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BIS-BENZIMIDAZOLE STING AGONIST IMMUNOCONJUGATES, AND USES
THEREQOF

CROSS REFERENCE TO RELATED APPLICATIONS
This non-provisional application claims the benefit of priority to U.S. Provisional
Application No. 63/215,100, filed 25 June 2021, which is mmcorporated by reference in its

entirety.

FIELD OF THE INVENTION
The invention relates generally to an immunoconjugate comprising an antibody

conjugated to one or more bis-benzimidazole molecules.

BACKGROUND OF THE INVENTION

STING (Stinmdator of Interferon Genes), also known as fransmembrane protein 173
{(TMEM173) and MPYS/MITA/ERIS, 15 a protein encoded in humans by the STINGI gene.
STING is broadly expressed, particularly in immune cells, lung, and ovary. STING plays arole
in innate immunity by inducing tvpe T interferon production when cells are infected with
witracellular pathogens, such as viruses, mycobacteria, and intracellular parasites. Type |
interferon, mediated by STING, protects infected cells and nearby cells from local infection by
binding to the same cell that secretes it by autocrine signaling and nearby cells by paracring
signaling., STING works as both a direct cytosolic DNA sensor (CD8) and an adaptor protein in
Type T interferon signaling through different molecular mechanisms. STING has been shown to
activate downstream transcription factors STAT6 and IRF3 through TBK1, which are
responsible for antiviral response and innate immune response against intracellular pathogens..
Compounds that bind to STING and act as an agonist have been shown to indace secretion of
proinflammatory cytokines including tvpe 1 interferons on incubation with human PBMUs (WO
2017/175147). STING modulators may be useful in the treatment of various disorders, for
example, allergic diseases, neurodegenerative diseases, pre-cancerous syndromwes, and cancer,
and may also be usefud in immunogenic compositions or vaceine adjuvanis,

New composittons and methods for the delivery of antibodies and immune adjuvants are
needed in order to reach inaccessible tumors and/or 1o expand treatment options for cancer

patients and other subjects.

SUMMARY OF THE INVENTION
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The invention is generally directed to immunoconjugates comprising an antibody

covalently attached to one or more STING agonist moteties by a linker, and having Formula I
Ab-{1L-D1, ‘s

or a pharmaceutically acceptable salt thereof,
wherein:

Al is the antibody

p is an integer from 1 to §;

13 15 the STING agonist motety having the formula:

where the substituents are defined herein.

The invention is further directed to use of such an immunoconjugates in the treatment of
an illness, in particular cancer.

Another aspect of the invention is a bis-bensimidarole-linker compound.

Anocther aspect of the invention is a method for treating cancer comprising administering
a therapeutically effective amount of an immuntoconjugate comprising an antibody linked by
conjugation to one or more bis-benzimidarole moteties.

Another aspect of the invention 1s a use of an immupoconjugate comprising an antibody
linked by conjugation to one or more bis-benzimidazole moieties for treating cancer.

Another aspect of the invention is a method of preparing an immunoconjugate by

coujugation of ove or more bis-benzimudarole moteties with an antibody.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to certain embodiments of the invention, examples
of which are illustrated in the accompanying structures and formulas. While the invention will
be described in conjunction with the enumerated embodiments, it will be understood that they
are not intended to Tt the invention to those embodiments. On the contrary, the invention is
intended to cover all alternatives, modifications, and equivalents, which may be included within

the scope of the invention as defined by the claims.
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One skilled in the art will recognize many methods and materials similar or equivalent io
those described herein, which could be used in the practice of the present invention. The

mvention 1s in no way limited to the methods and atenials described.

DEFINITIONS

The term “immunoconjugate” refers to an antibody construct that is covalently bonded to
an adjuvant motety via a linker. the term “adjuvant” refers to a substance capable of eliciting an
ummune response in a subject exposed to the adjuvant. The phrase “adjuvant moiety™ refers to
an adjuvant that is covalently bonded to an antibody construct, e.g., through a linker, as
described herein. The adjuvant moiety can elicit the immune response while bonded to the
antibody construct or after cleavage (e.g., enzymatic cleavage) from the antibody construct
following administration of an immunoconjugate to the subject.

The terms “tmmunostimulant” and “imumunostimulatory” are used equivalently and refer
to a moiety, substance or adjuvant capable of eliciting an immune response in a subject exposed
to the immunostimulatory motety or the immunostimulatory compound after in vivo cleavage of
the hinker. The terms “adjuvant moiety” or “immunostimulatory moiety”™ refer to an adjuvant,
alternatively referred to as a “pavioad”, that is covalently bonded to a cell-binding agent, such as
an antibody construct, through an elastase-substrate, peptide linker, as described herein. The
adjuvant moiety can elicit the immune response while bonded 1o the antibody construct or after
cleavage (e.g.. enzymatic cleavage) from the antibody construct following administration of an
immuroconjugate to the subject. Immunoconjugates alfow targeted delivery of an active
adjuvant motety while the target antigen 18 bound.

The term “pattern-recogrition receptor” (FRR) refers to germiine-encoded host sensors
which detect molecules typical for pathogens and modulate function of the innate immune
system (Mahla, RS et al (2013) Frontiers in Immunology 4248, Kumar, H et al (2011} 7n/l. Rev
of Impn. 30:16-34; Schroder K et al (2010) Cell 140(6):821-832). PRRs are proteins expressed
maindy by cells of the innate immune system such as dendritic cells, macrophages, monocytes,
neutrophils and epithelial cells, 1o identify pathogen-associated molecular patterns (PAMPS)
associated with microbial pathogens, and damage-associated molecular paiterns (DAMPs}
associated with components of host cells released during cell damage or death. PRRs are also
calied primitive pattern recognition receptors because they evolved before other parts of the
e system, particudarly before adaptive immunity. PRRs also mediate the inttiation of
antigen-~spectiic adaptive tnwoune response and release of inflanmatory cviokimes. PRRs

include but are not limited to: Toll-like receptors (TLRs), STING-like receptors, RIG-I-like
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receptors {RLRs), NOD-like recepiors (NLRs}), C-type lectin-like receptors {CLRs), and DNA
Sensors.

“Adjuvant” refers 1o a substance capable of eliciting an imomune response 1 a subject
exposed to the adjuvant. The phrase “adjuvant moiety” refers to an adjuvant that is covalenily
bonded to an antibody construct, e.g., through a linker, as described herein. The adjuvant
moiety can elicit the immune response while bonded fo the antibody consiruct or after cleavage
{e.g., enzymatic cleavage) from the antibody construct following admunistration of an
immunoconjugate to the subject.

The term “antibodv™ is used in the broadest sense and specifically encompasses
monoclonal antibodies (ncluding full length monoclonal antibodies), polyclonal antibodies,
multispecific antibodies {e g., bispecific antibodies), and antibody fragments so long as they

3

exhibit the desired biological activity. “Antibody fragment” and all grammatical variants
thereof as used herein are defined as a portion of an intact antibody comprising the antigen
binding site or variable region of the ntact antibody, wherein the portion 1s free of the constant
heavy chain domains {i.e., CH2, CH3, and CH4, depending on antibody isotype) of the Fe
region of the intact antibody. Examples of antibody fragments include Fab, Fab’, Fab'-8H,
F(ab'y, and Fv fragments; diabodies; any antibody fragment that is a polypeptide having a
primary structure consisting of one uninterrupted sequence of contiguous amino acid residues
{referred to herein as a “single-chain antibody fragment” or “single chain polypeptide™,
including without limitation (1) single-chain Fv (scFv) molecules; (2} single chain polvpeptides
contatning only one light chain variable domain, or a fragment thereof that contains the three
CDRs of the light chain variable domain, without an associated heavy chain motety; (3) single
chain polvpeptides containing only one heavy chain variable region, or a fragment thereof
containing the three CDRs of the heavy chain variable region, without an associated light chain
moiety; (4) nanobodies comprising single Ig domains from non-human species or other specific
single-domain binding modules; and {5) multispecific or multivalent structures formed from
antibody fragments. In an antibody fragment comprising one or more heavy chains, the heavy
chain(s} can contamn any constant domain sequence {(e.g., CHI1 in the IgG isotvpe) found in a
non-Fe region of an intact antibody, and/or can contain any hunge region sequence found 1o av
intact anttbody, and/or can contain a leucine zipper sequence fused to or situated in the hinge
region sequence or the constant domain sequence of the heavy chain(s).

“Antibody” refers 1o a polypeptide coroprising an antigen binding region (ocluding the
complementarity determimng region {CDRs)) from an immunoglobulin gene or fragments
thereof. The term “antibody™ specifically encompasses monoclonal antibodies (including full

length monoclonal antibodies), polyclonal antibodies, mudtispecific antibodies (e.g., bispecific

i~
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antibodies), and antibody fragments that exhilut the desired biological activity. An exemplary
immunoglobulin (antibody ) structural unit comprises a tetramer. Each tetramer is composed of
two identical pairs of polvpeptide chamns, each pair having one “light” {about 23 kDa} and one
“heavy” chain {about 50-70 kDa} connected by disulfide bonds. Fach chain is composed of
structural domains, which are referred to as immumoglobulin domains. These domains are
classified into different categories by size and function, e.g., variable domains or regions on the
light and heavy chains (Vi and Vg, respectively) and constant domains or regions on the hight
and heavy chains (Cp and Cy, respectively). The N-terminus of each chain defines a variable
region of about 100 to 110 or more amino acids, referred to as the paratope, primarily
respousible for antigen recognition, i.e., the antigen bindivg dorsain. Light chains are classified
as either kappa or lambda. Heavy chains are classified as gamma, nw, alpha, delta, or epstion,
which in turm define the immunoglobulin classes, [2G, IgM, IgA, IgD and IgE, respectively.
IsG antibodies are large molecules of about 150 kDa composed of four peptide chains. IgG
antibodies coutain two identical class v heavy chains of about 50 kDa and two wdentical light
chains of about 25 kDa, thus a tetrameric quaternary structure. The two heavy chains are linked
1o each other and to a light chain each by disulfide bonds. The resulting {etramer has two
identical halves, which together form the Y-hke shape. Each end of the fork contains an
identical antigen binding domain. There are four 1gG subclasses (IgG1, 1gG2, 19G3, and [gG4)
in humans, named in order of their abundance in serum (i.e., IgGG1 is the most abundant).
Typically, the antigen binding domain of an antibody will be most critical in specificity and
affinity of binding to cancer cells.

An antibody that targets a particular antigen includes a bispecific or multispecific
antibody with at least one antigen binding region that targets the pasticular antigen. In some
embodiments, the targeted monoclonal antibody is a bispecific antibody with at least one antigen
binding region that targets tumor cells. Such antigens include but are not limited to: mesothelin,
prostate specific membrane antigen (PSMA), HER2, TROP2, CEA, EGFR, 574 Nectingd, CD19,
CD20, CD22, CD30, CDT6, BTH3, BTH4 (also known as 08E), protein tvrosine kinase 7
(FTK7), glypican-3, RGL, fucosyl-GMI, CTLA-4, and CD44 (WO 2017/196598),

“Antibody construct” refers to an antibody or a fusion protein comprising (i) an antigen
binding domain and (ii) an Fc domain.

In some embodiments, the binding agent is an antigen-binding antibody “fragment,”
which 1s a construct that comprises at least an antigen-binding region of an antibody, alone or
with other components that together constituite the antigen-binding construct, Many different
types of antibody “fragments™ are known in the art, inchuding, for instance, (1) a Fab fragment,

which is a monovalent fragment consisting of the Vi, Vi, €1, and CHy domains, (i1} a F{ab ™y
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fragment, which is a bivalent fragment comprising two Fab fragments linked by a disulfide
bridge at the hinge region, (111} a Fv fragment consisting of the Vi and Vi domains of a single
arm of an antibody, (iv} a Fab’ fragment, which resulis from breaking the disulfide bridge of an
F{ab), fragment using mild reducing conditions, (v) a disulfide-stabilized Fv fragment (dsFv},
and (vi} a single chain Fv {(scFv}, which is a monovalent molecule consisting of the two domains
of the Fv fragment (1.e, Vi and Vu) joined by a synthetic linker which enables the two domains
to be synthesized as a single polypeptide chain.

The antibody or antibody fragments can be part of a larger construct, for example, a
conjugate or fusion construct of the antibody fragment to additional regions. For mstance, in
some embodiments, the antibody fragrent can be fused to an Fe region as described herein. In
other embodiments, the antibody fragment (e.g., a Fab or scFv) can be part of a chimeric antigen
recepior or chimeric T-cell receptor, for instance, by fusing to a transmembrane domain
{optionally with an intervening linker or “stalk” {e.g., hinge region}} and optional intercellular
signaling domawn. For instance, the antibody fragroent can be fused to the ganvuna and/or delia
chains of a T-cell receptor, 5o as to provide a T-cell receptor like construct that binds TROP2.
In vet another exnbodiment, the antibody {ragment is part of a bispecific T-cell engager (BiTEs)
comprising a CD1 or CD3 binding domain and hinker,

“Epitope” means any antigenic determinant or epitopic determinant of an antigen to
which an antigen binding domain binds (i.e., at the paratope of the antigen binding domain).
Antigenic determinants usually consist of chemically active surface groupings of molecules,
such as amino acids or sugar side chains, and usually have specific three dimensional structural
characteristics, as well as specific charge characteristics.

The terms “Fc receptor” or “FcR” refer to a recepior that binds to the Fe region of an
antibody. There are three main classes of Fe receptors: (1) FeyR which bind to IgG, (2) FeoR
which binds to lgA, and (3} FceR which binds to IgE. The FeyR fanuly includes several
members, such as Foyl (CD64), FoyRIA (CD32A), FoyRIB (CD32B), FoyRIHA (CDI16A), and
affinties for the 1gG subclasses (e.g., 1gGl, 1gG2, 1gG3, and 1gG4).

As used herein, the phrase “immune checkpoint inhibitor” refers to any modulator that
inhibits the activity of the immune checkpoint molecule. Immune checkpoint inhibitors can
include, but are not fimuted fo, immune checkpomnt molecule binding proteins, small molecule
inhibitors, antibodies {(including bispecific and multispecific antibodies with at least one antigen
binding region that targets an immune checkpoint protein, e.g., bispecific or multispecific
antibodies that do not exclusively target immune checkpoint proteins, as well as antibodies that

are dual immunomodulators (simultaneous targeting two immunomodulating targets), which
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result in blockade of inhibitory targets, depletion of suppressive cells, and/or activation of
effector cells: tumor-targeted immunomodulators (direcis potent costinmdation o the tumor-
mfilirating tmroune cells by targeting a turor antigen and costimulatory molecules such as
D40 or 4-1BB); NK-cell redirectors {redirects NK cells to malignant cells by targeting a tumor
antigen and CDI6A); or T-cell redirectors {redirects T cells to malignant cells by targeting a
tumor antigen and CD3)), antibody-~-derivatives (including Fe fusions, Fab fragments, and
scFvs), antibody-~-drug conjugates, antisense oligonucleotides, aRNA, aptamers, peptides and
peptide numetics.

Nucleie acid or amino acid sequence “identity,” as referenced herein, can be determined
by comparing a nucleic acid or amino acid sequence of interest to a reference nucleic acid or
amino acid sequence. The percent identity is the number of nucleotides or anuno acid residues
that are the same (1.e., that are identical} as between the optimally aligned sequence of interest
and the reference sequence divided by the length of the longest sequence {i.e., the length of
either the sequence of interest or the reference sequence, whichever is longer). Alignment of
sequences and calculation of percent identity can be performed using available software
programs. Examples of such programs include CLUSTAL-W, T-Coffee, and ALIGN (for
alignroent of nucleic acid and amino acid sequences), BLAST programs (e.g., BLAST 2.1,
BL2ZSEQ, BLASTp, BLASTn, and the like) and FASTA programs {e.g., FASTA3x, FASTM,
and SSEARCH]} (for sequence alignment and sequence similarity searches). Seguence
alignment algorithms also are disclosed in, for example, Altschul et al., J Molecular Biol.,
2153y 403-410 (1990), Beigert et al., Proc. Natl Acad Sci. USA, 106(10). 3770-3775 (2009),
Durbin et al., eds., Biological Sequence Analysis: Probalistic Models of Proteins and Nucleic
Acids, Cambridge University Press, Cambridge, UK {2009}, Soding, Bicinformatics, 21(7}: 951~
960 (2003}, Altschul et al., Nucleic Acids Res., 25(17) 3389-3402 {1997}, and Gusfield,
Algorithms on Strings, Trees and Sequences, Cambridge University Press, Cambridge UK
(1997)). Percent (%) identity of sequences can be also caleulated, for example, as 100 x
[(identical positions)/min{TGa, TGs)], where TGa and TGg are the sum of the number of
residues and internal gap positions in peptide sequences A and B in the alignment that
minimizes TGa and TGe. See, e.g., Russell et al | J Mo/ Biol. | 244: 332-350 (1994).

The binding agent comprises Ig heavy and light chain variable region polvpeptides that
together form the antigen binding site. Fach of the heavy and Hight chain vanable regions are
polypeptides comprising three complementarity determining regions (CDR1, CDR2, and CDR3)
connected by framework regions. The binding agent can be anv of a variety of types of binding
agents known in the art that comprise Ig heavy and light chains. For insiance, the binding agent

can be an antibody, an antigen-binding antibody “fragment.” or a T-cell receptor.

w1
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“Biosimilar” refers to an antibody construct that has active properties similar to, for
example, sacituzumab, a Trop2-targeting antibody construct previousty approved in sacituzumab
govitecan (TRODELVY®, Invnunomedics, IMMU-132),

“Biobetter” refers to an antibody construct that is an improvement of a previously
approved antibody construct, such as sacituzumab or sacituzumab govitecan. The biobetter can
have one or more modifications (e.g., an aliered glycan profile, or a unigque epitope) over the
previousty approved antibody construct.

“Amuno acid” refers to any monomeric unit that can be incorporated into a peptide,
polvpeptide, or protein. Amino acids include naturally-occurring a~amino acids and their
sterecisomers, as well as unnatural (non-naturally occurring) amino acids and their
stereoisomers. “Stereoisomers’ of a given amino acid refer o isomers having the same
molecular formula and intramolecular bonds but different three-dimensional arrangements of
bonds and atoms {e.g., an L-amino acid and the corresponding D-amino acid). The amimo acids
can be glvcosylated (e.g., N-linked glvcans, O-linked glveans, phosphoglyeans, C-linked
glyveans, or glvpication) or deglycosylated. Amino acids may be referred to herein by either the
commonly known three letier symbols or by the one-letter symbols recommended by the
TUPAC-TUB Biochemical Nomenclature Commission.

Naturally-occurring amino acids are those encoded by the genetic code, as well as those
amino acids that are later modified, e.g., hvdroxyproline, y-carboxyglutamate, and
O-phosphoserine. Naturallv-occwring e~-aminoe acids include, without Hmitation, alanine (Ala),
cysteine (Cys). aspartic acid {Asp), glhitamic acid {(Glu), phenylalanine (Phe), glvcine (Gly),
histidine (His), isoleucine (He), arginine {Arg), Iysine (Lys), leucine {(Leu), methionine {(Met),
asparagine {Asn)}, proline (Pro), ghitarine {Gln}, serine {Ser}, threonine (Thr), valine (Val},
tryptophan (Tep), tyrosive (Tvr), and combinations thereof. Stereoisomers of naturally-
gecurring o-amino acids include, without limitation, D-alanine (D-Ala), D-cysteine (D-Cys),
D-aspartic acid (B-Asp), D-glutamie acid (D-Glu), D-phenylalanine (D-Phe), D-histidine
(D-His}, D-isoleucine (D-He), D-arginine (D-Arg), D-lyvsine (D-Lys), D-leucine (B-Ley),
D-methionine (D-Met), D-asparagine {D-Asn), D-proline {-Pro), D-glutanine (D-Gln),
DB-serine (I-Ser), D-threonine (B-Thr), D-valine (D-Val}, D-tryptophan (D-Trp), D-tyrosine
{D-Tyr), and combinations thereof.

Naturally-occurnng amino acids include those formed n proteins by post-transiational
modification, such as citrulline (Cit}.

Unnatural (non-naturally occurring) amino acids include, without limitation, amino acid
analogs, amino actd mimetics, synthetic aming acids, NV-substituted glveines, and N-methyl

amino acids in either the L- or D-configuration that function in a manner similar to the naturally-
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occurring amino acids. For example, “amino acid analogs”™ can be unnatural amino acids that
have the same basic chemical siructure as natwally-occurring amino acids {i.e., a carbon that is
bonded to a hydrogen, a carboxyl group, an amino group) but have modified side-chain groups
or modifiad peptide backbones, e.g., homoserine, norleucine, methionine sulfoxide, and
methionine methyl sudfonium. “Amino acid mimetics™ refer to chemical compounds that have a
structure that 1s different from the general chemical siructure of an amino acid, but that functions
i a manner similar to a naturally-occurring amino acid.

“Linker” refers to a functional group that covalently bonds two or more moieties in a
compound or material. For example, the linking moiety can serve to covalently bond an
adjuvant moiety to an antibody construct i an immunoconjugate.

“Linking moiety” refers to a functional group that covalenily bonds two or more moieties
inn a compound or material. For example, the linking motety can serve to covalently bond an
adjpuvant motety to an antibody in an immunoconjugate. Usefud bonds for connecting Hinking
maoieties to proteins and other roaterials mclude, but are not limited to, amides, amines, esters,
carbamates, ureas, thioethers, thiocarbamates, thiocarbonaies, and thioureas.

“Divalent” refers to a chemical moiety that contains two points of attachment for linking
two functional groups; polyvalent linking moteties can have additional pomnts of attachment for
linking further functional groups. Divalent radicals may be denoted with the suffix “divl”. For
example, divalent linking moieties include divalent polymer moieties such as divalent
poly(ethylene glvcol), divalent eycloalkyl, divalent heterocycloalkyl, divalent aryl, and divalent
heteroaryl group. A “divalent cycloalkyl, heterocycloalkyl, arvl, or heteroaryl group” refersto a
cveloalkyl, heterocycloalkyl, arvl, or heteroarvi group having two points of attachment for
covalently linking two moieties in a molecule or material. Cycloatkyl, heterocycloalkyl, arvl, or
heteroaryl groups can be substituted or unsubstitted.  Cycloalkvl, heterocycloalkyl, arvl, or
heteroaryl groups can be substituted with one or more groups selected from halo, hydroxy,
amino, atkviamine, amido, acyl, nitro, cyano, and alkoxy.

A wavy line (* Py represents a poutt of attachment of the specified chemical motety.
If the specified chemical moiety has two wavy lines (7 ~ "y present, if will be understood that
the chenucal moiety can be used bilaterally, i.e., as read from left to right or from right to left.

In some embodiments, a specified motety having two wavy lines (¢ o5 7Y present is considered
to be used as read from lefi {o right.

“Alkyl” refers to a straight (linear) or branched, saturated, aliphatic radical having the
number of carbon atoms indicated. Alkyvl can include any number of carbons, for example from
one to twelve. Examples of alkyi groups include, but are not limited to, methyl (Me, ~CHaz), ethyl
(Et, ~CH:CH3), T-propyl (n-Pr, n-propyvl, ~-CH2CH2CH3), 2~propyl (-Pr, 1-propyl, -CH{CH3)), 1-

9
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butvl (n-Bu, n-butyl, -CHCHCHCH:), Ze-methyl-1-propyl (-Bu, i-butyl, ~-CHCH(CHz ), 2-
butyl (s-Bu, s-butyl, ~-CH{CH;}CHCH3), 2-methyl-2-propyl {t-Bu, t-butvl, -C(CHs)s), 1-pentyl
(n-pentyl, -CHCH,CHLCHLCH:), 2-penty] (~CH{CH))CHCHCH3), 3-pentyl ((CH(CHCHs ),
2-methyl-2-butyl ((C(CH:LCH>CHs), 3-methyl-2-butyl (-(CH{CH:YCH(CHs)), 3-methyl-1-butyl
-CHCH:CH(CHs ko), 2-methyi-1-butyl ((CH2CH(CH:)CHCHs), T-hexyl (-
CHCHLCHoCHL CHRCHG)Y, 2-hexyt (CGCHCH: }CHCHLCHRCHG), 3-hexyl (-
CH{CHCH {CHCH:CHR)), 2-methyl-2-penty] (~C{CH3:CH2CHCH3), 3-methyl-2-pentyl (-
CH{CH)CH{CH)CHCHY), 4-methyl-2-penty]l (-<CH{CH)CHCH{CH; ), 3-methyi-3-peniyl (-
CCHCHCHs Y2y, 2-methvi-3-pentyl (~CHCHCHOCH(CH: )2, 2,3-dimethyl-2-butyl (-
C{CHs R CHCH:)2), 3.3-dimethvl-2-buivl ((CH(CH)YC(CHs ), L-heptvl, T-octvl, and the like.
Alkyl groups can be substituted or unsubstituted. Substituted alkyl groups can be substituted
with one or more groups selected from halo, hydroxy, amino, oxo (=Q), alkylaming, amido,
acvl, nitro, cyano, and alkoxy. Substituted alkvl groups can be geminally substituted where a
carbon atom of the alkyl forms a spiro, cycloalkyl group such as cyclopropyl, cyclobutyl,
cvclopentyl, or cyclohexyl

The term “alkyldivi” refers to a divalent alkyl radical. Examples of alkyidiyl groups
include, but are not imuted fo, methylene (-CHz-), ethylene ((CHoCHoy-), propylene (-
CH>CH:CH;-), and the like. An alkyldivl group may also be referred to as an “alkylene” group.
Alkyidivl groups can be substituted or unsubstituted. Substituted atkyidiyl groups can be
substituted with one or more groups selected from halo, hydroxy, amine, oxo (=0}, alkylamino,
amido, acyl, nitro, eyvane, and alkoxy. Substituted alkyvidiyvl groups can be geminally substituted
where a carbon atom of the atkyl forms a spiro, cycloatkyl group such as cyclopropyl,
cyclobutyl, cvclopentyl, or cyclohexyl

“Alkenyl” refers to a straight (linear) or branched, unsaturated, aliphatic radical having
the number of carbon atoms indicated and at least one carbon-carbon double bond, sp2. Alkenyl

can inciude from two to about 12 or more carbons atoms. Alkenyl groups are radicals having

are not limited to, ethvlenyl or vinyl (-CH=CH,), allyl (-:CHCH=CH>) bulenyl, pentenyl, and
isomers thereof. Alkenyvi groups can be substituied or unsubstituted. “Substituted alkeny!”
groups can be substituted with one or more groups selected from halo, hydroxy, amino, oxo
(=0), alkylamino, amido, acyl, nitro, cvano, and alkoxy.

The terms “alkenylene” or “alkenvidivi” refer to alinear or branched-chain divalent
hydrocarbon radical. Examples include, but are not Himited to, ethylenyvlene or vinylene (-

CH=CH-), alivl (-:CH,CH=CH-), and the like,

10
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“Alkynyl” refers 1o a straight (finear) or branched, unsaturated, aliphatic radical having
the number of carbon atoms indicated and at least one carbon-carbon triple bond, sp. Alkyavi
can include from two to about 12 or more carbons atoms. For example, C2-Ce alkyny! includes,
but is not limited to ethvnyl (-C=CH). propyny! {propargyl, -CHC=CH)}, butynyl, pentynyl,
hexynyl, and 1somers thereof Alkyny! groups can be substituted or unsubstituted. “Substituted
atkvnyvl” groups can be substituted with one or more groups selecied from halo, hydroxy, amino,
oxo (=0), alkyvlamine, amido, acyl, nitro, cvano, and alkoxy.

The term “alkyvuyviene” or “alkyuyldivl” refer to a divalent alkyuyl radical.

The termos “carbocyele”, “carbocyclyl”, “carbocvelic ring” and “cycloalkyl” refer to a
saturated or partially unsaturated, monocyclic, fused bicyclic, spiro, or bridged polyeyclic ring
assembly containing from 3 to 12 ring atoms, or the number of atoms indicated. Saturated
monocyclic carbocyehe rings include, for example, evclopropyvl, evelobutyl, cyvclopentyl,
cyclohexvl, and cyclooctyl. Saturated bicyclic and polycyclic carbocyelic rings include, for
example, norborang, [2.2.2] bicyclooctane, decahydronaphthalene and adamantane.
Carbocyclic groups can also be partially unsaturated, having one or more double or triple bonds
n the ring. Representative carbocvelic groups that are partially unsaturated include, but are not
lirnited to, cyclobutene, cvclopentene. cyvclohexene, cyclohexadiene (1,3~ and 1 4-isomers},
cvciohepiene, cveloheptadiene, cvclooctens, cvclooctadiene (1,3-, 1,4~ and 1,5-1s0mers),
norbornene, and norbornadiene.

The term “cycloalkvidivl™ refers to a divalent cycloalkyl radical.

“Ary!l” refers to a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms (Ce—
Coo} derived by the removal of one hvdrogen atom from a single carbon atom of a pavent
aromatic ring system.. Aryl groups can be monocyclic, fused to form bicyclic or tricyclic
groups, or linked by a bond to form a biarvl group. Representative aryl groups include phenvl,
naphthyi and biphenyl. Other arvl groups include benzyl, having a methylene linking group.
Some aryl groups have from 6 to 12 ring members, such as phenyl, naphthyl or biphenyl. Other
arvi groups have from 6 1o 10 ring members, such as phenyi or naphthyl

The terms “arylene” or “arvidivl” mean a divalent aromatic hyvdrocarbon radical of 6-20
carbon atoms (Ce—Cao) derived by the removal of two hydrogen atom from a two carbon atoms
of a parent aromatic ring system. Some arvidiv] groups are represented in the exemplary
structures as “Ar”. Arvidivl includes bicvclic radicals comprising an aromatic ring fused to a
saturated, partially unsaturated ring, or aromatic carbocvcelic ring. Typical arvidivi groups
include, but are not limited to, radicals derived from benzene (phenyidivly, substituted benzenes,

naphthalene, anthracene, biphenvlene, indenylene, indanviene, 1,2-dihydronaphthalene, 1,2,3,4~
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tetrabydronaphthyl, and the like. Arvidivi groups are also referred to as “arvlene”, and are
optionally substituted with one or more substituents described herein.

The terms “heterocycle”, “heterocyclyl”, and “heterocyclic ring” are used
interchangeably herein and refer to a saturated or a partially unsaturated (i.e, having one or

more double and/or triple bonds within the ring) carbocyclic radical of 3 to about 20 ring atoms

w1

i which at least one ring atom 15 a heterpatom selected from nitrogen, oxygen, phosphorus and
sutfur, the remaining ring atoms being C, where one or more ring ajoros is optionally substituied
independently with one or more substituents described below. A heterocycle may hea
monocycle having 3 to 7 ring members (2 to 6 carbon atoms and 1 to 4 heteroatoms selected

10 froro N, O, P, and S) or a bievele having 7 1o 10 ring members (4 to 9 carbon atoms and 1 to 6
heteroatoms selected from N, O, P, and 8}, for example: a bicyclo [4.3], [5.51, [3,6], or [6.6]
svstem. Heterocycles are described in Paqueite, Leo A “Principles of Moder Heterocyclic
Chemistry” {W. A, Benjamin, New York, 1968), particularly Chapters 1, 3,4, 6, 7, and 9; "The
Chenmstry of Heterocyclic Compounds, A series of Monographs” (Joho Wiley & Sons, New

15 York, 1950 {0 present), in particular Volumes 13, 14, 16, 19, and 28; and J. Am. Chem. Soc.
{1960) 82:5566. “Heterocyclyl™ also includes radicals where heterocycle radicals are fused with
a saturated, partially unsaturated ring, or aromatic carbocyclic or heterocyclic nng. Examples of
heterocyclic rings include, but are not limited to, morpholin-4-yi, piperidin-1-vl, piperazinvi,
piperazin-4-yi-2-one, piperazin-4-vi-3-one, pyrrolidin-1-y1, thiomorpholin-4-y1, S~

20 dioxothiomorpholin-4-vl, azocan-1-y1, azetidin-1-y], cctahyvdropyrido{l,2-alpyrazin-2-vi,
[1.4}diazepan-1-yi, pyvrrolidinyl, tetrahydrofuranyl, dihyvdrofuranyl, tetrahydrothienyl,
tetrahy dropyranyl, dihydropyranyl, tetrahvdrothiopyranyl, piperidino, morpholino,
thiomorpholino, thioxanyl, piperazinyl, homopiperazinyl, azetidinyl, oxetanyl, thietanyl,
horoopipenidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinvl, 2-pyrrolinyl, 3-

25 pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyrany, dioxanyl, 1 3-dioxolanvl, pyrazolinyl, dithianyl,
dithiolanyl, dihydropyranyvl, dibydrothienyl, dihydrofuranyl, pyrazolidinylimidazolinyl,
vrudaroliding, 3-azabicveol3.1.0thexanyl, 3~azabicyclo{4. 1. Otheptanyi,
azabicyclof2.2.2thexanyl, 3H-indolyl quinoliziny! and N-pyridyl ureas. Spiro heterocycly]
moieties are also included within the scope of this definition. Examples of spiro heterocyelyl

30 moteties include araspiro]2.5loctanvl and azaspiro{2.4]heptanyl. Examples of a heterocyclic
group wherein 2 ring atoms are substituted with oxo (=0) moieties are pyrimidinonyl and 1.1-
dioxo-thiomorpholinyl. The heterocycle groups herein are optionally substititted independently
with one or more substituents described herein.

The term “heterocyclyldivl” refers to a divalent, saturated or a partially unsaturated (i.e.,

35  having one or more double and/or triple bonds within the ring) carbocyelic radical of 3 to about
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20 ring atoms in which at least one ring atom is a heteroatom selected from nitrogen, oxygen,
phosphorus and sulfur, the remaining ring atoms being €, where one or more ring aioms is
optionally substituted independently with one or more substituents as described. Examples of -
membered and 6-membered heterocyclyldivis inclhude morpholinvidivl, piperidinyldivi,
piperazinyldivl, pyrrolidinyldivi, dioxanyldiyl, thiomorpholinyldivi, and S-
dioxothiomorpholinyldivh

The term “heteroarvl” refers to a monovalent aromatic radical of 5-, 6-, or 7-membered
rings, and includes fused ring systems (at least one of which is aromatic) of 3-20 atoms,
containing one or more heteroatoms independently selected from nitrogen, oxygen, and sulfur.
Examples of heteroaryl groups are pyridinyl (including, for exanple, 2-hydroxypyridinyl),
imidazolyl, imidazopyndinyvl, pyrimadinyl {including, for example, 4-hydroxypyrimidinyl},
pyrazolyl, triazolvl, pyrazinvi, tetrazolyl, finvl, thienvi, isoxazolyl, thiarolyl, oxadiazolyl,
oxarolyl, 1sothiazolvl, pyrrolyvi, quinolinyl, isoquinolinyl, tetrahydroisoguinolinyl, indolvl,
benzinudazolyl, benzofuranyl, cirnolinyl, indazolvl, indolizinyl, phthalazinvl, pyridazinyl,
triazinyl, isoindolvl, pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, thuadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzothiazolyl, benzoxazolvl, quinazolinyl, quinoxalinyl,
naphthyridinyl, and furopyridinyl. Heteroarvl groups are optionally substituted independently
with one or more substituents described herein.

The term “heteroarvidiyl” refers to a divalent aromatic radical of 5, 6+, or T-membered
rings, and includes fused ring systems {at least one of which is aromatic) of 5-20 atoms,
containing one or more heteroatoms independently selected from nitrogen, oxvgen, and sulfur.
Examples of 3-membered and 6-membered heteroarvidivis include pyridyldivl, imidazolyidivi,
pyrimidinyldivl, pyrazolyldivl, iriazolyldiyvl, pyrazioyldivi, tetrazolyidivi, furyidiyl, thienyvldivl,
isoxazolyldividivl, thiazolvldivl, oxadiarolyldivl, oxazolvidivl, isothiazolyldiyl, and
pyrrolyidiyl

The heterocycle or heteroaryl groups may be carbon (carbon-linked), or nitrogen
{(nitrogen-linked) bonded where such is possible. By way of example and not limnitation, carbon

~

bonded heterocycles or heteroarvils are bonded at position 2, 3, 4, 3, or 6 of a pyridine, position
3,4, 5, or 6 of apyridazine, position 2, 4, 5, or 6 of a pyrimidine, position 2, 3, S, or 6 0f a
pyrazine, position 2, 3, 4, or § of a furan, tetrahy drofuran, thiofuran, thiophene, pyrrole or
tetrahvdropyrrole, position 2, 4, or 5 of an oxarole, inudazole or thiazole, position 3, 4, or S of
an 1soxazole, pyrazole, or isothiazole, position 2 or 3 of an azindine, position 2, 3, or 4 of an
azetidine, position 2, 3,4, 5,6, 7, or 8 of a quinoline or position 1, 3,4, 5,6, 7, or 8 of an

isoquinoline.
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By way of example and not limitation, nitrogen bonded heterocycles or hetercaryls are
bonded at posttion 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pvrroling,
imidazole, imidazohdine, 2-imidaroline, 3~imidazoline, pyrazole, pyvrazoline, 2-pyrazoline, 3-
pyrazoline, pipendine, piperazine, indole, indoline, 1H-indazole, position 2 of a isoindole, or
isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or B-carboline.

The terms “hale™ and “halogen,” by themselves or as part of another substifuent, refer to
a fluorine, chlorine, bronune, or iodine atom.

The term “carbonyl.” by itself or as part of another substituent, refers to C(=0) or ~
C{=0)-, 1.e., a carbon atom double-bonded to oxygen and bound o two other groups in the
mwotety having the carbonyl,

As used herein, the phrase “quaternary aromonium salt” refers to a tertiary amine that has
been quaternized with an alkyl substituent {e.g., a C1-Cs alkyl such as methyl, ethyl, propyvl, or
butyl).

The terms “treat,” “treatment,” and “treating” refer to any indicia of success in the
treatment or amelioration of an injury, pathology, condition {e.g., cancer), or symptom {e.g.,
cognitive impairment), including any objective or subjective parameter such as abatement,
remission; diminishing of symptoms or making the syrptom, injury, pathology, or condition
more tolerable to the patient; reduction in the rate of svmptom progression; decreasing the
frequency or duration of the symptom or condition; or, in some situations, preventing the onset
of the symplom. The treatruent or amelioration of symptoms can be based on any objective or
subjective parameter, including, for example, the result of a physical examination.

The terms “cancer,” “neoplasm,” and “tumor”™ are used herein to refer to cells which
exhibit autonomous, unregulated growth, such that the cells exhibit an aberrant growth
phenoty pe characterized by a significant loss of control over cell prohiferation. Cells of interest
for detection, analysis, and/or treatment in the context of the mvention include cancer cells {e.g.,
cancer cells from an individual with cancer), malignant cancer cells, pre-metastatic cancer cells,
metastatic cancer cells, and non-metastatic cancer cells. Cancers of virtually every tissue are

13

known. The phrase “cancer burden” refers to the quanturn of cancer cells or cancer volume in a
subject. Reducing cancer burden accordingly refers to reducing the number of cancer cells or
the cancer cell volume in a subject. The term “cancer cell” as used herein refers to any cell that
is a cancer cell (e.g., from any of the cancers for which an mdividual can be treated, e g.,
isolated from an individual having cancer) or is derived from a cancer cell, e.g, clone of a
cancer cell. For example, a cancer cell can be from an established cancer cell line, can be a
primary cell isolated from an individual with cancer, can be a progeny cell from a primary cell

isolated from an individual with cancer, and the ike. In some embodiments, the term can also

14
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refer to a portion of a cancer cell, such as a sub-cellular portion, a cell membrane portion, ora
cell lvsate of a cancer cell. Many types of cancers are known to those of skill in the art,
ncluding solid tumors such as carcinomas, sarcomas, glioblastormas, melanomas, lvmphoras,
and myelomas, and circulating cancers such as leukenuas.

As used herein, the term “cancer” includes anv form of cancer, including but not limited
to, solid tumor cancers (e.g., skin, lung, prostale, breast, gasiric, bladder, colon, ovarian,
pancreas, kidoey, liver, glioblastiorna, medulloblastoma, leiomyosarcoma, head & neck
squamous cell carcinomas, melanomas, and neurcendocrine} and ligqud cancers {e.g.,
hematological cancers); carcinomas; soft tissue tumors; sarcomas; teratomas, melanomas,;
leukemias; lymphomas; and brain cancers, including nunimal residual disease, and including
both primary and metastatic tumors,

The “pathology”™ of cancer includes all phenomena that compromise the well-being of
the patient. This includes, without limitation, abnormal or uncontroliable cell growth,
metastasis, tterference with the normal functioning of neighboring cells, release of cviokines or
other secretory products at abnormal levels, suppression or aggravation of inflammatory or
immunological response, neoplasia, premalignancy, malignaney, and invasion of surrounding or
distant tissues or organs, such as lvmph nodes.

As used herein, the phrases “cancer recurrence” and “tumor recurrence,” and
grammatical variants thereof, refer to further growth of neoplastic or cancerous cells after
diagnosis of cancer. Particulasly, recurrence may ocour when further cancerous cell growth
occurs in the cancerous tissue. “Tumor spread,” similarly, occurs when the cells of a tumor
dissenunate into local or distant tissues and organs, therefore, tumor spread encompasses tumor
metastasis. “Tumor nvasion” occurs when the tumor growth spread out focally o compromise
the function of involved tissues by compression, destruction, or prevention of normal organ
function.

As used herein, the term “metastasis”™ refers to the growth of a cancerous tumor in an
organ or body part, which is not directly connectled to the organ of the original cancerous tumor.
Metastasis will be undersiood to include micrometasiasis, which 1s the presence of an
undeteciable amount of cancerous cells in an organ or body part that is not directly connected to
the organ of the original cancerous tumor. Metastasis can also be defined as several steps of a
process, such as the departure of cancer cells from an original tumor site, and nugration and/or
invasion of cancer cells to other paris of the body.

The phrases “effective amount”™ and “therapeutically effective amount™ refer 1o a dose or
amount of a substance such as an immungeconjugate that produces therapeutic effects for which

it 1s adnunistered. The exact dose will depend on the purpose of the treatment, and will be

—
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ascertainable by one skilled in the art using known techniques {see, e.g., Lieberman,
Pharmaceutical Dosage Forms {vols. 1-3, 1992} Llovd, The Ari, Science and Technology of
Pharmaceutical Compounding (1999, Pickar, Dosage Calculations (1999, Goodman &

-

Gilman’s The Pharmacological Basis of Therapeutics, 11" Edition (McGraw-Hill, 2006); and

Remington: The Science and Practice of Pharmacy, 22" Edition, (Pharmaceutical Press,

). In the case of cancer, the therapeutically effective amount of the
iinunoconjugate may reduce the number of cancer cells; reduce the tumor size; inhibit (e,
siow to some extent and preferably stop) cancer cell infiliration into peripheral organs; inhibit
(i.e., slow to some extent and preferably stop} tumor metastasis; inhibit, to some extent, tumor
growth; and/or relieve 1o some exient one or more of the svmptors associated with the cancer.
To the extent the immunoconjugate may prevent growth and/or lall existing cancer cells, it may
be cytostatic and/or cvtotoxic. For cancer therapy, efficacy can, for example, be measured by
assessing the time to disease progression (TTP) and/or determining the response rate (RR)

EE c;]

“Recipient,” “individual,” “subject,” “host,” and “patient” are used interchangeably and
refer to any mamunalian subject for whom diagnosis, treatment, or therapy is desired (e.g.,
humans). “Mammal” for purposes of treatment refers {o anv animal classified as a mammal,
including humans, domestic and farm ammals, and zoo, sports, or pet animals, such as dogs,
horses, cats, cows, sheep, goats, pigs, camels, etc. In certain embodiments, the mammal is
human.

The phrase “synergistic adjuvant” or “synergistic combination” in the context of this
invention includes the combination of two imumune modulators such as a receptor agonist,
cviokine, and adjuvant polypeptide, that in combination elicit a synergistic effect on immunity
relative o either administered alone. Particularly, the momunoconjugates disclosed herein
comprise synergistic combinations of the claimed adjuvant and antibody coustruct. These
synergistic combinations upon administration elicit a greater effect on immunity, e g., relative to
when the antibody construct or adjuvant is administered in the absence of the other moiety.
Further, a decreased amount of the immunoconjugate may be administered (as measured by the
total number of antibody constructs or the total number of adyuvants adroinistered as part of the
immunoconjugate} compared to when either the antibody construct or adjuvant is administered
alone.

As used herein, the term “admimstenng” refers to parenteral, intravenous,
intraperitoneal, intramuscular, intratumoral, intralesional, intranasal, or subcutaneous
administration, oral administration, administration as a suppository, topical contact, intrathecal
admunistration, or the implantation of a slow-release device, e.g., a mini-osmotic pump, to the

subject.

—
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The terms “about” and “arcund,” as used herein to modify a numerical value, indicaie a
close range swrrounding the numerical value. Thus, if X7 is the value, “about X7 or “around
X indicates a value of from 0.9X {0 11X, e.g., from 0.95X 10 1.05X or from 0.99X to 1.01X.
A reference to “about X or “around X specifically indicates at least the values X, 0.95X,
0.96X, 0.97X, 0.98X, 0.99X, 1.01X, 1.02X, 1.03X, 1.04X, and 1.05X. Accordingly, “about X~
and “around X are inlended to teach and provide writien description support for a claim

limitation of, e.g., “0.98X."

ANTIBODIES

The immunoconjugate of the invention comprises an antibody. Included in the scope of
the embodiments of the invention are functional variants of the antibody constructs or antigen
binding domamn described herein. The term “functional variant” as used heremn refers to an
antibody construct having an antigen binding domain with substantial or significant sequence
identity or similarity {0 a parent antibody construct or antigen binding domain, which functional
variant retaing the biological activity of the antibody construct or antigen binding domain of
which 1t is a variant. Functional variants encompass, for example, those variants of the antibody
constructs or antigen binding domain described herein {the parent anttbody construct or antigen
binding domain} that retain the ability to recognize target celle expressing Trop?2 to a similar
extent, the same extent, or 1o a higher extent, as the parent antibody construct or antigen binding
domain.

In reference to the antibody construct or antigen binding domain, the functional variant
can, for instance, be at least about 30%, about 30%, about 75%, about 80%, about 85%, about
909, about 91%, about 92%, about 93%, about 94%, about 953%, about 96%, about 97%, about
98%. about 99% or more identical in amino acid sequence to the antibody construct or antigen
binding domain.

A functional variant can, for example, compnse the amine aad sequence of the parent
antibody construct or antigen binding domain with at least one conservative amino acid
substitution. Alternatively, or additionally, the functional varianis can comprise the aming acid
sequence of the parent antibody construct or antigen binding domain with at least one non-
conservative amino acid substitution. In this case. it is preferable for the non-conservative
amine acid substitution to not interfere with or inhibit the biological activity of the functional
vanant. The non-counservative amino acid substitution may enhance the biological activity of
the functional variant, such that the biological activity of the functional variaot 1s joereased as

compared to the parent antibody construct or antigen binding domain.
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The antibodies comprising the immunoconjugates of the invention include Fe engineered
variants. In some embodiments, the mutations in the Fc¢ region that result in modudated binding
to one or more Fo receptors can include one or more of the following mutations: ST (82390,
SDIE (8239D/1332E), SE (8267E), SELF (S267E/L328F), SDIE (8239D¢/1332E). SDIEAL
(S239D/I332E/A330L), GA {((G236A), ALIE (A330L/1332E), GASDALIE
(G236 A/S230D/A330L/I332E), VO (GR3TDVP2Z3EDV/PRTIG/A330R), and Vil
(G237D/P238D/H268D/P271G/A330R), and/or one or more mutations at the following amino
acids: E345R, 233, G237, P238, H268, P271, L328% and A330. Additional Fc region
modifications for modulating Fe receptor binding are deseribed in, for example, US
2016/0145350, US 7416726 and US 5624821, which are hereby incorporated by reference in

eir entireties herein.

The antibodies comprising the immunoconjugates of the mvention inchude glycan
variants, such as afucosylation. In some emboduments, the Fe region of the binding agents are
modified to have an altered glycosylation pattern of the Fe region compared to the native
non-modified Fc region.

Amine acid substitutions of the inventive antibody construcis or antigen binding domains
are preferably conservative anuno acid substitutions. Conservative amuno acid substitutions are
known in the art, and include amino acid substitutions in which one amino acid having certain
physical and/or chemical properties ts exchanged for another amino acid that has the same or
similar chemical or physical properties. For instance, the conservative amino acid substitution
can be an acidic/negatively charged polar aming acid substituted for another acidic/negatively
charged polar amino acid (e.g., Asp or Glu), an amino acid with a nonpolar side chain
substituted for another amine acid with a nonpolar side chain (e.g., Ala, Gly, Val, e, Leu, Met,
Phe, Pro, Trp, Cys, Val, ete.), a basie/positively charged polar amino acid substituted for another
basic/positively charged polar amino acid {e.g., Lys, His, Arg, etc.}, an uncharged amino acid
with a polar side chain substituted for another wncharged amino acid with a polar side chain
{e.g., Asn, Gln, Ser, Thr, Tyr, eic}, an amino acid with a beta-branched side-chain substituted
for another amino acid with a beta-branched side-chain {e.g., lle, Thr, and Val), an amino acid
with an aromatic side-chain substituted for another anmino acid with an aromatic side chain (e.g.,
His, Phe, Trp, and Tyr}, eic.

The antibody construct or antigen binding doroain can consist essentially of the specified
amino acid sequence or sequences described herein, such that other components, .3, other
amino acids, do not materially change the biological activity of the antibody construct or antigen

binding domain functional variant.
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in some embodiments, the antibodies in the immunoconjugates contain a modified Fe
region, wherein the modification modulates the binding of the Fe region to one or more Fe
receptors.

In some embodiments, the antibodies in the immunoconjugates {e.g.. antibodies
conjugated to at least two adjuvant moieties) contain one or more modifications {&.g., amino
actd insertion, deletion, and/or substitution) in the Fe region that results in modulated binding
{e.g., increased binding or decreased binding} to one or more Fe receptors {e.g., FoyRI (CDa4d),
FeyRHA (CD32A), FeyRUB (CD32B), FoyRIA (CD16a), and/or FoyRIHB (CD16b)) as
compared to the native antibody lacking the mutation i the Fe region. In some embodiments,
the antibodies in the immunoconjugates contain one or more modifications (e.g., amino acid
insertion, deletion, and/or substitution} in the Fc region that reduce the binding of the F¢ region
of the antibody to FeyRIIB. In some embodiments, the antibodies 1n the immunoconjugates
contain one or more modifications (e g., amino acid msertion, deletion, and/or substitution} in
the Fe region of the antibody that reduce the binding of the antibody to FeyREB while
maintaining the same binding or having increased binding to FoyRI{CD64), FoyRUA (CD32A),
and/or FeRyHIA (CDi6a) as compared to the native antibody lacking the mutation in the Fe
region. In some embodiments, the antibodies in the immunoconjugates contain one of more
modifications i the Fc region that increase the binding of the Fc¢ region of the antibody to
FoyRHB.

In some embodiments, the modulated binding is provided by mutations in the Fe region
of the antibody relative to the native Fc region of the antibody. The mutations can be m a CH2
domain, a CH3 domain, or a combmation thereof. A “native Fc region” is synonvmous with a
“wild-tvpe Fe region” and comprises an amino acid sequence that s identical to the amino acid
sequence of an Fe region found in nature or identical to the amno acid sequence of the Fe
region found in the native antibody (e.g., cetuximab). Native sequence human Fc regions
include a native sequence human IgG1 Fe region, native sequence human IgG2 Fe region, native
sequence human IgG3 Fc region, and native sequence human I1gG4 Fe region, as well as
naturally occurring variants thereof. Native sequence Fo includes the various allotypes of Fes
(Jefferis et al., (20093 mdbs, 1{4):332-33&).

In some embodiments, the Fe region of the antibodies of the immunoconjugates are
modified to have an altered glvcosylation pattern of the Fe region compared to the native
non-modified Fe region.

Human immunoglobulin is glycosylated at the Asn297 residue in the Cy2 domain of each
heavy chain. This N-linked oligosaccharide 1s composed of a core heptasaccharide,

N-acetvlglucosaminedMannose3 (GleNAc4Man3). Removal of the heptasaccharide with
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endoglycosidase or PNGase F is known to lead to conformational changes in the antibody Fe
region, which can significantly reduce antibody-binding affinity to activating FeyR and lead to
decreased effector function. The core heptasaccharide 1s often decorated with galactose,
bisecting GlcNAc, fucose, or sialic acid, which differentially impacts Fc binding to activating
and inhibitory FeyR. Additionally, it has been demonstrated that o2.6-sialyation enhances
anti-inflammatory activity in vivoe, while afucosylation leads to improved FoyRIHa binding and
a 10-fold increase in antibody-dependent cellular eytotoxicity and antibody-dependent
phagocytosis. Specific glycosvlation patterns, therefore, can be used to control inflammatory
effector functions.

iIn some embodiments, the modification to alter the glvcosylation pattern is a mutation,
For example, a substitution at Asn297. In some embodiments, Asn297 1s mutated to ghitamine
(N297¢}). Methods for controlling immune response with antibodies that modulate FeyR-
regulated signaling are described, for example, in US 7416726, US 2007/001479S and US
2008/0286819, which are hereby incorporated by reference in theur entireties.

in some embodiments, the antibodies of the immunoconjugates are moditfied o contain
an engineered Fab region with a non-naturally occurring glvcosylation pattern. For example,
hybridomas can be genetically engineered to secrete afucosylated mAb, desialylated mAb or
deglvcosvlated Fe with specific mutations that enable increased FcRyla binding and effector
function. In some embodiments, the antibodies of the immunoconjugates are engineered 1o be
afucosviated.

in some embodiments, the entire Fc region of an antibody in the inununoconjugates is
exchanged with a different Fc region, so that the Fab region of the antibody is conjugated to a
non-native Fc region. For example, the Fab region of cetwamab, which normally comprises an
1gG1 Fe region, can be conjugated to 1gG2, 1gG3, ¢G4, or 1gA, or the Fab region of nivolumab,
which normally comprises an 1gG4 Fc region, can be comjugated to 1gGl, 1g(32, 12(33, IgAl, or
Ig(G2. In some embodiments, the Fc modified antibody with a non-native Fe domain also
comprises one or more amino acid modification, such as the S228P mutation within the 1G4 Fe,
that modulate the stability of the Fe domain described. In some embodiments, the Fo modified
antibody with a non-native Fc domain also comprises one or more amino acid modifications
described herein that modulate Fe binding to FcR.

In some embodiments, the modifications that modulate the binding of the Fe region to
FcR do not alter the binding of the Fab region of the antibody to its antigen when compared to
the native non-modified antibody. In other embodiments, the modifications that modulate the
binding of the Fc region to FeR also increase the binding of the Fab region of the antibody to its

antigen when compared to the native non-modified antibody.
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in some embodiments, the antibodies in the immunoconjugates contain a modified Fe
region, wherein the modification modulates the binding of the Fe region to one or more Fe
receptors.

in some embodiments, the Fc region is modified by inclusion of a transforming growth
factor beta 1 {TGFR1) receptor, or a fragment thereof, that is capable of binding TGFB1. For
example, the receptor can be TGFP receptor I {TGFRRIL}. In some embodiments, theTGFR
recepior is a human TGFP receptor. In some ermbodiments, the IgG has a C-terminal fusion to a
TGFPRII extracellular domain (BCD) as described in US 9676863, incorporated herein. An “Fg
linker” may be used to attach the IgG to the TGFPRU extracellular domain. The Fe linker may
be a short, flexible peptide that allows for the proper three-dimensional folding of the molecule
while maintaining the binding-specificity to the targets. In some embodiments, the N-terminus
of the TGFp receptor is fused to the Fe of the antibody constract (with or without an Fe¢
finker). In some embodiments, the C-terminus of the antibody construct heavy chain 1s fused (o
the TGFp receptor (with or without an Fe linker). In some emboduments, the C-terroinal lysine
residue of the antibody construct heavy chain 1s mutated to alanine.

In some embodiments, the antibodies in the immunoconjugates are glvcosylated.

In some embodiments, the antibodies in the imununoconjugates are a cysieine-engineered
antibody which provides for site~specific conjugation of an adjuvant, label, or drug moiety to the
antibody through cysteine substitutions at sites where the engineered cysieines are available for
conjugation but do not perturb tmrnunoglobulin folding and assembly or alter antigen binding
and effector functions (Junutula, et al , (2008} Nature Riotech., 26{8):925-932; Dornan et al.
(2009 Blood 114(13):2721-2729; US 7521541, US 7723485; US 2012/0121615, WO
2009/052249). A “cyvsteine engineered antibody™ or “cysteine engineered antibody variant” is an
antibody in which one or more residues of an antibody are substituted with cysteine residues.
Cysteine-engineered antibodies can be conjugated to the thiencazepine adjuvant moiety as a
thienoazepine-linker compound with wniform stoichiometry (e.g., up to two thiencazepine
moieties per antibody in an antibody that has a single engineered cysieine site).

In some embodiments, cvsteine-engineered antibodies are used {o prepare
immunoconjugates. Immunoconjugates may have a reactive cysteine thiol residue introduced at
a site on the light chain, such as the 149-lysine site (LT K149C), or on the heavy chatn such as
the 122-serine site (HC S122C), as numbered by Kabat numbering. To other embodiments, the
cysteine-engineered antibodies have a cysteine residue introduced at the 11%-alanine site (EU
numbering} of the heavy chain (HC A1I8C). This site is alternatively numbered 121 by
Sequential numbering or 114 by Kabat numbering. In other embodiments, the cysteine-

engineered antibodies have a cysteine residue introduced in: (1) the hight chain at G64C, R142C,
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KI8C, L201C, T129C, S114C, or E105C according to Kabat numbering; (i1) the heavy chain at
D101, V184C, T205(C, or §122C according to Kabat numbering; or {i11} other cvsteine-mutant
antibodies, and as described in Bhakia, S. et al, (2013) “Engineering THIOMABs for Site-
Specific Conjugation of Thiol-Reactive Linkers”, Laurent Ducry {ed.), Antibody-Drug
Conjugates, Methods in Molecular Biclogy, vol. 1045, pages 189-203; W 2011/156328; US
S000130.

w1

IMMUNE CHECKPOINT INHIBITORS

in some embodiments, the antibody of an immunoconjugate 1s an immune checkpomt
inhibitor. In some embodiments, the immune checkpoint inhibitor reduces the expression or

10 activity of one or more immune checkpoint proteins. In another embodiment, the immune
checkpomnt inbubitor reduces the interaction between one or more inwnune checkpoint protemns
and their higands. Inlubutory nucleic acids that decrease the expression and/or activity of imnume
checkpoint molecules can also be used in the methods disclosed herein.

Immaune checkpoint inhibitors nivolumab and aterolizumab can be modified (o include

15 an IgGl Fe, and subsequently converted mnto an immunoconjugate of the invention.

Most checkpoint antibodies are designed not to have effector function to kill cells, but
rather io block the signalling. Immunoconjugates of the present invention can add back the
"effector functionality” needed to activate myeloid immunity.

In some embodiments, the immune checkpoint inhibitor 1s cytotoxic T-lymphocyie

20 antigen 4 (CTLA4, also known as CD52), T cell immunoreceptor with Ig and ITIM domains
(TIGIT), glucocorticoid-induced TNFR-related protein (GITR, also known as TNFRSF18),
inducible T cell costimulatory (FCOS, also known as CD278), CDY6, poliovirus receptor-related
2 (PVRL2, also known as CD112R, programmed cell death protein 1 {PD-1, also known as
CD279), programimed cell death 1 ligand 1 (PD-L1, also known as B7-H3 and CD274)

25 progranmyved cell death ligand 2 (PD-L2, also known as B7-DC and CD273), lymphocyte
activation gene-3 (LAG-3, also known as CD223), B7-H4, kaller immumoglobulin receptor
(KR}, Tumor Necrosis Factor Receptor superfamily member 4 (TNFRS8T4, also known as
0X40 and CD134) and 113 ligand OX40L (CD252), indoleaming 2,3-dioxygenase | (ID0O-1),
indoleamine 2 3-dioxvgenase 2 (ID0-2), carcinocembryonic antigen-related cell adhesion

30 molecule 1 (CEACAMI), B and T lymphocyie attenuator (BTLA, also known as CD272), T-cell
membrane protein 3 (TIM3), the adenosine A2A receptor (A2Ar), and V-domain Ig suppressor
of T cell activation (VISTA protemn). In some embodiments, the immune checkpoint inhibitor is

an inhibitor of CTL A4, PD-1, or PD-L1.
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in some embodiments, the antibody is selected from: iptlimumab (also known as
YERVOY®R} pembrolizumab {(also known as KEYTRUDA®), nivolumab (also known as
OPDIVO®), atezolizumoab (also known as TECENTRIQR), aveluroab (also known as

AVENCIO®), and durvalumab (also known as IMFINZI®).

in some embodiments, the immune checkpoint inhibitor is an inhibitor of CTLA4. In
some embodiments, the immune checkpoint inhibitor is an antibody against CTLA4. In some
embodiments, the immune checkpoint inhibitor s a monocional antibody against CTL A4, Tn
some embodiments, the imumune checkpoint inhibitor 1s a human or humanized antibody against
CTLA4. In some embodiments, the immune checkpoint inhibitor reduces the expression or
activity of one or roore nmune checkpotnt proteins, such as CTLA4.

in some embodiments, the immune checkpoint inhibitor is an inhubitor of PD-1. In some
embodiments, the immune checkpoint inhibitor is an antibody against PD-1. In some
embodiments, the immune checkpoint inhibitor is a monocional antibody against PD-1. In some
embodiments, the imnne checkpoiut wnhibitor 15 a huroan or bumanized antibody against PD-1.
In some embodiments, the immune checkpoint inhibitor reduces the expression or activity of
one or more immune checkpoint proteins, such as PD-1.

In some embodiments, the imomune checkpoint inhibitor is an intubitor of PI-L1. In
some embodiments, the immune checkpoint inhibitor 15 an antibody against PD-L1. In some
embodiments, the immune checkpoint inhibitor is a monocional antibody against PD-L1. In
some embodiments, the immune checkpoint inhibitor 1s a human or humanized antibody against
PD-L1. In some embodiments, the imnwumne checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as PD-L1. In some embodiments, the
immune checkpoint inhibitor reduces the interaction between PD-1 and PD-L1L

in some embodiments, the iromune checkpownt iohibitor is an inkubutor of PFD-L2. In
some embodiments, the immune checkpoint inhibitor is an antibody agamnst PD-L2. In some
embodiments, the immune checkpoint inhibitor is a monoclonal antibody against PD-L2. In
some embodiments, the immune checkpoint inhibitor is a human or humanized antibody against
PD-L2. In some embodiments, the imnmune checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as PD-L2. In some embodiments, the
immune checkpoint inhibitor reduces the interaction between PD-1 and PD-L2.

in some embodiments, the immune checkpoint inhibitor 1s an inhubitor of LAG-3 In
some embodiments, the immune checkpoint inhibitor 1s an antibody against LAG-3. In some
embodiments, the immmune checkpoint inhibitor is a monoclonal antibody against LAG-3. In

some embodiments, the immune checkpoint inhibitor is a human or humanized antibody against
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LAG-3. In some embodiments, the immune checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as LAG-3.

in some embodiments, the immune checkpoint inhibitor is an inkubitor of B7-H4. In
some embodiments, the immune checkpoint inhubitor is an antibody against B7-H4. In some
embodiments, the immune checkpoint inhibitor is a monocional antibody against B7-H4. In
some embodiments, the immune checkpoint inhibitor is a human or humanized antibody against
B7-H4. In some embodiments, the immune checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as B7-H4.

In some embodiments, the immune checkpoint fnhibitor is an inhibitor of KIR. In some
embodiments, the omune checkpoint inkubitor is an antibody against KIR. In some
embodiments, the immune checkpoint inhibitor is a monocional antibody against KIR. In some
embodiments, the immune checkpoint inhibitor is a human or humanized antibody against KIR.
In some embodiments, the immune checkpoint inhibitor reduces the expression or activity of
one ot rore urmmune checkpoint protens, such as KIR.

in some embodiments, the iminune checkpoint inhibitor is an ihibitor of TNFRSF4. In
some embodiments, the immune checkpoint inhibitor is an antibody against TNFRSF4. In some
embodiments, the immune checkpomnt inbubitor is a monoclonal antibody against TNFRSF4. In
some embodiments, the immune checkpoint inhibitor 1s a human or humanized antibody against
TNFRSF4. In some embodiments, the immune checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as TNFRSF4,

in some embodiments, the inunune checkpoint inhibitor 15 an inhibitor of OX40L. In
some embodiments, the imumune checkpoint inhibitor 1s an antibody against OX40L. In some
embodiments, the immune checkpoint inhibitor is a monocional antibody against OX40L. Tn
some embodiments, the iromune checkpoint ihibitor 1s a human or humanized antibody against
OX40L. In some embodiments, the immune checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as OX40L. In some embodimenis, the
tmmune checkpoint inhibitor reduces the interaction between TNFRSF4 and OX40L.In some
embodiments, the immune checkpoint inhibitor is an inhibitor of IDO-1. In some embodiments,
the immume checkpoint inhibitor is an antibody against IDO-1. In some embodiments, the
immune checkpoint inhibitor is a monoclonal antibody against IDO-1, in some embodiments,
the immune checkpoint hibitor is a human or humanized antibody against IBO-1. In some
embodiments, the immuune checkpoint inkubitor reduces the expression or activity of one or more
tmmune checkpoint proteins, such as IDO-1.

In some embodiments, the timmune checkpoint inhibitor is an inhibitor of IDO-2. In

some embodiments, the immune checkpoint inhibitor 15 an antibody against {D0O-2. In some
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embodiments, the immune checkpoint inhibitor is a monocional antibody against IDO-2. In
some embodiments, the immune checkpoint inhibitor is a human or humanized antibody against
ID0-2. In some embodiments, the immune checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as 130-2.

in some embodiments, the immune checkpoint inhibitor is an inhubitor of CEACAMI. In
some embodiments, the immune checkpoint inhibitor is an antibody against CEACAMI. In
some embodiments, the immune checkpoint inhibitor 15 a roonoclonal antibody against
CEACAMI. In some embodiments, the immune checkpoint inhibitor is a human or humanized
antibody agamst CEACAMI. In some embodiments, the immune checkpoint inhibiior reduces
the expression or activity of one or more immune checkpomt proteios, such as CEACAML

in some embodiments, the immune checkpoint inhibitor is an inhubitor of BTLA. In
some embodiments, the immune checkpoint inhibiior is an antibody against BTLA. In some
embodiments, the immune checkpoint inhibitor i3 a monocional antibody against BTLA. In
some embodunents, the imroune checkpoiot inhibitor 15 a human or humanized astibody against
BMA. In some embodiments, the immune checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as BTLA.

In some embodiments, the iromune checkpoint inhibitor 1s an intubitor of TIM3. In some
embodiments, the immune checkpoint inhibitor is an antibody against TIM3. In some
embodiments, the immune checkpoint inhibitor is a monocional antibody against TIM3. In some
embodiments, the immune checkpoint inhibitor is a human or humanized antibodv against
TIM3. In some embodiments, the inunune checkpoint inhibitor reduces the expression or
activity of one or more immune checkpoint proteins, such as TIM3.

In some embodiments, the immune checkpoint inhibitor is an inhibitor of A2Ar. To some
embodiments, the omune checkpoint indubitor is an antibody against AZAr. hn some
embodiments, the imommne checkpoint inhibitor is a monoclonal amtibody against AZAr. In some
embodiments, the immume checkpoint inhibitor is a human or humanized antibody against
AZAr. In some embodiments, the immune checkpoint inhibitor reduces the expression or
activity of one or more 1owmune checkpoint protetus, such as A2Ar.

in some embodiments, the iminune checkpoint inhibitor is an mhibitor of VISTA
protein. In some embodiments, the immune checkpoint inhibitor is an antibody against VISTA
protein. To some embodiments, the imnmune checkpoint inhibifor 1s a monoclonal antibody
against VISTA protein. In some embodiments, the immune checkpoint inhibitor is a human or
humanired antibody against VISTA protein. In some embodiments, the immune checkpoint
inhibiior reduces the expression or activity of one or more timmune checkpoint proteins, such as

VISTA protein.
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ANTIBODY TARGETS

in some embodiments, the antibody of an immunoconjugate is capable of binding one or
more targets selected from {e.g.. specifically binds 1o a target selected from) 5T4, ABL, ABCF1,
ACVRI, ACVRIB, ACVR2 ACVR2ZB, ACVRLI, ADORAZA, Aggrecan, AGR2, AICDA,
AlFT, AIGI, AKAPT, AKAP2, AMH, AMHRZ, ANGPTI, ANGPT2, ANGPTL3, ANGPTL4,
ANPEP, APC, APOCI, AR, aromatase, ATX, AX1, AZGP1 (zinc-a-glycoprotein}, B7.1, B7.2,
B7-Hi, BAD, BAFF, BAG!L, BAIL, BCR, BCLZ, BCLG, BDNF, BLNK, BLR1 (MDR15).
BIvS, BMP1, BMP2, BMP3B (GDFIO), BMP4, BMP6, BMPE BMPRTA, BMPRIEB, BMPR2,
BPAGI {plectin}, BRCAL, CI19orflO (JL27w), {3, C4A, €3, CSRI, CANTL, CAPRIN-1,
CASPL, CASP4, CAV1, COBP2 (D6/IABG1), CCLI(1-309), CCLIL {eotaxin), CCL13 (MCP-
4), CCL1S (MIP-1d), CCL16 (HOC-4), CCLI7 (TARC), CCLIS (PARC), CCLIS (MIP-3b),
CCL2 (MCP-1), MCAF, CCL20 (MIP-3a), CCL21 (MEP-2}, SLC, exodus-2,
CCL22(MDC/STC-1), CCL23 (MPIF-I), CCL24 (MPIF-2/eotaxin-2}, CCL25 (TECK), CCL26
{eotaxin-3), CCL27 (CTACK/ILC), CCL28, CCL3 (MiP-la), CCL4 (MIPIb), CCLS (RANTES),
CCL7 (MCP-3), CCL8 (mep-23, CCNATL, CCNAZ, CONDIL, CONEL, CCNE2, CCR1
{CKR1/HM145), CCRZ {mep-IRB/RA)Y, CCR3 (CKR3/CMEBR3), CCR4, CCRS
{CMKBRS5/ChemR13), CCR6 (CMKBRO/CKR-L3/STRL22Z/DRY 6}, CCR7 (CKR7/EBI),
CCRE (CMKBRE/TERVCKR-LY), CCRY (GPR-9-6), CCRL1 (VSHK1), CCRL2 (L-CCR),
CDi6d, CD19, CDIC, D2, CD20, CD21, D200, CD-22, UD24, CD27, CD28, CD3, UD33,
CD35, CD37, Ch38, CD3E, CD3G, CD37, CD4, CD3R, CD40, CD40L, CDd4, CD45REB,
CD47. CD32, CH6w, CD72, CDY74, CDT79A, CD798, CDE, CDE0, CDE1, CDE3, CDEs, CD137,
CD152, CD274, CDHI (Fcadherin), CDHIO, CDHI12, CDHI3, CDHIS, CDHI19, CDH20,
CDHS, CDH7, CDHS, CDH9Y, CDK2, CDK3, CDKA4, CDKS, CDKo, CDK7, CDK9, CDKNIA
{(pZ1Wapl/Cipl), COKNIB (p27Kipl), CDRNIC, CDENZA {(p16INK4a), CDKN2ZB,
CDEN2C. CDKN3, CEBPB, CERL CHGA, CHGB, Chitinase, CHST10, CKLFSF2,
CKLFSF3, CKLFSF4, CKLFSFS, CKLFSFo, CKLFSF7, CKLFSFS, CLDN3, CLBN7
{claudin-7), CLDN18.2 {claudin 18.2), CLN3, CLU {clustenin), CMKLR1, CMKORI1 (RDC1},
CNRI, COLI18AT, COLIAL, COL4A3, COL6AL, CR2, Cripto, CRP, CSF1 (M-CSF), CSF2
{GM-CSF}, C8F3 (GCSF), CTLE, CTNNBI (b-catenin), UTSB (cathepsin B), CX3CL1
{(SCYD), CX3CRI (V28), CXCLI (GRO1), CXCLIO (IP-10), CXCLI (1-TAC/IP-9),
CXCL1Z (SDFD), CXCLI3, CXCL4, CXCL16, CXCL2 (GRO2), CXCL3 (GRO3), CXLL3
(ENA-TE/LIXG, CXCLO6 {GCP-2), CXCLY (MIG), CXCR3 (GPRY/CKR-LZ), CXCR4, CXCRO
(TYMSTR/STRL33/Bonzo), CYBS, CYC1, CYSLTRI, DAB2IP, DES, DKFZp45110118,
DNCLI, DPP4, E2F1, Engel, Edge, Fennel, EFNA3, EFNB2, EGF, EGFR, ELACZ2, ENG,
Enocla, ENG2, ENO3, EPHAL EPHAZ, EPHA3Z, EPHA4, EPHAS, EPHAG, EPHA7, EPHAR,
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EPHAY9, EPRA1Q, EPHBI, EPHB2, EPHB3, EPHB4, EPHRBS, EPHB6, EPHRIN-A1, EPHRIN-
A2 EPHRINA3Z, EFPHRIN-A4, EPHRIN-AS, EPHRIN-A6, EPHRIN-B1, EPHRIN-B2Z,
EPHRIN-B3, EPHB4, EPG, ERBB2 (Her-2), EREG, ERKS, Estrogen receptor, Earl, ESR2, F3
(TF), FADD, famesyliransferase, Fasl, FASNE, FCERIA FCERZ, FCGR3A, FGF, FGF1
(aFGF), FGFI0, FGF1L, FGF12, FGF12B, FGF13, FGF14, FGF16, FGF17, FGF18, FGF19,
FGF2 (bFGF). FOF20, FOF21, FGF22, FOFR23, FGEF3 (nt-2), FGF4 (HST), FGFS, FGF6 (HAT-
2}, FGF7 (KGF), FGFg, FGF9, FGFR3, FIGF (VEGFD), FILI (EPSILON), FBL1 {(FETA),
FLI12584, FLI25530, FLRTI {(fibronectin), FLT1, FLT-3, FOS, FOSL1 (FRA-1), FY (DARC),
GABRP {GABAa), GAGEB!L, GAGEC], GALNAC4S-68T, GATA3, GD2, GDFS, GFII,
GG, GM-CSF, GNAST, GNRHL, GPRZ (CCRI10), GPR31, GPR44, GPRET (FKSGA0),
GRCCIO (C10), GRP, GSN (Gelsoliny, GETP1, HAVCRZ, HDAC, HDACY, HDACS,
HDACTA, HDACY, Hedgehog, HGF, HIF 1A, HIPI, histamine and histamine receptors, HLA-
A, HLA-DRA, HLA-E, HM74, HMOXI, HSPOO, HUMCYTZA, ICEBERG, ICOSL, ID2, IFN-
a, IFNAL, IFNA2, IFNA4, IFNAS, BEFNAs, BFNAT, IFNBI1, IFNgamma, IFNW1, IGBP1,
IGF1, IGFIR, IGF2, IGFBP2, IGFBP3, IGFBPs, DL-1, ILIC, ILIORA, ILIORB, IL-1, ILIR1
{CD121a), ILIR2 {CD121b), IL-IRA TL-2, HL2RA {CD23), IL2RB (CD1223, TL2RG (CTH 32y,
IE-4, T-4R (CD123), IL-53, TLSRA (CD128), IL3RB (CD131), IL-6, TLGRA, {({CD126), IRGRB
(CDI130), 1L-7 IWTRA(CDI2Ty, IL-8, CXCRI (IL8RA), CXCR2 (ILERB/CDI28), 1L-9 ILOR
(CD129), H-10, IL1ORA (CD210), ILIORB (CDW210B), 1L-11, [L11RA H-12 HL-124 IL-
128, IL-12RBI, IL-12RB2 1L-13, ILI3RAT ILI3RAZ TL14 LI5S, ILISRA ILI6, LT,
ILI7A D178, IL17C, IL17R,ILIES, TL18BP, HLISRY, ILISRAP, IL19, ILIA, ILIB, ILIF10,
TLEFS, ILAFG, ILIF7, ILIFS, DLIFY, ILIHYL HLIRT, ILIR2, TLIRAP, ILIRAPLE ILIRAPLZ,
ILIRLE TLIRLZ ILIRN, 112, 1120, ILZ0RA, TL21IR TR22 TL22R1L22RA2 1123, DL24,
125, 126, 1127, TL28A TL28B, 1129, IL2RA, [L2RB, IL2RG, 113, 1L30, IL3RA, 14, IL4
IL6ST {glycoprotein 130), ILK, INHA, INHBA, INSL3, INSL4, IRAK1, IRAKZ ITGAL,
ITGAZ, ITGA3, ITGAG (alpha 6 integrin), ITGAV, ITGB3, ITGB4 ( beta. 4 integring, JAGE,
JAKT, JAKS, JTB, JUN, K6HF, KATL, KPR, KITLG, KLF5 (GC Box BP), KLF6, KLEK10,
KLKI2, KLKI3, KEKI4, KLK15, KLK3, KLK4, KLK3, KLK6, KLK9, KRT1, KRTi9
{Keratin 19}, KRT2A, KRTHB6 (hair-specific type H keratin), LAMAS, LEP {leptin), Lingo-
p7S, Lingo-Troy, LPS, LRRCIS, LTA (TNF-b)), LTB, LTB4R (GPR16}, LTB4R2, LTBR,
MACMARCKS, MAG or OMgp, MAPZK7 {c-Jun), MCP-1, MDK, MIB1, midkine, MIF,
MISRIH, MIP-2, MK, MKI6T (Ki-67), MMP2, MMP9, MS4A 1L MSMB, MT3
{metallothionectin-Ul), mTOR, MTSS1, MUCT (mucin), MYC, MYD88, NCKZ, nsurocan,
Nectin-4, NFEBIL NFKB2, NGFB (NGF), NGFR, NgR-Lingo, NgRNogo66, (Nogo), NgR-p75,
NeR-Troy, NMEL (NM23A), NOTCH, NOTCHI, NOX5, NPPB, NROB1, NROBZ, NRID1,

>
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NR1D2, NR1H2, NRIH3, NR1H4, NR112, NR113, NR2C1, NR2C2, NRZEL, NR2E3, NR2F1,
NR2F2, NR2F6, NR3C1, NR3C2, NR4AL, NR4A2, NR4A3, NRSAL NRSAZ NR6AL, NRP1,
NRP2, NTSE, NTN4, ODZ1, OPRDI, P2RX7, PAP, PARTI, PATE, PAWR, PCA3, PCDGF,
PCNA, PDGFA, PDGFB, PDGEFRA, PRGERB, PECAMI, peg-asparaginase, PF4 (CXCL4),
PGF, PGR, phosphacan, PIAS2, PI3 Kinase, PIK3CG, PLAU (uPA), PLG, PLXDCE, PKC,
PKC-beta. PPBP (CXCL7), PPID, PR1, PRKCQ. PRKDI, PRL, PROC, PROKZ, PSAP, PSCA,
PTAFR, PTEN, PTGS2 (COX-2). PIN, RACZ (P21Rac2), RANK, RANK hgand, RARB,
RGST, RGS13, RGE3, RNFHO (ZNF144), Ron, ROBO2, RXR, S100A2 SCGB 1D2
{(Iipophilin B), SCGB2AIL {(mammaglobin 2), SCGBZAZ (mammaglobin 1), SCYE] {endothelial
Monocvte-activating cytokine), SDF2, SERPENAT, SERPINA3Z, SERPINBS (maspin),
SERPINEI (PAI-I}, SERPINFL SHIP-1, SHIP-2, SHB1, SHB2, SHBG, SfcAZ, SLU2AZ,
SLO33A1L, SLC43A1, SLIT2, SPP1, SPRRIB (Spri), STOGALL, STABI, STATE, STEAP,
STEAP2, TB4R2, TBX21, TCPIQO, TDGFL, TEK, TGFA, TGFBE, TGFBIL, TGFR2, TGFBR3,
TGEFBI, TGEBRI, TGFBR2, TGFBR3, THIL, THBST {thrombospondin-1}, THBS2, THBS4,
THPO, TIE (Tie-1), TIMP3, tissue factor, TLRI, TLRZ, TLR3, TLR4, TLRS, TLR6, TLR7,
TLRS, TLRY, TLR10, TLR11, TNF, TNF-a, TNFAIP2 (B94), TNFAIP3. TNFRSF11A,
TNFRSFIA, TNFRSFIB, TNFRSF21, TNFRSFS, TNFRSF6 (Fas), TNFRSF7, TNFRSFS,
TNFRSFO, TNFSFI0 (TRAIL), TNFSFiT (TRANCE), TNFSF1Z (APO3L), TNFSF13 (April),
TNFSFI3B, TNSF14 (HVEM-L), TNFRSFI4 (HVEM), TNFSF1S5 (VEGH, TNFSF18, TNFSF4
{(0X40 ligand), TNFSFS (CD40 ligand). TNFSF6 (FasL), TNFSF7 (CD27 higand), TNFSFE
{CD30 ligand), TNFSF9 (4-1BB ligand), TOLLIP, Toll-like receptors, TOP2A (fopoisomerase
fia), TPS3, TPMIL, TPM2, TRADD, TRAFT, TRAF2, TRAF3 TRAF4, TRAFS, TRAFG,
TREA, TREMI, TREM2, TROP2, TRPC6, TSLP, TWEAK, Tyrosinase, uPAR, VEGF,
VEGFB, VEGFC, versican, VHL €5, VLA, Wri-1, XCL1 {tymphotactin), XCL2 (SCM-Ib),
XCRI(GPRS/CCXCR1). YYL ZFPM2, CLEC4C (BDCA-2. DLEC, CD303, CLECSFT),
CLEC4D (MCL, CLECSF&), CLEC4E (Mincle), CLEC6A (Prectin-2}. CLECSA (MDL-1,
CLECSES), CLECIB {CLEC-2), CLECOA (DNGR-1), CLEC7A (Dectin-1), PDGFRa,
SLAMF?, GP6 (GPVT), LILRAL (CD83D), LILRA2 (CDESH, ILT1), LILRA4(CDE3G, 1LTY),
LILRAS (CDSSF, ILT11), LILRAG (CD85b, ILT8), NCRI (CD335, LY94, NKp4d6), NCR3
(CD335, LY 94, NKpd6), NCR3 (CD337, NKp30), OSCAR, TARMI, CD300C, CD300E,
CD300LEB (CD300R), CH300LD {(CD300D), KIR2DLA (CDI138D), KIR2ZDS, KLR(C2
(CD159C, NKG2C), KLRKI {(CD314, NKG2D), NCR2 (CD336, NKpdd), PILRB, SIGLEC]
(CD169, SN}, SIGLECH4, SIGLECIS {(CD33L3), SIGLEC16, SIRPB1 (CD172B), TREM!I
(CD354), TREM2, and KLRF1 (NKp&0).
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in some embodiments, the antibody binds to an FcR gamma-coupled receptor. In some
embodiments, the FeR gamma-coupled receptor is selacted from the group consisting of GP6
(GPVT), LILRA (CD851), LILRA2 (CDSSH, ILT1), LILRA4 (CD83G, ILT7), LILRAS
(CD8SF, ILTH), LILRAG {(CD&5h, 1LT8), NCR1 (CD335, LY94, NKpda)y, NCR3 (CD335,
LY94, NKpd6), NCR3 (CD337, NKp30), OSCAR, and TARML.

In some embodiments, the antibody binds to a BAP12-coupled receptor. In some
embodiments, the DAP12-coupled recepior is selected from the group consisting of CD300C,
CD300E, CD300LB (CD300B), CH300LD (CD300D), KIRZ2DL4 (CDI13SD), KIR2DS, KLR(2
{CD159C, NKG2C), KLRKT (CD314, NKG2D), NCR2 (CD336, NKpd4d). PILRB, SIGLECT
{CD169, SN), SIGLECH4, SIGLECT3 (CD33L3), SIGLECIS, SIRPBIL (CD172B), TREMI
{(CD354), and TREM2Z.

In some embodiments, the antibody binds t0 a hemITAM-bearing receptor. In some
embodiments, the hemITAM-bearing receptor is KLRF1 (NKp80O3.

In some embodiments, the antibody s capable of binding one or more targets selected
from CLEC4C (BDCA-2, BLEC, CD303, CLECSF7), CLEC4D (MCL, CLECSFSR), CLEC4E
{Mincle), CLEC6A {Dectin-2), CLECSA (MDL-1, CLECSFS). CLECIB (CLEC-2), CLEC9A
(DNGR-1), and CLECTA (Dectin-1). In some embodiments, the antibody is capable of binding
CLECAA (Dectin-2) or CLECSA. In some embodiments, the antibody is capable of binding
CLEC6A (Dectin-2}.

In some embodiments, the antibody s capable of binding one or more targets selected
from (e.g., specifically binds to a target selected from}: ATPSI((B06183), QAT (P29758),
ATFMT (Q9Z0X1), AOFA {(364133), MTDC (P18155), UM {(Q8BH39), PREP (Q8K411),
YMEL1L {O88967}, LPPRC (Q6PB66), LONM (QRCGKS), ACON (Q99Ki0}, ODO1 (Q605973,
IDHP (P54071), ALDH2 (P47738). ATPB (P56480), AATM (POS202). TMM93 (QOCQWO),
ERGI3 (QOCOET), RTN4 (Q99P72), CLO4T (QRBOR4A), ERLN2 (Q8BFZ9), TERA (Q01853),
DAD1 (P61804), CALX (P35564), CALU (D35887), VAPA (QOWV55), MOGS (OS0UMT),
GANAB (Q8BHN3), ERC1A (Q3R130), UGGGT (Q6P5E4), PAHAL (Q60715), HYEP
(QOD379), CALR (P1421 1), AT2A2 (055143}, PDIA4 (POR0OO3), PDIAT (P09103), PDIAS
(P27773), PDIAG (Q922RS), CLH (Q68FD5), PPIB (P24369), TCPG (P80318), MOT4
{(P377873, NICA (PS7T716), BASI{P18572), VAPA (QOWV35), ENV2 (P11370), VATI
{Q62465), 4F2 (P10852), ENOA (P17182), ILK (035222), GPNMB (Q99P91), ENV1
(P10404), EROIA (QSRIR0)Y, CLH, ((368FD3), DSGIA (Q61495), ATIAT (QRVDN2),
HYOU1 (Q9JKR6), TRAP1 (Q9CON1), GRP7S (P38647), ENPL (P08113), CH60 (P63038),

and CHI0 (Q64433). In the preceding list, accession numbers are shown in parentheses.
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in some embodiments, the antibody binds o an antigen selected from CDHI, CD19,
D20, CD29, CD30, CD38, Ch40, Ch47, EpCAM, MU, MUCTS, EGFR, Her2, SLAMF7,
and gp7S. In some embodiments, the antigen is selected from CD19, CD20, CD47, EpCAM,
MUCH, MUC16, EGFR, and Her2. In some embodiments, the antibody binds o an antigen
selected from the Tn antigen and the Thomsen-Friedenreich antigen.

In some embodiments, the antibody or Fe fusion protetn is selected from: abagovomab,
abatacept {also known as ORENCIA®), abaiximab (also known as REOPRO®), ¢7E3 Fab),
adalimumab (also known as HUMIRA®), adecatumumab, alemtuzumab (alsoc known as
CAMPATH®R), MabCampath or Campath~-1H), altumomab, afelimomab, anatumomab
mafenatox, anefumumab, anrukizumab, apolizumab, arcitumormab, aselizumab, atlizumab,
atorchimumab, bapineurumab, basiliximab (also known as SIMULECT®), bavituximab,
bectumomab {alsc known as LYMPHOSCAN®), belimumab (also known as LYMPHO-STAT-
B®}, bertilimumab, besiiesomab, bevacizumab (also known as AVASTIN®}, biciromab
brallobarbital, bivatuzumab mertansine, campath, canakinurnab (also known as ACZBES),
cantuzumab mertansine, capromab {also known as PROSTASCINT®}, catumaxomab {also
known as REMOVAB®), cedelizumab (also known as CIMZIA®), certolizumab pegol,
cetusimab (also known as ERBITUX®), clenoliximab, dacetuzumab, dacliximab, daclizumab
(also known as ZENAPAX®), denosumab {(aiso known as AMG 162}, detumomab, dorlimomab
aritox, dorlixizumab, duntomumab, durimulumab, durmulomab, ecromeximab, eculizomab {(also
known as SOLIRIS®}, edobacomab, edrecolomab (also known as Mab17-1A, PANOREX®),
efalizumab (also known as RAPTIV A®), efungumab (also known as MYCOGRAB®),
elsilimomab, enlimomab pegol, epitumomab cituxetan, efalizumab, epitumomab, epraturumab,
erlizumab, erbumaxomab (also known as REXOMIUN®R), etanercept (also known as
ENBREL®), etaracizumab (also known as etaratuzumab, VITAXIN®, ABEGRIN®),
exbivirumab, fanolesomab (also known as NEUTROSPEC®R), faralimomab, felvizumab,
fontolizumab {also known as HUZAF®), galiximab, gantenerumab, gavilimomab {(also known
as ABXCBL®R), gemtuzumab ozogamicin (also known as MYLOTARGR), golimumab (also
known as CNTO 148), gomiliximab, ithalizumab {also known as TNX-353), ibritumomab
tiuxetan (also known as ZEV ALIN®), igovomab, imciromab, infliximab (also known as
REMICADE®), inolimomab, inotuzumab ozogamicin, ipthimumab (also known as MDX-010,
MDX-101), ratunmumab, keliximab, labetuzumab, lemalesomab, lebrilizumab, lerdeliroumab,
fexatumumab (also known as, HGS-ETR2, ETR2-ST01), lexitumumab, libivirumab,
lintuzumab, lucatumumab, humiliximab, mapatunuimab (also known as HGSETR], TRM-1),
mashimomab, matuzumab (also known as EMD72000), mepolizumab (also known as

BOSATRIAR), metelimumab, milatuzumab, nunretumomab, mitumomab, morolimumab,

30
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motavizenab {also known as NUMAX®), muromonab {also known as OKT3), nacolomab
tafenatox, naptumomab estafenatox, natalizumab (also known as TYSABRI®, ANTEGREN®),
nebacumab, nerelimomab, mmotuzumab (also known as THERACIM hR3®, THERA-CIM-
hR3®, THERALOC®), nofetumomab merpentan (also known as VERLUMA®), ocrelizumab,

odulimomab, ofatumumab, omalizomab (also known as XOLAIR®), oregovomab (also known

w1

as OVAREX®), otelixizumab, pagibaximab, palivizumab (also known as SYNAGIS®3,
panitumumab (also known as ABX-EGF, VECTIBIX®), pascolizumab, pemtumorab (also
known as THERAGYN®), pertuzumab {(also known as 204, OMNITARG®), pexelizumab,
pintumomab, priliximab, pritusmumab, ranibizomab (also known as LUCENTIS®),

10 raxibacumab, regaviruroab, reslizumab, ritusimab {also known as RITUXAN®, MabTHERA®),
rovelizumab, ruplizumab, satumomab, sevirumab, sibroturumab, siplizumab (also known ag
MEDI-507), sontuzumab, stamudumab (also known as MYO-029}, sulesomab {also known as
LEUKOSCAN®), tacatuzumab tetraxetan, tadocizumab, talizamab, taplitumomab paptox,
tefibazumab {also known as AUREXIS®), telimomab aritox, tenelixamab, teplizumab,

15 ticilimumab, tocilizamab {(also known as ACTEMRA®), toralizumab, tositumomab,
trastuzumab {also known as HERCEPTIN®), tremelimumab {also known as CP-675,206),
tucotuzumab celmoleukin, tuviramab, urtoxazumab, ustekinumab {also known as CNTO 1275),
vapaliximab, veltuzumab, vepalimomab, vistlizumab (aiso known as KUVION®), volociximab
(also known as M200), votumumab (also known as HUMASPECT®), zalutumuimab,

20 zanolimumab (also known as HuMAX-CD4), ziralimumab, zolimomab aritos, daratumumab,
elotuxumab, obintunzumab, olaratumab, brentuximab vedotin, afibercept. abatacept, belatacept,
afibercept, etanercept, romuplostim, SBT-040 (sequences listed in US 2017/0158772. In some
embodiments, the antibody i3 ritusimab.

in au exemplary ermnbodiment, the mmunoconjugates of the mvention coraprise an

25  antibody consiruct that comprises an antigen binding domain that specifically recognizes and
binds PD-L1.

Programmed Death-Ligand 1 (PD-L1, cluster of differentiation 274, CD274, B7-
homolog 1, or B7-H1) belongs 1o the B7 protein superfamily, and is a ligand of programmed cell
death protein 1 (PD-1, PDCD, cluster of differentiation 279, or CD279). PD-L1 can also

30 interact with B7.1 (CD80}) and such interaction is believed to inhibit T cell priming, The PD-
L1/PD-1 axis plays a large role 1n suppressing the adaptive immune respouse. More
specificaily, it is believed that engagement of PD-L1 with its receptor, PD-1, delivers a signal
that inhibits activation and profiferation of T-cells. Agents that bind to PD-L1 and prevent the
ligand from binding to the PD-1 recepior prevent this immunosuppression, and can, therefore,

35  enhance an imommne response when desired, such as for the treatment of cancers, or infections.
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PD-L1/PD-1 pathway also contributes o preventing autoimmunity and therefore agonistic
agents against PD-L1 or agents that deliver immune inhibitory payloads may help treatment of
autoiromune disorders.

Several antibodies targeting PD-L1 have been developed for the treatment of cancer,
including atezolizumab (TECENTRIQ™), durvalumab (IMFINZI™)}, and avelumab
(BAVENCIO™). Nevertheless, there continues to be a need for new PD-L1-binding agents,
ncluding agents that bind PD-L1 with high affinity and effectively preveot PD-L1/PD-1
signaling and agents that can deliver therapeutic payloads to PD-L1 expressing cells. In
addition, there is a need for new PD-L1-binding agents to treat autoimmune disorders and
mfections.

in an exemplary embodiment, the immunoconjugates of the invention comprise an
antibody consiruct that comprises an antigen binding domain that specifically recognizes and
binds HER2.

in certain embodiments, tmrounoconjugates of the invention comprise anti-HER2
antibodies. In one embodiment of the invention, an anti-HER?2 antibody of an immunoconjugate
of the invention comprises a humanized anti-HER?Z antibody, e.g., huMAb4DS-1, huMAb4DS-
2, huMAD4ADS-3, huMAb4DS-4, huMAb4DS-5, huMADB4D5-6, huMAD4DS-7 and huMAb435-
8, as described in Table 3 of US 5821337, which is specifically incorporated by reference
herein. Those antibodies contain human framework regions with the complementarity-
determining regions of a murine antibody (405} that binds to HER2. The humanized antibody
huMAb4DS5-8 1s also referred to as trastuzumab, conumercially available under the tradename
HERCEPTIN™ {Genentech, Inc.}.

Trastuzumab (CAS 180288-69-1, HERCEPTIN®, huMAb4DS-8, rhuMAb HER2,
Genentech) is a recombinant DNA-derived, 1gG1 kappa, monoclonal antibody that s a
humanized version of a murine anti-HER2 antibody (4035} that selectively binds with high
affinity in a cell-based assay (Kd = § nM) to the extracellular domain of HER2 (US 5677171;
US 5821337, US 6054297, US 6165464, US 6339142 US 6407213; US 6635055, US 6719971,
US 6800738; US 7074404; Coussens et al (1985} Science 230:1132-9; Slamon et al (1989)
Science 244:707-12; Slamon et al (2001} New Engl J Med. 344.783-792}.

in an embodiment of the invention, the antibody construct or antigen binding domain
comprises the CDR regions of trastuzumab. In an embodiment of the invention, the anti-HER2
antibody further comprises the framework regions of the trastuzumab. In an embodiment of the
fnvention, the anti-HERZ2 antibody further comprises one or both variable regions of

frastuzumab.
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in ancther embodiment of the invention, an anti-HERZ antibody of an immunoconjugate
of the invention comprises a humanized anti-HERZ2 antibody, e.g., humanized 204, as described
i US 7862817, An exeroplary humanized 2C4 antibody 1s pertuzumab (CAS Reg. No. 380610-
27-5), PERJETA™ (Genentech, Inc.}. Perturumab is a HER dimerization nhibitor (HDI) and
functions to inhibit the ability of HER?2 to form active heterodimers or homodimers with other
HER receptors (such as EGFR/HERI, HER2, HER3 and HER4). See, for example, Harari and
Yarden, Oncogene 19:6102-14 (2000); Yarden and Sliwkowski. Nat Rev Mol Cell Biol 2:127-37
(2001); Shiwkowski Nar Siruct Biol 10:158-9 (2003); Cho et al. Nature 421:756-60 (2003); and
Malik et al. Pro Am Soc Cancer Res 44:176-7 (2003). PERIETA™ {5 approved for the treatmuent
of breast cancer.

in an embodiment of the invention, the antibody construct or antigen binding domain
comprises the CDR regions of perturumab. In an embodiment of the invention, the anti-HER2
antibody further comprises the framework regions of the perturumab. In an embodiment of the
mvention, the anti-HERZ antibody further comprises one or both variable regions of
perturumab.

In an exemplary embodiment, the immunoconjugates of the invention comprise an
antibody construct that comprises an antigen binding domain that specifically recognizes and
binds CEA. Carcinoembryonic antigen-related cell adhesion molecule 5 (CEACAMS) also
known as UD66e (Cluster of Differentiation 66e}, is a member of the carcinoembryonic antigen
(CEA) gene family.

in an exeraplary embodiment, the immunoconjugates of the invention comprise an
anttbody construct that comprises an antigen binding domain that specifically recognizes and
binds CEA.

Flevated expression of carcinoembryonic antigen (CEA, CD66e, CEACAMS) has been
implicated in various biological aspects of neoplasia, especially tumor cell adhesion, metastasis,
the blocking of cellelar immune mechanisms, and having antiapoptosis functions. CEA is also
used as a blood marker for many carcinomas. Labetozumab (CEA-CIDE™, Immunomedics,
CAS Reg. No. 219649-07-7), also known as MN-14 and bMN14, is a humaoized 1gGl
monoclonal antibody and has been studied for the treatment of colorectal cancer {(Blumenthal, R.
et al {2003) Cancer Immunology Inmunotherapy 54(4):315-327). Labetuzumab conjugated io a
camptothecin analog (abetuzumab govitecan, IMMU-130) targets carcinoembryonic antigen-
related cell adhesion mol. 5 (CEACAMS} and 1s being studied in patients with relapsed or
refractory metastatic colorectal cancer (Sharkey, R. et al, (2018), Molecular Cancer Therapeutics
17(3):196-203; Cardillo, T. et al (2018) Molecular Cancer Therapeutics 17(1):150-160).
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in an exemplary embodiment, the immunoconjugates of the invention compiise an
antibody construct that comprises an antigen binding domain that specifically recognizes and
binds TropZ2. Tumor-associated calcium signal transducer 2 {TROP-2) 15 a transmembrane
glycoprotein encoded by the TACSTD2 gene (Linnenbach A, et al (1993) Mol Cell Biol. 13(3):
1507-15; Calabrese G, et al (2001) Cytogenet Cell Genet. 92(1-2). 1645} Trop2 is an
witracethadar calcium signal transducer that i dilferentially expressed in many cancers and
signals cells for self-renewal, proliferation, invasion, and survival. Trop?2 1s considered a stern
cell marker and is expressed in many normal tissues, though i contrast, it is overexpressed in
many cancers (Ohmach T, et al., (2006) Clin. Cancer Res., 12(10), 3057-3063; Mublmann G, el
al, (2009) 1. Clin. Pathol., 62(2), 152-158; Fong D, et al., {2008) Br. J. Cancer, 99(8), 1290-
1295; Fong D, et al., (200&) Mod. Pathol., 212}, 186-191; Ning 8. et al,, {2013} Neurol. Sci.,
34¢10), 1745-1750). Overexprassion of TropZ is of prognostic significance. Several ligands have
been proposed thal iteract with Trop2. Trop2 signals the celie via ditferent pathwave and i 18
transeriphionally regulated by 8 covoplex network of several ranseription factors.

Human Trop2 {TACSTD2: tumor-associated calcium signal transducer 2, GAT33-1,
EGP-1, M1S1; hereinafter, referred to as hTrop2) is a single-pass transmembrane type 1 cell
membrane protein consisting of 323 amino acid residues. While the presence of a cell membrane
protein involved in iromune resistance, which is common to human frophoblasts and cancer cells
(Faulk W P, et al, Proc. Natl. Acad. Sci. 75(4):1947-1951 (1978)), has previously been
suggested, an antigen molecule recognized by a monoclonal antibody against a cell membrane
protein in a human choriocarcinoma cell line was identified and designated as Trop2 as one of
the molecules expressed in human trophoblasts (Lipinsks M, et al., Proc. Natl. Acad. Sci. 78(8),
5147-5150 (1981)). This molecule was also designated as tumor antigen GA733-1 recognized by
a mouse monoclonal antibody GA733 (Linnenbach A J, et al., Proc. Natl. Acad. Sci. 86(1), 27-
31 (1989)) obtained by immunization with a gastric cancer cell line or an epithelial glvcoprotein
(EGP-1: Basu A, et al | Int. J. Cancer, 62 (4}, 472-479 (1995} recognized by a mouse
monoclonal antibody RS7-3G11 obtained by imnunization with non-small cell lung cancer
celis. In 1995, however, the Trop2 gene was cloned, and all of these molecules were confirmed
1o be identical molecules (Fornaro M, et al., Int. }. Cancer, 62(5}), 610-618 (1995)}. The DNA
sequence and amino acid sequence of hTrop2 are available on a public database and can be
referred to, for example, under Accession Nos. NM 002353 and NP_002344 (NCBI).

in response to such information suggesting the association with cancer, a plurality of
anti-hTrop2 antibodies have been established so far and studied for their antitumor effects.
Among these antibodies, there is disclosed, for example, an unconjugated antibody that exhibits

in itself antitumor activity in nude mouse xenograft models (WO 2008/144891, WO
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2011/145744;, WO 2011/155579; W0 2013/077458) as well as an antibody that exhibits
antitumor activily as ADC with a cyiotoxic drug (WO 2003/074566; WO 2011/068845; WO
2013/068946; US 7999083). However, the strength or coverage of their activity 1s still
insufficient, and there are unsatisfied medical needs for hTrop2 as a therapeutic target.

TROP2 expression in cancer cels has been correlated with drug resistance. Several
strategies target TROPZ on cancer cells that include antibodies, antibody fusion proteins,
chemical intubitors, nanoparticles, ete. The in vitro studies and pre~-clinical studies, using these
various therapeutic freatments. have resulied i significant irdubition of tumor cell growth both
fnovitro and w vivo n mice. Chnieal studies have exploved the potential application of Trop2 as
haoth a progriostic bioroarker and as a therapeutic farget 10 reverse resistance

Sacituzumab govitecan (TRODELVY®, lmmunomedics, IMMU-132), an antibody-drug
conjugate comprising a Trop2-directed antibody linked to a topoisomerase inhibitor drug, is
indicated for the treatment of metastatic triple-negative breast cancer (mTNBC) in adult patients
that have received at least two prior therapies. The Trop2 antibody in sacituzumab govitecan 18
conjugated o SN-338, the active metabolite of irinotecan (US 2016/0297890; W0 2015/698099).

In an exemplary embodiment, the immunoconjugates of the invention comprise an
antibody construct that comprises an antigen binding domain that specifically recognizes and
binds Caprin-1 (Ellis JA, Luzio JP (1995) J Riol Chem. 270(35320717-23, Wang B, et al
Q003) J Immunol. 175 (73.4274--82; Solomon 5, et al {2007} Mol Cell Biol. 27(6):2324-42).
Caprin-1 15 also known as GPIAPY, GPIP137, GRIPI37, M11ST, RNGI0S, pi37GPI, and cell
cvele associated protein 1.

Cytoplasmic activation/profiferation-associated protein-1 {caprin-1) is an RNA-binding
protein that participates in the regulation of cell eycle control-associated genes. Caprin-1
selectively binds to ¢-Myc and cvelin D2 mRNAs, which accelerates cell progression through
the (1 phase into the S phase, enhances cell viability and promaotes cell growth, indicating that it
may serve an important role in tumorigenesis (Wang B, et al (2008} J Immunol. 175:4274-
4282). Caprin-1 acts alone or in combination with other RNA-binding proteins, such as RasGAP
SH3-domain-binding protein 1 and fragile X yvental retardation protein. In the tumorigenesis
process, caprin-1 primarily functions by activating cell proliferation and upregulating the
expression of immune checkpoint proteins. Through the formation of stress granules, caprin-1 is
also jovolved in the process by which tumor cells adapt to adverse conditions, which contributes
to radiation and chemotherapy resistance. Given its role n various clinical malignancies,
caprin-1 holds the potential o be used as a biomarker and a target for the development of novel

therapeutics (Yang, Z-8, et al (2019} Oncology Lefters 18:15-21).
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Antibodies that target caprin-1 for freatment and detection have been described (WO
2011/096519; WO 2013/125654, W 2013/125636; W 2013/125640;, WO 2013/125630, WO
2013/018889; W 2013/018891: WO 2013/018883; W 2013/018892; WO 2014/014082, WO
2014/014086; WO 2015/020212; WO 2018/079740).

in an exemplary embodiment, the immumoconjugates of the invention comprise an
antibody construct that comprises an antigen binding domain that specifically recognizes and
binds Claudin-~1.

Clandin-1 is a merber of the transmembrans protein family claudins located in celi-cell
tght punctions and if acis as a co-receptor for HCV entry into hepatic cells (Kniesel U, et al
{2000y, Cell Mol Neurobiol, 20(1y:57-76; Furuse M, ef al (1998}, J. Cell Biol 141(7.1539-50;
Swisshelm K| et al (2003) Adv. Drug Deliv. Rev. 57(6):919-28). Clandin 1 is also known ag
Senescence-associated epithelial membrans protein, senescence-associated epithelial membrane
protein 1, CLDNL CLDI, ILVASC, SEMPL

Clauding are abundant in hwroinal epithehal sheets where they maintaim epithelial cell

polarity. Claudin-1 s expressed m most Hissues such as bladder, fallopian tube, liver, pancreas,
prostate, and skin,

o an exemplary embodiment, the immunoconjugates of the mvention comprise an
antibody construct that comprises an antigen binding domain that specifically recogmizes and
binds Nectin-4.

The nectins are a protein family of cell adhesion molecules involved in calcium-
dependent cell adhesion (Takai Y. et al {2003) Cancer Science 94(8).655-67; Fuchs, A et al
(2006} Seminars in Cancer Biology 16(53:359-366; Miyosht 1. et al (2007 dAmerican journal of
nephrology 27{6).590-604). Nectins play an important role in the bouding between cells 1n many
different tissues, including the mtermediate junction of epithehial cells or the chemical synapse
of nerve cells.

In an exemplary embodiment, the immunoconjugates of the invention comprise an
antibody construct that comprises an antigen binding domain that specifically recognizes and
binds LRRCIS (Leucive nich repeat containing 15},

LRRCI1S 13 a cell membrane-expressed protein that in humans is encoded by the
LRRC1S5 gene. LRRC1S is expressed on stromal fibroblasts in many sohid tumors {e.g., breast,
head and neck, lung, pancreatic) as well as directly on a subset of cancer cells of mesenchymal
origin {e.g., sarcoma. melanoma, gliohlastoma). LRRC15 may have utility as a therapeutic
target for the treatment of cancers with LRRC15-positive stromal desmoplasia or cancers of

mesenchy mal origin (Purcell, IW et al (2018) Cancer Res., 78(143:4059-4072).

A3
o)
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BIS-BENZIMIDAZOLE ADJUVANT COMPOUNDS

The immunoconjugate of the invention comprises a bis-benzimidazole adjuvant moiety .
The adjuvant motety described herein is a compound that elicits an inwmune response (i.e., an
immunostimulatory agent). Generally, the adjuvant moiety described herein is a STING agonist.

Certain amido benzimidazole compounds are demonstrated STING receptor agonists
with systemic activity (Ramanjuby, J M, et al (2018 } Noture 564:439-443; Barber, GN. {2015}
Nature Rev Immunol 1357600770, US 2019/0300313)

STING is a dimeric structure with a large and synmumnetrical binding pocket. The bis-
benzimidazole compounds of Table 1 when conjugated to a targeting antibody were designed to
target and bind to the open conformation of the binding pocket of STING. Binding 1o a small
molecule agonist usually induces a closed conformation of the STING protein. This introduces
the risk that a linker, particularly if “noncleavable”, will interfere with binding and activation.
The bis-benzimidazoles are reported to bind and activate through an open conformation, which
we predicted would be more amenable to attachment of a Hnker (Ramanjuly, J.M. et al (2018)

Narure 564:439-443; Barber, G.N. (2015} Narure Rev immunol 15:760-770).

BIS-BENZIMIDAZOLE LINKER COMPOUNDS

The immunoconjugates of the invention are prepared by conjugation of an antibodv with
a bis-benzimidazole-linker compound. The bis-bensimidarole-linker compounds comprise a bis-
benzimidazole (BBI) moiety covalently attached to a Hinker unit (L}, The linker units comprise
functional groups and subunits which affect stability, permeability, solubility, and other
pharmacokinetic, safety, and efficacy properties of the immunoconjugates. The hinker unit
includes a reactive functional group which reacts, 1.e. comjugates, with a reactive functional
group of the antibody. For example, a nucleophilic group such as a lysine side chain amino of
the antibody reacts with an electrophilic reactive functional group of the BBI-linker compound
to form the mununoconjugate. Also, for example, a cysteine thiol of the antibody reacts with a
maleinide or bromoacetamide group of the BBI-linker compound to form the
immunoconjugate.

Considerations for the design of the immunoconjugates of the invention mclude: {1)
preventing the premature release of the bis-benzimidazole (BB moiety during in vivo
circulation and (2) ensuring that a biclogically active form of the BBI moiety is released at the
desired siie of action at an adequate rate. The complex struchure of the immunoconjugate
together with s functional properties requires careful design and selection of every component
of the molecule including antibody, conjugation site, linker structure, and the bis-benzimidazole

compound. The Hinker determunes the mechanism and rate of adjuvant release.
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Generally, the linker unit {L} may be cleavable or non-cleavable. Cleavable linker units
may include a peptide sequence which is a substrate for certain proteases such as Cathepsing
which recognize and cleave the peptide linker unit, separating the STING agowst from the
antibody (Caculitan NG, et al {2017} Cancer Res, TH24y 702710373

Cleavable linker units may include labile functionality such as an acid-sensitive disulfide
group {(Kellogg, BA et al (2011) Bioconjugate Chem. 22, TV7-727; Ricart, A. Dy et al {2011}
Clin. Cancer Res. 17, 6417-6427, Pillow, T, et al (2017} Chem. Sci. 8, 366-370; Fhang 13, et al
{20163 ACS Med Chem Lert. T{111.988-993),

In some embodiments | the linker s non-~cleavable under physiological conditions . As
used herein , the term “physiological conditions” refers to a tewaperature range of 20-40 degrees
Celsius , atmospheric pressure (1., I atm ), a pH of about 6 to about & | and the one or more
physiological enrymes, proteases, acids | and bases. One advaniage of a non-cleavable linker
between the antibody and STING agonist in an immunoconjugate 1S minimizing premature
pavlcad release and corresponding toxicity. STING is a broadly expressed receptor, therefore a
particularly relevant consideration.

In one embodiment, the invention includes a peptide linking uni, 1.e. L or hinker,
hetween the cell-binding agent and the tmmunostimulatory moiety, comprising a peptide radical
based on a linear sequence of specific amino acid residues which can be selectively cleaved by a
protease such as a cathepsin, a tumor-associated elastase enzyme or an enzyme with protease-
like or elastase-like activity. The peptide radical may be about two to about twelve amino acids.
Enzymatic cleavage of a bond within the peptide linker releases an active form of the
immunostimulatory moiety. This leads to an increase i the tissue specificity of the conjugates
according to the invention and thus to an additional decrease of toxicity of the conjugates
according to the invention in other tissue types.

The linker provides sufficient stability of the immunoconjugate inn biological media, e.g.
culture medium or serum and, at the same time, the desired intracellular action within tumor
tissue as a result of 118 specific enrymatic or hydrolvtic cleavability with release of the
immunostiraulatory moiety, e “payload”,

The enzymatic activity of a protease, cathepsin, or elastase can catalyze cleavage of a
covalent bond of the immunoconjugate under physiological conditions. The enzymatic activity
heing the expression product of cells associated with tumor tissue. The enzymatic activity on the
cleavage site of the targeting peptide converis the immunoconjugate {0 an active
immunostimulatory drug free of targeting peptide and linking group. The cleavage site may be

specifically recognized by the enzyvme.. Cathepsin or elastase may catalyze the cleavage of a

{3
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specific peptidic bond between the C-terminal amino acid residue of the specific peptide and the
immunostimulatory moiety of the immunoconjugate.

In one embodiment, the invention ncludes a linking unat, i.e. L or linker, between the
celi-binding agent and the immunostimulatory moiety, comprising a substrate for glucuronidase

(Jeffrey SU, et al (2006} Bioconfug Chen. 17{30831-40), or sulfatase (Bargh J1, et al (2020}

Chese Sci. VI{O¥2375-2380) cleavage. In particular, L include a Ghuc umit and comprise a

formuia selecied from;

SN NN NP

HQ\W,’\: Ao A

Specific cleavage of the imnmunoconjugates of the invention takes advantage of the
presence of tumor infilirating cells of the immune system and leukocyte-secreted enzymes, to
promote the activation of an anticancer drug at the tumor site.

Reactive glectrophilic reactive Runctional groups (Q in Formula IT) suitable for the BBI-
linker compounds include, but are not limited to. N-hydroxysuccinimidyl (NHS) esters and N-
hydroxysulfosuccinimidvl (sulfo-NHS) esters {(amine reactive}; carbodiimides (amine and
carboxyl reactive); hydroxymethyl phosphines (amine reactive); maleimides (thiol reactive);
halogenated acetamides such as N-iodoacetamides (thiol reactive); aryl azides (primary amine
reactive); fluorinated aryi azides (reactive via carbon-hydrogen {C-H) insertion);
pentaffuorophenyl (PFP) esters (amine reactive}, tetrafluorophenyl (TFP) and
sulfotetraflucropheny! (STP) esters (amine reactive), imidoesters (amine reactive); isocvanates
(hydroxyl reactive); vinyl sulfones (thicl, amune, and hydroxyl reactive); pvridvl disulfides (thiol
reactive); and benzophenone derivatives (reactive via {-H bond insertion}. Further reagents
include, but are not Himited, to those described in Hermanson, Rioconjugate Technigues 27
Edition, Academic Press, 2008,

The invention provides solutions to the limitations and challenges to the design,
preparation and use of immunoconjugates. Some linkers such as those comprising peptide units
and substrates for protease may be labile in the blood stream, thereby releasing unacceptable
amoumnis of the adjuvant/drug prior to intemalization in a target cell (Khot, A et al (2015)
Bioanalysis 7(13):1633-1648). Other linkers may provide stability in the bloodsiream, bwt
intracellular release effectivensss may be negatively impacied. Linkers that provide for desired
intracellular release typically have poor stability in the bloodstream. Alternatively stated,

3G
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bloodstream stability and intracellular release are typically inversely related. In addition, in
standard conjugation processes, the amount of adjuvant/drug moiety loaded on the antibody, i.e.
drug loading, the amount of aggregate that is formed in the conjugation reaction, and the vield of
final purified conyugate that can be obtamned are interrelated. For example, aggregate formation
is generally positively correlated to the nmumber of equivalents of adjuvant/drag motety and
derivaiives thereof conjugated to the antibody. Under high drug loading, formed aggregates
must be removed for therapeutic applications. As a resuli, drug loading-mediated aggregate
formation decreases immunoconjugate vield and can render process scale-up difficuit.

Exernplary embodiments iclnde a bis-benzimidazole-linker cormpound of Formmula I

Rza

wherein

X and X are independently selected from a five-membered heteroarvi, optionally
substituted with Y

R! and R* are independently selected from the group counsisting of H, F, CL Br. I, -CN. —
OH, ~0—{C:-Ce alkyD), and R,

R* and R™ are independently selected from H, ~C{=0IN(R®), and RY;

where one of X%, X¥, RL R, R? and R® is substituted with R,

R* 15 selected from €1-Ce alkyldivl, «(Ci-C: alkyldiyD—0—(C1-C; alkyldivh—, C2-Cs
alkenyvidiyl and Co-Ce alkynyldivl, optionally substituted with one or more groups selected from
F, Cl, -OH, —-OCH;, ~OCHCHs, -OCHCHOCH:, -OCHCHyOH, ~OCHCHRMN(CH:);

R® is selected from the group consisting of:

~{Cy-Crz alkyidiy}-1L;

~{C1-Cr2 alkyldivD-N{RO-L;

—{(C-Crz alkyldiy-0-1;

—(C-Cyz alkyidiyD—(Cr-Coo heterocyelyidiviy-L;
—0—(C1-Cyz alkyldiy-L;

~O—C-C 2 alkyldiyD-N(R-L;

~O—C-Cpp atkyldiy-0-1;
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—O—{C1-Cr alkyldiy—~(Ca-Cop heterocyclyldiyl-1L;
~0—~C-Cz alkyldiv)—(Co-Cas heterocvelyidiyD-N(R")-L;
~OCEOINRY-L;
~OCEOINRGC-Co alkyldiyh-NR-L;
»»-N(R('}»-L;
~N{RO(C1-C 2 atkyvidivi)-L;
“NRYAC1-Crz alkyldiyD-NER -1
~N(R®}C1-Cr2 alkyldiyly-O-L;
~N{R®~C1-C1» alkyldivh—{C1-C heterocyelyldivi)-L;
~CEONERS-L:
~CEOINRO)C1-C i alkyldiyl-L
~C{=0N(R®~C1-Crr alkyldivh-NE®RY-1L:
~C(=OMNRY(Ci-Crz alkyldivl)-O-L;
—{Cr~ 2 heterocyclvldivh—L;
=S{=0n—{7-Cao heterocvelyvldivi-L; and
~8{=01—(C2-Cxo heterocyclyldivh—-C i alkyidiviy-NR L

R® is independently H or {1-Cs alkvi;

L ig a linker selected from the group consisiing of’
Q- C{=0-PEG-;
Q-C{=0)-PEG-C=0NR(C1-Cy1z alkyldiyh-C(=0)-Gluc—;
Q-C(=0)-PEG-0—;
Q-C(E=O-PEG-0-C(=0)-;
O-C{=0-PEG-C{=0)—;
Q-C{=0)-PEG-C{=0)-PEP—
Q-C(=0)-PEG-N(R%—;
Q-C(=0)-PEG-NRH-C(=0)—
Q-C(=0)-PEG-NR"»-PEG-C(=0)-PEP-
O-C(=0-PEG-N'(RO—PEG-C(=0)-PEP—;
Q-C(=0)y-PEG-C=0-PEP-NROC-C 2 atkyldiyl)—
Q-C(=0PEG-C(=0-PEP-NR)~C-C 2 alkyldiy hNROC(EO(C2-Cs

monoheterocyclyldiyl)—;

Q-C(=0)-PEG-CEOINR)C1-C 12 alkyldiyh-C(=0)-PEP-,
Q-CEO-PEG-SSHC-C alkyldiyl}-OC(=0)—;
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Q-C(=0-PEG-885C:-Cpz alkyldiy)-C(=0}—;
Q-C(=0)—(Ci-Crr alkyldivD-C(=0)-PEP—;
Q-CEOYC1-Coz alkyldivh~C(=0)-PEP-N(R®{C1-C 2 alkyldiyly—
O-CE=0{C-Cr alkyldivD-C(E0-PEP-NRPAHC-Crz alkyldiyD-N(R)-
5 C(=0);
Q-C{=0(C1-Crz alkyldiy)-C{E=O-PER-N(RY)HC-Cr alkyldiyl)-
NEROHC(=0)-{C2-Cs monoheterocyclyldiviy—;
Q—{CH2)u—C{=OWN(R)-PEG—;
Q—~(CH - CEONERN-PEG-CEOINRYC-C i alkyldivh)-C(=0)-Gluc—:
10 O (CHz 3~ CEOINR - PEG-0O-
O—~(CHuCEOINR-PEG-0-C(=0)—;
Q~(CH)u-CEOMNRY-PEG-C(=0)—;
Q—{CH D C{EOMNRN-PEG-N(R}—;
Q—~(CH - CEOINRO-PEG-NRH-C(=0)—;
15 O (CH: 3 CEOINRS)-PEG-C(=0)-PEP—;
Q—~(CH)u—CEOINR-PEG-S8—HC1-Crr alkyldiy-0C(=0)—
QA CH) - CECR-PEP-NRO-(C1-C o alkyldiyiy-—
O~+CH)uCEONRD-PEG-CEOWNRGHC -C alkvldivh-C(=0)-PEP—;
Q—~(CH )~ CEOPEP-NRDC-Crr alkyidiyDN(ROC(=0)-: and
20 Q- (CH2 3~ C(=0-PEP-N(ROC-C 1y alkyldiyDNROC(=03-(C1-Cs
moncheterocyclvidivl)—;
PEG has the formula «(CHoCHLO)o(CH2 -, mis an integer from 110 5, and nis an
integer from 2 to 50;

Gluc has the formula;

H 7
o
9]
OH
O

E
HO OH

25 Q  OH

PEP has the formuda:

£
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where AA is independently selected from a natural or unnatural amino acid side chain, or
one or more of AA, and an adjacent nitrogen atom form a S-membered ring proline amino acid,
and the wavy line indicates a point of attachment;

Cye s selected from Ce~Cop aryldivl and C1-Cop heteroarvidivl, optionally substituted
with one or more groups selected from F, Cl, NOs, —OH, —OCH;, and a glucuronic acid having

the structure:

O.__O.__COH
HO OH
OH

R is selected from the group consisting of ~CH{RMO~, ~CHy-, ~CHNRY- and -
CHR}»O-CE=0)-, where RY is selected from H, €1-Cs alkyl, C(=0)-C1-Co alkyl, and
C(=0IN(R),, where R’ is independently selected from the group consisting of H, C1-Cp alkyl,
and —(CH:CH O ) —{CH»)w—OH, where m 15 an integer from | 1o 5, and i1 ig an integer from 2 to
50, or two R” groups together form a 5~ or 6-membered heterocvelyl ring:

v is an integer from 2 to 12;

zis Oor 1

( is selected from the group consisting of N-hvdroxysuccinumdyl, N-
hydroxysulfosuccmimidyl, maleimide, and phenoxy substituted with one or more groups
independently selected from F, Cl, NO», and 803 ; and

alkyl, alkyvidivl, alkenvi, alkenyldivl, alkyuvl, alkyvnvldivl, aryl, aryldivl, carbocyelyl,
carbocyclyldivl, heterocyclyl, heterocyclyldivl, hetercaryl, and heteroarvidivl are independently
and optionally substituted with one or more groups independently selected from F, CL, Br, |, ~
CN, —=CHa, -CHCHs, —-CH=CH,, —C=CH, —C=CCHs, -CHCH(H:, -CH(CHz), —
CHCH(CH: », ~CH:OH, ~CHOCH:, ~CHCHLOH, ~C(CH: OH, ~CHOH)CH{CH: ), ~
C{CH:pCHOH, —CHCHLSOCH:, —CHOP{ONOH),, -CHOF, —~CHE;, —CFs, -CH:CFs, —
CH2CHF, ~CH{CH)CN, —C({CH;3CN, ~CHRCON, —CHNH,, —CH2NHS O CH:, —~CHoNHCH;,
~CHaN{CHs ), ~CO0H, ~COCH;, -COxCHs, ~COC(CHsY:, ~COCH{OHYCH:, ~CONH;, ~
CONHCH;, ~CON(CHa), —C{CH3RCONH,, —NH,, ~NHCH3, —N{CH:)y, -NHCOCH;, -

W
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NCH:)COCHs, -NHS(ORCH;, —N{CH:IC({CH: 3 CONHs, ~N(CH:))CHCHLS{0CH:, —
MNHC(=NHH, -NHCENHCH;, -NHCENHINH,, -NHC(E=0NH, NG, =0, ~OH, -0CH,,
~OCHCHs, ~OCHCHYOCH;, ~OCHCHXOH, ~OCHCHN(CHs )z, —~O{CHCH2 O g
(CHCOH, ~O(CHCH2O)WH, —OCHF, ~OCHFE,, —~OCF:;, —OP{ONOHY, -S{URN(CH:), -
5 SCHs, ~S(ORCH;, and -S{O):H.
in an exemplary embodiment, L comprises PEP and PEP is a dipeptide and has the

formada;

$ ) \(M\ Q’CW“R“}' %

In an exemplary embodiment, L comprises PEP and PEP is a tripeptide and has the

10 formula:

H O AA, y 0
N N Cyc~R’ g
% G

in an exemplary embodiment, PEP i3 a tripeptide wherain AA; is methyl, AA; forms
proline, and AAs is isopropyl.
in an exemplary embodiment, L. comprises PEP and PEP is a tetrapeptide and has the

15 formula:

R ey

in an exemplary embodiment, PEP is a tetrapeptide wherein:
AAq s selected from the group consisiing of Aby, Ala, and Val,
AAs 1s selected from the group consisting of Nle{(G-Bzl), Oic and Pro;
20 AA; is selected from the group consisting of Ala and Met{O); and
AAy s selected from the group consisting of Gic, Arg{NG,), Bpa, and Nle(G-Bal}
in au exenplary erobodiment, PEP 15 compnised of amino acid residues of amino acids

selected from the group consisting of
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Aia D-Ala g
HNT GO HQNACQRH
Val Arg NH, NH
H N CO.H HN
HoN CO,H

Pro (1\ Hyp(O-Bzh

N ClH
i 2

Qic Arg(NO2) N §
\j/ “ng 0,
HN
N COH &
H

HoN COH
Abu ji\ Nva

Bpa Nie{O-Bzh

HoN CO,H

and

w
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Met(O2) |

HoN COH
In an exemplary embodiment, PEP is selected from the group consisting of Ala-Pro-Val,
Asn-Pro-Val, Ala-Ala-Val, and other peptide sequences as described in W0 2021/226440.

In an exemplary embodiment, PEP has the formula:

OBz
S YRR
Y YN
H o =
(o
Qm?@ NH
fahu
O
HN
\R6

in an exernplary embodiment, PEP has the formula:

OBzl

An exemplary embodiment of the STING agomst-hinker intermediate coropound includes

wherein L comprises the formulas:

o)
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#,r /Hv H % H ‘a,i
1S SCANRE 41

WOH o WOH
and O OH

An exemplary embodiment of the STING agonist-linker intermiediate compound includes

o OH

wherein @ 1s selected from:

(&3]

An exemplary embodiment of the STING agonist-linker intermediate compound
includes wherein @ is phenoxy substituted with one or more groups independently selected
from ¥, 1, NO», and 8O1

An exemplary embodiment of the STING agonist-linker intermediate compound
includes wherein Q 1s 2,3,5,6-tetrafluorophenoxy.

10 An exemplary embodirnent of the STING agonist-linker intermediate compound
includes wherein Q 1s 2,3.5,6-tetrafluoro-4-sulfonato-phenoxy.

An exemplary embodiment of the STING agonist-linker intermediate compound
includes wherein @ 1s maleimide.

An exemplary embodiument of the STING agomst-hinker tntermediate compound

15  includes wherein L is selected from the structures:

~J
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0 o O‘Y’

z‘j /’U\OW&S/\%U\/}N.J\/N}

16 H \D

9 9] 0%1“"\

2 /)J\O/\Y$\$/\\40\/Q\N,JK\/§\’EW>

lt‘s | 10 H L
L’z /J\ O/X g ’IO\,//L J\ Q

¢ o ° A
%//J\D/?\BS\SAV%OV’;}\N}LVD
10 H (\3

where the wavy line indicates the attachment to R®.

Exemplary embodiments of the Bis-benzimidazole, STING agonisi-linker intermediate
compound are shown in Tables 1a and 1b. Each STING agonist-linker intermediate compound
was prepared and characterized by mass spectrometry and shown to have the mass indicated.
The STING agonist-linker intermediate compounds of Tables 1a and 1b demonstrate the
surprising and wnexpected property of STING agonist selectivity which may predict useful

therapeutic activity o treat cancer and other disorders when conjugated fo an antibody.
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Table 1a. Bis-benzimidazole ~linker (BBI-L) Formula If compounds

BBI-L No. Structure MW

BRI-L-} 15096
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NH
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E QMO/\/OWQWOV’\{}WO
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BBL-L-3 6177

BBI-L-4 1937.1
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BBLL-8 15687

BBI-L-% 1676.7
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BBLL-10

1980.1

BRI-L-11

1678.8

BBI-L-12

1982.1
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WO 2022/272039
BRI-L-13 OWO\/\QNQWONOV’\OWO 19141
42y, JNH \L
X 2
Y o )
. H O o
FNA )@/\o&, 1
fe] = N e N“\> o}
. H &-«N
o o, o Oy NH
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\ N
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Y Y
DN N._O
N SN
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BBI-L-14 14595
BBL-L-135 17768
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BBLL-16 1509.6

BBI-L-17 15897
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BBLL-18 1469.6
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Table 1b. Bis-benzimidazole ~linker (BBI-L) Formula If compounds

BEI-L No. Structure MW

I 910.4

BBI-L-19 o NO\/‘O’\/Q\/\O’\’OI (9106
s ?

BRBI-L-20 13984

St
~d
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BBL-L-21

BRI-L-22 1903.1
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BBL-L-23

BRI-L-24 14717
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BBL-L-23 1045.2

BBI-L-26 1396.6
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BR-L-27 {/\ e T N NN - 1561.7
! 1

! %
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BBLL-29 YAONG\/\O/\/OWQN 14153
O o
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“NH,
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BBL-L-31 15157
o N
NN
BBL-1.-32 [¢] 14699
BBI-L-33 905.1
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BBLL-34

)

BBL-L-33 15857
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BBL-L-36 14266

BBI-L-37

(o)
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BBL-L-38 Nﬁ\f‘@ 15037

G
P S N 0

N»’\/Q

IMMUNOCONIUGATES
The immunoconjugates of the invention induce target-specific activation of imnwne
effector cells such as myeloid cells as well as tumor cells expressing STING themselves. Tumor
5 targeting brings specificity to mimmize off-target STING activation, and the immunoconjugate
enables phagocytosis to not only increase activation of the effector cells but also immune

complex uptake and subsequent tumor antigen processing and presentation.

Exemplary embodiments of immungconjugates comprise an antibody covalently
attached to one or more STING agomst, bis-benzimidazole (BBI) moieties by a linker, and

10 having Formula It

or a pharmaceutically acceptable salt thereof,
wherein:
Ab s the antibody:

15 pis an integer from 1 0 §;

D is the STING agonist motety having the formula:

o)
o)
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X* and X are independently selected from a five-membered heteroarvi, optionally
substituted with R™;

R! and R* are independently selected from the group consisting of H, F, C1, Br, I, -CN, -
OH, ~0—{C1-Cs alkyl), and R;

R* and R? are independently selected from H, ~C{=0)N{R" ), and R

where one of X2, X® R’ R* R’ and R? is substituted with R*;

R? is selected from C1-Cs atkyldiv, ~(Ci-Cs alkyidivh-0-(Ci-Cs alkyldivly—, C2-Cs
atkenyidivi and Cr-Cs alkynyldivl, optionally substituted with one or more groups selected from
F, CL, -OH, ~OCHs, ~OCHCH:, ~OCHCHOCH:, ~OCHCHYOH, ~OCHCHN(CHs )z

R? is selected from the group consisting oft

—(Ci-Cr alkyldiyDh—*;

~{(C1-C 2 alkyldiyl-N(RO-*;

~{C1-Cz alkyidiv}-0-*;

—(C1-Cyz alkyldivyD—(Cr-Coo heterocyelyldivi}-*;
~0-{Cy-Crz alkyldiyl}-*;

—0~(C1-Crz alkyldiyDH-N(R"—*;

—0—C-Cyz alkyldiyD-0-%;

=L -C o alkyldiyD—(Co-Cop heterocyclyldiy-*;
—0—~C1-C o alkyldiyl—(Co-Cos heterocvelyidiv-N{RE)—*;
~OCEOINRY)-*,

~OCEOINRYHCi-C o alkyldiy)-NR -+,
—NR"*;

~N{ROC-C 2 atkyidiviy—*;

“N{ROYHC1-C 2 alkyldiv-N(R®3—*;

SN(ROM(C1-C iz alkyldiyly-0-;

~N(R®(C1-C 1> alkyldiyhy—(C2-Cao heterocyclvidivi)—*;
~C=0NR)-*;
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~C(=0INROAC1-Co alkyldivl—*;
~C=0INRD~C1-C o alkyldiyh-NER-%;
~CEOMNRYC-Crs alkyldivh-0-%;
—{Cr~9 heteroeyclyldiyl—*;
5 ~S{(=01-(C2-Cao heterocyelyldivi)-*; and
~8{=0)2-{C2-Cao heterocyclyidivh~(C1-Crz alkyldiyh-N{R -+,
where the asterisk * indicates the attachment site of L;
R® is independently H or (1-Cs alkyi;
L is the linker selected from the group consisting of:
10 ~C{EQ-PEG;
~C(=0)-PEG-CEOINRC1-C i alkyldiyh-C(=0)-Gluc—;
—C(=0)-PEG-0—;
~C(=0-PEG-0-CE=O)-
—C(=0-PEG-C(=0)—;
15 ~C(=0-PEG-C(=0)-PEP—,
~{(=0)-PEG-N{R%—;
~C(=0)-PEG-NRY-C(=0)—:
~C{(=0)-PEG-NR-PEG-C{(=0)-PEP~;
~C(=0PEG-N"(R%):-PEG-C(=0}-PEP—;
20 —C(=0-PEG-CEO-PEP-NRO—(C1-Crp alkyldivh—
~C(=0)-PEG-CEOY-PEP-N(ROYC 1-C 1z alkyldiyDNROYC(=01+(C2-Cs
monoheterocy clyidivi)—;
~C(=03-PEG-C=0MNRD-(C-Cry alkyldivh-C(=03-PEP-
~C(=0-PEG-88-C1-Cys alkyldivh-0OCEO)-
25 ~CEOPEG-S8~C-Ch alkyldiyh-C(=0)—
~C{E=0-{C-Ch alkyldiy-CE=0)-PEP-;
~C(=0)Ci-Coo alkyldiy -CE0-PEP-N(ROHC1-Coz alkyldivi—
~C(=03{Cr-Crp alkyldiv-CEO-PEP-NRO(C-C o2 alkyldiyD-N(R )~

C(=0);
30 ~C(EOC1-Cra alkyldivD-C(=0)-PEP-N(RS)~(Ci-C 12 alkyldiy -

N{ROC(=0)—(C2-C's monoheterocyelvidiviy—:
—succinimidy I-{CH )~ CEONRO-PEG—;

o)
<o
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—succininidyl~(CH2)n—-CEONR)-PEG-CEONRGC-C o
alkyldivh-C (=0 -Glue—;
~succinimidyl-{CH)m—CEONERO-PEG-0-;
—suceinimidy 1 -{CH)m—C EONROY-PEG-O-C(=0)—:
5 —succinirmidy - ({CHy - CEONERS-PEG-CEO)-
—succinimidy l-(CHn-C EONERO-PEG-NR )
—succinimidyl~{(CH D CEONROG-PEG-NE-CE=0)-
—succinimidyl—{CH)m—C EONRO-PEG-C(=0-PEP—;
—succinimidyl~{CH u—C EONRO-PEG-88—{C1-C 12 alkyldivh-0C(E=0)—;
10 —succiniridy - (CHa - CE=0)-PEP-NR(C1-C o alkyldivh—
~succinimidy -({CHz - CEOINRO-PEG-CEOINR)(Ci-Co
alkyldivh—-C(=0)-PEP—;
~succinimidyl-{CH)umC(=0-PEP-NR(Ci-C 2 alkyldiyhINRSIC(=0) - and
—succinimidyl~{CH u—C(FO-PEP-NR"C1-C 1 alkyldivhN(RCEOH -
15 Cs monoheterocyelvidivi)—,
PEG has the formuola; «(CHCHO ) {(CH Juw—; mis an integer from 1 10 5, and n is an
integer from 2 to 50;

Gluge has the formula:

§ R?g
e
oS

OH
G

HO OH

O OH

20 PEP has the formuila

‘%ﬂL ﬁ/‘(( A

where AA is independently selected from a natural or vonatural amino acid side chain, or
one or more of AA, and an adjacent nitrogen atom form a S-membered ring proline amino acid,

and the wavy line indicates a point of attachment;
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Cyeis selected from Cs-Coe aryldiyl and Ci-Coo heteroarvidivi, optionally substituted
with one or more groups selected from F, CL NG», ~OH, —~OCH;, and a glucuronic acid having
the structure:

SAAARA

O.__O.__COH

HO OH
OH

R’ is selected from the group consisting of ~CH{R®O~, ~CHz—, ~CHoN{R%~, and
CHR*O-C(=0)-, where R% is selected from H, C1-Cs alkyl, C(=0C-Ce alkyl, and —
C(=0N{R )y, where RY is independently selected from the group consisting of H, C-Cz alkyl,
and —{CHCH20),—(CH2)»—0H, where m is an integer from | {0 5, and nis an integer from 2 to
50, or two R” groups together form a 5- or G-membered heterocycly! ring:

v 1§ an juteger from 210 12;

zis O or 1; and

alkvl, alkyidivl, alkenvl, alkenyldivl, alkynyl, alkynvidiyl, arvl, aryldivl, carbocyelyl,
carbocevclyidivl, heterocyelyl, heterocyclyldivl, heteroaryl, and hetercaryidivl are independently
and optionally substituted with one or more groups independently selected from F, CL Br, L, —
CN, ~CHs, ~CHCHs, ~CH=CH,, ~C=CH, ~C=CCHs, ~CHCHCH;, ~CH{CHs ), ~
CH:CH(CH:):, ~CHOH, —CHOCH;, —<CH:CH0H, —~C{CH3»OH, ~CH{OH) CH(CH:):, —
CCH: pCHLOH, —~CHYCHLSOCH;, —CHLROP(OWOH )y, —~CHF, —CHF, —CFs, —-CHoCF;, —
CHCHE, ~CH{CHCN, ~C{CH; pON, ~CH2CN, ~CHNH:, ~CHNHSOCH, ~CHNHCHs,
—CHoN(CH: Y, —COH, —-COCH:, —CO:CHs, —COC{CHs ), ~COCH(OH}CHs, ~CONH», —
CONHCH;, ~CON{CHs)y, ~C{CH3CONH;, -~NH,, -~NHCH;, ~N(CHa),, ~-NHCOCH;, ~
N(CH:3COCH;, ~NHS{ORCH;, ~N(CHRIC(CH pCONH, ~N{CHCHCHS(ORCHs, ~
NHCENHH, -NHCENHICH;, -NHCENHINH,, -NHC(E=0WNH:, —-NG,, =0, —~OH, ~OCH;,
~OCHCHs, ~OCH:CHOCH;, ~-OCHCHOH, ~OCHRCHN(CHs )2, ~O(CH2CH G-
{CHCOH, —O{CHCHO)H, —OCH,F, —OCHF,, —OCF:, —OP(ONOHY, —S{OnN(CH:):. —
SCHjs, ~S(OnCH;, and ~S{0O):H.

Antibodias target tumor-specific and/or immune-specific {e.g. PD-L1} antigens {o bring
specificity into the targeting of the immunoconjugate to enable safe and systemic delivery

An exemplary embodument of the tmwounoconjugate of Forroula | includes wherein the
antibody is an antibody construct that has an antigen binding domain that binds PD-L1, such as

atezolizumab, durvalumab, and avelumab, or a biosimilar or a biobetter thereof,
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An exemplary embodiment of the immunoconjugate of Fornmuda [ includes wherein the
antibody is an antibody construct that has an antigen binding domain that binds HERZ, such as
trastuzumab and pertuzumab, or a biosimilar or a biobetter thereof,

An exemplary embodiment of the immunoconjugate of Formula | includes wherein the
antibody is an antibody construct that has an antigen binding domain that binds CEA, such as
labetuzumab, or a bicsimilar or a biobetier thereof

An exernplary embodiment of the immunoconjugate of Formula ¥ includes wherein the
antibody is an antibody construct that has an antigen binding domain that binds Trop2, such as
sactiuzumab, or a biosumular or a biobetier thereof,

An exemplary embodiment of the immunoconjugate of Formula § includes wherein X®
and X" are independently selected from the group consisting of imidazolyl, pyrazolyl, triazolyi,
tetrazolyl, furyl, thienvl, isoxazolyl, thiarolyl, oxadiazolvl, oxazolyl) isothiarolyl, pyrrolyl,
oxadiazolyl, and thiadiazolyl.

An exeroplary embodimoent of the immunoconjugate of Formula ¥ inchudes wherein X2
and X® are each pyrazolyl, substituted with one or more groups selected from —CHs, ~CHCH;,
—-CH=CH,, —-C=CH, —C=CCH;, -CHCH;CH;, -CH(CH;), and ~CHCH{CH:)2.

An exemplary embodiment of the immunoconjugate of Formula | inchades wherein one
of X* and XP is substituted with R°.

An exemplary embodiment of the immunoconjugate of Formula | includes wherein R’ is
selecied from the group consisting of ~OCH;, ~OCHCH;, ~OCHCHOCH:, ~CCHUHOH,
and —QCHCHN{CHs b

An exemplary embodirnent of the immunoconjugate of Formula | includes wherein R is
~0OCH;.

An exemplary embodiment of the immunoconjugate of Formuia | includes wherein R? is

An exemplary embodiment of the immunoconjugate of Formula [ includes wherein R*?
and R™ are each —C(=0NH:.

An exeroplary embodimoent of the immunoconjugate of Formula ¥ inchudes wherein one
of R* and R™ is substituted with R,

An exemplary embodiment of the immunoconjugate of Forrmula I includes wherein R® is
selecied from ~CHoCHy—, ~CH=CH-, and - C=C-.

An exemplary embodiment of the immunoconjugate of Formula I includes wherein R’ is

Cr-Cs alkenyldivl, substituted with one or more groups selected from F, -OH, and ~OCH:,

~3
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An exemplary embodiment of the immunoconjugate of Formula I includes wherein R* is
~O-{C-Cyp alkyldivD—(Cr-Cog heteroeyclyldiyl)-*.

An exemplary embodiment of the immunoconjugate of Formula I inchudes wherein Csi-
Cyz alkyidivl is propyldiyl and C3-Cao heterocvelyldiyl is pipendivi

An exemplary embodiment of the immunoconjugate of Formuda [ includes wherein one
of R' and R* is substituted with R”.

An exemplary embodiment of the immunoconjugate of Formula { includes wherein L is
~C{=0-PEG- or ~C{=0-PEG-C{=0)-.

An exemplary embodiment of the invnunoconjugate of Formula I includes wherein L is
attached to a cysteine thiol of the antibody.

An exemplary embodiment of the immunoconjugate of Formula | includes wherein for
PEG, mis | or 2, and n is an imteger from 2 to 10

An exemplary embodiment of the immunoconjugate of Formuda [ includes wherein for
PEG, nis 10,

An exemplary embodiment of the tnwounoconjugate of Forraula Lincludes wherein L

comprises PEP and PEP 15 a dipeptide and has the formula:

$ ~y W/!‘\ ,;Q’C}'G“Rﬂ‘

An exemplary embodiment of the imnumoconjugate of Formula T includes wherein L

comprises PEP and PEP is a tripeptide and has the formula:

A e

An exemplary embodiment of the immunoconjugate of Formuda [ includes wherein L

comprises PEP and PEP 15 a tetrapeptide and has the formula:

AA O AA.
4y 2 &) ,
~ N N Cye~R
O Ap, O aa, M

An exemplary embodiment of the immunoeconjugate of Forroula I ncludes wherein L

comprises Glue, selected from the formulas:

~3
8
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An exemplary embodiment of the immunoconjugate of Formula | includes wherein

wherein L is selected from the structures:

9 o
e OWS\S”\%‘B\/%NJ\/D e
10 H b
& o
Ez /J\Q/\Ts\s/\:go\v,»}ﬁk/m ( TAD
o
E/J\o ”X 3/\%@\/}N “\,,N\%\
0 o &
%//H\O{6$\S/\;§0\//\}EJK/N { Ab

5 where the wavy line indicates the attachment to R”.

The invention inchudes all reasonable combinations, and permutations of the features, of

the Formoula § emboduments.

in certain emboduments, the invnunoconjugate compounds of the imvention include those

with immunostimulatory activily. The antibody-drug conjugates of the invention selectively

10 deliver an effective dose of a bis-benzimidazole drug to tumor tissue, whereby greater selectivity

(i.e., alower efficacious dose) may be aclueved while increasing the therapeutic index
{“therapeutic window™} relative to unconjugated bis-benzimidazole.
rug loading is represented by p, the namber of BB moieties per antibody in an
immunoconjugate of Formula 1. Drug (BBI) loading may range from 1 {o about 8 drug moieties
15 (D) per antibody. Immunoconjugates of Formula I include mixtures or collections of antibodies

conjugated with a range of drug moieties, from 1 to abowt 8. In some embodiments, the number

73
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of drug moieties that can be conjugated to an antibody is limited by the number of reactive or
available amino acid side chain residues such as lysine and cvsteine. In some embodiments, free
cysteine residues are infroduced nto the antibody amino acid sequence by the methods
described herein. In such aspects, pmay be 1,2, 3,4, 5, 6, 7, or 8, and ranges thereof, such as
from 1 to 8 orfrom 2t 5. In any such aspect, pandnareequal {te, p=n=1,2,3,4,5,6,7,
or 8, or some range there between). Exemplary immunoconjugates of Formula | include, but are
not limited to, antibodies that have 1, 2, 3, or 4 engineered cysteine amino acids (Lyon, R. et al.
(2012) Methods in Enzym. 502:123-138). In some embodiments, one or more free cysteine
residues are already present in an antibody forming intra-chaim and inter-chain disulfide bonds
{native disulfide groups), without the use of engineering, in which case the existing free, reduced
cysteine residues may be used to conjugate the antibody to a drug. In some embodiments, an
antibody is exposed to reducing conditions prior to conjugation of the antibody in order to
generate one or more free cysieine residues.

For sorue wwounocorjugates, p roay be himited by the number of attachment sites on the
antibody. For example, where the attachment is a cysteine thiol, as in certain exemplary
embodiments described herein, an antibody may have only one or a limited number of cvsteine
thiol groups, or may have only ove or a hinuted number of sulficiently reactive thiol groups, to
which the drug may be attached. In other embodiments, one or more lysine amino groups in the
antibody may be available and reactive for conjugation with a BBI-linker compound of Formula
1. In certain emsbodiments, higher drug loading, e.g. p >S$, may cause aggregation, insolability,
toxicity. or loss of cellular permeability of certain antibody-drug conjugates. In certain
embodiments, the average drug loading for an immunoconjugate ranges from 1 to about &; from
about 2 to about 6; or from about 3 to about 5. In certain embodiments, an antibody 1s subjected
1o denaturing conditions to reveal reactive nucleophilic groups such as hvsine or cysteine.

The loading (drug/antibody ratio} of an immunoconjugate may be controlled inn different
ways, and for example, by: (i) limiting the molar excess of the BBI-linker intermediate
compound relative to antibody, (i1) himiting the conjugation reaction time or temperature, and
(i1} partial or lmiting reductive denaturing conditions for optinmized antibody reactivity.

it is 1o be understood that where more than one nucleophilic group of the antibody reacts
with a drug, then the resulting product is a mixture of immunoconjugate compounds with a
distribution of one or more drug moteties attached to an antibody. The average number of drugs
per antibody may be calculated from the mixture by a dual ELISA antibody assay, which is
specific for antibody and specific for the drug. Individual immunoconjugate molecules may be
identified in the mixture by mass spectroscopy and separated by HPLC, e.g hydrophobic

interaction chromatography (see, e.g., McDonagh et al. (2006} Prot. fngr. Design & Selection
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19(7%299-307; Hamblett et al. (2004) Ciin. Cancer Res. 10:7063-7070; Hamblett, K J., et al.
“Effect of drug loading on the pharmacology, pharmacokinetics, and toxicity of an anti-CD30
antibody-drug conjugate,” Abstract No. 624, American Association for Cancer Research, 2004
Annual Meeting, March 27-31, 2004, Proceedings of the AACR, Volume 45, March 2004;
Allev, 8.C., et al. “Controlling the location of drug attachiment in antibody-drug conjugates,”
Abstract No. 627, American Association for Cancer Research, 2004 Annual Meeting, March 27-
31, 2004, Proceedings of the AACR, Volume 48, March 2004). In certain embodiments, a
homogeneous imumunoconjugaie with a single loading value may be isolated from the
conjugation mixture by electrophoresis or chromatography.

An exemplary embodiument of the tmmnunoconjugate of Formoula 11s selected from the
Tables 2a and 2b Immunoconjugates. Assessment of Immunoconjugate Activity in Vifro may
be conducted according to the methods of Example 202.

STING activation is canonically associated with induction of type VIH TFNs
(interferons) through IRF3 (nterferon regulatory factor 3) signaling, but can also induce
promflammatory cytokines such as TNFo {tumor necrosis factor alpha) through the NF-«xB
(nuclear factor kappa-light-chain-enhancer of activated B cells) pathway. Certain
immunoconjugates demonstrate the ability to elicit IFNAT (interferon lambda 1} as well as
TWNFao, consistent with STING activation. As a comparator, irastuzomab elicited essentially no

TFa or IFNAT in the PBMC tumor co-culture assay (Example 202},

Table 2a BBI Immunoconjugates (IC)
Inxmuno BRBI-L- Autibody DAR PEML PBMC
conjnga . ; - Assav TNFa | Assay [FNAL
te No. Fable da | Target Secretion Secretion
BCS0 [nM} EC50 (nM]
1C-1 BBI-L-1 frastuzumab 2.2 i.0nM 9.6 0M
HER?2
1C-2 BRI-L-3 trastuzumab 2.4 0.6 nM 0.3 M
HER2
1C-3 BBLL-8 trastunzureab 34 1inM 2.0 oM
HERZ
1C-4 BBI-L-9 frastuzumab 2.4 i.5 oM 4.4 oM
HER?2

~J
St
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Table 2b BBI Immunoconjugates {IC}
Inimuno BBIL-L- Antibody DAR PRMC PBMC
conjuga Assay TNFoo | Assay IFNAL
Tables la . : :
te No. Secretion Seeretion
and b
BCS0 oM | BECSO (M
1C-5 BBI-L-18 | irastuzumab 4.0 8.7 1.8
HER2 3.6
iC-06 BBI-L-18 | tras-GHEN297A 133 9.6
HER2
1C7 BBI-L-18 | avelumab 33 0.3 1.5 (X-PDLE)
PD-L1 0.3 (X-PDL U
1C-8 BBI-L-18 | FDL1.110-G1f 34 0.9 1.9 (X-PDLD)
PD-L1 0.7 (X-PDL1)
iC-9 BBI-L-18 | bezotox-G1f 3.2
IC-10 BBI-L-7 irasiuznmab 3.3
HER2
IC-11 BRI-L-18 | avelu-Glza- 43
N297ARL1
PD-L1
1C-12 BBI-L-18 | CLDBN1-GIf 3.1
3.7
1C-13 BRI-L-24 | trastuzunab 37 1.4 2.0
HERZ
1C-14 BBI-L-17 | BSA mononer 3.4
C-15 BBL-L-19 | trastgzumab 38
HERZ
IC-16 BBI-L-20 | irastuznmab 3.9
HER2
1C-17 BRI-L-23 | trastuzpimab 4.0
HER2
{C-18 BBL-L-13 | trastgzumab 3.7
HUHR2
1C-19 BBI-L-22 rastuznmab 4.1
HER2
1C-20 BRI-L-21 | trastuzumab 3.9
e
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HER2

1C-21 BRI-L-25 | trastuzumab 4.5
HERZ

1C-22 BBI-L-26 | trastuzumab 3.3 35 13
HER2

1C-23 BRI-L-27 | trastuzowmab 3.0
HER2

{C-24 BRI-L-28 | trastuzumab 3.0 1.3 3.7
HERZ

1C-25 BBI-L-29 | trastuzumab 3.6
HER2

=26 BBI-L-24 | avelumab 3.7
PO-L1

C-27 BBEI-L-30 | trastuzumab 3.6
HERZ

1C-28 BBLL-31 | trastuzumab 33
HER2

i(-29 BBI-L-32 | tastuznwmab 3.3
HER2

1C-30 BRI-L-34 | trastozumab 32
HER?Z

1C-31 BBI-L-18 | bezlotox-G1i- 32
G236A

132 BBI-L-18 | M25-m2a 3.9
LRRCIS

1C-33 BRI-L-18 | aoti-Monse 4.0
Thyil (A9E1D)
LRRCIS

1C-34 BBI-L-35 | trastuzumab 3.6
HERZ

1C-35 BBI-L-37 | irastuzumab 3.5
HER2

1(-36 BRI-L-36 | trastuzumab 3.6
HER2

1C-37 BRI-L-38 | trastuzumab 31

~3
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HERZ

COMPOSITIONS OF IMMUNOCONIUGATES

The invention provides a composition, e.g., a pharmaceutically or pharmacologically
acceptable composition or formulation, comprising a plurality of immunoconjugates as
described herein and optionally a carrier therefor, e g, a pharmaceutically or pharmacologically
acceplable carrier. The immunoconjugates can be the same or different in the composition, i.e.,
the coraposiiion can coraprise vumunoconjugates that have the same sumber of BBI adjuvants
linked to the same positions on the antibody construct and/or immmunoconjugates that have the
same number of BBI adjuvanis linked to different positions on the antibody construct, that have
different numbers of adiuvants linked to the same positions on the antibody construct, or that
have different numbers of adjuvants linked to different positions on the antibody construct.

In an exemplary embodiment, a composition comprising the immunoconjugate
compounds comprises a nuxture of the immunoconjugate compounds, wherein the average drug
(BB loading per antibody 1n the mixture of invnunocomjugate compounds is about 2 to about 5.

A composition of immunoconjugates of the invention can have an average adjuvant to
antibody construct ratio (DAR) of about 6.4 1o about 10. A skilled artisan will recognize that the
number of thiencazepine adjuvants conjugated to the antibody construct may vary from
immunoconjugate o immunoconjugate o a composition comprising multiple
immunoconjugates of the invention and thus the adjuvant to antibody construct {e.g., antibody}
ratio ¢an be measwred as an average which may be referred to as the drug o antibody ratio
(DAR). The adjuvant to antibody construct {e.g., antibodyv) ratio can be assessed by any suitable
means, many of which are known in the art,

The average number of adjuvant moieties per anitbody (DAR) in preparations of
immunoconjugates from conjugation reactions may be characterized by conventional means
such as mass spectrometry, ELISA assay, and HPLC. The guantitative distribution of
immunoconjugates in a composition in terms of p may also be determined. In certain instances,
separation, purification, and characierizalion of homogeneous immunoconjugates where pisa
certain value from imnmunoconjugates with other drug loadings may be achieved by means such
as reverse phase HPLC or electrophoresis.

in some embodiments, the composition further comprises one or more pharmaceutically
or pharmacologically acceptable excipients. For example, the immunoconjugates of the
mavention can be formulated for parenteral adounistration, such as IV adwinstration ot

administration into a body cavity or lumen of an organ.  Alternatively, the immunoconjugates

~J
<o



w1

10

20

30

WO 2022/272039 PCT/US2022/034865

can be injected into the tumor (intra-tumorally). Compositions for injection will commonly
comprise a solution of the immunoconjugate dissolved in a pharmaceutically acceptable carrier.
Among the acceptable vehicles and solvents that can be employed are water and an isotonic
solution of one or more salts such as sodium chloride, e g, Ringer's solution. In addition, sterile
fixed oils can conventionally be emploved as a solvent or suspending medium. For this purpose,
any bland fixed oil can be emploved, including synthetic monoglycerides or diglveerides. In
addition, fatty acids such as oleic acid can Tikewise be used in the preparation of injectables.
These compositions desirably are sterile and generally free of undesirable matier. These
compositions can be sterilized by conventional, well known stenilization technigues. The
composifions can contain pharmaceutically acceptable auxiliary substances as required to
approximate physiological conditions such as pH adjusting and buffering agents, toxicity
adjusting agents, e.g., sodium acetate, sodium chloride, potassium chloride, ealcium chloride,
sodium lactate and the Hike.

The composition can contain any suitable concentration of the immunoconjugate. The
concentration of the immunoconjugate in the composition can vary widely, and will be selected
primarily based on fluid volumes, viscogities, body weight, and the like, in accordance with the
particular mode of admimstration selected and the patient's needs. In certain embodiments, the
concentration of an immunoconjugate i a solution formulation for mjaction will range from

/

about 0.1% {(w/w} 1o about 10% {w/w).

METHOD OF TREATING CANCER WITH IMMUNGOCONJUGATES

The invention provides a method for treating cancer. The method includes admunistering
a therapeutically effective amount of an inwnunoconjugate as described herein {e.g. as a
composition as described herein} 1o a subject in need thereof, e.g., a subject that has cancer and
is in need of treatment for the cancer. The method includes administering a therapeutically
effective amount of an inwounoconjugate (IC) selected from Table 2.

it is conternplated that the imnunoconjugate of the present invention may be usaed to
treat various hyperproliferative diseases or disorders, e.g. characterized by the overexpression of
atumor antigen. Exemplary hyperproliferative disorders include benign or malignant solid
tumors and hematological disorders such as leukemia and lymiphoid malignancies.

In another aspect, an immumnoconjugate for use as a medicament is provided. In certain
embodiments, the invention provides an immunoconjugate for use in a method of treating an
individual coraprising adrouustering to the individual an effective amount of the

immuroconjugate. In one such embodiment, the method further comprises administering to the
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individual an effective amount of at feast one additional therapeutic agent, e g, as described
herain.

In a further aspect, the wvention provides for the use of an iImmunoconjugate in the
mamifacture or preparation of a medicament. In one embodiment, the medicament is for
treatment of cancer, the method comprising administering to an individual having cancer an
effective amount of the medicament. In one such embodiment, the method further comprises
admunistering to the individual an effective arnount of at least one additional therapeutic agent,
e.g., as described herein.

Carcinomas are malignancies that originate in the epithelial tissues. Epithelial cells cover
the extemnal surface of the body, Hne the mternal cavities, and form the hining of glandular
tissues. Examples of carcinomas include, but are not himited to, adenocarcinoma {cancer that
begins in glandular {secretory} cells such as cancers of the breast, pancreas, lung, prostate,
stomach, gastroesophageal pmction, and colon) adrenocortical carcinoma; hepatocethdar
carcinoma; renal cell carcinoma; ovarian carcinoma; carcinoma in sify; ductal carcinoma;
carcinoma of the breast; basal cell carcinoma; squamous cell carcinoma; transitional cell
carcinoma; colon carcinoma, nasopharyngeal carcinoma; mudtidocular cystic renal cell
carcinoma; oat cell carcinoma; large cell lung carcinoma; small cell lung carcinoma; non-small
cell tung carcinoma; and the ike. Carcinomas may be found n prosirate, pancreas, colon, brain
(usually as secondary metastases), lung, breast, and skin.

Soft tissue tumors are a highly diverse group of rare tumors that are derived from
connective tissue. Examples of soft tissue tumors include. but are not limited to, alveolar soft
part sarcoma; angiomatoid fibrous histioeytoma; chondromyoxid fibroma, skeletal
chondrosarcoma; extraskeletal myxoid chondrosarcoma; clear cell sarcoma; desmoplastic small
round-cell tumor; dermatofibrosarcoroa protuberans: endormetnal stroral tumor; Ewing’s
sarcoma, fibromatosis (Desmoid); fibrosarcoma, infantile; gastromntestinal stromal tumor; bone
giant cell tumor; tenosynovial giant cell tumor; nflammatory myofibroblastic tumor, uterine
felomyoma; leiomyosarcoma; lipoblastoma; typical lipoma; spindle cell or pleomorphic Hpoma;
atypical lipoma; chondroid hipoma; well-differentiated hiposarcoma; royxoid/round cell
liposarcoma; pleomorphic liposarcoma; myxoid malignant fibrous histiocytoma; high-grade
malignant fibrous histiocytoma; myxofibrosarcoma; malignant peripheral nerve sheath tumor;
mesothelioma; neuroblastoma; osteochondroma; osteosarcoma; primitive neuroectodermal
tumor; alveolar thabdomyosarcoma; embryonal rhabdomyosarcoma; benign or malignant
schwannoma; svnovial sarcoma; Evan’s tumor; nodular fasciitis; desmoid-tvpe fibromatosis;
solitary fibrous tumor, dermatofibrosarcoma protuberans (DFSP); angiosarcoma, epithehioid

hemangiocendothelioma; tenosynovial giant cell tumor (TGCT); pigmented villonodular
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synovitis {PVNS}); fibrous dysplasia; myxofibrosarcoma; fibrosarcoma; svnovial sarcoma;
malignant peripheral nerve sheath tumor; neurofibroma; pleomorphic adenoma of soft tissue;
and neoplasias derived from fibroblasts, myofibroblasts, histiocytes, vascular cells/endothelial
cells, and nerve sheath cells.

A sarcoma is a rare tvpe of cancer that arises in celis of mesenchymal origin, e.g., in
bone or in the soft tissues of the body, including cartilage, fat, muscle, blood vessels, fibrous
tissue, or other connective or supportive tissue. Different tyvpes of sarcoma are based on where
the cancer forms. For example, osteosarcoma forms in bone, liposarcoma forras in fat, and
rhabdomyosarcoma forms in muscle. Examples of sarcomas include, but are pot limited to,
Askin's tumor; sarcoma botryoides; chondrosarcoma; Ewing's sarcoma; roalignant
hemangioendothelioma; malignant schwannoma; osteosarcoma; and soft tissue sarcomas {e.g.,
alveolar soft part sarcoma; angiosarcoma; cystosarcoma phyvllodesdermatofibrosarcoma
protuberans (BFSP)Y; desmoid tumor; desmoplastic small round cell tumor; epithelioid sarcoma;
extraskeletal chondrosarcoma; exiraskeletal ostcosarcoma; fibrosarcoma; gastroiniestinal
stromal tumor (GIST); hemangiopericyioma; hemangiosarcoma (more commonly referred to as
“angiosarcoma’”y; Kaposi’s sarcoma; leiomyosarcoma; liposarcoma, lymphangiosarcoma;
malignant peripheral nerve sheath tumor (MPNST): neurofibrosarcoma; synovial sarcoma; and
wndifferentiated pleomorphic sarcoma).

A teratoma is a type of germ cell fumor that may contain several different types of tissue
{e.g., can include tissues derived from any and/or all of the three germ layers: endoderm,
mesoderm, and ectoderm), including, for example, hair, muscle, and bone. Teratomas occur
maost often in the ovaries in women, the testicles in men, and the tailbone in children.

Melanoma i3 a form of cancer that begins in melanoeytes (cells that make the pigment
melanin). Melanoma may begin in a mole (skin melanora), but can also begin ju other
pigmented tissues, such as in the eye or in the intestines.

Merkel cell carcinoma is a rare type of skin cancear that usually appears as a {lesh-colored
ot bluish-red nodule on the face, head or neck. Markel cell carcinoma s giso called
newroendocrine carcinoraa of the skin. In soroe emboduments, methods for freating Merkel cell
carcinoma include administering an immunoconjugate containing an antibody construct that is
capable of binding TropZ2 {e.g., sacituzumab, sacituzumab govitecan, biosimilars thereof, or
hicbetters thereof). Tn some embodiments, the Merkel cell carcinoma has metastasized when
administration occurs.

Leukenuas are cancers that start in blood-forming tissue, such as the bone marrow, and
cause large numbers of abnormal blood cells to be produced and enter the bloodstream. For

example. leukenmas can originate in bone marrow-derived cells that normally matuwre in the
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bloodstream. Leukemias are named for how quickly the disease develops and progresses {e.g.,
acute versus chronic} and for the type of white biood cell that is affected (e.g., myeloid versus
lvmphoid). Myeloid leukemias are also called myelogenous or myeloblastic leukenuas.
Lymphoid leukemias are also called lymphoblastic or lymphocyiic leukemia. Lymphoid
feukemia cells may coilect in the lvmph nodes, which can become swollen. Examples of
teukemias include, but are not limited to, Acute mveloid teukemia (AML), Acuie lvmphoblastic
teukenua (ALL), Chronic mveloid levkemia (CML), and Chronic lymphocytic leukenna (CLL).

Lyvmphomas ave cancers that begin in cells of the immune system. For example,
Ivmphomas can originate in bone marrow-derived cells that normally mature in the lvmphatic
svstero. There are two basic categories of lymphomas. One category of lyrophoma is Hodgkin
lymphoma (HL), which is marked by the presence of a type of cell called the Reed-Sternberg
cell. There are currenily 6 recognized types of HL. Examples of Hodgkin lvmphomas include
nodular sclerosis classical Hodgkin lymphoma (CHL), mixed cellularity CHL, lymphocyte-
depletion CHL, lvmphocyte-tich CHL, and vodular lvmphocyte predominant HL.

The other category of lvmphoma is non-Hodgkin [ymphomas (NHL), which includes a
large, diverse group of cancers of immune system cells. Non-Hodgkin lymphomas can be
further divided into cancers that bave an indolent {slow-growing) course and those that have an
aggressive {(fast-growing) course. There are currenily 61 recognized types of NHL. Examples of
non-Hodghin lymphomas include, but are not limited to, AIDS-related Lymphomas, anaplastic
targe~-cell lvrphoma, angioimmaunoblastic Iymphoma, blastic NK-cell lvmphoma, Burkiti’s
lymphoma, Burkitt-like lvmphoma {small non-cleaved cell lymphoma), chronic lymphocviic
leukenua/small lymphocytic lvmphoma, cutaneous T-Cell lymyphoma, diffuse large B-Cell
vmphoma, enteropathy-type T-Cell lymphoma, follicular Iymphoma, hepatosplemc gamma-
delta T-Cell lvmphornas, T-Cell leukemias, ymphoblastic lymphoma, mantie cell lvmphoroa,
marginal zone lymphoma, nasal T-Cell lvmphoma, pediatric lvmphoma, peripheral T-Cell
fymphomas, primary central nervous system lymphoma, transformed lymphomas, treatment-
related T-Cell lvmphomas, and Waldenstrom's macroglobulinemia.

Brain cancers include any cancer of the brain tissues. Examples of brain cancers include,
but are not limited to, gliomas (e.g., glioblastomas, astrocyviomas, oligodendrogliomas,
ependymomas, and the like), meningiomas, pituitary adenomas, and vestibular schwannomas,
primitive newroectodermal tumors (uedulloblastomas).

Immuncconjugates of the mvention can be used either alone or in combination with other
agents in a therapy. For instance, an immunoconjugate may be co-administered with at least one
additional therapeutic agent, such as a chemotherapeutic agent. Such combination therapies

encompass combined admunistration {where two or more therapeutic agents are included in the
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same or separate formulations), and separate adnunistration, in which case, administration of the
immunoconjugate can cocur prior to, simultaneously, and/or following, administration of the
additional therapeutic agent and/or adjuvant. Immumocorgugates can also be used in
combination with radiation therapy.

The immunoconjugates of the invention {and any additional therapeutic agent} can be
administered by any suitable means, including parenteral, intrapulmonary, and intranasal, and, if
desired for local treatment, intralesional adounistration. Parenteral infusions include
intramuscular, intravenous, infraarterial, intraperitoneal, or subcutaneous administration. Dosing
can be by any suitable route, e.g. by injections, such as infravenous or subcutaneous injections,
depending in part on whether the admirstration is brief or chronic. Various dosing schedules
including but not limited to single or multiple adnunistrations over various time-points, bolus
administration, and pulse infusion are contemplated herein.

The immunoconjugate described herein can be used to treat the same types of cancers as
sacituzurnab, sacituzumab govitecan, blostmilars thereof, and biobetters thereof, particularly
breast cancer, especially triple negative (test negative for estrogen receptors, progesterone
receptors, and excess HERZ protein) breast cancer, bladder cancer, and Merkel cell carcinoma.

In some embodiments, the imomunoconjugates described herein may be effective in the
treatment of bladder cancer, salivary gland cancer, endometrial cancer, urinary tract cancer,
wrothelial carcinoma, lung cancer, non-small cell hing cancer, Merkel cell carcinoma, colon
cancer, colorectal cancer, gastric cancer, and breast cancer.

The immunoconjugate is administered 1o a subject in need thereof 1n any therapeutically
effective amount using any suitable dosing regimen, such as the dosing regimens utilized for
saciiuzumab, sacituzumab govitecan, biosimilars thereof, and biobetters thereofl For example,
the methods can include admunistering the immunoconjugate to provide a dose of from about
100 ng/kg to about 30 mg/kg to the subject. The immunoconjugate dose can range from about 5
me/kg 1o about 50 mg/ke, from about 10 pe/ke to abowt 5 mg/ke, or from about 100 pg/kg to
about 1 mg/kg. The immunoconjugate dose can be about 100, 200, 300, 400, or 500 pg/kg. The
immunoconjugate dose can be about 1,2, 3,4, 5, 6,7, 8, 9, or 10 mg/kg. The immunoconjugate
dose can also be outside of these ranges, depending on the particular conjugate as well as the
type and severity of the cancer being treated. Frequency of admunisiration can range from a
single dose to multiple doses per week, or more frequently. In some embodiments, the
immuroconjugate 1s administered from about once per month to about five times per week. In
some embodiments, the immunoconjugate is administered once per week.

In another aspect, the invention provides a method for preventing cancer. The method

comprises administering a therapeutically effective amount of an inununoconjugate (e.g, as a
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composition as described above} to a subject. In certain embodiments, the subject is susceptible
1o a certain cancer to be prevented. For example, the methods can include administering the
immunoconjugate to provide a dose of from about 100 ng/kg to about 30 mg/kg to the subject.
The immunoconjugate dose can range from about 5 mg/kg to about 50 mg/kg, from about 10
ug’kg to about 5 mg/kg, or from about 100 pg/kg to about 1 mg/keg. The immunoconjugate dose
can be about 100, 200, 300, 400, or 500 ug/kg. The immunoconjugale dose can be abowt 1, 2, 3,
4,5,6,7,8 9, or 10 mg/kg. The immunoconjugate dose can also be outside of these ranges,
depending on the particular conjugate as well as the type and severity of the cancer being
treated. Frequency of administration can range from a single dose to multiple doses per week,
or more frequently. In some embodiments, the immunoconjugate is adronistered from about
once per month to about five times per week. In some embodiments, the immunoconjugate is
administered once per week.

Some embodiments of the invention provide methods for treating cancer as described
above, wherein the cancer is breast cancer. Breast cancer can originate from different areas in
the breast, and a number of different types of breast cancer have been characterized. For
example, the immmunoconjugates of the invention can be used for treating ductal carcinoma in
situ; invasive ductal carcinoma (e. 2., tubular carcinoma; medullary carcinoma; mucinous
carcinoma; papitlary carcinoma; or cribriform carcinoma of the breast); lobular carcinoma in
situ; mvasive lobular carcinoma; inflammatory breast cancer; and other forms of breast cancer
such as triple negative (lest negative for estrogen receptors, progesierone receptors, and excess
HER? protein} breast cancer.

in some embodiments, the cancer is susceptible to a pro-inflanunatory response induced

by STING.

EXAMPLES

Preparation of Bis-benzimidazole -linker (BBI-L) Formula Il compounds and intermediates
Example 3 Synthesis of 2E}1-[{(E)-4-[{2E}-5-carbamoy]-2-(2-ethyl-5-

methyl-pvrazole -3-carbonyiimino-7-(3-piperazin-1-ylpropoxy)-3H-benzimidazol- T -y ijbui-2-

envi]-2-(2-ethyl-5-methyl-pyvrazole-3-carbonyHimino-7-methoxy-3H-benzimidarole-5-

carboxamide, 3
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Preparation of 4~chloro-3-methoxy-S-nitro-benzamide, 3b
5 To asolution of methyl 4-chloro-3-methoxy-5-nitro-benzoate, 3a (15 g, 61.0 mmol, 1 eg)

in WH3eH»O {1365 g, 973.7 mmol, 150 mL, 25% purity, 16.0 eq} and it was stirred at 30°C for
24 h. The mixture was filtered, the cake was washed with water {300 mL). The cake was dried
under reduced pressure to give 3b (11 g, 47.70 mmol, 78.11% vield) as off-white solid. 'H NMR
{DMSQO-ds, 400 MHz) 6829 (s, 1H), 805 {(d, J=1.6 Hz, 1H), 7.88 (d, J= 1.6 Hz, 1H), 778 (s,
10 1H), 4.02 (s, 3H).
Preparation of 4-chloro-3-hydroxy-S-mitro-benzamide, 3¢
To asolution of 3b {6 g, 26.0 mmol, 1 eq) in DCM (100 mL) was added AICL (21.0 g,
156 mumol, 8.50 mL, 6 eg) and it was stirred at 40°C for 12 h. The reaction mixture was cooled
to 0°C and quenched by addition ag 2 M HCI 30 mL a1 0°C, and then stirred at 15°C for 30 min,
15 and extracted with EtOAc (50 mL x 3}, The combined organic layers were washed with brine
{50 mL), dried over Na:80, filiered and concentrated under reduced pressure to give 3¢ (4 g,
crude) as light yellow solid. 'H NMR (DMSQ-de, 400 MHz) 511.52 (s, 1H), 8.17 (5, 1H), 7.92
{(d,1=2.0Hz 1H), 7.71 (d. ] = 2.0 Hz, 1H), 7.66 (s, 1H).
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Preparation of 3-{3-{tert-butvl{dimethyD}silyt{oxypropoxy |-4-chioro-5-nitro-benzamide,
3d

To a mixture of 3-bromopropan-~1-ol {25 g, 180.0 nuwnol, 16.0 mL, 1 eq) in THF (250
mi} was added imidazole (25.0 g, 360 nunol, 2 eq) and TBSCI (32.6 g, 216 mmol, 26.50 mL,
1.2 eq} and it was stirred at 15°C for 2 h. The mixture was dilited with water (300 mL} and
extracted with EtQAc {100 mL x 3). The organic layer was washed with brine (100 mL), dried
over Na:SOy, filtered and concentrated. The residue was purified by flash silica gel
chromatography (ISCO®; 70 ¢ SepaFlash® Silica Flash Column, Eluent of 0~10% Ethyl
acetate/Petroleum ethergradient at 100 mL/min) to give 3-bromopropoxy-tert-butyl-dimethyl-
silane (43 g, 170 mmol, 94.40% yield) as colorless oil. 'H NMR (CDCls, 400 MHz) 8375 (1, I =
5.6 Hz, 2H), 3.53 (1, I = 6.4 Hz, 2H). 2.11-1.99 (m, 2H), 0.91 (s, 9H), 0.08 (s, 6H).

To a solution of 3-bromopropoxy-tert-butyl-dimethyl-silane (19.8 g, 78.0 mmol, 1.3 eq)
tn BMF (200 mL) was added 3¢ (13 g, 60.0 mmol, 1 eq) and KoCOs (16.60 g, 120.0 mamol, 2 eq)
at 15°C and 1t was stitred at 100°C for 2h. The mixture was diluted with water (600 mL) and
extracted with EtOAc (200 mb x 3}, The organic layer was washed with brine (200 mL x 3},
dried over NaxSQs, filtered and concentrated. The residue was purified by flash silica gel
chromatography (ISCO®; 35 g SepaFlash® Silica Flash Column, Eluent of 0~50% Ethyl
acetate/Petroleum ether gradient at 65 mL/min} to give 3d (24 g, crude) as light vellow sohid. 'H
WNMR (DMSO-ds, 400 MHz) 68.28 (s, 1H}, 8.04 (d, I = 1.6 Hz, 1H), 788 (d, J = 1.6 Hz, 1H),
7.76 ¢s, 1H), 4.29 {1, I = 6.0 Hz, 2H), 3.79 (t, I = 6.0 Hz. 2H), 2.01-1.93 (m, 2H), 0.83 (s, 9H),
0.01 (s, 6H).

Preparation of 4-chloro-3-(3-hydroxypropoxy }-3-nitro-benzamide, 3¢

To asolution of 3d (24 g, 61.7 mmol, 1 eq) in MeOH (300 ml} was added acetyl
chloride (48.4 g, 617 mmol, 44.0 ml., 10 eq) and 1t was stirred at 15°C for 2h. The pH of the
mixture was adjusted to around ~8 by progressively adding solid NaH{C O3, and then filtered and
concentrated to give 3g (15 g, 54.61 mimol, 88.50% vield) as light vellow solid. 'H NMR
(DMSO-ds, 400 MH7) 8835 (brs, 1H), 804 (d, J =16 Hz, 1H), 791 (d, J = 1.6 Hz, 1H), 7.76
(s, 1H), 464 (1, =52 He, 1H), 430 (1, J = 6.4 Hz, 2H), 3.64-3.52 (1, 2H). 1.97-1.89 {m, ZH).

Preparation of 3-(5-carbamovi-2-chloro-3-nitro-phenoxy)propyl 4-
methyvibenzenesulfonate, 3

To asolution of 3e (15 g, 34.6 mmol, 1 eg} in THF (150 mL) was added EGN (27.6 g,
273 mmol, 38.0 mL, 5 eq), DMAP (667 mg, 5.5 mmol, 0.1 eg) and TsC1 (31.60 g, 164 mmol, 3
eq) and it was stirred at 15°C for 12 h. The mixture was diluted with water (300 mL) and
extracted with EtQAc {100 mL x 3}, The organic laver was washed with brine (100 mL), dried

over NazS0y, filtered and concentrated. The residue was purified by flash silica gel
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chromatography (ISCO®; 40 ¢ SepaFlash® Silica Flash Column, Eluent of 0~80% Ethyl
acetate/Petroleum ethergradient at 45 mU/min) to give 3£ (20 g, 46.6 mmol, 85.39% vield) as
light vellow solid. 'H NMR (DMSO-ds, 400 MHz) 88.28 (s, 1H), 8.04 (d, J = 1.6 Hz, 1H), 7.79
(s, 1H}, 7.75-7.69 (m, 3H), 727 (d, J=80Hz 2H), 422 (t, =56 Hz 2H}, 413 (1. J =5.6 Hz,
2H), 2.27 (s, 3H}, 2.15-2.07 (m, 2H}.

Preparation of tert-butyl 4-[3-(5-carbarnoyl-2-chloro-3-nitro-phenoxy ipropvi]
piperazine-1-carboxylate, 3g

To asolution of 3£ {(13.5 g, 31.5 mmeol, | eq) in THF (130 mL) was added EisN (6.40 g,
63.0 mamol, 8.80 mL, 2 eq) and tert-buty! piperazine-1-carboxvlate hydrochloride (.80 g, 44.0
mmol, 1.4 eq) and 1 was stirred at 80°C for 12 h. The nuxture was diluted with water (300 ml.)
and extracted with EtOAc¢ (100mL x 3}, The organic layer was washed with brine (100 mL},
dried over Naz80, filtered and concenirated. The residue was purified by fash silica gel
chromatography (ISCO®; 20 g SepaFlash® Silica Flash Colurn, Eluent of 0 1o 80% Ethyi
acetate/Petroleum ether gradient at 45 ml./rowmn) to give 3g (10 g, 22.58 nunol, 71.72% vield) as
light yeilow solid. 'H NMR (DMSO-de, 400 MHz) §8.28 (br s, 1H), 8.04 (d, J = 1.6 Hz, 1H),
787(d. F=1.6Hz 1F), 7.77 (brs, 1H), 4.27 (1. F = 6.4 Hz. 2FD), 3.30 (brt. J = 4.8 Hz. 4,
2.48-2.44 (m, 2H), 232 (br t, § = 4.8 He, 4H), 1.95 (br t, I = 6.4 Hz, 2H), 1.39 (s, 9H).
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Preparation of 2-{(E)-4-bromobut-2-envifiscindoline-1,3-dione, 3h

To asolation of {1,3-dioxotsoindolin-2-yDipotassium (33.6 g, 181 mmol, 0.8 eq) in DMF
{300 mbL) was added (E}-1,4-dibromobut-2-ene (48.5 g, 227 mumol, 1 eq) and it was stirred at
15°C for 12 h. The mixture was diluted with water (1000 mbL) and extracted with EtOAc (500
mi x 3}, The organic laver was washed with brine (300 mL x 3), dried over Na,SQy, filtered
and concentrated. The residue was purified by flash silica gel chromatography J8CO®; 100 g
SepaFlash® Silica Flash Column, Eluent of 0 to 60% Ethyl acetate/Petroleum ether gradient (@
65 mb/min} to give 2-{(E}-4-bromobui-2-envljisoindoline-1,3-dione (50 g, 178 mmol, 78.72%
vield) as white solid. ' NMR (CDCl, 400 MEz) 57.89-7.83 (m, 2H), 7.77-7.69 {m, 2H), 6.00-
5.90 (m, 1H), 5.88-5.79 (m. 1H). 4.35-4.28 (m, 2H), 3.93-3.88 (m. 2H).

Preparation of tert-buty! N-tert-butoxycarbonyl-N-{(E}-4-(1,3-dioxocisoindolin-2-vi}but-

2-enyljcarbamate, 3i

G
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To a solution of 3h (50 g, 178 mmeol, 1 eq} in DMF (500 mL} was added Cs:CO3 (87.2 ¢,
268 mmol, 1.5 eq) and tert-butyl N-tert-butoxycarbonylcarbamate (50.0 g, 232 mmol, 1.3 eg)
and it was stirred at 15°C for 12 h. The mixture was diluted with water (2000 mL) and extracted
with EtOAc (500 mL x 3). The organic laver was washed with brine (500 ml x 3), dried over
Na»S(, filtered and concentrated. The residue was purified by flash silica gel chromatography
(ISCO®; 100 g SepaFlash® Silica Flash Column, Eluent of 0 to 70% Ethyl acetate/Petrolenm
ether gradient at 65 mL/min) to give 31 (46.5 g, 112 mmol, 62.55% vield) as white solid. 'H
NMR (CDCls, 400 MHz} 87 .87-7.82 (m, 2H}, 7.75-7.69 (m, 2H), 5.82-5.63 (m, 2H}, 427(d, I =
5.6 Hy, 2Hy, 414 (d, T = 5.6 Hz, 2H), 146 (s, 18H).

Preparation of tert-buivi N-[(E)-d-aminobui-2-enyl}-N-tert- butoxycarbonyl-carbamate,
3

To asolution of 31 {46.5 g, 112 mmol, 1 eq) in MeQOH (500 mL) was added
hydrazine hydrate (19.7 g, 335 mymol, 19.0 mL, 835% purity, 3 eq} at 20°C and it was stirred at
70°C for 3 h. The muixture was filtered and the filtrate was concentrated. The crude product was
triturated with MTBE at 15 °C for 20 min and the filtrate was concentrated to give 35 (33 g,
crude) as light yellow oil. 'TH NMR ¢CDCls, 400 MHz) §5.79-5.69 {m, 11}, 5.66-5.55 (m, 1H),
4.15(dd. J=6.0, 1.2 Hz, 2H), 3.29 (dd. J = 5.6, 1. 2,Hz, 2H), 1.50 (s, 18H)

Preparation of tert-buiyl N-{{(E)-4-(4-carbamoyi-2-methoxy-6-nitro-anilinobut-2-
enyljcarbamate, 3k

A mixture of 4-chloro-3-methoxy-3-nitro-benzamide, 3b {5 g, 21.7 mmol, 1.0 eq} and 3
{(18.6 2, 651 mmol, 3.0 eq) in DIEA (11.21 . 86.73 mumol, 13.11 mL, 4.0 eq) (neat reaction)
was stirred at 110 °C for 3.5 hours. Then the reaction mixture was cooled 1o 25°C, ethyl acetate
{100 mL) was added and stirred for 10 mun, then it was poured into ice-water (100 mL) and
stirred for 10 mun, desired solid precipiiated {rom the mixture, and then filtered to give 3k (10 g,
crude} as orange solid.

Preparation of 4-]|{(E)}-4-aminobut-2-enyliaminol-3-methoxy-5-nitro-benzamide, 31

To amixture of 3k (10 g, 26.29 mmol, 1 eq) in BEtOAc (80 mL) was added HCVEtOAc (4
M, 197 rol, 30 eqy at 15°C, and then stirred at 1S °C for | bour. The mixture was concentrated
to give 31 (8.5 g, 24.07 mmol, 91.54% vield, 2HC1) as red solid. 'H NMR (MeOD, 400 MHz)
0821 (d, J= 2.0 Hz, IHD), 8.05 (s, 43D, 7.60(d, T= 2.0 Hz, 1H), 7.33 {5, 1H)}, 591-5.84 (m, 1H),
5.66-5.61 (m. TH), 4.17 ¢d, J = 5.2 He, 2H), 3.89 (s, 3H), 3.39 (1, } = 5.6 Hz, 2H).

Preparation of tert-butyl 4-{3-{5-carbamovi-2-{[{E}-4-(4~-carbamoyl-2-methoxy-6-nitro -
anilinojbut-2-envijamino}-3-nitro-phenoxy {propylipiperazine-1-carboxylate, 3m

To asolution of 31 {5.31 g, 15.0 mmwol, 1.26 eq, ZHCY in butan-1-0l (106.00 mL) was
added NaHCO: (5.03 g, 39.8 mumol, 233 mlL, 5 eq) and DIEA (7.73 g, 598 mmol, 104 mL, 5
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eq). The mixture was stirred at 20°C for 30 min, then tert-butyl 4-{3-{5-carbamoyl-2-chloro-3-
nitro-phenoxy Jpropyl] piperazine-I-carboxylate, 3g (5.3 g, 11.97 mmol, 1 eq) was added at
28°C under Ny, the nuxture was stirred at 120 °C for 12 brs. The reaction mixfure was
concentrated in vacuum to give a residue. The residue was diluted with EtQAc (200 mL} and
ice water (200 mL}, it was stirred for 10 min. The precipitate was filtered to give 3m (14 g,
crude) as red solid. 'H NMR (DMSO-ds, 400 MHz) 55.15 ¢dd, T = 5.6, 1.6 Hz, 2H), 8.03 {s. 2F).
7 81-7.65 (m, 3H), 7.53-7.47 (m. 2H), 7.33 (s. 2H), 5.65-5.35 (m, 2H). 4.12-4.10 (m, 2H), 4.08-
3.97 {m, 4H), 3.81 (s, 3H), 3.30-3.27 (m, 4H), 2.40 (1, } =72 Hz, 2H}), 2.31-2.24 (m, 4H), 1 93-
1.82 (m, 2H), 1.38 (s, 9H}.

Preparation of tert-buivi 4-[3-[3-amino-2-[[(E)-4-(2-amino-4-carbamoyl-6-methoxy-
antlinobut-2-envllanino]-5-carbamoyl-phenoxy fpropyvl|piperazine-1-carboxylate, 3n

To asolution of 3m (10.5 g, 15.0 mmol, I eq} in MeOH (50 mL}, THF {50 mL} and H>{
(10 miL} was added NaHCOs (6.5 g, 76.0 mmol, 3.0 mL, 5 eq) and disodium dithioniie, Nax$»Ou
(40.0 g, 229 vwool, 15 eq) and 1t was sturred at 20 °C for 5 b, The mixture was diluted with
water (200 mL} and extracted with DCM : 1-PrOH = 3:1 (100 mbL x 6}. The organic layer was
dried over NaxSQsu, filtered and concentrated to give 3n (4.6 g, 7.34 mmol, 48.00% vield} as
vellow solid. 'H NMR (MeQD, 400 MHz) §6.94-6.91 {m, ZH), 6.88-6.83 (i, 2H), 5.77-5.64 (m,
2H), 400 (1, J=06.0Hz, 2H), 3.78 (s, 3H), 3.5% (brd, =44 Hz, 2H), 3.56 (brd, I =4 4 Hz,
2H), 3.51 (br s, 4H), 2.49-2.64 {m, 6H), 2.11-2.02 (m, 2H), 1.46 (5, OH)

Preparation of 2-ethyl-S-methyl-pyrazole-3-carbonyl isothiocyanate

-;}S
O%KQH T O o /N,,C
i SOCh, KSCN
/TN = ) N RN
N DCE, 80°C, 12h f\?N ----- / acetone, 0°C,th 7 N;“ _____

To asolution of 2-ethyl-5-methyl-pyrarole-3-carboxylic acid (6 g, 39.0 mmol, 1 eg) in
DCE (60 mL) was added thionyi chiloride, SOCI (23.0 ¢, 195 mmol, 14.0 mL, 5 eq) at 0°C
wnder N» and it was stivred at 80°C for 12 h. The misture was concentrated to give 2-ethyl-5-
methyl-pyrazole-3-carbony! chloride (8 g, crude) as colorless oil. 'H NMR (CDCl, 400 MHz)
86.91 (s, 1H). 4.45 (g, ] = 7.2 Hz. 2H), 2.31 (s, 3H). 1.41 (¢ § = 7.2 Hz 3H).

To asolution of thiocy anaiopotassium {4.0 g, 41.7 mmol, 4.0 mL, 1.2 eq) in acetone (20
mi} was added Z-ethyl-5~-methyl-pyvrazole-3-carbonyl chlonde (6 g, 34.8 mmol, 1 eq} under N»
and it was stirred at 0°C for 1 i The roixture was filtered and concentrated. The residue was
purified by flash silica gel chromatography (ISCO®; 10 g SepaFlash® Silica Flash Column,
Ehsent of 0~40% Ethyl acetate/Petroleum ether gradient @ 45 mL/min) to give 2-ethyl-5-

methyl-pyrazole-3-carbonyl isothiocyanate (5.5 g, 28.17 ramol, 81.04% yield) as light vellow
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oil. 'H NMR (CDCls, 400 MHz) 56.73 (s, 1H), 4.50 (g, J = 7.2 Hz, 2H), 2.30 (s, 3H), 1.41 (¢, § =
7.2 He, 3H).

Preparation of tert-butyl 4-[3-[6-carbamoyi-3-[{(E}-4-[5-carbamovl-2-[{2-ethy]-S-methyl-
pvrazole-3-carbonylamino}-7-methoxy-benzimidazol-1-vijbut-2-envl}-2-[ (2-ethvi-5-methvi-
pyrazole-3-carbonvi)aminoibenzimidazol-4-vijoxvpropvlipiperazine- 1 -carboxvlate, 30

A solution of 3n {500 mg, 798 umol (micromoles), 1 eq) and 2-ethyl-S-methyi-pyrazole-
3~carbonyl isothiocyanate (327 mg, 1. 68 nwool, 2.1 eq) n DMF (8 mbL) was stirred 30 vyn at
0°C, and then B3N (565 mg, 5.60 mmol, 777 uk, 7 eq) and EDCH(765.0 mg, 4.0 mmol, 5 eq)
was added, the mixture was stured at 15°C for another 12 h. The residue was poured into the
saturation aqueous of NaHCOs (30 b)), filtered and the cake was washed with HbO (10 mL x
3}, dried to give a crude product. The crude product was triturated with CHaCN at 26 °C for 20
min to give 30 {500 mg, 527 umol, 66.04% vield) as light vellow solid. "H NMR (MeOD, 400
MHz) 87.58 (d, J = 14.0 Hx, 2H), 7.29-7.17 (m, 2H), 6.63-6.52 {m, ZH}, 5.89-5.76 {m, 2H}, 5.00
{(brdd, J =44, 88 Hz 4H), 4.64-4 55 {m, 4H), 389 (br t. J =52 Hz, 2H), 3.71 (s, 3H), 3.37-
3.33 (m, 4H), 2.39-2.33 {m, 2H}, 2.29-2.26 (m, 4H), 2.03 {s, 6H), 1.78-1.67 (m, 2H), 1.46 (s,
9H), 1.38-1.32 (m. 61,

Preparation of 3

To asolution of 30 {50 mg, 47.0 umol, T eq, TFA) m EtOAc (10 mL} was added
HCVEIOAc (4 M, 11.0 mL) and it was stirred at 15°C for T h. The mixture was concentrated,
and then freeze-drying to give 3 (39 mg, 42.3 umol, 89.95% vield, 2HC) as light yellow solid.
'H NMR (MeOD, 400 MHz) §7.66 (d. J = 2.8 Hz, 2H), 7.37(d. J = 6.4 Hz, 2H). 666 (d, J =
112 Hz, 2H), 600 (brd, J =14 8 Hz, 1H), 5.88-578 (m, 1H), 5.13 (brd, 1 =64 Hz, 4H), 4.69-
4.59 (m, 4H), 4.19-4.07 {m, 2H), 3.84 (s, 3H), 3.69 (br s, 8H), 3.43-3.37 {m, ZH), 2.23 (s, 6H),
2.22-2.15 {m, 2H), 1.44-1.35 (m, 6H). HPLC: 95.099 % (220 nm). LCMS (ESI): mass
caleulated for CazHs:NuOs 848.42, m/z found 849.4 [M+H]"

Example L-1 Synthesis of (2,35, 6-tetraflucrophenvl) 3-[2-{2-{2-]2-[2-{2-]2-[ 2~
[2~ {2-[4-[3-[[2E}-6-carbamoy -3-{ E}-4-[ (2E}-S-carbamoyl-2-(2-ethyl-5-methy -pyrazole-3-
carbony imino-7-methoxy-3H-benzimidazol-1-ylibut-2-env}-2-(2-ethyl-3-methyi-pyrazole-3-
carbonyDimino-1H-benzimidazol-4-yijoxy|propyl]piperazin-1-
ylethoxy jethoxylethoxy Jethoxy fethoxy fethoxy [ethoxy fethoxyiethoxy fethoxy fpropanoate, BBI-

-1
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Preparation of tert-butyl 3-[2-[2-{2-[2-[ 2-{2-{2-{2-[2-[2-(4-nitrophenoxy yearhony
toxyethoxy jethoxy Jethoxy jethoxy jethoxyethosy fethoxy Jethosy jethosy]ethoxy |propancate

To mixture of tert-butyl 3-{2-] 2-{2-[ 2-{2-[ 2~} 2-] 2-[ 2-(2-hv droxyethoxy Yethoxy [ethoxy |
ethoxy jethoxy jethoxy Jethoxy jethoxy jethoxylethoxy]propancate (5 g, 8.52 mmol, 1 eq} and (4~
nitrophenyl) carbonochlondate (1.89 g, 9.37 mmol, 1.1 eq) in DCM (100 mL) was added
pyridine (1.01 ¢, 128 mumol, 1.03 mb, 1.5 eq} at 0°C, and then stirred at 25°C for 2 hrs. The
mixture was poured into ice-water (w/w = 1/1) (100 mL} and stisred for 10 min, and the pH of
mixture was adjusied to about 4 with HCL {1M). The agueous phase was extracted with DCM
{30 mL x 2), dried with anhyvdrous NaxSQu, filtered and concentrated in vacuum. The residue
was purified by silica gel chromatography (column height: 250 nun, diameter: 100 mm, 100-200
mesh silica gel, Petroleum ether/Ethy] acetate=1/0, /1 Ethyi acetate/Methanol=1/0,2/1) to
afford tert-butyl 3-{2-[2-[2-]2-[2-[2-]2-[2-{2-]2-(4-nitrophenoxy yearbonyvioxy ethoxy]
ethoxy Jethoxy Jethoxy jethoxy jethoxy ethoxy jethoxy jethoxy jethoxy [propancate (3 g, 3.99
mimol, 46.82% vield) as colorless oil. 'H NMR (400MHz, MeOD)S 8.36-8.28 (m, 2H), 7.54-
7.46 (m, 2H}, 4.46-4.40 (o, 2H), 3.83-3.77 (m, 2H), 3.72-3.537 (m, 40H), 1 45(s, 9H)

o
¢
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Preparation of tert-buty! 3-{2-[2~{2-{2-12-[2-{2-[ 2-[2-{2-{4-[ 3-[{{2E)}-6-carbamoy]-3 -
[{E)-4-[(2E)-S-carbamoyl-2-(2-ethyl-S-methyl-pyrazole-3-carbony Dimino-7-methoxy -3H-
5 beozimidazol-i-ylbut-2-eny1}-2-(2-ethyl-S-roethyl-pyrazole-3-carbonvi mino- 1H-
benzimidazol-4-yljoxy|propylipiperazin-1-
vijethoxy jethoxyiethoxy fethoxy fethoxyjethoxy Jethoxy jethoxylethoxy jethoxyjpropanoate, L-1a
To amixtare of 2E}1-{{(E}-4-{(2E)}-5-carbamov]-2-2-ethyl-5-methyl-pyvrazole-3-
carbouyl} truno-7-(3~-piperazin- -vipropoxy 3-3H-benzivmdazol- L -yl but-2-eny1}-2-(2-ethy1-5-
10 methyl-pyrazole-3-carbonyl}imino-7-methoxy-3H-benzimidazole-5-carboxamide, 3 (70 mg,
79.1 umol, 1 eq, HCY and tert-butyl 3-{2-{2-{2-[2-{2-[2-[2-]2-[2-]2-(4~
nitrophenoxy Jearbonyloxvethoxylethoxy Jethoxy Jethoxy Jethoxyiethoxy jethoxyiethoxyiethoxyie
thoxy jpropanoate (55.5 mg, 94.8 wmol, 1.2 eq} in MeOH (5 mL} was added NaBH;CN (14.9
mg, 237 umol, 3 eq) in one portion at 153°C. The mixture was stirred at 15°C for 16 hours. Then
15 it was concentrated in reduced pressure at 35 °C. The restdue was purtfied by prep-HPLC
{column: Phenomenex Synergt C18 150%25%10um;mobile phase: {water{(0.1%TFAACN]B%:
10%-40%.10min} to afford L-1a (80 mg. 56.43 umol, 71.38% yield} as veliow solid.
Preparation of 3-{2-[2~[2-]2-{2-{2-[2-{2~[2~[2-}4-[ 3-[{ CE}-G~carbaroy]-3-[(E)}-4 ~[(2E}-
S-carbamoyl-2-(2-ethyl-5-methyl-pyrazole-3-carbouy Dimino-7-methoxy-3H-benzimidarzol - 1 -
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yljbut-2-enyl]-2-(2-ethyl-5-methyl-pvrazole-3-carbonviimino-1H-benzimidazol-4-
yloxylpropyllpiperazin-1-

yllethoxy jethoxy]ethoxy]ethoxylethoxyiethoxylethoxyjethoxviethoxyiethoxylpropanoic acid,
L-ib

To a mixture of L-1a (80 mg, 52.2 umol, 1 eg, TFA} in H0 (2 mL) was added HCE (12
M, 65.3 ul., 1S egyat 15°C. The maxture was stirred at 80°C for 1 hour and then concentrated in
reduced pressure at 30 °C 1o afford L-1b (80 mg, crude, HCH) as hght vellow oil.

Preparation of BBI-L-1

To amisture of L-1b (68.1 mg, 56.07 wnol, 1 eq, HCH 1o BCM (0.3 ml) and DMA
{0.03 ml) was added 2,3.5,6~tetrafluorophenol (66.5 mg, 400 umol, 8 eg) and EDCI (96.0 mg,
501 umol, 10 eq) in one portion at 15°C. The mixture was stirred at 15°C for 30 min. Then it
was concentrated in reduced pressure at 35°C. The residue was purified by prep-HPLC
{colummn: Phenomenex Synergt C18 150%25%10um (microns);mobile phase: [water(0. 1%TFA)-
ACNLB%: 20%-50%, 8rain) to afford BBL-L-1 (17 4 mg, 10.72 umol, 21.40% vield, TFA) as
light yeilow oil. 'H NMR (MeOD, 400 MHz) §7.63 (s, 1H), 7.58 (s, 1H), 7.48-7.37 (m, 1H),
7.33 (s, 1H), 7.30 (s, 1H), 6.65 (5, 1H), 6.59 (5, 1H), 5.87 (5, 2H), 5.10-5.00 {m, 4H), 4.74-4.55
{m, 4H), 400, T=64Hz 2H), 3.89-3.82 {m, 4H), 3.78 (s, 3H), 3.73-3.56 {m, 42H), 3.28-3.21
(m, 2H), 315, 2HY, 297 (1, J = 6.0 Hz 2H), 279 (s, 2H), 2.63-2.55 {m, 2H), 2.24 {5, 3H), 2.22
(s, 3H3, 1.79-1.77 (m ZH), 1.44-1.32 (m, 6H). HPLC: 96.08 % (220 nmy. LCMS (ESI): mass
caled. for CriFHesFaMN14O6 1508.70, w/z found 1509.5 [M+H]'

Example L-3 Synthesis of 4-{3-[2-{2-{2-12-[2-]2-[ 2-[2-]2-{3-{4-[3-[[(2E)}-6-
carbamovl-3-[{E}-4-[(2E)-5S-carbamoy]-2-(2-ethy1-5-methyl-pyrazcle-3-carbonyl imino-7-
methoxy-3H-benzimidazol- 1 -y1}but-2~enyl}-2-(2-ethyl-S-methvi-pyrazole-3-carbony Dumino-
1H-benziroidazol-4-vloxy Ipropvlipiperazin-1-y1}-3-oxo-
propoxy |ethoxy jethoxy Jethoxyjethoxy jethoxylethoxy] ethoxylethoxyethoxy jpropancoyl oxy]-

2.3.5, 6-tetrafluoro-benzenesulfonic acid, BBI-L-3
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EDCH DOM
20°C, 1h

BBI-L-3 o

Preparation of feri-butyl 3-{2-[2-[2-[2-{2-[2-[2-]2-[2-[3-[4-[ 3-[[(2E}-6-carbamoy] -3-
[(E)-4-{(2E}-5-carbamoyl-2-(2-ethyi-5~-methyi-pyrazole-3-carbonylimino-7-methoxy-3H-
benzimidazol-1-yi{but-2-enyl}-2-(2-ethyl-S-methyl-pyrazole-3-carbonyl imino-1H-
benzimidazol-4-yljoxy Ipropyl]piperazin-1-yij-3-oxo-propoxy jethoxy jethoxy jethoxy]
ethoxylethoxy Jethoxy jethoxy jethoxylethoxy |propanocate, L-3a

To a solution of 2E)-1-{E-4-[(2E)}-S-carbamoyl-2-(2-ethvi-5-methvi-pyrazole-3-
carbonyimino-7-(3-piperazin-1-yipropoxy)-3H-benzimudarol-1-yifbut-2-eny |- 2-(2-ethyi-5-
methyl-pvrazole-3-carbonyimeno-7-methoxy-3H-benzimidazole-S~carboxamide, 3 (180 rog,
203 umol, 1 eq, HC1) in DMF (3.00 mL) was added EizN {(82.0 mg, 813 umol, 113 ul, 4 eq) and
(2.3,5,6-tetrafluorophenyl} 3-[2-{ 2+ 2-[ 2~ 2-{ 2-{2-] 2-[ 2-(3 tert-butoxy -3-0X 0~
propoxy Jethoxy Jethoxy Jethoxylethoxy jethoxylethoxylethoxylethoxy jethoxvipropanoate, (171
mg, 223 umol, 1.1 eq), and then stirred at 0°C for 1 h. The nuxture was concentrated to give a
residue. The residue was purified by prep-HPLC (column: Phenomenex Luna
073 0mm*3um;mobile phase: [water(ﬁ P TFARACNLBY: 20%-50%,8min} to give L-3a (280
mg, 194 umol, 95.3 % vield) as light vellow sohd.

Preparation of 3~{2-{2-[2-[2-[2-12-[2~{2-{2-[3-]4-]3-[[{ZE}-6-carbamov]-3-[(F)}-4-[(2E}-
5-carbamoyl-2-(2-ethvi-5-methvi-pyrazole-3-carbony imino-7-methoxy-3H-benzimidazol -1 -
yibut-2-enyl]-2-(2-ethyl-5-methyl-pvrazole-3-carbonviimino-1 H-benzimidazol-4-
yljoxyipropyl]piperazio-1-vl}-3-oxo-propoxy]ethoxy Jethoxyjethoxy jethoxy Jethoxy jethoxy]

ethoxy Jethoxy jethoxy Jpropanotc acid, L-3b
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To a solution of L-3a {280 mg, 194 umol, 1 eq} in H20 (3.00 mL) was added HCI (12 M,
0.20 mL, 12.4 eq), and then stirred at 80°C for 1 h. The mixiure was concentrated to give a
residue. The residue was purified by prep-HPLC (column: Phenomenex Luna
R0*30mm™*3um;mobile phase: [water(0. 1% TFAACNEBY%: 10%-30%,8min} to give L-3b (100
mg, 66.51 umol, 34.34% vield, TFA) as light yellow solid.

Preparation of BBI-L-3

To asolution of L-3b (100 mg, 71.9 umol, | eq) and (2,3,5,6-tetralluoro-4-by droxy-
phenyhisulfonvioxysodium (77.0 mg, 288 umol, 4 eq) in DCM (2.00 mL) and DMA (0.10 mL)
was added EDCI (35.0 mg, 288 umol, 4 eq)., and then stirred at 20 °C for 1 . The mixture was
coucentrated to give aresidue. The residue was purified by prep-HPLC (coluron: Phenomenex
Luna 80*30mm™ 3unymobile phase: [water{(C. 19 TFA)-ACN] B%: 15%-40%, 8min} to give
BBI-L-3 {28 mg, 16.17 umol, 22.47% vield, TFA) as light yellow solid. 'H NMR (Me(OD, 400
MHz) 67.66-7.58 (my, 2H), 7.28 (br d, J = 14.0 Hz, 2H), 6.60 {br d, J = 12.0 Hz, ZH), 5.85-5.78
{m, 2H), 5.06-4.97 (m, 4H), 4.70-4.51 (m, 4H), 4.34-4.23 {m, 2H), 4.05-3.98 (m, ZH). 3.86-3.80
(m. 2H), 3.78-3.66 (m, SH), 3.64-3.47 (m, 38H). 3.38-3.32 (m, 2H), 3.18-3.07 (m, 2H), 2.94 (br
1, J = 5.6 Hz, 6H), 2.57-2.45 (m, 2H), 2.28-2.14 (m, 6H), 2.10-2.03 (m, 2H), 1.43-1.30 (m, 6H).
HPLC: 96.21% (220 nmy), 97.95% (254 nvy. LCMS (ESI): mass caled. For CnHosFaN1Ons
1616.65, nv/z found 1617.5 [M+H]}"

Example L-9 Synthesis of 4-{3-{2-[2-] 2-{2-{2-{2-{2-} 2-[ 2~} 2| 2-[4-{ 3~ 6~
carbamovi-3-[(Ey-4- [S-carbamoyl-2-{{2-ethyl-S-methvi-pyrazole-3-carbonyamino}-7-
methoxy-benzimidazol-1-yljbut-2-enyl}-2-{(2-ethyi-5-methyl-pvrazole-3-
carbonyDyaminolbenzimidazol-d-vijoxypropylipiperazin-1-
yljethvicarbamoyloxyethoxy jethosy}ethoxy jethoxy Jethoxy Jethoxy jethoxy Jethoxy Jethoxy jetho

xy |propanoyloxyi-2.3,5, 6-tetrafluoro-benzenesulfonic acid, BBI-L-9
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Preparation of tert-buiyt N-{2-{4-[3-{6-carbamoyl-3-{{E}-4-[ 5-carbamoyi-2- [(2-ethyl-5-
methyl-pyrazole-3-carbonylyamino}-7-methoxy-bevzitmdazol- -yl but-2-enyl}-2-[(2-ethy1-5-
methyl-pyrazole-3-carbonyljamino|benzimidazol-4-vljoxypropviipiperazin-1-
vijethyljcarbamate, L-9a

To a solution of 1-{(E)-4-[ S-carbamoyl-2-{(Z-ethyi-5-methyi-pyrazole-3-carbonyvl)
armmano}~7-(3-piperazin- L-ylpropoxy jbenzimidazol-1 -vijbut-2-eoyl}-2-[(2-ethy]-S-methvi-
pyrazole-3-carbonylamino]-7-methoxy-benrzimidarole-S-carboxamide, 3 (530 mg, 496 wmol,
1.0 eq, 2HCY and tert-butvt N~(2-oxoethycarbamate (39S mg, 2.48 mmol, 5.0 eq) in MeQH
{20 mL} was added acetic acid, AcOH (2.98 mg, 49.6 umol, 2.84 ul, 0.1 eq), and it was stirred
at 20 °C for 0.5 hr. Sodium cyanoborohydride, NaBH:CN (62.4 mg, 993 umol, 2.0 eq) was
added at 0 °C, and the mixture was stirred at 20 °C for another Thr. The reaction mixture was
guenched by addition FL,O (1 mL} at 0°C, and then the pH of mixture was adjusied 1o 8 with
sat NaHCOs. The aqueous phase was extracted with ethyl acetate (10 mL x 3). The combined
organic phase was washed with brine (20 mL x 1), dried with anhydrous Na:SOq, filterad and
concentrated in vacuum. The crade product was triturated with MTBE at 20°C for 10 min to

afford L.-9a (600 mg, 450 umol, 50.60% vield) as vellow solid.
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Preparation of 1-{{E}-4-{7-{3-{4-(2-aminoethyjpiperazin-1-vlipropoxy |-5-carbamoyl -2-
[(2-ethyl-5-methyl-pyvrazole-3-carbonyamino {benzinudazol-1-vijbut-2-enyl}-2-{{2-ethyl-5-
methyl-pyrazole-3~carbonyljamino}-7-methoxy-benzimidazole-3-carboxamide, L-9b

To asolution of £-92 {20 mg, 20.2 umol, 1.0 eq) in EtOAc (1 mL) was added
HCVEtOAc (4 M, 1 mL }, and then stirred at 20 °C for 1 hr. The mixture was concentrated in
vacuum. The residue was purified by prep-HPLC{column: Phenomenex Luna
0 30mro™ 3unymobile phase: [water(0. 1% TFARACN] B%: $5%-35%.8min} to afford 1-9b (3
mg, 4.05 umol, 20.10% vield, 3TFA} as vellow solid. "H NMR (400MHz, MeQDNS 7.60(d, J =
8.4 Hz, 2H), 727 (d, I =84 Hz, 2H), 6.59{d, ] = 16.8 He, 2H}, 5.80 {5, 2H), 5.06-3.00 (m, 4H},
4.67-4.53 (m, 4H), 4.05-3.95 (m, 4H), 3.75 (s, 3H), 3.33-3.80 (m, 10H), 2.75-2.70 (m, 2H),
2.52-2.45 {m, 2H), 2.21 (d, J = 3.6 Hz, 6H). 2.10-1.91 {ny, 2H). 1.40-1.32 {m, 6H). HPLC:
100.00 % (220 nm). LCMS (ESH): mass caled. for CagHsyINisOs 891,46, mvz found 892.4
[MHHT

Preparation of teri-butyl 3-{2-[2-{2-[2-[ 2-[2-[2-]2-[2~{2-[2-[4-[ 3-[6-carbamoy]-3-{ (E}-4~
[S-carbamoyl-2-{(2-ethyl-5-methvi-pyrazole-3-carbonyllamino-7-methoxy-benzimidazol-1-
yl{but-2-enyl]-2-[(Z-ethyi-5-methyl-pyrazole-3-carbonyDaminolbenzimidazol-4-
yljoxypropyl|piperazin-1-
viiethylcarbamoyloxy jethoxy jethoxy jethoxy [ethoxy fethoxy jethoxyiethoxyethoxy jethoxyietho
xy {propanoate, L-9¢

To a solution of L-9b (150 mg, 145 umol, 1 eq, 4HC) in BMF (2 mL) was added BN
{58.5 mg, 578 umol, 80.5 ul., 4.0 eq} and tert-butyl 3-[2-[2-{2-[2-[2-{2-]2-[2-[2-[2-{4-
nitrophenoxy earbonyloxyethoxy]ethoxy Jethoxy Jethoxy Jethoxylethoxy jethoxylethoxy]ethoxyle
thoxy jpropancate (120 mg, 159 umol, 1.1 eq). The mixture was stirred at 20 °C for 1 hr. The
water {5 b} was added to the mixture and stirred for 10 min. The aqueous phase was extracied
with DCM/A-PrOH=3/1 (5 mL x 3). The combined organic phase was dried with anhydrous
WNarxSQ. filtered and concentrated in vacuum. to afford L-9¢ (150 mg, 81.2 umsl, 56.20% vield,)
as yellow oil.

Preparation of 3-{2-]2-{2-[2-[2-12-[2-[2-[2-[2-[2-]4~[ 3-[6-carbamovi-3-[{E}-4-[5-
carbamoyl-2-{(2-ethyl-5-methyi-pyrazole-3-carbonylamino}-7-methoxy-benzinidazol-1-yljbut-
2-enyl]-2-{(Z-ethyi-3-methyl-pyrazole-3-carbonyDamino}benzimidazol-4-
yljoxypropyl|piperazin-1-
viiethylcarbamoyloxy jethoxy jethoxy jethoxy [ethoxy fethoxy ethoxyethonyiethoxy jethoxyietho
xy |propanoic acid, L-9d

To a solution of L-9¢ (150 mg, 81.2 umol, 1.0 eq,} in MeCN (0.5 mL} and HoO (2 wml)

was added TFA (92.6 mg, 812 umol, 60.1 uL, 10 eq), and then stirred at 80 °C for 1 hr. The
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mixture was {iltered. The residue was purified by prep-HPLC (column: Phenomenex Luna
BO*30mm™ 3umymobile phase: [water{0. 1% TFA}ACKN]B%: 15%-40%, 8min} to afford L-9d
{100 mg, 55.8 umol. 68.7% vield, 3TFA) as vellow oil. 'H NMR (400MHz, MeOD)3 7.59 (d, 1
=13.2Hz 2H), 7.29(d, J = 192 Hz, 2H}, 6.65-6.56 (m, ZH), 5.83 (s, 2H), 5.02 (s, 4H), 4.69-
4.49 (m, 4H), 4.21 (s, 2H), 4.01-3.91 (m, 2H), 3.75 (s, 3H), 3.73-3.67 {m, 6H), 3.64-3.57 (m.
36H), 3.43-3.35 (m, 2H), 2.98-2.92 {m, 4H), 2.78-2.70 (1, 48, 2.53 (1, J = 6.4 Hz, 2H), 2.26-
216 (m, 6H), 1.83-1.79 (m. 2H). 1.39-1.32 (m, 6H).

Preparation of BBI-L-9

To asolution of L-9d (100 mg, 55.8 umol, 1.0 eq, 3TFA) in BCM (2 ml} and DMA (4
mi.} was added (2.3,5,6-tetrafluoro-d-hydroxy -phenyDsulfonvioxysodium (59.9 mg, 223 umol,
4.0 eq) and EDCIE (42 8 myg, 223 umol, 4.0 eq). The mixture was stirred at 20°C for 1 hr. The
mixture was concentrated in vacuum. The residue was purnified by prep-HPLC{column:
Phenomenex Luna 80%30mm™*3um;mobile phase: fwater{0.1%TFA}ACN]B%: 15%-
359, 8min) to afford BBI-L-9 (43 mg, 22.6 umol, 40.42% yield, 2TFA) as yellow solid. 'H
NMR (400MHz, MeOD} §7.59 (d, J = 18.8 Hz, 2H), 7.26 (4. J = 22.8 Hz, 2H), 6.57 (d, 1 = 22.4
Hyz, 2H), 5.86-5.72 (m. 2H). 5.02-4.95 (m, 4H), 4.65-4.50 {m. 4F1), 4.19 (s, 2H). 4.00-3.94 (m,
2H), 3.84 (4 7= 5.6 Hz, 2H). 3.75 (s, 3H), 3.69-3.54 (m, 40H), 3.48-3 42 (m, 4H), 3.24-3.07 (m,
6H), 295 (1, J=5.6Hz, 2H), 2.19(d, J = 10.4 Hz, 6H), 1.95-1.90 (m, ZH}, 1.39-1.30 (m, 6H).
HPLC: 100.00 % (220 nm). LCMS (ESI): mass caled. for Craini FaNisOnS 1675.69, nv/z found
1676.6 [M+H]'

Example L-13 Synthesis of of {4-[(28)-2-[[(28)-1-{(28)-2-{3-{2-[2-[2-{2-[2-[2-
[2-12-[2-[2-{{2~(2,5~dioxopyrrol-1-
vhacetylaminolethoxy jethoxylethoxy Jethoxyiethoxy jethoxy lethosyethosylethosylethoxy pro
pavoylaminojpropanoyljpyrrohidine-2-carbonylarino}-3-methyl-
butanoyl]anunolphenylimethyl 4-[3-[[{2E}-6-carbamovl-3-[(E}-4-{{2E}-5-carbamoyi-2-(2-ethyl-
S-methyl-pyvrarole-3-carbonyhimino-7-methoxy-3H-bensimidazol-1-y1ihg-2-envl|-2-(2-ethyi-
S-methyl-pyrarole-3-carbonyDimino-1H-benzimidazol-d-vijoxy Ipropyviipiperazine-1-

carboxylate, BBI-1.~-13
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Preparation of (S)-1-({9H-fluoren-9-ymethyl} 2-(2.5-dioxopyrrolidin-1-v1} pyrrolidine-
1,2-dicarboxylate, 13b

To a solution of {28)-1-{9H-fluoren-9-vimethoxycarbonyDpyrrolidine-2-carboxylic acid,
13a (15 g, 44.5 mumnol, 1.0 eq} in DCM (200 mL) was added 1-hydroxypyrrolidine-2,5-dione
{5.12 g, 44.5 mmol, 1.0 eq) and !-ethyi-3-3-dimethviammopropyviicarboditmide, ERCE EDAC,

102



w1

10

20

25

30

WO 2022/272039 PCT/US2022/034865

ERC, CAS Reg. No. 25952-53-8{10.2 g, 53.44 mmol, 1.2 eq), and it was stirred at 20°C for 12
h. The mixture was washed by saturated aqueous solution of NaHC(G; (70 mL x 3). The organic
laver was dried over Na:SO4 and concentrated to give 13b (17.5 g, 40.28 momol, 90.60% vield)
as a white solid.

Preparation of {25)-2-[[(28)-1-(9H-fluoren-9-yimethoxycarbonylipyrrolidine-2-
carbonyljamino}-3-methyi-butanoic acid, 13¢

To asolution of (28)-2-amino-3-methyl-butanocic acid, L-valine (495 g, 42.3 romol, 1.0S
eq) in THF (200 mL) was added NaHCO: (3.55 g, 42.3 mumol, 1.64 mL, 1.05 eq) in Ha0 (50
mL} and 13b (17.5 g, 40.28 munol, 1.0 eq) and it was stirred at 20 °C for 12 h. The mixture was
extracted with MTBE (2 x 100 rol.) (discarded). The pH of aqueous layer was adjusted to 5-6
with HCH6 M) and extracted with EtOAc (3 x 200 ml). The combined organic layer was dried
over NapS{y and concentrated to give 13¢ (15 . 34.36 mmol, 85.31% vield) as white solid. 'H
NMR (MeQD, 400 MH») 87.80 (d, J = 7.2 Hy, 2H), 7.70-7 .54 {m, 2H), 7.43-7 28 (m, 4H), 4.49-
4.15 (m, SH), 3.69-3.38 (m. 2H), 2.42-2.01 (m, 3H), 2.00-1.82 {m, 2H), 1.01-0.86 (m, 6H).

Preparation of 9H-fluoren-O-vimethyl{(283-2-{{{1$}-1-{{4-(hydroxymethvi}phenvl]
carbamoyvl}-2-methyl-propvijcarbamovlpyrrolidine-1-carboxylate, 13d

To asolution 13¢ (10 g, 22.9 mmol, 1.0 eq) and {(4-aminophenyDmethanol (4.23 g, 34.4
mmol, 1.5 eq) in MeOH (80 mL) and DCM (80 mbL} was added 2-ethoxy-1-ethoxycarbonyl-1,2-
dihydroquinoline, EEDQ, CAS Reg. No. 16357-59-8 (8.50 g, 34.36 mmol, 1.5 eq) and then
stirred at 20 °C for 12 h. The mixture was concentrated in vacuum to give a residue and the
residue was purified by flash silica gel chromatography (Silica Flash Column, Eluent of 0-40%
Ethvl acetate/MeOH (@ 65 mb/min) to give 13d (13 g, 24.0 mmol, 52.38% vield) as yellow
solid. "H NMR (MeOD, 400 MHz) 57.85-7.71 (m, 2H), 7.68-7 48 {m, 3H}, 7.47-7.16 (m, TH),
4534, J =152 Hz, 2H), 4.49-4.41 (m, 1H), 4.40-4.33 (m, 2H), 4.32-4.27 (o, 1H), 4.26-4 17
(m. 1H), 4.16-4.07 (m, 1H), 3.69-3.38 (m, 2H), 2.40-2.05 (m, 2H). 1.99-1 82 (m, 2H), 1.08-0.88
(m, 6H).

Preparation of (28)-N-[(15)-1-{[4-(hydroxymethyvl}phenyijcarbamoyl]-2-methyi-
propylipvrrolidine-2-carboxamide, 13e

To a solution of 13d (13 g, 24.0 mumol, 1.0 eq} in DUM (130 mL} was added piperidine
{10.22 g, 120 mmol, 11.85 mL, 5.0 eq) and then stirred at 20°C for 2 h. The mixture was
concentrated to give a residue and the residue was triturated with EtOAc at 20°C for 20 nun to
give 7e (8 g, crude) as white solid.

Preparation of SH-fluoren-2-ylmethyl N-[(18)-2-{(28)-2-[{{1S)-1-{{4-(hydroxymethyi}
phenyljearbamovl]-2-methyi-propyljcarbamoylipyrrolidin-1-vij-1 -methyl-2-oxo-

ethvljcarbamate, 13f
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To a solution of (28)-2-(9H-Huoren-S-yimethoxycarbonviaminojpropanocic acid {3.95 g,
12.68 mmol, 1.5 eg} in DMF (30 mL} was added i-Bis{dimethyiamimomethylens|-1H-1,2 3~
riarolof4, 3-bipvridiniur 3-oxide hexalluorophosphaie. Hexafluorophasphate Arabenzoiniarole
Tetramethy! Uronium, HATU, CAS Reg. No. 148893-10-1 (4.82 g, 12.6% mumol, 1.5 ¢q) and
DIPEA (3.28 g, 2536 mumol, 4.42 mlL, 3 eg) at 0°C. After addition, the mixture was stirred at
this ternperature for 5 minutes, and then 13e (2.7 g, .45 mmol, 1 eg) was added at 0 °C and then
the resulting nuxture was stured at 0°C for 28 nun. The reaction mixture was gquenched by
addition of HoO (150 mL) and then extracted with EtOAc {70 mL x 3). The combined organic
lavers were washed with brine {50 mL x 3}, dried over NaxSQq, filtered and concentrated under
reduced pressure. The residue was purified by colummn chromatography (Si0», Petroleum
ether Ethyl acetate = 1:0 to 0:1) and then (810, EtOAcMeOH = 1:0 10 10:1) to give 13£(2.94
g, 4.80 mmol, 56.76% vield) as an off-white solid. 'H NMR (MeOD-dy 400MHz) 67.79{d, ] =
7.6 He, 2H), 766 (8, J= 6.4 Hy, 2H), 7.54 (d, I= 8.4 Hz, 2H), 739 (1, } = 7.2 He, 2H), 7.35-7.26
{m, 4H), 4.59-4.51 (m, 3H), 4.50-4.40 (m, 1H), 4.39-4.30 {m, 2H), 4.29-4.18 (m, 2H). 3.83-3.71
{m. TH), 3.68-3.63 (m, 1H), 2.31-2.09 {m. 2H), 2.07-1.91 (m, 3H), 1.36 (dd, J = 6.4, 9.6 Hz,
4H), 1.03 (dd. J = 4.0, 6.8 Hz, 6H).

Preparation of [4-[[(28)-2-[[{28)~1-[{28)-2-(SH-fluoren-9~-ylmethoxycarbonylamino)
propanovipyrrolidine-2-carbonyljamino-3-methyl-butanovl jamino} phenvlimethyi (4-
nitrophenyl) carbonate, 13g

To asolution of 13£¢(2.4 g, 3.92 mmol, 1 eg} in DMF {20 mL) was added bis(4-
nitropheny!} carbonate (2.38 g, 7.83 mmol, 2 egand DIPEA (1.01 g, 7.83 nunol, 1.36 mi, 2 eg)
and then stirred at 20°C for 1 h. The reaction mixture was guenched by addition of H.O (100
ml} at 0°C, and then extracted with EtQAc (80 mL x 3}, The combined organic layers were
washed with brine (50 mb. x 3), dried over NaxSQq, filtered and concentrated under reduced
pressure. The residue was purified by colunw chromatography (810, Petroleum ether: Ethyi
acetate = 1:0 1o 0:1) to give 132 (2.7 g, 3.47 mumnol, 88.62% vield) as a white solid. 'H NMR
(CDCE 400MHz) & 8.32-8.22 (m, 3H), 7.78 (d, I =7 6 Hz, 2H), 7.67 (br 4, J = 84 Hz, 2H), 7.60
{(brd, I=7.6Hz ZH), 7.46-7.29 (m, 8H), 718 {(brd, I =84 Hz, 1H), 5.60 (brd, J =7.6 Hz, 1H),
5.25 (s, 2H), 4.70-4.66 (m. 1H), 4.62-4.52 (m, 1H), 4.46-4.28 (m, 3H), 4.28-4.19 (m, 1H), 3.81~
3.68 (m, 1H), 3.62-3.58 (m, 1H), 2.48-2.29 (m. 2H). 2.19-1.98 {m, 3H), 1.41 (d. J = 7.2 Hz, 3H),
1.10-0.94 {m, 6H). LC/MS [M+H] 778.3 (caleulated); LC/MS [M+H] 778.2 (observed).

Preparation of tert-butyl 3-{2-{2-{2-{2-[2-[2-{2-{2-{2-[2-{[ 2~(2, 5~dioxopyrrol-1-v])
acetyl]aminolethoxy jethoxy fethoxy {ethoxy ethoxy Jethoxy Jethoxy Jethoxy ethoxy Jethoxypropa

noate, 131
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To a solution of tert-butyl 3+ 2-[2-{2-{2-[ 2~ 2-[ 2~ 2] 22~
aminoethoxy jethoxy]ethoxy jethoxy Jethoxy Jethoxy Jethoxy [ethoxy fethoxy [ethoxy [propancate,
13h (113 g, 193 mmol, 1 eg), 2-(2,5-dioxopyrrol-1-yhacetic acid (3 g, 19.3 mmol, 1 eg) and
DIPEA (10.0 g, 77 4 munol, 13.5 mL, 4 eg) in DCM (100 mL) was added HATU (8.09 g, 213
mmol, 1.1 eg} at 0°C and then the mixture was stirred at 0 °C for 30 min. The reaction mixture
was concentrated under reduced pressure. The residue was purified by prep-HPLC (TFA
condition; column: Phenomenex luna ¢i8 250mm™ 1 00mm™* 10um;mobile phase:
fwater(0. 1% TFARACN]LB%: 25%-55%,25min) to give 131 (4.5 g, 6.23 nunol, 32.2% vieldyas a
yellow oil. T NMR (CDCls, 400 MHz) §6.88-6.80 (m, 1H), 6.78 (s, 2H}, 4.22 (s, 2H), 3.77-
3.54 (m, 40H), 3.47 (g, 1= 5.2 Hz, 2H), 2.51 (1. § = 6.4 Hz, 2H), 1.46 (s, 9H).

Preparation of 3-{2-{2-[2-[2-{2-12-[2-{2-{2-[ 2-[[2-{2,5-dioxopyrrol-1-v1}
acetyl]aminojethoxy jethoxy jethoxy {ethoxy Jethoxy Jethoxy Jethoxy Jethoxy Jethoxy Jethoxy | propa
noic acid, 133

To asolution of 131 (4.5 g, 6.23 mmwol, 1 eg) in CHCN (25 vol) and H0O (25 mb) was
added TFA (5.68 g, 49.8 mmol, 3.69 mb., 8 eg} and then stirred at 80 °C for 1 h. The reaction
mixture was concentraied under reduced pressure to remove CHsCN. The residue was extracted
with MTBE (10 ml x 3} and discarded. The water phase was concentrated under reduced
pressure to give a residue. The residue was purified by prep-HPLC (TFA condition; column:
Phenomenex Luna ¢18 250mm x 100mm x 10um;mobile phase: {water{(0 1% TFA}AUN|:B%:
(196-25%, 24min) to give 13] (1.6 g, 2.40 mrool, 38.6% yield) as a light vellow oil. 'H NMR
(CDCL, 400 MHz) §6.95 (brs, 1H), 6.78 (s, ZH), 4.22 (s, ZH), 3.78 (1. J = 6.4 Hz, 2H), 3.70-
3.63 (m, 36H), 3.60-3.54 (m, 2H}, 346 (g, 1=52 Hz, 2H), 2.61 (. J =6.0 Hz, 2H). LCMS
{BS1) mass caled. for CoHasNsGie 667.3, w/z found 667 2 [M+HJ

Preparation of [4-[1(28)-2-1{{28)~1~-[(28)-2~arnopropanoylpyrrolidine-2-
carbonyvl]amino}-3-methyl-butanoyljaminophenylimethvl 4-[3-[{{ZE}-6-carbamoyi-3-{(E}- 4-
[(2E}-S-carbamoyl-2-(2-ethyl-5-methyl-pyrazole-3-carbony imino-7-methoxy-3H-
benzimidazol-1-y1{but-2-enyi}-2-(2-gthy-5-methy l-pyrarole-3-carbony Bimino-1H-
benzinudazol-4-yljoxyjpropylipiperazine-1 -carboxylate, 131

To a solution of (ZE}-1-{(E)-4-[{2E}-5-carbamov!-2-(2-ethyl-5-methyl-pyrazole-3 -
carbony Dimino-7-(3-piperazin-1-vipropoxy 3-3H-benzimidazol-1-vibut-2-eny1}-2-{ 2-ethy1-5-
methyl-pyrazole-3~carbonyljimino-7-methoxy-3H-benrimidarole-3-carboxamide, 13k (150 mg,
151 umol, 1 eq. 4HCly and 13g (129 mg, 166 umol, 1.1 eq) in DMF (3.00 mbL) was added
DIPEA (97.0 mg, 754 umol, 131 uL, 5 eq) at 20°C, the mixture was stirred at this temperature
for 2 h, and then pipenidine (39.0 mg, 452.35 umol, 45.0 ul, 3 eq} was added. The mixture was

stirred at 20 °C for another 2 h. The mixture was filtered and the residue was purified by prep-
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HPLC (column: Phenomenex Luma 80™30mm™3um;mobile phase: {water(0.1%TFA)-
AUNLBY%: 20%-40%,8min} to give 131 {90 mg, 60.26 umol, 39.97% yield, 2TFA} as fight
vellow solid. 'H NMR (MeQD, 400 MHz) §7.67-7.53 {m, 4H), 7.37(d, T = 8.4 Hz. 2H). 7.25
(dd, 1=1.2, 14 0 Hz, 2H). 6.60(d, J = 7.6 Hz, 2H), 5.85-3.68 (m, 2H), 5.14 (s, 2H), 3.00 (br s,
SH), 4.64-4 54 (m, 4H), 4.33-4 18 {m, ZH}, 3.95 (brt, J = 6.0 Hz, 2H), 3.74-3.38 (m, 5H), 3.25-
313 €m, 4H), 2.21 (s, 3H), 2.19 (5, 3H), 2.16-1.92 (. 6H), 1.52 {d, T = 7.2 Hz, 3H), 1.40-1.29
{m, 68}, 1.08-0.98 {m, 6H).

Preparation of BBI-L-13

To asolution 131 (50 mg, 33.5 umol, 1 eq, 2TFA) and 7§ (22.0 mg, 33.5 amol, T eq) in
DMF (1.00 rol.) was added EN (7.00 mg, 66.9 umol, 9.00 ul,, 2 eq) and 1 -Propanephosphonic
anhydride, T3P, CAS Reg. No. 689537-94-8 (32.0 mg, 50.2 umol, 30.0 ul, 50% purity, 1.5 eq).
and then stirred at 20°C for 2 h. The mixture was filtered and the residue was punified by prep-
HPLC {columm: Phenomenex Luna 80*30mm™*3um;mobile phase: [water(0. 1% TFA)-
ACNLBY%: 15%-40%,8min) to give BBI-L-13 (16 mg, 7.47 umol, 22.31% vield, 2TFA) as
white solid. 'H NMR (MeOD, 400 MHz) §7.68-7.53 (m, 4H), 7.37 (d, ] = 8.4 Hz, 2H), 7.30-
7.20 (m, 2H), 6.88 (s, 2H). 6.60 (d, T= 12 Hx. 2FD), 5.78 (br s, 2H), 5.14 (s, 2H), 4.99 (br s, 4.
4.68-4.47 (m, $H). 4.29-4.25 (m, 1H), 4.16 (5, 3H), 3.96 (br i, } = 5.6 Hz, 2H), 3.80 (td, I = 6.8,
92 Hz, 2H), 3.74-3.71 {m, 2H)}, 3.70 (s, 4H}. 3.67-3.56 (m, 36H), 3.33 (br 1, J = 5.6 Hz, 2H),
3.48¢td, J = 1.6. 3.2 Hz, 1H), 3.36 (brt, § = 5.2 Hz, 2H), 3.23-3.13 (m, 4H), 2.54-2.43 (m, 2H),
2.20€d, F= 10.4 He, 6H), 2.18-2.10 (m, 2H), 2.06-1.94 (m, 5H). 1.40-1.28 (m, 9H), 1.02 (dd. J =
5.2, 6.4 Hz, 6H). LCMS (ESI): mass caled. for CooHasNsOo 19139, m/z found 1914.0 [M+H]"

Example L-18 Synthesis of 1-{(E}-4-[5-carbamoyl-7-{3-[4-{2-{2-[2-]2-[ 2~} 2-[ 2~
[2-]2-[ 2~} 2~ [12-(2,5~dioxopyirol-1-
yhacetyljammolethoxy jethoxyethoxy Jethoxy jethoxy fethoxy jethoxyethosyiethoxylethoxyleth
ylipiperazin-1-vHpropoxy}-2-[(2-ethvl-S-methyi-pyrazole-3-carbonyDamino}-3a,7a-
dihydrobenzimidarol-1-yljbut-2-envi}-2-{(2-ethyl-5-methyl-pyrazole-3-carbonyljamino}-7-

methoxy-benzinudazole-3-carboxamide, BBI-L-18

106



WO 2022/272039 PCT/US2022/034865

N
AY

N 0\'\
HNTTY 0 (S 0& 0
LUN y HyN { _NH;
NH, \k ”N:(\/JLN,(/\/O\}/&O 7N O~\/§’: 3 \2.)
G NH if i S WA
Nt Ny " NN/ SN L
4N =z N : N i OVNH Hﬁ\f/‘g
Ny e aBH,CN/MeOH ! I
HNL_O  f HN NS N J/
L { =0 M= P o
NN ¢
3 0
BEI-L-18 j
S
A e
(S
o

To a mixture of 2-(2 5-dioxopyrrol-1-v-N-{2-{2-] 2~ 2-{ 2-[ 2-{2-{2-{ 2-| 2 -2~
oxoethoxy jethoxylethoxylethosyjethoxviethoxy]ethoxy jethoxy ethoxy jethoxy]ethyacetanude

(689 mg, 108 umol, 2 eq) and 1-[(E)-4-[S-carbamoyvl-2-[{2-ethyl-3-methyl-pyrazole-3-

%3]

carbonylyamino}-7-(3-piperazin-1-ylpropoxy)-3a,7a-dihy drobenzimidazol-1-vi{but-2-eny1]-2-
[(2-ethyi-S-methyl-pyrazole-3-carbonylamino |- 7-methoxy-benzimidazole-5-carboxamide, 3 (80
mg, 54.1 umol, 1 eq, ZHCH in MeOH (3 mL) was added sodium cyvanoborohydride, NaBH:CN
(6.8 mg, 108 umol, 2 eq) at 25 °C under N; and then stirred at 25 °C for 13 hours. The mixture
was concentrated in vacuum {o give a residue. The residue was purified by prep-HPLC column:
10 Phenomenex Luna 80¥30mm™3um;mobile phase: [waler(0 1% TFARACNBY%: 15%-40%, 8min
to give BBI-L-18 (15 mg, 9.46 umol, 17.48% vield, TFA) as light vellow oil. *H NMR (400
Mz, MeOD) § 7.61 (d, J= 1.2 Hz, 1H), 757 (d. J = 1.2 Hz, 1H), 7.31 (4, J = 1.2 Hz, 1H), 7.28
(d, J=12Hz 1H), 687 {s, 2H), 6.63 {s, 1), 6.57 (s, 1H}, 5.88-5.83 (m, 2H)}, 5.08-5.01 {m,
A1), 4.54-4.69 (m, 4H), 4.16 (5, 2H), 4.01-3.95 (m, 2FH), 3.80-3.88 (m, 2F). 3.55-3.72 (m, 38H),
15 352, 1=535Hz 2ZH} 3.38-330 (m, 6H), 2.69-2.93 (m, 4H}. 2.60 (v 1, J =72 Hz, 2H}, 2.21
{d,J =88 Hz 6H), 1.71-1.82 {m, 2H}, 1.40-1.32 {m, 6H). HPLC: 99.67% (220 nm). LC/MS
[M+H] 14697 {calculated), LC/MS [M-+H] 1469.8 (observed).
Exarople L-24 Svuthesis of 1-{4-[5-carbamoyi-7-[3-[4-[2-[2-[2-[2-[2-[2-[2-[2-[2-
[2-{2-[f2- (2,S-dioxopyrrol-i-
20 vhacetyllamimolethoxy Jethoxy Jethoxy Jethoxy jethoxy fethoxy Jethoxy jethoxy fethoxy jethoxyeth
ylpiperazin- L -yvijpropoxy |-2-{(2-ethyl-S5-methyi-pyrazole-3-carbonyDamino benzioudazol- 1 -
ylibutyl}-2-{{2-ethyl-5-methv!-pyrazole-3-carbonyDamino]-7-methoxy-benzimidazole-5-

carboxamide, BBI-L-24
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Preparation of tert-butvl 4-[3-{6-carbamovl-3-{4-[ 5-carbamoyl-2-{(2-ethv]-5-methyi-
pyrazole-3-carbonyljaming|-7-methoxy-benzimidarol-1-ybuty1}-2-{{2-ethvi-5-methyi-
pyrazole-3-carbonyDanunolbenzimidarol-4-yvijoxypropyl]piperazine-1 -carboxylate, L-24a

To asolution of teri-butyl 4-{3-]6-carbamovl-3-[{ E)}-4-{ 5-carbamoyl-2-{{Z-ethvi-5 -
methyl-pvrazole-3-carbonyhamino-7-methoxy-benzimidazol- 1-ybut-2-enyl}-2-{{(2-ethy -5~
methyl-pvrazole-3-carbonyDaminojbenzimidazol-4-vijoxy propviipiperasine-1-carboxylate, 30
(0.3 g, 316,10 umol, 1 eq) m Et0Ac (20 mL) was added PA(OH)/C (10%, 0.1 g} under N, The
suspension was degassed under vacuum and purged with H; several times,  and then stirred
wnder Ha (50pst) at 20°C for 1Zhowrs. The reaction mixture was filiered and concentrated under
reduced pressure to give L-24a (0.2 g, 210.29 umol, 66.53% vield) as a black solid. LC/MS
[MAHT 9515 (ealculated);, LC/MS [M+H] 951 4 {observed).

Preparation of 1-{4-[S-carbamoyi-2-{{2-ethyl-S-methyl-pyrazole-3-carbonyl) amine}-7-
{3-piperazin-1-yipropoxy jbenzimidarol-1-yHbuty 1}-2-[(2-ethy-5-methy l-pyrazole-3-
carbonyaminol-7~methoxy-benzimidarole-S-carboxamide, 1-24b

To asolution of L-24a (0.2 g, 21029 umol, | eq) in EtOAC (2 mb.) was added
HCVEWCAc (4 M, 10.00 mL, 190 eq}. The nuxture was stirred at 20°C for 2 hr. The reaction
mixture was concentrated under reduced pressure {0 give a residue. The residue was purified by
prep-HPLC (column: Phenomenex Luna §0%30mm™*3um;mobile phase: [water (0.1%TFA) -
AUN] B%: 10%-40%.8min) to give L-24b (0.1 g, 117 .51 umol, 55.88% vield) as a white solid.
TH NMR (400 MHZ. DMSO-de) § 7.32-7.27 (m, 2H). 7.22 (d, I = 8.0 Hz, 2H), 6.68 (5, 2H),
4.73-4.63 (m. 4H), 4.43-4.34 (m, 4H), 4.13-4.04 (m, 2H), 3.83 {s. 3H), 3.26-3.18 (m, 4H), 2.77-
2.63 (m, 4H), 2.60-2.51 (m, 7H), 2.24 (d. J = 2.4 Hz, 6F), 2.07- 1 96 (m, 4F), 1.94-1.76 (.
2H}, 1.46-1.35 (m, 6H). HPLC: 96.010% (220 nmy}, 96.753% (254 nm). LO/MS [M+H] 851 4
(calculated); LC/MS {M+H] 851 .4 (observed).

Preparation of BBI-L-24

To a solution of L-24b (80.0 mg, 74.1 umol, 1 eq, 2TFA) in MeOH (5 mL) was added 2-
(2.5-dioxopvrrol-1-vH-N-[2-{2-{2-[2-] 2-{ 2-[ 2~} 2-{ 2~} 2-{2-
oxoethoxy jethoxy jethoxy Jethoxy Jethoxy jethoxy ]ethoxy jethoxy jethoxy jethoxy]ethy Hacetam de
(142 mg, 222 wool, 3 eqy at 15°C. After addition, the ouxture was stured at this temperature for
30 nun, and then NaBH;CUN (14.0 mg, 222 umol, 3 eq) was added. The resulting mixture was
stirred at 15 °C for 12 hr. The reaction nuxture was concentrated under reduced pressure to give
aresidue. The residue was purified by prep-HPLC {TFA condition; column: Phenomenex Luna
80 30mm™ 3umymohile phase: [water{TFAACN]B%: 5%-353%.8min) to give BBI-L-24 (401
mg, 23.6 umol, 31.8% vield, 2TFA) as a white solid. TH NMR (400 MHz, MeCGD) §7.36-7.29
{rm, 2H), 7.23 (d, F= 5.2 Hz, 2H), 6.38 (s, 2H), 6.68 (s, 2H), 4.67 {q, § = 6.0 He, 4H), 4.45-4.31
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{m, 4H), 4.16 {5, 2H), 410 (br t, ] = 6.0 Hz, 2H), 3.89-3.77 (m, SH), 3.72-3.66 {m, 4H}, 3.66~
3.55 (my, 32H), 3.52 (4, J = 5.6 Hz, ZH}. 3.47-3.33 (m, &H), 3.03-2.90 {m, 4H), 2.84-2.72 {(m,
Z2H), 2.23(d, I=2.0Hz, 6H), 2.08-1.87 {m, 6H), 1.49-1.34 (m, 6H). HPLC: 97.38% (220 nm).
LO/MS [M+HT 14717 (calculated); LC/MS [M+H] 1471.7 {observed).

Example L-26 Synthesis of 7-{3-f4-[2-] 2-{2-{ 2-{2~{2-]2-[ 2~} 2-[ 2~} 2-[ {242 5~

w1

dioxopyrrol-1-

yhacetyHaminolethoxy jethoxylethoxy Jethoxy Jethoxy jethoxylethoxy jethoxy jethoxviethoxvieth
yl]piperazin-1-vijpropoxy}-2-[(2-ethyl-5-methyi-pyrarole-3-carbony Damino|-1-{ (E}-4-{ 2-{(2-
ethyl-S-methvi-pyrazole-3-carbonyDaminotbenzimidazol- I -vi{but-2-enylibenzinu dazole-5-

10 carboxamide, BBL-L-26
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Preparation of tert-butyl N-tert-butoxycarbonvi-N-{(E)-4-(2-nitroanilinoybut-2-
envijcarbamate, L-26a.
To asolution of §-fluoro-Z-miro-benzene (1 g, 7.09 mmol, 746 ul., 1 eq) in DMF (10
5 ml) was added DIEA (2.75 g, 21.26 mmol, 3.7 mil, 3 eq) and tert-buiyvl N-[{E)}-4-aminobui-2-
envl]-N-tert-butoxycarbonyl-carbamate, 3; {(2.23 g, 7.80 mumol, 1.1 eq), and then stirred at 50 °C
for 16 hr. The reaction mixture was quenched by addition H20 (100 mL) at 20°C, and then
extracted with EtOAc (50 mL x 3). The combined organic layers were washed with H,O (50
mb} and brine (20 mL}, dried over Na:SOq, filtered and concenirated under reduced pressure to
10 give aresidue. The residue was purified by flash silica gel chromatography (ISCO®; 40 ¢
SepaFlash® Silica Flash Column, Eluent of 0~3% Ethyl acetate/Petroleum ethergradient (@ 100
mi/roin) to give £-26a (2 g, 4.91 mmol, 69.26% vield) as brownness solid. H NMR (400 Mz,
Me(GD)S8.12(dd, J=1.6 88 Hz, I1H), 740Gd, 1=16,72, 88 Hz 1H), 6.96(d, 1 =88 Hz,
TH), 6.67(d, 1= 1.6, 7.2, 8.8 Hz, 1H), 5.80-5.72 (m, 2H). 4.17¢d, J= 4.0 Hz, 2H), 4.03(d, J =
15 4.0Hz 2HD, 1.45 (5, 18H). LC/MS [M+H] 408 2 {calculated), LC/MS [M+H] 408.2 (observed).
Preparation of (E)}-N'-(Z-nitrophenyDbut-2-ene-1 4-diamine, L-26b.
To a solution of L-26a {500 mg, 1.23 mmol, 1 eq} in EtOAc {1 mL} was added
HCVEIOAC (4 M, 1534 mL, 50 eq}. The mixture was stirred at 20°C for 2 hr. The reaction
maxture was concenirated under reduced pressure to give L-26b (500 mg, crude) as a white
20 solid. 'H NMR (400 MHz, MeOD) 88.14(dd, J = 1.6, 8.4 Hz, 1H), 749 (td, I = 1.6, 7.2, 8.4 Hz,
1H}, 697 (¢, 1=8.0Hz, 1H), 6.70{td, J=16,7.2, 84 He, 1H), 6.14-6.02 (m, 1H), 5.86-5.70
(m, 1H), 411 (dd, J=1.2,44Hz 2H),357(d, J=64 Hz, ZH). LC/MS [M+H] 208 1
{calculated); LU/MS [M+H] 208.1 (observed).
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Preparation of tert-butyl 4-[3+{5-carbamovl-3-nitro-2-{[{(E}-4-(2-nitroanilinojbut-2~
envijaminolphenoxy ipropyiipiperazine-1-carboxylate, L-26¢.

A solution of L-26b (0.5 g, 1.78 numol, 1 eq, ZHCH, DIEA (1.15 g, 8.92 mimol, 1.55 mL,
5 eq) and NaHCO: (375 mg, 4.46 mmol, 174 ul, 2.5 eq) in n-BuOH (10 L) was stirred at
15°C for 20 nmun. Then tert-butvi 4-{3-(5-carbamoyl-2-chioro-3-nitro-
phenoxyipropylipiperazine-1-carboxylate, 3g (632 mg, 1.43 mmol, 0.8 eq) was added. The
mixture was stitred at 120 °C for 16 hr. The reaction maxture was concentrated under reduced
pressure to remove n-BuOH, the residue was quenched by addition H0O (50 mL) at 20°C, and
then extracted with EtOAc (10 mbL x 2). The combined organic layers were washed with brine
(10 mL), dried over NazSOy, filtered and concenirated under reduced pressure fo give L-26¢
(550 mg, 896.26 umol, 50.22% vield) as vellow solid. LC/MS [M+H] 614.3 (calculated);
LC/MS [M+H] 614.2 (observed).

Preparation of tert-butyl 4-{3-{3-amimo-2-{ [(E}-4-(Z-aminoanilino but-2~enyijamino}-S-
carbamovl-phenoxy jpropvlipiperazine-1 ~carboxylate, 1.-26d.

To a solution of L-26¢ (550 mg, 896 umol, I eq} in MeOH {1 mL) and THF (1 mL) and
o0 (0.5 ml) was added NaxCU Qs (570 mg, 5.38 mmol, 6 eq) and disodium dithionite (1.56 g,
R.96 mamaol, 1.95 mL, 10 eq), and then stirred at 20 °C for 2 hr. The reaction muxture was
filtered and the filtrate was concentrated to remove THF and MeOH. The residue was diluted
with H:O (10 mb) and the precipitate was filtered fo give L-26d {5 50 mg, crude} as vellow
solid. LC/MS [M+H] 554.3 (calculated), LO/MS [M+H] 554.3 (observed).

Preparation of tert-butyl 4-[3-[6-carbarnovl-2-[{2-ethyl-5-methyl-pyvrazole-3-
carbonyDamino}-3-{(E)-4-{2-[(2-ethvl-S-methyl-pyrazole-3-carbonyljaminojbenzimidazol-1-
ylibut-2-enylibenzimidazol-4-yljoxypropyvlipiperazine-1-carboxylate, L-26e.

A solution of L-26d (550 mg, 993 wuol, 1 eq) and 2-ethyl-S-roethyl-pyrazole-3-carbonyl
isothiocyanate, 30 (213 mg, 1.09 mmol, 1.1 eq) in DMF (5 mbL) was stirred forlQ min at 6°C,
then EtN (301 mg, 2.98 mmol, 414 ul, 3 eq} and EDCI (571 mg, 2.98 mmol, 3 eq). The result
mixture was stirred at 20 °C for 16 hr. The reaction mixiure was quenched by adding saturated
sodium bicarbonate (16 mL) and H;O (10 mL), and the precipitate was filtered to give L-26e
{560 mg, 639 umol, 64.36% vield) as white solid. LC/MS [M~+H] 876.5 (calculated}; LL/MS
[M+H] 876.4 (observed).

Preparation of 2-{(2-ethv1-5-methvi-pyrazole-3-carbonvlaminol-1-{{E)-4-[ 2-[(2-ethyl-5-
methyl-pyrazole-3-carbonyijamino [benzimidazol-1-vijbut-2-envl}-7-(3-piperazin-1-
yipropoxy jbenzimidazole-S-carboxamide, L-26f

To a solution of L-26¢ (560 mg, 639 umol, I eq) in EtOAc (8 mL) was added

HCOVEtQAC (4 M, 7.99 mL, 50 eq), and then stirred at 20°C for 2 hr. The reaction nuxture was
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concentrated and the residue was purified by prep-HPLC{column: Phenomenex Luna
80x30mmx3um;mobile phase: [water{TFA)}-AUN].B%: 5%-40%,8min) to afford L-26e {96.7
mg. 124.63 umol, 19.50% vield) as white solid. "H NMR (400 MHz, MeOD) §7.57(d, =12
Hz, 1H), 748(d. J = 7.6 Hz, 1H), 7.35-7.24 (m, 3H}, 7.22-7.16 {m, 1H), 6.63 (s, 1H}, 6.57 (s,
1H}, 6.00-5.90 (m, 1H), 5.84-53.74 {m, 1H}, 5.06 (d, } =352 Hz, 2H), 4 83-4.79 (m, 2H), 4.69-
4.54 {m, 4H), 4.04 (1, T = 6.4 Hz, 2H). 3.33 (s, 2H), 3.27-3.23 (m, 4H), 2.86-2.69 (m, 4H), 2.61
(t, ¥=72Hz 2H), 2.23 {s. 3H). 2.21 {5, 3H), 1.88-1.77 (m, 2H), 1.38 (. I =7.2 Hz, 3H), 133 (¢,
J=72Hz 3H). LC/MS [M+H] 776.4 (calculated), LC/MS [M+H] 776.4 {observed).

Preparation of BBI-L-26

A solution of L-26¢ (30 rog, 29.9 umol, 1 eq, 2TFA) and 2-(2,5-dioxopyrrol-1-yi}-N-{2-
[2-{2-12-[2-12-{2-{2-[2-{2-(2-0oxoethoxy ethoxyethoxyjethoxv]e
thoxy jethoxy Jethoxy ethoxy Jethoxy Jethoxv]ethyijacetamide (47.6 mg, 74.7 umol, 2.5 eq) in
MeOF (3 mL) was stirred for 10 mun at 20°C, then NaBH:CON (5.63 mg, 89.6 umol, 3 eg) was
added. The mivture was stitred at 20°C for another 0.5bt. The reaction mixture was filtered and
purified by prep-HPLC{column: Phenomenex Luna 80x30mmx3um;mobiie phase: [water{TFA)-
ACNLBY%: 10%-40%,8min} to afford BBI-L-26 {(14.9 mg, 10.67 umol, 35.70% vield) as white
solid. 'H NMR (400 MHz, MeOD) 57.57 (d, J = 1.2 Hz, 1H), 748 (d, J = 8.0 He, 1H), 7.35-7 30
(m, 2H), 727 (t, I=T7 6 Hz, 1H), 7.22-7.16 (m, 1H), 6.86 (5, 2H), 6.62 (s, 1H), 6.56 (s, 1H),
6.05-5.87 (m, 1H), 5.86-53.70 {m, 1H), 5.06 (d, J = 4.8 He, 2H), 4.65-4.54 (m, 4H), 415 (5, 2H),
4.05 €, J= 6.0 Hz, 2FH), 3.86-3.78 (. 2H), 3.67 {d, T = 2.8 Hz, 4H), 3.64-3.54 (m, 34H), 3.51 (4,
J=5.6Hz, 4H), 3.37-3.33 (m, 4H), 3.21-2.75 (m, 6H), 2.66 (. J = 6.8 Hz, 2H), 221 (d. I = 8.0
Hz 6H), 1.88-1.78 (m, 2H), 1.37 (£ I=72 Hz 3H), 132 J =72 Hz 3H) LLC/MS [M+H]
1396.7 (calculated), LC/MS [M+H] 1396.7 (observed).

Exarople L-28 Svnthesis of 1-{{E)}-4-[5-carbamoyl-7-{3-[4-{2-]2-[2-[2-[2-]2-[2-
[2-{2-[2-]2 -{{2-(2,5-dioxopyrrol-1-
viacetvljaminojethoxy Jethoxyjethoxy jethoxy jethoxy jethoxy jethoxy lethoxy fethoxy jethoxy jeth
ylipiperazin-t-yijpropoxy}-2-[{2-(2-hydroxyethyl3-S-methyl-pyrazole-3-
carbouyljamimolbenziny dazol-1 ~vijbut-2-envl-2-[ 2-(2-hy droxyethy)-5-methyi-pyrazole-3-

carbonyljamino}-7-methoxy-benzimidarole-S-carboxamide, BBI-L-28
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Preparation of ethvi 2-(2-acetoxyethyl}-5-methyl-pyrazole-3-carboxyiate, L-28b

To a solution of ethyvl 3-methyl-1H-pyrazole-S-carboxyvlate, L-28a (3 g. 19.5 numol, 1 eq)
and 2-hydroxyethyl acetate (2.03 g, 19.5 mmol, 1.83 ml, 1 eq) in THF (30 mL) was added
triphenviphosphine, PPhs (15.3 g. 38.4 nwnol, 3 eq) and diisopropyl azo-dicarboxylate, DIAD
(11.80 g, 58 4 ramol, 11 4 mL, 3 eq). The nuxture was stirred at 0 °C for 2 hr. The reaction
mixtare was quenched by addition H:O 50 ml, and extracted with EtQAc (S0mL x 3). The
combined organic fayers were washed with brine (100 mL), dried over NaxSQy, filtered and
concentrated under reduced pressure to give aresidue. The residue was purified by flash silica
gel chromatography (ISCO®; 40 g SepaFlash® Silica Flash Column, Eluent of 0~50% Ethyvl
acetate/Petroleum ethergradient @) 60mL/min) to give L-28b (5 g. crude) as a colorless oil. 'H
NMR {400 MHz, CDCI3) 3 6.63 (5, 1H), 475 (1, I =54 Hz, 2H), 441 (1, =54 Hz, 2H), 432
(q.3=7.2Hz, 2H), 2.27 (s. 3H), 1.99 (s. 3H), 1.36 (1, } = 7.2 Hz, 3H)

Preparation of 2-(2-hydroxyethyl)-S-methyl-pyrazole-3-carboxylic acid, L-28¢

To asolution of L-28b (5 g, 20.8 mmol, leq) in MeGH (30 mL) and HLO (5 mL) was
added LiOH H20 (2.62 g, 624 mimol, 3 eq),  and theo stitred at 20°C for Zh. The pH of the
reaction mixiure was adjusted to about b at 0°C with HCY (4M), desired solid precipitated from
the mixture, and filtered to give L-28¢ (3 g, 17.6 mmol, 84.71% vield) as a white solid. "H NMR
(400 Mz, DMSO-ds) § 8.87 (s, 1H), 6.57 (s, 1H), 4.46 (, I = 6.4 Hz, 2H). 3.66 (¢, ] = 6.4 Hz,
2H), 2.16 (s, 3H)

Preparation of 2-{2-acetoxyethyl}-3-methyi-pyrarole-3-carboxylic acid, L.-284d

To asolution of L-28¢ (3 g, 17.6 mmol, 1 eq) in BDCM (50 mi} was added acetic
anhydride (3.60 g, 35.3 mmol, 3.30 mL, 2 eq) and pyridine (2.79 g, 35.3 mmol, 2.85 mL, 2 eq).

The nuxture was stirred at 20 °C for 1 hr. The pH of the reaction mixture was adjusted to about



w1

10

20

25

30

WO 2022/272039 PCT/US2022/034865

1 at 0°C with HCH (4M), desired solid precipitated from the mixture, and filtered to give L-28d
(3 g, 14.14 mmol, 8(.15% yield) as a white solid. 'H NMR (400 Mz, DMSO-de) 5 8.88 (5,
1H), 6.60 (5, 1H), 4.64 (1. J = 5.2 Hz, 2H). 430 €1, =52 Hz, 2H), 2.17 (5, 3H), 1.92 (5, 3H)

Preparation of 2-{5-chlorocarbonyl-3-methyl-pyvrazol-1-yljethvi acetate, L-28e

To asolution of L-28d (1 g, 4.71 mumol, 1 eg) in BCM (10 mb)was added DMF (344
mg, 4.71 romol, 363 ul, 1 eq) and oxalyl dichloride, (COC; (1.20 g, 9.42 mmol, 825 ul, 2 eg),
and then stirred at 20 °C for 1 hr. The reaction muxture was concentrated under reduced
pressure to give L-28¢ as a vellow ot

Preparation of 2-{5~-carbonisothiocyanatidoyl-3-methyl-pvrazol-1-yljethyl acetate, L-28f

A solution of L-28¢ (1 g, 4.34 vonmwol, 1 eq) and potassiurn thiocvanate, KSCN (843 mg,
8.67 mmol, 843 ul, 2 eq) in MeCN (5 mb) was stirred at 20 °C for 1 hr. The reaction mixture
was filtered and concentrated under reduced pressure to give aresidue. The residue was punified
by flash silica gel chromatography (ISCO®; 40 g SepaFlash® Silica Flash Cohunn, Eluent of
0~30% Ethy] acetate/Petroleurn ethergradient (@ 45 mb/run} to give L-28{ (0.4 g, 1.58 romol,
36.43% vield) as a yellow oil

Preparation of tert-butyl 4-[3-[2-{{2-(2~acetoxyethyvl}-5-methvi-pyrazole-3 -
carbonyllanuno}-3-[(E)-4-[2-[[2-(Z-acetoxyethv]}-S-methyl-pyrazole-3-carbonyljamino}-3-
carbamovi-7-methoxy-benzimidazol-1-vljbwt-2-envii-G-carbamovl-benzinudazol-4-
vijoxypropvi|piperazine-1-carboxylate, L-28g

A solution of tert-butyl 4-3-[3-amino-2-[[{E)}-4-(2-amino-4-carbamoy1-6-methoxy-
anilinoybut-2-enyljamino}-S-carbamoyi-phenoxy [propylipiperazine-1-carboxylate, 3n (0.3 g,
479 umol, 1 eq) and L-28f (242 mg, 937 umol, 2 eq) in DMF (5 mL} was stirred at 0 °C for 0.5
h. Then EDCI (459 mg, 2.39 mumol, 5 eq) and EGN (242 mg, 2.39 mmol, 333 ul, 5 eq was
added. The result mixture was stitred at 25°Clor another 12 hr. The reaction nuxture was
guenched by addition ag NaHCO: 10 mL at 0°C, desired solid product precipitated from the
mixture, filtered to L-28g (0.4 g. 375 umaol, 78.46% vield) as a yellow solid.

Preparation of 1-{{E}-4-{5-carbamoyl-2-{{2-(2-hydroxvethyi}- 3-methyl-pyrazole-3-
carbonyljamimo}-7-(3~piperazin-1 -ylpropoxybenzirodazol- 1 -yijbut-Z-env}-2-{{ 2-(2~
hydroxyethyi)-5-methyl-pyrazole-3-carbonyljaminol-7-methoxy-benzimidazole-5-carboxamide,
1-28h

To asolution of L-28g (0.4 g, 375 umol, 1 eq) in EtOAc (10 o) was added HCVEtOAc
(4 M, 5mL, 53.3 eq}. and then stirred at 20 °C for 2 hr. The reaction mixture was concentrated
wnder reduced pressure to give aresidue. The residue was purified by prep-HPLC {column:
Phenomenex Luona 80%30mm™3um; mobile phase: [water{(TFAFACN] B%: 5%-35%,8min} {0

give L-28h (.05 g, 56.% umol, 15.11% vield) as a white solid. 'H NMR (400 MHz, DMSO-de}
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513.06-12.67 (m, 2H), 8.95-8.44 (m, 2H). 7.96 (d, I = 9.6 Hz. 3H). 7.65 (s. 3H), 7.36 {s. 2H).
728(d, F= 11.6 Hz, 2H), 6.55 (d, J = 7.2 Hz. 2H), 5.85-5.80 (m, 2H), 4.91 (dd. I = 3.6, 9.6 Tz,
4H), 4.61 (d, § = 2.8 Hz, 4H), 3.95 (d. J = 5.2 Hz, 2H), 3.72 (t, I = 6.4 Hz, 4H). 3.67 {5, 3H),
3.15-3.10 (m, 4H), 2.58-2.50 (m, 6H},2.12 (d, J = 5.2 Hz, 6H), 1.75-1.70 (m, 2H). HPLC:
98.124% {220 nmy}, 98.808% (254 nm). LL/MS [M+H] 881.4 (calculated);, LO/MS [M+H] 881.4
{observed).

Preparation of BBI-L-28

To a solution of L-28h (35 mg, 31.6 umol, 1 eq. 2TFA)} and 2-(2,5-dioxopyrrol-1-y1}-N-
|2-{2-{2-[2-{2-[2-] 2-]2-{2-[ 22~
oxoethoxy jethoxy fethoxy jethoxy Jethoxy jethoxy Jethoxy Jethoxy Jethoxy jethoxyiethyljacetanude
{(40.2 mg, 63.1 umol, 2 eg) in MeOH (I mL) was added sodium cyancborohydride, NaBH;UN
(5.95 mg, 94.7 umol, 3 eq), and then stirred at 20 °C for 12 hr. The reaction mixture was
filtered. The residue was purified by prep-HPLC {column: Phenomenex Luna
803 0mro™3umymobile phase: [water(TF A ACN]BY%: 5%-35%, 8min) to give BBI-L-28 as a
white solid. 'H NMR (400 MHz, DMSO-de) 513.01-12.71 (m, 1H), 8.21 (1. J = 4.6 Hz. 1H), 7.96
(d, 7= 11.8Hz, 2H), 7.65 (s, ZH), 7.37 (5, 2H), 7.29 (s, 1H), 7.25 (s, 1H), 7.08 (5, 2H), 6.55(d, I
= 7.6 He, 2H), 5.98-5.68 (m, 2H), 4.93-4.90 (4, 3H), 4.63-4.59 (m, 4H), 4.01 (s, 2H), 3.95-3.90
(m, 2H), 3.72 (t, I = 6.4 Hz, 4H), 3.66 {5, 3H), 3.55-3.45 (m, 38H), 3.44-3.40 {m, 6H)}, 3.26-3.14
(m, 6H), 2.12 (d, J = 6.8 Hz, 6H}, 1.80-1.60 {(m, 2H). HPLC: 96.878% (220 nm}, 99.512% (234
am). LC/MS [M+H] 15017 (calculated), LE/MS [M+H] 1501.8 (observed).

Example L-31 Synthesis of 1-{(E)-4-[5-carbamovl-7-[3-[4-{2-[2-[2-]2-[2-[2-] 2-
[2-12-[2-[2-{{2~(2,5~dioxopyrrol-1-
vhacetylammolethoxy jethoxylethoxy Jethoxy jethoxy jethosyethosy jethosylethoxyethoxyleth
ylipiperazin- | -yHpropoxy|-2-[(2-ethyl-S-methyi-pyrazole-3-carbonyDanunojbenzimudazol-1-
vijbut-Z-enyl}-2-{{2-(2.3-dihy droxypropyi}-S-methyi-pyrazole-3-carbonyljamino}-7-methoxy -
benzimidarzole-5-carboxamide, BBI-L-31
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BBI-L-31
Preparation of ethyl 2-[(2 2-dimethyl-1,3-dioxolan-4-yDmethyi]-3-methyi-pyrazole-3-
carboxylate, L-31b
To asolution of ethyl 3-methyi-1H-pyrazole~5-carboxylate, L-31a (5 g, 32.43 mmnol, 1

eq) in THF (100 rol.) was added PPhs (2552 g, 97.30 ramol, 3 eq) and (2,2-dimethyl-1,3~
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dioxolan-4-yDimethanol (5.14 g, 38.92 mmol, 4.8 mL, 1.2 eq) followed by DEAD (11.30 g,

64 87 mumol, 11.8 mL, 2 eq). The mixture was stirred at 15°C for 16 hr. The mixture was
guenched with Ho0 (300 mlL) and extracted with EtOAc (50 mL x 3). The combined orgamc
lavers were washed with brine (100 mL), dried over Na;SOy, filtered and concentrated under
reduced pressure to give a restdue. The residue was purified by flash silica gel chromatography
(ISCO®; 120 g SepaFlash® Silica Flash Column, Fluent of 0~8% Ethyl acetate/Petroleum
ethergradient (@ 100 mL/min} to give L-31b (5 g. 18.64 mmol, 57 46% vield) as colorless oil. 'H
NMR (400 MHz, CDCL} § 6.60 {5, 1H), 4.75(dd, J =5.6, 13.2 Hz, 1H), 4.59-4 51 {m, 1H),
4.51-4.42 (m, 1H), 432{q, J=72He, 2H), 4.01 {dd, I = 6.0, B4 He, 1H), 3.83{dd, ] =6.0,84
Hz, 1H), 2.26 (s, 3H), 1.42-1.28 (m, 9H). LO/MS [M+H] 269.1 (calculated); LO/MS [M+H]
269.0 {observed).

Preparation of 2-{(2,2-dimethyi-1,3-dioxolan-4-vhmethyl}-5-methyl-pyvrazole-3-
carboxvlic acid, L-31c¢.

To a solution of L-31b (2.5 g, 9.32 nuuol, 1 eq) in THF (20 ml) and HoO (8 ml) was
added LiOHHD {1.96 2, 46.592 mmol, 5 eq), and then stirred at 15°C for 1 hr. The mixture was
concentrated to remove THF, then the pH of aqueous phase was adjusted pH=~5 with TFA and
extracted with EtOAc (80 ml x 2}. The combined organic layers were dried over Na;SOy4,
filtered and concentrated under reduced pressure to give the crude product L-31¢ {2.05 g, 8.33
mimol, 91.57% vield) as white solid was used into the next step without further purification. 'H
NMR (400 MHz MeQOD) 86.64 (5, 1H), 4.72 (dd, = 6.0, 13.6 Hz, 1H), 4.59-4.49 (m, 1H), 4.42
(q.3=6.0Hz 1H), 401 (dd, J = 6.0, 8.4 Hz, 1H), 3.80 (dd, J = 6.0, 8.4 Hz, 1H), 2.24 (s, 3H),
1.33 (s, 3H), 1.28 (s, 3H). LC/MS [M+H] 2411 (calculated); LC/MS [M+H] 2411 {observed).

Preparation of 2-{(2,2-dimethy]-1,3-dioxolan~-4~ymethyl]-S-methyi-pyrazole-3-carbonyl
chloride, L-314.

To asolution of L-31¢ (1 g 4.16 mmol, 1 2q) in DCM (15 mL} was added I-chloro-

WNN 2-trimethyl-prop-1-en-1-amine {1.11 g, 8.32 mmol, 1.1 mL, 2 eq) at 0 °C, and then stirred
at 15 °C for 5 hr. The mixture was concentrated {o give L-31d (0.6 g, 2.32 mmol, 55.72% yield}
as light vellow ot which was used juto the next step without further purification.

Preparation of 2-{(2,2-dimethyl-1 3-dioxolan-4-v1imethvi|-5-methvi-pyrazole-3-carbonyl
isothiocyanate, L-31e.

To asolution of L-31d (0.6 g, 2.32 mmol, 1 eq) in MeCN (2 ml) was added potassium
thiocyanate, KSCN (676.2 mg, 6.96 munol, 3 eq), and then stirred at 15°C for 1 hr. The mixture
was filtered, the filtrate was concentrated. The residue was purified by flash silica gel
chromatography (ISCO®; 40 g SepaFlash® Silica Flash Colurn, Elient of (~40% Ethy!

acetate/Petroleum ethergradient (@ 75 mb/min) to afford L-31e (0.5 g, 1.78 mumol, 76.63%
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yield) as veliow oil as light vellow oil. 1H NMR (400 MHz, CDCl) 86.76 (s, 1H), 4.74 (dd, I =
6.0, 13.2 Hz, 1H), 4.59-4.43 (m, 2F). 4.06 (dd, ] = 6.0, 8.8 Hz, 1H). 3.83 (dd. J= 5.6, 8.8 Hx.
TH), 2.30 (s, 3H), 1.39 (s, 3H), 1.33 (s, 3H).

Preparation of tert-butyl N-[{E)-4-(4d-carbamoyi-2-methoxy-6-nitro-anilinobut-2-
enyljcarbamate, L-31g

To asolation of 4-chloro-3-methoxy-5-nitro-benzamide, L-31{(4 g, 17.35 mimol, 1 eq)
and tert-buiyl N-[(E)}-4-aminobut-2-enyljcarbamate {4.52 g, 24 28 mimol, 1.4 eq) in n-BuCGH (70
mb) was added diisopropylethviamine, DIEA (1121 g, 86.73 mmeol, 1511 ml. 5 eq). and then
stirred at 120 °C for 18 h under N2, The reaction mixture was concentrated to remove n-BuQH,
and the residue was diluted with Ha0 100 wk at 15°C and sturred for 30 min, filtered to give the
crude product. The crude product was triturated with EtOAc (50 mL} at 15°C for 30 min to
afford L-31g (6 g, 15.77 mmol, 90.93% vield) as red solid. "H NMR (400 Mz, DMSO-ds,
8818 {(d,J=20Hz 1H), 801 (5, 1H), 7.74 (4, F = 6.0 Hy, 1H), 7.55¢d, J= L6 He, 1H), 731 (s,
THD, 6.92 (s, 1H), 5.53 (s, 2H), 4.09(d. I = 4.0 Hx, 2H), 3.87 {s, 3H), 3.48 (s, 2H), 1.44-1.30 (m,
o). LC/MS [M+H] 381.2 {calculated); LC/MS [M-55] 325.0 {observed).

Preparation of tert-buiyl N-[{E)}-4-(2-amino-4-carbamoyl-6~methoxy-anilinoybut-2-
enyl]carbamate, L-31h.

To asolution of L-31g (6 g, 15.77 nunol, 1 eq) in MeOH (30 mL), THF (30 mL) and HoO
(15 mb} was added NapC(03 (6.69 g, 63.09 mmol, 4 eq} and disodivm dithionute (19.22 g, 110.41
mmol, 7 eq). The mixture was stirred at 15°C for 1 hr. The mixture was concentrated to remove
THF and MeOH, then H>O (50 mL} was added and 1t was stirred for 10 mun and filtered to give
crude product L-31h (4 ¢ 11.42 mmol, 72.37% vield) as off-white solid which was used into the
next step without further purification. 'H NMR (400 MHz, MeOD) 86.93 (d, J = 2.0 Hz, 1H),
6.90 (d, § = 2.0 Hz, 1H), 5.74-5.57 (m, 2H), 3.85 (s, 3H). 3.60-3.57 (m, 4H), 1.43 (s, OH).
LC/MS [M+H] 351.2 (calculated); LC/MS {M+H] 351.1 (observed).

Preparation of 3-amino-4-{{(E}-4-aminobut-2-enyl{amino}-S-methoxy-benzamide, L-311.

To asolution of L-31h (1.2 g, 342 mwnol, 1 eq) in EtOAc {15 mL) was added
HCVEtOAC (4 M, 42.8 mi., 50 eq), and then stirred at 15°C for 0.5 hr, the mixture was
concentrated to give L-311 (1.1 g, 3.40 mmol, 99.38% vield, 2H{C1) as white solid which was
used into the next step withowt further punfication. LC/MS [M-+H] 251.2 (calculated); LC/MS
[M+H] 251.1 (observed).

Preparation of tert-butyl 4-{3-[2-{[{E)-4-(2-anuno-4-carbamoyi-6-methoxy-anlinojbut-2-
enyl]aminof-5-carbamoyl-3-nitro-phenoxy{propylipiperazine-1-carboxyvlate, L-31j.

A solution of L-311 {1.1 g, 3.40 mmol, 1 eq, 2HC) and DIEA (3.52 g, 27.2 smmol, 4.7
mb, 8 eq) in n-BuOH (30 mL} was stirred at 15°C for 0.3 h., then tert-butyl 4-]3-(5-carbamoyl-
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2-chloro-3-nitro-phenoxy ypropylipiperazine-1-carboxylate (829 mg, 1.87 mmol, 0.35 eq} was
added, and the mixture was stirred at 120 °C for 12 h. The mixture was concentrated in vacuum
to removed n-BuOH. theothe residue wags diluted with water 20 mL and extracted with DCM/i-
PrOH=3/1 (30 mL x 3). The combined organic layers were washed with brine 20 mb., dried
over NapSQy, filtered and concentrated under reduced pressure to give a residue. The crude
product was triturated with MTBE/EIOAc=5/1 (30 ml) at 15°C for 10 minto give L-313 (I g,
1.52 mnol, 44.74% yield) as red solid was used into the next step without further purification.
'H NMR (400 MHz, MeOD) 6832(d. J=2.0Hz 1H), 750 (d. J=2.0Hz 1H), 6.92(d, ] =2.0
Hz, 1H), 6.85(d, J = 2.0 Hz, 1H), 5.77-5.61 (m, 2H), 423 {d, F = 3.6 Hz, 2H), 404 (1, ] = 6.0
Hz, 2H), 3.77 (s, 3H), 3.71-3.57 (o, 2H), 3.48-3.44 (m, 4H), 254 (L. J=7.2 Hz. 2H). 246 (1, 1 =
5.2 Hz, 4H), 2.06-1.98 (m, 2H). 1.47 (5. SH). LC/MS [M+H] 657 3 (calculated); LC/MS [M+H]
657.3 {observed).

Preparation of tert-butyl 4-[3-[5-carbarmovi-2-{[(E}-4-| S-carbamoy-2-{{2-{(2,2-dimethyi-
1.3-dioxolan-4-vhmethyl]-5-roethvl-pyrazole-3-carbonvliamivo}-7-methoxy-benzirmdazol- 1-
yvlibut-2-enyliamine]-3-nitro-phenoxy jpropvl|piperazine-1-carboxylate, L-31k

To asolution of L-3te {111 mg, 396 umol, 1.3 eq) in DMF {4 mL) was added L-313 (200
mg, 303 umol, 1 eq) and stirred for 30 nun at 0 °C, then EGN (92.5 mg, 914 umol, 127 vk, 3 eq)
and ¥-ethvl-3-{3-dimethyiaminopropytjcarbodiimide, EDCE EDAL, EDC, CAS Reg. No.
25952-53-8 (175 mg, 914 umol, 3 eq) was added. The mixture was stirred at 15 °C for 16 hr.
The reaction was quenched with NaHCO; aq (8§ mLl) and water {5 mL), the desired sohd
precipitated from the mixture, filtered to give L-31k (0.2 g, 221 umol, 72.65% vield) as light
yellow solid. LO/MS [M+H] 904 4 (calculated), LO/MS [M+H] 904 .3 (observed).

Preparation of tert-butyl 4-3-[3-amino-5-carbamoyl-2-{| (E}-4-[ S~carbamoyl-2-{{2-[(2,2~
dimethyl-1,3-dioxolan-4-vhmethyl]-5-methyl-pyrazole-3-carbonyvljarnino]-7-roethoxy -
benzimidazol-1-yi}but-2-envijamino]phenoxy ipropvl|piperazine-1-carboxylate - L-311

To asolution of L-31k (0.2 g, 221 umol, 1 eg} in THF (I mL) MeOH (I mL) and HoO
(1 mL} was added NaxC (3 {93.8 mg, 885 umol, 4 eq) and disodiom;dithionite (270 mg, 1.55
mmol, 7 eq), and then stured at 15°C for 0.5 hr. The mixture was concenirated to rernove THF
and MeQOH. The desired solid precipitated from the aqueous phase, filtered and the cake was
washed with HoQ (8 mL) to give L-311 {170 mg, 19451 umol, 87.92% yield} as yellow solid.
LC/MS [M+H] 874.4 (calculated);, LC/MS [M+H] 874.4 (observed).

Preparation: of tert-butyl 4-{3-{6-carbamovl-3-[(E}-4-{ 5-carbamoyl-2-{{ 2-{{2,2~-dimethyl-
1,3-dioxolan-4-yimethyl|-5-methyvi-pyrazole-3-carbonyljamino}-7-methoxy-benzinmudazol-1-
yiibut-2-enyi]-2-{(2-ethyvi-S-methyl-pyrazole-3-carbonyljaminobenzimidazol-4-

vljoxypropyllpiperazine-1-carboxylate, L-31m.
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A solution of L-31 (170 mg, 195 umol, 1 eq) and 2-ethyl-5-methyl-pvrazole-3-carbonyl
isothiocvanate, 30 {49.4 mg, 253 umol, 1.3 eq)in BMF (2 mL} was stirred for 0.5 h at 0°C, then
Et:N (59.1 mg, 584 umol, 8§1.2 ok, 3 eq) and 1-ethy}-3-G-dimethylaroinopropyhearbodiimide,
EDCE EDAC, EDC, CAS Reg No. 25952-53-8 (112 mg, 584 umol, 3 eq) was added. The
result mixture was stirred at 15°C for 16hr. The reaction was quenched with NaHCOz.aq (5 mL)
and waiter (5 mL}, The desired solid precipitated from the mixture, filtered to give L-31m (0.15
g. 144.91 umol, 74.50% vield) as vellow solid. LC/MS [M+H] 1035.5 (calculated); LC/MS
[M+H] 1035.3 {observed).

Preparation of 1-{{E}-4-{S-carbamoyi-2-{(2-ethv]-S-methyvl-pyrazole-3-carbonyljamino -
7-(3-piperaziv-1-vipropoxybenzimidazol-1 -ylbut-2~enyl}-2-[{2-(2 3~dihy droxypropy])-5-
methyl-pvrarole-3-carbonyliamino}-7-methoxy-benzimidazole-S-carboxamide, L-31n.

To asolution of L-31m (0.15 g, 145 umol, 1 eq) in EtOAc (2 mL) was added HCVEtOAC
(4 M, 7.25 mL, 200 eq), and then stirred at 15 “C for 0.5 hr. The mixture was concentrated and
the residue was purified by prep-HPLC (column: Phenornenex Luoa 80%300wn™3unymobile
phase: {water(TFA}ACN];B%: 59%-30%, 8min} to afford L-31n (75 mg, 66.78 umol, 46.09%
vield, 2TFA) as a white solid. "H NMR {400 Mz, MeOD37.60 (4, F = 1.2 Hz, 1), 7.56¢d, J
=1.2He, 1H), 726 (4 F= 12 Hz, 1H), 7.22(d, 1= 1.2 He, 1H), 6.65 (5, 1H), 6.63 (5, 1H), 5.92-
5.82 {m, 2ZH), 5.03-5.01 (m, 4H), 4.79-4.72 (m, 1H), 4 69-4 59 {(m, 3H}, 4.09-4.01 {m, 1H), 3.90
(t, §=56Hz, 2H), 3.69 (s, 3H), 3.54 (1. J = 4.8 Hz, 2H), 3.20 (&, ] = 5.2 Hz, 4H). 2.70-2.64 (m,
4H). 2.51 {4 T = 7.2 Hz, 2H), 2.22 (s, 3H), 2.20 (s, 3H), 1.78-1.69 (m, 2F), 1.39 (¢, F= 7.2 Hy,
3H). LC/MS [M+H] 893 4 (calculated); LO/MS [M+H] 895 4 (observad).

Preparation of BBI-L-31

To asolution of 2«2, S-dioxopyrrol-1-y13-N-{ 2~ 2-| 2-{ 2-[2-{2~[ 2-| 2~] 2~} 2-(2~
oxoethoxy jethoxy]ethoxylethosyjethoxviethoxy]ethoxy jethoxyjethoxy jethoxyjethyacetanude
(42.5 mg, 66.8 umol, 2.5 eq) in MeOH (0.3 mL) was added L-31n (30 mg, 26.7 umaol, 1 eq,
2TFA} and NaBH3;CN (5.04 mg, 80.1 umol, 3 eq), and then stirred at 15 °C for 12 hrs. The
mixture was filtered and purified by prep-HPLC (column: Phenomenex Luna
80F30mm™ 3um;mobile phase: [water(TFA-ACN]:B%: 10%-40%.8min) to give BBI-L-31 {156
mg, 10.29 umol, 38.53% vield) as light vellow oil. "H NMR (400 MHz, MeOD) 67.63 (s, 1H),
7.59 (s, 1H), 7.31 (s, 1H), 7.27 (5, 1H), 6.89 (5, 2H), 6.66 (5, 1H), 6.61 (5, 1H), 5.96-5.83 {m,
2H), 5.10-3.02 {m, 4H), 4.79-4.61 (m, 4H), 4 21-4 16 (m, ZH), 411402 (m, IH)L. 396 (1, J =
6.0 Hz, 2H), 3.86-3.81 {m, 2H). 3.75 (5. 3H). 3.72-3.69 (m, 4H), 3.67-3.5% (m, 38H}, 3.56-3.52
(m, 4H), 3.39-3.36 (m. 3H), 2.99-2.72 (m, 4H), 2.62 (1. J = 6.8 Hz, 2H), 2.24 (s, 3H), 2.22 (s,
3H)L 1.79¢id, T = 6.8, 13.6 Hy, 2H), 1.41 (1. J = 7.2 Hz, 3H). LO/MS [M+H] 1515.7 (calculated):
LC/MS [M+H] 1515.7 (observed).
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Example L-34 Syunthesis of 1-{(E)-4-[5-carbamoyl-2-[ 2-ethvi-5-methyl-
pyrazole-3-carbonyljaminobenzimidazol-1-vibut-2-enyl}-7-[3-{4-{2-} 2-] 2-{ 2-] 2-{ 2-{2~{2-[ 2-} 2~
[2-[12-(2.5-dioxopyrrol-1-
vhacetyljanunolethoxy Jethoxy Jethoxy Jethoxy Jethoxy jethoxyjethoxy jethoxy jethoxy jethoxvjeth
ylipiperazin-1-vijpropoxy}-2-{(2-ethyv!-5-methyl-pyrazole-3-carbonvi}amino}benzimidarole-5-

carboxamude, BBI-L-34
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Preparation of tert-butyl 4-{3-[2-{[(E)-4-aminobut-2-enviiamino|-S-carbamoyl-3-nitro-
phenoxy{propylipiperazine~- L -carboxylate, L-34a
5 To a solution of (E)}-but-Z-ene-1,4~-dianuine (8.98 g, 56.45 mmol, § eq, 2HCH m n-BuOH
{150 mbL) was added DIEA (29.18 g, 22579 nunol, 39.3 mL, 20 eq) and tert-butyl 4-[3-(5-
carbamovl-2-chloro-3-nitro-phenoxy jpropyl|piperazine-1-carboxylate, 3g (5 g, 11.29 mmol, 1
eq). The mixture was stirred at 120 °C for 12 hr under N, The mixture was filtered to remove
the insoluble substance. The filtrate was concentraied to give a residue. The residue was
10 purified by prep-HPLC {(column: Xtimate C18 10u 250mm™80mm;mobile phase: [water{
WNHAHCO3»ACNB%: 10%-50%.27min) to give L-34a {4 g, 8.12 mamol, 35.97% yield) as red
solid, LC/MS [M+H] 493.3 (calculated); LC/MS [M+H] 493.2 (observed).
Preparation of tert-butyl 4-{3-[5-carbamovl-2-[[{E}-4-(4-methoxycarbonyl-2-nitro-
amlinoybut-2-enyljaminei-3-nitro-phenoxy |propylipiperazine-1-carboxylate, 1.-34b
15 To asolution of L-34a {400 mg, 312 umol, 1 eq) in n-BuOH {(1.20 2, 16.2 mmol, 1.49
mi., 20 eq) was added DIEA (524 mg, 4.06 mmol, 707 ul., 5 eq) and methyl 4-fluoro-3-nitro-
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benzoate (242 mg, 1.22 mmol, 1.5 eq}. The mixture was stirred at 120 °C for 12 hr under Na.
The reaction mixture was concentrated to remove the n-BuCOH. The residue was diluted with
H:0 (10 mL), and then extracted with EtOAc (10 mL x 3). The combined organic lavers were
dried over Na:z80O, filtered and concenirated under reduced pressure to give L-34b (600 mg,
crude} as a vellow solid. LC/MS [M+H] 672.3 {calculated); LC/MS {M+H] 672.3 {observed).

w1

Preparation of tert-butyl 4-{3-[3-amino-2-[[(E}-4-(Z-amino-4-methosy carbony i~
anilinoybut-2-enyljamino}-S-carbamoyl-phenoxy Ipropylipiperazine-1 -carboxylate, L-34c

To a solution of L-34b (600 mg, 893 umol, 1 eq) in MeOH (3 mL), THF (3 mL) and H:O
(1.5 mob) was added NaxCO: (473 mg, 4.47 mmwol, 5 eq) and disodium;dithionite (1.09 g, 6.25

10 mwol, 7 eq), and then stirred at 13 °C for 1 hr. The reaction mixture was concentrated under
reduced pressure to give a residue. The residue was diluted with EtOAc (10 mL), filtered to
remove the inschible substance, and the filtrate was concentrated under reduced pressure to give
L-34¢ {570 mg, crude) as a white solid. LO/MS [M+H] 612.3 (caledlated); LC/MS [M+H]| 6123
{observed).

15 Preparation of methyl 1-[{E}-4-[7-{3-(4-tert-butoxycarbonylipiperazin-1-vipropoxy}-5-
carbamoyl-2-{(2-ethyl-5-methyi-pyrazole-3-carbonyDaminobenzimidarol- 1 -y Hbut-2-envl}-2-
[(2-ethyl-5-methyl-pyrazole-3-carbonyDaminolbenzimidazole-3-carboxyvlate, L-344d

To asolution of L-34¢ (570 mg, 931 umol, 1 eq) in DMF (5 mL) was added 2-ethyl-5-
methyl-pyrazole-3-carbonyl isothiocvanate (400 mg, 2.05 mmol, 2.2 eq}. After addition the

20 muxture was stirred 30 min at 0°C, then EsN (565 mg, 5.59 mmol, 778 uL, 6 eg), and EDCI
{1.07 g, 5.59 mmol, 6 eq} were added at 0 °C. The resultant mixture was stirred at 15 °C for
another 12 hrs. The nuxture was quenched with sat. NaHCO:(20 mL), the aqueous phase was
extracted with EtOAc(50 mL x 3), the combined organic phase was washed with brine (30 mL),
dried over NaxSOs, filtered and concendrated to give L-34d (800 mg, crude) as a vellow solid.

25  LO/MS [M+H] 934.5 (calculated), LC/MS [M+H] 934.5 {observed).

Preparation of 1-{(E}-4-{7-[3-{4-tert-butoxycarbonylpiperazin-1-yi}propoxy}-5-
carbamovi-2-{{2-ethyl-S-methyi-pyrazole-3-carbonyDaminobenzimidazol-  -viibut-2-enyl}-2-
[(2-ethyi-S-ruethyl-pyrazole-3-carbonyamino benzimidazole-S-carboxylic acid, L-34e

To a solution of L-34d (700 mg, 749 umol, I eq) in H20 (2 ml) and THF {10 mL) was

30 added lithiom hydroxide hydrate, LIOH FoO (125 mg, 3.00 mmol, 4 eq), and then stirred at 50
°C for 4hr. The reaction mixture was guenched with HCH (ZM) until pH was about 5, the
mixture was concenirated under reduced pressure o give a residue, the residue was triturated
with H:O (10 mL}, filtered to give L-34e (800 mg, crude) as a white solid. LC/MS [M+H] 926.5
{calculated), LC/MS [M+H] 920.5 (observed).
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Preparation of tert-butyl 4-f3-[6-carbamoyl-3-{(E}-4-[ S-carbamoyl-2-{{2-ethvi-5-
methvi-pyrazole-3-carbonyllammolbenzimidazol-1-y1}bwt-2-enyl]-2-{ (Z-ethyl-5-methyl-
pyrazole-3-carbonyanunolbenzimidarol-4-yvljoxypropylpiperazine-1 -carboxylate, L-34f

To asolution of L-34e (250 mg, 272 wmol, 1 eq) in DMF (0.5 mbL) was added NH4C]
(145 mg, 2.72 mmol, 10 eq) ,DIEA (105 mg, 815 umol, 142 ul, 3 eq) and 1-
bistdimethyviaminomethvienesi-1H-1 2 3~tnavolof4, S-bipvadiniom 3-oxide
hexafluoraphosphate, Hexafluorophosphate Azabenvotnazole Teatrarnethyl Uroraum, HATU,
CAS Reg. No. 148893-10-1 (155 mg, 408 umol, 1.5 eq). The nuxture was stirred at 15 °C for 1
hr. the maxture was poured into water {15 mL), the agueous phase was extracted with EtOAc
{20 mL x 3), the combined organic phase was washed with brine (15 ml.), dried over NaxSOq,
filtered and concentrated to give L-34F (250 mg, crude) as a white solid. LC/MS [M+H] 9194
(calculated), LC/MS [M+H] 919.4 (observed).

Preparation of 1-{(E}-4-{5-carbamoy]-2-{ (Z-ethyi-5-methyl-pyrazole-3-
carbony Darimolbenzinu dazol-1 -vijbut-2-envl]-2-[(2-ethyl-5-methvi-pyrazole-3-
carbony Damino|-7-(3-piperazin-1-vipropoxy jbenzimidarole-S-carboxamide, L-34g

To asolution of L-34f (250 mg, 272 umol, 1 eq) in E10Ac (I mlb) was added
HCVEICAC (4 M, 4.17 mL, 61.3 eq} . The mixture was stirred at 23 °C for 0.3 hr. The misture
was concentrated in vacuum to give a residue. The residue was purified by prep-HPLC
{colummn: Phenomenex C18 80*30mm*3umimobile phase: {water{TFA}-ACNLB%: 1%-
25%,8min} o give L-34g (21 mg, 25 64 umol, 9.43% yield) as a white solid. '"H NMR (400
MHz MeOD)8794(d, F=12Hz 1HL772(dd, J=16,84Hz 1H), 753(d J=12Hz 1H),
735(d, J=84 Hz, 1H). 726 (s, 1H). 6.58 (5, 1H}, 653 (5, 1H), 6.00-5.86 (m, 1H}, 5.76-3.73
{m, 1H} 502 (brd, J =4.0Hz, ZH}, 4.92--4 84 (1, 2H), 4.65-4 48 {m, 4H}, 4.01 (br 1, ] = 6.0
Hz, 7H), 3.36 (br 1. J = 4.8 Hz, 4H), 3.02-2.98 (m, 4H), 2.80 (br L J=7.2 He, 2H), 2.18(d, 1 =
9.5 Hz, 6H), 1.94-1.79 (m, 2H), 1.43-1.25 (m, 6H). HPLC: 96.66% (220 nm). LC/MS [M+H]
8194 {calculated), LC/MS [M+H] 819.4 (observead).

Preparation of BBI-L-34

To a solution of L-34g (50 mg, 61.06 umol, 1 eq) m MeOH (I ml) was added 2-(2,5-
dioxopyrrol-1-v1}-N-[2-[2-[2-]2- 2-[2-[2-[2-]2-]2- (2~
oxoethoxy jethoxyjethoxylethoxy jethoxy jethoxylethoxy jethoxylethoxy | ethoxyjethyl]acetamide
{38.87 mg, 61.06 umol, 1 eq) at 0°C, the mixture was stirred at 0°C for 15min. Then NaBH3CN
(31.51 mg, 183.17 umol, 3 eq) was added, and the resulf mixture was stirred at 15 °C for 16 hrs.
The mixture was filtered and purified by prep-HPLC {column: Phenomenex Luna
8073 0mm™ 3umymobile phase: [water(TFAMACNLBY%: 10%-40%,8min) to give BBI-L-34 (60
mg, 35.98 umol, 58.93% vield, 2ZTFA) as a white solid. "H NMR (400 MHz, MeOD) 8 7.97 (d.
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= 1.6 He, 1H). 7.75 (dd, § = 1.6, 8.4 Hz, 1H). 7.56 (d, I = 1.2 Hz, 1H), 7.39 (d, } = 8.4 Hz, 1H),
7.31 (s, TH), 6.87 (s, 2H), 6.62 (s, 1H), 6.56 (s, 1H), 6.02-5.89 (m, 1H), 5.86-5.73 (m, 1H), 5.09-
5.03 (m, ZH), 4.90-4.80 {(m, 2H), 4.67-4.53 (o, 4H), 4 16 (s, 2H). 4.05 (br t, J= 6.0 Hz, ZH)},
3.89-3.80 (m, 2H), 3.74-3.46 (m, 42H), 3.37-3.33 (m, 4H), 2.98-2.75 (m, 4H}. 266 (w1, 1 =72
Hz, 2H}, 2.20(d, J =96 Hz, 6H), 1.87-1.76 {m, 2H}, 138 (1, =72 Hz 3H), 1.32{ J=72 Hz,
3H). HPLC: 97.16% €220 no). LC/MS [M+H] 14397 (calculatedy, LO/MS [M+H] 14399
{observed).

Exampie 201 Preparation of Imyounocomjugates (JC)

in an exemplary procedure, for preparation for Lysine-based conjugation, an antibody is
buffer exchanged into a conjugation buffer contaiming 100 mM Borate, S0 mM sodiom chioride,
1 mM ethvlenediaminetetraacetic acid at pH 8.3 using £eba™ Spin Desalting Columns (Thermo
Fisher Scientific). The conceniration of the buffer-exchanged antibody was adjusted to
approximatelv 5 — 25 mg/ml using the conjugation butfer and sterile-filiered. The bis-
benzimidazole-linker (BBI-L) intermediate compound of Formula 1 s either dissolved in
dimethyisulfoxide (DMSQO) or dimethylacetamide (DMA) to a concentration of 5 — 20 mM. For
conjugation, the antibody is mixed with 4 — 20 molar equivalents of BBI-L. In some instances,
additional BDMA or DMSO ap to 20% (v/v), was added to iraprove the solubility of BBI-L in the
coujugation buffer. The reaction is allowed to proceed for approximately 30 mun to 4 hours at 20
°C or 30 °C or 37 °C. The resulting conjugate is purified away from the unreacted BBI-L using
two successive Zeba™ Spin Desalting Columns. The columns are pre-equilibrated with
phosphate-buffered saline (PBS), pH 7.2. Adiuvant to anfibody ratio (IDAR) 1s eshimated by
bgud chromatography mass spectrorpetry analvsis using a €4 reverse phase colunwm on apn
ACQUITY ™M UPLC H-class (Waters Corporation, Milford, MA) connacted o 2 XEVO™ (2.
XS TOF mass specirometer (Waters Corporation).

In an exemplary procedure, for preparation for Cysteine-based conjugation, an antibody
is buffer exchanged into a conjugation buffer containing PBS, pH 7.2 with 2 mM EDTA using
Zeba™ Spin Desalting Columns (Thermo Fisher Scientific). The interchain disulfides are
reduced using 2 — 4 molar excess of Tris {2-carboxyethyl) phosphine (TCEP) or dithiothreito}
(DTT) at 37 °C for 30 min -~ 2 hours. Excess TCEP or DTT was removed using a Zeba™ Spin
Desalting column pre-equilibrated with the conpugation buffer. The concentration of the buffer-
exchanged antibody was adjusted to approximately 5 — 20 mg/mi using the conjugation buffer
and sterile-filtered. The BBI-L is etther dissolved in dimethylsulfoxide (DMSO) or
dimethyiacetamide (DMA} to a concentration of 5 — 20 mM. For conjugation, the antibody is

mixed with 10 - 20 molar equivalents of BBI-L. In some instances, additional DMA or BMSQ
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up 1o 20% {v/v), was added to improve the solubility of the BBI-L in the conjugation buffer. The
reaction is allowed to proceed for approximately 30 min to 4 hours at 20 °C. The resulting
conjugate is purified away from the unreacted BBI-L using two successive Feba™ Spin
Desalting Columns. The columns are pre~equilibrated with phosphate-buffered saline (PBS), pH
7.2. Adjuvant {0 antibody ratio (D AR} 13 estimated by hquid chromatography mass spectrometry
analysis using a C4 reverse phase colwon on an ACQUITY ™M UPLC Heclass (Waters
Corporation, Milford, MA) connected to a XEVO™ (G2-X§ TOF mass spectrometer {Walers
Corporation).

Following comjugation, to potentially remove unreacted BBI-L and/or higher-molecular
weight aggregate, the conjugates mayv be purified further using size exclusion chromatography,
hydrophobic interaction chromatography, ion exchange chromatography, chromatofocusing,
wltrafiltration, centrifuegal ultrafiltration, tangential flow filtration, and combinations thereof

iIn another exemplary procedure, an antibody is buffer exchanged into a conjugation
buffer containing 100 roM boric acid, 50 oM sodiuwre chloride, 1 mM
sthylenediaminetetraacetic acid at pH 8.3, using G-25 SEPHADEX™ desalting columns
{Rigroa-Aldrich, St Louis, MO} The eluates are then each adjusted to a concentration of about
1-10 mg/ml using the buffer and then stenle filtered. The antibody s pre-warmed o 20-30 °C
and rapidly nuxed with 2-20 {e.g | 7-10) molar equivalents of bis-benzimidazole-linker (BBI-L)
intermediate compound of Formuba H. The reaction ts aliowed to proceed for about 16 hours at
3070 and the romunoconjugate {10} i3 separated from reactants by running over two successive
5-25 desalting cohwons equilibrated n phosphate buffered saline (PBS) at pH 7.2 to provide the
Immunocaryugate (10 of Table 2. Adjuvant-antibody ratio (DAR) is determined by hquid
chromatography mase spectrometry analysis using a €4 reverse phase coluron on an
ACQUITY ™M UPLC H-class {Waters Corporation, Milford, MA) connected to a XEVO™M G-
X8 TOF mass spectroroeter {Waters Corporation).

For conjugation, the antibody may be dissolved in a aqueous buffer system known in the
art that will not adversely impact the stability or antigen-binding specificity of the antibody.
Phosphate buffered salive way be used. The BBI-L is dissolved iu a solvent system comprising
at feast one polar aprotic solvent as described elsewhere herein. In some such aspects, the BBI-
L is dissolved io a concentration of about 5 mM, about 10 mM, about 20 mM, about 30 mM,
about 40 mM or about 50 mM, and ranges thereof such as from about 5 mM to about 50mM or
from about 10 mM to about 30 mM in pH & Tris buffer (e g, 50 M Tris}. In some aspects, the
BBI-L is dissolved in PMSO (dimethylsulfoxide), DMA (dimethylacetanude) or acetoniirile, or

another suitable dipolar aprotic solvent.
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Alternatively in the conjugation reaction, an equivalent excess of BBI-L solution may be
dituted and combined with antibody solution. The BBI-L solution may suitably be diluted with
at feast one polar aprotic solvent and at least one polar protic solvent, examples of which include
water, methanol, ethanol, n-propanol, and acetic acid. The molar equivalents of thiencazepine-

linker intermediate to antibody may be about 1.5:1, about 3:1, about 5:1, about 16:1, about 15:1,

w1

or about 20:1, and ranges thereof, such as from about 1.5:1 to about 20:1 from abowt 1.5:1 1o
about 15:1, fromt about 1.5:1 to about 10:L.from about 3:1 to about 131, from about 3:1 to about
10:1, from about 5:1 to about 15:1 or from about 5:1 to about 10:1. The reaction may suitably be
monitored for completion by methods known in the art, such as LC-MS. The conjugation

10 reaction is typically complete 1o a range from about 1 hour to about 16 hours. After the reaction
is complete, a reagent may be added o the reaction mixture to quench the reaction. If antibody
thiol groups are reacting with a thiol-reactive group such as maleimide of the BBI-L, unreacted
antibody thiol groups may be reacted with a capping reagent. An example of a suitable capping
reagent is ethylmaleimide.

15 Following conjugation, the immunoconjugates may be purified and separated from
unconjugated reactants and/or conjugate aggregates by purification methods known in the art
such as, for example and not limited o, size exclusion chromatography, hydrophobic interaction
chromatography, 1on exchange chromatography, chromatofocusing, ultrafiltration, centrifugal
witrafiltration, tangential flow filtration, and combinations thereof. For instance, purification

20 may be preceded by diluting the timmunoconjugate, such in 20 mM sodium succinate, pH S, The
diluted solution is applied fo a cation exchange column followed by washing with, e g.. at least
10 column volumes of 20 mM sodium succinate, pH 5. The conjugate may be suitably eluted

with a buffer such as PBS.

Example 202 Functional Assessment of Immunoconjugates

25 The immunoconjugates of the mvention can be assessed in a co-culture assay using
primary human peripheral blood mononuclear cells (PBMC} co-cultured with target antigen-
expressing tumor cells. Briefly, PBMCs are freshly isolated from healthy human donor blood
{Stanford Blood Center) by density centrifugation. PBMCs are then co-cultured with antigen-
expressing tumor cells at a 10:1 effector to target ratio in complete medium (RPMI

30 supplemented with 10% FBS) and incubated overnight with a range of concentrations of the
mdicated test articles. Activation is measured by secretion of pro-inflammatory cyvtokines, such

as IFNA1 and TNFo, by BioLegend LEGENDPLEX™ cytokine bead array.
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specifically indicated to be incorporated by reference and were set forth in ifs entirety herein.
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CLAIMS:

1. An immunoconjugate comprising an antibody covalently attached to one or more

STING agonist moteties by a linker, and baving Fornwla b
Ab-[L-D], g

or a pharmaceutically acceptable salt thereof,
wherein:

Ab 15 the antibody;

p is an integer from 1 to 8;

13 is the STING agonst moiety having the formula;

X* and X" are independently selected from a five-membered heteroarvl, optionally
substituied with R,

R and R* are independently selected from the group consisting of H, ¥, €1, Br, {, -CN, ~
OH, ~0-—(C-Cs alkyly, and R

R and R® are independentily selected from H, ~C(=OIN(R), and R*;

where one of X*, X8 RY, R*, R and R is sabstitated with R,

R is selected from C1-Cs alkyldiv, —(C1-Cs atkyidivl}-0—(Ci-Ca atkyldivi-, C-Cs
alkenyldivl and Co-Cs alkyuyvidivi, optionally substituted with one or more groups selected from
F, I, =OH, —~OCH;3, ~OCHCH;, “OCHCH20CH;, —OCHCHOH, —~OCHCHaN(CHs 1o

R’ is selected from the group consisting of’

~{Ci~Cy alkyldiyl-*,

~H{C1-Cr atkyldiyD-N(R %,

—{(-Crp alkyidiy-0-%;

~{C1-Crz alkyldivD—{Co-Coo heterocyclyidiyD-*;
~O0~Ci-Cr alkyldiyl}—*;

~0-{C1-Crz alkyldivl}-N(ROy-,

~0—(C1-C1z alkyldivi}-0-%;

132



WO 2022/272039 PCT/US2022/034865

—O—C1-Cr alkyldiy—~(Ca-Cop heterocyclyldiyly—*;
~0—~{C1-Crz alkyldiyl}~(C2-Cao heterocyelydiy -N(RO-*;
~OCE=OINRY-*;
—OCEOINRIAC1-C 2 atkyldiyh-NR" -+
~N(RG-F
~N{ROC1-C 2 atkyvidiviy—*;
~NERHC-Cro alkyldiyD-N(R"p-*;
~N(R®}(C1-Cy2 alkyldiyly-0-*;
~N{R®}~C1-C12 alkyldivD—{C3-Cao heterocyelyldivi)—*;
~CEONRY)-*,
~CEOINRYC-Co alkyldiyl-*;
~CEOINRGAC-C o alkyldiyD-NRO-*;
~C{=OMNR(C1-Crz alkyldivly~O-*;
—{Cr~29 heterocyclyldiyl}—+;
=S{=01n—{7-Cao heterocvelyldivi—*; and
~8{=0-{C2-Cao heterocyclyldivh—(C-C2 alkyldiyh-NR -+,
where the asterisk * indicates the attachment site of L;
R® is independently H or £ -Cs atkvl;
L 15 the linker selected from the group consisting of:
~C{=0-PEG;
~C(=0)-PEG-CEOINRYCi-Ca alkyldiyh-C(=0)-Glue—;
—C(=0)}-PEG-0—;
~C(=0-PEG-0-CE=0)-
~C{=0-PEG-C(=0)—;
~C{=0)-PEG-C(=0)-PEP—:
~{(=0)-PEG-N{RS—;
~C(=0-PEG-NROY-C(=0—;
~C(=0-PEG-NROY-PEG-C(=0)-PEP—;
~C(=0PEG-N'(R-PEG-C(=0)-PEP—;
~C(=0)-PEG-CEOY-PEP-NRC1-Crp alkyldivh—
~CEO-PEG-CE=0)-PEP-MN(RYC1-C o alkyldivDNROCEO(Cr-Cs
monoheterocy clyidivi}—;

~C(=0)-PEG-C(=0NR~(C1-Ci» alkyldivD)~C(=0)-PEP—;
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—CEG)-PEG-S8SHC1-Ch alkyldivh-0C =0

~CEO-PEG-5S8C-Ch alkyldivh-C(=0)~;

~C{=O-(C-Crz alkyldivy-C(=0-PEP—

~C(=0HC-Crr alkyldiyD-C(=0-PEP-NROCi-Cop alkyidivi—;

~CEOHC -0 alkyldiy-CEOY-PEP-NRC1-Crp alkyldivh-N(R)-
C(=0);

~CEOMC-Crr alkyldiyl-CEOY-PEP-N{R®-(C1-Ciz alkyldiy-
N{ROIC{E=OHC2-Cs monoheteroeyclyldivii—;

—succininidyl~{CH)n—C(=0INR -PEG—;

—succinimidyl-{(CH)uC FOMNR-PEG-C(=ONRDYC-Crz
alkyldivh—-C(=0)-Gluc—;

—succinimidy -(CH n-C EONERO-PEG-0-;

—succinimidy-{CH)n—-CEONR-PEG-0-C(=0)—;

—succininidyl~{CH ) CEOINR-PEG-C(=0)—;

—succinimidyl—~{CH)n-L EONR-PEG-NR -

—succinimidyl~(CH)m-CEONRO-PEG-NRY)-C(=0)—

—succinimidy -(CH - CEONERS-PEG-C(=0)-PEP-;

~succinimidy I-(CHzu-CEOINR)-PEG-8S—(C1-Ch alkyldiy-OC (=0},

—succinimidy 4 CHDu—C (=0)-PEP-NERNY(C1-C1z alkyldivh—;

—succinimidyl{(CH)u—CEFONR-PEG-CEOINERDC-Ciz
alkyldiyh)—C(=0)-PEP—;

~succinimidy - -(CH )~ C =0 -PEP-NR - 1-Crr alkyldivDNROC(=0)-; and

~succininidy I-(CH2m~CEOY)-PEP-NR DT -Ciz alkyldivhN(RO)C(=0(Co-
Cs monoheterocyclyldiviy-;

PEG has the formuda, —{(CH2XCH2 O (CHo i, m i3 an infeger from 1 t0 5, and n 13 an
integer from 2 to 50;

(iluc has the fornula:

NS

O

!
HO OH

O OH
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PEP has the formula;

. j(\fg;\ or-si

where AA is independently selected from a natural or unnatural amino acid side chain, or
one or more of AA, and an adjacent nitrogen atom form a S-membered ring proline amine acid,
and the wavy line indicates a point of attachment;

Cycis selected from Cs-Can arvidivt and C1-Cop hetercaryldivl, optionally substitided

with one or more groups selected from F, CL, NO;, —OH, —OCH;, and a glucuronie acid having

the structure:

0.0 COzH
HO OH

OH :

R7 is selected from the group consisting of ~CHERHO-, ~CHo—, ~CHN(R?)-, and ~
CH{R®HO-C(=0}-, where R is selected from H, C-Cy alkyl, C(=0)-C-Cs alkyl, and ~
C(=ON(R").. where R is independently selected from the group consisting of H, C1-C12 alkyl,
and ~{(CHyCH> O ) —(CH2 Jo—OH, where m is an integer from 1 o 5, and n 1s an integer from 2 to
50, or two RY groups together form a 5- or 6-mermbered heterocycivl ring;

v is an integer from 2 to 12;

zisGorl;and

alkyl, alkyidiyvl alkenyl, alkenyldivl, alkyuvl, alkynyvldivl, aryl, arvldivl, carboeyelyl,
carbocyclyldivl, heterocyclyl, heterocyclyldivl, hetercaryl, and heteroarvidivl are independently
and optionally substituted with one or more groups independently selected from F, CL, Br, |, ~
N, —CHa, -CHCH;, —-CH=CH), —-C=CH, —C=CCHs, -CHCHCH;, -CH{CHz), -
CHCH(CHs ), ~CH20H, ~CH2OCH:, ~CHCH0H, ~C(CH: pOH, ~CHOH)CH{CH: ), -
C{CH3»CHOH, —CHCHLSOCH:, —CHOP{ONOH),, -CHOF, —~CHF;, —CFs3, -CH:CF3, —
CHCHF,, ~CH(CH)CN, —C{CH3CN, ~CHRON, —~CHNH, ~CH2NHSO:CHs, ~CHoNHCH;,
~CHRMN{CHs), ~COpH, ~COCH;, ~COCH:, ~COC(CHs s, ~COCH(OHCH:, ~CONH;, ~
CONHCH;, “CON(CHz )y, —C{CH3»CONHz, —NH,, -NHCH:, —N{CH:), -NHCGOCH;, -
MCH)COCH;, ~NHS(ORCH;, -NCH)C(CH: R CONHy, -N(CH)CHCH8{0)CH;,
NHC(ENHH, -NHCENHCH:, -NHCENHINH,, —~NHC(=0)NH,, -NO», =0, —OH. ~OCH.,
~OCHCH;, ~OCHCHOCH;, ~OCHCHOH, ~OCHCHN(CH ), ~O(CHCH 00—
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(CH2uCOH, —O{CH>CH:00H, —OCHF, —-OCHF:, —OCF;, —OP(OXOHp, —S(ORN{CHs3 ), -
SCHa, —S{OpCH:, and —S{OxH.

2. The immunoconjugate of claim 1 wherein the antibody s an antibody construet
that has an antigen binding domain that binds PD-L.1.

3. The immunoconjugate of claim 2 wherein the antibody is selected from the
group consisting of atezolizumab, dervalumab, and avelumab, or a biosimilar or a bicbetter
thereof.

4. The immunoconjugate of claim 1 wherein the antibody is an antibody construct
that has an antigen binding domain that binds HER2.

5. The immunoconjugate of claim 4 wherein the antibody ts selected from the
group consisting of trastuzumab and pertuzumab, or a biosimlar or a biobetter thereof.

6. The immunoconjugate of claim 1 wherein the antibody is an antibody construct
that has an antigen binding domain that binds CEA.

7. The immunoconjugate of claim 6 wherein the antibody is labetuzumab, or a
biosimilar or a biobetter thereof.

8. The immunoconjugate of claim 1 wherein the antibody is an antibody construct
that has an antigen binding domain that binds Trop2.

9. The immunoconjugate of claim 8 wherein the antibody is saciiuzumab, or a

biosimilar or a biobetter thereof

1. The immuncconjugate of any one of claims 1 to 9 wherein X* and X® are
independently selected from the group consisting of imidazolyl, pvrarolyl, triazolvl, tetrazolyl,
furyl, thienyl, 1soxazolyvl, thiazolvl, oxadiarolyl, oxazolvl, isothiazolyl, pyrrolyvl, oxadiazolyl,
and thiadiazolyl.

i1 The immunoconjugate of claim 10 wherein X* and X” are each pyrazolvi,
substituted with one or more groups selected from ~CHs, ~CHCH;, ~CH=CH,, —{=CH, -
C=CCH;, ~CHCHCH:, —CH(CHs),, and —CHLCH({CH: ).

12 The immunoconjugate of any one of claims 1 to 9 wherein one of X¥ and XP is
substituted with R,

13.  The immunoconjugate of any one of claims 1 to ¢ wherein R’ is selected from the
group consisting of ~OCH;, ~OCHCHs, ~OCHCH:0CH;, ~0CH:CH:0H, and ~
OCHCHN({CH3 ).

14. The immunoconjugate of claim 13 wherein R' is ~OCH:.

15. The immunoconjugate of any one of claims 1 0 9 wherein R' is F.
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16. The immunoconjugate of any one of claims 1 to 9 wherein R* and R are each —
C(=0)NH:.
17.  The immunoconjugate of any one of claims 1 to 9 wherein one of R* and R? is

substitiged with R®.

18, The immunoconjugate of any one of claims 1 o 9 wherein R’ is sefected from

CH:CH»—, —-CH=CH-, and —C=C—

19. The immunoconjugate of any one of ¢claims 1 to 9 wherein R® is C-Cy

atkenyldivi, substituted with one or more groups selected from F, —OH, and —~OCH3.

20, The immunceconjugate of any one of claims 1 to 9 wherein R* is ~0—~(C:i-Ciz
alkvldivh—(Co~Coo heterocy elyidivl)—*,

2. The immunoeconjugate of claim 20 wherein C-C 2 altkyidiyl is propyldivi and Co-
(a6 heterocyelyldiyl is pipenidivl

22, The immunoconjugate of any one of claims | to 9 wherein one of R and R* is
substituted with R,

23, The immunoconjugate of any one of claims 1 to 9 wherein L is ~C{=0)-PEG- or
—L(=0-PEG-C(=0)—

24 The immunoconjugate of any one of claims 1 to 9 wherein L s attached to a

cysteine thiol of the antibody.

25. The immunoconjugate of any one of claims 1 to @ wherein for the PEG, mis i or

2, and it is an integer from 2 io 10.

26. The immunoconjugate of claim 25 wherein n is 10,
27 The immunoconjugate of any one of claims 1 to 9 wherein L comprises PEP and

PEP is a dipeptide and has the formula:

AA'; 0
H -4
:85 T N /@ Cye—R ﬁw
N M z
H 2
O AA, ‘
28, The immuooconjugate of any one of clavus 1 to 9 wherein L comprises PEP and

PEP is a tripeptide and has the formula:
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AP R

29, The immunoconjugate of any one of claims 1 to 9 wherein L comprises PEP and

PEPisa teu"apepmie and has the formula:

;{\ ‘Yﬁ\g /L\Vﬁ ;Q,Cyc—-!ﬂ}—é

36.  The immunoconjugate of any one of claims 1 to 9 wherein L is selected from the

structures:
? o G‘%—
/'\ PN {o ,\\}\ ) N ~Ab
ﬁz’z% 0 S/\:‘;( ] NJL\'

H o

. /icz\ S "0 A\.,\ i(}:é -Ab
L e g
9 o N
A o L
10 H

G
1 A
E%/ o ’S‘s”\@\/}wk“ Ab
2 > 10 H )
where the wavy line indicates the attachment to R°.

31. A STING agonist-hinker intermediate compound having Formula IE:
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wherein

X2 and X® are independently selected from a five-mermbered heteroaryl, optionally
substitated with R>;

R' and R* are independently selected from the group consisting of F, CL, Br, I, -CN, —
OH, —0—(C1-Ce alkyl), and R,

R and R™ are independently selected from —~C(=OIN{R"), and R*;

where one of X2, XP, RY R} R™ and R™ is substituted with R®;

R’ is selected from € -Cs alkyldivi, ~(Ci-Cs atkyldiyly~O—(C-Cs alkvidiviy-, C-Cs

atkenvldivl and C:-Cs alkynvidivl, optionally substituted with one or more groups selected from

R* is selected from the group consisting oft
—(C1i-Crs alkyldiyy-L;
~(C+-Cy2 alkyldiyD-N(R®)-L;
(- akyidiyly-0-L;
—{C1~Cr alkvldiyly—{(C2~Cys heterocyelyildiyD-L;
=0C-Cyp alkyldiyh-L:
~0~C1-C 12 alkyidiy)-N(R-L;
~0—{C-Cup alkyldivh-0-1;
~O-{C-Crz alkyldivl}—(C3-Cyo heterocvelyidiyly-L;
~0—~C1-Ciz alkyldivD—{C2-Cao heterocyelyidivi-N{RD-L;
~OC{(=0INR L
~OU{EOINRCi-Crz alkyldivD-N{R-L;
~N(RO-L:
SNEROC1-Coo alkyldivh-L:
—N{R"HC1-C o alkyldivh-N(R%-L:
“N{RC1-C 2 alkyldiyD-0O-L;
~NROAC -C1z alkyldivi~(Co-Cao heteroeyclyldiviy-L:
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~CEOINRS-L;

~C=0NRD~C1-C o alkyldiyh-L;

~CEQINRDYC-C alkyldivh-N(RS)-L;

~CEOINEROYAC-Chz alkyldivh-0-L;

~{C2~Cro heterocyelvidivh-L;

~8{(=01—(C2-C1o heterocyclvidiviy-L; and

~8(=0}~(C2-Cap heterocyclyldivi—(Ci-Crz alkyldivi-NR-1L;

R® is independently H or C1-Cs alkyl;
L is a linker selected from the group consisting of:

Q-C{(=0)-PEG—;

Q-CEOF-PEG-CEOMNRY(Ci-C; alkyldiyh-C(=0)-Glue-;

-C(=0)-PEG-0~;

O-C(=0)-PEG-0-C(=0)—;

Q-C{=0-PEG-C(=0)—

Q-C{(=0)-PEG-C(=0)-PEP—;

Q-CEO-PEG-NR Y-,

Q-C(=0)-PEG-NR"-C(=0)—

Q-C(=0)PEG-NRY-PEG-C(=0)-PEP~;

Q-C(=0yPEG-N"(R®)-PEG-C(=0)-PEP-;

Q-C{(=0-PEG-C(=0)}-PEP-NRHC-C 2 alkyldiyl)—

Q-C(=0)-PEG-C(=0)-PEP-NR"}-{C:-Cyz alkyldiyONROC(E=OHC-Cs
monoheterocyelyidiyl)—;

Q-C(=0)-PEG-CEOINRYHHC-Cop alkyldivh-C{=0)-PEP—;

Q-C{=0-PEG-S5+C-Crp alkyldiy}-0C(=0);

Q-C{=0)-PEG-S5C:-Cyz alkyldiy)-C(=0)—;

Q-C(E=0(Cr-Con alkyldiy-C(=0)-PEP—;

Q-CEOYC1-Coz alkyldivh-C(=0)-PEP-N(R®{C1-C 2 alkyldiyly—

Q-C(=0)~{C1-Crz alkyldivD-C(=0-PEP-N(R®)~C1-C 12 alkylidiyD-N{R )~
C=0):

Q-C(=0){(C-Crz alkyldivl-C(=O-PEP-NR"C-C 1y alkvidiyl)-
NEROHC(=0){C-Cs monoheterocyclyldiviy—;

Q—{CH2)u—C{=ONRV-PEG—;

Q—~(CH ) CEONERO-PEG-CEOINRYC -C 2 alkyldiv)-C(=0)-Gluc—:
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Q—~(CH)wCEOMNRY-PEG-0—;
Q—(CH - CEONRY-PEG-0-C(=0)—;
Q{CH i~ CEOINRO-PEG-C(=0)—;
O—(CHDn—CEOINR-PEG-NR Y-
Q—~{CH)u-CEOINR-PEG-NR-C(=0)—
O~ CH)u-CEONRO-PEG-C(=0)-PEP—;
Q—(CH D CEONERO-PEG-SS—Ci-Cu alkyldivh-0C(=0);
Q- CHpC(=0)-PEP-N(RC1-C 2 alkyidiyi)—
Q—(CH I C(EOINR-PEG-C(=OINRAHC1-C o alkyldivh-C(=0)-PEP—;
Q~(CH) - CEOR-PEP-NR®-(C1-Cr2 alkyldiyhN(RIC(=0)—; and
Q—CH2)uC(=0)-PEP-N(R®—(C1-C o2 alkyldiyhNROCE=O) -
reonoheterocyclyldiyl)—;
PEG has the formuda; ~(CHCH O (CH -, m i5 an indeger from 1 to 5, and n i3 an
integer from 2 to 50;

Gluc has the formula:

NS

OH
O

]
HO OH

O OH

PEP has the formula:

. J;,L)\; or-s )

where AA is independenily selected from a natural or unnatural amino acid side chain, or
one ot moore of AA, and an adjacent nitrogen atom form a S-mewmbered ring proline amivo acid,
and the wavy line indicates a point of attachment;

Cye s selected from Cs~Cao aryldivl and C1-Coo heteroarvidivi, optionally substituted
with one or more groups selected from F, Cl, NGq, ~OH, ~OCH;, and a glucuronic acid having

the structure:
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O.__O._COH
HO OH

OH ,

R’ is selected from the group consisting of -CH(RHO—, ~CH—, ~CHON(RY)-, and —
CHERHO-C(=0)-, where R® is selected from H, C-Cy alkyl, C(=0)-C1-Ce alkyl, and
C(=OIN(RY,, where R? is independently selected from the group consisting of H, C1-C alkyl,
and —~{CH2CH2On~(CHzm~OH, where m s an integer from 1 10 5, and n is an integer from 2 to
50, or two R” groups together form a 5- or 6-membered heterocyclyl ring;

y is an integer from 2 to 12;

zis 0 or §;

Q 15 selected from the group consisting of N-hydroxysuccinimidyl, N-
hydroxvsulfosuccininudyl, maletmide, and phenoxy substituted with one or more groups
independently selected from F, C1, NO», and $On7; and

alkyl, alkyidivl, alkenyl, alkenyldivl, allkynvl, alkynyldiyl, arvl, arvldivl, carbocyclyl
carbocyclyldivl, heterocyclyl, heterocyelvldivl, heteroaryl, and hetercaryldivl are independently
and optionally substituted with one or more groups independently selected from F, CL, By, L, -
CN, —CHs, —-CHzCHs, —-CH=CH;, —-C=CH, —-C=C(H;, -CH:CH:CH;, -CH{CHzp, -
CH>CH(CHsp, —CH;OH, -CHOCH:, —~CHCHOH, —C(CH:0H, -CH{OHCH(CHs ), —

CHCHE,, -CH{CHCN, —C(CH3nCN, -CHON, —CHNHy, —~CHNHSOCHs, ~CHRNHCH;,
~CHoN(CHsp, ~COoH, ~COCH;, ~COCHs, ~COC(CH: ), ~COCH(OH)CHs, ~CONH,, —
CONHCH:, ~CON(CHs ), ~C(CHanCONHy, ~NH;z, ~-NHCH;, -N{CHs )y, -NHCOCH;, -
N{CH;)COCH:, -NHS{0):CH;, -N{CH3)C{CH; pCONH,, -N({CH3 )CHCHLS{0RCH;, -
NHCENHM, ~-NHC(ENHCH:, -NHCENHINH,, -NHCEGINH,, ~NOG», =0, ~CH, ~OCH;,
—0OCHCH;, ~0CHCHOCH;, ~OCHCH,0H, ~OCHCHoN{CH:s b, —O(CHCH2O )~
{CH3COH, ~O{CHCHROWH, ~OCHF, ~OCHF,, ~OCF:, ~OP(ONOH), ~-S(ORN(CH:p, —
SCHG, ~8(0)CHs, and ~S{0)H

32, The STING agonist-linker intermediate compound of claim 31 wherein (3 is

selected from:
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O - 0

ot s

N-O-3 | N-O— | N

3 !
R F R F
Gt o
FF
RF

on Dot o
F F

33, The STING agonist-linker intermediate compound of claim 31 wherein (3 is
phenoxy substituted with one or more groups independently selected from F, Cl, NGO, and 805~

34 The STING agonist-linker infermediate compound of claim 31 wherein Q is
2.3,5 6-tetrafluorophenoxy.

35. The STING agonist-linker infermediate compound of claim 31 wherein { is

2,3,5,6-tetrafluoro-4-sulfonato-phenoxy.

36. The STING agonist-linker mtermediate compound of clairo 31 wherein 3 13
maleimide.
37. The STING agonist-linker intermediate compound of claim 31 wherein L 15

selected from the structures:
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z/“\”\w“\/b
- /\(«4\4@?}
2, /J\O/X A~ 0\“/} J\ Q

o Q
O
/”\ 8 lo. A /ﬂ\v )
B OO MOy
10 H \
o
where the wavy line indicates the attachment to R®.

38. A STING agonist-linker intermediate compound selected from Table 1

39 Animmunocconjugate prepared by conjugation of an antibody with a STING

agonisi-linker intermediate compound of any one of claims 31 1o 38.

49, A pharmaceutical compostition comprising a therapeutically effective amount of
an immunoconjugate of any one of claims | to 9, and one or more pharmaceutically acceptable

diluent, vehicle, carrier or excipient.

41, A method for treating cancer comprising admimstening a therapeutically effective
amount of an imnunoconjugate according to any one of claims 110 9, {0 a patient in need

thereof

42, The method of claim 41, wherein the cancer is susceptible to a pro-inflammatory

response induced by STING agomsm,

43, The method of claim 41, wherein the cancer 1s selected from bladder cancer,
salivary gland cancer, endometrial cancer, urinary tract cancer, urothelial carcinoma, lung
cancer, non-small celf lung cancer, Merkel cell carcinoma, colon cancer, colorectal cancer,

gastric cancer, and breast cancer.

44 Use of an mvnunocorjugate according to any one of claims 1 o 9 for treating

Cancer.
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45, A method of preparing an immunoconjugate of Formula I of any one of claims 1
to ¢ wherein a STING agonist-linker intermediate compound of claim 31 is conjugated with the

antibody.



