v ~DIKETONES AS WNT/B -CATENIN SIGNALING PATHWAY ACTIVATORS

CROSS-REFERENCE TO RELATED APPLICATIONS
[6001]  This application claims priority to U.S. Provisional Application Serial -
No. 61/768,033, filed February 22, 2013, which is incorporated by reference in its

~ entirety herein.

BACKGROUND
Techuical Field

[0602] * This disclosure relates o activators of one or more proteins in the Wnt
pathway, inchuding activators of one or more Wnt proteins, and compositions comprising
the same. More particularly, it concerns the use of a y-diketones or salts or analogs
thereof, in the treatment of osteoporosis and osteoarthropathy; osteogenesis imperfecta;
bone defects; bone fractures; periodental discase; otosclerosis; wound healing, -
craniofacial defects; oncolytic bone disease; traumatic brain or spine injuries; brain
atrophy/neurological disorders related to the differentiation and development of the
central nerﬁeus system, including Parkinson's disease, strokes, ischemic cerebral disease,
epilepsy, Alzheimer's disease, depression, bipolar disorder, and schizophrenia; otic
disorders like cochlear hair cell loss; eye diseases such as age related macular
degeneration, diabetic macular edema or retinitis pigmentosa; and diseases related to
differentiation and growth of stem cell, such as hair loss, hematopoiesis related diseases

and tissue regeneration related diseases,

Background

[8003] The Wnt/B—catenjﬁ signaling pathway is involved in many biological
processes. For example, aberrant activation of the Wnt/B-catenin pathway has led to
several phenotypes, including the development of a variety of human cancers, and
diseases leading to abnormal development and ﬁlﬁctioning of stem cells [Oncogerne
(2009), 28(21), 2163-2172; Cancer Cell (2008}, 14(6), 471-484; American Jovurnal of
Pathology (2003), 162(5), 1495-1502). Chronic activationl of the Wnt/f-catenin signaling

pathway has been implicated in the development of a variety of human malignancies,
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including high bone mass syndrome, sclerosteosis, colorectal carcinomas, hepatoceliular
carcinomas (HCCs), ovarian, uterine, pancreatic carcinomas, and melanomas [BioEssays
(199%) 21(72), 1021-1030; Cell (2606¢), 103(2), 311--320; Genes Dev. (2000), 14(]3),
1837--1851]. Since the Wmt/B-catenin pathway is involved in a number of growth and
development processes, mutation of the proteins involﬁed in the Wnt/f-catenin signal
transduction system has also been linked to other human diseases such as abnormalities
in development, hair follicle morphogenesis, stem cell differentiation, bone formation,

and cell proliferation.

SUMMARY

[0604] The present disclosure relates to methods for increasing cell or tissue
regeneration in a vertebrate patient. The disclosure relates to methods for increasing the
activity of embryonic and/or adult stem cells, progeuitor cells, mesenchymal
progenitor/stem cells and/or differentiated cells in vivo in a vertebrate patient. The
disclosure further relates to methods for increasing cell or tissue regeneration in a
vertebrate patient by administering to a vertebrate patient in need thereof a compound
according to Formula I, 1R, iH, IIla, b, and/or IV, and increasing a stem. cell,
progenitor cell, and/or differentiated cell population in the vertebrate patient as compared
to the stem cell, progenitor cell, and/or differentiated cell population in the vertebrate
patient before treatment. Increasing the stem cell, progenitor cell, or differentiated cell
population in the vertebrate patient can be a result of one or more of cell proliferation,
cell homing, decreased apoptosis, self-renewal, and increased cell survival.

[6605] In one embodiment, the cell or tissue regeneration can occur in Hssues
including but not limited to, bone, chondrocytes/cértﬂage, muscle, skeletal muscle,
cardiac muscle, pancreatic cells, endothelial cells, vascular endothélial cells, adipose
cells, liver, skin, connective tissue, hematopoietic stem cells, neonatal eells, umbilical
cord blood cells, fetal liver cells, adult cells, bone marrow cells, peripheral blood cells,
erythroid cells, granulocyte ceils, macrophage cells, granulocyte-macrophage cells, B
cells, T cells, multipotem mixed lineage colony types, embryonic stem cells,

mesenchymal progenitor/stem cells, mesodermal = progenitor/stem  cells, neural



progenitor/stem cells, or nerve cells. The vertebrate can be mammalian, avian, reptilian,
amphibian, osteichthyes, or chondrichthyes.

[0606]  In one embodiment, the present disclosure provides a composition for
preventing or decreastng the loss of hair and/or for stimulating or increasing hair growth
or regrowth in a patient, wherein the composition comprises a compound according to
Formula ¥, IL, TiL, Il¥a, IIIh, and/or IV. |

[6067]  In one embodiment, the present disclosure provides a composition for
preventing cochlear hair cell foss in a patient, wherein the composition comprises a
compound according to Formula I, I, ITL, ¥iIa, HIb, and/or IV.

{0008] One embodiment of the present disclosure provides a pharmaceutical
composition for the treatment of a neurodegenerative disease in a patient.

[0639] For example, the neurological disorder can be Alzheimer's disease,
schizophrenia or schizo-affective disorder, bipolar disorder or unipolar disorder,
depression, substance abuse, neurodegenerative disease, autism or autism spectrum
disorder, or a disorder resulting from neural damage such as spinal injuries or brain
injuries.. The neurodegenerative disease may be, for instance, amyotrophic lateral
sclerosis .(Lou Gehrig's disease) or Parkinson's disease. In soms embodinlents, the
disclosure provides methods for treating & brain injury resulﬁng from a traumatic injury
or stroke. _

[0010] In some embodiments, the neurological disorder is an eye disease such
as age related macular degeneration, diabetic macular edema or retinitis pigmentosa.

[0011] In one embodiment, the disclosure relates to methods for (i) reducing
loss of bone mass or bone density, (il) increasing bone mass or bone density, (iii)
maintaining bone mass or bone density and/or (iv) reducing loss of calcium from bone in
a patient, the method comprising: administering to the patient a therépeutically effective
amount of a compound according to Formula I, XX, IIX, Ila, IITh, and/or TV, As used in
this disclosure, the term “bone mass” and “bone density” are used interchangeably.

{0012]  In one embodiment, the disclosure relates to methods for regulating
osteoblast activity or osteoclast activity comprising the use of a compound according to

Formula X, II, THL, IIa, b, and/or IV. Osteoblast éctiviw can be regulated by
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regulating the proliferation or function of osteoblasts. The function of osteoblasts and/or
osteoclasts can be regulated directly or indirectly.

[0013] In one embodiment, the method is for the freatment of a bone
condition or a bone defect, For example, the bone condition being treated can include
frailty, an osteoporotic fracture, a bone defect, childhood idiopathic bone loss, alveolar
bone loss, mandibular bone loss, bone fracture, osteotomy, bone loss associated with
periodontitis, or prosthetic ingrowth. In some embodiments, the bone condition being
treated is Paget's disease. In another embodiment, the bone condition being treated 1s
oncolyvtic bone disease.

10014] In another embodiment, the disclosure relates to methods for
promoting healing of bone fractures, bone defects, cramofacial defects, otosclerosis or
osteogenesis imperfecta comprising: administering fo a patient in need thereof a
therapeutically effective amount of a compound according to Formula I, XE, T, Ha,
Hib, and/or IV,

[0615] In another embodiment, the disclosure relates to methods for bone
tissue engineering comprising the use of a compound according to Formula I, ¥, IIY,
Hfa, HTh, and/or IV. In one embodiment, the cells used for bone tissue engineering are
contacted with an effective amount of a compound according to Formula I, ¥¥, FfI, Tila,
HIb, and/or TV, _

[0016] In another embodiment, the disclosure relates to the use of a
compound according to Formula I, IE, Ti, IHa, IlIb, and/or IV as a medicament for
healing bone fractures or repairing bone defects in a marmal. -

[0017]  In one embodiment, the bone condition being treated is osteoporosis.
For example, the osteoporosis being treated can be selected from the group consisting of:
glncocorticoid-induced 0s{eoporosis, hyperthyroidism-indoced osteoporosis,
immobilization-induced osteoporosis, heparin-induced 0Steoporosis, and
immunosuppressive-induced osteoporosis.

[0018] In one embodiment, a compound according to Formula L, I, I, Ilia,
Hib, and/or ¥V is administered conjointly with an agent that increases bone mass or
prevents the loss of bone mass. In one embodiment, the agent that increases bone mass is

a growth factor, a mineral, a vitamin, a hormorne, a prostaglandin, an inhibitor of 15-
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lipoxygenase, a bone morphogenic protein or another member of the TGF-beta
superfamily which increases bone formation, an ACE inhibitor, a Hedgehog protein,
examethasone, calcitonin, or an active ﬁ'agment thereof, In one embodiment, the agent
that prevents the loss of bone mass is- progestin, estrogen, an estrogen/progestin
combinations, estrone, estriol, 170~ or 17P-ethynyl estradiol, SB?.42784,
polyphosphonates, bisphosphonates, or an active fragment thereof.

[0619] In one embodiment of the disclosure, a compound according o
Formula I, TI, I, Hla, IIb, and/or IV, is administered fo a patient in need thereof to
erthance proliferation of intestinal epithelium, for the treatment, or as a therapeutic
adjunct in the treatment, of diseases that compromise the intestinal epithelia, including:
inflammatory bowel diseases, mucositis (oral and gastrointestinal) and Celiac disease.

16020} In another embodiment, the disclosure relates to methods for organ
tissue engineering comprising the use of a compound according to Formula ¥, IF, ¥IL,
iiia, IMIb, and/or IV. In one embodiment the cells used for organ tissue engineering are
contacted with an effective amount of a compound according to Formula I, I, ITI, 1Eia,
Bk, and/or IV.

[6621] Some embodiments disclosed herein include a Wat/B-catenin signaling
pathway activator containing a y-diketone core. Other embodiments disclosed herein
include pharmaceutical compositions and methods of treatment using one or more of the
compounds provided herein.

[0022] One embodiment of a Wni/B-catenin signaling pathway activator

disclosed herein includes compounds of Formula I

(R*}m

or a pharmaceutically acceptable sait thereof.
[6023]  In some embodiments of Formula I:
. Ring A is a 7-12 membered heteroaryl, with the proviso that a carbon atom on the

ring is attached to the carbonyl carbon;



Ring B is selected from the group consisting of phenyl and a 5-6 membered
heteroaryl, with the préviso that a carbon atom on the ring is attached to the carbonyl
carboy

R'is a substituent attached to Ring A and is independently selected at cach
occurrence from the group consisting of H, vnsubstituted -Cy¢ alkyl, -C,.3 haloalkyl,
halide, -OR’, CFs, ad CN;

R? is a substituent attached to Ring B and is independently selected at each
occurrence from the group consisting of H, unsubstituted -Cps alkyl, -CH,OH, -
CHuN(R™),, -Cy.3 haloalkyl, halide, -OR?, CF3, and CN;

each R? is independently selected from the group consisting of H, unsubstifuted -
Cr.salkyl, -Ci3 haloalkyl, and CFy;

each R’® is independently selected from the group comsisting of H and
unsubstituted —Cy.3 alkyl;

each n 1s an integer of 1 to 10; and

each m 1s an integer of 1 {0 5.

[6024]  Another embodiment of a Wnt/B-catenin signaling pathway activator

disclosed herein includes compounds of Formula IE:

(R8},

IX

or a pharmaceutically acceptable salt thereof.

[0025] In some embodiments of Formula F1:

Ring C is a 5-6 membered heteroaryl, with the proviso that a carbon atom on the
ring is attached to the carbonyl! carbon;

Ring D is selected from the group consisting of phenyl and a 5-6 membered
hetercaryl, with the proviso that a carbon atom on the ring is attached to the carbonyl
carbon; _

R* is a substituent attached to Ring C and is independently selected at each
occurrence from the group consisting of H, unsubstituted -Cy.¢ alkyl, -Cy3 haloalkyl,
halide, -OR®, CF;, and CN;



R’ is a substituent attached to Ring D and is independently selected at each
occurrence from the group consisting of H, unsubstituted -Cig alkyl, -CH,OH, -
CHyN(R®®),, ~C;.3 haloalkyl, halide, -ORS, CF3, and CN;

cach R® is_ihdependenﬂy selected from the gi‘oup consisting of H, unsubstituted -
Ci.galkyl, -Cy haloalkyl, and CFs; »

each R® is independently selected from the group consisting of H and
unsubstituted —C 1.5 alkyl;

¢ach g is an integer of 1 to 4; and

each p is an integer of 1 fo 5.

[0026]  Another embodiment of a-Wnt/B-catenin signaling pathway activator

disclosed herein includes compounds of Formula IEE:

(R

HI
or a pharmaceutically acceptable salt thereof.

[0627] In some embodiments of Formula [H:

R’ is a substituent attached to the phenyl ring and is independently selected at
each occurrence from the group consisting of unsubstituted -Cyg alkyl, -CH,OH, -
CHoN(R™),, -Cy.3 haloalkyl, halide, -OR®, CFs, and CN;

R® is a substituent attached to the phenyl ring and is independently sclected at
each occurrence from the group consisting of H, unsubstituted -Cp¢ alkyl, -CH,OH, -
CHaN(R®™),, -Cy.3 haloalkyl, balide, -OR®, CF3, and CN;

each R’ is independently selected from the group consisting of FH, unsubstituted -
Crealkyl, -Ci.3 haloalkyl and CF3;

each R* is independently selected from the group cousisting of H and
unsubstituted -C .5 alkyl; and

each q is an integer of 1 to 5.

[0628] Another embodiment of a Wni/B-catenin signaling pathway activator

disclosed herein includes compounds of Formula Hia:



Hia

or a pharmaceutically acceptable salt thereof.

[0629] In some embodiments of Formula Iia:

R!'® ig selected from the group consisting of H, unsubstituted -Cy alkyl, -Cy3
haloalkyl, halide, -OR", CF;, and CN; |

R" ig selected from the group consisting of unsubstituted -C; alkyl, -CH,OH, -
CFHN(R¥), -Cyshaloalkyl, halide, -OR™, CFs, and CN;

R i3 a substituent attached to the phenyl ring and is independenﬂy selected at
cach occurrence from the group consisting of H, unsubstifuted -C¢ alkyl, -CH,OH, -
CHN(R™®),, -C;3 haloalkyl, halide, -OR™, CFs, and CON: |

each R" is independently selected from the group consisting of unsubstituted -C;.
s alkyl, -y haloalkyl, and CFa: |

each R'™ is independently sclected from the group consisting of H and
unsubstitu‘fed —(C1.3 alkyl; and

each g is an integer of 1 to 5.

[0030]  Another embodiment of a #ni/B-catenin signaling pathway activator
disclosed herein includes compounds of Formula b:

(R1S)q
o V-

U] S !

R0
| TITh
or a pharmaceutically acceptable salt thereof.
[0031] Insome embodimenﬁs of Formula Hib:
RM is selected from the group consisting of unsubstituted -Cpg alkyl, -Cis
haloalicyl, and C¥y;



_ RY is selected from the group consisting of | unsubstituted -Cpg alkyl, -Ci;
haloalkyl, and CFs; -

RY is a substituent attached 1o the phenyl ring and is independently selected at
each occurrence from the group consistiilg of H, unsubstituted -Ci alkyl, CH,OH, -
CHN(R ™), -Cy.3 haloalkyl, halide, -OR7, CFs. and CN: |

 cach R' is independently selected from the group consisting of ussubstituted -C;.
¢ alkyl, -C1.5 haloalkyl, and CFs;

17h
each R

is independently selected from the group consisting of H and
unsubstituted —C.3 alkyl; énd ' '

each q is an integer of 1 to 5.

[0032] Another embodiment of a Wnt/8-catenin signaling pathway activator

disclosed herein includes compounds of Fornmla IV:

or a pharmaceutically acceptable salt thereof

[0033] In some embodiments of Formula IV:
(g =
Ring F is ) &

Rr1%b

| 5
NNV

H >

Ring G is selected from the group consisting of

gt
CL.

carbon atom on the ring is attached to the carbonyl carbon;

, and a 5-6 membered heteroaryiRm, with the proviso that a

each R is a substituent attached to Ring F and is independently selected at each

occurrence from the group consisting of H, -Cy.3 haloalkyl, halide, -OR®, CF3, and CN;



R ig a substituent aftached to the para position of phenyl and is selected from
the group consisting of H, unsubstituted —Cp alkyl, -CH;OH, CHNERMY,, -Chg
haloalkyl, F, Br, I, -OR®, CFs, and CN; |

R 15 ‘a substituent attached to the meta or ortho position of phenyl and is
éelec‘{ed from the group consisting of H, unsubstituted ~C, alkyl, -CHyOH, -CHzN(Rzl}g,
~C1.3 haloalkyl, halide, -OR*, CFs, and CN;

R is 2-5 substituents, each attached to the phenyl and are independently
selected at each occurrence from the group consisting of H, -CHyOH, 'CI‘IzN(R2]>2, -Cis
haloalkyl, halide, -OR™, CF3, and CN;

R is 1-4 substituents, each attached to the heteroaryl ring and is independently
selected at each occurrence from the group consisting of H, -CH,OH, »CHZN(RZI}Z, i
haloalkyl, halide, -OR™, CF;, and CN;

each R* is independently selected from the group consisting of H, unsubstituted —
Csgalkyl, ~Cy3 haloalkyl, and CF;

ea';:h R¥ is independently selectsd from the group consisting of H and
unsubstituted —C, 3 alkyl;

pisaninteger of 1 to 13; and

ris an integer of 1 to 5.

[60G34] Some embodiments include stereoisomers of a compound of Formula
I, II, IE, 1ifa, and/or fEb.

[6435] Some embodiments include prodrugs of a compound of Formula E, I,
11Y, Hla, and/or EEIb. For example, prodrugs of a compound of Formula £, 1, 111, illa,
and/or 11Eb can be prodmg_ polymer conjugates for delayed release or extended release.

[6036] Also provided herein are pharmaceutical compositions comprising a
compound of Formula I, E, JII, Ifia, and/or Flfb and a pharmaceutically acceptable
carrier, diluent, or excipient.

[6037] Some embodiments of the present disclosure include methods 1o
prepare compounds of Formula L, 1L, I, Ilia, and/or b,

[0038] It is to be understood that both the foregoing geheral description and
the following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as ¢laimed.
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_ DETAILED DESCRIPTION .

[6039]  Provided herein are y-diketones capable of activating the Wni/p-
catenin signaling pathway. The Wnt/B-catenin sighaiing pathway has been found to play
a role in the differentiation and development of nerve cells for the central nervous
systemn, bone formation, hair follicle development and regeneration, and stumulation of
stem cell growth, maintenance and differentiation.

[6040] The present disclosure relates to methods for increasing cell or tissue
regeneration in a vertebrate patient. The disclosure relates to methods for increasing the
activity of embryonic and/or adult stem cells, progenitor cells, mesenchymal
progenitor/stem cells, or differentiated cells in vivo in a vertebrate patient. The disclosure
further relates to methods for increasing cell or tissue regenerstion by administering a
compound according to Formula I, Ia, Ib, e, Ed, Te, If, Ig, Ih, Ii, 1L, Tia, @b, K¢, 114,
 Ile, IIf, Y, IH0a, IIIb, [Efe, IE1d, and/or IV to a vertcbrate patient i need thereof, and

iﬁcreasing a stem cell, progenitor cell population, or differentiated cell in the vertebrate
patient compared to the stem cell or progenitor cell, or differentiated cell population in
the vertebrate patient before treatment. In some embadiments, a method for increasing
stem cell or progenitor cell population can be used to repair or replace damaged tissue in
a vertebrate patient, wherein the cell or tissue regeneration occurs in  bone,
chondrocytes/cartilage, muscle, skeletal muscle, cardiac muscle, pancreatic cells,
endothelial cells, vascular endothelial cells, adipose cells, liver, skin, connective tissue,
hematopoietic stem cells, neonatal cells, umbilical cord bloed cells, fetal liver cells, adult
~cells, bone marrow cells, peripheral blood cells, erythroid cells, granulocyte cells,
macrophage cells, granulocyte-macrophage cells, B cells, T cells, multipotent mixed
lineage colony types, embryonic stem cells, mesenchymal progenitor/stem cells,
mesodermal progenitor/stem cells, neural progenitor/stem cells, or nerve cells.

Hair Growth

{0041 Compositions comprising one or more compounds according to

Formula L, Ia, Ib, I¢, 4, e, If, Ig, Ih, i EE, Tia IIb, Ilc, ¥Id e, IEf 1L, Elia, EIb,
Ele, IFEd, and/or ¥V can be used to promote hair growth.
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(0042} “Promoting hair growth” refers to maintaining, inducing, stimulating,
accelerating, or revitalizing the growth of hair. | 7

[0043] The methods of the present disclosure can be useful in the treatment of
alopecia in mammals, and as such may be used to promote, increase, or assist in the
growth of hair. Patients may be male or female. The term alopecia refers to both the
complete absence of hair in skin which typically exhibits hair growth, as well as fo a loss
or diminution in the amount of hair. Multiple types and causes of alopecia are recogrized
in humans, including male pattern baldness, chemotherapy- induced hair loss, congenital
alopecia, and alopecia arcata. The treatment of alopecia can include the treatment of skin
with a total absence of hair growth as well as the treatment of skin having reduced or
patchy hair growth. Successful treatment results in an increased number of hairs.

[0044] Patients to be treated according to the disclosure include human
patients as well as other mammalian patients, such as dogs, cats, mice, rats, goats, ilamas,
minks, seals, beavers, ermines, and sheep. Patients cali be treated for hair loss or to
enhance the growth of hair, for example to mcrease Wool ot pelt production.

00451  “Treating alopecia”' refers to (i) preventing alopecia in an animal
which may be predisposed to alopecia, (i1) inhibiting, retarding or 1.‘adﬁcing alopecia, (i}
* promoting hair growth, and/or (iv) prolonging the anagen phase of the hair cycle.

[0046] A method for promoting hair growth in accordance with the present
disclosure can include applying an effective amount of a compound according to Formula
I, Xa,Ib, Ic, Id, Ie, I, Ig, Th, Ii, I1, Kia, 1ib, Iic, Iid, lle, IIf, EX, Diia, IHDD, Iiic, IEid,
and/or IV, or a pharmacologically acceptable salt thereof, to the skin of mammals. For
example, the compound can be applied to a human scalp.

Cochlear hair cell loss

[0047} Compositions comprising one or more compounds according to
Formula I, Ia, b, Ic, Id, Ye, If, Ig, Ih, Ii, I, Ela, Tib, Iic, Iid, Xle, IXf, K1K, XQIa, I1ID,
ITic, YIId, and/or IV can be used to promote regeneration of lost or damaged sensory hair
cells.

[0048} “Promoting the regeneration of sensory hair cells” refers  to
maintaining, inducing, stimulating, accelerating, or 1‘evitaiizing the growth of sensery hair

cells. |
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[0049] The methods of the present disclosure are useful in the treatment of
presbycusis in mammals, and as such may be used to promote, increase, or assist in the V
growth of cochlea hair cells. Mammalian cochlear hair cells come in two anatomically
and functionaﬂy.distinct types: the outer and inner hair cells. Patients may be male or
female. Presbycusis can be caused by the slow loss of hearing that ocours as a result of
ageing, after repeated exposure to loud noises, or as a symptom of ceﬁaiﬂ medical
conditions or medications. Multiple types and causes of presbycusis are recognized in
humans, including, for example, arteriosclerosis (may diminish vescularity of the
cochiea, thereby reducing its oxygen supply), diabetes meilitus {may cause vasculitis and
endothelial proliferation in the blood vessels of the cochlea, thereby réducing its blood
supply), poor diet (increased intake of saturated fat may accelerate atherosclerotic
changes}, stress, heart disease, diabetes blood vessel complications, high blood pressure,
smoking (postulated to accentuate atherosclerotic changes in blood vessels), and viral or
bacterial infections. Drugs, medications, substances, or toxins that can cause presbycusis
as a symptom include, for example, aminoglycosides (gentamycin, streptomycin, etc.)
and other antibiotics (macrolides and vancomyein), antineoplastic agents (platinum-based
compounds cisplatin and carboplatin), salicylates (aspirin), quinine, and loop diuretics
(ethacrynic acid, fiwosemide, bumetanide, etc.}.

[6050] The term treating presbycusis refers to both the treatment of patients
with total hearing loss ag well as partial hearing loss. Successful treatment results in an
improvement in a patient’s hearing.

{0051} A method for promoting the regeneration of sensory hair cells in
accordénce with the present disclosure can include applying an effective amount of a
compound according to Formula I, Xa, Ib, Y, Id, Te, If, Xg, Ih, Li, I, Ifa, @b, ilc, 1id,
He, IIf, III, Il1=a, 1Ilb, Hic, IIld, and/or IV, or a pharmacologically acceptable salt
thereof, in the ear of mammals. For example, the compound may be applied to the inner
ear, or via infratympanic injection to the round window membrane or vicinity of the

round window membrane.



Neurological Disorder

10652] ' Compounds according to the present disclosure can modulate the
cellular fate of neural stem cells and promote the differentiation of these neural
precursors to functional neurons and glial cells.

[6053] Composiﬁons comprising one or more compounds according to
Formula I, 1a, Ih, Ic, ¥d, Te, If, Ig, 1h, 0, 11, Ha, Tib, Iic, 114, Hle ¥Ef, EYI, TEEa, Eiib,
e, IHd, and/or IV can be used to treat neurodegenerative diseases. |

[0054]  Non-limiting examples of neurodegenecrative diseases include
Alzheimer's disease, schizophrenia or schizo-affective disorder, bipolar disorder or
unipolar disordef, depression, substance abuse, neurodegenerative disease, autism or
autism spectrum disorder, or a disorder resulting from neural damage such as spinal
injuries or brain injurtes. The neurodegenerative disease may be, for instance,
amyotrophic lé.teral sclerosis (Lou Gehrig's disease) or Parkinson's disease.

[0655] Other non-limifing examples of neurodegenerative diseases include
eye diseases including, but not Hmited to, wet age-reiated macular degenefation, dry age-
related macular degeneration, geographic atrophy, diabetic retinopathy, diabetic macular
edema, retinal detachment, retinal degeneration, vetinal vein occlusion, retinopathy of
prematurity, retinifis pigmentosa, retinopathies, Leber congenital amaurosis and
glaucoma.

[6056] The disclosure also provides methods for treating brain infury resulting
from a traumatic mjury or stroke.

[0657]  Another aspect of the disclosure is a method for enhancing neural
progenitor proliferation and differentiation by contacting a neural progenitor cell with a
compound according to Formula k, fa, Ib, Te, k4, Xe, X1, Ig, Ih, Ii, I, [}a, Iib, Ilc, IRd,
e, IIf, 1E1, Iia, If0h, [le, HId, and/or IV i an effective amount to enhance neural
progenttor pmliferation and differentiation.

[0058] In one aspect the disclosure provides a method for enhancing nerve
generation, by contacting a nerve with a compound according to Formula I, Ia, Ib, e, Id,
Te, If, Ig, Th, I, 1, Tla, B3b, Tfe, Kid, Hfe, TEf, JII, D@la, I30b, IXYe, BIXd, and/or IV in an

effective amount to enhance nerve generation.
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[0059] In another aspect, the present disclosure provides a method for treating
a neurodegenerative disease In a patient requiring such treatment, which com_priseé
administering an effective amount of a compound of Formula L, Ia, Ib, Ic, Id, Ie, If, Ig,
Ik, Ii IE, ifa, EIb, Mlc, Hid, He, _Hf,- ITE, THa, TIfb, Iilc, T0d, and/or IV, or a
pharmaceutically acceptable salt thereof.

[6060} The compounds according to the present disclosure may be
administered alone or in combination with another active agent. In one em%odiment, a
compound provided herein can be co-administered with an acefylcholinesterase inhibitor
(e.g. Aricept) for Alzheimer's disease or L-DOPA for Parkinson disease.

Bone Formation

[0661] Compositions comprising one or more compounds of Formula I, Ia,
Ib, Ic, Id, e, If, Ig, Th, §i, II, Ha, ITh, Ile, 1kd, Te, ¥YE, 11X, T¥a, XX0b, XX)e, XX0d, and/or
IV can be used to treat, prevent or alleviate bone conditions. The present disclosure
provides methods for (3) reducing loss of bone mass, (ii) increasing bone mass, (iii)
maintainmg‘bone mass, and/or {(iv) reducing loss of calcium from bone, comprising:
administering to a patient in need thereof a therapeutically effective amount of a
compound according to Formula I, Ia, kb, Ic, Id, fe, If, Xg, Ih, K, I, 2, IIb, He, [id,
¥le, IH, HII, Iila, Iib, IHic, Hid, and/or IV. The method could be used for treating,
preventing, or delaying a bone condition. The disclosure further provides a method for
promoting the healing of bene fractures or bone defects comprising: administering to a
patient a therapeutically effective amount of a compound according to F ormula I, Ta, Ih,
Ic, Id, Ie, If, Ig, Th, Ii, T1, Iia, Iib, Ilc, Hd, He, IIf, I1J, Hia, [TIb, Iiec, T4, and/or IV.
Any of the above mentioned methods can involve the conjoint administration of an agent
that increases bone mass or prevents the loss of bone mass.

[6062] The disclosure also provides for the use of a compound according fo
Formula I, Ta, Ib, Ic, Id, Ye, If, Ig, Ih, Ii, X1, ITa, ¥ib, Ilc, IId, Ile, XXf, IEX, ¥Ela, I1Ib,

F¥ie, TEId, and/or IV as a medicament for treating, preventing or delaying a bone

- condition.

[0063] As used berein, the term “bone condition” includes any condition
‘where it is desirable to increase bone mass or bone density and/or prevent the loss of

bone mass or bone density. A bone condition includes any condition that increases
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osteoclast number, increases osteoclast activity, increases bone resorption, increases
marrow fibrosis, or alters the caleinm content of bone. _

[0064]  Non-limiting examples of bonre conditions include metabolic bone
conditions such as renal osteodystrophy, primary forms of osteoporosis {e.g.,
pestmenopausal and senile osteoporosis), and secondary forms of osteoporosis that
develop as a result of an undertying disease state. For exam;ﬁie, osteoporosié can develop
in patients that have endocrine disorders such as hyperpara‘rhyroidism, hypo- and
hyperthyroidism, hypogonadism, hypercalcemia due fo malignancy, pituitary fumors,
type I diabetes, or Addison's disease. Neoplasias such as multiple myeloma and
carcinomatosis also can lead to development of osteoporosis. In addition, gastrointestinal
problems such as malnutrition, malabsorption, hepatic insufficiency, and vitamin C or D
deficiencies, and chronic administration of drugs such as anticoagulants,
chemotherapeutics, corticosteroids, anticonvulsants, and alcohol can lead to development
of osteoporosis. |

[0065] WNon-limiting examples of bone conditions also include osteonecrosis,
osteoarthritis, rheumatoid arthritis, Paget's disease, osteogenesis imperfecta, chronic
hyperparathyroidism,  hyperthyroidism, Gorham-Stout disease, McCune-Albright
syndrome, and alveolar ridge bone loss.

{0066] Bone conditions can also imclude, without lumtation, conditions
resulting in bone loss, for example, cancers and tumors (such as osteosarcoma and
multiple myeloma), renal disease (including acute renal failure, chronic renal failure,
renal bone dystrophy and renal reperfusion injury), kidney disease, and premature
ovatian failure.

100671 Endocrine disorders, vitamin deficiencies and viral infections also can
Iead to the development of bone conditions that can be treated as described herein. An
example of a bone condition caused by a nutritional disorder is osteomalacia, a nutritional
disorder caused by a deficiency of vitamin D and caleium. It is referred to as “rickets” in
children, and “osteomalacia” in adults. It is marked by a softening of the bones (due to
impaired mineré!ization, with excess accumulation of osteoid), pain, tenderness, muscle

wasting and weakness, anorexia, and overall weight loss. It can result from malnutrition,
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repeated pregnancies and lactation (exhausting or depleting vitamin D and calcium
stores), and vitamin D resistance,

[0068]  Bone conditions include conditions resuiting from the treatment of a
patient with drugs, for example the osteopenia resulting from the treatment with
Cyclosporin A or FK506.

[0069] Bone conditions also include bone fractures, bone trauma, conditions
associated with post-traumatic bone surgery, post-prosthetic joint surgery, post-plastic
bone surgery, post-dental surgery, bone chemotherapy, post-dental surgery, and bone
radiotherapy. Fractures include all types of microscopic and macrescopic fractures.
Examples of fractures includes avulsion fracture, comminuted fracture, transverse
fracture, oblique fracture, spiral fracture, segmental fracture, displaced fracture, impacted
fracture, greemstick fracture, torus fracture, fatigue fracture, intra-articular fracture
(epiphyseal fracture), closed fracture (simple fracture), open fracture (compound
fracture), and occult fracture.

[0070] Other non-limiting examples of bone conditions include bone
deformation, spinal  deformation, prosthesis loosening, bone dysplasia, scoliosts,
periodontal disease and defects, tooth repair, and fibrous osteitis.

{0071} The disclosure also provides a method for {reating a patient with a
therapeutically effective amount of a compound according to Formula I, Iz, Ib, Ic, Id, Te,
If, Ig, Ih, L, 1Y, Iia, §Xb, Jic, Hid, He, IIf, HI, Hla, IIb, @i, ITId, and/or IV, wherein
the patient is in need of bone repair following surgery, such as cramio-maxillofacial repair
following tumor removal, surgical bone reconstruction following traumatic imjury, repair
of hereditary or other physical abnormalities, and promotion of bone healing in plastic
surgery.

[0072] The disclosure also provides a method for treating a patient with a
therapeutically effective amount of a compound according to Formula I, Ia, Ib, e, Id, Ié,
Ef, Ig, Ih, I, 11, Ha, Ib, Hc, 11d, He, FIf, 11, illa, I¥ib, 1lkc, BXEd, and/or IV, wherein
the patient is in need of bone repair after receiving an implant (including joint
replacements and dental implants), prosthesis or a bone graft.

[06673]  The disclosure also provides a method for tréaﬁng a patient with a

therapeutically effective amount of a compound according to Formula 1, Ta, Ih, I, I&, ie,
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If, Tg, Th, 1, T, Tia, ITb, He, 11d, Tie, I, TTL, Tia, T¥Ib, Hl¥e, TTTd, and/or IV, wherein
the patient: a) 13 in need of increased bone density or bone healing; b) has undergone or is

presently undergoing corticosieroid therapy, dialysis, chemotherapy for post—manc)pausal

bone logs, radiation therapy for cancer, or hormone replacement therapy; c) is

immobilized or subjected to extended bed rest due fo bone inju;*y;' d) suffers from
alcoholism, diabetes, hyperprolactinemia, anorexia nervosa, primary and secondary
amenorrhea, or oophorectomy; e) suffers from renal failure; £} is 50 years or older; or g)
is a female.

[6074) The disclosure also provides a method for treating a patient with a
therapeutically effective amount of a compound according to Formula I, Ia, Ib, ¢, Id, Te,
I, Ig, In, i I, Ila, @b, Ilc, Hid, Ife, 1Tf FIL, I¥Ea, T1Ib, Ific, IXId, and/or IV, wherein
the patient is affected by a disease selected from arterial calcification, ankylosing
spondylitis, éssiﬁcation of the posterior longitudinal ligament, myositis ossificans,
diffuse idiopathic skeletal hyperostosis, calcific {endonitis, rotator cuff disease of the
shoulders, bone spurs, cariilage or ligament degeneration due (o hydroxyapatite crystal
deposition, and chondrocalcinosis.

[0675] The disclosure also provides a method for treating a patient with a
therapeutically effective amount of a compound according to Formula L, Ia, Ib, I, Id, Ie,
i, Ig, Ih, I, I, fia, Hb, Tic, fid, Ile, IXf I, Ifa, IEIb, Hlc, B4, and/or IV conjointly
with an agent that increases bone mass or prevents the loss of bone mass. In one
embodiment, the agent that increases bone mass is a growth factor, a mineral, a vitamin, a
hormone, a prostaglandin, an inhibitor of 15-lipoxygenase, a bone morphogenic protein
or another member of the TGF-beta superfamily which increases bone formation, an
ACE inhibitor, a Hedgehog protein, .examethasone, caicitonin, or an active fragment
thereot. In one embodiment, the agent that prevents the loss of bone mass is progestin,
estrogen, an estrogen/progestin combinations, estrone, estriol, 17¢~ or 17B-ethynyl
estradiol, 53242784, polyphosphonates, bisphosphonates, or an active fragment thereof.

Intestinal Diseases

[0676] Compounds according to Formula I, Ia, Ib, fe, Id, Te, If, Ig, Ih, Ii, 1L,
TTa, IIb, He, 1Xd, ¥e, IIf, ITT, Ila, ITh, TiXe, XE1d, and/or IV ca_n.“also administered for

the treatment of gastrointestinal inflammation. “Gastrointestinal inflammation” as used
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herein refers to inflammation of a mucosal layer of the gastrointestinal tract, and
encompasses acute and chronic inflammatory conditions. Acute inflammation is
generally characterized by a short time of onset and infiltration or influx of neutrophils.
[0077]  "Chronic gastrointestinal inflammation” refers to inflammation of the
mucosal of the gastrointestinal tract that is characterized by a relatively longer period of
onset, is long-lasting (e. g., from several days, weeks, months, or years and up to the life
of the patient), and is associated with infiltration or influx of mononuclear celis and can
be further associated with periods of spontaneous remission and spontaneous occurrence.
Thus, patiénf;s with chronic gastrointestinal inflammation may be expected to require a
long period of supervision, observation, or care. “Chronic gastrointestinal inflammatory
conditions" (also referred to as "chronic gastrointestinal inflammatory diseases™) having
such chronic inflammation include, but are not necessarily limited to, inflammatory
bowel disease (IBD), colitis induced by environmental insults (e. g., gastrointestinal
inflammation (e. g., colitis) caused by or associated with (e. g., as a side effect) a
therapeutic regimen, such as administration of chemotherapy, radiation therapy, and the
like), colitis in conditions such as chronic granulomatous disease, celiac disease, celiac
sprue (a heritable disease in which the intestinal lining is inflamed in response to the
ingestion of a protein known as gluten), food allergies, gastritis, infectious gastritis or
enterocolitis (e. g., Helicobacter pylori-infected chronic active gastritis) and other forms
of gastrointestinal inflammation caused by an. infectious agent, and other like conditions.
[0078]  As used herein, "inflarnmatory bowel disease" or "IBD" refers to any
of a variety of diseases characterized by inflammation of all or part of the intestines.
Examples of inflammatory bowel diseases include, but are not [imited to, Crohn's discase
and ulcerative colitis. Reference to TBD #hiwughout the specification is used throughout
the specification as an example of the gastrointestinal inflammatory conditions provided
herein, and is not meant to be [imiting. _
[(30’79} Compounds according to Formula L, Ia, Ib, Ie, Id, Ie, If, Ig, Ih, Ii, I,
Iia, Ifb, Ec, TId, Ie, TIf, T, EiIa, iIb, ic, Tid, and/or IV can be administered to a
_patient prior to -onset of more severe symptoms (e.g., prior to onset of an acute
inflammatory attack), or after onset of acute or chronic symptoms {e.g., after onset of an

acute inflammatory attack). As such, the agents can be administered at any time, and may
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be administered at any interval. In one embodiment, a compound according to Formula L
fa, Ib, Ic, Id, Te, If, Ig, Ih, H, 11, Fia, IIb, Fic, Hd, Ife, 1M, I1J, [ila, I1ib, liie, 1ild,
and/or IV can be administered about 8 hours, about. 12 hours, zbout 24 hours, about 2
days, about 4 days, about 8 days, about 16 days, about 30 days or 1 month, about 2
months, about 4 months, about 8 months, or about 1 year after the initial onset of
gastrointestinal  inflammation-associated  symptoms and/or after diagnosis  of
gastrointestinal inflammation in the patient.

10080} When multiple doses are administered, subsequent doses can be
admjnister¢d within about 16 weeks, about 12 weeks, about 8§ weeks, about 6 weeks,
about 4 weeks, about 2 weeks, about 1 week, about 5 days, about 72 hours, about 48
hours, about 24 hours, about 12 hours, about 8 hours, about 4 hours, or about 2 hours or
less of the previous dose. In one embodiment, does are administered at intervals ranging
from at least every two weeks to every four weeks (e.g., monthly intervals) in order to
maintain the maximal desired therapeutic effect (e.g., to provide for maintenance of relief
from IBD-associated symptoms). _

[0081] Compounds according to Formula k| Ia, Ih, Ic, kd, Ie, If, Ig, Ik, I, LI, -
iz, IIb, e, Hd, Iie, If, I, fiia, TIih, Fife, IH4, and/or IV can alsc be admimistered
for the treatment of mucositis. “Mucositis” as used herein refers to inflammatory and/or
ulcerative lesions anywhere along the gastrointestinal (GI) fract. Infectious disease,
immune deficiency, and medications can be causative. One of the major causes of
mucosiﬁs is high-doge cancer therapy. In some embodiments, the mucositis is alimentary
tract mucositis or oral mucesitis. Alimentary tract mucositis refers to the expression of
mucosal injury across the continuum of oral and gastrointestinal mucosa, from the mouth
to the anus. Oral mucositis refers to the particular inflammation and ulceration that occurs
in the mouth. Oral mucositis is a common and often debilitating complication of cancer
treatment.

Regenerative Medicine

[0082] According to the present disclosure, pluripotent stem cells (PS celis)
are capable of differentiating into any cell type of the body and retain the property of self-
renewal, thereby providing a potentially unlimited source of new healthy tissue. In this

regard, PS cells have attracted a great deal of attention due to their potential use for tissue
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and cell based therapies. PS cell derivation originally depended on the viral expression of
the fouf transcription factors i.e. Oct4, Sox2, Kif4 and c-Myc. However, recent efforts to
avoid genetic maniﬁulation with the ultimate goal of clinical applications have led
researchers to further define the signaling pathways nvolved in cell reprogramming with
the aim of replacing eciopié gene expression with proteins or small molecules. Wnt/B-
catenin signaling in particular has been highlighted as one of the key pathways in this

. Process.

[6083] Somatic cells as referred to in the present disclosure refer to cells that
have reached differentiation into cells that compose various organs of the body. In some
embodiments, two or more somafic cells may be used in the methods described herein.
For exarhple, a combination of an ecpithelial cell line and mesenchymal cells, a
combination of endothelial cells and mesenchymal cells, or a combination of epithelial
cells and mesenchymal cells can be used.

[06084] There are no particular limitations on organs capable of being formed
by the somatic cells provided herein. Non-limiting examples include various organs such
as hair follicle, lung, kidney, liver, pancreas, spleen, heart, gallbladder, small intestine,
colon, large intestine, joint, bome, tooth, blood vessel, lymph duct, cornea, cartilage,
olfactory organ, or auditory organ.

[0085] Various mammals can be used without limitation as the origin of the
cells provided herein depending on the ultimate intended purpose of the cells. For
example, mammals include chimpanzees, other primates, domestic animals such as dogs
or cats, farm animals such as cows, pigs, horses, sheep or goats, laboratory animals such
as rabbits, rats, mice or gninea pigs. In some embodirents, the mammals are nude mice,
SCID mice, or nude rats. In addition, combinations of cells can include homogeneous
combinations or heterogeneous combinations. In some embodiments, the combination is
a homogeneous combination. In some embodiments, culturing somatic cells of one or
more types of differentiated somatic cells as described above can be combine with one or
more Wnt/p-catenin signaling pathway activators according to Forrmula 1, Ia, Ib, Ie, Id,

Te, If, Ig, Th, Ii, IV, IHa, HIb, Mlc, 1id, I¥e, 1if, HI, Hia, ¥EIb, Yic, 1EEd, and/or V.
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Definitions

{0086]  Unless defined otherwise, all technical and scientific terms used hefein
have the same meaning as is commonly understood by one of ordinary skiﬂ- in the art to
which this disciosure belongs. All patents, applications, published applications, and other
publications are incorporated by reference in their entirety. In the event that there is a
plurality of definitions for a term herein, those in this section prevail unless stated
otherwise.

[6087] As used herein, "alkyl" means a branched, or straight chain chemical
group containing only carbon and hydrogen, such as methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, sec-pentyl and neo-pentyl.
Alkyl groups can either be unsubstituted or substituted with one or more substituents.
Alkyl groups can be saturated or unsaturated (e.g., containing -C=C- or C=C- subunits),
at one or several positions. Typically, alkyl groups will comprise 1 to 9 carbon atoms (for
example, 1 to 6 carbon atoms, 1 to 4 carbon atoms, or 1 to 2 carbon atoms).

{G088] As used herein, “carbocyclyl” means a cyclic ring system containing
only carbon atoms in the ring system backbone, such as cyclopropyl, eyclobutyl,
cyclopentyl, cyclohexyl, and cyclohexenyl. Carbocyelyls may include mubtiple fused
rings. Carbocyclyls may have any degree of saturation provided that at least one ring in
the ring system is not aromatic. Carbocyelyl groups can either be unsubstituted or
substituted with one or more substituents. Typically, carbocyelyl groups will comprise 3
to 10 carbon atoms, for exampie, 3 to 6 carbon atoms.

[06G89] As used herein, “lower alkyl” means a subset of alkyl having 1 to 3
carbon atoms, which is linear or branched. Examples of lower alkyls include methyl,
ethyl, n-propyl and isopropyl. Likewise, radicals using the termindlogy “lower™ refer to
radicals having 1 to about 3 carbons in the alk.yl portion of the radical. | . _

[60%0] As used herein, “aryl” means an aromatic ring system containing a
single-ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl or anthryl) with only
carbon atoms present in the ring backbone. Aryl groups can either be unsubstituted or

substituted with one or more substituents. In some embodiments, the aryl is phenyl.
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[6091] As used herein, “arylalkyl” means an aryl-alkyl- group in which the
aryl and alkyl moieties are as previously described. Preferred arylalkyl groups contain a
Cialkyl moiety. Exemplary arylaliyl groups include benzyl and 2-phenethy!.

' [0092} - As used herein, the term “heteroaryl” meané a mono-, bi-, i~ or
polycyclic group having 5 to 14 ring atoms, alternatively 3, 6, 9, or 10 ring atoms; having
6, 10, or 14 pi electrons shared in a cyclic array; wherein at least one ring in the system is
aromatic, and at least one ring in the system contains one or more heteroatoms
indepeﬁdenﬂy seiected from the group censisting of N, O, and S. Heteroaryl groups can
either be unsubstituted or substituted with one or more substituents. Fxamples of

- bheteroaryl include thienyl, pyridinyl, furyl, oxazolyl, oxadiazolyl, pyrrolyl, imidazoly!,

triazolyl, thiodiazolyl, pyrazolyl, isoxazolyl, thiadiazolyl, pyranyl, pyrazinyl,
pyrimidinyl,  pyridazinyl, triazinyl, thiazolyl  benzothienyl, benzoxadiazolyl,
benzofuranyl, benzimidazolyl, benzotriazolyl, cinnolinyl, indazolyl, indolyl,
isoquinolinyl, isothiazolyl, naphthyridinyl, puwrinyl, thienopyridinyl, pyrido[2,3-
dfpyrimidinyl, pyrrolo[2,3-b]pyridinyl, quinazolinyl, quinolinyl, thieno[2,3-c]pyridinyi,
- pyrazolo[3,4-b]pynidinyl, pyrazolo[3,4-clpyridinyl, pyrazoloi4d,3-clpyridine,
| pyrazolo[4,3-bpyridinyl, tetrazolyl, chromane, 2,3-dihydrobenzo{bl[1,4]dioxine,
benzo[d][1,3]dioxole, 2,3-dihydrobenzofuran, 2,3-dihydrobenzo|b][1,4]Joxathiine, and
others.

[0093] As used herein, “hetercarylalkyl” means a heteroaryl-alkyl- group in
which the heteroaryl and alkyl moieties are as previously described. Preferred
heteroarylalkyl groups contain a Cj4 alkyl moiety. Exemplary heteroarylalkyl groups
include pyridylmethyl.

[6094] As used herein, "acyl" means an H-CO- or alkyl-CO-, carbocyclyl-
CO-, aryl-CO-, heteroaryl-CO-, or heterocyclyl-CO- group wherein the alkyl,
carbocyclyl, aryl or heterocyelyl group is as herein described. In some embodiments,
acyls contain a lower alkyl. Exemplary alkyl acyl groups include formyl, acetyl,

propanoyi, 2»méthyipropan0y1, t-butylacetyl, butanoyl, and palmitoyl.
| [6095] As used herein, “alkoxycarbonyl” means an alkyl-O—CQO-— group in
which the alkyl group is as descﬁbed herein. Exemplary aﬂioxycarbonyl groups include

methoxy- and ethoxycarbonyl.
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[00696] As used herein, “alkoxy” means an alkyl-O— group in which the aikyl
group” is as described herein. Exemplary alkoxy groups include difluoromethoxy,
methoxy, trifluoromethoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, s-butoxy, t-butoxy,
pentoxy, hexoxy and heptoxy, and also the linear or branched positional isomers thereof. |

[6097] As used herein, "halo”, “halide” or “halogen”™ is a chloro, bromo,
fluoro, or iodo atom radical. In some embodiments, a halo is a chlore, bromo or fluero.
For example, a halo can be fluoro.

_ [0{398] As used herein, "haloallkyl" means a hydrocarbon substituent, which is
a linear or branched or cyclic alkyl, alkenyl or alkynyl substituted with one or more
chioro, bromo, fluore, or iodo atom(s). In some embodiments, a haloalkyl is a
fluoroalkyls, wherein one or more of the hydrogen atoms have been substituted by flnoro.
In some embodiments, haloalkyls are of 1 to about 2 carbons in length (e.g., 1 to about 2
carbons in length or 1 carbon.in length). The term "haloalkylene” means a diradical
variant of haloalkyl, and such diradicals may act as spacers between radicals, other
atoms, or between a ring and another functional group.

100991 As used herein, “heterocyclyl” means a noparomatic cyclic ring
system comprising at feast one heteroatom in the ring system backbone. Heterocyciyls
may include multiple fused rings. Heterocyelyls may be substituted or unsubstituted with
one or more substituents. [n some embodiments, heterocycles have 5-7 members. In six
membered monocyclic heterocycles, the heteroatom(s) are selected from one up to three
of O, N or S, and wherein when the heterocycle is five membered, it can have one or two
heteroatoms selected from O, N, or S. Examples of heterocyelyl include azirinyl,
aziridinyl, azetidinyl, oxetanyl, thietanyl, 1,4,2-dithiazolyl, dihydropyridinyl, 1,3-
dioxanyl, 1,4-dioxanyl, I,3-dioxolanyl, morpholinyl, thiomeorpholinyl, piperazinyl,
pyranyl, pyrrolidinyl, tetrahydrofuryl, tetrahydropyridinyl, oxazinyl, thiazinyl, thinyl,
thiazolidinyl, isothiazolidinyl, oxazolidinyl, isoxazolidinyl, piperidinyl, pyrazolidinyl
imidazolidinyl, ihiorﬁorpholinyi, and others.

[00160] The term “substituted” refers to moieties having substituents replacing
a hydrogen on one or more noﬁmhydrogen afoms of the molecule. Tt will be understood
that “substitation” or “substituted with” includes the implicit proviso that such

substitution is in accordance with permitted valence of the substituted atom and the
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substituent, and that the substitution results in a stable compound, e.g., which does not
spontaneously undergo transformation such as by rearrangement, cvclization,
elimination, etc. Substituents can include, for example, an alkyl, a halide, a hydroxyl, a
carbonyl (such as a carboxyl, an alkoxycarbonyl, a formyl, or an aéyl), a thiocarbonyl
(such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a phosphbryl, a
phosphate, a phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, 2
cyano, a nitro, an azido, a sulfhydryl, an alkylithio, a sulfate; a sulfonate, a sulfamoyl, a
sulfonamido, a sulfonyl, a carbocyclyl, a heterocyclyl, an arylalkyl, a heteroarylalkyl, an
aryl, or heteroaryl moiety.

[00161] - As used herein, when two groups are indicated to be “linked” or
“bonded” to form a “ring”, it is to be understood that a bond is formed between the two
groups and may involve replacement of a hydrogen atem on one or both groups with the
bond, thereby forming a carbocyelyl, heterocyclyl, aryl, or heteroaryl ring, The skilled
artisan will recognize that such rings can and are readily formed by routine chemical
reactions. In some embodimenets, such rings have from 3-7 members, for example, 5 or 6
members.

[06162] The skilled artisan will recognize that some structures described herein
may be resonance forms or tautomers of compounds that may be fairly represented by
other chemical structures, even when kinetically, the artisan recognizes that such
structures are only a very small portion of a sample of such compound(s). Such
compounds are clearly contemplated within the scope of this disclosure, though such
resonance forms or tautomers are not represented herein.

[60163] The compounds provided herein may encompass various
stereochemical forms. The compounds also encompass diastereomers as well as optical
isomers, é.g‘ mixtures of enantiomers including racemic mixtures, as well as individual
enantiomers and diastereomers, which arise as a consequence of structural asymmetry in
certain compounds. Separaﬁon of the individual isomers or selective synthesis of the
individual isomers is accomplished by application of various methods which are well
known to practitioners in the art. Unless otherwise indicated, when a disclosed compound

is named or depicted by a structure without specifving the stereochernistry and has one or
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more chiral centers, it 1s understood to represent all possible stereoisomers of the
compournd.

[00104] The term “administration™ or “administering” refers to a method of
providing a desage of a compound or pharmaceutical composition to a vertebrate or
invertebrate, including a mammal, a bird, a fish, or an amphibian, where the method is,
e.g., orally, subcutaneously, intravenously, intralymphatic, intranasally, topically,
transdermally, intraperitoneally, intramuscularly, intrapulmonarilly, vaginally, rectally,
ontologically, neuro-otologically, ntraocularly, subconjuctivally, via anterior eye
chamber injection, intravitreally, intraperitoneally, intrathecally, intracystically,
intrapleurally, via wound irtigation, intrabuccally, intra-abdominally, intra-articularly,
intra~aurally, intrabronchially, intracapsularly, intrameningeally, via inhalation, via
endotracheal or endobronchial instillation, via direct instillation into pulmonary cavities,
intraspinally, infrasynovially, intrathoracically, via thoracostomy irrigation, epidurally,
intratympanically, intracisternally, infravascularly, intraventricularly, intracsseously, via
irrigation of infected bone, or via application as part of any admixture with a prosthetic
device. The method of administration can vary depending on various factors, e.g., the
components of the pharmaceutical composttion, the site of the disease, the disease
involved, and the severity of the disease.

[00165] A “diagnostic” as used herein is a compound, method, system, or
device that assists in the identification or characterization of a health or discase state. The
diagnostic can be used in standard assays as is known in the art.

[06106] The term “pharmaceutically acceptable carrier”, “pharmaceutically
acceptable diluent” or “pharmaceuticaliy acceptable excipient” includes any and all
solvents, co-solvents, complexing agents, dispersion media, coatings, isotonic and
absorption de]_ziyi.ng agents and the like which are not biologically or otherwise
undesirable. The use of such media and agents for pharmaceutically active substances is
well known in the art. Except insofar as any conventional media or agent is incompatible
with the active ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients can also be incorporated into the compositions. In
addition, various adjuvants such as are commonly used in the art may be included. These

and other such compounds are described in the literature, ¢.g., in the Merck Index, Merck
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& Company, Rahway, NJ. Considerations for the inclusion of various components.in
pharmaceutical compositions are described, e.g., in Gilman er al (Eds) (2010);

Goodman_and Gilman’s: The Pharmacological Basis of Therapeutics, 12th Ed.. The

MecGraw-Hill Companies.

[00107] The term “pharmaceutically acceptable salt” refers to salts that retain
the biological effectiveness and properties of the compounds provided herein and, which
are not biologically or otherwise undesirable. In many cases, the compounds provided
herein are capable of forming acid and/or base salts by virtne of the presence of amino
and/or carboxyl groups or groups similar thereto. Pharmaceutically acceptable acid
addition salts can be formed with inorganic acids and organic acids. Inorganic acids from
which salts can be derived include, for example, hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, and the like. Organic acids from which salts
can be derived include, for example, acetic acid, propionic acid, glycolic acid, pyruvic
acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid, tartasic acid,
citric acid, benzoic acid, cimnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the like. Pharmaceutically
acceptable base addition salts can be formed with inorganic and organic bases. Inorganic

- bases from which salfs can be derived include, for example, sodium, potassium, lithium,
ammonium, calcium, magnesium, iron, zine, copper, manganese, aluminum, and the like;
particularly preferred are the ammonivm, potassium, sodium, calcium, and magnesium
salts. Organic bases from which salts can be derived include, for example, primary,
secondary, and tertiary amines, substituted amines including naturally occuming
substituted amines, cyclic amines, basic ion exchange resins, and the like, specifically
such as isopropylamine, trimethylamine, diethylamine, tricthylamine, tripropylamine, and
cthanolamine. Many such saits are known in the art, for example, as described in WO
87/05297.

(60108 “Solvate” refers to the compound formed by the interaction of a
solvent and a Wnt pathway activator as provided herein or a salt thereof Suitable
solvates are pharmaceutically acceptable solvates including hydrates.

[00109] The term “patient” as used herein, means a human or a nsn—human.

mammal, e.g., a dog, a caf, a mouse, a rat, a cow, a sheep, a pig, a goat, a non-human
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primate, or & bird; e.g., a chicken, as well as any other vertebrate or invertebrate. In some
embodiments, the patient is 2 hman.

[60116] The term “mammal” is used in its usual biological sense. Thus, i
speciﬁcaily'inciud_es humans, cattle, 'horscs, monkeys, dogs, cats, mouse, rat, a cow,
sheep, pig, goat, and non-human primate but also inclodes many other species.

[60111] The term “vertebrate” is used in its usual biological sense. Thus, it
specifically includes the classes’ agnatha (jawless fishes), chondrichthyes (cartilaginous
fishes), osteichthyes (bony fishes), amphibia (amphibians), reptilia {reptiles), aves (birds}
and mammalia (mammals).

[00112] By “therapeutically effective amount™ or “pharmaceutically effective
amount” of a compound as provided herein is one which is sufficient to achieve the
desired physiological effect and may vary according fo the nature and se\}erity of the
disease condition, and the potency of the cempouﬁd. “Therapeutically effective amount”
is 2lso intended to include one or more of the compounds of Formula E, ¥a, Tb, e, 1d, Te,
if, Ig, Eh, Ii, TL, Ha, Hb, e, Iid, FHe, IIf, I} Hla, b, Iffe, IHId, and/or IV in
combination with one or more other agents that are effective to treat Wnt related diseases
and/or conditions. The combination of compounds can be a synergistic combination.
Synergy, as described, for example, by Chou and VTalaj.ay, Advances in Enzvme
Regulation (1984), 22, 27-55, occurs when the effect of the compounds when
administered in combination is greater than the additive effect of the compounds when
administered alone as & single agent. In general, a synergistic effect is most clearly
demonstrated at sub-optimal concentrations of the compounds. It will be appreciated that
different concentrations may be employed for prophylaxis than for treatment of an active
disease. This amount can further depend upon the patient’s height, weight, sex, age and
medical history.

[00113] A therapeutic effect relieves, o some extent, one or more of the
symptoms of the disease, and can include curing a disease. “Curing” means that the
symptoms of a disease are eliminated. However, certain long-term or permanent effects
of the diéease may exist even after a cure 1s obtained (such as extensive tissue damage).

[08114]  “Treat,” “treatment” or “treating,” as used herein refers to

administering a compound or pharmaceufical composition as provided herein for
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therapeutic purposes. The teri “therapeutic treatment” refers to administering treatment
to a patient already suffering from a disease thus causing a therapeutically béneﬁciai
effect, such as ameliorating existing symptoms, p_reventing additional symptoms,
ameliorating or preventing the underlying metabolic causes of symptoms, postponing or
preventing the further development of a disorder, and/or reducing the severity of
symptoms that will or are expected fo develop. ’

{00115]  The expression “compound-eluting” shall be understood to refer to any
and all mechanisms, e.g., diffusion, migration, permeation, and/or desorption by which
the compound(s) incorporated in the compound-eluting material or coating pass
therefrom over fime into the surrounding body tissue.

[060116] The expression “controlled release" encompasses many types of
controtled release, including, for example, immediate release, pulsatile release, siow
release, sustained release, and delayed release, to achieve a desired compound delivery
profile.

[06117] The expression “compound-eluting material” and/or “compound-
eiutin_g coating” and/or “controlled release material” shall be understood herein to mean |
any natural, synthetic, or semi-synthetic material into which one or more compounds can
be incorporated and from which incorporated compound(s) are capable of eluting over
timme. Materials for the delivery of a compound include a wide range of polymers and
small-molecule matrices. For many compound-polymer systems, the release of the
compound is dominated by the diffusion of the compound through a polymer matrix.
Polymer materials for compound delivery coatings may be durable or degradable [see,
e.g., Current Pharmaceutical Design (2018), 16(36), 3978-3988]. Durable polymers are
used in devices such as Cordis Cypher, Boston Seientific Taxus, Boston Scientific
Promus, Abbott Xience, and Medtronic Resolute stents. Durable polymers can allow for
longer delivery times and the underlying matrix does not change over tiime. Degradable
polymer coatings are used in devices such as OrbusNeich Combo stent, These materials
enable control over the release of a compound by both diffusion (similar to durable
systems) and degradation of the polymer, which can change the polymer Tg, coating
thickness, and encapsulation of the compound over time. Some devices utilize both

durable and biodegradable coatings, such as a stent coated on the inner and outer lumen
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for two different compound delivery mechanisms in a single device. In some
embodiments, water insoluble/hydrophobic compounds may be coated directly onto- the
device with or without one or more additives [U.S. Pat. Appl Publ. (2004},
US20040224003 & PCT Int. Appl. (2013), WO/2013/169724].

[60118] The following abbz;eviatiﬂr:.s have the indicated meamngs:

AD = Alzheimer's disease

APC = adenomatous polyposis coli

L-DOPA = L-3 4-dihydroxyphenylalanine

Lef = lymphoid enhancing factor

MMTV = mouse mammary tumor virus

SCID = severe combined immunodeficiency

TCF = T-cell factor

TGF = transforming growth factor

Whnt = wingless-type MM TV integration site family member

Compounds

661191 The compounds and compositions described herein are capable of
activating the Wni/B-catenin signaling pathway. The Wat/ ﬁ«cﬁterﬂn signaling pathway
has been found to play a role in the differentiation and development of nerve cells for the
central nervous systern, bone formation, hair follicle development and regeneration, and
stimulation of stem cell growth, maintenance, and differentiation.

[00128] Some embodiments of the present disclosure melude compounds of
Fornula (E):

Ry

or salts, pharmaceuticaily acceptable salts, or prodrugs thereof,
[60121] | In some embodiments of Formula I, Ring A is a 7-12 membered

heteroafy‘l',' wherein a carbon atom on the ring is attached to the carbonyl carbon.



- [060122]  In some embodiments of Formula ¥, Ring B is selected from the group
consisting of phenyl and a 5-6 membared heteroaryl, with the proviso that a carbon atom
on the ring is attached to the carbonyl carbon.

[06123] In some embodiments. of Formula L R is a Subsntuent attached to
Ring A and is independenﬂy selected at each occurrence from the group c:onmstmg of H,
unsubstituted -Cpg alkyl, -Ci3 haloalkyl, halide, -OR®, CFs, and CN.

[00124] In some embodiments of Formula I, R? is a substituent attached to
Ring B and is independently selected at each occurrence from the group consisting of H,
unsubstituted -Cyg alkyl, -CH,OH, -CHN(R™),, -C 1.3 haloalkyl, halide, -OR’, CFs, and
CN.

[00125] In some embodiments of Formula I, each R® is independently selected
from the group consisting of H, unsubstituted -C.4 alkyl, -Cy.3 haloalkyl, and CFs;.

[00126] In some embodiments of Formula ¥, each R*® is independently selected
from the group consisting of H and unsubstituted ~C;_3 alkyl.

{60127} In some embodiments of Formula K, each n is an integer of 1 to 10.

[60128]  In some embodiments of Formula I, each m is an integer of 1 to 5.

[00129] In some embodiments of Formula [, there is the proviso that a

compound of Formula I is not a compound selected from the grdup consisting of:

e owe PPS
SSRe (D*”W SOR S

3 b

(MW [M

31



[06130]
heteroary! ring containing 1-3 heteroatoms selected from the group cousisting of N, O,

and S.

[00131]

In some embodiments of Formula I, Ring A is a 9-membered bicyclic

In some embodiments of Formula I, Ring A 1s a 10-membered bicyclic

heteroaryl ring containing 1-3 heteroatoms selected from the group consisting of N, O,

and S.
[00132]

In some embodiments of Formula I, Ea, Ib, Ic, Id, Ie, If, kg, Eh, and/or

Ii, R! is selected from the group consisting of H, I, CI, Me, OMe, OH, CIy, and CN.

[00133]
BRUsH
[06134]
Fi, R is a halide.
[00135]
I, RMis F.
[00136]
H, R is CL
[00137]
1i, R! is Me.
(00138}
Ii, R is OH.
(00139}
I, R} is OMe.
[00146]
i, R is CFa.

In some embodiments of Formula £, Ea, Ih, e, Id, Ie, If, Ig, th, and/or
In some embodiments of Formula I, ¥a, th, e, Id, Ie, If, Tg, kh, and/or
In some embodiments of Formula i, [a, Ib, ¢, Id, Ie, If, Ig, Th, and/or
In some embodiments of Formula 1, Ia, kb, e, id, Ie, If, Ig, Th, and/or
In some embodiments of Formula I, Ia, Ib, Ic, Id, Ie, If, Ig, Ih, and/or
In some embodiments of Formula E, fa, b, ic, id; Ie, B, Ig, Ik, and/or
In some embodiments of Formula I; Ea, Ib, ke, 14, Ie, If, Ig, Ih, and/or

In some embaodiments of Formula I, Ia, kb, Ie, I4, e, If, Ig, Ih, and/or



[00141]  In some embodiments of Formula ¥, Ka, Ib, X, Id, Te, If, Ig, Fh, and/or
i, R is CN. |

[00142] In some embodiments of Formula I, ¥a, Ib, e, Id, Te, If, Ig, Th, and/or
li,nisan integer from 1-8. : ' |

' [00143] In some embodiments of Formula k, Ea, Ib, e, 14, Ie, If, Ig, Ih, and/or

¥, n is an integer from 1-6.

[00144] In some embodiments of Formula I, Ea, Ib, Ic, Id, Ie, I, ig, Fh, and/or
Ei, 0 is an integer from 1-4.

[00145] In some embodiments of Formula I, Ea, Ib, ¢, 4, le, If, Ig, Ih, aﬁd/gr
I, nis an integer from 1-2.

[00146] In some embodiments of Formula I, Xa, Ib, Ic, 14, Ie, If, Ig, ITh, and/or
%, R'is F; and nis 1. . L

[00147] In some embodiments of Formula 1, 1a, Ib, Ic, Id, Ie, ¥, Ig, Th, and/or
Ii, R! is F; and n is an integer from 1-2.

[00148] In some embodiments of Formula I, Ia, Ib, k¢, Id, fe, If, Ig, Th, and/or
Ii, R*is F; and n is an integer from 3-4. '

[00149] In some embodiments of Formula &, Iz, Ib, Ic, Id, Ie; Ef, ig, Ih, and/or
Ii, R' is OH; and n is an integer from 1-2.

[00150] In some embodiments of Formula I, Ia, Ih, Ic, Id, e, I, Ig, Ih, and/or
Ii, R'is OMe; and nis an mteger from 1-2.

[06151] In some embodiments of Formula &, Ea, Ib, Ie, 14, Ie, If, g, Th, and/or
Ii, R} is -C o alkyl.

[00152] In some embodiments of Formula I, Ia, Ib, Ie, Id, Te, If, Ig, Th, and/or
Ii, R’ is -Cpjalkyl.

[00153] In some embodiments of Formula I, Ia, Ib, Ie, Id, e, If, Ig, Th, and/or
Ii, R is -Cy s alkyl.

[00154] In some embodiments of Formula L Ia, Ib, Ic, Id, e, K, Ig, Th, and/or
I, R is -Cys alkyl.

[00155] In some embodiments of Formula I, Ia, Ib, Ic, Id, Te, If, Ig, Th, and/or
I, R is -Cy.salkyl.



[60156] In some embodiments of Formula I, 1a, Ib, Te, ¥d, Te, If, Ig, Th, and/or
1, R is —Cp s alkyl. |

[60157]  In some embodiments of Formula I, Ea, bh, Fe, Id, Ie, I, [g, Ih, and/or
fi, R’ is ~Cs.salkyl. | |

[60158] In some embodiments of Formula I, Ia, Ib, Ic, Id, Te, if, Iz, ¥h, and/or
H, R is ~Cagalkyl. |

{00159] In some embodiments, cach R} is the same.

[60160] In some embodiments of Formula I, Ring A is selected from the group

consisting of:

(D j@ D /l/: U@ ij@
o0 9 ok @@ o

~ QMES
o5 o O o000
<DC@@©<@</Y\<D /\O \/i\/
N\i@, <n—z\’©, C/@, md<:©; wherein, unless otherwise designated, the

carbonyl carbon of Formula ¥ can form a bond with any unsubstituted carbon on Ring A.
[00161] In some embodiments of Formula I, Ring A is selected from the group

~ consisting of:

EDOQC@(DU@<D<D&D
Ci) , @ N;©, RN :</0:<): (S.D,and@;whemmme

carbonyl carbon of Formula I can form a bond with any unsubstituted carbon on Ring A,
[00162] In some embodiments of Formula I, Ring A is sélected from the group

consisting of:
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SOI6s18018SResRe O s
(&} [{D Q S <O:© <O/© <SI> <;:©
(@ <j© an(_i<0jij wherein the carbonyl carbon of Formula I can form a

bond with any unsubstituted carbon on the Ring A.
[00163] In some embodiments of Formula I, Ring A is selected from the group

consisting of:

[ D (j@ < D <\‘© and<i© wherein the carbonyl carbon of

Formuia I can form a bond with any unsubstituted carbon on the Ring A.

[00164] In some embodiments of Formula I, Ring A is selected from the group

/
consisting of <o:© <:© <:Q (:@ (@ < @ /jg
%/K/ : ,and © : : ; wherein the carbonyl carbon of Formula I can form a

bond with any unsubstituted carbon on the Ring A,
[00165] In some embodiments of Formula I, Ring A is selected from the group

O~y S S g A ra
I | O 7 7
consisting of <0/©, <0 , <SD, (O’j@ \ <=:‘, @, (slj,

7
and(; ; wherein the carbonyl carbon of Formula I can form a bond with any

unsubstituted carbon on the Ring A.
[00166] In some embodiments of Formula ¥, Ring A is selected from the group

aPregINe g
consisting of 07" W ,and © ; wherein the carbonyl carbon of Formula

¥ can form a bond with any unsubstituted carbon on the Ring A.
[00167]  In some embodiments of Formula I, Ring A is selected from the group

solovievisciies)

consisting of ,and

35



[00168] In some embodiments of Formula I, Ia, Ib, Ic, Id, Ie, If, Ig, Th, and/or
I, R'is indcpendenﬂy selected at each occurrence from the group consisting of H, F, Cl,
Me, OMe, OH, CF3; and CN, and nis 1 or 2.

[60169]  In some embodiments, Ring A is selected from the group consisting of

0,00

[00170] In some embodiments of Formula L, ¥b, Ie, Te, I, Ih, and/or Hi, Ring B
15 phenyl.

[00171] In some embodiments of Fornula k, Ib, kc, Te, If, Th, and/or Ii, Ring B
is a S-membered heteroaryl containing 1-3 heteroatoms selected from the group
‘comsisting of N, O, and 8. V

[60172] In some embodiments of Formula E, Ib, Ic, Te, i, Th, and/or Ii, Ring B
is a 6-membered heteroaryl containing 1-2 nitrogen atoms.

.[00173] In some embodiments of Formula I, Ia, Ib, Ic, 14, Te, If, g, Ih, and/or

I, R?, R* R™, R, R™, R, R, and/or R7¢ is -CH,OH.

{30174] In some embodiments of Formula I, Ia, Ib, Ic, Id, Ie, If, Ig, Ih, and/or
i, R% R® R R% RY R*, R, and/or R is -CHaN(R™),.

[00175] In some embodiments of Formula I, Ia, Ib, I, Id, Ie, If, Ig, Ih, and/or
Ii, R%, R™ R®, R%, R*, R*, R¥, and/or R® is -CH,NHa.

[00176] In some embodiments of Formula I, Ia, Ib, Ic, Id, Ie, I, Ig, Th, and/or
fi, R%, R™ R®, R*, R*, R*, R¥, and/or R is -CH;NHMe,

[06177] In some embodiments of Formula I, Ia, Ib, Ic, Id, Te, If, Ig, Th, and/or
Ii, R%, R* R™, R™, R* R*, R, and/or R™ is -CH;NMe;.

{89178] In some embodiments of Formula I, ka, Ib, Ie, Id, Ie, If, Ig, Th, and/or
Yi, R?, R™, R™, R*, R*, R*, R™, and/or R* is -CF,NHEt,

[0(}179} In some embodiments of Formula k, Ia, Ib, I¢, X4, e, K, Ig, Ih, and/or
i, R, R*™ R® R*, R* R* R, andfor R®is -CH:N(Me)(Et)

{00180} In some embodiments of Formula I, Ia, Ib, Ic, Id, Ie, If, Ig, Th, and/or
CXi, RERP RT R, R¥ R, R and/or R is -CHLNE.



[0018%] In some embodiments of Formula I, Ib, I, Te, I, Ih, and/or i, R* i
independently selected at each occurrence from the group consisting of H, F, Cl, Me,
OMe, OH, CF3, and CN.

[00182] In some embodiments of Formula I, Ib, Ie, Te, If, Th, and/or Ii, R%is
H.

[00183] In some embodiments of Formula I, Ih, ¥e, e, Tf, Th, and/or Ii, R*isa
halide. |

[68184] Insome embodiments of Formula I, Ik, Ic, Te, If, Ik, and/or I, RZisF.

[00185] In some embodiments of Formula I, Ih, Ic, e, If, Th, and/or H, R?is

Cl.

[00186] In some embodiments of Formula 1, Ib, Ie¢, Ye, If, Th, and/or K, R? is
Me.

[00187] In some embodiments of Formula I, Ib, Ie, 1e, i, Ih, and/or i, R% is
OH.

[06188] In some embodiments of Formula I, Ib, Ie, Ie, If Ih, and/or Ii, R’ is
OMe. | |

[00189] In some embodiments of Formula I, Ib, I¢, Ie, If, Ik, and/or I, R” is
CFs.

[60190] In some embodiments of Formula I, Ib, Ic, Ie, If, Th, and/or I, R?is
CN.

{00191} In some embodiments of Formula I, Ib, Ic, Ie, If, Th, and/or &i, m is an
integer from 1-4.

{00192] In some embodiments of Formula I, b, Ie, Ie, If, Th, and/or If, m is an
in{eger from 1-2.

[00193] In some embodiments of Formula L Ib, Ic, Te, I Ih, and/or Ti, m is 1.

[00194] Insome embodiments of Formula I, Ib, Ic, Xe, If, Ik, and/or Ii, m is 2.

[66195] In some embodiments of Formula I, Ib, fc, Ie, If, .'Hg, and/or 1i, R* is
andmisl.

[60196] . In some embodiments of Formuia I, Tb, ¢, Ie, Ef, Th, and/or I, R*is F:

and m is 2.
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- {60197 In some embodiments of Formula I, Ib, Ie, Te, If, Th, and/or ki, R is
Me;and mis 1. . |

f06198] In some embodiments of Formuda I, Ih, Ic, Te, If, Th, and/or I, R” is

Me; and m 1s 2.
[00199] In some embodiments of Formula §, Eh, e, Ee; I, Ik, and/or Yi, R* is

CFs; and m- is 1.
[00200] In some embodiments of Formmia §, Ib, fc, Te, If, Th, and/or L, R*is

CFyandmis 2. .
[00201] In some embodiments of Formula I, Ib, Ie, le, If, Ih, and/or 1, R* i
OMe; andmis 1.
[06202] In some embodiments of Formula E, Ih, Ie, Ie, If, Ih, and/or Ii, R is
OMe; and nm is 2.
[60203] In some embodiments of Formmula I, fb, Ic, Ye, I, Ih, and/or ¥, R* is F
and Me’ and m is 2. ' :
{00204} In some embodiments of Formula I, 1b, Ie, Ye, i, Th, and/or 1, R?isE
and CFy; and mis 2.
[00205]  In some embodiments of Formula I, Ih, Ee, Ie, If, Th, and/or H, R*isF
and OMe; and mis 2.
[00206] In some embodiments of Formula E, Th, fe, fe, H, Th, and/or Ii, R? is
CN;andmis 1. .

[06207] In some embodiments of Formula I, Ih, ke, ke, If, Ih, and/or Ii, R? is

CN; and m1is 2.
[0062068] In some embodiments of Formula I, Ib, ke, Ie, If, Th, and/or I, R*isF

and CN; and mis 2.
[08209} In some embodiments of Formula ¥, Ib, Ie, Ie, If, Th, and/or Ii, R?is -
Cypalkyl. o

[00210]  In some embodiments of Formula [, Ib, ke, e, If, Ih, and/or Ti, R*is -
Crzalkyl. '
[00211} .In some embodiments of Formula &, Ib, Xe, Ie, I, Ik, and/or Ii, R*is-
Cy_salkyl. ' ' |
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106212] In some embodiments of Formula I,_ ib, Ic, Ie, Ef, Th, and/or I_i, R*is -
Cy.salll. | | |
[00213] In some embodiments of Formula I, Th, Te, Ye, If, Th, and/or Ti, R% is -
Crgalkyl . ' '
{@GZ%] In some embodimeﬁts of Formula I, b, Ie, Ke, If, Th, and/or ¥i, R* is —
Cogalkyl.
80215}  In some embodiments of Formula I, Ihb, Ie, Te, if,_ I, and/or 1i, R? is ~
Csgalkyl.
[00216] In some embodiments of Formula I, Ib, Ie, Ie, If, Th, and/or 15, R? is —
Cygalkyl. .
[00217] Insome embodiments of Formula I, fa, Ih, fe, Id, Ie, If, Ig, Th, and/or
i, R? is -C; 5 alkyl.
[60218] In some embodiments of Formula I, Ia, Ib, Ic, Id, Ie, ¥, Ig, Th, and/or
T, R is -Cps alkyl. |
{06219} In some embodiments of Formula 3. Ia, ib, ke, Id, Te, ¥, Iz, Th, and/or
Fi, R is -Cy4 alkyl.
166220] - In some embodiments of Formula I, ia, Eb, Ic, Id, Te, B, 1z, Th, and/or
H, R? is -Cy.s alkyl.
[00221] In some embodiments of Formula I, Ia, Ib, Ic, Id, Ye, If, Ig, fh, and/or
I, R? is -Cyg allyl.
- [08222]  In some embodiments of Formula I, Ia, Ib, Ic, 1d, Te, If, Ig, Ih, and/or
Ii, R* and/or R* is ~Cy.¢ alkyl.
[00223] In some embodiments of Formula I, Ia, Ib, Ic, Id, Te, ¥f, kg, Ih, and/or
Ii, R? and/or R* is ~C3 ¢ alkyl.
[06224] In some embodiments of Formula 1, Ta, Ib, Ye, Id, fe, K, Ig, Ik, and/or
Ii, R? and/or R* is ~Cygalkyl.
{00225] In some embodiments of Formula I, ¥a, Ib, Te, Id, le, If, Ig, Ik, and/or
H, R* and/or R* is —Cy.5 alkyl.
| [00226] In some embodiments of Formula I, {a, Ib, Ie, 1d, le, If, Ig, Ih, and/or
K, R and/or R* is ~Cs.alkyl. |



[06227]  In some embodiments of Formula I, Ib, Ie, Ie, If, Ik, and/or K, Ring B
is a phenyl or 6-membered heteroaryl; R is selected from the group consisting of ¥, CL,
Me, OMe, OH, CF;, and CN; m is 1; and R? is attached to an ortho carbon bf the 6~
membered ring. » _

[00228] In some embodiments of Formula I, Ib, Ie, e, If, Th, and/or fi, Ring B
18 a phenyl; R? is selected from the group consisting of I, Cl, Me, OMe, OH, CF;; and
CN; mis 1; and R? is attached to an ortho position of the phenyl ring.

[00229] In some embodiments of Formula I, Ib, Xc, Te, If, Th, and/or Ii, Ring B
is a pyridine; R? is selected from the group consisting of F, Cl, Me, OMe, OH, CF3, and
CN; mis 1; and R? is attached to an ortho carbon of the pyridine ring.

[06230] In some embodiments of Formula I, Ib, Ie, fe, 1f, Th, and/or Ii,

fou O e
is selected from the group consisting of: N /
f ' @* @* @* L@*
FiC O Wlel Me NC— 2
3 * / T
\\
N\ N’//} = _‘{ NZ / 1, / NAXL{ W N
{ % ,/ ﬁ ’ y # %§
Ncg K‘M -% E‘mj_—g gl/j\ o” | 8 Qo , N\o , N\o i
}7& &3}1 r@/ﬁ b &/E /_f* IEs W NF‘)\/H‘L
\s/ . N , \N_ ,
53 :FT o
NN N and

Ie, e, If, Ih, and/or Ii, can form 2 bond with any unsubstituted carbon or the Ring B.
[00231] In some embodiments of Formula I, Ib, Ie, Ie, If. Th, and/or Ii,

50 "~
is selected from the group consisting of:

: wherein the carbonyl carbon of Formula E, b,
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F cr CFy oMe Ne N
stiosholiogivgioaiogios
> ) 3. / 2 J E 1 / 2 > 7
O O R A
S L T UL U U, A
S Nﬁ)% N/\}A
OO Oy Oy '
NN RS o s, ; wherein the carbony! carbon of

Formuia 1, Ib, Iec, Ee, If, Bh, and/or 1, can form a bond with any unsubstituted carbon on
the Ring B.
-100232]  In some embodiments of Yormula I, Ih, Ie, Te, ¥ Ih, and/or I,

(R¥Ym
B

oy is selected from the group consisting of:

F Cl CF3 OMe e CN )
o M i .
R s ; s , , F, ™" | wherein

. the carbonyl carbon of Formula £, Ih, I¢, Ie, i, [h, and/or Ii, can form a bond with any
unsubstituted carbon on the Ring B.

[08233] In some embodiments of Formula i, b, Ie, Ie, If, Th, and/or Ii

T et
is selected from the group comsisting of " A
o o~ N R ~
(cr:m@/ (FiCla zMeO)mw‘;-U (Me)m@ {NChu |
. e , P , e , # , and Z :

andmis ] or2.

[00234] 1In some embodiments ef Formula I, ¥b, Ie, Ie, If, Th, and/or I,

F
: ° {R3m _ d @)‘ £ \‘“‘
’ is selected from the group consisting of \ , O ,
ct CF, Olle © We oN '
oo oL
R -, ,and .
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[66235] In some embodiments of Formula L Ib, Ic, Ke, If, Th, andfor I,

R¥m , Y
%"/ mm%gﬁ RMgﬁd
is selected from the group consisting of o s”

WLLLL‘ {Rz}m ’ﬂ‘—__"‘ﬁ/\}tL

' ' w 3 Y R?
(R 5 (Rzkmnﬁ—y‘i R R {Rﬂmm}u { }’”‘Q g

(R 3
Y Y T A ML
S S A S N A
2 N—
mm%aﬁ
N

dH  candmis?or2.
[60236] In some embodiments of Formula I, Ib, ke, Te, If, Ih, and/or I,
{R%m
B / ﬁ' = / 3 -
‘{O is seiected from the group consisting of © cand R* is H

[00237] 1In some embodiments of Formula I, Ib, e, e, If, Ik, and/or Ii,

(R2m N/\ g N/\ (
is selected from the group consisting of ® , R )m (R)

N/\)é

and Fn candmis 1 or 2.

[00238] In some embodiments of Formula I, Ib, Ic, Ye, I, Th, and/or Ii,

L. e
is selected from the group consisting of >~ NJ N and

].QW/N\\\‘/E!
N cand R? is H.
[00239] Some additional embodiments of Formula 1 include compounds of

Formula (Ia):

Ia

or salts, pharmaceutically acceptable salts, or prodrugs thereof.
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ot:
[06246] Insome embodiments of Formula fa, Ring Ais  © /

[08241] In some embodiments of Formula Fa, Ring B is selected from the

d

| f: Qf‘, CL | @A ‘\Cﬁ

n2e 26 R . V"L‘"b\
\/\‘\\/}7’ ® %, \W\ * L %[ BT
SANGER I 3B =

group consisting of R®

*

W

R’-‘g_?g_“"“/J,;g‘@
and ~6”

[00242] In some embodiments of Formula ia, each R! is a substituent attached
to Ring A and is independently selected at each occwrrence from the gbup consisting of
H, wnsubstituted -C ¢ alloyl, -C 1.3 haloalkyl, halide, -OR?, CF;, and CN.

{00243 In some embodiments of Formula Ta, R is a substituent attached to
the para poesition of phenyl and seiected from the group consisting of unsubstituted —Cy.6
alkyl, -CH,OH, -CHN(R?™),, -Cy.3 haloalkyl, C1, Br, I, -OR™, CF;_and CN.

[00244] Iz some cmbodiments of Formula Ta, R® is a substituent attached to
the meta or ortho position of phenyl and selected from the group consisting of
unsubstituted -Cyg alkyl, ~-CHyOH, ~CHLN(R™),, -Cy.5 haloalkyl, halide, -OR™, CFs, and
CN.

[60245] In some embodiments of Formula Ia, R* is 2-5 substituents, each
attached to the phenyl and are independently selected at each occurrence from the group
consisting of unsubstituted -Cy.g alkyl, -CHLOH, -CHN(R™),, -Cy.s haloalkyl, halide, -
OR’, CF3, and CN.

[00246] In some embodiments of Formula Ia, R* js 1-4 substituents, each
attached to the heteroaryl ring and are.independen’dy selected at each occurrence from the
group consisting of unsubstituted -Cis alkyl, -CH,OH, —CH;N(R3 b)z, -Cy3 haloalkyl,:
halide, -OR”, CFs, and CN.



[00247] In some embodiments of Formula Ia, R*™ is 1-4 substituents, each
attached to the heteroaryl ring and are independently selected at each occurrence from the
group consisting of H, unsubstituted -C,.¢ alkyl, -CH,OH, —CHZN(R%)z, -Cy_5 haloalkyl,
halide, -OR’, CFs, and CN.

[06248] TIn some émbodimen‘ts of Formula Ea, R 15 1-3 substituents, each
attached o the heteroaryl ring and are independently selected at each oceurrence from the
group consisting of unsubstituted -Ci alkyl, -CH,OH, CHNR™),, -Crs haloalkyl,
halide, ~OR?, CFs, and CN, |

[00249] In some embodiments of Formula fa, R* is 1-3 substituents, each
attached to the heteroaryl ring and are independently selected at each occurrence from the
group consisting of H, unsubstituted ~Cy6 atkyl, -CHLOH, -CHN(R™,, -Cy3 haloalkyl,
hatide, -OR, CFs, and CN.

[60250] In some embodiments of Formula ¥a, each R? is independently
selected from the group consisting of H, unsubstituted -Ci alkyl, -Ci3 haloalkyl, and
CFa.

[00251] In some embodiments of Formula Ia, each R is independently
selected from the group consisting of unsubstituted —Cog alloyl, -Cy. haloalkyl, and CFs.

[00252] In some. embodiments of Formula fa, each R*® is independently
selected from the group consisting of H and unsubstituted —-C,_; alkyl.

[00253] In some embodiments of Formula Ia, each WisNor C.

160254]  In some embodiments of Formula Ia, at least two W must be N,

[00255] In some embodiments of Formula fa, each Uis N or C.

[00256] In some embodiments of Formula a, at least one U must be N and at
least one U must be C. |

[60257] In some embodiments of Formula fa, GisNHor O.

[606258] In some embodiments of Formula Ia, each Jis N or C.

[0625%] In somé embodiments of Formula Ia, at least one J must be C.

[06260] In some embodiments of Formula 2, nis an integer of 1 to 7.

[00261] In some embodiments of Formula ¥a, Ring A is selected from the
o ' 0 Ho._ 0 F._ O
SIS G-t
group consisting of ¢ . o™ and ¥ o .

A4



[60262] In some embodiments of Formula Ia, Ring B is selected from the

F 3 ‘
group consisting of Qf , gp, )Cr ii, @{; , @
@* @ @* oi @i

[00263] In some embodiments of Formula Ia, Ring B is selected from the

u @f o L cﬁ @ (‘:f‘

[060264] In some embodiments of Formula Ia, ng B is selected from the

' “f Oﬁ j
group consisting of

[86265] In some embodiments of Formula Ia, Ring B is selected from the

R F
D D O o
group  consisting  of F/[;\f s 5 , 5 , C‘/(Sj\?) ,
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ci CF, oN
Fsc/Q\?, NC’Q\f Q\f @ QX\(? @ and

)

8

3

[80266] In some embodiments of Formula Ia, Ring B is selected from the

st s st sl

group consisting of S

F.C NG
o L L
O Ny N TOR R T
i

s

[00267] In some embodiments of Formula Ia, Ring B is selected from the

2g i, Rzg
/Q 3! j
group consisting of R® RZQ
R R
Ny R R%M  p2g N N N
N}f{rz (X N% R\g)\; f‘?r)g W
s : 95 S s, "s > S > s s s , and

N—N
Rzgf{s)\; _

[60268] In some embodiments of Formula Ea, Ring B is selected from the

B YW

group consisting of G R0

>
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",
N—XK Y 5 R2g N R R¥M  p2g N
S 3;/ T (O A T
Rzg’((e/N X "o . G é, QG ’ " i G i

2
SN E S S
H\ )\f N\ t &
G , & ,and e .

{60269]
[66270]
[00271]}
[00272]
{00273}
and is Mé.
[60274]

In some embodiments of Formula ¥a and/or Id, R*is Cl.
In some embodiments of Formula Ia, kd, and/or Ig, R*™is Me.
In some embodiments of Formula Ia, Id, and/or ig, R*is CFs.

In some embodiments of Formula Ia, Id, and/or ig, R*is CN.

In some embodiments of Formula Ia, Id, and/or Ig, R* is 1 substituent

2

4

In some embodiments of Formula Ia, Id, and/or Ig, R® s

substituents and both are Me.

[00275]
and is CFy,
[60276]

In some embodiments of Formula Ia, Id, and/or Eg, R* is 1 substituent

In some embodiments of Fomula fa, Id, and/or Ig, R™ is 2

substituents and both are CFs.

[00277]
and 15 CN.
[06278]

In some embodiments of Formula a, Id, and/or Ig, R* s 1 substituent

In some embodiments of Formula Ta, Id, and/or Is, R® is 2

substituents and both are CN.

[66279]
[00280]
[06281]
[00282]

[00283]
]

[00284
[00285]
[00286]
[00287]
[00288]

In some embodiments of Formula Ea, Id, and/or Ig, R*®is -Cps alleyl.
In some embodiments of Formula Ia, Id, and/or ig, R*™is -Ca alkyl.
In some embodiments of Formula Ia, Id, and/or Ig, R* is -Cyalkyl.
In some embodiments of Formula Xa, Id, and/or Ig, R% s -Crsalkyl.
In some embodiments of Formula Ia, Id, and/or Ig, R* is -Cygalkyl.
In some embodiments of Formula Iz, Id, and/or Ig, R* is —Cy.4 alkyl.
In some embodiments of Formula a, Id, and/or g, R™is —C3¢ alkyl
In some embodiments of Formula Ia, Id, and/or g, R*ig ~Cysalkyl.
In some embodiments of Formula Iz, Id, and/or Ig, R* {5 —Cy.s alkyl.

In some embodiments of Formula Ia, Id, and/or Ig, R g —Ca.q alkyl.

47



[60289] Tn some embodiments of Formula Ia and/or ke, R?® is a halide.

[06290] In some embodiments of Formula Ta, Id, and/or Fg, R*" is F.

[00291]  In some embodiments of Formula Ia and/or Ig, R*is CL

[60292]  In some embodiments of Formula Ia, R is Me.

[60293]  In some embodiments of Formula Id and/or Ig, R*® is OH.

[60294]  In some embodiments of Formula Id and/or Ig, R* is OMe.

{00295] In some embodiments of Formula Ia, Id, and/or Tg, P is CFs,

[00296] In some embodiments of Formula Ia, Id, and/or Xg, R* is ON.

[66297] In some embodiments of Formula Ia, Id, and/or Ig, R*" is 1 substituent
andis F.

[06298] In some embodiments of Formula ¥a, Id, and/or Ig, R® 15 2
substituents and both are F.

' [00299] In some embodiments of Formuls Ia, R® i5 1 substituent and is Me.

[60360]  In some embodiments of Formula Fa, R*® is 2 substituents and both are
Me.

{00301}  In some embodiments of Formula Ya, Id, and/or Ig, R*® is [ substituent
and 1s CF;.

[00302] In some embodiments of Formula Ya, Id, andfor Ig, R is 2
substituents and both are CFa. |

[00303] In some embodiments of Formula Xd and/or kg, R*® is 1 substituent and
is OMe.

[00304] In some embodiments of Formula Xd and/or g, R™ is 2 substituents
and both are OMe.

[00305] In some embodiments of Formula ¥a, R*® is 2 substituents and are
and Me. |

[00306] In some embodiments of Formula Ia, Id, and/or Ig, R is 2
substituents and are F and CF,.

[60307] In some embodiments of Formula Id and/or Ig, R? is 2 substituents
and are F and OMe.

[00308] In some embodiments of Formula Ia, Id, and/or Ig, R? is 1 substituent
and is CN. ‘
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100389} In some embodiments of Formula Ia, Id, and/or Ig, Rz_b is 2
substituents and both are CN.

[00319] In some embodiments of Formula ¥a, Id, and/or Ig, R® is 2
substituents and are F and CN,

[0031%] In some embodiments of Formula ka, R is -Cpp aliyl.

[00312] In some embodiments of Formula Ia, R is -Cyzalkyl.

00313] In éome embodiments of Formula Ia, R™ {5 -Cya alloyl.

[00314] In some embodiments of Formula Ia, RZ is -Cy.5 alkyl.

[00315]  In some embodiments of Formula Ta, R* is -Cgalkyl.

[06316]  In some embodiments of Formula Ia, Id, and/or kg, R™ is ~Ca.g alkyl.

[00317] In some embodiments of Formula Ia, ¥d, and/or g, R®i5—Cag alkyl.

[06318] In some embodiments of Formula Ia, Id, and/or Ig, R®is~Cys alkyl.

[00319] In some embodiments of Formula ¥a, Id, and/or Ig, R® is —Cy.5 alkyl.

[60320] In some embodiments of Formula Ea, Id, and/or Ig, R 15 -Cay alkyl.

100321  In some embodiments of Formula Xa and/or Ig, R* is a halide.

[0€322]  In some embodiments of Folmuia Ia, Id, and/or Ig, R¥isF.

[60323] In some embodiments of Formula Ea and/or Ig, R™is Cl.

[00324] In some embodiments of Formula Ia, Id, and/or Ig, R* is Me.

[06325] In some embodiments of Formula Xa, Id, and/or kg, R* is OH.

[00326] In some embodiments of Formula ¥a, Id, and/or Ig, R*® is OMe.

[00327]  In some embodiments of Formula Ia, Id, and/or kg, R*®is CFs.

[00328] In some embodiments of Formula Ya, Id, and/or g, R* is CN.

{00329] In some embodiments of Formula Ia, Id, and/or Ig, R*"is 1 substituent
and is F. :

[00336] In some embodiments of Formuia Ia, Id, and/or Is, R* is 2
substituents and both are F. _ '

[00331] In soms embodiments of Formula Ia, Id. and/or Ig, R* is 1 substituent
and is Me.

[00332] -~ In some embodiments of Formula Ia, Id, and/or Ig, R¥ is 2
substituents and both are Me.
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[60333]
and 15 CFs.

[00334] In some embodiments of Formula Ia, Id, and/or ie, R¥ is 2

substituents and both are CFa.

[00335]  In some embodiments of Formula Ia, Id, and/or Ig, R* is 1 substituent

In some embodiments of Formula Ia, Id, and/or Ig, R*is 1 substituent

and 15 OMe.

[00336] In some embodiments of Formula Ia, Id, and/or Ig, R* is
substituents and both are OMe.

[00337] In some embodiments of Formula Ia, ¥d, and/or Ig, R* is
substituents and are F and Me.

[00338] In some embodiments of Formula Ia, Id, and/or Ig, R™ is
substituents and are F and CF.

[00339] In some embodiments of Formula Ia, Id, and/or Ig, R™ is
substituents and are F and OMe. 7

| [00340] In some embodiments of Farmula Ya, Id, and/or Ig, R*° is 1 substituent

and is CN.

[06341] In some embodiments of Formula a, Id, and/or Ig, R* s
substituents and both are CN. |

[00342] In some cmbodiments of Formula fa, Id, and/or Ig, RT is 2
substituents and are F and CN.

[00343] In some embodiments of Formula fa, Id, and/or Ig, R*is-Cia atkyl.

[60344] In some embodiments of Formula Ia, Id, and/or Ig, R* g -Cys alkyl.

[06345]  In some embodiments of Formula Ia, Id, and/or Ig, R* is -C 4 alkyl.

[60346] In some embodiments of Formula Ia, Id, and/or Ig, R*is -Cys alkyl.

[00347] In some embodiments of Formula Ea, ¥d, and/or Ig, R* is -Cyalkyl.

60348] In some embodiments of Formula Ta, Id, and/or Ig, R is g alkyl.

[66349]  In some embodiments of Formula ka, Id, and/or Ig, R* is ~Cs allyl.

[00350] In some embodiments of Formula Ia, Id, and/or Ig, R* is —Cypalkyl.

[09351] In some embodiments of Formula ¥a, Id, and/or Ig, R* is —~Cy.5alkyl.

[00352] In some embodiments of Formula Ia, Id, and/or Ig, R* 45 -Cyy alkyl.

[60353] Insome embodiments of Formula fa and/or Ig, R? is a halide.
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[00354]  In some embodiments of Formula Ia, Id, and/or ¥g, R* s F.

[00355] . In some embodiments of Formula ¥a, ¥d, and/or Ig, R* is CL

[60356] In some embodiments of Formula Ia, Id, and/or kg, R* is Me.

106357]  In some embodiments of Formula Ia, ¥d, and/or ¥g, R* is OFL

60358 In some embodiments of F om"hula Fa, kd, and/or Eg, R* {5 OMe.

60359} In some embodiments of Formula a, Id, and/or ig, R™ g CFs.

[00360]  In some embodiments of Formula 1a, Id, and/or Kg, R* is CN.

[60361] In some embodiments of Formula Ta, Ed, and/or Eg, R*® is 1 substituent
and is F.

[00362] In some embodiments of Formula Ia, Id, and/or Ig, R¥ s 2
substituents and both are F. '

[00363] In some embodiments of Formula Ia, Id, and/or ¥g, R* is 1 substituent
and is Me,

[00364] In some embodiments of Formula fa, Id, and/or Ig, R™ is 2
substituents and both are Me.

[08365] In some embodiments of Formula Ia, Id, and/or kg, R* s 1 substifuent
and is CF, '

[00366] In some embodiments of Formula Ia, Id, and/or Ig, R* is 2
substituents and both are CF;.

[00367] Insome embodiments of Formula Ta, Id, and/or Ig, R* {s 1 substituent
and is OMe.

[00368] In some embodiments of Formula la, Id, and/or Ig, R is 2
substituents and both are OMe.

1003691 In some embodiments of Formula Xa, Id, and/or Ig, R¥ is 2
substituents and are F and Me. _

[06376] n some embodiments of Formula Ia, Id, and/or Ig, R™ is 2
substituents and are F and CF}

[060371] In some embodiments of Formula Ia, ¥d, and/or Ig, R™ is 2
substituents and are F and OMe.

[06372]  In some embodiments of Formula Ia, kd, and/or kg, R* is 1 substituent
~andis CN. |
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[00373]

In some embodiments of Formula la, Id, and/or Ig, R™ is 2

substituents and both are CN.

[00374]

In some embodiments of Fommula Ia, Id, and/or Ig, RM i5 2

substituents znd are F and CN.

[00375]
[00376]
[08377]
j00378]
[00379]
[06380]
[06381]
[066382]
00383}
[00384]
100385]
[68386}
1083871
[00388]
(00389}
100350}
[00391]
[06392]
[00393]
[00394]
isF.
[060395}
and both are IF.
~ [6039%6]
is Me.
| | [00397]
and both are Me.

In some embodiments of Formula Ta, Id, and/or kg, R*is-Ci, alkyl.
In some embodiments of Formula Ia, Id, and/or Ig, R*® is -Cy.5 alkyl.
In some embodiments of Formuia Fa, Id, and/or Ig, R* s -Ciy alkyl.
In some embodiments of Formula 1a, 1d, and/or Ig, R¥is-Cps atkyl.
In some embodiments of Formula Ia, Id, and/or g, R* s -Cig alkyl.
In some embodiments of Formula ¥a, 14, and/or Ig, R*is —Cs. alkyl.
In some embodiments of Formula Ia, Td, and/or ¥g, R* is ~Cs s alkyl.
In some embodiments of Formula Ia, Id, and/or Ig, R* gy alkyl
In some embodiments of Formula Ia, Id, and/or kg, R s —Cosg alkyi.
In some embodiments of Formula I, Id, and/or Ig, R* s Csq allcyl.
In some embodiments of Formula Ia and/or Ed, R* is H.

In some embodiments of Formula ka and/or 14, R* is a halide.

In some embodiments of Formula fa and/or ¥d, R*® is F.

In some embodiments of Formula Ia and/or Id, R* is CL.

In some embodiments of Formula Ia and/or Id, R* is Me.

Tn some cmbodiments of Formula Ta and/or ¥d, R* is OHL

Tn some embodiments of Formula ¥a and/or Id, R* is OMe.

In some embodiments of Formula Iz and/or Ed, R is CFs.

In some embodiments of Formula Ia and/or Id, R* is CN.

In some embodiments of Formula a and/or Id, R*® is 1 substituent and
In some embodiments of Formula ¥a and/or ¥d, R*® is 2 substituents
In some embodiments of Formula Ya and/or ¥d, R* i5 1 substituent and

Tn some embodiments of Formula ¥a and/or Id, R% is 2 substituents



[60398] In some embodiments of Formula Ia and/or Id, R* is 1 substituent and

is CFs. '
~ [00399]  In some embodiments of Formula Ia and/or Id, R* Iis 2 substituents

and both are CFa.- | _

1004060]  In some embodiments of Formula In and/or Id, R* is 1 substituent and
is OMe.

[00401] In some embodiments of Formula Ea and/or ¥d, R* is 2 substituents
and both are OMe. .

[00402] Tn some embodiments of Formula fa and/or Ed, R™ is 2 substituents
and are F and Me.

[00403] In some embodiments of Formula Xa and/or Id, R™ is 2 substituents
and are F and CFs.

{60404] In some embodiments of Formula Ia and/or Id, R* is 2 substituents
and are F and OMe.

[60405] In some embodiments of Formula Ya and/or Id, R™ is 1 substituent and
is €N,

[60406] In some embodiments of Formula Fa and/or Id, R™ is 2 substituents
and both are CN.

[00467] In some embodiments of Formula Ia and/or Td, R is 2 substituents
and are F and CN.

[00408] In some embodiments of Formula ¥a and/or Id, R*®is -Cyy alkyt.

[60409] In some embodiments of Formula Ia and/or Id, R*is-Ci3 alkyl.

[0041_{}] In some embodiments of Formula Ia and/or Id, R* is -Cyy alloyl.

[06411] In some embodiments of Formula ¥a and/or Id, R*® is -Cy_s alkyl.

[00412] In some embodiments of Formula Ia and/or Td, R is -Cy.¢ alkyl.

[00413] In some embodiments of Formula Ia and/or Id, R* is —Cy.¢ alkyl.

[00414] In some embodiments of Formula Ya and/or Td, R2 is —Ciyg atkyl.

[60415] In some embodiments of Formula Fa and/or Id, R* is —Cy4 alkyl.

[60416] In some embodiments of Formula Ya and/or Id, R* is ~Cy.s alkyl.

[60417] In some embodiments of Formula Ia and/or Ed, R is —Cs_s alkyl,

[60418] In some embodiments of Formula ¥a, R* is a halide.
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100419)
[00420]
[00421]

[00422]

[60423]
[00424]
100425]
[00426]
[06427]

[60428]
160429]

[00430]
[00431]
CFs.
[60432]
[00433]
OMe.
[00434]
and Me.
[00435]
and CF;.
[60436]
and OMe.
[00437]
[00438]
CN,
(00439]
and CN.
- [00440]

In some embodiments of Formula Ia, R¥isF.

in some embodiments of Formula fa, R¥is CL

In some embodiments of Formula a, R¥is Me.

In some embodiments of Formula Ia, R* is OH.

In some embodiments of Formula Ia, R* is OMe,

In some embodiments of Formuia Ia, R*is CF,.

Tn some embodiments of Formula Ia, R* is CN.

In some embodiments of Formula Ya, R* is 1 substituent and is F.

In some embodiments of Formula Ez, R¥ is 2 substituents and both are

In some embodiments of Formula Ia, R¥ s 1 substituent and is Me.

In some embodiments of Formula Iz, R* is 2 substituents and both are

In some embodiments of Formula Ia, R¥is 1 substituent and is CFs.

In some embodiments of Formula Ya, R* is 2 substituents and both are

Tn some embodiments of Formula Fa, R* is 1 substituent and is OMe.

In some embodimentis of Formula Ia, R* ig 2 substituents and both are
In some embodiments of Formula Xa, R* is 2 substituents and are F
In some embodiments of Formula Ia, R*¥ is 2 substituents and are F
In some em’oo_diments of Formula Ia, R*¥ is 2 substituents and are F

In some embodiments of Formula Ia, R*is 1 substituent and is CN.

In some embodiments of Formula fa, R* is 2 substituents and both are
Tn some embodiments of Formula Ia, R* is 2 substituents and are F

In some embodiments of Formula Ia, R¥ is -Cy.» alkyl,
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CHs.

OMe.

[00441]

[00442]
[00443]
[06444)
[09445]
160446]
[00447]
[00448]
[00449]
[60450]
[06451]
[06452]
[00453]
[00454]
[06455]
[06456]
[60457]
[00458]
[00459]
[00466]

[00461]
[00462]

100463]

[00464]

[00465]
[06466]

In some embodiments of Fommula Ea, R¥is -Ci.z alkyl.
In some embodiments of Formula Ia, R is -Cig alkyl.
In some embodiments of Formuta Ia, R¥is -Cy. alkyl.
In some embodiments of Formula Ia, R¥is ~Cy.galleyl.
In some embodiments of Formula Ia, R¥ig . alkyl.
In some embodiments of Formula Ea, R¥is ~(C5.4 alleyl.
Tn some embodiments of Formula Ia, R* is ~Cyg alkyl.
In some embodiments of Formula Ia, R* is —Cg-s..a}k}’l.
In some embodiments of Formula Ia, R¥is ~Ca4alkyl.
In some embodiments of Formula Ta, R is H.

In some embodiments of Formula Ta, R* is a halide.
Tn some embodiments of Formula Fa, R* is F.

In some embodiments of Formula ¥a, R is CL

In some embodiments of Formula Ea, R%*is Me.

In some embodiments of Formula a, R* is OH.

In some embodiments of Formula Ia, R* is OMe.

In some embodiments of Formula fa, R*® is CFa.

In some embodiments of Formula Ia, R*is CN.

In some embodiments of Formula Xa, R* is 1 substituent and is F.

In some embodiments of Formula Ea, R* is 2 substituents and both are

In some embodiments of Formula Ia, R {5 | substituent and is Me.

In some embodiments of Formula Iz, R* is 2 substituents and both are

In some embodiments of Forrnula Ia, R is 1 substituent and is CFa.

In some embodiments of Formula fa, R?® is 2 substituents and both are

In some embodiments of Formula ¥a, R*®is 1 substituent and is OMe.

In some embodiments of Formula Ia, R* is 2 substituents and both are
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[00467] In some embodiments of Formula Ta, R*® is 2 substituents and are
and Me. _

[60468] In some embodiments of Formula Ya, R*® is 2 substituents and are F
and CFs. |

[69469] In some embodiments of Formula Ia, R’ {5 2 substituents and are F
and OMe,

[00476] In some embodiments of Formula Ia, R?®is 1 substituent and is CN.

[00471] In some embodiments of Formula Ia, R? is 2 substituents and both are
CN.

[60472] In some embodiments of Formula Ea, R is 2 substituents and are F
and CN.

[66473] In some embodiments of Formula Ia, R%i5-Ciy alicyl.

[60474] In some embodiments of Formula Ia, R*® is -Cj.3 alkyl.

[00475]  In some embodiments of Formula ¥a, R* is -Cq4alkyl.

[00476] In some embodiments of Formula Ia, R*i5-Cyz atlcyl.
[606477] _ In some embodiments of Formula Ea, R*is ~C.1 ¢ alkyl
[66478] - In some embodiments of Formula Ea, R*®is—Cog atkeyl
[60479]  In some embodiments of Formula ¥a, R* is ~Ca aikyl.'
[60480]  In some embodiments of Formula Ia, R?® is -Cyq alkyl.
[06481] In some embodiments of Formula Ea, R is -Cy.5 alkyl.
[00482] In some embodiments of Formula Ia, R* is —Cs alkyl.
[00483] Some additional embodiments of Formula I include compounds of
Formula (Ib):

(R¥)m

Ib

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

i

- 1>
[00484] In some embodiments of Formula b, Ring A is M .
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[00485] In some embodiments of Formula Ib, Ring B is selected from the
group consisting of phenyl and a 5-6 membered heteroaryl, wherein a carbon atom on the
ring is attached to the carbonyl carbon.

[00486] In some embodiments of Formula Ih, eacﬁ R! is a substituent attached
to Ring A and is independently selected at each ocourrence from the group conststing of
1, unsubstituted -C ¢ alkyl, ~C .3 haloalkyl, halide, -OR?, CF3, and CN.

[00487] In some embodiments of Formula Ib, each R? is a substituent attached
to Ring B and is in.dependenﬂy selected at each occurrence from the group consisting of
H, unsubstituted -Cy alkyl, ~CHOH, -CHN(R™),, -Cy.5 haloalkyl, halide, -OR’, CF;,
and CN. '

[00488] In some embodiments of Formula Ib, each R® is independently
selected from the group consisting of H, unsubstituted -Cy4 alkyl, -Ci3 haloalkyl, and
CF;.

[00489] In some embodiments of Férmula Ib, each R* is independently
selected ﬁ'om.the group consisting of H and unsubstituted ~C, 5 alkyl

[60490] In some embodiments of Formula Ib, each M is independently
selected from the group coﬁasisting of N, C; S and O.

[00491}  In some embodiments of Formula kb, both M are not O.

[60492]  In some embodiments of Formula Eb, both M are not C.

[00493]  In some embodiments of Formula Ib, m is an integer of 1 to 5. |

[00494]  In some embodiments of Formula Ib, n is an integer of [ to 10.

[006495] In some embodiments of Formula b, Ring A is selected from the

. N 8 F._ _S NN
SISPIS )= 9
o~ g , o , F7 o ,and 87

[00496] Some additional embodiments of Formula I include compounds of

group consisting of

Formuia (Fc):

(R¥}e




or salts, pharmaceutically acceptable salts, or prodiugs thereof,

i 2, é

[60497] In some embodiments of Formula Ie, Ring A is M:Q' .

[00498] In some embodiments of Formula fe, Ring B is selected from the
group consisting of phenyl and a 5-6 membered heteroaryl, wherein a carbon atom on the
ring is attached to the carbonyl carbon.

[00499] In some embodiments of Formula Ie, each R* is a substituent attached
to Ring A and is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy g allkyl, -Ci 5 haloalkyl, halide, ~OR?, CFs, and CN.

[00500] In some embodiments of Formula Ie, each R* is 2 substituent attached
to Ring B and is independently selected at each occurrence from the group consisting of
H, unsubstituted ~C).¢ alkyl, -CHOH, -CH,N(R™);, -C1.4 haloalkyl, halide, -OR’, CFs,
and CN.

[00501] In some embodiments of Formula I¢, each R’ is independently
selected from the group consisting of H, unsubstituted -C1.¢ alkyl, -Ci3 haloallyl, and
CFs.

{60502} In some embodiments of Formula Ie, each R™ is independently
selected from the group consisting of H and unsufastituted ~Cizalkyl.

[006503] In some embodiments of Formula Ye, each M is independently selected
from the group consisting of N, C, 8 and O,

[60504] In some embodiments of Formuia Ie, if one M is C, the other M is
selected from the group consisting of N, S, and O.

[00565] In some embodiments of Formula Ie, m is an integer of 1 to0 5.

f00506] In some embodiments of Formula Ie, nis an integer of 1 to 10.

[00507] In some embodiments of Formula Ie, Ring A is selected from the

0 G T, B 5 N
el eoleSleOIeOIRE S
group consisting of © , F o™~ o , § , O ,and 57T~

{00508} Some additional embodiments of Formula I include compounds of
Formula (Id): |
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Id

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

M
[00509] In some embodiments of Formula Id, Ring A is = d
[00510] In some embodiments of Formula Id, Ring B is selected from the

L A 2 .
/O/ J ©\;‘SS O:R% , az@/, and a 56

membered heteroarylR*, wherein a carbon atom on the ring is attached to the carbonyl

group consisting of R*

carbon.

[60511] = In some embodiments of Formula Id, each R’ is a substituent attached
to Ring A and is independently selected at each occurrence from the group consisting of
H, unsubstituted -C, ¢ alkyl, -Cy.3 haloalkyl, halide, -OR?, CFs, and CN.

[00512] In some embodiments of Formula Id, R*® is a substituent attached to
the para position of phenyl and selected from the group consisting of H, unsubstituted —
Cr.salkyl, -CHROH, ~CHaN(R™),, -Cy.3 haloalkyl, CL, Br, I, -OR%, CFs_and CN.

[00513] In some embodiments of Formula Id, R?® is a substituent attached to
the meta position of phenyl and selected from the group consisting of H, unsubstituted —
Cygalkyl, -CHOH, -CHN(R®™Y,, -C) s hatoalkyl, F, I, -OR®, CFa, and CN.

[00514] In some embodiments of Formula Id, R*® is a substituent attached to
the ortho position of phenyl and selected from the group consisting of H, unsubstituted -
Cy.galkyl, -CH,OH, -CHoN(R™), -Cy 5 haloalkyl, F, Br, I, -OR?, CFs, and CN.

[00515] In some embodiments of Formula Id, R* is 2-5 substituents, each
attached to the phenyl and are independently selected at each occurrence from the group _
consisting of H, unsubstituted -C . alkyl, -CH,OH, ~CHN(R™)3, -Cy 3 haloalkyl, halide, -
OR’, CF3, and CN.
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[(}0516} In some embodiments of Formula ¥d, R* is 1-3 substituents, cach
attached to the heteroaryl ring and are independently selected at each occurrence from the
group consisting of H, unsubstituted -Cy.g alkyl, -CHOH, ~CHN(R®), -C1.5 haloalkyl,
helide, ~-OR’, CF3, and CN. |

[06517] In some embodiments of Formula Id, each R’ ig inéepemdenﬂy
selected from the group comnsisting of H, unsubstituted -C4 alkyl, -C;5 haloalkyl, and
CFs. _

| [00518] In some embodiments of Formula Id, each R™ is independently
selected from the group consisting of H, unsubstituted —Cs4 alkyl, -Cy.5 haloalkyl, and
CF; |

[06519] In some embodiments of Formula Id, each R*® is independently
selected from the group consisting of H and unsubstituted —C .5 alkyl.

[00520] In some embodiments of Formula Id, Q is S or NH.

[00521] In some embodiments of Formula Id, n is an integer of 1 to 5.

[04522] In some embodiments of Formula Id, Ring A is selected from the

Sy
o U
7N
group consisting of S and B

(0523] In some embodiments of Formula Id, R* is H.
{ ]

[00524] In some embodiments of Formula Id, R® is H.

[00525]  In some embodiments of Formula kd, R™ is H.

00526]  In some embodiments of Formula Id, R* is H.

[

[60527] Some additional embodiments of Formula [ include compounds of
Formula (Ie): '

(R¥)m

(RY,

e

or salts, pharmaceutically acceptable salts, or prodrugs thereof.
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[00528] Insome embodiments of Formula Ie, Ring A is W\W/ d .

[00529] In some embodiments of Formula Ye, Ring B is selected from the
group consisting of phenyl and a 5-6 membered heteroaryl, wherein a carbon atom on the
ring is attached to the carbonyl carbon. o

' [00530] In some embodiments of Formula e, each R’ is a substituent attached
to Ring A and is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy.¢ alkyl, -C13 haloalkyl, halide, -OR®, CF3, and CN.

[00531] In some embodiments of Formula Xe, each R? is a substituent attached
o Ring B and is independently selected at each occurrence from the group coﬁsisting of
H, unsubstituted -Cy¢ alkyl, -CH,OH, -CHN(R™),, -Cy.; haloalkyl, halide, -OR?, CFs,

~and CN.

[00532] In some embodiments of Formula e, each R’ is independently
selected from the group consisting. of H, unsubstituted -C, alkyl, -Ci_5 haloalkyl, and
CFs. | |

[00533] In some embodiments of Formula e, -eaéh R is independently
selected from the group consisting of H and unsubstituted —C,.3 alkyl.

[00534] - In some embodiments of Formula ¥e, each Wis N or C.

[66535] In some embodiments of Formula fe, at least one W must be N.

[00536] In some embodiments of Formula fe, Q is S or NH.

[06537]  Insome embodiments of Formula Ye, m is an integer of 1 to 3.

[00538] In some embodiments of Formula e, n is an integer of 1 to 4.

[00539] In some embodiments of Formula Ie, Ring A is selected from the

N Ly
group consisting of S and H

[66540]  Some additional embodiments of Formula I inclade compounds of
Formula (If):
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or selts, pharmaceutically acceptable salts, or prodrugs thereof.

nn

W,
WS
e

I
.

| w
[60541] Insome embodiments of Formula If, Ring Ais W ©

[00542] In some embodiments of Formula If, Ring B is selected from the
group congsisting of pheny! and a 5-6 membered heteroaryl, wherein a carbon atom on the
ring is attached to the carbonyl carbon.

[00543] In some embodiments of Formula If, each R’ is a substituent attached
to Ring A and 1s independently selected at each occurrence from the group consisting of
H, unsubstituted -Cj.5 alkyl, -C .3 haloalkyl, halide, —ORB, C¥Fs, and CN,

[00544] In some embodiments of Formula I, each R? is a substituent attached
to Ring B and is independently selected at each occurrence from the group consisting of
H, wnsubstituted -Cy.g alkyl, -CH,OH, -CHN(R™),, -C\5 haloalkyl, halide, -OR®, CF;,
and CN.

[60545] In some embodiments of Formula If, each R” is independently selected
from the group conststing of H, wnsubstituted -Cys alkyl, -Ci.5 haloalkyl, and C¥Fs.

[08546] In some embodiments of Formula If, each R™ is 'mdepeﬁdenﬂy
selected from the group consisting of H and unsubstituted —C.5 alkyl.

[66547] In some embodiments of Formula If, each WisNor C.

[00548] In some embodiments of Formula If, m is an integer of 1 to 5.

[00545]  In some embodiments of Formula If, n is an integer of 1 to 5.

1005501 In some embodiments of Formula ¥f, Ring A is selected from the

@ @\*
: /
group consisting of O and o .

[00551] Some additional embodiments of Formula I include compounds of

Formula (Ig):
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or saits, pharmaceutically acceptable salts, or prodrugs thereof,

S
[00552] In some embodiments of Formula Ig, Ring A is Q .

[60553] In some embodiments of Formula Ig, Ring B is selected from the

o g %
NN ol

membered heteroarylR*, wherein a carbon atom on the ring is attached to the carbonyl

group consisting of , and a 5-6
carbon.’

[00554] In some embodiments of Formula Ig, cach R’ is a substituent attached
to Ring A and 15 independently selected at each occurrence from the group consisting of
H, unsubstituted -C;_ alkyl, -C1.2 haloalkyl, halide, ~OR’, CF, and CN.

[60555] In some embodiments of Formula ¥g, R* is a substituent attached to
the para position of phenyl and is seiected from the group consisting of unsubstituted —Cy.
salkyl, -CH,OH, -CHN(R™),, -Cy3 haloalkyl, F, 1, -OR?, CF3 and CN.

[66556] In some embodiments of Formula Ig, R*® is a substituent attached to
the meta or ortho position of phenyl and is selected from the group consisting of
unsubstituted —Ca.q alkyl, -CH,OH, -CHaN(R™), ~Cy.3 haloalkyl, halide, -OR’, CFs, and
CN.

[66557] In some embodiments of Formula g, R™ is 2-5 substituents, each
attached to the phenyl and are independently selected at each occurrence from the group
consisting of unsubstituted -C,.¢ alkyl, -CH,OH, -CHN(R?),, -Cy5 haloalkyl, halide, -
OR’, CF, and CN.

[60558] In some embodiments of Formula g, R* is 1-3 substituents, each

attached to the heteroaryl ring and are independently selected at each occurrence from the



group consisting of H, unsubstituted -Cy. alkyl, -CH,O0H, -CHoN(R*®),, -C15 haloalkyl,
halide, -OR’, CF3, and CN.

[00559] In some embodiments of Formula Ig, each R’ is independently
selected from the group consisting of H. uﬁé;ubstituteci (14 alkyl, -C, 3 haloalkyl, and
CFs.

[00568] In some embodiments of Formula Xg, each R is independently
selected from the group consisting of H and unsubstituted —C, 3 alkyl.

[60561] In some embodiments of Formula Eg, Q is independently selected from
the group consisting of O, S, and NH.

180562}  In some embodiments of Formula g, n 15 an integer of 1 1o 5.

[00563] In some embodiments of Formula Eg, Ring A is selected from the

DD o
N
group consisting of o, $ | and H .

[60564] In some embodiments of Formula Ig, R* is F.

[08565] In some embodiments of Formula Ig, R™is OH.

[00566]  In some embodiments of Formula Ig, R* is OMe,

[60567] In some embodiments of Formula fg, R** is 1 substituent and is F.

[60568] In some embodiments of Formula Tg, R*™ is 2 substituents and both are

[065697 In some embodiments of Formula Ig, R* is 1 substituent and is OMe.

[00570] In some embodiments of Formula Ig, R* is 2 substituents and both are
OMe.

[00571] In some embodiments of Formula Ig, R™ is 2 substituents and are F
and Me.

[00572] In some embodiments of Formula fg, R* is 2 substituents and are F

[60573] In some embodiments of Formula Ig, R™ is 2 substituents and are F
and OMe.

[00574] In some embodiments of Formula ¥g, R™ is 2 substituents and are F
and CN.
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[00575] Some additiopal embodiments of Formula I inciude compounds of
Formula (Th):

{(R¥)m

Ih

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

TS

[68576] In some embodiments of Formula Th, Ring A is W\W/ @ .

[60577] In some embodiments of Formula Ih, Ring B is selected from the
group consisting of phenyl and a 5-6 membered heteroaryl, wherein a carbon atom on the
ring is aftached to the carbonyl carbon.

' [00578]  In some embodiments of Formula Ih, each R’ is a substituent attached
to Ring A and is independently selected at each occurrence from the group consisting of
H, unsubstituted -C . alkyl, -C.2 haloalkyl, halide, -OR?, CF;, and CN.

[6057%] In some embodiments of Formmuls Ik, cach R? is a substituent attached
to Ring B and is independently selected at each occurrence from the group consisting of
H, unsubstituted -C alkyl, -CH,OH, -CH,N(R™),, -Ci.3 haloalkyl, halide, -OR®, CFs,
and CN.

[00580] In some embodiments of Formula Ih, each R’ is independently
selected from the group consisting of H, unsubstituted -Cj.¢ alkyl, -Cy.3 haloalkyl, and
CF;, _

{00581] In some embodiments of Formula Th, each R’ > is independently
selected from the group consisting of H and wnsubstituted —C 3 alkyl.

{00382] In some embodiments of Formula Ih,cach WisNor C.

f00583] In some embodiments of Formula Ih, at least one W must be N.

[00584] In some embodiments of Formula Th, Q is independently selected from
the group censisting of O, S, and NH,

[00585]  In some embodiments of Formula Th, m is an integer of 1 to 5.

[00586] In some embodiments of Formula ITh, n is an integer of 1 to 4.
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[00587] In some embodiments of Formula Ih, Ring A is selected from the

_ N
N N N
' @ ) @i ) ©:N>
group consisting of o, $ ,and H o,

[60588] Some additional embodiments of Formula I mnclude compom1ds of

Formula (Fi):

(R¥)m

|41

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

W

W\ s
il /w
W, =~ o

[60589] In some embodiments of Formula fi, Ring A1s W , Whereln
a carbon atom on the ring is attached to the carbonyl carbon.

| [{00590] In some embodiments of Formula Ii, Ring B is selected from the group
consisting of phenyl and a 5-6 membered heteroaryl, wherein a carbon atom on the ring 1s
attached to the carbonyl carbon.

[00591] In some embodiments of Formula Ii, each R! is a substituent attached
to Ring A and is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy.¢ alkyl, -Cy; haloalkyl, halide, -OR?, CF;, and CN.

[00592] In some embodiments of Formula i, each R? is a substituent attached
to Ring B and is independently selected at each occurrence from the group consisting of
 H, unsubstituted -Cy.4 alkyl, -CHOH, -CH,N(R™), -Cy.3 haloalkyl, halide, -OR®, CF;,
and CN.

{6@5931' In some embodiments of Formula ki, each R is independently selected
from the group consisting of H, unsubstituted -Cy¢ alkyl, -C; 3 haloalkyl, and CEs.

[60594] In some embodiments of Formula i, each R* is independently
selected from the group consisting of H and unsubstituted —Cy.3 alkyl.

[00595]  In some embodiments of Formula Ii, each W is N or C.

[00596]  In sorne embodiments of Formula Ii, at least one W is C

66



[00597] In some embodirents of Formula Xi,  is independently selected from
the group consisting of 0, S, and N. _

[00598] Insome embodiments of Formula I, m is an integer of 1 to 5.

[08529]  In some embodiments of Formula Ii, n is an integer of 1 t0 7.

[00600] In some embodiments of Formula i, Ring A is selected from the

N / /

group consisting of 0 8 H, S s,
N
N
e e UL

[00601] Some embodiments of the present disclosure include compounds of
Formula (I):

{R%)

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

[00602] In some embodiments of Formula I, Ring C is a 5-6 membered
hetercaryl, wherein a carbon atom on the ring is attached to the carbonyl carbon.

[06603] In some embodiments of Formula T, Ring D 1s selected from the
group consisting of phenyl and 2 5-6 membered hateroéryl, wherein a carbon atom on the
ring 1s atfached to the carbonyl carbon.

[060604] In some embodjments_ of Formula II, each R? is a substituent attached
to Ring C and is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy.q alkyl, -Cy.5 haloalkyl, halide, -OR®, CF3, and CN.

[06605]  In some embodiments of Formula I¥, each R’ is a substituent attached
to Ring D and is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy.¢ alkyl, -CH,OH, -CHN(R®™),, -Cy3 haloatkyl, halide, -OR®, CFs,
and CN. '

[00606] In some embodiments of Formula I¥, each R® is independently selected
from the group consisting of H, unsubstituted -Cy.¢ alkyl, -Cy.3 haloalkyl, and CFs,
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[00667] In some embodiments of Formula ¥, each R® is independently
selected from the group consisting of H and unsubstituted —C ;3 alkyl,

[00608]  In some embodiments of Formula I1; each q is an integer of 1 to 4.

[00609] In some embodiments of Formula I¥, each p is an nteger Df.l to5.

[0G610] . In some embodiments of Formula Y, there is the proviso that a

compound of Formula I is not a compound selected from the group consisting of:

\i ) \_.g ) g o on, W4 b
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[00611] In some embodiments of Formula II, Ring C is a 35-membered

heteroaryl ring contaming 1-3 heteroatoms seiected from the group consisting of N, O,
and S.

LT
[60612] In some embodiments of Formula I, is selected from the

: (ROp 3 /LL% RY %/2 R %/34 RY Y
\\ B
t5 T T
group consisting of
(R%, \ﬁmﬁ)‘ R‘*)\( }/% RY p\wjﬁ/il ® ”\/\ /w’% R ),,W mﬂp\(}){
@) A Ry ;’}; (R, N‘g/zg R W}/E‘ (R 1»\6%/1 R‘)pwf%/%
(RﬁP%‘%/Z‘ (Rﬁ)PW (R*‘}p\@‘“%)z (R“)F\E—"%/é R Wg/%
. N A N, .

lor2.
{R4p
| @ ="
[00613] In some embodiments of Formula I, is .

[00614] In some embodiments of Formula ¥, Ring C is a 6-membered

;and p1s

* heteroaryl ring containing 1-2 nitrogens.
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{Rp

[60615] In some embodiments of Formula I, is selected from the

TH TH OH TH
O L o |
group consisting of & , R , &% ,and ®% sandpisior2.

Rp N
SOAN®
[00616] In some embodiments of Formuls I, is

[60617] Insome embodiments of Formula 1T, each R* is independently selected
from the group censisting of H, F, Cl, Me, OMe, OH, CF3 and CN,

[60618] In some embodiments of Formula EE, Xa, e, Fid, He, and/or I¥f, each
R*is independently selected from the group consisting of I, F, CI, Me, OMe, O, CF;
and CN; and pis 1 or 2.

[60619] In some embodiments of Formula I, Iia, Tib, e, Hd, T¥e, and/or IIf
R'is FL.

[00628] In some embodiments of Formula IE, ¥Ha, IIh, e, Iid, Tfe, and/or YIf
R* is 2 halide. .

[60621] In some embodiments of Formula If, Ila, Iib, Il¢, id, Iie, and/or IIf
RS F.

[60622] In some embodiments of Formula I, ¥a, b, I, ¥id, e, and/or FIf,
RYis CL |

[00623] In some embodiments of Formula IE, Tla, 1ib, He, Xid, He, and/or IIf,
R’ is Me.

[00624] In some embodiments of Formula II, ¥fa, Tie, ¥id, Ife, and/or 1If, R* is
OH.

[00625] In some embodiments of Formula I, Ila, Ik, Ile, 1Xd, IXe, and/or 1If,
R*is OMe. |

[00626] In some embodiments of Formula I, Ha, kb, Ilc, Iid, Ike, and/or IIf,
R*is CFs.

{00627]  In some embodiments of Formula I, Tia, ITh, e, Iid, e, and/or Hf,
R*is CN.
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[00628] In some embodiments of Formula I¥, Ea, IIb, Ilc, Iid, Ie, and/or IIf,
p is an integer from 1-3.

[00629] In some embodiments of Formula L, Ha, Eib, He, Iid, He, and/or IIf,
p.is an integer from I-2. | " '

[0063G] In some embodiments of Formula IX, Ha, IIb, He, IEd, Ile, and/or IFf,
pis?Z.

[00631] In some embodiments of Formula I, Ifa, Iih, He, IId, Ile, and/or IIf,
pisl. . _

[00632] In some embodiments of Formula I, fia, Ib, Hic, Tid, He, and/ox IIf,
R'isF;and pis 1.

[80633] In some embodiments of Formula ¥, Ifa, iib, Ie, Ikd, Ile, and/or Iif,
R'is F; and pis 2.

[00634] In some embodiments of Formula IL, Ha, Ic, Iid, e, and/or ILf, R'is
OH;and pis 1.

[06635] In some embodiments of Formula XX, a, Iib, He, Iid, Ie, and/or Iif,
R i OMe; and p is an integer from 1-2. |

[00636] In some embodiments of Formula ¥I, ia, Iib, e, Ik, ITe, and/or HIf,
R* is -Cr alkyl.

[00637} In some embodiments of Formula II, ITa, Iib, Ie, Iid, Ile, and/or IIf,
R¥is -Cy.a atkyl.

100638]  In some embodiments of Formula E, Iia, Tb, Iic, 14, Ee, and/or I,
R*is -C 4 alkyl.

100639] In some embodiments of Formula I, Ia, Ilb, Hc, Hd, e, and/or 1,
R*is -Cysalkyl.

[00640] In some embodiments of Formula I, Hia, Ifb, Ic, Iid, Ile, and/or Iif,
RYis -Crsaliyl.

[09641} In some embodiments of Formutla I, ¥z, Iib, He, IId, Ile, and/or TIf,
R% i5 —Cyog allyl.

[06642] In some embodiments of Formula I, Ila, IIb, Ilc, 14, le, and/or Iif,
R*is ~Cs.¢ alkyl.
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[00643] In some embodiments of Formula I¥, Ela, b, e, IId, He, and/or I,
R* is ~Cag alkyl.

[09644] In some embodiments of Formula ¥, Ifa, Y¥b, e, ¥id, He, and/or IIf,
R* s —-Coog alkyl, o

{00645]  In some embodiments of Formula I, Tla, Tih, Tic, Ed, ile, and/or IFf
R* is —Ca.5 alkyl.

[00646] In some embodiments of Formula EFl, Ring C is selected from the
group consisting of:

W@@@W&@WW
/rfu‘)}}z /_ﬁ/i N%’I

00647} - In some embodiments of Formuia H and/or Ifb, Ring D is phenyl.

{Rs)q
[00648] In some embodiments of Formula II and/or Ifb, is
SAESOREES
selected from the group consisting of

%,
S S Ry, R
(FaClq ()\/ {RieO)y (;I/ {Me),, Q/ (NC)q U
L # < and #  andqis 1 or2.

E{Q,(Rs)q
b
[00649] In some embodiments of Formula I and/or IIb, i

. - N N
ingr 1o
selected from the group consisting of #
OMe Me CN '
. - , and .
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100656] In some embodiments of Formula I¥ and/or Iib, Ring D is a 5-
membered heteroaryl containing 1-3 heteroatoms selected from the group consisting of
N, O, andS. '

P AR
[00651] In some embodiments of Formula I and/or Ik,

Y

? 18

€R5)q\lﬂ““})\/ii (Rs}q\g—j\)\/_ @i (Rs}q%-%)@
selected from the group consisting of , 0

o

(R) N (") {RS) (R /L??’« &%
”\O/N q\ /ﬁi \& )Q/ZL q\“yf%)z “\ ‘*-7,’:—\
i \@/z ‘R%ﬂ/? ® w:g/é @, \@/a ® xm/‘% w«m\@/‘s
g~ R} (RE)q~H
(R%) ® }2 ( q (R®) N 4
QW \Q "y qf \K
N M R 1 N s M ,and
® q\#g/i

nandqis 1 or 2.

[00652] In some embodiments of Formula H and/or Ifb, is

[ ﬁ
selected from the group consisting of G) .

and S
[00653] In some embodiments of Formula E and/or Ifb, Ring D is a 6-

membered heteroaryl containing 1-2 nitrogen atoms.

‘{OARE}Q
[60654] In some embodiments of Formula II and/or iIb,

N/i Ny ( l’;!ﬂ ;

L I Y Lo
selected from the group consisting of ®'h , B , ® }q , and ®% ; and
qis1or 2.
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Y@(Rs)q
[00655] In some embodmlems of Formula I and/or Eb, i

selected from the group consisting of lj)k O} [/ , and O}L and

R’ is

[00656] Insome embodiments of Formula I, Ha, IIh, Fic, I1d, e, and/or IIf,
R’, R¥ R%, R, R*, R, R, R*, R™, and/or R™ is -CH,OH.

[06657] In some embodiments of Formula ET, Ia, Iib, Iie, IId, Ile, and/or If,
RY, R, RP, R, R™, R, R¥, R, R™, and/or R¥ is -CHN(R™),.

‘ [60658] In some embodiments of Formula IE, 2, Hb, He, Jid, Fe, and/or TH,
R’, R™ R® R, R™, R*, RY, R, R™", and/or R™ is -CH;NH,.

[08659] In some embodiments of Formula ¥1, 1ia, b, Iie, Hg, He, and/or IIf,
R®, R R, R R¥, R, R R* R™, and/or R is -CH;NHMe

[60660] In some embodiments of Formula iE, Ila, b, ¥ic, Td, Ie, and/or Eif,
RE, R R®, R R RS R RS, RS, and/or R is -CILNMes.

[00661] In some embodiments of Formula I, Ha, IIh, Ile, IId, Ile, and/or IIf,
RY, R¥ R R RY, RY, R R R, and/or R is -CH,NHEL

[60662] In some embodiments of Formula EX, Fia, Eib, Ile, Iid, Iie, and/or IEf,

RRRT R RM RY R R R and/or RY is -CHN(Me)(Et)
- [80663] In some embodiments of Formula IE, Ha, @b, ¥le, Hd, He, and/or IHf,
R*, R¥ R¥ R™, R R™, R, R, R™, and/or R™ is -CH:NEL,.

[00664] In some embodiments of Formula Il and/or IEb, each R® is
independently selected from the group consisting of H, F, Cl, Me, OM@, OH, CFs, and |
CN. '

[00665] In some embodiments of Formula ¥¥ and/or ¥ib, R’ is H.

[60666] In some embodiments of Formula IX and/or Ifh, R is a halide.

[66667] In some embodiments of Formula XY and/or ITh, R is F.

[00668] In some embodiments of Formula I and/or Ifb, R® is CL

[60669] In some embodiments of Formula I and/or I, R” is Me.

[60670] Insome embodiments of For:rﬁula ¥I and/or Ifb, R® is OH.
I

[60671] Insome embodiments of Formula IT and/or Ik, R® is OMe.
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1872,
is 2.

qis2.

1s 2.

[06672]
[00673]
[00674]

[60675]

[00676]
[00677]
[00678]
[00679]

[00680]

[00681]
[00682]
[00683]
[00684]
[00685]
[00686]

[00687]

[00688]

[00689]
[00690]
[00691]
(00692
[00693]
[06694]
[00695]
[00696]

In some embodiments of Formula IT and/or IFh, R®is CF,,
Tn some embodiments of Formula Ef and/or Ifb, R is CN.

In some embodiments of Formula I and/or b, q is an integer from 1-
In some embodiments of Formula XX and/or Ifb, q is an integer from I-

In some embodiments of Formula ¥ and/or [b, g is 1.

In some embodiments of Formula IE and/or IIb, q is 2.

In some embodiments of Formula Ef and/or Tih, R’ is F; and qisl.

In some embodiments of Formula I and/or ¥¥b, R’ is F; and q is 2.

In some embodiments of Formula I and/or Itb, R’ isMe; and g is 1.
Tn some embodiments of Formula ¥ and/or fb, R? is Me; and g is 2.
In some embodiments of Formuta IT and/or IIb, R’ is CF: and gis 1.
In some embodiments of Formula IT and/or ITh, R’ is CFa; and q is 2.
In some embodimenis of Formula IT and/or Ik, R is OMe; and qisl.
In some embodiments of Formula IY and/or b, R is OMe; and qis2.

In some embodiments of Formula IT and/or fb, R® is ¥ and Me; and q
In some embodiments of Formula § and/or Ifh, R® is F and CF;; and q
In some embodiments of Formula H and/or IEh, R’is F and OMe; and

In some embodiments of Formula ¥ and/or Iih, R’is CN;and qis 1.
Tn some embodiments of Formula Ff and/or Hb, R® is CN; and qis 2,

In some embodiments of Formula I and/or ITb, R® is F and CN; and q

In some embodi.zﬁents of Formuia T and/or Iib, R® is -C» alkyl.
In some embodiments of Formula 1E and/or Hb, R’ ié -Cy.z alkyl.
In some embodiments of Formula I and/or Ib, R is -C; 4 atkyvl.
In some embodiments of Formula ¥ and/or ITb, R® is -Cy.s alkyl.

In some embodiments of Formula I¥ and/or Iib, R® is -C a]kyl.
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[00697]
[00698]
[60699]
© [00700]
100761]

[00762)

R® is -Cyp alkyl.

[00703]

Ffis~€h;aﬂqﬂ.
[60764]
R® is -Cy alkyl.
[00705]
RS 15 -C)salkyl.
[60706]
R® is -Cy_s alkyl.
[60707]
RS is —Cy.g alkyl.
[60708]
R® 15 —~Cag alkyl.
[00709]
RS is ~Cyg alkyl.
[00716]
R® is ~Ca.5 alkyl.
(00711}
R® is —Css alkyl.
[00712]

- Insome embodiments of Formula I and/or IIb, R%is ~Cosg alkyl.

In some embodiments of Formula ¥¥ and/or b, R® is ~Cy alkyl.

In some embodiments of Forraula IT and/or Ik, R% {5 ~Cusg atkyl.

In some embodiments of Formula I and/or kb, R7is —Cs.5 atkyl,

In some embodiments of Formula I and/or Ifb, R® is ~Cas alkyl.

In some embodiments of Formula H, Ha, Ifb, ITc, I1d, He, and/or I,
In some embodiments of Formula I, Ha, ITh, Tic, IId, Ile, and/or Hf,
In some embodiments of Formula 1§, Ila, Iib, He, [Id, He, and/or 1,
In some embodiments of Formula Ik, ¥a, IIb, Elc, IEd, Ele, and/or I,
In some embodiments of Formula I, Ha, Hb, e, Tid, e, and/or IIf,
In some embodiments of Formula ﬂ, ¥ia, HE&, He, Ekd, e, and/or Fif,
In some embodiments of Formula II, ¥a, IIb, Tlc, Iid, He, and/or IIf,
In some embodiments of Formula ¥, ika, b, He, IXd, ¥le, and/or I
In some embodiments of Formula I, Ha, Ib, Tic, Yid, Tle, and/or IIf,

In some embodiments of Formula I, [fa, Ib, Ilc, TId, He, and/or IIf,

In some embodiments of Formula I, Ring D is a phenyl or 6-

membered-hetema:yl; R® is selected from the group consisting of F, Cl, Me, OMe, OH,

CFs;and CN; qis I; and R’ is attached to an ortho carbon of the 6-membered ring.

[60713]

In seme embodiments of Formula IE, Ring D is & phenyl, R’ is selected

ﬁ'om the group consisting of F, Cl, Me, OMe, OH, CF; and CN; q is 1; and R’ is attached

to an ortho position of the phenyl ning.
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[00714] In some embodiments of Formula KL, Ring D is a pyridine, R® is
selected from the group consisting of F, Cl, Me, OMe, OH, CF; and CN: qis 1; and R s

attached to an ortho carbon of the pyridine ring.

foul
[60715] In some embodiments of Formula Ii, 1s selected from the

group consisting of:

' @
] Sy B ‘ 2 ‘13% 1 Sy l???—- ! N %11. /ﬁ/‘%
e (Che—i— (FsClq— (MeO);— (Mo} —

.

Sy, LL%‘ N N-.\ ‘I/N\\\éﬁ /N\ ‘N__\
(NC)y—— & {Clyg— (F2C) W0y~
AT T el el el ) wocf

¥ E > 3 > 2 3

/ b
. 9 I3
gy‘% I W (X" (X
N M. N N N .
s , o [ % _ # , H _and H ;wherein the carbonyl carbon of

Formula II can form 2 bond with any unsubstituted carbon on the Ring D.

Q(RB)q
) D
[00716] In some embodiments of Formula I, is selected from the

group consisting of:

F cl CF3 Obllle e CN
sgieghosiogiogiogiosion
| . , v , , i ) , o :
Nog (\\\)ﬂ, N\\W/ﬁ% N
O OO T Oy O
I , s : wherein the carbonyl carbon

of Formula II can form a bond with any unsubstituted carbon on the Ring D.

@(Rﬁ)q
[60717] In some embodiments of Formula i, is selected from the

group consisting of?
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Ci

Hesicaicsiononiosl oo

-}

carbonyl carbon of Fommla T can form a bond with any unsubsututed carbon on the
Ring D.

[00718] Some additional embodiments of Formula I include éompounds of
Formula (11z):

Iia

or salts, pharmaceutically acceptable salts, or prodrugs thereof.
§ fS
{00719} In some embodiments of Formula Ha, Ring C is ,

1007201 In some embodiments of Formula ¥a, Ring D is sclected from the

A " ﬁ

ENS 54 50 J—J
3 T T Y T

. s M 4 S
group consisting of R* , O S ) S )

se —U
A g B
U\ e u . . .
and Q , wherein a carbon atom on the ring is attached to the carbonyl carbon.

[06721] In some embodiments of Formula Fa, each R’ is a substituent atiached
to Ring C and is independently selected at each occurrence from the group consisting of
H, unsubstifuted Cy.¢ alkyl, -Cy. haloalkyl, halide, -OR®, CFs, and CN. |

[00722] In some embodiments of Formula Ha, R is 1-5 substituents, each
attached to Ring D and are independently selected at each occwrence from the group
consisting of unsubstituted -Ci.¢ alkyl, -CH,OH, ~LH2N(R6b)2, -C1.3 haloalkyl, halide, -
OR®, CFs, and CN.

" [00723] In some embodiments of Formula Ila, R°® is 1-4 substituents, each

attached to Ring D and are independently selected at each occurrence from the group
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consisting of unsubstituted -Cy.g atkyl, -CH,OH, -CHN(R®),, -C;.3 haloalkyl, F, T, -OR®,
CF;, and CN.

[00724] In some embodiments of Formula Iia, R’® is 1-3 substituents, each
attached to Ring D and are indepéndenﬂy selected at each occurrence from the group
consisting of H, unsubstituted -Cj.¢ alkyl, -CH,OH, -CHN(R®™),, -C 1.3 haloalkyl, halide, -
OR®, CF;, and CN.

[06725] In some embodiments of Formula T¥a, R™ is 1-2 substituents, each
attached to Ring D and are independently selected at each occurrence from the group.
consisting of unsubstituted -C, alkyl, ~-CHOH, -CHzN(RGb}z, -Cy.3 haloalkyl, halide, -
OR’, CF3, and CN.

[160726] In some embodiments of Formula Ha, R* is 1-3 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstituted -C.¢ alkyl, -CHLOH, -CHN(R®™Y,, -Cy.3 haloalkyl, halide, -
OR’, CFs, and CN.

100727 In some embodiments of Formula ia, each RS is independently
selected from the group consisting of H, unsubstituted ~Cig alkyl, ~Cy.3 baloalkyl, and

CFs. '
' [00728] In some embodiments of Formula kia, each R® is independently
selected from the group consisting of H, unsubstituted —Cs. alkyl, -Cy.; haloalkyl, and
CF;.

[00729] In some embodiments of Formula Ila, each R® is independently
selected from the group consisting of H and unsubstituted —Cy.3 alkyl.

[00730] In some embodiments of Formula Ika, each A is N or C.

[00731]  In some embodiments of Formula Ha, at least two A must be N.

[00732]  In some embodiments of Formula Ela, each Jis N or C.

[00733]  In some embodiments of Formula Ia, at least one J must be N and at
least one J must be C.

[00734] In some embodiments of Formula Ifa, each Uis N or C.

[60735]  In some embodiments of Formula Eia, at least one U must be C.

[00736] In sofne embodiments of Formula ¥fa, Q is O or N.

[0073’7] In some embodiments of Formula Ifa, p is an integer of 1 t0 4,
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[00738] In some embodiments of Formula Ifa, Ring D is selected from the

'@* @ U” *j*

i

o i
group consisting of R® ) K/

RSC

e e

attached to the carbonyl carbon.

, wherein a carbon atom on the ring is

1006739] In some embodiments of Formula Ifa, Ring D is selected from the

group consisting of:

< @* 07 @) =ol Q e

[00740] In some embodiments of Formula I¥a, Hd, ¥e, and/or Fif, R s 1

substituent and is F.

{06741] In some embodiments of Formula Ha, Hd, e, and/or IIf, R™®is 2

substituents and are both F.



[00742] In some embodiments of Formula Ia, e, and/or Hi, R is 1
substituent and is Me.

[00743] In some embodiments of Formula Iia, He, and/or I, R*® iz 2
substituents and are both Me. _ _

[00744] In some embodiments of Formula Ha, Iid, He, and/or EXf, R i3 1
substituent and 15 CFs.

[{00745] In some embodiments of Formula Ffa, YId, @le, and/or IIf, R*™ s 2
substituents and are both CFs.

[06746] In some embodiments of Formula Ha, ile, and/or IIf, R is 2
substituents and are F and Me.

[00747] In some embodiments of Formula Ia, Hd, Ile, and/or IIf, R is 2
substituents and are F and CF;. '

[00748] In some embodiments of Formula Iia, Fic, I1d, Tle, and/or 1if, Ris 1
substituent and 1s CN.

100749]  In some embodiments of Fornala Ha, Te, Iid, e, and/or Iif, R*™is2
substituents and are both ON.

[00730] In some embodiments of Formula a, IEd, Iie, and/or IE, R 45 2
substituents and are I and CN.

[06751] In some embodiments of Formula Ela, He, and/or IEf, Rsa is-Cia alkyiT

[00752]  Tn some embodiments of Formula [¥a, Fe, and/or TIf, R™1s -C1s alk.y]..

[00753] In some embodiments of Formula fa, Iie, and/or ITf, R 15 ~Cy 4 alkyl.

[00754] In some embodiments of Formula ¥a, e, and/or If, R is -Cys alkyl.

[00755] In some embodiments of Formula Ia, e, and/or I¥f, R™ is -Cy. alkyl.

[00756] In some embodiments of Formmla kfa, Xid, He, and/or 111, R s —Cag

-alkyl.
[66757] In some embodiments of Formula Ila, [ld, e, and/or Hf R*is ~Cag

alkyl.

[06758]  In some embodiments of Formula Ha, Ild, He, and/or IIf, R is —Cas
alkyl.

[06759] In some embodiments of Formula Ila, Id, e, and/or TIf, R*is ~Ca.s
alkyl.
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[80760] In some embodiments of Formula ¥Ea, I¥d, He, and/or T, R¥ is ~Cas
alkyl.

[00761] Insome embodiments of Formula Fia, Iie, IId, Yle, and/or Iif, R*" is 1
substituent and is F. ' _

[66762] In some embodiments of Formula K¥a, Ike, 114, ife, and/or IEf, R°%is 2
substituents and both are F. '

[00763] In some embodiments of Formula ITa, Tie, Tid, Tle, and/or HIf, R™ is 1
substitaent and is Me.

[00764] In some embodiments of Formula I¥a, Ile, Iid, He, and/or Iif, R™ is 2
substituents and both are Me.

[00765] In some embodiments of Formula Ila, IId, e, and/or Hf, R*® is 1
substituent and is CFs.

[00766] In some embodiments of Formula Ka, [Id, ¥le, and/or Iif, R’ ® 52
substituents and both are CFs.

[66767] Insome embodjmcnts of Formula ¥a, Ke, Iid, fle, and/or IIf, R" {5 2
substituents and are F and Me. '

[00768] In some embodiments of Formula Ta, Jid, e, and/or I¥f, R™" is 2
substituents and are I and CF;.

[86769]  In some embodiments of Formula I¥a, He, TId, Ie, and/or I, R" 15 1
substituent and is CN. ”

[00770] In some embodiments of Formula ¥ia, e, Id, ffe, and/or If, R*®is2
substituents and both are CN.

[00771] In some embodiments of Formula ¥z, e, Iid, e, and/or T, R*®is 2
substituents and are ¥ and CN.

[00772] In some embodiments of Formula I¥a, Ifc, IId, e, and/or T, R™ is -
Ci.palkyl.

[(}3773] In some embodiments of Formula ¥a, Xe, 1id, e, and/or [T, R™ is -
Cisalkyl.

[60774] In some embodiments of Formula [a, He, ¥id, ILe, and/or I, R is -
Ciaalkyl.
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[60775]
Crsalkyl.
[60776]
C o alkyl.
(66777
Co.g alkyl.
[00778]
Cs.galkyl.
[06779)
Cygalkyl.
[00780)
Cas alkyl.
[60781]
Cs.5 alkyl.
[66782]
[60783]
[08784]
[60785]
106786]
[00787]
[066788]
[60789]
[00790]
[00791]

In some embodiments of Formula ¥a, e, IId, e, and/or [T, R is -
In some embodiments of FormulaHa, He, 11d, ¥e, and/or IIf, R°" is -
In some embodiments of Formula Fia, e, [id, EXe, and/or IEE, R is
In some embodiments of Formula ¥Ta, e, Iid, Ie, and/or T, R™ js -
In some embodiments of Formula Ela, Ic, Tid, Ite, and/or TIf, R*" is —
In some embodiments of Formula ¥lz, ITe, ITd, Tie, and/or Iif, R® is -
In some embodiments of Formula I¥a, Ife, Iid, Ile, and/or Iif, R¥®is -

In some embodiments of Formula Fia and/or ITh, R is HL

in some embodiments of Formtii_a a, Hd, and/or Tle, R>®i5 3 halide.
In some embodiments of Formula ¥¥a, Ife, IId, and/or Ife, R* is F.

In some embodiments of Formula ka, Hd, and/or Ile, R>*isCL

In some embodiments of Fermuta Efa and/or He, R*%is Me.

In some embodiments of Formula ¥¥a, Y1, and/or Ie, R is OFL

In some embodiments of Formula [¥a, ¥ld, and/or e, R¥ is OMe.

In some embodiments of Formula Ia, He, 1d, and/or Ie, R* is CFa.
In some embodiments of Férmula Ha, Ile, EXd, and/or I¥e, R*°is CN.,
In some embodiments of Formula Ifa, Hc, T¥d, and/or Ife, R is |

substituent and 1s F.

[00752]

In some embodiments of Formula ¥ia, Ie, Yid, and/or He, R is 2

substituents and are both F.

[00793]
and is Me.
[60794]

and are both Me.

In some embodiments of Formula IIa and/or e, R is 1 substituent

In some embodiments of Formula Tia and/or Tfe, R is 2 substituents
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[060795] In some embodiments of Formula Ha, He, Hd, and/or Ile, R s 1
substituent and is CFs.

[00796] In some embodiments of Formula Ia, e, [Id, and/or Ife, R i 2
substituents and both are CF. '

{00797} In some embodiments of Fommula Iz, I¥d, and/or lle, R* ig 1
substituent and is OMe.

[00798] In some embodiments of Formula Ia, IId, and/or Iie, R™ is 2.
substifuents and both are OMe.

[60799] In some embodiments of Formula Ifa and/or Ile, R™ is 2 substituents
and are F and Me.

[00800] In some embodiments of Formula Ha, Ifc, Hd, and/or Ile, R s 2
substituents and are F and CFs. _

[00801] In some embodiments of Formula Ifa, Hd, and/or He, R™ is 2
substituents and are F and OMe.

[00802] In some embodiments of Formuia ka, Eie, Iid, and/or fle, R* 45 1
substituent and is CN. 7

[00803] In some embodiments of Formula ¥ia, Ife, FEd, and/or Ife, R*® is 2
substituents and both are CN.

[00804] In some embodiments of Formula Tia, ¥fe, Iid, and/or I¥e, R™ is 2
substituents and are F and CN.

[06805] In some embodiments of Formula ¥fa and/or fe, R* is -Cy.o alkyl.

[00806] In some embodiments of Formula Ila and/or Xie, R™ is -C 3 alkyl.

[006807] In some embodiments of Formula ¥fa and/or Ile, R¥*is-Cya alkyl.

[60808] In some embodiments of Formula Ifa and/or Iic, R is -Cy . alkyi.

[00809]  In some embodiments of Formula Fla and/or Te, R™ is -Cy.g alkyl.

[00810] In some embodiments of Formula Ifa, e, 1Id, and/or e, R™ is ~Cyg

alkyl. ,

[60811] In some embodiments of Formula Iia, He, IId, and/or Ife, R* is ~Cs
alloyl.

[60812] Insome embodiments of Formula Ia, e, Id, and/or Ile, R¥ s —Cys
atkyl.
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[00813]  In some embodiments of Formula ¥1a, Ee, IId, and/or e, R ig ~Cas

alikyl.
~ [60814] In some embodiments of Formula Ila, HMe, Hd, and/or He, RS" is ~Cs5
alkyl, | |
[06815] In some embodiments of Formula Ha,.ﬁc, id, and/or e, R is a
halide.

[00816] In some embodiments of Formula Ila, He, IXd, and/or Iie, R*is F.
fG0817]  In some embodiments of Formula 1¥a, e, IId, and/or Iie, ¥4 CL
[00818] In some embodiments of Formula ¥ia, Ee, and/or ¥id, R™ is Me.
| [60819] In some embodiments of Formula ITa, and/or 1id, R™is OH.
[60820] In some embodiments of Formula 11a, and/or Iid, R is OMe.
[00821] In some embodimenis of Formula Ha, Ile¢, Hd, and/or Ile, R* is CFa.
[00822] Insome embodiments of Formula a, Ile, Hd, and/or He, R is CN.
160823] In some embodiments of Formula Ha, Ike, Hd, and/or e, R is 1
substituent and is F.
[00824] In some embodiments of Formula Iia, Ife, [d, and/or e, R¥ g 2
substituents and both are F.
60825] In some embodiments of Formula Ea, I¥e, and/or Ikd, R s 1
substituent and is Me. |
[00826] In some embodiments of Formula Ta, ITe, and/or Tid, R™ is 2
substituents and both are Me. :
 [00827] In some embodiments of Formula Ua, Ife, TId, and/or e, R¥ g 1
substituent and is CFa.
[060828] In some embodiments of Formula Ila, Ile, Ild, and/or Ie, R is 2
substituents and both are CIz.
[00829] In some embodiments of Formula ¥a and/or Iid, R* is 1 gubstituent
and is OMe. '
[00836] In some embodiments of Formula Iia and/or Iid, R* is 2 substituents
and are both OMe.
[00831] Tn some embodiments of Formula Ifa, Ile, and/or Xid, R is 2

substituents and are F and Me.
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[00832] In some embodiments of Formula Ia, I¥e, Id, and/or Ife, R*® is 2
substituents and are F and CFs.
[00833] In some embodiments of Formula ITa and/or [id, R™ is 2 substituents
and are F and OMe.
[00834] In some embodiments of Formula ¥fa, Ife, Ifd, and/or Ife, R™® is 1
substituent and is CN. ‘ _ _
[00835] In some embodiments of Formula Ha, Ife, ITd, and/or Ife, R is 2
substituents and both are CN.
[00836] In some embodiments of Formula Ila, Ife, Tld, and/or Ile, R¥Mis 2
- substituents and are F and CN.
| - [60837] In some embodiments of Formula ila, Ile, and/or kid, R ig -C1a
alkyl.
[06838] In some embodiments of Formula IIa, ITe, and/or Iid, R¥ is -Cy3
alkeyl.
[60839] In some embodiments of Formula Ha, He, and/or Hd, R is Oy
alkyl.
[00840] In some embodimenis of Formula Ha, e, and/or Id, R™ is -Cys
alkyl.
[00841] In some embodiments of Formula Ha, Ie, and/or Id, R* is -Ci
alkyl.
[00842] In some embodiments of Formula I¥a, ¥ic, T¥d, and/or Ie, R* is ~Cy
alloyl.
[00843] In some embodiments of Formula Iz, ic, KId, and/or ITe, R* is ~Ca
allyl. |
[06844] In some embodiments of Formula Ia, Ile, Tid, and/or Ile, R s ~Cag
atkyl.
[00845] In some embodiments of Formula Ha, Iic, Id, and/or Ile, R¥ s ~Cys
alkyl.
[00846] . In some embodiments of Formula Ia, [le, Id, and/or Iie, R s o
alkyl. | |
[00847}] In some embodiments of Formula Ha and/or Iid, R is H.
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[00848] In some embodiments of Formula Iia and/or Tid, R* is a halide.
[60849] Tn some embodiments of Formula ¥a, Iie¢, and/or Ild, R* is F.
[00850] In some embodiments of Formula Ha and/or Hd, R is Cl.
[00851]  In some embodiments of Formula a and/or ¥id, R™ is Me.
| In some embodiments of Formula Fa, Ike, and/or ITd, R¥*is OH.
106853] Insome embodiments of Formula ITa, Mc, and/or I1d, R is OMe.
] Insome embodiments of Formula fa and/or Id, R is CFa.
] Insome embodiments of Formula I¥a, ¥ie, and/or TTd, R> is ON.
[69856] In some embodiments of Formula Ifa, Ife, and/or Kid, R™ is 1
substituent and is F. '
[00837] In some embodiments of Formula Ifa, YIc, and/or Hd, R is 2
substituents and are both F.
[60858] In some embodiments of Formula [fa and/or IId, R> is 1 substituent
and is Me.
[00859] In some embodiments of Formula ¥z and/or I1d, R*®is 2 substituents
and are both Me. _ |
[00860] In some embodiments of Formula Fa and/or I1d, R is 1 substituent
and 13 CFs.
[00861] - In some embodiments of Formula Ia and/or IId, R™ is 2 substituents
and are both CFi. '
[00862}] In some embodiments of Formula Ha, Ie, and/or ¥id, R is i
substituent and is OMe, ‘
[00863] In some embodiments of Formula ITa, He, andfor Hid, R>® is 2
substituents and are both OMe.
[00864] In some embodiments of Formula Ia and/or TId, R is 2 substituents
and are F and Me.
[00865] In some embodiments of Formula Ha and/or IId, R™ is 2 substituents
and are F and CFs.
[00866] In some embodiments of Formula ITa, Ife, and/or Tid, R is 2

substituents and are F and OMe.
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[00867] In some embodiments of Formula Tia, He, and/or IId, R is 1
substituent and is CN.

[00868] In some embodiments of Formula IIa, He, and/or Hd, R is 2
substituents and are both CN. .

[@@369} In some embodiments of Formula Ifa, Tle, and/or Hd, R* is 2
substituents and are F and CN,

[00870] In some embodiments of Formula ITa and/or I¥d, R* is -C1 alkyl.

[00871] Insome embodiments of Fermula a and/or IEd, R*is -Cy.3 alkyl.
[00872] In some embodiments of Formula Ta and/or Iid, R* is -Cy4 alkyl.
[00873]  In some embodiments of Formula IEa and/or ¥id, R™ is -Crs alkyl.
[00874]  In some embodiments of Formula [ka and/or ¥id, R* is -Cy.4 alkyl.
[00875]  In some embodiments of Formula Ifa and/or Iid, R is ~Cy.q alkyl.
[60876] In some embodiments of Formula Ifa, I, Tid, and/or e, R is —Csg

alkyl.

[00877] - In some embodiments of Formula IEa and/or Iid, R*i5-Cyy alkyl.

{00878} | In some embodiments of Formula ﬂﬁ, FEe, and/or 1id, R ig s
alkyl. |

[00879] In some embodiments of Formula Ifa, Ife, and/or Tid, R™ is ~Cys
akikyl.

[60880] Some additional embodiments of Formula T include compounds of
Formula (¥b):

(R%)q

b

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

. . . A\ <
[00881] Insome embodiments of Formula IIb, Ring Cis &
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[00882] In some embodiments of Formula Efb, Ring D is selected from the
group consisting of phenyl and a 5-6 membered heteroaryl, wherein a carbon atom on the
ring is attached to the carbonyl carbon.

- [00883]  In some embodiments of Formula EHb, each R* is a substituent attached
to Ring C and is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cygalkyl, -C;.3 haloalkyl, halide, -OR% (F,, and CN,

{06884] In some embodiments of Formula IIb, each R’ is a substituent attached
to Ring D and is independently selected at each ocomrence from the group consisting of
H, unsubstituted -Cy.¢ alkyl, ~-CHoOH, -CHN®R®),, -C,.1 haloalkyl, halide, -OR®, CFa,
and CN. |

" [00885] In some embodiments of Formula Hb, each R® is independently
selected from the group consisting of H, unsubstituted -Cy.g alkyl, ~C;_3 halealkyl, and
CFs.

[6(886] In some embodiments of Formula IIh, each R% is independently
selected from the group consisting of unsubstituted ~Cj¢ alkyl, ~Cy_3 haloalkyl, and CF;.

[00887] In some embodiments of Fommula ¥Ib, each R® is independently

-selected from the group consisting of H and vnsubstituted ~C, 3 alkyl.

[00888] In some embodiments of Formula IIb, each A is N or C.

{00889] In some embodiments of Formula 1ib, at least two A mustbe N.

[00898] * In some embodiments of Formula b, p is an integer of | to 3.

[66891] Insome embodiments of Formula IIb, q is an integer of 1 to 5.

[00892] In some embodiments of Formula Eb, Ring C is selected from the

M
group consisting of (/ l\ N and

[00893] Some additional embodiments of Formuta II include compounds of
Formula (Fe):

Tic
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or salts, pharmaceutically acceptable salts, or prodrugs thereof.

/

§60894] In some embodiments of Formula He, Ring Cis S

[00895] In some embodiments of Formula Ie, Ring D is selected from the

group consisting of R® rSf 8
5 s U—4 ' 5 U—U
RS Ree U4 % RLU-Y %
u, M N . .
g \ & ,and N , wherein a carbon atom on the ring 18

attached to the carbonyl carbomn.

 [00896] In some embodiments of Formula Ife, each R is a substituent attached
to Ring C and is independently selected at each occurrence from the gronp consisting of
H, unsubstituted -Cy¢ alkyl, -C .3 haloalkyl, halide, -OR®, CFs, and CN.

(00897} In some embodiments of Formula e, R*™ is a substituent attached to
the para position of phenyl and is selected from the group consisting of unsubstituted —C,.
¢ alkyl, -CH,OH, -CHaN(R ™Y, -Cy 5 haloalkyl, iodide, -OR®, and CN.

100898] In some embodiments of Formula Ile, R™ ig a substituent attached fo
the meta position of phenyl and is selected from the group consisting of unsubstituted -
Crealkyl, -CH:0H, -CHoN(R®),, -Cz.3 haloalkyl, halide, -OR®, and CN,

[00899] In some embodiments of Formula Ile, R is a substituent attached to
the ortho posttion of pheny! and is selected from the group consisting of unsubstituted -
Cyealkyl, -CH0H, -CHNR™),, -Cp.3 haloalkyl, F, Br, I, -OR®, CF3, and CN.

[00900] In some embodiments of Formula Ilc, R is 2-5 substituents, cach
attached to the phenyl and are independently selected at each occurrence from the group
consisting of unsubstituted -Cy.5 alkyl, -CHOH, -CH,N(R®),, -C 1.3 haloalkyl, halide, -
OR®, CFs, and CN.

_ [60901] In some embodiments of Formula Ife, R is 1 substituent attached to
Ring D and selected from the group consisﬁng of unsubstituted —Co.5 alkyl, -CH,OH, -
CHN(R®),, -C13 haloalkyl, F, I, -OR®, CFs, and CN.

009062} In some embodiments of Formula Iie, R is 1-2 substituents, each

attached to Ring DD and are independently selected at each occurrence from the group
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consisting of H, unsubstituted -Cy.¢ alkyl, -CFLOH, -CHN(R®),, -Cy3 haloalkyl, F, Br, I,
 -OR®, CF;, and CN.

| [60903] In some embodiments of Formula Ie, R® is 1-3 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of unsubstituted -C; 4 alkyl, -CH2OH, wCHgN(RGb)z, -Cy haloalkyl, halide, -
OR®, CF, and CN.

[00904] In some embodiments of Formula Ie, R is 1-2 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstituted -C, ¢ alkyl, -CH,OH, -CHoNR ™), -C.3 haloalkyl, halide, -
OR®, CFs, and CN.

[00905] In some embodiments of Formula Ile, R¥is 14 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstitated -C.g alkyl, -CH,OH, -CHoN(R®),, -Cy. haloalkyl, halide, -
OR’, CF;,and CN.

[009061 In some embodiments of Formula e, each R® is independently
selected from the group consisting of H, unsubstituted -C, alkyl, -Cy.3 haloalkyl, and
CFs.

[60967] In some embodiments of Formula Ife, each R is independently
selected from thé group consisting of unsubstituted —Cs.4 alkyl, -Cy 3 haloatkyl, and CF;.

[009681 - In some embodiments of Formula I¢,. each R®™is independently -
selected from the group consisting of H and unsubstituted —C; 5 alkyl.

[00909] In some embodiments of Formula fle, each Jis N or C.

[60910] In some embodiments of Formula e, at least one J must be C.

{06911] In some embodiments of FormulaIle, Qis Sor O.

[00912] In some embodiments of Formula Fle, each UisNor C.

[669313] In some embodiments of Ponnulé Tle, at least one U must be N and at
least one U must be C.

[060914] In some embodiments of Formuia Ie, p is an integer of 1 to 3.
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[00915]

group consisting of RS“

O
RN Ng/é

REE M
B
M

~

and N
[00916)
[66917)
[00518]
[00919]
[00920]
160921
(00922
[60923]

[60924] -

160925}
[00926]
hoth F.
106927]
[60928]
both Me.
669291
[00930]
both CF..

RSh 5h N s N
W R 32 w/,rj/% R
N\O

N\O ’

In some embodiments of Formula Ife, Ring D 15 selected from the
%)z RSh stj/% R5h N*ﬂ%/%
L&

Rﬁh
RS:

w aea

, wherein a carbon atom on the ring is aftached to the carbonyl carbon.

In some embodiments of Formula e, R¥ is H.
In some embodiments of Formula e, R* is a halide.

In some embodiments of Formula Ite, R’ is F.

| In some embodiments of Formula I, B> is CL

In some embodiments of Formula e, R is Me.

In some embodiments of Formula e, R is OH.

In some embodiments of Formula Ee, R* is OMe.

Tn some embodiments of Formuia Ite, R* is CFs.

Tn some embodiments of Formula Iie, R is CN.

In some embodiments of Formula He, RTis 1 substituent and is F.

In some embodiments of Formula Tke, R is 2 substtuents and are

In some embodiments of Formula ¥le, R*'is 1 substituent and is Me.

In some embodiments of Formula Tie, R¥ is 2 substituents and are

In some embodiments of Fommia ¥ie, R**is 1 substituent and is CF.

In some embodiments of Formula ke, R* is 2 substituents and are
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[00931]
[00932]
both OMe.
(60833]
and Me.
[00934]
and CF;.
[00935]
and OMe.
[00936]
[00937)
both CN.
[00938]
and CN.
. [00939]
[60940]

[00941]

[00942]
[60943]
[60944]
[00945]
[00946]
[00947)
[00948]
[60949]
[00956]
[00951]
[00952]
[00953]
[00954]
[00955]

- In some embodiments of Formula He, R¥is 1 substituent and is OMe.

In some émbodimen{s of Formula He, R is 2 substituents and are
In some embodiments of Formula e, Rif is 2 substituents and are F
In some embodiments of Formula Ie, R is 2 substituents and are F
In some embodiments of Formula Iie, R*' is 2 substituents and are F

In some embodiments of Formula e, R¥is 1 substituent amd*is CN.

In some embodmments of Formula }le, R is 2 substituents and are
In some embodiments of Formula Ile, R* is 2 substituents and are F

I: some embodiments of Formula EFe, R¥is ~Cy o alkyl,
In some embodiments of Formula Ee, R¥is -Crg alleyl.
In some embodiments of Formula Fe, R¥i5-Cry alleyl.
In some embodiments of Formula ke, R¥ is -Ci.s alkyl.
In some embodiments of Formuta Ife, R is -C s alkyl.
In some embodiments of Formula Ie, R is ~Coe alkyl.
In some embodiments of Formula Ke, R is ~Cs.q alkyl.
In some embodiments of Formula ke, R s ~Cug alkyl.
In some embodiments of Formula ¥e, R is ~Ca.5 alkyl.
In some embodiments of Formula e, R is —Ca.g alleyl.
In some embodiments of Formula F¥e, R is a halide.
Tn some embodiments of Formula ¥ie, R°% is F.

In some embodiments of Formula e, R*® is CL

In some embodiments of Formula ¥ie, B¢ is Me.

In some embodiments of Formula Iie, R is OH.

In some embodiments of Formula ¥e, R*® is OMe.

In some embodiments of Formula [fe, R°€ is CFs.
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[00956]
[0G957]
[96958]
both F.
[06959]
[86960]
both Me.
[60961]
[00962]
both CFs.
[00963]
‘ [00964]
beoth OMe.

[00965].

and Me.
[80966]
and CFi.
[00967]
and OMe.
[00968]
[60969]
hoth CON.
{00970}
and CN.
[60971]
[00972]
(06973}
[00574]

[00975] -
[60976]

[00977]

In some embodiments of Formula He, R is ON.
In some embodiments of Formula I¥e, R*® is 1 substituent and is F.

In some embodiments of Formula Tle, R’ is 2 substituents and are

In some embodiments of Formula Ee, R*%is 1 substituent and is Me.

In some embodiments of Forrmula IEe, R°% is 2 substituents and are

In some embodiments of Formula fle, R’ is 1 substituent and is CFs.

In some embodiments of Formula Tie, R is 2 substituents and are

In some embodiments of Formula Ile, R*® is 1 substituent and is OMe.

In some embodiments of Formula Iie, R*® is 2 substituents and are
In some embodiments of Formula Fe, R*® is 2 substituents and are F
In some embodiments of Formula Ile, R* is 2 substituents and are T
In some embodiments of Formula ¥ie, R ig 2 substituents and are F

n some embodiments of Fornaula TTe, R%® is 1 substituent and is CN.

Tn some embodiments of Formule e, R’ is 2 substituents and are
In some embodiments of Formuia IEe, R°® is 2 substituents and are F

In some embodiments of Formula Ile, R 15 -Cis alkyl.
In some embodiments of Fonnula He, R*%®is-C 1.z alkyl.
In some embodiments of Formula Ile, R 15 -Cyq alkyl.
In some embodiments of Formula I¥e, R*® is -Cy.5 alkyl.
In some embodiments of Fornula Ife, R*® is -C) ¢ alkyl.
In some embodiments of Formula Ile, R’ is ~Cy.galkyl.

In some embodiments of Formula ¥le, R*® is —Ca.¢alkyl.
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[00978]
[06979]
[00980]
[00981)
(00952}
[00983]
[00984]
[00985)
[00986]
[00987]
[00988]
[00989]
[60990]
[006991]
both F.
- [606992]
- [66993]
both Me.
[00994]
[00995]
both CFs.
{00996}
[00997]
both OMe.
[60998]
and Me.
[00999]
and CFs.
[001600]
and OMe.
1001601}

In some embodiments of Formula Ie, R® is ~Cagalkyl.
In some embodiments of Formula ITe, R*® is —Co.5 alkyl.
In some embodiments of Formula e, R is —Ca s alleyl,
In some embodiments of Formula Iie, R* is H.

In some embodiments of Formula Eic, R* is a halide.

In some embodiments of Formula [Ie, 7 is F.

In some embodiments of Formula e, R* is CL

In some embodiments of Formula ITe, R* is Me.

In some embodiments of Formula Ile, Ris OH.

In some embodiments of Formula He, R¥ is OMe.

In some embodiments of Formula He, R s CFi.

In some embodiments of Formula Fe, R* is CN.

In some embodiments of Formula He, R*'is 1 substituent and is F.

In some embodiments of Formula ¥e, R™ is 2 substituents and are

In some embodiments of Formula e, R is 1 substituent and is Me,

In some embodiments of Formula Ile, RY is 2 substituents and are

In some embodiments of Formula Flc, R¥ is 1 substituent and is CFi.

In some embodiments of Formula He, R¥ is 2 substituents and are

In some embodiments of Formuia e, R is 1 substituent and is OMe.

In some embodiments of Formula e, R* is 2 substituents and are
In some embodiments of Formula He, R® 'is 2 substituents and are F
In some embodiments of Formula ¥e, R* is 2 substituents and are F
In some embodiments Qf Formula e, R*¥ is 2 substituents and are F

In some embodiments of Formula Ie, R is 1 substituent and is CN.
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[001002] In some embodiments of Formula Xe, R¥ is 2 substituents and are
both CN.
 [001003] In some embodiments of Formula e, R* is 2 substituents and are F
and CN. | o . |
- [061004] In some embodiments of Formula Ile, R 15 -Cyo alkyl.
[061065] In some embodiments of Formula e, R is -Cy.3 alkyt.
[001066] In some embodiments of Formula e, R¥is-Cry alkyl.
© [091007] In some embodiments of Formula Ie, R* is -Cy.s alkyl.
[001008] In some embodiments of Formula Ie, R™ is -Cy4 alkyl.
[001009] In some embodiments of Formula ITe, R is --Ca.6 alkyl.
{001018] In some embodiments of Formula Ilc, R is —Cag alkyl.
[001011] In some embodiments of Formula TTe, R™ is ~Cy.4 alkyl.
[601012] In some embodiments of Formula Ile, R¥ ig ~Cy.5 alkyl.
[061013] In some embodiments of Formula Fe, R¥ is —Ca_s alkyl.
[001014] Some additional embodiments of Formula II include compounds of
Formula (Eld}: |

d

or salts, pharmaceutically acceptable salfs, or prodrugs thereof.

/

[001615] In some embodiments of Formula Hd, Ring Cis ©
[661016] In some embodiments of Formula IId, Ring D is selected from the

\
N e
P R53 5b J\ /J U\. /U .
group consisting of R o , o , and N , wherein

a carbon atom on the ring is attached to the carbonyl carbon.
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[001017] In some embodiments of Formula Ild, each R* is a substituent attached
to Ring C and is independently selected at each occurrence from the group consisting of
H, masubstituted -'Cll s alkyl, -C, 3 haloalkyl, halide, -ORG, CFs, and ON,

[601018] In some embodiments of Formula Iid, R¥%is 1 substituent attached to
Ring D and selected from the group consisting of unsubstituted —Cy 4 alkyl, -CH,OH, -
CHN(R®),, -Cy.3 haloalkyl, halide, <OR®, and CN.

[001019] In some embodiments of Formula Hd, R is 1-4 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstituted -C.¢ alkyl, -CHLOH, -CHaN(R®),, -Cy 3 haloalkyl, halide, -
OR™, CF3, and CN.

[001020] In some embodiments of Formula Eid, R is 1-3 substituents, each
attached to Ring D and are independently selected at each occwrrence from the group
consisting of unsubstituted —Cy.5 alkyl, -CHOH, -CHoN(R®),, -C1.3 haloalkeyl, halide, -
ORY, CFy,and CN.

[061621] In some embodiments of Formula Ifd, R* is 1-2 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstituted -Cy.¢ alkyl, -CH>OH, —CHQN(R(’b)Q, -Cy.; haloalkyl, halide, -
OR®, CFs, and CN.

[061622] In some embodiments of Formula IEd, R* is 1-4 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstituted -C.¢ alkyl, -CH,OH, ~CHN(R®),, -Cy.5 haloalkyl, halide, -
OR®, CFs, and CN.

[601023] In some embodiments of Formula IId, each R® is independently
selected from the group consisting of H, unsubstituted -Cj alkyl, -Cy.3 haloalkyl, and
CFs.

[001024] In some embodiments of Formula [Id, each R® is independently
selected from the group consisting of unsubstituted ~Cy. alkyl, -Cy.3 haloalkyl, and CF.

[001025] In some embodiments of Formula Ild, each R® is independently
selected from the group consisting of H and unsubstituted ~(C; 3 alkyl.

[061026] In some embodiments of Formula Hd, each Jis N or C.
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[001027] In some embodiments of Formula 11d, at least one J must be N and at
least one J must be C. |

[061028] In some embodiments of Formula Hd, Q is S or O.

[661029] In'some embodiments of Formula Ild, each Uis N or C.

[001030] Insome embodiments of Formula Ifd, at least one U must be C.

[601631] In some embodiments of Formula IId, p 1 an integer of 1 to 3.

[001032] In some embodiments of Formula ¥id, Ring D is selected from the

ﬂ/% 3/%

group consm’{mg of R

' NwN
R‘Se ﬁlﬂ_ﬁ RSe N g/z{ REE y

on the ring is attached to the ca;rbonyl carbor.
[001633] In some embodiments of Formula Tid, R™ is H.
[001034] In some embodiments of Formula Id and/or He, R¥ s 1.

RSe [N

, wherein a carbon atom

[001035] Some additional embodiments of Formula IT include compounds of
Formula (Ie):

Iie

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

[061036] In some embodiments of Formula Ile, Ring C is N , wherein a

carbon atom on the ring is attached to the carbonyl carbon.
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(001637} In some embodiments of Formula Ile, Ring D is selected from the

group consxstmg of , wherein a carbon
atom on the ring is attached to the carbonyi carbon.

[001038] In some embodiments of Fornmla Ie, cach R’ is a substituent attached
to Ring C and is independently selected at each occwrrence from the group consisting of
H, unsubstituted -C,.s alkyl, -C;3 haloalkyl, halide, ~OR6, CF3, and CN.

[001039] In some embodiments of Formula Ile, R™ is a substituent attached to
the para position of phenyl and is selected from the group consisting of H, unsubstituted -
Crealkyl, -CH,OH, -CHN(R®),, -C 3 haloalkyl, F, Br, I, -OR®, CF3, and CN.

001040} In some embodiments of Formula Ile, R is 1-4 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstituted -C¢ alkyl, -CH,OH, ~CH2N(R6]’ o, -Cr.a haloalkyl, halide, -
OR’, CF;, and CN. _

[001041] Tn some embodiments of Formula e, R™ is 1-4 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of unsubstifuted ~Cy.5 alkyl, ~-CHyOH, —CHzN(RGb)gg ~Cy.3 haloalkyl, halide, -
OR’, CF3, and CN.

[001042] In some embodiments of Formula e, R* is 1-2 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstituted —Cy.¢ alkyl, -CHyOH, -CHoN(R®), -C o5 haloalkyl, halide,
-OR®, CF;, and CN.

[601043] In some embodiments of Formuola Ile, each R’ is independently
selected from the group consisting of H, unsubstituted -C, alkyl, -C;3 haloalkyl, and
CFs. .

[001044] In some embodiments of Formula e, each R™ is independently
selected from the group consisting of unsubstituted —~Cy_¢ alkyl, ~C\.3 haloalkyl, and CF;.

{001045] In some embodiments of Formula Ile, each R® is independently
selected frbm the group consisting of H and unsubstituted ~Cy3 alkyl.

[601046] In some embodiments of Formula e, each AisN or C. '
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(}01047] In some embodiments of Formula He, at ieast one A must be C.
[001048] In some embodiments of Formula He, cach Uis N or C.
[601049] In some embodiments of Formula Efe, at ieast one U must be N and at

least one U must be .
1661650] In some embodiments of Formula Ile, p is an integer of 1 to 4.

[001651] In some embodiments of Formula [le, Ring C is selected from the

B R o

[001052] In some embodiments of Formuia He, ng D is selected from the

REG % pa5d % gBd_N
y /Q L 2
group consisting  of R N N N
Rﬁd ﬂ/%%_ RSd {"N RS& MN—N de N /'%
N\ re N N\ \( }
N . N , N , and

on the ring is attached 1o the carbonyl carbon.

group consisting of

Ed

, wherein a carbon atom

66 i.GSSE In some embodiments of Formula fe, R*® is 1 substituent and is OMe.

[061054] In some embodiments of Formula e, R** is 2 substituents and both
are OMe.

[001055] In some embodiments of Formula Ile, R™ is 2 substituents and are F
and OMe. ‘

[001056] In some embodiments of Formula He and/or I, R*" is H.

[001057] In some embodiments of Formula e and/or T1f, R* is 1 substituent
and is OMe.

[001058] In some embodiments of Formula ke and/or Iif| R’® is 2 substituents
and both are OMe.

[001059] In some embodiments of Formula ¥e and/or TH, R™ is 2 substituents
and are F and OMe. |

[801660] Some additional embodiments of Formula I include compounds of
Formula {Hf):
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115

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

A—A
e
[001061] In some embodiments of Formula IIf, Ring C is e , Wherein a
carbon atom on the ring is attached to the carbonyi carbon.

[001062] In some embodiments of Formula IIf, Ring D 1s selected from the

group consisting of R™ and a S-membered heteroarylR™®, wherein a carbon atom
on the ring is attached to the carbonyl carbon.

[081063] In some embodiments of Formula ITf, each R* is a substituent attached
to Ring C and is indepéndcnﬂy selected at each occurrence from the group consisting of
1, unsubstituted -C.¢ atkyl, -Cy.3 haloalkyl, halide, -OR®, CFy, and CN. -

[601064] In some embodiments of Formula IIf, R is 1-3 substituents, each
attached to phenyl and selected from the group consisting of H, unsubstituted —C.s alkyl,
-CH,OH, ~CHN(R®),, -Cy.3 haloalkyl, halide, -OR®, CF3, and CN.

[001665] In some embodiments of Formula TEf, R™ is 1-4 substituents, each
attached to Ring D and are independently selected at each occurrence from the group
consisting of H, unsubstituted -Cyg alkyl, -CH,0H, -CHaN(R®™),, -Cy 3 haloalkyl, halide, -
OR®, CF3, and CN. |

[001066] In some embodiments of Formula IEf, each R® is independently
selected from the group consisting of H, unsubstituted -Ci¢ alkyl, -Ci.2 haloalkyl, and
CFa.

[601067] In some embodiments of Formula If, each R* is independently
selected from the group consisting of unsubstituted —Co_g alkyl, -Cy3 haloalkyl, and CFi.

1001068] In some embodiments of Formula IIf, each R® is independently

selected from the 'gzoup consisting of H and unsubstituted —C, 5 atkyl.

102



[001069] In some embodiments of Formula IFf, each A isN or C.
[001070] In some embodiments of Formula ITf, at least one A must be N and at

least one A must be C.
1061671 In some embodiments of Formula ¥¥f, Q is'S or O.
[601072] In some embodiments of Formula TI£, p is an integer of 1 to0 4,
[001073] In some embodiments of I"ormuia EHf, Ring C is selected from the

NN @’ﬁ NGNS

group consisting of 0

@}4 f’fl /—gk mﬁ /7\?
{001074} In some embodiments of Formula EEH, Ring D is selected from the
group consisting of R™ S o N
W R ”q/\/% Rs”‘*m Rﬁ‘%{@/% R N—%/% R ”g/%
;@q/% R Ng/% ﬂ/% Rsbﬁﬁ—ﬁ)z R N“ﬁ R gt iy%
W R ”g/% \m\/% R*‘%@J RE: ““%ﬁz

sh N
i
N , wherein a carbon atom on the ring is attached to the carbony! carbon.

and

[601075] Some embodiments of the present disclosure include compounds of
Formula (111):

{R%q

or salts, pharmaceutically acceptable salts or prodiugs thereof.
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[061676] In some embodiments of Formula IFY, each R’ is a substituent attached
to the phenyl ring and is independentl selected at each occurrence from the group
consisting of unsubstituted -C,4 alkyl, -CH,OH, “CH?_N(RQa)z, -Cy.5 haloalkyl, halide, -
OR’, CF3, and CN.

[0061677] In some embodiments of Formula ITY, each R¥ is & substituent attached
to the phenyl ring and is independently selected at each occurrence from the group
consisting of I, unsubstituted -C allkyl, ~CH,OH, -CHuN(R®),, -Cy.3 haloalkyl, halide, -
OR’, CF3, and CN.

[001078] In some embodiments of Formula IEL, each R’ is independently
selected from the group consisting of H, unsubstituted -C;4 alkyl, -C;; haloalkyl, and
CFs.

' [001679] In some embodiments of Formula IfI, each R* is independently
selected from the group consisting of H and unsubstituted —C,; alkyl.

[001080] In some embodiments of Formula EHE, each g is an integer of 1 to 5.

[001081] In some embodiments of Formula X, each R’ is independently
selected from the group consisting of F, Cl, Me, OMe, OH, CF; and CN.

[601082] In some embodiments of Formula ¥II, R is a halide.

[601083] In some embodiments of Formula EXE, R7isF.

[001684] In some embodiments of Formmula XIT, R is CL

[061085] In some embodiments of Formula IIT, R is Me.

[901086] In some embodiments of Formula ITY, R” is OH.

[001087] In some embodiments of Formula II, R” is OMe.

[061088] Insome embodiments of Formula FEE, R’ is CF;.

[001689] In some embodiments of Formula I, R” is CN.

[041090] In some embodiments of Formula I, g is an integer from. 1-4,

[0601091] Insome embodiments of Formula HI, ¢ is an integer from 1-3.

[0601692] Insome embodiments of Formula 11, g is an integer from 1-2.

[001093] Insome embodiments of Formula TTL, q is 2.

[0601094] Insome embodiments of Formula Ef¥, qis 1.

[001095] Insome embodiments of Formula EEE, R’isF;and qis 1.

[001096] Tn some embodiments of Formula XTI, R'is F;and qis 2.
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[001097]
[001098]
[061099]
(601106}
[061101]
(061102
[661103]
[001164]
[001105]
[001106]
[061107]
[001108]
[001169]
[001116]
[001111]
[061112]
[001113]
[001114]
[061115]
[001116]
[001117]
[601118]
[001119]

Tn some embodiments of Formula i1, R is Me; and gis 1.

In some embodiments of Formula 111, R’ is Me; and q is 2.

In some embodiments of Formula ITY, R” is CF3; and qisl.

In some embodiments of Formula T8, R’ is CFs; and qis 2.

In some embodiments of Formula ¥, R is OMe; and qisl.

In some embodiments of Formula II, R is OMe; and q is 2.

In some embodiments of Formula ITE, R” is F and Me; and q is 2.
In some embodiments of Formula Y¥L, R’ is F and CFs; and q is 2.
In some embodiments of Formula I, R is F and OMe; and qis 2.
In some embodiments of Formula ¥I, R” is CN; and gis 1.

In some embodiments of Formula I, R is ON; and qis 2.

In some embodiments of Formula XL, R” is F and CN; and q is 2.
In some embodiments of Formula YI¥, R is -Cy.» alkyl.

in some embodiments of Formula I, R’ is -C,.5 alkyl.

In some embodiments of Formula TH, R is -C4 alkyl.

In some embodiments of Formula I, R is -Cps alkyl.

In some embodiments of Formula ¥EE, R is -Cy4 alkyl.

In some embodiments of Formula FII, R is Ca.q alkyl.

In some embodiments of Formula ¥II, R is ~Ca alkyl.

in some embodiments of Formula 111, R’ is —Cq5 alkyl.

In some embodiments of Formula I1E, R"is ~Co.s alkyl.

In some embodiments of Formula I¥E, R is ~Cs. alkyl.

In some embodiments of Formula III, each R® is independently

selected from the group consisting of H, F, Cl, Me, OMe, OH, CF; and CN.

[061120]
[001121]
[061122)
[001123]
[601124]
[001125]
[061126]

In some embodiments of Formula IEL, R® is H.

In some embodiments of Formula HI, R® is a halide.
In some embodiments of Formula ¥1E, R® is .

In some embodiments of Formula I¥, R®is CL

In some embeodiments of Formula 11, R® is Me.

In some embodiments of Formula ITI, R® is OH.

In some embodiments of Formula ¥if, R® is OMe.
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1001127]
[001128]
[001129]
[001130]
[061131]
[061132]
[001133]
[001134]
[001135]
[001136]
1001137
[601138]
[001139]
[001140]
[061141]
[001142]
[001143]
1001144)
[001145]
[001146]
[061147]
[001148]
[001149]
[001150]
[001151]
[001152]
[061153]
[001154]
[001155]
[061156]
[001157]

In some embodiments of Formuia EIT, R¥is CFs.

{n some embodiments of Formula Y1, R® is CN,

In some embodiments of Formula HI, g is an integer from 1-4.
In some embodiments of Formula ITL, g is an integei‘ from 1-3.
In some embodiments of Formmla EEI, ¢ is an integer from 1-2

In some embodiments of Formula IFE, g is 2.

In some embodiments of Formula 1, ¢ is 1.

In some embodiments of Formula IT¥, R%is F;and gis 1.

In some embodiments of Formula HI, R®is F; and qisZ.

In some embodiments of Formula ITE, R¥is Me; and qis 1.

Tn some embodiments of Formula IT, R® is Me; and g is 2.

In some embodiments of Formula X, R%is CF3;and qis 1.

In some embodiments of Formula ¥1i, R® is CFy; and qis 2.

in some embodiments of Formula FII, R® is OMe; and q is 1.

In some embodiments of Formula I, RYis OMe; and q 15 2.

In some embodiments of meulé IIE, R¥is ¥ and Me; and g is 2.
I some embodiments of Formula I, R¥is Fand CFyand g is 2.
In some embodiments of Formula IT, R® is F and OMe; and q is 2.
In some embodiments of Formula IEE, R® is CN; and qis 1.

Tn some embodiments of Formula ITY, R® is CN; and q is 2.

In some embodiments of Formula FEI, R® is F and CN; and q is 2.
In some embodiments of Formula X, R%is -Cyp alkyl.

In some embodiments of Formula I, R®is -C1 5 alkyl.

In some embodiments of Fornmula I, R%is -Ci4 atkyl.

In some embodiments of Formula ITL, R® is -Cys alkyl.

In some embodiments of Formula I¥¥, R® is -C s alkyl.

Tn some embodiments of Formula 1TE, R is -Casg alkyi.

In some embodiments of Formula YEI, Rr%is -3¢ alkyl.

in some embodiments of Formula I, R%is Ly alkyl.

In some embodiments of Formula I, R® is —Cy. alkyl.

In some embodiments of Formula I, R® is —Cy.s alkyl.
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[601158] In some embodiments of Formula EI¥, R”is -Ci atleyl.
[601159] In some embodiments of Formula ¥IL, R’ is -C, 5 alkyl.
[001160] In some embodiments of Formula IEX, R is-Cru alkyl.
[601161] In some embodiments of Formula IFE, R’ is-Crs alleyl.
1001162} In some embodiments of Formula LT, R® is -C,.s alkyl.
[601163] In some embodiments of Formula IIE, R’ is—Che alkyl.
[001164] In some embodiments of Formula ITE, R is —Cs.¢ alkyl.
[601165] Insome embodimenfé of Formula IEH, R is —Cug alkyl.
[001166] In some embodiments of Formula IE, R’ is—Chs alkyl.
[6061167] In some embodiments of Formula IEE, R is —Cys alkyl,
001168] In some embodiments of Formula LI1, R” and/or R® is -CH,OH.
001169} In some embodiments of Formula EXE, R” and/or R¥is —C}i[zl\l(Rg‘i 5.

[

[

[001170] In some embodiments of Formula IT, R’ and/or R® is -CH,NH,.

(0611711 In some embodiments of Formula IRE, R” and/or R® is -CH,NHMe.

[001172] In some embodiments of Formula IY, R” and/or R® is -CH,NMe,.

[001173] In some embodiments of Formula F1E, R’ and/or R® is -CH,NHEL

[001174] In some embodiments of Formula IXE, R’ and/or R® is -CHN(Me)(Ef)

[801175] In some embodiments of Formula IEE, R’ and/or R® is -CH,NEL,.

[061176] Some additional embodiments of Formula IIf include compounds of
Formula (ilia):

(R*),

Jiia

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

[001177] in some embodiments of Formula Tia, R™ is selected from the group
consisting of H, unsubstituted -Cy_g alkyl, -Cy.; haloatkyl, halide, -OR'?, CF3, and CN.

[001178] In some embodiments of Formula ITfa, R' is selected from the group
consisting of tnsubstituted ~Cr.g allyl, -CHOH, -CHaN(R "™, -Cy.5 haloalkyl, halide, -
OR", CF3, and CN.
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[061179] In some embodiments of Formula Ila, each RY is a substituent
attached to the phenyl ring and is independently selected at each occurrence from the
group consisting of H, unsubstituted -C.¢ alkyl, <CH,OH, ~CHN(R ™), -C).5 haloalicyl,
halide, -OR", CF3, and CN.

[001180] In some embodiments of Formula Ifla, each RY is independently
selected from the group consisting of unsubstituted -Ci6 alkyl, -C;.2 haloalkyl, and CFs.

[0601181] In some embodiments of Formula IIla, each R is independently
selected from the group consisting of H and unsubstituted ~C; .3 alkyl.

[001182] In some embodiments of Formula If¥a, each g is an integer of 1 to.5.

[001183] In some embodiments of Formula ¥lfa, there is the proviso that a

compound Formula Iffa is not a compound selected from the group consisting of:

Br i
o O 0 ~ 5 a # i
Sy i\
O o] o o
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C)Me “ CI, L/\Cl © Cia l/cl © ,

ct
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[001184]

In some embodiments of Formula Ha and/or e, R'" is selected

from the group consisting of H, F, Cl, Me, OMe, CF3, and CN.

1001185

In some embodiments of Formula Ifa and/or Iec, R™ is selected

from the group consisting of ¥, C, Me, OMe, CF3, and CIN.

[001186]

F.

[601187]
cl.

(001188
Me.

{001189]
OMe.

[061190]
CFs.

[001191]
CN.

10011921
F.

[001193]
CL

[601194]
Me.

1001195]
OMie.

| [601196]

CFs.

In some embodjmem:s of Formula ITa and/or TTe, RY is H; and R' i
Tn some embodiments of Formula Ia and/or f¥Ie, R'” is H; and ’R'"is
In some embodiments of Formula ITka and/or Iike, R is H; and R" is
in some embodimren’ts of Formula I¥a and/or FiIe, R is H; and R' s
Tn some embodiments of Formula IfEa and/or e, RV is H: and R is
In some embodiments of Formula Illa and/or Hle, R' is H; and R is
In some embodiments of Formula Flia and/or Iike, R is F: and rMis
I_n some embodiments of Formula Ifla and/or Iilc, R g F:and R’ is
In some embodiments of Formula Iila and/or ke, R¥is F; and RM is
in some embodiments of Formula ¥lia and/or Fifc, RYis F; and RV is

In some embodiments of Formula Tila and/or THe, R is F: and R' is
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[061197] In some embodiments of Formula Y¥¥a and/or Ik, R'%is F; and R" is
CN.

[061198] In some embodiments of Formula HEa and/or Hke, R i -5 alkyi.

[061199] In some embodiments of Formula Ela and/or Efe, R' is -Cy3 alkyl.

16612061 In some embodiments of Formula I{Ta and/or Eife, R™ is -C; 4 atkyl.

[601201] In some embodiments of Formula IEa and/or I, RYis -Cy.s alkyl.

[0012062] Insome émbodiments of Formula I¥a and/or Tile, R is -Cy g alkyl.

[001203] In some embodiments of Formula ITa and/or e, R" is ~Cp.galkyl.

[601204] In some embodiments of Formula Fla and/or File, RY is ~Cagalkyl.

[001205] In some embodiments of Formula T¥a and/or fi¥e, R' is ~Cygalkyl.

[001206] In some embodiments of Formula IITa and/or Ile, R' is —Cy s alkyl.

[601267] In some embodiments of Formula Iika and/or iie, R {5 —Cy 5 alicyl.

[001208] In some embodiments of Formula Hfa and/or Iikc, R is -Cp alkyl.

[001209] In some embodiments of Formula IEia and/or Ife, R is -C 3 alkyl.

[661210] In some embodiments of Formuia I¥ia and/or Tlke, R s -Cyg alkyl.

(0661211} In some embodiments of Formula I¥la and/or TEic, RM {5 -Cys allzyl.
[601212] In some embodiments of Formula ¥ffa and/or 130 R s -Cig alloyl.

[001213] In some embodiments of Formula Eifa and/or Fiic, R is ~Cpgalkyl.

{001214] In some embodiments of Formula ¥fTa and/or f¥fc, RM is —Cs 4 atkyi.

{661215] In some embodiments of Formula ITEa and/or ITke, RM is —Cygalkyl.

[001216] In some embodiments of Formula Fila and/or Tffe, R" is —Co.5 alkyl.

[601217] In some embodiments of Formulz IXfa and/or Iilec, R" is —Casalkyl.

[061218] In some embodiments of Formula Yia, each R™ is selected from the

group consisting of H, F, C1, Me, OMe, CF3, and CN.

[001219] In some embodiments of Formula Eifa, RM™is H.

[001220] In some embodiments of Formula Iia, R i3 a halide,

[061221] In some embodiments of Formula [1fa, R is F.

[001222] In some embodiments of Formula IT¥a, R is CL

[001223] In some embodiments of Formula ¥ila, R™ is Me.

[001224] In some embodiments of Formula FfTa, R is OH.

[001225] In some embodiments of Formula Elfa, R* is OMe.
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[001226]
[601227]
[001228]

[601229]

[061230]
[001231]
[601232)
[061233]
[061234]
[001235]
[001236]
[601237]
[001238]
[001239]
[001240]
[001241]
[001242]
[001243]
[001244]
[001245]
[001246]
[001247]
[001248]
[001249]
[001250]
[001251]
[001252]
1001253]
[601254]

In some embodiments of Formula Tia, R' ig CF.
In some embodiments of Formula ¥lEa, R™ is CN.

In some embodiments of Formula Iffa and/or Illc, q is an integer from
In some embodiments of Formula IFia and/or Itfe, q is an integer from

In some embodiments of Formula If¥a, q is an integer from 1-2.

In some embodiments of Formula IEa and/or e, q is 2.

In some embodiments of Formula Ifa and/or fle, q is 1.

In some embodiments of Formula IEia, R'* is ; and q is 1.

In some embodiments of Formula Iifa, R* is F; and gis?2.

In some embodiments of Formuta Flla, R' is Me; and q is 1.

In some embodiments of Formula Fl¥a, R™ is Me; and q is 2.

In some embodiments of Formula 1Ea, RI_2 is CFy; and q is 1.

Tn some embodiments of Formula ¥¥la, R' is CFs; and qis 2.

In some embodiments of Formula ElEa, R is OMe; and g1s 1.

In some embodiments of Formula Eifa, R'? is OMe; and qis 2.

Tn some embodiments of Formula ¥IXa, R' is F and Me; and q is 2.
In some embodiments of Formula ¥ila, R*? is F and CFs; and qis 2.
In some embodiments of Formula Efa, R™ is ¥ and OMe; and qis 2.
In some embodiments of Formula ¥Ifa, R' is CN; and q is 1.

In some embodiments of Formula ¥fa, R' is CN; and gis 2.

Tn some embodiments of Formula IIa, R*? is F and CN; and qis 2.
In some embodiments of Formula Fla, R is F or CI; q is 1.

In some embodiments of Formula Tiia, R™ is -Ci alkyl.

In some embodiments of Formula Fla, R™ is -Cj3 alkyl.

In some embodiments of Formula Ilia, R is -C;_ alicyl.

Tn some embodiments of Formula [i¥a, R' is -Cq.s alkyl.

In some embodiments of Formula IT¥a, R'* is -C¢ alkyl.

In some embodiments of Formula Ella, R s —Chy alkvl.

Tn some embodiments of Formula Il¥a, R is —Cq g alkyl.
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1001255] In some embodiments of Formula Hla, R is ~Cug alkyl.

[001256] In some embodiments of Formula Iifa, R™ is ~Cysatkyl.

1601257] In some embodiments of Formula Ti¥a, R is —~Casalkyl.

[601258] In some embodiments of Formula Il¥a and/or Tle, R* is -CH,0H. -

[001259] In some embodiments of Formula Ia and/or Iffe, RY is -
CH,NERSY,

[061260] In some embodiments of Formula Ifla and/or Hle, R is -CHNH..

[601261] In some embodiments of Formula Elfa and/or ifle, R% s -CHNHMe:

[601262] In some embodiments of Formula F¥a and/or Iie, R' is -CH,NMe,.

[601263] In some embodiments of Formula ITEa and/or e, R* is -CH,NHEL

[001264] In some embodiments of Formula IHa and/or O¥e, R is -
CHoN(Me)(Et),

T1061265] In some embodiments of Formula ¥iia and/or IIe, RM s -CHoNEL,
[001266] In some embodiments of Formula HTa and/or ¥ic, R™ is -C ., alkyl.
[601267] In some embodiments of Formula ITfa and/or If¥e, R® is -C;3 atkyl.
[001268] In some embodiments of Formula Eifa and/or e, R¥is-Cys alkyl.
[0@1269] In some embodiments of Formula HEa and/or Fie, R s -Cr.s alkyl.
[001270] In some embodiments of Formula If¥a and/or Ile, R" is -C ¢ alkyl.
[6031271] In some embodiments of Formula Iz and/or Iie, R is ~Cy.4alkyl,
[001272] In some embodiments of Formula Eifa and/or Iile, R™ is =Csgalkyl.
[001273] In some embodiments of Formula I¥a and/or ¥ile, R* is —Cyq alkyl.
[00127’4} In some embodiments of Formula ¥ia and/or Hic, RY is ~Cas alkyl.
[001275] In some embodiments of Formula Ila and/or Fle, R is —Cy5 alkyl.
{001276] Some additional embodiments of Formula 1 include compounds of

Formula (Ifth):

{Rﬂ:‘)q

or salts, pharmaceutically acceptable salts, or prodrugs thereof.
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[001277] In some embodiments of Formula TiIb, R™ is selected from the group
consisting of unsubstituted -C;.¢ alkyl, -Cy; haloalkyl, and CFs.

[061278] In some embodiments of Formula [¥Ib, R" is selected from the group
consisting of unsubstituted -Cy.¢ alkyl, -Cy.3 haloalkyl, and CFs.

[001279] In some embodiments of Formula T¥Ib, each R'® is a substituent
attached to the phenyl ring and is independently selected at each occurrence from the
group consisting of H, unsubstituted ~Cy.¢ alkyl, -CH,0H, “CH2N(R17b)2, -Cya haloalkyl,
halide, -OR", CF;, and CN.

[601280] In some embodiments of Formula EIEb, each RY is independently
selected from the group consisting of unsubstituted -Cy¢ alkyl, -Cy.3 haloalkyl, and CFs.

[061281] In some embodiments of Formula IEfb, each R'™ is independently
selected from the group consisting of H and unsubstituted —C 5 alkyl.

[001282] In some embodiments of Formula ITlh, each q is an integer of 1 to 5.

[001283] In some embodiments of Formula IIIb, there is the proviso that a

compound of Formula IIIb is not a compound selected from the group consisting of:

. o N F/OMQ
1 i .
EtD S A okt fieO
5
el and MeO

[601284] In some embodiments of Formula ElIb and/or 1id, R is Me

601285} In some embodiments of Formula IiEb and/or ITEd, R*is Bt

[001286] Insome embodiments of Formula HEb and/or EEld, R™is -Cy, alkyl.
[601287] In some embodiments of Formula ITIh and/or ¥I¥d, R' is -Cy.; alkyl.
[001288] In some embodiments of Formula IIb and/or FId, R*is -Cy.4alkyl.
[001289] In some embodiments of Formula XITh and/or FIId, R™ is -C s alkyl.
(0012901 In some embodiments of Formula I¥b and/or TEld, R is -Cy ¢ alkyl.
[601291] In some embodiments of Formula FETb and/or HId, R™ is ~Co¢ alkyl.
[001292] In some embodiments of Formula Iflb and/or [TId, R™ is —Cy.q alkyl.
[001293] In some embodiments of Formula Kb and/or FIId, R is —Cygalkyl.
[001294] In some embodiments of Formula TiEb and/or Ed, R™ is —Cy.5 alkyl.
[061295] In some embodiments of Formula Filb and/or 11id, R is ~Cz.5 alkyl.

113



[061296] In some embodiments of Formula Kb andfor Ifld, R™ is -Cp,
haloalkyl.

[001287] In some embodiments of Formula Ib and/or IId, R™ is -C;
haloalkyl. .

301298] In some embodiments of Formmla b and/or ¥id, R™ 15 —(ps
haloa}kyl..

10612991 In some embodiments of Formula Hib and/or Iiid, R™ is CF;.

[601300] In some embodiments of Formula ITEh and/or YEkd, R™ is Me

[001301] In some embodiments of Formula FlEb and/or FEid, R” is Et.

[001362] In some embodiments of Formula Fib and/or FId, R" is -Cy4 alkyl.

[001363] In some embodiments of Formula [T and/or ITd, R™ is -Cy.3 alkyl.

[001304] In some embodiments of Formula TlEb and/or Hid, R" is -C . alkyl.

[601305] In some embodiments of Formula Ifb and/or ITEd, R" is -Cy_salkyl.

[001366] In some embodiments of Formula ¥b and/or Kikd, R" is -C.salkyl.

{001307] In some embodiments of Formula X¥b and/or ¥Iid, R is ~Cy.salkyl.

[001308] In some embodiments of Formula [E¥b and/or EEld, R is ~Cagalkyl.

[001309] In some embodiments of Formula ¥Tib and/ar FHd, R” is ~Cyg alicyl.

[001310] In some embodiments of Formula IIEb and/or XIId, R" is ~Cy.s alkyl.

[061311] In some embodiments of Formula YTEb and/or Tid, R’ is —Cs.5 alkyl.

[001312] In some embodiments of Formula ITb and/or Id, R™ is -Ci,
haloallcyl.

[001313] In some embodiments of Formula IHb and/or HId, R” is -Cp3
haloalkyl.

[001314] In some embodiments of Formula IIb and/or Iid, RY is —Cys
haloalkyl.

[001315] In some embodiments of Formulz IIIb and/or Hid, R% is CF,.

[001316] In some embodiments of Formula IEih, each R is selected from the
group consisting of H, ¥, Cl, Me, OMe, CF3, and CN.

© [001317] Insome embodiments of Formula 1fh, R is .
[001318] In some embodiments of Formula b and/or Hid, R’¢ is a halide.
[001319] In some embodiments of Formula Yib and/or g, R'® is F.
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[001320]
(061321
1001322]
H01323]
[001324]
[0¢1325]
[601326]
from 1-4.
601327
from 1-3.
[001328]
from 1-2.
[001329]
[661330]
661331}

[001332]

!\)

[001333]

[001334]

[601335]
is 1.

[001336]
is 2.

{001337]

[601338]

[001339]
and ¢ 15 2.

In some embodiments of Formula IHb and/or 14, RYisCL

In some embodiments of Formuia H¥b and/or ¥4, R is Me.

Tn some embodiments of Formula 11Tk, R'® is OH.

In some embodiments of Formula @b, R!¢ is OMe.

T some embodiments of Formula YEb and/or EEd, R'® is CFa.

In some embodiments of Formula FIb and/or 11id, R'® is CN.

In some embodimments of Formula IfEb and/or Iid, g is an integer
In some embodiments of Formula IHEb and/or IHid, q is an integer
In some embodiments of Formula YIh and/or IXld, ¢ is an integer
In some embodiments of Formula ¥¥b and/or 114, g is 2.

In some embodiments of Forrnula ¥ifb and/or ITid, g is 1.

In some embodiments of Formula IEb and/or IEEd, R is F; and q is
in some embodiments of Formula IEb and/or T, R ig ¥, and q 18
In some embodiments of Formula b and/or IId, R is Me; and q is
Tn some embodiments of Formula ¥ib and/or Tiid, R is Me; and q is
In some embodiments of Formula I1Eb and/or ITLd, R'® is CFs; and q
In some embodiments of Formula IITb and/or IT¥d, R'® is CFa; and G
In some embodiments of Formula b, R*® is OMe; and q is 1.

In some embodiments of Formula b, R*® is OMe; and ¢ is 2.
In some embodiments of Formula Iib and/or IIId, R'® is F and Me;
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[001340]
and q is 2.

[061341]

[001342)

[001343]

[001344]
and g is 2.
1001345]

[001346]
[001347]
[001348]
[001349]
[001356]
[001351]
[001352]
[061353]
[001354]
[001355]
[061356]
[001357]
[061358]
[001359]
[001360]
[001361]
[601362]
[001363]
[001364]
[001365]

In some embodiments of Formula ITTh and/or I[id, R'%is F and CFs;

In some embodiments of Formula b, R is F and OMe; and q is 2.
In some embodiments of Formuta ¥ib and/or IHd, R™ is CN; and q is

In some embodiments of Formula Ib and/or iHid, R s CN; and q 1s
In some embodiments of Formula ETb and/or TIId, R' is F and CN:
In some embodiments of Formula 1¥Ib and/or K54, R'®is F or Cl; q1s

In some embodiments of Formula HIb and/or ITTd, R is -Cy alkyl.
In some embodiments of Formula T{Ib and/or Ifld, R'® is -Cy.3 alkyl.
In some embodiments of Formula I1tb and/or Hid, R is -Ciqalkyl
In some embodiments of Formula 1ikb and/or FEd, R¥ s -Cy.s alkvl. .7
In some embodiments of Formula IFEb and/or ¥I1d, R¥®is -Cygalkyl.
In some embodiments of Formula IEb and/or IEEd, R 15 —Cog alkyl.
In some embodiments of Formula TEb and/or FFEd, R'®is —Cy4 alkyl.
In some embodiments of Formula EIb and/or Fid, R is ~Cy alkyl.
In some embodiments of Formula ITh and/or IITd, R is ~Cy.s alkyl
In some embodiments of Formula I¥Eh and/or Tiid, R g ~Cs.s alkyl.
in some embodiments of Formula IEb, RYis -Cyp alkyl.

in some embodiments of Formula Lkib, RYis-Cy34 alkyl.

In some embodiments of Formula IEib, R'7is -Ci.q4 aliyl.

In some embodiments of Formula E¥k, RY is -Cys alkyl.

In some embodiments of Formula Hib, R is -Cigalkyl

In some embodiments of Formula TEb, RV is ~Chs alkyl.

In some embodiments of Formula ITfh, R is ~Cy4 alkyl.

In some embodiments of Formula I¥h, RY is —Cug alkyl.

In some embodiments of Formula IiTh, R is ~Cas alkyl.

In some embodiments of Formula 1TIb, RY is ~Ci.s alkyl.
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[001366] In some embodiments of Formula TiTh, R*® is -CH,OH.
[001367] In some embodiments of Formula Ifib, R is ~CHoNR™,.
[001368] In some embodiments of Formula Wik, R is -CHNEH,.
f001365] In some embodiments of Fornula [ifh, R' is -CH,NHMe
© 1001378] In some embodiments of Formula Fth, R'® is -CH,NMe;.
[001371] In some embodiments of Formula IfTb, R'® is -CH,NEHE,
[001372] In some embodiments of Formula b, R' is -CHN(Me)(Ef),
[061373] In some embodiments of Formula HEb, R'® is -CH,NE,.
[061374] Some additional embodiments of Formula I¥ include compounds of
Formula (IHc):

Hic

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

[001375] In some embodiments of Formula IIke, Ring E 15 selected from the

R‘l zb

group consisting of R™ : @ : R and R

[601376] In some embodiments of Formula ke, R is selected from the group
consisting of H, unsubstituted -Cy.s alkyl, -C; 3 haloalkyl, halide, -OR", CF;, and CN.

[601377] In some embodiments of Formula Illc, R is selected from the group
consisting of unsubstituted ~Ci.¢ alkyl, -CH,OH, -CHN®R"™™),, -Cy.3 haloatkyl, halide, -
OR", CF3, and CN.

[001378] In some embodiments of Formula Hie, R is a substituent attached fo
the para position of the phenyl ring and is iﬂdepend.eﬁtly. selected at each occurrence from
the group consisting of unsubstituted —Ca.¢ alkyl, -CH,OH, -CHN(R ™)y, -C.5 haloalkyl,
CL L -OFEt, and CN.

[601379] Insome 'eﬁ1bodiments of Formula Iffc, R™ is a substituent attached fo

the meta position of the phenyl ring and is independently selected at each occurrence
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from the group consisting of unsubstituted ~Cyg alkyl, -CH,OH, -CHoN(R™),, -Cis
haloalkyl, iodide, -OR', and CFj.

[001380] In some embodiments of Formula ITke, R'* is a substituent attached to
the ortho position of the phenyl ring and is independently selected at each occurrence
from the group consisting of unsubstituted —~Cy g alkyl, -CH,OH, -CHN(R™,, Cia
haloalkyl, F, I, -OR™* CFs, and CN.

[001381] In some embodiments of Formula e, R™® is 2-5 substituents, each
attached to Ring E and are independently selected at each occurrence from the group
consisting of vnsubstituted -C . alkyl, -CHOH, -CHN(R®),, -C\.5 haloalkyl, F, Br, I, -
ORY, CF;, and CN.

[001382] In some embodiments of Formula IFfe, each R is independently
selected from the group consisting of unsubstitated -Cy 4 alkyl, -Cy.3 haloalkyl, and CFs.

[001383] In some embodiments of Formula M¥e, each R™* is independently
setected from the group consisting of unsubstituted —Cy.6 alkyl, -C;.3 haloalkyl, and CFi.

[601384] In some embodiments of Formula ¥ffc, each R™ is independently
selected from the group consisting of H and unsubstitated ~Cy.5 alkyl. ‘

[601385] In some embodiments of Formula I¥le, g is an integer of | to 5.

[061386] In some embodiments of Formula Effe, R™** R R™, R™ and/or
R'*is —Cygalkyl,

[001387] In some embodiments of Formula Tike, R'* R, R‘ic, R and/or
R s Cpsalkyl

[001388] In some embodiments of Formula e, R', R R R™ and/or
R i5 —(y 4 alkyl.

[001389] In some embediments of Formula ke, Rm, Rm, Rm“, R'™ and/or
RY¥ js ~Csgalkyl.

[601390] In some embodiments of Formula Xife, R' R R'** R'™ and/or
R is —Cygaliyl.

[061391] In some embodiments of Formula Hie, R** and/or R is Me.

[061392] In some embodiments of Formula Iife, R, R™", R™ and/or R™ is
CF;. |

[001393] In some embodiments of Formula fffe, R'* and/or R'* is F.
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[601394] In some embodiments of Formula Ife, R'** is Cl.

[001395] In some embodiments of Formula [Tfe, R'* R'™, and/or R™ is CN.

[001396] In some embodiments of Formula IFe, R'%, R™®, R** and/or R™ s -
CH,OH. 7

[601397] In some embodiments of Formula ITle, R, Rub, R'* andfor R*® is -
CHLN(R P,

[661398] In some embodiments of Formuia Eic, RI% R Rm, and/or R'* is -
CHoNHa.
[661399] In some embodiments of Formula ile, Rm’: RD‘", Rm, andfor R g -
CHo;NHMe, ' .

[001460] In some embodiments of Formula ITfe, R R™, Ru", and/or R'™ is -
CHyNMe;.

[001401] In some embodiments of Formula HEe, R'%, R™", R, and/or R™ is -
CH,NHE{

[001402] In some embodiments of Formula e, R™ R™, R' and/or R is -
CHoN(Me)Et).

[001403] In some embodiments of Formula EXfz and/or IfTe, R is -CH,NEL,.

[061404] Some additional embodiments of Formula IIY include compounds of
Formula (IXd):

(R‘!B)q

ilid

or salts, pharmaceutically acceptable salts, or prodrugs thereof.

[001405] In some embodiments of Formula IEId, R* is selected from the group
consisting of ﬁxisubstituted -Cr.q alkyl, ~Cy3 haloalkyl, and CF;.

[601406] In some embodiments of Formula ITEd, R" is selected from the group
consisting of unsubstituted -C, 4 alkyl, -Cy.3 haloalkyl, and CFs.

[001407] In some embodiments of Formula T1d, each R' is a substituent

attached to the phenyl ring and is independently selected at each occurrence from the
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group consisting of unsubstituted -Cy¢ alkyl, -CH,OH, -CH;N®R'™),, -Ci haloalkyl,
halide, -OR'"™, CF, and CN.

[001408] In some embodiments of Formula I¥id, each R'™ is independently
selected from the group consisting of unsubstituted ~Cs_s alkyl, -C;.3 haloalkyl, and CFs.

[801409] In some embodiments of Formula IId, each R'™ is independently
selected from the group consisting of H and unsubstituted —C.5 alkyl.

[001410] In some embodiments of Formula ITId, g is an integer of 1 to 5,

[601411] Insome embodiments of Forrauia Flid, RY is ~Ca g alkyl.

[001412] In some embodiments of Formula ¥¥id, R'7is ~Cq. alkyl.

[061413] Insome embodiments of Formula Hid, RY is (a5 atkyl,

[001414] Insome embodiments of Formula Kid, R'® is -CH,OH.

[001415] Insome embodiments of Formula ¥¥d, R is -CH.N(R),.

[001416] In some embodiments of Formula Xikd, R' is -CH,NH,.

1001417} Insome embodiments of Formula FEld, R¥%is ~CHoINHMe

[001418] In some embodiments of Formula FEId, R™ is -CHNMe,.

(501419} In some embodiments of Formula ffkd, R¥is -CH,NHEL

[601420] Insome embodiments of Formula ITEd, R'® is -CHN(Me)(E8).

[601421] In some embodiments of Formula ITEd, R is -CH,NEL,

[001422] Some embodiments of the present disclosure include compounds of
Formula dV):

(R‘!&)p

1Y

or salts, pharmaceutically acceptable salts, or prodrugs thereof,

[601423] Insome embodiments of Formula IV, Ring Ring F is i #
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[001424] In some embodiments of Formula IV, Ring G is selected from the

Riﬁb

5,
£ Rm@)ﬁ fé , Ojﬂb R@

group ch:ansisting o , , and a 5-6
membered heteroarylR™, wherein a carbon atom on the ring is attached to the carbonyl
carbon.

[001425] In some embodiments of Formula IV, each R'™ is a substituent
attached fo Ring F and is independently selected at each occwrrence from the group
consisting of H, -Cy.3 haloalkyl, halide, ~-OR?®, CFs, and CN.

[001426] In some embodiments of Formula IV, R is a substituent attached to
the para position of phenyl and is selected from the group consisting of H, unsubstituted —
Co.g alkyl, -CH,OH, -CHaN(R?Y,, -C 13 haloalkyl, F, Br, I, -OR™, CFs, and CN,

[601427] - In some embodiments of Formula TV, R is a substituent attached to
the meta or ortho position of pheny! and 1s selected from the group comsisting of I,
umsubstituted —Cy. alkyl, ~-CH,OH, -CHaN(R?"),, -C1.3 haloalkyl, halide, -OR™, CF3, and
CN. | |

[001428] In some embodiments of Formula IV, R™ is 2-3 substituents, each
attached to the phenyl and are independently selected at each cccurrence from the group
consisting of H, -CHLOH, ~-CH;N(R?"),, -C1.5 haloalkyl, halide, -OR*®, CF3, and CN. |

[001429] In some embodiments of Formula IV, R is 1-4 substituents, each
attached to the heteroaryl ring and is independently selected at each occurrence from the
group consisting of H, -CHyOH, -CH2N(R*",, -Cy.3 haloalkyl, halide, -OR™, CFs, and
CN.

[0661430] In some embodiments of Formula IV, each R? is independently
selected from the group consisting of ©, unsubstituted —Cz.¢ alkyl, -Cy5 haloalkyl, and
Cls.

[661431] In some embodiments of Formula IV, each R* is independently
selected from the group consisting of H and unsubstituted —C, 5 alleyl.

[001432] In some embodiments of Formula IV, p is an integer of 1 to 13.

[001433] In some embodiments of Formula IV, ris an integer of 1 to 5.
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[001434]

08
In some embodiments of Formula IV, 18 selected from

the group consisting of:

[001435]

e
In some embodiments of Formula I'V, is selected from

the group consisting of:

oAy oo ,.Oo

In some embodiments of Formula IV, RY™, R™ and/ior R™ is

selected from the group consisting of H, F, C1, Me, OMe, CF3, and CN.

(661436}

[001437]

[001438]
halide.

[001439]

(061440}

[001441]
Me.

[001442]
OH.

[001443]
OMe. . -

[001444]
CFs.

[001445]
CN.

[001446]
are F.

Tn some embodiments of Formula IV, ™% R™ R™ and/or R* s H

Tn some embodiments of Formula IV, R'*®, R™ and/or R is a
In some embodiments of Formula IV, R% R'™® R and/or RM*is T
In some embodiments of Formula I'V, wa, R andior R is CL

Tn some embodiments of Formula ¥V, R R RY andfor R™**is
In some embodiments of Formula IV, R’ R¥ R™" and/or R' is
Tn some embodiments of Formula IV, R R R and/or R™ is
In some embodiments of Formula IV, ™ R'™ R and/or R is

In some embodiments of Formula IV, R* R R'*, and/or R is

In some embodiments of Formula IV, R¥ is 2 substituents and both
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[001447]
are Me.
[001448]
are CFi.
[601445]
are OMe.
[0601450]
and Me.
001451}
and CHs.
[001452]
and OMe.
[001453]
are CN.
[001454]
and CN.
[001455]
and CL
[001456]
Cizpalkyl.
[001457]
Cyalkyl.
[001458]
Cy4alkyl.
[001459]
Cysalkyl.
[001460]
Crgalkyl.
' [001461]
Cagalkyl.

194 is 2 substituents and both

Tn some embodiments of Formula [V, R
In some embodiments of Formula IV, R¥4 {5 2 substituents and both
In some embodiments of Formula IV, R i3 2 substituents and both
In some embodiments of Formula IV, R' is 2 substituents and are F
In some embodiments of Formula EV, R 5 2 substituents and are F
In some embodiments of Formula IV, R' is 2 substituents and are F
In some embodiments of Formula IV, R¥ is 2 substituents and both

18d

1 some embodiments of Formula IV, R is 2 substituents and are ¥

2 15 2 substituents and are F

In some embodirnents of Formula £V, R
Tn some embodiments of Formula IV, R'®% R, R™ and/or R' s -
In some embodiments of Formula IV, R* »¥ R™ and/or R s -
In some embodiments of Formula IV, R', R*®, R™ and/or R is -
Tn some embodiments of Formula IV, R'™, R*® R and/or R™ is -

i some embodiments of Formula IV, R R R™ and/or R is -

Tn some embodiments of Formula IV, R RY" R and/or R¥ is -
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1001462}
Csgalkyl.
[001463]
Chealkyl.
[091464]
Cy.s alkyl.
[001465]
Ca.salkyl.
[001466]
CH,OH.
[001467]
CHN(RD,.
[001468]
CHoNH,
[661469]
CH NHMe
(661470}
CHyNMe;.
[001471]
CH,NHE?,
[001472]
CHoN(Me)(ER).
[001473]
CHoNF1,.

[6014743

group consisting of:

n some embodiments of Formula ¥V, R R R and/or R is -

In some embodiments of Formula IV, R™ R'*® R'™ and/or R™ is -

In some embodiments of Formula TV, ' R R and/or 1™ is -
i 2 2 2 =

Tn some embodiments of Formula IV, R'* R, ng‘"’a and/or R™4 ig —

In some embodiments of Formula IV, R R¥® R and/or R is -

In some embodiments of Formula

In some embodiments of Formula IV, Rwa: ngb, ch, and/or R i5 -
In some embodiments of Formula IV, R', R™® R and/or R'*® is -
In some embodiments of Formula IV, R'% R RY" and/or R** is -
In some embodiments of Formula IV, R, wa, ch, and/or R'* is -
In some embodiments of Formula IV, R™? R*® R™ and/or R** is -

In some embodiments of Formula IV, R'* R R and/or R!* is -

In some embodimeﬁts of Formula W, \/O is selected from the

W, RIS‘a’ ngb: R?.E’G’ and/OT ngd iS -

O
g
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N\ N N\ /N\ M N/ﬁ_—% /N
F—-ﬁj | m-EjKH? Fgc—g j Me—tj ’ NC—Ej | KN | KN |
3R O o0 P O o o
*ii\ : /o , /s , 4c:) , N“o) , N\o , N\a . N\O/N , {s ,

N N — i B % NLL‘
/3/3/ ;fﬁ;‘“ //_fl //3{51/»& A
N\S . ; N\S , N\S X N\S/N , LN , N\N) i &} , N\N , N\Nfg and

%

L N

N" ; wherein the carbonyl carbon of Formula IV can form a2 bond with any

unsubstituted carbon on the Ring G.

[001475] In some embodiments of Formula IV, % is selected from the

group consisting of:
F ci CFy Ome Nie EN
saoshesoNes Cﬁ sos
= & & -
O OO OO O, O O

[061476] In some embodiments of Formula ¥V, % is selected from the

group consisting of

SO CSO R

[001477] [llustrative compounds of Formulas I, Iz, Ib, Ie, 1d, Ie, If, Ig, Ih, I,
I, YIa, ¥ib, e, IEd, Ile, IIf, 110, [T¥a, @b, Hic, [TId, and ¥V are shown in Table 1.
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Administration and Pharmaceutical Compositions

[001478] Some emba&iments inchide pharmaceutical compositions comprising:
(a) a therapeutically effective amount of a compound provided herein, or its
corresponding enantiomer, diastercoisomer or tautomer, or pharmaceutically acceptable
salt thereof; and (b) a pharmaceutically acceptable carrier.

[001479] The compounds provided herein may also be useful in combination
(administered together or sequentially) with other known agents.

[001480] Non-limiting examples of diseases which can be treated with a
combination of a compound of Formula I, 1a, Ib, Ic, 1d, Ie, If, Ig, Th, L, 1L, [ia, IIb; Ic,
114, e, I, TH, 1Ha, Hib, Iiie, IIid, and/or IV and other known agents are alopecia,
idiopathic pulmonary fibrosis, sensorineural hearing loss (SNHL), spinal cord mjury,
osteoporosis, Alzheimer's disease, macular degeneration, and retinitis pigmentosa.

[0601481] In some embodiments, alopecia can be treated with a combination of a

- compound of Formula L, Ia, Ib, Ic, Id, Te, If, Ig, Th, 1§, I, Ela, Tib, Tie, Y14, I¥e, XX, 1L,

HIa, IIh, ke, X4, and/or IV and one or more of Minoxidil (Rogaine} and Finasteride
(Propecia). |
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[001482] In some embodiments, a composition containing a compound of
Formula I, Ia, Ib, Ic, Id, Ie, If, Ig, Ih, L, 11, Iia, Iib, Ilc, JId, I¥e, IIf, JI, Qffa, 1HED,
Iffe, Ild, and/or IV could be applied after a dermatologic surgeon transplants
micrografts of skin 'contaim'ng hair follicles. In some embodiments, the micrografts are
transplanted from from one area of the scalp to another.

[001483] In some embodiments, a composition containing a compound of
Formula I, Ta, Ib, Ic, 1d, Ie, ¥, Ig, Th, K, 11, I1a, I%b, He, I1d, e, ¥If, NI, a, I,
Fife, HEd, and/or IV could be applied after scalp reduction, which is the surgical remaoval
of scalp skin without hair, or after flap surgery, which involves moving the scalp with
hair to an adjacent area that is lacking hair.

[601484] In some embodiments, idiopathic pulmonary fibrosis can be treated
with a combination of a compound of Formula I, Ta, Ib, Te, Id, Te, I, Ig, Ih, Ii, I1, Ha,
1Ib, e, Iid, Ile, IIf IR, K@M, IHDh, e, HOd, and/or IV and one or more oft
pirfenidone (Esbriet), prednisone, azathioprine, N-acetylcysteine, interferon gamma-1b,
bosentan, Nintedanib (BIBF 1120), QAX576, and an anti-inflammatory agent such as a
corticostereids. | _

[651485} In some embodiments, sensorineural hearing loss (SNHL) can be
treated with 2 combination of a compound of Formula L, Ia, Ib, T, Id, Te, If, Ig, Th, ¥i, IT,
EEa, Tib, Ilc, IEQ, Ele, BIf, TH4, ED3a, I8Eh, Hllc, FHI4, and/or IV and one or more of the
following therapies: (a) hair cell regeneration using stem cell and gene therapy: (b) with
hearing aids; (¢) with cochlear implants; (d) with idebenone or combined with vitamin E;
(e) with an anti-inflammatory agent such ag a corticosteroid; or (f) with h;gh doses of
vitaming A, C, and E, and magnesivm.

- {061486] In some embodiments, spinal cord injury can be treated with a
combination of a compound of Formula I, Ia, Ih, Ic, 1d, e, If, Ig, kb, Ii, IL, I1a, [¥b, Xlc,
Iid, Ile, IIf, I, I¥ia, b, I, THd, and/or IV and one or more of the following
therapies: (a) surgery to remove any bone fragments from the spinal canal and to stabilize
the spine; (b) an anti-inflammatory agent such &s a corticosteroid, such as
methylprednisolone; {¢) with physical therapy and/or mechanical devices; (&) with the

promotion of axonal sprouting/regeneration by co-administration of hydrogels or self-
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assembling nanofibers; (e¢) by co-administration of carbon nanotubes; or (f) by co-
administration of poly-lactic acid microfibers.

[001487} In some instances, a compound according to Formula ¥, Ia, Tb, Ie, Id,
ie, If, ¥g, Th, i, 11, ITa, IIb, Ilc, 114, e, IIf, 111, T¥a, I¥b, Hic, T4, and/or ¥V is
administered in combination with one or more second therapeutic agents, e.g., therapeutic
agents useful in the treatment of bone disorders or conditions described herein. For
example, certain second therapeutic agents can promote tissue growth or infiltration, such
as growth factors. Exemplary growth factors include, without limitation, epidermal
growth factor (EGF), vascular endothelial growth factor (VEGF), fibroblast growth factor
(FGY), platelet-derived growth factor (PDGF), transforming growth factors (TGFs),
parathyroid hormone (PTH), leukemia inhibitory factor (LIF), and insulin-like growth
factors (IGFs). Other second therapeutic agents can promote bone growth, such as bone
morphogenetic proteins (U.S. Pat. No. 4,761,471; PCT Pub. WO 90/11366), osteogenin
[Sampath, et al., Proc. Natl. Acad. Sci. USA (1987), 8§4(20), 7109-7113], NaF [Tencer, et
al., Journal of Biomedical Materials Research (1988), 23 (5), 571-589], and peptide
sequences such as IKVAV [Tashiro, et al., The Journal of Biological Chemistry (1989},
264(27), 16174-16182]. ‘

[001488] In some embodiments, osteoporosis can be treated with a combination
of a compound of Formula I, Ia, Ib, Iec, ¥d, Te, If, g, Ih, 1i, 11, Ea, TIb, Ilc, iTd, Tfe, IIf,
I, Iifa, b, XIlc, HId, and/or IV and one or more of: Alendronate (Fosamax),
Risedronate (Actonel, Atelvia), Ibandronate (Boniva}, Zoledronic acid (Reclast, Zometa),
Teriparatide, Raloxifene, Denosumab, and strontium ranelate.

[(601489] In some embodiments, osteoporosis can be treated with a combination
of a compound of Formula L, 1a, Ib, le, 1d, Ye, If, Ig, Ik, Ii, 11, Ela, IEb, He, Id, Ite, EIf,
I, 1ila, b, e, IHd, and/or IV and one or more of the following therapies: (a)
systemic hormone therapy (e.g., estrogen); (b) estrogen in conjunction with progesterone
and/or progestin; and {¢) with exercise and/or nufritional changes (e.g., an increase in the

intake of sources of calcium and vitamin D, and/or an increase in the intake of sources of
 vitamin D and/or vitamin K).
[001490] In some embodiments, Alzbeimer's disease can be freated with a

combination of a compound of Formula I, Ia, Ib, Ie, Id, e, If, Ig, Ih, I, 1T, Ha, b, I,
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Hd, e, Iif, 11, Yia, IiIb, If¥c, Fdd, and/or IV and one or more oft cholinesterase
inhibitors such as Doneperzil (Aricept), Glutamine (Razadyne), and Rivastigmine
{Exelon);, memantine; or with production blockers to reduce the amount of beta-amyloid
formed in the brain. .

[0061491] In some embodiments, a cdmposition containing a compound of
Formula §, fa, Ih, f¢, 14, Te, If, Ig, Ih, I, I, Bfa, 0D, e, Eid, Ile, T8, X¥I, [ffa, [ilh,
Hle, I1d, and/or 1V could be combined with immunization strategies to prevent beta-
amyloid from clumping into plaques and help the body clear it from the brain.

[001492] In some embodiments, macular degeneration can be treated with a
combination of a compound of Formula I, fa, Ih, Ie, Id, le, If, kg, Th, H, II, IIa, Hb, Tl¢,
I¥d, Yie, EIf, I, Ifla, E¥b, Iie, IIEd, and/or IV and one or more of: Bevacizumab
{Avastin), Ranibizumab (Lucentis), Pegaptanib (Macugen), or Aflibercept (Evlea).

[601493] In some embodiments, macular degeneration can be treated with a
combination of a compound of Formula I, Ex, Ib, Ic, Id, Te, I, Ig, Ih, i, I, Ila, 1Ih, flc,
Iid, IFe, Hf, I, Hia, IIIb, Hle, Ii4d, and/or IV and one or more of the following
therapies: (a) photodynamic therapy (PDT) (in some cases in combination with a
compound like verteporfin (Visudyne)); (b} laser treatment; or (¢) increased vitamin
intake of antioxidant vitamins and/or zinc. The following vitamins are suggested: vitamin
C, vitamin E, f-carotene (often as vitamin A}, zinc (as zine oxide), and copper.

[001494] In some embodiments, retinitis pigmentosa can be freated with a
combination of 2 compound of Formula I, Ia, Ib, I¢, 14, Ie, If, Ig, th, 1i, 11, Ha, Hib, I,
¥4, ite, 11, I, Ia, ITTh, Xile, EId, and/or IV and one or more of the following active
agents or therapies: (a) vitamin A palmitate; (b) the Argus I retinal implant; (¢) UF-021
(Ocuseva); (d) stem cell and/or gene therapy; or (e} Pikachurin,

[001495] Administration of the compounds disclosed herein or the
pharmaceutically acceptable salts thereof can be via any of the accepted modes of
administration for agents that serve similar ufilities including, but not limited to, orally,
subcutaneously, infravenously, infralymphatic, intranasally, topically, transdermally,
intraperitoneally, intramuscularly, intrapulmonarilly, vaginally, rectally, ontologically,
neurc-otologically, intraocularly, subconjuctivally, via anterior eye chamber injection,

intravitreally, intraperitoneally, intrathecally, intracystically, intrapleurally, via wound
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irrigation, intrabuccally, intra-abdominally, intra-articularly, intra-aurally,
intrabronchially, intracapsularly, intrameningeally, via inhalation, via endotracheal or
endobronchial instillation, via direct instillation into pulmonary cavities, intraspinally,
intrasynovially,  intrathoracically,  wvia  thoracostomy  imigation,  epidurally,
intratympanically, intracis’temaﬂy, intravascularly, intraventricutarly, intracsseously, via
irrigation of infected bone, or via application as part of any admixture with a prosthetic
. device. In some embodiments, a compoﬁnd is administered orally or parenterally.

[601496] Compounds provided herein intended for pharmaceutical use may be
administered as crystalline or amorphous products. Pharmaceutically acceptable
compositions may include solid, semi-solid, liquid, solutions, colloidal, iiposomes,
emulsions, suspensions, complexes, coacervates and aerosols. Dosage forms, such as,
e.g., tablets, capsules, powders, liquids, suspensions, suppositories, aerosols, implants,
controlled refease or the like, are provided herein. The dosage forms may be obtained,
for example, as solid piugs, powders, or films by methods such as precipitation,
cerystallization, milling, grinding, supercritical fluid processing, coacervation, complex
coacervation, encaﬁsu}ation, emulsification, compiexation, freeze drying, spray drying, or
evaporative drying. Microwave or radio frequency drying may alse be used. The
compounds can also be administered in sustained or controiled release dosage forms,
including depot injections, osmotic pumps, pills (tablets and/or capsules), transdermal
(including electrotransport) patches, implants and the like, for prolonged and/or timed,
pulsed admministration at a predetermined rate.

[001497] Controlled-release systems can include a component selected from the
group consisting of immediate release component(s), pulsatile release component(s),
delayed release component(s), sustained release component(s), and combinations thereof.
Systems may be in, for example, the form of a matrix, reservoir/membrane, osmotic
pump, or hybrids thereof. In some embodiments, a controlled-release systemn can include
compounds entrapped in or otherwise incorporated into or coupled with polymer carriers
or polymeric devices, such as micelles, nanoparticles, microspheres, hydrogels, and other
types of polymer carriers or devices. In some embodiments, the controlled-release system
delivers a compound provided herein at a controlled rate for an extended period of time.

In another embodiment, the controlled-release system localizes the action of a compound
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by spatial placement near where the compound is needed. In another embodiment, the
controlled release system inchudes targeted delivery of a compound to a particular cell
type. _ _

[081498] The compounds can be administered either alone or more typically in
combination with a conventional pharmaceutical carrier, excipient, diluent, or the like.
The term "excipient” is used herein to describe any ingredient other than the compound(s)
provided herein. Pharmaceutically acceptable excipients include, but are not limited to,
ion exchangers; alumina; aluminum stearate; lecithin; self-emulsifying drug delivery
systems (SEDDS) such as d-g-tocopherof polyethylene glycol 1000 succinate; surfactants
used in pharmaceutical dosage forms such as Tweens, poloxamers or other similar
polymeric delivery matrices; serum proteins, such as human serum albumin; budfer
substances such as phosphates, tris, glycine, sorbic acid, potassium sorbate, partial
alyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as
protamine sulfate, disodium hydrogeﬁ phosphate, potassium hydrogen phosphate,
sodium-chloride, zine salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone,
_ccﬂ.ulése-—based substances, polyethylene gljrcol, sodium carboxymethyl cellulose,
polyacrylates, waxes, polyethylene-polyoxypropvlene-block polymers, and wool fat.
Cyclodextrins such as a-, B, and y-cyclodextrin, or chemically modified derivatives such
as hydroxyalkylcyclodexirins, including 2- and 3-hydroxypropyl-b-cyclodextrins, or
other solubilized derivatives can also be used to enhance delivery of compounds
described herein. Dosage forms or compositions containing a compound as described
herein in the range of 0.005% to 100% with the balance made up from non-toxic carrier
may be prepared. The contemplated compositions may contain 0.001%-100% active
ingredient, in one embodiment (.1-95%, in another embodiment 75-85%, in a further
embodiment 20-80%. Actual methods of preparing such dosage forms are known, or will
be apparent, to those skilled in this art; for example, see Remington: The Science and
Practice of Pharmacy, 22" Edition (Pharmaceutical Press, London, UK. 2012).

7{(}01499] In one embodiment, the compositions can take the form of a unit
dosage form such as a pill or tablet and thus the composition may contain, along with the
active ingredient, a diluent such as lactose, sucrose, dicalcium phosphate, or the like; a

lubricant such as magnesium stearate or the like; and a binder such as starch, gum acacia,

173



polyvinylpyrrolidine, gelatin, cellulose, cellulose derivatives or the like. In another solid
dosage form, a powder, marume, solution or suspension (e.g., in propylene carbonate,
vegetable oils, PEG’s, poloxamer 124 or triglycerides) is encapsulated in a capsule
(gelatin or cellulose base capsule) or as a dry powder. Unit dosage forms in which the
two active ingredients are physically separated are also contemplated; e.g., capsules with
granules (or tablets in a capsule) of each drug; two-layer tablets; two-compartment gel
caps, etc. Enteric coated or delayed release oral dosage forms are aiso contemplated.

[601500] In another preferred embodiment, compositions described herein are
used as compound-eluting compositions {e.g., controlied release) for a medical device
including, but not limited to a temporary or permanent implant, sponge, polymer, or gel.

[001501] The implant according to an embodiment of the disclosure is an
orthopedic implant including, but not limited fo (1} a hip joint, (il) screws, cannulated
screws, nails, meshs, cages, wires, pins, intramedullary nails, rods, posts, anchors, and
plates intended to join or attack bone fragments, pieces, or parts with each other, {iii}
external skeletal fixators such as monolateral, multiplanar or hybrid fixators, (iv)
implants intended for treatment of degenerative instabilities, fractures, tumors, and
deformities in respect of the spine, (v} cranmio-maxiliofacial implants intendéd for
treatment of fractures, reconstruction, and correction of deformities, of mandible, mid-
face, or skull, (vi) surgical steats, collagen stents, intramedullary bone stents, (vii}
anterior cruciate ligament (ACL) and/or posterior cruciate ligament (PCL)
Reconstruction Systems, and (viii) dental implants.

[001502] liquid pharmaceutically administrable compositions can, for example,
be prepared by dissolving, dispersing, ete. a compound as provided herein and optional
pharmaceutical adjuvants in a carrier {e.g., water, saline, aqueous dextrose, glycerol,
giycols, ethanol or the like) to form a solution, colloid, liposome, emulsion, complexes
(including inclusion complexes), coacervate, or suospension. If desired, the
pharmaceutical composition can also contair auxslary substances such as wetting agents,
emulsifying agents, co-solvents, solubilizing agents, pH buffering agents, and the like
{e.g., sodium acetate, sodium citrate, cyclodextrins  and derivatives, sorbitan

monolaurate, triethanolamine acetate, triethanolamine oleate, and the er).
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[601503] In some embodiments, the unit dosage of compounds of Formula 1, Ia,
ib, Ie, Id, Ie, If, Xg, Ih, 1§, Y0, Tla, IIb, Ilc, 114, Iie, ¥If, 111, 1iXa, I3¥b, Iile, Eiid, and/or
IV for oral systemic delivery is about 0.25 mg/Kg to about 50 mg/Kg.

[§61504] In some embodiments, the wnit dosage of compounds of Formula I, Ta,
b, Le, Id, Ie, If, lg,.ih, I, 0, Yia, TOh, ile, BXd, Be, TBE, BIX, 100a, JEED, Hile, IVEd, and/or
IV for systemic delivery is about 0.25 mg/Kg to about 20 mg/Kg.

1001505} In some embodiments, the unit dosage of compounds of Formula 1, Xa,
Ib, Ic, Id, Te, If, Yg, Ih, I, KX, Ma, Eib, Tic, IEd, Ile, IEf, TI1, Eila, £10b, Hife, IXEd, and/or
IV for local delivery is about 0.050 ng/Kg to about 50 pg/Kg.

[601566] In some embodiments, the unit dosage of compounds of Formula I, a,
Ib, Ic, I, Ie, I, Ig, Th, X4, X1, Ifa, XEb, Ile, T1d, He, TEf, ETY, ¥fa, YIIb, Ife, T1d, and/or
IV for topical delivery is about 0.1 ng/em’ to about 20 pgfem”.

[001507] In some embodiments, the unit dosage of compounds of Formula I, 1a,
b, Ic, 1d, Te, ¥f, Ig, Ih, I3, 11, Ha, Iih, X, TEd, e, XK, XEE, BE0a, IXID, Xile, EHd, and/ox
¥V is about 1.0 pg/eye to about I mg/eye. |

[061508] Insome embodimenté, the unit dosage of compounds of Formula 1, Ia,
Ih, Ic, ¥d, I, If g, Ih, 05, BE, Pla, ¥Yb, IXc, 1Nd, He, YIE, TII, TTTa, E10h, Hle, Fd, and/or
1V loaded into a compound-eluting implant is about 0.1 pg/Kg to about 1 mg/Kg.

{001509] In some embodiments, the unit dosage of compounds of Formula I, 1a,
Ib, Ic, kd, 1e, ¥f Yg Yh, Ii I, Hia, ¥ib, Xic, Eid, Xle, XXf, XEI, Xiia, ¥¥ib, Yilc, EXId, and/or
IV for pulmonary delivery is about 1 pg/dose to about 15 mg/dose.

[001516] In some embodiments, the unit dosage of compounds of Formula I, Ia,
Ib, Ie, Id, Ie, If ¥, Th, 1, KX, [a, 1¥b, T, Id, e, XX, TIL, TTTa, T1Eb, Hlec, BE14, and/or
¥V for parenteral administration is about 0.05 mg/Kg to about 15 mg/Kg.

[061511] In some embodiments, the unit desage of compounds of Formuia I, Ia,
Ib, Ic, Id, Ie, If, fg, Th, Ii, I1, Iia, 1Ib, Hc, Jid, He, XIf, 115, Tila, TiEb, Ile, TE¥d, and/or
IV is about 2.0 mg/Kg to about 13 mg/Kg in humans.

[0601512] In some embodiments, the unit dosage of compounds of Formula €, Ia,
Ih, Ic, 1d, Te, If, Ig, Ih, Li, X1, Iia, 1Ib, Yic, XId, He, IXf, IIE, TiEa, I, e, IXId, and/or
IV is about 3.0 mg/Kg to about 12 mg/Kg in humans,

175



{001513] In some embodiments, the unit dosage of compounds of Formula 1, Ia,
b, Ic, ¥d, Ie, I, Ig, Th, 0i, TL, Ela, ITh, Tic, JEd, He, XI€, IFE, T¥ia, FHEh, Iile, THI4, and/or
EV is about 4.0 mg/Kg to about 11 mg/Kg in humans. '

[001514] In some embodiments, the unit dosage of compounds of Formula 1, Ia,
Th, Ie, k4, Ie, ¥, Ig, Th, 1, I, a, IIb, He, 134, .He, 1EF, IRE, T¥fa, [iTh, Iflc, FIXd, and/or
IV is about 5.0 mg/Kg to about 10 mg/Kg in humans.

[001515] In some embodimenis, the compositions are provided in unit dosage
forms suitable for single administration.

[061516] In some embodimenis, the compositions are provided in unit dosage
forms suitable for twice a day administration.

[601517} In some embodiments, the compositions are provided unit dosage
forms suitable for three times a day administration.

[001518] Injectables can be prepared in conventional forms, either as liquid
solutions, colloids, liposomes, complexes (like inciusi-on complexes), coacervate, or
suspensions, as emulsions, or in solid forms suitable for reconstitution in liquid prior fo
injection. The percentage of a compound provided herein contamed in such parcnteral
compositions is dependent on the specific disorder being freated, the activity of the
compound, and the needs of the patient. However, percentages of ingredient compound
of about 0.01% to about 10% in solution may be used, and could be higher if the
composition is a concenirated solid or suspension, which could be subsequently diluted.

10015191 In some embodiments, a composition can comprise about 0.01 to about
10% of the compound in solution.

[001520] In some embodiments, the composition will comprise about 0.61 to
about 5% of the compound in solution.

[001521] In some embodiments, the composition will comprise about (.01 to
about 4% of the compound in solution,

[001522] In some embodiments, the composition will comprisg. abaut 0.05 to
about 3% of the compound in solution. P

[061523] In some embodiments, the composition will comprise about 0.02 to

" about 2% of the compound in solution.
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[001524] In some emBodiments, the compositions are provided in dosage forms
suitable for continuows dosage by intravenous nfusion over a period of about 1 to about
96 hours.

[081525] In some embodiments, the compositions are provided in dosage forms
suitable for continuous dosage by infravenous infusion over a period of about 1 io about
72 hours.

[001526] In some embodiments, the compositions are provided in dosage forms
suitable for continuous dosage by intravenous infusion over a period of about 1 to about
48 hours.

[001527] In some embodiments, the compositions are provided in dosage forms
suitable for continuous dosage by intravenous infusion over a period of about 1 to about
24 bours.

[601528] In some embodiments, the compositions are provided in dosage forms
suitable for continuous dosage by intravenous infusion over a period of about [ to about
12 hours. ‘

[663529] In some embodiments, the compositions are provided in dosage forms
suitable for continuous dosage by imfravenous infusion over a period of about 1 to about 6
hours.

[001530] In some embodiments, these compositions can be administered by
intravenous infusion to humans at doses of about 1.5 mg/m” to about 300 mg/m™.

[061531] In some embodiments, these compositions can be administered by
intravenous infusion to humans at doses of about 1.5 mg/m” to about 200 mg/m”.

[001532] In some embodiments, these compositions can be administered by
intravenous infusion to humans at doses of about 1.5 mg/m” to about 100 mg/m®.

[001533] In some embodiments, these compositions can be administered by
intravenous infusion to humans at doses of about 1.0 mg/m” to about 50 mg/m”.

| {001534] In some embodiments, these compositions can be administered by
intravenous infusion o humans at doses of about 50 mg/m? to about 200 mg/m”.

[001535] In some embodiments, these compositions can be administered by

intravenous infusion to humars at doses of about 75 mg/m” to about 175 mg/m”.

177



[601536] In some embodiments, these compositions can be administered by
intravenous infusion to humans at doses of about 100 mg/m” to about 150 me/m”,

[001537] It 1s to be noted that concentrations and dosage values may also vary
depending on the specific compound and the severity of the condition to be alleviated. Tt
is to be further understood that for any particular patient, specific dosage reghimens can be
adjusted over time according to the individual need and the professional judgment of the
person administering or supervising the administration of the compositions, and that the
concentration ranges set forth herein are exemplary only and are not intended to Hmit the
scope or practice of the claimed compositions.

~ [001538] In one embodiment, the compositions can be administered to the
respiratory tract (including nasal and puimonary) e.g., through a nebulizer, metered-dose
inhalers, atomizer, mister, acrosol, dry powder inhaler, insufflator, liquid instillation, or
other suitable device or technique.

[06153%] In some embodiments, acrosols intended for delivery to the nasal
mucosa are provided for inhalation through the nose. For delivery to the nasal cavities,
inhaled particle sizes of about 5 to about 100 microns can be used, for example, particle
sizes o-f about 10 to about 60 microns. For nasal delivery, a larger inhaled paﬂiclé S1ze 18
can be used. In some embodiments, the larger particles may maximize impaction on the
nasal mucosa or minimize or prevent pulmonary deposition of the administered
formulation. In some embodiments, aerosols intended for delivery to the lungs are
provided for inhalation through the nose or the mouth. For delivery to the lung, inhaled
aerodynamic particle sizes of about less fhan 10 um can be used, for example, an
aerodynamic particle size of about 1 to about 10 microns can be used. Inhaled particles
may be defived as Hquid droplets contaiming dissolved compound, liquid droplets
containing suspended compound particles (in cases where the compound is insoluble in
the suspending mediom), dry particles of pure compound, compound incorporated with
excipients, liposomes, emulsions, colloidal systems, coacervates, aggregates of
compound nanoparticles, or dry particies of a diluent which contain embedded compound
nanoparticles.

[001546] In some embodiments, compounds of Formula I, Ia, Ib, Ie, Id, ¥e, If,
Eg, ih, I, B, Hia, Iib, D¢, Hid, [le, IIf, 111, IHa, I¥ih, TXic, T¥Id, and/or ¥V disclosed
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herein intended for respiratory delivery (either systemic or local) can be administered as
aqueous formulations, as non-aqueous solutions or suspensions, as suspensions of
- solutions in halogenated hydrocarbon propellants with or without alcohol, as a colloidal
systemn, as emulsions, coacervates, or as dry powders. Aqueous formulations may be
aerosolized by liquid nebulizers employing either hydraulic or ultrasonic atomization or
by modified micropump systems (like the soft mist inhalers, the Asrodose®, or the
AFRx® systems). Propeliant-based systems may use suitable pressurized metered-dose
inhalers (pMDIs). Dry powders may use dry powder inhaler devices (DPls), which are
capable of dispersing the compound substance effectively. A desired particle size and
distribution may be obtained by choosing an appropriate device.

[061541] In some embodiments, the compositions of Formula L, Ia, Ib, I¢, Id,
Ie, If, Ig, Ih, It II, Ha, Iib, Hec, IId, He, IIf NI, Hla, Ulb, IHe, 11id, and/or IV
disclosed herein can be administered to the ear by various methods. For example, a round
window catheter {e.g., U.S. Pat. Nos. 6,440,102 and 6,648,873} can be used.

[001542] Alternatively, formulations can be incorporated into a wick for use
between the outer and middie ear (e.g., U.S. Pat. No. 6,120,484) or absorbed to collagen
sponge or other solid support (e.g., U.S. Pat. No. 4,164,559).

[001543] If desired, formulations of the disclosure can be incorporated into a gel
formulation (e.g., U.S. Pat. Nos. 4,474,752 and 6,911,211}

[001544] In some embodiments, compounds of Formula 1, Ia, Ib, Ie, 14, Te, If,
Ig, Ih, ¥, 11, Tia, Hb, Ile, Iid, e, XIf, JIE, Hia, Hib, e, IIid, and/or IV disclosed
herein intended for delivery to the ear can be administered via an implanted pump and
delivery system (e.g., through a needle directly into the middle or inner ear (cochlea) or
through & cochlear implant stylet electrode channel or alternative prepared compound
delivery channel such as but not limited to a needle through temporal bone into the
cochlea).

[601545] Other options include delivery via a pump through a thin film coated
onto a multichannel electrode or electrode with a speciatly imbedded compound delivery
channel (pathways) carved into the thin film for this purpose. In other embodiments, a
' campound provided hevein can be delivered from the reservoir of an external or internal

implanted pumping system.
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[001546] Formulations of the disclosure also can be administered to the ear by
intratympanic injection into the middle ear, inner ear, or cochlea {e.g., U.S. Pat. No.
6,377,849 and Ser. No. 11/337.815).

[001547] Intratympanic injection of therapeutic agents is the technique of
injecting a therapeutic agent behind the tympanic membrane into the middle and/or bmer
ear. In one embodiment, the formulations described herein are administered directly onto
the round window membrane via transtympanic injection. In another embodiment, the ion
channel modulating agent auris-acceptable formulations described herein arc
administered onto the round window membrane via a non-transtympanic approach to the
inmer ear. In additional embodiments, the formulations described herein are administered
onto the round window membrane via a surgical approach to the round window
membrane comprising modification of the crista fenestrae cochleae.

[601548] In some embodiments, the compounds of Formula I, Ia, Ib, Ie, Id, Ie,
H, Ig, Ih, i, I, Ea, b, Ilc, IId, He, If, Il I¥la, Iib, Mc, 1Id, and/or IV are
formulated into rectal compositions such as enemas, rectal gels, rectal foams, rectal
aerosols, suppositories, jelly suppositories, or retention enemas, containing conventional
suppository bases such as cocoa butter or other glycerides, as well as synthetic polymers
such as polyvinylpyrrolidone, PEG (like PEG ointments), and the like.

[001549] Suppositories for rectal administration of the compound (either as a
solution, colloid, suspension, or a complex} car be prepared by mixing the compound
with a suitable non-irritating excipient that is solid at ordinary temperatures but liquid at
the rectal temperature and will therefore melt or erode/dissolve in the rectum and release
the compound. Such materials include cocoa butter, glycerinated gelatin, hydrogenated
vegetable oils, poloxamers, mixtures of poiyethylene_ glycols of various molecular
weights and fatty acid esters of polyethylene glycol.

[601556] Solid compositions can be provided in various different types of
dosage forms, depending on the physicochemical properties of the compound, the desived
dissolution rate, cost considerations, and other criteria. In one of the embodiments, the
solid composition is a single unit. This implies that one unit dose of the compound is

comprised in a single, physically shaped solid form or article. In other words, the solid
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composition is coherent, which is in confrast to a multiple unit dosage form, in which the
units are incoherent.

[601551] Examples of single units which may be used as dosage forms for the
solid composition include tablets, such as compressed tablets, film-like units, foil-like
units, wafers, lyophilized matrix units, and the like. In some embodiments, the solid
composition is a highly porous lyophilized form. Such lyophilizates, sometimes -also
called wafers or lyophilized tablets, can be useful for their rapid disintegration, which can
allow for the rapid dissolution of the compound. |

{001552] In some embodiments, the solid composition i‘nay also be formed as a
multiple unit dosage form as defined above. Examples of muitiple units are powders,
granules, microparticles, pellets, mini-tablets, beads, lyophilized powders, and the like. In
one embodiment, the solid composition is a lyophilized powder. Such a dispersed
lyophilized systemn comprises a mulfitude of powder particles, and due to the
iyophilization process used in the formation of the powder, each particle has an irregular,
porous microstructure through which the powder is capable of absorbing water very
rapidly, resulting in quick dissolution. Effervescent compositions are also contemplated
to aid the guick dispersion and absorption of the compound.

[001533] Another type of multiparticulate system which is also capable of
achieving rapid compound dissolution is that of powders, granules, or pellets from water-
soluble excipients which are coated with the compound, so that the compound is located
at the outer surface of the individual particies. In this type of system, a water-soluble low
molecular weight excipient can be useful for preparing the cores of such coated particles,
which can be subsequently ceated with a coating composition comprising the compound
and, in some cases, one or more additional excipients, such as a binder, a pore former, a
sacchaﬁde, a sugar alcohol, a film~-forming polymer, a plasticizer, or other excipients
used in pharmaceutical coating compositions.

[001554] Also provided herein are kits, Typically, a kit includes one or more
compounds or compositions as described heremn. In certain embodiments, a kit can
include one or more delivery systems, e.g., for delivering or administering a compound as
provided herein, and directions for use of the kit {e.g., instructions for treating a patient).

in another embodiment, the kit can include a compound or composition as described
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herein and a label that indicates that the contents are to be administered to a patient with
one or more of osteoporosis and osteoarthropathy; osteogenesis unperfecta, bone defects,
bone fractures, periodontal disease, otosclerosis, wound healing, craniofacial defects,
oncolytic bone disease, traumatic brain injuries related to the differentiation and
development of the central nervous system, comprising Parkinson's disease, strokes,
ischemic cerebral disease, epilepsy, Alzheimer's disease, depression, bipolar disorder,
schizophrenia; otic disorders like cochlear hair cell loss; eye diseases including, but not
limited to, wet age-related macular degeneration, dry age-related macular degeneration,
geographic atrophy, diabetic retinopathy, diabetic macular edema, retinal detachment,
retinal degeneration, retinal vein occlusion, retinopathy of prematurity, retinitis
pigmentosa, retinopathies, Leber congenital amaurosis and glaucoma, and diseases
related to differentiation and growth of stem cell, comprising hair loss, hematopoiesis
related diseases, tissue regeneration related diseases, and other diseases assoclated with
abnormalities in development, stem cell differentiation and cell proliferation.

[#01555] In some embodiments, a compound-cluting coating or a controlled
release system comprising a compound of Formula 1, Ia, Ib, Ie, Id, Ie, If, Ig, Ih, Ii, I,
EEa, Eh, Iie, 14, e, I, 11, Ilia, b, File, IXid, and/or IV, or a pharmaceutically
acceptable salt thereof, is provided herein.

[001556] In some embodiments, a medical device comprising a compound of
Formula I, Ya, Ib, Ic, 1d, Te, If, Ig, Ih, Ii, i1, Ua, Iib, Iic, Iid, fle, IIf, ¥II, ¥iia, ¥IIb,
Fllc, 1¥1d, and/or IV, or a pharmaceutically acceptable salt thereof, is provided herein.

[001537] In some embodiments, an implant, sponge, polymer, ointment, cream
or gel composition suitable for in vive use comprising a compound of Formula &, Ia, Ib,
Ie, 1d, Ye, If, Ig, Ih, I, T, Ifa, Iib, Iic, Iid, Ile, IEf, 131, lia, 1E0D, Ii¥e, Iild, and/or IV,

or a pharmaceutically acceptable salt thereof, is provided herein.

Methods of Treatment

[061558] The compounds and compositions provided herein can be used as
activators of one or more members of the Wnt pathway, including one or more Wnt
proteins, and thus can be used to treat a variety of disorders and diseases in which

aberrant Wnt signaling is implicated, such as osteoporosis and osteoarthropathy;
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osteogenesis imperfecta, bone defects, bone fractures, periodontal disease, otos.cierosis,
wound healing, craniofacial defects, oncolytic bone disease, traumatic brain injuries
related to the differentiation and development of the central nervous gystem, comprising
Parkinson's disease, strokes, ischemic cerebral disease, epilepsy, Alzheimer's disease,
depression, bipolar disorder, schizophrenia; eye diseases including, but not Limited to,
wet age-related macular degeneration, dry age-related macular degeneration, geographic
atrophy, diabetic retinopathy, diabetic macular edema, retinal detachment, retinal
degeneration, retinal vein occlusion, retinopathy of prematurity, retinitis pigmentosa,
retinopathies, Leber congenital amaurosis and glaucoma and diseases related 1o
differentiation and growth of stem cell, comprising hair loss, hematopoiesis related
diseases, tissue regeneration yelated diseases and other diseases associated with
abnormalities in development, stem cell differentiation and cell proliferation.

[001589] With respect to hair loss, the canonical Wmt/f-catenin signaling
pathway has been linked to hair follicle development and regeneration. Accordingly, the
compounds and compositions described herein may be used topically to treat hair loss by
moduiation of the Wnt/B~catenin signaling pa’tﬁway.

[001560] With respect to neurodegenerative diseases, Wat/f-catenin signal
transduction system plays a role in the differentiation and development of nerve cells for
the central nervous system. Consequently, the compounds and compositions described
herein may be used to reactivate lost Wnf signaling function involved in
neurodegeneration.

[001561] Other neurodegenerative diseases can also be treated with the
compounds and compositions described herein.

1001562] More particularly, neurodegenerative diseases that may be treated by
the compound, compositions and methods described herein include, but are not limited
1o, the following:

Parkinson's disease, schizophrenia, Huntington’s disease, amyotrophic lateral sclerosis
(Lou Gehrig's disease), primary lateral sclerosis (PLS), progressive muscular atrophy
(PMA), bipolar disorder, depression, strokes, spinal cord injury, ischemic cerebral

disease, epilepsy, brain damage, and spinocerebellar ataxia type 1(SCAT).
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{001563] With respect to eye diseases, Wni/B-catenin signal transduction system
is thought to regulate the maintenance of a retinal progenitor population in the ciliary
marginal zone (CMZ), and thus can function as a putative stem cell factor in the retina.

[001564] Other eye diseases can also be treated with the compounds and
compositions described herein.

{0601565] More particularly, eye diseases that may be treated by the compound,
compositions and methods described herein include, but are not limited to, the following:
wet age-related macular degeneration, dry age-related macular degeneration, geographic
atrophy, diabetic retinopathy, diabetic macular edema, retinal detachment, retinal
degeneration, retinal vein occlusion, retinopathy of prematurity, retinitis pigmentosa,
retinopathies, Leber congenital amaurosis and glaucoma.

[001566] With respect to diseases associated with differentiation and growth of
stem cell, Wni/B-catenin signaling participates in the self-renewal of stem cells in many
different tissues, including the skin, intestine, brain, and blood. Therefore, the compounds
and compositions deseribed herein may be used to treat disorders and diseases related to
abnormalities in development. -

[641567] In some embodiments, the disclosure provides a method for activating
the Wnt signaling in order fo treat a disorder or disease in a patient, the method
comprising administering to the patient a therapeutically effective amount of a compound
of Formula I, fa, Ib, Ie, ¥4, Ie, If, Ig, Th, §i, II, Ha, {Ib, I, Tid, e I, 1YL, iffa, Iiib,
Hkc, [EEd, and/or IV, or a pharmaceutically acceptable salt thereof.

[001568] In some embodiments, the disorder or disease is neurodegenerative
disease.

[061569] In some embodiments, the neurodegenerative disease is Parkinson's
disease, stroke, spinal cord injury, ischemic cerebral disease, epilepsy, Alzheimer's
disease, dementia, depression, bipolar disorder, or schizophrenia.

[001570] In some embodiments, the disorder or disease is an eye disease.

[061571] In some embodiments, the eye diseases include, but are not limited to,
wet age-related macular degeneration, dry age-related macular degeneration, geographic

atrophy, diabetic retinopathy, diabetic macular edema, retinal detachment, retinal
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degeneration, retinal vein occlusion, retinopathy of prematurity, retinitis pigmentosa,
retinopathies, Leber congenital amaurosis and glaucoma.

[081572] In some embodiments, the disorder or discase is zelated to
differentiation and growth of stem cells such as hair loss, hematopeiesis related diseases,
tissue regeneration related diseases and other diseases associated with abnormalities in
development, stem cell differentiation, and cell proliferation. |

[601573] In some embodiments, the disorder or disease is osteoporosis,
osteoarthropathy, ostcogenesis imperfecta, bone defects, bone fractures, periodontsl
disease, otosclerosis, wound healing, mucositis (oral and gastrointestinal), craniofacial
defects, and oncolytic bone disease.

[061574] In some embodiments, the patient is a mammal. In some
embodiments, the patient is a human. |

[601575] In some embodiments, a compound of Formula I, Ia, Ib, f¢, Id, Te, If,
Ig, Th, I, 11, Tla, IIb, IIc, I1d, Ife, X¥f, HI1, lla, Ib, I1ic, EEd, and/or IV activates one
or more proteins in the Wit pathway.

[001576] In some embodiments, a compound of Formula I, fa, Ib, I, Id, Ie, If,
Ig, Ith, §i, IT, Ila, Iib, ic, T4, Tle, I, IIY, Iifa, 1Hib, [iie, fild, and/or IV activates
signaling induced by one or more Wnt proteins.

[061577] In some embodiments, the Wnt proteins are chosen from: WNTI,
WNT2, WNT2B, WNT3, WNT3A, WNT4, WNT5A, WNT5B, WNT6, WNTTA,
WNTT7B, WNT8A, WNT8B, WNTOA, WNTIB, WNTI0A, WNT10B, WNT1], and
WNT16.

[601578] In somé embodiments, a pharmaceutical composition provided herein
comprises a therapeutically effective amount of a compound of Formula L, Ia, Ib, I¢, 1d,
Ie, If, Ig, Th, Ti, II, Ila, ¥Ib, Ilc, I1d, Xie, IIf, IIL, Iffa, b, Hlc, Thd, and/or IV, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.

[601579] In some embodiments, the pharmaceutical composition comprises a
therapeutically effective amount of a compound of Formula I, Ia, b, Ie, Id, Te, f, Ig, Th,
Ii, II, Tia, Ib, I, Iid, e, Iff, Ifi, Iia, Idh, He, Ild, and/or 1V, wherein the
composition is suitable for use as or inclusion in a compound-eluting coating for a

medical device.
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EXAMPLES

Compound preparation

[661580] The starting materials used in preparing the compounds of the
disclosure are known, made by known methods, or are commercially available. It will be
apparent to the skilled artisan that methods for preparing precursors and those compounds
functionality related to the compounds provided herein are generally described in the
literature. The gkilled artisan given the literature and this disclosure is well equipped to
prepare any of the compounds.

[001581] It is recognized that the skilled artisan in the art of organic chemistry
can readily carry out menipulations without further direction, that is, it is well within the
scope and practice of the skilled artisan to .can'y out these manipulations. These include
reduction of carbonyl compounds to their corresponding alcohols, oxidations, acylations,
aromatic substitutions, both electrophilic and nucleophilic, etherifications, esterification
and saponification and the like. These manipulations are discussed in standard texts such
as March's Advanced Organic Chemz'srry: Reactions, Mechanisms, and Structure 78 B,
John Wiley & Sons (2013}, Carey and Sundberg, Advanced Organic Chemz’sz‘fy 5™ pd.,
Springer (2007), Comprehensive Organic Transformations: A Guide to Functional Group
Transformations, 2" Bd., John Wiley & Sons (1999) and the like.

[061582] The skilled artisan will readily appreciate that certain reactions are best
carried out when other functionality is masked or protected in the molecule, thus avoiding
any undesirable side reactions and/or increasing the yield of the reaction. Often the
skilled artisan utilizes protecting groups to accomplish such increased yields or to avoid
the undesired reactions. These reactions are found in the literature and are also well
within the scope of the skilled artisan. Examples of many of these manipulations can be
found for example in T. Greene and P. Wuts Protective Groups in Organic Synihesis, 4%
Ed., John Wiley & Sons (2007).

[601583] Trademarks used herein are examples only and reflect illustrative
materials used at the time of the invention. The skilled artisan will recognize that
variations in lot, manufacturing processes, and the like, are expected. Hence the

examples, and the trademarks used in them are non-imiting, but are merely an
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illustration of how a skilled artisan may choose to perform one or more of the
embodiments of the disclosure.

[001584] (*H) nuclear maghetic resonance spectra (INMR) were measured in the
indicated solvents on a Bruker NMR spectrometer (Avance TM DRX300, 300 Mz for
"1 or Avance TM DRX300, 500 MHz for 1H) or Varian NMR spectrometer (Mercury
400BB, 400 MHz for 'H). Peak positions are expressed in parts per million (ppm)
downficld from tetramethylsilane. The peak multiplicities are denoted as follows, s,
singlet; d, doublet; t, triplet; q, quartet; ABq, AB quartet; quin, quintet; sex, sextet; sep,
septet; non, nonet; dd, doublet of doublets; ddd, doublet of doublets of doublets; d/ABq,
doublet of AB quartet; dt, doublet of triplets; td, triplet of doublets; dg, doublet of
quartets; m, multiplet.

[001585] The following abbreviations have the indicated meanings:

AcyO = acetic anhydride

BBr; = boron iribromide

BY:#*ELO = boron triffucride ethyl etherate

BocyO = di-t-butyl dicarbonate

B(OiPr); = boron tri-isopropoxide

brine = saturated aquecus sodivm chioride

CDCl; = deuterated chloroform

CH{OMe); = trimethy] orthoformate

C8yCOy = cesium carbonate

CuBr; = copper(Il) bromude

Cul = copper(I) iodide or cuprous iodide

DCM = dichloromethane

DMAP == 4-dimethylaminopyridine

DMF = dimethylforamide
DMSO-dg = deuterated dimethylsulfoxide
ESIMS = electron spray mass spectrometry
EtOAc = ethyl acetate
HCI = hydrochloric acid
HOAc = acetic acid
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HPLC = high-performance liquid chromatography
K,CO5 = potassium carbonate

LAH = lithium aluminium hydride

m-CPBA = meta-chloroperoxybenzoic acid
MeCN = acefonitriie

MeOH = methanol

MgSO4 = magnesium sulfate

NaH = sodium hydride

NBS = N-bromosuccinimide

NMR = nuclear magnetic resonance

Pd{Ph3), = tetrakis(triphenylphosphorus) palladiom(0}
PE = petroleum ether

POCl; = phosphorus oxychloride

TEA = triethylamine

THF = tetrahydrofuran

TLC = thin layer c:hmmaté graphy

[601586] The following example schemes are provided for the guidance of the
reader, and collectively represent exemplary methods for making the compounds
provided herem. Furthermore, other methods for preparing compounds of the disclosure
will be readily apparent to the person of ordinary skill in the art in light of the following
reaction schemes and examples. The skilled artisan is thoroughly equipped to prepare
these compounds by those methods given the literature and this disclosure. The
compound numberings used in the synthetic schemes depicted below are meant for those
specific schemes only, and should not be construed as or confused with the same
numberings in other sections of the disclosure. Unless otherwise indicated, all variables

are as defined above.
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General procedures

f001387] Compounds of Formnia I, Ea, Ih, ke, Id, e, If, Ig, Ih, Ii X1, Iia, Iih,
Tie, Hd, e, IIf, T1¥, Ifla, IIEb, Iilc, JHd, and/or IV of the present disclosure can be

prepared as depicted in Schemes 1.

0 . v 0
A _HCHO,HCI 1/[&\ P AFICHO ac?
_BCEG, HA ,
Ar Me,N.HCI Ar ‘T Ho~_ s Ar
" o
51 1 34 v
Scheme 1

[601588] Scheme 1 describes a method for the preparation of unsubstituted 1,4-
diketones derivatives (V) by the modified Stetter reaction of a Mannich base as a vinyl
ketone precursor with aldehyde. The Manmnich base is formed by first reacting an aryl
methyl ketone (1) with paraformaldehyde and dimethylamine hydrochloride to form the
3-dimethylamino-propan-I-one {IIf). Next, Mannich base {¥1f) was reacted with various
aryl aldehydes (¥¥) under standard ‘Ste‘g{er conditions using a thiazolivm salt as the

catalyst vields unsubstituted 1,4-diketone derivatives (V).

[001589] Compounds of Formula 1, Ia, Ib, Ye, Id, Ie, If, Xg, Ih, Ii, I¥, Ia, Iib,
ile, 1id, e, IIf, IIE, Tka, IEIb, Iflc, I11d, and/or IV of the present disclosure can also be

prepared from a methyl ketone and a-bromo ketone as depicted in Scheme 2.

o) 0 o
1)]\ . B{\)J\ , 1 EuNMgBrERO 1 A2
Ar Ar 2. H,zSO4, Hzo Ar
3. BN )

1 VI v
Scheme 2

0015901 Scheme 2 describes a method for the preparation of 1,4-diketones
derivatives (V) by the method of Kel'in and Kulinkovich [Synthesis (1996}, (3), 330-2]
which is based on the application of magnesium reagents in the cross-aldo! condensation

of aryl methyl ketones with a-bromo ketones. An aryl methyl ketone (If) is reacted with a
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substituted a-bromo ketone (V1) in the presence of ciiethyiamidomagnesium bromide and
acid followed by treatment with TEA to produce the desired 1,4-diketone derivatives (V).

[601591] Compounds of Formula I, ¥a, I.b, Ic, Id, Te, I, fg, Ih, Ii, 1§, Ha, Iib,
e, 116, He, Iif, TH, Tia, I, 1t¥e, ITId, and/or IV of the present disclosure can also be

prepared from an o-bromo ketone and a 1,3-diketone as depicted in Scheme 3.
VIE

Ph
O 0 0 ?
ZLBF NaOH , ! Ar‘i
Ar K2C03, acetcng o AT Ar
O
VI Y
Scheme 3

[061592] Scheme 3 describes a method for preparation of unsubstituted 1,4-
diketones derivatives (V) by first reacting an g-bromo ketone (VI) with a 1,3-diketone in
the presence of a mild base to form the triketone (VIIX). Next, the triketone (VEH) was
debenzoylated with strong base to yield unsubstituted 1,4-diketone dertvatives (V).

Tlustrative Compound Examples

{061593] Preparation of intermediate (XVI) is depicted below in

Scheme 4.
Otlie OMe
RG HO
} Sy NBS, MeCN 1 gr/\.‘/Bl' E nBl!Li [ :é
N NH,OAc "o K40, DMF B(OP), —
Br
X X xrr q
H,0
NaQH l
OMe O Ql\ﬂe o OMe
)
[ _ CuBr, Ao o Mel [
i FUC A N K, CO;, DMF
OMe Olve
XV XV xXav X1
Scheme 4
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Step 1

[001594] " To a solution of 3-methoxybenzene-1,2-diol (IX) (15 g, 0.107 mol),
and NH4OAc (0.83 g, 10.7 mmol) in MeCN (500 mL) was added NBS (20 g, 0.112 mol)
portion wise at room temperature and stirred for an hour. The reaction mixfure was
concentrated under vacuum, ditwted with EtOAc (300 mL), washed with an agueous
sohation of 50% NaHSO; (200 mL), and brine (200 mi}. The EtOAc layer was dried over
anhydrous Na;SOy, concentrated under vacuum and purified on a silica gel columm
(100% DCM) to give 3-bromoe-6-methoxybenzene-1,2-diol (X) (18 g, 82.2 mmol, 76%
vield) as a white solid. "H NMR (CDCls, 500 MHz) & ppm 3.87 (s, 3H), 5.54 (s, 1H),
5.60 (s, 1H), 6.42 (d, J/=8.78Hz, 1H), 6.98 (d, J=8.78Hz, 1H).

Step 2

[001595] To a solution of 3-bromo-6-methoxybenzene-1,2-diol (X} (18 g, 82.2
mmol), K,CO; (25 g, 0.18 mol) and 1,2-dibromoethane (18.53 g, 0.98.6 mmol) in DMF
(100 mL) was stirred at 100°C for 2 h. The reaction mixture was diluted with water {300
mi.) and extracted with EtOAc (3 x 200 mL). The combined organic layers were washed
with brine (2 x 1060 mL), dried over Na;S04, and concentrated under vacuum. The
residue was purified by column chromatography on silica gel (100% DCM) fo produce 5-
bromo-8-methoxy-2,3-dihvdrobenzo{bl[1 4]dioxine (XT) (16 g, 65.3 mmol, 80% yield) as
a white solid. " NMR (CDCl3, 500 MHz) & ppm 3.86 (s, 3H), 4.35 (dd, J=13.05Hz,
4 27Hz, 4H), 6.42 (d, =8.78Hz, 1H), 7.03 (d, /=8.78Hz, 1H).

Step 3

[061596] To a solution of 5-bromo-8-methoxy-2,3-dihydrobenzo[b][1,4)dioxine
(XD (16 g, 65.3 mmgl) in anhydrous THF (130 mL) was slowly added n-butyllithium
(31.5 ml,, 78.4 mmo!) dropwise at -78°C. This mixture was stirred at -78°C for an hour
before adding triisopropylborate (14.8 g, 78.4 mmol) dropwise. The reaction was allowed
warm to room temperature and stir overnight before quenching with 2N HCI (100 mL).
The mixture was extracted with EtOAc {2 x 200 mL). The combined organic layers were

washed with brine, dried over anhydrous NaySO4 and concentrated under vacuum. The
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~crude  solid  was récrystaliized with EtOA¢/PE to yield 8-methoxy-2,3-
dihydrobenzo[b][1,4}dioxin-5-ytboronic acid (X1I) (12 g, 57.1 mmol, 87.5% yield) as a
white solid. 'H NMR. (CDCls, 300 MEz) 8 ppm 3.51 (s, 3H), 4.30-4 .44 (m, 4], 5.46 (s,
25D, 6.58 (d, J=8.28Hz, 1H), 7.36 (d, ..f:8.28Hz, IH).

Step 4

[001597] To a solution of 8-methoxy-2,3-dihydrobenzo[b][1,4]dioxin-5-
viboronic acid (XIT) (12 g, 57.14 mmol) in water (60 mL) and THF (60 mL) was added
NaCH (4 g, 0.1 mmol) at 0°C and stirred for 20 min. To this clear solution was added
H20; (19.4 mL, 0.17 mol) dropwise at 0°C. The reaction mixture was quenched with 50%
aqueous NaHSO; (106 mL), water (50 mL), and exfracted with EtOAc (2 x 200 mL). The
. EtOAc layer was washed with brine, dried over anhydrous NaySO4 and concentrated to
give crude 8-methoxy-2,3-dihydrobenzolb][1,4]dioxin-3-0l (XII) (12 g, 57.1 mmol,
quantitative yield). The crude product was used for the next step without any additional

purification.

Step 5

[001598] A solution of 8-methoxy-2,3-dihydrobenzo[b/[1,4]dioxin-5-0! (XII),
KoCO; (10 g, 70.9 mmol), and Mel (16g, 0.19mmol) in DMF (50 mL) was stirred at 40°C
for 5 h. This reaction mixture was cooled, diluted with water (150 mL), and extracted
with EtOAc (2 x 100 mL). The combined organic layers were washed with brine, dried
over anhydrous Na,SOy, concentrated under vacuum, and purified using a silica gel
column (20%EtOAC/PE) to give 5,8-dimethoxy-2,3-dihydrobenzo[b][1,4]dioxine (XIV)
(3 g, 15.3 mmol, 50% yield) as a yellow oil. 'H NMR (CDCls, 500 MHz) & ppm 3.84 (s,
6EL), 4.34 (s, 4H), 6.40 (s, 2H).

Step 6

[601599] A solution of 5,8-dimethoxy-2.3-dihydrobenzo{b]}[1,4]dioxine (XIV)
(0.75 g, 3.82 mmol), ZnCl, (3.13 g, 23 mmol) and AcyO 1 CHiNO, (25 mL) was stirred
at 50°C for 1 h. The reaction mixture was cooled, diluted with FtOAc (160 mL), and
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washed with brine (30 mL). The EtOAc layer was dried over anhydrous NapSOy4 and
concenirated under vacuum. The residue was pwified by the silica gel column (20%
EtOAC/PE) to  give 1~(5,8-dimethoxy-2,3-dihydrobenzo[b]!1,4]dioxin-6-yl)ethanone
(XV) (800 mg, 3.36 mmol, 88% yield) as a white solid. "H NMR. (CDCls, 500 MHz) &
‘pom 2.64 (s, 3H), 3.89 (d, J=3.26Hz, 6H), 437 (dd, /=14.56Hz, 4.77Hz, 4H), 6.96 (s,
1H).

Step 7

[001600] A solution of 1-(5,8-dimethoxy-2,3-dihydrobenzo|bl{1.4]dioxin-6-
yhethanone (XV) (800 mg, 3.36 mmol}, CuBr; (1.13 g, 5.04 mmol) in EtOAc (20 mL),
CHCl4 (20 mL)} and MeOH (1 mL) was stirred at 50-60°C for 5 h. This reaction mixture
was cooled, diluted with sat agqueous NH4Cl solution (30 mL), and extracted with BtOAc
(50 mL). The organic layer was washed with brine, dried over anhydrous NaySOy, and
concentrated under vacuum  to give a crude 2-bromo-1-(5,8-dimethoxy-2,3-
dihydrobenzo[b]{ L,41dioxin-6-yl)ethanone (XVI) (1.1 g, 3.47 mmol). The crude product

was used for the next step without any additional purification.

[661601] Preparation of intermediate (XXIII) 1s depicted below in Scheme 5.
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Step 1

[601602] A solution of 1-(2,3,4-trihydroxyphenylethanone (XVIE) (30 g, 0.18
mol), 1,2-dibromoethane (33.52 g, 0.18 mol), and K,CO4 (74 g, 0.53 mol) in DMF (200
mL) was stirred at 100°C for 2 h under No. The black reaction mixture was cooled,
diluted with water (1000 ml), and extracted with 40% EtOA¢/PE (3 x 300 mL). The
combined organic layers were washed with brine (3 x 50 mU), dried over Nay50y4 and
concentrated under vacuum to give I-(S-hydroxy-2,3-dihydrobenzo[b][1,4|dioxin-6-
vhethanone (XVIIL) (ilg, 56.6 mmol, 33% yield) as a yellow solid. "H NMR (CDCh,
500 MHz) & ppm 2.58 (s, 3H), 4.35 (s, 4H), 6.45 (d, /=8.78Hz, 1H), 7.28 (d, /=9.03Hz,
1H), 12.86 (s, 1H).

Sten 2

[001603] A solution of I-(5-hydroxy-2,3-dihydrobenzo[b][1,4}dioxin-6-y1)
ethanone (XVIII) (i1 g, 56.65 mmol), KoCGOs (15,6 g, 0.113 mol) and Mel (16 g, 0.113
mol) DMF (80 mL} was stirred at room temperature for 18 h. This reaction mixture was
diluted with water {300 mL), and extracted with 20% FtOAc/PE (2 x 200 mL). The
combined organic layers were washed with brine (2 x 100 mL), dried with NaySOy, and
concentrated under vacuum to give 1~(5»methexy—z,3-dihydrobenzo{b][1,4]dioxin—6~
vhethanone (XIX) (11 g, 52.8 mmol, 94% yield) as a yellow oil. ' NMR (CDCl5, 500
MHz) & ppm 2.60 (s, 3H), 3.93 (s, 3H), 4.32 (s, 411}, 6.67 (d, J=8.78Hz, 1H), 7.31 (¢,
J=9.03Hz, 1H}.

Step 3

[601604] A solution of 1-{(5-methoxy-2,3-dihydrobenzo{b][1,4]dioxin-6-
yDethanone (XIX) (11 g, 53 mmol) and m-CPBA (55g, 0.23mol), in DCM (120 ml),
was heated to 50-60°C for 18 h. This reaction mixture was cooled and filtered. The
filtrate was diluted with DCM (250 mL) and washed with a 50% aqueous NakSO;
solution (200 mL), sat NaHCO; (200 mL) and brine. The DCM layer was dried over
anhydrous Na;SQy4 and concentrated under vacuum, purified by column chromatography

on silica gel (20% EtOAc/PE) to give 5-methoxy-2,3-dihydrobenzo[h][1,4]dioxin-6-yl
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acetate (XX) (6 g, 26.8 mmol, 55% yield) as a white solid. 'H NMR (CDCls, 500 MHz) &
ppm 2.31 (s, 3H), 3.85 (s, 3H), 4.19-4.43 (m, 4H), 6.49-6.56 (m, 1H), 6.58-6.63 (m, 1H).

Step 4

[801695] A solution of 5-methoxy-2,3-dihydrobenzo[b}[1,4]dioxin-6-yl acelate
(XX) (6 g, 26.8 mmol) in HOAc (3 mL), and BF;*Et0 (6 mL) was stirred at 100°C for 2
h. The black reaction solution was cooled down, dituted with EtOAc (150 ml.), washed
with water (2 x 50 mL), sat NaHCO; sclution (50 mL), and brine (50 mL). The EtOAc
layer was dried over anhydrous Na,SO4 and concentrated under vacoam. The crude 1-(7-
hydroxy-8-methoxy-2,3-dihydrobenzo[b}[1,4]dioxin-6-yl)ethanone  (XXI) was used
directly for the next step without any additional purification.

Step §

[081606] A solution of crude 1-(7-hydroxy-8-methoxy-2,3-dihydrobenzo[b]{1.4]
dioxin-6-yDethanone (XXI), KoCOs (10 g, 70.9 mmol), and Mel (16g, 0.19mmol) in
DMF (50 mL) was stirred at 40°C for 5 b, This reaction mixture was cooled, diluted
with water (150 mL), and extracted with EtOAc (2 x 100 mL). The combined organic
layers were washed with brine, dried over anhydrous N2,SOs, concentrated under
vacuum, and purified by column chromatography on silica gel (20% EtOAc/PE) to
produce 1~(7,8-dimethoxy-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)ethanone (XXIT) (3 g,
12.6 mmol, 47.0% vield for two steps) as a yellow oil. 'H NMR (CDCls, 500 MHz) 6
ppm 2.59 (s, 3H), 3.90 (d, /=5.27Hz, 6H), 4.17-4.27 (m, 2H)}, 4.28 - 4.4} (m, 2H), 7.09
(s, 1H).

Step 6

[601607} A solution of 1-(7,8-dimethoxy-2,3-dihydrobenzo[b}{1,4]dioxin-6-y1)
ethanone (XXID) (0.5 g, 2.1 mmol), and CuBr (0.562 g, 2.5 mmel) in a mixture of
EtOAc (20 mL), CHCl3 (20 mL), and MeOH (I mL) was stirred at 50-60°C for 5 h. The
reaction mixture was cooled, diluted with EtOAc (60 mL), washed with a sat agueous

NH,C1 solution (30 mL), brine (30 mL), dried over anhydrous Na;8O4 and concentrated
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under Vacuum 10 give a crude 2-bromo-1-(7,8-dimethoxy-2,3-
dihydrobenzo[b][1,4]dioxin-6-yljethanone (XXIH) as an oil (920 mg) which was used
directly for the next step without any further purification.

{05}1608} Preparation of intermediate (XXXIT) is depicted below in Scheme 6.
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[0801609] The mixture of 5-brome-1,2,3-rimethoxybenzene (XXIV) (50 g, 0.2
mo!) in anhydrous DCM (500 mL) was added BBr; (167.3 g, 0.66 mol) at -78°C dropwise
while stirring. The black reaction mixture was allowed warm to room femperture and stir
overnight. The reaction mixture was poured into ice water (1000 mlL), and extracted with
EtOAc (2 x 1000 mL). The EtOAc layers were dried over anhydrous NSOy, and
concentrated to give 5-bromobenzene-1,2,3-triol (XXV) as a pale soild. (40 g, 0.195 mo},
96.4% vield) "H NMR (DMSO-dg, 400 MHz): & ppm 6.40 (s, 1H), 9.28 (brs, 3H); ESIMS
found CeHsBrOs m/z 205.0 (M=H),
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Step2

[001610] The mixture of 5-bromobenzene-1,2,3-tri0l (XXV) (20 g, 97.6 mmol),
KaC0;5 (23.8 g, 0.146 mol) and 1,2-dibromoethane (20.16 g, 107.3 mmol) in DMF (200
mL) was stirred at 100°C for 2 h. The reaction mixture was cooled and diluted with water
(600 mL), extracted with 50% EtOAC/PE (3 x 400 mL). The combined organic lavers
were washed with brine (3 x 200 ml), dried over anhydrous Na;SOy, and coneentrated
under vacuo. The residue was purified by column chromatography on silica gel (20%
EtOAC/PE) to give 7-bromo-2,3-dihydrobenzo[b][1,4]dioxin-5-0l (XXVI) as a white
solid. (4 g, 17.3 mmol, 17.7% yield) "H NMR (CDCly, 460 MHz):  ppm 4.19-4.38 (m,
4H), 5.37 (brs, 1H), 6.62 (d, J=2.01Hz, 1H), 6.69 (d, J=2.01Hz, 1H); ESIMS found
CeHyBrOs m/z 230.9 (M-+H).

Step 3

| [60k611] To the mixtwe of 7—bromo—2,3—dihyds:obenzo[b]{l,4]dioxiﬂ—5—ol
(XXVD (6 g, 26.0 mmol), and TEA (5.3 g, 52 mmol) in DCM (200 mL), was added
acetyl chloride (3 g, 39 mmol) at 0°C dropwise which was then stirred at room
temperature for 2 h. The reaction mixture was quenched with sat. aq. NaHCO;5 (206 L),
and the water layer was seperated. The DCM was washed with brine {100 mL), dried
aver anhydrous NapSO;, and concentrated under vacuum. The residue was purified by
column chromatography on silica gel (20% EtOAc/PE) to give 7-bromo-2,3-
dihydrobenzo[b]| 1,4 ]dioxin-5-y] acetate (XXVII) as a white solid. (6.5 g, 23.8 mmol.
91.5% yield) "H NMR (CDCls, 400 MHz): § ppm 2.30 (s, 3H), 4.18-4.34 (m, 4H), 6.80
(4, I=2.26Hz, 1H), 6.94 (d, J=2.26Hz, 1TH); ESTMS found C;oHeBr04 m/z 272.9 (M+H).

Step 4

(0016121 The mixture of 7-bromo-2,3-dihydrobenzo[b}[1,4]dioxin-5-yl acetate
(XXVIL) (6 g, 22.0 mmol) in HOAc (20 mL), and BF3*Et,O (20 mL) was stirred at
100°C for 3 h. The reaction solution was cooted, diluted with EtOAc (250 mL), washed
with water (2 x 100 mL), sat. ag. NaHCOs solution (2 x 150 mL), and brine (100 mL).
The EtOAc layer was dried over anhydrous Na,SO, and concentrated. Crude 1-(7-bromo-
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5-hydroxy-2,3-dihvdrobenzo[5]] 1 4]dioxin-6-yl)ethan-1-one (XX VIFE) was used for the
next step directly without any purification. ESIMS found C;¢HeBrOy4 m/z 273.0 (M+H).

Step 5

[001613] A sofution of the 1-{7-bromo-5-hvdroxy-2,3-dihydrobenzo{b]i1,4]
dioxin-6~yliethan-1-one (XXVIII), K2COz (0.6 g, 47.6 mmol), and Mel (6.76 g, 47.6
mmol) in DMF (50 mL) was stirred at room temperture overnight. The reaction mixture
was diluted with water (150 mL) and extracted with EtOAc (2 x 100 mL). The combined
organic layers were washed with brine, dried over anhydrous Na, SOy, concentrated under
vacuum, and purified by column chromatography on stlica gel (20% EtOAc/PE) to give
1<(7-bromo-5-methoxy-2,3-dihydrobenzoib][ 1,4]jdioxin-6-yl}ethan-1-one (XXIX) as a
yetlow oil. (3 g, 10.4 mmol, 47.5% vield for 2 steps) "H NMR (CDCl;, 400 MHz): & ppm
2.50 (s, 3H), 3.83 (s, 3H), 4.20-4.37 (m, 4H), 6.87 (s, 1H); ESIMS found CyHy 1 BrOy m/z
287.0 (M+H).

Step 6

[0061614] A solution of 1;(7—br01110—5—m€€h0xy-2,3—dihydmbenzo[b][},4}dio:>:'m—
6-ylethan-1-one (XXIX) (800 mg, 2.7% mmol) in DME:HO (95:5)(16 mL) was heated
at 80°C for 30 minutes. To this solution was added & solution of 25% NaOMe {1.44 g of
Na in 16 ml. MeOH) in four portions. The temperature of the resulting solution was
raised to 110°C followed by addition of the catalyst CuBr (112 mg, 0.8 mmol). The
reaction mixture was heated under reflux for 6 h. The reaction was cooled and diluted
with sat. ag. NH4Cl (40 mL), extracted with EtOAc (2x). The combined EtOAc layers
were dried over anhydrous NapS0Oy, concentrated, and purified by preparative TLC (10%
EtOAc/PE) to give 1-(5,7-dimethoxy-2,3-dihydrobenzo[b][1,4]1dioxin-6-ylethan-1-one
(XXX) as a yellow oil. (70 mg, 0.294 mmol, 10.5% yield) TH NMR (CDCls, 400 MHz): §
ppm 247 (s, 3H), 3.72 (s, 3H), 3.85 (s, 3H}, 4.20-4.33 (m, 4H), 6.22 (5, 1H); ESIMS
found C13H;40s miz 239.1 (M+H). |
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Step 7

[081615] A mixture of 1-(5,7-dimethoxy-2,3-dihydrobenzo[b][1,41dioxin-6-
yDethan-1-one (XXX) (130 mg, 0.546 mmol), CuBr, (183 mg, 0.82 mmol) in EtOAc (10
mlLy, CHCl; (10 mL) and MeOH (0.2 mL) was stirred at 50-60°C for 5 h. The reaction
mixture was cooled, diluted with sat. aq. NH,Cl (30 mL), and extracted with EtOAc (50
mL). The combined organic layers were washed with brine, dried over anhydrous
NaxSQy, and concentrated under vacuum to give a crude 2-bromo-1-(5,7-dimethoxy-2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)ethan-1-one (XXXI) which directly used for the next
step without further purification (170 mg). ESIMS found CipH3sBrOs m/z 317.6 (M+H).

[001616] Preparation of 1-{2,3-dihydrobenzo[5][1,4]dioxin-6-y1)-3-
(dimethylamino)propan-1-one (XX XTIE) is depicted below in Scheme 7. |
o o)
KOD)K HCHO, HCI [O]@J\/\T/ :
i\O Me,N.HC1 o P
XXXTE | YXXIE

Scheme 7

Step 1

001617} A  solution of 1-(2.3-dihydrobenzo{b][1,4]dioxin-6~yl)cthanone
(XXXII) (4.68 g, 26.3 mmol), dimethylamine hydrochloride (2.78 g, 34.1 mmol),
paraformaldehyde (1.18 g, 39.4 mmol) and 12 N HCI (50 pL) in ethanol (8.0 mL) was
refluxed overnight. The solution was cooled to room temperature and the ethano! was
evaporated under vacuum. The residue was treated with EtOAc, heated slightly and
sonicated to disperse into fine particles. The solids were filtered and dried at room
femperature to  produce 1-(2,3-dihydrobenzo[b]]1,4]dioxin-6-y1}-3-(dimethylamino)
propan-1-one hydrochloride as a white solid, (7.73 g, quantitative yield), The solid was
cooled in minimium about of water (12 mL) and cooled to 0°C. A 20% agueous solution
of NaOH was added until pH=10. The solution was extracted with DCM, dried and
evaporated to  produce  1-(2,3-dihydrobenzo{b][1,4]dioxin-6-y1)-3-{dimethylamino)
propan-1-one (XXXIIT) a colorless oil (2485 g, 10.6 mmol, 40.2% yield) 'H NMR
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(CDCl;, 500 MHz): & ppm 2.77 (s, 6H), 3.41 (m, 2H), 3.56 (m, 2H), 425 (m, 4H), 6.85
(m, 1H), 7.45 (m, 2H); ESIMS found C;3HyNO; m/z 236 (M+H).

[001618] The following intermediates were prepared in accordance with the

procedure described in the above Scheme 7.

Xxav _
[601619] 3-(Dimethylamino)-1-phenylpropan-1-one (XXX1V): Yellow oil, 3.9
g, 22.0 mmol, 52.7% vield). *H NMR (DMSO-dg, 400 MHz) & ppm 2.81 (s, 6H), 3.40 (,
J=7.6Hz, 2H), 3.65 (t, S=7.6Hz, 2H), 7.58 (1, /=7.6Hz, 2H), 7.70 (t, J=7.6Hz, i), 8.03
(d, J=7.2Hz, 2H); ESIMS found Cy;H;sNO m/z 178.0 (M+H).

XXXV
[001620] 3~(Dimethylamino)-1-{2-{flucrophenyl)propan-1-one (XXXV): Yellow
oil, (11.8 g, 60.4 mmol, 84.0% yicld). ESIMS found CHFNO m/z 196.2 (M+H).
o

XXXVI
[061621] 3-(Dimethylamino)-1-(3-fluorophenyl)propan-1-one (XXXVI):
Yellow oil, (10.3 g, 52.8 mmol, 72.8% yield). 'H NMR (CDCls, 400 MHz) & ppm 2.31
(s, 6H), 2.78 (t, J=7.2Hz, 2H), 3.15 (t, J=7.21z, 2H), 7.29 (1, 1H}, 7.47 (dq, J/=8.0Hz,
J=2A4Hz, 1H), 7.66 (d, /=9.6Hz, 1H}, 7.76 (d, JT—S.CHZ, 1H); ESIMS found CyH4FNO
m/z 196.1 (M~+H).



XXXVH
[001622] 3~(Dimethylamino)-1-(4-finorophenylpropan-1-one (XXXVID:
Yellow oil, (12.0 g, 61.5 mmol, 85.0% yield). ESIMS found CyH FNO miz 1561
(M+H).

XXXV
[001623] 3-(Dimethylamino)-1-(2-(trifluoromethyl)phenyl)propan-1-one
(XXX VIID): Yellow oil, (1.6 g, 6.5 mmol, 24.6% yield). "H NMR (CDCls, 400 MHz) 3
ppm 2.27 (s, 6H), 2.72 (1, J=7.2Hz, 2H), 3.04 (t, J=7.2Hz, 2H), 747 (d, /=7.2Hz, 1H)},
7.52-7.67 {m, 2H), 7.72 (d, /=7.2Hz, 1H); ESIMS found CpH4FaNO m/z 246.0 (M+H).

[001624] 3-(Dimethylamino)-1-(3-(trifluoromethyl)phenyl)propan-1-one
(XXXIX): Yellow oil, (7.9 g, 32.2 mmol, 64.0% yield). ESIMS found CipHFsNO myz
246.1 (M+H).

\

FsC

[001625] 3-(Dimethylamino)-1-(4-(trifluoromethyl)phenylpropan-t-one (XL): .
Yellow oil, (9.5 g, 38.7 mmol, 77.0% vyield). ESIMS found CppHiFNO m/z 2461
(M+H).



[061626] 3-(Dimethylamino}-i-(o~tolyl)propan-1-one (XLI): Yellow oil, (3.1 g,
26.7 mmol, 71.8% yield). 'H NMR (CDCh, 400 MHz) § ppm 2.28 (s, 6H), 2.50 (s, 3H),
2.73 (t, /=7.6Hz, 2H), 3.09 (t, J=7.6Hz, 21, 7.27 (t, J=8.4Hz, 2H), 7.38 (t, J/=7.6Hz,
1), 7.65 {d, J=7.6Hz, 1H); E’SEMS_ found CypHpNO mifz 192.1 (M+H).
o

XL
[001627] 3-(Dimethylamino)-1-(m-tolyDpropan-1-one (XLI¥): Yellow oil, (5.2
g, 27.2 mmol, 73.2% yield). "H NMR (CDCls, 400 MHz) & ppm 2.30 (s, 6H), 2.42 (s,
3H), 2.67 (1, J=7.6Hz, 2H), 3.15 (t, J=<7.6Hz, 2H), 7.31-7.43 (m, 2H), 7.71-7.82 (m, 2H);
ESIMS found CipH17NO m/z 192.1 (M-+H).

[001628] 3-(Dimethylamino)-1-{p-tolyl)propan-1-one {(XLII): Yellow oil, (5.1
g, 25.6 mmol, 71.8% yield). "H NMR (CDCls, 400 MHz) 8 ppm 231 (s, 6H), 2.43 (s,
3H), 2.77 (t, =7.6Hz, 2M0), 3.15 (t, /=7.6Hz, 2H), 7.28 (d, /=8.0Hz, 2H), 7.88 (4,

J=8.0Hz, 2H); ESIMS found C;pHi/NO m/z 192.0 (M+H).
0

08
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i
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XLIV
[001629] 3-(Dimethylamino)-1-(2-methoxyphenyl)propan-1-one (XLIVy
Yellow oil, (3.1 g, 15.0 mmol, 45.6% yield}. 'H NMR (CDCl, 400 MHzZ) § ppm 2.25 (s,
6H), 2.69 (t, J=71.2Hz, 21, 3.17 {t, /=7 .2Hz, 2H), 3.88 (s, 53H), 6.88-7.03 (m, 2H), 7.43
(t, /=7.8Hz, 1H), 7.67 (d, J=8Hz, 1H); ESIMS found CipH7NO2 m/iz 208.1 (M-+H).



OMe
XLV
[0616306] 3-(Dimethylamino}-1-(3-methoxyphenyipropan-1-one (XLV):
Yellow oil, (5.0 g, 24.1 mmol, 72.4% yield). 'H NMR (CDCls, 400 MIiz) 6 ppm 2.32 (s,
6H), 2.79 (t, /=7.6Hz, 28y, 3.17 (1, =7.6Hz, 2H), 3.86 (s, 3H), 7.12 (dd, J=8.4Hz,
J=2.8Hz, 1H), 7.38 (1, /=8.0Hz, 1H), 7.51 (d, /=2.5Hz, 1H), 7.56 (d, /~8.0Hz, 1H)
ESIMS found Ci,Hj7NG, m/z 2081 (M+H).

[001631] 3-(Dimethylamino)-1-(4-methoxyphenyl)propan-1-one (XLVI):
Yellow oil, (5.0 g, 24.1 mmol, 72.4% yield). "H NMR (CDCl;, 400 MHz) & ppm 2.29 {s,
6H), 2.74 (t, J=T.6Hz, 2H), 3.10 (1, /=7.6Hz, 2H), 3.86 (s, 3H}, 6.93 (d, /=8.6Hz, 2H),
7.95 (4, /=8.6Hz, 2H); ESIMS found CipHyNO, m/z 208.1 (M+1),

XLV
[001632] 3-(Dimethylamino}-1-(thiophen-2-ylypropan-1-one (XLVI): Yellow
oil, (5.1 g, 27.8 mmol, 69.9% vield). 'H NMR (CDCls, 400 MHz) & ppm 2.30 (s, 6H),
2.77 {t, /~1.4Hz, 21), 3.10 (1, J=7.4Hz, 2H), 7.14 {t, J=7.6Hz, 1H), 7.64 (dd, J=5.2Hz,
J=0.4Hz, 1H), 7.74 (dd, J/~4.0Hz, /=0.8Hz, 1H}); ESIMS found CoH;sNOS m/z 184
(M-+H).
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[001633] 3~(Dimethylamino)-1-(furan-2-yljpropan-1-one (XLVIIL): Yellow oil,
(4.3 g,25.7 mmol, 56.6% yield). 'H NMR_ (CDCl3, 400 MHz) & ppm 2.27 (5, 6H), 2.73 (¢,
J=T.4Hz, 21, 3.00 (t, /=T7.4Hz, 2H), 6.53 (td, /=3.6Hz, J=1.6Hz, 1H), 7.19 (4, /=3.6Hz,
1H), 7.58 (4, /=5.2Hz, 1H); ESIMS found CoH3NGy m/z 168 (M+H).

XLIX
[061634] 3-(Dimethylamino)-1-(5,6,7,8-tetrahydronaphthalen-2-yl)propan-1-
one (XLIX): White solid (7.3 g, 31.5 mmol, 93% yield). "H NMR (D.MSO-dg, 500 MHz)
& ppm 1.75-1.77 (m, 4H), 2.79 (s, 6H), 2.78-2.81 (m, 4H), 3.36-3.39 (m, 2H), 3.54-3.57
(m, 2H), 7.23 (d, J=7.9Hz, 1H), 7.70-7.72 (m, 2H), 16.53 (brs, 1H); ESIMS found
CsHNO miz 232.0 (M+H).

o]
O . N/
<O/L\{;(L/\i |
L

1061635] 1-(Benzo[d][1,3idioxol-5-y1)-3-(dimethylamino)propan-1-one (L)
White solid (16.9 g, 76.4 mmol, 100% vield). ' NMR (DMSO-ds, 500 MHz) 8 ppm
2.79 (s, 6H), 3.35-3.38 (m, 2H), 3.51-3.54 (m, ZH), 6.16 (s, 2H), 7.09 (d, J=8.2Hz, 1H),
749 (d, S~1.7Hz, 1H), 7.67 (dd, J=1.7Hz, J/=8.2Hz, 1), 10.51 {(brs, 1H}; ESIMS found
CpHisNO; m/z 221.9 (M+H).

LI
{0601636] 1-(Chroman-6-y1)-3-(dimethylamino)propan-i-one (Li):; White solid
(3.99 g, 17.1 mmol, 99.5% yield). 'H NMR (DMSO-ds, 500 MHz) & ppm 1.95 {quin,
J=5.80 Hz, 2H), 2.77-2.85 (m, 9H), 3,37 (1, =714 Hz, 2H), 3.51 (t, /=7.14 Hz, 2H), 4.23
(t, J=5.00 Hz, 2H), 6.86 (d. J=8.78 Hz, IH), 7.74 (dd, /=8.51, 2.47 Hz, 1H), 7.78 (4,
J=2.20 Hz, 1H), 10.44 (brs, 1H); ESIMS found Ci4HoNO; m/z 234.1 (M+H).
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[061637] Preparation of chromane-6-carbaldehyde (LIV) is depicted below in

Scheme 8.
Br CHO
CHO -
_MeNHCLTEA _L.nBoli THF N
TEtOH, NaCNEH, 2. DMF !
LI LiH LIV
Scheme 8
Step 1

- {001638] To a solution of dimethylamine hydrochloride (2.25 g, 27.6 mmol) in
FEtOH (212 mL) was added TEA (3.84 mL, 27.6 mmol). 2-Bromobenzaldehyde (LIF) (5.1
g, 27.6 mmol) was then added and the reaction was stirred overnight. NaCNBH; (3.47 g,
55.1 mmol) was then added and the reaction stirred at room temperature for 6 h. The
solvent was removed under nigh vacuum. The residue was dissolved in DCM, washed
with sat. aq. NaHCOs, washed with water and then with brine, dried over MgSQy4 and
concentrated. The crude produet was puriffed on a silica gel column (100%
EtCAc—15%hexane/BtOAc) to  give 1—(2—bromophenyl)-]\f'",I\Rdimeﬂlylmethanamine
(LD as a colorless liquid (3.46 g, 16.2 mmol, 58.6% vield). 'H NMR (DMSO-ds, 500
MHz} 6 ppm 2.19 (s, 6H), 3.45 (s, 2H), 7.18~7.22 (m, 1H), 7.35-7.38 (m, 1H), 7.45 (dd,
J=1.THz, J=7.6Hz, 1H), 7.59 (dd, J=1.1Hz, J=8.0Hz, 1H);, ESIMS found CsH1;BrN m/z
2138 (M+H). '

Step 2

[001639] To a solution of 1-(2-bromophenyl)-N,N-dimethyimethanamine (ILIIL)
in THF (25 mL) cooled to -78°C under Ny was added a 2.5M solution of nBuLi in hexane
(3.37 mL, 8.42 mmol). The reaction was stirred at -78°C under N; for 1.5 h before adding
DMF (0.68 mL, 8.79 mmol). The reaction was stirred at ~78°C under N, for 1 h and then
warmed to room temperature. The solvent was removed under reduced pressure and
purified on a silica column (100% CHCl—10%MeOH/CHCL;) to produce 2-
((dimethylamino)methyi)benzaldehyde (LIVY as a light yellow oil (305 mg, 1.87 mmol,
25.5% vield). 'H NMR (DMSO-dg, 500 MHz) & ppm 2.14 (s, 6H), 3.72 (s, 2H), 7.42 (4,
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J=7.6Hz, 1H}, 7.45-7.48 (m, 1H), 7.57-7.59 (m, 1H), 7.78 (dd, J=1.2Hz, F=7.6Hz, 1H),
10.34 (s, 1H); ESIMS found Col;3BrN m/z 163.9 (M-+H).

{001640] Preparation of chromane-6-carbaldehyde (LVII) is depicted below in

Scheme 9.
o : 0
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Scheme 9
Step 1

[001641] To a suspension of zinc dust (100 g, 1.56 mol) in HOAc (300 ml.) was
added chroman-4-one (LV) (10 g, 67.6 mol). The mixture was stirred at 110°C for 6 h.
Then the mixture was cooled and filirated. The fltrate was poured into water (560 mlL)
and extracted with EtOAc (3 x 100 mL). The organic layer was concentrated fo give
chromane (LVI) as colorless oil. (8.05 g, 60.0 mmol, 88.7% yield). "H NMR (CDCls, 400
MlHz) & ppm 2.04 (g, /=4.3Hz, 2H), 2.81 (1, /=6.6Hz, 2H), 4.21 (, J=5.21z, 2H), 6.72-
6.92 (m, 2H), 7.00-7.17 (m, 28}, ESIMS found CoHy60 m/z 135.0 (M+H),

Step 2
[861642) To a solulion of chromane (LVE) (3 g, 22.4 mmol, 1.0 eq) and DMF

(3.3 g, 45.2 mmol, 2 eq) in DCE (20 ml) was added phosphorus oxychloride (3.4 g, 452
mmol, 2 eq) dropwise over 30 min below 50°C. The mixture was stirred at 85°C for 12
The reaction was quenched by water and extracted with EtOAc (3 x 300 ml). The
combined organic phase was dried over anhydrous NaySGO,, filtered and concenirated in
vacuo. The residue was purified by chromatography on silica gel (PE:EtOAc=8:1) to give
chromane-6-carbaldehyde (LVII) as yellow oil. (2.0 g, 12.3 mmol, 53.1% yield). 'H
NMR (CDCl;, 400 MHz) 6 ppm 2.01 {q, /~45.8Hz, 2H), 2.82 (¢, /=6.4Hz, 2H), 4.24 (1,
J=5.2Hz, 28, 6.85 (d, J=8.4Hz, 1H), 7.52-7.64 (m, 2H), 9.79 (s, 1H); ESIMS found
CipH1002 m/z 163.1 (M~+H).
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[001643] Preparation of benzoidloxazole-5-carbaldehyde (LXY) is depicted
below in Scheme 10.
B s o .. Csz?zzg(:fgg)‘, Ny W mEGN s N

LYHE LIX 54 1T

Scheme 10

Step 1

[061644] A solution of 2-amine-4-bromophenol (LVIIE) (10 g, 53.5 mmol, 1
eq) n trimethyl orthoformate (200 mL) was stirred at reflux for 2 h. After cooling, the
solution was concentrated under reduced pressure to remove trimethyl orthoformate to
give S-bromobenzofdjoxazole (LIX) (10.06 g, 50.8 mmol, 95.0%). Used in the next

reaction without additional purification.

Step 2

[061645] To a suspension of 5-bromobenzo[djoxazole (LEX) (10.06 g, 50.8
mmol, 1 eq) in dioxane (200 ml) and water (30 mL) was added potassium
(ethenylitrifluoroborate (8.17 g, 61 mmol, 1.2 eq), cestum carbonate {13.8 g, 101.6
mmol, 2 eq) and tetrakis(triphenylphosphorus) palladium{0) (2.9 g, 2.54 mmol, 0.05 eq).
The mixture was stirred at reflux under nitrogen for 5 h. The mixture was then poured
onto ice-water (200 ml.) and extracted with EtOAc (3 x 300 mlL). The organic phases
were combined, dried over anhydrous Nap;SUy, filiered and concentrated in vacuo, the
residue was purified by chromatography on silica gel (PE:EtOAc = 20:1—10:1) to afford
 S-vinylbenzo[dJoxazole (LX) (6.11 g, 42.1 mmol, 82.9%) as an oil. Used in the next

reaction directly without additional purification.

Step 3

[601646] To a solution of 5-vinylbenzo[dloxazole (LX) (6.1 g, 42.1 mmol, 1.0
eq) in DCM (100 ml.) was bubbled ozone at -78°C until the solution turn to blue. The
solution was then purged with O, followed by N, for 5 minutes. TEA (12.8 g, 126.3

mmol, 3 eq) was added and the mixture was stirred at 23°C for 1 h. The solution was
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poured into water (200 mL) and extracted with EtOAc (3 x 300 mi). The combined
organic phase was dried, fittered and concentrated in vacuo. The residue was purified by
chromatography on silica gel elufed (PE:EtOAc = 10:1—1:1) to give benzo[d]oxazole-3-
carbaldehyde (LXT) 4(2.1 g, 14.3 mmol, 33.9%) as a colorless oil. "H NMR (CDCls, 400
MEz) & ppm 7.75 (4, /=8.4Hz, 1H), 8.02 (dd, J=8.4Hz, J=1.01z, 110, 8.22 (s, 1D, 2.33
(s, 1H}, 10.13 (s, 1H); ESIMS found CgHsNO, m/z 148.0 (M+H).

601647} Preparation of 2,3-dihydrobenzo[b][1,4}oxathiine-6-carbaldehyde
(LXIV) is depicted below in Scheme 11.

: QHC S
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Scheme 11

Step 1

[001648] To a solution of 2-mercaptophenol (LXIT) (10 g, 79 mmol, 1.0 eq) in
acetone (500 mL) was added potassium carbonate (21.8 g, 158 mmol, 2 eq) and 1,2-
dibromoethane (14.92 g, 79 mmol, 1 eg) in acetone (100 ml) dropwise over 3 h. The
mixture was stirred at 30°C for 12 h. The solid was filtered off and the filtrate was
concentrated in vacuo. The residue was purified by chromatography on silica gel (100%
PE) to give 2,3-dihydrobenzo[b][!,4joxathine (LXIIL) as colorless oil. (4.02 g, 264
mmol, 33.3%) as a colotless oil. "H NMR (CDCl;, 400 MIz) & ppm 3.14 (¢, J=4.6Hz,
2H), 4.43 (1, J=4.6Hz, 2H), 6.71-6.92 (m, 2H), 7.02 (1d, /=7.6Hz, J=1.6Hz, 1H), 7.07 {dd,
J=7.6Hz, /=1.2Hz, 1H); ESIMS found CgHgOS m/z 153.0 (M+H).

Step 2

| [001649] To a solution of 2.3-dihydrobenzo[b][1,4]oxathiine (LXIIT) (4 g, 26.3
mmol, 1.0 eq) and DMF (7.2 g, 47.2 mmol, 2 eq) in DCE (20 mL) was added phosphorus
oxychloride (3.4 g, 47.2 mmol, 2 eq) dropwise over 30 minutes below 50°C. The mixture
was stirred at 85°C for 12 h. The reaction was quenched by water and extracted with

EtOAc (3'x 300 mL). The combined organic phase was dried, filtered and concentrated in
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vacuo, the residue was purified by chromatography on stlica gel (PEEIQAc=10:1-=51)
to give 2,3-dihydrobenzo[b][1,4]oxathiine-6-carbaldehyde (LXIV) as yellow oil. (300
mg, 1.67 mmol, 6.3%) as a colorless oil. '"H NMR (CDCls, 400 MHz) § ppm 3.15 (1,
J=4 6Hz, 2H), 4.50 (t, J=4.6Hz, 25, 6.92 (d, /=8.4Hz, 1H), 7.51 (dd, /=8.8Hz, J=2.0Hz,
1H), 7.39 (s, 1H), 9.80 (s, 1H); ESIMS found CoHg0,S m/z 1811 (M+H).

[001650] Preparation of  2,3-dihydrobenzo[b][1,4]dioxine-5-carbaldehyde
(LXVI) is depicted below in Scheme 12.

OH O
Br/"\\/BI.'
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OH 0
o H o H
LYV LXVI

-Scheme 12

Step 1
[001651] To a solution of 2,3-dihydroxybenzaldehyde (L.XV) (5 g, 36.2 mmol,

1.0 eq) in acetone {300 mL) was added potassium carbonate (10 g, 72.5 mmol, 2 eq) and
1,2-dibromoethane (6.8 g, 36.2 mmol, 1 eq) in acetone (50 mL) dropwise over 2 h. The
mixture was stirred at 30°C for 12 h. The solid was filtered off, the filirate was
concentrated in vacuo and puzified by chromatography on silica gel (PE:EtOAc=10:1) to
give 2,3-dihydrobenzo[b][1,4]dioxine-5-carbaldehyde (L.XVI) as a colorless oil. (4.02 g,
26.4 mmol, 68%) ESIMS found ColHgO; m/iz 165.0 (M-+11).
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f001652] Preparation of benzo[d]thiophene-5-carbaldehyde (I.XXT) is depicted

below in Scheme 13.

o]
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Scheme 13

Step 1

[061653] A solution of 5-bromobenzo[blthiophene (LXVIY) (1.2 g, 6 mmol),
zine cyanide {0.66 g, 6 mmol) and tetrakis(triphenylphosphorus)palladium (0) (0.63 g,
0.6 mmotl) in dry DMF (10 mL) was stirred at reflux under nitrogen atnosphere for 1 h.
The mixture was poured into cold water and extracted with EtQAc (3%). The combined
organic layers were concentrated in vacuum to give the crude benzo{blthiophene-5-
carbonitrile (LXVIE) as a white solid. (0.90 g, 6 mmol, 100%) ESIMS found ColIsN§
miz 160.0 (M+H).

Step 2

[001654] A suspension of benzo[blthiophene-5-carbonitrile (LXVIIE) (0.9 g, 5.1
mmol} and LiOH (10 g, 0.24 mol) in water (50 ml) was stirred at reflux for 2 h. The
reaction was washed with water, acidified to pH 3 with 1M HCI and extracted with
EtOAc. The combined organic layers were dried over anhydrous NaySQy, filtered and
concentracted in vacuum fo give the crude benzo{bJthiophene-5-carbexylic acid (LXIX)

as a white solid. (0.9 g, 5.1 mmol, 88.6%) ESIMS found ColeO2S m/z 179.1 (M+H).
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Step3 |

[801655] To a solution of benzo]b]thiophene-5-carboxylic acid (EXIX) (0.9 g,
5.1 mmol) in THF (20 mL) was added TLAH (0.28 g, 7mmol) in portions at 0°C under
nii‘rogen' atmosphere. The reaction was quenched by water, washed with 20% agq. NaOH
{4 mL) and extracted with EtOAc. The EtOAc phase was concentrated in vacuo to give
the crude benio[b}thiophen—ﬁuyhnethanoi (LXX) as yellow solid. (~1 g, used without
further purification) ESIMS found CoHzOS m/z 165.0 (M+H).

Step 4

[001656] To a solution of benzo[bjthiophen-5-yvimethanol (LXX) (~1 g, crude)
in DCM (20 mL) was added manganese oxide (6.36 g, 0.07 mol). The mixture was stirred
at room temperature overnight. The mixture was filtered and the filirate was concentrated
in vacuo. The residue was purified by chromatography on silica gel (PE: EtQAc=10:1) to
give benzo]bJthiophene-5-carbaldehyde (LXXI) as an orange solid. (570 mg, 3.51 mmol,
68.9% .yi,e}d for 2 steps) 'H NMR (DMSO-dg, 400 MHz) § ppm 7.68 (d, /=5.2Hz, 1H),
7.85 (d J=8.4Hz, 1H), 7.95 (d, /=5.2Hz, 1H), 8.23 (d, J=8.4Hz, 1H), 8.48 (s, 1H]}, 10.11
(s, 1HD); ESIMS found CoHgOS m/z 163.0 (M~+H).

[601657] Preparation of  fert-butyl  S-formyl-1H-benzo[dfimidazole-1-
carboxylate (LXXIEL) and fert-butyl 6-formyl-1H-benzo[djimidazole-1-carboxylate
(LXXIV) is depicted below in Scheme 14,

N CHO N £HO N CHO
( D/ (Boc),C, DMAP <, :@/ N <\ :O

N DCM . S
LEXI Boc xximn LXXIV

Scheme 14

Step 1

[001658] A solution of 1H-benzo[djimidazole-S-carbaldehyde (LXXIT) (787
mg, 4.92 mmol, 1 eq) in DCM (5 mL) was added BoegO (1.13 g, 5.2 mmol, 1.05 eq ) and
DMAP (60 mg, 0.492 mmol, 0.1 eq). The mixture was then stirred at 25°C for 30 minutes
before being poured into water (100 mL) and extracted with EtOAc (3 x 100 mL), the
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organic phases were combined, dried over anhydrous Na,SOq, filtered and concentrated
in vacuo fo give a mixture of ferf-butyl 5-formyl-1H-benzo[diimidazole-i-carboxylate
(LXXII) 5nd tert-butyl 6-formyl-1H-benzo|dlimidazole-1-carboxylate (LXXIV) as a
white solid. (850 mg, 63.5%) 'H NMR (CDCl3, 400 MHz) & ppm 1.73 (s, 9H), 7.93 (s,
1H), 7.98 {dd, J=8.4Hz, J~1 2Tz, 1H), 8.16 (d, /=8.4Hz, 1H), 8.30 (s, 1H), 8.55 (s, 1H).
8.60 (s, 1), 10.12 (s, 1H); ESIMS found Ci3HN2O3 mefz 247.1 (M+H).

[001659] The following intermediates were prepared in accordance with the
procedure described in the above Scheme 14.

CHO
ay
N

30({

LXXV
[601660] fert-Butyl S-formyl-1H-indole-1-carboxylate (LXXV): White solid,
(8.5 g, 34.7 mmol, 50.3% yield). "H NMR (CDCls, 400 MHz) & ppm 1.70 (s, 9H), 6.70
(d, =4 .0Hz, 1H), 7.70 (d, =4.0Hz, 1H), 7.87 (dd, /=8.8Hz, J=1.6Hz, 1H), 8.11 {5, TH),
8.30 (4, ./=8.8Hz, 1H), 10.08 (s, 1H); ESIMS found C14H;isNO; m/z 246.1 (M+H).

CHO
Ry
(1T
Y, =
Em{
EXXVI
[001661] fert-Butyl 5-formyl-1H-indazole-1-carboxylate (L.XXVI). White solid,
(1.8 g, 7.3 mmol, 93.3% yield). 'H NMR (CDCls, 400 MHz) & ppm 1.76 (s, 9H), 8.16 (d,
J=8.8Hz, 1H), 8.30 (s, 1H), 8.34 (s, 1H), 8.35 (d, /~8.8Hz, 1H), 10.13 (s, 1H); ESIMS
found CialH14N2O5 mfiz 2471 @/H—H)

CHO CHO
@\/\(/N + @N_Boc
N N
i
Boce
LXXVila &b
[001662] ferr-Butyl 3-formyl-1H-indazole-1-carboxylate (LXXVIla) and fert-

butyl 3-formyl-2H-indazole-2-carboxylate (LXXVIIb): White solid, (1.6 g, 6.5 mmol,
38.1% yield). 'H NMR (CDCls, 400 MHz) & ppm 1.77 (s, 9H), 7.45 (t, /=7.4Hz, 1H),

o
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7.60 (1, J=7.4Hz, 1H), 8.18 (d, J=8.4Hz, 1H), 832 (d, /=8.4Hz, 11, 10.34 (s, 1H);
ESIMS found Cy3HNoO3 miz 247.1 (M+H).

Exampie §
[601663] Preparation of 1-(2,3-dihydrobenzo{ ][ 1.4]dioxin-6-y1)-4-(3-
(triﬂuoromethy])phenyl)butane~},4~dione (1) is depicted below in Scheme 15.

LXXVIN
ﬁj ~°
I‘EA 850C i\

Br =
XXX N*\ : H

Scheme 15

Step 1

[081664] To a solution of 1-(2,3-dihydrobenzo[?][1,4]dioxin-6-y1)-3-
(dimethylamino)propan-1-one (XXXIII) (1.05 g, 4.4 mmol) and 2-(trifluoromethyl)
benzaldehyde (LXXVIID) (703 ulL, 5.3 mmol) in TEA (2.0 mL, 14.2 mmol) and was
added 3-ethyl-Sw(Z-hydroxyeﬂly])-4—methylthiazoﬁum bromide (336 mg, 1.3 mmol). The
solution was heated overnight at 85°C. The solution was coeoled and excess solvent was
evaporated under vacuum. The residue was partitioned between EtOAc and water. The
organic phase was dried over MgSOy, filtered and concentrated. The residue was purified
by silica gel flash chromatography using (100% hexane—EtOAc/hexane=1:9) to yield 1-
(2,3-dihydrobenzo{bj[ 1,4]dioxin-6-yi)-4-(3-(triftuoromethyl)phenyhbutane-1,4-dione 1
as an opaque oil (127.3 mg, 0.35 mmol, 7.8% yield). 'H NMR {DMSO-dg, 500 MHz) &
ppm 3.22-3.25 (m, 2H), 3.33-3.35 {1, 200}, 429430 (m, 2H), 4.33-4.35 (m, 2H)}, 6.99
(d, J=8.4Hz, 1H), 7.50 (d, /=2.2Hz, 1H), 7.55 (d4, /=8 4Hz, J=2.0Hz, 1H), 7.72-7.75 (m,
1H), 7.82-7.86 (m, 2H), 7.94 (d, J=7.5Hz, 1H); ESIMS found CioHsF104 m/z 365
(M-+11).

[001665] The following compounds were prepared in accordance with the

procedure described in the above Example 1-
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[0601666] 1-(2,3-dihydrobenzo[bi[1,4}dioxin-6-y1)-4-(3-fluorophenyljbutane-
1,4-dione 2. |

[001667] White solid (308.2 mg, 0.98 mmol, 10.4% yield). "H NMR (DMSO-dg,
500 MHz) & ppm 3.2%9-3.33 (m, 2H), 4.29-4.30 (m, 2H), 4.33-4.34 (m, 2H), 6.99 (d,
J28.5Hz; 1H), 7.34-7.39 (m, 2H), 7.47 {d, J=2.1Hz, 1H), 7.54 {dd, /~=8.5Hz, /=2.1Hz,
1H), 7.67-7.69 (m, 1H), 7.82-7.86 (i, 1H); ESIMS found CigHsFO4 m/z 315.0 (M+H).
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[001668] 1-(2,3-Dihydrobenzo[b]f1 ,4}dioxjn-6-yl)-4—(3-(triﬂuofomethyi)
phenyl)butane-1,4-dione 9.

[001669] White solid (30 mg, 0.08 mmol). 'H NMR (CDCls, 400 MHz) & ppm
3.39-3.48 (m, 4H), 4.30 (d, J=5.2Hz, 2H), 4.34 {d, /=5.2Hz, 2H), 6.94 (AA’BB quartet,
1H), 7.77-7.61 (m, 2H), 7.64 (t, J=8Hz, 1H), 7.84 (d, /=8Hz, 1H), 8.23 (d, /~8Hz, 1H),
$.29 (s, TH); ESIMS found CoHsF104 m/iz 365.0 (M+H).

10
(0016701 1-(2,3-Dihydrobenzo[b][1,4]dioxin-6-y1}-4-(4-(trifluoromethyl)
phenyl)butane-1,4-dione 10.
[001671] White solid (25 mg, 0.07 mmol). 'H NMR (CDCl;, 400 MHz) & ppm
3.45 (s,-4H), 4.32 (d, /=5.2Hz, 2H), 4.35 (d, /=5.2Hz, 2H), 6.96 (AA’BB’quartet, 1H),
7.56-7.64 (m, 2H), 7.77 (d, J=8.4Hz, 2H), 8.16 (d, J=8Hz, 2H); ESIMS found
CioH 57304 m/z 365.1 (M+H).
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[601672) 1-(2,3-Dihydrobenzo[b][1,4)dioxin-6-yi)-4-(3-fluorophenyl)butane-
1,4-dione 11.

[041673] White solid (35 mg, 0.11 mmuol). "H NMR_ (CDCls, 400 MHz) § ppm
3.42 (s, 4H), 431 {4, JxS.6Hz; 2H), 4.35 (t, J=5.6Hz, 2H), 6.95 (AA’BR’quartet, 1i),
7.27-7.32 (m, 1), 7.48 (g, J=5.6Hz, 1H), 7.60 (dd, J=4Hz, J=2.4Hz, 2H), 7.73 {d,
J=0.2Hz, 1H), 7.85 (d, /=8Hz, 1H); ESIMS found CisH;5F04 m/z 314.9 (M+H).

12
0016741 1-(2,3-Dihydrobenzo{b]}1,4]dioxin-6-y1)-4-(2-methoxyphenylbutane-

1,4-dione 12.
i601675] White solid (20 mg, 0.06 mmol). "H NMR (CDCls, 400 MHz) 8 ppm

3.33 (t, J=6.4Hz, 2H), 3.43 (t, J=6.4Hz, 2H), 3.93 (s, 3H), 4.24-438 (m, 4H), 6.92
(AA BB’ quartet, 1H), 6.95-7.07 (m, 2H), 7.47 (dt, 1H), 7.53-7.62 (m, 2H), 7.76 (dd,

J=1.6Hz, J=7.6Hz, 1H); ESIMS found CioH,30sm/z 327.0 (M+H).
) OlMe

o a

|

Ou g S
LT T
13

[001676] 1-(2,3-Dihydrobenzo[b][1,41dioxin-6-yl)-4-(3-methoxyphenyl)butane-
1,4-dione ¥3.

[601677] White solid (13 mg, 0.04 mmol). "H NMR (CDCls, 400 MHz) 8 ppm
3.37-3.43 (m, 2H), 3.43-3.48 (m, 2H), 3.88 (s, 3H), 429-4.33 (m, 2H), 4.33-4.37 (m,
21, 6.95 (AA'BB’quartet, 1H), 7.12 {dd, /=4Hz, J=8.8Hz, 1H), 7.41 (t, /=7.6Hz, 2H),
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7.56 (1, J=2.4Hz, 1H), 7.57-7.62 (m, 2H), 7.66 (d, /=8.4Hz, 1H); ESIMS found C1oH105

miz 327.1 (M.
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[001678] 1-(2,3-Dikydrobenzo{b][1,4]oxathiin-6-yl}-4-(2-(triftuoromethyl)
phenyl)butane-1,4-dione 16.

[001679] Yellow oil (16 mg, 0.04mmol). 'H NMR (CDCl3, 400 MHz) & ppm
3.13-3.19 (m, 2H), 3.22-3.30 (m, 2H), 3.36-3.45 (m, 2H), 4.47-4.55 (m, 2H), 6.89 (d,
J=8.58Hz, 11, 7.57 (L, J=7.76Hz, 11), 7.62-7.80 (m, SH); ESIMS found CioHjsF3058
milz 380.9 (M+H).

18
[0601680] 1-(2,3-Dihydrobenzo{b]{1.4loxathiin-6-y1)-4-(4-(trifluoromethyl)
phenyi)butane-1,4-dione 18.
[091681] White solid (52 mg, 0.14 mmal). "H NMR (DMSO-ds, 400 MHz) &
ppm 3.24 {dd, J=527Hz, J=4.02Hz, 2 H), 3.36-3.39 (m, 2H), 3.39-3.45 (m, 2H), 4.39-
449 (m, 2H), 6.95 (4, /=8.53Hz, 1H),7.67 (dd, /=8.66Hz, J=2.13Hz, 1H), 7.77 {4,
J=2.01Hz, 1H), 7.93 (d, J=8.28Hz, 2H), 821 (d, /=8.28Hz, 2H); ESIMS found

C1oH15F304S m/z 380.9 (M‘I"H}

19
[661682] 1-(2,3-Dihydrobenzo[b][1,4]oxathiin-6-y1}-4-(2-fluorophenylybutane-
1,4-dione 19.

[001683] Yellow oil (11 mg, 0.03 mmol). 'H NMR (CDCls, 400 MHz) & ppm
3.14-3.18 (m, 2H), 3.34-3.40 (m, 2ID), 3.41-3.45 (m, 2H), 4.47-4.52 (m, 2H), 6.88 (q,
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J=8.53Hz, 1H), 7.12-7.20 (m, 1H), 7.24 (td, /=7.76, 1.00Hz, 1H), 7.47-7.58 (m, 2H),
7.69 (dd, J=8.33, 2.26Hz, 1H), 7.78 (d, /=2.01Hz, 1H), 7.91 (td, /=7.65, 2.01Hz, 1H);
ESIMS found C13H;sFG;S m/z 330.9 (M+H).
o O F
8
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21
[001684] 1-(2,3-Dihydrobenzo{b][1,4]oxathiin-6-y1)-4-(4-fluorophenyl)butane-
1,4-dione 21. '
[001685] White sofid (15 mg, 0.05 mmol). "H NMR (CDCl;, 400 MHz) § ppm
3.15-3.20 {m, 2H), 3.38-3.43 (m, 4H), 4.49-4.58 (m, 2H), 6.90 (4, /=8.53Hz, 1H), 7.12-

7.21 {m, 2H), 7.70 (dd, J=8.53Hz, J=2.26Hz, 1H), 7.80 (d, /~2.01Hz, 1H), 8.05-8.11 (m,
2H); ESIMS found Cy9H3sNOy m/z 330.9 (M+H).

28
[061686] 1-(2,3-Dihydrobenzo[b]f1,4]oxathiin-6-y1)}-4-phenylbutane-1,4-dione

28.

[001687] White solid (8 mg, 0.03 mmol). 'H NMR (CDCl, 400 MHz) § ppm
3.14-3.20 (m, 2H), 3.36-3.43 (m, 2H), 3.43-3.49 (m, 2H), 4.48-4.56 (m, 2H), 6.90 (4,
J=8.53Hz, 1H), 7.46-7.53 (m, 2H), 7.57-7.63 (m, 1H), 7.71 (dd, J=8.53Hz, J=2.26Hz,
1H), 7.81 (d, J=2.26z, 1H), 8.02-8.10 (m, 2H); ESIMS found CisHie0sS miz 312.9
(M+H).

61
[001688] 1-(Chroman-7-yD}-4-(2-methoxyphenylbutane-1,4-dione 61.
[001689] Yellow oil (30 mg, 0.09 mmol). 'H NMR (CDCls, 400 MHz) & ppin
2.84 (t, J=6.40Hz, 2H), 3.31-3.38 (m, 2H), 3.40-3.48 (m, 2H), 3.93 (s, 3H), 4.21-4.29 (m,
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2H), 6.83 (d, J~8.28Hz, 1H), 6.95-7.08 (m, 2H), 74207.52 (m, 1H), 7.74-7.83 (m, 3H);
BSIMS found CyoHa0O4q miz 325.0 (M+H).

68

[001690] 1-(Chroman-6-yl)-4-(2-(triflucromethyl)phenylybutane-1,4-dione 68.

[001691] Yellow oil (35 mg, 0.10 mmol). 'H NMR (CDCls, 400 MHz) § ppm
1,99-2.08 (m, 2H), 2.84 (t, J=6.40Hz, 2F), 3.27 (t, J=6.04Hz, 2H), 3.43 (1, J=7.32Hz,
2H), 4.26.(t, J=5.280z, 2H), 6.84 (d, J=8.15Hz, 1H), 7.57 (t, /=7.52Hz 1H), 7.66 (1,
J=7.52Hz, 1), 7.69-7.83 (m, 4H); ESIMS found CooH 7F30;3 m/z 363.0 (M+H).

69
1001692] 1-(Chroman-6-y1)-4-(3-(trifluoromethy!)phenylbutane-1,4-dione 69.
[001693] White solid (52 mg, 0.14 mmol). 'H NMR (DMSO-dg, 400 MHz) &
ppm 1.90-2.03 (m, 2H), 2.82 (t, J=6.40Hz, 2H), 3.37 (d, J=2.76Hz, 2H), 3.41-3.48 (m,
1H), 4.19-4.29 (m, 2H), 6.85 (d, J=8.53Hz, 1H), 7.75 (dd, J=8.53Hz, J=2.26Hz, 1H),
7.78-7.85 (m, 2FD), 8.05 (d, /=7.78Hz, 1H), 8.26 (s, 1H), 8.34 {d, /=7.78Hz, 1H); ESIMS
found Coeli9F201 m/z 363.1 (M+H).

71
[001694] 1-(Chroman-6-y1j-4-(2-fluorophenyl)butane-1,4-dione 71.
[001695] White solid (20 mg, 0.06 mmol). 'H NMR (CDCls, 400 MHz) 8 ppm
1.98-2.11 (m, 2H), 2.853 (t, J=6.8Hz, 2H), 3.34-3.48 (m, 4H), 4.26 (t, /=5.6Hz, 2H), 6.84
{d, J=8.4Hz, 1H), 7.16 (ABX quartet, 1H), 7.24 (1, =7.6Hz, 1H), 7.47-7.58 (m, 1H), 7.78

218



(s, 1H), 7.81 (d, J=2Hz, 1H), 7.91 (dt, J=1.6Hz, J=7.6Hz, 1H); ESIMS found C1gH;:FO;
miz 313.0 (M+ED,

76

[001696] 1-(Chroman-6-yl)-4-(4-methoxyphenyl)butane-1,4-dione 76.
[001697] White solid (20 mg, 0.06 mmol). 'H NMR (CDCls, 400 MHz) § ppm
2.04 {(quin, J=6Hz, 2H), 2.84 (t, J/=6.4Hz, 2H), 3.33-3.46 (m, 4H), 3.89 (5, 3H), 4.26 (1,
J=5.6Hz, 2H), 6.84 (d, /=8.8Hz, 1H), 6.96 (d, /=8.8Hz, 2H), 7.80 (A,X doublet, 2H),
8.03 (d, /=8.8Hz, 2IH); ESIMS found CaoHu0O4s m/z 325.0 (M+H).
o /
-

0
80

001698} 1—(Chroma:u~6~y1)-«4~pheny1butane~1 ,J4-dione 88,

(601699} White solid (16 mg, 0.05 mmol). "H NMR (CDCl;, 400 MHz) § ppm
2.05 (g, /=6.4Hz, 2H), 2.85 (t, /=6.4Hz, 2H), 3.41 (d, /=5.6Hz, 2H), 3.44 (d, /=5.2Hz,
2H), 4.26 (1, /~5.2Hz, 2H)}, 6.84 (d, /~8.4Hz, 1H), 7.49 (t, J=7.6Hz, 2H), 7.58 (1,
J=7.6Hz, 1H), 7.81 (d, /=9.2Hz, 2H), 8.05 (4, /=7.2Hz, 2H); ESIMS found CoH;30; m/z
295.0 (M+H)..

o o CR
_ 210
| [061706] 1-(Benzo[d][1,3]dioxol-5-yI}-4-2-(trifluoromethyl)phenylyoutane-1,4-
dione 210. ‘
{661761] White solid (66 mg, 0.19 mmol). 'H NMR (CDCl;, 400 MHz) 6 ppm
3.26 (t, S~6.4Hz, 2H), 3.40 (t, J/=6.4Hz, ZH), 6.05 (s, 2H), 6.87 (d, ~8Hz, 1H), 7.48 (d,

J=1.6Hz, 1H), 7.57 (t, 1H), 7.60-7.68 (m, 2H), 7.68-7.79 (m, 2H); ESIMS found
C13H13F3O4 ”T/Z 350.9 (M“‘H)
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213
(6017021 1-(Benzoid][1,3]1dioxol-5-yb)-4-(2-fhucrophenyDbutane- 1 4-dione 213,
[001703] White solid (16 mg, 0.03 mmol). "H NMR (CDCls, 400 MHz) § ppm
3.32-3.40 (m, 2H), 3.40-3.50 (m, 2H), 6.06 (s, 2H), 6.88 (d, /=8.03Hz, 1H), 7.17 (dd,
J=11.17, 8.41Hz, 1H), 7.24 (1, J=7.65Hz, 1H), 7.49 (d, J=1.51Hz, 1H), 7.50-7.39 (m,

1H), 7.66 (4d, J=8.16, 1.63Hz, 1H), 7.91 (td, J=7.65, 1.76Hz, 1H); ESIMS found
Ci7HisFO, m/z 301.0 (M-’r}{)

‘{0{}1 704] 1-(Benzo[d][1,3]dioxol-5-yD)-4-(3-fluorophenyl}butane-1,4-dione 214,

[60L705) White solid (30 mg, 0.10 mmbl). "H NMR (CDCls, 400 Miz) 5 ppm
341 (s, 4H), 6.06 (s, 2H), 6.89 (4, /=8 4tlz, 111), 7.29 (cit, J=24Hz, ~7.2Hz, 1H), 7.43-
7.53 (m, 2H), 7.67 (dd, J=1.2Hz, /~8Hz, 1H), 7.70 (d, /~8.4Hz, 1H), 7.83 (d, /=8Hz,
1H); ESIMS found C7H3FO4 m/z 323.0 (M+H).

216
[001706] I-(Benzo[d][1,3]dioxol-5-y1)-4-(2-methoxyphenyl)butane-1,4-dione

216. :

[001707] White solid (30 mg, 0.10 mmol). "H NMR (CDCh, 400 MHz) & ppm
3.34 (t, J=0.4Hz, ZH), 3.45 (¢, /=64Hz, ZH), 3.93 (s, 3H), 6.05 (s, 2H), 6.87 (d, /=8Hz,
1H), 6.96-7.06 (m, 2H), 7.48 (t, 1H), 7.50 (d, /=1.2Hz, 1H), 7.66 (dd, J=1.61z, J=8Hz,
1H), 7.77 (dd, J=1.6Hz, /=8Hz, 1H); ESIMS found C,gH405 m/z 313.0 (M+T).

220



287
[601788] 1-(Benzo[d][1,3]dioxol-5-y1)-4-(3~methoxyphenylbutane-1 4-dione

217.

[061709] White solid (30 mg, 0.10 mmol). 'H NMR (CDCls, 400 MHz) 8 ppm
3.35-3.41 (m, 2H), 3.41-3.47 (m, 2H), 3.87 (s, 3H), 6.06 (s, 2H), 6.88 (d, J=8.28Hz, 1H),
7.13 (ddd, /=8.16, 2.64, 1.00Hz, 1H), 7.40 (t, J=7.91Hz, 1H), 7.50 (d, /=1.52Hz, 1H),
7.55 (dd, J=2.52, J=1.52Hz, 1H), 7.64 (dt, /=7.84, 1.10Hz, 1H), 7.68 (dd, J=8.03,
1.76Hz, 1H); ESIMS found Ci5H,605 m/z 313.0 (M),

222

[601718] 1-(Benzo[di[1,3]dioxol-5-yi)-4-phenylbutane-1,4-dione 222.

[061711] White solid (48 mg, 0.17 mmo.i). *H NMR {CDCls, 400 MHz) & ppm
3.39 (t, /=5.6Hz, 2H), 3.45 (t, J=3.6Hz, 2H), 6.06 (s, 2H), 6.88 (d, /=8.4Hz, 1H), 7.43- -
7.53 (m, 3H), 7.58 (t, =T7.6Hz, 1H), 7.68 (d, J=8.4Hz, 1H), 8.04 (d, /=7.6Hz, 2H);
ESIMS found Cy7H1404 miz 283.0 (M+H).

232
[001712] 1-(2,2-Difluorobenzo[d]{1,3]dioxol-5-y1)-4-(pyridin-2-yl)butane-1,4-
dione 232.

[001713] White solid (11 mg, 0.03 mmol). "H NMR (CDCl;, 400 MHz) § ppm
3.44 (t, J=6Hz, 2H), 3.73 (t, J=6Hz, 2H), 7.18 (d, }=8.4Hz, 1H), 7.53 {t, J=4Hz, 1H), 7.78
(s, 1H), 7.83-7.95 (m, 2H), 8.07 (d, J=8Hz, 1H), 8.75 (d, J=4Hz, 11); ESIMS found
CygH1 1 FaNOy m/z 320.1 (M+H).
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1001714] 1-(2,2-Difluorobenzofd][1,3]dioxol-3-yi}-4-phenylbutane- 1 4-dione
235.
[001715] White solid (20 mg, 0.06 mmol). '"H NMR (CDCls, 400 MHz) § ppm
3.43 (t, J=6Hz, 2H), 3.50 (t, J=6Hz, 2F), .19 (4, J=8.4Hz, 1H), 7.51 {t, /=7.6Hz, 2H),
7.62 (t, J=7.6Hz, 1H), 7.78 (4, /=2Hz, 1H), 7.91 (dd, J=1.5Hz, /~8.4Hz, 1H), 8.06 (d,
=7 2 Hz, 2H); ESIMS found Cy7H:2F20y4 m/z 318.9 (MAH).

CF3

238
[061716] 1-(2,3-Dibydrobenzo[b]{1,4]dioxin-5-yl}-4-(4-(trifluoromethyl)
phenylybutane-1,4-dione 238.
(081717 White solid (14 mg, 0.04 mmol). "H NMR (CDCls, 400 MHz) § ppm
3.43 (t, J=6Hz, 2H), 3.51 (t, J=6Hz, 2H), 4.34 (t, /=4Hz, 2H), 4.42 (t, J=4Hz, 2H), 6.91
(t, J~8Hz, 1H), 7.06 (dd, J/=12Hz, J=8Hz, 1H), 7.38 (dd, /~1.6Hz, /=8Hz, 1H), 7.77 {d,
J=8Hz, 211), 8.16 (d, J=8.4Hz, 2H); ESIMS found CioH;5F304 m/z 365.0 (M+H).

240

[001718] 1-(2,3-Dihydrobenzo[B][1,4]dioxin-5-y1)-4-(3-flucrophenyljbutane-
1.4-dione 240.

[001719] White solid (79 mg, 0.25 mmob). "H NMR (CDCls, 400 ME) 5 ppm
3.40 (t, J=6Hz, 2H0), 3.48 (t, J=6Hz, 2H), 434 (dd, J=4Hz, J=61z, 2ET), 441 (dd, J=4Tiz,
F=6Hz, 2H), 6.91 (t, 1=7.6Hz, 1H), 7.05 (dd, =1.6Hz, J=8Fiz, 1H), 7.26-7.32 (m, 1H),
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7.38 (dd, J=1.6Hz, J=8Hz, 1H), 7.48 (dd, J=7.6Hz, J=8.8Hz, 1H), 7.73 (d, }=8.8Hz, 1H),
7.85 (d, J=7.6Hz, 1H); ESTMS found CgHisFOq m/z 314.9 (M+H).

142

[601726] 1-(2,3-Dihydrobenzo{b]{1,4]dioxin-5-yl)-4-(2-methoxyphenyl)butane-
1,4-dione 242.

[001721] White solid (40 mg, 0.12 mmol). "Hl NMR (CDCls, 400 MI7) § ppm
3.29-3.46 (m, 4H), 3.93 (s, 3H), 4.25-4.35 (m, 2H), 4.35-4.43 (m, 2H), 6.88 (t, /=8Hz,
1H), 6.94-7.07 (m, 3H), 3.34 (dd, J=1.61lz, J=8Hz, 1H), 746 (dt, J=1.6Hz, /~7.6Hz,
1H), 7.76 (dd, J=1.6Hz, J=7.6Hz, 1H); ESIMS found CioHisOs m/z 327.0 (MAH).

248
[0061722] 1-(2,3-Dihydrobenzo[b][1,4]dioxin-5-yl}-4-phenylbutane-1.4-dione

248.
[081723} White soklid (28 mg, 0.10 mmol). 'H NMR (CDCls, 400 MHz) 6 ppm

3.39-3.54 (m, 4H), 4.28-4.35 {m, 2H), 4.35-4.44 (m, 2H), 6.89-(t, F=7.6Hz, 1H);7.03 (dd,

J=2 4Hz, J=7.6Hz, 1H), 7.36 (dd, J=1 2Hz, J=7.6Hz, 1H), 7.48 (1, J=7.6Hz, 2H), 7.58 (1,
J=7.6Hz, 1H), 8.04 (dd, J=1.2Hz, J=8Hz, 2H); ESIMS found Ci3HeOs miz 2970
(M+H).

[001724} 1~(Benzofuranm5—yl)—4—(2-(tﬁﬂuoromethyl)phe11yi)butane~ 1.4-dione
275.

[601725] Oil (27 mg, 0.08 mmol). 'H NMR (CDCls, 400 MHz) & ppm 3.34 (t,
J=6Hz, 2H), 3.57 (t, J~6Hz, 2H), 6.89 (d, /=1.2Hz, 1H), 7.60 (t, /~8.4Hz, 2H), 7.68 (1,
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J=72Hz, 1H), 7.71-7.74 (m, 2H), 7.78 {t, J~=7.2Hz, 1H), 8.05 {dd, J=1.6Hz, J=8.4Hz,
1H), 8.36 (s, 1H); ESIMS found CioH13F:03 m/z 346.9 (M+H).

278
[9017.?;6] 1-(Benzofuran-5-y1)-4-(2-fluorophenyl)butane-1,4-dione 278.
[001727] White solid (34 mg, 0.11 mmol). "H NMR (DMSO-ds, 400 MHz)
ppm 3.34-3.46-3.52 (m, 2H), 7.12 (t, J=1.50Hz, 1H), 7.32-7.44 (m, 2H), 7.65-7.71 {m,
1H), 7.73 (d, /8.78Hz, 1H), 7.86 (td, /=7.65, 1.76Hz, 1H), 7.99 (dd, J=R.78, 1.76Hz,
1H), 8.13 (d, /=2.26Hz, 1H), 7.12 {4, J=1.50Hz, 1H}; ESIMS found C,sH3F O3 m/z 297.0
(M~+H).

Ty
o o O  OMe
I

[001728] 1-(Benzofuran-5-y1}-4-(2-methoxyphenyl)butane-1,4-dione 281.

[601729] White solid (50 mg, 0.16 mmol). 'H NMR (CDCl;, 400 MHz) § ppm
3.45-3.5% (m, 4H), 3:94 (s, 3H), 6.88 (dd, /~2.26; 0.75Hz, 1H), 6.95-7.08 (m, 2H), 7.49
(ddd, /=8.34, 7.34, 1.88Hz, 1H), 7,57‘(;&, J=8.53Hz, 1H), 7.70 (d, J=2.26Hz, 1H), 7.79
(dd, /=7.65, 1.88Hz, 1H), 8.05 (dd, /=8.78, 1.76Hz, 1H), 8.36 (d, /=1.76Hz, 1I1); ESIMS
found CyoH;60 m/z 309.1 (M+H).

287

[061730] 1-(Benzofuran-5-yl)-4-phenylbutane-1,4-dione 287.

[001731] White solid (16 mg, 0.06 mmol). "M NMR (DMSO-dg, 400 MHz) 8
ppm 3.41-3.47 (m, 2H) 3.47-3.52 (m, 2H) 7.13 {dd, J=2.13Hz, J=0.88Hz, 1H) 7.57 (4,
J=7.56Hz, 2H) 7.67 (t, J~6.99Hz, 1H) 7.74 (d, /~8.78Hz, 1H) 8.00 (dd, /=8.33Hz,
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J=1.76Hz, 1H) 8.02 - 8.06 (m, 2H) 8.14 (d, /=2.26Hz, 1H) 8.44 (4, J=1.76Hz, 1H);
ESIMS found CigH140; m/z279.1 (M+H)

288
[601732] 1-(Benzo[dloxazol-5-y1)-4-(2-(trifluoromethyl)phenyl)butane-1,4-
dione 288. '

[061733] White solid (15 mg, 0.04 mmol). 'H NMR (CDCl;, 400 MHz) § ppm
3.31-3.38 (m, 2H), 3.54-3.60 (m, 2H), 7.59 (t, /=7.66Hz, 1H), 7.66-7.71 (m, 2H), 7.74 (d,
J=7.78Hz, 1H), 7.79 (d, /=7.53Hz, 1H), 8.15 (dd, J=1.6Hz, J=8.31Hz, 1H), 8.21 (s, 1H),
8.50 (d, /~1.51Hz, 1H); ESIMS found CgH;2FaNO3 m/z 348.1 (M+H).

291
1061734} 1-(Benzo[d] oxazol—S—yl)—4—(2—ﬂuoropﬁenyl)butan&] JA-dione 291,
{001735] White solid (12 mg, 0.04 mmol). "H NMR (CDCls, 400 MHz) § ppm
3.45-3.59 (m, 4H), 7.18 (ddd, J=11.23, 8.34, 1.00Hz, 1H), 7.22-7.27 (m, 1H), 7.49-7.60
(m, 11D, 7.68 (d, J=8.78Hz, IH), 7.92 -(id, J=7:65, 176 Hz, 1H), 8.17 (dd, J=8.56,
1.76Hz, 1H), 8.20 (s, 1H), 8.51 (d, /=1.25Hz, 1H); ESIMS found C;+H2FNO; m/z 298.1

(M),

292
[001736] 1-(Benzo[djoxazol-5-y1}-4-(3-fluorophenyl)butane-1,4-dione292.
[001737] White solid (28 mg, 0.09 mmol). "H NMR (CDCls;, 400 MHz) § ppm
3.45-3.52 {(m, 2H), 3.54-3.61 (m, 2H), 7.31 (dt, /=1.00Hz, J/=8.28Hz, 1I), 7.50 (id,
J=8.03Hz, J=5.52Hz, 1H), 7.70 (d, /=8.53Hz, 1H), 7.72-7.78 (m, 1H), 7.87 (di,
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J=7.78Hz, J=1.13Hz, 1H), 8.18 (d, J=8.73Hz, 1H), 8.21 (s, 1H), 8.53 (d, J~1.51Hz, 1H};
ESIMS found C17HENO3 m/z 298.0 (M+H).

194

[001738] 1-(Benzo[djoxazol-5-y1)-4~(Z-methoxyphenyl}butane-1,4-dione 294.

[0601739] White solid (10 mg, 0.03 mmol). "H NMR (CDCL, 400 MHz) & ppm
3.44-3.56 (m, 4H), 3.95 (s, 3H), 6.95-7.08 (m, 2H), 7.49 (&d, J=7.80, 1.50Hz, 1H), 7.67
(d, /=8.53Hz, 111), 7.79 (dd, J=7.65, 1.63Hz, 1H), 8.16 (dd, 7=8.80, 1.30Hz, 1H), 8.19 (s,
1H), 8.51 (d, /=1.00Hz, 1H); ESBMVS found C;gH1sNOy m/z 310.1 (M+H).

Py
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306

[601740) 1-(Benzo|d]oxazol-5-yl}-4-phenylbutane-1,4-dione 300.

[001741] White solid (530 mg, 0.18 mmol). "H NMR. (CDCl;, 400 MHz) & ppm
3.48-3.59 (m, 4H), 7.46-7.55 (m, 2H), 7.60 (&, J=1.24Hz, J=7.352Hz, 1H), 7.68 (4,
J=8.53 %, 1), 8.03-8.09 (m, 2H), 8.17 (dd, J=8.78Hz, /=1.76Hz, 1H), 8.20 (s, 1I), 8.53
(d, ~=1.51Hz, 11); ESIMS found Ci7HsNOs m/z 280.0 (M+H).

O

N
/

301

[601742] 1-(Benzo[bithiophen-5-yD-4-(2-(triffuoromethyl)phenyl)butane-1,4-
dione 361.

[¢G01743] White solid (83 mg, 0.23 mmol). 'H NMR (DMSOC-ds, 400 MHz) §
ppm 3.30-3.37 (m, 2H), 3.48-3.57 (m, 2H), 7.65 (d, /=5.27Hz, 1H), 7.75 {t, /=7.61Hz,
1HD), 7.85 (t, J=7.76 2H), 7.91 (d, J=5.27Hz, 1H), 7.95-8.01 (m, 2H), 8.17 (d, /=8.53Hz,
1H), 8.65 (d, J=1.25Hz, 1H}; ESIMS found CioH3F30,8 m/z 362.9 (M+H).
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[001744] 1-(Benzo[blthiophen-5-yi)-4-(2-methoxyphenyl)butane-1,4-dione 367.

[001745}] Brown solid (20 mg, 0.06 MOIJ. I NMR. (CDCls, 400 MHz) 8 ppm
3.52 (s, 2H), 3.95 (s, 2H), 6.97-7.0% (m, 2H), 7.43~7.52 (m, 2H), 7.54 (d, J=5.52Hz, 1H),
7.79 (dd, /=7.78, 1.76Hz, 1H), 7.96 .(d, J=8.52Hz, 1H), 8.02 (dd, /=8.52, 1.24Hz, 1H),
8.54 (d, J=1.00Hz, 1H); ESIMS found CyoH;603S m/z 324.9 (M+H).

310
[601746] I1-(Benzo[bjthiophen-5-yI}-4-(pyridin-2-yl)butane-1,4-dione 310.
[001747] White solid (20 mg, 0.07 mmol). Y NMR (DMSO-ds, 400 MHz) 8
ppm 3.50-3.55 (m, 2H), 3.55-3.61 {m, 2H), 7.63 (d, /=5.52Hz, 1H), 7.69 {(ddd, /=1.52Hz,
J=5.52Hz, J=7.52Hz, 1H), 7.89 (d, /=5.52Hz, 1H), 7.92-7.98 (m, 2H), §.02 (di, /=1.76,
J=1.67Hz, 1H), 8.15 (d, /=8.53Hz, 1H), 8.62 (d, /=1.51Hz, 1H), 8.77 (d, /=4.79Hz, 1H);
ESIMS found Ci7HsNO,S m/z 296.1 (M+H).

o]

\

313
[061748] 1-(Benzo[blthiophen-5-y1)-4-phenylbutane-1,4-dione 313.
[001749] White solid (105 mg, 0.36 mmol). 'H NMR (DMSO-d, 400 MHz) &
ppm 3.41-3.48 (m, 2H), 3.48-3.55 (m, 2H), 7.51-7.61 (m, 2H)}, 7.62-7.71 (m, 2H}, 7.91
(d, J=5.52Hz, 1H), 7.96 (dd, /=8.53Hz, J=1.51Hz, 1H), 8.03 (d, /=7.36Hz, 2H), 8.16 (d,
J=8.53Hz, 1H), 8.64 (d, /~1.51Hz, 1H); ESIMS found Ci3H 40,8 m/z 2951 (M+H).




342
[081750] 1-~(2,3-Dihydrobenzo[£][1,4]dioxin-6-yl)-4-(o-tolyl}butane-1,4-dione
342,
[001751] White solid (15 mg, 0.05 mmol). "TH NMR (CDCls, 400 MHz) & ppm
2.52 (s, 3H), 3.35 (t, J=5.2Hz, 2H), 3.3% {t, /=52Hz, 2H), 4.31 (d, J=5.2Hz, 2H), 4.35 (4,
J=52Hz, ZH), 6.95 (AA'BB’quartet, 1H), 7.26-7.35 (m, 2H), 7.40 {t, F7.6Hz, 1H),
7.56-7.61 (m, 2H), 7.83 (&, J=7.2Hz, 1H); ESIMS found CioH;04 m/fz 311.1 (M-+H).

o
o
[OD/L/\'O(O\

[601752] 1-(2,3-Dihydrobenzo[#]]1,4]dioxin-6-y1)-4-(m-tolyl)butane-1,4-dione
343.

[661753] White solid (13 mg, 0.04 mmol). "H NMR (CDCls, 400 MHz) 8 ppm
2.43 (s, BH) 3.39 (1, /=4.8Hz, 2H), 3.43 (1, J=4.8Hz, 2H), 4.30 (d, J=5.2Hz, 211), 4.33 {d
J=5.2Hz, 2H), 6.93 (AA’BB quartet, 1H), 7.34-7.42 (m, 2H), 7.56-7.62 (m QH), 7.84 (4,
J=7.6Hz, 2H); ESIMS found CioHi504 m/z 311.1 (M+H).

344
[601754] 1-(2,3-Dihydrobenzo{bj[1 ,4]di.0xinn6~y1)-4~(p~toly1)bufane—1 A-dione

344.

[001755] White solid (26 mg, 0.08 mmol). "H NMR. (CDCls, 400 MHz) § ppm
243 (s, 3H), 3.35-3.45 (m, 4H), 430 (d, /=5.6Hz, 2H), 4.33 (d, J=5.6Hz, 2H), 6.93
(AA’BB quartet, 1H), 7.26-7.33 (m, ZH), 7.57-7.63 (m, 2H), 7.94 (d, J/=8Hz, 2H);
HSIMS found CioH 1504 m/z 311.1 (MA+H).




[061756] 1-(2,3-Dihydrobenzolb][1,4]d10xin-6-y})-4-(pyrimidin-5-yl)butane-
1,4-dione 345.

[001757] White solid (9 mg, 0.03 mmol). 'H NMR (CDCl, 400 MHz) § ppm
3.40 (1, J=6Hz, 2H), 3.48 (t, J=6GHz, 2H), 4.28-4.39 (m, 4H), 6.96 (AA’BB’quartet, 1H),
7.55-7.62 {m, 2H), 9.34 (s, 2H), 9.41 (s, 1H); ESIMS found CialliaNyOy m/z 299.0

(M+H). |
(8]
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34
0017581 1-(2,3-Dihydrobenzo[b]f1,4]dioxin-6-y1)-4~(furan-2-yl)butane-1,4-
dione 346.
[001759] White solid (42mg, 0.15 mmol). *H NMR (CDCli, 400 MHz) & ppm
3.29 (t, /=6Hz, 2H), 3.38 {t, /=6Hz, 2H), 4.26-4.31 (m, 2H), 4.31-4.36 (m, 2H), 6.56 (dd,
J=2Hz, J=52Hz, 1H), 6.92 (AA’BB quartet, 1H), 7.25-7.29 (m, 1H), 7.55-7.64 (m, 2H)},
7.61 (s, 1H); ESIMS found CigH40s mfz 287.1 (MA+H).

358

[001760] 1-(Chroman-6-yl)-4-(o-tolyl)butane-1,4-dione 358.

[601761] Yellow solid (28 mg, 0.09 mmol). "H NMR (CDCl3, 400 MHz) & ppm
1.99-2.08 (m, 2H), 2.51 (s, 3H), 2.84 (t, /=6.53Hz, 2H), 3.31-3.36 (m, 2H), 3.36-3.42 (m,
2H), 4.26 (1, /=5.28Hz, 2H), 6.84 (d, /=8 28Hz, 1H), 7.24-7.32 (m, ZH), 7.39 (1d, /~7.50,
1.52Hz, 1H), 7.77-7.84 (i, 3H); ESIMS found CyoH00a m/z 309.2 (M+H).

364
[001762] 1-(Chroman-6-yl)-4-(thiophen-2-yl)butane-1,4-dione 364.
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[001763] Yellow solid (18 mg, 0.06 mmol}. "H NMR (DMSO-d;, 400 MHz) &
ppm 1.94 (quin, J=5.02Hz, 2H), 2.80 {t, J=6.15Hz, 2H), 3.31 (s, 4H), 3.36 (s, 4H), 421
(t, J=4.76Hz, 2H), 6.83 (d, /=R.53Hz, 1H), 7.26 (t, /~4.27Hz, 1H), 7.73 (d, /=8.53Hz,

1H), 7.77 (s, 1H), 8.00 (d, J=4.77Hz, 1H), 8.04 (4, J=3.76Hz, 1H); ESIMS found
Ci7H160:8 m/z 301.1 (MAED.

[001764] 1-(Chroman-6-y1)-4-(furan-2-yl)butane-1,4-dione 365.
" [061765] White solid (11 mg, 0.04 mmol). 'H NMR (CDCls, 400 Miz) 3 ppm
2.04 {(quin, J=5.00Hz, 2H), 2.84 (1, J=6.40Hz, 2H), 3.26-3.32 (m, 2H), 3.35-3.42 (m, 2H),
425 (t, /=5.04Hz, 2H), 6.56 (dd, J=3.51, 1.76Hz, 1H), 6.83 (d, /=8.28Hz, 1H), 7.25-7.28
(m, 1), 7.61 (d, /=0.75Hz, 1H), 7.74-7.81 (m, 2H}; ESIMS found Cy7H;s04 m/z 2852

(M+H).
L
o
T
368
[001766] 1-(Benzold}[1,3]dioxel-5-ylI}-4-(o-tolyl)butane-1,4-dione 368.
[001767] White solid (66 mg, 0.22 mmol). 'H NMR. (DMSO-d;, 400 MHz) §
pom 2.37 (s, 3H), 3.24 (t, J=6Hz, 2H), 3.27-3.35 (m, 2H), 6.14 (s, 2H), 7.06 (4, J=8Hz,

1H), 7.30 (1, J=7.2Hz, 130, 7.35 (d, 1H), 7.43 (t. 1H), 7.48 (s, 1H), 7.68 (dd, J=1.6Hz,
J=8 4Hz, 1H), 7.84 (4, J=7.2Hz, 1H); ESIMS found C1sF1404 m/z 297.0 (M+H).

o} [ \
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[001768] 1-(Benzoldi[1,3]dioxol-5-y])-4-(thiophen-2-yl)butane-1,4-dione 374.
[001769] White solid (23 mg, 0.08 mmol). 'H NMR (DMSO-ds, 400 MHz) §
ppm. 3.30-3.36 (m, 4H), 6.14 (s, 2H), 7.06 (d, /=8.03Hz, 1H), 7.27 (dd, /=5.02, 3.76Hz,
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1H), 7.46 (d, /~=1.51Hz, 1H), 7.66 (dd, J=8.28, 1.76Hz, 1H), 8.00 (dd, J=5.02, 1.00Hz,
1H), 8.04 (dd, J=3.76, 1.25Hz, 1H); ESIMS found C 5H 20,8 m/z 288.9 (M+H).

s} I \

o o
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375

[001770]  1-(Benzo[d][1,3}dioxol-5-y1)-4-(furan-2-yl)butane-1,4-dione 375.
'{001771] White solid (10 mg, 0.04 mmol). 'H NMR (DMSO-dy, 400 MHz) §

ppm 3.13-3.20 (m, 2H), 3.28-3.35 (m, 2H), 6.14 (s, 2H), 6.73 (dd, J=3.51, 1.76Hz, 1H),
7.05 (d, F8.03Hz, 1H), 7.46 (4, J=1.76Hz, 1H), 7.49 (d, J=3.86Hz, 1K), 7.66 (dd,
J=8.16, 1.63Hz, 1H), 8.00 (d, /=1.00Hz, 1H); ESIMS found CsH 205 m/z 273.0 (M-+H).

o
y 9
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10017721 1-(2,2-Difluorobenzo[d]{1.3]dioxol-5-y1)-4-(m-tolylYbutane-1,4-dione
379. | |
[001773] White solid {308.2 mg, 0.98 mmol). 'H NMR (CDCl,, 400 MHz) §
ppm 2.43 (s, 3H), 3.41. (t, J=5.6Hz, 2H), 3.47 (t, /=5.6Hz, 2H), 7.17 (d, J=8.4Hz, 1H),
7.39 (q, J¥8.8FI.Z, 2, 7.77 (d, J=1.6Hz, 1H), 7.84 (d, J=6.8Hz, 2H), 7.90 (dd, /=1.6Hz,
=8 4Hz, 1H); ESIMS found CigHiaF204 m/z 333.1 (M-+-H).

385
[001774] 1-(2,2-Difluorobenzo{d][1,3]dioxol-5-y1)-4-(furan-2-yl)butane-1,4-
dione 385.
[601775] White solid (11 mg, 0.04 mmol). "H NMR (CDCls, 400 MHz) & ppm
3.33 (t, J=6Hz, 2H), 3.39 (t, /=6Hz, 20}, 6.57 (dd, /=2.5Hz, J=3.5Hz, 1H), 7.15 (d,
J=7.6Hz, 1H), 7.23-7.31 {m, 1H), 7.62 (s, 1H), 7.74 (d, J=1.6Hz, 1H), 7.86 (dd, J=1.6Hz,
J=7.6Hz, 1H): ESTMS found C;sHoF205 miz 309.1 (M+H).
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423
[001776] 1-(3,4-Dimethoxyphenyl)-4-(m-tolyl)butane-1,4-dione 423,
[661777] White solid {27 mg, 0.09 mmol). ' NMR (CDCls, 400 MHz) 3 ppm
2.43 (s, 3H), 3.45 (s, 4H), 3.95 (s, 3H), 3.97 (s, 3H), 6.93 (d, /=8.53Hz, 1H), 7.35-7.44
(m, 2H), 7.58 (4, J=2.01Hz, 1), 7.72 (dd, J=8.53, 2.01Hz, 1H), 7.83-7.89 (m, 2H);
ESIMS found CyoHag04 m/z 313.1 (M+H).

426
{001778] 1-(3,4-Dimethoxyphenyl}-4-(p-tolyhbutane-1,4-dione 426.
[001779] White solid (34 mg, 0.11 mmol). IH NMR (CDCI3, 400 MHz) & ppm
2.43 (s, 3H), 3.44 (s, 4H), 3.94 (s, 3H), 3.97 (s, 3H), 6.93 (d, J=8.53Hz, 1H), 7.29 (d,
J=8.038z, ZH), 7.57 (d, J=2.01Hz, 1H}, 7.72 (dd, J=841, 2.13Hz, 1H), 7.95 (d,
J=7.71Hz, 2H); ESIMS found C19H2004 m/z 313.0 (M-+11).

442

[601780] 1-(2,3-Dihydrobenzo[b}[1,4]dioxin-5-yl)-4-(furan-2-yl)butane-1,4-
dione 442.

[001781] White solid (23 mg, 0.08 mmol). " NMR (CDCls, 400 MHz) 8 ppm
3.26 (1, J=6.4Hz, 2H), 3.44 (t, J=6.4Hz, 2H), 4.27-4.35 (m, 2H), 4.35-4.42 {m, 2H), 6.56
(dd, J=1.6Hz, J=3.6Hz, 1H), 6.88 (1, /=8Hz, 1H), 7.03 (dd, /=1.6Hz, J=8Hz, 1H), 7.24-
729 (m, 1D, 7.35 (dd, J=1.6Hz, J=7.6Hz, 1H), 7.61 (s, 1H); ESIMS found CisH1405 m/z
286.9 (M+H).
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455
001782] 1-(Benzofuran-5-yiy-4-(o-tolyljbutane-1,4-dione 455.
[061783] White solid (12 mg, 0.04 mmol). "H NMR (CDCl, 400 MHz) & ppm
2.52 (s, 3H), 3.35-3.43 (m, 2H), 3.51-3.57 (m, 2H), 6.88 (dd, /=2.26, 0.75Hz, 1H), 7.24-
7.34 (m, 2H), 7.40 (td, J=7.52, 1.24Hz, 1H), 7.57 (d, /=8.53Hz, 1H), 7.71 (d, /=2.26Hz,
1H), 7.84 (dd, J=7.65, 1.13Hz, 1H), 8.05 (dd, /=8.78, 1.’76}12, 1H), 8.36 (d, /=1.76Hz,
1H); ESIMS found Ciolli0: m/z 293.0 (M+H).

1001784} 1-(Benzofuran-5-y1)-4-(m-tolylDbutane-1,4-dione 456.
[601785] White sohid (19 mg, 0.07 mmol). "H NMR (CDCls, 400 MHz) & ppm
2.44 (s, 3H), 3.50 (d, J/=5.2Hz, 2H), 3.53 (d, J=5.2Hz, 2H), 6.88 (s, 1H), 7.39 (d,
J=72Hz, 2H), 7.58 (4, /=8.4Hz, 1H}, 7.71 (d, J=2Hz, 1H), 7.86 (4, /=6.8Hz, 2H), 8.06
(d, J=8.4Hz, 1H), 8.37 (s, 1H); ESIMS found CioH03 m/z 293.1 (M+H).
o /\j/
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457
[061786] 1-(Benzofuran-5-yl)-4-(p-tolyl)butane-1,4-dione 457,
[661787] White solid (73 mg, 0.25 mmol). ' NMR (CDCls, 400 MHz) 8 ppm
2.43 (s, 3H), 3.45-3.51 (m, 2H), 3.51-3.57 (m, 2H), 6.8% (dd, J=2.13, 0.88Hz, 1H}, 7.29
(d, /~8.03Hz, 2H), 7.57 (d, /=8.53Hz, 1H), 7.71 (d, /=2.26Hz, 1H), 7.96 (d, /~7.72Hz,
2H), 8.06 (dd, J=8.66, 1.88Hz, 1H), 8.37 (d, J=1.76Hz, 1H); ESIMS found Ciol150: m/z
293.0 (M+H). ‘
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462
[001788] 1-(Benzofuran-5-y1)-4-(furan-2-yDbutane-1,4-dione 462.
[601789] White solid (25 mg, 0.09 mmol). "H NMR (CDCls, 400 MHz) § ppm
3.35 (1, J=6.4Hz, 2H), 3.53 (1, J=6.4Hz, 2H), 6.57 (dd, J=2Hz, J/=3.6Hz, 1H), 6.88 (4,
J=1.6Hz, 1), 7.24-7.31 (m, 1H), 7.57 (d, J=8.8Hz, 1H), 7.62 (s, IH), 7.71 (d, /=2Hz,
1H), 8.03 (dd, /=1.2Hz, J=8.8Hz, 1H}, 8.34 (d, /=1.2Hz, 1H); ESIMS found CisHn04

miz 269.2 (MH).

485
10817901 1-(Benzo[djoxazol-5-yD)-4-{o-tolyDybutane-1,4-dione 485.
[001791] White solid (15 mg, 0.05 mmol). "H NMR (CDCls, 400 MHz) § ppm
2.52 (s, 3H), 3.38-3.44 (m, 2H), 3.51-3.57 (m, 2H), 7.2 -7.35 (m, 2H), 740 (di,
J=1.48Hz, /=7.52Hz, 1H), 7.68 {d, /=8.33Hz, 1H), 7.85 (dd, J=7.53Hz, J=1.25Hz, 1H),
8.17 (dd, J=1.76Hz, J=8.63Hz, 1H), 8.20 (s, 1H), 8.52 {d, /=1.51Hz, 1H); ESIMS found

CigHisNOs m/z 2942 (M“‘}I)

[001792] 1-(2-Fluorophenyl)-4-(pyridin-2-yl)butane-1,4-dione 538.

[061793] White solid (30 mg, 0.12 mmol). "H NMR (CDCls, 400 MHz) & ppm
3.50 (&, J=6Hz, 2H), 3.70 {1, J=6Hz, 2H), 7.18 (t, /=8.8Hz, 1), 7.27 (t, /=7.2Hz, 1),
7A45-7.62 (m, 2H), 7.86 (dt, /~1.6Hz, J=7.6Hz, 1H), 7.93 (dt, J=2Hz, 1H), 8.07 (d,
J=8Hz, 1H), 8.74 {d, J=4Hz, TH); ESIMS found CisH,FNO) m/z 258.0 (M+H).
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541
{001794] 1-(Pyridin-2-y1)-4-(2-(frifluoromethylphenylbutane-1.4-dione 541,
[601795] Oil (41 mg, 0.13 mmol). "H NMR (CDCls, 400 MHz) 6 ppm 3.31 (4,
J=6.4Hz, 2H), 3.73 (t, J=6.4Hz, 2H), 7.50 (t, /=4.8Hz, 1H), 7.58 (t, J=7.6Hz, 1H), 7.66
(t, /=7.6Hz, 1H), 7.70-7.77 (m, 2H), 7.85 (dt, J=1.2Hz, J=7.6Hz, 1H), 8.05 (d, J=8Hz,
1H), 8.72 (d, /~4.4Hz, 1H); ESIMS found CgHpFaNO, m/z 307.9 (M+H).

544

[001796] 1-(Pyridin-2-yl)-4-(o-tolyl)butane-1 4-dione 544.

[061797} Oil (39 mg, 0.15 mmol). ‘H NMR (CDCls, 400 MHz) 6 ppm 2.51 (5,
3H), 3.37 (t, J=6.4T1z, 2FD), 3.69 (t, J=6.4Hz, 2H), 7.21-7.34 (m, 2H), 7.38 (dt, J=1Hz,
J=7.2Hz, 1H), 7.49 (dd, 1H), 7.76-7.90 (m, 2H), 8.05 (d, J=7.6Hz, 1H), 8.72 (d, J=4.4iz,
1H); ESIMS found C:6H1sNO, miz 254.0 (M.

547
10017981  1-(2-Methoxyphenyl)-4-(pyridin-2-yD)butane-1,4-dione 547.
[601799] White solid (40 mg, 0.15 mmol). "H NMR (CDCls, 400 MHz) & ppm
3.47 (t, J=6.8Hz, 2H), 3.64 (t, J=6.8Hz, 2H), 3.93 (s, 3H), 6.94-7.07 (m, 2H), 7.41-7.53
(m, 2H), 7.77 (dd, 1H), 7.84 (dt, /=1.2Hz, /=8Hz, 1H), 8.05 (d. /=8Hz, 1H), 8.71 (d,
J=4 4Hz, 1H); ESIMS found Cy6HisNO3 m/z 270.1 (M+H).

554
[001800] 1-(Furan-2-y)-4-(pyridin-2-yhbutane-1,4-dione 554,
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[001861] White solid (11 mg, 0.05 mmol). 'H NMR (CDCl, 400 MHz} 6 ppm
3.32 (t, J=6.8Hz, 2H), 3.69 (1, /=6.8Hz, ZH), 6.56 (dd, /~1.6Hz, /=3.2Hz, 1H), 7.23-7.30
(m, 1H), 7.50 (t, /=6.4Hz, 1H), 7.61 (s, 1H), 7.85 (dt, J=1.6Hz, J=7.6Hz, 1H), 8.05 (d,
=84Hz, 1H), 8.71 (d, /=4 4Hz, 1H); ESIMS found Cy3H; NOs miz 230.1 (M+H),

557

[601862] 1-(C-Fluorophenyl}-4-(thiophen-2-ylbutane-1,4-dione 357.

[001803] White solid (15 mg, 0.06 mmol). 'H NMR (CDCls, 400 MHz) § ppm
3.35-3.42 (m, 2H), 3.42-3.50 {m, 2}, 7.12-7.20 (m, 2H), 7.24 (td, /=7.80Hz, J=1.00Hz,
1H), 7.49-7.57 (m, 1H), 7.65 (dd, /~4.89Hz, J=1.13Hz, 1H), 7.83 (dd, J=3.89Hz,
J=1.13Hz, 1H), 7.9¢ (id, /=7.59Hz, /=1.88Hz, 1H); ESIMS found CuHi:FOS miz

262.9 (M-+H).

559 .
[601804] 1-(Thiophen-2-vl)}-4-(2-{triflucromethyl)phenyl)butane-1,4-dione 559.
[001805] White solid (69 mg, 0.22 mmol). 'H NMR (DMSO-d, 400 MHz) §

ppr 3.25-3.31 (m, 2H), 3.35-3.40 (m, 2H), 7.27 (dd, J=4.89, 3.89Hz, 1H), 7.73 (t,
J=7.80Hz, 1H), 7.80-7.88 (m, 2F), 7.92 (d, J=7.56Hz, 1H), 8.03 (dd, J=5.04, 1.00Hz,
1H), 8.06 (dd, J=3.76, 1.00Hz, 111); ESIMS found Cy55,F3058 miz 312.9 (M+H),

560
[001806] 1-(Thiophen-2-yl)-4-(o-tolyl)butane-1,4-dione 560.
[001807] White solid (38 mg, 0.15 mmol). 'H NMR (CDCls, 400 MHz) & ppm

2.53 (s, 3H), 3.34-3.47 (m, 4H), 7.18 (¢, J=44Hz, 1H), 7.24-7.35 (m, 2H), 741 (i,
J=7.6Hz, 1H), 7.67 (d, J~4.81iz, 1H), 7.82 (d, =7.6Hz, 1H), 7.85 (d, J=2.8Hz, 1H);
ESIMS found C;sH14028 miz 259.0 (M+H).
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0G1808] 1~(2—Mcthoxyphenyl)—4—(t}ﬁophen~2~y§)butaﬂe'~1,4-dioné 562.

[661809] White solid (60 mg, 0.22 mmol). "H NMR (CDCls, 400 MHz) § ppm
3.36 (t, J=6.8Hz, 2H), 3.47 (t, J=6.8Hz, 2H), 3.94 (s, 3H), 6.95-7.07 (m, 2H), 7.16 (dt,
J=52Hz, 1H), 7.48 (dt, 1H), 7.64 (4, J=4Hz, 1H), 7.78'(dd7 J=5.6, /=7.6Hz, 1H), 7.83
(dd, 1H); ESIMS found CysH405S m/z 275.0 (M+H). ' ‘

Example 2
[601810] Preparation of 1-(1H-indel-3-yi)-4-phenylbutane-1,4-dione {261} is
depicted below in Scheme 16.

XXXIV Boc  pxxv LXXIX

Na,CO;, MeOH
lam’c:, 2h

4
N
4

Scheme 16

Step1-2
[001811] To a well stirred solution of 3~(dimethylamino)-1-phenylpropan-1-one
(XIV) (120 mg, 0.678 mmol, 1.0 eq) in 1,4-dioxane (3ml.) was added tert-butyl 5-
formyl-1H-indole-1-carboxylate (LXXV)(166 mg, 0.678 mmol, 1.0 eq), 3-ethyl-5-(2-
hydroxyeth-yD)-4-methylthiazolium brominde (51 mg, 0.203 mmol, 0.3 eq) and TEA (0.5
mL). The reaction mixture was refluxed for 16 h. TLC analysis (PE:EtOAc, 3:1) showed
the reaction was complete. The solution was cooled to room tempreture and diluted with
(Arwater (20 mL). The product was extracted with EtOAc (3 x 30 mL). The combined
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organic layers was dried over anhydrous NasSO,, fiited and concentrated under reduced
pressure to give crude feri-butyl 5-(4-oxo-4-phenylbutanoyl)-1H-indole-1-carboxylate
(LXXD{) (52 mg) as a white solid. The crude product was dissolved in methanol (2 mL).
Anhydrous sodium carbonate (144 mg, 1.36 mmol, 2.0 eq) was added. Then the mixture
was stirred at 60°C for 3 h. The solid was filtered off and the residue was coneentrated in
vacuum to give 1-{1H-indol-5-y1)-4-phenylbutane-1,4-dione (261) as a white solid. (42
mg, 0.15 mmol, 22.3%) "H NMR (DMS0-dg, 400 MHz) 8 ppm 3.41 (t, J=6.4Hz, 2H),
3.47 (t, J=6.4Hz, 2H), 6.62 (s, 1H), 7.41-7.52 (m, 2H), 7.56 (t, J=7.6Hz, 2H), 7.66 (t,
1H), 7.77 (d, /=8.4Hz, 1H), 8.03 (d, /=72Hz, 2H), 8.37 (s, 1H), 11.46 (s, 1H); ESIMS
found CyHsNQ, m/z 278.0 (M+H).

[001812] The following compounds were prepared in accordance with the

procedure described in the above Example 2.

245
[001813] 1-(1H-Indol-5-y1)-4-(2-(trifluoromethyl)phenyl)butane-1,4-dione 249.
[001814] White solid (10 mg, 0.03 mmol}. 'H NMR (DMSO-dg, 400 MHz)
ppm 3.25-3.32 (m, 2H), 3.45-3.54 (m, 2H), 6.62-6.66 (m, 1H}, 7.47-7.53 (m, 2H), 7.72-
7.77 (m, 1H), 7.79 (dd, J=8.66Hz, J=1.63Hz, 1H), 7.83-7.85 (m, 2H), 7.99 (d, J=7.53Hz,
1H), 8.38 (s, 1H), 11.49 (brs, 1H); ESIMS found C1oHFsNO, m/z 346.0 (M+H),

252

[601815] 1—(Z-Fiuorophenyl)-il--(lHuindol~5~y1)batane~ 1,4-dione 252,

[001816] White solid (10 mg, 0.03 mmol). "H NMR (CDCls, 400 MIlz) § ppm
3.41-3.51 (m, 2H), 3.51-3.60 (m, 2H), 6.66 (s, 1H), 7.10-7.19 (m, 1H), 7.19-7.30 (m,
2H), 7.41 (d, J=8.811z, 11}, 7.47-7.58 (mn, 1H), 7.83-7.96 (m, 2F), 8.40 (s, 1), 8.59 (brs,
1H): ESIMS found CiHFNO, miz 296.0 (M+H),
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[001817] 1-(1H-Indol-5-yD)-4-(2-methoxyphenylbutane-1,4-dione 255.

[601818] White solid (36 mg, 0.12 mmol). "H NMR (CDCls, 400 MHz) 6 ppm
3.44-3.57 (m, 4H), 3.94 (s, 3H), 6.69 (ddd, /=3.14, 2.01, 0.88Hz, 1H), 6.97-7.01 (m, 111,
7.01-7.06 (m, 1H), 7.29 (dd, /=3.26, 2.51Hz, 1H), 743 (d, /~8.30Hz, 1H), 7.45-7.51 (m,
1H), 7.79 (dd, /=7.78, 1.76Hz, 1H), 7.94 (dd, /=8.66, 1.63Hz, 1H), 8.38-8.46 (m, 2H);
ESIMS found CjoH19NO3 m/z 308.2 (M+1).

258

[661819] 1-(1H-Indol-5-y1)-4~(pyridin-2-yl)butane-1,4-dione 258.

[601820] White selid (10 mg, 0.04 mmol). 'H NMR. (CDCls, 400 MHz) § ppm
3.56-3.65 {m, 2H), 3.69-3.78 (m, 2H), 6.70 (ddd, /=3.20Hz, /=2.07Hz, J/=1.00Hz, [H),
7.31 (dd, J=3.14Hz, J=2.38Hz, 1H}, 745 (d, J=8.53Hz, 1H), 7.51 (ddd, /=7.53Hz,
J=4.7THz, J=1.25Hz, 1H), 7.87 (td, /~7.78Hz, J=1.76Hz, 1H), 7.95 {dd, J/~8.66Hz,
J=1.63Hz, 1H), 8.09 (dt, /~7.84Hz, J=110Hz, 1H), 8.42-8.45 {m, 1H), 8.42-8.50 (brs,
1H), 8.71-8.78 (1, 1H); ESIMS found Ci7H4N20Oy m/z 279.1 (M-+H).

263
[001821] 1-(1H-Benzo[d] imidazol-3 -yD)-4-(3-(tifluoromethyDphenylibutane-

1 4-dione 263. |
[601822]  White solid (27 mg, 0.08 mmol}. 'H NMR (DMSO-ds, 400 MEHz) &

ppm 3.46-3.62 (m, 4H), 7.78 (d, /=8.53Hz, 1H), 7.83 (t, /=7.78Hz, 1H), 7.99 (dd,
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J=8.53Hz, J=1.51Hz, 1H), 8.05 (d, /=7.78Hz, 1H), 827 (s, 1H), 8.35 {d, J=7.78Hz, 1H),
8.38 (d, J=1.00Hz, 1H), 8.79 (s, 1H); ESIMS found C;gH;3FaN20; m/z 346.9 (M+H).

265

[601823] 1-(1H-Benzo[djimidazol-5-y1)-4-(2-fluorophenyl)butane-1,4-dione

265.

[061824] White solid (15 mg, 0.05 mmol). 'H NMR (DMSO-ds, 400 MHz) §
ppm 3.33-3.43 (m, 2H), 3.47-3.52 (m, 2H), 7.30-7.39 (m, 2H), 7.62-7.73 (m, 2H), 7.85
(id, J=7.72Hz, J=1.88LLz, 1H), 7.89 (dd, J=8.53Hz, /=1 51Hz, 1H), 8.30 (brd, J=1.51Hz,
1H0), 8.33 (s, 1), 12.50 (brs, 1H); ESIMS found Cy7HFNaO; miz 297.1 (M),

Ohe

268
[001825] 1-(1H-Benzo[dlimidazol-5-yI)-4-(3-methoxyphenyl)butane-1,4-dione

269.

[601826] White solid (15 mg, 0.05 mmol}. "H NMR (CDCls, 400 MHz) & ppm
347 (s, 4H), 3.84 (s, 3H), 7.12 (dd, J=2.4Hz, J=8 4Hz, 1H), 7.38 (t, /=8Hz, 1H), 7.49 (s,
1H), 7.60 (d, J=7.6Hz, 1H), 7.81 (d, /~8.4Hz, 1H), 8.14 (d, J=8.8Hz, 1H), 8.45 (s, 111},
6.28 (brs, 1H); ESIMS found CigH:gN2Cy m/z 309.0 (M+H).

_ 274
[601827] 1-(1H-Benzol[dlimidazol-5-yl}-4-phenylbutane-1,4-dione 274. ,
[001828] White solid (20 mg, 0.07 mmol). 'H NMR (DMSO-ds, 400 MHz)
ppm 3.40-3.46 (m, 2H), 3.47-3.55 (m, 2H), 7.53-7.60 (m, 2H), 7.62-7.71 {m, 2, 7.90
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(d, J=8.78Hz, 15), 8.01-8.09 (m, 2H), 8.35-8.49 (m, 2H), 12.80 (brs, 1H); ESTMS found
CiH N, 0% miz 279.1 (M+H).

314

10018291 1-(1H-Indol-3-y1)-4-(2~(trifluoromethyl)phenyl)butane-1.4-dione 314.

[601830] White solid (27 mg, 0.08 mmol). 'H NMR (DMSO-dg, 400 MHz) §
ppm 3.23-3.29 (m, 2H), 3.30-3.36 (m, 2H), 7.13-7.25 (m, 2H), 7.48 (dd, /=742, 0.76Hz,
1H), 7.73 (1, /=7.52Hz, 1H), 7.84 (1, /=7.02Hz, 2H), 7.98 (dd, J=7.53, 1.24Hz, 1H), 8.17
(d, J=7.26 Hz, 1H), 8.43 (s, 1H), 11.97 (br. s, 1H); ESIMS found CioHiaFsNOy m/z
346.0 (M+H).

CFs

316
[601831] 1-(1H-Indol-3-yh)-4-(4-(trifluoromethyljphenyl}butane-1,4-dione 316,
[001832] White solid (11 mg, 0.03 mmol). 'H NMR (DMSO-dg, 400 MHz)
ppm 3.18 (1, J=6.4Hz, 2H), 3.44 (1, J=6.4Hz, 2H), 7.11-7.27 (m, 2H), 7.49 (d, J=§Hz,.
1H), 7.94 (d, J=8Hz, 2H), 8.14 (4, J/=7.6Hz, 1H), 8.23 (d, J=8Hz, 2H), 8.43 (s, 1H),

11.97 (brs, 110); ESIMS found Cef114F3sNO2 m/z 345.9 (M+H).

317

[001833] 1-(2-Fluorophenyl)-4-(1H-indol-3-yl)butane-1,4-dione 317.

[G01834] White solid (10 mg, 0.03 mmel). ' NMR (CDCls, 400 MHz) § ppm
3.33-3.42 (m, 2H), 3.46-3.56 (m, 2H), 7.17 (dd, J=11.17Hz, /=8.41Hz, 1H), 7.214 (dt,
J=0.76Hz, J=7.52Hz, 1H), 7.26 (s, 111), 7.26-7.34 {m, 3H), 7.38-7.46 (m, 1H), 7.48-7.59
(m, H), 7.92 (td, J/=7.53Hz, J=1.76 H, 1 H), 7.98 {d, /=3.0Hz, 1H), 8.34-8.42 (m, 1H),
8.74 (brs, 1H); ESIMS found CisH14FNO, me/z 296.0 (M+H).
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[001835] 1-(1H-Indoi-3-y1)-4-(2-methoxyphenylbutane-1,4-dione 319.

[061836] White solid (60 mg, 0.20 mmol). 'H NMR (CDCl;, 400 MHz) § ppm
3.33 (1, J=6.78Hz, 2H), 3.52 (1, J=6.50Hz, 2H), 3.93 (s, 3H), 6.94-7.06 (m, 2H), 7.25-
7.32 (m, 13}, 7.38-7.45 (m, 1H), 7.48 (ddd, /=8.34, 7.34, 1.88Hz, 1H), 7.79 (dd, J=7.65,

1.88Hz, 1H), 7.96 (d, J=3.01Hz, 1H), §.36-8.44 (m, 1H), 8.84 (brs, 111); ESIMS found
C1oH 17NO3 mifz 308.0 {M+H).

Oiie

320

[0601837]  1-(1H-Indol-3-y)-4-(3-methoxyphenyl)butane-1,4-dione 32§.

[661838] White solid (30 mg, 0.10 mmoi}. 'H NMR (CDCls, 400 MHz) & ppm
3.38 (t, J=6.8Hz, 2H), 3.51 (1, J=6.8Hz, 2H), 3.87 (5, 3H), 7.13 (dd, /=24Hz, /~8Hz,
1H), 7.24-7.35 (m, 2H), 7.36-747 (m, 2H), 7.56 (s, 1H), 7.67 (d, /=8Hz, 1H), 7.99 (s,
1H), 8.39 (dd, J=3.6 Hz, J=52Hz, 1H), 8.74 (bsrs, 1H); ESIMS found Cyoll;7NO; m/z
308.0 (M-+H).

325

1001839] 1<(1H-Indol-3-yl}-4-phenylbutane-1,4-dione 325.

[601840] White solid (16 mg, 0.06 mumol). 'H NMR (DMSO-de, 400 MHz) &
ppm 3.23-3.50 (m, 4H), 7.08-7.26 (m, 2H), 7.47 (d, J=8Hz, 1H), 7.55 (1, J¥7.6Hz, 2H),
7.66 (t, /=7.6Hz, 1H), 8.03 (d, J=7.2Hz, 2H), 8.14 (4, /=7.6Hz, 1H), 8.42 (s, 1H), 11.94
(brs, 1H); ESIMS found CigHsNO, m/z 278.0 (M+H).
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326
1061841] 1-(1H-Indazol-3-yl}-4-(2-(trifluoromethyiphenyl)butane-1,4-dione
326. '
{001842] White solid {20 mg, 0.06 minol). "H NMR (CDCls, 400 MHz) 5 ppm
3.36 (t, J=627Hz, 2H) 3.71 (dd, J/=6.90, 5.65Hz, 2H} 7.33 (ddd, /=8.09, 6.96, 0.75Hz,
15 7.45 (ddd, /=8.52Hz, J=7.78Hz, J=1.00Hz, 1H) 7.53-7.62 (m, 2H) 7.67 (t, J=7.64Hz,
1H) 7.76 {dd, J=17.82, 7.53Hz, 2H) 8.35 (td, J=1.00Hz, J=8.14Hz, 1H), 10.57 {brs, 1H});
ESIMS found CisH1aFaNG; m/z 346.9 (M+H).
= 9
\_/ f
—N 0o F
329
[061843] 1-(2-Fluoropheny!)-4-(1H-~indazol-3-yl)butane-1,4-dione 329.
[001844] White solid (11 mg, (.04 mmol}. TH NMR (CDCls, 400 MHz) 8 ppm
3.38-3.45 (m, 2H), 3.47-3.63 (m, 2H), 7.28-7.50 (m, 4H), 7.65-7.73 (m, 2H), 7.86 (td,
J=165, 1.76Hz, 1H), 8.15 {(d, /=8.28Hz, 1H}); ESIMS found C;sHisFN20» m/z 297.0
(M+H).

N O Ome
332
[001845] 1-(1H-Indazol-3 ~yi)-4-(2-methoxyphenylybutane-1,4-dione 332.
[001846] Yeliow solid (30 mg, 0.10 mmol). "H NMR (CDCl3, 400 MHz) 8 ppm
3.51-3.59 {m, 2H), 3.60-3.70 (m, 2H), 3.94 (s, 3H), 6.95-7.07 (m, 2H), 7.30 {ddd, J=8.09,
7.09, 0.88Hz, 1H), 7.39-7.45 (m, 1H), 745-751 (m, 1H), 7.53 (d, J=8.53Hz, iH), 7.82

(dd, J=7.65, 18810z, 1H), 8.34 (d, J=8.05Hz, 1H); ESIMS found CysHigNaOs m/z 309.0
(M+H).
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[601847] 1-(1H-Indazol-3-y1)-4-(4-methoxyphenyljbutane-1,4-dione 334.

[001848] White solid (50 mg, 0.16 mmol). 'H NMR (CDCli, 400 MHz) § ppm
3.50 (1, J=6.4Hz, 21), 3.69 (t, J=6.4Hz, 2H), 3.89 (5, 3H), 6.97 (d, /=8.8Hz, 2H), 7.30 (¢,
JF=7.6Hz, 1H), 7.43 (t, J=71.6Hz, 1H), 7.53 (d, /=8.4Hz, 1H), 8.06 (d, /=8.8Hz, 2H), 8.32
(d, J=8Hz, 1H); ESIMS found CizHi1eN203 me/z 309.2 (M+H).
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338

[001849] 1-(1H-Indazol-3-yl)}-4-phenyibutane-1 4-dione 338.

[061850] White solid (25 mg, 0.09 mmol). "H NMR (DMSO-ds, 400 MHz) §
ppm 3.44-3.50 (m, 2H), 3.50-3.58 (m, 2H), 7.31 (ddd, J=8.04Hz, J=7.50Hz, J=1.00Hz,
1H), 7.46 (ddd, J=8.28Hz, J=7.64Hz, J=1.28Hz, 18), 7.33-7.60 (m, 2H), 7.67 (i,
J=7.28Hz, J=1.24Hz, 1H), 7.69 (1d, /=8.28Hz, J=1.00Hz, 1H), 8.01-807 (m, ZH), 8.15
(td, J=9.00, 1.00Hz, 1H}, 13.87 (s, 1H); ESIMS found Ci;HiNoOy m/z 279.1 (M+H).

445

[601851] 1-(1H-indol-5-yI)-4-(o-tolyljbutane-1,4-dione 445.

[001852] White solid (14 mg, 0.05 mmol). 'H NMR (CDCls, 400 MHz) & ppm
2.53 (s, 3H), 3.32-3.45 (m, 2H), 3.52-3.61 (m, 2H), 6.68 (ddd, /=3.07, 2.07, 0.88Hz, 1H),
7.24-7.34 (m, 31{); 7.38 (dd, J=7.40, 1.38 Hz, 1H), 7.42 (d, J=8.53 Hz, 1H), 7.85 (dd,
J=745, 0.60Hz, 1H), 7.92 (dd, /=8.69, 1.52Hz, 1H), 8.42 (s, 1H), 8.53 (brs, 1H); ESIMS
found CioH 7NO, m/z 292.2 (M+H).
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447
[0018531 1-(1H-Indol-5-y1)-4-{p-toiylibutane-1,4-dione 447,

[001854] White solid (11 mg, 0.04 mmol). "H NMR (CDCls, 400 MHz) § ppm
2.43 (s, 3HD, 348 (t, J=6Hz, 2H), 3.56 (t, J=6Hz, 2H), 6.69 (5, 1H), 7.27 (s, 1H), 7.29 (4,
J=8.4Hz, 2H}, 7.44 (d, /=8.4Hz, 1H), 7.96 (dt, /~1.6Hz, /=8 4Hz, 1H), 7.97 (d, /~8.4Hz,
2H), 8.44 (s, 1H); ESIMS found CioH1pNOy m/z 292.0 (M+H).

451
1-{1H-Indol-5-yI}-4-(thiophen-2-yDbutane-1 4-dione 451.

[001855]

[601856] Yellow solid (17 mg, 0.06 mmol). 'H NMR. (DMSO-ds, 400 MHz) &
ppm 3.29-3.40 (m, 2H), 3.40-3.54 (m, 2H), 6.62 (d, /=2.76Hz, 1), 7.28 (dd, /489,
3.89 Hz, 1H), 7.45-7.50 (m, 21, 7.75 (dd, /=8.53, 1.51Hz, 1H), 8.01 (4, /=5.27Hz, 1H),

8.06 (d, J=4.47Hz, 1), 8.35 (s, 1H), 11.49 (brs, 1FT); ESIMS found Ci6H13NO.S miz
284.0 (M-+H).

495
[001857} 1-(2-Fluorophenyl)-4-(1H-indazol-5-yl)butane-1,4-dione 495,

[001858] Yellow solid (7 mg, 0.02 mumol). 'H NMR (CD;0D, 400 MHz) § pom
3.41-3.49 (m, 2H), 3.52-3.60 (m, 2H), 7.22-7.35 (m, 2H), 7.61 (d, J=8.78Hz, 2H), 7.89
(td. J=7.65, 1.76Hz, 1H), 8.07 (dd, J=8.78, 1.51Hz, 1H), 8.24 (s, 1H), 8.65 (s, 1H);
ESIMS found Cy7HsFNOy miz 297.0 (M+H).
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497

[661859] 1-(4-Fluorophenyl)-4-(1H-indazol-5-y)butane-1 4-dione 497.

.[0(}1860} White solid (10 mg, 0.03 mmol). "H NMR (CDCl;, 400 MHz) 8 ppm
3.44-3.51 (m, 2H), 3.52-3.59 (m, 2H), 7.12-7.22 (m, 2H), 7.56 (d, J/=9.03Hz, 1H), 8.04-
8.15 (m, BH); 8.23 (d, /~1.00Hz, 1H), 8.53-8.59 (m, 1H), 10.28 (brs, 1H); ESIMS found
Ci7HiFNOp m/z 297.0 (MA+H).

498
[001861] 1-(1H-Indazol-5-y1)-4-(2-(trifluoromethylphenylbutane-1,4-dione

498,

| [001862] White solid (21 mg, 0.06 mmol). 'H NMR (DMSO-d,, 400 Miz) &
ppm 3.26-3.37 (m, 2H), 3.45-3.57 (m, 2H), 7.63 (4, J=9.03Hz, 1H), 7.74 (¢, J=7.39 Hz,
1H), 7.85 (¢, J=7.76Hz, 2F), 7.98 (d, J=8.53Hz, 21, 8.29 (s, 11, 8.64 (s, 1H), 13.42
(brs, 110); ESIMS found CysHysFaN2Oy miz 347.0 (M+HH).

503
[661863] 1-(1H-Indazol-5-y1)-4-(p-tolyl)butane-1,4-dione 503.
[001864] White solid (15 mg, 0.05 mmol). *H NMR (DMSO-d;, 400 MHz) §
ppm 2.40 (s, 3H), 3.40 (t, J=4Hz, 2H), 3.46 {1, /=3.6Hz, 2H), 7.36 (d, /=8Hz, 2H), 7.63
(d, =8.8Hz, 1H), 7.93 (d, J=8Hz, 2H), 7.95 (d, /=8.8Hz, 1H), 8.29 (s, 1), 8.62 (s, 1H);
ESIMS found CygH¢N2Op mifz 293.0 (M+H).
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507

[001865] 1-(1H-Indazol-5-y1)-4-(pyridin-2-ylbutane-1,4-dione 367

[001866] White solid (20 mg, 0.07 mmol). 'H NMR (DMSO-ds, 400 MHz) §
ppm 3.49-3.54 (m, 2H), 3.54-3.39 (m, 2H), 7.62 (d, J=8.78Hz, 1H), 7.69 (ddd, J=7.40Hz,
J=4.TTHz, J=1.38Hz, 1H), 7.93-7.99 (m, 2H), 8.03 (dt, /=1.76Hz, J=7.52Hz, 1H), 8.29
(s, 1H), 8.62 (s, 1H), 8.78 (td, /=1.00Hz, /~4.85Hz, 1H), 13.40 (brs, 1H); ESIMS found
CigHisN30y miz 280.1 (M+H).

513

[661867] 1-(1H-Indazol-5-yh)-4-phenylbutane-1.4-dione 513.

[061868] White solid (18 mg, 0.06 mmol). 'H NMR (DMSO-dj, 400 MHz) §
ppm 3.40-3.46 (m, 2H), 3.46-3.53 (m, 2H), 7.56 (t, J=7.28, ZH), 7.60-7.70 (m, 2H), 7.96
(dd, /=8.78Hz, J=1.51Hz, 1H), 8.61-8.07 (m, 2H), 8.29 {5, 1H)}, 8.62 (s, 1H), 13.39 (b,
1H); ESIMS found Ci7H1 N0 m/z 279.0 (MAH).

515
[001869] 1-(Furan-2-yl)-4-(1H-indazol-5-yl)butane-1,4-dione 515.
[601876] White solid (12 mg, 0.05 mmol). 'H NMR (DMSO-ds, 400 MHz) §
ppm 3:23 (dd, J=6.78Hz, J=5.27Hz, 2H), 3.47 (dd, J=6.90Hz, J=5.14Hz, 2H), 6.74 (dd,
J=3.51Hz, J=1.76Hz, 1H), 7.51 (dd, J=3.51Hz, /~0.75Hz, 1H), 7.62 (4, /=8.78Hz, 111),
7.95 (dd, J=1.76Hz, J=8.74Hz, 1), 8.01 (dd, J=0.76Hz, J=1.52Hz, 1H), 8.28 (s, 1H),
8.60 (s, 1H), 13..40 (brs, 1H); ESIMS found CisHaN2Oy m/z 269.1 (M+H).
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518
[001871]  1-(1H-Indol-3-yl}-4-(o-tolyl)butane-1 4-dione 518.
[001872] Yellow solid (14 mg, 0.05 mmol). 'H NMR (DMSO-ds, 400 MHz) §
ppm 2.39 (s, 3H), 3.22-3.33 (m, 4F), 7.14-7.25 (m, 2H), 7.26-7.39 (m, 2H), 7.40-7.55 (m,
2H), 7.87 (d, J=7.53Hz, 1H), 8.15 (d, /=7.03Hz, 1H), 8.41 (s, 1H), 11.97 (brs, 1H);
ESIMS found CioH7NO; miz 292.2 (M),

O ! \
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1601873] 1-(1H-Indol-3-yl)-4-(thiophen-2-yl)butane-1 4-dione 524.
[001874] White solid (28 mg, 0.10 mmol). "H NMR (DMSO-ds, 400 MHz) §
ppm 3.26-3.37 (m, 4H), 7.13-7.23 (m, 2H}, 7.27 (dd, /~4.77Hz, /=3.76Hz, 1H), 7.47 (d,
J=743Hz, 1H), 8.00 (d, /=5.02Hz, 1H)}, 8.04 (d&d, F=3.76Hz, /~1.00Hz, 1H), 8.13 (d,
=7.54Hz, 1H), 8.40 (s, 1H), 11.96 {(brs, 1H); ESIMS found CiHisNG,S miz 2835

(M+H).
o

H—N 0
528
[001875] 1-(1H-Indazol-3-yi}-4-(o-tolyl)butane-1,4-dione 528.
[001876] Yellow solid (30 mg, 0.10 mmol). '"H NMR (DMSO-ds, 400 MHz) &
ppm 2.38 (s, 3H), 3.33-3.43 (m, 2H), 3.48-3.60 (m, 2H}, 7.25-7.40 (m, 3H), 7.40-7.53 (m,
2H), 7.69 (d. J=8.04Hz, 1H), 7.88 {d, J=7.52Hz, 1H), 8.15 (d, J=7.8CHz, 1H); ESIMS
found C;pHy N2, m/z 293 (M+H).

529
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[601877] 1-(1H-Indazol-3-yl)-4-(m-tolyDbutane-1,4~dione 529.

[001878] White solid (85 mg, 0.29 mmol). "H NMR (DMSO-d;;, 400 MHz) §
ppm 2.40 (s, 3H), 3.42-3.49 (m, 2H), 3.50-3.56 (m, 2H), 7.31 (ddd, J:S;OBHZ, J=7.03Hz,
J=1.00Hz, 1H), 7.41-7.51 (m, 3H), 7.69 (d, /=8.53Hz, 1H), 7.80-7.86 (m, 2I0), 8.15 {dt,
J=8.05Hz, J=0.97Hz, 1H), 13.87 (brs, 1H); ESIMS found CgH;N20y n2/z 293.1 (MA+H).

Example 3

[001879] Prepaﬁaﬁen of 1-(5,8-dihydroxy-2,3-dihydrobenzo{b][ 1 ,4}dioxin-6-y}}-
3-phenylpropane-1,3-dione (3) and [-(5,8-dimethoxy-2,3-dihydrobenzo[b}}1,41dioxin-6-
yl)-3-phenylpropane-1,3-dione (6) is depicted below int Scheme 17,

o} \rﬁ;;' o = 1
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Scheme 17

Step 1

[6GE8806] To a well stirred solution of 1-(2,3-dihydrobenzo[b1{1,4]}dioxin-6-y1)-
3-(dimethylamino)propan-1-one (XXXIIX) (100 mg, 0.425 mmol, 1.0 eq) in 1,4-dioxane
(3mL) was added nicotinaldehyde (LXXX) (55 mg, 0.511 mmol, 1.2 eq), 3-ethyl-5-(2-
hydroxyethyl)-4-methylthiazolium bromide (32 mg, 0.128 mmol, 0.3 eq) and TEA (0.5
ml.). The reaction mixture was refluxed for 16 h. TLC analysis (PE:EtOAc 3:1) showed
the reaction was complete. The solution was cooled to room temperature and diluted with
water (20 mL). The product was extracted with EtOAc (3 x 30 mL). The combined
organic layers was dried over anhydrous Na,SOy, filtered and concentrated under reduced
pressure. The residue was purified by HPLC to give 1-(2,3-dihydrobenzo[b]]1,4]dioxin-
6-y1)-4-(pyridin-3-yl)butane-1,4-dione (14) as a white solid. (13 mg, 0.04 mmol, 10.3%
yield). "H NMR (CDCls, 400 MHz) § ppm 3.43 (s, 4H), 4.27-4.31 (m, 2H), 4.31-4.38 (m,
2H), 6.94 (AA’BB’ quartet, 1H), 7.42-7.49 (m, 1H), 7.55-7.61 (m, 2H), 8.31 (d, /=8.4Hz,
1Hj), 8.81 (brs, 1H), 9.28 (brs, 1H); ESIMS found CyyHsNOy4 m/z 298.0 (M+1).
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[001881] The following compound was prepared in accordance with the

procedure described in the above Bxample 3.

0
o |

sone

7\

o)
15
[002882] 1-(2,3-Dihydrobenzolb]]1,4]dioxin-6-yi)-4-(pyridin-4-ybutane-1,4~
dione 15. | '
‘ [001883] White solid (30 mg, 0.10 mmol). "H NMR (CDCls, 400 MHz) & ppm
3.32-3.50 {(m, 4H), 4.24-4.45 (m, 4H), 6.94 (AA’BB quartet, 1H), 7.52-7.64 (m, 2H),
7.82 {d, J=6Hz, 2H), 8.84 (d, J=5.6Hz, 2H); ESIMS found C;7H;sNO4 m/z 298.0 (M+H).

287
[001884] 1»(3,4-Dimethoxyphenyl)~4-@yridin—2—yl)bu’{anem1,@«-dion.e 247,
[001885] White sohid (12 mg, 0.04 mmol). "H NMR (CDCl;, 400 MHZ) & ppm
3.46 (t, J=6.4Hz, 2H), 3.69 (t, /=6.4Hz, ZH), 3.93 (s, 3H), 3.97 (s, 3H), 6.93 (d, J=8.4Hz,
1H), 7.51 (dd, /=4 .8Hz, J=7.6Hz, 1H), 7.58 (s, 1H), 7.71 (dd, J=2Hz, /=8 4Hz, 1H), 7.87
(t, 1H), 8.07 (d, /=7.6Hz, 1H), 8.74 {d, /~4.4Hz, 1H); ESIMS found Ci7HiNOy m/z
360.0 (M+H).

o} < |
A o, N
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[601886] 1-(3,4-Dimethoxyphenyl)-4-(pyridin-3-yhbutane-1,4-dione 208.

[6061887] White solid (10 mg, 0.03 mmol). "H NMR (CDCls, 400 MHz) & ppm
3.41-3.53 (m, 40), 3.94 (s, 3H), 3.97 (5, 3H), 6.94 (d, /=8 .4Hz, 1H), 7.48 {dd, /~4.8Hz,
J=7.6Hz, 1H), 7.56 (4, J/=1.6Hz, 1H), 7.71 (dd, /~1.6Hz, J=8Hz, 1H), 8.34 (d, J=8Hz,
1H), 8.82 (d, J=3.2Hz, 1H), 9.29 (s, 1H); ESIMS found C;7H;7:NO. m/z 300.0 (M+H),
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209
[001888] 1-(3,4-Dimethoxyphenyl}-4-(pyridin-4-yi)butane-1,4-dione 289
[001889] White solid (40 mg, 0.13 mmol). "H NMR (CDCls, 400 MHz) & ppm
3.42 (t, J=6Hz, 2H), 3.48 (t, J=6.4Hz, 2H), 3.94 (s, 3H), 3.97 (s, 3H). 6.93 (d, /=8Hz,
1H), 7.56 (d, J=2Hz, 1H), 7.70 (dd, J=2Hz, J=8.4Hz, 1H), 7.83 (dd, /=1.2Hz, J=8.4Hz,
2H), 8.85 (dd, J=1.6Hz, J=6Hz, 21); ESIMS found C;7HiyNOs m/z 300.0 (M+H).

o N/j
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[601890] 1-(2,3-Dihydrobenzo{b}{1,4]dioxin-6-y1)-4-(pyrimidin-2-yljbutane-
1.4-dione 339, ‘
[001891] White solid (20 mg, 0.07 mmol). 'H NMR. (CDCl, 400 MFz) § ppm
3.46 (¢, J=6.40Hz, 21, 3.65 {t, =6.30Hz, 2H), 4.24-4.36 (m, 4FD), 6.86-6.95 (m, 1H),
746 (t, F=4.77THz, 1H), 7.51-7.61 (m, 2H), 8.95 (d, /=4.90Hz, 2H); ESIMS found
CiHi1aN204 m/z 299.0 (MA+H). '

o N7 N
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[001892] 1-(2,3-Dihydrobenzo[b][1,4]dioxin-6-y1)-4-(pyrimidin-4-yl)butane-
1,4-dione 348.

[001893] White solid (30 mg, 0.10 mmol). "H NMR (Cf)CI3, 400 MHz) & ppm
3.39-3.46 (m, 2H), 3.57-3.64 (m, 2H), 4.26-4.37 (m, 4H), 6.89-6.96 (m, 1H), 7.52-7.60
(m, 2H), 7.91 (dd, J=5.02Hz, J~1.51Hz, 1H), 8.99 (4, /=5.02Hz, 1H), 9.40 (d, /=1.26Hz,
1H); ESIMS found CigH1aN204 miz 299.1 (M+H).
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341

[601894] 1-(2,3-Dihydrobenzo[b]{1,4]dioxin-6-yl)-4-(pyridazin-3-ylybutane-
1.4-dione 341.

[001895] White solid (30 mg, 0.10 mmol). "H NMR (CDCl;, 400 MHz) 5 ppnt
3.41-3.48 (m, 2H), 3.75-3.84 (m, 2H), 4.24-4.34 {m, 4H), 6.87-6.94 (m, 1H)}, 7.50-7.58
{(m, 2H), 7.64 (dd, /~8.53Hz, /=5.02Hz, 1H), 8.11 (dd, /=8.53Hz, J=1.76Hz, 1H), 9.33
(dd, J=5.02Hz, J=1.76Hz, 1H); ESIMS found C,¢H14N204 m/z 299.0 (M+H}..

1001896] 1-{Chroman-6-yh)-4-(pyrimidin-2-yl)butane-1 4-dione 362.

[601897] Brown oil (175.7 mg, 0.59 mmol). "H NMR (DMSO-dg, 500 MHz) &
ppm 1.95 {quin, J=5.50 Hz, 2H), 2.81 (t, /=6.31 Hz, 2H), 3.36 (1, /=3.50 Hz, 2H), 3.50 (¢,
J=6.00 Hz, 2H), 4.22 (1, /=520 Hz, 2H), 6.84 (d, /=8.78 Hz, 1H), 7.72-7.76 (m, 2H),
7.77 (s, 1H), 9.04 (d, /=4.94 Hz, 2H); ESIMS found C17HsN203 m/z 296.9 (M+H).

o) N/j
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[001898] 1-(Benzo[d][1.3]dioxol-5-yI)-4-(pyrimidin-2-y])butane-1,4-dione 372.

[001899] Light brown solid (55.2 mg, 0.19 mmol). "H NMR (DMSO-ds, 500
MHz) & ppm 3.38 (t, J=6.10 Hz, 2H), 3.51 (t, /=6.10 Hz, 2H), 6.15 (s, 2H), 7.06 (4,
J=8.23 Hz, 1H), 7.47 (d, J=1.65 Hz, 1H), 7.68 (dd, /=8.23, 1.65 Hz, 1H), 7.74 (t, J=4.81
Hz, 1H), 9.04 (d, J=4.39 Hz, 2H}; ESIMS found CsH2N204 m/z 385.1 (M+H).
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[001900] 1-(3,4-Dimethoxyphenyl)-4-(pyrimidin-5-ylbutane-1,4-dione 436,
[001901] White solid (10 mg, 0.03 mmoi). "H NMR (CDCl3, 400 MHz) & ppm
3.40 (t, J=5.6Hz, 2H), 3.51 (t, =61z, 2H), 3.93 (s, 3H), 3.97 (s, 3H), 6.93 {d, /=8 .4Hz,
1), 7.53 (d, J=2Hz, 1), 7.69 (dd, /~2Hz, J=8.4Hz, 1H), 9.33 (s, 2H), 2.39 (s, 1H);
ESIMS found CigHsN20s m/z 301.0 (M-+H).
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[001902] 1-(3,4-Dimethoxyphenyl}-4-(pyrimidin-2-yl)butane-1,4-dione 431.
[601903] White solid (70 mg, 0.23 mmol). "H NMR (CDCla, 400 MEz) 3 ppm
351 (t, J=6.4H1z, 2H), 3.68 (t, J=6.4Hz, 2T), 3.93 (s, 3H), 3.96 (5, 3H), 6.92 (d, /=8 4Hz,

1H), 7.48 (t, /~4.8Hz, 1H), 7.55 (d, J=1.6Hz, 1H}, 7.70 (dd, /=2Hz, J=8.4Hz, 1H), 8.96
(d, J=4.4Hz, 2H); ESIMS found CgHgNaOg m/z 301.1 (M+H).

MeO

WieC
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[601904] 1-(3,4-Dimethoxyphenyl)-4-(pyrimidin-4-yl)butane-1,4-dione 432.

[001905] ‘White solid (40 mg, 0.13 mmol). 'H NMR (CDCl3, 400 MIiz) & ppm
3.48 (1, J=6Hz, 2H), 3.62 (t, /=6Hz, 2H)}, 3.93 (s, 3H), 3.96 (s, 3H), 6.92 (4, /=8Hz, 1H),
7.54 (4, J=1.2Hz, 1H), 7.68 (d, /=8Hz, 1H), 7.92 (d, /=4.8Hz, 1H), 9.00 (d, J=5.4Hz,
1H), 9.41 (s, 1H); ESIMS found Cy¢Hi1sN204 122 301.0 (M+H).




433
[001906] 1-(3,4-Dumethoxyphenyl}-4~(pyridazin-3-vlybutane-1,4-dione 433.
[001907] White solid (70 mg, 0.23 mmo}l). "H NMR (CDCls, 400 MHz) 8 ppm
3.52 (t, J=6Hz, 2H), 3.84 (t, /=6Hz, ZH), 3.93 (s, 3H), 3.97 (s, 3H), 6.94 (d, /=8.41Iz,
IH), 7.56 (d, J=1.6Hz, 1H), 7.62-7.74 (m, 2H), 8.15 (dd, /~2Hz, ng.él}lz, 1H}, 9.36 (dd,
J=2Hz, J=4.8Hz, 1H); ESIMS found CiHeN20Og m/z 30101 (MAH).

568
[001908] 1-(2,3-Dihydrobenzo[b][1,4] dioxin—6—y§)—4—(3¥1nethylpyridjn~2 -yD)
hutane-1,4-dione 568,
[001909] White solid (207.8 mg, 0.30 mmol, 7.9% vield). "H NMR (DMSO-d;,
500 MHz) 6 ppm 2.45 (5, 3H), 3.29-3.32 (m, 2H), 3.42-3.45 (m, 2H), 4.28-4.30 (m, 2H),
4.32-434 {m, 2H), 6.98 (d, J=8.4Hz, 1H}, 7.47 (d, /=2.1Hz, 1K), 7.51-7.55 (m, 2F), 7.78
(dd, /=0.7Hz, 7.7Hz, 1H), 8.59 (dd, /=1.0Hz, J=4.6Hz, TH); ESIMS found CysH;,NOy

mfz 312.0 (M+H).

569

[601918] 1-(2,3-Dihydrobenzoib]{1,4]dioxin-6-yi)-4-(3-fluoropyridin-2-y1)
butane-1,4-dione 569,

[661911] White solid (94.8 mg, 0.30 mmol, 3.8% yield). 'H NMR (DMSO-ds,
500 MHz) 8 ppm 3.32-3.34 (m, 2H), 3.43-3.46 (m, 2H), 4.29-4.30 (m, 2H), 4.33-4.34 {1,
2H), 6.99 (d, J=8.4Hz, 1H), 7.48 (d, J=2.1llz, 1H), 7.54 (dd, /2.1Hz, /=8.4Hz, 1H),
7.76-7.78 (m, 1H), 7.88-7.92 (m, 1H), 8.59 (dt, /=1.4Hz, J=4.5Hz, 1H); ESIMS found
Ci7HpFNOy m/z 3155 (M+H).
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[601912] 1-(2,3-Dihydrobenze[b}{1,4]dioxin-6-y1)-4-(G-(trifluoromethyt)
pyridin-2-y1jbutane-1,4-dione 576.

[001913] Tan solid (449 mg, 1.23 mmol, 22.0% yield). 'H NMR (DMSO-d,
500 MHz) 8 ppm 3.32-3.55 (m, 2H), 3.45-3.48 {(m, 2H), 4.29-4.30 (m, 2H), 4.33-4.34 (m,
2H), 6.99 (d, J=8.4Hz, 1H), 748 (d, /=2.1Hz, 1H), 7.55 (dd, /=2.1Hz, /=8.5Hz, 1H)},
7.84 (dd, J=4.9Hz, J=7.9Hz, 1H), 8.37 (d, /=8.0Hz, 1H), 8.96 (d, /=4.6Hz, 1H); ESIMS
found CgH14F-NGOy m/z 366.3 (M+H).

=N o ]

{001914] 1-(2-Fluorophenyl)-4-(pyrimidin-2-yl)butane-1,4-dione 712.

[001915] Off-white solid (167.2 mg, 0.65 mmol). 'H NMR (DMSO-ds, 500
MHz) & ppm 3.39 (m, 2H), 3.56 (¢, /=6.10 Hz, 2H), 7.34-7.41 (m, 2H), 7.66-7.71 (m,
1H), 7.74 (1, /=4.94 Uz, 1H), 7.85 (td, J=7.68, 1.65 Hz EH), 9.04 (4, =494 Hz, 2H}
ESIMS found Cy4H FNLOy m/z 259.0 (M+H).

@/“\/\p

- [001916] 1—(Pyrimidin—z-yl)-4—(o—tolyl)butane»1,-Ld%one 715.

[061917] Brown solid (17.9 mg, 0.07 mmol). 'H NMR. (DMSO-dg, 500 MHz) §
ppm 2.38 (s, 3M), 3.33 (1, J=6.10 Hz, 2H), 3.54 (t, J/=6.10 Hz, 2H), 7.30 (d, /=743 Hz,
1H), 7.35 (t, J=7.67 Hz, 1H), 7.44 (td, /=7.60, 1.10 Hz, 1H), 7.74 (1, /=4.90 Hz, 1H),
7.86 (d, J=7.68 Hz, 1H), 9.04 (d, J=4.94 Hz, 2H); ESIMS found CsHNz0p miz 255.0

(M+H).
o E,C
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[601918] 1-(Pyrimidin-2-yl)-4-(2-(trifluoromethyl)pheryl)butane- [ 4-dione 716.

[001619] Light brown solid (85.8 mg, 0.28 mmol). 'H NMR (DMSO-ds, 500
MHz) 8 ppm 3.34 (t, /=630 Iz, 2H), 3.56 (t, /=610 Hz, 2H), 7.72-7.77 (m, ZH), 7.81-
7.88 (m, 2H), 7.92 (d, =714 Hz, 1H), 9.05 (dg J=4.94 Hz, 2H); ESIMS found
CysHyFsNaOy m/z 300.0 (VE+H).

718
[001920] 1-Phenyl-4-(pyrimidin-2-ybutane-1,4-dione 718.
[601921] Off-white sokid (186.5 mg, 0.78 mmol). 'H NMR (DMSO-ds, 500
MHz) & ppm 3.46 (1, J=6.10 Hz, 2H), 3.56 (t, /=6.10 Hz, 2H), 7.56 (t, J=7.70 Hz, 2H),
7.67 (t, J=7.40 Hz, 1H), 7.75 (t, /~4.94 Hz, 1H), 8.02 (d, J=7.36 Hz, 2H), 9.05 (d, /~4.94
Hz, 2H); ESIMS found Cy4H12N20Oy m/z 2411 (M+H).

| O@/K/\K\N
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[601922] 1-(Pyrimidin-2-y1)-4-(5.6,7,8-tetrahydronaphthalen-2-y)butane-1,4-
dione 737.

[001623] Off-white solid (480 mg, 1.63 mumol, 24.2% vield). "H NMR (DMSO-
dg, 500 MHz) & ppm 1.75-1.77 (m, 4H), 2.78-2.80 (m, 4H), 3.38-3.41 (m, 2H}, 3.51-3.53
(m, 2H), 7.21 (4, J=7.8Hz, 1H), 7.61-7.71 (m, 2H), 7.74 (t, /=4.9Hz, 1H), 9.04 (d,

=4.9Hz, 1H); ESIMS found CygHsNoO2 m/z 295.0 (M+H).

767

[001924] 1-(3-Chloropyridin-2-yl)-4-(2,3-dihydrobenzo[5][1,41dioxin-6-y1)
butane-1 4-dione 767, |



[061925] White solid (311 mg, 0.94 mmol, 12.6% yield). 'H NMR (DMSC-ds,
500 MHz) & ppm 3.30-3.34 (m, 2T0), 3.40-3.43 (m, 2H), 4.28-4.30 (m, 2H), 4.33-4.34 (m,
OH), 6.99 (d, J=8.4Hz, 1IT), 7.48 (d, /=2.1Hz, 1H), 7.54 (dd, J=2.1Hz, J=8.4Hz, 1H),
7.65 (dd, J=4.6Hz, F=8.2Hz, 1H), 8.08 (dd, J=13Hz, J=8.2Hz, 1H), 8.67 (dd, J=1.3Hz,
J=4.5Hz, 1H); ESIMS found C7H14CING, miz 331.9 (M+H).

Example 4

[001926] Preparation of 1-(5,8-dihydroxy-2,3-dibydrobenzo[b}{1,4]dioxin~-6-y1)-
3-phenylpropane-1,3-dione (3) and 1-(5,8-dimethoxy-2,3-dinydrobenzof5]]1.4]dioxin-6-
yl)-3-phenvlpropane-1,3-dione (6) is depicted below in Scheme 18.
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Scheme 18

Sten 1

[061927] A  solution of crude  2-bromo-1-(5,8-dimethoxy-2,3-dihydrobenzo
[6][1,4]dioxin-6-yhjethanone (XVI) (1.1 g, 3.36 mmol), 1,3-diphenylpropane-1,3-dione
(LXXXI) (778 mg, 3.47 mmol), KyCO; (480 mg, 3.47 mmol), and KI {10 mg) in acetone
was heated to reflux for 2 h. The reaction mixture was cooled, filtered and concentrated
under vacuurn. The residue was purified by column chromatography on sifica gel (20%
FEtOAc/PE) to give 2-benzoyl-4-(5,8-dimethoxy-2,3-dihydrobenzo [b][1,4]dioxin-6-yI)-1-
phenylbutane-1,4-dione (LXXXIE) (1.1 g, 2.39 mmol, 70% yield for two steps) as a
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yellow solid. "M NMR (CDCls, 500 MHz) & ppm 3.79-3.88 (m, 5H), 3.90 (s, 3H), 4.36
(dd, J=19.32Hz, 4.52Hz, 4H), 6.08 (t, /=6.40Hz, 1H), 6.98 (s, 1H) 7.43-7.52 (m, 4H),
7.54-7.63 (ra, 2H), 8.02 (d, /=7.53Hz, 4H). |

Step2

[001928] A solution of 2-benzoyl-4-(5,8-dimethoxy-2,3-dihydrobenzo []{1,4]dioxin-6-
yl)-1-phenylbutane-1,4-dione (LXXXI) (1.1 g, 2.4 mmol} in BEtOH (20 mL) was added
- 2% aqueous NaOH (20 mL, 10 mmol) dropwise at: 10°C and then stiyred at room
temperature for 18 h. The reaction mixture was filtered, and the solid was washed with
water (20 mL), 10% EtOAC/PE (50 mL) and dissolved in DCM (60 mL). The DCM layer
was washed with 0.5 N HCI (20 mL), brine (20 mL), dried over anhydrous Na,SO4 and
concentrated under vacuum to produce 1-(5,8-dimethoxy-2,3-dihydrobenzo[h][1,4]
dioxin-6-yi)-3-phenylpropane-1,3-dione (6) (750 mg, 2.19 mmol, 88% yield) as a yellow
solid. '"H NMR (CDCl, 500 MHz) 8 ppm 3.42 (d, J=6.02Hz, 2H), 3.49 (d, J<6.02Hz,
2H), 3.87 (s, 3H), 3.96 (s, 3H) ,4.37 (dd, J=14.18Hz, 4.89Hz, 4H), 6.97 (5, 1H), 7.42-7.52
(m, 2H); 7.56 (d, J=7.28Hz, 1H), 8.04 {d, J=7.28Hz, 2H).

Step 3

[001929] To a solution of 1-(5,8-dimethoxy-2,3-dihydrobenzo[b][1,4}dioxin-6-y1)-3-
phenylpropane-1,3-dione (6) (750 mg, 2.1 mmel) in arhydrous DCM (100 mL) was
added a solution of BBr; (0.56 mL, 6.3 mmol} in anhydrous DCM (1 mL) at -10°C
dropwise. This reaction solution was stirred at -10°C for 3 h and then quenched with ice
water (40 mL). The DCM layer was dried over anhydrous NapySOy, and concentrated
under vacuum. The residue was purified by the silica gel columm (10% MeOH/DCM),
and recrystallized with (MeOH:DCM:EtOAc= 1:2:2) (20 mL) to yield 1-(5,8-dihydroxy-
2,3—dihydmbenzo[b}[i,4}dioxin—6-yi)—3~phenylip;:opane~1,3—dione (3) as a light yellow
solid (200 mg, 0.64 mimol, 29.0% vield). "H NMR (DMSO-dg, 500 MHz) § ppm 3.23-
3.49 (m, 4TD), 4.26 (d, J=4Hz, 2H), 4.33 (d, /=2.4Hz, 2H), 6.96 (s, 1H), 7.55 (1, J=7.2Hz,
2H), 7.66 (1, /=7.2Hz, 1H), 8.01 (4, /~7.6Hz, 2H), 9.06 (s, 1H), 11.81 (s, 1H); ESIMS
found Ci7H1406 m/z 315.1 (M+H).

258 -



[001930] The following compound was prepared in accordance with the procedure

described in the above Example 4.

[601931] 1-(7,8-dihydroxy-2,3-dihydrobenzo[b]{1,4]dioxin-6-y1)-4-phenylbutane-1 4~
dione 4. |

[661932] Light yellow solid (160 mg, G.S 1 mmol, 69.7% yield). "H NMR (CDCls, 500
MHz): 6 ppm 3.37-3.45 (m, 4H), 4.27 (t, J=4Hz, 2H), 4.41 (t, 40z, 2H), 5.49 (s, 1H),
7.03 (s, 1H), 7.49 (t, J=7.6Hz, 2H), 7.59 (¢, J=7.6Hz, 1H), 8.03 (d, /=7.6Hz, 1H), 12.08
(s, 1H); ESIMS found CygH;606 m/z 329.1 (M+H).

Pvaluation of Biological Activity

[001933] The biological activity of the compounds described herein can be tested using
any suitable assay known to those of skill in the art, e.g., those assays deseribed in WO
2001/053268 or WO 2005/009997, both of which are incorporated by reference in their
entireties. For example, the activity of a compound may be tested using one or more of

the test methods described below.

Example 5
{061534] Compounds that enhance the Wnt activity, or Activators, were assayed as

follows. Reporter cell lines were generated by stably transducing cells of colon cancer
cell Tines (with a lentiviral construct that inchuded a Wnt-responsive promoter driving
expression of the firefly luciferase gene).

{681935] Lentiviral constructs were made in which the SP5 promoter, a promoter
having eight TCY/LEF binding sites derived from the SP5 promoter, was linked upstream
of the fireily luciferase gene. The lentiviral comstructs also included a hygromycin

resistance gene as a selectable marker. The SP5 promoter construct was used to transduce
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SW480 cells, a colon cancer cell line having a mutated APC gene that generates a
truncated APC protein, leading to de-regulated accumulation of B-catenin.

[0061936] Cultured SW480 cells bearing a reporter construct were distributed at
approximately 10,000 cells per well into 384- or 96-well multiwell plates. Compounds
from a small molecule compound library were then added to the wells in half-log
dilutions using a maximum concentration of three or ten micromolar. A series of control
wells for each cell type received only buffer and compound solvent DMSO. Twenty-four
hours after the addition of compound, reporter activity for luciferase was assayed, for
example, by addition of the BrightGlo huninescence reagent (Promega) and the Victor3
plate reader (Perkin Elmer). Readings were normalized to DMSO only treated cells, and
any activities above DMSO were considered activation. Compounds were considered
activators if reporter activities were 2x fold or greater than DMSO. ECs is the

concentration at half maximal activation. Table 2 shows the activity of selected

activators.
Table 2.
Wot Wnt Wt
Compound | activation, | Compound | activation, | Compound | activation,
ECs (uM) ECs (uM) ECsy (uM)
1 0.005 265 0.201 379 >10
2 0.001-0.003 269 >10 385 0.165
3 =10 274 6.8 425 5.95
4 >10 278 0.009 426 8.80
9 0.1 278 0.018 430 >10
10 >10 281 0.061 431 >10
i1 0.013 287 0.087 432 4.8
12 (.005 288 >10 433 >10
13 0,192 291 0.125 442 2.15
i4 0.206 292 0.595 445 0.010
15 0.09 294 1,721 447 >10
16 0.007 . 300 0.018 451 0.037
18 >10 301 0.039 455 0.032
16 0.003 3487 0.055 456 0.673
2% 0.031 310 0.068 457 2.89
28 0.009 313 0.044 462 0.424
61 0.025 314 0.016 485 >10
68 0.006 316 >10 495 0.008
69 >1( 317 >10 497 0.048
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71 0.0025 319 0.279 498 0.012

76 >10 320 >10 563 0.487

50 0.01 323 0.063 567 0.036
207 >10 326 0.117 513 0.039
208 >10 329 0.089 515 0.127
209 >10 332 0.680 518 0.646
218 0.002 334 >10 524 0.088
213 0.018 338 0.064 528 0.148
214 001 339 0.009 529 0.695
216 0.011 340 0.209 538 0.063
217 0.343 341 0.095 541 2.81
222 0.003 342 0.009 544 0.9
232 0.134 343 0.351 547 >10
235 0.494 344 0.307 554 >10
238 >10 345 >10 557 0.026
248 0.669 346 0.024 559 0.340
242 0.78% 358 0.014 560 G.055
248 >10 362 0.188 562 0.106
249 0.004 364 0.013 569 0.00196
252 0.001 365 0.033 570 0.026
258 0.017 368 0.0i6 718 0.681
258 0.016 372 0.097 737 0.022
261 0.042 374 0.013 767 0.002164
263 >10 375 0.071 '

[001937]  The term “comprising” as used herein is synonymeous with

Er N

“including,” “containing,” or “characterized by,” and is inclusive or open-ended

and does not exclude additional, unrecited elements or method steps.
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WHAT IS CLAIMED iS:

1. A compound of Formula E:

or a pharmaceutically acceptable salt thereof,

wherein:

Ring A 1s a 7-12 membered heteroaryl, wherein a carbon atom on the ring is
attached to the carbonyl carbon;

Ring B is selected from the group consisting of phenyl and a 5-6 membered
heteroaryl, wherein a carbon atom on the ring s attached to the carbonyl carbon;

R is a substituent attached to Ring A and is independently selected at each
occwrence from the group consisting of H, unsubstituted -Ci alkyl, -C;.3 haloalkyl,
halide, -OR’, CF3, and CN;

| R is a substituent attached to Ring B and is mdependently selected at each
occeurrence from the growp consisting of H, unsubstituted -Cy4 alkyl, -CH,OH, -
CHoN(R™),, -C1.3 haloalkyl, halide, -OR?, CF, and CN;

each R® is independently selected from the group consisting of H, unsubstituted -
Cisalkyl, -Cya haloalkyl, and CI's;

each R® is independently selected from the group consisting of H and
unsubstituted —C 3 alkyl;

each n is an integer of 1 to 10; and

each m is an integer of 1 t0 5;

with the proviso that the compound of Formula 1 is not 2 compound selected from

the group consisting of:
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2. The compound of claim I, Whmem ng A is a 9-membered bicyclic

heteloaryl ring containing 1-3 hetercatoms selected from the group consisting of N, O,
and S.

3. The compound of any one of claims 1-2, wherein Ring A is selected from

the group consisting of GD <I: <D (:‘ (D (\‘O

4, The compound of any one of claims 1-3, wherein Ring A is selected from

the group consisting of : : , ::, s o:“ , NH:C’ :S:O,
(jQ
and © .
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5. The compound of any one of claims 1-4, wherein Ring A is selected from

e olegIFeQ
the group consisting of © , NH ,and © .

6 The compound of any cne of claims 1-5, wherein Ring A is a 10-membered
bicyclic hetercaryl ring containing 1-3 heteroatoms selected from the group consisting of
N, O, and S.

7. The compound of any one of claims 1-6, wherein Ring A is selected from

OO QoD OO

8. The compound of any one of claims 1-7, wherein Ring A is selected from

0,00
the group consisting of 0 and "o .

9.  The compound of any one of claims 1-8, wherein R! is selected from the
group consisting of H, F, Cl, Me, OMe, OH, CFsand CN; andnis 1 or 2.

the group consisting of o

18. The compound of any one of claims 1-9, wherein R’ is H.
11.  The compound of any one of claims 1-10, wherein R’ is F; and n is 1.

12.  The compound of any one of claims 1-11, wherein Ring B is phenyl.

S
13. The compound of any one of claims 1-12, wherein is selected

L/ e (Chm {F 3Gl O/
from the group consisting of ~” A & &

/
N

Ed >

| \ i \ 1
(MeO),—— (Mey,—— (NC),——
# : # and #  candmis]or2.
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L
14. The compound of any one of claims 1-13, wherein 1s selected

F

: cl
saisghoalon
from the group consisting of , ) L\/ : ;
| Olle Y N .
©)\5 ©/\, and ©/\

15. The compound of any one of claims 1-14, wherein Ring B is a 5-membered

hetercary! containing 1-3 heteroatoms selected from the group consisting of N, Q, and 8.

16. The compound of any one of claims 1-15, wherem is selected

(Rz}m\ fr—ﬁ}n (stm\ /r"*ﬂﬁa (R é\}_‘/\\}m (R%n N“ﬂ/ii

? 2

from the group consisting of

(R?)m r“yﬁ’% R )m\f"*”“/“e (R N““V‘Li
SrS Shie 5 S AR R
ol - Ho, Ho L and B jandmis?orl

17. The compound of any one of claims 1-16, wherein R? is H.

i8. The compound of any one of claims 1-17, wherein R%isF candmis .

Vou
19. The compound of any one of claims 1-18, wherein is selected

UGS

from the group consisting of © :and R* is H.

26. The compound of any one of claims 1-19, wherein Ring B is a 6-membered

hetefc)aryl containing 1-2 nitrogen atoms.

You
21. The compound of any one of claims 1-20, wherein is selected

g ( ST
T i, e v |
from the group consisting of ®m , R 5m (R} , and (R cand mis 1

or 2.
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22. The compound of any one of claims 1-21, wherein R* is H.

23, The compound of any one of claims 1-22, wherein R”is F; and m is 1.

24. The compound of any one of claims 1-23, wherein is selected

N\ e ;/' N\\n‘)ﬁ N/N\ 51”
Ly o
from the group consisting of ~* |, "~ >  and ~ andR7isH

25. The compound of any one of claims 1-24, wherein the compound of

Formula I is selected from the group consisting of:

oM 0 N
? o] /j' Is) g I
/D [ T O. l S RNy io ”
i
o cCF 0 F
ko A :, Sy , OH
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oMe 7 | Ol O /Q/ ome O ™
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OMe O Orie e
o]

8] Ole
Ol

Clifie Ohfie




Q OH

273









oFs

276



277



Ollie
Olie

278



6LT

2P0



08T







282



£8¢




284



$8¢C




98T




287



887




~
N I Q Ci
. o Ne |
ey D
HN’»N [#] Jos and \\- o~
or a phars naceutmaily acceptable salt thereof.
26. A compound of Formula a:
{Rn
Ia
or a pharmaceutically acceptable salt thereof,
wherein:
DR
Ring A1s ~ ;
R2b -

N CL
A ¢

Ring B is selected from the group consisting of R*

Rze REE Rze
5
ei> g v ol walt ool o
Zh - RR:/ N I\N/ I = W\_W4W
Rzi____f_ R2_4 Rzg__&{ % R%_J—J L‘g
’ K KL
s , ,and CHN

each R' is a substituent attached to Ring A and is independently selected at each
occurrence from the group consisting of H, wnsubstituted -Ci.¢ alkyl, -Cy.5 haloalkyl,
halide, -OR’, CF3, and CN;
_ R*® is selected from the group consisting of unsubstituted —C; ¢ alkyl, -CH,OH, -
CHoN(R™,, -C;3 haloalkyl, CI, Br, I, ~OR*®, CF3 and CN;
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R® is selected from the group consisting of unsubstituted -Cy.6 alkyl, -CHOH, -
CHaN(R™)s, -Cy.3 haloalkyl, halide, -OR™, CF3, and CN;

R*® is 2-5 substituents, each independently selected at each occurrence from the
group coasisting of unsubstituted -Cyg alkyl, -CH,OH, -CHN(R™), -Cy3 baloalkyl,
halide, -OR”, CF3, and CN;

R is 1-4 substituents, each independently selected at each occurrence from the
group consisting of unsubstituted -Cig aliyl, -CHOH, -CH;N(R*),, -Cy3 haloalkyl,
halide, -OR’, CF3, and CN;

R*® is 1-4 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted -Cy.¢ alkyl, -CH,OH, -CHNR™),, -Cy.5 haloalkyl,
halide, -OR’, CF3, and CN;

R is 1-3 substituents, each independently selected at each occurrence from the
group consisting of unsubstituted -Cig alkyl, -CFLOH, -CH:NR™),, -Crs haloalkyl,
halide, -OR®, CF3, and CN;

R?® 15 1-3 substituents, each independently selected at each occurrence from the
aroup consisting of H, unsubstituted -Ci 2lkyl, -CH,OH, ~CH,N(R™),, -Cy. haloalkyl,
halide, -OR?, CFs, and CN; |

each R® is independently selected from the group consisting of H, unsubstituted -
Cgalkyl, -Cishaloalkyl, and CFy;

each R™ is independently selected from the group consisting of unsubstituted —Cs.
6 alkyl, ~-Cy3 haloalkyl, and CFy;

each R is independently selected from the group comsisting of H and
unsubstituted ~Cy_3 alkyl;

each W is N or C, whereln at least two W are N;

each Uis N or C, wherein at least one U is N and at least one Uis C;

GisNHor O,

each J is N or C, wherein at least one J is C; and

1nis an integerof 1 to 7.

27. The compound of claim 26, wherein the compound of Formula Ia is selected

from the group consisting of:
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or a pharmaceutically acceptable salt thereof.

28. A compound of Formula Ib:
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Ib

or a pharmaceutically acceptable salt thereot,

wherein:

O

Ring B is selected from the group consisting of phenyl and a 3-6 membered

Ring A is

heteroaryl, wherein a carbon atom on the ring is attached to the carbonyl carbon;

each R' is independently selected at each occwrence from the group consisting of
H, unsubstituted -Cyg atky}, -Cy.3 haloalkyl, halide, -OR?, CF3, and CN;

each R” is independently selected at each occirrence from the group consisting of
H, unsubstituted -C1g alkyl, -CH,OH, -CHoN(R*),, -Cys haloalkyl, halide, -OR?, CFs,
and CN; '

each R’ is independentlj selected from the group consisting of H, unsubstituted -
Cr.galkyl, -C,; haloalkyl, and CFy; _

each R®® is independently selected from the group consisting of H and
unsubstituted —Cj.3 alkyl;

each M is independently selected from the group comsisting of N, C, S and O,
wherein both M are not O and both M are not C;

m is an nteger of 1 to 5; and

n is an integer of 1 to 10.

29. The compound of claim 28, wherein the compound of Formula kb 1s

selected from the group consisting of:

296



297



298



299






10¢




or a pharmaceutically acceptable salt thereof,

30. A compound of Formula Le:

(R

Ic

or a pharmaceutically acceptable salt thereof,
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wherein:
M N g
RingAis M I &
Ring B is selected from the group consisting of phenyl and a 5-6 membered
heteroarvl, wherein a carbon atom on the ring is attached to the carbonyl carbon;
each R' is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy.¢ alkyl, -C,.3 haloalkyl, halide, -OR’, CFs, and CN;
cach R is independently selected at each oceurrence from the group consisting of
H, unsubstituted -C.¢ alkyl, -CH,OH, -CH,N(R™),, -C1.3 haloalkyl, halide, -OR?, CFs,
and CN;
each R® is independently selected from the group consisting of H, unsubstituted -
Cigalkyl, -Cy.3 halealkyl, and CFs;
each R*® is independently selected from the group consisting of H and
unsubstituted ~Cy_5 alkyl;
each M is independently selected from the group consisting of N, C, S and O,
wherein if one M is €, the other M is selected from the group consisting of N, S, and O
m i an integer of 1 to 5; and |

nis an mteger of 1 to 10

31. The compound of claim 30, wherein the compound of Formula Ie 1s selected

from the group consisting of:
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or a pharmaceutically acceptable salt thereof.

32. A compound of Formula Id:

. (RYn
Ol

Id
or a pharmaceutically acceptable salt thereof,

wherein:

305



Ring A is Q

Ring B is sclected from the group consisting of R®

\ @;ﬁ‘
l / 2 2d/ & 2e .
R R , and a 5-6 membered heteroarylR*", wherein a carbon atom on

the ring is attached to the carbonyl carbon;

cach R! is independently selected at each occurrence from the group consisting of
H., unsubstituted -C,4 atkyl, -Ci.; haloalkyl, halide, —ORS, CFi, and CN;

R is selected from the group consisting of H, unsubstituted —Cy¢ alkyl, -CH20H,
_CHN(R™),, -C 1.3 haloalkyl, C1, Br, I, -OR™, CF3_ and CN;

R is selected from the group consisting of H, unsubstituted —Cs. alkyl, -CHOH,
-CHN(R), -C 3 haloalkyl, F, T, -OR?, CFa, and CN; '

R* is selected from the group consisting of H, unsubstituted -Ci.¢ alkyl, -CH,0H,
-CEN(R™),, -Cy.3 haloalkyl, F, Br, I, -OR’, CF3, and CN;

R ig 2-5 substituents, each independently selected at each occurrence from the

~group consisting of H, unsubstituted -Cy.¢ alkyl, -CH;OH, ~CH2N(R3b)2, -Cy.3 haloalkyl,
halide, -OR’, CF3, and CN;

R* is 1-3 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted -C ¢ alkyl, ~CH;OH, »CHZN(R3b)2, -C 1.3 haloalkyl,
halide, -OR?, CF3, and CN;

each R’ is independently selected from the group consisting of H, unsubstituted -
Cyrgalkyl, -Cy.3 haloalkyl, and CFs;

each R* is independently selected from the group consisting of H, unsubstituted -
Casalkyl, -Cy3 haloalkyl, and CFa;

each R®® is independently selected from the group consisting of H and
unsubstituted —C.3 alkyl;

Qis S or NH; and
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n is an integer of 1 o 5.

33. The compound of .claim 32, wherein the compound of Formula Id is

selected from the group consisting of:

0 |
OH | | ,and  HN

307



or a pharmaceutically aéceptabie salt thereof.

34. A compound of Formula Ie:

YN

fe
or 2 pharmaceutically acceptable salt thereof,
wherein:
AT
W,
WS
i ﬁw
. . W

RingAis W ;

Ring B is selecied from the group consisting of phenyl and a 5-6 membered
heteroaryl, wherein a carbon atom on the ring is attached to the carbonyl carbon;

each R' is independenily selected at each occurrence from the group consisting of
H, unsubstituted -Cy¢ alkyl, -Cy.2 haloalkyl, halide, -OR?, CF3, and CN;

each R” is independently selected at each occurrence from the group consisting of
H, unsubstituted -C; alkyl, -CEH,OH, ~CH;NR®),, -Cys haloalkyl, halide, -OR?, CF;,
and CN;

each R® is independently selected from the group consisting of H, unsubstituted -
Cigalkyl, -Cy5 haloalkyl, and CFsy;

each R is independently selecied from the group consisting of H and
unsubstituted ~Cy3 alkyl; 7

each W is N or C, wherein at least one W is N;

Qis S or NH;

m is an integer of 1 to 5; and

i is an integer of 1 to 4.

35. The compound of claim 34, wherein the compound of Formula Ee is selected

from the group consisting of
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or a pharmaceutically acceptable salt thereof.

36. A compound of Formula If:

(R

If
or a pharmaceutically acceptable salt thersof,
© wherein:
M,
w’w\j\/<
il W
. LW Ay
RingAils W ;

Ring B is selected from the group consisting of phenyl and a 5-6 membered
heteroaryl, wherein a carbon atom on the ring is attached to the carbonyl carbon;

each R is independently selected at each occurrence from the group consisting of
H, unsubstituted -C g alkyl, -C 1.3 haloalicyl, halide, -OR?, CFs, and CN;

cach R¥is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cig alkyl, -CHoOH, -CHN(R™),, -C,.3 haloalkyl, halide, -OR>, CFs,
and CN;

each R* is independently selected from the group consisting of H, unsubstituted -
Cisalkyi, -Crshaloalkyl, and CFs;

each R®® is independently selected from the group consisting of H and
unsubstituted —C 3 alkyl; '

each WisNor C;

m is an integer of 1 to 5; and

nis an integer of 1 to 5.

37. A compound of Formula Ig:

R')n

Ig
or a pharmaceutically acceptable salt thereof,



wherein:
D
Ring Ais ™ ;

RZ b
o |

o Q,

r? H

Ring B is selected from the group consisting of R
R® R2°// , and a 5-6 membered heteroarlezds wherein a carbon atom on

the ring is attached to the carbonyl carbeon; |

each R! is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy ¢ alkyl, -C.5 haloalkyi, halide, -OR?, CFs, and CN;

R* is selected from the group consisting of unsubstituted —Cy.¢ alkyl, ~-CH,OH, -

CHN(R®),, -C5haloalkyl, F, I, -OR®, CF3_and CN;

R™ is selected from the group qonsi,sting of unsubstituted ~Co.g alkyl, -CH,OH, -
CHN(R™Y,, -Cy.3 haloalkyl, balide, -OR’, CF3, and CN; |

R?® is 2-3 substituents, each independently selected at each occurrence from the
group consisting of unsubstituted -C,.5 alkyl, -CH,OH, -CHoN(R®),, ~Cr.3 haloalkyl,
halide, -OR?, CF, and CN; | |

R* is 1-3 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted -Ci.¢ alkyl, -CH,OH, —CHgN(RBb)g, -C1.3 haloalkyl,
halide, -OR?, CFs, and CN;

each R® is independently selected from the group consisting of H, unsubstituted -
Cialkyl, -C,.; haloalkyl, and CF3;

each R*® is independently selected from the group consisting of H and
unsubstituted —C, 5 alkyl;

Q is selected from the group consisting of O, S, and NH; and

n is an integer of 1 to 5.

38. A compound of Formula Ih:
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R

Ih

or a pharmaceutically acceptable salt thereof,

wherein:

e
Ring A is W\W/ Q ;

Ring B is selected from the group consisting of phenyl and a 3-6 membered
heteroaryl, wherein at a carbon atom on the ring is attached to the carbonyl carbon;

cach R’ is independently selected at cach occurrence from the group consisting of
H, unsubstituted -C;.¢ alkyl, -Cy3 haloalkyl, halide, -OR?, CF, and CN;

each R? is independently selected at each occurrence from the group consisting of
H, unsubstituted -C)¢ alkyl, -CH,OH, -CHN(R™),, -C)3 haloalkyl, halide, -OR®, CFs,
and CN; |

each R’ is independently selected from the group consisting of H, unsubstituted -
Cjgalkyl, Cy3haloalkyl, and CFs;

each R is independently selected from the group consisting of H and
unsubstituted —C .5 alkyl;

each W is N or C, wherein at least one W is N;

- Q is selected from the group consisting of O, §, and NH;

m is an integer of 1 to 5; and

1 is an infeger of 1 to 4.

39. A compound of Formula Ii:

(R

H

or a pharmaceutically acceptable salt thereof,

wherein:
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o
W\I"‘i\w

Ring A is W\W/ d , wherein a carbon atom on the ring is aftached to the
carbonyl carbon; B

Ring B is selected from the group consisting of phenvl and a 5-6 membered
heteroaryl, wherein a carbon atom on the ring is attached to the carbonyl carbon;

each R' is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy.g alkyl, -C, 3 haloalkyl, halide, -OR®, CFs, and CN;

each R? is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy alkyl, -CH0H, -CHN(R™,, -C 3 baloalkyl, halide, -OR®, CF;,
and CN;

each R? is independently selected from the group consisting of H, unsubstituted -
Cigalkyl, -Cy.3 haloalkyl, and CFs;

each R™ is independently selected from the group consisting of H and
unsubstituted ~C5 alkyl; |

each W 1s N or C, wherein at Ieas‘i one Wis C;

Q is selected from the group consisting of O, §, and N;

m is an integer of 1 to 5; and

nis an integer of 1 to 7.

40. The compound of claim 39, wherein the compound of Formula i is selected

from the group consisting of:

313



CFy

O




315



91¢







318



or a pharmaceutically acceptabie salt thereof.

41. A compound of Formula E:

Ii
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or a pharmaceutically acceptable salt thereof,

wherein:

Ring C is a 5-6 membered heteroaryl, wherein a carbon atom on the ring is
attached to the carbonyl carbon; .

Ring D is selected from the group consisting of phenyl and a 5-6 membered
hetercaryl, wherein a carbon atom bn the ring is attached to the carbonyl carbon;

each R is independently selected at cach occurreﬁce from the group consisting of
H, unsubstituted -C, ¢ alkyl, -Cy.3 haloalkyl, halide, -OR®, CF3, and CN;

each R’ is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cp¢ alkyl, -CH,OH, -CHoN(R®),, -Cy.; haloalkyl, halide, -OR®, CFs,
and CN;

cach R’ is independently selected from the group consisting of H, unsubstituted -
Cy.galkyl, -Cy.; haloalkyl, and CFs;

each R®™ is independently selected from the group consisting of H and
unsubstituted —C, 3 alkyl; |

p is an integer of 1 to 4; and

q is an integer of 1 to 5. '

with the proviso that the compound of Fommula II 1s not a compound selected

from the group consisting of:

M @»v,«* gwﬁ*
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42. The compound of claim 41, wherein Ring C is a 5-membered heteroaryl ring

containing 1-3 heteroatoms selected from the group consisting of N, O, and §.



43. The compound of any one of claims 41-42, wherein is selected

{R“)p'\rﬂ\/ﬁa (R‘%»{“}f& <R“>p\¥¥‘}\(ﬁi <R"Jp\5§““9\}i
o o o NS e
from the group consisting of 0 s o) s

> 3 13 bl

¢ — 2
(R )p\ jﬁlh (R )p\\ /)/‘1%\ R }pw\ ,j}."" {R )p\r?\ﬂ-m))/z (Rd}p\g /)/’

™~
N
ol 8T H , , and ;andpis1lor2.

' LT " Res
44, The compound of any one of claims 41 -43, wherein

45. The compound of any one of claims 41-44, wherein Ring C is a 6-

membered hetercaryl ring containing 1-2 nitrogens.

{RAp
: c
46.. The compound of any one of claims 41-45, wherein i"v) is selected
CHOH D1 I
N o [yl N:\

e o st (R‘}/{\/ ® <R4f”) (R‘i/\) :
from the group consisting of e , e , e ,and e ;andpis 1 or
2.

I{@,(Rd}i’
47. The compound of any one of claims 41-46, wherein is
N
g e
o

48. The compound of any one of claims 41-47, wherein R is selected from the
group consisting of H, F, Cl, Me, OMe, OH, CF;, and CN; and pis 1 or 2.

49, The compound of any one of claims 41-48, wherein R* is H.

50. The compound of any one of claims 41-49, wherein R* is F; and p is 1.

51. The compound of any one of claims 41-50, wherein Ring D is phenyl.
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52." The compound of any one of claims 41-51, wherein is selected

©} (Cliq 1 (FEC)qmim
from the group consisting of /
%
{MeO)q_T— {Me)qu- {NC}——
# # | and #  ,andqis1or2.

{Q)jmsm
53. The compound of any one of claims 41-52, wherein is selected

F ci CFy
S Fe 3
from the group comsisting of g , ©}\, U, ﬁj\, ©),
OMe ) e CN
saoa g
,and

T

Q

\

54. The compound of any ome of claims 41-53, wherein Ring D is a 3-
membered heteroaryl containing 1-3 heteroatoms selected from the group consisting of

N, O, and 8.

7{@,@%
55. 'The compound of any one of claims 41-54, wherein is selected

\Q 5& RS )c,\t ,)/z SN /)f (R ,)/E
from the group consisting of o, ,
. 5 (e 5 (Rﬁkq\{“\\/a (R")q\wii (Rﬁiq\fi*““/ﬁ’u
(R Eq\#——:‘!/ (R )q\:\/f*w:?‘/ Q ) Y ) ( )
N N N "N .
0", s, L H o and #  candgislor2.

56. The compound of any one of claims 41-55, wherein R” is H.

57. The compound of any one of claims 41-56, wherein R is F; and q is 1.

li/G)),(RS)q
58. The compound of any one of claims 41-57, wherein is selected

GG

from the group consisting of 0
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59. The compound of any one of claims 41-58, wherein Ring B is a 6-

membered heteroaryl containing 1-2 nitrogen atoms.

I’(R‘"’m
60. The compound of any one of claims 41-59, wherein is selected

Wh“_é N’”)smé E’/’ " *fﬁé
E\M %/“N) F N
from the group consisting of &% , Bl , ®a , and ®a ;and qis 1 or

2.
61. The compound of any one of claims 41-60, wherein R’isH.

62. The compound of any one of claims 41-61, wherein R” is F; and q s 1.

@(RB)Q
63. The compound of any one of claims 41-62, wherein : is selected

|
from the group consisting of ~* " SN and S JandRPsH

64. The compound of any one of claims 41-63, wherein the compound of

Formula H 1s selected from the group consisting oft




9te







, and
or a pharmacettically acceptable salt thersof.
65. A compound of Formula Ia:

(R%,



Ha
or a pharmaceutically acceptable salf thereof,
wherein:

N

H

Ring Cis T

¥

RSb
_ S
N
Ring D is selected from the group consisting of R® \ &

R&c
)}?A‘ﬁk Réd R5e ij}/% RS U——)ti/'lz
D T & i &
& , 5 , g7 , and h-d , wherein a carbon atom on
the ring is attached to the carbonyl carbon;

each R* is independently selected at each occurrence from the group consisting of
H, unsubstituted -C g alkyl, -C.5 haloalkyl, halide, -ORS, CFs, and CN;

R is 1-5 substituents, each independently selected at each oceurrence from the
group consisting of wnsubstituted -Cy4 alkyl, -CH,OH, —CH;N{R("’)Q, -Ci-3 haloalkyl,
halide, -OR™, CFs, and CN;

R is 1-4 substituents, each independently selected at each occurrence from the
group consisting of unsubstituted -Cy ¢ alkyl, -CH,OH, -CHQN(RGb)g, -Cishaloalkyl, F, L,
-OR®, CF3, and CN;

R%® is 1-3 substituents, each independently selected at each oceurrence from the
group coansisting of H, unsubstituted -Ci.4 alkyl, -CH,OH, —CHZN(R%);;, -C3 haloalkyl,
halide, -OR®, CFs, and CN;

R is 1-2 substituents, cach independently selected at each occurrence from the
group comsisting of unsubstituted -Cy alkyl, -CH,OH, -CH,N(R®),, -C1 haloalkyl,
halide, -OR®, CF3, and CN;

R™ is 1-3 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted -Ci.5 alkyl, -CH,OH, -CHaNR™),, -C.3 haloalkyl,
halide, -OR®, CFs, and CN; |

each R® is independently selected from the group consisting of H, unsubstituted -
Cig aﬂgyl, -Cy.3 haloalkyl, and CFs;
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each R® is independently selected from the group consisting of I, unsubstituted —
Cagalkyl, -Cy.3 haloalkyl, and CFs;

each R® is independently selected from the group consisting of H and
unsubstituted —Cy_a alkyl;

each A is N or C, wherein at least two A are N;

each J is N or C, wherein at least one J is N and at least one J 1s C;

eag:h Uis N or C, wherein at least one U is C;

Qs OorN;and

p is an integer of 110 4.

66. The compound of claim 65, wherein the compound of Formula Ifa is

selected from the group consisting of:

3
23
o)



{533




ora pharmaceu’ticaliy acceptable salt thereof.

67. A compound of Formula IIkb:

R

or a pharmaceutically acceptable salt thereof,

I'd AN
|
~ &A

RingCis R 3
Ring D is selected from the group coﬁsisﬁng of pheny! and a 5-6 membered

whereln:

From

heteroaryl, wherein a carbon atom on the ring 1s attached to the carbonyl carbon;

each R? is independently selected at each occurrence from the group consisting of
H, unsubstituted -Cy.¢ alkyl, -Ci.; haloalkyl, halide, -OR®, CF3, and CN;

each R° is independently selected at each occurrence from the group consisting of
L, unsubstituted -Cy.¢ alkyl, -CHLOH, -CHNR™), -Cy3 haloaikyl,' halide, ~OR®, CFs,
and ON;

each RY is independently selected from the group consisting of H, unsubstituted -
Csalkyl, -Cy.5 haloalkyl, and CFs;

cach R%is independently selected from the group consisting of unsubstituted —C;.
6 alkyl, -C 3 haloalkyl, and CFj;

&b

each R® is independently selected from the group comsisting of H and

unsubstituted —Cy.5 alkyl;

332



each A is N or C, wherein at least two A are N;

pis an integer of 1 to 3; and

q is an integer of 1 to 5.

68. The comp_pund of claim 67, wherein the compound of Formula Tfh is

selected from the group consisting of:

M
M
= SN
\ 4 o

E

Iy MN I
< b
\ ¢ 5
o N/\‘
. L
P o ,
o) N’N\i
[
Moo /\H/\/
| g |
e N
Mel | S
NiaCy = °
1
el
[w]
el
o v
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or a pharmaceutically acceptable salt thereof.

69. A compound of Formula [ic:

Ry

e
or a pharmaceutically acceptable salt thereof,

wherein:

/

RingCis '8 ;

58
N S
Ring D is selected from the group consisting of Rr® , ¥ , R
E S r5e R5g 8h UWM Rei._U—U °
/ T R A S
7 U A u U
RSd . R¥S , 0 , a

, and N , wherein a

carbon atom on the ring is attached fo the carbonyl carbon;

each R* is independently selected at each occurrence from the group consisting of
H., unsubstituted -Cy_¢alkyl, -C;.3 haloalkyl, halide, -OR®, CF, and CN;

R* is selected from the group consisting of unsubstituted —Cy. alkyl, ~-CH,OH, -
CHoN(R®Y,, -C,.; haloalkyl, iodide, -OR®, and CN;

R is selected from the group consisting of unsubstituted -C; 4 alkyl, -CH,OH, -
CHaN(R®®),, -Cy 5 haloalkyi, halide, -OR®, and CN;
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R* is selected from the group consisting of unsubstituted -C,¢ alkyl, -CH,OH, -
CHoN(R®™Y,, -C,.3 haloalkyl, F, Br, I, -OR®, CFs, and CN;

R¥ i is 25 substituents, each independently selected at each occurrence from the
group consisting of unsubstituted -Ci alkyl, -CH,OH, —CH;;N(R%);Q, -C1.a haloalkyl,
halide, -OR®, CF3, and CN; "

R is 1 substituent and selected from the group consié‘cing of unsehstituted —Cos
alkyl, -CH,OH, -CHoN(R®™),, ~C;.3 haloalkyl, F, I, -OR®, CFs, and CN;

' R is 1-2 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted -C; ¢ alkyl, -CH,OH, -CHzN(Réh)z, -C1.3 haloalkyl,
F, Br, I, -OR®, CFy, and CN;

R js 1-3 substituents, each independently selected at each occurrence from the
group consisting of unsubstituted -C,¢ alkyl, ~-CH,OH, —CHZN(RG")Z, -Ci.3 haloalkyl,
halide, -OR®, CFs, and CN;

R ig 1-2 substituents, each mdependently selected at each occurrence from the
group consisting of H, unsubstituted -Cy.5 alkyl, -CH,OH, -CH;N(R®™Y,, -C,. haloalkyl,
halide, -OR®, CF3, and CN;

R is 1-4 substituents, each independently sclected at each occurrence from the
group consisting of H, wnsubstituted -Cy_ alkyl, -CH,OH, -CHN(R™),, -C 1.5 haloalkyl,
halide, -OR°®, CF, and CN;

each R’ is independently selected from the group consisting of H, unsubstituted -
Crsalkyl, -Cy 3 haloalkyl, and CFs;

each R™ is independently selected from the group consisting of unsubstituted —Cs.
¢ alkyl, -Ci.2 haloalloyl, and CFs;

each R® ig independently selected from the group consisting of H and
unsubstituted —~Cy.3 alkyl;

each J is N or C, wherein at least one J is C;

QisSorO;

each U is N or C, wherein at least one U is N and at least one U is C; and

p-is an integer of 1 to 3.

76. The compound of claim 69, wherein the compound of Formula Mle is

selected from the group consisting of:



or a pharmaceutically acceptable salt thereof.
71. A compound of Formula Hd:

(R,

iid

or a pharmaceutically acceptable salt thereof,

G/é

Ring Cis O :

wherein:

Ring D is selected from the group consisting of R° R® o ,
5 J—] 5g  U~-1}
S Sy . . N
o , and N ., whereln a carbon atom on the ring is attached to the

carbonyl carbon;

each R is independently selected af each occurrence from the group counsisting of
H, unsubstituted -Cy. alkyl, -C;3 haloalkyl, halide, -OR®, CFs, and CN:

R* is 1 substituent and selected from the group consisting of unsubstituted ~Cy¢
“alkyl, ~CH,OH, -CH;N(R™),, -Cy; haloalkyl, halide, -OR®, and CN:
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R is 1-4 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted -Ci.s alkyl, -CH,OH, “CHQN(Réb)Q, -C1.3 haloalkyl,
halide, -OR®, CF,, and CN;

R*i5 13 sqbsti_tuents, each independently selected at each occurrence from the
group consisting of unsubstitted ~Co.s alkyt, -CH,OH, «CH;N(R6b)2, -Cra haloalkyl,
halide, -OR®, CF;, and CN;

R is 1-2 substituents, each independently selected at sach occurrence from the
group consisting of H, unsubstituted -Cy.4 alkyl, -CHyOH, ~CHNR™),, -Cy.3 haloalkyt,
hafide, -OR®, CFj, and CN;

R* ig 1-4 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted -C.¢ atkyl, -CH,OH, —CHgN(RGb}z, -C1.3 halealkyl,
halide, -OR®, CFs, and CN;

each R® is independently selected from the group consisting of H, unsubstituted -
Cisalkyl, -Cy3 haloalkyl, and CF;;

each R® is independently selected from the group consisting of wnsubstituted -Cy.
s alkyl, -Cy 5 haloalkyl, and CF3; '

cach R® is independently selected from thé group consisting of H and
unsubstituted —Cq5 alkyl;

each J is N or C, wherein at least one Jis N and at least one J i5C;

QisSorO;

each U is N or C, wherein at least one U 15 C; and

pis an integer of I to 3.

72. The compound of claim 71, wherein the compound of Formula Iid is

selected from the group consisting of:

OH and
or a pharmaceutically acceptable salt thereof.

73. A compound of Formula Ife:
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e
or a pharmaceutically scceptable salt thereof,

wherein:

A—A
30
Ring C is N7 , wherein a carbon atom on the ring is attached to the

carbonyl carbon;

RSC
Roa

Ring D is selected from the group consisting of R® N ,
54 U—t)
and SN , wherein a carbon atom on the ring is attached to the carbonyl carbon;

cach R* is independently selected at each oceurrence from the group consisting of
H, unsubstituted -C, g alkyl, -Cy.s haloalkyl, halide, -OR®, CF;3, and CN;

R ig selected from the group consisting of H, unsubstituted —Cy.¢ alkyl, -CHOH,
CHLN(R®),, -Cy.5 haloalkyl, F, Br, I, -OR®, CF5, and CN;

R* is 1-4 substituents, each independently selected at each occurtence from the
oroup consisting of H, unsubstituted -Cj¢ alkyl, -CHOH, -CHNR™),, -Cy3 haloalkyl,
halide, -OR®, CFs, and CN;

R* is 1-4 substituents, each independently selected at each occurrence from the
group consisting of unsubstituted ~Cs.5 alkyl, ~-CH,OH, “CHN(R™),, -Cy.3 haloalkyl,
halide, -OR®, CF3, and CN;

R*? {5 1-2 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted —Cy.¢ alkyl, -CH,OH, -CHoNR®),, -C 1.3 haloaikyl,
halide, -OR®, CFs, and CN; | |

each R® is independently selected from the group consisting of H, unsubstituted -
Cy.galkyl, -Cy.3 haloalkyl, and CFs;
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each R* is independently selected from the group consisting of unsubstituted —~C.
g alkyl, -Cy_3 haloalkyl, and CFs;

each R™ is independently selected from the group consisting of H and
unsubstituted —C .5 alkyl;

each A 1s N or C, wherein at least one A 15 C;

cach Uis N or C, whereln at least ong UJ 1s N and at least one U is C;

p is an integer of 1 to 4.

74. A compound of Formuia IIf:

(R,

Hf

or a pharmaceutically acceptable salt thereof,
wherein:

A—A %

‘% -
Ring C is g , wherein a carbon atom on the ring is attached to the

carbonyl carborn;

Ring D is selected from the group consisting of R*® and a 5-membered

heteroarylR’°, wherein a carbon atom on the ring is attached to the carbonyl carbon;

each R* is %ﬁdependenﬂy selected at each occurrence from the group consisting of
H, unsubstituted -C alkyl, ~C . haloalkyl, halide, -OR®, CFs, and CN;

R is 1-5 substituents, cach independently selected at each occurrence from the

group consisting of H, unsubstituted —~C;¢ alkyl, -CH>OH, -CHoNR®),, -Cy.3 haloalkyl,

 halide, -OR®, CFs, and CN;

R is 1-4 substituents, each independently selected at each occurrence from the
group consisting of H, unsubstituted -Ci.¢ alkyl, -CH0H, -CH;N(R®™),, -C1.3 haloalkyl,
halide, -ORS, CFs, and CN;
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each R® is independently selected from the group consisting of H, unsubstituted -
Cigalkyl, -Ci;haloalkyi, and CFs;

each R™ is independently selected from the group consisting of unsubstituted —Cy-
s atkyl, -Cy3haloalkyl, and CFx;

each R® is independently selected from the group consisting of H and
unsubstituted ~C.5 alkyl;

each A is N or C, wherein at least one A 1s N and at least one A 1s C;

Q1sSor O; and A

pis an integer of 1 to 4.

75. A compound of Formula Iia:

(R'ii)q
Rﬂ) O //

RH 0

_ Efia

or a pharmaceutically acceptable salt thereof,

wherein:

R is selected from the group consisting of H, unsubstituted -Cyg alkyl, -Cy4
haloalkyl, kalide, -OR", CF3, and CN; ,

R is selected from fhe group consisting of unsubstituted -C;4 alkyl, -CH,OH, -
CHyN(R'),, -C; 5 haloalkyl, halide, -OR'?, CF3, and CN;

each R is independenﬂy selected at each occurrence from the group consisting
of H, unsubstituted -Cy.s alkyl, -CHOH, -CHLN(R™™, -C;.5 haloalkyl, halide, -OR",
CFs, and CN; _

each R™ is independently selected from the group consisting of unsubstituted -C;.
s alkyl, -Cy.5 haloalkyl, and CF3;

each R'™ is independently selected from the group consisting of H and
unsubstituted —C.5 alkyl; and

q is an integer of I to 5;

‘with the proviso that the compound of Formula IfIa is not a compound selected

from the group consisting of:!
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Q o 0 © O © o
R Gl . Tt

i

Cl Cl
»

a

() ‘ |
Q 1
o ,and >

ORle

76. The compound of claim 75, wherein R is selected from the group
consisting of H, F, Cl, Me, OMe, CF3, and CN.

77. The compound of any one of claims 75-76, wherein RY is selected from the
group consisting of H, F, Cl, Me, OMe, CF3, and CN.

78. The compound of any one of claims 75-77, wherein R g H; and R is ¥,
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'79. The compound of any one of claims 75-78, wherein RY is H:, and RY is -
CFs.

80. The compound of any one of claims 75-79, wherein R™ is F; and RM is F.

81. The compound of any one of claims 75-80, wherein R s F:and R is CFs.

82. The compound of any one of claims 75-81, wherein R'? is selected from the
group consisting of H, F, Cl, Me, OMe, CFj, and CN,

83. The compound of any one of claims 75-82, wherein R is H.

84. The compound of any one of claims 75-83, wherein R'? is F or Cl; and qis

85. The compound of any one of claims 75-84, wherein R'? is CFy; and q is 1.
86. The compound of any one of claims 75-85, wherein the compound of

Formula ¥Ia is selected from the group consisting of:

or a pharmaceutically acceptable salt thereof.

87. A compound, of F ormula HIb:
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3313
or a pharmaceutically acceptable salt thereof,

wherein:

R is selected from the group consisting of umsubstituted -Cis alkyl, -Cis
haloalkyl, and CFs;

R is selected from the group consisting of unsubstituted -Cypg atkyl, -Cia
haloalkyl, and CF;;

ecach R'® is independently selected at each occurrence from the group consisting
of H, unsubstituted -Cy alkyl, -CHOH, -CHNR™®),, -Cy5 haloalkyl, halide, -OR",
© CFs, and CN; |

each R' is independently selected from the group consisting of unsubstituted -C;.
gaikyl, -Cia haloalkyll, and CFs; |

cach R'™ is independently selected from the group consisting of H and
unsubstituted —C; 3 alkyl; and

g is an integer of 1 to 5;

with the proviso that the compound of Formula YiEb is not a compound selected

Olte
i
e,
O OhMe
o
, and weo )

88. The compound of claim 87, wherein R™ is -C g alkyl.

from the group consisting of:

89. The compound Qf any one of claims §7-88, wherein R is Me.

90. The compound of any one of claims 87-89, wherein RV is-Cis atkyl.

91, The compound of any one of claims 87-90, wherein R is Me.

92. The compound of any one of claims 87-91, wherein R is selected from the
group conéistillg of H, F, Cl, Me, OMe, CF3, and CN.

93, The compound of any one of claims 87-92, wherein RSisH.
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94. The compound of any one of claims 87-93, wherein R isFor ClL; and q is

95. The compound of any one of claims §7-94, wherein R¥is CFy; and q is 1.
96. The compound of any one of claims 87-95, wherein the compound of

Formula Ffb is selected from the group consisting of:

or a pharmaceutically acceptable salt thereof.

97. A compouﬁd of Formula Hike:
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R’H

e

or a pharmaceutically acceptable salt thereof,
wherein:

R12b

Ring E is sclected from the group consisting of R

R12L‘. , and R126

R is selected from the group consisting of H, unsubstituted -Cy alkyl, -Ci3
haloalkyl, halide, -OR'?, CFs, and CN; |

RM is selected from the group consisting of unsubstituted -C, ¢ alkyl, -CH.OH,
CHN(R™™,, -C, 5 haloalkyl, halide, -OR™, CF;, and CN;

R is selected from the group consisting of unsubstituted ~Ca.¢ atkyl, -CH,OH,
CHLN(RY,, -Ca3 halealkyl, CL I, ~OBt, and CN;

R'® is selected from the group consisting of unsubstituted —Cy.¢ alkyl, -CH,OH, -
CHaN(R PP, -Cy3 haloalkyl, iodide, -OR™, and CF;; |

R!* is selected from the group cousisting of unsubstituted —Cs.6 alkyl, -CHyOH, -
CHoN(R'),, -Cp.3 haloalkyl, F, I, ~-OR"?, CF;3, and CON;

R {5 2-5 substituents, each independently selected at each oceurrence from the
group consisting of unsubstituted -Cy. alkyl, -CH,OH, -CHNR ™), -Cy; haloalkyl, F,
Br, I, -OR", CFs, and CN;

each R™ is independently selected from the group consisting of unsubstituted -C-
s alkyl, -Cy.3 haloalkyl, and CFs3;

each R™® is independently selected from the group consisting of unsubstituted —

Crsalkyl, ~Ci.3 haloalikyl, and CFs;
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each R™P

unsubstituted —Cy3 alkyl; and

is independently selected from the group consisting of H and

g is an integer of 1 to 3.

%8. The compound of claim 975 wherein the compound of Formula Hlc is

selected from the group consisting of:

or a pharmaceutically acceptable salt thereof.

99. A compound , of Formula IEEd:

or a pharmaceutically acceptable salt thereof,

wherein:

R' is selected from the group consisting of unsubstituted -C, alkyl, -Ci3
haloalkyl, and CFs;
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RY is selected from the group consisting Qf unsubstituted -Cig alkyl, -Cia
haloalkyl, and CF;;

each R is independently selected at each occurrence from the group consisting
of unsubstitated -Cy.4 alkyl, -CHzOH, -CHaN(R'™),, -C1.3 haloalkyl, halide, -OR'™, CF;,
and CN;

each R'7 is indepe;ldenﬂy selected from the group consisting of unsubstituted —
Cagalkyl, -Cyshaloalkyl, and CFs;

each R'™ is independently selected from the group consisting of H and
unsubstituted —C,.; alkyl; and

g is an integer of I to 5.

100. The compound of claim 99, wherein the compound of Formula IId 1s

selected from the group consisting of:

MeQ.

MeQ

or a pharmaceutically acceptable salt thereof.
101. A compound , of Formula IV:

0
_ (R“’)p
o
1Y
or a pharmaceutically accepiable salt thereof,
wherein:
o =
Ring Fis * Z



R‘Igb

%,
o Q,

Ring G is selected from the group consisting of R

~ wa, R"“'{\/ ,and a 5-6 membered h.eteroarlewd, wherein a carbon atormn on
the ring is attached to the carbonyl carbon;

each R'® is independently selected at each occurrence from the group consisting
of H, -C1.3 haloalkyl, halide, -OR®, CF;, and CN;

R¥* is selected from the group consisting of H, unsubstituted ~Cag alkyl, -
CH,0H, -CHaN(R™),, -C.3 haloalkyl, F, Br, I, -OR™, CF;, and CN;

each R' is independently selected at each occurrence from the group consisting
of H, unsubstituted ~Cy. alkyl, -CHOH, -CHN(R*"),, -C; 5 haloalkyl, halide, -OR?,
CFs, and CN;

R¥ is 2-5 substituents, each independently selected at each occurrence from the
group consisting of H, -CH,OH, -CH;N(R*'),, -Cy.3 haloaikyl, halide, -OR?, CFs, and
CN:

R ig 1-4 substituents, each independently selected at each oceurrence from the
group consisting of H, -CH,OH, -CHaN(R*)s, -Cy3 haloalkyl, halide, -OR%°, CFs, and
CN;

each R*" is independently selected from the group consisting of H, unsubstituted —
Cygalkyl, ~-Cy_1y haloalkyl, and CFy;

each R*' is independently selected from the group consisting of H and
unsubstituted —Cy.3 alkyi;

p is an integer of 1 to 13; and

ris an integer of 1 to 5.

162, The compound of claim 101, wherein the compound of Formula IV is

seiected from the group consisting of:



B ) 2




or a pharmaceutically acceptable salt thereof.

103, A compound selected from the group consisting ol

or a pharmaceutically acceptable salt thereof.

OH and

104. A pharmaceutical composition comprising a therapeutically effective
amowunt of a compound according to any one of claims 1-103, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable excipient.

165. The pharmaceutical composition according to claim 104, wherein the
composition is a component in a compound-eluting coating for a medical device.

106. A method of freating a disorder or disease selected from the group
consisting of a neurodegenerative disease, eye disease, osteoporosis, osteoarthropathy,
osteogenesis imperfecta, bone defects, bone fractures, periodontal disease, otosclerosis,
wound healing, oral mucositis, gastrointestinal mucositis, craniofacial defects, and
oncolytic bone disease, the method comprising administering to the patient a
therapeutically effective amount of a compound according to any one of claims 1-103, or
a pharmaceuticaﬂy acceptable salt thereof.

187. The method of claim 106, wherein the disorder or disease is a
neurodegenerative disease.

| 108. The method according to any one of claims 106-107, wherein the
neurodegenerative disease is- Parkinson's disease, stroke, spinal cord injury, ischemic
cerebral diseasé, epilepsy, Alzheimer's disease, dementia, depression, bipolar disorder, or
schizophrenia.

189. The method of claim 106, wherein the disorder or disease is an eye disease.
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116, The method according to any one of claims 106 and 109, wherein the eye
disease is wet age-related macular degeneration, dry age-related macular degencration,
geographic atrophy, diabetic retinopathy, diabetic macular edema, refinal detachment,
retinal degeneration, retinal vein occlusion, retinopathy of prematurity, retinitis
pigmentosa, retinopathies, Leber congenital amaurosis and glaucoma.

111. The method of claim 106, wherein the disorder or disease is osteoporosis,
osteoarthropathy, osteogenesis imperfecta, bone defects, bone fractures, periodo_ntal
disease, otosclerosis, wound healing, oral mucositis, gastrointestinal mucositis,
craniofacial defects, or oncolytic bone disease. '

112. A method of treating a disorder or disorder or disease related to
differentiation and growth of stem cells and is selected from the group consisting of hair
foss, hematopbiesis related diseases, tissue regeneration related diseases, and other
diseases associated with abnormalities in development, stem cell differentiation, and cell
proliferation, the method comprising administering to the patient a therapeutically
effective amount of a compound according to any one of claims 1-103, or a
phalmaceuﬁcaﬂy acceptable salt thereof.

113. The method of claim 106 or 112, wherein the patient is a mammal.

114. The method of claim 113, wherein the mammal is a human.

115. The method of claim 106, wherein the compound activates one or more
proteins in the Wnt pathway.

116. The method of claim 115, wherein the compound activates signaling
induced by one or more Wnt proteins.

117. The method according to any one of claims 106 and 115-116, wherein the
one or more Wnt proteins are selected from the group consisting oft WNTI, WNTZ,
WNT2B, WNT3, WNT3A, WNT4, WNTS5A, WNTSB, WNT6, WNTTA, WNTTB,
WNT8A, WNTSB, WNTOA, WNT9B, WNT10A, WNTI10B, WNT1I, and WNT16.

118. A compound-eluting coating or a controlled release system comprising a
compound according to any one of claims 1-103, or a pharmaceutically acceptable salt
thereof.

119. A medical device comprising a compound according to any one of claims 1-

103, or a pharmaceutically acceptable salt thereof.
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126. An implant, sponge, polymer, ointment, cream or gel composition suitable
for in vivo use comprising a compound according to any one of claims 1-103, or a

. pharmaceutically acceptable salt thereof.

352





