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ABSTRACT 

Compounds of the present invention, and pharmaceutically 
acceptable compositions thereof, are useful as modulators of 
ATP-Binding Cassette (ABC) transporters or fragments 
thereof, including Cystic Fibrosis Transmembrane Conduc 
tance Regulator (“CFTR). The present invention also 
relates to methods of treating ABC transporter mediated 
diseases using compounds of the present invention. 
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MODULATORS OF ATP-BINDING 
CASSETTE TRANSPORTERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuing application 
of and claims the benefit of priority under 35 U.S.C. S 120 of 
co-pending International Application Serial No. PCT/US06/ 
043289, filed Nov. 8, 2006, which claims the benefit, under 
35 U.S.C. S 119, of U.S. provisional patent application Ser. 
Nos. 60/734,506, filed on Nov. 8, 2005; 60/754,086, filed on 
Dec. 27, 2005; and 60/802,458, filed on May 22, 2006, the 
entire contents of each of above applications is incorporated 
herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

0002 The present invention relates to modulators of 
ATP-Binding Cassette (ABC) transporters or fragments 
thereof, including Cystic Fibrosis Transmembrane Conduc 
tance Regulator (“CFTR), compositions thereof, and meth 
ods therewith. The present invention also relates to methods 
of treating ABC transporter mediated diseases using Such 
modulators. 

BACKGROUND OF THE INVENTION 

0003 ABC transporters are a family of membrane trans 
porter 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 multi-drug 
resistance proteins (like the MDR1-P glycoprotein, or the 
multi-drug resistance protein, MRP1), defending malignant 
cancer cells against chemotherapeutic agents. To date, 48 
ABC Transporters have been identified and grouped into 7 
families based on their sequence identity and function. 
0004 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 treat 
ment 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. 
0005 One member of the ABC transporter family com 
monly 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 com 
posed 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. 
0006. The gene encoding CFTR has been identified and 
sequenced (See Gregory, R. J. et al. (1990) Nature 347:382 
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386; Rich, D. P. etal. (1990) Nature 347:358-362), (Riordan, 
J. R. et al. (1989) Science 245: 1066-1073). 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. 
0007. 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 chol 
era and to dehydration resulting from diarrhea perhaps 
explaining the relatively high frequency of the CF gene 
within the population. 
0008 Sequence analysis of the CFTR gene of CF chro 
mosomes has revealed a variety of disease causing muta 
tions (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 iden 
tified (http://www.genet.sickkids.on.ca/cftrf). The most 
prevalent mutation is a deletion of phenylalanine at position 
508 of the CFTR amino acid sequence, and is commonly 
referred to as AF508-CFTR. This mutation occurs in 
approximately 70% of the cases of cystic fibrosis and is 
associated with a severe disease. 

0009. The deletion of residue 508 in AF508-CFTR pre 
vents 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 AF508 
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 AF508 
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. 
0010 Although CFTR transports a variety of molecules 
in addition to anions, it is clear that this role (the transport 
of anions) represents one element in an important mecha 
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nism of transporting ions and water across the epithelium. 
The other elements include the epithelial Na channel, 
ENaC, Na"/2C1/K" co-transporter, Na' K'-ATPase pump 
and the basolateral membrane K channels, that are respon 
sible for the uptake of chloride into the cell. 
0011. These elements work together to achieve direc 
tional transport across the epithelium via their selective 
expression and localization within the cell. Chloride absorp 
tion takes place by the coordinated activity of ENaC and 
CFTR present on the apical membrane and the Nat K 
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 intrac 
ellular chloride, which can then passively leave the cell via 
Cl channels, resulting in a vectorial transport. Arrangement 
of Na"/2Cl/K co-transporter, Na' K'-ATPase pump and 
the basolateral membrane K channels on the basolateral 
surface and CFTR on the luminal side coordinate the secre 
tion 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. 
0012. 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. These 
include, but are not limited to, chronic obstructive pulmo 
nary disease (COPD), dry eye disease, and Sjögren's Syn 
drome. 

0013 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 mucocili 
ary 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 char 
acterized 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 
burns, allergies, and diseases, such as Cystic Fibrosis and 
Sjögrens'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 symp 
toms associated with dry eye disease. Sjögrens'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 associ 
ated with rheumatoid arthritis, systemic lupus, systemic 
Sclerosis, and polymypositis/dermatomyositis. Defective 
protein trafficking is believed to cause the disease, for which 
treatment options are limited. Modulators of CFTR activity 
may hydrate the various organs afflicted by the disease and 
help to elevate the associated symptoms. 
0014. As discussed above, it is believed that the deletion 
of residue 508 in AF508-CFTR prevents the nascent protein 
from folding correctly, resulting in the inability of this 
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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. In 
fact, 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 degra 
dation, 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. Interna 
tional, 43, pp 1-7 (2003); Rutishauser, J., et al., Swiss Med 
Wkly, 132, pp. 211-222 (2002); Morello, J Pet al., TIPS, 21, 
pp. 466-469 (2000); Bross P. et al., Human Mut. 4, pp. 
186-198 (1999). The diseases associated with the first class 
of ER malfunction are Cystic fibrosis (due to misfolded 
AF508-CFTR as discussed above), Hereditary emphysema 
(due to a 1-antitrypsin; non Piz variants), Hereditary 
hemochromatosis, Coagulation-Fibrinolysis deficiencies, 
Such as Protein C deficiency, Type 1 hereditary angioedema. 
Lipid processing deficiencies, such as Familial hypercho 
lesterolemia, Type 1 chylomicronemia, Abetalipoproteine 
mia, Lysosomal storage diseases, such as 1-cell diseasef 
Pseudo-Hurler. Mucopolysaccharidoses (due to Lysosomal 
processing enzymes), Sandhof Tay-Sachs (due to 
B-Hexosaminidase), Crigler-Najjar type II (due to UDP 
glucuronyl-sialyc-transferase), Polyendocrinopathy/Hyper 
insulemia, Diabetes mellitus (due to Insulin receptor), Laron 
dwarfism (due to Growth hormone receptor), Myleoperoxi 
dase deficiency, Primary hypoparathyroidism (due to Pre 
proparathyroid hormone), Melanoma (due to Tyrosinase). 
The diseases associated with the latter class of ER malfunc 
tion are Glycanosis CDG type 1, Hereditary emphysema 
(due to C.1-Antitrypsin (Pi Z variant). Congenital hyperthy 
roidism, Osteogenesis imperfecta (due to Type I, II, IV 
procollagen), Hereditary hypofibrinogenemia (due to 
Fibrinogen). ACT deficiency (due to C.1-Antichymotrypsin), 
Diabetes insipidus (DI), Neurophyseal DI (due to Vasopves 
sin hormone/V2-receptor), Neprogenic DI (due to Aqua 
porin II), Charcot-Marie Tooth syndrome (due to Peripheral 
myelin protein 22), Perlizaeus-Merzbacher disease, neuro 
degenerative diseases Such as Alzheimer's disease (due to 
BAPP and presenilins), Parkinson's disease, Amyotrophic 
lateral Sclerosis, Progressive Supranuclear plasy, Pick's dis 
ease, several polyglutamine neurological disorders asuch as 
Huntington, Spinocerebullar ataxia type I, Spinal and bulbar 
muscular atrophy. Dentatorubal pallidoluysian, and Myo 
tonic dystrophy, as well as Spongiform encephalopathies, 
such as Hereditary Creutzfeldt-Jakob disease (due to Prion 
protein processing defect), Fabry disease (due to lysosomal 
O-galactosidase A) and Straussler-Scheinker syndrome (due 
to Prp processing defect). 
0015. 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. 

0016. Although there are numerous causes of diarrhea, 
the major consequences of diarrheal diseases, resulting from 
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excessive chloride transport are common to all, and include 
dehydration, acidosis, impaired growth and death. 
0017 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. 
0018 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. 

0019 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. 

0020. The most common diarrhea causing bacteria is 
enterotoxogenic E-coli (ETEC) having the K99 pilus anti 
gen. Common viral causes of diarrhea include rotavirus and 
coronavirus. Other infectious agents include cryptospo 
ridium, giardia lamblia, and salmonella, among others. 
0021 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, how 
ever, a young animal may be infected with more than one 
virus or with a combination of viral and bacterial microor 
ganisms at one time. This dramatically increases the severity 
of the disease. 

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

0023 There is a need for methods of treating ABC 
transporter mediated diseases using Such modulators of ABC 
transporter activity. 

0024. There is a need for methods of modulating an ABC 
transporter activity in an ex vivo cell membrane of a 
mammal. 

0025. There is a need for modulators of CFTR activity 
that can be used to modulate the activity of CFTR in the cell 
membrane of a mammal. 

0026. There is a need for methods of treating CFTR 
mediated diseases using such modulators of CFTR activity. 
0027. There is a need for methods of modulating CFTR 
activity in an ex vivo cell membrane of a mammal. 

SUMMARY OF THE INVENTION 

0028. It has now been found that compounds of this 
invention, and pharmaceutically acceptable compositions 
thereof, are useful as modulators of ABC transporter activ 
ity. These compounds have the general formula (I): 
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(I) 

Qa 
(R), 

0029 or a pharmaceutically acceptable salt thereof, 
wherein R. R. R. R. R. and n are described herein. 
0030 These compounds and pharmaceutically accept 
able compositions are useful for treating or lessening the 
severity of a variety of diseases, disorders, or conditions, 
including, but not limited to, cystic fibrosis, hereditary 
emphysema, hereditary hemochromatosis, coagulation-fi 
brinolysis 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, Sand 
hof/Tay-Sachs, Crigler-Najjar type II, polyendocrinopathy/ 
hyperinsulemia, Diabetes Mellitus, Laron dwarfism, 
myleoperoxidase deficiency, primary hypoparathyroidism, 
melanoma, glycanosis CDG type 1, hereditary emphysema, 
congenital hyperthyroidism, osteogenesis imperfecta, 
hereditary hypofibrinogenemia, ACT deficiency, Diabetes 
Insipidus (DI), neurophyseal DI, neprogenic DI, Charcot 
Marie Tooth syndrome, Perlizaeus-Merzbacher disease, 
neurodegenerative diseases such as Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral Sclerosis, progres 
sive Supranuclear plasy, Pick's disease, several polygluta 
mine neurological disorders asuch as Huntington, spinocer 
ebular ataxia type I, spinal and bulbar muscular atrophy, 
dentatorubal pallidoluysian, and myotonic dystrophy, as 
well as spongiform encephalopathies. Such as hereditary 
Creutzfeldt-Jakob disease, Fabry disease, Straussler-Schei 
nker syndrome, COPD, dry-eye disease, and Sjogren's dis 
CaSC. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Definitions 

0031. As used herein, the following definitions shall 
apply unless otherwise indicated. 
0032. The term “ABC-transporter as used herein means 
an ABC-transporter protein or a fragment thereof compris 
ing 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): 111(3), 477-90. 
0033. 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, AF508 CFTR and G551D CFTR (see, e.g., 
http://www.genet. sickkids.on.ca/cftrf, for CFTR mutations). 
0034. The term “modulating as used herein means 
increasing or decreasing, e.g. activity, by a measurable 
amount. Compounds that modulate ABC Transporter activ 
ity, such as CFTR activity, by increasing the activity of the 
ABC Transporter, e.g., a CFTR anion channel, are called 
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agonists. Compounds that modulate ABC Transporter activ 
ity, such as CFTR activity, by decreasing the activity of the 
ABC Transporter, e.g., CFTR anion channel, are called 
antagonists. An agonist interacts with an ABC Transporter, 
such as CFTR anion channel, to increase the ability of the 
receptor to transduce an intracellular signal in response to 
endogenous ligand binding. An antagonist interacts with an 
ABC Transporter, such as CFTR, and competes with the 
endogenous ligand(s) or Substrate(s) for binding site(s) on 
the receptor to decrease the ability of the receptor to trans 
duce an intracellular signal in response to endogenous ligand 
binding. 
0035. The phrase “treating or reducing the severity of an 
ABC Transporter mediated disease' refers both to treat 
ments for diseases that are directly caused by ABC Trans 
porter and/or CFTR activities and alleviation of symptoms 
of diseases not directly caused by ABC Transporter and/or 
CFTR anion channel activities. Examples of diseases whose 
symptoms may be affected by ABC Transporter and/or 
CFTR activity include, but are not limited to, Cystic fibrosis, 
Hereditary emphysema, Hereditary hemochromatosis, 
Coagulation-Fibrinolysis deficiencies, such as Protein C 
deficiency, Type 1 hereditary angioedema. Lipid processing 
deficiencies, such as Familial hypercholesterolemia, Type 1 
chylomicronemia, Abetalipoproteinemia, Lysosomal storage 
diseases, such as I-cell disease/Pseudo-Hurler. Mucopoly 
saccharidoses, Sandhof/Tay-Sachs, Crigler-Najjar type II, 
Polyendocrinopathy/Hyperinsulemia, Diabetes mellitus, 
Laron dwarfism, Myleoperoxidase deficiency, Primary 
hypoparathyroidism, Melanoma, Glycanosis CDG type 1, 
Hereditary emphysema, Congenital hyperthyroidism, 
Osteogenesis imperfecta, Hereditary hypofibrinogenemia, 
ACT deficiency, Diabetes insipidus (DI). Neurophyseal DI, 
Neprogenic DI, Charcot-Marie Tooth syndrome, Perlizaeus 
Merzbacher disease, neurodegenerative diseases such as 
Alzheimer's disease, Parkinson's disease, Amyotrophic lat 
eral Sclerosis, Progressive Supranuclear plasy, Pick's dis 
ease, several polyglutamine neurological disorders asuch as 
Huntington, Spinocerebullar ataxia type I, Spinal and bulbar 
muscular atrophy, Dentatorubal pallidoluysian, and Myo 
tonic dystrophy, as well as Spongiform encephalopathies, 
such as Hereditary Creutzfeldt-Jakob disease, Fabry disease, 
Straussler-Scheinker syndrome, COPD, dry-eye disease, and 
Sjogren's disease. 
0036. For purposes of this invention, the chemical ele 
ments 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, Sausolito: 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. 
0037 For purposes of this invention, the chemical ele 
ments are identified in accordance with the Periodic Table of 
the Elements, CAS version, Handbook of Chemistry and 
Physics, 75" 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. 
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0038. As used herein the term “aliphatic encompasses 
the terms alkyl, alkenyl, alkynyl, each of which being 
optionally substituted as set forth below. 
0039. As used herein, an “alkyl group refers to a satu 
rated aliphatic hydrocarbon group containing 1-8 (e.g., 1-6 
or 1-4) carbon atoms. An alkyl group can be straight or 
branched. Examples of alkyl groups include, but are not 
limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, n-pentyl, n-heptyl, or 2-ethylhexyl. An 
alkyl group can be substituted (i.e., optionally Substituted) 
with one or more substituents such as halo, cycloaliphatic 
e.g., cycloalkyl or cycloalkenyl, heterocycloaliphatic e.g., 
heterocycloalkyl or heterocycloalkenyl, aryl, heteroaryl, 
alkoxy, aroyl, heteroaroyl, acyl e.g., (aliphatic)carbonyl, 
(cycloaliphatic)carbonyl, or (heterocycloaliphatic)carbo 
nyl. nitro, cyano, amido e.g., (cycloalkylalkyl)carbo 
nylamino, arylcarbonylamino, aralkylcarbonylamino, (het 
erocycloalkyl)carbonylamino, (heterocycloalkylalkyl) 
carbonylamino, heteroarylcarbonylamino, 
heteroaralkylcarbonylamino, amino e.g., aliphaticamino, 
cycloaliphaticamino, or heterocycloaliphaticamino, Sulfo 
nyl e.g., aliphaticsulfonyl, Sulfinyl, Sulfanyl. Sulfoxy, urea, 
thiourea, Sulfamoyl, Sulfamide, oxo, carboxy, carbamoyl, 
cycloaliphaticoxy, heterocycloaliphaticoxy, aryloxy, het 
eroaryloxy, aralkyloxy, heteroarylalkoxy, alkoxycarbonyl, 
alkylcarbonyloxy, or hydroxy. Without limitation, some 
examples of Substituted alkyls include carboxyalkyl (such as 
HOOC-alkyl, alkoxycarbonylalkyl, and alkylcarbonyloxy 
alkyl), cyanoalkyl, hydroxyalkyl, alkoxyalkyl, acylalkyl, 
hydroxyalkyl, aralkyl, (alkoxyaryl)alkyl, (Sulfonylamino) 
alkyl (Such as (alkylsulfonylamino)alkyl), aminoalkyl, ami 
doalkyl, (cycloaliphatic)alkyl, cyanoalkyl, or haloalkyl. 
0040. As used herein, an “alkenyl group refers to an 
aliphatic carbon group that contains 2-8 (e.g., 2-6 or 2-4) 
carbon atoms and at least one double bond. Like an alkyl 
group, an alkenyl group can be straight or branched. 
Examples of an alkenyl group include, but are not limited to, 
allyl, isoprenyl, 2-butenyl, and 2-hexenyl. An alkenyl group 
can be optionally substituted with one or more substituents 
Such as halo, cycloaliphatic, heterocycloaliphatic, aryl, het 
eroaryl, alkoxy, aroyl, heteroaroyl, acyl e.g., (cycloaliphat 
ic)carbonyl, or (heterocycloaliphatic)carbonyl. nitro, 
cyano, acyl e.g., aliphaticcarbonyl, cycloaliphaticcarbonyl, 
arylcarbonyl, heterocycloaliphaticcarbonyl or heteroarylcar 
bonyl, amido e.g., (cycloalkylalkyl)carbonylamino, aryl 
carbonylamino, aralkylcarbonylamino, (heterocycloalkyl) 
carbonylamino, (heterocycloalkylalkyl)carbonylamino, 
heteroarylcarbonylamino, heteroaralkylcarbonylamino 
alkylaminocarbonyl, cycloalkylaminocarbonyl, heterocy 
cloalkylaminocarbonyl, arylaminocarbonyl, or heteroary 
laminocarbonyl, amino e.g., aliphaticamino, or aliphatic 
Sulfonylamino, sulfonyl e.g., alkylsulfonyl, 
cycloaliphaticsulfonyl, or arylsulfonyl, Sulfinyl, Sulfanyl. 
Sulfoxy, urea, thiourea, Sulfamoyl, Sulfamide, oxo, carboxy, 
carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy, ary 
loxy, heteroaryloxy, aralkyloxy, heteroarylalkoxy, alkoxy 
carbonyl, alkylcarbonyloxy, or hydroxy. 
0041 As used herein, an “alkynyl group refers to an 
aliphatic carbon group that contains 2-8 (e.g., 2-6 or 2-4) 
carbon atoms and has at least one triple bond. An alkynyl 
group can be straight or branched. Examples of an alkynyl 
group include, but are not limited to, propargyl and butynyl. 
An alkynyl group can be optionally Substituted with one or 
more Substituents such as aroyl, heteroaroyl, alkoxy, 
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cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, 
aralkyloxy, nitro, carboxy, cyano, halo, hydroxy, Sulfo, mer 
capto, Sulfanyl e.g., aliphaticsulfanyl or cycloaliphaticsul 
fanyl. Sulfinyl e.g., aliphaticsulfinyl or cycloaliphaticsulfi 
nyl. sulfonyl e.g., aliphaticsulfonyl, 
aliphaticaminosulfonyl, or cycloaliphaticsulfonyl, amido 
e.g., aminocarbonyl, alkylaminocarbonyl, alkylcarbo 
nylamino, cycloalkylaminocarbonyl, heterocycloalkylamin 
ocarbonyl, cycloalkylcarbonylamino, arylaminocarbonyl, 
arylcarbonylamino, aralkylcarbonylamino, (heterocy 
cloalkyl)carbonylamino, (cycloalkylalkyl)carbonylamino, 
heteroaralkylcarbonylamino, heteroarylcarbonylamino or 
heteroarylaminocarbonyl, urea, thiourea, Sulfamoyl, Sulf 
amide, alkoxycarbonyl, alkylcarbonyloxy, cycloaliphatic, 
heterocycloaliphatic, aryl, heteroaryl, acyl e.g., (cycloali 
phatic)carbonyl or (heterocycloaliphatic)carbonyl, amino 
e.g., aliphaticamino, Sulfoxy, Oxo, carboxy, carbamoyl, 
(cycloaliphatic)oxy, (heterocycloaliphatic)oxy, or (het 
eroaryl)alkoxy. 
0042. As used herein, an "amido' encompasses both 
“aminocarbonyl and “carbonylamino”. These terms when 
used alone or in connection with another group refers to an 
amido group such as N(RR) C(O) or RC(O) N 
(R)— when used terminally and —C(O) N(R)— or 
-N(R)-C(O)— when used internally, wherein R and R' 
are defined below. Examples of amido groups include alky 
lamido (Such as alkylcarbonylamino or alkylcarbo 
nylamino), (heterocycloaliphatic)amido, (heteroaralkyl) 
amido, (heteroaryl)amido. (heterocycloalkyl)alkylamido, 
arylamido, aralkylamido, (cycloalkyl)alkylamido, or 
cycloalkylamido. 
0043. As used herein, an “amino' group refers to 
-NR'R' wherein each of R and R is independently 
hydrogen, alkyl, cycloaliphatic, (cycloaliphatic)aliphatic, 
aryl, araliphatic, heterocycloaliphatic, (heterocycloaliphatic) 
aliphatic, heteroaryl, carboxy, Sulfanyl, Sulfinyl, Sulfonyl, 
(aliphatic)carbonyl, (cycloaliphatic)carbonyl, ((cycloali 
phatic)aliphatic)carbonyl, arylcarbonyl, (araliphatic)carbo 
nyl, (heterocycloaliphatic)carbonyl, ((heterocycloaliphatic) 
aliphatic)carbonyl, (heteroaryl)carbonyl, O 
(heteroaraliphatic)carbonyl, each of which being defined 
herein and being optionally Substituted. Examples of amino 
groups include alkylamino, dialkylamino, or arylamino. 
When the term “amino” is not the terminal group (e.g., 
alkylcarbonylamino), it is represented by NR - R has 
the same meaning as defined above. 
0044 As used herein, an “aryl group used alone or as 
part of a larger moiety as in “aralkyl. “aralkoxy”, or 
“aryloxyalkyl refers to monocyclic (e.g., phenyl); bicyclic 
(e.g., indenyl, naphthalenyl, tetrahydronaphthyl, tetrahy 
droindenyl); and tricyclic (e.g., fluorenyl tetrahydrofluore 
nyl, or tetrahydroanthraccinyl, anthracenyl) ring systems in 
which the monocyclic ring system is aromatic or at least one 
of the rings in a bicyclic or tricyclic ring system is aromatic. 
The bicyclic and tricyclic ring systems include benzofused 
2-3 membered carbocyclic rings. For example, a benzofused 
group includes phenyl fused with two or more Cas carbo 
cyclic moieties. An aryl is optionally Substituted with one or 
more Substituents including aliphatic e.g., alkyl, alkenyl, or 
alkynyl; cycloaliphatic; (cycloaliphatic)aliphatic; heterocy 
cloaliphatic; (heterocycloaliphatic)aliphatic; aryl; het 
eroaryl; alkoxy; (cycloaliphatic)oxy; (heterocycloaliphatic) 
oxy; aryloxy; heteroaryloxy; (araliphatic)oxy; 
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino: Oxo (on a 
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non-aromatic carbocyclic ring of a benzofused bicyclic or 
tricyclic aryl), nitro; carboxy; amido; acyl e.g., aliphatic 
carbonyl; (cycloaliphatic)carbonyl: ((cycloaliphatic)aliphat 
ic)carbonyl: (araliphatic)carbonyl: (heterocycloaliphatic) 
carbonyl: ((heterocycloaliphatic)aliphatic)carbonyl; or 
(heteroaraliphatic)carbonyl; Sulfonyl e.g., aliphaticsulfo 
nyl or aminosulfonyl; Sulfinyl e.g., aliphaticsulfinyl or 
cycloaliphaticsulfinyl; Sulfanyl e.g., aliphaticsulfanyl: 
cyano; halo: hydroxy, mercapto: Sulfoxy; urea: thiourea; 
Sulfamoyl: Sulfamide; or carbamoyl. Alternatively, an aryl 
can be unsubstituted. 

0045. Non-limiting examples of substituted aryls include 
haloaryl e.g., mono-, di (such as p.m-dihaloaryl), and 
(trihalo)aryl; (carboxy)aryl e.g., (alkoxycarbonyl)aryl, 
((aralkyl)carbonyloxy)aryl, and (alkoxycarbonyl)aryl; 
(amido)aryl e.g., (aminocarbonyl)aryl, (((alkylamino)alkyl) 
aminocarbonyl)aryl, (alkylcarbonyl)aminoaryl, (arylamin 
ocarbonyl)aryl, and (((heteroaryl)amino)carbonyl)aryl; 
aminoaryl e.g., (alkylsulfonyl)amino)aryl or (dialkyl)am 
ino)aryl; (cyanoalkyl)aryl; (alkoxy)aryl; (sulfamoyl)aryl 
e.g., (aminosulfonyl)aryl: (alkylsulfonyl)aryl; (cyano)aryl; 
(hydroxyalkyl)aryl; ((alkoxy)alkyl)aryl; (hydroxy)aryl, 
((carboxy)alkyl)aryl; (((dialkyl)amino)alkyl)aryl; (ni 
troalkyl)aryl; (((alkylsulfonyl)amino)alkyl)aryl; ((heterocy 
cloaliphatic)carbonyl)aryl; ((alkylsulfonyl)alkyl)aryl; (cya 
noalkyl)aryl; (hydroxyalkyl)aryl; (alkylcarbonyl)aryl; 
alkylaryl; (trihaloalkyl)aryl; p-amino-m-alkoxycarbo 
nylaryl; p-amino-m-cyanoaryl; p-halo-m-aminoaryl; or (m- 
(heterocycloaliphatic)-O-(alkyl))aryl. 

0046. As used herein, an “araliphatic' such as an 
“aralkyl group refers to an aliphatic group (e.g., a C alkyl 
group) that is Substituted with an aryl group. “Aliphatic.” 
“alkyl, and “aryl are defined herein. An example of an 
araliphatic Such as an aralkyl group is benzyl. 
0047. As used herein, an “aralkyl group refers to an 
alkyl group (e.g., a C alkyl group) that is Substituted with 
an aryl group. Both “alkyl and “aryl have been defined 
above. An example of an aralkyl group is benzyl. An aralkyl 
is optionally substituted with one or more substituents such 
as aliphatic e.g., alkyl, alkenyl, or alkynyl, including car 
boxyalkyl, hydroxyalkyl, or haloalkyl such as trifluorom 
ethyl, cycloaliphatic e.g., cycloalkyl or cycloalkenyl, (cy 
cloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, 
aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalky 
loxy, aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy, 
aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcar 
bonyloxy, amido e.g., aminocarbonyl, alkylcarbonylamino, 
cycloalkylcarbonylamino, (cycloalkylalkyl)carbonylamino, 
arylcarbonylamino, aralkylcarbonylamino, (heterocy 
cloalkyl)carbonylamino, (heterocycloalkylalkyl)carbo 
nylamino, heteroarylcarbonylamino, or heteroaralkylcarbo 
nylamino, cyano, halo, hydroxy, acyl, mercapto, 
alkylsulfanyl, Sulfoxy, urea, thiourea, Sulfamoyl, Sulfamide, 
oXo, or carbamoyl. 
0048. As used herein, a “bicyclic ring system’ includes 
8-12 (e.g., 9, 10, or 11) membered structures that form two 
rings, wherein the two rings have at least one atom in 
common (e.g., 2 atoms in common). Bicyclic ring systems 
include bicycloaliphatics (e.g., bicycloalkyl or bicycloalk 
enyl), bicycloheteroaliphatics, bicyclic aryls, and bicyclic 
heteroaryls. 
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0049. As used herein, a “cycloaliphatic' group encom 
passes a “cycloalkyl group and a “cycloalkenyl group, 
each of which being optionally substituted as set forth 
below. 

0050. As used herein, a “cycloalkyl group refers to a 
saturated carbocyclic mono- or bicyclic (fused or bridged) 
ring of 3-10 (e.g., 5-10) carbon atoms. Examples of 
cycloalkyl groups include cyclopropyl, cyclobutyl, cyclo 
pentyl, cyclohexyl, cycloheptyl, adamantyl, norbornyl, 
cubyl, octahydro-indenyl, decahydro-naphthyl, bicyclo3.2. 
loctyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1nonyl, bicyclo[3. 
3.2.decyl, bicyclo2.2.2]octyl, adamantyl, azacycloalkyl, or 
((aminocarbonyl)cycloalkyl)cycloalkyl. A “cycloalkenyl 
group, as used herein, refers to a non-aromatic carbocyclic 
ring of 3-10 (e.g., 4-8) carbon atoms having one or more 
double bonds. Examples of cycloalkenyl groups include 
cyclopentenyl, 1,4-cyclohexa-di-enyl, cycloheptenyl, 
cyclooctenyl, hexahydro-indenyl, octahydro-naphthyl, 
cyclohexenyl, cyclopentenyl, bicyclo[2.2.2]octenyl, or bicy 
clo3.3.1 nonenyl. A cycloalkyl or cycloalkenyl group can 
be optionally substituted with one or more substituents such 
as aliphatic e.g., alkyl, alkenyl, or alkynyl, cycloaliphatic, 
(cycloaliphatic) aliphatic, heterocycloaliphatic, (heterocy 
cloaliphatic) aliphatic, aryl, heteroaryl, alkoxy, (cycloalipha 
tic)oxy, (heterocycloaliphatic)oxy, aryloxy, heteroaryloxy, 
(araliphatic)oxy, (heteroaraliphatic)oxy, aroyl, heteroaroyl, 
amino, amido e.g., (aliphatic)carbonylamino, (cycloaliphat 
ic)carbonylamino, ((cycloaliphatic)aliphatic)carbo 
nylamino, (aryl)carbonylamino, (araliphatic)carbo 
nylamino, (heterocycloaliphatic)carbonylamino, 
((heterocycloaliphatic)aliphatic)carbonylamino, (het 
eroaryl)carbonylamino, O (heteroaraliphatic)carbo 
nylamino, nitro, carboxy e.g., HOOC , alkoxycarbonyl, 
or alkylcarbonyloxy, acyl e.g., (cycloaliphatic)carbonyl, 
((cycloaliphatic) aliphatic)carbonyl, (araliphatic)carbonyl, 
(heterocycloaliphatic)carbonyl, ((heterocycloaliphatic)ali 
phatic)carbonyl, or (heteroaraliphatic)carbonyl, cyano, 
halo, hydroxy, mercapto, Sulfonyl e.g., alkylsulfonyl and 
arylsulfonyl, Sulfinyl e.g., alkylsulfinyl, Sulfanyl e.g., 
alkylsulfanyl, Sulfoxy, urea, thiourea, Sulfamoyl, Sulfamide, 
oXo, or carbamoyl. 
0051. As used herein, “cyclic moiety' includes cycloali 
phatic, heterocycloaliphatic, aryl, or heteroaryl, each of 
which has been defined previously. 
0052. As used herein, the term "heterocycloaliphatic' 
encompasses a heterocycloalkyl group and a heterocycloalk 
enyl group, each of which being optionally Substituted as set 
forth below. 
0053 As used herein, a "heterocycloalkyl group refers 

to a 3-10 membered mono- or bicylic (fused or bridged) 
(e.g., 5- to 10-membered mono- or bicyclic) Saturated ring 
structure, in which one or more of the ring atoms is a 
heteroatom (e.g., N, O, S, or combinations thereof). 
Examples of a heterocycloalkyl group include piperidyl, 
piperaZyl, tetrahydropyranyl, tetrahydrofuryl, 1,4-dioxola 
nyl, 1,4-dithianyl, 1,3-dioxolanyl, oxazolidyl, isoxazolidyl, 
morpholinyl, thiomorpholyl, octahydrobcnzofuryl, octahy 
drochromcinyl, octahydrothiochromenyl, octahydroindolyl, 
octahydropyrindinyl, decahydroquinolinyl, octahydrobenzo 
bithiopheneyl, 2-oxa-bicyclo2.2.2]octyl, 1-aza-bicyclo2. 
2.2 octyl, 3-aza-bicyclo3.2.1]octyl, and 2,6-dioxa-tricyclo 
3.3.1.0"nonyl. A monocyclic heterocycloalkyl group can 
be fused with a phenyl moiety Such as tetrahydroisoquino 
line. A "heterocycloalkenyl group, as used herein, refers to 
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a mono- or bicylic (e.g., 5- to 10-membered mono- or 
bicyclic) non-aromatic ring structure having one or more 
double bonds, and wherein one or more of the ring atoms is 
a heteroatom (e.g., N, O, or S). Monocyclic and bicyclohet 
eroaliphatics are numbered according to standard chemical 
nomenclature. 

0054. A heterocycloalkyl or heterocycloalkenyl group 
can be optionally substituted with one or more substituents 
Such as aliphatic e.g., alkyl, alkenyl, or alkynyl, cycloali 
phatic, (cycloaliphatic)aliphatic, heterocycloaliphatic, (het 
erocycloaliphatic)aliphatic, aryl, heteroaryl, alkoxy, (cycloa 
liphatic)oxy, (heterocycloaliphatic)oxy, aryloxy, 
heteroaryloxy, (araliphatic)oxy, (heteroaraliphatic)oxy, 
aroyl, heteroaroyl, amino, amido e.g., (aliphatic)carbo 
nylamino, (cycloaliphatic)carbonylamino, ((cycloaliphatic) 
aliphatic)carbonylamino, (aryl)carbonylamino, (araliphatic) 
carbonylamino, (heterocycloaliphatic)carbonylamino, ((het 
erocycloaliphatic) aliphatic)carbonylamino, (heteroaryl)car 
bonylamino, or (heteroaraliphatic)carbonylamino, nitro, 
carboxy (e.g., HOOC , alkoxycarbonyl, or alkylcarbony 
loxy, acyl e.g., (cycloaliphatic)carbonyl, ((cycloaliphatic) 
aliphatic)carbonyl, (araliphatic)carbonyl, (heterocycloali 
phatic)carbonyl, ((heterocycloaliphatic)aliphatic)carbonyl, 
or (heteroaraliphatic)carbonyl. nitro, cyano, halo, hydroxy, 
mercapto, Sulfonyl e.g., alkylsulfonyl or arylsulfonyl, 
Sulfinyl e.g., alkylsulfinyl, Sulfanyl e.g., alkylsulfanyl. 
Sulfoxy, urea, thiourea, Sulfamoyl, Sulfamide, Oxo, or car 
bamoyl. 
0055. A "heteroaryl group, as used herein, refers to a 
monocyclic, bicyclic, or tricyclic ring system having 4 to 15 
ring atoms wherein one or more of the ring atoms is a 
heteroatom (e.g., N, O, S, or combinations thereof) and in 
which the monocyclic ring system is aromatic or at least one 
of the rings in the bicyclic or tricyclic ring systems is 
aromatic. A heteroaryl group includes a benzofused ring 
system having 2 to 3 rings. For example, a benzofused group 
includes benzo fused with one or two 4 to 8 membered 
heterocycloaliphatic moieties (e.g., indolizyl, indolyl, isoin 
dolyl, 3H-indolyl, indolinyl, benzobfuryl, benzobthio 
phenyl, quinolinyl, or isoquinolinyl). Some examples of 
heteroaryl are azetidinyl, pyridyl, 1H-indazolyl, furyl, pyr 
rolyl, thienyl, thiazolyl, oxazolyl, imidazolyl, tetrazolyl, 
benzofuryl, isoquinolinyl, benzthiazolyl, Xanthene, thioxan 
thene, phenothiazine, dihydroindole, benzo. 1.3dioxole, 
benzobfuryl, benzobthiophenyl, indazolyl, benzimida 
Zolyl, benzthiazolyl, puryl, cinnolyl, quinolyl, quinazolyl, 
cinnolyl, phthalazyl, quinazolyl, quinoxalyl, isoquinolyl, 
4H-quinolizyl, benzo-1,2,5-thiadiazolyl, or 1.8-naphthy 
ridyl. 
0056. Without limitation, monocyclic heteroaryls include 
furyl, thiophenyl, 2H-pyrrolyl pyrrolyl, oxazolyl, thazolyl, 
imidazolyl pyrazolyl, isoxazolyl, isothiazolyl, 1.3,4-thiadi 
azolyl, 2H-pyranyl, 4-H-pyranyl, pyridyl, pyridaZyl, pyrim 
idyl, pyrazolyl pyrazyl, or 1,3,5-triaZyl. Monocyclic het 
eroaryls are numbered according to standard chemical 
nomenclature. 

0057 Without limitation, bicyclic heteroaryls include 
indolizyl, indolyl, isoindolyl, 3H-indolyl, indolinyl, benzo 
bifuryl, benzobthiophenyl, quinolinyl, isoquinolinyl, 
indolizyl, isoindolyl, indolyl, benzobfuryl, bexobthio 
phenyl, indazolyl, benzimidazyl, benzthiazolyl, purinyl, 
4H-quinolizyl, quinolyl, isoquinolyl, cinnolyl, phthalazyl. 
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quinazolyl, quinoxalyl, 1.8-naphthyridyl, or pteridyl. Bicy 
clic heteroaryls are numbered according to standard chemi 
cal nomenclature. 

0058. A heteroaryl is optionally substituted with one or 
more substituents such as aliphatic e.g., alkyl, alkenyl, or 
alkynyl; cycloaliphatic; (cycloaliphatic)aliphatic; heterocy 
cloaliphatic; (heterocycloaliphatic)aliphatic; aryl; het 
eroaryl; alkoxy; (cycloaliphatic)oxy; (heterocycloaliphatic) 
oxy; aryloxy; heteroaryloxy; (araliphatic)oxy; 
(heteroaraliphatic)oxy; aroyl; heteroaroyl; amino: Oxo (on a 
non-aromatic carbocyclic or heterocyclic ring of a bicyclic 
or tricyclic heteroaryl), carboxy; amido; acyl e.g., aliphat 
iccarbonyl; (cycloaliphatic)carbonyl: ((cycloaliphatic)ali 
phatic)carbonyl: (araliphatic)carbonyl: (heterocycloaliphat 
ic)carbonyl: ((heterocycloaliphatic)aliphatic)carbonyl; or 
(heteroaraliphatic)carbonyl; Sulfonyl e.g., aliphaticsulfo 
nyl or aminosulfonyl; Sulfinyl e.g., aliphaticsulfinyl: Sul 
fanyl e.g., aliphaticsulfanyl: nitro; cyano; halo: hydroxy: 
mercapto; Sulfoxy, urea; thiourea; Sulfamoyl; Sulfamide; or 
carbamoyl. Alternatively, a heteroaryl can be unsubstituted. 
0059 Non-limiting examples of substituted heteroaryls 
include (halo)heteroaryl e.g., mono- and di-(halo)het 
eroaryl; (carboxy)heteroaryl e.g., (alkoxycarbonyl)het 
eroaryl; cyanoheteroaryl; aminoheteroaryl e.g., ((alkylsul 
fonyl)amino)heteroaryl and (dialkyl)amino)heteroaryl; 
(amido)heteroaryl e.g., aminocarbonylheteroaryl, (alkyl 
carbonyl)amino)heteroaryl, ((((alkyl)amino)alkyl)amin 
ocarbonyl)heteroaryl. (((heteroaryl)amino)carbonyl)het 
eroaryl, ((heterocycloaliphatic)carbonyl)heteroaryl, and 
((alkylcarbonyl)amino)heteroaryl; (cyanoalkyl)heteroaryl; 
(alkoxy)heteroaryl; (sulfamoyl)heteroaryl e.g., (aminosul 
fonyl)heteroaryl: (sulfonyl)heteroaryl e.g., (alkylsulfonyl) 
heteroaryl; (hydroxyalkyl)heteroaryl; (alkoxyalkyl)het 
eroaryl; (hydroxy)heteroaryl; ((carboxy)alkyl)heteroaryl; 
((dialkyl)amino)alkylheteroaryl; (heterocycloaliphatic) 
heteroaryl; (cycloaliphatic)heteroaryl; (nitroalkyl)het 
eroaryl; (((alkylsulfonyl)amino)alkyl)heteroaryl; ((alkylsul 
fonyl)alkyl)heteroaryl; (cyanoalkyl)heteroaryl; (acyl) 
heteroaryl e.g., (alkylcarbonyl)heteroaryl; (alkyl) 
heteroaryl, and (haloalkyl)heteroaryl e.g., 
trihaloalkylheteroaryl. 
0060 A "heteroaraliphatic' (such as a heteroaralkyl 
group) as used herein, refers to an aliphatic group (e.g., a 
C. alkyl group) that is Substituted with a heteroaryl group. 
“Aliphatic,” “alkyl,” and “heteroaryl have been defined 
above. 
0061. A "heteroaralkyl group, as used herein, refers to 
an alkyl group (e.g., a C alkyl group) that is Substituted 
with a heteroaryl group. Both “alkyl and "heteroaryl have 
been defined above. A heteroaralkyl is optionally substituted 
with one or more Substituents such as alkyl (including 
carboxyalkyl, hydroxyalkyl, and haloalkyl Such as trifluo 
romethyl), alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, 
heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, heteroaryl, 
alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, het 
eroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, 
nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy, amin 
ocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino, 
(cycloalkylalkyl)carbonylamino, arylcarbonylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, 
(heterocycloalkylalkyl)carbonylamino, heteroarylcarbo 
nylamino, heteroaralkylcarbonylamino, cyano, halo, 
hydroxy, acyl, mercapto, alkylsulfanyl, Sulfoxy, urea, thio 
urea, Sulfamoyl, Sulfamide, Oxo, or carbamoyl. 
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0062. As used herein. “cyclic moiety” includes 
cycloalkyl, heterocycloalkyl, cycloalkenyl, heterocycloalk 
enyl, aryl, or heteroaryl, each of which has been defined 
previously. 
0063 As used herein, an “acyl group refers to a formyl 
group or R C(O)— (such as -alkyl-C(O)—, also referred 
to as “alkylcarbonyl) where R and “alkyl have been 
defined previously. Acetyl and pivaloyl are examples of acyl 
groups. 
0064. As used herein, an “aroyl or "heteroaroyl refers 
to an aryl-C(O)— or a heteroaryl-C(O)—. The aryl and 
heteroaryl portion of the aroyl or heteroaroyl is optionally 
substituted as previously defined. 
0065. As used herein, an “alkoxy' group refers to an 
alkyl-O group where “alkyl has been defined previously. 
0066. As used herein, a “carbamoyl group refers to a 
group having the structure - O CO. NR'R' or -NR 
CO-O-R?, wherein R and R have been defined above 
and R can be aliphatic, aryl, araliphatic, heterocycloali 
phatic, heteroaryl, or heteroaraliphatic. 
0067. As used herein, a “carboxy” group refers to 
COOH, -COOR, OC(O)H, OC(O)R when used 

as a terminal group; or —OC(O)— or —C(O)O— when 
used as an internal group. 
0068. As used herein, a “haloaliphatic' group refers to an 
aliphatic group Substituted with 1, 2, or 3 halogen. For 
instance, the term haloalkyl includes the group —CF. 
0069. As used herein, a “mercapto' group refers to —SH. 
0070. As used herein, a “sulfo' group refers to —SOH 
or - SOR when used terminally or S(O), when used 
internally. 
0071. As used herein, a “sulfamide' group refers to the 
structure - NR S(O), NR'R' when used terminally 
and NR S(O), NR' when used internally, wherein 
R. R', and R? have been defined above. 
0072. As used herein, a “sulfamoyl group refers to the 
structure –S(O). NR'R' or NR S(O). R? when 
used terminally: or - S(O). NR or - NR S(O), 
when used internally, wherein R. R. and R? are defined 
above. 
0073. As used herein a “sulfanyl group refers to —S 
R when used terminally and - S - when used internally, 
wherein R has been defined above. Examples of sulfanyls 
include alkylsulfanyl. 
0074 As used herein a “sulfinyl group refers to 
—S(O) R' when used terminally and S(O)— when used 
internally, wherein R has been defined above. 
0075. As used herein, a “sulfonyl group refers to —S(O) 

R' when used terminally and S(O), when used 
internally, wherein R has been defined above. 
0076. As used herein, a “sulfoxy” group refers to —O— 
SO-R or -SO-O-R, when used terminally and 
—O—S(O)—or —S(O)—O— when used internally, where 
R has been defined above. 
0077. As used herein, a “halogen' or “halo' group refers 
to fluorine, chlorine, bromine or iodine. 
0078. As used herein, an “alkoxycarbonyl, which is 
encompassed by the term carboxy, used alone or in connec 
tion with another group refers to a group Such as alkyl-O- 
C(O)-. 
0079. As used herein, an “alkoxyalkyl refers to an alkyl 
group Such as alkyl-O-alkyl-, wherein alkyl has been defined 
above. 
0080 As used herein, a “carbonyl refer to —C(O)—. 
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0081. As used herein, an “oxo' refers to —O. 
0082. As used herein, an “aminoalkyl refers to the 
structure (R'R'')N-alkyl-. 
0083. As used herein, a “cyanoalkyl refers to the struc 
ture (NC)-alkyl-. 
0084 As used herein, a “urea’ group refers to the struc 
ture - NR CO NR'R' and a “thiourea” group refers to 
the structure —NR CS NR'R' when used terminally 
and NRCO. NR or NR CS NR when 
used internally, wherein R. R. and R? have been defined 
above. 
0085. As used herein, a “guanidino' group refers to the 
structure N=C(N(RR))N(RR) wherein R and R' 
have been defined above. 
I0086. As used herein, the term "amidino' group refers to 
the structure -C=(NR)N(RR) wherein R and Rhave 
been defined above. 
0087. In general, the term “vicinal refers to the place 
ment of Substituents on a group that includes two or more 
carbon atoms, wherein the Substituents are attached to 
adjacent carbon atoms. 
0088. In general, the term "geminal refers to the place 
ment of Substituents on a group that includes two or more 
carbon atoms, wherein the substituents are attached to the 
same carbon atom. 
I0089. The terms “terminally” and “internally” refer to the 
location of a group within a Substituent. A group is terminal 
when the group is present at the end of the Substituent not 
further bonded to the rest of the chemical structure. Car 
boxyalkyl, i.e., RO(O)C-alkyl is an example of a carboxy 
group used terminally. A group is internal when the group is 
present in the middle of a substituent to at the end of the 
substituent bound to the rest of the chemical structure. 
Alkylcarboxy (e.g., alkyl-C(O)O— or alkyl-OC(O)—) and 
alkylcarboxyaryl (e.g., alkyl-C(O)O-aryl- or alkyl-O(CO)- 
aryl-) are examples of carboxy groups used internally. 
0090. As used herein, the term "amidino' group refers to 
the structure -C=(NR)N(RR) wherein R and Rhave 
been defined above. 
0091. As used herein, “cyclic group' includes mono-, bi-, 
and tri-cyclic ring systems including cycloaliphatic, hetero 
cycloaliphatic, aryl, or heteroaryl, each of which has been 
previously defined. 
0092. As used herein, a “bridged bicyclic ring system' 
refers to a bicyclic heterocyclicalipahtic ring system or 
bicyclic cycloaliphatic ring system in which the rings are 
bridged. Examples of bridged bicyclic ring systems include, 
but are not limited to, adamantanyl, norbornanyl, bicyclo3. 
2.1]octyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1nonyl, bicyclo 
3.2.3nonyl, 2-oxa-bicyclo[2.2.2]octyl, 1-aza-bicyclo2.2. 
2octyl, 3-aza-bicyclo[3.2.1]octyl, and 2,6-dioxa-tricyclo[3. 
3.1.03.7nonyl. A bridged bicyclic ring system can be 
optionally Substituted with one or more substituents such as 
alkyl (including carboxyalkyl, hydroxyalkyl, and haloalkyl 
Such as trifluoromethyl), alkenyl, alkynyl, cycloalkyl, (cy 
cloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, 
aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalky 
loxy, aryloxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy, 
aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl, alkylcar 
bonyloxy, aminocarbonyl, alkylcarbonylamino, cycloalkyl 
carbonylamino, (cycloalkylalkyl)carbonylamino, arylcarbo 
nylamino, aralkylcarbonylamino, (heterocycloalkyl) 
carbonylamino, (heterocycloalkylalkyl)carbonylamino, 
heteroarylcarbonylamino, heteroaralkylcarbonylamino, 
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cyano, halo, hydroxy, acyl, mercapto, alkylsulfanyl, Sulfoxy, 
urea, thiourea, Sulfamoyl, Sulfamide, oxo, or carbamoyl. 
0093. As used herein, an “aliphatic chain refers to a 
branched or straight aliphatic group (e.g., alkyl groups, 
alkenyl groups, or alkynyl groups). A straight aliphatic chain 
has the structure —CH2—, where v is 1-6. A branched 
aliphatic chain is a straight aliphatic chain that is Substituted 
with one or more aliphatic groups. A branched aliphatic 
chain has the structure —CHQ- where Q is hydrogen or 
an aliphatic group; however, Q shall be an aliphatic group in 
at least one instance. The term aliphatic chain includes alkyl 
chains, alkenyl chains, and alkynyl chains, where alkyl, 
alkenyl, and alkynyl are defined above. 
0094. The phrase “optionally substituted” is used inter 
changeably with the phrase “substituted or unsubstituted.” 
As described herein, compounds of the invention can 
optionally be substituted with one or more substituents, such 
as are illustrated generally above, or as exemplified by 
particular classes, Subclasses, and species of the invention. 
As described herein, the variables R. R. R. and Ra, and 
other variables contained therein formulae I encompass 
specific groups, such as alkyl and aryl. Unless otherwise 
noted, each of the specific groups for the variables R. R. 
R, and Ra, and other variables contained therein can be 
optionally substituted with one or more substituents 
described herein. Each Substituent of a specific group is 
further optionally substituted with one to three of halo, 
cyano, oxoalkoxy, hydroxy, amino, nitro, aryl, haloalkyl, 
and alkyl. For instance, an alkyl group can be substituted 
with alkylsulfanyl and the alkylsulfanyl can be optionally 
Substituted with one to three of halo, cyano, oxoalkoxy, 
hydroxy, amino, nitro, aryl, haloalkyl, and alkyl. As an 
additional example, the cycloalkyl portion of a (cycloalkyl) 
carbonylamino can be optionally substituted with one to 
three of halo, cyano, alkoxy, hydroxy, nitro, haloalkyl, and 
alkyl. When two alkoxy groups are bound to the same atom 
or adjacent atoms, the two alkoxy groups can form a ring 
together with the atom(s) to which they are bound. 
(0095. In general, the term “substituted,” whether pre 
ceded by the term “optionally” or not, refers to the replace 
ment of hydrogen radicals in a given structure with the 
radical of a specified substituent. Specific substituents are 
described above in the definitions and below in the descrip 
tion of compounds and examples thereof. Unless otherwise 
indicated, an optionally substituted group can have a Sub 
stituent at each Substitutable position of the group, and when 
more than one position in any given structure can be 
substituted with more than one substituent selected from a 
specified group, the Substituent can be either the same or 
different at every position. A ring Substituent, such as a 
heterocycloalkyl, can be bound to another ring, Such as a 
cycloalkyl, to form a spiro-bicyclic ring system, e.g., both 
rings share one common atom. As one of ordinary skill in the 
art will recognize, combinations of Substituents envisioned 
by this invention are those combinations that result in the 
formation of stable or chemically feasible compounds. 
0096. The phrase “up to’, as used herein, refers to zero or 
any integer number that is equal or less than the number 
following the phrase. For example, “up to 3’ means any one 
of 0, 1, 2, and 3. 
(0097. The phrase “stable or chemically feasible,” as used 
herein, refers to compounds that are not Substantially altered 
when subjected to conditions to allow for their production, 
detection, and preferably their recovery, purification, and 
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use for one or more of the purposes disclosed herein. In 
Some embodiments, a stable compound or chemically fea 
sible 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. 

0098. As used herein, an effective amount is defined as 
the amount required to confer a therapeutic effect on the 
treated patient, and is typically determined based on age, 
Surface area, weight, and condition of the patient. The 
interrelationship of dosages for animals and humans (based 
on milligrams per meter squared of body Surface) is 
described by Freireich et al., Cancer Chemother. Rep., 50: 
219 (1966). Body surface area may be approximately deter 
mined from height and weight of the patient. See, e.g., 
Scientific Tables, Geigy Pharmaceuticals, Ardsley, N.Y., 537 
(1970). As used herein, “patient” refers to a mammal, 
including a human. 
0099. 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, diastereo 
meric, and geometric (or conformational) mixtures of the 
present compounds are within the scope of the invention. 
Unless otherwise stated, all tautomeric forms of the com 
pounds of the invention are within the scope of the inven 
tion. 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 deu 
terium or tritium, or the replacement of a carbon by a C 
or 'C-enriched carbon are within the scope of this inven 
tion. Such compounds are useful, for example, as analytical 
tools or probes in biological assays. 
0100 Compounds 
0101 Compounds of the present invention are useful 
modulators of ABC transporters and are useful in the treat 
ment of ABC transport mediated diseases. 

A. Generic Compounds 

0102 The present invention includes a compound of 
formula (I). 

(I) 

Qa 
(R), 

0103 or a pharmaceutically acceptable salt thereof, 
wherein: 

0104. Each R is an optionally substituted Caliphatic, 
an optionally Substituted aryl, an optionally Substituted 
heteroaryl, an optionally Substituted Co cycloaliphatic, an 
optionally substituted 3 to 10 membered heterocycloali 

Apr. 20, 2017 

phatic, carboxy (e.g., hydroxycarbonyl or alkoxycarbonyl, 
amido e.g., aminocarbonyl, amino, halo, or hydroxy: 

0105 provided that at least one R is an optionally 
Substituted cycloaliphatic, an optionally substituted 
heterocycloaliphatic, an optionally Substituted aryl, or 
an optionally substituted heteroaryl attached to the 5- or 
6-position of the pyridyl ring; 

0106 Each R is hydrogen, an optionally substituted C. 
aliphatic, an optionally substituted C. cycloaliphatic, an 
optionally Substituted phenyl, or an optionally Substituted 
heteroaryl; 
0107 Each R and R's together with the carbon atom to 
which they are attached form an optionally substituted C, 
cycloaliphatic or an optionally Substituted heterocycloali 
phatic; 
I0108. Each R is an optionally substituted aryl or an 
optionally substituted heteroaryl; and 
01.09 Each n is 1, 2, 3 or 4. 
0110. In another aspect, the present invention includes 
compounds of formula (I): 

R-R's 
N 

in R4 
N O A,% 

(RI) 

0111 or a pharmaceutically acceptable salt thereof, 
0112 wherein: 
0113 one of G and G is a nitrogen, and the other is a 
carbon; and 
0114 R. R. R. R's, Ra, and n are defined above. 

SPECIFIC EMBODIMENTS 

0115 A. Substituent R. 
0116 Each R is independently an optionally substituted 
Caliphatic, an optionally Substituted aryl, an optionally 
Substituted heteroaryl, an optionally substituted Co mem 
bered cycloaliphatic, an optionally substituted 3 to 10 mem 
bered heterocycloaliphatic, carboxy (e.g., hydroxycarbonyl 
or alkoxycarbonyl, amido e.g., aminocarbonyl, amino, 
halo, or hydroxy. 
0117. In some embodiments, one R is an optionally 
Substituted Caliphatic. In several examples, one R is an 
optionally substituted C. alkyl, an optionally substituted 
C- alkenyl, or an optionally Substituted C. alkynyl. In 
Several examples, one R is C alkyl, Calkenyl, or C. 
alkynyl. 
0118. In several embodiments, one R is an aryl or 
heteroaryl with 1, 2, or 3 substituents. In several examples, 
one R is a monocyclic aryl or heteroaryl. In several embodi 
ments, R is an aryl or heteroaryl with 1, 2, or 3 substituents. 
In several examples, R is a monocyclic aryl or heteroaryl. 
0119. In several embodiments, at least one R is an 
optionally substituted aryl or an optionally substituted het 
eroaryl and R, is bonded to the core structure at the 6 
position on the pyridine ring. 
I0120 In several embodiments, at least one R is an 
optionally substituted aryl or an optionally substituted het 
eroaryl and R is bonded to the core structure at the 5 
position on the pyridine ring. 
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0121. In several embodiments, one R is phenyl with up 
to 3 substituents. In several embodiments, R, is phenyl with 
up to 3 substituents. 
0122. In several embodiments, one R is a heteroaryl ring 
with up to 3 substituents. In certain embodiments, one R is 
a monocyclic heteroaryl ring with up to 3 Substituents. In 
other embodiments, one R is a bicyclic heteroaryl ring with 
up to 3 Substituents. In several embodiments, R, is a 
heteroaryl ring with up to 3 substituents. In certain embodi 
ments, R is a monocyclic heteroaryl ring with up to 3 
substituents. In other embodiments, R is a bicyclic het 
eroaryl ring with up to 3 Substituents. 
0123. In several embodiments, one R is carboxy (e.g., 
hydroxycarbonyl or alkoxycarbonyl. Or, one R is amido 
e.g., aminocarbonyl. Or, one R is amino. Or, is halo. Or, 
is cyano. Or, hydroxyl. 
0.124. In some embodiments, R, is hydrogen, methyl, 
ethyl, i-propyl, t-butyl, cyclopropyl, cyclobutyl, cyclopen 
tyl, cyclohexyl, allyl, F, Cl, methoxy, ethoxy, i-propoxy, 
t-butoxy, CF. OCF, CN, hydroxyl, or amino. In several 
examples, R is hydrogen, methyl, methoxy. F, CF or OCF. 
In several examples, R can be hydrogen. Or, R can be 
methyl. Or, R can be CF. Or, R can be methoxy. 
0.125. In several embodiments, R is substituted with no 
more than three substituents selected from halo, oxo, or 
optionally Substituted aliphatic, cycloaliphatic, heterocy 
cloaliphatic, amino e.g., (aliphatic)aminol, amido e.g., 
aminocarbonyl, (aliphatic)amino)carbonyl, and (aliphatic) 
amino)carbonyl, carboxy e.g., alkoxycarbonyl and 
hydroxycarbonyl, Sulfamoyl e.g., aminosulfonyl, (ali 
phatic)amino)Sulfonyl, ((cycloaliphatic)aliphatic)amino 
Sulfonyl, and (cycloaliphatic)amino)Sulfonyl, cyano, 
alkoxy, aryl, heteroaryl e.g., monocyclic heteroaryl and 
bicycloheteroaryl, Sulfonyl e.g., aliphaticsulfonyl or (het 
erocycloaliphatic)Sulfonyl, Sulfinyl e.g., aliphaticsulfinyl. 
aroyl, heteroaroyl, or heterocycloaliphaticcarbonyl. 
I0126. In several embodiments, R is substituted with 
halo. Examples of R substituents include F, Cl, and Br. In 
several examples, R is substituted with F. 
I0127. In several embodiments, R is substituted with an 
optionally substituted aliphatic. Examples of R substituents 
include optionally Substituted alkoxyaliphatic, heterocycloa 
liphatic, aminoalkyl, hydroxyalkyl, (heterocycloalkyl)ali 
phatic, alkylsulfonylaliphatic, alkylsulfonylaminoaliphatic, 
alkylcarbonylaminoaliphatic, alkylaminoaliphatic, or alkyl 
carbonylaliphatic. 
0128. In several embodiments, R is substituted with an 
optionally substituted amino. Examples of R. Substituents 
include aliphaticcarbonylamino, aliphaticamino, arylamino, 
or aliphaticsulfonylamino. 
I0129. In several embodiments, R is substituted with a 
sulfonyl. Examples of R substituents include heterocycloa 
liphaticsulfonyl, aliphatic Sulfonyl, aliphaticaminosulfonyl, 
aminosulfonyl, aliphaticcarbonylaminosulfonyl, alkoxy 
alkylheterocycloalkylsulfonyl, alkylheterocycloalkylsulfo 
nyl, alkylaminosulfonyl, cycloalkylaminosulfonyl, (hetero 
cycloalkyl)alkylaminosulfonyl, and 
heterocycloalkylsulfonyl. 
0130. In several embodiments, R is substituted with 
carboxy. Examples of R substituents include alkoxycarbo 
nyl and hydroxycarbonyl. 
0131. In several embodiments R is substituted with 
amido. Examples of R. Substituents include alkylaminocar 
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bonyl, aminocarbonyl, (aliphatic)amino)carbonyl, and 
((aliphatic)aminoaliphatic)aminocarbonyl. 
0.132. In several embodiments, R is substituted with 
carbonyl. Examples of R substituents include arylcarbonyl, 
cycloaliphaticcarbonyl, heterocycloaliphaticcarbonyl, and 
heteroarylcarbonyl. 
I0133. In some embodiments, R is hydrogen. In some 
embodiments, R is —Z'Rs, wherein each Z' is indepen 
dently a bond or an optionally substituted branched or 
straight Caliphatic chain wherein up to two carbon units 
of Z are optionally and independently replaced by CO 
CS CONR CONRNR , CO . 
OCO - NRCO - O NR'CONR' , 
OCONR , NR'NR , NR“CO , S: , 

—SO-, -SO = NR, , -SONR , – NRSO , 
or NRSONR -. Each R is independently R', halo, 
OH, -NH, NO, CN, -CF, or - OCF. Each R' 

is independently a Cls aliphatic group, a cycloaliphatic, a 
heterocycloaliphatic, an aryl, or a heteroaryl, each of which 
is optionally substituted with 1, 2, or 3 of RP. Each RP is 
—ZPR, wherein each Z’’ is independently a bond or an 
optionally Substituted branched or straight Caliphatic 
chain wherein up to two carbon units of Z are optionally 
and independently replaced by —CO , —CS—, 
CONR CONRNR CO. , OCO , 
NRCO, , O. , NRCONR OCONR , 
NRNR NRCO - S -, -SO SO , 
NR , –SONR , NRSO, , O 

- NRSONR -. Each R is independently R', halo, 
OH, -NH, NO, CN, -CF, or - OCF. Each R' 

is independently hydrogen, an optionally Substituted Cs 
aliphatic group, an optionally substituted cycloaliphatic, an 
optionally Substituted heterocycloaliphatic, an optionally 
substituted aryl, or an optionally substituted heteroaryl. 
I0134. In some embodiments, each RP is independently 
—ZPRs: wherein each ZP can independently be a bond oran 
optionally substituted branched or straight Caliphatic 
chain wherein up to two carbon units of Z are optionally 
and independently replaced by —O— —NHC(O)—, 
C(O)NR' , SO , NHSO , NHC(O) , 
NRSO. , -SONH-, -SONR , NH-, or 

—C(O)C) . In some embodiments, one carbon unit of ZP is 
replaced by -O-. Or, by NHC(O)—. Or, by C(O) 
NR -. Or, by -SO-. Or, by NHSO . Or, by 
NHC(O)—. Or, by -SO-. Or, by NRSO-. Or, by 
SONH-. Or, by SONR -. Or, by NH-. Or, by 

- C(O)O-. 
I0135) In some embodiments, R is hydrogen. In some 
embodiments, Ro is independently an optionally Substituted 
aliphatic. In some embodiments, R is an optionally substi 
tuted cycloaliphatic. Or, is an optionally substituted hetero 
cycloaliphatic. Or, is an optionally Substituted aryl. Or, is an 
optionally substituted heteroaryl. Or, halo. 
0.136. In some embodiments, one R is aryl or heteroaryl, 
each optionally substituted with 1, 2, or 3 of RP, wherein RP 
is defined above. 
0.137 In several embodiments, one R is carboxy (e.g., 
hydroxycarbonyl or alkoxycarbonyl. Or, one R is amido 
e.g., aminocarbonyl. Or, one R is amino. Or, is halo. Or, 
is cyano. Or, hydroxyl. 
0.138. In some embodiments, one R that is attached to 5 
or 6-position of the pyridyl ring is aryl or heteroaryl, each 
optionally substituted with 1, 2, or 3 of RP, wherein RP is 
defined above. In some embodiments, the one Rattached to 
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the 5- or 6-position of the pyridyl ring is phenyl optionally 
substituted with 1, 2, or 3 of RP, wherein RP is defined 
above. In some embodiments, the one R attached to the 5 
or 6-position of the pyridyl ring is heteroaryl optionally 
substituted with 1, 2, or 3 of RP. In several embodiments, the 
one R, attached to the 5- or 6-position of the pyridyl ring 
is 5 or 6 membered heteroaryl having 1, 2, or 3 heteroatom 
independently selected from the group consisting of oxygen, 
nitrogen and sulfur. In other embodiments, the 5 or 6 
membered heteroaryl is substituted with 1 RP. 
0.139. In some embodiments, one Rattached to the 5- or 
6-position of the pyridyl ring is a phenyl substituted with 1 
R’. In some embodiments, one R attached to the 5- or 
6-position of the pyridyl ring is a phenyl substituted with 2 
R’. In some embodiments, one R attached to the 5- or 
6-position of the pyridyl ring is a phenyl substituted with 3 
RP. 
0140. In several embodiments, R is: 

(Z-1) 

21 
--RP O 

N 

Wi 
D, 

(Z-2) 

21 
+-RP 

N 

W 
ND. 

0141 wherein 
I0142. W' is C(O) , -SO, , or —CH2 : 
0143 D is H, hydroxyl, or an optionally substituted group 
selected from aliphatic, cycloaliphatic, alkoxy, and amino: 
and 

0144) RP is defined above. 
0145. In several embodiments, W is —C(O)—. Or, W. 

is —SO -. Or, W, is —CH2—. 
0146 In several embodiments, D is OH. Or, D is an 
optionally substituted Caliphatic or an optionally substi 
tuted C-C cycloaliphatic. Or, D is an optionally substituted 
alkoxy. Or, D is an optionally Substituted amino. 
0147 In several examples, D is 

0148 wherein each of A and B is independently H, an 
optionally Substituted Caliphatic, an optionally Substi 
tuted C-C cycloaliphatic, or 
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0149 A and B, taken together, form an optionally sub 
stituted 3-7 membered heterocycloaliphatic ring. 
0150. In several embodiments, A is H and B is an 
optionally Substituted Caliphatic. In several embodi 
ments, B is substituted with 1, 2, or 3 substituents. Or, both, 
A and B, are H. Exemplary substituents include oxo, alkyl, 
hydroxy, hydroxyalkyl, alkoxy, alkoxyalkyl, dialkyamino, 
or an optionally Substituted group selected from cycloali 
phatic, heterocycloaliphatic, aryl, and heteroaryl. 
0151. In several embodiments, A is H and B is an 
optionally substituted Caliphatic. Or, both, A and B, are 
H. Exemplary Substituents include oxo, alkyl, hydroxy, 
hydroxyalkyl, alkoxy, alkoxyalkyl, and an optionally Sub 
stituted heterocycloaliphatic. 
I0152. In several embodiments, B is C alkyl, optionally 
Substituted with oxo, alkyl, hydroxy, hydroxyalkyl, alkoxy, 
alkoxyalkyl, or an optionally Substituted group selected 
from cycloaliphatic, heterocycloaliphatic, aryl, and het 
eroaryl. In several embodiments, B is substituted with oxo. 
C. alkyl, hydroxy, hydroxy-(Ce)alkyl, (C)alkoxy, (C- 
6)alkoxy(C)alkyl. Cls cycloaliphatic, 3-8 membered het 
erocycloaliphatic, phenyl, and 5-10 membered heteroaryl. In 
one example, B is C alkyl Substituted with optionally 
substituted phenyl. 
0153. In several embodiments, A and B, taken together, 
form an optionally substituted 3-7 membered heterocycloa 
liphatic ring. In several examples, the heterocycloaliphatic 
ring is optionally substituted with 1, 2, or 3 substituents. 
Exemplary such rings include optionally substituted pyrro 
lidinyl, piperidinyl, morpholinyl, and piperazinyl. Exem 
plary Substituents on Such rings include halo, oxo, alkyl, 
hydroxy, hydroxyalkyl, alkoxy, alkoxyalkyl, acyl (e.g., alky 
lcarbonyl), amino, amido, and carboxy. In some embodi 
ments, the Substituent is halo, oxo, alkyl, hydroxy, hydroxy 
alkyl, alkoxy, alkoxyalkyl, amino, amido, or carboxy. 
I0154) In several embodiments, RP is hydrogen, halo, or 
an optionally substituted group selected from aliphatic, 
cycloaliphatic, amino, hydroxy, alkoxy, carboxy, amido, 
carbonyl, cyano, aryl, or heteroaryl. In several examples, R' 
is hydrogen, halo, an optionally substituted Caliphatic, or 
an optionally substituted alkoxy. In several examples, RP is 
hydrogen, F, Cl, an optionally substituted C. alkyl, or an 
optionally substituted —O(C- alkyl). Examples of RP 
include hydrogen, F, Cl, methyl, ethyl, i-propyl, t-butyl, 
—OMe, —OEt, i-propoxy, t-butoxy, CF, or —OCF. In 
some examples, R’ is hydrogen, F, methyl, methoxy, CFs, or 
- OCF. R can be hydrogen. RP can be F. R can be 
methyl. RP can be methoxy. 
0.155. In several embodiments, R is: 

(Z) 
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0156 wherein: 
(O157 W is C(O)-, -SO , or -CH : 
0158 Each of A and B is independently H, an optionally 
Substituted Caliphatic, an optionally Substituted C-Cs 
cycloaliphatic; or 
0159 A and B, taken together, form an optionally sub 
stituted 3-7 membered heterocycloaliphatic ring. 
0160. In some embodiments, one R that is attached to the 
5- or 6-position of the pyridyl ring is cycloaliphatic or 
heterocycloaliphatic, each optionally substituted with 1, 2, 
or 3 of RP, wherein RP is -ZPR; wherein each Z is 
independently a bond or an optionally substituted branched 
or straight Caliphatic chain wherein up to two carbon 
units of Z are optionally and independently replaced by 
CO , CS CONRF CONRNR , 
CO. , —OCO-, - NRCO -, -O-, -NR 

CONR OCONR , NRNR , NRCO , 
S-, -SO-, -SO. , NR , -SONR , 

-NRSO, , or NRSONR ; each R is indepen 
dently R', halo, -OH, -NH2, NO. —CN, —CF, or 
—OCF; and each R is independently hydrogen, an option 
ally substituted Cls aliphatic group, an optionally substi 
tuted cycloaliphatic, an optionally substituted heterocycloa 
liphatic, an optionally Substituted aryl, or an optionally 
substituted heteroaryl. 
(0161 In several examples, one R that is attached to the 
5- or 6-position of the pyridyl ring is an optionally substi 
tuted C-C cycloaliphatic. 
(0162. In some embodiments, one R that is attached to the 
5- or 6-position of the pyridyl ring is an optionally substi 
tuted C-C cycloalkyl or an optionally substituted C-Cs 
cycloalkenyl. 
0163. In several embodiments, one R that is attached to 
the 5- or 6-position of the pyridyl ring is C-C cycloalkyl 
or C-C cycloalkenyl. Examples of cycloalkyl and 
cycloalkenyl include cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl, and 
cycloheptenyl. 
0164. In some embodiments, R1 is: 

cC 
/ YNH, Cl, 

O 

- o, Ho1 So, 
\ / 

o 
2. s 

O 

HO 
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(0166 B. Substituent R. 
0167. Each R can be hydrogen. Each R can be an 
optionally Substituted group selected from Caliphatic, 
C. cycloaliphatic, phenyl, and heteroaryl. 
0.168. In several embodiments, R is a C-6 aliphatic 
optionally substituted with 1, 2, or 3 halo, Caliphatic, or 
alkoxy. In several examples, R can be substituted methyl, 
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ethyl, propyl, or butyl. In several examples, R can be 
methyl, ethyl, propyl, or butyl. 
0169. In several embodiments, R is hydrogen. 
(0170 C. Substituents R and R' 
0171 Each R and R's together with the carbon atom to 
which they are attached form a C-7 cycloaliphatic or a 
heterocycloaliphatic, each of which is optionally substituted 
with 1, 2, or 3 substituents. 
0172. In several embodiments, R and R's together with 
the carbon atom to which they are attached form a C-7 
cycloaliphatic or a C-, heterocycloaliphatic, each of which 
is optionally substituted with 1, 2, or 3 of ZR, wherein 
each Z is independently a bond, or an optionally substituted 
branched or straight Caliphatic chain wherein up to two 
carbon units of Zare optionally and independently replaced 
by CO - CS CONR CONRNR 

CO. , —OCO-, - NRCO -, -O-, -NR 
CONR OCONR, NRNR NRCO , 

S SO-, -SO. , NR , -SONR , 
-NRSO, , or NRSONR ; each R, is indepen 
dently R', halo, -OH, -NH2, NO, CN, —CF, or 
—OCF; and each R is independently hydrogen, an option 
ally Substituted Cls aliphatic group, an optionally Substi 
tuted cycloaliphatic, an optionally substituted heterocycloa 
liphatic, an optionally Substituted aryl, or an optionally 
substituted heteroaryl. 
0173. In several embodiments, R and R's together with 
the carbon atom to which they are attached form a 3, 4, 5, 
or 6 membered cycloaliphatic that is optionally substituted 
with 1, 2, or 3 substituents. In several examples, R. R', and 
the carbon atom to which they are attached form an option 
ally Substituted cyclopropyl group. In several alternative 
examples, R. R's, and the carbon atom to which they are 
attached form an optionally Substituted cyclobutyl group. In 
several other examples, R. R', and the carbon atom to 
which they are attached form an optionally substituted 
cyclopentyl group. In other examples, R. R', and the 
carbon atom to which they are attached form an optionally 
Substituted cyclohexyl group. In more examples, R and R' 
together with the carbon atom to which they are attached 
form an unsubstituted cyclopropyl. 
0.174. In several embodiments, R and R's together with 
the carbon atom to which they are attached form a 5, 6, or 
7 membered optionally substituted heterocycloaliphatic. In 
other examples, R. R's, and the carbon atom to which they 
are attached form an optionally Substituted tetrahydropyra 
nyl group. 
(0175. In some embodiments, R and R's together with the 
carbon atom to which they are attached form an unsubsti 
tuted C-7 cycloaliphatic or an unsubstituted heterocycloa 
liphatic. In several examples, R and R's together with the 
carbon atom to which they are attached form an unsubsti 
tuted cyclopropyl, an unsubstituted cyclopentyl, or an 
unsubstituted cyclohexyl. 
(0176 D. Substituent R. 
(0177. Each R is independently an optionally substituted 
aryl or an optionally substituted heteroaryl. 
0178. In several embodiments, R is an aryl having 6 to 
10 members (e.g., 7 to 10 members) optionally substituted 
with 1, 2, or 3 substituents. Examples of R include option 
ally substituted benzene, naphthalene, or indene. Or, 
examples of R can be optionally substituted phenyl, option 
ally substituted naphthyl, or optionally substituted indenyl. 
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0179. In several embodiments, R is an optionally sub 
stituted heteroaryl. Examples of R include monocyclic and 
bicyclic heteroaryl. Such a benzofused ring system in which 
the phenyl is fused with one or two 4-8 membered hetero 
cycloaliphatic groups. 

0180. In some embodiments, R is an aryl or heteroaryl, 
each optionally substituted with 1, 2, or 3 of —ZRs. In 
some embodiments, R is an aryl optionally substituted with 
1, 2, or 3 of —ZRs. In some embodiments, R is phenyl 
optionally substituted with 1, 2, or 3 of ZRs. Or, R is a 
heteroaryl optionally substituted with 1, 2, or 3 of —ZRs. 
Each Z is independently a bond or an optionally substituted 
branched or straight Caliphatic chain wherein up to two 
carbon units of Z are optionally and independently replaced 
by CO CS CONR , CONRNR 
—CO. , —OCO-, - NRCO. , -O-, - NRCO 
NR , OCONR NRNR NRCO , 

S , —SO , —SO. , —NR , SONR , 
- NRSO. , or - NRSONR -. Each Rs is indepen 
dently R, halo, OH, -NH, NO. —CN, —CF, or 
—OCF. Each R is independently hydrogen, an optionally 
Substituted Cs aliphatic group, an optionally substituted 
cycloaliphatic, an optionally substituted heterocycloali 
phatic, an optionally Substituted aryl, or an optionally Sub 
stituted heteroaryl. 
(0181. In some embodiments, two occurrences of Z'Rs, 
taken together with carbons to which they are attached, form 
a 4-8 membered saturated, partially Saturated, or aromatic 
ring with up to 3 ring atoms independently selected from the 
group consisting of O, NH, NR, and S; wherein R is 
defined herein. 

0182 
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0183 E. Exemplary Compound Families 
0184. In several embodiments, R is an optionally sub 
stituted cyclic group that is attached to the core structure at 
the 5 or 6 position of the pyridine ring. 
0185. In several examples, R is an optionally substituted 
aryl that is attached to the 5 position of the pyridine ring. In 
other examples, R is an optionally Substituted aryl that is 
attached to the 6 position of the pyridine ring. 
0186. In more examples, R is an optionally substituted 
heteroaryl that is attached to the 5 position of the pyridine 
ring. In still other examples, R is an optionally substituted 
heteroaryl that is attached to the 6 position of the pyridine 
r1ng. 
0187. In other embodiments, R is an optionally substi 
tuted cycloaliphatic or an optionally substituted heterocy 
cloaliphatic that is attached to the pyridine ring at the 5 or 
6 position. 
0188 Accordingly, another aspect of the present inven 
tion provides compounds of formula (II): 

(II) 
R-R's 

NYX. 
2N O 

R 

0189 or a pharmaceutically acceptable salt thereof, 
wherein R. R. R. R's, and R are defined in formula I. 
0190. In some embodiments, each R is aryl or heteroaryl 
optionally substituted with 1, 2, or 3 of RP, wherein RP is 
—ZPR3, wherein each ZP is independently a bond or an 
optionally substituted branched or straight Caliphatic 
chain wherein up to two carbon units of Z are optionally 
and independently replaced by —CO , —CS—, 
CONR CONRNR CO. , OCO , 
NRCO, , O. , NRCONR OCONR , 
NRNR NRCO - S - SO SO , 
NR , - SONR NRSO , O 

- NRSONR ; each R is independently R', halo, 
OH, -NH2, —NO. —CN, —CF, or —OCF; each RE 

is independently hydrogen, an optionally substituted Cls 
aliphatic group, an optionally substituted cycloaliphatic, an 
optionally Substituted heterocycloaliphatic, an optionally 
substituted aryl, or an optionally substituted heteroaryl. 
0191 In some embodiment, each R is cycloaliphatic or 
heterocycloaliphatic optionally substituted with 1, 2, or 3 of 
RP: wherein R’ is defined above. 
0.192 Another aspect of the present invention provides 
compounds of formula (III): 

(III) 

N O 
R 2 

0193 or a pharmaceutically acceptable salt thereof, 
wherein R. R. R. R's, and R are defined in formula I. 
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0194 In some embodiments, each R is aryl or heteroaryl 
optionally substituted with 1, 2, or 3 of RP, wherein RP is 
—ZPR3, wherein each ZP is independently a bond or an 
optionally substituted branched or straight Caliphatic 
chain wherein up to two carbon units of Z' are optionally 
and independently replaced by —CO—, —CS , 
CONR CONRNR -. CO. , OCO , 
NRCO, , O. , NRCONR , OCONR , 
NRNR , NRCO -, - S -, -SO-, -SO, , 
NR , - SONR NRSO , O 

-NRSONR ; each R is independently R', halo, 
OH, -NH2. - NO. —CN, CF, or —OCF; each RE 

is independently hydrogen, an optionally substituted Cls 
aliphatic group, an optionally Substituted cycloaliphatic, an 
optionally Substituted heterocycloaliphatic, an optionally 
substituted aryl, or an optionally substituted heteroaryl. 
(0195 In some embodiments, each R is cycloaliphatic or 
heterocycloaliphatic optionally substituted with 1, 2, or 3 of 
RP: wherein RP is defined above. 
0196. In another aspect, the present invention includes 
compounds of formula (IV): 

(IV) 

RD 

0197) or a pharmaceutically acceptable salt thereof, 
wherein R. R. R's, and R are defined in formula I. 
(0198 RP is -ZPR; wherein each Z is independently a 
bond or an optionally Substituted branched or straight C. 
aliphatic chain wherein up to two carbon units of Z are 
optionally and independently replaced by —CO—, —CS , 
CONR , CONRNR , CO. , OCO , 
NRCO, , O. , NRCONR , OCONR , 
NRNR NRCO - S -, -SO SO , 
NR , - SONR NRSO , O 
NRSONR -. 

(0199 R is independently R', halo, -OH, -NH2, 

(0200. Each R is independently hydrogen, an optionally 
Substituted Cls aliphatic group, an optionally substituted 
cycloaliphatic, an optionally substituted heterocycloali 
phatic, an optionally Substituted aryl, or an optionally Sub 
stituted heteroaryl. 
0201 In several embodiments, ZP is independently a 
bond or is an optionally substituted branched or straight C. 
aliphatic chain wherein one carbon unit of Z is optionally 
replaced by SO, , —CONR , NRSO, , or 
—SONR -. For example, ZP is an optionally substituted 
branched or straight Caliphatic chain wherein one carbon 
unit of Z is optionally replaced by SO, . In other 
examples, R is an optionally Substituted heteroaryl or an 
optionally substituted heterocycloaliphatic. In additional 
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examples, Ro is an optionally Substituted heterocycloali 
phatic having 1-2 nitrogen atoms, and Ro attaches directly to 
—SO - via a ring nitrogen. 
0202 In another aspect, the present invention includes 
compounds of formula V-A or formula V-B: 

0203 or a pharmaceutically acceptable salt thereof, 
0204 wherein: 
0205 T is an optionally substituted Caliphatic chain, 
wherein each of the carbon units is optionally and indepen 
dently replaced by CO , CS , COCO , 
—SO —B(OH)—, or —B(O(C- alkyl))-; 
0206 Each of R and R." is independently a bond or an 
optionally substituted Caliphatic, an optionally substi 
tuted aryl, an optionally Substituted heteroaryl, an optionally 
substituted 3 to 10 membered cycloaliphatic, an optionally 
substituted 3 to 10 membered heterocycloaliphatic, carboxy, 
amido, amino, halo, or hydroxy: 
0207 RP' is attached to carbon 3" or 4"; 
0208 each R'' and R’ is -ZPR, wherein each Z is 
independently a bond or an optionally substituted branched 
or straight Caliphatic chain wherein up to two carbon 
units of Z are optionally and independently replaced by 
CO , CS , CONR , CONRNR , 

- CO. , OCO NRCO -, -O-, - NR 
CONR OCONR NRNR NRCO , 
S-, -SO-, -SO-. NR , -SONR , 
NRSO, , or NRSONR ; 

0209 R is independently R', halo, -OH, 
—NO, —CN, —CF, or —OCF: 
0210 or RP' and RP, taken together with atoms to 
which they are attached, form a 3-8 membered saturated, 
partially unsaturated, or aromatic ring with up to 3 ring 
members independently selected from the group consisting 
of O, NH, NR', and S; and 
0211 each R is independently hydrogen, an optionally 
Substituted Cls aliphatic group, an optionally Substituted 
cycloaliphatic, an optionally substituted heterocycloali 
phatic, an optionally Substituted aryl, or an optionally Sub 
stituted heteroaryl. 
0212. In some embodiments, T is an optionally substi 
tuted —CH2—. In some other embodiments, T is an option 
ally substituted —CH2CH2—. 
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0213. In some embodiments, T is optionally substituted 
by —ZR; wherein each Z is independently a bond or an 
optionally substituted branched or straight Caliphatic 
chain wherein up to two carbon units of Z are optionally 
and independently replaced by —CO—, —CS -. 
CONR CONRNR CO . OCO , 
NRCO, , O. , NRCONR , OCONR , 
NRNR NRCO - S - SO SO , 
NR , - SONR NRSO , O 

-NRSONR : R is independently R', halo, -OH, 
NH, NO. —CN, —CF, or —OCF; each R is 

independently hydrogen, an optionally Substituted Cls ali 
phatic group, an optionally Substituted cycloaliphatic, an 
optionally Substituted heterocycloaliphatic, an optionally 
substituted aryl, or an optionally substituted heteroaryl. In 
one example, Z is —O—. 
0214. In some embodiments, Ro can be an optionally 
Substituted C. alkyl, an optionally substituted Calkenyl, 
an optionally substituted C-7 cycloaliphatic, or an option 
ally Substituted Co aryl. In one embodiment, Rio is 
methyl, ethyl, i-propyl, or t-butyl. 

0215. In some embodiments, up to two carbon units of T 
are optionally substituted by —CO , —CS —B(OH)—, 
or —B(O(C- alkyl)-. 
0216. In some embodiments, T is selected from the group 
consisting of —CH2—, —CHCH , —CF, , —C(CH) 

, —C(O)—, 

—C(Phenyl)-, —B(OH)—, and —CH(OEt)-. In some 
embodiments. T is —CH2—, —CF, , —C(CH) , 

or —C(Phenyl)-. In other embodiments. T is —CHH 
C(O) , B(OH)—, and CH(OEt)-. In several 

embodiments, T is —CH2—, —CF, , —C(CH) , 
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-continued 

More preferably, T is —CH2—, —CF, , or—C(CH) . 
In several embodiments. T is —CH2—. Or, T is —CF . 
Or, T is —C(CH) . 
0217. In some embodiments, each of R and R." is 
hydrogen. In some embodiments, each of R' and R" is 
independently —Z'Rs, wherein each Z' is independently a 
bond or an optionally substituted branched or straight C. 
aliphatic chain wherein up to two carbon units of Z' are 
optionally and independently replaced by —CO—, —CS -. 
CONR, CONRNR, CO . OCO , 
NRCO, , O NRCONR OCONR, 

- NRNR NRCO - S -, -SO-, -SO , 
NR , SONR, NRSO , O 

- NRSONR -. Each R is independently R', halo, 
OH, -NH, NO. —CN, -CF, or - OCF. Each R' 

is independently an optionally Substituted group selected 
from Cs aliphatic group, a cycloaliphatic, a heterocycloa 
liphatic, an aryl, and a heteroaryl. 
0218. In some embodiments, R is selected from the 
group consisting of H. C. aliphatic, halo, CF, CHF, 
—O(Caliphatic), C-C5 cycloalkyl, or C4-C6 heterocy 
cloalkyl containing one oxygen atom. In some embodi 
ments. R' is selected from the group consisting of H, 
methyl, ethyl, i-propyl, t-butyl, F, Cl, CF, CHF, —OCH, 
—OCHCH —O-(i-propyl), or —O-(t-butyl). More pref 
erably, R is H. Or, R is methyl. Or, ethyl. Or, CF. 
0219. In some embodiments, R is selected from the 
group consisting of H. Caliphatic, halo, CF, CHF, and 
—O(C- aliphatic). In some embodiments, R is selected 
from the group consisting of H. methyl, ethyl, i-propyl. 
t-butyl, F, Cl, CF, CHF —OCH, —OCHCH —O-(i- 
propyl), or —O-(t-butyl). More preferably, R is H. Or, R.' 
is methyl. Or, ethyl. Or, CF. 
(0220. In some embodiments, R' is attached to carbon3" 
or 4", and is —ZPR, wherein each Z' is independently a 
bond or an optionally Substituted branched or straight C. 
aliphatic chain wherein up to two carbon units of Z' are 
optionally and independently replaced by —CO—, —CS , 
CONR CONRNR CO. , OCO , 
NRCO - O - NRCONR , OCONR , 
NRNR NRCO - S -, -SO SO, 
NR , - SONR NRSO , O 

- NRSONR -. In yet some embodiments, ZP is inde 
pendently a bond or an optionally substituted branched or 
straight Caliphatic chain wherein one carbon unit of Z' 
is optionally replaced by —CO— —SO—. —SO , 
COO , OCO , CONRF NRFCO . 

NRCO -, -O-, -NRSO, or -SONR -. In some 
embodiments, one carbon unit of Z' is optionally replaced 
by CO . Or, by —SO—. Or, by —SO . Or, by 
COO . Or, by OCO . Or, by CONR -. Or, by 
NRCO - Or, by NRCO - Or, by -O-. Or, by 
NRSO . Or, by SONR -. 

0221. In several embodiments, R is hydrogen, halo, 
OH, -NH2, —CN, —CF —OCF, or an optionally 

Substituted group selected from the group consisting of C. 
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aliphatic, C.s cycloaliphatic, 3-8 membered heterocycloa 
liphatic. Co aryl, and 5-10 membered heteroaryl. In sev 
eral examples, Ro is hydrogen, F, Cl, —OH. —CN, —CF, 
or —OCF. In some embodiments, R is Caliphatic, Cas 
cycloaliphatic, 3-8 membered heterocycloaliphatic, Co 
aryl, and 5-10 membered heteroaryl, each of which is 
optionally substituted by 1 or 2 substituents independently 
selected from the group consisting of R', oxo, halo, OH. 
NRFR, OR, COOR, and CONR'R''. In several 

examples, Ro is optionally substituted by 1 or 2 substituents 
independently selected from the group consisting of oxo, F, 
Cl, methyl, ethyl, i-propyl, t-butyl, —CH2OH. 
—CHCH-OH, -C(O)OH, -C(O)NH, CHO(C- 
alkyl), —CH2CH2O(C. alkyl), and —C(O)(C. alkyl). 
0222. In one embodiment, Ro is hydrogen. In some 
embodiments, Ro is selected from the group consisting of 
C. Straight or branched alkyl or C. Straight or branched 
alkenyl wherein said alkyl or alkenyl is optionally substi 
tuted by 1 or 2 substituents independently selected from the 
group consisting of R', oxo, halo, OH, -NR'R''. —OR, 
COOR, and CONR'R''. 

0223) In other embodiments, R is Cls cycloaliphatic 
optionally substituted by 1 or 2 substituents independently 
selected from the group consisting of R. Oxo, halo, -OH, 
NRR, OR, COOR, and CONR'R''. Examples 

of cycloaliphatic include but are not limited to cyclopropyl. 
cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl. 

0224. In yet other embodiments, R is a 3-8 membered 
heterocyclic with 1 or 2 heteroatoms independently selected 
from the group consisting of O, NH, NR', and S.; wherein 
said heterocyclic is optionally substituted by 1 or 2 substitu 
ents independently selected from the group R', oxo, halo, 
OH, NRR, OR, COOR, and CONR'R''. 

Example of 3-8 membered heterocyclic include but are not 

-- - - - - - - 
O O. O. O O s 

0225. In yet some other embodiments, R is an optionally 
substituted 5-8 membered heteroaryl with one or two ring 
atom independently selected from the group consisting of O, 
S, and NR. Examples of 5-8 membered heteroaryl include 
but are not limited to 

R N. : S-N 
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C-O-O- 
C-C-C- 
C-C- 

0226. In some embodiments, R'' and RP, taken together 
with carbons to which they are attached, form an optionally 
substituted 4-8 membered saturated, partially unsaturated, or 
aromatic ring with 0-2 ring atoms independently selected 
from the group consisting of O, NH, NR', and S. Examples 
of R'' and R', taken together with phenyl containing 
carbon atoms 3" and 4", include but are not limited to 

H H 

1s-N 1s-N 
N4 s el-N/ 

1s-o 1s-o 
Sel-/ 2-M 
1s-s 1s-s O - O 

O O 

- O - OC) N-4No N-4Ns 
H 

Sl-N Sl-O O) - O 
H 

S N 

- C X 1N s Nues? N4 
1N1 NH, 1s-"N 
N4 N4 
N1 No. 1s1'N, 

21 O 

N-' N-1 OO-O 4N 21 s 

CO-CIO N1,N1 and s-N- 

0227. In some embodiments, RP is selected from the 
group consisting of H. R', halo, -OH, -(CH2)NR'R''. 
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-(CH), OR, SO, R, NR SO, R, 
SONR,R, C(O)R, C(O)OR, OC(O)OR, 
NRC(O)CR, and C(O)NR'R'': wherein r is 0, 1, or 

2. In other embodiments, R’ is selected from the group 
consisting of H. Caliphatic, halo. —CN, -NH2, —NH 
(C. aliphatic). —N(C. aliphatic), —CH2—N(C ali 
phatic), —CH2—NH(Caliphatic), —CHNH2, —OH, 
—O(Caliphatic), —CH2OH. —CH2—O(Caliphatic), 
—SO(C- aliphatic). —N(C. aliphatic)-SO(C- ali 
phatic), —NH SO(Caliphatic), —SONH2, —SONH 
(Caliphatic). —SON(Caliphatic), —C(O)(Cali 
phatic), —C(O)O(C- aliphatic), —C(O)OH, - OC(O)C) 
(C. aliphatic), NHC(O)C aliphatic), NHC(O)C) 
(Caliphatic), —N(Caliphatic)C(O)O(C- aliphatic). 
—C(O)NH2, and —C(O)N(C. aliphatic). In several 
examples, RP is selected from the group consisting of H, 
Caliphatic, halo. —CN, NH, —CH-NH —OH, 
—O(C- aliphatic), —CHOH, -SO(C- aliphatic). 
—NH-SO(C- aliphatic), —C(O)C(C. aliphatic), 
—C(O)OH, -NHC(O)(C. aliphatic), C(O)NH2, 
—C(O)NH(Caliphatic), and —C(O)N(Caliphatic). 
For examples, RP is selected from the group consisting of 
H. methyl, ethyl, n-propyl, i-propyl, t-butyl, F, Cl, CN, 
—NH, —CH-NH —OH, - OCH —O-ethyl, —O-(i- 
propyl), —O-(n-propyl), —CHOH. —SOCH, -NH 
SOCH, -C(O)OCH, C(O)OCHCH, C(O)OH, 
—NHC(O)CH, -C(O)NH, and C(O)N(CH). In one 
embodiment, R’ is hydrogen. In another embodiment, RP 
is methyl. Or, R’ is ethyl. Or, R’ is F. Or, R’ is C1. Or, 
–OCH. 
0228. In one embodiment, the present invention provides 
compounds of formula VI-A-i or formula VI-A-ii: 

WI-A-i 

O 
M 

T 
N O 
O 

O 
/ 
\ O O 

0229 wherein T. R', R', and Rare as defined above. 
0230. In one embodiment, T is —CH2—, —CF, , or 
—C(CH) -. 
0231. In one embodiment, R is selected from the group 
consisting of H. Caliphatic, halo, CF, CHF —O(C- 
aliphatic), C3-C5 cycloalkyl, or C4-C6 heterocycloalkyl 
containing one oxygen atom. Exemplary embodiments 
include H. methyl, ethyl, i-propyl, t-butyl, F, Cl, CF, CHF 
—OCH, —OCHCH —O-(i-propyl), —O-(t-butyl), 
cyclopropyl, or oxetanyl. More preferably, R is H. Or, R' 
is methyl. Or, ethyl. Or, CF. Or, oxetanyl. 
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0232. In one embodiment, R' is ZPR, wherein ZP is 
selected from CONH, NHCO, SONH, SON(C. alkyl), 
NHSO, CHNHSO, CHN(CH)SO, CH-NHCO, COO, 
SO, or CO. In one embodiment, RP is ZPR, wherein Z’’ 
is selected from CONH, SONH, SON(C. alkyl). 
CHNHSO, CHN(CH,)SO, CHNHCO, COO, SO, or 
CO. 

0233. In one embodiment. Zis COO and R is H. In one 
embodiment, Z is COO and R is an optionally substituted 
straight or branched Caliphatic. In one embodiment, Z' 
is COO and R is an optionally substituted straight or 
branched C alkyl. In one embodiment, Z is COO and R. 
is C, alkyl. In one embodiment, Z' is COO and Rs is 
methyl. 
0234. In one embodiment, ZP is CONH and R is H. In 
one embodiment, ZP is CONH and R is an optionally 
Substituted Straight or branched C- aliphatic. In one 
embodiment, ZP is CONH and R is straight or branched 
Calkyl. In one embodiment, ZP is CONH and R is 
methyl. In one embodiment, Z” is CONH and R is an 
optionally Substituted Straight or branched C. alkyl. In one 
embodiment. In one embodiment. Z’’ is CONH and R is 
2-(dimethylamino)-ethyl. 
0235. In some embodiments, Z is CH-NHCO and R is 
an optionally Substituted Straight or branched Caliphatic 
or an optionally Substituted alkoxy. In some embodiments, 
ZP is CH-NHCO and R is straight or branched C. alkyl 
optionally Substituted with halo, oxo, hydroxyl, or an 
optionally substituted group selected from aliphatic, cyclic, 
aryl, heteroaryl, alkoxy, amino, carboxyl, or carbonyl. In one 
embodiment, ZP is CH-NHCO and Rs is methyl. In one 
embodiment, ZP is CH-NHCO and R is CF. In one 
embodiment, ZP is CH-NHCO and R is t-butoxy. 
0236. In one embodiment. ZP is SONH and R is H. In 
some embodiments, ZP is SONH and Rs is an optionally 
Substituted Straight or branched C- aliphatic. In some 
embodiments, ZP is SONH and R is straight or branched 
C alkyl optionally substituted with halo, oxo, hydroxyl, or 
an optionally substituted group selected from Caliphatic, 
3-8 membered cyclic, Caryl, 5-8 membered heteroaryl, 
alkoxy, amino, amido, carboxyl, or carbonyl. In one embodi 
ment, Z is SO-NH and R is methyl. In one embodiment, 
ZP is SONH and R is ethyl. In one embodiment, Z is 
SONH and R is i-propyl. In one embodiment, ZP is 
SONH and R is t-butyl. In one embodiment, Z is SONH 
and R is 3.3-dimethylbutyl. In one embodiment, Z is 
SONH and R is CHCH-OH. In one embodiment, Z is 
SONH and R is CH(CH)CHOH. In one embodiment, Z 
is SONH and R is CHCH(CH)OH. In one embodiment, 
ZP is SONH and R is CH(CHOH). In one embodiment, 
ZP is SONH and R is CHCH(OH)CHOH. In one 
embodiment. Zis SONHand R is CH-CH(OH)CHCH. 
In one embodiment, ZP is SONH and R is C(CH) 
2CH2OH. In one embodiment, ZP is SO-NH and Rs is 
CH(CHCH)CHOH. In one embodiment, ZP is SONH 
and R is CH-CHOCH2CH2OH. In one embodiment, Z is 
SONH and R is C(CH)(CHOH). In one embodiment, 
ZP is SONH and R is CHCH(OH)CHC(O)CH. In one 
embodiment, ZP is SONH and Rs is CHCH-N(CH). In 
one embodiment, Z is SONH and R is CHCH-NHC(O) 
CH. In one embodiment, ZP is SONH and R is CH(CH 
(CH4).)CH2OH. In one embodiment, ZP is SO-NH and Rs. 
is CH(CHCHCH)CHOH. In one embodiment, ZP is 
SONH and R is 1-tetrahydrofuryl-methyl. In one embodi 
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ment, ZP is SO.NH and Rs is furylmethyl. In one embodi- -continued 
ment, Z is SONH and R is (5-methylfuryl)-methyl. In one 
embodiment, Z is SO.NH and Rs is 2-pyrrolidinylethyl. In 
one embodiment. Z’’ is SONH and R is 2-(1-methylpyr 
rolidinyl)-ethyl. In one embodiment, Z is SO.NH and R is N %. 

ment, ZP is SONH and R is 2-(1H-imidazol-4-yl)ethyl. In 
one embodiment, ZP is SO.NH and R is 3-(H-imidazol-1- 

2-(4-morpholinyl)-ethyl. In one embodiment, Z is SONH N 
and R is 3-(4-morpholinyl)-propyl. In one embodiment, ZP 
is SONH and R is C(CH2CH)(CHOH). In one embodi- N O 

yl)-propyl. In one embodiment, Z is SONH and R is OH 
2-(2-pyridinyl)-ethyl. 

0237. In some embodiment, ZP is SONH and R is an -- 
optionally Substituted C. cycloaliphatic. In several 
examples, ZP is SONH and R is an optionally substituted N 
C, cycloalkyl. In several examples, ZP is SO-NH and R. 
is C. cycloalkyl. In one embodiment, Z is SONH and Rs. 

OH N OH, N OH, is cyclobutyl. In one embodiment, ZP is SO.NH and R is s 
cyclopentyl. In one embodiment, Z is SONH and Rs is 
cyclohexyl. O 

0238. In some embodiments, ZP is SON(C. alkyl) and 
Ro is an optionally Substituted Straight or branched C 
aliphatic or an optionally Substituted cycloaliphatic. In some 
embodiments, ZP is SO-N(C. alkyl) and Rs is an option- N N N 
ally substituted Straight or branched Caliphatic. In some s N NH2, s s 
embodiments, ZP is SON(C. alkyl) and R is an option 
ally substituted Straight or branched Calkyl or an option 
ally substituted straight or branched C-alkenyl. In one 
embodiments, Z is SO-N(CH) and R. is methyl. In one 
embodiments, Z is SON(CH) and R is n-propyl. In one 
embodiments, ZP is SON(CH) and R is n-butyl. In one 
embodiments, ZP is SON(CH) and Rs is cyclohexyl. In 
one embodiments, Z is SON(CH) and R is allyl. In one N N N 
embodiments, ZP is SON(CH) and R is CHCH-OH. In HO 
one embodiments. Z is SON(CH) and R is CHCH(OH) OH 
CHOH. In one embodiments, ZP is SON(CH2CHCH.) s s O s 
and Ro is cyclopropylmethyl. 

0239. In one embodiment, Z is CH-NHSO, and R is %. %. 
methyl. In one embodiment, Z is CHN(CH)SO, and Rs. N N -- 
is methyl. 
0240. In some embodiments, ZP is SO, and R is an s O) v. s N s 
optionally substituted C. Straight or branched aliphatic or O 
an optionally substituted 3-8 membered heterocyclic, having 
1, 2, or 3 ring members selected from the group consisting 
of nitrogen, oxygen, Sulfur, SO, or SO. In some embodi 
ments, Z is SO, and R. is straight or branched C. alkyl or HO 
3-8 membered heterocycloaliphatic each of which is option 
ally substituted with 1, 2, or 3 of oxo, halo, hydroxyl, or an 
optionally Substituted group selected from Caliphatic, 
carbonyl, amino, and carboxy. In one embodiment, Z is 
SO, and R is methyl. In some embodiments, ZP is SO, and 
examples of R, include N 

O >, >, > -- Ott 
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-- 
O 

0241. In some embodiments, R' is H, hydroxyl, halo, 
C. alkyl, Calkoxy, C. cycloalkyl, or NH. In several 
examples, R is H. halo, Ca. alkyl, or C. alkoxy. 
Examples of R’ include H. F. Cl, methyl, ethyl, and 
methoxy. 
0242. In some embodiments, the present invention pro 
vides compounds of formula (I-A) or formula (I'-B): 

(I-A) 
R-R's 

N n *. 
132 N O R1 Na 

(I-B) 
R-R's 

N n *. 
N O 

(R6NN1 

0243 or a pharmaceutically acceptable salt thereof, 
0244 wherein R. R. R. R. R. and n are defined 
above. 
0245. In some embodiments, R is an optionally substi 
tuted aryl. In several examples, R is phenyl optionally 

36 
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substituted with 1, 2, or 3 of halo, OH, - O(Caliphatic), 
amino, Caliphatic, C-7 cycloaliphatic, 3-8 membered 
heterocycloaliphatic, Co aryl, or 5-8 membered het 
eroaryl. In some embodiments, R is phenyl optionally 
Substituted with alkoxy, halo, or amino. In one embodiment, 
R is phenyl. In one embodiment, R is phenyl substituted 
with Cl, methoxy, ethoxy, or dimethylamino. 
0246. In some embodiments, R is hydrogen. In some 
embodiments, R is optionally substituted Caliphatic. 
0247. In some embodiments, R. R', and the carbon 
atom to which they are attached form an optionally Substi 
tuted Cls cycloaliphatic or an optionally substituted 3-8 
membered heterocycloaliphatic. In some embodiments, R. 
R', and the carbon atom to which they are attached form an 
optionally Substituted Cls cycloalkyl. In one example, R, 
R's, and the carbon atom to which they are attached is 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cyclo 
heptyl, each of which is optionally substituted. In one 
example, R. R's, and the carbon atom to which they are 
attached is cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl 
or cycloheptyl. In several examples, R. R', and the carbon 
atom to which they are attached is cyclopropyl. 
0248. In some embodiments, R is an optionally substi 
tuted aryl or an optionally substituted heteroaryl. In some 
embodiments, R is an optionally Substituted phenyl. In 
several embodiments. R is phenyl fused to a 3, 4, 5, or 6 
membered heterocyclic having 1, 2, or 3 ring membered 
selected from oxygen, Sulfur and nitrogen. In several 
embodiments, R is 

O 
/ 

T 
M 
O 

wherein T is defined above. In several examples, T is 
—CH2—. 
0249. Alternative embodiments of R. R. R. R. R. 
and n in formula (I-A) or formula (I-B) are as defined for 
formula (I), formula (I), and embodiments thereof. 
0250 Exemplary compounds of the present invention 
include, but are not limited to, those illustrated in Table 1 
below. 

TABLE 1. 

Examples of compounds of the present invention 

H 

e N y 
S O O 
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