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MODULATORS OF ATP-BINDING CASSETTE TRANSPORTERS

CROSS REFERNCE TO RELATED APPLICATIONS

[0601]  This application claims priority to U.S. Provisional Application Serial No.
61/112,152, which was filed November &, 2008, The entire contents of U.S. Provisional

Application Serial No. 61/112,152 is incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

(0002}  The present invention relates to modulators of ATP-Binding Cassette ("ABC")
transporters or fragments thereof, including Cystic Fibrosis Transmembrane Conductance
Regulator ("CFTR™), compositions thereof and methods therewith. The present invention

also relates to methods of treating ABC transporter mediated diseases using such moduiators.

BACKGROUND OF THE INVENTION

[0003] ABC transporiers are a family of membrane transporter proteins that regulate the
gransport of a wide variety of pharmacological agents, potentially toxic drugs, and
xenobiotics, as well as anions. ABC transporters are homologous membrane proteins that
bind and use celiular adenosine triphosphate (ATP) for their specific activities. Some of
these transporters were discovered as multidrug resistance proteins (like the MDR1-P
glycoprotein, or the multidrug resistance protein, MRP1), defending malignant cancer cells
against chemotherapeutic agents. To date, 48 ABC Transporters have been identified and

grouped into 7 families based on their sequence identity and function.

{6004] ABC transporters regulate a variety of important physiological roles within the
body and provide defense against harmful environmental compounds. Because of this, they
represent important potential drug targets for the freatment of diseases associated with defects
in the ransporter, prevention of drug transport out of the target cell, and intervention in other

diseases in which modulation of ABC transporter activity may be beneficial.

(66051  One member of the ABC transporter family commonly associated with disease is
the cAMP/ATP-mediated anion channel, CFTR. CFTR is expressed in a variety of cells
types, including absorptive and secretory epithelia cells, where it regulates anion flux across
the membrane, as well as the activity of other ion channels and proteins. In epithelia cells,
normal functioning of CFTR is critical for the maintenance of electrolyte transpost
throughout the body, including respiratory and digestive tissue. CFTR ts composed of

approximately 1480 amino acids that encode a protein made up of a tandem repeat of
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transmembrane domains, each containing six transmembrane helices and a nucleotide binding
domain. The two transmembrane domains are linked by a large, polar, regulatory (R)-domain

with multiple phosphorylation sites that regulate channel activity and cellular trafficking.

[0606] The gene encoding CFT R has been identified and sequenced (See Gregory, R. J. et
al. (1990) Nature 347:382-386; Rich, D. P. et al. (1990) Nature 347:358-362), (Riordan, J. K.
et al. (1989) Science 245:1066-1073). A defect in this gene causes mutations in CFTR
resulting in Cystic Fibrosis ("CE"), the most common fatal genetic disease in humans. Cystic
Fibrosis affects approximately one in every 2,500 infants in the United States. Within the
general United States population, up to 10 million people carry a singie copy of the defective
gene without apparent ill effects. In contrast, individuals with two copies of the CF
associated gene suffer from the debilitating and fatal effects of CF, including chronic lung

disease.

[0007]  In patients with cystic fibrosis, mutations in CFTR endogenously expressed in
respiratory epithela leads to reduced apical anion secretion causing an imbalance in ion and
fluid tfansport. The resulting decrease in anion transport contributes to enhanced mucus
accumulation in the lung and the accompanying microbial infections that ultimately cause
death in CF patients. In addition to respiratory disease, CF patients typically suffer from
gastrointestinal problems and pancreatic insufficiency that, if lefi untreated, results in death.
In addition, the majority of males with cystic fibrosis are infertile and fertility is decreased
among females with cystic fibrosis. In contrast to the severe effects of two copies of the CF
associated gene, individuals with a single copy of the CF associated gene exhibit increased
resistance to cholera and to dehydration resulting from diarrhea ~ perhaps explaining the

relatively high frequency of the CF gene within the population.

100081  Sequence analysis of the CFTR gene of CF chromosomes has revealed a variety of
disease causing mutations (Cutting, G. R. et al. (1990) Nature 346:366-369; Dean, M. et al.
(1990) Cell 61:863:870; and Kerem, B-S. et al. (1989} Science 245:1073-108(; Kerem, B-5
et al, (1990) Proc. Natl, Acad. Sci. USA §7:8447-8451). To date, > 1000 disease causing
mutations in the CF gene have been identified (http://www.genet.sickkids.on.ca/cttr/). The
most prevalent mutation is a deletion of phenylalanine at position 508 of the CFTR amino
acid sequence, and is commonly referred to as AFS08-CFTR. This mutation occurs in

approximately 70% of the cases of cystic fibrosis and is associated with a severe disease.

[8009]  The deletion of residue 508 in AFS08-CFIR prevents the nascent protein from
folding correctly. This results in the inability of the mutant protein to exit the ER, and traffic
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to the plasma membrane. As a result, the number of channels present in the membrane is far
less than observed in cells expressing wild-type CFTR. In addition to impaired trafficking,
the mutation results in defective channel gating. Together, the reduced namber of channels in
the membrane and the defective gating lead to reduced anion transport across epithelia
leading to defective ion and fluid transport. (Quinton, P. M. (1950), FASEB J. 4 2709-
2727). Studies have shown, however, that the reduced numbers of AFS08-CFTR in the
membrane are functional, albeit less than wild-type CFIR. (Dalemans et al. {1991), Nature
Lond. 334: 526-528; Denning et al., supra; Pasyk and Foskett {1993), I. Cell. Biochem. 27(:
12347-503. In addition to AFS08-CFTR, other disease causing muatations in CFIR that result
in defective trafficking, synthesis, and/or channel gating could he up- or down-regulated to

alter anion secretion and modify disease progresston and/or severity.

[0010]  Although CFTR transports a variety of molecules in addition to anions, it is clear
that this role (the transport of anions) represents one element in an important mechanism of
transporting ions and water across the epithelium. The other elements inciude the epithelial
Na* channel, ENaC, Na*/2CI/K* co-transporter, Na*-K'-ATPase pump and the basolateral

membrane K* channels, that are responsible for the uptake of chloride into the cell.

[0011] These elements work together to achieve directional transport across the
epithelium via their selective expression and localization within the cell. Chloride absorption
takes place by the coordinated activity of ENa( and CFTR present on the apicél membrane
and the Na™-K'-ATPase pump and Cl- channels expressed on the basolateral surface of the
celi. Secondary active transport of chloride [rom the uminal side leads to the accumulation
of intraceliular chloride, which can then passively leave the cell via Cl” channels, resulting in
a vectorial ransport. Arrangement of Na™/2CH/K" co-transporter, Na™-K'-ATPase pump and
the basolateral membrane K channels on the basolateral surface and CFTR on the luminal
side coordinate the secretion of chloride via CFTR on the luminal side. Because water is
probably never actively transported itself, its flow across epithelia depends o tiny
transepithelial osmotic gradients generated by the bulk flow of sodium and chloride.

[0612] Inaddition to Cystic Fibrosis, modulation of CFTR activity may be beneficial for
other diseases not directly caused by mutations in CFTR, such as secretory diseascs and other

protein folding diseases mediated by CFTR. These inciude, but are not jimited to, chronic

obstructive pulmonary disease (COPD), dry eye disease, and Sjdgren’s Syndrome.

[0013]  COPD is characterized by airflow limitation that is progressive and not fully

reversible. The airflow limitation is due to mucus hypersecretion, emphysema, and
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bronchiolitis. Activators of mutant or wild-type CFTR offer a potential treatment of mucus
hypersecretion and impaired mucociliary clearance that is common in COPD. Specifically,
increasing anion secretion across CFI'R may facilitate fluid transport into the atrway surface
liquid to hydrate the mucus and optimized periciliary fluid viscosity. This would lead to
enhanced mucociliary clearance and a reduction in the symptoms associated with COPD.

Dry eye disease is characterized by a decrease in tear aqueous production and abnormal tear
film lipid, protein and muctn profiles. There are many causes of dry eye, some of which
include age, Lasik eye surgery, arthritis, medications, chemical/thermal burns, allergies, and
diseases, such as Cystic Fibrosis and Sjogrens's syndrome. Increasing anion secretion via
CFTR would enhance flaid transport from the corneal endothelial cells and secretory glands
surrounding the eve to increase corneal hydration. "This would help to alleviate the symptoms
associated with dry eye disease. Sjdgrens's syndrore is an autoimmune disease in which the
immune system attacks moisture-producing glands throughout the body, including the eye,
mouth, skin, respiratory tissue, liver, vagina, and gut. Symptoms, include, dry eye, mouth,
and vagina, as well as lung disease. The disease is also associated with rheumatoid arthritis,
systemic lupus, systemic sclerosis, and polymypositis/dermatomyositis. Defective protein
trafficking is believed to cause the disease, for which treatment options are limited.
Modulators of CFTR activity may hydrate the various organs afflicted by the disease and belp

to elevate the associated symptoms.

[6014]  As discussed above, it is believed that the deletion of residue 508 in AFS08-CIFTR
prevents the nascent protein from folding correctly, resulfing in the inability of this mutant
protein to exit the ER, and traffic to the plasma membrane. As a result, insufficient amounts
of the mature protein are present at the plasina membrane and chloride transport within
epithelial tissues is significantly reduced. In fact, this cellular phenomenon of defective ER
processing of ABC transporters by the ER machinery has been shown to be the underlying
hasis not only for CF disease, but for a wide range of other isolated and inherited diseases.
The two ways that the FR machinery can malfunction is either by loss of coupling to ER
expott of the proteins leading to degradation, or by the ER accumulation of these
defective/misfolded proteins [Aridor M, et al., Natare Med., 5(7), pp 745- 751 (1999},
Shasiry, B.S., et al., Neurochemn. International, 43, pp 1-7 (2003); Rutishauser, 1., et al., Swiss
Med Wkly, 132, pp 211-222 (2002); Morello, JP et al., TIPS, 21, pp. 466- 469 (2000}; Bross
P., et al., Fuman Mut., 14, pp. 186-198 (1999)]. The diseases associated with the first class
of R malfunction are Cystic fibrosis (due {0 misfolded AFS08-CFTR as discussed above),
Hereditary emphysema (dve to al-antitrypsin; non Piz variants), Hereditary
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hemochromaiosis, Coagulation-Fibrinolysis deficiencies, such as Protein C deficiency, Type
1 hereditary angioedema, Lipid processing deficiencies, such as Familial
i’iypercholestereiemia, Type 1 chylomicronemia, Abetalipoproteinemia, Lysosomal storage
diseases, such as I-cell disease/Pseudo-Hurler, Mucopolysaccharidoses (due to Lysosomal
processing enzymes), Sandhot/Tay-Sachs (due to B-Hexosaminidase), Crigler-Najjar type H
(due to UDP-glucuronyl-sialyc-transterase), Polyendocrinopathy/Hyperinsulemia, Diabetes
mellitus {due to Insulin receptor), Laron dwarfism (due to Growth hormone receptor),
Myleoperoxidase deficiency, Primary hypoparathyroidism (due to Preproparathyroid
hormone), Melanoma (due to Tyrosinase). The diseases associated with the latter class of ER
malfunction are Glycanosis CDG type 1, Tlereditary emphysema (due to otl-Antitrypsin (PiZ
variant}, Congenital hyperthyroidism, Osteogenesis imperfecta (due to Type L IL IV
procoltagen), Hereditary hypofibrinogenemia (due to Fibrinogen), ACT deficiency (due to
al-Antichymotrypsin), Diabetes insipidus (DI}, Neurophyseal DI (due to Vasopvessin
hormone/V2-receptor), Neprogenic D} {due to Aquaporin IT), Charcot-Marie Tooth syndrome
{due to Peripheral myelin protein 22), Perlizaesus-Merzbacher disease, neurodegenerative
diseases such as Alzheimer’s disease { due to PAPP and presenilins}, Parkinson’s disease,
Amyotrophic lateral sclerosis, Progressive supranuclear plasy, Pick’s disease, several
nolyglutamine neurological disorders asuch as Huntington, Spinocerebullar ataxia type ],
Spinal and butbar muscular atrophy, Dentatorubal pallideleysian, and Myotonic dystrophy, as
well as Spongiform encephalopathies, such as Hereditary Creutzfeldt-Jakob disease (due to
Prion protein processing defect), Fabry disease (due to lysosomal ¢-galactosidase A) and

Straussler-Scheinker syndrome (due to Prp processing defect).

[8015]  In addition to up-regulation of CFTR activity, reducing anion secretion by CFIR
modulators may be beneficial for the treatment of secretory diarrheas, in which epithelial
water transport is dramatically increased as a result of secretagogue activaled chloride

transport. The mechanism involves elevation of cAMP and stimulation of CFTR.

[0016] Although there are numerous causes of diarthea, the major consequences of
diarrheal diseases, resulting from excessive chloride transport are common to ali, and include

dehydration, acidosis, impaired growth and death.

{08171  Acute and chronic diartheas represent a major medical problem in many areas of
the world. Diarthea is both a significant factor in malnutrition and the leading cause of death

(5,000,000 deaths/vear) in chiidrén less than five years old.

[8018]  Secretory diarrheas are also a dangerous condition in patients of acquired
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immunodeficiency syndrome (AIDS) and chronic inflammatory bowel disease (IBD). 16
million travelers to developing countries from industrialized nations every year develop
diarrhea, with the severity and number of cases of diarrhea varying depending on the country

and area of travel.

[001%] Diarrhea in barn animals and pets such as cows, pigs and horses, sheep, goats, cats
and dogs, also known as scours, is a major cause of death in these animals. Diarrhea can
result from any major transition, such as weaning or physical movement, as well as in
response to a variety of bacterial or viral infections and geperally occurs within the first few

hours of the animal's life.

[6020]1 The most common diarrhea causing bacteria is enterotoxogenic E-coli (ETEC)
having the K99 pilus antigen. Comrmon viral causes of diarrhea inciude rotavirus and
coronavirus, Other infectious agents include cryptosporidium, giardia lamblia, and

salmonella, among others.

[6021]  Symptoms of rotaviral infection inciude excretion of watery feces, dehydration and
weakness. Coronavirus causes a more severe iliness in the newborn animals, and has a
higher mortality rate than rotaviral infection. Often, however, a young animal may be
infected with more than one virus or with a combination of viral and bacterial

microorganisms at one time. This dramatically increases the severity of the disease.

[0022]  Accordingly, there is a need for modulators of an ABC transporter activity, and
compositions thereof, that can be used to modulate the activity of the ABC transporter in the

cell membrane of 2 mammal.

[0023]  There is a need for methods of treating ABC transporter mediated diseases using

such modulators of ABC transporter activity.

[0024]  There is a need for methods of modulating an ABC transporter activily in an ex

vivo cell membrane of a mammal.

[0025]  There is a need for modulators of CFTR activity that can be used to modulate the

activity of CFTR in the cell memnbrane of a mammal.

(00261 There is a need for methods of weating CFTR-mediated diseases using such
modulators of CI'TR activity.

[0027]  There is a nced for methods of modulating CFTR activity in an ex vivo cell

membrane of a mammal.



[0028] SUMMARY

[0028a] In a first aspect of the present disclosure, there is provided a compound of

formula {1a;

N
O
F>< o O N
F \ Rs
R4
ila

or a pharmaceutically acceptable salt thereof, wherein independently for each occurrence:
R4 is -CH;CH(OH)CH,OH, ~CH,CH,N(CHs)s, or -CH,CH,OH; and

Rs is OH, -CH,OCH,CH(OH)CH,O0H, -CH»OH, or R4 and Rs taken together form a fused
pyrrolidine ring;

provided that the compound is not

H
o SZ/N | OH
XA G
F % o . N
OH

[0028b] In a sccond aspect of the present disclosure, there is provided a pharmaceutical

composition comprising

(1) a disclosed compound; and

(i1) a pharmaceutically acceptable carrier.

[0028¢]in a third aspect of the present disclosure, there is provided an in vitro use of the compound
of formula Ila to increase the number of functional ABC transporters in a membrane of a cell,

cormprising the step of contacting said cell with a compound of formula Ila:

\/

N
KT T T I I
F 0 © F N | Re
R4

Ha



or a pharmaceutically acceptable salt thereof, wherein independently for each occurrence:
R4 18 H, 'CHZCH(OH)CHQOH, ~CH2CH2N+(CH3)3, or —CHzCHzOH; and

R;s is OH, -CH,0OCH,CH(OH)CH,OH, -CH,0H, or Ry and Rs taken together form a fused

pyrrolidine ring;

provided that the compound is not

o Q OH
P TN
\LOH

[606284d} In a fourth aspect of the present disclosure, there is provided a compound having
formula Ila:
N
O
F>< N
F o © : : :r\% i R
F \ 5
Ry
Ifa

or a pharmaceutically acceptable salt thereof, wherein independently for each occurrence:

R4 is H, -CHCH(OH)YCH,OH, -CHCHN(CHa)s, or -CHCHOH; and

Rs is OH, -CH,OCH,CH{OH)CH;0OH, -CH,0H, or R4 and Rs taken together form a fused
pyrrolidine ring;

provided that the compound is not

H OH
N
oH

for use in treating a condition, discase, or disorder selected from cystic fibrosis, hereditary
emphysema, hereditary hemochromatosis, coagulation-fibrinolysis deficiencies, such as protein
C deficiency, Type 1 hereditary angioedema, lipid processing deficiencies, such as familial

hypercholesterolemia, Type [ chylomicronemia, abetalipoproteinemia, lysosomal storage

Ta



diseases, such as I-cell disease/pseudo-Hurler, mucopolysaccharidoses, Sandhof/Tay-Sachs,
Crigler-Najjar type II, poiyendocrinopathy/hyperinsulinemia, diabetes mellitus, laron dwarfism,
myeloperoxidase deficiency, primary hypoparathyroidism, melanoma, glycanosis CDG type 1,
hereditary emphysema, congenital hyperthyroidism, osteogenesis imperfecta, hereditary
hypofibrinogenemia, ACT deficiency, diabetes insipidus (DI), neurohypophyseal DI,
nephrogenic DI, Charcot-Marie Tooth  syndrome, Pelizaeus-Merzbacher  disease,
neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease, amyotrophic
lateral sclerosis, progressive supranuclear plasy, Pick’s disease, several polyglutamine
neurological disorders such as Humtington, spinocerebellar ataxia type I, spinal and bulbar
muscular atrophy, dentatorubral pallidoluysian atrophy, and myotonic dystrophy, as well as
spongiform encephalopathies, such as hereditary Creutzfeldt-Jakob disease, Fabry disease,
Gerstmann-Straussler-Scheinker syndrome, COPD, dry-eye disease and Sjdgren’s disease, male

infertility and pancreatic insufficiency.

[0028e] In a fifth aspect of the present disclosure, there is provided a kit for use in
measuring the activity of a ABC transporter or a fragment thereof in a biological sample in vitro
or in vive, comprising:

(1) a first composition comprising a compound of formula [la:

H
KAV I
Ry

ila
or a pharmaceutically acceptable salt thereof, wherein independently for cach occurrence:

R4 is (H), -CH,CH(OH)CH,OH, -CH,CH,N"(CH3)s, or -CH>CH,OH; and

R; 15 OH, -CHOCH,CH(OH)CH,0H, -CH,OH, or R4 and Rs taken together form a fused
pyrrolidime ring;

provided that the compound is not
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a) contacting the composition with the biological sample;

(ii) instructions for:

b) measuring activity of said ABC transporter or a fragment thereof.

[0028f] In a sixth aspect of the present disclosure, there is provided a compound which is:

H
F* o © . N

OH

OH
or a pharmaceutically acceptable salt thereof.
[0028g} In a seventh aspect of the present disclosure, there is provided a pharmaceutical

conposition comprising

1) a compound which is;
N
FXOB%( WOH
F" o O N
OH
OH
(i1) a pharmaceutically acceptable carrier.
[6028h] In an eighth aspect of the present disclosure, there is provideda use of a

disclosed compound in the manufacture of a medicament for the treatment of a disease or
disorder selected from male infertility and pancreatic insufficiency.

{00284} In a ninth aspect of the present disclosure, there is provided a use of a disclosed
compound in the manufacture of a medicament for the treatment of cystic fibrosis.

[0028j} In a tenth aspect of the present disclosure, there is provided a use of a disclosed

compound in the manufacture of a medicament for the treatment of a discase or disorder selected

Tc



from hereditary emphysema, COPD, and dry-eve disease.
[0029] It has now been found that compounds of the present disclosure, and pharmaceutically
acceptable compositions thereof, are useful as modulators of ABC transporter activity, particularly CTFR

activity. These compounds have the general formula L

or a pharmaceutically acceptable salt thereof, wherein Ry, R, ring A, ring B, and n are defined below.

It has also now been found that compounds of the present disclosure, and pharmaceutically
acceptable compositions thereof, are useful as modulators of ABC transporter activity. These compounds

have the general formula I:

Rt Ry R,
1
R
R N \
@]
R R; N Rs
R

4

I
or a pharmaceutically acceptable salt thereof, wherein R, R, Ry, Rs, Ry, and R; are defined below.

[0030]  These compounds and pharmaceutically acceptable compositions are useful for treating or
lessening the severity of a variety of diseases, disorders, or conditions, including, but not limited to, cystic
fibrosis, hereditary emphysema, hereditary hemochromatosis, coagulation-fibrinolysis deficiencies, such
as protein C deficiency, Type 1 hereditary angioedema, lipid processing deficiencies, such as familial
hypercholesterolemia, Type | chylomicronemia, abetalipoproteinemia, lysosomal storage diseases, such
as I-cell disease/psendo-Hurler, mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type 11,
polyendocrinopathy/hyperinsulemia, diabetes mellitus, laron dwarfism, myleoperoxidase

deficiency, primary hypoparathyroidism, melanoma, glycanosis CDG type 1, hereditary
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emphysema, congenital hyperthyroidism, osteogenesis imperfecta, hereditary
hypofibrinogenemia, ACT deficiency, diabetes insiptdus, neurophysiol, nephrogenic,
Charcot-Marie Tooth syndrome, Perlizaeus-Merzbacher disease, neurodegenerative discases
such as Alzheimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosis, progressive
supranuclear plasy, Pick’s disease, several polyglatamine neurological disorders asuch as
Huntington, spinocerebullar ataxia type I, spinal and bulbar muscular atrophy, dentatorubal
pallidoluysian, and myotonic dystrophy, as well as spongiform encephalopathies, such as
hereditary Creutzfeldt-Jakob disease, Fabry disease, Straussler-Scheinker syndrome, COPD.

dryv-eye disease, and Sijdgren’s disease.

{6031} DETAILED DESCRIPTION OF THE INVENTION

[0032] I DEFINITIONS
[0033]  As used herein, the following definitions shall apply unless otherwise indicated,

[0034]  The term "ABC-transporter” as used herein means an ABC-transporter protein or a
fragment thereof comprising at least one binding domain, wherein said protein or fragment
thereof is present in vivo or in vitro. The term "binding domain” as vsed herein means a
domain on the ABC-transporter that can bind to a modulator. See, e.g., Hwang, T. C. et al,, L.

Gen. Physiol. (1998): 1113}, 477-90.

N dl

(60357  The term "CPTR" as used herein means cystic fibrosis transmembrane conductance
regulator or a mutation thereof capable of reguiator activity, including, but not limited to,
AS08 CTTR and G551D CFER (see, e.g., hitpi/fwww.genet.sickkids.on.ca/efir/, for CFTR

mutations).

[0636] The term "modulating” as used herein means increasing or decreasing, e.g. activity,
by a measurable amount. Compounds that modulate ABC Transporter activity, such as
CFTR activity, by increasing the activity of the ABC Transporter, e.g., a CFTR anion
channel, are called agonists. Compounds that moduatate ABC Transporter activity, such 4s
CFTR activity, by decreasing the activity of the ABC Transporter, e.g., CFTR anion channel,
are called antagonists. An agonist interacts with an ABC Transpoerter, such as CFTR anion
channel, to increase the ability of the receptor (o transduce an intraceliuiar signal in response
to endogenous lpgand binding. An antagonist interacts with an ABC Transporter, such as
CFTR, and competes with the endogenous figand(s} or substrate(s) for binding site(s) on the
receptor to decrease the ability of the receptor to transduce an intracellular signal in response

to endogenous ligand binding,
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[6637)  The phrase “treating or reducing the severity of an ABC Transporter mediated
disease” refers both to treatments for diseases that are directly caused by ABC Transporter
and/or CFIR activities and alleviation of symptoms of diseases not directly caused by ABC
Transporter and/or CFTR anion channel activities. Fxamples of diseases whose symptoms
may be affected by ABC Transporter and/or CFTR activity include, but are pot limited to,
Cystic fibrosts, Hereditary emphysema, Hereditary hemochromatosis, Coagulation-
Fibrinolysis deficiencies, such as Protein C deficiency, Type 1 hereditary angioedema, Lipid
processing deficiencies, such as Familial hypercholesterolemia, Type 1 chylomicronemsa,
Abetalipoproteinemia, Lysosomal storage diseases, such as I-cell disease/Psendo-Hurler,
Mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type 11,
Polyendocrinopathy/Hyperinsulemia, Diabetes mellitus, Laron dwarfism, Myleoperoxidase
deficiency, Primary hypoparathyroidism, Melanoma, Glycanosis CDG type 1, Hereditary
emphysema, Congenital hyperthyroidism, Osteogenesis imperfecta, Hereditary
hypofibrinogenemia, ACT deficiency, Diabetes insipidus (DI), Neurophysiol DI,
Nephrogenic DI, Charcot-Marie Tooth syndrome, Perlizacus-Merzbacher disease,
neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease, Amyotrophic
lateral sclerosis, Progressive supranuclear plasy, Pick’s disease, several polyghitamine
neurological disorders such as Huntington, Spinocerebullar ataxia type [, Spinal and bulbar
muscular atrophy, Dentatorubal pallidoluysian, and Myotonic dystrophy, as welj as
Spongiform encephalopathies, such as Hereditary Creutzfeldt-Jakob disease, Fabry disease,

Straussler-Scheinker syndrome, COPD, dry-eye disease, and Sjogren’s disease.

[6038]  For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Flements, CAS version, Handbook of Chemistry and Physics,
75th Ed. Additionally, general principles of organic chemistry aré described in "Organic
Chemistry”, Thomas Sorreli, University Science Books, Sausolito: 1999, and "March’s
Advanced Organic Chemistry”, 5th Ed., Ed.: Smith, M.B. and March, 1., John Wiley & Sons,

New York: 2001, the entire contents of which are hereby incorporated by reference.

[(039]  As described herein, compounds of the invention may optionally be substituted
with one or more substitnents, such as are illustrated generally above, or as exemplified by

particular classes, subclasses, and species of the invention,

[0646]  As used herein the terr "aliphatic” encompasses the terms alkyl, alkenyl, alkynyl,

each of which being optionally substituted as set forth below.
[0041]  As used herein, an "alkyl” group refers (o a saturated aliphatic hydrocarbon group
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containing i.—IZ (e.g., 1-8, 1-6, or 1-4) carbon atoms. An alkyl group can be straight or
branched. Examples of alky! groups include, but are not limiied o0, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-heptyl, or 2-ethylhexyl. An alkyl
group can be substituted (i.e., optionally substituted) with one or more substituents such as
halo, phospho, cycioaliphatic [e.g., cycloalkyl or cycloalkenyl], heterocycloaliphatic [e.g.,
heterocycloalkyl or heterocveloalkenyl], aryl, heteroaryl, alkoxy, arovl, heteroaroyl, acyl
[e.g., (aliphatic)carbonyl, (eycloaliphaticjcarbonyl, or {heterocycloaliphatic)carbonyl}, mitro,
cyano, amido [e.g., {cycloatkylalkylicarbonylamine, arvlcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
{heterocycloalkylalkylcarbonylamino, heteroaryicarbonylamine,
heteroaralkylcarbonylamino alkyiaminocarbonyi, cycloalkylaminocarbonyi,
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or heteroarylaminocarbonyl], amino
fe.g., aliphaticamine, cycloaliphaticamine, or heierocycloaliphaticamino], sulfonyi [e.g.,
aliphatic-S0,-1, sulfinyl, sulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo,
carboxy, carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy, heteroaryloxy,
aralkyloxy, hetercarylalkoxy, alkoxyearbonyl, alkylcarbonyloxy, or hydroxy., Without
limitation, some examples of substituted alkyls include carboxyalkyl (such as HOOC-alkyl,
alkoxycarbonylalkyl, and alkvlcarbonyloxyalkyl), cyanoalkyl, hydroxyalkyl, alkoxyalkyl,
acylalkyl, arallvl, (alkoxyaryDalkyl, (sulfonylaminoalky! (such as (alkyl-SO-amino)jalkyl),
amincalkyl, amidoalkyl, (cycloaliphatic)alkyl, or haloalkyl.

[0042]  As used herein, an "alkenyl” group refers to an aliphatic carbon group that contains
2-8 (e.g., 2-12, 2-6, or 2-4) carbon atoms and at least one double bond. Like an alkyl group,
an alkenyl group can be straight or branched. Exampies of an alkenyl group include, but are
not limited to allyl, isoprenyl, 2-butenyl, and 2-hexenyl. An alkenyl group can be optionally
substituted with one or more substifuents such as hale, phospho, cycloaliphatic {e.g.,
cycloalkyl or cycloalkenyll, heterocycloaliphaiic [e.g.. heterocycloalkyl or
heterocycloatkenyl], arvl, heteroaryl, alkoxy, aroyl, heteroaroyl, acyl [e.g.,
(aliphatic)carbonyl, {cycloaliphatic)carbonyl, or (heterocycloaliphatic)carbonyli, nitro, cyano,
amido [e.g., [cycloalkylalkyhcarbonylamino, aryicarbonylamino, aralkylcarbonylamino,
(heterocycloalkyhicarbonylamino, (beterccycloalkylalkylearbonylamino,
hetercarylcarbonylamino, heteroaralkylcarbonylamino alkylaminocarbonyl,
cycloalkylanminocarbonyl, heterocycloalkylaminocarbonyl, arviaminocarbonyl, or
heteroarylaminocarbonyl], amino [e.g., aliphaticamino, cycloaliphaticamino,

heterocycloaliphaticamino, or aliphaticsulfonylaminol, sulfonyl [e.g.,
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alkyl-SO,-, cycloaliphatic-SO,-, or aryl-SO,-], sulfinyl, suifanyi, sulfoxy, urea, thiourea,
sulfamoyl, sulfamide, oxo, carboxy, carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy,
aryloxy, heteroaryloxy, aralkyloxy, heteroaralkoxy, alkoxycarbonyl, alkylcarbonyloxy, or
hydroxy. Without limitation, some examples of substituted alkenyls include cyanoalkenyi,
alkoxyalkenyl, acylalkenyl, hydroxyalkenyl, aralkenyl, (alkoxyaryljalkenyl,
(sulfonylaminojalkenyi (such as (alkyl-SO;-amino)alkenyl), aminoatkenyl, amidoalkenyl,

(cycloaliphatic)alkenyl, or haloalkenyl.

{00431  As used herein, an "alkvnyl” group refers to an aliphatic carbon group that contains
2-8 (e.g., 2-12, 2-6, or 2-4) carbon atoms and has at least one {riple bond. An alkynyl group
can be straight or branched. Examples of an alkynyl group include, but are not limited to,
propargy! and butynyl. An alkyny! group can be optionally substituted with one or more
substituents such as aroyl, heteroaroyl, atkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, nitro, carboxy, cyano, hale, hydroxy, sulfo, mercapto, sulfanyl
[e.g., aliphaticsulfany! or cycloaliphaticsulfanyl], sulfiny] [e.g., aliphaticsulfinyl or
cycloaliphaticsulfinyl], sulfonyl [e.g., aliphatic-SO»-, aliphaticamino-50,-, or cycloaliphatic-
S0,-1, amido [e.g., aminocarbonyl, alkylaminocarbonyl, alkyicarbonylamino,
cycloalkyiaminocarbonyl, heterocycloalkylaminocarbonyl, cycloalkylcarbonyiamino,
arylaminocarponyl, arylcarbonylaming, aralkylearbonylamine,
{heterocycloalkyl)carbonylamino, (cycloalkylatkyi)carbonylamino,
heteroaralkylcarbonylamine, heteroarylcarbonylamino or heteroarylaminocarbonyl], urea,
thicurea, sulfamaoyl, sulfamide, alkoxycarbonyl, alkyicarbonyioxry. cycloaliphatic,
heterocycloaliphatic, aryl, heteroaryl, acyl [e.g., (cycloaliphatic)carbonyl or
(heterocycloaliphatic)carbonyll, amino [e.g., aliphaticaminc], sulfoxy, oxo, catboxy,

carbamoyl, (cycloaliphaticioxy, (heterocycloaliphaticyoxy, or (heteroaryljalkoxy.

[8044]  As used herein, an "amido" encompasses both "aminocarbonyl” and
"carbonylamino”. These terms when used alone or in connection with another group refer to
an amido group such as -N(R™)-C(O)-RY or -C(O}-N(R™),, when used terminally, and -C(O)-
N(R®)- or -N(R™)-C{0)- when used internally, wherein R* and R¥ are defined below.
Fxamples of amide groups inciude alkylamido (such as alkylcarbonylamino or
alkylaminocarbonyl), (heterocycloaliphatic)amido, (heteroaralkylyamido, (heteroaryljamido,
(heterocycloallkylalkylamido, arylamido, aralkylamide, (eycloalkyl)alkylamido, or
cycloalkylamido.

[0045]  As used herein, an "amine" group refers to NR*RY wherein each of R* and RY is
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independently hydrogen, aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic, aryl, araliphatic,
heterocycloaliphatic, (heterocycioaliphatic)aliphatic, heteroaryl, carboxy, sulfanyl, sulfinyi,
sulfonyl, (aliphatic)carbonyl, (cycloaliphatic)carbonyl, ({cycloaliphatic)aliphatic)carbonyl,
arylcarbonyl, {(araliphatic)carbonyl, {heterocycloaliphaticcarbonyl,
{{(heterocycloaliphatic)aliphatic)carbony!, (hetercaryl)carbonyl, or
{heteroaraliphatic)carbonyi, each of which being defined herein and being optionally
substituted. Examples of amino groups include alkylamino, dialkylamino, or arylamino.
When the term "amino” is not the terminal group (e.g., alkylcarbonylamino), it is represented

by -NR*-, R* has the same meaning as defined above.

[0046]  As used herein, an "aryl" group used alone or as part of a Jarger moiety as in
"aralkyl”, "aralkoxy”, or "aryloxyalky!l" refers to monocychc {e.g., phenyl); bicyclic (e.g,,
indenyl, naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl}; and tricyclic {e.g.. fluoreny!
tetrahydrofluorenyl, or tetrahydroanthracenyl, anthracenyl) ring systems in which the
monocyclic ring system is aromatic or at Ieast one of the rings in a bicyclic or tricyclic ring
system is aromatic. The bicyclic and tricvelie groups include benzofused 2-3 membered
carbocyclic rings. For example, a benzofused group includes phenyl fused with two or more
Cy.g carbocyclic moicties. An aryl is optionally substituted with one or more substituents
including aliphatic {e.g., alkyl, alkenyl, or alkynyl]; cycloaliphatic; (cycloaliphatic)aliphatic;
heterocycloaliphatic; (heterocycloaliphatic)aliphatic; aryl; heteroaryl; alkoxy:
(cycloaliphatic)oxy; (heterocycloaliphatic)oxy; aryloxy; heteroaryloxy; (araliphatic)oxy;
(hetercaraliphaticioxy; aroyl; heteroaroyl; amino; oxo (on a non-aromatic carbocyehic ring of
a benzofused bicyclic or tricyclic aryl); nitro; carboxy; amido; acyl {e.g., (aliphatic)carbonyl;
{cycioaliphatic)carbonyl; {(cycloaliphatic)aliphatic)carbonyl; (araliphatic)carbonyl;
(heterocycloaliphatic jearbonyl; ((heterocycloaliphatic)aliphatic)carbonyl; or
(hetercaraliphaticcarbonyl}; sulfonyl [e.g., aliphatic-S(,- or amino-5U,-1; sulfinyi {e.g.,
aliphatic-S{O)- or cycloaliphatic-5{O}-]; sulfany! [¢.g.. aliphatic-5-]; cyano; halo; hydroxy;
mercapto; sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or carbamoyl. Alternatively, an aryl

can be unsubstituted.

{0047]  Non-limiting examples of substituted aryls include haloaryl [e.g., mono-, di (such
as
p.-dinaloaryl), and (trihalo)aryl]; (carboxy)aryl [e.g., (alkoxycarbonyl)aryi,
{(aralkyDcarbonyloxyjaryl, and {alkoxycarbonylaryl}; (amridoaryl [e.g.,
{aminocarbonvlaryl, (((alkylamino)alkyl)aminocarbonylaryl, (alkylearbonyl)aminoaryl,
(arylaminocarbonylyaryl, and (((heteroaryl)amino)carbonylaryl]; aminoaryl [e.g.,
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((alkylsulfonylyamino)aryl or ({dialkyD)amino)aryl]; (cyanoalkylary!; (alkoxy)aryl;
(sulfamoyDaryl [e.g., (aminosulfonyljaryll: (a]kylsulfonyi)aryl; {cyanoyaryl;
(hydroxyalkyDaryl; ({alkoxy)atkyDaryl; (hydroxyjaryl, ((carboxy)alkyl)aryl;
({(dialkyl)amino)jalkyharyl; (nitroalkylaryl; {{(alkylsulfonyDamino)altkylaryl;
{(heterocycloaliphatic)carbonylaryl; ((alkylsulfonylyalkyllaryl; {cyanoalkylaryi;
(hydroxyalkylaryl; (alkylcarbonyDaryl: alkylaryl; (trihaloalkylaryl; p-amino-m-
alkoxycarbonylaryl; p-amino-m-cyanoaryl; p-halo-m-aminoaryl; or (m-(heterocycloaliphatic)-
o-(alkyl)aryl.

[0048]  As used herein, an "araliphatic” such as an "aralkyl” group refers to an aliphatic
group (e.g., a Cy4 alkyl group) that is substituted with an aryl group. "Aliphatic.” "alkyl,”
and "aryl" are defined herein. An example of an araliphatic such as an aralkyl group is

benzyl.

[60491  As used herein, an "aralkyl” group refers to an alkyl group {(e.g., a Cy4 alkyl group)
that is substituted with an aryl group. Both "alkyl" and "aryl” have been defined above. An
example of an aralkyl group is benzyl. An aralkyl is optionally substituted with one or more
substituents such as aliphatic [e.g., alkyl. alkeny!, or alkynyl. including carboxyalkyl,
hydroxyalkyl, or haloalkyl such as trifluoromethyl], cycloaliphatic [e.g., cycloalkyl or
cycloalkenyl], (eycloalkyDalkyl, heterocycloalkyl, (heterocycloalkylyalkyl, aryl, heteroaryl,
alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy,
heteroaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy,
amido [e.g., aminocarbonyl, alkylecarbonylaminoe, cycloalkylcarbonylamine,
(cycloalkylalkyhcarbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyicarbonylamino, (heterocycloalkylalkylycarbonylamino,
heteroarylearbonylamino, or heteroaralkylcarbonylamino], cyano, halo, hydroxy, acyl,

mercapto, alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.

[0650]  As used herein, a "bicyclic ring system" inciudes 8-12 (e.g., 9, 10,01 11)
membered structures that form two rings, wherein the two rings have at Ieast one atom in
common (e.g., 2 atoms in common}. Bicychic ring systems include bicycloaliphatics (e.g.,
bicycloalky? or bicycloalkenyl), bicycloheteroaliphatics, bicyclic aryls, and bicyclic

heteroaryls.

{0651]  As used berein, a "carbocycle™ or "cycloaliphatic” group encompasses a
"cycloalkyl" group and a "cycloalkenyl" group, each of which being optionally substituted as

set forth below.
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[8052]  As used herein, a "cycloalkyl" group refers (o a saturated carbocyelic mono- or

bicyclic (fused or bridged) ring of 3-10 (e.g., 5-10) carbon atoms. FExamples of cycloalkyl

groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl,
norbornyl, cubyl, octahydro-indenyl, decahydro-naphthyi, bicyclo[3.2.1]octyl,

| bicyelof2.2.2]octyl, bicyclo[3.3.1]nonyl, bicyelo[3.3.2. }decyl, bicyclo[2.2 2]octyl, adamantyl,

or {{aminocarbonyl}eycloalkyljcycloalkyl.

[0053] A "cycloalkenyl” group, as used herein, refers to a non-aromatic carbocyclic ring
of 3-10 (e.g., 4-8) carbon atoms having one or more double bonds. Examples of cycloalkenyl
groups include cyclopentenyl, 1,4-cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl,
hexahydro-indenyl, octahydro-naphthyl, cyclohexenyl, cyclopentenyl, bicycio{2.2.2]octenyl,
or hicycio{3.3.1]nonenyl.

[0654] A cycloalky! or cycloalkenyl group can be optionally substituted with one or more
substituents such as phosphor, aliphatic [e.g., alkyl, alkenyl, or alkynyl], cycloaliphatic,
(cycloaliphatic) aliphatic, heterocycloaliphatic, (heterocycioaliphatic) aliphatic, aryl,
heteroaryl, alkoxy, (cycloaliphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, heteroaryloxy,
{araliphaticoxy, (heteroaraliphaticyoxy, aroyl, heteroaroyl, amino, amido [e.g.,
(aliphatic)carbonylamino, (cycloaliphatic)carbonylamino,
{(cvcloaliphatic)aliphatic)carbonylamino, (aryl)carbonylamino, (araliphatic)carbonylamino,
(heterocycloaliphatic)carbonylamino, ((heterocycloaliphaticyaliphatic)carbonylammino,
(heteroaryl)carbonylamino, or (heteroaraliphatic)carbonylamino], nitro, carboxy {e.g.,

" HOOC-, alkoxycarbonyl, or alkylcarbonyloxy], acy! [e.g., (cvcloaliphatic)carbonyl,
{{cycloaliphatic aliphatic)carbonyl, (araliphatic)carbonyl, (heterocycloaliphaticjcarbonyl,
({heterocvcloaliphatic)aliphaticcarbonyl, or (hetercaraliphatic)carbonyl], cyano, halo,
hydroxy, mercapto, sulfonyl {e.g., alkyl-SO;- and aryl-SO,-], sulfinyl [e.g., alkyl-S(0)-],

sulfanyl [e.g., alkyl-S-], sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxe, or carbamoyl.

160551  As used herein, the terrn "heterocycle” or "heterocycloaliphatic” encompasses a
heterocycloalky] group and a heterocycloalkenyl group, each of which being optionally

substituted as set forth below,

[06656]  As used herein, a "heterocycloalkyl” group refers to a 3-10 membered mono- or
bicylic {(fused or bridged) (e.g., 5- to 10-membered mono- or bicyclic) saturated ting
structure, in which one or more of the ring atoms is a heteroatom (e.g., N, O, S, or
combinations thereof). Examples of a heterocycloalkyl group include piperidyl, piperazyi,

tetrahydropyranyl, tetrahydrofuryl, 1,4-dioxolanyl, 1,4-dithianyl, 1,3-dioxolanyl, oxazolidyl,

14



WO 2010/054138 PCT/US2089/063475

isdxazoli_dyl, morpholinyl, thiomorpholyl, ociahydrobenzofuryl, octahydrochromenyl,
octahydrothiochromenyl, octahydroindolyl, octahydropyrindinyl, decahydroguinolinyl,
octahydrobenzo{blthiopheneyl, 2-oxa-bicyclof2.2.2joctyl, 1-aza-bicyclo|2.2.2]octyl, 3-aza-
bicyclo[3.2.1}octyl, and 2,6-d'10xa~uficycio[3.3.1.03'7}nony1. A monoeyclic heterocycloalkyl
group can be fused with a phenyl moiety to form structures, such as tetrahydroisoquinoline,

which would be categorized as heteroaryls.

{08571 A "heterocycloalkenyl” group, as used herein, refers to a mono- or bicylic (e.g., 5-
{0 10-membered mono- or bicyclic) non-aromatic ring structure having one or more double
bonds, and wherein one or more of the ring atoms is a heterocatom (e.g., N, O, or S).
Monocyclic and bicyclic heterocycloaliphatics are numbered according to standard chemical

nomenclature.

[6038] A heterocycloalkyl or heterocycloalkenyl group can be optionally substituted with
one or more substituents such as phosphor, aliphatic {e.g., alkyl. alkenyl, or alkynyl],
cycloaliphatic, {cycloaliphatic)aliphatic, heterocycloaliphatic, (heterocycloaliphatic)aliphatic,
aryl, heteroaryl, alkoxy, (cycloaliphaticloxy, (heterocycloaliphaticjoxy, aryloxy,
heteroaryloxy, (araliphatic)oxy, (heteroaraliphaticyoxy, aroyl, heteroaroyl, amino, amido
fe.g., {(aliphatic)carbonylamino, {cycloaliphatic)carbonylamino, ({cycloaliphatic)
aliphatic)carbonylamino, (arylcarbonylamino, (araliphatic)carbonylamino,
(heterocycloaliphatic)carbonylamino, ((heterocycloaliphatic) aliphatic)carbonylamino,
(heteroaryhcarbonylamino, or (heteroaraliphatic)carbonylamino}, nitro, carboxy [e.g.,
HOOC-, alkoxycarbonyl, or alkyicarbonyloxy], acyl fe.g., (cycloaliphaticycarbonyl,
{{cycloaliphatic) aliphatic)carbonyl, (araliphatic)carbonyl, {heterocycloaliphatic)carbonyl,
({heterocycioaliphatic)aliphatic)carbonyl, or (heteroaraliphaticjcarbonyl], niiro, cyano, halo,
hydroxy, mercapte, sulfonyl [e.g., alkylsulfonyl or arylsulfonyl], sulfinyl {e.g., alkylsulfinyl},
sulfanyl [e.g.. alkylsulfanyl], sulfoxy, ures, thiourea, sulfamoyl, sulfamide, oxo, or

carbamoyl.

160591 A "heteroaryl” group, as used herein, refers to a monocyclic, bicyclic, or tricyclic
ring system having 4 to 15 ring atoms wherein one or more of the ring atoms is a heteroatomn:
{e.g., N, O, §, or combinations thereof) and in which the monocyclic ring system is aromatic
or at least ope of the rings in the bicyclic or tricyclic ring systems is aromatic. A heteroaryl
group includes a benzofused ring system having 2 to 3 rings. Por example, a benzofused
group includes benzo fused with one or two 4 to § membered heterocycloaliphatic moieties

(e.g., indolizyl, indolyl, isotndolyl, 3H-indolyl, indolinyl, benzo{bjfuryl, benzoldthiophenyl,

15



WO 2010/054138 PCT/US2089/663475

guinoiinyl, or isoguinolinyl). Some examples of heteroaryl are azetidinyl, pyridyl, 15-
indazolyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, imidazolyl, tetrazolyl, benzofuryl,
isoquinolinyl, benzthiazolyl, xanthene, thioxanthene, phenothiazine, dihydroindole,
benzo[1,3]dioxole, benzo[b]furyt, benzo[bjthiophenyl, indazolyl, benz;imidazoiyl,
benzthiazolyl, puryl, cinnolyl, quinolyl, quinazolyl,cinnolyi, phthalazyl, quinazolyl,
quinoxalyl, isoquinolyl, 4H-guinolizyl, benzo-1,2,5-thiadiazolyl, or 1,8-naphthyridyl.

[0060]  Without limitation, monocyclic heteroaryls include furyl, thiophenyi, 2H-pyrrolyl,
pyrrolyl, oxazolyl, thazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyi, 1,3,4-thiadiazolyl,
2H-pyranyl, 4-H-pranyl, pyridyl, pyridazyl, pyrimidyl, pyrazolyl, pyrazyl, or 1,3.5-triazyl.

Monocyclic heteroaryls are numbered according to standard chemical nomenclature.

[0061] ‘Without limitation, bicyclic heteroaryls include indolizyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzolb]furyl, benzol[bjthiophenyl, quinolinyl, isoguinolinyl, indolizinyl,
isoindolyl, indolyl, benzo[bHuryl, bexofbithiophenyl, indazolyl, benzimidazyl, benzthiazolyl,
purinyl, 4H-quinclizyl, quinolyl, iscquinolyl. cinnolyl, phthalazyl, quinazolyl, quinoxalyl,
1,8-naphthyridyl, or pteridyl. Bicyclic heteroaryls are numbered according to standard

chemical nomenclature.

[6062] A heteroaryl is optionally substituted with one or more substituents such as
aliphatic Je.g., alkyl, alkenyl, or alkynyl}; cycicaliphatic; (cycloaliphaticlaliphatic;
heterocycloaliphatic; (heterocycioaliphatic)aliphatic; aryl; heteroaryl; alkoxy;
{cycloaliphatic)oxy; (heteracycloaliphaticloxy; arvloxy; heteroaryloxy: (araliphaticjoxy;
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino; oxo (on a non-aromatic carbocyclic or
heterocyclic ring of a bicyclic or tricyclic heteroaryl); carboxy; amido; acyl [ e.g.,
aliphaticcarbonyl; {cycloaliphatic)carbonyl; ((cycloaliphatic)aliphatic)carbonyl;
(araliphatic)carbonyl; (heterocycloaliphatic)icarbonyl;
((heterocycloaliphatic)aliphatic)carbonyl; or (heteroaraliphatic)carbonyl]; sutfonyl [e.g.,
aliphaticsulfonyl or aminosulfonyl]; sulfinyl [e.g., aliphaticsulfinyl]; sulfanyl [e.g.,
aliphaticsulfanyl}; nitro; cyano; halo; hvdroxy; mercapto; sulfoxy; urea; thicurca; sulfamoyl;

sulfamide; or carbamoyl. Alternatively, a heteroaryl can be unsubstituted.

[6063] Non-limiting examples of substituted heteroaryls include thalo)heteroaryl [e.g.,
mono- and di-Chalo)hetercaryl]; (carboxyjhetercaryl [e.g., (alkoxycarbonyl)heteroaryl|;
cyanoheteroaryl; amincheteroaryl [e.g., ({(alkylsulfonyllaminoiheteroaryl and
((dialkyDaminodheteroaryl]; (amido)heteroaryl [e.g., aminocarbonylheteroaryl,

((alkylcarbonylamino)heteroaryl, ({({alkyDamino)alkylyaminocarbonylheteroaryl,
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{((heteroaryl)amino)carbonyheteroaryl, ((heterocycloaliphatic)carbonybhheteroaryl, and
((alkylcarbonyllamino)heteroaryl}; (cyanoalkylheteroaryl; (alkoxy)heteroaryl,
(sulfamoyhheteroaryl [e.g., (aminosulfonyl)heteroaryl]; (sulfonylheteroaryl {e.g.,
(alkylsulfonyDheteroaryl]; (hydroxyalkyDheteroaryl; (alkoxyalkyljheteroaryl;
(hydroxy)hetercaryl; ((carboxyjalkylheteroaryl; (((diaikyl}amino}a]kyi]heteroaryl;
{heterocycloaliphatic)heteroaryl; (cycioaliphaﬁc)heteroary1; (nitroalkyl)heteroaryl;
{((alkylsuifonyl)amino)alkyltheteroaryl; ((alkylsulfonylalkylheteroaryl;
(cyanoalkylyheteroaryl; (acylyheteroaryl [e.g., (alkylcarbonylheteroaryl]; {alkyl)heteroaryl,
and (haloalkyl¥heteroaryl je.g., trihaloalkylheteroaryl],

[6664] A "hetercaraliphatic” {such as a heteroaralkyl group) as used herein, refers to an
aliphatic group (e.g., a Cy alky? group) that is substituted with a heteroaryl group.

" Aliphatic,” "alkyl," and "heteroaryl” have been deiined above.

[0065] A "heteroaralkyl” group, as used herein, refers to an alkyl group (e.g., a Cy4 alkyl
group) that is substituted with a heteroaryl group. Both "alkyl” and "heteroaryl” have been
defined above. A hetercaralkyl is optionally substituted with one or more substituents such
as alkyi (including carboxyalkyl, hydroxyalkyl, and haloalkyl such as triffuoromethyl),
alkenyl, alkynyl, cycloalkyl, (cycloalkylialkyl, heterocycloalkyl, (heterocycloalkyljalkyl,
aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl,
alkylcarbonyloxy, aminocarbonyl, atkyicarbonylamino, cycloalkylcarbonylamino,
(eycloalkylalkylicarbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino, (heterocycloaliylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyano, hajo, hydroxy, acyl, mercapto,

alkvlsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.

[0866]  As used herein, "cyclic moiety” and "cyclic group” refer to mono-, bi-, and tri-
cyclic ring systems including cycloaliphatic, heterocycloaliphatic, aryl, or heteroaryl, each of

which has been previously defined.

00671  As used herein, a "bridged bicyclic ring system” refers to a bicyclic
heterocyclicaliphatic ring system or bicyelic cycloaliphatic ring system in which the rings are
bridged. Examples of bridged bicyclic ring systems include, but are not limited io,
adamantanyl, norbomanyl, bicycio[3.2.1}octyl, bicyclo[2.2.2]octy], bicyclo[3.3.1]nonyl,
bicyclo{3.2 3 nonyl, 2-oxabicyclo[2.2.2]octyl, 1-azabicyclo[2.2.2joctyl, 3-

azabicyclof3.2. octyl, and 2 6-dioxa-tricyclof3.3.1 ‘03’7]nony_l. A bridged hicyclic ring
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system can be optionally substituted with one or more substituents such as alkyl {(including
carboxyalkyl, hydroxyalky!, and haloalkyl such as erifluoromethyl), alkenyl, alkynyl,
cycloalkyl, {cycloalkylialkyl, heterocycloalkyl, (heterocycloalkyljatkyl, aryl, heteroaryl,
alkoxry, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy,
hetercaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy,
aminocarbonyl, alkylcarbonylamino, cyclealkylearbonylamine,
(cycloalkylalkylcarbonylamino, arylcarbonylamino, araikylcarbonylamino,
{heterocycloalkyl)carbonylamino, (heterocycloalkylalkyl)carbonylamine,
heteroarylcarbonylamino, heteroaralkylcarbonylamino, cyane, halo, hydroxy, acyl, mercapto,

alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.

[0068]  As used herein, an "acyl" group refers to a formyl group or R*-C(0)- (such as
alkyl-C(O)-, also referred to as "alkylearbonyl"} where R* and "alky!” have been defined

previously. Acetyi and pivaloyl are examples of acyl groups.

[6069]  As used herein, an "aroyl” or "heteroaroyl” refers to an aryl-C(O)-ora
heteroaryl-C(O)-. The aryl and heteroaryl portion of the aroyl or heteroaroyl is optionally

subistituted as previously defined.

[6070]  As used herein, an "alkoxy" group refers to an alkyl-O- group where "alkyl" has

been defined previously.

[6671]  Asused herein, a "carbamoyl” group refers to a group having the structure
-O-CO-NR*RY or -NR*-CO-0-R%, wherein R* and R” have been defined above and R” can
be aliphatic, aryl, araliphatic, heterocycloaliphatic, heteroaryl, or heteroaraliphatic.

[0072]  As used herein, a "carboxy” group refers to -COOH, -COOR®, -OC(OMH,
-OC(O)YR*, when used as a terminal group; or -QC(0)- or -C(Q)0- when used as an internal
group.

{00731  As used herein, a "haloaliphatic” group refess to an aliphatic group substituted with

1-3 halogen. For instance, the term haloalkyl includes the group -CFs.
[6674]  Asused herein, 2 "mercapto” group refers to -SH.

[8675]  As used herein, a "sulfo” group refers 1o -S0sH or -SO5R* when used terminally or
-5(0)s- when used internally.

{6076]  As used herein, a "sulfamide” group refers to the structure NR*S$(0),-NR"R?
when used terminally and -NR*-§(0),-NR"- when used internally, wherein R, RY, and R*

have been defined above,
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“[B077]1  As used herein, & "sulfonamide” group refers 1o the siructure —S(O)g»NRXRY or
-NR*-8¢0),-R” when used terminally; or -5(0)-NR*- or -NR* -§(0),- when used internally,

wherein RX, RY, and R are defined above.

[0078]  As used herein a "sulfanyl" group refers to -S-R* when used terminally and -$-
when used internally, wherein R* has been defined above. Examples of sulfanyls include

aliphatic-S-, cycloaliphatic-S-, aryl-S-, or the like.

[0679]  As used herein a "sulfiny]l” group refers to -$(0)-R™ when used terminally and -
S(0)- when used internally, wherein R* has been defined above. Exemplary sulfinyl groups
include aliphatic-8(0)-, aryl-S(0)-, (cycioaliphatic(aliphatic)}-8${O}-, cycloalkyl-5(0)-,

* heterccycloaliphatic-${Q)-, heteroaryl-8(0)-, or the like.

[0080]  As used herein, a "sulfony]" group refers 10-S(0},-R™ when used terminalty and
-$(O),- when used internally, wherein R™ has been defined above. Exemplary sulfonyl
groups include aliphatic-S(O),-, aryl-S(O),-, (cycloaliphatic(aliphatic)}-S(0),-,
cycloaliphatic-S(0),-, heterocycloaliphatic-8(O);-, heteroaryl-S(O),-,
(cycloaliphatic(amido(aliphatic)))-S(O)z-or the like.

[0081]  As used herein, a "sulfoxy" group refers to -0-SO-R* or -S0-0-R*, when used
terminally and -0-8(0)- or -$(0)-0- when used internally, where R has been defined above.
{60821  As used herein, a "halogen” or "halo" group refers tc fluorine, chlorine, bromine or
iodine.

[0883]  As used herein, an "alkoxycarbonyl,” which is encompassed by the term carboxy,
used alone or in connection with another group refers to a group such as alkyl-O-C(O)-.
[G084]  As used herein, an “alkoxyalky!" refers to an alky] group such as alkyl-O-alkyl-,

wherein alkyl has been defined above.
{00851  As used herein, a "carbonyl” refer to -C(Oj-.
(00861  As used herein, an "oxo" refers to =()},

[9687]  As used herein, the term "phospho” refers to phosphinates and phosphonates.
Examples of phosphinates and phosphonates include PCONR"),, wherein R is aliphatic,
alkoxy, aryloxy, heteroaryloxy, (cycloaliphatic)oxy, (heterocycloaliphaticjoxy aryl,

heteroaryl, cycloaliphatic or amino.
[0088]  As used herein, an "aminoalkyl” refers to the saucture (R*);N-alkyl-.

[0089]  Asused herein, a "cyanoatkyl” refess to the structure (NC)-alkyl-.
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[6090]  As used herein, a "urea" group refers to the structure NR¥.CO-NRYR"and a
“thiourea” group refers to the structure -NR™-CS-NR"R” when used terminally and -NR™-
CO-NR"- or

-NR*.CS-NRY- when used internally, wherein RX, RY, and R* have been defined above.

[¢021]  Asused herein, a "guanidine” group refers to the structure -
N=C(NR*R"MINR*RY) or
—NRX—C(:NRX)NRXRY wherein R* and RY have been defined above.

[0092]  As used herein, the term "amidino” group refers to the structure -
C=(NRHNR*RY) wherein R* and RY have been defined ahove.

[0G93]  In general, the term "vicinal” refers to the placement of substituents on a group that
includes two or more carbon atoms, wherein the substituents are attached to adjacent carbon

atoms.

(06941 In seneral, the term "geminal” refers 1o the placement of substituents on a grow
g g P group
that includes two or more carbon atoms, wherein the substituents are attached to the same

carbon atom.

[0095]  The terms "terminally” and "internally" refer to the location of a group within a
substituent. A group is terminal when the group is present at the end of the subsiituent not
further bonded to the rest of the chemical structare, Carboxyalkyi, ie., R¥*O0)C-alkyl is an
example of a carboxy group used terminally. A group is internal when the group is present in
the middic of a substituent of the chemical structure. Alkylearboxy {e.g., alkyl-C{O)O- or
alkyl-OC(Q)-) and alkylcarboxyaryl (e.g., alkyl-C(O)O-aryl- or alkyl-O(CO)-aryl-) are

examples of carboxy groups used internally.

[00%6]  Asused herein, an "aliphatic chain" refers (o a branched or straight aliphatic group
{e.g., alky] groups, alkenyl groups, or alkynyl groups). A straight aliphatic chain has the
structare

~[CH, i, where v is 1-12. A branched aliphatic chain is a straight aliphatic chain that is
substituted with one or tore aliphatic groups. A branched aliphatic chain has the structure
-[CQAQ],- where each Q is independently a hydrogen or an aliphatic group; however, Q shall
be an aliphatic group in at least one instance. The term aliphatic chain includes alkyl chains,

alkenvi chains, and alkynyl chains, where alkyl, alkenyl, and alkyny! are defined above.

[0097]  The phrase "optionally substituted” is used interchangeably with the phrase

"substitated or unsubstituted.” As described herein, compounds of the invention can
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optionally be substituted with one or more substituents, such as are illustrated generally
above, or as exemplified by particular classes, subclasses, and species of the invention. As
described herein, the variables Ry, R, and R3, and other variables contained in formulac
described herein encompass specific groups, such as alky! and aryl. Unless otherwise noted,
each of the specific groups for the variables Ry, R», and K3, and other variables contained
therein can be optionally substituted with one or more substituents described herein. Bach
substituent of a specific group is further optionally substituted with one to three of halo,
cyano, oxo, alkoxy, hydroxy, amino, nitro, aryl, cycloalipbatic, heterocycloaliphatic,
heteroaryl, haloalkyl, and alkyl. Forinstance, an alkyl group can be substituted with
alkylsulfanyl and the alkylsulfanyl can be optionally substituted with one to three of halo,
cyano, oxo, alkoxy, hydroxy, amino, nitro, aryl, haloalkyl, and alkyl. As an additional
example, the cycloalky! portion of a (cycioalkyljcarbonylamino can be optionally substituted
with one to three of halo, cyano, alkoxy, hydroxy, nitro, haloalkyl, and alkyl. When two
alkoxy groups are bound to the same atom or adjacent atoms, the two alkxoy groups can form

a ring together with the atom(s) to which they are bound.

[0098] Ingeneral, the term "substituted,” whether preceded by the term "optionally” or
not, refers to the replacement of hydrogen radicals in a given structure with the radical of a
specified subsutuent. Specific substituents are described above in the definitions and below
in the description of compounds and examples thereof. Unless otherwise indicated, an
optionally substituted group can have a substituent at each substitutabie position of the group,
and when more than one position in any given structure can be substituted with more than
one substituent selected from a specified group, the substituent can be either the same or
different at every position. A ring substituent, such as a heterocycloalkyl, can be bound {o
another ring, such as a cycloalkyl, to form a spiro-bicyclic ring system, ¢.g., both rings share
one common atom. As one of ordinary skill in the art will recognize, combinations of
substituents envisioned by this invention are those combinations that result in the formation

of stable or chemically feasible compounds.

[069%]  The phrase "stable or chemically feasible,” as used herein, refers to compounds
that are not substantially altered when subjected to conditions to allow for their production,
detection, and preferably their recovery, purification, and use for one or more of the purposes
disclosed herein. In some embodiments, a stable compound or chemically feasible compound
is one that is not substantially altered when kept at a temperature of 40 °C or less, in the
absence of moisture or other chemically reactive conditions, for at least a week.
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[06108] As used herein, an "effective amount" is defined as the amount required to confer a
therapeutic effect on the treated patient, and is typically determined based on age, surface
area, weight, and condition of the patient. The interrelationship of dosages for animals and
humans (based on milligrams per meter squared of body surface} is described by Freireich et
al., Cancer Chemother. Rep., 50; 219 (1966). Body surface area may be approximately
determined from height and weight of the patient. See, e.g., Scientific Tables, Geigy
Pharmaceuticals, Ardsley, New York, 337 (1670). As used herein, "patient” refers to a

mamnial, including a human.

[60181] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and gedmetric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, (£} and (E)
doubie bond isomers, and (Z) and (E) conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the invention.
Unless otherwise stated, all tautomeric forms of the compounds of the invention are within
the scope of the invention. Additionally, unless otherwise stated, structures depicted herein
are also meant o include compounds that differ only in the presence of one or more ‘
isotopically enriched atoms. Por example, compounds having the present structures except
for the replacement of hydrogen by deuterium or tritium, or the replacement of a carbon by a
. or ™C-enriched carbon are within the scope of this invention. Such compounds are
useful, for example, as analytical tools or probes in biclogical assays, or as therapeutic

agents.

[60162] Compounds of the present invention are useful modulators of ABC transporters

and are useful in the treatment of ABC transporier mediated diseases.
[60163] 1. COMPOUNDS
1601041 A. Generic Compounds

[06105] The present invention relates to compounds of formula I useful as modulators of

PSSO

ABC transporter activity:

=

il

L
B—Z

2
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or a pharmaceutically acceptable sait thereof,

[60106) R, is -Z°R,, wherein each Z* is independently a bond or an optionally substituted
branched or straight Cy.¢ aliphatic chain wherein up to two carbon units of Z* are optionally
and independently replaced by -CO-, -CS-, -CONR®-, -CONR*NR*-, -CO;-, -0CO-, -
NR*COy-, |

-0-, -NRACONR?-, -OCONR"-, -NR*NR"-, -NR*CO-, -§-, -80-, -SO;-, -NR"-, -SO,NR*-,
NR*S0;-, or -NR*SO,NR"-. Each Rsis independently R*, halo, -OH, -NHz, -NO,, -CN, or
-OCTF,. Each R” is independently hydrogen, an optionally substituted aliphatic, an optionally
substitated cycloaliphatic, an optionally substituted heterccycloaliphatic, an optionally

subslituted aryl, or an optionally substituted heteroaryl.

[00107] R, is -Z"Rs, wherein cach 7P is independently a bond or an optionally substituted
branched or straight C, ¢ aliphatic chain wherein up to two carbon units of 7" are optionally
and independenily replaced by -CO-, -CS-, -CONRE-, -CONRPNR”-, -CO,-, -OCO-, -
NR*CO,-,

-O-, -NRBCONR®-, -OCONR"., -NR*NR®-, -NRPCO-, -8-, -SO-, -S0»-, -NR"-, -SO,NR"-,
-NR®S0,-, or -NR®SO,NR®-. Each Rjs is independently R®, halo, -OH, -NH;, -NO,, -CN, -
CFs, or -OCFs. Each RP is independently hydrogen, an optionally substituted aliphatic, an
optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally substituted heteroaryl. Alternatively, any two
adjacent R; groups together with the atoms to which they are attached form an optionally

substituted carhocycle or an opiionally substituted heterocycle.

[G0108] Ring A is an optionally substituted 3-7 membered monocyclic ring having 0-3

heteroatoms selected from N, O, and S.
[00109] Ring B is a group having formula Ia:

RI

/ 3
™ N
w?{/ G

In
or a pharmaceutically acceptable salt thereof, wherein p is 0-3 and each Ry and R’z is
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independently -Z R, where each 7" is independently a bond or an optionally substituted
branched or straight C;. aliphatic chain wherein up to two carbon units of Z° are optionally
and independently replaced by -CO-, -CS-, -CONR"-, -CONR“NR®-, -CO»-, -0CO-, -
NR“COy-, -O-,

NRCONR®-, -OCONR®-, -NRNR®-, NR®CO-, -$-, -SO-, -80,-, -NR-, -SO,NR-,
-NR®$0,-, or -NRSO,NRC-. Each Ry is independently R®, halo, -OH, -NH;, -NQO,, -CN, or
-OCF;. Each R s independently hydrogen, an optionally substituted aliphatic, an optionaliy
substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an optionally
substitted aryl, or an optionally substitated heteroarvl. Alternatively, any two adjacent R
groups together with the atoms to which they are attached form an opticnally substituted
carbocyele or an optionally substituted heterocycle. Furthermore, R's and an adjacent Ry
group, together with the atoms to which they are attached, form an optionally substituted

heterocycle.

[66110] nis1-3.

{80111] Ilowever, in several embodiments, when ring A is unsubstituted cyclopentyl, n is
1, R, 18 4-chloro, and Ry is hydrogen, then ring B is not 2-(tertbutybindol-3-yl, or (2,6-

dichlorophenyl{carbonyl)}-3-methyi- 1H-indol-5-y1; and when ring A is unsubstituted
cyclopentyl, n is &, and R, is hydrogen, then ring B is not

O
e
N N
et eratas
N ¥ N o
/ \ .
* o & | or
) O
OH
;ss‘ N
D &
[60112] B. Specific Compounds
(00113} i R; Group

[00114] R, is -Z"R,, wherein each Z* is independently a bond or an optionally substituted
branched or straight C,¢ aliphatic chain wherein up to two carbon units of Z* are optionally
and independently replaced by -CO-, -CS-, -CONR™., -CONR*NR"-, -COy-, -0CO-, -

NR*CO,-,
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-0-, NR*CONR"-, -OCONR™-, -NR*NR*., .-NR*CO-, -§-, -80-, -80,-, -NR*-, -SO,NR"-,

-NR*80,-, or -NR*SO,;NR™-. Each Ry is independently R*, halo, -OH, NI, -NO;, -CN, or
-OCF;. Each R” is independently hydrogen, an optionally substituted aliphatic, an optionatly
substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an optionally

substituted arvl, or an optionally substituted heteroaryl.

[00115] In several embodiments, R, is -Z"Ry, wherein each 2 is independently a bond or

an optionally substituted branched or straight C, ¢ aliphatic chain and each R, 18 hydrogen.

[06116] In other embodiments, R, is -Z*Ry4, wherein each 7% is a bond and each Ry is

hydrogen.
[00117] 2. R, Group

[00118] Each R, is independently -Z>Rs, wherein each Z° is independently 2 bond or an
optionally substituted branched or straight Cy.5 aliphatic chain wherein up to two carbon units
of 7P are optionally and independently replaced by -CO-, -CS-, -CONRE-, -CONRENRE., -
COy-,

-0CO-, -NRCO-, -0-, -NRPCONR"-, -OCONR"-, -NR®NR"-, -NR*CO-, -$-, -SO-, -$O»-,
-NRE-, -SO,NRE-, -NR®SO,-, or -NRPSO,NR®-. Each Rs is independently R®, haio, -OH, -
NH,,

~NO,, -CN, -€Jh, or -OCF;. Each RP s independently hydrogen, an optionally substituted
aliphatic, an optionally substituted cycloaliphatic, an optionaily substituted
heterocycloaliphatic, an optionally substituted arvl, or an optionally substituted heteroaryl.
Alternatively, any two adjacent R, groups together with the atoms to which they are attached

formn an optionally substituted carbocycle or an opticnally substituted heterocycle.

[60119] Inseveral embodiments, Ro 1’% an optionaily substituted aliphatic. For example, Ry
is an optionally substituted branched or straight Cj¢ aliphatic chain. In other examples, Ry is
an optionally substiteted branched or straight Cy.s alky] chain, an optionally substituied
branched or straight C,.¢ alkenyl chain, or an optionaily substituted branched or straight Cy¢
alkynyl chain. In alternative embodiments, R; is a branched or straight Cy aliphatic chain
that is optionally substituted with 1-3 of halo, hydroxy, cyano, cycloaliphatic,
heterocyeloaliphatic, aryl, heteroaryl, or combinations thereof. For example, R; is a branched
or straight Cy alkyi that is optionally substituted with 1-3 of halo, hydroxy, cvano,
cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, or combinations thereof. In stili other
examples, R; is a methyl, ethyl, propyl, butyl, isopropyl, or text-butyl, each of which is |
optionally substituted with 1-3 of halo, hydroxy, cyano, aryl, heteroaryl, cycloaliphatic, or
25



WO 2010/054138 PCT/US2009/063475

heterocycloaliphatic. In still other examples, R, is a methyl, ethyl, propyl, butyl, isopropyl,

or tert-butyl, each of which is unsubstituted.

[00120] Inseveral other embodiments, Ry is an optionally substituted branched or straight
Cy5 alkoxy. For example, Ry is a Cis élkoxy that is optionally substituted with 1-3 of
hydroxy, aryl, heteroaryl, cycloaliphatic, heterocycloaliphatic, or combinations thereof. In
other examples, R, is a methoxy, ethoxy, propoxy, butoxy, or pentoxy, each of which is
optionally substituted with 1-3 of hyvdroxy, aryl, heteroaryl, cycloaliphatic,

heterocycloaliphatic, or combinations thereof.
{00121 In other embodiments, R, is hyvdroxy, halo, or cyvano.

[G0122]1 In several embodiments, Ry is -ZPRs, and 7% is independently a bond or an
optionally substitated branched or straight C; aliphatic chain wherein up to two carbon units
of Z® are optionally and independently replaced by -C(O)-, -O-, -S-, -S{O),-, or -NH-, and Rs
is R®, halo, _

-OH, -NH,, -NO,, -CN, -CF;, or -OCFj, and R is hydrogen or aryl.

(001231 Inseveral embodiments, two adjacent R, groups form an optionally substituted
carbocycle or an optionally substituted heterocycle. For example, two adjacent Ry groups
form an eptionally substituted carhocyele or an optionally substituted heterocycle, either of

which is fused to the pheny! of formula I, wherein the carbocycle or heterocycle has formula

Th:
y
Z
%
| -
Zg

\ZZ_.ZS

1)

[60124] | Each of 73, 42, 7a, Z4, and Zs is independently a bond, -CRsR'y-, -NR7-, or -O-;
each R is independently -Z"Rs, wherein each 7" is independently an optionally substituted
branched or straight C;_6 aliphatic chain wherein up to two carbon units of 77 are optionally
and independently repiaced by -CO-, -CS-, -CONRP-, -COs-, -OCO-, -NR"CO,-, -0-,
-NRPCONR"-, -OCONR"-, -NRPNR"-, -NR"CO-, -$-, -50-, -SO»-, -NR”-, -SO,NR"-,
-NRPS0,-, or -NR”SO,NR"-. Each Ry is independently R”, halo, -OH, -NH,, -NO,, -CN, -
CFs, or -OCFs. Each R is independently hydrogen, an optionally substituted cycloaliphatic,
an optionally substituted heterocycioaliphatic, an optionally substituted aryl, or an optionally
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substituted heteroaryl. Each R'7 is independently hydrogen, optionally substituted Ci
aliphatic, hydroxy, halo, cyano, nitro, or combinations thereof. Alternatively, any two
adjacent Ry groups together with the atoms to which they are attached form an optionaily
substituted 3-7 membered carbocyclic ring, such as an optionally substituted cyclobutyl ring,
or any two Ry and R’y groups together with the atom or atoms to which they are attached form

an optionally substituted 3-7 membered carbocyclic ring or & heterocarbocyclic ring.

[00125] In several other examples, two adjacent R, groups form an optionally substituted
carbocycle. For example, two adjacent R, groups form an optionally substituted 5-7
membered carbocycle that is optionally substituted with 1-3 of halo, hydroxy, cyano, oxo,
cyano, alkoxy, alkyl, or combinations thereof. In another example, two adjacent Rz groups
form a 5-6 membered carbocycle that is optionally substituted with -3 of halo, hydroxy,
cyano, 0xo, cyano, alkoxy, alkyl, or combinations thereof. In still another exampie, two

adijacent Ry groups form an unsubstituted 5-7 membered carbocycle.

[00126] In alternative examples, two adjacent R, groups form an optionally substituted
heterocycle. Por instance, two adjacent R, groups form an optionally substituted 5-7
membered heterocycle having 1-3 heteroatoms independently selected from N, O, and S. In
several exampies, two adjacent R, groups form an optionally substituted 5-6 membered
heterocycle having 1-2 oxygen atoms. In other examples, two adjacent R; groups form an
unsubstituted 5-7 membered heterocycle having 1-2 oxygen atoms. In other embodiments,

two adjacent Ry groups form a heterocyelic ring selected from:

O 2L O O 2 O~ § o i\ﬁ 2
<0/TL;1 F,Qc‘oll:; ,Xoj; | dés\, <\NI ™ I

j\’ N~

XA XAZ2 XAS3 XA4 XAS KEB
Sy 0S¢ O 2¢ OH o N2
[ QX oX T X T (T N
0 ;‘:.,\igi, ﬁia o:[f\, SN
KA7 KAB XAZ9 XA10 KA1 XA12

27



WO 2018/054138 PCT/US2009/063475

0% o
H A ONy @ O~
No2g  OH | :
<T: C0 (L Y F oo N
N <. 0 ¥, O . MeO OH . ,
XA13  XA14  XA15  XAT6 XA17 XA18
\ |

O N H"Lf
<\N1C; <\Ié{ , and @{i

N
XA19 XA20 XA21

[06127] In aliernative examples, two adjacent Ry groups form an optionally substituted
carbocycle or an optionally substituted heterocycle, and a third R» group is attached to any
chemically feasible position on the phenyl of formula I. For instance, an optionally
substituted carbocycle or an optionally substituted heterocycle, both of which is formed by
two adjacent R, groups; a third R, group; and the phenyl of formuia I form a group having

formula Ic:

z Ro
réagianll /
Z/ 2 I 7
3
Y P J_,J‘s
24\25 ~

ic

[061281 Z,, 7», Zs, 7., and Zx has been defined above in formula Ib, and Rz has been

defined above in formula L

[08128] In several embodiments, each R» group is independently selected from hydrogen,
halo,
~OCH;, -OH, -CH,OH, -CHs, and -OCF;, and/or two adjacent Ry groups together with the

atoms to which they are attached form

H l
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[83130] In other embaodiments, R, is at least one selected from hydrogen, halo, methoxy,

phenyimethoxy, hydroxy, hydroxymethyl, trifluoromethoxy, and methyl.

[00131] In some embodiments, two adjacent R» groups, together with the atoms to which

O 21 0wt

] FoC. |

07 Lor 07
XA X

A2

they are attached, form

[060132) 3. Ring A

[06133] Ring A is an optionally substituted 3-7 membered monocyclic ring having 0-3

heteroatoms selected from N, O, and S,

[08134] Inseveral embodiments, ring A is an optionally substituted 3-7 membered
monocyclic cycloaliphatic. For example, ring A is a cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, or cycloheptyl, each of which is optionally substituted with 1-3 of halo, hydroxy,

(4 5 aliphatic, or combinations thereof.

[60135] in other embodiments, ring A is an optionally substituted 3-7 membered
monocyclic heterocycloaliphatic. For example, ring A is an optionally substituted 3-7

membered monocyclic heterocycloaliphatic having 1-2 heteroatoms independently selected
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from N, O, and S. In other examples, ring A is tetrahydrofuran-yl, tetrahydro-2H-pyran-yl,

pyrrolidone-yl, or piperidine-yl, each of which is optionaily substituted.

[00136] In still other examples, ring A is selected from

=) R
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kY Cm N Ly
*B14 XB15 XB16 XB17
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[00137] Each Rs is independently -Z"Ro, wherein each VST independently a bond or an
optionally substitated branched or straight Cy5 aliphatic chain wherein up to two carbon units
of ZF are optionally and independently replaced by -CO-, -CS-, -CONRE-, -COs-, -0OCO-,
-NRECO,-, -0-, -NRECONR®-, -OCONRF-, -NR*NR®., -NR*CO-, -$-, -80-, -SOs-, -NR*-,
_SO,NRE., -NR¥SO,-, or -NRESO,NRE-, each Ry is independently R, -OH, -NH,, -NO;, -
CN,

-CF, 0xo, or ~-OCFs. Fach R” is independently hydrogen, an optionally substituted
cycloaliphatic, an optionally substituted heterocycioaliphatic, an optionally substituied aryl,

or an optionally substituted heteroaryi,

[06138] qis 05,
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[006139] In other embodiments, ring A is one selected from

5 & 8
xct Xc2 ’ Xc3 O xes
o
, and
XCs wca

[60140] In several embodiments, ring A is

s

”~ Y

XC&

[60141] 4. Ring B

{60142] Ring B is a group having formula Ia:

Fa
SN
i‘}{ # Q{Rap

la
or a pharmaceutically acceptable salt thereof, wherein p is 0-3,

[66143] Each R; and R'; is independently ~ZCR61 where each Z© is independently a bond or
an optionally substituted branched or straight C, s aliphatic chain wherein up to two carbon
units of Z° are optionally and independently replaced by -CO-, -CS-, -CONR®-, -
CONR®NR®., -COx,

-OCO-, -NR“CQ,-, -0-, -NRECONR®-, -OCONR®-, -NRNR®-, NR“CO-, -§-, -80-, -802-,
“NRE-, -§0,NR"-, -NR“80,-, or -NR“SQ,NR"-. Each R, is independently R, halo, -OH, -
NH,, -NO;, -CN, or -OCF,. Each R® is independently hydrogen, an optionally substitated
aliphatic, an optionally substituted cycloaliphatic, an optionaily substituted
heterocycloaliphatic, an optionally substituted aryl, or an optionally substituted heteroaryl.
Alternatively, any two adjacent R; groups together with the atoms to which they are attached
form an optionally substituted carbocycle or an optionally substituted heterocycle, or R'; and

an adjacent Rj, i.e., attached to the 2 position of the indole of formula Ia, together with the
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atoms to which they are attached form an optionally substituted heterocycle.

100144] In several embodiments, ring B 18

?3
3

s N / (Raolq
o, Rs)o , (Ralp

[00145] wherein g is 0-3 and each Ry i -7Z9R,,. where each Z° is independently a bond or

Z ~T

an optionally substituted branched or straight Cy.5 aliphatic chain wherein up to two carbon
units of Z are optionally and independently replaced by -CO-, -CS-, -CONRY-, -CO2-, -
OCO-,

_NR®CO;-, -O-, -OCONRY-, -NRONRY-, -NRCO-, -$-, -SO-, -SO2-, -NR%, -SO,NR",
-NRYSO,-, or -NRPSO,NR®-. Each Ry is independently RY, halo, -OH, -NH,, -NO», -CN, or
-OCF;. Each R is independently hydrogen, an optionally substituted aliphatic, an optionally
substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an optionally

substituted aryl, or an optionally substituted heteroaryl.

[0031461 For example, ring B is

H

| : N ) (Ran)a
o) ot Ce
“wl, : , \ / (Ralp or .

[60147] Inseveral embodiments, R's is hydrogen and Rj is attached to the 2, 3,4, 6, or 7
position of the indoie of formula Ia. In several other examples, Rs is attached to the 2 or 3
position of the indole of formula Ta, and R is independently an optionally substituted
aliphatic. For instance, R; is an optionally substituted acyl group. In several mstances, Rj is
an optionally substituted (alkoxy)carbonyl. In other instances, R; is (methoxyjcarbonyl,
(ethoxy)carbonyl, (propoxyjcarbonyl, or (butoxy)carbonyl, each of which is optionally
substituted with 1-3 of halo, hydroxy, or combinations thereof. In other instances, Ry is an
optionally substituted (aliphatic)carbonyl. For example, Rj is an optionally substituted
(alkyl)carbonyl that is optionaliy substituted with 1-3 of halo, hydroxy, or combinations
thereof . In other examples, R; is (methyljcarbonyl, (ethyl)carbonyl, (propylicarbonyl, or

(butylicarbonyl, each of which is optionally substituted with 1-3 of halo, hydroxy, or
32
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combinations thereof.

[00148] In several embodiments, Ra is an optionally substituted (cycloaliphatic)carbonyl or
an optionally substituted (heterocycloaliphatic}éarbonyl. In several exampies, Rsisan
optionally substitated (Cs.; cycloaliphatic)carbonyl. For exampie, Rsis a
(cyclopropyl)carbonyl, {cyclobutyl)carbonyl, (cyclopentyljcarbonyl, (cyclohexyljcarbonyl, or
(cycloheptyDearbonyl, each of which is optionally substituted with aliphatic, halo, hydroxy,
nitro, cyano, or combinations thereof. In several alternative examples, R4 is an optionally
substituted (heterocycloaliphatic)carbonyl. For example, Ry is an optionally substituted
(heterocycloaliphatic)carbonyl baving 1-2 heteroatoms independently selected from N, O,
and S. In other examples, Rs is an optionally substituted (heterocycloaliphatic)carbonyi
having 1-3 heteroatoms independently selected from N and O. In still other examples, R; is
an optionally substituted 4-7 membered monocyclic (heterocycloaliphatic)carbonyl having 1-
3 heteroatoms independently selected from N and O. Alternatively, R; is (piperidine-1-
yl,Jcarbonyl, (pyrrolidine-1-yl)carbonyl, or (morpholine-4-yl)carbonyi, (piperazine-1-
yhcarbonyl, each of which is optionally substituted with [-3 of halo, hydroxy, cyano, nitro,

or aliphatic.

[00149] In still other instances, R is optionally substituted {aliphatic)amido such as
{aliphatic(amino(carbonyl)) that is attached to the 2 or 3 position on the indofe ring of
formula Ia. In some embodiments, Rs is an optionally substituted (alkyl(amino}jcarbonyl that
is attached to the 2 or 3 position on the indole ring of formula Ia. In other embodiments, R; is
an optionally substituted straight or branched {aliphatic(amino))carbony] that is attached Lo
the 2 or 3 position on the indole ring of formula Ia. In several examples, Rs is (N,N-
dimethy¥ amino))carbonyl, (methyl(amino))carbonyi, {ethyi(amino))carbonyl,
(propyl{amino))carbonyl, (prop-2-yl(amino))carbonyl, (dimethyl(but-2-yKamino}}jcarbonyl,
(tertbutyl{amino))carbonyl, (butyKaminojjcarbonyl, each of which is optionally substituted
with 1-3 of halo, hydroxy, cycloaﬁphatic, hetcrbcycioaliphatic, aryl, heteroaryl, or

combinations thereof.

IGQIS(}] in other embodiments, R is an optionally substituted (alkoxy)carbonyl. For
example, Rs is (methoxy)carbonyl, (ethoxy)carbonyl. (propoxy)carbonyl, or
{butoxy)carbonyl, each of which is optionally substituted with 1-3 of halo, hydroxy, or
combinations thereof. In several instances, Rs is an optionally substituted straight or
branched Cy.¢ aliphatic. For example, R is an optionally substituted straight or branched Ci¢

alkyl. In other examples, R; is independently an optionally substituted methyl, ethyl, propyl,
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buiyl, isopropyl, or tertbutyl, each of which is optionally substituted with 1-3 of halo,
hydroxy, cyano, nitfo, or combination thereof. In other embodiments, Rs is an optionally
substituted Cs.¢ cycloaliphatic. Fxemplary embodiments include cyclopropyl, 1-methyl-
cycloprop-1-y], ete. In other examples, p 1s 2 and the two Rs substituents are attached to the
indole of formula la at the 2,4- or 2,6- or 2,7- positions. Exemplary embodiments include 6-
F, 3-(optionalty substituted Cy aliphatic or Cy cycloaliphatic); 7-F-2-(-(optionally
substituted Cy¢ aliphatic or Ca. cycloaliphatic)), 41-2-(optionally substituted Cy.¢ aliphatic or
Ca.s cycloaliphatic); 7-CN-2-(optionally substituted Cy¢ aliphatic or Cs.¢ cycloaliphatic); 7-
Me-2-(optionally substituted C;¢ aliphatic or Ca¢ cycloaliphatic) and 7-OMe-2-(optionally
substituted Cy.¢ aliphatic or Ca6 cycloaliphatic).

[00158] In several embodiments, Rs is hydrogen.
[00152] In several embodiments, Rj 1s one selected from:

-H, -CHs, -CH,0H, -CH,CH;, -CH,CH,OH, -CH,CH,CH;, -NH, halo, -OCHs, -CN, -CF;,
-C(OYOCH,CH;, -S5(0),CH;, -CHaNH,, ~C(O)NH:,

o v\/%D %ZU ;Lﬁk’ J\’Q\H
%OkN %o or 'ao %o };LN
@3 /ﬂ\%/ {Lﬁ)\! gkm@ | Q\

2 o

§ iN iN %{(llN OI/
95”1,”“@ TOT0 Ay vy

l
Z‘e{@ J{A }7’/@ ;‘%3/ %/Cﬁgcm %/é ¥\©
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[60153] In another embodiment, two adjacent Rs groups form

b

[00154] In several embodiments, R's is independently 7 R, where each Z° is
independently a bond or an optionally substituted branched or straight C;.¢ aliphatic chain
wherein up to two carbon units of 7" are optionally and independently replaced by -CO-, -
CS-, -CONR®-,

_CONRENRE-, -CO5-, -OCO-, -NRECOs-, -0-, -NRECONR®-, -OCONR®-, -NR“NR"-,
35
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NRECO-, -8-, -80-, -80s-, -NR-, -SO,NR"-, -NR“SO;-, or -NR“SO,NR"-. Each Rg s
independently R®, halo, -OH, -NHa, -NO,, -CN, or -OCF;. Each R® is independently
hydrogen, an optionally substituted aliphatic, an optionally substituted cycloaliphatic, an
optionaily substituted heterocycloaliphatic, or an optionally substituted heteroaryl. In one
embodiment, each R is hydrogen, C,4 aliphatic, or Ca¢ cycloaliphatic, wherein either of the
aliphatic or cycloaliphatic is optionally substituted with up to 4 -OH substituents. in another
embodiment, RC is hydrogen, or Cy¢ alkyl optionally substitated with up to 4 -OH

substituents.

[00155] For example, in many embodiments, R's is is independently -Z“R¢, where each 2zt
1s independently a bond or an optionally substituted branched or straight C,.¢ aliphatic chain
wherein up to two carbon units of Z© are optionally and independently replaced by -C(O)-,
~C(OINRE-, -C(OYO-, -NRC(0)O-, -O-, -NR"S(O),-, or -NR"-. Each Rs is independently
RE,

-OH, or -NI1,. Each R is independently hydrogen, an optionally substitued cycloaliphatic,
an optionally substituted heterocycloaliphatic, or an optionally sabstituted heteroaryl. In one
embodiment, each R® is hydrogen, C,. aliphatic, or Cs. cycloaliphatic, wherein either of the
aliphatic or cycloaliphatic is optionally substituted with up to 4 -OH substituents. In another
embodiment, R is hydrogen, or O alky] optionally substitated with up to 4 -OH

sabstituents.

[00156] In other embodiments, R's is hydrogen or

OH

[#0157] wherein Ray is H or a Cy; aliphatic that is optionally substituted with 1-3 of halo, -
OH, or combinations thereof. R is -L-Ra3, wherein L is a bond, -CH,-, -CH,0-, -
CHRNHS(O);-,

-CHRC(O)-, -CH;NHC(O)-, or -CH;NH-; and Ra; is hydrogen, or Cy, aliphatic,
cycloaliphatic, heterocycloaliphatic, or heteroaryl, each of which is optionally subsitututed
with 1 of -OH, '

-NHa, or -CN. For example, in one embodiment, Rs1 is hydrogen and Ry 1 Ci aliphatic

optionally substituted with -OH, -NH,, or -CN.
[08158] [n several embodiments, R's is independently selected from one of the following:
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. O
-H, -CH;, -CH,CHs, -C(OYCH;, -CH-CH,0H, -C(O)YOCHs, %L \,

CH,OH
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[00159]7 In several embodiments, ring B is one selected from:
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1601601 5. 1 term
[60i6l] nis 1-3.

{00162] Inseveral embodiments, nis 1. In other embodiments, n is 2. In stili other

embodiments, n is 3.

In one aspect, the present invention relates to compounds of formula JF useful as

modulators of ABC transporter activity:

or a pharmaceutically acceptable salt thereof, wherein independently for each

oceurrence:
R is H, OH, OCH; or two R taken together form ~OCH,0- or ~QCH0-;
R;is H or alkyl;

RoisHor K

40



WO 2010/054138 PCT/US2009/063475

RiyisHor CN;
R4 is H, -CH,OCH,CH(OCH,CH, -CH,CH,N{CHjs)s, or -CH,CH,0H;

Rsis H, OH, -CH-GCH,CH(OH)YCH,OH, -CH,0H, or R and Rj taken together form

a five membered ring.

In one embodiment, the present invention provides compounds of formula I, wherein

the compounds sef forth below are excluded:
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CH

Ll

H

HOIZXTN. : \ \rOH
HO © N and ~oH

In one embodiment of the compounds, two R taken together form ~OCF,0-, Ry is H,
and R, is F. In another embodiment, two R taken together form ~OCFO-, Ry is H Ry is I,
and Rz is H. In another embodiment, two R taken together form —OCF,0-, Ry is H, Ry is I,
Rjis H, and Ry is H. In another embodiment, two R taken together form ~OCF;0-, Ry is H,
R, is F, Ry is H, and R4 is -CH>CHoN(CH3)s. In another embodiment, two R taken together
form ~QCF,0-, Ry is H, Ry is F, Rs is H, and Ry 1s -CH,OCHCH(OH)YCH,0OH. In another
embodiment, two R taken together form ~OCF,0-, Ry is H, R, is F, Rz is H, and Ry and Rs

taken together form a five membered ring.

In one embodiment of the compounds, two R taken together form —OCH>O-, Ry is H,
and R, is F. In another embodiment, two R taken together form ~OCH,0-, Ry is H, Ry is F,
and Ra is H. In another embodiment, two R taken together form —OCH,0-, Ry s H, Ry is F,
R;is H, and Ry is -CH,OCH>CH(OH)CH,OH.

In one embodiment of the compounds, R is OH, Ry is H, Ry is H, Rz is H, and Ry is -

CH,OCH,CH(OH)CH,OH.

In one embodiment of the compounds, at least one R is OCHa, at least two Ry are
methyl, Ry is H, Rs is H, and Rs is H. In another embodiment, at least one R is OCHs, at least
two R; are methyl, Rs is H, Rs 15 H, and Ry is -CH,OCH,CH{OH)CH,OH.

In one embodiment of the compounds, two R taken together form —CHyCH,CHz-, Ry
is H, Ry is H, Ry is H. and Ry is -CH;OCH,CH(OH)YCHOH.

In one embodiment, the compound is represented by formula Ha:
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H
F I "'{ i Rs
Ry

Iia

or & pharmaceutically acceptable salt thereof, wherein:

Ry is H, -CH,OCH,CH(OH)CH,OH, -CHyCHaN(CHs}s, or -CHoCHoOH; and

Rsis H, OH, -CHOCH.CH{OH)CH,OH, -CH;OH, or R, and Rj taken together forin

a five membered ring.

[00163] Inone embodiment of the compounds, Ry 15 ~-CH,OQOCH,CH(OH)YCH,OH, -
CH,CHoN(CHa)s, or -CH>CHOH. In another embodiment, Rs is OH, -
CH;OCHCHOIMCH,0H, or -CH,OH. In another embodiment, Ry s - _
CH,OCH,CH(OMCILOH, -CH,CH,N (CHa)s, or ~CH,CH,OH; and Rs is OH, -
CH,OCH,CH(OHYCH,OH, or -CH,OH.

[08164] C. Exemplary compounds of the present invention

[06165] Exemplary compounds of the present invention include, but are not limited to,

those iHustrated in Table 1 helow.
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Table 1: Exemplary compounds of the present invention.
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In another aspect, the present invention relates (o a pharmaceutical composition
comprising (i} a compound of the present invention; and (if) a pharmaceutically acceptable
carrier. In another embodiment, the composition further comprises an additional agent
selected from a mucolytic agent, bronchodialator, an anti-biotic, an anti-infective agent, an
anti-inflammatory agent, CFTR corrector, or a nutritional agent. In another embodiment, the
composition further comprises an additional agent selected from compounds disclosed in
U.S. Patent Application Serial No. 11/165,818, published as U.S. Published Patent
Application No. 2006/0074075, filed June 24, 2005, and hereby incorporated by reference in
its entirety. Tn another embodiment, the composition further comprises N-(3-hydroxy-2,4-
ditert-butyl-pheayli-4-oxo- 1 H-quinoline-3-carboxamide. These compositions are useful for
treating the diseases described below including cystic fibrosis. These compositions are also
useful in the kits described below.

In another aspect, the present invention refates to a method of increasing the number

of functional ABC transporters in a membrane of a ceil, comprising the step of contacting

said cell with a compound of formula IE:
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i

wherein independently for each occurrence:

R is H, OH, OCH; or two R taken together form —CH,CH,CHjy-, ~OCH»O- or -
OCFQD*]

R; is H or alkyl;

R.isHor I,

Rsis Hor CN:

Ry is H, -CHOCH,CH(OH)CH,OH, -CH,CH,N(CHs)s, or -CH,CH>0H; and

Rs is H, OH, -CH,OCH,CH(OH)CH,OH, -CIH,OH, or Ry and Rs taken together form

a five membered ring.
In one embodiment of this method, the ABC transporter is CFTR.

In one embodiment of this method, two R taken together form ~QCF,0-, R, is H, and
R, is F. In another embodiment, two R taken together form ~OCE,O-, Ry is H, Rz is F, and
R4 is I In another embodiment, two R taken together form ~QCF;O-, Ryis H, Ry is F, Ra is
H, and Ru is H. In another embodiment, two R taken together form ~OCF,0-, Ryis H, Ry is
F, Ry is H, and R, is -CH,CH,N"(CHa1)s. In another embodiment, two R taken together form
~OCH,0-, Ryis H, Ry is I, R is H, and Ry is -CHOCHCH(OH)CH,OH. In another
embodiment, two R taken together form ~OCF,0-, Ryis H, Ry is ¥, Rz is H, and R, and Rs

taken together form a five membered ring.

In one embodiment of this method, two R taken together form —OCH,0-, Ry is H, and
R, is F. In another embodiment, two R taken together form ~OCH,0O-, Ryis H, Ry is F, and
R, is H. In another embodiment, two R taken together form —OCH,O-, Ry is H, Rais ¥, Ry is
H, and Ry is -CH,OCH,CH(OH)CH,OH.

In one embodiment of this method, Ris OH, Ry is H, Rx is H, Rs is H, and R4 is -
CH,OCH,CH{OHYCH,OH.
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In one embodiment of this method, at least one R is OCH;, at least two Ry are methyl,
R, is H, Ry is H, and R, is H. In another embodiment, ét least one R is OCHx, at least two Ry
are methyl, R, is H; R is H, and Ry is -CH,QCH,CH(OH)YCH;0H.

In one embodiment of this method, two R taken tégether form ~CH,CH-CH;-, Ry is
H, R, is H, Ry is H, and Ry is -CILOCH,CH(CHYCH,OH.

In one embodiment of this method, the compound is represented by formula Ila:

Ha

or a pharmaceutically acceptabie salt thereof, wherein:
Ry is H, -CH,OCH,CH(OH)CH,OH, -CH;CH,N(CHs)s, or -CHCH,OH: and

Rsis H, OH, -CH,OCH,CH(OH)CH,OH, -CH,OH, or R4 and R;s taken together form

a five membered ring.

Tn one embodiment of this method, By is -CHOCH, CH(OH)YCH,0H, -
CH>CHNY(CHz)a, or -CHCH,0OH. In another embodiment, Rs is OH, -
CH,OCH,CH(OH)YCH,0H, or -CH,OH. In another embodiment, Ry is -
CH,OCH,CH(OHCH,OH, -CH,CHoN(CHs)s, or -CH,CH,OH:; and Rs is OH, -
CH,QCH,CH{OH}CH,0H, or -CH,OH.

In one embodiment of this method, the compound is selected from Table 1.

In another aspect, the present invention relates to a method of treating a condition,
disease, or disorder in a patient implicated by ABC transporter activity, comprising the step

of administering to said patient a compound having formula II:

I
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or a pharmaceutically acceptable salt thereof, wherein independently for each

occurrence.

R is H, OH, OCH; or two R taken together form ~CH,CHaCH;-, —-OCH,0- or —
OCF;()-;

R is H or alkyl,

RoisHor |,

Riis Hor CN;

Ry is H, -CH,OCH,CH(OH)CH,OH, -CHCH;NT(CHa)s, or -CHxCH,OH; and

Rsis H, O, -CHOCHCH(OMCH,OH, -CH,OH, or Ry and Rs taken together form

a five membered ring.

In one embodiment of this method, two R taken together form ~OCF,(-, R, is H, and
R, is F. In another embodiment, two R taken together form —OCEF,0-, Ry is H, Ry is F, and
Rsis H. In another embodiment, two R taken together form ~OCFZO-,_ R:isH, Ryis F, Rsis
H, and Ry is H. Tn another embodiment, two R taken together form —-OCE,(-, Ry is H, Ry is
F, Ry is H, and Ry is -CH,CFHLN(CH; ). In another embodiment, two R taken together form
~OCE,0-, Ryis H, Ry is F, Ry is H, and Ry is -CH,OCH,CH(OH)CH,0H. In another
embodiment, two R taken together form ~OCF,0-, Ry is H, Ry is F, Rz is H, and Ry and Rs

taken together form a five membered ring.

In one embodiment of this method, two R taken together form ~OCH,0O-, Ry is H, and
R, is F. In another embodiment, two R taken together form ~OCH-O-, Ry is H, Ry is F, and
Riis H. In another embodiment, two R taken together form —-OCH0O-, Ry is H, Ry is ¥, Ry is
H, and Ry is ~-CH,OCHCH{OHCH,OH.

In one embodiment of this method, R is OH, Ry is H, Ry is H, Rz is H, and Ry is -
CH,OCH,CH{OH)YCH,OH.

In one embodiment of this method, at least one R is OCH;, at least two R are methyl,
Ryis H, Ry 1s H, and Ry 15 H. In another embodiment, at least one R is OCHj3, at least two Ry
are methyl, Ry is H, Ry is H, and Ry is -CH,OCH,CH(OH)YCH,OH.

In one embodiment of this method, two R taken together form ~CH>CH2CHo-, Ry is
H, Ry is T1, Ry is H, and Ry is -CH,OCH,CH(OH)YCH, OH.

In one embodiment of this method, the compound is represented by formula Ika:
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Ila
or a pharmaceutically acceptable salt thereof, wherein:
Ry is H, -CH,OCH,CHOMCH,OH, -CH,CH,N'(CH3)s, or ~-CHCH,OH: and

Rs is H, OH, -CH,OCH,CH{OM)CH,OH, -CH>OH, or R4 and R; taken together form

a five membered ring.

In one embodiment of this method, Ry is -CH,OCH,CIHOH)CH, 011, -
CH,CH,N*(CHa)a, or -CH,CH,0H. In another embodiment, Rs is OH, -
CHOCH.CH(OHCH,OH, or -CH,OH. In another embodiment, R4 18 -
CH,OCH,CH(OH)YCH,OH, -CH,CH;N*(CHj)s, or -CH,CH,OH; and Rs is OH, -
CH,OCH,CH(OH)CH,OH, or -CH,OH.

In one embodiment of this method, the compound is selected from Table 1.

In one embodiment of this method, said condition, disease, or disorder is selected
from cystic fibrosis, hereditary emphysema, hereditary hemochromatosis, coaguiation-
fibrinolysis deficiencies, such as protein C deficiency, Type 1 hereditary angiocdema, lipid
processing deficiencies, such as familial hypercholesterolemia, Type 1 chylomicronemia,
abetalipoproteinemia, lysosomal storage diseases, such as [-cell disease/psendo-Hurler,
mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type II,
polyendocrinopathy/hyperinsulemia, diabetes mellitus, laron dwarfism, myleoperoxidase
deficiency, primary hypoparathyroidism, melanoma, glycanosis CDG type 1, hereditary
emphysema, congenital hyperthyroidism, osteogenesis imperfecta, hereditary
hypofibrinogenemia, ACT deficiency, diabetes insipidus (di), neurophyseal di, neprogenic
DI, Charcot-Marie Tooth syndrome, Perlizaesus-Merzbacher disease, neurodegenerative
diseases such as Alzheimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosis,
progressive supranuclear plasy, Pick’s disease, several polyglutamine neurological disorders
asuch as Huntington, spinocerebullar ataxia type [, spinal and bulbar muscular attophy,
dentatorubal pallidoluysian, and myotonic dystrophy, as well as spongiform
encephalopathies, such as hereditary Creutzfeldt-Jakob disease, Fabry disease, Siraussler-

Scheinker syndrome, COPD, dry-eye disease, and $jdgren’s disease.
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In another aspect, the present invention relates to a kit for use in measuring the
activity of a ABC transporter or a fragment therecf m a biological sample in vitro or in vivo,

comprising:

(i) a first composition comprising a compound of formula IT:

I

wherein independently for each occurrence:

R is I, OH, OCH; or two R taken together form —CIL,CH,CH,-, ~OCH,0- or -
OCFQO‘;

Ry is H or alkyl;

RyisHor F;

Rsis Hor CN;

R4is H, -CH,OCHCH(OCH,OH, -CH,CHoN'(CHajs, ot ~CH,CH,OH; and

Rsis H, O, -CH,OCH,CH(OH)CH,0H, -CH,UH, or R4 and Rs taken together form
a five membered ring; and (ii) instroctions for: a) contacting the composition with the

biological sample; and by measuring activity of said ABC transporter or a fragment thereof.

In one embodiment, the kit further comprises instructions for a) contacting an
‘additional composition with the biological sample; b} measuring the activity of said ABC
transporter or a fragment thereof in the presence of said additional compound, and ¢)
comparing the activity of the ABC transporter in the presence of the additional compound

with the density of the ABC transporter in the presence of said first composition.
In one embodiment, the kit is used to measure the density of CFTR.

In one embodiment of this kit, two R taken together form —OCF,0-, Ry is F, and R, is
F. In another embodiment, two R taken together form ~GCT»0-, Ry is H, Ry is F, and Ry 1s
H. In another embodiment, two R taken together form -OCF,0-, Ry is H, R, is F, Rz is H,
and R4 is H. In another embodiment, two R taken together form ~OCE,O-, Rjis H, Rois T,

R;is H, and Ry is -CH,CHoNT(CHs)s. In another embodiment, two R taken together form —
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OCF0-, RyisH, Ry 1s F, Rais I, and Ry is -CH-OCHCH(OHYCH,0OH. In another
embodiment, two R taken iogether form ~OCH,0-, Ry is H, R is F, R3 is H, and R4 and Rs

taken together form a five membered ring.

In one embodiment of this kit, two R iaken together form —~OCH,O-, Ry is H, and R,
is F. In another embodiment, two R taken together form —-OCH,0-, Ry is H, Ry is F, and Ry is
H. In another embodiment, two R taken together form ~-OCH,O-, Ry is H, Ry is T, Ry is H,
and Ry is -CH,OCH, CH(OH)YCH,OM. In another embodiment, R is OH, Ry is H, Ry is H, R,
is H, and R, is -CH,OCH,CH(OH)CH,OH. In another embodiment, at least one R is OCH;,
at least two Ry are methyl, Ry is H, Ry 1s H, and Ry 1s H. In another embodiment, at least one
R is OCHs, at least two Ry are methyl, Ry is H, R is H, and Ryis -
CHOCHCH(OH)CH,0H. In another embodiment, two R taken together form —
CH,CH,CH;-, Ry is H, Ry is H, Ry is H, and Ry is -CH,OCH,CH(OH)CEHLOH.

In one embodiment of this kit, the compound is represented by formula Ila:

oK
XIAT T UOH
]
Ra
1fa
or a pharmaceutically acceptable salt thereof, wherein:

Ry is H, -CHOCHCHOH)CHROH, -CH,CHNT(CIHy);, or -CH,CHOH, and

Rsis H, OH, -CH,OCH,CH(OMYCH O, -CH,OH, or R4 and Rs taken together form

a {ive membered ring,

n one embodiment of this kit, R4 is -CH,OCH,CH(OH)YCH,OH, ~-CH>CHyN (CH3)a,
or -CHCH;OH. In another embodiment, Rs is OH, -CH.OCH,CH(OHYCH,OH, or -CH,OH.
In another embodiment, Ry is -CH,OCH,CH(OH)CH,O0H, ~-CH,>CHsN™(CHi)s, or -
CH>CH,OH; and Rs is OH, -CH,OCH,CH(OH)CH,0OH, or -CH,O1H.

In one embodiment of this kit, the compound is selected from Table 1.
[00166] LI SUBGENERIC COMPOUNDS OF THE PRESENT INVENTION

[00167] Another aspect of the present invention provides a compound that is useful for

modulating ABC transporter activity. The compound has formula Id:
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e
or a pharmaceutically acceptable salt thereof.

[00168] R, Ry, andring A are defined above in formula [, and ring B, Ry and p are defined
in formula Ja. Furthermore, when ring A is unsubstituted cyclopentyl, n is 1, Ry is 4-chloro,
and R; is hydrogen, then ring B is not 2-(tertbutyl}indol-5-y}, or (2,6-
dichlorophenyl(carbonyl)}-3-methyl-1H-indol-5-y1; and when ring A is unsubstituted
cyclopentyl, nis 0, and R, is hydrogen, then ring B is not

O

{ g/_Q N oo
a@:/ WA m ™
O
OH
- N
AQUEN

[001691 Another aspect of the present invention provides a compound that is useful for

, OF

modulating ABC transporter activity. The compound has formula Id:

or a pharmaceutically acceptable salt thereof,

(001701 Ri, R, and ring A are defined above in formula I, and ring B, R and p are defined

in formula a.

[08171] However, when R, is H, nis 0, ring A is an unsubstituted cyclopentyl, and ring B

is an indole-53-yt substituted with 1-2 of Rs, then each R is independently 7Ry, where each
7%
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2% is independently a bond or an unsubsiituted branched or straight Ci.¢ aliphatic chain
wherein up to two carbon units of 75 are optionally and independently replaced by -CS-, -
CONRONRY-, -CO»-, -0CO-, -NRSCO;-, -0-, -NRECONR-, -OCONR"-, -NR°NR®-, -§-, -
SO-,-SOy-, -NR%-,

-SO,NRY-, -NR®S0,-, or -NRESO,NR®-, each Ry is independently RY, halo, -OH, -NH,, -
NO,, -CN, or -OCF;, and each R® is independently hydrogen, an unsubstituled aliphatic, an
optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an
unsubstituted aryl, or an optionally substituted heteroaryl; or any two adjacent Rz groups
together with the atoms to which they are attached form an optionally substituted heterocycle.
Futhermore, when Ry is H, nis 1, Ry is 4-chloro, ring A is an unsubstituted cyclopentyl, and
ring B is an indole-5-y1 substituted with 1-2 of Rs, then each Rj is independently 78Ry,
where each Z" is independently a bond or an unsubstituted branched or straight C;.3 aliphatic
chain wherein up to two carbon units of 75 are optionally and independently replaced by -
€S-, -CONRPNR", -CO,-, -OCO-,

NRYCO,-, -O-, -NR"CONR™-, -OCONRY-, -NR"NR™., -S-, -80-, -80;-, -NR"., -SO,NR™,
“NR¥S0,-, or -NRUSO,NRY-, each Ry is independently R, halo, -OH, -NH,, -NO,, -CN, or
-OCFs, and each R" is independently hydrogen, a substituted C, alkyl, an optionally
substitituted C,.5 alkenyl, an optionally substituted Cy.¢ alkynyl, an optionally substituted Cy
alkenyl, an optionally substituted C4 alkynyl, an optionally substituted cycloaliphatic, an
optionally substituted heterocycloaliphatic, an optionally substituted heteroaryi, an
unsubstituted phenyl, or a mono-substituted phenyl, or any two adjacent R; groups together

with the atoms to which they are attached form an optionally substituted heterocycie.

[00172] Another aspect of the present invention provides a compound that is useful for

modulating ABC transporter activity. The compound has formula IE

1

or a pharmaceutically acceptable salt thereof.

[00173] R,, R, and ring A are defined above in formula I; R3, R's, and p are defined above

in formula la: and 71, Za, Za, 7.4, and Zs are defined above in formula b,

601741 Another aspect of the present invention provides a compound that is useful for
80
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modulating ABC transporter activity. The compound has formula Ila:

&
PN

Z 1T .
3
o iQ
/
B AN
R 4
a

or a pharmaceutically acceptable salt thereof.

[06175] Ry, R;, and ring A are defined above in formuia [; Rs, R'5, and p are defined above
in formula Ia; and 7y, 7o, Z3, Za. and Zs are defined above in formula Ih.

[00176] Another aspect of the present invention provides a compound that is useful for

modulating ABC transporter activity. The compound has formula Iib:

R
Zg—«—‘21 \/\2
/ o)
Z |

P {Ralp

L~z |
0y

! N

:

'3
Iib

or & pharmaceutically acceptable salt thereof.

1081771 Ry Ry, andring A, are defined above in formula [; R;, R';, and p are defined above

in formula {a; and Zy, Za, Za, Zs, and Zs are defined above in formula Ib.

[60178] Another aspect of the present invention provides a compound that is usefu! for

modulating ABC transporter activity. The compound has formula Ilc:

\/(Ra)m
| @ = Par
/ \ / N
NG \)
| S
R (RS
Iic

or a pharmacewtically acceptable salt thereof.

1601791 R, R; and n are defined above in formula I; and R4, R'5, and p are defined in

formula s,
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[00180] Another aspect of the present invention provides.a compound that is useful for

moduiating ABC transporier activity. The compound has formula IId:

1 <5

or & pharmaceutically acceptable salt thereof.

[00181] Both R, groups, together with the atoms to which they are attached form a group

selected from:

0 pse \ pox Pt Nosr e
e nlX XTI Oy (T AT
XA1 XA2

XA3 XA4 XAS XAG

H
% 03¢ O~ O~ 3¢ 9y N3t
e Eea o a e gy

XAQ XA10 XA11  XA12
O Vi
A
H ~ -
Nezg O O r‘" lé{ Q N’O}
~J: (1 | A
N S, 078, O . MeO OH ,
XA13  XAi4 XA15  XA16 XA17 XA18
o \
S A dug
XA19  XAZ20 KA21

[00182] R';is independently selected from one of the féllowing:
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G
H. -CHy, -CH,CH, -C(0)CHs, -CHLCH,OH, -C(O)OCH,, % >

CH,OH
_< "“g‘é' %:\(\ /Q gz CH, OH 3:\/\0,_, E/\/

- _
1 NHMaz % OMe
,‘%:Q ’ ,‘%A\/NHCOGHg, %_MGOEH, /\(\ : /j.:\

OH

OH % c @
/\C\ | \/\[\Y._NNH, /2,\/;\”421 @ \1/0 ‘ ){\/\CONHM&,
g;\/n(/ %{U\O A~ ?{\(\ s{\,cogH %1/\(\“”2

,‘g NHCOMe O *“i CN QH
A" coNMe, /\cg\ A /\cg\ A s

E

§ %
~_NHSO,Me AT A on A oo 1\0(7\&
% . OH 0 . OH , 5

p N,
/?Z’\(;\NHSOEMG /'?,{\O(H\NHcozl\Ae ,'Q:\/NHCOQMe E{\(\\é NH

OH Nz
OH
I Do
OH OH
imw ":\/\rr ’\/\ﬂ/ j/\ S NHCO B

K 4

. 2 LY
0 N O)< OH N)\\““)
4 NHSOEt K Y N7 Q \NH
e T y

k] 4 Lkl

\ H
N-O ; o : and each R; is independently
selected from -H, -CH;, -CH,0H, -CH,CHs, -CHCH,OH, -CH2CH,CiH3, -NH,, halo, -
OCH}, “CN:‘ 'CFS':

-C{OYOCH,CH;, -S{0),CHs, -CH,;NH,, -C(O)NH;,
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{60183] V. GENERIC SYNTHETIC SCHEMES

{60184] The compounds of formwlae (I, Ic, Id, 1T, Ifa, Hb. Ilc, and Id) may be readily
synthesized from commercially available or known starting materials by known methods.
Exemplary synthetic routes to produce compounds of formulae (I, Ic, Id, IL, Iz, ITb, [ic, and
1Id) are provided below in Schemes 1-22 below.

[00185] Preparation of the compounds of the invention is achieved by the coupling of a

ring B amine with a ring A carboxylic acid as illustrated in Scheme 1.
[66186] Scheme 1:

(Rpin

H 1
a} SOCL, DMF (cat.), DCM; b) Rf‘"N‘@ , PyT; ¢) RFN , HATU, TEA,
DCM/DMEF.
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[00187) Referring to Scheme 1, the acid ia may be converted to the comesponding acid
chloride 1b using thionyl chioride in the presence of a catalystic amount of
dimethylformamide. Reaction of the acid chioride with the amine RN ‘. provides

compounds of the invention 1. Alternatively, the acid 1a may be directly coupled to the
amine using known coupling reagents such as, for example, HATU in the presence of

triethylamine.

[00188] Preparation of the acids 1a may be achieved as illustrated in Scheme 2.

Scheme 2;
Br
Q/\ OH
(Rzhn Rm
g 2h

a) NaOH, BTEAC: by NaOH, A

[60189] Referring to Scheme 2, the nitrile 2a reacts with a snitable bromochloroalkane in
the presence of sodium hydroxide and a phase tranfer catalyst such as butyltriethylammonium
chioride to provide the intermediate 2b. Hydrolysis of the nitrile of 2b provides the acid 1a.

In some instances, isolation of the intermediate 2b is unnecessary.

[60190) The phenylacetonitriles 2a are commercially available or may be prepared as

Hlustrated in Scheme 3.

Scheme 3

(R {Rai
3a 3b 3c
e O
(Rt (Ro)r
3d 2a

a) Pd(PPha}s, CO, MeOH; b) LiAlH,, THE; ¢} SOCly; dy NaCN

[08191] Referring to Scheme 3, reaction of an aryl bromide 3a with carbon monoxide in the

presence of methanol and tetrakis(triphenylphosphine)palladium (0) provides the ester 3b.
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Reduction of 3b with lithium atuminum hydride provides the alcohol 3¢ which is converted to
the halide 3d with thionyl chloride. Reaction of 3d with sodium cyanide provides the nitrile
Za.

[06192] Other methods of producing the nitrile 2a are iltustrated in schemes 4 and 5 below.

Scheme 4
H
l N g | ST CN
P * Z
Rarl  4a (Rz)n/ 2a
I E
¥
/ A
<R2)n/ 3¢ {Feg)n/ 3d

ay TosMIC; b) NaBlI14, THF; ¢) SOCh; d) NaCN
Scheme 5

TP T

(Rzin {(Rz)n (Rz)n
Ba 5h 2a

a) NBS, AIBN, CCly; b) NaCN, EtOH

H
[06193] Preparation of RFN components is illustrated in the schemes that follow,

A number of methods for preparing ring B compounds wherein ring B is an indole have been
reported. See for example Angew. Chem. 2005, 44, 606; J. Am. Chem. Soc. 2005, 127,
5342} I. Comb. Chem. 2005, 7, 130; Tetrahedron 2006, 62, 3439; J. Chem. Soc. Perkin
Trans. 1, 2000, 1045,

H
[03194] One method for preparing Rf“N“@ ig illustrated in Scheme 6.

Scheme 6
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{Balp {Ralp-1 (Ra
. b Armg e N e Ne
N N OgN ﬁ Oph ﬁ Rs
6a 68 o
< I?IOE Fa Ry
A
S /< | 4 . r\?
O,N
H
(Rakp's H R
& Raler Ge
NHQ R3 Ra
d
T [y = T Y
N HaN N
‘ H
(Ralpn H (Roc
&f 64

a) NaNO,, HCL, $nCly; by NaOH, RsCHC(O)R,, EtOH; ¢) HaPOy, toluene; d) H,, Pd-C,
EtOH
[00195] Referring to Scheme 6, a nitroaniline 6a is converted to the hydrazine 6b using
nitrous acid in the presence of HCI and stannous chloride. Reaction of 6b with an aldehyde
or ketone CHaC{O)R; provides the hydrazone 6¢ which on treatment with phophoric acid in
toluene leads to a mixture of nitro indoles 6d and 6e. Catalytic hydrogenation in the presence
of palladium on carbon provides a mixture of the amino indoles 61 and 6g which may be

separated using know methods such as, for example, chromatography.
[86196] An alternative method is iliustrated in scheme 7.

{00197 Scheme 7
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Tt 74 Th

a) R;,COCI, EsN, CHoCly; by n-BuLi, THF; ¢) NaBH,, AcOH; d) KNG;, H;504; ¢) DDQ,
1,4-dioxane; f) NaNO,, HCL, SnCL.2H,O, 105 8) MeCOR;, BtOH; hy PPA; i) PA/C, EtOH
or H,, Raney Ni, BtOH or MeOH

[00198]

[06199] Scheme 8

RS) p(R

O,N HoN
RB p{RG}

Ir=

a) HNOh, HaSO4: b) MesNCII(OMe),, DMF, ¢) Hay, Raney NI, EtQH
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[00206] Scheme 9

L % a @ilﬁ%r b Br .
ZNH, Vad" O,N NH,

p(Fa) o(R3) o(Rs)

o

TMS
#

X L <L
A
O,N O,N /ﬁ H,N N

o s} o{Ra) p{Ra)

a) NBS, DMF; b) KNOs, HaSQy; ¢) BC=C-TMS, Pd(PPh;»Cly, Cul, EGN. toluene, H,0; d}
Cul, DMF, e) H,, Raney Ni, MeOH

[60201] Scheme 10

NOQ Rg
UCOEH X w ) CO.H /\l CO,H ]
+
2 —_—
t \é{ NO,  O.N” 7 “No,
3 3
N02 Rg NO2
CO,H ' CO.Et GOH
= , 2 /\ ; separation } b
NN, o SN S Ne,
By 2 2 2 As
NOZ R3
S
" >No HN7 N
Rs H
CO,Et

a) HNO;, Fb504; b) SOCL; FrtOH; ¢) DMA, DMF; d) Raney Ni, Hz, MeOH
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[40262) Scheme 11

(Rs)p‘ﬂ Rs)pﬂ
P , CO,E / / COLEt
ONT N0,
{RS)p~1
Et0,C \
b N | \
N
HolN H
a) DMA, DMF; b) Raney Ni, I,, MeOH
[06203] Scheme 12
Rg R
, =5 a t 4 : b
NH Ne s
OuN L ON = N \\<\
H H
R
Rs QB Rq RS

SN ‘
P D m%
O2N N HoN N

a) Rz, CHLCORap, AcOH, EtOH; b) HaPO,, toluene; ¢ H,, PA/C, EtOH

[06204] Scheme 14

(Fis)g\g> g {Ra) p1 ‘ VR:p(Rs ‘
(ol (Rolyr (Relp
= S Ry v
\03 o0 - léi\ - ]ﬁjﬁ
7 Ay
O N H,N

a) NaBH;CN; by When PG= SO,Ph: Ph$0,Cl, EtsN, DMAP, CH,Cly; When PG= Ac: AcCl,
NaHCO;, CH>Ch; ¢) When RY= RCO: (RC0),0, AICI;, CH,Cly; When RV=Br: Bra, AcOH;
d) HBr or HCL e} KNO3, H380,; £) MnO,, CH;Clg or DDQ, 1.4-dioxane; g) Hy, Raney Ni,
EtOH.
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[60205] Scheme 14

O
HD
LD ® : :
AN |~ e N
\ {Ralp-
(R} ;}1 H {Razlp.s H {Ralp-1 SOzR S
a0 LD y
d )\ &
I N - N O N
(ko & (Rlpr H H
o S0O,R - {Ralor
RD Ry \ g{] \
; ® :
OpN l H A —— HoN N
{RB);}*: (RS);M

a) NaBH;CN: by RSO,CL DMAP, EiN, CH,Cly; ¢) RPC(0O)CL, AlCI, CH,Cly; d) NaBH,,
THF,; ¢) HBr; f) KNO;, HaS0,; 2) MnOs; ) Raney Ni, Ha, EIOH

[00206] Scheme 15

Redpr (Rejoy ~ Pa {Ra)p-, M

\ Fooy  en Folos o
0N N N HoN N
a) RaX (X=Br, ), zinc riflate, TBAIL DIEA, toluene; b) Hy, Raney Ni, EtOH or H;, Pd/C,
EtOH or $nChL.2H:0, EtOH; ¢) CISO;NCO, DMFE, CH5CN

T
Y
T VW
1m
]
"
P
i"
e
=
T2 /

O.N

[00207] Scheme 16

P
‘ R
\\

a} when X=C1, Br, I, or OTs: R3X, K2COs, DMF or CH;CN; b) Hy, Pd/C, EtOI or
$nClo.2H,0, BtOH or $nCl,.2H,0, DIEA, EtOH.
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[68208] Scheme 17

GaN OuN Br OsN Br
: \@ a q b \@ o ¢
S NH, S NH, N/LR
(Rakpy {Ra)p1 (Ra)p:
(Ra)pa Raa {(Ralp-1
02N /\ %/O . QgN [ . HEN (Rs)p“%
| . — S—re S—Rq
"N~ "R N N
H H H

a) Brz, AcOH; b) RC(O)CY, BN, CHyClz; ) HC=CRa,, PA(PPhs) oCly, Cul, EN; d) TBAF,
THF or tBuOK, DMF or Pd(PPhs) »Cl, Cul, DMF; e) H,, Pd/C, EtOH or SnClp, MeOH or
HCO;NH,, Pd/C, EtOH

[00209] Scheme 18

CoN OoN Rr
po N, o iiihs o ot
S Rs Rs
[E———, RS B 83
£ AN N B N
H H

Ra

H
\ N ﬁs
2 e
mﬂa - >
ROG N N

HoN
RPO

a) Bry, AcOH, CHCls; b) R3,C=CH, Cul, EtzN, Pd(PPhs) »Cly; ) RCOCL, EGN, CHzCl; d)
TBAY, DMF, e) Raney Ni, Hy, McOH; {} ROK, DMF
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[00218] Scheme 19

{Ralp-g Ry
0N 0N Br
RO G o o
\l NH, NHs
{Ra)pes (Ralpes NH2

. (Ha)p-1 (RB};H
O \ g HoN \
© ‘ F{S B —— RS
R N N
H H

a) Bra, AcOH; b) HC=CR,, PA(PPhy) »Cly, Cul, EuN; ¢) PA(PPhs)Cly, Cul, DMF; d) H;,
Pd/C, EtOH or SnCl,, MeOH or HCO,NH., Pd/C, EtOH

[00211] Scheme 20

O,N ON ON X
L U L -
e 7 N H

N

{Ralps {Ralp-s FE{’E {Ra)p1 %{'3

{Ralpy Ra {(Ralp-s (Ralo
A CN . H-N
OQN \/ 2 / 2 /

\n//'\ I d g l \ R & - “ I \ Ry

S NH N N

3

a) HoNR's; b) X=Rr: Bry, HOAc; X=I: NIS; ¢) HC=CR;, Pd(PPhs),Cly, Cul, EtN; d) Cul,
DMF or TBAF, THF; e) H,, PA/C, EtOH or SnCly, MeOH or HCO,NH,, Pd/C, EtOH

[06212] Scheme 21

OMN._~ /(TS)" . OQN\C(:T\)" ) ON Br .
~-F NHRY t};;::[:NHRg T
o(Fg)
. G,N \ . HoN \
- o Y
p(Fa) B3 o(R5) R

a) R'sNH,, DMSO; b) Bry, AcOH; ¢) TMS-C=CH, Cul, TEA, Pd(FPhs)2Cl; d) Cuf, DMSO,
e) Raney Ni, H,, MeOH
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(0021371 Scheme 22
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l
= ——— e
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OaN- 7 \ . 2 \
- ‘ Rs Rz
g N
(Rs)p's R's (Rg)ps R's
a) R.C=CH, Cul, TEA, Pd{PPhs)Cly; by TBAF, THF; ¢) Raney Ni, MeOH
[00214] Scheme 23
P
@Br a B . @ /(‘3
{Fa)gt (Rakp-1 {Ralp {Radp1v H

HoN
d ST = : N
———— l Rag Ra R
Y - ﬁ }
(Ralp.1 3)p1 {Ralp-1 H

a) NaBH., NiCly, MeOH; b) RC(O)CY; ¢) PA(PPh;)Cly, HC=C-R3, Cul, EtsN; d) tBuOK,
DMF,; e) KNO3, Hp504; £) NaBH,, NiClh, MeOH

[00215] Scheme 24
QuN H,N
l o N a N\
N N
(R:i)p R'B (Pla)p }q-a

a) $nCls, EtOH or PA/C, HCOLNEHL or H,, PA/C, FtOH or Raney Ni, Hp, EtOR
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j060216] Scheme 25

PBhsBr
1 7 oK a "\/\\;\(\Pphsar b o 0 .
ZNH, | NH, NMO&
{Rz)p 1 (Ralp.e (Ralp H
R R g
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R ON R
B GRS BB
| N COLE N COLE
(R} {Rakp
O R HzN R
LI (1) = m{‘
[N " N OH
Ralps (o)

a) PPh;, HBr; by CKO)YCCH,CO,EL o) BuOK; d) (Boc) .0, DMAP; e} KHMDS, R-X;
KHMDS, R-X; ) TFA; g) NaNQs, H,S04; h) LiAlly, THF; i) SnCly, EtOH

[062171 Scheme 26

QN Ra a QN Ra b O.N Ra

’ mﬂb m—k% W&:
N co BTN CoH N NRyRz
;&S H o F!;g H 2 o

i
|
R o

¢ CuN ! Ny F{aHb d Oold ; S RaRb
o PP
|# N NRyRz |~ NRyZ
R, H Y ‘ R, H

a) LiOH; b) EDC, HOBt, BN, HNRyRz; ¢) BH;-THF; d) if Rz=H, RC{O)Cl (Z=RC(O)-) or
RSO.CL (¢=R805-) or RO(COYCL (Z=RO(CO)-) or (RO(CO)) 20 (Z= Z=RO(CO)-), BizN,
CH»C1,

[80218] Scheme 27

O, OpN HuN

Hs
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a) R’3-X (X=Br, [, or OTs), base (K2CO; or Cs;COz), DMF or CH3CN; by H,, Pd/C, BEtOH
or Pd/C, HCO,NHy

[00219] Scheme 28

O.N O,N e HoN e
2 a a 4 P b 2 e
m&% — mﬁsw o DRa
/\ N /\ N /" N
3 Y \
Rs R's A R Rz R

a) R3,X (X=Cl, Br, D), AlCl;, CH,Cly; b) Raney Ni, Hy, MeOH

{60220] Scheme 29

: H Boc
OulN N HoN N HoN N
¢ ! ST a ? ! N b ? | N
J/ N/ ! P ——— I/ N/ —— I/ N/
Ry H Ry H R, H
a} HCI/MeOH,; Pt0O,, Ha: b) (Boc) 20, EtsN, THF
[66221] Scheme 30
Rz B3 Rs Rg
CaeN._zI ) R a O2N\fm b OQme ¢ OeNm
/N /N /N N
NC Ry HO.C Rl RO,C R =
OH

-

O
=z
/\,\’F—\&

3
NRyRz

a) NaOH or LiOH; b) ROH, HCI, ¢) NaBH, or LiAlTH, or DIBAL-H, THF; d) HNRyRz,
HATU, EtsN, EtOH or DMF: e) LIAIH,, THF or BH; THF; ) HyO7, HaO (Ry=Rz=H); g) H,
Pd/C
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© [00222] Scheme 31
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a) R,-X, NaH; Ry-X, NaH; b} PCls, CI1:Cly; ¢ NaOH; d) NaNH;, DMSO; e) CHaN»; f)
Pd(PPh3)4, Cul, EtsN; g) RC(O)CL, pyr, CH:Cly; by PA(CH3CN) »Clz, CH3CN; i) Raney Ni,
H,, MeOH

l

[060223] Scheme 32
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a) LiOH, THE/H,O; b) HNRyRz, HATU, TEA, DMF/CH:Cl
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[60224] Scheme 33

a)y LiBH,, TH¥/H,0 or LiATH,, THE: b) R,-1.4, THF

[80225] Scheme 34
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a) NaNO,, AcOIVHO; b) Zn, AcOH

[00226] Scheme 35
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Ra Ra
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Ao o
z O Fi'i; / N\ »~ © ﬁi / N
Ao CHARs H CHR;

a) NaBH;CN; b) R";CHO, NalIB(OAc) 5, TFA, DCE; ¢ chloranil or CDCls, Light or DDQ
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[66227] Scheme 36
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a) NaH, DMF-THF; Rs-X (X=Cl, Br, I, or OTs)

[06228] Scheme 37
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a) NBS; b) Ar-B(OR),, Pd-FibreCat 1007, K,COs5, EtOH

{60229] Scheme 38
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a) RSO,ClL NaH, THF-DMF; b) Rs-X (X=Br, I, or OTs), NaH, THF-DMF: ¢) ethylene
dioxide, InCls; d) POCl;, DMF, e) HaN-OH, CHaCly; AcyO

[66238] Scheme 39

101



WO 2010/054138 PCRUS2009/063475

{Rz)n {Ra)n
l = o éi W- ﬁ ] s | L7 N
O
Rg RE
{Ran {Rg)n

a) Nall, THE-DMF; epichlorohydrin; b) ROM; ¢y HNRyRz

[00231] Scheme 40
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a3 TsCl, BN, CH,Cly; by NaCN, DMF, ¢) NaOH, MeOH; d) NalN;, NH4Cl; ej NaN3;, DMFE;
f) Pd/C, Ha, MeOH (R=H); h) R*C(OYC1 (Z=R*C(O}-) or R*SO.Cl (Z=R*SOy-) or
R*O(CO)C] (Z=R*O(CO)~) or (R*O(COY) 20 ( Z=R*O(CO)-), BN, CH,Cly
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[00232] Scheme 41

(Rgin (Rgn
BN Z e N e P\
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a) CICH,CHO, NaHB(OAc);, CHaCh; CDCl, light; b) NaNs, Nal, DMF; ¢) Hz,
Pd/C, MeOH, AcOH; d) RC(OYCI {Z=RC(0)-) or RSO;Cl (Z=RS50,-) or
RO(COYCH(Z=RO(CO)-) or (ROLCO)) 20 (Z= RO(CO)-), EGN, CHyCha.

Scheme 42
o Ra. S0OR RbOH
OR Ra Rb Cl ol
Rb
Rb OH OR f
= o} = 0 0N = g
R,
OP_N: j :Br R; NH
R, 9] Ry NH2

02 N OR
W
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b) Ra-X, NaH; Ry-X. NaH; b) PCls, CH,Cl; ¢) NaOH; d) NaNI,, DMSO; ¢)
R-CH, DCC; f) PA(PPh;)»Cly, Cul, BN g) PACT, CHCN
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Scheme 43
ON -
z \FHaInC0A HoC CH?OH \H2C)-CHZOP
——b
Rz N Ra Rb NRa Ab NRd R
C2N h{HCi~ CHQORC
¢} R m 7mCH0Re
Ry ¥}!Ra Bb N Ra Rb
R
n=0o0r1l

a) DIBAL-H; b) P-L.G; P= protecting group like TRDMS and L.G= leaving
group like CI; ¢) Ry-LG, base likeCs,CO;5; Ry is alkyl and LG is tosylate, Re=H or Ry; d)

reducing conditions like PA/C, H, or ammonium formate.

Scheme 43
2 1
Ry

HN

¢} ? 1\ N

R 7 NRd fb
Ra

OH

R4-LG, base likeCs:C05; Ry 1s alkyl and LG is tosylate; by LiAlHy; ) reducing

conditions ke PA/C. H; or ammonium formate,

[60233] Inthe schemes above, the radical R employed therein is a substituent, e.g., RW as
defined hereinabove. One of skill in the art will readily appreciate that synthetic routes
suitable for various substituents of the present invention are such that the reaction conditions

and steps employed do not modify the intended substituents.
[60234] V. FORMULATIONS, ADMINISTRATIONS, AND USES

[00235] Accordingly, in another aspect of the present invention, pharmaceutically
acceptable compositions are provided, wherein these compositions comprise any of the
compounds as described herein, and optionally comprise a pharmaceutically acceptable

carrier, adjuvant or vehicle. In certain embodiments, these compositions optionally further
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comprise one or more additional therapeutic agents.

[00236] it will also be appreciated that certain of the compounds of present invention can
exist in free form for treatment, or where appropriate, as a pharmaceutically acceptable
derivative or a prodrug thereof. According to the present invention, a pharmaceutically
acceptable derivative or a prodrug includes, but is not limited to, pharmaceutically acceptable
salts, esters, salts of such esters, or anv other adduct or detivative which upon administration
to a patient in need is capable of providing, directly or indirectly, a compound as otherwise

described herein, or a metabolite or residue thereof,

[00237] As used herein, the term "pharmaceutically acceptable salt” refers to those salts
which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic response and
the like, and are commensurate with a reasonable benefit/risk ratio. A "pharmaceutically
acceptable salt” means any non-toxic salt or salt of an ester of a compound of this invention
that, upon administration (o a recipient, is capable of providing, either directly or indirectly, a

compound of this invention or an inhibitorily active metabolite or residue thereof.

{00238} Pharmaceutically acceptable salts are well known in the art. For example, 5. M.
Berge, et al. describes pharmaceutically acceptable salts in detail in J. Pharmaceutical
Sciences, 1977, 66, 1-19. incorporated herein by reference. Pharmaceutically acceptable salts
of the compounds of this invention inchide those derived from suitable inorganic and organic
acids and bases. Examples of pharmaceutically acceptable, nontoxic acid addition salts are
salts of an amino group formed with inorganic acids such as hydrochloric acid, hydrobromic
acid, phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as acetic
acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by
using other methods used in the art such as ion exchange. Other pharmaceuﬁcaliy acceptable
salts include adipate, alginate, ascorbate, aspartate, benzenesulonate, benzoate, bisulfate,
horate, butyrate, camphorate, camphorsuifonate, citrate, cyclopentanepropionate, digluconate,
dodecylsulfate, cthanesulfonate, formate, fumarate, glucoheptonate, glycercphosphate,
gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,
lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palinitate, pamoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,
sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like.

Salts derived from appropriate bases include alkali metal, alkaline earth maetal, ammoninm

[
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and N'(Cy4alkyl)s sales. This invention also envisions the quaternization of any basic
nitrogen-containing groups of the compounds disclosed herein. Waier or oil-soluble or
dispersible products may be obtained by such quaternization. Representative alkali or
alkaline earth metal salts include sodium, lithium, potassium, calcinm, magnesium, and the
like. Further pharmaceutically acceptable salts include, when appropriate, nontoxic
ammonium, quaternary ammonivm, and amine cations formed using counterions such as
halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl sulfonate and aryl

suifonate.

[60239] As described above, the pharmaceutically acceptable compositions of the present
imvention additionally comprise a pharmaceutically acceptable carrier, adjuvant, or vehicle,
which, as used herein, includes any and all solvents, dituents, or other liquid vehicle,
dispersion or suspension aids, surface active agents, isotonic agents, thickening or
emulsifying agents, preservatives, solid binders, lubricants and the like, as suited to the
particular dosage form desired. Remington's Pharmaceutical Sciences, Sixteenth Edition, E.
W. Martin (Mack Publishing Co., Easton, Pa., 1930) discloses various carriers used in
formulating pharmaceutically acceptable compositions and known techniques for the
preparation thereof. Except insofar as any conventional carrier medium is incorpatible with
the compounds of the invention, such as by producing any undesirable biological effect or
otherwise interacting in a deletericus manner with any other componeni(sy of the
pharmaceutically acceptable composition, its use is contemplated o be within the scope of
this invention. Some examples of materials which can serve as pharmaceutically acceptable
carriers inclade, but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin,
serun proteins, such as human serum albumin, buffer substances such as phosphates, glycine,
sorbic acid, or potassium sorbate, partial glyceride mixtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protamine sulfate, disodivm hydrogen phosphate,
potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-polyoxypropylene-
block polymers, wool fat, sugars such as laciose, glucose and sucrose; starches such as comn
starch and potato starch; celiulose and its derivatives such as sodinm carboxymethyl
celiulose, ethyl cellulose and cellulose aceiate; powdered tragacanth; malt; gelatin; talc;
excipients such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed oil;
safflower oil; sesame oil; olive oil; corn oil and soybean oil; glycols; such a propylene glycol
or polyethylene glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents
sach as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water;
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isotonic saline; Ringer's solution; ethy! alcobol, and phosphaie buffer soiutions, as well as
other non-toxic compatible lubricants such as sodium laoryl sulfate and magnesium stearate,
as well as coloring agents, releasing agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can aiso be present in the composition,

according to the judgment of the formulator,

[60240] In yet another aspect, the present invention provides a method of treating a
condition, disease, or disorder impiicated by ABC transporter activity. In certain
embodiments, the present invention provides a method of treating a condition, disease, or
disorder implicated by a deficiency of ABC transpbrter activity, the method comprising
administering a composition comprising a compound of formulae (1, Ic, Id, I1, Ita, Ib, Ilc,

and I1d} to a subject, preferably a mammal, in need thereof.

{60241]1 1n certain preferred embodiments, the present invention provides a method of
treating Cystic fibrosts, Hereditary emphysema. Hereditary hemochromatosis, Coagulation-
Fibrinolysis deficiencies, such as Protein C deficiency, Type 1 hereditary angioedema, Lipid
processing deficiencies, such as Familial hypercholesterolemia, Type 1 chylomicronemia,
Abetalipoproteinemia, Lysosomal storage diseases, such as I-cell disease/Pseudo-Hurler,
Mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type 1,
Polyendocrinopathy/Hyperinsulemia, Dizbetes mellitus, Laron dwarfism, Myleoperoxidase
deficiency, Primary hypoparathyroidism, Melanoma, Glycanosis CDG type 1, Hereditary
emphysema, Congenital hyperthyroidism, Osteogenesis imperfecta, Hereditary
hypofibrinogenemia, ACT deficiency, Diabetes insipidus (D), Neurophyseal DI, Neprogenic
DI, Charcot-Marie Tooth syndrome, Perlizasus-Merzbacher disease, neurodegenerative
diseases such as Alzheimer’s disease, Parkinson’s disease, Amyotrophic lateral sclerosis,
Progressive supranuclear plasy, Pick’s disease, several polygiutamine neurological disorders
asuch as Huntington, Spinocerebullar ataxia type I, Spinal and bulbar muscular atrophy,
Dentatorubal paliidoluysian, and Myotonic dystrophy, as well as Spongiform
encephalopathies, such as Hereditary Creutzfelde-Jakob disease (due to Prion protein
processing defect), Fabry disease, Straussler-Scheinker disease, secretory diarrhea, polycystic
kidney disease, chronic obstructive pulmonary disease (COPD), dry eye disease, and
Sjogren’s Syndrome, comprising the step of administering to said mammal an effective
amount of a composition comprising a compound of formulae (1, ic, Id, II, Ha, b, Ic, and

[id), or a preferred embodiment thereof as set forth above. |
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[00242] According to an alternative preferred embodiment, the present invention provides a
method of treating cystic fibrosis comprising the step of administering to said mammal a
composition comprising the step of administering to said mamma! an effective amount of 4
composition coraprising a compound of formulae (I, Ic, Id, I, Ifa, Iib, He, and TId), or a

preferred embodiment thereof as set forth above.

[00243] According to the invention an "effective amount” of the compound or
pharmaceutically acceptable composition is that amount effective for treating or lessening the
severity of one or more of Cystic fibrosis, Hereditary emphysema, Hereditary
hemochromatosis, Coagulation-Fibrinolysis deficiencies, such as Protein C deficiency, Type
1 hereditary angioedema, Lipid processing deficiencies, such as Familial
hypercholesterolemia, Type 1 chylomicronemia, Abetalipoproteinemia, Lysosomal storage
diseases, such as I-cell disease/Pseudo-Hurler, Mucopolysaccharidoses, Sandhof/Tay-Sachs,
Crigler-Najjar type 11, Polyendocrinopathy/Hyperinsulemia, Diabetes mellitus, Laron
dwarfism, Myleoperoxidase deficiency, Primary hypoparathyroidism, Melanoma, Glycanosis
CDG type 1, Hereditary emphysema, Congenital hyperthyroidism, Osteogenesis imperfecta,
Hereditary hypofibrinogenemia, ACT deficiency, Diabetes insipidus (P1), Neurophyseal DI,
Neprogenic DI, Charcot-Marie Tooth syndrome, Perlizacus-Merzbacher disease,
neurodegenerative diseases such as Alzheimer's disease, Parkinson’s disease, Amyotrophic
lateral sclerosis, Progressive supranuclear plasy, Pick’s disease, several polyglutamine
neurological disorders asuch as Huntington, Spinocerebullar ataxia type I, Spinal and bulbar
muscular atrophy, Dentatorubal pallidoluysian, and Myotonic dystrophy. as well as
Spongiform encephalopathies, such as Hereditary Creutzfeldt-Jakob disease, Fabry disease,
Straussler-Scheinker disease, secretory diarrhea, polveystic kidney disease, chronic

obstructive pulmonary disease (COPD), dry eye disease, and Sjigren’s Syndrome.,

[60244] The compounds and compositions, according to the method of the present
invention, may be administered using any amount and any route of administration effective
for treating or lessening the severity of one or more of Cystic fibrosis, Hereditary
emphysema, Hereditary hemocﬁrmnatosis, Coagulation-Fibrinolysis deficiencies, such as
Protein C deficiency, Type 1 hereditary a'ngioedema, Lipid processing deficiencies, such as
Familial hypercholesterciemia, Type 1 chylomicronemia, Abetalipoproteinemia, Lysosomal
storage diseases, such as [-cell disease/Pseudo-Hurler, Mucopolysaccharidoses, Sandhof/Tay-
Sachs, Crigler-Najjar type U, Polyendocrinopathy/Hyperinsulemia, Diabetes mellitus, Laron
dwarfism, Myleoperoxidase deficiency, Primary hypoparathyroidism, Melanoma, Glycanosis

CDG type 1, Hereditary emphysema, Congenital hyperthyroidism, Osteogenesis imperfecia,
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Hereditary hypofibrinogenemia, ACT deficiency, Diabetes insipidus (DI, Newrophyseal DI,
'Neprogenic DI, Charcot-Marie Tooth syndrome, Perlizacus-Merzbacher disease,
neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease, Amyotrophic
lateral sclerosis, Progressive supranuclear plasy, Pick’s disease, several polyglutamine
neurological disorders asuch as Huntington, Spinocerebullar ataxia type I, Spinal and bulbar
muscuiar atrophy, Dentatorubal pallidoluysian, and Myotonic dystrophy, as well as
Spongiform encephalopathies, such as Hereditary Creutzfeldt-Jakob disease, Fabry disease,
Straussler-Scheinker disease, secretory diarrhea, polycystic kidney disease, chronic

obstructive pulmonary disease (COPD), dry eye disease, and Sjigren’s Syndrome.

[00245] The exact amount required will vary from subject to subject, depending on the
species, age, and general condition of the subject, the severity of the infection, the particular
agent, its mode of administration, and the like. The compounds of the invention are
preferably formulated in dosage unit form for ease of administration and uriformity of
dosage. The expression "dosage unit form" as used herein refers to a physically discrete unit
of agent appropriate for the patient to be treated. It will be understood, however, that the total
daily usage of the compounds and compositions of the present invention will be decided by
the attending physician within the scope of sound medical judgment. The specific effective
dose level for any particuiar patient or organism will depend upon a variety of factors
including the disorder being treated and the severity of the disorder; the activity of the
specific compound employed; the specific composition employed; the age, body weight,
general health, sex and diet of the patient; the time of administration, route of administration,
and rate of excretion of the specific compound employed; the duration of the treatment; drugs
used it combination or coinéidenta}. with the specific compound employed, and like factors
well known in the medical arts. The term "patient”, as used herein, means an antmal,

preferably a mammal, and most preferably a human.

[00246] The pharmaceutically acceptable compositions of this invention can be
administered to humans and other animals orally, rectally, parenterally, intracisternaily,
intravaginally, intraperitoneally, topically (as by powders, ointments, or drops), bucally, as an
oral or nasal spray, or the like, depending on the severity of the infection being treated. In
certain embodiments, the compounds of the invention may be administered orally or
parenterally at dosage levels of about 04{.)1 mg/kg to about 50 mg/kg and preferably from
about 1 me/ke to about 25 mg/kg, of subject body weight per day, one or more times a day, t©

obtain the desired therapeutic effect.
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[002471 Liguid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, sysups and
elixirs. In addition to the active compounds, the liguid dosage forms may contain inert
diluents commonty used in the art such as, for example, water or other solvents, solubilizing
agents and emulsifiers such as ethyl alechol, isopropy! alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzy! henzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide,
oils (in particular, cottonseed, groundnut, cormn, germ, olive, castor, and sesame oils),
glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan,
and mixtures thereofl. Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emuisifying and suspending agents, sweetening, flavoring, and

perfumning agenis,

[00248] Injectable preparations, for example, sterile injectabie aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be emploved are wafter, Ringer's solution, U.5.P. and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the

preparation of injectables.

[(62491 The injectable fonmulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of stesile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable

medium prior to use.

[66250F In order to prolong the effect of a compound of the present invention, it is often
desirable to slow the absorption of the compound from subcutanecus or intramuscalar
injection. This may be accomplished by the use of a liquid suspension of crystalline or
amorphous material with poor water solability. The rate of absorption of the compound then
depends upon its rate of dissolution that, in turn, may depend upon crystal size and crystalline
form. Alternatively, delayed absorption of a parenterally administered compound form is
accomplished by dissolving or suspending the compound in an oil vehicle. Injectable depot

forms are made by forming microencapsule matrices of the compound in biodegradable
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polymers such as polylactide-polyglycolide. Depending upon the ratio of compound to
polymer and the nature of the particular polymer employed, the rate of compound release can
be controlied. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the

compound in liposomes or microeniulsions that are compatible with body tissues.

[86251] Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore melt in the

rectus; or vaginal cavity and release the active compound.

[00252] Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, the active compound is mixed with at least ope
inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium
phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol,
and silicic acid, b) binders such as, for example, carboxymethyicellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as glycerol, d) disintegrating
agents such as agar--agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
silicates, and sodivim carbonate, ¢) solution retarding agents such as paraffin, ) absorption
accelerators such as quaternary ammonium compounds, g) wetting agents such as, for
exarﬁple, cetyl alcohol and glycerol monostearate, b) absorbents such as kaolin and bentonite
clay, and i) lubricants such as tale, calcium stearate, magnesium slearate, solid polyethylene
glycols, sodium laury! sulfate, and mixtures thereof. In the case of capsules, tabiets and pilis,

the dosage form may also comprise buffering agenis.

1002531 Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high
molecular weight polyethylene glycols and the like. The solid dosage forms of tablets,
dragees, capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings and other coatings well known in the pharmaceutical formulating ast. They may
optionatly contain opacifying agents and can also be of a composition that they release the
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally,
in a delayed manner. Exampies of embedding compositions that can be used include

polymeric substances and waxes. Solid compositions of a similar type may also be employed
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as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar

as well as high molecntar weight polethylene giveols and the like.

[60254] The active compounds can also be in microencapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells sach as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at least one inert dilvent such as
sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diluents, e.g., tableting lubricants and other tableting
ajds such a magnesium stearate and microcrystalline cellulose. In the case of capsules,
tablets and pills, the dosage forms may also comprise buffering agents. They may optionally
contain opacifying agents and can also be of a composition that they release the active
ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally, in a
delayed manner. Examples of embedding compositions that can be used include polymeric

substances and waxes.

[00255] Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active component is admixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulation, eardrops, and eye drops are also coniemplated 4s being
within the scope of this invention. Additionally, the present invention contemplates the use
of transdermal paiches, which have the added advantage of providing controlled delivery of a
compound to the body. Such dosage forms are prepared by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can also be used to increase the flux
of the compound across the skin. The rate can be controlled by either providing a rate

controlling membrane or by dispersing the compound in a polymer matrix or gel.

[00256] As described generally above, the compounds of the invention are useful as
modulators of ABC transporters. Thus, without wishing to be bound by any particular
theory, the compounds and compositions are particularly nseful for treating or lessening the
severity of a disease, condition, or disorder where hyperactivity or inactivity of ABC
transporters is implicated in the disease, condition, or disorder. When hyperactivity or
inactivity of an ABC transporter is implicated in a particular disease, condition, or disorder,

the disease, condition, or disorder may also be referred to as 2 "ABC transporter-mediated
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disease, condition or disorder”. Accordingly, in another aspect, the present invention
provides a method for treating or lessening the severity of a disease, condition, or disorder

where hyperactivity or inactivity of an ABC transporter is implicated in the disease state.

[06257] The activity of a compound utilized in this invention as a modulator of an ABC
transporter may be assayed according to methods described generally in the art and in the

Examples herein.

[00258] It will also be appreciated that the compounds and pharmaceutically acceptable
compositions of the present invention can be employed in combination therapies, that is, the
compounds and pharmaceutically acceptable compositions can be administered concurrently
with, prior to, or subsequent (o, one or more other desired therapeutics or medical procedures.
The particular combination of therapies (therapeutics or procedures) to employ in &
combination regimen will take into account compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect to be achieved. It will also be appreciated that
the therapies employed may achieve a desired effect for the same disorder (for example, an
inventive compound may be administered concurrently with another agent used to treat the
same disorder), or they may achieve different effects (e.g., control of any adverse effects).
As used herein, additional therapeutic agents that are normally administered to treat or
prevent a particular disease, or condition, are known as "appropriate for the disease, or

condition, being treated".

[60259] The amount of additional therapeutic agent present in the compositions of this
invention will be no more than the ameount that would normally be administered in a
composition comprising that therapeutic agent as the only active agent. Preferably the
amount of additional therapeuatic agent in the presently disclosed compositions will range
from about 50% to 100% of the amount normally present in a composition comprising that

agent as the only therapeutically active agent.

[60260] The compounds of this invention or pharmaceutically acceptable compositions
thereof may alse be incorporated into compositions for coating an implantable medical
device, such as prostheses, artificial valves, vascular grafts, stents and catheters.

Accordingly, the present invention, in another aspect, includes a composition for coating an
impiantable device comprising a compound of the present invention as described generally
above, and in classes and subclasses herein, and a carrier suitable for coating said implantable
device. In still another aspect, the present invention includes an implantable device coated

with a composition comprising a compound of the present invention as described generally
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above, and in classes and subclasses herein, and a carrier suitable for coating said implantable
device. .Saitable coatings and the general preparation of coated implantable devices are
described in US Patents 6,099,562; 5,886,026; and 5,304,121, The coatings are typically
biocompatible polymeric materials such as a hydrogel polymer, polymethyidisiloxane,
polycaprolactone, polyethylene glycol, polylactic acid, ethylene vinyl acetate, and mixtures
thereof. The coatings may optionaliy be further covered by a suitable topcoat of

- fiuorosilicone, polysaccarides, polyethylene glycol, phospholipids or combinations thereof to

impart controlled release characteristics in the composition.

[60261] Another aspect of the invention relates to modulating ABC transporter activity in a
biological sample or a patient {e.g., in vitro or in vivo), which method comprises
administering to the patient, or contacting said biological sample with a compound of formula
1 or a composition comprising said compound. The term "biological sample”, as used herein,
includes, without limitation, cell cultures or extracts thereof; biopsied material obtained from
a mammal or extracts thereof; and blood, saliva, urine, feces, semen. tears, or other body

{luids or extracts thereof.

1002621 Modulation of ABC transporter activity in a biological sample is useful for a
variety of purposes that are known to one of skill in the art. Examples of such purposes
include, but are not limited 0, the study of AB( transporters in biological and pathological

phenomena; and the comparative evaluation of new modulators of ABC transporters.

[60263] In yet another embodiment, a method of modulating activity of an anion channel in
vitro or in vivo, is provided comprising the step of contacting said channel with a compound
of formulae (I, Ic, Id, 1, Ha, Iib, Ic, and IId}. In preferred embodiments, the anion channel is
a chloride channel or a bicarbonate channel. In other preferred embodiments, the anion

channel is a chloride channel.

(60264} According to an alternative embodiment, the present invention provides a method
of increasing the number of functionai ABC transporters in a membrane of a cell, comprising
the step of contacting said cell with a compound of formulae (L Jc, Id, 11, Ifa, b, ¢, and
[¥d). The term “functional ABC ansporter” as used herein means an ABC transporter that is
capable of transport activity. In preferred embodiments, said functional ABC transporter is
CFIR.

[68265] According to another preferred embodiment, the activity of the ABC transporter is

measured by measuring the transmembrane voltage poteniial. Means for measuring the

voltage potential across a membrane in the biological sample may employ any of the known
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methods in the art, such as optical mermbrane poiential assay or other electrophysiological

methods.

[00266] The optical membrane potential assay utilizes voltage-sensitive FRET sensors
described by Gonzaiez and Tsien (See, Gonzalez, I, E. and R, Y. Tsien (1995) "Voliage
sensing by fluorescence resonance energy transfer in single cells” Biophys J 69(4): 1272-80,
and Gonzalez, I. E. and R. Y. Tsien (1997) "Improved indicators of cell membrane potential
that use flucrescence resonance energy transfer” Chem Biol 4(4): 269-77) in combination
with instrumentation for measuring fluorescence changes such as the Voltage/lon Probe
Reader (VIPR) (See, Gonzalez, 1. E., K. Qades, et al. {1999} "Cell-based assays and

instrumentation for screening ion-channel targets” Drug Discov Today 4(9): 431-439),

[00267} ‘These voltage sensitive assays are based on the change in fluorescence resonant
energy transfer (FRET) between the membrane-soluble, voltage-sensitive dye, DiSBAC,(3),
and a fluorescent phospholipid, CC2-DMPE, which is attached to the outer leaflet of the
plasma membrane and acts as a FRET donor. Changes in membrane potential (V) cause the
negatively charged DiSBAC,(3) to redistribute across the plasma membrane and the amount
of energy transfer from CC2-DMPE changes accordingly. The changes in fluorescence
emission can be monitored using VIPR™ 11, which is an integrated liquid handler and
fluorescent detector designed to conduct cell-based screens in 96- or 384-well microtiter

plates.

{00268] In another aspect the present invention provides a kit for use in measuring the
activity of a ABC transporter or a fragment thercof in a biclogical sample in vitro or in vivo
comprising (i) a composilion comprising a compound of formulae (I, L, Id, IT, Ha, b, Iic,
and Iid) or any of the above embodiments; and (it} instructions for a.) contacting the
composition with the biclogical sample and b.) measuring activity of said ABC transporter or
a fragment thereof. In one embodiment, the kit further comprises instructions for a.)
contacting an additional composition with the biological sample; b.) measuring the activity of
said ABC transporter or a fragment thereof in the presence of said additional compound, and
¢.) comparing the activity of the ABC transporter in the presence of the additional compound
with the density of the ABC transporter in the presence of a composition of fornmlae (I, I¢,
Id, IL, Ha, Ub, Hc, and 1id). In preferred embodiments, the kit is used to measure the density
of CFTR.
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1002691 In order that the invention described herein may be more fully understood, the
following examiples are set forth. It should be understood that these examples are for

Hiustrative purposes only and are not to be construed as limiting this invention in any manner.
[00276] VI PREPARATIONS AND EXAMPLES

[60271] General Procedure I: Carboxylic Acid Building Block

A
(PXX)X\ Hal Hal (A% % o
1 = ‘:‘\N T i\\ i
& 50% NaOH (aq) ~  OH
Hal = Cl. Br, 1

1602721 Benzyitriethylammonium chloride (0.025 equivalents} and the appropriate dihalo
compound (2.5 equivalents) were added to a substituted pheny] acetonitrile. The mixture was
heated at 70 °C and then 50 % sodium hydroxide (10 equivalents} was slowly added to the
mixture. The reaction was stirred at 70 °C for 12-24 hours to ensure complete formation of
the cycloalkyl moiety and then heated at 130 °C for 24-48 hours to ensure complete
conversion from the nitrile to the carboxylic acid. The dark brown / black reaction mixture
was diluted with water and extracted with dichloromethane three times o remove side
products. The basic aqueous solution was acidified with concentrated hydrochioric acid to
pH iess than one and the precipitate which began to form at pH 4 was filtered and washed
with 1 M hydrochloric acid two times. The solid material was dissolved in dichloromethane
and extracied two times with 1 M hydrochloric acid and one time with a saturated aqueous
solution of sodinm chioride. The organic solution was dried over sodium sulfate and
evaporated to dryness to give the cycloalkylcarboxylic acid. Yields and purities were

typically greater than 90%.

[00273] Example 1: 1-Benzo[1,3]dioxol-5-yi-cyclopropanecarboxylic acid

Ci Br [®)
{ S
O 50% NaOH (gq o) OH

[062747 A mixture of 2-(benzo[d][1,3]dioxol-5-yDacetonitrile (5.10 g 31.7 mmol}, 1-
bromo-2-chloro-ethane (9.60 ml. 109 mmol}, and benzyluiethylammonium chloride (0.181 g,
(0.795 mmol) was heated at 7¢ °C and then 50% (wl./wt.) aqueous sodium hydroxide (26 mL}

was slowly added to the mixture. The reaction was stirred at 70 °C for 24 hours and then
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heated at 130 °C for 48 hours. The dark brown reaction mixture was diluted with water (400
mL) and extracted once with an equal volume of ethyl acetate and once with an equal volumne
of dichtoromethane. The basic aqueous solution was acidified with concentrated
hydrochloric acid to pH less than one and the precipitate filtered and washed with 1 M
hydrochioric acid. The solid material was dissolved in dichloromethane (400 ml.) and
extracted twice with equal volumes of 1 M hydrochloric acid and once with a saturated
aqueous solation of sodivm chloride. "The organic solution was dried over sodium sulfate and
evaporated to dryness to give a white to slightly off-white solid {5.23 g, 80%) ESI-MS m/z
cale. 206.1, found 207.1 (M+1)". Retention time 2.37 minutes. "H NMR (400 MHz, DMSO-
de) 8 1.07-1.11 (i, 2H), 1.38-1.42 (m, 2H), 5.98 (s, 2H). 6.79 {(m, 2H), 6.88 (m, LH}, 12.26
(s, 1H).

[00275] General Procedure 1I: Carboxylic Acid Building Block

o

(XR%)y Ha Hal D(RN)x {(XR¥yx
l\ ~ \:\N _ o %\ = \‘:._N o l\ ~ QO
= NaOH 7 NaOH »  OH

Hal = i, Br, |, ali other variables are as defined in ihe 1ext.

[66276] Sodium hydroxide (50 % aquecus solution, 7.4 equivaients) was slowly added to a
mixture of the appropriate phenyl acetonitrile, benzyltriethylammonium chloride (1.1
equivalents), and the appropriate dihalo compound (2.3 equivalents) at 70 °C. The mixture
was stirred overnight at 70 °C and the reaction mixture was diluted with water (30 mL) and
extracted with ethyl acetate. The combined organic layers were dried over sodivin sulfate
and evaporated to dryness to give the crude cyclopropanecarbonitrile, which was used

directly in the nex{ step.

[00277] The crude cyclopropanecarbonitrile was refluxed in 10% aqueous sodinm
hydroxide (7.4 equivalents) for 2.5 hours. The cooled reaction mixture was washed with
ether (100 mL}) and the aqueous phase was acidified to pH 2 with 2M hydrochloric acid. The

precipitated solid was tiltered to give the cyclopropanecarboxylic acid as a white solid.

160278] General Procedure I Carboxylic Acid Building Block
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i Br  Pd(PPhy, y ~O0Me  LiAiH, e OH
R =R e R
= COMGHOH = =
SOCL, NaCN S CN
e Rl R
CiCHCH-Br NaOH
al = ON R S COLH
NaQH = -

[60279] Exampie 2: 1-(2,2-Diftuoro-benzo|1,3)dioxol-5-y1)-cyclopropanecarboxylic
acid

COMe 1inH M S0Ck

PPhg OH

COICHSOH

B NaCN CICHoCHoBr NaOH
>< >< CN 3
O NaOH

COzH

= O Br PdiPPhg), E O - CCMe
F><Q:©/ CO/CHL0H FXOD/
[002801 2,2-Difluoro-benzef1,3]dioxole-5-carboxylic acid knethy! ester

[06281] A solution of 5-bromo-2,2-difluoro-benzo[1,3}dioxole (11.8 g, 50.0 mmol) and
tetrakis(triphenylphosphine ypalladiom (0) [Pd(PPhs)s, 5.78 g, 5.00 mmol} in methanol (20
ml.) containing acetonitrile {30 mL) and triethylamine (10 mL} was stirred under a carbon
monoxide atmosphere (55 PSI) at 75 °C (oil bath temperature} for 15 hours. The cooled
reaction mixture was filtered and the filtrate was evaporated to dryness. The residve was
purified by silica gel column chromatography to give crude 2,2-difluoro-benzo [1,3] dioxole-

5-carboxylic acid methy! ester (11.5 g}, which was used directly in the next step.

” COMe LiAlH, B
_ FXZD . F><o
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1802821 (2.2-Difluorc-benzof 1,31dioxol-5-yi)-methanol

[00283] Crude Z,E—diﬁuoro-Ben.zo[1,3}dioxole-5-carboxylic acid methyl ester (11.5 g)
dissolved in 20 mL of anhydrous tetrabydrofuran (THF) was slowly added to & suspension of
fithium aluminum hydride (4.10 g, 106 mmol} in anhydrous THF (100 mL) at 0 °C. The
mixture was then warmed {o room temperature. After being stirred at room temperatare for 1
hour, the reaction mixture was cooled to § °C and treated with water (4.1 g}, followed by
sodinm hydroxide (10% aqueous solution, 4.1 mL). The resulting slurry was filtered and
washed with THE. The combined filtrate was evaporated to dryness and the residue was
purified by silica gel column chromatography to give (2,2-difluoro-benzo{1,3]dioxol-3-yl)-

methanol (7.2 g, 38 mmol, 76 % over two steps) as a colorless oil.

SQOCI O
XA —> X °
@) (@)

[06284] 5-Chloromethyl-2,2-difluoro-benzo{1,3]dioxole

[00285] Thionyl chioride (45 g, 38 mmol) was slowly added to a sclution of (2.2-difluoro-
benzol 1,3 ldioxol-3-yh-methanol (7.2 g, 38 mmol) in dichloromethane {'200 mL) at 0 °C. The
resulting mixture was stirred overnight at room temperature and then evaporated to dryness.
The residue was partitioned between an aqueous solution of saturated sodium bicarbonate
(100 mL) and dichloromethane (100 mL). The separated aqueous layer was extracted with
dichloromethane (150 mL) and the organic layer was dried over sodium sulfate, filtrated, and
evaporated to dryness o give crude S-chloromethyl-2.2-difluoro-benzo[1.3]dioxole (4.4 g)

which was used directly in the next step.

. CN =
XA ™ = ey
F o

106286] (2,2-Diftuoro-benzol1,3]dioxel-5-yi)-acetoniirite

[00287] A mixture of crude 5-chloromethyi-2,2-difluoro-benzo[ 1,3]dioxole (4.4 g} and
sodium cyanide (1.36 g, 27.8 mmol) in dimethylsulfoxide (50 mL) was stixred at room
temperature ovémight. The reaction mixture was powred into ice and extracted with ethyl
acetate (300 mL). The organic layer was dried over sodium suifate and evaporated to dryness
t0 give crude (2,2-difluoro-benzo[ 1,3]dioxol-5-yl}-acetonitrile (3.3 g} which was used

directly in the next step.
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- CICH,CHoEr
XQU\CN ——» R CN
F o NaOH

F o
[00288] 1-(2,2-Diflnoro-benzo{l1,3ldioxel-5-yi)-cyclopropanecarbonitrile

[00289] Sodium hydroxide (50% aqueous solution, 10 mL) was slowly added to a mixture
of crude (2,2-difluoro-benzo] 1,3 Jdioxoi-5-yl)-acetonitrile, benzyltriethylammonium chloride

(3.00 g, 15.3 mmol}, and 1-bromo-2-chloroethane (4.9 g, 38 mmol) at 70 °C.

[00290] The mixture was stirred overnight at 70 °C before the reaction mixture was diluted
with water (30 mL) and extracted with ethyl acetate. The combined organic layers were dried
over sodium sulfate and evaporated to dryness to give crude 1-(2.2-difluoro-

benzoi 1,3jdioxol-5-y1)-cyclopropanecarbonitrile, which was used directly in the next step.

o NaOH
F>< | = CN  — f;>< COLH
F o =

[002011  1-(2,2-Diflagro-benzol 1,31dioxeol-5-vi)-cyclopropanecarboxylic acid

[06292] 1-(2,2-Difluoro-benzo[ 1,3 [dioxol-5-yli-cyclopropanecarbonitrile (crude from the
1ast step) was refluxed in 10% aqueous sodium hydroxide (50 mL) for 2.5 hours. The cooled
reaction mixture was washed with ether {100 mL) and the aqueous phase was acidified to pH
2 with 2M hydrochioric acid. The precipitated solid was filtered to give 1-(2,2-diflucro-
bénzo[l,3]dioxel—S-yi)-cyclopropanecarboxylic acid as a white solid (0.15 g, 1.6% over four
steps). ESI-MS m/z calc, 242.04, found 241.58 (M+1)"; "H NMR (CDCla) 8 7.14-7.04 (m,
2H), 6.98-6.96 (m, 1H), 1.74-1.64 (m, 21), 1.26-1.08 (m, 2H).

[00293] Example 3; 2-(2,2-Dimethylbenzo{d}[1.3]jdioxol-5-yl)acetonitrile

NC/\©:O> BBry, DCM NG OH  2.2-dimethoxy-propane NC/\©:O><
M s Z"‘l-"
g p-TsOH, toluene o]

OH

NC/UO> BBr,, DOM - oH
...M
° OH

[60294] (3,4-Dihydroxy-phenyl)-acetonitrile

{00293] To a solution of benzof1,3]dioxol-53-yl-acetonitrile (.50 g, 3.1 muwnol) in CH.Ch

(15 mL) was added dropwise BBr; (0.78 g, 3.1 mmol) at -78 °C under N». The mixture was

slowly warmed to room temperature and stirred overnight. H,O (10 mL) was added to

quench the reaction and the CH,Cl; layer was separated. The aqueous phase was extracted
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with CH,Cl (2 x 7 mL). The combined organics were washed with brine, dried over NapSOy
and purified by column chromatography on silica gel (petroleum ether/ethyl acetate 5:1)
give (3 4-dihydroxy-phenyl)-acetonitrile (0.25 g, 54%) as a white solid. 'H NMR (DMSO-ds,
400 MHz) 8 9.07 (s, 1 1), 8.95 (s, 1 H), 6.68-6.70 (m, 2 H), 6.55 (dd, J=28.0, 2.0 Hz, 1 H),
3.32{s,2 H).

NG OH 22-dimethoxy- pr{)pane /\@ ><
p-TsOH, foluene

O
(002961 2-(2,2-Dimethylbenzo{d]{1,3]dioxol-5-yl)acetonitrile

1002671 To a solution of (3,4-dihydroxy-phenyl}-acetonitrile (0.20 g, 1.3 mmol) in toluene
(4 mL) was added 2,2-dimethoxy-propane (0.28 g, 2.6 mmol) and TsOH (0.010 g, 0.065
mmol). The mixeare was heated at reffux overnight. The reaction mixture was evaporated to
remove the solvent and the residue was dissolved in ethy! acetate. The organic layer was
washed with NaHCO; selution, H;(, brine, and dried over Na,SC4. The solvent was
evaporated under reduced pressure to give a residue, which was purified by column
chromatography on sitica gel (petroleum ether/ethy] acetate 10:1) to give 2-(2,2-
dimethylbenzo{d]j1,3]dioxol-5-yhacetonitrile (40 mg, 20%). I NMR (CDClLs, 400 MHz) &
6.68-6.71 (m, 3 H), 3.64 (s, 2 H), 1.67 (s, 6 H).

[860298] Example 4;: 1-(3,4-Dihyvdroxy-phenyl)-cyclopropanecarboxylic acid

NC/\Q:OBH BrCH,CHpCl Z@ !(
08n
/\@ Brn  BrCH 2C H;Ci 2@

(602991  1-(3.4-Bis-benzyloxy-phenyl)-cyclopropanecarbonitrile

_NeOH _ HoO o

O

[00300] To a mixture of (n-CaHg)sNBr {0.50 g, 1.5 mmol}, toluene (7 mL) and (3,4-bis-
benzyloxy-phenyl)-acetonitrile (14 g, 42 mmo!) in NaOH (50 g) and H,O (50 mL) was added
BrCH,CH,Cl (30 g, 0.21 mol). The reaction mixture was stirred at 50 °C for 5 h before being
cooled to room temperature. Toluene (30 mL) was added and the organic layer was separated
and washed with H,0, brine, dried over anhydrous MgS0., and concentrated. The residue
was purified by column on silica gel (petroleum ether/ethyl acetate EG: Y io give 1-(3,4-bis-
benzyloxy-phenyl)-cyciopropanecarbonitrile (10 g, 66%). 'H NMR (DMSO 300 MHz) §
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7.46-7.30 (m, 10 H), 7.03 (d, J=8.4 Hz, 1 H), 6.94 (4, J =2.4 1z, 1 H), 6.89(dd, /= 2.4, 8.4
Hz, 1 H), 5.12 (d, J = 7.5 Hz. 4H), 1.66-1.62 (m, 2 H), 1.42-1.37 (m. 2 H).

OBn b OH
NG 2 NC
__,m,_b
ogn  F9C Ok

[60301] 1-(3,4-Dihkydroxy-phenyl}-cyclopropanecarbonifrile

{803021 To a solution of 1-(3,4-bis»henzyloxy-phenyi)-éyciopropanecarbonitrﬁe (10 g, 28
mmel) in MeOH (50 mL) was added Pd/C (0.5 g) under nitrogen atmosphere. The mixture
was stirred under hydrogen atmosphere (1 atm) at room temperature for 4 h. The catalyst
was filtered off through a celite pad and the filirate was evaporated under vacuum (0 give 1-
(3,4-dihydroxy-phenyl}-cyclopropanecarbonitrile (4.5 g, 92%). " NMR (DMSO 400 MHz)
8 9.06 (brs, 2 H), 6.67-6.71 (m, 2 H), 6.534 (dd, 7 =2.4, 8.4 Hz, 1 H), 1.60-1.57 (m, 2 H),

1.30-1.27 (1n, 2 H).
Nc%{“:[o“ NaOH HOOCZQ:OH
o o

[00303] 1-(3,4-Dihydroxy-phenyl)-cyclopropanecarboxylic acid

{00304] To a solution of NaOH (20 g, 0.50 mol) in HoO (20 mL) was added 1-(3.4-
dihydroxy-phenyl}-cyclopropanecarbonitrile (4.4 g, 25 mmol). The mixtore was heated at
reflux for 3 h before being cooled to room temperature. The mixture was neutralized with
HCI (0.5 N) to pH 3-4 and extracted with ethyi acetate {20 mL x 3). The combined organic
layers were washed with water, brine, dried over anhydrous MgSQy, and concentrated under
vacuwm to obtain 1-(3,4-dihydroxy-phenyl}-cyclopropanecarboxylic acid (4.5 g crude). From
900 mg crude, 500 mg pure 1-(3,4-dihydroxy-phenyl)-cyclopropanecarboxylic acid was
obtained by preparatory HPLC, "H NMR (DMSO 300 MHz) § 12.09 (brs, 1 H), 8.75 (br s, 2
H). 6.50-6.67 (m, 3 H), 1.35-1.31 (m, 2 H), 1.01-0.97 (m, 2 H).

[00365] Example 5: 1-(2-Oxo-2.3-dikydrobenze[dloxazoi-5-yleyclepropane-

carboxylic acid.
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[68306] 1-(d-Methoxy-phenyl)-cyclopropanecarboxylic acid methyl ester

BBry :
b, -

[00307] To a solution of 1-(4-methoxy-phenyl)-cyclopropanecarboxylic acid (50 g, 0.26
mol) in MeOH (500 mL) was added toluene-4-sulfonic acid monohydrate (2.5 g, 13 mmol) at
room temperature. The reaction mixture was heated at reflux for 20 hours, MeOH was
removed by evaporation under vacuwm and EtOAc (200 mL) was added. The organic layer
was washed with sat. ag. NaHCO; (100 mL) and brine, dried over anhydrous Na,SO, and
evaporated under vacuum to give 1-{(4-methoxy-phenyl)-cyclopropanecarboxylic acid methyl
ester (53 g, 99%). "H NMR (CDCls, 400 MHz) § 7.25-7.27 (m, 2 H), 6.85 (d, /= 8.8 Hz, 2
Hy, 3.80 (s, 3 H), 3.62 (5, 3H), 158 (g, /=3.6Hz, 2H), 1.15{(q, /= 3.6 Hz, 2 H).

M HNOo/AC  MeQ. NG
i 2 /Ay : | e
o &

© CMe © Ol
[00308] 1-(4-Methoxy-3-nitro-phenylj-cycloprepanecarboxylic acid methyl esier

[6E309]  To a solution of 1-(4-methoxy-phenyl)-cyclopropanecarboxylic acid methyl ester
(30.0 g, 146 mmol) in Ac,O (300 mL) was added a solation of HNO; (14.1 g, 146 mmol,
65%) in AcOH (75 mLy at 0 °C. The reaction mixture was stirred at 0 ~ 5 °C for 3 h before
ag. HCI (20%) was added dropwise at (0 °C. The resulting mixture was extracied with EtOAc
(200 mL x 3}. The organic layer was washed with sat. aq. NaHCOs then brine, dried over
anhydrous NapSO4 and evaporated under vacuum to give 1-(4-methoxy-3-nitro-phenyl)-
cyclopropanecarboxylic acid methyl ester {36.0 g, 98%), which was directly used in the next
step. "H NMR (CDCls, 300 MHz) § 7.84 (d, J=2.1 Hz, 1 H), 7.54 (dd, /= 2.1, 8.7 Hz, 1 H),

7.05(d, J=87Hz, 1 H), 3.97 (s, 3H},3.65 (s, 3 H), 1.68-1.64 (m, 2 H), 1.22-1.18 (m, 2 H).
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(003161 I-(4-Hydroxy-3-nitro-phenyl)-cyclopropanecarboxylic acid methyl ester

[80311] 7o a solution of 1-(4-methoxy-3-nitro-phenyl)-cyclopropane-carboxylic acid
methyl ester (10.0 g, 39.8 mmol) in CH>Cl; (100 ml) was added BBr; (12.0 g, 47.8 mmol) at
—70 °C. The mixture was stirred at —70 °C for 1 hour, then allowed to warm to 30 °C and
stirved at this temperature for 3 hours. Water (50 mlL.) was added dropwise at —20 °C, and the
resulting mixture was allowed to warm room temperature before it was extracted with EtOAc
(200 mL x 3). The combined organic layers were dried over anhydrous NaySQO4 and
evaporated under vacuum to give the crude product, which was purified by column
chromatography on silica gel (petroleum ether/ethy! acetate 15:1) to afford 1-(4-hydroxy-3-
nitro-phenyl)-cyclopropanecarboxylic acid methyl ester (8.3 g, 78%). 'H NMR (CDCl; 400
MHz) 8 105 (s, L H}, 8.05(4, J=24Hz, 1 H), 7.59{dd, J=2.0,88Hz, 1 H), 7.1t (d, / =
8.4 Hz, 1 H), 3.64 (5,3 H}, 1.68-1.64 (m, 2 H), 1.20-1.15 (m, 2 H).

JRCNSUNE.
© OH © OH

1003127 1-3-Amino-4-hydroxy-phenyl)-cyciopropanecarboxylic acid methyl ester

[00313] To a solution of 1-(4-hydroxy-3-nitro-phenyl}-cyclopropanecarboxylic acid methyl
ester (8.3 g, 35 mmol) in MeOH (100 mL} was added Raney Nickel (1.8 g} under nitrogen
atmosphere. The mixiure was stirred under hydrogen atmmosphere (1 atm) at 35 °C for 8
hours. The catalyst was filtered off through a Celite pad and the filtrate was evaporated
under vacuum to give crude product, which was purified by column chromatography on silica
gel (petroleum ether/ethyl acetate 1:1) to give 1-(3-amino-4-hydroxy-phenyl)-
cyclopropanecarboxylic acid methyl ester (5.3 g, 74%). H NMR (CDCl, 400 MHz) 8 6.77
(s, | H),6.64 (d, J=2.0Hz, 2 H),3.64 (s, 3 H), 1.55-1.52 (m, 2 H}, 1.15-1.12 (mm, 2 H}.

H
— e s o
© OH © o

[60314] 1-(2-Ox0-2,3-dihydro-benzooxazel-5-yl}-cyclopropanecarboxylic acid methyl

ester
[60315] To a solution of 1-(3-amino-4-hydroxy-phenyl)-cyclopropanecarboxylic acid
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methyi ester (2.0 g, 9.6 mmol) in THF (40 ml.) was added triphosgene (4.2 g. 14 numol) at
room temperature. The mixture was stirred for 20 minuies at this temperatore before water
{20 mL) was added dropwise at 0 °C. The resulting mixture was extracted with EtOAc (100
mL x 3). The combined organic layers were dried over anhydrous Na; SOy and evaporated
under vacuum to give 1-{2-ox0-2,3-dihydre-benzooxazol-5-yl)-cyclopropasecarboxylic acid
methy] ester (2.0 g, 91%), which was directly used in the néxt step. "H NMR (CDCl; 300
MHz) 8 8.66 (s, 1 H), 7.13-7.12 (m, 2 H). 7.07 (s, L I1), 3.66 (s, 3 H), 1.68-1.65 (m, 2 H),
1.24-1.20 (m, 2 H).

Meo\n1©: Ny LOH H Sh
\{’ —_—

C ! =0
a o < #~d

[00316] 1-(2-Oxo-2,3-dikydrobenzofdloxazol-5-yl)cyclopropanecarboxylic acid

[00317] To a solution of 1-(2-0x0-2,3-dihydro-benzooxazol-5-yl)-cyclopropanecarboxylic
acid methyl ester (1.9 g, 8.1 mmol) in MeOH (20 mL) and water (2 ml.) was added
LiOH.HL0 (1.7 g, 41 mmol) in portions at room temperature. The reaction mixtire was
stirred for 20 hours at 50 °C. MeOH was removed by evaporation under vacuum before
water (100 mL) and EtOAc (30 mL) were added, The aqueous layer was separated, acidified
with IIC] (3 mol/L) and extracted with EtOAc (100 mL x 3}. The combined organic layers
were dried over anhydrous Nu, SOy and evaporated under vacuum to give 1-(2-0x0-2,3-
dihydrobenzo[djoxazol-5-ylcyclopropanecarboxylic acid (1.5 g, 84%). "H NMR (DMSO.
400 MHz) 6 12.32 (brs, 1 H), 11.59 (brs, 1 I), 7.16 (d, J = 8.4 Hz, 1 1), 7.00 (d, /= 8.0 Hz,
1 H), 1.44-1.41 (m, 21D, 1.13-1.10 (m, 2 1). MS (ESI) m/e (M+H") 218.1.

[00318] Example 6: 1-(6-Fluoro-benzof1,3]idioxoi-5-yi)-cyclopropanecarboxylic acid

o S0 o
. - 4 O aromciomr 4 O NeBH, HO Q
[ESNUET— > e >
F o F Oh = o = o
. 0 Q
— e TR
IS G 3 Q E C
10% NaOH  HOOC O>
¥ o
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[08319] 2-Fluero-4,5-dihydroxy-henzaldehyde

[60326] To a stirred suspension of ~2—ﬂu0r0-4,5-dimethoxy-bem:aldehyde (3.00¢g, 163
mmol) in dichloromethane {100 mL) was added BBrs (12.2 mL, 130 mmol} dropwise at —78
°C under nitrogen atmosphere. After addition, the mixture was warmed to -30 °C and stirred
at this temperature for 5 h. The reaction mixture was pouted into ice water and the
precipitated solid was collected by filtration and washed with dichloromethane to afford 2-

fluoro-4,5-dihydroxy-benzaldehyde (8.0 2), which was used directly in the next step.

G o

HJI):OH BrCH,CI/DMF HJEC[%
_._..—b,
F OH F C

[60321] 6-Fivoro-benzoll,3)dioxole-5-carbaldehvde To a stirred solution of 2-fluoro-

4 5-dihydroxy-benzaldehyde (8.0 g) and BrCICH,(24.8 g, 190 mmol) in dry DMFEF (50 mL)
was added CsyCO; (62.0 g, 190 mmol) in portions. The resalting mixture was stirred at 60
°C overnight and then poured into water. The mixture was extracted with EtOAc (200 ml. x
3). The combined organic layers were washed with brine (200 ml), dried over Na,SQO4, and
evaporated in vacuo to give crude product, which was purified by column chromatography on
silica gel (5-20% ethyl acetate/petrolevm ether) to afford 6-fluoro-benzo{1,3jdioxole-5-
carbaldehyde (700 mg, two steps vield: 24%). "H-NMR (400 MHz, CDCL) 8§ 10.19 (s, 1 1),
723(d, J=561H).663(d, /=06, 1H),608(, 2ZH).

O
HJ\/©:O> MaBH, HO’I‘/\I‘%
F Q = &}

[06322] (6-Fluors-benze{i,3]dioxol-5-yl)-methanol

[00323] To a stirred solution of 6-fluoro-benzo[ 1,3]dioxole-5-carbaidehyde (700 mg, 4.2
mmot) in MeOIH (50 mi.) was added NaBH, (320 mg, 8.4 mmol) in portions at O °C. The
mixture was stirred at this temperature for 30 min and was then concentrated in vacuo to give
a residue. The residue was dissolved in FtOAc and the organic layer was washed with water.
dried over Na,S0.4, and concentrated in vacuo to afford (6-fluoro-benzof 1,3jdioxol-5-y1)-

methanol (630 mg, 92%), which was directly used in the next step.
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[860324] S5-Chioremethyl-6-fluoro-benze[1,3]dioxole

j00325]  (6-Fluoro-benzol1,31dioxol-5-v1}-methanol (650 mg, 3.8 mmol) was added to
SOCL, (20 mL) in portions at O °C. The mixture was warmed to room temperature for 1 h and
then heated at reflux for L h. The excess SOC, was evaporated under reduced pressure to
give the crude product, which was basified with sat. NaHC O, solution to pH ~ 7. The
aqueous phase was extracted with EtOAc (50 mL x 3). The combined organic layers were
dried over Na SO, and evaporated under reduced pressure to give 5-chloromethyl-6-fiuoro-

benzo[1,3]dioxole (640 mg, 90%), which was directly used in the next step.

cl Q NaCN Nc/\/@:o
:ﬁc? F 0>

[00326] (6-Fluoro-benzo{l,3]dioxol-5-vl)-acetomitrile

[00327] A mixture of 5-chloromethyl-6-fluoro-benzof 1,3]dioxole (640 mg, 3.4 mmol) and
NaCN (340 mg, 6.8 mmol) in DMSO (20 mL) was stirred at 30 °C {for 1 h and then poured
into water. The mixture was extracted with EtOAc (50 mL x 3). The combined organic
layers were washed with water (50 mL) and brine (50 mL), dried over NasSOy, and
evaporated under reduced pressure to give the crude product, which was purified by column
chromatography on silica gel (5-10% ethy! acetate/petroicum ether) to afford {6-fluoro-
benzo[ 1,3]dioxol-5-yl)-acetonitrile (530 mg, 70%). 'H-NMR (300 MHz, CDCls) 8 6.82 (4, J
=48, 1TH), 662, J=54,1H)y, 599 (5. 2 H), 3.65 (s, 2 H),

Q O
R o
# o) F G

[06328] 1-(6-Fluoro-benzofl,3]diexol-5-yh-cyclopropanecarbomnitriie

[60329] A flask was charged with water {10 mL), followed by a rapid addition of NaOH
(10 g, 0.25 mol} in three portions over a 5 min pericd. The mixture was allowed to coo} to
roomn femperature.  Subsequently, the fiask was charged with toluene (6 mlL), tetrabutyl-
ammoniom bromide (50 mg, .12 mmol), {6-fluoro-benzol 1,3]dioxol-5-y1)-acetonitrile (600
mg, 3.4 mmol) and 1-bromo-2-chloroethane (1.7 g, 12 mmol). The mixture stirred
vigorously at 50 “C overnight. The cooled tlask was chéu‘ged with additional toluene (20

ml). The organic layer was separated and washed with water (30 mL) and brine (30 ml.).
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The organic layer was removed in vacuo to give the crude product, which was purified by
column chromatdgmphy on silica gel (5-10% ethyl acetate/petroleum ether) to give 1-(6-
fluoro-benzo[1,3]dioxol-5-yl)-cyclopropanecarbonitrile (400 mg, 60%). 'H NMR (300 MHz,
CDCL) 6 6:73 (d, J=3.0Hz, 1 H), 6.61(d, J=9.3 Hz, 1 H), 5.98 (s, 2 H}, 1.67-1.62 (m, 2-
H), 1.31-1.27 (m, 2 H).

NG Q 10% NaOH HOOG 0
) )
F 18] F O

[00330] 1-(6-Fluoro-benzo[l,31dioxol-5-yl)-cyclopropanecarboxylic acid

[00331] A mixiure of 1-(6-fluoro-benzol 1,3]dioxol-3-yl)-cyclopropanecarbonitrife (400
mg, 0.196 mmol) and 10% NaOH (10 mL) was stirred at 100 °C overnight. After the
reaction was cooled, 5% HCI was added until the pH < 5 and then EtOAc (30 mL) was added
to the reaction mixware. The layers were separated and combined organic layers were
evaporated in vacuo to afford 1-(6-fluoro-benzo[1,3ldioxol-5-yl)-cyclopropanecarboxylic
acid (330 mg, 76%). 'H NMR (400 MHz, DMSO) § 12.2 (s, 1 H), 6.87-6.85 (m, 2 H), 6.00
(s, 1 H), 1.42--1.40 (m, 2 H), 1.14-1.07 (m, 2 H}.

[00332] Example 7: 1-(Benzofuran-5-yhcyclopropanecarboxylic acid
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[00333] 1—[4—(2,2-Dieth0xy«ethoxy)-phenyi]-cyclopropanecarbexylic acid

[00334] To a stirred solution of 1-(4-hydroxy-phenyl)-cyclopropanecarboxylic acid methyl
ester (15.0 g, 84.3 mmol) in DMF (50 mL) was added sodivm hydride (6.7 g, 170 mmol,

60% in mineral oil) at O °C. After hydrogen evolution ceased, 2-bromo-1,1-diethoxy-ethane
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(16.5 g, 84.3 mmol) was added dropwise to the reaction mixture. The reaction was stizred at

160 “C for 15 hours. The reaction mixture was poured onto ice (100 g) and was extracted
“with CHRCly. The combined organics were dried over Na,SOs. The solvent was evaporatéd

under vacuium to give 1-14-(2,2-diethoxy-ethoxy)-phenyl}-cyclopropanecarboxylic acid (10

g}, which was used directly in the next step without purification.

HO, PPA, xylene  HOL Y
o OEt " O p:
O/\I/ O e

OFt
[60335] 1-Benzofuran-5-yl-cyclopropanecarboxylic acid

[00336] To a suspension of 1-[4-(2,2-diethoxy-ethoxy)-phenyll-cyclopropanecarboxylic
acid (20 g, ~65 mmol) in xylehe (100 mL) was added PPA (22.2 g, 64.9 mmol) at room
temperature. The mixture was heated at reftux (146 °C) for 1 hour before it was cooled to
room temperature and decanted from the PPA. The solvent was evaporated under vacuum to
obtain the crude product, which was purified by preparative HPLC to provide 1-(benzofuran-
S-yheyclopropanecarboxylic acid (1.5 g, 5%). "H NMR (400 MHz, DMSO-ds) § 12.25 (brs,
1H),7.95(d, J=2.8 Hz, 1 H), 7.56 (4, J=2.0 Hz, 1 H), 7.47 {d, = 11.6 Hz, 1 H}, 7.25(dd,
J=24,11.2Hz, 1 H),6.80(d, J=1.6Hz, 1 H), 1.47-1.44 (m, 2 H}, 1.17-1.14 (m, 2 ).

[00337] Exampie 8: 1-(2,3-Dihydrobenzofuran-6-yl)cyclopropanecarboxylic acid

Ho\ﬂ,'SZ tl\ PO, MeOH  HO. N -0

0 RS

O P TOr u)
[#0338] To a solution of 1-(benzofuran-6-ylicyclopropanecarboxylic acid (370 mg, 1.8
mmob) in MeOH (50 ml) was added PtQO; (75 mg, 20%) at room temperatute. The reaction
mixture was stirred under hydrogen atmosphere (1 atm) at 20 °C for 3 d. The reaction
mixture was filtered and the solvent was evaporated in vacuo io afford the crude product,
which was purified by prepared HPLC to give 1-(2,3-dihydrobenzofuran-6-
vheyclopropanecarboxylic acid (155 mg, 42%). "_H NMR (300 MHz, MeOD} 3 7.13(d, J =
7.5Hz, 1H),6.83(d, /=78 He, 1 H),6.74 (s, 1 H), 4.55 (t, J=87Hz, 2 H), 3.18 (, /= 8.7
Hz, 2 H), 1.56~1.53 {m, 2 H), 1.19-1.15 (m, 2 H).

[00339] Example 9: 1-(3,3-Dimethyl-2,3-dihydrobenzofuran-5-

yheyclopropanecarboxylic acid.
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{60348] 1-(4-Hydroxy-phenyD-cyclopropanecarboxylic acid methyl ester

[60341] To a solution of methyl {-(4-methoxyphenyl)cyclopropanecarboxylate (10.0 g,
48.5 mmol) in dichloromethane (80 mL) was added EtSH {16 mL) under ice-water bath. The
mixtare was stivred at 0 °C for 20 min before AlCL (19.5 g, 0.15 mmol) was added slowly at
0 °C. The mixture was stirred at 0 °C for 30 min. The reaction mixture was poured into ice-
water, the organic layer was separated, and the aqueous phase was extracted with
dichloromethane (50 mL x 3), The combined organic layers were washed with HyO, brine,
dried over Na,S(, and evaporated under vacuum to give 1-(4-hydroxy-phenyl)-
eyelopropanecarhoxylic acid methyl ester (8.9 g, 95%). 'H NMR (400 MHz, CDCls) 8 7.20-
7.17 (m, 2 H), 6.75-6.72 {m, 2 H}, 5.56 (s, 1 11}, 3.63 (s, 3 H), 1.60-1.57 (m, 2 H), 1.17-1.15

(m, 2 H).
MQO% NES MeQ S
S Y
3
) O
© QH - OH

i
[00342] 1-{(4-Hydroxy-3,5-diiodo-phenyl)-cyclopropanecarboxylic acid methyl ester

[003431  To a solution of 1-(4-hydroxy-phenyli-cyclopropanecarboxylic acid methyl ester
(8.9 g, 46 mmol) in CH;CN (80 mL) was added NIS (15.6 g, 69 mmol). The mixture was
stirred at room temperature for | hour. The reaction mixture was concenirated and the
residue was purified by column chromatography on silica gel (petroleum ether/ethyl acetate
10:1) to give 1-(4-hydroxy-3,5-diiodo-phenyl)-cyclopropanecarboxylic acid methyl ester (3.5
g, 18%). H NMR (400 MHz, CDCl1) 8 7.65 (s, 2 H), 5.71 (s, 1 H), 3.63 (s, 3 H), 1.59-1.56
(m, 2 H), 1.15-1.12 {m, 2 H}.
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: Me. ' i

[06344] 1-{3,5-Diiodo-4-(Z-methyl-allyloxy)-phenyi]-cyclopropanecarboxylic acid

methyl ester

[00345] A mixture of 1;(4—]:1ydroxy—3,5~diiod0-pheny])—cyclopropanecarboxylic acid
methy! esier (3.2 g, 7.2 mmol), 3-chloro-2-methyl-propene (1.CG g, 11 mmol}, K,CO1 (1.2 g,
8.6 mmol), Nal (0.1 g, 0.7 mmol) in acetone (20 ml) was stirred at 20 °C overnight. The
solid was filtered off and the filtrate was concentrated under vacuum to give 1-[3,5-diiodo-4-
(2-methyl-allyloxy)-phenyll-cyclopropane-carboxylic acid methyl ester (3.5 g, 97%). 'H
NMR (300 MHz, CDC12) 6 7.75 (s, 2H), 5.26 (s, 1 H), 5.06 (s. 1 H), 4.38 (3, 2 H), 3.65 (s, 3
H}, 1.98 (s, 3H), 1.62-1.58 (m, 2 H), 1.18-1.15 (m, 2 H).

M | BuzSnH %
O ® .
AIBN O
i ;
[00346] 1-(3,3-Dimethyl-2,3-dihydro-benzofuran-5-yi)-cyclepropanecarboxylic acid

methyt ester

{00347] To a solution of 1-[3,5-diiodo-4-(2-methyl-allyloxy}-phenyl]-cvclopropane-
carboxylic acid méthyl ester (3.5 g, 7.0 mmol) in toluene (15 mL) was added BusSnH (2.4 g,
8.4 mmol) and AIBN (0.1 g, 0.7 mmwol). The mixwure was heated at reflux overnight. The
reaction mixture was concentrated under vacuum and the residue was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate 20:1) to give 1-(3,3-dimethyl-
2,3-dihydro-benzofuran-5-yl)-cyelopropanecarboxylic acid methyl ester (1.05 g, 62%). H
NMR (400 MHz, CDCl3) 6 7.1¢-7.07 (m, 2 H), 6.71 (d, F=8 Hz, 1 H). 4.23 (s, 2 H), 3.62 (s,
3 H). 1.58-1.54 (m, 2H}, 1.34 (s, 6 H), 1.17-1.12 {m, 2 H}.

Meo\ﬂlﬂﬁ LIOH HW
P
O = O o}

6348 1-(3.3-Dimethyl-2,3-dihydrebenzofuran-5-yheyelopropanecarboxyhic acid

[66349] To a solution of 1-(3,3-dimethyi-2,3-dihydro-benzofuran-5-yi)- |
cyclopropanecarboxylic acid methyi ester (1.0 g, 4.0 mmol) in MeOH (10 mL) was added
LiOH (0.40 g, 9.5 mmol). The mixture was stirred at 40 °C overnight. HCI (10%) was added

slowly to adjust the pH to 5. The resulting mixture was extracted with ethyl acetate (10 mL %
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3}, The extracts Were washed with briné and dried over Na)5S(04. The solvent was removed
under vaccum and the crude product was purified by preparative HPLC to give 1-(3,3-

. dimethyl—Z,3~dihyd3‘0benzofuran-5~yl)cyclopmpanecarboxyhc acid (0.37 g, 41%). 'H NMR
{400 MHz, CDCL) 8 7.11-7.07 (m, 2 H}, 6.71 (d, /= 8 Hz, 1 H), 4.23 (s, 2 H), 1.66-1.63 (m,
2H), 132 (s, 6 H), 1.26-1.23 (m, 2 H). '

[00350] Exampie i0: 2-(7-Methoxybenzo{d][1,3]dioxol-5-yl)acetonitrile.

o o}
Miely MezSO,; Mel CH CH,RBrC! Mady o> UAIH,
NEizBé,O? OH o
OMe OMe
o .

HO Y soo, o 0> NaCN NC Y

UIUUUNNNN— S s B
G o (o]

OMe OMe

OMe
o)
MG OH M92804 T MeO
Ord

OH NatoB40,
[00351] 3.4-Dihydroxy-5-methoxybenzoate

[64352] To asolution of 3,4,5-trihydroxy-benzoic acid methyl ester (50 g, 0.27 mol) and -
Na;B4O7 (30 g} in water (1000 mL) was added Me;SO4 (120 mL) and aqueous NaOH
solution (25%, 200 mL) successively at room temperatare. The mixture was stirred at room
temperature for 6 h before it was cooled to 6 °C. The mixeure was acidified to pif ~ 2 by
adding conc. HoSO4 and then filtered. The filtrate was extracted with EtOAc (500 ml. x 3).
The combined organic layers were dried over anhydrous Na;SO, and evaporated under
reduced pressure to give methyl 3,4-dihydroxy-5-methoxybenzoate (15.3 g 47%), which was

used in the next step without further purification.

O O
Mety O CH.BrCI MO O>
[R—
OH NaCN 1
Ohe Che

[60353] Methyt 7-methoxybenzo|d}{1,3]dioxole-5-carboxylate

{80354] To a solution of methy} 3,4-dihydroxy-5-methoxybenzoate (15.3 g, (0.0780 mol) in
acetone (500 mL) was added CH,BrCl (34.4 g, 0.270 mol) and K,CO3 (75.0 g, 0.540 mol) at

80 °C. The resulting mixture was heated at reflux for 4 h. - The mixture was cooled to room
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temperature and solid KzCO’gIWaS filtered off. The fﬂtrate_ was concentrated under reduced ._
pressuze, and the residueIWas dissolved in FtOAc (100 mL). The organic layer was washed
with water, dried over anhydrous N&ZSCL;, and evaporated under reduced pressure to give the
crude product, which was purified by column chromatography on silica gel (petroleum
ether/ethy! acetate = 10:1) to afford methyl 7-methoxybenzofd][1,3]dioxole-5-carboxylate
(12.6 g, 80%). "H'NMR (400 MHz, CDCls) § 7.32 (s, 1 H), 7.21 (s, 1 H), 6.05 (s, 2 H), 3.93
(s,3 H), 3.88 (5,3 H).

o AR NN
MeO | >
P A
J
OMe

Ohe
[00355] (7-Methoxybenzo[d][§,3]dioxel-5-yl)methanol

[00356] To a solution of methyl 7-methoxybenzo{d}[1,31dioxole-3-carboxylate (14 g, 0.040
mol} in THF (100 mL) was added LiAlH, (3.1 g, 0.080 mol) in portions at room temperature.
The mixture was stirred for 3 h at room temperatare. The reaction mixfure was cooled to 0
°( and treated with water (3.1 g) and NaOH (10%, 3.1 mlL) successively. The shurry was
filtered off and washed with THF. The combined filtrates were evaporated under reduced
pressure to give (7-methoxy-benzold]{1,3]dioxol-5-yhmethanol (7.2 g, S2%). "H NMR (400
MHz, CDCls) 8 6.55 (s, 1H), 6.54 (s, 1H), 5.96 (s, 2 H), 4.57 (s, 2 I1), 3.90 (s, 3 H).

HOY O> soc, O O>
o - T d
OMe Ol

[00357] o6-(Chioromethyl)-4-methoxybenzo[d][1,3]dioxsle

[00358] To a solution of SOCH, (150 mL) was added (7-methoxybenzo[d[[1,3]dioxol-5-
ylymethanol (9.0 g, 54 mmol) in portions at 0 °C. The mixture was stirred for 0.5 h. The
excess SOCl, was evaporated under reduced pressure to give the crude product, which was
basified with sat. ag. NaHCOsto pH ~ 7. The aqueous phase was extracted with EtOAc (100
ml. x 3). The combined organic layers were dried over anhydrous Na,SO4 and evaporated to
give 6-(chloromethyl)-4-methoxybenzo[d][ 1,3]dioxole (10 g 94%). which was used in the
next step without further purification. "H NMR (400 MHz, CDCls) § 6.58 (s, 1 H), 6.57 (5, 1
Hj, 5.98 (s, 2 H), 4.51 (s, 2 H), 3.90 (s, 3 H).
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[00359} 2-(7-Methoxybenzo[d][1,3]dioxol-5-yDacetonitrile

[60366] To a solution of 6-(chloromethyl)-4-methoxybenzo[d][1,3]dioxole (10 g, 40 mmol)
in DMSO (100 mL) was added NaCN (2.4 g, 50 mmol} at room temperature. The mixture
was stirred for 3 h and poured into water (500 mL). The aqueous phase was extracted with
BtOAc (100 mL x 3). The combined organic layers were dried over anhydrous NapSO4 and
evaporated to give the crude product, which was washed with ether to atford 2-(7-
methoxybenzo{dj[1,3]dioxol-3-yl)acetonitrile (4.6 g, 45%). 1 NMR (400 MHz, CDCls) §
6.49 (s, 2 H), 5.98 (s, 2 H), 3.91 (s, 3 H), 3.65 (s, 2 ). C NMR (400 MHz, CDCl3) 8 148.9,
143.4, 134.6, 123.4, 117.3, 107.2, 101.8, 101.3, 56.3, 23.1.

[60361] Example 11: 2-(3-(Benzyloxy)-4-methoxyphenyl)acetonitrile.

0 ' g_/s\zc
HJUOBn —"< >-(‘Sl> NCUOBn
e
OMe £BuOK OMe

[00362}' To a suspension of --BuOK (20.2 g, 0.165 mol) in THI' (250 mL) was added a
sohution of TosMIC (16.1 g, 82.6 mmol) in THF (100 mL) at ~78 °C. The mixture was
stirred for 15 minutes, treated with a solution of 3-benzyloxy-4-methoxy-benzaldehyde (10.0
g, 51.9 mmol) in THF (50 mL) dropwise, and continued to stir for 1.5 hours at ~78 "C. fo
the cooled reaction mixture was added methanol (50 mL). The mixture was heated at reflux
for 30 minutes.. Solvent was removed to give a crude product, which was dissolved iﬁ water
(300 mL). The agueous phase was extracted with EtOAc (100 mL x 3). The combined
organic layers were dried and evaporated under reduced pressure to give crude product,
which was purified by column chromatography (petroleum ether/ethy! acetate 10:1) to afford
2-(3-(benzyloxy)-4-methoxyphenyl)- acetonitrile (5.0 g, 48%). 'H NMR (300 MHz, CDCly)
§ 7.48-7.33 (m, 5 1), 6.89-6.86 (m, 3 H), 5.17 (s, 2 H), 3.90 (s, 3 H), 3.66 (s, 21D. "CNMR
(75 MHz, CDCls) § 149.6, 148.6, 136.8, 128.8, 128.8, 1282, 127.5, 127.5, 122.1, 120.9,
1182, 113.8, 112.2, 712, 56.2, 23.3,

[060363] Exampie 12;: 2-(3-(Benzyloxy)-4-chlorophenyl)acetonitriie.
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[08364] (4-Chloro-3-hydroxy-phenyl)acetonitrile

[00365] BBr; (17 g, 66 mmol) was slowly added 1o a sohation of 2-(4-chloro-3-
methoxyphenylacetoniirile (12 g, 66 mmol) in dichloromethane (120 mL} at —78 °C under
N;. The reaction temperature was slowly increased o room temperature. The reaction
mixmre was stirred overnight and then poured into ice and water. The organic layer was
separated, and the aqueous layer was extracted with dichloromethane (40 mL x 3). The
combined organic layers were washed with water, brine, dried over Na;80Qy, and concentrated
under vacuum (o give (4-chloro-3-hydroxy-phenyl)-acetonitrile (9.3 g, 85%). "H NMR (300
MHz, CDCls} 8 7.34 (d, T = 8.4 Hz, 1 H), 7.02 (d; T = 2.1 Hz, 1 H), 6.87 (dd, I=2.1,84Hz,

1 H), 5.15 ¢brs, 1H}, 3.72 (s, 2 H).

©/\Br
NC/UOH NCUOBn
.—_..m._—h
o KoCOs, CHCN a

[80366) 2-(3-{Benzyloxy)-4-chiorophenyliaceionitrile

1083671 To a solution of {4-chloro-3-hydroxy-phenyljacetonitrile (6.2 g, 37 mmel) in
CH;CN (80 mI.) was added K;CO3 (10 g, 74 mmol) and BnBr (7.6 g, 44 mmol). The
mixture was stirred at room temperature overnight. The solids were filtered off and the
filirate was evaporated under vacuum:. The residue was purified by column chromatography
on silica gel (pefroleumn ether/ethyl acetate 50:1) to give 2-(3-(benzyloxy)-4-chilorophenyl)-
acetonitrile (5.6 g, 60%). "H NMR (400 MHz, CDClz) § 7.48-7.32 (m, 6 H), 6.94 (d,J =2
Hz, 2 H). 6.86(dd, 1 =2.0, 84 Hz, 1 H), 5.18 (s, 2 H), 3.71 (s, 2 H).

[66368] Example 13: 2-(3-(Benzyloxy)-4-methoxyphenyl)acetonitrile.

o %JM/NC
OBn
O .
.__..M.,,__.m.b.
OhMie
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{00369] ~ To a suspension of t-BuOK (20.2 g, (1.165 mol) in THF (250 mL) was added a
sdiution-of TosMIC (i6.1 g, 82.6 mmol) in THF (100 n’iL) at -78 °C. 'The mixture was
stirred for 15 minutes, treated with a solution of 3-benzyloxy-4-methoxy-benzaldehyde (10.0
2, 31.9 mmol } in THF (50 ml.) dropwise, and continued to stir for 1.5 hours at -78 °C. To
the cooled reaction mixture was added methanol (50 mb). The mixture was heated at reflux '
for 30 minutes. Solvent of the reaction mixture was removed to give a crude product, which
was dissolved in water (300-mL). The aqueous phase was extracted with EtOAc (100 mlL x
3). The combined organic layers were dried and evaporated under reduced pressure to give
crude product, which was purified by column chromatography (petrolenm ether/ethy! acetate
10:1) to afford 2-(3-(benzyloxy)-4-methoxyphenylacefonitril (5.0 g, 48%). "H NMR (300
MHz, CDCl3) 6 7.48-7.33 (m, 5 ), 6.89-6.86 (m, 3 H), 5.17 (5, 2 1}, 3.90 (s, 3 H), 3.66 (5, 2
H). ®C NMR (75 MHz, CDCly) 6 149.6, 148.6, 136.8, 128.8, 128.8, 128.2, 127.5, 127.5,
122.1,120.9, 118.2, 113.8, 112.2, 71.2, 56.2, 23.3. '

[60370] Example 14: 2-(3-Chioro-4-methoxyphenylacetonitrile.

L O
H)bic:! u NC/\‘C[C]
o t-BuOK Ohfe
[460371] To a suspension of +-BuOX (4.8 g, 40 mmol) in THF (30 mL) was added a schation
of TosMIC (3.9 g, 20 mmol) in THF (10 mL) at 78 °C. The mixture was stirred for 10
minuies, treated with a solution of 3-.chloro-éi—methoxy-benza]dehyd.e (1.7 g, 10 mmol }in
THF (10 mL) dropwise, and continued to stir for 1.5 hours at 78 °C. To the cooled reaction
mixture was added methanol (10 mL). The mixture was heated at reflux for 30 minutes.
Solvent of the reaction mixture was removed to give a crude product, which was dissolved in
water (20 mL). The agueous phase was extracted with EtOAc (20 ml. x 3). The combined
organic layers were dried and evaporated undér reduced pressure 1o give crude product,
which was purified by column chromatography (petroleum ether/éthyl acetate 1(:1) to afford
7-(3-chloro-4-methoxyphenylacetonitrile (1.5 g; 83%). 'H NMR (400 MHz, CDCly) § 7.33
(d,J=24Hz, 1), 7.20(dd, /=24,84Hz, 1H),6.92(d,/J=84Hz, | H),3.91 (5,3 H).
3.68 (s, 2 H). *C NMR (100 MHz, CDCly)  154.8. 129.8, 127.3, 123.0, 122.7, 117.60,
112.4,56.2,22.4.

[00372] Example 15: 2-(3-Fluoro-4-methoxyphenylyacetonitrile.
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[0€373] To a suspension of -BuOK (25.3 g, 0.207 moly in THF (150 mL) was-added a

solution of TosMIC (20.3 g, 0.104 mol) in THF (50 mL) at ~78 °C. The mixture was stirred
for 15 minutes, treated with a solution of 3-fluoro-4-methoxy-benzaldehyde (8.00 g, 51.9

=0

_/

O=CD

romol) in THE (50 mL) dropwise, and continued to stir for 1.5 hours at ~78 °C. To the
cooled reaction mixture was added methanot (50 mi.). The mixture was heated at reflux for
30 minutes. Solvent of the reaction mixture was removed to give a crude product, which was
dissolved in water (200 mL). The aqueous phase was extracted with EtOAc (100 mL x 3}.
The combined crganic layers were dried and evaporated under reduced pressure to give crude
product, which was purified by column chromatography (petroleum ether/ethyl acetate 10:1)
to afford 2-(3-fluoro-4-methoxyphenyljacetonitrile (5.0 g, 58%). "H NMR (400 MHz,
CDCl) 8 7.02-7.05 (m, 2 H), 6.94 (t, / = 8.4 Hz, 1 H), 3.88 (s, 3 H), 3.67 (s, 2 H). "CNMR
(100 MHz, CDClL) § 152.3, 147.5, 123.7, 1225, 117.7, 115.8, 113. 8,56.3,22.6.

[00374] Example 16: 2-(4-Chloro-3-methoxyphenyljacetonitrile.
o CHON i AIBN CCl CaHSO o
ot Mel, 1,00, AMe
| CHaCN
Z>a ® ci

[60375] Chiloro-2-methoxy-4-methyl-benzene

[80376] o a solution of 2-chloro-5-methyl-phenol (93 g, 0.65 mol) in CHaCN {700 mL)
was added CHzI (110 g, 0.78 mol} and KoCO5 (180 g 1.3 mol). The mixture was stirred at
25 °C overnight. The solid was filtered off and the filtrate was evaporated under vacuum 1o
give 1-chloro-2-methoxy-4-methyl-benzene (90 g, 89%). 11 NMR (300 MH:z, CDClN 6 7.22
(d, FJ=7.8 Hz, I H), 6.74-6.69 (m, 2 H), 3.88 (s, 3 H}, 2.33 (5, 3 H).

‘:O OMe  \Bs BrO OMe
_"“""—_»'

(66377} 4-Bromomethyl-1-chloro-2-methoxy-benzene

[64378] To a solution of 1-chloro-2-methoxyv-4-methyl-benzene (50 g, .32 mol) in CCly
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(350 mL) was added NBS (57 g, 0.32 mol) and ATBN (10 g, 60 mmol). The mixture was
heated at refiux for 3 hours. The solvent was evaporated under vacuum and the residue was
purified by column chromatography on silica gel (petroleum ether/ethyl acetate =20:1) to
give 4-bromomethyl-1-chloro-2-methoxy-benzene (69 g, 92%). "H NMR (400 MHz, CDCig)
8 7.33-7.31 (m, 1 H), 6.95-6.91 (m, 2 H}, 4.46 (s, 2.0}, 3.92 (s, 3 H).

OMe OMe
Cl CEHSO )

Cl
[00379] 2-(4-Chloro-3-methoxyphenyl)acetonitrile

[60388] To a solution of 4-bromomethyl-1-chloro-2-methoxy-benzene (68.5 g, 0.290 mol)
in C:HsOH {(90%, 500 mL) was added NaCN (28.5 g, 0.580 mol). The mixture was stirred at
60 °C overnight. Ethanol was evaporated and the residue was dissolved in HoO. The mixture
was extracted with ethyl acetate (300 mL % 3). The combined organic layers were washed
wif:h brine, dried over Na;SO, and purified by column chromatography on silica gel
{petroleum ether/ethyl acetate 30:1) to give 2-(4-chloro-3-methoxyphenylyacetonitrile (25 g,
48%). 'H NMR (400 MHz, CDCl3) § 7.36 (d, J = 8 Hz, 1 H), 6.83-6.84 (m, 2 H), 3.92 (5,3
), 3.74 (s, 2 H). C NMR (100 MHz, CDCls) 8 155.4, 130.8, 129.7, 122.4, 120.7, 117 5,
111.5,56.2, 23.5. '

[00381] Example 17: 1-(3-(Hydroxymethyl)-4-

methoxyphenyi)evelopropanecarboxylic acid.

N/
HO MeOH MeO MOMCI MeO o NaCOg
& e O. 0 e & —_— e
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MoC on  Tesgt  MeO otes  LIOH 40ec MO OR
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OMe MeOH/H,0 OMe

Ohde
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Ohvie OMe

[06382] 1-(4-Methoxy-phenyl)-cyclopropanecarboxylic acid methyl ester

[80383] 'To a solution of 1-(4—methoxy~pheny1)—cyclopropanecarboxylic acid (50 g, .26
mol) in MeOH (300 ml.) was added toluene-4-sulfonic acid monohydrate (2.5 g, 13 mmol) at

138



WO 2010/054138 . PCT/US20094063475

room temperature. The reaction mixture was heated at reflux for 20 hours. MeOH was
removed by evaporation under vacuum and BtOAc (200 mL) was added. The organic layer
was washed with sat. aq. NaHCO; (100 mL) and brine, dried over anhydrous Na;50; and
evép@rated under vacuufn to give 1-(4-methoxy-phenyl)-cyclopropanecarboxylic acid methyl
ester (53 g, 99%). "H NMR (CDCls 400 MHz) § 7.25-7.27 (m, 2'H), 6.85 (d, J = 8.8 Hz, 2
H), 3.80 (s, 3 H), 3.62 (s, 3 H}, 1.58 (m, 2 ), 1.15 {m, 2 HJ.

MeO MOMC MeaO

__mmm,.__h,..
© oMe  TCla CSz G

cl

OMe

[00384] 1-(3-Chioromethyl-4-methoxy-phenyl)-cyclopropanecarboxylic acid methyl

ester

[00385] To a solution of 1-{4-methoxy-phenyl)-cyclopropanecarboxylic acid methy! ester
(30.0 g, 146 mmol) and MOMCI (29.1 g, 364 mmol) in C8§, (300 ml) was added TiCl4 (8.30
g, 43.5 mmol) at 5 °C. The reaction mixture was heated at 30 °C for 1 d and poured into ice-
water. The mixture was extracted with CHaCly (150 mi. x 3). The combined organic extracts
were evaporated vnder vacuum to give 1-(3-chloromethyl-4-methoxy-phenyl)-
cyclopropanecarboxylic acid methyl ester (38.0 g), which was used in the next step without

further purification.

MeO
— - I
O \.(,’/ ~
ONe Ohvle

[60386] 1-(3-Hydroxymethyi-4-methoxy-phenyl-cvelopropanecarboxylic acid methyl

ester

{06387] To a suspension of 1-(3-chloromethyl-4-methoxy-phenyl)-cyclopropanecarboxylic
acid methyl ester (20 g) in water (350 mL) was added Bu,NBr (4.0 g) and Na;COs (90 g,
0.85 mol) at room temperature. The reaction mixture was heated at 65 °C ovemight. The
resulting solution was acidified with éq. HCI 2 mol/L) and exiracted with EtOAc (200 mL x
3). The organ»ic laver was washed with brine, dried over anhydrous Na,SO; and evaporated
under vacuum to give crude product, which was purified by column (petroleéum ether/ethyl
acetate 15:1) to give 1-(3-hydroxymethyl-4-methoxy-phenyl)-cyclopropanecarboxylic acid
methyl ester (8.0 g, 39%). 'H NMR (CDCl; 400 MHz) & 7.23-7.26 {m, 2 H), 6.83 (d, J = 8.0
Hz, 1 H), 4.67 (s, 2 H), 3.86 (.s, 3H),3.62(s,3H), 1.58 (g, J=3.6Hz, 2 H), 1.14-1.17 (m, 2
H).
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[60388] 1~[3-(ten‘-Buty_l-dimethyl-silanyioxymethﬁ)-4—meth0xy—phenyl]eyclopr0pane

carboxylic acid methy! ester

[0838%] To a solution of 1-{3-hydroxymethyl-4-methoxy-phenyl}-cyclopropanecarboxylic
acid methy] ester (8.0 g, 34 mmol} in CHCl, (160 mL) were added imidazole (5.8 g, 85
mmol) and TBSCI (7.6 g, 31 mmol) at room temperatore. The mixture was stirred overnight
at room temperature, The mixture was washed with brine, dried over anhydrous Na;SO4 and
evaporated under vacuum to give crude product, which was purified by column (petroleun
ether/ethyl acetate 30:1) to give 1-[3-(tert-butyl-dimethyl-silanyloxymethyl}-4-methoxy-
phenyl]-cyclopropanecarboxylic acid methyl ester (6.7 g, 56%). 'H NMR (CDCl; 400 MHz)
0 7.44-745 (m, | H), 7.19(dd, 7 =2.0,84 Hz, | H), 6.76 (d, J=8.4 Hz, 1 H}, 475 (s, 2 H),
3.81(s,3 H), 3.62 (s, 2 H), 1.57-1.60 (m, 2 H), 1.15- 1.18 (m, 2 ), 0.96 (5, 9 H), 0.11 (5, 6

H).
=
© OMe NMEOH/H,0 © OMe

[0039¢] 1-(3-Hydroxymethyl-4-methoxy-phenyl)-cyclopropanecarboxylic acid

1063911  To asolution of 1-[3-(sfert-butyl-dimethyl-silanyloxymethyl}-4-methoxy-phenyl]-
cyclopropane carboxylic acid methyi ester (6.2 g, 18 mimol) in MeGH (75 mL) was added a
solution of LiOH.H,0 (1.5 g, 36 mmol) in water (30 mL} at 0 °C. The reaction mixture was
. stirred overnight at 40 °C. MeOH was removed by evaporation under vacuum. AcOH (]
mol/L, 40 ml.) and BtOAc (200 mL) were added. The organic layer was separated, washed
with brine, dried over anhydrous Na,SO,4 and evaporated under vacuur to provide 1-(3-

hydroxymethyl-4-methoxy-phenyl)-cyclopropanecarboxylic acid {5.3 g).

[00392] Exampie 18: 2—(7~Chkambenzo[d}[l,S}die)xol-S-yl)acetanitriie.
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[00393] 3-Chloro-4,5-dihydroxybenzaldehyde

[00394] To a suspension of 3-chloro-4-hydroxy-5-methoxy-benzaldehyde (10 g, 54 mmol)
in dichjoromethane (300 mL) was added BBr; (26.7 g, 107 mmol) dropwise at —40 °C under
N,. After addition, the mixture was stirred at this temperatare for 3 h and then was poured
into ice water. The precipitated solid was filtered and washed with petroleum ether. The
filtrate was evaporated under reduced pressure to afford 3-chlore-4,5-dihydroxybenzaldehyde

(9.8 ¢, 899%), which was directly used in the next step.
O O

or BrCICH; O
H — e H
OH ©

ol Ci
[003%5] 7-Chiorobenze[d][1,31dioxele-5-carbaldehyde

"[003%6] To a solution of 3-chloro-4,5-dihydroxyhenzaldehyde (8.0 g, 46 mmol) and

- BrCICH,{23.9 g, 185 mmol) in dry DMF (100 mL) was added CsoCO4 (25 g, 190 mmol).
The mixtare was stirred at 60 °C overnight and was then poured into water. The resulting
mixture was extracted with EtOAc {50 ml x 3). The combined extracts were washed with
brine (100 mi.), dried over NaySO, and concentrated under reduced pressure to afford 7-
chlorobenzo{d]j1,3jdioxole-5-carbaldehyde (6.0 g, 70%). " NMR (400 Mz, CDCls) 3
974 (s, 1), 7.42(d, /=04 Hz, 1 H),7.26(d, J=3.6 Hz, 1 H), 6.15 (s, 2 H).

O

H NaBHy/THE O OH
<O — e
Ci

Cl
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(60397 (-’I’_-Chlorpbenzo[d][l,31di0x01—5-y§)methanol

[04398] To a solution of 7 -chlorobenzo[d1[1.3]dioxole-5-carbaldehyde (6.0 g, 33 mmol) in
_ THE (50 m1.) was added NaBHs (2.5 g, 64 mmol) } in portions &t 0 °C. The mixture was
stirred at this temaperature for 30 min and then poured into agueous NH4(C1 solution. The
organic layer was separated, and the aqueous phase was extracted with EtOAc (50 mE x 3).
The combined extracts were dried over Na, SO, and evaporated under reduced pressure (0

afford (7-chlorobenzo[d]f1,3)dioxol-3-ylxmethanol, which was directly nsed in the nex{ step.

O
O S0C! Cl
O
Cl

Gl

[80399] 4-Chloro-6-(chloromethyl)benzo[d][1,3]dioxole

[00460] A mixture of (7-chlorobenzo{di[ 1,3]-dioxol-5-vhmethanol (5.5 g, 30 mmol) and
SOCI (5.0 mL, 67 mmol) in dichloromethane (20 mL) was stirred at room temperature for 1
h and was then poured into ice water. The organic layer was separated and the aqueous phase
was extracted with dichloromethane (50 mL x 3). The combined extracts were washed with
water and aqueous NaHCO; sohation, dried over Na,50, and evaporated under reduced

pressure to afford 4-chloro-6-(chioromethylybenzo{d]| 1,3 dioxole, which was directly used in

<O | " "Cl  NaCN NG -0
O e e R I e >
Cl ' 5

the next skep.

[00401] 2-(7-Chlorobenzo[d][1,3]dioxol-5-yDacetonitrile

i004027 A mixture of 4—chloro—6—(clﬂ01‘61nethy1)benzo{d][1,3]di0xole (6.0 g, 29 mmol) and
NaCN (1.6 g, 32 mmol) in DMSO (20. ml.) was stirred at 40 “C for 1 h and was then poured
into water. The mixture was extracted with BtQAc (30 mL x 3). The combined organic
layers were washed with water and brine, dried over Na;SO, and evaporated under reduced
pressure to afford 2-(7-chlorobenzo[d}{1,3]dioxol-5-yhacetonitrile (3.4 g, 58%). "H NMR §
6.81 (s, 1 H), 6.71 (s, 1 I1), 6.07 (5, 2 H), 3.64 (s, 2 H),  C-NMR 5149.2, 144.3, 124 4,
122.0, 117.4, 114.3, 107.0, 102.3, 23.1,

[00403] Example 19: 1-(Benzo[dloxazol-3-yl)cyclopropanecarboxylic acid.
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[00404] 1-Bemzooxazol-5-yl-cyclopropanecarboxylic acid methyl ester

[60405] To a solution of 1-(3-amino-4-hydroxyphenyl)cyclopropanecarboxylic acid methyl
ester (3.00 g, 14.5 mmol) in DMF were added trimethyl orthoformate (5.30 g, 14.5 mmol)
and a catalytic amount of p-toluenestufonic acid monohydrate (0.3 g) at room temperature,
The mixture was stirred for 3 hours at room temperature. The mixture was diluted with water
and extracted with EtOAc (100 mL x 3). The combined organic layers were dried over
anhydrous Na;SO4 and evaporated under vacuum to give 1-benzooxazol-5-yl-
cyclopropanecarboxylic acid methyl ester {3.1 g}, which was directly used in the next step.
"H NMR (CDCls, 400 MHz) § 8.00 (s, 1), 7.75(d, J = 1.2 Hz, § H), 7.53-7.51 (m, 1 H);7.42-
7.40 (m, 1 Hj, 3.66 (s, 3 H), 1.69-1.67 (1, 2 H), 1.27-1.24 (m, 2 H).

WX(\E S e T

~FT 0
1064081 1-(Benzoldloxazol-5-yi)eyelopropanecarboxylic acid

[004067] 'loa solution of 1-benzooxazol-5-yk-cyclopropanecarboxylic acid methyl ester (2.9
- i BtSH (30 mL) was added AICl, (5.3 g, 40-mmoly in portions at 0 °C. The reaction |
mixture was stirred for 18 hours at room temperature. Water (20 ml.) was added dropwise at
{ °C. The resulting mixture was exgracted with FrOAe {100 mL x 3). The combined organic
layers were dried over anhydrous Na»SO4 and evaporated under vacuum to give the ¢crude
product, which was purified by column chromatography on silica gel (petroleum ether/ethyl
acetate 1:2) to give 1-(benzo{d]oxazol-3-yleyelopropanecarbogylic acid (280 mg, 11% over
two steps). 'H NMR (DMSO_ 400 MHz) § 12.25 (brs, 1 H), 8.71 (s, 1 H), 7.70-7.64 (m, 2 H),
TAG(dd, J= 1.6, 84 Hz, 1 ), 1.49-1.46 (m, 2 H), L.21-1.18 (m. 2 H). MS (ESD) m/e
(M+H") 2044, |

[60408] Example 20: 2-(7-Fluorobenzold][1,3idioxol-5-yiaceionitrile
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[60489] 3-Fluore-4,5-dihydroxy-benzaldehyde

[0041071 To a suspension of 3-fluoro-4-hydroxy-5-methoxy-benzaldehyde (1.35 g, 7.94
mmol) in dichloromethane (100 mL) was added BBr; (1.5 mL. 16 mmol) dropwise at - 78 °C
under No . After addition, the mixture was warmed to — 36 °C and it was stirred at this
temperature for 5 h. The reaction mixture was poured into ice water. The precipitated solid
was collected by filtration and washed with dichiorométhane to afford 3-fluoro-4.5-

dihydroxy-benzaldehyde (1.1 g, 89%), which was directly used in the next step.

o) 0
b OF gom,ciovE 1 C>
OH g
F £ |

{00411] 7-Fluoro-benzoli, Ydioxole-5-carbaldehyde

[604121 To a solution of 3-fluoro-4,5-dihydroxy-benzaldehyde (1.5 g, 9.6 mmol) and
BrCICH, (4.9 g, 38.5 mmol) in dry DMF (30 mL) was added Cs,CO5 (12.6 g, 39 mmol). The
mixiure was stirred at 60 °C overnight and was then poured into water. The resulting mixture
was extracted with EtOAc (50 mL x 3). The combined crganic layers were washed with
brine (100 mL), dried over Na,SO, and evaporated under reduced pressure to give the crude
product, which was purified by colamn chromatography on silica gel {petroleum ether/ethyl
acetate = 10/1) to afford 7-fluoro-benzol 1,3}dioxole-5-carbaldehyde (0.80 g, 49%). "H NMR
(300 MHz, CDCl;} 8§ 9.78 (d, J=0.9 Hz, 1 H), 7.26 (dd, J =15, 9;3 Tz, 1H), 7.19(d, J= 12
Hz, 1.H), 6.16 (s, 2 H).
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[060413] (7-Fluoro-benzo[13]dioxol-5-y1)-methanol

[(8414] To a solation of 7-fluoro-benzo[1,3]dioxole-5-carbaldehyde (0.80 g, 4.7 mmol) in

MeOH (50 mL) was added NaBH,; (0:36 g, 9.4 mmol) in portions at 0 °C. The mixture was

stirred at this temperatare for 30 min and was then concentrated to dryness. The residue was

dissolved in EtOAc. The FtOAc layer was washed with water, dried over Na, S0, and

concentrated (o dryness to afford (7-flaoro-henzof1,3]dioxol-5-ylj-methanol (0.80 g, 98%),

which was directly used in the next step.

HO/\@0> S0CH, cx’\@:0>
o ? ol
T L

[80415] 6-Chloromethyl-4-fluoro-benzof1,3]dioxole

[00416] To SOCL (20 mlL) was added (7-flaoro-benzo[1,3]dioxol-5-y1}-methano] (0.80 g, -
4.7 mmol) in portions at § °C. The mixture was warmed to room temperature over 1 h and
then was heated at reflux for 1 h. The excess SOCI, was evaporaied under reduced pressure
to give the ¢rude product, which was basified with saturated aquecus NaHCOs to pH ~ 7,
The aqueous phase was extracted with EtOAc (50 ml. x 3), The combined organic layers

. were dried over Na,SO; and evaporated under reduced pressure to give 6;chlor01nethyl-4m

ﬂuoro-benzd{i ,3}dioxole (0.80 g, 92%), which was directly used in the next siep.

cs’.\@% NaCN Ncﬁ%
F F

(004177 2-(7-Fluovebenzoldl[1,31dioxol-5-yljacetonitrile

[00418] A mixture of 6-chloromethyl-4-fluoro-benzof 1,3 ]dioxole (0.80 g, 4.3 mmol) and
NaCN (417 mg, 8.51 mmol) in DMSO (20 mL) was stirred at 30 °C for 1 h and was then
poured into water. The mixture was extracted with EtOAc (50 mL x 3). The combined
organic layers were washed with water (50 mL) and brine (50 mL), dried over NaySO; and
evaporated under reduced pressure to give the crude product, which was puﬁﬁed by column

chromatography on silica gel (petroleum ether/ethyl acetate = 10/1) to afford 2-(7-
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fluorobenzofd}{ 1,31dioxol-5-yl)acetonitrile (530-—xmg, 70%). 'HNMR (300 MHz, CDCl3) 6
6.68-6.64 (m, 2 F), 6.05 (5, 2 H), 3.65 (s, 2  H). " C-NMR 8151.1, 146.2, 134, 1,124.2,
117.5,110.4, 104.8, 102.8, 23.3.

[00419] Example 21: 1-(0H- lndol-a vi)cyciopropanecarboxylic acid

% TsOH M&O%@ KNGy Ranney Ni
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SilMe,
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[58420] Methyﬁ 1-phenylcyclopropanecarboxylate

[06421] To a solution of 1-phenylcyclopropanecarboxylic acid (25 g, 0.15 mol) in CH;0H
(200 mL.) was added TsOH (3 g, 0.1 mol) at room temperature. The mixture was refluxed
overnight. The solvenl was evaporated under reduced pressure (o give crude product, which
was dissolved into BtOAc, The EtQAc layer was washed with aq. sat. NaHCOa. The organic
layer wﬁs dried over anhydrous Na,SQO, and evaporated under reduced pressure to give
methyl 1-phenylcyclopropanecarboxylate (26 g, 96%), which was used directly in the next
step. 'H NMR (400 MHz, CDCls) 8 7.37-7.26 (m, 5 H}, 3.63 (s, 3 H), 1.63-1.60 (m, 2 1},
1.22-1.19 (m, 2 H).

MEO% KNO; Me
——— g
o HoSO/CHLCs '} NO

{06422 Methyl 1-(4—nitrophényi)cyeloprepanecarboxyiate

2

[6064231 To a solution of 1-phenylcyclopropanecarboxylate (20.62 g, 0.14 mol) in

H>S04/CH,Cl (40 ml/40 ml) was added KNO; (12.8 g, 0.13 mol) in portion at 0 °C. The

mixtore was stirred for 0.5 hr at 0 °C. Ice water was added and the mixture was extracted
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with EtOAc _(1'00 ml x 3). The organic layers were dried with anhydrous NasS50, and
evaporated to give methyl 1~(4—nitrophenyl)cyclopro'panecarboxylate (21 g, 68%), which was
used directly in the next step. TH NMR (300 MHz, CDhClz) 8 8.18 (dd,J=2.1,69Hz, 2 H),
7.51(dd, J=2.1,6.9Hz, 2H), 3.64 (s, 3 H)., 1.72-1.6% (m, 2 H), 1.25-1.22 (m, 2 H).'

MeO Ranney Ni  MeC.
.‘...mﬁ...___.___%
O
O NO, NH,

[60424] Methyl 1-(4-aminophenyl)eyclopropanecarboxylate

1004251 To a solution of methy] 1-(4-nitrophenyleyclopropanecarboxylate (20 g, 0.09 mol)
in MeOH (400 mL) was added Ni (2 g) under nitrogen atmosphere. The mixture was stirred
under hydrogen atmosphere (1 atm) at room temperature overnight. The catalyst was filtered
off through a pad of Celite and the filtrate was evaporated under vacuwm to give crude
product, which was purified by chromatography coluimn on sﬂiba gel (petrolevm ether/ethyl
acetate =10:1) to givé methyl 1-(4-aminophenyl)cyclopropanecarboxylate (11.38 g, 66%).

"H NMR (300 MHz, CDCls) 8 7.16 (d, J = 8.1 Hz, 2 H), 6.86 (d, J = 7.8 Hz, 2 H), 4.31 (br, 2
H), 3.61 (s, 3 H), 1.55-1.50 (m, 2 H), 1.30-1.12 (m, 2 H).

MeO. Br
MieQ. NES

o
NH, _ N,

[60426] Methyk I -(4-amino-3-bromophenyDeyclopropanecarboxylate

[§6427] To a solution of methyl 1-(4-aminophenyl)cyclopropanecarboxylate (10.38 g, 0.05
mol) in acetonifrile (200 mi.) was added NBS (9.3 g, 0.05 mol) at room temperature. The
mixture was stirred overnight. Water (200 mL) was added. The organic layer was separated
and the aqueous phase was extracted with EtOAc (80 mL x3). The organic layers were dried
with anhydrous NaxSQ, and evaporated to give methyl 1-(4-amino-3-
bromophcny1)(:yciopropanecarboxyiate (10.6 g, 78%), which was used directly in the next
step. "H NMR (400 MHz, CDCL) § 7.38 (d, J = 2.0 Hz, 1 H}, 7.08 (dd, J = 1.6, 8.4 Hz, 1 H),
6.70 (d, J = 8.4 Hz, 1 1), 3.62 (s, 3 H), 1.56-1.54 (m, 2 H), 1.14-1.11(m, 2 H).

' MeO Sile
Me% Br =—SiMe, M 3
5 e o o} . .
NH. NH, .

2 Ets N
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[00428] Methyl i-(4-amino- 3~((trnmethylsﬂyl)ethynyl)phenyl)cyclopropane
earboxylate

[60429] To- a degassed solution of methy! 1-(4-amino-3-bromophenylcyclopropane
carboxylate (8 g, 0.03 mol) in Eth {100 m1.) was added ethynyl-trimethyl-silane (30 g, 0.3
nﬁoi), DMAP (5% mol) and Pd(PPh3),Cl; (5% mol) under N». The mixtare was refluxed at
70 °C overnight. The insoluble solid was filtered off and washed with EtOAc (100 ml. x 3).
The filtrate was evaporated under reduced pressure to give a residue, which was purified by
chromatography column on silica gel (petroleum ether/ethyl acetate =20:1}) to give methyl 1-
(4—am'mo—3—((trimethylsi1y1)ethynyl)phenyl}cyciopropanécarboxylate (4.8 g, 56%). "H NMR
(300 MHz, CDCl3) 67.27 (s, 1 H), 7.16(dd, J=2.1, 84 Hz, 1 H), 6.64 (d, /= 8.4 Hz, 1 H),
3.60 (s, 3 H), 1.55-1.51 (m, 2 H), 1.12-1.09 (m, 2 H}, 0.24 (s, 9 H).

[00430] Methyl 1-(1H-indol-5-yl}cyciopmpanecarboxyiaie

[¢€431] Toa degaﬁ:sed solation of methyl 1w(4-aminow3~((trimeﬂlylsiiy})ethynyl)phenyl)
cyclopropanecarboxylate (4.69 g, 0.02 mol) in DMF (20 mL) was added Cul (1.5 g, 0.008
mol) under N, at toom temperature. The mixture was stirred for 3 hr at room temperature.
The insoluble solid was filtered off and washed with EtOAc (50 mL x 3). The filirate was
evaporated under reduced pressure to give a residue, which was purified by chromatography
column on silica gel (petroleum ether/ethyl acetate =20:1) to give methyl 1-(1H-indol-5- _
yheyclopropanecarboxylate (2.2 g, 51%). "FH NMR (400 MHz, CDCls) § 7.61 (s, 1 H), 7.33
(d, J=8.4Hz | H), 7.23-7.18 (m, 2 H), 6.52-6.51 (m, 1 H) 3.62 (s. 3 H), 1.65-1.62 (m, 2 H},
1.29-123(m, 2 H), |

MeQ. \ LiOH RO N\
: _Hor

o N CHAOH © N

N H

[40432] 1-(1H-Indol-5-yDeycloprepanecarboxylic acid

[60433] To a solution of methyl 1-(1H-indol-5-yljcyclopropanecarboxylate (1.74 g, 8

meol) in CH2OH (50 m L) and water (20 mL) Was added LiOH (1.7 g,0.04 mol}. The

mixture was heated at 45 °C for 3 hr. Water was added and the mixture was acidified with

cbnccmtrated HCl to pH ~3 before being extracted with EtOAc (20 mL x 3). The organic
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layers were dried over anhydrous Na; SOy and evaporated to give 1-(1H-indol-5-
yi)cycioproy;anecarboxylic acid (1.4 g, 87 %).' H NMR (30O MHz, DMSO-ds) 7.43 (5, T H),
7.30-7.26 (m, 2 H), 7.04 (dd, J = 1.5, 84 Hz, 1 H), 6.35 (s, 1 H), 1.45-1.41 (m, 2 H), 1.14-
1.10-(m, 2 H).

[00434] Example 22: 1-(4-Oxochroman-6-yl)cycloprepanecarboxylic acid

@] .
MeO;,CSZ©\ \\\/[k C)< WO?CZ@ o 20% HCl
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OH Na O/\)kok

(064351  1-[4-(2-tert-Butoxycarbonyi-ethoxy}-phenyli-cyclopropanecarboxylic methyl

ester

[00436] To a solution of 1-(4-hydroxy-phenyl)-cyclopropanecarboxylic methyl ester (7.0 g, _
3.6 mmol} in acrylic terf-butyl ester (30 ml) was added Na (42 mg, 1.8 mmol) at room
temperature. The mixture was heated at 110 °C for T h. After cooling to room température,
the resulting mixture was quenched with water and extracted with EtOAc (100 mL x 3). The
combined organic extracts were dried over anhydrous NapSQ, and evaporated under vacinm
to give the crude product, which was purified by column chromatography on silica gel
(petroleum ether/ethyl acetate 20:1) to give 1~[4-(2—1'erx-butoxycarbonyl—ethoxy)-phenyﬂf
cyclopropaneciarboxylic methyl ester (6.3 g, 54%) and unreacted start material (3.0 g). 'H
NMR (300 MHz, CDCl3) 8 7.24 (d, 7= 8.7 Hz, 2 H), 6.84 (d,‘J =87Hz, 2 H),420 (1, J =
6.6 Hz, 2 H), 3.62 (s, 3 H), 2.69 (¢, J = 6.6 Hz, ‘2 H), 1.59-1.56 (m, 2 H), 1.47 (s, 9 H), 1.17-
1.42 (m, 2 H).

Meogczg\ o k 20% HC MGOQCZO\ o)
R "
O/\/U\O F- O/\AOH

[00437] 1-[4-(2-Carboxy-ethoxy)-phenyl]-cyclopropanecarboxylic methyl ester

[00438] A solution of 1-[4~(2-feri-butoxycarbonyl-ethoxy)-phenyl]-cyclopropanecarboxylic
methyl ester (6.3 g, 20 mmol) in HCI (20%, 200 ml) was heated at 110 °C for 1 h. After
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cooling to room temperature, the resﬁ]ting' mixture was filtered. The solid was ‘washed with
water and dried under vacuum to give 1-{4-(2-carboxy-ethoxy)-phenyl}-
cyclopmpanecarboxy]ic méthy] ester (5.0 g, 96%). 'H NMR (300 MHz, DMSO}) § 7.23-7.19
(m, 2 H), 6.85-6.81 (m, 2 H), 413 (, J=6.0Hz, 2H), 3.51 (5, 3 H), 2.66 (1, J = 6.0 Hz, 2 1),
1.43-1.39 (m, 2 H}, 1.14-1.10 (m, 2 H).

Q
MeO,C O €O, HOOG
Z@ o .
O Ok (®]

[60439] 1-(4-Oxochroman-6-yhcyclopropanecarboxylic acid

{00440] To a solution of 1-[4~(2-carboxy-ethoxy)-phenyl]-cyclopropanecarboxylic .methyl
ester (5.0 g, 20 mmnol} in CH,CL (50 mL) were added oxalyl chloride (4.8 g, 38 mmol) and
two drops of DMI at G °C. The mixture was stirred at 0~5 °C for 1 h and then evaporated
under vacuum. To the resulting mixture was added CI‘igClp, {50 mL) at O °C and stirring was
continued at 0~5 °C for 1 h. The reaction was slowly quenched with water and was extracied
with FtOAc (50 ml. x 3). The combined organic exiracts were dried over arhydrouns NazSOx
cmd evaporated under vacuum to give the crude product, which was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate 20:1-2:1) to give 1-(4-
oxochroman-6-yijcyclopropanecarboxylic acid {830 mg, 19%) and methy! 1-(4-oxochroman-
6-ylieyclopropanecarboxylate (1.8 g, 38%). 1-(4-Oxochroman-6-yhcyclopropane-carboxylic
acid: "H NMR (400 MHz, DMSO) 8 12.33 (brs, | H), 7.62(d, /= 2.0 Hz, 1 H}, 7.50 (dd, J =
24,84Hz, 1H),695(d,/=84Hz, 1 H), 450, J=64Hz, 2H), 275 (1, J=064Hz, 2 H),
1.44;1.38 (m, 2 H), 1.10-1.07 (m, 2H) MS (ESD) m/z (M+H™) 231.4. 1-(4-Oxochroman-6-
yleyclopropanecarboxylate: 'H NMR (400 MHz, CDCla)  7.83 (d, J = 2.4 Hz, 1 H), 7.48
(dd,J=24,84Hz, 111),693(d, F=84Hz, 1 H),4.55-4.52 (m, 2 H), 3.62 (s, 3 H), 2.80 (1,
J=64Hz 2H), 1.62-1.56 (m, 2 H), 1.18-1.15 (m, 2H).

[004411 Example 23: 1-(4-Hydroxy-4-methoxychroman-6-ylieyclopropanecarboxylic

o
LoH MO, OMe
MeO,C — R Lo
o o

[06442] 1-(4-Hydroxy-4-methoxychreman-6-ylcyclopropanecarboxylic acid

acid
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[80443] To a solution of methyl 1—(4“—0)(0chr<5mamm6~yl)Cyc}opropanecarbdxylalB-(_1.('} g, 4.1
.mfnol) in MeQH (20 mlL) and water (20 ml) was addéd LiOH-HO (0.70 g, 16 mmol yin
portions at room temperature. The mixture was stirred overnight at room temperature before
the MeOH was removed by evaporation under yacuum. Water and i, were added to the |
residue and the aqueous layer was separated, acidified with HC and extracted with EtOAc
{50 mL x 3). The combined organic extracts dried over anhydrous Na,SQ, and evaporated
under vacuum to give 1-(4-hydroxy-4-methoxychroman-6-yhcyclopropanecarboxylic acid
(480 mg, 44%). "H NMR (400 MHz, CDCl3) § 12.16 (s, 1L H), 7.73 (d, /= 2.0 Hz, 1 H), 7.47
(dd,J=2.0,84 Hz, 1 1), 6.93(d, F=8.8 Hz, 1 H), 3.83-3.80 {m, 2 H}, 3.39 (s, 3 H}, 3.28-
3.25 (m, 2 H), 1.71-1.68 (m, 2 H), 1.25-1.22 (m, 2H). MS (EST) m/z (M+H") 263.1.

[00444] Example 24: 1-(4-Hydroxy-4-methoxychroman-6-yhcyclopropanecarboxylic

acid

@]
Meooczdﬁ NaBHJTPAL Meooa:z@j LIOH HOOCZ@
' o o o
o
O o

[00445] 1-Chroman-6-yl-cyclopropanecarboxylic methyl ester

[60446] To trifluoroacetic acid (20 mL) was added NaBH, (06.70 g, 130 mmol) in portions
at 0 °C under N; atmosphere. After stirring for 5 min, a sohation of 1-(4-oxo-chroman-6-vyi)-
| cyclopropanecarboxylic methy! ester (1.6 g, 6.5 mmol) was added at 15 °C. The reaction
mixture was stirred for 1 h at room temperature before being slowly quenched with water.
The resulting mixture was extracted with EtOAc¢ (50 mL x 3). The combined organic
extracts dried over anhydrons NapSO, and evaporated under vacuum (0 give 1-chr0man—6-y1~
cyclopropanecarboxylic methyl ester (1.4 g, 92%}), which was used directly in the next step.
'H NMR (300 MHz, CDCls) 8 7.07-7.00 (m, 2 H), 6.73 {4, J = 8.4 Hz, 1 1), 4.17 (1, /= 5.1
Hz, 2 H), 3.62 (s, 3 H), 2.79-2.75 (m, 2 H), 2.05-1.96 (m, 2 H), 1.57-1.54 (m, 2 H), 1.16-1.13

{m, 2H).
WOOCZ@) LiGH HOOCZ@(]
o o

- [00447]  1-(d-Hydroxy-4-methoxychroman-6-yl)cyclopropanecarboxylic acid
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804481 To a solution of 1-chroman-6-yl-cyclopropanecarboxylic methyl ester (1.4 g, 60
mmol} in MeOIH (20 ml) and water (20 mlL)was added LiOH«HQO (1.0 g 240 mmol ) in

- portions at .ﬁ'oom températuxe. The mixture was stirred overnight at room temperature before
the MeOH was removéd by evaporation mder vacuum. Water and Et;0 were added and the
aqueous layer was separated, acidified with HCI and extracted with EtOAc (50 mL x 3). The
combined organic extracts dried over anhydrous Na,SOy4 and evaporated under vacuum o
give 1-(4-Hydroxy-4-methoxychroman-6-yheyclopropanecarboxylic acid (1.0 g, 76%). H
NMR (400 MHz, DMS() 6 12,10 (br s, 1 H), 6.95 (d, /=2.4 Hz, 2 H), 6.61-6.59 (m, 1 H},
4.09-4.06 (m, 2 H}, 2.70-2.67 (m, 2 H), 1.88-1.86 (m, 2 H), 1.37-1.35 (m, 2 H), 1.04-1.01 (m,
2HD. MS (EST) mvz (M+H") 217 4.

[00449] Example 25: 1-(3-Methylbenze[d)isoxazol-5-ylicyclopropanecarboxylic acid

HOOC%@\ MeOHTsOH MEQQCZQ ClsiAcC Meo@cl@j“\ NH,OH
MeOOCXd\ Acg0 Meooc!(l\ ny DMF MeDO0 CZEX( _i'ﬁw

HOOC

MeCQC AlCl/AcC MeOOC
mmﬁ,___b.

OMe CH
- {60456]  1-(3-Acetyl-4-hydroxy-phenyl)-cyciopropanecarboxylic methyl ester

[(6451] To a stirred suspension of AIC]; (58 g, 440 mmol) in CS; (500 mL) was added
acetyl chioride (7.4 g, 95 mmol) at room temperature. After stirring for 5 min, methy} 1-(4-
methoxyphenyllcyclopropanecarboxylate (15 g, 73 mmol) was added. The reaction mixture
was heated at reflux for 2 h before ice water was added carefully to the mixture at room
temnperature. The resulting mixture was extracted with HOAc (150 mbL x 3). The combined
organic extracts were dried over anhydrous NapSOy and evaporated under reduced pressure to
give 1-(3-acetyl-4-hydroxy-phenyl)-cyclopropanecarboxylic methy] ester (15 g, 81%), which
was used in the next step without further purification. "H NMR (CDCls, 4()0 MHz) & 12.28
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(s, LH), 7.67 (d, J = 90HZ1H)747(de 2.0, 84}12:1H)€)94(d1 84HZEH)
3.64 (s, SH) 2.64 (s, 3 H), 1.65-1.62 (m, 2 Hj, 1.18-1.16(m, 2 H).

o N’OH

‘ . il
Meooczﬂ‘:ﬁ'K NH,OH-HC! Meoocxﬂj\
mw_ﬂm,
' OH OM

[60452] 1-[4-Hydroxy-3-(1-hydrexyimino-ethyi-phenyii-cyclopropanecarboxylic
methyl ester

[00453] To a stirred solution of 1-{3-acetyl-4-hydroxy-phenyl)-cyclopropanecarboxylic
methyl ester (14.6 g, 58.8 mmol} in EtOH (500 ml) were added hydroxylamine
hydrochloride (9.00 g, 129 mmol) and sodium acetate (11.6 g, 141 mmol} at room
temperature. The resulting mixture was heated at reflux overnight. After removal of BtOH
under vacuwm, water (200 mL) and EtOAc (200 mL) were added. The organic layer was
separated and the agueous layer was extracted with EtOAc (100 mL x 3). The combined
organic layers were dried over anhydrous Na)SQOs and evaporated under vacuum (o give 1-[4--
hydroxy—fa-(1-»hydroxyimi_no-ethyl}-phenyl]-cyciopropanecarboxylic methyl ester {14.5 g,
98%), which was used in the next step without further purification. U NMR {CDCls 400
MHz) 6 1109 (s, 1 H),7.39(d, J=20Hz, 1 H), 7.23(d, J=2.0Hz, 1 H), 7.14 (s, 1 H), 6.91
(d, J=8.4Hz 1H),3.63 (s, 3H),2.36(s,3H}, 1.62-1.59 (m, 2 H), 1.16-1.15 (., 2 H).

AOH N,OAC

N
\/ i M
MaOOC O AcaO MeDOC
e
OH OH

[00454] - {(F)-Methyl 1-(3-(1-(acetoxyimino)ethyl)-4-hydroxyphenylcyclopropane
carboxvlate

[60455] The solution of 1-[4»hydr6xy—3~(1—hydroxyimino-ethyl)upbenyl]—
cyclopropanecarboxylic methyl ester (10.0 g, 40.1 mmol) in AcyO (250 mL) was heated at 45
°for 4 h. The Ac,( was removed by evaporation under vacuum before water (100 mL) and
EtOAc (100 mL) were added. The organic layer was separated and the aqueous layer was
extracted with EtOAc (100 ml. x 2). The combined organic-layers were dried over
anhydrous Na,50, and evaporated under vaciuausm to give (E)-methyl 1-(3-(1-
{acetoxyiminolethyl)-4-hydroxyphenylicyclopropanecarboxylate (10.5 g, 99%), which was

 used in the next Step without further purification.
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Py/DMF MeQOC N
m.___..‘p.

[00456] Methyl 1.—(3-meihylbenzo[d]isoxazoi-s-y])cyclopropanécarboxylate

[004571 A solution of (E)-methyl 1-(3-(1-(acetoxyimino)ethyl}-4-
hydroxyphenyl)cyclopropane carboxylate (10.5 g, 39.6 mmol) and pyridine (31.3 g, 396
mmol) in DMF (150 mL) was heated at 125 °C for 10 h. The cooled reaction mixture was
poured into water (250 ml.) and was extracted with EtOAc (100 ml. x 3). The combined
organic layers were dried over anhydrous Nay50,4 and evaporated under vacuum 10 give the
crude product, which was purified by column chromatography on silica gel (petroleum
ether/ethyl acetate 50:1) to give methyl 1-(3-methylbenzo[d]isoxazol-5-
yhcyclopropanecarboxylate (7.5 g, 82%). "H NMR (CDHCl3 300 MHZ) & 7.58-7.54 (m, 2 H},
748 (dd, J=1.5,8.1 Hz, 1 H), 3.63 (s, 3 H), 2.58 (s, 3 ), 1.71-1.68 (m, 2 H}, 1.27-1.23 (m,
2 H).

MeOOC N HoH . Hooc N\
OIN ‘ O/N

[060458] 1-(3-Methylbenzo[dlisoxazol-5-yi)cyclopropanecarboxyiic acid

{0459} To a solution of methyl 1-(3-methylbenzo{dlisoxazol-5-
yl)cyciopropanecarboﬁy}ate (1.5 g, 6.5 mmol) in MeOH (20 mL) and water (2 mL) was
added LiOH-H,0 (0.80 g, 19 ol ) in-portions at room temperature. The reaction mixture
was stirred at room temperature overnight before the MeOI was removed by evaporation
under vacuum. Water and EtzO were added and the aqueous layer was separated, acidified
with HCl and extracted with EtOAc (50 mL x 3). The combined organic extracts were dried
over anhydrous Na,8Q, and evaporated under vacuum to give 1-(3-methylbenzold]isoxazol-
5-ybeyclopropanecarboxylic acid (455 mg, 32%). "H NMR (400 Mz, DMSO) § 12.40 (br
g, TH), 7.76 (s, L H), 7.6G-7.57 (m, 2 3, 2.63 (s, 3 H), 1.52-1.48 (m, 2 H), 1.23-1.19 (m,
2H). MS (ESD) m/z (M+H") 218.1.

[60460] Example 26: 1-(Spirofbenze[d]{1,3]dioxole-2,1'-cyclobutane]-5-

yi)cyclopropané carboxylic acid
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SN S e
HOOCQQ MeOH MeOOCZ@[ .
OH O
MEOOCX(\;[%O LioH HOOG s
— x>
o o
OH
HOOGSZQ MeOH o, MeOOCZCEOH
OH

OH
[00461] 1-(3.4-Dihydroxy-phenyl)-cyclopropanecarboxylic methyi ester

[08462] To a solution of 1~(3,4-dihyd'roﬁyphényl)cyclopropanecarboxyhc acid (4.5 g)in
MeOH (30 mL) was added TsOH (0.25 g, 1.3 mmol). The stirring was continued at 50 °C
overnight before the mixture was cooled (0 room temperature. The mixture was concentrated
under vacuum and the residue was purified by column chromatography on silica gel
(petroteum ethetfethy] acetate 3:1) to give 1-(3,4-dibydroxy-phenyl)-cyclopropanecarboxylic
methyl ester (2.1 g). 'HNMR (DMSO 300 MHz) § 8.81 (brs, 2 H), 6.66 (d, J=2.1 Hz, 1 H},
6.61(d, J=81Hz, LH), 6.53(dd, /J=21,81Hz, 1 H), 3.51 (s, 3 H), 1.38-1.35 (m, 2 H),
1.07-1.03 (m, 2 H).

o)
MeoocZ@[OH ET// Meoooh%o
— e
OH o

[00463] Methyl 1-(spiro[benzo{d][1,3]dioxole-2,1'-cyclobutane}-5-yhcyclopropane

carboxylate

[00464] To a solution of 1-(3,4-dihydroxy-phenyl}-cyclopropanecarboxylic methyl ester
(1.0 g, 4.8 mmol) in toluene (30 mL) was added TsOH (0.10 g, 0.50 mmol) and
cyclobutanone (0.70 g, 10 mmol). The reaction mixture was heated at reffux for 2 h before
being concentrated under vacuum. The residue was purified by chromatography on silica gel
(petroieum ether/ethy] acetate 15:1) to give methyl 1-(spirofbenzofd]{ 1,3]dioxole-2,1'-
c:yclobutane]-S~y1)cyclopr0panecarbox’yiate (0.6 g, 50%). "H NMR (CDCl: 300 MHz) &
6.78-6.65 (m, 3 H), 3.62 (s, 3 H), 2.64-2.58 (m, 4 ), 1.89-1.78 (m, 2 H), 1.56-1.54 (m, 2 H),
1.53-1.12¢m, 2 H).. '

155



WO 2010/054138 . PCTUS2009/063475

N | 7 |
=00 = =030

[08465] 1w(Spiro[benzo[d}H,S]dioxole-Z,i'-cyclobutane]-S-y!)cyt:lopropane carboxyiic
acid

[00466] To a mixture of methy! 1-—(spiro{benzo[d]{_1,3}(110)(01&-2,1‘wcyclobutane}—S-yl)cyc}-'
opropanecarboxylate (0.60 g, 2.3 mmol) in THE/H.0 (4:1, 10 mI.) was added LiOH (0.30 g,
6.9 mmol). The mixture was stirred at 60 °C for 24 h. HC1 (0.3 N) was added slowly (o the
mixture at O °C until pH 2-3. The mixture was extracted with FtOAc (10 mkL x 3). The
combined organic phases were washed with brine, dried over anbydrous MgSQy, and washed
with petroleum ether to give 1-(spiro[benzo[d][1,3]-dioxole-2,1'-cyclobutane}-5-
yljeyclopropane carboxylic acid (330 mg, 59%). "HNMR (400 MHz, CDCls) § 6.78-6.65 (m,
3 H), 2.65-2.58 (m. 4 H), 1.86-1.78 (m, 2 H}, 1.63-1.60 (m, 2 H}, 1.26-1.19 (m, 2 H).

[06467] Example 27: 2-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)acetonitrile

HZ:@/CO?ET BrHaCOHBr [oﬁ/ooza LA (X:[/\OH
H o~

SOa NaGN
== U
HOD/COQEt B, CCH,Br OD/CO2Et
=
o

HC
[0468] 2,3-Dihydre-benzo[1,4)dioxine-6-carboxylic acid ethy! ester

(004697 To a suspension of Cs,CO3 (270 g, 1.49 mol) in DMF (1000 mL) were added 3,4
dihydroxybenzoic acid ethyl ester (54.6 g. 0.3 mol) and 1,2-dibromoethane (54.3 g, 0.29
mol) at room temperature. The resulting mixture was sti,rfed at 80 °C overnight and then
poured into ice-water, The mixture was extracted with EtOAc (200 mL x 3). The combined
organic layers were washed with water (200 mL x 3) and brine (100 mL), dried over NaSOy4
and concentrated to dryness. The residue was purified by column (petroleum ether/ethyl
acetate 50:1) op silica gel to obtain 2,3-dihydro-benzol1,4]diexine-6-carboxylic acid ethyl
ester (18 g, 29%). 'H NMR (300 MHz. CDCly) § 7.53 (dd, J = 1.8, 7.2 Hz, 2 H), 6.84-6.87
(m, 1), 422-4.34 (m, 6 H), 1.35 (, J=7.2 Hz, 3 H).
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N csstdecad

[66470] (2,3-Dihydre-benzo]1.4]dioxin-6-yl)-methanol

[60471] To a suspension of LiAlH, (2.8 g, 74 mmol) in THF (20 mL) was added dropwise
a solution of 2,3-dihydro-benzo[1,4}dioxine-6-carboxylic acid ethyl ester (15 g, 72 romol) in
THF (10 mL) at § °C under Ny. The mixture was stirred at room temperature for 1 h and then
quenched carefully with addition of water (2.8 mL) and NaOH (10%, 28 mL) with cooling.
The precipitated solid was filtered off and the filtrate was evaporated to dryness to obtain
(2,3-dihydro-benzof 1,4]dioxin-6-y1)-methanol (10.6 g). H NMR (300 MHz, DMSO-dg) §
6.73-6.78 (m, 3 H), 5.02(t, I = 5.7 Hz, 1 H), 4.34 (4, ] = 6.0 Hz, 2 H), 4.17-4.20 (m, 4 H).

o socl, o -
SO adeth
o C '
[00472] 6-Chloromethyl-2,3-dihydro-benzo[1.4]dioxine

(004731 A mixture of (2,3-dihydro-benzof1 ,4}di0xin~6-yi)methanbl (10.6 g3 in SOCI, (10
ml) was stirred at roomn temperamré for 10 min and then poured into ice-water. The organic
layer was separated and the agueous phase was extracted with dichloromethane (50 mL x 3).
The combined organic layers were washed with NaHCOs (sal solution), water and brine,
dried over Na,SQ4 and concentrated to dryness to obtain 6-chloromethyl-2,3-dihydro-

benzo[1,4]dioxine (12 g, 88% over two steps), which was used directly in next step.

C;@/\@ _NaON__ E;Ej/\cr\i

1084741 2-(2,3-Dihydrobenm[h][1,4]dioxin—6-yl)éceionitrile

[004757 A mixture of 6-chloromethy§—2,3-dihydro-bénzo[ 1. 41dioxine (12.5 g, 67.7 mmol)
and NaCN (4.30 g, 87.8 mmol) in DMSO (50 mi.) was stirred at rt for 1 h. The mixture was
poured into water (150 mL) and then extracted with dichloromethane (50 mL x 4). The
combined organic layers were washed with water (50 mL x 2) and brine (50 mL), dried over
Na;S0, and concentrated to dryness. The residue was purified by column (petroleum
ethef/ethyl acetate 50:1) on silica gel to obtain 2-(2,3-dihydrobenzo[bl{1,4]dioxin-6-
ylacetonitrile as a yellow oil (10.2 g, 86%). "H-NMR (300 MHz, CDCl3)8 6.78-6.86 (m, 3
H), 4.25 (s, 4 H), 3.63 (s, 2 H).
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[00476] The following Table 2 contains a list of carboxylic acid building blocks that were

commercially available, or prepared 'by one of the three methods described above:

Table 2: Carboxytlic acid building blocks.

MName

Structure

1-benzo[1,3]dioxol-5-ylcyclopropane-~1-

carboxylic acid

1-(2,2-difluorobenzof1,3]dioxol-53-

yhcyclopropane- 1 -carboxylic acid

1-(3,4-dihydroxyphenyl)cyclopropanecarboxylic

acid

1-(3-methoxyphenyheyclopropane- 1-carboxylic

acid

1-{2-methoxyphenylicyclopropane- 1-carboxylic

acid

1-{4-(rifluoromethoxy)phenyljcyclopropane-1-

carboxylic acid

1-(2,2-dimethyibenzofd]{ 1.31dioxo0l-5-

ylicyclopropanecarboxylic acid

tetrahydro-4-(4-methoxypbenyl}-2ZH-pyran-4-

carboxylic acid

oH A
1-phenylcyclopropane-1-carboxylic acid Ny |
1-(4-methoxyphenyl)cyclopropane-1-carboxylic - ~ o

acid | & 0O
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Name . Structure

1-(4-chlorophenyl)cyclopropane- 1-carboxylic

_ : O yoH
acid o~ O
1~(3-hydroxyphenybcyclopropanecarboxylic . Ho O FH
acid Cj‘@
CLe
1-phenylcyclopentanecarboxylic acid . / OH
iy E
-H

1-(2-0x0-2,3-dihvdrobenzoldloxazol-5- OH N\KO :
yheyclopropanecarboxylic acid ?—OO
H o =
1-(benzofuran-5-yl)cyclopropanecarboxylic acid w
| o SN
1-(4-methoxyphenyl)cyclohexanecarboxylic acid O{%
OH
1-(4-chlorophenyicyclohexanecarboxylic acid C!’%
CH
1-(2,3-dihydrobenzofuran-5- , MO A
. o
yhcyclopropanecarboxylic acid
1-(3,3-dimethyl-2,3-dihydrobenzofuran-5-
yheyelopropanecarboxylic acid R
1-(7-methoxybenzo[df 1,3 ]dioxol-5-
yl)eyclopropanecarboxylic acid L L0

1-(3-hydroxy-4- oH - OH
methoxyphenyheyclopropanecarboxylic acid j’@’e\
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Name Structore
1-(4-chloro-3- OH Ok
hydroxyphenylicyclopropanecarboxylic acid C}@mm
1-(3-(benzyloxy)-4- © i I
chlorophenyljcyclopropanecarboxylic acid
Cl
i-(4.chlorophenylcyclopentanecarboxylic acid G%
OH
|
1-{3-(benzyloxy)-4- i ]
S
methoxyphenyljcyclopropanecarboxylic acid :
CH

1-(3-chloro-4-

methoxypheny])cycloproplanecarboxylic acid

1-{3-fluoro-4-

methoxyphenyljcyclopropanecarboxylic acid

1-{4-methoxy-3-

methylphenylcyclopropanecarboxylic acid

1-(4-(benzyloxy)-3-

methoxyphenyleyclopropanecarboxylic acid

1-(4-chloro-3-

methoxyphenylicyclopropanecarboxylic acid .

1-(3-chloro-4-

hvdroxyphenyl)cvciopropanecarboxylic acid

1-{3~-(hydroxymethyl)-4-

methoxyphenyleyclopropanecarboxylic acid
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Name - ' ' Structure

1-(4-methoxyphenylleyclopentanecarboxylic ' ( )\c i ;
. /
acid oH
1-phenyleyclohexanecarboxylic acid ' Qg
O
1-(3 4-dimethoxyphenyl)cyclopropanecarboxylic CH
peS
O
1-(7-chlorobenzo[d][ 1,3]dioxal-5- HW
yheyclopropanecarboxylic acid

cl
1-(benzo]dJoxazol-3-yijcyclopropanecarboxylic Hjo Nﬁ
. O
acid Q
o]
1-(7-fluorobenzofd][ 1,3]dioxol-5- H? QO]_)
ylyeyciopropanecarboxylic acid .

1-(3.4-difluorophenylicyclopropanecarboxylic Ho A T
F
acid OJ_@'
_ HOO =~
1-(1H-indol-5-yhcyclopropanecarboxylic acid ?mCﬁvH
~ 1-(1H-benzo[d]imidazol-5- R e '\ﬁ
NH
yhcyclopropanecarboxylic acid O:;’@
t-(2-methyl-1 H-benzofd]imidazol-5- HO O M
}i( ;/NH
yleyelopropanecarboxylic acid

1-(1-methyl-1H-benzo{d fimidazol-5- HOwO My
yheyclopropanecarboxylic acid <}_©(N\
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Name | Stracture

I-(3-methylbenzo|dlisoxazoi-3-

yheyelopropanecarboxylic acid

- 1-(spiro[benzo[d][1,3]dioxole-2,1'-cyclobutane]-

HO P o@
S-ylyeyclopropanecarboxylic acid QL_@ ©

1-(1H-benzold][1,2,3]triazol-5- - HO- A N‘*l}\l
/F( ;/NH
ylicyclopropanecarhoxylic acid
1-{1-methyl-1H-benzoi{d][1,2,3}uriazol-5- H?O '\Er/\j
yleyclopropanecarboxylic acid i AN
1-(1,3-dihydroisobenzofuran-5- H&{O
yeyclopropanecarboxylic acid <J

. —
1-(6-fluorobenzo[d}{ 1,3]dioxol-5- 3 OWO
vi)eyclopropanecarboxylic acid .

1-(2,3-dihydrobenzofuran-6- Hjo ;‘j
yheyclopropanecarboxylic acid
Ho\(O
1-(chroman-6-yl)cyclopropanecarboxylic acid | d

1-(4d-hydroxy-4-methoxychroman-6- '

yleyclopropapecarboxylic acid

‘o)
‘ 8]
1-(4-crochroman-6-yljeycelopropanecarbox ylic HOLA t
' acid

1 »(3,4—dichl01'0pheny])cyclopropanecarboxyﬁc HO A c
>/._< ;/CI
- acid .
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MName - : Structure

1-(2,3-dihydrobenzob]f 1,4]dioxin-6- H O

yheyclopropanecarboxylic acid

_ HO- A 0
1-{benzofuran-6-yljcyclopropanecarboxylic acid . O !

[004771 Specific Procedures: Synthesis of aminoindole buiiding blocks

[80478] Example 28: 3-Methyl-1H-indol-6-amine

/@\ NaNG,/HC| Q\ P Q
—_ T LG -
O N, SnCi, 0N H,NHe.HCI " ON H’N%
NO, _
HaPO, /m HafPd m
20 g — 2 e
m T ON N HN N
: N H H
H
Q\ | B /Q\
e . Nbig HTCI
02N NHg Sl"lCig‘ O-N ﬁ

2

[06479] (3-Nitro-pheny)-hydrazine hydrochloride salt

[00480] 3-Nitro-phenylamine (27.6 g, 0.2 mol) was dissolved in the mixtare of H,O (40
mL) and 37% HCH (40 mL). A soluton of NaNO, {13.8 g, 0.2 mol} in HL,O (60 mL) was
added to the mixture at ¢ °C, and then a solution of SnCl,. H,0 (135.5 g, 0.6 mol) in 37% H(
(100 mL) was added at that temperature.: After stirring at 0 °C for 0.5 h, the insoluble
material was isolated by filtration and was washed with water to give (3-

nitrophenylyhydrazine hydrochloride (27.6 g, 73%;.

N | = N

H
[00481] N-(3-Nitro-phenyl)-N'-propylidene-hydrazine

[60482] Sodium hydroxide solution {10%, 15 mL) was added slole to a stirred suspension
of (3-nitrophenyDhydrazine hydrochloride (1.89 g, 10 mmol) in ethanol {20 mL) until pH 6.
Acetic acid (5 mL) was added to the mixture followed by propionaldehyde (0.7 g, 12 mmol).

Alfter stirring for 3 h at room temperature, the mixture was poured into ice-water and the
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resulting precipitate was isolated by filtration, washed with water and dried in air to obtain

(E)u1-(3-nitr0pﬁenyl)-Z-propylidenehydraziné, which was used directly in the next step.

NO»
TN owf
OEN’Q\N’N\\/\ @ + N N
H
H

H

[00483]1 3-Methyl-4-nitro-1H-indole 3 and 3-methyl-6-nitro-1H-indole

[00484] A mixture of (F)-1-(3-nitrophenyl)-2-propylidenehydrazine dissolved in 83 %
H3PO4 (20 mi} and toluene (20 ml.) was heated at 90-100 °C for 2 h. After cooling, toluene
was removed under reduced pressure. The resultant oil was basified o pH 8 with 10 %
NaOH. The aqueous layer was extracted with FtOAc (100 mL x 3). The combined organic
layers were dried, filtered and concentrated under reduced pressure to afford the mixture of 3-
methyl-4-nitro- 1H-indole and 3-methyl-6-nitro-1H-indole [1.5 g in total, 86 %, two steps

from (3-nitrophenyhydrazine hydrochloride] which was used to the next step without

jowt
N N

H

further purification.

NG,
T My/Pd-C
Lo e
T ON N H
N H
H

[60485] 3-Methyl-1H-indel-6-amine

2

[64486] The crude mixture from previous steps (3 g, 17 mmol) z;lnd 10% Pd-C (0.5 g)in
ethanot (30 mL) was stirred overnight under o, (1 atm) at room temperature. Pd-C was
filtered off and the {iltrate was concentrated under reduced pressure. The solid residue was
purified by column to give 3-methyl-1H-indol-6-amine (0.6 g, 24%). 'H NMR (CDCls) &
7.59 (ors. LH), 7.34 (¢, J = 8.0 Hz, 1H), 6.77 (s, 1H), 6.64 (s, 1), 6.57 (m, 1H}, 3.57 (brs,
2H), 2.28 (s, 3H); MS (ESD m/e (M+H") 147.2

[G64877 Example 29: 3-ferr-Butyl-1H-indol-5-amine

QN B O Raney NifH HzN
=2 Y NI
T e Uy ;
N ACI/CH.GE 2 N
_ . [ H
OuN Eir“—' O,
3\ - AN
N AICLICH.C
4 2/CHCl H
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[60488] 3-fert-Butyl-5-nitro-1H-indole .

[00489] To a mixture of 5:nitro-1H-indole (6.0 g, 37 mmol) and AlCk; (24 g, .18 mol) in

CH,Ch (160 mL) at 0 °C was added 2—br0m0-2—methyi-pfopane (8.1 g, 37 mmol) dropwise.

After being stirred at 15 °C overhight, the mixture was poured into ice (100 mL). The

_ precipitated salts were removed by filtration and the aqueous layer was extracted with
CH-C1, (30 mL x 3). The combined organic layers were washed with water, brine, dried over
Na,SO, and concentrated under vacuum to obtain the crude product, which was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate = 2(1:1) to give 3-terr-
butyﬁ&nitrodﬂ—indolc (2.3 2, 31%). 'H NMR (CDCls, 400 MHz) 8 8.49 (d,/=1.6Hz 1
‘H), 8.31 (brs, 1 H), 8.05 (dd, J=2.0,88 Hz, 1 H), 7.33 (d, J=8.8 Hz, 1 H), 6.42(d, /= L.6
Hz, 1 H), 1.42 (s, 9 H). |

QN . Raney NifH HaN
2 N aney NifHy N
N
CH

=l

[00490] 3-fert-Butyl-IH-indol-5-amine

[00491] To a sofution of 3-fert-butyl-5-nitro-1H-indole (2.5 g, 12 mmol) in MeOH (30 mLj)
was added Raney Nickel (0.2 g) under N, protection. The mixture was stirred under
hydrogen atmosphere (1 atm) at 15 °C for 1 h. The catalyst was filtered off and the {iltrate
was concentrated to dryness under vacuum. The residue was purified by preparative HLPC
to atford 3-ters-butyl-1H-indol-5-amine (0.43 g, 19%). 'H NMR (CDCl; 400 MHz} § 7.72
(brs, I H),7.11 (d, /= 8.4 Hz, 1 H), 686 (d, J=2.0 Hz, | H), 6.59 (dd, J = 2.0, 8.4 Hz, | H),
609 (d, J= 1.6 Hz, 1 H), 1.37 (s, 9 H); MS (ESI) m/e (M+H™) 189.1.

[00492] Exampie 30: 2-fert-Butyl-6-fluoro-1H-indol-5-amine and 6-tert-butoxy-2-tfert-
butyl-1H-indol-5-amine
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[60493] 2-Bromo-5-flucro-4-nitroaniline

[06494] To a mixture of 3-fluoro-4-nitroaniline (6.5 g, 42.2 mmol) in AcOH (80 mL) and
chloroform (25 mL) was added dropwise Br; (2.15 mlL, 42.2 mmol) at () °C. After addition,
the resulting mmixture was stirred at room temperature for 2 h and then poured into ice water.
The mixture was basified with aqueous NaOH (10%) to pH ~ 8.0-9.0 under cooling and then
extracted with FtOAc (50 mL x 3). The combined organic Jayers were washed with water
(80 mL x 2} and brine {100 mL), dried over Na;S0,4 and concentrated under reduced pressure
to give 2-bromo-3-fluoro-4-nitroaniline (9 g, 90%). TH.NMR (400 M1z, DMSO-ds) 6 8.26
(d, J=8.0, Hz, 1), 7.07 (brs, 2H), 6.62 (d, /= 9.6 Hz, 1H).

N

!
e
A\

F

i)

NH
[60495] 2-(3,3-Dimethylbut-1-ynyl)-5-flucro-4-nitroaniline

[00496] A mixture of 2-bromo-5-fluoro-4-nitroanitine (9.0 g, 38.4 mmo}), 3,3-dimethyl-
but-1-yne (9.95 g, 121 mmol), Cul (0.5 g 2.6 mmol), Pd(PPh3),Clh (3.4 ¢, 4.86‘ mmol) and
EtsN (14 mL, 6.9 mmol) in toluene (100 mL) and water (50 - mL} was heated at 70 °C for 4 h.
The aqueous layer was separated and the organic layer was washed with waier (80 mL x 2)
and brine (100 mL), dried over Na,S(}y and concentrated under reduced pressure to dryness.
The residue was recrystallized with ether to afford 2-(3,3-dimethylbut- L-ynyl)-3-fluoro-4-
nitroaniline (4.2 g, 46%]. TH.NMR (400 Mz, DMSO-d) 6 7.84 (d, J = 8.4 Hz, 1H), 6.84
(brs, 2H), 6.54 (d, J = 14.4 Hz, 1H}, 1.29 (s, 9H).
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[00497] N-(2-(3,3-Dimethylbut-1-ynyD)-5-fluoro-4-nitrephenyl)butyramide

[086498] To a solution of 2—(3,3-dime£hy}hut-1-ynyl)-5—ﬂuoro~4—nitroaniﬁne (4.2 ¢,17.8
mmol) in dichloromethane (50 mL) and Et;N ¢10.3 mL, 71.2 mmoi) was added butyryl
chioride (1.9 g, 17.8 mmol) at 0 °C. The mixture was stirted at room temperature for I h and
then poured into water. The aqueous phase was separated and the organic layer was washed
with water (50 mL x 2) and brine (100-mL), dried over Na,SO, and concentrated under
reduced pressure to dryness. The residue was washed with ether to give N-(2-(3,3-
dimethylbut-1-ynyl)-5-fluoro-4-nitrophenylbutyramide (3.5 g, 67%), which was used in the

next step without farther purification.

ON # TBAF
0 i

F ;'},‘/U\/\

!

OpN
F

IZ_

[00499)  2-fert-Butyl-6-fluoro-5-piire-1H-indole

1605007 A solution of N-(2-( 3,3-dimethylbut-1-ynyl}-5-fluoro-4-nitrophenylbutyramide
(3.0 g, 9.8 mmol) and TBAF (4.5 g, 17.2 mmol) in DMF {25 L) was heated at. 100 °C
overpightl. The mixture was poured into water and then extracted with EtOAc (80 ml. »x 3).
The combined extracts were washed with water (50 mL) and brine (50 mL), dried over
Na,S0, and concentrated under reduced pressure to dryness. The residue was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate 20:1) to give compound
2-tert-butyl-6-fluoro-S-nitro- L H-indole (1.5 g, 65%). TH-NMR (400 Mz, CD{Cly) 8§°8.30 (d,
J =72 Hz, 1H),'7.12 (d, J=11.6 Hz, 1), €.35 (d, J = 1.2 Hz, 1H), 1.40 (s, 9H).

0N HN
N
F N F |

(005017 2-tert-Butyl-6-fiuoro-EH-indol-5-amine

- [80502] A suspension of 2-tert-butyl-6-fluoro-3-nitro-1H-indole (1.5 g, 6.36 mmol) and Ni
(0.5 g) in MeQH (20 mL) was stirred under H, atmosphere (1 atin) at the room temperature

for 3h. The catalyst was filtered off and the filtrate was concentrated under reduced pressure
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to dryness. The residue was recrystallized in ether to give 2-tert-butyl-6-fluoro-1H-indol-5-
amine (520 mg, 38%). "H-NMR (300 MHz, DMSO-ds) 8 10.46 (brs, iH), 6.90(d. J=87
Hz, 1H), 6.75(d, J=9.0 Hz, 1H), 5.86 (s, 1H), 4.37 (brs, 2H), 1.29 (s, 9H); MS (ESI) m/e
206.6. '

= BuCK N
J\/\ 9] g

F N
H

[060503] 6-fert-Butoxy-2-tert-butyl-S-nifro-1H-indole

[66504] A solution of N-(2-(3,3-dimethylbut-1-ynyh-5-fluoro-4-nitrophenylibutyramide
(500 mg, 1.63 mmol) and +-BuOK (0.37 g, 3.26 mmol) in PME (10 mL) was heated at 70 °C
for 2 h. The mixture was poured into water and then extracted with EtOAc (50 mL x 3). The
combined extracts were wéshed with water (50 mL) and brine (50 mL), dried over Na;50,
and concentrated under reduced pressure to give 6-tert-butoxy-2-tert-butyl-5-nitro- 1 H-indole
(100 mg , 21%). "H-NMR (300 MHz, DMSO-ds) 8 11.35 (brs, 1H), 7.99 (s, 1H), 7.08 (s,
111, 6.25 (s, 1H), 1.34 (s, 9FD), 1.30 (s, OH). |

OaM

o) N o N

[00505)  §-tert-Butoxy-2-tert-butyl-1H-indol-5-amine

[00506] A suspension of 6-tert-butoxy-2-tert-butyl-5-nitro-1H-indole (100 mg, 0.36 mmol)
and Raney Ni (0.5 g) in MeOH (15 mL) was stirred under H, atmosphere (1 atm} at-the room
temperature for 2.5 h. The catalyst was filtered off and the filtrate was concentrated under
reduced pressure to dryness. The residue was recrystallized in ether to give 6-fert-butoxy-2-
tert-butyl-1H-indol-5-amine (30 mg, 32%). T-NMR (300 MHz, MeOD) 6.98 (s, 1H), 6.90
(s, 1H), 5.94 (d, /= 0.6 Hz, 1H), 1.42 (s, QH), 1.36 (s, 9H); MS (ESI) m/e 205.0.

[00507] Example 31: 1-fert-Butyl-1H-indol-5-amine
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[00508] N-terr-Butyl-4-nitroaniline

. [00509] A solution of 1-flucro-4-nitro-benzene (1 g, 7.1 mmol) and tert-butylamine (1.5 g,
21 mmol) in DMSQ (5 mL) was stirred at 75 °C overnight. The mixture was poured into
water (10 mi.) and exiracted with EEOACI(’] ml. x 3). The combined organic layers were
washed with water, brine, dried over Na,SO, and concentrated under vgcuinm to dryness. The
residue was purified by column chromatography on silica gel (petroleum ether/ethyl acetate
30:1) to afford N-reri-buatyl-4-nitroaniline (1 g, 73%). TH NMR (CDCls, 400 MHz) § 8.03-
8.00 (m, 2H), 6.61-6.57 (m, 2H}, 4.67 (brs, 1H). 1.42 (s, 9H}.

CaN O,N Br
Bry / AcOH \@[
T

by

(085161 (2-Bromo-4-niiro-phenyl)-tert-butyl-amine

[605111 To a solution of N-tert-butyl-4-nitroaniline (1 g, 5.1 mmol) in AcOH (5 mL) was
added Br, (0.86 g, 54 mmol} dropwise at 15 °C. After addition, the mixture was stirred at 30
°C for 30 min and then filtered. The filter cake was basified to pH 8-9 with aqueous
NaHCOs. The aqueous layer was extracted with EtOAc (10 mL x 3). The combined organic
layers were washed with water, brine, dried over Na; 50, and concentrated under vacuum to
give (2-bromo-4-nitro-phenyl)-tert-butyl-amine (0.6 g, 43%). "H-NMR (CDCls, 400 MHz) 8
837(dd, J=24Hz, 1H), 8.07{dd, J=2.4,9.2 Uz, tH), 6.86(d, =92 Hz, 1H), 5.19 {brs,
1H), 1.48 (s, 9H).

169



WO 2010/054138 ' o ' PCT/US2009/063475

|
Si

. . -
OEN\Q& —._-—Sf\._ OyN R
NH
4 Pd(PPhy),Cla /hg

[00512] tert-Butyl-(4-nitro-2-trimethylsilanylethynyl-phenyl)-amine

[065131 To a solution of (2-bromo-4-nitro-phenyl)-tert-butyl-amine (0.6 g, 2.2 mmol) in
EtsN (16 mL) was added PA(PPha),Cl, (70 myg, 0.1 mmol), Cual (20.9 mg, 0.1 mmol) and
ethynyl-trimethyl-silane (.32 g, 3.3 mmol) successively under N; protection. The reaction
mixture was heated at 70 °C overnight. The solvent was removed under vacuum and the
residue was washed with EtOAc (10 ml. x 3). The combined organic layers were washed
with water, brine, dried over Na,SO,4 and concentrated under vacuum to dryness. The residue
was purified by column chrométography on silica gel (petroleum ether/ethy! acetate 20:1) to
afford tert-butyl-(4-nitro-2-trimethylsilanylethynyl-phenyl)-amine {100 mg, 16%). "H-NMR
(CDClLs, 400 MHz) § 8.20 (d, J = 2.4, Hz, 1H), 8.04 (dd, = 2.4, 9.2 Hz, 1H), 6.79 (d, J= 5.6
Hz, 1H), 5.62 (brs, 1H), 1.41 (s, 9H), .28 (s, YH).

|

Si

.
O,N Z N ON
Cul, DMF A
— N
)‘Q A

(005141  1-rert-Butyi-5S-nitre-1H-indele

1605151 To a solution of tert-butyl-(4-nitro-2-trimethylsilanylethynyl-phenyl)-amine (10
mg, 0.035 mumol) in DMF (2 mL), was added Cul (13 mg, (.07 mmol} under N, protection.
The reaction mixture was stirred at 100 °C overnight. At this time, FtOAc (4 mL) was added
to the mixeure. The mixture was filtered and the filtrate was washed with water, brine, dried
over NapS0, and concentrated under vacuum 10 obtain ¥-tert-butyl-3-nitro- 1 H-indole (7 mg,
93%). "H-NMR (CDCl,, 300 MHz) 8 8.57 (d, J= 2.1 Hz, 1H), 8.06 (dd, J =2.4,9.3 Hz, 1H),
7.65(d, J=93Hz, 1H), 7.43 (d, J=3.3 Hz, 1H), 6.631(d, F= 3.3 Iz, 1H), 1.76 (5, OH).

ON HoN
N pS

[00516]  1-tert-Butyl-1H-indol-5-amine
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[00517] To a solution of 1-terz-butyl-5-nitro-1H-indole (6.5 g, (0.030 mol) in MeOH (100
mL) was added Raney Nickel (0.65 g, 10%) under N, protectio;i The mixture was stirred
under hydrogen atmosphere (1 atm) at 30 °C for 1 h. The catalyst was filtered off and the
filtrate was concentrated under vacuism to dryness. The residue was purified by column
chromatography on silica gel (PE/EtOAc 1:2) to give 1-tert-butyl-1H-indol-5-amine (2.5 g,
45%). 'H-NMR (CDCls, 400 MHz) § 7.44 (d, J = 8.8 Hz, 1H), 7.19 (dd, J = 3.2 Hz, 1H),
6.96(d, J = 2.0 Hz, 1H}, 6.66 (d, J=2.0, 8.8 Hz, 1H),6.26 (d, /= 3.2 Hz, 1H), L.67 (s, 9H}.
MS (ESD) m/e (M+H") 189.2.

[00518] Example 32: 2-fert-Butyl-1-methyl-1H-indol-5-amine

0N Ol B0 o '
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[06519] (2-Bromo-4-nitro-phenyl)-methyl-amine

[665201 To a solution of methyl-(4-nitro-phenyl}-amine (15.2 g, 0.1 mol) in AcGH (150
mL) and CHCI; {50 mL) was added Bry {16.0 g, 0.1 mol) dropwise at 5 °C. The mixture was
stirred at 10 °C for 1b and then basified with sat. ag. NaHCO;. The resulting mixture was
extracted with FtOAc (100 mL x 3), and the combined organics were dried over anhydrous .
Na,80), and evaporated under vacuum to give (2-bromo-4-nitro-phenyl}-methyl-amine (2-
bromo-4-nitro-phenyl)-methyl-amine (23.0 g, 99%), which was used in the next step without
further .puriﬁcation, "H NMR (300 MHz, CDCl3) § 8.37(d, ] = 2.4 Hz, 1 H), 8.13 (dd, ] =
24,90Hz, 1H). 658 (d,]=9.0Hz, 1 H), 5.17 (bfs, 1H), 301, J=54Hz3H).

2
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[00521] [2-(3,3-Bimethyl-but-1-ynyl)-4-nitro-phenyl-methyl-amine
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[00522] To a solution of (2-bromo-4-nitro-phenyl)-methyl-amine (22.5 g, 97.4 mmol)in
toluene (200 mL) and water (100 mL) were added Etz:N (19.7 g, 195 mmol), Pd(PPh3),Cl,
{(6.8g, 9.7 mmdl), Cul (0.7 g, 3.9 mmol) and 3,3-dimethyl-but-1-yne (16.0 g, 195 mmol)
successively under N, protection. The mixture was heated at 70 °C for 3 hours and then
cooled down to room temperature. The resulting mixture was extracted with TtOAc (100 mL
% 3). The combined organic extracts were dried over anhydrous Na,SOy and evaporated
under vacuum to give [2—(3,S-dimethy]—but«1»'yny1)-4-nitro-phenyl]—mcthyl—&mine (20.1 g,
94%), which was used in the next step without forther purification. '"H NMR (400 MHz,
CDCL) §8.15(d, I =2.4 Hz, 1H), 8.08 (dd, J =2.8,9.2 Hz, 1H), 6.50 (d, ] = 9.2 Hz, 1H),
530 (brs, 1H), 3.00 (s, 3H), 1.35 (s, OH).

Tl
ON Z TRAT 2 W
B — ]
\

NH
!

100523} 2-tert-Butyl-1-methyl-5-nitro-1H-indote

[00524] A solution of [2-(3,3-dimethyi-bui-1-ynyl)-4-nitro-phenyl]-methyl-amine (5.0 g,
22.9 mmol) and TBAF (23.9 g, 91.6 nimol) in THEF (50 mL) was heated at reflux overnight.
The solvent was removed by evaporation under vacuwm and the residue was dissolved in
brine (100 mL) and BiOAc (100 mL). The organic phase was separated, dried over Na;SO,
and evaporated under vacuum to give 2-tert-butyl-1-methyl-5-nitro~-1H-indole (5.0 g, 99%),
which was used in the next step without further purification. "H NMR (CDCls, 400 MHz) §
8.47 (d,3=2.4Hz, 1H), 8.07 (dd, ] = 2.4, 9.2 Hz, 1H), 7.26-7.28 (m, 1H), 6.47 (s, 1H), 3.94
(s, 3H), 1.50 (s, 9H).

O,N : HaN
N N
y \

005251  2-feri-Butyl-1-methyl-1H-indol-5-amine

[06526] 'To a solution of 2-text-butyl-1-methyl-5-nitro- I H-indole (3.00 g, 13.7 mmol) in
MeOH. (30 mL) was added Raney Ni (0.3 g) under nitrogen atmosphere. The mixture was
stirred under hydrogen atmosphere (1 atm) at room temperaiure overnight. The mixture was
filtered through a Celite pad and the filtrate was evaporated under vacuum. The crude residue
was purified by column chromatography on silica gel (P.E/EtOAc 20:1) to give 2-tert-butyl-

1-methyl-1H-indol-5-amine (1..7 g, 66%). "I NMR (300 MHz, CDCl3) 8 7.09 (d, = 8.4 [z,
72
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1H), 6.89-6.9 (m, 11T}, 6.66 (dd, § = 2.4, 8.7 Hz, 1H), 6.14 (d, J = 0.6 Hz, TH), 3.83 (s, 3H),
3.40 (brs, 2H), 1.45 (s, 9H); MS (ESD) m/e (M+H") 203.1.

[00527] Example 33: 2-Cyclopropyl-1H-indol-5-amine

' =
O2N\©\ Br, HOAc O Br =] O:N Z butyryt chloride
R e i o R
NH, ri. NH, Cut, EtgN NH,
Pd{PPhyIClo

L T . HalN
OGN ,/O TBAF O:N Raney Ni mﬂ
—r i i
N)i\/\ ﬁ |

H

TZ, =

OzN\© Brp, HOAc ~ O2N Br
"NH r.t

2 N,
[00528] 2-Bromo-4-nitroanikine

[60529] To a solution of 4-nitro-aniline (25 g, .18 mol} in HOAc (150 mL) was added
hiquid Bry (30 g, 0.19 mel) dropwise at room femperature. The mixture was stirred for 2
hours, The solid was collected by filtration and poured into water (100 mi.), which was
basified with sat. ag. NaHCO; to pH 7 and extracted with FtOAc (300 mL x 3). The
combined organic layers were dried over anhydrous Na, 50, and evaporated under reduced

pressure to give 2-bromo-4-pitroaniline (30 g, 80%), which was directly used in the next step.

OQN\@E’W M 0N \\ &
— !
SNH,  Cul, EtsN Z NH,

Pd{PPhg)Ci,

[00530] 2~(Cycl0pmpyieihyny§}~4~nitraaniline

{40531] To a deoxygenated solution of 2-bromo-4-nitroaniline {2.17 g, 0.01 mmol),
ethynyl-cyclopropane (1 g, 15 mmol) and Cul (10 mg, 0.05 mmol) in triethylamine (20 mL)
was added Pd(PPhs),Cl, (210 mg, 0.3 mmol) under N;. The mixture was heated at 70 °C and
stirred for 24 hours. The solid was filtered off and washed with EtOAe (530 mL x 3). The
filtrate was evaporated under reduced pressure, and the residue was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1) to give 2- |
{cyclopropylethynyl)-4-nitroaniline €470 mg, 23%). "H NMR (300 MHz, CDCl3) 8 8.14 (4,
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J=2.7Hz, 1H), 797 (dd, J = 2.7, 9.0 Hz, 1H), 6.63 (d, J = 9.0 Hz, 1H), 4.81 (brs, 2H), 1.55-
1.46 (m, TH), 0.98-0.90 (m, 2I1), 0.89-0.84 (m, 2H).
4

P
ON butyryl chioride  O2N Z
g

O
NH, ‘ Hk/\

[06532] N-(2-(Cyclopropylethynyl)phenyl)-4-nitrobuiyramide

[00533’} To a solution of 2-(cyclopropylethynyl)-4-nitroaniline (3.2 g, 15.8 mmol) and
pyridine (2.47 g, 31.7 mmol) in CH,Cl, (60 mlL) was added butyryl chloride (2.54 ¢, 23.8
mmol) at 0 °C. The mixture was warmed to room temperature and stirred for 3 hours. The
resulting mixture was poured info ice-water, The organic layer was separated. The agueous
phase was extracted with CH;Cl; (30 m 1. x 3). The combined organic layers were dried over
anhydrous Na,80, and evaporated under reduced pressure to give the crude product, which

- was purified by column chromatography on silica gel {petroleum ethet/ethy! acetate = 10/1)
to give N-(2-(cyclopropylethynyl)phenyl)-4-nitrobutyramide (3.3 g, 76%). 'H NMR (400
MHz, CDCl3) 8 8.61 (d, J=9.2 Hz, 1H), 8.22 (d, 7 = 2.8 Hz, 1H), 8.18 (brs, 1H), 8.13 (dd, J
=2.4,9.2Hz, 1), 2.46 (t, J = 7.2 Hz, 2H), 1.83-1.76 (m, 28}, 1.59-1.53 (m, 1), 1.06 (t, / =
7.2 Hz, 31), 1.03-1.01 (m, 2H), 0.91-0.87 (m, 2H).

oM~ N S
———e———— Y
N)J\/\ ﬁ

H
[60534] 2-Cyclopropyl-5-nitro-1H-indole

[00535] A mixture of N-(2-(cyclopropylethynyliphenyl)-4-nitrobutyramide (3.3 g, 0.01
mol) and TBAF (9.5 g, 0.04 mol) in THF (100 mL)} was heated at reflux for 24 hours. The
mixture was cooled to the room temperature and poured into ice waier. The mixture was
extracted with CH,Cly (50 m L x 3). The combined organic layers were dried over
anhydrous Na;S0s and evaporated under reduced pressﬁre. The residoe was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate = 10/1) to give 2-
cyclopropyl-S-nitra-1H-indole (1.3 g, 64%). TH NMR (400 MHz, CDCl3) 8 8.44 (d, J = 2.0
Hz, 1H), 8.40 (brs, 1H), 8.03 (dd, J =2.0, 8.8 Hz, 1H), 7.30 (d, /=88 Hz, 1H), 6.29(d, /=
0.8 Tz, 1H), 2.02-1.96 (m, 1H) 1.07-1.02 {m, 2H), 0.85-0.8 L, 2H).
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[68536] 2-Cyclopropyl-1H-indol-5-amine

[00537] To a solution of ?.—cyc.lopropyI—S—hitro— iH—indole (1.3 g, 6.4 mmol) in MeOH (30
mL) was added Raney Nickel (0.3 g) under nitrogen atmosphere. The mixure was stirred
under hydrogen atmosphere (1 atm) at room temperature overnight. The catalyst was filtered
through a Celite pad and the filtrate was evaporated under vacuum to give the crude product,
which was purified by column chromatography on. silica gel (petroleum ether/ethyl acetate =
5/1) to give Z-cyclopropyl-1H-indol-5-amine (510 mg, 56%). "H NMR (400 MHz, CDCls) 8
6.89 (d, J=8.4 Uz, [H), 6.50 (d, J = 1.6 Hz, 1H), 6.33 (dd, J = 2.0, 8.4 Hz, 1H), 5.76 (s, 1H),
433 (brs, 2H), 1.91-1.87 (m, 1H), 0.90-0.85(m, 2H), 0.70-0.66 (m, 2ZH); MS (ESI) m/e
(M4+H") 173.2.

[00538] Example 34: 3-ferf-Butyl-1H-indol-5-amine

\ e Ranay Nisz
P

Ny
N AaCngcuzczz N
H H

CaN Bret— Q.
O
H AlCLCH AT,

- [@0539}  3-fert-Butyl-S-nitre-1H-indole

s

(005481 To a mixture of 3-nifro-1H-indole (6 g, 36.8 mmol) and AlCl; (24 g, 0.18 mol) in
CH,Cl, (100 mL) was added 2-bromo-2-methyl-propane (8.1 g, 36.8 mmol) dropwise at 0

°C. After being stirred at 15 °C overnight, the reaction mixture was poured into ice (100 mL.j.
The precipitated salts were removed by filiration and the agueous layer was extracted with
CH,oCly (30 mL x 3). The combined organic layers were washed with water, brine, dried over
Na,S0, and concentrated under vacuum to obtain the crude product, which was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate 20:1) to give 3-tert-butyl-
5 -nitro-1H-indole (2.5 g, 31%). 'H NMR (CDCly, 400 MH7z) 8 8.49 (d, J = 1.6 Hz, 1H), 8.31
(brs, 1H), 8.05 (dd, /= 2.0, 8.8 Hz, 1H), 7.33 (d; J=8.8Hz, 1H), 642 (dyJ=1.6 Hz, 1H).
1.42 (s, 9H).
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[085411 3-rert-Butyl-1H-indol-5-amine

[085421 To a solution of 3-tert-butyi-5-nitro-1H-indole (2.5 g, 11.6 mmol) in MeOH (30
ml; was added Raney Nickel (0.2 g} under N; protection. The mixture W&s stirred under
hydrogen atmosphere (1 atm) at 15 °C for 1 hr. The catalyst was filtered off and the filtrate
was concentrated under vacuum to dryness. The residue was pﬁriﬁ.ed by preparative HLPC
to afford 3-tert-butyl-1H-indol-5-amine (0.43 g, 19%). 'H NMR (CDCls, 400 MHz) § 7.72
{(brs, 1TH), 7.11 (d, J = 8.4 Hz, 1H), 6.86 (d, J = 2.0 Hz, 1H), 6.59 (dd, J=2.00, 8.4 Hz, 1H),
6.09 (d, J= 1.6 Hz, 1H), 1.37 (s, 9H); MS (ESD) m/e (M+H") 189.1.

[00543] Examplé 35: 2-Phenyl-1H-indol-5-amine

Ph

& i

CO5N

M SO = oy,
RO Ets

NH,

Ph :

/ ON HN
02N 2o e i :

JK/\ N Ph Raney Ni Bh
N N
N H
OGN | 2y BroHOAG  O:2N \@Br
_..«.mw._}
N NH, NH,

[@0544] 2-Bromo-4-nitreoaniline

TZ,  z

{05451 To a solution of 4-nitroaniline (50 g, 0.36 mol} in AcOH (500 ml.) was added
liquid Br, (60 g, .38 mol) dropwise at 5 °C. The mixture was stirred for 30 min at that
temperature. 'The insoluble solid was collected by filtration and poured into EtOAc (200
mL). The mixture was basified with samrated aqueous NaHCO; to pH 7. The organic layer
was separated. The aquecus phase was extracted with EtOAc (300 mL x 3). The combined
organic layers were dried and evaporated under reduced pressuie to give 2-bromo-4-

pitroaniline (56 g, 72%), which was directly nsed in the next step.
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- [06546] 4-Nitro-2-(phenylethynylaniline

[00547] Toa deoxygenatéd solution of 2-bromo-4-nitroaniline (2.17 g, 0.01 mmol),
ethynyl-benzene (1.53 ¢, 0.015 mol) and Cal (10 mg, 0.05 mmol) .'m triethylamine (20 mL.)
was added PA(PPh;),Clz (210 mg, .2 mmol) under N;. The mixture was heated at 70 °C and
stirred for 24 hours. The solid was filtered off and washed with EtOAc (50 ml.-x 3). The
filtrate was evaporated under reduced pressure and the residue was purified by column
chromatography on silica gel (petrolenm ether/ethyl acetate = 10/1) to give 4-nitro-2-
(phenylethynyDaniline (340 mg, 14%). "H NMR (300 MHz, CDCl;) 8 8.37-8.29 (m, 1H),
8.08-8.00 (m, 1H)}, 7.56-7.51 (m, 2H), 7.41-7.37 {m, 3H), 6.72 {m. 1H), 4.95 (brs, 2H).

Ph Ph
Q L
0N Y /\)J\ O,N Z,
_ Cly ' )K/\
N
NH2 H

[00548] N-(2-(PhenylethynyDphenyl)-4-nitrobutyramide

[00549] To a solution of 4-nitro-2-(phenylethynyhaniline (17 g, 0.07 mmol) and pyridine
(11.1 g, 0.14 mol} in CHoCl (100 mL) was added butyryl chloride (11.5 g, 0.1 mol) at O OC.
The mixture was warmed (o room temperature and stirred for 3 hours. The resulting mixture
was poured into iée—watez. The organic layer was separated. The aqueous phase was
extracted with CH2Cly (30 m L x 3). The combined organic layers were dried over
anhydrous Na,SC, and evaporated under reduced pressure. The residue was purified by
column chromatography on silica gel (petrolenm ether/ethyl acetate = 10/1) to give N-(2-
(phenylethynyl)phenyl)-4-nitrobutyramide {12 g, 55%). 'H NMR (400 MHz, CDCls) 8 8.69
(d, J=9.2 Hz, 1H), 839 (d, J=2.8 Hz, 1H), 8.25-8.20 (m, 2H), 7.58-7.55 (m, 2H), 7.45-7.42
(m, 3H), 2.49 (¢, F=7.2 Hz, 2H), 1.85-1.79 (m, 2H), 1.06 (t, J = 7.2 Hz, 3H).

Ph '
/ OEN
N Z5 TBAF m&jh
————e———— i

H

[08550] 5-Nitro-2-phenyi-1H-indole
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[80551] A mixture of N -(2-(phenylethynyf)phenyl)_—él»nitiobutyramide (5.0'g, 0.020 mol)
and TBAF (12.7 g, 0.050 indl} in THF (30 mL.) was heated at reflux for 24 h. The mixture
wag cooled to room temperature and poured into ice water. The mixture was extracted with
CHgCIg_(SO m L. x 3). The combined organic layers were dried over aﬁhydrous Na,SO4 and
evaporated under reduced pressure. The residue was purified by colurmn chromatography on
silica gel (petroleum ether/ethyl acetate = 10/1) to give 5-nitro-2-phenyl-1H-indole (3.3 g,
69%). 'H NMR (400 MHz, CDCls) 8 8.67 (s, 1H), 8.06 (dd, J = 2.0, 8.8 Hz, 1H), 7.75 (d,
=7.6 Hz, 2H), 7.54 (d, J =8.8 Hz, 1H), 7.45 (t, J=7.6 Hz, 2H), 7.36 (. J = 7.6 Hz, 1H). 6.95
(s, 1H),

OQN H2N
e — e
N
N k

[00552] 2-Phenyi-EH-indol-5-amine

[60553] To a solation of 5-nitro-2-phenyl-11-indole (2.83 g, 0.01 mol) in MeOH (30 mL)
was added Raney Ni (510 mg) under nitrogen atmosphere. The mixture was stirred under
hydrogen atimosphere (1 atm) at room temperature overnight. The catalyst was filtered
through a Celite pad and the filtrate was evaporated under vacuum to give the crude product,
which was purified by column chromatography on silica gel (petrolenm ether/ethy] acetate =
5/1) to give 2-phenyl-1H-indol-3-amine (1.6 g, 77%]). "HNMR (400 MHz, CDCIL3 0 7.76 (d,
J=T6Hx 2H),739 ¢, J=7.6 Hz, 2H), 7.24 (. /= 7.6 Hz, 1H), 7.07 (d, /= 8.4 Hz, 1H),
6.64 (d, J= 1.6 Hz, 1H), 6.60 (d, J=1.2 Hz, 1H), 6.48 (dd, J = 2.0, 8.4 Hz, 1H), 4.48 (brs,
2H), MS (BEST) m/e (M+H") 209.0.

[065541 Exampie 36: 2-fert-Butyl-4-fluoro-1H-indol-5-amine

F _ F o F Fooy
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NO, — MeOH NH NHJK/\ Cul/EtN NHJK/\
F F F
£BuOK C:I\ / KNO; OQNW NaBH,/NiCl, HaN N
3 o e e
NS N MeOH N
DMF N H,50, N N

E F
t :B!‘ NaBH/NICl, j :BF
RSO
NOQ MeOH NHE
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[00555} 2-Bromo-3-flecroaniline

[06556] To a solution of 2-bromo- 1-fluoro-3-nitrobenzene {10g.50 minoi) in CH,OH (SO
mL) was added NiCl, (2.2 g 10 mmol) and NaBH, (0.50 g 14 mmol) at § °C. After the-
addition, the mixture was stirred for 5 min. Water {20 mL) was added and the mixture Was
extracted with EtOAc (20 mL >< 3}. The organic layers were dried over anhydrous Na;SO,
and evaporated under vacuum to give 2-bromo-3-fluoroaniline (600 mg, 70%). "H NMR

{400 MHz, CDCly) 6 7.07-7.02 (m, 1 H), 6.55-6.4%(m, I H), 422 (brs, ZH).

O, e (e

[00557] N-(2-Bromo-3-flacrophenyl)butyramide

[00558] To a solation of 2-bromo-3-tluoroanitine (2.0 g, 11 mmol) in CH,Cly (50 mL) was
added butyryl chloride (1.3 g, 13 mmol) and pyridine (1.7 g, 21 mmol) at 0 °C. The mixture
was stirred at room temperature for 24 h. Water (20 ml.) was added and the mixture was
extracted with CH»Cl, (50 mL x 3). The organic layers were dried anhydrous over Na;SOu
and evaporated under vacuum to give N-(2-bromo-3-fluorophenyl)butyramide (2.0 g, 73%),

which was directly used in the next step.

F F
Y
Bro 5 Pd(PPh},Ch 4 o

NE S~ CUlEGN NHP S

[60559] N-(2-(3,3-Dimethylbut-1-ynyl)-3-fluorophenyl)butyramide

[0605601 To a solution of N-(2-hromo-3-fluorophenyl}butyramide (2.0 g, 7.0 mmol} in E_th
(100 ml.) was added 4,4-dimethylpent-2-yne (6.0 g, 60 mmol), Cul (70 mg, 3.8 mmol), and
Pd{PPh;),Cl, {500 mg) successively at room terperature under N». The mixture was heated
at 80 °C overnight. The cooled mixture was fiitered and the filtrate was extracted with EtOAc
(40 mI. x 3). The organic layers were washed with sat. NaCl, dried over anhydrous Na;50,,
and evaporated under vacoam. The crude compound was purified by column
chromatography on stlica gel (10% EtOAc in petroleum ether) to give N-(2-(3,3-dimethylbut-
L-ynyl)-3-fluorophenybhbutyramide (1.1 g, 55%). "H NMR (400 Mz, CDCly) §8.20 (d, J =
7.6, 1H),7.95(, THL 721 {m, t H),6.77((,J=76Hz, 1 H),2.39({, /=756 Hz, 2 H),
1.82-1.75 (m, 2 H), 1.40 ¢s, 9 H), 1.12 (t, f=7.2 Hz, 3 H).
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[60561] 2-tert-Butyl-4-fluoro-1H-indole

[60562] To a solution of N-(2-(3,3-dimethylbut-1-ynyl)-3-fluorophenyl)butyramide (6.0 g,
20 mmotl) in DMF {100 mL) was added +~BuOK (5.0 g, 50 mmol) at room temperature. The
mixture was heated at 90 °C overnight before it was poured into water and extracted with
FiOAc (100 mL x 3). The organic layers were washed with sat. NaCl and water, dried over
anhydrous NapSQy, and evaporated under vacuum to give 2-terf-butyl-4-fluoro-1H-indole
(5.8 g, 97%). "H NMR (400 MHz, CDCl3) 8 §.17 (brs, 1 H), 7.11 (d, /=7.2 Hz, 1 H), 7.05-
6.99 (m, 1 H), 6.76-6.71 {m, 1 H), 6.34 (m, 1 H), £.41 (s, ¢ H).

F F
KNO3 Osz
_—
H,S0, #

[66563] 2-teri-Butyl-4-fluoro-5-nitro-1H-indole

TZ. »
TZ 7

[00564] To a solution of 2-rere-butyl-4-fluoro-1H-indole (2.5 g, 10 mmol) in HaS8CG4 (30
mlL) was added KNO3 (1.3 g, 10 mmol) at 0 °C. The mixtare was stirred for 0.5 h at -10 °C.
The mixture was poured into water and extracted with'EtOAe (100 mL x 3). The organic
layers were washed with sat. NaCl and water, dried over anhydrous Na,SOs, and evaporated
under vacuum. The crude compound was purified by colamn chromatography on silica gel
(10% EtOAc in petroleum ether) to give 2’tert—buty};4~ﬂu0ro-5~nitro—lH-indole (500 mg,
73%). 'H NMR (400 MHz, CDCls) 88.50 (brs, 1 H), 7.86 (dd, J = 7.6, 8.8 Hz, 1 H), 7.13
(d,J=8.8Hz, 1 H), 6.52 (dd, J=0.4, 2.0 Hz, 1 1), 1.40 (s, 9 H).

F F
!
A MeOH N

[00565]  2-tert-Butyl-4-fluoro-1H-indol-3-amine

.

Iz,

[005661 ‘T0 a solution of 2-zer-butyl-4-fluoro-5-nitre- 1 H-indole (2.1 g, 9.0 mmol) in
methanol (50 mL) was added NiCl (4.2 g, 18 mmol) and NaBH, (1.0 g, 27 mmol) at 0 °C.
After the addition, fhe mixiure was stirred for 5 min. Water (20 mL) was added and the

mixture was extracted with EfOAc (30 mL x 3). The organic layers were washed with sat.
180



WO 2010/054138 | POTUS200%/063475

. Na(ll and water, dried over anhydrous Nap_SOz;; evaporated under vacuwm (o give 2—ter1,_‘—buty1¥
4-fluoro-1H-indol-5-amine (900 mg, 50%). 'H NMR (300 MHz, CDCl) & 7.30 (brs, 1 H),
691 (d,J=84Tz, 1 H),6.64 (dd, J=09,24 Hz, 1 H) 6.23 (5, 1 H), 1.38 (5, ¢ H).

[00567] Example 37: 2,3,4,9-Tetrahydro-1H-carbazol-6-amine

O.N SnCi;  HyN
A S N
N N

H 7 H
[00568] 2,3.4.9-Tetrahydre-1H-carbazol-6-amine
1605691 6wNitr0—2,3,4,9»~tetrahydr0~IH—carbazdle (G.100 g, 0.462 mmol) was dissolved in a
40 mL scintillation vial containing a magnetic stir bar-and 2 mL of ethanol. Tin(II) chloride
dihydrate (1.04 g, 4.62 mmol) was added to the reaction mixture and the resulting suspensios
was heated at 70 °C for 16 h. The crude reaction mixture was then diluted with 15 mL of a
saturated aqueous solution of sodium bicarbonate and extracted three times with an
equivalent volume of ethyl acetate. The ethyl acetate extracts were combined, dried over

sodium sulfate, and evaporated to dryness to yield 2,3,4,9-tetrabydro- 1H-carbazol-6-amine

(82 mg, 95%) which was used without further purification.

[00570] Exampie 38: 2-tert-Butyl-7-fluoro-1H-indol-5-amine

_ErahioRe € Q2N A C[J\/\
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[60571] 2-Bromo-6-fhuore-4-nitro-phenylamine

[003572] To a solution of 2-fluoro-4-nitro-phenylamine (12 g. 77 mmol) in AcGH (50 mL)
was added Br; (3.9 mL, 77 mmol) dropwise at 0 °C. The mixture was stixred at 20 °C for 3 h.

The reaction mixture was basified with sat. aq. NaHCOs, and extracted with EtOAc (100 mL

181



WO 2016/054138 . ‘ PCT/US2009/063475

% 3). The combined organics were dried over anhydrous N 2,50, and evaporated under
vacuum (o give 2-bromo-6-fluore-4-nitro-phenylamine (18 g, 97%). "H NMR {400 MHz,
CDCls) 6 8.22 (m, 1 H), 7.90 (dd, / = 2.4, 10.8 Hz, 1 H), 4.88 (brs, 2'H).

O,N A

0N g )( Z
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—

[80573] 2-(3,3-Dimethyl-but-1-ynyl)-6-fluore-4-nitro-phenylamine

[68574] To a solution of 2-bromo-6-fluoro-4-pitro-phenylamine (11 g, 47 romol) i dry
BtsN (160 mL.) was added Cuf (445 mg, 5% mol), Pd(PPh,).Cl, (550 mg, 5% mol) and 3,3~
dimethyl-but-1-yne (9.6 g, 120 mmol) under N, protection. The mixture was stirred at 80 °C
for 10 h. The reaction mixture was filtered, poured into ice (100 g), and extracted with

" EtOAc (50 ml. x 3). The combined organic extracts were dried over anhydrous Na;504 and
evaporated unde;: vacuum to give the crude produet, which was purified by column
chromatography on silica géi {petroleum ether/ethyl acetate 50:1) to give 2-(3.3-dimethyl-
but- t-ynyl)-6-fluoro-4-nitro-phenytamine (4.0 g, 36%). " NMR (400 MHz, CDCl3) § 8.02
(d,J=12Hz, 1 H), 7.84 {dd, J =2.4, 10.8 Hz, | H), 4.85 (brs, 2 IT), 1.36 (5, 9 H).

O
=
[
N, Py, CH.Clp Lo

N
F F

[60575] N-[2-(3,3-Dimethyl-but-1-ynyl)-6-fluero-4-nitro-phenyi]-butyramide

[00576] To a solution of 2-(3,3-dimethyl-but-1-ynyly-6-fluoro-4-nitro-phenylamine (4.0 g,
17 mmol) and pyridine (2.7 g, 34 mmol) in aphydroos CH;Cl (30 ml) was added and
butyryl chloride (1.8 g, 17 mmol) dropwise at O °C. After stirring for 5 h at 0 °C, the reaction
mixfure was powred into ice (50 g) and extracted with CHCly (30 ml. x 3). The combined
organic extracts were dried over anhydrous NapSO, and evaporated under vacuisn to give N-
[2-(3,3-dimethyl- but-1-ynyD)-6-flucro-4-nitro-phenyl}-butyramide (3.2 g, 62%), which was
used in the next step without further purification. 1 NMR (300 Mz, DMSQO) 6 8.10 (dd, J
= 1.5, 2.7Hz, 1H),7.95(dd, J=2.4, 9.6 Hz, t H), 7.22 (brs, 1 H), 2.45 (¢, J=7.5 Hz, 2 H),
1.82 {m, 2 3, 1.36 (s, 9 H), 1.06 (t, J=7.5 Hz, 3 H).
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[00577) Z-tert-Butyl-7-fiuoro-S-nitro-1H-indole

{00578] To a solution of N-[2-(3,3-dimethyl-but-1-ynyl)- 6-fluoro-4-nitro-phenyl}-
butyramide (3.2 g, 16 mmol) in DMF (20 mL) was added t-BuOK (2.3 g, 21 mmeol) at room
temperature. The mixeure was heated at 120 °C for 2 g before being cooled down to room
ternperature. Water (50 mlL) was added to the reaction mixture and the resulting mixture was
extracted with CH,Cl, (30 ml. x 3). The combined organic extracts were dried over
anhydrous NaySO, and evaporated under vacuum to give 2-tert-butyl-7-fluoro- S-nitro-1H-
indole (2.0 g, 81%), which was used in the next step without further purification. "H NMR
(300 MHz, CDCl3) 8 9.95 (brs, 1 H), 8.30 (d, /= 2.1 Hz, 1 H), 7.74 (dd, J= 1.8, 11.1 Hz, 1
H), 6.43 (dd, F=24,33 Hz, 1 H), 1.43 (5, 9 H).

O HoN ' l
m‘ Raney Nifts \
N
F F

[60579] 2-fert-Butyl-7-fluoro-1H-indol-5-amine

[6¢5806] To a solution of 2-tert-buty]-7wfluoro- S-nitro-1H-indole (2.0 g, 8.5 mmaol) in
MeOH (20 mL) was added Ni (0.3 g) under nitrogen atmosphere. The reaction mixture was
stirred under hydrogen atmosphere (1 atm) at room temperature overnight. The catalyst was
filtered off through the celite pad and the filtrate was evaporated under vacuwm.  The crude
product was purified by colummn chromatography on silica gel (petroleum .ether/cthyi acetate
100:1) to give 2-tert-butyl-7-flaoro-1H-indol-5-amine (550 mg, 24%). 'H NMR (300 MHz,
CDCl) 6 7.87 (brs, 1 H), 6.64 (d, J=1.5Hz, 1 H), 6.37 (dd, 7= 1.8, 12.3 Hz, 1 H), 6.11 (dd,
J=24,3.6Hz, 1 H), 1.39 (s, 9 H). MS (ESD m/z (M+H") 207.

[60581] Example 39: 5-Amino-2-ferf-butyl-IH-indele-7-carbonitrile
GN Br 4)( LN # Oght ! . HaMo
Cal PA{PPhyply, B %%M | / )
NH; N H N
N GN CN
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[86582] 2-Amine-3-(3,3-dimethylbut-1-ynyl)- S-nitrobenzonitrile

[88583] To a stirred solution of 2-amino-3-bromo-5-nitrobenzonitrile (2.4 g, 10 mmol) in
dry EtsN (60 mL) was added Cul (380 mg, 5% mcl) and Pd(PPhs),Cly (470 mg, 5% mol) at
room temperature. 3,3-dimethyl-but-1-yne (2.1 g, 25 mmol) was added dropwise to the
mixture at room femperature. The reaction mixture was stitred at 8G °C for 10 h. The
reaction mixture was filtered and the filtrate was poured into ice (60 g), extracted with ethyl
acetate. The phases were separated and the organic phase was dried over Na;S0y. The
solvent was removed under vacuum (o obtain the crude product, which was purified by
column chromatography {2-10% EtOAc in petroleum ether) to obtain 2-amino-3-(3.3-
dimethylbut-1-ynyl)- S-nitrobenzonitrile (1.7 g, 71%). "H NMR (300 MHz, CDCls) 5 8.28
(6, J=27Hz, 1 II), 8.27 (d, J=2.7 Hz, 1 H), 5.56 (brs, 2 11), 1.37 (s, 9 H).

O,N A TBAF O,N
_.w...._......__h... \
NH, M
N : oN

[00584] 2-tert-Butyl-5-nitro-1H-indole-7-carbonitrile

[60585] To a solution of 2-amino-3-(3,3-dimethylbut-1-ynyl)- 5-nitrobenzonitrile (1.7 g,
7.0 mmol) in THE (35 mL) was added TBAF (9.5 g, 28 mmol} at room temperature. The
mixture was heated at reflux overnight. The reaction mixture was cooled and the THF was
removed under reduced pressure, Water (50n1i) was added to the residue and the mixtare was
extracted with EtOAc. The organics were dried over Na,$0; and the solvent was evaporated
under vacuum to obtain 0.87 g of crude product 2-tert-butyl-5-nitro-1H-indole-7 -carbonitrile

which was used directly in the next step without purification.

O.N HoN
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N
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[60586] S-Amino-2-feri-butyl-1H-indol-7-carbonitrile
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[60587] To a solution of crude product 2-fers-butyl-5-nitro-1H-indole-7-carbonitrile (0.87
g, 3.6 mmol) in MeOH (10-mL) was added NiCiz.6I{20 (1.8 g, 7.2 mmol) at -5 °C. The
reaction mixture was stirred for 30 min, then NaBH, (0.48¢, 14.32 mmol) was added to the _
reaction mixture at § °C. After 5 min, the reaction mixture was quenched with water, filtered
and extracted with EtQAc. The combined organic layers were dried over Na;SO, and
concentrated under vacuwm to obtain the crade préduct, which was purified by column
chromatography (5-20% EtOAc in petroleum ether) to obtain 5-amino-2-zert-butyl-1H-indol-
7-carbonitrile (470 mg, 32% over two steps). 'H NMR (400 MHz, CDClz) 8 8.25 (3, 1 H),
7.06id,J=24Hz 1 H), 60.84(d, J=24Hz, 1 H), 6.14(d, =24 Hz, 1 H), 3.57 (brs, 2 H),
1.38 (s, 9 H). MS (BSD) mv/z: 214 (M+H™).

[60588] Example 40: Methyl 5-amino-2-fert-butyl-1H-indole-7-carboxylate

N
O s KOHEOH NN L yeom
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o”‘cg : 1
O \ KCH, EtOH  OaN 3
_—
CN o OH

[68589} 2-tery-Batyi-5-nitro-1H-indole-7-carboxylic acid

[66590] 2-fers-Butyl-5-nitre- IH-indole-7-carbonitrile (4.6 g, 19 mmol) was added to a
sohation of KOH in EtOH (10%, 100 ml.) and the mixture was heated at reflux overnight.
The solution was evaporated to remove alcohol, a small amount of water was added, and then
the mixture was acidified with dilute hydrochloric acid. Upon standing in the refrigerator, an
orange-yellow solid precipitated, which was purified by chromatography on silica gel (15%
£t0Ac in petroleum ether) to afford 2-teri-butyl-3-nitro-1H-indole-7-carboxylic acid (4.0 g,
77%). 'HNMR (CDCls, 300 Miiz) § 10.79 (brs, 1 H), 8.66 (s, 1 H), 8.45(s, 1 H), 6.57 (s, 1
Hj), 1.39 (s, 9 H).

[00591] Methy! 2-tert-butyl-S-nitro-1H-indole-7-carboxylate
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[080392] SOCI; (3.6 g, 30mol) was added dropwise to a solution of 2-ters-butyl-5-nitro-1H-
indole-7-carboxylic acid (4.0 g, 15 mol} and methanol (30 mL) at 0 °C. The mixture was
stirred at 80 °C for 12 h. The solvent was evaporated under vacuum and the residue was
purified by column chromaiography on silica gel (5% EtOAc in petroleum ether) to afford
methyl 2-teri-butyl-5-nitro- 1H-indole-7-carboxylate (2.95 g, 70%). YH NMR (CDCl3, 300
MHz) 8 9.99 (brs, 1 H), 8.70 (4, /=2.1Hz, 1 H), 8.65(d, /=2.1 Hz, 1 H), 6.50(d, J = 2.4
Hz, 1 H), 4.04 (s, 3H), 1.44(s, SH).
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N TR N
H
H O/
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(665931 Methyt S-amino-2-fert-butyl-1H-indole-7-carboxylate

[60594] A sclﬁtion of 2-tert-butyl-5-nitro-1H-indole-7-carboxylate (2.0 g, 7.2 mmol) and
Raney Nickel (200 mg) in CH;OH (50 mL) was stirred for 5 h at the room temperature under
H; atmosphere. The catalyst was [iltered off throogh a celite pad and the filtrate was
evaporated vnder vacuum to give methyl S-amino-2-tert-butyl- 1H-indole-7-carboxylate (1.2
g, 68%) “H NMR (CDCly 400 MHz) § 9.34 (brs, 1H), 7.24 (d. J = 1.6 Hz, 1H), 7.10 (s, 1H),
6.12(d, J=1.6 Hz, {H), 3.88 (s, 3H), 1.45 (s, OH}. |

[00595] Example 41: (5-Amino-2-fert-butyl-1H-indol-7-yhmethanel
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[00596] (2-terr-Butyl-S-nitro-1H-indok-7-y1) methanol

[00597] To a solution of methyl 2-zert-butyl-3-nitro-1H-indole-7-carboxylate (6.15 g, 22.3
mmol} and dichloromethane (30ml) was added DIBAL-H (1.0 M, 20 mL, 20 mmol) at 78 °C.,
The mixture was stirred for 1 h before water {10 mi.) was added slowly. The resulting
mixture was extracted with EtOAc¢ (120 mL x 3). The combined organic extracts were dried
over anhydrons Na,SQ, and evaporated under vacaum to give (2-ter-butyl-5-nitro-1H-indol-

T-yDmethanol (4.0 g, 73%), which was used in the next step directly.
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[00598] (5-Amino-2-tert-butyi-1H-indol-7-yhymethanof

[60599] A mixture of (2-tert-butyl-S-nitro-1H-indol-7-yhmethanol (4.0 g, 16 mmol) and
Raney Nickel (400 mg) in CH;0H (100 mL) was stirred for 5 g at room temperature under
H,. The cataiyst was filtered off through a celite pad and the filtrate was evaporated under
vacuum to give (5-amino-2-fert-butyl- 1 H-indol-7-yl)methanol (3.4g, 80%). 'H NMR
(CDCl3, 400 MHz) 8 8.53 (br s, 1H), 6.80(d, J=2.0 Hz, 1 H), 6.38 (d, / = 1.6 Hz, 1 H}, 4.89
(s, 2 H), 1.37 (s, 9H.

[00600] Example 42: 2-(1-Methylcyclopropyl)-1H-indo}-5-amine

n-BuLi \ TBAF
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[06601] Trimethyl(1-methyi-cyclopropylethynyl)-silane

[00602] To a solution of cyclopropylethynyl-trimethyl-silane (3.0 g, 22 mmmol) in ether (20
_ mL) was added dropwise n-Buli (8.6 mL, 21.7 mol, 2.5 M solution in hexane} at G °C. The
reaction mixture was stirred at ambient teﬁaperature for 24 h before dimethyl sulfate (6.85 g,
54.3 mmol) was added dropwise at ~10 °C. The resulting solution was stirred at 10 °C and
then at 20 °C for 30 min each. The reaction was quenched by adding a mixture of sat. ag.
NH,Cl and 25% aq. ammmonia (1:3, 100 mL). The mixture was then stirred at ambient
temperature for 1 h. The aqueous phase was extracted with diethyl ether (3 x 50 mL) and the
combined organic layers were washed successively with 3% aqueous hydrochloric acid (100

mL), 3% ag. NaHCO; solution (100 mL), and water (100 mL). The organics were dried over
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anhydrous NaSO, and concentrated at ambient pressure. After fractional distiflation under
reduced 'pn_a_sspre, ﬁimet_hylm(1-methyl—cy&loprOpyleﬂlynyi)_-sﬂane {1.7 2, 52%) qu obtained .
as a colorless liquid. 'H NMR (400 MHz, CDC]g) §1.25(s, 3 H), ().92-0.86.(111, 2 H), 0.58-
0.56 (m, 2 H), 0.15 (5, 9 H).

N BAF —

i — e ==

7= =
[63603] 1-Ethynyl-1-methyl-cyclopropans

[60604] To a solution of trimethyl-(1-methyl-cyclopropylethynyl)-silane (20 g, 0.13 mel) in
THF (250 mL) was added TBAF (69 g, 0.26 mol). The mixture was stitred overnight at 20
°C. The mixture was poured into water and the organic layer was separated. The aqueous
phase was extracted with THF (50 mL). The combined organic layers were dried over
anhydrous Na; S04 and. distitled under atmospheric pressure to obtain 1-ethyny!-1-methyl-
cycloplfqpane (7.0 g, contained 1/2 THF 349%). 'H NMR (400 MHz, CDCly) 8 1.82 (s, 1 H),
1.26 (s, 3 1), 0.90-0.88 {(m, 2 H), 0.57-0.55 (m, 2 H).

OzN\©\ Bro/HOAC Ozﬂ@ Br
___.‘.__.,,_.MML._’A
NH NH,

2
(006057 2-Bromo-4-nitroaniline

[00606] To a solution of 4-nitro-phenylamine (50 g, .36 mol) in AcOH (500 mL) was
added Br; (60 g, (.38 mol) dropwise at 5 °C. The mixture was stirred for 30 min at that
teraperature. The insoluble solid was collected by filiration and basified with saturated
agueous NallCOjs to pH 7. The agueous phase was extracted with EtOAc (300 mL x 3). The
combined organic layers were dried and evaporated under reduced pressure to obtain

compound 2-bromo-4-nitroaniline (56 g, 72%), which was directly used in the next step.

=< .x 7

02 N\CE Br
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[80667]  2-{(1-Methylcyclopropyhethynyl)-4-nitroaniline

[00608]1 To a deoxygenated sotution of 2-bromo-4-nitroanitine (430 mg, 2.0 mmel) and 1-

ethynyl-1-methyl-cyclopropane (630 mg, 8.0 mmol) in triethylamine (20 mL) was added Cul

{76 mg, (.40 mmol)y and Pd(PPhs}:Cl, (140 mg, 0.20 mmol) under N,. The mixture was

heated at 70 °C and stirred for 24 h. The solid was filtered off and washed with EtGAc (30
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mLx 3) The filtrate was evaporated under reduced pressure and the residue was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate = 1{0/1} to give 2-((1-
methylcyclopropylethynyl)-4-nitroaniline (340 mg, 79%). "H NMR (300 MHz, CDCls) 8
8.15-8.14 (m, 1 H), 7.98-7.95 (m, 1 I), 6.63 (d, /= 6.9 Hz, 1 ), 4.80 (brs, 2 H), 1.38 (5, 3
), 1.04-1.01 (m, 2 H), 0.76-0.73 (m, 2 H), |

A ON -
— o)

NH, butyryl chioride NH{\

{606091 N-[2-(1-Methyl-cyclopropylethynyl)-4-nitro-phenyi}-butyramide

GoN

[60610] To a solution of 2-((1-methylcyclopropyllethynyl)-4-nitroaniline (220 mg, 1.0
mmol) and pyridine (160 mg, 2.0 mol) in CH,Cl, (20 mL) was added butyryl chloride (140
mg, 1.3 mmol) at O °C. The mixture was warmed to room temperature and stirred for 3 h.
The mixture was poured into ice-water. The organic layer was separated and the aqueous
phase was extracted with CHoCly (30 mL x 3). The combined organic layers were dried over
anhydrous Na;SO, and evaporated under reduced pressure to obtain N-[2-(1-methyl-

cyclopropyl-ethynyl)-4-nitro-phenyl}-butyramide (230 mg, 82%), which was directly used in

ON Z ON
O TBAF m@
__.,.“—..,.m.ﬂ.—h.
NHvt\ ‘N

the next step.

H

[06611] 2-(1-Methyleyelopropyl)-5-nitre-1H-indoke

[60612] A mixture of N-[2-(1-methyl-cyclopropylethynyl)-4-nitro-phenyi]-butyramide (1.3
g, 4.6 mmol) and TBAF (2.4 g, 9.2 mmol) in THF (20 mL} was heated at reflux for 24 h.
The mixture was cooled to room temperature and poured into ice water. The mixture was
extracted with CH»Cl (30 mL » 3}, The combined organic layers were dried over anhydrous
Na;S0, and evaporated under reduced pressure. The residue was purified by columan
chromatography on silica gel (petroleum ether/ethyl acetate = 10/1) to afford 2-(1-

methylcyclopropyl)-5-nitro-1H-indole (0.70 g, 71%). "H NMR (400 MHz, CDCl3) & 8.56
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A(brs, 1 H), 8.44 (d,/=2.0Hz, 1 H),8.01 (dd,J = 2.4, 8.8 Hz, 1 H),7.30 (d, /=88 Hz 1 H),
6.34 (d, J = 1.6 Hz, 1 H), 1.52 (s, 3 H), 1.03-0.97 (m, 2 H), 0.89-0.83 (m, 2 H).

- OuN . HolN
N N
ol H

{60613] 2-(1-Methyl-cyciopropyl)-1H-indol-5-ylamine

[08614] To a solution of 2-(i-methyleyclopropyl)-5-nitro- I H-indole (0.70 g, 3.2 mmol) in
EeQH (20 ml.) was added Raney Nickel (100 mg) under nitrogen atmosphere. The mixfure
was stirred under hydrogen atmosphere (1 atm) at room temperature overnight. The catalyst
was filtered off through a celite pad and the filtrate was evaporated under vacuwm. The
residue was purified by column chromatography on silica gel (petroleum ether/ethyl acetate =
5/1) to afford 2-(1-methyl-cyclopropyl)-1H -indol-5-ylamine (170 mg, 28%). "H NMR (400
MHz, CDCl;) & 7.65 (brs, 1 H), 7.08 (4, /=84 Hz, 1 H), 6.82 (s, 1 H), 6.57 (d, /= 8.4 Hz, 1
H), 6.14 (s, T H), 3.45 (brs, 2 H), 1.47 (s, 3 H), 0.82-0.78 (m, 2 H), 0.68-0.63 (m, 2 H).

[00615] Example 43: Methyl 2—(S-amino~lH-indol-2-y1)-2-methylpropanoate
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[00616] Methyl 2,2-dimethyl-3-oxobutanoate
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[00617] Toa suspeﬁsion of NaH (42 g, 1.1 mol, 60%) in THF (400 ml.) was added
dropwise a solution of methyl 3-oxobutanoate (116 g, 1.00 mol) in THF (100 mL} at 0 °C,
The mixfure was stirred for 0.5 h at that teraperature before Mel (146 g, 1.1 mol) was added
dropwise at 0 °C. The resultant mixture was warmed to room temperature and stirred for 1 h.
NaH (42 g, 1.05 mol, 60%) was added in portions at 5(? and the resulting mixture was
continued to stir for (1.5 k at this temperatare, Mel {146 g, 1.05 mol) was added dropwise at ()
°C. The reaction mixture was warmed to ro.om temperature and stirred overnight. The
mixture was poured into ice water and the organic layer was separated. The agueous phase
was extracted with EtOAc (500 mL x 3). The combined organic layers were dried and
gvaporated under reduced pressure to give methyl 2,2-dimethyl-3-oxobutanoate (85 g), which

was used directly in the next step.

M
o o OMe

OM
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[00618] Methyl 3-chlore-2,2-dimethylbut-3-enoate

{886191 To a suspention of PCls (270 g, 1.3 mol) in CHyCl, (1000 mL) was added dropwise
methyl 2,2-dimethyl-3-oxobutanoate (85 g) at 0 °C, following by addition of approximately
30 drops of dry DMF. The mixture was heated at reflux overnight. The reaction mixture was
cooled to ambient temperature and slowly poured into ice water. The organic layer was
separated and the aqueous phase was extracted with CH,Cl, (500 mL x 3). The combined
organic layers were washed with saturated aqueous NaHCO5 and dried over anhydrous
Na,50,. The solvent was evaporated and the residue was distilled under reduced pressure €0
give methyl 3-chloro-2,2-dimethyibut-3-enoate (37 g, 23%}). 11 NMR (400 MHz, CDCl) &
533 (s, 1H). 373 (s, 3 H), 144 (s, 6 H).

OMe OH
ag. NaOH
o T O

Ch Cl
[606207 3-Chioro-2,2-dimethyibut-3-enscic acid

[606211 A mixture of methyl 3-chloro-2,2-dimethylbut-3-enoate (33 g, 0.2 mol) and NaOH
(9.6 g, 0.24 mol) in water (200 mL) was heated at reflux for 5 h. The mixture was cooled to
ambient temperature and extracted with ether. The organic layer was discarded. The

agueous layer was acidified with cold 20% HCl solution and-extracted ether (200 mL x 3).
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The combined organic lavers were dried and evaporaieé under redueed pressure to give 3-
chloromﬁ,’z-dimethyl-but-B—enoic acid (21 g, 70%), which was used directly in the next step.
'H NMR (400 MHz, CDCls) 8 7.90 (brs, 1 H), 5.37 (dd, J = 2.4, 6.8 Hz, 2 H), 1.47 (s, 6 H).

O
J.{ NaNH, ﬁOH
@]
. DMSO =/ 0
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006221 2.2-Dimethyi-but-3-ynoic acid

[060623] Liquid NH; was condensed in a 3-neck, 250 mL round bottom flask at ~78 °C. Na
(3.98 g, 0.173 mol) was added t¢ the flask in portions. The mixture was stirred for 2 h at —78
°C before anhydrous DMSO (20 mL) was added dropwise at — 78 °C. The mixture was
stirred at room temperature until no more NH; was given off. A solution of 3-chloro-2,2-
dimethyl-but-3-enoic acid (6.5 g, 43 mmol) in DMSO (10 mL) was added dropwise at —40
°C. The mixture was warmed-and stirred at 50 °C for 5 h, then stirred at room temperature
overnight. The cloudy, olive green solution was poured into cold 20% HCI solution and then
extracted three times with ether. The ether extracts were dried over anhydrous Na,SOy4 and
concentrated to give crude 2,2-dimethyl-but-3-ynoic acid (2 g), which was used directly in
the next step. "H NMR (400 MHz, CDCls) § 2.30 (s, 1 ), 1.52 {s, 6 H).

O O—
A o O
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[30624] Methyl 2,2-dimethylbut-3-ynoate

{06257 To a solution of diaz;omeithane (~10 g} in ether (400 mL) was added dropwise 2,2~
dimethyl-but-3-ynoic acid (10.5 g, 93.7 mmol} at 0 °C. The mixture was warmed to room
temperature and stirred overnight. The mixture was distilled under atmospheric pressure (o
give crude methyl 2,2-dimethylibut-3-ynoate (14 g), which was used directly in the next step.
"H NMR (400 MHz, CDCl) 8 3.76 (s, 3 H), 2.28 (s, 1 H), 1.50 (s, 6 H).
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[60626] Methyl 4-(2-amin0-5-nitrophenyl)—2,2-dimethyibutn3-ynoate
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[60627] Toa deoxygenated solution of compound 2-bramo-4-nitroaniline (9.43 g, 43.7
mmol), methyl 2,2-dimethylbut-3-ynoate (5.00 g, 39.7 mmol), Cul (754 mg, 3.97 mmol) and
triethylamine (8.03 g, 79.4 mmol} in toluene/H,0 {100/30 mL) was added Pd(PPhs)s (6.17 g,
3.97 mmol) under N, The mixture was heated at 70 °C and stirred fér 24 h. After cooling,
the solid was filtered off and washed with EtOAc (50 ml. x 3). The organic layer was
separated and the aqueous phase was washed with EtOAc (50 ml. % 3). The combined
organic layers were dried and evaporated under reduced pressure to give a residue, which was
purified by column chromatography on silica gel (petroleum eﬂler/ethyi acetate = 10/1) to
obtain méthyt 4-(2-amino-5-nitrophenyl}-2,2-dimethylbuat-3-ynoate (90(_) mg, 99%]. 'H NMR
(400 MHz CDCl;) 68.17(d, J=2.8Hz, 1 H),8.01(dd, /=2.8.92Hz, 1 H), 6.65(d, /=9.2
Hz, 1 H), 5.10 (brs, 2 H), 3.80 (s, 3 H), 1.60 (s, 6 H).
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[00628] Methyl 4-2-butyramide-5-nitrophenyi)-2,2-dimethylbut-3-ynoate

A\

OuN

[00629] To a solution of methyl 4-(2-amino-5-nitrophenyl)-2,2-dimethylbut-3-ynoate {260
mg, 1.0 mmol} and pyridine (160 mg, 2.0 mol) in CH,Cl; (20 mL) was added butyryl
chloride (140 mg, 1.3 mmol) at 0 °C. The reaction mixture was warmed to room temperature
and stirred for 3 i before the mixture was 'poured into ice-water. The organic layer was
separated and the aqueous phase was extracted with CH»Cly (30 ml % 3). The combined
organic layers were dried over anhydrous Nap, SO, and evaporated under reduced pressure o
obtain methyl 4-(2—butyramido-5—ﬁitrophenyl)—.?,2~dimethyibut-3mynoeite (150 mg, 45%),
which was used directly in the next step. "H NMR (400 MHz, CDCl3) § 8.79 (brs, 1 H), 8.71
(d,J=92Hz, 1 H),824 (d, J=2.8Hz, 1 H), 8.17 {dd, J=2.8,9.2 Hz, 1 H), 3.82 (s, 3 H),
2.55(t, J=7.2 Hz, 2 H), 1.85-1.75 (m, 2 H), 1.63 (s, 6 H}), 1.06 (t, / = 6.8 Hz, 3 H).
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Z
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[0863¢] Methyl 2-methyl-2-(5-nitro-1H-indol-2-yl)propanoate
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{60631] To a deoxygenated solution of methyl 4-(2-butyramido-5-pitrophenyl)-2,2-
.dimethyl‘but‘S-ynoate (1.8 g, 5.4 mmol) in acetonitrile (30 mL) was added Pd(CH;CN),Cl;
(0.42 g, 1.6= mmol) under N;. The mixture was heated at reflux for 24 h. After cooling the
mixture (o ambient temperature, the solid was filtered off and washed with BtOAc {50 mL x
3). The filtrate was evaporated under reduced pressure to give a residue, which was purified
by column chromatography on silica gel (petroleum ether/ethyl acetate = 3(/1) to give methyl
© 2-methy]-2-(5-nitro-1H-indob2-yDpropanoate (320 mg, 23%). 'H NMR (400 MHz, CDCls)
§9.05(brs, 1 H),852(d, J=2.0Hz, 1 H), 8.09 (dd, J=2.0, 8.8 Tz, 1 1), 7.37 (d. J = 8.8
Hz, | H), 6.54 (d, /= 1.6 Hz, 1 H), 3.78 (d, J=9.6 Hz, 3 H), 1.70 (s, 6 H)..

Q . o
N N
H H

[00632] Methyl 2-(5-amino-1H-indol-2-y1)-2-methylpropanoate

[00633] A suspension of methyl 2-methyl-2-(5-nitro-1H-indol-2-yDpropanoate (60 mg,
0.23 mmol) and Raney Nickel (10 mg) in MeOH (5 mL) was hydrogenated under hydrogen
{1 atm) at room temperature avernight. The catalyst was filtered off through a celite pad and
the filtrate was evaporated under vacuwm to give a residue, which was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to give methyl 2-(5-amino-
1H-indol-2-yI)-2-methylpropanoate (20 mg, 38%). "H NMR (400 MHz, CDCly) 6 8.37 (brs,
1H),7.13¢d, /=84 Hz, 1 H), 6.87 (d, J=2.0Hz, 1 H}, 6.63 (dd, /= 2.0, 8.4 Hz, 1 H), 6.20
(d, J=12MHz, 1 Hy, 3.72(d, J=7.6 Hz, 3 H), 3.43 (brs, 11D, 1.65 (s, 6 H}; MS (LS m/ie
(M+H") 233.2.

[00634] Example 44; 2-Isopropyl-1H-indol-5-amine

O\
# O.N HN
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[00635] 2-Isopropyl-S-nitro-1H-indole

IZ

194



WO 2010/054138 ‘ . PCTMS2008/463475

[00636] A mixture of methyl 4-(2-butyramido-5-nitfophenyl)-2,2-dimethylbut-3-ynoate
(0.50 g, 1.5 mmol) and TBAF (790 mg, 3.0 mmol) in DMF (20 mL) was heated at 70 °C for
24 h. The reaction mixture was cooled to room temperature and poured into ice water. The
mixture was extracted with ether (30 mI. x 3). The combined organic layers were dried over
anhydrous Na,$0y4 and evaporated under réduced_ pressure to give a residue, which was
purified by column chromatography on silica gel (petroleum ether/ethyl] acetate = 20/1) to
give 2-isopropyi-5-nitro- | H-indole (100 mg, 33%). "H NMR (400 MHz, CDCls) 3 8.68 (s, 1
H), 825 (brs, T H), 821 (dd, J=2.4, 10.0Hz. 1 H),732(,/=88Hz, 1 H), 6.41 (s, 1 Hj,
3.07-3.14 (m, 1 H), 1.39(d, /= 6.8 Hz, 6 H).

ON , HoN
[ oo
—
N N
H H

[06637] 2-Isopropyl-1H-indol-5-amine

[60638] A suspension of 2-isopropyl-5-nitro-1H-indole (100 mg, (.49 mmol) and Raney
Nickel (10 mg) in MeOH (10 m1) was hydrogenated under hydrogen (1 atm) at the room
temperature overnight. The catalyst was filtered off through a celite pad and the filtrate was
evaporated under vacuum o give a residue, which was purified by coluim (petrolenm
ether/ethyl acetate = 5/1) to give 2-isopropyl-1H-indol-5-amine (35 mg, 41%). "H NMR (400
MHz, CDCl3) 8 7.69 (brs, 1 H), 7.10 (d, J=8.4 Hz, 1 H), 6.86 (d, J = 2.4Hz, 1 H), 6.58 (dd,
J=24,88Hz 1 H), 607, J=12Hz, 1 H),3.55(brs, 2 ), 3.06~2.99 (m,1H),1.33(d, J
=7.2 Hz, 6 H); MS (EST) m/e (M4H") 175.4.

[00639] Example 45: 1-(Benzo[d][1,3]dioxol-5-y1)-N-(2-(1-hydroxy-2-methylpropan-2-
yh-1H-indol-5-yhcyclopropanecarboxamide
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[00640] Triphenyl(2-aminobenzyl)phosphonium bromide

[06641] 2-Aminobenzyl alcohol (6.0 g, 0.487 mol) was dissolved in acetonitrile (2.5 L)
and brought to refiux. Triphenylphosphine hydmbfomide (167 g, 0.487 mol) was added and
the mixture was heated at reftux for 3 h. The reaction mixture was concentrated to
approximately 500 mi. and left at room temperature for 1 h. The precipitate was filtered and
washed with cold acetonitrile followed by hexane. The solid was dried overnight at 40 °C

under vacuum to give triphenyl(2-aminobenzylyphosphonium bromide (193 g, 88%).

j\j\o BPPhaBr
O = CLIA,,
NH,

[00642] Triphenyi((ethyl(2-carbamoylacetate)-2-benzyl)phosphonium bromide

[08643] To a suspension of triphenyl{2-aminobenzyl)phosphonium bromide (190 g, 0.43
motl) in anhydroué dichloromethane (i L) was added ethyl malonyl chioride (55 ml, 0.43
mol). The reaction was stirréd for 3 h at room temperature, The mixture was evaporaied to
dryness before ethanol (400 mL) was added. The mixture was heated at reflux until a clear
solution was obtained. The solution was left at room temperature for 3 h. The precipitate
was filtered, washed with cold ethanol followed by hexane and dried. A second crop was

obtained from the mother liquor in the same way. In order to remove residual ethanol both
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crops were combined and dissolved in dichloromethane (approximately 700 mL) under
heating and evaporated. The solid was dried overnight at 50 °C under vacuum to give

triphenyl((ethyl(2-carbamoyhacetate)-2-benzyl)-phosphonium bromide (139 g, 58%).

[60644] Ethyl 2-(1H-indol-2-yl)acetate

[00645] Triphenyl(ethyl(2-carbamoyhacetate)-2-benzyl)phosphonium bromide (32.2 g,
57.3 mmol) was added to anhydrous toluene (150 mL} and the mixture was heated at reflux.
Fresh potassium tert-butoxide (7.08 g, 63.1 mmol) was added in portions over 13 minutes.
Reflux was continued for another 30 minutes. The mixture was filtered hot through 4 piug of
celite and evaporated under reduced pressure. The residue was purified by column
chromatography on silica gel (0-30% ethy! acetate in hexane over 45 min) to give ethyl 2-
{13-indol-2-yhacetate (9.12 g, 78%). '

O~ e @f\h
T DMAP

N  COEt CO,Et
H Boc_

(006461 fert-Butyl 2-((ethoxycarbonylmethyl)-1H-indole-i-carboxylate

_ [66647] To a solution of ethy! 2-(1H-indol-2-yljacetate (14.7 g, 72.2 mmol) in
dichloromethane (150 mL) was added 4-dimethylaminopyridine (8.83 g, 72.2 mmol) and di-
tert-butyl carbonate (23 7 g, 108 mmol) in portions. After stirring for 2 h at room
temperature, the mixture was diluted with dichloromethane, washed with water, dried over
magnesium sulfate and purified by silica gel chromatography (0 to 20% EtOAc in hexane) to

give tert-butyl 2-((ethoxycarbonybymethyl)- i H-indole- 1-carboxylate (20.0 g, 91%).

[66648]  fert-Butyl 2-{2~(ethexycari}onyi)propan-2~yl)-IH-indéie-1»cari)oxylate

[¢6649]  ferr-Butyl 2-((ethbxycarbonyi)meth.yl}— LH-indole-1-carboxylate (16.7 g, 54.9
mmol) was added to anhydrous THF (100 mL) and cooled to ~78 °C. A 0.5M solution of
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- potassinm hexamethyldisilazane (165 mL, 82 mmol) was added slowly such that the internal
temperamre stayed below 60 °C. Stirring was conﬁnued for 30 minutés at

=78 °C. To thié mixture, methyl iodide (5.64 mi., 91 mmol) was added. The mixture was
stirred for 30 min at room temperature and then cooled to ~78 °C. A (1.5M solution of
potassium hexamethyldisilazane {210 mL, 104 mmol) was added slowly and the mixture was
stirred for another 30 minutes at -78 °C. More methyl iodide (8.6 mL, 137 mmol) was added
and the mixture was stirred for 1.5 h at room tcmperéwre. The reaction was quenched with
sat. aq. ammonium chloride and partitioned between water and dichloromethane. The
aqueous phase was extracted with dichloromethane and the combined organic phases were
dried over magnesium sulfate and evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (0 to 20% ethylacetate in hexane) (o give
feri-butyl 2-(2-(ethoxycarbonyl)propan—Z—yl}~1I-I-indole— t-carboxylate (17.1 g, 94%).

: 002 Et : GO, Et
Boc

[66650] Ethyl 2-(1H-indol-2-yI)-2-methyipropanoate

[06651] ier-Butyl 2-(2-(ethoxycarbonyllpropan-2-ylj- 1H-indole-1-carboxylate (22.0 g,
69.1 mmol) was dissolved in dichloromethane (200 mL) before TEA (70 ml.) was added.
The mixture was stirred for 5 h at room temperature. ‘The mixture was evaporated o dryness,
taken up in dichloromethane and washed with saturated sodium bicarbonate solution, water,
and brine. The product was purified by column chromatography on silica gel (0-20% EtOAc

 in hexane) to give ethyl 2-(1H-indol-2-y1)-2-methylpropanoate (12.5 g, 78%).

CO,E COngG. H2SO4 H CO,Et

[00652] Ethy! 2-methyl-2-(5-nitre-1H-indo}-2-yl)propancate

[66653] Ethyl 2-(1H-indol-2-y1)-2-methylpropanoate (1.0 g, 4.3 mmol) was dissolved in
concentrated sulfuric acid (6 mL) and cooled to —10 °C (salt/ice-mixture). A solution of
sodium nitrate (376 mg, 4.33 mmol) in concentrated sulfuric acid (3 mlL.} was added dropwise
over 30 min. Stirring was continued for another 30 min at —10 °C. The mixture was poured
into ice and the product was extracted with dichloromethane. The combined organic phases

were washed with a small amount of sat. aq. sodium bicarbonate. The product was purified
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by column chromatography on silica gel (5-30% EtOAc in hexane) to give ethyl 2-methyl-2-
{5-nitro- 1H-indo}-2-yl}propancate (0.68 g, 57%).

COeEt

[60654] 2-Methyl-2-(5-nitro-1H-indol-2-yDpropan-1-o}

[06655] To a cooled solution of LiAlH, (1.0 M in THF, 1.1 mL, 1.1 mmol) in THF (5 mL}
at 0 °C was added a solution of ethyl 2-methyl-2+(5-nitro-1H-indol-2-yl)propanoate (0.20 g,
0.72 mmol) in THF (3.4 mL) dropwise. After addition, the mixture was allowed to warm up
to room lemperature and was stirred for 3 h. The mixture was cooled to 0 °C before water (2
mL) was slowly added followed by careful addition of 15% NaOH (2 mL) and water (4 mL).
The mixture was stirred at room temperature for (.5 h and was filtered through a short plﬁg of
celite using ethy! acetate. Thé organic layer was separated from the aqueous layer, dried over
NapSQy, filtered and evaporated under reduced pressure. The residue was purified by column
chromatography on silica gel (ethyl acetate/hexane = 1/1) to give 2-methyl-2-(5-nitro-1H-
indol-2-yhpropan-1-01 {0.098 g, 58%).

N N H
o OH k 0

.' [60656] 2-(5-Aminc-1H-indol-2-yl)-2-methylpropan-1-of

[06657]  To a solution of 2-methyi-2-(5-nifro-1H-indol-2-yDpropan- 1-ol (0.094 g, 0.40
mmol} in ethanol (4 mL) was added tin chloride dihydrate (0.451 g, 2.0 mmol}. The mixture
was heated in the mictrowave at 120 °C for | h. The mixiure was diluted with ethyl acetate
ane water before heing quenched with saturated aqueous NaHCO;. The reaction mixture was
filtered through a plag of celite using ethyl acetate. The organic layer was separated from the
aqueous layer, dried over Na,SQy, filtered and cvaporated under reduced pressure to give 2-

{5-amino-11T-indol-2-y1)-2-methylpropan-1-ol (0.080 g, 98%).

[00658] Exampie 46: 2-(Pyridin-2-yi)-1H-indol-5-amine
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[00659] 4-Nitro-2-(pyridin-2-ylethynyl)aniiine

[00660] To the solution of 2-indo-4-nitroaniline (3.0 g, 11 mmol) in DMF (60mL) and EtsN
(60 mL) was added 2-ethynylpyridine (3.0 g, 45 mmol), Pd(PPh33:Cl (600 mg) and Cul (204
mg) under Ny. The reaction mixture was stirred at 60 °C for 12 h. The mixture was diluted
with water and exiracied with dichioromethane (3 x 100 mL}. The combined organic layers
were washed with brine, dried over anhydrous Na;SO4 and concentrated in vacuum. The
residue was purified by chromatography on silica gel (5-10% ethyl acetate/petrolenm ether)
to afford 4-nitro-2-(pyridin-2-ylethynyDaniline (1.5 g, 60%). "H NMR (300 MHz, CDCls) §
8.60 (s, 1 H), 8.13 (4, J=2.1 Hz, [ H),7.98(d, /= 1.8, 6.9 Hz, L H}, 7.87-7.80 (m, 2 1),
7.42-7.36 (m, 1 H), 7.05 (brs, 2 H), 6.80 (d, /=6.9 Hz, 1 H).
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[00661] 5-Mitro-2-(pyridin-2-yI)-1H-indsle

100662] To the solution of 4-nitro-2-(pyridin- 2-ylethynybhaniline (1.5 g, 6.3 mmol) in
DMF (50 mL) was added t-BuOK (1.5 g, 13 mmol). The reaction mixture was stirred at 90
°C for 2 h. The mixture was diluted with water and extracted with dichloromethane (3 x 50
mL). The combined organic layers were washed with brine, dried over anhydrous NaSO,4

and concentrated in vacuum. The residue was purified by chromatography on silica gel
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(5-10% ethyl acetate/petrolevm ether) to afford S-mtro—?,-(pyﬁdin-Z—yl)—iH-indolc (1.0¢g,
67%yield). "H NMR (300 Mz, d-DMSO) § 12.40 (s, 1H), 8.66 (d, J = 2.1 Hz, 1 H), 8.58 (d,
J=18Hz, I H), 8.07-7.91 (m, 3 H), 7.59 (d, J = 6.6 Hz, 1 H), 7.42-7.37 (m, 2 H).

\_/
L N

[60663] 2-(Pyridin-2-yl)-1H-indol-5-amine

[06664] To a solution of S-nitro-2-(pyridin-2-y1)-1H-indole (700 mg, 2.9 mmol} in EtOH
(20 mL) was added $nCl; (2.6 g, 12 mmol). The mixture was heated at reflux for 10 h.
Water was added and the mixture was extracted with FtOAc (50 mL x 3). The combined
organic layers were washed with brine, dried over anhydrous Na;SO4 and concentrated in
vacuum, The residue was purified by chromatography on silica gel (5-10% ethyl
acetate/petrolenm ether) to afford 2-(pyridin-2-yl}-1H-indol-5-amine (120 mg, 20%). !
NMR (400 MHz, CDCl3) 8 9.33 (brs, 1 H), 8.55(dd, J= 1.2, 3.6 Hz, 1 H), 7.76-7.67 (m, 2
H),723(d,J=64Hz, 1 H),7.16~7.12 {m, 1 H), 6.94 (4, J=2.0Hz, 1 }), 6.84 {d, /=24
Hz, 1 H),6.71-6.69(dd. /=20, 84 Hz, 1 H}.

. [00665] Example 47: 2-(Pyridin-2-y1)-1H-indel-5-amine
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[00666] [2-(ert-Butyl-dimethyi-silanyloxy)-ethyl]-(2-iodo-4-nitro-phenyl)-amine
[60667} To a soluiion of 2-iodo-4-nitroanitine (2.0 g, 7.6 mmol) and 2-(tert-

butyldimethylsilyloxy}-acetaldehyde (3.5 g, 75% purity, 15 mmol) in methanol (30 ml.) was

added TFA (1.5 mL) at 0 °C. The reaction mixture was stirred at this temperature for 30 min
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before NaCNBH; {90G mg, 15 mmol) was added in por_tions. The mixtore was stirred for 2 h
and was then quenched with water. The resulting mixture Wés extracted with EtOAc (30 mL
% 33, the combined organic extracts were dried over anhydrous Na,5O4 and evaporated under
vacuun, and the residue was purified by chromatography on silica gel (5 % ethyl
acetatelpelxo}éum_) to afford [ 2-(tert-butyl-dimethyl-silanyloxy)-ethyl]-(2-iodo-4-nitro-
phenyl)-amine (800 mg, 25 %). TH NMR (300 MHz, CDCl3) 8 8.57 (d, /= 2.7 Hz, 1 H), 8.12
(dd,J=2.4 9.0Hz, 1 H), 649 (d, J=93Hz, 1 H},5.46 (brs, 1 H), 3.89 (1, f= 54 Hz, 2 H),
3350(q, /=54Hz, 2, 0.93 (s, 9 H}, 0.10 (5, 6 H).
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[0D668] 5-{2-[2—(tert-Bu_tyl-dimethyl-silanyloxy)-eihylamino]—5-niir0-phenyl}-3,3-
dimethyl-pent-4-ynoic acid ethyl ester

1006621 To a solution of [2-(ferf-butyl-dimethyl-silanyioxy)-ethyll-(2-iodo-4-nitro-phenyl)-
amine (800 mg, 1.9 mmol) in FtzN (20 mL) was added Pd(PPh1),Cl; (300 mg, 0.040 mmaol),
Cul (76 mg, 0.040 mmol) and 3,3-dimethyl-but-1-yne (880 mg, 5.7 mmol} successively
under N; protection. The reaction mixture was heated at 80 °C for 6 h and allowed to cool
down to room temperature. The resulting mixture was extracted with EtOAc (30 mL x 3).
The combined organic extracts were dried over anhydrous Na,SO, and evaporated under
vacu.um to give 5-{2-[2-(tert-butyl-dimethyl-silanyloxy)-ethylamino]-5-nitro-phenyl }-3,3-
dimethyl-peni-4- ynoic acid ethyl ester (700 mg, 82 %), which was used in. the next step
without further purification. "H NMR (400 MHz, CDCl3) 8 8.09.(s, 1 H), 8.00 (d, J = 9.2 Hz,
1 H),6.54(d, J=9.2 Hz, 1 H), 6,45 (brs, 1 H), 4.17-4.10 {m, 4 H). 3.82 (1, J = 5.6 Hz, 2 H},
343(q,/=5.6Hz,2 H), 249 (s, 2 H}. 1.38 (s, 6 H), 1.28 (1, /=72 Hz, 3 H), 0.84 (s, 9 H),
0.00 (s, 6 H).
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[006'7{}] 3-[1-(2-Hydroxy-ethyl)-5-nitro-1H-indol-2-y11-3-methyl-butyric acid ethyl

ester
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{08671] A solution of 5-{ 2-[2-(ferr-butyl-dimethyl-silanyloxy)-ethylaming]-5-nitro-
phenyl}-3,3- dimethyl-pent-4- ynoic acid ethyl ester (600 mg, 1.34 mmol) and PdCL(650
mg) in CHLCN (30 mL) was heated at veflux overnight. The resulting mixture was exiracied
with EtOAc (30 mL x 3). The combined organic extracts were dried over anhydrous Na,SOy
and evaporated ander vacuum. The residue was dissolved in THF (20 mL) and TBAF {780
mg, 3.0 mmol) was added. The mixture was stirred at room temperature for 1 h, the solvent
was rémoved under vaccum, and the residue was purified by chromatography on silica gel
(10% ethyl acetate/petroleum) to afford 3-[1-(2-hydroxy-ethyl)-5-nitro-1H-indoi-2-y1}-3-
methyl-butyric acid ethyl ester (270 mg, 60 %). 'H NMR (300 MHz, CDCl3) 5 8.45 (d, J =
2.1Hz, 1H),805(dd, J=2.1,90He, 1 H), 6.36(d. J=90Hz 1 H),648 (s, 1 H), 446 (t. J
=6.6Hz, 2 M), 4.00-3.91 (m, 4 H),2.76 (s, 21}, 1.61 (s, 6 H),0.99 (t, /= 7.2 Hz, 1 H), 0.85
(s, 9H), 0.03 (s. 6 H).
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1086721 3-[1-(2-Hydroxy-ethyl}-S-nitro-1H-indoi-2-y1]-3-methyl-butan-1-ol

[00673] To a solution of 3-[1-(2-hydroxy-ethyl)-5-nitro-1i-indoi-2-y1]-3-methyl-butyric
acid ethyl ester (700 mg, 2.1 mmol) in THF (25 mL) was added DIBAL-H (1.0 M, 4.2 mL,
4.2 mmol) at -78 °C. The mixture was stirred at room temperature for 1 h. Water (2 mL)
was added and the resulting mixture was extracted with FtOAc (15 mL x 3}, The combined
organic layers were dried over anhydrous Na;SO4 and evaporated under vacaum. The residue
was purified by chromatography on silica gel (15 % ethyl acetate/petroleum) to afford 3-[1-
(2-hydroxy-ethyl)-5-nitro-1H-indol-2-y13-3-methyl-butan-1-ol (300 mg, 49%). " NMR (300
MHz, d-DMSO) 8 8.42 (4, J=15Hz, 1 H), 7.95¢dd, J=12,87Hz, I H), 6.36(d, J=9.3
Hz, 1 H3, 6.50 (s, 1 H), 5.25 (brs, 1 H), 4.46-4.42 (m, 4 H), 3.69-3.66 (m .2 H), 3.24-3.21 (m,
2H), 142 (s, 6 H).
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[00674) 3-[5-Amino-1-(2-hydroxy-ethyi)-1H-indol-2-yi}-3-methyl-butan-1-¢}
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[80675] A solution of 3-{1-(2-hydroxy-ethyl)-5-nitro-1 H-indol-2-yl]-3-methyl-butan-1-0l
(300 mg, 1.03 mmol) and Raney Nicke! {200 mg,) in CH;0H (30 mL) was stirred for 5 h at
room temperature under a Hy atmosphere. ‘The catalyst was filtered through a celite pad and
the filtrate was evaporated under vacuum (o give a residue, which was purified by preparative
TLC to afford 3-[5-amino-1-(2-hydroxy-ethyl}- 1 H-indol-2-yi}-3-methyl-butan-1-ol (70 mg,
26%). 'H NMR (300 MHz, CDCly) 8 7.07 (d, J = 8.7 Hz, 1 H), 6.83(d, J = 2.1 Hz, 1 H),
6.62(dd, J=2.1,84Hz, 1 H),6.15(s, 1 H), 447 (. /=54 Hz, 2H), 407, /J=54Hz 2
H),3.68 (t, J=5.7Hz, 2 H), 2.16 (1, J = 5.7 Hz, 2 H). 4.00-3.91 (m, 4 H), 2.76 (s, 2 H}, 1.61
(s, 6 H), 1.42 (s, 6 H).

[00676] Example 48: fert-Butyl 2-(5-aminc-1H-indol-2-yl)piperidine-1-carboxylate
. '7( O
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[00677] 2-(Piperidin-2-yh)-1H-indol-5-amine

[00678] S-Nito-2-(pyridin-2-yl)-1H-indole (1.0 g, 4.2 mmol) was added to HCYMeOH (2
M, 50 mL). The reaction mixture was stirred at room temperature for 1 h and the solvent was
evaporated under vacnum. Pt0); (200 mg) was added 1o a solution of the residue in MeOH
(50 mL) and the reaction mixture was stirred under hydrogen atmosphere (1 atm) at room
temperature for 2 h. The catalyst was filtered through a celite pad and the solvent was
evaporated under vacuum to afford 2-(piperidin-2-yD)-1H-indol-5-amine (1.0 g), which was

directly used in the next step.

Y
D = ey
N EtyN
" k o
[066791 tert-Buiyl 2-(5-amino-1H-indol-2-yDpiperidine-i-carboxylate

[0068G] To a solution of 2-(piperidin-2-y1}-1H-indol-5-amine (1.0 g) in Bt:N (25 ml) and
THF {25m1) was added Boc,O (640 mg, 2.9 mmol). The reaction mixture was stirred at

room ternperature overnight, - The mixture was diluted with water and extracted with
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dichloromethane (3 x 25 mL). The combined organic layers were washed with brine, dried
over anhydrous Na>50, and concentrated in vacuum. The residue was purified by
‘chromatography on silica gel (5-10% ethyl acetate/petroleum ether) followed by preparative
HPLC to afford fert-butyl 2-(5—amin0~1H—indol—Q—yl_)pipeﬁdine-l—carbox.yiate (I15mg, 1%
over 2 steps). 'H NMR (400 MHz, CDCls) & 8.82 (s, 1 H), 7.58 (s, 1 H), 7.22 (d, J¥ 8.8 Hz,
1TH), 7.02(d, J=1.6,8.0 Hz, 1 H), 6.42 (s, LH), 6.25 (s, 1 H), 3.91-3.38 (m, 1 1), 3.12-3.10
(m, 1 H), 2.81-2.76 (in, 1 H), 2.06-1.97 (in, 4 H), 1.70-1.58 (m, 2H), 1.53 (s, 9 H).

(606811 Example 49 6-amino-1H-indele-2-carbenitrile

o

NaNO»,/HCI )sza ,@ N, CO.E
ooz G e N N j/

SnCﬁz O N

OOZEt COH 2 NHy, HzO OpN H COMNH;

2

(CF0),0 ] Raney Nifky /@U\
—_— NTeN TR aN NToN

N 2!

NaNOleCi
l _NH HG
SnC§2 QN N

(006821 (3-Nitrophenyl)hydrazine hydrochioride

T

[00683] 3-Nitroaniline (28 g, 0.20 mol) was dissolved in a mixture of H,O (40 mL) and
37% HCL (40 mL). A solution of NaNO; (14 g, 0.20 mol) in HoO (60 ml.) was added to the
mixture“ at 0 °C, and then a solution of $nCl . H,(O (140 g, 0.60 mol) in 37% 1 (10D mL)
was added. Afier stirring at 0 °C for 0.5 h, the insoluble material was isolated by filtration

and was washed with water to give (3-nttrophenylyhydrazine hydrochloride (28 g, 73%).

o]

/u\cozﬁt Q N LOO,E
J: 1 ——— g O,N Ng 2
ON H,N%—iaHC! R N Y
[606841 (E)-Ethyl 2-(2-{3-nitrophenylhydrazono)propanoate

[00685] (3-Nitrophenylhydrazine hydrochloride {30 g, 0.16 mol} and 2-oxo-propionic acid
ethy! ester {22 ¢, 0.19 mol) were dissoived in ethanol (300 mL). The mixtare was stired at
room temperature for 4 h before the solvent was evaporated under reduced pressure (0 give
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_(E)-ethyi 2-{2-{3-nitropheny!)hydrazono)propanoate, which was used directly in the next

LOswe 2 X0
-
O2N N Y OuN N o0,E

[60686] Ethyl 4-nitro-1H-indole-2-carboxylate and ethyl G-pitro-1H-indele-2-

carboxyiate

step.

[00687] (E)-Ethyl 2-(2-(3-nitrophenylhydrazono)propanoate was dissolved in toluene (300
mL) and PPA (30 g) was added. The mixture was heated at reflux overnight and then was
cooled to room temperature. The solvent was decanted and evaporated (o obtain a crude

mixture that was taken on to the next step without purification (15 g, 40%).

NaOH
Cro = 0
0N g CO.EL OuN ﬁ CO,H

[00688] 4-Nitro-1H-indole-2-carboxylic acid and 6-nitro-1H-indole-2-carboxylic acid

[06689] A mixture of ethyl 6-nitro-1H-indole-2-carboxylate (0.5 g) and 10 % NaOH (20
ml.) was heated at reflux overnight and then was cooled to room temperature. The mixture
was extracted with ether and the aqueous phase was acidified with HCl to pH 1-2. The
insoluble solid was isolated by filtration to give a crude mixture that was taken on to the nex(

step without purification (0.3 g, 68%).

—
o, e, 0
R
ON N™ ~C0H N N” TCONK

2. NH; HO

[0069¢] 4-Nitro-1H-indole-2-carboxamide and 6-nifro-1H-indole-2-carboxamide

[(60691] A mixtare of 6-nitro-1H-indole-2-carboxylic acid (12 g, 58 mmol) and SOCl, (50
mi., 64 mmol) in benzene (150 mi.) was heated at reflux for 2 h. The benzene and excess
SOCI,; was removed under reduced pressure. The residue was dissolved in anhydrous CH,Cla
(250 mL) and NHa.H,O (22 g, 0.32 mol) was added dropwise at O °C. The mixture was
stirred at room temperature for 1 h. The inscluble solid was isolated by filtration to obtain

crude mixture (9.0 g, 68%), which was used directly in the next step.

. ; ——
TN N" TN O N7 OGN

2 H
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[00692] 4-Nitro-1H-indole-2-carbonitrile and 6-nitro-1H-indole-2-carbonitrile

[60693] 6-Nitro-1H-indote-2-carboxamide (5.0 g, 24 mmol) was dissolved in CHyCly (200
mL). FtsN (24 g, 0.24 mol) and (CF;CO),0 (51 g, 0.24 mol) were added dropwise to the
mixture at room temperature. The mixture was continued to stir for 1 h and was then poured
into water {100 mL). The organic layer was separated and the aqueous layer was extracted
with EtOAc (100 mL x 3). The combined organic layers were dried over Na;SQy, filtered
and concentrated under reduced pressure to obtain crude product which was purified by

column chromatography on silica gel to give a impure sample of 4-nitro-1H-indole-2-

carbonitrile (2.5 g, 55%).
1 e XA
N7 N E—— N ALY NT TON

OsN
2 2 Eh

[00694] 6-Amino-1H-indole-2-carbonitrile

{60695] A mixture of 6-nitro-1H-indole-2-carbonitrile (2.5 g, 13 mmol) and Raney Nickel
(500 mg) in BtOH (50 mL) was stirred at room temperature under Hy (1 atm) for 1 h. Raney
Nickel was removed via filtration and the filtrate was evaporated under reduced pressure to
give a residue, which was purified by column chromatograpy on silica get to give 6-amino-
1H-indole-2-carbonitrile (1.0 g, 49 %). T NMR (DMSO-dg) 8 12.75 (brs, 1 1), 7.82 (d, J =
g Hz, 1 H), 7.57 (s, 111), 7.42 (3, 1 H), 7.15 (d, / = 8 Hz, 1 H}; MS (ESI) m/e (M+H") 158.2.

[00696] Example 50: 6-Amino-1H-indole-3-carboniirile

e N
,@j CISOLNCO 1 HoPd-C ]
—_—
HpMN N

o N H

CN
Qﬁ S T
ooy

OuN N

[06697] 6-Nitro-1H-indole-3-carbonitrile

[06698] To a solution of 6-nitrotndole (4.9 g 30 mmol) in DMF (24 mL} and CH;CN (240

mL) was added dropwise a solution of C1SO;NCO (5.0 mL) n CH;CN (39 mL) at 0 °C.

After addition, the reaction was allowed to warm to room temperature and was stirred for 2 h.

The mixture was then poured into ice-water and basified with sat. NaHCQO; solution to pH

7~8. The mixture was extracted with ethyi acetate. The organics were washed with brine,

dried over NaySO4 and concentrated to give 6-nitro-1H-indole-3-carbonitrile (4.6 g, 82%).
207
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Cd -
HuN N

[00699] 6-Amino-1H-indole-3-carbonitrile

[00700] A suspention of 6-nitro-1H-indole-3-carbonitrile (4.6 g, 25 mmol) and 10% Pd-C
(0.46 g) in BtOH (50 mL) was stirred under Hz (1 atm) at room temperature overnight. After
filtration, the filtrate was concentrated and the residue was purified by column
chromatography on silica gel (petroleurﬁ etherfethyl acetate = 3/1) to give 6-amino-1H-
indole-3-carbonitrile (1.0 g, 98%) as a pink solid. "H NMR (DMSO-dg) 8 11.51 (s, 1 H), 7.84
(d, J=2.4Hz, 1 H), 7.22 (d, /=84 Hz, 1 H), 6.62 (s, 1H), 6.56 (d, /= 8.4 Hz, 1 H), 5.0 (s,
24); MS (ESI) m/e (M+1H™) 157.1.

[00761] Example 51: 2-fert-Butyl-1H-indol-6-amine

é/ \')k é/ Wk nBuLi W NaBHACOR
N
H
DB Raney Nift-y
G H OaN H Hy ﬁ

bt

[00702] N-o-Tolylpivalamide

[097031 To a solution of o-tolylamine (21 g, 0.20 mol) and B3N (22. g.0.22 mol) in CH,Cly
was added 2,2-dimethyl-propionyl chloride (25 g, 0.21 mol) at 10 °C. Afier addition, the
mixture was stirred overnight at room temperature. The mixture was washed with aq. HCI
(5%, 80 mL), saturated ag. NaHCO; and brine. The organic layer was dried over Nay SO, and
concentrated under vacuum 10 give N-o-tolylpivalamide (35 g, 91%). 'H NMR (300 MHz,
CDCl) 8§7.88(d, J=72Hz, 1 H}, 7.15-7.25 (m. 2 H), 705 (t, /=72 Hz, 1 H), 2.26 (5, 3

)y, 1.34 (5, 9 H).
é( \”k rn-Buli
N
H

- 208
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[00704] 2-tert-Butyl-1H-indole -

[00705] To a solution of N-o-tolylpivalamide (30.0 g, 159 mmol ) in dry THF (100 mLj}
was added dropwise n-BuLi (2.5 M in hexane, 190 mL} at 15 °C. After addition, the mixture
was stirred overnight at 15 °C. The mixtare was cooled in an ice-water bath and treated with
satarated NH4Cl. The organic layer was separated and the aqueous layer was extracted with
ethy] acetate. The combined organic layers were dried over anhydrous NaySOsa, fﬂtered, and
concentrated in vacuum. The residue was purified by column chromatography on silica gel to
give 2-tert-butyl-1H-indole (24 g, 88%). "H NMR (300 MHz, CDC13) § 7.99 (br. s, 1 H),
7.54 (&, J=7.2Hz, 1 H), 7.05(d, J=7.8 Hz, 1 H), 7.06 ~7.13 (m, 2 1), 6.26 (s, L H), 1.29 (s,

g H).
A\ / NaBH,/AcOH -
N\ 10%C \

M

[60706]  2-fert-Butylindgline

[00707] To a solation of 2-terz-butyl-1H-indole (10 g, 48 minol) in AcOH (40 mL} was
added NaBH, at 10 °C. The mixture was stirred for 20 minutes at 10 °C before being treated
dropwise with H,O under ice cooling. The mixture was extracted with ethyl acetate. The

combined organic layers were dried over anhydrous Na)SOy, filtered, and concentrated under

vacuum to give 2-tert-butylindoline (9.8 g}, which was used directly in the next step.

/ KNoafHeso,,h_ m
@jﬁ\/ \ ON N

[00708] 2-ferf-butyl-6-nitreindofine and 2-tert-butyl-5-nitro-1H-indole

[067G9] To a solution of 2-tert-butylindoline (9.7 g) in HaSO4 (98%, 80 mL) was slowly
added KNO; (5.6 g, 56 mmol) at 0 °C. After addition, the reaction mixture was stirred at
room temperatare for 1 h. The mixtore was carefully poured into cracked ice, basified with
Na;CO;3 to pH 8 and extracted with ethyl acetate. The combined extracts were washed with
brine, dried over anhydrous Na,SQ, and concentrated under vacuum. The residue was
purified by column chromatography to give 2-terf-butyl-6-nitroindoline (4.0 g, 31% over two
steps). 'H NMR (300 MHz, CDCls) 8 7.52 (dd, J = 1.8, 8.1 Hz, 1 H), 7.30 (s, 1 H), 7.08 (d, J
=78 Hz, 1 H), 3.76 (t, J = 9.6 Hz, 't H}, 2.98 - 3.07 (m, 1 H), 2.82 - 2.91 (m, 1 H), 0.91 (s, 9
H).
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DDA \
| — I
CN N  ON N
(007101 2-tert-Butyl-6-nitrg-1H-indole

[607111 To a solution of 2-fert-butyl-6-nitroindoline (2.0 g, 9.1 mmol) in 1,4-dioxane (20
mL) was added DDQ (6.9 g, 30 mmol) at room temperature. The mixture was heated at
reflux for 2.5 h before being filtered and concentrated under vaciasn. The residue was
purified by column chromatography to give 2-teri-butyl-6-nitro- 1 H-indole (1.6 g, 80%). 'H
NMR (300 MHz, CDCly) 8 8.30 (br. s, 1 1), 8.29 (s, 1 H), 8.00 (dd, J = 2.1, 8.7 Hz, 1 H),
7.53(d,J=93Hz, L H),638(s, 1L H),143 (5.9 H). l

Raney Ni/H
< — OO«
ON N HaN N

H

[067121 2-feri-Butyi-1H-indol-6-amine

[06713] To a solution of 2-fers-butyl-6-nitro-1H-indole (1.3 g, 6.0 mmol) in MeOH {10
mi.) was added Raney Nickei (0.2 g). The mixture was hydrogenated under 1 atm of
hydrogen at room temperature for 3 h. The reaction mixture was filtered and th.é filtrate was
concentrated. The residue was washed with petroleum ether to give 2-terf-butyl-1H-indol-6-
amine (1.0 g, 89%). 'H NMR (300 MHz, DMSO-ds) § 10.19 (s, 1 H), 6.99 (d. /= 8.1 Uz, 1
H), 6.46(s, 1 H), 6.25(dd, J=1.8,8.1 Hz, 1 H),5.79(d. /=18 Hz 1 B}, 452(s.2H), 1.24
(s, 9 H); MS (ESD m/e (M+H") 189.1.

[00714] Example 52: 3-fert-Butyl-1H-indol-6-amine

N —>-Br _ ' Raney Ni-Hy
LD~ iy —
OuN N |

N
zinc triflaie . N
TBA, DIEA, QN N HoN N '
->*Br
e A
O N droviflae [
TBAL DIEA, OuN §i

[060715] 3-fert-Butyl-6-nitro-1H-indele

[00716] To a mixture of 6-nitroindole (1.0 g, 6.2 mumol), zinc triflate (2.1 g, 5.7 mmol), and -
TBAI (1.7, 2, 5.2 munol) in anhydrous toluene (11 mL) was added DIEA (1.5 g, 11 mmol} at

room temperature under nitrogen. The reaction mixture was stirred for 10 min at 120 °C,
210
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f(}]lowé& by the addition of -butyl hromide (0.71 g, 5.2 mmol). The resulting mixture was
stirred for 45 min at 120 °C. The solid was filtered off and the filtrate was concentrated to
dryness. The residue was purified by column chromatograpiiy on silica gel (petroleam
ether/ethyl acetate = 20:1) to give 3-zert-butyl-6-nitro-1H-indole (0.25 g, 19%}) as a yellow
solid. 'H-NMR (CDCls) § 8.32(d, J = 2.1 Hz, 1H), 8.00 (dd, J = 2.1, 14.4 Hz, 1H), 7.85(d, J
= 8.7 Hz, 1H), 7.25 (s, 1H), 1.46 (s, 9H).

Raney Ni-Hp
‘—‘—""‘“"“‘b'“

|

A
O ﬁ HaN

IZ

[60717] 3-tert-Butyl-1H-indol-6-amine

[60718] A suspension of 3-ters-butyl-6-nitro-1H-indole (3.0 g, 14 mmol) and Raney Nickel
(0.5 g) was hydrogenated under I (1 atm) at room temperature for 3 h. The catalyst was
filtered off and the filtrate was concentrated to dryness. The residue was purified by column
on silica gel (petroleum ether/ethyl acetate = 4:1} to give 3-feri-butyl-1H-indol-6-amine (2.0
g, 77%) as a gray soHd. HINMR (CDCla) § 7.58 (m, 2H), 6.73 (d, J = 1.2 Hz, 1H), 6.66 (s,
1H3, 6.57(dd, F = 0.8, 8.6 Hz, 111), 3.60 (br, 2H), 1.42 (s, 9.

[00719] Exampie 33: 5-(Trifluoromethyl)-1H-indol-6-amine

FEC\©/ HNO, ﬁ \Raney NifH, Scm
H.SO, Hol ﬁ
O e T

H2SO4 O,N NO,

[00720] 1-Methyl-2,4-dinitro-5-(trifiuoromethyl)benzene

[60721] To amixture of HNO; (98%, 30 mL) and HaSCy (98%, 30 mL) was added
dropwise I-methyl-3-triffuoromethyl-benzene (10 g, 63 mmol) at 0 °C. Afrer addition, the
mixture was stirred at vt for 30 min and was then poured into ice-waler. The precipitate was
filtered and washed with waier to give 1-methyl-2,4-dinitro-5-rifluoromethyl-benzene (2.0 g,
13%.

E.G DMA F5G SN
I\;\/\/
G, NO; O, NG
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‘[08722] (F)-2-(2,4-Dinitro-5-(triflucromethyl) phenyl)-N, N-dimethylethenamine

[06723] A mixture of 1-methyl-2,4-dinitro-5-trifluoromethyl-benzene (2.0 g, 8.0 mmol)
and DMA (1.0 g, 8.2 mmol) in DMF (20 mL} was stirred at 100 °C for 30 min. The mixture
was poured into ice-water and stirred for 1 h. The precipitate was filtered and washed with
water to give (£)-2-(2,4-dinitro-3-(trifluoromethyl)phenyl)-V, N-dimethylethenamine (2.1 g,
86%).

l

FaC. “x-N Raney NiH, FsC A\
N
H

ON NO, HoN
[€07241 S5-(Trifluoromethyl)-1H-indol-6-amine

[66725} A suspension of (E)—?,w(2,4—dinitr0—5-(triﬂuororﬁethyl)pheny})-N,N—
dimethylethenamine (2.1 g, 6.9 mmol) and Raney Nickel (1 g) in ethanol (80 mL) was stirred
under H; (1 atm) at room temperature for 5 h, The catalyst was filtered off and the filtrate
was concentraied to dryness. The residue was purified by column on silica gel to give 5-
{rifluoromethyl)- 1H-indol-6-amine (200 mg, 14%). TH NMR (DMSO-dg) & 10.79 (brs, 1
H), 7.55(s, 1 H), 7.12 (s, 1 H), 6.78 (s, 1 H), 6.27{s, 1 H}, 4.92 (s, 2 H); MS (ESI) m/e
(M+H"): 200.8.

[00726] Example 54: 5-Ethyl-1H-indol-6-amine

:] %@NCIJCHsz] NaBHTHF b} 48%HEr

-m—-m-m——-—b— O S .
N e NOMAPICHLG, S=0 O_SIJ\I_
=
N )
T e T e > = IO
—'-"'“m““""""""——h
N N ,
N ON N e HN N

[00727] 1-(Phenylsolfonybindoline

[007281 To a mixture of DMAP (1.5 g), benzenesulfonyl chloride (24.0 g, 136 mmol) and

indotine (14.7 g, 124 mmol) in CH;CL, (200 mL) was added dropwise EtsN (19.0 g, 186
212
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mmol} at 0 °C. The mixture was stirred at room temperature overnight. The organic layer
was washed with water (2x), dried over Na;S0,4 and concentrated to dryness under reduced

pressure to obtain I-(phenylsulfonyl)indoline (30.9 g, 96%).

2 j %@N@alcnacb—z%
OHS‘“O

O-_S__O

O

[60729] 1-(3-(Phenylsulforyl)indelin-5-yl)ethanone

[00730] To asuspension of AlCl; (144 g, 1.08 mol) in CH,Cl (1070 mL) was added acetic
anhydride (54 mL). The mixture was stirred for 15 minutes before a solution of 1-
(phenylsulfonyl}indoline (46.9 g, 0.180 mol) in CH;Cl; (1070 mL) was added dropwise. The
mixture was stirred for 5 h and was quenched by the slow addition of crushed ice. The
organic layer was separated and the aqueous layer was extracted with CHCl,. The combrned
otganics were washed with saturated aqueous NaHCOs and brine, dried over NaSOy, and

concentrated under vgcunm to obfain [-(1-(phenylsulfonylyindolin-5-yljethanone (42.6 g).

@] NaBHy/ THF QN k
I
O':& O O=s=, C

[00732] To TFA (16 ml.) at 0 °C was added sodium borohydride (64.0 g, 1.69 mol) over

[060731] 5-Ethyl-1-(phenylsalfonyljindeline

I h. To this mixture was added dropwise a solution of 1-{1-(phenylsulfonyhindolin-5-
yljethanone (40.0 g, 0.133 mol) in TFA (700 mL) over 1 h. The mixture was then stirred
overnight at 25 °C. After diiﬁt;ion with H,() (IBOU ml.), the mixture was made basic by the
addition of sodium hydroxide pellets at 0 °C. The organic layer was separated an\d the
aqueous layer was extracted with CH,Cly. The combined organic layers were washed with
brine, dried over Na,S04 and concentrated under reduced pressure. The residue was purified

by silica column to give 5-ethyl-1-(phenylsulfonyl)indoline (16.2 g, 47% over two steps).
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[00734] A mixture of 5-ethyl-1-(phenylsalfonyDindoline (135 g, 0.050 mol) in HBr (48%,

162 mL) was heated at reflux for 6 h. The mixture was basified with sat. NaOH to pH 9 and

Tz

{60733] 5-Ethylindoline

then it was extracted with ethyl acetate. The organic layer was washed with brine, dried over
Na,$0., and concentrated under reduced pressure. The residue was purified by silica column

to give 5-ethylindoline (2.5 g, 32%).

2
[00735] 5-Ethyi-6-nitroindeline

067361 Toa soiutioﬁ of 5-ethylindoline {2.5 g, 17 mmol} in HyS04 (98%, 20 mL) was
slowly added KNO; (1.7 g, 17 mumol) at 0 °C. The mixture was stirred at 0 - 10 °C for 10
minuies. The mixture was then carefully poured into ice, basified with NaOH solutiop to pH
9, and extracted with ethyl acetate. The combined extracts were washed with brine, dried

over NaySOy and concentrated to dryness. The residue was purified by silica column to give

5-gthyl-6-nitroindoline (1.9 g, 58%).
O.N

2

[00737] 5-Ethyi-¢-nitro-1H-indele

(097381 To a solution of 5-ethyl-6-nitroindoline (1.9 g, 9.9 mmol) in CH,Cly (30 mL) was
added MnO- (4.0 g, 46 mmol). The mixture was stirred at ambient temperature for 8 h. The

solid was filtered off and the filtrate was concentrated to dryness to give 5-ethyl-6-nitro-1H-

indole (1.9 2).
. FPaney NiH,
ON N - HoN N

[60739] 5-Ethyi-iH-indol-6-amine
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[00740] A suspension of'5~ethy1.~6-nitro—1H~indole (1.9 g, 10 mmol} and Raney Nickel (1

2) was hydrogenated under H, {1 atm)' at room temperature for 2 h. The catalyst was filtered
off and the fiitrate was concentrated to dryness. The residue was purified by silica gel
column to give 5-ethyl-1H-indol-6-amine (760 mg, 48% over two steps). 'H NMR (CDCl3) &
7.90 (brs, 1H), 7.41 (s, 1H), 7.00 (s, 1H), 6.78 (s, 2H), 6.39 (s, 1), 3.39 (brs, 2H), 2.63(q, J
=7.2Hz, 2H), 1.29 (t, J=6.9 Hz, 3H);. MS (ESI) m/e (M+H") 161.1.

[66741] Example 55: Ethyl 6-amino-1H-indole-4-carboxylate

| COOH CO,Et
CCOH Hmo3 soc::2
H3504

No, CO,E

DMA/DMF / M Sncl,
— N N [ 1
HoN N
COREt H
N COOH
COOH  HNG,
Ho80,
NG,

[06742] 2-Methyl-3,5-dinitrobenzoic acid

(007431 To a mixture of HNO; (95%, 80 mLY and FL.S04 (Y8%, 80 mi.) was slowly added
2-methylbenzic acid (50 g, 0.37 mol) at 0 °C. Alter addition, the reaction mixture was stirred
below 30 °C for 1.5 h. The mixture then was poured into ice-water and stirred for 15 min.

The precipitate was filtered and washed with water to give 2-methyi-3,5-~dinitrobenzoic acid

(70 g, 84%).
COOH © ON COLE
soc=2 _
EtOH

[68744] Ethyl 2-methyl-3,5-dinitrobenzoate

(087451 A mixture of 2-methyl-3,5-dinitrobenzoic acid (50 g, 0.22 mol} in SOCI; (80 ml)
was heated at reflux for 4 h and then was concentrated to dryness.. The residue was dissolved
in CHLCl (50 mL), to which EtOH (80 mL} was added and the mixture 'was stirred at room
temperature for 1 h. The mixture was poured into ice-water and extracted with EtOAc (3x

100 mL). The combined extracts were washed sat. Nap,COs (80 mL), water (2 x 100 mL) and
215 '



| WO 2010/054138 g . PCT/US2069/063475

brine {100 mlL), dried over Na;SO, and concentrated to dryness to give ethyl 2-methyi-3,5-
dinitrobenzoate (30 g, 88%)
NO,
=N OO LmonF 2/ N/
e (O \
NO; COEL

[6¢746] (F)-Ethyl 2~(2-(dimethyianﬁno)viny])~3,S-dinitrobenmate

[00747] A mixwre of ethyl 2-methyl-3,5-dinitrobenzoate (35 g, (.14 mbl) and DMA (32 g,
0.27 mol) in DMF (200 mL} was heated at 100 °C for 5 . The mixiure was poured into tce-
water and the precipitated solid was filtered and washed with water to give {(£)-ethyl 2-(2-

(dimethylaminoyvinyl)-3,5-dinitrobenzoate (11 g, 48%)

N, COLE
N SnCl,
CN N L
HaN N
CO,Et H

[00748] Ethyl 6-amine-1H-indole-4-carboxylate

[66749] A mixture of (£)-ethyl 2»(2-(dimethy}aminojvinyl)—3,5—dinitrobenzoate {11g,
0.037 mol) and SnCl, (83 g, .37 mol) in ethanol was heated at reflux for 4 h. The mixtare
was concentrated to dryness and the residue was poured into water and basified usiﬁg sat. ag.
NapCO; to pH 8. The precipitated solid was filtered and the filtrate was extracted with ethyl
acetate (3 x 100 mL). The combined extracts were washed with water (2 x 100 mL) and
brine (150 ml.), dried aver Na; SO, and concentrated .to dryness. The residue was purified by
column on silica gel to give ethyl 6-amino-1H-indole-4-carboxylate (3.0 g, 40%). "HNMR
{DMSO-dg) 6 10.76 (brs, L H), 7.11-7.14 {m, 2 H), 6.81-6.82 {m, 1 H}, 6.67-6.68 (m, 1 H),
494 (brs, 2 H), 4.32-425 (q, /= 7.2 Hz, 2ZH), 1.35-1.31 (t, J = 7.2, 3 H); MS (ESI} m/e
(M+H") 205.0.

[00750] Example 56; 5-Fluoro-1H-indol-6-amine

A
= N
/@\ HNOL/H.80, / ~<O_
e R
= OQN N02

5 o F
F S N\ Hy/Raney-Ni ] i
. HaN N
OsN NGo H
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e OuN NO,

[060751] 1-Fluore-5-methyl-2.4-dinitrobenzene

[80752] To a stirred sohution of HNQO, (60 mL) and H,S50, (80 mL) was added dropwisé 1-
fluoro-3-methylbenzene (28 g, 25 mmol) under ice-cooling at such a rate that the temperature
did not rise above 35 °C. The mixture was allowed to stir for 30 min at 1t and was then
poured into ice water {300 mL). The resulting precipitate (a mixture of 1-fluoro-5-methyl-

2, 4-dinitrobenzene and l-ﬂﬁoro-fi-methyl—2,4-dinitrobenzene, 32 g, ca. 7.3 ratio) was
collected by filtration and purified by recrystailization from 50 mL isopropyl ether to give

pure 1-fluore-5-methyl-2,4-dinitro-benzene as a white solid (18 g, 36%).

N O

-y

|
X —== Yt
SO " :@(\/
ON NG,

[00753] (E)-2-(5-Fluore-24-dinitrophenyl)-N, N-dimethylethenamine

[087541 A mixture of 1-fluoro-5-methyi-2 4-dinitro-benzene (10 g, 50 mmol), DMA (12 g,
100 mmol) and DMF (50 mL) was heated at 100 °C for 4h. The solution was cooled and
poured into water. The precipitated red solid was collected, washed with water, and dried to
give (E)-2-(5-fluoro-2,4-dinitrophenyl}-N,N-dimethylethenamine (8.0 g, 63%).

! : F
Pz Mo Ho/Raney-Ni m
S | HoN ~N

0N NO, H
[O06755]  5-Fluoro-1H-indol-6-amine

[00756] A suspension of (E)-2«(5-fluoro-2 . 4-dinitropheny!)-N, N-dimethylethenamine (8.0
g, 31 mmol) and Raney Nickel (8 23 in EtOH-(80 ml.) was stirred under H» (40 psi) at room
temperature for 1 h. After filtration, the filtrale was concentrated and the residue was
purified by column chromatography (petroleum ether/ethyl acetate = 5/1) to give 5-fluoro-
1H-indol-6-amine (1.0 g, 16%) as a brown solid. "HNMR (DMSOQ-de) & 10.56 (br s, 1 H),
707, J=12 Hz, L H), 7.02 Gm, 1H), 6,71 (d, /=8 Hz, 1H), 6.17 (s, 1H}, 3.91 (br s , 2H);
MS (ESD) m/e (M+H™) 150.1.

(807571 Exampie 87: 5-Chloro-1H-indol-6-amine
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{00758] 1-Chiore-5-methyl-2.4-dinitrobenzene

[0€67539] To a stirred solution of HNO; (55 mL) and H,504 (79 mL) was added dropwise 1-
chloro-3-methyltbenzene (25.3 g, 200 mmol) under ice-cooling at such a rate that the
temperature did not rise above 35 °C. The mixture was allowed to stir for 30 min at ambient
temperature and was then poured into ice water (500 mL). The resulting precipitaie was
collected by filtration and purified by recrystallization to give 1-chloro-5-methyl-2,4-
dinitrobenzene (26 g, 60%). .

Cat : / A al SN,
I:I\/
O NO; CoN NG

(007661 (F)-2-(5-Chloro-2.4-dinitrophenyl)-N, N-dimethyiethenamine

[00761] A mixture of 1-chloro-5-methyl-2,4-dinitro-benzene (11.6 g, 50.0 mmol}, DMA
(11.9 g, 100 mmol) in DMF (50 mL) was heated at 100 °C for 4 h. The solution was cooled
and poured into water. The precipitated red solid was collected by filtration, washed with
waler, and dried to give (E)-?,—(S-chioro—2,4—dinii:rOphenyl)»N’,N—dimethyiethenamine (9.84 g,
72%).

Ci
HZIRaney INi l E
HoN

[007621 5-Chiore-1H-indol-6-amine

Iz

[60763] A suspension of (F)-2-(5-chloro-2,4-dinitrophenyl}-N,N-dimethylethenamine (9.8
g, 36 mmol) and Raney Nickel (9.8 g) in EtOH (140 ml.) was stirred under H, (1 atm) at

- room temperature for 4 h. After filtration, the filtrate was concentrated and the residue was
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purified by column chromatograph (petroleum ether/ethyl acetate = 10:1) to give 5-chloro-
1H-indol-6-amine (0.97 g, 16%) as a gray powder, '"HNMR (CDClg) 8785 (hrs, 1 H), 752
(s, 1 T, 7.03 (s, 1H), 6.79 (s, 111), 6.34 (s, 1H), 3.91 (br s, 1H); MS (ESD m/e (M+H") 166.0.

[00764] Example 58: Ethyl 6-amino-1H-indele-7-carboxylate
COH 1. HNoangsq COQH " socsz
2 SOCIZIEtOH ToEOH
NOg

N/ R
COQEf _[.}..N_Vf\.b» OQNW hY _Nl» H Nm
2 H
NO. COE

BO,0 NO,
COH - 1. HN03/H2804 OOE
2, SCZ)C!E/EtOH

[60765] 3-Methyl-2,6-dinitrobenzoic acid

[067661 To a mixture of HNO; (95%, 80 ml.) and H,S04 (98%, 80 mL) was slowly added
3-methylbenzic acid (50 g, 0.37 mol) at 0 °C. After addition, the mixture was stirred below
30 °C for 1.5 hours. The mix{ure was then poured into ice~water and stirred for 15 min. The
precipitate solid was filtered and washed with water to give a mixture of 3-methyl-2,6-
dinitro-benzoic acid and 5-methyl-2,4-dinitrobenzoic acid (70 g, 84%). To a solution of this
mixtare (70 g, (.31 mol} in EtOH (150 mL) was added dropwise SOCl; (54 g, 0.45 mol).
The mixture was heated at refiux for 2 h before being concentrated to dryness under reduced
pressure. The residue was partitioned between EtOAc (100 mL) and aq. NapCOs (10%, 120
mL). The organic layer was washed with brine (50 mL), dried over Na,SOy, and
concentrated to dryness to obtain ethyi S-methyl-2,4-dinitrobenzoate (20 g), which was
placed aside. The aqueous layer was acidified by HCI to pH 2 ~ 3 and the precipitated solid
was filtered, washed with water, and dried in air to give 3-methyl-2,6-dinitrobenzoic acid (39

g, 47%).

I 1. 80C} NC2
i 2. EtOH
NG, NO»

[66767] Ethyl 3-methyl-2,6-dinitrobenzoate
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[60768] A mixture of 3-methyl-2,6-dinitrobenzoic acid {39 g, 0.15 mol) and SOCL (80 mL)
was heated at reflux 4 h.  The excess SOCL was evaporated off under reduced pressure and
the residue was added dropwise to a solutioﬁ of EtOH (100 mL.) and EtsN (30 mi.). Tﬁe
mixture was stirred at 20 °C for 1 h and then concentrated to dryness. The residue was
dissolved in BtOAc (100 mL), washed with Na;COs5 (10 %, 40 mL x 2), water (30 mL x 2)
and brine (30 mL), dried over Na,SQ, and concentrated to give ethyl 3-methyl-2,6-
dinitrobenzoate (20 g, 33%).

NC, /

N
COE DMA o, /N
_b

NGz EtO.C  NO
[60769] (E)-Ethyl 3-(2-(dimethylamino)vinyl)-2,6-dinitrobenzoate
[00770] A mixture of ethyl 3-methyl-2,6-dinitrobenzoate (35 g, 0.14 mol) and DMA (32 g,
0.27 mol) in DMF (200 mL) was heated at 100 °C for 5 h. The mixture was poured into ice

water. The precipitated solid was filtered and washed with water to give (E)-ethyl 3-(2-

{(dimethylamino)vinyl)-2,6-dinitrobenzoate {25 g, 58%).

N
HoN N
80,6 NO, COEt

o /. Raney NifH,
__._.._..__._.___D-m

[06771] Ethyl 6-amino-1H-indole-7-carboxylate

[607721 A mixture of (E)-ethyl 3-(2-(dimethylamino)vinyl)-2,6-dinitrobenzoate (30 g,
0.097 mol) and Raney Nickel (10 g} in EtOH (1000 mL} was hydrogenated at room
temperature under 50 psi for 2 h. The catalyst was filtered off and the filtrate was
concentrated to dryness. The residue was purified by column on silica gel 1o give ethyl 6-
dmino-1H—indole—7—carb0xylate as an off-white solid (3.2 g, 1.6%). TH NMR (DMSO-dg) &
10.38 (s, 1 H), 7.42 (d, J = 8.7 Hz, 1 H), 6.98 (t, /=3.0 Hz, 1 H), 6.65 (s, 2 H), 6.48 (d, J=
8.7 Hz, 1 H),6.27-626(m, L H), 438 (q, J=72Hz, 2 H), 1.35(t, J=7.2 Hz, 3 H).

[00773] Example 59: Ethyl 6-amino-1H-indole-5-carboxylate

' EO.C.
COEt  DMA O NO . e m
. Raney Ni
@;CE Ay T HA ¥

NO, BO.C rl\l
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[00774] (FE)-Ethyl 5-(2-(dimethylamino)vinyl)-2.4-dinitrobenzoate

[0G775] A mixiure of ethyl 5-methyl-2.4-dinitrobenzoate (39 g, (.15 mol) and DMA (32 g,
(.27 mol) in DME (200 mL) was heated at 160 °C for 5 h. The mixture was poured into ice
water and the precipitated solid was filtered and washed with water to afford (E)-ethyl 5-(2-
(dimethylamino)vinyl)-2,4-dinitrobenzoate (15 g, 28%).

O.N NO, ‘ EtO.C \
Raney Ni
P N oy LN N

BO,0 I H

[00776] Ethyl 6-amine-1H-indole-5-carboxylate

[60777] A mixture of (F)-ethyl 5-(2-(dimethylamino)vinyl)-2,4-dinitrobenzoate {15 g,
0.050 mol) and Raney Nickel (5 g} in EtOH (500 ml.) was hydrogenated at room temperature
under 50 psi of hydrogen for 2 h. The catalyst was filtered off and the filtrate was
concentrated to dryness. The residue was purified by column on silica gel to give ethyl 6-
amino-1H-indole-S-carboxylate (3.0 g, 30%). FELNMR (DMSO-de) & 10.68 (s, 1 II}, 7.99 (s,
1 H), 7.01-7.06 (m, 1 H), 6.62 (s, 1 H), 6.27-6.28 (m, 1 H}, 6.16 (s, 2 H), 4.22 (4, /= 7.2 Hz,
2D, 1.32-1.27 (¢, J=7.2 Hz, 3.

[96778] Example 80: 5-fert-Butyl-1H-indoi-6-amine

t'a':;{:( {ELC)POICYNaH D/ LifNiy fBU\©/ HNOg/HS0y
H EtO—-P o'
O

t-Bu
t-B::@/ (E1O)LP(OICI/ Nak ﬁ(
Yoon O

!
i EO— iﬁ’-OE’t

[$0779] 2-tert-Butyl-4-methyiphenyl diethyl phosphate

[G0780] 'To a suspension of Nakl (60% in mineral oil, 8.4 g, 0.21 mol) in THF (200 mL)

was added dropwise a solution of 2-teri-butyl-4-methyliphenol (33 g, 0.20 mol) in THE (100
2214
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mk) at 0 °C. The mixture wes stirred at 0 °C for 15 min and then phosphorochiondic acid
diethyl ester (37 g, (.21 mol) was added dropwise at (} °C. After addition, the mixture was
stjrreci at ambient temperature for 30 min. The reaction was qijenched with sat. NH4Ci {300
ml.} and then extracted with E6O (350 ml. x 2). The combined organic layers were washed
with brine, dried over anhydrous Na;30y4, and then evaporated under vacuum to give 2-tert-
butyl-4-methylphenyl diethy! phosphate (contaminated with mineral oil) as a colorless oil (60

g, ~100%), which was used directly in the next step.

t-Buy
D/ Li/NHg t-Bu N
SO ey
EtO—IF!’“‘OEt

O

[60781]1 1-fert-Butyl-3-methylbenzene

[68782] To NII; (liquid, 1000 mL) was added 2 solution of 2-tert-hutyl-4-methylphenyl
diethy! phosphate (60 g, crude from last step, about 0.2 mol) in Et;O (anhydrous, 500 mL) at
~78 °C under N; atmosphere. Lithivm metal was added to the solution in small pieces untii
the blue color persisted. The reaction mixtore was stirred at =78 °C for 15 nun and then was
quenched with sat. NH4Cl until the mixture turned colorless. Liguid NHj; was evaporated and
the residue was dissolved in water. The mixture was extracted with Ht;O (400 mL x 2). The
combined organics were dried over Na.SO, and evaporated to give [-tert-butyl-3-
methylhenzene (contaminated with mineral oil) as a colorless oil (27 g, 91%}), which was

used directly in next step.

\©/ HNngHQSO4 +Bu :@E \@\/

[06783]  1-fert-Butyl-S-methyl-2,4-dinitrobenzene and 1-fert-butyl-3-methyl-2,4-

dinitro-benzene

[00784] To HNO; (95%, 14 mL) was added HSO, (98 %, 20 mL) at § °C and then 1-rert-
butyl-3-methylbenzene (7.4 g, ~50 mmol, crude from last step} dropwise to the with the
temperature being kept below 30 °C. The mixture was stirred at ambient temperature for 30
min, poured onto crushed ice (100 g), and extracted with EtOAc (50 ml x 3). The combined
organic layers were washed with water and brine, before being evaporated to give a brown

0il, which was purified by column chromatography to give a mixture of 1-fers-butyl-5-

2
N
)
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methyl-2,4-dinitrobenzene and 1-fert-butyl-3-methyl-2 4-dinitrobenzene {2:1 by NMR) asa -
yellow oil (9.0 g, 61%). o

B 1z \Nm< i
+Bu +-Bu :
t-Bu NG
G, ﬁ . * ﬁ . :@[\, )
2 NO, WO OpN NGO,

[06785]  (F)-2-(5-tert-Butyl-2,4-dinitrophenyl)-N,N-dimethylethenamine

[06786] A mixture of 1-fert-butyl-5-methyi-2 4-dinitrobenzene and 1-fers-butyl-3-methyl-
2.4-dinitrobenzene (9.0 g, 38 mmol, 2:1 by NMR) and DMA (5.4 g, 45 mmol) in DMF (50
mlL) was heated at reflux for 2 h before being cooled to room temperature. The reaction
mixtere was poured into water-ice and extracted with FtOAc (50 mL x 3). The combined
organic layers were washed with water and brine, before being evaporated to give a brown
oil, which was purified by column to give {E)-2-(5-terz-butyl-2.4-dinitrophenyl)-N,N-
dimethylethen-amine (5.0 g, 68%). T

v——wmnh—
O.N NO H,oN E

[60787] 5-tert-Butyl-1H-indoi-6-amine

[60788] A solution of (E)-2-(5-teri-butyl-2 4-dinitrophenyl)-N, N-dimethylethen-amine (5.3
g, 18 mmol) and tin (1) chloride dihydrate (37 g, 0.18 mol) in ethanol (200 mL) was heated
at reflux overnight. The mixture was cooled to room temperature and the solvent was
removed under vacuwn, The residual sturry was diluted with water (500 ml) and was
basifed with 10 % ag. Na;COs to pH 8. The resulting suspension was extracted with ethyl
acetate (3 x 100 mL). The ethyl acetate extract was washed with water and brine, dried over
Naz50,, and concentrated. The residual solid was washed with CH,Cl, to afford a yellow
powder, which was purified by column chromatography to give 5-fert-butyl-1H-indol-6-
amine (0.40 g, 12%). "H NMR (DMSQ.dg) & 10.34 (brs, 1 H), 7.23 (s, 1 F), 6.92 (s, 1 H),
6.65 (s, 1H), 6.14 (s, 1 H), 4.43 (br s, 2 H), 2.48 (s, 9 H); MS (EST) m/e (M+H") 189.1.

[0078%] General Procedure IV: Synthesis of acylaminoindoles

RN
N X {
(RXX)X Fﬁ HATU (R X)X\\ N\A 1
N OH |, HN, 'B '
|'B A EtN, DMF Zae
= o bCM
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[60798] One equivalent of the appropriate carboxylic acid and one equivalent of the
appropriate amine were dissolved in N,N—dimeﬂqyifonnami&e {DMF) containing
triethylamine (3 equivalents). O-(7-Azabenzotriazol-1-y1}-N,N, NN -tetramethyluromum
hexafluorophosphate (HATU} was added and the schution was allowed to stir. The crude
product was purified by reverse-phase preparative ﬁquid chromatography to yield the pure

product.
[60791]1 Example 61: N-(2-fert-Butyl-1H-indol-5-y1)-1-(4-methexyphenyl)-
cyclopropanecarboxamide |

DAdF
HATU

H H
0 N EtyN 0 N
o /7 td 0
, AT 08, 0~
OH HoN N

[6792]  2-rerr-Butyl-1H-indol-5-amine (19 mg, (.10 mmol) and 1-(4-methoxyphenyl)-

cyclopropanecarboxylic acid (19 mg, .10 mmol) were dissolved in N N-dimethylformamide
{1.00 mL) containing triethylamine (28 pl., 0.20 mmol). ()-(7-Azabehzou'iaz01-1-yi)-
N.N,N'N'-tetramethyloronium hexafluorophosphate (42 mg, (.11 mmol) was added to the
mixture and the resulting solation was alkwéred to stir for 3 hours. The crude reaction mixture
was filtered and purified by reverse phase HPLC. ESI-MS m/z calc. 362.2, found 363.3

(M+1)"; Retention time 3.48 minutes.

[060793] General Procedure V: Synthesis of acylaminoindcles

{R*Xx A7 y FliN RV
N OH soc, *R X}X\\ Ct KN pyriding (G [E\i
T e (e R O o
O = O E_g/‘ 0

[00794] One equivalent of the appropriate carboxylic acid was placed in an oven-dried
flask under nitrogen. A minimum (3 equivalents) of thionyl chioride and a catalytic amount
of and N, N-dimethylformamide were added and the solution was allowed to stir for 20
minutes at 60 °C. The excess thionyi chioride was removed under vacuum and the resulting
solid was suspended in a minimum of anhydrous pyridine. This solution was slowly added to
a stirred solution of one equivalent the appropriate amine dissolved in a minimum of
anhydrous pyridine. The resulting mixture was allowed to stir for 15 hours at 110 °C. The
mixture was evaporated to dryness, suspended in dichloromethane, and then extracted three
times with 1N HCL The organic layer was then dried over sodium sulfate, evaporated to

dryness, and then purified by column chromatography.

224



WO 2810/054138 PCT/USI00%/G63475

[66795] Example 62; Ethyi A-(3-(benzo[d][i,3]dioxol-5- yl)cyclopropanecarboxamldo)
1H-indele-2-carboxylate (Compd. 28)

1) SOCI,
$ e OLH
2) dichloromethane
EtSN
HQNIQ;}_QD&

[00796] 1-Benzoil,3]dioxol-5-yl-cyclopropanecarboxylic acid (2.07 g, 10.0 mmol} was
dissolved in thiony! chloride (2.2 mL) under Na. N,N—(iimethylfonnamide (0.3 mL) was
added and the solution was allowed to stir for 30 minutes. The excess thionyl chloride was
removed under vacuum and the resulting solid was dissolved in anbydrous dichioromethane
(15 ml.) containing triethylamine (2.8 ml., 20.0 mmol}. Ethyl S-amino- 1H-indole-2-
carboxyiate (2.04 g, 10.0 mmol) in 15 mL of anhydrous dichloromethane was slowly added
to the reaction. The resulting solution was allowed to stir for 1 hour. The reaction mixture

“was diluted to 50 mL with dichloromethane and washed three times with 50 mL of IN HCL
saturated aqueous sodivm bicarbonate, and saturated aqueous sodium chiotide. The organic
layer was dried over sodium sulfate and evaporated to dryness to yield ethyl 5-(3-
(benzo[d][1,3]dioxol-3-yl)cyclopropanecarboxamido)- LH-indole-2-carboxylate as a gray
solid (3.44 g, 88 %). ESI-MS my/z calc. 392.4, found 393.1 (M=1)" Retention time 3.17
minutes. "H NMR (400 MIz, DMSO-d6) § 11.80 (s, 111), 8.64 (s, 1¥), 7.83 {m, 1H), 7.33-
7.26 (m. 2H), 7.07 (m, 1H), 7.02 (m, 1H), 6.96-6.89 (m, 2H), 6.02 (s, 2H), 4.33 (¢, /=7.1
Hz, 2H), 1.42-1.39 (m, 2ID), 1.33 (1, J = 7.1 Hz, 31}, 1.06-1.03 (m, 2H}.

[69797] Example 63: 1-(Benzo[d][1,31dioxo!-5-y1)-N-(2-tert-butyl-1H-indol-5-

yhevelopropanecarboxamide
EtsN d_

[00798] 1-Benzo[l,3]dioxol-5-yi-cyclopropanecarboxylic acid (1.09 g, 5.30 mmol) was

O 80Gk
DMr

o)
=
=
Tz /z
TN

dissolved in 2 mL of thionyl chloride under nitrogen. A catalytic amount (0.3 mL) of N,N-
dimethylformamide (DMF) was added and the reaction mixture was stirred for 30 minutes.
The excess thionyl chloride was evaporated and the resulting residue was dissolved in 15 mL
of dichloromethane. Thzs solution was slowly added to a solution of 2-fert-butyl-1H-indol-5-

amine (1.0 g, 5.3 mmol) in 10 mL of dichloromethane containing triethylamine (1.69 mL.
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12.1 mmol). The resuiting solution was allowed to stir for 10 minutes. The solvent was

- evaporated to dryness and the crude reaction mixture was purified by silica gel cblumn
chromatography using a gradient of 5-50 % ethy! acetate in hexanes. The pure fractions were
éombined and evaporated to dryness to yield a pale pink powder (1.24 g 62%). ESI-MS m/z
cale. 376.18, found 377.3 (M+1)", Retention time of 3.47 minuies. "H NMR (400 MHz,
DMS(O) 6 10.77 (s, 1H), 8.39 (s, 1H), 7.56 (d, J = 1.4 Hz, 1H), 7.15 (d, J= 8.6 Hz, 1H), 7.05
-6.87 {m, 4H), 6.03 (s, 3H}, 1.44 - 1.37 (m, 21}, 1.33 (s, 9H), 1.05-1.00 (m, 2H).

[66799] Example 64: 1-(Benzo[d][1,3]dioxol-5-y1)-¥-(1-methyl-2-(1-
methyicyclopropyD-1H-indol-3-yheyclopropanecarboxamide
RATU "
SN ORI A <Q:E%(N \
SO [. :EN\*F AT EIN\F?
[00800] 1-Methy1—2-(1—methylcyciopropyi)~IH-indoi-S-amine €20.0 mg, 0.100 mmol) and
1-(benzo[di[1,3]dioxol-5-yheyelopropanecarboxylic acid (20.6 mg,O.lOO mmol) were
dissolved in N,N-dimethylformamide (1 mL) containing triethylamine (42.% gL, 0.300 mmot)
and a magnetic stir bar. (O-(7-Azabenzotriazol-1-y1}-N, N, N N -tetramethyluromium
hexafluorophosphate (42 mg, 0.11 mmeol) was added to the mixture and the resulting solation
was allowed to stir for 6 h at 80 °C. The erade product was then purified by preparative
HPLC atilizing a gradient of (-99% acetonitrile in water containing 0.05% triflucroacetic
acid to yield 1-(henzo[d][1,3]dioxol-5-y1)-N-(1-methyl-2-(1 -methylcyclopropyly-1 H-indol-5-
yl)cyclopropanecarboxamide, ESI-MS m/z cale. 388.2, found 389.2 (M+1)". Retention time

of 3.05 minutes.

[00801] Example 65: 1-(Benzo[d][1,3]dioxol-5-y1)-N-(1,1-dimethyl-2,3-dihydro-1H-
pyrrolo[1,2-alindol-7-yheyclopropanecarboxamide

HATU
EtaN

: H
0 D <03©sz )
<o O N o o N

[60802] 1,1-Dimethyl-2,3-dihydro-1H-pyrrolof 1,2-alindol-7-amine (40.0'mg, 0.200 mmol)
and 1-(benzo[d}{1,3]dioxol-5-yleyclopropanecarboxylic acid (41.2 mg, 0.200 mmol) were
dissolved in N, N-dimethylformamide (1 mL) containing triethylamine (84.2 uL., 0.600 mmol)
and a magnefic stir bar. O-(7-Azabenzotriazol-1-y)-N, N, N N -tetramethyiuronium
hexafluorophosphate (84 mg, 0.22 mmol) was added to the mixture and the resulting solation

was allowed to stir for 5 minutes at room temperature, The crude product was then purified
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by preparative HPLC utilizing a gradient of 0-99% acetonitzile in water C(.mtaining 0.05%
trifluoroacetic acid to yield 1-(benzofdl[1,3]dioxol-5-y1)-N-(1,1-dimethy!l-2,3-dihydro-1 H-
pyrrolof 1,2-a]-indol-7-vl)cyciopropanecarboxamide. ESI-MS m/z calc. 388.2, found 389.2
(M+1)‘+. Retention time of 2.02 minutes. 'H NMR (400 MHz, DMS0-46) 8 8.41 (s, 111,
7.59 (d, J = 1.8 Hz, 1H), 7.15 (d, J = 8.6 Hz, 1H), 7.06 - 7.02 (m, 2}, 6.96 - 6.90 (m, 2H),
6.03 (5, 2H), 5.98 (d, J= 0.7 Hz, 1H), 4.06 (£, J = 6.8 Hz, 2H), 2.35 (t, /= 6.8 Hz, ZH), 1.42-
1.38 (m, 2H), 1.34 (s, 6H), 1.05-1.01 (m, 2H).

[0080G3] Example 66: Methyl 5-(1-(benzoid 1,3 ldioxcl-5- 7
yheyclopropanecarboxamido)-2-fert-buiyl-1 H-indole-7-carboxylate

H
o a +Hzéxl A / EtaN _ <O:©XH/N N
O ? O ?

[00864] 1-(Benzold][1,3}dioxel-3-yl)cvclopropanecarbonyl chloride (45 mg, 0.20 mmol)

-~

and methyl 5-amino-2-teri-butyl-1H-indole-7-carboxylate {49.3 mg, (.200 mmol} were
dissolved in N, N-dimethylformamide (2 mL) containing a magnetic stiv bar and triethylamine
{(.084 ml., 0.60 mmol). The resulting solution was allowed to stir for 10 minutes at room
temperature. The crude product was then purified by preparative HPLC using a gradient of
(-99% acetonitrile in water containing 0.05% trifluoroacetic acid to yield methyl 5-(1-
(benzo{d][l,3]dioxoLSl-yl)cyciopropanecarbox-amido)—E—rert-bu.tyl—1H—indole~7~carb0xylate.

ESI-MS mi/7 cale. 434.2, found 435.5. {M+1)". Retention time of 2.12 minvtes.

[06805] Example ¢7: 1-(Benze[d][1,3]dioxol-5-y1)-N-(2-(1-hydroxy-2-methylpropan-2-
yi)-1H-indel-5-ylicyclopropanecarbexamide

Y .
. HaN . . N

N H O o

M OH O ” ﬁ H

[00806] To a solution of 1-(benzofd][1,3]dioxcl-5-yhevelopropanecarboxylic acid (0.075
g, .36 mmol) in acetonitrile (1.5 mlL) were added HBTU (. 138 g, 0.36 mmol) and Eth
{152 yL., 1.09 mmol) at room temperature. The mixture was stirred at room temperature for
10 minutes before a solution of 2-(5-amino-1H-indol-2-v1}-2-methylpropan-1-ol (0.074 g,
.36 mmol) in acetonitrile (1.94 mL} was added. After addition, the reaction mixture was -
stirred at room temperature for 3 h. The solvent was evaporated under redaced pressure and

the residue was dissolved in dichloromethane. The organic layer was washed with 1 N HC1
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- (1 x 3 mL) and saturated aqueous NaHCO; (1 x 3 mL). The organic layer was c_iried over
Na,8()y, filtered and evaporated under reduced pressure. ‘The crude material was purified by
column chromatography on silica gel (ethyl acetate/hexane = 1/1) to give 1-
(venzoldl[1,3]dioxol-5-y1)-N-(2-(1-hydroxy-2-methylpropan-2-yl)-1H-indol-5- |
yheyelopropanecarboxamide (0.11 g, 75%). TH NMR (400 MHz, DMSO-d6) 3 10.64 (s,
1H), 8.38 (s, 1H), 7.55 (s, 1H), 7.15 (d, } = 8.6 Hz, 1H), 7.04-6.90 (m, 4H), 6.06 (s, 1H), 6.03
(s, 2H), 4.79 (t, F= 2.7 Hz, 1H), 3.46 (d, ] = 0.0 Hz, 2H), 1.41-1.39 (m, 2H), 1.26 (s, 6H),
1.05-1.02 (m, 2H).

[60807] Example 67: 1-(Benzoldl[1,3]dioxol-5-v})-N-(2,3,4,9-tetrahydro-1 H-carbazol-

6-yleyclopropanecarboxamide

<]©/VW @Q - <J©XW©59

[00868] 2,3.4,9-Tetrahydro-1H-carbazol-6-amine (81.8 mg, 0.439 mmol) and -
(benzo[d][1,3)dioxol-5-ylcyclopropanecarboxylic acid (90.4 mg, 0.439 mmol) were
dissolved in acetonitrile (3 ml.) containing diisopropylethylamine (0.230 mL, 1.32 mmol)
and a magnetic stir bar. O-(7-Azabenzotriazol-1-yI}-N,N, N N'-tetramethyluronium
hexaftuorophosphate (183 mg, 0.482 mmol) was added 1o the mixture and the resulting
solution was allowed to stir for 16 h at 76 °C. The solvent was evaporated and the crude
product was then purified on 40 g of silica gel utilizing a gradient of 5-50% ethyl acetate in
hexanes to yield 1-(benzo[d]{1,3]dioxo0l-5-y1)-N-(2,3 4,9-tetrahydro- | H-carbazol-6-
yhcyclopropanecarboxamide as a beige powder (0.115 g, 70%) after drying.  ESI-MS m/z
calc. 374.2, found 375.3 (M+1)*. Retention time of 3.43 minutes. 'H NMR {400 MHz,
DMSO-d63 & 10.52 (s, 1H), 8.39 (s, 1H), 746 (d, J= 1.8 Hz, 1H), 7.10 - 6.89 (m, 5H), 6.03
(s, 2ZH), 2.68 - 2.65 (m, 2H), 2.56 - 2.54 (m, 2H), 1.82 - 1.77 {m, 4H). 1.41 - 1.34 (m, 211},
1.04 - 0.97 (m, 2H).

[060809] Example 69: fert-Butyl 4-(5-(1-(benzold][1,3]dioxol-5-yl)cyclopropanecarbox-
amido)-1H-indol-2-yhipiperidine-1-carboxylate

OOy D%a@;%m@«%
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[60810]1 1-(Benzo{d][1,3]dioxol-5-yeyelopropanecarbonyl chloride (43 mg, .19 mmol)

- and zers-butyl 4-(5-amino-1H-indol-2-ylipiperidine- IIwcarboxylate (6ﬁ mg, (.19 mmol) were -
dissolved in dichloromethane (1 mL) containing a magnetic stir bar and triethylamine (0.036
ml., 0.40 mmol). The resulting solution was allowed to stir for two days at room
temperature. The.crude product was then evaporated to dryness, dissolved in a minimum of
N, N-dimethylformamide, and then purified by preparative HPLC using a gfadicnt of 0-99%
acetoniftile in water containing 0.05% trifluoroacetic acid to yield fert-buty] 4-(5-(1-
(benzo|d][1,3}dioxol-5-yhcyclopropanecarboxamido)-1 H-indol-2-yhpiperidine-1-
carboxylate. ESI-MS ni/z cale. 503.2, found 504.5. (M+1)". Retention time of 1.99 minutes.

[06811] Example 7¢: Ethyl 2-(5-(1-(benzo[d][1,3)dioxol-5-

yheyclopropanecarboxamido)-1H-indol-2-yl)propancate

ON
@\4}_\ _KHMDS. @_{ @:}.{ _ Nano, O m_{
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[08812] tert-Butyl 2-(1-ethoxy-1-oxopropan-2-yl)-1H-indole-1-carboxylate

[00813] feri-Butyl 2-(2-ethoxy-2-oxoethyl)-1H-indole-I-carboxylate (3.0 g, 9.9 mmol} was
added to anhydrous THF (29 mL) and cooled to 78 °C. A 0.5M solution of potassinm
hexamethyldisitazane (20 ml, 9.9 mmol) was added slowly such that the internal temperature
stayed below ~60 °C. Stirring was continued for 1 h at —78 °C. Methyl iodide (727 uL, 11.7
mimcl) was added to the mixture. The mixture was stirred for 30 minutes at room
temperature. The mixture was quenched with sat. ag. ammonium chloride and partitioned
between water and dichloromethane. The aqueous phase was extracted with dichloromethane
and the combined organic phases were dried over Na,SO4 and evaporated under reduced
pressure. The residue was.pﬁri.ﬁed by column chromatography on silica gel
(ethylacetate/hexane = 1/9) to give zert-butyl 2-(1-ethoxy-1-oxopropan-2-yh)- 1H-indole-1-

. carboxylate (2.8 g, 88%).
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[60814] Ethyl 2-(1H-indel-2-yl)propancate

(060815} rert-Butyl 2-(1-ethoxy-1-oxdpropan-2-yl)-1H-indole-1-carboxylate (2.77 g, 8.74
mmol) was dissclved in dichloromethane (25 mL) before TFA (9.8 mL) was added. The
mixture was stitred for 1.5 h at room temperatore. The mixture was evaporated to dryness,
taken up in dichloromethane and washed with sat. ag. sodium bicarbonate, water, and brine.
The product was purified by column chromatography on silica gel (0-20% EtQAc in hexane)
to give ethyl 2-(1H-indol-2-yl)propanoate (0.92 g, 50%).

E{ CO,EL conc, Hpa80, H CO,E!

[00816] Eihyl 2-(5-pifro-1H-indol-2-yl)propanoate

[060817] FEthyl 2-{1H-indol-2-yl)propanoate (0.91 g, 4.2 mumol) was dissolved in
concentrated sulfuric acid (3.9 mL) and cooled 10 —10 °C (saltfice-mixture). A solution of
sodium nitrate {0.36 g, 4.2 mmol) in concentrated sulfuric acid (7.8 mbL) was added dropwise
over 35 min. Stirring was coniinued for another 30 min at-10 °C. The mixture was poured
into ice and the product was extracted with ethyl] acetate. 'The combined organic phases werte
washed with a small amount of sat. ag. sodium bicarbonate. The product was purified by
column chromatography on silica gel (5-30% EtQAc in hexane) to give ethyl 2-(5-nitro-1H-

indol-2-yDpropanoate (0.34 g, 31%).

N N CO,Et
H COZEE H 2

[06818] Ethyl 2-(5-amino-1H-indol-2-y)propanoate

[00818] Toa soluﬁon of ethy! 2-(5-nitro-1H-indol-2-yl)propancate {0.10 g, 0.38 mmol) in
ethanol (4 ml.) was added tin chloride dihydrate (0,431 g, 1.91 mmol). The mixtwre was
heated in the microwave at 120 °C for 1 h. The mixture was diluted with ethyl acetate before
water and saturated aqueous NalHCO: were added. The reaction mixtore was (iltered through
a plug of celite using ethyl acetate. The organic layer was separated from the aqueous layer.
The organic fayer was dried over NaySQy, filtered and evaporated under reduced pressure (o

give ethyl 2-(5-amino- 1H-indol-2-yl)propanoate (0.088 g, 99%).

230



WO 2010/054138 . : . PCTIUS2609/063475

H
Ho N
2 W .+ (3 HBTU, EtaN fDXrN\O:B_{
N Co&t O i o
th s ‘ OH [} ﬁ CO.B

- [08820] Ethyl 2-(5-(1-(benzo{d][1,3]dioxol-5-yi)cyclopropanecarboxamido)-1H-indol-
2-yhpropancate

[00821] To a solution of 1-(benzold]|1,3]dioxol-5-yhcyclopropanecarboxylic acid (0.079
[ 0.384 mmol} in acetonitrile (1.5 mL) were added HBTU (0.146 g, 0.384 mmol) and EiN
(160 uL, 1.15 mmol) at room temperature. The mixture was allowed to stir at room
temperature for 10 min before a solution of ethyl 2-(5-amino-1H-indol-2-ybhpropanoate
(0.089 g, 0.384 mmol) in acetonitrile (2.16 mL) was added. After addition, the reaction
mixture was stirred at room temperature for 2 h. The solvent was evaporated under reduced
pressure and the residue was dissolved in dichloromethane. The organic layer was washed
| with 1 N HCI (1 x 3 mL) and then saturated aqueous NaHCO; (1 x 3 mL). The organic layer
was dried over Na,SOQy, filtered and evaporated under reduced pressure. The crude material
was purified by column chromatography on silica gel (ethyl acetate/hexane = 1/1) 1o give
ethyl 2-(5-(1-(benzo[d]}f1,3]dioxol-5-ylcyclopropanecarboxamido)- 1H-indol-2- |
yhpropanoate (0.081 g, 50%). "H NMR (400 MHz, CDCl3) 8 8.51 (s, 1H), 7.67 (s, 1H),
7.23-7.19 (m, 2H), 7.04-7.01 (m, 3H), 6.89 (d, J = 0.0 Hz, 1H}, 6.28 (s, 1H}, 6.06 (s, ZH).
4.25-4.17 (m, 2H), 3.91 (q, ) = 7.2 Hz, 1H), 1.72-1.70 (m, 2H), 1.61 (s, 2k, 1.29 (1, ) = 7.1
Hz, 4H), 1.13-1.11 {m, 2H).

[00822] Example 7§: tert-Butyl 2-(3-(1-(benzo[dI[1,3]dioxel-5-yi)cyclopropanecarbox-
amido)~IH-indol-Z—yE)-2-methylpmpylcarbamate

O:N ON
W Lo __EDC, HOBY 3\
o8 —— COsH  NEt,, NH,CI N He
H g
"*""‘“*‘"“""‘““%
NHBoc HCOQNH4 HBac

H
EDC, HOEt, NEL, <ﬁr“\©\/§—t
o o NHEoz
oH H
0

231



WO 2010/054138. . . PCTAUS2005/063475

Oy GoN
LIOH W
N COEt
H 2 N COH

[60823] 2-Methyl-2-(5-nitro-1H-indoi-2-yl)propanoic acid

{0824} FEthyl 2-methyl-2-(5-nitro- 1H-indol-2-yljpropanoate (4.60 g, 16.7 mmol) was
dissolved in THF/water (2:1, 30 mL). LiOHH,O (1.40 g, 33.3 mmol) was added and the

. mixture was stirred at 50 °C for 3 h. The mixture was made acidic by the careful addition of
3N HCI. The product was extracted with ethylacetate and the combined organic phases were
washed with brine and dried over magnesium sulfate to give 2-methyl-2-(5-nitro-1H-indol-2-

vi)propanoic acid (4.15 g, 39%).

OpN 0N
mf( _EDG.HOBE \
N COgH EtaN, NH,4CI N NH,
H H &

[668251 2-Methyl-2-(5-nitro-1H-indcl-2-yDpropanamide

[60826] 2-Methyl-2-(5-nitro-1I-indol-2-yl)-propanoic acid {(4.12 g, 16.6 mmol) was
dissolved in acetonitrile (80 mL). EDC (3.80 g, 0.020 mmol), HOBt (2.70 g, 0.020 mmol),
Et;N (6.9 ml., 0.050 mmol) and ammonium chloride (1.24 g, 0.025 mmol) were added and
the mixture was stirred overnight at room temperature, Water was added and the mixture was
extracted with ethylacetate, Combined organic phases were washed with brine, dried over

magnesium sulfate and dried to give 2-methyl-2-(5-nitro- 1 H-indo!-2-ylpropanamide (4.3 g;

99%).
OoN
N NH
H 4 2 H Hp

1088271 2-Methyl-2-(5-nitro-1H-indol-2-yl)propan-1-amine

{00828 2-Meilyl-2-(5-nitro~11-indol-2-yDpropanamide (200 mg, 0.81 mmol) was
suspended in THF (5 ml) and cooled to 0 °C. Borane-THE complex solution (1.0 M, 2.4 ml,
2.4 mmol) was added slowly and the mixture was allowed to stir overnight at room
teraperature. The mixture was cooled to 0 °C and carefully acidified with 3N HCL THF was
evaporated off, water was added and the mixture was washed with ethylacetate. The aqueous
layer was made alkaline with 50% NaOH and the mixture was extracted with ethylacetate,
The combined organic layers were dried over magnesivm sulfate. filtered and evaporated to
give 2-methyi-2-(5-niero- 1H-indol-2-ylpropan-1-amine (82 mg, 43%).
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Hy NEts, TNEG THE
[60829) fert-Butyl Z-methyi-Z-(S-nitro~IH-indoi-Z-yl)g_ﬁropylcarbamate

[06830] '2-Methy]—2—(5»nitro-1H-ind<).1—2—y1)propan-1-amine {137 mg, 0.587 mmol) was
dissolved i THF (5 ml.) and cooled to 0 °C. BN (82 uL, 0.59 mmol) and di-tert-butyl
dicarhonate (129 mg, (0.587 mmol) were added and the mixtare was stirred at room
temperature overnight. Water was added and the mixtare was extracted with ethylacetate.
“The residue was purified by silica gel chromatography (10-40% ethylacetate in hexane) to

give tert-butyl 2-methyl-2-(5-nitro- 1H-indol-2-yhpropylcarbamate (131 mg, 67%).

OzN
i
# ﬁ NHBoc HCOzNH4 HBoc

[06831] fert-Butyl 2-(5-amino-1H-indol-2-yI)-2-methylpropylcarbamate

[60832] To a solution of tert-butyl 2-methyl-2-(5-nitro-1H-indol-2-yl)propylcarbamate (80
mg, .24 mmol) in THF (9 mL) and water {2 mL) was added ammoniom formate (60 mg,
0.96 mmol) followed by 10% Pd/C (30 mg). The mixture was stirred at room temperature for
45 minutes. Pd/C was filtered off and the organic soivent was removed by evaporation. The
remaining aqueous phase was extracted with dichloromethane. The combined organic phases
were dried over magnesium sulfate and evaporated to give rere-butyl 2-(5-amino-1H-indol-2-

yl)-2-methylpropylcarbamate (58 mg, 80%).

H
HeN EDC, HOBt, NEt N
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[066833] fert-Butyl 2-(5-(1-(benzo[d]{1.3]dioxol-5-yl)eyclopropanecarboxamido)-1H-
indol-2-y)-2-methylpropylcarbamate

008341 feri-Butyl 2-(5-amino- 1H-indol-2-y1)-2-methylpropylcarbamate (58 mg, 0.19
mmol), 1-(benzo[d]{1,3]dioxol-6-yl)cyclopropanecarboxylic acid (47 mg , 0.23 mmol), EDC
{45 mg, 0.23 mmol), HOBt (31 mg, 0.23 mmol) and Bt;N (80 uL, 0.57 mmol) were dissolved
in DMF (4 mL) and stirred overnight at room temperature. The mixture was dilated with
water and extracted with ethylacetate. The combined organic phases were dried over
magnesium sulfate and evaporated to dryness. The residue was purified by silica gel
chromatography (10-30% ethylacetate in hexane) to give feri-butyl 2-(5-(1-
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(benzo[d]{ 1,3]dioxol-5-yI)cyclopropanecarboxamido)- 1 H-indol-2-y1)-2-methylpropyl-
carbamate (88 mg, 94%). 'H NMR {400 MHz, CDCls) & 8.32 (s, 1H), 7.62 (d, J = 1.5 Hz,
1H), 7.18 - 7.16 (m, 2H), 7.02 - 6.94 (m, 3H), 6.85(d, J = 7.8 Hz, 1H), 6.19(d, J = 1.5 Hz,
1H), 6.02 (s, 2H), 4.54 (m, 1H), 3.33 (d, J = 6.2 Hz, 2H), 1.68 (dd, } =3.7, 6.8 Hz, 2H), 1.36
(s, 9H), 1.35 (s, 6H), 1.09 (dd, J = 3.7, 6.8 Hz, 2H).

[86835] Example 72: (R)-N-(2-tert-Butyl-1-(2,3-dihydroxypropyl)-1H-indol-5-y1)-1-
(2,2~diﬂuor0benzo[d][1,3]diexol-s-yl)cyciopropanecarhoxamide

Ots
o
M >< HEN’“\/ —_—
OQN.\‘?,/\\:/,\\\ ’;/ o] . OQN\T/\\/\ .‘f/ Pd/iC ‘5/ \}—(
Lo N Cep00; LA™ N NH*COy kt
G
e
< J<

O

o .
;XDDZ( T)X( T \\Y \\—( pTSA Rl{\ e /\ /
FtaN >< \ /)\‘N FF>< o L \/T\?“‘f\: g
OH
o X
O

oyt 2 e
l\/\ﬁ 08,005 \C:H
Qo
L<

[00836] (R)-2-tert-Butyl-1-((2,2-dimethyl-1,3-dioxolan-4-yi)methyD)-5-nitro-1H-indole

OTs

[00837] To a stirred solation of (5)-(2.2-dimethyl-1,3-dioxolan-4-ylymethyl 4-
methylbenzenesulfonate (1.58 g, 5.50 mmol) in anhydrous DMF (10 mlL) under nittogen gas
was added 2-fert-butyl-5-nitro-1H-indole (1.00 g, 4.58 mmol) followed by Cs,CO5 (2.99 ¢, '
9.16 mob). The mixture was stirred and heated at 80 °C under nitrogen gas. After 20 hours,
50% conversion was observed by LCMS. The reaction mixture was re-treated with CsyCO3
(2.99 g, 9.16 mol) and (8)-(2,2~-dimethyi-1,3-dioxolan-4-yDmethy! 4-methylbenzenesulfonate
(1.58 g, 5.50 mmol) and heated at 80 °C for 24 hours. The reaction mixtare was cooled to
room temperature. The solids were filtered and washed with ethyl acetate and hexane (1:1).
The layers were separated and the organic layer was washed with water (2 x 10 mlL) and
brine (2 x 10 mL). The organic layer was dried over Na,SO,, filtered and evaporated under

reduced pressure. The residue was purified by column chromatography on silica gel
' 234
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{dichloromethane /hexane = 1.5/1) to give (R)Q-térf—butybl—((2,2—.dimethy1—1,3~di0xolan—4~
yhmethyl)-5-nitro-1H-indole (1.0 g, 66%). "H NMR (400 MHz, CDCl;) 8 8.48 (d, I = 2.2
Hz, 1H), 8.08 (dd, J = 2.2, 9.1 Hz, 1H), 7.49 (d, J = 9.1 Hz, 1H), 6.00 (s, 1H), 4.52-4.45 (m,
3H), 4.12 (dd, J = 6.0, 8.6 Hz, 1H), 3.78 (dd, I = 6.0, 8.6 Hz, 1H), 1.53 (s, 3H), 1.51 (s, 911,
1.33 (s, 3H).

HQN
O /\\/ PU/C M
® N

[60838] (R)-2-tert-Butyl-1-{(2,2-dimethyl-1.3-dioxolan-4-yimethyl-1H-indol-5-amine

[6083%] To a stirred solution of (Ri-2-fert-butyl-1-{(2.2-dimethyl-1,3-dioxolan-4-yiymethyl)-5-
nitro- 1H-indole (1.0 g, 3.0 mmol) in ethapol (20 mL) and water (5 mL) was added ammonium
formate (0.76 g, 12 mmol) followed by slow addition of 10 % paliadium on carbon (0.4 g). The
mixture was stitred at room temperature for 1 h. The reaction mixture was filtered through a
plug of celite and rinsed with e{hyl- acetate. The filtrate was evaporated under reduced pressure
and the crude product was dissolved in ethy! acetate. The organic layer was washed with water
(Z2x5 IﬁL} and brine (2 x 5 ml.). The organic layer was dried over NapSQy, filtered and
evaporated under reduced pressure to give {K)-2-tert-butyl-1-((2,2-dimethyl-1,3-dioxolan-4-
ylmethyl-1H-indol-5-amine (0.89 g, 98%). 'H NMR (400 MHz, CDC13) 8§ 7.04 (4, I = 4 Hz,
1H), 6.70 (d, J = 2.2 Hz, 1H), 6.48 (dd, J = 2.2, 8.6 Hz, 1H), 6.05 (s, 1H,), 4.38-4.1 (m, 2H), 4.21
(dd, F=7.5, 16.5 Hz, 1H), 3.87 (dd, J = 6.0. 8.6 Hz, 1H), 3.66 (dd. I = 6.0, 8.6 Hz, 1H), 3.33 (br
s, 2H), 1.40 (s, 3H), 1.34 (s, 9H), 1.25 (s, 3H).
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[00840] N-((R)-2-tert-Buatyl-1-((2,2-dimethyi-1,3-dioxolan-4-yhmethyl)- 1 H-indoi-5-y1)-1-
(2,2-difluorobenzo{d][1,3]dioxol-5-yDeyclopropanecarboxamide
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[60841] To l-(benzo|d}[1,3]dioxol-5-yl)cyclopropanecarboxylic acid (0.73 g, 3.0 mmol} was
added thiony! chloride (660 ul., 9.0 mmol) and DMF (20 uL) at room teniperature. The mixture
was stirred for 30 minufes before the eﬁcess thionyl chloride was evaporated under reduced
pressure. To the resulting acid chloride, dichloromethane (6.0 mL) and Et3N (2.1 mL, 15 mmol)
were added. A solution of (R)-2-zert-butyi-1-((2,2-dimethyl-1,3-dioxolan-4-yimethyl-1H-indol-
5-amine (3.0 mmol) in dichloromethane (3.0 mL) was added to the cooled acid chloride solation.
After addition, the reaction mixture was stirred at room temperature for 45 minutes. The reaction
mixture was filtered and the filtrate was evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (ethyl acetate/hexane = 3/7) to give N-({K)-2-
tert-butyl-1-((2,2-dimethyl- 1.3-dioxolan-4-ylymethyl)-1 H-indol-5-yD)-1-(2,2-
diffuorobenzold][1,3]dioxol-5-ylcyclopropanecarboxamide (1.33 g, 84%). TH NMR (400 MHz,
CHCh) 8§ 7.48 (d, ] =2 Hz, 1), 7.31 (dd, T =2, § Hz, 1H), 7.27 (dd. J =2, 8 Hz, 1H), 7.23(d, ]
=8 Hz, 1H), 7.14(d. J = § Hz, 1H), 7.02 (dd, J =2, 8 Hz, 1H), 6.92 (br s, 1H), 6.22 (s, 1H)},
4.38-4.05 (m, 3H), 3.91 (dd, T =5, 8 Hz, 1H). 3.75 (dd, T = 3, 8 Hz, 1H), 2.33 (q, J = 8§ Hz, 2H),
1.42 (s, 310), 1.37 (s, 91D, 1.22 (5. 3H), 1.10 (g, I = 8 Iz, 2ID).

xi@jzm N ><;j©y\r DS \w7
Y

O OH

(608421 N-((R)-Z-tert—Butyl-1-((2,3-dihydroxypropyl)~]_H-ind0§-S-y!)-l-(2,2—diﬁuor0benzeu
[dil1,3]dioxei-5-yheyclopropanecarboxamide

[00843] To a stirred solution of N-(2-tert-butyl-1-((2,2-dimethyi-1,3-dioxolan-4-ylymethyl)-
tH-indol-5-y1)-1-(2,2-difluorobenzofd]{ 1 31dioxol-5-ylicyclopropanecarboxamide (1.28 g, 2.43
mmol) in methanol (34 mL) and water (3.7 mL) was added para-toluenesulfonic acid-hydrate
(1.87 g, 9.83 mmol). The reaction mixture was stirred and beated at 80 °C for 25 minutes. The
solvent was evaporated under reduced pressure. The crude product was dissolved in ethyl
acetate. The organic layer was washed with saturated agueous NaHCO; (2 x 10 ml.) and brine (2
x 10 mL). The organic layer was dried over Na SOy, filtered and evaporated under reduced
pressure. The residue was purified by column chromatography on silica gel (ethyl acetate/hexane
= 13/7) to give N-((R)-2-tert-butyl-1-((2,3-dihydroxypropyl}- 1H-indol-5-y1)-1-(2,2-
difluorobenzoid][1,3]dioxol-5-yheyelopropanecarboxamide (0.96 g, 81%). " NMR (400 Mz,
CDClL)87.50(d, J=2Hz, 1H),7.31(dd, T =2, 8 Hz, IH), 7.27 (dd, } =2, 8 Hz, 1H), 7.23 (d,]
=8 Hz, 1H), 7.14 (d, ] = § Hz, 1H), 7.02/(br s, 1H,), 6.96 (dd, ] =2, 8 Hz, 1H}, 6.23 (s, 11},
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4.35(dd, ] =8, 15 Hz, 1H), 4.26 (dd, ] = 4, 15 Hz, 1H,), 4.02-3.95 (m, 1H), 3.60 (dd, J =4, 11
Hz, 110, 3.50 (dd, T = 5, 11 Hz, 111}, 1.75 (g, § = 8 Hz, 31, 143 (s, 9H), 1.14 (¢, J = 8 Hz, 3H).

[60844] Example 73: 3»(2;-teﬂ»Butyl-S-(1-(2,2»diﬂuorobenzo[d]{1,3]di0xol-5-
yheyclopropanecarboxamido)-1H-indel-1-yl)-2-hydrexypropanocic acid
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[008458]  3-(2-tert-Butyl-3-(1-(2,2-difleorobenzof d][ 1,3 1dioxol-5-yl)eyclopropanecarbox-

amido)- 1 H-indol-1-yb)-2-oxopropanoic acid

{60846] To a solution of N-(2-fert-butyl-1-{2.3-dihydroxypropyli-1 H-indol-5-y13-1-(2.2-
difluorobenzo[d][1,3]dioxol-5-yl)cyclopropane-carboxamide (97 mg., 0.20 mmel) in DMSO
(1 mL} was added Dess-Martin periodinane (130 mg, 0.30 mmol). The mixture was stirred at
room temperature for 3 h. The solid was filiered off and washed with EtOAc. The filtrate
was partitioned between EtOAc and water. The agueous layer was extracted with EtQAc
twice and the combined organic layers were washed with brine and dried over MgSQ04. After
the removal of solvent, the residue was purified by preparative TLC to yield 3-(2-zeri-butyl-
5-(1-(2,2-difluorobenzo[d]] 1,3]dioxol-5-yl)cyclopropanecarboxamido)- 1 H-indol-1-y1)-2-

oxopropanoic acid that was used without further purification.

H
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[60847] 3—(2—tert~Butyi-S-(1-(Z,Z-diﬂuombenzo{d][i,3}dioxol~5-yi)cyclopmpahecarbox~
amido)-1H-indol-1-yI)-2-hydroxypropaneic acid

[60848] To a solution of 3-(2-rert-butyl-5-{1-(2,2-difluorobenzold][1,3]dioxol-5-
yhevclopropanecarboxaniido)-1H-indol- 1 -yl)-2-oxopropanoic acid (50 mg, 0.10 mmol) in
MeOH (1 mL) was added NaBH. (19 mg, 0.50 mmol} at ) °C. The mixture was stirred at
room temperature for 15 min. The resulting mixture was partitioned between EtOAc and
water. The aqueous layer was extracted with EtOAc twice and the combined organic layess
were washed with brine and dried over anﬁﬁrdmus MgS0,. After the removal of the solvent,
the residue was taken up in DMSO and purified by preparative LC/MS to give 3-(2-tert-
butyl-5-(1-(2,2-difluorobenzold}{ 1,31dioxol-5-yleyclopropanecarboxamido)- 1 H-indol- 1-y1)-
2-hydroxypropanoic acid. TH NMR (400 MHz, CDCly) 8§ 7.36 (), 7.27-7.23 (m, 2H), 7.13-
7.11 (m, 2ID), 6.94 (d, J = 8.5 Hz, 1H), 6.23 (s, 1H), 471 {5, 3H), 4.59 (q, J.m 10.3 Hz, 1H),
4.40-4.33 (m, 2H), 1.70 (d, J = 1.9 Hz, 2H), 1.15 (g, ] = 4.0 Hz, 2H). “C NMR (400 MHz,
CDCl) & 173.6, 173.1, 150.7, 144.1, 143.6, 136.2, 135.4, 134.3, 131.7. 129.2, 129.0, 127.6,
126.7,116.6, 114.2, 112.4, 110.4, 110.1, 99.7, 70.3, 48.5, 32.6, 30.9, 30.7, 16.8. MS (ESD
m/e (M+H") 501.2.

1008491 Example 74: (R)-N-(2-tert-Butyi-1-(2,3-dihydroxypropyl)-1H-indol-5-y1)-1-
(2,2-dideuteriumbenzo[d][lﬁ]dioxoi-s-yl)cyclopropanecarboxamide

DX(OH MeOH QDX(O oo >< t@iﬂ/ ok
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{60850] Methyl 1-( 3,4udihydroxyphenyi)cyclopmpanecarboxy}éte

[60851] To asolution of 1-(3 ,é-dihydroxyphenyl‘)cyciopropanecarboxylic acid (190 mg, 1.0
mmol) in MeOH (3 mL) was added 4-methylbenzenesulfonic acid (19 mg, .10 mmol). The
mixture was heated at 80°C overnight. The reaction mixture was concentrated in vacuo and
parti&ionéd between EtOAc and water. The aqueous layer was extracted with EtOAc twice
and the combined organic layers were washed with sat. NaHCO; and brine and dried over
MgSQ4. After the removal of solvent, the residue was dried in vacuo to yield methyl 1-(3.,4-
d'mydroxyphenyl)cyc]opropanecarboxylaw {190 mg, 91%]) that was used without further
purification, 'H NMR (400 MHz, DMSO-d%) § 6.76-6.71 (m, 2H), 6.66 (d, § = 7.9 Hz, 1H),
3.56 (s, 3H), 1.50 (g, T = 3.6 Hz, 2H), 1.08 (g, ] = 3.6 Hz, 2H).

Howo\ GDyBr, onﬁro\
HO o 0s,C0q, DMF, 120°C I O o

[00852] Methyl 1-(2,2-didenteriumbenzo[d][1,3]dioxol-5-yDeyclopropanecarboxylate

[08853] To a solution of methyl 1-(3,4-dihvdroxyphenylcyclopropanecarboxylate (21 mg,
0.10 mmol) and CD,Br; (35 mg, 0.20 mmol) in DMF (0.5 mL} was added Cs,CO2 (19 mg,
0.10 mmol). The mixture was heated at 120°C for 30 min. The reaction mixture was
partitioned between EtOAc and water. The aqueous layer was extracted with EtQAc twice
and the combined organic layers were washed with 1N NaQH and brine before being dried
over MgS0,. After the removal of solvent, the residue was dried in vacuo to vield methyl 1-
(2.2-didenteriumbenzoid]{ 1,3}dioxol-5-yhicyclopropanecarhboxylate (22 myg) that was used
without further purification. 'HL NMR (400 Mz, CDCl3) 8 6.76-6.71 (m, 2H), 6.66 (d, J =
7.9 Hz, 1H), 3.56 (s, 3H), 1.50 (g, J = 3.6 Hz, 2H), 1.08 (g, J = 3.6 Hz, 2H).

\/
o
Dxﬁ ~. NaOH D><OOH
—.....«._—_..mb.
v o © THE H,Q, 80°C .07 O ©

[00854] 1-(2,2-Dideuterizmbenzo[dif1,3]diexol-5-yDeyeclopropanecarboxylic acid

[68855]1 To a solution of methyl 1-(2,2-dideuteriumbenzol[d}{ 1,3]dioxol-5-
vlicyclopropanecarboxylate (22 mg, 0.10 mmol) in THE (0.5 mL}) was added NaOH (1IN,
0.25 mL. 0,25 mmol). The mixture was heated at 8G°C for 2 h. The reaction mixture was
partitioned between FtOAc and IN NaOH. The agueous layer was extracted with EtOAc
twice, neutralized with 1IN HCI and extracted with EtOAc twice. The combined organic

layers were washed with brine and dried over MgS50,. After the removal of solvent, the
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residge‘ was dried in vacuo o yield 1-(2,2-dideuteriumbenzofd]| 1,3 dioxol-5-

N yheyclopropanecarboxylic acid (21 mg) that was used without further purification.
N : '.

0 P OH kC >< ) DX( W

xﬁzf . X

HATU, NEt, DMF, BT KE
<

[00856] (R)-N-(2-tert-Butyl-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methy)- 1 H-indol-5-yb)-

1-(2,2-didenterivmbenzo{d][1,3]dioxol-5-yhicyclopropanecarboxamide

{08571 To a solution of 1-(2,2-dideuterivmbenzo[di{ 1,3]dioxol-5-
yheyclopropanecarboxylic acid (21 mg, 0.10 mmol), (R)-2-tert-butyl-1-((2,2-dimethyl-1,3-
dioxolan-4-yhmethyl)-1H-indol-5-amine (30 mg, 0.10 mmol), HATU (42 mg, 0.11 mol) in
DMEF {1 ml.) was added triethylamine (0.030 mL, 0.22 mmol). The mixture was heated at
room temperature for 5 min, The reaction mixture was partitioned between EtOAc and water.
The agueous layer was extracted with EtOAc twice and the combined organic layers were
washed with 1N NaOH, IN HCI, and brine before being dried over MgSQO,. After the
removal of solvent, the residue was purified by column chromatography (20-40% ethyl
acetate/hexane) to yield (R)-N-(2-tert-butyl-1-((2,2-dimethyl- 1,3-dioxolan-4-yhmethyl)- 1H-
mdoi-5-y1)-1-(2,2-dideuterinmbenzofd]| |, 3]dioxol-5-yleyelopropanecarboxamide (24 mg,
49% from methy} 1-(3,4-dihydroxyphenyl)cyclopropanecarboxylate). MS (ESI) m/e (M+H™)

MeOH-+0, 8\'J°" D

0 OH

[00858] (R)-N-(2-tert-Butyl-1-(2,3-dihydroxypropyl)-1H-indol-5-y1)-1-(2,2-

dideunterium-benzo[d][1,3]diexol-5-ylicyclo pfopanecarboxamide

{8591 To a solution of (R)-N-(Z-tert-butyl-1-{{2,2-dimethyl-1,3-dioxolan-4-yDmethyl)-
111-indol-5-y1)-1-(2,2-didenterium-benzofdli 1,3 ldioxol-5-yDeyclopropanecarboxamide (24
mg, (0.050 mmol), in methanol (0.5 mL) and water (0.05 mL) was added 4-
methylbenzenesutfonic acid (2.0 mg, 0.010 mmol). The mixture was heated at §G°C for 30
min. The reaction mixture ﬁras paﬁitioned between EtOAc and water. The aqueous layer was

extracted with EtOAc twice and the combined organic layers were washed with sat. NaHCO-
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and br'mé before being dried over MgSOs. After the removal of solvent, the residue was
purified by preparative HPLC yield (R)»N {2-tert-butyl- 1-((2,2-dimethyl-1,3-dioxolan-4-
ylymethyl)-1H-indo}-5-¥1)-1-(2,2-didenterivmbenzofd}{ 1,3]dioxol-5-
yheyclopropanecarboxamide (12 mg, 52%). ' NMR (400 MHz, CDCls) 8 7.44 (d, ] = 2.0
Hz, 1H), 7.14 (dd, J = 22.8, 14.0 Hz, 2I), 6.95-6.89 (m, 2H), 6.78 (d,] =7.8 Hz, 1H), 6.14
(s, 1H), 4.28 (dd, I =15.1, 8.3 Hz, 1H),4.19 (dd, I = 15.1, 4.5 Hz, 1H), 4.05 (q. I =7.1 Hz,
1H), 3.55(dd, J = 11.3, 4.0 Hz, 1H), 3.45 (dd, ] = 11.3, 5.4 Hz, 1H), 1.60 (g, ] = 3.5 Hz, 2H),
1.35 (s, 9H), 1.02 (q, J = 3.5 Hz, 2H). “C NMR (400 MHz, CDCl3) § 171.4, 149.3; 147.1,
146.5, 134.8, 132.3, 129.2, 126.5, 123.6, 114.3, 111.4, 110.4, 109.0, 107.8, 98.5, 70.4, 63.1,
46.6, 31.6, 30.0, 29.8, 15.3. MS (ESI) m/e (M+H") 453.5.

{08860 It is further noted that the mono-deuierated analogue for this compound can be
synthesized by substitution the reagent CHDBR, for CI),BR; and following the procedures
described in example 74. Furthermore, mono-deuterated analogues of other compounds of
the present invention can be synthesized by substituting the reagent CHDBR, for CD,BR;

and following the steps described herein.

[00861] Example 75: 4-(3-(1-(Benzo[d][1,3]1dioxol-5-yl)cyclopropanecarboxamido)-1H-
indol-2-y1)-4-methyipentaneic acid
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[06862] 1-(Benzo[d]1,3]dioxel-5-y1)-N-(2-(4-cyano-2-methytbuian-2-yi)- iH-indol-5-

yheyelopropanecarboxamide

T

[00863] To 1-(benzold]{1,3]dioxol-5-ylicyclopropanecarbaxylic acid (0.068 g, (.33 mmol)
was added thionyl chloride (72 pl, 0.99 mmol) and DMF (20 pL) at room temperature, The
mixture was stirred for 30 minutes before the excess thionyl chloride was evaporated under
reduced pressure. To the resulting acid chioride, dichloromethane (0.5 mL) and Et;N (230
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uf., 1.7 mmol) were added. A solution of 4-(5-amino- }Hwindoi-Q—yl);4—memy]pentahenitxile
(133 mmol) in dichloromethane (0.5 mL) was added to the acid chloride soiution and the
mixture was stirred at room temperature for 1.5 h. The resulting mixture was diluted with
dichloromethane and washed with 1 N HCI(2 x 2 mL)}, saturated agueous NaHCO; (2 x 2
mbL) and brine (2 x 2 mL). The organic layer was dried over anhydrous Na; 504 and
evéporateci under reduced pressure 1o give 1-(benzol{d][1,3]diox0l-3-yI}-N-(2-(4-cvano-2-

methylhatan-2-y1)-1H-indol-5-yljcyclopropanecarboxaiide.

. ,
N KOH P N
O = ¢ ;
N h
o ¢ N c N
H H oH
c

[60864] 4-(5-(1-(Benzold][1,3]dioxol-5-yicyclopropanecarboxamide)-1H-indol-2-yl)-4-

methylpentanoic acid

[00865] A mixture of i-(benzo[d][1,3]dioxol-3-yD)-N-(2-(4-cyano-2-methylbutan-2-yl)-1E-
indoi-5-yDeyclopropanecarboxamide (0.060 g, 0.15 mmol) and KOH (0.081 g, 1.5 mmol) in
50% BtOH/water (2 mL) was heated in the microwave at 100 °C for 1 h. The solvent was
evaporated under reduced pressure. The crude product was dissolved in DMSO (1 th},
filtered, and purified by reverse phase preparative HPLC to give 4-(5-(1-
(benzo{d][1,3}dioxol-5-yl)cyclopropanecarboxamido}- 1 H-indol-2-y1}-4-methylpentanoic
acid. "H NMR (400 MHz, DMSO-d6) 8 11.98 (s, IH), 10.79 (s, 1), 8.44 (s, 1H), 7.56 (s,
1H), 7.15(d, T = 8.6 Hz, 1), 7.03-6.90 (m, 4H), 6.05 (s, 1H). 6.02 (s, 2H}, 1.97-1.87 {m,
4H), 1.41-1.38 (m, 2H), 1.30 (s, 6H), 1.04-1.02 (m, ZH).

[08866] Example 76: 1-(Benzo{d]{1,3]dioxo}-5-y1)-N-(Z-(1-hydroxypropan-2-yl)-1H-
indol-5-yheyclopropanecarboxamide

Ogm( LiAli, %Nm SNCiy2H,0
N H
N O N
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N COREt If_\i OH

{00867] 2-(5~Nitro-1H~indol-Z—yl)propan—i-ol
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1008681 To acooled solution of LIANH, (1.0 M in '1"HF, 1.2mL, 1.2 mmol) in THF (5.3
ml) at 0 °C was added a solution of ethyl 2-(5-nitro-1H-indol-2-ylpropanoate (0.20 g, .76
mmol) in THF (3.66 mlL) dropwise. After addition, the mixture was allowed to warm up to
room temperature and was stirred at room temperature for 3 h. The mixture was cooled to O
°C. Water (2 mL) was slowly added followed by careful addition of 15% NaOH (2 mL) and
water (4 mL). The mixture was stirred at room temperature for (0.5 h and was then filtered
through a short plug of celite using ethyl acetate. The organic layer was separated from the
aqueous layer, dried over Na,SOy, filtered and evaporated under reduced pressure. The
residue was purified by colomn chromatography on silica gel (ethyl acetate/hexane = 1/1) to

give 2-(S-nitro-iH-indol-2-yljpropan-1-ol (0.14 g, 81%).

sz,
N N OH
H oH H

008691 2-(5-Amino-1H-indol-2-yl)propan-1-ol

[60870] To a solution of 2-(5-nitro-1H-indol-2-yhpropan-1-01 (0.13 g, 0.60 mmol) in
ethanol (5 ml) was added tin chloride dibyvdrate (0.67 g, 3.0 mmol). The mixtare was heated
in the mictowave at 120 °C for 1 h. The mixture was diluted with ethyl acetate before water
and saturated agueous NaHCO, were added. The reaction mixture was filtered through a
plug of celite using ethyl acetate. The organic layer was separated from the agueous layer,
dried over Na,SQ, filtered and evaporated under reduced pressure to give 2-(5-amino-1H-

indol-2-yDpropan-1-0l {0.093 g, 82%).

H
HaM
N OH o .
N o OH o N OH

[60871] 1-(Benzo[d][},3]dioxol-5-y1)-N-(2-(1-hydroxypropan-2-yi)-1H-indol-5-

yheyclopropanecarboxamide

[96872] To a solution of 1-(henzo{d]{1,3]dioxol-5-yl)cyclopropanecarbox ylic acid (.16 g,
0.49 mmeol) in acetenitrile (2.0 mL) were added HBTU (0,185 g, 0.49 mmol) and BEi;N (205
ul., 1.47 mmol) at room temperature. The mixture was allowed to stir at room temperature
for 10 minutes before a slurry of 2-(5-amino-1H-indol-2-yl)propan-1-ot {0.093 g, (.49 mmol}
in acetonitrile (2.7 mL) was added. After addition, the reaction mixture was stirred at room
temperature for 5.5 h. The solvent was evaporated under reduced pressure and the residue
was dissolved in dichioromethane. The organic layer was washed with 1 N HCI (1 x 3 mL)

and saturated aqueous NaHCO5 (1 x 3 mL). The organic layer was dried over NazSQy,
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filtered and evaporated under reduced pressure. The crude material was purified by cojumn
chromaiography on silica gel (ethyl acetate/hexane = 13/7) to give i—(benzo[d][1,3]di0xoiﬂ5—
v1)-N-(2-(1 —hydroxypropan-Z-yl)»lli—ﬁnd()l»5-yl)cyclopr()panecarboxamidé (0.095 g, 51%).
'H NMR (400 MHz, DMSO-d6) & 10.74 (s, 1H), 8.38 (s, 1H), 7.55 (s, 1H), 7.14 (d, J = 8.6
Hz, 1), 7.02-6.90 (m, 413), 6.06 (s, 1H), , 6.02 (s, 2H), 4.76 (1, ] = 5.3 Hz, 1H), 3.68-3.63
(m, 1H), 3.50-3.44 (m, 1H), 2.99-2.90 (m, 1H), 1.41-1.38 (m, 2H), 1.26 (d, J = 7.0 Hz, 3H},
1.05-1.02 (m, 2H).

[00873] Example 77: 1-(Benzo[d]{1,3}dioxol-5-y)-N-(2-ter¢-butyl-1H-indol-5-y1}-N-
methyleyclopropanecarboxamide

e n
o O S e

[00874] 1-(Benzold][1,3]dioxol-5-yI)-N-(2-tert-butyi-1H-indol-5-y1)-N-

methyleyvclopropanecarboxamide

[06875] 2-tert-Butyl-N-methyl- 1 H-indol-5-amine (20.2 mg, 0.100 mmol) and 1-
(benzo[d]{1,3]dioxol-5-yheyelopropanecarboxylic acid (20.6 mg, 0.100 mmol) were
dissolved in N,N-dimethylformamide (1 mL) containing triethylamine (42.1 pl., 0.300 mmol)
and a magnetic stir bar. O-(7-Azabenzotriazol-1-y1)-N, N, N' N -tetramethyluronium
hexafluorophosphate (42 mg, 0.11 mumol) was added to the mixture and the resulting solution
was allowed to stir for i6 h at 80 °C. The crude product was then purified by preparative
HPLC otilizing a gradient of 0-99% acetonittile in water containing (.05% triflucroacetc
acid so yield 1-(benzold}[1,3]dioxol-5-yI}-N-(2-ter-butyl- LH-indol-5-y1)-N-
methyleyclopropanecarboxamide. ESI-MS m/z cale. 390.2, found 391.3 (M+1)". Retention

time of 3.41 minutes.

[00876] Example 78: N-(2-tgri-Butyl-1-methyl-1H-indol-5-yl)-1-(benzo[d][1,3)dioxo}-

6-yi)-=Nnmeéhylcyciopropanecarbﬁxamidé

THFE DMF
w 3 e m

2} CHyl
L L

]

[06877] Sodium hydride (0.028 g, 0.70 mmol, 60% by weight dispersion in oil} was slowly
added to a stitred solution of N-(2-tert-butyl-1H-indol-5-y1)-1-{benzofd][ 1,3 }dioxol-5-
yljeyelopropanecarboxamide (0.250 g, 0.664 mmol) in a mixture of 4.5 mL of anhydrous

tetrahydrofuran (THF) and 0.5 mL of anhydroﬁs N, N-dimethyHormamide (DMF). The
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resulting sﬁspensi.on was allowed to stir for 2 minutes and then iodomethane (0.062 mlL, 1.0
mmol) was added to the reaction mixture. Two additional aliquots of sodium hydride and
iodomethane were required o consume all of the starting material which was monitored by
'LC/MS. The crude reaction product was evaporated to dryness, redissolved in a minimum
of DMF and purified by preparative L.C / MS chromatography to vield the pure product
(0.0343 g, 13%) ESI-MS m/7 calc. 404.2, found 405.3 (M+1)". Retention time of 3.653

minutes,

(068781 Example 79: 1-(Benzo[d][1,3]dioxol-5-yD)-N-(2-(hydroxymethyl)-1H-indo]-5-

ylieyvclopropanecarboxamide

H H
V4 Vs
O & 25 °c 16 fs o N OH

[008791 Ethyl 5-(1-(benzol[d]{1,3]dioxol-3-yl)cyclopropanecarboxamide)- 1 H-indole-2-
carboxytate (1.18 g, 3.0 mmotl) was added to a solution of LiBH, (132 mg, 6.0 mmol) in THY
(10 mL) and water (0.1 mL}. The mixture was allowed to stir for 16k at 25 °C before it was
quenched with water (10 ml) and slowly made acidic by addition of 1 N HCL The mixture
was extracted with three 50-ml. portions of ethyi acetate. The organic extracts were dried
over NaySO, and evaporated to yield 1-(benzo[d}[1,3]dicxol-5-y1)-N-(2-(hydroxymethyi)-
iH~i.ndéll-5-yl)cycloprop&necarboxamide {770 mg, 73%). A small amount was further
purified by reverse phase HPLC. ESI-MS m/z cale. 350.4, found 351.3 (M+1)"; retention time

2.59 mimates.

[60880] Example 80: 5-(1-(Benzold}[1,3]dioxel-5-yljcyclopropanecarboxamido)-/V-
tert-butyl-1H-indole-2-carboxamide

HaN._~

/\ A.\/N LEOH Of
§ ﬁu/\/? J\/ OEt H20i24dloxane i J i A /L//

A ‘
" RATY, EtN, DVF Oj\/L \/j‘-/ HW

T, BouS g @: .y
OEL H20/1 4-dioxane oj:jﬁ

(008811 5-(0-(Benzo[d}{1.,3]dioxol- Smyl)cyciopropanecarboxamlde) -TH-indole-2-

carboxylic acid

[00882] Eihvl 5—(],-(benzg[d]{1,3}di0x01»5—yl)cyclopropanccarboxamido)—iI{-indo}e—z-

'carboxylate (392 mg, 1.0 mumol) and LiOH (126 mg, 3 mmol) were dissolved in HyO (5 mL)
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and 1,4-dioxane (3 mL). The mixturé was heated in an oil bath at 100 °C for 24 hours before
it was cooled to room temperature. The mixture was acidified with 1IN HCI and it was
extracted with three 20 mL portions of dichloromethane. The organic extracts were dried
over Na;SOy and evaporated to yield 5-(1-(benzo[d][1,3]-dioxol-3-
yheyclopropanecarboxamido}- 1H-indole-2-carboxylic acid (302 mg, 83%). A small amount
was further purified by reverse phase HPLC. ESI-MS m/z calc. 364.1, found 365.1 (M+1}";

retention time 2.70 minutes.

H H
DI, o TR
RS h; OH  HATU, EfgN, DMF O H )

[00883] S-(l-(bemo[d][1,31&i0§40l-5~yi)cyclopmpa_necarboxamido)—N—tert-butyi-}H~

indole-2-carboxamide

(088841 5-(1-(Benzo{d][1,3]dioxol-5-yhicyclopropane-carboxamido}-1H-indole-2-
carboxylic acid (36 mg, 0.10 mmol) and 2-methvipropan-2-amine (8.8 mg, (.12 mmol) were
dissolved in N N-dimethylformamide (1.0 mL) containing triethylamine (28 pl., 0.20 mmol).
O-(7-Azabenzatriazol-t-yh-N N, N N'-tetramethyluronium hexafluorophosphate (46 mg, 0.12
mmol) was added to the mixture and the resulting solation was allowed to stir for 3 hours.
The mixture was filiered and purified by reverse phase HPLC to vield 5-(1-
(benzo[d][1,3idioxol-5-yDcyclopropanecarboxamido)-N-rert-butyl- 1H-indole-2-
carboxamide. EST-MS m/z calc. 419.2, found 420.3 (M+1)"; retention time 3.12 minutes.

[00885] Example 81: N-(3-Amino-2-fert-butyl-1H-indol-5-yl)-1-(benzo[d1{1,31dioxol-5-

yheyclopropanecarboxamide

. ' H
G o N NaNG O
<K%§k I e <Z:©Xk @Q—é
[o; Y ACOHHLO N
H r . NO
H
n O O N
( /
AcOH O N
H NH,

[€0886] A solution of I-(benzofd]j1,3]dioxol-5-y1}-N-(2-tert-butyi- 1H-~indol-5-
yheyclopropane carboxamide (50 mg, (.13 mmeol) was dissolved in AcOH (2 mL) and

52T

warmed 1o 45 °C. To the mixture was added a solution of NaNO; (9 mg) in H20 (0.03 ml).
The mixture was allowed to stir for 30 min at 45 °C before the precipitate was coliected and

washed with Et;O. This material was used in the next step without further purification. To
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the crude material, 1-(benzo[d][1,3}di oxol—S-yI)-N—(Q-tert-butyi-B—nitrbso- tH-indol-5-
yl)cyclopropanecarboxamid.e, was added AcOH (2 mL) and Zn dust (3 mg). The mixture
was allowed to stir for Th at ambient temperature. EtOAc and H;O were added to the
mixture. The layers were separated and the organic layer was washed with sat. aq. NaHCOs,
dried over MgS0Oy, and concentrated in vacuo. The residue was taken up in DMF (1 mL) and
was putified using prep-HPLC. LCMS: my/z 392.3; retention time of 2.18 min.

[00887] Example 82: 1-(Benzo[d]{1,3]dioscl-3-yl)-N-(2-tert-butyl-3-(methylsulfornyl)-
1H-indol-5-yl)cyclopropanecarboxamide

1) NaH
< DMF-THF
2) MeS0O,Cl

[00888] 1.‘(Benze{d]{].ﬁ}dioxol-s-yl)-N-(Z»tert—i)uty]-3-(methyisulfonyl)—IH-indoi-S-

yleyclopropanecarboxamide

/

IZ.\ /E

=

[00889] To a solution of 1-(benzo{d]{1,3ldioxol-3-y1)-N-(2-tert-butyl- 1 H-indol-5-
yileyclopropanecarboxamide (120 mg, .31 mmol) in anhydrous DMFE-THE (3.3 mL, 1:9)
was added NaH (60% in mineral oil, 49 mg, 1.2 mmol) at room temperature. After 30 min
under Ns, the suspension was cooled down to —15 °C and a solution of methanesulfonyl
chloride (1.1 eq.) in DMF (0.5 mL) was added dropwise. The reaction mixture was stirred for
30 min at ~15 °C then for 6 h at room temperature. Water (0.5 mL) was added at 0 °C, solvent
was removed, and the residue was dilated with MeOH, filtrated and purified by preparative
HPLC to give 1-(Benzold}f 1,3]dioxol-5-y)-N-(2-fert-butyl-3-(methylsullonyl}- 111 -indol-5-
vheyelopropanecarboxamide. TH NMR (400 MHz, DMS0) § 11.6 (s, LH), 8.7 {s, 1H), 7.94
(d, J=1.7 Hz, 1), 7.38 (d, J=8.7 Hz, 1H), 7.33 (dd, J{ =1.9 Bz, J2 =8.7 Hz, 111}, 7.03 (d, J
=1.7 Hz, 1H), 6.95 (dd, J1 =1.7 Hz, J2 =8.0 Hz, 1H), 6.90 (d, J =8.0 Hz, 1H), 6.02 (s, 2H),
3.07 {5, 3H), 1.56-1.40 (m, 9H;, 1.4} (dd, JI =4.0 Hz, J2 =6.7 Hz, 2H), 1.03 (dd, JI =4.0 Hz,
J2 =6.7 Hz, 2H). MS (BSD m/e (M+H") 455.5.

[068%0] Example 83: 1-(Benzo|[d{{1,3]dioxol-5-y1}-N-(3-phenyl-1H-indol-5-

yl)cyciopropane carboxamide

SH
HO
H NBS N %
<O@Xf‘\‘©(\\ — <°]{>% S — ¢ @ \
o~ O hs O o g FibreCat 1001 !;{1
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[06893] 1-(Benzo[d][1.3)dioxot-5-y1)-N-(3-brome-1H-indo}-5-

yl)cyclopmpanecarboxamide

T

[00892] Freshly recrystallized N-bromosuccinimde (0.278 g, 1.56 mmol) was added
portionwise to a solution of [-(benzo[d][1,3]dioxol-5-y1)-N-(1H-indol-5-
yhcyclopropanecarboxamide (0.500 g, 1.56 mmol) in N, N-dimethylformamide (2 mL) over 2
minutes. The reaction mixture was protected from light and was stirred bar for 5 minutes.
The resulting green solution was poured into 40 mL of water. The grey precipitate which
formed was filtered and washed with walter to yield 1-(henzo{d][1,31dioxol-5-yI)-N-(3-
bromo-1H-indol-5-yleyclopropanecarboxamide (0.564 g, 91%). ESI-MS m/z calc. 398.0,
found 399.3 (M+1)*. Retention time of 3.38 minutes. 'H NMR (400 MHz, DMSO-d6)
11.37 (s, 1H), 8.71 (s, 1H), 7.67 (d, /= 1.8 Hz, 1H}, 7.50 (d, /= 2.6 Hz, 1H), 7.25 (d, /= 8.8
Hz, 1H), 7.22 (dd, J =2.0, 8.8 Hz, 1H), 7.02 (d, J = 1.6 Hz, 1H). 6.96 - 6.88 (m, 2H), 6.03 (s,
2H}, 1.43 - 1.40 (m, 2H), 1.09 - 1.04 {m, 2H).

HC O
il;li @X(
O %
Segaee O
G F1breCat 1001

N
H

[00893] 1-(Benzo{d][1,3)dioxol-5-¥1)-¥-(3-phenyl-1H-indol-5-

yleyclopropanecarboxamide

[008%4] Phenyl boronic acid (24.6 mg, (0.204 mmol) was added to a sohution of 1-
{benzo[d][1,3]-dioxol-5-y1}-N-(3-bromo- L H-indol-5-ylicyclopropanecarboxamide (39.9 mg,
0.100 mmol} in ethanol (1 mL) containing FibreCat 1001 (6 mg) and 1M agueous potassitm
carbonate (§.260 mL). The reaction mixture was then heated at 130 °C in a microwave
reactor for 20 minutes. The crade product was then purified by preparative HPLC utilizing a
gradient of (-99% acetonitrile in water containing 0.05% triflucroacetic acid to yield 1-
(benzofd}[1,3]dioxol-5-y1)-N-(3-phenyl-1H-indo!-5-yleyclopropane carboxamide. ESI-MS
m/z cale. 396.2, found 397.3 (M+1)". Retention time of 3.52 minutes. "1 NMR (400 Mz,
DMSO0-d6) 8 11.27 (4, J = 1.9 Hz, 1H), 8.66 (s, 1H}, 8.08 (d, J = 1.6 Hz, 1H), 7.65-7.61 {m,
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3H), 7.46-7.40 (m, 21, 7.31 (4, J = 8.7 Hz, 1H), 7.25-7.17 (m, 2H), 7.03 (d, J = 1.6 Hz, 1H),
6.98-6.87 (m, 2H), 6.02 (s, 2H), 1.43-1.39 (m, 2H), 1.06-1.02 (m, 2H). |

[06895] Exampie 84: 1-(Benzold)[1,3]diox0l-5-y1)-N-(2-tert-butyl-3-cyano-1H-indol-3-

yheyclopropanecarboxamide

H
H o) N
<o o @_é POC;, DMF < p HoN-OH, DCM
Y * O )
o N /SH
H &
IS ]
<O o Ac,C <O Io) f
o N 4 . & Y
: H p H .

HO~p

H
i
<o o N POGCH, DMF <O 1 [j
N H y
o

[60896] 1-(Benzo{d][1.3]dioxol-5-yi)-N-(2-fert-butyl-3-formyi-1H-indol-5-

ylicyclopropane-carboxamide

By A

[66897] POCI; (12 g, 80 mmol) was added dropwise to DMFE (40 mL) held at -20 °C.
After the addition was complete, the reaction mixture was allowed to warm to 0 °C and was
stirred for 1 h. 1-(Benzo{d}{1,3]dioxol-5-yh-N-(2-feri-butyl-1H-indol-3-
yheyclopropanecarboxamide (3.0 g, 8.0 mmol) was added and the mixture was warmed to 25
°C. After stirring for 30 minutes the reaction mixture was poured over ice and stirred for 2 h.
The mixture was then heated at 100 °C for 30 min. The mixtore was cooled and the solid
precipitate was collected and washed with water. The solid was then dissolved in 200 mL
dichloromethane and washed with 200 ml. of a saturated aq. NaHCOs;. The organics were -
dried over Na;SOq4 and evaporated to yield 1-(benzo[d}{ 1,3]dioxol-5-y1)-N-(2-tert-butyl-3-
formyl-1H-indol-5-yl)cyclopropane-carboxamide (2.0 g, 61%). ESI-MS m/z calc. 404.5,
found 405.5 (M+1)"; retention time 3.30 minates. ' NMR (400 MHz, DMSO-d6) 6 11.48
(s, 1H), 10.39 (s, 1H), 8.72 (s, 1H), 8.21 (s, 1H), 7.35-7.31 (in, 2H), 7.04-7.03 (m, 1H), 6.97-
6.90 (m, 2H), 6.03 (s, 2H), 1.53 (s, 9H), 1.42-1.39 (m, 2H), 1.05-1.03 (m, 2H).

.
O N 0 !
{ G p HeN-OH, DCM ¢ o
o N : S N
b ) k
Q

MO~ N/
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[08898] (Z)-1-(Benzo[&}{I,S]diaxei-s-yi)-N—(Z-tert—butyl»S-((hydroxyimino)methyl}-lﬂ-

indel-3-yl)cyclopropanecarboxamide

[06899] To a solution of 1-(bénzo[d][1,B}dioxoi~5—y1)—N—(2»lert—butyl»S_-formyl-1H-ind01-5-
vheyclopropanecarboxamide (100 mg, 0.25 mmol) in dichioromethane {5 mL) was added
hydroxvlamnine hydrochioride (21 mg, 0.30 mmol). After stirring for 48 h, the mixture was

“evaporated to dryness and purified by column chromatography (0-100% ethyl
acetate/hexanes) to yield (Z)-1-(benzo[d][1,3 ]dioxol-5-yD)-N-(2-rert-butyl-3-
((hydroxyimino)methyl}-1H-indol-5-yleyclopropanecarboxamide (81 mg, 77%). ESI-MS
m/z cale, 419.53, found 420.5 (M+1)7; retention time 3.42 minutes. 'H NMR (400 MHz,
DMSO-d6) 6 10.86 (s, 0.5H), 10.35 (s, 0.5H), 8.56-8.50 (m, 2H), 8.02 (m, 1H), 7.24-7.22
(m, 1F), 7.12-7.10 (m, 1H), 7.03 (m, 1H), 6.96-6.90 (m, 2H), 6.03 (s, ZH}, 1.43 (s, 9H), 1.40-
1.38 {m, 2H), 1.04-1.01 (m, 2H).

H H
<O o N\ / Ac,O <O | 2 0 N
O N 7 \ O = N 7
H r H ' Eﬁl\i
HO-N .

[G0900] 1.-(Benm[d][1,3}di0x01-S—yl)-N-(2-t¢rt-bﬂtyi-3-cyano-lH-indol—S-

yheyclopropane-carboxamide

[60901] (Z)-1-(Benzo[d}[1,3]dioxol-5-y1)-N-(2-rere-butyl-3-((hydroxyimino}-methyl)- 1 H-
indol-3-ylixcyclopropanecarboxamide (39 mg, (.090 mmol) was dissolved in acetic anhydride
(1 mL) and heated at reflux for 3 h. The mixture was cooled in an ice bath and the precipitate
was collected and washed with water. The solid was further dried under high vacuum to
vield 1-(benzol[d][1,31dioxol-5-y1}-N-(2-tert-butyl-3-cyano- 1H-indol-5-
yl)c:yciopropanecarboxamide. ESI-MS m/z cale. 401.5, found 402.5 (M+1)7; retention time
3,70 minutes. '"H NMR (400 MHz, DMSQ-d6) 6 11.72 (s, TH), 8.79 (s, 1H), 7.79 (s, 1H),
7.32 (i, 210, 7.03-7.02 (m, 1H), 6.95-6.89 (m, 2}, 6.03 (s, 2H), 1.47 (s, 9H), 1.43-1.41 (m,
2H), 1.06-1.04 (m, 2H).

[80902] Example 85: I~(Benzo[d][i,3]diox@l»Swyl)-N—(2»teﬁ-bu£yl—3-m8thy5-IH»indoE-Sw

vijeycloprepanecarboxamide

H
0 o . / Mel, DMF O. O N
COAQ0 = 0O O

[00203] A solution of 1-(benzofd]]1,3]dioxol-5-y1)-N-(2-tert-butyl-1H-indol-5-

zZT

yheyclopropanecarboxamide (75 mg, 0.20 mmol) and iodomethane (125 ul., 2.0’ mmol} in
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- N.N-dimethyiformamide (1 mL) was heated at 120 °C in a sealed tube for 24 h. The reaction
was filtered and purified by reverse phase HPLC. ESI-MS m/z calc. 390.5, found 391.3
(M+1)*; retention time 2.04 minutes. "H NMR (400 MHz, DMSO-d6) & 10.30 (s, 1H), 8.39
(s, 1H), 7.51 (m, 1H}, 7.13-7.11 {m, 111), 7.03-6.90 (m, 4H), 6.03 (s, 2H), 2.25 (s, 3H}, 1.40-
1.38 (m, 11FD, 1.03-1.01 (m, 2ZH).

[00964] Example 86: I-(Benzo[d]{1,3ldioxol-5-y1)-N-(2-fert-butyl-3-(2-hydroxyethyl)-

1H-indel-5-yDeyclopropanecarboxamide

H o H
IO L0 e L1 LG
o, N 7N nCla, DCM e N %
AN H

OH

[00905] Approximately 100 uL of ethylene dioxide was condensed in a reaction tube at ~78
°C. A solution of 1~(benzo[d1[1,S}dioxol-5—yl)—N—(2—reﬁ—bu£yi-iH—indoLS—
yleyelopropanecarboxamide (200 mg, 0.50 mmol) and indium trichloride (20 mg, 0.10
mimol)in dichioromethane (2 mL) was added and the reaction mixture was irradiated in the
microwave for 20 min at EOO °C. The volatiles were removed and the residue was purified by
column chromatography (0-100 % ethyl acetate/hexanes) to give I-(benzo[d}[1,3]dioxol-5-
y1)-N-(2-rert-butyl-3-(2-hydroxyethyl)- 1 H-indol-5-yheyclopropanecarboxamide (5 mg, 3%).
ESI-MS m/z cale. 420.5, found 421.3 (M+1)™; retention time 1.67 minutes. 'H NMR (400
MHz, CD2CN) 8 8.78 (s, 1H), 7.40 (m, 1H), 7.33 (s, 1H), 7.08 {m, 1H}, 6.95 - 6.87 (m, 3H),
6.79 (m, 1H), 5.91 (s, 2H), 3.51 (dd, J = 5.9, 7.8 Hz, 2H), 2.92 - 2.88 (m, 2H), 2.64 (1, } = 5.3
Hz, 1H), 1.50 (m, 21}, 1.41 (s, 91}, 1.06 (i, 2H).

[00906] Example 87: 2-(5-(1-(Benzo[d][1,3]dioxol-5-yl)eyelopropanecarboxamido)-1H-
indol-2-yl)acetic acid

H LiOH, Ha0 H
o)
< T e o T U0
o © N oo o o N
i

COgH

[6069071 To a solution of ethyl 2-(5-(1-(benzo[d]{1,3]dioxol-5-
yljcyclopropanecarboxamido)- 1H-indol-2-yl)acetate (0.010 g, 0.025 mmol) in THF (0.3 mL)
were added LiOH.H;0 (0.002 g, 0.05 mmol) and water (0.15 mL) were added. The mixture
was stirred at room temperatare for 2 h. dichloromethane (3 mL) was added to the reaction
mixture and the organic layer was washed with TN HCl (2 x 1.5 mL} and water (2 x 1.5 mL).

The organic layer was dried over Na,SO, and filtered. The filtrate was evaporated under
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reduced pressure to give 2-(5-(1-(benzoid][1,3]dioxol-5-yl)cyclopropanecarboxamido)-1H-
indol-Q-yl)«acétic acid. "H NMR (400 MHz, DMSO-d6) & 12.53 (s, 1H), 10.90 (s, 1H), 8.42
(s, 1H), 7.57 (s, 1H), 7.17 (d, J = 8.6 Hz, 111), 7.05-6.90 (m, 4H), 6.17 (s, 1H), 6.02 (s, 2H),
3.69 (s, 2H), 1.41-1.39 (m, 2H}, 1.04-1.02 (m, 2H). '

[06908] Eﬁampie 88: 5.(1-(Benzold][1,3)dioxol-5-yl)cyclopropanecarboxamido)-2-tert-
butyl-1H-indole-7-carbexylic acid

K §
LiOH &
<O]@gﬂ \ ' { A\
0y O N e} Q N-
H H
®) C;) 0] QOH

[00909] Methyl 5-(1-(benzoldJ{ 1,3]dioxol-5 -yl)cyclopfopanecarboxamido)—2-te rr-butyl-
1H-indole-7-carboxylate (30 mg, 0.069 mmol) was dissolved in a mixture of 1,4-dioxane
(1.5 mL) and water (2 mL) containing a magnetic star bar and lithium hydroxide (30 mg, 0.71
mnel). The resulting solution was stirred at 70 °C for 45 minutes. The crude product was
then acidified with 2.6 M hydrochloric acid and extracted three times with an equivalent
volume of dichloromethane. The dichioromethane extracts were combined, dried over
sodium sulfate, filtered, and evaporated to dryness. The residue was dissolved in a minimum
of N,N-dimethylformamide and then purified by preparative HPLC using a gradient of 0-
99% acciopitrile in water containing U.OS% trifluoroacetic acid to yield 5-(1-
(benzo[d]]1,3}dioxol-3-yDeyclopropanecarboxamido)-2-fert-butyl-1 H-indole-7-carboxylic
acid. ESI-MS m/z calc. 4342, found 435.5. Retention time of 1.85 minutes. 'H NMR (400
MHz, DMSO-46) 8 13.05 (s, 11), .96 (d, /= 1.6 Tz, 1H), 7.89 (d, /= 1.9 Hz, 1H), 7.74 (d,
J=20Hz, 1H),7.02(d, /= 1.6 Hz, 1H), 6.96-6.88 (m, 2H), 6.22 (d, J = 2.3 Hz, 1H), 6.02 (s,
2}, 1.43 - 1.40 (m, 2D, 1.37 (5, 9H), 1.06-1.02 (m, 2H).

[60910] Example 89: 1-(Benz0[d][1§3]dioxol-5nyl)-N-(2-teri-butyl—I—(1,3»
dibydroxypropan-2-yl)-1H-indel-5-yheycloprepanecarboxamide

v H Na(OAc)sBH, Y Chioranil i
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. H Na(CAC)BH 3@2&' _ .
. N
: o or O

O

S

[60911] 1-(Benzo[d)[1,3)dioxel-5-yD)-N-(2-tert-butyl-1-(1,3-dihydroxypropan-2-

yDindeolin-S-ylhcyclopropanecarboxamide

[00912] 1-(Benzold}i1,31dioxol-5-y1})-N-(2-teri-butylindolin-5-
yleyclopropanecarboxamide (50 mg, (.13 mmol) was dissolved in dichloroethane (0.20 mL)
and 2,2-dimethy}-1,3-dioxan-5-one (0.20 mL). Trifluoroacetic acid was added (0.039 mL)
and the resulting solution was aliowed to stir for 20 minutes. Sodium triacetoxyborohydride
was added (55 mg, ¢.26 mmol) and the reaction mixture was stirred for 30 minutes. The
crude reaction mixture was then evaporated to dryness, dissolved in N,N-dimethylformamide
and purified by preparative HPLC using a gradient of 0-99% acetonitrile in water confaining

(.083% trifluoroacetic acid.

5 ﬁ _ Chloranil (Oﬁwm N
g:OH OHOH

[00913] 1-(Benzo[d}{1,3]dioxol-5-y1)-N-(2-tert-butyl-1-(1,3-dihydroxypropan-2-yl)-1H-

indol-5-ylcyclopropanecarboxamide

[60914] [-(Benzo[d][1,3]dioxol-5-yI)-N-{2-teri-butyl-1-(1,3-dihydroxypropan-2-yDindolin-
5-yleyclopropanecarboxamide (40.3 mg, 0.0711 mmol as the trifluoracetic acid salt) was
dissolved in toluene (1 mL). To the resulting solation was added 2,3,5,6-
tetrachlorocyclohexa-2,5-diene-~1,4-dione (35 mg, (.14 mmol). The resulting suspension was
heated at 100 °C in an oil bath for 1§ minutes. The crude product was then evaporated to
dryness, dissolved in a 1 mL of N,N-dimethytformamide and purified by purified by
preparative HPLC using a gradient of 0-99% acetonitrile in water containing (.05%
trifluoroacetic acid to yield 1-(benzold][ 1,3}dioxol-5-y1}-N-(2-tert-butyl-1-(1,3-
dihydroxypropan-2-y1)-1H-indol-5-ylycyclopropanecarboxamide. ESI-MS m/z cale. 450.2,

found 451.5 (M+1)". Retention time of 1.59 minutes.

[00915] Example 90: N-{7-(Aminomethyl)-2-terf-butyl-1H-indol-5-yi}-1-
(benze[d][1.3]-dioxel-S-yl)cyelopropanecarhoxamide
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[60916] N-(7-(Aminomethyl)-2-fers-butyl-1H-indol-5-y1)-1-(benzold]{1,3]dioxol-5-

yhcyclopropanecarboxamide

1009171 1-(Benzo[d1[1.31dioxol-3-y1)-N-(2-tert-butyl-7-cyano-1H-indol-5-
vhicyelopropanecarboxamide (375 mg, 0.934 mmol) was dissolved in 35 mL of ethyl acetate.
The solution was recirculated through a continuous flow hydrogenation reactor containing
10% palladium on carbon at 100 °C under 100 bar of hydrogen for 8 h. The crude product
was then evaporated to dryness and purified on 12 g of silica gel utilizing a gradient of O-
100% ethyl acetate (containing (.5% triethylamine) in hexanes to yield N—(?-(aminomethyl)—
2-tert-butyl-1H-indol-5-vD-1-(benzof d}[ 1,3]-dioxol-5-yI)-cyclopropanecarboxamide (121
mg, 32%). BSI-MS m/z calc. 405.2, Tound 406.5 (M+1)". Retention time of 1.48 minutes.

[00918] Example 91: 5-(1-(Benzo[d][1,3]dioxol-5-yD)cyclopropanecarboxamido)-2-tert-
butyl-1H-indole-7-carboxamide

O n O Om
N 22
il
N

Iz

o7 N,

[00919] 3-(1-(Benzold]{1,3ldioxol-5-yheyclopropanecarboxamido)-Z-fert-butyl-1H-

mdole-7-carboxamide

[60920] 1-(Benzo[dl[1,3]dioxol-5-y1)-N-(2-fert-butyl-7-cyano-1 H-indol-5-yl)-
cyclopropanecarboxamide (45 mg, (.11 mmol) was suspended in a mixture of methanol (1.8
mL), 30% aqueous hydrogen peroxide (0.14 mL, 4.4 mmol) and 10% aqueous sodium
hydroxide (0.130 mL). The resulting suspension was stirred for 72 h at room temperature.
The hydrogen peroxide was then quenched with sodium sulfite. The reaction mixture was
diluted with 0.5 mL of N,N-dimethylformamide, filtered, and purified by preparative HPLC
using 2 gradient of 0-99% acetonitrile in water containing 0.05% trifluoroacetic acid to yield
5+ ]_;(ben:rzo[ d][1,3]dioxol-3-yl}cyclopropane-carboxamido)-2-fert-butyl- 1 H-indole-7-
carboxamide. ESI-MS sz calc. 419.2, found 420.3 (M+1)". Retention time of 1.74 minutes.

[60921] Example 92: 1-(Benzo[d1[1,3]dioxol-5-y1})-N-(2-tert-butyl-7-
(methylisutfonamido-methyl)-1H-indol-5-yi)cyclopropanecarboxamide
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[00922] 1-(Benzol[d}[1,3]dioxol-53-y1}-N-(2-fert-butyl-7T-(methylsulfonamidomethyl)-1H-

indol-5-ylieyclopropanecarboxamide

[00923] N-(7-(Aminomethyl)-2-tert-butyl-1 H-indol-5-y1)-1-(benzold][ 1,3]dioxol-5-
yhicyclopropanecarboxamide (20 mg, 0.049 mmol) was dissolved in DMFE (1.5 mL})
containing triethylamine (20.6 s, 0.147 mmol) and a magnetic stir bar. . Methanesulfonyl
chloride (4.2 yl., 0.054 mmol} was then added to the reaction mixture. The rea'cti.on mixture
was allowed to stir for 12 h at room temperature. The crude product was purified by
preparative HPLC using a gradient of 0-99% acetonitrile in water containing 0.05%
trifluoroacetic acid to yield 1-(benzo]di[ 1.3}dioxol-5-y1}-N-{2-tert-butyl-7-
(methylsulfonamidomethyl)-1 H-indol-5-yhcyclopropanecarboxamide. ESI-MS m/z calc.
483.2, found 484.3 (M+1)". Retention time of 1.§4 minutes.

{00924] Example 93: N-{7-(Acetamidomethyl)-2-terf-butyl-1H-indol-5-y1)-1-
(benzol[d][1,3}-dioxol-5-ylcyclopropanecarhoxamide

H CH,00C! H
e N 2 N
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009251 N-(7-(Aminomethyl)-2-ters-butyl-1H-indol-5-y1}-1-(benzold]{ 1,3]dioxol-5-
yhcyclopropanecarboxamide (20 mg, 0.049 mmol) was dissolved in DMF (0.5 mL)
containing triethylamine (20.6 ul., 0.147 mmol) and a magnetic stir bar. Acety] chloride (4.2
uk, 0.054 mmol} was then added to the reaction mixtare. The reaction mixture was allowed
to stir for 16 h at room temperature. The crude product was purified by preparative HPLC
using a gradient of 0-99% acetonitrile in water containing (.05% wiflvoroacetic acid to yield
N-(7-(acetamidomethyl)-2-tert-butyl- 1 H-indol-5-y13-1-(benzo[d]{ 1,3 }dioxol-5-
yheyclopropanecarboxamide. ESI-MS m/z cale, 447.2, found 448.3 (M+1)". Retention time

of 1.76 minutes,

[G0926] Example 24; N»(l-Acetyl-2-tert~butyl-1H~indol-S;yi}-]_-(benzo{d][l.,S]dioxoLS-

yl)-eyclopropanecarboxamide
T - 255



- WO 2010/054138 _ POT/US2009/063475

' H : 1 NaH . H -
Yo B aoY oot
o ﬁ/ | 2 AC o @ B\
. &

[009271 To a solution of 1-(benzo[d]{1,3]dioxol-5-yi}-N-(2-teri-butyl-1H-indol-5-
yljeyclopropanecarboxamide (120 mg, 0.31 mmol} in anhydrous DMF-THF (3.3 mL, 1:9)

was added NaT (60% in mineral oil, 49 mg, 1.2 mmol) at room temperature. After 30 min
under N, the suspension was cooled down to ~15 °C and a solution of acetyl chloride (1.1
eq.) in DMF (0.5 mL) was added dropwise. The reaction mixture was stirred for 30 min at ~
15 °C then for 6 h at room temperature., Water (0.5 ml) was added at 0 °C, solvent was
removed, and the residue was diluted with MeOH, filtrated and purified by preparative HPLC
to give N-(1-acetyl-2-tert-butyl-1H-indol-5-y1}-1-(benzo[d][1,31dioxol-5-yl)cyclo-
propanecarboxamide. "H NMR (400 MHz, DMSO) § 8.9 (s, 1H), 7.74 (d, J=2.1 Hz, 1H),
7.54 (d, J=9.0 Hz, 1H), 7.28 (dd, JI =2.1 Hz, J2 =9.0 Hz, 1H), 7.01 (d, J=1.5 Hz, iH), 6.93
(dd, J1 =17 Hz, J2 =8.0 Uz, 1H), 6.89 (d, J =8.0 Hz, 1H), 6.54 (bs, 1H}, 6.02 (s, 2H), 2.80 (s,
3H), 1.42-1.40 (m, 11H), 1.06-1.05 (m, 2H). MS (ESD) m/e (M+H") 419.3.

[60928] Example 95: N-(1-(2-Acetamidoethyl)-2-tert-butyl-6-fluore-1H-indol-5-y1)-1-
(2.2-diffuorobenzo[d}{1,3]dioxel-5-yD)cyclopropanecarboxamide
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1609291 N-(1-(2-Aminoethyl)-2-tert-butyl-6-fluore- 1 H-indol-5-yi)-1-(2,2-difluorobenzo- .
[d][1,3]dioxol-5-yl)cyclopropanecarboxamide
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[0669306] To a solution of fert-butyl 2-(2-tert-butyl-5-(1-(2,2-diftuorobenzofd][ 1,3]dioxol-5-
yheyclopropanecarboxamido)-6-fluoro- [H-indol-1-yl)ethylcarbamate (620 mg, 1:08 mmol)
in CH,Cl, (8 mL} was added TFA (2 mL). The reaction was stirred at room temperature for
1.5 h before being neutralized with solid NaHCOx. The solution was partitioned between
H,0 and CH,Cls. The organic laver was dried over MgSQy, filtered and concentrated to
vield the product as a cream colored solid (365 mg, 71%). 1 NMR (400 MHz, DMSO-d6) §
8.38 (s, 1H), 7.87 (br s, 3H, NHs™), 7.52 (s, 1H), 7.45-7.38 (m, 3H), 7.32 (dd, ] = 8.3, 1.5 Hz,
1H), 6.21 (s, LH), 4.46 (m, 2H), 3.02 {m, 2H), 1.46 {m, 2H), 1.41 (s, 9H), 1.14 (m, 2H).
HPLC 1et. time 1.66 min, 10-99 % CHsCN, 3 min run; ESI-MS 474.4 m/z (M+H").
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1609311 N-(1-(2-Acetamidoethyl)-2-fert-butyl-6-fluoro-1H-indol-5-y1)-1-(Z,2-
difluorobenze- [d}[l. 3}di0x0i—5—yl)cvclopr0panecarboxamide

[00932]1 To a solution of N-(1-(2-aminoethyl)-2-teri-butyl-6-fluoro-1H-indol-5-y1)}-1-(2,2-
difluorobenzo[d}[1,3]dioxol-5-y1)cyclopropane-carboxamide (47 mg, 0.10 mmol) and EtsN
(28 uL, 0.20 mmol) in DMF (1 ml.) was added acetyl chloride (7.1 L, 0.10 mmol). The
mixture was stirred at room temperature for 1 h before being filtered and purified by reverse
phase HPLC (10 - 99 % CH;CN/ H,Q) to yield N-(1-(2-acetamidoethyl)-2-terz-butyl-6-
fluore- 1H-indol-5-y1)-1-(2 2-difluorobenzo[d]{ 1,3}dioxol-5-yl)cyciopropanecarboxamide.
'H NMR (400 MHz, DMSO-d6) 8 8.35 (s, 1H), 8.15{t, I = 5.9 Hz, 1H), 7.53 (s, 1H), 7.43-
7.31 (m, 4H), 6.17 (s, 1), 4.22 (m, 2H}, 3.30 (m, 2H), 1.85 (s, 3H), 1.47 (m, 2H), 1.41 (s,
9H), 1.13 (m, 2H). HPLC ret. time 2.06 min, 10-99 % CH;CN, 3 min run; ESI-MS 5164
m/z (M+H").

[06933] Example 96: 1-(Benzo[¢][1,3}dioxol-5-y1}-N-(2-fert-butyl-1-(2-hydroxy-3-
methoxy-propyl)-1H-indol-5-yheyclepropenecarboxamide

1. NaH, DMF-THF

OO = OOt O{
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[00934] 1—(Ben.z,0[d]{1,3}dioxo}.—S-yl)-»Nw(E—terl-butyI—IH—indol-S-
yheyclopropanecarboxamide (320 mg, (.84 mmol} was dissolved in a mixture composed of
anhydrous DMF (0.5 mL) and anhydrous THF (5 mL) under No. NaH (60% in mineral oil,
120 mg, 3.0 mmol) was added at room temperature. After 30 min of stirring, the reaction
mixture was cooled to ~15 °C before a solution of epichlorohydrin (79 L, 1.0 mmel) in
anhydrous DMF (1 mL) was added dropwise. The reaction mixtare was stirred for 15 min at
—15 °C, then for § h at room temperature. MeOH (1 mL) was added and the mixture was
heated for 10 min at 105 °C in the microwave oven. The mixture was cooled, filtered and
purified by preparative HPLC to give 1-(benzo[d}|1,3}dioxol-5-yI)-N-(2-fer-butyl-1-(2-
hydroxy-3-methoxy-propyl)- | H-indol-5-yDcyclopropanecarboxamide, "H'NMR (400 Mz,
DMSO-d6) & 8.44 (s, 1H), 7.59 (d, J = 1.9 Hz, 1H), 7.31 (d, J = 8.9 Hz, 1H), 7.03 (dd, /=
8.7, 1.9 Hz, 2H), 6.95 (dd, J = 8.0, 1.7 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1), 6.16 (s, 1H), 6.03 (s,
2H), 4.33(dd, J = 15.0, 4.0 Hz, 1H), 4.19 (dd, J=15.0, 8.1 Hz, 1 H), 4.02 (ddd, / = 8.7, 4.8
Hz, 1H), 3.41-3.32 (m, 2H), 3.30 (s, 31D, 1.41 {5, 9H), 1.41-1.38 (m, 2H), 1.03 (dd, /= 6.7,
4.0 Hz, 2H). MS (EST) m/e (M+H") 465.0.

[60935] Example 97: 1-(Benzo[d][1,3]dioxol-5-y})-V-(2-fert-butyl-1-(2-hydroxy-3-

(methyi-aminepropyl)- 1H-indol-5-yheyclopropanecarboxamide

. 1. NaH, DMF-THF
+ 0 H
YO = SOt
{ > o
O © N 2. MeNH, N
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[80936] 1-(Benzo[d)[1,3]1diox0l-5-y1)-N-(2-teri-butyl-1H-indol-5-
vl)cyclopropanecarboxamide (320 mg, 0.84 mmol) was dissolved in a mixture composed of

. anhydrous DMF (0.5 mL} and anhydrous THF (5 mL) under No. Nak (60% in mineral oil,
120 mg, 3.0 mmol) was added at room temperature. After 30 min of stirring, the reaction
mixtute was cooled to —15 °C before a solution of epichlorohydrin (79 gL, 1.0 miol) in
anhydrous DMF (1 ml.) was added dropwise. The reaction mixture was stirred for 15 min at
~15 °C, then for 8 h at room temperature. MeNH, (2.0 M in MeOH, 1.0 mL) was a&deﬁ and
the mixture was heated for 10 min at 105 °C in the microwave oven. The mixture was
cooled, filtered and purified by preparative HPLC to give 1-(benzo[d]] 1,3]dioxol-5-y1)-N-(2-
tert-butyl-1-(2-hydroxy-3-(methylamino)propyl)- L H-indol-5-yl)cyclopropanecarboxamide.
H NMR (400 MHz, DMSO-d6) 6 8.50 (s, 1H), 7.60-7.59 (m, 1H), 7.35 (dd, ] = 14.3, 8.9 Hz,
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L), 7.10(d, ] =8.8 Hi, 1H), 1H), 6.94 (dd, ] = 8.0, 1.6 Hz, 1H), 6.91 (d, } .z 7.9 Hz, 1H),
6.20 (d, ] = 2.3 Hz, 1H), 6.03 (s, 2H), 2.82 (d, I =47 Hz, 1H), 2.72 (d,J=4.7Hz, 1H),2.55
(dd, J =5.2, 5.2 Hz, 1H), 2.50 (s, 31D, 1.43 {3, 9H), 1.39 (dd, J = 6.4, 3.7 Hz, 2H), 1.04 {dd, ]
= 6.5, 3.9 Hz, 2H). MS (ESI) m/e (M+H") 464.0.

(669371 Example 98: (5)-N-(1-(3-Amino-2-hydrexypropyl)-2-terf-butyl-1H-indol-5-yl)-
1-(2,2-difluorobenzo[d]{1,3]dioxol-S-yl)cyclopropanecarboxamide
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[60938] (R)-3-(2-tert-Butyi-5-(1-(2,2-difluorobenzoid][1,3]dioxol-5-

yheyclopropanecarbox-amido)-1H-indol-1-y)-2-hydrexypropyl-4-

methylbenzenesulfonate

[66939] To a stirred solution of {(B)-N-(2-teri-butyl-1-{2,3-dihvdroxypropyl)-1H-indol-5-
y1)-1-(2,2-difluoro-benzo[d1[ 1,31dioxol-5-yi)eyclopropanecarboxamide (3.0 g, 6.1 mmeol) in
dichloromethane (20 mL) was added triethyiamine (2 ml) and para-toluenesulfonylchloride
('1.3 g, 7.0 mmol). After I8 hours, the reaction mixture was partitioned between 10 mL of
water and 10 mL of ethyl acetate. The organic layer was dried over magnesium sulfate,
filtered and evaporated. The residue was purified using column chiromatography on silica gel
{0-60% ethyl acetate/hexane) providing (R)-3-(2-terr-butyl-5-(1-(2,2-difluorobenzofdif 1,3}
dioxol-3-ylicyclopropanecarboxamido)-1 H-indol- 1-y1i-2-hydroxypropyl-4-methyl-
benzenesulfonate (3.21 g, 86%). LC/MS (M + 1) = 641.2. "H NMR (400 MHz, CDCl3) §
797 (d, 2H, J= 16 Hz), 7.55(d, 1H, J = 2 Hz), 7.35 (4, 2H, } = 16 Hz), 7.31 (m, 3H), 6.96 (s,
1H), 6.94 (dd, TH, J =2, 8 Hz), 6.22 (s, 1H), 4.33 (m, 1H}, 4.31 (dd, 1H, J =6, 15 Hz}, 4.28
(dd, 1H, J = 11, 15 Hz), 4.18 (m, 1H), 3.40 (dd, 1H, /= 3, 6 Hz), 3.36 (dd, 1H, J=3, 6 Hz),

2.46 (s, 3H), 2.40 (br s, 11, 1.74 (m, 2H), 1.40 (s, 9H), 1.11 (m, 2 H).
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[609401 (R)-N-(1-(3-Azido-2-hydroxypropyl)-2-teri-butyl-1H-indol-5-y1)-1-(2,2-

difluorebenze [d][1,3]dioxol-5-yl)cyclopropanecarboxamide

[06941}7 7o a stirred solution (R)~3»«(2-lerl—buiyi—5—(1—(Q,Z-diﬂuorobenzo[d][1,3]diox0}—5m
yl)eyclopropanecarboxamido)- 1H-indol-1-y1)-2-hydrox ypropyl-4-methylbenzenesulfonate
(3.2 g, 5.0 mmol) in DMF (6 mL) was added sodium azide (2.0 g, 30 mmol). The reaction
was heated at 80 °C for 2 h. The mixture was partitioned between 20 mL ethyl acetate and 20
ml, water. The layers were separated and the organic layer was evaporated. The residue was
purified using column chromatography (0-85% ethyl acetate/hexane) to give (R)-N-(1-(3-
azido-2-hydroxypropyl)-2-tert-butyl-1 H-indoi-5-y1)-1-(2,2-difluorobenzold] | A ldioxol-5-
yh)-cyclopropanecarboxaride (2.48 g). LC/MS (M + 1) =512.5. "H NMR (400 MHz,
CDCL) 8 7.55(d, 1H, J= 2 Hz), 7.31 {m, 31D, 6.96 (s, 1H), 6.94 (dd, 1H, /=2, 8 Hz), 6.22
(s, THD), 4.33 (m, 1H),4.31 (dd, 1H, J =6, 15 Hz), 4.28 (dd, 1H, J =11, 15 Hz), 4.18 (m, 1H),
3.40 (dd, 1H, J =3, 6 z}, 3.36 (dd, 1H, J =3, 6 Hz), 2.40 (br s, 1H), 1.74 (m, ZH), 1.40 (s,
oM, 1.11 {m, 2 H).
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[00942] (5)-N-(1-(3-Amino-2-hydroxypropyl)-2-fert-butyi-1H-indoi-5-yi)-1-(2,2-
diftuoro-benzo[d][ 1,3]dioxol-3-yl)cyclopropanecarboxamide

[00943] To a stirred solation (R)-N-(1-(3-azido-2-hydroxypropyl)-2-tert-butyl-1H-indol-5-
yI)-1-(2,2-difluorobenzo [d1f1,31dioxol-5-yljcyclopropanecarboxamide (2.4 g, 4.0 mmol) in
MeOH (25 mL ) was added 5 % Pd/C (2.4 g) under a Hydrogen gas filled balloon. After 18
h, the reaction mixture was filtered through ceiite. and rinsed with 300 mL ethyl acetate. The
organic layer was washed with 1 N HCI and evaporated to give (S}-N-(1-(3-amino-2-
hydroxypropyl)-2- tert-butyl-1H-indol-5-y1)-1-(2,2-difluoro-benzofd][ 1,3}-dioxol-3-
yhcyclopropane-carboxamide (1.37 g). MS (M + 1) = 486.5.
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(069441 Example 99: (5)-Methyl Sm(_z-tert-butyl~5~(1-(2,2-d§fluombenzo[d}{},.’;}di()xol-
5-yheyclopropanecarboxamido)- 1H-indol-1-yD)-2-hydroxypropylcarbamate
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[00945] To a stirred solution (R)-N-(1-(3-amino-2-hydroxypropyl)-2-tert-butyl-1H-indol-5-
yh)-1-(2.2-difluorobenzo[d][1.3]dioxol-5-yl)cyclopropanecarboxamide (0.10 g, 0.20 mmol) in
methanol (1 mL) was added 2 drops of triethylamine and methylchioroformyl chioride (0.020
mkL, 0.25 mmol). After 30 min, the reaction mixture was filtered and purified using reverse
phase HPLC providing (S)-methyl 3-(2-zerr-butyl-5-(1-(2,2-diflucrobenzo[d]{ 1,3]dioxol-5-
yleyclo-propanecarboxamido)- 1 H-indol-1-y1)-2-hydroxypropylcarbamate. The retention
time on a three minute tun is 1.40 min. LO/MS (M + 1) =544.3. 'H NMR (400 MHz,
CDCl) 8 7.52 (d, 1H, J = 2Hz), 7.30 (dd, 111, J =2, 8 Hz), 7.28(m, 1H), 7.22 (d, 11, /=8
Hz), 7.14 (d, 1H, /=8 Hz), 7.04 (brs, 1H), 6.97 (dd, 1H., J =2, 8§ Hz), 6.24 (s, 1H), 5.19 (1H,
brs), 4.31(dd, 1H, J =6, 15 Hz), 428 (dd, 1H, J =11, 15 Hz), 4.18 (m, 1H), 3.7C (s, 3H),
3.40 (dd, IH, J =3, 6 Hz), 3.36 (dd, 1H, J = 3, 6 Hz), 3.26 (m, 1H), 1.74 (m, 2H), 1.40 (s, 9
i, 1.11 (m, 2 H).

[06946] Example 106: 4-(5-(1-(Benzo{d}} 1,3]dioxel-5-yleyclopropanecarboxamido)-2-
tert-butyl-1H-indol-1-yl)butanoic acid
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[00947] 1-(Benzo[d][1,3]dioxol-5-y1)-N-(2-tert-butylindolin-5-

~ yheyclopropanecarboxamide

[60948] To a solution of 1-(benzo{d][1,3]dioxol-5-y1)-N-(2-tert-butyl-1H-indol-3-yl)cyclio-
prdpanecarboxamide (851 mg, 2.26 mmol) in acetic acid (60 mlL.) was added NaBH:CN (309
mg, 4.91 mmol) at 0 °C. The reaction mixture was stirred for 5 min at Toom temperature after
which no starting material could be detected by L.CMS. The solvent was evaporated under
reduced pressure and the residue was purified by column chromatography on silica gel (5-
40% ethyl acetate/hexanes) to give 1-(benzo[d]{1,31dioxol-5-y1)-N-(2-feri-butylindolin-5-
vhcyclopropanecarboxamide (760 mg, 89%).
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[00949]  4-(3-(1-(Benzo{d][1,3]dioxol-5-yl)cyclopropanecarboxamido)-2-rert-
butylindoiin-1-yhbutanoic acid

[08956] To a soluton of 1—(benzo[d}[1,3}diox61~5myl}—N-(2—rerz—butylindoliné-
yleyclopropanecarboxamide (350 mg, 0.93 mmol, 1 eq) in anhydrous methanol (6.5 mL) and
AcOH (65 uL) was added 4-oxobutanoic acid (15% in water, 710 mg, 1.0 mmol) at room
temperature. After 20 min of stirring, NaBH3CN (130 mg, 2.0 mmol) was added in one
portion and the reaction mixture was stirred for another 4 h at room temperature. The reaction
- mmixture waé guenched by addition of AcOH (0.5 mL) at 0 °C and the solvent was removed
under reduced pressure. The residue was purified by column chromatography on silica gel
(5-75% ethyl acetate/hexanes) to give 4-(5-(1-(benzold][1,3]dioxol-5-
ylicyclopropanecarboxamido)-2-teri-butylindolin-1-yhbutanoic acid (130 mg, 30%).

CDClg, light o g
SO B ey Y-
o © N

G C
OH OH

[00951] 4»(5—(1-(Benzd[d}[].,?:]dioxol»S~yl)cyciopropanecarboxamide)-Z-tert~butyl—].H-

indol-1-yDbutanoic acid
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[068952] 4-(5-(1-(Benzo[d]|1,3]dioxol-5-yheyclopropanecarboxamido)-2-te rt-butylindolin-
1-yhbutanoic acid (130 mg, (.28 mmol) was taken up in a mixrare of acetoniirile-H,O-TFA.
The solvent was removed under reduced pressure and ﬂle residue obtained was dissolved in
CDCls. After a brief exposition to daylight (5-10 min), the solution turned purple. The
mixture was stirred open to the atmosphere at room temperature until complete disappearance
of the starting material (8 h). Solvent was removed under reduced pressure énd the residue
was purified by reverse pharse HPLC to give 4—(5-( 1-(benzofd}f1,3}dioxol-5-
yheyclopropanecarboxamido)-2-tert-butyl-1H-indol-1-y)butanoic acid. "H NMR (400 MHz,
CDCL) §7.52(d, J = 1.9 Hz, 1ID), 7.18 (d, J = 2.1 Hz, 111), 7.16 (s, 1H), 7.03 (dd, I = 9.4, 1.9
Hz, 1H), 7.00-6.98 (m, 2H), 6.85 (d, J = 7.9 Hz, 1H}, 6.16 (s, 1H), 6.02 (s, 2H), 4.29-4.24 (m,
2H), 2.48 (dd, ] = 6.9, 6.9 Hz, 2H), 2.12-2.04 (m, 2H), 1.69 (dd, ] = 6.8, 3.7 Hz, 2H), 1.43 (s,
9H), 1.09 (dd, J = 6.8, 3.7 Hz, 2H). MS (ESD m/e (M+H") 463.0.

[009531 Esxample 101: 1-(Benzo[d][],3]dioxol-s~yl)-N;(2-tert-hutyi-l-(4-(2~
hydroxyethyl-amino)-4-oxebutyl)-1H-indol-5-yheyclopropanecarboxamide

Ho ¥
N HETU, EtN, N A\
{ 3 DMF { & \©f\f“}*
o N — g N

ethanoclamine

O
OH HN—"

[60954] To a solution of 4-(5-(1-(benzo[d]| 1.3]dioxol-3-yheyclopropanecarboxamido)-2-
tert-butyl-1H-indol- 1 -yDbutanoic acid (10 mg) in anhydrous DMF (0.25 mL) were
successively added FitzN (9.5 mL, 0.069 mmol) and HBTU (8.2 mg, 0.022 mmol). After
stirring for 10 min at 60 °C, ethanolamine (1.3 uL, 0.022 mmol) was added, and the mixture
was stirred for another 4 h at 60 °C. 1-(Benzo[d)[1,3]dioxo0l-5-y1)-N-(2-tert-butyl-1-(4-(2-
hydroxyethyl-amino)-4-oxobutyl)-1H-indol-5-yl)eyclopropanecarboxamide (5.8 mg, 64%)
was obtained after purification by preparative HPLC. MS (EST) m/e (M+H") 506.0.

[60955] Example 102: 1-(Benzo[d][1,3]diexol-5-yD)-N-(2-tert-butyl-1-(2-
(dimethylamino)-2-oxoethy!)-1H-indo}-5-yl)cyclopropanecarboxamide
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1. NaH, DMP-THF

e ot :@me

2. DMF, Pa-C

N»-_
/7

[80956] To a solution of 1-(benzofd]f1,3]dioxol-5-y1)-N-(2-tert-butylindolin-5-
ylycyclopropanecarboxamide (62 mg, 0.16 mmol) in anhydrous DM’F.(O. 11 mlL) and THF (1
mL) was added Nalt (60% in mineral oil, 21 mg, 0.51 mmol} at room temperatare under N».
After 30 min of stirring, the reaction mixture was cooled to 0 °C and 2-chloro-N,N-
dimethylacetamide (11 ml, .14 mmol,) was added. The reaction mixture was stirred for 5
min at 0 °C and then for 10 h at room temperature. The mixture was purified by preparative
HPLC and the resultant solid was dissolved in DMF (0.6 mL) in the presence of Pd-C (10
mg). The mixmre was stirred open to the atmnosphere overnight at room temperature. The
reaction mixture was filtrated and purified by preparative HPLC providing 1- '
(benzo[d][1,3]dioxol-3-y1)-N-(2-terr-butyl-1-(2-{dimethylamino)-2-oxoethyl)- 1H-indoi-5-
yleyclopropanecarboxamide. MS (ESD m/e (M+H") 462.0.

[@0957] Exampie 103: 3-(2-tert-Butyl-5-(1-(2,2-diflucrobenzo[d][ 1,3]dioxe!-5-yheyclo-

propanecarboxamido)-1H-indel-1-yl)propaneic acid

1 NaBHCOAC) NaCN DME,
e @fwr- 50 m i

c:
H
N 1. 50% ag KOH H
F o ] F N ) K O m
j 5 G, i, 2 F N
2
N iOH

o
X Q 1, NaBH(OACly FXOQXN

[06958] N-(2-ferf-Butyl-1-(Z-chiorcethylindelin-8-yi)-1-(Z,2-

diftuorebenzold{1,31dioxol-3-yhcyclopropanecarboxamide

Q’\,Z
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[066959] Toa éolution of N—(Q-tert—bu.tyl-I—(Z-Cyanoethy})indolin—S-yl).—'l-(2,2»~
diﬂuorobenzo[d][1,S]dioxo]-s-yl)cyciopropan'ecarboxamide (71 mg, (.17 mmel) in
anhydrous dichloromethane (1 mlL) was added chloroacetaldehyde (53 pL, 0.41 mmol) at
room temperature under Ny, After 20 min of stirring, NaBH(OAc)3 (90 mg, 0.42 mmol) was
added in two portions. The reaction mixture was stitred overnight at room temperature. The
product was purified by column chromatography on silica gel (2-15% ethyl acetate/hexanes)
providing N—(z-terr—hutyl-1-(Z—Chlo.roethyl)indoli.n-S—yl)a 1-(2.2-difluorobenzold]i1,31dioxol-
S-vheyclopropanecarboxamide (51 mg, 63%).

NaCN DMF

LT OO B LT O

C‘ yr

[60960] N-(2-feri-Butyl-1-(2-cyanoethyl)indolin-5-yI}-1-(2,2-

diﬂuorobenze{d}[1,3]diox05-Swyl')cyciapropanecarboxénﬁdé

[00961] N-(2-tert-butyl-1-(2-chloroethylindolin-5-y1)-1-(2.2-difluorobenzof d]{ 1,3 ]dioxol-
5-yheyclopropanecarboxamide (51 mg), NaCN (16 mg, 0.32 mmol) and KI (cat) in FtOH
(0.6 mL) and water (0.3 mL) were combinéd and heated at 110 °C for 30 min in the
microwave, The solvent was removed under reduced pressure and the residue was purified
by column chromatography on silica gel (2-15% ethyl acetate/hexanes) providing N-(2-tert-
butyl-1-(2-cyanoethyDindolin-5-y1)-1-(2,2-difluorobenzo{d}[ 1 3 ldioxol-5-
yheyclopropanecarboxamide (24 mg, 48%).

[ H
M O N
F- = ] 1, BU% aq KOH ?>< R
F>< i o N 14-dioxane IS Q _ N
; 2. CDOL, light, air i
o OH

N &}

[60962]  3-(2-fere-Butyl-5-(1-(2,2-difluorcbenzofd] 1.3 1dioxol-5-ylcyclo-
propanecarbox-amide)-1H-indol-1-yi)propanocic acid

[00963] N-{2-fert-butyl-1-(2-cyanoethyllindolin-5-y1}-1-(2,2-ditfluorcbenzoldi[ 1,3 ]dioxol-
5-yheyclopropane-carboxarmide (24 mg, 0.050 mmoly was taken up in 50% aq. KOH (0.5
mL) and 1,4-dioxane (1 mL). The mixture was heated at 125 °C for 2 h. The solvent was
removed and the residue was purified by preparative HPLC. The residue was dissclved in

CDCis (1 mL) then briefly exposed to daylight. The purple solution that formed was stirred
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until complete disappearance of the starting material (1 h). The solvent was removed under
reduced pressure and the residue was purified by preparative HPLC providing 3-(2-rert-butyl-
5-(1-(2,2-difluorchenzo|d} 1,3]dioxol-5-yheyclo-propanecarboxamido)- 1 H-indol- 1-
ylpropanoic acid, MS (ESI) m/e (M+H*) 485.0. |

[00964] Example 104: 1-(Benzo[d][1,3]dioxol-5-vD)-N-(2-teri-butyl-6-fimoro-1-(2-
hydroxy-ethyl)-1H-indol-5-yl)cyclopropenecarboxamide

1. Q L
A HS i,H
o
Sy O SORBeeE
(0] = N NaBH,;CN N
H MeOH-AcOH
2. COCHs, light,
ar OH

[00965] To a solution of 1-(benzo[d}{1,3]¢iox0k-5-y1)-N-(2-teri-butyl-6-flucroindolin-5-
yDeyclopropanecarboxamide (340 mg, 0.86 mmol) in anhydrous MeOH (5.7 mL) containing
1% of acetic acid was added glyoxal 40% in water (0.60 ml., 5.2 mmol) at room temperature
under Np. After 20 min of stirring, NaBH;CN (120 mg, 1.9 mmol) was added in one portion
and the reaction mixture was stirred overnight at room temperature. The solvent was
removed under reduced pressure and the residue obtained was purified by column
chromatography on silica gel (10-40% ethyl acetate/hexanes) providing a pale yellow oil
which was treated with 50/50 CH;CN-H,0 containing (.05% TTFA and CDCi;. Solvent was
removed under reduced pressure and the residue was purified by column chromatography on
silica gel (20-35% ethy! acetate/hexanes) to give 1-(benzo[d][1,3]dioxol-5-y1}-N-(2-tert-
butyl-6-fluoro-1-(2-hydroxyethyh-1H-indol-5-yl)eyclopropanecarboxamide. 'H NMR (400
MHz, CDCl3) 8§ 8.02 (d, = 7.7 Hz, 1H), 7.30 (d, F = 2.1 Hz, 1), 6.93 (dd, ] = 1.6, 7.9 Hz,
1H}, 6.90 (d, I = 1.6 Hz, 1H), 6.90 (d, J = 1.6 Hz, 1H), 6.78 (d, T = 7.9 Hz, 1H), 6.08 (s, 11,
5.92(s,2H), 4.21 (dd, ] = 6.9, 6.9 Hz, 2H), 3.68 (m, 2H), 2.28 (s, 1H), 1.60 (dd, J = 3.7, 6.7
Hz, 2H), 1.35 - 1.32 (m, 9H), 1.04 (dd, ] = 3.7, 6.8 Hz, 2H). MS (ESD m/e (M+H") 439.0.

[00966] Example 105: 1.(Benzo{d][1,3]dioxol-5-y1)-N-(2-fert-butyi-6-fluoro-1-(3-
hydroxy-propyl)-1H-indol-5-yl)cyclopropanecarboxamide

1-i

< 2. CDC, light, air 9\1

3. Pd-C, Hs, MeOHH

HO
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[00967] 3-(Benzyloxy)propanal

[80968] . To a suspension of PCC (606 mg, 2.82 mmol) in anhydrous dichloromethane (8
ml.) at room teﬁnperature under N, was added a solution of 3-benzyloxy-1-propanol (310 mg,
1.88 mmol) in anhydrous dichloromethane. The reaction mixture was stirred overnight at
room temperature, filtrated through Celite, and concentrated. ‘The residue was purified by
column chromatography on silica gel (1-10% ethyl acetate/hexanes} to give 3-

(benzyloxy)propanal (243 mg, 79%).

N o '
o N i NaBH(OAC),, DOM
<o Q o) m !
F h 2. GDGlg, light, air ;

3. Pd-C, Hg, MeCH

HO

[00969] 1-(Benzo[d][1,3]dioxol-5-y1)-N-(2-tert-butyl-6-fluore-1-(3-hydroxypropyl)-1H-

indoi-5-ylcyeiopropanecarboxamide

[66970] To a solution of 1-(benzo[d]{t,3]dioxol-5-y1)-N-(2-fert-butyl-6-fiuoroindolin-5-
vlicyclopropanecarboxamide (160 mg, 0.50 mmotl) in anhydrous dichloromethane (3.4 mL)
was added 3-(benzyloxy)propanal (160 mg, 0.98 mmol) at room temperature. After 10 min of
stirring, NaBH(OAc): (140 .mg, (.65 mmol) was added in one portion and the reaction
mixture was stirred for 4 h at room temperature. The solvent was removed under reduced
pressure and the residue was taken-up in a mixture of 50/50 CH3CN-H() containing 0.05%
TFA. The mixture was concentrated to dryness and the residue was dissolved in CDCls (5
mL) and briefly exposed to daylight. The purple solution was stirred open to the atmosphere
at room temperature for 2 h. The solvent was removed underreduced pressure and the
residue was treated with Pd-C (10 mg) in MeOH {2 mL.) under 1 atm of H, for 2 h. The
catalyst was filtered through Celite and the solvent was removed under reduced pressure.
The residue was purified by preparative TLC 30% ethyl acetate/hexanes to provide 1-
(benzo[d]{ 1,3]diox0l-5-y1)-N-(2-teri-butyl-6-fluoro-1-(3-hydroxypropyl)- 1 H-indol-5-
ylicyclopropanecarboxamide (18 mg, 8% from 1-(benzo[d][1,3]dioxol-5-y1}-N-(2-teri-butyl-
6-ﬂuorgindolinw5-yl)eyclopropane-carboxamide), 1 NMR (400 MHz, CDCl5) 8 8.11(d, J =
7.8 Hz, 1H), 7.31(d. ] = 2.2 Hz, 1H},6.94 (dd, 1 = 7.9, 1.7 Hz, 1H), 6.91 (d, J = 1.6 Hz, 1H),
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6.85(d, J =11.7 Hz, 1H), 6.79 (d, ] = 7.9 Hz, 1H), 6:10 (S., iH), 5.94 (s, 2H), 4.25-4.21 (i,
2H), 3.70 (dd, I = 5.7, 5.7 Hz, 2H), 1.93-1.86 (m, 2H), 1.61 (dd. ] = 6.8, 3.7 Hz, 2H), 1.35 (s,
9H3, 1.04 (dd, J = 6.8, 3.7 Hz, 2H). MS (ESI) m/e (M+H™}453.0.

[00971] Example 106: N-{1-(2-Acetamidoethy})-2-tert-butyl-1H-indol-5-yI)-1-
(benzo[d]{1,3]-dioxol-5-yDeyclopropanecarboxamide

i H
N Z:Z”:T B T
<o © N EEESNTHF

\
%3 N
o 8
2 CDCIa light, Ns N
3 N, Nat, -
OMF o]
Iy 1. NaBH(OAc }Q’
E1 “{j&—{— T+
S, o ;»
N
[e; N 8
2 CDCL figint,
air Ns
3. NaNg, Nal,
OMF

[00972] N-(1-(2-azidoethyl)-2-fert-butyl-1H-indol-5-yl)-1-(benzo[d][1,3]dioxol-5-y1)-

cyclopropanecarboxamide

(609731 To asolution of 1-(benzol[d]{1,31dioxol-5-y1}-N-(2-fert-butylindolin-3-
yl)cycldpmpane~carboxamide {73 mg, 0.19 munol) in anhydrous dichloromethane (1.2 mL)
was added chloroacetaldehyde (60 1L, 0.24 mmol} at room temperature. After 10 min of
stirring, NaBF(OAc) (52 mg, ).24 mmol) was added in one portion and the reaction mixture
was stirred for another 30 min at room temperature. The solvent was removed under reduced
pressure and the residue was purified by preparative HPLC to give the indoline, which
oxidized to the corresponding indole when taken-up in CDCls. The resulting indole was
treated with NaN; (58 mg, (.89 mmol) and Nal (cat) in anhydrous DMEF (0.8 mL) for 2 h at
85 °C. The reactton mixture was purified by preparative HPLC providing N-(1-(2-
azidoethyl}-2-teri-putyl- IH-indo}-5-y1)-1-(benzofd}[1,31dioxol-3-
ylyeyclopropanecarboxamide (15 mg, 18% from 1-(benzo[d][1,31dioxol-5-y1)-N-(2-teri-

butylindolin-5-yl)cyclopropane-carboxamide).

1. PG-C, 1
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009741 N—(l-(2-Acetamidoethyl)-l—terbbutyl-IH-indol-S-yl)-1-(benzo[d]{i,?)]-’dioxoi-s-

yiyeyclopropanécarboxamide

[60975] A solution of N-(1-(2-azidoethivl)-2-tert-butyl-1H-indol-5-y1}-1-
(benz,o[d}[1,3]di0x01~5~yl)cyc]opropanécarboxamide {13 mg, 0.029 mmol} in MeOH-AcOH
(0.2 mL, 99:1) in the presence of Pd-C (2 mg) was stirred at room temperature. under | atm of
H, for 2 h, filtered through Celite, and concentrated under reduced pressure. The crude
product was treated with AcCl (0.05 mL) and Et;N (0.05 mL) in anhydrous THF (0.2 mL) at
0 °C for 30 min and then 1 h at room temperature, The mixtare was purified by preparative
HPLC providing N-(1-(2-acetamidoethyl)-2-tert-butyl-1H-indol-5-yh-1-(benzold]{1,3]-
dioxol-5-yleyclopropanecarboxamide. MS (ESI) m/e (M+H") 462.0.

[00976] Example 167: N-(2-tert-Butyl-1-(3-cyano-2-hydroxypropyl)-1H-indol-5-yi)-1-
(2,2-diftuorobenzo|d][ 1,3]dioxel-5-yieyclopropanecarboxamide

H H H
N
r\/é)@%)r Q/\ TsCH, Et N Fﬁ:}zjxrm‘ NaCN FMNW—
F o N T N < | = o
HO-( oo 7 © Ij\ o 0 Ho?
) "~ |

HO TsO . %

sl

H H
F N o N
?< [ N TeCL BN A \@H_
@ N CM F © N
HO : H
M Todd

100977]  3-(2-tert-Butyl-5-(1-(2,2-diflnorobenzo[d][1,3]dioxol-5-yhey clopropanecarbox-
amido)-1H-indoi-1-yb)-2-hydroxypropyl-4-methylbenzenesulfonate

[60978] To a solution of N-(2-fers-butyl-1-(2,3-dihydroxypropyl)-1H-indo}-5-y1)-1-(2,2-
diffuorobenzofd]{1,31-dioxol-5-yheyclopropanecarboxamide (172 mg. 0.35 mmol) in
anhydrous dichloromethane (1.4 mL) at 0 °C in the presence of EtsN (56 ptL, 0.40 mmol) was
added TsCl(71 mg, 0.37 mmol}. The reaction mixture was stirred for 2 h at room
temperature before being cooled to 0 °C and another portion of TsCl (71 mg, 0.37 mmol) was
added. After 1 h of stirring at room temperatore, the mixture was purified by column
chromatography on silica gel (10-30% ethyl acetate/hexanes) providing 3-(2-feri-butyl-5-(1-
(2,2-diflucrobenzoid]| 1.3 1dioxol-5-ylicyclopropanecarboxamido)-1H-indol-1-y1)-2-
hydzoxypropyl—é—methyibenzene-sutfon&te {146 mg, 64%).
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#9791 N-(2-tert-Butyl-1-(3-cyano-2-hydroxypropyl)-1H-indol-5-y1-1-(2,2-

difluorobenzo[d][1,3]1dioxol-5-ylieyclopropanecarboxamide

[349380] N—(Z-IEfJ-Buty]-] -(3-cyano-2-hydroxypropyl)-1H-indol-5-yH-1-(2,2-
difluorobenzold][1,3}dioxol-3-yi}-cyclopropanecarboxamide (145 me, .226 mmol) was
treated with powdered NaCN (34 mg, 0.69 mmol) in anhydrous DMF (1.5 mL) at 85 °C for 2
h. The reaction mixture was cooled down to room temperature before it was diluted with
dichloromethane {10 mL) and aq. sat. NaHCO; (10 ml). The organic phase was separated
and the agueons phase was extracted with dichloromethane (2 x 10 ml.). The organic phases
were combined, washed with brine, dried with sodium sulfate, filtered then concentrated. The
residue was purified by column chromatography on silica gel (25-55% ethyl acetate/hexanes)
providing N-(2-fert-butyl-1-(3-cyano-2-hydroxypropyhi- 1 H-indol-5-y1)-1-(2,2-
difluorobenzo[d]{ 1,3]dioxol-5-ylcyclopropanecarboxamide (89 mg, 79%). “H NMR (400
MHz, CDCl3) 6 7.43 (d, J = 1.9 Hz, 1H), 7.20-7.16 (m, 2H), 7.08 {d, I = 8.8 Hz, 1H), 7.04 (d,
J=82Hz 1H), 6.94 (5, 1), 6.88 (dd, J = 8.7, 2.0 Hz, 1H), 6.16 (s, 1H), 4.32-4.19 (m, 3H).
2.83 (s, 1H), 2.40 (dd, F = 5.2, 5.2 Hz, 2H), 1.62 (dd, F = 6.6, 3.6 Hz, 2H), 1.35 (5, 9H), 1.04
(dd, I = 6.9, 3.9 Hz, 2H). MS (ESD) m/e (M+H") 496.0.

[60981] Example 108: N-(2-fert-Butyl-1-(2-hydroxy-3-(2H-tetrazol-5-yhpropyl)-1H-
indel-5-y1)-1-(2,2-diffnorobenzo[ E][ 1,3 Jdioxel-5-yl)eyelopropanecarboxamide

FZ:@X(H Y Nah,, NH,CI N

. ’ 3, N F R

AT L e oy -
HE

bt | W
{08982] 'To a solution of N-(2-tert-butyl-1-(3-cyano-2-hydroxypropyl)-1H-indol-5-y1})-1-
(2,2—difluorobenzo[d][l,3]dioxol—5-yi)cyélopropanecarboxamide (27 mg, 0.054 mmol) in
anhydrous DMF (1.2 mL} were successively added NH4C1 (35 mg, 0.65 mmol) and NaN; (43
mg, .65 mmol) at room temperature, The reaction mixture was stirred for 4 h at 110 °C in
the microwave, at which stage 50% of the starting material was converted to the desired

product. The reaction mixture was purified by preparative HPLC to provide N-(2-terr-butyl-
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I-(2-bydroxy-3-( 2 -tetrazol-3-ypropyl}-1H-indol-5-y1)- 1-(2,2-difluorobenzo-
{d1[1,3)dioxol-5-yl)cyclopropanecarboxamide. MS (EST) m/e (M+H") 539.0.

[60983] Example 109 4-(Z-tert-Butyl-S—(1~(2,2-diﬂuor0benzo[d][1,§]di0xol-5-yl)cyclo—
propanecarboxamide)-1H-indol-1-yD-3-hydroxybutanoic acid

H
N u]
HO: HO
\ - H
N

s}

[60984] A solution of N-(2-tert-butyl-1-(3-cyano-2-hydroxypropyl)-1H-indol-5-yl)~1-(2,2-
difluorobenzo[d][1,3}dioxol-3-ylicyclopropanecarboxamide (14 mg, 0.028 mmol} in
methanol (0.8 mL) and 4 M NaOH (0.8 mL) was stirred at 60 °C for 4 h. The reaction
mixture was neuiralized with 4 M HCI and concentrated. The residue was purified by
preparative HPLC to provide 4-(2-tert-butyl-5-(1-(2,2-difluorobenzo{d}[ 1.3 ]dioxol-5-
yDeyclopropanecarboxamido)- 1H-indol-1-yl}-3-hydroxybutanoic acid. MS (ESD w/e
(M+H") 515.0.

[06985] Example 110: N-(1-(2-(2H-Tetrazol-5-yl)ethyh-2-fert-butyl-1H-indol-5-yD)-1-
(benzo[d]{1,3]dioxel-5-yl)cyclepropanecarboxamide

NaCN, ¥ 1. NHLCF Naily, b
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1009861 1-(Benzold][1,3]dioxol-5-yb)-N-(2-tert-butyl-1-(2-cyanoethyhindolin-5-yi)-

cyciopropanecarboxamide

[00987] To a solution of 1-(benzo[d][1,3]dioxol-5-y1}-N-(2-teri-butyl-1-(2-
‘chioroethyl)indolin-5-yl)cyclopropanecarboxamide (66 mg, 0.15 mmol) in ethanol (0.8 mL)
and water (0.4 mL) were added NaCN (22 mg, 0.45 mmol) and KI (cat) at room temperature.
" The reaction mixture was stirred for 30 min at 110 °C in the microwave before being purified
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by column chromatography on silica gel (5-15% ethyl acetate/hexanes) (o provide 1-
(benzofd]{i ,3]di0x01-5—y})-N-{Z-zerr—buty]—1~(2—cyanO—Gthyl)indoli_n-S~
yheyclopropanecarboxamide (30 mg, 77%}).

H 1. NH,Cl, NaN;,
esgges ceghosts

2. CDCl,, light,
alr

ZE N
z
p
4

{60988] N-(1-Q2-(ZH-Tetrazol-5-ylyethyl)-2-tert-butyl-1H-indol-5-yi)-1-
(benzo[di[1,3]dioxol-5-yl)cyclepropanecarboxamide

[00989] To a solution of 1—(benzb[d}{1 ,3]dioxol-5-y1)-N-(2-tert-butyl-1-(2-cyano-
ethyl)indolin-3-yheyclopropanecarboxamide (50 mg, 0.12 mmol) in anhydrous DMF (2.6
mL.) was added NH4C1 (230 mg, 4.3 mmol) and NaN3 (280 mg, 4.3 mmol). The reaction
mixtare was stirred for 30 min at 110 °C in the microwave, filtrated, and purified by
preparative HPLC. The solid residue was dissolved in CDCl; (3 mL) and briefly (2 10 4 min)
exposed to daylight, which initiated a eolor change (purple). After 2 h of stirring open to the
atmosphere at room temperature, the solvent was removed and the residue was purified by
preparative HPLC to give N-(1-(2-(2H-tetrazol-5-yhethyl)-2-tert-butyl-1H-indol-3-y1)-1-
(benzoid]{1,31dioxol-5-yl)cyclopropanecarboxamide. MS (ESD m/e (M+H") 473.0.

(009901 Example 111: 1-(Benzo[d][1,3]1dioxol-5-y1)-N-(2-fert-butyl-6-flucro-1-
((tetrahydro-ZH-pyran-3-ylmethyl)-1H-indel-5-yicyclopropanecarboxamide

H 1. NaBH(OAG), H
P+ B e et
<o O o e G Ok N
H 4 \\G

O

2. GDCly

[60991] To a solution of 1-(benzofd}[1,3]dioxol-5-y1)-N-(2-fer-butyl-6-fluorcindolin-5-
vl)cyclopropane-carboxamide (150 mg, 0.38 mmol) in anhydrous dichloromethane (2.3 mb)
at room temperature under Ny was added tetrahydropyran-3-carbaldehyde (54 mg, 0.47
mmol). After 20 min of stirring, NaBH(OQAc); (110 mg, 0.51 mmol) was added in one
portion at room temperature. The reaction mixture was stirred for 6 h at room temperature
before being purified by column chromatography on silica gel (5-20% ethyl acetate/hexanes}
to provide 1-(benzo[d}[1,3}dioxoi-5-y1)-N-(2-tert-butyl-6-fluoro- 1 -({tetrahydro-2H-pyran-3-

yhmethyDindolin-3-yhcyelopropanecarboxamide (95 mg, 50%). CDCl; was added to the
272
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ind()..line and the solution was dllowed to stir overnight at ambient temperature. The solution
was concentrated to give 1-(benzo{d]{1,3]dioxol-5-y1}-N-(2-tert-butyi-6-{luoro-1-
((’Eetrahydro—ZH-pyran-S-yl}methyl)—1H—indol—5-y1)cyclopropanecarboxamide. MS (ESD m/e
(M+H") 493.0. '

[00992] Example 112: 1-(Benzo[dl{1,3]1dioxol-5-yI}-N-(2- (Z-hydroxypmpan -2-yh)-1H-

indol-5-yheyclopropanecarboxamide

H H
o Q N o o 0 N

[00993] Methyl 5-{1-(benzo[d]{1,3ldioxol-53-yl)cyclopropane-carboxamide)-1H-indole-2-
carboxylate (100 mg, 0.255 mmol) was dissolved in anhydrous tetrahydrofuran (2 ml) under
an argon atmosphere. The solution was cooled to 0 °C in an ice water bath before
methyllithivm (0.85 mL, 1.6 M in diethyl ether) was added by syringe. The mixture was
allowed to warm to room temperature. The erude product was then partitioned between a
saturated aqueous solution of sodium chloride (5 mLY and dichloromethane (5 ml). The
organic layers were combined, dried over sodium sulfate, filtered, evaporated to dryness, and
purified on 12 g of silica gel utilizing a gradient of 20-80% ethy! acetate in hexanes to yield
i-(benzo[d]{1,3}diox0l-5-y1}-N-(2-(2-hydrox ypropan-2-y1}- 1 H-indol-5-
yheyclopropanecarboxamide (35 mg, 36%}) as a white solid. ESI-MS m/z calc. 378.2, found
379.1 (M+1)". Retention time of 2.18 minutes. 'H NMR (400 MHz, DMSO-d6) 8 10.78 (s,
1H), 8.39 (s, 1H), 7.57 (d, J = 1.7 Hz, 1H), 7.17 (d. J = 8.6 He, 11D, 7.03 - 6.90 (m, 4H), 6.12
(d, J=1.5Hz, 1H), 6.03 (s, 2H), 5.18 (s, 1H}, 1.50 (s, 6H), 1.4t - 1.38 (m, 2H), 1.05-0.97 {m,
2HD.

[00994] Example 113: N-(2-(1-Amino-2-methylprepan-2-yl)-1H-indol-5-y1)-1-
(benzo{dli 1,3]-dioxol-5-ylcyclopropanecarboxamide

[36995] Trifluoroacetic acid (0.75 ml.) was added to a solution of feri-butyl 2-(5-(1-
(benzo[d][1,3]dioxol-3-yljeyclopropanecarboxamido)- 1 H-indol-2-yl1)-2-
methylpropylcarbamate (77 mg, U0.16 mmol) in dichloromethane (3 mL} and the mixture was
stirred at room temperature for 1.5 h. The mixture was evaporated, dissolved in
dichloromethane, washed with saturated sodinm bicarbonate solution, dried over magnesium

sulfate and evaporated to dryness o give N-(2-(1-amino-2-methylpropan-2-yl)-1H-indol-5-
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yl)-1~(benzo[d]ifi,3}dioxol-5-yl)éyciopropan‘eca.rboxamide {33 mg, 86%). TH NMR (400_
MHz, CDCl3) § 9.58 (s, 1I), 7.60 (d. J = 1.6 Hz, 1H), 7.18 - 7.15 (m, 2H), 7.02 - 6.94 (m,
3H), 6.85 (d,1="7.8 Hz, 1H), 6.14 (4, I = 1.2 Hz, 11D, 6.02 (s, 2H), 2.84 (s, ZH), 1.68 (dd, ]
= 3.6, 6.7 Tz, 21T, 1.32 (s, 6H), 1.08 (dd, J = 3.7, 6.8 Tz, 2H).

[06998] Example 114: 1-(Benzo[d]{1,3]di0x0i~5~y§)-N-(2-(I-(dimethylaméno)-Z-metﬁyb
propan-2-yh)-1H-indoi-5-yheyclopropanecarboxamide

H Mel H
_—
0
O N 5 o o N Mes

[00997] To a solution of N-(2-(1-amino-2-methylpropan-2-yl}-1H-indol-5-yi)-1-
(benzo[d][1,3}dioxol-5-yDcyclopropanecarboxamide (20 mg, 0.051 mmol) in DMF (1 mL)
was added potassium carbonate (35 mg, 0.26 mmol) and iodomethane (7.0 uL, 0.11 mmol).
The mixtare was stirred for 2 h. Waier was added and the mixture was extracted with
dichloromethane. Combined organic phases were dried over magnesium sulfate, evaporaied,
coevaporated with toluene (3x) and purified by silica gel chromatography (0-30% EtOAc in
hexane) to give 1-(benzo[d][1,3]diox.ol-S»yI)wN—(?.-(l-(dimet‘nylamino).-?,—mcthylpropan-Q—yl)-
1H-indol-5-ylcyclopropanecarboxamide (7 mg. 33%). 'H NMR (400 MHz, CDCl) 8 9.74
(s, 1H), 7.58 (d, F = 1.9 Hz, 1H), 7.20 (&, J = 8.6 Hz, 1H), 7.15 (s, 1H), 7.01 - 6.95 (m, 3H},
6.85(d,J=7.9Hz, 1H), 6.10(d, ] = 0.9 Hz, 1H), 6.02 (s, 2H), 2.43 (s, 2H), 2.24 (s, 6H), 1.68
(dd, J = 3.7, 6.7 Hz, 2H), 1.33 (s, 6H), 1.08 (dd, J = 3.7, 6.8 Hz, 2H).

(669987 Example 115; N-(2-(1-Acetamido-2-methyipropan-2-yi)-1H-indol-5-yl)-1-
(benzo[d][1,3])-dioxol-5-yl)cyclopropanecarboxamide

] H
o O ﬁ NH, By O m NHAG

[00999] To a solution of N-(2-(1-amino-2-methyipropan-2-yl)-1H-indol-5-yi)-1-
(benzofd}{1,31dioxol-3-yDeyclopropanecarboxamide (21 mg, 0.054 mmol) in
dichloromethane (1 mL) was added pyridine (14 pi., 0.16 mmol) followed by acetic
anhydride (6.0 uL, 0.059 mmol). The mixture was stirred for 2 h. Water was added and the
mixture was extracted with dichloromethane, evaporated, coevaporated with toluene (3x) and
purified by silica gel chromatography (60-100% ethylacetate in hexane) to give N-(2-(1-
acetamido-2-methylpropan-2-y1)-1H-indol-5-y1}-1-(benzoid(l 1,3 ]-dioxol-5-
yl)cyclopropanecarboxamidé: (17 mg, 73%). "H NMR (400 MHz, DMSOQ) § 10.79 (s, 11),

8.39 (s, LH), 7.66 (1, ] = 6.2 Hz, 1H), 7.56 (d, ] = 1.7 Hz, 1H), 7.18 - 7.14 (m, 1H), 7.02 -
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6.89 (m, 4H), 6.08 (d, ] = 1.5 Hz, 1H), 6.03 (s, 211), 3.31 (d, J = 6.2 Hz, 2H), 1.80 (s, 3H),
1.41- 1.38 (m, 2H), 1.26 (s, 6H), 1.04 - 1.01 (m, 2H).

{001060] Example 116: 1-(Benzold][1,3]dioxol-5-y1)-N-(2-(Z-methyi-4-{ 1H-tetrazol-5-
yhbatan-2-yl)-1H-indol-5-yhcyclopropanecarboxamide

OJQSZWR W e ZD}ZWN

<o o WJW < O m%ﬁN

HN.N:/N

F601061] 1-(Benzo{d}[1,3]dioxolm5~y1)—N—(2-(4—cyano-2—1llethyibukah«2—yl}—1H—ind01»5-
yl)cvclopropanecarboxamide (83 mg, 0.20 mmol) was dissolved in N, N-dimethylformamide
(1 ml) containing ammonium chioride (128 mg, 2.41 mmol), sodium azide (156 mg, 2.40
mmtol}, and a magnetic stir bar. The reaction mixture was heated at 110 °C for 40 minutes in
a microwave reactor. The crade product was filtered and then purified by preparative HPLC
using a gradient of (-99% acetonitrile in water containing 0.05% trifluoroacetic acid to yield
1-(benzold]{ 1,31dioxol-5-y1)-N-(Z-(2-methyl-4-(1 H-tetrazol-5-ylbutan-Z-yi)- 1 H-indoi-5-
yl)cyclopropanecarboxamide. ESI-MS m/z cale. 458.2, found 459.2 (M+1)". Retention time
of 1.53 minutes. "H NMR (400 MHz, CD:CN)9.23 (s, 1H), 7.51 - 7.48 (m, 2H), 7.19 (d, J =
8.6 Hz, 1H), 7.06 - 7.03 (m, 2I), 6.95 - 6.89 (m, ZH), 6.17 (dd, J = 0.7, 2.2 Hz, 111), 6.02 (s,

2H), 2.61 - 2.57 (m, ZH), 2.07 - 2.03 {(m, 2H), 1.55-1.51 (m, 2I), 1.39 (s, 6H), 1.12-1.09 (m,
211

{001002] Exampie 117: 1-(Benzold]{1,3]dioxol-5-yl)-N-(2-({piperidin-2-yi)-1H-indol-5-

yijeyclopropanecarboxamide

H 0=‘<QS< B
YD ey e

10010631 rerr-Butyl 2-(5-(1-(benzold}{1.3]dioxol-5-yheyelo-propanecarboxamido)- L H-
indol-2-yDpipendine- 1-carboxylate (55 mg, (.11 mmol) was dissolved in dichioromethane
(2.5 ml) containing trifluorcacetic acid (1 mL). The reaction mixture was stirred for 6 h at
room temperature. The crude product was purified by preparative HPLC using a gradient of
0-99% acetonitrile in water containing 0.05% triflnoroacetic acid to yield 1-
(benzo[dl[1,S}dioxo}-S—yl)wN-(E-(piperidin-wa})-1H—indol-Swyi)cycloyaropanecarhoxamide.
BSI-MS m/z calc. 403.2, foand 404 .4 (M+1)". Retention ime of (.95 minutes.

[0010064] Example 118: 5-tert-Butyl-1H-indol-6-ylamine
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[601005] 2-Bromo-4-fert-butyl-phenylamine

[601006] To a solution of 4-tert-Butyl-phenylamine (447 g, 3.00 mol) in DM (500 ml.}) was
added dropwise NBS (531 g, 3.00 mol) in DMF (500 mL) at room temperature. Upon
completion, the reaction mixture was diluted with water and extracted with EtOAc. The
organic layer was washed with water, brine, dried over Na;50, and concentrated. The crude

product was directly used in the next step without further purification.

Nz OuN Ny

(6010071 2-Bremeo-4-teri-butyl-S-nitro-phenylamine

[061008] 2-Bromo-4-iert-butyl-phenylamine (160G g, G.71 mel) was added dropwise to
H,S04 (410 mL) at room temperature to yield a clear solution. This clear solution was then
cooled down to =5 to =10 °C. A solution of KNO; (83 g, (.82 mal} in HoSO, (410 ml) was
added dropwise while the temperature was maintained between —5 to —10 °C. Upon
completion, the reaction mixture was poured into ice / water and extracted with EtOAc. The
combined organic layers were washed with 5% NayCOs and brine, dried over NapSO, and
concentrated. The residue was purified by a column chromatography (ethyl acetate/petroleum

ether 1:10) to give 2-bromo-4-fers-butyl-5-nitro-phenylamine as a yellow solid {130 g, 78%).
HCCSiMie f
Br PdPPhy).Co %sﬁ
,.m,,,,..,...,..‘.._.—.”p. ~
Cud, EtgN
N N o ON NFl

1001009] 4-fert-Butyl-5-nitro-2-trimethylsilanylethynyl-phenylamine

[601016] To a mixture of 2-bromo-4-tert-butyl-5-nitro-phesylamine (27.3 g, 100 mmol) in
toluene (200 mL) and water (100 mL) was added Et:N (27.9 mL, 200 mmol), Pd(PPhz)Cl,
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(2.11 g, 3.00 mmol), Cul (950 mg, 0.500 mmol) and trimethyiéﬂyl acetylene (21.2 mL, 150
mmol) under a nitrogen atmosphere, The reaction mixture was heated at 70 °C in a sealed
pressure flask for 2.5 h., cooled down to room temperature and filtered through a short plug
of Celite. The filter cake was washed with EtOAc. The combined filtrate was washed with
5% NH,OH solution and water, dried over Na,SO, and concentrated. The crude product was
purified by column chromatography (0 — 10 % ethyl acetate/petroleum ether) to provide 4-
tert-butyl-5-nitro-2-trimethylsilanylethynyl-phenylamine as a brown viscous liquid (25 g, 81
%D3.

[
SI\ Cui, PMF N
OuN NH, ' OpN N

[0016811] 3-tert-Butyl-6-nitro-1H-indole
[001012] To a solution of 4-tert-butyl-5-nitro-2-trimethylsilanylethynyl-phenylamine (25 g,
86 mmol) in DMF (100 mL) was added Cul (8.2 g, 43 mmol) under a nitrogen atmosphere.
The mixture was heated at 135 °(C in a sealed pressure flask overnight, cooled down to room
temperature and filtered through a short plug of Celite. The filter cake was washed with
EtOAc. The combined filtrate was washed with water, dried over Na,SO4 and concentrated.

The crude product was purified by column chromatography (10 - 20 % ethyl aetate/hexane)
to provide 5-zeri-butyl-6-nitro-1H-indole as a yellow solid (13 g, 69 %).

B T - i
[ PR =

OoN 2

Tz,
TZ

[001013] 5-fert-Butyl-1H-indol-6-ylamine

[061014] Raney Nickel (3 g) was added to 3-zert-butyl-6-nitro-1H-indole (15 g, 67 mmol) in
methano! (100 mL). The mixture was stirred under hydrogen (1 atm} at 30 °C for 3h. The
catalyst was filtered off. The filtrate was dried over Na,SQy4 and concentrated. The crude
dark brown viscous 0il was purified by column chromatography (10 - 20 % ethyl
acetate/petroleum ether) to give 5-fers-butyl-1H-indol-6-ylamine as a gray solid (11 g, 87 %).
"H NMR (300 MHz, DMSO-d6) § 10.3 (brs, 1H), 7.2 (s, 1H), 6.9 (m, 1H), 6.6 (s, 1H), 6.1
{m, [F), 4.4 (br s, 2H), 1.3 (s, OH).
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1-(2,3- Dlhydro-«lH-mden-S yi)cvcloprepanecarhoxyl;c acid
O =y - C@* - oo
oH

o OO e (O OO

a) Acs0, AlCls, CH,Cly; by NaClO; ¢y LiAlH,, THE, -78°C; d) SOCL, CHCL; e)
NaCN, DMSQ; D) BrCH,CH,ClL NaOT1, BusNBr, toluene; gy NaOH

[801] Step a: 1-(2.3-Dihydro- IH-inden-6-yhethanone

[662] A mixture of 2,3-dihydro-1H-indene (100.0 g, 0.85 mol) and acetic anhydride
(104.2 g, 1.35 mol) wa.s added drop-wise (0 a slarry of AICI; (272.0 g, 2.04 mol) in CH>Ch,
{1000 ml) at 0 °C over a period of 3h. The reaction mixture was stitred al room temperature
under a nitrogen atmosphere for 15 h. Then the reaction mixture was poured into ice water
(500 mL) and extracted with ethyl acetate (500 ml. x 3}. The combined organic layers were
washed with brine (50C mL), dried over Na,SO, and evaporated in vacuo. The residue that
was purified by column chromatography (petroleum ether : ethyl acetate = 20 : 1) to give the
product (120.0 g, 8%%). 'H NMR (400 MHz, CDCls) § 2.08-2.15 (m, 2H), 2.58 (s, 3H), 2.95
(t,J=72,4H),7.28 (d, /=80, 1H), 7.75 (d, / = 8.0, 1H) 7.82 (s,1H).

[003] Stiep b: 2,3-dihydro-fH-indene-5-carboxylic acid
[604] To a stirred agueous sodium hypochlorite solution (2230 ml, 1.80
mmol, 6%) at 55°C was added 1-(2.3-dihydro-1H-inden-6-y1) ethanone (120.0 g.0.75 mol)
and the mixture was stirred at 55°C for 2 h. After cooling to room temperature, saturated

NaHCO; solution was added until the solution became clear. The produced precipitate was
filtered, washed several times with water and dried to afford the desired product (120.0 g,
99%). "H NMR (CDCls, 300MHz) § 2.07-2.17 (m, 2H), 2.96 (1, J = 7.5Hz, 4H), 7.30 (d, J
=7.8, 1H,), 7.91 (d, J = 7.8, 111), 7.96 (s, 1H).

[005] Step c: (2,3-dihydro-1H-inden-5-ylymethanol
[006] To a stirred solution of LAH (72.8 g, 1.92 mol) in THF (2.5 L) at 0°C

was slowly added 2,3-dihydro-1H-indene-3-carboxylic acid (100.0 g, 0.62 mol). The reaction
278
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mixture was stirred at 0°C for 1h. Then the reaction was quenched with H,O (72 ml) and

NaOH (68 ml, 20%). The mixture was filtered and the organic layer was dried over NapSQOy,
evaporated in vacuo and the residue was purified by column chromatography (petroleum
ether : ethyl acetate = 10 : 1) to give the desired product (82.0 g, 90%}). TH NMR (CDCl,
300MHz); § 2.03-2.13 (m, 2H), 2.91 (¢, J = 7.5Hz, 4H), 4.64 (s, 2ZH), 7.13 (d, /= 7.5, 1H),
7.18-7.24 (m, 2H).

[8071 Step d: 5-(chloromethy!)-2,3-dihydro-1H-indene

[G08)] Thionyi chioride {120 ﬁﬂ, 1.65 motl) was added drop-wise to 2 rapidly
stirred mixture of (2,3-dihydro-1H-inden-5-ylymethanol (81.4 g, (.55 mel) in chloroform
(500 ml) at 0°C. After the addition was complete, the resulting mixture was allowed to warm
to room temperature and the stitring was continued for an additional 12 h. The chloroform
was evaporated under reduced pressure to give a residue, that was purified by column
c’hrbmatography (petroleum ether : ethyl acetate = 15 : 1) to afford 5-(chloromethyl)-2,3-
dihydro-1H-indene (90.5 g, 99%). "H NMR (300 MIz, CDCI3) § 2.06-2.19 (m, 4H), 2.93 (1,
J=71.5,41), 4.54 (s, 2H), 7.15-7.31 (m, 3H).

[002] Step e: 2-(2,3-dihydro-1H-inden-5-yhacetonitrile

[610] To a stirred solution of 5-{chloromethyl)-2.3-dihydro-1H-indene (90.0
g, 0.54 mol) in DMSO (500 ml) was added sodium cyanide (54.0 g, 1.03mol) at 0°C portion
wise. The reaction mixture was then stirred at room temperature for 3 hours. The reaction
was quenched with water (1000 ml}), extracted with ethyl acetate (3 x 250 mL). The
combined organic layers were washed with brine, dried over Na,SO4 and evaporated in vaéuo
to afford 2-(2,3-dihydro- [H-inden-5-yl)acetonitrile (82.2 g, 97%), that was used in the next

step without further purification.
[011] Step £ 1-(2,3-dihydro-1H-inden-6-ylicyclopropanecarbonitrile

[0312] To a stitred solution of 2-(2,3-dihydro- 1 H-inden-5-yhacetonitrile (50.0
g, (1,32 mol) in toluene (150 mL) was added sodium hydroxide (300 mL, 50 percent in watér
W/W), 1-bromo-2-chloroethane (92.6 ml, 1.12 mol) and (n-BulNBr (5 g, 15.51 mmol}. The
mixture was heated at 60 °C overni ght. After cooling to room temperature, the reaction
mixture was diluted with water (400 mL) and extracted with EtOAc (3 x 200 mL). The
combined organic extracts were washed with brine, dried over Na, SO, filtered and

concentrated under vacuum and putified by column chromatography (petroleusn ether : ethy!
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acetate = 10 : 1.) to vield 1-(2,3-dihydro-1H-inden-6-ylcyclopropanecarbonitrile (9.3 g,16%).
TH NMR (CDCL,300MHz) & 1.35-1.38 (m, 2H), 1.66-1.69 (m, 2H), 2.05-2.13 (m, 2H), 2.87-
294 {m, 4H), 7.07-7.22 (m,3H).

[013] Stepg 1-(2,3—d'1hydr0-1H—indén-émyl)cyclopropanecarboxyiic acid

1014] To a stirred 1-(2,3-dihydro- 1H-inden-6-yl)cyclopropanecarbonitrile
(9.3 ¢,50.8 mmol) in methanol (40 mL) was added a solution of 150 mL of sodium hydroxide
(25% NaOH w/w in water). The mixture was heated at 100 °C for & hours. After cooling to
room temperature, the reaction mixture was poured over ice-water (( °C), the pH was
adjosted to pH=4 with hydrogen chloride (1 N) and the mixture was extracted with
dichloromethane (3 x 100 mL). The combined organic layers were dried over Na,S0O,4 and
evaporated under vacuum. The residue that was purified by column chromatography
(petroleum ether : ethyl acetate = 5 ; 1) to give 1-(2,3-dihydro-1H-inden-6-
ylieyclopropanecarboxylic acid (4.8 g.47%). "H NMR (CDCls, 400 MHz) & 1.23-1.26 (m,
2H), 1.62-1.65 {m, 2H), 2.03-210 (m, 2H}, 2.81-2.91 (m, 4H), 7.11-7.21 (m, 3H).

5.Amino-2-tert-butyi-1H-indole-4-carbonitrile
N N

F
OEN ’ a) 02N HEN
N — AN 2 g AN
N N N
H H

ay KCN, DMSO;Hb) PA/C, EtOAc
(0151 Step a: 2-tert-butyl-3-nitro- 1H-indole-4-carbonitrile

[0i6] To a solution of 2-tert-butyl-4-fluore-5-nitro-1H-indole (4.0 g, 17
mmol) in DMSO (30 mL) was added KCN (3.4 g, 51 mmol). The mixture was stirred at
70°C for 3 houss, and poured into water (80 ml) and extracted with ethyl acetate (50 mL x
3). The combined organic layers were washed with brine, dried over anhydrous Na; 50, and
concentrated under vacuum. The residue was purified by column chromatography on sitica
gel (7% EtOAc in petroleum ether) to afford 2-tert-butyl-3-nitro-1H-indole-4-carbonitrile
(2.2 g,53%). 'H NMR (DMSO, 300 MHz) § 12.23 (brs, L H), 8.09 (d, J=9.0Hz, 1 H), 7.75
(d, J=9.0Hz, 1 H), 6.50 (s, 1 ), 1.38 (5, 9 H). MS (ESD nv/z: 244.2 [M+H'].

[617] Step b: 5-amino-2-tert-butyl- 1H-indole-4-carbonitrile

[618] To a solution of 2-tert-butyl-3-nitro-1H-indole-4-carbonitrile (550 mg,
2.3 'mmol) in BtOAc (10 mL) was added Raney Ni (0.1 g) under a nitrogen atmosphere. The
mixiure was stirred under hydrogen atmosphere (1 atm) at room temperature for 1 h. The

catalyst was filtered over Celite and the filtrate was evaporated in vacuo to afford 3-amino-2-
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tert-butyl-1H-indole-4-carbonitrile (250 mg, 51%). 'H NMR (DMSO, 300 MHz} § 10.93 (br
s, 1 H), 7.25 (¢, J=8.7 Hz, 1 H), 6,49 (d, J=8.7 Hz, 1 1), 5.94 (d, J = 2.1 Hz, 1 H), 5.40 (br
s, 2 H), 1.30 (s, 9 H). MS (EST) m/z: 214.0 [M+H"].

N-(2-tert-butyl-d-cyano-1H-indol-5-y1)-1-(2,2-diflucrebenzo|d }[1,3]dioxol-5-
vljeyclopropanecarboxamide

N . CN
Gl HN N
FXO:@X( 2 A E13N, DMF F><O:©XW m
o © N F o o N
M H

[019] Step a: N-(2-tert-butyl-4-cyano-1H-indol-5-y1)-1-(2,2-

difluorobenzo]d][1,3]dioxol-5-ylicyclopropanecarboxamide

[029] 1-(2,2-difluorobenzo[d]{ 1,3}dioxol-5-yl)cyclopropanecarbonyl
chioride (26 mg, .1 mmol) was added to a solution of S-amino-2-tert-butyl-1H-indole-4-
carbonitrile (21 mg, 0.1 mmol) and triethylamine (41.7 uL, 0.3 mmol} in DMF (1 mL). The
reaction was stirred at room temperatire overnight, then filiered and purified by reverse-
phase HPLC to yield the product, N-(2-tert-butyl-4-cyano-1H-indol-5-yh-1-(2,2-
difluorobenzo[d]{1,3]dioxol-53-yl)cyclopropanecarboxamide. ESI-MS mv/z cale. 437.2, found
438.7 (M+1)". Retention time 2.10 minutes. "H NMR (400 MHz, DMSO-d6) & 11.48 (s,
1H), 8.88 (s, 1H), 7.52(d, J = 8.5Hz, 2H), 7.41 (d, 1 =83 Hz, [H}, 7.32(dd, I = 1.5., 8.3 Hz,
1H), 7.03 (d, I = 8.6 Hz, 1H), 6.21 (d, ] = 1.8 Hz, 1H), 1.51 - 1.49 (m, 2H), 1.36 (s, 9H), 1.18
- 1.16 (m, 2H).

N-(2-tert-butyl-4-cyano-1-(2-hydroxyethyl)-1H-indol-5-yb)-1-(2,2-
difluorobenzo[d][1,3]dioxol-5-vl)cyclopropanecarboxamide

N

O-N
N (V’\OH O A\ H2 PdC
ﬁ ' CsCO,, “CsCO., DMF

EIOH
OH
N
SO ey fjﬁ—é
EtsN, GHaCl Z N\_\
OH

[021] Step a: 2-tert-butyl-1-(2-hydroxyethyl}-5-nitro- 1 H-indole-4-carbonitrile
f022] A mixture of 2-tert-butyl-3-nitro-1 H-indole~-4-carbonittile (200 mg,
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0.82 mmol}, 2-iodoethanol (77 pl., ¢.98 mmol), cesium carbonate (534 mg, 1.64 mmol) and
DMF (1.3 mL} was heated to 90 °C overnight. Then more 2-iodoethanol {77 ul, 0.98 mmol)
was added and the reaction was stirred at 90 °C for 3 days. The reaction mixture was
partitioned between ethyl acetate and water. The aqueous layer was washed with ethyl
acetate and then the combined ethy! acetate fayers were washed with water (x3) and brine,
dried over Mg50, and concentrated. The residue was purified by column chromaiography
(50 - 160% CH,Cl; - Hexanes) to yield the product as a yellow solid (180 mg, ~25% purity
by NMR, product co-elutes with the indole starting material). ESI-MS m/z cale. 287.1, found
288.5 (M+1)". Retention time 1.59 minutes. 'H NMR (400 MHz, DMSO-d6) § 12.23 (s, 1H),
3.14(d, T=9.1Hz, 1H), 8.02(d, I =91 Hz, 1H}, 6.60 (s, 1H}, 5.10 {1, J = 5.5 Hz, 1H), 4.55
(t,J=63Hz, 2H), 3.78 - 3.73 (m, 2H) and 1.49 (s, 9H) ppm.

[623] Step b: S-amino-2-tert-butyl- 1-(2-hydroxyethy!)- 1 H-indole-4-carbonitrile

{024] To a solution of 2-tert-butyl-1-(2-hydroxyethyl)-5-nitro- 1 H-indole-4-
carbonitrile (180 mg, 0.63 mmoi) in ethanol {6 mL} under N, atmosphere was added Pd-C
(5% wt, 18 mg). The reaction was flushed with Ny (g) and then with Ha (g) and stirred under
H, (atm) at room temperatare for 1.5 hours. The reaction was filtered over Celite and
concentrated to yield the product (150 mg, 93 %). ESI-MS m/z cale. 257.2, found 258.5

(M+1)". Retention time 1.26 minutes.

(6251 Step c: N-(2-tert-butyi-4-cyano-1-(2-hydroxyethyl)- i H-indol-5-y13-1-(2,2-

diffuorobenzo[d]{ 1,3 dioxol-5-yl)cyclopropanecarboxamide '

{026] 1-(2,2-difluorobenzo[d][1,3]1dioxol-3-ylicyclopropanecarbonyl
chioride (196 mg, 0.75 mmol) was added to a solation of 5-amino-2-tert-butyi-1-(2-
hydroxyethyl)-1H-indole-4-carbonitrile {150 mg, 0.58 mmol} and triethylamine (242 pl.,
1.74 mmol) in dichtoromethane (2 ml.). The reaction was stitred at room temperature
overnight. The reaction mixture was diluted with dichloromethane and extracted with 1N
HCl solution (x2), saturated NaHCO; solution (x2), bﬁne, dried over MgS0Oy, filtered and
concentrated.. The residue was dissolved in DMSO and purified by reverse-phase HPLC to
vield the product, N-(2-tert-butyl-4-cvano-1-(2-hydrox yethyl)- { H-indol-5-yh-1-(2,2-
difluorobenzol[d}[1.3]dioxol-3-yl)cyclopropanecarhoxamide. BESI-MS m/z cale. 481.2, found
482.5 (M+1)". Retention time 1.99 minutes. 'TT NMR (400 MHz, DMSO-d6) § 8.93 (s, 1H),
7.71(d, T=8.8 Hz, iH}, 7.51 (s, 1H), 7.42 (d, J = 8.3 Hg, 1H), 7.33 (d, I = 1.6 Hz, 1), 7.08
(d, = &8 Hz, 1H), 6.28 {s, 111), 3.05 (1, J = 5.6 Hz, 1H), 4.42 (1, } = 6.8 Hz, 2H), 3.70 - 3.65
(m, 2H), 1.51 - 1.48 (m, 2H}, 1.44 (s, 9H), 1.19 - 1.16 (m, 2Hj. -
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2-(2-tert-butyl-5-(1-(2,2-diflnorobenzoldjl1,3)dicxol-5-
yijcyclopropanecarboxamido)-6-fluore-1H-indol-1-y1}-N,N,N-
trimethyiethanaminium chioride

HoN | M
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[027) Step a: rert-Butyl 2-(2-ters-butyl-5-(1-(2,2-difluorobenzofd][1,31dioxol-5-
viycyclopropanecarboxamido}-6-fluoro- 1 H-indol-1-yhethylcarbamate

[028] To 1-(2,2-difluorobenzo[d]] 1,3idioxol-5-vDeyclopropanecarboxylic
acid (90.14 mg, 0.3722 mmel} in thionyl chioride (81.28 pL, 1.117 mmol) was added NN -
dimethyl formamide (8.204 uL. 0.1064 mmol). The reaction mixture was stirred at room
temperature for 30 minutes before excess thionyl chloride and NN -dimethyl formamide
were removed in vacue to yield the acid chloride. The acid chloride was then dissolved in
dichloromethane (1.5 ml.) and added slowly to a solution of terr-butyl 2-(5-amino-2-tert-
butyl-6-fluoro- TH-indol- 1-ylethylcarbamate (156.1 mg, 0.4467 mmol) and triethylamine
(155.6 uL, 1.117 mmol) in dichloromethane (1.5 mL}. The resulting reaction mixture was
stirred at room temperature for 21 hours, The reaction mixture was diluted with
dichloromethane (5 mlL) and washed with 1N aqueous HC1 (5 mL) and a saturated aqueous
NaHCO; solation (5 mL.). The organic layer was dried over Na;SOy, filtered and evaporated
under reduced pressure. The crude product was purified by column chromatography on silica
gel (0-30% ethyl acetate in heiane) to yield feri-butyl 2-(2~reri-butyl-5-(1-(2,2-
difluorobenzold]{1,3])dioxol-5-yleyclopropanecarboxamido)-6-fluoro-1 H-indol-1-
yhethylcarbamate as a white solid (140 mg, 66%). ESI-MS m/z calc. 573.2, found 574.7
(M+1)". Retention time 2.41 minutes. 11 NMR (400.0 MHz, DMSQ3 ¢ 8.35 (s, 11), 7.53
(s, LH), 7.44 - 7.41 (m, 2H), 7.34 - 7.29 (m, 2H), 7.13 - 7.10 (m, 1H), 6.17 (s, 1H}, 4.24 -
4.20 {(m, 2H), 3.20 - 3.17 (m, 2H}, 1.48-1.45 (m, 2H), 1.41 (s, 18H) and 1.15-1.12 {m, ZID)
ppmL.

[029] Step b: N-(1-(2-aminoethyl)-2-zeri-butyl-6-fluoro-1H-indol-5-yl)-1-(2,2-
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difivorobenzold}{1 ,3]dioxo]-5uyl)cyclopropaneca;boxamide

[636] To a solution of fert-butyl 2-(2-tert-butyl-5-(1-(2,2-
difivorobenzoldj[1,3]dioxol-5-yhcyclopropanecarboxamido)-6-fluoro-1H-indol-1-
yDethyicarbamate (137.5 mg, 0.24 mmol) in dichloromethane (1.8 mlL) was added
trifluoroacetic acid (444 1., 5.8 mmol) and the mixture was stirred at room temperature for 1
hour. The reaction was diluted with dichloromethane and washed with saturated agueous
NaHCO; solation (3 mL) and brine (3 miL). The organic layer was dried over Na,50y,
filtered and evaporated under reduced pressure. The crude product was purified by column
chromatography on silica gel {0-10% methanol in dichloromethane) to yield N-(1-(2-
aminoethyl)-2-ter-butyl-6-fluoro-1H-indol-3-yl)-1-(2,2-difluorobenzofdJ[ 1,3 Jdioxol-3-
yheyclopropanecarboxamide as a white solid (93.7 mg, 82%). ESI-MS m/z calc. 473.19,
found 474.5 (M+1)". Retention time 1.61 minutes.

[031] Step c: 2-(2-tert-butyl-5-(1-(2,2-difluorobenzofd]{1,3}dioxol-5-
ylieyclopropanecarboxamido)-6-fluoro-1H-indol-1-y1)-N,N N-trimethylethanaminium

- chloride

[032] To aclear selution of; N-(1-(2-aminoethy)-2-teri-butyl-6-flucro- 1H-indol-3-
y13-1-(2,2-difluorobenzold}[ 1,3]dioxol-5-ylcyclopropanecarboxamide (50 mg, 0.1056 mmol)
in N,N -dimethyl formamide (1 mL), methyl iodide (336.8 mg, 147.7 ul., 2.37 mmol) and
triethylamine (106.9 mg, 147.2 ul., 1.05 mmol} were added and the mixture was heated at 80
°C for 2 hours. The crude product was purified by severse phase preparative HPLC. 22 mg of
this product were dissolved in 1.25 M HCl in methano] (112 plL, 0.14 mmol) and heated at 60
°C for 1 hour. The reaction was cooled 1o room temperature. The product was first dried and
then dissolved in dichloromethane and dried again. This procedure was repeated four times
to yield 2-(2-teri-butyl-5-(1-(2,2-difluorobenzo{d][1,3}dioxol-5-
yheyclopropanecarboxamido)-6-fluoro- 1H-indoi- 1-yD)-N,N,N-trimethylethanaminiom
chloride. ESI-MS m/z calc. 516.25, found 516.7 (M+1)". Retention time 1.69 minutes. 1H
NMR (400.0 MHz, DMSO) d 8.43 (s, 1H), 7.53 (s, 1H), 7.45 - 7.41 (m, 2I4), 7.36 - 7.31 (m,
2H), 6.27 (s, 1H), 4.74 - 4.70 (m, 2H), 3.57 - 3.53 (m, 2H), 3.29 (s, 9H), 1.48 - 1.42 (m, 1.1H)‘,
end 1.15 (dd, I = 3.9, 6.8 Tz, 2FT) ppm. |

2-(4~(Tert-butyldimethylsilyloxy)-2-methytbutan-2-yi)-6-fluoro-5-nitro-1 H-
indole
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16331 Step a: 3-fluoro-4-nitroaniline

oTBs

[034] A mixture of N-(3-fluoro-4-nitro-phenyl)-2, 2-dimethyl-propionamides
(87.0 g, 0.36 mol) in CH,Cl, (400 mL) and 6N hydrochioric acid (800 mL) was heated to
reflux for 2 hours. The reaction mixture was cooled o room temperature. The reaction
mixture was diluted with 1000 mL of ethyl acetate and potassium carbonate (500.0 g) was
added portion wise. The agueous solution was separated and the organic layer was washed
with brine and dried over anhydrous Na;S0,. The solvent was removed by evaporation
under reduced pressure; the residue was purified b)-/.column chromartography on silica gel
{petrolenin ether / ethyl acetate 30: 1) to afford 3-fiuoro~4-nitroaniiine (56.0 g, 99 %). H
NMR (300 MHz, CDCIy) 8 8.07 (t, J=8.7 Hz, 1 H), 7.86 (dd, J=2.1, 13.2 Hz 1 H}, 7.59
(brs, 2 H), 7.22 (s, 1 H).

[635] Step b: 2-broma-5-fluoro-4-nitroaniline

To a sohation of 3-fluoro-4-pitroanitine {56 g, 0.36 mol) in acetic acid (500 ml.) was added
drop-wise bromine (17.7 mL, 0.36 mol) over I hour. The reaction mixture was stirred for 1
hour at G-5 °C in an ice bath. The reaction mixture was basified with saturated Na,CO+ and

extracted with ethyl acetate (200 mb x 3}. The combined organic layers were washed with
brine, dried over anhydrous NapSOs, filtered and concentrated under reduced pressure to

yield a residue that was purified by column chromatography on silica gel (petroleum ether /
ethy! acetate 10 : 1) to give the 2-brome-5-fluoro-4-nitroaniline ( 45.6 g, 84 % ) as a yellow
solid. "H NMR (400 MHz, CDCly) 6 8.29 (d, J = 7.6 Hz, 1 H), 653 (d, /= 12.4 Hz, 1 H), 4.94
(brs, 2H).

[036] Step c: ethyl 5-(2-amino-4-fluoro-5-nitrophenyl)-3,3-dimethylpent-4-ynoate

6371 To a solution of 2-bromo-3-flucro-4-nitroaniline {45.7 g, 0.19 mol) and

ethyl 3,3-dimethylpent-4-ynoate (88.3 g, 0.57 mol) in EtzN (700 mL) was added
PA(PPhz),Cl, (13.8 g, 0.02 mol) and Cul (3.6 g, 0.02 mol) under N,. The reaction mixture
was stirred at 70°C for 8 hours. The reaction mixture was diluted with 500 mL of ethyl
acetate and 1500 mL of water. The organic layer was separated and the aqueous phase was
extracted with ethyl acetate (500 mLx3}, the combined organic layers were washed with

brine and dried over anhydrous Na,SQy, filtered and evaporated under reduced pressure and

the residue was purified by column chromatography on silica gel (petroleum ether / ethyl
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acetate 10: 1} to give ethyl-5-(2-amino-4-fluoro-5- nitrophenyl}-3,3-dimethyipent-4-ynoate
(34.5 5,57 %). "HNMR (300 MHz, CDCl3) § 8.05 (d, 7 =8.1Hz, 1 H), 6.36 (d, J = 13.2 Hz,
1 Hy, 5.60 (brs, 2H), 4.16{(q, J=7.2Hz, 2 H), 2.51 (5, 2 H}, 1.40 (s, 6 H), 1.28 (1, J = 7.2 Hz,
3 H). '

[038] Step d: ethyl 3-(6-fiuoro-3-nitro- 1 H-indoi-2-y1)-3-methylbutanoate

[039] To a mixture of ethyl 5-(2-amino-4-fluoro-5-nitrophenyl)-3, 3-
dimethylpent-4-ynoate (34.5 g, (.11 mol) and PdC1; (10.4 g, 38.6 amol) in CHaCN (350 mL)
was heated (o reflux for 1.5 howurs. The reaction mixture was cooled down to room
temperature. Bthyl acetate (300 mL} was added, the precipitate was filtered off and washed
with methanol. The filtrate was concentrated under reduced pressure and the residue was
purified by column chromatography on silica gel (petroleum ether / ethyl acetate 40: 1) to
give ethyl 3-(6-flucro-5-nitro- 1H-indol-2-y1}-3-methylbutanoate (34.0 g, 98 %) as a deep
yellow solid. 'H NMR (300 MHz, CDCl3) 8 10.11 (brs, 1 H), 8.30(d, /=72 Hz, 1 H), 7.14
(d,J=117Hz, 1 H), 635, J=15Hz, 1 ), 4.17(q, J=T72Hz, 2 H), 2.69 (5, 2 H), 1.51.
(s, 6 ), 125, J=7.2 Hz, 3 H).

[040] Step e: 3-(6-fluoro-53-pitro- 1H-indol-2-y1)-3-methylbutan-1-ol

[041] To a solation of ethyl 3-(6-fluoro-5-nitro-1H-indol-2-y1)-3-
methylbutanoate (34 g, 0.11 mol) in dry CH,Cl, (400 mL) was added drop-wise DIBAL-I
(283.4 mL, 0.27 mol) over 2 hours at -78°C. The reaction mixture was stirred for 10 hours at
-78°C and then quenched by adding water (200 mL). The precipitate was filtered off and
washed with methanol. The filtrate was extracted with CH,Cl; (200 mILx3), the combined

- organic layers were washed with brine, dried over anhydrous Na,; 50,4 and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
(petroleum ether / ethyl acetate 5¢; 1) to give 3-(6-fluoro-5-nitro- 1 H-indol-2-y1)-3-
methylbutan-1-0l (6.6 g, 22 %). "H NMR (400 MHz, CDCI3) § 9.35 (brs, 1 H), 8.30 (d, / =
7.6Hz, 1 H),7.11(d, J=12.0Hz, 1 H),6.35(d, /=12 Hz, 1 H),3.74 (£, J = 6.4 Hz, 2 H),
1.9, 7=64Hz 2H), 1.4 (s, 6 H.

[042] Step f: 2-(4-(tert-butyldimethylsityloxy)-2-methylbutan-2-yl}-6-fluoro-5-nitro- 1 H-

indole

[043] To a solution of 3-(6-fluoro-5-nitro-1H-indol-2.yD)-3-methylbutan-1-ol
(6.6 g, 25 mmol) in CH,Cl, (80 mL) was added TBSCi (3.7 g, 25 nmol) and imidazole (4.2 g,
62 nmol) at 0°C. The reaction mixture was stizred at room temperature for 12 hours. The

precipitate was filtered off and washed with the methanol. The filirate was concentrated
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under reduced pressure. The residue was purified by column chromatography on silica gel
(petroleum ether / ethyl acetate 10: 1) to give the desired product_ és a brown solid (5.0 g, 53
%). "HNMR (300 MHz, CDCl3) & 9.80 (br.é, 1HY, 8.30{d, J=7.2Hz,1 H),7.05(d, F=11.7
Hz, 1 H), 6.33 (t,J=1.2 Hz, L H), 3.7 (t, J = 6.0 Tz, 2ZH), 1.91 (t, /= 6.0 Hz, 2 H), 1.42 (s,
6 H), 0.94 (s, 9 H), 0.12 (s, 6 H). MS (ESI) m/z (M+H"): 381.1.

Benzyl 2,2-dimethylbut-3- ynoate
o 9

Ci
/u\/u\ NaH Mel PCls, CHzc; NaOH, HQO
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[044] Step a: methy! 2,2-dimethyl-3-oxobutanoate

[645] To a suspension of NaH (28.5 g, 0.718 mol, 60%) in TH¥ (270 mL) was
added dropwise a solution of 3-oxo-butyric acid methyl ester (78.6 g, 0.677 mol) in THF (70
mkL) at 0 °C. The mixture was stirred for 0.5 hours at 0 °C. Mel (99.0 g, 0.698 mol} was
added dropwise at 0 °C. The resuitant mixtare was warmed to room temperature and stirred
for 1 hour. NaH (28.5 g, 0.718 mol, 60%) was added in portions at 0 “C and the resulting
mixture was continued to stir for 0.5 h at 0 °C. Mel (99.0 g, 0.698 mol) was then added
dropwise at 0 °C. The reaction mixture was warmed to room temperature and stitred
overnight. The mixture was poured into ice water. The organic layer was separated. The
aqueous phase was extracted with EtOAc (300 mL x 3). The combined organic layers were
dried and evaporated under reduced pressure to give methyl 2,2-dimethyl-3-oxobutanoate (52

2. 53%), which was used directly in the next step.
[046] Step b: methyl 3-chloro-2,2-dimethylbut-3-enoate

[047] To a suspention of PCls (161 g, 0.772 mol) in dichloromethane (600 mL) was
added dropwise methyl 2,2-dimethyl-3-oxobutanoate (52 g, 0.361 mol, crude from last step)
at 0 °C, followed by the addition of approximately 20 drops of dry DMF. The mixture was
heated at reflux overnight. After cooling, the reaction mixture was slowly poured into ice
water. The organic layer was separated and the aquebus phase was extracted with
dichiorométhane (300 mL. x 3). The combined organic layers were washed with saturated
aquecus NaHCO; solution and dried over anhydrous Na;SO,. 'The solvent was evaporated to

give the product, methyl 3-chlore-2,2-dimethylbut-3-enoate which was used without further
287 "
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purification (47 g, 82%).
[048] Step ¢ 3-chloro-2,2-dimethylbut-3-enoic acid

[049] A mixture of methyl 3-chloro-2,2-dimethylbut-3-cnoate (42.0 g, 0.26 mol} and
NaOH (12.4 g, 0.31 mol) in water (300 mL) was heated at reflux overnight. After cooling,
the reaction mixture was extracted with ether. The organic layer contained 20g of methyl 3-
chloro-2,2-dimethylbut-3-enoate (48 % recovered). The aqueous layer was acidified with
cold 20% HCl solution and was extracted with ether (250 mL x 3). The combined organic
layers were dried and evaporated under reduced pressure to give 3-chloro-2,2-dimethylbut-3-

enoic acid (17 g, 44 %), which was used directly in the next step.
[050] Step d: 2,2-dimethylbut-3-ynoic acid

[051] To a three-neck flask (500 mL) was added NalNH; (17.8 g, 0.458 mmol,
pellets) and DMSO (50 mL). The mixture was stirred at room temperature until no more
NH; (g) was given off. A solution of 3-chloro-2,2-dimethylbut-3-enoic acid (17.0 g, 114
mmol) in DMSO (50 mL) was added dropwise at 0 °C. The mixture was warmed and stirred
at 50 °C for 5 hours, then stirred at room temperature overnight. The mixture was poured
 into cold 20% HCl solution, and then extracted three times with ether. The ether extracts
were dried over aphydrous Na,SO,4 and concentrated to give a 6:1 ratio of starting material
and alkyne product. The residue was re-dried using ether and Na, SO and re-subjected to the
reaction conditions above. The reaction mixture was worked up in the same manner to

provide 2,2-dimethyibut-3-ynoic acid (12.0 g, 94 %).
[052] benzyl 2,2-dimethylbut-3-ynoate

[053] To a stirred solution of 2,2-dimethylbut-3-ynoic acid (87.7 g, 0.782 mmol) and
benzyl alcohol (114.6 g, 0.938 mol) in dichloromethane (800 mlL.) was added DCC {1935 g,
(.938 mmol) at -20 °C. The reaction mixture was stirred at room temperature overnight and
then the solvent was evaporated in vacuo. The residue was purified by chromatography on
sifica gel (2% ethyl acetate in petroleum ether as eluant) to afford benzyl 2.2-dimethylbut-3-
ynoate (100 g, 59 % yield). YH NMR (CDCls, 400 MHz) § 7.37-7.36 (1, 5 H), 5.19 (s, 2 H),
228 (s, 1 H), 1.52 (s, 6 H).

2-(1-(Tert-butyidimethylsilyloxy)-2-methytpropan-2-yl)-6-fluore-5-nitro-1H-
indole
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[054] Step a: benzyl 4-(2-amino-4-fluore-5-nitrophenyl)-2,2-dimethylbut-3-ynoate

[053] To a solution of 2-bromo-53-fluoro-4-nitroaniiine (23.0 g, .1 mol} in BizN
(250 mL) was added benzoic 2,2-dimethyibut-3-vaoic anhydride {59.0 g, 0.29 mol}, Cul

(1.85 g) and Pd{PPh;),Cl: (2.3 g) at room temperature. The mixture was stirred at 80°C

overnight. After cooling to room temperature, the reaction was quenched with water and the
aqueocus layer was extracted with ethyl acetate {100 ml. x 3). The combined organic layer
was dried over anhydrous Na; SO, the solvent was evaporated in vacuo. The residue was
purified by chromatography on silica gel (10% ethyl acetate in petroleum ether) to give
benzyl 4-(2-amino-4-fluoro-5-nitrophenyl}-2,.2-dimethytbut-3-ynoate (20.0 g, 56%). "H NMR
(400 Mz, CDCl13) 8.05 (d, J=8.4 Hz, 1 H}, 7.39-7.38 (m, 5 H), 6.33 (4, J= 132 Hz, 1 H),
5.20(s, 2 H), 4.89 (brs, 2 H), 1.61 (s, 6 H).

[056] Step b: benzy! 2-(6-fluoro-5-nitro-1H-indol-2-y1)-2-methyipropanoate

[857] To a solution of benzyl 4-(2-amino-4-fluoro-5-nitrophenyl}-2,2-dimethylbut-
3-ynoate (20.0 g, 56 mmol) in acetonitrile (100 mL) was added PdCl, (5.0 g; 28 mmol) at

room temperatare. The mixture was stirred at 80°C ovemight. The mixture was filtered off

and the solvent was evaporated in vacuo, the residue was purified by chromatography on
silica gel (10% EtOAc in petroleum ether) to give benzyl 2-(6-fluoro-5-nitro-1H-indol-2-yl)-
2-methylpropanoate (18.0 g, 90%).- 'H NMR (300 MHz, CDCls) 8.96 (br's, 1 H), 8.33(d, J=
72Hz, 1 H)7.35-728 (m, 5H) 7.08 {d, J=11.7 Hz, 1 H). 6.47 (s, L H}, 5.18 (5. 2 H) 1.69 (s,
6 1.

[058] Step ¢ 2-(6-Nluoro-5-nitro- 1 H-indol-2-y1}«2-methyipropan- 1-ol
To a solution of benzyl 2-(6-fluoro-5-nitro- 1 H~indol-2-y1)-2-methyipropanoate (18.0 g, (.05

mol) in CH>Cl (100 mL) was added DIBAL-H (12 mL) at -78°C. The mixture was stirred '
for 1 hr at that temperature and was warmed to room temperature. The reaction was guenched
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with water and the aqueous layer was extracted with EtOAc (100 mL x 3). The combined
organic layers were dried over anhydrous Na;SOy, the solvent was evaporated in vacuo. The
residue was purified by chromatography on silica gel (10% EtOAc in petroleum ether) to give
2-(6-fluorg-5-nitro- 1 H-indol-2-y1)-2-methyipropan-1-ol (10.0 g, 77%). "H NMR (300 MHz,
CDCl3) 9.37 (s, 1 H), 832 (d, J=7.2Hz, 1 H), 7.11(d, /= 11.7 Hz, 1 H), 6.36 (s, 1 H), 3.73
(d,J=51Hz21),1.97 (¢, J=51Hz, 1 H), 1.39 (3, 6 H).

[0591 Step d: 2-(1-(tert-butyldimethylsilyloxy)-2-methyipropan-2-yl}-6-fluoro-3-nitro-

1H-indole

[660] To a stirred solution of 2-(6-fluoro-5-nitro-1H-indol-2-y1)-2-methylpropan-1-
ol (10.0g) in CH,Cl, was added TBSCI (8.9 g), imidazole (8.1g, 0.12 mol) at room
temperature. The mixtare was stirred overnight. The solvent was evaporated in vacuo and
the residue was purified by chromatography on silica gel (10% EtOAc in petroleum ether)
give 2-(1-(tert-hutyldimethylsilyloxy)-2-methylpropan-2-y1)-6-fluoro-5-nitro- 1 H-indole (5.3
g, 38 %). "H NMR (300 MHz, CDCl3) 6.51 (s, 1 H), 8.31¢d, J = 7.5Hz, 1 1), 7.02(d, J =
11.7Hz, 1 H), 6.32 (s, 1 H), 3.63 (5,2 H), 1.35(s, 6 H), 0.99 (5, 9 1), G.11 (s, 6 H).
6-fluoro-1,1-dimethyl-7-nitro-2.3-dibydro-1H-pyrrolof1,2-alindole, (R)-3-
(1-((2,2~-dimethyl-1,3-dioxolan-4-ylymethyl)-o-fluoro-5-nitro-1H-indol-2-
yl)-3-methylbutan-1-ol, 2-(4-({{R)-2,2-dimethyl-1,3-dioxolan-4-
yDmethoxy)-2-methylbutan-2-yb)-1-({((R)-2,2-dimethyl-1,3-dioxolan-4-
yhmethyl)-6-fluoro-5-nitro-1H-indole, 3-(6-fluoro-5-pitro-1H-indol-2-yi}-3-

methylbutan-1-ol and (R)-2-(4-({2,2-dimethyi-1,3-dioxolan-4-yDmethoxy)-
2-methylbutan-2-y)-6-fluoro-5-nitro-1H-indole
g

OH O})

momms ey II\OL W Oui W
KC'>< % ke

WW

{{}61} Step a: 6-fluoro-1,1-dimethyl-7-nitro-2,3- dmydro—lli—pyrrolo{E,EWa}mdolc
(R)-3-(1-((2,2-dimethyl-1,3-dioxolan-4-ylmethyl)-6-fluoro-5-nitro- 1 H-indol-2-y1)-3-
methylbutdn 1-0l, 2-(4-(((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-methylbutan-2-yi}-
1-(((R)-2,2-dimethy}-1,3-dioxolan-4- yl)methyl) 6-fluore-5-nitro- 1 H-indole, 3-(6-flaoro-5-
nitro-1H-indol-2-y1)-3-methylbutan-1-ol and (R)-2-(4-((2,2-dimethyl-1,3-dioxolan-4-
vlymethoxy)-2-methylbutan-2-yl}-6-fluoro-5-nitro- 1H-indole

[062] To a solution of 2-(4-(tert-butyldimethylsilyloxy)-2-methylbutan-2-y1)-6-
fluoro-5-nitro-1H-indole (1.9 g, 5.0 mmol) and (8)-(2,2-dimethyl-1,3-dioxolan-4-yhmethyl
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4-methylbenzenesulfonate (2.é6 g, 10.0 mmotl) in DMF (10 mL) was added Cs,CO; (4.88 g,
15.0 mmob). The mixture was heated at 90 °C for 24 hours. The reaction was partitioned
between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate and the
combined organic layers were washed with brine and dried over MgSO,. After the removal
of solvent, the residue was puritied by column chromatography (10—50% ethyl acetate -
hexane) to afford 6-fluoro-1, L-dimethyl-7-nitro-2,3-dihydro- 1 H-pyrrolo[ 1,2-ajindole (600
mg, 48%). ESI-MS m/z calc. 248.1, found 249.2 (M+1)Y". Retention time 2.00 minutes; 2-
(4-(((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2-methylbutan-2-y1)-1-(((R)-2,2-dimethyl-
1,3-dioxolan-4-yhmethyl)-6-fluoro-5-nitro- 1H-indole (270 mg, containing some (R)-2-(4-
((2,2wdimethyl—1,3-dioxolan—ét—y})methoxy)-Z-methyibutém—’z—yE)—6—ﬁu0r0—5—nits:olewindole).
ESI-MS m/ cale. 494.2 and 380.2, found 495.4 and 381.4 (M+1)", Retention time 2.12 and
1.2 minutes; (R}-3-{1-((2.2-dimethyl-1,3-dioxolan-4-ylymethyl)-6-fluoro-5-nitro- 1 H-indol-
2-y1)-3-methylbutan-1-o01 (1.0 g, containing some 3-(6-fluoro-5-nitro-1H-indol-2-yI}-3-
methylbutan-1-ol). ESI-MS m/z cale. 380.2 and 266.1, found 381.2 and 267.2 (M-+1)",
Retention time 1.74 and 1.48 minutes.

(R)-2-(1~((2,2~-dimethyi-1,3-dioxolan-4-yi ymethyl)-6-fluoro-5-nitro-1H-indol-

2-y)-2-methylpropan-1-ol and 3-(6-fluoro-5-nitro-1H-indoi-2-yl)-3-
methylbutan-1-o}

0
F N OTBOMS  Gono, DMF

K

[663] A mixture containing (R)-2-(1-((2,2-dimethy}-1,3-dioxolan-4-ylymethyl)-6-
fluoro-5-nitro-1 H-indol-2-y1}-2-methylpropan-1-ol and 3-(6-fluoro-5-nitro- 1H-indol-2-yI)-3-
methylbutan-1-0] was obtained following the procedure shown above starting from 2-(1-(teri-
butyldimethylsilyloxy)-2-methylpropan-2-y1)-6-fluoro-5-nitro- 1H-indole. (R)-2-(1-({2,2-
dimethyl-1,3-dioxoian-4-yhmethyl)-6-fluoro-5-nitro-1H-indoi-2-yD)-2-methylpropan-1-oi,
BESI-MS m/z cale. 366.2, found 367.2 {M+1)". Retention time 1.71 minutes; 3-(6-fluoro-5-
nitro-1H-indol-2-yD)-3-methylbutan-1-ol, ESI-MS m/z cale. 252.1, found 253.4 M+1)".
Retention time 1.42 minutes.

1-(2,2-difluorobenzold][1,3]dioxol-5-yI}-N-(6-fluoro-1,1-dimethyi-2,3-dihydro-
IH—pyrmiﬂ[1,2-a]indol-7-yl)cyclopropanecarboxamide

Pd- C E1OH HATU, Etsh, DMF
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[064] Step a: 6-fluore-1,1-dimethyl-2,3-dihydro-1H-pyrrolo] 1,2-a]indol-7-amine

[$a5] To é solution of 6-fluero-1,1-dimethyi-7-nitro-2,3-dihydro-1H-
pyrrolo[ 1,2-alindole (600 mg, 2.4 mmol) in ethanol (15 mL) was added ammonium formate
(600 mg, 9.5 mm'oi) and Pd/C (10%, 129 mg, (.12 mmeol). The mixture was refiuxed for 10
min. The Pd catalyst-was removed via filtration through Celite and washed with ethanol.
The filtrate was concentrated and purified by column chromatography (20-40% ethyl acetate-
hexanes) to provide 6-fluoro-1,1-dimethyl-2,3-dihydro- 1H-pyrroio[1,2-a}indo}-7-amine (260
mg, 49 %). ESI-MS m/z calc. 218.1, found 219.2 (M-é«l)*. Retention time .01 minutes.

[666] Step b: 1-(2.2-difluorobenzo]d]{ {,3}dioxcl-5-y1}-N-(6-flsoro-1,1-dimethyl-
2, 3-dihydro-1H-pyrrolo[ 1,2-alindol-7-yl)cyclopropanecarboxamide

{0671 To a mixture of 1-(2,2-difluorobenzold]][1,3]dioxol-5-
yleyclopropanecarboxylic acid (346 mg,1.4 mmol), 6-fluoro-1,1-dimethyl-2,3-dihydro- L H-
pyrrolof 1,2-alindol-7-amine (260 mg, 1.2 mmol) and HATU (543 mg, 1.4 mmol} in DMF (5
mL.) was added triethylamine (0.40 mL, 2.9 mmol). The reaction was stirred at rocm
temperature overnight and then partitioned between ethyl acetate and water. The aqueous
layer was extracted with ethyl acetate and the combined organic layers were washed with
brine and dried over MgSQ,. After the removal of solvent, the residue was purified by
column chromatography (10-20% cthyl acetate - hexanes) to afford 1-(2,2-
diftuorobenzoldif1,3]dioxol-5-y1)-N-(6-fluoro-1,1-dimethyl-2,3-dihydro- 1H-pyrrolof 1,2-
alindol-7-ylcyclopropanecarboxamide (342 mg, 65 %). ESI-MS m/z cale. 442.2, found
443.5 (M+1)". Retention time 2.30 minutes. "H NMR (400 MHz, DMS0-d6) §8.20 (4, I =
7.6 Hz, 1H3, 7.30 - 7.25 {m, 3H), 7.20 (m, 1H), 7.12(d, } = 8.2 Hz, 1H), 6.84(d, } = 11.1 Hz,
1H), 6.01(d, I =0.5Hz, 1H), 3.98 (t, = 6.8 Hz, 2H), 2.37 (1, I = 6.8 Hz, 2H), 1.75 (dd, I =
3.8, 6.9 Hz, 2H), 1.37 (s, 6H} and 1.14 (dd, J = 3.9, 6.9 Hz, 2H) ppm.

(R)-1-(2,2-difluorobenzold]{1.3]dioxol-5-y1)-N-(1-(2,3-dihydroxypropyl)-6-

fluoro-2-(4-hydroxy-2-methylbutan-2-yl)-1H-indol-5-
yl)cyciopropanecérboxamide

poavel oo W % Y W
%x %x W %%

e

MetH, HyO

Okt
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[068] Step a: (R)—34(S—amino~1»((2,2-dimeihyl-1,3-dioxolan-&ﬁ)methyl)«6~ﬂu0'ro-
1H-indoi-2-y1)-3-methyibutan-1-0f

[G69] To a solution of (R)-3-(1-((2,2-dimethyl-1,3-dioxolan-4-yDmethyl}-6-
fluoro-5-nitro-1H-indol-2-yi)-3-methylbutan- I -0l containing some 3-(6-fluoro-5-nitro-1H-
indoi-Z-yI)-iﬁ—methyibu_tan—§‘~01 {500 mg, 1.3 mmol} in ethanol (10 mi.) was added
amnionium formate (500 1ng,.'7.9 mmmol) and P&/C (1%, 139 mg, 0.13 mmol). The mixture
was refluxed for 5 min. The Pd catalyst was removed via liltration through Celite and
washed with ethanol. The filtrate was evaporated to dryness and purified by column _
chromatography (30-50% ethy! acetate-hexanes) to provide (R}-3~(5-amino-1-({2,2-dimethyl-
1,3-dioxolan-4-yhmethyl)-6-fluoro- 1 H-indol-2-y1)-3-methylbutan-1-oi (220 mg, 48 %,
contains some 3-{5-amino-6-fluoro- tH-indol-2-y1)-3-methylbutan-1-ol). ESI-MS m/7 calc.
350.2 found 351.4 (M+1)". Retention time 0.94 minutes.

[670] Step b: (R)-1-(2,2-difluorobenzofd][1,3]dioxol-5-y1)-N-(1-((2.2-dimethyl-1,3-
dioxolan-4-ylmethyl}-6-{luore-2-{4-hydroxy-2-methylbutan-2-yi)-1H-indol-5-

yhcyclopropanecarboxamide

(6713 To a mixture of 1-(2,2-difluorobenzold]i1,3]dioxol-5-
yljcyclopropanecarboxylic acid (183 mg, 0.75 mmol), {R)-B—(S—amino-],n((?_,?,-dimet:_hyk1,3—
dioxolan-4-yDmethyl}-6-fluoro-1H-indel-2-y1)-3-methytbutan-1-0l containing some 3-(5-
amino-6-{luoro- 1H-indol-2-y1)-3-methylbutan- 1-0i (220 mg, 0.63 mmol) and HATU (287
mg, 0.75 mmol} in DMF (3.0 mL) was added triethylamine (0.21 mL, 1.5 mmol). The
reaction was stirred at room temperatare overnight and then partitioned between ethyl acetate
and water. The aqueous layer was extracted with ethyl acetate and the combined organic
layers were washed with brine and dried over MgSQ,. After the removal of solvent, the
residue was purified by column chromatography (20-40% ethyl acetate - hexanes) to afford
(R)-1-(2,2-difluorobenzo[dlf 1,31dioxol-5-y1}-N-(I-((2,2-dimethyl-1,3-dioxolan-4-ylimethyl)-
6-fluore-2-(4-hydroxy-2-methylbutan-2-yl)- 1 H-indol-5-ylicyclopropanecarboxamide (315
mg, 87 %, contains some 1-(2,2-ditfluorobenzofd][1,31dioxol-5-y1)-N-(6-fluore-2-(4-hydroxy-
2-methylbutan-2-y1)-1H-indol-5-yleyclopropanecarboxamide). BSI-MS m/z cale. 574.2

found 575.7 (M+1)". Retention time 2.08 minutes.

{6721 Step c: (R)-1(2.2-difluorobenzold]f1,3}dioxol-5-y1)-N-(1-(2,3-
dihydrox ypropyl-6-fluoro-2-(4-hydroxy-2-methylbutan-2-y1)- 1H-indol- 3-
yheyclopropanecarboxamide

{673] To a solution of (R)-1-(2,2-diflnorobenzofdif 1,3}dioxol-5-v1)-N-(1-
293
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((2,2-dimethyl-1,3-dioxolan-4-yl)methyl}-6-fluoro-2-(4-hydroxy-2-methylbutan- 2-y1}-1H-
indol-5-yl)eyclopropanecarboxamide containing some 1-(2,2-diftuorobenzo[d]{1,3]dioxol-5-
yh-N-(6-flnoro-2-(4-hydroxy-2-methylbutan-2-yl)- 1 H-indol-5-yheyclopropanecarboxamide
(315 mg, 0.55 munol) it methanol (3 mL) and water (0.3 ml.) was added p-TsOH.Hz0 (21
mg, 0.11 mmol}. The mixture was heated at 80 °C for 30 minutes. The reaction was
partitioned between ethyl acetate and water and the agqueous layer was exiracted with ethy!
acetate twice, The combined organic iayers were washed with saturated. NaHCO; solation
and brine and dried over MgSQ,. After the removal of solvent, the residue was purified by
column chromatography (20-80% ethyl acetate - hexanes) to provide (R}-1-(2,2-
diftuorobenzold}[1,3idioxol-53-v1)-N-(1-(2,3-dihydroxypropyl)-6-fluoro-2-(4-hydroxy-2-
methylbutan-2-y1)-1H-indol-5-ylcyclopropanecarboxamide (92 mg, 31%). ESI-MS m/z calc.
534.2, found 535.5 (M+1)". Retention time 1.72 minutes. 1H NMR {400 MHz, DMSO-d6) ¢
8.32 (s, 1H), 7.53 (4, J = 1.0 Hz, 1H), 7.43 - 7.31 {m, 4H), 6.17 (s, 1H}, 4.97 - 4.92 (m, 2H), |
4,41 (dd, J = 2.4, 15.0 Hz, 1H), 4.23 (1, ] = 5.0 Hz, 1H), 4.08 (dd, J = 8.6, 15.1 Hz, 1H}, 3.87
(s, 1H), 3.48 - 3.44 (m, 1H), 3.41 - 3.33 (m, 1H), 3.20 (dd, I = 7.4, 12.7 Hz, 21), 1.94 - 1.90
(m, 2H), 1.48 - 1.45 (m, 2H), 1.42 (s, 3H), 1.41 {5, 3) and 1.15 - 1.12 (m, 2H) ppm.
l»(z,.?;-diﬂuarobenm[d][],3}diuxoi«S-yl)—N-{Z-(é‘i—((S}-Z,Sédihydroxypmpoxy)-
2-methylbutan-2-y1j-1-((R)-2,3-dihydroxypropyl)-6-fluoro-1H-indo}-5-
vijcyclopropanecarboxamide and (S)-1-(2,2-difluorobenzo[d]{1,3]dioxol-5-
y1-N-(2-(4-(2,3-dihydroxypropoxy)-2-methylbutan-2-yl)-6-fluoro-1H-

indol-S-yhcyclopropanecarboxamide

HO - HO
MO, HG,

| "y o "y
:xz@%:mf eogsoaTS

OH
[674] 1-(2,2-difluorobenzoid][1,3]dioxol-53-yI}-N-(2-(4-((8)-2,3-dihydroxypropoxy})-

2-methyibutan-2-y1)-1-({R}-2,3-dihydroxypropyl}-6-flucro- 1H-indol-5-
ylcyclopropanecarboxamide and (5)-1-(2,2-diflnorobenzold}f 1,3]dioxol-5-y1)-N-(2-(4-(2,3-
dihydroxypropoxy)-2-methylbutan-2-yl}-6-{luoro-1H-indol-5- yl)eyclopropanecarboxamide
(0757 1-(2,2-difluorobenzo[d]f1,31dioxol-5-y1)-N-(2-(4-((S)-2,3-dihydroxypropoxy)-
2-methylbutan-2-yi)-1-((R)-2,3-dihydroxypropyl)-6-fluore- 1H-indol-3-
vl)eyelopropanecarboxamide and (8)-1-(2,2-difluorobenzofd][ 1,3}dioxoi-5-y1)-N-(2-(4-(2,3- o
dihydroxypropoxy)-2-methylbutan-2-yh-6-fluoro- 1H-indol-5-yl)eyclopropanecarboxamide
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were made following a scheine Similar as shown above starting from '2—(4;(((R)-Z,Z-diﬁl@thjfi-
1 ,3—diexolan~4—y1)methoxy)szmethylbutan-Z-yi)- 1-(((R)-2,2-dimethyl-1,3-dioxolan-4-
yhmethiyl)-6-fluoro-5-nitro-1H- mdole containing some (R)-2-(4-((2,2-dimethyl-1,3-dioxolan- |
4-yhmethoxy)-2-methylbutan-2-v)-6-flaoro-S-nitre-1H-indole). 1-(2,2-
difluorabenzold][1,3]dioxol-5-yi)-N-(2-(4-((S)-2,3-dihydroxypropoxy)-2-methylbutan-2-yl)-
1-{(R)-2,3-dihydroxypropyl)-6-fluoro-1H-indol-5-yl)eyclopropanecarboxamide, ESI-MS m/4z
cale. 608.2, found 609.5 (M+1)*. Retention ti:ﬁe 1.67 minutes. 'H NMR {400 MHz, DMSO-
d6) 8 8.32 (s, TH}, 7.53 (s, 1H), 7.43 - 7.31 (m, 4H)}, 6.19 (5, 1H), 4.95 - 4.93 {m, 2H), 4.51
(d,J=5.0Hz, 1H), 442 - 439 {m, 2H), 4.10 - 4.04 (m, 1H), 3.86 (s, 1H}), 3.49 - 3.43 (m,
2H), 3.41 - 3.33 (m, 1H), 3.30 - 3.10 {m, 6H), 2.02 - 1.97 (m, ZH), 1.48 - 1.42 (m, 8H) and
1.13(dd, 1 =4.0, 6.7 Hz, 2H) ppm ; (8)»1-(2,2-difluorobenzo{d]f 1,3 }dioxol-5-y1-N-{2-(4-
(2,3-dihydroxypropoxy)-2-methylbutan-2-y1)-6-fluoro-1H-indol-5-
yhcyclopropanecarboxamide, ESI-MS m/z cale. 534.2,. found 535.5 (M+1)". Retention time
1.81 minutes. "H NMR (400 MHz, DMSO-d6) & 10.91 (d, J = 1.5 Hz, 1H}, 8.30 (s, 1H}, 7.53
(s, 1H), 7.42 - 7.33 (m, 3H), 7.03 {d, I = 10.9 Hz, 1), 6.07 (d. I = 1.6 Hz, 1H), 4.56(d. I =
5.0 Hz, 1H), 4.43 (¢, ] = 5.7 Hz, 1H), 3.51 - 3.46 (m, IH), 3.31 - 3.13 (m, 6H), 1.88 (1, J = 7.3
Hz, 2H), 1.48 - 1.45 (m, 2ZH), 1.31 (5, 6b) and 1.15 - 1.12 (m, 2H) ppim.

1-(2,2-difluorcbenzold]{1,3}dioxol-5-v1)-N-(6~fluoro-2-(1-hydroxy-2-
methylpropan-2-yl)-1H-indol-5-yDeyclopropanecarboxamide

LY T

[676] 1-(2,2-diflucrobenzoldlfl,3]dioxol-5-vi)- N (6-fhuoro-2-(1-hydroxy-2-
methylpropan-2-y1)-1H-indol-5-yl)eyclopropanecarboxamide

[¢77] 1-(2,2-difluorobenzold]{ 1,3 1dioxol-5-y1}-N-{6-fluore-2-(1-hydroxy-2-
methylpropan-2-y1)-1H-indol-3-yheyclopropanecarboxamide was made following the
scheme shown above starting from a mixture containing (R)-2-(1-((2,2-dimethyi-1,3-
dioxolan-4-ylimethyl}-6-fluoro-5-nitro-1H-indoi-2-y1}-2-methylpropan- 1-ol and 3-(6-fluoro-
5-nitro-1H-indol-2-y1)-3-methylbutan-1-0l. ESI-MS m/z cale. 446.2, found 447.5 (M+1)".
Retention time 1.88 minutes. 'H NMR (400 MHz, CDCL) & 8.68 (s, 1H), 8.20(d,  =7.7 Hz,
[H), 7.30 - 7.21 {m. 3H), 7.12 (d, ] = 8.2 Hz, 1H), 6.94 (d. ] = 1 1.2 Hz, 1H), 6.18 (s, 1H),
3.64 (s, 2H), 1.75 (dd, J = 3.8, 6.8 Hz, 2H), 1.34 (s, 6I1) and 1.14 (dd, T =3.9, 6.9 Hz, 2H)
ppm.
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(R)-1-(2,2-Difluorobenzo[d1{1,3]dioxol-5-y1)-N-(1-(2,3-dihydroxypropyi)-6-
fluoro-2-(I-hydroxy-2-methylpropan-2-yl)-1 H-indol-5-
yheyclopropanecarboxamide

13
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[078] Step a: (R)-Benzyl 2-(1-((2.2-dimethyl-1,3-dioxolan-4-ylymethyl}-6-fluoro-5-
nitro-1H-indol-2-y1)-2-methylpropanoate and {(5)-2,2-Dritethyl-1,3-dioxolan-4-ylmethyl 2-
(1-({{R}-2,2-dimethyl- 1,3-dioxolan-4-ylmethyl)-6-f{luoro-3-nitro- 1 H-indol-2-y1)-2-

methylpropanoate

[G79] Cesium carbonate (8.23 g, 25.3 mmol)} was added to a mixture of
benzyl 2—(6—ﬂubro-5-nim>-1H«ind01-Z—yl)«z-methylpropanoate (3.0 g, 8.4 mmol) and (5)-
(2,2-dimethy!-1,3-dioxolan-4-yhimethyl 4-methylbenzenesulfonate (7.23 g, 25.3 mmol)in
DMF (17 mL). The reaction was stirred at 80 °C for 46 hours under nitrogen atmosphere. The
mixtare was then partitioned between ethy! acetate and water. The aqueous layer was
-éxtracted with ethyl acetatie. The combined ethy] acetate layers were washed with brine, dried
- over MgS0y, filtered and concentrated. The crude product, a viscous brown oil which
contains both of the products shown above, was taken directly to the next step without further
purification. (R)-Benzyl 2‘-(1»((Q,Z—dimethy]—1,3—dioxoian—4—yl)methyl)-6—ﬂuoro~5—nit1‘0~IH-
indol-2-y1)-2-methylpropanoate, ESI-MS m/z calc. 470.2, found 471.5 (M+1)". Retention
time 2.20 minutes. ((5)-2,2-Dimethyl-1,3-dioxolan-4-ylymethyl 2-(1-(((R)-2.2-dimethyl-1,3-
dioxolan-4-yl)methyl)-6-fluoro-5-nitro-1H-indol-2-y1)-2-methylpropanoate, ESI-MS m/z
cale. 494.5, found 495.7 (M+1)". Retention time 2.01 minutes.

[680] Step b: (R)-2-(1-((2,2-dimethyi-1,3-dioxolan-4-yhmethy!)-6-{tuoro-5-nitro-
1H-indol-2-y1)-2-methylpropan-1-ol

[381] To the crude reaction mixture obtained in step (a) was dissolved in
THF {42 mL) and cooled in an ice-water bath. LiAIH, (16.8 mL of 1 M solution, 16.8 mmaol)
was added drop-wise. After the addition was comp]ete, the reaction was stirred for an
additional 5 minutes. The reaction was quenched by adding water (1 mL), 15% NaOH

solution (1 mb) and then water (3 mL). The mixture was filtered over Celite, and the solids
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. were washed with THY and ethyl acetate. The filtrate was concentfated and purified by
column chromatography (30-60% ethyl acetate- hexanes) to obtain the product as a brown oil
(?..6852,, 87 % over 2 steps). ESI-MS m/z cale. 366.4, found 367.3 (M+1)". Retention time |
1.68 minutes. 'H NMR (400 MHz, DMSO-d6) & 8.34 (d, T= 7.6 Hz, 1H), 7.65 (d, J = 13.4
Hz, 1H), 6.57 (s, 1), 4.94 (t, J = 5.4 Hz, 1H), 4.64 - 4.60 (m, 1H), 4.52 - 4.42(m, 2H), 4.16 -
4.14 {(m, 1H), 3.76 - 3.74 (m, 1H), 3.63 - 3.53 (m, 2H), 1.42 (s, 3H), 1.38 - 1.36 (m, 6H) and
1.19 (s, 3H) ppm

{0821 Swepc: (R)-?,—(Snamino—1~((2,2-dimethyl—1,3-dioxolanw4—yl)methyl)-6—ﬂuoro-
IH-indol-2-yI)-2-methylpropan-1-ol

1683] (R)-2-(1-{(2,2-dimethyl-1,3-dioxolan-4-yD)methyly-6-fluoro-5-nitre-
1H-indol-2-y1}-2-methylpropan-1-ol (2.5 g, 6.82 mmol) was dissolved ethanol (70 ml.) and
the reaction was flushed with N,. Then Pd-C (250 mg, 5% wt} was added. The reaction was
flushed with nitrogen again and then stirred under H, (atm). After 2.5 hours only partial
conversion to the product was observed by LCMS. The reaction was filtered through Celite
and concentrated. The residue was re-subjected to the conditions above, After 2 hours LCMS
indicated complete conversion to product. The reaction mixiure was filtered through Celite.
The filtrate was concentrated to yield the product as a black solid (1.82 g. 79 %). ESI-MS
m/z cale. 336.2, found 337.5 (M+1)". Retention time 0.86 minutes. 'H NMR (400 MHz,
DMSO-d6) 6 7.17 (d, ] = 12.6 Hz, 1H), 6.76 (d, J = 9.0 Hz, 1H), 6.03 (s, 1H), 4.79 - 476 (m,
LH), 4.46 (s, 2H), 4.37 - 4.31 (m, 3H1,4.06 (dd, } = 6.1, 8.3 Hz, 1H}, 3.70 - 3.67 (m, 1H), 3.55
-3.52 (m, 2H), 141 (s, 3H), 1.32 (s, 6H) and 1.21 {5, 3H} ppm.

[684] Step (R)—1-(2,2»diﬂu0r0benzo[d]i’ 1,3}diox01—5-yl}~N-(lm((2,2—dimethy1»«i,3-
dioxolan-4-yl)methyl}-6-fluoro-2-(1-hydroxy-2-methylpropan-2-yl)- 1 H-indol-5-

yheyclopropasecarboxamide

[085] DMF (3 drops) was added to a stirring mixture of 1-(2,2-
diflsorobenzold]{1,31dioxol-5-yl)cyclopropanecarboxylic acid (1.87 g, 7.7 mmol} and thionyl
chloride (1.30 mL, 17.9 mmol). After 1 hour a clear solution had formed. The solution was
concentrated under vacuum and then toluene {3 mL) was added and the mixture was
concentrated again. The toluene step was repeated once more and the residue was placed on
high vacuumn for 10 minutes. The acid chloride was then dissolved in dichloromethane (10
mL) and added to a mixture of (R}-2-(3-amino-1-((2,2-dimethyi-1,3-dioxolan-4-yDmethyl}-6-
fluoro-1H-indol-2-y1)-2-methylpropan-1-ol (1.8 g, 5.4 mmol) and triethylamine (2.24 mb,,

16.1 mmol) in dichloromethane (45 mL). The reaction was stirred at room temperature for 1
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hour, The reaction was washed with IN HC} sohation, saturated NaHCOs solution and brine,
dried over MgSQ4 and concentrated to yield the product as a black foamy solid (3g, 100%).
ESI-MS m/z cale. 560.6, found 561.7 (M+1)". Retention time 2.05 minutes. 'H NMR (400
MHz, DMSO-d63 8 8.31 (s, 1H), 7.53 (s, 1H), 7.42 - 7.40 {m, 2H), 7.34 - 7.30 (m, 3H), 6.24
(s, IH), 4.51 - 4.48 (m, 1H), 4.39 - 4.34 (m,211), 4.08 (dd, J = 6.0, 8.3 Hz, 1H}, 3.68 (1, ] = 7.6
Hz, 1H), 3.58 - 3.51 {m, 2H), 1.48 - 1.45 (m, ZH), 1.39 (s, 3H), 1.34 - 1.33 (m, 6H), 1.18 (s,
3H)and 1.14 - 1.12 (m, 2H) ppm

[086] Stepe: (R)-1-(2,2-difluorobenzo[d][1,3]dioxol-3-y1)-N (1-(2,3— .
dihydroxypropyl)-6-fiuoro-2-(1-hvdroxy-2-methylpropan-2-v1)- 1H-indol-5-

yljcyclopropanecarboxamide

[087] (R)-1-(2,2-difluorcbenzo[d][ 1,3 ]dioxol-5-y1)-N-(1-((2,2-dimethyl-1,3-
dioxolan-4-ylymethyl)-6-fluoro-2-(1 -hydroxy-2-methylpropan-2-yh- 1 H-indol-5-
vljcycloptopanecarboxamide (3.0 g, 5.4 mynol) was dissolved in methanol (52 mL). Water
(5.2 ml.) was added followed by p-TsOH.H0 (204 mg, 1.1 mmol). The rezction was heated
at 80 °C for 45 minutes. The solution was concentrated and then partitioned between ethyl
acetate and saturated NaHCO; solation. The ethyl acetate layer was dried over Mg8Q,; and
concentrated. The residue was purified by column chromatography (50-100-% ethyl acetate -
hexanes} to yield the product as a cream colored foamy solid. (1.3 g, 47 %, ce >98% by
SFC). ESI-MS m/z calce. 520.5, found 521.7 (M+1)*. Retention time 1.69 minutes. ‘Il NMR
(400 MHz, DMSO-d6) 6 8.31 (s, 1H), 7.533 (s, 1), 7.42 - 7.38 (m, 2H), 7.33 - 7.30G (m, 21,
6.22 (s, IH), 501 (. T =52 Hz, 1H),4.90 (1, I =55 Hz, 1II), 475 {t, J = 5.8 Hz, 1IT}, 4.40
(dd, J = 2.6, 15.1 Hz, 1H), 4.10 {(dd, } = 8.7, 15.1 Hz, 1H), 3.90 (s, 1H), 3.65 - 3.54 (m, 2H),
3.48 - 3.33 (m, 2H), 1.48 - 1.45 {m, 2), 1.35 (s, 31), 1.32 (s, 3H) and 1.14 - 1.11 {1, 2ID)

. bpm.

(5)-1-(2,2-Difluorobenzo[d][1,31dioxol-5-y1)-N-(1-(2,3- dli1ydmxypmpyl)-6~
fluoro-2-(1-hydroxy-2-methylpropan-2-yl)-1H-indol-5-
yl)cyc%opropanecarboxamlde
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{6881 Step a: (5)-Benzyl 2-(1-((2,2-dimethyi-1,3-dioxolan-4-yl)methyl)-6-fluoro-5-
nitro-1H-indol-2-v1)-2-methylpropanoate and {(R)-2,2-Dimethyl-1,3-dioxolan-4-y1lymethyl 2-
(1-({({85)-2,2-dimethy}-1,3-dioxolan-4-ymethyl)-6-fluoro-5-nitro- 1 H-indol-2-y1)-2-

methylpropanocate

[G89] Cesium carbonate (2.74 g, 8.4 mmol} was added 0 a mixture of benzy]
2-(6-flucro-5-nitro- 1 H-indol-2-y1)-2-methylpropanoate (1.0 g, 2.8 mmol) and (S)-(2,2-
dimethyl-1,3-dioxolan-4-yDmethyl 4-methylbenzenesulfonate (3.21 g, 11.2 mmol) in DMF
(5.6 mL). The reaction was stirred at 80 °C for 64 hours under nitrogen atmosphere. The
mixfure was then partitioned between ethyl acetate and water. The aqueous layer was
extracted with ethyl acetate. The combined ethyl acetate layers were washed with brine, dried
over Mgi0y, filtered and concentrated. The crude product, & viscous brown oil which
contains both of the products shown above, was taken directly to the next step without further
purification. (S)-Benzyl 2-(1-((2,2-dimethyl-1,3-dioxolan-4-yDmethyl}-6-fluoro-5-nitro- 1H-
indol-2-y1)-2-methylpropanoate, ESI-MS my/z calc. 470.2, found 471.5 (M+1)". Retention
time 2.22 minutes. {{R)-2,2-Dimethyl-1,3-dioxolan-4-yhHmethyl 2-(1-({((S)-2,2-dimethyl-1,3-
dioxolan-4-yDmethyl}-6-fluoro-5-nitro- 1 H-indol-2-y1)-2-methylpropanocate, ESI-MS m/z
calc. 494.5, found 495.5 (M+1)". Retention time 2.03 minutes.

[090] Step b: (5)-2-(1-({2,2-Dimethyl-1,3-dioxolan-4-ylymethyl}-6-fluoro-5-nitro-
1H-indol-2-y1}-2-methylipropan-1-oi

[691] ‘The mixture of crude reaction mixture of (8)-benzyl 2-(1-((2,2-
dimethyl-1,3-dioxolan-4-ylymethyl}-6-fluoro-5-nitro- 1 H-indol-2-y1)-2-methylpropanoate and
((R}-2.2-dimethyl-1,3-dioxolan-4-yDmethy! 2-(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-
yhmethyh-6-fluoro-S-nitro- 1 H-indot-2-y1)-2-methylpropanoate was dissoived in THE (15
ml) and cooled in an ice-water bath. LiAIH4 (2.8 ml. of 1 M solution, 2.8 mmol} was added
dropwise. After addition was complete the reaction was stirred for 5 minutes. The reaction
was quenched by adding water (0.5 mL), 15% NaOH solution (0.5 mL) and then water (1.5
ml). The mixture was fikered over Celite, and the solids were washed with 'THFE and ethyl
acetate. The filtrate was concentrated and purified by column chromatography (30-60% ethyl
acetate- hexanes) to obtain the product as a brown oil (305 mg, 49 % over 2 steps). ESI-MS
m/z calc. 366.4, found 367.3 (M+1)". Retention time 1.68 minutes. "H NMR (400 MHz,
DMSO-d6) 6 8.34 (d, ] = 7.6 Hz, 1H}, 7.65(d, J = 13.5 Hz, 1H), 6.57 (s, 1H), 494 (1,1 =54
Hz, 1H), 4.64 - 4.60 (m, 1H), 4.52 - 4.42 (m, 2H), 4.14 (dd, ] = 6.2, 8.4 Hz, 1H), 3.74 (dd, I =
7.0, 8.3 Hz, 1H), 3.63 - 3.53 (m,2H), 1.42 (s, 3H), 1.37 (m, 6H) and 1.19 (s, 3H) ppm.
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[092] Step c: (S)-2-(5-amino-1-((2,2-dimethyl-1,3-dioxolan-4-ylymethyl)-6-fluoro-
1H-indol-2-y1)-2-methylpropan-1-ol

1693] {8)-2-(1+(2,2~-dimethyi-1,3-dioxolan-4-ylymethyl)-6-fluoro-5-nitro-
1H-indol-2-v1)-2-methylpropan-1-ol (500 mg, 1.4 mmol) was dissolved ethanol (15 mL) and
the reaction was flushed with Ny. Then Pd-C (50 mg, 3% wt) was added. The reaction was
flushed with nitrogen again and then stirred under H; {atm). After 1 hour only partial
conversion to the product was observed by LCMS. The reaction was filtered through Celite
and concentrated. The residue was resubjected to the conditions above. After 1 hour LCMS
indicated complete conversion to product. The reaction mixture was filtered through Celite.
The filtrate was concentrated to yield the product as a black solid (420 mg, 91 %). ESI-MS
m/z cale. 336.2, found 337.5 (M+1)". Retention time 0.90 minutes. ' NMR (400 MHz,

- DMSO-d6) 6 7.17 (d,J = 12.6 Hz, 1H), 6.76 (d, T = 9.0 Hz, 1H), 6.03 (s, 1H), 4.78 (br s, 1H),
4.46 (s, 2H), 4.41 - 4.27 (m, 3H), 4.06(dd, ] = 6.1, 8.3 Hz, [H}, 3.70 - 3.67 (m, 1H), 3.53 (dd,
1= 107, 17.2 He, 2H), 1.40 (s, 3H), 1.32 (s, 6H) and 1.21 (s, 3H) ppm.

[0694] Step d: (S)-1-(2,2-diflucrobenzo]d}[1,3]dioxol-5-y1)-N-(1-((2,2-dimethyi-1,3-
dioxolan-4-yhmethyl}-6-flucro-2-(1-hydroxy-2-methylpropan-2-y)- 1 H-indol-5-

yhcyclopropanecarboxamide

[095] DMEF (3 drops) was added to a stirring mixeare of 1-(2,2-
difluorobenzo[d]i 1,31dioxoi-5-yhcyclopropanecarboxylic acid (187 mg, 0.8 mmol) and
thionyl chloride (0.13 mL, 1.8 mmol). After 30 minutes a clear solution had formed. A small
amount was mixed piperidine to test that the acid chloride had been formed. The solution was
concentrated on the rotovap and then toluene (1 mL) was added and the mixture was
concentrated again. The toluene step was repeated once more and the residue was placed on
high vacuum for 10 minutes. The acid chloride was then dissolved in dichloromethane (2
mb) and added to a mixtare of (§)-2-(5-amino-1-((2,2-dimethyl-1,3-dioxolan-4-ylimethyh-6-
fluoro-1H-indol-2-y1}-2-methylpropan-1-0l (200 mg, (0.6 mmol) and triethyvlamine (0.25 mL,
1.8 mmol) in dichioromethane (4 mL). The reaction was stirred at room temperature for 45
minutes. The reaction was washed with IN HCI solotion, satarated NaHC(s solation and
brine, dried over MgSQO, and concentrated to yield the product as a black foamy solid (320
mg, 96 %). ESI-MS m/z calc. 560.6, found 561.5 (M+1)". Retention time 2.05 minutes. H
NMR (400 MHz, DMSO-46) 8 8.31 (s, 1TH), 7.53 (s, 1H). 7.42 - 7.40 {m, 2ZH), 7.34 - 7.30 {(m,
3HD, 6.24 (s, 1H), 4.84 (1, T = 5.5 Hz, 1H). 4.51 - 4.46 (m, 1H), 4.41 - 4.32 (m, 2H), 4.08 (dd,-
I=6.0,83Hz 1H), 3.71 - 3.67 (m, 1H), 3.58 - 3.50 (m. 2H), 1.48 - 1.45 (m, 2H), 1.40 (s,
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3H), 1.34 - 1.33 (m, 6H), 1.18 (s, 3H) and 1.14 - 1.12 (m, 2H) ppm.

[696] Step e: {(8)-1-(2,2-difluorobenzofd]i1.31dioxol-5-yh)-N-(1-(2.3-
dihvdroxypropyl)-6-fluoro-2-(1-hydroxy-2-methylpropan-2-yl)- 1 H-indol-5-

yljcyclopropanecarboxamide

[697] (8)-1-(2,2-difluorobenzold} 1,3]dioxol-5-y1}-N-(1-((2,2-dimethyi-1,3-
.dioxolan-4-ylymethyl)-6-fluoro-2-(1-hydroxy-2-methylpropan-2-yl)- 11-indo}-5-

ylicyclopropanecarboxamide (290 g, 0.5 mmol) was dissolved in methanol (5 mL). Water
(0.5 mL) was added followed by p-TsOH.H2O (20 mg, 0.1 mmol). The reaction was heated
at 80 °C for 45 mdmutes. The solution was then partitioned between ethyl acetate and
saturated NaHCO; solution. The ethyl acetate layer was dried over MgS0, and concentrated.
The residue was purified by column chromatography (50-100 % ethyl acetate - hexanes) to
yield the product as a eream colored foamy solid. (146 mg, 34 %, ee >97% by SFC). ESI-MS
m/z cale. 520.5, found 521.5 (M+1)". Retention time 1.67 minutes. ' NMR (400 MFiz,
DMSO-d6) 6 8.31 (s, 1H), 7.53 (d, I = 1.1 Hz, 1H), 7.42 - 7.37 {m, 2F), 7.33 - 7.30 (m, 2H),
6.22 (s, 1H), 5.01 (d, T = 5.0 Hz, 1H), 491 (t, J = 5.5 Hz, 1H), 475 (t,J = 5.8 Hz, 1H), 442 -
4.38 (m, 1H), 4.10 (dd, 1 = 8.8, 15.1 Hz. 1H), 3.90 {s, 11), 3.64 - 3.54 (m, 2H), 3.48 - 3.33
(n1, 2H), 1.48 - 1.45 (m, 2H), 1.35 (s, 3H), 1.32 (s, 3H) and 1.14 - 1.11 (m, 2H) ppm.

{(R)-1-(benzo[d][1,3}dioxol-5-y1)-N-(2-tert-butyl-1-(2,3-dihydroxypropyl)-6-
fluoro-1H-indol-5-yl)cyclopropanecarboxamide

SO BB
F \E.OH

OH
[098] (R)-1-(benzofd}[1,3)dioxol-5-y]}-N-(2-tert-butyl-1-(2,3-dihydroxypropyl)-6-
fluoro-1H-indel-5-yhcyclopropanecarboxamide was prepared using an experimental
procedure similar to example 72 from 1-(benzo[d]{1,3]dioxol-5-yljcyclopropanecarboxylic

acid and 2-teri-butyl-6-fluoro-5-nitro- 1 H-indole.

(8)-1-(benzo[d}[1,3]dioxol-5-y1)-N-(2-tert-butyi-1-(2,3-dihydroxypropyl)-6-
fluoro-1H-indol-5-yl)cyclopropanecarboxamide
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[G99] (S)-l,—(benzo{d}[l,3]di0x01~5~y1}—N~(2-tertwbuty1-1-(2,3~dihydr0£ypropy1)-6~
fluoro-1H-indol-5-yl)eyclopropanecarboxamide was prepared using an experimental
procedure similar to Example 72 from 1-(benzo{d}{1,3]1dioxecl-5-yDeyclopropanecarboxylic
acid and 2-tert-butyl-6-fluoro-5-nitro-1H-indole.

(R)-N-(2-tert-butyl-1-(2,3-dihydroxypropyl)-1 H-indol-5-yi)-1-(3.4-
dihydroxyphenyl)cyciopropanecarboxamide

§
HO o N
: %OH

CH
[6106] (R)-N-(2-tert-butyl-1-(2,3-dihydroxypropyl)-1 H-indo}-3-y1)-1-(3 4-
dihydroxyphenyl)cyclopropanecarboxamide was prepared using an expenmental procedure
similar to Example 72 from 1-(3,4-dihydroxyphenyljcyclopropanecarboxylic acid and 2-fert-
butyl-5-nitro-1H-indole.

(R)-N-(2-tert-butyl-1-(2,3-dibydroxypropyl)-1H-indol-5-y1)-1-(2,3-dihydro-
1H-inden-5-yljcyciopropanecarboxamide

s

OH
[001015] (R)-N-(2-tert-butyl-1-(2.3-dihydroxypropyl)-1H-indol-5-y13-1-(2,3-dihydro-1H-

inden-5-ylycyclopropanecarboxamide wag prepared using an experimental procedure similar
to Example 72 from 1-(2,3-dihydro-1H-inden-5-yl)cyclopropanecarboxylic acid and 2-tert-
butyl-5-nitro-1H-indole.

{001016] A person skilled in the chemical arts can use the examples and schemes along with
known synthetic methodologies to synthesize conipounds of the present invention, including
the compounds in Table 3, below.
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Table 3: Physical data of exemplary compounds.
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1 Compoun . LC/AMS | LORT NME Cempoun { LC/MS | LO/RT NMER
d M+l Min d . M+l M
Mo, Nao.

1 373.3 2.49 11 432.3 2.51

2 469.4 3.99 12 5327 2.36

3 381.3 3.69 13 498 1.83

4 448.3 1.75 14 404.5 1.18

5 3893 3.3 15 369.2 3.8}

6 463 1.87 16 419.2 2.24

7 3633 3.7 17 389.2 2.02 ITNMR (400

3 055 | 387 MHz, DMSO)

8.41 (s, 1T, 7.59

9 487.3 2,12 | HNMR (400 (d,J=18Hz
MHz, DMSO-d6) 1HY, 7.15 (d, I =
8.65 (s, TH), 7.55 8.6 Hz, 1H), 7.06
(d, I=17 HZ, -7 (ET], ZH),
1H),749(d, 1= 6.96 - 6.90 {m,
1.4 Hz, 1H), 7.38 21, 6.03 (s, 2H),
(d1=83 5.98 (4,1 =07
Hz,1H), 7.30-7.25 Hz, 1H), 4.06 (1,
(m., ZH), 7.08 (dd, =6.8 HZ, ZH),
J =8.8, 19 :HZ, 235 (i, I= 68
11’]), 6.11 (S, 1]{}, I“IZ, 2}{)‘ 1.42-
431, F=74 1.38 (m, 2H3,
Hz, 2H}, 3.64 (E, ¥ 134 (S, 6H),
= 7.3 Hz, 2H), 1.05-1.01 (s, 210)
320(,1T=76
Hz, 2H), 1.92(, ]
= 7.6 Hz, 2H),
1.43 (m, 2H},
1.39 (s, 6H), 1.10
(m, 2H)

10 388 3.34




WO 2010/054138

PCT/US2009/063475
Compoun | LC/MS | LC/RY NMR Compoun | LC/MS | LC/RT NMR
d M+1 Min d M+l Min
No. No.
1§ | 3953 | 36 | HNMR (400 p%) 42014 | 153
Mz, DMSQ) 23 3633 | 3.62
10.91 (s, TH),
7.99 (s, 1H), 7.67 A 3785 | 266
(d, I =7.7 Hz, 25 417.5 3.53
LH}, 7.08-6.92 _
41D, 6,00 - 26 1543 | 318
6.03 (m, 38), 27 596.2 2.58
147 -1.42 (m, 28 3793 | 2.02
2H), 131 (d, T =
7.3 Hz, 9H), 1.09- 29 481 1.69
1.03 (m, 2H) 30 5042 | 1.9%
19 3572 1 197 | HNMR (400 31 517 1.02
MHz, CD3CN) 32 4035 | 33 | HNMR (400
7500 7=19 MHz, DMSO)
Hz. 1H), 7.41 (d, 1076 (5. 11D,
I=16Hz, 2H), 8.72 (s, 1H), 7.79
736 (dd, T = 17, @ T=23 H
8.3 Hz, 1H3,7.29 N 1H), 762 (6d. ] =
- 724 (m, 2H), 2.4, 8.6 Hz. 13),
7.02 (dd, T = 2.1, 15515
8.8 Hz, 1H), 6.24 2. 18, 7,14 @
(s, LH), 440 (1, ] p—
=71 Bz, 2H), 7.05-7.01 (m,
3.80 (1, 1=7.1 2, 603 (A1 =
Hz, 2H), 1.59- 1.6 Hz, 1H), 4.54
1.55 (m, 2H). (T2 6 T
150 (s, 91D, 2H), 279 (1, ] =
115112 (m, 2H) 6.4 Hz, 2H), 1.44
30 3755 | 3.1 | (m, 2H), 1.32 (s,
5 e 556 9H), 1.03 (m, 2H)
53 3213 | 208

305
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Compoun | LC/MS | LC/RT NMR .Cmnpoun LC/MS | LC/RT NMR
d M+1 Min d M+1 Min
Mo, No.
34 450.2 2.02 41 397.3 3.41 H NMR (400
33 3951 | 3.59 MHz, DMSQ)
11.44 (s, 13D,
36 309 2.01 8.32 (s, 1H), 7.85
37 4472 202 (d, I = 1.2 Hz,
2H), 771 (d, T =
33 370.1 2.16 H NMR (400 )
1.7 Hz, 1H), 7.47
MHz, DMSO)
- TA43 (m, 2H),
10,78 (s, 11T},
7.32-7.26 (m,
8.39 (s, 1, 7.57
2H),7.12 (dd, F =
(d, ] =17 Hz,
2.0, 87 Hz, 1),
IHL 717, I=
704{d, =156
8.6 Hz, 1H), 7.03 ‘
. . Hz, 1H), 6.97 -
- 6.50 (m, 4H),
6.90 (m, 2H),
6.12(d,1=15
6840, J=13
Hz, 1H}, 6.03 (s,
Hz, 1H), 6.03 (s,
2H), 5.18 (s, 1H),
21, 1.43 - 1.40
1.50 (s, 6H), 1.41
{(m, 2H3}, 1.07-
- 1.38 {m, 2H),
1.03 (m, 2H}
1.03-0.97 (m, 21)
39 3733 3,74
40 372.8 3R




WO 2010/054138 _ : ' PCT/US2009/063475

Compoun | LC/MS | LO/RT NMR Compoun | LC/MS | LC/RT NMR
d M+1 Min a M1 Win
Mo, No.
a2 5053 | 223 | HNMR (300 46 913 | 341

MHz, DMSO-d6) 47 3775 | 348
8.33 (s, 1H), 7.52
(s, 11D, 742-7.30 s 4275 1 4.00
(m, 2H), 7.33- 45 4022 | 306
7.25 (m, 2H),
50 211 | L8l
6.14 (s, 1H), 4.99
(s, 1), 4.31-4.27 51 407.5 3.34
(m, 3H), 3.64 1. J 52 4643 | 287
=7.0 Hz, 2H),
120 T 76 53 4053 | 3.6
Hz, 2H), 1.91 (1,1 34 375 134
=70 Mz, 2H), 55 5054 | 196
1.46 (m, 2H),
1.39 (s, 6H), 1.13 56 3353 ] 318
(m, 2H) 57 445.2 3.27
e S05.4 | 197 5% 491 189
7] 4077 | 176 | 11 NMR (400 59 773 798
MHz, DMSO)
60 4133 | 395
10.31 (s, 11,
8.34 (s, 110, 7.53 61 4025 | 3.1
@ J=18Hz, 62 3933 | 1.98
1H), 708 (d, ) = '
5
1.6 Hz, 1H), 6.97 63 4072 4 291
- 6.90 (m. 3H), 64 5054 | 198
05 - 6.03
6.05 - 6.03 (m, 65 3775 | 3.53
3, 4.72 (s, 2H),
140 - 1,38 (m, 6 75 | 406
2H), 1.34 (s, OH}, 67 333.3 2.53
1.04-1.00(m, 2H)
68 3973 | 3.86
45 2072 | 226
9 506 | 167

307
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WO 2010/054138
Compoun | LC/MS | LC/RT NMR Compeun . | LC/MS | LO/RT NME
d M+l | Min d M+l | Min
Na. No.
70 501 2.1 04 3775 | 341
T 3353 | 3.22 93 3753 | 343 | HNMR (400 -
= yr =59 MHz, DMSO)
10.52 (s, 1H).
& M7 G 388 8.39 (s, 1H), 7.46
74 395 195 @, J=18Hz
1H), 7.10 - 6.89
75 548 1.64 ,
(m, SH), 6.03 (s,
76 4183 29 2H), 2.68 - 2.65
77 3773 3.87 (m, 2H), 2.56 -
2,54 (m, 2H),
78 363.3 | 3.48 L82- 177 (@,
79 476 18 4H), 1.41 - 1.34
) 473 | 218 (m, 2H), 1.04 -
0.97 (m, 2H)
81 492 4 2
9 3461 31
%) 564.3 | 1.35 i
97 3673 | 372
83 4673 | 172
98 4403 | 326
84 4452 | 3.08 '
85 3895 | 3.86
86 3743 | 311
87 435 3.87
8% 465 1.89
89 4113 | 3.89
90 2493 | 392
91 3933 | 3.12
92 696 | 1.75
93 4765 | 2.8%

308
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Compoun | LC/MS | LO/RT NMR Compoun | LCMS. | LC/RT NMR
d M+l | Min - d M+l | Min
No. _ No.
09 303.1 | 3.18 | H NMR (400 101 387.5 | 2.51
Mtlz, DMSO-d6) 102 79 3.95
11.80 (s, 1H),
8.64 (5. 1H), 7.83 103 4203 | 3.12
(m, 1H), 7.33- 104 4695 | 3.97
7.26 (m, 2H),
105 013 | 204
7.07 (m, 1H),
7.02 (m, 1HD, 106 375.2 2.82
6.96-6.89 (in, 07 2493 | 333
2H), 6.02 (s, 2113,
433 (qI=71 108 5033 | 1.8%
Hz, 2H), 1.42- 109 515 | 150
1.39 (m, 2H), 110 3615 | 37
133, =7.1 _
Hz, 3H). 1.06- 111 3613 | 3.6
1.03 (m, 2H) 112 335.3 3.03
100 421.3 1.85 | HNMR 00 113 4065 1.6%
MHz, DMSO)
114 3815 | 372
13.05 (s, 11,
996 (d,1=16 115 3603 | 3.22

Hz, 1H}), 7.89(d,

T=1.9 fz, 11,
774(d,1=20
Hz, 1H), 7.02 (d,
I = 1.6 Hz, 1H),
6.96-6.88 {m,
2H), 622 (d, I =
2.3 Hz, 1H), 6.02
(s, 25D, 143 -
1.40 (m, 211),
1.37 (s, 9H),
1.06-1.02 (m, 2H)




WO 2016/054138 POTISZ009/063475
Compoun | LC/MS | LC/RT NMR Compoun | LC/MS | LC/RT NMER
d M+l | Min d M+l | Min
- No. No.
116 397.3 3.52 | HNMR {400 126 459.2 1.53 | HNMR (400
MHz, DMSO-d6) MHz, CD3CN)
11.27 (4,1 =19 9.23 (s, 111}, 7.51
Hz, 1FD, 8.66 (s, 748 (m, 21,
1H, 8.08 (d, T = 719 (d, T=8.6
1.6 Hz, 11), 7.65- Hz, 1H), 7.06 -
7.61 (m, 3H), 7.03 (m, 2H),
7.46-7 40 (m, 6.95 - 6.8 (m,
20D, 7.31 (d, T = 2H), 6.17 (dd, T =
8.7 Hez, 1H), 7.25- 0.7, 2.2 Hz, 1H),
7.17 {m, 2H), 6.02 (s, 211}, 2.61
7.03(d,1=16 - 2.57 (m, 2H),
Hz, 1H), 6.98- 2,07 - 2.03 (m,
6.87 (m, 2H), 21), 1.55-1.51
6.02 (s, 2H), (m, 21}, 1.39 (s,
1.43-1.39 (m, 6HY, 1.12-1.00
2H), 1.06-1.02 (m, 2H)
(m, 2H) 127 4085 | 2.48
117 377.5 377 5 R T
3 i
18 213 23 129 4202 216
119 381.3 3.8 T 003 T
120 464.2 21 131 4733 4727
121 463 L.74 132 417.3 3.8
52 }
122 395 374 133 465 74
123 383.3 3.2 134 4643 | 291
124 388.5 336 135 3473 342
125 411.3 3.85 kT o R
137 4555 2929




WO 2010/054138 PCTAISZ0G9/063475

Compoun | LC/MS | LC/RT NMR .| Compown | LC/MS | LO/RT NME
d M+l | Min | d Msl | Min
Mo. _ ' MNo.
138 3933 | 3.54 . 162 475 2.06
139 3351 | 208 163 4372 | 2.35
140 4345 | 274 164 3792 | 2.76
141 3813 | 201 165 462 3.44
142 315 | 397 166 4652 | 215
143 539 1,89 167 4552 | 245
144 HE 1.89 ‘ 168 451 1.65
145 4075 | 36 169 528 171
146 3795 | L1 70 TR
147 409.3 q - 171 4495 | 193
148 3922 | 1.22 72 3813 | 38
149 3753 | 337 173 3463 | 293
156 3773 | 361 174 4831 | 225
151 377.22 | 396 75 [ 4112 | 383
152 5045 | 1.99 176 315 | 402
153 3031 | 347 177 4855 | 402
154 3633 | 3.52 . 178 5285 | LIR
155 313 | 313 ' 179 a7 179
156 a075 | 32 180 479 A
157 4063 | 143 181 3875 | 2.56
138 3793 | 1.89 182 3653 | 3.13
159 451 334 . 183 493 23
160 3753 | 382
161 3551 | 332

311
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Compoun | LO/MS | LORT NMER Compoun | LC/MS | LORT NMR
d M+l | Min d M+1 | Min
No. Mo.
184 4613 | 2.4 | H NMR (400 190 4355 | 367 | HNMR (400
MHz, DMSO-d6) Mz, DMSO)
10.89 (s, 1), 11.83 (s, 1I1),
8.29 (s, 1H), 7.52 10.76 (s, 1H),
(s, 1H), 7.42-7.37 8.53 (s, 1HD), 7.93
(m, 2, 7.32 (dd. (d,T=18Hz
T=83 14Hz, 1H), 7.60 (dd, I =
1H), 7.01 (d, ] = | 2.3, 8.5 Hz, 11D,
10.9 Hz. 1H), 753 T=14
6.05(d T=17 Hz, 1H), 7.14 (d,
Hz, 1H), 4.29 (¢, 1 T = 8.6 Hz, 11D,
=5.0Hz, 1H), 7.02 - 697 (m,
3.23 (m, 2H), 2H), 6.02 (d, ] =
181 (1, T=7.7 1.5 Hz, 1H), 3.71
Hz, 21), 1.46 (m, (7 =62 Hz,
2H), 1.29 (s, 6H), 2H), 3.37(t. T =
1.13 (m, 2H) 6.2 Hz, 2H), 3.25
185 3775 | 3.63 (s, 3H), 1.4 (m,
2H), 1.32 (s, 9H),
187 391 52 191 213 33:
188 4355 | 164 192 044 | 095
189 3923 | 2.18 % Y T
104 465 1.69
193 342 | 229
196 3633 | 34
197 501 191
198 a1z | 314
199 439 1.89

312
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Compoan | LC/MS | LC/RT NMR Compoun | LC/MS | LC/RT NMR
d M+1 Min _ d M+1 Min
No. No.
200 434.4 1.33 211 381.3 3.69
201 462 322 212 461 2.04
202 351.3 2.59 213 469 1.72
203 495.2 271 214 363.3 3.48
204 435 3,94 215 432.3 3.07
205 397.3 3.69 216 403.5 3.94
206 493 2.26 217 420.4 1.27
207 487 1.87 218 475 22
208 391.3 2.94 219 4843 1.84
209 397.2 33 220 419.3 3.87
210 487.2 1.85 | HNMR (400 221 486.3 0.91
Milz, CD3CN) 222 3913 | 3.01
7.50(d, T=2.0
I'= 1.6 Hz, 2H), 224 349.2 2.54
7.37-7.32 (m,
225 375.5 3.74
2H), 7.25(d, ] =
8.3 Hz, 1H), 6.98 226 377.5 347 | HNMR (400
(dd, Y =2.1, &8 M1z, DMSO-d6)
Hz, 111, 6.27 (d, 10.76 (s, 1H),
I=0.6 Hz, 1H), £.39 (s, 111, 7.55
4.40 - 4.28 (m, (s, 1H), 7.15-7.13
2H), 4,12 - 4.06 {m, 1), 7.03~
(m, 1H), 3.39 - 6.89 {m, 4H},
3.51 (m, 21, 6.03 (m, 31,
1.59 - 1.50 (m, 1.41-1.38 {m,
2H), 1.47 (s, 9H), 2H), 1.32 (s, 9H),
1.15-1.12 (m, 1.04-1.01 (m, 2H)
21 337 3933 | 2.0




314
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Compoun | LC/MS | LO/RTE NMR Cempoun | LC/MS | LORT NMR
d M+1 Min d M+l Min
No, MNo.
228 "398.3 1.24 248 407.3 1.52 H NME (400
229 4872 | 178 MHz, DM50)
1074{d,1=12
230 361.1 | 347 Hz, 1), 8.40 s,
231 435.5 2.12 1H), 7.54(d, ) =
1.8 Hz, 1H), 7.15
232 321.3 2.91
{d,]=86Hz,
234 393.3 1.58 (m, 4H), 6.03-
_ 6.00 (m, 311,
¥
235 465 1.92 326-322 (m.
236 361.3 3.18 2H3, 1.85-1.80
), 1.41 -
237 451 18 (m, 2H), 1.4
1.38 (m, 21,
238 405.5 1379 131 (s, 6H).
239 5443 1.4 1.05-1.01 {m, 2H)
246 405.3 20 249 393.3 3.32
241 462 1.74 250 406.2 2.08
242 550 i.68 251 511 2.39
243 3052 1.98 252 379.3 3.3
244 T517.3 1.4 253 383 3.46
245 372.2 3.59 254 401.2 3.26
246 361.3 3.58 255 398.3 1.38
247 490 1.95 256 512.5 1.96
257 2892 3.05
258 321.3 3.02
259 392.1 2.74
260 462 - 1.81




WO 2016/054138 PCTIUS2009/063475
Compoun | LC/MS | LCRY NMR Compoun | LC/MS | LO/RT NMR
d Mol | Min d M+l | Min
No. Mo,
261 453 1.9t 264 4213 1.66 | HNMR {400
262 3493 | 322 Mz, CDICN)
8.78 (s, 1H), 7.40
263 391.1 367 | HNMR (400 (m, 111), 7.33 (s
MHz, DMSO) 1H), 7.08 (m,
1.01-1.05(dd, 1 = 1H), 6.95 - 6.87
40, 6.7 Hz, 2H), (m, 3H), 6.79 (m,
1.41- 139 (m, TH), 5.91 (s, 2H),
L1H), 3.81 (s, 3.51(dd, T=509,
3H), 6.03 (s, 2H), 7.8 I—iz; 2H), 2.92
6.15 (s, 15D, 6.96 . 2.88 {m, 2H),
- 6.90 (m, 2H}), 2.64{t,I=58
7.02(d,1=16 Hz, 1H), 1.50 (m,
Hz, 1H), 7.09 (dd, 2H), 1.41 (s, OH),
J=20,88 He, 1.06 (m, 2H)
1H), 7.25(d, ) =
8.8 Hz, 1H), 7.60 265 473 215
(d,J=19Hz, 266 3473 332
1), 8.46 (s, TH) 367 | 4205 | 181
263 416.2 1.76
269 485 2.06
270 395.3 3.89
271 492 1.59
272 405.5 3.96
273 5472 1.65%
274 631.6 1.91
275 590.4 2.02
276 465.7 179
277 411.3 2.14

W
]
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Compeun | LC/MS | LC/RT NMR Compoun | LC/MS | LO/RT NMR
d M+1 Min d M1 Min
Ne. No.
278 385.3 1.99 288 512.3 1.89 | HNMR (400
279 4253 | 219 Mz, DMSQ)
8.77 (s, 1H), 7.97
280 4732 | 174 (5. 150, 7.51 G,
281 469.4 | 2.02 1 HNMR (400 1H), 7.43 - 740
Mz, DMSO) (m, 2H), 7.33 (d,
8.82 (s, 1H), 7.84 J=8.2Hz, 1H),
(d, T =17 Hz, 6.36 (s, 1H), 4.99
1H),7.55-7.51 -4.97 (m, 2H),
(m, 2H}, 7.40 - 452(g,1=131
7.35 (m, 2H), Hz, 1H), 4.21 (ad,
7.29 (dd, F = 1.7, F=9.2,152 He,
8.3 Hz, 1H), 7.04 1H),3.86 (m,
(s, 111, 498 (¢, ] 1H),3.51 -3.36
= 5.6 Hz, 1H), (m, 2H), 1.51 -
427(, =61 1.48 (m, 2H),
Fz, 21), 3.67 (g, 1.43 (s, 9HD), 1.17
T =60 Hz, 2H), -1.15 (m, ZH)
148 (dd. T =40, 289 437.3 L6
6.7 Hz, 2H), 1.13
(dd, ] =4.1,6.8
Hz, 2H)
282 644.4 | 1.83
283 5446 | 197
284 4654 | 156
285 485.2 1.8
286 4752 1 1.87
287 564.2 1.95




WO 2010/654138
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Compoun | LC/MS | LC/RT NMR Compoun | LC/MS | LO/RT NMR
d M+l | Min d M+l | Min
No. No.
250 4995 | 1.81 | H NMR (400 291 4554 | 2.02 | HNMR (400
MHz, DMSO) MHz, DMSO)
8.82 (s, 111), 7.83 8.62 (s, 111), 7.56
(d, T =17 Hz, (s, 1H), 7.50 {s,
1H), 7.55 - 7.50 14), 7.38 (d, I =
{m, 2FD), 7.39 - £.3 Hz, 1H), 7.29
7.28 (m, 31), (dd, T =15, 8.3
7.03 (s, 1H), 4.97 Hz, 1H), 7.23 (d,
(d,7=56Hz, J=8.7 Hz, 1H),
1H), 483 (1, T = 7.06 (dd, T =17,
5.6 Hz, 1H), 4.33 8.7 Hz, 1H), 6.19
(dd,J =34, 15.1 (s, L), 4.86 (1, T
Hz, 1H), 4.09 (dd, = 5.4 Hz, 1H),
J=8.7,15.1 He, 40317 =61
110), 3.80 - 3.78 Yz, 2H), 3.73 (qn,
(m, 1H), 3.43 - 1=8.5 He, 1H),
3.38 (m, 13D, 3.57(q.1=59
3.35 - 3.30 (m, Hz, 2H), 2.39 -
1H), 1.49 - 146 2.33 (m, 2H),
(m, 2H), 1.14 - 2,18 - 1.98 (m,
111 (m, 25 3H), 1.88 - 1.81
{m, 1H), 1.47 -
1.44 (m, 2H),
1.11 - L.O9 (m.
2H)
262 5764 | 199
293 630.4 1.8




WO 2010/054138 PCT/US2009/063475
Compoun | LO/MS | LO/RT NMR Compoun | LC/MS | LO/RT NMR
d M+1 Min d M+1 Min
No. Mo.
204 4434 | 198 | HNMR (400 205 4823 2 | HNMR 400
MHz, DMSO) MHz, DMSO)
8.62 (s, 14}, 7.55 8.78 (s, TH), 7.92
(d.1=18 Hz, (5. 1H), 7.51 (s,
1H), 7.50 (4,7 = 1H), 745 (s, 1H),
1.5 Hz, 1H), 7.38 741 (d, J = 8.3
(d,T =83 Hz, Hz, 1H), 7.33 (4,
1H), 7.30 - 7.24 T=8.4Hz, 11D,
(m, 2H), 7.05 (dd, 6.34 (s, 1H), 5.01
I=2.0,8.8 Hz, (L1=57Hz,
1H), 6.13 (s, 1H), 1), 4.43 (£ ] =
488 (1§ =5.5 6.6 Hz, 7H), 3.68
Hz, 1H), 4.14 (1, ) (m, 2H). 1.51 -
= 6.1 Hz, 21), 1.47 (m, 2H),
3.61 (m, 2H), 1.42 (s, SH), 1.19
3.21 (septet, | = -1.15{m, 2H)
6.8 Hz, 1H), 147 296 4387 | 2.12 | HNMR (400
- 144 (m, 2H), MHz, DMSO)
1.26 (d, ] = 6.8 143 (5. 1ED,
Hz, 6H), 1.11 - 8.74 (s, 1H), 7.63
108 (m. 2H) (s, 1H), 7.51 (s,
1H), 7.45 - 7.40
(m, 2H), 7.33 (dd,
T= 14,83 Hz,
1H), 6.25 (d, T =
1.5 Hz, 1H), 1.51
- 1.48 (m, 2H),
1.34 (s, 9H), 1.17
114 (n, 2H)
207 403 | 16
798 3175 | 1.64

318
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Compoun | LC/MS | LC/RT NMR Compoun | LC/MS | LC/RT NMR
d M+l | Min d M+l | Min
No. No.
299 391.5 2.05 304 425.1 2.04 HNMR (400
300 193 | 1.59 MHz, DMS0)
12.16 (s, 11D,
301 5012 1.93 8.80 (s, 1H), 7.83
302 503.5 1.63 (s, 11, 7.51 {d,]
= 1.4 Hz, 11,
303 437.3 1.6
7.39 -7.28 (m,
41, 6.95 (s, HH),
1.48(dd, 1 =40,
6.0 Hz, 2H), 1.13
(dd, T =4.0,67
Hz, 2H)
305 459.2 1.67
306 558.4 2.05
Cmpd. | LC/MS | LCRT NMR
Na, U 2N Min
307 447.5 1.93

308 516.7 1.69

"H NMR (400 MHz, DMSO-d6) 8 8.32 (s, 1H), 7.53 (s,
1H), 7.43 - 7.31 (m, 41D, 6.19 (s, 1D, 4.95 - 4.93 (m,
OH3, 4.51 (d, J = 5.0 Hz, 1H), 4.42 - 4.39 (m, 2H), 4.10
_4.04 (m, 1H), 3.86 (s, 1H), 3.49 - 3.43 (m, 2H), 3.41 -
3.33 (m, 1H), 3.30 - 3.10 (m, 6H), 2.02 - 1.97 (m, 2H),
1.48 - 1.42 (m, 8H) and 1.13 (dd, } = 4.0, 6.7 Hz, 2H)
ppm

308 536.7 1.79

TH NMR (400.0 MHz, DMSG) d 8.43 (s, 1H), 7.53 (s,
1H), 7.45 - 7.41 (m, 2H), 7.36 - 7.31 (m, 2H), 6.27 (s,
1H), 4.74 - 4,70 (m, 2H), 3.57 - 3.53 (m, 2H), 3.29 (s,
9H), 1.48 - 1.42 (m, 11H), and 1.15 (dd, ] = 3.9, 6.8
Hz, 2H) ppm. '

310 609.5 1.64

319
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311 | B3GT 1.7 | 'H NMR (400 MHz, DMSO-d6) 6 8.32 (s, 1H), 7.53 (d,
: J=1.0 Hz, 1H), 7.43 - 7.31 (m, 4H), 6.17 (s, 1H), 4.97
-4.92 (m, 2H), 4.41 (dd, } = 2.4, 15.0 Hz, 1H}, 4.23 (4,
I=5.0Hz, 1H), 4.08 (dd, ] =8.6, 5.1 Hz, 1H), 3.87 (s,
IH), 3.48 - 3.44 (m, 1H), 3.41 - 3.33 (m, 1H), 3.20 {(dd,
J=74,12.7Hz, 2H), 1.94 - 1.90 (m, 2H), 1.48 - 1.45
(m, 2H), 1.42 (s, 3H), 1.41 (s, 3H) and 1.15 - 1.12 (m,
2H) ppm.

312 443 2.31 "H NMR (400 MHz, DMSO-d6) 8 8.93 (s, 1H), 7.71 (d.
I'=8.8 Hz, 1H), 7.51 (s, 1H), 742 (d, J = 8.3 Hz, 1H),
7.33(d, I=1.6Hz, 1H), 7.08 {d, ] = 8.8 Hz, tH), 6.28
(s, I1H), 5.05(t, J= 5.6 Hz, 1H), 442 (t, ] = 6.8 Hz,
2H), 3.70 - 3.65 (m, 2H), 1.51 - 1.48 (m, 2H), 1.44 (s,
9H}, 1.19 - 1.16 (m. 2H) ppm.

313 521.5 1.68 TH NMR (400.0 MHz, CD3CNYd 7.69 (d, J = 7.7 Hz,
1H), 744 (d, T=1.6Hz, 1H), 7.39(dd, ] = 1.7, 8.3 Hz,
IH), 7.31 (s, I1H), 7.27 (d, ] = 8.3 Hz, 1H}),7.20(d, I =
12.0 Hz, 1H), 6.34 (s, 1H), 4.32 (¢, ] = 6.8 Hz. 2H),
4.15-4.00 (m, 1H), 3.89 (dd, ] = 6.0, 11.5 Hz, 1H),
3.63-3.52(m, 3H),3.42(d, I =4.6 Hz, 1H), 3.21 (dd,
F=6.2,72Hz, 1H),3.04 (t,] = 5.8 Hz, 1I1), 1.59 {dd,
F=38,6.8 Hz, 2H), 1.44 (s, 3H), 1.33 (s, 3H) and 1.18
(dd, ] = 3.7, 6.8 Hz, 2H) ppm

314 447.5 1.86 "H NMR (400 MHz, DMSO-d6) § 8.20 (d. 1 = 7.6 Hz,
1Hj), 7.30 - 7.25 (m, 3H), 7.26 (m, 1H), 7.12(d, } = 8.2
Hz, 1H), 6.84(d,J=13i.1 Hz, 1H), 6.01 (d, I = 0.5 Hz,
IH), 3.98 (t, ] = 6.8 Hz, 2H), 2.37 {t, ] = 0.8 Hz, 2H),
1.75 (dd, J = 3.8, 6.9 Hz, 2H), 1.37 (s, 6H) and 1.14
(dd, 1 =3.9,6.9 Hz, 2H) ppm.

316 | 4855 | 1.99 | H NMR (400 MHz, DMSO) 8.93 (s, 1H), 7.71 (d, ] =

| 8.8 Hz, 1H), 7.51 (s, 1H), 7.42 (d. J = 8.3 Hz, 1H), 7.33
(d,J=1.6Hz, 1H), 7.08 (d, J = 8.8 Hz, 1H), 6.28 (s,
1H), 5.05 (t, ] = 5.6 Hz, 1H), 4.42 (t, ] = 6.8 Hz, 2H),
3.70 - 3.65 (m, 2H), 1.51 - 1.48 (m, 2H), 1.44 (s, 9H),
1.19 - 1.16 (m, 2H)

316 | 4387 | 21 | H NMR (400 Miz, DMSO) 11.48 (s, L H), 8.88 (s,
1H), 7.52 (d, T = 8.5 Hz, 2H), 7.41 (d, T = 8.3 Hz, 1H),
7.32 (dd, J = 1.5, 8.3 Hz, 1H), 7.03 (d, J = 8.6 Hz, 1H),
621 (d,] = 1.8 Hz, 1H), 1.51 - 1.49 (m, 2H), 1.36 (s,
9H), 1.18 - 1.16 (m, 2H) ppm.

317 439.4 1.38

318 469.018 1.86

318 469.016 1.66
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32C 465.7 1.79 | HNMR (400 MHz, DMS0) 9.26 (s, 1H), 7.65 (d, ] =
1.9Hz, 1H), 749 (d,J=8.7 Hz, 2H), 7.36 (d, ] = 8.9
Hz, 1H), 7.11 (dd, J = 1.9, 8.9 Hz, 1H), 6.89 (d. ] = 8.8
Hz, 2H), 6.14 (s, 1H). 4.42 - 4.37 (m, 1H). 4.16 - 410
(m, 1H), 3.90 - 3.88 {m, 1H), 3.73 (s, 3H), 3.46 - 3.42
{m, ZH), 1.41 (s, 9H), 1.36 (d, ] = 5.0 Hz, 1H), 1.21 (s,
3H), 0.99 (d, } = 5.0 Hz, 1H), 0.84 (s. 31D

321 391.5 2.05 | H NMR (400 MHz, DMSO) 10.73 (s, 1H}, 9.23 (s,
1H), 7.61 (d, } = 1.5 Hz, 1H), 7.49 (d, ] = 8.8 Hz, 2H),
7.13 (s, 1H), 7.10(d, J=1.9 Hz, 1H), 6.88 (d, ] = 8.8
Hz, 2H), 6.02 (d. J = 1.8 Hz, 1H), 3.73 (s, 3H}, 1.36 (d,
J=5.0Hz 1H), 1.31 (5, 9H), 1.22 (s, 38), 0.98 (d, J =
5.0 Hz, 1H), 0.84 (s, 3H)

322 521.5 1.67 1H NMR (400.C MHz, DMS(Q) d 8.31 (s, 1H), 7.533 (d,
J=1.1Hz, I, 7.42 -7.37 (m, 2H), 7.33 - 7.30 (m,
2H), 622 (s, 1H), 5.01 (d,1=5.0Hz, 1H), 491 {t,J =
35Hz, 1H), 475, =58 Hz, 1H), 4.42 - 438 (m,
1H), 4.10 (dd, J = 8.8, 15.1 Hz, 1H), 3.90 (s, 1H), 3.64
-3.54 (m, 2H), 3.48 - 3.33 {m, 2HD), 1.48 - 1.45 (m,
2H), 1.35 (s, 3H), 1.32 (s, 3H) and 1.14 - 1,11 (m, 2H)
ppm

Assays for Detecting and Measuring AFS08-CFTR Correction Properties of Compounds

Membrane potential optical methods for assaying AFS08-CFTR modulation properties of

compounds,

The assay utilizes fluorescent voltage sensing dyes to measure changes in membrane
potential using a fluorescent plate reader (e.g., FLIPR ITI, Molecular Devices, Iné.} as a readout
for increase in functional AF508-CFTR in NIH 3T3 cells. The driving force for the response is
the creation of a chlorideion gradient in conjunction with channel activation by a single liquid
addition step after the cells have previously been treated with compounds and subsequently

{oaded with a voltage sensing dye.
Identification of Correction Compounds

To identify small molecules that correct the trafficking defect associated with AF508-

CFIR; a single-addition HTS assay format was developed. Assay Plates containing cells are
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incubated for ~2-4 hours in tissue culiure incubator at 370, 5%C0z, 90% humidity. Cells are then

ready for compound exposure after adhering to the bottom of the assay plates. -

The cells were incubated in serum-free mé—;dium for 16-24 hrs in tissue culture incubator at
370C, 5%C02, 90% humidity in the presence or absence (negative control) of test compound. The
cells were subsequently rinsed 3X with Krebs Ringers sofution and loaded with a voltage sensing
redistribution dye. To activate AF508-CFTR, 10 uM forskolin and the CFTR potentiator,
genistein (20 UM}, were added along with Ci'-free medium to each well. The addition of CI -free
medtum promoted C1” efflux in response to AF508-CFTR activation and the resulting membrane

depolarization was optically monitored using voltage sensor dyes.
Identification of Potentiator Compounds

To identify potentiators of AFS08-CFTR, a double-addition HTS assay format was
developed. This HTS assay utilizes fluorescent voitége sensing dyes to measure changes in
membrane potential on the FLIPR i1 as a measurement for increase in gating (conductance) of
AF508 CFTR in temperature-corrected AF508 CFTR NIH 3T3 cells. The driving force for the
response is a CI” ion gradient in conjunction with channe] activation with forskolin in a single
liquid addition step using a fluoresecent plate reader such as FILIPR IIT after the ceﬁs have
previously been treated with potentiator compounds (or DMSO vehicle control) and
subsequently Toaded with a redistribution dye.

Solutions:

Bath Solution #1: (in mM) NaCl 160, KC1 4.5, CaCl, 2, MgCl, 1, HEPES 10, pH 7.4
with NaOH.

Chioride-free bath solution: Chloride salts in Bath Solution #1 are substituied with

gluconate salts.
Cell Culture

NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used for optical
measurements of membrane potential. The cells are maintained at 37 °C in 5% CO, and 90 %
humidity in Dulbecco’s modified Eagle’s medium supplemented with 2 mM glatamine, 10 %

fetal bovine serum, 1 X NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in 175 cm” culture
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flasks. For all optical assays, the cells were seeded at ~20,000/well in 384-well matrigel-coated
plates and cultured for 2 hrs at 37 °C before culturing at 27 °C for 24 hrs. for the potenti_afor
assay. For the correction assays, the cells are cultured at 27 °C or 37 °C with and without
compounds for 16 — 24 hours.

Electrophysiological Assays for assaying AF508-CFIR modulation properties of

commpounds,
1.Ussing Chamber Assay

Ussing chamber experiments were performed on polarized airway epithelial ceils
expressing AF508-CFIR to further characterize the AF508-CFTR modulators identified in the
optical assays. Non-CF and CF airway epithelia were isolated from bronchial tissue, cultured as
previously described (Galietta, ..J. V., Lantero, 8., Gazzolo, A., Sacco, O., Romano, L., Rossi, G.A., &
Zegarra-Moran, O. (1998) In Vitro Cell. Dev. Biol. 34, 478-481), and plated onto Costar® Snapwellw
filters that were precoated with NTH3T3-conditioned media. After four days the apical media
was removed and the cells were grown at an air Hquid interface for >14 days prior to use. This
resulted in a monolayer of fully differentiated columnar cells that were ciliated, features that are
characteristic of airway epithelia. Non-CF HBE were isolated from non-smokers that did not
have any known lung disease. CF-HBE were isolated from patients homozygous for AF508-

CFTR.

HBE grown on Costar® Snapwell™ cell culture inserts were mounted in an Ussing
chamber (Physiologic Instruments, Inc., San Diego, CA), and the transepithelial resistance and
short-circuit current in the presence of a basolateral to apical Cl gradient (Isc) were measured
using a voltage-clamp system (Department of Bioengineering, University of lowa, IA). Briefly,
HBE were examined under voltage-clamp recording conditions (Ve = 0 mV) at 37 °C. The
basolateral sohution contained (in mM) 145 NaCl, 0.83 K;HPO,, 3.3 KH,PO., 1.2 MgCl,, 1.2
CaCly, 10 Glucose, 10 HEPES (pH adjusted to 7.35 with NaOH) and the apical solution
contained (in mM) 145 NaGluconate, 1.2 MgCl,, 1.2 CaCly, 10 glucose, 10 HEPES (pH adjusted
to 7.35 with NaOH).

Identification of Correction Compounds
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Typical protocol utilized a basolateral to apical membrane CT concentration gradient. To
set up this gradient, normal ringer was used on the basolateral membrane, whereas apical NaCl
was replaced by equimolar sodium gluconate (titrated to pH 7.4 with NaGH) to give a large CI
concentration gradient across the epithelium. All experiments were performed with intact
monolayers. To fully activate AF508-CFTR, forskolin (10 M), PDE inhibitor, IBMX (100 uM)
~and CFTR potentiator, genistein {50 uM) were added to the apical side.

As observed in other cell types, incubation at low temperatures of FRT cells and human
bronchial epithelial celis isolated from diseased CF patients (CF-HBEjexpressing AF508-CFTR
increases the functional density of CFTR in the plasma membrane. To determine the activity of
correction compounds, the cells were incubated with test compound for 24-48 hours at 37°C and
were subsequently washed 3X prior to recording. The cAMP- and genistein-mediated Isc in
compound-treated cells was normalized to 37°C controls and expressed as percentage activity of
CFTR activity in wt-HBE. Preincubation of the cells with the correction compound significantly

increased the cAMP- and genistein-mediated Igc compared to the 37°C controis.
Identification of Potentiator Compounds

Typical protoco] utilized a basolateral to apical membrane Cl” concentration gradient. To
set up this gradient, normal ringers was used on the basolateral membrane, whereas apical NaCl
was replaced by equimolar sodium gluconate (titrated to pH 7.4 with NaOH) to give a large CI
concentration gradient across the epithelium. Forskolin (10 pM) and all test compounds were
added to the apical side of the cell culture inserts. The efficacy of the putative AF508-CFTR

potentiators was compared to that of the known potentiator, genistein,
2. Patch-clamp Recordings

Total CI” current in AF508-NIH3T3 cells was monitored using the perforated-patch
recording configuration as previously described (Rae, J., Cooper, K., Gates, P., & Waisky, M.
(1991} J. Neurosci. Methods 37, 15-26). Voltage-clamp recordings were performed at 22 °C
using an Axopatch 200B patch-clamp amplifier {(Axon Instruments Inc., Foster City, CA). The
pipette solution contained (in mM) 150 N-methyl-D-giucamine (NMDG)-Cl, 2 MgCl,, 2 CaCl,,
10 EGTA, 10 HEPES, and 240 pg/mi amphotericin-B (pH adjusted to 7.35 with HCI), The
extracelluiar medium contained (in mM) 150 NMDG-C1, 2 MgCl,, 2 CaCl,, 10 HEPES (pH

-324 -



WO 2010/654138 PCT/US2009/063475

adjusted to 7.35 with HC1). Pulse generation, data acquisition, and analysis were performed
using a PC equipped with a Digidata 1320 A/D interface in conjunction with Clampex § (Axon
Instruments Inc.). To activate AFS08-CFTR, 10 uM forskolin and 20 uM genistein were added

to the bath and the current-voltage relation was monitored every 30 sec.
Identification of Correction Cempounds

To determine the activity of correction compounds for increasing the density of
functional AF508-CFTR in the plasma membrane, we used the above-described perforated-
patch-recording techniques to measure the current density following 24-hr treatment with the
correction compounds. To fully activate AFS08-CFTR, 10 uM forskolin and 20uM genistein
were added to the cells, Under our recording conditions, the current density following 24-hr
incubation at 27°C was higher than that observed following 24-hr incubation at 37 °C. These
results are consistent with the known effects of low-temperature incubation on the density of
AF508-CFTR in the plasma membrane. To determine the effects of correction compcunds on
CFTR current density, the cells were incubated with 10 uM of the test compound for 24 hours at
37°C and the current density was compared to the 27°C and 37°C controls (% activity).. Prior to
recording, the cells were washed 3X with extracellular recording medium to remove any
remaining test compound. Preincubation with 10 uM of correction compounds significantly

increased the cAMP- and genistein-dependent current compared to the 37°C controls.
Identification of Potentiator Compounds

The ability of AF508-CFTR potentiators to increase the macroscopic AFS08-CFIR CI°
current {Iarsog) in NIH3T3 cells stably expressing AF508-CFTR was also investigated using
perforated-patch-recording techniques. The potentiators identified from the optical assays
evoked a dose-dependent increase in 1Arpses with similar potency and efficacy observed in the
optical assays. In all cells exarﬁined.} the reversal potential before and during potentiator

application was around -30 mV, which is the calculated Eqy (-28 mV).

Cell Culture

NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used for whole-cell

recordings. The cells are maintained at 37 °C in 5% CO, and 90 % humidity in Dulbecco’s
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modified Eagle’s medium supplemented with 2 mM glutamine, 10 % fetal bovine serum, 1 X
NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in 175 cm’ cuiture flasks. For whole-cell
recordings, 2,500 - 5,000 cells were seeded on poly-L-lysine-coated glass coverslips and cultured
for 24 - 48 hrs at 27 °C before use to test the activity of potentiators; and incubated with or

without the correction compound at 37 °C for measuring the activity of correctors.
3.Single-channel recordings

Gating activity of wt-CFTR and temperature-corrected AFS08-CFTR expressed in
NIH3T3 cells was observed using excised inside-out membrane patch recordings as previously
described (Dalemans, W., Barbry, P., Champigny, G., Jallat, 5., Dott, K., Dreyer, ., Crystal, R.G.,
Pavirani, A.,_Lecocq, I-P., Lazdunski, M. (1991) Nature 354, 526 - 528) using an Axopatch 200B
patch-clamp amplifier (Axon Instruments Inc.). The pipette contained (in mM): 150 NMDG,
150 aspartic acid, 5 CaCl,, 2 MgCly, and 10 HEPES (pH adjusted to 7.35 with Tris base). The
bath contained (in mM): 150 NMDG-Cl, 2 MgCl,, 5 EGTA, 10 TES, and 14 Tris base (pH
adjusted to 7.35 with HC1). After excision, both wt- and AF508-CFTR were activated by adding
1 mM Mg-ATP, 75 nM of the catalytic subunit of cAMP-dependent protein kinase (PKA;
Promega Corp. Madison, W1}, and 10 mM NaF to inhibit protein phosphatases, which prevented
current rundown. The pipette potential was maintained at 80 mV. Channel activity was
analyzed from membrane patches containing < 2 active channels. The maximum number of
simultaneous openings determined the number of active channels during the course of an
experiment. To determine the single-channel current amplitude, the da’cﬁ recorded from 120 sec
of AF508-CFTR activity was filtered “off-line” at 100 Hz and then used to construct all-point
amplitude histograms that were fitted with multigaussian functions using Bio-Patch Analysis
software {Bio-Logic Comp. France). The total microscopic current and open probabulity (P,)
were determined from 120 sec of channel activity. The P, was determined using the Bio-Patch
software or from the relationship P, = Vi(N), where I = mean current, i = single-channel current

amplitude, and N = number of active channels in patch.
Cell Culture

NIH3T3 mouse fibroblasts stably expressing AF508-CFTR are used for excised-

membrane patch-clamp recordings. The cells are maintained at 37 °C in 5% CO; and 90 %
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humidity in Dulbecco’s modified Eagle’s medium supplemented with 2 mM glutamine, 10 %

~ fetal bovine serum, 1 X NEAA, B-ME, 1 X pen/strep, and 25 mM HEPES in 175 em’ culture
flasks. For single channel recordings, 2,500 - 5.000 cells were seeded on poly-L-lysine-coated
glass coverslips and cuitured for 24 - 48 hrs at 27 °C before use.

[001617] The compounds of Table I were found to exhibit Correction activity as measured in

the assay described above.

[001618] Compounds of the invention are useful as modulators of ATP binding cassette
transporters. Using the procedures described above, the activities, i.e., EC50s, of compounds of
the present invention have been measured to be from about 3.8 nM to about 13.5 uM. |
Furthermore, using those methods described above, the efficacies of compounds of the present

invention have been measured 1o be from about 35 % to about 110 %.

In Table 4, the following meanings apply:

EC30: “4+++" means <2 uM; “4+-+7 means between 2 uM to 5 uM; “+7 means between 5

UM to 25 uM.

% Efficacy: ““+” means < 25%; “++” means between 25% and 100%; “+++" means >
100%.
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Tabie 4.

Cmpd. | EC50 | Binned Max Binned
No. EC50 | Efficacy Max
Efficacy

307 0.981 4t 160 +++
308 3.095 e 100 i
309 0.0381 ] 122 -+
310 0.1595 +++ 120.5 A+t
311 0.08175 | +4++ 126 et
312 0.181 ++ 117.5 Pt
313 0.2835 o 102 -
314 0.2285 o 124.5 -
315 0.272 +++ 106 +++
316 0.285 +++ 126.5 bt
317 4,525 ++ 65.5 4+

318 0.06595 ¢+ 4+ 132 At
319 0.03905 | +++ 125.5 -+
320 4,315 ++ 94 ++

321 1.81 +++ 76 ++

322 1 - None

[601019] OTHER EMBODIMENTS

[601026] 1t is to be understood that while the invention has been described in conjunction with
the detailed description thereof, the foregoing description is intended to illustrate and not limit
- the scope of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.
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We claim:

[ 3]

A compound of formula Ila:

H L
N
O
F>< N
F o © N
F v R
R4
a
or a pharmaceutically acceptable salt thereof, wherein independently for each occurrence:
Ry4is H, ~CH,CH(OH)CH,OH, -CH,CH,N"(CH3)3, or -CH.CH,0OH; and
Rs is OH, -CH,OCH,CH(OH)CH,OIl, -CH,0H, or R4 and R taken together form a
fused pyrrolidine ring;

provided that the compound is not
H
>< N
F o . N\
OH .

The compound of claim 1, wherein Ry is (R)-CH,CH(CINCH,OH, (S)-
CH,CH(OH)CH,OH, -CH,CH,N '(CHs)s, or <CH,CH,OH.

The compound of claim 1, wherein Rs is OH, -CH,OCH,CH(OH)YCH,OH, or -CH,OH.
The compound of claim 1, wherein Ry is (R)-CH,CH(OH)CH,OH, (S5)-
CH,CH(OH)CH,0H, -CH,CH,N'(CHj)s, or -CH,CH,OH; and R; is OH, -

CH,0CH,CH(OH)CH,OH, or -CH,OH.

‘The compound of claim 1 which is selected from:
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A pharmaceutical composition comprising

(i) a compound according to claims I to 5; and

(ii) a pharmaceutically acceptable carrier.

The composition of claim 6, further comprising an additional agent selected from a
mucolytic agent, bronchodilator, an anti-biotic, an anti-infective agent, an antj-

inflammatory agent, CFTR corrector, CFTR potentiator, or a nufritional agent,

In vitro vse of the compound of formula Ila to increase the number of functional ABC
transporters in a membrane of a cell, comprising the step of contacting said cell with a

compound of formula Ia:
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10.

11.

12

N
ST T
Ry

Ila
or a pharmaceutically acceptable salt thereof, wherein independently for each occurrence:
R4 is H, -CH,CH(OH)CH,OH, -CH,CH,N (CHs)s, or -CH,CH,OH; and
Rs is OH, -CH>,OCH,CH({OH)CH,OH, -CH,0H, or R4 and R; taken together form a
fused pyrrolidine ring;

provided that the compound is not

F = N
<X T T .
OH .

The in vitro use of claim 8, wherein Ry is (R)-CH>CH(OH)CH,O0H, (S)- |
CH,CH(OH)CH,OH, -CH,CH,N"(CHs)s, or -CH,CH,OH.

The in vitro use of ¢laim 8, wherein Rs is OH, —CHgOCHZCH(OH)CHg()H, or -CH,0OH.
The in vitro use of claim 8, wherein Ry is (R)-CH,CH(OHCH,OH, (S)-
CH,CH(OH)CH,OH, -CH,CHyN ' (CHa)s, or -CH,CH,0H; and R is OH, -

CH,OCH,CH(OH)CH,0H, or -CH,OH.

The in vitro use of claim 8, wherein the compound is selected from:
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The compound having formula Tfa: _
Ho
F><O l I \> ; _
F 0 © F N Rs
R4
IJa - .

or a pharmaceutically acceptable salt thereof, wherein independently for each occurrence:

Rsis H, -CH,CH(OH)CH,0H, ~CH,CH,N"(CH,)3, or -CH,CH,OH; and
Ry is OH, -CH,OCH,CH(OH)CH,0H, -CH,OH, or R4 and R; taken fogether form a fused

pyirolidine ring;

* provided that the compound is not

ODX”E:Q\/%/\fOH
F N

OH .
for use in treating a condition, disease, or disorder selected from cystic fibrosis,

hereditary emphysema, hereditary hemochromalosis, coagulation-fibrinolysis deficiencies, such

as protein C deficiency, Type 1 hereditary angicedema, lipid
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14.

15.

16.

17.

processing deficiencies, such as familial hypercholesterolemia, Type 1 chylomicronemia,
abetalipoproteinemia, lysosomal storage discases, such as I-cell disease/pseudo-Hurler,
mucopolysaccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type II,
polyendocrinopathy/hyperinsulinemia, diabetes mellitus, laron dwarfism,
myeloperoxidase deficiency, primary hypoparathyroidism, melanoma, glycanosis CDG
type 1, hereditary emphysema, congenital hyperthyroidism, osteogenesis imperfecta,
hereditary  hypofibrinogenemia, ACT deficiency, diabetes insipidus (DI},
neurchypophyseal DI, nephrogenic DI, Charcot-Marie Tooth syndrome, Pelizaeus-
Merzbacher disease, neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, amyotrophic lateral sclerosis, progressive supranuclear plasy, Pick’s
disease, several polyglutamine neurological disorders such as Huntington, spinocercbellar
ataxia type 1, spinal and bulbar muscular atrophy, dentatorubral pallidoluysian atrophy,
and myotonic dystrophy, as well as spongiform encephalopathies, such as hereditary
Creutzfeldt-Jakob diséase, Fabry disease, Gerstmann-Straussier-Scheinker syndrome,
COPD, dry-eye disease and Sjogren’s disease, male infertility and pancreatic

msufficiency.

The compound for use of claim 13, wherein Ry is (R)}-CH,CH(OH)CH,OH, (5)-
CH,CH(OH)CH,OH, -CH>CH,N (CHj)s, or -CH,CH,OH.

The compound for use of claim 13, wherein Rs is OH, -CH,OCH,CH(OH)CH,OH, or -
CH,OH. '

The compound for use of claim 13, wherein Ry is (R)-CHCH(OH)YCH,OH, (S)-
CH,CH(OH)CH,0H, -CH,CHoN'(CH;);, or -CH,CH,OH; and Rs is OH, -
CH>OCH,CH(OH)YCH,OH, or -CH,OH.

The compound for use of claim 13, wherein the compound is selected from:
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A kit for use in measuring the activity of a ABC transporter o a fragment thereof in a biological

sample in vifro or in vivo, comprising:

(i) a first composition comprising a compound of formula Ila;

Vas
F><O O N
F O/ O F ‘N\ Rs

R,
ila
or a pharmaceutically acceptable salt thereof, wherein independently for each dccurrence:
Rsis H, _CH,CH(OH)CH,OH, -CH,CH,N'(CH,),, or -CH,CH,OH; and ‘
Rs is OH, -CH,OCH,CH(OH)CH,OH, -CH,OH, or R, and Rs taken together form a fused
pyrrolidine ring;

provided that the compound is not

~" "OH

2

Z N

OH

(i1} instructions for:
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a) contacting the composition with the biological sample;

b) measuring activity of said ABC transporter or a fragment thereof.

The kit of claim 18, wherein R4 is (R)-CH,;CH(OH)CH,0H, ($)-CH,CH(OM)CH,0H, -
CH,CHyN™(CH3)s, or -CH,CH,OH.

The kit of claim 18, wherein Rs is OH, ~-CH,OCH,CH(OH)YCH,OH, or -CH>OH.

The kit of claim 19, wherein Ry is (R)-CH,CH(OH)CH,0H, (5)-CHCH(OH)CH,0H, -
CH,CH,N'(CHz)s, or -CH,CH,OH; and Rs is OH, -CH,OCH,CH(OH)CH,OH, or -
CH,OH.

The kit of claim 19, wherein the compound wherein the compound is selected from:
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23, A compound which is:

| "

F_ O N OH
N

O R PO

OH
OH
or a pharmaceutically acceptabie salt thereof.
24. A pharmaceutical composition comprising
1) a .compound whicl is;
\/ H
ST Y
F* o © N
| OH
OH
{ii) a pharmaceutically acceptable carrier.
25. ‘The composition of claim 24, further comprising an additional agent wherein the additional agent

is N-(5-hydroxy-2,4-ditert-butyl-phenyl)-4-oxo-1H-quinoline-3-carboxamide,

26. Use of a compound of claim 23 in the manufacture of a medicament for the freatment of a disease

or disorder selected from male infertility and pancreatic insufficiency.

27. Use of a compound of claim 23 in the manufacture of a medicament for the treatment of
cystic fibrosis.

28. The composition of claim 6, further comprising an additional agent wherein the additional
agent is N-(5-hydroxy-2,4-ditert-butyl-phenyl)-4-0x0-1H-quinoline-3-carboxamide.

29. Use of a compound of claim 23 in the manufacture of a medicament for the treatment of a
disease or disorder selected from hereditary emphysema, COPD, and dry-eye disease.
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