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ABSTRACT
Human lipoxygenases (LOXs) are a family of iron-containing enzymes involved in catalyzing the
oxidation of polyunsaturated fatty acids to provide the corresponding bioactive
hydroxyeicosatetraenoic acid (HETE) metabolites. These eicosanoid signaling molecules are
involved in anumber of physiologic responses such as platelet aggregation, inflammation, and cell
proliferation. Platelet-type 12-(S)-LOX (12-LOX) is of particular interest because of its
demonstrated role in skin diseases, diabetes, platelet hemostasis, thrombosis, and cancer. Disclosed
herein is the identification and medicinal chemistry optimization of a 4-((2-hydroxy-3-

methoxybenzyl)amino)benzenesulfonamide-based scaffold, such as according to the formula
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The compounds display nM potency against 12-LOX and excellent selectivity over related
lipoxygenases and cyclooxygenases. In addition to possessing favorable ADME properties, the
compounds also inhibit PAR-4 induced aggregation and calcium mobilization in human platelets,
and reduce 12-HETE in mouse/human beta cells. The compounds can also be used in methods for

treating or preventing a 12- lipoxygenase mediated disease or disorder.
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4-((2-hydroxy-3-methoxybenzyl)amino)benzenesulfonamide

Derivatives as Potent and Selective Inhibitors of 12-Lipoxygenase

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of U.S. Provisional Application No.
61/889,396, filed on October 10, 2013, and U.S. Provisional Application No. 61/987,129, filed on
May 1, 2014.
STATEMENT CONCERNING GOVERNMENT RIGHTS IN FEDERALLY-SPONSORED
RESEARCH
[0002] This invention was made with government support under the intramural research
program of the National Center for Advancing Translational Sciences and the Molecular Libraries
Initiative of the National Institutes of Health Roadmap for Medical Research grant no.
US54MHO084681, the National Institute of Health grant no. RO1 GM56062, the Molecular Libraries
Initiative of the National Institutes of Health Roadmap for Medical Research grant no. R03
MHO081283, NIH grant no. S10-RR20939, the National Heart, Lung, and Blood Institute (NHLBI)
grant no. HL114405, and the National Institute of General Medical Sciences (NIGMS) grant no.
GM105671. The government has certain rights in the invention.
BACKGROUND OF THE INVENTION
[0003] Lipoxygenases are a class of non-heme iron-containing enzymes which regio- and
stereospecifically oxidize polyunsaturated fatty acid substrates such as arachidonic acid (AA) and
linoleic acid (LA). (Solomon, et al. Chem. Biol. 1997, 4, 795—-808; Brash, .J. Biol. Chem. 1999,
274,23679-23682.) The position at which these cis, cis-1,4-pentadiene substrates are oxidized
correspond to the requisite lipoxygenase, with the three major human lipoxygenases: 5-1.OX, 12-
LOX, and 15-LOX-1, oxidizing the C-5, C-12 and C-15 positions respectively. Lipoxygenases are
involved in the first committed step in a cascade of metabolic pathways and the products of these
enzymes (eicosanoids) are precursors of hormones such as leukotrienes and lipoxins, which
mediate a wide array of cellular functions. (Serhan, et al. Chem. Rev. 2011, 111,5922-5943))
Consequently, the lipoxygenase enzymes and their bioactive metabolites (e.g.
hydroxyeicosatetraenoic aicd (HETE) and leukotriene A4) have been implicated in a variety of

inflammatory diseases and cancers.
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[0004] Specifically, 5-LOX has been implicated in cancer and inflammatory discases, such as
asthma and remains the only lipoxygenase enzyme for which there is an FDA-approved inhibitor
(Zilueton) on the market.

[0005] Reticulocyte 15-LOX-1 has a role in atherogenesis, neurodegenerative diseases, and
neuronal damage associated from an acute ischemic stroke event.

[0006] 12-LOX exists as three isozymes, platelet-type, leukocyte, and epidermal, but leukocyte
12-LOX is found in rat, mouse, pig and cow, but not in humans. (Yamamoto Biochim. Biophys.
Acta. 1992, 1128, 117-131; Funk et al. FEBS Lett. 1997, 402, 162-166).

[0007] Skin Disease and Platelet Hemostatis: Further, 12-LOX has demonstrated a role in skin
diseases and platelet hemostasis.

[0008] Transplants: 12-LOX inhibitors also have utility in transplantation/xenotransplantation
scenarios, where, for example, islets can be treated ex vivo to improve survival prior to transplant.
[0009] Cancer: Platelet-type 12-(S)-LOX (12-LOX) has been found to be overexpressed in a
variety of tumor tissues including prostate cancer, colorectal cancer, breast cancer and lung cancer.
(Catalano et al. Histol. Histopathol. 2008, 20, 969-975; Nie, D et al. Cancer Res. 1998, 58, 4047
4051; Natarajan et al. J. Clin. Endocrinol. Metab. 1997, 82, 1790—-1798; Kamitani et al. Adv. Exp.
Med. Biol. 1999, 469, 593-598; Soriano ct al. Cancer Res. 1999, 59, 6178-6184). Morecover, 12-
HETE levels have been linked to increased cancer cell metastasis by facilitating tumor cell motility
and angiogenesis. (Nappez et al. Cancer Lett. 1995, 96, 133-140; Timar et al. Int. J. Cancer,
1993, 55, 1003-1010; Honn et al. Exp. Cell. Res. 1994, 214, 120-130; Nie et al. Blood 2000, 95,
2304-2311).

[{0010] Diabetes: Type 1 and Type 2 diabetes are serious disorders that can lead to major
complications and reduced lifespan. There is an unmet medical need in identifying new ways to
protect beta cells in these metabolic disorders. 12-LOX is expressed in human pancreatic islets,
which is upregulated and activated by inflammatory cytokines leading to increased 12-LOX
translocation. The resulting 12-HETE product leads to reduced insulin secretion, reduced metabolic
activity and pancreatic f cell death through the amplification of the inflammatory response. (Chen
et al. Diabetologia 2005, 48, 486-495). Both non-obese diabetic (NOD) 12-LOX and 12-LOX
knock-out (“KO”) mice showed significant resistance to the development of diabetes compared to
the controls, showing 12-LOX is a regulator in this disease.

[0011] Diabetic Kidney Discase: Further, studies show that activation of the 12-LOX pathway
plays a role in the development of diabetic kidney disease (diabetic nephropathy) by multiple
pathogenic mechanisms, including decreased expression of glomerular P-cadherin. (Guo, Q. et al.

Am. J. Physiol. Endocrinol. Metab. 2011, 300, E708-E716).
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[0012] Diabetic Nerve Discase: It has also been shown that increased aldose reductase, the first
enzyme of the sorbitol pathway, activity plays a key role in diabetes-associated 12/15-LOX
activation in the peripheral nerve and spinal cord. (Stavniichuk, R. et al Biochem Pharmacol.
2012, 83, 932-940). Thus, inhibiting 12-LOX is attractive in treating diabetic nerve disease.

[0013] Diabetes and Cardiovascular Disease: A selective 12-LOX inhibitor would provide a
new therapeutic approach to prevent and/or treat either form of diabetes (type I and type II). The
development of 12-hLOX inhibitors provide a potent intracellular approach to decreasing the
ability of platelets to form large clots in response to vessel injury or activation of the coagulation
pathway. Thus, 12-hLOX inhibition has the ability to attenuate platelet-mediated clot formation
caused by diabetes and/or cardiovascular disease and significantly decrease the occurrence of
myocardial infarction, congestive heart failure, and stroke. Additionally, studies show that the gene
Alox135 that encodes the proteins 12-LOX and 15-LOX are up-regulated in heart failure. Thus,
inhibition of 12-LOX could be a treatment for heart failure. (Kayama, Y. et al. J Exp.Med. 2009,
206, 1565-1574).

[0014] Thrombosis: 12-LOX and its product 12-HETE have been implicated in the modulation
of hemostasis and thrombosis via their role in regulating platelet function (reactivity, clot
formation, calcium mobilization). (Brash, A. R. Circulation 1985, 72, 702-707). Additionally,
FcxRIla is the receptor on the human platelet responsible for heparin induced thrombocytopenia
(HIT). It has been found that 12-L.OX is essential for FexRIla-induced PLCx2 activity leading to
activation of calcium mobilization, Rap 1 and PKC activation, and subsequent activation of the
integrin allbp3, which demonstrates the role of 12-LOX inhibitors in treating HIT. (Yeung, J. et al.
Blood 2014, (DOI 10.1182/blood-2014-05-575878)). Further, 12-LOX has demonstrated a role in
skin diseases and platelet hemostasis.

[0015] Alzheimer’s disease: 12-LOX and 15-LOX are widely expressed in the central nervous
system and have been reported to be involved in neurobiology of Alzheimer’s disease because it
modulates amyloid beta and APP processing. It has also been found that 12-LOX and 15-LOX
modulate endogenous tau metabolism, making it an attractive therapeutic for treating Alzheimer’s
and related diseases. (Giannopoulos, P.F., et al. Aging Cel/ 2013, 12, 1082-1090).

[0016] Non-Alcoholic steatohepatitis: It has been shown that disruption of the gene encoding
for 12-LOX, Alox135, protected mice against hepatic steatosis, insulin resistance, and inflammation
in experimental liver disease of metabolic origin. (Martinez-Clemente, M. et al. Hepatology 2010,
52, 1980-1991; see also Tanaka, N. ¢t al. Hepatology 2012, 56, 118-129).

[0017] One difficulty in being able to clearly define the role of 12-LOX in these systems has

been the lack of potent and selective 12-LOX small molecule inhibitors.
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[0018] A previously reported 12-LOX inhibitor, an 8-Hydroxyquinoline based compound
(ML127), exhibited excellent selectivity, >50-100 fold selectivity over related lipoxygenases and
cyclooxygenase. In contrast to many of the previously reported inhibitors, kinetic experiments
revealed that ML127 was a non-competitive and non-reductive inhibitor. Chiral HPLC separation
of the probe molecule revealed a chiral preference for activity with the (—)-enantiomer being much
more potent than the (+)-enantiomer (<0.5 uM vs. >25 uM, respectively). (Kenyon, V. et al. J.
Med. Chem. 2011, 54, 5485-5497.) However, the chemical series was difficult to optimize further,
given that subtle structural modifications led to diminished activity.

[0019] There exists a need for a potent, selective 12-LOX small molecule inhibitor that can be
optimized without reducing activity to treat or prevent 12-LOX mediated diseases and disorders.
The small molecule inhibitor should be soluble, have favorable ADME properties, and have good
in vivo PK propertics.

[0020] Platelets express three immunoreceptor tyrosine-based activation motif (ITAM)
containing transmembrane receptors (glycoprotein VI (GPVI)/FcRy complex, C-type lectin-like
receptor 2 (CLEC-2), and Low affinity immunoglobulin gamma Fc region receptor 11-a (FeyRIla)).
Ligation of ITAM containing receptors on the surface of platelets leads to a shared downstream
signaling pathway culminating in platelet activation. These receptors engage in various degrees of
hemostasis and thrombosis; however, they have non-redundant (patho) physiological functions.
FeyRlla, a broadly expressed immunorecptor which is present on the surface of human but not
mouse platelets is best known for its pathophysiological role in immune-mediated
thrombocytopenia and thrombosis; a family of disorders including immune thrombocytopenia,
thrombocytopenia associated with sepsis, and heparin-induced thrombocytopenia (HIT).
Selectively inhibiting the FcyRlIla signaling pathway in platelets for prevention of immune-
mediated thrombocytopenia and thrombosis has been a long sought approach for prevention of HIT
(Reilly et al., Blood 2011, 117, 2241-2246).

[0021] Heparin is widely used in the clinic to treat thrombosis. However, more than 3-5% of
patients taking heparin will develop an immune response to heparin and be at high risk for heparin-
induced thrombocytopenia (HIT), which can lead to a life-threatening thrombotic event mediated
by the immune system. The current therapeutic approach to treatment of HIT is the removal of
heparin treatment and replacement with direct thrombin inhibitors (DTIs) which have an inherently
high risk for serious bleeding and must be monitored in the clinic. Even with this potentially fatal
complication, heparin remains the standard anticoagulant for prevention and treatment of

thrombosis.
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[0022] Therefore, there is also a need for novel therapeutic approaches that directly target the
pathogenesis of HIT.

SUMMARY OF THE INVENTION
[0023] The present invention provides compounds and methods comprising compounds useful
as 12-LOX inhibitors.
[0024] The invention provides compounds that are potent and selective inhibitors of 12-LOX.
In addition, the present invention provides compositions comprising these compounds and methods
of using these compounds as therapeutic agents in the treatment or prevention of 12-lipoxygenase
mediated diseases and disorders. 12-LOX mediated diseases and disorders include those in which
12-LOX is a direct mediator of the diseases and disorders, as well as those in which the inhibition
of 12-LOX, although perhaps not a direct mediator, results in therapeutic value in the treatment or
prevention of the diseases and disorders. These diseases or disorders include, but are not limited to,
type 1 diabetes, type 2 diabetes, diabetic kidney disease, diabetic nerve disease, cardiovascular
discasc, congestive heart failure, myocardial infarction, stroke, Alzheimer’s discase, Non-Alcoholic
stcatohepatitis, platclet hemostasis, skin discases, heparin induced thrombocytopenia, thrombosis,
prostate cancer, colorectal cancer, breast cancer and lung cancer.

[0025] The invention provides a compound of Formula (1):

R>

NH OH

AN

S
R3\N/ \
H (0]

wherein R, and R; are independently selected from the group consisting of H, alkyl,
alkenyl, alkynyl, F, Cl, Br, amine, nitrogen dioxide, indole, alkoxy, cycloalkyl, aryl,
heterocycloalkyl, heteroaryl, each optionally substituted with one or more substituents selected
from the group consisting of C,-Cs alkyl, C;-Cs alkenyl, C,-Ce alkynyl, F, CI, Br, hydroxyl, aminc,

methoxy;
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[0026] R; is selected from the group consisting of phenyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, thiazole, benzothiazole, benzoxazole, imidazole, benzimidazole, thiophene, 1-
naphthalene, 2-naphthalene, pyridine, quinoline, isoquinoline, 4N-boc-piperidine-3-phenyl,
oxazole, benzothiophene, parathiazine, furan, pyran, chromene, benzofuran, pyrrole, pyrazole,
pyrazine, pyrimidine, triazine, indole, purine, phthalazine,; each optionally substituted with one or
more substituents selected from the group consisting of C,-Cg alkyl, C;-Cg alkenyl, C;-Cg alkynyl,
F, Cl, Br, hydroxyl, amine, alkoxy, phenyl, cycloalkyl, aryl, piperazine, piperidine, pyridine,
morpholine, pyrrolidine, pyrazolidine, imidazolidine, and thiomorpholine;

or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of enantiomers
thereof, or diastereomers thercof;

with the proviso that the compound is not

ZI
O:m:O

[0027] The invention also provides pharmaceutical compositions comprising a compound, salt,
enantiomers, a mixture of enantiomers, or diastercomers of the invention and a pharmaceutically
acceptable carrier.

[0028] The invention further provides a method for treating or preventing a 12-lipoxygenase
mediated disease or disorder, comprising administering to a mammal thereof a therapeutically or
prophylactically effective amount of a compound, salt thereof, enantiomers thereof, a mixture of
enantiomers thereof, or diastereomers thereof of a compound of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figures 1A-1D. Show the reaction scheme for the synthesis of the analogs of the
present invention.

[0030] Figure 2. PAR4-AP-induced calcium mobilization (A) and platelet aggregation (B) in
human platelets.

[0031] Figure 3. Inhibition of 12-HETE in mouse beta cells (A) and human islets (B, C).

Glucose-stimulated insulin secretion in human islets (D, E).
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[0032] Figure 4.Steady-state kinetics data for the determination of K; for 12-LOX with
compound 35 (ML355). K/V s (x-intercept, Ky Vg, units are uM/umol/min/mg) versus
[Inhibitor] (uM) is the secondary replot of the inhibition data, which yielded a K; of 0.35 +/- 0.08
uM.

[0033] Figure 5. Steady-state kinetics data for the determination of K; for 12-LOX with
compound 35 (ML355). 1/V,... (y-intercept, 1/V,q units are 1/umol/min/mg) versus [Inhibitor]
(uM) is the secondary replot of the inhibition data, which yielded a K; of 0.72 +/- 0.1 uM.

[0034] Figure 6. Stcady-state kinetics data for the determination of K for 12-LOX with
compound 36. K3/ Viper (x-intercept, Kay/Vye units are uM/pmol/min/mg) versus [Inhibitor] (uM) is
the secondary replot of the inhibition data, which yielded a K; of 0.53 +/- 0.2 uM.

[0035] Figure 7. Steady-state kinetics data for the determination of K; for 12-LOX with
compound 36. //V,u.x (y-intcrcept, 1/V e units arc 1/umol/min/mg) versus [Inhibitor] (uM) is the
secondary replot of the inhibition data, which yielded a K; 0of 0.63 +/- 0.1 uM.

[0036] Figure 8. PAR4-AP-induced calcium mobilization (A) and platelet aggregation (B) in
human platelets. For A: Washed human platelets (1 x 10° platelets/mL) were stimulated with 200
uM PAR4-AP in the absence or presence of increasing concentrations of compound 36. Calcium
mobilization was decreased as the concentration of compound 36 was increased. Calcium was
measured in real time using a C6 Accuri flow cytometer. The experiments were done in triplicate.
For B: Platelet aggregation of human platelets (3 x 10% platelets/mL) was measured in real-time
using a Chronolog Lumi-Aggregometer (model 700D) following addition of PAR4-AP.

[0037] Figure 9. Inhibition of 12-HETE by compound 36 in mouse beta cells. Mouse beta cells
(BTC3) were treated with arachidonic acid and calcium ionophore (AA/IONO) alone or in the
presence of compound 36. Graphed arc the levels of 12-HETE expressed as a percentage of that
detected in cells stimulated with AA/IONO alone. The data graphed in figure 3A is a representative
experiment with each plotted data point being performed in triplicate. These plotted data are
representative of four separate experimental determinations performed covering a lesser dose range.
The graphed data are mean + SEM, n=3. Error bars for some points are masked by the symbol. The
data was analyzcd by non-lincar regression for dosc-responsc curve inhibition, using variable or
restricted hill slope, R*>0.81. This analysis was facilitated with Prism 5 software. In addition to
compound, DMSO (stock solvent) was included with each condition. DMSO is also the solvent for
the calcium ionophore (stimulant).

[0038] Figure 10. Stability of compound 35 (ML355) measured as percent composition of
probe molecule in aqueous solution (contains 20 % acetonitrile) at r.t. over the indicated time

period in (A) pH 2 buffer (pH 7.4) (B) pH 10 buffer (C) PBS buffer (pH 7.4) (D) Lipoxygenase
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UV-Vis assay buffer (1M HEPES buffer, pH 7.3) (E) in the presence of 5 mM glutathione (reduced
form).

[0039] Figures. 11A-11B show that 12-LOX modulates FcyRIla-mediated platelet aggregation.
Washed human platelets were pretreated with DMSO (vehicle control) or ML355 (20 uM) for 15
minutes and platelet aggregation was measured following FcyRlIla stimulation by (Fig. 11A) anti-
CD9 or (Fig. 11B) crosslinking of IV.3, a FcyRIla mouse monoclonal antibody, and goat anti-
mouse Fab2 (IV.3 + GAM). Left panel depicts a representative aggregation tracing of anti-CD9
antibody stimulated platelets pre-treated with ML355 or DMSQO. Right panel depicts final platelet
aggregation of anti-CD9 stimulated platelets that had been treated with ML355 (n=7) or DMSO
(n=4). **P<0l.

[0040] Figures. 12A-12C show that murine platelets require 12-LOX for normal FcyRIla-
induced platelet aggregation. A dose response of anti-CD9-induced platelet aggregation was
performed with washed platelets from hFcR/ALOX12"" or hFcR/ALOX12" mice. Prior to
aggregation fibrinogen (75 pg/mL) and CaCl, (1 mM) were added to platelets. (Fig. 12A)
Representative tracings of platelets stimulated with 0.25, 0.5 and 1 pg/mL of anti-CD9. Inset:
Western blots for 12-LOX, FeyRlIla, and GAPDH were performed with platelet lysate from
hFcR/ALOX12"" or hFcR/ALOX12" mice. The (Fig. 12B) lag time and (Fig. 12C) final
aggregation was measured in hFcR/ALOX12"" or hFcR/ALOX1 27 mice (n = 3-6 per group).
*P<.05

[0041] Figures. 13A-13B show that FcyRIla-mediated Rap1 and integrin allb33 activation are
potentiated by 12-LOX. Washed human platelets pre-treated with ML355 or DMSO were
stimulated with IV.3 and GAM crosslinking and (Fig. 13A) allbf3 integrin activation and (Fig.
13B) Rap1 activation were assessed. PACI-FITC was used to measure alIbB3 activation by flow
cytometry. A composite bar graph of PAC1-FITC fold changes relative to the unstimulated PACI1-
FITC fluoresence. Activated Rap1 was pulled down using Ral-GDS and blotted with a Rap1
antibody. Active Rap1 was measured using LI-COR and then normalized to total Rap1 and
unstimulated for fold change in Rap1 activity. ** P<.01

[0042] Figures. 14A-14B show that dense granule secretion mediated by FcyRlIla activation is
regulated by 12-LOX. Washed human platelets pre-treated with DMSO or ML355 were stimulated
by FcyRlIla crosslinking (IV.3 + GAM) and (Fig. 14A) alpha granule secretions was measured by
using P-Selectin-PE conjugated antibody in a flow cytometer, while (Fig. 14B) ATP secretion was
measured as a surrogate marker for dense granule secretion in an aggregometer. A composite of P-
Selectin stained platelets treated with ML355 or DMSO (n=4). A bar graph of DMSO or ML355

treated platelets measured for ATP secretion following FcyRlIla crosslinking (n=4).
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[0043] Figures. 15A-15B show the role of 12-LOX in regulating the FcyRIla signaling
complex. Washed human platelets were pre-treated with ML355 (20 uM) or vehicle control prior to
IV.3 and GAM stimulation. (Fig. 15A) Immunoprecipitation of FcyRIla at 15, 30, and 60 seconds
post crosslinking and measured for phosphorylation via Western blot. (Fig. 15B) Platelets were
lysed following FcyRlIla cross-linking in the presence of ML355 or DMSO were immunoblotted for
active (pY323) and total Syk.

[0044] Figures. 16A-16C show that 12-LOX modulates early signaling components of the
FcyRlIla pathway in human platelets. Washed human platelets were pre-treated with ML355 (20
uM) or vehicle control prior to IV.3 and GAM stimulation. (Fig. 16A) A time course of PLCy2
activation Western blot in which platelets stimulated with antibody crosslinking were stopped at 15,
30, 60, and 300 seconds. Samples of active PLCy2 activation were analyzed for Y759
phosphorylation by Western blotting. All samples were normalized to total PLCy2 and fold changes
were quantified relative to the unstimulated condition. (Fig. 16B) Following crosslinking with IV.3
and GAM, calcium mobilization was mcasurcd by flow cytometry. Representative curves were
quantitated in fold change of free calcium relative to the unstimulated condition over four minutes.
Bar graphs represent the ratio of the calcium mobilization fold change. (Fig. 16C) Stimulated
washed human platelets with or without 12-LOX inhibition were analyzed for PKC activity. A PKC
substrate was blotted as a surrogate for PKC activation and Pleckstrin. Quantification of Pleckstrin
phosphorylation is shown in the right panel. Data represents mean = S.E.M. *P<.05; **P<.01.
[0045] Figure 17 is a schematic model of 12-LOX role in the regulation of FcyRIla pathway.
12-LOX regulates early PLCy2 activation-mediated by FcyRIla stimulation, which is essential for
full calcium release in the platelets. Calcium flux is required for cPLA?2 activity to generate free
fatty acids, such as arachidonic acid (AA). Subsequently, Rap1 activation is also dependent on 12-
LOX activity in order to activate integrin allbp3 for platelet aggregation.

[0046] Figure 18 shows 'H NMR data for compound ML355 (Fig. 18A) and “C NMR for
compound ML-355 (Fig. 18B).

[0047] Figure 19 shows LC/MS characterization for compound ML355 at 220 nm (top) and
254 nm (bottom).

[0048]  Figure 20 shows 'H NMR data for compound 36 (Fig. 20A) and "C NMR for
compound 36 (Fig. 20B).

[0049] Figure 21 shows LC/MS characterization for compound 36 at 220 nm (top) and 254 nm
(bottom).

[0050] Figure 22 shows 'H NMR data for compound 37 (Fig. 22A) and *C NMR for
compound 37 (Fig. 22B).
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[0051] Figure 23 shows LC/MS characterization for compound 37 at 220 nm (top) and 254 nm
(bottom).

DETAILED DESCRIPTION OF THE INVENTION

[0052] It is understood that the present invention is not limited to the particular methodologies,
etc. described herein, as these may vary. It is also to be understood that the terminology used
herein is used for the purpose of describing particular embodiments only, and is not intended to
limit the scope of the present invention.

[0053] In the description, the following terms are employed: LOX is lipoxygenase; 15-LOX-1
18 human reticulocyte 15-lipoxygenase-1; 15-LOX-2 is human epithelial 15-lipoxygenase-2; 12-
LOX is human platelet 12-lipoxygenase; COX is Cyclooxygenase, NDGA is nordihydroguaiaretic
acid; AA is arachidonic acid; 12-HPETE is 12-(S)-hydroperoxyeicosatetraenoic acid; 12-HETE is
12-(S)-hydroxyeicosatetraenoic acid; LA is linoleic acid; V .y is maximal velocity (mmol/min); Ky
is Henri-Michaelis-Menten Constant; [E] is total active enzyme concentration; ICsy is inhibitor
constant at 50% inhibition; HTS is high-throughput screening; qHTS is quantitative high-
throughput screening; PAR-4 is protease-activated receptor-4; EtOH is ethanol; MeOH is methanol;
EtOAc is cthyl acetate; AcOH is acetic acid, MW is microwave; Xantphos is 4,5-
bis(diphenylphosphino)-9,9-dimethyixanthene; and SD is standard deviation.

[0054] For therapeutic use, “salts” of the compounds of the present invention will be
physiologically acceptable, i.e., the salts will be derived from a physiologically acceptable acid or
base. Salts of acids or bases, however, which are not physiologically acceptable may also find use
in the preparation or purification of a physiologically acceptable compound. Thus, all salts,
whether or not derived form a physiologically acceptable acid or base, are within the scope of the
present invention.

[0055] “Diastercomer” refers to a stercoisomer with two or more centers of chirality and whose
molccules arc not mirror images of onc another. Diastercomers have different physical propertics,
e.g., melting points, boiling points, spectral properties, and reactivitics. Mixtures of diastereomers
may separate under high resolution analytical procedures such as electrophoresis and
chromatography.

[0056] “Enantiomers” refer to two stereoisomers of a compound which are non-superimposable
mirror images of one another.

[0057] The term “pharmaceutically acceptable carrier,” as used herein, refers to any and all

solvents, dispersion media, coatings, antibacterial and antifungal agent, isotonic and absorption
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delaying agents for pharmaceutical active substances as are well known in the art. Except insofar as
any conventional media or agent is incompatible with the compound, its use in the therapeutic
compositions is contemplated. Supplementary compounds can also be incorporated into the
compositions.

[0058] The expression “therapeutically effective amount” refers to an amount of a compound
disclosed herein, that is effective for preventing, ameliorating, treating or delaying the onset of a
disease or condition. The expression “prophylactically effective amount” refers to an amount of a
compound disclosed herein, that is effective for inhibiting the onset or progression of a disorder.
[0059] “Alkyl” is C1-C6 hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms. Examples include, but are not limited to, methyl, ethyl, propyl, isopropyl, tert-butyl, and the
like.

[0060] “Alkenyl” is C2-C6 hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp2 double bond. Examples
include, but are not limited to, cthylene or vinyl (--CH=CH?2), allyl (-CH2CH=CH2), cyclopentenyl
(-C5H7), and 5-hexenyl (-CH2CH2CH2CH2CH=CH?2), and the like.

[0061] “Alkynyl” is C2-C6 hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms with at least one site of unsaturation, i.¢., a carbon-carbon, sp triple bond. Examples include,
but are not limited to, acetylenic (-C= --CH) and propargyl (--CH2C=CH), and the like.

[0062] “Cycloalkyl” is a saturated, unsaturated or aromatic ring system containing from, for
example, 3 to 8 carbon atoms, preferably 3 to 7 carbon atoms, and more preferably 3 to 6 carbon
atoms. Examples include, but are not limited to, cyclopentenyl and cyclohexenyl. The cyclic alkyl
groups may be unsubstituted or further substituted.

[0063] “Heterocycloalkyl” means a saturated, unsaturated or aromatic ring system including at
least one N, O, S, or P. Heterocycle thus includes heteroaryl groups. Heterocycle as used herein
includes, but is not limited to heterocycles described in PAQUETTE, PRINCIPLES OF MODERN
HETEROCYCLIC CHEMISTRY (W. A. Benjamin, New York, 1968), particularly Chapters 1, 3, 4, 6, 7,
and 9; THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS, A SERIES OF MONOGRAPHS (John Wiley &
Sons, New York, 1950 to present), in particular Volumes 13, 14,16, 19, and 28; KATRITZKY ET AL.,
COMPREHENSIVE HETEROCYCLIC CHEMISTRY (Pergamon Press, 1996); and 82 J. AM. CHEM. SOC.
5566 (1960). Heterocycles include, but are not limited to pyridyl, dihydroypyridyl,
tetrahydropyridyl (piperidyl), tbiazolyl, tetrahydrothiophenyl, sulfur oxidized tetrahydrotbiophenyl,
pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl,
thianaphthalenyl, indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl, piperidinyl, 4-
piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydroturanyl, bis-tetrahydroruranyl,



CA 02926950 2016-04-08

WO 2015/054662 12 PCT/US2014/060174

tetrahydropyranyl, bis-tetrahydropyranyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2,5-thiadiazinyl, 2H,6H-
1,5,2-dithiazinyl, thienyl, thianthrenyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl,
phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl,
3H-indolyl, 1H-indazoly, purinyl, 4H-quinolizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazolyl, carbazolyl, beta-carbolinyl, phenanthridinyl,
acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, rurazanyl, phenoxazinyl,
isochromanyl, chromanyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl,
indolinyl, isoindolinyl, quimiclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl,
oxindolyl, benzoxazolinyl, and isatinoyl.

[0064] “Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms derived
by the removal of one hydrogen atom from a single carbon atom of a parent aromatic ring system.
Typical aryl groups include, but are not limited to, radicals derived from benzene, substituted
benzene, naphthalene, anthracene, biphenyl, and the like.

[0065] “Heteroaryl” means a monovalent aromatic radical of one or more carbon atoms and onc
or more atoms sc¢lected from N, O, S, or P, derived by the removal of one hydrogen atom from a
single atom of a parent aromatic ring system. Heteroaryl groups may be a monocycle having 3 to 7
ring members (2 to 6 carbon atoms and 1 to 3 heteroatoms selected from N, O, P, and S) or a
bicycle having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 3 heteroatoms selected from N,
O, P, and S). Heteroaryl bicycles have 7 to 10 ring atoms (6 to 9 carbon atoms and 1 to 2
heteroatoms selected from N, O, and S) arranged as a bicyclo [4,5], [5,5], [5.6], or [6,6] system; or
9 to 10 ring atoms (8 to 9 carbon atoms and 1 to 2 hetero atoms selected from N and S) arranged as
a bicyclo [5,6] or [6,6] system. The heteroaryl group may be bonded to the drug scaffold through a
carbon, nitrogen, sulfur, phosphorus or other atom by a stable covalent bond. Heteroaryl groups
include, but are not limited to, pyridyl, dihydropyridyl isomers, pyridazinyl, pyrimidinyl, pyrazinyl,
s-triazinyl, oxazolyl, imidazolyl, thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, furanyl, thiofuranyl,
thienyl, and pyrrolyl.

[0066] Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this invention
belongs. Preferred methods and compositions are described, although any methods and
compositions similar or equivalent to those described herein can be used in the practice or testing of
the present invention.

[0067] In one aspect, the present invention includes a compound of Formula (I):



CA 02926950 2016-04-08

WO 2015/054662 13 PCT/US2014/060174

R,

NH OH

o\\S
Re~—n”” \\\

H (0]

wherein Ry and R; are independently selected from the group consisting of H, alkyl,
alkenyl, alkynyl, F, Cl, Br, amine, nitrogen dioxide, indole, alkoxy, cycloalkyl, aryl,
heterocycloalkyl, heteroaryl, each optionally substituted with one or more substituents selected
from the group consisting of C;-Cs alkyl, C;-Cs alkenyl, C,-C¢ alkynyl, F, Cl, Br, hydroxyl, amine,
methoxy;

Rj is selected from the group consisting of phenyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, thiazole, benzothiazole, benzoxazole, imidazole, benzimidazole, thiophene, 1-
naphthalene, 2-naphthalene, pyridine, quinoline, isoquinoline, 4N-boc-piperidine-3-phenyl,
oxazole, benzothiophene, parathiazine, furan, pyran, chromene, benzofuran, pyrrole, pyrazole,
pyrazine, pyrimidine, triazine, indole, purine, phthalazine,; each optionally substituted with one or
more substituents selected from the group consisting of C;-Cs alkyl, C;-Cg alkenyl, C1-Cg alkynyl,
F, Cl, Br, hydroxyl, amine, alkoxy, phenyl, cycloalkyl, aryl, piperazine, piperidine, pyridine,
morpholine, pyrrolidine, pyrazolidine, imidazolidine, and thiomorpholine;

or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of

enantiomers thereof, or diastereomers thereof, with the proviso that the compound is not
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H
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—
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N
X
\ Y HO OMe
S

[0068] In one embodiment R; is selected from the group consisting of methoxy and C1 when R,
is H; R; is selected from the group consisting of Br, and Cl when R; is H; and R is selected from
the group consisting of thiazole, 2-benzothiazole, 2-benzoxazole, 2-benzimidazole, 4-methyl-2-
benzothiazole, thiophene, 4-methyl-2-thiazole, S-methyl-2-thiazole, 4, 5-methyl-2-thiazole, phenyl,
I-naphthalene, 2-naphthalene, 1, 4-bi-phenyl, 3-piperazine-phenyl , 4-piperidine-phenyl, 4-
piperazine-3-pyridine, 6-methyl-3-pyridine, 3-quinoline, 8-isoquinoline, 2-pyridine, 3-pyridine, 3-
tertbutyl-phenyl, 6-methoxy-2-benzothiazole, 6-fluro-2-benzothiazole, 4-phenyl-2-thiazole, 3-
morpholine-phenyl, 4N-boc-piperidine-3-phenyl, 3-piperidine-phenyl, 3-isopropyl-phenyl, and 4-
bi-phenyl; or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of
enantiomers thereof, or diastercomers thereof.
[0069] In any of the above embodiments of Formula (I), R; is methoxy and R, is H.
[0070] In any of the above embodiments of Formula (I), the compound is a pro-drug.
[0071] In one embodiment of Formula (I), R; is selected from the group consisting of 2-
benzothiazole, 2-benzoxazole, 2-benzimidazole, 4-methyl-2-benzothiazole, 3-quinoline, 8-
isoquinoline, phenyl, and 3-isopropyl-phenyl.
[0072] In one embodiment of Formula (I), Rs is selected from the group consisting of 2-
benzothiazole, 2-benzoxazole, 2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, phenyl, 1-
naphthalene, 2-naphthalene, 3-quinoline, 8-isoquinoline, 3-tertbutyl-phenyl, 6-methoxy-2-
benzothiazole, 6-fluro-2-benzothiazole, 4-phenyl-2-thiazole, 4N-boc-piperidine-3-phenyl, and 3-
isopropyl-phenyl.
[0073] In one embodiment of Formula (I), R; is selected from the group consisting of 2-
benzothiazole, 2-benzoxazole, 2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, phenyl, 1-
naphthalene, 2-naphthalene, 3-quinoline, 8-isoquinoline, 3-tertbutyl-phenyl, 4N-boc-piperidine-3-
phenyl, and 3-isopropyl-phenyl.
[0074] In one embodiment of Formula (I), R; is selected from the group consisting of 2-
benzothiazole, 2-benzoxazole, 2-benzimidazole, and 3-isopropyl-phenyl.
[0075] In one embodiment of Formula (I), Rs is sclected from the group consisting of 2-
benzothiazole, 2-benzoxazole, 2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, phenyl, 6-

methoxy-2-benzothiazole, 6-fluro-2-benzothiazole, and 4-phenyl-2-thiazole.
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[0076] In one embodiment of Formula (I), Rs is selected from the group consisting of 2-
benzothiazole, 2-benzoxazole, 2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, and phenyl.
[0077] In one embodiment of Formula (I), R3 is selected from the group consisting of 2-
benzothiazole, 2-benzoxazole, 2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, phenyl, 1-
naphthalene, 2-naphthalene, 3-quinoline, 8-isoquinoline, 2-pyridine, and 3-pyridine.

[0078] In one embodiment the compound of formula (1) is

O

[0079] or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of

O:(D:O

enantiomers thercof, or diastercomers thercof. This is ML355 (compound 35).

[0080] In one embodiment the compound of formula (1) is

O~

[0081] or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of

O=(/)=O

enantiomers thereof, or diastereomers thereof.

[0082] In one embodiment the compound of formula (1) is

—<: :)———NH ; ;
HO OMe

[0083] or a pharmacecutically acceptable salt thereof, enantiomers thereof, a mixture of

TI
n—=0~0

o

enantiomers thereof, or diastercomers thereof.

[0084] In another aspect, the present invention includes a compound of Formula (II):
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HO R

Ry Rs

wherein X is selected from the group consisting of O, S, NH, and C;

wherein R; and R; are independently selected from the group consisting of H, halogen,
hydroxyl, alkoxy, and alkyl;

wherein Rs through Re are independently selected from the group consisting of H, halogen,
alkoxy, and alkyl,

[0085] or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of
enantiomers thereof, or diastereomers thereof.

[0086] In another aspect, the present invention includes a compound of Formula (III):
Rz
H
N N—— NH
X
R4
\ HO R

S
wherein Ry and R, are independently selected from the group consisting of H, halogen, and

OQ=—wn=—=0

Rs

alkoxy, and further wherein R and R, are not both H;

wherein R4 and Rs are independently selected from the group consisting of H, alkyl, phenyl,
and optionally substituted phenyl;

or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of enantiomers
thereof, or diastereomers thercof;

with the proviso that the compound is not
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ZT
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N
~
\ HO OMe
S
In one embodiment, R; is not a halogen.
In one embodiment, R; is not F.
In one embodiment, R, 1s not Br.
In one embodiment, when R; is H, R; is not methoxy.
In one embodiment, Rs is not phenyl.

In one embodiment, when Ry is H, Rs is not phenyl.

In another aspcct, the present invention includes a compound of Formula (IV):

R>
NH

Py
(5]
,ZI
O—n=—=0

HO R

Ry

wherein R; and R, are independently selected from the group consisting of H, halogen, and
alkoxy;

wherein Rs and R4 are independently selected from the group consisting of H, phenyl,

Y

N

X
optionally substituted phenyl, tert-butyl, isopropyl, and ,

wherein X is selected from the group consisting of NH, O, and
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0O

I

N 0O

:

or a pharmaceutically acceptable salt thereot, enantiomers thereof, a mixture of enantiomers

2

thereof, or diastereomers thereof.

ol

N

X
In one embodiment, when Ry is , X is not NH.

In one embodiment, Rj is not phenyl.
In one embodiment, when Ry is H, R3 is not phenyl.

In another aspect, the present invention includes a compound of Formula (V):

NH

O——Wh—/—=0O

HO OMe

[0087] wherein X is selected from the group consisting of N, C, S, and O,
wherein R; through Re are independently selected from the group consisting of H, alkyl, and

alkoxy;

or a pharmacecutically acceptable salt thercof, enantiomers thercof, a mixture of cnantiomers
thereof, or diastereomers thereof.

In one embodiment, X is C and R; through R are H.

In one embodiment, X is N and R, through R¢ are H.
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In another aspect, the present invention includes a compound of Formula (VI):

NH

HO OMe

wherein X is selected from the group consisting of N, C, S, and O;

wherein R; through Re are independently selected from the group consisting of H, alkyl, and
alkoxy;

or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of enantiomers
thercof, or diastercomers thercof.

In one embodiment, X is C and R, through R¢ are H.

In one embodiment, X is N and R; through Re are H.

[0088] In another aspect, the present invention includes a compound of Formula (VII):

Rj

TI
O—u—=0
=z
T

\ HO OMe
X

[0089] wherein X is selected from the group consisting of N, C, S, and O;

wherein R; through Rs are independently selected from the group consisting of H, alkyl, and
alkoxy;
or a pharmaceutically acceptable salt thereof, enantiomers thereof, a mixture of enantiomers

thereof, or diastereomers thereof.



CA 02926950 2016-04-08

WO 2015/054662 20 PCT/US2014/060174

[0090] In one embodiment, X is S and R; through R3 are H.

[0091] In any of the above embodiments, the compound or salt of Formulas (I) - (VII) includes
each diastereomer, optical isomer, enantiomer and the racemic mixtures.

[0092] It is further understood that the above compounds and salts may form solvates, or exist
in a substantially uncomplexed form, such as the anhydrous form. When the solvent incorporated
in the solvate is water, the molecular complex is a hydrate. Pharmaceutically acceptable solvates
include hydrates, alcoholates such as methanolates and ethanolates, acetonitrilates and the like.
These compounds can also exist in polymorphic forms.

[0093] The present invention is further directed to a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and at least one compound of Formula (I) — (VII) described
herein.

[0094] Routes of administration and dosages of effective amounts of the pharmaceutical
compositions comprising the compounds are also disclosed. The compounds of the present
invention can be administered in combination with other pharmaccutical agents in a varicty of
protocols for cffective treatment of discasc.

[0095] The pharmaccutical compositions of the inventions can be administered to any animal
that can experience the beneficial effects of the compounds of the invention. Such animals include
humans and non-humans such as pets and farm animals.

[0096] The pharmaceutical compositions of the present invention are administered to a subject
in a manner known in the art. The dosage administered will be dependent upon the age, health, and
weight of the recipient, kind of concurrent treatment, if any, frequency of treatment, and the nature
of the effect desired.

[0097] In addition to the compounds disclosed herein, the pharmaceutical compositions of the
present invention may further comprise at least one of any suitable auxiliaries including, but not
limited to, diluents, binders, stabilizers, buffers, salts, lipophilic solvents, preservatives, adjuvants
or the like. Pharmaceutically acceptable auxiliaries are preferred. Examples and methods of
preparing such sterile solutions are well known in the art and can be found in well known texts such
as, but not limited to, REMINGTON’S PHARMACEUTICAL SCIENCES (Gennaro, Ed., 18th Edition,
Mack Publishing Co. (1990)). Pharmaceutically acceptable carriers can be routinely selected that
are suitable for the mode of administration, solubility and/or stability of the compound.

[0098] Pharmaceutical excipients and additives useful in the present invention can also include,
but are not limited to, proteins, peptides, amino acids, lipids, and carbohydrates (e.g., sugars,
including monosaccharides, di-, tri-, terra-, and oligosaccharides; derivatized sugars such as

alditols, aldonic acids, esterified sugars and the like; and polysaccharides or sugar polymers), which
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can be present singly or in combination, comprising alone or in combination in ranges of 1-99.99%
by weight or volume. Exemplary protein excipients include serum albumin such as human serum
albumin (HSA), recombinant human albumin (rHA), gelatin, casein, and the like. Representative
amino acid components, which can also function in a buffering capacity, include alanine, glycine,
arginine, betaine, histidine, glutamic acid, aspartic acid, cysteine, lysine, leucine, isoleucine, valine,
methionine, phenylalanine, aspartame, and the like.

[0099] Carbohydrate excipients suitable for use in the present invention include
monosaccharides such as fructose, maltose, galactose, glucose, D-mannose, sorbose, and the like;
disaccharides, such as lactose, sucrose, trehalose, cellobiose, and the like; polysaccharides, such as
raffinose, melezitose, maltodextrins, dextrans, starches, and the like; and alditols, such as mannitol,
xylitol, maltitol, lactitol, xylitol, sorbitol (glucitol), myoinositol and the like.

[0100] The composition further can contain, but is not limited to pharmaceutically acceptable
carriers such as coloring agents, emulsifying agents, suspending agents, ethanol, EDTA, citrate
buffer, flavoring, and water.

[0101] The composition of the invention also can contain the preservatives methylparaben (also
known as 4-hydroxybenzoic acid methyl ester, methyl p-hydroxybenzoate; or METHYL
CHEMOSEPT), ethylparaben (also known as 4-hydroxybenzoic acid ethyl ester; ethyl p-
hydroxybenzoate; or ETHYL PARASEPT), propylparaben (also known as 4-hydroxybenzoic acid
propyl ester; propyl p-hydroxybenzoate; NIPASOL; or PROPYL CHEMOSEPT) and/or butylparaben
(also known as 4-hydroxybenzoic acid propyl ester; propyl p-hydroxybenzoate; or BUTYL
CHEMOSEPT). In some embodiments, the composition contains methylparaben and/or
propylparaben.

[0102] Emulsifiers of the invention include, but are not limited to ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-
butylene glycol, dimethyl formamide, oils, glycerol, tetrahydrofurfuryl alcohol, polyethylene
glycols and fatty acid esters of sorbitan, and mixtures thereof.

[0103] The pharmaceutical compositions comprising the compounds of the present invention
can also include a buffer or a pH adjusting agent Typically, the buffer is a salt prepared from an
organic acid or base. Representative buffers include organic acid salts such as salts of citric acid,
ascorbic acid, gluconic acid, carbonic acid, tartaric acid, succinic acid, acetic acid, or phthalic acid;
Tris, tromethamine hydrochloride, or phosphate buffers.

[0104] Additionally, the pharmaceutical compositions of the invention can include polymeric
excipients/additives such as polyvinylpyrrolidones, ficolls (a polymeric sugar), dextrates (e.g.;

cyclodextrins, such as 2-hydroxypropyl-.beta.-cyclodextrin), polyethylene glycols, flavoring agents,
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anti-microbial agents, sweeteners, antioxidants, anti-static agents, surfactants (e.g., polysorbates
such as “TWEEN 20" and “TWEEN 80”), lipids (e.g., phospholipids, fatty acids), steroids (e.g.,
cholesterol), and chelating agents (e.g., EDTA or EGTA). These and additional known
pharmaceutical excipients and/or additives suitable for use in the present invention are known in
the art, e.g., as listed in REMINGTON: THE SCIENCE & PRACTICE OF PHARMACY (1 9t ed., Williams
& Williams (1995)) and PHYSICIAN’S DESK REFERENCE (52™ ed., Medical Economics (1998)).

[0105] The present invention provides stable pharmaceutical compositions as well as preserved
solutions and compositions containing a preservative, as well as multi-use preserved compositions
suitable for pharmaceutical or veterinary use, comprising at least one compound disclosed herein in
a pharmaceutically acceptable composition. Pharmaceutical compositions in accordance with the
present invention may optionally contain at least one known preservative. Preservatives include,
but are not limited to, phenol, m-cresol, p-cresol, o-cresol, chlorocresol, benzyl alcohol,
phenylmercuric nitrite, phenoxyethanol, formaldehyde, chlorobutanol, magnesium chloride (e.g.,
hexahydrate), alkylparaben (methyl, ethyl, propyl, butyl and the like), benzalkonium chloride,
benzethonium chloride, sodium dehydroacetate and thimerosal, or mixtures thereof in an aqueous
diluent. Any suitable concentration or mixture can be used as known in the art, such as 0.001-5%,
or any range or value therein. Non-limiting examples include, no preservative, 0.1-2% m-cresol,
0.1-3% benzyl alcohol, 0.001-0.5% thimerosal, 0.001-2.0% pheno, 0.0005-1.0% alkylparaben(s),
and the like.

[0106] Other excipients, e.g., isotonicity agents, buffers, antioxidants, preservative enhancers,
can be optionally added to the diluent. An isotonicity agent such as glycerin, is commonly used at
known concentrations. A physiologically tolerated buffer is preferably added to provide improved
pH control. The pharmaceutical compositions can cover a wide range of pHs, such as from about
pH 4 to about pH 10, specifically, a range from about pH 5 to about pH 9, and more specifically, a
range of about 6.0 to about 8.0. In one aspect, the formulations of the present invention have pH
between about 6.8 and about 7.8. Suitable buffers include phosphate buffers, sodium phosphate
and phosphate buffered saline (PBS).

[0107] Other additives, such as a pharmaceutically acceptable solubilizers like Tween 20
(polyoxyethylene (20) sorbitan monolaurate), TWEEN 40 (polyoxyethylene (20) sorbitan
monopahnitate), TWEEN 80 (polyoxyethylene (20) sorbitan monooleate), Pluronic F68
(polyoxyethylene polyoxypropylene block copolymers), and PEG (polyethylene glycol) or non-
ionic surfactants such as polysorbate 20 or 80 or poloxamer 184 or 188, PLURONIC® polyls, other

block co-polymers, and chelators such as EDTA and EGTA can optionally be added to the
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pharmaceutical compositions to reduce aggregation. These additives are particularly useful if a
pump or plastic container is used to administer the pharmaceutical composition. The presence of
pharmaceutically acceptable surfactant mitigates the propensity for the composition to aggregate.
[0108] The composition of the invention also can contain the preservatives methylparaben (also
known as 4-hydroxybenzoic acid methyl ester; methyl p-hydroxybenzoate; or METHYL
CHEMOSEPT), ethylparaben (also known as 4-hydroxybenzoic acid ethyl ester; ethyl p-
hydroxybenzoate; or ETHYL PARASEPT), propylparaben (also known as 4-hydroxybenzoic acid
propyl ester; propyl p-hydroxybenzoate; NIPASOL; or PROPYL CHEMOSEPT) and/or
butylparaben (also known as 4-hydroxybenzoic acid propyl ester, propyl p-hydroxybenzoate; or
BUTYL CHEMOSEPT). In some embodiments, the composition contains methylparaben and/or
propylparaben.

[0109] The compositions of the present invention can also be administered in the form of
liposomes. As is known in the art, liposomes are generally derived from phospholipids or other
lipid substances. Liposomes arc formed by mono- or multi-lamellar hydrated liquid crystals that
arc dispersed in an aqueous medium. Any non-toxic, physiologically acceptable and metaboiizable
lipid capable of forming liposomes can be used. The present compositions in liposome form can
contain, in addition to the compounds of the present invention, stabilizers, preservatives, excipients,
and the like. The preferred lipids are the phospholipids and the phosphatidyl cholines (lecithins),
both natural and synthetic. Methods to form liposomes are known in the art (see Prescott, ed.,
METH. CELL BIOL. 14:33 (1976)). Liposomes, methods of making and methods of use are
described in U.S. Patent Nos. 4,089,8091 (process for the preparation of liposomes), 4,233,871
(methods regarding biologically active materials in lipid vescicles), 4,438,052 (process for
producing mixed miscelles), 4,485,054 (large multilamellar vescisles), 4,532,089 (giant-sized
liposomes and methods thereof), 4,897,269 (liposomal drag delivery system), 5,820,880 (liposomal
formulations), and so forth.

[0110] During any of the processes for preparation of the compounds of the present invention,
it may be necessary and/or desirable to protect sensitive or reactive groups on any of the molecules
concerned. This may be achieved by means of conventional protecting groups, such as those
described in PROTECTIVE GROUPS IN ORGANIC CHEMISTRY (1973); and GREENE AND WUTS,
PROTECTIVE GROUPS IN ORGANIC SYNTHESIS (1991). The protecting groups may be removed at a
convenient subsequent stage using methods known from the art.

[0111] The compound of the invention can be solubilized or suspended in a preconcentrate
(before dilutions with a diluent), added to the preconcentrate prior to dilution, added to the diluted

preconcentrate, or added to a diluent prior to mixing with the preconcentrate. The compound of the
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invention can also be co-administered as part of an independent dosage form, for therapeutic effect.
Optionally, the compound of the invention can be present in a first, solubilized amount, and a
second, non-solubilized (suspended) amount

[0112] The pharmaceutical formulation can also contain suitable pharmaceutically acceptable
carriers comprising excipients and auxiliaries that facilitate processing of the active compounds
into preparations that can be administered to animals, as described herein.

[0113] For oral administration in the form of a tablet or capsule, a compound may be combined
with an oral, non-toxic pharmaceutically acceptable inert carrier such as ethanol, glycerol, water
and the like. Moreover, when desired or necessary, suitable binders, lubricants, disintegrating
agents, and coloring agents may also be incorporated into the mixture. Suitable binders include,
without limitation, starch; gelatin; natural sugars such as glucose or beta-lactose; corn sweeteners;
natural and synthetic gums such as acacia, tragacanth, or sodium alginate, carboxymethylcellulose;
polyethylene glycol; waxes and the like. Lubricants used in these dosage forms include, without
limitation, sodium olcate, sodium stearate, magnesium stearate, sodium benzoate, sodium acctate,
sodium chloride and the like. Disintegrators include, without limitation, starch, methyl cellulose,
agar, bentonite, xanthan gum and the like.

[0114] For oral administration, the composition also optionally contains a sweetener.
Sweeteners include but are not limited to sucrose, fructose, sodium saccharin, sucralose
(SPLENDA®), sorbitol, mannitol, aspartame, sodium cyclamate, and the like and combinations
thereof.

[0115] The aqueous suspensions, emulsions and/or elixirs for oral administration of this
invention can be combined with various sweetening agents, flavoring agents, such as, but not
limited to orange or lemon flavors, coloring agents, such as dye stuffs, natural coloring agents or
pigments, in addition to the diluents such as water, glycerin and various combinations, as described
herein.

[0116] The pharmaceutical compositions of the present invention suitable for oral
administration may be presented as discrete units such as capsules, dragees, cachets or tablets each
containing a predetermined amount of the compound; as a powder or granules; as a solution or a
suspension in an aqueous liquid or a non-aqueous liquid; or as an oil-in-water liquid emulsion or a
water-in-oil emulsion, and as a bolus, etc.

[0117] A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing, in a suitable machine,
the compound in a free-flowing form such as a powder or granules, optionally mixed with a binder,

lubricant, inert diluent, preservative, surface active or dispersing agent. Molded tablets may be
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made by molding, in a suitable machine, a mixture of the powdered compound moistened with an
inert liquid diluent. The tablets may be optionally coated or scored and may be formulated so as to
provide a slow or controlled release of the compound therein.

[0118] In addition, the compositions comprising compounds may be incorporated into
biodegradable polymers allowing for sustained release of the compound. The biodegradable
polymers and their uses are described in detail in Brem et al., 74 J. NEUROSURG. 441-46 (1991).
Suitable examples of sustained-release compositions include semipermeable matrices of solid
hydrophobic polymers containing a compound of the present invention, which matrices are in the
form of shaped articles, e.g., films, or microcapsules. Examples of sustained-release matrices
include polyesters, hydrogels (including poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)),
polylactides (U.S. Patent No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate,
non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the
LUPRON DEPOT® (Tap Pharmaceuticals, Inc., Chicago, 111.) (injectable microspheres composed
of lactic acid glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric
acid.

[0119] Pharmaceutical compositions suitable for parenteral administration include aqueous and
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and
solutes that render the formulation isotonic with the blood of the intended recipient; and aqueous
and non-aqueous sterile suspensions which may include suspending agents and thickening agents.
The compositions may be presented in unit-dose or multi-dose containers, sealed ampules and vials,
and may be stored in a freeze-dried (lyophilized) condition requiring only the addition of the sterile
liquid carrier, water for injections, immediately prior to use. Extemporaneous injection solutions
and suspensions may be prepared from sterile powders, granules and tablets of the kind previously
described.

[0120] For parenteral administration, sterile suspensions and solutions are desired. Isotonic
preparations which generally contain suitable preservatives are employed when intravenous,
administration is desired. The pharmaceutical compositions may be administered parenterally via
injection of a pharmaceutical composition comprising a compound dissolved in an inert liquid
carrier. The term “parenteral,” as used herein, includes, but is not limited to, subcutaneous
injections, intravenous, intramuscular, intraperitoneal injections, or infusion techniques.
Acceptable liquid carriers include, vegetable oils such as peanut oil, cotton seed oil, sesame oil and
the like, as well as organic solvents such as solketal, glycerol formal and the like. The

pharmaceutical compositions may be prepared by dissolving or suspending the compound in the
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liquid carrier such that the final formulation contains from about 0.005% to 30% by weight of a
compound.

[0121] The composition of the invention can also include additional therapeutic agents such as,
but not limited to hydrophilic drugs, hydrophobic drugs, hydrophilic macromolecules, cytokines,
peptidomimetics, peptides, proteins, toxoids, sera, antibodies, vaccines, nucleosides, nucleotides,
nucleoside analogs, genetic materials and/or combinations thercof.

[0122] The additional therapeutic agent can be solubilized or suspended in a preconcentrate
(before dilutions with a diluent), added to the preconcentrate prior to dilution, added to the diluted
preconcentrate, or added to a diluent prior to mixing with the preconcentrate. The additional
therapeutic agent can also be co-administered as part of an independent dosage form, for
therapeutic effect. Optionally, the additional therapeutic agent(s) can be present in a first,
solubilized amount, and a second, non-solubilized (suspended) amount Such additional therapeutic
agent(s) can be any agent(s) having therapeutic or other value when administered to an animal,
particularly to a mammal, such as drags, nutrients, and diagnostic agents.

[0123] In addition to the compound and compositions of the invention, and additional
pharmaceutically active agents, the pharmaceutical formulation can also contain suitable
pharmaceutically acceptable carriers comprising excipients and auxiliaries that facilitate processing
of the active compounds into preparations mat can be administered to animals, as described herein.
[0124] Pharmaceutical formulations useful in the present invention can contain a quantity of a
compound(s) according to this invention in an amount effective to treat or prevent the condition,
disorder or disease of the subject being treated.

[0125] The invention further relates to the administration of at least one compound disclosed
herein by the following routes, including, but not limited to oral, parenteral, subcutaneous,
intramuscular, intravenous, intrarticular, intrabronchial, intraabdominal, intracapsular,
intracartilaginous, intracavitary, intracelial, intracelebellar, intracerebroventricular, intracolic,
intracervical, intragastric, intrahepatic, intramyocardial, intraosteal, intrapelvic, intrapericardiac,
intraperitoneal, intrapleural, intraprostatic, intrapulmonary, intrarenal, intraretinal, intraspinal,
intrasynovial, intrathoracic, intrauterine, intravesical, bolus, vaginal, rectal, buccal, sublingual,
intranasal, iontophoretic means, or transdermal means.

[0126] It can be sometimes desirable to deliver the compounds of the present invention to the
subject over prolonged periods of time, for periods of one week to one year from a single
administration. Certain medical devices may be employed to provide a continuous intermittent or
on demand dosing of a patient. The devices may be a pump of diffusion apparatus, or other device

containing a reservoir of drug and optionally diagnostic or monitoring components to regulate the
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delivery of the drug. Various slow-release, depot or implant dosage forms can be utilized. A
dosage form can contain a pharmaceutically acceptable non-toxic salt of a compound disclosed
herein that has a low degree of solubility in body fluids, (a) an acid addition salt with a polybasic
acid such as phosphoric acid, sulfuric acid, citric acid, tartaric acid, tannic acid, pamoic acid,
alginic acid, polyglutamic acid, naphthalene mono- or di-sulfonic acids, polygalacturonic acid, and
the like; (b) a salt with a polyvalent metal cation such as zine, calcium, bismuth, barium,
magnesium, aluminum, copper, cobalt, nickel, cadmium and the like, or with an organic cation
formed from e.g., N,N’-dibenzyl-ethylenediamine or ethylenediamine; or (c) combinations of (a)
and (b) e.g., a zinc tannate salt. Additionally, the compounds of the present invention or a
relatively insoluble salt such as those just described, can be formulated in a gel, an aluminum
monostearate gel with, e.g., sesame oil, suitable for injection. Salts include, but are not limited to,
zinc salts, zinc tannate salts, pamoate salts, and the like. Another type of slow-release depot
formulation for injection would contain the compound of salt dispersed or encapsulated in a slow
degrading, non-toxic, non-antigenic polymer such as a polylactic acid/polyglycolic acid polymer,
including the formulations as described in U.S. Patent No. 3,773,919. The compounds or relatively
insoluble salts thereof such as those described above can also be formulated in cholesterol matrix
silastic pellets, particularly for use in animals. Additional slow-release, depot or implant
formulations, e.g., gas or liquid liposomes are known in the literature. See, e.g., U.S. Patent No.
5,770,222; SUSTAINED AND CONTROLLED RELEASE DRUG DELIVERY SYSTEMS (1978).

[0127] Other examples include provision of the compounds of the present invention to be
administered by sustained release delivery system containing a biodegradable composition. The
biodegradable composition may be composed of a biodegradable, water-coagulable, non-polymeric
material and a biocompatible, non-toxic organic solvent that is miscible to dispersible in an aqueous
medium. The delivery system may be implanted at an implant site causing the solvent to dissipate,
disperse or leach from the composition into surrounding tissue fluid through a resulting
microporous matrix.

[0128] The term “implant site” is meant to include a site, in or on which the non-polymeric
composition is applied. Implantation or implant site can also include the incorporation of the
pharmaceutical composition comprising at least one compound of the present invention with a solid
device. The pharmaceutical composition can be incorporated into a coating on a stent that is
implanted into a subject. Additionally, other solid or biodegradeable materials can be used as a
substrate on which the pharmaceutical composition is applied. The coated material, comprising the
pharmaceutical composition is then implanted, inserted or is adjacent to the subject or patient. The

term “‘biodegradable” means that the non-polymeric material and/or matrix of the implant will
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degrade over time by the action of enzymes, by simple or enzymatically catalyzed hydrolytic action
and/or by other similar mechanisms in the human body. By “bioerodible,” it is meant that the
implant matrix will erode or degrade over time due, at least in part, to contact with substances
found in the surrounding tissue fluids, cellular action, and the like. By “bioabsorbable,” it is meant
that the non-polymeric matrix will be broken down and absorbed within the human body, by a cell,
a tissue, and the like.

[0129] Non-polymeric materials that can be used in the composition generally are those that are
biocompatible, substantially insoluble in water and body fluids, and biodegradable and/or
bioerodible. The non-polymeric material is capable of being at least partially solubilized in a
water-soluble organic solvent. The non-polymeric materials are also capable of coagulating or
solidifying to form a solid implant matrix. The non-polymeric material is combined with a
compatible and suitable organic solvent to form a composition that has the desired consistency
ranging from watery to viscous to a spreadable putty or paste.

[0130] Suitable organic solvents are thosc that arc biocompatible, pharmaccutically-acceptable,
and will at lcast partially dissolve the non-polymeric material. The organic solvent has a solubility
n water ranging from miscible to dispersible. Optionally, a pore-forming agent can be included in
the composition to generate additional pores in the implant matrix. The pore-forming agent can be
any organic or inorganic, pharmaceutically-acceptable substance that is substantially soluble in
water or body fluid, and will dissipate from the coagulating non-polymeric material and/or the solid
matrix of the implant into surrounding body fluid at the implant site.

[0131] The compounds of the present invention are capable of providing a local or systemic
biological, physiological or therapeutic effect in the body of an animal. In formulating some
pharmaceutical compositions described herein, the compound is preferably soluble or dispersible in
the non-polymeric composition to form a homogeneous mixture, and upon implantation, becomes
incorporated into the implant matrix. As the solid matrix degrades over time, the compound is
capable of being released from the matrix into the adjacent tissue fluid, and to the pertinent body
tissue or organ, either adjacent to or distant from the implant site, preferably at a controlled rate.
The release of the compound from the matrix may be varied by the solubility of the compound in
an aqueous medium, the distribution of the compound within the matrix, the size, shape, porosity,
and solubility and biodegradability of the solid matrix. See e.g., U.S. Patent No. 5,888,533. The
amounts and concentrations of ingredients in the composition administered to the patient will
generally be effective to accomplish the task intended.

[0132] In other embodiments, the compounds of the present invention may be administered by

bioactive agent delivery systems containing microparticles suspended in a polymer matrix. The
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microparticles may be microcapsules, microspheres or nanospheres currently known in the art. The
microparticles should be capable of being entrained intact within a polymer that is or becomes a gel
once inside a biological environment. The microparticles can be biodegradable or non-
biodegradable. Many microencapsulation techniques used to incorporate a bioactive agent into a
microparticle carrier are taught in the art. See e.g., U.S. Patent Nos. 4,652,441; 5,100,669,
4,438,253; and 5,665,428.

[0133] A preferred polymeric matrix will be biodegradable and exhibit water solubility at low
temperature and will undergo reversible thermal gelation at physiological mammalian body
temperatures. The polymeric matrix is capable of releasing the substance entrained within its
matrix over time and in a controlled manner. The polymers are gradually degraded by enzymatic or
non-enzymatic hydrolysis in aqueous or physiological environments. See e.g., U.S. Patent No.
6,287,588.

[0134] Methods of preparing various pharmaceutical compositions with a certain amount of
active ingredients are known, or will be apparent in light of this disclosure, to those skilled in the
art. Methods of preparing said pharmaceutical compositions can incorporate other suitable
pharmaceutical excipients and their formulations as described in REMINGTON’S PHARMACEUTICAL
SCIENCES, Martin, E.W., ed., Mack Publishing Company, 19th ed. (1995).

[0135] Methods of preparing the pharmaceutical preparations of the present invention are
manufactured in a manner that is known, including conventional mixing, dissolving, or lyophilizing
processes. Thus, liquid pharmaceutical preparations can be obtained by combining the active
compounds with solid excipients, optionally grinding the resulting mixture and processing the
mixture of granules, after adding suitable auxiliaries, if desired or necessary.

[0136] One of ordinary skill in the art will appreciate that a method of administering
pharmaceutically effective amounts of the compositions of the invention to a patient in need
thereof, can be determined empirically, or by standards currently recognized in the medical arts.
The agents can be administered to a patient as pharmaceutical compositions in combination with
one or more pharmaceutically acceptable excipients. It will be understood that, when administered
to a human patient, the total daily usage of the agents of the compositions of the present invention
will be decided within the scope of sound medical judgment by the attending physician. The
specific therapeutically effective dose level for any particular patient will depend upon a variety of
factors: the type and degree of the cellular response to be achieved; activity of the specific agent or
composition employed; the specific agents or composition employed; the age, body weight, general
health, gender and dict of the patient; the time of administration, route of administration, and rate of

excretion of the agent; the duration of the treatment; drugs used in combination or coincidental with
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the specific agent; and like factors well known in the medical arts. It is well within the skill of the
art to start doses of the agents at levels lower than those required to achieve the desired therapeutic
effect and to gradually increase the dosages until the desired effect is achieved.

[0137] Dosaging can also be administered in a patient-specific manner to provide a
predetermined concentration of the agents in the blood, as determined by techniques accepted and
routine in the art.

[0138] In general, the compounds disclosed herein may be used alone or in concert with other
therapeutic agents at appropriate dosages defined by routine testing in order to obtain optimal
efficacy while minimizing any potential toxicity. The dosage regimen utilizing a compound of the
present invention may be selected in accordance with a variety of factors including type, species,
age, weight, sex, medical condition of the patient; the severity of the condition to be treated; the
route of administration; the renal and hepatic function of the patient; and the particular compound
employed. A physician or veterinarian of ordinary skill can readily determine and prescribe the
cffective amount of the drag required to prevent, counter, or arrest the progress of the condition.
[0139] Optimal precision in achieving concentrations of drug within the range that yiclds
maximum efficacy with minimal toxicity may require a regimen based on the kinetics of the
compound’s availability to one or more target sites. Distribution, equilibrium, and elimination of a
drug may be considered when determining the optimal concentration for a treatment regimen. The
dosages of a compound disclosed herein may be adjusted when combined to achieve desired
effects. On the other hand, dosages of these various therapeutic agents may be independently
optimized and combined to achieve a synergistic result wherein the pathology is reduced more than
it would be if either agent were used alone.

[0140] In particular, toxicity and therapeutic efficacy of a compound disclosed herein may be
determined by standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
for determining the LDs, (the dose lethal to 50% of the population) and the EDs (the dose
therapeutically effective in 50% of the population). The dose ratio between toxic and therapeutic
effect is the therapeutic index and it may be expressed as the ratio LDs¢/EDsp. Compounds
exhibiting large therapeutic indices are preferred except when cytotoxicity of the compound is the
activity or therapeutic outcome that is desired. Although compounds that exhibit toxic side effects
may be used, a delivery system can target such compounds to the site of affected tissue in order to
minimize potential damage to uninfected cells and, thereby, reduce side effects. Generally, the
compounds of the present invention may be administered in a manner that maximizes efficacy and

minimizes toxicity.
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[0141] Data obtained from cell culture assays and animal studies may be used in formulating a
range of dosages for use in humans. The dosages of such compounds lies preferably within a range
of circulating concentrations that include the EDsy with little or no toxicity. The dosage may vary
within this range depending upon the dosage form employed and the route of administration
utilized. For any compound used in the methods of the present invention, the therapeutically
effective dose may be estimated initially from cell culture assays. A dose may be formulated in
animal models to achieve a circulating plasma concentration range that includes the ICsq (the
concentration of the test compound that achieves a half-maximal inhibition of symptoms) as
determined in cell culture. Such information may be used to accurately determine useful doses in
humans. Levels in plasma may be measured, by high performance liquid chromatography.

[0142] Moreover, the dosage administration of the pharmaceutical compositions of the present
invention may be optimized using a pharmacokinetic/pharmacodynamic modeling system. One or
more dosage regimens may be chosen and a pharmacokinetic/pharmacodynamic model may be
used to determine the pharmacokinetic/pharmacodynamic profile of one or more dosage regimens.
Next, one of the dosage regimens for administration may be selected which achieves the desired
pharmacokinetic/pharmacodynamic response based on the particular

pharmacokinetic/pharmacodynamic profile. See U.S. Patent No. 6,747,002.

[0143] Methods are known in the art for determining effective doses for therapeutic and
prophylactic purposes for the disclosed pharmaceutical compositions or the disclosed drug
combinations, whether or not formulated in the same composition. For therapeutic purposes, the
term “jointly effective amount,” as used herein, means that amount of each active compound or
pharmaceutical agent, alone or in combination, that elicits the biological or medicinal response in a
tissue system, animal or human that is being sought by a researcher, veterinarian, medical doctor or
other clinician, which includes alleviation of the symptoms of the disease or disorder being treated.
For prophylactic purposes (i.e., inhibiting the onset or progression of a disorder), the term “jointly
effective amount” refers to that amount of each active compound or pharmaceutical agent, alone or
in combination, that inhibits in a subject the onset or progression of a disorder as being sought by a
researcher, veterinarian, medical doctor or other clinician. Thus, the present invention further
provides combinations of two or more therapeutic agents wherein, (a) each therapeutic agent is
administered in an independently therapeutically or prophylactically effective amount; (b) at least
one therapeutic agent in the combination 1s administered in an amount that is sub-therapeutic or
subprophylactic if administered alone, but is therapeutic or prophylactic when administered in

combination with the second or additional therapeutic agents according to the invention; or (c) both
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therapeutic agents are administered in an amount that is subtherapeutic or subprophylactic if
administered alone, but are therapeutic or prophylactic when administered together. Combinations
of three or more therapeutic agents are analogously possible. Methods of combination therapy
include co-administration of a single formulation containing all active agents; essentially
contemporancous administration of more than one formulation; and administration of two or more
active agents separately formulated.

[0144] More specifically, the pharmaceutical compositions may be administered in a single
daily dose, or the total daily dosage may be administered in divided doses of two, three, or four
times daily. Doses maybe administered for one week, one month, or over the course of several
months, 3, 6, 9 or 12 months, or intervals known in the art and determined to be clinically relevant.
Doses may be continued throughout the life of the patient, or discontinues when clinical judgment
warrants. The daily dosage of the compositions may be varied over a wide range from about
0.0001 to about 1,000 mg per patient, per day. The range may more particularly be from about
0.001 mg/kg to 10 mg/kg of body weight per day, about 0.1-100 mg, about 1.0-50 mg or about 1.0-
20 mg per day for adults (at about 60 kg). Additionally, the dosages may be about 0.5-10 mg/kg
per day, about 1.0-5.0 mg/kg per day, 5.0-10 mg/kg per day, or equivalent doses as determing by a
practitioner, to achieve a serum concentration that is clinically relevant.

[0145] In the case of injections, it is usually convenient to give by an intravenous route in an
amount of about 0.01-30 mg, about 0.1-20 mg or about 0.1-10 mg per day to adults (at about 60
kg). Intravenous doses may include a bolus or a slow dosing. In the case of other animals, the dose
calculated for 60 kg may be administered as well.

[0146] As a non-limiting example, treatment of humans or animals can be provided as a one-
time or periodic dosage of a compound of the present invention 0.0001 to about 1,000 mg per
patient, per day. The range may more particularly be from about 0.001 mg/kg to 10 mg/kg of body
weight per day, about 0.1-100 mg, about 1.0-50 mg or about 1.0-20 mg per day for adults (at about
60 kg). Additionally, the dosages may be about 0.5-10 mg/kg per day, about 1.0-5.0 mg/kg per
day, 5.0-10 mg/kg per day, or equivalent doses as determine by a practitioner, to achieve a serum
concentration that is clinically relevant.

[0147] Specifically, the pharmaceutical compositions of the present invention may be
administered at least once a week over the course of several weeks. In one embodiment, the
pharmaceutical compositions are administered at least once a week over several weeks to several
months. In another embodiment, the pharmaceutical compositions are administered once a week
over four to eight weeks. In yet another embodiment, the pharmaceutical compositions are

administered once a week over four weeks.
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[0148] The invention further provides a method for treating or preventing a 12-lipoxygenase
mediated disease or disorder. The method comprises administering to a mammal a therapeutically
or prophylactically effective amount of a compound of the present invention.

[0149] The 12-lipoxygenase mediated disease or disorder to be treated or prevented is typically
a disease or disorder wherein the production of 12-hydroperoxyeicosatetracnoic acid (12(S)-
HPETE) and/or 12-hydroxyeicosatetracnoic acid (12(S)-HETE) is implicated in the development or
progression of the disease or disorder. 12-LOX mediated diseases and disorders includes those
where 12-LOX is a direct mediator of the diseases and disorders, as well as those where the
inhibition of 12-LOX results in therapeutic value in the treatment or prevention of the diseases and
disorders.

[0150] In one embodiment, the invention provides a method of treating or preventing a 12-
lipoxygenase mediated disease or disorder, comprising administering to a mammal thereof a
therapeutically or prophylactically effective amount of any of compounds of Formula (I) — (VII), or
a salt, enantiomers, a mixture of enantiomers, or diastercomer thereof.

[0151] In one embodiment, the 12-lipoxygenase is human the 12-lipoxygenase.

[0152] In one embodiment, the 12-lipoxygenase mediated discase or disorder is selected from
the group consisting of type 1 diabetes, type 2 diabetes, diabetic kidney disease, diabetic nerve
discase, cardiovascular disease, Alzheimer’s disease, Non-Alcoholic steatohepatitis, platelet
hemostasis, skin diseases, heparin induced thrombocytopenia, thrombosis, and cancer.

[0153] In one embodiment, the cancer is selected from the group consisting of prostate cancer,
colorectal cancer, breast cancer, and lung cancer.

[0154] In one embodiment, the cardiovascular disease is selected from the group consisting of
congestive heart failure, myocardial infarction and stroke.

[0155] In one embodiment, the invention provides a method of treating or preventing type 1
and/or type 2, comprising administering to a mammal thereof a therapeutically or prophylactically
effective amount of any of compounds of Formula (I) — (VII), or a salt, enantiomers, a mixture of
enantiomers, or diastereomer thereof,

[0156] In one embodiment, the invention provides a method of treating or preventing
thrombosis, comprising administering to a mammal thereof a therapeutically or prophylactically
effective amount of any of compounds of Formula (I) - (VII), a salt, enantiomers, a mixture of
enantiomers, or diastereomer thereof.

[0157] In one embodiment, the invention provides a method for reducing PAR4-AP induced

platelet aggregation, comprising administering to a mammal thereof a therapeutically or
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prophylactically effective amount of any of compounds of Formula (I) — (VII), a salt, enantiomers,
a mixture of enantiomers, or diastercomer thereof.

[0158] In one embodiment, the invention provides a method for reducing PAR4-AP induced
calcium mobilization, comprising administering to a mammal thereof a therapeutically or
prophylactically effective amount of any of compounds of Formula (I) — (VII), a salt, enantiomers,
a mixture of enantiomers, or diastercomer thereof.

[0159] In one embodiment, 12-LOX inhibitors have utility in
transplantation/xenotransplantation scenarios, for example, where islets are treated ex vivo to
improve survival prior to transplant.

[0160] The invention is based, in part, on the surprising discovery that platelet 12(S)-
lipoxygenase (12-LOX), a highly expressed oxylipin producing enzyme in the human platelet, is an
essential component of FcyRIla-mediated platelet activation. For example, Fig. 11 shows how 12-
LOX modulates FcyRIIa-mediated platelet aggregation. Without wishing to be bound by theory,
platelets arc essential in maintaining hemostasis following inflammation or injury to the
vasculaturc. Activation of the FeyRlIla receptor leads to immune-mediated platelet activation, which
can result in thrombotic complications leading to myocardial infarction and stroke. Inhibiting
FeyRIla-mediated activation in platelets has been shown to limit thrombosis and is the principle
target for prevention of immune-mediated platelet activation. However, 12-LOX was not known in
the art to be implicated in the pathogenesis of FcyRIla-mediated thrombosis until the inventors’
discovery. Accordingly, the technology disclosed herein aims to exploit this surprising discovery
and provide novel methods for treating or preventing a disease or disorder in which a FcyRIla-
mediated pathway is involved. Such a disease or disorder can be an immune-mediated
thrombocytopenia and thrombosis disorder. In some aspects of the invention, disclosed herein are
novel methods for inhibiting platelet activation and preventing or treating thrombosis.

[0161] One aspect of the invention relates to a method of inhibiting or decreasing platelet
activation, the method comprising contacting a platelet with a 12-lipoxygenase inhibitor. In some
embodiments, the platelet activation is immune-mediated. In some embodiments, the immune-
mediated platelet activation is resulting from the activation of a FcyRIla receptor.

[0162] A compound or agent is considered a 12-LOX inhibitor if it decreases the function or
activity of 12-LOX by at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at lcast
60%, at least 70%, at least 80%, at least 90%, or at least 95%. A 12-LOX inhibitor can be an
organic compound, an inorganic compound, a biological compound (e.g., proteins or fragments
thereof, antibodies or fragments thereof, nucleic acids, nucleic acid analogs, saccharides, or

peptides), or any combination thereof. A 12-LOX inhibitor can also be synthetic or naturally
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occurring. Non-limiting examples of 12-LOX inhibitors include ETYA (CAS No.: 1191-85-1),
baicalein (CAS No.: 491-67-8), 15(S)-HETrE (CAS No.: 13222-49-6), caffeic acid (CAS No.: 331-
39-5), CDC (CAS No.: 132465-11-3), esculetin (CAS No.: 305-01-1), ethyl 3,4-
dihydroxybenzylidenecyanoacetate (CAS No.: 132464-92-7), ETI (CAS No.: 13488-22-7), ferulic
acid (CAS No.: 1135-24-6), Gossypol (CAS No.: 303-45-7), 2-TEDC (CAS No.: 132465-10-2),
Hinokitiol (CAS No.: 499-44-5), 8,11,14-eicosatriynoic acid (CAS No.: 34262-64-1), daphnodorin
A, ML355, and a combination thereof. The chemical structure of ML355 is disclosed in Luci et al.
(J Med Chem. 2014, 57, 495-506).

[0163] 12-LOX inhibitors are also disclosed, for example, in US20130096159,
W01990012008, US6217875, US4605669, US4623661, CA1327204, US20070111965,
US4897422, US20060193797, US5120752, US5112848, US5574062, EP0416609, US4822811,
EP0456760, US4761403.

[0164] In some embodiments, a 12-LOX inhibitor used for the methods disclosed herein can be
a combination of 12-LOX inhibitors. In some of these embodiments, the mixing ratios of the 12-
LOX inhibitors are optimized to provide maximum therapeutic effects.

[0165] At least some of the 12-LOX inhibitors (e.g., ML355) have been found to show low
toxicity and good clearance from the body (Luci et al., J Med Chem. 2014, 57, 495-506),
demonstrating the therapeutic values of the methods disclosed herein.

[0166] In some embodiments, the 12-LOX inhibitor contacts the platelet in vitro. For example,
the platelets can be obtained from a subject and then cultured in a container (e.g., 96-well plate or
petri dish). The in vitro contacting can be used for applications such as evaluation of the efficacy of
the 12-LOX inhibitor.

[0167] In some embodiments, the 12-LOX inhibitor contacts the platelet in vivo. In these
embodiments, the in vivo contacting can be in a subject taking heparin. The subject might be in
need of treating or preventing an immune-mediated thrombocytopenia and thrombosis disorder.
[0168] Platelet activation can be assessed or measured by a variety of methods. For example,
platelet activation can be quantified by factors such as change in shape and a tendency to aggregate.
Shape change of platelets can be assessed by flow cytometry or electron microscopy. Platelet
aggregation can be measured in a platelet aggregometer. Platelet activation can also be quantified
by measuring the blood or urine levels of relevant platelet metabolic products or biomarkers (e.g.,
the alpha granule components, beta thromboglobulin and platelet factor 4, thromboxane B, or the

soluble form of the adhesion molecule P-selectin). Some methods for measuring platelet activation
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are disclosed in US7011938, W0O1996012956, and US6391568.

[0169] As 12-LOX inhibitors can inhibit or decrease immune-mediated platelet activation,
another aspect of the invention relates to a method of treating or preventing an immune-mediated
thrombocytopenia and thrombosis disorder, the method comprising administering to a subject in
need thereof an effective amount of a 12-lipoxygenase inhibitor. Examples of immune-mediated
thrombocytopenia and thrombosis disorders include, but are not limited to, heparin-induced
thrombocytopenia (HIT), anti-phospholipid syndrome; sepsis syndrome; thrombosis associated
with therapeutic or diagnostic monoclonal antibodies; and thrombotic thrombocytopenic purpura.
[0170] In some embodiments, an immune-mediated thrombocytopenia and thrombosis disorder
can be triggered in the subject by the use of one or more heparin or derivatives thereof. In these
embodiments, the immune-mediated thrombocytopenia and thrombosis disorder is heparin-induced
thrombocytopenia (HIT).

[0171] HIT is a disorder resulting from the administration of heparin therapy, and is the
development of a low platelet count (e.g., <100,000 platelets per milliliter in the blood). As used
herein, the terms “HIT™ and “heparin-induced thrombocytopenia and thrombosis (HITT)™ are used
interchangeably. Paradoxically, anticoagulant medication and thrombocytopenia manifest not as
bleeding, but rather as and life-threatening thrombosis. The thrombotic events are multifocal,
involving for example, veins, arteries and the microvasculature. In some HIT cases, thrombi form
in macrovascular beds with overt clinical symptoms, such as DVT/PE, myocardial infarction,
stroke, or limb ischemia. In other cases the thrombi are in the microvasculature, with effects that
are overt clinically (e.g., adrenal thrombosis followed by hemorrhage, skin necrosis) or remain
subclinical.

[0172]) It was found that HIT occurred in 1% to 3% of patients who received unfractionated
heparin, and in 0.1% of patients who received low-molecular-weight heparin. Currently there is no
standard diagnostic method for HIT. Some diagnostic methods for HIT are disclosed, for example,
in WO2001004159 and W0O2013165969.

Clinical scoring systems have also been developed to predict the probability of HIT
onset in a variety of situations (Elalamy I, et al., Ann. Med. 2000, 32, 60-67; .Samama M, et al.,
Bull Acad Natl Med. 1998,182, 1517-1533). For example, in one clinical scoring system, scores are
given to factors such as platelet count evolution, development of thrombosis, and other causes of
thrombocytopenia.

[0173] For example, a therapeutically effective amount can be estimated initially either in cell

culture assays or in animal models, usually mice, rabbits, dogs, or pigs. The animal model is also
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used to achieve a desirable concentration range and route of administration. Such information can
then be used to determine useful doses and routes for administration in other subjects. Generally,
the therapeutically effective amount is dependent of the desired therapeutic effect.

[0174] Dosage regimens of a 12-LOX inhibitor can be adjusted to provide the optimum desired
response (e.g. a therapeutic or prophylactic response). For example, a single bolus can be
administered, several divided doses may be administered over time or the dose may be
proportionally reduced or increased as indicated by the exigencies of the therapeutic situation. It
can be advantageous to formulate parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage.

[0175] A physician or veterinarian having ordinary skill in the art can readily determine and
prescribe the effective amount of the pharmaceutical composition required. For example, the
physician or veterinarian could start doses of a 12-LOX inhibitor at levels lower than that required
in order to achieve the desired therapeutic effect and gradually increase the dosage until the desired
cffect is achieved.

[0176] A physician or veterinarian having ordinary skill in the art can also readily determine
when to initiate administering a pharmaceutical composition comprising a 12-LOX inhibitor. It
should be noted that the timing for administration generally depends on diagnostic results. For
example, the pharmaceutical composition comprising a 12-LOX inhibitor can be administered
when one or more symptoms of HIT have occurred (e.g., a drop in platelet count).

[0177] The method disclosed herein can be used in combination with other methods or
therapies for treating an immune-mediated thrombocytopenia and thrombosis disorder (c.g., HIT).
For example, one therapeutic approach to treating HIT is the removal of heparin treatment and
replacement with direct thrombin inhibitors (e.g., danaparoid, argatroban, or lepirudin). It should be
noted that simple withdrawal of heparin does not end the immune-mediated thrombocytopenia and
thrombosis disorder. In another example, a Factor Xa inhibitor (e.g., fondaparinux) can be used for
HIT treatment. Other therapies include, but are not limited to, thrombolytic therapy (e.g.,
streptokinase or urokinase), thromboembolectomy, plasmapheresis, high-dose IV 1gG, and
GPIIb/II1a inhibitors.

[0178] Yet another aspect of the invention relates to a method of treating or preventing a
thrombotic event, myocardial infarction, or stroke, the method comprising administering to a
subject in need thereof an effective amount of a 12-LOX inhibitor. Immune-mediated platelet
activation can lead to thrombi formation, which can clot arteries and result in stroke, myocardial

infarction, organ infarction, limb gangrene, or other serious complications.
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[0179] In some aspects of all the embodiments, the subject is a mammal. In some aspects of all
the embodiments, the subject is a human.

[0180] In some aspects of all the embodiments, the subject can be one who exhibits one or
more risk factors for an immune-mediated thrombocytopenia and thrombosis disorder. In some
aspects of all the embodiments, the subject is receiving heparin therapy. In some aspects of all the
embodiments, the subject undergoes orthopedic surgery. It is known in the art that orthopedic
surgery patients are at higher risk for developing HIT than are patients who receive heparin for
other medical reasons.

[0181] Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of this disclosure, suitable methods and materials are described
below. The term “comprises” means “includes.” The abbreviation, “e.g.” is derived from the Latin
exempli gratia, and is used herein to indicate a non-limiting example. Thus, the abbreviation “e.g.”
is synonymous with the term *‘for example.”

[0182] Although preferred embodiments have been depicted and described in detail herein, it
will be apparent to those skilled in the relevant art that various modifications, additions,
substitutions, and the like can be made without departing from the spirit of the invention and these
are therefore considered to be within the scope of the invention as defined in the claims which
follow. Further, to the extent not already indicated, it will be understood by those of ordinary skill
in the art that any one of the various embodiments herein described and illustrated can be further
modified to incorporate features shown in any of the other embodiments disclosed herein.

[0183] All patents and other publications; including literature references, issued patents,
published patent applications, and co-pending patent applications; cited throughout this application
are for the purpose of describing and disclosing, for
example, the methodologies described in such publications that might be used in connection with
the technology described herein. These publications are provided solely for their disclosure prior to
the filing date of the present application. Nothing in this regard should be construed as an
admission that the inventors are not entitled to antedate such disclosure by virtue of prior invention
or for any other reason. All statements as to the date or representation as to the contents of these
documents is based on the information available to the applicants and does not constitute any
admission as to the correctness of the dates or contents of these documents.

[0184] The description of embodiments of the disclosure is not intended to be exhaustive or to
limit the disclosure to the precise form disclosed. While specific embodiments of, and examples
for, the disclosure are described herein for illustrative purposes, various equivalent modifications

are possible within the scope of the disclosure, as those skilled in the relevant art will recognize.
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For example, while method steps or functions are presented in a given order, alternative
embodiments may perform functions in a different order, or functions may be performed
substantially concurrently. The teachings of the disclosure provided herein can be applied to other
procedures or methods as appropriate. The various embodiments described herein can be combined
to provide further embodiments. Aspects of the disclosure can be modified, if necessary, to employ
the compositions, functions and concepts of the above references and application to provide yet
further embodiments of the disclosure.

[0185] Specific elements of any of the foregoing embodiments can be combined or substituted
for elements in other embodiments. Furthermore, while advantages associated with certain
embodiments of the disclosure have been described in the context of these embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need necessarily exhibit
such advantages to fall within the scope of the disclosure.

EXAMPLES

[0186] The following examples illustrate some embodiments and aspects of the invention. It
will be apparent to those skilled in the relevant art that various modifications, additions,
substitutions, and the like can be performed without altering the spirit or scope of the invention, and
such modifications and variations arc encompassed within the scope of the invention as defined in
the claims which follow. The following examples do not in any way limit the invention.

[0187] The technology described herein is further illustrated by the following examples which
in no way should be construed as being further limiting.

[0188] The description below provides the composition of matter and method of use around a
4-((2-hydroxy-3-methoxybenzyl)amino)benzenesulfonamide chemotype. The novel chemotypes
for 12-LO inhibition disclosed herein are soluble, have favorable ADME properties, and good in
vivo PK properties.

[0189] The synthesis of compound 1 involved a reductive amination with 4-
aminobenzesulfonmide and 2-hydroxy-3-methoxybezaldehyde. A step-wise approach involving
pre-formation of the imine was required with 4-amino-N-(thiazol-2-yl)benzenesulfonamide (2) and
the requisite benzaldehyde overnight at 100 °C. Subsequent reduction of the imine with sodium
borohydride provided the desired compounds 1, 8-10 and 14-33 (Scheme 1, Method A). While this
route worked for a majority of the analogs, some analogs (11-13 & 34) required an alternative route
in which a Buchwald-Hartwig type coupling was utilized with the commercially available 4-bromo-
N-(thiazol-2-yl)benzenesulfonamide (3) and 2-methoxy substituted benzyl amines to provide the
desired products in a yields of 25-40% (Scheme 1, Method B). For modifications of the thiazole

portion of the molecule we wanted to introduce diversity in the final step of the synthesis (Scheme
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1, Method C). Therefore, reaction of commercially available 4-aminobenzenesulfonamide (4) with
2-hydroxy-3-methoxybenzaldehyde in ethanol at reflux for 18 h, followed by treatment with
sodium borohydride provided compound 5 in 95% yield. The resulting sulfonamide derivative was
then subjected to Cu-catalyzed N-arylation conditions using the appropriate heteroaryl bromides to
afford compounds 35, 38, 44-48, 52, 53, 56-59, 61-69, 71, 74, and 75 in good yiclds. (Wang, X. et
al. Tetrahedron Lett. 2012, 53, 7-10.) Despite the general versatility of this method, there was a
few isolated cases where the Cu-catalyzed reaction failed to produce the desired product (¢.g.
compounds 77-83), or the heteroaryl bromides were not readily available. For these compounds a
less direct route was developed by heating 4-nitrobenzene-1-sulfonyl chloride (6) and the required
heteroaryl amines to 100 °C for 1.5 to 8 hours depending on the reactivity of the amine to give the
4-nitrophenyl-sulfonamide derivatives 7 (Scheme 1, Method D). Reduction of the nitro group was
achieved using the H-Cube® Pro flow reactor with 10% Pd on carbon at 50 °C and a pressure of 50
bar. Alternatively, for less soluble compounds which were not amendable to flow chemistry, a
Zn/AcOH reduction was performed at 60 °C in methanol. Once the desired aniline was in hand a
reductive amination was carricd out with the corresponding benzyl amine derivative to provide
compounds 36, 37, 39-43, 49-51, 54, 55, 60, 70, 72, 73, and 76-83. The spccific conditions for
cach step in Scheme 1 as shown in Figure 1 are as follows: (i) RCHO (1.5 equiv), EtOH, 3-18 h,
100 oC, NaBH4 (3.0 equiv), 0.5-0.6h; (i1)) RCHNH; (1.2 equiv), Xantphos (0.06 equiv), Pd,dba;
(0.02 equiv), NaOtBu (2.5 equiv), 1.4-dioxane, MW, 30 min, 100 oC. (iii) 2-hydroxy-3-
methoxybenzaldehyde (1.2 equiv), EtOH, 6 h, 100 oC, NaBH4 (1.5 equiv), 30 min, 92%. (iv) R’Br
(1.2 equiv), Ko,CO;3 (2.5 equiv), 80 oC, 6-8 h. (v) R’"NH,, pyridine, 100 oC, 1.5-18 h. (vi) 10%
Pd/C, MeOH/EtOAc, 50 bar, 50 oC or zinc (4.0 equiv), AcOH (4.0 equiv), methanol, 60 oC, 30
min-2 h. (vii) 2-hydroxy-R-benzaldehyde (1.2 equiv), EtOH, 18 h, 100 oC, NaBH4 (3.0 equiv).
[0190] General Synthetic Procedures. (Scheme 1, Method A): 4-amino-N-(thiazol-2-
yl)benzene sulfonamide (0.39 mmol) (2), and required benzaldehyde (0.67 mmol) were combined
in ethanol (2 mL) in a sealed tube and heated to 100 °C for 4-18 h. The solid was allowed to cool
to room temperature and sodium borohydride (0.80 mmol) was added and stirred for 30 min, during
which time the reaction turned clear and then cloudy. The resulting solids were filtered, washed
with ethanol, and purified using a prep-HPLC (gradient 10-100% acetonitrile w/ 0.1% TFA in
water w/ 0.1% TFA) to give the desired product.

[0191] (Scheme 1, Method B) A solution of 4-bromo-N-(thiazol-2-yl)benzene sulfonamide
(0.31 mmol) (3) in dioxane (1 mL) was added to a mixture of sodium tert-butoxide (0.78 mmol),
4,5-bis{diphenylphosphine}-9,9-dimethylxanthene (Xantphos) (0.02 mmol) and
tris{dibenzylidencacetone)dipaliadiom(0) (Pd,dbas) (6.27 umol) in dioxane (1 mL). The resulting
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mixture was degassed with argon for 15 min. then the requisite benzylamine (0.38 mmol) was
added, the vessel was sealed and heated to 100 °C for 30 min in Biotage® microwave reactor. The
reaction mixture was cooled to room temperature and filtered through celiteT.MSilicycle® silica
bound thiol was added and stirred overnight, again filtered through a pad of celite, concentrated,
and purified by prep-HPLC (gradient 10-100% acetonitrile w/ 0.1% TFA in water w/ 0.1% TFA) to
give the desired product.

[0192] (Scheme 1, Method C) 4-aminobenzenesulfonamide (4) (1.00 g, 5.81 mmol), 2-
hydroxy-3-methoxybenzaldehyde (1.00 g, 7.00 mmol) in EtOH (29 mL) was heated to reflux for 4
h until reaction is an orange turbid mixture. The reaction mixture was cooled to room temperature
before sodium borohydride (0.33 g, 8.71 mmol) was added and stirred for an additional 30 min. A
white solid forms after 30 min and is collected by filtration and washed with copious amounts of
ethanol, dried under vacuum and used as is in subsequent reactions. 'H NMR (400 MHz, DMSO-
ds) 6 7.60-7.27 (m, 2H), 6.75-6.40 (m, 4H), 6.06 (t,./= 7.63 Hz, 1H), 4.18 (s, 2H), and 3.65 (s,
3H); C NMR (101 MHz, DMSO) 8 40.37, 55.32, 108.91, 109.42, 109.55, 111.29, 111.40, 121.05,
125.05, 127.49, 129.92, 150.17, 152.36, and 156.94; LC-MS retention time (Method 1): 2.876 min.
General procedure: (Step iv) 4-(2-hydroxy-3-methoxybenzylamino)benzenesulfonamide (5) (0.58
mmol), arylbromide (0.70 mmol), K»CO; (1.45 mmol), N,N'-dimethylethylenediamine (0.29
mmol), and copper(Diodide (0.03 mmol) in 1,4-dioxane (1.5 mL) were place under N, and sealed
in a 5 mL sealed tube. The reaction was heated to 70 °C for 6 to 8 h and monitored by LC/MS
analysis. Upon completion the heterogeneous mixture was cooled to room temperature, filtered,
and washed with dioxane. The solution was passed through a thiol cartridge (metal scavenging),
diluted with AcOFEt and washed with NH4ClI (2X), water, and brine. The crude material was
purified using a prep-HPLC (gradient 10-100% acectonitrile w/ 0.1% TFA in water w/ 0.1% TFA) to
give the desired product.

[0193] (Scheme 1, Method D: Example) N-(benzo|d]thiazol-2-yl)-4-
nitrobenzenesulfonamide (7): (Step V) To a stirred solution of benzo[d]thiazol-2-amine (0.50 g,
3.35 mmol) in pyridine (1.60 mL, 20.08 mmol) was added 4-nitrobenzene sulfonyl chloride (6)
(0.82 g, 3.68 mmol) in three equal parts. The reaction mixture was heated for 75 min at 100 °C,
cooled to room temperature, after which time a yellow precipitate formed. The reaction mixture
was allowed to sit at room temperature for 2 h then the yellow solid was collected by filtration,
washed with ethanol, and dried under reduced pressure overnight to give 1.10 of the desired
product. '"H NMR (400 MHz, DMSO-ds) 8 8.90 (ddt,./ = 0.75, 1.63, and 5.59 Hz, 1H), 8.54, 8.41—
8.28 (m, 1H), 8.13-7.96 (m, 2H), 7.82 (dq, /= 0.80, and 7.96 Hz, 1H), 7.45-7.34 (m, 1H), 7.31-
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7.19 (m, 1H); LC-MS retention time (Method 1): 3.272 min; HRMS: m/z (M+H) = (Calculated for
Ci3H1oN304S,, 336.0107) found 336.0107.

[0194] 4-amino-N-(benzo|d]thiazol-2-yl)benzenesulfonamide: (Step VI) N-(benzo[d]thiazol-
2-yl)-4-nitrobenzenesulfonamide (0.20 g, 0.60 mmol), zinc (0.16 g, 2.39 mmol), acetic acid (0.14
mL, 2.39 mmol) was dissolved in MeOH (3 mL), and the mixture heated to 60 °C for 2 h. The
heterogencous mixture was filtered through a pad of celite washed with hot methanol, concentrated
and purified using prep-HPLC (gradient 10-100% acetonitrile w/ 0.1% NH4OH in water w/ 0.1%
NH4OH) to give the desired product. Alternate nitro reduction: N-(benzo[d]thiazol-2-yl)-4-
nitrobenzenesulfonamide was dissolved in MeOH/EtOAc/THF (1:1:1) to give a 0.05 M solution
passed through the H-Cube Pro® flow reactor using a 10% Pd/C, 70 mm CatCart” at 50 bar and 50
°C for two cycles at 0.9 mL/min. The solution was concentrated to give a pale yellow solid in a
quantitative yield. "H NMR (400 MHz, DMSO-de) & 7.49-7.34 (m, 3H), 7.18 (ddd, J = 0.56, 1.21,
and 8.00 Hz, 1H), 7.03 (ddd, J = 1.33, 7.24, and 7.97 Hz, 1H), 6.83 (ddd, /= 1.20, 7.25, and 7.68
Hz, 1H), 6.51-6.38 (m, 2H), 5.42 (s, 2H); LC-MS retention time (Mcthod 2): 3.933 min; HRMS:
m/z (M+H)" = (Calculated for C3H;2N:0,S,, 306.0365) found 306.0360.

[0195] N-(benzo|d|thiazol-2-yl)-4-((2-hydroxy-3-
methoxybenzyl)amino)benzenesulfonamide (Step VI, representative example) (35, ML355): 4-
amino-N-(benzo[d]thiazol-2-yl)benzenesulfonamide (0.10 g, 0.33 mmol), 2-hydroxy-3-
methoxybenzaldehyde (0.075 g, 0.491 mmol) were heated in EtOH (1.5 mL) at 90 °C for 18 h.
The reaction mixture was allowed to cool to room temperature before the addition of NaBH4 (0.04
g, 0.98 mmol), and stirred for an additional 6 h. After this time, the reaction mixture was quenched
with methanol and water then stirred for 20 min, the solids were filtered through celite, the filtrate
collected, and concentrated under reduced pressure to provide a yellow solid. The crude material
was purified using a prep-HPLC (gradient 10-100% acetonitrile w/ 0.1% TFA in water w/ 0.1%
TFA) to give the desired product. 'H NMR (400 MHz, DMSO-d) 5 12.86 (s, 1H), 8.73 (d, /= 0.5
Hz, 1H), 7.75 (ddd, J= 0.6, 1.2, and 7.9 Hz, 1H), 7.54-7.46 (m, 2H), 7.40-7.31 (m, 1H), 7.28-7.16
(m, 2H), 6.93-6.79 (m, 2H), 6.78—6.55 (m, 4H), 4.23 (d, J= 5.8 Hz, 2H) and 3.78 (s, 3H); °C
NMR (DMSO-ds) 6 ppm 152.4, 147.7, 144.3, 128.2, 125.7, 122.9, 120.4, 119.0, 111.4, 110.9, 56.2
and 40.6; LC-MS retention time (Method 1): 2.260 min; HRMS: m/z (M+H)" = (Calculated for
C21H19N304S,, 441.0817) found 441.0819.

[0196] General Methods for Chemistry. All air or moisture sensitive reactions were
performed under positive pressure of nitrogen with oven-dried glassware. Chemical reagents and
anhydrous solvents were obtained from commercial sources and used as-is. Preparative

purification was performed on a Waters semi-preparative HPLC. The column used was a
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Phenomenex Luna C18 (5 micron, 30 x 75 mm) at a flow rate of 45 mL/min. The mobile phase
consisted of acetonitrile and water (each containing 0.1% trifluoroacetic acid). A gradient of 10%
to 50% acetonitrile over 8 minutes was used during the purification. Fraction collection was
triggered by UV detection (220 nm). Analytical analysis for purity was determined by two different
methods denoted as Final QC Methods 1 and 2. Method 1: Analysis was performed on an Agilent
1290 Infinity Series HPLC. UHPLC Long Gradient Equivalent 4% to 100% acetonitrile (0.05%
trifluoroacetic acid) in water over 3.5 minutes run time of 4 minutes with a flow rate of 0.8
mL/min. A Phenomenex Kinetex 1.7 micron C18 column (2.1 x 100 mm) was used at a
temperature of 50 °C. Method 2: analysis was performed on an Agilent 1260 with a 7 minute
gradient of 4% to 100% acetonitrile (containing 0.025% trifluoroacetic acid) in water (containing
0.05% trifluoroacetic acid) over 8 minute run time at a flow rate of 1 mL/min. A Phenomenex
Luna C18 column (3 micron, 3 x 75 mm) was used at a temperature of 50 °C. Purity determination
was performed using an Agilent Diode Array Detector for both Method 1 and Method 2. Mass
determination was performed using an Agilent 6130 mass spectrometer with electrospray ionization
in the positive mode. All of the analogs for assay have purity greater than 95% based on both
analytical methods. 'H and *C NMR spectra were recorded on a Varian 400 (100) MHz
spectrometer. High resolution mass spectrometry was recorded on Agilent 6210 Time-of-Flight
LC/MS system.

[0197] Description of Embodiments of the Present Invention:

N O\\'s'/
GICL T
H

[0198] 4-(2-hydroxy-3-methoxybenzylamino)-/V-(thiazol-2-yl)benzenesulfonamide (1):
Method A: using 2-hydroxy-3-methoxybenzaldehyde; "H NMR (400 MHz, DMSO-de) & 8.67 (s,
1H), 7.44-7.33 (m, 2H), 7.00 (d, /= 4.20 Hz, 1H), 6.85-6.62 (m, 3H), 6.60-6.45 (m, 4H), 4.19 (d,
J=15.91Hz, 2H), and 3.77 (s, 3H); LC-MS retention time (Method 2): 4.394 min; HRMS: m/z
(M+H)" = (Calculated for C;,H;sN30,S;392.0733) found, 392.0726.
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[0199] 4-(benzylamino)-/V-(thiazol-2-yl)benzene sulfonamide TFA (8): Method A: using
benzaldehyde; 'H NMR (400 MHz, DMSO-ds) 5 12.39 (s, 1H), 7.48-7.39 (m, 2H), 7.35-7.13 (m,
6H), 6.99 (t, /= 6.00 Hz, 1H), 6.71 (d, /= 4.60 Hz, 1H), 6.62—6.54 (m, 2H), and 4.29 (d, /= 5.61
Hz, 2H); LC-MS retention time (Method 2): 4.780 min; HRMS: m/z (M+H)" = (Calculated for
Ci6H16N30,S; 346.0678) found, 346.0672.

SELePu.

[0200] 4-(2-hydroxybenzylamino)-/V-(thiazol-2-yl)benzene sulfonamide (9): Mcthod A:
using 2-hydroxybenzyaldehyde; 'H NMR (400 MHz, DMSO-dj) & 9.49 (s, 1H), 7.44-7.35 (m, 2H),
7.13 (dd, .J=1.65, and 7.55 Hz, 1H), 7.03 (ddd, ./ = 1.75, 7.32, and 8.01 Hz, 1H), 6.92—6.67 (m,
4H), 6.52-6.41 (m, 2H), 6.38-6.29 (m, 2H), and 4.17 (d, ./ = 5.68 Hz, 2H); LC-MS retention time
(Method 2): 4.213 min; HRMS: m/z (M-I-H)+ = (Calculated for C16H16N203S; 362.0628) found,
362.0620.

[0201] 4-(3-methoxybenzylamino)-/V-(thiazol-2-yl)benzene sulfonamide (10): Method B:
using (3-dimethoxyphenyl)methanamine; 'H NMR (400 MHz, DMSO-dy) & 7.48-7.41 (m, 2H),
7.27-7.19 (m, 1H), 7.18 (d, /= 4.63 Hz, 1H), 6.99 (t, /= 6.06 Hz, 1H), 6.93-6.85 (m, 2H), 6.79
(dd, J=1.10, and 2.48 Hz, 1H), 6.73 (d, /= 4.60 Hz, 1H), 6.63-6.55 (m, 2H), 4.27 (d, /= 5.92 Hz,
2H), and 3.72 (s, 3H); LC-MS retention time (Method 2): 4.777 min; HRMS: m/z (M4+Na)' =
(Calculated for C17H17N3NaO3S, 398.0604) found, 398.0584.

O ) ﬁ

[0202] 4-(2-methoxybenzylamino)-/V-(thiazol-2-yl)benzene sulfonamide TFA (11): Mecthod
B: using 2-dimethoxyphenyl)methanamine; 'H NMR (400 MHz, DMSO-d) & 12.39 (s, 1H), 7.48—
7.39 (m, 2H), 7.26-7.12 (m, 3H), 6.98 (dd, /= 1.03, and 8.26 Hz, 1H), 6.90-6.76 (m, 2H), 6.71 (d,
J=4.63 Hz, 1H), 6.59-6.50 (m, 2H), 4.23 (d, J = 5.89 Hz, 2H), and 3.81 (s, 3H); LC-MS retention
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time (Method 2): 4.888 min; HRMS: m/z (M-i—H)+ = (Calculated for C;7H;sN303S, 376.0784)
found, 376.0765.

Os /9
N =S5
[ \>—NH OMe
S N OMe
H

[0203] 4-(2,3-dimethoxybenzylamino)-/V-(thiazol-2-yl)benzene sulfonamide (12); Mcthod
B: using 2,3-dimethoxyphenyl)methanamine; 'H NMR (400 MHz, DMSO-de) & 7.46 (d, J = 8.78
Hz, 2H), 7.18 (d, / = 4.63 Hz, 1H), 7.06-6.90 (m, 2H), 6.87-6.79 (m, 2H), 6.73 (d, /= 4.58 Hz,
1H), 6.59 (d, J = 8.84 Hz, 2H), 4.28 (d, /= 5.90 Hz, 2H), and 3.78 (d, /= 13.99 Hz, 6H); LC-MS
retention time (Method 2): 4.756 min; HRMS: m/z (M+H) = (Calculated for C1gH2oN204S,

406.0890) found, 406.0885.
N
L

[0204] 4-(2-aminobenzylamino)-/N-(thiazol-2-yl)benzene sulfonamide (13): Method A:
using tert-butyl (2-formylphenyl)carbamate and removing the subsequent carbamate with 4 M HCl
in dioxane over 30 min. 'H NMR (400 MHz, DMSO-ds)  7.54-7.37 (m, 3H), 7.24-7.06 (m, 3H),
6.96 (d, J=7.86 Hz, 1H), 6.86 (h, /= 7.06 Hz, 1H), 6.74 (d, J = 4.61 Hz, 1H), 6.65-6.50 (m, 3H),
and 4.23 (s, 2H); LC-MS retention time (Method 1): 1.863 min; HRMS: m/z (M+H)" = (Calculated
for CisH7N40,S, 361.0787) found, 361.0784.

[0205] 4-(3-hydroxybenzylamino)-/V-(thiazol-2-yl)benzene sulfonamide (14): Method A:
using 3-hydroxybenzaldehyde; 'H NMR (400 MHz, DMSO-de) § 9.31 (s, 1H), 7.51-7.37 (m, 2H),
7.18 (d, J=4.62 Hz, 1H), 7.10 (t, /= 7.77 Hz, 1H), 6.97 (t,J = 5.90 Hz, 1H), 6.79-6.68 (m, 3H),
6.66-6.49 (m, 3H), and 4.31-4.14 (m, 2H); LC-MS retention time (Method 1): 1.775 min; HRMS:
m/z (M+H)" = (Calculated for C¢H;6N303S; 362.0628) found, 362.0614.
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[0206] 4-(2-amino-3-methoxybenzylamino)-/N-(thiazol-2-yl)benzenesulfonamide TFA (15):
Method A: using 3-methoxy-2-nitrobenzaldehyde; A heterogeneous solution of 4-(3-methoxy-2-
nitrobenzylamino)-N-(thiazol-2-yl)benzenesulfonamide (0.075 g, 0.178 mmol) in MeOH (1.8 mL),
AcOH (0.102 mL, 1.784 mmol) and zin¢ (0.023 g, 0.357 mmol) were stirred for 30 min, filtered
through celite, and washed with McOH. The filtratc was concentrated and purificd using a prep-
HPLC (gradient 10-100% acectonitrile w/ 0.1% TFA in water w/ 0.1% TFA) to give the desired
product; 'H NMR (400 MHz, DMSO-ds) 3 7.44 (d, /= 8.78 Hz, 2H), 7.17 (d, /= 4.61 Hz, 1H),
6.78 (dd, J=1.23, and 7.81 Hz, 1H), 6.75-6.67 (m, 3H), 6.56 (d, ./ = 8.82 Hz, 2H), 4.16 (s, 2H),
and 3.77 (s, 3H); LC-MS retention time (Method 1): 2.775 min; HRMS: m/z (M+H)" = (Calculated
for Ci17H19N403S, 391.0893) found, 391.0874.

OH
HU
OMe

[0207] 4-(3-hydroxy-4-methoxybenzylamino)-/N-(thiazol-2-yl)benzenesulfonamide (16):
Method A: using 3-hydroxy-4-methoxybenzaldehyde; 'H NMR (400 MHz, DMSO-ds) 3 8.86 (s,
1H), 7.52-7.32 (m, 2H), 7.15 (d, /= 4.61 Hz, 1H), 6.95-6.74 (m, 2H), 6.77-6.62 (m, 4H), 6.62—
6.49 (m, 2H), 4.13 (d, J = 5.92 Hz, 2H), and 3.70 (s, 3H);, LC-MS retention time (Method 2): 4.123
min; HRMS: m/z (M+H)" = (Calculated for C;7H;sN304S, 392.0733) found, 392.0719.

(@)
N S
E‘)—NH\©\ e

[0208] 4-((1H-indol-7-yl)methylamino)-N-(thiazol-2-yl)benzenesulfonamide (17): Method
A: using 1H-indole-7-carbaldehyde; "H NMR (400 MHz, DMSO-d) & 7.51-7.38 (m, 4H), 7.36—
7.31 (m, 1H), 7.16 (t, J = 4.53 Hz, 1H), 6.95-6.85 (m, 2H), 6.70 (d, /= 4.62 Hz, 1H), 6.67-6.57
(m, 2H), 6.44 (dd, /= 1.83, and 3.08 Hz, 1H), and 4.53 (d, J = 5.67 Hz, 2H); LC-MS retention time
(Method 2): 4.899 min; HRMS: m/z (M+H)" = (Calculated for C;sH;7N40,S; 385.0787) found,
385.0774.
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[0209] 4-(2,3-dichlorobenzylamino)-/V-(thiazol-2-yl)benzenesulfonamide (18): Mcthod A:
using 2,3-dichlorobenzaldehyde; LC-MS retention time (Method 2): 5.786 min; HRMS: m/z
(M+H)" = (Calculated for C,¢H4C1:N:0,S;413.9899) found, 413.9907.

[0210] 4-(3-chloro-2-hydroxybenzylamino)-N-(thiazol-2-yl)benzenesulfonamide (19):
Method A: using 3-chloro-2-hydroxybenzaldehyde; 'H NMR (400 MHz, DMSO-dy) 8 7.48-7.35
(m, 2H), 7.21 (dd, J=1.63, and 7.94 Hz, 1H), 7.13-7.02 (m, 1H), 6.87 (d, /= 3.82 Hz, 1H), 6.76 (t,
J=7.77 Hz, 1H), 6.51-6.43 (m, 2H), 6.35 (d, J = 3.82 Hz, 1H), and 4.25 (s, 2H); LC-MS retention
time (Method 1): 2.076 min; HRMS: m/z (M+Na)' = (Calculated for C16H4C1 N3sNaO3S; 419.0085)
found, 419.0047.

N, §
St

[0211] 4-(3-fluoro-2-hydroxybenzylamino)-/NV-(thiazol-2-yl)benzenesulfonamide (20):
Method A: using 3-fluoro-2-hydroxybenzaldehyde; 'H NMR (400 MHz, DMSO-ds) 3 9.63 (s, 1H),
7.49-7.33 (m, 2H), 7.08-6.93 (m, 2H), 6.91-6.80 (m, 1H), 6.72 (t, J=7.94 Hz, 1H), 6.51-6.38 (m,
3H), 6.34 (d, /= 3.80 Hz, 1H), and 4.23 (d, J = 3.52 Hz, 2H); LC-MS retention time (Method 1):
2.076 min; HRMS: m/z (M+H)" = (Calculated for CsH;sFN505S, 380.0533) found, 380.0521.

N O\\'S/
Ba) CWE
S N Br
H

[0212] 4-(3-bromo-2-hydroxybenzylamino)-/NV-(thiazol-2-yl)benzenesulfonamide, (21);
Mecthod A: using 3-bromo-2-hydroxybenzaldehyde; 'H NMR (400 MHz, DMSO-de) & 9.64 (s, 1H),
8.16-8.02 (m, 1H), 7.86 (d, /= 8.75 Hz, 2H), 7.79 (dd, J = 1.59, and 7.90 Hz, 1H), 7.58 (d, J =
4.61 Hz, 1H), 7.52 (dd, /= 1.56, and 7.59 Hz, 1H), 7.28 (s, 1H), 7.14 (t,./ = 7.78 Hz, 1H), 6.96 (d,



CA 02926950 2016-04-08

WO 2015/054662 48 PCT/US2014/060174

J=8.89 Hz, 2H), and 4.69 (d, J = 5.79 Hz, 2H);, LC-MS retention time (Method 2): 4.777 min;
HRMS: m/z (M+H) = (Calculated for C,sH;sBrN303S,441.9712) found, 441.9705.

N =S
Bl G
S N/\@\
H
Br

[0213] 4-(4-bromo-2-hydroxybenzylamino)-N-(thiazol-2-yl)benzenesulfonamide (22):
Method A: using 4-bromo-2-hydroxybenzaldehyde; 'H NMR (400 MHz, DMSO-de) & 10.06 (s,
1H), 7.47-7.34 (m, 2H), 7.03 (d, /= 8.13 Hz, 1H), 6.99-6.92 (m, 2H), 6.88 (dd, /= 1.97, and 8.10
Hz, 1H), 6.65-6.31 (m, 4H), and 4.12 (d, J = 5.91 Hz, 2H); LC-MS retention time (Method 1):
2.938 min; HRMS: m/z (M+H)" = (Calculated for C16H,sBrN305S;441.9712) found, 441.9704.

-, 1 -

[0214] 4-(2-hydroxy-3-methylbenzylamino)-/V-(thiazol-2-yl)benzenesulfonamide (23):
Method A: using 2-hydroxy-3-methylbenzaldehyde; 'H NMR (400 MHz, DMSO-ds) 5 8.25 (s,
1H), 7.34-7.21 (m, 2H), 7.00 (d, /= 4.62 Hz, 1H), 6.84-6.75 (m, 2H), 6.64-6.48 (m, 3H), 6.44—
6.31 (m, 2H), 4.08 (d, J = 5.76 Hz, 2H), and 2.01 (s, 3H);, LC-MS retention time (Method 1): 2.083
min; HRMS: m/z (M+H)+ = (Calculated for C17H;5N303S, 376.0784) found, 376.0779.

N 8
Bl GW

[0215] 4-(3-amino-2-hydroxybenzylamino)-/V-(thiazol-2-yl)benzenesulfonamide (24):
Method A: using 2-hydroxy-3-nitrobenzaldehyde and reducing the nitro-group with zinc and acetic
acid conditions (see compound 15 for details). '"H NMR (400 MHz, DMSO-ds) & 7.49-7.39 (m,
2H), 7.17 (d, J=4.65 Hz, 1H), 6.92 (t, J= 8.63 Hz, 2H), 6.85-6.69 (m, 3H), 6.60-6.50 (m, 2H),
and 4.28 (s, 2H); LC-MS retention time (Method 1): 2.263 min; HRMS: m/z (M+H)" = (Calculated
for C16H7N403S,377.0737) found, 377.0730.

N =5
E \>—NH OH
S /\@NOz
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[0216] 4-(2-hydroxy-3-nitrobenzylamino)-/N-(thiazol-2-yl)benzenesulfonamide (25):
Method 1A: using 2-hydroxy-3-nitrobenzaldehyde; 'H NMR (400 MHz, DMSO-ds) & 7.88 (dd, J =
1.65, and 8.43 Hz, 1H), 7.58-7.24 (m, 3H), 7.17 (d, /= 4.66 Hz, 1H), 7.05-6.88 (m, 2H), 6.72 (d,
J=4.61 Hz, 1H), 6.67-6.34 (m, 2H), and 4.33 (d, /= 4.46 Hz, 2H); LC-MS retention time (Method
2): 4.742 min; HRMS: m/z (M+H)" = (Calculated for C16H;sN405S,407.0478) found, 407.0465.

N =8
ES\>_N H\©\ /\5/\/
N

[0217] 4-(3-allyl-2-hydroxybenzylamino)-N-(thiazol-2-yl)benzenesulfonamide TFA (26):
Method A: using 3-allyl-2-hydroxybenzaldehyde; 'H NMR (400 MHz, DMSO-d) 3 12.41 (s, 1H),
8.47 (s, 1H), 7.49-7.38 (m, 2H), 7.17 (d, /= 4.61 Hz, 1H), 6.96 (ddd, /= 1.73, 7.52, and 22.52 Hz,
2H), 6.80—6.65 (m, 3H), 6.61-6.50 (m, 2H), 5.93 (ddt, J = 6.63, 10.04, and 16.79 Hz, 1H), 5.08—
4.95 (m, 2H), 4.25 (s, 2H), and 3.34 (dt,./ = 1.44, and 6.58 Hz, 2H); LC-MS retention time
(Method 1): 3.155 min; HRMS: m/z (M+H)+ = (Calculated for C;9H,0N303S; 402.0941) found,

402.0926.
N =S
GBI
S N/\©\
H
Cl

[0218] 4-(4-chloro-2-hydroxybenzylamino)-/V-(thiazol-2-yl)benzenesulfonamide (27):
Mecthod A: using 4-chloro-2-hydroxybenzaldehyde; "H NMR (400 MHz, DMSO-ds) & 7.38 (d, J =
8.6 Hz, 2 H), 7.07 (d,./= 8.2 Hz, 1 H), 6.92—6.61 (m, 3 H), 6.49-6.20 (m, 4 H), and 4.12 (s, 2 H);
LC-MS retention time (Method 2): 4.700 min; HRMS: m/z (M+H)" = (Calculated for
C16H,5CIN303S; 396.0238) found, 396.0220.

[0219] 4-(2-hydroxy-4-methoxybenzylamino)-/N-(thiazol-2-yl)benzenesulfonamide (28):
Method A: using 2-hydroxy-4-methoxybenzaldehyde; 'H NMR (400 MHz, DMSO-dq) § 9.51 (s,
1H), 7.41-7.32 (m, 2H), 7.00 (d, /= 8.37 Hz, 1H), 6.87-6.80 (m, 1H), 6.49-6.39 (m, 2H), 6.36 (d,
J=2.47 Hz, 1H), 6.34-6.26 (m, 2H), 6.21 (t, /= 5.86 Hz, 1H), 4.07 (d, J = 5.77 Hz, 2H), and 3.63
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(s, 3H); LC-MS retention time (Method 1): 3.155 min; HRMS: m/z (M+H)™ = (Calculated for
C17H18N304SQ 3920733) fOLlIld, 392.0715.

N S
L~ L
S N/\©

H

Cl

[0220] 4-(5-chloro-2-hydroxybenzylamino)-/N-(thiazol-2-yl)benzenesulfonamide (29):
Method A: using 5-chloro-2-hydroxybenzaldehyde; 'H NMR (400 MHz, DMSO-ds) & 10.00 (s,
1H), 7.48-7.37 (m, 2H), 7.13-7.00 (m, 3H), 6.89-6.76 (m, 2H), 6.64 (d, /= 4.44 Hz, 1H), 6.58-
6.48 (m, 2H), and 4.17 (d, /= 5.97 Hz, 2H); LC-MS retention time (Method 2): 4.610 min; HRMS:
m/z (M+H)" = (Calculated for C1sH;5CIN303S,396.0238) found, 396.0233.

S0l
S NA@
H

OMe

[0221] 4-(2-hydroxy-5-methoxybenzylamino)-/N-(thiazol-2-yl)benzenesulfonamide (30):
Method A: using 2-hydroxy-5-methoxybenzaldehyde; 'H NMR (400 MHz, DMSO-ds) 3 9.12 (s,
1H), 7.47-7.38 (m, 2H), 7.08 (d, J = 4.44 Hz, 1H), 6.77-6.65 (m, 3H), 6.65-6.48 (m, 4H), 4.15 (d,
J=15.91Hz, 2H), and 3.56 (s, 3H); LC-MS retention time (Method 2): 4.137 min; HRMS: m/z
(M+H)" = (Calculated for C;,H;sN30,S,392.0733) found, 392.0725.

E:\*@ﬁmﬁ

NH,

[0222] 4-(5-amino-2-hydroxybenzylamino)-/V-(thiazol-2-y)benzenesulfonamide (31):
Method A: using 2-hydroxy-5-nitrobenzylaldehyde and reducing the nitro-group with zinc and
acetic acid conditions (see compound 15 for details). 'H NMR (400 MHz, DMSO-ds) & 9.92 (s,
1H), 7.46 (d, /= 8.83 Hz, 2H), 7.18 (d, /= 4.64 Hz, 1H), 7.04—6.92 (m, 2H), 6.86 (d, ./ = 8.23 Hz,
111), 6.73 (d, /= 4.66 Tz, 111), 6.53 (d, J= 8.83 Tz, 2I1), and 4.22 (d, /= 5.77 Hz, 211); LC-MS
retention time (Method 1): 2.165 min; HRMS: m/z (M-i—H)+ = (Calculated for C16H17N403S,
377.0737) found, 377.0719.
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[0223] 4-(5-fluoro-2-hydroxybenzylamino)-/V-(thiazol-2-yl)benzenesulfonamide (32):
Method A: using 5-fluoro-2-hydroxybenzaldehyde; 'H NMR (400 MHz, DMSO-ds) 5 9.63-9.54
(m, 1H), 7.44-7.33 (m, 2H), 6.92-6.73 (m, 4H), 6.51-6.36 (m, 3H), 6.36-6.29 (m, 1H), and 4.14
(d, J=6.00 Hz, 2H); LC-MS retention time (Method 1): 3.017 min; HRMS: m/z (M+H) =
(Calculated for C6H;sFN303S; 380.0533) found, 380.0526.

N 85
A1
S N/\©
H

NO,

[0224] 4-(2-hydroxy-5-nitrobenzylamino)-N-(thiazol-2-yl)benzenesulfonamide (33):
Method A: using 2-hydroxy-5-nitrobenzylaldehyde; 'H NMR (400 MHz, DMSO-ds) 6 ppm
7.92-7.76 (m, 2 H), 7.41 (d, /= 9.0 Hz, 2 H), 6.97 (d, /= 4.3 Hz, 1 H), 6.56—6.40 (m, 4 H), 5.74
(s, 1 H), and 4.10 (s, 2 H); LC-MS retention time (Mecthod 2): 4.273 min; HRMS: m/z (M+H)" =
(Calculated for CisH15N4OsS,407.0478) found, 407.0470.

0s.
N OH
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[0225] 4-(2-hydroxy-6-methoxybenzylamino)-VN-(thiazol-2-y)benzenesulfonamide (34):
Method B: using 2-hydroxy-6-methoxybenzaldehyde; 'H NMR (400 MHz, DMSO-ds) 3 9.59 (s,
1H), 7.74-7.54 (m, 1H), 7.42 (d, /= 8.79 Hz, 2H), 7.24-7.05 (m, 1H), 6.68 (d, J = 8.87 Hz, 2H),
6.46 (ddd, J=0.93, 7.08, and 8.22 Hz, 2H), 6.22 (d, /= 5.51 Hz, 1H), 4.12 (d, /= 5.21 Hz, 2H),
and 3.74 (s, 3H); LC-MS retention time (Method 1): 2.960 min; HRMS: m/z (M+H)" = (Calculated
for C17H1sN304S, 392.0733) found, 392.0716.

0
N s
: OH
LTl aes
(o) e



CA 02926950 2016-04-08

WO 2015/054662 57 PCT/US2014/060174

[0226]  N-(benzo|d]oxazol-2-yl)-4-((2-hydroxy-3-
methoxybenzyl)amino)benzenesulfonamide (36): Method C: using 2-bromobenzoxazole; 'H
NMR (600 MHz, DMSO-de) 6 12.40 (s, 1H), 8.71 (s, 1H), 7.55 (dd, J=2.60, and 9.29 Hz, 2H),
7.43 (d, J=7.93 Hz, 1H), 7.31-7.25 (m, 1H), 7.26— 7.20 (m, 1H), 7.16 (td, /= 1.42, and 7.82 Hz,
1H), 6.86 (t,J = 5.64 Hz, 1H), 6.81 (dd, J=1.72, and 7.88 Hz, 1H), 6.75-6.69 (m, 1H), 6.66 (t,.J =
7.85 Hz, 1H), 6.61-6.54 (m, 2H), 4.21 (d, J = 5.58 Hz, 2H), and 3.76 (d, J=2.79 Hz, 3H); "°C
NMR (151 MHz, DMSO-ds) 6 156.01, 152.37, 147.74, 144.28, 128.27, 125.73, 12545, 123.67,
120.40, 119.06, 112.19, 111.31, 110.88, 110.59, 56.23, and 41.15; LC-MS retention time (Method
2): 4.848 min; HRMS: m/z (M+H)" = (Calculated for C;Hz0N305S 426.1118) found, 426.1098.
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[0227]  N-(1H-benzo[d]imidazol-2-yl)-4-((2-hydroxy-3-
methoxybenzyl)amino)benzenesulfonamide (37): Method D: using 2-aminobenzimidazole and 2-
hydroxy-3-methoxybenzaldehyde; "H NMR (600 MHz, DMSO-ds) & 11.68 (s, 2H), 7.56—7.49 (m,
2H), 7.22 (dt, J = 3.37, and 5.83 Hz, 2H), 7.06 (dt, J = 3.34, and 5.73 Hz, 2H), 6.79 (dd, J = 1.71,
and 7.99 Hz, 1H), 6.71 (dd, /= 1.59, and 7.73 Hz, 1H), 6.65 (t,/="7.83 Hz, 1H), 6.58-6.50 (m,
2H), 4.19 (s, 2H), and 3.75 (s, 3H). *C NMR (151 MHz, DMSO-d;) & 151.47, 150.22, 147.72,
144.26, 130.61, 129.89, 127.61, 125.79, 122.59, 120.44, 119.05, 111.46, 111.09, 110.86, 56.23, and
41.32; LC-MS retention time (Method 2): 4.454min; HRMS: m/z (M+H)" (Calculated for
C21H20N4048S, 424.1205) found 424.1202.
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[0228] 4-(2-hydroxy-3-methoxybenzylamino)-N-(thiophen-2-yl)benzenesulfonamide (38):
Method C: using 2-bromothiophene; 'H NMR (400 MHz, DMSO-ds) 8 8.73 (s, 1 H), 7.38—7.28 (m,
1 H), 7.05-6.98 (m, 1 H), 6.91 (t, /= 6.1 Hz, 1 H), 6.83 (dd, /= 2.0, and 7.8 Hz, 1 H), 6.78—6.64
(m, 3 H), 6.61-6.52 (m, 2 H), 6.51-6.43 (m, 1 H), 4.25 (s, 2 H), and 3.80 (s, 3 H); LC-MS retention
time (Method 1): 2.435 min; HRMS: m/z (M+H)" (Calculated for CsH;oN,04S,, 391.0781) found
391.0773.
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[0229] 4-((2-hydroxy-3-methoxybenzyl)amino)-/NV-(4-methylbenzo[d] thiazol-2-
yDbenzenesulfonamide TFA (39): Method D: using 2-amino-4-methylbenzthiazole and 2-
hydroxy-3-methoxybenzaldehyde; "H NMR (400 MHz, DMSO-ds) & 12.76 (s, 1H), 8.71 (s, 1H),
7.58-7.45 (m, 3H), 7.18-7.05 (m, 2H), 6.81 (dd, J=1.73, and 7.89 Hz, 1H), 6.76-6.54 (m, 4H),
4.21 (s, 2H), 3.76 (s, 3H), and 2.34 (s, 3H); LC-MS retention time (Method 2): 5.522 min; HRMS:
m/z (M+H)" (Calculated for C,,H,,N304S,, 456.1046) found 456.1037.
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[0230] 4-(2-hydroxy-3-methoxybenzylamino)-N-(4-methylthiazol-2-yl)benzenesulfonamide
TFA (40): Method C: using 2-bromo-4-methylthiazole; 'H NMR (400 MHz, DMSO-ds) 8 12.31 (s,
1 H), 8.70 (s, 1 H), 7.48—7.32 (m, 3 H), 6.89-6.72 (m, 6 H), 6.61-6.47 (m, 3 H), 6.27 (s, 1 H), 4.20
(d, /J=5.90 Hz, 2 H), 3.76 (s, 3 H), and 1.95 (s, 3 H); LC-MS retention time (Method 1): 1.962
min; HRMS: m/z (M+H) " (Calculated for C1sH20N304S,, 406.0890) found 406.0875.
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[0231] 4-(2-hydroxy-3-methoxybenzylamino)-/V-(5-methylthiazol-2-yl)benzenesulfonamide
TFA (41): Method D: using 2-amino-5-methylthiazole and 2-hydroxy-3-methoxybenzaldehyde; 'H
NMR (400 MHz, DMSO-ds) 6 12.05 (s, 1H), 8.73 (s, 1H), 7.46-7.38 (m, 2H), 6.91-6.63 (m, 5H),
6.59-6.51 (m, 2H), 4.20 (d, /= 5.86 Hz, 2H), 3.77 (s, 3H), and 2.13 (d, /= 1.39 Hz, 3H); LC-MS
retention time (Method 1): 3.182 min; HRMS: m/z (M+H) " (Calculated for C15H;0N304S,,
406.0890) found 406.0889.

N S
T~ K
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[0232] 4-((2-hydroxy-3-methoxybenzyl)amino)-/NV-(5-phenylthiazol-2-
yl)benzenesulfonamide TFA (42): Method D: using 2-amino-5-phenylthiazole and 2-hydroxy-3-
methoxybenzaldehyde; 'H NMR (400 MHz, DMSO-ds) 3 12.59 (s, 1H), 8.70 (s, 1H), 7.68 (s, 1H),
7.56-7.25 (m, 8H), 6.87-6.78 (m, 2H), 6.79-6.62(m, 2H), 6.61-6.53 (m, 2H), 4.21 (d, J= 5.8 Hz,
2H), and 3.76 (s, 3H); LC-MS retention time (Method 2): 5.417 min; HRMS: m/z (M+H) "
(Calculated for C3H2;N304S,, 468.1046) found 468.1028.

T2
Me” S N’\©/ OMe
H

[0233] N-(4,5-dimethylthiazol-2-yl1)-4-(2-hydroxy-3-
methoxybenzylamino)benzenesulfonamide TFA (43): Mecthod C: using 2-bromo-4,5-
dimethylthiazole; "H NMR (400 MHz, DMSO-d¢) & 12.25 (s, 1H), 8.94 (d, /= 0.71 Hz, 1H), 7.73—-
7.45 (m, 2H), 7.13-6.80 (m, 4H), 6.83-6.62 (m, 2H), 4.53—-4.25 (m, 2H), 3.98 (d, /= 0.60 Hz, 3H),
ad 2.35-1.95 (m, 6H); LC-MS retention time (Method 2): 4.859 min; HRMS: m/z (M+H)"
(Calculated for C19H1N304S;, 420.1046) found 420.1037.
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[0234] 4-(2-hydroxy-3-methoxybenzylamino)-/V-(5-methylisoxazol-3-
yDbenzenesulfonamide TFA (44): Method D: using 3-amino-5-methylisoxazole and 2-hydroxy-3-
methoxybenzaldehyde; 'H NMR (400 MHz, DMSO-ds) 3 10.91 (d, J = 1.25 Hz, 1H), 8.76 (d, J =
3.84 Hz, 1H), 7.77-7.55 (m, 1H), 7.52-7.28 (m, 2H), 7.02 (t, / = 5.41 Hz, 1H), 6.77-6.64 (m, 2H),
6.63-6.51 (m, 2H), 6.11-6.02 (m, 1H), 4.27-4.14 (m, 2H), 3.77 (d, /= 1.18 Hz, 3H), and 2.26 (s,
3H); LC-MS retention time (Method 2): 4.804 min; HRMS: m/z (M+H)' (Calculated for
CisH20N305S, 390.1118) found 390.1109.
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[0235] 4-((2-hydroxy-3-methoxybenzyl)amino)-V-(3-methoxyphenyl)benzenesulfonamide
(45): Method C: using 1-bromo-3-methoxybenzene; 'H NMR (400 MHz, DMSO-dy) § 9.87 (s, 1H),
8.73 (d, J=0.5 Hz, 1H), 7.48-7.36 (m, 2H), 7.13-7.03 (m, 1H), 6.95-6.80 (m, 2H), 6.77-6.47 (m,
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7H), 4.20 (d, /= 5.8 Hz, 2H), 3.78 (s, 3H), and 3.64 (s, 3H); LC-MS retention time (Method 2):
5.437 min; HRMS: m/z (M-i—H)+ (Calculated for C,;H»3N,0sS, 415.1322) found 415.1302.

N 058
/4 \ N'H OH
— N /\©/O Me
H

[0236] 4-(2-hydroxy-3-methoxybenzylamino)-/N-(quinolin-3-yl)benzenesulfonamide TFA
(46): Mecthod C: using 3-bromoquinoline; '"H NMR (400 MHz, DMSO-ds) & 9.99 (d, J = 1.27 Hz,
1H), 8.20 (dd, J=0.78, and 2.71 Hz, 1H), 7.60-7.33 (m, 3H), 7.17 (dddd, J = 1.31, 6.90, 8.19, and
31.70 Hz, 2H), 7.09-7.04 (m, 2H), 6.41 (dd, J= 1.94, 7.69 Hz, 1H), 6.30-6.20 (m, 2H), 6.17-6.10
(m, 2H), 3.76 (s, 2H), and 3.36 (s, 3H); LC-MS retention time (Method 1): 2.304 min; HRMS: m/z
(M+H)" (Calculated for CpsHN304S, 436.1326) found 436.1316.
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[0237] 4-(2-hydroxy-3-methoxybenzylamino)-V-(isoquinolin-8-yl)benzenesulfonamide
(47): Method C: using 8-bromoisoquinoline; 'H NMR (400 MHz, DMSO-de) 5 10.34-10.24 (s,
1H), 9.56 (s, 1H), 8.74 (s, 1H), 8.54 (d, J=5.95 Hz, 1H), 8.02 (d, /= 5.96 Hz, 1H), 7.91-7.73 (m,
2H), 7.44-7.29 (m, 3H), 6.85 (t,J = 4.80 Hz, 1H), 6.76-6.62 (m, 2H), 6.61-6.44 (m, 2H), 4.19 (s,
2H), and 3.79 (s, 3H); LC-MS retention time (Method 1): 1.914 min; HRMS: m/z (M+Na)"
(Calculated for C3H,NaN3O4S, 458.1145) found 458.1129.
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[0238] 4-(2-hydroxy-3-methoxybenzylamino)-N-phenylbenzenesulfonamide TFA (48):
Method C: using bromobenzene; "H NMR (400 MHz, DMSO-d¢) 8 9.85 (s, 1H), 8.73 (d, J=2.23
Hz, 1H), 7.42-7.34 (m, 2H), 7.21-7.12 (m, 2H), 7.06-6.99 (m, 2H), 6.98-6.91 (m, 1H), 6.82 (dd, J
=1.86, and 7.72 Hz, 1H), 6.74—6.64 (m, 2H), 6.57-6.49 (m, 2H), 4.31-3.99 (m, 2H), and 3.76 (s,
3H); LC-MS retention time (Method 1): 2.750 min; HRMS: m/z (M+H) (Calculated for
Cy0H21N,048S, 385.1217) found 385.1223.
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[0239] 4-((2-hydroxy-3-methoxybenzyl)amino)-/V-(naphthalen-1-yl)benzenesulfonamide
(49): Method D: using naphthalen-1-amine and 2-hydroxy-3-methoxybenzaldehyde; 'H NMR (400
MHz, DMSO-ds) 6 9.74 (s, 1H), 8.73 (s, 1H), 8.06 (ddd, /= 0.74, 1.48, and 8.45 Hz, 1H), 7.89-
7.82 (m, 1H), 7.72 (d, J = 8.15 Hz, 1H), 7.54-7.27 (m, SH), 7.15 (dd, J = 1.05, and 7.45 Hz, 1H),
6.85 (q, /= 4.87 Hz, 2H), 6.75-6.66 (m, 2H), 6.57-6.47 (m, 2H), 4.19 (d, /= 5.65 Hz, 2H), and
3.79 (s, 3H); LC-MS retention time (Mecthod 1): 2.744 min; HRMS: m/z (M+H)" (Calculated for
C24H23N» 048, 435.1373) found 435.1392.
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[0240] 4-((2-hydroxy-3-methoxybenzyl)amino)-/V-(naphthalen-2-yl)benzenesulfonamide
(50):

[0241] Method D: using naphthalen-2-amine and 2-hydroxy-3-methoxybenzaldehyde; "H NMR
(400 MHz, DMSO-ds) 6 10.11 (d, /= 1.4 Hz, 1H), 8.71 (s, 1H), 7.81-7.67 (m, 3H), 7.54-7.30 (m,
5H), 7.27 (dt,J= 1.9, and 8.8 Hz, 1H), 6.94-6.76 (m, 2H), 6.76-6.61 (m, 2H), 6.53 (dd, /= 8.8, 1.7
Hz, 2H), 4.16 (s, 2H), and 3.77 (s, 3H); LC-MS retention time (Method 1): 3.281 min; HRMS: m/z
(M+H)" (Calculated for C24H,3N,04S, 435.1373) found 435.1373.
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[0242]  N-([1,1'-biphenyl]-4-yl)-4-((2-hydroxy-3-
methoxybenzyl)amino)benzenesulfonamide (51): Method D: using biphenyl-4-amine and 2-
hydroxy-3-methoxybenzaldehyde; 'H NMR (400 MHz, DMSO-dy) & 9.99 (s, 1H), 8.72 (s, 1H),
7.60-7.35 (m, 8H), 7.34-7.24 (m, 1H), 7.18-7.09 (m, 2H), 6.90 (t, /= 5.9, Hz, 1H), 6.82 (dd, J =
1.7, and 7.8 Hz, 1H), 6.76-6.62 (m, 2H), 6.61-6.52 (m, 2H), 4.19 (d, /= 5.8 Hz, 2H), and 3.77 (s,
3H); LC-MS retention time (Method 2): 6.433 min; HRMS: m/z (M+H)" (Calculated for
Cy6H,5N2 048, 461.1530) found 461.1529.
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[0243]  N-(|1,1'-biphenyl]-3-yl)-4-((2-hydroxy-3-
methoxybenzyl)amino)benzenesulfonamide (52): Method C: using 3-bromo-1,1'-biphenyl; 'H
NMR (400 MHz, DMSO-ds) 89.98 (s, 1H), 8.72 (s, 1H), 7.55-7.19 (m, 11H), 7.06 (ddd, J= 1.5,
2.2, and 7.6 Hz, 1H), 6.96-6.73 (m, 2H), 6.75—6.49 (m, 4H), 4.20 (d, /= 5.8 Hz, 2H), and 3.78 (s,
3H); LC-MS retention time (Method 2): 6.131 min; HRMS: m/z (M+H)" (Calculated for
Ca6H25N2048S, 461.1530) found 461.1521.
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[0244] 4-((2-hydroxy-3-methoxybenzyl)amino)-/V-(3-(piperazin-1-
yl)phenyl)benzenesulfonamide (53): Mcthod 1C: using tert-butyl 4-(3-bromophenyl)piperazine-1-
carboxylatc and the Boc group was removed after the reductive amination with 4 M HCI in
dioxancs over a 30 min period. '"H NMR (400 MHz, DMSO-ds) & 9.80 (s, 1H), 8.75 (s, 1H), 7.47—
7.38 (m, 2H), 7.05 (t,J = 8.12 Hz, 1H), 6.95-6.81 (m, 2H), 6.77-6.65 (m, 3H), 6.64-6.51 (m, 4H),
4.20 (d,./=5.58 Hz, 2H), 3.79 (s, 3H), 3.21 (s, 8H), and 0.88—0.76 (m, 1H); LC-MS retention time
(Method 1): 1.660 min; HRMS: m/z (M+H)" (Calculated for Co4H20N404S, 469.1904) found
469.1897.
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[0245] 4-(2-hydroxy-3-methoxybenzylamino)-/V-(4-(piperazin-1-
yl)phenyl)benzenesulfonamide (54): Method D: using tert-butyl 4-(4-aminophenyl)piperidine-1-
carboxylate and 2-hydroxy-3-methoxybenzaldehyde. The Boc group was removed after the
reductive amination with 4 M HCl/dioxanes for 1 h at rt. "H NMR (400 MHz, DMSO-ds) 6 9.50 (s,
1H), 8.74 (d, J = 0.47 Hz, 1H), 7.39-7.30 (m, 2H), 6.98-6.79 (m, 6H), 6.78—6.65 (m, 2H), 6.59-
6.50 (m, 2H), 4.20 (d, J = 5.63 Hz, 2H), 3.79 (s, 3H), and 3.19 (s, 8H); LC-MS retention time
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(Method 1): 1.648 min; HRMS: m/z (M+H)" (Calculated for C24H2oN404S, 469.1904) found
469.1900.

[0246] 4-((2-hydroxy-3-methoxybenzyl)amino)-/V-(4-(piperidin-4-
yl)phenyl)benzenesulfonamide (55): Mcthod D: using tert-butyl 4-(4-aminophenyl)piperidine-1-
carboxylate and 2-hydroxy-3-methoxybenzaldchyde. The Boc group was removed after the
reductive amination with 4 M HCl in dioxanc for 1 h at rt. "H NMR (400 MHz, DMSO-ds) § 10.03
(s, 1H), 892 (d, J = 0.5 Hz, 1H), 7.63-7.56 (m, 2H), 7.32-7.15 (m, 6H), 6.95-6.82 (m, 2H), 6.78-
6.68 (m, 2H), 4.37 (d, J=5.7 Hz, 2H), 3.96 (s, 3H), 3.57-3.42 (m, 4H), 3.14-3.01 (m, 4H), and
2.90 (d, J= 11.4 Hz, 1H); LC-MS retention time (Method 1): 1.710 min; HRMS: m/z (M+H)"
(Calculated for CysH3pN304S, 468.1952) found 468.1935.
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[0247] 4-(2-hydroxy-3-methoxybenzylamino)-/V-(6-(piperazin-1-yl)pyridin-3-
ylbenzenesulfonamide (56): Mcthod C: using tert-butyl 4-(5-bromopyridin-2-yl)piperazine-1-
carboxylate, and the Boc group was removed after the reductive amination with 4 M HCl/dioxanes
over a 1 h. "H NMR (400 MHz, DMSO-dc) 8 9.57 (s, 1H), 9.12 (d,J = 7.21 Hz, 2H), 7.74 (d, J =
2.65 Hz, 1H), 7.31 (dd, J = 4.87, and 7.36 Hz, 2H), 7.07 (s, 1H), 6.89-6.80 (m, 2H), 6.76-6.59 (m,
2H), 6.60-6.51 (m, 2H), 4.19 (s, 2H), 3.77 (s, 3H), 3.75-3.53 (m, 4H), and 3.17-3.07 (m, 4H); LC-
MS retention time (Mcthod 1): 1.993 min; HRMS: m/z (M+H) " (Calculated for Ca3H2sNsO4S,
470.1857) found 470.1848.
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[0248] 4-(2-hydroxy-3-methoxybenzylamino)-V-(6-methylpyridin-3-
yl)benzenesulfonamide (57): Method C: using 5-bromo-2-methylpyridine; "H NMR (400 MHz,
DMSO-ds) 6 10.10 (s, 1H), 8.61 (s, 1H), 8.02 (dd, /= 0.68, 2.63 Hz, 1H), 7.47-7.39 (m, 1H), 7.32—
7.23 (m, 2H), 7.18 (d, J = 8.47 Hz, 1H), 6.70 (dd, J=1.92, and 7.68 Hz, 1H), 6.63-6.50 (m, 2H),
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6.48-6.40 (m, 2H), 4.06 (s, 2H), 3.64 (s, 3H), and 2.28 (s, 3H); LC-MS retention time (Method 1):
1.840 min; HRMS: m/z (M+H)" (Calculated for C20H22N304S, 400.1326) found 400.1315.
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[0249] 4-(2-hydroxy-3-methoxybenzylamino)-N-(pyridin-2-yl)benzenesulfonamide (58):
Method C: using 2-bromopyridine; 'H NMR (400 MHz, DMSO-ds) 6 8.71 (d, /= 0.54 Hz, 1H),
8.11-7.96 (m, 1H), 7.65-7.58 (m, 1H), 7.52 (d, /= 8.70 Hz, 2H), 7.09-6.98 (m, 1H), 6.92-6.79 (m,
3H), 6.76-6.63 (m, 2H), 6.58-6.50 (m, 2H), 4.19 (d, J = 5.83 Hz, 2H), and 3.77 (s, 3H); LC-MS
retention time (Method 2): 4.540 min; HRMS: m/z (M+H) " (Calculated for C1oH;0N304S,
386.1169) found 386.1158.
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[0250] 4-(2-hydroxy-3-methoxybenzylamino)-N-(pyridin-3-yl)benzenesulfonamide (59):
Method C: using 3-bromopyridine; 'H NMR (400 MHz, DMSO-ds) § 10.30 (s, 1H), 8.73 (s, 1H),
8.31-8.21 (m, 2H), 7.57 (ddd, J = 1.38, 2.63, and 8.37 Hz, 1H), 7.46-7.32 (m, 3H), 6.83 (dd, J =
1.92, and 7.71 Hz, 1H), 6.75-6.62 (m, 2H), 6.61-6.51 (m, 2H), 4.19 (s, 2H), 3.77 (s, 3H); LC-MS
retention time (Method 1): 1.804 min; HRMS: m/z (M+H) ™ (Calculated for CoH;0N304S,
386.1169) found 386.1166.

N S
/78 ’ OH
CN>_NH\©\N/\©/OMe
H

[0251] 4-(2-hydroxy-3-methoxybenzylamino)-N-(pyrimidin-2-yl)benzenesulfonamide TFA
(60): Method C: using 2-bromopyrimidine; 'H NMR (400 MHz, DMSO-dg) & 11.25 (s, 1H), 8.77
(s, 1H), 8.48 (d, /= 4.83 Hz, 2H), 7.72-7.50 (m, 2H), 6.99 (dt, /= 5.43, and 15.84 Hz, 2H), 6.85
(dd, J=1.69, and 7.85 Hz, 1H), 6.77-6.66 (m, 2H), 6.62-6.56 (m, 2H), 4.23 (d, J= 5.65 Hz, 2H),
and 3.79 (s, 3H); LC-MS retention time (Method 2): 4.266 min; HRMS: m/z (M+H)" (Calculated
for CisH19N404S, 387.1122) found 387.1115.
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[0252] N-(3-(tert-butyl)phenyl)-4-((2-hydroxy-3-
methoxybenzyl)amino)benzenesulfonamide, TFA (61): Mcthod C: using 1-bromo-3-(tert-
butyl)benzenc; "H NMR (400 MHz, DMSO-dg) 8 9.71 (s, 1H), 8.71 (s, 1H), 7.42-7.32 (m, 2H),
7.14-6.93 (m, 3H), 6.93-6.78 (m, 3H), 6.73-6.60 (m, 2H), 6.58-6.47 (m, 2H), 4.18 (s, 2H), 3.76 (s,
3H), and 1.14 (s, 9H); LC-MS retention time (Method 2): 6.184 min; HRMS: m/z (M+H)'
(Calculated for C24H20N204S, 441.0843) found 441.1844.
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[0253] 4-((2-hydroxy-3-methoxybenzyl)amino)-/V-(6-methoxybenzo[d]thiazol-2-
yl)benzenesulfonamide, TFA (62): Method C: using 2-bromo-6-methoxybenzo[d]thiazole; 'H
NMR (400 MHz, DMSO-ds) 6 12.70 (s, 1H), 8.71 (d, /= 0.47 Hz, 1H), 7.51-7.41 (m, 2H), 7.38 (d,
J=2.54Hz, 1H), 7.14 (d, /= 8.76 Hz, 1H), 6.96-6.78 (m, 3H), 6.76-6.62 (m, 2H), 6.61-6.53 (m,
2H), 4.21 (d, J=5.89 Hz, 2H), 3.75 (s, 3H), and 3.73 (s, 3H); LC-MS retention time (Method 2):
5.278 min; HRMS: m/z (M+H)" (Calculated for C2,H2,N305S5, 472.0995) found 472.0998.
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[0254] 4-((2-hydroxy-3-methoxybenzyl)amino)-/N-(4-phenylthiazol-2-
yl)benzenesulfonamide, TFA (63): Method C: using 2-bromo-4-phenylthiazole; 'H NMR (400
MHz, DMSO-dy) 6 8.72 (s, 1H), 7.67 (d, J = 7.47 Hz, 2H), 7.53-7.24 (m, 6H), 7.08 (d, J=19.97
Hz, 1H), 6.92-6.45 (m, 6H), 4.21 (d, J= 5.55 Hz, 2H), and 3.77 (s, 3H); LC-MS retention time
(Method 2): 5.200 min; HRMS: m/z (M+H)" (Calculated for C,3H,,N30,4S, 468.1046) found
468.1066.
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[0255] 4-((2-hydroxy-3-methoxybenzyl)amino)-/V-(3-
morpholinophenyl)benzenesulfonamide, TFA (64): Mcthod C: using 4-(3-
bromophenyl)morpholine; "H NMR (400 MHz, DMSO-ds) $ 9.70 (s, 1H), 8.72 (s, 1H), 7.46-7.34
(m, 2H), 7.00 (t, /= 8.09 Hz, 1H), 6.82 (dd, /= 1.86, and 7.75 Hz, 2H), 6.76-6.43 (m, 7H), 4.19
(s, 2H), 3.77 (s, 3H), 3.71-3.59 (m, 4H), and 2.98-2.86 (m, 4H); LC-MS retention time (Method
2): 4.961 min; HRMS: m/z (M—i—H)+ (Calculated for C,4H2sN3OsS, 470.1744) found 470.1753.

O
4
N
)
N/\©/ Me
H
[0256] tert-butyl4-(3-(4-((2-hydroxy-3-

methoxybenzyl)amino)phenylsulfonamido)phenyl)piperidine-1-carboxylate (65): Mcthod C:
using tert-butyl-4-(3-bromophenyl)piperidine-1-carboxylate; 'H NMR (400 MHz, DMSO-dg)
8.71 (s, 1H), 7.46-7.28 (m, 2H), 7.08 (t, /= 7.74 Hz, 1H), 6.94-6.75 (m, 6H), 6.75-6.59 (m, 2H),
6.59-6.44 (m, 2H), 4.18 (d, /= 5.82 Hz, 2H), 4.00 (d, /= 12.83 Hz, 2H), 3.76 (s, 3H), 2.59-2.50
(m, 1H), 1.62 (d, /= 12.87 Hz, 2H), 1.39 (s, 9H), and 1.31 (m, 4H); LC-MS retention time (Method

2): 6.322 min; HRMS: m/z (T\/H-H)+ (Calculated for C3gH3sN3O6S, 568.2476) found 568.2461.
HN

Oa ’9

~s

NH OH
N/\©/0Me
H

[0257] 4-((2-hydroxy-3-methoxybenzyl)amino)-/NV-(3-(piperidin-4-
yl)phenyl)benzenesulfonamide, TFA (66): Mcthod 1C: using tert-butyl-4-(3-
bromophenyl)piperidine-1-carboxylate the Boc group was removed after the reductive amination

with 4 M HCl/dioxanes over a 30 min period. "H NMR (400 MHz, DMSO-de) & 8.73 (s, 1H), 7.53—
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7.24 (m, 2H), 7.12 (t, J = 7.85 Hz, 1H), 6.99 (t, /= 1.96 Hz, 1H), 6.93-6.77 (m, 4H), 6.73-6.61 (m,
2H), 6.57-6.48 (m, 2H), 4.33-4.01 (m, 2H), 3.77 (s, 3H), 3.33 (s, 1H), 2.95 (t, J = 12.62 Hz, 2H),
2.83-2.55 (m, 1H), and 1.94-1.43 (m, 4H); LC-MS retention time (Method 2): 4.079 min; HRMS:

m/z (M+H)" (Caleulated for CsHsoN,404S, 468.1952) found 468.1948.

Me

Me Ox ’IO

~Ss

NH OH
N/\©/0Me
H

[0258] 4-((2-hydroxy-3-methoxybenzyl)amino)-/~V-(3-
isopropylphenyl)benzenesulfonamide, TFA (67): Method C: using 1-bromo-3-isopropylbenzene;
'H NMR (400 MHz, DMSO-dg) 8 9.73 (s, 1H), 8.70 (s, 1H), 7.42-7.32 (m, 2H), 7.07 (t, J = 7.77
Hz, 1H), 6.98-6.75 (m, 4H), 6.73-6.61 (m, 2H), 6.58-6.45 (m, 2H), 4.18 (s, 2H), 3.76 (d, J = 0.87
Hz, 3H), 2.72 (h, J=6.82 Hz, 1H), and 1.07 (dd, /= 0.91, and 6.94 Hz, 6H); LC-MS retention time
(Method 2): 6.040 min; HRMS: m/z (M-I-H)+ (Calculated for C»3H27N>04S, 427.1686) found
427.1680.

N S
\>—N'H OH
F S N/\©/0Me
H

[0259] N-(6-fluorobenzo[d]thiazol-2-yl)-4-((2-hydroxy-3-methoxybenzyl)amino)
benzenesulfonamide, TFA (68): Mcthod C: using 2-bromo-6-fluorobenzo[d]thiazole; "H NMR
(400 MHz, DMSO-ds) 6 8.72 (s, 1H), 7.69 (dd, J = 2.43, and 8.51 Hz, 1H), 7.54-7.39 (m, 2H), 7.19
(qd, J=3.40, 8.25, and 8.85 Hz, 3H), 6.88 (t, /= 5.68 Hz, 1H), 6.81 (dd, /= 1.71, and 7.87 Hz,
1H), 6.74-6.63 (m, 2H), 6.60-6.54 (m, 2H), 4.21 (d, /= 5.90 Hz, 2H), and 3.76 (s, 3H); LC-MS
retention time (Method 2): 5.164 min; HRMS: m/z (M+H)' (Calculated for Co1H1oFN304S,,
460.0796) found 460.0797.

[0260] 4-(3-chloro-2-hydroxybenzylamino)-/V-phenylbenzenesulfonamide, TFA (69):
Method C: using 3-chloro-2-hydroxybenzaldehyde and bromobenzene; 'H NMR (400 MHz,
DMSO-ds) 6 9.88 (s, 1H), 9.38 (s, 1H), 7.47-7.34 (m, 2H), 7.28-7.14 (m, 3H), 7.11-7.01 (m, 3H),
7.01 6.88 (m, 2H), 6.79 (t, /=7.78 Hz, 1H), 6.60 6.50 (m, 2H), and 4.29 4.23 (m, 2H); LC-MS
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retention time (Method 2): 5.442 min; HRMS: m/z (M+H)+ (Calculated for C;9H;3CIN,OsS,
389.0721) found 389.0702.

O\\SIP

OO L

o e
[0261] 4-(3-chloro-2-hydroxybenzylamino)-/V-(naphthalen-1-yl)benzenesulfonamide, TFA
(70): Mcthod D: using naphthalen-1-amine and 3-chloro-2-hydroxybenzaldehyde; "H NMR (400
MHz, DMSO-ds) 6 9.75 (s, 1H), 9.36 (s, 1H), 8.03 (dd, /= 1.20, and 8.53 Hz, 1H), 7.90-7.80 (m,
1H), 7.70 (d, J = 8.22 Hz, 1H), 7.54-7.28 (m, 3H), 7.23 (dd, J = 1.58, and 8.01 Hz, 1H), 7.15 (dd, J
=1.08, and 7.40 Hz, 1H), 7.02 (dd, /= 1.58, and 7.65 Hz, 1H), 6.90 (t,./= 5.82 Hz, 1H), 6.78 (t, .
=7.79 Hz, 1H), 6.57-6.42 (m, 2H), and 4.24 (d, ./ = 4.97 Hz, 2H); LC-MS retention time (Method
1): 2.755 min; HRMS: m/z (M+H)" (Calculated for Cy3HaCIN,O3S, 439.0878) found 439.0862.

[0262] N-(benzo[d]thiazol-2-yl)-4-(3-chloro-2-hydroxybenzylamino)benzenesulfonamide,
TFA (71): Method C: using 3-chloro-2-hydroxybenzaldehyde and 2-bromobenzthiazole; "H NMR
(400 MHz, DMSO-ds) 6 12.88 (s, 1H), 9.38 (s, 1H), 7.80-7.69 (m, 1H), 7.59-7.46 (m, 2H), 7.35
(ddd, J=1.24, 7.44, and 8.26 Hz, 1H), 7.31-7.13 (m, 3H), 7.12-7.02 (m, 1H), 6.95 (t, /= 5.93 Hz,
1H), 6.78 (t,J=7.79 Hz, 1H), 6.69-6.52 (m, 2H), and 4.28 (d, J = 5.72 Hz, 2H); LC-MS retention
time (Mcthod 2): 5.258 min; HRMS: m/z (M+H)" (Calculated for Cy0H;7CIN:0:S,, 446.0390)
found 446.0379.

[0263] 4-(3-chloro-2-hydroxybenzylamino)-/V-(naphthalen-2-yl)benzenesulfonamide, TFA
(72): Method D: using naphthalen-2-amine and 3-chloro-2-hydroxybenzaldehyde; LC-MS retention
time (Method 1): 2.637 min; HRMS: m/z (M+H)" (Calculated for C23H2CIN,038, 439.0878) found
439.0867.
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[0264] N-({1,1'-biphenyl]-4-yl)-4-((3-chloro-2-hydroxybenzyl)amino)benzenesulfonamide,
TFA (73): Method D: using biphenyl-4-amine and 3-chloro-2-hydroxybenzaldehyde; 'H NMR
(400 MHz, DMSO-dys) 6 10.03 (s, 1H), 9.37 (s, 1H), 7.61-7.36 (m, 9H), 7.35-7.04 (m, 5H), 6.97 (t,
J=5.8Hz, 1H), 6.78 (t, /= 7.8 Hz, 1H), 6.62-6.52 (m, 2H), and 4.26 (d, /= 5.7 Hz, 2H); LC-MS
retention time (Method 2): 6.592 min; HRMS: m/z (M+H) " (Calculated for CsH,CIN,OsS,
465.1034) found 465.1021.

[0265] 4-(3-chloro-2-hydroxybenzylamino)-N-(isoquinolin-8-yl)benzenesulfonamide, TFA
(74): Method C: using 3-chloro-2-hydroxybenzaldehyde and 8-bromoisoquinoline; 'H NMR (400
MHz, DMSO-ds) 6 9.60 (s, 1H), 8.55 (d, J = 6.0 Hz, 1H),8.09 (d, J = 6.0 Hz, 1H), 7.99-7.71 (m,
2H), 7.46-7.29 (m, 3H), 7.23 (dd, J = 1.6, and 7.9 Hz, 1H), 7.11-6.93 (m, 1H), 6.78 (t, /= 7.8 Hz,
1H), 6.64-6.39 (m, 2H), and 4.24 (s, 2H); LC-MS retention time (Method 1): 1.669 min; HRMS:
m/z (M+H)" (Calculated for C,,H;oCIN;058S, 440.0830) found 440.0811.

Ny O5&
—_— N/\©/CI
H

[0266] 4-(3-chloro-2-hydroxybenzylamino)-/N-(quinolin-3-yl)benzenesulfonamide, TFA
(75): Method C: using 3-chloro-2-hydroxybenzaldehyde and 3-bromoquinoline; LC-MS retention
time (Method 1): 2.346 min; HRMS: m/z (M+H)' (Calculated for C2,H;9CIN;:0;8S, 440.0830) found
440.0824.

[0267] 4-(3-chloro-2-hydroxybenzylamino)-/V-(4-(piperidin-4-
yl)phenyl)benzenesulfonamide, TFA (76): Method D: using fert-butyl-4-(4-
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aminophenyl)piperidine-1-carboxylate and 3-chloro-2-hydroxybenzaldehyde. The Boc group was
removed after the reductive amination with 4 M HCl in dioxane over a 30 min period. '"H NMR
(400 MHz, DMSO-dg) 5 10.20 (s, 1H), 9.71 (s, 1H), 7.87-7.59 (m, 2H), 7.57 (dd, J = 1.64, and 7.96
Hz, 1H), 7.48-7.15 (m, 6H), 7.21-7.02 (m, 1H), 6.96-6.69 (m, 2H), 4.59 (d, J = 5.77 Hz, 2H), 3.64
(s, 2H), 3.27 (t, J=12.85 Hz, 3H), 3.10-2.93 (m, 1H), 2.18 (d, /= 13.73 Hz, 2H), and 1.98 (qd, /=
4.00, and 13.16 Hz, 2H); LC-MS retention time (Method 1): 2.884 min; HRMS: m/z (M+H)"
(Calculated for C,3HCIN,05S, 472.1456) found 472.1442.

Ox ’IO

NS
O T
N/\@\
Br

H

[0268] 4-(4-bromo-2-hydroxybenzylamino)-/V-phenylbenzenesulfonamide, TFA (77):
Method D: using 4-bromo-2-hydroxybenzaldehyde and benzylamine; '"H NMR (400 MHz, DMSO-
ds) 6 10.09 (s, 1H), 9.85 (s, 1H), 7.52-7.28 (m, 2H), 7.28-7.12 (m, 2H), 7.12-6.78 (m, 7H), 6.63—
6.41 (m, 2H), 4.12 (d, J = 2.80 Hz, 2H); LC-MS retention time (Method 2): 5.501 min; HRMS: m/z
(M+H)" (Calculated for C1oH1sBrN,OsS, 434.0246) found 434.0239.

Os ’Io

g N'HOH ﬁBr

[0269] 4-(4-bromo-2-hydroxybenzylamino)-NV-(naphthalen-1-yl)benzenesulfonamide (78):
Method D: using 1-amino-naphthalene and 4-bromo-2-hydroxybenzaldehyde; 'H NMR (400 MHz,
DMSO-ds) 6 10.09 (d, J=1.50 Hz, 1H), 9.74 (s, 1H), 8.03 (dd, /= 1.23, and 8.56 Hz, 1H), 7.87—
7.80 (m, 1H), 7.70 (d, J = 8.24 Hz, 1H), 7.45 (ddd, J = 1.23, 6.81,and 8.11 Hz, 1H), 7.41-7.28 (m,
4H), 7.17-7.09 (m, 1H), 7.01-6.94 (m, 2H), 6.92-6.81 (m, 2H), 6.53—6.42 (m, 2H), and 4.12 (s,
2H); LC-MS retention time (Method 2): 6.282 min; HRMS: m/z (M+H) (Calculated for
C3H20BrN,0sS, 483.0373) found 483.0367.

o]
N S OH
L
S /\©\
Br

[0270] N-(benzo[d]thiazol-2-yl)-4-(4-bromo-2-hydroxybenzylamino)benzenesulfonamide,
TFA (79): Method D: using 2-aminobenzothiazole and 4-bromo-2-hydroxybenzaldehyde; "H NMR
(400 MHz, DMSO-ds) 6 13.15 (s, 1H), 10.38 (s, 1H), 8.07-7.95 (m, 1H), 7.85-7.68 (m, 2H), 7.62
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(ddd, J=1.22, 7.36, and 8.30 Hz, 1H), 7.54-7.40 (m, 2H), 7.37-7.04 (m, SH), 6.93-6.67 (m, 2H),
and 4.43 (d,J = 5.75 Hz, 2H); LC-MS retention time (Method 1): 2.505 min; HRMS: m/z (M+H)"
(Calculated for C,0H17BrN3;03S;, 491.9869) found 491.9855.

N OF
H
Br

[0271] 4-(4-bromo-2-hydroxybenzylamino)-/V-(quinolin-3-yl)benzenesulfonamide, TFA
(80): Method D: using 3-amino-quinoline and 4-bromo-2-hydroxybenzaldehyde; 'H NMR (400
MHz, DMSO-d6) 6 10.41 (d, /= 2.1 Hz, 1H), 10.08 (s, 1H), 8.59 (d, /= 2.6 Hz, 1H), 7.94-7.83
(m, 3H), 7.61 (tt, J=2.43, and 6.74 Hz, 1H), 7.59-7.41 (m, 3H), 7.01-6.88 (m, 2H), 6.85 (dt, /=
2.11, and 8.10 Hz, 1H), 6.53 (dd, /= 2.22, and 9.01 Hz, 2H), and 4.10 (s, 2H); LC-MS rctention
time (Method 1): 2.166 min; HRMS: m/z (M+H)" (Calculated for C2,H;9oBrNz0sS, 485.0355) found
485.0331.

Br

[0272] 4-(4-bromo-2-hydroxybenzylamino)-VN-(naphthalen-2-yl)benzenesulfonamide, TFA
(81): Method D: using 2-amino-naphthalene and 4-bromo-2-hydroxybenzaldehyde; 'H NMR (400
MHz, DMSO-ds) 6 10.09 (s, 1H), 10.07 (s, 1H), 7.79-7.66 (m, 3H), 7.51-7.30 (m, 5H), 7.25 (dd, J
=2.19, and 8.81 Hz, 1H), 7.00-6.92 (m, 2H), 6.91-6.81 (m, 2H), 6.61-6.25 (m, 2H), and 4.09 (d, J
=2.95 Hz, 2H); LC-MS retention time (Method 1): 2.856 min; HRMS: m/z (M+H)" (Calculated for
C23H20BrN, 038, 483.0373) found 483.0372.

Br

[0273] N-({1,1'-biphenyl]-4-yl)-4-((4-bromo-2-hydroxybenzyl)amino)benzenesulfonamide,
TFA (82): Method D: using 4-amino-biphenyl and 4-bromo-2-hydroxybenzaldehyde; 'l NMR
(400 MHz, DMSO-ds) 6 10.03 (s, 1H), 9.37 (s, 1H), 7.61-7.36 (m, 8H), 7.35-7.04 (m, 5H), 6.97 (t,
J=58Hz, 1H), 6.78 (t, /= 7.8 Hz, 1H), 6.62-6.52 (m, 2H), 4.26 (d, /= 5.7 Hz, 2H); LC-MS
retention time (Method 2): 6.592 min; HRMS: m/z (M-i—H)+ (Calculated for C,sH»BrN,OsS,
510.0560) found 510.0549.
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[0274] 4-(4-bromo-2-hydroxybenzylamino)-/V-(quinolin-8-yl)benzenesulfonamide, TFA
(83): Method D: using 8-amino-isoquinoline and 4-bromo-2-hydroxybenzaldehyde; LC-MS
retention time (Method 1): 2.524 min; HRMS: m/z (M+H) " (Calculated for C,HoBrN;OsS,
485.0355) found 485.0345.

[0275] Systematic Structure-Activity Relationship (SAR) explorations as shown in Tables 1-3
were conducted. As shown in Table 1, the removal of the phenolic groups (8), 3-OMe group (9), or
the 2-OH group (10) resulted in a complete loss of activity. Protecting the 2-OH moiety as methyl
ether (compounds 11-12) or replacing with an amine (compounds 13 and 15) also negated all 12-
LOX inhibitory activity. A bioisosteric replacement of the catechol moicty with an indole (17) was
also inactive. The 2,3-dichloro derivative (18) had comparable activity to compound 1. Also, the
3-C1 (19, ICsp = 6.1 uM) had comparable activity while the 3-Fluoro and 3-Bromo (20, ICso = 19
uM and 21, ICso = 13 uM) was ~4 to ~2.5-fold fold less active, respectively. An interesting and
unexpected result was the 2-fold improvement in activity observed for the 4-bromo (22, ICsy =2.2
uM) and 4-chloro (27) derivatives. Other 4-substituted derivatives such as 4-methoxy (28) had
reduced activity compared to compound 1. The 2-OH was important for activity and the 3-position
is most optimal for the methoxy group. This preliminary SAR suggested that the 3-OMe could be
replaced with a chloro group (19) and the 4-Bromo (22) while maintaining comparable, if not

improved activity to compound 1.

[0276] Table 1. 12-LOX Inhibition of Analogues 1, 8-34°

1 2-OH, 3-OMe-P 5.110.5]
8 Ph >40
9 2-OH-Ph >40
10 3-OMe-Ph >40
11 2-OMe-Ph >40
12 2,3-OMe-Ph >40

13 2-NH,-Ph >40
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14 3-0H-Ph >40
18 2-NH,, 3-OMe-Ph >40
16 3-0H, 4-OMe-Ph >4(
17 7-indole >40
18 2,3-CI-Ph >40
19 3-CI 6.2 [2.0]
20 3-F 19 [4]
21 3-Br 13 1]
22 4-Br 2.2[0.5]
23 3-Me >40
24 3-NH; >40
25 3-N0O, >40
26 3-allyl >4(
27 4-Cl 6.3[1.0]
28 4-OMe 22 [11]
29 S-CI >4(
30 S-OMe >4()
31 5-NH, >4(
32 5-F >4(
33 5-N0, >40
34 6-0Me >40

“ICsq values represent the half maximal (50%) inhibitory concentration as determined in the UV-
vis cuvette-based assay in triplicate.

[0277] The next SAR profile focused on modification of the thiazole group as shown in Table
2. Changes to this region of the molecule led to analogs with improved potency. Replacing the
thiazole moiety with a 2-benzothiazole (35, ML355) resulted in an 18-fold improvement in 12-
LOX activity while retaining selectivity. The benzoxazole (36) and benzimidazole (37) possessed
good to excellent activity, and introduction of a methyl group at the 4-position of the benzothiazole
ring (39), maintained excellent 12-LOX activity (ICsq = 0.24 uM). Potency against 12-LOX was
also improved over 10-fold when the thiazole was replaced with a thiophene (38), but the
substituted thiazole/isoxazole derivatives (40-43) did not show this increased potency. This was
also the case with the phenyl derivative (48), a known thiophene bioisostere, which had potent
activity against 12-LOX (ICso= 0.5 uM). Generally, larger aromatic [1-naphthalene (49) and 2-
naphthalene (50)] and heteroaromatic compounds [3-quinoline (46), 8-isoquinoline (47), 2-pyridine
(58) and 3-pyridine (59)] were well tolerated and had better potency than the thiazole derivative
(1). In an effort to improve solubility by adding solubilizing functionality, a few phenyl derivatives
substituted with a piperazine moiety at different positions around the aryl ring were synthesized
(53-55). While these changes were tolerated, they had reduced activity compared to the top actives
(e.g. entry 35, ML355).

[0278] Many of these analogs were also tested for activity against 15-LOX-1 to ensure that

selectivity was maintained. These compounds were initially tested against 15-LOX-1 at a single
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concentration (25 uM) and an ICsy was determined only on compounds of interest. These studies
showed that replacement of the thiazole with a benzothiazole, and its derivatives maintained
selectivity with 15/12-LOX ratios of 29-fold (35), 18- (39), 19- (62) and 20- (68). The 15-LOX/12-
LOX selectivity ratio improved to over 100 with conversion of the benzothiazole to a benzoxazole
(36), benzimidazole (37) and m-iPr substituted phenyl (67). The phenyl substitution (48) only had a
selectivity ratio of 15. A wide-range of selectivity was observed despite the compounds bearing
comparable structures, ranging from almost complete inhibition of 15-LOX-1 (e.g. 38 and 62) to
minimal inhibition (e.g. §5, 58, and 66). The dramatic effect on selectivity between 12-LOX and
15-LOX-1 in this portion of the molecule, suggests that the bottom of the LOX active site is

involved in binding, since it has been shown to control substrate specificity previously.

[0279] Table 2. 12-LOX Inhibition of Analogues 35-68“

35 2-benzothiazole 0.34[0.04] 9.710.1]

36 2-benzoxazole 0.79 [0.1] >100

37 2-benzimidazole 0.57[0.04] >70

38 2-thiophene 0.35[0.02] 100
39 4-Me-2-benzothiazole 0.24[0.01] 0.69[0.1)

40 4-Mec-2-thiazole 2.710.2] 14
41 5-Me-2-thiazole 3.0[0.4] 75
42 5-Ph-2-thiazole 91%b 77
43 4,5-Me-2-thiazole 1.410.3] 37
44 5-Me-3-isoxazole 11[1.2]

45 3-OMe-Ph 85%b 73
46 3-quinoline 0.48[0.1] 77
47 8-isoquinoline 0.70 [0.2] 70
48 Ph 0.50[0.05] 7.6 [1.0]

49 1-naphthalene 0.51[0.06] 73
50 2-naphthalenc 0.3310.05] 54
51 1,4-bi-Ph 1.310.2] 60
52 1,3-bi-Ph 82%b 70
53 3-pipcrazinc-Ph 3.5[0.5] 31
54 4-piperazine-Ph 11 [2.7]

55 4-piperidine-Ph 3.710.6] 8

56 4-piperazine-3-pyr 4.0 [0.6] 12
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57 6-methyl-3-pyr 5.010.5] 18
58 2-pyr 5.0[0.5] 3
59 3-pyr 7.0 0.5]
60 2-pyrimidine 12 11.0]
61 3-'Bu-Ph 0.39[0.8] 66
62 6-OMe-2-benzothiazole 0.26 [0.3] 5.1[0.6]
63 4-Ph-2-thiazole 0. 18 [0.03] 87
64 3-morpholine-Ph 8 [0.3] 50
65 4N-boc-piperidine-3-Ph 0. 76 [0.05] 34
66 3-piperidine-Ph 1[0.3] 4.7
67 3-iPr-Ph 0. ]6 [0.02] >100
68 6-F-2-benzothiazole 0.22[0.05) 4.510.4)

“ICso values represent the half maximal (50%) inhibitory concen-tration as determined in the
UV-vis cuvette-based assay in triplicate.

bRepresents inhibition at 25 uM.

[0280] As noted above (Table 1), replacement of the “right-hand” portion of the molecule with
a 3-chloro-2-phenol (19) or 4-bromo-2-phenol (22) resulted in comparable potency to 1 with 1Cso
values of 6.2 and 2.2 uM respectively. These groups were combined with some of the sulfonamide
derivatives discovered as part of the initial SAR efforts (see Table 3, compounds 69-83). None of
the compounds had improved potency and in almost all cases, had reduced activity. Generally, the
2-benzothiazole moiety gave the best activity with both the 3-Chloro-2-phenol (71; ICso = 1.6 uM)
and 4-bromo-2-phenol (79; ICso = 1.7 uM), although the 1-naphthalene derivative 78 had
comparable potency (ICsp = 1.3 uM).

[0281] Table 3. 12-LOX Inhibition of Analogues 69-83“

69 Ph 510.4] 49
70 I-naphthalene 1.6 [0.2] 70
71 2-benzothiazole 310.2] 1.310.2]

72 2-naphthalene 2.310.3] 75
73 4-bi-Ph 4.211.0] 73
74 8-isoquinoline 4.510.8] 63

75 3-quinoline 310.7] 58
76 4-piperidine-Ph 6.3 [3.0] 4
77 Ph 910.4] 82
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71
78 I-naphthalene 1.310.3] 83
79 2-benzothiazole 1.710.8] 100
80 3-quinoline 2.310.5] 74
81 2-naphthalene 2.210.3] 78
82 4-bi-Ph 2.510.4] 80
83 8-quinoline 5.6[2.0] 55

“ICso values represent the half maximal (50%) inhibitory concentration as determined in the UV-
vis cuvctte-based assay in triplicate.

bRepresents inhibition at 25 uM.

[0282] Further studies focusing on the selectivity of analogs (35, 36, and 37) against other
human LOX isozymes (5-LOX and 15-LOX-2) were conducted. In addition, the compounds were
tested against cyclooxygenase-1 (COX-1) and/or COX-2. As shown in Table 4, there was no
significant inhibition against any of these related enzymes, with exception to ML355 which has
modest potency (29-fold less active) towards 15-LOX-1. Few compounds reported in the literature
have achicved both nM potency towards 12-LOX and sclectivity against other isozymes.

Table 4. Sclectivity and Redox Activity of Representative Analogues®
analogue  12-LOX”  15-LOX-1° 15-LOX-2" 5-LOX”  COX-/-2° redox activity”

| 5.1 >50 >40 >200 NT NT
35 0.34 9.7 >100 >100 NI NI
36 0.79 >100 >100 >100 NI NI
37 0.57 >100 >100 >35 NI NT

“Selectivity profiling of 1, 35, 36, and 37. “ICs; values are reported in uM. “Compounds were tested
at 15 uM and none of the compound exhibited inhibition above 10%. “UV—vis pseudoperoxidase
activity assay was performed on 35 and 36, and no degradation of the hydroperoxide product was
observed at 234 nm, indicating a nonreductive inhibitory mechanism; NI = no inhibition and NT =
not tested.

[0283] LOX inhibitors are known to exhibit a variety of inhibitory mechanisms; therefore the
UV pseudoperoxidase assay is used to investigate if the inhibition is reductive in nature. The assay
was performed on 35 and 36 with 12-LOX and no degradation of the hydroperoxide product was
observed at 234 nm, indicating a nonreductive inhibitory mechanism (Table 4). To investigate the
inhibition mechanism further, steady-state kinetics were performed using both 35 and 36 by
monitoring the formation of 12-HPETE as a function of substrate and inhibitor concentration in the
presence of 0.01% Triton X-100. Replots of K,/ V,4x and 1/V ., versus inhibitor concentration
yielded linear trends for both 35 and 36. The K, equaled 0.35 + 0.08 uM for 35 and 0.53 £ 0.2 uyM
for 36, from the K,,/V . graphs (Figures 4 and 6). The K- equaled 0.72 + 0.1 uM for 35 and 0.62 +
0.1 uM for 36, from the 1/V,,,, graphs (Figures 5 and 7). The data for both 35 and 36 correlate with
their IC50 values (Table 2) and indicate that both molecules are mixed inhibitors, which is a

common property of both 12-LOX and 15-LOX-1 inhibitors in general.
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[0284] The activity of ML35S5 in relevant cell-based systems was explored. As noted
previously, 12-LOX has been linked to platelet activation, which plays a central role in the
regulation of primary hemostasis and arterial thrombosis. Consequently, failure to attenuate
platelet activation results in excessive clot formation leading to adverse cardiovascular events such
as myocardial infarction and stroke. Previous studies have shown that 12-LOX in human platelets
is highly activated following stimulation of the protease-activated receptor-4 (PAR4) by the PAR4-
activating peptide (PAR4-AP). Moreover, the bioactive metabolite of 12-LOX (12-HETE),
resulting from the stereospecific oxidation of arachidonic acid (AA) and reduction by peroxidases,
demonstrates pro-thrombotic effects in human platelets. Therefore, treatment of PAR4-AP-induced
human platelets with a small molecule 12-LOX inhibitor attenuates the platelet aggregation in a
dose dependent manner. To confirm this, washed human platelets (1 x 10° platelets/ml) were
stimulated with 200 uM PAR4-AP in the absence or presence of increasing concentrations of
ML355 (Figure 2A). Calcium mobilization was decreased as the concentration of ML355 was
increased. Calcium was mecasured in real time using a C6 Accuri flow cytometer. The experiments
were done in triplicate. In addition, platelet aggregation of human platelets (3 x 10° platelets/ml)
was measured in real-time using a Chronolog Lumi-Aggregometer (model 700D) following
addition of PAR4-AP (Figure 2B). While 10 uM ML35S5 did not inhibit platelet aggregation, 25
uM ML35S inhibited 80% platelet aggregation in washed human platelets. The results in Figure
2B show that ML355 does in fact significantly reduce PAR4-AP induced platelet

aggregation. Further, 12-LOX has been shown to play a role in calcium mobilization in human
platelets and inhibition of 12-LOX leads to a reduced concentration of free calcium in the

platelet. To study this, human platelets were stimulated with 200 uM PAR4-AP and the free
calcium in the platelet was measured, using a C6 Accuri flow cytometer with various
concentrations of ML355 (Figure 2A). These data demonstrate that at concentrations as low as 250
nM of ML355 calcium mobilization is reduced significantly (measured as fold change), with
complete inhibition of calcium mobilization occurring at ~5 uM. Comparable results were
obtained with another top active (compound 36) shown in Figure 8.

[0285] The ability of MLL355 to inhibit 12-L.OX in cell-based models relevant for diabetic
discase was also assessed. As discussed above, 12-LOX is expressed in pancreatic 3 cells and its
metabolic product, 12-HETE, is implicated in cytokine-induced cell death. Specifically, 12(S)-
HETE has been shown to reduce metabolic activity inhibit insulin secretion and ultimately induce
cell death in human islets. ML355 was tested in both a mouse derived pB-cell line (BTC3) and
human primary donor islets to determine its ability to inhibit AA/calcium ionophore induced

stimulation of 12-HETE. ML355 was able to potently inhibit 12-HETE in BTC3 cells with an
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approximate ICsp of 1 uM, as measured by ELISA (Figure 3A). Given the difficulty in obtaining
primary human islets from donated tissues, the activity in human islets was performed at a single
concentration. The data presented in Figure 3B demonstrates significant inhibition of AA/IONO-
induced 12-HETE production, at 10 uM of ML355. Comparable results were obtained with
another top active (compound 36) shown in Figure 9.

[0286] Mouse beta cells (BTC3) were treated with arachidonic acid and calcium ionophore
(AA/IONO) alone or in the presence of ML355 (Figure 3A). Graphed are the levels of 12-HETE
expressed as a percentage of that detected in cells stimulated with AA/IONO alone. In Figure 3B
the graph represents the increase (above control/unstimulated) in 12-HETE for human primary
donor islets stimulated with arachidonic acid and calcium ionophore (AA/IONO) alone or in the
presence of 10 uM of ML355. 12-HETE was measured by ELISA. In Figure 3C the graph
represents the levels of 12-HETE detected when human donor islets were treated with arachidonic
acid and calcium ionophore (AA/IONO) alone or in the presence of different concentrations of
compound 35 or 36. The data graphed in figure 3C is a representative experiment with cach plotted
data point being performed in triplicate. These plotted data are representative of three separate
experimental determinations each performed on separate human donor islet preparations. The
graphed data are mean + SEM, n=3. Error bars for some points ar¢c masked by the symbol.

[0287] Figures 3D and 3E show results from glucose-stimulated insulin secretion in human
donor islet preparations in response to 3 mM glucose (Low) or 18 mM glucose (High) for control
(untreated) islets. The islets were incubated with Cytokines ( TNFa, IL-13, IFNy ) and islets co-
incubated with cytokines and compounds 35 or 36. Figures 3D and 3E represent results obtained in
different human donor islet preparations. Uncoupling of glucose-stimulated insulin secretion by

cytokines is inhibited by compounds 35 or 36.

[0288] While the above data demonstrates activity in disease relevant cell-based models, in
order to validate the potential use of ML355 in proof of concept animal models, both its in vitro
ADME and in vivo PK properties were determined. These data are summarized in Tables 5 and 6
respectively. ML355 demonstrated excellent microsomal stability with both rat (T, >30 minutes)
and mouse (T2 >300 minutes) and was found to be stable to mouse plasma over a 2 hour period
(100% remaining). Morcover, ML355 showed no degradation over various aqucous buffers (pH 2-
9) and was stable to 5 mM glutathione suggesting excellent stability (Supplemental Figure S5).
Improved solubility is observed in assay buffer (qualitative analysis). In addition the benzoxazole
derivative (36) has much improved solubility in buffer (>10-fold) albeit with slightly weaker
potency towards 12-L.OX.
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Table 5. In Vitro ADME Profile for 35
Microsomal stability

PBS buffer (pH mouse plasma PBS buffer
7.4) permeability stability (pH 7.4)
solubility T Tin (1x 107 efflux  remaining at  stability at
compd  (ug/mL) (min)*®  (min)*? cm/s) ratio 2h (%) 48 h (%)
35 <5 >30 (rat) >300° 1.5(A—B)* 1.8 100 100
(mouse) 394°
36 >60 >30 (rat) NT 168°¢ NT 100 100

“These experiments were conducted at Pharmaron Inc. All other studies were conducted at NCATS.
PRepresents the stability in the presence of NADPH. 35 and 36 showed no degradation without
NADPH present over a 1 h period. ‘Represents permeability in the Parallel Artificial Membrane
Permeability Assay (PAMPA) at pH 7.4.

Table 6. In Vivo PK (Mouse) at 3 mpk (IV) and 30 mpk PO for 35

compd route” Tip(h) Tmax(h)  Coax AUCi¢ Va(L/kg) Cl %F  MRT¢
(uM) (LMeh) (mL/min/kg)

35 v 3.4 NA 112 34 0.55 3.4 NA 244h

PO 29 025 38 67 NA NA 198 NA

“All experiments were conducted at Pharmaron Inc. using male CD1 mice (6-8 weeks of age). Data
was collected in triplicate at 8 time points over a 24 h period. “Formulated as a solution (5%
DMSO, 10% Solutol, 20% PEG400, 65% water). “Represents the time for elimination of 63.2% of
the IV dose.

[0289] ML355 showed moderate cell permeability in the Caco-2 assay (1.5 x 10 cm/s) and
does not appear to be a substrate for Pgp given the efflux ratio of <2. The in vivo PK (mouse)
properties of the molecule were also explored (Table 6). Exploratory formulation studies led to an
appropriate vehicle (DMSO:Solutol:PEG400:water; 5/10/20/65 v/v/v/v) in which ML355 was
administered as a solution via IV (3 mpk) and PO (30 mpk). These studies demonstrate that
ML35S is orally bioavailable (%F = ~20), with a moderate half-life (T, = 2.9 hours). At 30 mpk
dosing, ML355 achieves a Cp, of over 135 times the in vitro 1Csy and remains over 1Cs;, value for
over 12 hours. The compound has low clearance (3.4 mL/min/kg) and good overall exposure
(AUCyp) of 38 uM. The volume of distribution (V4) is 0.55 L/kg, which is low but suggests a
reasonable distribution between tissue and blood. Given the favorable microsomal stability (phase I
metabolism) yet modest in vivo T, it was believed that the phenolic moiety could be
glucuronidated (phase II metabolism) leading to higher clearance than anticipated. In fact,
incubation with UDPGA co-factor instcad of NADPH led to a Ty, of ~8 minutes (vs. >30 minutcs
with NADPH). It was further believed that the sterically hindered environment of the 2-OH would
possibly prevent glucuronidation from occurring, yet this data suggests otherwise. Another strategy
which has been used to obviate a glucuronidation is to introduce electron-withdrawing groups next

to the phenolic moiety of interest. Using this strategy analog 71 (2-OH, 3-Cl) was synthesized,
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however, this did not change the rate of glucuronidation. In addition to introducing other electron-
withdrawing groups to the ring, another approach is to modify the phenolic hydroxyl using a pro-
drug approach. Ideally, the pro-drug would be slowly hydrolyzed to the free phenol, after it has
bypassed first-pass metabolism. This approach has been used successfully in several marketed
drugs, which contain phenolic groups. (Ettmayer, P.; Amidon, G. L.; Clement B.; Testa, B. Lessons
learned from marketed and investigational prodrugs. J. Med. Chem. 2004, 47, 2393-2404.)

[0290] As stated above, previously reported inhibitors of 12-LOX, such as baicalein and nor-
dihydroguairetic acid (NDGA), “bromo-phenols” or “pyrazole derivatives” (see Figure 1) are not
only less potent and selective, but are also not easily amendable to further optimization. Our
previously described 12-LOX inhibitor (ML127) does demonstrate potent inhibition (<500 nM)
and excellent selectivity, but was found to exhibit tight flat SAR thus providing little opportunity
for further modification. A structurally distinct, new chemotype that is different from all
previously reported inhibitors, and possesses a drug-like scaffold was discovered. ML355, and
related top analogs demonstrate potent (<500 nM) inhibition towards 12-LOX and excellent
sclectivity against related enzymes (15-LOX-1, 5-LOX, 15-LOX-2, COX 1/2). This scries is
readily amendable to structural modifications and displays clear and tractable SAR. ML355
exhibits a favorable in vitro ADME and in vivo PK profile with activity in disease relevant cell-
based systems, such thrombosis (platelet aggregation and calcium mobilization) and diabetes (12-
HETE reducing in B-cells).

[0291] Biological Reagents: All commercial fatty acids (Sigma-Aldrich Chemical Company)
were re-purified using a Higgins HAIsil Semi-Preparative (5 pm, 250 x 10mm) C-18 column.
Solution A was 99.9% MeOH and 0.1% acetic acid; solution B was 99.9% H,0 and 0.1% acetic
acid. An isocratic elution of 85% A:15% B was used to purify all fatty acids, which were stored at
—80 °C for a maximum of 6 months.

[0292] Human Platelets: Human platelets were obtained from healthy volunteers within the
Thomas Jefferson University community and the Philadelphia area. These studies were approved
by the Thomas Jefferson University Institutional Review Board, and informed consent was
obtained from all donors before blood draw. Blood was centrifuged at 200 g for 13 min at room
temperature. Platelet-rich plasma was transferred into a conical tube containing a 10% acid citrate
dextrose solution (39 mM citric acid, 75 mM sodium citrate, and 135 mM glucose, pH 7.4) and
centrifuged at 2000 g for 15 min at room temperature. Platelets were resuspended in Tyrode’s
buffer (12 mM NaHCOs3, 127 mM NaCl, 5 mM KCl, 0.5 mM NaH,PO4, 1 mM MgCl,, 5 mM
glucose, and 10 mM HEPES), and the final platelet concentration was adjusted to 3 X 10°

platelets/mL after counting with a Z1 Coulter particle counter (Beckman Coulter, Fullerton, CA).
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Reported results are the data obtained using platelets from at least three different subjects. Agonists
and inhibitors were used at concentrations indicated in the figures and figure legends.

[0293] Over expression and Purification of 12-Human Lipoxygenase, S-Human
Lipoxygenase, 12/15-Mouse Lipoxygenase and the 15-Human Lipoxygenases: Human platelet
12-lipoxygenase (12-LOX), human reticulocyte 15-lipoxygenase-1 (15-LOX-1), and human
epithelial 15-lipoxygenase-2 (15-LOX-2), were expressed as N-terminally, Hisg-tagged proteins
and purified to greater than 90% purity, as evaluated by SDS-PAGE analysis. Human 5-
lipoxygenase was expressed as a non-tagged protein and used as a crude ammonium sulfate protein
fraction, as published previously. Iron content of 12-LOX was determined with a Finnigan
inductively coupled plasma mass spectrometer (ICP-MS), using cobalt-EDTA as an internal
standard. Iron concentrations were compared to standardized iron solutions and used to normalize
enzyme concentrations.

[0294] High-throughput Screen Materials: Dimethyl sulfoxide (DMSQO) ACS grade was
from Fisher, while ferrous ammonium sulfate, Xylenol Orange (X0O), sulfuric acid, and Triton X-
100 were obtained from Sigma-Aldrich.

[0295] 12-Lipoxygenase HTS Assay (AID: 1452): All screening operations were performed
on a fully integrated robotic system (Kalypsys Inc, San Diego, CA). (Inglese, J. et al. Proc. Natl.
Acad. Sci. U.S.A. 2006, 103, 11473-11478.) Three pL of enzyme (approximately 80 nM 12-LOX,
final concentration) was dispensed into 1536-well Greiner black clear-bottom assay plates.
Compounds and controls (23 nL) were transferred via Kalypsys PinTool equipped with 1536-pin
array. The plate was incubated for 15 min at room temperature, and then a 1 pL aliquot of substrate
solution (50 uM arachidonic acid final concentration) was added to start the reaction. The reaction
was stopped after 6.5 min by the addition of 4 pL FeXO solution (final concentrations of 200 uM
Xylenol Orange (XO) and 300 uM ferrous ammonium sulfate in 50 mM sulfuric acid). After a
short spin (1000 rpm, 15 sec), the assay plate was incubated at room temperature for 30 minutes.
The absorbances at 405 and 573 nm were recorded using ViewLux high throughput CCD imager
(Perkin-Elmer, Waltham, MA) using standard absorbance protocol settings. During dispense,
enzyme and substrate bottles were kept submerged into a +4 °C recirculating chiller bath to
minimize degradation. Plates containing DMSO only (instead of compound solutions) were
included approximately every 50 plates throughout the screen to monitor any systematic trend in
the assay signal associated with reagent dispenser variation or decrease in enzyme specific activity.
Data were normalized to controls, and plate-based data corrections were applied to filter out

background noise. Further details on data analysis are provided herein.
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[0296] Lipoxygenase UV-Vis Assay: The inhibitor compounds were screened initially using
one concentration point at 25 uM on a Perkin-Elmer Lambda 40 UV/Vis spectrophotometer. The
percent inhibition was determined by comparing the enzyme rates of the control (DMSO solvent)
and the inhibitor sample by following the formation of the conjugated diene product at 234 nm (¢ =
25,000 M™'em™). The reactions were initiated by adding either of 30 nM 12-LOX, 40 nM 15-LOX-
1,200 nM 15-LOX-2 or 5-10 uL of 5-LOX crude extract to a cuvette with a 2 mL reaction buffer
constantly stirred using a magnetic stir bar at room temperature (22 °C). Reaction buffers used for
various lipoxygenase were as follows: 25 mM HEPES (pH 7.3), 0.3 mM CaCl,, 0.1 mM EDTA,
0.2 mM ATP, 0.01% Triton X-100, 10 uM AA for the crude, ammonium sulfate precipitated 5-
LOX; and 25 mM HEPES (pH 7.5), 0.01% Triton X-100, 10 uM AA for 12-LOX, 15-LOX-1 and
15-LOX-2. The substrate concentration was quantitatively determined by allowing the enzymatic
reaction to go to completion in the presence of 15-LOX-2. For the inhibitors that showed more
than 50% inhibition at the one point screens, 1Csq values were obtained by determining the %
inhibition, relative to solvent vehicle only, at various inhibitor concentrations. The data was then
plotted against inhibitor concentration, followed by a hyperbolic saturation curve fit (assuming total
enzyme concentration [E] << K™, s0 ICsp ~ K;*?). It should be noted that all of the potent
inhibitors displayed greater than §0% maximal inhibition, unless stated in the tables. Inhibitors
were stored at —20 °C in DMSO

[0297] Steady State Inhibition Kinetics: The steady-state kinetics experiments were
performed with MIL355 to determine the mode of inhibition. The inhibitor concentrations of 0, 0.1,
0.2 and 0.35 uM were used. Reactions were initiated by adding substrate (range 1 — 5 uM AA) to
approximately 30 nM 12-LOX in a constantly stirring 2 mL cuvette containing 25 mM HEPES
buffer (pH 7.5), in the presence of 0.01% Triton X-100. Lipoxygenase rates were determined by
monitoring the formation of the conjugated product, 12-HPETE, at 234 nm (g = 25 000 M"' cm™)
with a Perkin-Elmer Lambda 45 UV/Vis spectrophotometer. It should be noted that 12-LOX
displays higher error in the Ky values at low substrate concentrations (< 1 uM) due to the limits of
the spectrophotometer. To minimize this inherent error, it is best to add 12-LOX first, and then
quickly initiate the reaction with the addition of the appropriate amount of substrate, which yielded
significantly more reproducible results. The substrate concentration was quantitatively determined
by allowing the enzymatic reaction to proceed to completion, using 15-LOX-2. Kinetic data were
obtained by recording initial enzymatic rates, at varied substrate and inhibitor concentrations, and
subsequently fitted to the Henri-Michaelis-Menten equation, using KaleidaGraph (Synergy) to

determine the microscopic rate constants, V.x (umol/min/mg) and V /Ky (Wmol/min/mg/uM).
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The kinetic rate constants were subsequently replotted with 1/V yax, Kani/Vimax and 1/Ky versus
inhibitor concentration, yielding K.

[0298] Pseudoperoxidase Assay: The pseudo-peroxidase activity rates were determined with
BWb70c as the positive control, 13-(S)-HPODE as the oxidizing product and 12-LOX or 15-LOX-
1 on a Perkin-Elmer Lambda 40 UV/Vis spectrophotometer, as described previously.” Activity
was determined by monitoring the decrease at 234 nm (product degradation) in buffer (50 mM
Sodium Phosphate (pH 7.4), 0.3 mM CaCly, 0.1 mM EDTA, 0.01% Triton X100, and 20 uM 13-
(S)-HPODE). About 60 nM 12-LOX was added to 2 mL buffer containing 20 uM 13-(S)-HPODE,
constantly stirred with a rotating stir bar (22 °C). Reaction was initiated by addition of 20 uM
inhibitor (1:1 ratio to product). The percent consumption of 13-(S)-HPODE was recorded and loss
of product less than 20% was not considered as viable redox activity. Individual controls were
conducted consisting of enzyme alone with product and ML35S alone with enzyme. These
negative controls formed the baseline for the assay, reflecting non-pseudo-peroxidase dependent
hydroperoxide product decomposition. To rule out the auto-inactivation of the enzyme from
pscudo-peroxidase cycling, the 12-L.OX residual activity was measured after the assay was
complete. 20 uM AA was added to the reaction mixture and the residual activity was determined
by comparing the initial rates with inhibitor and 13-(S)-HPODE versus inhibitor alone, since the
inhibitor by itself inherently lowers the rate of the oxygenation. Activity is characterized by direct
measurement of the product formation with the increase of absorbance at 234 nm.

[0299] Cyclooxygenase assay: Roughly 2-5 ug of either COX-1 or COX-2 were added to
buffer containing 0.1 M Tris-HCI buffer (pH 8.0), 5 mM EDTA, 2 mM phenol and 1 uM hematin
at 37 °C. The selected inhibitors were added to the reaction cell, followed by an incubation of 5
minutes with either of the COX enzymes. The reaction was then initiated by adding 100 uM AA in
the reaction cell. Data was collected using a Hansatech DW1 oxygen electrode and the
consumption of oxygen was recorded. Indomethasin and the solvent DMSO, were used as positive
and negative controls, respectively and the percent inhibition of the enzyme was calculated by
comparing the rates from samples and the controls

[0300] Platelet Aggregation: Washed platelets were adjusted to a final concentration of 3 X
10° platelets/mL. Where indicated, platelets were pretreated with ML355 for 10 min at the
indicated concentrations for 1 min. The aggregation response to PAR4-AP was measured using an
aggregometer with stirring at 1100 RPM at 37 °C.

[0301] Calcium Mobilization: Platelets were recalcified to a final concentration of 1 mM

followed by pre-incubation with Fluo-4 AM for 10 min. The platelets were then treated with
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ML355 for 10 min at the indicated concentrations before stimulation with the indicated agonist.
Calcium mobilization was measured using the Accuri C6 flow cytometer.

[0302] Mouse Beta cells (12-HETE Inhibition) Assay: Cells were gown to 90% confluency
in 24 well plates in DMEM (Cat# 11885092, Life Technologies Grand Island, NY) +10% FBS.
Cells were pre-treated with ML355 and stimulated as for human islets. After four hours, the media
was removed and spun at 1000 RPM for 5 minutes. The cleared supernatant was stored at -80 °C
prior to analysis. For analysis, supermatants were extracted on SepPak c18 SPE column (Cat#
WATO054945, Waters Corporation, Milford, MA) and dried under nitrogen gas before reconstitution
in 500 uL of 12-HETE ELISA buffer and analysis following manufacturers recommendations
(Cat# 901-050, Enzo Life Sciences, Plymouth Meeting, PA).

[0303] Human Islet (12-HETE Inhibition) Assay: Human donor islets obtained from
integrated islet distribution program were incubated overnight in CMRL media
(Cat# 15-110-CV McdiaTcch, Inc. Manassas, VA) containing 10% Fetal Bovine Scrum, 1U
penicillin 1 pg streptomycin (pen/strep). Islets were equilibrated in serum free media, (CMRL
containing pen/Strep and 1% fatty acid free human serum albumin (Cat# A1887 Sigma, St. Louis,
MO)), for 1 hour prior to pretreatment with 10uM ML355 for 30 mins. For 12-HETE induction,
islets were treated with 100 uM arachachidonic acid (Cat# BML-FA003-0100, Enzo Life Sciences
Plymouth Meeting, PA), and 5 uM A23187 (Cat# C7522, Sigma, St. Louis, MO), for 4 hours at 37
°C. Islets were harvested, centrifuged at 1000 RPM for 5 minutes with cleared supernatant and islet
pellet being stored at -80 °C. For extraction of the supernatants, samples were acidified to pH 3
with 1N HCI for 30 minutes and spun at 1000 RPM for five minutes. Samples were added to a
prepared column (precwashed with 3 mL EtOH, followed by 3 mL of H>0) and washed with 3 mL
H,0, followed by 3 mL 15% EtOH, and 3 mL Hexane. The samples were eluted with 3 mL of
ethyl acetate and dried under nitrogen gas before, reconstitution in 500 mL of 12-HETE ELISA
sample buffer (Enzo Life Sciences, Plymouth Meeting, PA). Cell pellets were extracted using
CHCls/ MeOH and samples dried under nitrogen gas before reconstitution in 250 puLL of ELISA
sample buffer. 12-HETE levels in samples were determined using a 12-HETE ELISA kit (Cat#
901-050, Enzo Life Sciences, Plymouth Meeting, PA).

Examples Related To The Use of 12-Lipoxvgenase Inhibitors in Platelet Activation And

Treatment Of Thrombosis

Example: Platelet 12-LOX is essential for FeyRIla-mediated platelet activation
[0304] Pharmacological inhibition of 12-LOX in human platelets resulted in significant

attenuation of FcyRIla-mediated aggregation. 12-LOX was shown to be essential for FcyRlIla-
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induced PLCy2 activity leading to activation of calcium mobilization, Rapl and PKC activation,
and subsequent activation of the integrin allbp3. Additionally, platelets from transgenic mice
expressing human FeyRIIa but deficient in platelet 12-LOX failed to form normal platelet
aggregates and exhibited deficiencies in Rap1l and ollbf3 activation following stimulation of the
FcyRlIla receptor. These results support an essential role for 12-LOX in regulating FcyRITa-
mediated platelet function and identify 12-LOX as a therapeutic target to limit immune-mediated
thrombosis.

[0305] Platelet 12(S)-lipoxygenase (12-LOX), an oxygenase highly expressed in platelets, has
been shown to potentiate the activation of select signaling pathways including protease-activated
receptor 4 (PAR4) and an ITAM-containing receptor complex (GPVI-FcRy). The most well
understood function of 12-LOX is production of oxylipins, most notable being the conversion of
arachidonic acid (AA) to 12-hydroxyeicosatretraenoic acid (12-HETE) upon agonist stimulation of
platelets through both GPCR- and non-GPCR-mediated pathways. 12-HETE is an oxylipin that has
been shown to be pro-thrombotic in platelets. In carotid endarterectomy patients, intra-opcerative
heparin increases the level of plasma 12-HETE which correlates with the patient’s platelet
reactivity to ADP ex vivo. While the mechanism by which 12-LOX regulates platelet activity
remains to be fully elucidated, previous publications have demonstrated the ability of 12-LOX
activity to augment key signaling components of platelet activation including Rap1, Ca*’
mobilization, allbf3 activation, and dense granule secretion. Since 12-LOX activity was recently
shown to be required for normal GPVI-mediated platelet activation and FcyRIla shares common
signaling components with GPVI, the inventors sought to identify if 12-LOX is a vital component
of the FcyRlIla signaling pathway.

[0306] In this study human platelets were treated with a 12-LOX inhibitor, ML355, or vehicle
control prior to FcyRIla stimulation to determine if 12-LOX plays a role in the FcyRIla signaling
pathway. Pharmacological inhibition of 12-LOX activity in human platelets attenuated FcyRIla-
mediated platelet aggregation. Consistent with the human studies, murine platelets isolated from
hFcR transgenic mice deficient in 12-LOX had an attenuated aggregation in response to FcyRIla
stimulation compared to wild-type hFcR transgenic mice. The activity of 12-LOX was further
demonstrated to be essential for early PLCy2 activation as well as other downstream effectors, such
as calcium mobilization, Rap1, PKC, ollbB3 activation, and dense granule secretion, while not
directly impinging on the phosphorylation of FcyRlIla itself. This study is the first to identify 12-
LOX activity as an essential component of normal FcyRIla signaling in platelets. Further, the
results of this study suggest for the first time that 12-LOX may represent a novel therapeutic target

to treat immune-mediated thrombocytopenia and thrombosis.
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[0307] 12-LOX regulates FcyRIla-mediated platelet aggregation

[0308] 12-LOX was previously shown to regulate GPVI-mediated platelet aggregation. In
platelets, FcyRlIIa utilizes many of the same downstream signaling effectors as GPVI-FcRy (4). To
determine if 12-LOX plays a role in FcyRIla-mediated platelet aggregation, washed human
platelets were treated with ML355, a selective 12-LOX inhibitor or DMSO (vehicle control)
followed by FcyRIla-induced aggregation. Inhibition of platelet 12-LOX activity attenuated
FcyRITa-mediated platelet aggregation via anti-CD9 stimulation (Fig. 11A) or FcyRIla antibody
cross-linking (Fig. 11B). To confirm the decrease in FcyRIla-mediated platelet aggregation was due
to pharmacological inhibition of 12-LOX and not an off-target effect of the ML355, ex vivo platelet
aggregation was measured following anti-CD9 stimulation in humanized FcyRIla (hFcR)
transgenic mice expressing 12-LOX (ALOX12"") or deficient in 12-LOX (ALOX12™7). Platelets
from mice deficient in 12-LOX (hFcR/ALOXlZ"/') showed a delayed (Fig. 12B) and attenuated
(Fig. 12C) aggregation in response to anti-CD9 stimulation (.125 and .25 pg/mL) when compared
to platclets from mice expressing functional 12-LOX (hFcR/ALOX12 ). These data suggest that
platelets lacking 12-LOX activity through pharmacological or genctic ablation cxhibits a
significantly attenuated aggregation response to FcyRlla activation.

[0309] 12-LOX regulates allbf3 and Rapl activity in FcyRlla stimulated platelets

[0310] Figs. 11 and 12 suggest 12-L.OX is essential for normal FcyRIla-mediated platelet
aggregation; however, the component(s) in the FcyRIla pathway regulated by 12-LOX remain
unclear. As the activation of integrin alIbp3 is required for platelet aggregation, the potential role
of 12-LOX in mediating alIbp3 activation in FcyRIla-stimulated platelets was investigated, allbp3
activation was measured by flow cytometry in FcyRIla-stimulated platelets treated with ML355.
Rapl is a small GTPase whose activation is essential for activation of allbB3. Therefore, Rapl
activation was measured following FcyRlIla stimulation in platelets following treatment with or
without ML355. As shown in Fig. 13B, while stimulation of platelets in the absence of pre-
treatment (control) resulted in a significant increase in Rap1-GTP, platelets treated with ML355
failed to activate Rap1. Platelets treated with DMSO showed no attenuation in active Rapl
compared to control.

[0311] 12-LOX regulates dense but not alpha granule secretion in FcyRIla activated platelets
[0312] The release of alpha and dense granules from activated platelets serves to amplify
platelet aggregation. Surface expression of P-selectin was used as a surrogate marker to measure
alpha granule secretion in FcyRIla-stimulated platelets. Treatment with ML355 did not result in
attenuation of agonist-induced surface expression of P-selectin compared to control conditions

(Fig.14A). However, FcyRlIla-stimulated platelets treated with ML355 showed a significant
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decrease in ATP release compared with DMSO treated platelets (Fig. 14B). These data suggest 12-
LOX is a regulator of dense secretion downstream of FcyRIla stimulation in platelets.

[0313] 12-LOX modulates proximal signaling components of the FcyRIla pathway in human
platelets

[0314] As shown in Fig. 13, 12-LOX activity is required for the normal activation of distal
signaling components (Rapl, allbp3, and platelet aggregation) of the FcyRIla pathway.
Crosslinking of FcyRIla with immunoglobulins also initiates proximal signaling components’
activation that eventually leads to platelet aggregation. FcyRIla initiates ITAM phosphorylation
resulting in Syk activation. Syk activation leads to activation of phospholipase gamma 2 (PLCy2)
resulting in calcium release and PKC activation, both of which are critical for platelet activation. To
determine where in this complex signaling milieu 12-LOX plays an essential role in FcyRIla
signaling in the platelet, the individual signaling components directly downstream of FcyRIla
initiation were assessed in the presence or absence of ML355.

[0315] To investigate whether 12-LOX directly regulated FcyRIla phosphorylation, FeyRlla
was immunoprecipitated from IV.3+GAM-stimulated platelets treated with ML355 or DMSO and
immunoblotted for phosphorylation of FcyRl1la. No difference in FcyRlla phosphorylation was
detected in FeyRIla-stimulated platelets in control or ML355 treated conditions (Fig. 15A). This
data suggests that 12-L.OX activity is not required for phosphorylation of FcyRlIla itself.

[0316] Phosphorylation of FcyRlIla results in recruitment and activation of the tyrosine kinase
Syk which is crucial for the formation of the LAT signalosome. The phosphorylation of Syk was
measured following FcyRlIla stimulation of platelets in the presence or absence of ML355. The
degree of Syk phosphorylation in response to FcyRIla cross-linking in the presence of ML355 was
varied in the subjects tested and may be due to inter-individual variability. Hence, while the
observed attenuation of Syk phosphorylation in the presence of ML355 was minor, the number of
subjects tested was too small to definitively identify Syk as a node of regulation by 12-LOX (Fig.
15B). To assess if 12-LOX regulates PLCy2 activation downstream of FcyRIla, PLCy2
phosphorylation was measured in washed human platelets in the presence or absence of ML355.
Platelets stimulated by FcyRIIa antibody cross-linking were phosphorylated within 15 seconds
following stimulation. Platelets treated with ML355 however showed attenuated PLCy2
phosphorylation at 15 and 30 seconds compared to control conditions (Fig. 16A).

[0317] Since 12-LOX attenuated FcyRIla-mediated PLCy?2 activation, its effects on
intracellular calcium release were measured. Washed human platelets were stimulated by FeyRlIla-
mediated antibody cross-linking in the presence of ML355 or vehicle control and calcium release

was measured. Platelets treated with ML355 exhibited a decrease in intracellular Ca®" following
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platelet stimulation compared to DMSO treated platelets (Fig. 16B). As PLCy2 activation leads to
activation of PKC in in platelets in part through calcium mobilization, the potential regulation of
FeyRIla-mediated PKC activity by 12-LOX was also evaluated. A significant decrease in PKC
activation in platelets treated with ML355 at 30 and 60 seconds was observed compared to platelets
treated with the vehicle control (Fig. 16C). This regulation of PKC was determined to be indirect
since PKC activation by PMA, a direct PKC activator, showed no difference in its ability to
activate PKC either in control or ML355 treated platelets.

Discussion

[0318] 12-LOX has recently been shown to be an important regulator of GPVI-mediated
platelet activation As FcyRIla and GPVI are purported to signal via a conserved pathway, 12-LOX
may play an essential role in the regulation of FcyRIla signaling in human platelets. This study is
the first to demonstrate that 12-LOX is an essential component of FcyRIla immune mediated
platelet activation. Human platelets treated with a 12-LOX inhibitor, ML355, or FcyRlIla transgenic
mousc platelets deficient in 12-LOX, showed significantly attenuated aggregation in responsc to
FeyRIla-mediated activation. To investigate the underlying mechanism by which 12-LOX regulates
FeyRIla-mediated platelet activation, the activity of multiple signaling intermediates in the FcyRl1la
pathway were assessed in the presence of the 12-LOX inhibitor ML355. Following stimulation,
platelets treated with ML355 were significant attenuated along multiple signaling steps in the
immune-mediated FcyRIla activation pathway including allbp3, Rapl, Ca2+, PLCy2, PKC, and
dense granule secretion (Fig. 17).

[0319] The primary known function of 12-LOX is to produce oxylipins (such as 12(S)-HETE)
from the fatty acid substrate AA, the predominant fatty acid in the platelet, following platelet
activation. Previous publications have shown selective 12-LOX inhibitors significantly reduced 12-
HETE production. Though blocking 12-HETE production has been associated with reduced
platelet-mediated reactivity, the direct role of 12-HETE on platelet activation remains unclear.
Oxylipins generated from COX-1, another oxygenase in platelets, generally act as signaling
mediators through GPCRs on the platelet surface. In the case of 12-HETE, published work has
demonstrated it signals through GPR31, a GPCR; however, while recent genetic screens have
shown the expression of GPR31 in human platelets, there is no direct evidence of GPR31 protein
expression on the surface of platelets. In addition to potential autocrine or paracrine signaling
through GPR31, 12-LOX oxylipins produced in the platelet may incorporate back into the
membrane to induce their regulatory effects. There is a precedent for oxylipin integration into the
membrane as 12-HETE has been shown to be esterified into phospholipids in the plasma membrane

upon platelet activation. A third potential explanation of the mechanism by which 12-LOX
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regulates FcyRIla-mediated signaling may be through direct or indirect 12-LOX scaffolding within
the cell. 12-LOX complex formation as a means to regulate downstream signaling has previously
been implicated in regulation of cell growth and tumorgenesis. While all of these regulatory
mechanisms are plausible, the rapid speed by which 12-LOX impinges on the FcyRIla pathway
leaves favors the possibility that 12-LOX and not a 12-LOX oxylipin may act as a direct regulatory
component of the FcyRIla pathway.

[0320] Although 12-LOX activity is required for normal FcyRIla-mediated platelet activation,
the direct molecular component by which 12-LOX activity is required has yet to be determined. 12-
LOX was not required for FcyRIIa phosphorylation and only partially affected Syk
phosphorylation, suggesting 12-LOX activity is not directly regulating Src family kinase activity.
However, 12-LOX activity was shown to be important for early PLCy2 activation, indicating 12-
LOX may be an important regulator in the kinetics of PLCy2 activation affecting downstream
effectors. The delay in PLCy2 activation due to 12-LOX inhibition may be attributed to direct
regulation of PLCy?2 or regulation of upstrcam cffectors such as LAT or BTK. The data presented
here narrows the scope of where 12-LOX impinges on the FcyRlIla pathway to a proximal point in
the signaling pathway between the receptor and PLCy2.

Methods

[0321] Mice and platelet preparation: FcyRITA transgenic mice (hFcR/ALOX12 . ") were bred
with platelet 12-lipoxygenase knockout (ALOX12‘/ 7} mice to generate FcyRIIA transgenic mice
deficient in platelet 12-lipoxygenase (hFcR/ALOX12™). All mice were housed in the mouse
facility of Thomas Jefferson University (TJU). Experimental procedures were approved by the
Animal Care and Use Committee of TJU. Blood was drawn from the inferior vena cava of 12 week
old anesthetized mice using a syringe containing sodium citrate. Mouse platelet preparation was
prepared as described in (Yeung et al., 2012). Murine platelets were resuspended in tyrodes buffer
containing fibrinogen (75 pg/mL) and CaCl, (1 mM).

[0322] Preparation of washed human platelets: Prior to blood collection written informed
consent was obtained from all volunteers. Washed platelets were isolated from the blood of healthy
volunteers as previously described (14). Washed platelets were resuspended in tyrodes buffer at 3.0
x10® platelets/mL unless otherwise indicated. All studies performed with human platelets were
approved by the Thomas Jefferson University Institutional Review Board.

[0323] FeyRIla-mediated platelet activation: FcyRIla-mediated platelet activation was initiated
by two distinct models; either 1) FcyRlIla antibody cross-linking or 2) CD9 monoclonal antibody
stimulation. To cross-link FcyRIla, washed platelets were incubated with IV.3, an FcyRIla mouse

monoclonal antibody, for one minute followed by the addition of a goat anti-mouse (GAM) 1gG
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antibody to cross-link FcyRIla. The concentration of FeyRlIla cross-linking antibodies used for each
experiment is indicated in the text. Alternatively, washed human platelets were stimulated with an
anti-CD9 monoclonal antibody to activate FcyRIla mediated signaling. Due to inter-individual
variability in anti-CD9 response, a range of anti-CD9 concentration (.25 — 1 ug/ml) was used to
achieve an aggregation of EC80. In studies using the 12-LOX inhibitor (ML355), washed platelets
were incubated with either ML355 (20 uM), or DMSO (vehicle control) for 15 minutes prior to
FcyRlIla stimulation.

[0324] Platelet aggregation: Platelet aggregation was measured with a lumi-aggregometer
(Chronolog Corp, Model 700D) under stirring conditions at 37°C.

[0325] PLCy2 phosphorylation: Washed human platelets were adjusted to 5x10° platelets/mL
and stimulated in an aggregometer by antibody cross-linking of FcyRIIa and lysed at designated
times with 5X reducing buffer to stop the reaction. Samples were separated on a 7.5% SDS-PAGE
gel. Antibodies to PLCy2 and phospho-Y759 PLCy2, a marker of PLCy2 activation, were used to
cvaluate the relative levels of total and active PLCy2, respectively.

[0326] Calcium mobilization: Intracellular calcium release was measured as previously
described. Bricfly, washed human platelets were resuspended at 1.0 x 10° platelets/mL in tyrodes
buffer containing 1 mM calcium. Platelets were incubated with Fluo-4 am, a cell permeable
calcium sensitive dye, for ten minutes prior to stimulation. Platelets were stimulated by FcyRlIla
antibody cross-linking and fluorescence intensity was measured in real-time by flow cytometry.
Data is reported as the fold change in the fluorescence intensity comparing maximum fluorescence
intensity relative to fluorescence intensity prior to platelet stimulation.

[0327] Rapl activation: Washed human platelets were stimulated by FcyRIla antibody cross-
linking for 5 minutes and aggregation was stopped with 2X platelet lysis buffer. RalGDS-RBD was
used to selectively precipitate the active conformation of Rapl from the platelet lysate as
previously described. Total platelet lysate and Rap1 pull-down samples were run on a SDS-PAGE
gel and identified by Western blot with a Rap1 antibody. The levels of active Rapl were
normalized to the amount of total Rap] contained in each sample.

[0328] PKC activation assay: Washed platelets were stimulated by FcyRIla antibody cross-
linking under stirring conditions (1100 rpm) in an aggregometer at 37°C. Reactions were stopped
by the addition of 5X Laemmli sample buffer at the indicated times. As a positive control platelets
were treated with PMA (1 mM), a direct PKC agonist, for one minute. Samples were run on an
SDS-PAGE gel and Western blots were performed using antibodies specific for PKC substrate
phosphorylation and pleckstrin.
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[0329] Dense granule secretion: ATP release was measured from washed platelets as surrogate
for dense granule secretion. Prior to activation washed platelets were incubated with Chronolume
Reagent, an ATP sensitive dye, for one minute. Platelets were stimulated with FeyRII antibody
cross-linking under stirring conditions and fluorescence was measured in real-time using a lumi-
aggregometer.

[0330] Alpha granule release and allbB3 activation: Prior to stimulation, washed platelets were
pre-incubated with a either FITC-conjugated P-selectin antibody or FITC-conjugated PAC-1, an
antibody specific for the active conformation of allbf3. Platelets were stimulated with FcyRIla
antibody cross-linking and reactions were stopped by the addition of 2% formaldehyde at indicated
times. Fluorescence intensity was measured by flow cytometry. Results are reported as mean
fluorescence intensity.

[0331] Western Blotting: Standard Western blots for Rap1 activation, PKC substrates, and
PLCy2 phosphorylation were used and band intensity were quantified with the Odyssey Infrared
Imaging System (LIC-OR Biosystems).

[0332] Statistical analysis: Where applicable, data represents the mean £ S.E M. Statistical
significance was determined using GraphPad Prism software. A P value less than 0.05 was

considered significant.
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CLAIMS

1. A compound of Formula (I)

NH OH

e

Rs\H/ \O

wherein R; and R, are independently selected from H, alkyl, alkenyl, alkynyl, F, Cl, Br,
amine, nitrogen dioxide, indole, alkoxy, cycloalkyl, aryl, heterocycloalkyl or heteroaryl, wherein
said aryl, heterocycloalkyl or heteroaryl is optionally substituted with one or more substituents
selected from C;-Csalkyl, C;-Cgalkenyl, C,;-C¢alkynyl, F, Cl, Br, hydroxyl, amine or methoxy;

R; is selected from cycloalkyl, heterocycloalkyl, aryl, thiazole, benzothiazole,
benzoxazole, imidazole, benzimidazole, thiophene, 1-naphthalene, 2-naphthalene, quinoline,
isoquinoline, 4N-boc-piperidine-3-phenyl, oxazole, benzothiophene, parathiazine, furan, pyran,
chromene, benzofuran, pyrrole, pyrazole, triazine, indole, purine or phthalazine; wherein said
cycloalkyl,  heterocycloalkyl, aryl, thiazole, benzothiazole, benzoxazole, imidazole,
benzimidazole, thiophene, 1-naphthalene, 2-naphthalene, quinoline, isoquinoline, 4N-boc-
piperidine-3-phenyl, oxazole, benzothiophene, parathiazine, furan, pyran, chromene, benzofuran,
pyrrole, pyrazole, triazine, indole, purine or phthalazine is optionally substituted with one or

more substituents selected from C;-Cq alkyl, C;-Cs¢ alkenyl, C-C¢ alkynyl, F, CI, Br, hydroxyl,
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amine, alkoxy, cycloalkyl, aryl, piperazine, piperidine, pyridine, morpholine, pyrrolidine,
pyrazolidine, imidazolidine, or thiomorpholine;

or a pharmaceutically acceptable salt thereof; with the proviso that the compound is not

0
O~
\\ !Dl H Me
0
= |

HO

=
o

“

o

=T

o

or
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2. The compound of claim 1, wherein R; is selected from methoxy or Cl when R, is H;

R, is selected from Br or Cl when R;is H; and

R; is selected from thiazole, 2-benzothiazole, 2-benzoxazole, 2-benzimidazole, 4-methyl-
2-benzothiazole, thiophene, 4-methyl-2-thiazole, 5-methyl-2-thiazole, 4, 5-methyl-2-thiazole,
phenyl, 1-naphthalene, 2-naphthalene, 1, 4-bi-phenyl, 3-piperazine-phenyl, 4-piperidine-phenyl,
3-quinoline, 8-isoquinoline, 3-tertbutyl-phenyl, 6-methoxy-2-benzothiazole, 6-fluro-2-
benzothiazole,  4-phenyl-2-thiazole,  3-morpholine-phenyl, =~ 4N-boc-piperidine-3-phenyl,  3-
piperidine-phenyl, 3-isopropyl-phenyl, or 4-bi-phenyl,

or a pharmaceutically acceptable salt thereof.
3. The compound of claim 2, wherein R; is methoxy and R, is H.

4. The compound of claim 3, wherein R; is selected from 2-benzothiazole, 2-benzoxazole,
2-benzimidazole, 4-methyl-2-benzothiazole, 3-quinoline, 8-isoquinoline, phenyl, or 3-isopropyl-

phenyl.

5. The compound of claim 3, wherein R; is selected from 2-benzothiazole, 2-benzoxazole,
2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, phenyl, 1-naphthalene, 2-naphthalene, 3-
quinoline, 8-isoquinoline, 3-tertbutyl-phenyl, 6-methoxy-2-benzothiazole, 6-fluro-2-

benzothiazole, 4-phenyl-2-thiazole, 4N-boc-piperidine-3-phenyl, or 3-isopropyl-phenyl.
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6. The compound of claim 3, wherein R; is selected from 2-benzothiazole, 2-benzoxazole,
2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, phenyl, 1-naphthalene, 2-naphthalene, 3-
quinoline,  8-isoquinoline,  3-tertbutyl-phenyl, 4N-boc-piperidine-3-phenyl, or 3-isopropyl-

phenyl.

7. The compound of claim 3, wherein R; is selected from 2-benzothiazole, 2-benzoxazole

k-

2-benzimidazole, or 3-isopropyl-phenyl.

8. The compound of claim 3, wherein R; is selected from 2-benzothiazole, 2-benzoxazole,

2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, phenyl, 6-methoxy-2-benzothiazole, 6-

fluro-2-benzothiazole, or 4-phenyl-2-thiazole.

9. The compound of claim 3, wherein Rj; is selected from 2-benzothiazole, 2-benzoxazole

k-

2-benzimidazole, 4-methyl-2-benzothiazole, thiophene, or phenyl

10. A compound of claim 3, wherein R3 is selected from 2-benzothiazole, 2-benzoxazole, 2-
benzimidazole, 4-methyl-2-benzothiazole, thiophene, phenyl, 1-naphthalene, 2-naphthalene, 3-

quinoline, or 8-isoquinoline.

11. A compound that is

o]

~
or a pharmaceutically acceptable salt thereof.

12. A compound that is

WSLEGAL\090386100001\26620515v3

Date Regue/Date Received 2021-09-08



100

@TLH} et

or a pharmaceutically acceptable salt thereof.

o]
i
Ne—— NH

L H Me

or a pharmaceutically acceptable salt thereof.
RZ
NH
H 1

wherein R; and R, are independently selected from H, halogen, hydroxyl, alkoxy, or

13. A compound that is

14. A compound of formula (II)

py)

[+2]
e

’ZI
o—0

o

R4 3

wherein X is selected from O, S, NH, or C;

alkyl;

wherein R; through R¢ are independently selected from H, halogen, alkoxy, or alkyl;
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or a pharmaceutically acceptable salt thereof.

15. A compound of formula (IIT)

,ZI
o—0

/

RZ
NH
H 1

wherein R; and R, are independently selected from H, halogen, or alkoxy, and further

=
o

wherein R; and R, are not both H;
wherein Ry and R; are independently selected from H, alkyl, phenyl, or substituted
phenyl,

with the proviso that the compound is not

o)
il
N N NH
\ H Me

/
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16. A compound of formula (IV)

H
R, : N
Ry

wherein R; and R, are independently selected from H, halogen, or alkoxy;

o—0
Py
N

NH

O
I

wherein R; and R, are independently selected from H, phenyl, substituted phenyl, tert-
(\NJ\M

wherein X is selected from NH, O, or

%Ek’

or a pharmaceutically acceptable salt thereof.

butyl, isopropyl, or

17. Use of a therapeutically or prophylactically effective amount of the compound of claim 5,
or a salt thereof, for treating in a mammal, a 12-lipoxygenase mediated disease or disorder
selected from type 1 diabetes, type 2 diabetes, diabetic kidney disease, diabetic nerve disease,
cardiovascular disease, Alzheimer’s disease, Non-Alcoholic steatohepatitis, platelet hemostasis,

skin diseases, heparin induced thrombocytopenia, thrombosis, anti-phospholipid syndrome;
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sepsis syndrome; thrombosis associated with therapeutic or diagnostic monoclonal antibodies;

thrombotic thrombocytopenic purpura, or cancer.

18. The use of claim 17, wherein the cancer is selected from prostate cancer, colorectal

cancer, breast cancer, or lung cancer.

19. The use of claim 17, wherein the cardiovascular disease is selected from congestive heart

failure, myocardial infarction or stroke.

20. The use of claim 17, wherein the 12-lipoxygenase mediated disease or disorder is

selected from type 1 or type 2 diabetes.

21. The use of claim 17, wherein the 12-lipoxygenase mediated disease or disorder is
selected from thrombosis, heparin-induced thrombocytopenia; anti-phospholipid syndrome;
sepsis syndrome; thrombosis associated with therapeutic or diagnostic monoclonal antibodies; or

thrombotic thrombocytopenic purpura.

22. The use of claim 17, wherein the compound is

o]

NH

ool
Q}\T ) & o

or a pharmaceutically acceptable salt thereof.

23. The use of claim 17, wherein the compound is
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<O

or a pharmaceutically acceptable salt thereof.

24. The use of claim 17, wherein the compound is

O

or a pharmaceutically acceptable salt thereof.

25. Use of a therapeutically or prophylactically effective amount of the compound of claim 5,

or a salt thereof, in a mammal, for reducing PAR4-AP induced platelet aggregation.

26. Use of a therapeutically or prophylactically effective amount of the compound of claim 5,

or a salt thereof, m a mammal, for reducing PAR4-AP induced calcium mobilization.
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27. A compound of Formula (I)

R2
R1
NH OH
N
Ny
R3\N/ \\\
H ° )

wherein R; and R, are independently selected from H, alkyl, alkenyl, alkynyl, F, CL, Br, amine,
nitrogen dioxide, indole, alkoxy, cycloalkyl, aryl, heterocycloalkyl or heteroaryl, wherein said
aryl, heterocycloalkyl or heteroaryl is optionally substituted with one or more substituents
selected from C,-Cs alkyl, C;-Cs alkenyl, C;-C¢ alkynyl, F, Cl, Br, hydroxyl, amine or methoxy,

wherein when R, is H, Ry is not H, methoxy, or allyl;

R; is selected from pyrimidine, thiazole, pyrazine, or pyridine; wherein said pyrimidine, thiazole,
pyrazine, and pyridine are optionally substituted with one or more substituents selected from C;-
Cs alkyl, C;-C¢ alkenyl, C;-Cs alkynyl, F, Cl, Br, hydroxyl, amine, alkoxy, cycloalkyl, aryl,

piperazine, piperidine, morpholine, pyrrolidine, pyrazolidine, imidazolidine, or thiomorpholine;

or a pharmaceutically acceptable salt thereof, with the proviso that when Rj3 is pyrimidine or
thiazole, then R;is not methoxy.

28. The compound of claim 27 wherein Rj is pyridine.
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29. A compound of Formula (I)

R,
R
N\
Rs\H/ \O D

wherein R; and R, are independently selected from H, alkyl, alkenyl, alkynyl, F,
Cl, Br, amine, nitrogen dioxide, indole, alkoxy, cycloalkyl, aryl, heterocycloalkyl or
heteroaryl, wherein said aryl, heterocycloalkyl, or heteroaryl is optionally substituted
with one or more substituents selected from C;-Cg¢ alkyl, C;-C¢ alkenyl, C,-C; alkynyl, F,
CL, Br, hydroxyl, amine, or methoxy, wherein R; and R, are not both H;

R; is selected from cycloalkyl, heterocycloalkyl, aryl, benzothiazole,
benzoxazole, imidazole, benzimidazole, thiophene, 1-naphthalene, 2-naphthalene,
quinoline, isoquinoline, 4N-boc-piperidine-3-phenyl, oxazole,  benzothiophene,
parathiazine, furan, pyran, chromene, benzofuran, pyrrole, pyrazole, triazine, indole,
purine, or phthalazine; wherein said cycloalkyl, heterocycloalkyl, aryl, benzothiazole,
benzoxazole, imidazole, benzimidazole, thiophene, 1-naphthalene, 2-naphthalene,
quinoline, isoquinoline, 4N-boc-piperidine-3-phenyl, oxazole,  benzothiophene,
parathiazine, furan, pyran, chromene, benzofuran, pyrrole, pyrazole, triazine, indole,

purine, or phthalazine is optionally substituted with one or more substituents selected

from C;-Cs alkyl, C-Cs alkenyl, C;-C¢ alkynyl, F, Cl, Br, hydroxyl, amine, alkoxy,
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cycloalkyl, aryl, piperazine, piperidine, pyridine, morpholine, pyrrolidine, pyrazolidine,
imidazolidine, or thiomorpholine;

or a pharmaceutically acceptable salt thereof.
30.  The compound of claim 29, wherein R, is methoxy and R, is H.

31 The compound of claim 29, wherein R; is phenyl, optionally substituted with one or more
substituents selected from C;-C; alkyl, C;-C¢ alkenyl, C;-C, alkynyl, F, Cl, Br, hydroxyl, amine,
alkoxy, phenyl, cycloalkyl, piperazine, piperidine, pyridine, morpholine, pyrrolidine,

pyrazolidine, imidazolidine, or thiomorpholine.

32. The compound of claim 31, wherein R; is phenyl substituted with one or more

substituents selected from F, CI or Br.
33. The compound of claim 32, wherein Rj is phenyl substituted with F.

34. A compound of Formula (I)

NH H

0
N

R3\ /
NN
wherein R; is methoxy;
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R, is H; and

Rj is selected from 2-benzothiazole, 4-methyl-2-benzothiazole, 6-fluoro-2-
benzothiazole, 6-methoxy-2-benzothiazole, 2-benzoxazole, 2-benzimidazole, 2-
thiophene, 4-methyl-2-thiazole, 5-methyl-2-thiazole, 4,5-methyl-2-thiazole, 4-phenyl-2-
thiazole, 3-quinoline, 8-isoquinoline, phenyl, 14-biphenyl, l-naphthalene, 2-naphthalene,
3-piperazine-phenyl, 4-piperidine-phenyl, 3-piperidine-phenyl, 2-pyridine, 3-pyridine, 4-
piperazine-3-pyridine, 3-tert-butyl-phenyl, 3-morpholine-phenyl, 4N-boc-piperidine-3-
phenyl, or 3-isopropyl-phenyl.

35. The compound of claim 34, wherein Rj; is selected from 2-benzothiazole, 4-methyl-2-
benzothiazole, 6-methoxy-2-benzothiazole, 2-benzoxazole, 2-benzimidazole, 2-thiophene, 4-
phenyl-2-thiazole, 3-quinoline, 8-isoquinoline, phenyl, 1-napthalene, 2-napthalene, 3-tert-butyl-
phenyl, 4N-boc-piperidine-3-phenyl, or 3-isopropyl-phenyl.

36. A compound of Formula (I)

NH H

o
Ns
Rs\N/ \\

H @]

wherein R; is Cl or H, and R, is Br or H, wherein when R;is Cl, R, is H, and

when R; is H, R, is Br; and
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Rj is selected from phenyl, 4-biphenyl, thiazole, 1-napthalene, 2-napthalene, 2-
benzothiazole, 3-quinoline, 8-isoquinoline, or 4-phenyl-piperidine, wherein when Rj is 4-

phenyl-piperidine, R;is Cl and R, is H.

37.  The compound of claim 36, wherein Rs is selected from 1-napthalene, 2-benzothiazole or

2-napthalene.
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Figures 20A-20B
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Scheme 1. Synthesis of analogs 1-83.

[
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vy

analogs: 1, 8-10,14-33

vt
e

analogs: 11-13, 34

R and R’ = various substituted
phenyl and heteroaromatic
groups

See Tables 1-3 for details

02 £0- e o—L@Rﬁ

analngs 35, 38, 44-48, 52, 53, 56-58,

°’-§—©—N02——> o%—@—ne A e &

7 analogs: 36, 37, 39-43, 49-51, 54, 55,

61-89, 71, 74,75
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60,70,72,73,7683
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