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COMPOUNDS AND METHODS FOR
TREATING CANCER, VIRAL INFECTIONS,
AND ALLERGIC CONDITIONS

FIELD OF THE INVENTION

[0001] The present invention generally relates to com-
pounds that are useful for inhibiting one or more proteases
including various serine proteases such as Hepatocyte
Growth Factor Activator (HGFA), matriptase, and hepsin.
The compounds are also useful as inhibitors of kallikrein
related peptidase 5 (KLKS5) and TMPRSS2 (required for the
host cellular entry of SARS-CoV-2). The present invention
also relates to various methods of using the inhibitor com-
pounds to treat and/or prevent infections, including those
caused by coronaviruses and influenza viruses, conditions
associated with KLKS activity (e.g. inflammation), various
other malignancies, pre-malignant conditions, and/or cancer.

BACKGROUND OF THE INVENTION

[0002] Proteases, also known as proteinases, peptidases,
or proteolytic enzymes, are enzymes that process proteins by
hydrolyzing peptide bonds between amino acid residues. It
is known that proteases regulate numerous physiological
processes which enable or stimulate the growth, prolifera-
tion, transformation, motility, survival, and metastasis of
tumor cells. Metastasis involves the proteolytic degradation
of the extracellular matrix proteins (e.g. collagen) surround-
ing the tumor cells by proteases, which enables the invasion
of tumor cells metastasizing from the primary tumors into
the surrounding tissue and the lymph system or the blood
system. Theses degradation proteases include matrix metal-
loproteases (MMPs) and cysteine proteases including vari-
ous subfamily members of the cathepsins. Proteases are also
involved in the activation of growth factors, cytokines, and
other proteins that stimulate the growth, proliferation, motil-
ity, and survival of cancer cells, thus enabling tumors to
develop and expand in size. These include multiple members
of trypsin-like S1 serine protease such as HGFA, KLLK5 and
of the subfamily of serine proteases called type II trans-
membrane serine proteases (ITSPs) such as matriptase,
hepsin, and TMPRSS2 which have been found to be impor-
tant in tissue homeostasis, infection, other diseases, and in
cancer, including tumor progression and metastasis.

[0003] One member of the TTSP enzyme class, matriptase
(matriptase-1, MT-SP1, TADG-15, CAP3, epithin, and
ST14), is a trypsin-like serine protease expressed by cells of
epithelial origin and overexpressed in a wide variety of
human cancers. Unlike most proteases, which are either
secreted from or retained in the cell, matriptase is located on
the cell surface and hence an attractive therapeutic target for
a variety of therapies, including vaccines, monoclonal anti-
bodies and small molecule compounds. Inhibition of
matriptase results in concomitant inhibition of the process-
ing and activation of multiple potential substrates important
in cancer and tumor progression, including protease active
receptor-2 (PAR2) and two other crucial mediators of tum-
origenesis, hepatocyte growth factor (HGF) and the uroki-
nase-type plasminogen activator (uPA).

[0004] Hepsin is another member of the type II transmem-
brane serine protease family. Hepsin has been reported to
play a role in cancer cell growth and is known to be widely
expressed with noticeably high levels in the liver and kidney
as well as in cancer cells such as ovarian, breast, renal,
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colon, gastric and prostate. Like matriptase inhibition of
hepsin results in concomitant inhibition of the processing
and Activiation of multiple potential substrates important in
cancer and tumor progression. Hepatocyte Growth Factor
Activator (HGFA) is an S1 trypsin-like protease but is
secreted and present in the blood, like other coagulation
cascade proteases such as thrombin and Factor Xa. It has
been associated with many tumor types similar to those
described for matriptase and hepsin but also including
hematological malignancies such as multiple myeloma.
[0005] Hepsin, matriptase and HGFA are differentially
expressed and have upregulated function in numerous tumor
types including multiple myeloma, breast, prostate, lung
(and other thoracic), colon, gastric, ovarian, testicular, liver,
bladder, kidney, glioblastoma and pancreatic. These pro-
teases cleave the single-chain zymogen precursors, pro-HGF
(hepatocyte growth factor), and pro-MSP (macrophage
stimulating protein) into active two-chain heterodimeric
forms. Active two-chain HGF and MSP are activating
ligands for the receptor tyrosine kinases (RTKs), c-MET and
RON, respectively.

[0006] Increased activity of hepsin, matriptase, and/or
HGFA, resulting from either overexpression or upregulation
of these proteases and/or downregulation of their endog-
enous serine protease inhibitors (serpins), HAI-1 (SPINT1),
HAI-2 (SPINT2), and protein C inhibitor (PCI), has been
demonstrated in tumor types driven by ¢c-MET and/or RON
receptor tyrosine kinase (RTK) pathway signaling. This
increased protease function has been clearly associated with
the development and elevation of metastatic cancer pheno-
types, and direct inhibition of this protease activity through
genetic ablation or with small molecule or antibody inhibi-
tors has been demonstrated to reduce this metastatic poten-
tial in multiple tumor types. The biological reason for the
redundancy of activation by these three different proteases
and the tight regulation by serpins in cancer is not yet
understood. Furthermore, since HGF/c-MET and MSP/RON
signaling are necessary for development and normal cell
physiology, selective inhibitors of each protease involved in
individual tumors need to be identified when developing as
therapeutics in order to understand and limit potential tox-
icities.

[0007] Matriptase inhibitors are of high therapeutic impor-
tance, but development has been a challenging task. To date,
a number of small molecule inhibitors and inhibitory anti-
bodies have been reported. See, for example, Enyedy et al.,
J. Med. Chem. 2001, 44, 1349-1355; Steinmetzer et al., J.
Med. Chem., 2006, 49: 4116-4126, and Farady et al., J Mol
Biol, 2007, 369: 1041-1051. Also, a series of inhibitors was
recently described by Marsault et al., ACS Med Chem. Lett.,
2012, 3: 530-534. Inhibitory antibodies have also been
developed against matriptase.

[0008] As compared to matriptase, inhibitory antibodies
have also been reported for HGFA and hepsin but relatively
few inhibitors are known for either hepsin or HGFA. Small
molecule hepsin inhibitors were discovered through high-
throughput screening (Chevillet, J. R., et al. Mol. Cancer
Ther. 2008, 7, 3343) but the reported HGFA inhibitors are
the non-selective serine protease inhibitors, Nafamostat and
Leupeptin (Shimomura, T., et al., Cytotechnology, 1992, 8,
219). Various small molecule inhibitors of HGFA, hepsin,
and matriptase are described in U.S. Patent Application
Publication 2018/0066015, which is hereby incorporated by
reference herein.
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[0009] Although progress has been made toward the
development of inhibitors of matriptase, hepsin, and HGFA,
there remains a need for small molecular weight inhibitors
that are both potent and selective for one or more of more of
these enzymes. Such compounds have significant therapeu-
tic value, in particular for the treatment of cancer and other
conditions but most importantly those diseases involving the
survival, migration, abnormal cell differentiation and pro-
liferation of tumor cells leading to metastasis. Compounds
having improved selectivity, solubility, metabolic stability,
half-life, and oral bioavailability are particularly desirable.

[0010] Like matriptase and hepsin, TMPRSS2 is a TTSP
and has been shown to be essential for host-cell viral entry
and replication of SARS-CoV-2, SARS-CoV and other
coronaviruses MERS-CoV and influenza. SARS-CoV-2 cell
entry involves binding to the host (human) cell receptor
ACE2. The binding of SARS-CoV-2 to ACE2 requires
proteolytic priming of the Spike protein by TMPRSS2 (host
(human) cell protease), suggesting that TMPRSS2 inhibitors
would be effective therapeutics for COVID-19 by blocking
the adherence, invasion, and replication of coronaviruses.
Accordingly, TMPRSS2-expressing human lung epithelial
Calu-3 cells which express both TMPRSS2 and ACE2 are
highly susceptible to SARS-CoV-2 infection and other
infections caused by other coronaviruses and influenza
viruses which also utilize this same mechanism.

[0011] Aside from its role in SARS-CoV-2 infection,
TMPRSS2 plays a role in prostate cancer (and possibly other
cancers) progression and metastasis. This has been estab-
lished through its ability to activate hepatocyte growth factor
(HGF) (as discussed above, the sole ligand for MET receptor
kinase), via proteolytic processing of pro-HGF. Thus,
TMPRSS2 shares pro-hepatocyte growth factor (pro-HGF)
as a protein substrate with HGFA, hepsin and matriptase.
Accordingly, there remains a high unmet need for inhibitors
of TMPRSS2.

[0012] Human kallikrein-related peptidases (KLKs) are a
large family of S1 trypsin-like serine proteinases which are
expressed in a variety of tissues such as prostate, ovary,
breast, testes, brain, and skin. Although their physiological
functions have been only partly elucidated, many of the
KLKs appear to be useful prognostic cancer markers, show-
ing distinct correlations between their expression levels and
different stages of cancer. Of the fifteen KLKs, KLKS is
critical since it plays a role in activating many others in the
family. In addition, KLLKS has been shown to activate
pro-HGFA to active HGFA in cancer. Furthermore, KLKS is
known to be important in certain immune system and
inflammatory conditions including allergic disorders.
Accordingly, there remains a need for inhibitors of KLLK5.

BRIEF SUMMARY OF THE INVENTION

[0013] Generally, the present invention relates to com-
pounds that are useful for inhibiting one or more proteases
including various serine proteases not limited to Hepatocyte
Growth Factor Activator (HGFA), matriptase, hepsin,
thrombin, factor Xa, TMPRSS2, KLLK5 and cysteine pro-
teases including trypsin-like cysteine proteases (e.g. Cathe-
psin B) along with various methods of use for these com-
pounds. In various aspects, the present invention is directed
to compounds of Formula (I), salts thereof, and stereoiso-
mers thereof.
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oy
HN, NH,

HN
0
H
K—L N
hg B
H
0 P,

[0014]
[0015] P, is H or a side chain of a natural or unnatural
amino acid; L is —O— or NH;

[0016] K is a substituted or unsubstituted heterocycle, or
substituted or unsubstituted —(CH,), heterocycle;

wherein:

[0017] L is —O— or NH;
[0018] xis O, 1, or 2;
[0019] Zis
H,
(6]
B
S
(6]
—/Rb
S
(6]
ORs, or
;9{]'3/ 5
ORg
(€]
l
—P—ORg;
ORg
[0020] R, is hydrogen,
(€]
(€] R
N7
OR,, or 1,<4 ;
[0021] R, and R; are each independently hydrogen, sub-

stituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or



US 2022/0380407 Al

unsubstituted aralkyl, substituted or unsubstituted het-
eroaryl, or substituted or unsubstituted heteroarylalkyl;

[0022] R, is hydrogen, substituted or unsubstituted alkyl,
or a residue of an amino acid, or R; and R, can form a ring;

[0023] each R is independently hydrogen, substituted or
unsubstituted alkyl, or the R moieties can form a ring; and

[0024] each Ry is substituted or unsubstituted aryl.

[0025] Further aspects of the present invention relate to
cyclic compounds of Formulas (ILA)-(IIH), salts thereof, and
stereoisomers thereof:

<
\
rsani
(@}
janird
el
psani
B3
(@}
ojg_\_\
N

(1C)

NH,

HN NH
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-continued
(1IH)
HN
>—NH2
NH
HN
Z
N 0O O
N—N ©
N//
Z N b,
@]
NH
v
[0026] wherein:
[0027] each n is independently 1 or 2;

[0028] each P, is independently H or a side chain of a
natural or unnatural amino acid;

[0029]

[0030] each Y is independently H, acetyl, tert-butyloxy-
carbonyl (Boc), benzyloxycarbonyl (Cbz), fluorenylmethyl-
oxycarbonyl (Fmoc), benzyl, —C(O)R, —SOOR,
—COOR, —C(O)NHR, substituted or unsubstituted
—(CH,),aryl, substituted or unsubstituted —(CH,), het-
eroaryl, substituted or unsubstituted —(CH,), cycloalkyl, or
substituted or unsubstituted —(CH, ), heterocycle;

[0031] each x is independently O, 1, or 2;

[0032] each R is independently C, to Cq4 alkyl, C; to Cq
cycloalkyl, heterocycle, alkylheterocycle, aralkyl, or aryl;
and

[0033]

each X is independently H or methyl;

each Z is independently

)
0 —/Rl,
N\ _/

ORs, or
ffi B/

ORs
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-continued

—P—ORg;

[0034] R, is hydrogen,
(€]
(€] R
"
OR,, or R, ;
[0035] R, and R, are each independently hydrogen, sub-

stituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted aralkyl, substituted or unsubstituted het-
eroaryl, or substituted or unsubstituted heteroarylalkyl;

[0036] R, is hydrogen, substituted or unsubstituted alkyl,
or a residue of an amino acid, or R; and R, can form a ring;

[0037] each R is independently hydrogen, substituted or
unsubstituted alkyl, or the R moieties can form a ring; and

[0038]

[0039] Further aspects of the present invention relate to
compounds of Formula (IITIA), (IIIB), or (IIIC), a salt
thereof, or a stereoisomer thereof:

each Ry is substituted or unsubstituted aryl.

(ITIA)

HN Y NI,
N
0 P 0
N f
v~ N N 7
i i
Py 0 P,

(IIB)
HN, NH,

=z

HN
P; 0
Y N
~ N z
H
0 P,
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-continued
(I1IC)
HN, Y NH,
HN
O
N
v~ N z
H
Py
wherein:

[0040] each P, is independently a side chain of Phe, Leu,
hleu, Ala, Thr, Asn, NptGly, L-Orn, L-Cha, Igl, Phe(3,4-
F2), Phe(3-Cl), Phe(4-F), or Glu(Bzl);

[0041] each P, is independently a side chain of Arg, hArg,
Trp, D-Trp, Lys, hTyr, Gln, D-Gln, L-Nle(OBzl), Agp,
L-Orn, hCha, hPhe, His(3-Bom), or Phe(4-NO,);

[0042] P, is a side chain of Arg, Ile, Gly, Pro, Met, Leu,
hArg, Arg(Z),, L-Arg(NO,), Trp, D-Trp, Ser, Lys, Lys(2-
Cl-7Z), Agp, L-DAB(Z), L-Orn, L-Nle(OBzl), or His(3-
Bom);

[0043] Y is H, acetyl, tert-butyloxycarbonyl (Boc), ben-
zyloxycarbonyl (Cbz), fluorenylmethyloxycarbonyl (Fmoc),
benzyl, —C(O)R, —SOOR, —COOR, —C(O)NHR, sub-
stituted or unsubstituted —(CH, ), aryl, substituted or unsub-
stituted —(CH, ), heteroaryl, substituted or unsubstituted
—(CH,),cycloalkyl, or substituted or unsubstituted —(CH,)
Jheterocycle;

[0044] each x is independently O, 1, or 2;

[0045] each R is independently C, to C; alkyl, C; to Cq
cycloalkyl, heterocycle, alkylheterocycle, aralkyl, or aryl;

[0046] each Z is independently
H,
(6]
B
S
(6]
T Ry,
S
(6]
ORs, ot
ffillg/ 5
ORg
(€]
ll
—Il’—ORs;
ORg
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[0047] R, is hydrogen,
(€]
(€] R
N7
OR,, or 1,<4 ;
[0048] R, and R, are each independently hydrogen, sub-

stituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted aralkyl, substituted or unsubstituted het-
eroaryl, or substituted or unsubstituted heteroarylalkyl;
[0049] R, is hydrogen, substituted or unsubstituted alkyl,
or a residue of an amino acid, or R; and R, can form a ring;
[0050] each R is independently hydrogen, substituted or
unsubstituted alkyl, or the R moieties can form a ring; and
[0051] each Ry is substituted or unsubstituted aryl.
[0052] The present invention further relates to pharma-
ceutical compositions comprising a therapeutically effective
amount of at least one compound as described herein.
[0053] The present invention also relates to various meth-
ods of use including a method of inhibiting one or more
trypsin-like S1 serine proteases (e.g., matriptase, hepsin, or
HGFA) cysteine proteases including trypsin-like cysteine
proteases (e.g. Cathepsin B) comprising administering to a
subject in need thereof a pharmaceutical composition com-
prising a therapeutically effective amount of at least one
compound as described herein. Another method includes a
method of inhibiting HGF/MET oncogenic signaling com-
prising administering to a subject in need thereof a pharma-
ceutical composition comprising a therapeutically effective
amount of at least one compound as described herein.
[0054] Other methods include a method of inhibiting
carcinoma progression and/or metastasis and a method of
treating a malignancy, a pre-malignant condition, or cancer
comprising administering to the subject in need thereof a
pharmaceutical composition comprising a therapeutically
effective amount of at least one compound as described
herein.

[0055] Further aspects include methods of treating or
preventing a viral infection in a subject comprising admin-
istering to the subject in need thereof a pharmaceutical
composition comprising a therapeutically effective amount
of at least one compound of (a) Formula (I), (IIA)-(IIH), or
(IITA)-(IIC); (b) a polypeptide-based inhibitor; and/or (c) a
benzamidine-based inhibitor. Certain aspects relate to meth-
ods of inhibiting TMPRSS2 and/or matriptase in an organ-
ism comprising administering to the organism a composition
comprising an effective amount of at least one compound of
(a) Formula (1), (IIA)-(IIH), or (IITA)-(IIIC); (b) a polypep-
tide-based inhibitor; and/or (¢) a benzamidine-based inhibi-
tor.

[0056] Still other aspects of the invention relate to meth-
ods of treating or preventing a condition at least in part
associated with KLK5 in a subject comprising administering
to the subject in need thereof a pharmaceutical composition
comprising a therapeutically effective amount of at least one
compound of (a) (I), (IIA)-(IIH), or (IIIA)-(IIIC); (b) a
polypeptide-based inhibitor; and/or (¢) a benzamidine-based
inhibitor. Some aspects also relate to methods of inhibiting
KLKS in an organism comprising administering to the
organism a composition comprising an effective amount of
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at least one compound of (a) Formula (I), (ITA)-(IIH), or
(IITA)-(IIC); (b) a polypeptide-based inhibitor; and/or (c) a
benzamidine-based inhibitor.

[0057] Other objects and features will be in part apparent
and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1 presents a general synthetic route for mac-
rocycles of Formula IIF in solution phase.

[0059] FIG. 2 presents a general synthetic route for mac-
rocycles of Formula IIE in solution phase.

[0060] FIG. 3 presents a general synthetic route for mac-
rocyclic inhibitors of Formula IE and IIF in solid phase.
[0061] FIG. 4 presents a general synthetic route for mac-
rocyclic analogs of Formula IIC and IID using ring-closing
metathesis.

[0062] FIG. 5 presents (A) a general synthetic route for
forming the building blocks for macrocyclic analogs of
Formula I1B using ring-closing metathesis, and (B) a general
synthetic route for forming macrocyclic analogs of Formula
1IB using ring-closing metathesis.

[0063] FIG. 6 presents a general synthetic route for form-
ing macrocyclic analogs of Formula ITA using ring-closing
metathesis.

[0064] FIG. 7 presents a general synthetic route for form-
ing macrocyclic analogs of Formula IID.

[0065] FIG. 8 presents a general synthetic route for form-
ing a macrocyclic analog of Formula IIC.

[0066] FIG. 9 presents a general synthetic route for form-
ing a macrocyclic analog of Formula ITH.

[0067] FIG. 10 presents a general synthetic route for
forming a macrocyclic analog of Formula IIG.

[0068] FIG. 11 presents a general synthetic route for
forming a macrocyclic analog.

[0069] FIG. 12 presents general synthetic routes for A)
amino acid isocyanates 2 a-b and B) piperidine alcohols 3
a-e. Reagents: a) tricholoromethyl chloroformate, 1,4-di-
oxane; b) Grignard reagent, THF.

[0070] FIG. 13 presents general synthetic routes for hybrid
piperidine dipeptide ketobenzothiazole (kbt) inhibitors.
Reagents: ¢) Compd 2a or 2b, TEA, ACN; d) 4N HCI in
dioxane; e) RSO,Cl, TEA, TIF; 1) aq. LiGH, THF; g) EDCI,
HOBt, DIEA, DMF or HATU, DIEA, DMF; h) TFA:water:
thioanisole (95:2.5:2.5), followed by RP-HPLC.

[0071] FIGS. 14A, 14B, and 14C present the cellular entry
efficiency of replication-competent chimeric VSV using the
Spike protein of SARS-CoV-2 in Vero cells in the presence
of different compounds described herein.

[0072] FIGS. 15A and 15B present bar graphs of
TMPRSS2 activity of inhibitors ZFH7116 and VD2173,
respectively.

DETAILED DESCRIPTION OF THE
INVENTION

[0073] The present invention generally relates to com-
pounds that are useful for inhibiting one or more various
proteases including serine proteases such as Hepatocyte
Growth Factor Activator (HGFA), matriptase, and hepsin as
well as cysteine proteases including trypsin-like cysteine
proteases (e.g. Cathepsin B). The compounds are also useful
as inhibitors of KLK5 and TMPRSS2 (a necessary signal
molecule for cellular entry of SARS-CoV-2). The present
invention also relates to various methods of using the
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inhibitor compounds to treat or prevent viral infections,
including those caused by coronaviruses and influenza,
conditions associated with upregulated KLKS, various
malignancies, pre-malignant conditions, or cancer. These
methods include administering an effective amount of an
inhibitor to a subject in need thereof.

[0074]

[0075] Inaccordance with the present invention, one class
of compounds useful for inhibiting one or more serine
proteases includes compounds of Formula (1), salts thereof,
and stereoisomers thereof:

Compounds of Formula (I)

ey}
HN NI,

HN
0
H
K—L N
N z
T N
0 P,

wherein:

[0076] P, is H or a side chain of a natural or unnatural
amino acid;

[0077] K is a substituted or unsubstituted heterocycle, or
substituted or unsubstituted —(CH,) heterocycle;

[0078] L is —O— or NH;
[0079] xis O, 1, or 2;
[0080] Z is
H,
O
B
S
O
— R
/ 1>
S
O
ORs, or
;{T/ 5
ORs
O
||
—Il’—ORs,
ORg
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[0081] R, is hydrogen,
(€]
(€] R
.
OR,, or Ry 5
[0082] R, and R; are each independently hydrogen, sub-

stituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted aralkyl, substituted or unsubstituted het-
eroaryl, or substituted or unsubstituted heteroarylalkyl;
[0083] R, is hydrogen, substituted or unsubstituted alkyl,
or a residue of an amino acid, or R; and R, can form a ring;
[0084] each R is independently hydrogen, substituted or
unsubstituted alkyl, or the R moieties can form a ring; and
each Ry is substituted or unsubstituted aryl.

[0085] In various embodiments, K is a substituted or
unsubstituted piperidine ring. For example, in some embodi-
ments, K can be selected from the group consisting of:

Rg

| N

and

R, R,

wherein R, is hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heterocycle, or substituted or unsubstituted aralkyl; Ry is
hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted aralkyl (e.g. benzyl), —C(O)R,, or
—SOOR,,; Ry is hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted aryl, substituted or unsub-
stituted heterocycle or substituted or unsubstituted aralkyl;
and R,, is hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heterocycle, or substituted or unsubstituted aralkyl.

[0086] In certain embodiments, R, is hydrogen, C,-Cq
alkyl, halo-substituted C,-C,4 alkyl, aryl, alkyl-substituted
aryl, halo-substituted aryl, nitro-substituted aryl, alkyl-sub-
stituted aralkyl, halo-substituted aralkyl, or nitro-substituted
aralkyl. For example, in some embodiments R, is hydrogen,
methyl, ethyl, propyl, butyl, phenyl, benzyl, or phenethyl.
[0087] In various embodiments, R, is hydrogen, C,-Cq
alkyl, halo-substituted C,-C alkyl, aryl, alkyl-substituted
aryl, halo-substituted aryl, nitro-substituted aryl, alkyl-sub-
stituted aralkyl, halo-substituted aralkyl, or nitro-substituted
aralkyl. For example, in some embodiments, R, is hydrogen,
methyl, or ethyl.

[0088] In various embodiments, R,, is hydrogen, C,-Cq
alkyl, halo-substituted C,-Cy alkyl, aryl, aryl substituted
with at least one group selected from the group consisting of
alkyl, alkoxy, halo, nitro and combinations thereof. In some
embodiments, R, is hydrogen, methyl, ethyl, propyl, butyl,
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phenyl, phenyl aryl substituted with at least one group
selected from the group consisting of alkyl, alkoxy, halo,
nitro and combinations thereof.

[0089] In various embodiments, K is selected from the
group consisting of:
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-continued

[0090]
[0091] In various embodiments, P, is a side chain of Leu,
Cha, hLeu, Nle, NptGly, hTyr, Orn, Thr, Asn, Nva, Igl, Phe,
hPhe, Phe(3,4-F2), Phe(3-Cl), Phe(4-F), Phe(3-F), Glu(Bzl),
Trp, Bta, hCha, hArg, Arg(Z),, Lys(2-Cl1Z), Chg, or hTyr
(Me). In some embodiments, P, is a side chain of Leu or
Cha.

[0092] In certain embodiments, R, and R are each inde-
pendently hydrogen, alkyl, cycloalkyl, aryl, aralkyl, het-
eroaryl, or heteroarylalkyl. For example, in certain embodi-
ments, R, and R, are each independently hydrogen, C,-C
alkyl, C5-C,, cycloalkyl, phenyl or benzyl.

[0093] In certain embodiments, R, is hydrogen, alkyl, or a
residue of an amino acid, or R; and R, can form a piperazine
or piperidine ring

[0094] In various embodiments, each Rs is independently
hydrogen, alkyl, or the R moieties can form a ring.

[0095]
[0096]

In various embodiments, L is —O—.

In various embodiments, R is aryl.

In various embodiments, Z is

S
(@]
(@]
N or
|
S
(@]
O
N
l A—Ry;
S
(@]

wherein A is —O— or NH and R'! is hydrogen, methyl,
benzyl, optionally substituted alkyl, optionally substituted
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aryl, heterocycle, or residue of an a-amino acid. In some
embodiments, A is NH and A and R*! form a residue of an
a-amino acid.

[0097] In certain embodiments, Z is:
I\
/ 3, N ’
s |
0 S
O
O
N
/ OH,
S
O
O
N
l NH,, or
S
O
O
N
HN
=
5 0.
e} HN
[0098] In some embodiments, Z is:
ORs,
;{T/ 5
ORs

wherein each Ry is as defined herein. In certain embodi-
ments, Z is

[0099] In some embodiments, Z is
O
H ll
or Il’—ORs,
0 ORs

wherein Ry each is substituted or unsubstituted aryl.
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[0100] In certain embodiments, each Z is independently is: -continued

A

[0101] Invarious embodiments, the compound of Formula HN

(D is selected from the group consisting of:

HN O%ON/¢§\)OK(S (|? j)]\ /¢§ i S
O i:\; | O O I:H |

L i
N
O

HN o/i /¢§\)l\(s QA 2 - O
X | : I\\I F \s\\;NC>—o/(g N _ g
g) bl O O Q\%@

NH NH

N7 SNH
HZN/J\NH
al
O 0 \Q\//o
HN OJ< R 8 O//S\I‘O\ q %\)O\\(s
0 N , B8 =\LN ;

LN NH
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10

-continued -continued

Ox
/S0
Q
O
>=O
=z
O§2A>’
'z
"
O
A
@m
>:O
7T

S@
NH

A

LN NH

0:N
\ ¢
4 0
] o] ﬁ;§\)\\(s [0102] Compounds of Formulas (ITA)-(11H)
X : \ D [0103] In accordance with the present invention, another

class of compounds useful for inhibiting one or more serine
proteases includes compounds of Formulas (ILA)-(ITH), salts
thereof, and stereoisomers thereof:




US 2022/0380407 Al

-continued
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(11G)
HN
v—E& >—NH2
NH
O
P; z
(6]
(6]
(1IH)
HN
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NH
HN
zZ
HN o O
(0]
N—N
I
N,
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(6]
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v
wherein:
[0104] each n is independently 1 or 2;
[0105] each P, is independently hydrogen or a side chain

of a natural or unnatural amino acid;

[0106] each X is independently hydrogen or methyl;
[0107] each Y is independently hydrogen, acetyl, tert-
butyloxycarbonyl (Boc), benzyloxycarbonyl (Cbz), fluore-
nylmethyloxycarbonyl (Fmoc), benzyl, —C(O)R, —SOOR,
—COOR, —C(O)NHR, substituted or unsubstituted
—(CH,),aryl, substituted or unsubstituted —(CH,), het-
eroaryl, substituted or unsubstituted —(CH,),cycloalkyl, or
substituted or unsubstituted —(CH,), heterocycle;

[0108] each x is independently O, 1, or 2;

[0109] each R is independently C, to C; alkyl, C; to Cq
cycloalkyl, heterocycle, alkylheterocycle, aralkyl, or aryl;
[0110] each Z is independently

HN/KNH ﬁf\’(}l f}f\’H}/]\@

NH,
NH
i
N
9) zZ
(IIF)
NH,
a
N
9] zZ

L.
w
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O
eﬁiB/ORﬁ or %%!_ORGQ
| ORg¢
ORs

[0111] R, is hydrogen,

[@]
?L 0
OR,, or Ra:
3
E)klr/
Ry

[0112] R, and R; are each independently hydrogen, sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted aralkyl, substituted or unsubstituted het-
eroaryl, or substituted or unsubstituted heteroarylalkyl;

[0113] R, is hydrogen, substituted or unsubstituted alkyl,
or a residue of an amino acid, or R; and R, can form a ring;

[0114] each Rs is independently hydrogen, substituted or
unsubstituted alkyl, or the R moieties can form a ring; and

[0115] each Ry is substituted or unsubstituted aryl.

[0116] In various embodiments, the compounds of For-
mulas (IIA)-(ITH) include one or more of the following:

[0117] each Y is independently hydrogen, acetyl, tert-
butyloxycarbonyl (Boc), benzyloxycarbonyl(Cbz), or fluo-
renylmethyloxycarbonyl (Fmoc); and/or

each P; is independently a side chain of Ala, Gly, Val, Leu,
Lys, D-Lys, Arg, D-Arg, Asn, Phe, Gln, D-Gln, Thr, D-Trp,
Tyr, Met, Agp, hCha, hTyr, hPhe, Om, Dab, Dab(Z), Nle
(O-Bzl), Arg(NO,), Arg(Z),, Lys(2-Cl1Z), dhleu, Dht, Ide,
Igl, Chg, dhAbu, Hyp, Glu(Bzl), Met(O), Dap, Phe(F5),
Glu(Me), or hArg.

[0118] In certain embodiments, each Y is independently
hydrogen or acetyl.

[0119] In certain embodiments, each P; is independently a
side chain of an amino acid selected from the group con-
sisting of Ala, Gly, Val, Leu, Lys, Arg, Asn, Phe, Gln, Thr,
D-Trp, Tyr, Met, Agp, hCha, hTyr, hPhe, Orn, DAB, DAB
(Z), Nle(O-Bzl), Arg(NO,), Arg(Z),, Lys(2-C1Z), hLeu, Dht,
Ide, Igl, Chg, hAbu, Hyp, Glu(Bz), Met(O), Dap, Phe(F5),
Glu(Me), and hArg.

[0120] In certain embodiments, R, and R are each inde-
pendently hydrogen, alkyl, cycloalkyl, aryl, aralkyl, het-
eroaryl, or heteroarylalkyl. For example. R, and R, can each
independently be hydrogen, C,-C; alkyl, C,-C,, cycloalkyl,
phenyl or benzyl.

[0121] In certain embodiments, R, is hydrogen, alkyl, or a
residue of an amino acid, or R; and R, can form a piperazine
or piperidine ring.

[0122] In various embodiments, each Rs is independently
hydrogen, alkyl, or the R moieties can form a ring.

[0123] In various embodiments, Ry is aryl.

Dec. 1, 2022
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[0124] In various embodiments, each Z is independently

A LD

, or

|
l A—Ry,

wherein A is —O— or NH and R,; is H, methyl, benzyl,
optionally substituted alkyl, optionally substituted aryl, het-
erocycle, or a residue of an a-amino acid.

[0125] In various embodiments, A is NH and R,, form a
residue of an a-amino acid.

[0126] In various embodiments, each Z is independently:

[0127] In some embodiments, each Z is independently:

ORs,
';{B/

ORs

wherein each R; is as defined herein. In certain embodi-
ments, each Z is independently:

OH.
;{B/

OH
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[0128] In some embodiments, each Z is independently: -continued
NH,

o NH
i %u
or Il’—ORG,
o OR¢ i v H I S/Q
/k’rN\)]\ ~

N N

wherein R, each is substituted or unsubstituted aryl. H

[0129] In certain embodiments, each Z is independently is:

O

O
(@]
HN, NH,
[0130] In various embodiments, the compounds of For-
mulas (ILA)-(ITH) are selected from the group consisting of: NH
> d
HNG_NID Py i S/Q h
Y ACHN\)I\ % \)k ™
NH I {0 ¥
B 0 L& 0 0
0 R; 0 S ’ NH
AcHN N x> O
. N/H‘/ . N N
m(\]/o o) 2 o]
HN\/(
HN, NH,

T

H
o R;
AcHN,, 0 ,
- N o
’ J
HN_ ¢ I\ =~
. N N
H

N Im (6]
(6]
HN, NH,
h
NH
S ,
Sy wherein each m is independently 1 or 2, and each R is

independently a side chain of an amino acid selected from
the group consisting of Ala, Gly, Val, Leu, Lys, Arg, Asn,
Phe, Gln, Thr, D-Trp, Tyr, Met, Agp, hCha, hTyr, hPhe, Orn,
DAB, DAB(Z), Nle(O-Bzl), Arg(NO,), Arg(Z),, Lys(2-
Cl1Z), hlLeu, Dht, Idc, Igl, Chg, hAbu, Hyp, Glu(Bz), Met
(0), Dap, Phe(Fs), Glu(Me), and hArg.
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[0131] In various embodiments, the compound of Formu-
las (ITA)-(IIH) are selected from the group consisting of:

NH,

NH

HoNn,,,.

/
“\& s

HN NH,

HN NH,
NH
O
HN,, 0
- N O S
) |
HN 5 J\ Y
K N N
H
H
N O
HN NH,

NH
o o S
(L
N, N o .
. N B N N
H H
o 0 0

HN
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-continued
HN, NH,
NH
(@] O
O S
i |
AcHNrn.. HN R Y
o N N
H
(@]
N
H (@]
HN NH,
NH
O
AcHN,, o)
N 0 S
' |
& =™

HN, NH,

HN R
H
N\’g
o »
NH
(0] (0]
(¢] S
i |
H
AcHN#bsta. HN o A
H
¢\I
(0]

==id
Z

\/P 0
H
N,

\\\\JI\ X
! N
H

N

HN NH,

NH

AcHN,, e

N
H

o ¢}

HN
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HN, NH,
o NH>,
NH
NH
[¢]
O O S
g
AcHN, 1, N e X
.. N - N N
H H
o (@] (@]
HN
HN NH,
NH
O O S
g \
AcHN,, N A
- N ™ g N
(@] (@]
HN
NH.
HN 2
NH HN

NH
oY
AcHN# S
N

O, \—NH (6]

H,N
NH
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-continued

HNYNHZ

G
¢

HN

o

I
U

e}

2, H
. N
N
H

(6]

H

N,

O,

O
==N

(0]
=N

0

}’%:N

s\©
NI
NI

N,

I;/\
S
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-continued

Tz
Tz zT

HN, Y NH,
NH
oY
H
ACHN\)k N\)k .
- N - N N
2 0 0 n 0
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-continued
HN NH,

NH

(6] NH

HN NI,
NI
) S
0
AcHN,, N ~
N N
i
0 0
o/\/\l
HN Y NH,
NI
) S
I
ACHN,, N =~
N N
i

i i i /Q
H
AcHN\)k N\)j\ S
: N - N N
j\ O ’ |
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-continued
HN NH,

NH

Y
&
O
a4
%}
—0
/_
a4
w2

HN, NI,

NH,

0
AcHNy,, 0
) N - |
H N,

NH,

o
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-continued

NH
NH
N
0 NI, 0 ’
©
©
NH NH o)
NH
0
..... W
o  Yom n , @
o NH
NH
0
0 ©
~
© Yo NH

NH N,
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NH

Tz,
Z
jus)
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Compounds of Formulas (IIIA)-(I1IC)
[0132] In accordance with the present invention, another
class of compounds useful for inhibiting one or more serine

proteases includes compounds of Formulas (II1A), (IIIB),
(IIIC), salts thereof, or stereoisomers thereof:

(ITIA)
HN NH,

HN
0 P, 0
N N
v~ N N z
i i
P, 0 P,

(IIIB)
HN NH,

HN
P; 0
Y {
~y N z
H H
0 P,

NH,, and

-continued

\I/ NH,

HN

(I1IC)
N

Zzm

Py

wherein:

[0133] each P, is independently a side chain of Phe, Leu,
hleu, Ala, Thr, Asn, NptGly, L-Orn, L-Cha, Igl, Phe(3,4-
F2), Phe(3-Cl), Phe(4-F), or Glu(Bzl);

[0134] each P; is independently a side chain of Arg, hArg,
Trp, D-Trp, Lys, hTyr, Gln, D-Gln, L-Nle(OBzl), Agp,
L-Orn, hCha, hPhe, His(3-Bom), or Phe(4-NO,);

[0135] P, is a side chain of Arg, Ile, Gly, Pro, Met, Leu,
hArg, Arg(Z),, L-Arg(NO,), Trp, D-Trp, Ser, Lys, Lys(2-
Cl-7), Agp, L-DAB(Z), L-Orn, L-Nle(OBzl), or His(3-
Bom);

[0136] Y is H, acetyl, tert-butyloxycarbonyl (Boc), ben-
zyloxycarbonyl (Cbz), fluorenylmethyloxycarbonyl (Fmoc),
benzyl, —C(O)R, —SOOR, —COOR, —C(O)NHR, sub-
stituted or unsubstituted —(CH, ), aryl, substituted or unsub-
stituted —(CH, ), heteroaryl, substituted or unsubstituted
—(CH,),cycloalkyl, or substituted or unsubstituted —(CH,)
Jheterocycle;

[0137] each x is independently O, 1, or 2;
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[0138] each R is independently C, to Cq4 alkyl, C; to Cq
cycloalkyl, heterocycle, alkylheterocycle, aralkyl, or aryl;
each Z is independently

fo AT
(357

O
l
[
ORs ;
[0139] R, is hydrogen,
(€]
(6]
R
N
OR, |
, or Ry
[0140] R, and R; are each independently hydrogen, sub-

stituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted aralkyl, substituted or unsubstituted het-
eroaryl, or substituted or unsubstituted heteroarylalkyl;
[0141] R, is hydrogen, substituted or unsubstituted alkyl,
or a residue of an amino acid, or R; and R, can form a ring;
[0142] each R is independently hydrogen, substituted or
unsubstituted alkyl, or the R moieties can form a ring; and
[0143] each R, is substituted or unsubstituted aryl.
[0144] In certain instances, the side chain of the amino
acid forms a ring with the terminal amino group. For
example, when P, is a side chain of Pro, the side chain of Pro
forms a ring with the terminal amino group, as illustrated in
the compound below:

HZN NH

4@

[0145] Invarious embodiments, the compound of Formula
(IITA), (I1IB), or (IIIC) is an inhibitor of HGFA.

LN

L

11y,

Dec. 1, 2022

[0146] In various embodiments, P, is independently a side
chain of Leu, hLeu, or NptGly; each P, is independently a
side chain of Arg, hArg, D-Trp, hTyr, Agp, hCha, or hPhe;
and/or P, is a side chain of Lys(2-Cl-Z), Agp, or His(3-
Bom).

[0147] Invarious embodiments, the compound of Formula
(IITA), (IIIB), or (IIIC) is an inhibitor of hepsin. For
example, in various embodiments, each P, is independently
a side chain of Leu, Thr, Asn, L.-Orn, or L-Cha; each P, is
independently a side chain of Arg, Lys, D-Gln, L-Nle(Obzl),
Agp, or L-Orn; and/or P, is a side chain of Arg, [.-Arg(NO,),
Lys, Agp, L-DAB(Z), L-Orn, or L-Nle(OBzl).

[0148] In various embodiments, the compound of Formula
(IITA), (IIB), or (IIIC) is an inhibitor of matriptase. In
various embodiments, each P, is independently a side chain
of Igl, Phe(3,4-F2), Phe(3-Cl), Phe(4-F), or Glu(Bzl); each
P, is independently a side chain of Arg, Lys, L-Nle(Obzl),
Agp, or L-Orn; and/or P, is a side chain of Arg, hArg,
Arg(Z),, Lys, or L-Orn.

[0149] In various embodiments at least one of P,, P,, and
P, is a side chain of an unnatural amino acid.

[0150] In certain embodiments, R, and R; are each inde-
pendently hydrogen, alkyl, cycloalkyl, aryl, aralkyl, het-
eroaryl, or heteroarylalkyl. For example, R, and R, can each
independently be hydrogen, C,-C; alkyl, C5-C,, cycloalkyl,
phenyl, or benzyl.

[0151] In certain embodiments, R, is hydrogen, alkyl, or a

residue of an amino acid, or R; and R, can form a piperazine
or piperidine ring

[0152] In various embodiments, each Ry is independently
hydrogen, alkyl, or the R moieties can form a ring.

[0153] In various embodiments, Ry is aryl.

[0154] In various embodiments, each Z is independently:
7\
r\fi’( H ;{w
S
(6] ’ (0] >

==

wherein A is —O— or NH and R, is H, methyl, benzyl,
optionally substituted alkyl, optlonally substituted aryl, het-
erocycle, or a residue of an a-amino acid. In various
embodiments, A is NH and A and R,, form a residue of an
a-amino acid.
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[0155]

In various embodiments, each Z is independently [0157]

In some embodiments, each Z is independently:

wherein R each is substituted or unsubstituted aryl.
[0158]
[0156]

In certain embodiments, each Z is independently is:
In some embodiments, each Z is independently:

0
P—o0 .
| |
ORs o]

wherein each Ry is as defined herein. In certain embodi-
ments, each Z is independently:

OH [0159] In various embodiments, the compound of the
compound of Formula (IITA), (IIIB), or (IIIC) is selected
from the group consisting of:

O)\I;TH
HO\/?Q(O

NH

HN NH,,
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OH
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28
-continued
40
NH
$ ©)
@/\O/\
N -,
Ly 4 7
Y
N ®
NH
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(@)
(@] NH
=N HN%
S NHy,

LN
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S
e
HN, il N 0 0
N,
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HN NH
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O
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LN NH o
r "y
HN. |///’l NH
1 /E
Q\S H Q N 0
= O i ©
N N
H )
Y 0
/ N/\
_/ °
\— ,
o HN/<O
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NH
NI,
HN
NI
o HN
) 0
ot NH
S ©
@N O
NI,
o)
HN
NH HN NH
HN © 7/
Q 0
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autNH
S ®
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o,
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nuNH NH
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NH,

NH,

HO
0] 0] NH

H H

N N.
N N N
H H H

O O N
== o =
NH
S

NH

H,N 0
H
e IS e J N
- N - N N

NH,,

NH,,
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H,N NH

H,N 0 NH
H
e J S UL
N - N N
H H H
0 S : 0

H,N NH

H,N

H,N NH

H,N 0 NH
H
o IS AL
- N - N N
H F H
\k 0 3 0

SMe :

H,N NH

DARRCS O

e |
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H,N NH
H,N 0 NH
O O N
H
PN N [
N v N
H H s
0 B 0
I
O
0 0 S
H H H
\[(N ©) N_® N NH,, and
Y N™ ®» Y N™ ® \“/
H H H H
0 H
I 0 E 0 3 NH
N+ =
_O/
Br
HO
I
(0] 0 X S
H H H H
\[(N (] N_® /\/\/N NIL.
; N™ Y N ® \”/
H H H H
0 : B
I 0 H B NH
N+ =
_O/
Br
HO
[0160] As used herein the abbreviations of the naturally -continued
occurring amino acids are as follows:
Three One
letter letter
Three One
letter letter Amino acid code code
Amino acid code code
serine Ser S
alanine Ala A )
arginine Arg R threonine Thr T
asparagine Asn N tryptophan Trp w
aspartic acid Asp D tyrosine Tyr v
cysteine Cys C )
glutamic acid Glu E valine Val v
glutamine Gin Q
glycine Gly G
@S?dm,e Els IH [0161] The naturally occurring amino acids described
1soleucine 5} . . .
e herein are the L-isomer unless denoted as a D-isomer.
eucine Leu L
1ySitEe Lys K [0162] Unless otherwise specified, the unnatural amino
ioni Met M . . .
methionme ¢ acids can be selected from the group listed in the table
phenylalanine Phe F . .
proline Pro P below. The unnatural amino acids can be the D and/or

L-isomers.
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Unnatural Alpha-Amino Acids

Abbreviation

Structure

His(3-Bom)

Thyr

Asp

Inp

Lys(2-Cl-Z)

H,N

"
§e

HN

NH

©

YNHZ

L
oV

OH

e}

A

Cl

Dec. 1, 2022
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Unnatural Alpha-Amino Acids
Abbreviation Structure
Pip
O
N
H
OH
hArg NH
NH,
HZN/i
Phg
O
H,N
OH
hTyr OH
O
HN
OH
3-Pal \
/N
O
HN
OH
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Unnatural Alpha-Amino Acids

Abbreviation Structure

hPhe

0

HN
OH
4-Pal N
/\
O
HN
OH
hLeu
E;)
HN
OH
hCha
O
H,N i
OH
NptGly
ﬁ;
HN
OH
Orn NH,

o)
LN

OH

Unnatural Alpha-Amino Acids

Abbreviation Structure
DAB(Z) NH,
O
HN
OH
Met(O) O%S s
O
HN
OH
Nle(OBzl)
@)
O
HoN
NH,
Cha
O
H,N
OH
H
Arg(NO,) HN N\
Ny

NH

H,N
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Unnatural Alpha-Amino Acids

Abbreviation Structure
Nle
(0]
N
OH
Hyp HO
(0]
N
H
OH
MeAla
(0]
HN
OH
Oic
(0]
N
H
OH
pBAla HZN\/YO
OH
hPro =
(0]
N
H
OH
Gla HOOC
COOH
(0]
N
OH
Hyp(Bzl)

(6]
(6]
N
H
OH

Unnatural Alpha-Amino Acids

Abbreviation Structure
Asp(Me) (@) /
e}
O
HN
OH
Asp(All) /
O,
e}
O
HoN
OH
Glu(Me) O, O\
O
HN
OH
Asp(Bzl)
O,
e}
O
H,N
OH
Glu(All) O, O\/\
O
HN
OH
Glu(Chx) O, O
O
HN
OH
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Unnatural Alpha-Amino Acids Unnatural Alpha-Amino Acids
Abbreviation Structure Abbreviation Structure
Aad OH
& Dap NH,
© O
H,N
OH
O
HN Lys(Ac) (€]
f I
HN
Glu(Bzl)
O, e}
O
HN
O
H,N OH
OH Lys(TFA) 0
Cit O, NH, )I\
Y HN CF;
NH
O o]
HN H,N
OH OH
Api HO 0 Lys(2C1-Z) 0
HN )I\o
Cl
O
H,N
O
OH LN
hCit e} OH
HN)]\ NH, His(Bzl)
Nf\
N
=
O O
HN H)N
OH OH
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Unnatural Alpha-Amino Acids

Abbreviation

Structure

Arg(Me)

Arg(Me),

Phe(4-NH),

3-Pal

Phe(2-F)

4-Pal

HzN/é

NH,
0
H,N

H,N

OH

—

—Z

Unnatural Alpha-Amino Acids

Abbreviation Structure

Phe(3-F)

LN

SN

OH

Phe(4-F) F
0
LN
oH
Phe(2-Cl) al
0
LN
oH
Phe(3,4-F) F
F
o)
LN
oH
Phe(3-Cl) cl

H,N

O—<‘ j
jus)
o



US 2022/0380407 Al Dec. 1, 2022
41

-continued -continued

Unnatural Alpha-Amino Acids Unnatural Alpha-Amino Acids

Abbreviation Structure Abbreviation Structure

Phe(4-NO
Phe(Fs) F F e(4-NO) NO,
F F
0
. LN
o OH
N Phe(4-Me)
OH
Phe(4-Cl) cl
0
N
0

Phe(4-guan) HN. NH,
L \I/

NH
Phe(3,4-Cl) Cl
Cl
O
H,N
0 OH
H,N
Ala(2-th)
Phe(d-I) I
HN
OH
O
HN Ser(Bzl)
Phe(3-1)
O
! O
O H,N
HN O

OH

Cys(4-
Phe(4-Br) Br MeBzl)

H,N

%
w2
o

HoN
NH, 2
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Unnatural Alpha-Amino Acids Unnatural Alpha-Amino Acids
Abbreviation Structure Abbreviation Structure

Cys(Bzl)
hSer(Bzl)

Dht

S
O
HN

OH
N

O

H,N
OH
Tyr(Me) O\
O
HoN
OH
Tip(Me)

N
A
O
HN
OH
o
O
LN
OH

Thr(Bzl)

o}
0
H,N
NH,
H
Cys(4- O
MeOBzl) Kij/ ~
——

Tyr(Bzl)

,/O hTyr(Me)

S

O
H,N

OH

O
O
HN
OH
0]
O
HN H
OH
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Unnatural Alpha-Amino Acids

Unnatural Alpha-Amino Acids

Abbreviation Structure Abbreviation Structure
Abu(Bth) Q 1-Nal
S N
Y
(0]
N
(0]
LN OH
OH
Hnv OH
Tyr(2,6-Cl- Cl
Bzl)
(0]
(0]
N
Cl
OH
(0]
H,N 2-Nal
OH
Bip
(0]
HoN
OH
(0]
H,N Met(0,) O\s -
o o
Bpa (@]
(0]
N
OH
Abu
(0]
HN
(0]
OH N
OH
hSer OH
AC5C
(0] (6]
HN N
OH OH
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-continued -continued
Unnatural Alpha-Amino Acids Unnatural Alpha-Amino Acids
Abbreviation Structure
Abbreviation Structure 4NO,-3-F- F
Phe ON,
Nva
(0]
HN
N
OH
HO
Igl
Chg
(0]
HN
HN
OH
2

H
N

Che

N
H
Tic
Arg(Z)2
2(2) X
Chz Y
o NH
N
H
Tle
H,N
OH
0
H,N hAbu
H,N

OH
OH
OH
(6]

AllyGly

o]

o]

2-Aoc DAB 0
H,N,

OH

NH,

L-Ide
o]
H,N
o]
o]
H

O

[0163] Unless otherwise indicated, the alkyl, alkenyl, and
alkynyl groups described herein preferably contains from 1
NH to 20 carbon atoms in the principal chain. They may be
straight or branched chain or cyclic (e.g., cycloalkyls).
Alkenyl and alkenylene groups can contain saturated or
unsaturated carbon chains so long as at least one carbon-

HO,

< -
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carbon double bond is present. Alkynyl and alkynylene
groups can contain saturated or unsaturated carbon chains so
long as at least one carbon-carbon triple bond is present.
Unless otherwise indicated, the alkoxy groups described
herein contain saturated or unsaturated, branched or
unbranched carbon chains having from 1 to 20 carbon atoms
in the principal chain.

[0164] Unless otherwise indicated herein, the term “aryl”
refers to monocyclic, bicyclic or tricyclic aromatic groups
containing from 6 to 14 ring carbon atoms and including, for
example, phenyl. The term “heteroaryl” refers to monocy-
clic, bicyclic or tricyclic aromatic groups having 5 to 14 ring
atoms and containing carbon atoms and at least 1, 2 or 3
oxygen, nitrogen or sulfur heteroatoms. Unless otherwise
indicated herein, the terms “aralkyl” or “arylalkyl” refer to
a moiety of the formula —(CH,)q-Y, wherein q is an integer
from 1, 2, 3, 4, 5, or 6, and “Y” is a monocyclic, bicyclic or
tricyclic aromatic groups containing from 6 to 14 ring
carbon atoms and including, for example, phenyl or naph-
thyl. Various substituted groups referred to herein can each
be substituted by, for example, 1, 2, or 3 substituents
independently selected from, for example, halogen, —OH,
—CN, —NO, —NH,, alkyl, alkoxy, or —CFj.

Methods of Use

[0165] Any of the compounds described herein are useful
for inhibiting one or more trypsin-like S1 serine proteases.
In particular, compounds of Formulas (I), (ITA)-(IIH), and
(IITA)-(IIC) are useful for inhibiting one or more of
matriptase, hepsin, and/or HGFA. Accordingly, the present
invention is also directed to a method of inhibiting a
trypsin-like S1 serine protease (e.g., matriptase, hepsin,
KLKS, TMPRSS2 and/or HGFA) comprising administering
to a subject in need thereof a pharmaceutical composition
comprising a therapeutically effective amount of at least one
compound of Formula (I), (IIA)-(IIH), or (IIIA)-(IIIC) as
described herein. In certain, embodiments the compounds
are highly selective for one of matriptase, hepsin, or HGFA.
[0166] As noted, trypsin-like S1 serine proteases like
matriptase, hepsin, HGFA, KLKS5, and TMPRSS2 are
involved in various cancerous disease conditions. Thus, the
present invention is directed to various methods of using the
inhibitor compounds to treat cancer in a subject (e.g., a
human). One method includes inhibiting HGF/MET onco-
genic signaling by administering to a subject in need thereof
a pharmaceutical composition comprising a therapeutically
effective amount of at least one compound of Formula (1),
(ITA)-(IIH), or (IITA)-(IIIC) as described herein. Another
method includes inhibiting MSP/RON oncogene signaling
by administering to a subject in need thereof a pharmaceu-
tical composition comprising a therapeutically effective
amount of at least one compound of Formula (I), (IIA)-
(ITH), or (IIIA)-(IIIC) as described herein. Yet another
method including reversing resistance to a kinase inhibitor
by blocking HGF and/or MPS production and/or activation
by administering to a subject in need thereof a pharmaceu-
tical composition comprising a therapeutically effective
amount of at least one compound of Formula (I), (IIA)-
(ITIH), or (IITA)-(IIIC) as described herein.

[0167] Further methods include overcoming and prevent-
ing resistance to a DNA-damaging agent including gemcit-
abine comprising administering to a subject in need thereof
a pharmaceutical composition comprising a therapeutically
effective amount of at least one compound of Formula (1),
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(ITA)-(IIH), or (IITA)-(IIIC) as described herein. Still other
methods include overcoming and preventing resistance to an
immunotherapy agent including a PD-1 antagonist compris-
ing administering to a subject in need thereof a pharmaceu-
tical composition comprising a therapeutically effective
amount of at least one compound of Formula (I), (IIA)-
(IIH), or (IITA)-(IIIC) as described herein.

[0168] Another method includes inhibiting carcinoma pro-
gression and metastasis comprising administering to the
subject in need thereof a pharmaceutical composition com-
prising a therapeutically effective amount of at least one
compound of Formula (I), (IIA)-(ITH), or (IITA)-(IIIC) as
described herein.

[0169] A further method includes treating a malignancy, a
pre-malignant condition, or cancer in a subject comprising
administering to the subject in need thereof a pharmaceutical
composition comprising a therapeutically effective amount
of at least one compound of Formula (I), (IIA)-(ITH), or
(IITA)-(IIIC) as described herein. The cancer can be selected
from the group consisting of breast, ovarian, prostate, endo-
metrial, colon, pancreatic, head and neck, gastric, renal,
brain, liver, bladder, kidney, lung, esophageal, leukemia,
multiple myeloma, lymphoma, and melanoma. For example,
the malignancy and the pre-malignant condition can be a
condition of the breast, lung, colon, and/or pancreas. Also,
the pre-malignant condition can be selected from the group
consisting of a typical ductal hyperplasia of the breast,
actinic keratosis, leukoplakia, Barrett’s epithelium (colum-
nar metaplasia) of the esophagus, ulcerative colitis, adeno-
matous colorectal polyps, erythroplasia of Queyrat, Bow-
en’s disease, bowenoid papulosis, vulvar intraepthelial
neoplasia, and dysplastic changes to the cervix. In various
methods, the cancer can also be metastasized.

[0170] Methods of Inhibiting TMPRSS2 and KLK5

[0171] As noted, TMPRSS2 is a type Il transmembrane
serine protease (TTSP) is essential for host-cell viral entry
and replication of SARS-CoV-2 2-4, SARS-CoV and other
coronaviruses such as MERS-CoV, and influenza. SARS-
CoV-2 cell entry involves binding to the host cell receptor
ACE2 which requires proteolytic priming of the Spike
protein by TMPRSS2, such that TMPRSS2 inhibitors offer
promise as effective therapeutics for COVID-19.

[0172] Accordingly, methods of the present invention
include methods of treating or preventing a viral infection in
a subject comprising administering to the subject in need
thereof a pharmaceutical composition comprising a thera-
peutically effective amount of at least one compound of (a)
Formula (I), (ITA)-(I1H), or (IIIA)-(IIIC); (b) a polypeptide-
based inhibitor; and/or (c) a benzamidine-based inhibitor. In
various embodiments, the viral infection is caused by a
coronavirus. For example, in some embodiments, the coro-
navirus is selected from the group consisting of SARS-CoV,
SARS-CoV-2, and MERS-CoV. In further embodiments, the
viral infection is caused by an influenza virus.

[0173] Other embodiments relate to methods of inhibiting
TMPRSS2 in an organism comprising administering to the
organism a composition comprising an effective amount of
at least one compound of (a) Formula (I), (ITA)-(IIH), or
(IITA)-(IIC); (b) a polypeptide-based inhibitor; and/or (c) a
benzamidine-based inhibitor.
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[0174] Insome embodiments, the compound for inhibiting -continued
TMPRSS2 comprises at least one of:
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[0175] KLKS5 is a serine protease heavily involved in

epidermal cell shedding (desquamation). It has also been
linked to carcinogenic properties in various cancers (e.g.,
breast and ovarian cancer). Accordingly, various embodi-
ments relate to methods of treating or preventing a condition
at least in part associated with upregulated KILK5 in a
subject comprising administering to the subject in need
thereof a pharmaceutical composition comprising a thera-
peutically effective amount of at least one compound of (a)
(D, (ITA)-(ITH), or (IIIA)-(IIIC); (b) a polypeptide-based
inhibitor; and/or (c) a benzamidine-based inhibitor. In some
embodiments, the condition at least in part associated with
upregulated KLLKS comprises cancer (e.g., ovarian and/or
breast cancer). In other embodiments, the condition com-
prises an allergic condition (e.g., eosinophilic esophagitis).
In various embodiments, the condition comprises a skin
disorder (e.g., Netherton syndrome).

[0176] Other embodiments relate to methods of inhibiting
KLKS in an organism comprising administering to the
organism a composition comprising an effective amount of
at least one compound of (a) Formula (I), (ITA)-(IIH), or
(IITA)-(IIC); (b) a polypeptide-based inhibitor; and/or (c) a
benzamidine-based inhibitor.

[0177] The polypeptide-based inhibitors and a benzami-
dine-based inhibitors useful in these methods include those

49

Dec. 1, 2022

described in U.S. Patent Application Publication 2018/
0066015, which is hereby incorporated by reference herein.

[0178] For example, various polypeptide-based inhibitors
described in US2018/0066015 include compounds of For-
mula (IV):

Y—@s)y—(Py)y—(P3),—P>r—P—2Z av)
wherein
[0179] nisOor1;
[0180] mis Oor 1;
[0181] bisOor1;
[0182] Y is H, acetyl, tert-butyloxycarbonyl, benzyloxym-

ethyl acetyl, carboxybenzyl, FMOC, benzyl, —C(O)R,,
—SOOR,,, —COOR,, —C(O)NHR,,, —(CH,),aryl-R,, het-
eroaryl-R,, -cycloalkyl-R,, or a fluorophore;

[0183] xis O, 1, or 2;
[0184] R, is C, to C,, alkyl, cycloalkyl, alkylaryl, or aryl;
[0185] P, is a residue of an amino acid selected from the

group consisting of Arg, D-Arg, Lys, substituted Lys, and an
alpha-amino acid of the following:
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or an unnatural amino acid residue;

[0186] P, is a residue of an amino acid selected from the
group consisting Leu, Phe, Met, Thr, Val, Tyr, Trp, Ser, Pro,
His, Glu, Gln, Asp, Arg, Lys, Ile, Ala, Gly, Asn, hlLeu,
NptGly, L-Orn, L-Cha, Nle, hTyr, Nva, Orn, Cha, and an
unnatural amino acid residue;

[0187] P, is a residue of an amino acid selected from the
group consisting Asp, Glu, Arg, Lys, Met, Trp, Leu, Gln,
Phe, Tyr, His, hArg, D-Trp, L-Orn, D-Gln, L-Met(O), L-Nle
(OBzl), Agp, hCha, hTyr, hPhe, D-Arg, Nle(OBzl), Orn,
Met(O), and an unnatural amino acid residue;

[0188] P, is a residue of an amino acid selected from the
group consisting Arg, Lys, Met, Try, Trp, Ser, His, Phe, Thr,
Asn, Pro, Gln, Asp, Glu, Chg, Idc, dhLeu, Agp, D-Ser, Agp,
His(3-Bom), Lys(2-Cl-Z), L-Orm, L-Arg(NO,), L-Nle
(OBzl), L-DAB(Z) and an unnatural amino acid residue;
[0189] P, is a residue of an amino acid selected from the
group consisting Lys, Arg, Leu, Phe, Met, Thr, Val, Tyr, Trp,
Ser, Pro, His, Glu, Gln, Asp, Ile, Ala, Gly, Asn, and an
unnatural amino acid residue; and

[0190] Z is Val, Ser, Lys, Ala, Gly, Trp, Tyr, Phe, Arg, Thr,
Leu, Ile, Met, His, Nle, Phg, Pro, Gln, Asn, —CH,CI, or a
substituted or unsubstituted ring substituent selected from
the group consisting of:

0,
OH

—X N N—N
HO D LIS

YN I Ny
19hi SN 3V
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[0191] As understood, when two or more amino acids
combine to form a peptide (e.g., of Formula (IV)), the
elements of water are removed, and what remains of each
amino acid is called an amino-acid residue.

[0192] In various embodiments, the compound of Formula
(IV) include one or more of the following:

[0193] Y is H, acetyl, tert-butyloxycarbonyl, benzyloxym-
ethyl acetyl, carboxybenzyl, FMOC, benzyl, —C(O)R,,
—SOOR,, —COOR,, —C(O)NHR,, —(CH,),aryl-R,, het-
eroaryl-R,, -cycloalkyl-R, or a fluorophore;

[0194] xis O, 1, or 2;

[0195] R, is C, to C,, alkyl, cycloalkyl, alkylaryl, or aryl;
[0196] P, is a residue of an amino acid selected from the
group consisting Arg, D-Arg, Lys, and substituted Lys;

[0197] P, is a residue of an amino acid selected from the
group consisting Leu, Phe, Met, Thr, Val, Tyr, Trp, Ser, Pro,
His, Glu, Gln, Asp, Arg, Lys, Ile, Ala, Gly, Asn, hlLeu,
NptGly, L-Orn, L-Cha, Nle, hTyr, Nva, Orn, and Cha;

[0198] P, is a residue of an amino acid selected from the
group consisting Asp, Glu, Arg, Lys, Met, Trp, Leu, Gln,
Phe, Tyr, His, hArg, D-Trp, L-Orn, D-Gln, L-Met(O), L-Nle
(OBzl), Agp, hCha, hTyr, hPhe, D-Arg, Nle(OBzl), Orn, and
Met(O);

[0199] P, is a residue of an amino acid selected from the
group consisting Arg, Lys, Met, Try, Trp, Ser, His, Phe, Thr,
Asn, Pro, Gln, Asp, Glu, Chg, Idc, dhLeu, Agp, D-Ser, Agp,
His(3-Bom), Lys(2-Cl-Z), L-Orm, L-Arg(NO,), L-Nle
(OBzl), and L-DAB(Z);

[0200] P, is a residue of an amino acid selected from the
group consisting Lys, Arg, Leu, Phe, Met, Thr, Val, Tyr, Trp,
Ser, Pro, His, Glu, Gln, Asp, Ile, Ala, Gly, and Asn; and

[0201] Zis Val, Ser, Lys, Ala, Gly, Trp, Tyr, Phe, Arg, Thr,
Leu, lle, Met, His, Nle, Phg, Pro, Gln, Asn, —CH,Cl,
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[0202] T, is C(O), SO,, CH,, or heterocyclo;
[0203] K, is a D- or L-amino acid, wherein the C-terminus
is —COOH, —C(O)NH,, —OH, —OR,,, —NH,,

—NR,;R,,, —H, or heterocyclo;

[0204] R,,isC, to C,, alkyl, cycloalkyl, alkylaryl, or aryl;
[0205] R,, and R}, are each independently H, C, to C,,
alkyl, cycloalkyl, alkylaryl, aryl, or heterocyclo; and Ru and
R,, together can form a ring; and/or

[0206] L, is H, alkyl, cycloalkyl, alkylaryl, benzyl, sub-
stituted benzyl, 2- or 3- or 4-piperdinyl, 2- or 3- or 4-pyridi-
nyl, alkyl, cycloalkyl, aryl, heterocyclo, or heteroaryl.
[0207] In various embodiments, in Formula (IV), P, is an
amino acid residue of Arg; P, is an amino acid residue of
Leu, Phe, Met, Tyr, Trp, hLeu, NptGly, Nle, hTyr, or Nva; P,
is an amino acid residue of His, Gln, Arg, Lys, Leu, Phe, Trp,
Tyr, hArg, D-Trp, Agp, hCha, hTyr, hPhe, or D-Arg; and/or
P, is an amino acid residue of Thr, Asn, Ser, Arg, Lys, Phe,
Trp, His(Bom), Agp, Lys(2-Cl-Z), dhleu, Idc, or Chg.
[0208] In some embodiments, in Formula (IV), P, is an
amino acid residue of Arg or Lys; P, is an amino acid residue
of Phe, Ala, Arg, Asn, Gln, Glu, Gly, His, Leu, Lys, Met, Pro,
or Ser; P; is an amino acid residue of Arg, Leu, Trp, Phe, His,
Gln, Lys, D-Trp, or D-Arg; and/or P, is an amino acid
residue of Pro, Phe, Thr, Asn, Trp, Gln, Ser, Lys, Arg, or
His(Bom).

[0209] In certain embodiments, P, is an amino acid resi-
due of Arg; P, is an amino acid residue of Pro, Arg, Asn,
Asp, Gln, Ile, Leu, Lys, Phe, Thr, Trp, Tyr, O, Cha, Nle,
or Nva; P; is an amino acid residue of Leu, Trp, Phe, His,
Gln, Lys, Arg, D-Gln, Agp, Nle (OBzl), Orn, Met(O), D-Trp,
or D-Arg; and/or P, is an amino acid residue of Pro, Phe,
Thr, Asn, Trp, Gln, Ser, Arg, Lys, Agp, DAB(Z), Nle (OBzl),
Orn, Arg(NO,), or His(Bom).

HZNYNH
N
0

a

N

jus)

51

Dec. 1, 2022

[0210] Insome embodiments, mis 1,nis 1, and P,—P,—
P,—P, of Formula (IV) is a tetrapeptide selected from the
group consisting of SEQ ID NO 1, SEQ ID NO 2, SEQ ID
NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 6, SEQ
ID NO 7, SEQ ID NO 8, SEQ ID NO 9, SEQ ID NO 10,
SEQ ID NO 11, SEQ ID NO 12, SEQ ID NO 13, SEQ ID
NO 14, SEQ ID NO 15, SEQ ID NO 16, SEQ ID NO 17,
SEQ ID NO 18, SEQ ID NO 19, SEQ ID NO 20, and
mixtures thereof.

[0211] In some embodiments, P, can form a bond with Py
and form a cyclic peptide. In other embodiments, P, can
form a bond with P, and form a cyclic peptide.

[0212] In certain embodiments, P,, P;, P,, and Ps are
independently selected from the group consisting of Asp,
Glu, Lys, Tyr, 4-NO,-3-F-Phe, or allyGly.

[0213]

S JI\KI.
<1r
N

[0214]

0
S N/Ll'
§ <\ H
N

[0215]
group.
[0216] In various embodiments, Y is acetyl; J; is C(O);
and/or K, is amino acid residue of Val.

[0217] In certain embodiments, Y is a fluorophore, biotin,
or a reporter tag. For example, the fluorophore can be
selected from the group consisting of Cy3, Cy3.5, CyS5,
Cy5.5, Cy7, and Cy7.5.

[0218] In some embodiments, the compound of Formula
(IV) is a tetrapeptide selected from the group consisting of:

In some embodiments, in Formula (IV), Z is

In other embodiments, Z is

In some embodiments, L., is a substituted benzyl

HZNYNH
HN
O
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[0219] In some embodiments, the compound of Formula
(IV) is a tripeptide selected from the group consisting of:

HZNYNH HZNYNHN
HN HN.
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[0220] In some embodiments, the compound of Formula
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[0221] In some embodiments, the compound of Formula
(IV) is a cyclic peptide of the following structure:

HZNYNH
HN
N 0 S
N ~
HN ; N N
H H "
N 0 = 0
N - 0 J/

o
/( HN
N 0 HN)\

[0222] In various embodiments, Y is a fluorophore. The
fluorophore can be selected from the group consisting of
Cy3, Cy3.5, Cy5, Cy5.5, Cy7, and Cy7.5.

[0223] In some embodiments, the compound of Formula
(IV) is selected from the group consisting of:

LN NH LN
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[0224] Various benzamidine-based inhibitors described in
US2018/0066015 include compounds of Formula (V), as a
single stereoisomer or as a mixture thereof, or a salt thereof:

V)

I G
By
[0225] wherein R, is substituted or unsubstituted alkyl,

substituted or unsubstituted aryl, or substituted or unsubsti-
tuted heteroaryl;

[0226] B, is selected from the group consisting of:
?, HNYQA »
HN NH, NH,
> HN, ,
HN NH >_§
H>N
NH,

HN , N, ,

>§N >\/NH
H,N H,N
HN LN
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[0227]

Ay

C, is a group selected from the group consisting of:

k/W f{ R4,
. ;im/m .

55

N I
. | ®ow Ry
NNy N

[0228] W is CH, CH,, N, or NH;

[0229] R,, R;, R,, Ry, Rg, R, and Ry are each indepen-
dently hydrogen, substituted or unsubstituted alkyl or
cycloalkyl, substituted or unsubstituted alkylaryl, substi-
tuted or unsubstituted heterocyclic ring, substituted or
unsubstituted aryl or heteroaryl, with the proviso that when
R, is methyl, then R, cannot also be methyl and vice versa;
and mis O to 5.

[0230] In various embodiments, R, is substituted or
unsubstituted C,-C, alkyl, substituted or unsubstituted
C;-C; cycloalkyl, substituted or unsubstituted phenyl, sub-
stituted or unsubstituted naphthyl, or a substituted or unsub-
stituted nitrogen-containing aromatic ring. For example, the
substituted C,-C4 alkyl, substituted C;-C4 cycloalkyl, sub-
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stituted phenyl, substituted naphthyl, or substituted nitro-
gen-containing aromatic ring can comprise one or more
substituents comprising halo, hydroxy, C,-C, alkyl, C,-Cg
alkoxy, halo-substituted C,-C, alkyl, or amino. In certain
embodiments, R, is an group selected from the group
consisting of:

S
P
5557

[0231] In some embodiments, C, is a group selected from

the group consisting of:
N/\ Il\I\ N/\ OR,
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;i o ﬁévm y
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[0232] W is CHor N;
[0233] R,, R;, R, Ry, Rg, R, and Ry are each indepen-

dently hydrogen, substituted or unsubstituted alkyl or
cycloalkyl, substituted or unsubstituted alkylaryl, substi-
tuted or unsubstituted heterocyclic ring, substituted or
unsubstituted aryl or heteroaryl, with the proviso that when
R, is methyl, then R, cannot also be methyl and vice versa;
and m is O to 5, or a pharmaceutically acceptable salt thereof.
[0234] In some embodiments, R,, R;, R,, R5, Rg, R, and
Ry are each independently hydrogen, substituted or unsub-
stituted C,-C,, alkyl or cycloalkyl, substituted or unsubsti-
tuted heterocyclic ring, substituted or unsubstituted aryl, or
substituted or unsubstituted heteroaryl. In particular embodi-
ments, R, is hydrogen; R; is hydrogen, C,-C; alkyl, benzyl,
or halo-substituted benzyl; R, and R, are each independently
hydrogen, C,-C alkyl, halo- or alkoxy-substituted C,-Cg
alkyl, phenyl, phenethyl, benzyl, halo- or alkoxy-substituted
benzyl; substituted or unsubstituted 3-benzothiophenyl, or
substituted or unsubstituted 1-morpholinyl; R is hydrogen,
C,-C, alkoxy; and/or R, and R, are each independently
hydrogen or C,-C, alkyl.

[0235] In certain embodiments, C, is

R, is hydrogen; and R, is hydrogen, C,-C, alkyl, benzyl,
halo-substituted benzyl, aryl, cycloalkyl, alkylaryl, or het-
ercyclo.

[0236] In the various methods of the present invention, the
compounds of Formula (1), (IIA)-(IIH), or (IITA)-(IIIC) can
also be administered in combination with one or more
additional pharmaceutical drugs, therapies, or procedures
such as an anticancer compound, radiation therapy, a com-
pound that induces apoptosis, a surgical procedure, or any
combination thereof.

[0237] In accordance with the various methods of the
present invention, a pharmaceutical composition comprising
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a compound of Formula (I), (IIA)-(IIH), or (IITA)-(IIIC) is
administered to the subject in need thereof. The pharmaceu-
tical composition can be administered by a route including,
but not limited to, oral, intravenous, intramuscular, intra-
arterial, intramedullary, intrathecal, intraventricular, trans-
dermal, subcutaneous, intraperitoneal, intranasal, parenteral,
topical, sublingual, or rectal means. In various embodi-
ments, administration is selected from the group consisting
of oral, intranasal, intraperitoneal, intravenous, subcutane-
ous, intramuscular, intratumoral, rectal, topical, and trans-
dermal.

[0238] The determination of a therapeutically effective
dose for any one or more of the inhibitor compounds
described herein is within the capability of those skilled in
the art. A therapeutically effective dose refers to that amount
of active ingredient which provides the desired result. The
exact dosage will be determined by the practitioner, in light
of factors related to the subject that requires treatment.
Dosage and administration are adjusted to provide sufficient
levels of the active ingredient or to maintain the desired
effect. Factors which can be taken into account include the
severity of the disecase state, general health of the subject,
age, weight, and gender of the subject, diet, time and
frequency of administration, drug combination(s), reaction
sensitivities, and tolerance/response to therapy. Long-acting
pharmaceutical compositions can be administered every 3 to
4 days, every week, or once every two weeks depending on
the half-life and clearance rate of the particular formulation.
[0239] Typically, the normal dosage amount of the inhibi-
tor can vary from about 0.05 to about 100 mg per kg body
weight depending upon the route of administration. Guid-
ance as to particular dosages and methods of delivery is
provided in the literature and generally available to practi-
tioners in the art. It will generally be administered so that a
daily oral dose in the range, for example, from about 0.1 mg
to about 75 mg, from about 0.5 mg to about 50 mg, or from
about 1 mg to about 25 mg per kg body weight is given. The
active ingredient can be administered in a single dose per
day, or alternatively, in divided does (e.g., twice per day,
three time a day, four times a day, etc.). In general, lower
doses can be administered when a parenteral route is
employed. Thus, for example, for intravenous administra-
tion, a dose in the range, for example, from about 0.05 mg
to about 30 mg, from about 0.1 mg to about 25 mg, or from
about 0.1 mg to about 20 mg per kg body weight can be
used.

[0240] A pharmaceutical composition for oral administra-
tion can be formulated using pharmaceutically acceptable
carriers known in the art in dosages suitable for oral admin-
istration. Such carriers enable the pharmaceutical composi-
tions to be formulated as tablets, pills, dragees, capsules,
liquids, gels, syrups, slurries, suspensions, and the like, for
ingestion by the subject. In certain embodiments, the com-
position is formulated for parenteral administration. Further
details on techniques for formulation and administration can
be found in the latest edition of REMINGTON’S PHAR-
MACEUTICAL SCIENCES (Mack Publishing Co., Easton,
Pa., which is incorporated herein by reference). After phar-
maceutical compositions have been prepared, they can be
placed in an appropriate container and labeled for treatment
of an indicated condition. Such labeling would include
amount, frequency, and method of administration.

[0241] In addition to the active ingredients (e.g., the
inhibitor compound), the pharmaceutical composition can
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contain suitable pharmaceutically acceptable carriers com-
prising excipients and auxiliaries that facilitate processing of
the active compounds into preparations which can be used
pharmaceutically. As used herein, the term “pharmaceuti-
cally acceptable carrier” means a non-toxic, inert solid,
semi-solid or liquid filler, diluent, encapsulating material, or
formulation auxiliary of any type. Some examples of mate-
rials which can serve as pharmaceutically acceptable carriers
are sugars such as lactose, glucose, and sucrose; starches
such as corn starch and potato starch; cellulose and its
derivatives such as sodium carboxymethyl cellulose, ethyl
cellulose, and cellulose acetate; powdered tragacanth; malt;
gelatin; talc; excipients such as cocoa butter and suppository
waxes; oils such as peanut oil, cottonseed oil; safflower oil;
sesame oil; olive oil; corn oil; and soybean oil; glycols such
as propylene glycol; esters such as ethyl oleate and ethyl
laurate; agar; detergents such as TWEEN 80; buffering
agents such as magnesium hydroxide and aluminum hydrox-
ide; alginic acid; pyrogen-free water; isotonic saline; Ring-
er’s solution; ethyl alcohol; artificial cerebral spinal fluid
(CSF), and phosphate buffer solutions, as well as other
non-toxic compatible lubricants such as sodium lauryl sul-
fate and magnesium stearate, as well as coloring agents,
releasing agents, coating agents, sweetening, flavoring, and
perfuming agents, preservatives and antioxidants can also be
present in the composition, according to the judgment of the
formulator based on the desired route of administration.
[0242] The compounds of the present invention can also
be used in various nuclear imaging techniques when labeled
with a suitable radionuclide. Accordingly, an imaging com-
position in accordance with the present invention comprises
a radiolabeled compound of Formula (1), (ITA)-(IIH), or
(IITA)-(IIIC), wherein the labeled compound comprises a
radioisotope selected from the group consisting of ''C, *N,
150, 18F, 5By, 124, 125], and '*'1. Methods known in the art
for radiolabeling the compounds of the present invention
may be used.

[0243] Imaging methods in accordance with the present
invention include a method of detecting cancer comprising:

[0244] administering to a subject a radiolabeled com-
pound of Formula (I), (ITA)-(IIH), or (IIIA)-(IIIC);

[0245] employing a nuclear imaging technique for moni-
toring or visualizing a distribution of the radiolabeled com-
pound within the body or within a portion thereof, and

[0246] correlating the distribution of the radiolabeled
compound to the existence of cancer.

[0247] In various embodiments, the nuclear imaging tech-
nique is positron emission tomography (PET) or photon
emission computed tomography (SPECT).

[0248] Imaging methods in accordance with the present
invention include a method of detecting cancer comprising:

[0249] administering to a subject a fluorescent compound
of Formula (I), (IIA)-(IIH), or (IITA)-(IIIC);

[0250] employing an imaging technique for monitoring or
visualizing a distribution of the fluorescent compound
within the body or within a portion thereof, and

[0251] correlating the distribution of the fluorescent com-
pound to the existence of cancer.

[0252] Having described the invention in detail, it will be
apparent that modifications and variations are possible with-
out departing from the scope of the invention defined in the
appended claims.
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EXAMPLES

[0253] The following non-limiting examples are provided
to further illustrate the present invention.

Example 1. General Synthetic Route for
Macrocycles in Solution Phase

[0254] The macrocycles were synthesized in accordance
with FIGS. 1 and 2 and the procedures described below.

[0255] General procedure A. Peptide coupling in solution
phase: An appropriate N-protected amino acid was treated
with peptide coupling reagent EDCI/HOBt or HATU (1.3
eq) in DMF for 30 min. The reaction was cooled to 0-5° C.
and amino acid methyl ester hydrochloride (1.1 equiv.) was
added followed by diisopropylethyl amine (3.0 equiv.) at
0-5° C. The reaction was continued with stirring for 15
minutes, then was allowed to come to room temperature and
continued overnight. The reaction was monitored by TLC/
LCMS. The solvent was removed under reduced pressure
and the residue was partitioned between EtOAc and 5%
aqueous HCI. The layers were separated and the organic
layer was washed with aqueous 5% HCI, saturated NaHCO,
solution (2x), and brine (1x). The organic layer was dried
over anhydrous Na,SO,, filtered, and concentrated. The
crude product was purified by silica column chromatogra-
phy.

[0256] General procedure B. Boc-deprotection: Boc-pro-
tected peptide was treated with 4 M HCl in dioxane (10
ml./1 g) at room temperature for 3 hours. The reaction was
monitored by TL.C. The solvent was removed on the rotavap,
the crude product was triturated with diethyl ether, and the
product was filtered and used in next step.

[0257] General procedure C. Hydrogenolysis or benzyl
deprotection: To a solution of benzyl ester in methanol/ethyl
acetate (10-20 mL/1 g) was added 10% Pd/C (50 mol %),
and the mixture was shaken on a Parr hydrogenator for 8
hours under 40-45 atm of H, while monitoring the reaction
by TL.C or LCMS. The reaction mixture was filtered through
Celite, and the Celite bed was washed with methanol. The
filtrate was concentrated under reduced pressure to yield a
white solid.

[0258] General procedure D. Acetylation of peptides: The
Boc de-protected compound was dissolved in DMF or
DCM, cooled to 0-5° C., and N, N-diisopropylethylamine
(DIEA) (3 mmol) was added followed by acetic anhydride
(1.5 mmol). The reaction was stirred for 1 hour at room
temperature and monitored by TLC or LCMS. The solvent
was removed on reduced pressure. The residue was parti-
tioned between ethyl acetate and ice cold water and the
layers were separated. The organic layer was washed with
ice cold water (2x) and saturated NaCl solution, dried over
anhydrous Na,SO,, filtered, and concentrated to yield a
white solid.

[0259] General procedure E. Synthesis of macrocyclic
esters: To a solution of acyclic compound (0.5 mmol) in dry
DMF (250 mL) was added EDCI (0.75 mmol), HOBt (0.75
mmol), and DIEA (1.5 mmol), and the mixture was stirred
for 18 hours at room temperature while monitoring the
reaction by TLC or LCMS. The solvent was removed and
the residue partitioned between EtOAc (200 mL) and 10%
aqueous citric acid (2x50 mL). The ethyl acetate layer was
further washed with saturated aqueous NaHCO,; (2x50 mL)
followed by saturated NaCl (50 mL), dried over anhydrous
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Na,SO,, filtered, and concentrated. The crude product was
purified by flash chromatography to yield cyclic ester.
[0260] General procedure F. Hydrolysis of esters: A solu-
tion of ester (0.1 mmol) in THE (2 ml.) was treated with 1
M aqueous LiOH (2 mL). The reaction mixture was stirred
for 3 hours at room temperature, and the absence of starting
material was monitored by TLC. Most of the solvent was
evaporated off, the residue was diluted with water and the
pH was adjusted ~3.0 using 5% aqueous HCI. The product
was extracted with ethyl acetate (3x100 mlL). Combined
ethyl acetate layers were washed with saturated NaCl (25
ml), dried over anhydrous Na,SO,, filtered, and concen-
trated to yield the corresponding acids.

[0261] General procedure G. De-protection of Pbf and
Mtr: The resulting Pbf/Mtr protected analogs (1.0 mmol)
were dissolved in TFA/thioanisole/water (95:2.5:2.5 v/v/v)
and the mixture was stirred at room temperature for 2-3
hours. The reaction was monitored by LCMS. Solvent was
removed in vacuo and cold ether (40 mL) was added to the
residue to yield a precipitate. The ether solvent was decanted
carefully and the crude product was purified by HPLC (Cis,
15x150 mm column; ecluent: acetonitrile/water (0.05%
TFA)) to give the resulting compound.

[0262] General procedure H. Oxidation of alcohols: The
resulting alcohol (170 mg, 0.159 mmol) was dissolved in
anhydrous DMF (5 mL) under nitrogen atmosphere, fol-
lowed by the addition of Dess-Martin periodinane (135 mg,
0.318 mmol) at 0° C., and the reaction was stirred and
allowed to come to room temperature. The absence of
starting material was monitored by TLC or LCMS. After
completion of the reaction, the solvent was removed under
reduced pressure, water was added to the residue, and the
crude product was precipitated out. The product was filtered
and washed with water, dried, and purified by flash chro-
matography.

[0263] General Procedure . Ring closing metathesis
(RCM) macrocyclization: Acyclic precursor (250 mg, 0.512
mmol) was dissolved in DCM (400 mL, 0.2 mol). The
reaction was degassed for 30 minutes by purging with
nitrogen gas, and Grubbs 2"¢ generation catalyst lot-1 (44
mg, 10 mol %) was added. The reaction was heated to reflux
temperature and continued for 30 minutes. Grubbs 274
generation catalyst lot-2 (22 mg, 5 mol %) was added and
the reaction was continued at reflux temperature for 18 hours
under nitrogen atmosphere. The reaction was monitored by
TLC or LCMS. After consumption of starting material, the
reaction was cooled to room temperature and quenched by
adding activated charcoal (100 mg) and stirring the reaction
for 1 hour. The reaction mass was filtered through a celite
bed and washed with DCM. The filtrate was concentrated
and the crude product was purified by silica column. The
product was collected as an off-white solid.

Example 2. General Synthetic Route for
Macrocyclic Inhibitors in Solid Phase

[0264] The macrocyclic inhibitors were synthesized in
accordance FIG. 3 and the procedures described below.

[0265] Peptide coupling and deprotection steps of the
Fmoc group: Into the reaction vessel (with a fritted glass
resin support) containing Fmoc-L-Lys(Boc)-Wang resin (2
g, 0.68 mmol), DCM (20 mL) was added. The mixture was
shaken at room temperature for 15 min, and filtered. To the
resulting resin piperidine/DMF (20% v/v, 20 mL) was added
and the mixture was shaken for 30 minutes at RT, then
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filtered. The resin was washed with DCM (2x20 ml) and
DMF (2x20 mL). Fmoc-AA-OH (2.04 mmol), HBTU (2.38
mmol), iPr,NEt (4.08 mmol), and DMF (20 mL.) were added
to the vessel and shaken at 2 hours or overnight, then
filtered. The resin was washed with DCM (2x20 ml)
followed by DMF (2x20 mL).

[0266] Acetyl capping of the peptides: The peptide resin
was suspended in 20 mL. DMF, 1.36 mmol Ac,0, and 2.72
mmol iPr,NEt. The mixture was shaken at RT for 1 hour.
The resin was filtered and washed with DCM (2x20 mL)
followed by DMF (2x20 mL).

[0267] Cleavage of Boc and t-Bu groups of peptides: To
the resin in the vessel 20 mL of 4M HCl in 1, 4-dioxane was
added and shaken for 30-40 min. at room temperature. The
resin was filtered, and washed with DCM (2x20 mL) fol-
lowed by DMF (2x20 mL).

[0268] Cyclization of peptide in presence of resin: EDCI
(2.04 mmol), HOBt (2.04 mmol), iPr,NEt (3.4 mmol), and
DMF (40 mL) were added to the resin in the reaction vial
and the resulting mixture was shaken overnight at room
temperature. The resin was filtered and washed with DCM
(2x20 mL) followed by DMF (2x20 mL).

[0269] Cleavage of macrocyclic resin: Acetyl capped mac-
rocyclic resin was suspended in TFA (2x15 mL) and shaken
for 30 min. The mixture was filtered and the resin was
washed with DCM (2x20 mL). The filtrate was concen-
trated, cold ether was added to the residue, and the precipi-
tate was obtained. The crude product was obtained by
filtering and purified by flash chromatography.

[0270] Macrocyclic ketobenzothiazoles: The macrocyclic
acid (0.334 mmol) was dissolved in dry DMF (5 mL) under
nitrogen atmosphere at 0° C. HATU (0.40 mmol) was added
and the reaction was stirred for 15 min, followed by addition
of Pbf-protected arginine ketobenzothiazole (0.334 mmol)
and iPr,NEt (1.00 mmol) at 0° C. The reaction was allowed
to come to room temperature and stirred for 2-3 h. DMF was
removed and the water (100 mL) was added to the resulting
residue. The precipitate which formed was filtered and
washed with water (2x20 mL) and dried. To this precipitate
5 ml. TFA/thioanisole/water (95:2.5:2.5 v/v/v) was added
and the mixture was stirred for 2 h. The solvent was removed
and the cold ether (50 ml) was added. The resulting
precipitate, which was the crude product, was collected by
centrifugation, then by decanting out the solvents carefully.
The crude product was purified by HPLC (Cis, 15x150 mm
column; eluent: acetonitrile/water (0.05% TFA)) to give the
resulting title compound.

Example 3. Synthesis of Specific Macrocycles and
Intermediates

[0271] (2S,5S,148)-14-amino-N-((S)-1-(benzo[d]thiazol-
2-y1)-5-guanidino-1-oxopentan-2-yl)-2-isobutyl-3,8,15-tri-
oxo-1,4,9-triazacyclopentadecane-5-carboxamide
(VD1135): Following general procedures A, B, C, E, and G,
compound VD1135 was synthesized. Compound was iso-
lated as a white solid. Overall yield (30%). "H NMR (400
MHz, DMSO-d,) d ppm 8.66-8.42 (m, 1H), 8.30-8.11 (m,
1H), 8.02 (br. s., 1H), 7.68-7.61 (m, 1H), 7.52 (br. s., 1H),
7.26 (d, J=7.8 Hz, 1H), 6.50 (br. s., 1H), 4.40 (d, J=7.4 Hz,
1H), 3.86 (br. 5., 1H), 3.10 (br. 5., 4H), 1.92 (br. 5., 2H), 1.55
(br. s., 4H), 1.51-1.38 (m, 4H), 1.23-1.12 (m, 4H), 0.81 (t,
J=6.5 Hz, 9H), 0.76 (d, J=6.7 Hz, 5H). ESI-MS [M+H]+
calculated for C; H,NOsS+ 644.33, found 644.5.
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[0272] (2S,5S,145)-14-amino-N-((S)-1-(benzo[d]thiazol-
2-y1)-5-guanidino-1-oxopentan-2-yl)-2-isobutyl-3,8,15-tri-
oxo0-1,4,9-triazacyclopentadecane-5-carboxamide
(VD2056): Following general procedures A, B, C, E, and G,
compound VD2056 was synthesized. Compound was iso-
lated as a white solid. Overall yield (35%). ‘H NMR (400
MHz, CD,0D) d ppm 0.95 (dd, =18.78, 6.26 Hz, 6H)
1.18-1.50 (m, 3H) 1.97 (m, 8H) 2.12-2.55 (m, 4H) 2.81-3.00
(m, 2H) 3.52-3.66 (m, 1H) 4.31-4.56 (m, 2H) 5.67-5.85 (m,
1H) 7.56-7.81 (m, 2H) 8.08-8.30 (m, 2H) 8.37-8.71 (m, 1H).
ESI-MS [M+H]+ calculated for C;,H,N,OsS+ 64433,
found 644.5.

[0273] (2S,5S,135)-13-amino-N-((S)-1-(benzo[d]thiazol-
2-y1)-5-guanidino-1-oxopentan-2-yl)-2-isobutyl-3,7,14-tri-
oxo0-1,4,8-triazacyclotetradecane-5-carboxamide (VD1185):
Following general procedures A, B, C, E, and G, compound
VDI1185 was synthesized. Compound was isolated as a
white solid. Overall yield (32%). 'H NMR (400 MHz,
DMSO-d,) & ppm 8.70 (d, J=8.6 Hz, 2H), 8.45 (d, I=7.4 Hz,
1H), 8.27 (t, J=9.6 Hz, 2H), 8.06 (br. s., 1H), 7.69 (d, I=3.5
Hz, 1H), 6.53 (s, 3H), 4.50 (d, I=9.0 Hz, 1H), 3.13 (d, ]=6.3
Hz, 7H), 2.67 (s, 2H), 2.37-2.29 (m, 6H), 1.24 (br. s, 4H),
0.90-0.76 (m, 7H), 0.83-0.75 (m, 4H). ESI-MS [M+H]+
calculated for C,oH, ,N;,OsS+ 630.32, found 630.5.

[0274] (3S,6S,148)-6-amino-N-((S)-1-(benzo[d|thiazol-
2-y1)-5-guanidino-1-oxopentan-2-yl)-3-isobutyl-2,5,8-tri-
oxo0-1,4,9-triazacyclotetradecane-14-carboxamide
(VD2055): Following general procedures A, B, C, E, and G,
compound VD2055 was synthesized. Compound was iso-
lated as a white solid. Overall yield (30%). "H NMR (400
MHz, DMSO-d6) § ppm 8.53 (d, I=6.7 Hz, 2H), 8.27 (1,
J=7.0 Hz, 2H), 7.75-7.50 (m, 2H), 6.60-6.52 (m, 1H),
5.56-5.39 (m, 2H), 3.48-3.32 (m, 1H), 3.14 (q, J=6.3 Hz,
6H), 1.89 (br. s, 6H), 1.59 (br. s., 6H), 0.95-0.77 (m, 10H).
ESI-MS [M+H]+ calculated for C,oH,,N,O S+ 630.32,
found 630.4.

[0275] (2S,5S,148)-14-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)-2-isobutyl-3,8,
15-trioxo-1,4,9-triazacyclopentadecane-5-carboxamide
(VD2064): Following general procedures A, B, C, D, E, and
G, compound VD2064 was synthesized. Compound was
isolated as a white solid. Overall yield (32%). '"H NMR (400
MHz, CD,0D) & ppm 8.63 (d, J=7.8 Hz, 1H), 8.55 (d, I=7.0
Hz, 1H), 8.43 (d, J=7.8 Hz, 1H), 8.23 (d, J=7.8 Hz, 1H), 8.13
(d, J=7.4 Hz, 1H), 7.76-7.58 (m, 2H), 5.75 (br. s., 1H),
4.51-4.34 (m, 1H), 3.58 (d, J=4.7 Hz, 1H), 2.99-2.80 (m,
2H), 2.54-2.11 (m, 4H), 1.76-1.53 (m, 4H), 2.07-1.51 (m,
6H), 1.54-1.35 (m, 2H), 1.27 (d, J=6.7 Hz, 2H), 0.95 (dd,
J=6.3, 18.8 Hz, 6H). ESI-MS [M+H]+ calculated for
C5,H, NoO S+ 686.34, found 686.6.

[0276] (2S,5S,135)-13-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)-2-isobutyl-3,7,
14-trioxo-1,4,8-triazacyclotetradecane-5-carboxamide
(VD2167): Following general procedures A, B, C, D, E, and
G, compound VD2167 was synthesized. Compound was
isolated as a white solid. Overall yield (32%). "H NMR (400
MHz, DMSO-d,) & ppm 8.55 (d, J=6.7 Hz, 1H), 8.28 (dt,
J=8.2, 13.5 Hz, 1H), 7.83-7.76 (m, 2H), 7.73-7.64 (m, 2H),
7.47 (d, I=6.7 Hz, 2H), 6.53 (br. s, 1H), 5.44 (br. s, 1H),
4.46-4.41 (m, 1H), 3.14 (d, J=6.7 Hz, 7H), 2.67 (br. s, 1H),
2.54 (br. s, 1H), 2.42-2.34 (m, 8H), 1.79 (s, 3H), 1.61 (br. s,
1H), 1.51-1.44 (m, 3H), 1.33-1.22 (m, 2H), 0.82 (dd, J=6.1,
19.4 Hz, 7H). ESI-MS [M+H]+ calculated for
C;5 HugNoOS+ 672.33, found 672.5.
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[0277] (2S,5S,148)-14-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)-2-isobutyl-3,11,
15-trioxo-1,4,10-triazacyclopentadecane-5-carboxamide
(VD2169): Following general procedures A, B, C, D, E, and
G, compound VD2169 was synthesized. Compound was
isolated as a white solid. Overall yield (34%). *H NMR (400
MHz, DMSO-dy) d ppm 8.60 (d, I=6.3 Hz, 1H), 8.34-8.19
(m, 1H), 8.06-7.84 (m, 1H), 7.76-7.63 (m, 1H), 7.55 (br. s.,
1H), 7.40-7.27 (m, 1H), 5.49-5.36 (m, 1H), 5.00 (s, 1H),
435 (d, J=5.9 Hz, 2H), 3.15 (d, J=6.3 Hz, 2H), 2.75 (br. s.,
2H), 2.19-2.09 (m, 4H), 1.85 (br. s., 3H), 1.81 (s, 3H), 1.72
(br. s., 2H), 1.65-1.39 (m, 11H), 1.18 (br. s., 3H), 0.82 (dd,
J=6.3, 14.1 Hz, 15H). ESI-MS [M+H]+ calculated for
C;,HusNoOS+ 686.34, found 686.5.

[0278] (3S,6S,14S)-6-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)-3-isobutyl-2,5,8-
trioxo-1,4,9-triazacyclotetradecane-14-carboxamide
(VD2173): Following general procedures A, B, C, D, E, and
G and the general synthetic route for macrocyclic inhibitors
in solid phase, compound VD2173 was synthesized. Com-
pound was isolated as a white solid. Overall yield (55%). 'H
NMR (400 MHz, DMSO-dy) 8 ppm 8.51 (d, I=6.7 Hz, 1H),
8.26 (dd, J=8.0, 15.1 Hz, 1H), 7.98 (d, J=7.4 Hz, 1H),
7.93-7.83 (m, 2H), 7.73-7.63 (m, 2H), 7.53 (br. s., 1H),
5.44-533 (m, 1H), 4.60-4.48 (m, 1H), 4.29-4.18 (m, 1H),
3.42 (br. s., 4H), 3.19-3.06 (m, 3H), 2.96 (br. s., 1H), 1.84
(s, 3H), 1.78-1.69 (m, 1H), 1.65-1.33 (m, 8H), 1.23-1.07 (m,
2H), 0.89-0.74 (m, 7H). ESI-MS [M+H]|+ calculated for
C;3HugNoOS+ 672.33, found 672.5.

[0279] 2-(((3S,6S,14S)-6-acetamido-3-isobutyl-2,5,8-tri-
oxo-1,4,9-triazacyclotetradecane-14-carbonyl)-L-arginyl)-
N-((R)-1-amino-3-methyl-1-oxobutan-2-yl)benzo[d]thiaz-
ole-6-carboxamide (VD3056): Following the general
synthetic route for macrocyclic inhibitors in solid phase,
peptide coupling procedure A, and oxidation procedure H,
compound VD3056 was synthesized. Compound was iso-
lated as a white solid. Overall yield (50%). "H NMR (400
MHz, DMSO-d6) § ppm 0.76-0.88 (m, 6H), 0.95 (d, J=6.65
Hz, 6H), 1.22-1.25 (m, 1H), 1.46-1.61 (m, 1H), 1.84 (s, 3H),
2.09-2.17 (m, 1H), 3.15 (d, J=6.26 Hz, 2H), 4.20-4.36 (m,
2H), 4.49-4.58 (m, 1H), 5.34-5.42 (m, 1H), 7.11 (br. s., 1H),
7.52 (br. s., 1H), 7.83-8.02 (m, 1 H), 8.14 (s, 1H), 8.27 (s,
1H), 8.38-8.43 (m, 1H), 8.52-8.58 (m, 1H), 8.81 (s, 1H).
ESI-MS [M+H]+ calculated for C;,HsgN,; ,OS+ 814.40,
found 814.6.

[0280] (3S,6S,14S)-6-acetamido-N-((S)-5-guanidino-1-
oxo-1-(thiazol-2-yl)pentan-2-yl)-3-isobutyl-2,5,8-trioxo-1,
4,9-triazacyclotetradecane-14-carboxamide (VD3076): Fol-
lowing the general synthetic route for macrocyclic inhibitors
in solid phase and peptide coupling procedure A, compound
VD3076 was synthesized. Compound was isolated as a
white solid. Overall yield (55%). 'H NMR (400 MHz,
CD,0D) d ppm 8.56-8.55 (m, 1H), 8.55 (d, J=7.8 Hz, 1H),
8.58-8.52 (m, 1H), 8.34-8.30 (m, 1H), 8.32 (d, J=7.8 Hz,
1H), 8.15 (d, J=7.8 Hz, 1H), 8.18-8.13 (m, 1H), 8.11 (s, 1H),
8.13-8.10 (m, 1H), 8.05 (d, I=2.7 Hz, 1H), 7.96 (t, J=5.9 Hz,
1H), 7.88 (d, I=6.7 Hz, 1H), 5.60 (br. s., 1H), 4.73-4.66 (m,
1H), 4.33 (br. s., 2H), 3.26 (dd, J=6.5, 11.5 Hz, 3H),
2.84-2.64 (m, 3H), 2.14 (t, I=9.2 Hz, 1H), 2.00 (s, 3H),
1.88-1.50 (m, 4H), 1.45-1.22 (m, 4H), 0.95 (d, J=5.9 Hz,
6H), 0.89 (d, J=5.9 Hz, 1H). ESI-MS [M+H]+ calculated for
C, H,N,O S+ 622.31, found 622.5.

[0281] (2S,5S,14S)-14-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl1)-2-(3-guanidino-
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propyl)-3,8,15-trioxo-1,4,9-triazacyclopentadecane-5-car-
boxamide (VD2109): Following general procedures A, B, C,
D, E, and G, compound VD2109 was synthesized. Com-
pound was isolated as a white solid. Overall yield (35%). 'H
NMR (400 MHz, DMSO-d,) & ppm 8.40 (d, I=5.7 Hz, 1H),
8.29-8.16 (m, 2H), 8.09 (d, I=7.2 Hz, 1H), 8.02 (d, J=6.6 Hz,
1H), 7.88-7.78 (m, 2H), 7.66 (dd, J=3.0, 6.3 Hz, 2H),
7.60-7.48 (m, 2H), 5.48-5.41 (m, 2H), 4.37-4.29 (m, 4H),
3.16-3.03 (m, 6H), 2.52 (br. s, 6H), 1.79 (s, 3H), 1.57 (d,
J=7.8 Hz, 10H). ESI-MS [M+H]|+ calculated for
C5,H, 0N | ,OS+ 729.36, found 729.6.

[0282] (3S,6S,14S)-6-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl1)-3-benzyl-2,5,8-
trioxo-1,4,9-triazacyclotetradecane-14-carboxamide
(VD3112): Following the general synthetic route for mac-
rocyclic inhibitors in solid phase and peptide coupling
procedure A, compound VD3112 was synthesized. Com-
pound was isolated as a white solid. Overall yield (45%). 'H
NMR (400 MHz, DMSO-d,) & ppm 8.55 (d, I=6.3 Hz, 2H),
8.25 (d, I=8.2 Hz, 2H), 8.08 (s, 2H), 7.80 (d, J=7.8 Hz, 2H),
7.71-7.51 (m, 2H), 7.28-7.11 (m, 5H), 5.56-5.35 (m, 1H),
4.60-4.40 (m, 1H), 4.31-4.23 (m, 1H), 3.20-2.91 (m, 13H),
2.01-1.90 (m, 1H), 1.78 (d, J=2.0 Hz, 3H), 1.58 (br. s., 8H).
ESI-MS [M+H]+ calculated for C,,H,,N,OS+ 706.31,
found 706.50.

[0283] (3S,6S,14S)-6-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)-3-methyl-2,5,8-
trioxo-1,4,9-triazacyclotetradecane-14-carboxamide
(VD3141): Following the general synthetic route for mac-
rocyclic inhibitors in solid phase and peptide coupling
procedure A, compound VD3141 was synthesized. Com-
pound was isolated as a white solid. Overall yield (45%). 'H
NMR (400 MHz, DMSO-d,) & ppm 8.58 (br. s., 1H), 8.25
(br. s., 2H), 8.15-8.02 (m, 1H), 7.66 (br. s., 2H), 7.51 (br. s.,
2H), 5.56-5.37 (m, 1H), 4.53 (br. s., 3H), 4.21 (d, J=5.9 Hz,
2H), 3.13 (br. s.,, 2H), 2.95 (br. s., 1H), 2.01 (s, 3H),
1.85-1.75 (m, 4H), 1.59 (br. s., 9H), 1.38-1.09 (m, 5H).
ESI-MS [M+H]+ calculated for C,sH,,N,O S+ 630.28,
found 630.4.

[0284] (3S,6S,14S)-6-acetamido-3-(3-amino-3-oxopro-
pyD)-N-((S)-1-(benzo[d]thiazol-2-y1)-5-guanidino-1-oxo-
pentan-2-y1)-2,5 8-trioxo-1,4,9-triazacyclotetradecane-14-
carboxamide (VD3152): Following the general synthetic
route for macrocyclic inhibitors in solid phase and peptide
coupling procedure A, compound VD3152 was synthesized.
Compound was isolated as a white solid. Overall yield
(30%). "H NMR (400 MHz, DMSO-dy) 8 ppm 9.19 (s, 1H),
8.98-8.81 (m, 2H), 8.78-8.67 (m, 1H), 8.60-8.50 (m, 1H),
8.38-8.24 (m, 1H), 8.24-8.13 (m, 1H), 7.89-7.81 (m, 1H),
7.41-7.32 (m, 1H), 7.29-7.11 (m, 1H), 6.21-5.98 (m, 2H),
5.25-5.08 (m, 1H), 4.94-4.82 (m, 1H), 4.05 (br. s., 2H), 3.79
(t, I=6.1 Hz, 6H), 3.15-3.04 (m, 6H), 2.69-2.56 (m, 3H),
2.44-2.32 (m, 3H), 2.04 (s, 3H), 2.25 (br. s., SH). ESI-MS
[M+H]+ calculated for C;,H,;N,,0,S+ 687.30, found 687.
50.

[0285] (3S,6S,14S)-6-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-y1)-3-((S)-1-hy-
droxyethyl)-2,5,8-trioxo-1,4,9-triazacyclotetradecane-14-
carboxamide (VD3157): Following the general synthetic
route for macrocyclic inhibitors in solid phase and peptide
coupling procedure A, compound VD3157 was synthesized.
Compound was isolated as a white solid. Overall yield
(35%). "H NMR (400 MHz, DMSO-d,) 8 ppm 8.25 (br. 5.,
2H), 7.66 (br. s., 2H), 7.59-7.47 (m, 2H), 5.56-5.36 (m, 2H),
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3.13 (br. s., 7H), 3.00-2.86 (m, 5H), 2.03 (s, 3H), 2.00-1.87
(m, 3H), 1.89-1.73 (m, 6H), 1.59 (br. s., 6H), 1.01 (d, J=6.7
Hz, 3H). ESI-MS [M+H]+ calculated for C,oH,,N;O,S+
660.29, found 660.50.

[0286] (3S,6S,14S)-6-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)-3-(4-hydroxy-
benzyl)-2,5,8-trioxo-1,4,9-triazacyclotetradecane-14-car-
boxamide (VD3158): Following the general synthetic route
for macrocyclic inhibitors in solid phase and peptide cou-
pling procedure A, compound VD3158 was synthesized.
Compound was isolated as a white solid. Overall yield
(38%). '"H NMR (400 MHz, DMSO-dg) 8 ppm 8.54 (d,
J=6.3 Hz, 2H), 8.34-8.18 (m, 2H), 7.91-7.77 (m, 2H), 7.67
(br. s., 2H), 7.55-7.41 (m, 2H), 7.03-6.89 (m, 2H), 6.59 (d,
J=6.7 Hz, 2H), 4.56 (s, 1H), 4.27 (d, J=5.9 Hz, 1H),
3.23-2.88 (m, 19H), 2.01 (s, 3H), 1.79 (s, 3H), 1.58 (br. s.,
2H). ESI-MS [M+H]+ calculated for C;,H,,N;,O,S+ 722.
31, found 722.50.

[0287] (3S,6S,14S)-6-acetamido-3-(2-amino-2-oxoethyl)-
N-((S)-1-(benzo[d]thiazol-2-y1)-5-guanidino-1-oxopentan-
2-y1)-2,5,8-trioxo-1,4,9-triazacyclotetradecane-14-carbox-
amide (VD3166): Following the general synthetic route for
macrocyclic inhibitors in solid phase and peptide coupling
procedure A, compound VD3166 was synthesized. Com-
pound was isolated as a white solid. Overall yield (41%). 'H
NMR (400 MHz, DMSO-d6) § ppm=8.48 (br. s., 1H), 8.26
(d, J=5.9 Hz, 2H), 7.97 (br. s., 1H), 7.89 (br. s., 1H), 7.67 (br.
s., 2H), 7.46 (br. s., 1H), 7.36 (d, J=14.5 Hz, 1H), 6.81 (br.
s., 1H), 5.41 (br. s., 2H), 4.56-4.42 (m, 1H), 4.24-4.18 (m,
1H), 3.15 (br. s., 6H), 3.07-3.00 (m, 2H), 2.68-2.61 (m, 5H),
2.33 (br. s., 1H), 1.85 (br. s., 11H), 1.60 (br. s., 2H). ESI-MS
[M+H]+ calculated for C,oH, N, ,0,S+ 673.29, found 673.
50.

[0288] (3S,6S,14S)-6-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)-3-isopropyl-2,5,
8-trioxo-1,4,9-triazacyclotetradecane-14-carboxamide
(VD3167): Following the general synthetic route for mac-
rocyclic inhibitors in solid phase and peptide coupling
procedure A, compound VD3167 was synthesized. Com-
pound was isolated as a white solid. Overall yield (45%). "H
NMR (400 MHz, DMSO-d6) & ppm=8.27-8.12 (m, 4H),
7.62 (br. s., 1H), 7.45 (br. s., 1H), 5.55-5.31 (m, 1H), 4.55
(m, 1H), 4.31-3.97 (m, 2H), 3.09 (br. s., 4H), 2.91 (br. s.,
6H), 2.31 (d, J=12.9 Hz, 4H), 1.91 (s, 3H), 1.79 (br. s., 5H),
1.55 (br. s., 4H), 1.36-1.04 (m, 3H), 0.90-0.60 (m, 4H).
ESI-MS [M+H]+ calculated for C;H,,NoOS+ 658.32,
found 658.50.

[0289] (3S,6S,14S)-6-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl1)-3-(2-(methyl-
thio)ethyl)-2,5,8-trioxo-1,4,9-triazacyclotetradecane-14-
carboxamide (VD3173): Following the general synthetic
route for macrocyclic inhibitors in solid phase and peptide
coupling procedure A, compound VD3173 was synthesized.
Compound was isolated as a white solid. Overall yield
(45%). '"H NMR (400 MHz, DMSO-d6) & ppm=8.54 (d,
J=6.3 Hz, 1H), 8.31-8.07 (m, 2H), 7.93 (d, J=8.2 Hz, 1H),
7.68 (br. s., 1H), 7.49 (br. s., 1H), 5.40 (br. s., 1H), 4.51 (br.
s., 1H), 4.22 (br. s., 1H), 3.15 (br. 5., 6H), 2.00 (d, J=1.2 Hz,
4H), 1.88-1.77 (s, 3H), 1.58 (br. s., 3H), 1.39-1.03 (m, 16H).
ESI-MS [M+H]+ calculated for C;,H,;N;O4S,+ 690.28,
found 690.40.

[0290] (6S,14S)-6-acetamido-N-((S)-1-(benzo[d]thiazol-
2-y1)-5-guanidino-1-oxopentan-2-yl)-2,5,8-trioxo-1,4,9-tri-
azacyclotetradecane-14-carboxamide (VD3174): Following
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the general synthetic route for macrocyclic inhibitors in
solid phase and peptide coupling procedure A, compound
VD3174 was synthesized. Compound was isolated as a
white solid. Overall yield (42%). 'H NMR (400 MHz,
DMSO-d6) d ppm=8.26 (br. s., 1H), 7.77 (br. s., 1H), 7.67
(br. s., 2H), 7.49 (br. s., 2H), 5.47-5.39 (m, 1H), 4.54-4.43
(m, 1H), 4.15-4.05 (m, 1H), 3.69 (br. s., 3H), 3.23-2.84 (m,
6H), 2.54 (s, 3H), 1.99-1.91 (s, 3H), 1.84 (d, J=3.1 Hz, 7H),
1.60 (br. s., 3H), 1.37-1.18 (m, 1H). ESI-MS [M+H]+
calculated for C,,H; N;O S+ 616.27, found 616.40.
[0291] (7S,108,138,E)-13-acetamido-10-isobutyl-9,12-
dioxo-2-oxa-8,11-diaza-1(1,4)-benzenacyclotetradecaphan-
4-ene-7-carboxylic acid (VD3198): This compound was
prepared by using general procedures A, B, D, F, G, and 1.
Compound was isolated as an off-white solid. Yield (135
mg). '"H NMR (400 MHz, CD,0D) 8 ppm=7.11-6.98 (m,
2H), 6.74 (d, I=7.4 Hz, 2H), 5.71-5.59 (m, 1H), 5.57-5.45
(m, 2H), 4.67-4.59 (m, 2H), 4.53-4.39 (m, 3H), 4.15 (1, J=6.8
Hz, 1H), 3.68 (s, 2H), 3.00-2.90 (m, 1H), 2.82-2.71 (m, 1H),
2.63 (d, J=14.9 Hz, 1H), 2.32 (ddd, J=7.8, 12.1, 14.5 Hz,
2H), 2.07-2.04 (m, 1H), 1.99 (s, 2H), 1.64-1.35 (m, 5H),
0.95-0.83 (m, 7H).

5-benzyl 1-methyl L-glutamate hydrochloride

[0292] 'H NMR (400 MHz, CDCL,) 8 ppm 7.38 (d, J=3.9
Hz, 5H), 4.73 (br. s., 2H), 3.71 (s, 3H), 3.49 (d, J=7.0 Hz,
2H), 1.22 (t, J=6.8 Hz, 2H).

[0293] Methyl ((S)-4-(benzyloxy)-2-((tert-butoxycarbo-
nyl)amino)-4-oxobutanoyl)-L-leucinate: This compound
was synthesized using general procedure A.

[0294] 'H NMR (400 MHz, CDCl,) 8 ppm 7.41-7.29 (m,
4H), 6.93-6.86 (m, 1H), 5.76-5.68 (m, 1H), 5.31 (s, 2H),
5.15 (d, J=3.5 Hz, 4H), 4.57 (d, I=4.3 Hz, 4H), 3.71 (s, 3H),
3.04 (dd, J=4.3, 17.2 Hz, 2H), 2.76 (d, J=6.3 Hz, 2H),
1.71-1.59 (m, 6H), 1.46 (s, 9H), 1.40 (s, 1H), 0.93 (t, I=5.1
Hz, 6H), 0.85 (br. s., 2H).

((S)-4-(benzyloxy)-2-((tert-butoxycarbonyl )Jamino)-
4-oxobutanoyl)-L-leucine

[0295] 'H NMR (400 MHz, CDCL,) & ppm 7.42-7.35 (.,
5H), 7.34-7.29 (m, 1H), 5.31 (s, 1H), 4.72 (s, 2H), 4.53 (d,
J=5.9 Hz, 2H), 2.83 (d, ]=6.7 Hz, 2H), 1.75-1.58 (m, 5H),
1.45 (s, 9H), 0.98-0.89 (m, 6H).

Benzyl (S)-4-((tert-butoxycarbonyl)amino)-5-(((S)-
1-methoxy-4-methyl-1-oxopentan-2-yl)amino)-5-
oxopentanoate

[0296] H NMR (400 MHz, CDCl,) 8 ppm 7.41-7.32 (m,
6H), 6.65-6.58 (m, 1H), 5.28-5.21 (m, 1H), 5.14 (s, 2H),
4.59 (d, J=4.3 Hz, 1H), 4.26-4.16 (m, 1H), 3.72 (s, 3H), 2.55
(q. J=7.4 Hz, 3H), 2.21-2.10 (m, 2H), 2.01-1.89 (m, 2H),
1.73-1.60 (m, 4H), 1.4 (s, 11H), 0.93 (d, J=5.1 Hz, 7H).

((S)-5-(benzyloxy)-2-((tert-butoxycarbonyl )Jamino)-
5-oxopentanoyl)-L-leucine

[0297] HNMR (400 MHz, CDCL,) & ppm 7.53 (d, I=7.8
Hz, 1H), 7.38 (d, =4.3 Hz, 4H), 7.34-7.29 (m, 1H), 5.67 (d,
J=9.0 Hz, 1H), 4.71 (s, 2H), 4.59 (d, J=7.8 Hz, 2H), 4.42 (d,
J=7.4 Hz, 1H), 2.54-237 (m, 3H), 1.91 (br. s., 1H), 1.75-
1.58 (m, SH), 1.43 (s, 11H), 0.92 (br. s., 8H).
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Methyl (S)-2-((((S)-5-(benzyloxy)-2-((tert-butoxy-
carbonyl)amino)-5-oxopentanoyl)-L-leucyl)oxy)-6-
(((benzyloxy)carbonyl)amino)hexanoate

[0298] 'H NMR (400 MHz, CDCL,) & ppm 8.18 (br. s.,
1H), 7.34 (br. 5., 7H), 6.67 (br. s., 1H), 6.15 (br. 5., 1H),
5.26-5.06 (m, 7H), 4.67-4.45 (m, 2H), 431 (br. s., 1H), 3.99
(br. s., 1H), 3.78 (br. s., 2H), 3.72 (s, 4H), 3.31-3.02 (m, 5H),
2.28-2.07 (m, 2H), 1.90-1.75 (m, 6H), 1.74-1.55 (m, 8H),
1.40 (d, J=15.3 Hz, 19H), 1.27 (br. s., 3H), 0.97-0.86 (m.
8T).

(8)-5-(((S)-1-(((S)-6-amino-1-methoxy-1-oxohexan-
2-yl)oxy)-4-methyl-1-oxopentan-2-yl)amino)-4-
((tert-butoxycarbonyl)amino)-5-oxopentanoic acid
(VD2048)

[0299] 'HNMR (400 MHz, CD,0D) & ppm 4.51-4.39 (m,
2H), 3.77 (s, 1H), 3.71 (s, 2H), 2.72-2.64 (m, 2H), 1.85 (br.
5., 3H), 1.79-1.67 (m, 2H), 1.63-1.56 (m, 2H), 1.43 (br. s.,
9H), 1.29 (br. s., 2H), 0.98 (d, I=6.7 Hz, 6H), 0.95-0.86 (m,
4H).

Ng-((benzyloxy )carbonyl)-N2-(tert-butoxycarbonyl)-
L-lysyl-L-leucine (VD2125)

[0300] 'H NMR (400 MHz, CDCL,) d ppm 7.82-7.75 (.,
1H), 7.48-7.42 (m, 1H), 7.34 (br. s., 5H), 6.94 (d, ]=8.2 Hz,
1H), 5.49-5.40 (m, 1H), 5.24 (br. s., 1H), 5.14 (br. s., 1H),
5.00 (s, 1H), 4.58 (d, J=3.5 Hz, 1H), 4.19-4.07 (m, 1H), 3.15
(d, J=5.5 Hz, 2H), 1.85-1.55 (m, 6H), 1.51-1.46 (m, 2H),
1.42 (s, 9H), 0.95-0.89 (m, 6H).

4-benzyl 1-methyl N6-((benzyloxy)carbonyl)-N2-
(tert-butoxycarbonyl)-L-lysyl-L-leucyl-L-aspartate
(VD2129)

[0301] 'HNMR (400 MHz, CD,OD) 8 ppm 7.40-7.26 (1,
10H), 5.19-5.02 (s, 4H), 4.53-4.39 (m, 3H), 3.9 (br. s., 3H),
3.69 (d, =3.5 Hz, 3H), 3.10 (br. s., 3H), 2.45 (br. s., 3H),
2.22-2.12 (m, 1H), 1.96 (d, I=3.5 Hz, 1H), 1.70 (d, J=6.7 Hz,
3H), 1.59 (d, J=5.9 Hz, 2H), 1.42 (d, J=3.5 Hz, 9H),
1.00-0.86 (m, 7H).

[0302] N2-(N6-((benzyloxy)carbonyl)-N2-(tert-butoxy-
carbonyl)-L-lysyl)-Nw-((2,2,4,6,7-pentamethyl-2,3-dihyd-
robenzofuran-5-yl)sulfonyl)-L-arginine (VD2089):

[0303] H NMR (400 MHz, CD,0OD) & ppm 7.34 (br. s.,
5H), 5.09-5.04 (s, 2H), 4.63-4.38 (m, 2H), 3.03-2.97 (m,
4H), 2.60-2.54 (s, 6H), 2.54-2.49 (s, 3H), 2.12-2.05 (m, 6H),
2.02-1.97 (m, 6H), 1.43 (d, J=12.5 Hz, 9H).

5-benzyl 1-methyl N2-(N6-((benzyloxy)carbonyl)-

N2-(tert-butoxycarbonyl)-L-lysyl)-Nw-((2,2,4,6,7-

pentamethyl-2.3-dihydrobenzotfuran-5-yl)sulfonyl)-
L-arginyl-L-glutamate (VD2091)

[0304] 'HNMR (400 MHz, CD,0D) 8 ppm 7.33 (d, J=4.3
Hz, 10H), 5.15-5.01 (m, 4H), 4.51-4.33 (m, 2H), 4.02-3.95
(m, 1H), 3.68 (d, J=4.3 Hz, 6H), 3.10 (br. s., 3H), 2.99 (d,
J=2.7 Hz, 6H), 2.57 (d, ]=4.3 Hz, 4H), 2.53-2.42 (m, 6H),
2.07 (d, J=3.9 Hz, 6H), 1.65-1.54 (m, 6H), 1.47 (s, 6H), 1.43
(s, 9H).
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(6S,98,128)-6-(4-aminobutyl)-12-(methoxycarbo-
nyl)-2,2-dimethyl-4,7,10-triox0-9-(3-(3-((2,2,4,6,7-
pentamethyl-2,3-dihydrobenzotfuran-5-yl)sulfonyl)
guanidino)propyl)-3-oxa-5,8,11-triazapentadecan-
15-o0ic acid (VD2092)

[0305] 'H NMR (400 MHz, CD,0D) & ppm 4.86 (br. s..,
1H), 4.85-4.81 (m, 2H), 3.71-3.67 (m, 2H), 3.67 (br. s., 3H),
3.01-2.99 (m, 6H), 2.98 (br. s., 2H), 2.57-2.54 (s, 9H),
2.53-2.50 (m, 6H), 2.49 (br. s., 3H), 2.09-2.04 (m, 8H),
1.47-1.36 (m, 13H).

5-benzyl 1-methyl N6-((benzyloxy)carbonyl)-N2-
(tert-butoxycarbonyl)-L-lysyl-L-leucyl-L-glutamate

[0306] 'H NMR (400 MHz, CDCL,) & ppm 7.41-7.30 (m,
10H), 6.85 (d, J=7.4 Hz, 1H), 6.49 (d, J=7.8 Hz, 1H),
5.25-5.11 (m, 2H), 5.10 (s, 2H), 4.63-4.38 (m, 2H), 4.06 (d,
J=5.5 Hz, 1H), 3.72 (s, 3H), 3.67 (s, 2H), 3.21 (d, ]=6.3 Hz,
2H), 2.46-231 (m, 2H), 2.18 (dd, J=6.3, 13.3 Hz, 1H),
2.03-1.81 (m, 2H), 1.66 (s, 4H), 1.60-1.49 (m, 3H), 1.44 (s,
9H), 0.93 (dd, J=6.3, 9.8 Hz, 6H).

(68,98,12S5)-6-(4-aminobutyl)-9-isobutyl-12-
(methoxycarbonyl)-2,2-dimethyl-4,7,10-trioxo-3-
oxa-5,8,11-triazapentadecan-15-oic acid (VD2135)

[0307] H NMR (400 MHz, CDCl,) 8 ppm 4.50-4.37 (m,
2H), 4.00 (d, J=6.3 Hz, 1H), 3.71 (s, 3H), 3.66 (s, 3H), 2.66
(t, J=7.0 Hz, 2H), 2.47-2.36 (m, 3H), 2.18 (dd, J=5.9, 13.3
Hz, 2H), 2.02-1.88 (m, 2H), 1.72 (dd, 1=6.7, 13.3 Hz, 3H),
1.65-1.55 (m, 4H), 1.55-1.47 (m, 2H), 1.44 (s, 9H), 0.95 (dd,
J=6.3, 16.0 Hz, 7H).

4-benzyl 1-methyl N6-((benzyloxy)carbonyl)-N2-
(tert-butoxycarbonyl)-L-lysyl-L-leucyl-L-aspartate

[0308] 'HNMR (400 MHz, CD,OD) 8 ppm 7.39-7.24 (1,
10H), 5.06 (br. s., 2H), 4.76 (br. 5., 2H), 4.42 (d, 1=6.7 Hz,
1H), 4.00 (br. s., 1H), 3.68 (dd, ]=2.7, 13.7 Hz, 5H), 3.13 (br.
s., 2H), 2.84 (d, J=5.9 Hz, 2H), 1.71 (d, J=5.9 Hz, 2H), 1.59
(d, I=4.3 Hz, 3H), 1.51 (d, J=5.1 Hz, 9H), 0.99-0.84 (m. 6H).

(68,98,12S5)-6-(4-aminobutyl)-9-isobutyl-12-
(methoxycarbonyl)-2,2-dimethyl-4,7,10-trioxo-3-
oxa-5,8,11-triazatetradecan-14-oic acid

[0309] 'HNMR (400 MHz, METHANOL-d4) § ppm 4.77
(br. s., 1H), 4.48-4.39 (m, 1H), 4.02 (br. s., 1H), 3.70 (d,
J=12.5 Hz, 3H), 3.35 (s, 1H), 2.86 (1, J=5.1 Hz, 1H),
2.76-2.68 (m, 1H), 1.73 (br. s., 2F), 1.66-1.52 (m, 4H), 1.44
(s, 9H), 0.95 (dd, J=6.1, 15.8 Hz, 6I).

Methyl (28,58S,135)-13-((tert-butoxycarbonyl)
amino)-2-isobutyl-3,7,14-trioxo-1,4,8-triazacyclotet-
radecane-5-carboxylate

[0310] 'HNMR (400 MHz, CD,OD) 8 ppm 8.05-7.96 (1,
1H), 4.77 (br. 5., 1H), 4.49-4.35 (m, 1H), 4.01 (br. s., 1H),
3.75-3.71 (s, 3H), 3.28-3.13 (m, 2H), 2.99 (s, 1H), 2.90-2.83
(m, 2H), 1.82-1.50 (m, 8H), 1.44 (s, 9H), 0.94 (dd, J=6.1,
15.5 Hz, 7H).

Methyl (28,58S,14S)-14-((tert-butoxycarbonyl)
amino)-3,8,15-trioxo-2-(3-(3-((2,2,4,6,7-pentam-
ethyl-2,3-dihydrobenzofuran-5-yl)sulfonyl)guani-

dino)propyl)-1,4,9-triazacyclopentadecane-5-

carboxylate
[0311] 'HNMR (400 MHz, CD,0D) 8 ppm 7.63-7.53 (m,
1H), 4.55 (d, J=9.8 Hz, 1H), 4.45 (br. s., 1H), 3.69 (s, 3H),



US 2022/0380407 Al

3.53-3.41 (m, 1H), 3.20-3.09 (m, 3H), 3.00 (s, 3H), 2.94-2.
79 (m, 1H), 2.58 (s, 3H), 2.52 (s, 3H), 2.37 (d, J=8.6 Hz,
5H), 2.08 (s, 6H), 2.01 (s, 3H), 1.88-1.70 (m, 5H), 1.62 (br.
s., 9H), 1.44 (d, I=13.7 Hz, 10H), 1.32-1.12 (m, 3H).
[0312] (2S,5S,14S)-14-((tert-butoxycarbonyl)amino)-2-
isobutyl-3,8,15-trioxo-1,4,9-triazacyclopentadecane-5-car-
boxylic acid (VD1179): Following the general synthetic
route for macrocyclic inhibitors in solid phase, compound
VDI1179 was synthesized. 'H NMR (400 MHz, METHA-
NOL-d4) § ppm 8.06-8.01 (m, 1H), 7.38-7.29 (m, 1H), 5.07
(br. s., 1H), 4.44 (br. s., 1H), 4.01 (br. s., 1H), 3.12 (br. s.,
3H), 2.39 (d, J=5.5 Hz, 3H), 2.24-2.12 (m, 1H), 1.93 (d,
J=2.7 Hz, 2H), 1.80-1.49 (m, 6H), 1.43 (br. s., 9H), 1.29 (br.
s., 1H), 1.02-0.85 (m, 7H).

[0313] (3S,6S,14S)-6-acetamido-3-isopropyl-2,5,8-tri-
oxo-1,4,9-triazacyclotetradecane-14-carboxylic acid
(VD3161). Following the general synthetic route for mac-
rocyclic inhibitors in solid phase, compound VD3161 was
synthesized. Compound was isolated as an off-white solid.
'"H NMR (400 MHz, DMSO-d6) 8 ppm 8.15 (d, J=7.0 Hz,
1H), 8.07-7.91 (m, 1H), 7.89-7.74 (m, 1H), 7.67-7.49 (m,
1H), 6.85 (d, I=7.4 Hz, 1H), 4.59 (br. s., 1H), 4.24-4.06 (m,
1H), 3.64-3.56 (m, 1H), 3.00 (br. s., 2H), 2.80-2.66 (m, 2H),
2.43-2.29 (s, 3H), 1.86-1.80 (m, 3H), 1.42-1.08 (m, 4H),
0.89-0.74 (m, 6H).

Example 4. Synthesis of Macrocyclic Analogs
Using Ring Closing Metathesis

[0314] An alternative method of synthesizing macrocyclic
analogs is provided in FIGS. 4-7 and described herein. In
general, the methods described in this example cover form-
ing a macrocyclic analogs using ring closing metathesis,
forming an alkenylene linkage between the two amino acid
residues.
[0315]
Phase.
[0316] Appropriate N-protected amino acid treated with
peptide coupling reagent EDCI/HOBt or HATU (1.3 eq) in
DMF for 30 min. Cooled the reaction to 0-5° C. and added
Amino acid methyl ester hydrochloride (1.1 eq.) followed by
diisopropylethyl amine (3.0 eq.) at 0-5° C. and continue the
stirring for 15 mins. Allowed the reaction to room tempera-
ture and continue the reaction overnight. Reaction moni-
tored by TLC/LCMS. Solvent was removed under reduced
presuure and residue partitioned between EtOAc and 5% aq.
HC, separated the layers and organic layer washed with aq.
5% HCl and saturated NaHCO; solution (2x) and brine (1x).
Organic layer dried over anhydrous Na,SO,, filtered and
concentrated. Crude product was purified by silica column
chromatography.

[0317] General Procedure B: Boc-Deprotection.

[0318] Boc-protected peptide was treated with 4M HCl in
dioxane 10 mI/1 g at room temperature for 3 hrs. Reaction
monitored by TLC. Solvent removed on the rotavap, crude
triturated with diethyl ether, filtered the product, dried and
used in next step.

[0319] General Procedure D: Acetylation of Peptides.
[0320] The Boc de-protected compound was dissolved in
DMF or DCM, cooled the reaction to 0-5° C., added N,
N-diisopropylethylamine (3 mmol) followed by added ace-
tic anhydride (1.5 mmol) and stirred the reaction for 1 h at
room temperature. Reaction monitored by TLC or LCMS.
Solvent was removed on reduced pressure, residue parti-
tioned between ethyl acetate and ice cold water, separated

General Procedure A: Peptide Coupling in Solution
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the layers and organic layer washed with ice cold water (2x)
and saturated NaCl solution, dried over anhydrous Na2S04,
filtered and concentrated to yield white solid.

[0321] General Procedure F: Hydrolysis of Esters.
[0322] A solution of ester (0.1 mmol) in THE (2 mL) was
treated with 1M aqueous LiGH (2 mL). The reaction mixture
was stirred for 3 h at room temperature, and the absence of
starting material monitored by TLC. Most of the solvent was
evaporated off, residue diluted with water and adjusted the
pH ~3.0 using 5% aq. HCI and the product was extracted
with ethyl acetate (3x100 mL). Combined ethyl acetate layer
washed with saturated NaCl (25 mL.), dried over anhydrous
Na,SO,, filtered and concentrated to yield the corresponding
cyclic acids.

[0323] General Procedure G: De-Protection of Pbf and
Mtr.

[0324] The resulting Pbf/Mtr protected analogs (1.0
mmol) was dissolved in TFA/thioanisole/water (95:2.5:2.5
v/v/v) and the mixture was stirred at room temperature for
2-3 h. Reaction monitored by LCMS. Solvent was removed
in vacuo and cold ether (40 ml.) was added to the residue to
yield a precipitate. Decant the ether solvent carefully and the
crude product was purified by HPLC (Cis, 15x150 mm
column; eluent: acetonitrile/water (0.05% TFA) to give the
resulting compound.

[0325] General Procedure H: Ring Closing Metathesis
(RCM) Macrocyclization.

[0326] Acyclic precursor (250 mg, 0.512 mmol) was dis-
solved in DCM (400 mL, 0.2 Mol.) degassed the reaction for
30 min by purging nitrogen gas and added the Grubbs 2"¢
generation catalyst lot-1 (44 mg, 10 mol %) and heated the
reaction to reflux temperature. Continue the reaction for 30
min and add the Grubbs 2"¢ generation catalyst lot-2 (22 mg,
5 mol %) at reflux temperature and continue the reaction for
18 h under nitrogen atmosphere. Reaction monitored by
TLC or LCMS. After completion of starting material, cooled
the reaction room temperature and quenches the reaction by
adding activated charcoal (100 mg) and stir the reaction for
1 h. Filter the reaction mass through celite bed and washed
the bed with DCM, concentrated the filtrate and crude was
purified by silica column. Off-white solid yielded as a
product.

[0327] (7S,108,138,7)-13-acetamido-N-((S)-1-(benzo[d]
thiazol-2-yl)-5-guanidino-1-oxopentan-2-y1)-10-isobutyl-9,
12-dioxo-2-oxa-8,11-diaza-1(1,4)-benzenacyclotetrade-
caphan-4-ene-7-carboxamide (VD4010). VD4010 was
synthesized by using peptide coupling general procedure A
and general procedure G followed by HPLC purification.
White solid. Yield (63 mg). "H NMR (400 MHz, DMSO-dy)
8=8.54 (d, J=5.5 Hz, 1H), 8.27 (dd, J=7.4, 14.5 Hz, 2H),
8.13-7.96 (m, 2H), 7.68 (d, J=5.1 Hz, 2H), 7.54-7.45 (m,
1H), 7.18 (br. s., 1H), 6.98 (d, J=7.4 Hz, 2H), 6.69 (d, I=7.8
Hz, 2H), 5.62-534 (m, 3H), 4.71-4.35 (m, 4H), 4.05 (d,
J=6.3 Hz, 1H), 3.14 (d, J=6.3 Hz, 2H), 2.84 (br. s., 1H), 2.60
(d, J=11.0 Hz, 2H), 2.17 (br. s., 2H), 2.03-1.88 (m, 1H), 1.85
(s, 3H), 1.79-1.68 (m, 1H), 1.59 (br. s., 2H), 1.40 (d, J=6.3
Hz, 1H), 1.31-1.15 (m, 3H), 0.80-0.72 (m, 6H). ESI-MS
[M+H]+ caled for C;4H,,NgO S+ 719.33, found 719.50.
[0328] (11S,148,178S,7)-17-acetamido-N-((S)-1-(benzo
[d]thiazol-2-y1)-5-guanidino-1-oxopentan-2-yl)-14-
isobutyl-8,13,16-trioxo-2-oxa-7,12,15-triaza-1(1,4)-ben-
zenacyclooctadecaphan-4-ene-11-carboxamide (VD4018).
VD4018 was synthesized by using peptide coupling general
procedure A and general procedure G followed by HPLC
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purification. Off-white solid. Yield (17 mg). "H NMR (400
MHz, DMSO-d,) §=8.63 (s, 1H), 8.31-8.20 (m, 2H), 7.91 (d,
J=7.8 Hz, 1H), 7.68 (br. s., 2H), 7.44 (br. s., 2H), 7.00 (d,
J=8.2 Hz, 2H), 6.70 (d, J=8.6 Hz, 2H), 5.47 (br. s., 1H), 4.57
(br. s., 3H), 4.47 (br. s., 2H), 3.13 (br. s., 3H), 2.71-2.65 (m,
7H), 2.33 (s, 2H), 1.85 (s, 3H), 1.74 (s, 3H), 1.60 (br. s., 4H),
0.88-0.75 (m, 7H). ESI-MS [M+H]+ caled for
C;oH5,NyO,S+ 790.37, found 790.50.

[0329] (S)-2-((S)-2-((S)-2-acetamido-3-(4-(allyloxy)phe-
nyl)propanamido)-4-methylpentanamido)-N5-allyl-N1-
((S)-1-(benzo[d]thiazol-2-y1)-5-guanidino-1-oxopentan-2-
yDpentanediamide (VD4022). Compound VD4022 was
synthesized using the general procedures A, B, D, F, and G.
Off-white solid. Yield (6.7 mg). 'H NMR (400 MHz,
DMSO-d,) =8.98 (s, 1H), 8.27 (br. s., 2H), 7.94 (br. 5., 2H),
7.68 (br. s., 1H), 7.43 (br. s., 1H), 7.19-7.00 (m, 2H), 6.81
(br. s., 2H), 6.61 (s, 1H), 6.03 (s, 1H), 5.77 (s, 1H), 5.53-4.97
(m, 2H), 4.50 (br. s., 1H), 4.43 (s, 1H), 3.14 (br. 5., 2H), 2.34
(s, 4H), 2.29 (s, 2H), 1.94 (br. s., 1H), 1.75 (br. s., 4H), 1.59
(br. s., 2H), 1.45 (br. s., 2H), 0.96-0.63 (m, 6H). ESI-MS
[M+H]+ caled for C,;H;,NoO,S+ 818.40, found 818.60.
[0330] Methyl NS-allyl-N2-(tert-butoxycarbonyl)-L-glu-
taminate (VD3185). VD3185 was prepared by using peptide
coupling general procedure A. Off-white solid, Yield 5.5 g
(95%). '"H NMR (400 MHz, CDCl,) =6.51-6.38 (m, 1H),
5.84 (dd, J=5.7, 11.2 Hz, 1H), 5.45-5.27 (m, 1H), 5.27-5.09
(m, 2H), 4.28 (br. s., 1H), 3.91 (br. s., 2H), 3.75 (s, 3H),
2.66-2.44 (m, 1H), 2.43-2.28 (m, 1H), 2.28-2.16 (m, 1H),
1.95 (d, J=6.3 Hz, 1H), 1.45 (s, 9H). ESI-MS [M+H]+ calcd
for C,,H,sN,O.+ 301.18, found 301.30.

[0331] Methyl ((S)-2-acetamido-3-(4-(allyloxy)phenyl)
propanoyl)-L-leucinate (VD3186). VD3186 was prepared
by using peptide coupling general procedure A. Off-white
solid, Yield 440 mg (89%). 'H NMR (400 MHz, CDCl,)
8=7.15 (br. s., 2H), 6.86 (d, J=7.0 Hz, 2H), 6.31-5.98 (m,
2H), 5.43 (d, J=17.6 Hz, 1H), 5.30 (d, J=9.8 Hz, 2H), 4.64
(br. s., 1H), 4.53 (br. s., 1H), 3.72 (d, J=4.3 Hz, 3H),
3.12-2.91 (m, 2H), 2.01 (br. s., 3H), 1.85 (br. s., 3H),
1.66-1.45 (m, 2H), 1.38 (br. s., 1H), 0.96-0.83 (m, 6H).
ESI-MS [M+H]+ caled for C, H;,N,Os+ 391.22, found
391.30.

[0332] Methyl (S)-2-((S)-2-((S)-2-acetamido-3-(4-(ally-
loxy)phenyl)propanamido)-4-methylpentanamido)pent-4-
enoate (VD3193). Compound VD3193 was synthesized
using the general procedures A, B, D, and F. Off-white solid,
Yield 312 mg (94%). 'H NMR (400 MHz, CD,0D) 8=7.
17-7.10 (m, 2H), 6.88-6.81 (m, 2H), 6.05 (tdd, J=5.3, 10.8,
16.5 Hz, 1H), 5.85-5.70 (m, 2H), 5.44-5.34 (m, 1H), 5.23 (d,
J=10.6 Hz, 1H), 5.17-5.03 (m, 3H), 4.57 (dd, J=5.7, 8.8 Hz,
1H), 4.51 (d, J=4.7 Hz, 2H), 4.47-4.38 (m, 2H), 4.20 (dd,
J=3.9,11.0 Hz, 1H), 3.71-3.67 (m, 3H), 3.05 (dd, J=5.5, 14.1
Hz, 1H), 2.94-2.87 (m, 1H), 2.84-2.76 (m, 1H), 2.62-2.42
(m, 3H), 1.60-1.53 (m, 1H), 0.93 (dd, J=6.1, 14.3 Hz, 5H),
0.81-0.76 (m, 1H), 0.74-0.66 (m, 2H). ESI-MS [M+H]+
caled for C,cH;sN;Og+ 488.28, found 488.40.

Example 5. Synthesis of Macrocyclic Analogs

[0333] Various macrocyclic analogs were prepared
according the schemes shown in FIGS. 8-11 and as
described herein.

[0334] Hydrogenation.

[0335] Staring material (alkene) (250 mg; 0.544 mmol)
dissolved in methanol (25 mL) followed by added Pd—C(50
mg) carefully and applied the hydrogen gas at room tem-
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perature continue the reaction for 3 h/until disappearance of
the starting material by LCMS. After completion, reaction
mass filtered through celite bed and washed the bed with
methanol. Concentrated the filtrate, crude was purified by
silica column chromatography yielded a white to off-white
solid.

[0336] Intramolecular Click Chemistry.

[0337] To a solution of acyclic compound (100 mg; 0.229
mmol) in DCM (190 mL; 1.2 M) added DBU (103 ul; 0.687
mmol) under nitrogen atmosphere and stirred the reaction
for 15 min followed by added Cu(I)Br (33 mg; 0.229 mmol)
at room temperature and continue the reaction overnight
(~16 h) till disappearance of the starting material. Reaction
quenched by adding 3 M HCI (30 mL), separate the layers.
Aqueous extracted with DCM (2x). Combined organic layer
washed with water, brine, dried over anhydrous Na,SO,,
filtered and concentrated. Crude was purified by column
chromatography (Combiflash) yielded an Off-white solid.
[0338] Methyl (68S,98,125)-6-(4-azidobutyl)-9-isobutyl-2,
2-dimethyl-4,7,10-trioxo-12-(prop-2-yn-1-yl)-3-oxa-5,8,11-
triazatridecan-13-oate (VD4113). 'H NMR (400 MHz,
CDCl,) 8=4.54 (t, J=4.7 Hz, 1H), 4.41-4.32 (m, 1H), 3.96
(br. s., 1H), 3.81 (s, 3H), 3.68 (d, J=1.6 Hz, 2H), 3.27 (d,
J=1.6 Hz, 1H), 3.19 (t, J=6.1 Hz, 2H), 2.68-2.61 (m, 2H),
2.00 (d, J=2.0 Hz, 1H), 1.76-1.65 (m, 1H), 1.61-1.44 (m,
7H), 1.34 (d, J=1.2 Hz, 9H), 0.84 (dd, J=4.7, 14.1 Hz, 7H).
[0339] t-Butyl 3-((S)-2-((S)-3-(4-(allyloxy)phenyl)-2-
((tert-butoxycarbonyl)amino)propanamido)-3-methoxy-3-
oxopropyl)-1H-indole-1-carboxylate (VD4146). "H NMR
(400 MHz, CDCl,) 6=8.11 (d, I=7.4 Hz, 1H), 7.40-7.29 (m,
2H), 7.23-7.15 (m, 1H), 7.09 (d, J=7.0 Hz, 2H), 6.81 (d,
J=7.0 Hz, 4H), 6.39 (d, J=7.0 Hz, 1H), 6.03 (dt, J]=5.9, 11.0
Hz, 1H), 5.39 (d, J=17.2 Hz, 1H), 5.26 (d, J=10.2 Hz, 1H),
4.87 (d, J=5.5 Hz, 1H), 4.53-4.45 (m, 1H), 4.28 (br. s., 1H),
3.65 (s, 3H), 3.19 (d, I=5.1 Hz, 1H), 2.98 (d, J=5.5 Hz, 2H),
2.18 (d, I=1.2 Hz, 2H), 1.67 (s, 9H), 1.37 (s, 9H).

[0340] N“-((S)-3-(4-(allyloxy)phenyl)-2-((tert-butoxycar-
bonyl)amino)propanoyl)-1-(tert-butoxycarbonyl)-L-trypto-
phan (VD4147). '"H NMR (400 MHz, CDCl;) 8=8.08 (d,
J=5.9 Hz, 1H), 7.42 (br. s., 2H), 7.20 (d, J=6.3 Hz, 1H),
7.13-7.00 (m, 2H), 6.87-6.76 (m, 2H), 6.65 (br. s., 1H), 6.02
(dt, J=4.7, 11.0 Hz, 1H), 5.39 (d, I=17.2 Hz, 1H), 5.26 (d,
J=10.6 Hz, 1H), 5.04-4.80 (m, 1H), 4.55-4.44 (m, 1H), 4.34
(br. s., 1H), 3.49 (br. s., 1H), 3.31-3.12 (m, 1H), 2.91 (d,
J=7.0Hz, 1H), 2.18 (d, J=1.2 Hz, 1H), 2.08 (dd, J=1.4, 18.2
Hz, 1H), 1.64 (s, 9H), 1.45-1.40 (m, 2H), 1.33 (br. s., 9H).
[0341] t-Butyl 3-((R)-2-((S)-3-(4-(allyloxy)phenyl)-2-
((tert-butoxycarbonyl)amino)propanamido)-3-methoxy-3-
oxopropyl)-1H-indole-1-carboxylate (VD4149). Compound
VD4149 was synthesized using the peptide coupling general
procedure A. 'H NMR (400 MHz, CDCl,) 8=8.11 (d, J=6.7
Hz, 1H), 7.42 (d, J=7.4 Hz, 1H), 7.37-7.29 (m, 1H), 7.25-
7.21 (m, 1H), 7.11-7.01 (m, 2H), 6.87-6.76 (m, 2H), 6.43 (d,
J=5.5 Hz, 1H), 6.09-5.95 (m, 1H), 5.39 (d, J=17.2 Hz, 1H),
5.26 (d, J=10.6 Hz, 1H), 4.98-4.81 (m, 1H), 4.54-4.45 (m,
1H), 4.30 (br. s., 1H), 3.64 (s, 3H), 3.20-3.04 (m, 2H), 2.97
(d, J=5.9 Hz, 1H), 2.18 (s, 1H), 1.67 (s, 9H), 1.37 (s, 9H).
[0342] t-Butyl 3-((S)-2-((S)-3-(4-(allyloxy)phenyl)-2-
((tert-butoxycarbonyl)amino)propanamido)-3-(((S)-1-
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methoxy-1-oxopent-4-en-2-yl)amino)-3-oxopropyl)-1H-in-
dole-1-carboxylate (VD4150). 'H NMR (400 MHz, CDCl,)
0=8.14 (d, I=7.4 Hz, 1H), 7.46 (s, 1H), 7.37-7.28 (m, 1H),
7.25-7.17 (m, 1H), 7.10 (d, J=7.8 Hz, 2H), 6.86 (d, J=7.4 Hz,
2H), 6.66 (d, J=7.0 Hz, 1H), 6.27-6.14 (m, 1H), 6.11-5.96
(m, 1H), 5.55-533 (m, 2H), 5.27 (d, J=10.2 Hz, 1H),
5.00-4.89 (m, 2H), 4.83-4.66 (m, 1H), 4.55-4.43 (m, 1H),
431 (br. s, 1H), 3.67 (s, 3H), 3.28 (d, J=9.8 Hz, 1H),
3.12-2.91 (m, 3H), 2.41 (q, J=6.9 Hz, 1H), 2.18 (d, J=0.8 Hz,
1H), 1.66 (s, 9H), 1.44-1.39 (m, 1H), 1.32 (s, 9H).

[0343] N*-((S)-3-(4-(allyloxy)phenyl)-2-((tert-butoxycar-
bonyl)amino)propanoyl)-1-(tert-butoxycarbonyl)-D-trypto-
phan (VD4151). '"H NMR (400 MHz, CDCl;) 8=8.10 (d,
J=6.7 Hz, 1H), 7.54 (d, J=6.7 Hz, 1H), 7.44 (br. s., 1H),
7.35-7.29 (m, 1H), 7.27-7.20 (m, 2H), 7.13-6.92 (m, 2H),
6.73 (br. s., 1H), 6.00 (dt, J=5.3, 11.1 Hz, 1H), 5.44-5.14 (m,
2H), 4.90 (br. s., 1H), 4.61-4.29 (m, 2H), 3.49 (br. s., 1H),
3.15 (br. s., 1H), 2.97-2.75 (m, 2H), 2.18 (d, J=0.8 Hz, 1H),
1.63 (s, 9H), 1.44-1.40 (m, 2H), 1.33 (br. s., 9H).

[0344] Methyl (7S,10S,13S,E)-13-acetamido-10-benzyl-
9,12-diox0-2-0xa-8,11-diaza-1(1,4)-benzenacyclotetrade-
caphan-4-ene-7-carboxylate (VD4098). 'H NMR (400
MHz, CDCl,) 6=7.30-7.21 (m, 4H), 7.08 (d, J=6.7 Hz, 5H),
6.48 (d, J=7.8 Hz, 1H), 5.88 (d, J=8.2 Hz, 1H), 5.79 (d, J=6.7
Hz, 1H), 5.50-5.31 (m, 1H), 4.73-4.49 (m, 2H), 4.40 (d,
J=6.7 Hz, 1H), 3.73 (d, J=2.0 Hz, 3H), 3.23-3.06 (m, 1H),
2.90-2.79 (m, 1H), 2.69-2.53 (m, 1H), 2.31 (br. s., 1H), 2.05
(d, J=1.6 Hz, 3H), 1.70 (br. s., 4H), 1.26 (br. s., 1H).

[0345] Methyl (7S,108,135)-13-acetamido-10-isobutyl-9,
12-dioxo-2-0xa-8,11-diaza-1(1,4)-benzenacyclotetrade-
caphane-7-carboxylate (VD4063). 'H NMR (400 MHz,
CDCl,) 6=7.15-7.03 (m, 2H), 6.80 (d, J=7.8 Hz, 2H), 6.56
(br. s., 1H), 6.22 (br. s., 1H), 4.72 (br. s., 1H), 4.55 (br. s.,
1H), 4.32 (d, J=12.5 Hz, 1H), 4.22 (br. 5., 1H), 4.12 (d, =7 .4
Hz, 1H), 3.73 (s, 3H), 3.17 (dd, J=5.3, 12.3 Hz, 1H),
3.05-2.92 (m, 2H), 2.67 (t, J=12.1 Hz, 1H), 2.07 (s, 3H),
2.00 (br. s., 1H), 1.92 (d, J=9.0 Hz, 1H), 1.82 (d, J=7.0 Hz,
2H), 1.71-1.39 (m, 2H), 0.96 (d, J=6.7 Hz, 2H), 0.94-0.84
(m, 6H).

Methyl (78,108,13S)-13-acetamido-10-benzyl-9,12-
dioxo-2-oxa-8,11-diaza-1(1,4)-benzenacyclotetrade-
caphane-7-carboxylate (VD4104)

[0346] 'HNMR (400 MHz, CDCl,) 8=7.24-7.19 (m, 2H),
7.14-6.98 (m, 2H), 6.77 (d, J=7.4 Hz, 1H), 6.40 (br. 5., 1H),
6.24 (br. s., 1H), 5.60 (d, J=7.4 Hz, 1H), 4.59 (br. 5., 1H),
4.41 (br. s., 1H), 4.19 (d, 1=6.3 Hz, 1H), 4.08 (d, J=8.2 Hz,
2H), 3.67 (s, 3H), 3.20 (dd, J=4.9, 12.7 Hz, 1H), 3.08 (d,
J=9.8 Hz, 1H), 2.97 (br. s., 1H), 2.86-2.72 (m, 2H), 2.69-
2.56 (m, 1H), 2.07 (s, 3H), 1.90 (br. s., 1H), 1.67 (d, =63
Hz, 1H), 1.52 (d, J=4.7 Hz, 1H), 1.38-1.23 (m, 1H), 1.19 (br.
s., 1H), 0.95 (d, J=5.5 Hz, 1H).

[0347] Methyl (3S,68S,9S,7)-3-acetamido-6-isobutyl-4,7-
dioxo-11H-5,8-diaza-1(4,1)-triazolacyclotridecaphane-9-

carboxylate (VD4084). 'H NMR (400 MHz, METHANOL -
d4) 6=7.63 (br. s., 1H), 4.74 (br. 5., 1H), 4.64 (d, I=11.3 Hz,
1H), 4.47-4.30 (m, 2H), 3.79-3.67 (s, 3H), 3.23 (q, J=6.9 Hz,
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3H), 3.13 (br.s., 1H), 2.67 (br. s., 1H), 2.03 (s, 3H), 1.99 (br.
s., 2H), 1.75 (br. s., 2H), 1.69-1.50 (m, 4H), 0.98-0.88 (m,
8H).

[0348] Methyl (3S,68S,9S,7)-9-acetamido-6-isobutyl-5,8-
dioxo-11H-4,7-diaza-1(4,1)-triazolacyclotridecaphane-3-
carboxylate (VD4116). '"H NMR (400 MHz, CD,0D) 8=7.
64 (br.s., 1H), 5.50 (s, 1H), 4.49-4.39 (m, 1H), 4.13-4.06 (m,
1H), 3.79 (s, 3H), 3.35 (t, J=5.7 Hz, 3H), 2.68 (d, J=9.4 Hz,
3H), 2.56 (d, J=9.8 Hz, 1H), 2.09-2.00 (s, 3H), 1.94 (s, 1H),
1.83-1.69 (m, 5H), 1.38 (d, I=5.9 Hz, 2H), 1.24 (t, ]=6.8 Hz,
1H), 0.99-0.87 (m, 6H).

[0349] (3S,6S,9S,7)-3-acetamido-6-isobutyl-4,7-dioxo-
11H-5,8-diaza-1(4,1)-triazolacyclotridecaphane-9-carbox-
ylic acid (VD4087). 'H NMR (400 MHz, CD,0D) 8=7.77
(br. s., 1H), 7.47-7.28 (m, 1H), 4.73 (br. s., 1H), 4.58 (d,
J=9.0 Hz, 1H), 4.15 (d, J=8.2 Hz, 3H), 3.96 (br. s., 3H), 2.21
(br.s., 2H), 2.04 (s, 3H), 1.79 (br. s., 2H), 1.65-1.41 (m, 3H),
1.25-1.08 (m, 2H), 0.95-0.77 (m, 8H).

[0350] Methyl  (7S,108,13S)-10-((1-(tert-butoxycarbo-
nyl)-1H-indol-3-yl)methyl)-13-((tert-butoxycarbonyl)
amino)-9,12-dioxo-2-oxa-8,11-diaza-1(1,4)-benzenacyclo-
tetradecaphane-7-carboxylate (VD4153). 'H NMR (400
MHz, CDCl,) 8=8.12 (d, J=7.0 Hz, 1H), 7.73 (d, J=7.4 Hz,
2H), 7.39 (s, 2H), 7.34-7.29 (m, 2H), 7.06 (br. s., 2H), 6.77
(br. s., 1H), 6.15 (d, J=3.5 Hz, 1H), 5.35 (t, J=8.4 Hz, 2H),
4.33-3.91 (m, 4H), 3.56 (s, 3H), 3.35-3.17 (m, 2H), 2.83-2.
60 (m, 1H), 1.84-1.71 (m, 1H), 1.66 (s, 9H), 1.39-1.36 (s,
9H), 1.29-1.18 (m, 2H), 1.10 (br. s., 2H).

[0351] Methyl (7S,10S,13S)-13-acetamido-10-((1-(tert-
butoxycarbonyl)-1H-indol-3-yl)methy1)-9,12-dioxo-2-oxa-
8,11-diaza-1(1,4)-benzenacyclotetradecaphane-7-carboxy-
late (VD4154). "H NMR (400 MHz, CDCl,) $=8.23-8.09
(m, 1H), 7.79-7.68 (m, 1H), 7.42-7.32 (m, 1H), 7.22-6.99
(m, 2H), 6.76 (br. s., 2H), 6.52-6.23 (m, 2H), 5.45 (t, J=7.6
Hz, 1H), 4.61 (br. s., 1H), 4.41-4.27 (m, 1H), 4.23-3.96 (m,
2H), 3.73-3.61 (m, 2H), 3.58 (s, 3H), 3.39-3.19 (m, 1H),
3.10 (br. s., 2H), 2.90-2.74 (m, 1H), 2.65 (t, J=11.9 Hz, 1H),
2.08 (s, 3H), 1.80 (d, J=8.6 Hz, 1H), 1.66 (s, 2H), 1.58-1.54
(m, 4H), 1.46 (s, 9H), 1.24 (td, J=6.8, 14.2 Hz, 1H), 1.11 (br.
s., 1H).

[0352] Methyl (7S,10R,13S)-10-((1-(tert-butoxycarbo-
nyl)-1H-indol-3-yl)methyl)-13-((tert-butoxycarbonyl)
amino)-9,12-dioxo-2-oxa-8,11-diaza-1(1,4)-benzenacyclo-
tetradecaphane-7-carboxylate (VD4159). '"H NMR (400
MHz, CDCl,) 8=8.13 (br. s., 1H), 7.88 (d, I=7.4 Hz, 1H),
7.78-7.68 (m, 1H), 7.48 (s, 1H), 7.37-7.29 (m, 3H), 7.21-7.
00 (m, 3H), 6.92 (d, J=7.8 Hz, 2H), 6.76 (br. s., 1H), 6.29 (br.
s., 1H), 5.79 (br. s., 1H), 5.32 (d, J=8.2 Hz, 2H), 4.57-4.24
(m, 5H), 4.16 (br. s., 2H), 3.66-3.47 (m, 4H), 3.37 (d, J=14.1
Hz, 1H), 2.70-2.56 (m, 1H), 1.95-1.80 (m, 1H), 1.67 (s, 9H),
1.48-1.43 (s, 9H), 0.99-0.82 (m, 2H).

[0353] (7S,108,138)-13-acetamido-N-((S)-1-(benzo[d]
thiazol-2-yl)-5-guanidino-1-oxopentan-2-y1)-10-benzyl-9,
12-dioxo-2-oxa-8,11-diaza-1(1,4)-benzenacyclotetrade-
caphane-7-carboxamide (VD4111). ‘H NMR (400 MHz,
DMSO0-d6) 8=8.60 (d, J=5.9 Hz, 1H), 8.32-8.21 (m, 2H),
8.19(d, I=7.0 Hz, 1H), 8.09 (d, J=9.4 Hz, 1H), 7.74-7.63 (mm,
2H), 7.53 (br. s., 1H), 7.07 (d, J=6.3 Hz, 2H), 6.97 (d, I=6.3
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Hz, 3H), 6.71 (d, J=7.8 Hz, 1H), 6.37 (d, J=5.5 Hz, 1H), 5.47
(d, J=5.5 Hz, 1H), 4.44-4.25 (m, 2H), 3.99 (br. s., 2H), 3.16
(d, J=6.7 Hz, 2H), 2.93-2.83 (m, 2H), 2.69-2.59 (m, 4H),
1.97 (d, J=7.0 Hz, 2H), 1.88 (s, 4H), 1.81-1.56 (m, 4H), 1.45
(br. s., 4H), 1.37-1.15 (m, 4H).

[0354] (3S,6S,9R,Z)-3-acetamido-N-((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)-6-isobutyl-4,7-
dioxo-11H-5,8-diaza-1(4,1)-triazolacyclotridecaphane-9-
carboxamide (VD4090). 'H NMR (400 MHz, DMSO-d6)
88.57 (d, I=5.9 Hz, 1H), 8.27 (dd, J=7.8, 12.9 Hz, 2H),
8.12-8.01 (m, 1H), 7.88 (d, J=7.4 Hz, 2H), 7.75-7.65 (m,
1H), 7.50 (br. s., 1H), 5.46 (br. s., 1H), 4.68 (br. s., 1H),
4.57-4.46 (m, 2H), 4.39-4.21 (m, 4H), 3.13 (d, J=5.5 Hz,
3H), 2.03 (s, 3H), 1.95 (d, J=18.0 Hz, 2H), 1.88-1.82 (m,
2H), 1.79-1.52 (m, 6H), 1.44 (dd, J=6.3, 13.3 Hz, 2H), 1.33
(br. s., 1H), 0.94 (br. s., 2H), 0.80 (dd, J=6.1, 18.2 Hz, 6H).
[0355] (7S,108,13S)-13-acetamido-N-((S)-1-(benzo[d]
thiazol-2-yl)-5-guanidino-1-oxopentan-2-yl)-10-isobutyl-9,
12-dioxo-2-0xa-8,11-diaza-1(1,4)-benzenacyclotetrade-
caphane-7-carboxamide (VD4072). 'H NMR (400 MHz,
DMSO-d6) 88.46 (d, J=6.3 Hz, 1H), 8.25 (dd, J=7.6, 17.0
Hz, 2H), 8.13 (d, J=7.0 Hz, 1H), 7.93 (d, J=9.0 Hz, 1H),
7.72-7.61 (m, 2H), 7.46 (br. s., 1H), 7.00 (d, J=7.0 Hz, 2H),
6.90 (d, I=7.8 Hz, 1H), 6.76 (d, J=7.8 Hz, 2H), 5.37 (br. s.,
1H), 449 (d, J=4.7 Hz, 1H), 432 (d, J=8.6 Hz, 1H),
4.08-3.90 (m, 1H), 3.12 (d, J=5.9 Hz, 3H), 2.87 (d, J=7.8 Hz,
2H), 1.98-1.90 (m, 2H), 1.83 (s, 3H), 1.70 (br. s., 3H), 1.56
(br. s., 2H), 1.42-1.31 (m, 1H), 1.29-1.12 (m, 5H), 0.77-0.70
(m, 10H).

[0356] (10S,13S,16S,7)-16-acetamido-N-((S)-1-(benzo
[d]thiazol-2-y1)-5-guanidino-1-oxopentan-2-y1)-13-
isobutyl-8,12,15-trioxo-2-oxa-7,11,14-triaza-1(1,4)-ben-
zenacycloheptadecaphan-4-ene-10-carboxamide (VD4054).
'H NMR (400 MHz, DMSO-d6) 6=8.48-8.36 (m, 1H),
8.34-8.23 (m, 2H), 8.17-8.08 (m, 1H), 7.69 (br. s., 2H), 7.47
(br. s., 1H), 7.02-6.89 (m, 2H), 6.78-6.68 (m, 1H), 5.68 (br.
s., 1H), 5.49 (d, J=18.0 Hz, 2H), 5.03 (br. s., 1H), 4.75 (d,
J=4.7 Hz, 1H), 4.61-4.49 (m, 2H), 4.38-4.27 (m, 1H), 3.80
(br. s., 1H), 3.13 (br. s., 4H), 1.96 (br. s., 2H), 1.87 (s, 3H),
1.75 (br. s., 3H), 1.66-1.45 (m, 4H), 1.37 (d, J=6.3 Hz, 2H),
0.87-0.73 (m, 11H).

[0357] (7S,108,13S,E)-7-acetamido-N-((S)-1-(benzo[d]
thiazol-2-yl)-5-guanidino-1-oxopentan-2-yl)-10-isobutyl-8,
11-dioxo0-2-0xa-9,12-diaza-1(1,4)-benzenacyclotetrade-
caphan-4-ene-13-carboxamide (VD4051). 'H NMR (400
MHz, DMSO-d6) 8=8.79 (d, J=7.4 Hz, 1H), 8.33-8.25 (m,
2H), 8.20 (d, J=9.0 Hz, 1H), 8.13 (d, J=7.4 Hz, 1H),
7.75-7.64 (m, 2H), 7.53 (br. s, 1H), 7.07 (d, J=7.8 Hz, 2H),
6.67 (d, I=7.8 Hz, 1H), 5.60-5.36 (m, 2H), 4.72-4.54 (m,
2H), 4.37-4.25 (m, 1H), 4.17 (br. s., 1H), 3.16 (d, J=6.3 Hz,
2H), 2.98 (d, J=11.7 Hz, 3H), 1.79 (s, 3H), 1.64 (br. s., 4H),
1.41-1.32 (m, 3H), 1.24-1.14 (m, 4H), 0.83-0.72 (m, 10H).

Example 6. General Fmoc SPPS Procedure for
Acetylated Dipeptide and Tripeptide Acids

[0358] Leu-chlorotrityl chloride resin (0.618 meq/g) was
swelled in dichloromethane for 30 min. The reagents were
drained, and the resin washed 2x with 15 mL methylene
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chloride. The resin was then treated with the first Fmoc
amino acid (2 eq), HBTU (2.5 eq), DIEA (3 eq) in DMF for
2 hours. Drained reagents and washed resin 4x with DMF.
For tripeptides, the resin was then treated 2x with 20%
piperidine/DMF for 20 min, drained and repeated. Washed
resin 3x with DMF. The resin was then treated with second
Fmoc amino acid (2 eq), HBTU (2.5 eq), DIEA (3 eq) in
DMF for 2 hours. Drained reagents and washed resin 4x
with DMF. The resin was then treated with 20% piperidine/
DMF for 20 min, drained and repeated. Washed resin 3x
with DMF. With either the dipeptide or tripeptide, the resin
was then treated with acetic anhydride (2 eq) and DIEA (3
eq) in DMF for 2 hours. Drained reagents and washed resin
4x with DMF and 2x with methylene chloride. The resin was
then treated with 25% HFIP/methylene chloride solution for
40 min, drained and repeated. The combined cleavage
solutions were concentrated under vacuum to give the
desired carboxylic acid.

[0359] hlLeu-Chlorotrityl Chloride Resin

[0360] hl.eu-chlorotrityl chloride resin (0.17 meq/g) was
swelled in dichloromethane for 30 min. The reagents were
drained, and the resin washed 2x with 15 mL methylene
chloride. The resin was then treated with the first Fmoc
amino acid (2 eq), HBTU (2.5 eq), DIEA (3 eq) in DMF for
2 hours. Drained reagents and washed resin 4x with DMF.
The resin was then treated 2x with 20% piperidine/DMF for
20 min, drained and repeated. Washed resin 3x with DMF.
For tripeptides, the resin was then treated with second Fmoc
amino acid (2 eq), HBTU (2.5 eq), DIEA (3 eq) in DMF for
2 hours. Drained reagents and washed resin 4x with DMF.
The resin was then treated with 20% piperidine/DMF for 20
min, drained and repeated. Washed resin 3x with DMF. With
either the dipeptide or tripeptide, the resin was then treated
with acetic anhydride (2 eq) and DIEA (3 eq) in DMF for 2
hours. Drained reagents and washed resin 4x with DMF and
2x with methylene chloride. The resin was then treated with
25% HFIP/methylene chloride solution for 40 min, drained
and repeated. The combined cleavage solutions were con-
centrated under vacuum to give the desired carboxylic acid.

Example 7. General Coupling of Tripeptide to

H-Arg-Kbt HCI
[0361] A solution of the dipeptide or tripeptide acid (1.0
eq), prepared as described in Example 6, H-Arg(Pbf)-kbt
HCI (1.0 eq), and HATU (1.1 eq) in DMF was cooled to ice
bath temperature and then treated with DIEA (2.1 eq) and
stirred under Ar(g) for 4 hours at ice bath temperature. The
reaction was allowed to warm to room temperature and
concentrated to dryness, then water was added forming a
solid precipitate which was filtered off and dried. The solid
was treated with a solution of 95% TFA/2.5% thiocanisole/
2.5% water for 2 hours. The reaction was concentrated in
vacuo and purified by reversed phase C,, prep HPLC to give
the desired compound. Table 1, shown below, depicts the
compounds prepared by the methods of Examples 6 and 7.
The synthesis of PK-1-18A1, PK-1-58A1, PK-1-54Al,
PK-1-45A1 were reported in U.S. Patent Application Pub-
lication 2018/0066015, which is incorporated herein by
reference.
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TABLE 1-continued
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TABLE 1-continued

ID MW Structure
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TABLE 1-continued

ID MW Structure

JTH1169 719.86

PK-1-18A1 624.76

PK-1-58A1 848.04

PK-1-54A1 848.04
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TABLE 1-continued

ID MW Structure
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TABLE 1-continued
D MW Structure
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Example 8. Synthesis of Dipeptides
[0362]

NH,

JH1162 (MW: 496.59)

[0363] A solution of Cbz-dAla-OH (14 mg, 0.046 mmol),
H-Arg(Pbf)-kbt HCI (25 mg, 0.046 mmol), HATU (24 mg,
0.064 mmol) in DMF was cooled to ice bath temperature and
then treated with DIEA (24 mg, 0.032 mL, 0.18 mmol)) and
stirred under Ar(g) for 4 hours. The reaction was concen-
trated to dryness, water was added to form a solid which was
filtered off and dried. The solid was then treated with a
solution of 95% TFA/2.5% thioanisole/2.5% water for 2
hours. The reaction was concentrated and purified by prep
HPLC to give the desired compound.

s 0
Vi
®
N NH
)—(M O

(6] HN

el o
NH, Q
O‘

JH1161 (MW: 584.70)

[0364] A solution of Fmoc-dAla-OH (10 mg, 0.046
mmol), H-Arg(Pbf)-kbt HCI (25 mg, 0.046 mmol), HATU
(24 mg, 0.064 mmol) in DMF was cooled to ice bath
temperature and then treated with DIEA (24 mg, 0.032 mL,,
0.18 mmol)) and stirred under Ar(g) for 4 hours. The
reaction was concentrated to dryness, water was added to
form a solid which was filtered off and dried. The solid was
then treated with a solution of 95% TFA/2.5% thioanisole/
2.5% water for 2 hours. The reaction was concentrated and
purified by prep HPLC to give the desired compound.

Example 9. Biological Activity Data of Matriptase,
Hepsin, HGFA, Factor Xa, and Thrombin

[0365] The compounds prepared in Examples 1 to 8 were
subjected to a series of inhibitions studies. The compounds
were first tested in an HGFA enzymatic assay using the
fluorogenic substrate Boc-QLR-AMC with a recombinant
form of the HGFA serine protease domain.

[0366] Synthesis of Boc-QLR-AMC Fluorogenic Sub-
strate:
[0367] Boc-R(NO,)-AMC: Under nitrogen atmosphere,

pyridine (60 mL) was added into the round bottom flask
containing Boc-R(NO,)—OH (4.653 g, 14.6 mmol) and
7-amino-4-methylcoumarin (3.829 g, 21.9 mmol). Diisopro-
pylcarbodiimide (2.023 g, 16.0 mmol) was added and the
mixture was stirred overnight. The mixture was filtered. The
filtrate was concentrated then dried in vacuo. The resultant
residue was purified by silica gel chromatography with
dichloromethane/methanol combinations as eluent giving
rise to Boc-R(NO,)-AMC (2.964 g) in 43% yield. MS (ESI):
found [M+H]*, 477.4.

[0368] HCLH,N—R(NO2)-AMC: 4 N HCl in dioxane (25
ml) was added into the round bottom flask containing
Boc-R(NO,)-AMC (2.964 g, 6.2 mmol) and the mixture
stirred for 2 hours. The dioxane was removed in vacuo and
to the resultant residue methanol was added then concen-
trated in vacuo three times, giving rise to the title compound
in quantitative yield. MS (ESI): found [M+H]*, 377.3.
[0369] Boc-QL-OH: Under nitrogen atmosphere, anhy-
drous DMF (10 mL) was added into the round bottom flask
containing Boc-Q-OH (0.500 g, 2.0 mmol), H-L.-OMe:HCl
(0.406 g, 2.2 mmol), EDCI:HCI (0.467 g, 2.4 mmol), and
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HOBt (0.466 g, 3.1 mmol). N,N-diisopropylethylamine
(0.787 g, 6.1 mmol) was added and the mixture was stirred
overnight. The majority of DMF was removed in vacuo and
to the resulting residue was added 20 ml of water. The
precipitate was isolated by filtration then purified by silica
gel chromatography with dichloromethane/methanol com-
binations as eluent to give Boc-QL-OMe (0.711 g) in 95%
yield. MS (ESI): found [M+Na]*, 396.4. Methanol/water
(1:1 v/v, 10 mL) was added into the round bottom flask
containing the Boc-QL-OMe (0.711 g, mmol) and LiOH
(0.068 g, 2.8 mmol). The reaction was stirred overnight. The
mixture was concentrated in vacuo and to the resulting
residue was added 30 mL of water. 0.5 M HCl] was added
dropwise until pH=4.5 was reached, then the mixture was
extracted three times with ethyl acetate. The ethyl acetate
layers were collected, dried with Na,SO,, then concentrated
in vacuo to give rise to Boc-QL-OH (0.603 g) in 49% yield.
MS (ESI): found [M+Na]*, 373.4.

[0370] Boc-QLR(NO,)-AMC: Under nitrogen atmo-
sphere, anhydrous DMF (10 mL) was added into the round
bottom flask containing Boc-QL-OH (0.603 g, 1.7 mmol),
HCLH,N—R(NO,)-AMC (0.406 g, 2.2 mmol), EDCI:HCI
(0322 g, 1.7 mmol), and HOBt (0.257 g, 1.7 mmol).
N,N-diisopropylethylamine (0.904 g, 7.0 mmol) was added
and the mixture was stirred overnight. The majority of DMF
was removed in vacuo and to the resulting residue was added
20 mL of water. The mixture was extracted three times with
ethyl acetate. The ethyl acetate layers were collected, dried
with Na,SO,, then concentrated in vacuo. The resultant
residue was purified by silica gel chromatography with
dichloromethane/methanol combinations as eluent giving
rise to Boc-QLR(NO,)-AMC (0.250 g) in 20% yield. MS
(ESI): found [M+H]*, 718.5.

[0371] Boc-QLR-AMC: Into the solution of Boc-QLR
(NO,)-AMC (0.250 g, 0.35 mmol) in MeOH (15 mL) was
added Pd/C (10%) (0.111 g) followed by several drops of
acetic acid. The mixture was stirred under hydrogen atmo-
sphere for 21 hours. Additional Pd/C (10%) (0.184 g) was
added with a few drops of acetic acid. The mixture was
stirred for 24 hours, then filtered. The filtrate was concen-
trated. 1/5 of the resulting residue was purified by HPLC
(C18, 15*150 mm column; eluent: acetonitrile/water (0.05%
TFA)) to give the title compound (0.037 g) in 78% yield. 'H
NMR (400 MHz, METHANOL-d,) § ppm 0.92 (d, J=6.30
Hz, 3H) 0.98 (d, J=6.26 Hz, 3H) 1.45 (s, 9H) 1.54-2.14 (m,
9H) 2.25-2.41 (m, 2H) 2.49 (s, 3H) 3.17-3.29 (m, 2H)
4.00-4.14 (m, 1H) 4.34-4.47 (m, 1H) 4.49-4.61 (m, 1H) 6.28
(s, 1H) 7.46-7.60 (m, 1H) 7.71-7.80 (m, 1H) 7.80-7.89 (m,
1H). MS (ESD): found: [M+H]*, 673.6.

[0372] Expression and purification of N-terminal His-tag
HGFA serine protease domain: Using standard primers and
standard PCR protocols, the nucleotide sequence encoding
amino acids 373-655 of HGFA was synthesized. This PCR
product was cloned into the Sfol-HindIII sites of a modified
pFastBac HT baculovirus expression vector (Addgene,
Cambridge, Mass.). This vector contains a six amino His tag
followed by a seven amino spacer and a seven amino acid
TEV cleavage site placed immediately downstream of the
honey bee melittin signal peptide. Using a modified Bac to
Bac Expression System (Life Technologies, Carlsbad,
Calif.), recombinant HGFA bacmids were obtained by trans-
forming DH10Bac Escherichia coli cells. To obtain HGFA
containing baculovirus, purified bacmids were transfected
into Sf9 insect cells. After 5 days in culture at 27° C., media
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was harvested from transfected Sf9 cells. This media was
used to prepare baculovirus infected insect cells (BIICs).
These BIIICs were used to infect High 5 insect cells. Four
days post infection, media was harvested, and recombinant
protein was prepared as follows. Media was chilled to 4° C.
and spun at 4000xg for 20 minutes (all subsequent steps
were performed at 4° C. unless noted). Clarified media was
passed first through a Whatman GF/B 1 um (#1821-047, GE
Healthcare Life Sciences, Piscataway, N.J.) and then a 0.22
um PES membrane (#99955, TPP Techno Plastic Products
AQG, Trasadingen, Switzerland) and then concentrated using
a Pall Centramate tangential flow system and Centramate
T-series Cassette (#0S010T12, Pall Corporation, Port Wash-
ington, N.Y.). Concentrated media was then buffer
exchanged in two steps, five volumes of 50 mM Na-
phosphate, 500 mM NaCl, pH 6.2, followed by five volumes
of 50 mM Na-phosphate, 500 mM NaCl, pH 7.5. The
concentrated and buffered exchanged insect cell media was
again filtered as above and made 25 mM imidazole (#1202,
Sigma-Aldrich, St. Louis, Mo.) and was mixed with nickel
agarose beads (#H-321-25, Gold Biotechnology, Inc., St.
Louis Mo.). After mixing this slurry for 12 hours, nickel
agarose beads were allowed to settle by gravity and then
loaded into a column. Beads were washed with buffer (25
mM Na-phosphate, 500 mM NaCl, 25 mM imidazole, pH 8)
and the bound protein eluted using (25 mM Na-phosphate,
500 mM NaCl, 250 mM imidazole, pH 8). Using a Amicon
Ultra-4 Centrifugal filters (#UFC801008, Merck Millipore,
Ltd., Tullagreen, Ireland), peak protein fractions were con-
centrated and run over a Superdex-200 10/300 GL column
(GE Healthcare Life Sciences, Piscataway, N.J.) in 10 mM
Tris, 200 mM NaCl, 0.2 mM EDTA, pH 8. HGFA containing
fractions were pooled, concentrated, made 50% glycerol,
and stored at minus 20° C. Protein was quantitated using a
modified Lowry protein assay (#500-0006, Bio-Rad Labo-
ratories, Hercules, Calif.) and specific activity determined
using Boc-QLR-AMC substrate.

[0373] Chromogenic kinetic enzyme assay of HGFA activ-
ity: The compounds (0-50 uM final concentration in reac-
tion) were diluted in DMSO (2% DMSO final concentration
in reaction) and then mixed with recombinant HGFA (12.5
nM final concentration in reaction) in TNC buffer (25 mM
Tris, 150 mM NacCl, 5 mM CaCl,, 0.01% TRITON X-100,
pH 8). After incubating for thirty minutes at 25° C., chro-
mogenic substrate, Pefachrome FVIla, (#093-01, Enzyme
Research Laboratories, South Bend, Ind.)) was added to a
final concentration of 250 uM in a final reaction volume of
40 microliters. Changes in absorbance at 405 nm were
measured over a 1 hour time period in a Biotek Synergy 2
plate reader (Winnoski, Vt.). Using the Gen 5 software
program (Biotek, Winnoski, Vt.), a four-parameter curve fit
was used to determine the inhibitor ICs,s from a plot of the
mean reaction velocity versus the inhibitor concentration.
The ICy, values represent the average of three or more
separate experimental determinations.

[0374] Chromogenic kinetic enzyme assays of thrombin
and factor Xa activity: Compounds (0-20 pM final concen-
tration) were serially diluted in DMSO (2% DMSO final
concentration) and then mixed with recombinant thrombin
(0.15 nM final concentration) or factor Xa (0.35 nM final
concentration) in TNC buffer (25 mM Tris, 150 mM NaCl,
5 mM CaCl,, 0.01% Triton X-100, pH 8) using clear 384
well plates. After incubating for 30 minutes at 25° C., the
chromogenic substrate (S2238; D-Phe-Pip-Arg-pNA) for
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thrombin (K,,=14.5 uM) or (S2222; Bz-lle-Glu-Gly-Arg-
pNA) for Factor Xa (K, =200 uM) was added to a final
concentration of K, (4xK,,, (50 uM) for thrombin) in a final
reaction volume of 40 microliters. Changes in absorbance at
405 nm were measured over time in a Biotek Synergy 2 plate
(Winnoski, Vt.). Using GraphPad Prism (GraphPad Soft-
ware, San Diego, Calif.), a four-parameter curve fit was used
to determine the inhibitor ICsys from a plot of the mean
reaction velocity versus the inhibitor concentration. The
1C,, values represent the average of three or more separate
experimental determinations. Apparent K, values were cal-
culated from the IC, values using the Cheng and Prusoff
equation (K,=IC,,/(1+[SJ/K,,)-

[0375] Fluorescent kinetic enzyme assays of HGFA,
matriptase, and hepsin activity: Compounds (0-20 uM final
concentration in reaction) were diluted in DMSO (2%
DMSO final concentration in reaction) and then mixed with
either recombinant HGFA serine protease domain,
matriptase (#3946-SE-010, R&D Systems, Minneapolis,
Minn.), or activated hepsin® (#4776-SE-010, R&D Systems,
Minneapolis, Minn.) in black 384 well plates (Corning
#3575. Corning, N.Y.). The final assay concentration for
HGFA, matriptase, and hepsin, were 6.25 nM, 0.2 nM, and
0.3 nM, respectively in TNC buffer (25 mM Tris, 150 mM
NaCl, 5 mM CaCl,, 0.01% Triton X-100, pH 8). After thirty
minutes of incubation at room temperature, Boc-QLR-AMC
substrate was added (HGFA assay) or Boc-QAR-AMC
substrate (matriptase, and hepsin assays). Fluorescence (ex-
citation at 380 nm and emission at 460 nm) was kinetically
measured at room temperature over a 1 hour time period
using a Biotek Synergy 2 plate reader (Winnoski, Vt.). From
a plot of the mean reaction velocity versus the inhibitor
concentration, a non-linear four parameter curve fit was
performed using GraphPad Prism (GraphPad Software, San
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Diego, Calif.) to determine inhibitor ICgs. The ICs, values
were determined from the average of three or more separate
experimental determinations. Apparent K, values were cal-
culated using the Cheng and Prusoff equation (K=IC,,/(1+
[SI/K,.).

[0376] *Hepsin Activation: Hepsin was diluted 5.5-fold in
TNC buffer (25 mM Tris, 150 mM NaCl, 5 mM CaCl,,
0.01% Triton X-100, pH 8) and incubated at 37° C. After
twenty-four hours, the Hepsin was diluted in glycerol to
50%. This stock Hepsin (1.2 uM) was stored in a -20° C.
freezer and diluted in TNC buffer for use in the hepsin assay
described above.

[0377] Chromogenic Kinetic Enzyme Assay of Thrombin
and Factor Xa: Inhibitors (11-pt serial dilutions, 0-20 uM
final concentration) were serially diluted in DMSO (2%
DMSO final concentration) and then mixed with recombi-
nant thrombin (0.15 nM final concentration) (#1473-SE-
010, R&D Systems, Minneapolis, Minn.) or Factor Xa (0.35
nM final concentration) (#1063-SE-010, R&D Systems,
Minneapolis, Minn.) in TNC buffer (25 mM Tris, 150 mM
NaCl, 5 mM CaCl,, 0.01% Triton X-100, pH 8) using clear
384 well plates. After incubating for 30 minutes at 25° C.,
the chromogenic substrate (S2238; D-Phe-Pip-Arg-pNA)
for thrombin (K, =14.5 uM) or (82222; Bz-lle-Glu-Gly-
Arg-pNA) for Factor Xa (K,,=200 uM) was added to a final
concentration of K, (4x K, (50 pM) for thrombin) in a final
reaction volume of 40 microliters. Changes in absorbance at
405 nm were measured over time in a Biotek Synergy 2 plate
(Winnoski, Vt.). Using GraphPad Prism version 6.04 soft-
ware program, (GraphPad Software, San Diego, Calif,,
graphpad.com), a four parameter curve fit was used to
determine the inhibitor IC;,s from a plot of the mean
reaction velocity versus the inhibitor concentration.

[0378] The results of these assays are presented in Table 2.
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Example 10. Design of P3-P4 Hybrid Piperidine
Carbamate Dipeptide Inhibitors

[0379] There are several disadvantages associated with
peptide-derived inhibitors as drugs, including high confor-
mational flexibility, susceptibility to proteolytic degradation
leading to high clearance and low half-life, and poor mem-
brane permeability resulting is low oral bioavailability. The
attributes of peptides leading to their poor drug-like prop-
erties stem from several reasons: their high molecular
weight, high polarity, their large number of amide bonds
susceptible to enzymatic hydrolysis, and their multiple
H-bond-donors and acceptors, all of which make for prob-
lematic cell permeability. Reduction of peptidyl character of
the drugs typically enhances the cellular permeability, pro-
teolytic stability, and oral bioavailability. Thus, the goal in
the study was to rationally design novel inhibitors of HGFA,
matriptase and hepsin which have much less peptide char-
acter. To that end, non-peptidyl functional groups were
introduced into the P4 and P3 positions of the tetrapeptide
inhibitors 1a and 1b, in order to make binding interactions
in the corresponding S4 and S3 subsite pockets of the three
proteases.

[0380] Using existing X-ray crystal structures of HGFA
(PDB code 2WUC), matriptase (PDB code 2GV7), and
hepsin (PDB code 178G) bound to benzamidine inhibitors,
Ac-SKLR-kbt (1b) and Ac-KQLR-kbt (1a) were computa-
tionally docked to generate a binding model to the three
proteases. SRI 31215, reported by Galemmo et al. is a
non-peptide cyclic urea benzamidine (cub) inhibitor of
matriptase and hepsin which binds the S1, S3 and S4 pockets
but not the S2. When overlaid on 1b, the piperidine was
positioned close to the P3 amino acid nitrogen suggesting
that a piperidine ring attached through a two-atom linker
such as a carbamate from the P2 position would place the
piperidine in a similar position to that of SRI 31215.
Previous structure-activity relationship (SAR) studies and
reported PS-SCL (positional scanning of substrate combi-
natorial libraries) studies on matriptase, hepsin, and HGFA
indicated that all three proteases require substrates with an
Arg (R) at the P1 and prefer Leu (L) at the P2 position.
[0381] It was hypothesized that the low potency of SRI
31215 is partly reflected by the lack of binding in the S2
pocket (Leu of 1b). Based on this analysis and inspired by
the SRI 31215 structure, novel hybrid dipeptide inhibitors
were designed with the preferred Leu (L) in the P2 position,
but which contained the piperidine group of SRI 31215 in
the P3 position installed via a carbamate from the P2 Leu as
suggested by the model. In another set of analogs, a P4
position library was created with alkyl or aryl sulfonyl
substituents on the piperidine nitrogen to identify com-
pounds to access the S4 pocket with optimal substitution for
both potency and selectivity for the individual proteases.

Example 11. Synthesis of P2-P1 Leu-Arg-Kbt
Dipeptides Capped with Substituted Piperidine
Carbamates at the P3 and P4 Positions

[0382] Starting materials, reagents, and solvents were pur-
chased from commercial vendors unless otherwise noted. "H
NMR spectra were measured on a Varian 400 MHz NMR
instrument. The chemical shifts were reported as 6 ppm
relative to TMS using a residual solvent peak as the refer-
ence unless otherwise noted. The following abbreviations
were used to express the multiplicities: s=singlet; d=doublet;
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t=triplet; q=quartet; m=multiplet; br=broad. High-perfor-
mance liquid chromatography (HPLC) was carried out on
GILSON GX-281 using Waters C18 5 uM, 4.6*50 mm and
Waters Prep C18 5 uM, 19*150 mm reverse phase columns,
eluted with a gradient system of 5:95 to 95:5 acetonitrile:
water with a buffer consisting of 0.05% TFA. Mass spectra
(MS) were performed on HPLC/MSD using electrospray
ionization (ESI) for detection. All reactions were monitored
by thin layer chromatography (TLC) carried out on Merck
silica gel plates (0.25 mm thick, 60F254), visualized by
using UV (254 nm) or dyes such as KMnO,, p-Anisaldehyde
and CAM (Cerium Ammonium Molybdate or Hanessian’s
Stain). Silica gel chromatography was carried out on a
Teledyne ISCO CombiFlash purification system using pre-
packed silica gel columns (12 g-330 g sizes). All compounds
used for biological assays were greater than 95% purity
based on NMR and HPL.C by absorbance at 220 nm and 254
nm wavelengths.

[0383] Construction of the target compounds which were
selected based on the computational binding model of 1a,
1b, and SRI 31215 is shown in FIGS. 13 and 14. Shown in
FIG. 12, step A, the leucine amino acid isocyanate was
prepared by refluxing leucine methyl ester hydrochloride
with trichloromethyl chloroformate (2a). The cyclohexyl
alanine (Cha) isocyanate 2b was formed in a similar fashion.
As seen in FIG. 12, step B, Grignard reactions with com-
mercially available tert-butyl 4-oxopiperidine-1-carboxylate
gave 1-Boc-4-piperidinol derivatives 3a-c and likewise reac-
tion with tert-butyl 4-formylpiperidine-1-carboxylate gave
3d-e in good yield. Shown in FIG. 13, step A, leucine
isocyanate 2 was then treated with piperidinol derivatives
(3a-e) yielding the corresponding carbamate esters (4a-e) or
9a-b (FIG. 12, step B). Treatment of the carbamates 4a-e
with dry HCI in dioxane followed by reaction with alkyl
sulfonyl chloride gave the corresponding sulfonamides (5a-
h). Hydrolysis of substituted piperidine esters 5a-h or 9a-b
(FIG. 13, step B) with LiGH in aqueous THF provided the
carboxylic acids (6a-m or 10a-b) which were then reacted
with the Pbf side chain protected Arg-kbt (7) using standard
amide coupling conditions (EDC/HOBt or HATU) to give
piperidine dipeptides which were subjected to global side-
chain deprotection with a cocktail of TFA/water/thioanisole.
Reverse phase preparatory HPLC purification was then
conducted to produce final target compounds (8a-m and 11
a-b) in high purity.

[0384] The carbamates and precursors were synthesized in
accordance with FIGS. 13 and 14 and the procedures
described herein. Note that synthesis of H- Arg(Pbf)-kbt-HCl
7 has been reported previously in Z. Han et al., Chem Med
Chem, 2016, 11, 585-599.

[0385] Synthesis of amino acid methyl ester isocyanates
2a-b: The leucine amino acid methyl ester hydrochloride
(4.55 g, 25 mmol) was placed in a dry RB flask and then
dried overnight on the vacuum pump. The flask was flushed
with nitrogen and dry dioxane (60 mL) was added followed
by trichloromethyl chloroformate (7.42 g, 37.5 mmol). After
refluxing for 14 hours, the solvent was removed on the
rotary evaporator to yield pure isocyanates 2a-b as colorless
oils.

[0386] Synthesis of compounds 3a-e: To a 250 mL round
bottom flask kept under nitrogen atmosphere was added a
2.0 M solution (1.40 mL, 2.76 mmol) of the appropriate
Grignard reagent in THE and the solution was cooled to 0-5°
C. A solution of the appropriate aldehyde (0.5 g, 2.50 mmol)
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in dry THF (5 mL) was added dropwise to the cooled
Grignard solution over ~20 minutes. The reaction mixture
was allowed to warm up to room temperature and stirred for
5 hours under nitrogen. The disappearance of the aldehyde
was monitored by TLC. The reaction mixture was cooled to
0-5° C. and acidified to pH ~3.0 using 5% aqueous hydro-
chloric acid. The organic solvent was evaporated off and the
residue was extracted with ethyl acetate (2x50 mL). The
combined organic extracts were washed with brine (10 mL)
dried over anhydrous Na,SO,, filtered, and concentrated.
The crude product was purified by column chromatography
to yield alcohols 3a-c and 3d-e as oils.

[0387] Synthesis of carbamates 4a-d and 9a-b: A solution
of compound Boc-(4-hydroxy) piperidine (3) (2.02 g, 10
mmol) in dry acetonitrile (20 ml.) was treated with trimeth-
ylamine (2.02 g; 20 mmol) followed by an appropriate
amino acid methyl ester isocyanate 2 (11 mmol). The
resulting reaction mixture was refluxed for 3 hours and then
allowed to cool to room temperature. The disappearance of
the alcohol was monitored by TL.C. The solvent was evapo-
rated, and the residue was taken up in ethyl acetate (100 mL)
and the organic layer was washed with 5% aqueous HCl
(2x20 mL) and saturated NaCl (20 mL). The organic layer
was dried over anhydrous sulfate, filtered, and concentrated
to yield an oily product. Purification by flash chromatogra-
phy yielded 4a-d and 9a-b esters as colorless oils/solids. The
above purified compound 4d was dissolved in dry DCM (5
ml.) and added to a solution of 4 M HCl in dioxane (15 mL)
with stirring. The reaction mixture was stirred for 2 hours at
room temperature. The disappearance of the starting mate-
rial was monitored by TLC. The solvent was evaporated
under reduced pressure and compound 4e was used in the
next step without further purification.

[0388] Synthesis of sulfonyl compounds 5Sa-h: A solution
of compound 4e (100 mg, 0.32 mmol) in dry THF (3 mL)
was treated with triethyl amine (0.13 ml, 0.64 mmol)
followed by addition of appropriate sulfonyl chloride (63
mg, 0.32 mmol) while stirring, and the reaction was con-
tinued for 12 hours. Residue was dissolved in ethyl acetate
(50 mL) and washed with 5% HCI (2x20 mL) and saturated
NaCl (20 ml), dried over sodium sulfate, filtered and
concentrated to yield crude product, which was purified by
column chromatography to yield the corresponding esters
5a-h as colorless oils.

[0389] Synthesis of acids 6a-m and 10a-b: A solution of
ester 4, or 5 or 9 (0.28 g, 0.557 mmol) in tetrahydrofuran (2
ml) was treated with 1 M aqueous LiGH (2 mL). The
reaction mixture was stirred for 3 hours at room temperature
while monitoring the disappearance of the ester by TLC.
Most of the solvent was evaporated off and the solution was
acidified to pH ~3 using 5% hydrochloric acid (2 mL). The
aqueous layer was extracted with ethyl acetate (2x25 ml.)
and the combined organic layer was washed with brine (10
ml). The organic layer was dried over anhydrous sodium
sulfate, filtered, and concentrated to yield compounds 6a-m
and 10a-b.

[0390] Synthesis of compounds 8a-m and 1la-b: EDCI
(0.28 mmol) and HOBt (0.28 mmol) were added to a
solution of compound 6 or 10 (100 mg, 0.222 mmol) in dry
DMF (2 mL) and the mixture was stirred for 30 minutes at
room temperature. The reaction was cooled to 0-5° C., Arg
(Pbf)-kbt HCI1 (7) (129 mg, 0.222 mmol) was added fol-
lowed by DIEA (115 mg, 0.888 mmol), and the reaction was
stirred for 15 min. The reaction as allowed to come to room
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temperature and stirred for 12 hours. The reaction was
concentrated under reduced pressure and the residue was
partitioned between ethyl acetate (25 mL) and 10% citric
acid (2x10 mL). The layers were separated, and the ethyl
acetate was further washed with aqueous NaHCO; (10 mL)
and saturated NaCl solution (10 mL). The organic layer was
dried over Na,SO,, filtered, and concentrated. The depro-
tection of the crude product was accomplished by stirring in
1.0 mL of a TFA-thioanisole-water mixture (95:2.5:2.5) for
2-3 hours. After concentrating in vacuo, the crude material
was dissolved in DMSO and purified using reverse phase
HPLC (0.05% TFA/acetonitrile/water gradient). The pure
fractions were pooled, frozen, and lyophilized to give the
pure dipeptides 8a-m and 1la-b as white powders.

t-Butyl 4-hydroxy-4-phenylpiperidine-1-carboxylate
(a)

[0391] Compound was isolated as a sticky oil. Yield (0.47
g), 'H NMR (400 MHz, CDCI,) & ppm 7.49 (d, J=7.8 Hz,
2H), 7.38 (t, J=7.6 Hz, 2H), 7.30 (d, J=7.4 Hz, 1H), 4.04 (d,
J=12.9 Hz, 2H), 3.25 (t,J=12.5 Hz, 2H), 2.01 (dt, J=4.5, 13.2
Hz, 2H), 1.74 (d, J=13.7 Hz, 2H), 1.62 (s, 1H), 1.49 (s, 9H).
LCMS (ESI+) expected m/z 277.17, found 278.30 (M+H™).

t-Butyl 4-benzyl-4-hydroxypiperidine-1-carboxylate
(3b)

[0392] Compound was isolated as an oil. Yield (0.43 g),
'H NMR (400 MHz, CDCL,) 8 ppm 7.38-7.20 (m, 4H), 7.10
(t, J=7.5 Hz, 1H), 3.94 (d, J=12.9 Hz, 2H), 3.15 (t, J=12.5
Hz, 2H), 2.65 (s, 2H), 1.64-1.50 (m, 4H), 1.51 (s, 9H).
LCMS (ESI+) expected m/z 291.18, found 292.30 (M+H").

t-Butyl
4-hydroxy-4-phenethylpiperidine-1-carboxylate (3¢)

[0393] Oil, yield (0.24 g), '"H NMR (400 MHz, CDCl,) &
ppm 7.32-7.27 (m, 2H), 7.20 (d, J=7.0 Hz, 3H), 3.83 (d,
J=10.2 Hz, 3H), 3.26-3.13 (m, 3H), 2.76-2.68 (m, 3H),
1.85-1.76 (m, 3H), 1.61 (d, J=4.3 Hz, 5H), 1.47 (s, 9H).
LCMS (ESI+) expected m/z 305.20, found 306.40 (M+H").

t-Butyl
4-(hydroxy(phenyl)methyl)piperidine-1-carboxylate
(3d)

[0394] Compound was isolated as an oil. Yield (0.56 g),
'H NMR (400 MHz, CDCL,) 8 ppm 0.49 (d, I=7.8 Hz, 2H),
738 (t, I=7.6 Hz, 2H), 7.30 (d, J=7.4 Hz, 1H), 4.04 (d,
J=12.9 Hz, 2H), 3.25 (t,J=12.5 Hz, 2H), 2.01 (dt, J=4.5, 13.2
Hz, 2H), 1.74 (d, J=13.7 Hz, 2H), 1.62 (s, 1H), 1.58-1.47 (m,
2H), 1.45 (s, 9H). LCMS (ESI+) expected m/z 291.18, found
292.30 (M+H™).

t-Butyl 4-(1-hydroxy-2-phenylethyl)piperidine-1-
carboxylate (3¢)

[0395] Compound was isolated as an oil. Yield (0.50 g),
'H NMR (400 MHz, CDCL,) 8 ppm 7.29 (d, 1=0.8 Hz, 1H),
7.25 (s, 1H), 7.21 (s, 1H), 7.20-7.14 (m, 2H), 4.53 (d, J=5.5
Hz, 1H), 4.10-4.03 (m, 1H), 3.55 (br. s., 1H), 2.84 (dd,
J=3.1, 13.7 Hz, 1H), 2.69-2.50 (m, 2H), 1.99 (s, 2H), 1.82
(d, J=12.9 Hz, 1H), 1.72-1.60 (m, 2H), 1.58-1.47 (m, 2H),
1.40 (d, J=3.5 Hz, 9H). LCMS (ESI+) expected m/z 305.20,
found 306.40 (M+H").
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t-Butyl4-(((((S)-1-methoxy-4-methyl-1-oxopentan-2-
yDcarbamoyl)oxy) (phenyl)methyl)piperidine-1-
carboxylate (9a)

[0396] Compound was isolated as an oil. Yield (124 mg),
'"H NMR (400 MHz, CDCl,) 8 ppm 7.38-7.29 (m, 5H), 4.80
(br. s., 1H), 4.47 (br. s, 1H), 439 (d, J=7.4 Hz, 1H),
4.17-4.10 (m, 1H), 3.74 (s, 3H), 2.71-2.54 (m, 2H), 2.05 (s,
1H), 1.66-1.55 (m, 5H), 1.46 (br. s., 1H), 1.45 (s, 9H),
1.31-1.25 (m, 2H), 1.21-1.12 (m, 1H), 0.95 (td, J=3.1, 6.3
Hz, 6H). LCMS (ESI+) expected m/z 462.27, found 463.40
(M+H*).

t-Butyl 4-(1-((((S)-1-methoxy-4-methyl-1-oxopen-
tan-2-yl)carbamoyl)oxy)-2-phenylethyl)piperidine-1-
carboxylate (9b)

[0397] Compound was isolated as an oil. Yield (152 mg),
'H NMR (400 MHz, CDCL,) 8 ppm 7.29-7.26 (m, 1H),
7.22-7.18 (m, 1H), 7.16 (d, J=7.8 Hz, 2H), 4.94-4.86 (m,
1H), 4.53 (d, J=5.1 Hz, 1H), 4.06 (q, J=7.2 Hz, 2H),
5.13-3.83 (m, 2H), 3.66 (d, J=3.1 Hz, 1H), 3.59-3.52 (m,
1H), 3.26-3.19 (m, 1H), 2.84 (dd, J=3.3, 13.5 Hz, 1H), 2.62
(d, 1=9.4 Hz, 2H), 1.99 (s, 1H), 1.82 (d, J=13.3 Hz, 1H),
1.70-1.62 (m, 3H), 1.53-1.50 (m, 1H), 1.41 (s, 9H), 1.20 (t,
J=7.2 Hz, 2H), 0.89-0.87 (m, 6H). LCMS (ESI+) expected
m/z 476.29, found 476.40 (M+H").

t-Butyl (S)-4-(((1-methoxy-4-methyl-1-oxopentan-2-
ylcarbamoyl)oxy)-4-phenylpiperidine-1-carboxylate
(42)

[0398] Compound was isolated as an oil. Yield (125 mg),
'H NMR (400 MHz, CDCl;) 8 ppm 7.42-7.38 (m, 2H),
7.32-7.28 (m, 1H), 7.23-7.17 (m, 2H), 4.07-3.82 (m, 2H),
3.64 (s, 3H), 3.25-3.10 (m, 2H), 1.96 (s, 2H), 1.70-1.61 (m,
3H), 1.40 (s, 9H), 1.17 (t, J=7.6 Hz, 1H), 0.90-0.82 (m, 9H).
LCMS (ESI+) expected m/z 448.26, found 449.40 (M+H™).

t-Butyl (S)-4-benzyl-4-(((1-methoxy-4-methyl-1-
oxopentan-2-yl)carbamoyl)oxy)piperidine-1-car-
boxylate (4b)

[0399] Compound was isolated as an oil. Yield (200 mg),
'H NMR (400 MHz, CDCl,) 8 ppm 7.36-7.28 (m, 3H), 7.20
(d, J=7.4 Hz, 2H), 5.03 (dd, J=8.2, 18.4 Hz, 2H), 4.48 (dt,
J=4.5, 8.9 Hz, 2H), 3.73 (s, 3H), 3.10 (br. s., 1H), 2.76 (s,
1H), 1.64-1.55 (m, 4H), 1.53-1.49 (m, 2H), 1.46 (s, 9H),
0.96-0.93 (m, 6H). LCMS (ESI+) expected m/z 462.27,
found 463.40 (M+H™).

t-Butyl (S)-4-(((1-methoxy-4-methyl-1-oxopentan-2-
ylcarbamoyl)oxy)-4-phenethylpiperidine-1-car-
boxylate (4¢)

[0400] Compound was isolated as an oil. Yield (215 mg),
'H NMR (400 MHz, CDCl,) 8 ppm 7.32-7.27 (m, 3H), 7.20
(d, J=6.7 Hz, 2H), 4.92-4.84 (m, 1H), 4.48 (br. s., 1H),
3.95-3.79 (m, 2H), 3.73 (s, 1H), 3.26-3.13 (m, 2H), 2.76-2.
69 (m, 2H), 1.84-1.77 (m, 2H), 1.61 (d, J=4.3 Hz, SH), 1.47
(s, 9H), 0.94 (dd, J=3.3, 6.5 Hz, 6H). LCMS (ESI+)
expected m/z 476.29, found 477.50 (M+H™").

Methyl (((1-acetyl-4-phenethylpiperidin-4-yl)oxy)
carbonyl)-L-leucinate (4d)

[0401] Compound was isolated as an oil. Yield (150 mg),
'"H NMR (400 MHz, CDCl,) 8 ppm 7.33-7.27 (m, 2H), 7.20
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(d, I=7.4 Hz, 3H), 5.00-4.90 (m, 1H), 4.52-4.43 (m, 1H),
436 (d, J=12.9 Hz, 1H), 3.73 (s, 3H), 3.61 (d, J=13.3 Hz,
1H), 3.53-3.43 (m, 1H), 3.11-3.02 (m, 1H), 2.76-2.69 (m,
2H), 2.11 (s, 3H), 1.85-1.78 (m, 2H), 1.74-1.57 (m, 9H),
1.53-1.46 (m, 2H), 0.94 (dd, J=2.9, 6.5 Hz, 7H). LCMS
(ESI+) expected m/z 418.25, found 419.50 (M+H™).

t-Butyl (S)-4-(((1-methoxy-4-methyl-1-oxopentan-2-
ylDcarbamoyl)oxy)piperidine-1-carboxylate (4e)

[0402] Compound was isolated as an oil. Yield (2.4 g), 'H
NMR (400 MHz, CDCl;) 8 ppm 5.06 (d, I=8.6 Hz, 1H), 4.80
(br. s., 2H), 4.52-4.44 (m, 1H), 4.37 (d, J=5.1 Hz, 1H), 3.74
(s, 3H), 3.24-3.14 (m, 2H), 1.85 (br. s., 3H), 1.60 (dd, =7 4,
12.5Hz, 4H), 1.46 (s, 9H), 0.97-0.92 (m, 8H). LCMS (ESI+)
expected m/z 372.23, found 373.40 (M+H™).

t-Butyl (S)-4-(((3-cyclohexyl-1-methoxy-1-oxopro-
pan-2-yl)carbamoyl)oxy)-4-phenylpiperidine-1-car-
boxylate (4f)

[0403] Compound was isolated as an oil. Yield (0.37 g),
'H NMR (400 MHz, CDCl,) 8 ppm 7.48 (d, I=7.4 Hz, 2H),
7.38 (t,J=7.6 Hz, 2H), 7.29 (d, J=7.4 Hz, 1H), 4.83 (d, ]=8.6
Hz, 1H), 4.49 (d, J=5.5 Hz, 1H), 4.09-3.99 (m, 2H), 3.73 (s,
3H), 3.26 (br. s., 2H), 2.01 (br. s., 2H), 1.83-1.58 (m, 13H),
1.49 (s, 9H), 1.41-1.30 (m, 2H), 1.30-1.10 (m, 6H), 0.99-0.
83 (m, 4H). LCMS (ESI+) expected m/z 488.29, found
489.40 (M+H™).

Methyl (((1-(ethylsulfonyl)piperidin-4-yl)oxy)carbo-
nyl)-L-leucinate (5a)

[0404] Compound was isolated as an oil. Yield (150 mg),
'"H NMR (400 MHz, CDCl,) 8 ppm 5.94 (br. s., 2H), 5.12
(br. s., 1H), 4.84 (br. s., 1H), 4.37 (d, I=3.1 Hz, 1H), 3.75 (s,
1H), 3.56-3.44 (m, 2H), 3.23 (dd, J=3.5, 7.8 Hz, 2H),
3.01-2.93 (m, 2H), 1.96 (d, J=3.1 Hz, 2H), 1.86-1.64 (m,
4H), 1.64-1.49 (m, 2H), 1.37 (t, J=7.2 Hz, 3H), 0.97 (d,
J=5.9 Hz, 6H). LCMS (ESI+) expected m/z 364.17, found
365.30 (M+H™).

Methyl (((1-(phenylsulfonyl)piperidin-4-yl)oxy)
carbonyl)-L-leucinate (5b)

[0405] Compound was isolated as an oil. Yield (159 mg),
'H NMR (400 MHz, CDCL,) 8 ppm 7.78 (d, 1=7.8 Hz, 2H),
7.66-7.60 (m, 1H), 7.59-7.53 (m, 2H), 5.00 (d, J=8.6 Hz,
1H), 4.92-4.85 (m, 1H), 4.69 (br. s., 1H), 4.53-4.43 (m, 1H),
4.38-4.28 (m, 2H), 3.72 (s, 3H), 3.26 (br. s., 2H), 2.96 (br.
s., 2H), 1.95 (d, J=3.9 Hz, 2H), 1.78 (br. s., 2H), 1.70-1.55
(m, 3H), 1.53-1.43 (m, 2H), 0.97-0.88 (m, 6H). LCMS
(ESI+) expected m/z 412.17, found 413.30 (M+H").

Methyl (((1-((3-fluorophenyl)sulfonyl)piperidin-4-
yDoxy)carbonyl)-L-leucinate (5c)

[0406] Compound was isolated as an oil. Yield (148 mg),
'H NMR (400 MHz, CDCL,) 8 ppm 7.61-7.50 (m, 2H), 7.48
(d, I=7.8 Hz, 1H), 7.39-7.30 (m, 1H), 5.01 (d, J=8.2 Hz, 1H),
4.91-4.80 (m, 1H), 4.72 (br. s., 1H), 4.48 (d, J=5.1 Hz, 1H),
4.37-4.28 (m, 1H), 3.73 (s, 3H), 3.23 (br. s., 2H), 3.03 (br.
s., 2H), 1.96 (br. s., 2H), 1.80 (br. s., 2H), 1.62 (s, 2H),
1.54-1.44 (m, 2H), 0.93 (br. 5., 6H). LCMS (ESI+) expected
m/z 430.16, found 431.30 (M+H").
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Methyl (((1-((2-fluorophenyl)sulfonyl)piperidin-4-
yloxy)carbonyl)-L-leucinate (5d)

[0407] Compound was isolated as an oil. Yield (126 mg),
'H NMR (400 MHz, CDCL,) 8 ppm 8.00 (t, J=7.4 Hz, 1H),
7.86 (1, J=7.4 Hz, 1H), 7.81-7.71 (m, 1H), 7.63-7.56 (m,
1H), 7.43-7.35 (m, 1H), 5.31 (s, 1H), 5.03 (d, J=9.4 Hz, 1H),
4.83-4.73 (m, 1H), 4.53-4.42 (m, 1H), 4.34 (d, J=4.7 Hz,
1H), 3.73 (s, 3H), 3.41 (br. s., 2H), 3.17 (d, J=7.8 Hz, 2H),
1.95 (br. s., 2H), 1.79 (br. s, 2H), 1.71-1.57 (m, 6H),
1.54-1.43 (m, 2H), 0.93 (d, J=4.3 Hz, 6H). LCMS (ESI+)
expected m/z 430.16, found 431.30 (M+H™).

Methyl (((1-((4-chlorophenyl)sulfonyl)piperidin-4-
ylhoxy)carbonyl)-L-leucinate (5¢)

[0408] Compound was isolated as an oil. Yield (150 mg),
'"H NMR (400 MHz, CDCl,) 8 ppm 7.71 (d, J=7.4 Hz, 2H),
7.53 (d, I=7.8 Hz, 2H), 5.01 (d, J=8.2 Hz, 1H), 4.72 (br. s.,
1H), 4.52-4.43 (m, 1H), 4.38-4.28 (m, 1H), 3.73 (s, 3H),
3.19 (br. s., 2H), 3.02 (br. s., 2H), 1.95 (br. s., 2H), 1.80 (br.
s., 2H), 1.62 (br. s., 4H), 1.54-1.42 (m, 2H), 0.94 (br. s., 6H).
LCMS (ESI+) expected m/z 446.13, found 447.20 (M+H").

Methyl (((1-((2,4-dinitrophenyl)sulfonyl)piperidin-
4-yloxy)carbonyl)-L-leucinate (5f)

[0409] Compound was isolated as a yellow solid. Yield
(136 mg), 'H NMR (400 MHz, CDCl,) 8 ppm 8.54-8.47 (m,
2H), 8.23 (d, J=8.6 Hz, 1H), 5.08 (d, J=8.2 Hz, 1H), 4.86 (br.
s., 1H), 4.40-4.31 (m, 1H), 3.74 (s, 3H), 3.56-3.31 (m, 4H),
1.97 (d, J=4.3 Hz, 2H), 1.84 (d, J=5.9 Hz, 2H), 1.74-1.56 (m,
2H), 1.55-1.45 (m, 2H), 1.32-1.21 (m, 2H), 0.94 (t, I=4.9
Hz, 6H). LCMS (ESI+) expected m/z 502.10, found 503.20
(M+H*).

Methyl (((1-((5-chloro-2-methoxyphenyl)sulfonyl)
piperidin-4-yl)oxy)carbonyl)-L-leucinate (5g)

[0410] Compound was isolated as an oil. Yield (167 mg),
'"H NMR (400 MHz, CDCl,) 8 ppm 7.88 (d, J=2.3 Hz, 1H),
7.51-7.44 (m, 1H), 6.97 (d, J=9.0 Hz, 1H), 5.05 (d, J=8.6 Hz,
1H), 4.77 (br. s., 1H), 4.40-4.31 (m, 1H), 3.93 (s, 3H), 3.74
(s, 3H), 3.48 (d, J=5.9 Hz, 2H), 3.22-3.11 (m, 2H), 1.93 (br.
s., 2H), 1.80-1.68 (m, 2H), 1.62 (s, 2H), 1.55-1.46 (m, 2H),
0.94 (d, J=5.5 Hz, 6H). LCMS (ESI+) expected m/z 476.14,
found 477.30 (M+H").

Methyl (((1-(mesitylsulfonyl)piperidin-4-yl)oxy)
carbonyl)-L-leucinate (5h)

[0411] Compound was isolated as an oil. Yield (162 mg),
'H NMR (400 MHz, CDCI,) & ppm 6.96 (s, 2H), 5.05 (d,
J=8.6 Hz, 1H), 4.89-4.78 (m, 1H), 4.36 (d, J=5.1 Hz, 1H),
3.74 (s, 3 H), 3.36 (br. s., 2H), 3.11 (d, J=7.8 Hz, 2H), 2.62
(s, 6H), 2.31 (s, 3H), 1.90 (br. s., 3H), 1.80-1.65 (m, 4H),
1.56-1.45 (m, 2H), 0.95 (d, J=5.5 Hz, 6H). LCMS (ESI+)
expected m/z 454.21, found 455.40 (M+H™").

(((1-(tert-butoxycarbonyl)piperidin-4-yl)(phenyl)
methoxy)carbonyl)-L-leucine (10a)

[0412] Compound was isolated as an off white solid. Yield
(110 mg), *H NMR (400 MHz, CDCl,) & ppm 7.40-7.28 (m,
5H), 5.56-5.39 (m, 1H), 4.43-4.28 (m, 1H), 4.21-3.99 (m,
1H), 2.63 (br. s., 1H), 1.90 (br. s., 2H), 1.84-1.63 (m, 4H),
1.45 (s, 9H), 1.28 (d, J=9.4 Hz, 3H), 1.04-0.85 (m, 7H).
LCMS (ESI+) expected m/z 448.26, found 449.40 (M+H").
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((1-(1-(tert-butoxycarbonyl)piperidin-4-yl)-2-pheny-
lethoxy)carbonyl)-L-leucine (10b)

[0413] Compound was isolated as an off white solid. Yield
(270 mg), 'H NMR (400 MHz, CDCl,) 8 ppm 7.36-7.30 (m,
2H), 7.26-7.20 (m, 3H), 4.62-4.58 (m, 1H), 4.22-4.09 (m,
3H), 3.62 (s, 2H), 2.91 (dd, J=3.3, 13.5 Hz, 2H), 2.75-2.57
(m, 4H), 1.88 (d, J=12.5 Hz, 2H), 1.72 (t, J=12.7 Hz, 2H),
1.47 (s, 9H), 1.34-1.23 (m, 2H), 1.02-0.92 (m, 6H). LCMS
(ESI+) expected m/z 462.27, found 463.40 (M+H™).

(((1-(tert-butoxycarbonyl)-4-phenylpiperidin-4-yl)
oxy)carbonyl)-L-leucine (6a)

[0414] Compound was isolated as a thick oil. Yield (165
mg), 'HNMR (400 MHz, CDCl,) 8 ppm 7.51-7.46 (m, 2H),
7.38 (t,J=7.6 Hz, 2H), 7.30 (d, J=7.0 Hz, 1H), 4.08-4.00 (m,
2H), 3.72 (s, 1H), 3.26 (dt, J=2.3, 12.9 Hz, 3H), 2.45 (s, 1H),
2.00 (dd, J=4.9, 13.1 Hz, 2H), 1.75 (d, J=12.5 Hz, 2H), 1.50
(s, 2H), 1.49 (s, 9H), 1.01-0.93 (m, 6H). LCMS (ESI+)
expected m/z 434.24, found 435.40 (M+H™).

(((4-benzyl-1-(tert-butoxycarbonyl)piperidin-4-yl)
oxy)carbonyl)-L-leucine (6b)

[0415] Compound was isolated as an off white solid. Yield
(174 mg), 'H NMR (400 MHz, CDCl,) 8 ppm 7.36-7.28 (m,
3H), 7.20 (d, J=7.8 Hz, 2H), 6.43 (br. s., 1H), 4.76 (dd,
J=43, 11.7 Hz, 1H), 4.11 (d, J=10.2 Hz, 1H), 3.87 (br. s.,
2H), 3.10 (br. s., 2H), 2.77 (s, 2H), 2.26 (d, J=11.3 Hz, 1H),
1.93-1.76 (m, 4H), 1.66-1.50 (m, 5H), 1.46 (s, 9H), 1.28 (t,
J=6.5 Hz, 1H), 0.95 (d, J=6.7 Hz, 6H). LCMS (ESI+)
expected m/z 448.26, found 449.40 (M+H).

(((1-acetyl-4-phenethylpiperidin-4-yl)oxy)carbonyl)-
L-leucine (6¢)

[0416] Compound was isolated as an off white solid. Yield
(200 mg), 'H NMR (400 MHz, CDCl,) & ppm 7.33-7.28 (m,
2H), 7.20 (d, J=7.0 Hz, 3H), 6.45 (br. s., 1H), 4.75 (dd,
J=2.3,11.3 Hz, 1H), 4.10 (d, J=9.4 Hz, 1H), 2.72 (br. 5., 2H),
2.16 (br. s., 3H), 2.09 (s, 1H), 1.80 (br. s., 4H), 1.68 (br. s.,
4H), 0.99 (d, J=8.2 Hz, 2H), 0.95 (d, J=6.3 Hz, 6H). LCMS
(ESI+) expected m/z 404.23, found 405.40 (M+H").

(((1-acetylpiperidin-4-yl)oxy)carbonyl)-L-leucine
(6d)

[0417] Compound was isolated as an off white solid. Yield
(370 mg), "H NMR (400 MHz, CHLOROFORM-d) d ppm
5.20 (br. s., 1H), 4.89 (br. s., 1H), 4.78-4.72 (m, 1H), 4.37
(d, J=3.9 Hz, 2H), 4.18-4.07 (m, 2H), 3.72-3.53 (m, 3H),
3.40 (br. s., 2H), 2.14 (s, 3H), 1.98-1.83 (m, 2H), 1.83-1.62
(m, 2H), 1.57 (ddd, J=5.3, 8.9, 13.6 Hz, 2H), 0.97 (d, J=6.3
Hz, 6H). LCMS (ESI+) expected m/z 300.17, found 301.30
(M+H").

(S)-2-((((1-(tert-butoxycarbonyl)-4-phenylpiperidin-
4-yloxy)carbonyl)amino)-3-cyclohexylpropanoic
acid (6e)

[0418] Compound was isolated as an off white solid. Yield
(314 mg), '"H NMR (400 MHz, CDCl,) 8 ppm 7.48 (d, I=7.4
Hz, 2H), 7.38 (t, J=7.6 Hz, 2H), 7.29 (d, J=7.4 Hz, 1H), 4.83
(d,J=8.6 Hz, 1H), 4.49 (d, J=5.5 Hz, 1H), 4.09-3.99 (m, 2H),
3.73 (s,3H), 3.26 (br. s., 2H), 2.01 (br. 5., 2H), 1.83-1.58 (m,
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13H), 1.49 (s, 9H), 1.41-1.30 (m, 2H), 1.30-1.10 (m, 6H),
0.99-0.83 (m, 4H). LCMS (ESI+) expected m/z 474.27,
found 475.40 (M+H").

(((1-(ethylsulfonyl)piperidin-4-yl)oxy)carbonyl)-L-
leucine (61)

[0419] Compound was isolated as an oil. Yield (120 mg),
'H NMR (400 MHz, CDCL,) 8 ppm 6.40 (br. s., 1H), 5.62
(br.s., 1H), 5.07 (d, J=8.2 Hz, 1H), 4.85 (br. s., 1H), 4.38 (br.
s., 2H), 3.50 (br. s., 2H), 3.22 (br. 5., 3H), 2.97 (q, J=7.2 Hz,
2H), 1.97 (br. s., 3H), 1.86-1.66 (m, 4H), 1.63-1.53 (m, 2H),
1.37 (t, I=7.2 Hz, 3H), 1.02-0.93 (m, 6H). LCMS (ESI+)
expected m/z 350.15, found 351.20 (M+H™).

(((1-(phenylsulfonyl)piperidin-4-yl)oxy)carbonyl)-L.-
leucine (6g)

[0420] Compound was isolated as a white solid. Yield (118
mg), "H NMR (400 MHz, CDCl,) 8 ppm 7.78 (d, J=7.4 Hz,
2H), 7.65-7.53 (m, 3H), 5.00 (d, J=8.6 Hz, 1H), 4.76 (dd,
J=4.1, 11.2 Hz, 1H), 4.69 (br. s., 1H), 4.38-4.28 (m, 1H),
4.02 (br. s., 1H), 3.30 (br. s., 2H), 3.17 (br. s., 1H), 2.92 (br.
s., 2H), 1.95 (d, J=3.9 Hz, 2H), 1.85-1.72 (m, 2H), 1.71-1.62
(m, 2H), 1.57-1.47 (m, 2H), 0.97-0.90 (m, 6H). LCMS
(ESI+) expected nv/z 398.15, found 399.30 (M+H™).

(((1-((4-chlorophenyl)sulfonyl)piperidin-4-yl)oxy)
carbonyl)-L-leucine (6h)

[0421] Compound was isolated as a white solid. Yield
(140 mg), 'H NMR (400 MHz, CDCl,) 8 ppm 7.71 (d, ]=8.2
Hz, 2H), 7.53 (d, J=8.2 Hz, 2H), 6.28 (br. s., 1H), 4.98 (d,
J=8.2 Hz, 1H), 4.81-4.68 (m, 1H), 4.33 (br. s., 1H), 3.24 (br.
s., 2H), 2.99 (br. s., 2H), 1.96 (br. s., 2H), 1.85-1.64 (m, 4H),
1.61-1.49 (m, 1H), 0.95 (d, J=5.5 Hz, 6H). LCMS (ESI+)
expected m/z 432.11, found 432.30 (M+H™).

(((1-((2-fluorophenyl)sulfonyl)piperidin-4-yl)oxy)
carbonyl)-L-leucine (61)

[0422] Compound was isolated as an off white solid. Yield
(120 mg), "H NMR (400 MHz, CDCl,) 8 ppm 7.86 (t, I=7.2
Hz, 1H), 7.60 (q, J=6.7 Hz, 1H), 7.32-7.29 (m, 1H), 7.25-
7.20 (m, 1H), 5.02 (d, J=8.6 Hz, 1H), 4.78 (br. s., 1H),
4.38-431 (m, 1H), 3.44 (br. s., 2H), 3.15 (d, J=7.4 Hz, 2H),
1.96 (br. s., 2H), 1.83-1.64 (m, 4H), 1.58-1.50 (m, 2H), 1.27
(br. s., 1H), 0.95 (d, J=6.3 Hz, 6H). LCMS (ESI+) expected
m/z 416.14, found 417.30 (M+H").

(((1-((3-fluorophenyl)sulfonyl)piperidin-4-yl)oxy)
carbonyl)-L-leucine (6j)

[0423] Compound was isolated as an off white solid. Yield
(110 mg), *H NMR (400 MHz, CDCl,) 8 ppm 7.59-7.53 (m,
2H), 7.48 (d, J=7.4 Hz, 1H), 7.32 (d, J=7.0 Hz, 1H), 6.70 (br.
s., 1H), 5.79 (br. s., 1H), 5.01 (d, J=8.2 Hz, 1H), 4.82-4.68
(m, 1H), 4.32 (br. s., 1H), 4.14-3.98 (m, 1H), 3.28 (br. s.,
2H), 2.99 (br. s., 2H), 1.96 (br. s., 2H), 1.79 (br. 5., 2H), 1.68
(d, J=9.4 Hz, 2H), 1.53 (br. s., 2H), 1.26 (br. s., 1H), 0.94 (d,
J=5.1 Hz, 6H). LCMS (ESI+) expected m/z 416.14, found
417.30 (M+H").

(((1-((2,4-dinitrophenyl)sulfonyl)piperidin-4-y1)oxy)
carbonyl)-L-leucine (6k)

[0424] Compound was isolated as an off white solid. Yield
(90 mg), '"H NMR (400 MHz, CDCL,) & ppm 11.08-10.99
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(m, 1H), 9.09 (d, J=2.3 Hz, 1H), 8.53-8.39 (m, 1H), 7.35 (d,
J=9.4 Hz, 1H), 4.11 (m, 2H), 3.94 (m, 2H), 3.83-3.75 (m,
2H), 3.71-3.58 (m, 4H), 2.18 (m, 3H), 1.07-0.93 (m, 6H).
LCMS (ESI+) expected m/z 488.12, found 489.30 (M+H™).

(((1-((5-chloro-2-methoxyphenyl)sulfonyl)piperidin-
4-yloxy)carbonyl)-L-leucine (61)

[0425] Compound was isolated as an off white solid. Yield
(100 mg), 'H NMR (400 MHz, CDCl,) 8 ppm 7.88 (s, 1H),
7.47 (dd, J=2.3, 8.6 Hz, 1H), 6.97 (d, J=9.0 Hz, 1H), 5.02 (d,
J=8.6 Hz, 1H), 4.78 (br. s., 1H), 4.36 (d, J=3.1 Hz, 1H), 3.92
(s, 3H), 3.51 (d, I=6.3 Hz, 2H), 3.16 (d, I=9.4 Hz, 2H), 1.94
(br. s., 2H), 1.79-1.66 (m, 4H), 1.55 (t, J=8.6 Hz, 2H), 0.96
(d, J=5.9 Hz, 6H). LCMS (ESI+) expected m/z 462.12,
found 463.30 (M+H").

(((1-(mesitylsulfonyl)piperidin-4-yl)oxy)carbonyl)-
L-leucine (6m)

[0426] Compound was isolated as an off white solid. Yield
(130 mg), '"H NMR (400 MHz, CDCl,) 8 ppm 6.95 (s, 2H),
5.15 (d, 1=8.2 Hz, 1H), 4.82 (br. s., 1H), 4.35 (br. 5., 1H),
3.36 (br. s., 2H), 3.11 (br. s., 2H), 2.61 (s, 6H), 2.30 (s, 3H),
2.18 (s, 2H), 1.88 (d, J=3.5 Hz, 2H), 1.82-1.69 (m, 3H),
1.62-1.52 (m, 2H), 0.96 (d, J=5.9 Hz, 6H). LCMS (ESI+)
expected m/z 440.20, found 441.40 (M+H™).

4-phenylpiperidin-4-y1 ((S)-1-(((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)amino)-4-
methyl-1-oxopentan-2-yl)carbamate (8a)

[0427] Compound was isolated as a white solid. Yield
(65%), *H NMR (400 MHz, CD,0D) 8 ppm 8.23-8.20 (m,
1H), 8.15-8.11 (m, 1H), 7.68-7.59 (m, 1H), 7.34 (d, I=3.9
Hz, 3H), 7.29-7.18 (m, 4H), 5.71-5.64 (m, 1H), 3.88-3.79
(m, 1H), 3.23-3.18 (m, 3H), 3.12 (s, 1H), 2.68-2.63 (m, 3H),
2.44 (s, 2H), 1.90-1.77 (m, 2H), 1.60-1.49 (m, 1H), 1.26 (d,
J=6.7 Hz, 2H), 1.07-0.88 (m, 6H). LCMS (ESI+) expected
m/z 607.30, found 608.5 (M+H™).

4-benzylpiperidin-4-yl((S)-1-(((S)-1-(benzo[d]thi-
azol-2-y1)-5-guanidino-1-oxopentan-2-yl)amino)-4-
methyl-1-oxopentan-2-yl)carbamate (8b)

[0428] Compound was isolated as a white solid. Yield
(68%), "H NMR (400 MHz, CDCl,) & ppm 8.17 (d, I=7.8
Hz, 1H), 7.96 (d, J=7.4 Hz, 1H), 7.65-7.50 (m, 4H), 6.94 (br.
s., 2H), 5.79 (br. s, 1H), 4.76 (dd, J=4.9, 10.8 Hz, 1H), 4.15
(d, J=5.5Hz, 1H), 3.45 (br. 5., 2H), 3.16 (br. s., 2H), 2.81 (br.
s., 4H), 2.37-2.06 (m, 3H), 1.93-1.58 (m, 8H), 1.61-1.38 (mm,
3H), 0.98-0.85 (m, 6H). LCMS (ESI+) expected m/z 621.31,
found 622.4 (M+H").

1-acetyl-4-phenethylpiperidin-4-yl ((S)-1-(((S)-1-
(benzo[d]thiazol-2-yl)-5-guanidino-1-oxopentan-2-
ylamino)-4-methyl-1-oxopentan-2-yl)carbamate

(8¢)

[0429] Compound was isolated as a white solid. Yield
(55%), "H NMR (400 MHz, CHLOROFORM-d) 6 ppm=8.
19 (d, J=7.04 Hz, 1H), 7.92-8.06 (m, 2H), 7.43-7.76 (m, 7H),
6.95 (br. s., 1H), 5.79 (d, J=7.83 Hz, 2H), 4.71-4.85 (m, 1H),
4.04-4.26 (m, 2H), 3.16 (br. s., 1H), 2.11-2.49 (m, 8H),
1.40-1.95 (m, 10H), 0.83-1.03 (m, 6H). LCMS (ESI+)
expected m/z 677.34, found 587.5 (M-Bn™).
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4-phenylpiperidin-4-yl ((S)-1-(((S)-1-(benzo[d]thi-
azol-2-yl)-5-guanidino-1-oxopentan-2-yl)amino)-3-
cyclohexyl-1-oxopropan-2-yl)carbamate (8d)

[0430] Compound was isolated as a white solid. Yield
(60%), "H NMR (400 MHz, CDCl,) 8 ppm=38.20 (d, ]=7.83
Hz, 2H), 7.92-8.04 (m, 2H), 7.75 (br. s., 1H), 7.37-7.68 (m,
9H), 6.97 (br. s., 2H), 5.81 (br. s., 2H), 4.70-4.88 (m, 2H),
4.08-4.29 (m, 2H), 3.41-3.63 (m, 1H), 3.17 (br. 5., 1H), 2.51
(br. s., 2H), 2.10-2.39 (m, 4H), 1.43-1.93 (m, 8H), 0.79-1.36
(m, 11H). LCMS (ESI+) expected m/z 646.33, found 647.5
(M+H*).

1-acetylpiperidin-4-yl ((S)-1-(((S)-1-(benzo[d]thi-
azol-2-yl)-5-guanidino-1-oxopentan-2-yl)amino)-4-
methyl-1-oxopentan-2-yl)carbamate (8e)

[0431] Compound was isolated as a white solid. Yield
(65%), '"H NMR (400 MHz, DMSO-d6) & ppm 8.57 (d,
J=5.5Hz, 1H), 8.30-8.21 (m, 1H), 7.68 (quin, J=6.5 Hz, 1H),
7.51 (br. s., 1H), 7.25 (d, J=8.2 Hz, 1H), 5.41 (br. s., 1H),
4.65 (br. s., 1H), 4.08 (d, J=6.7 Hz, 1H), 3.84 (d, J=13.3 Hz,
1H), 3.59 (br. s., 1H), 3.24 (br. s., 1H), 3.15 (d, J=5.5 Hz,
2H), 1.99 (s, 3H), 1.75 (br. s., 2H), 1.58 (dd, J=6.3, 14.5 Hz,
3H), 1.41-1.31 (m, 3H), 0.82 (d, J=6.7 Hz, 6H). LCMS
(ESI+) expected nv/z 573.28, found 574.5 (M+H™).

1-(phenylsulfonyl)piperidin-4-y1 ((S)-1-(((S)-1-
(benzo[d]thiazol-2-yl)-5-guanidino-1-oxopentan-2-
ylamino)-4-methyl-1-oxopentan-2-yl)carbamate
(8H)
[0432] Compound was isolated as a white solid. Yield
(55%), '"H NMR (400 MHz, CDCl,) 8 ppm 8.17 (d, I=6.7
Hz, 1H), 8.03-7.92 (m, 2H), 7.83 (br. s., 1H), 7.79-7.66 (m,
3H), 7.64-7.50 (m, 4H), 7.46 (d, J=7.4 Hz, 1H), 6.98 (br. s.,
1H), 5.83-5.71 (m, 1H), 5.52 (d, J=5.5 Hz, 1H), 5.33 (br. s.,
1H), 4.64 (br. s., 2H), 4.16 (br. s., 1H), 3.34-3.07 (m, 2H),
2.88 (br. s., 2H), 2.17 (br. s., 1H), 1.91 (br. s., 3H), 1.75 (br.
s., 4H), 1.57 (dt, I=7.0, 15.7 Hz, 4H), 0.89 (d, J=6.7 Hz, 6H).
LCMS (ESI+) expected m/z 671.26, found 672.4 (M+H™).

1-((2-fluorophenyl)sulfonyl)piperidin-4-y1 ((S)-1-
(((S)-1-(benzo| d]thiazol-2-yl)-5-guanidino-1-oxo-
pentan-2-yl)amino)-4-methyl-1-oxopentan-2-yl)car-
bamate (8g)

[0433] Compound was isolated as a white solid. Yield
(60%), "H NMR (400 MHz, CDCl,) 8 ppm=38.16 (d, ]=7.83
Hz, 1H), 7.97 (d, J=7.83 Hz, 1H), 7.86 (br. s., 1H), 7.70 (d,
J=7.83 Hz, 1H), 7.50-7.64 (m, 4H), 7.45 (d, J=6.65 Hz, 1H),
7.29-7.37 (m, 1H), 6.88 (br. s., 1H), 5.74 (br. s., 1H), 5.33
(d, J=6.65 Hz, 1H), 4.68 (br. s., 1H), 3.84-4.28 (m, 5H),
3.44-3.62 (m, 2H), 3.24 (br. s., 4H), 2.90-3.04 (m, 2H), 2.17
(br. s., 2H), 1.93 (m, 3H), 1.76 (m, 2H), 1.45-1.68 (m, 2H),
0.77-1.01 (m, 6H). LCMS (ESI+) expected m/z 689.25,
found 690.4 (M+H").

1-(ethylsulfonyl)piperidin-4-y1 ((S)-1-(((S)-1-(benzo
[d]thiazol-2-y1)-5-guanidino-1-oxopentan-2-yl)
amino)-4-methyl-1-oxopentan-2-yl)carbamate (8h)
[0434] Compound was isolated as a white solid. Yield
(62%), "H NMR (400 MHz, CDCl,) 8 ppm=38.18 (d, ]=7.43
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Hz, 1H), 7.97 (d, J=7.83 Hz, 1H), 7.73 (d, J=7.43 Hz, 1H),
7.46-7.65 (m, 4H), 5.75 (br. s., 2H), 5.55 (br. s., 1H), 4.82
(br. s., 1H), 4.22 (br. s., 1H), 3.45 (br. s., 2H), 3.05-3.31 (m,
4H), 2.96 (q, J=7.30 Hz, 2H), 2.10-2.28 (m, 3H), 1.50-2.03
(m, 7H), 1.34 (t, J=7.43 Hz, 3H), 0.94 (d, J=7.04 Hz, 6H).
LCMS (ESI+) expected m/z 623.26, found 624.4 (M+H™).

1-((4-chlorophenyl)sulfonyl)piperidin-4-y1 ((S)-1-
(((S)-1-(benzo|d]thiazol-2-yl)-5-guanidino-1-oxo-
pentan-2-yl)amino)-4-methyl-1-oxopentan-2-yl)car-
bamate (81)
[0435] Compound was isolated as a white solid. Yield
(65%), 'H NMR (400 MHz, CDCL,) d ppm=8.19 (d, J=7.43
Hz, 1H), 8.00 (d, J=7.04 Hz, 1H), 7.44-7.75 (m, 5H), 7.38
(d, I=7.04 Hz, 2H), 6.93 (br. s., 1H), 5.83 (br. s., 1H), 5.42
(d, I=7.43 Hz, 1H), 4.66 (br. s., 1H), 4.15 (br. s., 1H),
3.17-3.41 (m, 6H), 2.94 (br. s., 4H), 1.93 (m, 2H), 1.76 (m.,
4H), 1.19-1.37 (m, 1H), 0.75-0.93 (m, 6H). LCMS (ESI+)
expected m/z 705.22, found 706.4 (M+H").

1-((3-fluorophenyl)sulfonyl)piperidin-4-y1 ((S)-1-
(((S)-1-(benzo|d]thiazol-2-yl)-5-guanidino-1-oxo-
pentan-2-yl)amino)-4-methyl-1-oxopentan-2-yl)car-
bamate (8j)

[0436] Compound was isolated as a white solid. Yield
(65%), 'H NMR (400 MHz, CDCl,) 8 ppm=8.16 (d, ]=7.83
Hz, 1H), 7.97 (d, J=7.83 Hz, 1H), 7.86 (br. s., 1H), 7.70 (d,
J=7.83 Hz, 1H), 7.50-7.64 (m, 4H), 7.45 (d, J=6.65 Hz, 1H),
7.29-737 (m, 1H), 6.88 (br. s., 1H), 5.74 (br. s., 1H), 5.33
(d, J=6.65 Hz, 1H), 4.68 (br. s., 1H), 3.84-4.28 (m, 5H),
3.44-3.62 (m, 2H), 3.24 (br. s., 4H), 2.90-3.04 (m, 2H), 2.17
(br. s., 2H), 1.93 (m, 3H), 1.76 (m, 2H), 1.45-1.68 (m, 2H),
0.77-1.01 (m, 6H). LCMS (ESI+) expected m/z 689.25,
found 690.5 (M+H™).

1-((2,4-dinitrophenyl)sulfonyl)piperidin-4-y1 ((S)-1-
(((S)-1-(benzo|d]thiazol-2-yl)-5-guanidino-1-oxo-
pentan-2-yl)amino)-4-methyl-1-oxopentan-2-yl)car-
bamate (8k)

[0437] Compound was isolated as an off-white solid. Yield
(60%), 'H NMR (400 MHz, CDCl;) § ppm 8.75-8.66 (m,
1H), 8.48-8.45 (m, 1H), 8.19 (s, 3H), 8.03-7.98 (m, 2H),
7.67-7.53 (m, 5H), 7.16-7.06 (m, 1H), 5.33-5.27 (m, 1H),
3.95-3.88 (m, 1H), 3.52-3.47 (m, 1H), 2.68 (s, 2H), 1.87 (br.
s., 52H), 1.02-0.87 (m, 6H). LCMS (ESI+) expected m/z
761.23, found 762.5 (M+H™).

1-((5-chloro-2-methoxyphenyl)sulfonyl)piperidin-4-
vyl ((S)-1-(((S)-1-(benzo[d]thiazol-2-yl)-5-guanidino-
1-oxopentan-2-yl)amino)-4-methyl-1-oxopentan-2-
yl)carbamate (81)

[0438] Compound was isolated as a white solid. Yield
(63%), 'H NMR (400 MHz, CDCl;) § ppm 8.12-8.24 (m,
1H), 7.71-8.02 (m, 4H), 7.40-7.65 (m, 4H), 6.95 (d, J=8.61
Hz, 1H), 5.60-5.85 (m, 1H), 5.46 (d, J=7.04 Hz, 1H), 4.74
(br. s., 1H), 3.96-4.28 (m, 7H), 3.90 (s, 2H), 3.47 (d, J=4.70
Hz, 2H), 3.13 (m., 2H), 2.18 (br. s., 2H), 1.49-2.00 (m, 8H),
091 (d, J=6.78 Hz, 6H). LCMS (ESI+) expected m/z
735.24, found 736.4 (M+H™").
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1-(mesitylsulfonyl)piperidin-4-yl ((S)-1-(((S)-1-
(benzo[d]thiazol-2-yl)-5-guanidino-1-oxopentan-2-
ylamino)-4-methyl-1-oxopentan-2-yl)carbamate
(8m)

[0439] Compound was isolated as a white solid. Yield
(64%), "H NMR (400 MHz, CDCl,) d ppm 8.17 (d, J=7.04
Hz, 1H), 7.97 (t, J=6.26 Hz, 2H), 7.76 (d, J=5.09 Hz, 1H),
7.50-7.65 (m, 4H), 6.94 (s, 2H), 5.68-5.86 (m, 1H), 4.77 (br.
s., 1H), 4.21 (br. s., 1H), 3.01-3.57 (m, 6H), 2.58 (s, 3H),
2.30 (s, 3H), 2.19 (s, 2H), 1.50-1.94 (m, 6H), 0.91 (d, J=6.39
Hz, 6H). LCMS (ESI+) expected m/z 713.31, found 714.5
(M+H™).

phenyl(piperidin-4-yl)methyl ((S)-1-(((S)-1-(benzo
[d]thiazol-2-y1)-5-guanidino-1-oxopentan-2-yl)
amino)-4-methyl-1-oxopentan-2-yl)carbamate (11a)

[0440] Compound was isolated as a white solid. Yield
(50%), "H NMR (400 MHz, CD,0D) 8 ppm 8.23-8.20 (m,
1H), 8.15-8.11 (m, 1H), 7.68-7.59 (m, 1H), 7.34 (d, I=3.9
Hz, 3H), 7.29-7.18 (m, 4H), 5.71-5.64 (m, 1H), 3.88-3.79
(m, 1H), 3.23-3.18 (m, 3H), 3.12 (s, 1H), 2.68-2.63 (m, 3H),
2.44 (s, 2H), 1.90-1.77 (m, 2H), 1.60-1.49 (m, 1H), 1.26 (d,
J=6.7 Hz, 2H), 1.07-0.88 (m, 6H). LCMS (ESI+) expected
m/z 621.32, found 622.5 (M+H").

2-phenyl-1-(piperidin-4-yl)ethyl ((S)-1-(((S)-1-
(benzo[d]thiazol-2-yl)-5-guanidino-1-oxopentan-2-
ylamino)-4-methyl-1-oxopentan-2-yl)carbamate
(11b)

[0441] Compound was isolated as a white solid. Yield
(52%), "H NMR (400 MHz, DMSO-d6) & ppm 8.65-8.56
(m, 1H), 8.41 (s, 1H), 8.36 (d, J=4.7 Hz, 1H), 8.30-8.23 (m,
2H), 7.68 (dd, J=2.3, 5.1 Hz, 2H), 7.53-7.44 (m, 1H), 7.29
(d, J=8.2Hz, 1H), 7.18 (d, J=8.2 Hz, 1H), 5.52-5.35 (m, 1H),
4.55-4.45 (m, 1H), 4.06-3.96 (m, 1H), 3.56 (d, J=11.0 Hz,
1H), 3.18-3.11 (m, 2H), 2.42 (s, 2H), 1.97 (d, J=5.1 Hz, 1H),
1.74 (dd, J=3.9, 9.4 Hz, 3H), 1.65-1.51 (m, 3H), 1.40-1.29
(m, 2H), 0.86 (d, J=2.3 Hz, 6H). LCMS (ESI+) expected m/z
635.33, found 544.4 (M-Bn™).

Example 12. Biological Activity Data of
Matriptase, Hepsin, HGFA, Factor Xa, and
Thrombin

[0442] Fluorescent inhibitor and chromogenic proteolytic
assays were performed for compounds prepared in Example
11 in general accordance with the procedures described in
Example 9.

[0443] Using the fluorogenic protease substrates, Boc-
QAR-AMC (matriptase and hepsin) or Boc-QLR-AMC
(HGFA) in previously published kinetic enzyme assays (Z.
Han et al., ACS Med. Chem. Lett., 2014, 5, 1219-1224), the
activities of all target compounds using eleven different
concentrations of compound were tested. Inhibitors were
pre-incubated with protease followed by the addition of the
substrate. Inhibition of substrate proteolysis derived fluo-
rescence was monitored kinetically over a period of one
hour. Shown in Table 3 are the experimentally determined
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1C,, values of each compound for their concentration-
dependent inhibition of HGFA, matriptase, and hepsin.

[0444] The majority of compounds tested showed good
activity and excellent selectivity for matriptase and hepsin
over HGFA (Table 3). The most potent inhibitors identified
were 8b and 8c which have ICs, values 0.6 and 0.5 nM for
hepsin and 30 and 70 nM for matriptase, respectively.
Compound 8d was also made, which replaced the P2 Leu
with the unnatural amino acid cyclohexyl alanine (Cha), but
it was found that the activity lowered for all three proteases
(Table 3). Inhibitors with substituted alkyl or aryl sulfonyl
groups at the R2/P4 position attached on the piperidine ring
nitrogen generally were found to exhibit better potency
against hepsin relative to matriptase. As examples, ethyl
sulfonyl (8h) and acetyl (8e) analogs showed the best
activity of all aryl sulfonyl analogs at the R2/P4 position,
clearly demonstrating that smaller functional groups are
preferred in the S4 pocket of matriptase and hepsin.

[0445] To introduce more flexibility into the piperidine
carbamate, two additional analogs 11 a-b which have a
methylene spacer between the piperidine ring and the car-
bamate linker to the Leu P2 position were made. In these
analogs, the R1 substituent was then not a tertiary group on
the piperidine ring but rather a secondary group on the
spacer. It was found that these two inhibitors exhibited
excellent potency against both hepsin and matriptase with
1C,, values 8 nM and 2 nM, respectively. It was also found
that these two inhibitors exhibited moderate effect in inhib-
iting HGFA (IC;, values 14 uM and 6 uM) but were less
active than the corresponding matched pairs 8a and 8b (IC,
values of 0.78 and 1.2 uM). SAR data also revealed that
adding the methylene linker between the aryl and carbamate
group decreased the activity against matriptase and hepsin.
Similar to that found for 8a and 8b, the benzyl group on the
R, position of the piperidine having an additional methylene
spacer was optimal to the phenyl group in 11a and 11b.

[0446] It is noteworthy that all hybrid piperidine dipep-
tides displayed only weak or no activity against HGFA with
the analogs 8a and 8b containing phenyl and benzyl groups
atthe R, position having the best ICs, values 0f0.78 and 1.2
UM, respectively. Increasing the alkyl linker length between
the phenyl and piperidine ring as in compound 8c resulted in
loss of any activity up to 20 uM. Evaluation of the SAR
derived from different sulfonyl and acyl groups at the R,
position showed only moderate effects on HGFA activity.
Interestingly, when tested in the enzyme assays, it was found
that SRI 31215 only had weak activity for HGFA (IC,, 20
uM). Furthermore, all other benzamidine inhibitors reported
to date showed either no or weak potency for HGFA as well.

[0447] To determine the target selectivity profile, a hand-
ful of compounds were tested against the similar trypsin-like
serine proteases, Factor Xa and thrombin. In general, it was
found that all compounds tested had good selectivity over
both Factor Xa and thrombin. However, it was found that 8c
with an acetyl on R2 and a phenethyl group off of R1 had
some inhibition of Factor Xa (IC5, 2.0 pM) and thrombin
(ICsq 7.7 uM). A notable piece of SAR is that that 8b which
has no substitution at R2 and a shorter benzyl R1 showed no
activity against thrombin (>20 pM) and a 4-fold higher IC,
relative to 8c.
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TABLE 3

Biological activity and selectivity of hybrid piperidine dipeptide kbt HGFA,
matriptase and hepsin serine protease inhibitors, 8a-m and 11la-b.

Rz

R
2~ I} R

Z,

R
O>=

j=nirg
Z

e

e}

=
(jm

m

O

n..

HoN NH H,N
8 11
Hepsin HGFA Factor ~ Thrombin
Com- Matriptase ICso ICso Xa ICsq ICso
pound R RI R2 ICso @M (M) @MY M M)
8a Leu 6 H 0.09 0.005 0.78 NT >20
8b Leu és H 0.03 0.0006 1.2 6.5 >20
8¢ Leu % O 0.07 0.0005 >20 2.0 7.7
8d Cha 6 H 2.1 0.09 >20 9.0 >20
8¢ Leu H O 0.64 0.02 >20 NT NT
8f Leu H 0.81 0.02 8.6 >20 >20

O=wnn=0
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TABLE 3-continued
Biological activity and selectivity of hybrid piperidine dipeptide kbt HGFA,
matriptase and hepsin serine protease inhibitors, 8a-m and 1la-b.
R,
|
N
R;
Z\U\ o R o o Rr 0
H H
)]\ )ﬁ‘/N\)J\/ S )l\ N\)K( S
O N Y RY O N Y
R, 3§ : \ H H \
(0] _W\ N O _\L N
NH NH
HZN/KNH HZN/KNH
8 11
Hepsin HGFA Factor ~ Thrombin
Com- Matriptase ICsq ICsq Xa ICsq ICsq
pound R R1 R2 ICso uM)* M) (M) BM)* (M)
8g Leu H F 4.5 0.07 18 NT NT
I
ﬁ
e}
8h Leu H ﬁ 0.73 0.01 >20 >20 >20
ﬁ
e}
8i Leu H ﬁ 2.4 0.06 9.0 NT NT
On
e}
8j Leu H (ﬁ 7.5 0.07 >20 NT NT
ﬁ
¢}
F
8k Leu H (ﬁ 10 0.11 >20 NT NT
O,N ﬁ
e}
NO,
8l Leu H Cl 4.0 0.06 6.3 NT NT
I
ﬁ §
¢}
/O
8m Leu H >20 0.11 8.8 NT NT
I
ﬁ %
¢}
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TABLE 3-continued
Biological activity and selectivity of hybrid piperidine dipeptide kbt HGFA,
matriptase and hepsin serine protease inhibitors, 8a-m and 1la-b.

R,

|

N

R
Z\U\ 0 R 0 g? o] R o]
H H
N
A A A L
R, 3§ : \ H H \
O _W\ N (6] B N
NH NH
N /J\ NH HZN/I\ NH
8 11
Hepsin HGFA Factor ~ Thrombin
Com Matriptase ICsq ICsq Xa ICsq ICsq
pound R R1 R2 1Cso (uM)* (uM)y* (M) (uM)* (M)
1la Leu H 1.1 0.008 14 >20 >20
11b Leu H 0.02 0.002 6.0 NT NT
NT = Not tested
“ICsq values are an average of three experiments
Example 13. KLK5 Inhibitors TABLE 4
[04.14.18] "ljhe. fpllowing cqmpounds were tested for their KLKS KLKS
ability to inhibit KL.LKS using the following protocol. Compound ICsy (M) Compound ICsy (M)
[0449] Fluorescent Kinetic Enzyme Inhibitor Assay of
KLKS: Inhibitors (11-pt serial dilutions, 0-20 uM final VD4010 1832 MM2030 18103
concentration in reaction) were serially diluted in DMSO VD4072 5231 AcSKLRbt 2120
(2% DMSO final concentration) and then mixed with KLKS5 VD4050 9388 AcKQLREbt 1786
(#1108-SE-010, R&D Systems, Minneapolis, Minn.) in VD411 647.2 AcSQLRKt 3943
black 384 well plates (Corning #3575. Corning, N.Y.). The VD3l12 2326 FmocPRibt 3682
final assay concentration for KLK5 is 7.5 nM in TNC buffer VD2173 193.2 FmocWRkbt 4394
(25 mM Tris, 150 mM NaCl, 5 mM paCl2, 0.01% Triton VD4158 3561 AcWERKbt >20000
ZFHT7116 137 Leupeptin >20000

X-100, pH 8). After thirty minutes incubation at room
temperature, Boc-VPR-AMC substrate was added. The final
substrate concentrations for assay is 100 pM. Changes in
fluorescence (excitation at 380 nm and emission at 460 nm)
were measured at room temperature over time in a Biotek
Synergy 2 plate reader (Winnoski, Vt.). Using GraphPad
Prism version 6.04 software program, (GraphPad Software,
San Diego, Calif., graphpad.com), a four parameter curve fit
was used to determine the inhibitor ICs,s from a plot of the
mean reaction velocity versus the inhibitor concentration.
The IC,, values represent the average of three or more
separate experimental determinations. Results are shown in
Table 4, below.

Example 14. sHAI Inhibitors of HGFA, Matriptase
and Hepsin, Show TMPRSS2-Dependent Antiviral
Activity

[0450]

Selected compounds were tested for their ability to

show TMPRSS2-dependent antiviral activity using the fol-
lowing protocols. Table 5 below lists the compounds tested,
followed by a summary of data obtained from the com-
pounds.
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TABLE 5
Comp. ID Structure
Ac-SKLR kbt NH,
V-amide,
ZFH7116
>’NH N
\—( >sNH
§©®
g ©)
HO— NH
NH O
0 \"{
§9 gned® N
K S
Ac-dWFR-kbt,
PK-1-89A1 NI,

HN

VD3173
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TABLE 5-continued

Comp. ID Structure

vD2173

VD3152
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TABLE 5-continued

Comp. ID Structure

VD4051

NH

NH,

0
Ac-WFR-kbt,
PK-1-102A1 NH,
HN
LLR kbt
V-amide,
ZFH7182 HN
%NH
NI
© N.
o)
0 5 NH,

/"l
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TABLE 5-continued

Comp. ID Structure
Ac-WLFR-kbt, HN
ZFH7064 \
) 0
HN
HN
)
0
0
Ac-FLFR-kbt,
ZFH7063
) 0
HN HN
HN )\\
) NH,
o HN
5 NH
) O
&
HN
)
N
7
o]
S
Ac-SKLR kbt, NI,
ZFH7053
HN
NH 0 >—NH2
)
0 h HN
HO— HN = (5)
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TABLE 5-continued

Comp. ID Structure
Ac-KQLR-kbt, LN
ZFH7006 H,N, o HN,
>’NH2
0
© HN
HN HN ®
NH O
©®
O s
© § N ® /N
4 S
Ac-LLR-kt, 0
ZFH6201-1 \( HN
\NH >\NH2
S HN
©®
NH o
J Q(
N HN
>\ ©® Nj
Y S
Ac-SQLR-kt, LN
ZFH6138
0 HN,
NH 0 >—NH2
)
0 ) HN
HO—F HNw{ (5
NH 0
©®
0 )
Ac-KQFR-kt, LN 0
ZFH6101
0
©® NH,
© N
NH

~

Dec. 1, 2022



US 2022/0380407 Al Dec. 1, 2022
135

TABLE 5-continued

Comp. ID Structure

Ac-SKFR-kt,
ZFH6095

PK-1-18A1,
dWEFR kbt

PK-1-45A1, (@]
dWFR-kbt-
COOH OH
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TABLE 5-continued

Comp. ID Structure
MM3116 H,N NH

H)N O NH

H
AcHN\)k N\)k ~
v N v N N
r\ 0 BN : 0

MM3122 HZNYNH

ILN. 0 NH

H
AcHN\)J\ N\)J\ .
N v N N
0 B : 0
MM3123 H,N. NH
ILN. 0 NH
Ac H
N\)k N\)l\ =
N N - N N
= 0 2 : o}

MM3130 NH
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TABLE 5-continued
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Comp. ID Structure
MM3131 HZN\(NH
HN o) NH
(6] (€] S
H
ACHN\)J\ N\)k ~
v N v N N
\(z ° ?
MM3142 HN, NH,
H,N O NH
O N
i R s
o] B o]
[0451] We analyzed pseudotype entry driven by the spike KQLR-kbt) which contains a P3 Gln also predicted from

protein of SARS-CoV-2 (SARS-2-S) or the glycoprotein of
vesicular stomatitis virus (VSV-G) into the TMPRSS2-
positive human lung cell line Calu-3. VSV-G was used as a
control, as it does not depend on proteolytic (TMPRSS2)
activation for host cell entry. Besides Calu-3 cells, we
further used Vero cells (African green monkey, kidney) as a
control, as these cells do not express TMPRSS2 and there-
fore any reduction in SARS-2-S-driven entry would be
either related to unspecific side effects or cytotoxicity. Each
compound was tested in three separate experiments with
independent pseudotype batches. We treated cells (96-well
format) with different concentration of inhibitor or solvent
(DMSO) diluted in medium (50 pl/well) for 2h at 37° C. and
5% CO,, then we added 50 pl of pseudotype on top and
incubated for 16 h at 37° C. and 5% CO,.

[0452] Next, we measured virus-encoded firefly luciferase
activity in cell lysates (indicator of pseudotype entry into
target cells). The data was normalized against control
(DMSO-treated cells=100% pseudotype entry) and plotted
with GraphPad Prism (version 8.3.0), to calculate effective
concentratiion EC50 and perform statistics (comparison
against the respective control; two-way ANOVA with Dun-
nett’s posttest).

[0453] As summarized in Table 6, the compounds tested
showed potent inhibition of VSV pseudotypes using the
Spike protein of SARS-CoV-2 (VSVpp (SARS-2-S) for
viral entry into Calu-3 cells. PK-1-89 is showing the best
EC5, of 32 nM and cyclic peptide VD2173 has an EC,, of
104 nM. Ac-WLFR-kbt (ZFH7064) also having a P2 Phe
showed excellent potency. Furthermore, ZFH7006 (Ac-

PS-SCL shows the next best activity with an ECs, of 78 nM
with VD2173 the third best overall (EC5, 104 nM). Cyclic
peptides, VD3173 and VD3152 also show almost equivalent
activity while VD4051 exhibited the second least potency of
all 10 compounds at still a pretty respectable ECs,, of 565
nM. The worst activity was displayed by ZFH7182 (Ac-
LLR-kbt V amide) with an ECs, of 2 uM. Further, there is
significant structure-activity relationships (SAR) among the
ten compounds. For example, it appears that TMPRSS2 does
not prefer large groups extending beyond the kbt S1' C-ter-
minal portion of the inhibitor since both ZFH7116 and
ZFH7182 lose activity relative to unsubstituted kbt analogs,
ZFH6201 and ZFH7006/ZFH7064. Raw data are also shown
in FIGS. 14A-14C. Importantly none of the compounds
showed inhibition of cell entry into TMPRSS2 negative Vero
cells by VSVpp (SARS-2-S) or VSVpp (SARS-2-S). Also,
entry into Calu-3 cells by pseudotypes bearing the VSV
glycoprotein (VSVpp VSV-G) was not affected.

TABLE 6

HGFA Matriptase Hepsin Calu-3
Structure IC5¢ (mM)  ICso M)  IC50 (M) ECs50 (nM)
Ac-SKLR kbt V 26 11 0.5 307
amide, ZFH7116
Ac-dWFR-kbt, 346 29 100 32
PK-1-89
Cyclo(DMK)R-kbt, 3,240 1.0 5.9 119
VD3173
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TABLE 6-continued

HGFA Matriptase Hepsin Calu-3
Structure IC5o (mM)  ICso (M)  ICs50 (nM) ECs0 (M)
Cyclo(DLK)R-kbt, 5,262 14 10 104
VD2173
Cyclo(DQK)R-kbt, 16,108 7.7 22 138
VD3152
Cyclo(allylLY)R-kbt, >20,000 14 20 565
VD4051
H-LLR-kbt V-amide 44 50 0.01 2060
ZFH7182
Ac-WLFR-kbt, 266 12 0.79 150
ZFH7064
Ac-KQLR-kbt, 60 1.1 0.17 78
ZFH7006
Ac-LLR-kt, 506 56 4.6 349
ZFH6201

Example 15. Cell-Based TMPRSS2 Fluorogenic
Enzyme Inhibition Assay

[0454] A PLX304 plasmid-containing human TMPRSS2
open reading frame from the ORFeome Collaboration
(Dana-Farber Cancer Institute, Broad Institute of Harvard
and Massachusetts Institute of Technology
[HSCD00435929]) was obtained from DNASU Plasmid
Repository, and a control PLX304 vector was obtained from
Addgene (Watertown, Mass., USA). ITEK-293T cells were
grown in DMEM supplemented with 10% FBS and seeded
in a black, 96-well plate (75,000 cells/well). The following
day, cells were transfected overnight with either a control
plasmid (PLX) or TMIPRSS2 (PLX-TMPRSS2) via Tran-
sIT LT-1 transfection reagent (Minis Bio) in 100 pL. of
OptiMEM per well. The media was replaced the next day.
Twenty-four hours after transfection, the media was
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replaced with 80 pl. of phosphate-buffered saline (PBS).
Inhibitors (ZFH7116 and VD2173) or PBS alone were added
to the wells in the indicated 5 concentrations and incubated
at 25° C. for 15 minutes. The fluorogenic substrate Boc-
QAR-AMC (R&D Biosystems) was then added to each well
to a final concentration of 100 uM. Fluorescence (excitation
365 nm, emission 410 nm) was kinetically measured every
15 minutes at 37° C. using a GloMax plate reader (Pro-
mega). Results of this assay are presented in FIGS. 15A and
15B.

[0455] ZFH7116 inhibited TMPRSS?2 in a dose dependent
manner in concentrations ranging between 10,000 nM-10
nM (IC5,=51 nM). We then tested VD2173 effect on
TMPRSS2 proteolytic activity in the same range of concen-
trations. VD2173 demonstrated even stronger potency
towards TMPRSS2 compared with ZFH7116 (IC;,=6.9
nM). These data demonstrate that both ZFH7116 and
VD2173 mediate their function by inhibiting TMPRSS2 at
least in part.

[0456] When introducing elements of the present inven-
tion or the preferred embodiments(s) thereof, the articles
“a”, “an”, “the” and “said” are intended to mean that there
are one or more of the elements. The terms “comprising”,
“including” and “having” are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.

[0457] Inview of the above, it will be seen that the several
objects of the invention are achieved and other advantageous
results attained.

[0458] As various changes could be made in the above
compositions and methods without departing from the scope
of the invention, it is intended that all matter contained in the
above description and shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting sense.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 1

Lys Gln Leu Arg
1

<210> SEQ ID NO 2

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 2
Lys His Leu Arg

1

<210> SEQ ID NO 3
<211> LENGTH: 4
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 3

Trp Gln Leu Arg
1

<210> SEQ ID NO 4

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 4

Lys Phe Leu Arg
1

<210> SEQ ID NO 5

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 5

Lys Phe Leu Arg
1

<210> SEQ ID NO 6

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 6

Arg Gln Leu Arg
1

<210> SEQ ID NO 7

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 7

Ser Gln Leu Arg
1

<210> SEQ ID NO 8

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 8
Lys Arg Leu Arg

1

<210> SEQ ID NO 9



US 2022/0380407 Al
140

-continued

Dec. 1, 2022

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 9

Trp Arg Leu Arg
1

<210> SEQ ID NO 10

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 10

Ser Lys Leu Arg
1

<210> SEQ ID NO 11

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 11

Ser His Leu Arg
1

<210> SEQ ID NO 12

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 12

Trp Lys Leu Arg
1

<210> SEQ ID NO 13

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 13

Ser Lys Phe Arg
1

<210> SEQ ID NO 14

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 14

Asn Lys Leu Arg
1
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<210> SEQ ID NO 15

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 15

Ser Arg Leu Arg
1

<210> SEQ ID NO 16

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 16

Thr Lys Leu Arg
1

<210> SEQ ID NO 17

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 17

Ser Trp Leu Arg
1

<210> SEQ ID NO 18

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 18

Arg Lys Leu Arg
1

<210> SEQ ID NO 19

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 19

Phe Leu Phe Arg
1

<210> SEQ ID NO 20

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 20

Trp Leu Phe Arg
1

1. A compound of Formula (ITA), (IIB), (IIC), (1ID), (IIE),
(IIF), (1IG), or (IIH) a salt thereof, or a stereoisomer thereof:

(I1A)
HN NI,
NI
) P )
N N
v~ N N z
i i
(e 0 O
(IIB)
HN NI,
NI

-continued
(110)
0
NH»
0 HN/K NH
H
N 0
N N
H H
0 P, HN
z
(IID)
NH»
HN /K NH
0
HN
H
HN
0
P; z
(IE)
NH>
NH
)YI
H
N
HN
H
N 0 z
N 0
H

P;
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(ITF)
NI,
HN NH
0
X H
N
((Ta N HN
Y. H 0 z
Sy N 0
i1
0 P;
(I1G)
HN
y—R N > NH;
N NH
L
© \
NI HN
P3 z
NH o)
0
(ITH)
HN
>—NH2
NH
HN
V4
/ﬁ/gl%
wherein:

each n is independently 1 or 2;

each P, is independently hydrogen or a side chain of a
natural or unnatural amino acid;

each X is independently hydrogen or methyl;

each Y is independently hydrogen, acetyl, tert-butyloxy-
carbonyl (Boc), benzyloxycarbonyl (Cbz), fluorenylm-
ethyloxycarbonyl (Fmoc), benzyl, —C(O)R, —SOOR,
—COOR, —C(O)NHR, substituted or unsubstituted
—(CH,),aryl, substituted or unsubstituted —(CH,)
Jheteroaryl, substituted or unsubstituted —(CH,),cy-
cloalkyl, or substituted or unsubstituted —(CH,), het-
erocycle;

each x is independently 0, 1, or 2;

each R is independently C, to Cg alkyl, C; to C, cycloal-
kyl, heterocycle, alkylheterocycle, aralkyl, or aryl; and
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each Z is independently

R, and R, are each independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substi-
tuted or unsubstituted aralkyl, substituted or unsubsti-
tuted heteroaryl, or substituted or unsubstituted het-
eroarylalkyl;

R, is hydrogen, substituted or unsubstituted alkyl, or a
residue of an amino acid, or R; and R, can form a ring;

each R is independently hydrogen, substituted or unsub-
stituted alkyl, or the Ry moieties can form a ring; and

each Ry is substituted or unsubstituted aryl.

2. The compound of claim 1 wherein the compound of

Formulas (IIA)-(IIH) includes one or more of the following:

each Y is independently hydrogen, acetyl, tert-butyloxy-

carbonyl (Boc), benzyloxycarbonyl(Cbz), or fluorenyl-
methyloxycarbonyl (Fmoc); and/or

each P; is independently a side chain of Ala, Gly, Val,
Leu, Lys, Arg, Asn, Phe, Gln, Thr, D-Trp, Tyr, Met,
Agp, hCha, hTyr, hPhe, Orn, DAB, DAB(Z), Nle(O-
Bzl), Arg(NO,), Arg(Z),, Lys(2-ClZ), hLeu, Dht, Idc,
Igl, Chg, hAbu, Hyp, Glu(Bz), Met(O), Dap, Phe(F5),
Glu(Me), or hArg.

3. The compound of claim 1 or 2 wherein each Y is

independently hydrogen or acetyl.

4. The compound of any one of claims 1 to 3 wherein each
P, is independently a side chain of an amino acid selected
from the group consisting of Ala, Gly, Val, Leu, Lys, Arg,
Asn, Phe, Gln, Thr, D-Trp, Tyr, Met, Agp, hCha, hTyr, hPhe,
Orn, DAB, DAB(Z), Nle(O-Bzl), Arg(NO,), Arg(Z),, Lys
(2-C17), hlLeu, Dht, Idc, Igl, Chg, hAbu, Hyp, Glu(Bz),
Met(O), Dap, Phe(F5), Glu(Me), and hArg.

5. The compound of any one of claims 1 to 4 wherein R,
and R; are each independently hydrogen, alkyl, cycloalkyl,
aryl, aralkyl, heteroaryl, or heteroarylalkyl.
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6. The compound of any one of claims 1 to 5 wherein R, wherein A is —O— or NH and R,; is H, methyl, benzyl,
and R; are each independently hydrogen, C,-C, alkyl, optionally substituted alkyl, optionally substituted aryl, het-

C,-C,, cycloalkyl, phenyl and benzyl. erocycle, or a residue of an o-amino acid.

7. The compound of any one of claims 1 to 6 wherein R, . . .
is hydrogen, alkyl, or a residue of an amino acid, or R; and 11. The compound of claim 19 Wher.elnAls NHand Aand
R, can form a piperazine or piperidine ring. R,, form a residue of an a-amino acid.

8. The compound of any one of claims 1 to 7 wherein each

- L el 12. The compound of any one of claims 1 to 11 wherein
R; is independently hydrogen, alkyl, or the R moieties can

each Z is independently:

form a ring.
9. The compound of any one of claims 1 to 8 wherein each
Ry is aryl.
10. The compound of any one of claims 1 to 9 wherein 7 \
each Z is independently: H, i
S
(6] (6]
N/>
i L
S N , or
(6] (6] /
S
, and
N (6]
| 0
S
N
’ fr‘f\’(k "
[0) =
5 0.
N
H,N
| A—Ry; © :
S
o 13. The compound of any one of claims 1 to 12 wherein
the compound of Formula (I1A), (IIB), (IIC), (IID), (IIE),
(IIF), (1G), or (ITH) is selected from the group consisting of:
HN
NH2
NH
HoNu,,, /ﬁ@ ,
.\\\
NH
(6]
HN, NH2

ﬁ;
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-continued
HN

YNHZ

NH

&=
\\Z
O
O &z
s
)‘:O
a4
w2

HN, NH,

? (@}
jan
ljk
=

AcHNm =Ny N
H
0
N
N 0
HN, NH,
NH
0
AcHN,, 0
N o] S
) |
HN B I\ A
N N
H
H
N 0
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-continued
HN, \[/ NH,
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14. A compound of Formula (IITA), (IIIB), or (IIIC), a salt
thereof, or a stereoisomer thereof:

(ITIA)
N NH,

HN
) P, )
N N
v~ N N z
i i
Py 0 P,

(IIIB)
HN NH,

N
P; 0
Y N
Sy N zZ
i1 i1
0 P,

(111C)

HN Y NH,

HN

O

N
v~ N z
H
Py
wherein:

each P, is independently a side chain of Phe, Leu, hLeu,
Ala, Thr, Asn, NptGly, L-Orn, L-Cha, Igl, Phe(3,4-F2),
Phe(3-C), Phe(4-F), or Glu(Bzl);

each P; is independently a side chain of Arg, hArg, Trp,
D-Trp, Lys, hTyr, Gln, D-Gln, L-Nle(OBzl), Agp,
L-Orn, hCha, hPhe, His(3-Bom), or Phe(4-NO,);

P, is a side chain of Arg, lle, Gly, Pro, Met, Leu, hArg,
Arg(Z),, L-Arg(NO,), Trp, D-Trp, Ser, Lys, Lys(2-Cl-
7), Agp, L-DAB(Z), L-Orn, L-Nle(OBzl), or His(3-
Bom);

Y is H, acetyl, tert-butyloxycarbonyl (Boc), benzyloxy-
carbonyl (Cbz), fluorenylmethyloxycarbonyl (Fmoc),
benzyl, —C(O)R, —SOOR, —COOR, —C(O)NHR,
substituted or unsubstituted —(CH,), aryl, substituted
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or unsubstituted —(CH,), heteroaryl, substituted or
unsubstituted —(CH,),cycloalkyl, or substituted or
unsubstituted —(CH,), heterocycle;

each x is independently 0, 1, or 2;

each R is independently C, to C; alkyl, C; to C, cycloal-
kyl, heterocycle, alkylheterocycle, aralkyl, or aryl;

each Z is independently

o A
Hﬂjj\’(l@m, ;{?/ORS, or

(€]
l
i
O

Re

R, is hydrogen,

R, and R are each independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substi-
tuted or unsubstituted aralkyl, substituted or unsubsti-
tuted heteroaryl, or substituted or unsubstituted het-
eroarylalkyl;

R, is hydrogen, substituted or unsubstituted alkyl, or a
residue of an amino acid, or R; and R, can form a ring;

each Ry is independently hydrogen, substituted or unsub-
stituted alkyl, or the R moieties can form a ring; and

each Ry is substituted or unsubstituted aryl.

15. The compound of claim 14 wherein the compound is
an inhibitor of HGFA.
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16. The compound of claim 14 or 15 wherein:

each P, is independently a side chain of Leu, hLeu, or
NptGly;

each P, is independently a side chain of Arg, hArg, D-Trp,
hTyr, Agp, hCha, or hPhe; and/or

P, is a side chain of Lys(2-Cl-Z), Agp, or His(3-Bom).

17. The compound of claim 14 wherein the compound is
an inhibitor of hepsin.

18. The compound of claim 14 or 17 wherein:

each P, is independently a side chain of Leu, Thr, Asn,
L-Orn, or L-Cha;

each P; is independently a side chain of Arg, Lys, D-Gln,
L-Nle(Obzl), Agp, or L-Orn; and/or

P, is a side chain of Arg, L-Arg(NO,), Lys, Agp, L-DAB
(2), L-Orm, or L-Nle(OBzl)

19. The compound of claim 14 wherein the compound is
an inhibitor of matriptase.

20. The compound of claim 14 or 19 wherein:

each P, is independently a side chain of Igl, Phe(3,4-F2),
Phe(3-Cl), Phe(4-F), or Glu(Bzl);

each P; is independently a side chain of Arg, Lys, L.-Nle
(Obzl), Agp, or L-Orn; and/or

P, is a side chain of Arg, hArg, Arg(Z),, Lys, or L-Orn;

21. The compound of any one of claims 14 to 20 wherein
at least one of P,, P;, and P, is a side chain of an unnatural
amino acid.

22. The compound of any one of claims 14 to 21 wherein
R, and R; are each independently hydrogen, alkyl, cycloal-
kyl, aryl, aralkyl, heteroaryl, or heteroarylalkyl.

23. The compound of any one of claims 14 to 22 wherein
R, and R, are each independently hydrogen, C,-C, alkyl,
C;-C,, cycloalkyl, phenyl, or benzyl.

24. The compound of any one of claims 14 to 23 wherein
R, is hydrogen, alkyl, or a residue of an amino acid, or R,
and R, can form a piperazine or piperidine ring.

25. The compound of any one of claims 14 to 24 wherein
each R is independently hydrogen, alkyl, or the R5 moieties
can form a ring.

26. The compound of any one of claims 14 to 25 wherein
each Ry is aryl.

27. The compound of any one of claims 14 to 26 wherein
each Z is independently:
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wherein A is —O— or NH and R, is H, methyl, benzyl,
optionally substituted alkyl, optionally substituted aryl, het-
erocycle, or a residue of an a-amino acid.

28. The compound of claim 27 wherein A is NH and A and
R,, form a residue of an c-amino acid.

29. The compound of any one of claims 14 to 28 wherein
each Z is independently:

==z

O
N
HN
.
s 0.
O HzN

30. The compound of any one of claims 14 to 29 wherein
the compound of Formula (II1A), (IIIB), or (IIIC) is selected
from the group consisting of:
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31. A compound of Formula (I), a salt thereof or a

stereoisomer thereof:

HN, NH,

HN
0
H
K—L N
N z
\ﬂ/ N
0 P,

wherein:

P, is H or a side chain of a natural or unnatural amino |

acid;

0
N® NU® /\/\/N
E o

¥

N
o M
S
H
N NH,, and
N7 ®
N \n/
NH
Br
N
oL
\ S

H H
NH,.

NH

Br

L is —O— or NH;
x1is 0, 1, or 2;
7 is

o A
éf{H/}IL/QRI, ;{T/ORS, or

(€]
|

P—ORg;

@

ORs

K is a substituted or unsubstituted heterocycle, or substi-

tuted or unsubstituted —(CH,), heterocycle;
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R, is hydrogen,

OR,, or I|{4 ;

R, and R; are each independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substi-
tuted or unsubstituted aralkyl, substituted or unsubsti-
tuted heteroaryl, or substituted or unsubstituted het-
eroarylalkyl;

R, is hydrogen, substituted or unsubstituted alkyl, or a
residue of an amino acid, or R; and R, can form a ring;

each R, is independently hydrogen, substituted or unsub-
stituted alkyl, or the R5 moieties can form a ring; and

each R is substituted or unsubstituted aryl.

32. The compound of claim 31 wherein K is a substituted

or unsubstituted piperidine ring.

33. The compound of claim 31 or 32 wherein K is selected

from the group consisting of:

P
A 4
%\J and
Ry

wherein, R, is hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heterocycle, or substituted or unsubstituted aralkyl; Ry is
hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted aralkyl (e.g. benzyl), —C(O)R,, or
—SOOR,,; Ry is hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted aryl, substituted or unsub-
stituted heterocycle or substituted or unsubstituted aralkyl;
and R,, is hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, substituted or unsubstituted
heterocycle, or substituted or unsubstituted aralkyl.

34. The compound of claim 33 wherein R, is hydrogen,
C,-C; alkyl, halo-substituted C, -C, alkyl, aryl, alkyl-substi-
tuted aryl, halo-substituted aryl, nitro-substituted aryl, alkyl-
substituted aralkyl, halo-substituted aralkyl, or nitro-substi-
tuted aralkyl.

35. The compound of claim 33 or 34 wherein R, is
hydrogen, methyl, ethyl, propyl, butyl, phenyl, benzyl, or
phenethyl.

36. The compound of any one of claims 33 to 35 wherein
R, is hydrogen, C,-Cg alkyl, halo-substituted C,-C, alkyl,
aryl, alkyl-substituted aryl, halo-substituted aryl, nitro-sub-
stituted aryl, alkyl-substituted aralkyl, halo-substituted aral-
kyl, or nitro-substituted aralkyl.

37. The compound of any one of claims 33 to 36 wherein
R, 1s hydrogen, methyl, or ethyl.

Ry
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38. The compound of any one of claims 33 to 37 wherein
R, 1s hydrogen, C,-C; alkyl, halo-substituted C,-C; alkyl,
aryl, or aryl substituted with at least one group selected from
the group consisting of alkyl, alkoxy, halo, nitro and com-
binations thereof.

39. The compound of any one of claims 33 to 38 wherein
R,, is hydrogen, methyl, ethyl, propyl, butyl, phenyl, or
phenyl aryl substituted with at least one group selected from
the group consisting of alkyl, alkoxy, halo, nitro and com-
binations thereof.

40. The compound of any one of claims 31 to 39 wherein
K is selected from the group consisting of:

95

\
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41. The compound of any one of claims 31 to 40 wherein
Lis —O—.

42. The compound of any one of claims 31 to 41 wherein
P, is a side chain of Leu, Cha, hlLeu, Nle, NptGly, hTyr, Orn,
Thr, Asn, Nva, Igl, Phe, hPhe, Phe(3,4-F2), Phe(3-Cl),
Phe(4-F), Phe(3-F), Glu(Bzl), Trp, Bta, hCha, hArg, Arg(Z)
25 Lys(2-C1Z), Chg, or hTyr(Me).

43. The compound of any one of claims 31 to 42 wherein
P, is a side chain of Leu or Cha.

44. The compound of any one of claims 31 to 43 wherein
R, and R; are each independently hydrogen, alkyl, cycloal-
kyl, aryl, aralkyl, heteroaryl, or heteroarylalkyl.

45. The compound of any one of claims 31 to 44 wherein
R, and R; are each independently hydrogen, C,-C, alkyl,
C,-C,, cycloalkyl, phenyl or benzyl.

46. The compound of any one of claims 31 to 45 wherein
R, is hydrogen, alkyl, or a residue of an amino acid, or R,
and R, can form a piperazine or piperidine ring.

47. The compound of any one of claims 31 to 46 wherein
each R, is independently hydrogen, alkyl, or the R moieties
can form a ring.

48. The compound of any one of claims 31 to 47 wherein
each Ry is aryl.

49. The compound of any one of claims 31 to 48 wherein
Z is:
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A—Ry,

wherein A is —O— or NH and R, is H, methyl, benzyl,
optionally substituted alkyl, optionally substituted aryl, het-
erocycle, or a residue of an a-amino acid.

50. The compound of claim 49 wherein A is NH and A and
R,, form a residue of an c-amino acid.

51. The compound of any one of claims 31 to 50 wherein

7 is:

==z

O
N
HN
Y
s 0.
O HzN

52. The compound of any one of claims 31 to 51 wherein
the compound of Formula (I) is selected from the group
consisting of:

5
<
Z

LN NH
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H,N NH

53. A method of inhibiting matriptase, hepsin, TMPRSS2,
or hepatocyte growth factor activator (HGFA) comprising
administering to an organism a composition comprising an
effective amount of at least one compound of any one of
claims 1 to 52.

54. A method of inhibiting HGF/MET signaling compris-
ing administering to a subject in need thereof a pharmaceu-
tical composition comprising a therapeutically effective
amount of at least one compound of any one of claims 1 to
52.
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55. A method of inhibiting MSP/RON signaling compris-
ing administering to a subject in need thereof a pharmaceu-
tical composition comprising a therapeutically effective
amount of at least one compound of any one of claims 1 to
52.

56. A method of inhibiting HGF/MET and MSP/RON
signaling comprising administering to a subject in need
thereof a pharmaceutical composition comprising a thera-
peutically effective amount of at least one compound of any
one of claims 1 to 52.

57. A method of overcoming and preventing resistance to
anticancer drugs including targeted therapies, immuno-
therapy, radiation, and chemotherapy comprising adminis-
tering to a subject in need thereof a pharmaceutical compo-
sition comprising a therapeutically effective amount of at
least one compound of any one of claims 1 to 52.

58. A method of overcoming and preventing resistance to
a kinase small molecule or antibody inhibitor including
those targeting EGFR and MET by blocking HGF and MSP
production or activation comprising administering to a sub-
ject in need thereof a pharmaceutical composition compris-
ing a therapeutically effective amount of at least one com-
pound of any one of claims 1 to 52.

59. A method of overcoming and preventing resistance to
a DNA-damaging agent including gemcitabine comprising
administering to a subject in need thereof a pharmaceutical
composition comprising a therapeutically effective amount
of at least one compound of any one of claims 1 to 52.

60. A method of overcoming and preventing resistance to
an immunotherapy agent including a PD-1 antagonist com-
prising administering to a subject in need thereof a pharma-
ceutical composition comprising a therapeutically effective
amount of at least one compound of any one of claims 1 to
52.

61. A method of inhibiting tumor progression and metas-
tasis comprising administering to the subject in need thereof
a pharmaceutical composition comprising a therapeutically
effective amount of at least one compound of any one of
claims 1 to 52.

62. A method of treating a malignancy, a pre-malignant
condition, or cancer in a subject comprising administering to
the subject in need thereof a pharmaceutical composition
comprising a therapeutically effective amount of at least one
compound of any one of claims 1 to 52.

63. The method of claim 62, wherein the cancer is
selected from the group consisting of breast, ovarian, pros-
tate, endometrial, colon, pancreatic, head and neck, gastric,
renal, brain, liver, bladder, kidney, lung, esophageal, leuke-
mias, multiple myeloma, lymphoma, and melanoma.

64. The method of claim 62 or 63, wherein the malig-
nancy and the pre-malignant condition is a condition of the
breast, prostate, bladder, multiple myeloma, leukemia,
glioma, liver, lung, and colon.

65. The method of any one of claims 62 to 64, wherein the
malignancy and the pre-malignant condition is a condition
of the lung, colon, and/or pancreas.

66. The method of any one of claims 62 to 65, wherein the
pre-malignant condition is selected from the group consist-
ing of a typical ductal hyperplasia of the breast, actinic
keratosis, leukoplakia, Barrett’s epithelium (columnar meta-
plasia) of the esophagus, ulcerative colitis, adenomatous
colorectal polyps, erythroplasia of Queyrat, Bowen’s dis-
ease, bowenoid papulosis, vulvar intraepthelial neoplasia,
and dysplastic changes to the cervix.
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67. The method of any one of claims 62 to 66 wherein the
cancer has progressed or metastasized or is resistant to
anticancer treatment.

68. The method of any one of claims 53 to 67, wherein the
at least one compound is administered by a method selected
from the group consisting of oral, intranasal, intraperitoneal,
subcutaneous, intravenous, intramuscular, intratumoral, rec-
tal, topical, and transdermal.

69. The method of any one of claims 53 to 68, wherein the
effective amount ranges from 0.01 mg to 500 mg for each
kilogram of subject body weight.

70. The method of any one of claims 53 to 69, further
comprising administration of an anticancer compound,
radiation therapy, a compound that induces apoptosis, a
surgical procedure, or any combination thereof.

71. The method of any one of claims 53 to 70 wherein the
subject is human.

72. A pharmaceutical composition comprising a therapeu-
tically effective amount of at least one compound of any one
of claims 1 to 52 or a salt thereof.

NH,
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73. A method of treating or preventing a viral infection in
a subject comprising administering to the subject in need
thereof a pharmaceutical composition comprising a thera-
peutically effective amount of at least one compound of (a)
any one of claims 1 to 52; (b) a polypeptide-based inhibitor;
and/or (c) a benzamidine-based inhibitor.

74. The method of claim 73 wherein the viral infection is
caused by a coronavirus.

75. The method of claim 74 wherein the coronavirus is
selected from the group consisting of SARS-CoV, SARS-
CoV-2, and MERS-CoV.

76. The method of any one of claims 73 to 75 wherein the
viral infection is caused by an influenza virus.

77. Amethod of inhibiting TMPRSS2 and/or matriptase in
an organism comprising administering to the organism a
composition comprising an effective amount of at least one
compound of (a) any one of claims 1 to 52; (b) a polypep-
tide-based inhibitor; and/or (¢) a benzamidine-based inhibi-
tor.

78. The method of any one of claims 73 to 77 wherein the
compound comprises at least one of:

NH,,

HN-on



US 2022/0380407 Al Dec. 1, 2022
171

-continued

NH,




US 2022/0380407 Al
172

-continued

LN

F NH
NH
O] N.
[¢) S

®)

Dec. 1, 2022



US 2022/0380407 Al

-continued
NH,

HN

>—NH 0 >—NH2
(S
0 \—-{ HN
HO— HN ®
NH O

Dec. 1, 2022




US 2022/0380407 Al Dec. 1, 2022
174

-continued

NH,,

NH

OH,

H,N. NH



US 2022/0380407 Al

175

Dec. 1, 2022

-continued

LN

NH

lnn

LN o) NH

z
Z
“
i
ngz
/
.

NH

ILN. 0 NH
0 0 S
)it
ACHN\)k N \)J\ T
: N - N N
it : it
\( ° °
LN NH
LN 0 NH
O O N
)i
PN 1 /
N . N
H i H 8
0 3 0

79. A method of treating or preventing a condition at least
in part associated with upregulated KLLKS expression or
activity in a subject comprising administering to the subject
in need thereof a pharmaceutical composition comprising a
therapeutically effective amount of at least one compound of
(a) any one of claims 1 to 52; (b) a polypeptide-based
inhibitor; and/or (c) a benzamidine-based inhibitor.

80. The method of claim 79 wherein the condition com-
prises cancer.

81. The method of claim 80 wherein the cancer is ovarian
and/or breast cancer.

82. The method of any one of claims 79 to 81 wherein the
condition comprises an allergic condition.

83. The method of claim 82 wherein the allergic condition
comprises eosinophilic esophagitis.



US 2022/0380407 Al

84. The method of any one of claims 79 to 83 wherein the
condition comprises a skin disorder.

85. The method of claim 84 wherein the skin disorder
comprises Netherton syndrome.

86. A method of inhibiting KILK5 in an organism com-
prising administering to the organism a composition com-
prising an effective amount of at least one compound of (a)
any one of claims 1 to 52; (b) a polypeptide-based inhibitor;
and/or (c¢) a benzamidine-based inhibitor.

87. The method of any one of claims 73 to 86, wherein the
polypeptide-based inhibitor is a compound of Formula (IV):

Y—(Ps)s—(Pa)—(P3),—P>—P—Z av)

wherein

nis 0or1;

mis 0 or 1;

bis0or 1;

Y is H, acetyl, tert-butyloxycarbonyl, benzyloxymethyl
acetyl, carboxybenzyl, FMOC, benzyl, —C(O)R,
—SOOR,, —COOR,, —C(O)NHR,, —(CH,),aryl-
R, heteroaryl-R,, -cycloalkyl-R,, or a fluorophore;

xis 0, 1, or 2;

R, is C, to C,, alkyl, cycloalkyl, alkylaryl, or aryl;

P, is a residue of an amino acid selected from the group
consisting of Arg, D-Arg, Lys, substituted Lys, and an
alpha-amino acid of the following:

e}

il OH

}|I O
HN\)j\
Y OH
H
N
H,N l
\<
HN NH, N
}|I O
HN\)j\
; OH,
H
N
HN
T
N
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N~

W

N
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or an unnatural amino acid residue;

0,
OH

P, is a residue of an amino acid selected from the group
consisting Leu, Phe, Met, Thr, Val, Tyr, Trp, Ser, Pro,
His, Glu, Gln, Asp, Arg, Lys, lle, Ala, Gly, Asn, hlLeu,
NptGly, L-Om, L-Cha, Nle, hTyr, Nva, Orn, Cha, and
an unnatural amino acid residue;

P, is a residue of an amino acid selected from the group
consisting Asp, Glu, Arg, Lys, Met, Trp, Leu, Gln, Phe,
Tyr, His, hArg, D-Trp, L-Orn, D-Gln, L-Met(O), L-Nle
(OBzl), Agp, hCha, hTyr, hPhe, D-Arg, Nle(OBzl),
Orn, Met(O), and an unnatural amino acid residue;

P, is a residue of an amino acid selected from the group
consisting Arg, Lys, Met, Try, Trp, Ser, His, Phe, Thr,
Asn, Pro, Gln, Asp, Glu, Chg, Idc, dhlLeu, Agp, D-Ser,
Agp, His(3-Bom), Lys(2-Cl-Z), L-Orn, L-Arg(NO,),
L-Nle(OBzl), L-DAB(Z) and an unnatural amino acid
residue;

P; is a residue of an amino acid selected from the group
consisting Lys, Arg, Leu, Phe, Met, Thr, Val, Tyr, Trp,
Ser, Pro, His, Glu, Gln, Asp, lle, Ala, Gly, Asn, and an
unnatural amino acid residue; and

Z is Val, Ser, Lys, Ala, Gly, Trp, Tyr, Phe, Arg, Thr, Leu,
Ile, Met, His, Nle, Phg, Pro, Gln, Asn, —CH,CI, or a
substituted or unsubstituted ring substituent selected
from the group consisting of:

O S
N PN N T
5&/ \ 7\ r\ ji/ \
SEEGELS ag)
X 5&/_\\ //—1{\ D
(LN A
H H H H
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88. The method of claim 87 wherein the compound of
Formula (IV) includes one or more of the following:

Y is H, acetyl, tert-butyloxycarbonyl, benzyloxymethyl
acetyl, carboxybenzyl, FMOC, benzyl, —C(O)R,
—SOOR,, —COOR,, —C(O)NHR,, —(CH,).aryl-
Ry, heteroaryl-R,, -cycloalkyl-R,, or a fluorophore;

xis 0, 1, or 2;

R, is C, to C,, alkyl, cycloalkyl, alkylaryl, or aryl;

P, is a residue of an amino acid selected from the group
consisting Arg, D-Arg, Lys, and substituted Lys;

P, is a residue of an amino acid selected from the group
consisting Leu, Phe, Met, Thr, Val, Tyr, Trp, Ser, Pro,
His, Glu, Gln, Asp, Arg, Lys, lle, Ala, Gly, Asn, hlLeu,
NptGly, L-Orn, L-Cha, Nle, hTyr, Nva, Orn, and Cha;

P; is a residue of an amino acid selected from the group
consisting Asp, Glu, Arg, Lys, Met, Trp, Leu, Gln, Phe,
Tyr, His, hArg, D-Trp, L-Orn, D-Gln, L-Met(O), L-Nle
(OBzl), Agp, hCha, hTyr, hPhe, D-Arg, Nle(OBzl),
Orn, and Met(O);

P, is a residue of an amino acid selected from the group
consisting Arg, Lys, Met, Try, Trp, Ser, His, Phe, Thr,
Asn, Pro, Gln, Asp, Glu, Chg, Idc, dhlLeu, Agp, D-Ser,
Agp, His(3-Bom), Lys(2-Cl-Z), L-Orn, L-Arg(NO,),
L-Nle(OBzl), and L-DAB(Z);

P5 is a residue of an amino acid selected from the group
consisting Lys, Arg, Leu, Phe, Met, Thr, Val, Tyr, Trp,
Ser, Pro, His, Glu, Gln, Asp, Ile, Ala, Gly, and Asn; and

Z is Val, Ser, Lys, Ala, Gly, Trp, Tyr, Phe, Arg, Thr, Leu,
Ile, Met, His, Nle, Phg, Pro, Gln, Asn, —CH,Cl,
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J, is C(O), SO,, CH,, or heterocyclo;

K, is a D- or L-amino acid, wherein the C-terminus is
—COOH, —C(O)NH,, —OH, —OR,,, —NH,,
—NR,;R,,, —H, or heterocyclo;

R,q1s C, to C,, alkyl, cycloalkyl, alkylaryl, or aryl;

R,; and R,, are each independently H, C, to C,, alkyl,
cycloalkyl, alkylaryl, aryl, or heterocyclo; and R, and
R,, together can form a ring; and/or

L, is H, alkyl, cycloalkyl, alkylaryl, benzyl, substituted
benzyl, 2- or 3- or 4-piperdinyl, 2- or 3- or 4-pyridinyl,
alkyl, cycloalkyl, aryl, heterocyclo, or heteroaryl.

89. The method of claim 87 or 88 wherein P, is an amino

acid residue of Arg.

90. The method of any one of claims 87 to 89 wherein P,
is an amino acid residue of Leu, Phe, Met, Tyr, Trp, hLeu,
NptGly, Nle, hTyr, or Nva.

91. The method of any one of claims 87 to 90 wherein P,
is an amino acid residue of His, Gln, Arg, Lys, Leu, Phe, Trp,
Tyr, hArg, D-Trp, Agp, hCha, hTyr, hPhe, or D-Arg.

92. The method of any one of claims 87 to 91 wherein P,
is an amino acid residue of Thr, Asn, Ser, Arg, Lys, Phe, Trp,
His(Bom), Agp, Lys(2-Cl-Z), dhLeu, Idc, or Chg.

93. The method of any one of claims 87 to 92 wherein P,
is an amino acid residue of Arg or Lys.

94. The method of any one of claims 87 to 93 wherein P,
is an amino acid residue of Phe, Ala, Arg, Asn, Gln, Glu, Gly,
His, Leu, Lys, Met, Pro, or Ser.

95. The method of any one of claims 87 to 94 wherein P,
is an amino acid residue of Arg, Leu, Trp, Phe, His, Gln, Lys,
D-Trp, or D-Arg.

96. The method of any one of claims 87 to 95 wherein P,
is an amino acid residue of Pro, Phe, Thr, Asn, Trp, Gln, Ser,
Lys, Arg, or His(Bom).

97. The method of any one of claims 87 to 96 wherein P,
is an amino acid residue of Arg.

98. The method of any one of claims 87 to 97 wherein P,
is an amino acid residue of Pro, Arg, Asn, Asp, Gln, Ile, Leu,
Lys, Phe, Thr, Trp, Tyr, Orn, Cha, Nle, or Nva.

99. The method of any one of claims 87 to 98 wherein P,
is an amino acid residue of Leu, Trp, Phe, His, Gln, Lys, Arg,
D-Gln, Agp, Ne (OBzl), Orn, Met(O), D-Trp, or D-Arg.

100. The method of any one of claims 87 to 99 wherein
P, is an amino acid residue of Pro, Phe, Thr, Asn, Trp, Gln,
Ser, Arg, Lys, Agp, DAB(Z), Ne (OBzl), Orn, Arg(NO,), or
His(Bom).

101. The method of any one of claims 87 to 100 wherein
mis 1, nis 1, and P,—P;—P,—P, of Formula (IV) is a
tetrapeptide selected from the group consisting of SEQ ID
NO 1, SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO 4, SEQ
IDNO 5, SEQ ID NO 6, SEQ ID NO 7, SEQ ID NO 8, SEQ
ID NO 9, SEQ ID NO 10, SEQ ID NO 11, SEQ ID NO 12,
SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, SEQ ID
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NO 16, SEQ ID NO 17, SEQ ID NO 18, SEQ ID NO 19,
SEQ ID NO 20, and mixtures thereof.

102. The method of any one of claims 87 to 101 wherein
P, can form a bond with P and form a cyclic peptide.

103. The method of any one of claims 87 to 102 wherein
P, can form a bond with P, and form a cyclic peptide.

104. The method of any one of claims 87 to 103 in P,, P;,
P,, and P; are independently selected from the group con-
sisting of Asp, Glu, Lys, Tyr, 4-NO,-3-F-Phe, or allyGly.

105. The method of any one of claims 87 to 104 wherein
Zis

J
S 1
§ ij©/ K, or
N

NH,

%
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106. The method of any one of claims 87 to 105 wherein
L, is a substituted benzyl group.

107. The method of any one of claims 87 to 106 wherein
Y is acetyl; I, is C(O); and/or K, is amino acid residue of
Val.

108. The compound of any one of claims 87 to 107
wherein Y is a fluorophore, biotin, or a reporter tag.

109. The compound of any one of claims 87 to 108
wherein the fluorophore is selected from the group consist-
ing of Cy3, Cy3.5, Cy5, Cy5.5, Cy7, and Cy7.5.

110. The compound of any one of claims 87 to 109
wherein the compound of Formula (IV) is selected from the
group consisting of:

HZNYNH HZN NH
HN

\%O

Cl

NH,
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111. The method of any one of claims 87 to 110 wherein
Formula (IV) is a compound selected from the group con-

HZN\I/NH HZN\I/
HN

HN
O
(@] O N-- E > <
N N
; N ; N S
H H H H
(@]

sisting of

NH

e}

N
T

e}

NH,

(0] O Y (0]
CO,Me,

NH,

HZN\I/NH HZNY

Zm
i
s
e}
e
s
O—

\( HO,C

NH,

Dec

. 1,2022



US 2022/0380407 Al Dec. 1, 2022
180

-continued

HZNY NH
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HN NH
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112. The method of any one of claims 73 to 111, wherein
the benzamidine-based inhibitor is a compound of Formula
(V), as a single stereoisomer or as a mixture thereof, or a salt

B, is selected from the group consisting of:

thereof:
HN ,
o V) N NI, NH,
I«
R—S—N
I G
(6]
B,
> HN ;
N
HN NH >_H
wherein R, is substituted or unsubstituted alkyl, substi- HN
tuted or unsubstituted aryl, or substituted or unsubsti- NH

tuted heteroaryl;
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C, is a group selected from the group consisting of:

“ﬁ@r Ay

S U
pwf"iﬁc

R4,
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i Sk,
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%HN R,
VIV_NH Il\T\R‘b
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|
AN N
. )ij—a{s)m, and >
N™ (cmy); 7

W is CH, CH,, N, or NH;

1,2022

Rg;

R,, R;, Ry, Ry, Ry, R, and R; are each independently
hydrogen, substituted or unsubstituted alkyl or cycloal-
kyl, substituted or unsubstituted alkylaryl, substituted
or unsubstituted heterocyclic ring, substituted or unsub-
stituted aryl or heteroaryl, with the proviso that when
R, is methyl, then R, cannot also be methyl and vice

versa; and

mis Oto 5.

113. The method of claim 112 wherein R is substituted or

unsubstituted C,-C, alkyl,

substituted or unsubstituted

C;-C; cycloalkyl, substituted or unsubstituted phenyl, sub-
stituted or unsubstituted naphthyl, or a substituted or unsub-

stituted nitrogen-containing aromatic ring.

114. The method of claim 112 or 113 wherein R, is
substituted or unsubstituted phenyl or substituted or unsub-

stituted naphthyl.

115. The method of any one of claims 112 to 114 wherein
the substituted C,-Cg alkyl, substituted C,-C4 cycloalkyl,
substituted phenyl, substituted naphthyl, or substituted nitro-
gen-containing aromatic ring comprise one or more sub-

stituents comprising halo, hydroxy, C,-Cg
alkoxy, halo-substituted C,-C, alkyl, or amino.

alkyl, C,-Cq

116. The method of any one of claims 112 to 115 wherein
R, is a group selected from the group consisting of:
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117. The method of any one of claims 112 to 116 wherein

C, is a group selected from the group consisting of:

. A

K/W\(L(N\Rs, K/W\(Lr

A,
O)\M,

)
o:<?

-
™
)

>;

O
7

e e
2

N
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|
X
£

(CHa)q

T
Z
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7 ;/Z\m
T A
o 2z
%/”\7 m\zQ
7 W %o

/
NH w

NH

ORy,
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NH p

\(CHz)q N\ ™ Re)p, and
R;
¥

\Rs;

W is CH or N;

R,, R;, Ry, Ry, Ry, R, and R; are each independently
hydrogen, substituted or unsubstituted alkyl or cycloal-
kyl, substituted or unsubstituted alkylaryl, substituted
or unsubstituted heterocyclic ring, substituted or unsub-
stituted aryl or heteroaryl, with the proviso that when
R, is methyl, then R; cannot also be methyl and vice
versa; and

mis Oto 5.

118. The method of any one of claims 112 to 117 wherein
C, is a group selected from the group consisting of:
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R,, R;, Ry, R, Rg, R, and Ry are each independently
hydrogen, substituted or unsubstituted alkyl or cycloal-
kyl, substituted or unsubstituted alkylaryl, substituted
or unsubstituted heterocyclic ring, substituted or unsub-
stituted aryl or heteroaryl, with the proviso that when
R, is methyl, then R, cannot also be methyl and vice
versa; and

mis Oto 5.

119. The method of any one of claims 112 to 118 wherein
R,, R;, Ry, Rs, Ry, R, and Ry are each independently
hydrogen, substituted or unsubstituted C,-C,, alkyl or
cycloalkyl, substituted or unsubstituted heterocyclic ring,
substituted or unsubstituted aryl, or substituted or unsubsti-
tuted heteroaryl.

120. The method of any one of claims 112 to 119 wherein:
R, is hydrogen;

R; is hydrogen, C,-C, alkyl, benzyl, or halo-substituted
benzyl;

R, and Ry are each independently hydrogen, C,-C, alkyl,
halo- or alkoxy-substituted C,-Cq alkyl, phenyl, phen-
ethyl, benzyl, halo- or alkoxy-substituted benzyl; sub-
stituted or unsubstituted 3-benzothiophenyl, or substi-
tuted or unsubstituted 1-morpholinyl;

R is hydrogen, C,-C, alkoxy; and/or

R, and Ry are each independently hydrogen or C,-Cg
alkyl.

121. The method of any one of claims 112 to 120 wherein

R, is hydrogen; and

R; is hydrogen, C,-Cy alkyl, benzyl, halo-substituted
benzyl, aryl, cycloalkyl, alkylaryl, or hetercyclo.

#* #* #* #* #*



