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COMPOUNDS USEFUL IN CFTR ASSAYSAND METHODS THEREWITH

TECHNICAL FIELD OF THE INVENTION

[001] The present invention relates to compounds useful in CFTR assays. The present

invention also relates to compounds useful in monitoring CFTR activity in therapies for CFTR-

mediated diseases. The present invention also provides an assay for use in measuring CFTR

correction.

BACKGROUND OF THE INVENTION

[002] ABC transporters are a family of membrane transporter proteins that regulate

the transport 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 cellular adenosine triphosphate (ATP) for their specific activities. Some of these

transporters were discovered as multidrug resistance proteins (like the MDRl-P glycoprotein,

or the multidrug resistance protein, MRPl), 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.

[003] 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 treatment of diseases associated with defects

in the transporter, prevention of drug transport out of the target cell, and intervention in other

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

[004] 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 transport throughout

the body, including respiratory and digestive tissue. CFTR is composed of approximately 1480

amino acids that encode a protein made up of a tandem repeat of 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.

[005] The gene encoding CFTR 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 .

R. et al. (1989) Science 245: 1066-1 073). A defect in this gene causes mutations in CFTR

resulting in cystic fibrosis ("CF"), 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 single 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.

[006] In patients with cystic fibrosis, mutations in CFTR endogenously expressed in

respiratory epithelia leads to reduced apical anion secretion causing an imbalance in ion and

fluid transport. 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 left 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.

[007] 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 245:1073-1080;

Kerem, B-S et al. (1990) Proc. Natl. Acad. Sci. USA 87:8447-8451). To date, > 1000 disease

causing mutations in the CF gene have been identified (http://www.genet.sickkids.on.ca/cftr/) .

The most prevalent mutation is a deletion of phenylalanine at position 508 of the CFTR amino

acid sequence, and is commonly referred to as ∆F508-CFTR. This mutation occurs in

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



[008] The deletion of residue 508 in ∆ F508-CFTR prevents the nascent protein

from folding correctly. This results in the inability of the mutant protein to exit the ER, and

traffic 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 number 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. (1990), FASEB J. 4 : 2709-2727). Studies

have shown, however, that the reduced numbers of ∆F508-CFTR in the membrane are

functional, albeit less than wild-type CFTR. (Dalemans et al. (1991), Nature Lond. 354: 526-

528; Denning et al., supra; Pasyk and Foskett (1995), J. Cell. Biochem. 270: 12347-50). In

addition to ∆F508-CFTR, other disease causing mutations in CFTR that result in defective

trafficking, synthesis, and/or channel gating could be up- or down-regulated to alter anion

secretion and modify disease progression and/or severity.

[009] 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 include the epithelial

Na+ channel, ENaC, Na+/2C17K+ co-transporter, Na+-K+-ATPase pump and the basolateral

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

[010] 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 ENaC and CFTR present on the apical membrane and

the Na+- +-ATPase pump and Cl- channels expressed on the basolateral surface of the cell.

Secondary active transport of chloride from the luminal side leads to the accumulation of

intracellular chloride, which can then passively leave the cell via Cl channels, resulting in a

vectorial transport. Arrangement of Na+/2C17K+ co-transporter, Na+-K+-ATPaSepump 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 on tiny transepithelial

osmotic gradients generated by the bulk flow of sodium and chloride.

[011] In addition to cystic fibrosis, modulation of CFTR activity may be beneficial

for other diseases not directly caused by mutations in CFTR, such as secretory diseases and



other protein folding diseases mediated by CFTR. Such CFTR-mediated diseases include, but

are not limited to, chronic obstructive pulmonary disease (COPD), dry eye disease, and

Sjogren's Syndrome. COPD is characterized by airflow limitation that is progressive and not

fully reversible. The airflow limitation is due to mucus hypersecretion, emphysema, and

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 CFTR may facilitate fluid transport into the airway 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 mucin profiles. There are many causes of dry eye, some of which include

age, Lasik eye surgery, arthritis, medications, chemical/thermal bums, allergies, and diseases,

such as cystic fibrosis and Sj δgrens's syndrome. Increasing anion secretion via CFTR would

enhance fluid transport from the corneal endothelial cells and secretory glands surrounding the

eye to increase corneal hydration. This would help to alleviate the symptoms associated with

dry eye disease. Sj δgrens's syndrome 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/derrnatomyositis. 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 help to elevate the

associated symptoms.

[012] As discussed above, it is believed that the deletion of residue 508 in ∆F508-

CFTR prevents the nascent protein from folding correctly, resulting 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 plasma membrane and chloride transport

within epithelial tissues is significantly reduced. Infact, this cellular phenomenon of defective

ER processing of ABC transporters by the ER machinery, has been shown to be the underlying

basis not only for CF disease, but for a wide range of other isolated and inherited diseases. The

two ways that the ER machinery can malfunction is either by loss of coupling to ER export of



the proteins leading to degradation, or by the ER accumulation of these defective/misfolded

proteins [Aridor M et al., Nature Med., 5(7), pp 745- 751 (1999); Shastry, B.S., et al.,

Neurochem. International, 43, pp 1-7 (2003); Rutishauser, J., et al., Swiss Med WkIy, 132, pp

2 11-222 (2002); Morello, JP et al., TIPS, 21, pp. 466- 469 (2000); Bross P., et al., Human

Mut, 14, PP- 186-198 (1999)]. The diseases associated with the first class of ER malfunction

are cystic fibrosis (due to misfolded ∆F508-CFTR as discussed above), hereditary emphysema

(due to al -antitrypsin; non Piz variants), hereditary hemochromatosis, hoagulation-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 (due to lysosomal processing enzymes), SandhofiTay-Sachs (due to β-

hexosaminidase), Crigler-Najjar type II (due to UDP-glucuronyl-sialyc-transferase),

polyendocrinopathy/hyperinsulernia, Diabetes mellirus (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,

hereditary emphysema (due to αl -Antitrypsin (PiZ variant), congenital hyperthyroidism,

osteogenesis imperfecta (due to Type I, II, IV procollagen), hereditary hypofibrinogenemia

(due to fibrinogen), ACT deficiency (due to αl-antichymotrypsin), Diabetes insipidus (DI),

neurophyseal DI (due to vasopvessin hormone/V2-receptor), neprogenic DI (due to aquaporin

II), Charcot-Marie Tooth syndrome (due to peripheral myelin protein 22), Perlizaeus-

Merzbacher disease, neurodegenerative diseases such as Alzheimer's disease ( due to βAPP

and presenilins), 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 (due to prion protein processing defect), Fabry disease (due to

lysosomal cc-galactosidase A) and Straussler-Scheinker syndrome (due to Prp processing

defect).

[013] In addition to up-regulation of CFTR activity, reducing anion secretion by

CFTR modulators may be beneficial for the treatment of secretory diarrheas, in which



epithelial water transport is dramatically increased as a result of secretagogue activated

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

[014] Although there are numerous causes of diarrhea, the major consequences of

diarrheal diseases, resulting from excessive chloride transport are common to all, and include

dehydration, acidosis, impaired growth and death.

[015] Acute and chronic diarrheas represent a major medical problem in many areas

of the world. Diarrhea is both a significant factor in malnutrition and the leading cause of death

(5,000,000 deaths/year) in children less than five years old.

[016] Secretory diarrheas are also a dangerous condition in patients of acquired

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.

[017] 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 generally occurs within the first few hours of the

animal's life.

[018] The most common diarrheal causing bacteria is enterotoxogenic E.coli (ETEC)

having the K99 pilus antigen. Common viral causes of diarrhea include rotavirus and

coronavirus. Other infectious agents include Cryptosporidium, giardia lamblia, and salmonella,

among others.

[019] Symptoms of rotaviral infection include excretion of watery feces, dehydration

and weakness. Coronavirus causes a more severe illness 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.

[020] Thus, there is a need to develop assays for measuring the activity of CFTR in

vitro. There is also a need to develop assays for identifying compounds that enhance the

activity of CFTR in vitro and in vivo.



[021] There is also a need to develop assays for monitoring CFTR activity in therapies

for CFTR-mediated diseases.

[022] There is a need to develop assays for measuring CFTR correction.

SUMMARY OF THE INVENTION

[023] It has now been found that compounds of this invention are useful for

measuring CFTR activity. These compounds have the general formula I :

1

wherein R1, R2, R3, R4, R5, R5, R7, and Ar 1 are described generally and in classes and

subclasses below.

DETAILED DESCRIPTION OF THE INVENTION

[024] I. General Description of Compounds of the Invention:

[025] The present invention provides compounds of formula I that are useful for

measuring CFTR activity:

wherein:

Ar1 is a 5-6 membered aromatic monocyclic ring having 0-4 heteroatoms. independently

selected from nitrogen, oxygen, or sulfur, wherein said ring is optionally fused to a 5-12

membered monocyclic or bicyclic, aromatic, partially unsaturated, or saturated ring, wherein

each ring contains 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur,

wherein Ar1 has m substituents, each independently selected from -WR W;

W is a bond or is an optionally substituted C -C alkylidene chain wherein up to two

methylene units of W are optionally and independently replaced by -CO-, -CS-, -COCO-, -



CONR'-, -CONR5NR'-, -CO2-, -OCO-, -NR CO2-, -O-, -NR'CONR'-, -OCONR'-, -NR'NR 5, -

NR'NR'CO-, -NR'CO-, -S-, -SO, -SO2-, -NR'-, -SO2NR'-, NR SO2-, or -NR'SO 2NR'-;

Rw is independently R', halo, NO2, CN, CF3, or OCF3;

m is 0-5;

each ofR 1, R2, R3, R4, and R5 is indendently -X-R x ;

X is a bond or is an optionally substituted Ci-Cg alkylidene chain wherein up to two

methylene units of X are optionally and independently replaced by -CO-, -CS-, -COCO-, -

CONR'-, -CONR'NR'-, -CO2-, -OCO-, -NR CO2-, -O-, -NR5CONR -, -OCONR'-, -NR'NR', -

NR'NR'CO-. -NR'CO-, -S-, -SO, -SO2-, -NR -, -SO2NR5- NR5SO2-, or -NR5SO2NR'-;

Rx is independently R5, halo, NO2, CN, CF3, or OCF3;

R6 is hydrogen, CF3, -OR', -SR , or an optionally substituted Ci aliphatic group;

R7 is hydrogen or a Ci- aliphatic group optionally substituted with -X-R x ;

R' is independently selected from hydrogen or an optionally substituted group selected

from a Ci-C aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully

unsaturated monocyclic ring having 0-3 heteroatoms independently selected from nitrogen,

oxygen, or sulfur, or an 8-12 membered saturated, partially unsaturated, or fully unsaturated

bicyclic ring system having 0-5 heteroatoms independently selected from nitrogen, oxygen, or

sulfur; or two occurrences of R are taken together with the atom(s) to which they are bound to

form an optionally substituted 3-12 membered saturated, partially unsaturated, or fully

unsaturated monocyclic or bicyclic ring having 0-4 heteroatoms independently selected from

nitrogen, oxygen, or sulfur.

[026] 2. Compounds and Definitions:

[027J Compounds of this invention include those described generally above, and are

further illustrated by the classes, subclasses, and species disclosed herein. As used herein, the

following definitions shall apply unless otherwise indicated.

1028] 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 used herein means a

domain on the ABC-transporter that can bind to a modulator. See, e.g., Hwang, T. C. et al., J .

Gen. Physiol. (1998): 11 1(3), 477-90.



[029] The term "CFTR" as used herein means cystic fibrosis transmembrane

conductance regulator or a mutation thereof capable of regulator activity, including, but not

limited to, ∆F508 CFTR and G551D CFTR (see, e.g., http://www.genet.sickkids.on.ca/cftr/ . for

CFTR mutations).

[030] The term "modulating" as used herein means increasing or decreasing by a

measurable amount.

[031] For purposes of this invention, the chemical elements are identified in

accordance with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and

Physics, 75th Ed. Additionally, general principles of organic chemistry are described in

"Organic Chemistry", Thomas Sorrell, University Science Books, Sausalito: 1999, and

"March's Advanced Organic Chemistry", 5th Ed., Ed.: Smith, M.B. and March, J., John Wiley

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

[032] As described herein, compounds of the invention may 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. It will be appreciated that the

phrase "optionally substituted" is used interchangeably with the phrase "substituted or

unsubstituted." In general, 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 substituent. Unless otherwise indicated, an optionally substituted group may have a

substituent at each substitutable position of the group, and when more than one position in any

given structure may be substituted with more than one substituent selected from a specified

group, the substituent may be either the same or different at every position. Combinations of

substituents envisioned by this invention are preferably those that result in the formation of

stable or chemically feasible compounds. The term "stable", 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.

[033] The term "aliphatic" or "aliphatic group", as used herein, means a straight-chain

(i.e., unbranched) or branched, substituted or unsubstituted hydrocarbon chain that is



completely saturated or that contains one or more units of unsaturation, or a monocyclic

hydrocarbon or bicyclic hydrocarbon that is completely saturated or that contains one or more

units of unsaturation, but which is not aromatic (also referred to herein as "carbocycle"

"cycloaliphatic" or "cycloalkyl"), that has a single point of attachment to the rest of the

molecule. Unless otherwise specified, aliphatic groups contain 1-20 aliphatic carbon atoms. In

some embodiments, aliphatic groups contain 1-10 aliphatic carbon atoms. In other

embodiments, aliphatic groups contain 1-8 aliphatic carbon atoms. In still other embodiments,

aliphatic groups contain 1-6 aliphatic carbon atoms, and in yet other embodiments aliphatic

groups contain 1-4 aliphatic carbon atoms. In some embodiments, "cycloaliphatic" (or

"carbocycle" or "cycloalkyl") refers to a monocyclic C -Cs hydrocarbon or bicyclic or tricyclic

C -CH hydrocarbon that is completely saturated or that contains one or more units of

unsaturation, but which is not aromatic, that has a single point of attachment to the rest of the

molecule wherein any individual ring in said bicyclic ring system has 3-7 members. Suitable

aliphatic groups include, but are not limited to, linear or branched, substituted or unsubstituted

alkyl, alkenyl, alkynyl groups and hybrids thereof such as (cycloalkyl)alkyl,

(cycloalkenyl)alkyl or (cycloalkyl)alkenyl. Suitable cycloaliphatic groups include cycloalkyl,

bicyclic cycloalkyl (e.g., decalin), bridged bicycloalkyl such as norbornyl or [2.2.2]bicyclo-

octyl, or bridged tricyclic such as adamantyl.

[034] The term "heteroaliphatic", as used herein, means aliphatic groups wherein one

or two carbon atoms are independently replaced by one or more of oxygen, sulfur, nitrogen,

phosphorus, or silicon. Heteroaliphatic groups may be substituted or unsubstituted, branched

or unbranched, cyclic or acyclic, and include "heterocycle", "heterocyclyl",

"heterocycloaliphatic", or "heterocyclic" groups.

[035] The term "heterocycle", "heterocyclyl", "heterocycloaliphatic", or

"heterocyclic" as used herein means non-aromatic, monocyclic, bicyclic, or tricyclic ring

systems in which one or more ring members is an independently selected heteroatom. In some

embodiments, the "heterocycle", "heterocyclyl", "heterocycloaliphatic", or "heterocyclic"

group has three to fourteen ring members in which one or more ring members is a heteroatom

independently selected from oxygen, sulfur, nitrogen, or phosphorus, and each ring in the

system contains 3 to 7 ring members.



[036] The term "heteroatom" means one or more of oxygen, sulfur, nitrogen,

phosphorus, or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon;

the quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring,

for example N (as in 3,4-dihydro-2 -pyrrolyl), NH (as in pyrrolidinyl) or NR+ (as in N-

substituted pyrrolidinyl)).

[037] The term "unsaturated", as used herein, means that a moiety has one or more

units of unsaturation.

[038] The term "alkoxy", or "thioalkyl", as used herein, refers to an alkyl group, as

previously defined, attached to the principal carbon chain through an oxygen ("alkoxy") or

sulfur ("thioalkyl") atom.

[039] The terms "haloaliphatic" and "haloalkoxy" means aliphatic or alkoxy, as the

case may be, substituted with one or more halo atoms. The term "halogen" or "halo" means F,

Cl, Br, or I. Examples of haloaliphatic incude -CHF , -CH F, -CF3, -CF -, or perhaloalkyl,

such as, -CF2CF .

[040] The term "aryl" used alone or as part of a larger moiety as in "aralkyl",

"aralkoxy", or "aryloxyalkyl", refers to monocyclic, bicyclic, and tricyclic ring systems having

a total of five to fourteen ring members, wherein at least one ring in the system is aromatic and

wherein each ring in the system contains 3 to 7 ring members. The term "aryl" may be used

interchangeably with the term "aryl ring". The term "aryl" also refers to heteroaryl ring

systems as defined hereinbelow.

[041] The term "heteroaryl", used alone or as part of a larger moiety as in

"hetero aralkyl" or "heteroarylalkoxy", refers to monocyclic, bicyclic, and tricyclic ring

systems having a total of five to fourteen ring members, wherein at least one ring in the system

is aromatic, at least one ring in the system contains one or more heteroatoms, and wherein each

ring in the system contains 3 to 7 ring members. The term "heteroaryl" may be used

interchangeably with the term "heteroaryl ring" or the term "heteroaromatic".

[042] An aryl (including aralkyl, aralkoxy, aryloxyalkyl and the like) or heteroaryl

(including heteroaralkyl and heteroarylalkoxy and the like) group may contain one or more

substituents. Suitable substituents on the unsaturated carbon atom of an aryl or heteroaryl

group are selected from halo; -R°; -OR°; -SR°; 1,2-methylene-dioxy; 1,2-ethylenedioxy;

phenyl (Ph) optionally substituted with R°; -Q(Fh) optionally substituted with R°; -(CH2)i-



2(Ph), optionally substituted with R0; -CH=CH(Ph), optionally substituted with R°; -NO 2; -CN;

-N(R°) 2; -NR 0C(O)R 0; -NR°C(O)N(R°) 2; -NR 0CO2R0; -NR 0NR0C(O)R 0; -

NRONR°C(O)N(R O)2; -NR 0NR0CO2R
0; -C(O)C(O)R 0; -C(O)CH 2C(O)R 0; -CO2R0; -C(O)R 0; -

C(O)N(R°) 2; -OC(O)N(R°) 2; -S(O) 2R0; -SO2N(R°) 2; -S(O)R 0; -NR°SO 2N(R°) 2; -NR 0SO2R0;

-C(=S)N(R°) 2; -C(=NH)-N(R°) 2; or -(CH 2)o-2NHC(0)R° wherein each independent occurrence

of R° is selected from hydrogen, optionally substituted C1.6 aliphatic, an unsubstituted 5-6

membered heteroaryl or heterocyclic ring, phenyl, -O(Ph), or -CH (Ph), or, notwithstanding

the definition above, two independent occurrences of R°, on the same substituent or different

substituents, taken together with the atom(s) to which each R° group is bound, form a 3-8-

membered cycloalkyl, heterocyclyl, aryl, or heteroaryl ring having 0-3 heteroatoms

independently selected from nitrogen, oxygen, or sulfur. Optional substituents on the aliphatic

group of R° are selected from NH , NH(Ci ^aliphatic), N(Ci-4aliphatic) 2, halo, C1.4alipb.atic,

OH, NO2, CN, CO2H, CO2(C I-4aliphatic) O(haloCi_4 aliphatic), or haloCi-

4aliphatic, wherein each of the foregoing Ci^aliphatic groups of R° is unsubstituted.

[043] An aliphatic or hetero aliphatic group, or a non-aromatic heterocyclic ring may

contain one or more substituents. Suitable substituents on the saturated carbon of an aliphatic

or heteroaliphatic group, or of a non-aromatic heterocyclic ring are selected from those listed

above for the unsaturated carbon of an aryl or heteroaryl group and additionally include the

following: =O, =S, =NNHR , =NN(R *)2, =NNHC(O)R *, =NNHCO 2(aIkyl), =NNHSO 2(alkyl),

or =NR * where each R* is independently selected from hydrogen or an optionally substituted

Ci-6 aliphatic. Optional substituents on the aliphatic group of R are selected from NH2,

NH(Ci-4 aliphatic), N(Ci 4 aliphatic) 2, halo, Ci-4 aliphatic, OH, 0(C 1-4 aliphatic), N O2, CN,

CO2H, CO2(Ci -4 aliphatic), O(halo Ci-4 aliphatic), orhalo(Ci- 4 aliphatic), wherein each of the

foregoing Ci^aliphatic groups of R is unsubstituted.

[044] Optional substituents on the nitrogen of a non-aromatic heterocyclic ring are

selected from - R+, -N(R +)2, -C(O)R +, -CO2R+, -C(O)C(O)R +, -C(O)CH 2C(O)R +, -SO 2R+,

-SO2N(R +)2, -C(=S)N(R +)2, -C(=NH)-N(R +)2, or -NR +SO2R
+; wherein R+ is hydrogen, an

optionally substituted Cj- aliphatic, optionally substituted phenyl, optionally substituted

-O(Ph), optionally substituted -CH2(Ph), optionally substituted -(CH 2) !-2(Ph); optionally

substituted -CH=CH(Ph); or an unsubstituted 5-6 membered heteroaryl or heterocyclic ring

having one to four heteroatoms independently selected from oxygen, nitrogen, or sulfur, or,



notwithstanding the definition above, two independent occurrences of R+, on the same

substituent or different substituents, taken together with the atom(s) to which each R+ group is

bound, form a 3-8-membered cycloalkyl, heterocyclyl, aryl, or heteroaryl ring having 0-3

heteroatoms independently selected from nitrogen, oxygen, or sulfur. Optional substituents on

the aliphatic group or the phenyl ring of R+ are selected from NH , NH(CM aliphatic), N(CM

aliρhatic)2 halo, C,.4 aliphatic, OH, O(C aliphatic), NO2, CN, CO2H, CO2(Ci 4 aliphatic),

O(halo C aliphatic), or halo(Ci. 4 aliphatic), wherein each of the foregoing C ι-4aliphatic

groups ofR + is unsubstituted.

[045] The term "alkylidene chain" refers to a straight or branched carbon chain that

may be fully saturated or have one or more units of unsaturation and has two points of

attachment to the rest of the molecule. The term "spirocycloalkylidene" refers to a carbocyclic

ring that may be fully saturated or have one or more units of unsaturation and has two points of

attachment from the same ring carbon atom to the rest of the molecule.

[046] As detailed above, in some embodiments, two independent occurrences of R0

(or R+, or any other variable similarly defined herein), are taken together together with the

atom(s) to which each variable is bound to form a 3-8-membered cycloalkyl, heterocyclyl, aryl,

or heteroaryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or

sulfur. Exemplary rings that are formed when two independent occurrences of R0 (or R+, or

any other variable 'similarly defined herein) are taken together with the atom(s) to which each

variable is bound include, but are not limited to the following: a) two independent occurrences

of R° (or R+, or any other variable similarly defined herein) that are bound to the same atom

and are taken together with that atom to form a ring, for example, N(R°)2, where both

occurrences of R° are taken together with the nitrogen atom to form a piperidin-1-yl, piperazin-

1-yl, or morpholin-4-yl group; and b) two independent occurrences of R0 (or R+, or any other

variable similarly defined herein) that are bound to different atoms and are taken together with

both of those atoms to form a ring, for example where a phenyl group is substituted with two

occurrences of OR0 these two occurrences of R0 are taken together with the

oxygen atoms to which they are bound to form a fused 6-membered oxygen containing ring:



It will be appreciated that a variety of other rings can be formed when two

independent occurrences of R0 (or R+, or any other variable similarly defined herein) are taken

together with the atom(s) to which each variable is bound and that the examples detailed above

are not intended to be limiting.

[047] A substituent bond in, e.g., a bicyclic ring system, as shown below, means that

the substituent can be attached to any substitutable ring atom on either ring of the bicyclic ring

system:

[048] Unless otherwise stated, structures depicted herein are also meant to include all

isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the

structure; for example, the R and S configurations for each asymmetric center, (Z) and (E)

double 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. E.g., when R5 in compounds of formula I is hydrogen, compounds of

formula I may exist as tautomers:

Additionally, unless otherwise stated, structures depicted herein are also meant to include

compounds that differ only in the presence of one or more isotopically enriched atoms. For

example, compounds having the present structures except for the replacement of hydrogen by

deuterium or tri tium, or the replacement of a carbon by a 13C or l4C-enriched carbon are within

the scope of this invention. Such compounds are useful, for example, as analytical tools or

probes in biological assays.



[049] Uses of thepresent invention:

[050] The compounds of the present invention potentiate the gating activity of CFTR

present in the cell membrane. Such compounds are called "potentiators". Potentiators have

the effect of enhancing the gating activity of CFTR present in the cell membrane. For the

purposes of the present invention, an assay that employes a compound of the present invention

for measuring the gating activity of CFTR present in the cell membrane is called a "potentiator

assay".

[051] Currently, various approaches are known in the art for treating CF-mediated

diseases. Such approaches, typically, have a goal of increasing the gating activity of CFTR in

the cell membrane. The ability of a test compound to meet that goal can readily be ascertained

using the compounds of the present invention in a potentiator assay.

[052] For example, one approach to treat CF is by "correcting" the trafficking of

CFTR from the ER to the cell membrane. The result of such correction is an increase in the

number of CFTR in the cell membrane. Detection of such correction is called a "correction

assay". Compounds of the present invention can readily be used in a correction assay to

measure the ability of a test compound correct the trafficking of CFTR, as exemplified

hereinbelow.

[053] In one embodiment, the present invention provides a method for evaluating the

ability of a compound to increase the number of CFTR on a cell, comprising the steps of:

(i) contacting said cell with said compound under a first suitable conditions;

(ii) contacting said cell with a compound of formula I under a second suitable

conditions; and

(iii) comparing the activity of CFTR on said cell in the presence and absence of said

compound;

wherein said compound of formula I is

i ;

wherein:



Ar1 is a 5-6 membered aromatic monocyclic ring having 0-4 heteroatoms independently

selected from nitrogen, oxygen, or sulfur, wherein said ring is optionally fused to a 5-12

membered monocyclic or bicyclic, aromatic, partially unsaturated, or saturated ring, wherein

each ring contains 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur,

wherein Ar1 has m substituents, each independently selected from —WRW;

W is a bond or is an optionally substituted Ci-C alkylidene chain wherein up to two

methylene units of W are optionally and independently replaced by -CO-, -CS-, -COCO-, -

CONR'-, -CONR'NR'-, -CO2- -OCO-, -NR CO2-, -O-, -NR'CONR'-, -OCONR'-, -NR'NR', -

NR'NR'CO-, -NR'CO-, -S-, -SO, -SO2-, -NR'-, -SO2NR'-, NR SO2-, or -NR SO2NR'-;

Rw is independently R\ halo, NO2, CN, CF3, or OCF3;

m is 0-5;

each of R 1, R2, R3, R4, and R5 is indendently -X-R x ;

X is a bond or is an optionally substituted Ci-Ce alkylidene chain wherein up to two

methylene units of X are optionally and independently replaced by -CO-, -CS-, -COCO-, -

CONR5-, -CONR'NR'-, -CO2-, -OCO-, -NR CO2-, -O-, -NR CONR'-, -OCONR'-, -NR'NR', -

NR'NR'CO-, -NR'CO-, -S-s -SO, -SO2-, -NR'-, -SO2NR'-, NR SO2-, or -NR SO2NR'-;

Rx is independently R', halo, NO2, CN, CF3, or OCF3;

R6 is hydrogen, CF , -OR , -SR', or an optionally substituted Ci_6 aliphatic group;

R7 is hydrogen or a C1.6 aliphatic group optionally substituted with —X-Rx ;

R is independently selected from hydrogen or an optionally substituted group selected from a

C .C8 aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully unsaturated

monocyclic ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur,

or an 8-12 membered saturated, partially unsaturated, or fully unsaturated bicyclic ring system

having 0-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; or two

occurrences of R are taken together with the atom(s) to which they are bound to form an

optionally substituted 3-12 membered saturated, partially unsaturated, or fully unsaturated

monocyclic or bicyclic ring having 0-4 heteroatoms independently selected from nitrogen,

oxygen, or sulfur.

[054] The term "first suitable conditions" as used herein means conditions suitable for

contacting said compound with said cell under the approach employed. E.g., for evaluating the

ability of a compound to correct trafficking of CFTR to the cell membrane, the first suitable



conditions would be assay conditions typically employed in a correction assay. Such conditions

are typically well known in the art. In another approach to treat CF, the first suitable conditions

would be the assay conditions appropriate for that particular approach.

[055] The term "second suitable conditions" as used herein means conditions typically

useful in a potentiator assay. Such conditions are well known in the art. Exemplary conditions for

a potentiator assay are described hereinbelow.

[056] Embodiments of compounds of formula I useful in the present invention are

described hereinbelow.

[057] In another embodiment, the present invention provides a method for screening a

plurality of compounds, said method comprising the steps of:

(i) contacting each of said plurality of compounds with a cell under a first suitable

conditions, wherein said cell has a wild type CFTR;

(ii) contacting said cell with a compound of formula I under a second suitable conditions;

and

(iii) comparing the activity of said wild type CFTR on said cell in the presence and

absence of said compound;

wherein said compound of formula I is as described above.

[058] In another embodiment, the present invention provides a method for screening a

plurality of compounds, said method comprising the steps of:

(iv) contacting each of said plurality of compounds with a cell under a first suitable

conditions, wherein said cell has a mutant CFTR;

(v) contacting said cell with a compound of formula I under a second suitable conditions;

and

(vi) comparing the activity of mutant CFTR on said cell in the presence and absence of

said compound;

wherein said compound of formula I is as described above.

[059] The term "mutant CFTR" as used herein means a CFTR sequence that lacks one

or more residues from the wild type CFTR sequence. 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 245:1073-1080; Kerem, B-S et al. (1990) Proc. Natl. Acad. Sci. USA 87:8447-



8451). To date, > 1000 disease causing mutations in the CF gene have been identified

rhttp://www.genet.sickkids.on.ca/cftr/ '). The most prevalent mutation is a deletion of

phenylalanine at position 508 of the CFTR amino acid sequence, and is commonly referred to

as ∆F508-CFTR. This mutation occurs in approximately 70% of the cases of cystic fibrosis

and is associated with a severe disease .

[060] In one embodiment, the present invention provides a method of measuring the

CFTR activity in a cell resulting from contacting said cell with a compound capable of increasing

the number of CFTR on the membrane of said cell, said method comprising the step of contacting

said cell with a compound of formula I ; wherein said compound of formula I is as described

above.

[061] In one embodiment, the present invention provides a potentiator assay employing

compounds of the present invention, wherein said assay is useful in measuring the activity of any

residual CFTR present in the cell membrane; e.g, the activity of residual CFTR in CF patients can

be measured using the compounds of the present invention. This information is useful in

identifying and classifying CF patients according to their clinical phenotype. The level of activity

of residual CFTR activity can also be used for selecting patients for clinical trials or for designing

a therapeutic regimen appropriate for the degree of acitivity in a CF patient (see, e.g.,

http://pen2.igc.gulbenkian.pt/cftr/vr/ (Experimental Methods used in CF research); Methods in

Molecular Medicine: Cystic Fibrosis methods and protocols. (2002). William R. Skach (Editor).

[062] In another embodiment, the present invention provides a potentiator assay

employing compounds of the present invention, wherein said assay is useful in assays for

monitoring CFTR activity in intact tissue isolated from the nose, trachea, lungs, intestine, eyes,

liver, pancreas, skin or any other tissue known to express CFTR using a variety of functional,

biochemical, and molecular biological assays, including but not limited to electrophysiological,

biochemical, radiolabel, antibody, fluorescent imaging and/or microscopy techniques.

[063] In another embodiment, the present invention provides a potentiator assay

employing compounds of the present invention, wherein said assay is useful in assays that identify

and validate the expression of CFTR in any tissue and its function in regulating cellular and/or

tissue function using a variety of functional, biochemical, and molecular biological assays,

including but not limited to electrophysiological, biochemical, radiolabel, antibody, fluorescent

imaging and/or microscopy techniques.



{064] In another embodiment, the present invention provides a potentiator assay

employing compounds of the present invention, wherein said assay is useful in assays that evaluate

the physiological role(s) of CFTR in modulating the activity of other ion channels or proteins

expressed in recombinant cell expression systems, frog oocytes, lipid bilayers, primary cell

cultures, and/or tissues.

[065] In another embodiment, the present invention provides a potentiator assay

employing compounds of the present invention, wherein said assay is useful to evaluate the

efficacy of potentiation and/or its PK/PD parameters to determine and set optimal dosing

regimens.

[066] In another embodiment, the present invention provides a potentiator assay

employing compounds of the present invention, wherein said assay is useful to identify, quantitate

and validate the expression of CFTR in the lung tissue (or any other) following gene therapy in

humans (or any other animals) using innovative gene delivery systems, or vectors. See, e.g.,

Airway gene therapy. J.C. Davies and E.W. Alton. (2005). Adv. Genet. 54: 291-314.

[067] One of skill in the art will be well aware of techniques suitable for potentiator

assays that employe the compounds of the present invention. Such assays measure the

membrane potential connected with the gating activity of the CFTR channel in the membrane.

See, e.g., the optical membrane potential assay that utilizes voltage-sensitive FRET sensors

described by Gonzalez and Tsien (See, Gonzalez, J. E. and R. Y. Tsien (1995) "Voltage

sensing by fluorescence resonance energy transfer in single cells" Biophys J 69(4): 1272-80,

and Gonzalez, J. E. and R. Y. Tsien (1997) "Improved indicators of cell membrane potential

that use fluorescence resonance energy transfer" Chem Biol 4(4): 269-77) in combination with

instrumentation for measuring fluorescence changes such as the Voltage/Ion Probe Reader

(VIPR) (See, Gonzalez, J. E., K. Oades, et al. (1999) "Cell-based assays and instrumentation

for screening ion-channel targets" Drug Discov Today 4(9): 431-439).

[068] These voltage sensitive assays are based on the change in fluorescence

resonance energy transfer (FRET) between the membrane-soluble, voltage-sensitive dye,

DiSBAC2(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

(Vm) cause the negatively charged DiSBACa(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™ II, which is an integrated liquid handler

and fluorescent detector designed to conduct cell-based screens in 96- or 384-well microliter

plates.

[069] 3. Description of Exemplary Compounds:

[070] Described hereinbelow are embodiments of compounds of formula I useful in

the methods of the present invention.

[071] In some embodiments of the present invention, Ar 1 is selected from:

a-i a-ii;

wherein ring Ai 5-6 membered aromatic monocyclic ring having 0-4 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; or

Ai and A2, together, is an 8-14 aromatic, bicyclic or tricyclic aryl ring, wherein each

ring contains 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur.

[072] In some embodiments, Ai is an optionally substituted 6 membered aromatic ring

having 0-4 heteroatoms, wherein said heteroatom is nitrogen. In some embodiments, Ai is an

optionally substituted phenyl. Or, Ai is an optionally substituted pyridyl, pyrimidinyl,

pyrazinyl or triazinyl. Or, A is an optionally substituted pyrazinyl or triazinyl. Or, Ai is an

optionally substituted pyridyl.

[073] In some embodiments, Ai is an optionally substituted 5-membered aromatic

ring having 0-3 heteroatoms, wherein said heteroatom is nitrogen, oxygen, or sulfur. In some

embodiments, A i is an optionally substituted 5-membered aromatic ring having 1-2 nitrogen

atoms. In one embodiment, Ai is an optionally substituted 5-membered aromatic ring other

than thiazolyl.

[074] In some embodiments, A is an optionally substituted 6 membered aromatic ring

having 0-4 heteroatoms, wherein said heteroatom is nitrogen. In some embodiments, A2 is an

optionally substituted phenyl. Or, A is an optionally substituted pyridyl, pyrimidinyl,

pyrazinyl, or triazinyl.

[075] In some embodiments, A is an optionally substituted 5-membered aromatic

ring having 0-3 heteroatoms, wherein said heteroatom is nitrogen, oxygen, or sulfur. In some



embodiments, A is an optionally substituted 5-membered aromatic ring having 1-2 nitrogen

atoms. In certain embodiments, A is an optionally substituted pyrrolyl.

[076] In some embodiments, A is an optionally substituted 5-7 membered saturated

or unsaturated heterocyclic ring having 1-3 heteroatoms independently selected from nitrogen,

sulfur, or oxygen. Exemplary such rings include piperidyl, piperazyl, morpholinyl,

thiomorpholinyl, pyrrolidinyl, tetrahydrofuranyl, etc.

[0771 I some embodiments, A2 is an optionally substituted 5-10 membered saturated

or unsaturated carbocyclic ring. In one embodiment, A2 is an optionally substituted 5-10

membered saturated carbocyclic ring. Exemplary such rings include cyclohexyl, cyclopentyl,

etc.

[078] In some embodiments, ring A2 is selected from:

u iϋ IV

w )m(

V l VU viii

(WR ) M (WRw
)m

WR )m

ix x xi xii

xiii xiv xv xvi



XVU xviii XlX

XX xxi xxϋ xxiii

xxiv XXV xxvi xxviii

xxix xxx xxxi xxxii;

wherein ring A is fused to ring A i through two adjacent ring atoms.

[079] In other embodiments, W is a bond or is an optionally substituted Ci-
alkylidene chain wherein one or two methylene units are optionally and independently replaced

by O, NR', S, SO, SO2, or COO5 CO, SO2NR', NR'SO 2, C(O)NR', NR'C(O), OC(O),

OC(O)NR', and Rw is R' or halo. In still other embodiments, each occurrence of WRw is

independently -Cl -C3 alkyl, C1-C3 perhaloalkyl, -O(Cl-C3alkyl), -CF3, -OCF3, -SCF3 -F, -

Cl5 -Br, or -COOR', -COR', -O(CH2)2N(R')(R'), -O(CH2)N(R')(R') -CON(R')(R'), -

(CH2)2θ R -(CH )OR', optionally substituted monocyclic or bicyclic aromatic ring, optionally

substituted arylsulfone, optionally substituted 5-membered heteroaryl ring, -N(R')(R'), -

(CH2)2N(R I)(R !) or -(CH2)N(RO(R')-



[080] In some embodiments, m is 0. Or, m is 1. Or, m is 2. In some embodiments, m

is 3. In yet other embodiments, m is 4.

[081] In one embodiment, R5 is X-Rx . In some embodiments R5 is hydrogen. Or, R5

is an optionally substituted Ci-s aliphatic group. In some embodiments, R5 is optionally

substituted C1-4 aliphatic. Or, R5 is benzyl.

[082] In some-embodiments R is hydrogen. Or, R6 is an optionally substituted Ci-
aliphatic group. In some embodiments, R6 is optionally substituted C aliphatic. In certain

other embodiments, R6 is -(O-C 1-4 aliphatic) or -(S-C M aliphatic). Preferably, R6 is -OMe or -

SMe. In certain other embodiments, R is CF3.

[083] In one embodiment of the present invention, R 1, R2, R3, and R4 are

simultaneously hydrogen. In another embodiment, R6 and R7 are both simultaneously

hydrogen.

[084] In another embodiment of the present invention, R1, R2, R3, R4, and R5 are

simultaneously hydrogen. In another embodiment of the present invention, R 1, R2, R3, R4, R5

and R are simultaneously hydrogen.

[085] In another embodiment of the present invention, R2 is X-R x , wherein X is -

SO2NR-, and Rx is R'; i.e., R2 is -SO2N(R') 2. In one embodiment, the two R' therein taken

together form an optionally substituted 5-7 membered ring with 0-3 additional heteroatoms

selected from nitrogen, oxygen, or sulfur. Or, R 1, R3, R4, R5 and R6 are simultaneously

hydrogen, and R2 is SO2N(R') 2.

[086] In some embodiments, X is a bond or is an optionally substituted C1 alkylidene

chain wherein one or two non-adjacent methylene units are optionally and independently

replaced by O, NR', S, SO2, or COO, CO, and Rx is R' or halo. In still other embodiments,

each occurrence of XRX is independently -C
1-3

alkyl, -O(Ci_3alkyl), -CF3, -OCF 3, -SCF , -F, -

Cl, -Br, OH, -COOR', -COR', -O(CH2)2N(R')(R'), -O(CH2)N(R')(R'), -CON(R')(R'), -

(CH2)2OR\ -(CH2)OR', optionally substituted phenyl, -N(R')(R'), -(CH2)2N(R')(R') or -

(CH2)N(R')(R ).

[087] In some embodiments, R7 is hydrogen. In certain other embodiment, R7 is Ci-

straight or branched aliphatic.

[088] In some embodiments, Rw is selected from halo, cyano, CF3, CHF2, OCHF ,

Me, Et, CH(Me) 2, CHMeEt, n-propyl, t-butyl, OMe, OEt, OPh, O-fluorophenyl, O-



difluorophenyl, O-methoxyphenyl, O-tolyl, O-benzyl, SMe, SCF3, SCHF2, SEt, CH2CN, NH2,

NHMe 5N(Me) 2, NHEt, N(Et)2, C(O)CH3, C(O)Ph, C(O)NH2, SPh, SO2-(amino-pyridyl),

SO2NH2, SO2Ph, SO2NHPh, SO2-N-morpholino, SO2-N-pyrτolidyl, N-pyrrolyl, N-mo φ holino,

1-piperidyl, phenyl, benzyl, (cyclohexyl-methylamino)methyl, 4-Methyl-2,4-dihydro-pyrazol-3-

one-2-yl, benzimidazol-2yl, furan-2-yl, 4-methyl-4H-[l,2,4]triazol-3-yl, 3-(4'-chlorophenyl)-

[l,2,4]oxadiazol-5-yl, NHC(O)Me, NHC(O)Et, NHC(O)Ph, NHSO2Me, 2-indolyl, 5-indolyl, -

CH2CH2OH, -OCF3, O-(2,3-dimethylphenyl), 5-methylfuryl, -SO2-N-piperidyl, 2-tolyl, 3-tolyl,

4-tolyl, O-bxityl, NHCO 2C(Me)3, CO2C(Me)3, isopropenyl, n-butyl, O-(2,4-dichIorophenyl),

NHSO 2PhMe, O-(3-chloro-5-trifluoromethyl-2-pyridyl), phenylhydroxymethyl, 2,5-

dimethylpyrrolyl, NHCOCH 2C(Me)3, O-(2-tert-butyl)phenyl, 2,3-dimethylphenyl, 3,4-

dimethylphenyl, 4-hydroxymethyl phenyl, 4-dimethylaminophenyl, 2-trifluoromethylphenyl, 3-

trifluoromethylphenyl, 4- trifluoromethylphenyl, 4-cyanomethylphenyl, 4-isobutylphenyl, 3-

pyridyl, 4-pyridyl, 4-isoproρylphenyl, 3-isoρropylphenyl, 2-methoxyρhenyl, 3-methoxyphenyl,

4-methoxyphenyl, 3,4-methylenedioxyphenyl, 2-ethoxyphenyl, 3-ethoxyphenyl, 4-ethoxyphenyl,

2-methylthiophenyl, 4-methylthiophenyl, 2,4-d ϊmethoxyphenyl, 2,5-dimethoxyphenyl, 2,6-

dimethoxyphenyl, 3,4-dimethoxyphenyl, 5-chloro-2-methoxyphenyl, 2-OCF3-phenyl, 3-

trifluoromethoxy-phenyl, 4-trifluoromethoxyphenyl, 2-phenoxyphenyl, 4-phenoxyphenyl, 2-

fluoro-3-methoxy-phenyl, 2,4-dimethoxy-5-pyrimidyl, 5-isopropyl-2-methoxyphenyl, 2-

fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 3-cyanophenyl, 3-chlorophenyl, 4-chlorophenyl,

2,3-difluorophenyl, 2,4-difluorbphenyl, 2,5-difluorophenyl, 3,4-difluorophenyl, 3,5-

difluorophenyl, 3-chloro-4-fluoro-phenyl, 3,5-dichlorophenyl, 2,5-dichlorophenyl, 2,3-

dichlorophenyl, 3,4-dichlorophenyl, 2,4-dichlorophenyl, 3-methoxycarbonylphenyl, 4-

methoxycarbonyl phenyl, 3-isopropyloxycarbonylphenyl, 3-acetamidophenyl, 4-fluoro-3-

methylphenyl, 4-methanesulf ϊnyl-phenyl, 4-methanesulfonyl-phenyl, 4-N-(2-N,N-

dimethylaminoethyl)carbamoylphenyl, 5-acetyl-2-thienyl, 2-benzothienyl, 3-beπzothienyl, furan-

3-yl, 4-methyl-2-thienyl, 5-cyano-2-thienyl, N'-phenylcarbonyl-N-piperazinyl, -NHCO Et, -

NHCO 2Me, N-pyrrolidinyl, -NHSO2(CH2)2N-piperidine, -NHSO2(CH2)2 N-morpholine, -

NHSO 2(CH2)2N(Me) 2, COCH2N(Me)COCH2NHMe, -CO2Et, O-propyl, -

CH2CH2NHCO C(Me) 3, hydroxy, aminomethyl, pentyl, adamantyl, cyclopentyl, ethoxyethyl,

C(Me)2CH2OH, C(Me)2CO2Et, -CHOHMe, CH2CO2Et, -C(Me)2CH2NHCO2C(Me)3,

O(CH2)2OEt, O(CH2)2OH, CO2Me, hydroxymethyl, , 1-methyl- 1-cyclohexyl, 1-methyl-l-



cyclooctyl, 1-methyl- 1-cycloheptyl, C(Et)2C(Me)3, C(Et) 3, CONHCH2CH(Me)2, 2-aminomethyl-

phenyl, ethenyl, 1-piperidinylcarbonyl, ethynyl, cyclohexyl, 4-methylpiperidinyl, -OCO2Me, -

C(Me)2CH2NHCO 2CH2CH(Me)2, -C(Me)2CH2NHCO 2CH2CH2CH3, .C(Me)2CH2NHCO2Et, -

C(Me)2CH2NHCO2Me, -C(Me)2CH2NHCO2CH2C(Me)3, -CH2NHCOCF 3, -CH2NHCO2C(Me) 3,

-C(Me)2CH2NHCO2(CHa)3CH3, C(Me)2CH2NHCO2(CH2)2OMe, C(OH) (CFs)2, -

C(Me)2CH2NHCO2CH2-tetrahydrofurane-3-yl, C(Me)2CH2O(CH2)2OMe, or 3-ethyl-2,6-

dioxopiρeridin-3-yl .

[089] In one embodiment, R ' is hydrogen.

[090] In one embodiment, R' is a C1-C8 aliphatic group, optionally substituted with

up to 3 substituents selected from halo, CN, CF3, CHF2, OCF3, or OCHF , wherein up to two

methylene units of said C l -C8 aliphatic is optionally replaced with -CO-, -CONH(Cl -C4

alkyl)-, -CO2-, -OCO-, -N(C1-C4 alkyl)CO2-, -O-, -N(C1-C4 alkyl)CON(Cl-C4 alkyl)-,

-OCON(C1-C4 alkyl)-, -N(C1-C4 alkyl)CO-, -S-, -N(C1-C4 alkyl)-, -SO2N(C1-C4 alkyl)-,

N(Cl -C4 alkyl)SO2-, or -N(Cl -C4 alkyl)SO2N(Cl-C4 alkyl)-.

[091] In one embodiment, R ' is a 3-8 membered saturated, partially unsaturated, or

fully unsaturated monocyclic ring having 0-3 heteroatoms independently selected from

nitrogen, oxygen, or sulfur, wherein R' is optionally substituted with up to 3 substituents

selected from halo, CN, CF3, CHF2, OCF3, OCHF2, or C1-C6 alkyl, wherein up to two

methylene units of said C1-C6 alkyl is optionally replaced with -CO-, -CONH(C 1-C4 alkyl)-,

-CO2-, -OCO-, -N(Cl -C4 alkyl)CO2-, -O-, -N(Cl -C4 alkyl)CON(Cl-C4 alkyl)-, -OCON(Cl-

C4 alkyl)-, -N(C1-C4 alkyl)CO-, -S-, -N(C1-C4 alkyl)-, -SO2N(C1-C4 alkyl)-, N(C1-C4

alkyl)SO2-, or -N(Cl-O* alkyl)SO2N(Cl-C4 alkyl)-.

[092] In one embodiment, R' is an 8-12 membered saturated, partially unsaturated, or

fully unsaturated bicyclic ring system having 0-5 heteroatoms independently selected from

nitrogen, oxygen, or sulfur; wherein R' is optionally substituted with up to 3 substituents

selected from halo, CN, CF3, CHF2, OCF3, OCHF2, or C1-C6 alkyl, wherein up to two

methylene units of said C1-C6 alkyl is optionally replaced with -CO-, -CONH(Cl -C4 alkyl)-,

-CO2-, -OCO-, -N(Cl -C4 alkyl)CO2-, -0-, -N(Cl -C4 alkyl)CON(Cl-C4 alkyl)-, -OCON(Cl-

C4 alkyl)-, -N(C1-C4 alkyI)CO-, -S-, -N(C1-C4 alkyl)-, -SO2N(C1-C4 atkyl)-, N(Cl -C4

alkyl)SO2- or -N(Cl -C4 alkyl)SO2N(Cl-C4 alkyl)-.



[093] In one embodiment, two occurrences of R' are taken together with the atom(s)

to which they are bound to form an optionally substituted 3-12 membered saturated, partially

unsaturated, or fully unsaturated monocyclic or.bicyclic ring having 0-4 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, wherein R' is optionally substituted

with up to 3 substituents selected from halo, CN CF3, CHF2, OCF3, OCHF2, or C1-C6 alkyl,

wherein up to two methylene units of said C1-C6 alkyl is optionally replaced with -CO-, -

CONH(C1-C4 alkyl)-, -CO2-, -OCO-, -N(Cl -C4 alkyl)CO2-, -O-, -N(C1-C4 alkyl)CON(Cl-C4

alkyl)-, -OCON(C1-C4 alkyl)-, -N(C1-C4 alkyl)CO-, -S-, -N(C1-C4 alkyl)-, -SO2N(C1-C4

alkyl)-. N(C1-C4 alkyl)SO2-, or -N(C1-C4 alkyl)SO2N(Cl-C4 alkyl)-.

[094] According to one embodiment, the present invention provides compounds of

formula IIA or formula HB:

HA IEB

[095] According to another embodiment, the present invention provides compounds

of formula IHA, formula IIIB, formula IHC, formula IHD, or formula HIE:

IIIA

IIIB HIC



HID HIE

wherein each of X , X2, X3, X -, and X5 is independently selected from CH or N; and

X6 is O, S, or NR'.

[096] In one embodiment, compounds of formula IHA, formula IHB, formula IHC,

formula HID, or formula IHE have y occurrences of substituent X-Rx , wherein y is 0-4. Or5 y

is 1. Or, y is 2.

[097] In some embodiments of formula IIIA, X1, X , X3, X4, and X5 taken together

with WRWand m is optionally substituted phenyl.

[098] In some embodiments of formula IIIA, Xi, X , X3, X4, and X5 taken together is

an optionally substituted ring selected from:

a-vi a-viii a-ix a-x

a-xvii a-xvϋ i a-xix a-xx a-xxi



a-xxu a-xxin a-xxiv a-xxv

[099] In some embodiments of formula IIIB, foπnula HIC, formula HID, or formula

IIIE, Xi, X2, X , X4, X5, or Xe, taken together with ring A is an optionally substituted ring

selected from:

b-xvi b-xvii b-xviii b-xix b-xx



b-xxxv b-xxxvi b-xxxvii

b-xxxviii bxxxix b-xL b-xLi b-xLii

b-xLviii



b-Lix b-Lx b-Lxi b-Lxii



b-Lxxi b-Lxxii b-Lxxϋi b-Lxxiv

b-Lxxxiii b-Lxxxiv b-Lxxxv b-Lxxxvi

b-Lxxxviϋ b-Lxxxix b-xCi



b-xCi b-xCii b-xCiii b-xCiv

b-xCv b-xCvi b-xCviii

b-xCix b-C b-Ci b-Cii.

[0100] In some embodiments, Rw is selected from halo, cyano, CF3, CHF2, OCHF ,

Me, Et, CH(Me)2, CHMeEt, n-propyl, t-butyl, OMe, OEt, OPh, O-fluorophenyl, O-

difluorophenyl, O-methoxyphenyl, O-tolyl, O-benzyl, SMe, SCF3, SCHF2, SEt, CH2CN, NH2

NHMe, N(Me) 2, NHEt, N(Et)2 C(O)CH3, C(O)Ph, C(O)NH2, SPh, SO2-(amino-pyridyl),

SO2NH2, SO2Ph, SO2NHPh 5 SO2-N-morpholino, SO2-N-ρyrrolidyl, N-pyrrolyl, N-

moφ holino, 1-piperidyl, phenyl, benzyl, (cyclohexyl-methylamino)methyl, 4-Methyl-2,4-

dihydro-pyrazol-3-one-2-yl, benzimidazol-2yl, furan-2-yl, 4-methyl-4H-[l,2,4]triazol-3-yl, 3-

(4'-chlorophenyl)-[l,2,4]oxadiazol-5-yl, NHC(O)Me, NHC(O)Et, NHC(O)Ph, or NHSO 2Me

[0101] In some embodiments, X and Rx , taken together, is Me, Et, halo, CN, CF3, OH,

OMe, OEt, SO2N(Me)(fluorophenyl), SO2-(4-methyl-piperidin-l-yl, or S0 2-N-pyrrolidinyI.

[0102] According to another embodiment, the present invention provides compounds

of formula IVA, formula IVB, or formula IVC:

IVA



IVB IVC

[0103] In one embodiment compounds of formula IVA, formula IVB, and formula

IVC have y occurrences of substituent X-Rx , wherein y is 0-4. Or, y is 1. Or, y is 2.

[0104] In one embodiment, the present invention provides compounds of formula IVA,

formula IVB, and formula IVC, wherein X is a bond and Rx is hydrogen.

[0105] In one embodiment, the present invention provides compounds of formula

formula IVB, and formula IVC, wherein ring A2 is an optionally substituted, saturated,

unsaturated, or aromatic seven membered ring with 0-3 heteroatoms selected from O, S, or N.

Exemplary rings include azepanyl, 5,5-dimethyl azepanyl, etc.

[0106] In one embodiment, the present invention provides compounds of formula IVB

and IVC, wherein ring A is an optionally substituted, saturated, unsaturated, or aromatic six

membered ring with 0-3 heteroatoms selected from O, S, or N. Exemplary rings include

piperidinyl, 4,4-dimethylpiperidinyl, etc.

[0107] In one embodiment, the present invention provides compounds of formula IVB

and rVC, wherein ring A2 is an optionally substituted, saturated, unsaturated, or aromatic five

membered ring with 0-3 heteroatoms selected from O, S, or N.

[0108] In one embodiment, the present invention provides compounds of formula IVB

and IVC, wherein ring A is an optionally substituted five membered ring with one nitrogen

atom, e.g., pyrrolyl or pyrrolidinyl.

[0109] According to one embodiment of formula IVA, the following compound of

formula VA-I is provided:

VA-I



wherein each of WRW2 and WRW4 is independently selected from hydrogen, CN, CF3,

halo, C1-C6 straight or branched alkyl, 3-12 membered cycloaliphatic, phenyl, C5-C10

heteroaryl or C3-C7 heterocyclic, wherein said heteroaryl or heterocyclic has up to 3

heteroatoms selected from O, S3or N, wherein said WRW2 and WRW4 is independently and

optionally substituted with up to three substituents selected from -OR', -CF3, -OCF3, SR',

S(O)R', SO2R', -SCF3, halo, CN, -COOR', -COR', -O(CH2)2N(R')(R') -0(CH 2)N(R')(R'), -

CON(R'XR'), -(CH2)2OR\ -(CH2)OR', CH2CN, optionally substituted phenyl or phenoxy, -

N(R'XR'), -NR5C(O)OR', -NR C(O)R', -(CH2)2N(R')(R'), or -(CH2)N(R') (R'); and

WRW5 is selected from hydrogen, -OH, NH2, CN, CHF2, NHR', N(R') 2, -NHC(O)R',

-NHC(O)OR', NHSO2R', -OR', CH2OH, CH2N(R') 2, C(O)OR , SO2NHR', SO2N(R') 2 or

CH2NHC(O)OR'. Or, WRW4 and WRW5 taken together form a 5-7 membered ring containing

0-3 three heteroatoms selected from N, O, or S, wherein said ring is optionally substituted with

up to three WRW substituents.

[0110] In one embodiment, compounds of formula VA-I have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is O.

[0111] In one embodiment, the present invention provides compounds of formula VA-

1, wherein X is a bond and Rx is hydrogen.

[0112] In one embodiment, the present invention provides compounds of formula VA-

1, wherein:

each of WRW2 and WRW4 is independently selected from hydrogen, CN, CF3, halo,

C1-C6 straight or branched alkyl, 3-12 membered cycloaliphatic, or phenyl, wherein said

WRW2 and WRW4 is independently and optionally substituted with up to three substituents

selected from -OR', -CF3, -OCF3, -SCF3, halo, -COOR', -COR', -O(CH2)2N(R')(R ), -

O(CH2)N(R')(R ), -CON(R')(R'), -(CH2)2OR\ -(CH2)OR , optionally substituted phenyl, -

N(R1XR'), -NC(O)OR', -NC(O)R', -(CH2)2N(R')(R5), or -(CH2)N(RO(R'); and

WRW5 is selected from hydrogen, -OH, NH2, CN, NHR\ N(R') 2, -NHC(O)R', -

NHC(O)OR', NHSO2R', -OR', CH2OH, C(O)OR', SO2NHR', or CH2NHC(O)O-(R ).

[0113] In one embodiment, the present invention provides compounds of formula VA-

1, wherein:

WRW2 is a pheny ring optionally substituted with up to three substituents selected from —

OR', -CF3, -OCF3, SR', S(O)R', SO2R', -SCF3, halo, CN, -COOR', -COR', -



O(CH2)2N(R')(R'), -O(CH2)N(R')(R'), -CON(R')(R'), -(CHz)2OR', -(CH2)OR', CH2CN,

optionally substituted phenyl or phenoxy, -N(R')(R'), -NR C(O)OR', -NR C(O)R', -

(CH2)2N(R')(R') 5 or -(CH2)N(R')(R');

WRW4 is C1-C6 straight or branched alkyl; and

WRWS is OH.

[0114] In one embodiment, each of WRW2 and WRW4 is independently selected from

CF3 or halo. In one embodiment, each of WRW2 and WRW4 is independently selected from

optionally substituted hydrogen, C1-C6 straight or branched alkyl. In certain embodiments,

each of of WRW2 and WRW4 is independently selected from optionally substituted n-propyl,

isopropyl, n-butyl, sec-butyl, t-butyl, l,l-dimethyl-2-hydroxyethyl, l,l-dimethyl-2-

(ethoxycarbonyl)-ethyl, l,l-dimethyl-3-(t-butoxycarbonyl-amino) propyl, or n-pentyl.

[0115] In one embodiment, each of WRW2 and WRW4 is independently selected from

optionally substituted 3-12 membered cycloaliphatic. Exemplary embodiments of such

cycloaliphatic include cyclopentyl, cyclohexyl, cycloheptyl, norbornyl, adamantyl,

[2.2.2.]bicyclo-octyl, [2.3.1.] bicyclo-octyl, or [3.3.1]bicyclo-nonyl.

[0116] In certain embodiments WRW2 is hydrogen and WR W4 is C1-C6 straight or

branched alkyl. In certain embodiments, WRW4 is selected from methyl, ethyl, propyl, n-butyl,

sec-butyl, or t-butyl.

[0117] In certain embodiments WRW4 is hydrogen and WRW2 is C1-C6 straight or

branched alkyl. In certain embodiments, WR is selected from methyl, ethyl, propyl, n-butyl,

sec-butyl, t-butyl, or n-pentyl.

[0118] In certain embodiments each of WRW2 and WRW4 is C1-C6 straight or branched

alkyl. In certain embodiments, each of WRW2 and WRW4 is selected from methyl, ethyl,

propyl, n-butyl, sec-butyl, t-butyl, or pentyl.

[0119] In one embodiment, WRW5 is selected from hydrogen, CHF2, NH2, CN, NHR',

N(R') 2, CH2N(R') 2, -NHC(O)R', -NHC(O)OR', -OR', C(O)OR', or SO2NHR'. Or, WRW5 is -

OR', e.g., OH.

[0120] In certain embodiments, WRWS is selected from hydrogen, NH2, CN, CHF2,

NH(C1-C6 alkyl), N(Cl-CO alkyl)2, -NHC(O)(Cl-CO alkyl), -CH2NHC(O)O(Cl-CO alkyl), -

NHC(O)O(C1-C6 alkyl), -OH, -O(C1-C6 alkyl), C(O)O(C1-C6 alkyl), CH2O(C1-C6 alkyl), or

SO2NH2. In another embodiment, WRW5 is selected from -OH, OMe, NH2, -NHMe, -N(Me)2,



-CH2NH2, CH2OH, NHC(O)OMe, NHC(O)OEt, CN, CHF2, -CH2NHC(O)O(t-butyl), -O-

(ethoxyethyl), -O-(hydroxyethyl), -C(O)OMe, Or-SO NH2.

[0121] In one embodiment, compound of formula VA-I has one, preferably more, or

more preferably all, of the following features:

i) WRW2 is hydrogen;

ii) WRW4 is Cl -C6 straight or branched alkyl or monocyclic or bicyclic aliphatic; and

iii) WRW5 is selected from hydrogen, CN, CHF2, NH2, NH(Cl -C6 alkyl), N(Cl -C6

alkyl)2, -NHC(O)(C1-C6 alkyl), -NHC(O)O(C 1-C6 alkyl), -CH2C(O)O(Cl -C6 alkyl),

-OH, -O(C1-C6 alkyl), C(O)O(C1-C6 alkyl), or SO2NH2.

[0122] In one embodiment, compound of formula VA-I has one, preferably more, or

more preferably all, of the following features:

i) WRW2 is halo, C1-C6 alkyl, CF3, CN, or phenyl optionally substituted with up to 3

substituents selected from C1-C4 alkyl, -O(C1-C4 alkyl), or halo;

ii) WRW4 is CF3, halo, C1-C6 alkyl, or C6-C10 cycloaliphatic; and

iii) WRWS is OH, NH2, NH(Cl -C6 alkyl), or N(Cl-Co alkyl).

[0123] In one embodiment, X-Rx is at the 6-position of the quinolinyl ring. In certain

embodiments, X-Rx taken together is C1-C6 alkyl, -O-(C1-C6 alkyl), or halo.

[0124] In one embodiment, X-Rx is at the 5-position of the quinolinyl ring. In certain

embodiments, X-Rx taken together is -OH.

[0125] In another embodiment, the present invention provides compounds of formula

VA-I, wherein WRW4 and WRW5 taken together form a 5-7 membered ring containing 0-3

three heteroatoms selected from N, O, or S, wherein said ring is optionally substituted with up

to three WRW substituents.

[0126] In certain embodiments, WRW4 and WRW5 taken together form an optionally

substituted 5-7 membered saturated, unsaturated, or aromatic ring containing Oheteroatoms. In

other embodiments, WRW4 and WRW5 taken together form an optionally substituted 5-7

membered ring containing 1-3 heteroatoms selected from N, O, or S. In certain other

embodiments, WRW4 and WRW5 taken together form an optionally substituted saturated,

unsaturated, or aromatic 5-7 membered ring containing 1 nitrogen heteroatom. In certain other

embodiments, WRW4 and WRW5 taken together form an optionally substituted 5-7 membered

ring containing 1 oxygen heteroatom.



[0127] In another embodiment, the present invention provides compounds of formula

V-A-2:

V-A-2

wherein:

Y is CH2, C(O)O, C(O) or S(O)2;

m is 0-4; and

X, Rx , W, and Rw are as defined above.

[0128] In one embodiment, compounds of formula VA-2 have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or, y is 2.

[01291 In one embodiment, Y is C(O). In another embodiment, Y is C(O)O. Or, Y is

S(O)2. Or, Y is CH2.

[0130] In one embodiment, m is 1 or 2. Or, m is 1. Or, m is 0.

[0131] In one embodiment, W is a bond.

[0132] In another embodiment, Rw is C1-C6 aliphatic, halo, CF3, or phenyl optionally

substituted with C1-C6 alkyl, halo, cyano, or CF3, wherein up to two methylene units of said

C1-C6 aliphatic or C1-C6 alkyl is optionally replaced with -CO-, -CONR'-, -CO2-, -OCO-,

-NR CO2-, -O-, -NR'CONR'-, -OCONR'-, -NR 5CO-, -S-, -NR'-, -SO2NR'-, NR5SO2-, or -

NR SO2NR'-. In another embodiment, R' above is C1-C4 alkyl.

Exemplary embodiments of WRW include methyl, ethyl, propyl, tert-butyl, or 2-ethoxyphenyl.

[0133] In another embodiment, Rw in Y-R w is C1-C6 aliphatic optionally substituted

with N(R") 2, wherein R" is hydrogen, C1-C6 alkyl, or two R" taken together form a 5-7

membered heterocyclic ring with up to 2 additional heteroatoms selected from O, S, or NR .

Exemplary such heterocyclic rings include pyrrolidinyl, piperidyl, morpholinyl, or

thiomorpholinyl .

[0134] In another embodiment, the present invention provides compounds of formula

V-A-3:



V-A-3

wherein:

Q is W;

R is Rw ;

m is 0-4;

n is 0-4; and

X, Rx , W, and Rw are as defined above.

[0135] In one embodiment, compounds of formula VA-3 have y occurrences of X-R ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or, y is 2.

[0136] In one embodiment, n is 0-2.

[0137] In another embodiment, m is 0-2. In one embodiment, m is 0. In one

embodiment, m is 1. Or, m is 2.

[0138] In one embodiment, QRQ taken together is halo, CF3, OCF3, CN, C1-C6

aliphatic, O-C1-C6 aliphatic, O-phenyl, NH(Cl -C6 aliphatic), orN(Cl-C6 aliphatic)2, wherein

said aliphatic and phenyl are optionally substituted with up to three substituents selected from

C1-C6 alkyl, O-C1-C6 alkyl, halo, cyano, OH, or CF3, wherein up to two methylene units of

said C1-C6 aliphatic or C1-C6 alkyl is optionally replaced with -CO-, -CONR'-, -CO2-,

-OCO-, -NR CO2-, -O-, -NR'CONR'-, -OCONR'-, -NR CO-, -S-, -NR'-, SOR', SO2R',

-SO2NR -, NR SO2-, or -NR SO2NR -. In another embodiment, R' above is C1-C4 alkyl.

[0139] Exemplary QR include methyl, isopropyl, sec-butyl, hydroxymethyl, CF3,

NMe 2, CN, CH2CN, fiuoro, chloro, OEt, OMe, SMe, OCF3, OPh, C(O)OMe, C(O)O-iPr,

S(O)Me, NHC(O)Me, or S(O)2Me.

[0140] In another embodiment, the present invention provides compounds of formula

V-A-4:



V-A-4

wherein X, Rx , and Rw are as defined above.

[0141] In one embodiment, compounds of formula VA-4 have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or, y is 2.

[0142] In one embodiment, Rw is C1-C12 aliphatic, C5-C10 cyclpaliphatic, or C5-C7

heterocyclic ring, wherein said aliphatic, cycloaliphatic, or heterocyclic ring is optionally

substituted with up to three substituents selected from C1-C6 alkyl, halo, cyano, oxo, OH, or

CF3, wherein up to two methylene units of said C1-C6 aliphatic or C1-C6 alkyl is optionally

replaced with -CO-, -CONR'-, -CO2-, -OCO-, -NR CO2-, -O-, -NR'CONR'-, -OCONR'-,

-NR CO-, -S-, -NR'-, -SO2NR'-, NR SO2-, or -NR SO2NR'-. In another embodiment, R'

above is C1-C4 alkyl.

[0143] Exemplary Rw includes methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-

butyl, n-pentyl, vinyl, cyanomethyl, hydroxymethyl, hydroxyethyl, hydroxybutyl, cyclohexyl,

adamantyl, or -C(CH3)2-NHC(O)O-T, wherein T is C1-C4 alkyl, methoxyethyl, or

tetrahydrofuranylmethy 1.

[0144] In another embodiment, the present invention provides compounds of formula

V-A-S:

V-A-5

wherein:

m is 0-4; and

X, Rx , W, Rw , and R' are as defined above.

[0145] In one embodiment, compounds of formula VA-5 have y occurrences of X-R ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or, y is 2.



[0146] In one embodiment, m is 0-2. Or, m is 1. Or, m is 2.

[0147] In another embodiment, both R' are hydrogen. Or, one R' is hydrogen and the

other R' is C1-C4 alkyl, e.g., methyl. Or, both R' are C1-C4 alkyl, e.g., methyl.

[0148] In another embodiment, m is 1 or 2, and Rw is halo, CF , CN, C1-C6 aliphatic,

O-C1-C6 aliphatic, or phenyl, wherein said aliphatic and phenyl are optionally substituted with

up to three substituents selected from C1-C6 alkyl, O-C1-C6 alkyl, halo, cyano, OH, or CF ,

wherein up to two methylene units of said C1-C6 aliphatic or C1-C6 alkyl is optionally

replaced with -CO-, -CONR'-, -CO2-, -OCO-, -NR CO2-, -O-, -NR'CONR'-, -OCONR'-,

-NR'CO-, -S-, -NR'-, -SO2NR'-, NR SO2-, or -NR SO2NR'-. In another embodiment, R'

above is C1-C4 alkyl.

[0149] Exemplary embodiments of Rw include chloro, CF3, OCF , methyl, ethyl, n-

propyl, isopropyl, n-butyl, t-butyl, methoxy, ethoxy, propyloxy, or 2-ethoxyphenyl.

[0150] In another embodiment, the present invention provides compounds of formula

V-A-6:

V-A-6

wherein:

ring B is a 5-7 membered monocyclic or bicyclic, heterocyclic or heteroaryl ring

optionally substituted with up to n occurrences of -Q-R^, wherein n is 0-4, and Q and R are as

defined above; and

Q, RQ, X, Rx , W, and Rw are as defined above.

[0151] In one embodiment, compounds of formula VA-6 have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or, y is 2.

[0152] In one embodiment, m is 0-2. Or, m is 0. Or m is 1.

[0153] In one embodiment, n is 0-2. Or, n is 0. Or, n is 1.

[0154] In another embodiment, ring B is a 5-7 membered monocyclic, heterocyclic ring

having up to 2 heteroatoms selected from O, S, or N, optionally substituted with up to n



occurrences of -Q-R^. Exemplary heterocyclic rings include N-morpholinyl, N-piperidinyl, 4-

benzoyl-piperazin-1-yl, pyrrolidin-1-yl, or 4-methyl-piperidin-l-yL

[0155] In another embodiment, ring B is a 5-6 membered monocyclic, heteroaryl ring

having up to 2 heteroatoms selected from O, S, or N, optionally substituted with up to n

Exemplary such rings include benzimidazol-2-yl, 5-methyl-furan-2-yl,

2,5-dimethyl-pyrrol-l-yl, pyridine-4-yl, indol-5-yl, indol-2-yl, 2,4-dimethoxy-pyrimidin-5-yl,

furan-2-yl, furan-3-yl, 2-acyl-thien-2-yl, benzothiophen-2-yl, 4-methyl-thien-2-yl, 5-cyano-

thien-2-yl, 3-chloro-5-trifluoromethyl-pyridin-2-yl.

[0156] In another embodiment, the present invention provides compounds of formula

V-B-I:

V-B-I

wherein:

one of Qi and Q is N(WRw) and the other of Q i and Q is selected from O, S, or

N(WRW);

Q2 is C(O) CH2-C(O), C(O)-CH2 CH2, CH2-CH2, CF2 or CF2-CF2;

m is 0-3; and

X, W, Rx , and Rw are as defined above.

[0157] In one embodiment, compounds of formula V-B-I have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or y is 2.

[0158] In one embodiment, Q is N(WRW); exemplary WRW include hydrogen, C1-C6

aliphatic, C(O)C 1-C6 aliphatic, or C(O)OCl-Co aliphatic.

[0159] In another embodiment, Q3 is N(WRW), Q2 is C(O), CH2, CH2-CH2, and Q, is

O.

[0160] In another embodiment, the present invention provides compounds of formula

V-B-2:



V-B-2

wherein:

Rw ι is hydrogen or C1-C6 aliphatic;

each of RW3 is hydrogen or C1-C6 aliphatic; or

both RW3 taken together form a C3-C6 cycloalkyl or heterocyclic ring having up

to two heteroatoms selected from O, S, or NR', wherein said ring is optionally substituted with

up to two WRW substituents;

m is 0-4; and

X, Rx , W, and Rw are as defined above.

[0161] In one embodiment, compounds of formula V-B-2 have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or, y is 2.

[0162] In one embodiment, WRW 1 is hydrogen, C1-C6 aliphatic, C(O)Cl -C6 aliphatic,

or C(O)OC 1-C6 aliphatic.

[0163] In another embodiment, each RW3 is hydrogen, C1-C4 alkyl. Or, both RW3

taken together form a C3-C6 cycloaliphatic ring or 5-7 membered heterocyclic ring having up

to two heteroatoms selected from O, S, or N, wherein said cycloaliphatic or heterocyclic ring is

optionally substituted with up to three substitutents selected from WRWI. Exemplary such

rings include cyclopropyl, cyclopentyl, optionally substituted piperidyl, etc.

[0164] In another embodiment, the present invention provides compounds of formula

V-B-3:

V-B-3

wherein:

Q4 is a bond, C(O), C(O)O, or S(O)2;



Rw ι is hydrogen or C1-C6 aliphatic;

m is 0-4; and

X, W, Rw , and Rx are as defined above.

[0165] In one embodiment, compounds of formula V-B-3 have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is 0.

[0166] In one embodiment, Q is C(O). Or Q is C(O)O. In another embodiment, RW 1

is C1-C6 alkyl. Exemplary RW 1 include methyl, ethyl or t-butyl.

[0167] In another embodiment, the present invention provides compounds of formula

V-B-4:

V-B-4

wherein:

m is 0-4; and

X, Rx , W, and Rw are as defined above.

[0168] In one embodiment, compounds of formula V-B-4 have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or, y is 2.

[0169] In one embodiment, rn is 0-2. Or, m is 0. Or, m is 1.

[0170] In another embodiment, said cycloaliphatic ring is a 5-membered ring. Or, said

ring is a six-membered ring.

[0171] In another embodiment, the present invention provides compounds of formula

V-B-5:

V-B-5

wherein:



ring A2 is a phenyl or a 5-6 membered heteroaryl ring, wherein ring A and the phenyl

ring fused thereto together have up 4 substituents independently selected from WRW;

m is 0-4; and

X, W, R and Rx are as defined above.

[0172] In one embodiment, compounds of formula V-B-5 have y occurrences of X-Rx ,

wherein y is 0-4. In one embodiment, y is 0. Or, y is 1. Or, y is 2.

[0173] In one embodiment, ring A2 is an optionally substituted 5-membered ring

selected from pyrrolyl, furanyl, thienyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl, thiadiazolyl,

oxadiazolyl, or triazolyl.

[0174] In one embodiment, ring A2 is an optionally substituted 5-membered ring

selected from pyrrolyl, pyrazolyl, thiadiazolyl, imidazolyl, oxazolyl, or triazolyl. Exemplary

such rings include:

aa bb CC d d

ee ff gg;

wherein said ring is optionally substituted as set forth above.

[0175] In another embodiment, ring A2 is an optionally substituted 6-membered ring.

Exemplary such rings include pyridyl, pyrazinyl, or triazinyl. In another embodiment, said

ring is an optionally pyridyl.

[0176] In one embodiment, ring A is phenyl.

[0177] In another embodiment, ring A is pyrrolyl, pyrazolyl, pyridyl, or thiadiazolyl.

[0178] Examplary W in formula V-B-5 includes a bond, C(O), C(O)O or C1-C6

alkylene.

[0179] Exemplary Rw in formula V-B-5 include cyano, halo, C1-C6 aliphatic, C3-C6

cycloaliphatic, aryl, 5-7 membered heterocyclic ring having up to two heteroatoms selected

from O, S, or N, wherein said aliphatic, phenyl, and heterocyclic are independently and

optionally substituted with up to three substituents selected from C1-C6 alkyl, O-C1-C6 alkyl,



halo, cyano, OH, or CF , wherein up to two methylene units of said C1-C6 aliphatic or C1-C6

alkyl is optionally replaced with -CO-, -CONR'-, -CO2-, -OCO-, -NR CO2-, -O-, -

NR'CONR'-, -OCONR'-, -NR'CO-, -S-, -NR'-, -SO2NR'-, NR SO2-, or -NR SO2NR'-. In

another embodiment, R' above is C1-C4 alkyl.

[0180] In one embodiment, the present invention provides compounds of formula V-B-

5-a:

V-B-5-a

wherein:

G4 is hydrogen, halo, CN, CF3, CHF2, CH2F, optionally substituted C1-C6 aliphatic,

aryl-Cl-C6 alkyl, or a phenyl, wherein G is optionally substituted with up to 4 WRW

substituents; wherein up to two methylene units of said C1-C6 aliphatic or C1-C6 alkyl is

optionally replaced with -CO-, -CONR'-, -CO2-, -OCO-, -NR CO2-, -O-, -NR'CONR'-,

-OCONR'-, -NR'CO-, -S-, -NR'-, -SO2NR'-, NR SO2-, or -NR SO2NR'-. ;

Gs is hydrogen or an optionally substituted C1-C6 aliphatic;

wherein said indole ring system is further optionally substituted with up to 3 substituents

independently selected from WRW.

[0181] In one embodiment, compounds of formula V-B-5-a have y occurrences of X-

Rx , wherein y is 0-4. In one embodiment, y is O. Or, y is 1. Or, y is 2.

[0182] In one embodiment, G is hydrogen. Or, G 5 is hydrogen.

[0183] In another embodiment, G is hydrogen, and G5 is C1-C6 aliphatic, wherein said

aliphatic is optionally substituted with C1-C6 alkyl, halo, cyano, or CF3, and wherein up to two

methylene units of said C1-C6 aliphatic or C1-C6 alkyl is optionally replaced with -CO-, -

CONR -, -CO2-, -OCO-, -NR 5CO2-, -O-, -NR'CONR'-, -OCONR 5-, -NR'CO-, -S-, -NR'-,

-SO2NR'-, NR5SO2- or -NR SO NR - . In another embodiment, R' above is C1-C4 alkyl.

[0184] In another embodiment, G4 is hydrogen, and G5 is cyano, methyl, ethyl, propyl,

isopropyl, butyl, sec-butyl, t-butyl, cyanomethyl, methoxyethyl, CH2C(O)OMe5 (CH2) -

NHC(O)O-fer/-butyl, or cyclopentyl.



[0185] In another embodiment, G5 is hydrogen, and G4 is halo, Cl -C6 aliphatic or

phenyl, wherein said aliphatic or phenyl is optionally substituted with C1-C6 alkyl, halo,

cyano, or CF3, wherein up to two methylene units of said C1-C6 aliphatic or C1-C6 alkyl is

optionally replaced with -CO-, -CONR'-, -CO2-, -OCO-, -NR CO -, -0-, -NR'CONR'-,

-OCONR'-, -NR'CO-, -S-, -NR'-, -SO2NR'-, NR SO2-, or -NR SO2NR'-. In another

embodiment, R5 above is C1-C4 alkyl.

[0186] In another embodiment, G5 is hydrogen, and G4 is halo, CF , ethoxycarbonyl, t-

butyl, 2-methoxyphenyl, 2-ethoxyphenyl^ (4-C(O)NH(CH2)2-NMe2)-phenyl, 2-methoxy-4-

chloro-phenyl, pyridine-3-yl, 4-isopropylphenyl, 2,6-dimethoxyphenyl, sec-

butylaminocarbonyl, ethyl, t-butyl, or piperidin-1-ylcarbonyl.

[0187] In another embodiment, G and G5 are both hydrogen, and the nitrogen ring

atom of said indole ring is substituted with C1-C6 aliphatic, C(O)(Cl-Co aliphatic), or benzyl,

wherein said aliphatic or benzyl is optionally substituted with C1-C6 alkyl, halo, cyano, or

CF3, wherein up to two methylene units of said C1-C6 aliphatic or C1-C6 alkyl is optionally

replaced with -CO-, -CONR'-, -CO2-, -OCO-, -NR CO2-, -O-, -NR'CONR'-, -OCONR'-,

-NR CO-, -S-, -NR'-, -SO2NR'-, NR SO2-, or -NR SO2NR'-. In another embodiment, R'

above is C1-C4 alkyl.

[0188] In another embodiment, G4 and G5 are both hydrogen, and the nitrogen ring

atom of said indole ring is substituted with acyl, benzyl, C(O)CH2N(Me)C(O)CH NHMe, or

ethoxycarbonyl.

[0189] In another embodiment, the present invention provides compounds of formula

' :

I '

or pharmaceutically acceptable salts thereof,

wherein R1, R2, R3, R4, R5, R6, R7, and Ar 1 is as defined above for compounds of formula

r.



[0190] In one embodiment, each of R1 R2 R3, R4 R5, R6, R7, and Ar1 in compounds of

formula I * is independently as defined above for any of the embodiments of compounds of

formula I .

[0191] Representative compounds of the present invention are set forth below in Table

1 below.

[0192] Table 1

ester
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[0193] 4. General Synthetic Schemes

[0194] Compounds of the present invention are readily prepared by methods known in

the art. Illustrated below are exemplary methods for the preparation of compounds of the

present invention.

[0195] The scheme below illustrates the synthesis of acid precursors of the compounds

of the present invention.

[0196] Synthesis of Acid Precursors P-IV-A, P-W-B or P-IV-C:



R6=SMe R6=H R6=CF3

a) (CO2Et)2CH2; b) (CO2Et)2CH=CH(OEt); c) CF3CO2H, PPh3 CCl4, Et3N; d) MeI;

e) PPA or diphenylether; f) NaOH.

[0197] Synthesis of Acid Precursors P-IV-A, P-IV-B or P-IV-C:



a) AcONH 4; b) EtOCHC(CO2Et)2, 13O0C; c) Ph2O, ∆T; d) I2, EtOH; e) NaOH.

[0198] Synthesis of Acid Precursors P-IV-A, P-IV-B or P-IV-C

[0199] POCl3; b) R'ONa; c) n-BuLi, ClCO2Et; d) NaOH

[0200] Synthesis of Amine Precursor P-III-A:

(CHa)2SO4; b) K3Fe(CN)6, NaOH H2O; c) HNO3, H2SO4; d) RCOCH3 MeOH, NH3; e) H2

Raney Ni

[0201] Synthesis of Amine Precursor P-IV-A:



[0202] HNO3, HOAc; b) Na2S2O4, THF/H2O; c) H2 Pd/C.

[0203] Synthesis of Amine Precursor P-V-A-I:

[0204] KNO3, H2SO4; b) NaNO2, H2SO4- H2O; c) NH4CO2H, Pd-C; d) R'X; e)

NH4CO2H, Pd-C

[0205] Synthesis of Amine Precursor P-V-A-I:



f

I



a) SO2Cl2, R2= Cl; b) R2OH, R2=alkyl; c) NBS, Rl=Br; d) ClCO2R5TEA; e)

HNO3, H2SO4; f) base; g) ArB(OH)2, Rl=Br; h) [H]; I) R5X, Rl= Br; j) ClCF2CO2Me; k)

[H]; 1) [H].

[0206] Synthesis of Amine Precursor P-V-A-I:

[0207] KNO3; b) [H]; c) K-NO3; d) AcCl; e) [H]; f) i) NaNO2; ii) H2O; g) HCl

[0208] Synthesis of Amine Precursor P-V-A-I:



[0209] HNO3, H2SO4; b) [H]; c) protection; d) R'CHO; e) deprotectioπ; f) [H]; g)

Na2S, S, H2O; h) nitration; i) (BOC)2O; j) [H]; k) RX; 1) [H]; PG= protecting group

[0210] Synthesis of Amine Precursors P-V-A-I or P-V-A-2:



[0211] a) Br2; b) Zn(CN)2, Pd(PPh)3; c) [H]; d) BH3; e) (BOC)2O; f) [H]; g) H2SO4,

H2O; h) R'X; i) [H]; j ) LiAlH4

[0212] Synthesis of Amine Precursors P-V-A-I or P-V-A-2:

O)NaNO2, HCl; ii) Na2SO3, CuSO4 HCl; b) NH4Cl; c) [H]



[0213] Synthesis of Amine Precursors P-V-A-I:

a) CHCl2OMe; b) KNO 3, H2SO4; c) Deoxo-Fluor; d) Fe

[0214J Synthesis of Amine Precursors P-V-A-3:

Ar = Aryl or Heteroaryl

a) Nitration; b) ArB(OH) 2, Pd; c) BH3; d) (BOC)2O

[0215] Synthesis of Amine Precursors P-V-B-I:



a) AcCl; b) DEAD; c) AlCl 3; d) NaOH

[0216] Synthesis of Amine Precursors P-V-B-I:

Y=O, S

a) ClCH 2COCl; b) [H]; c) protection; d) [H]

PG= protecting group

[02171 Synthesis of Amine Precursors P-V-B-I:

X=F, Cl

a) HSCH 2CO2H; b) [H]



[0218] Synthesis of Amine Precursors P-V-B-2:

a) AlCl3; b) [H]; c) i) R1R2CHCOCH2CH2C1; ii) NaBH4; d) NH2OH; e) DIBAL-H; f) nitration;

g) protection; h) [H]

PG= protecting group

[0219] Synthesis of Amine Precursors P-V-B-3 :



a) Nitration; b) Protection; c) [H]

PG= protecting group

10220] Synthesis of Amine Precursors P-V-B-5:

a) when X=Cl, Br, I: RX, K2CO3, DMF or CH CN; when X=OH: RX, TFFH, DIEA, THF b) H2,

Pd-C, EtOH or SnCl2.2H2O, EtOH or SnCl2.2H2O, DIEA, EtOH.

[0221] Synthesis of Amine Precursors P-V-B-5:

a) RCOCl, Et3N, CH2Cl2; b) n-BuLi, THF; c) NaBH 4, AcOH; d) KNO3, H2SO4; e) DDQ, 1,4-

dioxane; f ) NaNO 2, HCl, SnCl2.2H2O, H2O; g) MeCOR, EtOH; h) PPA; i) LiAlH4, THF or H2,

Raney Ni, EtOH or MeOH



[0222] Synthesis of Amine Precursors V-B-5:

a) NaNO2 HCl, SnCl2.2H2O, H2O; b) RCH2COR, AcOH, EtOH; c) H3PO4, toluene; d) H2, Pd-C,

EtOH

[0223] Synthesis of Amine Precursors P-V-B-5:

a) NaNO2, HCl, SnCl2.2H2O, H2O; b) RCH2COH, AcOH, EtOH; c) H3PO4, toluene; d) H2 Pd-C,

EtOH



[0224] Synthesis of Amine Precursors P-V-B-5:

a) RX (X=Br, I), zinc triflate, TBAI, DIEA, toluene; b) H2, Raney Ni, EtOH or H2, Pd-C, EtOH

or SnCl2.2H2O, EtOH; c) ClSO2NCO, DMF, CH3CN; d) Me2NH, H2CO AcOH; e) MeI, DMF,

THF, H2O; f) MNu (M= Na, K, Li; Nu= nucleophile)

[0225] Synthesis of Amine Precursors P-V-B-5:

a) HNO3, H2SO4; b) Me2NCH(OMe) 2 DMF; c) H2, Raney Ni, EtOH



[0226] Synthesis of Amine Precursors P-V-B-5:

a) When PG= SO2Ph: PhSO2Cl, Et3N, DMAP, CH2Cl2; When PG= Ac: AcCl NaHCO3 CH2Cl2;

b) When R= RCO: (RCO)2O, AlCl3, CH2Cl2; When R=Br: Br2, AcOH; c) HBr or HCl; d) KNO3,

H2SO4; e) MnO2, CH2Cl2 or DDQ, 1,4-dioxane; f) H2, Raney Ni, EtOH.

[0227] Synthesis of Amine Precursors P-V-B-5:

a) NBS 5 DMF; b) KNO3, H2SO4; c) HC=CSiMe3, Pd(PPh3)2Cl2, CuI, Et3N, Toluene, H2O; d)

CuI, DMF; e) H2, Raney Ni, MeOH



[0228] Synthesis of Amine Precursors P-V-A-3 and P-V-A-6:

Ar= Aryl or heteroaryl

a) ArB(OH)2 Pd(PPh3)4, K2CO3, H2O, THF or ArB(OH)2, Pd2(dba)3, P(tBu)3, KF, THF

[0229] Synthesis of Amine Precursors P-V-A-4:

R= CN, CO2Et; a) MeI, NaOtBu, DMF; b) HCO2K, Pd-C, EtOH or HCO2NH4, Pd-C, EtOH

[0230] Synthesis of Amine Precursors P-V-A-4:

a) ArBr, Pd(OAc)2, PS-PPh3, K2CO3, DMF

[0231] Synthesis of Amine Precursors P-V-B-4:



a) H2, Pd-C MeOH

[0232] Synthesis of Amine Precursors P-V-B-4:

a) NaBH4 MeOH; b) H2, Pd-C, MeOH; c) NH2OH5 Pyridine; d) H2, Pd-C MeOH; e) BoC2O,

Et3N, MeOH

[0233] Synthesis of Compounds of Formula I :

a) Aτ R7NH, coupling reagent, base, solvent. Examples of conditions used:

HATU, DIEA; BOP, DIEA, DMF; HBTU, Et3N, CH2Cl2; PFPTFA, pyridine.



[0234] Synthesis of Compounds of Formula T :

[0235] Syntheis of Compounds of formula V-B-5:

a) NaOH, THF; b) HNR2 HATU, DIEA, DMF

[0236] Syntheis of Compounds of formula V-B-5:

WRW= aryl or heteroaryl: a) ArB(OH)2, (dppf)PdCl2, K2CO3, DMF



[0237] Synthesis of Compounds of Formula V-A-2 & V-A-5:

a) SnCl2.2H2O, EtOH; b) PG= BOC: TFA, CH2Cl2; c) CH2O NaBH3CN, CH2Cl2, MeOH; d)

RXCl, DIEA, THF or RXCl, NMM 1,4-dioxane or RXCl3 CH2Cl2, DMF; e) R'R"NH, LiClO4,

CH2Cl2, iPrOH



[0238] Synthesis of compounds of formula V-B-2:

a) When PG = BOC: TFA CH2Cl2; When PG = Ac: NaOH or HCl, EtOH or THF

[0239] Synthesis of compounds of formula V-A-2:

a) When PG BOC: TFA, CH2Cl2

a) When PG = BOC: TFA, CH2Cl2; b) ROCOCl, Et3N, DMF



[0240J Synthesis of compounds of formula V-A-4:

a)When PG = BOC: TFA, CH2Cl2; b) When Rw = CO2R: ROCOCl, DIEA, MeOH

[0241] In the 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.

[0242] In order that the invention described herein may be more fully understood, the

following examples are set forth. It should be understood that these examples are for

illustrative purposes only and are not to be construed as limiting this invention in any manner.

EXAMPLES

[00286] Example 1:

[00287] General scheme to prepare Acid Moities:

a) 140-150 0C; b) PPA, POCl3, 70 °C or diphenyl ether, 220 0C; c) i) 2N NaOH ii) 2N HCl



[00288] Specific example: 2-Phenylaminomethylene-malonic acid diethyl ester

A-1

A mixture of aniline (25.6 g, 0.28 mol) and diethyl 2-(ethoxymethylene)malonate (62.4 g, 0.29

mol) was heated at 140-150 0C for 2 h. The mixture was cooled to room temperature and dried

under reduced pressure to afford 2-phenylaminomethylene-malonic acid diethyl ester as a solid,

which was used in the next step without further purification. 1H NMR (d-DMSO) δ 11.00 (d,

IH), 8.54 (d, J = 13.6 Hz, IH), 7.36-7.39 (m, 2H), 7.13-7.17 (m, 3 H) 4.17-4.33 (m, 4H), 1.18-

1.40 (m, 6H).

[00289] 4-Hydroxyqumoline-3-carboxylic acid ethyl ester

A l L three-necked flask fitted with a mechanical stirrer was charged with 2-

phenylaminomethylene-malonic acid diethyl ester (26.3 g, 0.1 mol), polyphosphoric acid (270 g)

and phosphoryl chloride (750 g). The mixture was heated to about 70 0C and stirred for 4 h. The

mixture was cooled to room temperature, and filtered. The residue was treated with aqueous

Na2CC>3 solution, filtered, washed with water and dried. 4-Hydroxyquinoline-3-carboxylic acid

ethyl ester was obtained as a pale brown solid ( 15.2 g 70 %). The crude product was used in

next step without further purification.

[00290] A-I; 4-Oxo-l,4-dihydroquinoline-3-carboxylic acid

4-Hydroxyquinoline-3-carboxylic acid ethyl ester (15 g, 69 mmol) was suspended in sodium

hydroxide solution (2N, 150 mL) and stirred for 2 h under reflux. After cooling, the mixture was

filtered, and the filtrate was acidified to pH 4 with 2N HCl. The resulting precipitate was

collected via filtration, washed with water and dried under vacuum to give 4-oxo-l,4-

dihydroquinoline-3-carboxylic acid (A-I) as a pale white solid (10.5 g, 92 %). 1H NMR (d-

DMSO) δ 15.34 (s, 1 H), 13.42 (s, 1 H), 8.89 (s, IH), 8.28 (d, J 8.0 Hz, IH), 7.88 (m, IH),

7.81 (d, J = 8.4 Hz, IH), 7.60 (m, IH).



[00291] Specific Example: A-2; -Fluoro^-hydroxy-quinoIine-S-carboxylic

acid

6-Fluoro-4-hydroxy-quinoline-3-carboxylic acid (A-2) was synthesized following the general

scheme above starting from 4-fluoro-phenylamine. Overall yield (53 %). 1H NMR (DMSO-^6) δ

15.2 (br s, 1 H), 8.89 (s, 1 H)5 7.93-7.85 (m, 2 H), 7.80-7.74 (m, 1 H); ESI-MS 207.9 m/z

(MH+) .

[00292] Example 2:

[00293] 2-Bromo-5-methoxy-phenylamine

A mixture of l-bromo-4-methoxy-2-nitro-benzene (10 g 43 mmol) and Raney Ni (5 g) in

ethanol (100 mL) was stirred under H ( 1 atm) for 4 h at room temperature. Raney Nj was

filtered off and the filtrate was concentrated under reduced pressure. The resulting solid was

purified by column chromatography to give 2-bromo-5-methoxy-phenylamine (7.5 g, 86 %).

[00294] 2-[(2-Bromo-5-methoxy-phenylamino)-methylene]-malonic acid

diethyl ester



A mixture of 2-bromo-5-methoxy-phenylamine (540 mg, 2.64 mmol) and diethyl 2-

(ethoxymethylene)malonate (600 mg, 2.7 mmol) was stirred at 100 0C for 2 h. After cooling, the

reaction mixture was recrystallized from methanol (10 mL) to give 2-[(2-bromo-5-methoxy~

phenylamino)-methylene]-malonic acid diethyl ester as a yellow solid (0.8 g, 8 1 %).

[00295] 8-Bromo-S-methoxy-4-oxo-l,4-dihydro-quinoline-3-carboxyIic acid

ethyl ester

2-[(2-Bromo-5-methoxy-phenylamino)-methylene]-malonic acid diethyl ester (9 g, 24.2 mmol)

was slowly added to polyphosphoric acid (30 g) at 120 0C. The mixture was stirred at this

temperature for additional 30 min and then cooled to room temperature. Absolute ethanol (30

mL) was added and the resulting mixture was refluxed for 30 min. The mixture was basified

with aqueous sodium bicarbonate at 25 0C and extracted with EtOAc (4 x 100 mL). The organic

layers were combined, dried and the solvent evaporated to give 8-bromo-5-methoxy-4-oxo-l,4-

dihydro-quinoline-3-carboxylic acid ethyl ester (2.3 g, 30 %).

[00296] 5-Methoxy-4-oxo-l,4-dihydro-quinoline-3-carboxylic acid ethyl ester

A mixture of 8-bromo-5-methoxy-4-oxo-l,4-dihydro-quinoline-3-carboxylic acid ethyl ester (2.3

g, 7.1 mmol), sodium acetate (580 mg, 7.1 mmol) and 10 % Pd/C (100 mg) in glacial acetic acid

(50 ml) was stirred under H (2.5 atm) overnight. The catalyst was removed via filtration, and

the reaction mixture was concentrated under reduced pressure. The resulting oil was dissolved in

CH2CI2 ( 100 mL) and washed with aqueous sodium bicarbonate solution and water. The organic

layer was dried, filtered and concentrated. The crude product was purified by column

chromatography to afford 5-methoxy-4-oxo-l ,4-dihydro~quinoline-3-carboxylic acid ethyl ester

as a yellow solid ( 1 g, 57 %).

[00297] A-4; 5-Methoxy-4-oxo-l, 4-dihydro-quinoIine-3-carboxylic acid

A mixture of 5-methoxy-4-oxo-l, 4-dihydro-quinoline-3-carboxylic acid ethyl ester ( 1 g, 7.1

mmol) in 10% NaOH solution (50 mL) was heated to reflux overnight and then cooled to room

temperature. The mixture was extracted with ether. The aqueous phase was separated and

acidified with cone. HCl solution to pH 1-2. The resulting precipitate was collected by filtration

to give 5-methoxy-4-oxo-l, 4-dihydro-quinoHne-3-carboxylic acid (A-4) (530 mg, 52 %). 1H



NMR (DMSO) δ : 15.9 (s, 1 H)5 13.2 (br, 1 H), 8.71 (s, 1 H), 7.71 (t, J = 8.1 Hz, 1 H), 7.18 (d, J

8.4 Hz, 1 H), 6.82 (d, J = 8.4 Hz, 1 H), 3.86 (s, 3 H); ESI-MS 219.9 m/z (MH+).

[00298] Example 3:

1,2-dichlorobenzene

[0243] Sodium 2-(niercapto-phenylaniino-methylene)-malonic acid diethyl ester

To a suspension of NaH (60% in mineral oil, 6 g, 0.15 mol) in Et2θ at room temperature was

added dropwise, over a 30 minutes period, ethyl malonate (24 g, 0.15 mol). Phenyl

isothiocyanate (20.3 g, 0.15 mol) was then added dropwise with stirring over 30 min. The

mixture was refluxed for 1 h and then stirred overnight at room temperature. The solid was

separated, washed with anhydrous ether (200 mL), and dried under vacuum to yield sodium 2-

(mercapto-phenylamino-methylene)-malonic acid diethyl ester as a pale yellow powder (46 g, 97

%).

[00299] 2-(Methylsulfanyl-phenyIarnino-methylene)-maIonic acid diethyl ester

Over a 30 min period, methyl iodide (17.7 g, 125 mmol) was added dropwise to a solution of

sodium 2-(mercapto-phenylamino-methylene)-malonic acid diethyl ester (33 g, 104 mmol) in

DMF (100 mL) cooled in an ice bath. The mixture was stirred at room temperature for 1 h, and

then poured into ice water (300 mL). The resulting solid was collected via filtration, washed

with water and dried to give 2-(methylsulfanyl-phenylamino-methylene)-malonic acid diethyl

ester as a pale yellow solid (27 g, 84 %).

[00300] 4-Hydroxy-2-methylsulfanyl-quinoIine-3-carboxylic acid ethyl ester



A mixture of 2-(methylsulfanyl -phenyl amino-methylene)-malonic acid diethyl ester (27 g, 87

mmol) in 1,2-dichlorobenzene (100 mL) was heated to reflux for 1.5 h . The solvent was

removed under reduced pressure and the oily residue was triturated with hexane to afford a pale

yellow solid that was purified by preparative HPLC to yield 4-hydroxy-2-methylsulfanyl-

quinoline-3-carboxylic acid ethyl ester (8 g, 35 %).

[00301] A-16; 2-MethylsulfanyI-4-oxo-l,4-dihydro-quinoline-3-carboxylic acid

4-Hydroxy-2-methylsulfanyl-quinoline-3-carboxylic acid ethyl ester (8 g, 30 mmol) was heated

under reflux in NaOH solution (10%, 100 mL) for 1.5 h . After cooling, the mixture was

acidified with concentrated HCl to pH 4 . The resulting solid was collected via filtration, washed

with water (100 mL) and MeOH (100 mL) to give 2-methylsulfanyl-4-oxo-l,4-dihydro-

quinoline-3-carboxylic acid (A-16) as a white solid (6 g, 85 %). 1H NMR (CDCl 3) δ 16.4 (br s, 1

H), 11.1 (br s 1 H), 8.19 (d, J = 8 Hz, IH), 8.05 (d, J = 8 Hz, IH), 7.84 (t, J = 8, 8 Hz, IH), 7.52

(t, J = 8 Hz, IH), 2.74 (s, 3H); ESI-MS 235.9 m/z (MH +) .

[00302] Example 4 :

if CH(CO2Et)2 c

IL N CF3

A-15

a) PPh 3, Et3N, CCl 4, CF3CO2H ; b) diethyl malonate; c) T- 200 0C; d) 10% NaOH

[00303] 2,2,2-Trifluoro-iV-phenyI-acetiiiiidoyl chloride

A mixture OfPh 3P (138.0 g, 526 mmol), Et3N (21.3 g, 2 11 mmol), CCl 4 (170 mL) and TFA (20

g, 175 mmol) was stirred for 10 min in an ice-bath. Aniline (19.6 g, 211 mmol) was dissolved in

CCI 4 (20 mL) was added. The mixture was stirred at reflux for 3 h. The solvent was removed

under vacuum and hexane was added. The precipitates (Ph 3PO and Ph P) were filtered off and

washed with hexane. The filtrate was distilled under reduced pressure to yield 2,2,2-trifluoro-iV-

phenyl-acetimidoyl chloride (19 g), which was used in the next step without further purification.

[00304] 2-(2,2,2-Trifluoro-l-phenylimino-ethyl)-maIonic acid diethyl ester



To a suspension of NaH (3.47 g, 145 mmol, 60 % in mineral oil) in THF (200 mL) was added

diethyl malonate ( 18.5 g, 116 mmol) at 0 0C. The mixture was stirred for 30 min at this

temperature and 2,2,2-trifluoro-N-phenyl-acetimidoyl chloride (19 g, 92 mmol) was added at 0

0C. The reaction mixture was allowed to warm to room temperature and stirred overnight. The

mixture was diluted with CHaCl2, washed with saturated sodium bicarbonate solution and brine.

The combined organic layers were dried over Na2SO , filtered and concentrated to provide 2-

(2,2,2-trifluoro-l-phenylimino-ethyl)-malonic acid diethyl ester, which was used directly in the

next step without further purification.

[00305] 4-Hydroxy-2-trifluoromethyl-quinoIine-3-carboxy ϋc acid ethyl ester

2-(2,2,2-Trifluoro-l-phenylimino-ethyl)-malonic acid diethyl ester was heated at 210 0C for 1 h

with continuous stirring. The mixture was purified by column chromatography (petroleum ether)

to yield 4-hydroxy-2-trifluoromethyl-quinoline-3-carboxylic acid ethyl ester (12 g, 24 % over 3

steps).

[00306] A-15; 4-Hydroxy~2-trifluoromethyl-quinoline-3-carboxylic acid

A suspension of 4-hydroxy-2-trifluorornethyl-quinoline-3-carboxylic acid ethyl ester.(5 g, 17.5

mmol) in 10% aqueous NaOH solution was heated at reflux for 2 h. After cooling,

dichloromethane was added and the aqueous phase was separated and acidified with concentrated

HCl to pH 4. The resulting precipitate was collected via filtration, washed with water and Et2θ
to provide 4-hydroxy-2-trifluoromethyl-quinoline-3-carboxylic acid (A-15) (3.6 g, 80 %). 1H

NMR (DMSO-^6) δ 8.18-8.21 (d5J 7.8 Hz, 1 H), 7.92-7-94 (d, J = 8.4 Hz, 1 H), 7.79-7.83 (t, J

= 14.4 Hz 1 H), 7.50-7.53 (t, J = 15 Hz, 1 H); ESI-MS 257.0 m/z (MH+) .

[00307] Example 5:



a) CH3C(O)ONH4 toluene; b) EtOCHC(CO2Et)2, 130 0C; c) Ph2O; d) I2, EtOH; e) NaOH

[00308] 3-Amino-cyclohex-2-enone

A mixture of cyclohexane-l,3-dione (56.1 g, 0.5 mol) and AcONH (38.5 g, 0.5 mol) in toluene

was heated at reflux for 5 h with a Dean-stark apparatus. The resulting oily layer was separated

and concentrated under reduced pressure to give 3-amino-cyclohex-2-enone (49.9 g, 90 %),

which was used directly in the next step without further purification.

[00309] 2-[(3-Oxo-cyclohex-l-enylamino)-methyIene]-maIonic acid diethyl

ester

A mixture of 3-amino-cyclohex-2-enone (3.3 g, 29.7 mmol) and diethyl 2-

(ethoxymethylene)malonate (6.7 g, 31.2 mmol) was stirred at 130 0C for 4 h. The reaction

mixture was concentrated under reduced pressure and the resulting oil was purified by column

chromatography (silica gel, ethyl acetate) to give 2-[(3-oxo-cyclohex-l-enylamino)-methylene]-

malonic acid diethyl ester (7.5 g, 90 %).

[00310] 4,S-Dioxo-l,4,5,6,7,8-hexahydro-quinoline-3-carboxylic acid ethyl

ester

A mixture of 2-[(3-oxo-cyclohex-l-enylamino)-methylene]-maIonic acid diethyl ester (2.8 g 1

mmol) and diphenylether (20 mL) was refluxed for 15 min. After cooling, n-hexane (80 mL)

was added. The resulting solid was isolated via filtration and recrystallized from methanol to

give 4,5-dioxo-l,4,5,6,7 8-hexahydro-quinoline-3-carboxylic acid ethyl ester (1.7 g 72 %).



[00311] 5-Hydroxy-4-oxo-l,4-dihydro-quinoline-3-carboxyIic acid ethyl ester

To a solution of 4,5-dioxo-l,4,5,6,7 8-hexahydro-quinoline-3-carboxylic acid ethyl ester (1.6 g,

6.8 mmol) in ethanol (100 mL) was added iodine (4.8 g, 19 mmol). The mixture was refluxed for

19 h and then concentrated under reduced pressure. The resulting solid was washed with ethyl

acetate, water and acetone, and then recrystallized from DMF to give 5-hydroxy-4-oxo-I,4-

dihydro-quinoline-3-carboxylic acid ethyl ester (700 mg, 43 %).

[00312] A-3; 5-Hydroxy-4-oxo-l, 4-dihydro-quinoline-3-carboxylic acid

A mixture of 5-hydroxy-4-oxo-l,4-dihydro-quinoline-3-carboxylic acid ethyl ester (700 mg, 3

mmol) in 10% NaOH (20 ml) was heated at reflux overnight. After cooling, the mixture was

extracted with ether. The aqueous phase was separated and acidified with cone. HCl to pH 1-2.

The resulting precipitate was collected via filtration to give 5-hydroxy-4-oxo-l, 4-dihydro-

quinoline-3-carboxylic acid (A-3) (540 mg, 87 %). 1H NMR (DMSCM6) δ 13.7 (br, 1 H), 13.5

(br, 1 H), 12.6 (s, 1 H) 8.82 (s, 1 H), 7.68 (t, J = 8.1 Hz5 1 H)5 7.18 (d, J = 8.4 Hz, 1 H), 6.82 (d,

8.4 Hz 1 H); ESI-MS 205.9 m/z (MH+).

[00313] Example 6 :

a) POCl 3; b) MeONa; c) n-BuLi, ClCO2Et; d) NaOH

2,4-DichIoroquinoline

A suspension of quinoline-2,4-diol (15 g, 92.6 mmol) in POCl3 was heated at reflux for 2 h.

After cooling, the solvent was removed under reduced pressure to yield 2,4-dichloroquinoline,

which was used without further purification.



[00314J 2,4-Dimeth όxyquinoline

To a suspension of 2,4-dichloroquinoline in MeOH (100 mL) was added sodium methoxide (50

g). The mixture was heated at reflux for 2 days. After cooling, the mixture was filtered. The

filtrate was concentrated under reduced pressure to yield a residue that was dissolved in water

and extracted with CH2CI2. The combined organic layers were dried over Na2SO4 and

concentrated to give 2,4-dimethoxyquinoline as a white solid (13 g, 74 % over 2 steps).

[00315] Ethyl 2,4-dimethoxyquinoline-3-carboxylate

To a solution of 2,4-dimethoxyquinoline ( 11.5 g, 60.8 mmol) in anhydrous THF was added

dropwise n-BuLi (2.5 M in hexane, 48.6 mL, 122 mmol) at 0 0C. After stirring for 1.5 h at 0 0C,

the mixture was added to a solution of ethyl chloroformate in anhydrous THF and stirred at 0 0C

for additional 30 min and then at room temperature overnight. The reaction mixture was poured

into water and extracted with CH Cl . The organic layer was dried over Na SO and

concentrated under vacuum. The resulting residue was purified by column chromatography

(petroleum ether / EtOAc = 50 / 1) to give ethyl 2, 4-dimethoxyquinoline~3-carboxylate (9.6 g,

60 %).

[00316] A-17; 2,4-Dimethoxyquinoline~3-carboxylic acid

Ethyl 2,4-dimethoxyquinoline-3-carboxylate (1.5 g, 5.7 mmol) was heated at reflux in NaOH

solution (10 %, 100 mL) for 1 h . After cooling, the mixture was acidified with concentrated HCl

to pH 4. The resulting precipitate was collected via filtration and washed with water and ether to

give 2,4-dimethoxyquinoline-3-carboxylic acid (A-17) as a white solid (670 mg, 50 %). 1H

NMR (CDCl3) δ 8.01-8.04 (d, J =12 Hz, 1 H) 7.66-7.76 (m, 2 H), 7.42-7.47 (t, = 22 Hz, 2 H),

4.09 (s, 3 H). 3.97 (s, 3 H); ESI-MS 234.1 m/z (MH+) .

[00317] Commercially available acids

Acid Name

A-S 6,8-Difluoro-4-oxo- 1,4-dihydro-quinoline-3-carboxylic acid



[00318] Amine Moieties

[00319] N-I Substituted 6-aminoindoles

[00320] Example 1:

[00321] General Scheme:

X (X = Cl, Br, I), K2CO3, DMF or CH3CN; b) H2, Pd-C, EtOH or SnCl2-2H2O, EtOH.

[00322] Specific example:



[00323] l-Methyl-6-nitro-lH-indole

To a solution of 6-nitroindole (4.05g 25 mmol) in DMF (50 mL) was added K2CO3 (8.63 g, 62.5

mmol) and MeI (5.33 g, 37.5 mmol). After stirring at room temperature overnight, the mixture

was poured into water and extracted with ethyl acetate. The combined organic layers were dried

over Na SO and concentrated under vacuum to give the product l-methyl-6-nitro-lH-indole (4.3

g, 98 %).

[00324] B-I; l-Methyl-lH-indol-6-ylamine

A suspension of l-methyl-6-nitro-lH-indole (4.3 g, 24.4 mmol) and 10% Pd-C (0.43 g) in EtOH

(50 mL) was stirred under H ( 1 atm) at room temperature overnight. After filtration, the filtrate

was concentrated and acidified with HCl-MeOH (4 mol/L) to give 1-methyl- lH-indol-6-ylamine

hydrochloride salt (B-I) (1.74 g, 49 %) as a grey powder. 1HNMR (DMSO-^6) : δ 9.10 (s, 2 H),

7.49 (d, J = 8.4 Hz, 1 H) 7.28 (d, J = 2.0 Hz, IH) 5 7.15(s, 1 H), 6.84 (d, J = 8.4 Hz, 1 H), 6.38

(d, J = 2.8 Hz, IH) 3.72 (s, 3 H); ESI-MS 146.08 m/z (MH+).

[00325] Other examples:

[00326] B-2; l-Benzyl-lH-indol-6-ylamine

l-Benzyl-lH-indol-6-ylamine (B-2) was synthesized following the general scheme above

starting from 6-nitroindole and benzyl bromide. Overall yield (~ 40 %). HPLC ret. time 2.19

min, 10-99 % CH3CN, 5 min run; ESI-MS 223.3 m/z (MH+).



[00327] B-3; l-(6-Amino-indol-l-yl)-ethanone

l-(6-Amino-indol-l-yl)-ethanone (B-3) was synthesized following the general scheme above

starting from 6-nitroindole and acetyl chloride. Overall yield (~ 40 %). HPLC ret. time 0.54

min, 10-99 % CH3CN, 5 min run; ESI-MS 175.1 m/z (MH+).

[003281 Example 2:

[00329] { - rt-Butoxycarbonyl-methyl-aminoJ-acetyll-methyl-aminoJ-acetic

acid ethyl ester

To a stirred solution of (tert-butoxycarbonyl-methyl-amino)-acetic acid (37 g, 0.2 mol) and Et3N

(60.6 g, 0.6 mol) in CH Cl2 (300 mL) was added isobutyl chloroformate (27.3 g, 0.2 mmol)

dropwise at —20 0C under argon. After stirring for 0.5 h, methylamino-acetic acid ethyl ester

hydrochloride (30.5 g, 129 mmol) was added dropwise at -20 °C. The mixture was allowed to

warm to room temperature (c.a. 1 h) and quenched with water (500 mL). The organic layer was

separated, washed with 10 % citric acid solution, dried over Na SO , filtered and concentrated.

The residue was purified by column chromatography (petroleum ether / EtOAc 1:1) to give {[2-

(tert-butoxycarbonyl-methyl-amino)-acetyl]-methyl-amino}- acetic acid ethyl ester (12.5 g, 22

%).



[00330] {[2-(tert-Butoxycarbonyl-methyl-amino)-acetyl]-methyl-amino}-acetic

acid

A suspension of {[2-( r -butoxycarbonyl-methyl-amino)-acetyl]- methyl-amino} -acetic acid

ethyl ester (12.3 g, 42.7 mmol) and LiOH (8.9 g, 214 mmol) in H2O (20 mL) and THF (100 mL)

was stirred overnight. Volatile solvent was removed under vacuum and the residue was extracted

with ether (2 x 100 mL). The aqueous phase was acidified to pH 3 with dilute HCl solution, and

then extracted with CH Cl (2 x 300 mL). The combined organic layers were washed with brine,

dried over Na2SO and concentrated under vacuum to give {[2-(tert-butoxycarbonyl-methyl-

arnino)-acetyl]-methyl-amino} -acetic acid as a colorless oil (10 g, 90 %). 1H NMR (CDCI3) δ
7.17 (br s, 1 H), 4.14-4.04 (m, 4 H), 3.04-2.88 (m, 6 H), 1.45-1.41 (m, 9 H); ESI-MS 282.9 m/z

(MH-Na+).

[00331] Methyl-Clmethyl-P-C -nitro-indol-l-y^^-oxo-ethylJ-carbamoyl}-

methyl)-carbamie acid tert-butyl ester

To a mixture of {[2-(tert-butoxycarbonyl-methyl-amino)-acetyl]-methyl-amino}-acetic acid

(13.8g, 53 mmol) and TFFH (21.Og, 79.5 mmol) in anhydrous THF (125 mL) was added DIEA

(27.7 mL, 159 mmol) at room temperature under nitrogen. The solution was stirred at room

temperature for 20 min. A solution of 6-nitroindole (8.6g, 53 mmol) in THF (75 mL) was added

and the reaction mixture was heated at 60 0C for 18 h. The solvent was evaporated and the crude

mixture was re-partitioned between EtOAc and water. The organic layer was separated, washed

with water (x 3), dried over Na SO and concentrated. Diethyl ether followed by EtOAc was

added. The resulting solid was collected via filtration, washed with diethyl ether and air dried to

yield methyl-( {methyl-[2-(6-nitro-indol- 1-yl)-2-oxo-ethyl] -carbamoyl} -methyl)-carbamic acid

tert-butyl ester (6.42 g, 30 %). 1H NMR (400 MHz, DMSO-d6) δ 1.37 (m, 9H), 2.78 (m, 3H),

2.95 (d, J 1.5 Hz, IH), 3.12 (d, J = 2.1 Hz, 2H), 4.01 (d, J = 13.8 Hz, 0.6H), 4.18 (d, J = 12.0

Hz, 1.4H), 4.92 (d, J 3.4 Hz, 1.4H), 5.08 (d, J 11.4 Hz, 0.6H), 7.03 (m, IH), 7.90 (m, IH),

8.21 (m, IH), 8.35 (d, J = 3.8 Hz, IH), 9.18 (m, IH); HPLC ret. time 3.12 min, 10-99 % CH3CN,

5 min run; ESI-MS 405.5 m/z (MH+).



[00332] B-26; ({[2-(6-Amino-indol-l-yl)-2-oxo-ethyl]-methyl-carbamoyl}-

methyl)-methyl-carbamic acid tert-butyl ester

A mixture of methyl-({methyl-[2-(6-nitro-indol-l-y])-2-oxo-ethyl]-carbarnoyl} -methyl)-

carbamic acid tert-butyl ester (12.4 g, 30.6 mmol), SnCl2-2H2O (34.5g, 153.2 mmol) and DIEA

(74.8 mL, 429 mmol) in ethanol ( 112 mL) was heated to 70 0C for 3 h. Water and EtOAc were

added and the mixture was filtered through a short plug of CeIite. The organic layer was

separated, dried OVCrNa SO and concentrated to yield ({[2-(6-Amino-indol-l-yl)-2-oxo-ethyl]-

methyl-carbamoyl}-methyl)-methyl-carbamic acid tert-butyl ester (B-26) (11.4 g, quant.).

HPLC ret. time 2.11 min, 10-99 % CH3CN, 5 min run; ESI-MS 375.3 m/z (MH+).

100333] 2-Substituted 6-aminoindoIes

[00334] Example 1:

[00335] B-4-a; (3-Nitro-phenyl)-hydrazine hydrochloride salt

3-Nitro-phenylamine (27.6 g, 0.2 mol) was dissolved in a mixture OfH 2O (40 mL) and 37% HCl

(40 mL). A solution OfNaNO 2 (13.8 g, 0.2 mol) in H2O (60 mL) was added at 0 0C followed by

the addition of SnCl2-H2O (135.5 g, 0.6 mol) in 37% HCl (100 mL) at that temperature. After

stirring at 0 0C for 0.5 h, the solid was isolated via filtration and washed with water to give (3-

nitro-phenyl)-hydrazine hydrochloride salt (B-4-a) (27.6 g, 73 %).



[00336] 2-[(3-Nitro-phenyl)-hydrazono]-propionic acid ethyl ester

(3-Nitro-phenyl)-hydrazine hydrochloride salt (B-4-a) (30.2 g, 0.16 mol) and 2-oxo-propionic

acid ethyl ester (22.3 g, 0.19 mol) was dissolved in ethanol (300 mL). The mixture was stirred at

room temperature for 4 h. The solvent was evaporated under reduced pressure to give 2-[(3~

nitro-phenyl)-hydrazono]-propionic acid ethyl ester, which was used directly in the next step.

[00337] B-4-b; 4-Nitro-lH-i πdoIe-2-carboxylic acid ethyl ester and €-Nitro-

lH-indole -2-carboxyIic acid ethyl ester

2-[(3-Nitro-phenyl)-hydrazono]-propionic acid ethyl ester from the preceding step was dissolved

in toluene (300 mL). PPA (30 g) was added. The mixture was heated at reflux overnight and

then cooled to room temperature. The solvent was removed to give a mixture of 4-nitro-lH-

indole-2-carboxylic acid ethyl ester and 6-nitro-lH-indole -2-carboxylic acid ethyl ester (B-4-b)

(IS g, 40 %).

[00338] B-4; 2-Methyl-lH-indol-6-yIamine

To a suspension OfLiAlH (7.8 g, 0.21 mol) in THF (300 mL) was added dropwise a mixture of

4-nitro-lH-indole-2-carboxylic acid ethyl ester and 6-nitro-lH-indole -2-carboxylic acid ethyl

ester (B-4-b) (6g, 25.7 mmol) in THF (50 mL) at 0 0C under N2. The mixture was heated at

reflux overnight and then cooled to 0 0C. H2O (7.8 mL) and 10 % NaOH (7.8 mL) were added

to the mixture at 0 0C. The insoluble solid was removed via filtration. The filtrate was dried over

Na2SO , filtered and concentrated under reduced pressure. The crude residue was purified by

column chromatography to afford 2-methyl-lH-indol-6-ylamine (B-4) (0.3 g, 8 %). 1H NMR

(CDCl3) δ 7.57 (br s, 1 H), 7.27 (d, J = 8.8 Hz, 1 H), 6.62 (s, 1 H), 6.51-6.53 (m, 1 H), 6.07 (s, 1

H) 3.59-3.25 (br s, 2 H), 2.37 (s, 3H); ESI-MS 147.2 m/z (MH+) .

[00339] Example 2:



[00340] -Nitro-lH-indole-l-carboxylic acid and 4-Nitro-lH- indole-2-

carboxylic acid

A mixture of 4-nitro-lH-indole-2-carboxylic acid ethyl ester and 6-nitro-lH-indole -2-carboxylic

acid ethyl ester (B-4-b) (0.5 g, 2.13 mmol) in 10 % NaOH (20 mL) was heated at reflux

overnight and then cooled to room temperature. The mixture was extracted with ether. The

aqueous phase was separated and acidified with HCl to pH 1-2. The resulting solid was isolated

via filtration to give a mixture of -nitro-lH-indole^-carboxylic acid and 4-nitro-lH- indole-2-

carboxylic acid (0.3 g, 68 %).

[00341] 6-Nitro-lH-indole-2-carboxylic acid amide and 4-Nitro-lH- indole-2-

carboxylic acid amide

A mixture of δ-nitro-lH-indole^-carboxylic acid and 4-nitro-lH- indole-2-carboxylic acid (12

g, 58 mmol) and SOCl2 (50 mL, 64 mmol) in benzene (150 mL) was refluxed for 2 h. The

benzene and excessive SOCI2 was removed under reduced pressure. The residue was dissolved

in CH2Cl2 (250 mL). NH4OH (21.76 g, 0.32 mol) was added dropwise at 0 0C. The mixture was

stirred at room temperature for 1 h. The resulting solid was isolated via filtration to give a crude



mixture of -nitro-lH-indole^-carboxylic acid amide and 4-nitro-lH- indole-2-carboxylic acid

amide (9 g, 68 %), which was used directly in the next step.

[00342] 6-Nitro-lH-indole-2-carbomtrUe and 4-Nitro-lH- indole-2-

carbonitrile

A mixture of -nitro-lH-indole^-carboxylic acid amide and 4-nitro-lH- indole-2-carboxylic

acid amide (5 g, 24 mmol) was dissolved in CH2Cl2 (200 mL). Et3N (24.24 g, 0.24 mol) was

added, followed by the addition Of(CF3CO)2O (51.24 g, 0.24 mol) at room temperature. The

mixture was stirred for 1 h and poured into water (100 mL). The organic layer was separated.

The aqueous layer was extracted with EtOAc (100 mL x 3). The combined organic layers were

dried over Na2SO filtered and concentrated under reduced pressure. The crude residue was

purified by column chromatography to give a mixture of 6-nitro-lH-mdole-2-carbonitrile and 4-

nitro-lH- indole-2-carbonitrile (2.5 g, 55 %).

[00343] B-5; -Ammo-lH-indoIe-a-carbonitrile

A mixture of 6-nitro-lH-indole-2-carbonitrile and 4-nitro-lH- indole-2-carbonitrile (2.5 g, 13.4

mmol) and Raney Ni (500 mg) in EtOH (50 mL) was stirred at room temperature under H ( 1

atm) for 1 h. Raney Ni was filtered off. The filtrate was evaporated under reduced pressure and

purified by column chromatography to give 6-amino-lH-indole-2-carbonitrile (B-5) ( 1 g, 49 %).

1H NMR (DMSO-Ci6) δ 12.75 (br s, 1 H)5 7.82 (d, J = 8 Hz, 1 H), 7.57 (s, 1 H), 7.42 (s, 1 H),

7.15 (d, = 8 Hz, 1H); ESI-MS 158.2 m/z (MH+).

[00344] Example 3:



DDQ H2, Raney Ni

1,4-dioxane MeOH

B-6

[00345] 2,2-DimethyI-N-ø-toIyl-propionamide

To a solution of ø-tolylamine (21.4 g, 0.20 mol) and Et3N (22.3 g, 0.22 mol) in CH2Cl2 was

added 2,2-dimethyl-propionyl chloride (25.3 g, 0.21 mol) at 10 0C. The mixture was stirred

overnight at room temperature, washed with aq. HCl (5%, 80 mL), saturated NaHCC>3 solution

and brine, dried over Na SO and concentrated under vacuum to give 2,2-dimethyl-N-ø-tolyl-

propionamide (35.0 g, 92 %).

[00346] 2-tert-ButyI-lH-indole

To a solution of 2,2-dimethyl-N-o-toIyl- propionamide (30.0 g, 159 mmol) in dry THF (100 mL)

was added dropwise n-BuLi (2.5 M, in hexane, 190 mL) at 15 0C. The mixture was stirred

overnight at 15 0C, cooled in an ice-water bath and treated with saturated NH4CI solution. The

organic layer was separated and the aqueous layer was extracted with ethyl acetate. The

combined organic layers were dried over anhydrous Na2SO , filtered, and concentrated in

vacuum. The residue was purified by column chromatography to give 2-/ert-butyl-lH-indole

(23.8 g, 88 %).

[00347] 2-reM?-Butyl-2,3-dihydro-lH-indole



To a solution of 2-tert-butyl-lH-indole (5.0 g, 29 mmol) in AcOH (20 mL) was added NaBH 4 at

10 0C. The mixture was stirred for 20 min at 10 0C , treated dropwise with H2O under ice cooling,

and extracted with ethyl acetate. The combined organic layers were dried over anhydrous

N a SO , filtered, and concentrated under vacuum to give a mixture of starting material and 2-

tert-butyl-2,3-dihydro-lH-indole (4.9 g), which was used directly in the next step.

[00348J 2-tert-ButyI-6-nitro-2,3-dihydro-lH-iJidole

To a solution of the mixture of 2-fe/^-butyl-2,3-dihydro~lH-indole and 2-tert-butyl-lH-indole

(9.7 g ) in H2SO4 (98%, 80 mL) was slowly added KNO 3 (5.6 g, 55.7 mmol) at 0 0C. The

reaction mixture was stirred at room temperature for 1 h, carefully poured into cracked ice,

basified with Na2CO to ρH~8 and extracted with ethyl acetate. The combined extracts were

washed with brine, dried over anhydrous N a SO and concentrated under vacuum. The residue

was purified by column chromatography to give 2-tert-butyl-6-nitro-2,3-dihydro-lH-indole (4.0

g, 32 % over 2 steps).

[00349] 2-te/*-Butyl-6-nitro-lH-indole

To a solution of 2-før/-butyl-6-nitro-2,3-dihydro-lH-indole (2.0 g, 9.1 mmol) in 1,4-dioxane (20

mL) was added DDQ at room temperature. After refluxing for 2.5 h, the mixture was filtered

and the filtrate was concentrated under vacuum. The residue was purified by column

chromatography to give 2-tert-butyl-6-nitro-lH-indo ϊ e (1.6 g, 80 %).

[00350] B-6; 2-terf-ButyMH-indol-6-ylamine

To a solution of 2-ter/-butyl-6-nitro-lH-indoIe (1.3 g, 6.0 mmol) in MeOH (10 mL) was added

Raney N i (0.2 g). The mixture was stirred at room temperature under H2 ( 1 atm) for 3 h. The

reaction mixture was filtered and the filtrate was concentrated. The residue was washed with

petroleum ether to give 2-ter/-butyl-lH-indol-6-ylamine (B-6) (1.0 g, 89 %). 1H NMR (DMSO-

) δ 10.19 (s, 1 H), 6.99 (d, J = 8.1 Hz, 1 H), 6.46 (s, 1 H), 6.25 (dd, J = 1.8, 8.1 Hz, 1 H), 5.79

(d, J = 1.8 Hz, 1 H), 4.52 (s, 2 H), 1.24 (s, 9 H); ESI-MS 189.1 m/z (MH +).

[00351] 3-Substituted 6-aminoindoles



[00352] Example 1:

[00353] N-(3-Nitro-phenyl)-N'-propylidene-hydrazine

Sodium hydroxide solution (10 % 15 mL) was added slowly to a stirred suspension of (3-nitro-

phenyl)-hydrazine hydrochloride salt (B-4-a) (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).

After stirring for 3 h at room temperature, the mixture was poured into ice-water and the

resulting precipitate was isolated via filtration, washed with water and dried in air to obtain N-(3-

nitro-phenyl)-N'-propylidene-hydrazine, which was used directly in the next step.

[00354] 3-Methyl-4-nitro-lH-indoIe and 3-Methyl-6-nitro-lH-indoIe

A mixture of N-(3-nitro-phenyl)-N'-propylidene-hydrazine dissolved in 85 % H3PO4 (20 mL)

and toluene (20 mL) was heated at 90-100 0C for 2 h. After cooling, toluene was removed under

reduced pressure. The resultant oil was basified with 10 % NaOH to pH 8. The aqueous layer

was extracted with EtOAc (100 mL x 3). The combined organic layers were dried, filtered and

concentrated under reduced pressure to afford a mixture of 3-methyl-4-nitro-lH-indole and 3-

methyl-6-nitro-lH-indole ( 1.5 g, 86 % over two steps), which was used directly in the next step.

[00355] B-7; 3-Methyl-lH-indol-6-ylamine

A mixture of 3-methyl-4-nitro-lH-indole and 3-methyl-6-nitro-lH-indole (3 g, 17 mol) and 10 %

Pd-C (0.5 g) in ethanol (30 mL) was stirred overnight under H2 ( 1 atm) at room temperature. Pd-



C was filtered off and the filtrate was concentrated under reduced pressure. The residue was

purified by column chromatography to give 3-methyl-lH-indol-6-ylamine (B-7) (0.6 g, 24 %).

1H NMR (CDCl3) δ 7.59 (br s, 1 H), 7.34 (d, J = 8.0 Hz, 1 H), 6.77 (s, IH), 6.64 (s, 1 H), 6.57

(m, 1 H), 3.57 (br s, 2 H), 2.28 (s, 3H); ESI-MS 147.2 m/z (MH+).

[00356] Example 2 :

[00357] 6-Nitro-lH-indo!e-3-carbonitrae

To a solution of 6-nitroindole (4.86 g 30 mmol) in DMF (24.3 mL) and CH3CN (243 mL) was

added dropwise a solution OfClSO 2NCO (5 mL, 57 mmol) in CH3CN (39 mL) at 0 °C . After

addition, the reaction was allowed to warm to room temperature and stirred for 2 h. The mixture

was poured into ice-water, basified with sat. NaHCO 3 solution to pH 7-8 and extracted with ethyl

acetate. The organic layer was washed with brine, dried over Na SO and concentrated to give

6-nitro-lH-indole-3-carbonitrile (4.6 g 82 %).

[00358] B-8; -Amino-lH-indoIe-S-carbonitrile

A suspension of -nitro-lH-indole- -carbonitrile (4.6 g, 24.6 mmol) and 10% Pd-C (0.46 g) in

EtOH (50 mL) was stirred under H2 ( 1 atm) at room temperature overnight. After filtration, the

filtrate was concentrated and the residue was purified by column chromatography (Pet. Ether /

EtOAc = 3 / 1) to give -amino-lH-indole- -carbonitrile (B-8) ( 1 g, 99 %) as a pink powder. 1H

NMR (DMSO-^ 6) δ 11.51 (s, 1 H), 7.84 (d, J = 2.4 Hz, 1 H), 7.22 (d, J = 8.4 Hz, 1 H), 6.62 (s,

IH), 6.56 (d, J = 8.4 Hz, 1 H), 5.0 (s, 2H); ESI-MS 157.1 m/z (MH+) .

[00359] Example 3:



B-9-a B-9

[00360] DimethyI-(6-nitro-lH-indol-3-yImethyl)-amine

A solution of dimethylamine (25 g, 0.17 mol) and formaldehyde (14.4 mL, 0.15 mol) in acetic

acid (100 mL) was stirred at 0 0C for 30 min. To this solution was added 6-nitro-lH-indole (20

g, 0.12 mol). After stirring for 3 days at room temperature, the mixture was poured into 15% aq.

NaOH solution (500 mL) at 0 0C. The precipitate was collected via filtration and washed with

water to give dimethyl-(6-nitro-lH-indol-3-ylmethyl)-amine (23 g, 87 %).

[00361] B-9-a; (6-Nitro-lH-indol-3-yl)-acetonitrile

To a mixture of DMF (35 mL) and MeI (74.6 g, 0.53 mol) in water (35 mL) and THF (400 mL)

was added dimethyl-(6-nitro-lH-indol-3-ylmethyl)-amine (23 g, 0.105 mol). After the reaction

mixture was refluxed for 10 min, potassium cyanide (54.6 g, 0.84 mol) was added and the

mixture was kept refluxing overnight. The mixture was then cooled to room temperature and

filtered. The filtrate was washed with brine (300 mL x 3), dried over Na2SO , filtered and

concentrated. The residue was purified by column chromatography to give (6-nitro-lH-indol-3-

yl)-acetonitrile (B-9-a) (7.5 g, 36 %).

[00362] B-9; (6-Amino-lH-indol-3-yl)-acetonitrile

A mixture of (6-nitro-lH-indol-3-yl)-acetonitrile (B-9-a) (1.5 g, 74.5 mml) and 10 % Pd-C (300

mg) in EtOH (50 mL) was stirred at room temperature under H2 ( 1 atm) for 5 h. Pd-C was

removed via filtration and the filtrate was evaporated to give (6-amino-lH-indol-3-yl)-

acetonitrile (B-9) (1.1 g, 90 %). 1H NMR (DMSO-^6) δ 10.4 (br s 1 H), 7.18 (d, J = 8.4 Hz, 1

H), 6 94 (s, IH), 6.52 (s, 1 H), 6.42 (dd, J = 8.4, 1.8 Hz, 1 H), 4.76(s, 2 H), 3.88 (s, 2 H); ESI-

MS 172.1 m/z (MH+).



[00363] Example 4:

HBoc

B-S-a B-10

[00364] [2-(6-Nitro-lH- indol-3-yI)-ethyl]-carbamic acid tert-butyl ester

To a solution of (6-nitro-lH-indol-3-yl)-acetonitrile (B-9-a) (8.6 g, 42.8 mmol) in dry THF (200

mL) was added a solution of 2 M borane-dimethyl sulfide complex in THF (214 mL. 0.43 mol)

at 0 0C. The mixture was heated at reflux overnight under nitrogen. The mixture was then

cooled to room temperature and a solution Of(BoC) O (14 g, 64.2 mmol) and Et N (89.0 mL,

0.64 mol) in THF was added. The reaction mixture was kept stirring overnight and then poured

into ice-water. The organic layer was separated and the aqueous phase was extracted with

EtOAc (200 x 3 mL). The combined organic layers were washed with water and brine, dried

over Na2SO4, filtered and concentrated under reduced pressure. The crude was purified by

column chromatography to give [2-(6-nitro-lH- indol-3-yl)-ethyl]-carbamic acid tert-butyl ester

(5 g, 38 %).

[00365] B-10; [2-(6-Amino-lH-indol-3-yl)-ethyl]-carbamic acid tert-butyl ester

A mixture of [2-(6-nitro-lH- indol-3-yl)-ethyl]-carbamic acid tert-butyl ester (5 g, 16.4 mmol)

and Raney Ni ( 1 g) in EtOH (100 mL) was stirred at room temperature under H ( 1 atm) for 5 h.

Raney Ni was filtered off and the filtrate was evaporated under reduced pressure. The crude

product was purified by column chromatography to give [2-(6-amino-lH-indol-3-yl)-ethyl]-

carbamic acid tert-butyl ester (B-IO) (3 g, 67 %). 1H NMR (DMSO-_i6) δ 10.1 (br s, 1 H), 7.1 1

(d, J = 8.4 Hz, 1 H), 6.77-6.73 (m, 2 H), 6.46 (d, J = 1.5 Hz, 1 H), 6.32 (dd, J - 8.4, 2.1 Hz, 1 H),

4.62 (s, 2 H), 3.14-3.08 (m, 2 H), 2.67-2.62 (m, 2 H), 1.35 (s, 9H); ESI-MS 275.8 m/z (MH+).

[00366] Example 5:

[00367] General Scheme:



a) RX (X=Br I) zinc triflate, TBAI3 DIEA 3 toluene; b) H2, Raney Ni, EtOH or

SnCl2-2H2O, EtOH.

[00368] Specific example:

B-11

[00369] 3-tort-Butyl-6-nitro-lH-indoIe

To a mixture of 6-nitroindole ( 1 g, 6.2 mmol), zinc triflate (2.06 g, 5.7 mmol) and TBAI (1.7 g,

5.16 mmol) in anhydrous toluene ( 11 mL) was added DIEA (1.47 g, 11.4 mmol) at room

temperature under nitrogen. The reaction mixture was stirred for 10 min at 120 0C, followed by

addition off-butyl bromide (0.707 g, 5.1 6 mmol). The resulting mixture was stirred for 45 min

at 120 0C. The solid was filtered off and the filtrate was concentrated to dryness and purified by

column chromatography on silica gel (Pet.Ether./EtOAc 20:1) to give 3-ter?-butyl-6-nitro-lH-

indole as a yellow solid (0.25 g, 19 %). 1H NMR (CDCl3) δ 8.32 (d, J 2.1 Hz3 IH)3 8.00 (dd, J

= 2.1, 14.4 Hz IH), 7.85 (d, J = 8.7 Hz, IH), 7.25 (s, IH) 1.46 (s, 9H).

[00370] B-Il; 3-fer*-Butyl-lH-indoI-6-yIamine

A suspension of 3-tert-butyl-6-nitro-lH-indole (3.0 g, 13.7mmol) and Raney Ni (0.5g) in ethanol

was stirred at room temperature under H ( 1 atm) for 3 h. The catalyst was filtered off and the

filtrate was concentrated to dryness. The residue was purified by column chromatography on

silica gel (PetEther. / EtOAc 4 : 1) to give 3-ter^butyl-lH-indol-6-ylarnine (B-Il) (2.0 g,

77.3%) as a gray solid. 1H NMR (CDCl3) : δ 7.58 (m, 2H) 6.73 (d, J = 1.2 Hz IH) 6.66 (s IH),

6.57(dd, J 0.8, 8.6 Hz, IH), 3.60 (br s, 2H), 1.42 (s, 9H).



[00371] Other examples:

[00372] B-12; 3-Ethyl-lH-indol-6-ylamine

3-Ethyl-lH-indol-6-ylamine (B-12) was synthesized following the general scheme above starting

from 6-nitroindole and ethyl bromide. Overall yield (42 %). HPLC ret. time 1.95 min, 10-99 %

CH3CN5 5 min run; ESI-MS 161.3 m/z (MH+).

[00373] B-13; 3-Isopropyl-lH-indol-6-ylamine

3-Isopropyl-lH-indol-6-ylamine (B-13) was synthesized following the general scheme above

starting from 6-nitroindole and isopropyl iodide. Overall yield (17 %). HPLC ret. time 2.06

min, 10-99 % CH3CN 5 min run; ESI-MS 175.2 m/z (MH4) .

[00374] B-14; 3-rac-Butyl-lH-indoi-6-ylamine

3-see-Butyl-lH-indol-6-ylamine (B-14) was synthesized following the general scheme above

starting from 6-nitroindole and 2-bromobutane. Overall yield (20 %). HPLC ret. time 2.32 min,

10-99 % CH3CN, 5 min run; ESI-MS 189.5 m/z (MH+).

- i n -



[00375] B-15; S-CyclopentyMH-indoI- δ-ylamine

3- Cyclopentyl -lH-indol-6-ylamine (B-15) was synthesized following the general scheme above

starting from 6-nitroindole and iodo-cyclopentane. Overall yield (16 %). HPLC ret. time 2.39

min, 10-99 % CH3CN3 5 min run; ESI-MS 201.5 m/z (MH+) .

[00376] B-16; 3-(2-Ethoxy-ethyl)-lH-indol-6-ylamine

3-(2-Ethoxy-ethyl)-lH-indol-6-ylamine (B-16) was synthesized following the general scheme

above starting from 6-nitroindole and l-bromo-2-ethoxy-ethane. Overall yield (15 %). HPLC

ret. time 1.56 min, 10-99 % CH3CN, 5 min run; ESI-MS 205.1 m/z (MH+).

[00377] B-17; (6-Amino-lH-indol-3-yI)-acetic acid ethyl ester

(6-Amino-lH-indol-3-yl)-acetic acid ethyl ester (B-17) was synthesized following the general

scheme above starting from 6-nitroindole and iodo-acetic acid ethyl ester. Overall yield (24 %).

HPLC ret. time 0.95 min, 10-99 % CH3CN, 5 min run; ESI-MS 219.2 m/z (MH+) .



[00378] 4-Substituted 6-aniinoindole

B-18

[00379] 2-MethyI-3,5-dinitro~benzoic acid

To a mixture OfHNO3 (95%, 80 mL) and H SO4 (98%, 80 mL) was slowly added 2-

methylbenzoic acid (50 g 0.37 mol) at O0C After addition, the reaction mixture was stirred for

1.5 h while keeping the temperature below 30 0C, poured into ice-water and stirred for 15 min.

The resulting precipitate was collected via filtration and washed with water to give 2-methyl-3,5-

dinitro-benzoic acid (70 g, 84 %).

[00380] 2-Methyl-3,5-dinitro-benzoic acid ethyl ester

A mixture of 2-methyl-3,5-dinitro-benzoic acid (50 g, 0.22 mol) in SOCl (80 mL) was heated at

reflux for 4 h and then was concentrated to dryness. CH Cl (50 mL) and EtOH (80 mL) were

added. The mixture was stirred at room temperature for 1 h, poured into ice-water and extracted

with EtOAc (3 x 100 mL). The combined extracts were washed with sat. Na2Cθ 3 (80 mL),

water (2 x 100 mL) and brine (100 mL), dried over Na SO and concentrated to dryness to give

2-methyl-3,5-dinitro-benzoic acid ethyl ester (50 g, 88 %).

[00381] 2-(2-Dimethylaraino-vittyl)-3,5-dinitro-benzoic acid ethyl ester

A mixture of 2-methyl-3,5-dinitro-benzoic acid ethyl ester (35 g, 0.14 mol) and

dimethoxymethyl-dimethyl-amine (32 g, 0.27 mol) in DMF (200 mL) was heated at 100 0C for 5



h. The mixture was poured into ice-water. The precipitate was collected via filtration and

washed with water to give 2-(2-dimethylamino-vinyl)-3 5-dinitro-benzoic acid ethyl ester (11.3

g, 48 %).

[003821 B-18; -Amino-lH-indole^-carboxylic acid ethyl ester

A mixture of 2-(2-dimethylamino-vinyl)-3,5-dinitro- benzoic acid ethyl ester ( 11.3 g, 0.037 mol)

and SnCl2 (83 g. 0.37 mol) in ethanol was heated at reflux for 4 h. The mixture was concentrated

to dryness and the residue was poured into water and basified with sat. Na CO solution to pH 8.

The precipitate was filtered off 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 over

Na2SO and concentrated to dryness. The residue was purified by column chromatography on

silica gel to give 6-amino-lH-indole-4-carboxylic acid ethyl ester (B-18) (3 g, 40 %). 1H NMR

(DMSO-^ 6) δ 10.76 (br s, 1 H), 7.1 1-7.14 (m, 2 H)5 6.81-6.82 (m, 1 H), 6.67-6.68 (m, 1 H), 4.94

(br s, 2 H), 4.32-4.25 (q, J = 7.2 Hz, 2 H), 1.35-1.31 (t, = 7.2, 3 H). ESI-MS 205.0 m/z (MH+).

[00383] 5-Substituted 6-aminoindoles

100384] Example 1:

[00385] General Scheme:

[00386] Specific example:

B-20

l-Fluoro-5-methyl-2,4-dinitro-benzene

To a stirred solution of HNO3 (60 mL) and H2SO4 (80 mL), cooled in an ice bath, was added 1-

fluoro-3-methyl-benzene (27.5g, 25 mmol) at such a rate that the temperature did not rise over



35 0C. The mixture was allowed to stir for 30 min at room temperature and poured into ice water

(500 mL). The resulting precipitate (a mixture of the desired product and l-fiuoro-3-methyl-2,4-

dinitro-benzene, approx. 7:3) was collected via filtration and purified by recrystallization from

50 mL isopropyl ether to give l-fluoro-5-methyl-2,4-dinitro-benzene as a white solid (18 g, 36

[00387] I2-(5-Fluoro-2 54-dinitro-phenyl)-vinyl]-dimethyl-amine

A mixture of l-fluoro-5-methyl-2,4-dinitro-benzene (10 g, 50 mmol), dimethoxymethyl-

dimethylamine ( 11.9 g, 100 mmol) and DMF (50 mL) was heated at 100 0C for 4 h. The

solution was cooled and poured into water. The red precipitate was collected via filtration,

washed with water adequately and dried to give [2-(5-fluoro-2,4-dinitro-phenyl)-vinyl]-

dimethyl-amine (8 g, 63 %).

[00388] B-20; 5-Fluoro-lH-indol-6-yIamine

A suspension of [2-(5-fluoro-2,4-dinitro-phenyl)-vinyl]-dimethyl-amine (8 g, 31.4 mmol) and

Raney Ni (8 g) in EtOH (80 mL) was stirred under (40 psi) at room temperature for 1 h. After

filtration, the filtrate was concentrated and the residue was purified by chromatography

(Pet.Ether/ EtOAc = 5 / 1) to give 5-fluoro-lH-indol-6-ylamine (B-20) as a brown solid ( 1 g, 16

%). 1H NMR (DMSO-^6) δ 10.56 (br s, 1 H), 7.07 (d, J = 12 Hz, 1 H), 7.02 (m, IH), 6.71 (d, J

8 Hz, IH), 6.17 (s, IH), 3.91 (br s , 2H); ESI-MS 150.1 m/z (MH+) .

[00389] Other examples:

[00390] B-21; 5-Chloro-lH-indol-6-ylaniine

5-Chloro-lH-indol-6-ylamine (B-21) was synthesized following the general scheme above

starting from l-chloro-3-methyl-benzene. Overall yield (7 %). 1H NMR (CDCl3) δ.7.85 (br s, 1

H), 7.52 (S5 1 H), 7.03 (s, IH), 6.79 (s, IH), 6.34 (s, IH) 3 3.91 (br s, 2H); ESI-MS 166.0 m/z

(MH+).



[00391] B-22; 5-Trifluoromethyl-lH-indol-6-ylamine

5-Trifluoromethyl-lH-indol-6-ylamine (B-22) was synthesized following the general scheme

above starting from l-methyl-3-trifluoromethyl-benzene. Overall yield (2 %). 1H NMR

(DMSO-^ 6) 10.79 (br s, 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); ESI-MS 200.8 m/z (MH ).

100392J Example 2:

B-23

[00393] l-Benzenesulfonyl-2,3-dihydro-lH-indoIe

To a mixture of DMAP (1.5 g), benzenesulfonyl chloride (24 g, 136 mmol) and 2,3-dihydro-lH-

indole (14.7 g, 124 mmol) in CH2Cl2 (200 mL) was added dropwise Et3N (19 g, 186 mmol) in an

ice-water bath. After addition, the mixture was stirred at room temperature overnight, washed

with water, dried over Na SO and concentrated to dryness under reduced pressure to provide 1-

benzenesulfonyl-2,3-dihydro-lH-indole (30.9 g, 96 %).

[00394] l-(l-BenzenesulfonyI-2,3-dihydro-lH-indol-5-yl)-ethanone

To a stirring suspension OfAlCl (144 g, 1.08 mol) in CH2Cl (1070 mL) was added acetic

anhydride (54 mL). The mixture was stirred for 15 minutes. A solution of 1-benzenesulfonyl-

2,3-dihydro-lH-indole (46.9 g, 0.18 mol) in CH Cl2 (1070 mL) was added dropwise. The

mixture was stirred for 5 h and quenched by the slow addition of crushed ice. The organic layer



was separated and the aqueous layer was extracted with CH Cl . The combined organic layers

were washed with saturated aqueous NaHCO3 and brine, dried over Na SO4 and concentrated

under vacuum to yield l-(l-benzenesulfonyl-2,3-dihydro-lH-indol-5-yl)-ethanone (42.6 g, 79

%).

[00395] l-BenzenesuIfonyl-5-ethyl-2,3-dihydro-lH-indole

To magnetically stirred TFA (1600 mL) was added at 0 0C sodium borohydride (64 g, 1.69 mol)

over 1 h. To this mixture was added dropwise a solution of l-(l-benzenesulfonyl-2,3-dihydro-

lH-indol~5-yl)-ethanone (40 g, 0.13 mol) in TFA (700 mL) over 1 h. The mixture was stirred

overnight at 25 0C, diluted with H2O (1600 ml), and basified with sodium hydroxide pellets at 0

0C. The organic layer was separated and the aqueous layer was extracted with CH2CI2. The

combined organic layers were washed with brine, dried over Na2SO4 and concentrated under

reduced pressure. The residue was purified by column chromatography on silica gel to give 1-

benzenesulfonyl-5-ethyl-2,3-dihydro-lH-indole (16.2 g, 43 %).

[00396] 5-Ethyl-2,3-dihydro-lH-indole

A mixture of l-benzenesulfonyl-5-ethyl-2,3-dihydro-lH-indole (15 g, 0.05 mol) in HBr (48%,

162 mL) was heated at reflux for 6 h. The mixture was basified with sat. NaOH solution to pH 9

and extracted with ethyl acetate. The organic layer was washed with brine, dried over Na Sθ 4

and concentrated under reduced pressure. The residue was purified by column chromatography

on silica gel to give 5-ethyl-2,3-dihydro-lH-indole (2.5 g, 32 %).

[00397] 5-EthyI-6-nitro-2,3-dihydro-lH-indole

To a solution of 5-ethyl-2,3-dihydro-lH-indole (2.5 g, 17 mmol) in H2SO4 (98%, 20 mL) was

slowly added KNO3 ( 1.7 g, 17 mmol) at 0 0C. After addition, the mixture was stirred at 0 - 10

0C for 10 min, carefully poured into ice, basified with NaOH solution to pH 9 and extracted with

ethyl acetate. The combined extracts were washed with brine, dried over Na2SO and

concentrated to dryness. The residue was purified by column chromatography on silica gel to

give 5-ethyl-6-nitro-2,3-dihydro-lH-indole (1.9 g, 58 %).

[00398] 5-Ethyl-6-nitro-lH-indole



To a solution of 5-ethyl-6-nitro-2,3-dihydro-lH-indole (1.9 g, 9.9 mmol) in CH2Cl2 (30 mL) was

added MnO 2 (4 g, 46 mmol). The mixture was stirred at room temperature for 8 h. The solid

was filtered off and the filtrate was concentrated to dryness to give crude 5-ethyl-6-nitro-lH-

indole ( 1.9 g, quant.).

[00399] B-23; 5-EthyI-lH-indoI-6-ylamine

A suspension of 5-ethyl-6-nitro-lH-indole (1.9 g 10 mmol) and Raney Ni ( 1 g) was stirred

under H 2 ( 1 atm) at room temperature for 2 h. The catalyst was filtered off and the filtrate was

concentrated to dryness. The residue was purified by column chromatography on silica gel to

give 5-ethyl-lH-indol-6-ylamine (B-23) (760 mg, 48 %). 1H NMR (CDCl3) δ 7.90 (br s, IH),

7.41 (s, IH) 7.00 (s, IH), 6.78 (s, 2H), 6.39 (s, IH), 3.39 (br s, 2H), 2.63 (q, J = 7.2 Hz, 2H),

1.29 (t, J = 6.9 Hz, 3H); ESI-MS 161.1 m/z (MH+).

[00400] Example 3 :

B-24

[00401] 2-Bromo-4-ter£-butyl~phenylamine

To a solution of 4-/ert-butyl-phenylamine (447 g, 3 mol) in DMF (500 mL) was added dropwise

NBS (53 1 g, 3 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 Na2SO and concentrated. The crude product was directly used in the

next step without further purification.

[00402] 2-Bromo-4-ter/-butyl-5-nitro-phenylamine



2-Bromo-4-/ -?/--'-butyl-phenylamine (162 g, 0.71 mol) was added dropwise to H2SO4 (410 mL) at

room temperature to yield a clear solution. This clear solution was then cooled down to - 5 to -10

0C. A solution of KNO3 (82.5 g, 0.82 mol) in H2SO4 (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% Na CO and brine, dried over Na SO and concentrated. The residue was purified by a

column chromatography (EtOAc / petroleum ether 1 / 10) to give 2-bromo-4-/ert-butyl-5-nitro-

phenylamine as a yellow solid (152 g, 78 %).

[00403] 4-ter^-ButyI-5-nitro-2-trimethylsilanylethynyl-phenylamine

To a mixture of 2-bromo-4-ferf-butyl-5-nitro-phenylamine (27.3 g, 100 mmol) in toluene (200

mL) and water (100 mL) was added Et3N (27.9 mL, 200 mmol), Pd(PPh3)2Cl2 (2.1 1 g, 3 mmol),

CuI (950 mg, 0.5 mmol) and trimethylsilyl acetylene (21.2 mL, 150 mmol) under a nitrogen

atmosphere. The reaction mixture was heated at 70 0C 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% NH4OH solution and water,

dried over Na SO and concentrated. The crude product was purified by column

chromatography (0 —10 % EtOAc / petroleum ether) to provide 4-*er -butyl-5-nitro-2-

trimethylsilanylethynyl-phenylamine as a brown viscous liquid (25 g, 8 1 %).

[004041 5-tert-Butyl-6-nitro-lH-indole

To a solution of 4-/er/-butyl-5-nitro-2-trimethylsilanylethynyl-phenylamine (25 g, 86 mmol) in

DMF (100 mL) was added CuI (8.2 g, 43 mmol) under a nitrogen atmosphere. The mixture was

heated at 135 0C 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 Na2SO and concentrated. The crude product was

purified by column chromatography (10 —20 % EtOAc / Hexane) to provide 5-tert-butyl-6-nitro-

lH-indole as a yellow solid (12.9 g, 69 %).

[00405] B-24; 5- / -Bιιtyl-lH-indol-6-ylamine



Raney Ni {3 g) was added to 5- ?r/-butyl-6-nitro-lH-indole (14.7 g 67 mmol) in methanol (100

mL). The mixture was stirred under hydrogen ( 1 atm) at 30 0C for 3 h. The catalyst was filtered

off. The filtrate was dried over Na SC and concentrated. The crude dark brown viscous oil was

purified by column chromatography (10 —20 % EtOAc / petroleum ether) to give 5-tert-butyl-

lH-indol-6-ylamine (B-24) as a gray solid ( 11 g, 87 %). 1H NMR (300 MHz, DMSO-d6) δ 10.3

(br s, IH), 7.2 (s, IH), 6.9 (m, IH), 6.6 (s, IH), 6.1 (m, IH)54.4 (br s, 2H), 1.3 (s, 9H).

[00406] Example 4:

[00407] 5-Methyl-2,4-dinitro-benzoic acid

To a mixture OfHNO 3 (95 %, 80 mL) and H2SO4 (98 %, 80 mL) was slowly added 3-

methylbenzoic acid (50 g, 0.37 mol) at 0 0C. After addition, the mixture was stirred for 1.5 h

while maintaining the temperature below 30 0C. The mixture was poured into ice-water and

stirred for 15 min. The precipitate was collected via filtration and washed with water to give a

mixture of 3-methyl -2,6-dinitro-benzoic acid and 5-methyl-2,4-dinitro-benzoic acid (70 g, 84 %).

To a solution of this mixture in EtOH (150 mL) was added dropwise SOCl2 (53.5 g, 0.45 mol).

The mixture was heated at reflux for 2 h and concentrated to dryness under reduced pressure.

The residue was dissolved in EtOAc (100 mL) and extracted with 10% Na2CO3 solution (120

mL). The organic layer was found to contain 5-methyl-2,4-dinitro-benzoic acid ethyl ester while

the aqueous layer contained 3-methyl-2,6-dinitro-benzoic acid. The organic layer was washed

with brine (50 mL), dried over Na Sθ 4 and concentrated to dryness to provide 5-methyl-2,4-

dinitro-benzoic acid ethyl ester (20 g, 20 %).

[00408] 5-(2-Dimethylamino-vinyl)-2,4-dinitro-benzoic acid ethyl ester

A mixture of 5-methyl-2,4-dinitro-benzoic acid ethyl ester (39 g, 0.15 mol) and

dimethoxymethyl-dimethylamine (32 g, 0.27 mol) in DMF (200 mL) was heated at 100 0C for 5

h. The mixture was poured into ice water. The precipitate was collected via filtration and



washed with water to afford 5-(2-diraethylamino-vinyl)-2,4-dinitro-benzoic acid ethyl ester (15

g, 28 %).

[00409] B-25; -Amino-lH-indole-S-carboxylic acid ethyl ester

A mixture of 5-(2-dimethylamino-vinyl)-2,4-dimtro-benzoic acid ethyl ester (15 g, 0.05 mol) and

Raney Ni (5 g) in EtOH (500 mL) was stirred under H2 (50 psi) at room temperature for 2 h. The

catalyst was filtered off and the filtrate was concentrated to dryness. The residue was purified by

column chromatography on silica gel to give 6-amino-lH-indole-5-carboxylic acid ethyl ester

(B-25) (3 g, 30 %). 1H NMR (DMSO-^ 6) δ 10.68 (s, 1 H), 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 (q, J = 7.2 Hz, 2 H), 1.32-1.27 (t, J 7.2 Hz, 3

H).

[00410] Example 5:

B-27

l-(2,3-Dihydro-indol-l-yl)-ethanone

To a suspension OfNaHCO3 (504 g, 6.0 mol) and 2,3-dihydro-lH-indole (60 g, 0.5 mol) in

CH2CI2 (600 mL) cooled in an ice-water bath, was added dropwise acetyl chloride (78.5 g, 1.0

mol). The mixture was stirred at room temperature for 2 h. The solid was filtered off and the

filtrate was concentrated to give l-(2,3-dihydro-indol-l-yl)-ethanone (82 g, 100 %).

[0041 1] l-(5-Bromo-2,3-dihydro-indol-l-yl)-ethanone

To a solution of l-(2,3-dihydro-indol-l-yl)-ethanone (58.0 g, 0.36 mol) in acetic acid (3000 mL)

was added Br2 (87.0 g, 0.54 mol) at 10 0C. The mixture was stirred at room temperature for 4 h.



The precipitate was collected via filtration to give crude l-(5-bromo-2,3-dihydro-indol-l-yl)-

ethanone (100 g, 96 %), which was used directly in the next step.

[00412] 5-Bromo-2,3-dihydro-lH-indole

A mixture of crude l-(5-bromo-2,3-dihydro-indol-l-yl)-ethanone (100 g, 0.34 mol) in HCl (20

%, 1200 mL) was heated at reflux for 6 h. The mixture was basified with Na2CO3 to pH 8.5-10

and then extracted with ethyl acetate. The combined organic layers were washed with brine,

dried over Na2SO and concentrated under reduced pressure. The residue was purified by

column chromatography on silica gel to give 5-bromo-2,3-dihydro-lH-indole (37 g, 55 %).

[00413] 5-Bromo-6-nitro-2,3-dihydro-lH-indoIe

To a solution of 5-bromo-2,3-dihydro-lH-indole (45 g, 0.227 mol) in H2SO4 (98 %, 200 mL)

was slowly added KNO3 (23.5 g, 0.23 mol) at 0 0C. After addition, the mixture was stirred at 0 -

10 0C for 4 h, carefully poured into ice, basified with Na CO to pH 8 and extracted with ethyl

acetate. The combined organic extracts were washed with brine, dried over Na SO4 and

concentrated to dryness. The residue was purified by column chromatography on silica gel to

give 5-bromo-6-nitro-2,3-dihydro-lH-indole (42 g, 76 %).

[00414] 5-Bromo-6-nitro-lH-indole

To a solution of 5-bromo-6-nitro-2,3-dihydro-lH-indole (20 g, 82.3 mmol) in 1,4-dioxane (400

mL) was added DDQ (30 g, 0.13 mol). The mixture was stirred at 80 0C for 2 h. The solid was

filtered off and the filtrate was concentrated to dryness. The residue was purified by column

chromatography on silica gel to afford 5-bromo-6-nitro-lH-indole (7.5 g, 38 %).

[00415] B-27; 5-Bromo-lH-indol-6-ylamine

A mixture of 5-bromo-6-nitro-lH-indole (7.5 g, 31.1 mmol) and RaneyNi ( 1 g) in ethanol was

stirred under H2 ( 1 atm) at room temperature for 2 h. The catalyst was filtered off and the filtrate

was concentrated to dryness. The residue was purified by column chromatography on silica gel

to give 5-bromo-lH-indol-6-ylamine (B-27) (2 g, 30 %). 1H NMR (DMSO-^ 6) δ 10.6 (s, 1 H),

7.49 (s, 1 H) 6.79-7.02 (m, 1 H), 6.79 (s, 1 H), 6.14-6.16 (m, 1 H), 4.81 (s, 2 H).



[00416] 7-Substituted 6-aminoindoIe

B-19

[00417] 3-Methyl-2,6-dinitro-benzoic acid

To a mixture OfHNO3 (95 %, 80 mL) and H2SO4 (98 %, 80 mL) was slowly added 3-

methylbenzoic acid (50 g, 0.37 mol) at 0 0C. After addition, the mixture was stirred for 1.5 h

while maintaining the temperature below 30 C. The mixture was poured into ice-water and

stirred for 15 min. The precipitate was collected via filtration and washed with water to give a

mixture of 3-methyl-2,6-dinitro-benzoic acid and 5-methyl-2,4-dinitro-benzoic acid (70 g, 84 %).

To a solution of this mixture in EtOH (150 mL) was added dropwise SOCl2 (53.5 g, 0.45 mol).

The mixture was heated to reflux for 2 h and concentrated to dryness under reduced pressure.

The residue was dissolved in EtOAc (100 mL) and extracted with 10% Na CO solution ( 120

mL). The organic layer was found to contain 5-methyl-254-dinitro-benzoic acid ethyl ester. The

aqueous layer was acidified with HCl to pH 2 ~ 3 and the resulting precipitate was collected via

filtration, washed with water and dried in air to give 3-methyl-2,6-dinitro-benzoic acid (39 g, 47

%).

[00418] 3-Methyl-2,6-dinitro-benzoic acid ethyl ester

A mixture of 3-methyl-2,6-dinitro-benzoic acid (39 g, 0.15 mol) and SOCl2 (80 mL) was heated

at reflux for 4 h. The excess SOCl was removed under reduced pressure and the residue was

added dropwise to a solution of EtOH (100 mL) and Et3N (50 mL). The mixture was stirred at

20 0C for 1 h and concentrated to dryness. The residue was dissolved in EtOAc (100 mL),



washed with Na2CO3 ( 10 %, 40 mL x 2), water (50 mL x 2) and brine (50 mL), dried over

Na2SO4 and concentrated to give 3-methyl-2,6-dinitro-benzoic acid ethyl ester (20 g, 53 %).

[00419] 3-(2-DimethyIamino-vinyl)-2,6-dinitro-benzoic acid ethyl ester

A mixture of 3-methyl-2,6-dinitro-benzoic acid ethyl ester (35 g, 0.14 mol) and

dimethoxymethyl-dimethylamine (32 g, 0.27 mol) in DMF (200 mL) was heated at 100 °C for 5

h. The mixture was poured into ice water and the precipitate was collected via filtration and

washed with water to give 3-(2-dimethylamino-vinyl)-2,6-dinitro-benzoic acid ethyl ester (25 g,

58 %).

[00420] B-19; -Amino-lH-indole-V-carboxylic acid ethyl ester

A mixture of 3-(2-dimethylamino-vinyl)-2, 6-dinitro-benzoic acid ethyl ester (30 g 0.097 mol)

and Raney Ni ( 10 g) in EtOH ( 1000 mL) was stirred under H2 (50 psi) for 2 h. The catalyst was

filtered off, and the filtrate was concentrated to dryness. The residue was purified by column

chromatography on silica gel to give 6-amino-lH-indole-7-carboxylic acid ethyl ester (B-19) as

an off-white solid (3.2 g, 16 %). 1H NMR (DMSO-^6) δ 10.38 (s, 1 H), 7.44-7.41 (d, J = 8.7 Hz,

1 H), 6.98 (t. 1 H), 6.65 (s, 2 H), 6.50-6.46 (m, 1 H), 6.27-6.26 (m, 1 H), 4.43-4.36 (q, J = 7.2

Hz, 2 H), 1.35 (t, J = 7.2 Hz, 3 H).

[00421] Phenols

[00422] Example 1:

C-1-a C-1

[00423] 2-fe#tf-Butyl-5-nitroaniline

To a cooled solution of sulfuric acid (90 %, 50 mL) was added dropwise 2-tert-butyl-

phenylamine (4.5 g, 30 mmol) at 0 0C. Potassium nitrate (4.5 g, 45 mmol) was added in portions

at 0 0C. The reaction mixture was stirred at 0-5 0C for 5 min, poured into ice-water and then

extracted with EtOAc three times. The combined organic layers were washed with brine and

dried over Na SO . After removal of solvent, the residue was purified by recrystallization using



70 % EtOH - H2O to give 2-tert-butyl-5-nitroaniline (3.7 g, 64 %). 1H NMR (400 MHz, CDCl3)

δ 7.56 (dd, J = 8.7, 2.4 Hz, IH), 7.48 (d, J = 2.4 Hz, IH), 7.36 (d, J = 8.7 Hz, IH), 4.1 7 (s, 2H),

1.46 (s, 9H); HPLC ret. time 3.27 min, 10-99 % CH3CN, 5 min run; ESI-MS 195.3 m/z (MH+).

[00424] C-l-a; 2-ter<-Butyl-5-nitrophenol

To a mixture of 2-tert-butyl-5-nitroaniline (1.94 g, 10 mmol) in 40 mL of 15 % H2SO4 was

added dropwise a solution OfNaNO (763 mg, 11.0 mmol) in water (3 mL) at 0 0C. The

resulting mixture was stirred at 0-5 0C for 5 min. Excess NaNO2 was neutralized with urea, then

5 mL of H2SO4-H2O (v/v 1:2) was added and the mixture was refluxed for 5 min. Three

additional 5 mL aliquots OfH SO4-H O (v/v 1:2) were added while heating at reflux. The

reaction mixture was cooled to room temperature and extracted with EtOAc twice. The

combined organic layers were washed with brine and dried over MgSO After removal of

solvent, the residue was purified by column chromatography (0-10 % EtOAc —Hexane) to give

2-tert-butyl-5-nitrophenol (C-l-a) (1.2 g, 62 %). 1H NMR (400 MHz, CDCl3) δ 7.76 (dd, J =

8.6, 2.2 Hz, IH), 7.58 (d, J = 2.1 Hz, IH), 7.43 (d, J 8.6 Hz, IH), 5.41 (s, IH), 1.45 (s, 9H);

HPLC ret. time 3.46 min, 10-99 % CH3CN, 5 min run.

[00425] C-I; 2-fert-Butyl-5-aminophenol. To a refluxing solution of 2-tert-butyl-

5-nitrophenol (C-l-a) (196 mg, 1.0 mmol) in EtOH (10 mL) was added ammonium formate (200

mg, 3.1 mmol), followed by 140 mg of 10% Pd-C. The reaction mixture was refluxed for

additional 30 min, cooled to room temperature and filtered through a plug of Celite. The filtrate

was concentrated to dryness and purified by column chromatography (20-30% EtOAc-Hexane)

to give 2-terf-butyl-5-amino ρhenol (C-I) (144 mg, 87 %). 1H NMR (400 MHz, DMSO-^ 6) δ
8.76 (s, IH), 6.74 (d, J = 8.3 Hz, IH), 6.04 (d, J = 2.3 Hz, IH) 5.93 (dd, J = 8.2, 2.3 Hz, IH),

4.67 (s, 2H), 1.26 (s, 9H); HPLC ret. time 2.26 min, 10-99 % CH3CN, 5 min run; ESI-MS 166.1

m/z (MH+).

[00426] Example 2:

[00427] General scheme:



a) RX (X = Br 1) 3 K2CO3 or Cs2CO3, DMF; b) HCO2NH4 or HCO2K3 Pd-C, EtOH

[00428] Specific example:

[00429] l-fer/-Butyl-2-methoxy-4-nitrobenzene

To a mixture of 2-tert-butyl-5-nitrophenol (C-1-a) (100 mg, 0.52 mmol) and K2CO3 (86 mg,

0.62 mmol) in DMF (2 mL) was added CH3I (40 uL, 0.62 mmol). The reaction mixture was

stirred at room temperature for 2 h, diluted with water and extracted with EtOAc. The combined

organic layers were washed with brine and dried over MgSO . . After filtration, the filtrate was

evaporated to dryness to give l-/er -butyl-2-methoxy-4-nitrobenzene (82 mg, 76 %) that was

used without further purification. 1H NMR (400 MHz, CDCl3) δ 7.77 (t, J = 4.3 Hz, IH), 7.70 (d,

J = 2.3 Hz, IH) 7.40 (d, J = 8.6 Hz, IH), 3.94 (s, 3H), 1.39 (s, 9H).

[00430] C-2; 4-fer-*-Butyl-3-methoxyaniline

To a refluxing solution of l-terf-butyl-2-methoxy-4-nitrobenzene (82 mg, 0.4 mmol) in EtOH (2

mL) was added potassium formate (300 mg, 3.6 mmol) in water ( 1 mL), followed by 10% Pd-C

(15 mg). The reaction mixture was refluxed for additional 60 min, cooled to room temperature

and filtered through Celite. The filtrate was concentrated to dryness to give 4-før*-butyl-3-

methoxyaniline (C-2) (52 mg, 72 %) that was used without further purification. HPLC ret. time

2.29 min, 10-99 % CH3CN, 5 min run; ESI-MS 180.0 m/z (MH+).

[00431] Other examples:



[00432] C-3; 3-(2-Ethoxyethoxy)-4-terf~butyIbenzenamine

3-(2-Ethoxyethoxy)-4-/er/-butylbenzenamine (C-3) was synthesized following the general

scheme above starting from 2-tert-butyl-5-nitrophenol (C-l-a) and l-bromo-2-ethoxyethane. 1H

NMR (400 MHz, CDCl3) δ 6.97 (d, J = 7.9 Hz, IH), 6.17 (s, IH), 6.14 (d, J = 2.3 Hz3 IH), 4.00

(t, J = 5.2 Hz 2H), 3.76 (t, J 5.2 Hz, 2H), 3.53 (q, J 7.0 Hz 2H), 1.27 (s, 9H), 1.16 (t, J = 7.0

Hz, 3H); HPLC ret. time 2.55 min, 10-99 % CH3CN, 5 min run; ESI-MS 238.3 m/z (MH+).

[00433] C-4; 2-(2-terf-Butyl-5-aminophenoxy)ethanol

2-(2~tert-Butyl-5-aminophenoxy)ethanol (C-4) was synthesized following the general scheme

above starting from 2-tørt-butyl-5-nitrophenol (C-l-a) and 2-bromoethanol. HPLC ret. time 2.08

min, 10-99 % CH3CN, 5 min run; ESI-MS 210.3 m/z (MH+).

[00434] Example 3:



[00435] N-(3-Hydroxy-phenyl)-acetamide and acetic acid 3-formylamino-phenyl

ester

To a well stirred suspension of 3-amino-phenol (50 g, 0.46 mol) and NaHCO 3 (193.2 g, 2.3 mol)

in chloroform ( 1 L) was added dropwise chloroacetyl chloride (46.9 g, 0.6 mol) over a period of

30 min at 0 0C. After the addition was complete, the reaction mixture was refluxed overnight

and then cooled to room temperature. The excess NaHCO was removed via filtration. The

filtrate was poured into water and extracted with EtOAc (300 x 3 mL). The combined organic

layers were washed with brine (500 mL), dried over anhydrous Na SO and concentrated under

reduced pressure to give a mixture of N-(3-hydroxy-phenyl)-acetamide and acetic acid 3-

formyl amino-phenyl ester (35 g, 4:1 by NMR analysis). The mixture was used directly in the

next step.

[00436] N-[3-(3-Methyl-but-3-enyloxy)-phenyl]-acetamide

A suspension of the mixture of N-(3-hydroxy-phenyl)-acetamide and acetic acid 3-formylamino-

phenyl ester (18.12 g 0.12 mol), 3-methyl-but-3-en-l-ol (8.6 g, 0.1 mol), DEAD (87 g, 0.2 mol)

and Ph P (31.44 g, 0.12 mol) in benzene (250 mL) was heated at reflux overnight and then

cooled to room temperature. The reaction mixture was poured into water and the organic layer

was separated. The aqueous phase was extracted with EtOAc (300 x 3 mL). The combined

organic layers were washed with brine, dried over anhydrous Na SO4 and concentrated. The

residue was purified by column chromatography to give N-[3-(3-methyl-but-3-enyloxy)-phenylj-

acetamide ( 11 g 52 %).

[00437] N-(4,4-Dimethyl-chroman-7-yl)-acetamide

A mixture of N-[3-(3-methyl-but-3-enyloxy)-phenyl]-acetamide (2.5 g, 11.4 mmol) and AICI3

(4.52 g, 34.3 mmol) in fluoro-benzene (50 mL) was heated at reflux overnight. After cooling,

the reaction mixture was poured into water. The organic layer was separated and the aqueous

phase was extracted With EtOAc (40 x 3 mL). The combined organic layers were washed with

brine, dried over anhydrous Na SO and concentrated under vacuum. The residue was purified

by column chromatography to give N-(4,4-dimethyl-chroman-7-yl)-acetamide (1.35 g 54 %).



[00438] C-5; 3,4-Dihydro-4,4-dimethyI-2H-chromen-7-amine

A mixture of N-(4 54-dimethyl-chroman-7-yl)-acetamide (1.35 g, 6.2 mmol) in 20 % HCl solution

(30 mL) was heated at reflux for 3 h and then cooled to room temperature. The reaction mixture

was basified with 10 % aq. NaOH to pH 8 and extracted with EtOAc (30 x 3 mL). The

combined organic layers were washed with brine, dried over anhydrous Na2SO and

concentrated to give 3,4-dihydro-4,4-dimethyl-2H-chromen-7-amine (C-5) ( 1 g, 92 %). 1H

NMR (DMSO-d ) δ 6.87 (d, J = 8.4 Hz5 1 H), 6.07 (dd, J = 8.4, 2.4 Hz, 1 H), 5.87 (d, J = 2.4 Hz,

1 H), 4.75 (s, 2 H), 3.99 (t, J = 5.4 Hz, 2 H)5 1.64 (t, J = 5.1 Hz, 2 H), 1.15 (s, 6 H); ESI-MS

178.1 m/z (MH+) .

[00439] Example 4:

[00440] General scheme:

X = F, Cl; a) ROH, H2SO4 or MeSO3H, CH2Cl2; b) R'CO 2C1, Et3N, 1,4-dioxane or CHCl 3; c)

HNO3, H SO4 or KNO3, H2SO4 or HNO3, AcOH; d) piperidine, CH2Cl2; e) HCO2NH4, Pd-C,

EtOH or SnCl2.2H2O, EtOH or H2, Pd-C, MeOH.

[00441] Specific example



C-6-a

[00442] 2~fert-Butyl-4-fluorophenoI

4-Fluorophenol (5g, 45 mmol) and tert-butanol (5.9 mL, 63 πrmol) were dissolved in CH2CI2 (SO

mL) and treated with concentrated sulfuric acid (98 %, 3 mL). The mixture was stirred at room

temperature overnight. The organic layer was washed with water, neutralized with NaHCCb,

dried over MgSO and concentrated. The residue was purified by column chromatography (5-15

% EtOAc - Hexane) to give 2-tert-butyl-4-fluoro ρhenol (3.12 g, 42 %). 1H NMR (400 MHz,

DMSO-^ 6) δ 9.32 (s, IH), 6.89 (dd, J = 11.1, 3.1 Hz, IH), 6.84-6.79 (m, IH), 6.74 (dd, J = 8.7,

5.3 Hz, IH), 1.33 (s, 9H).

[00443] 2-?err-Butyl-4-fluorophenyI methyl carbonate

To a solution of 2-tert-butyl-4-fmorophenol (2.63g, 15.7 mmol) and NEt 3 (3.13 mL, 22.5 mmol)

in dioxane (45 mL) was added methyl chloroformate (1.27 mL, 16.5 mmol). The mixture was

stirred at room temperature for 1 h. The precipitate was removed via filtration. The filtrate was

then diluted with water and extracted with ether. The ether extract was washed with water and

dried over MgSO . After removal of solvent, the residue was purified by column

chromatography to give 2-ferr-butyl-4-fluorophenyl methyl carbonate (2.08g, 59 %). 1H NMR

'400 MHz, DMSO-^ 6) δ 7.24 (dd, J 8.8, 5.4 Hz, IH), 7.17-7.10 (m, 2H), 3.86 (s, 3H), 1.29 (s,

>H).



[00444] 2-fert-Butyl-4-fluoro-5-nitrophenyl methyl carbonate (C-7-a) and 2-

*er/-butyl-4-fluoro-6-nitrophenyl methyl carbonate (C-6-a)

To a solution of 2- r -butyl-4-fluorophenyl methyl carbonate ( 1.81 g, 8 πunol) in H2SO4 (98 %,

1 inL) was added slowly a cooled mixture OfH2SO (1 mL) and HNO3 ( 1 mL) at 0 0C. The

mixture was stirred for 2 h while warming to room temperature, poured into ice and extracted

with diethyl ether. The ether extract was washed with brine, dried over MgSO and concentrated.

The residue was purified by column chromatography (0-10 % EtOAc - Hexane) to give 2-tert-

butyI-4-fluoro-5-nitrophenyl methyl carbonate (C-7-a) (1.2 g, 55 %) and 2-ter*-butyl-4-fiuoro-6-

nitrophenyl methyl carbonate (C-6-a) (270 mg, 12 %). 2-/erf-Butyl-4-fluoro-5-nitrophenyl

methyl carbonate (C-7-a): 1H NMR (400 MHz, DMSO-J 6) δ 8.24 (d, J 7.1 Hz, IH), 7.55 (d, J

= 13.4 Hz, IH), 3.90 (s, 3H), 1.32 (s, 9H). 2-?ert-butyl-4-fluoro-6-nitrophenyl methyl carbonate

(C-6-a): 1H NMR (400 MHz, DMSO-J 6) δ 8.04 (dd, J 7.6, 3.1 Hz, IH), 7.69 (dd, J 10.1, 3.1

Hz, IH), 3.91 (s, 3H), 1.35 (s, 9H).

[00445] 2-ter*VButyl-4-fluoro-5-nitrophenol

To a solution of 2-ter/-butyl-4-fluoro-5-nitrophenyl methyl carbonate (C-7-a) (1.08 g, 4 mmol)

in CH2C (40 mL) was added piperidine (3.94 mL, 10 mmol). The mixture was stirred at room

temperature for 1 h and extracted with IN NaOH (3x). The aqueous layer was acidified with IN

HCl and extracted with diethyl ether. The ether extract was washed with brine, dried (MgSO4)

and concentrated to give 2-tø^butyl-4-fluoro-5-nitrophenol (530 mg, 62 %). 1H NMR (400

MHz, DMSO-cfe) δ 10.40 (s, IH) 5 7.49 (d, J = 6.8 Hz, IH), 7.25 (d, J 13.7 Hz, IH), 1.36 (s,

9H).

[00446] C-7; 2-tø*-Butyl-5-amino-4-fluorophenol

To a refluxing solution of 2-ter?-butyl-4-fluoro-5-nitrophenol (400 mg, 1.88 mmol) and

ammonium formate (400 mg, 6.1 mmol) in EtOH (20 mL) was added 5 % Pd-C (260 mg). The

mixture was refluxed for additional 1 h, cooled and filtered through Celite. The solvent was

removed by evaporation to give 2- er -butyl-5-amino-4-fluorophenol (C-7) (550 mg, 83 %). 1H

NMR (400 MHz, DMSO-J 6) δ 8.83 (br s, IH), 6.66 (d, J 13.7 Hz, IH), 6.22 (d, J 8.5 Hz,



IH), 4.74 (br s, 2H), 1.26 (s, 9H); HPLC ret. time 2.58 min, 10-99 % CH3CN 5 min run; ESI-

MS 184.O nVz (MH +).

[00447] Other examples:

[00448] C-IO; 2-fer/-ButyI-5-amino-4-chIorophenoI

2-A2rt-Butyl-5-amino-4-chlorophenol (C-IO) was synthesized following the general scheme

above starting from 4-chlorophenol and tert-butanol. Overall yield (6 %). HPLC ret. time 3.07

min, 10-99 % CH3CN, 5 min run; ESI-MS 200.2 m/z (MH+).

[00449] C-13; 5-Amino-4-fluoro-2-(l-methylcycløhexyl)phenol

5-Amino-4-fluoro-2-(l-methylcyclohexyl) ρhenol (C-13) was synthesized following the general

scheme above starting from 4-fluorophenol and 1-methylcyclohexanol. Overall yield (3 %).

HPLC ret. time 3.00 min, 10-99 % CH3CN, 5 min run; ESI-MS 224.2 m/z (MH+).

[00450] C-19; 5-Amino-2-(3-ethyIpentan-3-yl)-4-fluoro-phenol

Amino-2-(3-ethylpentan-3-yl)-4-fluoro-phenol (C-19) was synthesized following the general

heme above starting from 4-fluorophenol and 3-ethyl-3-pentanol. Overall yield ( 1 %).



[00451] C-20; 2-Admantyl-5-amino-4-fluoro-phenol

2-Admantyl-5-amino-4-fluoro-phenol (C-20) was synthesized following the general scheme

above starting from 4-fluorophenol and adamantan-1-ol.

[00452] C-21; 5-Amino-4-fluoro-2-(l-methylcycloheptyl)phenol

5-Amino-4-fluoro-2-(l-methylcycIoheptyl)phenol (C-21) was synthesized following the general

scheme above starting from 4-fluorophenol and 1-methyl-cycloheptanol.

[00453] C-22; 5-Amino-4-fluoro-2-(l-methyIcyclooctyl)phenol

5-Amino-4-fluoro-2-(l-methylcyclooctyl)phenol (C-22) was synthesized following the general

scheme above starting from 4-fluorophenol and 1-methyl-cyclooctanol.



[00454] C-23; 5-Amino-2-(3-ethyI-2,2-dimethylpentan-3-yl)-4-fluoro-phenol

5-Amino-2-(3-ethyl-2,2-dimethylpentan-3-yl)-4-fluoro-phenol (C-23) was synthesized following

the general scheme above starting from 4-fluorophenol and 3-ethyl-2,2-dimethyl-pentan-3-ol.

[00455] Example 5:

C-6-a C-6

(00456] C-6; 2-tert-Butyl-4-fluoro-6-aminophenyl methyl carbonate

To a refluxing solution of 2-£e/-;-butyl-4-fluoro-6-mtrophenyl methyl carbonate (250 mg, 0.92

mmol) and ammonium formate (250 mg, 4 mmol) in EtOH (10 mL) was added 5 % Pd-C (170

mg). The mixture was refluxed for additional 1 h, cooled -and filtered through Celite. The solvent

was removed by evaporation and the residue was purified by column chromatography (0-15 %,

EtOAc - Hexane) to give 2-terr-butyl-4-fluoro-6-aminophenyl methyl carbonate (C-6) (60 mg,

27 %). HPLC ret. time 3.35 min, 10-99 % CH3CN5 5 min run; ESI-MS 242.0 m/z (MH+) .

[00457] Example 6:



[00458] Carbonic acid 2,4-di-fertf-butyl-phenyl ester methyl ester

Methyl chloroformate (58 mL, 750 mmol) was added dropwise to a solution of 2,4-di-tert-butyl-

phenol (103.2g, 500 mmol), Et3N (139 mL, 1000 mmol) and DMAP (3.05g, 25 mmol) in

dichloromethane (400 mL) cooled in an ice-water bath to 0 0C. The mixture was allowed to

warm to room temperature while stirring overnight, then filtered through silica gel (approx. IL)

using 10% ethyl acetate —hexanes (~ 4 L) as the eluent. The combined filtrates were

concentrated to yield carbonic acid 2,4-di-ter*-butyl-phenyl ester methyl ester as a yellow oil

(132 g, quant.). 1H NMR (400 MHz, DMSO-Uf6) δ 7.35 (d, J = 2.4 Hz, IH), 7.29 (dd, J 8.5, 2.4

Hz, IH), 7.06 (d, J = 8.4 Hz, IH), 3.85 (s, 3H), 1.30 (s, 9H), 1.29 (s, 9H).

[00459] Carbonic acid 2,4-di-ter/-butyl-5-nitro-phenyl ester methyl ester and

Carbonic acid -di- / -butyl- -nitro-phenyl ester methyl ester

To a stirring mixture of carbonic acid 2,4-di-te/t-butyl-phenyl ester methyl ester (4.76 g, 18

mmol) in cone sulfuric acid (2 mL), cooled in an ice-water bath, was added a cooled mixture of

sulfuric acid (2 mL) and nitric acid (2 mL). The addition was done slowly so that the reaction

temperature did not exceed 50 °C. The reaction was allowed to stir for 2 h while warming to

room temperature. The reaction mixture was then added to ice-water and extracted into diethyl



ether. The ether layer was dried (MgSO ), concentrated and purified by column chromatography

(0 - 10% ethyl acetate - hexanes) to yield a mixture of carbonic acid 2,4-di-tert-butyl~5-nitro-

phenyl ester methyl ester and carbonic acid 2,4-di-tert-butyl-6-nitro-phenyl ester methyl ester as

a pale yellow solid (4.28 g), which was used directly in the next step.

[00460] 2,4-Di-tørt-butyI-5-nitro-phenoI and 2,4-Di-terf-butyl-6-nitro-phenol

The mixture of carbonic acid 2,4-di-ter*-butyl-5-nitro-phenyl ester methyl ester and carbonic

acid 2,4-di-ført-butyl-6-nitro-phenyl ester methyl ester (4.2 g, 12.9 mmol) was dissolved in

MeOH (65 mL) and KOH (2.Og, 36 mmol) was added. The mixture was stirred at room

temperature for 2 h. The reaction mixture was then made acidic (pH 2-3) by adding cone. HCl

and partitioned between water and diethyl ether. The ether layer was dried (MgSO-O,

concentrated and purified by column chromatography (0 —5 % ethyl acetate —hexanes) to

provide 2,4-di-ferf-butyl-5-nitro-phenol (1.31 g, 29 % over 2 steps) and 2,4-di-tø?tf-butyl-6-nitro-

phenol. 2,4-Di-tert-butyl-5-mtro-phenol: 1H NMR (400 MHz, DMSO-J 6) δ 10.14 (s, IH3 OH),

7.34 (s, IH), 6.83 (s, IH), 1.36 (s, 9H), 1.30 (s, 9H). 2,4-Di-tert-butyl-6-nitro-phenol: 1H NMR

(400 MHz, CDCl3) δ 11.48 (s, IH), 7.98 (d, J = 2.5 Hz, IH), 7.66 (d, J = 2.4 Hz, IH) 1.47 (s

9H), 1.34 (s, 9H).

[00461] C-9; 5-Amino-2,4-di-ter*-butyI-phenol

To a reluxing solution of 2,4-di-fer?-butyl-5-nitro-phenol (1.86 g, 7.4 mmol) and ammonium

formate (1.86 g) in ethanol (75 mL) was added Pd-5% wt. on activated carbon (900 rag). The

reaction mixture was stirred at reflux for 2 h, cooled to room temperature and filtered through

Celite. The Celite was washed with methanol and the combined filtrates were concentrated to

yield 5-amino-2,4-di-ter£-butyl-phenol as a grey solid (1.66 g, quant.). 1H NMR (400 MHz,

DMSO-J 6) δ 8.64 (s, IH, OH), 6.84 (s, IH), 6.08 (s, IH), 4.39 (s, 2H, NH2), 1.27 (m, 18H);

HPLC ret. time 2.72 min, 10-99 % CH CN, 5 min run; ESI-MS 222.4 m/z (MH+).

[00462] C-8; 6-Amino-2,4-di-tert-butyl-phenol

A solution.of 2,4-di-rert-butyl-6-nitro-phenol (27 mg, 0.11 mmol) and SnCl2 H O (121 mg,

0.54 mmol) in EtOH ( 1.0 mL) was heated in microwave oven at 100 0C for 30 min. The mixture

was diluted with EtOAc and water, basified with sat. NaHCO and filtered through Celite. The



organic layer was separated and dried over Na2SO4. Solvent was removed by evaporation to

provide 6-amino-2,4-di- er/-butyl~phenol (C-8), which was used without further purification.

HPLC ret. time 2.74 min, 10-99 % CH3CN, 5 min run; ESI-MS 222.5 m/z (MH+).

[00463] Example 7:

[00464] 4-fertf-butyI-2-chloro-phenol

To a solution of 4-tert-butyl-phenol (40.0 g, 0.27 mol) and SO2Cl2 (37.5 g, 0.28 mol) in CH2Cl2
was added MeOH (9.0 g, 0.28 mol) at 0 0C. After addition was complete, the mixture was

stirred overnight at room temperature and then water (200 mL) was added. The resulting

solution was extracted with ethyl acetate. The combined organic layers were dried over

anhydrous Na SO4, filtered and concentrated under vacuum. The residue was purified by

column chromatography (Pet. Ether / EtOAc, 50:1) to give 4-tørt-butyl-2-chloro-phenol (47.0 g,

95 %).

[00465] 4-tert-Butyl-2-chlorophenyl methyl carbonate

To a solution of 4-tert-butyl-2-chlorophenol (47.0 g, 0.25 mol) in dichloromethane (200 mL) was

added Et3N (50.5 g, 0.50 mol), DMAP ( 1 g) and methyl chloroformate (35.4 g, 0.38 mol) at 0

0C. The reaction was allowed to warm to room temperature and stirred for additional 30 min.

The reaction mixture was washed with H O and the organic layer was dried over Na SO and

concentrated to give 4-tert-butyl-2-chlorophenyl methyl carbonate (56.6 g 92 %), which was

used directly in the next step.

[00466] 4-fert-Butyl-2-chl αro-5-nitrophenyl methyl carbonate



4-ter*-Butyl-2-chlorophenyl methyl carbonate (36.0 g, 0.15 mol) was dissolved in cone. H2SO

(100 mL) at 0 0C. KNO3 (0.53 g, 5.2 mmol) was added in portions over 25 min. The reaction

was stirred for 1.5 h and poured into ice (200 g). The aqueous layer was extracted with

dichlorotnethane. The combined organic layers were washed with aq. NaHCO , dried over

Na SO4 and concentrated under vacuum to give 4-tert-butyl-2-chloro-5-nitrophenyl methyl

carbonate (41.0 g), which was used without further purification.

[00467] 4-fert-ButyI-2-chloro-5-nitro-phenoI

Potassium hydroxide (10.1 g, 181 mmol) was added to 4-/er/-butyl-2-chloro-5-nitrophenyl

methyl carbonate (40.0 g, 139 mmol) in MeOH (100 mL). After 30 min, the reaction was

acidified with IN HCl and extracted with dichloromethane. The combined organic layers were

combined, dried over Na2SO4 and concentrated under vacuum. The crude residue was purified

by column chromatography (Pet. Ether / EtOAc, 30:1) to give 4-før£-butyl-2-chloro-5-nitro-

phenol (23.0 g, 68 % over 2 steps).

[00468] C-Il; 4-tertf-Butyl-2-chloro-5-amino-phenol

To a solution of 4-fer/-butyl-2-chloro-5-nitro-phenol (12.6 g, 54.9 mmol) in MeOH (50 mL) was

added Ni (1.2 g). The reaction was shaken under H ( 1 atm) for 4 h. The reaction mixture was

filtered and the filtrate was concentrated. The residue was purified by column chromatography

(P.E. / EtOAc, 20:1) to give 4-tert-butyl-2-chloro-5-amino-phenol (C-Il) (8.5 g, 78 %). 1H

NMR (DMSO-^ 6) δ 9.33 (s, 1 H), 6.80 (s, 1 H), 6.22 (s, 1 H)5 4.76 (s, 1 H), 1.23 (s, 9 H); ESI-

MS 200.1 m/z (MH+).

[00469] Example 8:



C-12

2-Admantyl-4-methyl-phenyl ethyl carbonate

Ethyl chloroformate (0.64 mL, 6.7 mmol) was added dropwise to a solution of 2-admantyl-4-

methylphenol (1.09 g, 4.5 mmol), Et N (1.25 mL, 9 mmol) and DMAP (catalytic amount) in

dichloromethane (8 mL) cooled in an ice-water bath to 0 0C. The mixture was allowed to warm

to room temperature while stirring overnight, then filtered and the filtrate was concentrated. The

residue was purified by column chromatography (10-20 % ethyl acetate - hexanes) to yield 2-

admantyl-4-methyl-phenyl ethyl carbonate as a yellow oil ( 1.32 g, 94 %).

[00470] 2-Admantyl-4-methyl-5-nitrophenyl ethyl carbonate

To a cooled solution of 2-admantyl-4-methyl-phenyl ethyl carbonate (1.32 g, 4.2 mmol) in

H2SO4 (98 %, 10 mL) was added KNO 3 (510 mg, 5.0 mmol) in small portions at 0 0C. The

mixture was stirred for 3 h while warming to room temperature, poured into ice and then

extracted with dichloromethane. The combined organic layers were washed with NaHCO and

brine, dried over MgSO and concentrated to dryness. The residue was purified by column

chromatography (0-10 % EtOAc - Hexane) to yield 2-admantyl-4-methyl-5-nitrophenyl ethyl

carbonate (378 mg, 25 %).

[00471] 2-AdmantyI-4-methyl-5-nitrophenol

To a solution of 2-admantyl-4-methyl-5-nitrophenyl ethyl carbonate (378 mg, 1.05 mmol) in

CH2CI2 (5 mL) was added piperidine (1.0 mL). The solution was stirred at room temperature for

1 h, adsorbed onto silica gel under reduced pressure and purified by flash chromatography on



silica gel (0-15 % EtOAc - Hexanes) to provide 2-admantyl-4-methyl-5-nitrophenol (231 mg, 77

%).

[00472] C-12; 2-Admantyl-4-methyl-5-aminophenol

To a solution of 2-admantyl-4-methyl-5-nitrophenol (231 mg, 1.6 mmol) in EtOH (2 mL) was

added Pd- 5% wt on carbon (10 mg). The mixture was stirred under H ( 1 atm) overnight and

then filtered through Celite. The filtrate was evaporated to dryness to provide 2-admantyl-4-

methyl-5-aminophenol (C-12), which was used without further purification. HPLC ret. time

2.52 min, 10-99 % CH3CN, 5 min run; ESI-MS 258.3 m/z (MH+) .

[00473] Example 9 :

C-14

2-tørt-ButyI-4-bromophenol

To a solution of 2-tert-butylphenol (25Og, 1.67 mol) in CH3CN (1500 mL) was added NBS (300

g, 1.67 mol) at room temperature. After addition, the mixture was stirred at room temperature

overnight and then the solvent was removed. Petroleum ether (1000 mL) was added, and the

resulting white precipitate was filtered off. The filtrate was concentrated under reduced pressure



to give the crude 2-fer/-butyl-4-bromophenol (380 g), which was used without further

purification.

100474] Methyl (2-ter^butyl-4-bromophenyl) carbonate

To a solution of 2- -butyl-4-brornophenol (380 g, 1.67 mol) in dichloromethane (1000 mL) was

added Et N (202 g, 2 mol) at room temperature. Methyl chloroformate (155 mL) was added

dropwise to the above solution at 0 0C. After addition, the mixture was stirred at 0 0C for 2 h.,

quenched with saturated ammonium chloride solution and diluted with water. The organic layer

was separated and washed with water and brine, dried over Na2SO , and concentrated to provide

the crude methyl (2-/e/Y-butyl-4-bromophenyl) carbonate (470 g), which was used without

further purification.

[00475] Methyl (2-tert-butyl-4-bromo-5-nitrophenyl) carbonate

Methyl (2-/er£-butyl-4-bromophenyl) carbonate (470 g, 1.67 mol) was dissolved in cone. H2Sθ 4

(1000 ml) at 0 0C. KNO3 (253 g, 2.5 mol) was added in portions over 90 min. The reaction

mixture was stirred at 0 0C for 2 h and poured into ice-water (20 L). The resulting precipitate

was collected via filtration and washed with water thoroughly, dried and recrystallized from

ether to give methyl (2-/ert-butyl-4-bromo-5-nitrophenyl) carbonate (332 g, 60 % over 3 steps).

[00476] C-14-a; 2-/e/tf-Butyl-4-bromo-5-nitro-phenol

To a solution of methyl (2-fert-butyl-4-bromo-5-nitrophenyl) carbonate (121.5 g, 0.366 mol) in

methanol (1000 mL) was added potassium hydroxide (30.75 g, 0.549 mol ) in portions. After

addition, the mixture was stirred at room temperature for 3 h and acidified with IN HCl to pH 7.

Methanol was removed and water was added. The mixture was extracted with ethyl acetate and

the organic layer was separated, dried over Na2SO and concentrated to give 2-tert-butyl-4-

bromo-5-nitro-phenol (C-14-a) (100 g, 99 %).

[00477] l-ført-Butyl-2-(benzyloxy)-5-bromo-4-nitrobenzene

To a mixture of 2-tert-butyl-4-bromo-5-nitrophenol (C-14-a) (1.1 g, 4 mmol) and Cs CO3 (1.56

g, 4.8 mmol) in DMF (8 mL) was added benzyl bromide (500 µL, 4.2 mmol). The mixture was

stirred at room temperature for 4 h, diluted with H O and extracted twice with EtOAc. The



combined organic layers were washed with brine and dried over MgSO After removal of

solvent, the residue was purified by column chloromatography (0-5 % EtOAc - Hexane) to yield

l-/e^-butyl-2-(benzyloxy)-5-bromo-4-nitrobenzene ( 1.37 g, 94 %). 1H NMR (400 MHz 5 CDCl3)

7.62 (s, IH), 7.53 (s, IH), 7.43 (m, 5H), 5.22 (s, 2H)5 1.42 (s, 9H).

[00478] l-terf-Butyl-2-(benzyIoxy)-5-(trifluoromethyl)-4-nitrobenzene

A mixture of l-tørt-butyl-2-(benzyloxy)-5-bromo-4- ήitrobenzene (913 mg, 2.5 πunol), KF (291

mg, 5 mmol), KBr (595 mg, 5 mmol), CuI (570 mg, 3 mmol), methyl chlorodifluoroacetate (1.6

mL, 15 mmol) and DMF (5 mL) was stirred at 125 0C in a sealed tube overnight, cooled to room

temperature, diluted with water and extracted three times with EtOAc. The combined organic

layers were washed with brine and dried over anhydrous MgSO . After removal of the solvent,

the residue was purified by column chromatography (0-5 % EtOAc - Hexane) to yield 1-tert-

butyl-2-(benzyloxy)-5-(trifluoromethyl)-4-nitrobenzene (591 mg, 67 %). 1H NMR (400 MHz,

CDCl3) 7.66 (s, IH), 7.37 (m, 5H), 7.19 (s, IH), 5.21 (s, 2H), 1.32 (s, 9H).

[00479J C-14; 5-Amino-2-terf-butyl-4-trifluoromethyl-phenoI

To a refluxing solution of l-fer/-butyl-2-(benzyloxy)-5-(trifluoromethyl)-4-nitrobenzene (353

mg, 1.0 mmol) and ammonium formate (350 mg, 5.4 mmol) in EtOH (10 mL) was added 10%

Pd-C (245 mg). The mixture was refluxed for additional 2 h, cooled to room temperature and

filtered through Celite. After removal of solvent, the residue was purified by column

chromatography to give 5-Amino-2-ter?-butyl-4-trifluoromethyl-phenol (C-14) (120 mg, 52 %).
1H NMR (400 MHz, CDCl3) δ 7.21 (s, IH), 6.05 (s, IH), 1.28 (s, 9H); HPLC ret. time 3.46 min,

10-99 % CH3CN, 5 min run; ESI-MS 234.1 m/z (MH+).

[00480] Example 10:

[00481] General scheme:

C-14-a



a) ArB(OH) 2, K2CO3 Pd(PPh 3)4, H2O, DMF or ArB(OH) 2, (dppf)PdCl 2, K2CO3, EtOH; b) H2,

Raney Ni, MeOH or HCO 2NH4, Pd-C, EtOH or SnCl2.2H2O.

[00482] Specific example:

[00483] 2-ter^Butyl-4-(2-ethoxyphenyl)-5-nitrophenol

To a solution of 2-terf-butyl-4-bromo-5-nitrophenoI (C-14-a) (8.22 g, 30 mmol) in DMF (90

mL) was added 2-ethoxy ρhenyl boronic acid (5.48 g, 33 mmol), potassium carbonate (4.56 g, 33

mmol), water (10 ml) and Pd(PPh 3)4 ( 1 .73 g, 1.5 mmol). The mixture was heated at 90 0C for 3

h under nitrogen. The solvent was removed under reduced pressure. The residue was partitioned

between water and ethyl acetate. The combined organic layers were washed with water and

brine, dried and purified by column chromatography (petroleum ether - ethyl acetate, 10:1) to

afford 2-ter^butyl-4-(2-ethoxyphenyl)-5-nitrophenol (9.2 g, 92 %). 1HNMR (DMSO-^ 6) δ 10.38

(s, 1 H), 7.36 (s, 1 H), 7.28 (m, 2 H), 7.08 (s, 1 H), 6.99 (t, 1 H5J = 7.35 Hz), 6.92 (d, 1 H, J =

8.1 Hz), 3.84 (q, 2 H, J 6.6 Hz), 1.35 (s, 9 H), 1.09 (t, 3 H J = 6.6 Hz); ESI-MS 314.3 m/z

(MH+).

[00484] C-15; 2-tert-ButyI-4-(2-ethoxyphenyl)-5-aminophe αol

To a solution of 2-/ert-butyl-4-(2-ethoxyphenyl)-5-nitrophenol (3.0 g, 9.5 mmol) in methanol (30

ml) was added Raney Ni (300 mg). The mixture was stirred under H2 ( 1 atm) at room

temperature for 2 h. The catalyst was filtered off and the filtrate was concentrated. The residue

was purified by column chromatography (petroleum ether— ethyl acetate, 6:1) to afford 2-tert-

butyl-4-(2-ethoxyphenyl)-5-aminophenol (C-15) (2.35 g, 92 %). 1HNMR (DMSO-^ 6) δ 8.89 (s,

IH), 7.19 0 - IH, J =4.2 Hz), 7.10 (d, IH J = 1.8 Hz)5 7.08 (d, IH5J = 1.8 Hz), 6.94 (t, IH J =

3.6 Hz), 6.67 (s, 1 H) 6.16 (s, 1 H) 4.25 (s, 1 H) 4.00 (q 2H5J = 6.9 Hz), 1.26 (s, 9H)5 1.21 (t,

3 H, J = 6.9 Hz); ESI-MS 286.0 m/z (MH+).



[00485] Other examples:

[00486] C-1 ; 2-*er^Butyl-4-(3-ethoxyphenyl)-5-aminophenol

2-ter/-Butyl~4-(3-ethoxyphenyl)~5-aminophenol (C-16) was synthesized following the general

scheme above starting from 2-/er/-butyl-4-bromo-5-nitrophenol (C-14-a) and 3-ethoxyphenyl

boronic acid. HPLC ret. time 2.77 min, 10-99 % CH3CN, 5 min run; ESI-MS 286.1 m/z (MH+) .

[00487] C-17; 2-/e/-£-ButyI-4-(3-methoxycarbonylphenyl)-5-aminoplienol (C-

17)

2-ter*-Butyl-4-(3-methoxycarbonylphenyl)-5-aminophenol (C-Il) was synthesized following the

general scheme above starting from 2-/er£-butyl-4-bromo-5-nitrophenol (C-14-a) and 3-

(methoxycarbonyl)phenylboronic acid. HPLC ret. time 2.70 min, 10-99 % CH3CN, 5 min run;

ESI-MS 300.5 m/z (MH+).

[00488] Example 11;



[00489] l-terf-Butyl-2-methoxy-5-bromo-4-nitrobenzene

To a mixture of 2-tert-butyl-4-bromo-5-nitrophenol (C-14-a) (1.5 g, 5.5 mmol) and Cs2CO3 (2.2

g, 6.6 mmol) in DMF (6 mL) was added methyl iodide (5150 µL, 8.3 mmol). The mixture was

stirred at room temperature for 4 h, diluted with H O and extracted twice with EtOAc. The

combined organic layers were washed with brine and dried over MgSO . After removal of

solvent, the residue was washed with hexane to yield l-tert-butyl-2-methoxy-5-bromo-4-

nitrobenzene (1.1 g, 69 %). H NMR (400 MHz, CDCl3) δ 7.58 (s, IH), 7.44 (s, IH), 3.92 (s,

3H), 1.39 (s, 9H).

[00490] l-tert-Butyl-2-methoxy-5-(trifluoromethyl)-4-nitrobenzene

A mixture of 1-tert-butyl-2-methoxy-5-bromo-4-nitrobenzene (867 mg, 3.0 mmol), KF (348 mg,

6 mmol), KBr (714 mg, 6 mmol), CuI (684 mg, 3.6 mmol), methyl chlorodifluoroacetate (2.2

mL, 2 1.0 mmol) in DMF (5 mL) was stirred at 125 0C in a sealed tube overnight, cooled to room

temperature, diluted with water and extracted three times with EtOAc. The combined organic

layers were washed with brine and dried over anhydrous MgSO . After removal of the solvent,

the residue was purified by column chromatography (0-5 % EtOAc - Hexane) to yield l-tert-

butyl-2-methoxy-5-(trifluoromethyl)-4-nitrobenzene (512 mg, 6 1 %). 1H NMR (400 MHz,

CDCl3) δ 7.60 (s, IH), 7.29 (s, IH), 3.90 (s, 3H), 1.33 (s, 9H).

[00491] C-1 8; l-te^-Butyl-2-methoxy-5-(trifluoromethyl)-4-aminobenzene



To a refluxing solution of l-ter^butyl-2-methoxy-5-(trifluoromethyl)-4-nitrobenzene (473 mg,

1.7 mmol) and ammonium formate (473 mg, 7.3 mmol) in EtOH (10 mL) was added 10% Pd-C

(200 mg). The mixture was refluxed for 1 h, cooled and filtered through Celite. The solvent was

removed by evaporation to give l-ter?-butyl-2-methoxy-5-(trifluoromethyl)-4-aminobenzene (C-

18) (403 mg, 95 %). 1H NMR (400 MHz, CDCl3) δ 7.19 (s, IH), 6.14 (s, IH), 4.02 (bs, 2H), 3.74

(s, 3H), 1.24 (s, 9H).

[00492] Example 12:

C-14-a C-27

[00493] C-27; 2-tert-Butyl-4-bromo-5-amino-phenol

To a solution of 2-terf-butyl-4-bromo-5-nitrophenol (C-14-a) (12 g, 43.8 mmol) in MeOH (90

mL) was added Ni (2.4 g). The reaction mixture was stirred under H ( 1 atm) for 4 h. The

mixture was filtered and the filtrate was concentrated. The crude product was recrystallized

from ethyl acetate and petroleum ether to give 2-ter*-butyl-4-bromo-5-amino-phenol (C-27) (7.2

g, 70 %). 1H NMR (DMSO-^ 6) δ 9.15 (s, 1 H), 6.91 (s, 1 H), 6.24 (s, 1 H) 4.90 (br s, 2 H), 1.22

(s, 9 H); ESI-MS 244.0 m/z (MH+).

[00494] Example 13:

[00495] C-24; 2,4-Di-fe/'f-butyl-6-(N-methylamino)phenol



A mixture of 2,4-di-rerr-butyl-6-amino-phenol (C-9) (5.08 g, 23 mmol), NaBH3CN (4.41 g, 70

mmol) and paraformaldehyde (2.1 g, 70 mmol) in methanol (50 mL) was stirred at reflux for 3 h.

After removal of the solvent, the residue was purified by column chromatography (petroleum

ether- EtOAc, 30:1) to give 2,4-di-ter/-butyl-6-(N-methylamino)phenol (C-24) (800 mg, 15 %).

1HNMR (DMSO-J 6) δ 8.67 (s, 1 H), 6.84 (s, 1 H), 5.99 (s, 1 H), 4.36 (q, J = 4.8 Hz, IH), 2.65 (d,

J = 4.8 Hz, 3 H), 1.23 (s, 18 H); ESj-MS 236.2 m/z (MH+).

[00496] Example 14:

C-25

[00497] 2-MethyI-2-phenyl-propan-l-ol

To a solution of 2-methyl-2-phenyl- propionic acid (82 g, 0.5 mol) in THF (200 mL) was added

dropwise borane-dimethyl sulfide (2M, 100 mL) at 0-5 0C. The mixture was stirred at this

temperature for 30 min and then heated at reflux for 1 h. After cooling, methanol (150 mL) and



water (50 mL) were added. The mixture was extracted with EtOAc (100 mL x 3), and the

combined organic layers were washed with water and brine, dried over Na2SO4 and concentrated

to give 2-methyl-2-phenyl-propan-l-ol as an oil (70 g, 77 %).

{00498] 2-(2-Methoxy-ethoxy)-l,l-dimethyl-ethyl]-benzene

To a suspension of NaH (29 g, 0.75 mol) in THF (200 mL) was added dropwise a solution of 2-

methyl-2-phenyl-propan-l-ol (75 g, 0.5 mol) in THF (50 mL) at 0 0C. The mixture was stirred at

20 0C for 30 min and then a solution of 1-bromo-2-methoxy-ethane (104 g, 0.75 mol) in THF

( 100 mL) was added dropwise at 0 0C. The mixture was stirred at 20 0C overnight, poured into

water (200 mL) and extracted with EtOAc (100 mL x 3). The combined organic layers were

washed with water and brine, dried over Na SO , and concentrated. The residue was purified by

column chromatography (silica gel, petroleum ether) to give 2-(2-Methoxy-ethoxy)-l,l-

dimethyl-ethylj-benzene as an oil (28 g, 27 %).

[00499] l-[2-(2-Methoxy-ethoxy)-l,l-dimethyl-ethyl]-4-nitro-benzene

To a solution of 2-(2-methoxy-ethoxy)-l,l-dimethyl-ethyl]-benzene (52 g, 0.25 mol) in CHCl3
(200 mL) was added KNO3 (50.5 g, 0.5 mol) and TMSCl (54 g, 0.5 mol). The mixture was

stirred at 20 0C for 30 min and then AlCl (95 g, 0.7 mol) was added. The reaction mixture was

stirred at 20 0C for 1 h and poured into ice-water. The organic layer was separated and the

aqueous layer was extracted with CHCI3 (50 mL 3). The combined organic layers were

washed with water and brine, dried over Na2Sθ 4, and concentrated. The residue was purified by

column chromatography (silica gel, petroleum ether) to obtain l-[2-(2-methoxy-ethoxy)-l,l-

dimethyl-ethyl]-4-nitro-benzene (6 g, 10 %).

[00500] 4-[2-(2-Methoxy-ethoxy)-l,l-dimethyl-ethyl]-phenylamine

A suspension of l-[2-(2-methoxy-ethoxy)-l,l-dimethyl-ethyl]-4-nitro-benzene (8.1 g, 32 mmol)

and Raney Ni ( 1 g) in MeOH (50 mL) was stirred under H ( 1 atm) at room temperature for 1 h.

The catalyst was filtered off and the filtrate was concentrated to obtain 4-[2-(2-methoxy-ethoxy)-

1, 1-dimethyl-ethyl]- ρhenylamine (5.5 g, 77 %).

[00501] 4-[2-(2-Methoxy-ethoxy)-l,l-dimethyl-ethyl]-3-nitro-phenylamine



To a solution of 4-[2-(2-methoxy-ethoxy)-l,l-dimethyl-ethyl]-phenylamine (5.8 g, 26 mmol) in

H2SO (20 mL) was added KNO3 (2.63 g, 26 mmol) at 0 0C. After addition was complete, the

mixture was stirred at this temperature for 20 min and then poured into ice-water. The mixture

was extracted with EtOAc (50 mL x 3). The combined organic layers were washed with water

and brine, dried OVCrNa SO , and concentrated. The residue was purified by column

chromatography (petroleum ether- EtOAc, 100:1) to give4-[2-(2-methoxy-ethoxy)-l,l-

dimethyl-ethyl]-3-nitro-phenylamine (5 g, 7 1 %).

[00502] N-{4-[2-(2-Methoxy-ethoxy)-l,l-dimethyl-ethyl]-3-nitro-phenyl}-

acetamide

To a suspension of NaHCO (10 g, 0.1 mol) in dichloromethane (50 mL) was added 4-[2-(2-

methoxy-ethoxy)-l,l-dimethyl-ethyl]-3-nitro-phenylamine (5 g, 30 mmol) and acetyl chloride (3

mL, 20 mmol) at 0-5 0C. The mixture was stirred overnight at 15 0C and then poured into water

(200 mL). The organic layer was separated and the aqueous layer was extracted with

dichloromethane (50 mL x 2). The combined organic layers were washed with water and brine,

dried over Na2SO4, and concentrated to dryness to give N-{4-[2-(2-methoxy-ethoxy)-l,l-

dimethyl-ethyl]-3-nitro-phenyl}-acetamide (5.0 g, 87 %).

[00503] N-{3-Amino-4-[2-(2-methoxy-ethoxy)-l,l-dimethyl-ethyl]-phenyl}-

acetamide

A mixture of N-{4-[2-(2-methoxy-ethoxy)-l,l-dimethyl-ethyl]-3-nitro-phenyl}-acetamide (5 g,

16 mmol) and Raney Ni ( 1 g) in MeOH (50 mL) was stirred under H2 ( 1 atm) at room

temperature 1 h. The catalyst was filtered off and the filtrate was concentrated. The residue was

purified by column chromatography (petroleum ether - EtOAc, 100:1) to give N-{3-amino-4-[2-

(2-methoxy-ethoxy)-l,l-dimethyl-ethyl]-phenyl}-acetamide (1.6 g, 35 %).

[00504] N-{3-Hydroxy-4-[2-(2-methoxy-ethoxy)-l,l-dimethyI-ethyl]-phenyl}-

acetamide

To a solution of N-{3-amino-4-[2- (2-methoxy- ethoxy)-l,l-dimethyl-ethyl]-phenyl}- acetamide

( 1.6 g, 5.7 mmol) in H2SO4 (15 %, 6 mL) was added NaNO2 at 0-5 0C. The mixture was stirred

at this temperature for 20 min and then poured into ice water. The mixture was extracted with



EtOAc (30 mL x 3). The combined organic layers were washed with water and brine, dried over

Na2SO4 and concentrated. The residue was purified by column chromatography (petroleum

ether - EtOAc, 100:1) to give N-{3-hydroxy-4-[2-(2-methoxy-ethoxy)-l,l-dimethyl-ethyl]-

phenyl}- acetamide (0.7 g, 38 %).

[00505] C-25; 2-(l-(2-Methoxyethoxy)-2-methylpropan-2-yl)-5-aminophenol

A mixture of N-{3-hydroxy-4-[2-(2-methoxy-ethoxy)-l,l-dimethyl-ethyl]-phenyl}- acetamide ( 1

g, 3.5 mmol) and HCl (5 mL) was heated at reflux for 1 h. The mixture was basified with

Na2CO3 solution to pH 9 and then extracted with EtOAc (20 mL 3). The combined organic

layers were washed with water and brine, dried over Na2SO and concentrated to dryness. The

residue was purified by column chromatography (petroleum ether —EtOAc, 100:1) to obtain 2-

(l-(2-methoxyethoxy)-2-methylpropan-2-yl)-5-aminophenol (C-25) (61 mg, 6 %). 1HNMR

(CDCl 3) δ 9.1 1 (br s, 1 H), 6.96-6.98 (d, J = 8 Hz5 1 H), 6.26-6.27 (d, J = 4 Hz, 1 H), 6.17-6.19

(m, 1 H) 3.68-3.69 (m, 2 H), 3.56-3.59 (m, 4 H), 3.39 (s, 3 H), 1.37 (s, 6 H); ESI-MS 239.9 m/z

(MH ).

[00506] Example 15:

[00508] 4,6-di- ?/*-Butyl-3-nitrocyclohexa-3,5-diene-l,2-dione

To a solution of 3,5-di-tert-butylcyclohexa-3,5-diene-l,2-dione (4.20 g, 19.1 mmol) in acetic

acid ( 1 15 mL) was slowly added HNO3 (15 mL). The mixture was heated at 60 0C for 40 min

before it was poured into H O (50 mL). The mixture was allowed to stand at room temperature



for 2 h, then was placed in an ice bath for 1 h. The solid was collected and washed with water to

provide 4,6-di-ter^butyl-3-mtrocyclohexa-3,5-diene-l,2-dione (1.2 g, 24 %). 1H NMR (400

MHz, DMSCW6) δ 6.89 (s, IH), 1.27 (s, 9H), 1.24 (s, 9H).

[0001] 4,6-Di-tert-butyl-3-nitrobenzene-l,2-dioI

In a separatory runnel was placed THF/H2O (1:1, 400 mL), 4,6-di-ter£-butyl-3-nitrocyclohexa-

3,5-diene-l,2-dione (4.59 g, 17.3 mmol) and Na2S2O4 (3 g, 17.3 mmol). The separatory funnel

was stoppered and was shaken for 2 min. The mixture was diluted with EtOAc (20 mL). The

layers were separated and the organic layer was washed with brine, dried over MgSO and

concentrated to provide 4,6-di-tert-butyl-3-nitrobenzene-l ,2-diol (3.4 g, 74 %), which was used

without further purification. 1H NMR (400 MHz, DMSO-J 6) δ 9.24 (s, IH), 8.76 (s, IH), 6.87 (s,

IH), 1.35 (s, 9H), 1.25 (s, 9H).

[0002] C-26; 4,6-DWert-butyl-3-aminobenzene-l,2-dioI

To a solution of 4,6-di-ter*-butyl-3-nitrobenzene-l,2-diol (1.92 g, 7.2 mmol) in EtOH (70 mL)

was added Pd-5% wt. on carbon (200 mg). The mixture was stirred under H2 ( 1 atm) for 2 h. The

reaction was recharged with Pd-5% wt. on carbon (200 mg) and stirred under H2 ( 1 atm) for

another 2 h. The mixture was filtered through Celite and the filtrate was concentrated and

purified by column chromatography (10-40 % ethyl acetate - hexanes) to give 4,6-di-tert-butyl-

3-aminobenzene-l ,2-diol (C-26) (560 mg, 33 %). 1H NMR (400 MHz, CDCl3) δ 7.28 (s, IH),

1.42 (s, 9H), 1.38 (s, 9H).

[0003] Anilines

[0004] Example 1:

[0005] General scheme

X = NO2 or NH2



[00509] Specific example:

D-1

[00510] D-I; 4-Chloro-benzene-l,3-diamine

A mixture of l-chloro-2,4-dinitro-benzene (100 mg, 0.5 mmol) and SnCl2-2H2O (1.12 g, 5

mmol) in ethanol (2.5 mL) was stirred at room temperature overnight. Water was added and

then the mixture was basified to pH 7-8 with saturated NaHCO 3 solution. The solution was

extracted with ethyl acetate. The combined organic layers were washed with brine, dried over

Na SO , filtered and concentrated to yield 4-chloro-benzene-l,3-diamine (D-I) (79 mg, quant.).

HPLC ret. time 0.38 min, 10-99 % CH3CN, 5 minrun; ESI-MS 143.1 m/z (MH+)

[00511] Other examples:

[00512] D-2; 4,6-Dichloro-benzene-l,3-diamine

4,6-Dichloro-benzene-l,3-diamine (D-2) was synthesized following the general scheme above

starting from l,5-dichloro-2,4-dinitro-benzene. Yield (95 %). HPLC ret. time 1.88 min, 10-99

% CH3CN, 5 min run; ESI-MS 177.1 m/z (MH+) .

f00513] D-3; 4-Methoxy-benzene-l,3-diamine



00

4-Methoxy-benzene-l,3-diamine (D-3) was synthesized following the general scheme above

starting from 1-methoxy-2,4-dinitro-benzene. Yield (quant.). HPLC ret. time 0.31 min, 10-99 %

CH3CN, 5 min run.

[00514] D-4; 4-Trifluoromethoxy-benzene-l,3-diamine

4-Trifluoromethoxy-benzene-l,3-diamine (D-4) was synthesized following the general scheme

above starting from 2,4-dinitro-l-trifluoromethoxy-benzene. Yield (89 %). HPLC ret. time 0.91

min, 10-99 % CH3CN, 5 min run; ESI-MS 193.3 m/z (MH+) .

[00515] D-5; 4-Propoxybenzene-l,3-diamine

4-Propoxybenzene-l,3-diamine (D-5) was synthesized following the general scheme above

starting from 5-nitro-2-propoxy-phenylamine. Yield (79 %). HPLC ret. time 0.54 min, 10-99 %

CH3CN, 5 min run; ESI-MS 167.5 m/z (MH+).

[00516] Example 2:

[00517] General scheme

a) HNO3, H2SO4; b) SnCl2-2H2O, EtOH or H2, Pd-C, MeOH

[00518] Specific example:



D-6

[00519] 2,4-Dinitro-propylbenzene

A solution of propylbenzene (10 g, 83 mmol) in cone. H2SO4 (50 mL) was cooled at 0 °C for 30

min, and a solution of cone. H SO4 (50 mL) and fuming HNO3 (25 mL), previously cooled to 0

0C, was added in portions over 15 min. The mixture was stirred at 0 0C for additional 30 min,

and then allowed to warm to room temperature. The mixture was poured into ice (200 g) - water

(100 mL) and extracted with ether (2 x 100 mL). The combined extracts were washed with H O

(100 mL) and brine (100 mL), dried over MgSO , filtered and concentrated to afford 2,4-dinitro-

propylbenzene (15.6 g, 89 %). 1H NMR (CDCl3, 300 MHz) δ 8.73 (d, J = 2.2 Hz, IH), 8.38 (dd,

J = 8.3, J = 2.2, IH), 7.6 (d, J = 8.5 Hz, IH), 2.96 (dd, 2H), 1.73 (m, 2H), 1.06 (t, J 7.4 Hz,

3H).

[00520] D-6; 4-Propyl-benzene-l,3-diamine

To a solution of 2,4-dinitro-propylbenzene (2.02 g, 9.6 mmol) in ethanol (100 mL) was added

SnCl (9.9 g, 52 mmol) followed by cone. HCl ( 10 mL). The mixture was refluxed for 2 h,

poured into ice-water (100 mL), and neutralized with solid sodium bicarbonate. The solution

was further basif ϊed with 10% NaOH solution to pH ~ 10 and extracted with ether (2 x 100 mL).

The combined organic layers were washed with brine (100 mL), dried over MgSO , filtered, and

concentrated to provide 4-propyl-benzene-l,3-diamine (D-6) ( 1.2 g, 83 %). No further

purification was necessary for use in the next step; however, the product was not stable for an

extended period of time. 1H NMR (CDCl3, 300 MHz) δ 6.82 (d, J = 7.9 Hz, IH), 6.1 1 (dd, J =

7.5, J = 2.2 Hz, IH), 6.06 (d, J = 2.2 Hz, IH), 3.49 (br s, 4H, NH2), 2.38 (t, J = 7.4 Hz, 2H), 1.58

(m, 2H), 0.98 (t, J = 7.2 Hz3 3H); ESI-MS 151.5 m/z (MH+).

[00521] Other examples:



[00522] D-7; 4-EthyIbenzene-l,3-diamine

4-Ethylbenzene-l,3-diamine (D-7) was synthesized following the general scheme above starting

from ethylbenezene. Overall yield (76 %).

[00523J D-8; 4-Isopropylbenzene-l,3-diamine

4-Isopropylbenzene-l,3-diamine (D-8) was synthesized following the general scheme above

starting from isopropylbenezene. Overall yield (78 %).

[00524] D-9; 4-ter/-Butylbenzene-l,3-diamine

4-ter/-Butylbenzene-l,3-diamine (D-9) was synthesized following the general scheme above

starting from tert-butylbenzene. Overall yield (48 %). 1H NMR (400 MHz, CDCl3) δ 7.01 (d, J

= 8.3 Hz, IH), 6.10 (dd, = 2.4, 8.3 Hz, IH), 6.01 (d, 2.4 Hz, IH) 5 3.59 (br, 4H), 1.37 (s, 9H);

'3CNMR (100 MHz, CDCl3) 145.5, 145.3, 127.6, 124.9, 105.9, 104.5, 33.6, 30.1; ESI-MS

164.9 m/z (MH+).

[00525] Example 3:

[00526] General scheme



a) KNO 3 H2SO4; b) (i) HNO3 H2SO4; (ii) Na2S, S5 H2O; c) BoC2O, NaOH, THF; d) H2 Pd-C,

MeOH

[00527] Specific example:

[00528] 4-fer/-ButyI-3-nitro-phenylamine

To a mixture of 4- r -butyl-phenylamine (10.0 g, 67.01 mmol) dissolved in H SO4 (98 %, 60

mL) was slowly added KNO3 (8.1 g, 80.41 mmol) at 0 0C. After addition, the reaction was

allowed to warm to room temperature and stirred overnight. The mixture was then poured into

ice-water and basified with sat. NaHCO solution to pH 8. The mixture was extracted several

times with CH2Cl . The combined organic layers were washed with brine, dried over Na SO

and concentrated. The residue was purified by column chromatography (petroleum ether -

EtOAc, 10:1) to give 4-ter^butyl-3-nitro-phenylamme (10 g, 77 %).

[00529] (4-terfr-Butyl-3-nitro-phenyl)-carbamic acid tert-butyl ester

A mixture of 4-/-e/-/-butyl-3-hitro-phenylamine (4.0 g, 20.6 mmol) and BoC O (4.72 g, 21.6

mmol) in NaOH (2N, 20 mL) and THF (20 mL) was stirred at room temperature overnight. THF

was removed under reduced pressure. The residue was dissolved in water and extracted with

CH2CI2. The organic layer was washed with NaHCO3 and brine, dried over Na2SO and

concentrated to afford (4-tert-butyl-3-nitro-phenyl)-carbamic acid tert-butyl ester (4.5 g, 74 %).



[00530] D-IO; (3-Amino-4-tert-butyl-phenyl)-carbamic acid tert-butyl ester

A suspension of (4-terf-butyl-3-nitro-phenyl)-carbamic acid tert-butyl ester (3.0 g, 10.19 mol)

and 10% Pd-C ( 1 g) in MeOH (40 mL) was stirred under H2 ( 1 atm) at room temperature

overnight. After filtration, the filtrate was concentrated and the residue was purified by column

chromatograph (petroleum ether - EtOAc, 5:1) to give (3-amino-4-/ert-butyl-phenyl)-carbamic

acid tert-butyl ester (D-IO) as a brown oil (2.5 g, 93 %). 1H NMR (CDCl3) δ 7.10 (d, J = 8.4 Hz,

1 H), 6.92 (s, 1 H) 6.50-6.53 (m, 1 H), 6.36 (s, 1 H), 3.62 (br s, 2 H), 1.50 (s, 9 H), 1.38 (s, 9 H);

ESI-MS 528.9 m/z (2M+H+).

[00531] Other examples:

[00532] D-Il; (3-Amino-4-isopropyl-phenyl)-carbamic acid tert-butyl ester

(3-Amino-4-isopropyl-phenyl)-carbamic acid tert-butyl ester (D-Il) was synthesized following

the general scheme above starting from isopropylbenezene. Overall yield (56 %).

[00533] D-12; (3-Amino-4-ethyl-phenyl)-carbamic acid tert-butyl ester

(3-Amino-4-ethyl-phenyl)-carbamic acid ter.-butyl ester (D-12) was synthesized following the

general scheme above starting from ethylbenezene. Overall yield (64 %). 1H NMR (CD3OD,

300 MHz) δ 6.87 (d, J = 8.0 Hz, IH), 6.81 (d, J = 2.2 Hz, IH), 6.63 (dd, J = 8.1, J = 2.2, IH)

2.47 (q, J = 7.4 Hz, 2H) 1.50 (s, 9H), 1.19 (t, J = 7.4 Hz, 3H); ESI-MS 237.1 m/z (MH+).



[00534] D-13; (3-Amino-4-propyl-phenyl)-carbamic acid tert-bnty\ ester

(3-Amino-4-propyl-phenyl)-carbamic acid tert-butyϊ ester (D-13) was synthesized following the

general scheme above starting from propylbenezene. Overall yield (48 %).

[00535] Example 4 :

H2, Pd-C LiAIH , THF

MeOH reflux

D-14

[00536] (3-Amino-4-tert-butyl-phenyl)-carbamic acid benzyl ester

A solution of 4- βr<-butylbenzene-l,3-diamine (D-9) (657 rng, 4 mmol) and pyridine (0.39 mL,

4.8 mmol) in CH2Cl2 / MeOH (12 / 1, 8 mL) was cooled to 0 0C, and a solution of benzyl

chloroformate (0.51 mL, 3.6 mmol) in CH Cl (8 mL) was added dropwise over 10 min. The

mixture was stirred at 0 0C for 15 min, then warmed to room temperature. After 1 h, the mixture

was washed with IM citric acid (2 x 20 mL), saturated aqueous sodium bicarbonate (20 mL),

dried (Na SO , filtered and concentrated in vacuo to afford the crude (3-amino-4-fer£-butyl-

phenyl)-carbamic acid benzyl ester as a brown viscous gum (0.97 g), which was used without

further purification. 1H NMR (400 MHz3 CDCl3) δ 7.41-7.32 (m, 6H5), 7.12 (d, J = 8.5 Hz, IH),

6.89 (br s, IH), 6.57 (dd, J = 2.3, 8.5 Hz, IH), 5.17 (s, 2H), 3.85 (br s, 2H), 1.38 (s, 9H); 13C

NMR (100 MHz, CDCl3, rotameric) δ 153.3 (br), 145.3, 136.56, 136.18, 129.2, 128.73, 128.59,

128.29, 128.25, 127.14, 108.63 (br), 107.61 (br), 66.86, 33.9, 29.7; ESI-MS 299.1 m/z (MH+).



[00537] (4- ri-Butyl-3-formylamino-phenyl)-carbamic acid benzyl ester

A solution of (3-amino-4-fe^-butyl- ρhenyl)-carbamic acid benzyl ester (0.97 g, 3.25 mmol) and

pyridine (0.43 mL, 5.25 mmol) in CH Cl2 (7.5 mL) was cooled to 0 0C, and a solution of formic-

acetic anhydride (3.5 mmol, prepared by mixing formic acid (158 µL, 4.2 mmol, 1.3 equiv) and

acetic anhydride (0.32 mL, 3.5 mmol, 1.1 eq.) neat and ageing for 1 hour) in CH2CI2 (2.5 mL)

was added dropwise over 2 min. After the addition was complete, the mixture was allowed to

warm to room temperature, whereupon it deposited a precipitate, and the resulting slurry was

stirred overnight. The mixture was washed with 1 M citric acid (2 x 20 mL), saturated aqueous

sodium bicarbonate (20 mL), dried (Na2SO ), and filtered. The cloudy mixture deposited a thin

bed of solid above the drying agent, HPLC analysis showed this to be the desired formamide.

The filtrate was concentrated to approximately 5 mL, and diluted with hexane (15 mL) to

precipitate further formamide. The drying agent (Na SO ) was slurried with methanol (50 mL),

filtered, and the filtrate combined with material from the CH2CI2 / hexane recrystallisation. The

resultant mixture was concentrated to afford (4-?ert-butyl-3-formylamino-phenyl)-carbamic acid

benzyl ester as an off-white solid (650 mg, 50 % over 2 steps). H and 13C NMR (CD3OD) show

the product as a rotameric mixture. 1H NMR (400 MHz, CD3OD, rotameric) δ. 8.27 (s, lH-a),

8.17 (s, lH-b), 7.42-7.26 (m, 8H), 5.17 (s, IH-a), 5.15 (s, lH-b), 4.86 (s, 2H) 1.37 (s, 9H-a),

1.36 (s, 9H-b); 13CNMR(IOO MHz, CD3OD, rotameric) δ 1636.9, 163.5, 155.8, 141.40, 141.32,

139.37, 138.88, 138.22, 138.14, 136.4, 135.3, 129.68, 129.65, 129.31, 129.24, 129.19, 129.13,

128.94, 128.50, 121.4 (br), 118.7 (br), 67.80, 67.67, 35.78, 35.52, 31.65, 31.34; ESI-MS 327.5

m/z (MH +).

[00538] iV-(5-Amino-2-ter^butyl-phenyI)-formarøide

A 100 mL flask was charged with (4-ter/-butyl-3-formylamino-phenyl)-carbamic acid benzyl

ester (650 mg, 1.99 mmol), methanol (30 mL) and 10% Pd-C (50 mg), and stirred under H2 (1

atm) for 20 h . CH2Cl (5 mL) was added to quench the catalyst, and the mixture then filtered

through Celite, and concentrated to afford JV-(5-amino-2-/ert-butyl- ρhenyl)-formamide as an off-

white solid (366 mg, 96 %). Rotameric by 1H and 13 C NMR (DMSO-d 6). 1H NMR (400 MHz,

DMSO-J 6, rotameric) δ 9.24 (d, J = 10.4 Hz, IH), 9.15 (s, IH), 8.23 (d, J = 1.5 Hz, IH), 8.06 (d,

J = 10.4 Hz, IH), 7.06 (d, J = 8.5 Hz, IH), 7.02 (d, J 8.5 Hz, IH), 6.51 (d, J = 2.5 Hz, IH),

6.46 (dd, J = 2.5, 8.5 Hz, IH), 6.39 (dd, J = 2.5, 8.5 Hz, IH), 6.29 (d, J = 2.5Hz, IH), 5.05 (s,



2H), 4.93 (s, 2H), 1.27 (s, 9H); 13C NMR (100 MHz, DMSO-^ 6, rotameric) δ 164.0, 160.4,

147.37, 146.74, 135.38, 135.72, 132.48, 131.59, 127.31, 126.69, 115.15, 115.01, 112.43, 112.00,

33.92, 33.57, 31.33, 30.92; ESI-MS 193.1 m/z (MH+) .

100539] D-14; 4- r -butyl-Λ^-methyI-benzene-l,3-diamine

A 100 mL flask was charged with -(5-amino-2~ter^butyl-phenyl)-formamide (340 mg, 1.77

mmol) and purged with nitrogen. THF (10 mL) was added, and the solution was cooled to 0 0C.

A solution of lithium aluminum hydride in THF (4.4 mL, IM solution) was added over 2 min.

The mixture was then allowed to warm to room temperature. After refluxing for 15 h, the yellow

suspension was cooled to 0 0C, quenched with water (170 µL), 15 % aqueous NaOH (170 µL),

and water (510 µL) which were added sequentially and stirred at room temperature for 30 min.

The mixture was filtered through Celite, and the filter cake washed with methanol (50 mL). The

combined filtrates were concentrated in vacuo to give a gray-brown solid, which was partitioned

between chloroform (75 mL) and water (50 mL). The organic layer was separated, washed with

water (50 mL), dried (Na SO ), filtered, and concentrated to afford 4- -butyl- ^-methyI-

benzene-l,3-diamine (D-14) as a brown oil which solidified on standing (313 mg, 98 %). 1H

NMR (400 MHz, CDCl3) δ 7.01 (d, J = 8.1 Hz, IH), 6.05 (dd, J = 2.4, 8.1 Hz, IH), 6.03 (d, J =

2.4 Hz, IH), 3.91 (br s, IH), 3.52 (br s, 2H), 2.86 (s, 3H), 1.36 (s, 9H); 13C NMR (100 MHz,

CDCl3) δ 148.4, 145.7, 127.0, 124.3, 103.6, 9S.9, 33.5, 31.15, 30.31; ESI-MS 179.1 m/z (MH+) .

[00540] Example 5:

[00541] General scheme:

[00542] Specific example:



[00543] 2,4-Dinitro-propylbenzene

A solution of propylbenzene (10 g 83 πrmol) in cone. H2SO (50 mL) was cooled at 0 0C for 30

mins, and a solution of cone. H2SO4 (50 mL) and fuming HNO3 (25 mL), previously cooled to 0

0C, was added in portions over 15 min. The mixture was stirred at 0 0C for additional 30 min.

and then allowed to warm to room temperature. The mixture was poured into ice (200 g) -water

(100 mL) and extracted with ether (2 x 100 mL). The combined extracts were washed with H O

(100 mL) and brine (100 mL), dried over MgSO , filtered and concentrated to afford 2,4-dinitro-

propylbenzene (15.6 g, 89 %). 1H NMR (CDCl3 300 MHz) δ 8.73 (d, J = 2.2 Hz, IH), 8.38 (dd,

J = 8.3, 2.2 Hz, IH), 7.6 (d, J = 8.5 Hz IH), 2.96 (m, 2H)5 1.73 (m, 2H), 1.06 (t, J = 7.4 Hz,

3H).

[00544] 4-Propyl-3-riitroaniline

A suspension of 2,4-dinitro-propylbenzene (2 g, 9.5 mmol) in H O (100 mL) was heated near

reflux and stirred vigorously. A clear orange-red solution of polysulfide (300 mL (10 eq.),

previously prepared by heating sodium sulfide nanohydrate (10.0 g), sulfur powder (2.60 g) and

H2O (400 mL), was added dropwise over 45 mins. The red-brown solution was heated at reflux

for 1.5 h . The mixture was cooled to 0 °C and then extracted with ether (2 x 200 mL). The

combined organic extracts were dried over MgSO , filtered, and concentrated under reduced

pressure to afford 4-propyl-3-nitroaniline ( 1.6 g, 93 %), which was used without further

purification.

[00545] (3-Nitro-4-propyI-phenyl)-carbamic acid tert-butyl ester



4-Propyl-3-nitroaniline (1.69 g, 9.4 mmol) was dissolved in pyridine (30 mL) with stirring. Boc

anhydride (2.05 g, 9.4 mmol) was added. The mixture was stirred and heated at reflux for 1 h

before the solvent was removed in vacuo. The oil obtained was re-dissolved in CH2CI2 (300 mL)

and washed with water (300 mL) and brine (300 mL), dried over Na SO , filtered, and

concentrated. The crude oil that contained both mono- and feis-acylated nitro products was

purified b y column chromatography (0-10 % CH2Cl - MeOH) to afford (3-nitro-4-pro ρyl~

phenyl)-carbamic acid tert-butyl ester (2.3 g, 87 %).

[00546] Methyl-(3-nitro-4-propyI-phenyl)-carbamic acid tert-butyl ester

To a solution of (3-nitro-4-propyl-phenyl)-carbamic acid tert-butyl ester (200 mg, 0.71 mmol) in

DMF (5 mL) was added Ag2O (1.0 g, 6.0 mmol) followed by methyl iodide (0.20 mL, 3.2

mmol). The resulting suspension was stirred at room temperature for 18 h and filtered through a

pad of Celite. The filter cake was washed with CH2CI2 (10 mL). The filtrate was concentrated in

vacuo. The crude oil was purified by column chromatography (0—10 % CH2CI2 - MeOH) to

afford methyl-(3~nitro-4-propyl-phenyl)-carbarnic acid tert-butyl ester as a yellow oil ( 110 mg,

52 %). 1H NMR (CDCl 3 300 MHz) 5 7.78 (d, J = 2.2 Hz, IH), 7.42 (dd, 8.2, 2.2 Hz, IH),

7.26 (d, J = 8.2 Hz, IH), 3.27 (s, 3H), 2.81 (t, J 7.7 Hz, 2H), 1.66 (m, 2H), 1.61 (s, 9H), 0.97 (t,

J = 7.4 Hz, 3H).

[00547] D-15; (3-Amino-4-propyl-phenyl)-methyl-carbamic acid -butyl

ester

To a solution of methyl-(3-nitro-4-propyl-phenyl)-carbamic acid tert-butyl ester ( 110 mg, 0.37

mmol) in EtOAc (10 ml) was added 10% Pd-C (100 mg). The resulting suspension was stirred at

room temperature under H ( 1 atm) for 2 days. The progress of the reaction was monitored by

TLC. Upon completion, the reaction mixture was filtered through a pad of Celite. The filtrate

was concentrated in vacuo to afford (3-Amino-4-propyl-phenyI)-methyl-carbarnic acid tert-butyl

ester (D-15) as a colorless crystalline compound (80 mg, 8 1 %). ESI-MS 265.3 m/z (MH +).

[00548J Other examples:



[00549] D-16; (3-Amino-4-ethyl-phe αyl)-methyl-carbamic acid tert-butyl ester

(3-Araino-4-ethyl-phenyl)-methyl-carbamic acid tert-butyl ester (D-16) was synthesized

following the general scheme above starting from ethylbenezene. Overall yield (57 %).

[00550] D-17; (3-Amino-4-isopropyl-phenyl)-methyl-carbamic acid teft-butyl

ester

(3-Amino-4-isopropyl-phenyl)-methyl-carbamic acid tert-butyl ester (D-17) was synthesized

following the general scheme above starting from isopropylbenezene. Overall yield (38 %).

[00551] Example 6:

D-18

[00552] 2'-Ethoxy-2,4-dinitro-biphenyl



A pressure flask was charged with 2-ethoxyphenylboronic acid (0.66 g, 4.0 mmol), KF (0.77 g,

13 mmol), Pd2(dba)3 (16 mg, 0.02 mmol), and 2,4-dinitro-bromobenzene (0.99 g, 4.0 mmol) in

THF (5 mL). The vessel was purged with argon for 1 min followed by the addition of ή -tert-

butylphosphine (0.15 ml, 0.48 mmol, 10 % solution in hexanes). The reaction vessel was purged

with argon for additional 1 min., sealed and heated at 80 0C overnight. After cooling to room

temperature, the solution was filtered through a plug of Celite. The filter cake was rinsed with

CH2Cl2 (10 mL), and the combined organic extracts were concentrated under reduced pressure to

provide the crude product 2'-ethoxy-2,4-dinitro-biphenyl (0.95 g, 82%). No further purification

was performed. 1H NMR (300 MHz CDCl3) δ 8.75 (s, IH) 3 8.43 (d, J = 8.7 Hz, IH) 7.60 (d J

= 8.4 Hz, IH), 7.40 (t, J = 7.8 Hz, IH), 7.31 (d, J = 7.5 Hz, IH), 7.08 (t, J = 7.5 Hz, IH), 6.88 (d,

J = 8.4 Hz, IH), 3.44 (q, J = 6.6 Hz, 2H), 1.24 (t, J = 6.6 Hz, 3H); HPLC ret. time 3.14 min, 10-

100 % CH3CN, 5 min gradient.

[00553] 2'-Ethoxy-2-nitrobiphenyl-4-yl amine

A clear orange-red solution of polysulflde (120 ml, 7.5 eq.), previously prepared by heating

sodium sulfide monohydrate (10 g), sulfur (1.04 g) and water (160 ml), was added dropwise at

90 0C over 45 minutes to a suspension of 2'-ethoxy-2,4-dinitro-biphenyi (1.2 g, 4.0 mmol) in

water (40 ml). The red-brown solution was heated at reflux for 1.5 h. The mixture was cooled to

room temperature, and solid NaCl (5 g) was added. The solution was extracted with CH2CI2 (3 x

50 mL), and the combined organic extracts was concentrated to provide 2'-ethoxy-2-

nitrobiphenyl-4-yl amine (0.98 g, 95 %) that was used in the next step without further

purification. 1H NMR (300 MHz, CDCl3) δ 7.26 (m, 2H), 7.17 (d, J = 2.7 Hz, IH), 7.1 1 (d, J =

7.8 Hz, IH), 7.00 (t, J = 6.9 Hz, IH), 6.83 (m, 2H), 3.91 (q, J = 6.9 Hz, 2H), 1.23 (t, J = 7.2 Hz,

3H); HPLC ret. time 2.81 min, 10-100 % CH3CN, 5 min gradient; ESI-MS 259.1 m/z (MH+) .

[005541 (2'-Ethoxy-2-nitrobiphenyI-4-yl)-carbamic acid tert-butyl ester

A mixture of 2'-ethoxy-2-nitrobipenyl-4-yl amine (0.98 g, 4.0 mmol) and BoC O (2.6g, 12

mmol) was heated with a heat gun. Upon the consumption of the starting material as indicated

by TLC, the crude mixture was purified by flash chromatography (silica gel, CH Cl ) to provide

(2'-ethoxy-2-nitrobiphenyl-4-yl)-carbamic acid tert-butyl ester (1.5 g, 83 %). 1H NMR (300

MHz, CDCl3) δ 7.99 (s, IH), 7.55 (d, J = 8.4 Hz, IH), 7.25 (m, 3H), 6.99 (t, J 7.5 Hz, IH),



6.82 (m, 2H)5 3.88 (q, J = 6.9 Hz, 2H) 5 1.50 (s, 9 H), 1.18 (t, J = 6.9 Hz, 3H); HPLC ret. time

3.30 min, 10-100 % CH3CN, 5 min gradient.

[00555] D-18; (2'-ethoxy-2-aminobiphenyl-4-yl)-carbamic acid tert-butyl ester

To a soloution of NiCl 2.6H2O (0.26 g, 1.1 mmol) in EtOH (5 raL) was added NaBH4 (40 mg, 1.1

mmol) at -10 0C. Gas evolution was observed and a black precipitate was formed. After stirring

for 5 min, a solution of 2'-ethoxy-2-nitrobiphenyl-4-yl)carbamic acid tert-butyl ester (0.50 g, 1.1

mmol) in EtOH (2 mL) was added. Additional NaBH (80 mg, 60 mmol) was added in 3 portions

over 20 min. The reaction was stirred at 0 0C for 20 min followed by the addition OfNH OH (4

mL, 25% aq. solution). The resulting solution was stirred for 20 min. The crude mixture was

filtered through a short plug of silica. The silica cake was flushed with 5% MeOH in CH2CI2 (10

mL), and the combined organic extracts was concentrated under reduced pressure to provide (2'-

ethoxy-2-aminobiphenyl-4-yl)-carbamic acid tert-butyl ester (D-18) (0.36 g, quant.), which was

used without further purification. HPLC ret. time 2.41 min, 10-100 % CH3CN, 5 min gradient;

ESI-MS 329.3 m/z (MH+).

[00556] Example 7:

D-19

[00557] D-19; N-(3-Amino-5-trifluoromethyI-phenyl)-methanesuIfonamide

A solution of 5-trifluoromethyl-benzene-l,3-dianiine (250 mg, 1.42 mmol) in pyridine (0.52 mL)

and CH2CI2 (6.5 mL) was cooled to 0 0C. Methanesulfonyl chloride (171 mg, 1.49 mmol) was

slowly added at such a rate that the temperature of the solution remained below 10 0C. The

mixture was stirred at 8 0C and then allowed to warm to room temperature after 30 min. After

stiring at room temperature for 4 h, reaction was almost complete as indicated by LCMS

analysis. The reaction mixture was quenched with sat. aq. NH Cl (10 mL) solution, extracted



with CHbCl2 (4 x 10 mL), dried over Na SO4, filtered, and concentrated to yield N-(3-amino-5-

trifluoromethyl-phenyl)-methanesulfonaraide (D-19) as a reddish semisolid (0.35 g, 97 %),

which was used without further purification. 1H-NMR (CDCl3, 300 MHz) δ 6.76 (m, IH), 6.70

(m, IH), 6.66 (s, IH), 3.02 (s, 3H); ESI-MS 255.3 m/z (MH+).

[00558] Cyclic amines

[00559] Example 1:

DC-1

[00560] 7-Nitro-l,2,3,4-tetrahydro-quinoIine

To a mixture of 1,2,3,4-tetrahydro-quinoline (20.0 g, 0.15 mol) dissolved in H2SO4 (98 %, 150

mL), KNO3 (18.2 g, 0.18 mol) was slowly added at 0 0C. The reaction was allowed to warm to

room temperature and stirred over night. The mixture was then poured into ice-water and

basified with sat. NaHCO3 solution to pH 8. After extraction with CH C the combined organic

layers were washed with brine, dried over Na SO and concentrated. The residue was purified

by column chromatography (petroleum ether —EtOAc, 10:1) to give 7-nitro-l,2,3,4-tetrahydro-

quinoline (6.6 g, 25 %).

[00561J 7-Nitro-3,4-dihydro-2H-quinoline-l-carboxylic acid teϊ t-butyl ester

A mixture of 7-nitro-l ,2,3 4-tetrahydro-quinoline (4.0 g, 5.61 mmol), BoC2O (1.29 g, 5.89 mtnol)

and DMAP (0.4 g) in CH2CI2 was stirred at room temperature overnight. After diluted with

water, the mixture was extracted with CH Cl2. The combined organic layers were washed with

NaHC θ 3 and brine, dried over Na SO and concentrated to provide crude 7-nitro-3,4-dihydro-



2H-quinoline-l-carboxylic acid tert-butyl ester that was used in the next step without further

purification.

[00562] DC-I; tert-Butyl 7-amino-3,4-dihydroquinoline-l(2H)-carboxylate

A suspension of the crude 7-nitro-3,4-dihydro-2H-quinoline-l-carboxylic acid tert-butyl ester

(4.5 g, 16.2 mol) and 10% Pd-C (0.45 g) in MeOH (40 mL) was stirred under H2 ( 1 atm) at room

temperature overnight. After filtration; the filtrate was concentrated and the residue was purified

by column chromatography (petroleum ether -EtOAc, 5:1) to give tert-butyl 7-amino-3,4-

dihydroquinoline-l(2H)-carboxylate (DC-I) as a brown solid (1.2 g, 22 % over 2 steps). 1H

NMR (CDCl3) δ 7.15 (d, J = 2 Hz, 1 H), 6.S4 (d, J = 8 Hz, 1 H), 6.36-6.38 (m, 1 H), 3.65-3.68

(m, 2 H) 3.10 (br s, 2 H), 2.66 (t, J = 6.4 Hz, 2 H), 1.84-1.90 (m, 2 H), 1.52 (s, 9 H); ESI-MS

496.8 m/z (2M+H+).

[005631 Example 2:

[00564] 3-(2-Hydroxy-ethyl)-l,3-dihydro-mdol-2-one

A stirring mixture of oxindole (5.7 g, 43 rαmol) and Raney nickel (10 g) in ethane-l,2-diol (100

mL) was heated in an autoclave. After the reaction was complete, the mixture was filtered and



the excess of diol was removed under vacuum. The residual oil was triturated with hexane to

give 3-(2-hydroxy-ethyl)-l,3-dihydro-indol-2-one as a colorless crystalline solid (4.6 g, 70 %).

[00565] l,2-Dihydro-3~spiro-l '-cyclopropyHfl-indole-2-one

To a solution of 3-(2-hydroxy-ethyl)-l,3-dihydro-indol-2-one (4.6 g 26 mmol) and triethylamine

(10 mL) in CH2Cl2 ( 100 mL) was added MsCl (3.4 g, 30 mmol) dropwise at -20 °C. The

mixture was then allowed to warm p to room temperature and stirred overnight. The mixture

was filtered and the filtrate was concentrated under vacuum. The residue was purified by column

chromatography to give crude l,2-dihydro-3-spiro-l'-cyclopropyl-lif-indole-2-one as a yellow

solid (2.5 g), which was used directly in the next step.

[00566] l,2-Dihydro-3-spiro-l'-cyclopropyl-l H-indole

To a solution of l,2-dihydro-3-spiro-l '-cyclopropyl-l. -indole-2-one (2.5 g crude) in THF (50

mL) was added LiAlH (2 g 52 mmol) portionwise After heating the mixture to reflux, it was

poured into crushed ice, basified with aqueous ammonia to pH 8 and extracted with EtOAc. The

combined organic layers were washed with brine, dried over Na2SO4 and concentrated to give

the crude l,2-dihydro-3-spiro-l'-cyclo ρroρyl-l H-indole as a yellow solid (about 2 g), which was

used directly in the next step.

[00567] 6-Nitro-l,2-dihydro-3-spiro-l '-cyclopropyl-l T-indole

To a cooled solution (-5 0C to -10 0C) OfNaNO3 (1.3 g, 15.3 mmol) in H2SO4 (98 %, 30 mL)

was added 1,2-dihydro- 3-spiro-l'-cyclopropyl-l -indole (2 g, crude) dropwise over a period of

20 min. After addition, the reaction mixture was stirred for another 40 min and poured over

crushed ice (20 g). The cooled mixture was then basified with NH4OH and extracted with

EtOAc. The organic layer was washed with brine, dried over Na2SO4, and concentrated under

reduced pressure to yield -mtro-l^-dihydro-S-spko-l'-cyclopTopyl- \H-mdo\e as a dark gray

solid (1.3 g)

[00568] l-Acetyl- -nitro-l^-dihydro-S-spiro-l'-cyclopropyl-l-fiT-indole

NaHC θ 3 (5 g) was suspended in a solution of 6-nitro-l,2-dihydro-3-spiro-r-cyclo ρropyl-li -

indole (1.3 g, crude) in CH2Cl2 (50 mL). While stirring vigorously, acetyl chloride (720 mg) was



added dropwise. The mixture was stirred for 1 h and filtered. The filtrate was concentrated under

vacuum. The residue was purified by flash column chromatography on silica gel to give 1-

acetyl-6-nitro-l,2-dihydro-3-spiro-r-cyclopropyl-l/- r-indole (0.9 g, 15 % over 4 steps).

[00569] DC-2; l-Acetyl- -amino-l^-dihydro-S-spiro-l'-cyclopropyl-lJ -indole

A mixture of l-acetyl-6-nitro-l ,2-dihydro-3-spiro-l '-cyclopropyl- 1/f-indole (383 mg, 2 mmol)

and Pd-C (10 %, 100 mg) in EtOH (50 mL) was stirred at room temperature under H2 ( 1 atm)

for 1.5 h. The catalyst was filtered off and the filtrate was concentrated under reduced pressure.

The residue was treated with HCl / MeOH to give l-acetyl-6-amino-l,2-dihydro-3-spiro-l'-

cyclopropyl-l//-indole (DC-2) (300 mg, 90 %) as a hydrochloride salt.

[00570] Example 3:

DC-3

[00571] 3-Methyl-but-2-enoic acid phenylatnide

A mixture of 3-methyl-but-2- enoic acid (100 g, 1 mol) and SOCl ( 119 g, 1 mol) was heated at

reflux for 3 h. The excess SOCI2 was removed under reduced pressure. CH2Cl (200 mL) was

added followed by the addition of aniline (93 g, 1.0 mol) in Et3N (101 g, 1 mol) at 0 0C. The

mixture was stirred at room temperature for 1 h and quenched with HCl (5%, 150 mL). The

aqueous layer was separated and extracted with CH Cl2. The combined organic layers were



washed with water (2x100 mL) and brine (100 ml), dried over Na2SO4 and concentrated to give

3-methyl-but-2-enoic acid phenylamide (120 g, 80 %).

[00572] 4,4-DimethyI-3,4-dihydro-lH-quinolin-2-one

AlCb (500 g, 3.8 mol) was carefully added to a suspension of 3-methyl-but-2-enoic acid

phenylamide (105 g, 0.6 mol) in benzene (1000 mL). The reaction mixture was stirred at 80 0C

overnight and poured into ice-water. The organic layer was separated and the aqueous layer was

extracted with ethyl acetate (250 mL x 3). The combined organic layers were washed with water

(200 mL x 2) and brine (200 mL), dried over Na SO4 and concentrated to give 4,4-dimethyl-3,4-

dihydro-lH-quinolin-2-one (90 g, 86 %).

[00573] 4.4-Dimethyl-l,2,3,4-tetrahydro-quinoline

A solution of 4,4-dimethyl-3,4-dihydr σ-lH-quinolin-2-one (35 g, 0.2 mol) in THF (100 mL) was

added dropwise to a suspension OfLiAlH (18 g, 0.47 mol) in THF (200 mL) at 0 0C. After

addition, the mixture was stirred at room temperature for 30 min and then slowly heated to reflux

for 1 h. The mixture was then cooled to 0 0C. Water (18 mL) and NaOH solution (10 %, 100

mL) were carefully added to quench the reaction. The solid was filtered off and the filtrate was

concentrated to give 4,4-dimethyl-l,2,3,4-tetrahydro-quinoline.

[00574] 4,4-Dimethyl-7-nitro-l ,2,3,4-tetrahydro-quinoline

To a mixture of 4,4-dimethyl- 1,2,3,4-tetrahydro-quinoline (33 g, 0.2 mol) in H2SO4 (120 mL)

was slowly added KNO3 (20.7 g, 0.2 mol) at 0 0C. After addition, the mixture was stirred at

room temperature for 2 h, carefully poured into ice water and basified with Na CO3 to pH 8. The

mixture was extracted with ethyl acetate (3 x 200 mL). The combined extracts were washed with

water and brine, dried OVCrNa SO4 and concentrated to give 4, 4-dimethyl-7-nitro-l, 2, 3, 4-

tetrahydro-quinoline (21 g, 50 %).

[00575] 4,4-DimethyI-7-nitro-3 54-dihydrα-2H-quinoIine-l-carboxylic acid tert-

butyl ester

A mixture of 4,4-dimethyl-7-nitro-l,2 3,4-tetrahydro-quinoline (25 g, 0.12 mol) and BoC2O (55

g, 0.25 mol) was stirred at 80 0C for 2 days. The mixture was purified by silica gel



chromatography to give 4,4-dimethyl-7-nitro-3,4-dihydro-2H-quinoline-l-carboxylic acid tert-

butyl ester(8 g, 22 %).

[00576] DC-3; tert-Butyl 7-amino-3,4-dihydro-4,4-dimethylquinoIine-l(2H)-

carboxylate

A mixture of 4,4-dimethyl-7-nitro-3,4-dihydro-2H-quinoline-l carboxylic acid (ert-butyl ester

(8.3 g, 0.03 mol) and Pd-C (0.5 g) in methanol (100 mL) was stirred under H2 ( 1 atm) at room

temperature overnight. The catalyst was filtered off and the filtrate was concentrated. The

residue was washed with petroleum ether to give tert-butyl 7-amino-3,4-dihydro-4,4-

dimethylquinoline-l(2H)-carboxylate (DC-3) (7.2 g, 95 %). 1H NMR (CDCl3) δ 7.11-7.04 (m, 2

H), 6.45-6.38 (m, 1 H)5 3.71-3.67 (m, 2 H), 3.50-3.28 (m, 2 H), 1.71-1.67 (m, 2 H), 1.51 (s, 9 H),

1.24 (s, 6 H).

[00577] Example 4:

[00578] l-ChIoro-4-methylpentan-3-one

Ethylene was passed through a solution of isobutyryl chloride (50 g, 0.5 mol) and AICI3 (68.8 g,

0.52 mol) in anhydrous CH2CI2 (700 mL) at 5 0C. After 4 h, the absorption of ethylene ceased,

and the mixture was stirred at room temperature overnight. The mixture was poured into cold

diluted HCl solution and extracted with CH2Cl2. The combined organic phases were washed



with brine, dried OVCrNa SO , filtered and concentrated to give the crude l-chloro-4-

methylpentan-3-one, which was used directly in the next step without further purification.

[00579] 4-Methyl~l-(phenylamino)-pentan-3-one

A suspension of the crude l-chloro-4-methylpentan-3-one (about 60 g), aniline (69.8 g, 0.75

mol) and NaHCO 3 (210 g, 2.5 mol) in CH3CN (1000 mL) was heated at reflux overnight. After

cooling, the insoluble salt was filtered off and the filtrate was concentrated. The residue was

diluted with CH2Cl2, washed with 10% HCl solution (100 mL) and brine, dried over Na2SO ,

filtered and concentrated to give the crude 4-methyl-l-(phenylamino)-pentan-3-one.

[00580] 4-Methyl-l~(phenylamino)-pentan-3-ol

At -10 0C, NaBH (56.7 g, 1.5 mol) was gradually added to a mixture of the crude 4-methyl-l-

(phenylamino)-pentan-3-one (about 80 g) in MeOH (500 mL). After addition, the reaction

mixture was allowed to warm to room temperature and stirred for 20 min. The solvent was

removed and the residue was repartitioned between water and CH2C . The organic phase was

separated, washed with brine, dried over Na SO , filtered and concentrated. The resulting gum

was triturated with ether to give 4-methyl-l-(phenylamino)-pentan-3-ol as a white solid (22 g, 23

%)-

[00581] 5,5-Dimethyl-2,3,4,5-tetrahydro-lH-benzo[b]azepiiie

A mixture of 4-methyl-l-(phenylamino)-pentan-3-ol (22 g 0.1 1 mol) in 98% H2SO4 (250 mL)

was stirred at 50 °C for 30 min. The reaction mixture was poured into ice-water basified with

sat. NaOH solution to pH 8 and extracted with CH2CI2. The combined organic phases were

washed with brine, dried over NaaSO4, filtered and concentrated. The residue was purified by

column chromatography (petroleum ether) to afford 5,5-dimethyl- 2,3,4,5-tetrahydro-lH-

benzo[b]azepine as a brown oil (1.5 g, 8 %).

[00582] 5,5-Dimethyl-8-nitro-2,3,4,5-tetrahydro-lH-benzo[b]azepine

At 0 0C, KNO3 (0.76 g, 7.54 mmol) was added portionwise to a solution of 5,5-dimethyl-2,3,4,5-

tetrahydro-lH-benzo[b]azepine (1.1 g, 6.28 mmol) in H SO (15 mL). After stirring 15 min at

this temperature, the mixture was poured into ice water, basified with sat. NaHCO to pH 8 and



extracted with EtOAc. The organic layer was washed with brine, dried over Na2SO and

concentrated to give crude 5,5-dimethyl-8-nitro-2 53,4,5-tetrahydro-lH-benzo[b]azepine (1.2 g),

which was used directly in the next step without further purification.

[00583] l-(5,5-dimethyl-8-nitro-2,3,4,5-tetrahydrobenzo[b]azepin-l-

yl)ethanone

Acetyl chloride (0.77 mL, 11 mmol) was added to a suspension of crude 5,5-dimethyl-8-nitro-

2,3,4,5-tetrahydro-lH-benzo[b]azepine (1.2 g, 5.45 mmol) and NaHCO 3 (1.37 g, 16.3 mmol) in

CH CI2 (20 mL). The mixture was heated at reflux for 1 h. After cooling, the mixture was

poured into water and extracted with CH2CI2. The organic layer was washed with brine, dried

over Na2SO4 and concentrated. The residue was purified by column chromatography to afford 1-

(5,5-dimethyl-8-nitro-2,3,4,5-tetrahydrobenzo[b]azepin-l-yl)ethanone (1.05 g, 64 % over two

steps).

[00584] DC-4; l-(8-Amino-2,3,4,5-tetrahydro-5 5-dimethylbenzo[b]azepin-l-

yl)ethanone

A suspension of l-(5,5-dimethyl-8-nitro-2 53!4,5-tetrahydrobenzo[b]azepin-l-yl)ethanone (1.05 g,

40 mmol) and 10% Pd-C (0.2 g) in MeOH (20 mL) was stirred under H2 ( 1 atm) at room

temperature for 4 h. After filtration, the filtrate was concentrated to give l-(8-amino-2,3,4,5-

tetrahydro-5,5-dimethylbenzo[b]azepin-l-yl)ethanone as a white solid (DC-4) (880 mg, 94 %).

1H NMR (CDCl 3) δ 7.06 (d, J = 8.0 Hz, 1 H), 6.59 (dd, J = 8.4, 2.4 Hz, 1 H), 6.50 (br s, IH),

4.18-4.05 (m, IH), 3.46-3.36 (m, IH), 2.23 (s, 3H), 1.92-1.85 (m, IH), 1.61-1.51 (m, 3H), 1.21

(S 3H), 0.73 (t, J = 7.2 Hz, 3 H); ESI-MS 233.0 m/z (MH+).

[00585] Example 5:



[00586] Spiro[lH-indene-l,4'-piperidin]-3(2H)-one, l'-benzyl

A mixture of spiro[lH-indene-l ,4'-piperidine]-l '-carboxylic acid, 2,3-dihydro-3-oxo-, 1,1-

dimethylethyl ester (9.50 g, 3 1.50 mmol) in saturated HCl/MeOH (50 mL) was stirred at 25 °C

overnight. The solvent was removed under reduced pressure to yield an off-white solid (7.50 g).

To a solution of this solid in dry CH3CN (30 mL) was added anhydrous K2CO3 (7.85 g, 56.80

mmol). The suspension was stirred for 5 min, and benzyl bromide (5.93 g, 34.65 mmol) was

added dropwise at room temperature. The mixture was stirred for 2 h, poured into cracked ice

and extracted with CH2Cl . The combined organic layers were dried over Na SO and

concentrated under vacuum to give crude spiro[lH-indene-l,4'-piperidin]-3(2H)-one, l'-benzyl

(7.93 g, 87 %), which was used without further purification.

{00587] SpiroIlH-indene-l,4'-piperidin]-3(2H)-one, l'-benzyl, oxime

To a solution of spiro[lH-indene-l,4'-piperidin]-3(2H)-one, l'-benzyl (7.93 g, 27.25 mmol) in

EtOH (50 mL) were added hydroxylamine hydrochloride (3.79 g 54.50 mmol) and anhydrous

sodium acetate (4.02 g, 49.01 mmol) in one portion. The mixture was refluxed for 1h, and then

cooled to room temperature. The solvent was removed under reduced pressure and 200 mL of



water was added. The mixture was extracted with CH Cl . The combined organic layers were

dried over Na SO and concentrated to yield spiro[lH~indene-l,4'-piperidin]-3(2H)-one, I1-

benzyl, oxime (7.57 g, 9 1 %), which was used without further purification.

[00588] l,2,3,4-Tetrahydroquinolin-4-spiro-4'-(N'-benzyl-piperidine)

To a solution of spiro[lH-indene-l,4'-piperidin]-3(2H)-one, l'-benzyl, oxime (7.57 g, 24.74

mmol) in dry CH2Cl2 ( 150 mL) was added dropwise DIBAL-H (135.7 mL, IM in toluene) at 0

0C. The mixture was stirred at 0 0C for 3 h, diluted with CH2Cl2 ( 100 mL), and quenched with

NaF (20.78 g, 495 mmol) and water (6.7 g, 372 mmol). The resulting suspension was stirred

vigorously at 0 0C for 30 min. After filtration, the residue was washed with CH Cl . The

combined filtrates were concentrated under vacuum to give an off-brown oil that was purified by

column chromatography on silica gel (CH2Cl - MeOH, 30:1) to afford 1,2,3,4-

tetrahydroquinolin-4-spiro-4'-(N'-benzyl-piperidine) (2.72 g, 38 %).

[00589] l,2,3,4-Tetrahydroquinolin-4-spiro-4'-piperidine

A suspension of l,2,3,4-Tetrahydroquinolin-4-spiro-4'-(N'-benzyl-piperidine) (300 mg, 1.03

mmol) and Pd(OH)2-C (30 mg) in MeOH (3 mL) was stirred under H2 (55 psi) at 50 0C over

night. After cooling, the catalyst was filtered off and washed with MeOH. The combined

filtrates were concentrated under reduced pressure to yield l,2,3,4-tetrahydroquinolin-4-spiro-4'-

piperidine as a white solid (176 mg, 85 %), which was used without further purification.

[00590] 7'-Nitro-spiro[piperidine-4,4'(l Η )-quinoline], 2',3 f-dihydro-

carboxylic acid tert-butyl ester

KNO3 (69.97 mg, 0.69 mmol) was added portion-wise to a suspension of 1,2,3,4-

tetrahydroquinolin-4-spiro-4'-piperidine (133 mg, 0.66 mmol) in 98% H2SO4 (2 mL) at 0 0C.

After the addition was complete, the reaction mixture was allowed to warm to room temperature

and stirred for additional 2 h. The mixture was then poured into cracked ice and basified with

10% NaOH to pH~ 8. BoC O (172 mg, 0.79 mmol) was added dropwise and the mixture was

stirred at room temperature for 1 h. The mixture was then extracted with EtOAc and the

combined organic layers were dried over Na2SO , filtered and concentrated to yield crude T-



nitro-spiro[piperidine-4,4'(l'H)-quinoline], 2',3'-dihydro- carboxylic acid tert-butyl ester (230

mg), which was used in the next step without further purification.

[00591] 7'-nitro-spiro[piperidine-4,4 l(l tH)-l-acetyl-quinoline], 2',3'-dihydro-

carboxylic acid tert-butyl ester

Acetyl chloride (260 mg, 3.30 mmol) was added dropwise to a suspension of 7'-nitro-

spiro[piperidine-4,4'(rH)-quinoline], 2',3'-dihydro- carboxylic acid tert-butyl ester (230 mg) and

NaHCOs (1.1 1 g, 13.17 mmol) in MeCN (5 mL) at room temperature. The reaction mixture was

refluxed for 4 h. After cooling, the suspension was filtered and the filtrate was concentrated.

The residue was purified by column chromatography (petroleum ether —EtOAc, 10:1) to provide

7'-nitro-s ρiro[piperidine-4,4'(l Η )-l-acetyl-quinoline], 2',3'-dihydro- carboxylic acid tert-butyl

ester ( 150 mg, 58 % over 2 steps)

[00592] DC-5; 7'-Amino-s ρiro[piperidine-4,4 l(l'H>l-acetyI-quinoIine], 2',3'-

dihydro- carboxylic acid tert-butyl ester

A suspension of 7'-nitro-spiro[piperidine-4,4'(l 1H)-I -acetyl-quinoline], 2',3'-dihydro- carboxylic

acid tert-butyl ester (150 mg, 0.39 mmol) and Raney Ni (15 mg) in MeOH (2 mL) was stirred

under H ( 1 atm) at 25 0C overnight. The catalyst was removed via filtration and washed with

MeOH. The combined filtrates were dried over Na SO , filtered, and concentrated to yield T -

amino-spiro[piperidine-4,4'(l Η )-l -acetyl-quinoline], 2',3'-dihydro- carboxylic acid tert-butyl

ester (DC-5) (133 mg, 96 %).

[00593] Example 7:

DC-7

[00594] 2-(2,4-Dinitrophenylthio)-acetic acid

Et N ( 1.5 g, 15 mmol) and mercapto-acetic acid ( 1 g, 11 mmol) were added to a solution of 1-

chloro-2,4-dinitrobenzene (2.26 g, 10 mmol) in 1,4-dioxane (50 mL) at room temperature. After



stirring at room temperature for 5 h, H O ( 1OO mL) was added. The resulting suspension was

extracted with ethyl acetate ( 100 mL x 3). The ethyl acetate extract was washed with water and

brine, dried over Na SCM and concentrated to give 2-(2,4-dinitroρhenylthio)-acetic acid (2.3 g, 74

%), which was used without further purification.

[00595] DC-7; 6-Amino-2H-benzo[b][l,4]thiazin-3(4H)-one

A solution of 2-(2,4-dinitrophenylthio)-acetic acid (2.3 g, 9 mmol) and tin (II) chloride dihydrate

(22.6 g, 0.1 mol) in ethanol (30 mL) was refluxed overnight. After removal of the solvent under

reduced pressure, the residual slurry was diluted with water (100 mL) and basified with 10 %

Na COs solution 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 Na SO , and

concentrated. The residue was washed with CH2CI2 to yield 6-amino-2H-benzo[b][l ,4]thiazin-

3(4H)-one (DC-7) as a yellow powder ( 1 g, 52 %). 1H NMR (DMSO-^ 6) δ 10.24 (s. 1 H), 6.88

(d, 1 H, J = 6 Hz), 6.19-6.21 (m, 2H), 5.15 (s, 2 H), 3.28 (s, 2 H); ESI-MS 181.1 m/z (MH+).

[00596] Example 7:

DC-8

[00597] N-(2-Bromo-5-nitrophenyI)acetamide

Acetic anhydride ( 1.4 mL, 13.8 mmol) was added dropwise to a stirring solution of 2-bromo-5-

nitroaniline (3 g, 13.8 mmol) in glacial acetic acid (30 mL) at 25 °C. The reaction mixture was

stirred at room temperature overnight, and then poured into water. The precipitate was collected



via filtration, washed with water and dried under vacuum to provide N-(2-bromo-5-

nitrophenyl)acetamide as an off white solid (3.6 g, 90 %).

[00598] N-(2-Bromo-5-nitrophenyl)-N-(2-methylprop-2-enyl)acetamide

At 25 0C5 a solution of 3-bromo-2-methylpropene (3.4 g, 55.6 mmol) in anhydrous DMF (30

mL) was added dropwise to a solution of N-(2-bromo-5-nitropheny)acetamide (3.6 g, 13.9

mmol) and potassium carbonate (3.9 g, 27.8 mmol) in anhydrous DMF (50 mL). The reaction

mixture was stirred at 25 0C overnight. The reaction mixture was then filtered and the filtrate

was treated with sat. Na CO solution. The organic layer was separated and the aqueous layer

was extracted with EtOAc. The combined organic extracts were washed with water and brine,

dried over MgSO , filtered and concentrated under vacuum to provide N-(2-bromo-5-

nitrophenyl)-N-(2-methylprop-2-enyl)acetamide as a golden solid (3.1 g, 85 %). ESI-^MS 313

m/z (MH+).

[00599] l-(3,3-Dimethyl-6-nitroindolin-l-yl)ethanone

A solution of N-(2-bromo-5-nitrophenyl)-N-(2-methylprop-2-enyl)acetamide (3.1 g, 10.2 mmol),

tetraethylammonium chloride hydrate (2.4 g, 149 mmol), sodium formate (1.08 g, 18mmol),

sodium acetate (2.76 g, 34.2 mmol) and palladium acetate (0.32 g, 13.2 mmol) in anhydrous

DMF (50 mL) was stirred at 80 0C for 15 h under N atmosphere. After cooling, the mixture was

filtered through Celite. The Celite was washed with EtOAc and the combined filtrates were

washed with sat. NaHC θ 3. The separated organic layer was washed with water and brine, dried

over MgSO , filtered and concentrated under reduced pressure to provide l-(3,3-dimethyl-6-

nitroindolin-l-yl)ethanone as a brown solid (2.1 g, 88%).

[00600] OC-S; l-(6-Amino-3,3-dimethyl-2,3-dihydro-indol-l-yl)-ethanone

10% Pd-C (0.2 g) was added to a suspension of l-(3,3-dimethyl-6-nitroindolin-l-yl)ethanone

(2.1g, 9 mmol) in MeOH (20 mL). The reaction was stirred under H2 (40 psi) at room

temperature overnight. Pd-C was filtered off and the filtrate was concentrated under vacuum to

give a crude product, which was purified by column chromatography to yield l-(6-amino-3,3-

dimethyl-2,3-dihydro-indol-l-yl)-ethanone (DC-8) (1.3 g, 6 1 %).



[00601] Example 8:

[00602] 2,3,4,5-Tetrahydro-lH-benzo[b]azepine

DIBAL (90 mL, 90 mmol) was added dropwise to a solution of 4-dihydro-2H-naphthalen-l-one

oxime (3 g, 18 mmol) in dichloromethane (50 mL) at 0 0C. The mixture was stirred at this

temperature for 2 h. The reaction was quenched with dichloromethane (30 mL), followed by

treatment with NaF (2 g. 0.36 mol) and H2O (5 mL, 0.27 mol). Vigorous stirring of the resulting

suspension was continued at 0 0C for 30 min. After filtration, the filtrate was concentrated. The

residue was purified by flash column chromatography to give 2,3,4,5-tetrahydro-lH-

benzo[b]azepine as a colorless oil ( 1.9 g, 70 %).

[00603] 8-Nitro-2,3,4,5-tetrahydro-lH-benzo[b]azepine

At —10 0C, 2,3,4,5-tetrahydro-lH-benzo[b]azepine (1.9 g, 13 mmol) was added dropwise to a

solution OfKNO (3 g, 30 mmol) in H2SO4 (50 mL). The mixture was stirred for 40 min, poured

over crushed ice, basified with aq. ammonia to pH 13, and extracted with BtOAc. The

combined organic phases were washed with brine, dried over Na2SO4 and concentrated to give 8-

nitro-2,3,4,5-tetrahydro-lH-benzo[b]azepine as a black solid (1.3 g, 5 1 %), which was used

without further purification.

[00604] l-(8-Nitro-2,3,4,5-tetrahydro-benzo[b]azepin-l-yl)-ethanone

Acetyl chloride ( 1 g, 13 mmol) was added dropwise to a mixture of 8-nitro-2,3,4,5-tetrahydro-

lH-benzo[b]azepine (1.3 g, 6.8 mmol) and NaHCO3 ( 1 g, 12 mmol) in CH2Cl2 (50 mL). After



stirring for 1 h, the mixture was filtered and the filtrate was concentrated. The residue was

dissolved in CH Cl2, washed with brine, dried over Na SO and concentrated. The residue was

purified by column chromatography to give l-(8-nitro-2,3 4,5-tetrahydro-benzo[b]azepin-l-yl)-

ethanone as a yellow solid (1.3 g, 80 %).

[00605] DC-9; l-(8-Amino-2,3,4,5-tetrahydro-benzo[b] azepin-l-yl)-ethanone

A mixture of l-(8-nitro-2,3,4,5-tetrahydro-benzo[b]azepin-l-yl)- ethanone (1.3 g, 5.4 mmol) and

Pd-C (10 %, 100 mg) in EtOH (200 mL) was stirred under H2 ( 1 arm) at room temperature for

1.5 h. The mixture was filtered through a layer of Celite and the filtrate was concentrated to give

l-(8-amino-2,3,4,5-tetrahydro-benzo[b]azepin-l-yl)-ethanone (DC-9) as a white solid ( 1 g, 90

%). 1H NMR (CDCl3) δ 7.01 (d, J = 6.0 Hz, 1 H), 6.56 (dd, J 6.0, 1.8 Hz, 1 H), 6.50 (d, J =

1.8 Hz, 1 H)54.66-4.61 (m, 1 H)5 3.50 (br s, 2 H), 2.64-2.55 (m, 3 H), 1.94-1.91 (m, 5 H), 1.77-

1.72 (m, 1 H), 1.32-1.30 (m, 1 H); ESI-MS 204.1 m/z (MH+).

[006061 Example 9:

[00607] 6-Nitro-4H-benzo[l,4]oxazin-3-one

At 0 0C5 chloroacetyl chloride (8.75 mL, 0.1 1 mol) was added dropwise to a mixture of 4-nitro-

2-aminophenol (15.4 g, 0.1 mol), benzyltrimethylammonrum chloride ( 18.6 g, 0.1 mol ) and

NaHC θ 3 (42 g, 0.5 mol) in chloroform (350 ml) over a period of 30 min. After addition, the

reaction mixture was stirred at 0 0C for 1 h, then at 50 0C overnight. The solvent was removed

under reduced pressure and the residue was treated with water (50 ml). The solid was collected



via filtration, washed with water and recrystallized from ethanol to provide 6-nitro-4H-

benzo[l,4]oxazin-3-one as a pale yellow solid (8 g, 4 1 %).

100608] 6-Nitro-3,4-dihydro-2H-benzo[l,4]oxazine

A solution OfBH -Me S in THF (2 M, 7.75 mL, 15.5 mmol) was added dropwise to a suspension

of 6-nitro-4H-benzo[l,4]oxazin-3-one (0.6 g, 3.1 mmol) in THF (10 tnL). The mixture was

stirred at room temperature overnight. The reaction was quenched with MeOH (5 mL) at 0 DC

and then water (20 mL) was added. The mixture was extracted with Et O and the combined

organic layers were washed with brine, dried over Na SO4 and concentrated to give 6-nitro-3,4-

dihydro-2H-benzo[l,4]oxazine as a red solid (0.5 g, 89 %), which was used without further

purification.

[00609] 4-Acetyl-6-nitro-3,4-dihydro-2H-benzo[l,4]oxazine

Under vigorous stirring at room temperature, acetyl chloride ( 1.02 g, 13 mmol) was added

dropwise to a mixture of 6-nitro-3,4-dihydro-2H-benzo[l,4]oxazine (1.8 g, 10 mmol) and

NaHCO 3 (7.14 g, 85 mmol) in CH2Cl2 (50 mL). After addition, the reaction was stirred for 1 h

at this temperature. The mixture was filtered and the filtrate was concentrated under vacuum.

The residue was treated with Et2O: hexane ( 1:2, 50 mL) under stirring for 30 min and then

filtered to give 4-acetyl-6-nitro-3,4-dihydro-2H-benzo[l,4]oxazine as a pale yellow solid (2 g, 90

%).

[00610] DC-10; 4-AcetyI-6-amino-3,4-dihydro-2H-benzo[l,4]oxazine

A mixture of 4-acetyl-6-nitro-3,4-dihydro-2H-benzo[l,4]oxazine (1.5 g, 67.6 mmol) and Pd-C

(10 %, 100 mg) in EtOH (30 mL) was stirred under H2 ( 1 atm) overnight. The catalyst was

filtered off and the filtrate was concentrated. The residue was treated with HCl / MeOH to give

4-acetyl-6-amino-3,4-dihydro-2H~benzo[l,4]oxazine hydrochloride (DC-10) as an off-white

solid (1.1 g, 85 %). 1H NMR (DM SO- ) δ 10.12 (br s, 2H), 8.08 (br s, IH) 5 6.90-7.03 (m, 2 H)5

4.24 (t, J = 4.8 Hz, 2 H), 3.83 (t, J = 4.8 Hz, 2H), 2.23 (s, 3 H); ESI-MS 192.1 m/z (MH+).



[00611] Example 10:

1. KNO331> H-SO BoC2O, NaOH

2. HCI 1>4 .dioxane, H O

[00612] l,2,3,4-Tetrahydro-7-nitroisoquinoline hydrochloride

1,2,3,4-Tetrahydroisoquinoline (6.3 mL, 50.0 mmol) was added dropwise to a stirred ice-cold

solution of concentrated H2SO4 (25 mL). KLNO3 (5.6 g, 55.0 mmol) was added portionwise while

maintaining the temperature below 5 0C. The mixture was stirred at room temperature overnight,

carefully poured into an ice-cold solution of concentrated NH OH, and then extracted three times

with CHCI 3. The combined organic layers were washed with brine, dried over Na2SO4 and

concentrated. The resulting dark brown oil was taken up into EtOH, cooled in an ice bath and

treated with concentrated HCl. The yellow precipitate was collected via filtration and

recrystallized from methanol to give l,2,3,4-tetrahydro-7-nitroisoquinoline hydrochloride as

yellow solid (2.5 g, 23 %). 1H NMR (400 MHz, DMSO-d6) δ 9.86 (s, 2H), 8.22 (d, J = 1.6 Hz,

IH), 8.1 1 (dd, J = 8.5, 2.2 Hz, IH), 7.53 (d, J = 8.5 Hz5IH), 4.38 (s, 2H), 3.38 (s, 2H), 3.17-3.14

(m, 2H); HPLC ret. time 0.51 min, 10-99 % CH3CN, 5 min run; ESI-MS 179.0 m/z (MH +) .

[00613] terr-Butyl 3,4-dihydro-7-nitroisoquinoline-2(lH)-carboxylate

A mixture of l,2,3,4-Tetrahydro-7-nitroisoquinoline (2.5 g, 11.6 mmol), 1,4-dioxane (24 mL),

H2O (12 mL) and IN NaOH (12 mL) was cooled in an ice-bath, and BoC2O (2.8 g, 12.8 mmol)

was added. The mixture was stirred at room temperature for 2.5 h, acidified with a 5% KHSO

solution to pH 2-3, and then extracted with EtOAc. The organic layer was dried over MgSO and

concentrated to give terf-butyl 3,4-dihydro-7-nitroisoquinoline-2(lH)-carboxylate (3.3 g, quant.),

which was used without further purification. 1H NMR (400 MHz, DMSO-d6) δ 8.13 (d, J = 2.3

Hz3 IH), 8.03 (dd, J = 8.4, 2.5 Hz, IH), 7.45 (d, J = 8.5 Hz, IH), 4.63 (s, 2H), 3.60-3.57 (m, 2H),



2.90 (t, J = 5.9 Hz, 2H), 1.44 (s, 9H); HPLC ret. time 3.51 min, 10-99 % CH3CN5 5 min run;

ESI-MS 279.2 m/z (MH+).

[00614] DC-6; tert-Butyl 7-amino-3,4-dihydroisoquinoline-2(lH)-carboxylate

Pd(OH) (330.0 mg) was added to a stirring solution of tert-butyl 3,4-dihydro-7-

nitroisoquinoline-2(lH)-carboxylate (3.3 g, 12.0 mmol) in MeOH (56 mL) under N atmosphere.

The reaction mixture was stirred under H ( 1 atm) at room temerpature for 72 h. The solid was

removed by filtration through Celite. The filtrate was concentrated and purified by column

chromatography (15-35 % EtOAc - Hexanes) to provide tert-butyl 7-amino-3,4-

dihydroisoquinoline-2(lH)-carboxylate (DC-6) as a pink oil (2.0 g, 69 %). 1H NMR (400 MHz

DMSO-d6) δ 6.79 (d, J = 8.1 Hz5 IH) 5 6.40 (dd, J = 8.1, 2.3 Hz, IH) 5 6.31 (s, IH) 54.88 (s, 2H)5

4.33 (s, 2H)5 3.48 (t, J = 5.9 Hz52H), 2.58 (t, J = 5.9 Hz52H), 1.42 (s, 9H); HPLC ret. time 2.13

min, 10-99 % CH3CN, 5 min run; ESI-MS 249.0 m/z (MH .

[00615] Other amines

[00616] Example 1:

E-1



[00617] 4-Bromo-3-nitrobenzonitrile

To a solution of 4-bromobenzonitrile (4.0 g, 22 mmol) in cone. H2SO4 (10 mL) was added

dropwise at 0 0C nitric acid (6 mL). The reaction mixture was stirred at 0 0C for 30 min, and then

at room temperature for 2.5 h . The resulting solution was poured into ice-water. The white

precipitate was collected via filtration and washed with water until the washings were neutral.

The solid was recrystallized from an ethanol/water mixture (1:1, 20 mL) twice to afford 4-

bromo-3-nitrobenzonitrile as a white crystalline solid (2.8 g, 56 %). 1H NMR (300 MHz, DMSO-

d6) δ 8.54 (s, IH), 8.06 (d, J = 8.4 Hz, IH), 7.99 (d, J = 8.4 Hz, IH); 13C NMR (75 MHz,

DMSO-^) δ 150.4, 137.4, 136.6, 129.6, 119.6, 117.0, 112.6; HPLC ret. time 1.96 min, 10-100 %

CH3CN, 5 min gradient; ESI-MS 227.1 m/z (MH+).

[00618] 2'-Ethoxy-2-nitrobiphenyl-4-carbonitrile

A 50 mL round-bottom flask was charged with 4-bromo-3-nitrobenzonitrile ( 1.0 g 4.4 mmol), 2-

ethoxyphenylboronic acid (731 mg, 4.4 mmol), Pd2(dba)3 (18 mg, 0.022 mmol) and potassium

fluoride (786 mg, 13.5 mmol). The reaction vessel was evacuated and filled with argon. Dry

THF (300 mL) was added followed by the addition of P(Z-Bu)3 (0.1 1 mL, 10% wt. in hexane).

The reaction mixture was stirred at room temperature for 30 min., and then heated at 80 0C for

16 h. After cooling to room temperature, the resulting mixture was filtered through a Celite pad

and concentrated. 2'-Ethoxy-2-nitrobiphenyl-4-carbonitrile was isolated as a yellow solid (1.12

g, 95%). 1H NMR (300 MHz, OMSO-d6) δ 8.51 (s, IH), 8.20 (d, J = 8.1 Hz, IH), 7.68 (d, J = 8.4

Hz, IH),- 7.41 (t, J = 8.4 Hz, IH), 7.37 (d, J =7.5 Hz, IH), 7.08 (t, J = 7.5 Hz, IH), 7.03 (d, J =

8.1 Hz, IH), 3.91 (q, J = 7.2 Hz, 2H), 1.12 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, DMSO-^) δ
154.9, 149.7, 137.3, 137.2, 134.4, 131.5, 130.4, 128.4, 125.4, 121.8, 117.6, 112.3, 111.9, 64.1,

14.7; HPLC ret time 2.43 min, 10-100 % CH3CN, 5 min gradient; ESI-MS 269.3 m/z (MH+).

[00619] 4-Aminomethyl-2'-ethoxy-biphenyl-2-ylamine

To a solution of 2'-ethoxy-2-nitrobiphenyl-4-carbonitrile (500 mg, 1.86 mmol) in THF (80 mL)

was added a solution of BH3-THF (5.6 mL, 10% wt. in THF, 5.6 mmol) at 0 0C over 30 min. The

reaction mixture was stirred at 0 0C for 3 h and then at room temperature for 15 h. The reaction

solution was chilled to 0 0C, and a H2CVTHF mixture (3 mL) was added. After being agitated at

room temperature for 6 h, the volatiles were removed under reduced pressure. The residue was



dissolved in EtOAc (100 mL) and extracted with IN HCl (2 x 100 mL). The aqueous phase was

basified with IN NaOH solution to pH land extracted with EtOAc (3 x 50 mL). The combined

organic layers were washed with water (50 mL), dried over Na2SO , filtered, and evaporated.

After drying under vacuum, 4-aminomethyl-2'-ethoxy-biphenyI-2-ylamine was isolated as a

brown oil (370 mg, 82 %). 1H NMR (300 MHz, DMSO-rf ) δ 7.28 (dt, J = 7.2 Hz, J = 1.8 Hz,

IH), 7.09 (dd, J = 7.2 Hz, J = 1.8 Hz, IH), 7.05 (d, J 7.5 Hz, IH), 6.96 (dt, J = 7.2 Hz, J = 0.9

Hz, IH), 6.83 (d, 7.5 Hz, IH), 6.66 (d, J = 1.2 Hz, IH), 6.57 (dd, J = 7.5 Hz, J = 1.5 Hz, IH),

4.29 (s, 2H), 4.02 (q, J = 6.9 Hz, 2H), 3.60 (s, 2H), 1.21 (t, J = 6.9 Hz, 3H); HPLC ret. time 1.54

min, 10-100 % CH3CN, 5 min gradient; ESI-MS 243.3 m/z (MH +).

[00620] E-I; (2-Amino-2'-ethoxy-biphenyI-4-ylmethyl)carbamic acid tert-butyl

ester

A solution of BoC2O (123 mg, 0.565 mmol) in 1,4-dioxane (10 mL) was added over a period of

30 min. to a solution of 4-aminomethyl-2"-ethoxy-biphenyl-2-ylamine (274 mg, 1.13 mmol) in

1,4-dioxane (10 mL). The reaction mixture was stirred at room temperature for 16 h . The

volatiles were removed on a rotary evaporator. The residue was purified by flash

chromatography (silica gel, EtOAc - CH2Cl2, 1:4) to afford (2-Amino-2'-ethoxy-biphenyl-4-

ylmethyl)carbamic acid tert-butyl ester (E-I) as a pale yellow oil ( 119 mg, 3 1 %). 1H NMR (300

MHz, DMSO--i ) δ 7.27 (m, 2H), 7.07 (dd, J = 7.2 Hz5J = 1.8 Hz, IH), 7.03 (d, J = 7.8 Hz, IH),

6.95 (dt, J = 7.2 Hz, J = 0.9 Hz, IH), 6.81 (d, J = 7.5 Hz, IH), 6.55 (s, IH) 6.45 (dd, J = 7.8 Hz,

J = 1.5 Hz, IH), 4.47 (s, 2H), 4.00 (q, J = 7.2 Hz, 2H), 1.38 (s, 9H), 1.20 (t, J = 7.2 Hz, 3H);

HPLC ret. time 2.34 min, 10-100 % CH3CN, 5 min gradient; ESI-MS 343.1 m/z (MH+).

[00621] Example 2:

E-2

[00622] 2-Bromo-l-fertf-butyl-4-iiitrobenzene



To a solution of 1-tert-butyl-4-nitrobenzene (8.95 g, 50 mmol) and silver sulfate (10 g, 32 mmol)

in 50 mL of 90% sulfuric acid was added dropwise bromine (7.95 g, 50 mmol). Stiring was

continued at room temperature overnight, and then the mixture was poured into dilute sodium

hydrogen sulfite solution and was extracted with EtOAc three times. The combined organic

layers were washed with brine and dried over MgSO4. After filtration, the filtrate was

concentrated to give 2-bromo-l-ter/-butyl-4-nitrobenzene (12.7 g, 98 %), which was used

without further purification. 1H NMR (400 MHz, CDCl3) δ 8.47 (d, J = 2.5 Hz, 1H), 8.1 1 (dd, J

= 8.8, 2.5 Hz IH), 7.63 (d, J = 8.8 Hz, IH), 1.57 (s, 9H); HPLC ret. time 4.05 min, 10-100 %

CH3CN, 5 min gradient.

[00623] 2-fert-Butyl-5-nitrobenzonitrile

To a solution of 2-bromo-l-ter^butyl-4-nitrobenzene (2.13 g, 8.2 mmol) and Zn(CN)2 (770 mg,

6.56 mmol) in DMF (10 mL) was added Pd(PPh3)4 (474 mg, 0.41 mmol) under a nitrogen

atmosphere. The mixture was heated in a sealed vessel at 205 0C for 5 h. After cooling to room

temperature, the mixture was diluted with water and extracted with EtOAc twice. The combined

organic layers were washed with brine and dried over MgSO . After removal of solvent, the

residue was purified by column chromatography (0-10 % EtOAc-Hexane) to give 2-tert-butyl-5-

nitrobenzonitrile (1,33 g, 80 %). 1H NMR (400 MHz, CDCl3) δ 8.55 (d, J = 2.3 Hz, IH), 8.36

(dd, J = 8.8, 2.2 Hz, IH), 7.73 (d, J = 8.9 Hz, IH) 1.60 (s, 9H); HPLC ret. time 3.42 min, 10-100

% CH3CN 5 min gradient.

[00624] E-2; 2-fe#tf-Butyl-5-aminobenzonitrile

To a refluxing solution of 2-tert-butyl-5-nitrobenzonitrile (816 mg, 4.0 mmol) in EtOH (20 mL )

was added ammonium formate (816 mg, 12.6 mmol), followed by 10% Pd-C (570 mg). The

reaction mixture was refluxed for additional 90 min, cooled to room temperature and filtered

through Celite. The filtrate was concentrated to give 2-fe/t-butyl-5-aminobenzonitrile (E-2) (630

mg, 9 1 %), which was used without further purification. HPLC ret. time 2.66 min, 10-99 %

CH3CN, 5 min run; ESI-MS 175.2 m/z (MH+).

[00625] Example 3:



[00626] (2-tert-But>l-5-nitrophenyl)methananiine

To a solution of 2-fønf-butyl-5-nitrobenzonitrile (612 mg, 3.0 mmol) in THF (10 niL) was added

a solution of BH3.THF (12 mL, IM in THF, 12.0 mmol) under nitrogen. The reaction mixture

was stirred at 70 0C overnight and cooled to 0 0C. Methanol (2 mL) was added followed by the

addition of IN HCl (2 mL). After refluxing for 30 min, the solution was diluted with water and

extracted with EtOAc. The aqueous layer was basified with IN NaOH and extracted with EtOAc

twice. The combined organic layers were washed with brine and dried over Mg2SO . After

removal of solvent, the residue was purified by column chromatography (0-10 % MeOH -

CH CI2) to give (2-rert-butyl-5-nitrophenyl)methanamine (268 mg, 43 %). 1H NMR (400 MHz

DMSO-^ 6) δ 8.54 (d, J = 2.7 Hz, IH), 7.99 (dd, J = 8.8, 2.8 Hz, IH), 7.58 (d, J = 8.8 Hz, IH),

4.03 (s, 2H), 2.00 (t, J = 2.1 Hz, 2H), 1.40 (s, 9H); HPLC ret. time 2.05 min, 10-100 % CH3CN,

5 min gradient; ESI-MS 209.3 m/z (MH+) .

[006271 tert-Butyl 2- t-butyl-5-nitrobenzylcarbamate

A solution of (2-ferf-butyl-5-nitrophenyl)methanamine (208 mg, 1 mmol) and BoC2O (229 mg,

1.05 mmol) in THF (5mL) was refluxed for 30 min. After cooling to room temperature, the

solution was diluted with water and extracted with EtOAc. The combined organic layers were

washed with brine and dried over MgSO . After filtration, the filtrate was concentrated to give

tert-butyl 2-fert-butyl-5-nitrobenzylcarbamate (240 mg, 78 %), which was used without further

purification. 1H NMR (400 MHz, DMSO-^6) δ 8.26 (d, J 2.3 Hz, IH), 8.09 (dd, J = 8.8, 2.5

Hz, IH), 7.79 (t, J = 5.9 Hz, IH), 7.68 (d, J = 8.8 Hz, IH), 4.52 (d, J 6.0 Hz, 2H), 1.48 (s,

18H); HPLC ret. time 3.72 min, 10-100 % CH3CN, 5 min gradient.

[00628] E-4; tert-Butyl 2-fc?rf-butyl-5-aminobenzylcarbamate

To a solution of tert-butyl 2-tert-butyl-5-nitrobenzylcarbamate (20 mg, 0.065 mmol) in 5%

AcOH-MeOH ( 1 mL) was added 10% Pd-C (14 mg) under nitrogen atmosphere. The mixture



was stirred under H2 ( 1 atm) at room temperature for 1 h. The catalyst was removed via filtration

through Celite, and the filtrate was concentrated to give tert-butyl 2-tert-bxάy\-5-

aminobenzylcarbamate (E-4), which was used without further purification. 1H NMR (400 MHz,

CDCl3) δ 7.09 (d, J = 8.5 Hz, IH), 6.62 (d, J = 2.6 Hz, IH), 6.47 (dd, J = 8.5, 2.6 Hz, IH), 4.61

(br s, 1H), 4.40 (d, J = 5.1 Hz, 2H), 4.15 (br s, 2H), 1.39 (s, 9H), 1.29 (s, 9H); HPLC ret. time

2.47 min, 10-100 % CH3CN, 5 min gradient; ESI-MS 279.3 m/z (MH+).

[00629] Example 4 :

[00630] 2-tert-Butyl-5-nitrobenzoic acid

A solution of 2-fe/-^butyl-5-nitrobenzonitrile (204 mg, 1 mmol) in 5 mL of 75% H SO WaS

microwaved at 200 0C for 30 min. The reaction mixture was poured into ice, extracted with

EtOAc, washed with brine and dried over MgSO . After filtration, the filtrate was concentrated

to give 2- ?rt-butyl-5-nitrobenzoic acid (200 mg, 90 %), which was used without further

purification. 1H NMR (400 MHz, CDCl3) δ 8.36 (d, J = 2.6 Hz, IH), 8.24 (dd, J = 8.9, 2.6 Hz,

IH), 7.72 (d, J = 8.9 Hz, IH) 1.51 (s, 9H); HPLC ret. time 2.97 min, 10-100 % CH3CN, 5 min

gradient.

[00631] Methyl 2- -butyl-5-iπtrobenzoate

To a mixture of 2-fert-butyl-5-nitrobenzoic acid (120 mg, 0.53 mmol) and K2CO3 (147 mg, 1.1

mmol) in DMF (5.0 mL) was added CH I (40 µL, 0.64 mmol). The reaction mixture was stirred

at room temperature for 10 min, diluted with water and extracted with EtOAc. The combined

organic layers were washed with brine and dried over MgSO 4. After filtration, the filtrate was

concentrated to give methyl 2-fer/-butyl-5-nitrobenzoate, which was used without further

purification. 1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 2.6 Hz, IH), 8.17 (t, J = 1.8 Hz, IH),

7.66 (d, J = 8.6 Hz, IH), 4.1 1 (s, 3H), 1.43 (s, 9H).

- I8S -



[00632] E-6; Methyl 2-tert-butyl-5-aminobenzoate

To a refluxing solution of 2-ter?-butyl-5-nitrobenzoate (90 mg, 0.38 mmol) in EtOH (2.0 mL)

was added potassium formate (400 mg, 4.76 mmol) in water ( 1 mL), followed by the addition of

20 mg of 10% Pd-C. The reaction mixture was refluxed for additional 40 min, cooled to room

temperature and filtered through Celite. The filtrate was concentrated to give methyl 2-tert-

butyl-5-aminobenzoate (E-6) (76 mg, 95 %), which was used without further purification. 1H

NMR (400 MHz, CDCl3) δ 7.24 (d, J = 8.6 Hz, IH), 6.67 (dd, J = 8.6, 2.7 Hz, IH), 6.60 (d, J =

2.7 Hz, IH), 3.86 (s, 3H), 1.34 (s, 9H); HPLC ret. time 2.19 min, 10-99 % CH3CN, 5 min run;

ESI-MS 208.2 m/z (MH+).

[00633] Example 5:

E-7

[00634] 2-i'e/*-Butyl-5-nitrobenzeiie-l-sulfonyl chloride

A suspension of 2-tert-butyl-5-nitrobenzenamine (0.971 g, 5 mmol) in cone. HCl (5 mL) was

cooled to 5-10 0C and a solution OfNaNO 2 (0.433g, 6.3 mmol) in H2O (0.83 mL) was added

dropwise. Stirring was continued for 0.5 h, after which the mixture was vacuum filtered. The

filtrate was added, simultaneously with a solution OfNa SO (1.57 g, 12.4 mmol) in H2O (2.7

mL), to a stirred solution OfCuSO 4 (0.190 g, 0.76 mmol) and Na2Sθ 3 ( 1.57 g, 12.4 mmol) in

HCl ( 11.7 mL) and H2O (2.7 mL) at 3-5 0C. Stirring was continued for 0.5 h and the resulting

precipitate was filtered off, washed with water and dried to give 2-ter*-butyl-5-nitrobenzene-l-



sulfonyl chloride (0.235 g, 17 %). 1HNMR (400 MHz, DMSO-J 6) δ 9.13 (d, J 2.5 Hz3 IH),

8.36 (dd, J = 8.9, 2.5 Hz, IH), 7.88 (d, J = 8.9 Hz, IH), 1.59 (s, 9H).

[00635] 2-/er/-Butyl-5-nitrobenzene-l-suIfonamide

To a solution of 2-terf-butyl-5-nitrobenzene-l -sulfonyl chloride (100 mg, 0.36 mmol) in ether (2

mL) was added aqueous NH4OH (128 µL, 3.6 mmol) at 0 0C. The mixture was stirred at room

temperature overnight, diluted with water and extracted with ether. The combined ether extracts

were washed with brine and dried OVCrNa SO . After removal of solvent, the residue was

purified by column chromatography (0-50 % EtOAc-Hexane) to give 2-tert-bvAy\-5-

nitrobenzene-1 -sulfonamide (31.6 mg, 34 %).

[00636] E-7; 2-£ert-Butyl-5-aimnobenzene-l~suIfonamide

A solution of 2-te/-tf-butyl-5-nitrobenzene-l -sulfonamide (32 mg, 0.12 mmol) and SnCl -2H2O

(138 mg, 0.61 mmol) in EtOH (1.5 mL) was heated in microwave oven at 100 0C for 30 min. The

mixture was diluted with EtOAc and water, basif ϊed with sat. NaHCO and filtered through

Celite. The organic layer was separated from water and dried over Na SO . Solvent was

removed by evaporation to provide 2-tert-butyl-5-aminobenzene-l-sulfonamide (E-7) (28 mg,

100 %), which was used without further purification. HPLC ret. time 1.99 min, 10-99 %

CH3CN, 5 min run; ESI-MS 229.3 m/z (MH+).

[00637] Example 6:

[00638] E-8; (2-ter*-Butyl-5-amittophenyI)methanol

To a solution of methyl 2-tert-butyl-5-aminobenzoate (159 mg, 0.72 mmol) in THF (5 mL) was

added dropwise LiAlH4 ( 1.4 mL, IM in THF, 1.4 mmol) at 0 0C. The reaction mixture was



refluxed for 2 h, diluted with H O and extracted with EtOAc. The combined organic layers were

washed with brine and dried over MgSO After filtration, the filtrate was concentrated to give

(2-tert-butyl-5-aminophenyl)methanol (E-8) (25 mg, 20 %), which was used without further

purification. 1H NMR (400 MHz5 CDCl3) δ 7.17 (d, J = 8.5 Hz, IH), 6.87 (d, J = 2.6 Hz, IH),

6.56 (dd, J = 8.4, 2.7 Hz5 IH), 4.83 (s, 2H)5 1.36 (s, 9H).

[00639] Example 7:

[00640] 1-Methyl-pyridinium monomethyl sulfuric acid salt

Methyl sulfate (30 mL, 39.8 g, 0.315 mol) was added dropwise to dry pyridine (25.0 g, 0.316

mol) added dropwise. The mixture was stirred at room temperature for 10 min, then at 100 0C

for 2 h. The mixture was cooled to room temperature to give crude 1-methyl-pyridinium

monomethyl sulfuric acid salt (64.7 g, quant.), which was used without further purification.

[00641] l-MethyI-2-pyridone

A solution of 1-methyl-pyridinium monomethyl sulfuric acid salt (50 g, 0.243 mol) in water (54

mL) was cooled to 0 0C. Separate solutions of potassium ferricyanide (16O g, 0.486 mol) in

water (320 mL) and sodium hydroxide (40 g, 1.000 mol) in water (67 mL) were prepared and

added dropwise from two separatory funnels to the well-stirred solution of 1-methyl-pyridinium

monomethyl sulfuric acid salt, at such a rate that the temperature of reaction mixture did not rise

above 10 0C. The rate of addition of these two solutions was regulated so that all the sodium

hydroxide solution had been introduced into the reaction mixture when one-half of the potassium



Ferric Cyanide solution had been added. After addition was complete, the reaction mixture was

allowed to warm to room temperature and stirred overnight. Dry sodium carbonate (9 1.6 g) was

added, and the mixture was stirred for 10 min. The organic layer was separated, and the aqueous

layer was extracted with CH2CI2 (100 mL x 3). The combined organic layers were dried and

concentrated to yield 1-methyl -2-pyridone (25.0 g, 94 %), which was used without further

purification.

[00642] l-Methyl-3,5-dinitro-2-pyridone

l-Methyl-2-pyridone (25.0 g, 0.229 mol) was added to sulfuric acid (500 mL) at 0 0C. After

stirring for 5 min., nitric acid (200 mL) was added dropwise at 0 0C. After addition, the reaction

temperature was slowly raised to 100 0C, and then maintained for 5 h. The reaction mixture was

poured into ice, basified with potassium carbonate to pH 8 and extracted with CH2Cl (100 mL x

3). The combined organic layers were dried OVCrNa SO and concentrated to yield 1-methyl-

3,5-dinitro-2-pyridone (12.5 g, 28 %), which was used without further purification.

[00643] 2-Isopropyl-5-nitr α-pyridine

To a solution of l-methyl-3,5-dinitro-2-pyridone (8.0 g, 40 mmol) in methyl alcohol (20 mL)

was added dropwise 3-methyI-2-butanone (5.1 mL, 48 mmol), followed by ammonia solution in

methyl alcohol ( 10.0 g, 11%, 100 mmol). The reaction mixture was heated at 70 0C for 2.5 h

under atmospheric pressure. The solvent was removed under vacuum and the residual oil was

dissolved in CH2Cl , and then filtered. The filtrate was dried over Na2SO and concentrated to

afford 2-isopropyl-5-nitro-pyridine (1.88 g, 28 %).

[00644] E-9; 2-Isopropyl-5-amino-pyriduie

2-Isopropyl-5-nitro-pyridine (1.30 g, 7.82 mmol) was dissolved in methyl alcohol (20 mL), and

Raney Ni (0.25 g) was added. The mixture was stirred under H ( 1 atm) at room temperature for

2 h . The catalyst was filtered off, and the filtrate was concentrated under vaccum to give 2-

isopropyl-5-amino-pyridine (E-9) (0.55 g, 52 %). 1H NMR (CDCl3) δ 8.05 (s, 1 H), 6.93-6.99

(m, 2 H), 3.47 (br s, 2 H), 2.92-3.02 (m, 1 H), 1.24-1.26 (m, 6 H). ESI-MS 137.2 m/z (MH+).

[00645] Example 8:



[00646] Phosphoric acid 2,4-di-terf-butyl-phenyl ester diethyl ester

To a suspension of NaH (60% in mineral oil, 6.99 g, 174.7 mmol) in THF (350 mL) was added

dropwise a solution of 2,4-di-tert-butylphenol (35 g, 169.6 mmol) in THF (150 mL) at 0 0C. The

mixture was stirred at 0 °C for 15 min and then phosphorochloridic acid diethyl ester (30.15 g,

174.7 mmol) was added dropwise at 0 0C. After addition, the mixture was stirred at this

temperature for 15 min. The reaction was quenched with sat. NH4CI (300 mL). The organic

layer was separated and the aqueous phase was extracted with Et O (350 mL x 2). The

combined organic layers were washed with brine, dried over anhydrous Na2SO and

concentrated under vacuum to give crude phosphoric acid 2,4-di~*er/-butyl-phenyl ester diethyl

ester as a yellow oil (51 g contaminated with some mineral oil), which was used directly in the

next step.



[00647] l,3-Di- ?rt~butyl-benzene

To NH3 (liquid, 250 mL) was added a solution of phosphoric acid 2,4-di-tør-*-butyl-phenyl ester

diethyl ester (51 g, crude from last step, about 0.2 mol) in Et2O (anhydrous, 150 mL) at -78 0C

under N2 atmosphere. Lithium metal was added to the solution in small pieces until a blue color

persisted. The reaction mixture was stirred at -78 0C for 15 rnin and then quenched with sat.

NH Cl solution until the mixture turned colorless. Liquid NH3 was evaporated and the residue

was dissolved in water, extracted with Et O (300 mL x 2). The combined organic phases were

dried over Na2SO4 and concentrated to give crude l,3-di-før/-butyl-benzene as a yellow oil (30.4

g, 94 % over 2 steps, contaminated with some mineral oil), which was used directly in next step.

[00648] 2,4-Di-tert-butyI-benzaIdehyde and 3,5-di-tert-butyI-benzaldehyde

To a stirred solution of l,3-di-ter/-butyl-benzene (30 g, 157.6 mmol) in dry CH2Cl2 (700 mL)

was added TiCl4 (37.5 g 197 mmol) at 0 0C, and followed by dropwise addition OfMeOCHCl2

(27.3 g, 236.4 mmol). The reaction was allowed to warm to room temperature and stirred for 1

h. The mixture was poured into ice-water and extracted with CH2Cl . The combined organic

phases were washed with NaHCO and brine, dried over Na2SO4 and concentrated. The residue

was purified by column chromatography (petroleum ether) to give a mixture of 2,4-di-tert-butyl-

benzaldehyde and 3,5-di-tert-butyl-benzaldehyde (21 g, 6 1 %).

[00649] 2,4-Di-fer/-butyl-5-nitro-benzaldehyde and 3,5-di-tert-butyl-2-nitro-

benzaldehyde

To a mixture of 2,4-di-tert-butyl-benzaldehyde and 3,5-di-rert-butyl-benzaldehyde in H2SO4

(250 mL) was added KNO (7.64 g, 75.6 mmol) in portions at 0 0C. The reaction mixture was

stirred at this temperature for 20 min and then poured into crushed ice. The mixture was basified

with NaOH solution to pH 8 and extracted with Et O (10 mL x 3). The combined organic layers

were washed with water and brine and concentrated. The residue was purified by column

chromatography (petroleum ether) to give a mixture of 2,4-di-terf-butyl-5-nitro-benzaldehyde

and 3,5-di-fert-butyl-2-nitro-benzaldehyde (2:1 by NMR) as a yellow solid (14.7 g, 82 %). After

further purification by column chromatography (petroleum ether), 2,4-di-før£-butyl-5-nitro-

benzaldehyde (2.5 g contains 10% 3,5-di-tert-butyl-2-nitro-benzaldehyde) was isolated.



[00650] l -Di-i'ert-butyU-difluoromethyM-nitro-benzene and l,5- ϊ)i~tert-

butyl-3-difluoromethyl-2-nitro-benzene

2,4-Di-tert-butyl-5-nitro-benzaldehyde (2.4 g, 9.1 1 mmol, contaminated with 10% 3,5-di-tert-

butyl-2-nitro-benzaldehyde) in neat deoxofluor solution was stirred at room temperature for 5 h.

The reaction mixture was poured into cooled sat. NaHCC>3 solution and extracted with

dichloromethane. The combined organics were dried over N a SO4, concentrated and purified by

column chromatography (petroleum ether) to give l,5-di-ter£-butyl-2-difluoromethyl-4-nitro-

benzene (1.5 g) and a mixture of 1,5-di-terf-butyl-2-difluoromethyl-4-nitro-benzene and 1,5-di-

ter^butyl-3-difluoromethyl-2-nitro-benzene (0.75 g, contains 28 % l,5-di-tørf-butyl-3-

difluoromethyl-2-nitro-b enzene) .

[00651] E-10; l,5-Di-terf-butyl-2-difluoromethyl-4-amino-benzene

To a suspension of iron powder (5.1 g, 91.1 mmol) in 50% acetic acid (25 ml) was added 1,5-di-

tert-butyl-2-difluoromethyl-4-nitro-benzene (1.3 g, 4.56 mmol). The reaction mixture was heated

at 115 0C for 15 min. Solid was filtered off was washed with acetic acid and CH2Ck. The

combined filtrate was concentrated and treated with HCl/MeOH. The precipitate was collected

via filtration, washed with MeOH and dried to give 1,5-Di-fert-butyl-2-difiuoromethyl-4-amino-

benzene HCl salt (E-10) as a white solid (1.20 g, 90 %). 1H NMR (DMSO-^ 6) δ 7.35-7.70 (t, J =

53.7 Hz, 1 H), 7.56 (s, 1 H), 7.41 (s, 1 H), 1.33-1.36 (d, = 8.1 Hz, IH); ESI-MS 256.3 m/z

(MH+).

[00652] Example 9

[00653] General scheme:

A) Pd(PPh 3)4 K2CO3, H2O, THF; B) Pd2(dba)3, P(^Bu)3, KF, THF

[00654] Method A



In a 2-dram vial, 2-bromoaniline (100 mg, 0.58 mmol) and the corresponding aryl boronic acid

(0.82 mmol) were dissolved in THF ( 1 mL). H2O (500 µL) was added followed by K2CO3 (200

mg, 1.0 mmol) and Pd(PPhS) (100 mg, 0.1 mmol). The vial was purged with argon and sealed.

The vial was then heated at 75 0C for 18 h. The crude sample was diluted in EtOAc and filtered

through a silica gel plug. The organics were concentrated via Savant Speed-vac. The crude

amine was used without further purification.

[00655] Method B

In a 2-dram vial, the corresponding aryl boronic acid (0.58 mmol) was added followed by KF

( 110 mg, 1.9 mmol). The solids were suspended in THF (2 mL), and then 2-bromoaniline (70

µL, 0.58 mmol) was added. The vial was purged with argon for 1 min. P( Bu)3 (100 µL, 10%

sol. in hexanes) was added followed by Pd2(dba)3 (900 µL, 0.005 M in THF). The vial was

purged again with argon and sealed. The vial was agitated on an orbital shaker at room

temperature for 30 min and heated in a heating block at 80 0C for 16 h. The vial was then cooled

to 20 0C and the suspension was passed through a pad of Celite. The pad was washed with

EtOAc (5 mL). The organics were combined and concentrated under vacuum to give a crude

amine that was used without further purification.

[00656] The table below includes the amines made following the general scheme

above.







{00657] Example 10:

[00658] Ethyl 2-(4-nitrophenyl)-2-methylpropanoate

Sodium t-butoxide (466 mg, 4.85 mmol) was added to DMF (20 mL) at 0 0C. The cloudy

solution was re-cooled to 5 0C. Ethyl 4-nitrophenylacetate ( 1.0 g, 4.78 mmol) was added. The

purple slurry was cooled to 5 0C and methyl iodide (0.688 mL, 4.85 mmol) was added over 40

min. The mixture was stirred at 5-10 0C for 20 min, and then re-charged with sodium t-butoxide

(466 mg, 4.85 mmol) and methyl iodide (0.699 mL, 4.85 mmol). The mixture was stirred at 5-10

0C for 20 min and a third charge of sodium t-butoxide (47 mg, 0.48 mmol) was added followed

by methyl iodide (0.057 mL, 0.9 mmol). Ethyl acetate (100 mL) and HCl (0.1 N, 50 mL) were

added. The organic layer was separated, washed with brine and dried over Na SO4. After

filtration, the filtrate was concentrated to provide ethyl 2-(4-nitrophenyl)-2-methylpropanoate

(900 mg, 80 %), which was used without further purification.

[00659] G-I; Ethyl 2-(4-aminophenyl)-2-methylpropanoate

A solution of ethyl 2-(4-nitrophenyl)-2-rnethylpropanoate (900 mg, 3.8 mmol) in EtOH (10 mL)

was treated with 10% Pd-C (80 mg) and heated to 45 0C. A solution of potassium formate (4.10

g, 48.8 mmol) in H O ( 1 1 mL) was added over a period of 15 min. The reaction mixture was

stirred at 65 0C for 2 h and then treated with additional 300 mg of Pd/C. The reaction was stirred

for 1.5 h and then filtered through Celite. The solvent volume was reduced by approximately 50

% under reduced pressure and extracted with EtOAc. The organic layers were dried over

Na SO and the solvent was removed under reduced pressure to yield ethyl 2-(4-aminophenyl)-2-

methylpropanoate (G-I) (670 mg, 85 %). 1H NMR (400 MHz, CDCl3) δ 7.14 (d, J = 8.5 Hz,

2H), 6.65 (d, J = 8.6 Hz, 2H), 4.10 (q, J = 7.1 Hz, 2H) 1.53 (s, 6H), 1. 18 (t, J = 7.1 Hz, 3H).



[00660] Example 11:

G-1 G-2

[00661J G-2; 2-(4-Aminophenyl)-2-methylpropan-l-ol

A solution of ethyl 2-(4-aminophenyl)-2-methylpropanoate (30 mg, 0.145 mmol) in THF ( 1 mL)

was treated with LiAlH4 (IM solution in THF, 0.226 mL, 0.226 mmol) at 0 °C and stirred for 15

min. The reaction was treated with 0.1N NaOH, extracted with EtOAc and the organic layers

were dried over Na SO . The solvent was removed under reduced pressure to yield 2-(4-

aminophenyl)-2-methylpropan-l -ol (G-2), which was used withoutfurther purification: 1H NMR

(400 MHz, CDCl3) δ 7.17 (d, J = 8.5 Hz, 2H), 6.67 (d, J = 8.5 Hz5 2H), 3.53 (s, 2H), 1.28 (s, 6H).

[00662] Example 12:

[00663] 2-methyl-2-(4-nitrophenyl)propanenitrile

A suspension of sodium tert-butoxide (662 mg, 6.47 mmol) in DMF (20 mL) at 0 0C was treated

with 4-nitrophenylacetonitrile (1000 mg, 6.18 mmol) and stirred for 10 min. Methyl iodide (400

µL, 6.47 mmol) was added dropwise over 15 min. The solution was stirred at 0-10 0C for 15

min and then at room temperature for additional 15 min. To this purple solution was added

sodium tert-butoxide (662 mg, 6.47 mmol) and the solution was stirred for 15 min. Methyl

iodide (400 µL, 6.47 mmol) was added dropwise over 15 min and the solution was stirred



overnight. Sodium tert-butoxide (192 mg, 1.94 mmol) was added and the reaction was stirred at

0 0C for 10 minutes. Methyl iodide (186 µL 2.98 mmol) was added and the reaction was stirred

for Ih. The reaction mixture was then partitioned between IN HCl (50 mL) and EtOAc (75 mL).

The organic layer was washed with 1 N HCl and brine, dried over Na SO and concentrated to

yield 2-methyl-2-(4-nitrophenyl)propanenitrile as a green waxy solid ( 1.25 g, 99 %). 1H NMR

(400 MHz, CDCl3) δ 8.24 (d, J = 8.9 Hz, 2H), 7.66 (d, J = 8.9 Hz, 2H), 1.77 (s, 6H).

[00664] 2-Methyl-2-(4-iritrophenyl)propan-l-amine

To a cooled solution of 2~methyl-2-(4-nitrophenyl)propanenitrile (670 mg, 3.5 mmol) in THF

(15 mL) was added BH3 (IM in THF, 14 mL, 14 mmol) dropwise at 0 0C. The mixture was

warmed to room temperature and heated at 70 °C for 2 h. IN HCl solution (2 mL) was added,

followed by the addition of NaOH until pH > 7. The mixture was extracted with ether and ether

extract was concentrated to give 2-methyl-2-(4-nitrophenyl)propan-l -amine (610 mg, 90 %),

which was used without further purification. 1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 9.0 Hz5

2H), 7.54 (d, J = 9.0 Hz, 2H), 2.89 (s, 2H), 1.38 (s, 6H).

[00665] tert-Butyl 2-methyl-2-(4-nitrophenyl)propylcarbamate

To a cooled solution of 2-methyl-2-(4-nitrophenyl)propan-l -amine (600 mg, 3.1 mmol) and IN

NaOH (3 mL, 3 mmol) in 1,4-dioxane (6 mL) and water (3 mL) was added BoC O (742 mg, 3.4

mmol) at 0 °C. The reaction was allowed to warm to room temperature and stirred overnight.

The reaction was made acidic with 5% KHSO4 solution and then extracted with ethyl acetate.

The organic layer was dried over MgSO and concentrated to give tert-butyl 2-methyl-2-(4-

nitrophenyl)propylcarbamate (725 mg, 80 %), which was used without further purification. 1H

NMR (400 MHz, CDCl3) δ 8.1 1 (d, J = 8.9 Hz, 2H), 7.46 (d, J = 8.8 Hz, 2H), 3.63 (s, 2H), 1.31-

1.29 (m, 15H).

[00666] G-3; tert-Butyl 2-methyl-2-(4-aminophenyl)propylcarbamate

To a refluxing solution of tert-butyl 2-methyl-2-(4-nitrophenyl)propylcarbamate (725 mg, 2.5

mmol) and ammonium formate (700 mg, 10.9 mmol) in EtOH (25 mL) was added Pd-5%wt on

carbon (400 mg). The mixture was refluxed for 1 h, cooled and filtered through Celite. The

filtrate was concentrated to give tert-butyl 2-rnethyl-2-(4-aminophenyl)propylcarbamate (G-3)



(550 mg, 83 %), which was used without further purification. 1H NMR (400 MHz, DMSO-J 6) δ
6.99 (d, J = 8.5 Hz, 2H), 6.49 (d, J = 8.6 Hz, 2H) 5 4.85 (s, 2H), 3.01 (d, J = 6.3 Hz, 2H), 1.36 (s,

9H), 1.12 (s, 6H); HPLC ret. time 2.02 min, 10-99 % CH3CN, 5 min run; ESI-MS 265.2 m/z

(MH +) .

[00667] Example 13:

[00668] 7-Nitro-l,2,3,4-tetrahydro-naphthalen-l-ol

7-Nitro-3,4-dihydro-2H-naphthalen-l -one (200 mg, 1.05 mmol) was dissolved in methanol (5

mL) and NaBH ((78 mg, 2.05 mmol) was added in portions. The reaction was stirred at room

temperature for 20 min and then concentrated and purified by column chromatography (10—50 %

ethyl acetate - hexanes) to yield 7-nitro-l,2,3,4-tetrahydro-naphthalen-l-ol (163 mg, 80 %). 1H

NMR (400 MHz, CD3CN) δ 8.30 (d, J 2.3 Hz, IH), 8.02 (dd, J = 8.5, 2.5 Hz, IH), 7.33 (d, J =

8.5 Hz, IH), 4.76 (t, J = 5.5 Hz, IH), 2.96-2.80 (m, 2H), 2.10-1.99 (m, 2H), 1.86-1.77 (m, 2H);

HPLC ret. time 2.32 min, 10-99 % CH3CN, 5 min run.

[00669] H-I; 7-Amino-l,2,3,4-tetrahydro-naphthalen-l-ol

7-nitro-l,2,3,4-tetrahydro-naphthalen-l-ol (142 mg, 0.73 mmol) was dissolved in methanol (10

mL) and the flask was flushed with N (g). 10% Pd-C (10 mg) was added and the reaction was

stirred under H ( 1 atm) at room temperature overnight. The reaction was filtered and the filtrate

concentrated to yield 7-amino-l,2,3,4-tetrahydro-naphthalen-l-oI (H-I) ( 1 13 mg, 95 %). HPLC

ret. time 0.58 min, 10-99 % CH3CN, 5 min run; ESI-MS 164.5 m/z (MH +).

[00670] Examplel4:



[00671] 7-Nitro-3,4-dihydro-2H-naphthalen-l-one oxime

To a solution of 7-nitro-3,4-dihydro-2H 1naphthalen-l-one (500 mg, 2.62 mmol) in pyridine (2

mL) was added hydroxylamine solution ( 1 mL, ~50% solution in water). The reaction was

stirred at room temperature for 1 h, then concentrated and purified by column chromatography

(10-50 % ethyl acetate - hexanes) to yield 7-nitro-3,4-dihydro-2H-naphthalen-l-one oxime (471

mg, 88 %). HPLC ret. time 2.67 min, 10-99 % CH3CN, 5 min run; ESI-MS 207.1 m/z (MH+).

[00672J l,2,3,4-Tetrahydro-naphthaIene-l,7-diamine

7-Nitro-3,4-dihydro-2H-naphthaIen-l-one oxime (274 mg, 1.33 mmol) was dissolved in

methanol (10 mL) and the flask was flushed with N (g). 10 % Pd-C (50 mg) was added and the

reaction was stirred under H ( 1 atm) at room temperature overnight. The reaction was filtered

and the filtrate was concentrated to yield l,2,3,4-tetrahydro-naphthalene-l,7-diamine (207 mg,

96 %). 1H NMR (400 MHz DMSO-^ 6) δ 6.61-6.57 (m, 2H), 6.28 (dd, J = 8.0, 2.4 Hz, IH), 4.62

(s, 2H), 3.58 (m, IH), 2.48-2.44 (m, 2H), 1.78-1.70 (m, 2H), 1.53-1.37 (m, 2H).

[00673] H-2; (7-Amino-l,2,3,4-tetrahydro-naphthalen-l-yl)-carbamic acid

tert-butyl ester

To a solution of l,2,3,4-tetrahydro-naphthalene-l,7-diamine (154 mg, 0.95 mmol) and

triethylamine (139 µL, 1.0 mmol) in methanol (2 mL) cooled to 0 0C was added di-tert-butyl

dicarbonate (207 mg, 0.95 mmol). The reaction was stirred at 0 °C and then concentrated and

purified by column chromatography (5-50 % methanol - dichloromethane) to yield (7-amino-



l,2,3,4-tetrahydro-naphthalen-l-yl)-carbamic acid tert-butyl ester (H-2) (327 mg, quant.). HPLC

ret. time 1.95 min, 10-99 % CH3CN, 5 min run; ESI-MS 263.1 m/z (MH +).

100674] Example 15:

1-1

[00675] N-(2-Bromo-benzyl)-2,2,2-trifluoro-acetamide

To a solution of 2-bromobenzylamine (1.3 raL, 10.8 mmol) in methanol (5 mL) was added ethyl

trifluoroacetate ( 1.54 mL, 2 1.6 mmol) and triethylamine ( 1.4 mL, 10.8 mmol) under a nitrogen

atmosphere. The reaction was stirred at room temperature for 1 h . The reaction mixture was then

concentrated under vacuum to yield N-(2-bromo-benzyl)-2,2,2-trifluoro-acetamide (3.15g,

quant.). HPLC ret. time 2.86 min, 10-99 % CH3CN, 5 min run; ESI-MS 283.9 m/z (MH +).

[00676] 1-1 ; N-(4'-Amino-biphenyl-2-ylmethyl)-2,2,2-trifluoro-acetaniide

A mixture of N-(2-bromo-benzyl)-2,2,2-trifluoro-acetamide (282 mg, 1.0 mmol), 4-(4,4,5,5-

tetramethyl-l,3,2-dioxaborolan-2-yl)aniline (284 mg, 1.3 mmol), Pd(OAc) 2 (20 mg, 0.09 mmol)

and PS-PPh 3 (40 mg, 3 mmol / g, 0.12 mmol) was dissolved in DMF (5 mL) and 4M K2CO3

solution (0.5 mL) was added. The reaction was heated at 80 0C overnight. The mixture was

filtered, concentrated and purified by column chromatography (0—50 % ethyl acetate - hexanes)

to yield N-(4'-amino-biphenyl-2-ylmethyl)-2,2,2-trifluoro-acetamide (1-1) (143 mg, 49 %).

HPLC ret. time 1.90 min, 10-99 % CH3CN, 5 min run; ESI-MS 295.5 m/z (MH +).

[00677] Commercially available amines



J-I 2-methoxy-5-methylbenzenamine

J-2 2,6-diisopropylbenzenamine

J-3 pyridin-2-amine

J-4 4-pentylbenzenamine

J-5 isoquinolin-3-amine

J-6 aniline

J-7 4-phen6xybenzenamine

J-8 2-(2,3-dimethylphenoxy)pyridin-3-arnine

J-9 4-ethynylbenzenaraine

J-IO 2-sec-butylbenzenamine

J-Il 2-amino-4,5-dimethoxybenzonitrile

J-12 2- erf-butylbenzenamine

J-13 l-(7-amino-3,4-dihydroisoquinolin-2(lH)-yl)ethanone

J-14 4-(4-methyl-4H-1,2,4-triazol-3-yl)benzenamine

J-15 2'-Aminomethyl-biphenyl-4-ylaxnine

J-16 1H-Indazol-6-ylamine

J-17 2-(2-methoxyphenoxy)-5-(trifluoromethyl)benzenamine

J-18 2-fer/-butylbenzenamine

J-19 2,4,6-trimethylbenzenamine

J-20 5,6-dimethyl-1H-benzo[d]imidazol-2-amine

J-21 2,3-dihydro-1H-inden-4-amine

J-22 2-sec-tmtyl-6-ethylbenzenamine

J-23 quinolin-5-amine

J-24 4-(benzyloxy)benzenamine

J-25 2'-Methoxy-biphenyl-2-ylamine

J-26 benzo[c][l,2,5]thiadiazol-4-amine

J-27 3-benzylbenzenamine

J-28 4-isopropylbenzenamine

J-29 2-(phenylsulfonyl)benzenamine

















[00678] Amides (Compounds of formula I)

[00679] General scheme:

a) ArιR7NH, coupling reagent, base, solvent. Examples of conditions used:

HATU, DIEA, DMF; BOP, DIEA, DMF; HBTU, Et3N, CH2Cl2; PFP-TFA, pyridine

[00680] Specific example:

[00681] 215; 4-Oxo-N-phenyl-lH-quinoIine-3-carboxamide

To a solution of 4-hydroxy-quinoline-3-carboxylic acid (A-I) (19 mg, 0.1 mmol), HATU (38

mg, 0.1 mmol) and DIEA (34.9 µL, 0.2mmol) in DMF ( 1 mL) was added aniline (18.2 µL, 0.2

mmol) and the reaction mixture was stirred at room temperature for 3 h. The resulting solution

was filtered and purified by HPLC (10-99 % CH3CN / H2O) to yield 4-oxo-N-phenyl-lH-

quinoline-3-carboxamide (215) (12 mg, 45 %)- 1H NMR (400 MHz, DMSO-<4) δ 12.97 (s, IH),

12.50 (s, IH), 8.89 (s, IH), 8.34 (dd, J = 8.1, 1.1 Hz, IH), 7.83 (t, J = 8.3 Hz IH), 7.75 (m, 3H),



7.55 (t, J = 8.1 Hz, IH), 7.37 (t, J = 7.9 Hz, 2H), 7.10 (t, J = 6.8 Hz IH); HPLC ret. time 3.02

min, 10-99 % CH3CN, 5 min run; ESI-MS 265.1 m/z (MH+).

[00682] The table below lists other examples synthesized by the general scheme

above.























(00683] Indoles

[00684] Example 1:

[00685] General Scheme:



188 188-1

188 183-1 343

[00687] 188-1; 6-[(4-Oxo-lH-quinolin-3-yl)carbonylamino]-lH-indole-5-

carboxylic acid

A mixture of 6-[(4-oxo-lH-quinolin-3-yl)carbonylamino]-lH-indole-5-carboxylic acid ethyl

ester (188) (450 mg, 1.2 mmol) and IN NaOH solution (5 mL) in THF (10 mL) was heated at 85

0C overnight. The reaction mixture was partitioned between EtOAc and water. The aqueous

layer was acidified with IN HCl solution to pH 5, and the precipitate was filtered, washed with

water and air dried to yield 6-[(4-oxo-lH-quinolin-3-yl)carbonylamino]-lH-indole-5-carboxylic

acid (188-1) (386 mg, 93 %). 1H-NMR (400 MHz, OMSO-d6) δ 12.92-12.75 (m, 2H), 11.33 (s,

IH), 8.84 (s, IH), 8.71 (s, IH), 8.30 (dd, J = 8.1, 0.9 Hz, IH), 8.22 (s, IH), 7.80-7.72 (m, 2H),

7.49 (t, J = 8.0 Hz, IH), 7.41 (t, J 2.7 Hz, IH), 6.51 (m, IH); HPLC ret. time 2.95 min, 10-99

% CH3CN, 5 min run; ESI-MS 376.2 m/z (MH+).

[00688] 343; N-[5-(Isobutylcarbamoyl)-lH-indol-6-yl]-4-oxo-lH-quinoline-3-

carboxamide

To a solution of o-f^-oxo-lH-quinolin-S-yOcarbonylaminoJ-lH-indole-S-carboxylic acid (188-

I) (26 mg, 0.08 mmol), HATU (38 mg, 0.1 mmol) and DIEA (35 µL, 0.2 mmol) in DMF ( 1 mL)

was added isobutylamine (7 mg, 0.1 mmol) and the reaction mixture was stirred at 65 °C



overnight. The resulting solution was filtered and purified by HPLC (10-99 % CH3CN / H2O) to

yield the product, N-tS-^sobutylcarbamoylJ-lH-indol- -yl^-oxo-lH-quinoline-S-carboxamide

(343) (20 mg, 66 %). 1H-NMR (400 MHz, DMSCW 6) δ 12.66 (d, J = 7.4 Hz, IH) 5 12.42 (s, IH),

11.21 (s, IH) 5 8.81 (d, J 6.6 Hz5 IH), 8.47 (s, IH), 8.36 (t, J = 5.6 Hz5 IH), 8.30 (d, J = 8.4 Hz

IH), 7.79 (t, J = 7.9 Hz5 IH), 7.72-7.71 (m, 2H)5 7.51 (t, J = 7.2 Hz, IH), 7.38 (m, IH), 6.48 (m,

IH) 5 3.10 (t, J = 6.2 Hz5 2H)5 1.88 (m, IH) 5 0.92 (d, J 6.7 Hz, 6H); HPLC ret. time 2.73 min,

10-99 % CH3CN, 5 min run; ESI-MS 403.3 m/z (MH+).

[00689] Another example:

[00690] 148; 4-Oxo-N-[5-(l-piperidylcarbonyl)-lH-indol-6-yl]-lH-quinoline-3-

carboxamide

4-Oxo-N-[5-(l-piperidylcarbonyl)-lH-indol-6-yl]-lH-quinoline-3-carboxamide (148) was

synthesized following the general scheme above, coupling the acid (188-1) with piperidine.

Overall yield (12 %). HPLC ret. time 2.79 min, 10-99 % CH3CN, 5 min run; ESI-MS 415.5 m/z

(MH+).

[00691] Example 2:

[00692] General scheme:

B-27-»

[00693] . Specific example:



[00694] 158; 4-Oxo-N-(5-phenyl-lH-indol-6-yl)-lH-quinoIine-3-carboxamide

A mixture of N-(5-bromo-lH-indol-6-yl)-4-oxo-lH-quinoline-3-carboxamide (B-27-1) (38 rag,

0.1 mol), phenyl boronic acid (18 mg, 0.15 mmol), (dppf)PdCl2 (cat), and K2CO (100 µL, 2M

solution) in DMF ( 1 mL) was heated in the microwave at 180 0C for 10 min. The reaction was

filtered and purified by HPLC (10-99 % CH3CN / H2O) to yield the product, 4-oxo-N-(5-phenyl-

lH-indol-6-yl)-lH-quinoline-3-carboxamide (158) (5 mg, 13 %). HPLC ret. time 3.05 min, 10-

99 % CH3CN, 5 min run; ESI-MS 380.2 m/z (MH+).

[00695] The table below lists other examples synthesized following the general

scheme above.

237 2-methoxyphenylboronic acid

327 2-ethoxyphenylboronic acid

404 2,6-dimethoxyphenylboronic acid

5-chloro-2-methoxy-phenylboronic acid

342 4-isopropylphenylboronic acid

347 4-(2-Dimethylaminoethylcarbamoyl)phenylboronic acid

65 3-pyridinylboronic acid

[00696] Example 3:



[00697] 27; N-[l-[2-[Methyl-(2-methylaminoacetyl)-amino]acetyl]-lH-indol-6-

yl]-4-oxo-lH-quinoline-3-carboxamide

To a solution of methyl- {[methyl-(2-oxo-2-{6-[(4-oxo-l,4-dihydro-quinoline-3-carbonyl)-

amino]-indol-l-yl}-ethyl)-carbamoyl]-methyl}-carbamic acid tert-butyl ester (B-26-I) (2.0 g, 3.7

mmol) dissolved in a mixture OfCH Cl (50 mL) and methanol (15 mL) was added HCl solution

(60 mL, 1.25 M in methanol). The reaction was stirred at room temperature for 64 h. The

precipitated product was collected via filtration, washed with diethyl ether and dried under high

vacuum to provide the HCl salt of the product, N-[l-[2-[methyl-(2-methylaminoacetyl)-

amino]acetyl]-lH-indol-6-yl]-4-oxo-lH-quinoline-3-carboxamide (27) as a greyish white solid

(1.25 g, 70 %). 1H-NMR (400 MHz5DMSO-d6) δ 13.20 (d, J 6.7 Hz, IH), 12.68 (s, IH) 8.96-

8.85 (m, IH), 8.35 (d, J = 7.9 Hz, IH), 7.91-7.77 (m, 3H) 7.64-7.54 (m, 3H), 6.82 (m, IH), 5.05

(s, 0.7H), 4.96 (s, 1.3H), 4.25 (t, J = 5.6 Hz, 1.3H), 4.00 (t, J = 5.7 Hz, 0.7H)5 3.14 (s, 2H), 3.02

(s, IH) 2.62 (t, J = 5.2 Hz, 2H), 2.54 (t, J 5.4 Hz, IH); HPLC ret. time 2.36 min, 10-99 %

CH3CN, 5 min run; ESI-MS 446.5 m/z (MH+) .

[00698J Phenols

[00699] Example 1:

[00700] General scheme:



W

428

[00701] Specific example:

428 275

[00702] 275; 4-Benzyloxy-N-(3-hydroxy-4-terf-butyl-phenyI)-quinoline-3-

carboxamide

To a mixture of N-(3-hydroxy-4-£er/-butyl-phenyl)-4-oxo-lH-quinoline-3-carboxamide (428)

(6.7 mg, 0.02 mmol) and Cs2CO3 (13 mg, 0.04 mmol) in DMF (0.2 mL ) was added BnBr (10

uL, 0.08 mmol). The reaction mixture was stirred at room temperature for 3 h. The reaction

mixture was filtered and purified using HPLC to give 4-benzyloxy-N-(3-hydroxy-4-te/Y-butyl-

phenyl)-quinoline-3-carboxamide (275). 1H NMR (400 MHz, DMSO-^ 6) δ 12.23 (s, IH), 9.47

(s, IH), 9.20 (s, IH), 8.43 (d, J = 7.9 Hz, IH), 7.79 (t, J = 2.0 Hz, 2H), 7.56 (m, IH), 7.38-7.26

(m, 6H), 7.1 1 (d, J = 8.4 Hz, IH), 6.99 (dd, J = 8.4, 2.1 Hz, IH), 5.85 (s, 2H), 1.35 (s, 9H).

HPLC ret. time 3.93 min, 10-99 % CH3CN, 5 min run; ESI-MS 427.1 m/z (MH+).

[00703] Another example:



[00704] 415; N-(3-Hydroxy-4-terf-butyl-phenyl)-4-methoxy-quinoline-3-

carboxamide

N-(3-Hydroxy-4-te^-butyl-phenyl)-4-methoxy-quinoline-3-carboxamide (415) was synthesized

following the general scheme above reacting N-(3-hydroxy-4- -'ert-butyl-phenyl)-4-oxo-lH-

quinoline-3-carboxamide (428) with methyl iodide. 1H NMR (400 MHz, DMSCW ) δ 12.26 (s,

IH), 9.46 (s, IH), 8.99 (s, IH), 8.42 (t, J = 4.2 Hz, IH), 7.95-7.88 (m, 2H), 7.61-7.69 (m, IH),

7.38 (d, J = 2.1 Hz, IH), 7.10 (d, J = 8.4 Hz, IH), 6.96 (dd, J = 8.4, 2.1 Hz, IH), 4.08 (s, 3H),

1.35 (s, 9H); HPLC ret. time 3.46 min, 10-99 % CH3CN, 5 min run; ESI-MS 351.5 m/z (MH+) .

[00705] Example 2:

C-27-1 476

[00706] 476; N-(4-fer/-Butyl-2-cyano-5-hydroxyphenyl)-l,4-dihydro-4-

oxoquinoline-3-carboxamide

To a suspension of N-(4-/er/-butyl-2-bromo-5-hydroxyphenyl)-l,4-dihydro-4-oxoquinoline-3-

carboxamide (C-27-1) (84 mg, 0.2 mmol), Zn(CN) 2 (14 mg, 0.12 mmol) in NMP ( 1 mL) was

added Pd(PPh.3)4 (16 mg, 0.014 mmol) under nitrogen. The mixture was heated in a microwave

oven at 200 0C for 1 h, filtered and purified using prepative HPLC to give N-(4-tørt-butyl-2-



cyano-5-hydroxyphenyl)-l ,4-dihydro-4-oxoquinoline-3~carboxamide (476). 1H NMR (400

MHz, DMSO-J ) δ 13.00 (d, J =6.4 Hz, IH), 12.91 (s, IH), 10.72 (s, IH), 8.89 (d, J =6.8Hz, IH),

8.34 (d, J =8.2Hz, IH) 5 8.16 (s, IH), 7.85-7.75 (m, 2H), 7.56-7.54 (m, IH), 7.44 (s, IH), 1.35 (s,

9H); HPLC ret. time 3.42 min, 10-100 % CH3CN, 5 min gradient; ESI-MS 362.1 m/z (MH+).

[00707] Anilines

[00708] Example 1:

[00709] General scheme:

[00710] Specific example:

[00711] 260; N-(5-Amino-2-tert-butyl-phenyl)-4-oxo-lH-quinoline-3-

carboxamide

A mixture of [3-[(4-oxo-lH-quinolin-3-yl)carbonylamino]-4-?er?-butyl- ρhenyl]aminoformic acid

tert-butyl ester (353) (33 mg, 0.08 mmol), TFA ( 1 mL) and CH2Cl ( 1 mL) was stirred at room

temperature overnight. The solution was concentrated and the residue was dissolved in DMSO

( 1 mL) and purified by HPLC (10-99 % CH3CN / H2O) to yield the product, N-(5-amino-2-te r-

butyl-phenyl)-4-oxo-lH-quinoline-3-carboxamide (260) (15 mg, 56 %). 1H NMR (400 MHz,

DMSO-^ 6) δ 13.23 (d, J = 6.6 Hz, IH), 12.20 (s, IH), 10.22 (br s, 2H), 8.88 (d, J 6.8 Hz, IH),



834 (d, J = 7.8 Hz, IH), 7.86-7.80 (m, 3H), 7.56-7.52 (m, 2H), 7.15 (dd, J = 8.5, 2.4 Hz, IH),

1.46 (s, 9H); HPLC ret. time 2.33 min, 10-99 % CH3CN5 5 min run; ESI-MS 336.3 m/z (MH+) .

[00712] The table below lists other examples synthesized following the general

scheme above.

[00713] Example 2 :

[00714] General Scheme:

[00715] Specific example:



[00716] 485; N-(3-Dimethylamino-4-te/-i -butyl-phenyl)-4-oxo-lH-qumo πne-3-

carboxamide

To a suspension of N-(3-amino-4-fer/-butyl-phenyl)-4-oxo-lH-quinoline-3-carboxamide (271)

(600 mg, 1.8 mmol) in CH Cl (15 mL) and methanol (5 mL) were added acetic acid (250 µL)

and formaldehyde (268 µL, 3.6 mmol, 37 wt % in water). After 10 min, sodium

cyanoborohydride (407 mg, 6.5 mmol) was added in one portion. Additional formaldehyde (135

µL, 1.8 mmol, 37 wt% in water) was added at 1.5 and 4.2 h. After 4.7 h, the mixture was diluted

with ether (40 mL), washed with water (25 mL) and brine (25 mL), dried (Na SO ), filtered, and

concentrated. The resulting red-brown foam was purified by preparative HPLC to afford N-(3-

dimethylamino-4-fer/-butyl-phenyl)-4-oxo-lH-quinoline-3-carboxamide (485) (108 mg, 17 %).

1H NMR (300 MHz, CDCl3) δ 13.13 (br s, IH), 12.78 (s, IH), 8.91 (br s IH), 8.42 (br s, IH),

8.37 (d, J = 8.1 Hz, IH), 7.72-7.58 (m, 2H), 7.47-7.31 (m, 3H), 3.34 (s, 6H), 1.46 (s, 9H); HPLC

ret. time 2.15 min, 10-100 % CH3CN, 5 min run; ESI-MS 364.3 m/z (MH+).

[00717] The table below lists other examples synthesized following the general

scheme above.



[00718] Example 3 :

[00719] General Scheme:

[00720] Specific example:

[00721] 94; N-(5-Amino-2-methyI-phenyl)-4-oxo-lH-quinoline-3-carboxamide

To a solution of 4-hydroxy-quinoline-3-carboxylic acid (A-I) (50 mg, 0.26 mmol), HBTU (99

mg, 0.26 mmol) and DIEA (138 µL, 0.79 mmol) in THF (2.6 mL) was added 2-methyl-5-nitro-

phenylamine (40 mg, 0.26 mmol). The mixture was heated at 150 °C in the microwave for 20

min and the resulting solution was concentrated. The residue was dissolved in EtOH (2 mL) and

SnCl H O (293 mg, 1.3 mmol) was.added. The reaction was stirred at room temperature

overnight. The reaction mixture was basified with sat. NaHCU3 solution to pH 7-8 and extracted

with ethyl acetate. The combined organic layers were washed with brine, dried over Na SO4,

filtered and concentrated. The residue was dissolved in DMSO and purified by HPLC (10-99 %

CH3CN / H O) to yield the product, N-(5-amino-2-methyl-phenyl)-4-oxo-lH-quinoline-3-

carboxamide (94) (6 mg, 8 %). HPLC ret. time 2.06 min, 10-99 % CH3CN5 5 min run; ESI-MS

294.2 m/z (MH+) .

[00722J Another example:



[00723] 17; N-(5-Amino-2-propoxy-phenyl)-4-oxo-lH-quinoline-3-carboxamide

N-(5-Amino-2- ρropoxy-phenyl)-4-oxo-lH-quinoline-3-carboxamide (17) was made following

the general scheme above starting from 4-hydroxy-quinoline-3-carboxylic acid (A-I) and 5-

nitro-2-propoxy- ρhenylamine. Yield (9 %). HPLC ret. time 3.74 min, 10-99 % CH3CN, 5 min

run; ESI-MS 338.3 m/z (MH+) .

[00724] Example 4:

[00725] General Scheme:

X= CO, CO2, SO2: a) R2XC1, DIEA, THF or R2XC1, NMM, 1,4-dioxane or R2XC1, Et3N,

CH2Cl2, DMF.

[00726] Specific example:

[00727] 248; N-(3-Acetylamino-4-methyI~phenyl)-4-oxo-lH-qumoline-3-

carboxamide

To a solution of N-(3-amino-4-methyl-phenyl)-4-oxo-lH-quinoline-3-carboxamide (167) (33mg,

0.1 1 mmol) and DIEA (49 µL, 0.28 mmol) in THF ( 1 mL) was added acetyl chloride (16 µL,



0.22 mmol). The reaction was stirred at room temperature for 30 min. LCMS analysis indicated

that diacylation had occurred. A solution of piperidine (81 µL, 0.82mmol) in CH Cl2 (2 mL)

was added and the reaction stirred for a further 30 min at which time only the desired product

was detected by LCMS. The reaction solution was concentrated and the residue was dissolved in

DMSO and purified by HPLC (10-99 % CH3CN / H2O) to yield the product, N-(3-acetylamino-

4-methyl-phenyl)-4-oxo-lH-quinoline-3-carboxamide (248) (4 mg, 11 %). 1H NMR (400 MHz,

DMSO-^ ) δ 12.95 (d, J = 6.6 Hz, IH), 12.42 (s, IH), 9.30 (s, IH), 8.86 (d, J - 6.8 Hz, IH), 8.33

(dd, J = 8.1, 1.3 Hz, IH) 5 7.85-7.81 (m, 2H), 7.76 (d, J 7.8 Hz, IH) 5 7.55 (t, J = 8.1 Hz, IH),

7.49 (dd, J = 8.2, 2.2 Hz, IH), 7.18 (d, J = 8.3 Hz, IH), 2.18 (s, 3H), 2.08 (s, 3H); HPLC ret. time

2.46 min, 10-99 % CH3CN, 5 min run; ESI-MS 336.3 m/z (MH+).

[00728] The table below lists other examples synthesized following the general

scheme above.



[00729] Example 5 :

[00730] General Scheme:

R1R2NH, LiCIO

CH CI2. iPrOH

[00731] Specific example:

[00732] 4-Oxo-iV-[3-(trifluoromethyl)-5-(vinylsuIfonamicio)phenyI]-l,4-

dihydroquinoIine-3-carboxamide

To a suspension of N-[3-amino-5-(trifluoromethyl)phenyl]-4-oxo-lH-quinoline-3-carboxamide

(429) (500 mg 1.4 mmol) in 1,4-dioxane (4 mL) was added NMM (0.4 mL, 3.6 mmol). β-

Chloroethylsulfonyl chloride (0.16 mL, 1.51 mmol) was added under an argon atmosphere. The

mixture was stirred at room temperature for 6 V h, after which TLC (CH2Cl - EtOAc, 8:2)

showed a new spot with a very similar Rf to the starting material. Another 0.5 eq. of NMM was

added, and the mixture was stirred at room temperature overnight. LCMS analysis of the crude



mixture showed >85% conversion to the desired product. The mixture was concentrated, treated

with IM HCl (5 mL), and extracted with EtOAc (3 x 10 mL) and CH2Cl2 (3 x 10 mL). The

combined organic extracts were dried over Na SO , filtered, and concentrated to yield 4-oxo-iV-

[3-(trifluoromethyl)-5-(vinylsulfonamido)phenyl]-l ,4-dihydroquinoline-3-carboxamide as an

orange foam (0.495 g, 19 %), which was used in the next step without further purification. 1H-

NMR (Je-Acetone, 300 MHz) 8.92 (s, IH) 3 8.41-8.38 (m, IH), 7.94 (m, 2H), 7.78 (br s, 2H),

7.53-7.47 (m, IH), 7.30 (s, IH), 6.87-6.79 (dd, = 9.9 Hz, IH), 6.28 (d, J = 16.5 Hz, IH), 6.09

(d, J = 9 Hz, IH); ESI-MS 436.4 m/z (MH )

[00733] 318; 4-Oxo-N-[3-[2-(l-piperidyl)ethylsuIfonylamino]-5-

(trifluoromethyl)phenyl]-lH-quinoline-3-carboxamide

A mixture of 4-oxo- -[3-(trifluoromethyl)-5-(vinylsulfonamido)phenyl]-l ,4-dihydroquinoline-3-

carboxamide (50 mg, 0.11. mmol), piperidine (18 µL, 1.6 eq) and LiClO4 (20 mg, 1.7 eq) was

suspended in a 1:1 solution of CH Cl : isopropanol (1.5 mL). The mixture was refluxed at 75 °C

for 18 h . After this time, LCMS analysis showed >95% conversion to the desired product. The

crude mixture was purified by reverse-phase HPLC to provide 4~oxo-N-[3-[2-(l-

piperidyl)ethylsulfonylamino]-5-(trifluoromethyl)phenyl]- 1H-quinoline-3-carboxamide (318) as

a yellowish solid (15 mg, 25 %). 1H-NMR tø-Acetone, 300 MHz) δ 8.92 (br s, IH), 8.4 (d, J=

8.1 Hz, IH) 8.05 (br s, IH), 7.94 (br s, IH) 3 7.78 (br s, 2H), 7.53-751 (m3 IH), 7.36 (br s, IH) 3

3.97 (t, J= 7.2 Hz, 2H), 3.66 (t, J= 8 Hz, 2H), 3.31-3.24 (m, 6H), 1.36-1.31 (m, 4H); ESI-MS

489.1 m/z (MH+) .

[00734] The table below lists other examples synthesized following the general

scheme above.



[00735] Example 6:

[00736] General Scheme:

[00737] Specific example:

[00738] 258; N-ϊ ndolin- -yl^-oxo-lH-quinoline- -carboxamide

A mixture of N-(l-acetylindolin-6-yl)-4-oxo-lH-quinoline-3-carboxamide (233) (43mg, 0.12

tnmol), IN NaOH solution (0.5 mL) and ethanol (0.5 mL) was heated to reflux for 48 h. The

solution was concentrated and the residue was dissolved in DMSO ( 1 mL) and purified by HPLC

(10-99 % CH3CN - H2O) to yield the product, N-indolin-6-yl-4-oxo-lH-quinoline-3-

carboxamide (258) (10 mg, 20 %). HPLC ret. time 2.05 min, 10-99 % CH3CN, 5 min run; ESI-

MS 306.3 m/z (MH+).

[00739] The table below lists other examples synthesized following the general

scheme above.



[00740] Example 2:

[00741] General Scheme:

[00742] Specific example:

[00743] 299; 4-Oxo-N-(l,2,3 4-tetrahydroquinolin-7-yl)-lH-quinoIuie-3-

carboxamide

A mixture of 7-[(4~oxo-lH-quinolin-3~yl)carbonylamino]- 1,2,3,4-tetrahydroquinoline- 1-

carboxylic acid tert-butyl ester (183) (23 mg, 0.05 mmol), TFA ( 1 mL) and CH2Cl2 ( 1 mL) was

stirred at room temperature overnight. The solution was concentrated and the residue was



dissolved in DMSO ( 1 mL) and purified by HPLC (10-99 % CH3CN - H2O) to yield the product,

4-oxo-N-(l, 2,3,4-tetrahydroquinolin-7-yl)-lH-quinoline-3-carboxamide (299) (7 mg, 32 %).

HPLC ret. time 2.18 min, 10-99 % CH3CN, 5 min run; ESI-MS 320.3 m/z (MH+).

[00744] Another example:

[00745] 300; N-(4,4-Dimethyl-l,2,3,4-tetrahydroquinolin-7-yl)-4-oxo-lH-

quinoline-3-carboxamide

N-(4,4-Dimethyl-l,2,3,4-tetrahydroquinolin-7-yl)-4-oxo-lH-quinoline-3-carboxamide (300) was

synthesized following the general scheme above starting from 4,4-dimethyl-7-[(4-oxo-lH-

quinolin-3-yl)carbonylamino3-l,2,3,4-tetrahydroquinoline-l-carboxylic acid tert-butyl ester

(108). Yield (33 %). 1H NMR (400 MHz, DMSO-cfe) δ 13.23 (d, J = 6.6 Hz5 IH), 12.59 (s, IH)

8.87 (d5 J = 6.8 Hz, IH), 8.33 (d, J = 7.7 Hz, IH), 7.86-7.79 (m. 3H), 7.58-7.42 (m, 3H), 3.38 (m,

2H), 1.88 (m, 2H), 1.30 (s, 6H); HPLC ret. time 2.40 min, 10-99 % CH3CN, 5 min run; ESI-MS

348.2 m/z (MH+).

[00746] Other

[00747] Example 1:

[00748] General scheme



[00749] Specific example:

[00750] 163; 4-Oxo-l,4-dihydro-quinoline-3-carboxylic acid (4-aminomethyl-

2'-ethoxy-biphenyI-2-yl)-amide

{2'-Ethoxy-2-[(4-oxo-l,4-dihydroquinoline-3-carbonyI)-amino]-biphenyl-4-ylmethyl}-carbamic

acid (ert-bntyl ester (304) (40 rag, 0.078 mmol) was stirred in a CH2Cl2 / TFA mixture (3:1, 20

mL) at room temperature for 1 h. The volatiles were removed on a rotary evaporator. The crude

product was purified by preparative HPLC to afford 4-oxo-l,4-dihydroquinoline-3-carboxylix

acid (4-aminomethyl-2'-ethoxybiphenyl-2-yl)amine (163) as a tan solid (14 mg. 43 %). 1H NMR

(300 MHz, DMSO-^ ) δ 12.87 (d, J =6.3 Hz, IH), 11.83 (s, IH) 8.76 (d, = 6.3 Hz, IH), 8.40

(s, IH), 8.26 (br s, 2H), 8.01 (dd, J = 8.4 Hz, J = 1.5 Hz3 IH), 7.75 (dt, J = 8.1 Hz, J = 1.2 Hz,

IH), 7.67 (d, J 7.8 Hz, IH), 7.47-7.37 (m, 2H), 7.24 (s, 2H), 7.15 (dd, J = 7.5 Hz, J = 1.8 Hz,

IH), 7.10 (d, J = 8.1 Hz, IH), 7.02 (dt, J = 7.5 Hz, J = 0.9 Hz, IH), 4.09 (m, 2H), 4.04 (q, J = 6.9

Hz, 2H) 1.09 (t, J - 6.9 Hz, 3H); HPLC ret. time 1.71 min, 10-100 % CH3CN, 5 min gradient;

ESI-MS 414.1 m/z (MH+) .

[00751] Another example:



[00752] 390; N-[3-(Aminomethyl)-4-i-ert-butyl-phenyl]-4-oxo-lH-quinoline-3-

carboxamide

N-[3-(Aminomethyl)-4- erf-butyl-phenyl]-4-oxo-l H-quinoline-3-carboxamide (390) was

synthesized following the general scheme above starting from [5-[(4-oxo-lH-quinolin-3-

yl)carbonylamino]-2-ter^butyl-phenyl]methylaminoformic acid tert-butyl ester (465). HPLC

ret. time 2.44 min, 10-99 % CH3CN, 5 min gradient; ESI-MS m/z 350.3 (M + H)+.

[00753] Example 2 :

[00754] General scheme:

[00756] 3-(2-(4-(l-Amino-2-methylpropan-2-yl)phenyl)acetyl)quinolin-4(lEr)-

one

(2-Methyl-2- {4-[2-oxo-2-(4-oxo-l ,4-dihydro-quinolin-3-yl)-ethyl]-phenyl} -propyl)-carbamic

acid tert-butyl ester (88) (0.50 g, 1.15 mmol), TFA (5 mL) and CH2Cl2 (5 mL) were combined

and stirred at room temerpature overnight. The reaction mixture was then neutralized with IN

NaOH. The precipitate was collected via filtration to yield the product 3-(2-(4-(l-amino-2-

methylpropan-2-yl)phenyl)acetyl)quinolin-4(lH)-one as a brown solid (651 mg, 9 1 %). HPLC

ret. time 2.26 min, 10-99 % CH3CN, 5 min run; ESI-MS 336.5 m/z (MH+).

[00757] 323; [2-Methyl-2-[4-[(4-oxo-lH-quinolin-3-yl)carbonyIamino]phenyl]-

propyl]aminoformic acid methyl ester

Methyl chloroformate (0.012 g, 0.150 mmol) was added to a solution of 3-(2-(4-(l-amino-2-

methylpropan-2-yl)phenyl)acetyl)quinolin-4(lH)-one (0.025 g, 0.075 mmol), TEA (0.150 mmol,



0.021 mL) and DMF ( 1 mL) and stirred at room temperature for 1 h . Then piperidine (0.074 ml,

0.750 mmol) was added and the reaction was stirred for another 30 min. The reaction mixture

was filtered and purified by preparative HPLC (10-99 % CH3CN-H2O) to yield the product [2-

methyl-2-[4-[(4-oxo~l H-quinolin-3-yl)carbonylamino]phenyl]-propyl]aminoformic acid methyl

ester (323). 1H NMR (400 MHz, DMSO-dό) δ 12.94 (br s IH), 12.44 (s, IH), 8.89 (s, IH), 8.33

(dd, J = 8.2, 1.1 Hz, IH), 7.82 (t, J = 8.3 Hz, IH), 7.76 (d, J = 7.7 Hz, IH) 5 7.67 (d, J = 8.8 Hz,

2H), 7.54 (t, J = 8.1 Hz, IH), 7.35 (d, J = 8.7 Hz, 2H), 7.02 (t, J = 6.3 Hz, IH), 3.50 (s, 3H), 3.17

(d, J 6.2 Hz, 2H), 1.23 (s, 6H); HPLC ret. time 2.93 min, 10-99 % CH3CN, 5 min run; ESI-MS

394.0 m/z (MH ).

[00758] The table below lists other examples synthesized following the general

scheme above.

119 Ethyl chloroformate

416 Propyl chloroformate

460 Butyl chloroformate

251 Isobutyl chloroformate

341 Neopentyl chloroformate

28 2-methoxyethyl chloroformate

396 (tetrahydrofuran-3-yl)methyl chloroformate

[00759] Example 3:

[00760] General Scheme:

[00761] Specific example:



273 273-1 159

[00762] 273-1; N-(l-AminotetraIin-7-yI)-4-oxo-lH-quinoline-3-carboxamide

To a solution of [7-[(4-oxo-lH-quinolin-3-yl)carbonylamino]tetralin-l-yl]aminoformic acid tert-

butyl ester (273) (250 mg, 0.6 mmol) in dichloromethane (2 mL) was added TFA (2 mL). The

reaction was stirred at room temperature for 30 min. More dichloromethane (10 mL) was added

to the reaction mixture and the solution was washed with sat. NaHCO solution (5 mL). A

precipitate began to form in the organic layer so the combined organic layers were concentrated

to yield N-(l-aminotetralin-7-yl)-4-oxo-lH-quinoline-3-carboxamide (273-1) (185 mg, 93 %).

HPLC ret. time 1.94 min, 10-99 % CH3CN, 5 min run; ESI-MS 334.5 m/z (MH+) .

[00763] 159; [7-[(4-Oxo-lH-quinolin-3-yl)carbonylamino]tetralin-l-

yljaminoformic acid methyl ester

To a solution of N-(l-aminotetralin-7-yl)-4-oxo-lH-quinoline-3-carboxamide (273-1) (65 mg,

0.20 mmol) and DIEA (52 µL, 0.29 mmol) in methanol ( 1 mL) was added methyl chloroformate

(22 µL, 0.29 mmol). The reaction was stirred at room temperature for 1 h. LCMS analysis of

the reaction mixture showed peaks corresponding to both the single and bis addition products.

Piperidine (2 mL) was added and the reaction was stirred overnight after which only the single

addition product was observed. The resulting solution was filtered and purified by HPLC (10-99

% CH CN - H O) to yield the product, [7-[(4-oxo-lH-quinolin-3-yl)carbonylamino]tetralin-l-

yl]aminoformic acid methyl ester (159) (27 mg, 35 %). HPLC ret. time 2.68 min, 10-99 %

CH3CN, 5 min run; ESI-MS 392.3 m/z (MH+).

[00764] Another example:



[00765] 482; [7-[(4-Oxo-lH-quinolin-3-yl)carbonyIamino]tetralin-l-

yl]aminoformic acid ethyl ester

[^-[(^Oxo-lH-quinolin-S-yOcarbonylaminojtetralin-l-yljaminoformic acid ethyl ester (482)

was synthesized following the general scheme above, from amine (273-1) and ethyl

chloroformate. Overall yield (18 %). HPLC ret. time 2.84 min, 10-99 % CH3CN, 5 min run;

ESI-MS 406.5 m/z (MH+) .

[00766] Set forth below is the characterizing data for compounds of the present

invention prepared according to the above Examples.

[00767] Table 2









NMR data for selected compounds is shown below in Table 2-A:























[00286] CF Corrector Assay Protocol f384-CSB>

This assay measures the ability of small molecule compounds to "correct" the CF mutant

phenotype of the cystic fibrosis trans-membrane conductance regulator (CFTR), a Cl channel

found in the lung epithelium.

[00287] Assay Overview:

1. 3T3 CFTR∆508 cells in 45uL CF medium, incubated for ~4 hours after plating

2. Added 37uL per well compound intermediate dilution (diluted from IuL spots in 384-
well pre-spotted compound plates, final compound dilution of 1:200 with 0.5% DMSO
final)

3. Incubated overnight (16-24 hrs.) at 37C, 5% CO2

4. Washed cells with Bath 1 leaving 35uL post wash

5. Added 35uL 2x Bath 1 dye



6. Incubated 30min at 37C, 5% CO2 incubator

7. Aspirated to 25uL

8. FLIPR: Added 25uL 1x Cl Free dye containing 2x forskolin and compound 433

9. Observed response

10. Converted Data and Uploaded Data to Mod 3 for data analysis

[00286] Experimental Protocol

Day 1: Compound Addition

Materials

1. Compound plate, 384 well, 1µL per well in DMSO

2. Dosed Control compound plate, 384 well, IuL dosed a reference correction

compound in columns 1-12 and IuL dosed a known correction compound in columns

13-24.

3. HyQ DME medium, 1% FBS, Gentamicin (CF medium)

4. 3T3 CFTR∆508 cells plated on black 384 well, clear bottom plates

5. Waited 4 hours post plating before use.

6. The known correction compound was dosed in 96 well plate.

Compound plate Layout

100% Stimulation Control lOuM a reference correction compound (final in assay with 0.5 %

DMSO)

Baseline Control = DMSO (0.5 % final in assay)

"Not Used" wells are lOuM a reference correction compound (final in assay with 0.5 % DMSO)

for Quality Control



Methods:

1. Spotted IuL per well of known correction compound dilution series into columns 2 1

and 22 of pre-spotted compound plate from 96-well plate provided by Compound

Management

2 . Diluted compound: Using MultiDrop, added 90µl CF media to each well of

compound plates. (Follow MultiDrop start-up protocol before use)

3. Transferred diluted compound to assay plates: Using the BIOMEK FK, transferred

37µl from each diluted compound plate into two assay plates. Under normal

conditions three compound plates were transferred at a time.

• Placed compound plates in positions 8,9 and 10. Placed corresponding assay

plates in position 12,16,13,17,14 and 18. Ran "6 assay transfer with wash"

protocol

• Pipettor (e.g.: Biomek FX) mixed compound plate and transfer 37µl

4. Incubated plates overnight (16-24 hours) in 37C, 5% CO incubator

Day 2: FLIPR Assay

Materials
• Bath 1 Buffer: 16OmM NaCl, 4.5mM KCl, 2mM CaCl2 1OmM

HEPES, pH7.4, 1OmM glucose; (MediaTech, Catalog Number 99-

903-LB)

• Cl Free Buffer: 16OmM Na Gluconate (D-Gluc acid), 4.5mM K

Gluconate, 2mM Ca Gluconate, ImM Mg Gluconate, 1OmM

Hepes (free acid), 1OmM Glucose, pH 7.4 with NaOH, Osmolality

330mmol/kg - made in house

• 10OmM Chicago Sky Blue in water (Sigma C8679-25G)

• 2OmM Methyl Oxonol ( DiSBACi (3) ) (Pharmatech

VT_WXPT_80_l) in 10% Pluronic + DMSO



• FLIPR - followed start-up procedure before beginning this phase

of the experiment

• 10OmM forskolin in DMSO; Sigma-Aldrich F6886

• 1OmM of compound 433 in DMSO

1. Prepare dye
• 2x Bath 1 dye: 263uL 2OmM Methyl Oxonol and 105uL 10OmM Chicago Sky

Blue per 100ml Bath 1; each assay plate required ~15ml 2x dye. Added 50ml

to total volume for Multidrop residual.

• Ix CT Free dye: 263uL 2OmM Methyl Oxonol and 105uL 10OmM Chicago

Sky Blue per 200ml CL Free Buffer; each assay plate required ~ 11ml. Added

250 ml for residual FLIPR volume and Dosed Control Plate volume

2. Wash assay plates

• Primed ELx405 plate washer with IL DI water followed by IL Bath 1

• Washed assay plates with 4 x lOOµl Bathl

• Ended with 35µl residual volume post wash

3. Add 2x dye

• Set MultiDrop to 35uL

• Added 35uL 2x Bath 1 dye to each assay plate

• Returned plates to 37 0C incubator

• Incubated plates for 30-45min before assaying on FLIPR

•

4. Prepare control forskolin/Compound 433 addition plate

• Made a 40ml solution of Ix Cl Free dye for 15uM forskolin condition (forskolin

is 4x in this solution). (24uL of 10OmM Forskolin to 40ml CL-Free IX dye)

Added 20OuL to all wells of a 96 well polypropylene plate. Labeled plate 15uM

forskolin.

• Made a 40ml solution of Ix Cl Free dye forlOuM forskolin condition (forskolin

is 4x in this solution). (16uL of 10OmM Forskolin to 40ml CL-Free IX dye)



Added 20OuL to all wells of a 96 well polypropylene plate. Label plate lOuM

forskolin.

Made a 40ml solution of Ix Cl Free dye for 5uM forskolin condition (forskolin is

4x in this solution.) (8uL of 10OmM Forskolin to 40ml CL-Free IX dye) Added

20OuL to all wells of a 96 well polypropylene plate. Label plate 5uM forskolin.

Made a 10ml solution of Ix Cl Free dye containing 12OuM Compound 433

(12OuL of 1OmM Compound 433 to 10ml CL-Free IX dye)

Added 20OuL IX Chloride Free buffer with no forskolin to three 96 well Fisher

Polypropylene plates.

Added 10OuL Compound 433 CL Free solution to columns 6 and 12 of the CL

free and forskolin free 96 well plates; transferred 10OuL across the plates, from

right to left, starting at columns 6 and 12 and stopping at columns 3 and 9

respectively and then transfer 25uL from columns 3 to 2 and 2 to 1 and from

columns 9 to 8 and 8 to 7.

Transferred entire volume (20OuL) from Compound 433 plate to the forskolin

plate. Used the 20OuL 96 to 96 Multimek transfer protocol.

Transferred 9OuL x 4 from the forskolin+ Compound 433 plate to a 384 well

polypropylene plate. Used the 9OuL 96 to 384 Multimek transfer protocol.

FLIPR Assay:
• Used Dosed Control assay plate to set exposure length

• Set-up FLIPR protocol:

• Determined optimal forskolin and Compound 433 concentration.

• Using ELx405 plate washer, aspirated Dosed Control assay plate to

25uL residual volume

• Ran Dosed Control Assay plate with control forskolin/ Compound 433

addition plate.

• Analyzed graph output to determine optimal range; (used the forskolin

concentration with Compound 433 concentration that produced an

acceptable signal/noise.



• The correction reference standard acceptance criteria are 1-5 uM EC50

and Max Activity observed at any concentration (also known as MPA)

of 80- 120.

• The activity of a known correction compound (EC50 and MPA) was

measured. The expected EC50 for the reference correction compound

was 20OnM to IuM and the MPA greater than 130.

• Made Ix Cl Free dye addition solution; added Compound 433 and forskolin

to 2x optimal final concentrations; added solution to a reservoir (tip box Hd)

and place on FLIPR platform in front of tip-wash manifold

• Aspirated assay plates to 25uL residual using Elx405 plate washer and loaded

in right hand stacker;

• Ran assay by clicking "dropper" icon.

• FLIPR added 25uL of Ix Cl Free dye solution containing Compound 433 and

forskolin to the assay plate and read (as detailed above)

• At the end of the day, followed FLIPR shut-down procedure

[00286] Using the above assay, compounds capable of correcting the CFTR

trafficking were identified.

[00287] In another embodiment, an Ussing Chamber was used to perform the

potentiator assay, as described below.

[00288] Ussing Chamber Assay

Materials

1OmM Forskolin (SIGMA, Catalogue #F6886), in DMSO

1OmM Rolipram (SIGMA, Catalogue #R6520), in DMSO

10OmM Amiloride Hydrochloride (SIGMA Catalogue #A7410), in DMSO

250µL Pipet Tips (MATRIX, Catalogue #7152)

1OmM compound 433, in DMSO

HBE Differentiation Media (Vertex Cell Core)

24-Well Blocks (Qiagen, Catalogue # 19583)



Buffers

Make stock solutions as follows:

Make buffers from stock solutions as follows:

*K2HPO4 and KH2PO4 are mixed together in order to create appropriate buffer range.
**Glucose is added as a powder directly to mucosal and serosal buffers.



*K2HPO4 and KH2PO4 are mixed together in order to create appropriate buffer range.
**Glucose is added as a powder directly to mucosal and serosal buffers.

Stimulation Buffers

Prepare as follows:

Mucosal pH 7.4
Final Cone Stock Cone Vol. Vol.

(µM) (mM) 1O mL 5 O mL
1 Plate 6 Plates

IX Amiloride 100 100 l OµL 50µL

Note: IX Amiloride is made in Mucosal Buffer and 5X Forskolin, 5X Cmpd 433 and 5X
Rolipram are made up together in Mucosal Buffer with IX Amiloride (Addition slurry).

Treatingfor a CORRECTOR Dose Response:

• Test Compounds are prepared as 10 mM Stocks

• The cells were treated and incubated at 37°C, 24 hrs prior to being run in the MuSE

• Dilutions were made in 24-well assays blocks using a multi channel pipette.

• Dilutions were done to keep the concentration of DMSO the same in all wells.

• Example calculations were based on the test compounds being run in triplicate with

complete media exchange.



Figure 1

Compound Dilutions and Cell Treatment:

• 24 hours prior to assay cells were treaed with desired corrector compounds in triplicate

across 3 separate plates of cells ACD#13838. Each compound dilution plate treated

three plates of HBE.

• For six plates, 10O mL of HBE Diff Media with 0.1% DMSO were made

• Added 4 mL of HBE Diff Media with 0.1% DMSO to the 15 wells indicated in Figure 1.

• Added 6mL of HBE Diff Media without DMSO to the 3 wells along the right column of

the plate as indicated in Figure 1 and add 6 uL of the 1OmM compounds stock to a final

concentration of lOuM.

• Added 3mL of HBE Diff Media without DMSO to the 6 wells along the bottom row of

the plate as indicated in Figure 1 and add 6 uL of the 1OmM compounds stock to the first

3 well to a final concentration of 2OuM.

• For the positive controls add 2ul of 10 mM reference correction compound to the last

three wells of the bottom row to a final concentration of 6.7 uM.



• Using a multi-channel pipette capable of 1mL, diluted in serial the top 3 rows starting at

the 10 uM concentration by transferring 2 mL to the next well stopping before the

DMSO.

• To treat HBE's, removed 3 plates of ACD#13838 with an Air Liquid Interface (ALI)

greater than 14 days from the incubator (ALI date is indicated by sticker found on each

plate).

• Labeled plates with compound info.

• Aspirated media from the bottom well.

• Using a multi-channel, transferred 1 mL from the dilution plate to the corresponding well

in the cell plate starting from the lowest concentration so a change of pipette tip is not

required. *Care was taken to only add media to the bottom well of the plates and not

to spill any on the top well.

• Repeated until all cells are treated.

• Placed cells in 37 0C incubator for 24 hours. *Cells were grown in designated incubators

found in cell core.

Manual Ussing Chamber Assay:

• Heated serosal (high Cl ) and mucosal (low Cl ) solutions 37 0C in a water bath.

• Heated nest to 37 0C in an incubator.

• Set desired temperature (400C) in the Ussing Chamber.

• After chamber and Solutions have come to temperature, used an Eppendorf rnulti pipetter

set to dispense 0.6 mL at a time to add 1.2 mL of serosal solution to the base wells

(basolateral) making sure to avoid the formation of bubbles around the electrodes (if

bubbles are present use a transfer pipette to remove).

• Removed cells from incubator and carefully mount into the lower chamber with the

correct orientation (there is only one way the cells will fit)

• Added 0.25 mL of mucosal solution containing IX (10OuM) Amiliride to the top of the

wells (apical) using the Matrix multi-channel program 0 use 4 Matrix 250 tips at

alternating spots.



Inserted voltage electrodes by holding in the two black buttons and lowering onto the

base. (There are pins to guide and lock the electrode into place).

Placed the nest on the Muse and engage the electrodes by moving the lever to the right.

In Ussing Chamber, set the clamp mode to 80mV(this results in the cells being voltage

clamped close to the reversal potential of Cl) and set the pulse magnitude to 3mV.

Clicked the green button next to the drop down mode menu for voltage clamp to start the

experiment. (Fluid Resistance Compensation and Voltage offset should be unchecked).

Viewed the current by clicking on the voltage clamp tab. Waited about 3-5 minutes for

the cells to recover and the traces to stabilize. *After 1 minute resistance will be

displayed. Wells with resistance less than 0.8 kΩ and greater than 6.0 kΩ should be

eliminated.

During the stabilization period prepared necessary solutions. Prepared the addition

slurry in mucosal buffer with IX Amiloride as described below.

Slurry Preparation:

Mucosal/ IX

Amiloride pH 7.4

Final Cone Stock Cone Vol. Vol.

(µM) (mM) 2 mL 12 mL

1 Plate 6 Plates

5X Forskolin 50 10 l OµL 60µL

5X Cmpd

433 5 10 l µL 6µL

5X Rolipram 15 10 3µL 18µL

Using the 250µl matrix multi-channel pipette, program 1; removed 50 µJ of solution from

the top wells and add 50 µi of the slurry back to the top wells. This program contains a

mix protocol so keep pipette in chamber until mixing is complete.



• Repeated step 12 until all the rows have been changed pressing the escape after each

addition so as to record addition time.

• When currents have reached a plateau turned off voltage clamp by clicking the green

button. Capture a screen shot and save as a Windows document.

Clean-Up

• Moved lever to the left to dis-engage the base.

• Discarded membrane plate.

• Washed voltage sensing electrodes with diH2O using a soft stream to wash the electrodes

without getting the board wet. Dry with compressed air. Removed the base and aspirate

the solutions. Washed 2X with diH2O making sure to aspirate the seal area. Allowed to

air dry.

[00289] Using the above Ussing Chamber assay, compounds capable of enhancing the

trafficking of CFTR from the ER to the cell membrane were identified.



What is claimed is:

1. A method for evaluating the ability of a compound to increase the number of CFTR

on a cell, comprising the steps of:

(i) contacting said cell with said compound under a first suitable conditions;

(ii) contacting said cell with a compound of formula I under a second suitable conditions;

and

(Hi) comparing the activity of CFTR on said cell in the presence and absence of said

compound;

wherein said compound of formula I is:

Ϊ ;

wherein:

Ar1 is a 5-6 membered aromatic monocyclic ring having 0-4 heteroatoms independently

selected from nitrogen, oxygen, or sulfur, wherein said ring is optionally fused to a 5-12

membered monocyclic or bicyclic, aromatic, partially unsaturated, or saturated ring, wherein

each ring contains 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur,

wherein Ar1 has m substituents, each independently selected from —WRW;

W is a bond or is an optionally substituted Ci-Ce alkylidene chain wherein up to two

methylene units of W are optionally and independently replaced by -CO-, -CS-, -COCO-, -

CONR'-, -CONR NR'-, -CO2-, -OCO-, -NR CO -, -O-, -NR' CONR'-, -OCONR'-, -NR'NR', -

NR'NR'CO-, -NR CO-, -S-, -SO, -SO2-, -NR -, -SO2NR'-, NR SO2-, or -NR SO2NR'-;

Rw is independently R', halo, NO2, CN, CF3, or OCF3;

m is 0-5;

each ofR 1 R2, R3, R4, and R5 is indendently -X-R x ;

X is a bond or is an optionally substituted Ci-C alkylidene chain wherein up to two

methylene units of X are optionally and independently replaced by -CO-, -CS-, -COCO-, -

CONR'-, -CONR NR'-, -CO -, -OCO-, -NR CO2-, -O-, -NR' CONR'-, -OCONR'-, -NR'NR', -

NR NR CO-, -NR CO-, -S-, -SO, -SO2-, -NR'-, -SO2NR'-, NR5SO2-, or -NR SO2NR'-;



Rx is independently R', halo, NO2, CN, CF3, or OCF3;

R6 is hydrogen, CF3, -OR', -SR', or an optionally substituted Ci-6 aliphatic group;

R7 is hydrogen or a aliphatic group optionally substituted with -X-R x ;

R' is independently selected from hydrogen or an optionally substituted group selected from a

Ci-C aliphatic group, a 3-8-membered saturated, partially unsaturated, or fully unsaturated

monocyclic ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur,

or an 8-12 membered saturated, partially unsaturated, or fully unsaturated bicyclic ring system

having 0-5 heteroatoms independently selected from nitrogen, oxygen, or sulfur; or two

occurrences of R are taken together with the atom(s) to which they are bound to form an

optionally substituted 3-12 membered saturated, partially unsaturated, or fully unsaturated

monocyclic or bicyclic ring having 0-4 heteroatoms independently selected from nitrogen,

oxygen, or sulfur.

2. The method according to claim 1, wherein said first suitable conditions are suitable for a

correction assay.

3. The method according to claim 1, wherein said first suitable conditions are suitable for an

assay suitable to detect a modulator of heat shock proteins.

4. The method according to claim 1 wherein said first suitable conditions are suitable for

gene therapy.

5. The method according to claim 1, wherein said second suitable conditions are suitable for a

potentiator assay.

6. A method for screening a plurality of compounds, said method comprising the steps of:

(i) contacting each of said plurality of compounds with a cell under a first suitable

conditions, wherein said cell has a mutant or wild type CFTR;

(ii) contacting said cell with a compound of formula I under a second suitable conditions;

and



(iii) comparing the activity of said mutant or wild type CFTR on said cell in the presence

and absence of said compound;

wherein said compound of formula I is according to claim 1.

7. The method according to claim 6, wherein said first suitable conditions are according to any

one of claims 2-5.

8. The method according to claim 7, wherein said mutant is a Class I mutation, Class II

mutation, Class III mutation, Class IV mutation, or a Class V mutation.

9. The method according to claim 8, wherein said mutant is ∆F508-CFTR.

10. The method according to claim 7, wherein said mutant CFTR is a mutation other than

∆F508-CFTR.

11. A method of measuring the CFTR activity in a cell resulting from contacting said cell with a

compound capable of increasing the number of CFTR on the membrane of said cell, said method

comprising the step of contacting said cell with a compound of formula I ; wherein said compound of

formula I is according to claim 1.

12. A potentiator assay employing a compound of formula I according to claim 1, wherein said

assay is used to measure activity of any residual CFTR in a cell membrane.

13. The method according to claim 12, wherein said assay is used to identify and/or classify CF

patients according to their clinical phenotype.

14. The method according to claim 12, wherein said assay is used for selecting patients for

clinical trials or for designing a therapeutic regimen appropriate for the degree of activity in a CF

patient.



15. The method according to claim 12, wherein said assay is used to monitor CFTR activity in

intact tissue isolated from the nose, trachea, lungs, intestine, eyes, liver, pancreas, skin or any other

tissue known to express CFTR using a variety of functional, biochemical, and molecular biological

assays, including but not limited to electrophysiological, biochemical, radiolabel, antibody,

fluorescent imaging and/or microscopy techniques.

16. The method according to claim 12, wherein said assay is used to identify and validate the

expression of CFTR in any tissue and its function in regulating cellular and/or tissue function using a

variety of functional, biochemical, and molecular biological assays, including but not limited to

electrophysiological, biochemical, radiolabel, antibody, fluorescent imaging and/or microscopy

techniques.

17. The method according to claim 12, wherein said assay is used to evaluate the physiological

role(s) of CFTR in modulating the activity of other ion channels or proteins expressed in

recombinant cell expression systems, frog oocytes, lipid bilayers, primary cell cultures, and/or

tissues.

18. The method according to claim 12, wherein said assay is used to evaluate the efficacy of

potentiation and/or its PK/PD parameters to determine and set optimal dosing regimens.

19. The method according to claim 12, wherein said assay is used to identify, quantitate and

validate the expression of CFTR in the lung tissue (or any other) following gene therapy in humans

(or any other animals) using innovative gene delivery systems, or vectors.

- i n -
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