)y- group, a -(OCH2CHz)s- group, all of
which groups are optionally substituted.

[00209] Preferred Aryl groups for R* of ULM-g through ULM-i include optionally
substituted phenyl or naphthyl groups, preferably phenyl groups, wherein the phenyl or naphthyl
group is connected to a PTM (including a ULM’ group) with a linker group and/or optionally
substituted with a halogen (preferably F or Cl), an amine, monoalkyl- or dialkyl amine
(preferably, dimethylamine), F, C1, OH, COOH, C;-Cs alkyl, preferably CHs, CF3, OMe, OCFs3,
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 optionally connected to a PTM group, including a ULM’, with a linker group), and/or
optionally substituted with at least one of F, Cl, OH, COOH, CH3, CF3, OMe, OCF3, NO, 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 methylsubstituted isoxazole, an optionally
substituted oxazole including a methylsubstituted 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 methylsubstituted pyrrole,
an optionally substituted imidazole including a methylimidazole, an optionally substituted
benzimidazole or methoxybenzylimidazole, an optionally substituted oximidazole or
methyloximidazole, an optionally substituted diazole group, including a methyldiazole group, an
optionally substituted triazole group, including a methylsubstituted triazole group, an optionally
substituted pyridine group, including a halo- (preferably, F) or methylsubstitutedpyridine 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, an optionally substituted group according to

the chemical structure:
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wherein:

S¢ of ULM-g through ULM-i is CHRSS, NRVRE, or O;

RYET of ULM-g through ULM-i is H, CN, NOo, halo (preferably ClI or F), optionally
substituted C1-Ce alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups (e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably substituted
with one or two hydroxyl groups or up to three halo groups) or an optionally substituted
acetylenic group —C=C-Rawhere R is H or a C1-Ce alkyl group (preferably Ci-Cs alkyl);

R5S of ULM-g through ULM-i is H, CN, NO», halo (preferably F or Cl), optionally
substituted C1-Cg alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups), optionally substituted O-(C1-Cg alkyl) (preferably substituted with one
or two hydroxyl groups or up to three halo groups) or an optionally substituted -C(O)(C:-
Cs alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo
groups);

RYRE of ULM-g through ULM-i is H, a Ci-Cs alkyl (preferably H or C;-C3 alkyl) or a —
C(O)(C1-Cg alkyl) each of which groups is optionally substituted with one or two
hydroxyl groups or up to three halogen, preferably fluorine groups, or an optionally
substituted phenyl group, an optionally substituted heteroaryl, or an optionally substituted
heterocycle, preferably for example piperidine, morpholine, pyrrolidine, tetrahydrofuran);

RPRO of ULM-g through ULM-i is H, optionally substituted C1-Cs alkyl or an optionally
substituted aryl (phenyl or napthyl), heteroaryl or heterocyclic group selected from the
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group consisting 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 C1-Cs alkyl group, preferably methyl or a halo group,
preferably F or Cl), benzofuran, indole, indolizine, azaindolizine;

RPRO! apd RPRO? of ULM-g through ULM-i e each independently H, an optionally subsituted C1-C3
alkyl group or together form a keto group; and

each n of ULM-g through ULM-i is independently 0, 1, 2, 3, 4, 5, or 6 (preferably O or 1), 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 (F, Br, Cl), each of which groups may be
optionally attached to a PTM group (including a ULM’ group) via a linker group.

RPRO1

RPRO2 RPRO
, /
—§—  N=(CHy),
[00210] In certain preferred aspects, O of ULM-g through ULM-i is
a
RPRO
/ o)
N—(CHy) RPRO
}ﬁji\; r W /
N—(CHy),
O or group,
where RPRO and n of ULM-g through ULM-i are the same as above.
[00211] Preferred heteroaryl groups for R? of ULM-g through ULM-i include 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, an optionally
substituted indolizine, an optionally substituted azaindolizine, an optionally substituted
benzofuran, including an optionally substituted benzofuran, an optionally substituted isoxazole,
an optionally substituted thiazole, an optionally substituted isothiazole, an optionally substituted
thiophene, an optionally substituted pyridine (2-, 3, or 4-pyridine), an optionally substituted

imidazole, an optionally substituted pyrrole, an optionally substituted diazole, an optionally
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substituted triazole, a tetrazole, an optionally substituted oximidazole, or a group according to

the chemical structure:

c 0
—| QHET Ps 0 —5—
;3@ R %@N/E E\N o
RURE
RHET_l\ et i X
N R
0
o
RHET !
7

wherein:

S¢ of ULM-g through ULM-i is CHRSS, NRVRE, or O;

RYET of ULM-g through ULM-i is H, CN, NOo, halo (preferably ClI or F), optionally
substituted C1-Ce alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups (e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably substituted
with one or two hydroxyl groups or up to three halo groups) or an optionally substituted
acetylenic group —C=C-Ra. where R. of ULM-g through ULM-i is H or a C1-Cs alkyl
group (preferably Ci-Cs alkyl);

R5S of ULM-g through ULM-i is H, CN, NO», halo (preferably F or Cl), optionally
substituted C1-Cg alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups), optionally substituted O-(C1-Cg alkyl) (preferably substituted with one
or two hydroxyl groups or up to three halo groups) or an optionally substituted -C(O)(C:-
Cs alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo
groups);

RYRE of ULM-g through ULM-i is H, a Ci-Cs alkyl (preferably H or C;-C3 alkyl) or a —
C(O)(C1-Cg alkyl), each of which groups is optionally substituted with one or two

hydroxyl groups or up to three halogen, preferably fluorine groups, or an optionally
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substituted heterocycle, for example piperidine, morpholine, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, piperidine, piperazine, each of which is optionally substituted, and
Y€ of ULM-g through ULM-i is N or C-RY€, where RYC is H, OH, CN, NO, halo

(preferably ClI or F), optionally substituted C1-Ce alkyl (preferably substituted with one or
two hydroxyl groups or up to three halo groups (e.g. CF3), optionally substituted O(C1-Ce
alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo groups)
or an optionally substituted acetylenic group —C=C-R.where Rais H or a C1-Cg alkyl
group (preferably C1-Cs alkyl), each of which groups may be optionally connected to a
PTM group (including a ULM’ group) via a linker group.

[00212] Preferred heterocycle groups for R? of ULM-g through ULM-i include

tetrahydrofuran, tetrahydrothiene, tetrahydroquinoline, piperidine, piperazine, pyrrollidine,

morpholine, oxane or thiane, each of which groups may be optionally substituted, or a group

according to the chemical structure:

RPRO1

PRO1
R RPRoz/RPRO RPROZ/RPRO
—$—%  N—(CHy), RHET—=— N—(CHy),
O or O
RPRO
0
N—(CHy) N RPRO
;;Q " 3 /
N—(CHa),
preferably, a O or group,

wherein:
RPRO of ULM-g through ULM-i is H, optionally substituted C1-Cs alkyl or an optionally
substituted aryl, heteroaryl or heterocyclic group;
RPRO! and RPRO? of ULM-g through ULM-i are each independently H, an optionally
subsituted C1-Cs alkyl group or together form a keto group and
each n of ULM-g through ULM-i is independently 0, 1, 2, 3, 4, 5, or 6 (often O or 1), each of
which groups may be optionally connected to a PTM group (including a ULM’ group)

via a linker group.
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[00213] Preferred R? substituents of ULM-g through ULM-i also include specifically (and
without limitation to the specific compound disclosed) the R? substituents which are found in the
identified compounds disclosed herein (which includes the specific compounds which are
disclosed in the present specification, and the figures which are attached hereto). Each of these
R? substituents may be used in conjunction with any number of R® substituents which are also
disclosed herein.

[00214] R* of ULM-g through ULM-i is preferably an optionally substituted —T-Aryl, an
optionally substituted—T-Heteroaryl, an optionally substituted —T-Heterocycle, an optionally
substituted-NR!-T-Aryl, an optionally substituted -NR!-T-Heteroaryl or an optionally
substituted-NR!-T-Heterocycle, where R! is H or a C1-C3 alkyl group, preferably H or CH3, T is
an optionally substituted —(CH2)s- group, wherein each one of the methylene groups may be
optionally substituted with one or two substituents, preferably selected from halogen, a C1-Cs
alkyl group or the sidechain of an amino acid as otherwise described herein, preferably methyl,
which may be optionally substituted; and n is O to 6, often 0, 1, 2, or 3 preferably O or 1.
Alternatively, T may also be a -(CH20)s- group, a —-(OCH2)s- group, a -(CH2CH20)u- group, a —
(OCH2CH2)u- group, each of which groups is optionally substituted.

[00215] Preferred aryl groups for R? of ULM-g through ULM-i include optionally

substituted phenyl or naphthyl groups, preferably phenyl groups, wherein the phenyl or naphthyl
group is optionally connected to a PTM group (including a ULM’ group) via a linker group
and/or optionally substituted with a halogen (preferably F or CI), an amine, monoalkyl- or
dialkyl amine (preferably, dimethylamine), an amido group (preferably a —(CH2)m-NR1C(O)R2
group where m, R and R are the same as above), a halo (often F or CI), OH, CH3, CF3, OMe,
OCFs3, NO2, ,CN or a S(O)2Rs group (Rs is a a C1-Cg alkyl group, an optionally substituted aryl,
heteroaryl or heterocycle group or a -(CH2)mNR1R2 group), each of which may be substituted in
ortho-, meta- and/or para- positions of the phenyl ring, preferably para-), or an Aryl (preferably
phenyl), Heteroaryl or Heterocycle. Preferably said substituent phenyl group is an optionally
substituted phenyl group (i.e., the substituent phenyl group itself is preferably substituted with at
least one of F, Cl, OH, SH, COOH, CH3, CF3, OMe, OCF3, NO2, CN or a linker group to which
is attached a PTM group (including a ULM’ group), wherein the substitution occurs in ortho-,
meta- and/or para- positions of the phenyl ring, preferably para-), a naphthyl group, which may

be optionally substituted including as described above, an optionally substituted heteroaryl

151



WO 2020/041331 PCT/US2019/047291

(preferably an optionally substituted isoxazole including a methylsubstituted isoxazole, an
optionally substituted oxazole including a methylsubstituted oxazole, an optionally substituted
thiazole including a methyl substituted thiazole, an optionally substituted pyrrole including a
methylsubstituted pyrrole, an optionally substituted imidazole including a methylimidazole, a
benzylimidazole or methoxybenzylimidazole, an oximidazole or methyloximidazole, an
optionally substituted diazole group, including a methyldiazole group, an optionally substituted
triazole group, including a methylsubstituted triazole group, a pyridine group, including a halo-
(preferably, F) or methylsubstitutedpyridine group or an oxapyridine group (where the pyridine
group is linked to the phenyl group by an oxygen) or an optionally substituted heterocycle
(tetrahydrofuran, tetrahydrothiophene, pyrrolidine, piperidine, morpholine, piperazine,
tetrahydroquinoline, oxane or thiane. Each of the aryl, heteroaryl or heterocyclic groups may be
optionally connected to a PTM group (including a ULM’ group) via a linker group.

[00216] Preferred Heteroaryl groups for R* of ULM-g through ULM-i include 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 substituted imidazole, an optionally substituted isoxazole, an optionally substituted
oxazole (preferably methyl substituted), an optionally substituted diazole, an optionally
substituted 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)m-O-
C1-Cs alkyl group or an optionally substituted -(CH2)m-C(O)-O-C1-Cs alkyl group), an optionally

substituted pyridine (2-, 3, or 4-pyridine) or a group according to the chemical structure:
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wherein:

S¢ of ULM-g through ULM-i is CHRSS, NRVRE, or O;

RYET of ULM-g through ULM-i is H, CN, NOo, halo (preferably ClI or F), optionally
substituted C1-Ce alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups (e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably substituted
with one or two hydroxyl groups or up to three halo groups) or an optionally substituted
acetylenic group —C=C-Rawhere R is H or a C1-Ce alkyl group (preferably Ci-Cs alkyl);

R5S of ULM-g through ULM-i is H, CN, NO», halo (preferably F or Cl), optionally
substituted C1-Cg alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups), optionally substituted O-(C1-Cg alkyl) (preferably substituted with one
or two hydroxyl groups or up to three halo groups) or an optionally substituted -C(O)(C:-
Cs alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo
groups);

RYRE of ULM-g through ULM-i is H, a Ci-Cs alkyl (preferably H or C;-C3 alkyl) or a —
C(O)(C1-Cg alkyl), each of which groups is optionally substituted with one or two
hydroxyl groups or up to three halogen, preferably fluorine groups, or an optionally
substituted heterocycle, for example piperidine, morpholine, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, piperidine, piperazine, each of which is optionally substituted, and

Y€ of ULM-g through ULM-i is N or C-RY€, where RYC is H, OH, CN, NO, halo
(preferably ClI or F), optionally substituted C1-Ce alkyl (preferably substituted with one or
two hydroxyl groups or up to three halo groups (e.g. CF3), optionally substituted O(C1-Ce
alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo groups)
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or an optionally substituted acetylenic group —C=C-R.where Rais H or a C1-Cg alkyl
group (preferably C1-Cs alkyl). Each of said heteroaryl groups may be optionally
connected to a PTM group (including a ULM’ group) via a linker group.
[00217] Preferred heterocycle groups for R of ULM-g through ULM-i include
tetrahydroquinoline, piperidine, piperazine, pyrrollidine, morpholine, tetrahydrofuran,
tetrahydrothiophene, oxane and thiane, each of which groups may be optionally substituted or a

group according to the chemical structure:

RPRO1 RPRO1

RPROZ

RPROZ e <PRO
5 / RHET __F

—$—  N—(CHy),  N—(CHy),

O or O , preferably, a
RPRO
/ o)
QN_(CHZ)n \;" /RPRO
}Q N—(CHy)n
O or group,

wherein:

RPRO of ULM-g through ULM-i is H, optionally substituted C1-Cs alkyl or an optionally
substituted aryl (phenyl or napthyl), heteroaryl or heterocyclic group selected from the
group consisting 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 C1-Cs alkyl group, preferably methyl or a halo group,
preferably F or Cl), benzofuran, indole, indolizine, azaindolizine;

RPRO! and RPRO? of ULM-g through ULM-i are each independently H, an optionally
subsituted C1-Cs alkyl group or together form a keto group, and

each n of ULM-g through ULM-iis 0, 1, 2, 3, 4, 5, or 6 (preferably O or 1), wherein each of
said Heteocycle groups may be optionally connected to a PTM group (including a ULM’
group) via a linker group.

[00218] Preferred R® substituents of ULM-g through ULM-i also include specifically (and
without limitation to the specific compound disclosed) the R* substituents which are found in the

identified compounds disclosed herein (which includes the specific compounds which are
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disclosed in the present specification, and the figures which are attached hereto). Each of these
R¥ substituents may be used in conjunction with any number of R* substituents, which are also
disclosed herein.

[00219] In certain alternative preferred embodiments, R? of ULM-g through ULM-i is an
optionally substituted -NR1-X®? -alkyl group, -NR;-X®?-Aryl group; an optionally substituted -
NR ;- X®?-HET, an optionally substituted -NR;-X®*-Aryl-HET or an optionally substituted -
NR ;- XR?-HET-Aryl,

wherein:

R1 of ULM-g through ULM-i is H or a C1-C3 alkyl group (preferably H);

XR? of ULM-g through ULM-i is an optionally substituted ~CHa)n- , —CH2)a-
CH(Xy)=CH(Xy)- (cis or trans), —(CH2),-CH=CH- , -(CH2CH>0O);- or a C3-Cs cycloalkyl
group; and

Xy of ULM-g through ULM-i is H, a halo or a C1-Cs alkyl group which is optionally
substituted with one or two hydroxyl groups or up to three halogen groups;

Alkyl of ULM-g through ULM-i is an optionally substituted C1-Cjo alkyl (preferably a C1-Ce
alkyl) group (in certain preferred embodiments, the alkyl group is end-capped with a halo
group, often a Cl or Br);

Aryl of ULM-g through ULM-i is an optionally substituted phenyl or naphthyl group
(preferably, a phenyl group); and

HET of ULM-g through ULM-i is an optionally substituted oxazole, isoxazole, thiazole,
isothiazole, imidazole, diazole, oximidazole, pyrrole, pyrollidine, furan, dihydrofuran,
tetrahydrofuran, thiene, dihydrothiene, tetrahydrothiene, pyridine, piperidine, piperazine,
morpholine, benzofuran, indole, indolizine, azaindolizine, quinoline (when substituted,
each preferably substituted with a C1-C3 alkyl group, preferably methyl or a halo group,

preferably F or Cl) or a group according to the chemical structure:
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S¢ of ULM-g through ULM-i is CHRSS, NRVRE, or O;

RYET of ULM-g through ULM-i is H, CN, NOo, halo (preferably ClI or F), optionally
substituted C1-Ce alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups (e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably substituted
with one or two hydroxyl groups or up to three halo groups) or an optionally substituted
acetylenic group —C=C-Rawhere R is H or a C1-Ce alkyl group (preferably Ci-Cs alkyl);

R5S of ULM-g through ULM-i is H, CN, NO», halo (preferably F or Cl), optionally
substituted C1-Cg alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups), optionally substituted O-(C1-Cg alkyl) (preferably substituted with one
or two hydroxyl groups or up to three halo groups) or an optionally substituted -C(O)(C:-
Cs alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo
groups);

RYRE of ULM-g through ULM-i is H, a Ci-Cs alkyl (preferably H or C;-C3 alkyl) or a —
C(O)(C1-Cg alkyl), each of which groups is optionally substituted with one or two
hydroxyl groups or up to three halogen, preferably fluorine groups, or an optionally
substituted heterocycle, for example piperidine, morpholine, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, piperidine, piperazine, each of which is optionally substituted;

Y€ of ULM-g through ULM-i is N or C-RY€, where RYC is H, OH, CN, NO, halo
(preferably ClI or F), optionally substituted C1-Ce alkyl (preferably substituted with one or
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two hydroxyl groups or up to three halo groups (e.g. CF3), optionally substituted O(C1-Ce
alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo groups)
or an optionally substituted acetylenic group —C=C-R.where Rais H or a C1-Cg alkyl
group (preferably Ci-Cs alkyl);

RPRO of ULM-g through ULM-i is H, optionally substituted C1-Cs alkyl or an optionally
substituted aryl (phenyl or napthyl), heteroaryl or heterocyclic group selected from the
group consisting 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 C1-Cs alkyl group, preferably methyl or a halo group,
preferably F or Cl), benzofuran, indole, indolizine, azaindolizine;

RPRO! and RPRO? of ULM-g through ULM-i are each independently H, an optionally
subsituted C1-Cs alkyl group or together form a keto group, and

each n of ULM-g through ULM-i is independently 0, 1, 2, 3, 4, 5, or 6 (preferably O or 1).

[00220] Each of said groups may be optionally connected to a PTM group (including a
ULM’ group) via a linker group.

[00221] In certain alternative preferred embodiments of the present disclosure, R? of
ULM-g through ULM-i is an optionally substituted —(CH2)a-(V ) -(CH2)n-(V)n-R5¥ group, an
optionally substituted-(CHz)u-N(R1*)(C=0)m-(V)n-R>> group, an optionally substituted -X®*'-
alkyl group, an optionally substituted -X® - Aryl group; an optionally substituted -X®*-HET
group, an optionally substituted -X®* - Aryl-HET group or an optionally substituted -X®* -HET-
Aryl group,

wherein:

R5% is an optionally substituted alkyl group (C1-C1o, preferably Ci-Cs alkyl), an optionally
substituted Aryl group or a HET group;

R1 is H or a C1-Cs alkyl group (preferably H);

VisO, S or NRy;

XR¥ is (CH2)u- , -(CH2CH20)y-, —CHa)u-CH(Xy)=CH(Xy)- (cis or trans), -CH,),-CH=CH- ,
or a C3-Cg cycloalkyl group, all optionally substituted;

Xy 1s H, a halo or a C1-C3 alkyl group which is optionally substituted with one or two

hydroxyl groups or up to three halogen groups;
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Alkyl is an optionally substituted C1-Cio alkyl (preferably a C1-Cg alkyl) group (in certain
preferred embodiments, the alkyl group is end-capped with a halo group, often a Cl or
Br);

Aryl is an optionally substituted phenyl or napthyl group (preferably, a phenyl group); and

HET is an optionally substituted oxazole, isoxazole, thiazole, isothiazole, imidazole, diazole,
oximidazole, pyrrole, pyrollidine, furan, dihydrofuran, tetrahydrofuran, thiene,
dihydrothiene, tetrahydrothiene, pyridine, piperidine, piperazine, morpholine, benzofuran,
indole, indolizine, azaindolizine, quinoline (when substituted, each preferably substituted
with a C1-Cs alkyl group, preferably methyl or a halo group, preferably F or CI), or a

group according to the chemical structure:
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S¢ of ULM-g through ULM-i is CHRSS, NRVRE, or O;

RYET of ULM-g through ULM-i is H, CN, NOo, halo (preferably ClI or F), optionally
substituted C1-Ce alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups (e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably substituted
with one or two hydroxyl groups or up to three halo groups) or an optionally substituted
acetylenic group —C=C-Rawhere R is H or a C1-Ce alkyl group (preferably Ci-Cs alkyl);

R5S of ULM-g through ULM-i is H, CN, NO», halo (preferably F or Cl), optionally
substituted C1-Cg alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups), optionally substituted O-(C1-Cg alkyl) (preferably substituted with one
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or two hydroxyl groups or up to three halo groups) or an optionally substituted -C(O)(C:-
Cs alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo
groups);

RYRE of ULM-g through ULM-i is H, a Ci-Cs alkyl (preferably H or C;-C3 alkyl) or a —
C(O)(Co-Ce alkyl), each of which groups is optionally substituted with one or two
hydroxyl groups or up to three halogen, preferably fluorine groups, or an optionally
substituted heterocycle, for example piperidine, morpholine, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, piperidine, piperazine, each of which is optionally substituted;

Y€ of ULM-g through ULM-i is N or C-RY€, where RYC is H, OH, CN, NO, halo
(preferably ClI or F), optionally substituted C1-Ce alkyl (preferably substituted with one or
two hydroxyl groups or up to three halo groups (e.g. CF3), optionally substituted O(C1-Ce
alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo groups)
or an optionally substituted acetylenic group —C=C-R.where Rais H or a C1-Cg alkyl
group (preferably Ci-Cs alkyl);

RPRO of ULM-g through ULM-i is H, optionally substituted C1-Cs alkyl or an optionally
substituted aryl (phenyl or napthyl), heteroaryl or heterocyclic group selected from the
group consisting 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 C1-Cs alkyl group, preferably methyl or a halo group,
preferably F or Cl), benzofuran, indole, indolizine, azaindolizine;

RPRO! and RPRO? of ULM-g through ULM-i are each independently H, an optionally
subsituted C1-Cs alkyl group or together form a keto group;

each n of ULM-g through ULM-i is independently 0, 1, 2, 3, 4, 5, or 6 (preferably O or 1);

each m’ of ULM-g through ULM-iis O or 1; and

each n” of ULM-g through ULM-iis O or 1;

wherein each of said compounds, preferably on the alkyl, Aryl or Het groups, is optionally
connected to a PTM group (including a ULM’ group) via a linker.

[00222] In alternative embodiments, R3” of ULM-g through ULM-i is (CH2),-Aryl, —
(CH2CH20)u-Aryl, «(CH2)o-HET or ((CH2CH20),-HET,

wherein:
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said Aryl of ULM-g through ULM-i is phenyl which is optionally substituted with one or two
substitutents, wherein said substituent(s) is preferably selected from -(CH2)ysOH, C1-C¢
alkyl which itself is further optionally substituted with CN, halo (up to three halo groups),
OH, -(CH2),O(C1-Cg)alkyl, amine, mono- or di-(C;-Cg 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, CI) groups, or

said Aryl group of ULM-g through ULM-i is substituted with -(CH2),OH, -(CH2)n-O-(C:-
Ce)alkyl, -(CH2)u-O-(CH2)u-(C1-Cs)alkyl, -(CH2)a-C(O)(Co-Cs) alkyl, -(CH2)a-C(O)O(Co-
Ce)alkyl, -(CH2)y-OC(O)(Co-Ce)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, CN, NO2, an optionally substituted -(CH2)u-(V)m'-
CH2)p-(V)m-(C1-Co)alkyl group, a —(V)m-(CH2CH20),-REC group where V is O, S or
NRy, Ry is H or a Ci-C3 alkyl group (preferably H) and R"EY is H or a C1-Cs alkyl group
which is optionally substituted (including being optionally substituted with a carboxyl
group), or

said Aryl group of ULM-g through ULM-i is optionally substituted with a heterocycle,
including a heteroaryl, selected from the group consisting of oxazole, isoxazole, thiazole,
isothiazole, imidazole, diazole, oximidazole, pyrrole, pyrollidine, furan, dihydrofuran,
tetrahydrofuran, thiene, dihydrothiene, tetrahydrothiene, pyridine, piperidine, piperazine,
morpholine, quinoline, benzofuran, indole, indolizine, azaindolizine, (when substituted
each preferably substituted with a C1-C3 alkyl group, preferably methyl or a halo group,

preferably F or Cl), or a group according to the chemical structure:
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S¢ of ULM-g through ULM-i is CHRSS, NRVRE, or O;

RYET of ULM-g through ULM-i is H, CN, NOo, halo (preferably ClI or F), optionally
substituted C1-Ce alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups (e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably substituted
with one or two hydroxyl groups or up to three halo groups) or an optionally substituted
acetylenic group —C=C-Rawhere R is H or a C1-Ce alkyl group (preferably Ci-Cs alkyl);

R5S of ULM-g through ULM-i is H, CN, NO», halo (preferably F or Cl), optionally
substituted C1-Cg alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups), optionally substituted O-(C1-Cg alkyl) (preferably substituted with one
or two hydroxyl groups or up to three halo groups) or an optionally substituted -C(O)(C:-
Cs alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo
groups);

RYRE of ULM-g through ULM-i is H, a Ci-Cs alkyl (preferably H or C;-C3 alkyl) or a —
C(O)(Co-Ce alkyl), each of which groups is optionally substituted with one or two
hydroxyl groups or up to three halogen, preferably fluorine groups, or an optionally
substituted heterocycle, for example piperidine, morpholine, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, piperidine, piperazine, each of which is optionally substituted;

Y€ of ULM-g through ULM-i is N or C-RY€, where RYC is H, OH, CN, NO, halo
(preferably ClI or F), optionally substituted C1-Ce alkyl (preferably substituted with one or
two hydroxyl groups or up to three halo groups (e.g. CF3), optionally substituted O(C1-Ce
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alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo groups)
or an optionally substituted acetylenic group —C=C-R.where Rais H or a C1-Cg alkyl
group (preferably Ci-Cs alkyl);

RPRO of ULM-g through ULM-i is H, optionally substituted C1-Cs alkyl or an optionally
substituted aryl (phenyl or napthyl), heteroaryl or heterocyclic group selected from the
group consisting 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 C1-Cs alkyl group, preferably methyl or a halo group,
preferably F or Cl), benzofuran, indole, indolizine, azaindolizine;

RPRO! and RPRO? of ULM-g through ULM-i are each independently H, an optionally
subsituted C1-Cs alkyl group or together form a keto group;

HET of ULM-g through ULM-i is preferably 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 C1-Cs alkyl group, preferably
methyl or a halo group, preferably F or Cl), benzofuran, indole, indolizine, azaindolizine,

or a group according to the chemical structure:

N HET S X _LO N e
e S e T

\
RYRE |IQURE
O O
RHET | N X et [ AN NE{
DR NIy gt S @
o N
RPRO1

;f\ RFS%RPROZ =PRO RPRO2
% , / )<

w LY S el
O

or
0
S¢ of ULM-g through ULM-i is CHRSS, NRVRE, or O;
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RYET of ULM-g through ULM-i is H, CN, NOo, halo (preferably ClI or F), optionally
substituted C1-Ce alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups (e.g. CF3), optionally substituted O(C1-Ce alkyl) (preferably substituted
with one or two hydroxyl groups or up to three halo groups) or an optionally substituted
acetylenic group —C=C-Rawhere R is H or a C1-Ce alkyl group (preferably Ci-Cs alkyl);

R5S of ULM-g through ULM-i is H, CN, NO», halo (preferably F or Cl), optionally
substituted C1-Cg alkyl (preferably substituted with one or two hydroxyl groups or up to
three halo groups), optionally substituted O-(C1-Cg alkyl) (preferably substituted with one
or two hydroxyl groups or up to three halo groups) or an optionally substituted -C(O)(C:-
Cs alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo
groups);

RYRE of ULM-g through ULM-i is H, a Ci-Cs alkyl (preferably H or C;-C3 alkyl) or a —
C(O)(Co-Ce alkyl), each of which groups is optionally substituted with one or two
hydroxyl groups or up to three halogen, preferably fluorine groups, or an optionally
substituted heterocycle, for example piperidine, morpholine, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, piperidine, piperazine, each of which is optionally substituted;

Y€ of ULM-g through ULM-i is N or C-RY€, where RYC is H, OH, CN, NO, halo
(preferably ClI or F), optionally substituted C1-Ce alkyl (preferably substituted with one or
two hydroxyl groups or up to three halo groups (e.g. CF3), optionally substituted O(C1-Ce
alkyl) (preferably substituted with one or two hydroxyl groups or up to three halo groups)
or an optionally substituted acetylenic group —C=C-R.where Rais H or a C1-Cg alkyl
group (preferably Ci-Cs alkyl);

RPRO of ULM-g through ULM-i is H, optionally substituted C1-Cs alkyl or an optionally
substituted aryl, heteroaryl or heterocyclic group;

RPRO! and RPRO? of ULM-g through ULM-i are each independently H, an optionally
subsituted C1-Cs alkyl group or together form a keto group;

each m’ of ULM-g through ULM-i is independently O or 1; and

each n of ULM-g through ULM-i is independently 0, 1, 2, 3, 4, 5, or 6 (preferably 0 or 1),

wherein each of said compounds, preferably on said Aryl or HET groups, is optionally

connected to a PTM group (including a ULM’ group) via a linker group.
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[00223] In still additional embodiments, preferred compounds include those according to

the chemical structure:

U]l

ULM-i
wherein:

R! of ULM-i is OH or a group which is metabolized in a patient or subject to OH;

R? of ULM-i is a -NH-CH»-Aryl-HET (preferably, a phenyl linked directly to a methyl
substituted thiazole);

R? of ULM-i is a -CHR“®* -NH-C(0)-R*"! group or a -CHR®®*-R3 group;

R®¥ of ULM-i is a C1-C4 alkyl group, preferably methyl, isopropyl or tert-butyl;

R3! of ULM-i is Ci-Cs alkyl (preferably methyl), an optionally substituted oxetane group
(preferably methyl substituted, a -(CH2)nOCH3 group where n is 1 or 2 (preferably 2), or

X
—
CH3; CH,0O Q

a S group (the ethyl ether group is preferably meta-substituted on
the phenyl moiety), a morpholino grop (linked to the carbonyl at the 2- or 3-position;
0O
RHET_: N N_g_

R of ULM-iis a Z group;
Aryl of ULM-i is phenyl;
HET of ULM-i is an optionally substituted thiazole or isothiazole; and
RYET of ULM-i is H or a halo group (preferably H);
or a pharmaceutically acceptable salt, stereoisomer, solvate or polymorph thereof, wherein

each of said compounds is optionally connected to a PTM group (including a ULM’

group) via a linker group.
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[00224] In certain aspects, bifunctional compounds comprising a ubiquitin E3 ligase

binding moiety (ULM), wherein ULM is a group according to the chemical structure:

Ris

Lo R
R5,,R6 RasRr,, 43 \\( R Lo ®

) R, | ~ \\Z'I R5/ 6 R23 Z3 \
Ros C;,N / Z4(R16)0 >Z_S<R7 H \Z\Z1
Res™ N Rq4R14 RR25 N S A *(Rigo

.E 25 I AVPRAE!

M M'E
ULM-jl ULM-j2

wherein:

each Rs and Re of ULM-j is independently OH, SH, or optionally substituted alkyl or Rs, R,
and the carbon atom to which they are attached form a carbonyl;

R7 of ULM-j is H or optionally substituted alkyl;

E of ULM-j is a bond, C=0, or C=S;

G of ULM-j is a bond, optionally substituted alkyl, -COOH or C=J;

J of ULM-j is O or N-Rg;

Rs of ULM-j is H, CN, optionally substituted alkyl or optionally substituted alkoxy;

M of ULM-j is optionally substituted aryl, optionally substituted heteroaryl, optionally

Ro
§+R10

substituted heterocyclic or Ris

each Ro and Rio of ULM-j is independently H; optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted hydroxyalkyl, optionally substituted
thioalkyl, a disulphide linked ULM, optionally substituted heteroaryl, or haloalkyl; or Ro,
R0, and the carbon atom to which they are attached form an optionally substituted
cycloalkyl;

R11 of ULM-j is optionally substituted heterocyclic, optionally substituted alkoxy, optionally

substituted heteroaryl, optionally substituted aryl, or ;

R12 of ULM-j is H or optionally substituted alkyl;
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Ri3 of ULM-j is H, optionally substituted alkyl, optionally substituted alkylcarbonyl,
optionally substituted (cycloalkyl)alkylcarbonyl, optionally substituted aralkylcarbonyl,
optionally substituted arylcarbonyl, optionally substituted (heterocyclyl)carbonyl, or
optionally substituted aralkyl; optionally substituted (oxoalkyl)carbamate,

each Ri4 of ULM-j is independently H, haloalkyl, optionally substituted cycloalkyl,
optionally substituted alkyl or optionally substituted heterocycloalkyl;

Ris of ULM-j is H, optionally substituted heteroaryl, haloalkyl, optionally substituted aryl,
optionally substituted alkoxy, or optionally substituted heterocyclyl;

each Rie of ULM-j is independently halo, optionally substituted alkyl, optionally substituted
haloalkyl, CN, or optionally substituted haloalkoxy;

each Ros of ULM-j is independently H or optionally substituted alkyl; or both Ras groups can
be taken together to form an oxo or optionally substituted cycloalkyl group;

R23 of ULM-j is H or OH;

74, 72, Z3, and Z4 of ULM-j are independently C or N; and

oof ULM-jis 0, 1, 2, 3, or 4, or a pharmaceutically acceptable salt, stereoisomer, solvate or
polymorph thereof.

[00225] In certain embodiments, wherein G of ULM-j is C=J, J is O, Ry is H, each Ri4 is
H, and o is 0.

[00226] In certain embodiments, wherein G of ULM-j is C=J, J is O, Ry is H, each Ri4 is
H, Ris is optionally substituted heteroaryl, and o is 0. In other instances, E is C=0 and M is

Rg
é_éRm

R1q
[00227] In certain embodiments, wherein E of ULM-j is C=0, R11 is optionally substituted
Ri2 Rg
g_N\ { {-Rig
heterocyclic or Ri ,and M is R11
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Rg
; _éRm
[00228] In certain embodiments, wherein E of ULM-j is C=0, M is Riq ,and Rij 1s
') 0]
X
X
T e O w0
or N , each Rig is independently halo, optionally

substituted alkoxy, cyano, optionally substituted alkyl, haloalkyl, or haloalkoxy; and pis 0, 1, 2,
3, or4.

[00229] In certain embodiments, ULM and where present, ULM’, are each independently
a group according to the chemical structure:
. y Ris
Rs.y° sR23Ry, \
Ry py SSX
Ras i (R16)o
R N~ G 4
25 ! Rys™14
.E
M 2
ULM-k
wherein:
G of ULM-k is C=J, Jis O;
R7 of ULM-k is H;
each R4 of ULM-k is H;
o of ULM-k is 0;
R47
e
Ris of ULM-k is S7 ;and

R17 of ULM-k is H, halo, optionally substituted cycloalkyl, optionally substituted alkyl,
optionally substituted alkenyl, and haloalkyl.

[00230] In other instances, R17 of ULM-Kk is alkyl (e.g., methyl) or cycloalkyl (e.g.,
cyclopropyl).
[00231] In other embodiments, ULM and where present, ULM’, are each independently a

group according to the chemical structure:

167



WO 2020/041331 PCT/US2019/047291

. y Ris
Rs,y° sR23 Ri4 \
R >Z_§<R7“I‘ =~
R N~ G A (R1g)o
25 é R14 14
M’ E
wherein:

Gof ULM-k is C=J, Jis O;

R7 of ULM-k is H;

each R4 of ULM-k is H;

o of ULM-k is 0; and

Ris of ULM-k is selected from the group consisting of:

Br 7 FaC
é{jé gjé@s (0 /Jé{ﬂé{ﬁ

2 2 2

2 2 2 2 2

7/ ~NH / ~NH
H“é%\iéjﬂ%;@gﬁ =

Cl - NC .
H S~
N~ S S~ N
O N N § I
¢ 1L O TN
N E%\N,N ;§ N-N ;E N :
ORa3o
NH O O~ N~o __
’ N ’ ’ N , S and 7, wherein
R30 of ULM-k is H or an optionally substituted alkyl.
[00232] In other embodiments, ULM and where present, ULM’, are each independently a

group according to the chemical structure:
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. R1s
. ol X
R N
25 & (R16)
R G 'y, 16/0
25 N R14™14
E
M
ULM-k1

wherein:

E of ULM-k is C=0;

Rg
é_éRm

M of ULM-k is Ri1 . and

R11 of ULM-Kk is selected from the group consisting of:
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[00233] In still other embodiments, a compound of the chemical structure,
. y R1s R
R5 N 6 R23 R14 \ R5”ll:,, 6 R23
Ry { =X Rz H
Ros N—” 7 (R Ros N
R N G 7 16/0 N G/ “,
2% R4 Ros 1 R
.E
" \-E |
ULM-k1 ULM-k2
wherein E of ULM-k is C=0;
@)
q
Ri1 of ULM-k is g_NH R20 : and

R
é_eRm

Mof ULM-kis Rt ;
qof ULM-kis 1 or 2;
R2o of ULM-k is H, optionally substituted alkyl, optionally substituted cycloalkyl, optionally

R21
g

HN—4

substituted aryl, or Ra2 .

Ro21 of ULM-k is H or optionally substituted alkyl; and
R22 of ULM-k is H, optionally substituted alkyl, optionally substituted alkoxy, or haloalkyl.
[00234] In any embodiment described herein, R11 of ULM-j or ULM-k is selected from

the group consisting of:

0 0 0 o o Q
§—N>H_; §—N\|>4_\; §—N\|>4_<; §—N?—I_\—; §—N?—I_€; g_NyH—>*;
0 ) ) 0
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@) Cl ') OMe o Br 0
§—N\>\:©' §—N\>\:© | §—N\>\:©. §—N>\\:©\OM€
SO RO b e ey
- oF 0|v|e;§_Ni\j;g s*lN ;§_</S’|N ;§_</0”|N :
*Nfs O T T T
- N N N N
—«Nf; gﬂ | §—<\N]/. SAQSSY §—<OT;
N =
=T LT Y KO,
0

Ly D D =D

and

:
§

[00235] In certain embodiments, R11 of ULM-j or ULM-Kk is selected from the group

consisting of:

O

o,y bbb,
5@5@ 0,35
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[00236] In certain embodiments, ULM (or when present ULM”) is a group according to

the chemical structure:

ULM-1

wherein:
Xof ULM-lis O or S;
Y of ULM-11s H, methyl or ethyl;
R17 of ULM-1 is H, methyl, ethyl, hydoxymethyl or cyclopropyl;

M of ULM-I is is optionally substituted aryl, optionally substituted heteroaryl, or Ri1
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Ro of um-1 is Hj

Rio of ULM-1is H, optionally substituted alkyl, optionally substituted haloalkyl, optionally
substituted heteroaryl, optionally substituted aryl, optionally substituted hydroxyalkyl,
optionally substituted thioalkyl or cycloalkyl;

R11 of ULM-1 is optionally substituted heteroaromatic, optionally substituted heterocyclic,

optionally substituted aryl or ;

R12 of ULM-1is H or optionally substituted alkyl; and

Ri3 of ULM-1is H, optionally substituted alkyl, optionally substituted alkylcarbonyl,
optionally substituted (cycloalkyl)alkylcarbonyl, optionally substituted aralkylcarbonyl,
optionally substituted arylcarbonyl, optionally substituted (heterocyclyl)carbonyl, or
optionally substituted aralkyl; optionally substituted (oxoalkyl)carbamate.

[00237] In some embodiments, ULM and where present, ULM’, are each independently a

group according to the chemical structure:

wherein:

Y of ULM-m is H, methyol or ethyl

Ro of ULM-m is H;

Rio is isopropyl, tert-butyl, sec-butyl, cyclopentyl, or cyclohexyl;

R11 of ULM-m is optionally substituted amide, optionally substituted isoindolinone,

optionally substituted isooxazole, optionally substituted heterocycles.
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[00238] In other preffered embodiments of the disclosure, ULM and where present, ULM’,
are each independently a group according to the chemical structure:
R7 N>
\ \
S
HO,
' H
N
N
R10
Ri1 ,
ULM-n

wherein:

R17 of ULM-n is methyl, ethyl, or cyclopropyl; and

Ro, Rig, and R11 of ULM-n are as defined above. In other instances, Rg is H; and

Rio of ULM-n is H, alkyl, or or cycloalkyl (preferably, isopropyl, tert-butyl, sec-butyl,

cyclopentyl, or cyclohexyl).

[00239] In any of the aspects or embodiments described herein, the ULM (or when present,
ULM’) as described herein may be a pharmaceutically acceptable salt, enantiomer, diastereomer,
solvate or polymorph thereof. In addition, in any of the aspects or embodiments described
herein, the ULM (or when present, ULM’) as described herein may be coupled to a PTM directly
via a bond or by a chemical linker.
[00240] In certain aspects of the disclosure, the ULM moiety is selected from the group

consisting of:
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wherein the VLM may be connected to a PTM via a linker, as described herein, at any
appropriate location, including, e.g., an aryl, heteroary, phenyl, or phenyl of an indole group,

optionally via any appropriate functional group, such as an amine, ester, ether, alkyl, or alkoxy.
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Exemplary Linkers

[00241] In certain embodiments, the compounds as described herein include one or more
PTMs chemically linked or coupled to one or more ULMs (e.g., at least one of CLM, VLM,
MLM, ILM, or a combination thereof) via a chemical linker (). In certain embodiments, the
linker group L is a group comprising one or more covalently connected structural units (e.g., -
A1 (AMg- or -(AM)g-), wherein A% is a group coupled to PTM, and (AY)q is a group coupled to
ULM.
[00242] In any aspect or embodiment described herein, the linker (L) to ULM (e.g., VLM,
ILM, CLM, or MLM) connection or coupling is a stable L-ULM connection. For example, in
any aspect or embodiment described herein, when a linker (L) and a ULM is connected via a
heteroatom, any subsequent heteroatom, if present, is separated by at least one single carbon
atom (e.g., -CHz-), such as with an acetal or aminal group.
[00243] In any aspect or embodiment described herein, the linker group L is a bond or a
chemical linker group represented by the formula —(A")¢-, wherein A is a chemical moiety and q
is an integer from 1-100 (e.g., 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100), and wherein L is covalently bound to the PTM and the ULM, and provides for sufficient
binding of the PTM to the protein target and the ULM to an E3 ubiquitin ligase to result in target
protein ubiquitination.
[00244] In any aspect or embodiment described herein, the linker group L is a bond or a
chemical linker group represented by the formula —(A")¢-, wherein A is a chemical moiety and q
is an integer from 1-100, and wherein L is covalently bound to the PTM and the ULM, and
provides for sufficient binding of the PTM to the protein target and the ULM to an E3 ubiquitin
ligase to result in target protein ubiquitination.
[00245] In any aspect or embodiment described herein, the linker group L is —(AM)q-,
wherein:

(AM)gq is a group which is connected to at least one of a ULM (such as a CLM or a VLM),

PTM moiety, or a combination thereof;
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q of the linker is an integer greater than or equal to 1 (e.g., 1,2,3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68,69, 70,71, 72,73, 74, 75,76, 77,78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100);

each Al is independently selected from the group consisting of, a bond, CR'R™2, O, S, SO,
SO2, NRY, SO:NRY, SONRY“, CONRY, NR“CONRY, NR“SO.NRY, CO,
CRY=CR", C=C, SiRY'R™, P(O)R", P(O)OR", NRM¥C(=NCN)NR™, NR®C(=NCN),
NRBC(=CNO2)NR™, Ci.iicycloalkyl optionally substituted with 0-6 R and/or R
groups, Cs.13 spirocycloalkyl optionally substituted with 0-9 R and/or R™* groups, Cs-
iitheterocyclyl optionally substituted with 0-6 R and/or R“ groups, Cs.i3
spiroheterocycloalkyl optionally substituted with 0-8 RM and/or R'? groups, aryl
optionally substituted with 0-6 R and/or R'? groups, heteroaryl optionally substituted
with 0-6 R™ and/or R groups, where R or R, each independently are optionally
linked to other groups to form cycloalkyl and/or heterocyclyl moiety, optionally
substituted with 0-4 R™ groups; and

RM, RE2, RB, R™ and RY are, each independently, H, halo, Ci-salkyl, OCi-salkyl, SC-salkyl,
NHC.salkyl, N(Ci-galkyl)>, Cs.iicycloalkyl, aryl, heteroaryl, Cs.itheterocyclyl, OCi.
gcycloalkyl, SCiscycloalkyl, NHC.scycloalkyl, N(Ci-scycloalkyl)s, N(C:-
scycloalkyl)(Cisalkyl), OH, NH2, SH, SO:Cisalkyl, P(O)(OCi-salkyl)(Ci-salkyl),
P(O)(OC1galkyl),, CC-Crsalkyl, CCH, CH=CH(Csalkyl), C(Cisalkyl)=CH(C.galkyl),
C(Cysalkyl)=C(Cysalkyl)2, Si(OH)3, Si(Cisalkyl)s, Si(OH)(Cisgalkyl), COCisalkyl,
CO:2H, halogen, CN, CF3;, CHF2, CHoF, NO2, SFs, SOo.NHCsalkyl, SO2N(Cigalkyl)a,
SONHCsalkyl, SON(Ci-salkyl)a, CONHCsalkyl, CON(Ci-salkyl)a, N(C1-
salkyDCONH(C.salkyl), N(C1-8alkyDCON(C1galkyl)2, NHCONH(C-salkyl),
NHCON(C.galkyl),, NHCONH2, N(Cisalkyl)SO2NH(C1galkyl), N(Cigalkyl) SO2N(Ci-
galkyl)2, NH SO2NH(C-galkyl), NH SO2N(Cisalkyl)>, NH SO2NHa.

[00246] In certain embodiments, q of the linker is an integer greater than or equal to 0. In
certain embodiments, q is an integer greater than or equal to 1.
[00247] In certain embodiments, e.g., where q of the linker is greater than 2, (AL)q is a

group which is A" and (AY)q wherein the units A" are couple a PTM to a ULM.
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[00248] In certain embodiments, e.g., where q of the linker is 2, (A")q is a group which is
connected to A and to a ULM.
[00249] In certain embodiments, e.g., where q of the linker is 1, the structure of the linker
group L is —~A—, and A" is a group which is connected to a ULM moiety and a PTM moiety.
[00250] In any aspect or embodiment described herein, the unit A* of linker (L) comprises
a group represented by a general structure selected from the group consisting of:
-NR(CH2)us-(lower alkyl)-, -NR(CHz)s-(lower alkoxyl)-, -NR(CH2),-(lower alkoxyl)-OCH>-,
-NR(CH2)us-(lower alkoxyl)-(lower alkyl)-OCH>-, -NR(CH2).-(cycloalkyl)-(lower alkyl)-
OCH3z-, -NR(CH2)n-(hetero cycloalkyl)-, -NR(CH2CH20)q-(lower alkyl)-O-CHz-, -
NR(CH2CH;0)y-(hetero  cycloalkyl)-O-CHo-, -NR(CH2CH20)y-Aryl-O-CH>-, -
NR(CH2CH;O)y-(hetero aryl)-O-CH3-, -NR(CH2CH20),q-(cyclo alkyl)-O-(hetero aryl)-O-
CHz-, -NR(CH2CH20)n-(cyclo alkyl)-O-Aryl-O-CHaz-, -NR(CH2CH20)n-(lower alkyl)-
NH-Aryl-O-CHz-, -NR(CH2CH20)n-(lower alkyl)-O-Aryl-CHaz, -NR(CH2CH20),-
cycloalkyl-O-Aryl-,  -NR(CH2CH20)u-cycloalkyl-O-(heteroaryl)l-,  -NR(CH2CH2)u-
(cycloalkyl)-O-(heterocycle)-CHz, -NR(CH2CHbz)u-(heterocycle)-(heterocycle)-CHz, -
N(R1R2)-(heterocycle)-CHz; where
n of the linker can be 0 to 10;
R of the linker can be H, lower alkyl;
R1 and R2 of the linker can form a ring with the connecting N.
[00251] In any aspect or embodiment described herein, the unit A" of linker (L) comprises a

group represented by a general structure selected from the group consisting of:
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=
~ NS N

wherein:
each m, n, o, p, g, 1, and s are independently selected from 0, 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, and 20; and
N* of the heterocycloalkyl is shared with the PTM or the ULM or is linked to the PTM or the
ULM via a bond.
[00252] In any aspect or embodiment described herein, the unit A" of linker (L) comprises a

group represented by a general structure selected from the group consisting of:
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each m, n, o, p, g, 1, and s are independently selected from 0, 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, and 20; and

N* of the heterocycloalkyl is shared with the PTM or the ULM or is linked to the PTM or the
ULM via a bond

[00253] In any aspect or embodiment described herein, the unit A" of linker (L) is selected

from:
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wherein N* of the heterocycloalkyl is shared with the PTM or the ULM or is linked to the PTM

or the ULM via a bond.
[00254] In any aspect or embodiment described herein, the unit AL of the linker (L) includes a

group selected from:
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[00255] In any aspect or embodiment described herein, the unit A" of linker (L) comprises a

group represented by a general structure selected from the group consisting of:
-N(R)-(CH2)m-O(CH2),-O(CH2),-O(CH2),-O(CH2),-O(CH2),-OCH2-,
-O-(CH2)m-O(CH2),-O(CH2),-O(CH2),-O(CH2)-O(CH2),-OCH2-,
-O-(CH2)m-O(CH2),-O(CH2)0o-O(CH2),-O(CH2)-O(CH2),-O-;
-N(R)-(CH2)m-O(CH2),-O(CH2),-O(CH2),-O(CH2)4-O(CH2):-O-;
-(CH2)m-O(CH2),-O(CH2),-O(CH2),-O(CH2)q-O(CH2),-O-;
-(CH2)m-O(CH2),-O(CH2),-O(CH2),-O(CH2)q-O(CH2),-OCH2-;

£ AN
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; wherein

m, n, 0, p, g, and r of the linker are independently 0, 1, 2,3, 4,5,6,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20;

when the number is zero, there is no N-O or O-O bond

R of the linker is H, methyl and ethyl;

X of the linker is H and F

L@\CN/(CH%OCHZ

where m of the linker can be 2, 3,4, 5
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where each n and m of the linker can independently be 0, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11,
12,13, 14, 15,16, 17, 18, 19, 0r 20 (e.g., 0, 1, 2, 3, 4, 5, or 6).
[00256] In any aspect or embodiment described herein, the unit AL of linker (L) is selected

from the group consisting of:
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and H ,
wherein each m and n is independently selected from 0-20 (e.g., 0-6,0,1,2,3,4,5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20).
[00257] In any aspect or embodiment described herein, the unit AL of linker (L) is selected

from the group consisting of:
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2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, or 20.

, wherein each m, n, o, p, q, 1, and s is independently 0, 1,

[00258] In any aspect or embodiment described herein, the unit AL of linker (L) is selected
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[00259] In any aspect or embodiment described herein, the linker (L) comprises a

structure selected from, but not limited to the structure shown below, where a dashed line

indicates the attachment point to the PTM or ULM moieties:

L (Yo
et I8

wherein:

k4

W and W2 are each independently absent, a 4-8 membered ring with 0-4 heteroatoms,
optionally substituted with RY, each RQis independently a H, halo, OH, CN, CF3,
optionally substituted linear or branched C1-Cs alkyl, optionally substituted linear or
branched Ci-Cs alkoxy, or 2 R groups taken together with the atom they are attached to,
form a 4-8 membered ring system containing 0-4 heteroatoms;

Y is each independently a bond, optionally substituted linear or branched Ci-Cg alkyl and
optionally one or more C atoms are replaced with O; or optionally substituted linear or
branched C1-Cg alkoxy;

nis 0-10; and
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/
~ indicates the attachment point to the PTM or ULM moieties.
[00260] In any aspect or embodiment described herein, the linker (L) comprises a
structure selected from, but not limited to the structure shown below, where a dashed line

indicates the attachment point to the PTM or ULM moieties:

k4

p (R%o.6
Y )0-2‘/ (Y4 0
CRROARG N
e
(R%)os

L1
Y )0_2‘@ (Y00
“ ’

3

wherein:
W and W2 are each independently absent, aryl, heteroaryl, alicyclic, heterocyclic, Ci-6
alkyl and optionally one or more C atoms are replaced with O, C1¢ alkene and optionally
one or more C atoms are replaced with O, Ci alkyne and optionally one or more C
atoms are replaced with O, bicyclic, biaryl, biheteroaryl,or biheterocyclic, each optionally

substituted with R, each R is independently a H, halo, OH, CN, CF3, hydroxyl, nitro, C

=CH, Cz¢ alkenyl, C2¢ alkynyl, optionally substituted linear or branched C1-Cs alkyl,
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optionally substituted linear or branched C;-Ce¢ alkoxy, optionally substituted OC1-3alkyl
(e.g., optionally substituted by 1 or more —F), OH, NH», NRY'RY?, CN, or 2 R? groups
taken together with the atom they are attached to, form a 4-8 membered ring system
containing 0-4 heteroatoms;

Y is each independently a bond, NRY™, O, S, NRY2, CRYMR Y2, C=0, C=S, SO, SO, Ci-
Ce alkyl (linear, branched, optionally substituted) and optionally one or more C atoms are
replaced with O; C1-Cs alkoxy (linear, branched, optionally substituted);

Q" is a 3-6 membered alicyclic or aromatic ring with 0-4 heteroatoms, optionally bridged,
optionally substituted with 0-6 R, each R? is independently H, optionally substituted
linear or branched Ci¢ alkyl (e.g., optionally substituted by 1 or more halo or Ci6
alkoxyl), or 2 R? groups taken together with the atom they are attached to, form a 3-8
membered ring system containing 0-2 heteroatoms;

RYM, RYL2 are each independently H, OH, optionally substituted linear or branched Ci.6 alkyl

(e.g., optionally substituted by 1 or more halo or Ci.6 alkoxyl), or R!, R? together with the

atom they are attached to, form a 3-8 membered ring system containing 0-2 heteroatoms;

nis 0-10; and

\\/ indicates the attachment point to the PTM or ULM moieties.

[00261] In any aspect or embodiment described herein, the linker group is optionally
substituted (poly)ethyleneglycol having between 1 and about 100 ethylene glycol units (e.g., 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, etc., ethylene glycol
units), between about 1 and about 50 ethylene glycol units, between 1 and about 25 ethylene
glycol units, between about 1 and 10 ethylene glycol units, between 1 and about 8 ethylene
glycol units and 1 and 6 ethylene glycol units, between 2 and 4 ethylene glycol units,or
optionally substituted alkyl groups interdispersed with optionally substituted, O, N, S, P or Si
atoms. In certain embodiments, the linker is substituted with an aryl, phenyl, benzyl, alkyl,
alkylene, or heterocycle group. In certain embodiments, the linker may be asymmetric or
symmetrical.

[00262] In any aspect or embodiment described herein, the linker group may be any
suitable moiety as described herein. In one embodiment, the linker is a substituted or

unsubstituted polyethylene glycol group ranging in size from about 1 to about 12 ethylene glycol
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units, between 1 and about 10 ethylene glycol units, about 2 about 6 ethylene glycol units,
between about 2 and 5 ethylene glycol units, between about 2 and 4 ethylene glycol units.
[00263] In any aspect or embodiment described herein, the linker (L) includes an
optionally substituted C;-Cso alkyl (e.g., C1, C2, C3, C4, Cs, Cs, C7, Cs, Co, Cio, C11, C12, Ci13, C14,
Cis, Cie6, Ci7, Cis, Ci9, Cao, Ca1, Ca2, Ca3, Cos, Cas, Cas, Ca7, Cas, Ca9, C30, Ca1, C32, C33, C34, Css,
Cs6, C37, C38, C39, Ca0, Ca1, Ca2, Ca3, Ca4, Css, Ca6, Ca7, Css, Ca9, or Csp alkyl), wherein each
carbon is optionally substituted with (1) a heteroatom selected from N, S, P, or Si atoms that has
an appropriate number of hydrogens, substitutions, or both to complete valency, (2) an optionally
substituted cycloalkyl or bicyclic cycloalkly, (3) an optionally substituted heterocyloalkyl or
bicyclic heterocyloalkyl, (4) an optionally substituted aryl or bicyclic aryl, or (5) optionally
substituted heteroaryl or bicyclic heteroaryl. In any aspect or embodiment described herein, the
linker (L) does not have heteroatom-heteroatom bonding (e.g., no heteroatoms are covalently
linker or adjacently located).
[00264] In any aspect or embodiment describe herein, the linker (L) includes an optionally
substituted C1-Cso alkyl (e.g., Ci1, C2, C3, Cs, Cs, Cs, C7, Cs, Co, Cio, C11, Ci12, C13, Ci14, Ci5, Cis,
Ci7, Cis, Ci9, Coo, Ca1, Ca2, Ca3, Cas, Cos, Ca6, Ca7, Cag, Ca9, C30, C31, C32, C33, C34, C3s, C36, C37,
Css, C39, Ca0, Ca1, Ca2, Ca3, Cas, Cas, Ca6, Ca7, Cas, Ca9, or Csp alkyl), wherein:
each carbon is optionally substituted with CRY'R', O, S, SO, SO, NRY, SO,NR™, SONRY,
CONR"™, NR“CONR"Y, NR“SO:NRY, CO, CR"=CR", C=C, SiR"'R", P(O)R",
P(O)OR™M, NRC(=NCN)NR™, NRIC(=NCN), NRC(=CNO2)NR™, Cs.iicycloalkyl
optionally substituted with 0-6 R and/or R™? groups, Cs.13 spirocycloalkyl optionally
substituted with 0-9 R and/or R™ groups, Cs.11 heteocyclyl optionally substituted with
0-6 R and/or R™ groups, Cs.13 spiroheterocyclyl optionally substituted with 0-8 R
and/or R groups, aryl optionally substituted with 0-6 R and/or R'? groups, heteroaryl
optionally substituted with 0-6 RM and/or R groups, where R or R, each
independently are optionally linked to other groups to form cycloalkyl and/or
heterocyclyl moiety, optionally substituted with 0-4 R™ groups; and
RM, RE2, RB, R™ and RY are, each independently, H, halo, Ci-salkyl, OCi-salkyl, SCi-salkyl,
NHCgalkyl, N(Cisalkyl)2, Cs.iicycloalkyl, aryl, heteroaryl, Cs.iitheterocyclyl, OCs.
gcycloalkyl, SCsscycloalkyl, NHC3 scycloalkyl, N(Csscycloalkyl)z, N(Cs-
scycloalkyl)(Cisalkyl), OH, NH2, SH, SO:Cisalkyl, P(O)(OCi.salkyl)(Ci-salkyl),
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P(O)(OCialkyl),, CC-Cigalkyl, CCH, CH=CH(C-salkyl), C(Cigalkyl)=CH(C-galkyl),
C(Cisalkyl)=C(Cisalkyl)2, Si(OH)3, Si(Cisalkyl)s, Si(OH)(Cisgalkyl), COCisalkyl,
CO:2H, halogen, CN, CF3;, CHF2, CH2F, NO2, SFs, SOo.NHCsalkyl, SO2N(Cigalkyl)a,
SONHC;sgalkyl, = SON(Cisalkyl), = CONHC;sgalkyl, = CON(Cisalkyl)s,  N(Ci-
galkyl)CONH(C1salkyl), N(C1-salkyDCON(C1galkyl)a, NHCONH(C-galkyl),
NHCON(C-galkyl), NHCONH», N(Ci-salkyl)SO2NH(C1-salkyl), N(Cigalkyl) SO2N(Ci-
galkyl)2, NH SO>NH(Ci-salkyl), NH SO2N(Cisalkyl), NH SO:NH». In any aspect or
embodiment described herein, the linker (L) does not have heteroatom-heteroatom
bonding (e.g., no heteroatoms are covalently linker or adjacently located).
[00265] In any aspect or embodiment described herein, the linker (L) includes about 1 to
about 50 (e.g., 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50)
alkylene glycol units that are optionally substituted, wherein carbon or oxygen may be
substituted with a heteroatom selected from N, S, P, or Si atoms with an appropriate number of
hydrogens to complete valency. For example, in any aspect or embodiment described herein, the

linker (L) has a chemical structure selected from:
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wherein carbon or oxygen may be substituted with a heteroatom selected from N, S, P, or Si

k4

atoms with an appropriate number of hydrogens to complete valency, and m, n, o, p, g, 1, and s
are independently selected from 0, 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
and 20.

[00266] In any aspect or embodiment described herein, the present disclosure is directed
to a compound which comprises a PTM group as described above, which binds to a target
protein or polypeptide (e.g., a-synuclein), which is ubiquitinated by an ubiquitin ligase and is
chemically linked directly to the ULM group or through a linker moiety L, or PTM is
alternatively a ULM’ group which is also a ubiquitin ligase binding moiety, which may be the
same or different than the ULM group as described above and is linked directly to the ULM
group directly or through the linker moiety; and L is a linker moiety as described above which
may be present or absent and which chemically (covalently) links ULM to PTM, or a
pharmaceutically acceptable salt, enantiomer, stereoisomer, solvate or polymorph thereof.
[00267] In any aspect or embodiment described herein, the linker group L is a group
comprising one or more covalently connected structural units independently selected from the

group consisting of:
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o W S

The X is selected from the group consisting of O, N, S, S(O) and SOz; n is integer from 1 to 5;

%

RM is hydrogen or alkyl, * is a mono- or bicyclic aryl or heteroaryl optionally

substituted with 1-3 substituents selected from alkyl, halogen, haloalkyl, hydroxy, alkoxy or

%

cyano; * is a mono- or bicyclic cycloalkyl or a heterocycloalkyl optionally

substituted with 1-3 substituents selected from alkyl, halogen, haloalkyl, hydroxy, alkoxy or
cyano; and the phenyl ring fragment can be optionally substituted with 1, 2 or 3 substituents
selected from the grou consisting of alkyl, halogen, haloalkyl, hydroxy, alkoxy and cyano. In an
embodiment, the linker group L comprises up to 10 covalently connected structural units, as
described above.

[00268] Although the ULM group and PTM group may be covalently linked to the linker
group through any group which is appropriate and stable to the chemistry of the linker, in
preferred aspects of the present dislcosure, the linker is independently covalently bonded to the
ULM group and the PTM group preferably through an amide, ester, thioester, keto group,
carbamate (urethane), carbon or ether, each of which groups may be inserted anywhere on the
ULM group and PTM group to provide maximum binding of the ULM group on the ubiquitin
ligase and the PTM group on the target protein to be degraded. (It is noted that in certain aspects
where the PTM group is a ULM group, the target protein for degradation may be the ubiquitin
ligase itself). In certain preferred aspects, the linker may be linked to an optionally substituted
alkyl, alkylene, alkene or alkyne group, an aryl group or a heterocyclic group on the ULM and/or
PTM groups.

[00269] Exemplary PTMs
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[00270] In preferred aspects of the disclosure, the PTM group is a group, which binds to
target proteins. Targets of the PTM group are numerous in kind and are selected from proteins
that are expressed in a cell such that at least a portion of the sequences is found in the cell and
may bind to a PTM group. The term “protein” includes oligopeptides and polypeptide sequences
of sufficient length that they can bind to a PTM group according to the present disclosore. Any
protein in a eukaryotic system or a microbial system, including a virus, bacteria or fungus, as
otherwise described herein, are targets for ubiquitination mediated by the compounds according
to the present disclosure. Preferably, the target protein is a eukaryotic protein.

[00271] PTM groups according to the present disclosure include, for example, any moiety
which binds to a protein specifically (binds to a target protein) and includes the following non-
limiting examples of small molecule target protein moieties: Hsp90 inhibitors, a-synuclein
inhibitor or ligand, kinase inhibitors, HDM2 & MDM2 inhibitors, compounds targeting Human
BET Bromodomain-containing proteins, HDAC inhibitors, human lysine methyltransferase
inhibitors, angiogenesis inhibitors, nuclear hormone receptor compounds, immunosuppressive
compounds, and compounds targeting the aryl hydrocarbon receptor (AHR), among numerous
others. The compositions described below exemplify some of the members of small molecule
target protein binding moieties. Such small molecule target protein binding moieties also include
pharmaceutically acceptable salts, enantiomers, solvates and polymorphs of these compositions,
as well as other small molecules that may target a protein of interest. These binding moieties are
linked to the ubiquitin ligase binding moiety preferably through a linker in order to present a
target protein (to which the protein target moiety is bound) in proximity to the ubiquitin ligase
for ubiquitination and degradation.

[00272] Any protein, which can bind to a protein target moiety or PTM group and acted
on or degraded by an ubiquitin ligase is a target protein according to the present disclosure. In
general, target proteins may include, for example, structural proteins, receptors, enzymes, cell
surface proteins, proteins pertinent to the integrated function of a cell, including proteins
involved in catalytic activity, aromatase activity, motor activity, helicase activity, metabolic
processes (anabolism and catabolism), antioxidant activity, proteolysis, biosynthesis, proteins
with kinase activity, oxidoreductase activity, transferase activity, hydrolase activity, lyase
activity, isomerase activity, ligase activity, enzyme regulator activity, signal transducer activity,

structural molecule activity, binding activity (protein, lipid carbohydrate), receptor activity, cell
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motility, membrane fusion, cell communication, regulation of biological processes, development,
cell differentiation, response to stimulus, behavioral proteins, cell adhesion proteins, proteins
involved in cell death, proteins involved in transport (including protein transporter activity,
nuclear transport, ion transporter activity, channel transporter activity, carrier activity, permease
activity, secretion activity, electron transporter activity, pathogenesis, chaperone regulator
activity, nucleic acid binding activity, transcription regulator activity, extracellular organization
and biogenesis activity, translation regulator activity. Proteins of interest can include proteins
from eukaryotes and prokaryotes including humans as targets for drug therapy, other animals,
including domesticated animals, microbials for the determination of targets for antibiotics and
other antimicrobials and plants, and even viruses, among numerous others.

[00273] The present disclosure may be used to treat a number of disease states and/or
conditions, including any disease state and/or condition in which proteins are dysregulated and
where a patient would benefit from the degradation and/or inhibition of proteins.

[00274] In an additional aspect, the description provides therapeutic compositions
comprising an effective amount of a compound as described herein or salt form thereof, and a
pharmaceutically acceptable carrier, additive or excipient, and optionally an additional bioactive
agent. The therapeutic compositions modulate protein degradation in a patient or subject, for
example, an animal such as a human, and can be used for treating or ameliorating disease states
or conditions which are modulated through the degraded protein. In certain embodiments, the
therapeutic compositions as described herein may be used to effectuate the degradation of
proteins of interest for the treatment or amelioration of a disease, e.g., a-synucleinopathies or
neurological neurodegenerative disease or disorder. In certain additional embodiments, the
disease is Parkinson’s Disease, Alzheimer’s Disease, dementia (e.g., dementia with Lewy
bodies), or multiple system atrophy.

[00275] In alternative aspects, the present disclosure relates to a method for treating a
disease state or ameliorating the symptoms of a disease or condition in a subject in need thereof
by degrading a protein or polypeptide through which a disease state or condition is modulated
comprising administering to said patient or subject an effective amount, e.g., a therapeutically
effective amount, of at least one compound as described hereinabove, optionally in combination
with a pharmaceutically acceptable carrier, additive or excipient, and optionally an additional

bioactive agent, wherein the composition is effective for treating or ameliorating the disease or
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disorder or symptom thereof in the subject. The method according to the present disclosure may
be used to treat a large number of disease states or conditions including neurological or
neurodegenerative diseases or disorders, by virtue of the administration of effective amounts of
at least one compound described herein. The disease state or condition may be a disease caused
by a microbial agent or other exogenous agent such as a virus, bacteria, fungus, protozoa or other
microbe or may be a disease state, which is caused by overexpression of a protein, which leads to
a disease state and/or condition.

[00276] In another aspect, the description provides methods for identifying the effects of
the degradation of proteins of interest in a biological system using compounds according to the
present disclosure.

[00277] The term “target protein” is used to describe a protein or polypeptide, which is a
target for binding to a compound according to the present disclosure and degradation by
ubiquitin ligase hereunder. Such small molecule target protein binding moieties also include
pharmaceutically acceptable salts, enantiomers, solvates and polymorphs of these compositions,
as well as other small molecules that may target a protein of interest. These binding moieties are
linked to at least one ULM group (e.g. VLM, CLM, ILM, and/or MLM) through at least one
linker group L.

[00278] Target proteins, which may be bound to the protein target moiety and degraded by
the ligase to which the ubiquitin ligase binding moiety is bound, include any protein or peptide,
including fragments thereof, analogues thereof, and/or homologues thereof. Target proteins
include proteins and peptides having any biological function or activity including structural,
regulatory, hormonal, enzymatic, genetic, immunological, contractile, storage, transportation,
and signal transduction. More specifically, a number of drug targets for human therapeutics
represent protein targets to which protein target moiety may be bound and incorporated into
compounds according to the present disclosure. These include proteins which may be used to
restore function in numerous polygenic diseases, including for example B7.1 and B7, TINFRIm,
TNFR2, NADPH oxidase, BellBax and other partners in the apotosis pathway, C5a receptor,
HMG-CoA reductase, PDE V phosphodiesterase type, PDE IV phosphodiesterase type 4, PDE I,
PDEII, PDEIII, squalene cyclase inhibitor, CXCR1, CXCR2, nitric oxide (NO) synthase, cyclo-
oxygenase 1, cyclo-oxygenase 2, SHT receptors, dopamine receptors, G Proteins, i.e., Gq,

histamine receptors, S-lipoxygenase, tryptase serine protease, thymidylate synthase, purine
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nucleoside phosphorylase, GAPDH trypanosomal, glycogen phosphorylase, Carbonic anhydrase,
chemokine receptors, JAW STAT, RXR and similar, HIV 1 protease, HIV 1 integrase, influenza,
neuramimidase, hepatitis B reverse transcriptase, sodium channel, multi drug resistance (MDR),
protein P-glycoprotein (and MRP), tyrosine kinases, CD23, a-synuclein, CD124, tyrosine kinase
pS6 Ick, CD4, CDS, IL-2 receptor, 1L-1 receptor, TNF-alphaR, ICAM1, Cat+ channels, VCAM,
VLA-4 integrin, selectins, CD40/CD40L, newokinins and receptors, inosine monophosphate
dehydrogenase, p38 MAP Kinase, Ras/Raf/MEK/ERK pathway, interleukin-1 converting
enzyme, caspase, HCV, NS3 protease, HCV NS3 RNA helicase, glycinamide ribonucleotide
formyl transferase, rhinovirus 3C protease, herpes simplex virus-1 (HSV-I), protease,
cytomegalovirus (CMV) protease, poly (ADP-ribose) polymerase, cyclin dependent kinases,
vascular endothelial growth factor, oxytocin receptor, microsomal transfer protein inhibitor, bile
acid transport inhibitor, 5 alpha reductase inhibitors, angiotensin 11, glycine receptor,
noradrenaline reuptake receptor, endothelin receptors, neuropeptide Y and receptor, estrogen
receptors, androgen receptors, adenosine receptors, adenosine kinase and AMP deaminase,
purinergic receptors (P2Y1, P2Y2, P2Y4, P2Y6, P2X1-7), farnesyltransferases, geranylgeranyl
transferase, TrkA a receptor for NGF, beta-amyloid, tyrosine kinase Flk-IIKDR, vitronectin
receptor, integrin receptor, Her-21 neu, telomerase inhibition, cytosolic phospholipaseA2 and
EGF receptor tyrosine kinase. Additional protein targets include, for example, ecdysone 20-
monooxygenase, ion channel of the GABA gated chloride channel, acetylcholinesterase, voltage-
sensitive sodium channel protein, calcium release channel, and chloride channels. Still further
target  proteins  include  Acetyl-CoA  carboxylase, adenylosuccinate  synthetase,
protoporphyrinogen oxidase, and enolpyruvylshikimate-phosphate synthase.

[00279] These various protein targets may be used in screens that identify compound
moieties which bind to the protein and by incorporation of the moiety into compounds according
to the present disclosure, the level of activity of the protein may be altered for therapeutic end
result.

[00280] The term “protein target moiety” or PTM is used to describe a small molecule
which binds to a target protein or other protein or polypeptide of interest and places/presents that
protein or polypeptide in proximity to an ubiquitin ligase such that degradation of the protein or
polypeptide by ubiquitin ligase may occur. Non-limiting examples of small molecule target

protein binding moieties include haloalkane halogenase inhibitors, Hsp90 inhibitors, a-synuclein
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inhibitor or ligand, kinase inhibitors, MDM2 inhibitors, compounds targeting Human BET
Bromodomain-containing proteins, HDAC inhibitors, human lysine methyltransferase inhibitors,
angiogenesis inhibitors, immunosuppressive compounds, and compounds targeting the aryl
hydrocarbon receptor (AHR), among numerous others. The compositions described below
exemplify some of the members of the small molecule target proteins.

[00281] The compositions described herein exemplify some of the members of these types
of small molecule target protein binding moieties. Such small molecule target protein binding
moieties also include pharmaceutically acceptable salts, enantiomers, solvates and polymorphs of
these compositions, as well as other small molecules that may target a protein of interest.
References which are cited herein below are incorporated by reference herein in their entirety.
[00282] In any aspect or embodiment described herein, the PTM is represented by
Formulas Iptm through VIIlprm (e.g., Iptm, IAptm, IBprv, Hprv, HHAPTM, IIBpTM, ITTAPTM, ITIBPTM,
IICprv, HIDp™v, IVemM, IVAPmM, IVBpmvm, IVCprv, IVDpM, Vem, VApmv, VBprv, VCpru,
Vlptm, VIApmv, VIBervm, VICprv, VIDprvm, VIEpmv, VIprv, VIIAprm, VIIBprv, VIICprum,
VIIDpr™m, VIIIpvm, VIITApTM, VIIIBprm, VIICprv, VIIIDpv, VIIIEPTM, IXPTM, IXAPTM, IXBPTM,
IXCprwm, IXDp1m, and IXEptm):

00000 0]000

Formula lpyy Formula 1Apty Formula IBpty
Formula llpyy Formula lApty
_M1@ _M1@ -
Formula lIBpry Formula lICp

k4 k4
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Formula llApyy

Formula lIBppy,

Formula NICpy
Formula lIDpy
Formula IVpyy

OO OO

Formula IVApy
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100S=OSFO

Formula IVBpy
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Formula IVCpy
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Formula IVDp1y
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Formula Vpry Formula VApty

OSSOSO

Formula VBpry
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Formula Vipty

Formula VIApy

Formula VIBp1y

Formula VICpy,

Formula VIDp1y

(& )wl(e )0 (e

Formula VIEpty,
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OO O]

Formula Vllpry

M1_M2@_M3_@

Formula VIlApty

k4

Q}W_MZ@_%_@

Formula ViIBpyy

Formula VIICpp,

Formula VIIDpyy

Formula Villpyy

Formula VIllApy
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Formula VIlIBpyy

Formula VIIICp 1y,

Formula VIlIDpyy

Formula VIIIEpty

OFSOSROOSR0)

Formula IXppy

o oroor=o!

Formula IXApty

OSSOSO OSR0)

Formula IXBpty

OO OONO)

Formula IXCp1y
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ORORSOOG

Formula IXDpy

O (DD

Formula IXEppy

wherein:

A, B, C, D, and E are independently an optionally substituted 5- or 6-membered aryl or
heteroaryl rings (e.g., a 5- or 6-membered aryl or heteroaryl, each optionally substituted
with 1, 2, 3, or 4 substituents selected from H, alkyl, O, N, halogen, haloalkyl, alkoxy,
hydroxy, carbonyl, amino, alkylamino, dialkylamino, cyano, nitro, -SO2-) or an
optionally substituted 4- to 7-membered cycloalkyl or heterocycloalkyl (e.g., an 4- to 7-
membered cycloalkyl or heterocycloalkyl, optionally substituted with 1, 2, 3, or 4
substituted selected from H, alkyl such as a C1-C6 alkyl, O, N, halogen, haloalkyl, such
as a C1-C6 haloalkyl, alkoxy, hydroxy, carbonyl, amino, alkylamino, dialkylamino,
cyano, nitro, -SOz-), wherein contact between circles indicates ring fusion and each of M3
and M4 may be attached to Aj or By (i.e., M3 may be attached to A; or attached to B1) or
D; and E (i.e., M4 may be attached to D; or attached to E);

Mi, M; and M3 are independently selected from: a single bond; O-; -S-; -NR'_: -SO;-; -
S(0)-; -SO2NH-; -C(O)-; -C(O)NH-; an optionally substituted alkyl wherein a carbon of
the alkyl group may be replaced with a group independently selected from -O-, -S-, -
NR!'%-, -SO»-, -S(0)-, -SONH-, -C(O)- or -C(O)NH- (e.g., the alkyl group is optionally
substituted by a halogen, amino, alkyl or a haloalkyl, such as a C1-C6 alkyl or haloalkyl),
an alkenyl fragment (e.g., -CH=CH-), an alkynyl fragment (e.g., -C=C-), a two to four
carbon conjugated alkenyl or alkynyl fragments (e.g., -CH=CH-CH=CH-, -C=C-C=C-, or
-CH=CH-C=C-), or an alkyl group (e.g., -CHz-),wherein at least one of the carbon of the
alkenyl or alkynyl group may be part of A, B, C, or D;

each R!% is independently selected from H, an optionally substituted alkyl (e.g., optionally
substituted C1-C6 alkyl), an optionally substituted halolakyl (e.g., optionally substituted
C1-C6 haloalkyl);and
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- - - indicates the attachment of a chemical linker moiety or a ULM (e.g., VLM or CLM).
[00283] In any aspect or embodiment described herein, the PTM is selected according to
formulas Iprm through VIIprvm (e.g., Iptv, IAptm, IBprv, Hprv, ITAPT™M, IIBPTM, IITAPTM, ITIBPTM,
IICprv, HIDp™v, IVemM, IVAPmM, IVBpmvm, IVCprv, IVDpM, Vem, VApmv, VBprv, VCpru,
Vlptm, VIApmv, VIBervm, VICprv, VIDprvm, VIEpmv, VIprv, VIIAprm, VIIBprv, VIICprum,
VIIDpr™m, VIIIpvm, VIITApTM, VIIIBprm, VIICprv, VIIIDpv, VIIIEPTM, IXPTM, IXAPTM, IXBPTM,
IXCpm, IXDprm, and IXEprm), wherein M1 and M3 are selected from a single bond, or a C2—-C4
conjugated alkenyl fragment (e.g., -CH=CH-CH=CH-).

[00284] Preferred compounds of the current invention can be synthesized via typical
transition metal-mediated aryl-aryl or aryl-alkenyl coupling approaches known to those skilled

in the art and exemplified in the scheme below.

Pd catalyst
Br + (HO),B °°
Base heat
Pd catalyst c
°° Br ‘ Base heat °°

[00285] Additional ways of linking together heterocyclic ring systems (e.g., AB to C)
exist and are provided below for the specific examples of the compounds of the present
disclosure.

[00286] Functional group elaborations preceding and following the linking of the

heterocyclic ring systems depends on the particular compound and are exemplified below for the
compounds of the current invention.

[00287] The fused heterocyclic ring systems (i.e., AB, ABC) may be obtained
commercially or synthesized from the individual heteroaryls using methods known to those
skilled in the art and also exemplified in the synthesis of exemplary compounds of the present

disclosure.
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[00288] In any aspect or embodiment described herein, B of Formula Iptm, IAprm, or

&) ‘)

IBprm includes or is optionally substituted H or optionally substituted ' , wherein ---
indicates a point of attachment with a chemical linker moiety or a ULM.

[00289] In any aspect or embodiment described herein, C of Formula [Aptvm includes or is

NO
— —/ 2
v -
NO, , )
optionally substituted or optionally substituted - (e.g., as optionally
e Q

substituted or optionally substituted NG, ), wherein --- indicate the
attachment points of the fusion with B.

[00290] In any aspect or embodiment describe herein, at least one (e.g., A, C, or A and C)

of A and C of Formula Iptm, IBprm, Verm, VAprv, and VBprv includes or is optionally

substituted @
[00291] In any aspect or embodiment described herein, of Formula Ilppm,

O
/
Aprvm, or IIBprv includes or is optionally substituted S , optionally substituted

</Z:©\o/ N </Z]© /

, optionally  substituted , optionally  substituted
N .
- < XY
S O/ X - NS
, optionally substituted N , optionally substituted N ,

e LT

optionally substituted , optionally substituted , optionally substituted
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T LI

OH , optionally substituted , optionally substituted OH

OH

optionally substituted , optionally substituted , optionally substituted

E, optionally substituted , optionally substituted \, optionally
g%
N

=z /i-\

substituted H or optionally substituted , wherein --- indicates a point of
attachment with C, the chemical linker moiety, or a ULM.
[00292] In any aspect or embodiment described herein, C of Formula Ilptm, IIApmwm,

k4

< >—NH @—NH
optionally substituted \ , optionally substituted \ , optionally substituted
NZ | N |
PN PV NP
optionally substituted , optionally substituted , optionally substituted

) % Q
, optionally substituted , optionally substituted X, optionally substituted
N ’d
e O 2
optionally substituted , optionally substituted -~ s

k4

k4

O O
- N N
IIBprm includes or is optionally substituted \, optionally substituted \

N\ / N\ /
[ >_N\ J£S>_ N\

optionally substituted S , optionally substituted -~

N
. [
, optionally substituted , optionally substituted S optionally
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(- B -

S S , wherein ---

substituted ~ © , optionally substituted , optionally substituted
indicates a point of attachment with A, B, the chemical linker moiety, or a ULM.

[00293] In any aspect or embodiment described herein, C of Formula IICprvm includes or is

O O
- N N
optionally substituted \, optionally substituted \, optionally substituted

N“ |
O O X
\ , optionally substituted \ , optionally substituted , optionally

N/

Q O O
substituted —© ~, optionally substituted , optionally substituted ,
N/
3O O
optionally substituted , optionally substituted, , optionally

N/ N/
NZ
| [ [t

substituted -~ X"« optionally substituted S , optionally substituted -~

optionally substituted >: , optionally substituted >: , optionally substituted
—
N
9 0

—
S(/> , optionally substituted \, optionally substituted S | or optionally substituted
N
(-
S , wherein -- - indicates a point of attachment with C, the chemical linker moiety, or the
ULM.
[00294] In any aspect or embodiment described herein, of Formula Ilpm,

N

O\V\’@
IITAprM, or IIIBprm includes or is optionally substituted , optionally substituted
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i 0.

/ , optionally substituted OH | or optionally substituted OH |
wherein - - - indicates a point of attachment with C or D.

[00295] In any aspect or embodiment described herein, C of Formula IIIAptm, 11IBp1um,

NO
IICprm, and IIDprv includes optionally substituted @ 2 , optionally substituted

@
= S/
__ONOZ . . S(/> . . v .

, optionally substituted , optionally substituted v, optionally

N=\
NH

~_ 7

, optionally substituted @ , optionally substituted N or optionally

J

substituted

)

N
NH

~_ 7

substituted -~ N | wherein --- indicates a point of attachment with A or B.

[00296] In any aspect or embodiment described herein, D of Formula [IIAptwm, IIIBpmMm,

NO
IICprm, and IIDprv includes optionally substituted Q ? , optionally substituted

)
" QNOZ . . Q . . \ .
, optionally substituted , optionally substituted v, optionally

N=\
w W 5
substituted , optionally substituted , optionally substituted N or optionally

=\
N\ NH
substituted -~ N wherein - -- indicates a point of attachment with A or B.
[00297] In any aspect or embodiment described herein, C of Formula IIIAptm, 11IBp1um,

NO
IIICpm, or IIDpmm includes or is optionally substituted Q ? , optionally substituted

@
= S/
, optionally substituted , optionally substituted v, optionally
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substituted ®, optionally substituted @ , wherein - - - indicates a point of attachment
to A or B.

[00298] In any aspect or embodiment described herein, D of Formula HIICprv or IIIDprm

=\ =\
NNH NNH

~ 7 >~_ 7

includes or is optionally substituted N or optionally substituted <~ N wherein ---
indicates a point of attachment to A or B.

[00299] In any aspect or embodiment described herein, each of D of Formula IIICprm or

IIIDpm includes or is optionally substituted @ or optionally substituted @ , wherein
- - - indicates a point of attachment to A or B.

[00300] In any aspect or embodiment described herein, C of Formula IIICprm or HIDprm

O O
includes or is optionally substituted optionally substituted

—

0

—
optionally substituted Q, or optionally substituted \, wherein - -- indicates a point of

k4 k4

attachment to A or B.

[00301] In any aspect or embodiment described herein, of Formula IVprm,

=

N
IVApm™, IVBp1M, IVCprM, or IVDprMm includes or is optionally substituted N , optionally

N

substituted =N , optionally substituted Ho or optionally substituted
[I
g8
N
H' | wherein --- indicates a point of attachment with C, the chemical linker moiety, or
ULM.
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[00302] In any aspect or embodiment described herein, C of Formula IVprv, IVApPTM,
N

N e
& 7
IVBpmv, or IVCpry, includes or is optionally substituted o, optionally substituted o~
N

0 [~

optionally substituted S . or optionally substituted - S , wherein - - - indicates a point
of attachment with C.
[00303] In any aspect or embodiment described herein, D of of Formula IVprvm, IVBp1M,
=0
N\ y

IVCprm, or IVDprm includes or is optionally substituted

0

, optionally substituted , or optionally substituted wherein ---

k4

, optionally substituted

indicates a point of attachment with C.
[00304] In any aspect or embodiment described herein, D of of Formula IVprvm, IVBp1M,
=0

IVCprm, or IVDprm includes or is optionally substituted @ , optionally substituted
0

Q\ , optionally substituted @ , or optionally substituted @ , wherein ---

indicates a point of attachment with C.

[00305] In any aspect or embodiment described herein, A of Formulas Verm, VAprum, or

(o (-

S, optionally substituted S

or optionally substituted @

VBprvm includes or is optionally substituted

N
- O
substituted <~ O optionally substituted

k4

, optionally

k4 k4

wherein - - - indicates a point of attachment with B.
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[00306] In any aspect or embodiment described herein, C of Formulas Vprm, VAprvm, or

B (-

VBprvm includes or is optionally substituted S | optionally substituted S

- O O-
substituted -~ , optionally substituted , or optionally substituted

wherein - - - indicates a point of attachment with B.

, optionally

[00307] In any aspect or embodiment described herein, A of Formulas VApmm includes or

is optionally substituted @ or optionally substituted @ , wherein - - - indicates a point
of attachment with B.
[00308] In any aspect or embodiment described herein, C of Formulas VAptvm includes or

N

(o [

is optionally substituted S | optionally substituted S , or optionally substituted
N
£
78 , wherein - - - indicates a point of attachment with B, the chemical linker moiety, or
ULM.
[00309] In any aspect or embodiment described herein, B of Formulas Vprm, VApmm, or

-N
o-N, ?\)--
. . o
=/ or optionally substituted -~

VBp1um includes or is optionally substituted , wherein

- -- indicates a point of attachment with A or C.

[00310] In any aspect or embodiment described herein, of Formula VIprm,

VIApmm, VIBprvm, VICprMm, VIDpryM, or VIEprMm includes or is optionally substituted ,
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(@)
B (/t@
_N Y, N

optionally substituted , optionally substituted H , or optionally substituted
0

N

H , wherein --- indicates a point of attachment with C.

[00311] In any aspect or embodiment described herein, of Formula Vlppm,

VIAptM, VIBprv, VICprM, VIDprM, VIEptMm, VIIprMm, VIIHAPTM, VIIIBpM, VIIHCprv, VIIIDPTM,

O, O,
LN AN
or VIIEprm is optionally substituted , optionally substituted ,
1 {10
N N
optionally substituted H , or optionally substituted H ., wherein - -- indicates a

point of attachment with C.

[00312] In any aspect or embodiment described herein, of Formula Vlppm,

O
[N 12
-N 4 N

optionally substituted , optionally substituted H

{12
H , wherein --- indicates a point of attachment with C; and of Formula

VIPTM, VIAPTM, VIBPTM, VICPTM, VIDPTM, VIEPTM, VIHPTM, VIHAPTM, VHIBPTM, VHICPm,

, or optionally substituted

VIIIDprwm, or VIIIEprv is optionally substituted , optionally substituted

294



WO 2020/041331 PCT/US2019/047291

e 0

N N

optionally substituted H , or optionally substituted H ., wherein - -- indicates a
point of attachment with C.

[00313] In any aspect or embodiment described herein, A of Formula VIIprm, VIIApTM,
AN

~

VIIBprm, VIICprm, or VIIDprym includes or is optionally substituted N” | optionally substituted

’ -
-

S A BN
) ® ®
N” | optionally substituted N~ ~~, optionally substituted N , optionally substituted
A A
» o o
Z . 7 . . 7 . .
N | optionally substituted N , optionally substituted N , optionally substituted
Co CFo 0
LF . | | SO
N™ "~ | optionally substituted N , optionally substituted N™ "~ optionally
F
NC S NC e
P P
substituted N , optionally substituted N , optionally substituted ,
F
~ /F
C Q0
optionally substituted , optionally substituted , optionally substituted ,
optionally substituted ©, wherein - - - indicates a point of attachment B.
[00314] In any aspect or embodiment described herein, D of Formula VIIprm, VIIApTMm,
X
P

VIIBprm, VIICprm, or VIIDprym includes or is optionally substituted N” | optionally substituted

C/ﬁ X Xy’
) | |

A =
N™ | optionally substituted N~ "~ optionally substituted N , optionally substituted
A A
» o o
Z . 7 . . 7 . .
N | optionally substituted N , optionally substituted N , optionally substituted
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(\_CN (\_’({N NOrS
P L2 L

N™ "~ | optionally substituted N , optionally substituted N™ "~ optionally
F
NC Sk NC Pl
P P
substituted N , optionally substituted N , optionally substituted ,
F
. F
| ; C
optionally substituted , optionally substituted Z | or optionally substituted ,
"/
optionally substituted , wherein - - - indicates a point of attachment C.
[00315] In any aspect or embodiment described herein, A of Formula VIIprm, VIIApTM,
AN

~

VIIBprm, VIICprM, or VIIDprM includes or is optionally substituted N” | optionally substituted

/ '
-,

S S B

() () |

/ ~ . . . .
N | optionally substituted N~ "~ optionally substituted N , optionally substituted

\

A A 2
» Cyo 5o
2. . 7 . . . .
N” |, optionally substituted N , optionally substituted N , optionally substituted
= CN \—,(“:N " ~
LA 2 | | LA
N™ "~ | optionally substituted N , optionally substituted N™ "~ optionally

NC NC e
=

\\_|_// -

X

) |

~
substituted N , optionally substituted or optionally substituted N , wherein

- -- indicates a point of attachment B; and D of Formula VIlprm, VIIAptm, VIIBprvm, VIICPTM, OF
F

F
VIIDprvm includes or is optionally substituted ©, optionally substituted ©, optionally

/
Ve
w |

substituted 2 | optionally substituted © , optionally substituted Z, wherein ---

0Ny

indicates a point of attachment C.
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[00316] In any aspect or embodiment described herein, B of Formula VIlptm, VIIApTM,

HN NH
VIIBprm, VIICprm, or VIIDprw includes or is optionally substituted \—/ , optionally

(N ) Y
substituted \/ , optionally substituted , or optionally substituted

k4

wherein - - - indicates a point of attachment A or C.
[00317] In any aspect or embodiment described herein, C of Formula VIIptm, VIIApTM,
HN NH

VIIBprm, VIICprm, or VIIDprw includes or is optionally substituted \—/ , optionally

{0 W) v
substituted ~ \—/ , optionally substituted , or optionally substituted

wherein - - - indicates a point of attachment B or D.

[00318] In any aspect or embodiment described herein, of

Formula VIlprm, VIIAptM, VIIBprv, VIICprM, or VIIDprv includes or is optionally substituted

HN N HN N \ /
/ , optionally substituted — \—/ , or optionally substituted

k4

-0
_/ , wherein -- - indicates a point of attachment A or D.

[00319] In any aspect or embodiment described herein, of Formula

VIlptv, VIIAprvm, VIIOBprvm, VIICprv, VIIDprm, or VIIEpmvm is optionally substituted

;NQNAN “:‘%N

N
@]
or optionally substituted , wherein --- indicates a point of
attachment with A or D.
[00320] In any aspect or embodiment described herein, A of Formula IXprm, IXAp1um,

O
IXBprmv, IXCprv, IXDprm, or IXEpmm includes or is optionally substituted , optionally
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~

HN-">¢” I\D
substituted I\/ , or optionally substituted , wherein --- indicates a point of
attachment with B.

[00321] In any aspect or embodiment described herein, B of Formula IXprv, IXApmwm,

N
I
IXBprmv, IXCpmm, IXDprm, or IXEpmm includes or is optionally substituted @ or optionally

~

> X
I
substituted N~F ~~, wherein - - - indicates a point of attachment with A or C.
[00322] In any aspect or embodiment described herein, E of Formula IXprm, IXApmMm,

X
I
IXBpmv, IXCprm, IXDprv, or IXEpmv includes or is optionally substituted Q, optionally

O_
X N
' ! >
substituted N~ . , optionally substituted N A optionally substituted

k4 k4

N
optionally substituted Z , optionally substituted -~ , optionally substituted
0O 0O 0O

HN O --N O HN NH

\/ , optionally substituted =~ \—/ , optionally substituted \—/ , optionally

0O O
--N NH HN  N—

substituted \—/ , optionally substituted \—/ , or optionally substituted
- _N N_

\—/ , wherein -- - indicates a point of attachment with D.

[00323] In any aspect or embodiment described herein, of Formula IXprm,

S
N
IXAptv, IXBprm, IXCprm, IXDprm, or IXEpry includes or is optionally substituted N ,

S -7 S
-4 <
optionally substituted N , optionally substituted N *~, optionally
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S— Ny SNy~
| AL | R | |
substituted , optionally substituted , optionally substituted
0O O
SNy S NH S N
N\ | _ <\ | "'<\ |
*~, optionally substituted N , or optionally substituted N ,
wherein - - - indicates a point of attachment with B or E.
[00324] In any aspect or embodiment described herein, the PTM is selected from an

\ N~ NN
OO =010
S / S
optionally  substituted: , ,
N -l -
/ -
O] el o)
N NN
H H

k4 k4 k4

N
o
L
| -t- /
CCO |0l | Q
” m B NOz |
7
MeO = N \N
Na | o
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MeO
= N

N
Wand
L O’
H
N

|
HN O

7
\N -
I S\>\N/\:\/NH
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k4 k4

(0) -
L T
N NS N S N
CN \ \ CNO_<\
_ \ . \
o A | N
N S A
N
O<T
— N ) . )
L , wherein --- indicates the point of attachment of a

chemical linker moiety or a ULM (e.g., VLM or CLM) (e.g., the --- indicates the point of
attachment of a chemical linker moiety or a ULM (e.g., VLM or CLM) via any cyclic group (e.g.,

A, B, C, or D) directly or via a functional group or atom).

[00325] In any aspect or embodiment described herein, the PTM is selected from:
__l_\ N\ \
! N
\ N A \ N AN 2~ 74
HN—< — 1 N—< - 9 SAN/
SR / SN |
N
N\

\_/"N — N N
T (O O
N’ ”\/ S O/ S O/\\\
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HN
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N
o’ __| o
N N 2
O~
k- — S k-
N
@
N N A
---F- N /4 \ /4
k- — S k-
N (@)

/N
— N

linker moiety or a ULM (e.g., VLM or CLM).

, wherein - -- indicates the point of attachment of a chemical

[00326] In any aspect or embodiment described herein, the PTM is selected from:

N -7 N -7 N
O O O
s / S S o~

\C[N\ N\ N\
\ /N @[ \ /"N @E \ /"N
) | - ) | ) [

SAN/ SAN/ SJ\N"
/ /

1
k4 k4 k4
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|
_N S .-
oy rrry OO
T L N
N N” N H
H H

k4 k4 k4

O

CO0 LITHY
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N k4 N k4 OH k4 k4
I/ N
g N
N >\N N N
I S 72 I 7([8 72
HN O =N HN o =N
N
- H N H N
N N
] N S>\ 74 CI) , | N S 4 ?
HN O =N ©HN O =N

0O : J
O
N N NH

/
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O s

ST @mﬁﬁ

indicates the point of attachment of a chemical linker moiety or a ULM (e.g., VLM or CLM).

, wherein ---

[00327] Therapeutic Compositions

[00328] Pharmaceutical compositions comprising combinations of an effective amount of at
least one bifunctional compound as described herein, and one or more of the compounds
otherwise described herein, all in effective amounts, in combination with a pharmaceutically
effective amount of a carrier, additive or excipient, represents a further aspect of the present

disclosure.
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[00329] The present disclosure includes, where applicable, the compositions comprising the
pharmaceutically acceptable salts, in particular, acid or base addition salts of compounds as
described herein. The acids which are used to prepare the pharmaceutically acceptable acid
addition salts of the aforementioned base compounds useful according to this aspect are those
which form non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable
anions, such as the hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate,
maleate, fumarate, gluconate, saccharate, benzoate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate [i.e., 1,1-methylene-bis-(2-hydroxy-3
naphthoate)]salts, among numerous others.

[00330] Pharmaceutically acceptable base addition salts may also be used to produce
pharmaceutically acceptable salt forms of the compounds or derivatives according to the present
disclosure. The chemical bases that may be used as reagents to prepare pharmaceutically
acceptable base salts of the present compounds that are acidic in nature are those that form non-
toxic base salts with such compounds. Such non-toxic base salts include, but are not limited to
those derived from such pharmacologically acceptable cations such as alkali metal cations (eg.,
potassium and sodium) and alkaline earth metal cations (eg, calcium, zinc and magnesium),
ammonium or water-soluble amine addition salts such as N-methylglucamine-(meglumine), and
the lower alkanolammonium and other base salts of pharmaceutically acceptable organic amines,
among others.

[00331] The compounds as described herein may, in accordance with the disclosure, be
administered in single or divided doses by the oral, parenteral or topical routes. Administration
of the active compound may range from continuous (intravenous drip) to several oral
administrations per day (for example, Q.I.LD.) and may include oral, topical, parenteral,
intramuscular, intravenous, sub-cutaneous, transdermal (which may include a penetration
enhancement agent), buccal, sublingual and suppository administration, among other routes of
administration. Enteric coated oral tablets may also be used to enhance bioavailability of the
compounds from an oral route of administration. The most effective dosage form will depend
upon the pharmacokinetics of the particular agent chosen as well as the severity of disease in the
patient. Administration of compounds according to the present disclosure as sprays, mists, or

aerosols for intra-nasal, intra-tracheal or pulmonary administration may also be used. The
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present disclosure therefore also is directed to pharmaceutical compositions comprising an
effective amount of compound as described herein, optionally in combination with a
pharmaceutically acceptable carrier, additive or excipient. Compounds according to the present
disclosure may be administered in immediate release, intermediate release or sustained or
controlled release forms. Sustained or controlled release forms are preferably administered
orally, but also in suppository and transdermal or other topical forms. Intramuscular injections
in liposomal form may also be used to control or sustain the release of compound at an injection
site.

[00332] The compositions as described herein may be formulated in a conventional manner
using one or more pharmaceutically acceptable carriers and may also be administered in
controlled-release formulations. Pharmaceutically acceptable carriers that may be used in these
pharmaceutical compositions include, but are not limited to, ion exchangers, alumina, aluminum
stearate, lecithin, serum proteins, such as human serum albumin, buffer substances such as
phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts or electrolytes, such as prolamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica,
magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene glycol,
sodium carboxymethylcellulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, polyethylene glycol and wool fat.

[00333] The compositions as described herein may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservoir.
The term "parenteral” as used herein includes subcutaneous, intravenous, intramuscular, intra-
articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial
injection or infusion techniques. Preferably, the compositions are administered orally,
intraperitoneally or intravenously.

[00334] Sterile injectable forms of the compositions as described herein may be aqueous or
oleaginous suspension. These suspensions may be formulated according to techniques known in
the art using suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example as a solution in 1, 3-butanediol. Among the acceptable

vehicles and solvents that may be employed are water, Ringer's solution and isotonic sodium
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chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose, any bland fixed oil may be employed including synthetic
mono- or di-glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in
the preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive oil
or castor oil, especially in their polyoxyethylated versions. These oil solutions or suspensions
may also contain a long-chain alcohol diluent or dispersant, such as Ph. Helv or similar alcohol.
[00335] The pharmaceutical compositions as described herein may be orally administered in
any orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous
suspensions or solutions. In the case of tablets for oral use, carriers which are commonly used
include lactose and corn starch. Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule form, useful diluents include lactose and
dried corn starch. When aqueous suspensions are required for oral use, the active ingredient is
combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring or
coloring agents may also be added.

[00336] Alternatively, the pharmaceutical compositions as described herein may be
administered in the form of suppositories for rectal administration. These can be prepared by
mixing the agent with a suitable non-irritating excipient, which is solid at room temperature but
liquid at rectal temperature and therefore will melt in the rectum to release the drug. Such
materials include cocoa butter, beeswax and polyethylene glycols.

[00337] The pharmaceutical compositions as described herein may also be administered
topically. Suitable topical formulations are readily prepared for each of these areas or organs.
Topical application for the lower intestinal tract can be effected in a rectal suppository
formulation (see above) or in a suitable enema formulation. Topically-acceptable transdermal
patches may also be used.

[00338] For topical applications, the pharmaceutical compositions may be formulated in a
suitable ointment containing the active component suspended or dissolved in one or more
carriers. Carriers for topical administration of the compounds of this disclosure include, but are
not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. In certain preferred

aspects of the disclosure, the compounds may be coated onto a stent which is to be surgically
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implanted into a patient in order to inhibit or reduce the likelihood of occlusion occurring in the
stent in the patient.

[00339] Alternatively, the pharmaceutical compositions can be formulated in a suitable lotion
or cream containing the active components suspended or dissolved in one or more
pharmaceutically acceptable carriers. Suitable carriers include, but are not limited to, mineral oil,
sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,
benzyl alcohol and water.

[00340] For ophthalmic use, the pharmaceutical compositions may be formulated as
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saline, either with our without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutical compositions
may be formulated in an ointment such as petrolatum.

[00341] The pharmaceutical compositions as described herein may also be administered by
nasal aerosol or inhalation. Such compositions are prepared according to techniques well-known
in the art of pharmaceutical formulation and may be prepared as solutions in saline, employing
benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability,
fluorocarbons, and/or other conventional solubilizing or dispersing agents.

[00342] The amount of compound in a pharmaceutical composition as described herein that
may be combined with the carrier materials to produce a single dosage form will vary depending
upon the host and disease treated, the particular mode of administration. Preferably, the
compositions should be formulated to contain between about 0.05 milligram to about 750
milligrams or more, more preferably about 1 milligram to about 600 milligrams, and even more
preferably about 10 milligrams to about 500 milligrams of active ingredient, alone or in
combination with at least one other compound according to the present disclosure.

[00343] It should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of administration, rate
of excretion, drug combination, and the judgment of the treating physician and the severity of
the particular disease or condition being treated.

[00344] A patient or subject in need of therapy using compounds according to the methods

described herein can be treated by administering to the patient (subject) an effective amount of
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the compound according to the present disclosure including pharmaceutically acceptable salts,
solvates or polymorphs, thereof optionally in a pharmaceutically acceptable carrier or diluent,
either alone, or in combination with other known therapeutic agents as otherwise identified
herein.

[00345] These compounds can be administered by any appropriate route, for example, orally,
parenterally, intravenously, intradermally, subcutaneously, or topically, including transdermally,
in liquid, cream, gel, or solid form, or by aerosol form.

[00346] The active compound is included in the pharmaceutically acceptable carrier or diluent
in an amount sufficient to deliver to a patient a therapeutically effective amount for the desired
indication, without causing serious toxic effects in the patient treated. A preferred dose of the
active compound for all of the herein-mentioned conditions is in the range from about 10 ng/kg
to 300 mg/kg, preferably 0.1 to 100 mg/kg per day, more generally 0.5 to about 25 mg per
kilogram body weight of the recipient/patient per day. A typical topical dosage will range from
0.01-5% wt/wt in a suitable carrier.

[00347] The compound is conveniently administered in any suitable unit dosage form,
including but not limited to one containing less than 1mg, 1 mg to 3000 mg, preferably 5 to 500
mg of active ingredient per unit dosage form. An oral dosage of about 25-250 mg is often
convenient.

[00348] The active ingredient is preferably administered to achieve peak plasma
concentrations of the active compound of about 0.00001-30 mM, preferably about 0.1-30 uM.
This may be achieved, for example, by the intravenous injection of a solution or formulation of
the active ingredient, optionally in saline, or an aqueous medium or administered as a bolus of
the active ingredient. Oral administration is also appropriate to generate effective plasma
concentrations of active agent.

[00349] The concentration of active compound in the drug composition will depend on
absorption, distribution, inactivation, and excretion rates of the drug as well as other factors
known to those of skill in the art. It is to be noted that dosage values will also vary with the
severity of the condition to be alleviated. It is to be further understood that for any particular
subject, specific dosage regimens should be adjusted over time according to the individual need
and the professional judgment of the person administering or supervising the administration of

the compositions, and that the concentration ranges set forth herein are exemplary only and are
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not intended to limit the scope or practice of the claimed composition. The active ingredient may
be administered at once, or may be divided into a number of smaller doses to be administered at
varying intervals of time.

[00350] Oral compositions will generally include an inert diluent or an edible carrier. They
may be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound or its prodrug derivative can be incorporated
with excipients and used in the form of tablets, troches, or capsules. Pharmaceutically
compatible binding agents, and/or adjuvant materials can be included as part of the composition.
[00351] The tablets, pills, capsules, troches and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose, gum
tragacanth or gelatin; an excipient such as starch or lactose, a dispersing agent such as alginic
acid, Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant such
as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent
such as peppermint, methyl salicylate, or orange flavoring. When the dosage unit form is a
capsule, it can contain, in addition to material of the above type, a liquid carrier such as a fatty
oil. In addition, dosage unit forms can contain various other materials which modify the physical
form of the dosage unit, for example, coatings of sugar, shellac, or enteric agents.

[00352] The active compound or pharmaceutically acceptable salt thereof can be administered
as a component of an elixir, suspension, syrup, wafer, chewing gum or the like. A syrup may
contain, in addition to the active compounds, sucrose as a sweetening agent and certain
preservatives, dyes and colorings and flavors.

[00353] The active compound or pharmaceutically acceptable salts thereof can also be mixed
with other active materials that do not impair the desired action, or with materials that
supplement the desired action, such as anti-neurodegenerative agents, among others. In certain
preferred aspects of the disclosure, one or more compounds according to the present disclosure
are coadministered with another bioactive agent, such as an anti-neurogenerative agent, as
otherwise described herein.

[00354] Solutions or suspensions used for parenteral, intradermal, subcutaneous, or topical
application can include the following components: a sterile diluent such as water for injection,
saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic

solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
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ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid;
buffers such as acetates, citrates or phosphates and agents for the adjustment of tonicity such as
sodium chloride or dextrose. The parental preparation can be enclosed in ampoules, disposable
syringes or multiple dose vials made of glass or plastic.

[00355] If administered intravenously, preferred carriers are physiological saline or phosphate
buffered saline (PBS).

[00356] In one embodiment, the active compounds are prepared with carriers that will protect
the compound against rapid elimination from the body, such as a controlled release formulation,
including implants and microencapsulated delivery systems. Biodegradable, biocompatible
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations will
be apparent to those skilled in the art.

[00357] Liposomal suspensions may also be pharmaceutically acceptable carriers. These may
be prepared according to methods known to those skilled in the art, for example, as described in
U.S. Pat. No. 4,522,811 (which is incorporated herein by reference in its entirety). For example,
liposome formulations may be prepared by dissolving appropriate lipid(s) (such as stearoyl
phosphatidyl ethanolamine, stearoyl phosphatidyl choline, arachadoyl phosphatidyl choline, and
cholesterol) in an inorganic solvent that is then evaporated, leaving behind a thin film of dried
lipid on the surface of the container. An aqueous solution of the active compound are then
introduced into the container. The container is then swirled by hand to free lipid material from
the sides of the container and to disperse lipid aggregates, thereby forming the liposomal

suspension.

Therapeutic Methods

[00358] In an additional aspect, the description provides therapeutic compositions comprising
an effective amount of a compound as described herein or salt form thereof, and a
pharmaceutically acceptable carrier. The therapeutic compositions modulate protein degradation
in a patient or subject, for example, an animal such as a human, and can be used for treating or
ameliorating disease states or conditions which are modulated through the degraded protein.

[00359] The terms “treat”, “treating”, and “treatment”, etc., as used herein, refer to any action

providing a benefit to a patient for which the present compounds may be administered, including
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the treatment of any disease state or condition which is modulated through the protein to which
the present compounds bind. Disease states or conditions, including a-synucleinopathies,
neurological or neurodegenerative disease or disorder, which may be treated using compounds
according to the present disclosure are set forth hereinabove.

[00360] The description provides therapeutic compositions as described herein for
effectuating the degradation of proteins of interest for the treatment or amelioration of a disease,
e.g. a-synucleinopathies or neurological or neurodegenerative diseases or disorders, such as
Parkinson Disease, Alzheimer’s Disease, dementia (e.g., dementia with Lewy bodies), or
multiple system atrophy. In certain additional embodiments, the disease is Parkinson’s Disease,
dementia, or multiple system atrophy. As such, in another aspect, the description provides a
method of ubiquitinating/ degrading a target protein in a cell. In certain embodiments, the
method comprises administering a bifunctional compound as described herein comprising, e.g., a
ULM and a PTM, preferably linked through a linker moiety, as otherwise described herein,
wherein the ULM is coupled to the PTM and wherein the ULM recognizes a ubiquitin pathway
protein (e.g., an ubiquitin ligase, such as an E3 ubiquitin ligase including cereblon, VHL, IAP,
and/or MDM2) and the PTM recognizes the target protein such that degradation of the target
protein will occur when the target protein is placed in proximity 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
disease state or condition, which is modulated through the target protein by lowering the level of
that protein in the cell, e.g., cell of a patient. In certain embodiments, the method comprises
administering an effective amount of a compound as described herein, optionally including a
pharamaceutically acceptable excipient, carrier, adjuvant, another bioactive agent or
combination thereof.

[00361] In additional embodiments, the description provides methods for treating or
ameliorating a disease, disorder or symptom thereof in a subject or a patient, e.g., an animal such
as a human, comprising administering to a subject in need thereof a composition comprising an
effective amount, e.g., a therapeutically effective amount, of a compound as described herein or
salt form thereof, and a pharmaceutically acceptable excipient, carrier, adjuvant, another
bioactive agent or combination thereof, wherein the composition is effective for treating or

ameliorating the disease or disorder or symptom thereof in the subject.
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[00362] In another aspect, the description provides methods for identifying the effects of the
degradation of proteins of interest in a biological system using compounds according to the
present disclosure.

[00363] In another embodiment, the present disclosure is directed to a method of treating a
human patient in need for a disease state or condition modulated through a protein where the
degradation of that protein will produce a therapeutic effect in the patient, the method
comprising administering to a patient in need an effective amount of a compound according to
the present disclosure, optionally in combination with another bioactive agent. The disease state
or condition may be a disease caused by a microbial agent or other exogenous agent such as a
virus, bacteria, fungus, protozoa or other microbe or may be a disease state, which is caused by
overexpression of a protein, which leads to a disease state and/or condition

[00364] The term “disease state or condition” is used to describe any disease state or
condition wherein protein dysregulation (i.e., the amount of protein expressed in a patient is
elevated) occurs and where degradation of one or more proteins in a patient may provide
beneficial therapy or relief of symptoms to a patient in need thereof. In certain instances, the
disease state or condition may be cured.

[00365] Disease states or conditions which may be treated using compounds according to the
present disclosure include, for example, asthma, autoimmune diseases such as multiple sclerosis,
various cancers, ciliopathies, cleft palate, diabetes, heart disease, hypertension, inflammatory
bowel disease, mental retardation, mood disorder, obesity, refractive error, infertility, Angelman
syndrome, Canavan disease, Coeliac disease, Charcot—Marie-Tooth disease, Cystic fibrosis,
Duchenne muscular dystrophy, Haemochromatosis, Haemophilia, Klinefelter's syndrome,
Neurofibromatosis, Phenylketonuria, Polycystic kidney disease, (PKD1) or 4 (PKD2) Prader—
Willi syndrome, Sickle-cell disease, Tay—Sachs disease, Turner syndrome.

[00366] The term "pharmaceutically acceptable salt" is used throughout the specification to
describe, where applicable, a salt form of one or more of the compounds described herein which
are presented to increase the solubility of the compound in the gastic juices of the patient's
gastrointestinal tract in order to promote dissolution and the bioavailability of the compounds.
Pharmaceutically acceptable salts include those derived from pharmaceutically acceptable
inorganic or organic bases and acids, where applicable. Suitable salts include those derived from

alkali metals such as potassium and sodium, alkaline earth metals such as calcium, magnesium
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and ammonium salts, among numerous other acids and bases well known in the pharmaceutical
art. Sodium and potassium salts are particularly preferred as neutralization salts of the
phosphates according to the present disclosure.

[00367] The term "pharmaceutically acceptable derivative" 1is used throughout the
specification to describe any pharmaceutically acceptable prodrug form (such as an ester, amide
other prodrug group), which, upon administration to a patient, provides directly or indirectly the
present compound or an active metabolite of the present compound.

[00368] General Synthetic Approach

[00369] The synthetic realization and optimization of the bifunctional molecules as described
herein may be approached in a step-wise or modular fashion. For example, identification of
compounds that bind to the target molecules can involve high or medium throughput screening
campaigns if no suitable ligands are immediately available. It is not unusual for initial ligands to
require iterative design and optimization cycles to improve suboptimal aspects as identified by
data from suitable in vitro and pharmacological and/or ADMET assays. Part of the
optimization/SAR campaign would be to probe positions of the ligand that are tolerant of
substitution and that might be suitable places on which to attach the linker chemistry previously
referred to herein. Where crystallographic or NMR structural data are available, these can be
used to focus such a synthetic effort.

[00370] In a very analogous way one can identify and optimize ligands for an E3 Ligase, i.e.
ULMs/ILMs/VLMs/CLMs/ILMs.

[00371] With PTMs and ULMs (e.g. ILMs, VLMs, CLMs, and/or ILMs) in hand, one skilled
in the art can use known synthetic methods for their combination with or without a linker moiety.
Linker moieties can be synthesized with a range of compositions, lengths and flexibility and
functionalized such that the PTM and ULM groups can be attached sequentially to distal ends of
the linker. Thus a library of bifunctional molecules can be realized and profiled in in vitro and in
vivo pharmacological and ADMET/PK studies. As with the PTM and ULM groups, the final
bifunctional molecules can be subject to iterative design and optimization cycles in order to
identify molecules with desirable properties.

[00372] In some instances, protecting group strategies and/or functional group
interconversions (FGIs) may be required to facilitate the preparation of the desired materials.

Such chemical processes are well known to the synthetic organic chemist and many of these may
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be found in texts such as “Greene's Protective Groups in Organic Synthesis” Peter G. M. Wuts
and Theodora W. Greene (Wiley), and “Organic Synthesis: The Disconnection Approach” Stuart
Warren and Paul Wyatt (Wiley).

[00373] Protein Level Control

[00374] This description also provides methods for the control of protein levels with a cell.
This is based on the use of compounds as described herein, which are known to interact with a
specific target protein such that degradation of a target protein in vivo will result in the control of
the amount of protein in a biological system, prerferably to a particular therapeutic benefit.
[00375] The following examples are used to assist in describing the present disclosure, but
should not be seen as limiting the present disclosure in any way.

[00376] Specific Embodiments of the Present Disclosure

[00377] The present disclosure encompasses the following specific embodiments. These
following embodiments may include all of the features recited in a proceeding embodiment, as
specified. Where applicable, the following embodiments may also include the features recited in
any proceeding embodiment inclusively or in the alternative (e.g., an eighth embodiment may
include the features recited in a first embodiment, as recited, and/or the features of any of the
second through seventh embodiments).

[00378] In certain embodiments, the description provides the following exemplary
compounds 1-135 of Tables 1 and 2, including salts, prodrugs, polymorphs, analogs, derivatives,
and deuterated forms thereof:

[00379] EXAMPLES

Exemplary Synthesis of Exemplary Compounds of the Present Disclosure

[00380] Exemplary Synthesis of Exemplary Compound 1

OH

O
S O\/\O/\/O\)J\Nj;‘/N
/ N HN 0

'S

N
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[00381] Step 1
o NaH, DMF o
BnO OH + )< ! - )<
\/\O/\/ Br\)j\o 0-20 OC, 2h BI’]O\/\O/\/O\)]\O
[00382] To a solution of 2-(2-benzyloxyethoxy)ethanol (30 g, 152.87 mmol, 1.00 eq) in

N,N-dimethylformamide (250 mL) was added sodium hydride (9.17 g, 229.31 mmol, 60% in
mineral oil, 1.50 eq) at 0 °C. The mixture was stirred at 20 °C for 1 hour. Then the mixture was
cooled back to 0 °C, and tert-butyl 2-bromoacetate (44.73 g, 229.31 mmol, 33.89 mL, 1.50 eq)
was added. The reaction mixture was stirred at 20 °C for 2 hours. The reaction was quenched by
saturated ammonium chloride (600 mL), and the resulting mixture was extracted with ethyl
acetate (300 mL x 3). The combined organic phase was washed with brine (300 mL x 2), dried
over sodium sulfate, filtered and concentrated in vacuum. The residue was purified by silica gel
chromatography (petroleum ether: ethyl acetate = 30:1 to 5:1) to give tert-butyl 2-[2-(2-
benzyloxyethoxy)ethoxy]acetate (11 g, 35.44 mmol, 23% yield) as a colorless oil.

[00383] Step 2

O Pd/C, H, 0

MeOH, 20 °C

[00384] To a solution of tert-butyl 2-[2-(2-benzyloxyethoxy)ethoxy]acetate (11 g, 35.44
mmol, 1.00 eq) in methanol (150 mL) was added 10% Pd/C (800 mg) under nitrogen. The
suspension was degassed under vacuum and purged with hydrogen several times. The reaction
mixture was stirred at 20 °C for 18 hours under hydrogen (50 psi). The mixture was filtered and
the filtrate was concentrated in vacuum to give tert-butyl 2-[2-(2-hydroxyethoxy)ethoxy] acetate
(7.5 g, 96% yield) as a colorless oil.

[00385] Step 3

0 O )<
TosCl
O™ O\)J\oj< — > Tos” O\/\O/\/O\)J\o

DMAP, TEA, DCM
[00386] To a mixture of tert-butyl 2-[2-(2-hydroxyethoxy)ethoxy]acetate (1.00 g, 4.54
mmol, 1.00 eq) triethylamine (1.38 g, 13.62 mmol, 3.00 eq) and dimethylaminopyridine (166 mg,
1.36 mmol, 0.30 eq) in dichloromethane (10 mL) was added p-toluenesulfonyl chloride (1.73 g,
9.08 mmol, 2.00 eq). The mixture was stirred at 14 °C for 1 hour. The reaction mixture was

quenched by the addition of water (200 mL), and then diluted with ethyl acetate (30 mL), and

319



WO 2020/041331 PCT/US2019/047291

extracted with ethyl acetate (40 mL x 3). The combined organic layers were washed with brine
(30 mL), dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (Petroleum ether/Ethyl
acetate=15/1 to 10/1). Tert-butyl 2-[2-[2-(p-tolylsulfonyloxy)ethoxy]ethoxy]acetate (800 mg,

2.14 mmol, 47% yield) was obtained as a colorless oil.

[00387] Step 4
O~ /\/O\)j\ J<
Tos” 0]
S OH O\/\O/\/O\)]\ J<
HN4®—<\ D/ Cs,CO3, DMF, 85 °C ‘©_< :©/
/ N
[00388] To a mixture of 2-[4-(methylamino)phenyl]-1,3-benzothiazol-6-ol (100 mg, 0.39

mmol, 1.00 eq) and tert-butyl 2-[2-[2-(p-tolylsulfonyloxy)ethoxy]ethoxy]acetate (146 mg, 0.39
mmol, 1.00 eq) in dimethylformamide (5 mL) was added cesium carbonate (381 mg, 1.17 mmol,
3.00 eq). The mixture stirred at 85 °C for 1 hour. The reaction mixture was quenched by the
addition of water (50 mL), and then diluted with ethyl acetate (10 mL) and extracted with ethyl
acetate (20 mL x 3). The combined organic layers were washed with brine (20 mL x 3), dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give a
residue which was purified by prep-TLC (petroleum ether: ethyl acetate=1:1). Tert-butyl 2-[2-[2-
[[2-[4-(methylamino)phenyl]-1,3-benzothiazol-6-ylJoxy]ethoxy]ethoxy]acetate (100 mg, 0.22

mmol, 56% yield) was obtained as a yellow oil.

[00389] Step 5
C D/O\/\o/\/o\)\ )< < > ¢ :©/ O™ \)J\OH
[00390] To a mixture of tert-butyl 2-[2-[2-[[2-[4-(methylamino)phenyl]-1,3-benzothiazol-

6-yl] oxy]ethoxy]ethoxy]acetate (100 mg, 0.22 mmol, 1.00 eq) in dichlorometahne (2 mL) was
added trifluoroacetic acid (249 mg, 2.18 mmol, 10.00 eq). The mixture stirred at 12 °C for 12
hours. The reaction solution was concentrated under reduced pressure. The residue was used for
the next step without further purification. 2-[2-[2-[[2-[4-(Methylamino) phenyl]-1,3-
benzothiazol-6-yl]Joxy]ethoxy]ethoxy]acetic acid (100 mg, crude) was obtained as a yellow oil.

[00391] Step 6
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H HO

N oH
S HN 0 O S O\/\o/\/o\)kN N
/ Hel HN4©—<\ ]@/ Ho U
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O\\\ EDCI, HOBT, DMF
0 Exemplary Compound 1 s
\\(O .
N
OH
[00392] A mixture of (2S,4R)-1-[(25)-2-amino-3,3-dimethyl-butanoyl]-4-hydroxy-N-

[(1S)-1-[4-(4- methylthiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide hydrochloride (72 mg,
0.15 mmol, 1.00 eq), hydroxybenzotriazole (20 mg, 0.15 mmol, 1.00 eq) carbodiimide
hydrochloride (34 mg, 0.18 mmol, 1.20 eq) and diisopropylethylamine (58 mg, 0.45 mmol, 3.00
eq) in dimethylformamide (5 mL) was stirred at 12 °C for 30 minutes. To the reaction was added
2-[2-[2-[[2-[4-(methylamino)phenyl]-1,3-benzothiazol-6-yl]Joxy]ethoxy]ethoxy]acetic acid (60
mg, 0.15 mmol, 1.00 eq). The mixture stirred at 30 °C for 12 hours. The reaction mixture was
quenched by the addition of water (100 mL), and then diluted with ethyl acetate (20 mL) and
extracted with ethyl acetate (40 mL x 3). The combined organic layers were washed with
saturated brine (20 mL x 3), dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue purified by prep-HPLC (column: Boston Green ODS
150*30 Su; mobile phase: [water(0.225%FA)-ACN];B%: 45%-75%,10min). (2S,4R)-1-[(25)-
3,3-dimethyl-2-[[2-[2-[2-[[2-[4-(methylamino) phenyl]-1,3-benzothiazol-6-
yl]Joxy]ethoxy]ethoxy]acetyl]amino]butanoyl]-4-hydroxy-N-[(1S)-1-[4-(4-methylthiazol-5-
yDphenyl]ethyl]pyrrolidine-2-carboxamide (32 mg, 0.04 mmol, 25% yield) was obtained as a
yellow solid.

[00393] Exemplary Svnthesis of Exemplary Compound 2
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[00394] Step 1

0
e T W
[00395] To a mixture of sodium hydride (2.26 g, 56.4 mmol, 60% in mineral oil, 1.10 eq)
in tetrahydrofuran (300 mL) was added a solution of 2-[2-(2-hydroxyethoxy)ethoxy]ethanol
(38.5 g, 256 mmol, 34.38 mL, 5.00 eq) in tetrahydrofuran (100 mL) at O °C. The mixture was
then stirred at 20 °C for 1 hour. A solution of tert-butyl 2-bromoacetate (10 g, 51.3 mmol, 7.58
mL, 1.00 eq) in tetrahydrofuran (100 mL) was added to the mixture at O °C. The mixture was
stirred at 20 °C for 2 hours. The reaction mixture was quenched with saturated ammonium
chloride solution (100 mL) and water (50 mL). The organic layer was separated, and aqueous
layer was extracted with dichloromethane (100 mL x 3). The organic layers were combined and
dried over sodium sulfate. The crude material was purified by column chromatography
(dichloromethane: methanol = 200:1-60:1). Tert-butyl 2-[2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy]acetate (10 g, 37.8 mmol, 37% yield) was obtained as a yellow
oil.
[00396] Tert-butyl 2-[2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]acetate was converted to the
title compound, (2S,4R)-1-((S)-2-(tert-butyl)-14-((2-(4-(methylamino)phenyl)benzo[d]thiazol-6-
yloxy)-4-0x0-6,9,12-trioxa-3-azatetradecanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yDphenyl)ethyl)pyrrolidine-2-carboxamide, using procedures analogous to those described above
for Exemplary Compound 1.
[00397] Using procedures described above the following examples were prepared:
Exemplary Compound 3, Exemplary Compound 4, and Exemplary Compound 5.

[00398] Exemplary Synthesis of Exemplary Compound 6 and Exemplary Compound
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1~

E/Z individual isomer 1 - tentative assighment

Exemplary Compound 6
OH
o :
O\/\O/\/O\)I\N N
H
0
G NH

s
&
N

E/Z individual isomer 2 - tentative assignment

0 N

-
&

NO> Exemplary Compound 7
[00399] Step 1
o}
N
/ < > H >
HCI, AcOH, 110 °C
[00400] To a solution of indolin-2-one (13 g, 99.89 mmol, 1.00 eq) and 3-(4-nitrophenyl)

acrylaldehyde (17 g, 99.89 mmol, 1.00 eq) in acetic acid (300 mL) was added hydrochloric acid
(conc. 6 mL). The reaction mixture was heated to 100 °C and stirred at 100 °C for 3 hours. The
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mixture was poured into 1000 mL of water. The solid formed was filtered and dried in a vacuum.
3-(3-(4-Nitrophenyl)allylidene) indolin-2-one (20 g, 34.21 mmol, 68% yield) was obtained as a

red solid.

[00401] Step 2

K,COs, DMF, 40 °C

o)
[00402] To a solution of 3-(3-(4-nitrophenyl)allylidene)indolin-2-one (20 g, 68 mmol,
1.00 eq) in N,N-dimethylformamide (500 mL) was added potassium carbonate (19 g, 137 mmol,
2.00 eq) and 1-(chloromethyl)-4-methoxy-benzene (16 g, 102 mmol, 14 mL, 1.50 eq). The
mixture was stirred at 40 °C for 3 hours. The mixture was poured into brine (1500 mL), and the
extracted with ethyl acetate (500 mL x 2). The combined organic layers were washed with brine
(500 mL x 4), dried over anhydrous sodium sulfate, filtered and concentrated in vacuum. The
residue was triturated with petroleum ether: ethyl acetate (v/v=3:1, 200 mL). 1-(4-
methoxybenzyl)-3-(3-(4-Nitrophenyl)allylidene)indolin-2-one (20 g, 48 mmol, 71% yield) was
obtained as a red solid.

[00403] Step 3

BBrs, DCM

L
y

-60~10 °C

HO
—0
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[00404] To a solution of 3-1-[(4-methoxyphenyl)methyl]-3-[3-(4-nitrophenyl)prop-2-
enylidene] indolin-2-one (1.24 g, 3.01 mmol, 1.00 eq) in dichloromethane (40 mL) was added
boron tribromide (3 g, 12.03 mmol, 4.00 eq) at -60 °C. When addition was completed, the
mixture was stirred at -60 °C ~ 0 °C for 2 hours. The mixture was poured into 500 mL saturated
sodium bicarbonate solution, and stirred at O °C for 15 minutes. The solid formed was filtered
and dried in vacuum. The residue was triturated with ethyl acetate: petroleum ether (v/v=3:1, 50
mL). 3-1-[(4-Hydroxyphenyl)methyl]-3-[3-(4-nitrophenyl)prop-2-enylidene]indolin-2-one (820
mg, 2.06 mmol, 68% yield) was obtained as a red solid.

[00405] Step 4

5 X

NO, O} © o 0
NJLOk Q"f"N etk
B Sty Y

isomer 1 Q

NO,

[00406] To a solution of 3-1-[(4-hydroxyphenyl)methyl]-3-[3-(4-nitrophenyl)prop-2-

isomer 2

enylidene] indolin-2-one (200 mg, 0.5 mmol, 1.00 eq) and tert-butyl 2-[2-[2-(p-tolylsulfonyloxy)
ethoxylethoxy]acetate (188 mg, 0.5 mmol, 1.00 eq) in dimethylformamide (5 mL) was added
cesium carbonate (490 mg, 1.51 mmol, 3.00 eq). The reaction mixture was stirred at 85 °C for 1
hour. The reaction mixture was diluted with ethyl acetate (50 mL), washed with brine (30 mL x
3), dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (petroleum ether: ethyl acetate=80:1
to 20:1) to produce, in order of elution, two individual configurational isomers: isomer 1 (50 mg,
0.08 mmol, 33% yield) as a red solid tentatively assigned as tert-butyl 2-(2-(2-(4-(((Z)-3-((E)-3-
(4-nitrophenyl)allylidene)-2-oxoindolin- 1-yl)methyl)phenoxy)ethoxy)ethoxy)acetate (50 mg,
0.08 mmol, 33% yield), and isomer 2 (120 mg, 0.2 mmol, 79% yield) as a red solid tentatively
assigned as tert-butyl 2-(2-(2-(4-(((E)-3-((E)-3-(4-nitrophenyl)allylidene)-2-oxoindolin-1-
yl)methyl)phenoxy)ethoxy)ethoxy)acetate.

[00407] Step S
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A Kk i
O\/\O/\/O 0O O\/\O/\/O\)\OH
(©/ TFA (Q/
—» N
e
/
OoN Q / isomer 1

[00408] To a solution of isomer 1 tentatively assigned as tert-butyl 2-(2-(2-(4-(((Z)-3-((E)-

3-(4-nitrophenyl)allylidene)-2-oxoindolin-1-yl)methyl)phenoxy)ethoxy)ethoxy)acetate (50 mg,
0.08 mmol, 1.00 eq) in dichloromethane (2 mL) was added trifluoroacetic acid (2 mL). The
reaction mixture was stirred at 25 °C for 12 hours. The reaction mixture was concentrated under
reduced pressure. Tentatively assigned configurational isomer 2-(2-(2-(4-(((Z)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-oxoindolin-1-yl)methyl)phenoxy)ethoxy)ethoxy)acetic acid (50 mg,

crude) was obtained as a red solid.

[00409] Step 6

(:)H
OA{W%
/\/o\)\\H o d "

O\/\O

Exempary Copund 6

[00410] To a solution 2-(2-(2-(4-(((Z)-3-((E)-3-(4-nitrophenyl)allylidene)-2-oxoindolin- 1-
yDmethyl)phenoxy)ethoxy)ethoxy)acetic acid (50 mg, 0.09 mmol, 1.00 eq), 1-
hydroxybenzotriazole (12 mg, 0.09 mmol, 1.00 eq), 1-ethyl-3-[3-(dimethylamino)
propyl]carbodiimide hydrochloride (21 mg, 0.11 mmol, 1.20 eq) in dimethylformamide (5 mL)
was added (2S,4R)-1-[(2S)-2-amino-3,3-dimethyl-butanoyl]-4-hydroxy-N-[(15)-1-[4-(4-
methylthiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide (44 mg, 0.09 mmol, 1.00 eq,
hydrochloric acid) and diisopropylethylamine (71 mg, 0.55 mmol, 6.00 eq). The reaction mixture

was stirred at 25 °C for 12 hours. The reaction mixture was diluted with water (50 mL) and
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extracted with ethyl acetate (30 mL x 3). The combined organic layers were washed with brine
(50 mL x 3), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by Semi-preparative reverse phase HPLC (column: Boston
Green ODS 150*30 Sum; mobile phase: [water (0.225% formic acid) - acetonitrile]; B%: 62% -
89%, 10 min). Tentatively assigned configurational isomer Exemplary Compound 6 (2S,4R)-1-
((S)-3.3-dimethyl-2-(2-(2-(2-(4-(((Z)-3-((E)-3-(4-Nitrophenyl)allylidene)-2-oxoindolin-1-
yDmethyl)phenoxy)ethoxy)ethoxy)acetamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (11.3 mg, 0.01 mmol, 5% yield,
74% purity) was obtained as a red solid.

[00411] Step 7

O

SN 0 N/—O*O\_\

= °\L = AN
SO T m SO Ty
O isomer 2 O
O,N O,N

[00412] To a solution of tentatively assigned isomer 2 tert-butyl 2-(2-(2-(4-(((E)-3-((E)-3-
(4-nitrophenyl)allylidene)-2-oxoindolin- 1-yl)methyl)phenoxy)ethoxy)ethoxy)acetate (120 mg,
0.2 mmol, 1.00 eq) in dichloromethane (2 mL) was added trifluoroacetic acid (2 mL). The
reaction mixture was stirred at 25°C for 12 hours. The reaction mixture was concentrated under
reduced pressure. Tentatively assigned configurational isomer 2-(2-(2-(4-(((E)-3-((E)-3-(4-
Nitrophenyl)allylidene)-2-oxoindolin-1-yl)methyl)phenoxy)ethoxy)ethoxy)acetic acid (120 mg,
crude) was obtained as a red solid.

[00413] Step 8

L e, NV WA
"o = O O_\—o 0
O X—«@H = \_H<N—§i ~OH

0N
J HN ©O O N
HCI O
4 A ° of
% ON NH
Q HOBt, EDCI, DIEA Exemplary Compoun 7 S
NO, DMF E {
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[00414] To a solution of 2-(2-(2-(4-(((E)-3-((E)-3-(4-nitrophenyl)allylidene)-2-
oxoindolin-1-yl)methyl)phenoxy)ethoxy)ethoxy)acetic acid (100 mg, 0.2 mmol, 1.00 eq), 1-
hydroxybenzotriazole (27 mg, 0.2 mmol, 1.00 eq), 1-ethyl-3-[3-(dimethylamino)
propyl]carbodiimide hydrochloride (42 mg, 0.22 mmol, 1.10 eq) in dimethylformamide (5 mL)
was added (2S,4R)-1-[(2S)-2-amino-3,3-dimethyl-butanoyl]-4-hydroxy-N-[(15)-1-[4-(4-
methylthiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide (120 mg, 0.2 mmol, 1.00 eq,
hydrochloride) and diisopropylethylamine (142 mg, 0.11 mmol, 5.5 eq). The reaction mixture
was stirred at 25 °C for 12 hours. The reaction mixture was diluted with water (50 mL) and
extracted with ethyl acetate (30 mL x 3). The combined organic layers were washed with brine
(50 mL x 3), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by Semi-preparative reverse phase HPLC (column: Boston
Green ODS 150*30 Sum; mobile phase: [water (0.225% formic acid) - acetontrile]; B%: 65% -
92%, 10 min). Tentatively assigned configurational isomer Exemplary Compound 7 (2S,4R)-1-
((S)-3,3-dimethyl-2-(2-(2-(2-(4-(((E)-3-((E)-3-(4-nitrophenyl)allylidene)-2-oxoindolin-1-
yDmethyl)phenoxy)ethoxy)ethoxy)acetamido)butanoyl)-4-hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (16 mg, 0.08 mmol, 12% yield, 96%

purity) was obtained as a red solid.

[00415] Exemplary Synthesis of Exemplary Compound 8
OH
o :
N N
OO
H
O
N N ©
H
S
'
N
[00416] Step 1
Ly =
e X
~o S H,0,100°C, 12h 0 SH
[00417] 6-Methoxy-1,3-benzothiazol-2-amine (30.00 g, 166.5 mmol, 1.00 eq) was

suspended in 100 mL of aqueous potassium hydroxide (9.34 g, 166.5 mmol, 1.00 eq) solution,
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and the mixture was stirred at 100 °C for 12 hours. 2-amino-5-methoxy-benzenethiol (25.80 g,

crude) was obtained in the solution of water and was used in the next step without further

purification.
[00418] Step 2
S e
EtOH/AcOH,3 h
[00419] 2-Amino-5-methoxy-benzenethiol (24.0 g, 154.6 mmol, 1.00 eq) was added

dropwise to the solution of 1-chloro-2,4-dinitro-benzene (40.1 g, 197.9 mmol, 1.28 eq) in ethyl
alcohol (1200 mL) and acetic acid (3000 mL). The mixture was stirred at 25 °C for 3 hours. The
reaction mixture was then filtered, and the solid was washed with water/ethanol (v/v=1/1, 200
mL) to give 2-(2,4-dinitrophenyl)sulfanyl-4- methoxy-aniline (22.0 g, crude) as a brown solid.
[00420] Step 3

OY
/@[ /Q/ ACZO /@iNH
™o s
[00421] To a solution of 2-(2,4-dinitrophenyl)sulfanyl-4-methoxy-aniline (22.0 g, 68.5

mmol, 1.00 eq) in acetic anhydride (450 mL) was added pyridine (86.2 g, 1.1 mol, 15.93 eq).
Then the mixture was stirred at 18 °C for 1.5 hours. The reaction mixture was then quenched by
the addition of water (5000 mL) at O °C, and pH was then adjusted to 7-8 with sodium
bicarbonate solution. The solution was extracted with ethyl acetate (500 mL x 3). The combined
organic layers were washed with brine (300 mL x 2), dried over sodium sulfate, filtered and
concentrated under reduced pressure. The residue was washed with petroleum ether (500 mL)
and ethyl acetate (20 mL). N-[2-(2,4-Dinitrophenyl)sulfanyl-4- methoxy-phenyl]acetamide (21.0
g, 57.8 mmol, 84% yield) was isolated as a yellow solid.

[00422] Step 4
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NH NO, \
/@i KOH > /@i j@\
~o S o O s NO

acetone/EtOH,80 °C 2
NO,

[00423] To a solution of N-[2-(2,4-dinitrophenyl)sulfanyl-4-methoxy-phenyl]acetamide
(21.0 g, 57.8 mmol, 1.00 eq) in acetone (1200 mL) and ethyl alcohol (400 mL) at 80 °C was
added potassium hydroxide (6.88 g, 122.5 mmol, 2.12 eq), and the mixture was stirred at 80 °C
for 2 hours. The reaction mixture was then quenched by the addition of water (1500 mL) at O °C
and concentrated under reduced pressure to remove acetone. The residue was filtered to get the
filter cake. The filter cake was washed with ethyl acetate/petroleum ether (v/v=1:10, 2000 mL) to
give 3-methoxy-7-nitro- 10H-phenothiazine (19.0 g, crude) as a black solid.

[00424] Step 5

0]
N AcCl, t-BuOK _ \
ALK, e I
@ S NO, ~o S NO,
[00425] To a solution of 3-methoxy-7-nitro-10H-phenothiazine (8.10 g, 29.5 mmol, 1.00

eq) in dimethylformamide (250 mL) was added potassium tert-butoxide (9.94 g, 88.6 mmol, 3.00
eq) at O °C. The mixture was stirred at O °C for 30 minutes. Then acetyl chloride (23.18 g, 295.3
mmol, 10.00 eq) was added. The reaction mixture was stirred at 40 °C for 48 hours. The mixture
was poured into 400 mL saturated sodium bicarbonate solution, and then extracted with ethyl
acetate (300 mL x 2). The combined organic layers were washed with brine (400 mL x 4), dried
over anhydrous sodium carbonate, filtered and concentrated in vacuum. The residue was further
purified by column chromatography (petroleum ether/ethyl acetate = 10/1 to 5/1). 1-(3-methoxy-
7-nitro-phenothiazin-10-yl)ethanone (3.60 g, 11.4 mmol, 38% yield) was obtained as a red solid
and used directly in the next step without further purification.

[00426] Step 6

O O
BBr3

o, = ol
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[00427] To a mixture of 1-(3-methoxy-7-nitro-phenothiazin-10-yl)ethanone (3.60 g, 11.4
mmol, 1.00 eq) in dichloromethane (50 mL) was added a solution of boron tribromide (8.55 g,
34.1 mmol, 3.00 eq) in dichloromethane (50 mL) at -20 °C. The mixture was stirred at -20 °C for
30 minutes and then at 14 °C for 2 hours. The reaction mixture was quenched by the addition of
saturated sodium bicarbonate solution (200 mL), diluted with dichloromethane (100 mL), and
then extracted with dichloromethane (200 mL x 3). The combined organic phase washed with
brine, filtered and concentrated under reduce pressure. The residue was purified by column
chromatography (petroleum ether/ethyl acetate=10/1 to 5/1). Compound 1-(3-hydroxy-7- nitro-
phenothiazin-10-yl)ethanone (2.30 g, 7.61 mmol, 67% yield) was obtained as a brown solid.
[00428] Step 7

@) o 0
7\1/ Tos’o\/\o’\/o\)l\oJ< OaN \@SD/O\/\O/\/ O\)I\o)<
HO/@SK)\NOZ N

Cs,CO3, DMF, 85 °C

[00429] To a mixture of 1-(3-hydroxy-7-nitro-phenothiazin-10-yl)ethanone (150 mg, 0.50
mmol, 1.00 eq) and tert-butyl 2-[2-[2-(p-tolylsulfonyloxy)ethoxy]ethoxy]acetate (186 mg, 0.50
mmol, 1.00 eq) in dimethylformamide (5 mL) was added cesium carbonate (485 mg, 1.49 mmol,
3.00 eq). The mixture was stirred at 85 °C for 1 hour. The mixture was quenched by the addition
of water (100 mL), diluted with ethyl acetate (20 mL) and further extracted with ethyl acetate (30
mL x 3). The combined organic phase was washed with brine (20 mL x 3), dried over anhydrous
sodium sulfate, filtered and concentrated under reduce pressure. The residue was purified by
preparative thin layer chromatography (petroleum ether/ethyl acetate = 10/1). Compound tert-
butyl 2-[2-[2-[(7-Nitro-10H-phenothiazin-3-yl)oxy]ethoxy]ethoxy] acetate (220 mg, crude) was

obtained as a brown oil.

[00430] Step 8
o 0
O2N\©[Sj©/°\/\o/\/o\)koj< TFA, DCM OZN\E:[SD/O\/\O/\/ O\)]\OH
N N
[00431] To a mixture of tert-butyl 2-[2-[2-[(7-nitro-10H-phenothiazin-3-

ylDoxy]ethoxy]ethoxy]acetate (220 mg, 0.48 mmol, 1.00 eq) in dichloromethane (5 mL) was
added trifluoroacetic acid (1.08 g, 9.51 mmol, 20.00 eq). The mixture was stirred at 14 °C for 12

hours. The reaction mixture was concentrated under reduced pressure. The residue was purified
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by Semi-preparative reverse phase HPLC (column: Boston Green ODS 150*30 5Su; mobile
phase: [water (0.225% formic acid) - acetonitrile]; B%: 38%-68%, 10 min). Compound 2-[2-[2-
[(7-nitro-10H-phenothiazin-3-yl)oxy]ethoxy]ethoxy]acetic acid (40 mg, 0.10 mmol, 21% yield)
was obtained as a brown solid.

[00432] Step 9

O5N HO H
: X %
NN R
O
BN © O ’>’NH 0
HN 0
(@] /J

1\ (0] SN\
\\\ N OI \§N

O\\\ :
0 EDCI, HOBT, DMF
0O S

OH
OZNONH

[00433] To a mixure of 2-[2-[2-[(7-nitro-10H-phenothiazin-3-yl)oxy]ethoxy]ethoxy]acetic
acid (40 mg, 0.10 mmol, 1.00 eq) and (2S,4R)-1-[(2S)-2-amino-3,3-dimethyl-butanoyl]-4-
hydroxy -N-[(1S)-1-[4-(4-methylthiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide

hydrochloride (47 mg, 0.10 mmol, 1.00 eq) in dimethylformamide (4 mL) was added
hydroxybenzotriazole (13 mg, 0.10 mmol, 1.00 eq), carbodiimide hydrochloride (23 mg, 0.12
mmol, 1.20 eq) and diisopropylethylamine (13 mg, 0.10 mmol, 1.00 eq). The mixture was stirred
at 40 °C for 12 hours and then quenched by the addition of water (100 mL), diluted with ethyl
acetate (20 mL) and further extracted with ethyl acetate (30 mL x 3). The combined organic
layers were washed with brine (30 mL x 3), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by Semi-preparative reverse
phase HPLC (column: Phenomenex Synergi C18 150 *30 mm *4 um; mobile phase: [water
(0.225% formic acid) - acetonitrile]; B%: 45%-75%, 10.5 min). Compound (2S,4R)-1-[(25)-3,3-
dimethyl-2-[[2-[2-[2-[(7-nitro-10H-phenothiazin-3-
yl)oxy]ethoxy]ethoxy]acetyl]amino]butanoyl]-4-hydroxy-N-[(1S)-1-[4-(4-methylthiazol-5-
yDphenyl]ethyl]pyrrolidine-2-carboxamide (15 mg, 0.02 mmol, 19% yield) was obtained as a

brown solid.
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[00434] Exemplary Compounds 9, 10, 11, and 13 were prepared following the procedures
described above for Exemplary Compound 8.
[00435] Exemplary Synthesis of Exemplary Compound 13
0O O
NOZ\C[SD/O\/\O/\/O\/\O/\/O ‘Z\;N)H:
N O

N

H O
[00436] Step 1

o o TosClI, TEA, DCM

HO/\/ \/\O/\/ \/\OH 25 °C. 12 1 L TOSO/\/O\/\O/\/O\/\OH
[00437] To a mixture of 2-[2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]ethanol (5 g, 25.7 mmol,

4.4 mL, 1 eq) and 4-methylbenzenesulfonyl chloride (1.23 g, 6.4 mmol, 0.25 eq) in
dichloromethane (50 mL) was added triethylamine (1.30 g, 12.9 mmol, 1.8 mL, 0.5 eq) in one
portion at 25 °C under nitrogen. The mixture was stirred at 25 °C for 12 hours. The mixture was
washed with brine (30 mL x 2), dried with anhydrous sodium sulfate, filtered and concentrated
in vacuum. The residue was purified by silica gel chromatography (petroleum ether/ethyl acetate
= 1/1 to 0/1) to afford 2-[2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]ethyl 4-methylbenzenesulfonate
(1.98 g, 5.68 mmol, 22% yield) as a colorless oil.

[00438] Step 2
0 o)
o~ TOSON NG NSO O o~
HO o< DMF, Cs,COs, 90 °C, 2 h - Ho" O N O o<
o} 0
[00439] To a mixture of dimethyl 4-hydroxybenzene-1,2-dicarboxylate (500 mg, 2.38

mmol, 1.00 eq) and 2-[2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]ethyl 4-methylbenzenesulfonate
(828 mg, 2.38 mmol, 1.00 eq) in N,N-dimethylformamide (10 mL) was added cesium carbonate
(1.55 g, 4.76 mmol, 2.00 eq) in one portion at 15 °C under nitrogen. The mixture was heated to
90 °C and stirred for 2 hours. The mixture was cooled to 25 °C and poured into ice-water (w/w
= 1/1) (20 mL) and stirred for 10 minutes. The aqueous phase was extracted with ethyl acetate
(30 mL x 3). The combined organic phase was washed with brine (30 mL x 3), dried with
anhydrous sodium sulfate, filtered and concentrated under vacuum. The residue was purified by

prep-HPLC (Waters Xbridge 150*50 10 um; mobile phase: [water (0.05% ammonia hydroxide
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v/v)-ACN]; B%: 15% - 45%, 11.5 min) to afford dimethyl 4-[2-[2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (262 mg, 0.67 mmol, 29%

yield) as a yellow oil.

[00440] Step 3
9 9
O/ TosCl, DMAP, TEA, DCM _ O/
HO/\/O\/\O/\/O\/\O O 15°C,6h Toso/\/o\/\o/\/o\/\o O
0 0
[00441] To a mixture of dimethyl 4-[2-[2-[2-(2-

hydroxyethoxy)ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (261 mg, 0.67 mmol, 1.00 eq),
p-toluenesulfonyl chloride (193 mg, 1.01 mmol, 1.50 eq) and triethylamine (205 mg, 2.03 mmol,
3.00 eq) in dichloromethane (6 mL) was added N,N-dimethylaminopyridine (8.25 mg, 0.06
mmol, 0.1 eq) in one portion at 15 °C under nitrogen. The mixture was stirred at 15 °C for 6
hours. The mixture was cooled to 25 °C and concentrated under reduced pressure at 45 °C. The
residue was purified by silica gel chromatography (petroleum ether/ethyl acetate= 1/1) to afford
dimethyl 4-[2-[2-[2-[2-(p-tolylsulfonyloxy)ethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-
dicarboxylate (216 mg, 0.39 mmol, 59% yield) as a yellow oil.

[00442] Step 4
L
TosO O,N s OH o
. ooy o
\_\o )N\ \/‘O/\/
_\—O ¢} - /\/O o]
\_\o Ci /<° Cs,CO3, DMF, 85°C, 2 h o0
S
OO_ OZN\@\\Q
g N N
[00443] To a mixture of dimethyl 4-[2-[2-[2-[2-(p-

tolylsulfonyloxy)ethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (115 mg, 0.21 mmol,
1.00 eq) and 1-(3-hydroxy-7-nitro-phenothiazin-10-yl)ethanone (64 mg, 0.21 mmol, 1.00 eq) in
N,N-dimethylformamide (2 mL) was added cesium carbonate (138 mg, 0.42 mmol, 2.00 eq) in
one portion at 15 °C under nitrogen. The mixture was stirred at 85 °C for 2 hours. The mixture
was cooled to 25 °C and poured into ice-water (w/w = 1/1) (30 mL) and stirred for 15 minutes.
The aqueous phase was extracted with ethyl acetate (30 mL x 3). The combined organic phase
was washed with brine (30 mL x 3), dried with anhydrous sodium sulfate, filtered and

concentrated under vacuum. The residue was purified by prep-TLC (petroleum ether/ethyl
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acetate = 1/1) to afford dimethyl 4-[2-[2-[2-[2-[(7-nitro- 10H-phenothiazin-3-
ylDoxy]ethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (43 mg, 0.06 mmol, 30% yield)

as a brown solid.

[00444] Step 5
OsN o OIHj
s (o]
HO \/\O’\/o HZN{):O o/ ™ °
\/\O’\,o . Py, Lil, 130 °C, 10 h o\/\o/\/
@0/ ~
) O\ OQN\Q\H
[00445] To a mixture of dimethyl 4-[2-[2-[2-[2-[(7-nitro- 10H-phenothiazin-3-

yDoxy]ethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (43 mg, 0.06 mmol, 1.00 eq)
and 3-aminopiperidine-2,6-dione (22 mg, 0.13 mmol, 2.00 eq, hydrochloride) in pyridine (5 mL)
was added lithium iodide (137 mg, 1.03 mmol, 15 eq) in one portion at 15 °C under nitrogen.
The mixture was stirred at 130 °C for 10 h. The mixture was cooled to 25 °C and concentrated
under reduced pressure at 45 °C. The residue was purified by prep-TLC (dichloromethane:
methanol = 10/1) to afford 2-(2,6-dioxo-3-piperidyl)-5-[2-[2-[2-[2-[(7-nitro- 10H-phenothiazin-3-
yDoxy]ethoxy]ethoxy]ethoxy]ethoxy]isoindoline-1,3-dione (27 mg, 0.03 mmol, 57% yield) as a
red solid.

[00446] Exemplary Compounds 14 was prepared following the procedures described
above for Exemplary Compound 13.

[00447] Exemplary Synthesis of Exemplary Compound 16

0 0
L5
N o)
Q\N/\/\N/\/O\/\O/\/O\/\O
I O

[00448] Step 1

Tos0” OO0 S, N o OH
80°C, 16 h NN

[00449] To 2-[2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]ethyl 4-methylbenzenesulfonate (6 g,

17.22 mmol, 1 eq) was added 33 wt.% methylamine solution in EtOH (16.21 g, 172.2 mmol, 10
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eq). The mixture was stirred at 80 °C for 16 hours. The reaction mixture was concentrated in

vacuum to provide 2-[2-[2-[2-(methylamino)ethoxy]ethoxy]ethoxy]ethanol (4.6 g, crude) as a

light yellow oil.
[00450] Step 2
H

/N\/\O/\/o\/\o/\/OH Boc,O, TEA, DCM> Boc\N/\/O\/\O/\/O\/\OH
I

[00451] To a solution of 2-[2-[2-[2-(methylamino)ethoxy]ethoxy]ethoxy]ethanol (3.86 g,
18.6 mmol, 1 eq) in dichloromethane (30 mL) was added di-tert-butyl dicarbonate (4.88 g, 22.4
mmol, 5.13 mL, 1.2 eq) at 0 °C , and the mixture was stirred at 15 °C for 16 hours. TLC showed
some starting material remaining, so triethylamine (3.77 g, 37.25 mmol, 5.18 mL, 2 eq) was
added, and the mixture stirred at 15 °C for an additional 12 hours. The reaction mixture was
concentrated in vacuum, and the residue was purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 5/1 to 1/3) to give fert-butyl N-[2-[2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy]ethyl]-N-methyl-carbamate (5.74 g, crude) as a light yellow oil.
[00452] Step 3

TosCl, EtzN Boc. O\/\ /\/0\/\
BOC\T/\/O\/\O/\/O\/\OH — ’il/\/ o) OTs
[00453] To a solution of ferz-butyl N-[2-[2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]ethyl]-N-

methyl-carbamate (1 g, 3.25 mmol, 1 eq) in dichloromethane (10 mL) was added triethylamine
(987 mg, 9.76 mmol, 1.36 mL, 3 eq) and p-toluenesulfonyl chloride (1.24 g, 6.51 mmol, 2 eq)
sequentially at 15 °C, after which the mixture was stirred at this temperature for 16 hours. The
reaction mixture was concentrated to give a residue which was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 20/1 to 1/1). 2-[2-[2-[2-[tert-
butoxycarbonyl(methyl)amino]ethoxy]ethoxy]ethoxy]ethyl 4-methylbenzene sulfonate (1.09 g,
2.36 mmol, 72% yield) was obtained as a light yellow oil.

[00454] Step 4
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0 >
\\~o K,CO3, DMF, 50 °C, 12 h /\/Ofo
OTs O\/\O
Boc~N/\/
\
[00455] To a solution of 2-[2-[2-[2-[tert-

butoxycarbonyl(methyl)amino]ethoxy]ethoxy]ethoxy]ethyl 4-methylbenzenesulfonate (351 mg,
0.76 mmol, 1.1 eq) and 2-(2,6-dioxo-3-piperidyl)-5-hydroxy-isoindoline-1,3-dione (190 mg, 0.69
mmol, 1 eq) in N,N-dimethylformamide (5 mL) was added potassium carbonate (191 mg, 1.39
mmol, 2 eq). The reaction mixture was then stirred at 50 °C for 12 hours. The reaction mixture
was diluted with water (30 mL) and extracted with ethyl acetate (20 mL x 3). The combined
organic layer was washed with brine (10 mL), dried with anhydrous sodium sulfate, filtered and
concentrated under vacuum to give a residue. The residue was purified by semi-preparative
reverse phase HPLC (column: Phenomenex Synergi Max-RP 250*50 mm*10 um; mobile phase:
[water (0.225% FA) - ACN]; B%: 30ACN% - 60ACN%, 20 min; 50% min) to give fert-butyl N-
[2-[2-[2-[2-[2-(2,6-diox0-3-piperidyl)-1,3-dioxo-isoindolin-5-
ylJoxyethoxy]ethoxy]ethoxy]ethyl]-N-methyl-carbamate (205 mg, 0.35 mmol, 50% yield) as a

colorless oil.

[00456] Step 5
Q\NH BB Q\N/\/\Br
S\© NaH, DMF, 50 °C, 6.5 h S\©
[00457] To a solution of 10H-phenothiazine (5 g, 25.09 mmol, 1 eq) in N,N-

dimethylformamide (70 mL) was added sodium hydride (722 mg, 60% suspension in mineral oil,
18.07 mmol, 0.72 eq) at 0 °C, and the mixture was stirred for 0.5 h under nitrogen. To the
mixture was then added 1,3-dibromopropane (25.33 g, 125.46 mmol, 12.79 mL, 5 eq), the
mixture was heated to 50 °C and stirred for 6 hours. The mixture was cooled to 25 °C and
poured into saturated ammonium chloride solution (30 mL) and stirred for 15 minutes. The

aqueous phase was extracted with ethyl acetate (50 mL x 3). The combined organic phase was
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washed with brine (50 mL x 3), dried with anhydrous sodium sulfate, filtered and concentrated in
vacuum. The residue was purified by silica gel chromatography (petroleum ether/ethyl acetate =
20/1, 10/1) to afford 10-(3-bromopropyl)phenothiazine (1.6 g, 5.00 mmol, 19% yield) as a
yellow oil.

[00458] Step 6

S ?@M g_&U

0
_\_o\_\
- o (0]
o) 0o DIEA, DMF, KI, 100 °C, 8 h /\/O\/\
(0]
N /\/O\/\O
NH ~N

o N \

S

[00459] To a solution of 2-(2,6-dioxo-3-piperidyl)-5-[2-[2-[2-[2-

(methylamino)ethoxy]ethoxy]ethoxy]ethoxy]isoindoline-1,3-dione hydrochloride (150 mg, 0.30
mmol, 1 eq) and 10-(3-bromopropyl)phenothiazine (192 mg, 0.60 mmol, 2 eq) in N,N-
dimethylformamide (2 mL) was added potassium iodide (5 mg, 0.03 mmol, 0.1 eq) and N,N-
diisopropylethylamine (116 mg, 0.9 mmol, 0.16 mL, 3 eq). The mixture was stirred at 100 °C for
8 hours. The reaction mixture was diluted with water (10 mL) and then was extracted with ethyl
acetate (10 mL x 3). Then the combined organic layer was washed with brine (10 mL), dried
with anhydrous sodium sulfate, filtered and concentrated under vacuum to give a residue. The
residue was purified by prep-TLC (dichloromethane: methanol = 10:1) to give 2-(2,6-dioxo-3-
piperidyl)-5-[2-[2-[2-[2-[methyl(3-phenothiazin-10-
ylpropyl)amino]ethoxy]ethoxy]ethoxy]ethoxy]isoindoline-1,3-dione (38 mg, 0.05 mmol, 17%
yield) as a yellow solid.

[00460] Exemplary Compound 15 was prepared following the procedures described for
Exemplary Compound 16.

[00461] Exemplary Synthesis of Exemplary Compound 17
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[00462]  Step 1

Ho/\/\N/\ TsCl Ts0” > N/\

N< K/N\Boc

Boc TEA, DCM, rt

[00463] Into a 250-mL round-bottom flask were added tert-butyl 4-(3-
hydroxypropyl)piperazine-1-carboxylate (10 g, 40.93 mmol, 1 equiv) and TEA (12.4 g, 122.78
mmol, 3 equiv) in dichloromethane (150 mL), to which was added 4-methylbenzene-1-sulfonyl
chloride (11.8 g, 61.80 mmol, 1.51 equiv) in multiple batches at room temperature. Then DMAP
(0.5 g, 4.09 mmol, 0.1 equiv) was added, and the resulting mixture was stirred overnight, and
then was concentrated under vacuum. The residue was purified by flash chromatography eluting
with ethyl acetate to afford tert-butyl 4-[3-[(4-methylbenzenesulfonyl) oxy]propyl]piperazine-1-
carboxylate (8.8 g, 49%) as a brown oil.

[00464] Step 2
Cbz N
AN Cbz—N<>—OH \:\\
TsO N
s O O/\/\N/ﬁ
oc NaH, DMF, 50°C, 12 h k/N\Boc
[00465] Into a 100-mL round-bottom flask was placed a solution of benzyl 3-

hydroxyazetidine-1-carboxylate (1.4 g, 6.76 mmol, 1.35 equiv) in DMF (20 mL), to which was
added NaH (400 mg, 10.04 mmol, 2.00 equiv, 60%) slowly at O °C. The resulting mixture was
stirred at 0 °C for 30 minutes, to which was then added a solution of tert-butyl 4-[3-[(4-
methylbenzenesulfonyl)oxy]propyl]piperazine-1-carboxylate (2 g, 5.02 mmol, 1 equiv) in DMF
(10 mL) dropwise at O °C. The reaction mixture was stirred for 12 hours at 50 °C. The reaction
was then quenched with water/ice (10 mL) at O °C, and the mixture was extracted with ethyl
acetate (50 mL x 3). The combined organic layer was washed with brine, dried over sodium

sulfate and concentrated under vacuum. The residue was purified by flash chromatography
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eluting with ethyl acetate/petroleum ether (1:1) to afford tert-butyl 4-[3-([1-

[(benzyloxy)carbonyl]azetidin-3-yl]oxy)propyl]piperazine- 1-carboxylate(800 mg, 29%) as a

yellow oil.
[00466] Step 3
Cbz

K/N\Boc MeOH, rt, 5 h K/N\Boc

[00467] Into a 50-mL round-bottom flask were added tert-butyl 4-[3-([1-

HN
= NSNPR  s NN

[(benzyloxy)carbonyl]azetidin-3-ylJoxy)propyl]piperazine-1-carboxylate (500 mg, 1.15 mmol, 1
equiv) and Pd/C (10%, 245.5 mg, 2.31 mmol, 2.00 equiv) in MeOH (20 mL) under nitrogen
atmosphere. The flask was then vacuumed and flushed with hydrogen. The reaction mixture was
hydrogenated at room temperature for 5 hours under hydrogen atmosphere using a hydrogen
balloon. Then the reaction mixture was filtered through a celite pad and the filtrate was
concentrated under reduced pressure. This resulted in tert-butyl 4-[3-(azetidin-3-
yloxy)propyl]piperazine-1-carboxylate (200 mg, 46%) as a yellow oil.

[00468] Step 4

HO —Q
L
MeO s Br S
N/>_‘Br > N/

Pd(dppf)Clz, K:COs,
dioxane/H,0, 90 °C, 2 h

Br

[00469] Into a 250-mL round-bottom flask purged and maintained with an inert
atmosphere of nitrogen, was placed 2-bromo-6-methoxy-1,3-benzothiazole (7.3 g, 29.90 mmol, 1
equiv), (4-bromophenyl)boronic acid (8.4 g, 0.04 mmol, 1.40 equiv), K2COs3 (8.3 g, 60.06 mmol,
2.01 equiv), Pd(dpp)Cl2 CH2Cl2 (500 mg, 0.68 mmol, 0.02 equiv) in dioxane (100 mL) and H20
(20 mL). The resulting mixture was stirred for 3 hours at 90 °C in an oil bath. The reaction
mixture was cooled to room temperature and quenched by the addition of water (200 mL). The
insoluble solids were removed by filtration and the filtrate was extracted with ethyl acetate (150
mL x 3). The resulting mixture was washed with brine (100 mL x 2), dried over Na>SO4 and

concentrated under reduced pressure. The residue was purified by flash chromatography eluting
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with ethyl acetate/petroleum ether 1:1 (100 mL) . This resulted in 4 g of 2-(4-bromophenyl)-6-

methoxy-1,3-benzothiazole as a brown solid.

[00470] Step 5
HN N/—_\N—Boc
\3\ N RuphosPd, Cs,COs3, A0 S /_/— /
0 (O
K/N\BOC Tol, 100°C, 16 h N
[00471] Into a 10-mL vial were added tert-butyl 4-(3-(azetidin-3-yloxy)propyl)piperazine-

I-carboxylate (200 mg, 0.70 mmol, 1 equiv), 2-(4-bromophenyl)-6-methoxy-1,3-benzothiazole
(222.8 mg, 0.70 mmol, 1.00 equiv), Cs2CO3 (113.4 mg, 0.35 mmol, 2 equiv), RuPhos precatalyst
(58.2 mg, 0.07 mmol, 0.1 equiv) in toluene (5 mL). The resulting mixture was stirred 16 hours at
100 °C under nitrogen atmosphere, and then was concentrated under vacuum. The residue was
purified on a silica gel column eluting with dichloromethane / MeOH (10:1) to afford tert-butyl
4-[3-([1-[4-(6-methoxy-1,3-benzothiazol-2-yl)phenyl]azetidin-3-ylJoxy)propyl]piperazine-1-
carboxylate (200 mg, 43%) as a yellow solid.

[00472] Step 6
/N
o /_/* NCN—B°° TFA 0 s AN
e S,
CH<O-0s oz OO0
[00473] Into a 50 mL round-bottom flask was added tert-butyl 4-[3-([ 1-[4-(6-methoxy-

1,3-benzothiazol-2-yl)phenyl]azetidin-3-yl]Joxy)propyl]piperazine-1-carboxylate (200 mg, 0.37
mmol, 1 equiv) in dichloromethane (10 mL), to which was added TFA (3 mL) at room
temperature. The resulting mixture was stirred for 2 hours at 25 °C, and then was concentrated
under vacuum. This resulted in 6-methoxy-2-(4-[3-[3-(piperazin-1-yl)propoxy]azetidin-1-
yl]lphenyl)-1,3-benzothiazole trifluoroacetate (crude, 200 mg) as a yellow solid.

[00474] Step 7

H
—0 o6 oj/jo
O f N
N/ [¢] o
DIEA, DMSO, 120°C, 3 h //\N

(ENPAN S

K/NH ND/O
O\gsVQ/ Exemplary Compound 17
/
N
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[00475] Into a 10 mL vial were added 6-methoxy-2-(4-[3-[3-(piperazin-1-
yDpropoxy]azetidin-1-yl]phenyl)-1,3-benzothiazole (100 mg, 0.23 mmol, 1 equiv), 2-(2,6-
dioxopiperidin-3-yl)-5-fluoro-2,3-dihydro-1H-isoindole- 1,3-dione (75.6 mg, 0.27 mmol, 1.20
equiv), DIEA (0.3 mL) in DMSO (3 mL) under nitrogen atmosphere. The resulting mixture was
stirred for 3 hours at 130 °C under nitrogen atmosphere. The reaction mixture was diluted with
water (25 mL) and extracted with ethyl acetate (50 mL x 4). The organic layers were combined,
dried over sodium sulfate and concentrated. The crude product was purified by prep-HPLC under
the following conditions: XBridge Prep OBD C18 Column 30*50 mm 5 um; Mobile Phase A:
water (10 mmol/L NHsHCO3), Mobile Phase B: acetonitrile; Flow rate: 60 mL/min; Gradient:
49% B to 69% B in 8 min; 254 nm; Rt: 7.93 min. After lyophilization, this resulted in 24.7 mg
(40%) of 2-(2,6-dioxopiperidin-3-yl)-5-[4-[3-([ 1-[4-(6-methoxy-1,3-benzothiazol-2-yl)phenyl]
azetidin-3-ylJoxy)propyl]piperazin-1-yl]-2,3-dihydro-1H-isoindole-1,3-dione as a yellow solid.
[00476] Exemplary Synthesis of Exemplary Compound 19

0 0
NH
N o)
O,N S 0 /O,/\/\/\o
o)
oo,
H

[00477] Step 1

HO BnO,
BnO E ?
T, . 0
DIAD, PPhs, THF,

OH
0-20°C, 8 h

NO,

[00478] To a solution of 3-benzyloxycyclobutanol (7.5 g, 42.08 mmol, 1 eq) and 4-
nitrobenzoic acid (8.44 g, 50.50 mmol, 1.2 eq) in tetrahydrofuran (70 mL) was added
triphenylphosphine (13.24 g, 50.50 mmol, 1.2 eq) and diisopropyl azodicarboxylate (10.21 g,
50.50 mmol, 9.82 mL, 1.2 eq) at 0 °C. The mixture was stirred at 20 °C for 8 hours. The
reaction mixture was diluted with water (100 mL) and extracted with ethyl acetate (80 mL x 2).
The combined organic phase was washed with brine (20 mL), dried with anhydrous sodium

sulfate, filtered and concentrated in vacuum. The residue was purified by silica gel column
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chromatography (petroleum ether/ethyl acetate=30/1 to 6:1). (3-benzyloxycyclobutyl) 4-
nitrobenzoate (7.7 g, 23.5 mmol, 55% yield) was obtained as a light yellow solid.
[00479] Step 2

\D, o BnO
o MeONa, MeOH E

o} ‘s
20°C,12h “OH
NO,
[00480] To a solution of (3-benzyloxycyclobutyl) 4-nitrobenzoate (7.7 g, 23.52 mmol, 1

eq) in methanol (100 mL) was added sodium methoxide (12.71 g, 235 mmol, 10 eq). The
mixture was stirred at 20 °C for 12 hours. The reaction mixture was concentrated to remove
methanol, then diluted with water (100 mL) and then extracted with ethyl acetate (80 mL x 3).
The combined organic phase was washed with brine (10 mL), dried with anhydrous sodium
sulfate, filtered and concentrated in vacuum to give a residue. The residue was purified by silica
gel column chromatography (petroleum ether/ethyl acetate = 20/1 to 1:1) to afford 3-
benzyloxycyclobutanol (7.1 g) as a light yellow oil.

[00481] Step 3

N ’d
BnO, |

N o YN
“on  PPhs DIAD, THF,50°C,  N\A
16 h

OBn

[00482] To a solution of 3-benzyloxycyclobutanol (7.1 g, 39.84 mmol, 1 eq) and pyridin-
4-01 (5.68 g, 59.76 mmol, 1.5 eq) in tetrahydrofuran (100 mL) was added triphenylphosphine
(12.54 g, 47.80 mmol, 1.2 eq) and diisopropyl azodicarboxylate (9.67 g, 47.80 mmol, 9.29 mL,
1.2 eq) in one portion at 15 °C, and the mixture was stirred at 50 °C for 16 hours. The reaction
mixture was concentrated under reduced pressure to remove tetrahydrofuran. Water (50 mL)
was poured into the mixture and stirred for 1 minute. The aqueous phase was extracted with
ethyl acetate (60 mL x 3). The combined organic phase was washed with brine (20 mL x 2),
dried with anhydrous sodium sulfate, filtered and concentrated in vacuum to give a residue. The
residue was purified by flash silica gel chromatography, then triturated by petroleum ether/ethyl
acetate = 5/1 to give crude product, which was purified by semi-preparative reverse phase HPLC

(column: Phenomenex Synergi Max-RP 250*80 mm*10 um; mobile phase: [water (0.225%FA)-
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ACN]; B%: 15%-45%, 35 min, 40% min). 4-(3-benzyloxycyclobutoxy)pyridine (4.63 g, 18.13
mmol, 45% yield) was obtained as a light yellow oil.

[00483] Step 4
B O\Q\ BnBr S O\Q\
N~ OBn toluene, 80°C, g N-F OBn
12h
[00484] To a solution of 4-(3-benzyloxycyclobutoxy)pyridine (4.63 g, 18.13 mmol, 1 eq)

in toluene (70 mL) was added benzyl bromide (3.10 g, 18.13 mmol, 2.15 mL, 1 eq). The mixture
was stirred at 80 °C for 12 hours. The reaction mixture was concentrated under reduced pressure
to remove toluene. The crude product was triturated with petroleum ether (80 mL). 1-benzyl-4-
(3-benzyloxycyclobutoxy)pyridin-1-ium (6.3 g, crude) was obtained as a white solid and used

without purification.

[00485] Step 5
NaBH, xC
O/ \Q\ Bn  EtOH, 0-15°C, an Bn/'O/ \g\osn
[00486] To a solution of 1-benzyl-4-(3-benzyloxycyclobutoxy)pyridin-1-ium (6.28 g,

18.13 mmol, 1 eq) in ethanol (120 mL) was added sodium borohydride (4.11 g, 108.8 mmol, 6
eq) at 0 °C. The mixture was stirred at 15 °C for 4 hours. The reaction mixture was quenched by
water (50 mL), then concentrated to remove ethanol, then was extracted with ethyl acetate (50
mL x 3). The combined organic phase was washed with saturated brine (20 mL), dried with
anhydrous sodium sulfate, filtered and concentrated in vacuum. The residue was purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 20/1 to 1/1). 1-benzyl-4-(3-
benzyloxycyclobutoxy)-3,6-dihydro-2H-pyridine (4.33 g, 12.4 mmol, 68% yield) was obtained
as a light yellow solid.

[00487] Step 6
Boc,O, Pd/C, Pd(OH)z, Hy, 50psi o
O/ \g\ 35°C, 16 h - BOC’O/ \Q\OH
[00488] To a solution of 1-benzyl-4-(3-benzyloxycyclobutoxy)-3,6-dihydro-2H-pyridine

(4.13 g, 11.82 mmol, 1 eq) in ethanol (30 mL) and tetrahydrofuran (30 mL) was added 20%
palladium hydroxide/carbon (1 g), 10% palladium/carbon (1 g) and di-tert-butyl dicarbonate
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(5.16 g, 23.64 mmol, 5.43 mL, 2 eq) under nitrogen atmosphere. The suspension was degassed
and purged with hydrogen three times. The mixture was stirred under hydrogen (50 psi) at 35 °C
for 16 hours. The reaction mixture was filtered, and the filtrate was concentrated. The crude
product was purified by silica gel chromatography eluted with petroleum ether/ethyl acetate =
20/1 to 1/1. tert-Butyl 4-(3-hydroxycyclobutoxy)piperidine-1-carboxylate (1.7 g, 6.26 mmol,
53% yield) was obtained as a white solid.

[00489] Step 7
HO,
HO\@S@N02 \D\O ,C “Boc Q,N. : s : Oy /O\,/BOC
j\ ADDP, BusP, Tol., N ©
0] 15-110°C, 16 h O)\
[00490] To a mixture of tert-butyl 4-(3-hydroxycyclobutoxy)piperidine-1-carboxylate

(300 mg, 1.11 mmol, 1 eq) and 1-(3-hydroxy-7-nitro-phenothiazin-10-yl)ethanone (367 mg, 1.22
mmol, 1.1 eq) in toluene (5 mL) was added 1,1'-(azodicarbonyl)dipiperidine (418 mg, 1.66 mmol,
1.5 eq) and tributylphosphine (335 mg, 1.66 mmol, 0.41 mL, 1.5 eq) in one portion at 15 °C
under nitrogen. The mixture was stirred at 110 °C for 16 hours. The reaction mixture was
concentrated to give a residue. The residue was purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 10/1 to 1/2) to give 700 mg crude product, which was then
purified by prep-TLC (petroleum ether/ethyl acetate = 1/2). tert-Butyl 4-[3-(10-acetyl-7-nitro-
phenothiazin-3-yl)oxycyclobutoxy]piperidine- 1-carboxylate (227 mg, 0.36 mmol, 32% yield)
was obtained as a red solid.

[00491] Step 8

Boc
O5N S O < .Boc
OO0, e SNty ()
"/O - ‘,
N 15°C, 10 h N O
A H
o

[00492] To a mixture of tert-butyl 4-[3-(10-acetyl-7-nitro-phenothiazin-3-

ylhoxycyclobutoxy]piperidine-1-carboxylate (225 mg, 0.40 mmol, 1 eq) in methanol (15 mL)
was added potassium carbonate (167 mg, 1.21 mmol, 3 eq) in one portion, then stirred at 15 °C
for 10 hours. The reaction mixture was diluted with water 20 mL and then extracted with ethyl
acetate (20 mL x 3). Then the combined organic layer was washed with brine (10 mL), dried

with anhydrous sodium sulfate, filtered and concentrated under vacuum to give a residue. The
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residue was purified by prep-TLC (petroleum ether/ethyl acetate = 1/1). tert-butyl 4-[3-[(7-nitro-
10H-phenothiazin-3-yl)oxy]cyclobutoxy]piperidine-1-carboxylate (177 mg, 0.34 mmol, 85%

yield) was obtained as a red gum.

[00493] Step 9
2N S Oa /O,Boc 4M HCl/Dioxane \@: :@/ \C /OH
\@[ND/ “0 20 °c 1h o
H
[00494] To a solution of terz-butyl 4-[3-[(7-nitro-10H-phenothiazin-3-

ylDoxy]cyclobutoxy]piperidine- 1-carboxylate (127 mg, 0.25 mmol, 1 eq) in dichloromethane (5
mL) was added hydrochloric acid (4 M in dioxane, 12.7 mL, 205 eq) in one portion. The
mixture was stirred at 20 °C for 1 hour. The reaction mixture was concentrated to give a residue.
3-nitro-7-[3-(4-piperidyloxy)cyclobutoxy]-10H-phenothiazine (120 mg, crude, hydrochloride)

was obtained as a red solid and used without purification.

[00495] Step 10
O O
K,CO3, DMF, 20 °C, 16 h B "0
0]
[00496] To a mixture of 1,5-dibromopentane (377 mg, 1.64 mmol, 0.22 mL, 0.9 eq) and 2-

(2,6-dioxo-3-piperidyl)-5-hydroxy-isoindoline-1,3-dione (500 mg, 1.82 mmol, 1 eq) in N,N-
dimethylformamide (40 mL) was added potassium carbonate (252 mg, 1.82 mmol, 1 eq) in one
portion. The mixture was stirred at 20 °C for 16 hours. The reaction mixture was poured into 1
M hydrochloric acid (40 mL), then diluted with water 20 mL and extracted with ethyl acetate (30
mL x 3). The combined organic layers were washed with brine 20 mL, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by silica gel column chromatography (petroleum ether/ethyl acetate = 20/1 to 5/1)
and then purified by prep-TLC (dichloromethane/methanol = 10/1) to give crude product, then
the crude product was purified by semi-preparative reverse phase HPLC (33-63% acetonitrile +
0.225% formic acid in water, over 25 min). 5-(5-bromopentoxy)-2-(2,6-dioxo-3-
piperidyl)isoindoline-1,3-dione (220 mg, 0.52 mmol, 28% yield) was obtained as a light yellow
solid.

[00497] Step 11

346



WO 2020/041331 PCT/US2019/047291

OoN 0 0 H
NH o O N
N 0 (0]
S B NN N
HN »
OO DIEA, DMF, 80 °C, 16 h ©

OCNH \QC)\O Q Exemplary Compound 19

[00498] To a solution of 3-nitro-7-[3-(4-piperidyloxy)cyclobutoxy]-10H-phenothiazine
(100 mg, 0.22 mmol, 1 eq, hydrochloride) and 5-(5-bromopentoxy)-2-(2,6-dioxo-3-
piperidyl)isoindoline-1,3-dione (98 mg, 0.23 mmol, 1.05 eq) in N,N-dimethylformamide (5 mL)
was added N,N-diisopropylethylamine (86 mg, 0.66 mmol, 0.12 mL, 3 eq), then stirred at 80 °C
for 16 hours. The reaction mixture was diluted with water 10 mL and then was extracted with
ethyl acetate (10 mL x 3). Then the combined organic layer was washed with brine (10 mL),
dried with anhydrous sodium sulfate, filtered and concentrated under vacuum to give a residue.
The residue was purified by prep-TLC (dichloromethane/methanol = 10/1) to give crude product.
The crude product was purified by semi-preparative reverse phase HPLC (35-65% acetonitrile +
0.225% formic acid in water, over 9 min). 2-(2,6-dioxo-3-piperidyl)-5-[5-[4-[3-[(7-nitro-10H-
phenothiazin-3-yl)oxy]cyclobutoxy]-1-piperidyl]pentoxy]isoindoline-1,3-dione (24 mg, 0.03

.

mmol, 13% yield, formate) was obtained as a dark red solid.

[00499] Exemplary Svnthesis of Exemplary Compound 18

QUU@QN

[00500] Step 1

J

O O 0 P Q NH
Lo e e
N o) > J
(\N DIEA, DMF, 100 °C, 2 h, m.w. 0 (\N
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[00501] 2-(2,6-dioxo-3-piperidyl)-5-piperazin-1-yl-isoindoline-1,3-dione (1 g, 2.64 mmol,
1 eq, hydrochloride), 2-bromo-1,1-diethoxy-ethane (1.56 g, 7.92 mmol, 1.2 mL, 3 eqg) and N,N-
diisopropylethylamine (1.71 g, 13.20 mmol, 2.30 mL, 5 eqg) were taken up into a microwave tube
in N,N-dimethylformamide (12 mL). The sealed tube was heated at 100 °C for 2 hours under
microwave irradiation. The reaction solution was diluted with water (50 mL), and the organic
layer was extracted with ethyl acetate (40 mL x 3). The combined organic layer was washed
with brine (20 mL), dried over anhydrous sodium sulfate, filtered and concentrated under
vacuum to get the residue. The residue was purified by semi-preparative reverse phase HPLC
(column: Kromasil 250*50 mm*10 um; mobile phase: [water (0.1% TFA) - ACN]; B%: 6ACN%
- 36ACN%, 27 min) to give 5-[4-(2,2-diethoxyethyl)piperazin-1-yl]-2-(2,6-dioxo-3-
piperidyl)isoindoline-1,3-dione (890 mg, 1.94 mmol, 74% yield) as a yellow solid.

[00502] Step 2

‘Z\;): 2M H,SO4/THF Az\;):
60°C. 14h
N
/\o)\/N\) O/\/

[00503] To a solution of 5-[4-(2,2-diethoxyethyl)piperazin-1-yl]-2-(2,6-dioxo-3-

piperidyl)isoindoline-1,3-dione (400 mg, 0.87 mmol, 1 eg) in tetrahydrofuran (13 mL) was added
sulfuric acid solution (2 M, 13 mL, 29.80 eq). The reaction mixture was stirred at 60 °C for 14
hours. The pH of reaction solution was adjusted to 7 by the addition of saturated sodium
bicarbonate solution. The organic layer was extracted with ethyl acetate (50 mL x 3). The
combined organic layers were dried over anhydrous sodium sulfate and concentrated under
vacuum to get the residue. The residue was purified by prep-TLC (10% methanol in
dichloromethane) to get 2-[4-[2-(2,6-diox0-3-piperidyl)-1,3-dioxo-isoindolin-5-yl]piperazin-1-
yl]acetaldehyde (140 mg, 0.36 mmol, 42% yield) as a yellow solid.

[00504] Step 3
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0 o O H

o}
NH N
&g A e
NN 0
OO - S
b NaBH(OAc); EtsN, DCM,

o MeOH, 0-20°C, 6 h
o NH . A, /Q
OzN\@ g Exemplary Compound 18
N
H

[00505] To a solution of 3-nitro-7-[3-(4-piperidyloxy)cyclobutoxy]-10H-phenothiazine

hydrochloride (43 mg, 0.09 mmol, 1 eq) in dichloromethane (5 mL) and methanol (2 mL) was
added triethylamine (19 mg, 0.19 mmol, 0.03 mL, 2 eq) and stirred at 20 °C for 0.5 hour. Then
2-[4-[2-(2,6-dioxo-3-piperidyl)-1,3-dioxo-isoindolin-5-yl]piperazin-1-yl]acetaldehyde (36 mg,
0.09 mmol, 1 eq) was added and stirred at 20 °C for another 0.5 hour. After that, sodium
triacetoxyborohydride (60 mg, 0.28 mmol, 3 eq) was added at 0 °C and stirred at 20 °C for 5
hours. The reaction mixture was diluted with water 20 mL and then was extracted with ethyl
acetate (20 mL x 3). The combined organic layer was washed with brine (10 mL), dried with
anhydrous sodium sulfate, filtered and concentrated under vacuum to give a residue. The residue
was purified by semi-preparative reverse phase HPLC (25-55% acetonitrile + 0.225% formic
acid in water, over 9 min). 2-(2,6-dioxo-3-piperidyl)-5-[4-[2-[4-[3-[(7-nitro-10H-phenothiazin-
3-yl)oxy]cyclobutoxy]-1-piperidyl]ethyl]piperazin-1-yl]isoindoline-1,3-dione (16 mg, 0.02

mmol, 19% yield, formate) was obtained as a red solid.

[00506] Exemplary Synthesis of Exemplary Compound 20
I 0 O
MO -
N O
N
H @]
[00507] Step 1

O2N
7@[ Ij POIC, Hy, 50051 _ 7@[ o

EtOH/THF,25°C, 12 h

[00508] To a solution of 1-(3-methoxy-7-nitro-phenothiazin-10-yl)ethanone (1.6 g, 5.06
mmol, 1 eg) in ethyl alcohol (100 mL) and tetrahydrofuran (100 mL) was added 10% palladium

on activated carbon catalyst (100 mg) under nitrogen. The suspension was degassed under
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vacuum and purged with hydrogen 3 times. The mixture was stirred under hydrogen (50 psi) at
25 °C for 12 hours. The reaction mixture was filtered and concentrated under reduced pressure
to give 1-(3-amino-7-methoxy-phenothiazin-10-yl)ethanone (1.2 g, 3.56 mmol) as a brown solid.
[00509] Step 2

I

H,N S ONG _N S O
\@[ D/ HCHO(37% purity), AcOH \©: j@/
N C N
o)\

NaBH,CN, ACN, 25°C, 6 h
o)\

[00510] To a solution of 1-(3-amino-7-methoxy-phenothiazin-10-yl)ethanone (1.2 g, 4.19

mmol, 1 eg) in acetonitrile (10 mL) was added sodium cyanoborohydride (790 mg, 12.57 mmol,
3 eq) and acetic acid (251 mg, 4.19 mmol, 239 uL, 1 eq). The mixture was stirred at 25 °C for 1
hour. Then formaldehyde (5.10 g, 62.86 mmol, 4.68 mL, 37% in water, 15 eq) was added, and
the mixture was stirred at 25 °C for 5 hours. The reaction mixture was quenched by the addition
of water (100 mL) and extracted with ethyl acetate (200mL x 3). The combined organic layers
were washed with brine (100mL x 3), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to give a residue which was purified by column
chromatography (petroleum ether/ethyl acetate = 30/1 to 3:1). Compound 1-[3-(dimethylamino)-
7-methoxy-phenothiazin-10-yl]ethanone (270 mg, 0.85 mmol, 20% yield) was obtained as a
bluish oil.

[00511] Step 3
| |
/N S O\ /N S OH
TOO™ e OO0
N 20~14°C,1h N
o)\ o)\
[00512] To a mixture of 1-[3-(dimethylamino)-7-methoxy-phenothiazin-10-yl]ethanone

(280 mg, 0.89 mmol, 1 eq) in dichloromethane (8§ mL) was added boron tribromide (1.12 g, 4.45
mmol, 0.43 mL, 5 eq) at -20 °C. Then the mixture was stirred at 14 °C for 0.5 hour. The
reaction mixture was quenched with saturated sodium bicarbonate solution (50 mL) at 0 °C, and
then extracted with ethyl acetate (50 mL x 2). The combined organic layers were washed with
brine (30 mL x 2), dried over anhydrous sodium sulfate, filtered and concentrated under reduced

pressure to give a residue which was purified by prep-TLC (10% ethyl acetate in petroleum
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ether). Compound 1-[3-(dimethylamino)-7-hydroxy-phenothiazin-10-yl]ethanone (170 mg, 0.56
mmol, 63% yield) was obtained as a bluish oil.

[00513] Step 4
asocs
0 N | 0
o o)\ /N\(:[SD/O\/\O/\/O\/\O/\/O o
0
Tos0” OO O~ Cs,CO5 DMF, 85°C, 1h )N\ ~
0

5 0
[00514] A mixture of dimethyl 4-[2-[2-[2-[2-(p-
tolylsulfonyloxy)ethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (150 mg, 0.27 mmol,
1 eq), 1-[3-(dimethylamino)-7-hydroxy-phenothiazin-10-yl]ethanone (85.85 mg, 0.28 mmol,
1.03 eq) and cesium carbonate (180 mg, 0.55 mmol, 2 eg) in N,N-dimethylformamide (3 mL)
was degassed and purged with nitrogen for 3 times, and then the mixture was stirred at 85 °C for
1 hour under nitrogen. The residue was diluted with water (50 mL) and extracted with ethyl
acetate (50 mL x 3). The combined organic layers were washed with brine (30 mL x 2), dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give a
residue which was purified by prep-TLC (9% methanol in dichloromethane). Compound
dimethyl 4-[2-[2-[2-[2-[10-acetyl-7-(dimethylamino)phenothiazin-3-
yl]Joxyethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (130 mg, 0.19 mmol, 70% yield)

was obtained as a bluish oil.

[00515] Step 5
/ /
—N —N
O O
NOO HN‘@-O
o=§ \_\o HBr, EtOH \_\o
_\_0 80"’C, 1h _\—0
\_\o \_\o
L, —\—o
0 0
o— o—
o) A o A
[00516] A mixture of dimethyl 4-[2-[2-[2-[2-[10-acetyl-7-(dimethylamino)phenothiazin-3-

ylJoxyethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (60 mg, 0.09 mmol, 1 eq) and
hydrobromic acid (357 mg, 2.12 mmol, 0.24 mL, 48% in water, 23.65 eq) in ethanol (1 mL) was

degassed and purged with nitrogen 3 times, and then the mixture was stirred at 80 °C for 1 hour.

351



WO 2020/041331 PCT/US2019/047291

The reaction mixture was quenched by the addition of aqueous sodium bicarbonate (40 mL) at
0°C, and extracted with ethyl acetate (50 mL x 2). The combined organic layers were washed
with brine (50 mL x 2), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to give a residue. The residue was purified by prep-TLC (5% methanol in
dichloromethane). Compound dimethyl 4-[2-[2-[2-[2-[[7-(dimethylamino)-10H-phenothiazin-3-
ylJoxy]ethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (36 mg, 0.05 mmol, 64% yield)

was obtained as a bluish oil.

[00517] Step 6
O, / H
0 0-_N__0O
_ o)
~ 0 o
_/—O /_J (0]
P 0
/—/ o) O—/—

NH S

/ \
N NH
/

[00518] A mixture of dimethyl 4-[2-[2-[2-[2-[[7-(dimethylamino)-10H-phenothiazin-3-

> 0]
S Py, Lil, 130 °C, 16 h OI
\ <:§ @ Exemplary Compound 20

yl]Joxy]ethoxy]ethoxy]ethoxy]ethoxy]benzene-1,2-dicarboxylate (80 mg, 0.12 mmol, 1 eq), 3-
aminopiperidine-2,6-dione hydrochloride (42 mg, 0.25 mmol, 2 eq) and lithium iodide (205 mg,
1.53 mmol, 12 eq) in pyridine (8 mL) was degassed and purged with nitrogen for 3 times, and
then the mixture was stirred at 130 °C for 16 hours. The reaction mixture was concentrated under
reduced pressure to give a residue which was purified by semi-preparative reverse phase HPLC
(column: Phenomenex Synergi C18 150*%25*%10 um; mobile phase: [water (0.225% FA)-ACN];
B%: 20%-50%, 9 min). 5-[2-[2-[2-[2-[[7-(dimethylamino)-10H-phenothiazin-3-
ylJoxy]ethoxy]ethoxy]ethoxy]ethoxy]-2-(2,6-dioxo-3-piperidyl)isoindoline-1,3-dione (10.6 mg,
0.01 mmol, 11% yield, formate) was obtained as a dark blue solid.

[00519] Exemplary Compound 21 was prepared following the procedures described above
for Exemplary Compound 20.

[00520] Exemplary Synthesis of Exemplary Compound 22
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S/Q /3/0
NN \G"\/\/\/O [

[00521] Step 1
N ’d
Boc. |
N N 0K . OT\
L1 — [ N.
OH PPhs, DIAD, THF, 50 °C, 16 h Boc
[00522] A mixture of pyridin-4-ol (4.12 g, 43.30 mmol, 1.5 eq), tert-butyl 3-

hydroxyazetidine-1-carboxylate (5 g, 28.87 mmol, 1 eq), triphenylphosphine (9.09 g, 34.64
mmol, 1.2 eq) and diisopropyl azodicarboxylate (7.00 g, 34.64 mmol, 6.7 mL, 1.2 eg) in
tetrahydrofuran (80 mL) was degassed and purged with nitrogen 3 times, and then the mixture
was stirred at 50 °C for 16 hours under nitrogen atmosphere. The reaction mixture was quenched
by the addition of water (200 mL) and extracted with ethyl acetate (200 mL x 3). The combined
organic layers were washed with brine (50 mL x 3), dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure to give a residue, which was purified by silica gel
column chromatography (petroleum ether/ethyl acetate = 20/1 to 5/1) to get the crude product.
The crude product was purified deeply by prep-HPLC (column: Phenomenex Synergi Max-RP
250*50 mm*10 um; mobile phase: [water (0.225% formic acid) - acetonitrile]; B%: 10% - 40%,
25 min, 55% min) to produce tert-butyl 3-(4-pyridyloxy)azetidine-1-carboxylate (4.71 g, 15.90

mmol, 78% yield, formate) as a light yellow gum.

[00523] Step 2
0] O
N AN
| BnBr !
Q/ T\N\Boc toluene, 80 °C, NI~ \E\N‘BOC
14 h
[00524] To a solution of tert-butyl 3-(4-pyridyloxy)azetidine-1-carboxylate formate (4.71

g, 15.90 mmol, 1 eq) in toluene (47 mL) was added benzyl bromide (2.72 g, 15.90 mmol, 1.9 mL,
1 eq). The reaction was stirred at 80 °C for 14 hours. The reaction solution was concentrated

under vacuum to afford the residue which was triturated with ethyl acetate (80 mL) and filtered
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to produce crude tert-butyl 3-(1-benzylpyridin-1-ium-4-yl)oxyazetidine-1-carboxylate (6.55 g) as

a white solid.

[00525] Step 3
NaBH N ©
AT YO
Boc EtOH, 0-10°C., 3 h Bn”~ Boc
[00526] To a solution of tert-butyl 3-(1-benzylpyridin-1-ium-4-yl)oxyazetidine-1-

carboxylate (6.05 g, 17.72 mmol, 1 eq) in ethanol (120 mL) was added sodium borohydride (4.02
g, 106.3 mmol, 6 eq) at 0 °C. The reaction was stirred at 10 °C for 3 hours. The reaction solution
was quenched with saturated aqueous ammonium chloride (50 mL). The reaction mixture was
concentrated to remove solvent and then diluted with water (30 mL) and extracted with ethyl
acetate (50 mL x 3). The combined organic layers were dried over anhydrous sodium sulfate and
concentrated under vacuum to afford the residue which was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 30/1 to 1:1) to get the crude product which was
purified by prep-HPLC (column: Phenomenex Synergi Max-RP 250*80mm™*10 um;mobile
phase: [water (0.225% formic acid) - acetonitrile]; B%: 30ACN%-60ACN %, 20 min; 50% min)
to afford tert-butyl 3-[(1-benzyl-3,6-dihydro-2H-pyridin-4-yl)oxy]azetidine- 1-carboxylate (1.34
g, 3.89 mmol, 21% yield) as a light yellow gum.

[00527] Step 4
Pd/C, Pd(OH),, Ho, 50psi 0
O/ \C\N THF, 35°C, 16 h - HI\O/ \E\N‘Bo
[00528] To a solution of tert-butyl 3-[(1-benzyl-3,6-dihydro-2H-pyridin-4-

ylDoxy]azetidine-1- carboxylate (1.34 g, 3.89 mmol, 1 eq) in tetrahydrofuran (20 mL) were added
20% palladium hydroxide on activated carbon catalyst (200 mg) and 10% palladium on activated
carbon catalyst (200 mg) under nitrogen. The suspension was degassed under vacuum and
purged with hydrogen three times. The reaction mixture was stirred under hydrogen (50 psi) at
35 °C for 16 hours. The reaction mixture was filtered through a pad of celite, and the filtrate was
concentrated under vacuum to produce crude tert-butyl 3-(4-piperidyloxy)azetidine-1-
carboxylate (830 mg, 3.24 mmol) as a light yellow gum.

[00529] Step 5
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O 0]
[6]
B~ 0 B°°,NI3/ \O\‘H /N/j \O“ 0 ¢
Boc NN
N [¢] - N o
NH DIEA, DMF, 80 °C, 14 h N4
0O 0 o O

[00530] To a solution of tert-butyl 3-(4-piperidyloxy)azetidine- 1-carboxylate (242 mg,

0.95 mmol, 1 eq) and 5-(5-bromopentoxy)-2-(2,6-dioxo-3-piperidyl)isoindoline-1,3-dione (400
mg, 0.95 mmol, 1 eg) in N,N-dimethylformamide (15 mL) was added diisopropylethylamine
(366 mg, 2.84 mmol, 0.5 mL, 3 eq). The reaction solution was stirred at 80 °C for 14 hours. The
reaction solution was diluted with ethyl acetate (20 mL) and washed with water (50 mL). The
water layer was extracted with ethyl acetate (40 mL x 2). The combined organic layers were
washed with brine (20 mL), dried over anhydrous sodium sulfate and concentrated under vacuum
to produce the residue which was purified by prep-TLC (dichloromethane/methanol = 10/1) to
get tert-butyl 3-[[1-[5-[2-(2,6-dioxo-3-piperidyl)-1,3-dioxo-isoindolin-5-ylJoxypentyl]-4-
piperidyl]oxy]azetidine-1-carboxylate (260 mg, 0.42 mmol, 45% yield) as a yellow solid.
[00531] Step 6

O O
6] 6]
Boc/N/j \O\l\/\/\/o TFA/DCM HNlj \O“\/\/\/O
_—
N 0o 25°C,2h N o
NH NH
O O O O

[00532] To a solution of tert-butyl 3-[[1-[5-[2-(2,6-diox0-3-piperidyl)-1,3-dioxo-
isoindolin-5-ylJoxypentyl]-4-piperidyl]oxy]azetidine- 1-carboxylate (260 mg, 0.43 mmol, 1 eg) in
dichloromethane (6 mL) was added trifluoroacetic acid (924 mg, 8.10 mmol, 0.6 mL, 18.7 eg).
The reaction solution was stirred at 20 °C for 1 hour. To the reaction was added more
trifluoroacetic acid (924 mg, 8.10 mmol, 0.6 mL, 18.6 eq), and the reaction was stirred at 20 °C
for another 1 hour. The reaction solution was concentrated under vacuum to afford the residue
which was diluted with pure water (30 mL) and lyophilized to produce crude 5-[5-[4-(azetidin-3-
yloxy)-1-piperidyl]pentoxy]-2-(2,6-dioxo-3-piperidyl)isoindoline-1,3-dione as a brown solid.
[00533] Step 7
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o) o)
HN Q
N/\/\Br NH
N S\© N
o)
\/\/\/O N 4/_/_/ O
o Y
K,COs, KI,, 60 °C, 2 h
o O

[00534] To a mixture of 5-[5-[4-(azetidin-3-yloxy)-1-piperidyl]pentoxy]-2-(2,6-dioxo-3-
piperidyl)isoindoline-1,3-dione (110 mg, 0.22 mmol, 1 eq) and 10-(3-
bromopropyl)phenothiazine (85 mg, 0.26 mmol, 1.2 eg) in N,N-dimethylformamide (3 mL) were
added potassium carbonate (61 mg, 0.44 mmol, 2 eq) and potassium iodide (4 mg, 0.022 mmol,
0.1 eq). The reaction was stirred at 60 °C for 2 hours. The reaction mixture was filtered, the pH
of filtrate was adjusted to 4~5 with trifluoroacetic acid, and the solution was concentrated under
vacuum to afford the residue. The residue was purified by prep-HPLC (column: Phenomenex
Synergi C18 150%25*10 um; mobile phase: [water (0.1% trifluoroacetic acid)- acetonitrile]; B%:
17% - 47%, 10 min) to produce 2-(2,6-dioxo-3-piperidyl)-5-[5-[4-[1-(3-phenothiazin-10-
ylpropyl)azetidin-3-ylJoxy- 1-piperidyl]pentoxyJisoindoline-1,3-dione (94 mg, trifluoroacetate)
as a yellow solid.

[00535] Exemplary Svnthesis of Exemplary Compound 23

O O
NH
N O
9
N (@]
Q\N/\/\N\l /O\l/\/
A
[00536] Step 1

O O

N ° - (\ N
Jﬁjio Lo

[e]
K\ NaBH(OAG); , TEA, DCM, Boc,, N/\/N\)
0-20 °C, 2 h \l
0

04\/N
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[00537] To a solution of ferz-butyl 3-(4-piperidyloxy)azetidine-1-carboxylate (93 mg, 0.36
mmol, 1 eg) in dichloromethane (4 mL) was added triethylamine (74 mg, 0.73 mmol, 0.1 mL, 2
eq), and the mixture was stirred at 20 °C for 0.5 hour. Then 2-[4-[2-(2,6-dioxo0-3-piperidyl)-1,3-
dioxo-isoindolin-5-yl]piperazin-1-ylJacetaldehyde (140 mg, 0.36 mmol, 1 eg) in
dichloromethane (6 mL) was added, and the mixture was stirred at 20 °C for another 0.5 hour.
After that, sodium triacetoxyborohydride (232 mg, 1.09 mmol, 3 eq) was added at 0 °C, and the
mixture was stirred at 20 °C for 1 hour. The reaction solution was diluted with water (30 mL).
The organic layer was extracted with dichloromethane (20 mL x 3). The combined organic
layers were dried over anhydrous sodium sulfate and concentrated under vacuum to afford the
residue which was purified by prep-TLC (10% methanol in dichloromethane) and then by prep-
HPLC (column: Phenomenex Synergi C18 150*25*10 um; mobile phase: [water (0.225% FA) -
ACN]; B%: 20% - 50%, 9 min) to produce fert-butyl 3-[[1-[2-[4-[2-(2,6-diox0-3-piperidyl)-1,3-
dioxo-isoindolin-5-yl]piperazin-1-yl]ethyl]-4-piperidyl]Joxy]azetidine- 1-carboxylate (140 mg,
0.22 mmol, 62% yield) as a yellow solid.

[00538] tert-Butyl 3-[[1-[2-[4-[2-(2,6-diox0-3-piperidyl)-1,3-dioxo-isoindolin-5-
yl]piperazin-1-yl]ethyl]-4-piperidyl]oxy]azetidine- 1-carboxylate was converted into the final
compound, 5-(4-(2-(4-((1-(3-(10H-phenothiazin-10-yl)propyl)azetidin-3-yl)oxy)piperidin-1-
yDethyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Exemplary
Compound23) was prepared following the procedures described above for Exemplary
Compound 22.

[00539] Exemplary Synthesis of Exemplary Compound 24

>N©_<;:©/O\D”'o/\/\r\1/\ o 0o
-

6]
[00540] Step 1
Ho/\/\N/ﬁ TsCl, TEA Tso/\/\N/ﬁ
K/N‘Boc DCM rt, 12 h K/N‘Boc
[00541] Into a 250-mL round-bottom flask were added a solution of tert-butyl 4-(3-

hydroxypropyl)piperazine-1-carboxylate (10 g, 40.93 mmol, 1 equiv) and TEA (12.4 g, 122.78 mmol, 3
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equiv) in dichloromethane (150 mL), to which was added 4-methylbenzene-1-sulfonyl chloride (11.8 g,
61.80 mmol, 1.51 equiv) in multiple batches. Then DMAP (0.5 g, 4.09 mmol, 0.1 equiv) was added, and
the resulting mixture was stirred at room temperature overnight. The reaction mixture was concentrated
under vacuum. The residue was purified by flash chromatography eluting with ethyl acetate/petroleum
ether (1:2) to afford tert-butyl 4-[3-[(4-methylbenzenesulfonyl) oxy]propyl]piperazine-1-carboxylate
(8.8g, 49%) as a brown oil.

[00542] Step 2
BnO-<>-.OH BnO
AN \D\
TsO N
“Boc  NaH, DMF, 50 °C, 16 h N
“Boc
[00543] Into a 100-mL round-bottom flask were added (1s,3s)-3-(benzyloxy)cyclobutan-

I-0l (1.2 g, 6.73 mmol, 1.34 equiv) in DMF (40 mL), to which was added NaH (401 mg, 10.04
mmol, 2.00 equiv, 60%) at 0 °C. The resulting mixture was stirred for 30 minutes, to which was
then added tert-butyl 4-[3-[(4-methylbenzenesulfonyl)oxy]propyl]piperazine-1-carboxylate (2 g,
5.02 mmol,1 equiv) at 0 °C. The reaction mixture was stirred for an additional 6 h at 50 °C. The
reaction was then quenched with water/ice, and the mixture was extracted with ethyl acetate {1
rul. % 3). The combined organic layer was washed with brine, dried over sodium sulfate and
concentrated under vacuum. The residue was purified by flash chromatography eluting with
ethyl acetate/petroleum ether (3:1) to afford tert-butyl 4-[3-[(1s,35)-3-
(benzyloxy)cyclobutoxy]propyl]piperazine- 1-carboxylate (600mg, 23%) as a yellow oil.

[00544] Step 3

BnO\\:\ H,, Pd/C HO\Q\
O/\/\N/ﬁ O/\/\N/\
N

MeOH/ HOAc, 40°C, 2days
“Boc N.

Boc
[00545] Into a 50-mL container was added tert-butyl 4-[3-[(1s,3s)-3-
(benzyloxy)cyclobutoxy]propyl]piperazine-1-carboxylate (800 mg, 1.98 mmol, 1 equiv) in
MeOH (20 mL), to which was added 10% Pd/C (421 mg) at room temperature under nitrogen
atmosphere. The container was vacuumed and flushed with hydrogen, the sequence repeated 3
times. Then the resulting mixture was hydrogenated under 50 atm hydrogen atmosphere for 2

days at 55 °C. The solids were removed by filtration and rinsed with MeOH {16¢} rul.  3}. The
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filtrate was concentrated under vacuum, and the crude product was purified by prep-HPLC with
following conditions: XBridge Prep OBD C18 Column 30*50 mm 5 um; Mobile Phase A:
Water (with 10 mmol/L NH4sHCOQO3), Mobile Phase B: ACN; Flow rate: 60 mL/min; Gradient:
60% B to 85% B in 8 min; 254 nm; Rt: 254 min. This afforded tert-butyl 4-[3-[(1s,35)-3-
hydroxycyclobutoxy]propyl]piperazine-1-carboxylate (380 mg, 49%) as an off-white oil.
[00546] Step 4

HO. \ D (\SD’OH \ S o
\g‘o/\/\N/\ ’ " /N@ND \G"'o/\/\N/\
N‘Bo

N.
Boc PPh3, DIAD, THF,2h ¢

[00547] Into a 20-mL vial purged and maintained under an atmosphere of nitrogen, were
added a solution of tert-butyl 4-[3-[(1s,3s)-3-hydroxycyclobutoxy]propyl]piperazine-1-
carboxylate (300 mg, 0.95 mmol, 1 equiv), 2-[4-(dimethylamino)phenyl]-1,3-benzothiazol-6-0l
(258 mg, 0.95 mmol, 1.00 equiv), and PPh3 (375 mg, 1.43 mmol, 1.5 equiv) in toluene (10 mL).
Then DIAD (289 mg, 1.43 mmol, 1.5 equiv) was added, and the resulting mixture was stirred for
2 hours at room temperature. The reaction mixture was diluted with water (20 mL), and the
mixture was extracted with ethyl acetate (50 mL X 3). The combined organic layer was washed
with brine, dried over sodium sulfate and concentrated under vacuum. The residue was purified
by prep-TLC eluting with ethyl acetate/petroleum ether (1:1) to afford tert-butyl 4-[3-[(1r,3r)-3-
([2-[4-(dimethylamino)phenyl]-1,3-benzothiazol-6-ylJoxy)cyclobutoxy]propyl]piperazine-1-
carboxylate (280 mg, 47%) as a yellow oil.
[00548] Step 5

S 0 s o
>N_©_<\NI>/ \O"’O/\/\U\ m;—m; >N4©_<\NI>/ \D"’o/\/\UH

Boc

[00549] Into a 25-mL round-bottom flask was added tert-butyl 4-[3-[(1r,3r)-3-([2-[4-
(dimethylamino)phenyl]-1,3-benzothiazol-6-ylJoxy)cyclobutoxy]propyl]piperazine-1-
carboxylate (30 mg, 0.05 mmol, 1 equiv) in dichloromethane (10 mL), to which was added TFA
(4 mL) at room temperature. The resulting mixture was stirred for 2 h, and then was concentrated
under vacuum. This resulted in N,N-dimethyl-4-[6-[(1r,3r)-3-[3-(piperazin-1-
yDpropoxy]cyclobutoxy]-1,3-benzothiazol-2-yl]aniline (300 mg, crude) as a yellow solid.
[00550] Step 6
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QO

[00551] Into a 10-mL vial were added a solution of N,N-dimethyl-4-[6-[(1r,3r)-3-[3-

O*N‘@ob R ACA e Na s

(piperazin-1-yl)propoxy]cyclobutoxy]-1,3-benzothiazol-2-yl]aniline (270 mg, 0.58 mmol, 1
equiv), 2-(2,6-dioxopiperidin-3-yl)-5-fluoro-2,3-dihydro- 1H-isoindole-1,3-dione (191.8 mg, 0.69
mmol, 1.20 equiv), and DIEA (0.9 mL, 6.96 mmol, 9.41 equiv) in DMSO (5 mL) at room
temperature. The resulting mixture was stirred at 130 °C for 3 hours, and then cooled to room
temperature and diluted with water (10 mL). The mixture was extracted with ethyl acetate {100
mb X 3}. The combined organic phase was washed with brine, dried over sodium sulfate and
concentrated under vacuum. The crude product was purified by prep-HPLC: XBridge Prep OBD
C18 Column 30*150 mm 5 um; Mobile Phase A: Water (with 10 mmol/LL NHsHCQO3), Mobile
Phase B: ACN; Flow rate: 60 mL/min; Gradient: 54% B to 74% B in 8 min; Detector: UV 254
nm; Rt: 254 min. This resulted in 42.7 mg (10%) of 2-(2,6-dioxopiperidin-3-yl)-5-(4-[3-[(1r,31)-
3-([2-[4-(dimethylamino)phenyl]-1,3-benzothiazol-6-ylJoxy)cyclobutoxy]propyl]piperazin-1-yl)-
2,3-dihydro-1H-isoindole-1,3-dione as a yellow solid.

[00552] Exemplary Synthesis of Exemplary Compound 25

—0Q

2 "
)\QN&o Q/\N\O@:é{)zo

[00553] Step 1
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Br
N Pd(dppf)Cl,, K,COs, N
dioxane/H,0, 90 °C, 2 h Br

[00554] Into a 250-mL round-bottom flask purged and maintained under an inert
atmosphere of nitrogen, was placed a solution of 2-bromo-6-methoxy-1,3-benzothiazole (7.3 g,
29.9 mmol, 1.0 equiv), (4-bromophenyl)boronic acid (8.4 g, 41.8 mmol, 1.40 equiv), K2COs3 (8.3
g, 60.1 mmol, 2.0 equiv), Pd(dppf)Cl> CH2Clz (500 mg, 0.68 mmol, 0.02 equiv) in dioxane (100
mL) and H20 (20 mL). The resulting mixture was stirred for 3 hours at 90 °C in an oil bath. The
reaction mixture was cooled to room temperature and quenched with water (200 mL). The
insoluble solids were removed by filtration, and the filtrate was extracted with ethyl acetate (150
mL x 3). The combined organic layer was washed with brine (100 mL x 2), dried over Na2SOx4
and concentrated under reduced pressure. The residue was purified by flash chromatography
eluting with ethyl acetate/petroleum ether (1:1). This resulted in 4 g (crude) of 2-(4-

bromophenyl)-6-methoxy-1,3-benzothiazole as a brown solid.

[00555] Step 2
PN TsCl
Ho OF 25,0 K. DOM TsO™"""0H
rt, 5h
[00556] Into a 250-mL round-bottom flask, was placed pentane-1,5-diol (6 g, 57.61 mmol,

1.00 equiv) silver oxide (20 g) and potassium iodide (2.9 g) in dichloromethane (100 mL), to
which was added 4-toluene sulfonyl chloride (10.96 g, 57.49 mmol, 1.00 equiv) at room
temperature. The resulting mixture was stirred for 4 h at 25 °C. The solids were filtered off, and
the filtrate was concentrated. The residue was diluted with water (50 mL), and the mixture was
extracted with dichloromethane (30 mL x 3). The organic layers were combined, washed with
brine (50 mL x 2), dried over anhydrous sodium sulfate and concentrated under vacuum. The
residue was applied onto a silica gel column eluting with ethyl acetate/petroleum ether (1:4).
This resulted in 6.1 g (41%) of 5-[[(4-methylbenzene)sulfonyl]Joxy]pentan-1-ol as a colorless oil.
[00557] Step 3
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K,COs3, DMF, 60°C, 12 h

[00558] Into a 100-mL round-bottom flask were added a solution of 2-(2,6-
dioxopiperidin-3-yl)-5-hydroxy-2,3-dihydro-1H-isoindole- 1,3-dione (3 g, 10.9 mmol, 1 equiv) in
DMF (50 mL), K2COs3 (3.0 g, 21.9 mmol, 2.0 equiv) and 5-[(4-
methylbenzenesulfonyl)oxy]pentan-1-01(8.5 g, 32.9 mmol, 3.0 equiv). The resulting mixture was
stirred for 16 hours at 60 °C. The reaction was then quenched by the addition of water (50 mL)
at room temperature, and the mixture was extracted with ethyl acetate (100 mL), washed with
brine, dried over sodium sulfate and concentrated under reduced pressure. The residue was
purified by flash chromatography eluting with ethyl acetate to afford 2-(2,6-dioxopiperidin-3-yl)-
5-[(5-hydroxypentyl)oxy]-2,3-dihydro-1H-isoindole-1,3-dione(1.5 g, 38%) as a yellow solid.
[00559] Step 4

0 Q
P Q NH
4{\;’\1;: TsCl, Et;N, DMAP N o
N 0 N N
HO """ DCM, 1t, 2 h TsO o y
o)

[00560] Into a 250-mL round-bottom flask were added a solution of 2-(2,6-
dioxopiperidin-3-yl)-5-[(5-hydroxypentyl)oxy]-2,3-dihydro-1H-isoindole-1,3-dione (2 g, 5.55
mmol, 1 equiv), EsN (1.7 g, 16.65 mmol, 3.0 equiv) and DMAP (67.8 mg, 0.55 mmol, 0.1 equiv)
in dichloromethane (40 mL), to which was added TsCl (1.3 g, 6.82 mmol, 1.23 equiv) at room

temperature. The resulting mixture was stirred for 16 hours at room temperature, and then was
concentrated under vacuum. The residue was purified by flash chromatography, eluting with
ethyl acetate/petroleum ether (1:1) to afford 5-[[2-(2,6-dioxopiperidin-3-yl)-1,3-dioxo-2,3-
dihydro-1H-isoindol-5-ylJoxy]pentyl 4-methylbenzene-1-sulfonate (1.8 g, 63%) as a yellow solid.
[00561] Step S

TEA, DCM, rt
NH 3h

Boc—NyO
BOC‘”(}O CBzCl @
N

\
Chbz
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[00562] Into a 500-mL round-bottom flask purged and maintained under an inert
atmosphere of nitrogen, was placed a solution of ferz-butyl 3-(piperidin-4-yloxy)azetidine- 1-
carboxylate (5 g, 19.5 mmol, 1 equiv) and TEA (6 mL) in dichloromethane (100 mL), to which
was added slowly CbzCl (4.0 g, 23.4 mmol, 1.2 equiv). The resulting solution was stirred for 3
hours at room temperature. The reaction was then quenched by the addition of water (100 mL),
and the mixture was extracted with dichloromethane (200 mLx 3). The combined organic layer
was washed with brine (100 mL), dried over anhydrous sodium sulfate and concentrated. The
residue was applied onto a silica gel column eluting with ethyl acetate/petroleum ether (1:1).
This resulted in 2.3 g (30%) of benzyl-4-([1-[(zert-butoxy)carbonyl]azetidin-3-ylJoxy)piperidine-
I-carboxylate as a yellow oil.

[00563] Step 6

_ 0
Boc N(}o TFA HN<>_

N DCM, rt,2h 2 N:

Cbz Cbz

[00564] Into a 100-mL round-bottom flask, was placed benzyl-4-([1-[(tert-
butoxy)carbonyl]azetidin-3-ylJoxy)piperidine- 1-carboxylate (500 mg, 1.28 mmol, 1 equiv) in
dichloromethane (40 mL), to which was added TFA (10 mL). The resulting solution was stirred
for 2 hours at room temperature. The reaction mixture was concentrated under vacuum and
diluted with water (10 mL). The pH value of the mixture was adjusted to 7 with TEA, and then
concentrated under vacuum. The residue was applied onto a silica gel column eluting with ethyl
acetate. This resulted in 400 mg (crude) of benzyl 4-(azetidin-3-yloxy)piperidine-1-carboxylate
as a yellow oil.

[00565] Step 7

—0
O s
HN(}O \©iN/>—< >—Br S
.
O N
N RuphosPd, Cs,CO3, Tol N,Cbz
| 0
(@]

Cbz 100°C, overnight

[00566] Into a 25-mL microwave tube purged and maintained with an inert atmosphere of

nitrogen, was placed a solution of benzyl-4-(azetidin-3-yloxy)piperidine-1-carboxylate (1 g, 3.44
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mmol, 1 equiv), Cs2COs3 (4.5 g, 13.78 mmol, 4.00 equiv), 2-(4-bromophenyl)-6-methoxy-1,3-
benzothiazole (1.1 g, 3.44 mmol, 1.00 equiv), RuPhos Palladium precatalyst (0.3 g, 0.34 mmol,
0.1 equiv) in toluene (8 mL). The resulting mixture was stirred overnight at 100 °C, and then was
concentrated under vacuum. The residue was applied onto a silica gel column eluting with ethyl
acetate/petroleum ether (100:1). This resulted in 500 mg (27% for 2 steps) of benzyl-4-([1-[4-(6-
methoxy-1,3-benzothiazol-2-yl)phenyl]azetidin-3-ylJoxy)piperidine-1-carboxylate as a yellow
solid.

[00567] Step 8

—0 —0

QS [ QS
D LiEt,BH/THF P
N THF, rt, 1h
,CbZ NH
) O
0 0

[00568] Into a 100-mL round-bottom flask, was placed benzyl-4-([1-[4-(6-methoxy-1,3-

benzothiazol-2-yl)phenyl]azetidin-3-ylJoxy)piperidine- 1-carboxylate (600 mg, 1.13 mmol, 1
equiv) in THF (10 mL), to which was added LiEt;BH/THF dropwise (1 M, 7 mL) at 0 °C. The
resulting solution was stirred for 1 hour at room temperature. The solids in the reaction mixture
were filtered out and rinsed with DMF. The filtrate was concentrated and the residue was applied
onto a silica gel column eluting with dichloromethane/methanol (5:1). This resulted in 380 mg
(85%) of 6-methoxy-2-[4-[3-(piperidin-4-yloxy)azetidin-1-yl]phenyl]-1,3-benzothiazole as a
yellow green solid.

[00569] Step 9
—0

O 0 H
NH Os N 0]
N 0 0
S 15070
— (o]
N
K,CO3,Nal, CH;CN S
N\j\ /OH 2C0O3,Nal, CH3CN,
0 40-70°C, Ny, overnight /—/__/‘O

N
Exemplary Compound 25
o) S
s
@E%@@
N
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[00570] Into a 25-mL microwave tube purged and maintained under an inert atmosphere
of nitrogen, was placed a mixture of 6-methoxy-2-[4-[3-(piperidin-4-yloxy)azetidin-1-
yllphenyl]-1,3-benzothiazole (70 mg, 0.18 mmol, 1.0 equiv), K2CO3 (73 mg, 0.53 mmol, 3.0
equiv), 5-[[2-(2,6-dioxopiperidin-3-yl)-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl]Joxy]pentyl 4-
methylbenzene-1-sulfonate (91.1 mg, 0.18 mmol, 1.0 equiv), and Nal (26.5 mg, 0.18 mmol, 1
equiv) in CH3CN (5 mL). The resulting mixture was stirred overnight at 40 °C, and then heated
up to 70 °C and stirred for an additional 5 hours at 70 °C. The solids were filtered off, and the
filtrate was concentrated under vacuum. The crude product was purified by prep-HPLC with the
following conditions: Column, XBridge Prep OBD C18 Column, 30*150 mm 5 um; mobile
phase, acetonitrile in water (with 10 mmoL/L NH4HCO3), 49% to 69% gradient in 8 min;
Detector, UV. This resulted in 49 mg (33%) of 2-(2,6-dioxopiperidin-3-yl)-5-([5-[4-([1-[4-(6-
methoxy-1,3-benzothiazol-2-yl)phenyl]azetidin-3-yl]oxy)piperidin-1-yl]pentyl]oxy)-2,3-
dihydro-1H-isoindole-1,3-dione as a light yellow solid.

[00571] Exemplary Synthesis of Exemplary Compound 26

_b\s on{L—I\FZO
N" N o
J\QN\B\OONNJ

[00572] Step 1

—0 —Q

QS N-BoC Q\S
N/)\©\ C|/\/N\) N/)\©\ N(\N,Boc
N /O“/\/
BN

s
0 K,CO3,Nal, CH;CN, 40 °C,16 h

[00573] Into a 25-mL sealed tube purged and maintained under an inert atmosphere of nitrogen,

was placed a solution of 6-methoxy-2-[4-[3-(piperidin-4-yloxy)azetidin-1-yl]phenyl]-1,3-benzothiazole
(110 mg, 0.28 mmol, 1 equiv), K-CO3 (115 mg, 0.83 mmol, 3 equiv), tert-butyl-4-(2-
chloroethyl)piperazine-1-carboxylate (69 mg, 0.28 mmol, 1 equiv), and Nal (4.2 mg, 0.03 mmol, 0.1
equiv) in CH3CN (5 mL). The resulting mixture was stirred for 16 hours at 40 °C. The solids were filtered
off, and the filtrate was concentrated. The residue was applied onto a silica gel column eluting with

dichloromethane/methanol (10:1). This resulted in 178 mg of tert-butyl-4-[2-[4-([1-[4-(6-methoxy-1,3-
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benzothiazol-2-yl)phenyl]azetidin-3-ylJoxy)piperidin-1-yl]ethyl]piperazine-1-carboxylate as a yellow-

green solid.
[00574] Step 2
—Q

—0
= Boc
N N’ __TFA =z
/K©\N O/\/O DCM, 1t, 1h NJ\@\ "
BN

N/\/N\)
N\loQ

[00575] Into a 50-mL round-bottom flask, was placed tert-butyl-4-[2-[4-([1-[4-(6-methoxy-1,3-
benzothiazol-2-yl)phenyl]azetidin-3-ylJoxy)piperidin-1-yl]ethyl]piperazine-1-carboxylate (178 mg, 0.29
mmol, 1 equiv) in DCM (25 mL), to which was added TFA (5 mL). The resulting solution was stirred for
1 hour at room temperature, and then was concentrated under vacuum. This resulted in 130 mg (crude) of
6-methoxy-2-[4-[3-([1-[2-(piperazin-1-yl)ethyl]piperidin-4-ylJoxy)azetidin-1-yl |phenyl]-1,3-

benzothiazole as a red solid.

[00576] Step 3
heste: QO
N e}
3 o)
N= N"S Exemplary Compound 26

DIEA, DMSO, WM, 130°C, 2h

N N 0
QOCNXNCNH qo@““N@”W%NQ
o) O

[00577] Into a 25-mL tube purged and maintained with an inert atmosphere of nitrogen, was
placed a solution of 6-methoxy-2-[4-[3-([1-[2-(piperazin-1-yl)ethyl]piperidin-4-yl]Joxy)azetidin-1-
yllphenyl]-1,3-benzothiazole (130 mg, crude), DIEA (1 mL), and 2-(2,6-dioxopiperidin-3-yl)-5-fluoro-
2,3-dihydro-1H-isoindole-1,3-dione (94.7 mg, 0.34 mmol, 1.16 equiv) in DMSO (5 mL). The reaction
mixture was irradiated with microwave for 2 hours at 130 °C, and was then concentrated. The crude
product was purified by Prep-HPLC with the following conditions: Column, XBridge Prep OBD C18
Column, 30*150 mm 5 um; mobile phase, water (with 10 mmol/L NH4sHCO3) and CAN, 44% up to 64%
CAN in 8 min; Detector, UV. This resulted in 45.7 mg (10%) of 2-(2,6-dioxopiperidin-3-yl)-5-(4-[2-[4-
([1-[4-(6-methoxy-1,3-benzothiazol-2-yl)phenyl]azetidin-3-ylJoxy)piperidin-1-yl]ethyl|piperazin-1-yl)-
2,3-dihydro-1H-isoindole-1,3-dione as a yellow solid.

[00578] Exemplary Synthesis of Exemplary Compound 27
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[00579] Step 1
HO@N Bno—<>—o
Bno—<>-"OH _
PPhs, DIAD, Tol,reflux S
N
[00580] Into a 250-mL round-bottom flask, was placed (1r,3r)-3-(benzyloxy)cyclobutan-

1-0l (8 g, 44.9 mmol, 1 equiv), pyridin-4-ol (4.27 g, 44.9 mmol, 1 equiv), PPh3 (17.66 g, 67.3
mmol, 1.5 equiv), DIAD (10.89 g, 53.9 mmol, 1.2 equiv) in toluene (20 mL). The resulting
solution was stirred overnight at 110 °C in an oil bath. The mixture was quenched by the
addition of water (20 mL). The resulting mixture was extracted with ethyl acetate (3 x 30 mL).
The combined organic layer was washed with brine (2 x 10 mL), dried over anhydrous sodium
sulfate and concentrated. The residue was applied onto a silica gel column, eluted with ethyl
acetate/petroleum ether (1/1). This resulted in 11.4 g (99%) of 4-[(1s,3s)-3-
(benzyloxy)cyclobutoxy]pyridine as a yellow oil.

[00581] Step 2

Bno—<>—o
Bn0—<><0 BnBr C_
\ N

\_/  Dbcm,rt, 16h \

[00582] Into a 250-mL round-bottom flask, was placed 4-[(1s,3s)-3-
(benzyloxy)cyclobutoxy]pyridine (11.4 g, 44.7 mmol, 1 equiv), (bromomethyl)benzene (8.40 g,
49.1 mmol, 1.1 equiv) in dichloromethane (20 mL). The resulting solution was stirred overnight
at room temperature. The mixture was concentrated and the residue was applied onto a silica gel
column, eluted with ethyl acetate/petroleum ether (1/2). This resulted in 15 g (97%) of 1-benzyl-
4-[(1s,3s)-3-(benzyloxy)cyclobutoxy]pyridin-1-ium as a white solid.

[00583] Step 3
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[00584] Into a 250-mL round-bottom flask, was placed 1-benzyl-4-[(1s,3s)-3-
(benzyloxy)cyclobutoxy]pyridin-1-ium (15 g, 43.3 mmol, 1 equiv) in methanol (20 mL), to
which was added sodium borohydride (3.29 g, 86.6 mmol, 2.00 equiv) slowly. The resulting
solution was stirred overnight at room temperature. The resulting mixture was concentrated and
then quenched by the addition of water (20 mL). The resulting mixture was extracted with ethyl
acetate (3 x 40 mL). The combined organic layer was washed with brine (2 x 20 mL), dried over
anhydrous sodium sulfate and concentrated. The residue was applied onto a silica gel column
eluting with ethyl acetate/petroleum ether (1/1). This resulted in 9.2 g (61%) of 1-benzyl-4-
[(1s,35)-3-(benzyloxy)cyclobutoxy]-1,2,3,6-tetrahydropyridine as a yellow oil.

[00585] Step 4

Bno—<>—o
Z_ H,, PA(OH),/C HO—<>‘0
N

MeOH ¢ >
NH

Bn 40°C, 24 h

[00586] Into a 250-mL round-bottom flask, was placed 1-benzyl-4-[(1s,3s)-3-
(benzyloxy)cyclobutoxy]-1,2,3,6-tetrahydropyridine (9.2 g, 26.3 mmol, 1 equiv) in methanol (30
mL), to which was added AcOH (0.5 mL) and 20% Pd(OH)>/C (3 g) under nitrogen atmosphere.
The flask was then vacuumed and flushed with hydrogen. The reaction mixture was
hydrogenated overnight at 40 °C under hydrogen atmosphere using a hydrogen balloon, then
filtered through a Celite pad and concentrated under reduced pressure. This resulted in 5.2 g of
crude (1s,3s)-3-(piperidin-4-yloxy)cyclobutan-1-ol as a yellow oil.

[00587] Step S

Ho—<>—o (Boc),0, NaOH HO= <> O
>\:N

THF/H,O, rt, 2 h

NH \Boc

[00588] Into a 250-mL round-bottom flask, was placed (1s,3s)-3-(piperidin-4-
yloxy)cyclobutan-1-ol (5 g, 29.2 mmol, 1 equiv) in tetrahydrofuran (40 mL), to which was added
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a solution of NaOH (3.50 g, 87.6 mmol, 3 equiv) in H>O (10 mL) and (Boc)20 (6.37 g, 29.2
mmol, 1.00 equiv). The resulting mixture was stirred for 2 hours at room temperature. The
mixture was concentrated and the residue was applied onto a silica gel column eluting with ethyl
acetate/petroleum ether (1/1). This resulted in 5.06 g (64%) of tert-butyl 4-[(1s,3s)-3-
hydroxycyclobutoxy]piperidine-1-carboxylate as a yellow oil.

[00589] Step 6

Boc

HO. O,Boc
D\ o) -
v~ ) X \ o
/ N PPhs, DIAD, THF, 60°C, 4 h N

[00590] Into a 50-mL round-bottom flask, was placed PPh3 (291 mg, 1.11 mmol, 1.5
equiv), DIEA (114 mg, 0.89 mmol, 1.2 equiv), tert-butyl 4-[(1s,3s)-3-

hydroxycyclobutoxy]piperidine-1-carboxylate (201 mg, 0.74 mmol, 1 equiv), and 2-[4-
(dimethylamino)phenyl]-1,3-benzothiazol-6-0l (200 mg, 0.74 mmol, 1 equiv) in tetrahydrofuran
(15 mL). The resulting solution was stirred for 4 hours at 60 °C in an oil bath. The reaction was
then quenched by the addition of water (10 mL). The resulting mixture was extracted with ethyl
acetate (50 mL). The organic phase was washed with brine (10 mL), dried over anhydrous
sodium sulfate and concentrated. The residue was applied onto a silica gel column, eluting with
ethyl acetate/petroleum ether (1/1). The collected fractions were combined and concentrated.
This resulted in 250 mg (65%) of tert-butyl 4-[(1r,3r)-3-([2-[4-(dimethylamino)phenyl]-1,3-
benzothiazol-6-ylJoxy)cyclobutoxy]piperidine-1-carboxylate as a yellow solid.

[00591] Step 7

Boc
S O N” TFA S o] NH
\
T, O O<STT o, C
/ N O DCM, 1t, 2 h / N 0

[00592] Into a 50-mL round-bottom flask, was placed tert-butyl 4-[(1r,31)-3-([2-[4-

(dimethylamino)phenyl]-1,3-benzothiazol-6-ylJoxy)cyclobutoxy]piperidine-1-carboxylate (250
mg, 0.48 mmol, 1 equiv) in dichloromethane (10 mL), to which was added trifluoroacetic acid (3
mL). The resulting solution was stirred for 2 hours at room temperature. The mixture was
concentrated. This resulted in 240 mg of crude N, N-dimethyl-4-[6-[(1r,31)-3-(piperidin-4-
yloxy)cyclobutoxy]-1,3-benzothiazol-2-yl]aniline trifluoroacetic acid salt as a yellow solid.

[00593] Step 8

369



WO 2020/041331 PCT/US2019/047291

(0] (0]
/
O O
NH
; L °
Ts0 "N S

o N
K,COs, Nal, CH,CN, 70°C, 16 h
o~

¢}

o S’Q Exemplary Compound 27
NH x
N N
N
/

[00594] Into a 50-mL round-bottom flask, was placed 5-[[2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxo-2,3-dihydro-1H-isoindol-5-yl]Joxy]pentyl 4-methylbenzene-1-sulfonate (220 mg, 0.43
mmol, 1 equiv), K2CO3 (177 mg, 1.28 mmol, 3 equiv), N,N-dimethyl-4-[6-[(11,31)-3-(piperidin-
4-yloxy)cyclobutoxy]-1,3-benzothiazol-2-yl]aniline trifluoroacetic acid (223 mg, 0.428 mmol, 1
equiv), Nal (64 mg, 0.43 mmol, 1 equiv) in acetonitrile (15 mL). The resulting mixture was
stirred for 16 hours at 70 °C in an oil bath. The reaction mixture was filtered, and the filtrate was
concentrated. The crude product was purified by Prep-HPLC with the following conditions:
Column, XBridge Prep OBD C18 Column 30*150mm Sum; Mobile Phase A: Water (with 10
mmol/L NHsHCO3), Mobile Phase B: CH3CN; Flow rate: 60 mL/min; Gradient: 62% B to 76%
B in 8 min; 254 nm; Rt: 6.65 min. After lyophilization this resulted in 42.9 mg (13%) of 2-(2,6-
dioxopiperidin-3-yl)-5-[(5-[4-[(11,3r)-3-([2-[4-(dimethylamino)phenyl]-1,3-benzothiazol-6-
ylJoxy)cyclobutoxy]piperidin-1-yl]pentyl)oxy]-2,3-dihydro- 1H-isoindole-1,3-dione as a yellow
solid.

[00595] Exemplary Svnthesis of Exemplary Compound 28
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[00596] Exemplary Svthesis of Exemplary Compound 29

370



WO 2020/041331 PCT/US2019/047291

{f
W) UUOQ”

[00597] Compound 5-(4-(2-(4-((1r,3r)-3-((2-(4-(dimethylamino)phenyl)benzo[d]thiazol-6-
ylhoxy)cyclobutoxy)piperidin-1-yl)ethyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-
1,3-dione was prepared according to the scheme below using procedures analogous to those

described for the examples above.

| |/\N Boc
N
N N O TFA
'\} 7\: Q DCM, rt

o KoCOjs, KI, CH5CN, 40 °C, 16 h

See iy
SO e e

O 0
N NH N
- N{):o Q
s £ C io N
\ N/\/
N Q DIEA, DMSO, 130°C, 2 h
y, =~
O‘CN 7\ Exemlary Compound 29
_\_N H . Ny ry p
s N
/

[00598] Exemplary Synthesis of Exemplary Compound 30
- @ oo
’O/\/\N/\

[00599] Step 1
I:[ on Br/\/ /D’O\/\
NaH, DMF, BnO
BnO 0-15°C, 25 h
[00600] To a solution of 3-benzyloxycyclobutanol (5 g, 28.05 mmol, 1 eq) in N,N-

dimethylformamide (75 mL) was added sodium hydride (1.68 g, 42.08 mmol, 60% in mineral oil,
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1.5 eq) at 0 °C, and the mixture was stirred at 0 °C for 0.5 h. To the mixture was added 3-
bromoprop-1-ene (3.39 g, 28.05 mmol, 1 eq), and the reaction was stirred at 15 °C for 2 h. The
reaction mixture was quenched by the addition of ammonium chloride (200 mL) at 15 °C and
extracted with ethyl acetate (100 mL x 3). The combined organic layers were washed with brine
(50 mL x 2), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure to give a residue which was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 1:0 to 10:1) to produce 3-allyloxycyclobutoxymethylbenzene (5.8 g, 26.57
mmol, 94% yield) as a colorless oil.
[00601] Step 2

BH; Me,S, NasBO, 4H,0

/D/O\/\ /D/O\/\/OH

BnO THF, 0-20 °C, 3 h BnO

[00602] To a solution of (3-allyloxycyclobutoxy)methylbenzene (5.8 g, 26.57 mmol, 1 eq)
in tetrahydrofuran (125 mL) was added borane dimethyl sulfide complex (10 M, 5.3 mL, 2 eq) at
0 °C, and the mixture was stirred at 20 °C for 1 h. To the solution was added a solution of
sodium perborate tetrahydrate (12.26 g, 79.71 mmol, 15.3 mL, 3 eq) in water (98 mL) at O °C,
and the reaction was stirred at 20 °C for 2 h. The suspension was filtered, and to the filtrate was
added saturated ammonium chloride (100 mL). The organic layer was extracted with ethyl
acetate (800 mL x 3). The combined organic phase was washed with brine (50 mL), dried with
anhydrous sodium sulfate, filtered and concentrated in vacuum. The residue was purified by
silica gel column chromatography (petroleum ether/ethyl acetate=30:1 to 1:1) to provide 3-(3-
benzyloxycyclobutoxy)propan-1-ol (3.92 g, 16.59 mmol, 62% yield) as a colorless oil.
[00603] Step 3

DHP, PPTS, DCM

O~ CH > O_~_OTHP
,U 0-20 °C, 14 h ,D’

BnO BnO

[00604] To a solution of 3-(3-benzyloxycyclobutoxy)propan-1-ol (3.92 g, 16.59 mmol, 1
eq) in dichloromethane (50 mL) was added pyridinium p-toluenesulfonate (334 mg, 1.33 mmol,
0.08 eq) at 0 °C. Then to the solution was added a solution of 3,4-dihydro-2H-pyran (2.09 g,
24.88 mmol, 2.3 mL, 1.5 eq) in dichloromethane (8 mL) dropwise at 0 °C, and the reaction was
stirred at 20 °C for 14 h. The reaction mixture was washed with saturated sodium bicarbonate

(30 mL x 2). The organic phase was extracted with dichloromethane (30 mL x 2). The
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combined organic phase was dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure to give a residue which was purified by silica gel column
chromatography (petroleum ether/ethyl acetate=20:1 to 10:1) to provide 2-[3-(3-
benzyloxycyclobutoxy)propoxy]tetrahydropyran (4.54 g, 14.17 mmol, 85% yield) as a colorless

oil.
[00605] Step 4
,D/O\/\/OTHP Pd/C, Hp, 15 psi /D/O\/\/OTHP
BnO MeOH, 20 °C, 16 h' HO
[00606] To a solution of 2-[3-(3-benzyloxycyclobutoxy)propoxy]tetrahydropyran (2.27 g,

7.08 mmol, 1 eq) in methanol (20 mL) was added palladium on activated carbon catalyst (300
mg, 10% purity) under nitrogen. The suspension was degassed under vacuum and purged with
hydrogen three times. The reaction mixture was stirred under 15 psi at 20 °C for 16 h. The
reaction mixture was filtered, and the filtrate was concentrated. The residue was purified by
silica gel column chromatography (petroleum ether/ethyl acetate=20:1 to 8:1) to provide 3 g of
3-(3-tetrahydropyran-2-yloxypropoxy)cyclobutanol as a colorless gum.

[00607] Step 5
O ~_OTHP
O.N S OH H O’U O,N S O\G
ADDP, BugP,Tol., 25-110°C,16 h
O)\ O)\
[00608] To a solution of 1-(3-hydroxy-7-nitro-phenothiazin-10-yl)ethanone (680 mg, 2.25

mmol, 1 eq) and 3-(3-tetrahydropyran-2-yloxypropoxy)cyclobutanol (621 mg, 2.70 mmol, 1.2
eq) in toluene (10 mL) was added 1,1'-(azodicarbonyl)dipiperidine (681 mg, 2.70 mmol, 1.2 eq)
and tributylphosphine (546 mg, 2.70 mmol, 0.66 mL, 1.2 eq) sequentially under nitrogen at

25 °C. The mixture was stirred at 25 °C for 10 min, then was heated to 110 °C and stirred for 16
h. The reaction mixture was concentrated to give a residue. The residue was purified by silica
gel column chromatography (petroleum ether/ethyl acetate=20:1 to 1:1) to give crude product
which was purified by semi-preparative reverse phase HPLC (column: Phenomenex Synergi
Max-RP 250*50mm*10 um; mobile phase: [water (0.225% FA)-ACN]; B%: 50%-80%, 25 min,
45% min) to provide 1-[3-nitro-7-[3-(3-tetrahydropyran-2-
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yloxypropoxy)cyclobutoxy]phenothiazin-10-yl]ethanone (548 mg, 1.06 mmol, 47% yield) as a

brown oil.
[00609] Step 6
O,N s o)
U -TsOH, MeOH )
\E:[ D/ 07" 0THP L» \C[N]@/ 107" 0H
15°C, 2h )\

O

[00610] To a solution of 1-[3-nitro-7-[3-(3-tetrahydropyran-2-

yloxypropoxy)cyclobutoxy]phenothiazin-10-yl]ethanone (548 mg, 1.06 mmol, 1 eg) in methanol
(10 mL) was added 4-toluenesulfonic acid (37 mg, 0.21 mmol, 0.2 eq) at 15 °C, and the mixture
was stirred at 15 °C for 2 h. The reaction mixture was basified with saturated sodium bicarbonate
aqueous solution until pH 8-9, and was then extracted with ethyl acetate (10 mL x 3). The
combined organic layers were washed with brine (10 mL), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to give a residue. The residue was purified by
prep-TLC (petroleum ether/ethyl acetate = 1:2) to afford 1-[3-[3-(3-
hydroxypropoxy)cyclobutoxy]-7-nitro-phenothiazin-10-yl]Jethanone (387 mg, 0.90 mmol, 84%

yield) as a red oil.

[00611] Step 7
02 2N S O
TG By e, “ T O
0-15°C, 12 h A
[00612] To a solution of 1-[3-[3-(3-hydroxypropoxy)cyclobutoxy]-7-nitro-phenothiazin-

10-yl]ethanone (387 mg, 0.90 mmol, 1 eg) in dichloromethane (10 mL) was added triethylamine
(182 mg, 1.80 mmol, 0.25 mL, 2 eqg) and p-toluenesulfonyl chloride (257 mg, 1.35 mmol, 1.5 eq)
sequentially at O °C, and the mixture was then stirred at 15 °C for 12 h. The reaction mixture was
concentrated to give a residue which was purified by prep-TLC (petroleum ether/ethyl acetate =
1:1). 3-[3-(10-acetyl-7-nitro-phenothiazin-3-yl)oxycyclobutoxy]propyl 4-
methylbenzenesulfonate (305 mg, 0.52 mmol, 58% yield) was obtained as a red oil. In addition,
100 mg of starting material was recovered.

[00613] Step 8
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HN o)

N
o N @cﬁ o @[ )OSR
‘0 N o)
\C[ND/ "y 0Tos Q\@ ‘OzL_N)H‘
)\ DIEA, KI, DMF, 15-80 °C, 2 h N 0]

o]

[00614] To a solution of 3-[3-(10-acetyl-7-nitro-phenothiazin-3-yl)oxycyclobutoxy]propyl
4-methylbenzenesulfonate (305 mg, 0.52 mmol, 1 eq) and 2-(2,6-dioxo-3-piperidyl)-5-piperazin-
1-yl-isoindoline-1,3-dione (217 mg, 0.57 mmol, 1.1 eq, hydrochloride) at N,N-
dimethylformamide (8 mL) was added N,N-diisopropylethylamine (202 mg, 1.57 mmol, 0.27
mL, 3 eq) and potassium iodide (9 mg, 0.05 mmol, 0.1 eq) at 15 °C, and then stirred at 80 °C for
2 h. The reaction mixture was diluted with 20 mL water, then extracted with ethyl acetate (15
mL x 3). The combined organic layers were washed with brine 10 mL, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure to give a residue. The residue
was purified by prep-TLC (dichloromethane/methanol = 10/1) to give 5-[4-[3-[3-(10-acetyl-7-
nitro-phenothiazin-3-yl)oxycyclobutoxy]propyl]piperazin-1-yl]-2-(2,6-dioxo-3-
piperidyl)isoindoline-1,3-dione (115 mg, 0.15 mmol, 28% yield) as a yellow solid.

[00615] Step 9

RoesR" RSO R-
Ean'e T O,
N 9 Q __4MHClidioxane, H,0 N O O
)\ N N NH
o N 20-40 °C, 6 h N o
o} o)

30

[00616] To a solution of 5-[4-[3-[3-(10-acetyl-7-nitro-phenothiazin-3-
ylDoxycyclobutoxy]propyl]piperazin-1-yl]-2-(2,6-dioxo-3-piperidyl)isoindoline-1,3-dione (115
mg, 0.15 mmol, 1 eq) in water (1 mL) was added hydrogen chloride/dioxane (4 M, 5 mL, 131.27
eq) at 20 °C, and the mixture was stirred at 40 °C for 6 h. The reaction mixture was concentrated
to give a residue. The residue was purified by semi-preparative reverse phase HPLC (25-52%
acetonitrile + 0.225% formic acid in water, over 10 min). 2-(2,6-dioxo-3-piperidyl)-5-[4-[3-[3-
[(7-nitro-10H-phenothiazin-3-yl)oxy]cyclobutoxy]propyl]piperazin-1-yl]isoindoline-1,3-dione
formate (36 mg, 0.04 mmol, 29% yield) was obtained as a red solid.

[00617] Exemplary Svnthesis of Exemplary Compound 31 and Exemplary

Compound 32
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O 0
NH
N @)
N0
O
31
O O
NH
N @)
N0
O
32
[00618] Step 1
O O
/D’ \G KOH, TosCl, THF /D’ \G
HO N\BOC 20°C, 1h o TosO N\BOC
[00619] A mixture of tert-butyl 4-(3-hydroxycyclobutoxy)piperidine-1-carboxylate (1.2 g,

4.42 mmol, 1 eq), potassium hydroxide (744 mg, 13.27 mmol, 3 eq) and p-toluenesulfonyl
chloride (2.53 g, 13.27 mmol, 3 eq) in tetrahydrofuran (5 mL) was degassed and purged with
nitrogen 3 times, and then the mixture was stirred at 20 °C for 1 h under nitrogen. The reaction
mixture was quenched by the addition of water (100 mL) and extracted with ethyl acetate
(100mL x 3). The combined organic layers were washed with brine (50mL x 3), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give a residue
which was purified by column chromatography (petroleum ether/ethyl acetate = 10/1 to 1/1).
tert-Butyl 4-[3-(p-tolylsulfonyloxy)cyclobutoxy]piperidine-1-carboxylate (1.6 g, 3.71 mmol,
84% yield) was obtained as a white solid.

[00620] tert-Butyl 4-[3-(p-tolylsulfonyloxy)cyclobutoxy]piperidine-1-carboxylate was
converted to the final compounds, 2-(2,6-dioxopiperidin-3-y1)-5-((5-(4-((1r,31)-3-(4-(((£)-3-((E)-
3-(4-nitrophenyl)allylidene)-2-oxoindolin-1-yl)methyl)phenoxy)cyclobutoxy)piperidin-1-
yl)pentyl)oxy)isoindoline-1,3-dione and 2-(2,6-dioxopiperidin-3-yl)-5-((5-(4-((1r,31)-3-(4-(((Z)-
3-((E)-3-(4-nitrophenyl)allylidene)-2-oxoindolin-1-yl)methyl)phenoxy)cyclobutoxy)piperidin-1-
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yDpentyl)oxy)isoindoline-1,3-dione, according to the scheme below and using procedures

described above for the exemplary compounds 6, 7, and 19.

OZN
o=

o} @
\O OH
/G N. -
TosO Boc K,CO3, DMF, 60°C, 2 h

HCl/dioxane
—_—
25°C, 10 min

32

[00621] Exemplary Synthesis of Exemplary Compound 33

OH

H
N
IOOOWrag 7
O,N s o N\/\/\/O\)]\N N
H o
N ©

S

&)

N

[00622] Exemplary Svnthesis of Exemplary Compound 35
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pH
o) | X 0 \
= O/\/O\/\O/\/O\)J\N Q
H o o
HN

N
[00623] Step 1
| N\ BBr3 | N\
= O/ DCM, -78~25°C, 12 h = OH
[00624] To a solution of 6-methoxy-2-methyl-quinoline (10 g, 57.73 mmol, 1 eq) in

dichloromethane (100 mL) was added dropwise a solution of boron tribromide (43.39 g, 173.20
mmol, 16.69 mL, 3 eq) in dichloromethane (100 mL) at -78°C. The mixture was allowed to
warm to 25°C and stirred at 25°C for 12 h. The reaction mixture was quenched by

addition methanol (100 mL), and then diluted with water (200 mL) and extracted

with dichloromethane (200 mL x 3). The combined organic layers were washed with brine (200
mL x 3), dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. 2-methylquinolin-6-ol (9 g, 56.54 mmol) was obtained as a white solid and used

directly in the next step.

[00625] Step 2
| NS MOMBr . \EN;\()\
= OH NaH, DMF,0~25°C, 2.5 h = O/\O/
[00626] To a solution of 2-methylquinolin-6-ol (10 g, 62.82 mmol, 1 eq) in dimethyl

formamide (60 mL) was added sodium hydride (2.76 g, 69.10 mmol, 60% suspension, 1.1 eq) at
0°C. The reaction mixture was stirred at 25°C for 0.5 hour. Then bromo(methoxy)methane (7.85
g, 62.82 mmol, 5.13 mL, 1 eq) was added. The reaction mixture was stirred at 25°C for 2 h. The
reaction mixture was quenched by addition water (200 mL) and extracted with ethyl acetate (200
mL x 3). The combined organic layers were washed with brine (200 mL x 3), dried over

anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
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purified by silica gel column chromatography (petroleum ether/ethyl acetate=100/1 to 1/1). 6-
(methoxymethoxy)-2-methyl-quinoline (11 g, 54.12 mmol) was obtained as a yellow oil.
[00627] Step 3

N )NO\/O N
NS \O ra | P N

-

=
= O/\O/ TsNH,, toluene, 120 °C, 12 h | _ o~
o 0
[00628] A solution of 2-methoxypyridine-4-carbaldehyde (2 g, 14.58 mmol, 1 eq), 6-

(methoxymethoxy)-2-methyl-quinoline (2.96 g, 14.58 mmol, 1 eg) and 4-
methylbenzenesulfonamide (2.50 g, 14.58 mmol, 1 eg) in toluene (50 mL) was stirred at 120°C
for 12 h. The reaction mixture was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum ether/ethyl acetate=100/1 to 1/1). 6-
(methoxymethoxy)-2-[(E)-2-(2-methoxy-4-pyridyl)vinyl]quinoline (4.1 g, 12.72 mmol) was

obtained as a white solid.

[00629] Step 4
N™~ NTX
~ >
o | DCM, 25°C, 0.5 h © |
F o o ¥ OH
[00630] To a solution of 6-(methoxymethoxy)-2-[(E)-2-(2-methoxy-4-

pyridyl)vinyl]quinoline (2 g, 6.20 mmol, 1 eq) in dichloromethane (20 mL) was added
trifluoroacetic acid (6.16 g, 54.02 mmol, 4 mL, 8.71 eq) . The reaction mixture was stirred at
25°C for 0.5 h. The pH was adjusted to 8 with sodium bicarbonate. The reaction mixture

was extracted with ethyl acetate (100 mL x 3). The combined organic layers were washed
with brine (150 mL x 3), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. 2-[(E)-2-(2-methoxy-4-pyridyl)vinyl]quinolin-6-o0l (1.4 g, 5.03 mmol) was
obtained as a yellow solid and used directly in the next step.

[00631] 2-[(E)-2-(2-methoxy-4-pyridyl)vinyl]quinolin-6-ol was converted to the final
compound, (25,4R)-1-((S)-2-(tert-butyl)-14-((2-((E)-2-(2-methoxypyridin-4-yl)vinyl )quinolin-6-
yloxy)-4-0x0-6,9,12-trioxa-3-azatetradecanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yDphenyl)ethyl)pyrrolidine-2-carboxamide, using procedures described for Exemplary
Compound 1.
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[00632] Using analogous procedures the following examples were prepared: Exemplary
Compound 48.
[00633] Exemplary Synthesis of Exemplary Compound 36
0
= O\/\O/\/o\/\o/\/o
N @)
O N SN 4§,:\}_|:
[00634] Step 1
KOH,TsClI
HO™ O~ O~ > TSO O~ OTs

THF, 20 °C,10 min

[00635] To a solution of 2-[2-[2-(2-hydroxyethoxy)ethoxy]ethoxy]ethanol (500 mg, 2.57
mmol, 1 eq) , potassium hydroxide (1.16 g, 20.59 mmol, 8 eq) in tetrahydrofuran (5 mL) was
added p-toluensulfonyl chloride (1.47 g, 7.72 mmol, 3 eq). The mixture was stirred at 20 °C for
10 min. The mixture was quenched by addition water (10 mL), extracted with ethyl acetate (10
mL x 3), and the combined organic phase washed with brine (20 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography (petroleum ether/ethyl acetate=100/1 to 3/1) to give 2-[2-[2-[2-(p-
tolylsulfonyloxy)ethoxy]ethoxy]ethoxy]ethyl4-methylbenzenesulfonate (0.9 g, 1.79 mmol) as a

colorless oil.

[00636] Step 2
O | x O\/\O/\/O\/\O/\/OTS
N
TsO\/\o/\/O\/\O/\/OTs \O/\/(D/
NaH, DMF, 0~50°C, 1 h
[00637] To a solution of 2-[(E)-2-(2-methoxy-4-pyridyl)vinyl]quinolin-6-ol (100 mg, 0.35

mmol, 1 eq) in dimethyl formamide (3 mL) was added NaH (17 mg, 0.44 mmol, 60% suspension,
1.25 eq) at 0°C, and the mixture was stirred at 25°C for 0.5 h. Then 2-[2-[2-[2-(p-
tolylsulfonyloxy)ethoxy]ethoxy] ethoxy]ethyl 4-methylbenzenesulfonate (180 mg, 0.35 mmol, 1
eq) was added. The reaction mixture was stirred at 50°C for 0.5 h. The reaction mixture was
diluted with water (50 mL) and extracted with ethyl acetate (50 mL x 3). The combined organic
layers were washed with brine (50 mL x 3), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column

chromatography (Petroleum ether/Ethyl acetate=100/1 to 1/1). 2-[2-[2-[2-[[2-[(E)-2-(2-methoxy-
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4-pyridyl)vinyl]-6-quinolyl]oxy]ethoxy]ethoxy]ethoxy]ethyl 4-methylbenzenesulfonate (100 mg,
0.16 mmol, 45% yield) was obtained as a yellow solid.

[00638] Step 3
0O
HO
T o
= O\/\O/\/O\/\O/\/OTS % NH
O N >
TN N K,COs, DMF, 80°C, 1 h
N~
0]
Z O~ OO
N @]
O N SN ‘g;l\};:
Nz o O
Exemplary Compound 36
[00639] To a solution of 2-[2-[2-[2-[[2-[(E)-2-(2-methoxy-4-pyridyl)vinyl]-6-quinolyl]

oxyJethoxy]ethoxy]ethoxy]ethyl 4-methylbenzenesulfonate (70 mg, 0.11 mmol, 1 eq), 2-(2,6-
dioxo-3-piperidyl)-5-hydroxy-isoindoline-1,3-dione (37 mg, 0.13 mmol, 1.2 eg) in dimethyl
formamide (3 mL) was added potassium carbonate (31 mg, 0.23 mmol, 2 eq). The reaction
mixture was stirred at 80°C for 1 h. The reaction mixture was filtered and concentrated under
reduced pressure. The residue was purified by prep-HPLC (column: Phenomenex Luna C18
150*25mm* 10um; mobile phase: [water (0.1%TFA)-ACN]; B%: 23%-53%,10min). 2-(2,6-
dioxo-3-piperidyl)-5-[2-[2-[2-[2- [[2-[(E)-2-(2-methoxy-4-pyridyl)vinyl]-6-
quinolyl]Joxy]ethoxy]ethoxy]ethoxy]ethoxy]isoindoline-1,3-dione (22 mg, 0.02 mmol) was

obtained as an orange solid.

[00640] Using analogous procedures the following examples were prepared: Exemplary
Compound 47.
[00641] Exemplary Synthesis of Exemplary Compound 49

381



WO 2020/041331 PCT/US2019/047291

OH

o :

HN / (\N/\/O\/\O/\/O\)J\,\I‘/Q

NH SYNJ H 0 0
ey

S
'

N
[00642] Step 1
0O
N AICl,, DCE, tt, 18 h N
H N
H
[00643] To a stirred mixture of 3-methyl-1H-indole (20 g, 152.46 mmol, 1.0 equiv) and

AlCl3 (61.0 g, 457 mmol, 3.0 equiv) in DCE (300 mL) was added pentanoyl chloride (22.0 g,
182.45 mmol, 1.2 equiv) in portions at 0°C. The resulting mixture was stirred for 18 hr at room
temperature. The reaction was quenched with water/ice at 0°C. The mixture was extracted with
CH2Cl2 (3 x 200 mL). The combined organic phase was washed with 3 x 100ml of brine, dried
with NaxSOy4, and concentrated under vacuum. The residue was purified by silica gel column
chromatography eluting with petroleum ether. The crude product was further purified by reverse
flash chromatography under the following conditions: column, C18; mobile phase, MeOH/water
= 10% to 50% gradient in 3h; detector, UV 254 nm. This resulted in 9.0 g of 1-(1H-indol-3-yl)

hexan-2-one as a brown oil.

[00644] Step 2
0 NH,
AcONH,4
N NaBH,CN, MeOH N
N N
H H
[00645] Into a 100-mL round-bottom flask purged and maintained with an inert

atmosphere of nitrogen, was placed 1-(1H-indol-3-yl)hexan-2-one (8.0 g, 37.16 mmol, 1.0 equiv),
AcONH4 (5.7 g, 74.31 mmol, 2.0 equiv), and MeOH (100 mL). The resulting solution was stirred
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for 30 min at 0°C. Then NaBH3CN (4.6 g, 73.84 mmol, 2.0 equiv) was added to the flask. The
resulting mixture was allowed to react, with stirring, for an additional 3 hr at 70°C in an oil bath.
The resulting mixture was concentrated under reduced pressure. The residue was poured into 100
mL of water. The resulting mixture was extracted with 2 x 50 mL of ethyl acetate. The organic
layers were combined, washed with 2 x 100 mL of brine, dried over anhydrous sodium sulfate,
and concentrated under vacuum. The residue was purified by silica gel column chromatography
eluting with ethyl acetate/ petroleum ether = 0 to 50% within 40 min. This resulted in 1-(1H-

indol-3-yl)hexan-2-amine (5.4 g) as a light yellow oil.

[00646] Step 3

\>—Br

D—Br
@ECK/\/ PyBOP, DIEA Qj/\ig/[

DCM, THF, rt, 1 h

[00647] To the solution of 2-bromo-1,3-thiazole-5-carboxylic acid (580 mg, 2.79 mmol,
1.0 equiv) and 1-(1H-indol-3-yl)hexan-2-amine (786 mg, 3.63 mmol, 1.3 equiv), DIEA (1.80 g,
13.93 mmol, 5.0 equiv) in DCM (10 mL) and THF (10 mL), was added PyBOP (1.75 g, 3.36
mmol, 1.2 equiv). The reaction mixture was stirred for 1 hr at room temperature. The reaction
was quenched with 50 mL of water at room temperature. The resulting mixture was extracted
with EtOAc (3 x 100 mL). The combined organic phase was concentrated under vacuum. The
residue was purified by silica gel column chromatography eluting with petroleum ether/ EtOAc
(80:20) to afford 2-bromo-N-[1-(1H-indol-3-yl)hexan-2-yl]-1,3-thiazole-5-carboxamide (703
mg) as a light yellow solid.

[00648] Step 4
Ho ] N>\ /\ N\
Br —_ H I \ N
I N\r([s HN\_/N Boc ) NT‘/ES% \\/N‘Boc
0]
AN K,COs, CHsCN, 80 °C, o/n HN °
[00649] Into a 30-mL sealed tube was placed N-(1-(1H-indol-3-yl)hexan-2-yl)-2-

bromothiazole-5-carboxamide (325 mg, 0.80 mmol, 1.0 equiv), tert-butyl piperazine-1-
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carboxylate (224 mg, 1.2 mmol, 1.5 equiv), K2CO3 (332 mg, 2.4 mmol, 3.0 equiv) and CH3CN
(15 mL). The reaction mixture was stirred overnight at 80°C in an oil bath. The reaction was
concentrated under vacuum. The residue was purified by silica gel column chromatography
eluting with EtOAc/ petroleum ether (0 to 100%) to afford 225 mg of tert-butyl 4-(5-((1-(1H-
indol-3-yl)hexan-2-yl)carbamoyl)thiazol-2-yl)- piperazine-1-carboxylate as a light yellow solid.

[00650] Step 5
H N H N
| |
HN 0 DCM, rt, 2 h HN 0
[00651] A solution of tert-butyl 4-(5-((1-(1H-indol-3-yl)hexan-2-yl)-carbamoyl)- thiazol-

2-yl)-piperazine-1-carboxylate (225 mg, 0.44 mmol, 1.0 equiv), DCM (30 mL), and TFA (10
mL) was stirred for 1 hr at room temperature. The reaction mixture was concentrated under
vacuum. This resulted in 181 mg (crude) of N-(1-(1H-indol-3-yl)hexan-2-yl)-2-(piperazin-1-

yDthiazole-5-carboxamide as a light yellow semi-solid.

[00652] Step 6
H N\>\ 7\
NT([S N\\/NH o 0
HNI 3 TsO/\/O\/\O/\/O\)LOk HN W N(\N/\/O\/\o/\/o\)J\OJ<
I
DIEA, CH;CN, 80 °C, o/n o} N

Into a 8-mL sealed tube, was placed N-(1-(1H-indol-3-yl)hexan-2-yl)-2-(piperazin-1-yl)thiazole-
S-carboxamide (103 mg, 0.25 mmol, 1.0 equiv), tert-butyl 2-(2-(2-(2-
(tosyloxy)ethoxy)ethoxy)ethoxy)acetate (157 mg, 0.38 mmol, 1.5 equiv), CH3CN (3 mL), and
DIEA (1 mL). The reaction mixture was stirred overnight at 80 °C in an oil bath. The reaction
mixture was concentrated under vacuum. The residue was purified by silica gel column
chromatography eluting with ethyl acetate/ petroleum ether = 0 to 100% within 40 min. This
resulted in tert-butyl 2-(2-(2-(2-(4-(5-((1-(1H-indol-3-yl)hexan-2-yl)carbamoyl)thiazol-2-yl)-
piperazin-1-yl)ethoxy)ethoxy)ethoxy)acetate (69 mg) as a light yellow solid.
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[00653] tert-Butyl 2-(2-(2-(2-(4-(5-((1-(1H-indol-3-yl)hexan-2-yl)carbamoyl)thiazol-2-
yl)-piperazin-1-yl)ethoxy)ethoxy)ethoxy)acetate was converted to the title compound using

procedures described for Exemplary Compound 1.

[00654] Using analogous procedures the following examples were prepared: Exemplary
Compound 50.
[00655] Exemplary Synthesis of Exemplary Compound 52
[00656] Step 1
TsCl, Ag-0, Kl
A0~ ™ 0n DC?\Z HO -~ ™01
[00657] Into a 500-mL 3-neck round-bottom flask purged and maintained with an inert

atmosphere of nitrogen, was placed triethylene glycol (2.50 g, 16.65 mmol, 1.00 equiv), Ag20
(7.72 g, 33.29 mmol, 2.00 equiv) and KI (2.76 g, 16.65 mmol, 1.00 equiv) in DCM (100 mL).
This was followed by the addition of a solution of TsCl (1.59 g, 8.32 mmol, 0.50 equiv) in DCM
(50 mL) dropwise with stirring at 0°C in 5 min. The resulting solution was stirred for 1 hr at 0°C
in a water/ice bath. The solids were filtered out. The resulting filtrate was concentrated. The
residue was applied onto a silica gel column eluting with dichloromethane/methanol (100:1 to
10:1) to give 2-(2-[2-[(4-methylbenzenesulfonyl)oxy]ethoxy]ethoxy)ethanol (1.2 g) as a

colorless oil.

[00658] Step 2

(@]
OTs
O_/_ N (e} @)
/ HO NH
O °° N @)
HO——/— > HO\/\O/\/O\/\O NH
O O

K,CO3, DMF

[00659] Into a 100-mL round-bottom flask purged and maintained with an inert
atmosphere of nitrogen, was placed 2-(2-[2-[(4-
methylbenzenesulfonyl)oxy]ethoxy]ethoxy)ethanol (1.10 g, 3.61 mmol, 1.0 equiv) and 2-(2,6-
dioxopiperidin-3-yl)-5-hydroxyisoindole-1,3-dione (1.09 g, 3.98 mmol, 1.1 equiv) in DMF (20
mL), to which mixture K2CO3 (1.50 g, 10.84 mmol, 3.0 equiv) was added. The resulting solution

was stirred for 16 hrs at 70°C in an oil bath. The reaction mixture was cooled to RT. The
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resulting mixture was concentrated. The residue was applied onto a silica gel column eluting
with dichloromethane/methanol (50:1 to 15:1) to give 2-(2,6-dioxopiperidin-3-yl)-5-[2-[2-(2-
hydroxyethoxy)ethoxy]ethoxyl]isoindole-1,3-dione (550 mg) as a yellow oil.

[00660] Step 3
O 0
N NH
O
o © " 1ol TEA o ©
o R
s~ DCM o/ ©
Ts0—~"
[00661] Into a 100-mL round-bottom flask purged and maintained with an inert

atmosphere of nitrogen, was placed 2-(2,6-dioxopiperidin-3-yl)-5-[2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy]isoindole-1,3-dione (300 mg, 0.74 mmol, 1.0 equiv) in DCM (15
mL), to which was added TEA (298 mg, 2.95 mmol, 4.0 equiv) and TsC1 (211 mg, 1.11 mmol,
1.5 equiv). The resulting solution was stirred for 12 hr at room temperature. The resulting
mixture was concentrated under vacuum. The residue was applied onto prep-TLC (DCM :
MeOH = 10:1).This resulted in 219 mg of 2-[2-(2-[[2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxoisoindol-5-ylJoxy]ethoxy)ethoxy]ethyl 4-methylbenzenesulfonate as a yellow oil.

[00662] Step 4

0
N 0
N TSO\/\O/\/O\/\O NH
H N 00
N [ >N NH .
i S \_/ >

HN o) DIEA, CH5CN, 70 °C, o/n

HN—Z NH N
L ?
o N N 0
K/N\/\o/\/o\/\o NH
o O

Exemplary Compound 52
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[00663] To a stirred mixture of N-[1-(1H-indol-3-yl)hexan-2-yl]-2-(piperazin-1-yl)-1,3-
thiazole-5-carboxamide (100 mg, 0.24 mmol, 1.0 equiv) and 2-[2-(2-[[2-(2,6-dioxopiperidin-3-
yD)-1,3-dioxoisoindol-5-yl]Joxy]- ethoxy)ethoxy]ethyl 4-methylbenzenesulfonate (204 mg, 0.36
mmol, 1.5 equiv) in DMF (3 ml) was added DIEA (94 mg, 0.73 mmol, 3.0 equiv). The resulting
mixture was stirred overnight at 70°C in an oil bath under nitrogen atmosphere. The reaction was
quenched with 100 mL of water. The resulting mixture was extracted with EtOAc (100 x 3 mL).
The combined organic layers were washed with brine (3 x 50 mL), dried over anhydrous Na>SOs,
and concentrated under vacuum. The residue was purified by prep-HPLC under the following
conditions: Column, Xselect CSH OBD Column 30*150 mm Sum; mobile phase, water (0.1%
FA) and ACN (16% Phase B up to 47% in 9 min); Detector, UV. This resulted in 2-(4-[2-[2-(2-
[[2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindol-5-ylJoxy]ethoxy)ethoxy]ethyl]piperazin-1-yl)-N-
[1-(1H-indol-3-yD)hexan-2-yl]-1,3-thiazole-5-carboxamide (15.6 mg) as a white solid.

[00664] Using analogous procedures the following examples were prepared: Exemplary

Compond 53 and Exemplary Compound 54.

[00665] Exemplary Synthesis of Exemplary compound 57

HN—/ NH /=N
I

0 0 Q
K/N NH
00
o)

[00666] Step 1
H \ &= - H N
) N\”/[S%Br HN N OH I N Y[S%N\\/N\Q\OH
HN © K2COg, ACN, 80 °C, 15 h HN ©
[00667] Into a 30-mL sealed tube, was placed 2-bromo-N-[1-(1H-indol- 3-yl)hexan-2-yl]-

1,3-thiazole-5-carboxamide (700 mg, 1.72 mmol, 1.0 equiv), 4-(piperazin-1-yl) phenol (335 mg,
1.89 mmol, 1.1 equiv), K2COs3 (477 mg, 3.45 mmol, 2.0 equiv) and CH3CN (15 mL). The tube

was purged and maintained with an inert atmosphere of nitrogen. The mixture was stirred for 15

387



WO 2020/041331 PCT/US2019/047291

hr at 80 °C in an oil bath. The reaction mixture was cooled to room temperature, and then
quenched by the addition of water (100 mL). The resulting mixture was extracted with EtOAc (3
x 100 mL). The combined organic layers were washed with brine (3 x 50 mL), dried over
anhydrous Na>SOys, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography, eluting with EtOAc/ petroleum ether (0:1 to 7:3) to afford 2-[4-(4-
hydroxyphenyl)piperazin-1-yl]-N-[1-(1H-indol-3-yl)hexan-2-yl]-1,3-thiazole-5-carboxamide
(300 mg) as a light yellow solid.

[00668] Step 2
HO BN K,CO3, DMF, 70 °C, 1 h Ho ™~C~"0 o~
@) O
[00669] To a stirred mixture of 1,2-dimethyl 4-hydroxyphthalate (2 g, 9.52 mmol, 1.0

equiv) and K2CO3 (2.64 g, 19.1 mmol, 2.0 equiv) in DMF (30 ml), was added 2-(2-
bromoethoxy)ethanol (5 g, 29.6 mmol, 3.1 equiv) under nitrogen atmosphere. The reaction
mixture was stirred for 1 hr at 70 °C in an oil bath, and then cooled to room temperature. The
reaction was quenched by the addition of water (100 mL). The resulting mixture was extracted
with EtOAc (3 x 150 mL). The combined organic layers were washed with brine (4 x 100ml),
dried over anhydrous Na>SO4. After filtration, the filtrate was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography, eluting with EtOAc/
petroleum ether (0:1 to 3:2) to afford 1,2-dimethyl 4-[2-(2-hydroxyethoxy)ethoxy]phthalate
(2.22 g) as a light yellow oil.

[00670] Step 3
0 O
o _ TsCl, TEA O/
Ho O 0 O DCM, 1, 2h 160" O N
o) O
[00671] Into a 0°C 50 mL round-bottom flask cooled in an ice/water bath were placed 1,2-

dimethyl 4-[2-(2-hydroxy- ethoxy)ethoxy]phthalate (1.65 g, 5.53 mmol, 1.0 equiv), DCM (15
mL), TsCI (1.90 g, 9.97 mmol, 1.8 equiv) and TEA (1.35 g, 13.3 mmol, 2.4 equiv). The resulting
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mixture was stirred for 2 hr at room temperature, and then concentrated under vacuum. The
residue was purified by prep-TLC (petroleum ether : EtOAc = 58:42) to afford 1,2-dimethyl 4-
(2-[2-[(4-me-thylbenzenesulfonyl)oxy]ethoxy]ethoxy)phthalate (1.5 g) as a light yellow oil.

[00672] Step 4

™

‘\)“\@\ KI, Cs,CO;
on DMF,90°C, 1h

(o]
HN-/
Ry e DL AL
S ° Ln
0
\©\ ol
g NN
0 o
AN
0

[00673] Into a 30-mL sealed tube, was placed 2-[4-(4-hydroxyphenyl)piperazin-1-yl]-N-
[1-(1H-indol-3-yl) hexan-2-yl]-1,3-thiazole-5-carbox- amide (300 mg, 0.60 mmol, 1.0 equiv),
1,2-dimethyl 4-(2-[2-[(4-methylbenzenesulfonyl)oxy]ethoxy]- ethoxy)phthalate (810 mg, 1.79
mmol, 3.0 equiv), Cs2CO3 (585 mg, 1.80 mmol, 3.0 equiv), KI (300 mg, 1.81 mmol, 3.0 equiv)
and DMF (15 mL). The tube was purged and maintained with an inert atmosphere of nitrogen.
The resulting mixture was stirred for 1 hr at 90 °C in an oil bath. The reaction mixture was
cooled to room temperature, and then quenched by the addition of water (100 mL). The resulting
mixture was extracted with EtOAc (3x 100 mL). The combined organic layers were washed with
brine (3x100 mL), dried over anhydrous Na>SO4, and concentrated under reduced pressure. The
residue was purified by Prep-TLC (EA) to afford 1,2-dimethyl 4-[2-(2-[4-[4-(5-[[1-(1H-indol-3-
yDhexan-2-yl]carbamoyl]-1,3-thiazol-2-yl) piperazin-1-yl]phenoxy]ethoxy)ethoxy]phthalate
(260 mg, 55.7%) as a light yellow solid.

[00674] Step 5
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HN_ HN_ ~
NH NH
N N
Q:NS NaOH (aq) Q:r\?
Q MeOH, 40 °C, 1 h Q
O’\/O o O’\, o o
A AU
Q OH
g N o)
[00675] Into a 50-mL round-bottom flask, was placed 1,2-dimethyl 4-[2-(2-[4-[4-(5-[[1-

(1H-indol-3-yDhexan-2-yl]carbamoyl]- 1,3-thiazol-2-yl)piperazin-1-
yl]phenoxy]ethoxy)ethoxy]phthalate (260 mg, 0.33 mmol, 1.0 equiv), MeOH (12 mL), and
NaOH (4M, 3.0 mL). The resulting mixture was stirred for 1 hr at 40 °C in an oil bath. The
reaction mixture was cooled to 0°C with a water/ice bath, and its pH value was adjusted to 5 with
IM HCI. The resulting mixture was extracted with 3 x 50 mL of DCM: MeOH (10:1). The
organic layers were combined, dried over anhydrous sodium sulfate, and concentrated under
vacuum. This resulted in 216 mg of 4-[2-(2-[4-[4-(5-[[1-(1H-indol-3-yl)-hexan-2-
yl]Jcarbamoyl]- 1,3-thiazol-2-yl)piperazin-1-yl]phenoxylethoxy)ethoxy]benzene-1,2-dicarboxylic
acid as a light yellow solid.

[00676] Step 6
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HN—7 NH /=N
H\J\ HoN 0
S N/\ 0 NH
0
K/N\@ OH .
e T OH Pyridine, 120 °C, 15 h

0O 0
K/N NH
L o
O/\/O\/\O
o}

Exemplary Compound 57

[00677] Into a 50-mL round-bottom flask were added 4-[2-(2-[4-[4-(5-[[1-(1H-indol-3-
yDhexan-2-yl]carbam-oyl]-1,3-thiazol-2-yl)piperazin-1-yl]Jphenoxy]ethoxy)ethoxy]benzene-1,2-
dicarboxylic acid (50 mg, 0.07 mmol, 1.0 equiv), pyridine (5.0 mL) and 3-aminopiperidine-2,6-
dione (20 mg, 0.16 mmol, 2.4 equiv) under nitrogen atmosphere. The resulting mixture was
stirred for 15 hr at 120 °C in an oil bath. The reaction mixture was cooled to room temperature,
and then quenched with 50 mL of water. The resulting mixture was extracted with EtOAc (3 x 50
mL). The combined organic layers were washed with brine (2 x 30 mL), dried over anhydrous
NazSOs. After filtration, the filtrate was concentrated under reduced pressure. The crude product
was purified by prep-HPLC under the following conditions (Column: YMC-Actus Triart C18,
30%250, 5 um; Mobile Phase A: water (10 mmol/L NHs:HCO3), Mobile Phase B: CH3CN; Flow
rate: 50 mL/min; Gradient: 65 B to 88 B in 7 min; UV: 254 nm) to afford 2-(4-[4-[2-(2-[[2-(2.6-
dioxopiperidin-3-yl)-1,3-dioxoisoindol-5-ylJoxy]ethoxy)ethoxy]phenyl]- piperazin-1-yl)-N-[1-
(1H-indol-3-yl) hexan-2-yl]-1,3-thiazole-5-carboxamide (26 mg) as an off-white solid.

[00678] Using analogous procedures, as well as procedures described for example A4295,
the following examples were prepared: Exemplary Compound 55, Exemplary Compound 56,

Exemplary Compound 58

[00679] Exemplary Svnthesis of Examples Exemplary Compound 65, Exemplary

Compound 66, Exemplary Compound 67 and Exemplary Compound 68
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[00680] Step 1

Br\/\o/\/Br

K,CO,, DMF, 90°C, 1 h

[prepared as described for Exemplary
Compound 6 and Exmeplary Compound 7]

[00681] To a stirred mixture of (3Z)-1-[(4-hydroxyphenyl)methyl]-3-[(2E)-3-(4-
nitrophenyl)prop-2-en-1-ylidene]indol-2-one (400 mg, 1.00 mmol, 1.0 equiv) and 1-bromo-2-(2-
bromoethoxy)ethane (699 mg, 3.01 mmol, 3.0 equiv) in DMF (20 mL) was added Cs2CO3 (981
mg, 3.01 mmol, 3.0 equiv). The resulting mixture was stirred for 1 h at 90 °C in an oil bath, and
then cooled to room temperature. The reaction was quenched with 50 mL of water. The resulting
mixture was extracted with DCM (50 mL x 3). The combined organic layers were washed with
brine (30 mL x 2), dried over anhydrous sodium sulfate and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography, eluting with DCM to afford 1-
([4-[2-(2-bromoethoxy)ethoxy]phenylJmethyl)-3-[(2E)-3-(4-nitrophenyl)prop-2-en-1-
ylidene]indol-2-one (300 mg) as a red solid.

[00682] Step 2
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Br

[00683] To a stirred solution of 1-([4-[2-(2-bromoethoxy)ethoxy]phenyl]methyl)-3-[3-(4-
nitrophenyl)prop-2-en-1-ylidene]indol-2-one (300 mg, 0.55 mmol, 1.0 equiv), (25,4R)-4-
hydroxy-1-[2-(3-hydroxy-1,2-oxazol-5-yl)-3-methylbutanoyl]-N-[(1S5)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl]pyrrolidine-2-carboxamide (226 mg, 0.45 mmol, 0.8 equiv), and KI
(188 mg, 1.09 mmol, 2.0 equiv) in DMF (5§ mL) was added K>CO3 (226 mg, 1.64 mmol, 3.0
equiv). The resulting mixture was stirred for 5 h at 70 °C in an oil bath. The reaction mixture was
diluted with water (50 mL) and extracted with DCM (50 mL x 3). The combined organic layers
were washed with brine (20 mL x 3), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluting with MeOH/CH2Cl2 (1:20) to afford (2S5,4R)-4-hydroxy-N-[(1S5)-1-[4-
(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-[3-methyl-2-(3-[2-[2-(4-[[(3Z)-3-[3-(4-
nitrophenyl)prop-2-en-1-ylidene]-2-oxoindol- 1-ylJmethyl]phenoxy)ethoxy]ethoxy]-1,2-oxazol-
S-yl)butanoyl]pyrrolidine-2-carboxamide (270 mg) as a red solid.

[00684] Step 3
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OH prep-HPLC  ChiralHPLG ~ EXemPplary Compound 65

Exemplary Compound 66
N Exemplary Compound 67
0 f Exemplary Compound 68
O™ ™NH
S
[00685] (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-[3-

methyl-2-(3-[2-[2-(4-[[(3Z)-3-[3-(4-nitrophenyl)prop-2-en- 1-ylidene]-2-oxoindol- 1-
yllmethyl]phenoxy)-ethoxy]ethoxy]-1,2-oxazol-5-yl)butanoyl]pyrrolidine-2-carboxamide (400
mg) was separated by prep-HPLC with following conditions: Column: XBridge prep OBD C18
Column, 30#*150 mm (5um);Mobile Phase A:Water (10 mmol/L NH4HCO3), Mobile Phase B:
ACN; Flow rate: 60 mL/min; Gradient: 56 B to 66 B in 12 min; 254 nm. This resulted in
(2S,4R)-4-hydroxy-1-(3-methyl-2-(3-(2-(2-(4-(((E)-3-((E)-3-(4-nitrophenyl)allylidene)-2-
oxoindolin-1-yl)methyl)phenoxy)ethoxy)ethoxy)isoxazol-5-yl)butanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (140 mg, 35%) as a red solid, and
(2S,4R)-4-hydroxy-1-(3-methyl-2-(3-(2-(2-(4-(((Z)-3-((E)-3-(4-nitrophenyl)allylidene)-2-
oxoindolin-1-yl)methyl)phenoxy)ethoxy)ethoxy)isoxazol-5-yl)butanoyl)-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (190 mg, 47 %) as a red solid. The
diene geometrical isomer configurations were assigned on the basis of reference NMR data
described by Chu, W. et al. in Journal of Medicinal Chemistry 2015, 58, 6002-6017. Then, the
two diastereomers of (2S,4R)-4-hydroxy-1-(3-methyl-2-(3-(2-(2-(4-(((E)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-oxoindolin-1-yl)methyl)phenoxy)ethoxy)ethoxy)isoxazol-5-
yDbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (140
mg) were separated by Chiral-HPLC with the following conditions: Column: CHIRALPAK TA-3,
4.6 *50 mm(S5um);Mobile Phase A:MTBE(0.1 %DEA), Mobile Phase B: EtOH; Flow rate: 20
mL/min; Gradient: 50 B to 50 B in 17 min; 254 nm; This resulted in 33.7 mg (8.4%) of (2S,4R)-
4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-[(2S)-3-methyl-2-(3-[2-[2-
(4-[[(3E)-3-[(2E)-3-(4-nitrophenyl)prop-2-en-1-ylidene]-2-oxoindol-1-
yllmethyl]phenoxy)ethoxy]ethoxy]-1,2-oxazol-5-yl)butanoyl]pyrrolidine-2-carboxamide as a red
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solid (i-Pr stereocenter configuration tentatively assigned), and 71.4 mg (18%) of (25,4R)-4-
hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-[(25)-3-methyl-2-(3-[2-[2-(4-
[[(3Z)-3-[(2E)-3-(4-nitrophenyl)prop-2-en-1-ylidene]-2-oxoindol-1-
ylJmethyl]phenoxy)ethoxy]ethoxy]-1,2-oxazol-5-yl)butanoyl]pyrrolidine-2-carboxamide as a red
solid (i-Pr stereocenter configuration tentatively assigned).

[00686] The (25,4R)-4-hydroxy-1-(3-methyl-2-(3-(2-(2-(4-(((Z)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-oxoindolin-1-yl)methyl)phenoxy)ethoxy)ethoxy)isoxazol-5-
yDbutanoyl)-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (190
mg) was separated by Chiral-HPLC with the following conditions: Column: CHIRALPAK IA-3,
4.6 *50 mm(S5um);Mobile Phase A:MTBE(0.1 %DEA), Mobile Phase B: EtOH; Flow rate: 20
mL/min; Gradient: 50 B to 50 B in 17 min; 254 nm; This resulted in (2S,4R)-4-hydroxy-N-[(1S5)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl]-1-[(2S)-3-methyl-2-(3-[2-[2-(4-[[(3Z)-3-[(2E)-3-
(4-nitrophenyl)prop-2-en-1-ylidene]-2-oxoindol-1-ylJmethyl]phenoxy)ethoxy]ethoxy]-1,2-
oxazol-5-yDbutanoyl]pyrrolidine-2-carboxamide (44 mg, 11%) as ared solid (i-Pr stereocenter
configuration tentatively assigned), and (2S,4R)-4-hydroxy-N-[(1S)-1-[4-(4-methyl-1,3-thiazol-
S-yD)phenyl]ethyl]-1-[(2R)-3-methyl-2-(3-[2-[2-(4-[[(3Z)-3-[(2E)-3-(4-nitrophenyl)prop-2-en-1-
ylidene]-2-oxoindol-1-ylJmethyl]phenoxy)ethoxy]ethoxy]-1,2-oxazol-5-yl)butanoyl]pyrrolidine-
2-carboxamide (84 mg, 21%) as a red solid (i-Pr stereocenter configuration tentatively assigned).

[00687] Exemplary Synthesis of Exemplary Compound 73, Exemplary Compound 74,

Exemplary Compound 75, and Exemplary Compound 76
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[00688] Step 1

HO\/\O/\/O\/\OTs
KI, Cs,CO3, DMF, 70 °C, 3 h |
[00689] To a stirred mixture of 1-[(4-hydroxyphenyl)methyl]-3-[(2E)-3-(4-

nitrophenyl)prop-2-en-1-ylidene]indol-2-one (400 mg, 1.00 mmol, 1.0 equiv), 2-(2-[2-[(4-
nitrobenzenesulfonyl)oxy]ethoxy]ethoxy)ethanol (404 mg, 1.21 mmol, 1.2 equiv), and KI (333
mg, 2.01 mmol, 2.0 equiv) in DMF (5 mL) was added Cs2CO3 (981 mg, 3.01 mmol, 3.0 equiv).
The resulting mixture was stirred for 3 h at 70 °C in an oil bath. The reaction was quenched with

water (50 mL) at room temperature, and the resulting mixture was extracted with DCM (50 mL x
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3). The combined organic layers were washed with brine (30 mL x 2), dried over anhydrous
sodium sulfate and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography, eluting with MeOH/CH2Cl2 (0 to 3%) to afford 1-[(4-[2-[2-(2-
hydroxyethoxy)ethoxy]ethoxy]phenyl)methyl]-3-[(2E)-3-(4-nitrophenyl)prop-2-en-1-
ylidene]indol-2-one as (449 mg) as a red solid.

[00690] Step 2

TsCl, DMAP
K@\ Et;N, DCM, rt, 2 h K@\
[00691] To a stirred solution of 1-[(4-[2-[2-(2-

hydroxyethoxy)ethoxy]ethoxy]phenyl)methyl]-3-[(2E)-3-(4-nitrophenyl)prop-2-en-1-
ylidene]indol-2-one (449 mg, 0.85 mmol, 1.0 equiv), DMAP (10 mg, 0.09 mmol, 0.1 equiv),
EtsN (257 mg, 2.54 mmol, 3.0 equiv) in DCM (50 mL) was added p-toluenesulfonyl chloride
(242 mg, 1.27 mmol, 1.5 equiv). The resulting mixture was stirred for 2 hr at room temperature.
The reaction was quenched with water (100 mL) at room temperature, and the resulting mixture
was extracted with DCM (50 mL x 3). The combined organic layers were washed with brine (50
mL x 2), dried over anhydrous sodium sulfate and concentrated under reduced pressure. The
product was isolated by flash chromatography on silica gel eluting with DCM to give 2-(2-[2-[4-
([3-[(2E)-3-(4-nitrophenyl)prop-2-en-1-ylidene]-2-oxoindol-1-
yllmethyl)phenoxy]ethoxy]ethoxy)ethyl 4-nitrobenzenesulfonate (400 mg) as a red solid.
[00692] 2-(2-[2-[4-([3-[(2E)-3-(4-nitrophenyl)prop-2-en-1-ylidene]-2-oxoindol-1-
yllmethyl)phenoxy]ethoxy]ethoxy)ethyl 4-nitrobenzenesulfonate was converted to the title
compounds as described for the Exemplary Compounds 65-68 above.

[00693] Using analogous procedures the following examples were prepared: Exemplary
Compound 69, Exemplary Compound 70, Exemplary Compound 71, and Exemplary Compound
72.

[00694] Using analogous procedures combined with the procedure of step 3 of Exemplary
Compound 36 the following examples were prepared: Exemplary Compound 59, Exemplary
Compound 60, Exemplary Compound 61, Exemplary Compound 62, Exemplary Compound 63,
Exemplary Compound 64.
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[00695] The following examples of the application were prepared from 3-1-[(4-
hydroxyphenyl)methyl]-3-[3-(4-nitrophenyl)prop-2-enylidene]indolin-2-one (see Exemplary
Compound 6) using the corresponding procedures described earlier for other examples above.
Exemplary Compounds 77 and 78 were prepared following the exemplary procedures described
for Exemplary Compound 30. Exemplary compounds 79 and 80 were prepared following the

exemplary procedures described for Exemplary Compounds 29 and 30.

[00696] ASSAYS AND DEGRADATION DATA

[00697] All reagents were purchased from Thermo Fisher Scientific unless indicated
otherwise.
[00698] Table 2 Degradation Data. Targeted degradation of sarkosyl insoluble (SI) o-

synuclein via exemplary bifunctional compounds was assessed by MJFF-14-6-4-2 conformation
specific ELISA following treatment of PFF induced A53T a-synuclein overexpressing HEK293
cells with 1uM exemplary compound compared to DMSO vehicle control. Degradation activity
of the exemplary compounds of Table 2 is expressed as %#DMSO control. Some exemplary
bifunctional compounds were shown to have toxic effects at the concentration tested (1 uM),
which manifested as either not effectively degrading a-synuclein or the cells were no longer
present. In addition, some of the alpha synuclein binding moiety have been shown to block
formation of a-synuclein aggregates in this assay. However, the effect of bifunctional targeting
degraders, shown in Figure 5, required the intact E3 ligase binding domain.

[00699] Methods

[00700] Cell Culture. Trex293 (doxycycline inducible) cells stably expressing human a-
SYN AS53T (monoclonal) were plated in poly-d-lysine coated T-75 tissue culture flasks
(4.5X10e6 cells/flask) in DMEM with 10% tet-free FBS, 10ug/ml blasticidin, and 400ug/ml
zeocin. After an overnight incubation, the cells were induced to express a-SYN by treatment
with 1pg/ml doxycycline(Dox) and exemplary bifunctional compound. After a 24 hour dox
induction, the medium on the cells was changed to Opti-MEM followed by treatment with a-
SYN pre-formed fibrils** (PFFs)(Sug/flask) pre-complexed with Lipofectamine 2000
transfection reagent for 4 hours. After PFF treatment, the medium was changed back to DMEM

with the supplements described above and exemplary bifunctional compound for 48 hours.
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[00701] Sarkosyl insoluble a-SYN isolation. Cell pellets were harvested from each flask

using 0.25% trypsin followed by spinning at 500 x g for 5 minutes. Each pellet was resuspended
in 1ml cold buffer H [Buffer H-10mM Tris, ImM EGTA, 0.8M NaCl, 10% sucrose, pH7.4
containing 1X protease and phosphatase inhibitors] containing protease and phosphatase
inhibitors. The resuspended pellets were incubated on ice for 20 minutes followed by
centrifugation at 27,200 x g for 20 minutes at 4°C. The supernatants were adjusted to 1%
sarkosyl (Sigma) and 1% 2-mercaptoethanol followed by incubation for 1 hour at 37°C on an
orbital shaker set to 400 rpm. The samples were then spun at 150,000 x g for 35 minutes at room
temperature. The supernatant was removed and saved as the soluble fraction and the insoluble
pellet was resuspended in 25ul tris-buffered saline (TBS). Protein concentrations were
determined by NanoDrop, and normalized protein concentrations were analyzed by WES
capillary electrophoresis as well as an a-SYN oligomer ELISA.

[00702] Pre-Formed Fibril (PFF) preparation. Recombinant human a-SYN was purchased

from Proteos. 1mg aliquots were supplied at 10mg/ml in 10mM Tris, 50mM NaCl, pH7.6. The
aliquot was thawed on ice followed by centrifugation at 4°C for 10 minutes at 12,000 x g to
pellet any insoluble material. The supernatant was removed and quantitated on a NanoDrop
(A280) using Beer’s Law (e=5960 M-1cm-1). The concentration was adjusted to Smg/ml in
PBS followed by vortexing for 3 seconds to mix contents. The mixture was incubated in an
orbital shaker set to 37°C at 1,000 rpm for 7 days followed by aliquoting into individual use vials.
Prior to addition to cells, an aliquot was thawed at room temperature, then diluted to 1mg/ml
with phosphate-buffered saline (PBS) followed by sonication for 1 minute with a probe sonicator
(output 1; 90% duty cycle) in a chem hood.

[00703] a-SYN oligomer ELISA. Corning Costar high bind black well plates were coated
with MJFR 14-6-4-2 (Abcam) at 1pg/ml for 1 hour at 37°C followed by washing with 1X TBS +
0.1% tween-20 (TBS-T) then blocking with 3% bovine serum albumin (BSA) in TBS. After re-
washing, samples were added after dilution in diluent (1%BSA/TBS-T). Non-sonicated PFF was

used to generate a standard curve. The plates were incubated with sample overnight at 4°C with
shaking. The following day alkaline phosphatase(AP) conjugated MJFR 14-6-4-2 was added to
the plate without washing followed by incubation at room temperature for 1 hour with shaking or
rocking. The plates were then re-washed and substrate (CDP star alkaline phosphatase detection

reagent) was added followed by a 30 minute incubation at room temperature. The plate was read

401



WO 2020/041331 PCT/US2019/047291

on a luminescence plate reader. The counts were log transformed and read off the standard curve.
Bifunctional compound treated samples were compared to DMSO control.

[00704] Analysis of sarkosyl insoluble g-synuclein. Detergent (sarkosyl) insoluble a-

synuclein (a-syn) has been implicated in pathologic progression and transmission in Lewy body
dementias including Parkinson’s Disease. In an effort to investigate the ability of bifunctional
compounds targeting a-syn to clear both insoluble and soluble a-syn oligomeric species, a
sarkosyl insoluble a-syn assay was developed. To this end, tetracycline-inducible HEK293 cell
clones stably expressing mutant A53T a-synuclein have been generated and characterized. Pre-
formed fibrils (PFFs) synthesized from recombinant a-syn were added to seed recruitment of a-
syn into aggregates characterized by sarkosyl insoluble (SI) and a-syn soluble fractions (Figure
2A) as well as detergent insoluble a-syn phosphorylated on serine 129 (Figure 2B).

[00705] Degradation of sarkosyl-insoluble g —synuclein via exemplary bifunctional

compounds. To assess targeted degradation of sarkosyl insoluble a-synuclein, exemplary
bifunctional compounds designed to bind to oligomeric a-synuclein were tested at 1uM in PFF
induced HEK293 TREX a-syn A53T cells. As shown in Figure3, it was observed that some
exemplary bifunctional compounds (e.g., exemplary compounds 25, 13, 12, and 9 in lanes 5, 7, 8
and 9) were cytotoxic at the concentration tested (1 pM), determined via visual inspection, and
did not effectively degrade o -synuclein. Importantly, exemplary compounds 6, 7, 2, and 5
(lanes 10-13) greatly reduced sarkosyl insoluble a -synuclein, as measured using MJFR 1
antibody by WES™, when compared to the DMSO control lane (lane 3), without any visual
impact to cell health.

[00706] Development of a conformational specific ELISA for g-Synuclein ageregates.

To quantify degradation of a-synuclein aggregating species for in vitro and in vivo pharmacology
studies, we developed an enzyme-linked immunosorbent assay (ELISA) using an antibody that
recognizes pathologic, conformational specific a-synuclein protein species. The MJFR 14-6-4-2
antibody that recognizes fibrillar forms of a-synuclein was used for both capture of fibrillar
forms of a-synuclein and for detection. To assess specificity of this ELISA for a-synuclein
oligomers compared to monomers, a-synuclein oligomers were made as described (Graef et al.,
2019; Lassen et al., 2018). As shown in Figure 4, the MJFR 14-6-4-2 antibody capture and
detection ELISA specifically recognizes oligomeric (squares), not monomeric (triangle) forms of

a-synuclein. The linear range of this conformational specific a-synuclein ELISA is
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approximately 2 ng/ml to about 150 ng/ml and is used to study a-synuclein degradation in vitro
and in vivo. a-synuclein biophysical assays using microthermophoresis and quantitative ELISA
specific for monomeric a-synuclein enable the qualification of bifunctional degradation
compounds that distinguish between monomer versus oligomer binding and degradation (Wolff
etal.,2016).

[00707] Exemplary g-synuclein targeting compounds induce degradation of

oligomeric g-synuclein. The conformational specific ELISA described above was used to

assess degradation of a-synuclein in HEK293 TREX a-syn AS53T cells treated with PFF to

induce sarkosyl insoluble a-synuclein aggregates. As show in Figure 5, it was observed that
after treatment certain exemplary bifunctional compounds (e.g., exemplary compounds 25, 12,
and 9 of bars 2, 4 and 5) were cytotoxic at the concentration tested (1 uM) and did not
effectively degrade oligomeric a-synuclein in the sarkosyl insoluble fraction, thereby confirming
the cytotoxicity described in Figure 3. More importantly, exemplary compounds 6, 7, 2, and 5
(bars 6-9) significantly reduced sarkosyl insoluble oligomeric a-synuclein, as measured using the
MJFF-14-6-4-2 conformation specific ELISA. These a-synuclein targeting bifunctional
compounds were further assessed in vitro and in vivo in synucleinopathy models for
pharmacologic efficacy. Additional experiments shown in Figure 6A, as discussed below,
examine E3 ligase competition for confirmation of mechanism.

[00708] Alpha Svnuclein targeted degradation via exemplary bifunctional

compounds requires the E3 ligase activity for effective degradation. To determine if the

degradation required activity of the E3 ligase, an E3 ligase ligand competition experiment was
performed. To this end, tetracycline-inducible HEK293 cell clones stably expressing mutant
AS53T a-syn have been generated and characterized. Pre-formed fibrils (PFFs) synthesized from
recombinant a-syn was added to seed recruitment of a-syn into oligomeric species characterized
by being sarkosyl insoluble (SI), as described above. Exemplary compounds 7 and 23 (bars 1
and 3) effectively reduced SI AS3T a-synuclein protein oligomers, as measured using the
Oligomer ELISA, when compared to the DMSO control lane (Data not shown). To assess if this
reduction in a-syn was in fact dependent upon ubiquitination induced by the exemplary
bifunctional compounds, E3 ligase ligands, VHL Ligand and Cereblon Ligand (each shown in
Figure 6B) were co-incubated, in 15-fold molar excess, with exemplary compound 7 and

exemplary compound 23, respectively, during treatment (bars 2 and 4). As shown in Figure 6A,
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the activity of each exemplary bifunctional compound was effectively competed with the
addition of excess E3 ligase ligand, indicating that E3 ligase recruitment is required for the
degradation activity of the exemplary compounds.

[00709] Exemplary compounds are shown in Table 1 with the associated experimental data
shown in Table 2.

[00710] Table 1. Exemplary Compounds of the Present Disclosure

Ex. Structure Compound Name
No.
1 OH (25,4R)-1-((S)-3,3-

O .
dimethyl-2-(2-(2-(2-((2-
S O\/\O/\/O\)j\,\j:'( N “
HN_©_<\ Ho o _
/ N HN @)

(methylamino)phenyl)ben
zo[d]thiazol-6-
yl)oxy)ethoxy)ethoxy)acet
<f \ amido)butanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

N OH (25, 4R)-1-((S)-2(tert-

I—}NA@_«S D\O/\/O\/\o/\/o\)ol\ hi( Q Py

H o PN (methylamino)phenyl)ben
zo[d]thiazol-6-yl)oxy)-4-
0X0-6,9,12-trioxa-3-
&\ azatetradecanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide
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(25, 4R)-1-((S)-2(tert-
butyl)-17-((2-(4-
(methylamino)phenyl)ben
zo[d]thiazol-6-yl)oxy)-4-
0X0-6,9,12,15-tetraoxa-3-
azaheptadecanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

(25, 4R)-1-((S)-2(tert-
butyl)-20-((2-(4-
(methylamino)phenyl)ben
zo[d]thiazol-6-yl)oxy)-4-
0x0-6,9,12,15,18-
pentaoxa-3-azaicosanoyl)-
4-hydroxy-N-((5)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

(25, 4R)-1-((S)-2(tert-
butyl)-23-((2-(4-
(methylamino)phenyl)ben
zo[d]thiazol-6-yl)oxy)-4-
0X0-6,9,12,15,18,21-
hexaoxa-3-
azatricosanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide
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(25,4R)-1-((S)-3,3-
dimethyl-2-(2-(2-(2-(4-
((2)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)acetamido)butano
y1)-4-hydroxy-N-((S)-1-
(4-(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

(25,4R)-1-((S)-3,3-
dimethyl-2-(2-(2-(2-(4-
(((E)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)acetamido)butano
y1)-4-hydroxy-N-((S)-1-
(4-(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

(25,4R)-1-((S)-3,3-
dimethyl-2-(2-(2-(2-((7-
nitro-10H-phenothiazin-3-
yl)oxy)ethoxy)ethoxy)acet
amido)butanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide
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OH

H
N 0
OzN@SD\O/\/ O\/\O/\/O\)L’j:r’!jz
" OO

S

&)

N

(2S,4R)-1-((S)-2(tert-
butyl)-14-((7-nitro-10H-
phenothiazin-3-yl)oxy)-4-
0X0-6,9,12-trioxa-3-
azatetradecanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yl)phenyl)ethyl)pyrrolidin

e-2-carboxamide

10

OH
o 3
O2N\C[Sj©/o\/\o/\/ O\/\O/\/O\)J\N N
H 0O
N HN O
H

S

)

N

(2S,4R)-1-((S)-2(tert-
butyl)-17-((7-nitro-10H-
phenothiazin-3-yl)oxy)-4-
0Xx0-6,9,12,15-tetraoxa-3-
azaheptadecanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

11

H

H 0
N 0 \
O.N /@3: C \O/\/O\/\O/\/O\/\O/\/O\/U\N N
2 Ho O
HN

(6]

S

&N
N

(25, 4R)-1-((S)-2(tert-
butyl)-20-((7-nitro-10H-
phenothiazin-3-yl)oxy)-4-
0x0-6,9,12,15,18-
pentaoxa-3-azaicosanoyl)-
4-hydroxy-N-((5)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

12

pH
o ;
O2N\©SI>/O\/\O/\/ OO ™ O\)LN N
H
N O\ 0
H

(25, 4R)-1-((S)-2(tert-
butyl)-23-((7-nitro-10H-
phenothiazin-3-yl)oxy)-4-
0X0-6,9,12,15,18,21-
hexaoxa-3-

azatricosanoyl)-4-
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hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yl)phenyl)ethyl)pyrrolidin

e-2-carboxamide

13

O Q
O2N\©SI>/O\/\O/\/O\/\O/\/ 0 AZ\:N)L
N (0]
N
H O

2-(2,6-dioxopiperidin-3-
yD-5-(2-2-(2-(2-((7-nitro-
10H-phenothiazin-3-
yl)oxy)ethoxy)ethoxy)etho
xy)ethoxy)isoindoline-1,3-

dione

14

O Q
NH
O,N S O O O N ©
2 \@D/\/\o/\/ NN N
o]
N
H

2-(2,6-dioxopiperidin-3-
yD-5-((14-((7-nitro-10H-
phenothiazin-3-yl)oxy)-
3,6,9,12-
tetraoxatetradecyl)oxy)isoi

ndoline-1,3-dione

15

O O
@\N/\/\N/\/O\/\O/\/O —Z\;I\F:
N )
3 |
)

5-(2-2-(2-((3-(10H-
phenothiazin-10-
yD)propyl)(methyl)amino)e
thoxy)ethoxy)ethoxy)-2-
(2,6-dioxopiperidin-3-

yDisoindoline-1,3-dione

16

O Q
NH
N O
N /\/\N/\/O\/\O/\/O\/\O
(o]

3 I

2-(2,6-dioxopiperidin-3-
yD-5-((12-methyl-15-
(10H-phenothiazin-10-yl)-
3,6,9-trioxa-12-
azapentadecyl)oxy)isoindo

line-1,3-dione

17

2-(2,6-dioxopiperidin-3-
yD-5-(4-3-((1-(4-(6-
methoxybenzo[d]thiazol-
2-yl)phenyl)azetidin-3-
ylhoxy)propyl)piperazin-1-
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yDisoindoline-1,3-dione

18

O,N S 0 N/\/O
ooe, O

a2

(0]

2-(2,6-dioxopiperidin-3-
yD-5-(4-(2-(4-((1r,3r)-3-
((7-nitro-10H-
phenothiazin-3-
yl)oxy)cyclobutoxy)piperi
din-1-ylDethyl)piperazin-1-

yDisoindoline-1,3-dione

19

0 0
NH
N 0]
O2N\©iSI>/O\D /Ol/\/\/\o
y O
N O
H

2-(2,6-dioxopiperidin-3-
yD-5-((5-(4-((1r,31)-3-((7-
nitro-10H-phenothiazin-3-
yl)oxy)cyclobutoxy)piperi
din-1-
yl)pentyl)oxy)isoindoline-
1,3-dione

20

| 0 0
N S O\/\O/\/O\/\O/\/O AZ\;N)H:
10901 N~ )=
N
H (@]

5-(2-2-(2-2-((7-
(dimethylamino)-10H-
phenothiazin-3-
yl)oxy)ethoxy)ethoxy)etho
xy)ethoxy)-2-(2,6-
dioxopiperidin-3-

yDisoindoline-1,3-dione

21

O Q
NH
I N
N S O\/\O/\/O\/\O/\/O\/\O
10801 b
N
H

O

5-((14-((7-
(dimethylamino)-10H-
phenothiazin-3-yl)oxy)-
3,6,9,12-
tetraoxatetradecyl)oxy)-2-
(2,6-dioxopiperidin-3-

yDisoindoline-1,3-dione

22

S/Q ,3/0
NN \O“\/\/\/O {

5-((5-(4-((1-(3-(10H-
phenothiazin-10-
yDpropyDazetidin-3-
ylhoxy)piperidin-1-
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yDpentyl)oxy)-2-(2,6-
dioxopiperidin-3-

yDisoindoline-1,3-dione

23

5-(4-(2-(4-((1-(3-(10H-
phenothiazin-10-
yDpropyDazetidin-3-
ylhoxy)piperidin-1-
ylethyl)piperazin-1-yl)-2-
(2,6-dioxopiperidin-3-

yDisoindoline-1,3-dione

24

5-(4-(3-((1r,3r)-3-((2-(4-
(dimethylamino)phenyl)be
nzo[d]thiazol-6-
yl)oxy)cyclobutoxy)propy
Dpiperazin-1-yl)-2-(2,6-
dioxopiperidin-3-

yDisoindoline-1,3-dione

25

2-(2,6-dioxopiperidin-3-
YD-5-((5-(4-((1-(4-(6-
methoxybenzo[d]thiazol-
2-yl)phenyl)azetidin-3-
ylhoxy)piperidin-1-
yl)pentyl)oxy)isoindoline-
1,3-dione

26

2-(2,6-dioxopiperidin-3-
Y1)-5-(4-(2-(4-((1-(4-(6-
methoxybenzo[d]thiazol-
2-yl)phenyl)azetidin-3-
ylhoxy)piperidin-1-
yl)ethyl)piperazin-1-

yDisoindoline-1,3-dione
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27 9 j{\i‘;‘: 5-((5-(4-((1r,3r)-3-((2-(4-
\N \SD/OU /O“ A~~~ /GE“%)N 0 (dlmeth}flammo)phenyl)be
/ —< > <N iy nzo[d]thiazol-6-
yl)oxy)cyclobutoxy)piperi
din-1-yl)pentyl)oxy)-2-
(2,6-dioxopiperidin-3-

yDisoindoline-1,3-dione

28 5-(4-(3-((1-(3-(10H-
phenothiazin-10-

()\1 { —OZL_'\F: yDpropyDazetidin-3-
\©:§)N ° ylhoxy)propyl)piperazin-1-
yD)-2-(2,6-dioxopiperidin-
3-yDisoindoline-1,3-dione
29 2 Q " 5-(4-(2-(4-((1r,3r)-3-((2-
nm{)‘ “

\ s o NSN A © (dimethylamino)phenyl)be
N _©_<\N:©/ \Q"’o nzo|d]thiazol-6-
yl)oxy)cyclobutoxy)piperi
din-1-ylDethyl)piperazin-1-
yD)-2-(2,6-dioxopiperidin-

3-yl)isoindoline-1,3-dione

30 OZN\@SD/O\Q 2-(2,6-dioxopiperidin-3-
e
N 0 N 0 0 -5-(4-(3- 3.((7-
N (} " yD)-5-(4-G3((11.30)-3-((7
N 0 nitro-10H-phenothiazin-3-

yl)oxy)cyclobutoxy)propy
Dpiperazin-1-

yDisoindoline-1,3-dione

31 2-(2,6-dioxopiperidin-3-
yD-5-((5-(4-((1r,3r)-3-(4-
((2)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-

oxoindolin-1-

yl)methyl)phenoxy)cyclob
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utoxy)piperidin-1-
yl)pentyl)oxy)isoindoline-
1,3-dione

32

O QO
e
N O
O O, N/\/\/\O
oS b
O

2-(2,6-dioxopiperidin-3-
yD-5-((5-(4-((1r,3r)-3-(4-
((2)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)cyclob
utoxy)piperidin-1-
yl)pentyl)oxy)isoindoline-
1,3-dione

33

N oH
No) F
IO OV G i
O,N S O N\/\/\/O\)J\N N
H 0o
AN O

S

&)

N

(25.,4R)-1-((S)-3.3-
dimethyl-2-(2-((5-(4-
((1r,3r)-3-((7-nitro-10H-
phenothiazin-3-
yl)oxy)cyclobutoxy)piperi
din-1-
yl)pentyl)oxy)acetamido)b
utanoyl)-4-hydroxy-N-
((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

34

(25,4R)-1-((S)-3,3-
dimethyl-2-(2-(4-(2-(4-
((1r,3r)-3-((7-nitro-10H-
phenothiazin-3-
yl)oxy)cyclobutoxy)piperi
din-1-ylDethyl)piperazin-1-
yl)acetamido)butanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
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yD)phenylethyl)pyrrolidin

e-2-carboxamide

3 N | oH | (2S4R)-1-((S)-2-(tert-
eo™ NN B [
X O/\/ O\/\O/\/ 0 N L

H o o methoxypyridin-4-
yl)vinyl)quinolin-6-
yl)oxy)-4-0x0-6,9,12-

<\S | trioxa-3-

N azatetradecanoyl)-4-
hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin
e-2-carboxamide

36 9 E)-2-(2,6-di ineridin-
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azapentadecyl)piperazin-
1-yD)thiazole-5-

carboxamide

50

N-(1-(1H-indol-3-
yDhexan-2-y1)-2-(4-((S)-
16-((2S,4R)-4-hydroxy-2-
(((S)-1-(4-(4-
methylthiazol-5-
yD)phenyl)ethyl)carbamoyl
)pyrrolidine-1-carbonyl)-
17,17-dimethyl-14-oxo-
3,6,9,12-tetraoxa-15-
azaoctadecyl)piperazin-1-

yDthiazole-5-carboxamide

51

N-(1-(1H-indol-3-
yDhexan-2-y1)-2-(4-((S)-
19-((2S,4R)-4-hydroxy-2-
(((S)-1-(4-(4-
methylthiazol-5-
yD)phenyl)ethyl)carbamoyl
)pyrrolidine-1-carbonyl)-
20,20-dimethyl-17-oxo0-
3,6,9,12,15-pentaoxa-18-

azahenicosyl)piperazin-1-

416




WO 2020/041331 PCT/US2019/047291

yDthiazole-5-carboxamide

52 N-(1-(1H-indol-3-
yDhexan-2-y)-2-(4-(2-(2-

NH N
4 \ o]
C)){)\N/ﬁ Y o (2-((2-(2,6-dioxopiperidin-
K/N\/\o/\/o\/\o 4§;I\}-I:
o O

3-yl)-1,3-dioxoisoindolin-

HN—7

5-
yl)oxy)ethoxy)ethoxy)ethy
Dpiperazin-1-yl)thiazole-

5-carboxamide

53 N-(1-(1H-indol-3-
yDhexan-2-y)-2-(4-(2-(2-
(2-(2-((2-(2.6-

NH / E\l
o)—QJ\N/\ 0 Q
k/ NN OO NH . T
N o) dioxopiperidin-3-yl)-1,3-
o)

dioxoisoindolin-5-

HN~7

yl)oxy)ethoxy)ethoxy)etho
xy)ethyl)piperazin-1-

yDthiazole-5-carboxamide

54 N-(1-(1H-indol-3-
yDhexan-2-yl)-2-(4-(14-

NH J {\l 0]
OHS\)\N/\ N o | ((2-(2,6-dioxopiperidin-3-
K/N\/\O/\/O\/\O/\/O\/\O NH
0 0

yD)-1,3-dioxoisoindolin-5-

HN~

yl)oxy)-3.6,9,12-
tetraoxatetradecyl)piperazi
n-1-yl)thiazole-5-

carboxamide

55 N-(1-(1H-indol-3-

OH
/Q/OV\O/VO\)O]\,I(Q yDhexan-2-y1)-2-(4-(4-(2-
H o o
RadpSe s @ HN (2-(2-(((S)-1-((2S.,4R)-4-
OH:!'( hydroxy-2-(((S)-1-(4-(4-
<\S 1 methylthiazol-5-

yD)phenyl)ethyl)carbamoyl
)pyrrolidin-1-yl)-3,3-

dimethyl-1-oxobutan-2-

417




WO 2020/041331

PCT/US2019/047291

yl)amino)-2-
oxoethoxy)ethoxy)ethoxy)
phenyl)piperazin-1-

yDthiazole-5-carboxamide

56

N-(1-(1H-indol-3-
yDhexan-2-yl)-2-(4-(4-
(((S)-13-((25,4R)-4-
hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-
yD)phenyl)ethyl)carbamoyl
)pyrrolidine-1-carbonyl)-
14,14-dimethyl-11-oxo-
3,6,9-trioxa-12-
azapentadecyl)oxy)phenyl
)piperazin-1-yl)thiazole-5-

carboxamide

57

N-(1-(1H-indol-3-
yDhexan-2-y1)-2-(4-(4-(2-
(2-((2-(2,6-dioxopiperidin-
3-yl)-1,3-dioxoisoindolin-
5-
yl)oxy)ethoxy)ethoxy)phe
nyl)piperazin-1-

yDthiazole-5-carboxamide

58

N-(1-(1H-indol-3-
yDhexan-2-y1)-2-(4-(4-(2-
2-2-((2-(2,6-
dioxopiperidin-3-yl)-1,3-
dioxoisoindolin-5-
yl)oxy)ethoxy)ethoxy)etho
xy)phenyl)piperazin-1-

yDthiazole-5-carboxamide

418




WO 2020/041331

PCT/US2019/047291

59

2-(2,6-dioxopiperidin-3-
yD-5-(2-(2-(4-(((E)-3-
((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)isoindoline-1,3-

dione

60

2-(2,6-dioxopiperidin-3-
yD-5-(2-2-(4-(((2)-3-
((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)isoindoline-1,3-

dione

61

2-(2,6-dioxopiperidin-3-
yD-5-(2-(2-(2-(4-(((E)-3-
((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
Jethoxy)ethoxy)isoindolin

e-1,3-dione

62

2-(2,6-dioxopiperidin-3-
yb-5-(2-(2-(2-(4-(((2)-3-
((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
Jethoxy)ethoxy)isoindolin

e-1,3-dione

419




WO 2020/041331 PCT/US2019/047291

63 2-(2,6-dioxopiperidin-3-

i/@/o\/\o/\/o\/\o/\/o\Q:f yl)'5 '(2'(2'(2'(2'(4'(((E)'
N O
( éf_N}f 3-((B)-3-(4-

nitrophenyl)allylidene)-2-

oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)ethoxy)ethoxy)iso

indoline-1,3-dione

64 2-(2,6-dioxopiperidin-3-
yD-5-(2-2-2-2-(4-(((Z)-
3-((B)-3-(4-

O

o OO0

\/©/ N‘§;N>H‘O nitrophenyl)allylidene)-2-
o O

oxoindolin-1-

yl)methyl)phenoxy)ethoxy
)ethoxy)ethoxy)ethoxy)iso

indoline-1,3-dione

65 (2S,4R)-4-hydroxy-1-((S)-

©OH 3-methyl-2-(3-(2-(2-(4-

—
& 9 (((E)-3-((E)-3-(4-
O

NH nitrophenyl)allylidene)-2-
«S‘TO/K oxoindolin-1-
N
yl)methyl)phenoxy)ethoxy

)ethoxy)isoxazol-5-
yl)butanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-

yD)phenylethyl)pyrrolidin

e-2-carboxamide

66 (2S,4R)-4-hydroxy-1-((R)-

3-methyl-2-(3-(2-(2-(4-

) 9 (B)3(B)-3-4-
O

NH nitrophenyl)allylidene)-2-

«S«TO/K oxoindolin-1-
N yl)methyl)phenoxy)ethoxy

420




WO 2020/041331

PCT/US2019/047291

)ethoxy)isoxazol-5-
yl)butanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

67

(25,4R)-4-hydroxy-1-((S)-
3-methyl-2-(3-(2-(2-(4-
((2)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)isoxazol-5-
yl)butanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

68

(2S,4R)-4-hydroxy-1-((R)-
3-methyl-2-(3-(2-(2-(4-
((2)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)isoxazol-5-
yl)butanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

69

(2S,4R)-4-hydroxy-1-((S)-
3-methyl-2-(3-(2-2-2-(2-
(4-(((E)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-

yl)methyl)phenoxy)ethoxy

421




WO 2020/041331

PCT/US2019/047291

)ethoxy)ethoxy)ethoxy)iso
xazol-5-yl)butanoyl)-N-
((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

70

&

ey
N~¢o N
0T NH
S

(2S,4R)-4-hydroxy-1-((R)-
3-methyl-2-(3-(2-(2-(2-(2-
(4-((E)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)ethoxy)ethoxy)iso
xazol-5-yl)butanoyl)-N-
((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

71

(25,4R)-4-hydroxy-1-((S)-
3-methyl-2-(3-(2-(2-(2-(2-
(4-(£)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)ethoxy)ethoxy)iso
xazol-5-yl)butanoyl)-N-
((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

422




WO 2020/041331

PCT/US2019/047291

72

(2S,4R)-4-hydroxy-1-((R)-
3-methyl-2-(3-(2-(2-(2-(2-
(4-(£)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)ethoxy)ethoxy)ethoxy)iso
xazol-5-yl)butanoyl)-N-
((S)-1-(4-(4-
methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

73

O,N

(25,4R)-4-hydroxy-1-((S)-
3-methyl-2-(3-(2-(2-(2-(4-
(((E)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)Jethoxy)ethoxy)isoxazol-
S-yl)butanoyl)-N-((S)-1-
(4-(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

74

(2S,4R)-4-hydroxy-1-((R)-
3-methyl-2-(3-(2-(2-(2-(4-
(((E)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)Jethoxy)ethoxy)isoxazol-
S-yl)butanoyl)-N-((S)-1-
(4-(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

423




WO 2020/041331

PCT/US2019/047291

e-2-carboxamide

75

(25,4R)-4-hydroxy-1-((S)-
3-methyl-2-(3-(2-(2-(2-(4-
((2)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)Jethoxy)ethoxy)isoxazol-
S-yl)butanoyl)-N-((S)-1-
(4-(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

76

(2S,4R)-4-hydroxy-1-((R)-
3-methyl-2-(3-(2-(2-(2-(4-
((2)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)ethoxy
)Jethoxy)ethoxy)isoxazol-
S-yl)butanoyl)-N-((S)-1-
(4-(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

77

2-(2,6-dioxopiperidin-3-
yD-5-(4-(3-((1r,3r)-3-(4-
(((E)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)cyclob
utoxy)propyl)piperazin-1-

yDisoindoline-1,3-dione

424




WO 2020/041331

PCT/US2019/047291

78

2-(2,6-dioxopiperidin-3-
yD-5-(4-(3-((1r,3r)-3-(4-
((2)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)cyclob
utoxy)propyl)piperazin-1-

yDisoindoline-1,3-dione

79

2-(2,6-dioxopiperidin-3-
yD-5-(4-(2-(4-((1r,3r)-3-
(4-((E)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)cyclob
utoxy)piperidin-1-
yl)ethyl)piperazin-1-

yDisoindoline-1,3-dione

80

2-(2,6-dioxopiperidin-3-
yD-5-(4-(2-(4-((1r,3r)-3-
(4-(£)-3-((E)-3-(4-
nitrophenyl)allylidene)-2-
oxoindolin-1-
yl)methyl)phenoxy)cyclob
utoxy)piperidin-1-
yl)ethyl)piperazin-1-

yDisoindoline-1,3-dione

81

(25,4R)-4-hydroxy-1-((S)-
3-methyl-2-(3-(4-(2-(1-(7-
nitro-10H-phenothiazin-3-
yl)piperidin-4-
yl)ethyl)piperazin-1-
yDisoxazol-5-

yl)butanoyl)-N-((S)-1-(4-

425




WO 2020/041331

PCT/US2019/047291

(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

82

(2S,4R)-4-hydroxy-1-((R)-
3-methyl-2-(3-(4-(2-(1-(7-
nitro-10H-phenothiazin-3-
yl)piperidin-4-
yl)ethyl)piperazin-1-
yDisoxazol-5-
yl)butanoyl)-N-((S)-1-(4-
(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

83

2-(2,6-dioxopiperidin-3-
yD-5-(4-2-(1-(7-nitro-
10H-phenothiazin-3-
yl)piperidin-4-
yl)ethyl)piperazin-1-

yDisoindoline-1,3-dione

84

(25,4R)-4-hydroxy-1-((S)-
3-methyl-2-(3-(4-(3-
((1r,35)-3-((7-nitro-10H-
phenothiazin-3-
yl)oxy)cyclobutoxy)propy
Dpiperazin-1-yl)isoxazol-
S-yl)butanoyl)-N-((S)-1-
(4-(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

426




WO 2020/041331 PCT/US2019/047291

85 ON \@SD/O\Q (2S,4R)-4-hydroxy-1-((R)-
N O/\/\D 3-methyl-2-(3-(4-(3-

Y ) ((1r,3R)-3-((7-nitro-10H-
N -0 N

o /E phenothiazin-3-

N

yl)oxy)cyclobutoxy)propy
E J Dpiperazin-1-yl)isoxazol-
S-yl)butanoyl)-N-((S)-1-
(4-(4-methylthiazol-5-
yD)phenylethyl)pyrrolidin

e-2-carboxamide

86 @

87 | 1

88 S

427




WO 2020/041331

PCT/US2019/047291

Ol .Y
N2 N
K/N\Ej\ o F
Al
N
SU
N N <OH
f
Neg »?
3
HNN
90 [
Nig N
K/N\ﬂj\ g F
N)k@ Ry
H O’D \O\l\/\N/\ o
>
NH
o 0
91 | = o
N7 N
0L ~ g
NJ\©\ _‘\O\/\/N\) 0 O
H O,D
92 | =
Vi N/\
K/NO\ o F
N)K©\ Re
; O/D \O\‘\/\/\/O {
o 0
93 S O-N
LA
O
O/\/O\/\O/\/O Y o
NH
O O

428




WO 2020/041331 PCT/US2019/047291

94 S PN
E W\/\@L oH
N [0}
O/\/O\/\O/\/O\)J\N le
H
© HN o

95 S O-N

o 0
96 S, PN
[/ P =
N
N
O\/\N/\
K/N N JOH
\ .
N~g ’\?
o)
HN"N,
S
97 s P-N

98 2

\{\l
N o}

429




WO 2020/041331

PCT/US2019/047291

100

H
N N
L °
02N F S O/\/O\/\O/\/O N O
NH
O O

101 H OH
N\ N o N
OQNMSI)WMWMX(Q
H 0 0
HN
S
L)
N
H
102 NN
LI
N
SN
N—fg:1>=o
NH
o 0O
103 N H
OO
ON" g T::j\v/\
N
LN A OH
N-@ N
HNN,
s
104 ;
¥ (0]
|
ON /'sji:lb’ty N 0
O
NH
0O O
105 0

430




WO 2020/041331 PCT/US2019/047291

106 K

107 gi;>
0

(e}
108 gf;}
.0
HN-SSo
) o
o :
O\/\O/\/O\)J\N N
H O
o) NH
S
&
N
109 g

O O
. LH
N O
HO —<N’N\/\ /\/O\/\O
e}

110 >
Qe
HO S~< J/\/O\/\O/\/O\/U\ i( 2

S
¢

N

431




WO 2020/041331 PCT/US2019/047291

111 @Nﬁ

LN

T J
o/\/o\/\o/\/o NH
N o]
[e]

112 Ncﬁ

TS
IS
N o}
e}

113 @

|OW: o
ael Sds
O/\/O\/\O/\/O\)LN l\,l}
H
O #NH

S

&

N

T

0]

o
N

L or
o/\/o\/\o/\/o\)LN N
H
o7 "NH
|

115 /|

@

JOW o
O/\/O\/\O/\/O\)J\N I\/l}
H
O 4/ ~NH

S

4

N

432




WO 2020/041331

PCT/US2019/047291

116 CN _®_</N o
N S Z ] o ;
Y O/\/O\/\O/\/O\)LN 1\9
"o o7 ~NH
&
N
117 \N\ " o OH
4 SN/ /___\ @\O/\/O\/\O/\/O\)LN 1\9
O #NH
S
&
N
118 . OH
OY\)\‘/\/O\/\O/\/O\)J\Hj;(",‘}
N s N O #™NH
OO~
<
N
119 \N/\(O oH
s N o
‘\/N\Qi %@’NO\O/\/O\/\O/\/O\)J\Nj;(N'i
N N
o7 NH
S
%
N
120 \N\ y OH
0
L)\@N?’Q’NO\O/\/O\/\O/\/O\)L'\K/Q
"o o7 ~NH
&1
N
121 = S oH
CN%N% o) \
N o/\/O\/\o/\/O\)j\N ’\,'2
"0 o7 NH
&

433




WO 2020/041331 PCT/US2019/047291
122 7 s OH
N N /=N o
! N\ 7N\ / NO\O/\/O\/\O/\/O\)LNK/Q
O #NH
S
&)
N
123 O
N
S
&)
N
124 { S
N | N\ - O\/\o/\/o\/\o/@'\‘{):o
i A s \ N/ g 0
N" O
125 OQL_N)H:
Seaaaneas el
O~ o
N
126 OH
{ s N o
L)\N‘ﬁ )—@’NO\O/\/O\/\O/\/O\)LN\‘%/Q
H oo o7 "NH
S
&)
N
127 =\ N
CN@_«SQ y | o oH
o] SN O/\/O\/\O/\/O\)LN l\/l}
"o o7 NH
S
&
N

434




WO 2020/041331

PCT/US2019/047291

128
SRS ooy
N 0
o}
129 7 s
N _ —N o o
\ L N/ ) NO\O/\/O\/\O/\/O\(IE 42;5}-1:
N o
o}
130 -
< aatance
N N x
7N
OO~
131 OQ\:N)H:
S N o
) ) O SO~
U@*Ocr ° O/C;«é
N
132 %L_):
o™ I
133 7 QL_N)H:
N = o 0 Ji I:éN 0
(TQS%QNC( oo {
N
134 Y\N/\/O\/\O/\/O\Qfé 42:):
135

/N

NJ@[ e ngONOwo@Q s

Table 2. Target Protein Degradation via Exemplary Compounds of the Present Disclosure

Ex.
No.

Degradation at 1

Protein
MH+ (1)

NMR transcript
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pM

829.3

1 NMR (400MHz, DMSO-ds):

§=238.98 (s, 1H), 8.52 - 8.39 (m, 1H), 7.83 - 7.71 (m, 3H),
7.64 - 7.58 (m, 1H), 7.46 - 7.31 (m, SH), 7.07 (dd, J=2.4, 8.8
Hz, 1H), 6.67 - 6.59 (m, 2H), 6.41 (m, 1H), 5.17 (s, 1H), 4.89
(m, , 1H), 4.55 (d, J=9.4 Hz, 1H), 4.45 (t, J=8.4 Hz, 1H), 4.31
- 4.16 (m, 3H), 4.00 - 3.93 (m, 2H), 3.86 - 3.78 (m, 2H), 3.70
-3.54 (m, 6H), 2.75 (d, J=4.8 Hz, 3H), 2.44 (s, 3H), 2.05 (m,

1H), 1.82 - 1.72 (m, 1H), 1.50 - 1.27 (m, 3H), 0.93 (s, 9H)

&73.3

1 NMR (400MHz, DMSO-ds):

§=18.99 (s, 1H), 8.45 (d, J=7.6 Hz, 1H), 7.85 - 7.73 (m, 3H),
7.62 (d, J=2.4 Hz, 1H), 7.47 - 7.33 (m, 5H), 7.07 (dd, J=2.4,
8.8 Hz, 1H), 6.64 (d, J=8.8 Hz, 2H), 6.41 (m, 1H), 5.15 (s,
1H), 4.90 (m, 1H), 4.56 (d, J=9.6 Hz, 1H), 4.45 (t, J=8.4 Hz,
1H), 4.33 - 4.14 (m, 3H), 4.00 - 3.91 (m, 2H), 3.83 - 3.75 (m,
2H), 3.67 - 3.55 (m, 10H), 2.75 (d, J=4.8 Hz, 3H), 2.45 (s,
3H), 2.06 (m, 1H), 1.78 (m, 1H), 1.49 - 1.31 (m, 3H), 0.94 (s,
9H)

917.4

1 NMR (400MHz, DMSO-ds):

§=238.98 (s, 1H), 8.53 - 8.38 (m, 1H), 7.81 - 7.71 (m, 3H),
7.62 (d, J=2.4 Hz, 1H), 7.47 - 7.31 (m, 5H), 7.06 (m, 1H),
6.41 (q, J=4.8 Hz, 1H), 5.15 (s, 1H), 4.89 (¢, J=7.2 Hz, 1H),
4.54 (d, J=9.6 Hz, 1H), 4.4 (t, J=8.0 Hz, 1H), 4.28 (s, 1H),
4.21 - 4.12 (m, 2H), 3.95 (s, 2H), 3.81 - 3.74 (m, 2H), 3.63 -
3.54 (m, 14H), 2.74 (d, J=5.2 Hz, 3H), 2.44 (s, 3H), 2.04 (m,
1H), 1.82 - 1.70 (m, 1H), 1.50 - 1.31 (m, 3H), 0.93 (s, 9H)

961.4

1 NMR (400MHz, DMSO-ds):

§=28.97 (s, 1H), 8.50 - 8.40 (m, 1H), 7.82 - 7.72 (m, 3H),
7.61 (d, J=2.4 Hz, 1H), 7.47 - 7.30 (m, 5H), 7.05 (m, 1H),
6.62 (d, J=8.8 Hz, 2H), 6.45 - 6.37 (m, 1H), 5.14 (s, 1H), 4.89
(t, J=7.2 Hz, 1H), 4.53 (d, J=9.6 Hz, 1H), 4.43 (t, J=8.0 Hz,
1H), 4.27 (s, 1H), 4.19 - 4.11 (m, 2H), 3.95 (s, 2H), 3.83 -
3.73 (m, 2H), 3.62 - 3.50 (m, 18H), 2.74 (d, J=5.0 Hz, 3H),
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2.44 (s, 3H), 2.10 - 2.00 (m, 1H), 1.81 - 1.70 (m, 1H), 1.48 -
1.32 (m, 3H), 0.93 (s, 9H)

1005.4

TH NMR (400MHz, DMSO-ds):

§=28.97 (s, 1H), 8.44 (d, J=7.6 Hz, 1H), 7.83 - 7.70 (m, 3H),
7.61 (d, J=2.4 Hz, 1H), 7.46 - 7.32 (m, 5H), 7.05 (m, 1H),
6.63 (d, J=8.8 Hz, 2H), 6.40 (q, J=4.8 Hz, 1H), 5.15 (s, 1H),
4.90 (t, J=7.2 Hz, 1H), 4.54 (d, J=9.5 Hz, 1H), 4.44 (t, J=8.4
Hz, 1H), 4.27 (s, 1H), 4.19 - 4.11 (m, 2H), 3.95 (s, 2H), 3.80 -
3.72 (m, 2H), 3.61 - 3.49 (m, 22H), 2.74 (d, J=4.8 Hz, 3H),
2.44 (s, 3H), 2.04 (m, 1H), 1.76 (m, 1H), 1.48 - 1.33 (m, 3H),
0.93 (s, 9H)

971.4

TH NMR: (400MHz, DMSO-dj)

5:9.00 - 8.96 (m, 1H), 8.79 - 8.66 (m, 1H), 8.55 - 8.43 (m,
SH), 8.32 - 8.23 (m, 2H), 8.15 - 8.06 (m, 2H), 8.02 - 7.84 (m,
1H), 7.76 - 7.66 (m, 1H), 7.56 (d, J=15.2 Hz, 1H), 7.49 - 7.22
(m, 9H), 7.11 - 7.02 (m, 1H), 7.01 - 6.96 (m, 1H), 6.94 - 6.88
(m, 2H), 5.19 (s, 1H), 4.93 - 4.85 (m, 3H), 4.53 (d, J=9.8 Hz,
1H), 4.44 (t, J=8.0 Hz, 1H), 4.28 (s, 1H), 4.13 - 4.05 (m, 2H),
3.98 - 3.91 (m, 2H), 3.79 - 3.73 (m, 2H), 3.61 - 3.49 (m, 4H),
2.46 -2.42 (m, 3H), 2.11 - 1.97 (m, 1H), 1.81 - 1.73 (m, 1H),

1.41 - 1.23 (m, 3H), 0.91 (s, 9H)

971.4

"H NMR: (400MHz, DMSO-ds)

5: 8.98 (s, 1H), 8.71 (dd, J=11.2, 15.6 Hz, 1H), 8.52 - 8.41
(m, 2H), 8.33 - 8.22 (m, 2H), 7.90 - 7.82 (m, 2H), 7.77 - 7.64
(m, 2H), 7.48 - 7.19 (m, 9H), 7.06 - 6.95 (m, 2H), 6.94 - 6.87
(m, 2H), 5.16 (s, 1H), 4.98 - 4.80 (m, 3H), 4.53 (d, J=9.6 Hz,
1H), 4.4 (t, J=8.0 Hz, 1H), 4.28 (s, 1H), 4.12 - 4.04 (m, 2H),
3.99 - 3.88 (m, 2H), 3.80 - 3.71 (m, 2H), 3.62 - 3.50 (m, 3H),
2.45 (s, 3H), 2.12 - 1.96 (m, 1H), 1.76 (ddd, J=4.4, 8.4, 12.8

Hz, 1H), 1.47 - 1.27 (m, 3H), 0.91 (s, 9H)

833.2

TH NMR (400MHz, DMSO-do):
5=9.43 (s, 1H), 8.98 (s, 1H), 8.51 - 8.36 (m, 1H), 7.83 (dd,
J=2.4, 8.8 Hz, 1H), 7.71 (d, J=2.4 Hz, 1H), 7.49 - 7.30 (m,
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SH), 6.70 - 6.55 (m, 4H), 5.15 (s, 1H), 4.96 - 4.83 (m, 1H),
4.59 - 4.50 (m, 1H), 4.4 (t, J=8.0 Hz, 1H), 4.32 - 4.22 (m,
1H), 4.07 - 3.89 (m, 4H), 3.77 - 3.67 (m, 2H), 3.66 - 3.53 (m,
6H), 2.45 (s, 3H), 2.11 - 1.99 (m, 1H), 1.82 - 1.71 (m, 1H),
1.49 - 1.32 (m, 3H), 0.97 - 0.88 (m, 9H).

877.3

1 NMR (400MHz, DMSO-dj):
§ =9.41 (s, 1H), 8.97 (s, 1H), 8.55 - 8.33 (m, 1H), 7.82 (dd,
J=2.4,9.2 Hz, 1H), 7.70 (d, J=2.4 Hz, 1H), 7.46 - 7.31 (m,
SH), 6.71 - 6.52 (m, 4H), 5.16 - 5.10 (m, 1H), 4.89 (¢, J=7.2
Hz, 1H), 4.54 (d, J=9.6 Hz, 1H), 4.43 (t, J=8.4 Hz, 1H), 4.28
(d, J=1.2 Hz, 1H), 4.06 - 3.89 (m, 4H), 3.72 - 3.65 (m, 2H),
3.63 - 3.52 (m, 10H), 2.44 (s, 3H), 2.09 - 1.99 (m, 1H), 1.76
(d, J=4.0 Hz, 1H), 1.48 - 1.31 (m, 3H), 0.93 (s, 9H).

921.3

1 NMR (400MHz, DMSO-dj):
§ =9.43 (s, 1H), 8.97 (s, 1H), 8.50 - 8.41 (m, 1H), 7.82 (m,
1H), 7.70 (d, J=2.4 Hz, 1H), 7.46 - 7.32 (m, 5H), 6.68 - 6.55
(m, 4H), 5.14 (s, 1H), 4.89 (m, 1H), 4.54 (d, J=9.6 Hz, 1H),
4.43 (t, J=8.4 Hz, 1H), 4.28 (s, 1H), 4.02 - 3.88 (m, 4H), 3.71
-3.64 (m, 2H), 3.62 - 3.51 (m, 14H), 2.44 (s, 3H), 2.08 - 1.99
(m, 1H), 1.75 (d, J=4.4 Hz, 1H), 1.36 (d, J=7.2 Hz, 3H), 0.93
(s, 9H).

965.3

1 NMR (400MHz, DMSO-dj):

§ =9.43 (s, 1H), 8.98 (s, 1H), 8.56 - 8.34 (m, 1H), 7.82 (dd,
J=2.4, 8.8 Hz, 1H), 7.70 (d, J=2.4 Hz, 1H), 7.47 - 7.30 (m,
SH), 6.69 - 6.55 (m, 4H), 5.14 (s, 1H), 4.90 (t, J=7.2 Hz, 1H),
4.54 (d, J=9.2 Hz, 1H), 4.4 (t, J=8.0 Hz, 1H), 4.28 (s, 1H),
4.04 - 3.89 (m, 4H), 3.70 - 3.65 (m, 2H), 3.63 - 3.48 (m, 18H),
2.45 (s, 3H), 2.10 - 2.00 (m, 1H), 1.83 - 1.71 (m, 1H), 1.50 -
1.31 (m, 3H), 0.93 (s, 9H).

9 D
10

11 D
12 D

1009.4

TH NMR (400MHz, DMSO-dj):
§ =9.43 (s, 1H), 8.98 (s, 1H), 8.55 - 8.32 (m, 1H), 7.82 (dd,
J=2.4,8.8 Hz, 1H), 7.71 (d, J=2.4 Hz, 1H), 7.47 - 7.32 (m,
S5H), 6.68 - 6.56 (m, 4H), 5.19 - 5.11 (m, 1H), 4.90 (t, J=7.2
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Hz, 1H), 4.54 (d, J=9.6 Hz, 1H), 4.48 - 4.39 (m, 1H), 4.28 (s,

1H), 4.02 - 3.89 (m, 4H), 3.71 - 3.65 (m, 2H), 3.63 - 3.48 (m,

22H), 2.45 (s, 3H), 2.09 - 2.00 (m, 1H), 1.82 - 1.71 (m, 1H),
1.37 (d, J=7.0 Hz, 3H), 0.93 (s, 9H).

13

693.3

1H NMR (400 MHz, CDCL):

8:7.80 (dd, J = 2.8, 8.8 Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H),
767 (J=2.8 Hz, 1H), 7.37 (d, J = 2.4Hz, 1H), 7.29 (dd, J =
2.4, 8.4 Hz, 1H), 6.60 - 6.57 (m, 1H), 6.55 - 6.52 (m, 2H),
6.50 (d, J = 2.4 Hz, 1H), 5.12 (dd, J = 5.2, 12.4 Hz, 1H), 4.27
-4.25 (m, 2H), 4.04 - 4.02 (m, 2H), 3.91 - 3.88 (m, 2H), 3.81
-3.78 (m, 2H), 3.73 - 3.65 (m, 8H), 2.89 - 2.88 (m, 1H), 2.79
-2.70 (m, 2H), 2.15 - 2.11 (m, 1H).

14 B

737.3

TH NMR (400 MHz, DMSO):

8:11.11 (br's, 1H), 9.49 (br s, 1H), 8.49 (br s, 1H), 7.82 (br d,
J=8.6 Hz, 2H), 7.69 (br s, 1H), 7.44 (s, 1H), 7.36 (br d, J =
7.8 Hz, 1H), 6.66 - 6.61 (m, 4H), 5.12 (br dd, J = 4.6, 13.0
Hz, 1H), 4.31 (br s, 2H), 3.99 (br s, 2H), 3.79 (br s, 2H), 3.68
(br's, 2H), 3.62 - 3.47 (m, 12H), 2.95 - 2.84 (m, 1H), 2.64 -
2.54 (m, 2H), 2.06 (br d, J = 16.5 Hz, 1H).

15 B

659.4

TH NMR (400 MHz, DMSO-d6):

8: 11.10 (s, 1H), 8.18 (s, 1H), 7.80 (d, J = 8.3 Hz, 1H), 7.42
(d,J=22 Hz, 1H),7.32 (dd, J = 2.3, 8.3 Hz, 1H), 7.22 - 7.15
(m, 2H), 7.12 (dd, J = 1.5, 7.6 Hz, 2H), 7.01 (d, J = 7.7 Hz,
2H), 6.92 (dt, J=0.9, 7.5 Hz, 2H), 5.12 (dd, J = 5.4, 12.9 Hz,
1H), 4.34 - 4.19 (m, 2H), 3.89 (t, J = 6.7 Hz, 2H), 3.80 - 3.69
(m, 2H), 3.59 - 3.51 (m, 2H), 3.48 - 3.37 (m, 4H), 2.97 - 2.79
(m, 1H), 2.64 - 2.51 (m, 2H), 2.49 - 2.45 (m, 4H), 2.18 (s,
3H), 2.10 - 1.98 (m, 1H), 1.78 (quin, J = 6.7 Hz, 2H).

16 C

703.4

H NMR (400 MHz, DMSO-d6):

8:11.10 (s, 1H), 7.82 (d, J = 8.3 Hz, 1H), 7.43 (d, J= 1.8 Hz,
1H), 7.34 (dd, J = 2.2, 8.4 Hz, 1H), 7.24 - 7.10 (m, 4H), 7.02
(d, J= 8.3 Hz, 2H), 6.99 - 6.88 (m, 2H), 5.12 (dd, J = 5.3,
12.9 Hz, 1H), 4.35 - 4.20 (m, 2H), 3.90 (br t, J = 6.4 Hz, 2H),
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3.81 - 3.70 (m, 2H), 3.61 - 3.37 (m, 10H), 2.98 - 2.82 (m, 1H),
2.59 (br d, J = 16.8 Hz, 3H), 2.41 (br s, 3H), 2.30 - 1.99 (m,
4H), 1.81 (br's, 2H).

17

695.5

"H NMR (400 MHz, DMSO-d6): & 11.04 (s, 1H), 7.83-7.80
(m, 3H), 7.68-7.68 (m, 2H), 7.33-7.23 (m, 2H), 7.08-7.05 (m,
1H), 6.54-6.52 (m, 2H), 5.06 (d, J = 12.7, 5.4 Hz, 1H), 4.46-
4.44 (m, 1H), 4.18-4.14 (m, 2H), 3.83 (s, 3H), 3.75-3.71 (m,

2H), 3.43-3.48 (m, 6H), 2.89-2.83 (m, 1H), 2.60-2.56 (m,

6H), 2.54-2.50 (m, 2H), 2.07-1.99 (m, 1H), 1.75-1.73 (m, 2H)

18 C

782.5

TH NMR (400 MHz, DMSO-d6):

5 :11.06 (s, 1H), 9.45 - 9.32 (m, 1H), 8.23 (s, 1H), 7.83 (dd, J
=2.6,8.9 Hz, 2H), 7.73 - 7.59 (m, 2H), 7.33 (s, 1H), 7.25 (br
d, J=8.7Hz, 1H), 6.62 (dd, J = 2.4, 8.8 Hz, 2H), 6.55 - 6.46
(m, 1H), 6.44 (d, J=2.7 Hz, 1H), 5.06 (dd, J = 5.4, 12.7 Hz,
1H), 4.70 (br s, 1H), 4.27 (br t, J = 6.5 Hz, 1H), 3.42 (br s,
8H), 2.94 - 2.82 (m, 1H), 2.72 (br s, 2H), 2.60 (br s, 3H), 2.44
(br's, 4H), 2.30 (br d, J = 6.0 Hz, 3H), 2.10 - 1.97 (m, 3H),

1.75 (br s, 2H), 1.39 (br d, J = 8.7 Hz, 2H)

19 B

756.6

TH NMR (400 MHz, DMSO-d6):
8: 11.11 (brs, 1H), 9.41 (s, 1H), 8.21 (s, 1H), 7.83 (dd, J =
1.6, 9.8 Hz, 2H), 7.71 (d, J = 2.6 Hz, 1H), 7.42 (d, J= 2.2 Hz,
1H), 7.34 (dd, J= 2.3, 8.4 Hz, 1H), 6.62 (dd, J= 2.2, 8.8 Hz,
2H), 6.53 - 6.48 (m, 1H), 6.43 (d, J = 2.7 Hz, 1H), 5.12 (dd, J
=54, 12.8 Hz, 1H), 4.80 - 4.57 (m, 1H), 4.31 - 4.22 (m, 1H),
4.17 (t, J = 6.4 Hz, 2H), 3.27 (br d, J = 9.0 Hz, 1H), 2.97 -
2.81 (m, 2H), 2.71 (br d, J = 10.5 Hz, 2H), 2.64 - 2.54 (m,
2H), 2.30 - 2.21 (m, SH), 2.09 - 1.95 (m, 3H), 1.77 (br d, J =
6.4 Hz, 4H), 1.53 - 1.35 (m, 6H)

20

691.5

TH NMR (400 MHz, DMSO): 11.12 (s, 1H), 8.35 (s, 1H), 7.96
(br's, 1H), 7.82 (br d, J=8.2 Hz, 1H), 7.45 (s, 1H), 7.36 (br d,

J=8.4 Hz, 1H), 6.61 - 6.52 (m, 3H), 6.46 (br d, J=7.3 Hz, 1H),
6.36 (br s, 1H), 5.12 (br dd, J=5.1, 12.8 Hz, 1H), 4.30 (br s,

2H), 3.96 (br s, 2H), 3.78 (br s, 2H), 3.67 (br s, 2H), 3.61 -
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3.54 (m, 8H), 2.93- 2.84 (m, 1H), 2.74 (s, 6H), 2.64 - 2.56 (m,
2H), 2.11 - 1.99 (m, 1H).

735.6

'H NMR (400 MHz, DMSO): 8 = 11.10 (s, 1H), 7.95 (br s,

1H), 7.82 (d, J = 8.3 Hz, 1H), 7.4 (s, 1H), 7.36 (br d, J = 8.2

Hz, 1H), 6.58 - 6.47 (m, 4H), 6.36 (br s, 1H), 5.12 (dd, J =

5.2,12.9 Hz, 1H), 4.30 (br s, 2H), 3.96 (br s, 2H), 3.78 (br s,

2H), 3.67 (br's, 2H), 3.61 - 3.52 (m, 8H), 3.32 (br s, 6H), 2.94

-2.80 (m, 1H), 2.75 (br s, 4H), 2.63 - 2.52 (m, 2H), 2.06 -
2.03 (m, 1H).

738.6

TH NMR (400 MHz, DMSO-ds):
8:11.13 (s, 1H), 10.18 (br s, 1H), 9.65 (br s, 1H), 7.85 (br d, J
= 8.2 Hz, 1H), 7.42 (s, 1H), 7.34 (br d, J = 8.4 Hz, 1H), 7.26 -
7.17 (m, 4H), 7.07 (br d, J = 7.9 Hz, 2H), 6.99 (t, J = 7.4 Hz,
2H), 5.12 (br dd, J = 4.9, 12.7 Hz, 1H), 4.39 (br s, 2H), 4.19
(br s, 3H), 4.05 (br s, 1H), 3.94 (br s, 2H), 3.86 (br s, 1H),
3.74 (brs, 1H), 3.50 (br d, J = 11.9 Hz, 2H), 3.36 - 3.18 (m,
3H), 3.06 (br's, 2H), 3.00 (br s, 1H), 2.96 - 2.83 (m, 2H), 2.63
-2.53 (m, 1H), 2.45 - 2.20 (m, 1H), 2.04 (br d, J= 7.1 Hz,
2H), 1.87 (brd, J = 13.9 Hz, 3H), 1.79 (br s, 2H), 1.70 (br s,
2H), 1.65 - 1.51 (m, 1H), 1.45 (br d, J = 6.2 Hz, 2H).

764.7

'H NMR (400 MHz, methanol-ds):
5: 8.40 (s, 2H), 7.70 (d, J = 8.6 Hz, 1H), 7.37 (d, J = 2.2 Hz,
1H), 7.26 - 7.16 (m, SH), 7.04 - 6.95 (m, 4H), 5.07 (dd, J =
5.4, 12.4 Hz, 1H), 436 (quin, J = 5.8 Hz, 1H), 4.03 (br t, J =
6.4 Hz, 4H), 3.63 - 3.45 (m, 7H), 3.29 - 3.20 (m, 2H), 3.14 -
2.96 (m, 6H), 2.91 - 2.66 (m, 9H), 2.14 - 2.07 (m, 1H), 2.03 -
1.93 (m, 4H), 1.80 (td, J = 3.4, 7.0 Hz, 2H).

WO 2020/041331
21 B
22 B
23 B
24 D

723.6

"H NMR (300 MHz, DMSO-d6): & 11.08 (s, 1H), 7.83-7.80
(m, 3H), 7.78-7.66 (m, 1H), 7.46 (s, 1H), 7.34-7.27 (m, 1H),
7.24 (m, 1H), 7.00-6.96 (m, 1H), 6.82-6.79 (m, 2H), 5.10-5.04
(m, 2H), 4.90-4.88 (m, 1H), 4.18 (s, 1H), 3.44-3.39 (m, 4H),
3.37-3.32 (m, 2H), 3.01 (m, 6H), 2.88-2.84 (m, 1H), 2.60-2.58

(m, 2H), 2.50-2.40 (m, 9H), 2.34-2.32 (m, 1H), 2.03-1.99 (m,
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2H)

25

738.6

TH NMR (300 MHz, DMSO-d6): J 11.17 (s, 1H), 7.85-7.81
(m, 4H), 7.64 (s, 1H), 7.43 (s, 1H), 7.37-7.34 (m,1H), 7.09-
7.06 (m, 1H), 6.53 (d, J = 6Hz, 2H), 5.14-5.10 (m, 1H), 4.59-
4.57 (m, 1H), 4.21-4.16 (m, 4H), 3.85 (s, 3H), 3.60-3.71 (m,
2H), 2.94-2.91 (m, 1H), 2.89-2.79 (m, 3H), 2.28-2.25 (m,
2H), 2.07-1.98 (m, 3H), 1.79-1.76 (m, 4H), 1.35-1.49 (m,
6H), 1.21-1.29 (m, 2H)

26

764.6

IH-NMR (300 MHz, DMSO-d6): 6 11.08 (s, 1H), 7.85-7.81
(m, 3H), 7.69-7.64 (m, 2H), 7.34 (s, 1H), 7.25 (d, J = 6Hz,
1H), 7.09-7.07 (m, 1H), 6.53 (d, J = 6Hz, 2H), 5.10-5.05 (m,
1H), 4.59-4.57 (m, 1H), 4.22-4.18 (m, 2H), 3.85 (s, 3H), 3.71-
3.68 (m, 2H), 3.43-3.32 (m, 4H), 2.94-2.92 (m, 1H), 2.89-
2.84 (m, 2H), 2.77-2.75 (m, TH), 2.68-2.34 (m, 4H), 2.11-2.04
(m, 3H), 1.79-1.89 (m, 2H), 1.40-1.55 (m, 2H).

27

766.6

H-NMR (300 MHz, CDCL; ): & 7.90-7.74 (m, 4H), 7.31-7.25
(m, 1H), 7.17-7.14 (m, 2H), 6.94-6.92 (m, 1H), 6.74-6.71 (m,
2H), 4.95-4.85 (m, 2H), 4.38-4.37 (m, 1H), 4.06 (s, 2H), 3.33-
3.23 (m, 1H), 3.09-3.03 (m, 6H), 2.96-2.60 (m, SH), 2.47-2.36
(m, 6H), 2.11-2.01 (m, 3H), 1.99-1.97 (m, 4H), 1.84-1.49 (m,

6H).

28

695.6

29

792.7

H-NMR (400 MHz, CD;OD): 5 8.11 (d, J = 9.6 Hz, 3H),
7.91(d, J=8.8 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.54-7.48
(m, 3H), 7.38 (d, J =8 Hz, 1H), 7.31 (d, J = 8.8 Hz, 2H),
7.21(d, J=9.2 Hz, 1H), 5.12-5.07 (m, 1H), 4.99 (s, 1H),
4.44-4.41 (m, 1H), 3.84-3.70 (m, 9H), 3.65-3.62 (m, 2H),
3.49-3.12 (m, 4H), 3.25 (s, 6H), 2.88-2.69 (m, 3H), 2.60-2.51
(m, 4H), 2.27-2.26 (m, 1H), 2.14-2.12 (m, 3H), 1.93-1.91 (m,
1H).

30

713.5

1H NMR (400 MHz, DMSO-d6): & : 11.08 (br s, 1H), 9.41 (s,
1H), 8.23 (s, 1H), 7.82 (dd, T = 2.6, 8.9 Hz, 1H), 7.73 - 7.61
(m, 2H), 7.34 (d, J = 2.0 Hz, 1H), 7.26 (br d, J = 8.7 Hz, 1H),
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6.63 (d,J=9.2 Hz, 2H), 6.56 - 6.49 (m, 1H), 6.44 (d, 1= 2.6
Hz, 1H), 5.07 (dd, J = 5.4, 13.0 Hz, 1H), 4.76 - 4.66 (m, 1H),
4.17 - 4.06 (m, 1H), 3.37 - 3.32 (m, 8H), 2.98 - 2.78 (m, 2H),
2.58 (br d, T = 16.8 Hz, 2H), 2.43 - 2.29 (m, SH), 2.28 - 2.19
(m, 2H), 2.08 - 1.96 (m, 1H), 1.69 (quin, J = 6.6 Hz, 2H)

31

894.7

1H NMR (400 MHz, CDCI3) &: 12.25 (br s, 1H), 8.30 (d, ] =
8.7 Hz, 2H), 8.10 (br s, 1H), 7.84 - 7.70 (m, 5H), 7.55 (d, ] =
12.1 Hz, 1H), 7.32 (s, 1H), 7.27 - 7.13 (m, 4H), 7.10 (br t, ] =
7.5 Hz, 1H), 6.84 - 6.67 (m, 3H), 5.01 - 4.87 (m, 3H), 4.86 -
474 (m, 1H), 4.38 - 4.24 (m, 1H), 4.09 (br t, J = 5.8 Hz, 2H),
371 (brs, 1H), 3.45 (br d, J = 9.4 Hz, 2H), 3.08 - 2.63 (m,
8H), 2.50 - 2.30 (m, 3H), 2.25 - 2.11 (m, 3H), 2.05 (brd, J =
14.4 Hz, 2H), 1.92 - 1.88 (m, 4H), 1.57 (br s, 2H).

32

894.7

1H NMR(400 MHz, CDCI3) &: 8.84 (dd, J = 11.6, 15.7 Hz,
1H), 8.25 (d,J = 8.7 Hz, 2H), 8.13 (br s, 1H), 7.85 - 7.70 (m,
3H), 7.49 (d,J = 7.5 Hz, 1H), 7.37 - 7.32 (m, 2H), 7.26 - 7.15
(m, 3H), 7.11 - 7.01 (m, 2H), 6.81 - 6.70 (m, 3H), 5.00 - 4.89
(m, 3H), 4.81 - 4.74 (m, 1H), 4.38 - 423 (m, 1H), 4.10 (t, ] =
6.3 Hz, 2H), 3.42 (br s, 2H), 2.96 - 2.71 (m, 5H), 2.55 - 2.35
(m, 5H), 2.21 - 2.09 (m, 2H), 2.03 - 1.82 (m, 5H), 1.55 - 1.43
(m, 2H), 1.40 - 1.23 (m, 3H), 0.98 - 0.74 (m, 1H).

33

984.8

34

1010.8

H NMR (400 MHz, DMSO-d6) 6 : 9.40 (s, 1H), 8.98 (s, 1H),
8.44 (d, J=7.6 Hz, 1H), 8.23 (s, 2H), 7.82 (dd, J = 2.8, 8.8
Hz, 1H), 7.72 - 7.69 (m, 1H), 7.46 - 7.41 (m, 2H), 7.39 - 7.34
(m, 2H), 6.62 (dd, J = 2.4, 8.8 Hz, 2H), 6.53 - 6.48 (m, 1H),
6.43 (d, J = 2.8 Hz, 1H), 4.89 (br t, J = 7.2 Hz, 1H), 4.69 (br
d,J=3.6 Hz, 1H), 4.52 - 4.38 (m, 2H), 4.31 - 4.21 (m, 2H),
3.56 (br's, 1H), 3.02 (br d, J = 16.8 Hz, 1H), 2.92 - 2.85 (m,
1H), 2.71 (br s, 1H), 2.46 - 2.35 (m, 16H), 2.29 (br d, J = 6.8
Hz, 5H), 2.13 - 1.95 (m, 4H), 1.75 (br s, 3H), 1.38 (br d, J =
7.2 Hz, SH), 0.93 (s, 9H).

35

895.4

'H NMR (400MHz, DMSO-ds) 6: 8.98 (s, 1 H), 8.42 (dd,
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J=8.00, 3.60 Hz, 2 H) , 8.21 (d, J=5.20 Hz, 1 H) , 7.97 (dd,
J=8.80, 6.40 Hz, 2 H) , 7.81 - 7.67 (m, 2 H) , 7.51 (dd,
J=9.20,2.80 Hz, 1 H), 7.47 (d, J=2.40 Hz, 1 H) , 7.43 - 7.39
(m, 2H), 7.39-7.30 (m, 4 H), 7.09 (s, 1 H), 4.89 (t, J=7.20
Hz, 1 H), 4.55(d, J=9.60 Hz, 2 H) , 4.29 - 4.26 (m, 4 H) ,
3.96 (s, 2 H),3.89 (s, 3 H), 3.86 - 3.82 (m, 2 H) , 3.68 - 3.64
(m, 2 H), 3.63 - 3.57 (m, 8 H), 2.44 (s, 3 H) , 2.09 - 2.00 (m,
1H),1.81-1.72 (m, 1 H), 1.34 (d, J=7.20 Hz, 3 H) , 0.93 (s,
9 H).

36

D 667.2

1H NMR: (400 MHz, DMSO-d6) & : 11.12 (s, 1H), 8.39 -
8.32 (m, 1H), 8.21 (d, J = 5.4 Hz, 1H), 7.99 - 7.88 (m, 2H),
7.82 - 7.63 (m, 3H), 7.50 - 7.40 (m, 3H), 7.37 - 7.30 (m, 2H),
7.08 (s, 1H), 5.14 - 5.07 (m, 1H), 4.28 - 4.25 (m, 4H), 3.89 (s,
3H), 3.84 - 3.80 (m, 2H), 3.79 - 3.74 (m, 2H), 3.65 - 3.53 (m,
8H), 2.95 - 2.79 (m, 1H), 2.64 - 2.51 (m, 2H), 2.10 - 1.95 (m,
1H)

47

C 667.2

'H NMR: (400MHz, DMSO-d¢) 6: 11.11 (s, 1H), 8.30 (d, ] =
8.8 Hz, 1H), 8.20 (d, J = 5.6 Hz, 1H), 7.92 (d, J = 9.2 Hz, 1H),
7.87 (d,J = 8.8 Hz, 1H), 7.80 (d, ] = 8.4 Hz, 1H), 7.74 - 7.64
(m, 2H), 7.46 - 7.42 (m, 2H), 7.40 (d, J = 2.8 Hz, 1H), 7.36 -
7.32 (m, 2H), 7.08 (s, 1H), 5.11 (dd, J = 5.2, 13.2 Hz, 1H),
4.32 - 4.28 (m, 2H), 4.26 - 4.23 (m, 2H), 3.89 (s, 3H), 3.85 -
3.82 (m, 2H), 3.82 - 3.78 (m, 2H), 3.65 (s, 4H), 2.92 - 2.83
(m, 1H), 2.62 - 2.53 (m, 2H), 2.07 - 1.99 (m, 1H)

48

9394

'H NMR: (400MHz, DMSO-ds) 6: 8.98 (s, 1H), 8.48 - 8.39
(m, 2H), 8.22 (d, J = 5.6 Hz, 1H), 7.99 (d, ] = 9.2 Hz, 2H),
7.84-7.76 (m, 1H), 7.74 - 7.66 (m, 1H), 7.53 (dd, J=2.4,9.2
Hz, 1H), 7.49 (d, ] = 2.4 Hz, 1H), 7.45 - 7.37 (m, 3H), 7.37 -
7.30 (m, 4H), 7.09 (s, 1H), 4.94 - 4.85 (m, 6H), 4.54 (d,J =
9.6 Hz, 1H), 4.44 (t, ] = 8.4 Hz, 1H), 4.30 - 4.25 (m, 3H), 3.95
(s, 2H), 3.89 (s, 3H), 3.86 - 3.81 (m, 2H), 3.65 - 3.59 (m, 4H),
3.57 (d,J = 2.4 Hz, 6H), 2.4 (s, 3H), 2.09 - 2.00 (m, 1H),
1.77 (ddd, J = 4.6, 8.4, 13.2 Hz, 1H), 1.35 (d, J = 7.2 Hz, 3H),
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0.93 (s, 9H)

49

1028.5

'"H NMR (400 MHz, methanol-ds) J 8.85 (s, 1H), 7.68 (s, 1H),
7.58 (d, /=79 Hz, 1H), 7.46-7.33 (m, 4H), 7.30 (d, /= 8.1
Hz, 1H), 7.05 (q, J =5.5,3.7 Hz, 2H), 6.97 (t, / = 74 Hz,
1H), 5.00 (q, J = 7.0 Hz, 1H), 4.69 (s, 1H), 4.62-4.54 (m, 1H),
4.43 (s, 1H), 4.27 (dd, J = 9.5, 5.0 Hz, 1H), 4.12-4.03 (m,
2H), 3.84 (d, /= 11.1 Hz, 1H), 3.78-3.57 (m, 11H), 3.57-3.50
(m, 4H), 2.96 (d, J = 6.6 Hz, 2H), 2.71-2.64 (m, 6H), 2.46 (s,
3H), 2.25-2.15 (m, 1H), 2.05-1.90 (m, 1H), 1.69-1.60 (m,
1H), 1.60-1.50 (m, 4H), 1.41-1.25 (m, SH), 1.07-1.01 (m,
9H), 0.85 (t, / = 6.7 Hz, 3H).

50

1072.5

'"H NMR (400 MHz, methanol-dy) § 8.86 (d, J = 1.8 Hz, 1H),
7.69 (s, 1H), 7.59 (d, J =7.9 Hz, 1H), 7.48 —7.35 (m, 4H),
7.31(d, J=28.1Hz, 1H), 7.11 —7.02 (m, 2H), 7.02 — 6.94 (m,
1H), 5.02 (q, J/ = 7.0 Hz, 1H), 4.70 (s, 1H), 4.63 — 4.54 (m,
1H), 4.44 (s, 1H), 4.28 (dd, /=9.4,5.0 Hz, 1H), 4.06 (d, J =
4.0 Hz, 2H), 3.85 (d, /= 11.0 Hz, 1H), 3.80 — 3.61 (m, 12H),
3.55(t, J=5.2Hz,5H),2.98 (d, J=6.7 Hz, 2H), 2.72 — 2.64
(m, 2H), 2.68 (s, SH), 2.48 (s, 3H), 2.21 (t, /= 10.0 Hz, 1H),
1.98 (ddd, /=13.3,9.1,44 Hz, 1H), 1.55 (dd, /=21.7,7.0
Hz, 3H), 1.37 - 1.28 (m, 1H), 1.05 (d, J=7.3 Hz, 9H), 0.87
(t, J=6.9 Hz, 3H).

51

1116.5

'H NMR (400 MHz, chloroform-d) § 8.69 (s, 1H), 8.46 (d, J =
14.8 Hz, 1H), 7.64 (d, /= 7.8 Hz, 1H), 7.51 (d, /= 7.9 Hz,
1H), 7.39 (qd, /= 12.1, 10.1, 6.7 Hz, 7TH), 7.20 (t, /= 7.5 Hz,
1H), 7.13 (t, J=7.4 Hz, 1H), 7.06 (t, J = 2.2 Hz, 1H), 5.10 (p,
J=7.0Hz, 1H), 4.76 (t, / =7.8 Hz, 1H), 4.61 — 4.55 (m, 1H),
4.50 (s, 1H), 4.45 — 4.37 (m, 1H), 4.10 — 3.94 (m, 3H), 3.71 —
3.57 (m, 20H), 3.56 (s, 2H), 3.13 — 2.96 (m, 2H), 2.69 (d, J =
10.3 Hz, 4H), 2.55 (s, 4H), 2.06 (td, J = 12.0, 11.1, 5.9 Hz,
2H), 1.68 — 1.60 (m, 2H), 1.49 (d, /= 6.9 Hz, 4H), 1.45 - 1.25
(m, 9H), 1.08 (s, 8H), 0.89 (q, J = 6.4 Hz, SH), 0.09 (s, 15H).

52

800.3

H NMR (400 MHz, DMSO-ds) 3 11.12 (s, 1H), 10.76 (s,
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1H), 7.94 (d, J = 8.5 Hz, 1H), 7.87-7.78 (m, 2H), 7.58 (d, J =
7.8 Hz, 1H), 7.47 (d, J = 2.2 Hz, 1H), 7.38 (dd, J = 8.3, 2.3
Hz, 1H), 7.31 (d, J = 8.1 Hz, 1H), 7.12-7.01 (m, 2H), 6.96 (t,
J=7.0Hz, 1H), 5.12 (dd, J = 13.0, 5.4 Hz, 1H), 4.36-4.29 (m,
2H), 4.18-4.09 (m, 1H), 3.83-3.77 (m, 2H), 3.61 (dd, J= 5.7,
3.2 Hz, 2H), 3.54 (t, J = 4.5 Hz, 4H), 3.46-3.38 (m, 4H), 3.30-
3.29 (m, 2H), 2.94-2.86 (m, 3H), 2.70-2.52 (m, 4H), 2.48-2.49
(m, 2H), 2.08-2.01 (m, 1H), 1.60-1.40 (m, 2H), 1.40-1.15 (m,
4H), 0.81 (t, J = 6.9 Hz, 3H).

53

844.4

'H NMR (400 MHz, DMSO-de) 5 11.11 (s, 1H), 10.75 (s,
1H), 7.94 (d, J = 8.6 Hz, 1H), 7.87 — 7.78 (m, 2H), 7.58 (d, J
=7.8 Hz, 1H), 7.46 (d, J= 2.1 Hz, 1H), 7.37 (dd, J = 8.3, 2.2

Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 7.10 (d, J = 2.1 Hz, 1H),
7.05 (t, J= 7.0 Hz, 1H), 6.96 (t, J = 7.4 Hz, 1H), 5.12 (dd, J =
12.9, 5.4 Hz, 1H), 4.35 — 4.29 (m, 2H), 3.83 — 3.76 (m, 3H),
3.64 —3.49 (m, 11H), 3.41 (d, J = 4.9 Hz, 4H), 2.86 (ddd, J =
32.1, 14.5, 7.2 Hz, SH), 2.58 (s, 1H), 2.09 — 2.01 (m, 1H),
1.24 (dd, J = 14.6, 8.5 Hz, 3H), 0.81 (t, J = 6.9 Hz, 2H).

54

884.4

'H NMR (400 MHz, DMSO-de) 5 11.12 (s, 1H), 10.76 (d, J =
2.4 Hz, 1H), 7.95 (d, J = 8.5 Hz, 1H), 7.87 — 7.76 (m, 2H),
7.58 (d, J= 7.9 Hz, 1H), 7.46 (d, J = 2.3 Hz, 1H), 7.37 (dd, J
=8.3,2.3 Hz, 1H), 7.31 (d, J = 8.1 Hz, 1H), 7.10 (d, J= 2.3
Hz, 1H), 7.08 — 7.00 (m, 1H), 6.96 (t, J = 7.4 Hz, 1H), 5.12
(dd, J = 12.9, 5.4 Hz, 1H), 4.35 — 4.28 (m, 2H), 3.82 — 3.76
(m, 2H), 3.64 — 3.51 (m, 6H), 3.42 (d, /= 10.3 Hz, 1H), 2.86
(tdd, J=21.2, 12.9, 6.9 Hz, 3H), 2.65 — 2.57 (m, 1H), 2.54 (d,
J=8.5Hz, 2H), 2.10— 1.97 (m, 1H), 1.56 — 1.42 (m, 1H),
1.23 (tq, J = 11.6, 5.7, 4.3 Hz, 3H), 0.87 — 0.77 (m, 3H).

55

1076.5

'H NMR (300 MHz, DMSO-ds) J 8.70 (s, 1H), 8.25 (s, 1H),
7.70-7.62 (m, 1H), 7.52-7.32 (m, 8H), 7.25-7.05 (m, SH),
6.99-6.89 (m, 2H), 5.80-5.65 (m, 1H), 5.15-5.05 (m, 1H),

4.80-4.73 (m, 1H), 4.60-4.35 (m, 3H), 4.20-4.10 (m, 3H),
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4.05-3.99 (m, 2H), 3.90-3.68 (m, 10H), 3.65-3.58 (m, 1H),
3.25 (s, 4H), 3.11-3.00 (m, 2H), 2.65 (s, 4H), 2.15-2.05 (m,
2H), 1.70-1.60 (m, 2H),1.55-1.25 (m, 6H), 1.05 (s, 9H), 0.95-
0.80 (m, SH).

56

1120.5

'H NMR (300 MHz, DMSO-de)  (ppm): 10.75 (s, 1H), 8.98
(s, 1H), 8.45-8.42 (m, 1H), 7.99-7.97 (m, 1H), 7.82 (s, 1H),
7.60-7.57 (m, 1H), 7.46-7.28 (m, 6H), 7.10 (s, 1H), 7.06-7.04
(m, 1H), 6.98-6.90 (m, 3H), 6.88-6.80 (m, 2H), 5.15-5.11(m,
1H), 4.93-4.89(m, 1H), 4.57-4.53 (m, 1H), 4.47-4.43 (m, 1H),
4.28 (s, 1H), 4.19-4.06 (m, 1H), 4.05-3.95(m, 4H), 3.74-3.68
(m, 2H), 3.60(s, 14H), 3.12 (s, 4H), 2.95-2.80 (m, 2H), 2.45
(s, 3H), 2.10-1.97 (m, 1H), 1.83-1.72 (m, 1H), 1.60-1.46 (m,
3H), 1.40-1.34 (m, 3H), 1.31-1.15 (m, 6H), 0.95 (s, 9H).

57

848.3

'H NMR (400 MHz, DMSO-de) 8 (ppm): 11.13 (s, 1H), 10.77
(s, 1H), 7.99 (s, 1H), 7.90-7.84 (m, 2H), 7.59 (s, 1H), 7.47 (s,
1H), 7.38 (s, 1H), 7.33 (s, 1H), 7.11 (s, 1H), 7.06 (s, 1H),
6.96-6.80 (m, 3H), 6.86-6.83 (m, 2H), 5.13 (s, 1H), 4.40-4.35
(m, 2H), 4.10-4.06 (m, 3H), 3.90-3.84 (m, 2H), 3.81-3.79 (m,
2H), 3.64-3.51 (m, 4H), 3.17-3.05 (m, 4H), 2.92-2.85 (m,
2H), 2.85 (s, 1H), 2.65 (s, 1H), 2.07 (s, 1H), 1.53-1.49 (m,
2H), 1.45-1.22 (m, SH), 0.88-0.82 (m, 3H).

58

892.4

'H NMR (300 MHz, DMSO-de) 6 11.13 (s, 1H), 10.78 (s,
1H), 8.04-8.00 (m, 1H), 7.90-7.80 (m, 2H), 7.62-7.59 (m,
1H), 7.48 (s, 1H), 7.41-7.30 (m, 2H), 7.16-7.02 (m, 2H), 7.00-
6.82 (m, SH), 5.20-5.10 (m, 1H), 4.33 (s, 2H), 4.20-4.10 (m,
1H), 4.02 (s, 2H), 3.85-3.55 (m, 12H), 3.22-3.05 (m, 4H),
3.00-2.80 (m, 3H), 2.75-2.65 (m, 2H), 2.10-2.00 (m, 1H),
1.60-1.45 (m, 2H), 1.40-1.15 (m, 4H), 0.83 (s, 3H).

59

743.2

"H NMR (400 MHz, DMSO-de) 6 11.09 (s, 1H), 8.26 (d, 2H),
8.15-8.05 (m, 3H), 7.96 (t, 1H), 7.80 (d, 1H), 7.56 (d, 1H),
7.45 (d, 2H), 7.37-7.15 (m, 4H), 7.07 (¢, 1H), 6.97 (d, 1H),
6.88 (d, 2H), 5.15-5.06 (m, 1H), 4.88 (s, 2H), 4.31 (s, 2H),
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4.10-4.03 (m, 2H), 3.80 (dd, 4H), 2.88 (t, 1H), 2.59 (d, 1H),
2.03 (d, 1H), 1.23 (s, 1H).

60

743.2

H NMR (300 MHz, DMSO-de) 6 11.10 (s, 1H), 8.75-8.60 (m,
1H), 8.26 (d, 2H), 7.88-7.74 (m, 3H), 7.73-7.60 (m, 2H) 7.46-
7.12 (m, 6H), 7.06-6.83 (m, 4H), 5.16-5.04 (m, 1H), 4.86 (s,
2H), 4.29 (s, 2H), 4.04 (d, 2H), 3.85-3.74 (m, 4H), 2.90-2.80
(m, 1H), 2.65-2.51 (m, 2H), 2.11-1.91 (m, 1H).

61

787.7

'H NMR (300 MHz, DMSO-de) 6 11.13 (s, 1H), 8.30-8.26 (m,
2H), 8.16-8.04 (m, 3H), 8.00-7.92 (m, 1H), 7.84-7.80 (m,
1H), 7.60-7.53 (m, 1H), 7.50-7.40 (m, 2H), 7.38-7.30 (m,
1H), 7.30-7.20 (m, 4H), 7.13-7.04 (m, 1H), 7.02-6.97 (m,

1H), 6.95-6.88 (m, 2H), 5.15-5.06 (m, 1H), 4.90 (s, 2H), 4.32-

4.25 (m, 2H), 4.08-4.00 (m, 2H), 3.83-3.70 (m, 4H), 3.60 (s,
4H), 3.30 (s, 2H), 2.93-2.80 (m, 1H), 2.10-1.99 (m, 1H).

62

787.1

'H NMR (300 MHz, DMSO-de) 6 11.13 (s, 1H), 8.78-8.65
(m,1H), 8.30-8.26 (m, 2H), 7.91-7.80 (m, 3H), 7.79-7.65 (m,
2H), 7.45 (s, 1H), 7.38-7.20 (m, SH), 7.05-6.95 (m, 2H), 6.90-
6.85 (m, 2H), 5.15-5.06 (m, 1H), 4.90(s, 2H), 4.32-4.25 (m,
2H), 4.08-4.00 (m, 2H), 3.80-3.68 (m, 4H), 3.60 (s, 4H),2.93-
2.80 (m, 1H), 2.65-2.65(m, 1H), 2.10-2.00 (m, 2H).

63

831.2

'H NMR (400 MHz, DMSO-de) 6 11.10 (s, 1H), 8.28-8.24 (m,
2H), 8.16-8.09 (m, 3H), 7.99 (s, 1H), 7.68 (s, 1H), 7.58 (s,
1H), 7.50-7.41 (m, 2H), 7.34 (s, 1H), 7.30-7.26 (m, 3H), 7.09
(s, 1H), 7.01 (s, 1H), 6.88-6.92 (m, 2H), 5.08(s, 1H), 4.92-
4.82 (m, 2H), 4.32-4.24 (m, 2H), 4.05-3.98 (m, 2H), 3.80-3.73
(m, 2H), 3.72-3.66(m, 2H), 3.60-3.48 (m, 8H), 2.95-2.83 (s,
1H), 2.63-2.54 (m, 2H), 2.02 (s, 1H).

64

831.2

'H NMR (400 MHz, DMSO-de) 6 11.11 (s, 1H), 8.71 (s, 1H),

8.37-8.30 (m, 2H), 7.94-7.85 (m, 2H), 7.81 (s, 1H), 7.72-7.60

(m, 2H), 7.4 (s, 1H), 7.37-7.29 (m, 2H), 7.28-7.20 (m, 3H),
7.05 (s, 1H), 6.98 (s, 1H), 6.91-6.82 (m, 2H),5.13
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(m, 1H), 4.89 (s, 2H), 4.28 (t, 2H), 4.04 (t, 2H), 3.80-3.76
(m, 4H), 3.58-3.49 (m, 8H), 2.85 (s, 1H), 2.60 (s, 1H), 2.09-
2.00 (m, 3H).

65

967.2

H NMR (400 MHz, DMSO-de) 6 (ppm): 8.99 (d, 1H), 8.36-
8.25 (m, 3H), 8.17-8.07 (m, 3H), 8.04-7.93 (m, 1H), 7.58 (d,
1H), 7.51-7.38 (m, 3H), 7.35-7.22 (m, 5H), 7.08 (t, 1H), 7.02-
6.95 (m, 1H), 6.94-6.86 (m, 2H), 6.09 (s, 1H), 5.12 (d, 1H),
4.89 (s, 3H), 4.43 (t, 1H), 4.25 (s, 3H), 4.04 (¢, 2H), 3.81-3.72
(m, 5H), 3.59-3.52 (m, 1H), 3.50-3.43 (m, 4H), 2.46 (d, 3H),
2.29-2.20 (m, 1H), 2.05 (s, 1H), 1.82-1.73 (m, 1H), 1.49-1.31
(m, 3H), 0.96 (d, 2H), 0.82 (d, 4H).

66

967.2

H NMR (400 MHz, DMSO-de) 3 (ppm): 9.00 (s, 1H), 8.43
(d, 1H), 8.28 (d, 2H), 8.12 (dd, 3H), 8.04-7.93 (m, 1H), 7.63-
7.42 (m, 4H), 7.41-7.18 (m, SH), 7.09 (¢, 1H), 7.00 (d, 1H),
6.91 (d, 2H), 6.02 (d, 1H), 5.11 (d, 1H), 4.92 (d, 3H), 4.38 (¢,
1H), 4.28 (s, 3H), 4.06 (d, 2H), 3.87-3.61 (m, 6H), 3.48-3.41
(m, 2H), 2.47 (s, 3H), 2.24 (s, 1H), 2.05-1.98 (m, 1H), 1.96-
1.71 (m, 1H), 1.50-1.19 (m, 4H), 1.04-0.67 (m, 6H).

67

967.2

"H NMR (400 MHz, DMSO-de) 5 9.00 (d, 1H), 8.77-8.66 (m,
1H), 8.37-8.27 (m, 3H), 7.88 (d, 2H), 7.71 (dd, 2H), 7.45-7.36
(m, 3H), 7.36-7.26 (m, 5H), 7.08-6.95 (m, 2H), 6.90 (d, 2H),
6.12 (d, 1H), 5.12 (d, 1H), 4.89 (s, 3H), 4.43 (t, 1H), 4.25 (s,
3H), 4.05 (s, 2H), 3.75 (s, SH), 3.58-3.39 (m, 3H) , 2.46 (d,
4H), 2.39-2.20 (m, 2H), 2.05 (s, 1H), 1.92-1.71 (m, 1H), 1.50-
1.29 (m, 3H), 0.88-0.71 (m, 4H).

68

967.2

"H NMR (400 MHz, DMSO-de) 6 9.00 (s, 1H), 8.77-8.66 (m,
1H), 8.43 (d, 1H), 8.30 (d, 2H), 7.88 (d, 2H), 7.77-7.65 (m,
2H), 7.51-7.33 (m, 5H), 7.32-7.21 (m, 3H), 7.08-6.96 (m,
2H), 6.92 (d, 2H), 6.10 (s, 1H), 5.10 (d, 1H), 4.93 (d, 1H),

5.04-4.86 (m, 3H), 4.38 (t, 1H), 4.31-4.24 (m, 3H), 4.10-4.04

(m, 2H), 3.82-3.75 (m, 4H), 3.74-3.62 (m, 2H), 3.50-3.41 (m,

1H), 2.47 (s, 3H), 2.24 (s, 1H), 2.03 (s, 1H), 1.8-1.76 (m, 1H),

1.39 (d, 3H), 0.96 (d, 3H), 0.81 (dd,3H).
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69

1055.2

'H NMR (400 MHz, DMSO-de) J 8.99 (d, 1H), 8.38-8.21 (m,
3H), 8.19-8.04 (m, 3H), 7.94-8.05 (m, 1H), 7.58 (d, J = 15.2
Hz, 1H), 7.50-7.36 (m, 4H), 7.32-7.21 (m, 5H), 7.08 (t, J =

7.6 Hz, 1H), 6.99 (d, J = 7.9 Hz, 1H), 6.92-6.81 (m, 2H), 6.10

(s, 1H), 5.12 (d, J = 3.6 Hz, 1H), 4.90 (s, 3H), 4.43 (t, J=7.8
Hz, 1H), 4.35-4.12 (m, 3H), 4.21 (d, J = 2.9 Hz, 2H), 3.82-
3.62 (m, SH), 3.59-3.44 (m, 11H), 2.46-2.40 (m, 3H), 2.32-
2.18 (m,1H), 1.46 (d, J = 6.9 Hz, 1H), 1.35 (d, /= 7.0 Hz,
3H), 0.97 (d, J = 6.6 Hz, 2H), 0.83 (d, J = 6.7 Hz, 3H), 0.76

(d, J = 6.7 Hz, 1H).

70

1055.2

'H NMR (400 MHz, DMSO-de) 6 9.00 (s, 1H), 8.43 (d, J =
7.6 Hz, 1H), 8.31-8.24 (m, 2H), 8.12 (dd, J = 14.3, 8.2 Hz,
3H), 7.99 (dd, J = 15.3, 12.2 Hz, 1H), 7.58 (d, J = 15.2 Hz,
1H), 7.51-7.41 (m, 3H), 7.41-7.34 (m, 2H), 7.33-7.23 (m,
3H), 7.09 (t, J = 7.6 Hz, 1H), 7.00 (d, J = 7.9 Hz, 1H), 6.91
(dd, J= 8.9, 2.6 Hz, 2H), 6.11 (s, 1H), 5.11 (d, J= 3.7 Hz,
1H), 5.00-4.81(m, 3H), 4.39 (t, J = 7.8 Hz, 1H), 4.34-4.21 (m,
3H), 4.05 (t, J = 4.7 Hz, 2H), 3.75-3.62 (m, 6H), 3.63-3.50
(m ,8H), 3.42 (d, J = 9.9 Hz, 1H), 2.47 (s, 3H), 2.30-2.12
(m,1H), 2.04 (t, J = 10.3 Hz, 1H), 1.82-1.75 (m, 1H), 1.38 (d,
J=7.0 Hz, 3H), 0.97 (t, J = 6.7 Hz, 3H), 0.81 (dd, J = 15.6,
6.7 Hz, 3H).

71

1055.2

'H NMR (400 MHz, DMSO-de) & 8.99 (d, J = 9.2 Hz, 1H),
8.72 (dd, J = 15.8, 11.5 Hz, 1H), 8.32 (dd, J = 15.7, 8.3 Hz,
3H), 7.88 (d, J = 8.8 Hz, 2H), 7.78-7.62 (m, 2H), 7.52-
7.35(m,1H),7.34-7.19 (m, SH), 7.04-6.98 (m, 2H), 6.91 (dd, J
=9.0,2.9 Hz, 2H), 6.10 (s, 1H), 5.12 (d, J = 3.6 Hz, 1H), 4.89
(s, 3H), 4.43 (t, J = 7.8 Hz, 1H), 4.32-4.12 (m, 3H), 4.04 (¢, J
= 4.8 Hz, 2H), 3.79 - 3.64 (m, 5H), 3.59 — 3.42 (m, 10H),
2.46 (d, J=7.7 Hz, 3H), 2.31 — 2.23 (m, 1H), 2.05 (s, 1H),
1.82 — 1.74 (m, 1H), 1.49-1.31 (m,3H), 1.03-0.97 (d, J = 7.0
Hz, 2H), 0.83 (d, J = 6.7 Hz, 3H), 0.76 (d, J = 6.7 Hz, 1H).
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72

1055.2

'H NMR (400 MHz, DMSO-de)  9.00 (s, 1H), 8.72 (dd, J =
15.7, 11.5 Hz, 1H), 8.43 (d, J = 7.6 Hz, 1H), 8.30 (d, /= 8.6
Hz, 2H), 7.88 (d, J = 8.6 Hz, 2H), 7.73-7.69 (m, 2H), 7.45 (d,
J = 8.0 Hz, 2H), 7.40 —7.23 (m, 6H), 7.04-6.99 (m, 2H), 6.91
(d, J = 8.6 Hz, 2H), 6.10 (s, 1H), 5.11 (d, J = 3.8 Hz, 1H),
4.95-4.85 (m, 3H), 4.38 (t, J = 7.9 Hz, 1H), 4.29-4.17 (m,
3H), 4.05 (t, J = 4.7 Hz, 2H), 3.80-3.66 (m, SH), 3.6-3.50 (m,
8H), 3.48-3.36 (m, 2H), 2.47 (s, 3H), 2.30-2.17(m, 1H), 2.09-
1.98 (m, 1H), 1.97-1.74(m,1H), 1.38 (d, J = 7.0 Hz, 3H), 0.97
(t, J = 6.9 Hz, 3H), 0.81 (dd, J = 15.7, 6.7 Hz, 3H)

73

1011.2

'H NMR (400 MHz, DMSO-de) J 8.98 (d, 1H), 8.35-8.23 (m,
3H), 8.10 (m, 3H), 8.03-7.91 (m, 1H), 7.60-7.37 (m, 4H),
7.34-7.21 (m, SH), 7.10-6.94 (m, 2H), 6.93-6.84 (m, 2H), 6.08
(s, 1H), 5.10 (d, 1H), 4.92-4.82 (m, 3H), 4.54-4.38 (m, 1H),
4.27-4.17 (m, 3H), 4.07-3.99 (m, 2H), 3.77-3.64 (m, 5H),
3.60-3.39 (m, 6H), 2.45 (d, J = 8.4 Hz, 3H), 2.31-2.18 (m,
1H), 2.10-1.99 (m, 1H), 1.81-1.71 (m, 1H), 1.47-1.30 (m,
3H), 0.95 (d, 2H), 0.85-0.69 (m, 4H).

74

1011.2

H NMR (400 MHz, DMSO-de) 6 8.98 (s, 1H), 8.50-8.20 (m,
3H), 8.16-8.06 (m, 3H), 8.03-7.92 (m, 1H), 7.62-7.32 (m,
6H), 7.31-7.20 (m, 3H), 7.13-6.95 (m, 2H), 6.93-6.86 (m,

2H), 6.09 (s, 1H), 5.09 (d, 1H), 4.96 -4.86 (m, 3H), 4.37 (t,
1H), 4.29-4.19 (m, 3H), 4.04 (dd, 2H), 3.79-3.61 (m, 6H),
3.57 (s, 4H), 3.48-3.39 (m, 1H), 2.45 (s, 3H), 2.37-2.11 (m,
1H), 2.07-1.97 (m, 1H), 1.83-1.72 (m, 1H), 1.50-1.29 (m,
3H), 0.95 (t, 3H), 0.85-0.75 (m, 3H).

75

1011.2

'H NMR (400 MHz, DMSO-de) J 8.98 (d, 1H), 8.76-8.64 (m,
1H), 8.35-8.23 (m, 3H), 7.90-7.83 (m, 2H), 7.75-7.64 (m,
2H), 7.50-7.18 (m, 8H), 7.05-6.93 (m, 2H) , 6.93-6.85 (m,

2H), 6.11 (d, 1H), 5.10 (d, 1H), 5.04-4.93 (m, 1H), 4.96-4.78

(m, 3H), 4.54-4.38 (m, 1H), 4.28-4.16 (m, 3H), 4.02 (dd, 2H),

3.77-3.64 (m, SH), 3.59-3.51 (m, 6H), 2.45 (d, 3H), 2.31-2.18

(m, 1H), 2.09-1.99 (m, 1H), 1.81-1.71 (m, 1H), 1.49-1.28 (m,
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3H), 0.95 (d, 2H), 0.86- 0.67 (m, 4H).

76

1011.2

"H NMR (400 MHz, DMSO-de) 6 8.98 (s, 1H), 8.76-8.65 (m,
1H), 8.44-8.24 (m, 3H), 7.91-7.84 (m, 2H), 7.76-7.64 (m,
2H), 7.48-7.19 (m, 8H), 7.07-6.94 (m, 2H), 6.94-6.86 (m,
2H), 6.10-5.91 (m, 1H), 5.12-5.06 (m, 1H), 4.95-4.85 (m,
3H), 4.41-4.32 (m, 1H), 4.31-4.18 (m, 3H), 4.07-4.00 (m,

2H), 3.74-3.60 (m, SH), 3.57 (s, 4H), 3.49-3.39 (m, 1H), 2.48-

2.43 (m, 4H), 2.35-2.15 (m, 1H), 2.09-1.97 (m, 1H), 1.83-1.72

(m, 1H), 1.47-1.31 (m, 3H), 0.99-0.91 (m, 3H), 0.85-0.75 (m,

3H).

77

'H NMR (400 MHz, DMSO-de) 6 11.08 (s, 1H), 8.30 — 8.23
(m, 2H), 8.17 — 8.05 (m, 3H), 8.03 — 7.91 (m, 1H), 7.70 — 7.64
(m, 1H), 7.61 — 7.52 (m, 1H), 7.49 — 7.42 (m, 1H), 7.36 — 7.19
(m, 5H), 7.12 — 7.04 (m, 1H), 7.04 — 6.97 (m, 1H), 6.80 — 6.74

(m, 2H), 5.11 — 5.02 (m, 1H), 4.88 (s, 2H), 4.81 — 4.73 (m,
1H), 4.16 — 4.06 (m, 1H), 3.45 — 3.38 (m, 4H), 3.32 — 3.26 (m,
7H), 2.95 - 2.81 (m, 1H), 2.63 — 2.52 (m, 1H), 2.42 — 2.32 (m,
4H), 2.30 — 2.19 (m, 2H), 2.05 — 1.97 (m, 1H), 1.72 — 1.64 (m,

2H).

78

'H NMR (400 MHz, DMSO-de) 5 11.08 (s, 1H), 8.75 — 8.64
(m, 1H), 8.32 — 8.23 (m, 2H), 7.90 — 7.83 (m, 2H), 7.75 — 7.63
(m, 3H), 7.39 — 7.15 (m, 6H), 7.07 — 6.95 (m, 2H), 6.81 — 6.74

(m, 2H), 5.11 - 5.02 (m, 1H), 4.87 (s, 2H), 4.82 — 4.72 (m,
1H), 4.17 — 4.06 (m, 1H), 3.42 (s, 4H) , 3.31 (s, 5H) , 2.95 —
2.81 (m, 1H), 2.63 — 2.51 (m, 2H), 2.42 — 2.31 (m, 4H), 2.10 —
1.97 (m, 2H), 2.07 (s, 1H) , 2.05 — 1.96 (m, 1H) , 1.74 — 1.64
(m, 2H).

79

'H NMR (400 MHz, DMSO-de) & 11.10 (s, 1H), 8.28 (d, J =
8.7 Hz, 2H), 8.12 (dd, J = 14.5, 8.1 Hz, 3H), 7.99 (dd, J =
15.3, 12.2 Hz, 1H), 7.68 (d, J = 8.5 Hz, 1H), 7.42-7.21 (m,

SH), 7.09 (t, J = 7.6 Hz, 1H), 7.01 (d, J= 7.9 Hz, 1H), 6.77

(d, J = 8.5 Hz, 2H), 5.08 (dd, J = 13.0, 5.4 Hz, 1H), 4.89 (s,

2H), 4.81-4.67(m, 1H), 4.32 — 4.24 (m, 1H), 3.58-
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3.40(m,4H),3.32-3.22(m,4H),2.99 — 2.83 (m, 1H), 2.73 (s,
2H), 2.64 — 2.52 (m, 2H), 2.43 (s, 4H), 2.41 — 2.26 (m, 4H),
2.11-1.91(m,3H), 1.77 (d, J = 12.0 Hz, 2H), 1.39 (d, J = 10.7

Hz, 2H), 1.25 (s, 1H).

'H NMR (400 MHz, DMSO-de) & 11.10 (s, 1H), 8.77 — 8.65
(m, 1H), 8.33 — 8.25 (m, 2H), 7.91 — 7.85 (m, 2H), 7.78 — 7.61
(m, 3H), 7.40 — 7.22 (m, 6H), 7.09 — 6.97 (m, 2H), 6.81 — 6.75
80 (m, 2H), 5.13 — 5.04 (m, 1H), 4.89 (s, 2H), 4.82 — 4.69 (m,

1H), 4.32 — 4.24 (m, 1H), 3.41 (s, SH), 3.35 (s, 2H) , 2.97 —
2.56 (m4H), 2.4 (s, 4H), 2.39 — 2.26 (m, 4H), 2.04 (s, 3H),

1.81 - 1.74 (m, 2H), 1.43 — 1.36 (m, 3H).

" A = less than 35% protein remaining relative to DMSO control;
B =between 35 and 70% protein remaining relative to DMSO control;
C =between 70 and 120% protein present relative to DMSO control;

D =more than 120% protein present relative to DMSO control.

[00711] A novel bifunctional molecule, which contains a o-synuclein recruiting moiety
and an E3 Ligase Cereblon recruiting moiety, through PROTAC technology is described. The
bifunctional molecules of the present disclosure actively inhibits and/or degrades o-synuclein,
leading to significant and persistent a-synuclein suppression and anti-neurodegenerative effect.
PROTAC mediated protein degradation provides a promising strategy in targeting the
“undruggable” pathological proteins by traditional approaches.

[00712] In certain embodiments, the description provides a compound as exemplified by
the PTM, L, and ULMs illustrated in Tables 1 and 2. That is, the description encompasses
compounds formed as a result of interchanging the PTM, L, and ULM moieties exemplified in
Table 1 in order to provide additional embodiments of compounds as described herein.

[00713] The contents of all references, patents, pending patent applications and published
patents, cited throughout this application are hereby expressly incorporated by reference.

[00714] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the disclosure

described herein. Such equivalents are intended to be encompassed by the following claims. It is

453




WO 2020/041331 PCT/US2019/047291

understood that the detailed examples and embodiments described herein are given by way of
example for illustrative purposes only, and are in no way considered to be limiting to the
disclosure. Various modifications or changes in light thereof will be suggested to persons
skilled in the art and are included within the spirit and purview of this application and are
considered within the scope of the appended claims. For example, the relative quantities of the
ingredients may be varied to optimize the desired effects, additional ingredients may be added,
and/or similar ingredients may be substituted for one or more of the ingredients described.
Additional advantageous features and functionalities associated with the systems, methods, and
processes of the present disclosure will be apparent from the appended claims. Moreover, those
skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the disclosure described

herein. Such equivalents are intended to be encompassed by the following claims.
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CLAIMS

What Is Claimed Is:
1. A bifunctional compound having the chemical structure:
ULM—L—PTM,
or a pharmaceutically acceptable salt, enantiomer, stereoisomer, solvate, polymorph or
prodrug thereof,
wherein:
the ULM is a small molecule E3 ubiquitin ligase binding moiety that binds an E3
ubiquitin ligase;
the PTM is a small molecule comprising a a-synuclein protein targeting moiety;
and

the L is a bond or a chemical linking moiety connecting the ULM and the PTM.

2. The bifunctional compound according to claim 1, wherein the E3 ubiquitin ligase
binding moiety that targets an E3 ubiquitin ligase selected from the group consisting of Von
Hippel-Lindau (VLM), cereblon (CLM), mouse double-minute homolog2 (MLM), and IAP
(ILM).

3. The compound according to claim 1 or 2, wherein PTM is represented by:
Formula lpyy Formula 1Apty Formula IBpty
Formula llpyy Formula lApty
Formula "BPTM Formula "CPTM

k4 k4
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ONSOI0
o]

Formula llApyy

Formula lIBppy,

Formula NICpy
Formula lIDpy
Formula IVpyy

OO OO

Formula IVApy
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100S=OSFO

Formula IVBpy
M1@M2@
[}
|
Formula IVCpy
M14@7M24@
}
}

Formula IVDp1y

O OSNOJOMNOZNO

Formula Vpry Formula VApty

OSSOSO

Formula VBpry
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Formula Vipty

Formula VIApy

Formula VIBp1y

Formula VICpy,

Formula VIDp1y

(& )wl(e )0 (e

Formula VIEpty,
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OO O]

Formula Vllpry

M1_M2@_M3_@

Formula VIlApty

k4

Q}W_MZ@_%_@

Formula ViIBpyy

Formula VIICpp,

Formula VIIDpyy

Formula Villpyy

Formula VIllApy
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Formula VIlIBpyy

Formula VIIICp 1y,

Formula VIlIDpyy

Formula VIIIEpty

OFSOSROOSR0)

Formula IXppy

o oroor=o!

Formula IXApty

OSSOSO OSR0)

Formula IXBpty

OO OONO)

Formula IXCp1y
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ORORSOOG

Formula IXDpy

O (DD

Formula IXEppy

wherein:

A, B, C, D, and E are independently an optionally substituted 5- or 6-membered aryl or

heteroaryl rings (e.g., a 5- or 6-membered aryl or heteroaryl, each optionally substituted
with 1, 2, 3, or 4 substituted selected from H, alkyl such as a C1-C6 alkyl, O, N, halogen,
haloalkyl, such as a C1-C6 haloalkyl, alkoxy, hydroxy, carbonyl, amino, alkylamino,
dialkylamino, cyano, nitro, -SO2-) or an optionally substituted 4- to 7-membered
cycloalkyl or heterocycloalkyl (e.g., an 4- to 7-membered cycloalkyl or heterocycloalkyl,
each optionally substituted with 1, 2, 3, or 4 substituted selected from H, alkyl such as a
C1-C6 alkyl, O, N, halogen, haloalkyl, such as a C1-C6 haloalkyl, alkoxy, hydroxy,
carbonyl, amino, alkylamino, dialkylamino, cyano, nitro, -SO»-), wherein contact
between circles indicates ring fusion and each of M3 and M4 may be attached to A or B
(i.e., M3 may be attached to A or attached to B1) or D1 and E (i.e., M4 may be attached to
D or attached to E);

, M2, and M3 are independently selected from: a single bond; O-; -S-; -NR'_; _SQ»-; -
S(0)-; -SO2NH-; -C(O)-; -C(O)NH-; an optionally substituted alkyl wherein a carbon of
the alkyl group may be replaced with a group independently selected from -O-, -S-, -
NR!'%-, -SO»-, -S(0)-, -SONH-, -C(O)- or -C(O)NH- (e.g., the alkyl group is optionally
substituted by a halogen, amino, alkyl or a haloalkyl, such as a C1-C6 alkyl or haloalkyl),
an alkenyl fragment (e.g., -CH=CH-), an alkynyl fragment (e.g., -C=C-), a two to four
carbon conjugated alkenyl or alkynyl fragments (e.g., -CH=CH-CH=CH-, -C=C-C=C-, or
-CH=CH-C=C-), or an alkyl group (e.g., -CHz-),wherein at least one of the carbon of the
alkenyl or alkynyl group may be part of A, B, C, or D;
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each R!% is independently selected from H, an optionally substituted alkyl (e.g., optionally
substituted C1-C6 alkyl), an optionally substituted halolakyl (e.g., optionally substituted
C1-C6 haloalkyl); and

- -- indicates the attachment of a chemical linker moiety or a ULM (e.g., VLM or CLM).

4. The compound according to any of claims 1-3, wherein the PTM includes at least

()

N
(a) B of Formula Iprm, IAprv, or IBprm includes optionally substituted H o optionally

C)

substituted ' , wherein - - - indicates a point of attachment with a chemical linker

one of:

moiety or a ULM;

NO
(b) C of Formula IAprvm includes optionally substituted Q ? or optionally

substituted , wherein -- - indicates a point of fusion with B;

(c) at least one of A and C (e.g., A, C, or A and C) of Formula Iptm, IBprm, Vem, VApTM,

and VBpmv includes @

2

(d) of Formula Ilptv, IIApr™M, or IIBprv includes optionally substituted

N
N
O I
S , optionally substituted S o, optionally substituted
S5\
N .- -
<17 A
S , optionally substituted , optionally substituted
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96 L .0

, optionally substituted ~ , optionally substituted ,

P e

optionally substituted O , optionally substituted OH , optionally

o,

o)

substituted OH , optionally substituted H, optionally substituted

OH | optionally substituted OH | optionally substituted E

optionally substituted “, optionally substituted “\, optionally
g%
N

substituted H or optionally substituted

k4

=z /E\~

, wherein - - - indicates a
point of attachment with C, the chemical linker moiety, or a ULM;

(e) C of Formula IIptm, HApt™m, IBprMm , o1 IICPTM includes optionally substituted

O O
- N N
\, optionally substituted \, optionally substituted
NZ |
O O X
\ , optionally substituted \ , optionally substituted

N/l
\\

optionally substituted —O ", optionally substituted @ , optionally

% O
substituted , optionally substituted X, optionally substituted
e O

, optionally substituted , optionally substituted
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N / N /
N [ N\ J: N\
| | >_N\ | S>_N\

- *~, optionally substituted S , optionally substituted -~ ,

optionally substituted >\: , optionally substituted >\: , optionally

= N
9 £ L
substituted S / , optionally substituted \, or optionally substituted S |
N
(-

S

optionally substituted , wherein - - - indicates a point of attachment with A, B,

the chemical linker moiety, or a ULM;

) of Formula IITAprwm, IIIBprm, IIICprM, and HHIDprym is optionally

N

o\v\i© o\v\’@
substituted , optionally substituted , optionally

substituted OH or optionally substituted , wherein - - - indicates
a point of attachment with C or D;

(g) C of Formula IITAprm, HIBprvm, IIICpM, and HIDprv includes optionally substituted

@Noz | | "ON% . )
, optionally substituted , optionally substituted
—
v

k4

optionally substituted \, optionally substituted @ , optionally substituted
N=\ N=\
@ N . NH J NH
, optionally substituted N or optionally substituted -~ N,
wherein - - - indicates a point of attachment with A or B;
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(h) D of Formula IITAprvm, IIIBprv, HICprvm, and IIIDpm includes optionally substituted

@Noz | | "ON% . )
, optionally substituted , optionally substituted ,

—
~ O
optionally substituted \, optionally substituted , optionally substituted

N=\ N=\
@ B I NH J NH
, optionally substituted N or optionally substituted -~ N,

wherein - - - indicates a point of attachment with A or B;
(1) of Formula IVprm, IVAptM, IVBprM, IVCprM, Or IVDp1M includes
= = gl
X e
optionally substituted N , optionally substituted N , optionally
g% g8
N N
substituted H or optionally substituted H' | wherein --- indicates a

point of attachment with C, the chemical linker moiety, or ULM;
(j) C of Formula IVprm, IVAptM, IVBprM, or IVCpry, includes optionally substituted
N N_-~ N
A e Lo
o, optionally substituted o optionally substituted S or optionally
N
£
substituted -~ S , wherein --- indicates a point of attachment B or D;
(k) D of of Formula IVprm, IVBpmm, IVCpm, or IVDprvm includes optionally substituted
o) e

N “@“ ”@
, optionally substituted , optionally substituted , or

O
optionally substituted \_/ , wherein - - - indicates a point of attachment with C;

and
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N
>
(1) A of Formulas Verm, VAprym, or VBprv includes optionally substituted S ,

(- -

optionally substituted S , optionally substituted <~ S

substituted ©, or optionally substituted @ , wherein - - - indicates a point

of attachment with B, the chemical linker moiety, or ULM;

, optionally

O’N
I
. . . \
(m) B of Formulas Vprvm, VApmm, or VBprMm includes optionally substituted -~ or
-N
@)
optionally substituted -~ , wherein - - - indicates a point of attachment with A

or C;

0D

(n) C of Formulas Verm, VAprvm, or VBprum includes optionally substituted S ,

(- -

optionally substituted S , optionally substituted <~ S

substituted ©, or optionally substituted @ , wherein - - - indicates a point

of attachment with B, the chemical linker moiety, or ULM;

(0) of Formula VIptm, VIAptM, VIBptM, VICPTM, VIDPTM, Or VIEPTIM

, optionally

O\ O\
P N LN
includes optionally substituted , optionally substituted ,
0 s
N N
optionally substituted H , or optionally substituted H , wherein ---

indicates a point of attachment with C;
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(p) of Formula VIptm, VIAprMm, VIBprym, VICpryM, VIDpr™M, VIEPTM,

Villpv, VIHApPr™M, VIIBprv, VIHCprym, VIIIDprM, or VIIIEPTM includes optionally

O\ O\
N AN N LN
substituted , optionally substituted , optionally substituted
0 .8
N N
H , or optionally substituted H , wherein - - - indicates a point of

attachment with C;

(q) A of Formula VIIpm, VIIAptM, VIIBprvm, VIICpM, or VIIDpM includes optionally

S DS SN
L R 5 . G |
substituted N” | optionally substituted N~ optionally substituted, N~ ",

(J ()

~ ~
optionally substituted N , optionally substituted N” , optionally substituted

A P X

-CN ( —CN E\—CN

LD ac

o
N , optionally substituted N , optionally substituted N ,
Xr. NC
| JCN |
. . / . . / ~ .
optionally substituted N , optionally substituted N™ "~ optionally
NC S NC N
W L

substituted N , optionally substituted N , optionally substituted
F F

R F
N | K
, optionally substituted , optionally substituted Z optionally

substituted ©, or optionally substituted #, wherein - - - indicates a point of

attachment B;
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(r) D of Formula VIIprm, VIIAptMm, VIIBprm, VIICpTM, Or VIIDp1M includes optionally

4

A 1 A

® () ®
substituted N” | optionally substituted N~ , optionally substituted N~ "~

(J ()

~ ~
optionally substituted N , optionally substituted N” , optionally substituted

A R A

—CN ( —CN E\—CN

LD ac

s
N , optionally substituted N , optionally substituted N ,

Xy NC X

Oy S

~ ~ .
optionally substituted N , optionally substituted N™ "~ optionally
NC S NC N
P P

substituted N , optionally substituted N , optionally substituted
F F

R F
N | K
, optionally substituted , optionally substituted Z optionally

\/
/,
N

substituted ©, or optionally substituted #, wherein - - - indicates a point of
attachment C;

(s) B of Formula VIIprm, VIIAptMm, VIIBprm, VIICpTM, Or VIIDp1M includes optionally

HN  NH --N  N--

substituted \—/ , optionally substituted = \—/ , optionally substituted

@ , or optionally substituted @ , wherein - - - indicates a point of

attachment A or C;

(t) C of Formula VIIprm, VIIAptM, VIIBprv, VIICpM, or VIIDprMm includes optionally

HN  NH --N  N--
substituted \—/ , optionally substituted = \—/ , optionally substituted

@ , or optionally substituted @ , wherein - - - indicates a point of

attachment B or D;
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(u) of Formula VIIprym, VIIAprMm, VIIBprv, VIICerM, or VIIDprM

HN
includes optionally substituted ~ \—/ , optionally substituted

\\ \ \ 7 - / \
HN N \ / --N N --
, or optionally substituted ~ \—/ , wherein - - -

indicates a point of attachment A or D;

W) of Formula VIIptm, VIHAptM, VIIIBprvm, VIHCprv, VIIIDpM, OF
NY\N
N @]
@]

VIIIEpTMm includes optionally substituted or optionally substituted

N
N
N
0]
, wherein - - - indicates a point of attachment A or D;

(w) A of Formula IXprv, IXAprv, IXBprv, IXCprm, IXDpry, or IXEprm includes or is
HI\D HN">¢”
optionally substituted , optionally substituted \\/ , or optionally

~

O
substituted , wherein - - - indicates a point of attachment with B;
(x) B of Formula IXprv, IXAprv, IXBprv, IXCprm, IXDpry, or IXEprm includes or is

o s

optionally substituted NF or optionally substituted N A ~~, wherein ---

indicates a point of attachment with A or C;
(y) E of Formula IXprm, IXAprm, IXBprm, IXCprvm, IXDpm, or IXEprvm includes or is

oS S

optionally substituted N~ , optionally substituted N &

(\}" X

o
N A , optionally substituted , optionally substituted Z

~~, optionally substituted
O_
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o)

b

O_
optionally substituted -~ , optionally substituted ~\—/", optionally

@) 0]
--N 0 HN NH
substituted ~ \—/", optionally substituted ~\—/, optionally substituted
0O 0] 0O

) o o

--N  NH HN  N— --N  N—
\—/ ,optionally substituted = \—/ , or optionally substituted =~ \—/

k4

wherein - - - indicates a point of attachment with D;

(z) of Formula IXprvm, IXAprvm, IXBpmv, IXCprym, IXDp1v, or IXEpTM

S
N\
includes or is optionally substituted N , optionally substituted

S -7 S
-4 <
N , optionally substituted N *~, optionally substituted

S N\ S N\ -7
N\ | — ) ) o w . )
, optionally substituted , optionally substituted
0
S—Ns S NH
L1 <
~+, optionally substituted N , optionally substituted

0

S N* -
- <\ |
N , wherein - - - indicates a point of attachment with B or E; or

(aa) a combination thereof.

5. The compound according to any of claims 1-4, wherein PTM is selected from an

N N
H\N@4 j@ \ O ! D
S / S

optionally substituted:
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o421

MeO ~
— N « 1.
Waad
O—
- o “{>\N/\\
N s \\/NH
I o)
HN

L) |
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8% 20
WAN/\@ Ao HN-SSo
N NH
\§O

o]
- s OH - s OH - s
— _]- S .
S: /) S/,o
20 HN""~0
HNTSO | | AN e | T o
AL e
/NH @OMe
99 A | QOO
=
J L OH _
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, wherein ---

indicates the point of attachment of a chemical linker moiety and/or a ULM (e.g., VLM or CLM).

6. The compound according to any of claims 1-5, wherein ULM is a Von Hippel-

Lindau (VHL) ligase-binding moiety (VLM) with a chemical structure represented by:

wherein:

X!, X? are each independently selected from the group of a bond, O, NRY?, CRY’RY*, C=0,
C=S, SO, and SO3;

RY?, RY* are each independently selected from the group of H, linear or branched Ci. alkyl,
optionally substituted by 1 or more halo, Ci¢ alkoxyl optionally substituted by 0-3 R”
groups;

RPis 0, 1, 2, or 3 groups independently selected from the group H, halo, -OH, Ci3 alkyl,
C=0;

W3 is selected from the group of an optionally substituted T, an optionally substituted —T-
N(R'"R!®)X3, an optionally substituted —T-N(R'#R'®), an optionally substituted —T-Aryl,
an optionally substituted —T-Heteroaryl, an optionally substituted T-biheteroaryl, an
optionally substituted —T-Heterocycle, an optionally substituted —T-biheterocycle, an
optionally substituted -NR!-T-Aryl, an optionally substituted -NR!-T-Heteroaryl or an
optionally substituted -NR!-T-Heterocycle;

X3is C=0, R, R'%, R'®;

each of R!, R', R!® is independently selected from the group consisting of H, linear or

branched Ci-C¢ alkyl group optionally substituted by 1 or more halo or -OH groups,

475



WO 2020/041331 PCT/US2019/047291

RYC=0, R¥’C=S, R¥’SO, R¥’SO2, N(R”R*)C=0, N(R¥’R¥*)C=S, N(R*’R**)SO, and
NRY*RS0y;

T is selected from the group of an optionally substituted alkyl, —-(CH2)n- group, wherein each
one of the methylene groups is optionally substituted with one or two substituents
selected from the group of halogen, methyl, optionally substituted alkoxy, a linear or
branched Ci-Cs alkyl group optionally substituted by 1 or more halogen, C(O) NR'R!? ,
or NR'R!* or R! and R!? are joined to form an optionally substituted heterocycle, or -OH
groups or an amino acid side chain optionally substituted; and

nis 0 to 6,

’
\/

, H
R142 S ’/R14a / Rq4a \%N ",R14a
Ri4b Ri4b R4b Ry4b

R1s or R1s

Ri4a, R14p, are each independently selected from the group of H, haloalkyl, or optionally
substituted alkyl;

W5 is selected from the group of an optionally substituted phenyl or an optionally substituted
5-10 membered heteroaryl,

Ris is selected from the group of H, halogen, CN, OH, NO2, N R142R 145, OR 142, CONR 142R 140,
NR14:COR14b, SO2NR142R14, NR14a SO2R14p, optionally substituted alkyl, optionally
substituted haloalkyl, optionally substituted haloalkoxy, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted cycloalkyl, or optionally
substituted cycloheteroalkyl;

and wherein the dashed line indicates the site of attachment of at least one PTM, another

ULM (ULM?’) or a chemical linker moiety coupling at least one PTM or a ULM’ or both
to ULM.

7. The compound according to any of claims 1-5, wherein ULM is a Von Hippel-
Lindau (VHL) ligase-binding moiety (VLM) with a chemical structure represented by:
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, -——t - ———

H R'I4a
N
"R 14p
N

wherein:
W3 is selected from the group of an optionally substituted aryl, optionally substituted

Ro
§+R10

heteroaryl, or Ris

Rg and Rip are independently hydrogen, optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted hydroxyalkyl, optionally substituted heteroaryl, or
haloalkyl, or Ry, Ri0, and the carbon atom to which they are attached form an optionally
substituted cycloalkyl;

Ri1 is selected from the group of an optionally substituted heterocyclic, optionally substituted

alkoxy, optionally substituted heteroaryl, optionally substituted aryl, Ry ,
O (R18)p 9) o
\
X | N N
E_Nm_mm) g_Nm(R“‘)P
p Z
Z : , or N ;

Rz is selected from the group of H or optionally substituted alkyl;

Ri3 1s selected from the group of H, optionally substituted alkyl, optionally substituted
alkylcarbonyl, optionally substituted (cycloalkyl)alkylcarbonyl, optionally substituted
aralkylcarbonyl,  optionally  substituted arylcarbonyl, optionally  substituted
(heterocyclyl)carbonyl, or optionally substituted aralkyl;

Ri4a, R14p, are each independently selected from the group of H, haloalkyl, or optionally
substituted alkyl;
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W5 is selected from the group of an optionally substituted phenyl or an optionally substituted
5-10 membered heteroaryl,

Ris is selected from the group of H, halogen, CN, OH, NO2, N R142R 145, OR 142, CONR 142R 140,
NR14:COR14b, SO2NR142R14, NR14a SO2R14p, optionally substituted alkyl, optionally
substituted haloalkyl, optionally substituted haloalkoxy, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted cycloalkyl, or optionally
substituted cycloheteroalkyl;

each Rie is independently selected from the group of H, CN, halo, optionally substituted
alkyl, optionally substituted haloalkyl, hydroxy, or optionally substituted haloalkoxy;

0is0, 1,2, 3, or4;

Ris is independently selected from the group of H, halo, optionally substituted alkoxy, cyano,
optionally substituted alkyl, haloalkyl, haloalkoxy or a linker; and

pis 0,1, 2, 3, or 4, and wherein the dashed line indicates the site of attachment of at least one
PTM, another ULM (ULM”) or a chemical linker moiety coupling at least one PTM or a
ULM’ or both to ULM.

8. The compound of any of the claims 1- 7, wherein the ULM has a chemical

structure selected from the group of:

HO,
H Ri4a
N
H Risa
N N
A
A

, and
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HO
H Risa
N
N
[e]
Ry
(@]
Ris
\\
N
/N
N

wherein:

R is H, ethyl, isopropyl, tert-butyl, sec-butyl, cyclopropyl, cyclobutyl, cyclopentyl, or
cyclohexyl; optionally substituted alkyl, optionally substituted hydroxyalkyl, optionally
substituted heteroaryl, or haloalkyl;

Ri4a is H, haloalkyl, optionally substituted alkyl, methyl, fluoromethyl, hydroxymethyl, ethyl,
isopropyl, or cyclopropyl;

Ris is selected from the group consisting of H, halogen, CN, OH, NO;, optionally substituted
heteroaryl, optionally substituted aryl, optionally substituted alkyl, optionally substituted
haloalkyl, optionally substituted haloalkoxy, optionally substituted cycloalkyl, or
optionally substituted cycloheteroalkyl;

X is C, CHa, or C=0

R3 is absent or an optionally substituted 5 or 6 memebered heteroaryl; and

wherein the dashed line indicates the site of attachment of at least one PTM, another ULM
(ULM’) or a chemical linker moiety coupling at least one PTM or a ULM’ or both to the
ULM.

9. The compound according to any one of claims 1-5, wherein the ULM comprises a

group according to the chemical structure:
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., —_———————

ULM-f
wherein:
R142 of Formula ULM-f is H, haloalkyl, optionally substituted alkyl, methyl, fluoromethyl,
hydroxymethyl, ethyl, isopropyl, or cyclopropyl;
Ro of Formula ULM-f is H;
R1o of Formula ULM-{ is H, ethyl, isopropyl, tert-butyl, sec-butyl, cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl;

Ri2
i—N
Ri1 of Formula ULM-f is Ris .
/
Y\,
O 0 r\s*r; o N/
E_N\»:\(\_(R18)p §—N | \—R | \N ) | \N
N/) : _ ( 18)p; / / ;
(R18)p @)
\
| N

; or optionally substituted heteroaryl;
p of Formula ULM-fis 0, 1, 2, 3, or 4;
each Ris of Formula ULM-f is independently halo, optionally substituted alkoxy, cyano,
optionally substituted alkyl, haloalkyl, haloalkoxy or a linker;
R of Formula ULM-f is H, C=0;
R13 of Formula ULM-f is H, optionally substituted alkyl, optionally substituted alkylcarbonyl,
optionally substituted (cycloalkyl)alkylcarbonyl, optionally substituted aralkylcarbonyl,
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optionally substituted arylcarbonyl, optionally substituted (heterocyclyl)carbonyl, or
optionally substituted aralkyl,

R1s of Formula ULM-f is selected from the group consisting of H, halogen, Cl, CN, OH, NO-,
optionally substituted heteroaryl, optionally substituted aryl;

| W,
_o 0 S NV N/
M;Q’E_ ;Jr/ é_; S\/————\?IAOH;[N)? ;
o
;’5 F ;’5 Cl Br f\I FsC
o) %s@s 03 o O

JN N
- N~ N §_< ﬁ

2 2 2 2 2

2 2 2

; and

wherein the dashed line of Formula ULM-f indicates the site of attachment of at least one
PTM, another ULM (ULM?’) or a chemical linker moiety coupling at least one PTM or a
ULM’ or both to ULM.

10. The compound of any of claims 1-5, wherein the ULM is a cereblon E3 ligase-
binding moiety (CLM) selected from the group coinsisting of a thalidomide, lenalidomide,

pomalidomide, analogs thereof, isosteres thereof, or derivatives thereof.

11. The compound of claim 1-5 and 10, wherein the CLM has a chemical structure

represented by:

X X G X X G
% { P {
i = i —
N z N Z
st\ / W/ Qz‘\ / W/ \
Q1 A R, Q1 N
Rn " \
Ri R' G'

(al) (b)
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G

X N Z
X
X X G
P N/ % I/vr
Q3 W Q X N
N Rn

Rn Rn R Rn ,
(a2) (d2)
X X G
Qq
Qg/ AN N
) 4>: (y /N >:Z
/ 2. \Q1/ W A |—O
k- Rn k-
(a3) (ad)
wherein:

W is selected from the group consisting of CH2, O, CHR, C=0, SO, NH, N, optionally
substituted cyclopropyl group, optionally substituted cyclobutyl group, and N-alkyl;
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each X is independently selected from the group consisting of absent, O, S, and CHa;

Y is selected from the group consisting of CHz, -C=CR’, NH, N-alkyl, N-aryl, N-hetaryl, N-
cycloalkyl, N-heterocyclyl, O, and S;

Z. is selected from the group consisting of absent, O, S, and CHa;

G and G’ are independently selected from the group consisting of H, optionally substituted
linear or branched alkyl, OH, R’OCOOR, R’OCONRR”, CHz-heterocyclyl optionally
substituted with R’, and benzyl optionally substituted with R’;

Q1, Q2, Q3, and Q4 represent a carbon C substituted with a group independently selected from
H, R, N or N-oxide;

A is independently selected from the group H, optionally substituted linear or branched alkyl,
cycloalkyl, Cl and F;

R comprises -CONR’R”, -OR’, -NR’R”, -SR’, -SO2R’, -SO2NR’R”, -CR’R”-, -CR’NR’R”-,
(-CR’O)yR”, optionally substituted heterocyclyl (e.g., optionally substituted C3-C7
heterocyclyl), optionally substituted-aryl (e.g., an optionally substituted C5-C7 aryl),
optionally substituted alkyl-aryl (e.g., an alkyl-aryl comprising at least one of an
optionally substituted C1-C6 alkyl, an optionally substituted C5-C7 aryl, or combinations
thereof), optionally substituted heteroaryl (e.g., an optionally substituted C5-C7 aryl),
optionally substituted linear or branched alkyl (e.g., a C1-C6 linear or branched alkyl
optionally substituted with one or more halogen, cycloalkyl (e.g., a C3-C6 cycloalkyl), or
aryl (e.g., C5-C7 aryl)), optionally substituted alkoxyl group (e.g., a methoxy, ethoxy,
butoxy, propoxy, pentoxy, or hexoxy; wherein the alkoxyl may be substituted with one or
more halogen, alkyl, haloalky, fluoroalkyl, cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl

\//

/o 0 .

(e.g., C5-C7 aryl)), optionally substituted y (e.g.,
optionally substituted with one or more halogen, alkyl, haloalky, fluoroalkyl, cycloalkyl
(e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7 aryl)), optionally substituted

\/l 0]

y (e.g., optionally substituted with one or more halogen,

alkyl, haloalky, fluoroalkyl, cycloalkyl (e.g., a C3-C6 cycloalkyl), or aryl (e.g., C5-C7
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aryl)), optionally substituted-cycloalkyl (e.g., optionally substituted C3-C7 cycloalkyl),
optionally substituted-heterocyclyl (e.g., optionally substituted C3-C7 heterocyclyl), -
P(O)(OR”)R”, -P(O)R’R”, -OP(O)(OR’)R”, -OP(O)R’R”, -Cl, -F, -Br, -I, -CF3, -CN, -
NR’SO2NR’R”, -NR’CONR’R”, -CONR’COR”, -NR’C(=N-CN)NR’R”, -C(=N-
CN)NR’R”, -NR’C(=N-CN)R”, -NR’C(=C-NO2)NR’R”, -SO2NR’COR”, -NO, -CO2R’,
-C(C=N-OR’)R”, -CR’=CR’R”, -CCR’, -S(C=0)(C=N-R")R”, -SFs and -OCFj3, wherein
at least one R (e.g., at least one of O, OH, N, NH, NH,, C1-C6 alkyl, C1-C6 alkoxy,
optionally substituted-cycloalkyl (e.g., optionally substituted C3-C7 cycloalkyl),
optionally substituted-heterocyclyl (e.g., optionally substituted C3-C7 heterocyclyl), -
alkyl-aryl (e.g., an —alkyl-aryl comprising at least one of C1-C6 alkyl, C4-C7 aryl, or a
combination thereof), aryl (e.g., C5-C7 aryl), amine, amide, or carboxy) is modified to be
covalently joined to a PTM, a chemical linker group (L), a ULM, a CLM’ (e.g., CLM’ is
an additional CLM that has the same or different structure as a first CLM), or a
combination thereof;

each of x, y, and z are independently 0, 1, 2, 3,4, 5, or 6;

n’ of Formulas (a) through (f) represent an integer from 1 to 10 (e.g., 1-4,1,2,3,4,5,6,7, 8,
9, or 10);

R’ and R” are independently selected from the group consisting of a H, optionally substituted
alkyl, optionally substituted cycloalkyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted heterocyclic, -C(=O)R, optionally substituted
heterocyclyl;

e
~
>~
~

e represents a bond that may be stereospecific ((R) or (S)) or non-stereospecific

12. The compound of any of claims 1-5 or 10, wherein the CLM has a chemical

structure represented by:
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(RIZ) (ak) R
n
wherein:

W is independently selected from CH2, CHR, C=0, SO, NH, and N-alkyl;

Q1, Q2, Q3, Q4, Qs are each independently represent a carbon C or N substituted with a group
independently selected from R’, N or N-oxide;

R! is selected from absent, H, OH, CN, C1-C3 alkyl, C=0;

R? is selected from the group absent, H, OH, CN, C1-C3 alkyl, CHF., CF;, CHO,
C(=O)NHz;

R3 is selected from H, alkyl (e.g., C1-C6 or C1-C3 alkyl), substituted alkyl (e.g., substituted
C1-C6 or C1-C3 alkyl), alkoxy (e.g., C1-C6 or C1-C3 alkoxyl), substituted alkoxy (e.g.,
substituted C1-C6 or C1-C3 alkoxyl);

R* is selected from H, alkyl, substituted alkyl;

R’ and R® are each independently H, halogen, C(=O)R’, CN, OH, CFj;

Xis C,CH, C=0, or N;

X118 C=0, N, CH, or CHy;

R’ is selected from H, halogen, amine, alkyl (e.g., C1-C3 alkyl), substituted alkyl (e.g.,
substituted CI1-C3 alkyl), alkoxy (e.g., C1-C3 alkoxyl), substituted alkoxy (e.g.,
substituted C1-C3 alkoxyl), NR?R?, C(=0)OR?, optionally substituted phenyl;

nis 0-4;

74 is a single or double bond; and
the CLM is covalently joined to a PTM, a chemical linker group (L), a ULM, CLM (or

CLM’) or combination thereof.

13. The compound of any of claims 1-5, wherein:
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the ULM is a (MDM2) binding moiety (MLM) with a chemical moiety selected from the group
consisting of a substituted imidazolines, a substituted spiro-indolinones, a substituted
pyrrolidines, a substituted piperidinones, a substituted morpholinones, a substituted
pyrrolopyrimidines, a substituted imidazolopyridines, a substituted thiazoloimidazoline, a
substituted pyrrolopyrrolidinones, and a substituted isoquinolinones; or

the ULM is a IAP E3 ubiquitin ligase binding moiety (ILM) comprising the amino acids alanine

(A), valine (V), proline (P), and isoleucine (I) or their unnatural mimetics.

14. The compound of any of claims 1-5, wherein the ULM is a IAP E3 ubiquitin
ligase binding moiety (ILM) comprising a AVPI tetrapeptide fragment or derivative thereof.

15. The compound of any of claims 1-14, wherein the linker (L) comprises an
optionally substituted C;-Cso alkyl (e.g., C1, C2, C3, C4, Cs, Cs, C7, Cs, Co, Cio, C11, C12, Ci13, C14,
Cis, Cis, Ci7, Cis, Ci9, Cao, Cai, Caz, Cas, Cas, Cas, Cos, Ca7, Cas, Ca9, Cao, C31, Ca2, Ca3, Ca4, Css,
Cs6, C37, C3s, C39, Ca0, Ca1, Caz, Ca3, Caa, Cus, Cas, Ca7, Cag, Cag, or Csp alkyl), wherein:

each carbon is optionally substituted with CRY'R', O, S, SO, SO, NRY, SO,NR™, SONRY,

CONR"™, NR“CONR"Y, NR“SO:NRY, CO, CR"=CR", C=C, SiR"'R", P(O)R",

P(O)ORY, NREPC(=NCN)NRY, NR¥C(=NCN), NRBPC(=CNO,2)NR™, Cj.11cycloalkyl

optionally substituted with 0-6 R and/or R™? groups, Cs.13 spirocycloalkyl optionally

substituted with 0-9 R and/or R™ groups, Cs.11 heteocyclyl optionally substituted with

0-6 R and/or R™ groups, Cs.13 spiroheterocyclyl optionally substituted with 0-8 R

and/or R groups, aryl optionally substituted with 0-6 R and/or R'? groups, heteroaryl

optionally substituted with 0-6 RM and/or R groups, where R or R, each
independently are optionally linked to other groups to form cycloalkyl and/or
heterocyclyl moiety, optionally substituted with 0-4 R™ groups; and

RM, RE2, RB, R™ and RY are, each independently, H, halo, Ci-salkyl, OCi-salkyl, SCi-salkyl,

NHC.salkyl, N(Ci-galkyl)>, Cs.iicycloalkyl, aryl, heteroaryl, Cs.itheterocyclyl, OCs.

gcycloalkyl, SCsscycloalkyl, NHC3 scycloalkyl, N(Csscycloalkyl)z, N(Cs-

scycloalkyl)(Crsalkyl), OH, NHa, SH, SO»Cisalkyl, P(O)OCysalkyl)(Cysalkyl),

P(O)(OCialkyl),, CC-Cigalkyl, CCH, CH=CH(C-salkyl), C(Cigalkyl)=CH(C-galkyl),

C(Cisalkyl)=C(Cisalkyl)2, Si(OH)3, Si(Cisalkyl)s, Si(OH)(Cisgalkyl), COCisalkyl,
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CO:2H, halogen, CN, CF3;, CHF2, CH2F, NO2, SFs, SOo.NHCsalkyl, SO2N(Cigalkyl)a,
SONHCsalkyl, = SON(Cisgalkyl), =~ CONHCisalkyl, @ CON(Cisalkyl), N(Ci
galkyl)CONH(C1salkyl), N(C1-salkyDCON(C1galkyl)a, NHCONH(C-galkyl),
NHCON(C-galkyl), NHCONH», N(Ci-salkyl)SO2NH(C1-salkyl), N(Cigalkyl) SO2N(Ci-
galkyl)2, NH SO>NH(Ci-salkyl), NH SO2N(Cisalkyl), NH SO:NH». In any aspect or
embodiment described herein, the linker (L) does not have heteroatom-heteroatom

bonding (e.g., no heteroatoms are covalently linker or adjacently located).

16. The compound of any one of claims 1-14, wherein the linker (L) comprises a
chemical structural unit represented by the formula :
AV
wherein:

-(AM)q- is a group which is connected to at least one of ULM, PTM, or both;

g is an integer greater than or equal to 1;

each A is independently selected from the group consisting of, a bond, CR“R!, 0O, S, SO,
SO2, NRY, SO:NRY, SONRY“, CONRY, NR“CONRY, NR“SO:NRY, CO,
CRM=CR"“, C=C, SiR“'R", P(O)R", P(O)OR", NR"C(=NCN)NR", NR“C(=NCN),
NRBC(=CNO2)NR™, Cs.iicycloalkyl optionally substituted with 0-6 R and/or R
groups, Ci.itheteocyclyl optionally substituted with 0-6 R and/or R groups, aryl
optionally substituted with 0-6 R and/or R'? groups, heteroaryl optionally substituted
with 0-6 R and/or R groups, where R or R, each independently are optionally
linked to other groups to form cycloalkyl and/or heterocyclyl moiety, optionally
substituted with 0-4 R™ groups; and

RM, RE2, RB, R™ and RY are, each independently, H, halo, Ci-salkyl, OCi-salkyl, SCi-salkyl,
NHCgalkyl, N(Cisalkyl)2, Cs.iicycloalkyl, aryl, heteroaryl, Cs.iiheterocyclyl, OCi-
gcycloalkyl, SCiscycloalkyl, NHC.scycloalkyl, N(Ciscycloalkyl)a, N(C:-
scycloalkyl)(Cigalkyl), OH, NHa, SH, SO2Cisalkyl, P(O)(OCisalkyl)(Cisalkyl),
P(O)(OCialkyl),, CC-Cigalkyl, CCH, CH=CH(C-salkyl), C(Cigalkyl)=CH(C-galkyl),
C(Cisalkyl)=C(Cisalkyl)2, Si(OH)3, Si(Cisalkyl)s, Si(OH)(Cisgalkyl), COCisalkyl,
CO:H, halogen, CN, CF3;, CHF., CHoF, NO2, SFs, SOoNHCsalkyl, SO2N(Ci-salkyl)z,
SONHC;sgalkyl, = SON(Cisalkyl), = CONHC;sgalkyl, = CON(Cisalkyl)s,  N(Ci-
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galkyl)CONH(C1salkyl), N(C1-galky)CON(Cgalkyl)2, NHCONH(C-salkyl),
NHCON(C-galkyl), NHCONH2, N(Cigalkyl)SO2NH(Cigalkyl), N(Cigalkyl) SO2N(Ci-
galkyl)2, NH SO2NH(C-galkyl), NH SO2N(Cisalkyl)>, NH SONH>.

17. The compound according to any of claims 1-16, wherein the unit A" of linker (L)

comprises a group represented by a general structure selected from the group consisting of:
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wherein:
each m, n, o, p, q, 1, and s are independently selected from 0, 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, and 20; and
N* of the heterocycloalkyl is shared with the PTM or the ULM or is linked to the PTM or the
ULM via a bond.
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18. The compound according to any of claims 1-17, wherein the unit A" of linker (L)

comprises a group represented by a general structure selected from the group consisting of:
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wherein:

each m, n, o, p, g, 1, and s are independently selected from 0, 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, and 20; and

N* of the heterocycloalkyl is shared with the PTM or the ULM or is linked to the PTM or the
ULM via a bond.

19. The compound according to any of claims 1-18, wherein the unit A" of linker (L)

is selected from:
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wherein N* of the heterocycloalkyl is shared with the PTM or the ULM or is linked to the PTM
or the ULM via a bond.
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20. The compound according to any of claims 1-14, wherein the linker (L) comprises

the following chemical structure:

Fel, e

wherein:

W and W'? are each independently absent, a 4-8 membered ring with 0-4 heteroatoms,
optionally substituted with RQ, each RQ is independently a H, halo, OH, CN, CF3,
optionally substituted linear or branched C1-C6 alkyl, optionally substituted linear or
branched C1-C6 alkoxy, or 2 RQ groups taken together with the atom they are attached to,
form a 4-8 membered ring system containing 0-4 heteroatoms;

Y is each independently a bond, optionally substituted linear or branched C1-C6 alkyl and
optionally one or more C atoms are replaced with O; or optionally substituted linear or
branched C1-C6 alkoxys;

nis 0-10; and

/
~ indicates the attachment point to the PTM or ULM moieties.

21. The compound according to any of claims 1-14, wherein the linker (L) comprises

a group of the structure selected from:
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wherin:

W and W2 are each independently absent, aryl, heteroaryl, cyclic, heterocyclic, Ci- alkyl
and optionally one or more C atoms are replaced with O, Ci.¢ alkene and optionally one
or more C atoms are replaced with O, Ci.¢ alkyne and optionally one or more C atoms are
replaced with O, bicyclic, biaryl, biheteroaryl,or biheterocyclic, each optionally
substituted with R, each R is independently a H, halo, OH, CN, CF3, hydroxyl, nitro, C
=CH, Cz¢ alkenyl, C2¢ alkynyl, optionally substituted linear or branched C1-Cs alkyl,
C1-Cs alkoxy (linear, branched, optionally substituted), optionally substituted linear or
branched OC1salkyl (e.g., optionally substituted by 1 or more —F), OH, NH,, NRY!RY?,
CN, or 2 R groups taken together with the atom they are attached to, form a 4-8

membered ring system containing 0-4 heteroatoms;
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Y is each independently a bond, NRY™, O, S, NRYL2, CRYMR Y2, C=0, C=S, SO, SO,
optionally substituted linear or branched C1-Ce¢ alkyl and optionally one or more C atoms
are replaced with O; optionally substituted linear or branched C;-Cs alkoxy;

Q" is a 3-6 membered alicyclic or aromatic ring with 0-4 heteroatoms, optionally bridged,
optionally substituted with 0-6 R, each R? is independently H, optionally substituted
linear or branched Ci¢ alkyl (e.g., optionally substituted by 1 or more halo or Ci6
alkoxyl), or 2 R? groups taken together with the atom they are attached to, form a 3-8
membered ring system containing 0-2 heteroatoms;

RYM, RYL2 are each independently H, OH, optionally substituted linear or branched Ci.6 alkyl

(e.g., optionally substituted by 1 or more halo or Ci.6 alkoxyl), or R!, R? together with the

atom they are attached to, form a 3-8 membered ring system containing 0-2 heteroatoms;

nis 0-10; and

/
~ indicates the attachment point to the PTM or ULM moieties.

22. The bifunctional compound of claim 1, wherein the compound is selected from

the group consisting of the compounds of Table 1 (e.g., Exemplary Compounds 1-135).

23. A composition comprising an effective amount of a bifunctional compound of any

of claims 1-22, and a pharmaceutically acceptable carrier.

24. The composition of claim 23, wherein the composition further comprises at least

one of additional bioactive agent or another bifunctional compound of any of claims 1-22.

25. The composition of claim 24, wherein the additional bioactive agent is anti-

neurodegenerative agent.

26. A composition comprising a pharmaceutically acceptable carrier and an effective
amount of at least one compound of any of claims 1-22 for treating a disease or disorder in a
subject, the method comprising administering the composition to a subject in need thereof,
wherein the compound is effective in treating or ameliorating at least one symptom of the disease

or disorder.
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27. The composition of claim 26, wherein the disease or disorder is associated with a-

synuclein accumulation and aggregation.

28. The composition of claim 26 or 27, wherein the disease or disorder is a a-
synucleinopathies or a neurodegenerative disease associated with a-synuclein accumulation and

aggregation.
29. The composition of any of claims 26-28, wherein the disease or disorder is
Parkinson Disease, Alzheimer’s Disease, dementia, dementia with Lewy bodies, or multiple

system atrophy.

30. The composition of any of claims 26-29, wherein the disease or disorder is

Parkinson’s Disease.

503



uisjold 196ie] pepelbaq




WO 2020/041331 PCT/US2019/047291
2/7

FIG. 2A FIG. 2B

kDa

230-
180-

116-

40-

12-

MIJFR1 total asyn pS129

SUBSTITUTE SHEET (RULE 26)



WO 2020/041331 PCT/US2019/047291
3/7




PCT/US2019/047291

WO 2020/041331

4/7

jw/bul uss
000} 1112 oL

BUWOBHD ddd UAS -
JBUCUOW UAS sk~

VSI'TH uRpPnuis-o dyads [puoneuiiojuc))

i

Exan v 5.5 2

10
001
000L
&
3
0000 Q
&
-t
@
600001
000000}

v "OId



PCT/US2019/047291

WO 2020/041331

577




WO 2020/041331

a-Syn Oligomer ELISA
E3 Ligase Ligand Competition

FIG. 6A

PCT/US2019/047291

6/7

3 [ o o o o
- o0 w <t o™

|013U02 OSINQ 40 Juaaiad



WO 2020/041331

FIG. 6B

717

Cereblon Ligand

PCT/US2019/047291

VHL Ligand



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/047291

A. CLASSIFICATION OF SUBJECT MATTER
INV. CO7D417/14 C07D401/14 C07D413/14 C07D409/14 C07D513/04
C07D495/04 A61K31/428 Ab61K31/427 A61K31/404 A61K31/5415
Ab1K31/4436  A61K31/4439  A61K31/444 A61K31/496 Ab1K31/397

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Co7D A61K A61P

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, CHEM ABS Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

page 110 - page 114; table 1
biological examples 1-5
claims 1, 49, 50, 51, 55, 56

page 61 - page 109; examples 1-70

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2017/011590 Al (ARVINAS INC [US]) 1-4,
19 January 2017 (2017-01-19) 6-21,
cited in the application 23-30
Y page 1, paragraph [0003] 5
A page 194 - page 253; examples 1-38 22
page 253 - page 259; tables
claims 1, 4, 11, 12, 20, 27
Y WO 2017/020010 Al (NEUROPORE THERAPIES INC 5
[US]) 2 February 2017 (2017-02-02)
A page 1, paragraph [0001] 1-4,6-30

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 October 2019

Date of mailing of the international search report

22/10/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Cortés Suarez, José

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2019/047291
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2017011590 Al 19-01-2017 AU 2016294450 Al 07-12-2017
BR 112017028269 A2 04-09-2018
CA 2988436 Al 19-01-2017
EP 3322986 Al 23-05-2018
KR 20180029061 A 19-03-2018
RU 2018105094 A 14-08-2019
US 2017037004 Al 09-02-2017
WO 2017011590 Al 19-01-2017
WO 2017020010 Al 02-02-2017 EP 3328379 Al 06-06-2018
US 2018222899 Al 09-08-2018
WO 2017020010 Al 02-02-2017

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - description
	Page 144 - description
	Page 145 - description
	Page 146 - description
	Page 147 - description
	Page 148 - description
	Page 149 - description
	Page 150 - description
	Page 151 - description
	Page 152 - description
	Page 153 - description
	Page 154 - description
	Page 155 - description
	Page 156 - description
	Page 157 - description
	Page 158 - description
	Page 159 - description
	Page 160 - description
	Page 161 - description
	Page 162 - description
	Page 163 - description
	Page 164 - description
	Page 165 - description
	Page 166 - description
	Page 167 - description
	Page 168 - description
	Page 169 - description
	Page 170 - description
	Page 171 - description
	Page 172 - description
	Page 173 - description
	Page 174 - description
	Page 175 - description
	Page 176 - description
	Page 177 - description
	Page 178 - description
	Page 179 - description
	Page 180 - description
	Page 181 - description
	Page 182 - description
	Page 183 - description
	Page 184 - description
	Page 185 - description
	Page 186 - description
	Page 187 - description
	Page 188 - description
	Page 189 - description
	Page 190 - description
	Page 191 - description
	Page 192 - description
	Page 193 - description
	Page 194 - description
	Page 195 - description
	Page 196 - description
	Page 197 - description
	Page 198 - description
	Page 199 - description
	Page 200 - description
	Page 201 - description
	Page 202 - description
	Page 203 - description
	Page 204 - description
	Page 205 - description
	Page 206 - description
	Page 207 - description
	Page 208 - description
	Page 209 - description
	Page 210 - description
	Page 211 - description
	Page 212 - description
	Page 213 - description
	Page 214 - description
	Page 215 - description
	Page 216 - description
	Page 217 - description
	Page 218 - description
	Page 219 - description
	Page 220 - description
	Page 221 - description
	Page 222 - description
	Page 223 - description
	Page 224 - description
	Page 225 - description
	Page 226 - description
	Page 227 - description
	Page 228 - description
	Page 229 - description
	Page 230 - description
	Page 231 - description
	Page 232 - description
	Page 233 - description
	Page 234 - description
	Page 235 - description
	Page 236 - description
	Page 237 - description
	Page 238 - description
	Page 239 - description
	Page 240 - description
	Page 241 - description
	Page 242 - description
	Page 243 - description
	Page 244 - description
	Page 245 - description
	Page 246 - description
	Page 247 - description
	Page 248 - description
	Page 249 - description
	Page 250 - description
	Page 251 - description
	Page 252 - description
	Page 253 - description
	Page 254 - description
	Page 255 - description
	Page 256 - description
	Page 257 - description
	Page 258 - description
	Page 259 - description
	Page 260 - description
	Page 261 - description
	Page 262 - description
	Page 263 - description
	Page 264 - description
	Page 265 - description
	Page 266 - description
	Page 267 - description
	Page 268 - description
	Page 269 - description
	Page 270 - description
	Page 271 - description
	Page 272 - description
	Page 273 - description
	Page 274 - description
	Page 275 - description
	Page 276 - description
	Page 277 - description
	Page 278 - description
	Page 279 - description
	Page 280 - description
	Page 281 - description
	Page 282 - description
	Page 283 - description
	Page 284 - description
	Page 285 - description
	Page 286 - description
	Page 287 - description
	Page 288 - description
	Page 289 - description
	Page 290 - description
	Page 291 - description
	Page 292 - description
	Page 293 - description
	Page 294 - description
	Page 295 - description
	Page 296 - description
	Page 297 - description
	Page 298 - description
	Page 299 - description
	Page 300 - description
	Page 301 - description
	Page 302 - description
	Page 303 - description
	Page 304 - description
	Page 305 - description
	Page 306 - description
	Page 307 - description
	Page 308 - description
	Page 309 - description
	Page 310 - description
	Page 311 - description
	Page 312 - description
	Page 313 - description
	Page 314 - description
	Page 315 - description
	Page 316 - description
	Page 317 - description
	Page 318 - description
	Page 319 - description
	Page 320 - description
	Page 321 - description
	Page 322 - description
	Page 323 - description
	Page 324 - description
	Page 325 - description
	Page 326 - description
	Page 327 - description
	Page 328 - description
	Page 329 - description
	Page 330 - description
	Page 331 - description
	Page 332 - description
	Page 333 - description
	Page 334 - description
	Page 335 - description
	Page 336 - description
	Page 337 - description
	Page 338 - description
	Page 339 - description
	Page 340 - description
	Page 341 - description
	Page 342 - description
	Page 343 - description
	Page 344 - description
	Page 345 - description
	Page 346 - description
	Page 347 - description
	Page 348 - description
	Page 349 - description
	Page 350 - description
	Page 351 - description
	Page 352 - description
	Page 353 - description
	Page 354 - description
	Page 355 - description
	Page 356 - description
	Page 357 - description
	Page 358 - description
	Page 359 - description
	Page 360 - description
	Page 361 - description
	Page 362 - description
	Page 363 - description
	Page 364 - description
	Page 365 - description
	Page 366 - description
	Page 367 - description
	Page 368 - description
	Page 369 - description
	Page 370 - description
	Page 371 - description
	Page 372 - description
	Page 373 - description
	Page 374 - description
	Page 375 - description
	Page 376 - description
	Page 377 - description
	Page 378 - description
	Page 379 - description
	Page 380 - description
	Page 381 - description
	Page 382 - description
	Page 383 - description
	Page 384 - description
	Page 385 - description
	Page 386 - description
	Page 387 - description
	Page 388 - description
	Page 389 - description
	Page 390 - description
	Page 391 - description
	Page 392 - description
	Page 393 - description
	Page 394 - description
	Page 395 - description
	Page 396 - description
	Page 397 - description
	Page 398 - description
	Page 399 - description
	Page 400 - description
	Page 401 - description
	Page 402 - description
	Page 403 - description
	Page 404 - description
	Page 405 - description
	Page 406 - description
	Page 407 - description
	Page 408 - description
	Page 409 - description
	Page 410 - description
	Page 411 - description
	Page 412 - description
	Page 413 - description
	Page 414 - description
	Page 415 - description
	Page 416 - description
	Page 417 - description
	Page 418 - description
	Page 419 - description
	Page 420 - description
	Page 421 - description
	Page 422 - description
	Page 423 - description
	Page 424 - description
	Page 425 - description
	Page 426 - description
	Page 427 - description
	Page 428 - description
	Page 429 - description
	Page 430 - description
	Page 431 - description
	Page 432 - description
	Page 433 - description
	Page 434 - description
	Page 435 - description
	Page 436 - description
	Page 437 - description
	Page 438 - description
	Page 439 - description
	Page 440 - description
	Page 441 - description
	Page 442 - description
	Page 443 - description
	Page 444 - description
	Page 445 - description
	Page 446 - description
	Page 447 - description
	Page 448 - description
	Page 449 - description
	Page 450 - description
	Page 451 - description
	Page 452 - description
	Page 453 - description
	Page 454 - description
	Page 455 - description
	Page 456 - description
	Page 457 - description
	Page 458 - claims
	Page 459 - claims
	Page 460 - claims
	Page 461 - claims
	Page 462 - claims
	Page 463 - claims
	Page 464 - claims
	Page 465 - claims
	Page 466 - claims
	Page 467 - claims
	Page 468 - claims
	Page 469 - claims
	Page 470 - claims
	Page 471 - claims
	Page 472 - claims
	Page 473 - claims
	Page 474 - claims
	Page 475 - claims
	Page 476 - claims
	Page 477 - claims
	Page 478 - claims
	Page 479 - claims
	Page 480 - claims
	Page 481 - claims
	Page 482 - claims
	Page 483 - claims
	Page 484 - claims
	Page 485 - claims
	Page 486 - claims
	Page 487 - claims
	Page 488 - claims
	Page 489 - claims
	Page 490 - claims
	Page 491 - claims
	Page 492 - claims
	Page 493 - claims
	Page 494 - claims
	Page 495 - claims
	Page 496 - claims
	Page 497 - claims
	Page 498 - claims
	Page 499 - claims
	Page 500 - claims
	Page 501 - claims
	Page 502 - claims
	Page 503 - claims
	Page 504 - claims
	Page 505 - drawings
	Page 506 - drawings
	Page 507 - drawings
	Page 508 - drawings
	Page 509 - drawings
	Page 510 - drawings
	Page 511 - drawings
	Page 512 - wo-search-report
	Page 513 - wo-search-report

