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ABSTRACT

The present invention perovides compounds of Formula (1) use ful as modulators of ABC
transporter activity, or am pharmaceutically acceptable salt theresof, wherein R®, n, B, RS,
R® RE A, and Z are described generally and in classes aned subclasses below. The
present invention alsco provides pharmaceutical composit@ons, methods and Kkits
associated with Formula (1), useful for as modulators, and for —the treatments of disease

and disease conditions aassociated with ABC transporter proteirs.
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MODULATORS OF ATP-BINDINIG CASSETTE TRANSPORTERS

TECHNICAL FIELD COF THE INVENTION

[0001] The present invention re lates to modulators of ATE-

Binding Cassette ("ABC") transporters or fragments thereo f,
including CF Transmembrane RegukE ator ("CFTR"), compositio:ms
thereof, and methods therewith. The present invention al so
relates to methods of treating ABC transporter mediated

diseases using such modulators.

BACKGROUND OF THE INVENTION

{0002]} ABC transporters are a g—roup of membrane transport—er
proteins that play a major role in the transport and
protection of cells against a wi_de variety of pharmacoiog;ical
agents, potentially toxic drugs, and xenobiotics. ABC -
transporters are homologous memborane proteins that bind amnd
use cellular adenosine triphosplmate (ATP) for their specizfic
activities. Some of these transpsorters were discovered as
multidrug resistance proteins (1 ike the MDR1-P glycoprote-n,
or the multidrug resistance prot ein, MRP1l), defending
malignant cancer cells against c hemotherapeutic agents. UJp
until the present time, 48 Human ABC Transporters have beén
identified, and these have been arranged into 7 families l>ased
on their sequence identity and f-unction.

[0003]) ABC transporters play a variety of important
physiological roles within the beody, as well as providing a
defense against harmful compound=s from the environment.
Moreover they represent importan-—t potential drug targets looth
in their own right, as well as, Because in many cases

therapeutic drugs are also transpoorted out of the target c=ell
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by these molecules.

[0004]) One of the members of the ABC transporter family .
namely, CFTR, is believed be the chlo ride channel respons ible
for cAMP-mediated chloride secretion in epithelial cells, and
to play a key role in the secretion o £ chloride and
maintenance of normal electrolyte tramsport throughout thee
body. CFTR is a protein of approxima—tely 1480 amino acidss
made up of two repeated elements, each comprising six
transmembrane segments and a nucleoticde-binding domain. THae
two repeats are separated by a large, polar, regulatory (ER)-
domain containing multiple potential pohosphorylation sitess.
(00051 The gene associated with CFTR. has been identified. and
sequenced (See Gregory, R. J. et al. (1950) Nature 347:382=2-
386; Rich, D. P. et al., (1990) Nature 347:358-362), (Riorcdan,
J. R. et al. (1989) Science 245:1066-M073). A defect in t=his
gene leads to cystic fibrosis (herein=after "CF"), the most=
common fatal genetic disease in humanss affecting approximaately
one in every 2,500 infants born in the= United States. Witlmin
the general United States population, wup to 10 million pecople
carry a single copy of the defective ggene without apparent. ill
effects. In contrast, individuals with. two copies of the C®=F
associated gene suffer from the chroni c effects of CF,
including chronic lung destruction and death.

[0006] In patients with CF, expressicn of the CF associat—ed
gene in airway cells, leads to reduced cellular apical
chloride conductance causing an imbalamce in ion and fluid
transport. It is widely believed that ®his leads to the
abnormal mucus secretion in pancreatic ductules and in the
airways that ultimately results in the pulmonary infectiones
and epithelial cell damage typically asagociated with diseasse
progression in CF. In addition to respi ratory problems, CF

patients typically suffer from gastroiratestinal problems, =and
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pancreatic insufficiency. Malees are almost uniformly infSertile
and fertility is decreased in females. In contrast to t-he
severe effects of two copies of the CF associated gene,
individuals with a single copy= of the CF associated gene=
exhibit increased resistance t o cholera and to dehydrati_on
resulting from diarrhea - perhaps explaining the relativ—ely
high frequency of the CF gene within the population.

[0007] Sequence analysis of the CFTR gene of CF chromcosomes
has revealed a variety of dise ase causing mutations (Cut ting,
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 B87:8447-8451). At present , more than 1000 mutations in
the CF gene have been identified
(http://www.genet.sickkids.on.«<a/cftr/), but population

studies have indicated that the most common CF mutation, a
deletion of the 3 nucleotides tthat encode phenylalanine =t
position 508 of the CFTR amino acid sequence, is associa@ed
with approximately 70% of the cases of cystic fibrosis. ~The
mutated CFTR protein is referrexd to as AFS508.

[oo0o08] It is believed that t he deletion of residue 508 in
AF508-CFTR prevents the nascentc protein from folding
correctly, resulting in the inability of this mutant prot—ein
to exit the endoplasmic reticul .um (hereinafter "ER"), an&
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 tissuess is
significantly reduced (Quinton, P. M. (1990), FASEB J. 4:
2709-2727) . Hence, the cellular phenomenon of defective E R
processing of other proteins 1li ke CFTR, by the ER machine xy,
has been shown to be the underl—vying basis for a wide rang € of

isolated and inherited diseases . The two ways that the E-R
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machinery can malfunction is either by loss of coupling to ER
export of the proteins leading to degradatioen, or by the ER
accumulation of tlmese defective/misfolded pr-oteins [Arider M,
et al., Nature Med., 5(7), pp 745- 751 (1999 ); Shastry, B.S.,
et al., Neurochem. International, 43, pp 1-7 (2003);
Rutishauser, J., et al., Swiss Med Wkly, 132 , pp 211-222
(2002) ; Morello, JP et al., TIPS, 21, pp. 46 6- 469 (2000);
Bross P., et al.,, Human Mut., 14, pp. 186-19 8 (1999)]. Studies
have shown, however, that AF508-CFTR, when p resented at the
plasma membrane is functicnal as a cAMP-resp onsive Cl- channel
(Dalemans et al. (1991), Nature Lond. 354: 5 26-528; Denning et
al., supra.; Pasyk and Foskett (1995), J. Ce 1l. Biochem. 270:
12347-50}).

{0009] Although CETR transports a variety ofS molecules in
addition to anions , this role of transportineg anions
represents an impo rtant element in the overa.ll cellular
machinery for tran sporting ions and water ac—ross the
epithelium. The o ther elements include the eepithelial Na*
channel, ENaC, Na*/2Cl°/K' co-transporter, Na~"-K'-ATPase pump
and the basolateral membrane K' channels, thaat are responsible
for the uptake of «<hloride into the cell.

[0010] These elemesnts work together to achie=ve directional
transport across the epithelium via their seTlective expression
and localization wxithin the cell. Chloride akosorption takes
place by the coord-inated activity of: (i) EMIaC and CFTR
present on the apical membrane; and (ii) the Na*-K'-ATPase pump
and Cl- channels expressed on the basolateraM surface of the
cell. Secondary active transport of chloride= from the luminal
side leads to the accumulation of intracelluM ar chloride,
which can then passively leave the cell via C71° channels,
resulting in a vecttorial transport. Arrangeme=nt of Na‘/2Cl /K*

co-transporter, Na*-K'-ATPase pump and the bassolateral membrane
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K*' channels on the basolateral surface and CFTR on the lumin al
side coordinate the secretion of chloride via CFTR on the
luminal side. Be<cause water is probably never actively
transported itsel £, its flow across epithelia depends on tirmy
transepithelial osmotic gradients generated by the bulk floww
of sodium and chl oride.

[0011] In addition to CF, modulation of CFTR activity may b e
beneficial for ot her diseases not directly caused by mutations
in CFTR, such as secretory diseases and other protein foldirg
diseases mediated by CFTR. These include, but are not limit—ed
to, chronic obstructive pulmonary disease (hereinafter
"COPD"), dry eye disease, and Sjdgren’'s Syndrome.

[0012) COPD is characterized by airflow limitation that is
progressive and not fully reversible. The airflow limitaticn
is due to mucus hrypersecretion, emphysema, and bronchiolitiss.
Activators of mut ant or wild-type CFTR offer a potential
treatment of mucws hypersecretion and impaired mucociliary
clearance that is common in COPD. Specifically, increasing
anion secretion across CFTR may facilitate fluid transport
into the airway surface liguid to hydrate the mucus and
optimized pericil jary fluid viscosity. This would lead to
enhanced mucocili ary clearance and to a reduction in the
symptoms associat ed with COPD. Dry eye disease is
characterized by a decrease in tear aqueous production and
abnormal tear £ilm lipid, protein and mucin profiles. There
are many causes of dry eye, some of which include age, Lasil
eye surgery, arthritis, medications, chemical/thermal burns,
allergies, and di seases, such as CF and Sjégrens's syndrome ..
Increasing anion secretion via CFTR would enhance fluid
transport from thae corneal endothelial cells and secretory
glands surroundimg the eye to increase corneal hydration.

This would help t o alleviate the symptoms associated with dmry
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eye disease. Sjdgrenss'g syndrome is an autoimmune disease in
which the immune systexm attacks moisture-produacing glands
throughout the body, #Ancluding the eye, mouth, skin,
respiratory tissue, l#&ver, vagina, and gut. Symptoms include
dry eye, mouth, and vagina, as well as lung di.sease. The
disease is also assocdated with rheumatoid art-hritis, systemic
lupus, systemic sclerosis, and polymypositis/Sermatomyositis.
Defective protein traffficking is believed to cause the disease
for which treatment options are limited. Modualators of CFTR
activity may hydrate t=he various organs afflicted by the
disease and help to elevate the associated symptoms.

[0013] As discussed a bove, it is believed tha—t the deletion
of residue 508 in AF508-CFTR prevents the nascent protein from
folding correctly, ressulting in the inability of this mutant
protein to exit the ER, and traffic to the plaasma membrane. As
a result, insufficient= amounts of the mature porotein are
present at the plasma membrane and chloride ti—ansport within
epithelial tissues ig significantly reduced. In fact, this
cellular phenomenon off defective ER processingg of ABC
transporters by the ER machinery, has been shcown 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 mnalfunction is either by 1loss of coupling
to ER export of the pr-oteins leading to degradlation, or by the
ER accumulation of thesse defective/misfolded peroteins [Aridor
M, et al., Nature Med. , 5(7), pp 745- 751 (199=9); Shastry,
B.S., et al., Neurocheam. International, 43, pp= 1-7 (2003);
Rutishauser, J., et aL., Swiss Med Wkly, 132, pp 211-222
(2002) ; Morello, JP etz al., TIPS, 21, pp. 466- 469 (2000);
Bross P., et al., Human Mut., 14, pp. 186-198 (1999)].

[0014] The diseases associated with the firsst class of ER
malfunction are CF (du.e to misfolded AF508-CFT"R), hereditary
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emphysema (due to ol-antitrypsin; non Piz wvar-iants),
hereditary hemoch romatosis, coagulation-fibri nolysis
deficiencies, such as protein C deficiency, T-ype 1 hereditary
angioedema, lipid processing deficiencies, su.-ch as familial
hypercholesterolemia, Type 1 chylomicronemia,
abetalipoproteinemnia, lysosorﬁal storage diseasses, such as I-
cell disease/pseucio-Hurler, mucopolysaccharidcoses (due to
lysosomal process-ing enzymes), Sandhof/Tay-Sacchs (due to 8-
hexogsaminidase), Crigler-Najjar type II (due Hto UDP-
glucuronyl-sialyc—transferase), polyendocrinopoathy/
hyperinsulemia, Dsiabetes mellitus (due to insualin receptor),
Laron dwarfism {(due to growth hormone receptor—),
myleoperoxidase deficiency, primary hypoparatbyroidism (due to
preproparathyroid hormone), melanoma (due to t—yrosinase). The
diseases associated with the latter class of F!R malfunction
are glycanosis CDGS type 1, hereditary emphysema (due to «l-
antitrypsin (PiZ vrariant), congenital hyperthy=roidism,
osteogenesis imper-fecta (due to Type I, II, IV* procollagen),
hereditary hypofib»rinogenemia (due to fibrinog-en), ACT
deficiency (due to ol-antichymotrypsin), Diabe tes insipidus
(DI), neurophyseal DI (due to Vasopressin horm .one/v2-
receptor), neprogemic DI (due to aquaporin II) , Charcot-Marie
Tooth syndrome (due to Peripheral myelin prote:-in 22),
Perlizaeus-Merzbacher disease, neurocdegeneratiwwe diseases such
as Alzheimer’s disease (due to BAPP and presen—ilins),
Parkinson‘s disease2, amyotrophic lateral sclercosis,
progressive supranuclear plasy, Pick’s disease,. several
polyglutamine neurcological disorders such as Huantington,
spinocerebullar ataaxia type I, spinal and bulbzar muscular
atrophy, dentatorul>al pallidoluysian, and myotconic dystrophy,
as well as Spongiform encephalopathies, such ass hereditary

Creutzfeldt-Jakob dlisease (due to Prion proteimm processing
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defect), EFfabry disease {due to lyscosomal a-galactosidase A)

and Strausssler-Scheinker syndrome »(due to Prp processing
defect) .

[0015] I n CF, chloride transport —mediated by the CFTR is
reduced re=sulting in the abnormal mmucus secretion that
characterii zes the disease. By cont=rast in secretory diarrhe=s
epitheliall water transport is dramaatically increased as a
result of secretagogue activated clloride transport. The
mechanism involves elevation of cAMIP and stimulation of CFTR -
[0016] aAlthough there are numeromus causes of diarrhea, the
major conssequences of diarrheal disseases, resulting from
excessive chloride transport are coommon to all, and include
dehydraticon, acidosis, death and impaired growth.

[0017] B cute and chronic diarrhe=s represent a major

medical pr—oblem in many areas of th_e world. Diarrhea is both a
significan.t factor in malnutrition and the leading cause of
death (5,0 00,000 deaths/year) in ch.ildren less than five year—s
old.

[(0018] Secretory diarrheas are aliso a dangerous condition

in patient.s of acquired immunodefic.iency syndrome (AIDS) and
chronic in:flammatory bowel disease (IBD). Sixteen million
travelers tto developing countries f—rom industrialized nations
every year develop diarrhea, with thhe severity and number of
cases of d—iarrhea varying depending on the country and area o.-f
travel.

[0019] Deiarrhea in barn animals a_nd pets such as cows, pigss
and horses,. sheep, goats, cats and cJogs, also known as scours _,
is a major cause of death in these =animals. Diarrhea can
result fromn any major transition, suach as weaning or physical
movement, &8 well as in response to a variety of bacterial or
viral infecctions and generally occur—s within the first few

hours of tlme animal's life.
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[0020] The mco>st common diarrheal causing bacteria is
enterotoxogenic E-coli (ETEC) having the K9 pilus antigen.
Common viral cawmuses of diarrhea include rot-=avirus and
coronavirus. Other infectious agents includBe cryptosporidium,
giardia lamblia_, and salmonella, among othe=zrs.

[0021)] Symptomas of rotaviral infection incclude excretion of
watery feces, deehydration and weakness. Cor—cnavirus causes a
more severe illmess in the newborn animals, and has a higher
mortality rate tthan rotaviral infection. Of ten, however, a
young animal may” be infected with more than one virus or with
a combination off viral and bacterial microo:xganisms at one
time. This dramaatically increases the sever_ity of the disease.
[0022] Accord-oingly, there is a need for modulators of an
ABC transporter activity, and compositions #hereof, that can
be used to modul ate the activity of the ABC transporter in the
cell membrane of a mammal.

[0023] There A s a need for methods of tre ating ABC
transporter medi<ated diseases using such moculators of ABC
transporter acti-vity.

[0024] There is= a need for methods of modullating an ABC
transporter actiwity in an ex vivo cell memborane of a mammal.
[0025] There i s a need for modulators of COFTR activity that
can be used to modulate the activity of CFTR- in the cell
membrane of a mammmal.

[0026] There i a need for methods of treaating CFTR-
mediated diseasess using such modulators of CZFTR activity.
[0027] There iss a need for methods of modumlating CFTR
activity in an exr vivo cell membrane of a marmmal.

[0028] There i3 a need for modulators that. enhance the

activity and/or f unction of CFTR in the plasmma membrane.
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SUMMARY OF THE INVENTION
[0029] It has now been found that compounds of this

invention, and pharmaceut ically acceptable compositio - ns
thereof, are useful as modulators of ABC transporter activity.

These compounds have the general Formula I:

E
RS RO R

RB(n)

or a pharmaceutically acceptable salt thereof, whereirm R®, n,
B, R RP°, RE, A, and z are described generally and in classes
and subclasses below.

[0030] These compounds and pharmaceutically acceptable
compositions are useful fox treating or lessening the .severity
of a variety of diseases, disorders, or conditions, inecluding,
but not limited to, cystic fibrosis, hereditary emphyse=ma,
hereditary hemochromatosis, coagulation-cibrinolysis
deficiencies, such as protein C deficiency, Type 1 herexditary
angioedema, lipid processimag deficiencies, such as famim lial
hypercholesterolemia, Type 1 chylomicronemia,
abetalipoproteinemia, lysosomal storage diseases, such as I-
cell disease/pseudo-Hurler, secretory diarrhea or polyc=ystic
kidney disease, mucopolysac charidoses, Sandhof /Tay-Sach_s,
Crigler-Najjar type 1II, polyendocrinopathy/hyperinsulem=ia,
Diabetes mellitus, Laron dwarfism, myleoperoxidase defi Ciency,
primary hypoparathyroidism, melanoma, glycanosis CDG typpe 1,
hereditary emphysema, congemnital hyperthyroidism, osteocgenesisg
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imperfecta, hereditary hypofibrinogenemia, ACT deficiency,
Diabetes insipidus (DI) , neurophyseal DI, neprcogenic DI,
Charcot-Marie Tooth syndrome, Perlizaeus-Merzbz=acher disease,
neurodegenerative disea ses such as Alzheimer’s disease,
Parkinson‘’s disease, amyotrophic lateral sclercosis,
progressive supranucleax plasy, Pick’'s disease, several
polyglutamine neurological disorders asuch as HEuntington,
spinocerebullar ataxia type I, spinal and bulba.r muscular
atrophy, dentatorubal pallidoluysian, and myoto nic dystrophy,
as well as spongiform ercephalopathies, such as hereditary
Creutzfeldt-Jakob disease (due to prion protein processing
defect), Fabry disease, Straussler-Scheinker symdrome, COPD,

dry eye disease, or Sjogren's disease.

DETAILED DESCRIPTION OF THE INVENTI- ON

1. Definitions

[(0031] The term "ABC-transporter" as used hereim means an
ABC-transporter protein or a fragment thereof coamprising at
least one binding domain. wherein said protein o-xr fragment
thereof is present in viwo or in vitro. The ter-m "binding
domain" as used herein means a domain on the ABC -transporter
that can bind to a medulator. See, €.g., Hwang, T. C. et al.,
J. Gen. Physiol. (1998): 111(3), 477-90.

[0032] The term "CFTR" as used herein means cyst ic fibrosis
transmembrane conductance regulator or a mutatior thereof
capable of regulator actiwity in part or full, irocluding, but
not limited to, AF508 CFTR and G551D CFTR (see, e=.g.,
http.//www.genet.sickkids.on.ca/cfr/, for CFTR mutations) .

[0033] The term "COPD" ag used herein means chroraic
obstructive pulmonary disease and comprises chron ic
obstructive bronchitis, arad emphysema.

[0034] The term "modulatimg" as used herein meanss increasing
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or decreasing by a measurablle amount.

[0035] For purposes of this invention, the chemical e=lements
are identified in accordance with the Periodic Table .of the
Elements, CAS version, Handlbook of Chemistry and Phys . ics, 758
Ed. Additionally, general principles of organic chem:-istry are
described in “Organic Chemisstry”, Thomas Sorrell, Univversity
Science Books, Sausalito: 1999, and “March's Advance=3 Organic
Chemistry”, 5" Ed., Ed.: Smnith, M.B. and March, J., .John
Wiley & Sons, New York: 2001, the entire contents of which
are hereby incorporated by r-eference.

[0036] As described herein, compounds of the inventiomm may
optionally be substituted wi th one or more substituent—s, such
as are illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the inv—ention.
It will be appreciated that #he phrase “optionally

substituted” is used interchangeably with the phrase
“substituted or unsubstituted.” In general, the term
“substituted”, whether preceded by the term “optionall—y” or
not, refers to the replacemerat of hydrogen radicals in a given
structure with the radical of a specified substituent. Unless
otherwise indicated, an opticnally substituted group m&Ey have
a substituent at each substit utable position of the grooup, and
when more than one position i n any given st:rucﬁure may be
substituted with more than on e substituent gelected freom a
specified group, the substituent may be either the same= or
different at every position. «€ombinations of substituermts
envigsioned by this invention are preferably those that zresult
in the formation of stable or chemically feasible compo unds.
The term “stable”, as used hexein, refers to compounds - that
are not substantially altered when subjected to conditieons to
allow for their production, detection, and preferably thheir

recovery, purification, and usse for one or more of the
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purposes disclosed herein. In some embodiment 8, a stable

compound or chemicallly feasible compound is on e that is not

substantially altered when kept at a temperatu rxre of 40°C or
less, in the absence of moisture or other chem ically reactive
conditions, for at least a week.

[0037] The term “ali phatic” or ™aliphatic growzap”, as used
herein, means a stradght-chain (i.e., unbranche=d) or branched,
substituted or unsubstituted hydrocarbon chain that is
completely saturated or that contains one or mcore units of
unsaturation, or a monocyclic, bicyclic, or tr—cyclic
hydrocarbon that is completely saturated or thaat contains one
or more units of unsaturation, but which is not= aromatic (also
referred to herein as "carbocycle" “cycloaliphatic” or
“cycloalkyl”), that has a single point of attacchment to the
rest of the molecule. Unless otherwise specifi_ed, aliphatic
groups contain 1-20 a liphatic carbon atoms, i.e=.,
((C1-C20)alkyl). In some embodiments, aliphati.c groups
contain 1-10 aliphati< carbon atoms, i.e., ((Cl -Cl0)alkyl).
In other embodiments, aliphatic groups contain 1-8 aliphatic
carbon atoms, i.e., { (Cl1-CB)alkyl. In still ot her
embodiments, aliphatic groups contain 1-6 aliph.atic carbon
atoms, i.e., ((Cl-Cé)alkyl, and in yet other emibodiments
aliphatic groups contain 1-4 aliphatic carbon astoms, i.e.,
((C1-C4)alkyl. In some embodiments, “cycloalipBhatic” (or
“carbocycle” or “cycloalkyl”) refers to a monocygyclic C3-C8
hydrocarbon or biecyclic or tricyclic C8-C12 hydmrocarbon that
is completely saturateed or that contains one or more units of
unsaturation, but which is not aromatic, that has a single
point of attachment to the rest of the molecule wherein any
individual ring in said bicyclic ring system hass 3-7 members.

Suitable aliphatic growups include, but are not 1_imited to,
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lineamar or branched, substituted or unssubstituted alkyl,
alkermyl, alkynyl groups and hybrids tlereof such as

{(cycl oalkyl)alkyl, (cycloalkenyl)alkyM or (cycloalkyl)alkenyl .
[0038:] The term “heterocaliphatic”, as used herein, means
aliph.atic groups wherein one or two caarbon atoms are
indep-endently replaced by one or more of oxygen, sulfur,

nitro gen, phosphorus, or silicon. Het=eroaliphatic groups may
be su bstituted or unsubstituted, branczhed or unbranched,

cycli ¢ or acyclic, and include “heteroecycle”, “heterocyclyl”,
“hetexrocycloaliphatic”, or “heterocycl ic* groups.

[00397] The term “heterocycle”, “hetercocyclyl”,
*hete—rocycloaliphatic”, or “heterocycl ic” as used herein meanss
non-arxromatic, monocyclic, bicyclic, or tricyclic ring systems
in wh=ich one or more ring members is a-n independently selected
hetercoatom. In some embodiments, the “heterocycle”,
*hetexrocyclyl”, “heterocycloaliphatic” , or “heterocyclic”
group has three to fourteen ring membexxrs in which one or more
ring nmembers is a heteroatom independermtly selected from
oxygerm, sulfur, nitrogen, or phosphoruss, and each ring in the
system contains 3 to 7 ring members.

(0040] The term “hetercatom” means one or more of oxygen,
sulfur-, nitrogen, phosphorus, or siliccon (including, any
oxidiz ed form of nitrogen, sulfur, phossphorus, or silicon; the
guatermized form of any basic nitrogen or a substitutable
nitrogeen of a heterocyclic ring, for ex—ample N (as in 3,4-
dihydren-2H-pyrrolyl), NH (as in pyrroli dinyl) or NR' (as in N-
substimuted pyrrolidinyl)).

[0041] The term "unsaturated", as used herein, means that a
moiety has one or more units of unsaturaation.

[0042] The term “alkoxy”, or “thiocalkyl_*, as used herein,
refers to an alkyl group, as previously defined, attached to

the pri ncipal carbon chain through an oxygen (“alkoxy”) or
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sulfur (“*thicalkyl”) atom.

[0043] The terms “ha localkyl”, “haloalkenyl’”” and “halocalko=xy”
means alkyl, alkenyl or alkoxy, as the case may be,
subgtituted with one or more halogen atoms. The term
“*halogen” means F, CR, Br, or I.

(0044] The term “ary 1" used alone or as par—t of a larger
moiety as in “aralkyl.”, “aralkoxy”, or “aryloxyalkyl”, refesrs
to monocyclic, bicycl ic, and tricyclic ring systems having a
total of five to four-teen ring members, whemein at least ome
ring in the system iss aromatic and wherein each ring in the=
system contains 3 to 7 ring members. The term “aryl” may beoe
used interchangeably with the term “aryl rirag”. The term
"aryl" also refers to~ heterocaryl ring systems as defined
hereinbelow.

[0045] The term “heteroaryl”, used alone or as part of a
larger moiety as in “ hetercaralkyl” or “hete=roarylalkoxy”,
refers to monocyclic, bicyclic, and tricycli.c ring systemsg
having a total of fivee to fourteen ring membeers;,; wherein at
least one ring in the system is aromatic, at least one ring in
the system contains orile or more heterocatoms, and wherein each
ring in the system coratains 3 to 7 ring membeers. The term
“heterocaryl” may be ussed interchangeably witdh the term
“hetercaryl ring” or t—he term “heterocaromatiec=”.

{0046] An aryl (inclu-ding aralkyl, aralkoxy, axyloxyalkyl a—md
the like) or hetercary»l (including heteroaraZlkyl and
heteroarylalkoxy and t-he like) group may cont—ain one or more=
substituents. Suitabl e substituents on the vinsaturated carbtoon
atom of an aryl or het eroaryl group are selected from haloge=n;
-R%; -OR®; -SR°; 1,2-me-thylene-dioxy; 1,2-ethyrlenedioxy; phen_yl
(Ph) optionally substi tuted with R°; -O(Ph) o-ptionally
substituted with R®; - (CHz),-2(Ph), optionally substituted wit=h
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R®; -CH=CH(Ph), optionally substituted with R°; -NO,; -CN;
-N(R®)2; -NR°C(O)R®; -NR°C(O)N(R°);; -NRSCO.R°; -NR°NR°C(O)R°; -
NR°PNR°C (O) N (R°);; -NRPNR°CO;R°; -C(Q)C{Q) R°; -C(Q)CH,C(O)R®; -
CO2R®?; -C(O)R?; -C(O)N(R°)2; -OC(O)N(R°)=; -S(O);R°; -SO,N(R°).; -
S(O)R®; -NR°SO;N(R°)2; -NR°SO;R°; -C(=S)NW (R°),; -C(=NH)-N(R®),; or
~ (CH2) 0-2NHC (O) R® wherein each independe -nt occurrence of R° is
selected from hydrogen, optionally subsstituted C,;.¢ aliphatic,
an unsubstituted 5-6 membered heteroarwsyl or heterocyclic ring,
phenyl, -0(Ph), or -CH,(Ph), or, notwi_thstanding the
definition above, two independent occumrences of R°, on the
same substituent or different substituents, taken together
with the atom(s) to which each R° 'groups is bound, form a 3- to
8-membered cycloalkyl, heterocyclyl, ar-yl, or heterocaryl ring
having 0-3 hetercatoms independently se=lected from nitrogen,
oxygen, or sulfur. Optional substituermts on the aliphatic
group of R° are selected from NH,, NH(C, _;aliphatic), N(C,.
«aliphatic),, halogen, Ci.4aliphatic, OH,.~ O(C,.jaliphatic), NO,,
~CN, COzH, CO;(Cy.aliphatic), O(haloC;.4 aaliphatic), or haloC,.
saliphatic, wherein each of the foregoimg C;. aliphatic groups
of R° is unsubstituted.
[0047] An aliphatic or heteroaliphatic group, Or a non-
aromatic heterocyclic ring may contain eone or more
substituents. Suitable substituents on the saturated carbon
of an aliphatic or heterocaliphatic group>, or of a non-aromatic
heterocyclic ring are selected from thosse listed above for the
unsaturated carbon of an aryl or heteroamryl group and
additionally include the following: =0, =S, =NNHR®, =NN(R'),,
=NNHC (O)R®, =NNHCO, (alkyl), =NNHSO,(alkyl ), or =NR', where each
R® is independently selected from hydrog en or an optionally

substituted C; ¢ aliphatic. Optional sulostituents on the
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aliphautic group of R are selecte d from NH;, NH(C;., ald#phatic),
N(C1-C4 aliphatic);, halogen, (Cl1 -Cd4)aliphatic, OH,

O((Cl- C4)aliphatic), NO,, CN, CO,EI, CO,((Cl-C4)aliphati.c),
O(halo- (C1-C4)aliphatic), or halo(C (Cl1-C4)aliphatic), wh-erein
each o f the foregoing (Cl-C4)alipshatic groups of R’ is

unsubs tituted.

[0048] Optional substituents on t-he nitrogen of a non—
aromat ic heterocyclic ring are se lected from -R*, -N(R*"),, -
C(O)R*~ -COzR*, -C(O)C(O)R*, -C(0O)CH,C(O)R*, -SO,R*, -SO,MN(R')2,
-C(=S)®(R"),, -C(=NH)-N(R*),, or -INR*SO,R'; wherein R' is.-
hydrogesn, an optionally substitut-ed Ci.¢ aliphatic, opt—ionally
substi®uted phenyl, optionally sulbstituted -O(Ph), opt=ionally
substit-uted -CH;(Ph), optionally =ubstituted - (CH,);., (P h);
optionaally substituted -CH=CH(Ph) ; or an unsubstituted 5-§
membered heteroaryl or heterocycl=ic ring having one to four
heteroaatoms independently selectecd from oxygen, nitrogen, or
sulfur, or, notwithstanding the deefinition above, two
indeperadent occurrences of R*, on the same substituent .or
differesnt substituents, taken togexther with the atom(s) to
which e=ach R' group is bound, form a 3- to 8-membered

cycloal kyl, heterocyclyl, aryl, or heteroaryl ring havi ng 0-3
heteroca toms independently selected from nitrogen, oxyge n, or
sulfur. Optional substituents on the aliphatic group o.x the
phenyl xring of R' are selected frorm NH,, NH({(Cl-C4)aliphaatic),
N((Cl1-C<4)aliphatic),, halogen, (C1—C4)aliphatic, OH,
O0((Cl-C~¢)aliphatic), NO;, CN, COH, CO;((Cl-C4)aliphatic)),
O(halo(C1-C4)aliphatic), or halo( («€1-C4)aliphatic), whemrein
each of the foregoing C,.;aliphatic groups of R*' is
unsubstiituted.

[0048] The term “alkylidene chain” refers to a straight or
branched carbon chain that may be #Fully saturated or hawwre one

or more units of unsaturation and has two points of attamchment
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to the rest of the mmolecule.

[0050] As detailed above, in some embodiments, two

independent occurremces of R° (or R*, or any other vaariable
similarly defined he=rein), are taken together with t.he atom(s)
to which each variarole is bound to form a 3-8-member—ed
cycloalkyl, heterocwclyl, aryl, or heterocaryl ring h.aving 0-3
heterocatoms indepenciently selected from nitrogen, ox-ygen, or
sulfur. Exemplary r-ings that are formed when two in.dependent
occurrences of R° (o-r R*, or any other variable simil_arly
defined herein) are taken together with the atom(s) tto which
each variable is bowmnd include, but are not limited ®o the
following: a) two i ndependent occurrences of R° (or R*, or any
other variable simil arly defined herein) that are bouand to the
same atom and are ta ken together with that atom to form a
ring, for example, N (R°),, where both occurrences of ER° are
taken together with -the nitrogen atom to form a piper—idin-1-
yl, piperazin-1-yl, eor morpholin-4-yl group; and b) two
independent occurreneces of R° (or R*, or any other vamiable
similarly defined hemrein) that are bound to different_ atomg
and are taken togetheer with both of those atoms to foerm a
ring, for example whesre a phenyl group is substituted. with two
/©10R°
occurrences of OR® % ORO, these two occurrences <—f R° are

taken together with t=he oxygen atoms to which they are= bound

M)

It will be appreciate d that a variety of other rings czan be

to form a fused 6-memmbered oxygen containing ring:

formed when two indep-endent occurrences of R° (or R*, eor any
other variable similazrly defined herein) are taken tocgether
with the atom(s) to which each variable is bound and t-hat the

examples detailed abowe are not intended to be limitinag.
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[0051] Unless ot herwise stated, structures depiczted herein
are also meant to include all isomeric (e.g., en-antiomeric,
diastereomeric, aand geometric (or conformational )) forms of
the structure; for example, the R and S configur-sations for
each asymmetric center, (Z) and (E) double bond =misomers, and
(2) and (E) conformational isomers. Therefore, s=single
stereochemical issomers as well as enantiomeric,

diastereomeric, and geometric (or conformationald mixtures of
the present comporunds are within the scope of the invention.
Unless otherwise stated, all tautomeric forms of the compounds
of the invention are within the scope of the invesntion.
Additionally, unl ess otherwise stated, structuress depicted
‘herein are also meant to include compounds that Jiffer 6n1y in
the presence of ome or more isotopically enriched atoms. For
example, compoundss having the present structures except for
the replacement of hydrogen by deuterium or triti um, or the
replacement of a carbon by a *}C- or C-enriched earbon are
within the scope ©f this invention. Such compoun ds are
useful, for exampRle, as analytical tools or probe 8 in

biological assays-

2. General Description of the Invention
[0052) The present. invention relates to compoundss of

formula I:

RS RP

RB(™)

I

or a pharmaceutically acceptable salt thereof, whe rein:
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A is C(0), ox- 80y;
R® and R® are independently selected from H, (C1-C4)al-kyl,

and aryl , or may be taken together to form a
(C3-C8) c=ycloalkyl or heterocyclic;
R® is H, (Cl1-<C4)alkyl optionally substituted with a

substituent select-ed from CN, NO5, CF3, OCF3, OH, SRS, s(O )RS,
SOoR6, COOH, COOR®, OR® or phenyl optionally substituted w ith
R?;

B is aryl or heterocyclic;

///L\\hz::::::j//Ram
Z is s

wherein,

L is (Cl-Cé6)alkylidene, -0-((Cl-C6)alkylide ne),
((Cl1-6)alkylidene)} -O-, or a bond, wher ein
up to two carbon atoms in said alkylid ene
in L are independently replaced with O , S,
or N;

W i_s aryl, heterocyclic, or (C5-C7)cycloalk-yl;

m and n are i ndependently 0 to 5; and
R® and R* are independently selected from Rl, R2, R3, R4,
or RS, wwherein:

Rl is oxo, R® or ((C1-C4)aliphatic)p-Y;

n is 0 or 1;

Y i s halo, CN, NOp, CF3, OCF3, OH, SR§, S(O )RS,
SO2RS, NWH,, NHRS, N(R6),, NR6R8, N(R8),, COOH, CeOORS

or OR®; or two R! on adjacent ring atoms, taken
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togetheer, form 1,2-methylenedioxy or 1, 2-
ethylemedioxy;
R=2 is aliphatic, wherein each R2 oceptionally

compri=ges up to 2 substituents independilently
selecte=d from R1, R%, or R5;

R=3 is a cycloaliphatic, aryl, hete=rocyclic, or
heteroa=maryl ring optionally comprising u:p to 3
substifuents, independently selected fr—om R1, R2, R%
or R5;

R=! is OR3, ORS, OC(O)RE, OC(O)R5, OC(0)ORS,
OC(0)ORR®, OC(O)N(R®)5, OC(O)N(R5), OC (0)N(RERS),
SRS, SER5, S(O)R6, S(0)RS, SO,RE, SO4RS, SOLN(RS) g,
SO2N (RS),, SO,NRSRE, SO3R6, SO3RS, C(0) R5, C(0)ORS,
C(0)R® = C(0)ORS, C(O)N(R6),, C(O)N(RS), ,
C(O)N(FR5R6), C(O)N(OR6)RS, C(O)N(ORS)RE
C(O)N(OR®)RS, C(O)N(ORS)RS, C(NORS)R6, eC(NORS)RS,
C(NOR®) R6, C(NORS)RS, N(R6),, N(R5),, N (RSRS),
NR>C(0) R3, NR6C(O)RS, NRSC(0)R6, NREC(01)RS5,
NRéC(0) OR6, NR5C(0)ORE, NR6C(0)ORS, NRSc(0)ORS,
NRSC (0) N(R),, NR6C(O)NRSRE, NR6C(O)N(RSS),,
NR3C(0) N(R6),, NR5C(O)NRSR6, NR5C(0)N(RS),,
NR6SO,R=6, NRSSO,R5, NR5SO,RS, NR5SO,RS,

NR6SO,NT (R6) 5, NR5SO,N(R6) 5, NRESO,NRSRS .
NRSSO,N™ (R5)5, NRS5SO,NRSRE, NRS5SO,N(RS),,. N(ORS)RS,

N(OR6)R.5, N(ORS)R5, or N(ORS5)RS;
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RS is a cycloaliphatic, aryl, heterocyc=lic, or
heteroaryl ring, optiomally comprising up tco 3 R}
substituents;
R6 is H or aliphatic, wherein R® optiormally
comprises a R7 substituent;
R? is a cycloaliphatic, aryl, heterocycclic, or
heteroaryl ring, and each R7 optionally comporises up
to 2 substituents independently chosen from K,
(C1-Cg) -straight or branched alkyl, (C3-Cg) straight
or branched .alkeny‘]'.. or alkynyl, 1,2-methylemedioxy,
1,2-ethylenedioxy, or (CHz)n-Q; .
Q is selected from halo, oN, NO,, CF3, OCF3,
OH, S-aliphatic, S(0)—aliphatic, SOj-alipha®cic, NHp,
NH (aliphatic), N(aliphatic),, N(aliphatic)R¥3, NHRS,
N(R8),, COCH, C(0)O- (aliphatic), or O-aliphaatic; and
R8 is an amino protecting group.
[0053] The term "amino protectimg group" refers to a suitable
chemica 1 group that may be attached to a nitrogen atorm. The
term "p-rotecting" refers to whera the designated amino group is
attachesad to a suitable chemical group (e.g., capping <group).

Example.s of suitable amino capping groups are describe=d in

T.W. Greeene et al., Protective Groups in Organic Synthhesis,

3d. Ed. , John Wiley and Sons (1999); L. Fieser and M. Fieser,

Fieser -and Fieser's Reagents for Oxganic Synthesis, Jcohn Wiley

and Son 8 (1994); L. Paquette, ed. Encyclopedia of Reacgents for

Organic Synthesis, John Wiley ard Song (1995) and are

exempli fied in certain of the specific compounds used in this
inventieon.

[0054] In certain other embodiments in the compounds of
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forrnula I:
a) when A is C(0), L is a bond, 2 is phenyl, R® and RP
taken together is cyclopentyl, B =is phenyl, then R® and R®
are not methoxy;
b) when A is C(0), L is a bond, 2 is phenyl, R and RP
taken together is cyclopropyl, B —is phenyl, then RB is
not hydrogen; ‘ o
c) when A is C{0), L is a bond, Z is benzofuranyl, R
and RP taken together is cyclopent—yl, B is phenyl, then R®
is not methoxy;
d) when A is C(0), L is a bond, Z is phenyl, R® and R°
taken together is cyclopentyl, B -is phenyl, R® is
-hYdrogen, then R? is‘not.chloro;" . '
e) when A is C(0), L is a bond, 2 is furanyl, R® and R°
taken together is cyclopentyl, B =is phenyl, R® is
methoxy, then R®* is not bromo;
£f) when A is C(0), L is a bond, 2z is furanyl, R® and R®
taken together is cyclopentyl, B =is phenyl, then R® is
not hydrogen; and
g) when A is C(0), L is a bond, Z is phenyl, R® and R®
taken together is cyclohexyl, B is=s phenyl, R® is methoxy,
n is 2, R? is nitro, then m is not= 2.

{00®™55] In certain embodiments of compcunds of the present

inve=ntion, when R® and R® each is methy-1, R® is hydrogen, and A

is carbonyl, then the following compoumnds are excluded:

4 E\ ,'}.._.“ : g z

3 BTSRRI T Y A IR I P
Pyrazo1-3-yl, 2,3-dimethyl-
furan-5S-yl, or pyrazin-2(1H) -
o ¢ one-5-yxy1
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—
Phenyl, 4-chloropheanyl, or N, N}z
3,4-chlorophenyl N
HoN’ —‘&o

4 -chlorophenyl

Meo\(/N*N)“- - MeHN\(/NN}‘*—
N N

0 or MeHN' (0]

’

[0056] In an altermative embodiment, the p:xesent invention

provides a compoundA of formula II:

II

or a pharmaceutic=ally acceptable salt the=reof, wherein:
A is C(O) or- 80,;
R® and R® taksen together form a 3-6 mmembereéd cycloalkw,l
ring or- 4-pyranyl ring;
R® is H, (Cl—C4)alkyl optionally subsstituted with a
substituent selec ted from (C1-C4)alkyl se lected CN, NO,, CF3,

OCF3, OH, SR®, S(«O)RS, SO,R6, COOH, COOR® , ORS or phenyl

optionally substi-tuted with R?;
B is phenyl;

TN

wherein .
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L is a bond;

W is a 5-14 membered monocyclic, bicyeclic, <or

tricyclic heter«ocyclic or heterocaryl ring;
m and n are independently 0 to 5; or

Z is diphenylmethyl where in each phenyl has up to 5 R is
substituents; and N

R® and R?® are independently selected from R1, RZ2, R3,
R4, or RS, wherein:

Rl is oxo, R® ox ((C1-C4)aliphatic)p-Y;

n is 0 or 1;

Y is halo, CN, INO,, CF3, OCF3, OH, SR6, S(0O) RS,
SO,RS, N‘Hz NHRE, N(RS),, ‘NR6R3, COOH, COORS or OORS;
or two Rl on adjacent ring atoms, taken together,
form 1,2-methylenedioxy or 1,2-ethylenedioxy;

R? is aliphatic. wherein each R2 optionally

comprises up to 2 sulostituents independently
selected from R1, R4, or R5;

R3 is a cycloaliphatic, aryl, heterocyclic, or
heteroaryl ring optionally comprising up to 3
substituents, indeperadently selected from R1, R2, Rr4
or R5;

R% is ORS, OR6, OC(0O)RE, OC(O)R5, OC(0O)ORS,
OC(O)OR5, OC(O)N(R6) 5, OC(O)N(RS),, OC(O)N(RSRS) ,
SR®, SRS, S(O)RE, S(O®)R5, SO;R6, SORS, SOLN(RS), |,
SOaN(R3),, SO0,NRSR6, SO3R6, SO3R5, C(0)R5, C(0)ORSS,
C(0)R®, c(0)OR6, C(0) N(R6)5, C(OIN(RS),,
C(O)N(RSR6), C(O)N(OR 6)R6, C(0)N(ORS)RS,
C(O)N(ORS)R5, C(O)N(ORS5)R5, C(NORS)RE, C(NORS)RS,
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C(NORS)RE, C(NORS) RS, N(R6),, N(RS),, N(RSRS),
NR5C (0)R5, NR6C(0) RS, NRSC(O)R6, NR6C(O)RS,

NR6C (0)OR®, NRSC (0O )ORS, NR6C(0)ORS, NRSC(Q)ORS ,
NR6C (0)N (R6) 5, NR6«C(0)NR5RE, NR6C(0)N(RS),,

NRSC(0O)N(RS),, NRSC(O)NRSRS, NRSC(O)N(RS),,

NR6SO,RS, NR6SO,RS , NRSSO5RS, NRSSO,RS,

NR6SO,N(R6) 5, NRSSO,N(R6),, NROSO,NRSRS,
NR6SO,N (RS) 5, NRS5SO,NRSRE, NR5SO,N(R5),5, N(OREm RE,
N(OR6)R5, N(ORS)R3, or N(OR3)RS;

R® is a cycloaliphatic, .aryl, heterocyclice, or
heter.oax;yl ring, op.ti'.onaily comprising up to.3 Rl
substituents;

Ré ig H or aliphatic, wherein RS optiocnall y
comprises a R7 substituent;

R7 is a cycloa liphatic, aryl, heterccyclic , or

heteroaryl ring, and each R7 optionally comprisees up
to 2 substituents imdependently chosen from H,

(C1-Cg) ~straight or branched alkyl, (Cy-Cg) straaight
or branched alkenyl or alkynyl, 1,2-methylenedicoxy,
1,2-ethylenedioxy, or (CHy)p-Q;

Q is selected £rom halo, CN, NO,, CF3, OCFI,
CH, S-aliphatic, S(O)-aliphatic, SOj-aliphatic, NH,,
NH (aliphatic), N(aliphatic),, N(aliphatic)R8, NiXRS,
N(R8),, COOH, C(0)O~— (aliphatic), or O-aliphatic; and -

R® is an amino protecting group,

provided that:
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(i) when RS and R® taken toget-her form a 4-pyran ring, R
is hydrogen, A is C(0), and ring W together with R® and m is3
2-amino-pyrazin-3-yl, then ring B t—ogether with (R®), is not
phenyl, 4-methylphenyl, 4-chlorophenyl, 3-fluorocphenyl, 4-
methoxyphenyl, 2,4-difluorophenyl, or 4-fluorophenyl;

(ii) when R® and R® taken toget—her form a cyclohexyl ri;rg,
RE is hydrogen, A is C(O}, and L is 24methoxy-pyridinF3—y1, .
then ring B together with (R®), is rot phenyl;

(iii) when R® and R® taken togesther form a cyclobutyl
ring, R® is hydrogen, A is C(0), ancl ring W together with RZ
and m is 2,5,7,8-tetramethy;-G-hydr-oxy-zﬂ—1-bgnzopyran—2-yl,
then ring B togethef'ﬁith (R®), is raot 4—[(imino-£hieﬁ*2-
ylmethyl) amino) phenyl; ' B

(iv) when R® and R® taken toget_her form a cyclopropyl
ring, R® is hydrogen, A is C(0), an3 ring W together with RZ
and m is 2,5-dihydro-4-hydroxy-1-me®thyl-5-oxo-1H-pyrrol-3-yl ,
then ring B together with (R®), is n ot phenyl;

(v) when R® and R® taken togeth er form a cyclopropyl rimg,
R® is hydrogen, A is C(0), and ring W together with R? and m is
2,3,4,9-tetrahydro-3-((3'-(2,6-diisopropyl) -ureido] -1H-
carbazol-3-yl, then ring B together with (R®), is not 4-
chlorophenyl;

(vi) when R® and R® taken togetlier form a cyclopropyl
ring, R® is hydrogen, A is C(0), and ring W together with RZ
and m is 9,10-dihydro-9-oxo-acridin—3-yl, then ring B togethe=r
with (R®), is not 4-chlorophenyl;

(vii) when Rf is hydrogen and A is C(0), then the

following compounds are excluded:
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4-pyran OMe phenyl
4-pyran diph-enylmethy! phenyt
§‘Q}—Cl
N
cyclobutyl H Cl phenyl
cyclopentyl benzofuran-2-yi 3,4-dimethoxyphezny!
(—0
o
‘ (<) 2 OMe
N
NQ
cyclopropy! i 4-chlorophenyl
Ph
= V3
cyclopropyt O (o) O phenyl
4-pyran or cyclohexyl diphexnyimethyi 3,4-dimethoxyphery!
4-pyran 2-furanyl 4-methoxyphenyl
4-pyran §-bramo-2-furanyi phenyl
S =N Me
cyclopentyl ;—m phenyl
4-pyran 1,4-ben=zodioxin-2-yl phenyl
4-pyran 4,5-dimethyi-furan-2-yl phenyl
cyclohexyl benzoefuran-2-yi 3,4-dimethoxyphen yi
cyclopentyl diphe nyimethy 3.4-dimethoxyphen i
cyclopentyl phenyi
cyclopentyl §-bromo-furan-2-yl 3,4-dimethoxyphenwyl
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S /N' OMe
cyclopentyl g—w phenyl
2-furanyl, 5-ethyl-Furan-2-yl, 2-
4-pyran thienyt , phenyl
cyclopentyl furany | phenyl
N \ N
N \L_\ \
cyclopentyl o OMe phqnyl
4-pyfanyl E 2-benzofuraanyl phenyt
4-pyranyl S-bromofuramn-2-yl 4-methoxypheny!
cyclopentyl 5-bromofurarn-2-y! pheny!
4-pyranyl 2-thieny | 4-methoxyphenyl
4-pyranyl diphenylmem=thyl 4-methoxyphenyi
cyclopentyl 2-benzofuraanyi phenyl
4-pyranyl 2-benzofuraanyt 3,4-dimethoxyphenyt
1-phenyl-1-(4-isobutoxy-

cyclopentyl phenyl)-metthyi phenyl
cyclopenty! 1,4-benzodiox@in-2-yl 3,4-dimethoxypheny!

(viii) when R® and R taken tcogether form a cyclopentyl
ring, R® is hydrogen, A is C(0), .and ring W together with RZ
and m is diphenylmethyl, then rimg B together with (R®), is rot
phenyl, 4-ethoxyphenyl, 4-butoxyp-henyl, 4-isobutoxyphenyl, o r
4 -methoxyphenyl.

[0057] In one embodiment of the poresent invention, A is C(0Q)

Or, A is SO0,.

[0058] In one embodiment, R® is h ydrogen. Or, R® is Cl-Ca

alkyl.

[0059] In another embodiment, R .and R®, taken together, formn
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a 4-pyranyl ring .

[0060] In anothaer embodiment, RS and R°, t-aken together, form
a 3-6 membered cwycloalkyl ring. In one embcdiment, RS and R®,
taken together, *form a 5-6 membered cycloal kyl ring.

[0061] In anothe=r embodiment, RS and R?, tamken together, form
a S5-membered cycTloalkyl ring. Or, R® and R.°, taken together,
form a €-memberecd cycloalkyl ring. -

[0062] In anotmer embodiment, W is an opt ionally substituted
indolyl, benzofum—xanyl, or benzothienyl. Or=, W is is indol-2-
yl or indol-3-yl . Or W is benzofuran-2-yl._. Or, W is
benzothien-2-yl. , , ' . 5
[0063] AIn ériot:he:r embodiment; W is én opti-onally sui:stiﬁuted
pyrazolyl or indazélyl. v v . . -
[0064] In anotlmer embodiment, W is an opt ionally substituted
pyrazol-3-yl or poyrazol-4-yl. Or, W is an optionally
substituted inda==ol-3-yl.

{o065] In anotmer embodiment, W is an opt._ionally substituted
phenyl.

[0066] In anothe-xr embodiment, W is an optieonally substiuted
six-membered hete=roaromatic ring having up to three
hetercatoms selected from O, S, or N. In certain embodiments,
W is pyridyl.

[0067] In anothe r embodiment, Z is diphenyTlmethyl.

[0068] In certai n embodiments, W is an opt-donally substituted
ring selected freom furanyl, thienyl, isoxazolyl, or pyrrolyl.
[0069] In anothe r embodiment, W is an opticonally substituted
10-12 membered biicyclic, heteroaromatic rirmg. In certain
embodiments, W iss an optionally substituted ring selected from
quinolinyl or ciranolinyl.

{0070] In one embodiment of the present inwention, R® and R°
each is methyl.

[0071] According to a preferred embodiment. R® is acetyl,
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arylsulfonyl or alkylssulfonyl.
{0072} Another embodi.ment of the present inven tion provides &=
method of treating an ABC transporter mediated disease in a
mammal, comprising thes step of administering to said mammal a
composition comprisincy a compound of the preserat invention or
a pharmaceutically accreptable salt thereof.
[0073]1 A preferred'as?peét of the present embod—iment is where
the ABC transporter me=diated disease is selecte=d from cystic
fibrosis, hereditary emphysema, hereditary hemoschromatosis,
coagulation-cibrinolyssis deficiencies, such as protein C
deficiency, Type 1 hexceditary angipedema,.;ipid_ processing
"defiéiencies; such“as familiél hypercholesterol éhia, Type 1
chylomicronemia, abetalipoproteinemia, lysosoma 1 storage.
diseases, such as I-cell disease/Pseudo-Hurler, secretoxry
diarrhea or polycystic: kidney disease, mucopoly saccharidoses,
Sandhof/Tay-Sachs, Cri.gler-Najjar Lype II,
polyendocrinopathy/hyroerinsulemia, Diabetes mel litus, Laron
dwarfism, myleoperoxidlase deficiency, primary
hypoparathyroidism, me=lanoma, glycanosis CDG tygoe 1,
hereditary emphysema, congenital hyperthyroidisrm, osteogenesis
imperfecta, hereditary- hypofibrinogenemia, ACT deficiency,
Diabetes insipidus (DI ), neurophyseal DI, Neprocgenic DI,
Charcot-Marie Tooth sy—ndrome, Perlizaeus-Merzbac—her disease,
neurodegenerative dise.ases such as Alzheimer’s Aisease,
Parkinson’s disease, Ammyotrophic lateral sclerosis,
progressive supranucleaar plasy, Pick’s disease, several
polyglutamine neurolog=ical disorders asuch as Humntington,
Spinocerebullar ataxia type I, spinal and bulbar— muscular
atrophy, Dentatorubal popallidoluysian, and Myotormsic dystrophy,
as well as Spongiform e=ncephalopathies, such as Hereditary
Creutzfeldt-Jakob diseaase (due to Prion protein processing

defect), Fabry disease,. Straussler-sScheinker syn drome, COPD,
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dry eye disease, or Sjogren's disease .

[0074] An especially preferred method is where the disease is
CF.

[0075] Another embodiment of the pres-ent invention prov1des a

pharmacesutical composition comprising ::

a. a compound of the present irvention;
b. a pharmaceutically acceptablB e carrier; and
c. an additional agent selected from a mucolytic agent,-

bronchocdialator, an antlblotlc, an ant:1 1nfect1ve agent, an
‘anti- insFlammatory agent, CFTR modulator other than a compound
'of the present invention, or.a nutrltlonal agent

{oo7e6] Another embodiment of the pres.ent invention provides a
method o©f modulating ABC transporter activity, comprising the
step of contacting said ABC transporter with a compound of the=
present invention.

[0077] A preferred aspect of this embcodiment is where the ABC
transpor—ter or a fragment thereof is i n vivo. Another
preferre=d aspect of this embodiment is. where the ABC
transpor-ter or a fragment thereof is i n vitro. Another
preferre=d aspect of this embodiment is where the ABC
transpor-ter is CFTR.

[0078] According to an alternative emmbodiment, the present
inventio-n provides a method of increas ing the number of
function.al ABC transporters in a membr<ane of a cell,
comprisimng the step of contacting said cell with a compound of
formula (I). The term "functional ABC transporter” as used
herein meeans an ABC transporter that is=ss capable of transport
activity .

[0079] Aeccording to a preferred embodi ment, said functional
ABC transsporter is CFTR.
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[0080] Another embodiment of the pre=sent invention proviides a
kit for use in measuring the activit=y of a ABC transport er or
a fragment thereof in a biological sample in vitro or in: vivo,
comprising:
a. a composition comprising a compound of the pre sent
invention; and
b. instructions for:
i) contacting said compossition with the biol-ogical
sample; and
ii) measuring activity of said ABC transporte-x or
fragment thereof. . o .
[OOBi] A brefefréd aspécﬂ‘bf this en‘bodihent is where tlhe ABC

transporter is CFTR.

3. Description of Exemplary Compouncls

f{0082] As described generally above, for compounds of tlme
invention, R® and R® are independentl~y selected from H,
Ci-salkyl, and aryl, or may be taken t-ogether to form a
(C3-C8)cycloalkyl; B is aryl; and 2 is (C1-C6)alkyl, aryZl,
(C1-C4alkyl)aryl, C5-C7cycloalkyl, or- ((Ci-4)alkyl)
Cs.scycloalkyl.

[0083] A preferred embodiment of the present invention i s
where A is C(0), and L is a bond.

[0084] A preferred embodiment of the present invention i s
where R® and R® taken together form (C3-C8)cycloalkyl.
(0085] A particularly preferred embociiment of the presen t
invention is where R® and R® taken toggether form cyclopeniyl.
[0086] Another particularly preferrec embodiment of the
present invention is where R® and R° t—aken together form
cyclchexyl.

[0087])] A preferred embodiment of the 'present invention iss

where R® and R® taken together form a heterocyclic.
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[ 0088) A particularly preferred eembodiment of the present

imvention is where R® and R? taken together form pyranyl. In
ceertain embodiments, R® and R tak en together form 4-pyranyl.

[#0089] Yet another particularly psreferred embodiment of the

p—xesent invention is where R® and R are H.

[®0090) VYet another particularly prreferred embodiment of the

" p-xesent invention is where R® and R° are methyl.

[®0091] A preferred embodiment of the present

wliere B is aryl.

invention is

[®@092] A particularly preferred e mbodiment of the present

irwention is where B is phenyl. '
[©093] A preferred embodiment of the present
ﬂwhﬁefé Z is aryl. ' e . L

invention is

[O094] Another preferred embodimemt of the present invention

i= where Z ig pyridinyl.

[O095] Another preferred embodimemt of the present invention

i= where Z is phenyl.

[O©096] Another preferred embodimemt of the present invention

is=s where 2 is benzofuran.

[®097) Another preferred embodimerit of the present invention

iss where Z is benzothiophenyl.

fos 098] Another preferred embodimerat of the present invention

is= where Z is indolyl.

{0:099] Another preferred embodimerit of the present invention

is. where Z is pyrazolyl.

{o 0100] Another preferred embodimvent of the
invention is where Z is furanyl.

(0 0101] Another preferred embodirment of the
in-vention is where 2 is quinolinyl .

[0 0102] Another preferred embodirment of the
in—vention is where Z is isoguinolirmyl. |

[0«0103] Another preferred embodirment of the

present

present

present

present
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invention is where Z is is cinraolinyl.

[00104] An especially preferr-ed embodiment of tZhe present
invention is where Z is benzofwaranyl, and R® and RR° taken
together form cyclohexyl.

[00105] Another especially pr-eferred embodiment is where B
is a substituted phenyl.

[00106] ' An especially prve"fe'rr-ed embodiment of thne present
invention is a compound where Z is benzofuranyl, R® and R°
taken together form cyclohexyl, and B is a substit-uted phenyl

as represented by formula II:

=
AN

m(R®)

IIZX;
or a pharmaceutically acceptable salt thereof;
wherein:

R®* is independently selected from (C1-C4)alkyl,
(C1-C4)alkoxy, and hal o, particularly me=thyl,
methoxy, F, or Cl;

n is 0 to 4;

R® is independently selectecl from halo, and
(C1-C4)alkoxy; and

m is 0 to 5.

[00107] In a preferred embodimeent of the compounca of formula
III, m is 3, and R® is fluoro or a methoxy moiety.

Exemplary compounds of the presert invention are skaown below
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The compounds of the prese-nt invention can be

An exemplary

method of producing compounds of the present invention is

shown below in Schemes 1-3.

[00110]

Scheme 1 below illustrates

an exemplary method zxfor

producing amine intermediates for commpounds of the present—

invention wherein R® and R° cyclize t o form a ring:
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(CHa) (CHa)w
R'\
NH2
O/\ i X
— |
/
i) XCHz ( CH3)n'X, NaH, THF (X is C1, Br, I; n' is 1 to 4)
ii) LiAlR,, ether
[00111] 2An optionally substituted (R*) 2-phenylacetonitrile

is reactedA with an appropriate dihalo-alk.yl compound, sodium
hydride or- the like, in THF or a similar solvent. The
resulting spiro compound is reacted with lithium aluminum
hydrlde or= 91m11ar reducxng reagent to pr-ovide the desired .
cycllc ami_ne. ‘ '
.[00112]  Scheme 2 below .illué'trates- an e xemplary method for
producing amine intermediates for the pre sent invention
wherein RS and R® do not cyclize to form = ring.

[00113] Scheme 2:

R.\ R: RS R® - RS RO

| AN CN i \ AN oN i \ AN NH,
- | el

i) R°X f ollowed by R®X, NaH, THF (X is C1, Br, I)

ii) LiAlH,;, ether

[00114] Scheme 3 below illstrates an ex emplary method for

producing certain compounds of the presen t invention using the

amine inte=rmediates of, e.g., Scheme 1 an d Scheme 2 above.
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L
or
o : SRR o S 0 o
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D@ A
N F N/ ° N/ o)
,LH o : ili“ :

(1) Et3N, CEHCN or DMF, HATU, R'R°NH (amine intermediate fr—om
Scheme 1 or Scheme 2 above)
(ii) KHMDS,, Toluene or DMF, RYOH

[00115] Aczcording to another preferred e mbodiment, the ZABC
transporter mediated disease is selected f xyom Cystic fibreosis,
COPD, Asthm&a, chronic pancreatitis, pneumo nia, polycystic
kidney dise==ase, Hereditary emphysema, Here ditary
hemochromatcosis, Coagulation-Fibrinolysis deficiencies, swuch
as Protein T deficiency, Type 1 hereditary- angiocedema, Lippid
processing cdeficiencies, such as Familial
hypercholes®erclemia, Type 1 chylomicronem_ia,
Abetalipopreoteinemia, Lysosomal storage di seases, such as I-
cell disease=/Pseudo-Hurler, Mucopolysaccha ridoses,
Sandhof/Tay-—Sachs, Crigler-Najjar type II,
Polyendocrimopathy/Hyperinsulemia, Diabete s mellitus, Lareon
dwarfism, M=yleoperoxidase deficiency, Primmary
hypoparathy=xoidism, Melanoma. The disease s associated wi th
the latter «lass of ER malfunction are Gly-canosis CDG typ e 1,

Hereditary eemphysema, Congenital hyperthyr-oidism, Osteoge:mesis
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imperfecta, Hereditary hypofibrinogenemia, ACT deficiency,
Diabetes in sipidus (DI), Neurophyseal DI, Nesprogenic DI,
Charcot-Mar ie Tooth syndrome, Perlizaeus-Mexr-zbacher disease,
neurodegene rative diseases such as Alzheimem's disease,
Parkinson’s disease, Amyotrophic lateral scderosis,
Progressive supranuclear plasy, Pick’'s disease, several
- polyglutami ne neurological disorders such ass Huntington,
Spinocerebu.llar ataxia type I, Spinal and bulbar muscular
atrophy, De=ntatorubal pallidoluysian, and M=yotonic dystrophy,
as well as Spongiform encephalopathies, such as Hereditary
Creutzfeldt= -Jakob disease (due to Prion pro<tein processing
def,ec't) , Faabry disease and Strau'sslef-Scheimkef .syndrornga..
[00116] = Mlost preferably, the ABC transporter mediated
disease is cystic fibrosis.
[00117] Manother embodiment of the present invention provides
a method of treating a disease selected frowm Cystic fibrosis,
COPD, asthma, chronic pancreatitis, pneumon ia, polycytic
kidney disease, Hereditary emphysema, Hered itary
hemochromat—osis, Coagulation-Fibrinolysis d eficiencies, such
as Protein C deficiency, Type 1 hereditary -angiocedema, Lipid
processing deficiencies, such as Familial
hypercholessterolemia, Type 1 chylomicronemi a,
Abetalipopr-oteinemia, Lysosomal storage dis eases, such as I-
cell diseasse/Pseudo-Hurler, Mucopclysacchar idoses,
Sandhof/Tay-Sachs, Crigler-Najjar type II,
Polyendocri nopathy/Hyperinsulemia, Diabetes mellitus, Laron
dwarfism, Mlyleoperoxidase deficiency, Prima ry
hypoparathysroidism, Melanoma, Glycanosis CD'G type 1,
Hereditary emphysema, Congenital hyperthyro idism, Osteogenesis
imperfecta,. Hereditary hypofibrinogenemia, -ACT deficiency,
Diabetes irasipidus (DI), Neurophyseal DI, N eprogenic DI,

Charcot-Mar-ie Tooth syndrome, Perlizaeus-Me rzbacher disease,
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neurodeagenerative diseases guch as Al==heimer's disease=,
Parkinsaon’s disease, Amyotrophic latemal sclerosis,
Progresssive supranuclear plasy, Pick’ss disease, several
polygliatamine neurological disorders a&such as Hunting®on,
Spinocearebullar ataxia type I, Spinal and bulbar muscwilar
atrophwr, Dentatorubal pallidoluysian, and Myotonic dysstrophy,
.as well as Spongiform encephaldpat:hies, such as HeredIitary
CreutzfZeldt-Jakob disease, Fabry diseaase, or Straussle=r-
Scheinl<er syndrome comprising the step of administerimng to a
mammal an effective amount of a compos=sition comprisingg a
compourjd accordlng to the present inve=ntion. ) .
(001180 Accordlng to a more preferre=d embodlment itl‘xe‘
disease go treated is selected from Taang;er 8 disease .
stargax-dt dlsease 1, age related macullar dystrophy 2,
retinirtis pigmentosa, bare lymphocytee syndrome, PFIC -3,
anemia. progressive intrahepatic choleestasis-2, Dubli-m-Johnson
syndrorme, Psgseudoxanthoma elasticum, c—ystic fibrosis, familial
persist=ent hyperinsulinemic hyproglycsemia of infancy,
adrenoZlecukodystrophy, sitosterolemia , chronic obstru-ctive
pulmon&ary disease, asthma, disseminateed bronchiectasi s,
chronic pancreatitis, male infertilit—y, emphysema, or
pneumornia.

[001191 According to another more prxeferred embodim ent, the
ABC tra==ansporter mediated disease is s-ecretory diarrhe a, COPD,
or polwycystic kidney disease in a mammal.

(oo1207] According to an alternative preferred embod iment,
the pre=sent invention provides a meth od of treating c ystic
fibros=is or secretory diahrrea compri sing the step of
adminisstering to said mammal a compos ition comprising the step
of admzinistering to said mammal a comuposition compris ing a
compoumid of the present invention, or- a preferred embeodiment

thereoXf as set forth above. Most pre ferably, said di sease is
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cystic fibrosis.

[O0121] According to an alternativ e preferred embodiment,
tlhe present invention provides a met hod of modulating CFTR
activity in a cell membrane ("potent jiating') of a mammal in
need thereof, comprising the step of administering to said
mammal a composition comprising a co mpound of the present
iriverition as defined above. - )

[O0122] The preferred embodiments of the compounds of the
present invention useful in potentia ting the activity of CFTR
irnclude the preferred embodiments of the present invention
described above.' S , . _ ‘ o ‘ .
_['C)Ol.23] According to an alternativ-e embodiment, the present .
invention ‘provides a method -of ‘intre-asing ‘the number of
functional ABC transporters in a memmbrane of a cell,
comprising the step of contacting sa id cell with a compound of
tlhe present invention. The term "fu:nctional ABC transporter"
ass used herein means an ABC transpor—ter that is capable of
txzansport activity.

[O0124] According to a preferred e=mbodiment, said functional
AB3C transporter is CFTR.

[©0125] The preferred embodiments of compounds of the
pxesent invention useful in increasi ng the number of
fuinctional ABC trangporters include preferred embodiments of
compounsd of the present invention ams described above.

[©0126] According to another embodliment, the present
imvention provides a method of modul ating activity of an anion
channel in vitro or in vivo, comprisming the step of contacting
said channel with a compound of the present invention.
Pxeferably, said anion channel is a chloride channel or a

bid carbonate channel. More preferabl.y, said anion channel is a
chloride channel.

[©0127] According to yet another e=mbodiment, the present
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inv-ention provides a method of t-xeating an anion channel
med.iated disease in a mammal, coprising the step of
admainistering to said mammal a c omposition comprising a
compound according to the presen t invention.
[00»128]) According to another e mbodiment, the pressent
inv-ention provides a pharmaceuti cal composition corunprising:
- + (i) a compound of the’ pre-seht' invention =is described

above;

(ii) a pharmaceuticall y acceptable carrie=sr; and

(iii) an additional aggent selected from & mucolytic
ageant, bronchgdialator,.an aptif bio;;c, an antifin:fective
égeant,,an antisinflammatory agenlt,,CFTR modulator.cdther~than a
compound of the present inventiom, or a pgtﬁitiohaZI‘agéntl '
[0C3129j Preferred embodiments of compounds the pxresent
inwention in the above pharmaceuntical composition -are those as
desscribed above.
(0O130] According to another ewbodiment, the pre sent
inwention provides a kit for use in measuring the -activity of
a MBC transporter or a fragment thereof in a bioloegical sample
in vitro or in vivo, comprising:

(i) a composition comprisi ng a compound of tThe present
inwention; and
(ii) instructions for:

a) contacting the composition with the Jiological
samnple;

b) measuring activity» of said ABC transporter or a
fr=agment thereof.
[00131] According to a preferr—ed embodiment, the kit is

use=ful in measuring the activity> of CFTR.

4. General Synthetic Methodologgyy

[00132] The compounds of this invention may be p xepared in
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general by methods known to th_ose skilled in the art for
analogous compounds, as illust rated by the general schemes
below, and the preparative exa mples that follow. Startingr
materials are commercially avaamilable from typical chemical.
reagent supply companies, suchm as, Aldrich Chemicals Co.,

Sigma Chemical Company, ChemBr—idge Corporation, and the 1i ke.
Compounds that are not conuﬁercially'avai'lablé can be prepaared
by those of ordinary skill in art following procedures set—
forth in references such as, "™ Fieser and Fieser's Reagentss for
Organic Synthesis", Volumes 1—15, John Wiley and Sons, 13931;
"Rodd's Chemistry of Carbon Compounds”, Volumes 1-5 and
Sﬁpplementals,:Elsefvier'Sciet)ce PublisherSp“1989} and
Worganic. Reactions®, Volumes M. -40,..John Wiley and Sons, 1991,
[00133] Geherally, the compcounds of the preéent inventicn
are prepared by the formation of an amide functionally bet—ween
an optionally substituted carlooxylic acid or acid chlorides,
and an optionally substituted primary amine.

[00134] Unless otherwise staated, spructures depicted her—ein
are also meant to include all stereochemical forms of the
structure; i.e., the R and S —onfigurations for each

asymmetric center. Therefore, single stereochemical isome=rs
as well as enantiomeric and di astereomeric mixtures of the
present compounds are within t=he scope of the invention.

Unless otherwise stated, strucctures depicted herein are al_so
meant to include compounds that differ only in the presenc—ce of
one or more isotopically enricched atoms. For example,
compounds having the present sstructures except for the
replacement of a hydrogen by &= deuterium or tritium, or the
replacement of a carbon by a >3C- or *C-enriched carbon ar-e
within the scope of this inveration. Such compounds are

ugseful, for example, as analyt-ical tools or probes in

bioclogical assays.
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5. Uses, Formulat ion and Administration

Pharmaceutically acceptable compositions

{00135] As disc ussed above, the present invention provides
compounds that ar—e useful as modulators «f ABC transporters
and thus are usef ul in treating a disease selected from Cystic
fibrosis, COPD, c=hronic pancreatitis, pneumonia, polycystic
kidney disease, HEeéreditary emphysema, He reditary = ' B
hemochromatosis, Coagulation-Fibrinolysi s deficiencies, such
as Protein C defi_ ciency, Type 1 heredita ry angioedema, Lipid
processing defici encies, such as Familial
hypercholesterole=mia, Type 1 chylomicrorxemia,
AbetalipOpr'otéinemia,'fLysosomal storage diseases, 'suchas I-
cell disease/Pselvado-Hurler, 'Mucc»po';"l.ysa'cc:haf'idoa.es,»' o
Sandhof/Tay-Sachs, Crigler-Najjar type I1I,
Polyendocrinopatiy/Hyperinsulemia, Diabertes mellitus, Laron
dwarfism, Myleoperoxidase deficiency, Pxrimary
hypoparathyroidism, Melanoma, Glycanosiss CDG type 1,
Hereditary emphyssema, Congenital hyperthiyroidism, Osteogenesis
imperfecta, Herecditary hypofibrinogenemi_a, ACT deficiency,
Diabetes insipiduas (DI), Neurophyseal DI, Neprogenic DI,
Charcot-Marie Tocoth syndrome, Perlizaeuss-Merzbacher disease,
neurodegenerative= diseases such as Alzheimer’s disease,
Parkinson’s disezase, Amyotrophic lateraX sclerosis,
Progressive supranuclear plasy, Pick’s disease, several
polyglutamine neuvarological disorders asuich as Huntington,
Spinocerebullar =ataxia type I, Spinal armd bulbar muscular
atrophy, Dentato—rubal pallidoluysian, arad Myotonic dystrophy,
as well as Spongziform encephalopathies, such as Hereditary
Creutzfeldt-Jakol disease, Fabry diseases, or Straussler-
Scheinker syndrorme comprising.

[00136] Accorcdingly, in another aspect of the present

invention, pharmzaceutically acceptable compositions are
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provided, wherein these compositi-ons comprise any of the
compounds as described herein, an.d optionally comprise a
pharmaceutically acceptable carri er, adjuvant or vehicle. Ima
certain embodiments, these compos:itions optionally further
comprise one or more additional t-herapeutic agents.

[00137] It will also be appreci_ated that certain of the
compounds of present invention camn exist in free  form for
treatment, or where appropriate, as a pharmaceutically
acceptable derivative thereof. Ac=cording to the present
invention, a pharmaceutically acceptable derivative includess,
but is not limited to, pharmaceut—ically acceptable salts,
ésters,-salts of - such estérs, of Aény‘other-adductvor .
derivative which upon administrat-ion to a patient in need iss
capable of providing, directly om indifectly, a compound as
otherwise described herein, or a metabolite or residue
thereof.

[00138] As used herein, the temxm "pharmaceutically
acceptable salt" refers to those salts which are, within th e
scope of sound medical judgement , suitable for use in conta ct
with the tissues of humans and leower animals without undue
toxicity, irritation, allergic reesponse and the like, and a.re
commensurate with a reasonable beenefit/risk ratio. A
vpharmaceutically acceptable sal-t’ means any non-toxic salt ox
salt of an ester of a compound o f this invention that, upon.
administration to a recipient, i.s capable of providing, eit_her
directly or indirectly, a compou-mnd of this invention or an
inhibitorily active metabolite o x residue thereof.

[001389] Pharmaceutically accep table salts are well known in
the art. For example, S. M. Berg e, et al. describe
pharmaceutically acceptable salt s in detail in J.
Pharmaceutical Sciences, 1977, 6 6, 1-19, incorporated herei_n

by reference. Pharmaceutically acceptable salts of the
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compounds of this invention include those derixsed from
suitable inorganic and organic acids and bases . Examples of
pharmaceutically aacceptable, nontoxic acid add-tion salts are
salts of an amino group formed with inorganic &cids such as
hydrochloric acid, hydrobromic acid, phosphoriec acid, sulfuric
acid and perchlori.c acid or with organic acids such as acetic
acid, oxalic acid, ‘maleic acid, tartaric acid, citri¢ acid,
succinic acid or mmalonic acid or by using othe r methods used
in the art such ass ion exchange. Other pharmac eutically
acceptable salts Anclude adipate, alginate, as corbate,
aspartate, benzenesulfpnate, benzoate, bisulfa_}:e, borate,
'buﬁyz:aﬁe; cambhorate, carﬁphorsulfonate, citrat.e,I .
‘cyclépentanepropiconate, digluconate, dodecy"lsuifé'te',‘ ‘
ethanesulfonate, Xformate, fumaArate, gluéoheptc:nate,
glycerophosphate, gluconate, hemisulfate, hept-anoate,
hexanoate, hydroieodide, 2-hydroxy-ethanesulforaate,
lactobionate, lac tate, laurate, lauryl sulfate, malate,
maleate, malonate , methanesulfonate, 2-naphthalenesulfonate,
nicotinate, nitra te, oleate, oxalate, palmitat-e, pamoate,
pectinate, persul fate, 3-phenylpropionate, phosphate, picrate,
pivalate, propion ate, stearate, succinate, sullfate, tartrate,
thiocyanate, p-to luenesulfonate, undecanoate, valerate salts,
and the like. Sal ts derived from appropriate Imases include
alkali metal, alk.aline earth metal, ammonium &nd N+ (Cl-
4alkyl)4 salts. This invention also envisionss the
quaternization of any basic nitrogen-containiwg groups of the
compounds disclossed herein. Water or oil-solwible or
dispersable prodwcts may be obtained by such «quaternization.
Represgentative al .kali or alkaline earth metal salts include
gsodium, lithium, potassium, calcium, magnesiumm, and the like.
Further pharmacewvtically acceptable salts incIude, when

appropriate, nont-oxic ammonium, quaternary ammmonium, and amine
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cations formed using counte=-rions such as halide, hydrox-ide,
carboxylate, sulfate, phosp=hate, nitrate, loweralkyl su.lfonate
and aryl sulfonate.

(001401 As described abov—e, the pharmaceutically acce ptable
compositions of the present invention additionally comp rise a
pharmaceutically acceptable carrier, adjuvant, or vehic le,
which, ‘as used herein; incl udes any and all solvents,: .
diluents, or other liquid v ehicle, dispersion or suspen sion
aids, surface active agents , isotonic agents, thickenineg or
emulsifying agents, preserv-atives, solid binders, lubriscants
and the like, as suited to -the particular dosage form d-esirqdf
.Remington'é Pharmaceutical =SCiehcés, Sixteenth-Edition, E. W;;'
Martin (Mack Publishing Co. ;, Easton, Pa., 1980) disclose=g .
various carriers used in fd:rhulating pharmaceutically
acceptable compositions and known techniques for the
preparation thereof. Except insofar as any conventional

carrier medium is incompatilole with the compounds of the
invention, such as by producing any undesirable biologiczal
effect or otherwise interact—ing in a deleterious manner with
any other component (s) of tlme pharmaceutically acceptabl_e
composition, its use is contzemplated to be within the sccope of
thisg invention. Some example=s of materials which can ser—ve as
pharmaceutically acceptable carriers include, but are noeot
limited to, ion exchangers, alumina, aluminum stearate,
lecithin, serum proteins, swch as human serum albumin, b-uffer
substances such as phosphate:s, glycine, sorbic acid, or
potassium sorbate, partial g-lyceride mixtures of saturat ed
vegetable fatty acids, water , salts or electrolytes, suc’h as
protamine sulfate, disodium Thydrogen phosphate, potassiuwm
hydrogen phosphate, sodium czhloride, zinc salts, colloida=l
silica, magnesium trisilicatee, polyvinyl pyrrolidone,

polyacrylates, waxes, polyetMhylene-polyoxypropylene-block<



7
WO 2005035514 PCT/US2004/0B3336

- 100~ -

poly?mers, wool fat, sugars such &s lactose, glucose amd
sucr-cge; starches such as corn st-arch and potato starech;
cell.ulose and its derivatives such as sodium carboxymeethyl
celXulogse, ethyl cellulose and ce=llulose acetate; pow-derxred
traggacanth; malt; gelatin; talc; excipients such as c ocoa
buttzer and suppository waxes; oiZls such as peanut oil ,
cott-onseed oil; safflower oil; sessame o0il; olive oil; ~ corn oil
and soybean oil; glycols; such a propylene glycol or
polsyethylene glycol; esters such as ethyl oleate and ethyl
laumate; agar; buffering agents such as magnesium hyd.roxide
and aluminum hydrqgide;' alginic acid; pyzfogen-'free wa_ter;
isottonic saline; Ringer"s soluti-on; ethyl.alcohol, amd
pho.sphatev buffer solutions, as w-ell as’ other hon-toxi_c
compgoatible lubricants such as so dium lauryi sulfate aand
magmesium stearate, as well as c oloring agents, releamsing
agemts, coaling agents, sweeteni ng, flavoring and pex—fuming
agemts, preservatives and antiox idants can also be pr—esent in

the composition, according to th_e judgment of the for—mulator.

6. Uses of Compounds and Pharma:ceutically Acceptable
Comgpositions

[00 141} In yet another aspect, the present inventicn
pro—vides a method of treating a condition, disease, oor
diseorder implicated by ABC trans:porter activity. In certain
embe«diments, the present inventi_on provides a method of

tre ating a condition, disease, oer disorder implicated by a
def iciency of ABC transporter ac=tivity, the method comprising
adm inistering a composition comperising a compound of Formula I
to .a subject, preferably a mamma.l, in need thereof.

{00 142] In certain preferred e=mbodiments, the prese=ant
invention provides a method of t-reating cystic fibrossis,

her-editary ewphysema, hereditary~ hemochromatosis, coamagulation-
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cibrinolyrsis deficiencies, such as protein C def-iciency, Type
1 heredit-ary angioedema, lipid processing deficie=ncies, such
as famili al hypercholesterolemia, Type 1 chylomiecronemia,
abetalipoproteinemia, lysosomal storage diseases , such as I-
cell diserase/pseudo-Hurler, secretory diarrhea ozx polycystic
kidney d-isease, mucopolysaccharidoses, Sandhof/T-ay-Sachs,
Crigler-mNajjar type II, ‘polyendocrinopathy/hyper i‘n‘sul'e’mia:,
Diabetes mellitus, Laron dwarfism, myleoperoxida se deficiency,
primary hhypoparathyroidism, melancma, glycanosis CDG type 1,
heredita—ry emphysema, congenital hyperthyroidisms, osteocgenesis
impe_rfgc:t:a, hered_it:ary‘.hypof.iprinpger;emia,. ACT d_eficiency,
biabei:eé . insipi.dﬁs (DI), ne'urophysueal DI, neprogenic DI,
‘Charcot -EMarie Tooth syndrome, Perlizaeus-Merzbacher disease,-
neurodeg ene.rative diseases such as Alzheimer’s dlisease,
Parkinsom's disease, amyotrophic lateral sclerossis,

progress ive supranuclear plasy, Pick’s disease, several
polyglut amine neurological disorders asuch as Humntington,
spinocer ebullar ataxia type I, spinal and bulbar- muscular
atrophy, dentatorubal pallidoluysian, and myotoraic dystrophy,
as well as spongiform encephalopathies, such as hereditary
Creutzfe 1dt-Jakob disease (due to prion protein processing
defect), Fabry disease, Straussler-Scheinker syradrome, COPD,
dry eye disease, or Sjogren's disease, comprisirig the step of
administ ering to said mammal an effective amount= of a
composit.ion comprising a compound of Formula I, oxr a preferred
embodime=nt thereof as set forth above.

(001431 According to an alternative preferred embodiment,
the pres=ent invention provides a method of treat=ing cystic
fibrosiss comprising the step of administering t< said mammal a
composit.ion comprising the step of administeringg to said
mammal eaan effective amount of a composition comporising a

compoundl of the present invention.
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[00144] Ac cording to the invention am "effective amount" of
the compound. or pharmaceutically accep table composition is
that amount effective for treating or lessening the severitsy
of one or mosre of cystic fibrosis, her editary emphysema,
hereditary memochromatosis, coagulatio n-cibrinoclysis
deficienciess, such as protein C defici ency, Type 1 hereditazxy
‘angioedema, 1lipid processing deficienc:ies, such as familial
hypercholest=erolemia, Type 1 chylomicr-onemia,
abetalipoproteinemia, lysosomal storacgwe diseases, such as I -
cell disease/pseudo-Hurler, secretory diarrhea or polycysti-c
»k;dney disease, mgqopolysaccharidoses, Sandhof/Tayfsaqhs,
Crigler;Néj:iax tyﬁé 1T, polyendocrinop:athy/hyperinsulemia;

o Diabetes.melhlitus;.Laron.dwarfiSm}‘my;_eopéroxidésé déficien <y,
p'rimary hypoparathyroidis.m, melanoma, glycanosis CDG type 1 ,
hereditary emphysema, congenital hyper—thyroidism, osteogene sis
imperfecta, hereditary hypofibrinogenemia, ACT deficiency,
Diabetes inssipidus (DI), neurophyseal DI, neprogenic DI,
Charcot-Mara e Tooth syndrome, Perlizaeus-Merzbacher disease ,
neurodegener-ative diseases such as Alzheimer’s disease,
Parkinson’'s disease, amyotrophic later—al sclerosis,

progressive supranuclear plasy, Pick’s= disease, several
polyglutamirne neurological disorders aasuch as Huntington,
spinocerebull lar ataxia type I, spinal and bulbar muscular
atrophy, derntatorubal pallidoluysian, and myotonic dystroph_y,
as well as =sspongiform encephalopathiess, such as hereditary
Creutzfeldt —Jakob disease (due to pricon protein processing
defect), Falory disease, Straussler-Schieinker syndrome, COPDe,
dry eye disezase, or Sjogren's disease._

(00145} Tkie compounds and compositicns, according to the
method of tlne present invention, may koe administered using any
amount and &ny route of administratiorm effective for treati.ng

or lessenincg the severity of one or more of cystic fibrosis-,
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hereditary emphysema, hered itary hemochromatosis, coagulation-
cibrinolysis deficiencies, such as protein C deficiency , Type
1 hereditary angioedema, 1li pid processing deficiencies, such
as familial hypercholestercslemia, Type 1 chylomicronemia,
abetalipoproteinemia, lysossomal storage diseases, such -as I-
cell disease/pseudo-Hurler, secretory diarrhea or polycTystic
. kidney disease, mucopolysac=charidoses, sandhof /Tay-Sach s,
Crigler-Najjar type II, pol yendocrinopathy/hyperinsulem ia,
Diabetes mellitus, Laron dwrsarfism, myleoperoxidase defi ciency,
primary hypoparathyroidism, melanoma, glycanosis CDG type 1,
“hereditary emphysema, congeenital hyperthyroidism, osteo _genesis
imperfecta, hereditary h&pt:fibrinogenemia; ACT deficien_ cy,
'Diébetés_iﬁsibidﬁs (DI) ;. neeurophyseal bIj.népfogepic.Di .
Charcot-Marie Tooth syndromme, Perlizaeus-Merzbacher dis ease,
neurcdegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, amyotr—ophic lateral sclerosis,
progressive supranuclear pRasy, Pick’s disease, several
polyglutamine neurological disorders asuch as Huntingtoesn,
spinocerebullar ataxia type I, spinal and bulbar muscul ar
atrophy, dentatorubal pallidoluysian, and myotonic dyst_ rophy,
as well as spongiform encepohalopathies, such as heredit_ary
Creutzfeldt-Jakob disease «due to prion protein processsing
defect), Fabry disease, Strxrraussler-Scheinker syndrome, COPD,
dry eye disease, or Sjogrerni's disease. The exact amourmt
required will vary from suloject to subject, depending c=n the
gpecies, age, and general <ondition of the subject, the=
gseverity of the infection, the particular agent, its momsde of
administration, and the lil<e. The compounds of the inve=ntion
are preferably formulated #n dosage unit form for ease of
administration and uniformiity of dosage. The expressiorm
"dosage unit form" as used herein refers to a physicall.y

discrete unit of agent apprropriate for the patient to loe
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treated. It will be understood, however, that the total daily
usage of the compovands and compositions of the prresent
invention will be clecided by the attending physician within
the scope of sound medical judgment. The gpecific effective
dose level for any particular patient or organismn will depend
upon a variety of factors including the disorder being treated
and the severity off the disorder; the a¢tivity off the specific
compound employed; the specific composition emplcoyed; the age,
body weight, general health, sex and diet of the patient; the
time of administrat-ion, route of administration, and rate of
excretlon of the specific compound employed; the _duration of
:the treatment; drugs used in combination or. 001n<:1denta1 ‘with
the _specific :COITIPOL.IIId’, _emplo_yed, and' lzgke_ facto,rs well known in
the medical arts. The term “patient”, as used hesrein, means
an animal, preferal>ly a mammal, and most preferal>ly a human.
[00146] The pharmmaceutically acceptable compositions of this
invention can be acdministered to humans and others animals
orally, rectally, poarenterally, intracisternally .
intravaginally, int-raperitoneally, topically (as by powders,
ointments, or dropss), bucally, as an oral or nasa&al spray, or
the like, dependincgg on the severity of the infect—ion being
treated. In certaira embodiments, the compounds off the
invention may be administered orally or parenteraally at dosage
levels of about 0.01 mg/kg to about 50 mg/kg and preferably
from about 1 mg/kg to about 25 mg/kg, of subject body weight
per day, one or mor-e times a day, to obtain the Aesired
therapeutic effect.

[00147] Liquid doosage forms for oral administramtion include,
but are not limited to, pharmaceutically acceptal»le emulsions,
microemulsions, sol utions, suspensions, syrups armd elixirs. In
addition to the act ive compounds, the liquid dosa.ge forms may

contain inert dilue nts commonly used in the art s.uch as, for
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example, water or other solvents, solubilizing agents and
emulsifie rs guch as ethyl alcohol, isopropyl al cohol, ethyl
carbonate , ethyl acetate, benzyl alcohol, benzy—1l benzoate,
propylene- glycol, 1,3-butylene glycol, dimethyl formamide, oils
(in parti cular, cottonseed, groundnut, corn, ge=rm, olive,
castor, asnd sesame 0ils), glycerol, tetrahydrofurfuryl
alcohol,  polyethylene glycols and fatty acid essters of .
sorbitan, and mixtures thereof. Besides inert iluents, the
oral compositions can also include adjuvants suvach as wetting
agents, emulsifying and suspending agents, sweetening,
flavoring, and perfuming agents. o oL

[00148]  Injectable preparations, for'ékamplé;. sterile
injectabM. e agueocus or oleaginous suspénSions;méay‘bg"formdiatéd'
according to the knowﬁ art using suitable dispersing or
wetting a&agents and suspending agents. The sterd@le injectable
preparat@on may also be a sterile injectable soiution,
suspension or emulsion in a nontoxic parenteral ly acceptable
diluent or solvent, for example, as a solution in 1,3-
butanedic>]. Among the acceptable vehicles and ssolvents that
may be ermployed are water, Ringer's solution, UJ.S.P. and
isotonic sodium chloride solution. In addition., sterile, fixed
oils are conventionally employed as a solvent or suspending
medium. E'or this purpose any bland fixed oil ca&n be employed
includingy synthetic mono- or diglycerides. In a&ddition, fatty
acids succh as oleic acid are used in the prepamxration of
injectablles.

{00149] The injectable formulations can be s®cerilized, for
example, by filtration through a bacterial-retaining filter,
or by incorporating sterilizing agents in the —Fform of sterile
solid cormpositions which can be dissolved or d=ispersed in
sterile wvater or other sterile injectable mediwum prior to use.

[00150] In order to prolong the effect of a «ompound of the
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present inveention, it is often desirable= to slow the

absorption eof the compound from subcutareous or intramuscular
injection. *=This may be accomplished by ®he use of a liquid
suspension of crystalline or amorphous crnaterial with poor

water solub ility. The rate of absorptiomn of the compound then
depends upo'n its rate of dissolution tha&at, in turn, may depend
upon crysta l size and crystalline form. Alternatively, delayed ™
absorption of a parenterally administer-ed compound form is
accomplishe=d by dissclving or suspendin-g the compound in an

0il vehicle=. Injectable depot forms are made by forming
microencapssule matrices of the compound. in biodegradable )
polymers swch as poiylactide-polyglyc‘:ol ide'." Depending upon the= -
. ratio of compound to polymer and _t:.he na_ture-of the p’a'rt'icﬁ'lérf.
polymer empoloyed, the rate of compound release can be
controlled. Examples of other biodegradiable polymers include
poly (orthoesters) and poly(anhydrides). Depot injectable
formulatioras are also prepared by entra-pping the compound in
liposomes or microemulsions that are coompatible with body
tissues.

{00151] Compositions for rectal or vamginal administration

are preferably suppositories which can be prepared by mixing
the compourads of this invention with swmitable non-irritating
excipients or carriers such as cocoa buatter, polyethylene
glycol or = suppository wax which are solid at ambient
temperatures but liquid at body temperatzure and therefore melt
in the rect-um or vaginal cavity and rel ease the active
compound .

[00152] Solid dosage forms for oral aadministration include
capsules, t—ablets, pills, powders, and granules. In such soli
dosage forrms, the active compound is mi_xed with at least one
inert, phammaceutically acceptable exci_pient or carrier such

as sodium citrate or dicalcium phosphat—e and/or a) fillers or
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e=xtenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binder—s such as, for examp le,
carboxymethylcellulose, alginates, gelatin,
peolyvinylpyrrolidinone, sucrose, and acacia, ¢) humectant s
swich as glycerol, d) disintegrating &agents such as agar-a-gar,
csalcium carbonate, potato or tapioca starch, alginic acidi,
ceertain: silicates, and sodium Carbdhélte, e) solution reta_rd.ing'
aegents such as paraffin, f) absorpticon accelerators such as
gruaternary ammonium compounds, g) we%®tting agents such as, for
example, cetyl alcohol and glycerol rmonostearate, h)
a’bsorbents such as kaolin and benton-ite clay, and i)
,imbficénté such'aé talc, caicium' steaarate, magnesium steamarate,
s-olid 'pql”yethylene’ glycols,.-sodium lauryl 's.'u.lfaté,‘ and _ ' '
m ixtﬁres thereof. In the case of cap=sules, tablets and pi_lls,
t he dosage form may also comprise bu-ffering agents.

[ 00153] Solid compositions of a siwmilar type may also loe
eTployed as fillers in soft and hard -filled gelatin capsuales
u sing such excipients as lactose or wnilk sugar as well ass high
m.olecular weight polyethylene glycolas and the like. The s=olid
d-osage forms of tablets, dragees, carpsules, pills, and

g ranules can be prepared with coatinegs and shells such ass
emnteric coatings and other coatings *well known in the

p harmaceutical formulating art. They may optionally contaain
opacifying agents and can also be of a composition that t=hey
r elease the active ingredient(s) onl—y, or preferentially, in a
c-ertain part of the intestinal tract , optiocnally, in a de=layed
m anner. Examples of embedding compos itions that can be ussed
imclude polymeric substances and waxees. Solid compositioras of
a similar type may also be employed -aa8 fillers in soft arad
h.ard-filled gelatin capsules using smuch excipients as lacctose
ozr milk sugar as well as high molecullar weight polethylerme
gZlycols and the like.
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[(00154] The Active compounds can also be in
microencapsulatsed form with one or more excipient-s as noted
above. The sol-id dosage forms of tablets, drageesa, capsules,
pills, and grarules can be prepared with coatings and shells
such as enteric coatings, release controlling coatings and
other coatings well known in the pharmaceutical Formulating
art. In such solid dosage forms tHe active comporand may be
admixed with at least one inert diluent such as sucrose,
lactose or sta—rch. Such dosage forms may also comnprise, as is
normal practicee, additional substances other thar inert
‘diluents, e.g. , tableting lubricants and other tableting aids
such a~~magn.esi*um .ste.arat:'e and microcrystalline cellulose. In
“the casé of caypsules, tablets and pills, the dosage forms may -
alsc comprise ]Duffering.agent:s. They may. obtionally contain
opacifying agemts and can also be of a compositicn that they
release the ac tive ingredient(s) only, or preferentially, in a
certain part o £ the intestinal tract, optionally. in a delayed
manner. Exampl-es of embedding compositions that can be used
include polyme xric substances and waxes.

[00155] Dosa-ge forms for topical or trangdermal
administration of a compound of this invention iraclude
ointments, pas tes, creams, lotions, gels, powderss, solutions,
sprays, inhalamts or patches. The active componerat is admixed
under sterile conditions with a pharmaceutically acceptable
carrier and any needed preservatives or buffers =us may be
required. Opht halmic formulation, eardrops, and eye drops are
also contempla ted as being within the scope of tkiis invention.
Additionally, the present invention contemplates the use of
transdermal pa tches, which have the added advantaage of
providing cont xolled delivery of a compound to tke body. Such
dosage forms a re prepared by dissolving or disperasing the

compound in the proper medium. Absorption enhancears can also
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be used to inc=rease the flux of the compound across the skin.
The rate can Moe controlled by either providirg a rate
controlling meembrane or by dispersing the cormpound in a
polymer matri=x or gel.

(001561 As described generally above, the scompounds of the
invention are useful as modulators of ABC tr ansporters. Thus,
without wishi ng to be bound by any particula x theofy, ‘the
compounds and. compositions are particularly useful for
treating or 1 essening the severity of a dise.ase, condition, or
disorder wher—e hyperactivity or inactivity o=f ABC transporters
is implicated in the disease, condition, or disorder. When
hypefactivity or inactivity’ of an.-ABCf.transPorter ‘is |
‘implicated im'a pa_r'ti‘ci,xla‘f diseasé, conditicon, ot disorder,
the disease,. condition, or disorder may also be referred to as
a “ABC transporter-mediated disease, conditi on or disorder”.
Accordingly, in another aspect, the present invention provides
a method for treating or lessening the sevexr—ity of a disease,
condition, ox disorder where hyperactivity or inactivity of an
ABC transport—er is implicated in the disease state.

[00157] The= activity of a compound utilize=d in this
invention as a modulator of an ABC transportcer may be assayed
according to methods described generally in the art and in the
Examples here=in.

foo1s8l It will also be appreciated that %the compounds and
pharmaceutically acceptable compositions of the present
invention cam be employed in combination the=rapies, that is,
the compoundas and pharmaceutically acceptabZle compositions can.
be administe-xred concurrently with, prior to , or subseguent to,
one or more eother desired therapeutics or meedical précedures.
The particul.ar combination of therapies (theerapeutics or
procedures) —to employ in a combination regimmen will take into

account comp.atibility of the desired therap.eutics and/or
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procedures an.d the desired therapeutic effect to be achieved.
It will also be appreciated that the therapies. employed may
achieve a des-ired effect for the same disorder— (for example,
an inventive compound may be administered conccurrently with
another agent= used to treat the same disorder) , or they may
achieve diffearent effects (e.g., control of army adverse
effects). As -used herein, additional therapeut—ic agents that
are normally administered to treat or prevent a particular
disease, or condition, are known as "appropria&te for the
disease, or condition, being treated".

[00158] Thes amount of additional.therapeuticg agent present
in the compo:éitidns 6f tﬁis iﬁvention will be no more than the
amount that -Would normally be administered in a composition
comprising t hat therapeutic agent as the only- active agent.
Preferably t he amount of additional therapeut ic agent in the
presently di sclosed compositions will range £ rom about S50% to
100% of the amount normally present in a compmcsition
comprising t-hat agent as the only therapeutically active
agent.

{00160] The compounds of this invention or pharmaceutically
acceptable —ompositions thereof may also be i ncorpeorated into
compositionss for coating an implantable medical device, such
as prosthese=s, artificial valves, vascular gr-afts, stents and
catheters. Accordingly, the present inventicn, in another
agpect, incRudes a composition for coating arh implantable
device compmrising a compound of the present =Hnvention as
degscribed ge=nerally above, and in classes ancl subclasses
herein, and a carrier suitable for cdating s&aid implantable
device. In still another aspect, the presen® invention
includes an implantable device coated with a composition
comprising & compound of the present inventieon as described

generally aMove, and in classes and subclass es herein, and a
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carri er suitable for coating said implantable device .
Suita-ble coatings and the general preparation of coa®ed
implacntable devices are described in US Patents 6,09 ,562;
5,886 ,026; and 5,304,121. The coaatings are typicall=y
bioccampatible polymeric materials such as a hydrogel polymer,
polymethyldisiloxane, polycaprolactone, polyethylene glycol,
‘polyl_actic acid, ethylene vinyl acetate, -and mixturess thereof.
The c=ocatings may optionally be fumther covered by a =suitable
topcoat of fluorosilicone, polysaccarides, polyethyleene
glycol, phospholipids or combinat-ions thereof to impart
contr-olled release characteristicss in the compositiomn.
.[0'0161} " Another .,asf:ect:‘of the irwention relates to
quuL-ati'ing:ABC -tfanqportér gétiw)ity in a biological ssample or
a bat_ient (e.g., in vitro or in wv4avo), thch method ecomprises
admirmistering to the patient, or —ontacting said bioIlogical
sampl e with a compound of the pressent invention or a
compcesition comprising said compowand. The term “*biological
sampl e”, as used herein, includes . without limitatiomn, cell
cultu . res or extracts thereof; bioposied material obta—-ined from
a mamamal or extracts thereof; and blood, saliva, urire, feces,
semen., tears, or other body fluidss or extracts thereof.

[0016 2] Modulation of ABC transpoorter activity in =
biolo-gical sample is useful for a variety of purposess that are
known. to one of skill in the art. Examples of such pourposes
inclu de, but are not limited to, t=he study of ABC trazansporters
in bi ological and pathological phe=nomena; and the cormparative
evalu ation of new modulators of AE3C transporters.

[0016 3] In yet another embodimerat, a method of modwalating
activ ity of an anion channel in vi_tro or in vivo, is provided
compr ising the step of contacting said channel with = compound
of thee present invention. In prefferred embodiments, the anion

channeel is a chloride channel or am bicarbonate channe=l. In
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othexr preferred embodiments, the anion ch.annel is a chloride
charanel.

(00X 64] According to an alternative emb odiment, the present
inveantion provides a method of increasing the number of
functional ABC transporters in a membrane- of a cell,
comporising the step of contacting said ce=1l with a compound of
the present invéntion. The term "functiosnal ABC transporter”
as wsed herein means an ABC transporter t -hat is capable of
tramsport activity. In preferred embodiments, said functional
ABC transporter is CFTR.

[002165] According to another preferred embodiment, the
act:ivity of the ABC transporter is measur—ed by measuring the
tramsmeémbrane voltage bote'nt'i'al'. ~ Meanss for measuring thé.
voltage potential across a membrane in tlae biological sample
may employ any of the known methods in tlae art, such as

opt dical membrane potential assay or other— electrophysiological
methods. .

{00 166] The optical membrane potential assay utilizes

vol tage-sensitive FRET sensors described by Gonzalez and Tsien
(Se<, Gonzalez, J. E. and R. Y. Tsien (1595) "Voltage sensing
by fluorescence resonance energy transfer- in single cells"
Biophys J 69(4): 1272-80, and Gonzalez, J. E. and R. Y. Tsien
(19 97) "Improved indicators of cell membr-ane potential that
use fluorescence resonance energy transfesr" Chem Biol 4(4):
269 -77) in combination with instrumentatiion for measuring

flu orescence changes such as the VoltagesIon Probe Reader

(VI PR) (See, Gonzalez, J. E., K. Oades, et al. (1999) "Cell-
bas ed assays and instrumentation for screzening ion-channel
tar-gets" Drug Discov Today 4(9): 431-439pm

[00 167] These voltage sensitive assays are based on the

cha nge in fluorescence resonant energy tr—ansfer (FRET) between

the membrane-soluble, voltage-sensitive dye, DiSBAC2(3), and a
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flueorescent phospholipid, CC2-IDMPE, which is attach ed to the
outer leaflet of the plasma mecrbrane and acts as a FRET donor.
Chamges in membrane potential (Vm) cause the negati vely

cha rged DiSBAC2(3) to redistribute across the plasmma membrane
and the amount of energy trans fer from CC2-DMPE chaanges

acc ordingly. The changes in f luorescence emission can be
mon_itored using VIPRTM II, whi ch is an inﬁégrated L iquid
handler and fluorescent detect or designed to conduct cell-
based screens in 56- or 384-we=ll microtiter plates.

[OOm168] In another aspect time present invention porovides a
kJ.t: for use in measurlng the anct:lv:Lt:y of a ABC trarasporter or
a. Eragment: thereof in a blologglcal sample in vitro or in vivo
comprlslng (1) a compos:.tlon comprlslng -a compound of the
present 1nvent10n, and (ii) irmstructions for a) coontacting
the composgition with the biological sample and b) measuring
activity of said ABC transport—er or a fragment themeof. In
one embodiment, the kit further comprises instruct=ons for a)
cortacting an additional composition with the bioloogical
sample; b) measuring the actixrsity of said ABC transsporter or a
fragment thereof in the preserice of said additiona’l compound,
and c) comparing the activity of the ABC transporteer in the
pre=sence of the additional cormpound with the densi—ty of the
ABCC transporter in the presence of a composition o _f the
prezsent invention. In prefermred embodiments, the kit is used
to measure the density of CFTRR.

[00169] In order that the irvention described he xein may be
moxre fully understood, the folllowing examples are set forth.
It should be understood that ®hese examples are fo r
ilJlustrative purposes only ancl are not to be const rued as

lirniting this invention in anwy manner.
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EXAMPLES
General Procedures
[00170]} All reagents and solvents were used as received
without further purification. Thin layer chromatography was
performed on glass-backed silica gel 60 plates pre-coated with
a fluorescent dye from EM Science. Mags spectrometry was
performed in the positive mode on a PE SCIEX EX150 mass’
spectrometer. Purity was determined by the observed total ion

current, and the ultraviolet absorpt-ion at 220 nm and 254 nm.
EXAMPLE 1_
'P;eparébion'éf'Certain'ngémplaty'Amiﬁes ‘

C-[1-(3,4-Dimethoxy-phenyl)-cycloperatyl]-methylamine.

[00171] (3,4-Dimethoxy-phenyl) -acetonitrile (5.00 g, 28.2
mmol) was dissolved in 60 mL of anhyydrous tetrahydrofuran in
a 250 mL round bottom flask. Sodiurm hydride (2.03 g, 84.6
mmol) was slowly added and the react=ion mixture was warmed to
50-60°C. 1,4-Dichlorobutane (4.30 g, 33.9 mmol) was then
added and the reaction mixture was lneated to reflux for 16
hours. An additional aliquot of 1,4 -dichlorobutane (4.30 g,
33.9 mmol) was added and the reacticon mixture was refluxed for
an additional 24 hours. The reaction mixture was ccooled to
room temperature and quenched with t—he slow addition of
methanocl. The reaction mixture was evaporated to dryness and
purified by column chromatography ora silica gel to yield a
pale yellow 6i1 (L.61 g, 6.98 mmol, 24.8 %). The resulting
1-(3,4-dimethoxy-phenyl) -cyclopentarecarbonitrile (363 mg,
1.57 mmol) was dissolved in dry etheer (4 mL) and cooled to 0°C

under an atmosphere of nitrogen. Litzhium aluminum hydride
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(1.57 mL, 1M in et-her) was slowly added and tlne reaction
mixture was allowesd to warm to room temperaturce and stirred
for 16 hours. The reaction mixture was quenclaed with the slow
addition of methamol. The reaction mixture waas washed with a
saturated aqueous sodium chloride solution, sesparated, and
evaporated to dryress to give a colorless oil (356 mg, 1.38
mmol, 87.9 %). ESI-MS m/z cale. 235.3, found 236.2 (M+1)*.

Retention time of 1.64 minutes.

[2-(3,4-Dimethoxy —phenyl)-2-methyl]-propylamime.

.‘[00172] Starting from 3,4- dimethoxyphenyl -accetonitrile (1g,
5.64 mmol) and follow1ng a procedure slmllar t=o the one
report:ed for the preparat:.on of C-[1-(3,4 Dlmethoxy phenyl)-'*'
cyclopentyl] -methyslamine, 250 mg (21% yield, 2 steps)of [2-
(3,4-Dimethoxy-phenyl) -2-methyl] -propylamine wwere obtained as
a colorless oil. EESI-MS m/z calc. 209.3, found 210 (M+1)*. 1H
NMR (400 MHz, CDCA3) b 1.26 (s, 6H), 2.76 (s, 2H), 3.78 (s,
3H), 3.79 (s, 3H) . 6.3 - 6.82 (m, 3H).

C-{1-(3,4-Dimethoxcy-phenyl)-cyclohexyl]-methyl amine.

[(00173] (3,4-Dimethoxy-phenyl) -acetonitrile (5.00 g, 28.2
mmol) was dissolvead in 60 mL of anhydrous tet rahydrofuran in
a 250 mL round bot-tom flask. Sodium hydride ( 2.03 g, 84.6
mmol) was slowly aadded and the reaction mixtur-e was warmed to
50-60°C. 1,4-Dich loropentane (4.78 g, 33.9 mmcl) was then
added and the reacstion mixture was heated to reeflux for 16
hours. The reacti on mixture was cooled to roown temperature
and guenched with the slow addition of methanoZl. The reaction
mixture was evapor-ated to dryness and purified by column
chromatography on silica gel to yield a pale ye=llow o0il (3.65
g, 14.9 mmol, 52.8 %). The resulting 1-(3,4-d-imethoxy-

phenyl) -cyclohexan ecarbonitrile (2.00 g, 8.15 rnmol) was
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dissolved in dry ether (40 mL) and coo led to 0°C under an
atmosphere of nitrogen. Lithium aluminum hydride (8.15 mL, 1M
in ether) was slowly added and the rea ction mixture was
allowed to warm to room temperature an.d stirred for 16 hours.
The reaction mixture was cooled to 0°C and quenched with 0.34
mL water, 0.34 mL of 15 % sodium hydrosxide, and then an
additional 1.4 mL of water. The react-ion mixture was then
filtered through celite, washed with wzater and a saturated
agqueous sodium chloride solution. The= filtrate was evaporated
to dryness to give a colorless oil (1. 91 g, 7.66 mmol, 94.0
%) . ESI-MS m/z calc. 249.2, found 250. 2 (M+1)". Retention time

of 1.76 minutes..
EXAMPLE 2

Preparation of Exemplary Compoeunds of Formula I
Benzofuran-2-carboxylic acid [1l-(3,4-Aimethoxy-phenyl) -
cyclopentylmethyl] -amide.

[00174] C-[1-(3,4-Dimethoxy-phenyl) —cyclopentyl] -methylamine
(141 mg, 0.600 mmol) was dissolved in anhydrous 1,4-dioxane (2
mL) containing triethylamine (167 pL, 1.20 mmol). Benzofuran
-2-carbonyl chloride (108 mg, 0.600 mmcl) was then added and
the reaction mixture was allowed to sttir for 16 hours. The
reaction mixture was filtered, evaporated to dryness, and
purified by column chromatcgraphy on silica gel using a
gradient of 5-50 % ethyl acetate in heexanes. The pure
fractions were combined and evaporated to dryness to yield a
white solid (0.1775 g, 0.4678 mmol, 78 .0 %) ESI-MS m/z calc.
379.5, found 380.2 (M+1)'. Retention t ime of 3.36 minutes. H
NMR (400 MHz, DMSO-d6) & 1.57 - 2.03 €m, 8H), 3.46 (d, J = 6.4
Hz, 2H), 3.72 (s, 6H), 6.81 - 6.89 (m, 3H), 7.31 (t, J = 7.5
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Hz, 1H), 7.44 (¢, J = 7.8 Hz, 1H), 7.48 (s, 1H), 7.60 (d, J =
8.4 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.94 (t, J = 6.3 Hz,
1H) . %3C NMR (100 MHz, DMsSo-d6) & =3.1, 35.3, 47.2, 51.8, 55.5,
109 .2, 111.5, 111.s6, 111.7, 118.8, 122.6, 123.6, 126.7, ®W27.1,
139 .3, 147.1, 148.3, 149.1, 154.1, 158.2.

Ben zofuran-2-carboxylic acid [1-(3 ,4-dimethoxy-phenyl) - -

cyc lohexylmethyl] -amide.

[00 175] C- [1-(3,4-Dimethoxy-pheryl) -cyclohexyl] -methyl aamine
(27 6 mg, 1.12 mmol) and Benzofurara-2-carbonyl chloride (=223
mg, 1.23 mmol) were dissolved in & mL of 1,4-dioxane

con taining triethylamine (312 pt, 2.24 mmol) at 0°C. - Thes

rea ction mixture wés ‘evaporated -t dryness, redissolved . in
dichloromethane, ana extracted witth 1M hydrochloric acid , 1M
sod@ium hydroxide, and a saturated aqueous solution of so dium
chl oride. The organic layer driecd over sodium sulfate a nd
evaporated to dryness. The crude product was then purif ied by
col_umn chromatography on silica geel using a gradient of (-20 %
etlayl acetate in hexanes. The pu—xe fractions were combi ned
ancl evaporated to dryness to yieled a white solid (195 mag,

0.4 96 mmol, 44.2 %). ESI-MS m/z c-alc. 393.2, found 394.2
(M+-1)*. Retention time of 2.96 minutes. H NMR (400 MHz -

CD3 CN) & 1.45-2.20 (m, 10H), 3.48 (d, J = 6.5 Hz, 2H), 3 .80
(s, 3H), 3.83 (s, 3H), 6.68 (s, 1H), 6.92-7.02 (m, 3H), 7.30-
7.38 (m, 2H), 7.42-7.49 (m, 1H), 7.51-7.55 (m, 1H), 7.722 (d, J
= 7.8 Hz, 1H)

Qui noline-2-carboxylic acid (1-(3 ,4-dimethoxy-phenyl)-
cyclopentylmethyl]-amide.

[00O176] Quinoline-2-carboxylic acid (0.502 g, 2.90 mme>l) and
C- 11-(3,4-Dimethoxy-phenyl) -cyclospentyl) -methylamine (C.678
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g, 2.90 mmol) were dissolved in accetonitrile (20 mL)
containing triethylamine (894 uL, 6.38 mmol). O-(7-
Azabenzotriazol—l—yl)-N,N,N',N'-teetramethyluronium
hexafluorophosphate (1.54 g, 4.06 mmol) was added and the
solution was allowed to stir for M6 hours. The reaction
mixture was evaporated to dryness and purlfled by column
chromatography on silica gel using a gradxent of 0-40 % ethy]l
acetate in hexanes. The pure fractions were combined and
evaporated to dryness to yield a wwhite solid (0.426 g, 1.09
mmol, 37.7 %). ESI-MS m/z calc. 3790.2, found 391.2 (M+1)'
Retention time of 3.94 minutes. 'H NMR (400 .MHz, .CD;CN) & 1.6 9-..
2.15 (m, 8H), 3.62 (d, O = 30.1 Hz, 2H), 3.77 (s, 3H), 3.90
(s, AHY, 6.91-7.03 (m, 3H), 7.69° (t, J = 8.1 Hz, 1H), ' 7.83 (€,
J = 7.7 Hz, 1H), 7.99 (t, J = 8.8 Hz, 2H), 8.08 (s, 1H), 8.1 8
(d, J = 8.5 Hz, 1H), 8.44 (d, J = 8.5 Hz, 1lH)

2-Fluoro-N-phenethyl-niccotinamide=.

[00177] 2-Fluoro-nicotinic acid (0.793 g, 5.59 mmol) and
phenethylamine (0.705 mL, 5.59 mmol) were dissolved in
acetonitrile (20 mL) containing t-riethylamine (1.56 mL, 11.2
mmol). O-(7-Azabenzotriazol-1-yl_)-N,N,N’, N'-
tetramethyluronium hexafluorophossphate (2.97 g, 7.83 mmol) wzas
added and the solution was allowead to stir for 16 hours. The
reaction mixture was evaporated t—o dryness and purified by
column chromatography on silica <gel using a gradient of 0-40 %
ethyl acetate in hexanes. The purme fractions were combined =nd
evaporated to dryness to yield a white solid (0.196 g, 0.80D2
mmol, 14.3 %). ESI-MS m/z calc. =244.1, found 245.2 (M+1)"

Retention time of 2.76 minutes.

2-Butoxy-N-phenethyl-nicotinamide=.
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[00178] 2-Fluoro-N-phenethysl-nicotinamide (196 mg, ©O.802
mmol), n-butanol (700 L, 7.65 mmol) and potassium
bis(trimethylsilyl)amide (2.5 mL, 0.5 M in toluene) we=re
combined and stirred for 5 minutes at room temperature=. The
reaction mixture was evaporatzed to dryness and purifie=d by
column chromatography on sil-ica gel using a gradient of 0-20 3
ethyl acetate in hexaneé. Thes pure fractions were comhbined and
evaporated to dryness to yielld a colorless oil (207 tng, 0.6594
mmol, 86.5 %). ESI-MS m/z callc. 298.2, found 299.2 (M—1)".
Retention time of 3.46 minutess. H NMR (400 MHz, CDiCN)- & ,
0.95. (t, J._= 7.4 Hz, 3H), 1.34-1.44. (m, 2H), 1.63-1.720 (m,.
2H), 2.91 (t, J =47.0'Hz,,' 2H), 3.65-3.73 (m,'2H)',..'4.4:1_(t,:J".=
6.7 Hz, 2H)Y; 7.08_.(dd, J = 7 .5, 478 Hz, 1H);.7.23-7.3=7 (m,
5SH), 8.01 (s, 1H), 8.25 (dd, J = 4.8, 2.0 Hz, 1H), 8..39 (dd, J
= 7.5, 2.0 Hz, 1H).
Benzofuran-2-carboxylic acid {2-(3,4-dimethoxy-phenyl )-2-
methyl-propyl] -amide.

2-(3,4-Dimethoxy-phenyl )-2-methyl-propylamine (1 06 mg,
0.506 mmol) and benzofuran-2 -carbonyl chloride (90.7 wmg, 0.502
mmol) were dissolved in 2 mL of 1,4-dioxane containineg
triethylamine (139 pL, 1.00 wmmol). The reaction mixt-ure was
stirred for 15 hours, evapor ated to dryness, redissol—ved in
dichloromethane, and extract €d with 1M hydrochloric a.cid, 1M
sodium hydroxide, and a satu rated aqueous sclution of sodium
chloride. The organic layer dried over sodium sulfat e and
evaporated to dryness. The crude product was then pu xified by
column chromatography on sil ica gel using a gradient .of 1-30 %
ethyl acetate in hexanes. The pure fractions were co-mbined
and evaporated to dryness to yield a white solid (1% 3 mg,
0.433 mmol, 86.3 %). ESI-MS _m/z calc. 353.2, found 35 4.2
(M+1)*. Retention time of 2 _99 minutes. 'H NMR (400 MIHz,
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CDsCN) & 1.38 (s, 6H), 3.60 (s, =2H), 3.81 (s, 3H), 3.83 ( s,
3H), 6.85-7.06 (m, 4H), 7.31-7.3 9 (m, 2H), 7.46 (t, J = &® .4
Hz, 1H), 7.52-7.56 (m, 1H), 7.72 (d, J = 8.2 Hz, 1H).

Benzofuran-2-carboxylic acid [1— (3,4,5-trimethoxy-phenyl)- -
cyclopentylmethyl] -amide.
'C-[1-(3;4,SFTrimethoxy—phen:yl)‘cyciopentyll—methYlannine'
(53.1 mg, 0.200 mmol) and benzoffuran-2-carbonyl chloride (36.1
mg, 0.200 mmol) were dissolved in 2 mL of 1,4-dioxane
containing triethylamine (84 pL, 0.60 mmol). The reacticon
mixture was stirred for 15 hourss, evaporated to dryness, and
purlfled by reverse phase prepaz:atlve llquld chromatogragphy to
'yield the pure product. (9.59 Wg. 0.0232 mmol;.11.7 %). ESSI-MS
m/z calc. 409.2, found 410.4 (M#1l)*. Retention time of 3.29

minutes.

Benzofuran-2-carboxylic acid (1—benzo[1l,3]dioxol-5-yl-
cyclopentylmethyl) -amide.

C- (1-Benzo[1,3]dioxol-5-yl —cyclopentyl) -methylamine (43.8
mg, 0.200 mmol) and benzofuran-=2-carbonyl chloride (36.1 mg,
0.200 mmol) were dissolved in 2 wL of 1,4-dioxane contaimning
triethylamine (83.6 puL, 0.600 mrmol). The reaction mixtu—xe was
stirred for 15 hours, evaporated to dryness, and purifie<d by
reverse phase preparative liquicd chromatography to yield the
pure product (13.0 mg, 0.0358 mrmol, 17.8 %). ESI-MS m/z ecalc.
363.2, found 364.2 (M+1)'. Retesntion time of 4.22 minutess.

2-Cyclopentyloxy-N-phenethyl-niczotinamide.
2-Fluoro-nicotinic acid (844.7 mg, 0.600 mmol,
cyclopentancl (51.6 mg, 0.600 mrmol) and potassium

bis(trimethylsilyl)amide (478 m<3, 2.40 mmol) were combine=d in
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0.6 mL of N,N-dimethylformamide and subj ected to microwave
irradiaticon for 3 minutes at 180 °C. Ph enethylamine (72.7 mg,
0.600 mmol) and O- (7-azabenzotriazol-1l-y=l)-N,N,N',N'-
tetrameth-yluronium hexafluorophosphate €304 mg, 0.800 mmol)
was added and the solution was allowed t=o stir for 16 hours.
The mixtu re was then purified by reverse phase preparative
liquid ch_romatography to yield the pure product (2.9 mg,
0.0093 mmaol, 1.6 %) ESI-MS m/z calc. 310.2, found 311.2

(M+1)*. MRetention time of 3.40 minutes.

N-[2-(3,4= -Dimethoxy-phenyl) -ethyl] -N-me®&chyl-2- (3-methyl-
but;.oxf) '-'znicqt'ix.:amid‘e .

27FLuorb;nic§tihiq'aci'd (84.7 mg, €0.600 mmol, 3-methyl--.
butan-1-c—1 (52.9 mé, 0.600 mmol).and potassium
bis(trimeathylsilyl)amide (478 mg, 2.40 wnwmol) were combined in
0.6 mL of£ N,N-dimethylformamide and sub jected to microwave
irradiati_on for 3 minutes at 180 °C. [=-(3,4-Dimethoxy-
phenyl) -eethyl] -methyl-amine (117 mg, 0. 600 mmol) and O-(7-
azabenzot=riazol-1-yl)-N,N,N',N'-tetrame thyluronium
hexafluor—ophosphate (304 mg, 0.800 mmol ) was added and the
solution was allowed to stir for 16 hou rs. The mixture was
then puri fied by reverse phase preparat ive liquid
chromatocgraphy to yield the pure produc t (1.5 mg, 0.0039 mmol ,
0.65 %) E281-MS m/z calc., 386.2, found 3 87.4 {(M+1)*. Retentiorm

time of =.98 minutes.

1H-Indazeole-3-carboxylic acid [1-(3,4-d_imethoxy-phenyl) -
cyclopent=ylmethyl] -amide.

1H-*Indazole-3-carboxylic acid (32. 4 mg, 0.200 mmol) and
C-[1- (3, s2-Dimethoxy-phenyl) -cyclopentyl ]-methylamine (47.1 g ,
0.200 mmcol) were dissolved in acetonitr-ile (1 mL) containing

triethyl=amine (83.6 uL, 0.600 mmol)., - (7-Azabenzotriazol-1-
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yl) -BN,N,N', N'-tetramethyluronium hexafluorcophosphate (76.0 mcg,
0.200 mmol) was added and the solution was allowed to stir foor
16 hoours. The mixture was then purified by reverse phase
preparative liquid chromatography to yield the pure product
(7.477 mg, 0.0197 mmol, 9.84 %) ESI-MS m/z czalc. 379.2, found
380.-4 (M+1l)*. Retention time of 3.02 minut—es.

4-Bemzyl-N-[1- (3, 4-dimethoxy-phenyl) -cyclogoentylmethyl] -
benzamide.

4-Benzyl-benzoic acid (21.2 mg, 0.100 wmol) and c-[1-
(3,4 -Dimethoxy-phenyl) -cyclopentyl] -methylaamine (23.5 g, .
o.io 0 mmol) were dissolved in acetonitrile (1 de cén;aiﬁing -
trie thylaminé (41.8 pL, 0.300 mmol). ' O- (7—Azabenzotriazol-1—
yl) - N,N,N’,N'-tetramethyluronium hexafluoreophosphate (38.0 meg,
0.10 0 mmol) was added and the solution was allowed to stir feor
16 h ours. The mixture was then purified b—y reverse phase
prep arative liquid chromatography to yield the pure product
(24. 1 mg, 0.0561 mmol, 56.1 %) ESI-MS m/z «calc. 429.2, found
430. 4 (M+1)'. Retention time of 3.75 minutces.

N-[1 -(3,4-Dimethoxy-phenyl) -cyclopentylmethyl] -2, 2-diphenyl-
acet amide.

Diphenyl-acetic acid (42.4 mg, 0.200 wmmol) and C-[1-(3,-<4-
Dime thoxy-phenyl) -cyclopentyl] -methylamine (47.1 g, 0.200
mmol ) were dissolved in acetonitrile (1 mL ) containing
trie thylamine (83.6 uL, 0.600 mmol). O-(7 -Azabenzotriazol-1--
vyl) -_N,N,N', N'-tetramethyluronium hexafluoreophosphate (76.0 meg,
0.20 O mmol) was added and the solution was allowed to stir feor
16 h-ours. The mixture was then purified b-y reverse phase

prep-arative liquid chromatography to yield the pure product
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(X3.3 mg, 0.0310 mmol, 15.5 %) ESI—MS m/z calc. 429.2, foun-d
430.2 (M+1)*. Retention time of 3. 47 minutes.

2 ~Methyl-5-phenyl-furan-3-carboxylic acid [1-(3,4-dimethoxy -
phenyl) -cyclopentylmethyl] -amide.
2-Methyl-5-phenyl-furan-3-cartooxylic acid (40.4 mg, 0. 200

“mrnol) and C-1{1- (3, 4-Dimethéxy-phenyr1) -cyclopentyl] -méthylanuine
(=27.1 g, 0.200 mmol) were dissolved in acetonitrile (1 mL)
coontaining triethylamine (83.6 pL, 0.600 mmol). O-(7-
A=zabenzotriazol-1-yl)-N,N,N',N'-tetzramethyluronium
hesxafluorophosphate (76.0 mg,. 0.200 mmol) was .added and .the-

- ‘solution was allowed to stir for 16 hours. The mixture was-

' then purified by reverse phase pr':eparat_‘i.ve liquid -

chromatography to yield the pure pr-oduct (17.0 mg, 0.0405

mcrol, 20.3 %) ESI-MS m/z calc. 419.2, found 420.4 (M+1)".

Reatention time of 3.62 minutes.

N—[1-(3,4-Dimethoxy-phenyl) -cyclopentylmethyl] -2-
phenylsulfanyl-acetamidae.

Phenylsulfanyl-acetic acid (33.6 mg, 0.200 mmol) and C=-
(3-(3,4-Dimethoxy-phenyl) -cyclopent=yl]-methylamine (47.1 g-,

0 -200 mmel) were dissolved in acetonitrile (1 mL) containin_ g

txiethylamine (83.6 pL, 0.600 mmol) . O-(7-Azabenzotriazol- 1-
y1l)-N,N,N', N'-tetramethyluronium hexafluorophosphate (76.0 mg,
0 . 200 mmol) was added and the solut=ion was allowed to stir for
16 hours. The mixture was then pur—ified by reverse phase
pxeparative liquid chromatography t—o yield the pure product
(21.3 mg, 0.0293 mmol, 14.6 %) ESI—MS m/z calc. 385.2, foun d
386.0 (M+1)*. Retention time of 3. 12 minutes.
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N- (1-(3, 4-Dimethoxy-phenyl) -cyclopen-tylmethyl] -3-phenyl-
propionamide.

3-Phenyl -propionic acid (30.0 mg, 0.200 mmol) and C— [1-
(3,4-Dimethoxy-phenyl) -cyclopentyl] - methylamine (47.1 g,
0.200 mmol) were dissolved in acetormitrile (1 mL) contairing
triethylamine (83.6 pL, 0.600 mmol) . O- (7-Azabenzotriazcol-1-
yl)-N,N,N', N'-tetraméthyluronium hexcafluorophosphate (76 — 0 mg,
0.200 mmol) was added and the soluti on was allowed to sti r for
16 hours. The mixture was then puri fied by reverse phase
preparative liquid chromatography tc yield the pure produact
(19.0 mg, 0.0517 mmol, 25.8 %) ESI-MIS m/z calc. 367.2, fcoound
367.5 (M+1)*. Retention time of jlo S minutes.

[00179] The characterization data for certain compounds of

the present invention are shown below in Table 2.
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[0 0180] Table 2:

TR R - ~LC-MS ‘

. acmpad S R Cmpd# | o1yt | LCRT (min)

7 379.50 7 532.40 3.57
17 319.20 72 490.20 3.87
27 394.20 73 454.40 3.90
34 354.20 74 485.40 3.63
35 364.20 75 414.40 3.53.
36 359.20 76 420.00 3.02
37 345.00 77 474.40 3.70
38 317.20 78 392.00 2.58
39 345.20 79 380.40 3.02
40 343.20 80 483.20 335
a1 371.20 81 391.00 3.45
2 373.40 82 396.20 338
43 373.20 83 | 386.00 312
44 331.40 84 43020 | . 347 -
a5 299.20 85 368.20 —3.05
46 359.00 36 447.40 345
47 387.40 87 420,40 362
48 359.00 88 379.40 283
29 257.00 89 410.40 325
50 271.20 90 311.20 3.40
51 299.20 91 433.40 327
52 313.00 92 425.40 3.60
53 285.00 93 457.40 372
54 359.20 94 463.40 3.23
55 373.20 95 455.40 3.53
56 385.40 96 378.40 2.23
57 331.40 97 432.60 2.83
58 345.20 98 393.40 2.60
59 398.40 99 407.40 2.95
60 412.40 100 379.40 2.68
61 412.20 101 358.20 3.05
62 428.40 102 331.40 3.65
& 338.00 103 421.20 3.20
o4 354.20 104 359.20 2.70
65 452.20 105 345.00 291
66 468.20 106 410.40 3.29
67 391.20 107 481.20 275
68 393.20 108 430.40 3.75
69 391.00
70 391.00

EXAMPLEE 3

Preparation of Additional Compounds of Formula I
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[00181] Following the procedures taught in the smpecification
and the preceding Examples, thie following compoun®s of Formula

I can be prepared.
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Q “ H
o o~
3-9

3-1: 5-methoxy-N-{{(1-(3,4 -dimet=hoxyphenyl). -
| cyclohexyl)methyl)benzofur-an-2 -carboxamide
3-2: N-((1-(2-fluoro-3,4-dimethoxyphenyl)cyclohexyl)methyl) -
benzofuran-2-carboxamide
3-3: N-((1-(2-fluoro-4,5-dimethoxyphenyl)cyclohexyl)methyl) -
behzofuran-z;carboxa}mide
3-4: N—.(,(.l—' (4;e't:hoxy—3fmethoxypﬁ'enyl) cyclohexyl ):n'l'ethyl) -
" benzofuran-2-carboxamide ' . .
3-5: 5-fluoro-N-{(1-(3,4-dimethoxyphenyl)cyclohexyl) -
methyl)benzofuran-2-carbo=xamide
3-6: N-((1-(3,4-dimethoxypheny 1)cyclohexyl) -
methyl)benzo [b] thiophene- 2-carboxamide
3-7: 5-chloro-N-{((1-(3,4-dimet hoxyphenyl) -
cyclochexyl)methyl)benzofu ran-2-carboxamide
3-8: N-((1-(3-fluoro-4,5-dimet hoxyphenyl)cyclohexyl)methyl) -
benzofuran-2-carboxamide
3-9: N-({1-(3-ethoxy-4-methoxyphenyl)cyclohexyl)methyl) -

benzofuran-2-carboxamide
EXAMPLE 4

Assays for Detecting and Measuring

AF508-CFTR Correctiornn Properties of Compounds

Membrane potential optical met-hods for assaying AF508-CFTR

modulation properties of compcounds.
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[001821] Thae optical membrane pot-ential assay utilZized
voltage-sensmitive FRET sensors desscribed by Gonzale=z and Tsien
(See, Gonzal ez, J. E. and R. Y. Tsien (1995) "“Voltacge sensing
by fluoresceance resonance energy t—ransfer in single cells”
Biophys J 69 (4): 1272-80, and Gon=alez, J. E. and R . Y. Tsien
(1997) “Impmoved indicators of celll membrane potent ial that »
use fluorescoence resonance eriergy tranafer” Chem Bi.ol 4(4): '
269-77) in ccombination with instr-umentation for meaasuring
fluorescence= changes such as the Voltage/Ion Probe Reader
(VIPR) (See , Gonzalez, J. E., K. Oades, et al. (19=39) “Cell-
based assay s 'and vinst:r_\‘.lmem:at':.:'i’.orvx. for screening i_ﬁon—chann.el.
i:argé,tﬁs'f Dr—ug Discov Today 4.(9): 431-439). I

'[00183] . T hese vgitage sensitive= assays aré based on the

chénge in f Juorescence resonant energy transfer (FRET) between
the membran-e-soluble, voltage-serasitive dye, DiSBACT,(3), and a
fluorescent- phospholipid, CC2-DMPPE, which is attaclked to the
outer leafl et of the plasma membr—ane and acts as a FRET donor.
Changes in wembrane potential (Vys) cause the negatis vely
charged DiSSBAC;(3) to redistribut.e across the plasmma membrane
and the amcount of energy transfem from CC2-DMPE ch.anges
accordinglyrs. The changes in flucrescence emission were
monitored wasing VIPR™ II, which is an integrated 1_iquid
handler anc fluorescent detector designed to condu.ct cell-

based scree=ns in 96- or 384-well microtiter plates..

Identificat®tion of Correction Comgpounds

[00184] “To identify small mole-cules that correct—- the
traffickineg defect associated wi th AF508-CFTR; a ssingle-
addition HTIS assay format was de—veloped. The cell_s were
incubated :-in serum-free medium £ or 16 hrs at 37 °C in the

presence O-Xx absence (negative co ntrol) of test comnpound. As a
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positive control, cells plated i-n 384-well plates were
incubated for 16 hrs at 27 °C to ‘“temperature-correct” AF508-
CFTR. The cells were subsequent=ly rinsed 3X with Krebs
Ringers solution and loaded witln the voltage-sensitive dyes.
To activate AF508-CFTR, 10 uM foorskolin and the CFTR
potentiator, genistein (20 uM), were addgd gloqg with le—free
mediﬁm'to éach well. The.adéiticon of Cl'-free medium promoted
Cl” efflux in response to AF508 —CFTR activation and the
resulting membrane depolarizatieon was optically monitored

using the FRET-based voltage-semsor dyes.

Identifiégtion 6£:Pééenﬁiator.C"qmppunda

{00185]  To identify potenﬁiat ors of AF508-CFTR, a double-
addition HTS assay format was d.eveloped. During the first
addition, a Cl -free medium wit’h or without test compound was
added to each well. After 22 ssec, a second addition of Cl'-
free medium containing 2 - 10 imM forskelin was added to
activate AF508-CFTR. The extraacellular Cl~ concentration
following both additions was 28 mM, which promoted C1° efflux
in response to AF508-CFTR actiwration and the resulting
membrane depolarization was opt—ically monitored using the

FRET-based voltage-sensor dyes -

Solutions

Bath Solution #1: (in mM) MjaCl 160, KCl1 4.5, CaCl, 2, MgC=1l,
31, HEPES 10, pH 7.4 with NaOH.

Chloride-free bath solution: Chloride salts in Bath Solutiora
##1 are substituted with

—Jluconate salts.
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CC2-DMIPE : Prepared as a 10 mMM stock
solution in DMSO a-nd stored at -
20°C.

DiSBACT;(3) Prepared as a 10 mM stock in
DMSO and stored at -20°C.

Cell C:’ullturé

[0018e5] NIH3T3 mouse fibrololasts stably expres sing AFS508-
CFTR =are used for optical measurements of membra ne potential.
The ce=lls are maintained at =37 °C in 5% CO; and *90 % humidity
in Dullbecco’s modlfled Eagle"s medlum ‘supplement ed w1th 2 mM
‘glutal:mne, 10 % fetal bov1ne~ serum, l X NEAA B -ME, 1 x A
pen/sl:rep, and 25 mM HEPES im 175 en? culture fl=asks. For all
opticz=al assays, the cells weme seeded at 30,000/ well in 384-
well rmatrigel-coated plates =nd cultured for 2 h.xs at 37 °C
before= culturing at 27 °C for- 24 hrs. for the poW®entiator
assay . For the correction asssays, the cells are cultured at

27 °C or 37 °C with and witho—ut compounds for 16 - 24 hours)

Electmophysiological Assays ¥ or assaying AF508-C”FTR modulation

propez‘éiea of compounds

l. Us3sing Chamber Assay

[001877] Ussing chamber experiments were perfor—med on
polar3 zed epithelial cells ex<pressing AF508-CFTR to further
characterize the AF508-CFTR mmnmodulators identifie-d in the
opticaal assays. FRT*FS%¢"CFTR a pithelial cells growwn on Costar
Snapwe=ll cell culture insertss were mounted in an Ussing
chambe=r (Physiclogic Instrumesnts, Inc., San Diegeo, CA), and

the mconolayers were continuowasly short-circuited using a
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Voltaage-clamp System (Department of IBioengineering, University
of Icwa, IA, and, Physiologic Instrumwments, Inc., San Diego,
CAa) . Transepithelial resistance was measured by applying a 2-
mV pwulse. Under these conditions, tThe FRT epithelia
demomstrated resistances of 4 KQ/ cm ? or more. The solutions
were maintained at 27 °C and bubbled with air. The electrode
offseet potential and fluid resistanc e were corrected using a
cell -free insert. Under these condi tions, the current
refl.ects the flow of C1° through AFS®08-CFTR expressed in the
apic-al membrane. The Igc was digital: ly acquired using an

. MP10 OA-CE interface. and AcqKnowledge='software.(V3.2.6; BIOPAC,

éYst ems, Santa -Barbara, 'CA).

Iden tification of Correction Compoun-ds

[o01 88} Typical protocol utilized a basoclateral to apical
memb rane Cl° concentration gradient. To set up this gradient,
norm.al ringer was used on the basola. teral membrane, whereas
apic al NaCl was replaced by equimola_r sodium gluconate

(tit rated to pH 7.4 with NaOH) to gi_-ve a large Cl°

conc entration gradient across the epsithelium. All experiments
were performed with intact monolayer—s. To fully activate
AFS0 8-CFTR, forskolin (10 puM) and thae PDE inhibitor, IBMX (100
uM) , were applied followed by the adldition of the CFTR
pote:ntiator, genistein (50 uM).

[001 89) As observed in other cell types, incubation at low
temp eratures of FRT cells stably experessing AF508-CFTR
incr-eases the functional density of CFTR in the plasma

memb. rane. To determine the activity~ of correction compounds,

the -cells were incubated with 10 pM of the test compound for

24 heocurs at 37°C and were subsequent’ly washed 3X prior to

recoxxding. The cAMP- and genistein- mediated Isc in compound-
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tr-eated cells was normalized to the 27°C and 37°C contreols and
ex=pressed as percentage actiwity. Preincubation of thes cells
wi_th the correction compound significantly increased tkne cAMP-

arad genistein-mediated Isc cosmpared to the 37°C control.s.

Identlficat.lon of Potentiato.x Compounds _
[C)0190] Typ1ca1 prot:ocol u tilized a basolateral to a_plcal
mesmbrane C1° concentration g—xadient. To set up this g=radient,
ncormal ringers was used on t-he basolateral membrane amd was
peermeabilized with nystatin (360 pug/ml) , whereas apicaml NacCl
.w-as. replaced by equimolar sodium gluconate (titrated t=o pH 7.4 -
"w 1t:h NaOH) "to glve a large 1 concentratlon gradlent across )
e “he epithelium. a1l experiments were performed 30 mim after
n_ystatin permeabilization. Forskolin (10 puM) and all test
c=ompounds were added to botln sides of the cell culture
i nserts. The efficacy of tkae putative AF508-CFTR potesntiators

wzas compared to that of the known potentiator, geniste=in.

Solutions

BRasolateral solution (in mM ): NaCl (135), CaCl, (1.2), MgCl,
(1.2), K,HPO, (2.4), KHP O, (0.6),
N-2-~-hydroxyethylpiperaz ine-N'-2-
ethanesulfonic acid (HERPES)
(10), and dextrose (10} . The
solution was titrated t-o pH 7.4
with NaOH.

ahpical solution. (in mM) : Same as basolateral sol_ution
with NaCl replaced witla Na
Gluconate (135).

~Cell Culture
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Cell Culture

[00191] Fisher rat -epithelial (FRT) cells expressing AF508-
CFTR (FRTAFS%®-CFTR) weres used for Ussing chamber experimeants for
the putative AF508-CF TR modulators identified from our optical
assays. The cells we=re cultured on Costar Snapwell cell
culture inserts and c=ultured for five days at 37 °C anq 5% CO2
in Coon;s modified Ham's F-12 medium supplemented with 5%
fetal calf serum, 100 U/ml penicillin, and 100 ug/mi
streptomycin. Prior to use for characterizing the pot entiator
activity of compoundss, the cells were incubated at 27 °C for
i6 - 48 hrs to correct for the AAFSOB"-CF"I,‘R.' To determi ne the
"a.c"tivity of corrections cothpogndé, the cells were ‘incu;ba.t.éd at -

27 °C or 27 °C with amd without the compounds for 24 hours.

2.Whole-cell recordirags

[00192] The macroscopic AF508-CFTR current (Iarses) iED
temperature- and test& compound-corrected NIH3T3 cells stably
expressing AF508-CFTIR were monitored using the perforated-
patch, whole-cell rewcording. Briefly, voltage-clamp
recordings of Iapses Wrere performed at room temperature using an
Axopatch 200B patch-eclamp amplifier (Axon Instruments Inc.,
Foster City, CA). A1l recordings were acquired at a ssampling
frequency of 10 kHz -and low-pass filtered at 1 kHz. Pipettes
had a resistance of 5 - 6 MQ when filled with the
intracellular soluti on. Under these recording condit=3onsg, the
calculated reversal -potential for Cl1° (Er) at room termperature
was -28 mV. All rec ordings had a seal resistance > 20 GQ and
a series resistance < 15 MQ. Pulse generation, data
acquisition, and ana lysis were performed using a PC ecquipped

with a Digidata 1320 A/D interface in conjunction withh Clampex
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8 (Axon Instruments I nc.). The bath contained < 250 ul of
saline and was contiruously perifused at a rate of 2 ml/min

using a gravity-drivesn pexfusion system.

Identification of Comrection Compounds

{00193] To determime the activity of correction czompounds
for increésing'the d-ensity‘ of functional AF508-CFTER in the
plasma membrane, we wised the above-described perfoxated-patch-
recording techniqgues to measure the current densit= following

24-hr treatment with the correction compounds. To fully
ractivate AF508-CFTR, 10 uM forskolin ‘and 20 uM genzistein were - '
Aa.d.ded“ Ato_t;lr.xe,cells. o Under'ogr re.ico‘zjdi‘ng.condi_t;iof; s, the -
current density foll owing 24-hr incubation at 27°C~ was higher
than that observed ffollowing 24-hr incubation at 3 7 °C. These
results are consiste=nt with the known effects of 1 ow-

temperature incubati.on on the density of AF508-CFT"R in the
plasma membrane. T determine the effects of corr-ection

compounds on CFTR cuarrent density, the cells were incubated
with 10 pM of the test compound for 24 hours at 37°C and the

current denseity was compared to the 27°C and 37°C c—ontrols (%
activity). Prior to recording, the cells were wasshed 3X with
extracellular recorcding medium to remove any remaiining test
compound. Preincuba&tion with 10 pM of correction compounds
significantly increaased the cAMP- and genistein-despendent

current compared to the 37°C controls.

Identification of Peotentiator Compounds
{00194] The ability of AFS508-CFTR potentiators %o increase
the macroscopic AF5 08-CFTR Cl° current (Ipses) in INIH3T3 cells

stably expressing ATF508-CFTR was also investigateed using
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perforated-patch-recording techniques. The potentiators

i dentified from the optical assays evo-ked a dose-dependernt

i ncrease in Iarsos with similar potency and efficacy obser—ved in
t-he optical assays. In all cells examined, the reversal
potential before and during potentiatoor application was «around

—30 mV, which is the calculated Eqn {(-=28 mV).

Solutions

Intracellular solution (in mM}: Cg-amspartate (90), CsCZ1
{50) , MgCl, (1), HEPES (10),
and .240 ug/ml amphoter icin-B. -
(pH adjusted to 7.35 w ith
CsOPi);'

Extracellular solution (in mM): N-meathyl-p-glucamine (&MDG) -

C1  (150), MgCl, (2), CaaCl,
(2) ., HEPES (10) (pH adljusted
to ~7.35 with HC1).

Cell Culture

[00185] NIH3T3 mouse fibroblasts st ably expressing AFSS08-
CFTR are used for whole-cell recordin gs. The cells are
maintained at 37 °C in S% CO; and 90 =% humidity in Dulbe=cco’s
modified Eagle’s medium supplemented with 2 mM glutamine=, 10 %
fetal bovine serum, 1 X NEAA, P-ME, 1 X pen/strep, and =25 mM
HEPES in 175 cm® culture flasks. For whole-cell recordi_ngs,
2,500 - 5,000 cells were seeded on pcoly-L-lysine-coated glass
coverslips and -cultured for 24 - 48 Imrs at 27 °C before use to
test the activity of potentiators; arad incubated with oxx
without the correction compound at 3 °C for measuring t—he

activity of correctors.
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3. Single-channel recorddings

{o0196] The single-charnel activities of temperatur—e-
corrected AF508-CFTR staloly expressed in NIH3T3 cellss and
activities of potentiatom compounds were observed using
excised inside-out membrzane patch. Briefly, voltage—clamp
recordings of single-charinel activity were performed at room
temperature with an Axopaatch 200B patch-clamp amplifier (Axon
Instruments Inc.). All —recordings were acquired at & sampling
frequency of 10 kHz and low-pass filtered at 400 Hz. Patch
pipettes were fabricated from Corning Kovar Sealing #7052
.glass (World Precision ,Imsrtruments, Inc., Sarasota, ¥FL) and

had a resmtance of 5" 8 MQ when fllled wn:h the

' ext:racellular solut::.on The AFSOB CFTR was’ act:.vated after
excision, by adding 1 mM Mg-ATP, and 75 nM of the cANMP-
dependent protein kinase , catalytic subunit (PKA; Preomega
Corp. Madison, WI). Aft er channel activity stabilizeed, the
patch was perifused usin-g a gravity-driven microperf-usion
system. The inflow was "placed adjacent to the patch ,
resulting in complete so lution exchange within 1 - 2 sec. To
maintain AFS08-CFTR acti vity during the rapid perifu sion, the
nonspecific phosphatase inhibitor F° (10 mM NaF) was added to
the bath sclution. Unde r these recording conditions , channel
activity remained consta.nt throughout the duration o f the
patch recording (up to 6 0 min). Currents produced by positive
charge moving from the i ntra- to extracellular solut ions
(anions moving in the opeposite direction) are shown as
positive currents. The pipette potential (V,) was maintained
at 80 mv.

[00197] Channel activi ty was analyzed from membran e patches
containing £ 2 active ch.annels. The maximum number of

simultaneous openings de-termined the number of activ-e channels
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during the course of an experiment. To deter-mine the single-
channel currerrt amplitude, the data recorded from 120 sec of
AFS08-CFTR act ivity was filtered “off-line” a t 100 Hz and the n
used to constr-uct all-point amplitude histogr-ams that were
fitted with multigaussian functions using Bio -Patch Analysis
software (Bio- Logic Comp. France). The total microscopic
current  and op €n probability (P,) were determ=ined from 120 sec
of channel act ivity. The P, was determined ussing the Bio-

Patch software or from the relationship P, = X /i(N), where I =
mean current, i = single-channel current ampl itude, and N =

number of acti—ve channels in patch. -

Bolutions
Extracellular =solution (in mM): NMDG (150), a_spartic acid
{(150), caCl; (5), MgCl,; (2),
and HEPES (10 ) (pH adjusted
to 7.35 with Tris base).
Intracellular solution (in mM): NMDG-Cl (150) , MgCl, (2), EGTA
(5), TES (10) , and Tris base
(14) (pH adju.sted to 7.35
with HC1).

Cell Culture

[00198] NIH3T'3 mouse fibroblasts stably expr—essing AF508-
CFTR are used f or excised-membrane patch-clamp recordings.
The cells are meaintained at 37 °C in 5% CO; ancl 90 % humidity
in Dulbecco’s modified Eagle’s medium supplemented with 2 mM
glutamine, 10 % fetal bovine serum, 1 X NEAA, §B3-ME, 1 X
pen/strep, and 25 mM HEPES in 175 cm?® culture £lasks. For
single channel recordings, 2,500 - 5,000 cells were seeded on

poly-L-lysine-ccoated glass coverslips and cultuiared for 24 - 48
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hrs at 27 °C before use.
[00199] Compounds of the invention demonstrated activity as

modulators of ATP biinding cassette transporters, sspecifically

CFTR.

EXAMPLE 5
cAMP Mezmsurements of Certain Compoundss

[00200]) This exampole shows that certain compounds with
similar structures lnave varying effects on cAMP .(adenos'ipe 3,
.5.-cyc2'lic.t. mo.nophosphante)' leve‘ls.f “ABC ’fr.a'ns'fer prot_eins, and
_CFTR in particular aare &AMP féguia.ted ion 'cfrannéls. .Idealiy.','
a modulator compound® of such a protein should not cause a
change in cAMP level s.

[00201] In the fol lowing example, the effect on <cAMP levels
by three structurall y similar compounds from Table 1 were
determined using the cAMP levels from 20 pM forsko lin as the

normalized reference measure.

Tropix® Assay for Meaasurement of cAMP

[00202] The level of ¢cAMP in FRT cells following 0.5 uM
forskolin or test cormpound application was determimned using a
commercially availabIle chemiluminiscent immunoassawsy system for
mammalian cells callexd Tropix® (Applied Biosystems,., Bedford,
MA). Briefly, FRT cells were incubated for 15 minuates with a
test compound in the presence and absence of 0.5 uM forskolin.
The compounds were‘aspirated and the cells were thezn lysed and
transferred along witth the lysis buffer to a 96-wel.l Tropix®
ELISA plate. A cAMP—Alk Phos conjugate is then ad:ed to the
assay plate, followedl by the addition of cAMP anti—body.
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After several wash and aspira tion steps, Sapp’hire blue II
solution is added and the flu orescence emissieon is read on the
Topcount fluorescence reader, and the cAMP comcentrations were

determined using a cAMP stand ard curve that waas present in

each plate.

Results
[00203) The compound N-{{(1- (3,4-dimethoxyphe=nyl)-
cyclopentyl)methyl)benzofuran—2-carboxamide, s{Table 1,
Compound 49), has previously Ioeen reported in the literature
as a potentiator .of AF508-CFTER (J Biol Chem; =277(40): 37235- -
|41, 2002). The authors have. sshown -t;hat.:"che.'mécha'nism of this
‘activation was via the rise ifhléellulér'cAMB. ‘This compound-
was shown to increase cAMP cotﬁtent alone and amlso potentiated
the cAMP elevation educed by t—he low concentrastion (0.5 uM) of
forskolin, similar to that foumnd for 20 uM for—skolin. We were
able to produce similar result.s in our Tropix®  system.
Compound 49 alone, generated a.n average of 40. 3 + 3.5 % of
cAMP produced by 20 uM of fors kolin, which was a significant
increase compared with the DMS O control, 24.8 — 3.9 % of 20 uM
forskolin, n = 4, p < 0.05. I the presence o—f 0.5 uM
forskolin, compound 49 generateed an average of 92.3 + 2.7 % of
CAMP produced by 20 uM of forskkolin, which was also a
significant increase compared wwith the 0.5 uM fForskolin
control, 45.9 ¢ 3.0 % of 20 uM forskolin, n = 4, p < 0.05.

f00204] It has been surprisirigly found that ccompounds with
similar stfucturés show statistzically significaant varying
levels of activities in this cPaMP assay. For e=Xample, the
compound N- (2- (3,4-dimethoxypheenyl) -2-methylpro-pyl)benzofuran-

2-carboxamide {(Table 1, Compourmd 29) alone, gen erated an
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average of 24_-4 + 1.1 % of cAMP produced Roy 20 uM of
forskolin, whiich was not a significant inecrease compared with
the DMSO contxr=ol 24.8 + 3.9 % of 20 uM fozxskolin, n = 4. But
in the presencse of 0.5 uM forskolin, Compeound 29 generated an
average of 61 .5 + 1.8 % of cAMP produced “by 20 uM of
forskolin, wh=ich was a significant increa se compared with the
0.5 pM forskoZRin control, 45.9 + 3.0 % of 20 pM forskolin, n =
4, p < 0.05.

[00205] In ccomparison, the compound N-{ (1-(3,4-
dimethoxyphen:yl)cyclqhexyl)methyl)benzofu_ranfz-carboxamide,
Table,i}fbompcound,zl,.by itself generated- an.avefagéiof 7.9.4
© 1.1 % Of cAMP produced by 20 uM of‘fbrskénlin,'hhich was hpt a
significant imcrease compared with the DMISO contxol of 8.4 1
2.8 % of 20 u™ forskelin, n = 4. Surpris ingly, Compound 21 in
the presence of 0.5 uM forskolin generate-d an average of 27.1
+ 1.8 % of cAMP produced by 20 uM of fors kolin, which was also
not a signifiecant increase compared with the 0.5 uM forskolin
control, 32.2 + 3.2 % of 20 uM forskolin, n = 4.
[00206] The example teaches that compou.-nds can have
potentiator asctivity without having an ac:companying increase

in cAMP concemtrations.
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Claims
1. A compound of formula II:

RE

RS RD l
N Z

RB()— ></-/ ~N A/
11

or a pharmaceutically acceptable salt thereof, wherein:

A is C(0O) or SO;;

RE and R® taken together form a 3-6 membereA cycloalkyl ring or 4-pyranyl ring;

RE is H, (C1-C4)alkyl optionally substituted wi_th a substituent selected from
(C1-C4)alkyl, CN, NO7, CF3, OCF3, OH, SR6, S(O)R=6, SO7R6, COOH, COOR®, ORS, omr
phenyl optionally substituted with R%

nis0to 5;

RZ(m)

%

Zis

wherein,
W is a 5-14 membered monocyc- lic, bicyclic, or tricyclic heterocyclic
or heteroaryl ring; and
misOto 5; or

Z is diphenylmethyl wherein each phenyl has ugp to 5 R is substituents;
RE and R? are independently selected from R! s R2, R3, R4, or R5, wherein:
R1 is RO, ((C1-C4)aliphatic)-Y, orY;
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an«d

Y 1ishalo, CN, NO3, CF3, OCF3, OH, SR 6, S(O)R, SOR6, NH> ,
NHRO, NCR6)2, NROR8, COOH, COOR® or ORES; or two R1 on adjacent mring
atoms, tak—en together, form 1,2-methylenedioxy or 1,2-ethylenedioxy;

RZ is aliphatic, wherein each R2 optionall y comprises up to 2
substituen ts independently selected from Rl, R4, orR5;

R is a cycloaliphatic, aryl, heterocyclic, Or heteroaryl ring optiona’ 1ly
comprising up to 3 substituents, independently seMected from R1,R2 R4 or
R5;

R4 is OR3, ORS, OC(O)RS, OC(O)RS, OaC(0)ORS, OC(O)OR3,
OC(O)N(R9)2, OC(O)N(R3);, OC(O)N(RORS), SR, SR3, S(O)RS, S(O)ERS,
SO,R0, SEHRS, SOHN(RS),, SON(RS)9, SONIRSIRE, SO3RE, SO3R3,
C(O)R5, C(0)OR3, C(O)RS, C(O)ORO, C(O)N(R26)5, C(O)N(RS),,
C(O)N(R>R0), C(O)N(ORO)RE, C(O)N(ORS)RO C(O)N(ORO)RS,
C(O)N(OR)R3, C(NORORS, C(NORO)RS, C(NORS)RS, C(NORS)RS,
N(RO),, NI(RS)y, N(RSR6), NRIC(O)RS5, NROC(®O)RS, NRSC(O)RS,
NROC(0)R3, NR6C(0)ORE, NRIC(O)ORS, NREC(O)OR3, NRSC(O)OR .5,
NROC(O)IN(RY)5, NROC(O)NRIRS, NROC(O)N( R3),, NRIC(O)N(RS),,
NRSC(O)INRSRS, NRIC(O)N(R)p, NR6SO,RE, NROSOHRS, NRSSOHR_5,
NR3SO,R_6, NROSOHN(RO)», NRISO»N(RS),, INROSOHNRIRS,
NROSO,NI(RS)y, NRISOHNRIRO, NRISO7N(R D)y, N(ORO)R6, N(ORO)RS,
N(OR5)RS, or N(OR5)RS;

R> is a cycloaliphatic, aryl, heterocyclic, o-T heteroaryl ring, optiona_lly

comprisingz up to 3 R! substituents;
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RO isH or aliphatic, wherein =6 optionally comprises a R7

substituent;
R7 is a cycloaliphatic, aryl, he®erocyclic, or heteroaryl ring, and each

R7 optionally comprises up to 2 substmtuents independently chosen from H,

(C1-Cg)-straight or branched alkyl, (CC9-Cg) straight or branched all kenyl or
alkynyl, 1,2-methylenedioxy, 1,2-ethylenedioxy, or (CH2),-Q;

Q is selected from halo, CN, N O, CF3, OCF3, OH, S-aliplmatic, S(O)-
aliphatic, SOp-aliphatic, NHy, NH(aligphatic), N(aliphatic)p, N(alip hatic)R8,
NHRE, N(R8),, COOH, C(0)O-(aliphmatic), or O-aliphatic; and

R8 is an amino protecting grou_p,
provided that:

(i) when R® and R taken together form a 4-p=yran ring, R is hydrogen, A &s C(0),
and ring W together with R” and m is 2-amino-pyrazi n-3-yl, then ring B together v=vith (R®),
is not phenyl, 4-methylphenyl, 4-chlorophenyl, 3-fluosrophenyl, 4-methoxyphenyl, 2.4-
difluorophenyl, or 4-fluorophenyl;

(i1) when RE and RP taken together form a cyc=lohexyl ring, R is hydrogen_, A is
C(0), and L is 2-methoxy-pyridin-3-yl, then ring B toegether with (R®), is not phena yl;

(iii) when R and R® taken together form a cyeclobutyl ring, RE is hydrogen _, A is
C(0), and ring W together with R* and m is 2,5,7,8-te>tramethyl-6-hydroxy-2H-1-
benzopyran-2-yl, then ring B together with (R®),, is not 4-[(imino-thien-2-
ylmethyl)amino]phenyl;

(iv) when R and R taken together form a cyc:lopropyl ring, R is hydroge-mn, A is
C(0), and ring W together with R* and m is 2,5-dihydro-4-hydroxy-1-methyl-5-0x_o-1H-
pyrrol-3-yl, then ring B together with (RB)n is not phemyl;

(v) when R and R® taken together form a cyclopropyl ring, R is hydrogern, A is
C(0), and ring W together with R% and m is 2,3,4,9-te=trahydro-3-[(3'-(2,6-diisopro—pyl)-
ureido]-1H-carbazol-3-yl, then ring B together with (IR>), is not 4-chlorophenyl;
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(vi) when R° and RP taken together form a cyclopropyl ring, RF is hydrogern, A is

C(O), and ring W together with R” and m is 9,10- dihydro-9-oxo0-acridin-3-yl, then —Ting B

togesther with (RB)n is not 4-chlorophenyl;

(vii) when R® is hydrogen and A is C(O), then the following compounds are=

excluded:
7 _ring W together with R”
R® & R together | andm | . ring Bwith RB & n
w ® )
N
S
=
N
4-pyran OMe phenyl
4-pyran diphenylmethyl phenyl
S
5%0'
N
cyclobutyl H Cl phenyl
cyclopentyl benzofuran-2 -yl 3,4-dimethoxyphermyl

(-

(<)2 OMe
N
Ny
cyclopropyl iy, 4-chlorophenyl
Ph
A V3
cyclopropyl O 0 O phenyl
4—pyran or cyclohexyl diphenylmeth yl 3,4-dimethoxyphemyl
4-pyran 2-furanyl 4-methoxyphenyll
4-pyran 5-bromo-2-furanyl phenyl
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cyclopentyl Ew phenyl

4-pyran 1,4-benzodioxin-2-=yl phenyl

4-pyran 4,5-dimethyl-furan-2 -yl phenyl
cyclohexyl benzofuran-2-yl 3,4-dimethoxyphenyl
cyclopentyl diphenylmethyl 3,4-dimethoxyphenyl

cyclopentyl

%ﬁ .S

phenyl

cyclopentyl 5-bromo-furan-2-y-1 3,4-dimethoxy—phenyl
s N OMe
cyclopentyl %w phenyl
2-furanyl, S-ethyl-fura_n-2-
4-pyran yl, 2-thienyl, phenyl
cyclopentyl furanyl phenyl
cyclopentyl o OMe phenyl
4-pyranyl 2-benzofuranyl phenyl
4-pyranyl S-bromofuran-2-yl_ 4-methoxyplnenyl
cyclopentyl S-bromofuran-2-yL phenyl
4-pyranyl 2-thienyl 4-methoxyplenyl
4-pyranyl diphenylmethyl 4-methoxyplenyl
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¢ yclopentyl 2-benzofuranyl phenyl
~4-pyranyl 2-benzofuranyl 3,4-dimethoxypheny—1 )
1-phenyl-1-(4-isobutoxy-
cyclopentyl phenyl)-methyl phenyl
c-yclopentyl 1,4-benzodioxin-2- y! 3,4-dimethoxypheny-1

(vAii) when R® and R taken together form a c-yclopentyl ring, RE is hydrogen, A is
C(0), andl ring W together with R and m is diphenylmmethyl, then ring B together withh (RB)n
is not phenyl, 4-ethoxyphenyl, 4-butoxyphenyl, 4-isolbbutoxyphenyl, or 4-methoxypheryl.

2. The compound according to claim 1, wherein A is C(O) or SOa.

3. The compound according to claim 1, wheresin A is SOs.

4. The compound according to claim 1, where=in R® and RP, taken together, fo rm a 4-

pyranyl rimg.

5. The compound according claim 1, wherein R and RP, taken together, formm a 3-6

membered cycloalkyl ring.

6. The compound according to claim S, where=in RE and RP , taken together, fo-tm a 5-

6 member ed cycloalkyl ring.

7. The compound according to claim 6, where=in R® and R®, taken together, fo-rm a 5-

membered cycloalkyl ring.

8. The compound according to claim 6, where-in R® and RP, taken together, fozrm a 6-

memberedd cycloalkyl ring.
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9. The compound accordings to claim 1, wherein W is an opti ©nally substituted

indolyl, benzofuranyl, or benzothiermyl.

10. The compound accordin g to claim 9, wherein said compco>und is indol-2-yl, indol—

3-yl, benzofuran-2-yl, or benzothien -2-yl.

11. The compound accordin g to claim 1, wherein W is an op®ionally substituted

pyrazolyl or indazolyl.

12. The compound according to claim 11, wherein W is an opotionally substituted

pyrazol-3-yl, pyrazol-4-yl, or indazo1-3-yl.

13. The compound accordingg to claim 1, wherein R is hydro - gen.

14. The compound accordingg to claim 1, wherein Z is diphen—ylmethyl.

15. The compound according to claim 1, wherein W is an opt -ionally substituted 6-
membered heteraromatic ring havings up to 2 heteroatoms independen_ tly selected from O, S,

or N.

16. The compound according to claim 1, wherein W is an opt-1onally substituted ring

selected from furanyl, thienyl, isoxazolyl, or pyrrolyl.

17. The compound according to claim 1, wherein W is an opt=ionally substituted 10-

12 membered bicyclic, heteroaromatic ring.

18. The compound according to claim 17, wherein W is an opetionally substituted ring;

selected from quinolinyl or cinnoliny~1.
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19.  The compound of claim 1 wherein W is an optionally substituted benzofuaran.
20.  The compound of claim 1 wherein W is an optionally substituted

benzothiophenyl.

21. The compound of claim 1 wherein W is an optionally substituted indolyl .

22.  The compound of claim 1 wherein W is an optionally substituted pyrazo 1yl or

oxazazolyl.
23. The compound of claim 1 wherein W is an optionally substituted furany1.
24.  The compound of claim 1 wherein W is an optionally substituted quinolanyl.
25. The compound of claim 1 wherein W is an optionally substituted

isoquinolinyl.
26. The compound of claim 1 wherein n is 2.
27. The compound of claimv. 26, wherein n is 2, and each RBis (C1 -C4)alko=y.
28. The compound of claimu 27 wherein R® is methoxy.
29. The compound of claima 1 wherein n is 3.
30. The compound of claimy 29, wherein each R® is (C1-C4)alkoxy or fluoreo.

31. A pharmaceutical composition comprising a compound according to an_y one

of claims 1-30, and a pharmaceuticallys acceptable carrier.
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32_ A use of a compound or a pharmaceutically acceptable salt thereo—f for
manufactumre of a medicament for modulating ABC t-ransporter activity compr-ising the step of
contactingz said transporter with said compound or said composition, wherein the compound

has formulal,

RB(M

wherein:

A :1s C(0O), or SO»;

RS and RP are independently selected from H, (C1-C4)alkyl, and aryl,. or may be
taken together to form a (C3-C8)cycl oalkyl or heterocyclic;

R™ is H, (C1-C4)alkyl optionally substituted with a substituent selecte=d from CN,

NO,, CF=, OCF3, OH, SR®, S(O)RY, SO;R0, COOH, COORS, ORS or phernyl optionally

substitutead with R%;

B is aryl or heterocyclic;

/LG/RZW
Z s ;

wherein,

L is (C1-Cé6)alkylidemme, -O-((C1-C6)alkylidene=),

((C1-6)alkylidene)-O—, or a bond, wherein up te two carbon
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atoms in said alkylidene in L are ind_ependently replaced with

0O, S,orN;

W s aryl, heterocyclic, or (C5-C7)cycloalk ~yl;

m and n are indepeendently 0 to 5; and
R® and R? are indeependently selected from R1, R2, R3, R® or RS, wherein:
R1 is oxo, RO or ((C1-C4)aliphatic),-Y;
nisOorl;
Y s halo, CN, NO,, CF3, OCF3, OH, SR | S(O)R6, SO;RO, NH>,
NHR6, N(CR0),, NRORS, N(R8),, COOH, COOR®® or ORS; or two R1 on

adjacent rmng atoms, taken together, form 1,2-methu ylenedioxy or 1,2-

ethylenedmoxy;

RZ s aliphatic, wherein each R2 optionally= comprises up to 2
substituermts independently selected from Rl, R4, or R5;

R3isa cycloaliphatic, aryl, heterocyclic, o—r heteroaryl ring optionally
comprisimag up to 3 substituents, independently seleccted from R1, R2, R4or
RS ;

R<}is ORS, ORS, OC(O)RO, OC(O)R3, OC=(0)ORO, OC(O)OR3,
OC(O)N( RO),, OC(O)N(RS)y, OC(O)N(RORS), SRO, SRS, S(O)RO, S(O)RS,
SO,R6, SO7RS, SOHN(RS),, SON(RS),, SONRIRS, SO3RE, SO3R3,
C(O)R3, -C(O)OR3, C(O)RS, C(O)ORO, C(O)N(R=.6)7, C(O)N(R),,
C(O)N(R_5R9), C(O)N(OR)RS, C(O)N(OR3)RO_ C(O)N(ORO)R3,
C(O)N(O®R3)RS, C(NORO)RO, C(NORO)RS, C(NTORS)RO, C(NORS)R?,
N(R6),, IN(R3),, N(R5R6), NRSC(0)R>, NROC(- O)R6, NRSC(O)RO,

NROC(O RS, NROC(O)ORS, NRSC(0)ORS, NREC(O)ORS, NRSC(O)ORS,
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NROC(O)N(RS)>, NROEC(O)NRSRE, INROC(O)N(RS)y, NRIC(OO)N(RS),,
NR3C(O)NRIR6, NRSC(O)N(R3),, INROSO,R6, NROSOHRS, NRSSOHR?,
NR3ISO7R6, NR6SOHN(RY)), NRSS€;N(RS)y, NROSOHNRIRS,
NROSO,N(RS),, NRSSONRSRS, N'RSSO,N(RS), N(ORG)R_6, N(ORO)R?,
N(OR3)RS, or N(ORS)RS;

R3isa cycloaliphatic, aryl, hesterocyclic, or heteroaryl ri ng, optionally
comprising up to 3 Rl substituents;

RO isH or aliphatic, wherein RO optionally comprises a R’

substituent;
R7 is a cycloaliphatic, aryl, hesterocyclic, or heteroaryl ri_ng, and each

R7 optionally comprises up to 2 substituents independently cho=sen from H,

(C1-Cég)-straight or branched alkyl, (CCy-Cg) straight or branche=d alkenyl or
alkynyl, 1,2-methylenedioxy, 1,2-ethylenedioxy, or (CH2)pn-Q;

Q is selected from halo, CN, I™NOj, CF3, OCF3, OH, S-amliphatic, S(O)-
aliphatic, SOj-aliphatic, NHp, NH(al iphatic), N(aliphatic);, N( aliphatic)Rg,
NHRS, N(R8),, COOH, C(0)O-(alipehatic), or O-aliphatic; and

R8 is an amino protecting group.

33. The use according to claim 32, wherein said compound is selected from any one

of «laims 1-30.

34. The use according to claim 32, wherein said disease is selected fromm cystic
fibrosis, hereditary emphysema, hereditary hemochr-omatosis, coagulation-cib-rinolysis
deficiencies, including protein C deficiency, Type 1 hereditary angioedema, li_pid processing
defKiciencies, including familial hypercholesterolemaa, Type 1 chylomicronem3a,

abeztalipoproteinemia, lysosomal storage diseases, ircluding I-cell disease/Pse—udo-Hurler,
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secretory diarrhea or polycystic kidney disezase, mucopolysaccharidoses, Sandhof/~ Tay-Sachs,
Crigler-Najjar type II, polyendocrinopathy/”Hyperinsulemia, Diabetes mellitus, La-1on
dwarfism, myleoperoxidase deficiency, primmary hypoparathyroidism, melanoma, -glycanosis
CDG type 1, hereditary emphysema, conge=nital hyperthyroidism, osteogenesis inmperfecta,
hereditary hypofibrinogenemia, ACT defic-iency, Diabetes insipidus (DI), neuroplyseal DI,
Neprogenic DI, Charcot-Marie Tooth syndxome, Perlizaeus-Merzbacher disease,
neurodegenerative diseases including Alzh eimer’s disease, Parkinson’s disease, Aa myotrophic
lateral sclerosis, progressive supranuclear polasy, Pick’s disease, several polyglutammine
neurological disorders including Huntington, Spinocerebullar ataxia type I, spinal_ and bulbar
muscular atrophy, Dentatorubal pallidoluyssian, and Myotonic dystrophy, as well .as
Spongiform encephalopathies, including Hlereditary Creutzfeldt-Jakob disease (dwae to Prion
protein processing defect), Fabry disease, SStraussler-Scheinker syndrome, COPD , dry eye

disease, or Sjogren's disease.

35. The use according to claim 32 _ wherein said disease is cystic fibrosis—

36. A use of a compound accordimg to any one of claims 1-30 for manufaacture of a
medicament for modulating activity of an anion channel in vitro or in vivo, comp -rising the

step of contacting said channel with said ccompound.

37. The use according to claim 36 , wherein said anion channel is a chlormde channel

or a bicarbonate channel.
38. The use according to claim 377, wherein said anion channel is a chlorade channel.
39. A use of a composition compr-ising a compound according to any on € of claims

1-30 for the manufacture of a medicamen-t for treating an anion channel mediateed disease in a

mammal, comprising the step of administ ering to said mammal.
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40. The use according to claim 39, whherein said disease is cystic Eibrosis.

41. A pharmaceutical composition commprising:
(i) a compound according to a_niy one of claims s 1-30;
(i1) a pharmaceutically acceptaable carrier; and
(iii) an additional agent selecteed from a mucolytic agent, bsronchodialator, an
anti—biotic, an anti-infective agent, an anti-in—flammatory agent, CFTR modulator, or a

nutr-itional agent.

42. A kit for use in measuring the ac tivity of a ABC transporter Or a fragment thereof
in a biological sample in vitro or in vivo, cormprising;
(1) a composition comprising a comp ound according to any one o»f claims 1-30; and
(ii) instructions for:
a) contacting the composition with the biological sample ;

b) measuring activity of saidl ABC transporter or a fragiment thereof.

43. The kit according to claim 42, wwherein said ABC transporten is CFTR.

44. A compound according to clain 1, as specifically described herein.

45. A pharmaceutical composition aaccording to claim 31, substaantially as herein
deascribed with reference to any one of the 1 llustrative examples.

46. A pharmaceutical composition :according to claim 41, substzantially as herein
de scribed with reference to any one of the 1 _llustrative examples.

47. A kit according to claim 42, sulostantially as herein describe=d with reference to
amy one of the illustrative examples.
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