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3,5-DIAMING-6-CHLORO-N-(N-{4-{4-{2-(HEXYL{2,3,4,5 6~
PENTAHYDROXYHEXYL)AMINO)ETHOXYIPHENYL)BUTYL)
CARBAMIMIDOYL)PYRAZINE-2-CARBOXAMIDE

Field of the Invention

The present invention relates to novel compounds, particularly including 3,5~
diamino-8-chioro-N-(N-{4-{4-(2-{hexyl(2,3.4,5,6-pentahydroxyhexyljaming}
eth&xy)pheny?} butyljcarbamimideylpyrazine-2-carboxamide . and ifs
pharmaceulically sccepiable salt forms, useful as sodium channsl blockers,
compositions cordaining the same, therapeutic methods and uses for the same and
procasses for preparing the same.

Background of the Invention

The mucosal surfaces al the interface betwesn the environment and the body
have evolved a number of “innate defense’”, i.e., protective mechanisms. A principal
form of such innate defense is to cleanse these surfaces with liquid. Typically, the
guantity of the liquid layer on 2 mucosal surface reflects the balance between
epithelial liquid saecretion, often reflecting anion (CI" and/or HCO;') secretion coupled
with water (and a cation counter-ion), and epithelial liquid absorption, often reflecting
Na" absorption, coupled with water and counter anion {CF and/or HCO;). Many
diseases of mucosal surfaces are caused by too liltle protective liquid on those
mucosal surfaces crealed by an imbalance belween secrefion (loo little} and
absorption (relatively too much). The defective salt fransport processes that
characterize these mucosal dysfunctions reside in the epithelial layer of the mucosal
surface.

One approach fo replenish the protective liguid layer on mucosal surfaces is
to ‘re-balance” the sysiem by blocking Na' channsl and fiquid absorption. The
epithelial protein that mediates the rafe-limiting step of Na* and liquid absorption is
the epithelial Na™ channe! ("ENaC”). ENaC is positioned on the apical surfaca of the
epithelium, i.e. the mucosal surface-environmental interface.  ideally, (o inhibit ENaC
mediated Na* and liquid absorption, an ENaC blocker of the amiloride class will be
delivered fo the mucosal surface and maintained at this site to achieve maximum
therapeutic benefit,

The use of ENaC blockers has been reported for a varisty of diseases which
are amsliorated by increased mucosal hydration. In particular, the use of ENaC
blockers in the treatment of respiratory diseases such as chronic bronchitis (CB}),
cystic fibrosis (CF), and COPD, which reflect the body's failure to clear mucus
normally from the lungs and ultimately result in chronic airway infection has been
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2
reported. See, Evidence for airway swface dehydration as the inftiating event in COF
airway disease, R. C. Boucher, Joumal of internal Medicine, Vol. 281, lssue 1,
January 2007, pages 5-16; and Cysfic fibrosie: a disease of vulnerability lo airway
surface dehydration, R.C. Boucher, Trends in Molecular Medicine, Vol. 13, issue 8,
Juns 2007, pages 231-240.

Data indicate that the initiating problem in both chronic bronchitis and cystic
fibrosis is the failure to clear mucus from airway surfaces. The fallure fo clear mucus
reflects an imbalance in the guantities of mucus as airway surface liquid (ASL) on
airway surfaces. This imbalance resulls in a relstive reduction in ASL which leads to
mucus conceniration, reduction in the lubricant activity of the psriciliary iguid (PCL),
mucus adherence to the airway surface, and failure to clear mucus via cifiary activity
to the mouth. The reduction in mucus clesrance leads to chronic bacterial
colonization of mucus adherent fo airway surfaces. The chronic retention of bacteria,
inability of local antimicrobial substances to kil mucus-entrapped bacteria on &
chronic basis, and the consequent chronic inflammatory response to this type of
surface infection, are manifest in chronic bronchitis and cystic fibrosis.

There is currently a largs, unmet medical need for products that specifically
freat the variety of diseases which are ameliorated by increased mucosal hydration,
including chronic bronchitis, COPD and cysiic fibrosis, among others.  The current
therapies for chronic bronchitis, COPD and cystic fibrosis focus on treating the
symptoms and/or the late effeclts of these diseases. However, none of these
theraples treat sffectively the fundamenial problem of the failure to clear mucus from
the lung.

R.C. Boucher, in U.8. 8,264,075, describes the use of pyrazinoyiguanidine
sadium channel blockers for hydrating mucosal surfaces typified by the well-known
diuretics amiloride, benzamil, and phenamil. However, thess compounds are
relatively impotent, considering the limited mass of drug that can be inhaled té the
fung; (2) rapidly absorbed, and thereby sxhibiting undesirably short halfifs on the
mucosal surface; and (3) are fresly dissociable from ENaC. More potent drugs with
longsr half-lives on the mucosal surface are needed.

Too little protective surface liguid on other mucosal surfaces is 2 common
pathophysiclogy of a number of diseases. For example, in xerostomia {dry mouth)
the oral cavily is depleted of liquid dus to a failure of the parotid sublingual and
submandibular glands {0 secrete liquid despite continued Na' (ENaC) transport
mediated lquid absorplion from the oral cavily. Keratoconjunctivitis sira (dry eye) is
caused by fallure of lacrimal glands to secrefe liguid in the face of continued Na*
dependent iquid absorption on conjunctional surfaces. In rhinosinusitis, there is an
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imbalance between mucin secretion and relative ASL depletion. Failure to secrete
Cl- (and liquid) in the proximal small intestine, combined with increased Na* (and
liquid) absorption in the terminal ileum leads to the distal intestinal obstruction
syndrome (DIOS). In older patients excessive Na* (and volume) absorption in the
descending colon produces constipation and diverticulitis.

The published literature includes number of patent applications and granted
patents to Parion Sciences Inc., directed toward pyrazinoylguanidine analogs as
sodium channel blockers. Examples of such publications include PCT Publication
Nos. WO2003/070182, WO2003/070184, WO2004/073629, WO2005/025496,
W02005/016879, WO02005/018644, W02006/022935, W02006/023573,
W02006/023617, W02007/018640, W02007/146869, W02008/031028,
W02008/031048, and US Patent Nos. 6858614, 6858615, 6903105, 7064129,
7186833, 7189719, 7192958, 7192959, 7192960, 7241766, 7247636, 7247637,
7317013, 7332496, 7368447, 7368450, 7368451, 7375102, 7388013, 7399766,
7410968, 7807834, 7842697, and 7868010.

There remains a need for novel sodium channel blocking compounds with
enhanced potency and effectiveness on mucosal tissues. There also remains the
need for novel sodium channel blocking compounds that provide therapeutic effect,

but minimize or eliminate the onset or progression of hyperkalemia in recipients.

Summary
This disclosure provides the compound 3,5-diamino-6-chloro-N-(N-(4-(4-(2-
(hexyl(2,3,4,5,6-pentahydroxyhexyl)amino)ethoxy)phenyl)butyl)

carbamimidoyl)pyrazine-2-carboxamide, of the formula:

OH OH
O
H\H\/\N/\/ \@\/\/\ JNJ\H 0
OH OH OH N Cl
N N N
H H |
~
0) HN N NH,
H;C

or a pharmaceutically acceptable salt form thereof. The disclosure also provides
solvates and hydrates, individual stereoisomers, including optical isomers
(enantiomers and diastereomers) and geometric isomers (cis-/trans-isomerism),
mixtures of stereoisomers, and tautomers of 3,5-diamino-6-chloro-N-(N-(4-(4-(2-
(hexyl(2,3,4,5,6-pentahydroxyhexyl)amino)ethoxy)phenyl)butyl)

carbamimidoyl)pyrazine-2-carboxamide, or a pharmaceutically acceptable salt
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thereof, as well as pharmaceutical compositions comprising the compound, or a
pharmaceutically acceptable salt thereof, its use in methods of treatment, and
methods for its preparation.
In one aspect, the present disclosure refers to a pharmaceutical composition
comprising a compound of Formula (1):
OH OH

0]
N\(\N/\/ \©\/\/\ JNJ\H 0
OH OH OH N Cl
N N N

() H,N” "N~ "NH,
H;C
or a pharmaceutically acceptable salt thereof, and an osmolyte.

In one aspect, the present disclosure refers to use of a pharmaceutical
composition as disclosed herein in the manufacture of a medicament for promoting
hydration of mucosal surfaces and/or improving mucociliary clearance in a human.

In one aspect, the present disclosure refers to a pharmaceutical composition
as disclosed herein for use as a medicament.

In one aspect, the present disclosure refers to use of a pharmaceutical
composition as disclosed herein in the manufacture of a medicament for treating
reversible or irreversible airway obstruction, chronic obstructive pulmonary disease
(COPD), asthma, bronchiectasis, acute bronchitis, chronic bronchitis, post-viral
cough, cystic fibrosis, emphysema, pneumonia, panbronchiolitis, transplant-associate
bronchiolitis, or ventilator-associated tracheobronchitis or for preventing ventilator-
associated pneumonia in a human in need thereof.

In one aspect, the present disclosure refers to use of a pharmaceutical
composition as disclosed herein in the manufacture of a medicament for treating dry
mouth (xerostomia), dry skin, vaginal dryness, sinusitis, rhinosinusitis, nasal
dehydration, dry eye, Sjogren’s disease, promoting ocular or corneal hydration,
treating distal intestinal obstruction syndrome, otitis media, primary ciliary dyskinesia,
esophagitis, constipation, or chronic diverticulitis in a human in need thereof.

In one aspect, the present disclosure refers to a kit comprising the
pharmaceutical composition as disclosed herein, an aerosolization device selected
from a nebulizer, a dry powder inhaler, and a metered dose inhaler, instructions for

administering the pharmaceutical composition, and a container.
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Brief Description of the Drawings

A more complete appreciation of the invention and many of the advantages
thereof may be readily obtained by reference to the information herein in conjunction
with the following figures:

FIG. 1 is a representative plot of the concentration-effect relationship of
Compound (la) on short-circuit current by canine bronchial epithelial (CBE) cells.

FIG. 2 is a plot of the dose-response of Compound (la) on sheep mucociliary
clearance (MCC) at 4h post-dose.

FIG. 3 is a plot of the effect of Compound (la) and hypertonic saline (HS) on
sheep MCC at 4h post-dose.

FIG. 4 is a plot of the effect Compound (la) and HS on sheep MCC at 8h
post-dose.

FIG. 5 is a plot of the effect of sodium channel blocking of Compound (la) on
surface liquid retention 0-8 h in the in vitro CBE cell model.

FIG. 6 is a bar graph of the effect of Compound (la) on surface liquid retention
at 24 hours in the in vitro CBE model.

FIG. 7 is a plot of the effect of ENaC blockers Compound la and Comparative
Example | on sheep MCC at 8 hrs.

FIG. 8 is a plot of the effect of ENaC Blockers Compound la and Comparative
Example 1 on sheep plasma potassium levels

FIG. 9 is a plot comparing the activity of Comparative Example 4 and
Compound 1a on sheep MCC at 4h Post-dose.

FIG. 10 is a plot comparing the effect on sheep Plasma K* levels of
Comparative Example 4 and Compound 1a.

Detailed Description of the Invention
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As used herein, the following ferms are defined as indicated.

"A compound of the invention” means a compound of Formula | or a salt,
particularly & pharmacsutically acceplable salt thereof.

“A compound of Formula I" means a compound having the structural formula
designated herein as Formula | Compounds of Formuls | includs solvates and
hydrates {i.e., adducts of a compound of Formula | with a solvent). In those
embodiments wherein a8 compound of Formula | includes one or more chiral centers,
the phrase is intended to encompass each individual sterecisomer including optical
isomers (enantiomers and diastereomers) and geomefric isomers {cis-firans-
isomerism} and mixtures of sterecisomers. In addition, compounds of Formula { also
include tautomers of the depicted formula{s).

Throughout the descriplion and examples, compounds ars named using
standard IUPAC naming principles, where possible, including the use of the
ChembDraw Ulra 11.0 sofiware program for naming mmpounds sold by
CambridgeSoft Corp./PerkinElmer.

in some chemical structure represeniations whers carbon atoms do not have
a sufficient number of attached variables depicied to produce & valencs of four, the
remaining carbon substituents needed o provide a valence of four should be
assumed o be hydrogen. Similarly, in soms chemical structures where a bond is
drawn without specifying the terminal group, such bond is indicative of a methyl (Me,
~(GH;) group, as is conventional in the arl.

in one preferred embodiment, the compound of formuta (1} is 3,5-diamino-8-
Chioro=-MN-{N-{4-{4-{2-(hexyl{{28,3R 4R, 8R}-2,3,4,5,6-
pentahydroxyheyllaminojethoxy) phenylibutyljcarbamimidoyijpyrazing-2-
carboxamide, having the formula:

(:)i{ (:)H
r@%@“mwﬂ
o O OH JI c
I # I
{ia} NN
HC
or a pharmacsutically accepiable salt thereof,

The compounds of Formula |, may be in the form of a free base or a salt,
particularly a pharmacsutically acceptable salt. For a review of pharmaceutically
acceptable salls see Berge et al., J. Pharma Soi. (1877) 66:1-19.

Pharmaceutically acceptable salts formed from incrganic or organic acids
include for example, hydrochloride, hydrobromide, hydroiodids, suifsts, bisulfate,



10

28

25

30

6

nifrate, sulfamate, phosphats, hydrogen phosphate, acetate, frifluoroacstals,
maleats, malate, fumarate, lactale, tartrale, citrate, formate, gluconats, succinais,
pyruvate, tannale, ascorbale, paimitate, salicylzie, stearate, phthalate, alginate,
polygiutamate, oxalate, oxaloacetate, saccharate, benzoate, akyl or aryl sulfonates
{e.g., msthanesulfonate, sthanesulfonats, benzenesulfonate, p-toluenesulfonate or
naphthalenssulfonate) and isothionate; complexes formed with amine acids such as
lysing, arginine, glutamic acid, glyding, serine, threoning, alanine, isoleucine, leucine
and the like. The compounds of the invention may also bs in the form of salts formed
from elemental anions such as chiorine, bromine or indine.

For therapeutic use, sails of active ingredients of the compounds of Formula |
will be pharmacsutically acceplable, ie. they will be salts derived from a
pharmacsutically acceptable acid.  Howsver, salis of acids which are not
pharmaceutically accepiable may also find use, for example, in the preparation or
purification of a pharmaceutically acceptable compound. Trifluorcaceiate salts, for
example, may find such use. Al salts, whether or not derived from a
pharmacsutically acceptable acid, are within the scope of the present invention,

The term “chiral® refers fo molecules which have the property of non-
superimposabllity of the mirror image pariner, while the term “achiral” refers to
molecules which are superimposable on their mirrer image pariner.

The term "sterecisomers” refers o compounds which have identical chemical
constitution, but differ with regard to the arrangement of the aloms or groups in
space. “Diastereomer” refers {0 a steresisomer with two or more centers of chirality
and whose molecules ars not mirror images of one ancther. Diastereomers have
different physical properties, e.g. melting points, boiling points, speciral properties,
and reactivities, Mixlures of diasterecomers may separate under high resclution
snalytical procedures such as electrophoresis and chromatography. "Enantiomers”
refer to two stersoisomers of a compound which are non-superimposable mirror
images of one ancther,

Stereochemical definitions and conventions used herein generally follow 8. P
Parker, £Ed., MCGrRaw-HiLL DICTIONARY OF CHEMICAL TERMS (1984} McGraw-Hill
Book Company, New York, and Elel, E. and Wien, S., STERSOCHEMISTRY OF
OrcamiC COMPOUNDS {1994) John Wiley & Sons, inc., New York.

Many organic compounds exist in optically active forms, i.e., they have the
ability {o rotate the plane of plans-polarized light. In describing an opfically active
compound, the prefixes D and L or R and S are used {o denote the absolute
configuration of the molecule about its chiral center(s). A specific sterecisomer may
also be referred to as an snantiomer, and a mixture of such isomers is often called
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an enantiomeric mbdure. A 50:50 mixiure of enantiomers is referred to as a racemic
mixture or a racemate, which may ocour whaere there has been no siereoselection or
stereospecificity in a chemical reaction or procsss. The terms "racemic mixture” and
"racemats” refer 10 an equimolar mixture of two enantiomeric species.

The term “lautomers” refers to a type of sterecisomer in which migration of a
hydrogen atom resuls in two or more structures. The compounds of Formula | may
exist in different tautomeric forms. One skilled in the art will resognize that amidines,
amides, guanidines, ureas, thioureas, helsrocycles and the like can exist in
tautomeric forms. By way of example and not by way of limitation, compounds of
Formuta { can exist in various {sutomeric forms as shown below:

O NH O NHy
9 %
ng{N\\*-)]\N'JLN S I N APy
DaR J TR
HoNT N “NH, HNT N TNH,
O NH, . Ob  NH 7%'
Che, /[N%/JLN )%N/g? Ci\TN{\ S5
H H
|
HNT N NH, HNT N TNH,
OH  NH,

All possible taulomeric forms of the amidines, amides, guanidines, ureas,
thicureas, heterocycles and the like of alf of the embodiments of Formula | are within
the scope of the instent invention. Taulomers exist in squilibrium and thus the
depiction of a singie tautomer in the formulas provided will be understood by those
skilled in the art to refer equally to all possibie tautomers.

if is to be noted that all enanticmers, diastereomers, and racemic mixtures,
tautomers, polymorphs, pseudopolymorphs of compounds within the scope of
Formula | and pharmacsulically acceplable salts thereof are embraced by the
present invention. All mixtures of such enantiomers and diastereomers, including
enantiomerically snriched mbdures and diastereomsrically enriched mixtures ars
within the scops of the present invention. Enantiomerically enriched mixiures are
mixtures of enantiomers whersin the ratic of the specified enantiomer o the
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alfernative enantiomer is greater than 50:50. More particularly, an enantiomerically
enriched mixdure comprises at least about 76% of the specified enantiomer, and
preferably at least about 85% of the specified enantiomer. in one embodiment, the
enantiomerically enriched mbdure is substantially free of the other enantiomer.
Similarly, diastereomerically enriched midures are mixtures of diastereomers
whersin amount of the specified diastereomer is greater than the amount of sach
alternative diastersomer. More particularly, 2 diastereomerically enriched mixture
comprises at least about 75% of the specified diastereomer, and preferably al least
about 85% of the specified diasteresomer. In one embodiment, the diastersomerically
enriched mixiure is substantially free of all other diastersomers. The fermmn
“substantially free of will be understood by those sidiled in the art {o indicate less
than a 5% presence of other diastersomers, preferably less than 1%, more preferably
tess than 0.1%. in other embodiments no other diaslersomers will be present or the
amount of any other diastersomers present will be below the level of detection.
Sterevisomers may be separated by technigues known in the arl, including high
performance liquid chromatography {HPLC) and crysiallization of chiral salts.

A single sterscisomsr, e.g. an enantiomer, substantially free of iis
stereoisomer may be obiained by resoclution of the racemic mixture using a meathod
such as formation of disstereomers using optically active resolving agents
{"Stereochemistry of Carbon Compounds,” (1862} by E. L Eliel, McGraw Hill;
Lochmuller, C. M., (1875} J. Chromalogr., 113:(3) 283-302). Racemic mixtures of
chiral t:@cmpemds of the invention can be separated and isolated by any suitable
method, including: (1) formation of ionic, diastereomeric salts with chiral compounds
and separation by fractional crystalliization or other methods, (2) formation of
diasterecmeric compounds with chiral derivatizing reagents, separation of the
diastereomars, and conversion to the pure stersoisomers, and (3) separation of the
substantially pure or enriched sterecisomers directly under chiral conditions.

For illustrative purposes, specific examples of snantiomers of the compound
of formula {1} within the scops of the present invention include, but are not imited to;
3,5-diamino-8-chioro-N-{(N-{4-{4-(2-{hexyl{{23 3R 4R 5R)-2,3.4,5,6-
pentahydroxyhexyhaminoethoxy) phenyhbutyllcarbamimidovipyrazineg-2-
carboxamide



OH oH
OH GH 5 f‘ ﬂj: I
j (i) BN N NE,
HC

3.5-diamino-B-chioro-N-{N-{4-{4-{2-(hexyi{(2R,35,48 ,58}-2,3,4,5 &-
pentahydroxyhexy!laminojsthoxyphenyhibuiyicarbamimidoyipyrazine-2-
5  carboxamide

OH OH

AN - CH
/J OH OH

g

%Ho

3, 5-diamino-G-chioro-N-{N-{4-{4-{2-{hexyi{{25,3R 4R BR}-2,3,4,5,6-
14 pentahydroxyhexyllamineethoxy jphenyibultylcarbamimidoyl)pyrazing-2-
carboxarmide

ii ‘?H
N \'\.,“/\"1:}}' - '\\V/’OH
A /\(Im é;

SIS g

15 3,5-diamino-8-chiore-N-(N-{4-{4-{2-(hexyi{{2R,35,48,5R}-2,3,4,5.6-
pentahydroxyhexyljaminojethoxyjphenylibutylicarbamimidoylipyrazing-2-
carboxamids



Ch A ™
1o
HNT TN TNH,

3,5-diamino-G-chioro-N-{N-{4-{4-{2-(hexyi{{2S 3R 4R 58)-2,3,4.5 8-
peniahydroxyhexyl )ammc)sthgxy}phmy?)buiyé)carbamzmsdcyi}pyrazzne~2-
5  carboxamide

e

P e e
/J OH OH
CE\T{ Ny ﬁ\ i /\/\, I; {l&)

BN N

2

3, 5-diamino-8-chloro-N-{N-(4-{4-(2-(hexyl{{(2R,35,4R 55}-2,3.4,5.6-
10  pentahydroxyhexyllaminojsthoxyiphenylhutyl jcarbamimidoylpyrazine-2-
carboxamide

OH OH
TN //’\'\//,\\_N‘/\\_Y//;Y/ Y /GH

H Gl OH
B, L
HN “NH,

15 3,5-diamino-8-chloro-N-{N-{4-{4-{2-{hexy{{25,3R 45 ,5R}-2,3,4,5 5~
pentahydroxyhexyllaminolethoxylphenylibulytlearbamimidoyilpyrazing-2-
carboxamide



1
OH OH
PN N g
N OH

(‘ OH C:H-i
< j\/ ?jf J/ 4]

H,N ”’\E

3,5-diamino-8-chioro-N-(N-{4-(4-{2-(hexyi{{2R,3R,45,55)-2,3,4,5,6-
pentahydroxyhexyljaminojethoxy Jphenyl butylcarbamimidovi pyrazine-2-
5 carboxamide

N ‘/\N H

OH QH

N N “NH,

S,SwdiamincwsdzhicmﬁN-{N»{4~(4~{2u{haxyi((23,38,4R,5R}~2,3,4,5,6~
16 pentahydroxyhexyllamino)ethoxy)phenylloutyt )earbamimidoypyrazine-2-

carboxamide
OH OH
"/\’/\"/\N N AOH
(‘ OH OH
O
Cio N g e , {th)
{7 H H

3,5-diamino-G-chloro-N-{N-{4-{4-{2-{hexyl{{2R, 3R 4R 5R)-2,3,4,5,6-
15 pentahydroxyhexyljaminolethoxryiphenylibutylicarbamimidovlpyrazineg-2-
carboxamide



12
H OH
p : H
PN 15/\5 \(\/O
{/ OH OH

ooy LT,

HNT N NH,

3,5-diamino-8-chioro-N-{N-{4-{4-{2-(hexyi{{28,358 458,58)-2,3,4,5.6-
pantahydroxyhexyljamino jathoxy phenyl butyljcarbamimidoyllpyrazine-2-
5  carboxamide
(;‘:H H
/’\N’;,/\\(’.‘\/ OH

ou OH

G NH S
Cin N /E /\/\/O/O )
s

HNT N7 OUNH,
3,5-diamino-8-chioro-N-{N-{(4-{4-{2-{hexyl{{2R,38 45 58}2,3,4,5.6-
pentahydroxyhexyhamino jethoxylphenyl bulylicarbamimidoylpyrazine-2-
carboxamide

i

/\/\/\N/\/\iﬁi
/‘ éa om

peeaase il

HN NI,  and

3,5-diamino-6-chiorg-N-{N-{4-{4-{2-(hexyl{{25,3R 4R 5R}-2,3,4,5,6~
pentshydroxyhexylamine jathoxylphenylibutyljcarbamimidoylpyrazine-2-
15 carboxamide
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NN ‘ H
K, OH OH
O
<
Clo Ny, T /\v/\ﬁ (i
1}‘ B OH
HQN & i

in ons embodiment, the present invention provides an snantiomerically

enriched mbdure or composition comprising  S-diamino-8-chlioro-N-{N-{4-{4-{2-
{hexvl{(28,3R 4R 6R}-2,3,4 5,6- pentabydroxvhexyllaminolathoxy)  phenylibutyl)
carbamimidovl} pyrazine-2-carboxamide, or a pharmaceutically accepisble salt
thereof, as the predominant isomaer,

Other embodiments compriss the snantiomerically enriched mixtures or
compositions comprising, respectively, the compounds of formulas {la}, {ib), {ic), (i),
{le}, (i), (ig}, (ihy, (13, (8), (), and (11}, or a pharmaceutically acceptable sall thersof,
as the predominani isomer in each of their respective mixlurss.

in another embodiment, the present invention provides an snantiomarically
enrichsd mixture or composition comprising S-diamino-8-chioro-N-{N-{4-{4-(2-
{hexyl{{(28 3R 4R 8R})-2,3,4,5,6- pentahydroxyhexyllaminolethoxy}  phenylibutyl)
carbamimidovl) pyrazineg-2-carboxamide, or a pharmaceutically accepiable salt
thereof, substantially free of other isomers.

Four other embodiments compriss the enantiomerically enriched mixtures or
compositions comprising, respectively, the compounds of formulas (Ia}, {ib}, (ic), (id},
{lg}, (I, {ig), (ih), (8, (4}, (k). and (i1}, ,or & pharmaceutically acceptable salt thereof,
substantially free of other isomers in each of their respective mixlures.

A compound of Formula | and pharmacsutically scceptable salts thereof may
exist as different polymorphs or pssudopolymorphs. As used herein, corystailine
polymorphism mesans the ability of a crysialline compound to exist in different crysial
structures. The crystaline polymorphism may result from differences in crystal
packing {packing polymorphism) or differences in packing betwsen different
conformers of the same moleculs {conformationa! polymorphism). As used herein,
crysialline pseudopoiymorphism also includes the ability of & hydrate or solvale of a
compound fo exist in different crystal structures. The pseudopolymorphs of the
instant Invention may exist due lo differences In corystal packing (packing
pseudopolymoarphism) or due o differences in packing between different conformers
of the same molecule {conformational pssudopolymorphism). The instant invention
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comprises all polymorphs and pssudopolymorphs of the compounds of Formula | and
pharmacsutically acosptable salts thereof.

A compotnd of Formula { and pharmaceutically acceptable saits thereof may
aiso exist as an amorphous solid. As used hersin, an amorphous solid is 2 solid in
which there is no long-range order of the positions of the atoms in the solid. This
definition applies as well when the crvstal size is two nanometers or less. Additives,
including solvents, may be used to create the amorphous forms of the instant
invention. The instant nvention, including all pharmacsutical compositions, methods
of freaimeant, combination products, and uses thereof described herein, comprises all
amorphous forms of the compounds of Formula | and pharmsceutically acceptable
salis thereof,

Uses

The compounds of the invention exhibit activity as sodium channel blockers.
Without being bound by any parlicular theory, i is belisved that the compounds of the
invention may funclion in vive by blocking epithelial sodium channels present in
mucosal surfaces and thereby reduce the absorption of water by ths mucosal
surfaces. This effect increases the volume of protective liquids on mucosal surfaces,
and rebalances the system,

As @ conseguence, the compounds of the inwvention are usefid as
medicaments, particularly for the trealment of clinical conditions for which a sodium
channel blocker may be indicated. Such conditions include pulmonary conditions
such as diseases associaled with reversible or irreversible airway obsiruction,
chronic obstructive pulmonary disease (COPD), including acute exacerbations of
COPD, asthma, bronchisciasis {including bronchiectasis due to conditions other than
oystic fibrosis), acute bronchilis, chronic bronchitis, postviral cough, cystic fibrosis,
emphysema, pneumonia, panbronchiclitis, and iransplant-associated bronchiolitis,
including iung- and bone marrow-fransplant associated bronchiclitis, in a human in
need thereof. The compounds of the invention may also be useful for treafing
vantilalor-associated itrachsobronchitis  and/or preventing  ventilator-associated
pneumonia in ventifated patients. The present invention comprises methods for
freating each of these conditions in a mammal in nead thereof, preferably in a human
in need therec!, sach method comprising administering fo said mammal a
pharmaceutically effective amount of a compound of the present invention, or a
ocharmaceutically acceplable salt thereof. Also provided are {a) a mesthod for
reducing exacerbations of COPD in a mammal in need thergof, (b} a method for
reducing exacerbations of OF in a mammal in need thereof, {c} a method of
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improving iung function (FEV1} In a mammal in need thereof, {d) a method of
improving lung function (FEV1) in a mammal experiencing COPD, (&) a msthod of
improving lung function (FEV1) in a2 mammal experencing CF, (f) a method of
reducing alrway infections in a mammal in need thereof.

Also provided is a method of stimulating, enhancing or improving mucociliary
clearance in a mammal, the method comprising administering to a mammal in nesd
thereof a pharmacsutically effective amount of a compound of formuls (1), or a
pharmacsutically acceptable salt thereof. Mucociliary clearance will be understood fo
include the natural mucociliary actions involved in the transfer or clearance of mucus
in the alrways, including the seif-clearing mechanisms of the bronchi. Therefors, also
provided is a method of improving mucus clearance in the airways of a mammal in
need thereof.

Additionally, sodium channe! blockers may be indicated for the freaiment of
conditions which are amelioraled by increased mucosal hydration in mucosal
surfaces other than pulmonary mucosal surfaces. Examples of such conditions
include dry mouth (xerostomia}, dry skin, vaginal dryness, sinusitis, rhinosinusitis,
nasal dehydration, including nasal dehydration brought on by adminisiering dry
oxygen, dry eye, Sjogren's disease, olitls media, primary ciliary dyskinesia, distal
intestinal obstruction syndrome, esophagifis, constipation, and chronic diverticulitis.
The compounds of the invention can also be used for promoting ocular or comesl
hydration.

The compounds of the present invention may also be useful in methods for
obtaining a spulum sample from & human. The method may be carried out by
administering a compound of the invention to at least one lung of the patient, and
then inducing and collecting a sputum sampie from that human.

Accordingly, in one aspect, the present invention provides a method for the
treatment of a condition in & mammal, such as a human, for which a sodium channel
blocker is indicated.

in other embodiments, the present invention provides each of the methods
described hersin with the additional benefit of minimizing or eliminating hyperkalemia
in the recipient of the method. Also provided are embodiments comprising sach of
the methods described herein whersin an improved therapsutic index is achisved.

The terms “real’, “realing” and “treatment”, as used herein refers 1o
reversing, allevisting, inhibiting the progress of, or preventing the disorder or
condition or one or more symptoms of such disorder or condition.

All therapeutic methods describsd herein are carried out by administering an
effective amount of a compound of the invention, a compound of Formula | or a
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pharmaceutically acceplable sall thereof, fo a subjsct (typically mammal and
preferably human) in need of reatment.

in one embodiment the invention provides a msthod for the treatment of a
condition which is ameliorated by increased mucosal hydration in a mammal,
particularly a human in need thereof. In one embodiment the invention provides a
mathod for the trealment of a disease associaled with reversible or imeversible
airway obstruction in a mammal, particulsrly a human, in need thereof. In one
particular embodimant the present invention provides a method for the freatment of
chronic obstructive pulmonary dissase (COPD) in a mammal, particularly a2 human in
nead thereof. In one particular embodiment the present invention provides a method
for reducing the frequsncy, severity or duration of acute exacerbation of COPD or for
the treatment of one or more sympioms of acule exacerbation of COPD in a3
mammal, parlicularly a human in need thereo!, In one embodiment the invention
provides a method for the treatment of asthima in a mammal, particularly a human, in
nesd thersof. in one embodiment the invention providas a method for the treatment
of bronchiectasis (including bronchisciasis due fo conditions other than cystic
fibrosis} in & mammal, paricularly s human, in need thereof.  In one embodiment the
invention provides a method for the freatment of bronchitis, including acute and
chronic bronchitis in 8 mammal, parlicularly @ human, in need thereof. In one
aembodiment the invention provides a method for the treatment of postviral cough in
a mammal, particularly & human, in need thareof. in one embodiment ths invention
provides a method for the freaiment of cystic fibrosis in 8 mammal, particularly a
human, in need thereofl. In one embodiment the invention provides a method for the
treatment of emphysema in 8 mammal, particularly a2 human in need thereof. In one
smbodiment the invention provides a method for the treatment of pneumonia in a
mammal, particularty a human in need thereof. In one sembodiment the invention
provides a method for the treatment of panbronchiolitis in a mammal, particularly a
human in need thereof. In one smbodiment the invention provides g mathod for the
freatment of ransplant-associated bronchiolitls, including lung- and bone marrow-
fransplant associated bronchiclitis in & mammal, particularly 2 human in need
thereof. In one embodiment the invention provides a method for freating ventitator-
associated frachecbronchitis andfor preventing ventilator-associated pneumonia in a
ventilated human in need thereof.

This invention provides specific methods for treating a 3isease selectad from
the group of reversible or imeversible airway obstuction, chronic obstructive
pulmonary disease (COPD), asthma, bronchiectasis {including bronchiactasis due fo
conditions othsr than cyslic fibrosis), acute bronchitis, chronic bronchilis, postviral
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cough, cystic fibrosis, emphysema, pneumonia, panbronchioiifis, ransplant-associate
bronchiclitie, and veniilator-associated tracheobronchilis or preventing ventilator-
associated pneumonia in a human in need thereof, each method comprising
administering fo said human an effective amount of a compound of formula 1{a), ora
phamacautically accepiable salf thereof,  In further embodiments for sach method
of ireatment, the pharmaceutically accepiable salf form is a hydrochioride salt or a
hydroxynaphthosate sall of the compound of formula (1a).  In another embodiment
within each method of treatment, the freebase of the compound of formula (1a) is
used. 4

in one embodiment the invention provides a method for the treatment of dry
mouth {xerosiomia) in a mammal, parlicularly a human in nesd thereof. In one
embodiment the inveniion provides a method for the freatment of dry skin In a
mammal, particularly & human in nsed thersof. in one embodiment the invention
provides a method for the treatment of vaginal dryness in a mammal, particularly a
human in need thereof. In one embodiment the invention provides & method for the
freatment of sinusitis, rhinosinusilis, or nasal dshydration, including nasal
dehydration brought on by administering dry oxygen, in a mammal, particularly a
human in need thereof. In one embodiment the invention provides a method for the
freatment of dry eye, or Sjogren’s disease, or promoting ocular or comeal hydration
it a mammal, partioularly 8 human in need thersof. In one embodiment the invention
provides a method for the trestment of ofitis media in a mammal, particularly a
human in need therecf. In one embodiment the invention provides a method for the
treatrment of primary ciliary dyskinesia, in a mammal, particularly a human in need
thereof. In one embodiment the invention provides a mathod for the trestment of
distal inlestinal obstruction syndrome, esophagifis, constipation, or chronic
diverticulitis in a mammal, particularly a human in need thereof.

There is also provided a compound of the invention for use in medipgal
tharapy, particularly for use in the treatment of condition in 3 mammal, such as a
human, for which a sodium channel blocker is indicated. Al therapsulic uses
described herain are carried out by adminisiering an effective amount of a compoind
of the invention o the subject in nead of treatment. In one embodiment there is
provided a compound of the invention for use in the treatment of a pulmonary
condition such as a dissase assccialed with reversible or #reversible airway
obstruction in g mammal, particularly 2 human, in need thersof. In one particular
smbodiment there is provided a compound of the invention for use in the treatment of
chronic obstructive pulmonary diseass (COPD) in a mammal, particularly a human in
need thersof.  In one embodiment, there is provided a compound of the invention for
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use in reducing the frequency, severity or duration of aculs exacerbstion of COPD or
for the treatment of one or more symptoms of acute exacerbation of COPD, in a
mammal, particularly a human, in need thereof. In one smbodiment there is provided
a compound of the invention for use in the treatment of asthma in a mammal,
particularly a human, in need thereaf, In one embodiment there is provided a
compound for use in the freatment of bronchiectasis, including bronchiectasis due to
conditions other than cystic fibrosis, or bronchitis, including acute bronchitis and
chronic bronchitis, in a mammal, particularly a human, in need thereof. in one
embodiment there s provided s compound for use in the treatment of post-viral
cough, in a8 mammal, parlicularly & human, in need thereof. In one embodiment thare
is provided a compound for use in the freatment of cystic fibrosis in 8 mammal,
particularly a human in nesd thersof. “in one embodiment thers is provided a
compound of the invention for use in the reatment of emphysema in a mammal,
particularly a human, in need thereof. In one ambodiment thers is provided a
compound of the invention for use in the treatment of pneumonia in 2 mammal,
particularly a human, in need thereof. In one embodiment there is providsed a
compound of the invention for use in the treatment of panbronchiolitis or ransplant-
associated bronchiolitls, including king- and bone marow-transplant associated
bronchiolitis in & mammal, particularly a human, in need thereof. In ons embodiment
there is provided a compound of the invention for use in the reaiment of ventilator-
associated trachecbronchilis or preventing ventilator-associated pneumonia in a
ventilated human in nesd thersof.

in one embodiment thers is provided a compound of the invention for use in
the treatment of a condition ameliorated by increased mucosal hydration in mucosal
surfaces of a mammal, particutarly @ human, in need thereof. In one smbodiment
there is provided a compound for use in the reatment of dry mouth {xerostomia} in a
mammal, parlicuarly a human, in need thereof. In one embodiment thers is provided
a compound for use in the treatment of dry skin in a mammal, particularly a3 human,
in nesd thersof. In one embodiment there is provided a compound for uss in the
treatment of vaginal dryness in a mammal, parficularty & human in need thereof. In
one embodiment there is provided a compound of the invention for use in the
treatment of sinusitis, rhinosinusitis, or nasal dehydration, including nasal
dehydration brought on by administering dry oxygen in a mammal, particularly a
human, in need thereof. In one smbodiment thers is provided a compound of the
invention for use in the treatment of dry aye, or Sjogren’s disease or promoting ocular
or corneal hydration in a mammal, particularly 8 human, in need thereof. In one
smbodimsnt there is provided a compound of the invention for use in the treatment of
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ofitis media in a mammal, particularly a human, in need thereof. In one embodiment
there is provided a compound of the invention for use in the treatment of primary
cifiary dyskinesia in a mammal, particularly a human, in need thereof. in ons
embodimant there is provided a compound of the invention for use in the treatment of
distal inlesting! obstruction syndrome, escophagitis, constipation, or chronic
diverticulitis in a8 mammal, particularly a human, in need thereof,

The present invention also provides the use of a compound of the invention in
the manufacture of a medicament for the reatment of a condition in a mammal, such
a&s g human, for which 2 sodium channel blocker is indicaled. in one embodiment is
proviged the use of a compound of the invention in the manufacture of a madicamsnt
for the freatment of diseases associated with reversible or imeversible airway
obstruction, chronic obstructive pulmonary disease (COPD), acute exacerbations of
COPD, asthma, bronchiectasis {including bronchisclasis due to conditions other than
cystic fibrosis), bronchitis {including acute bronchitts and chronic bronchitis), post-
viral cough, cystic fibrosis, emphysema, pnsumonia, panbronchicliis, transplant-
associated bronchiolitis, {including lung~- and bons mamow-fransplant associated
bronchiolitis), ventilator-associated fracheobronchitis of preventing ventilator-
associated pneumonia,

in one particular embodiment is provided the use of a compound of the
invention in the manufacture of a medicament for the freatment of a condition
amsliorated by increased mucoss! hydration in mucosa! surfacss, treatment of dry
mouth (xerostornia), dry skin, vaginal dryness, sinusitis, rhinosinusitis, nasal
dehydration, incﬁuding nasal dehydration brought on by administering dry oxygen,
treatment of dry eye, Siogren's diseass, promoting ocular or coreal hydration,
treatment of olitis media, primary ciliary dyskinesia, distal intestinal obstruction
syndrome, escphagilis, constipation, or chronic diverticulitis

The terms “effective amount”, ‘pharmaceutically effective amount’, “affective
dose®, and “pharmaceutically effective dose” as used herein, refer 10 an amount of
compound of the invention which is sufficient in the subisct fo which it is
administered, to eliclt the biclogical or madical response of a cell culiurs, Ussue,
system, or mammal (including human) that is being sought, for instance by a
researcher or clinician. The term also includes within iis scope, amounts effective io

‘snhance normal physiological function. In one embodiment, the effective amount is

the amount needed to provide a desirad isvel of drug in the secretions and tissues of
the airways and lungs, or slternatively, in the bloodstream of subgéci 0 be treated
to give an anticipated physiclogical response or desired biclogical effect when such a
composition is administersd by inhalation. For example an effective amount of a
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compound of the invention for the freafment of a condition for which a sodium
channel blocker is indicated is sufficient in the subject to which it is administered to
treat the particular condition. In one embodiment an effective amount is an amount
of a compourd of the invention which is sufficient for the treatment of COPD or oystic
fibrosis in @ human.

The precise sffective amount of the compounds of the invention will depend
on a number of factors including but not limited {o the species, age and weight of the
subject being treated, ths precise condition reguiring treatment and its ssverity, the
bicavailability, potency, and other properties of the specific compound being
administered, the nature of the formulation, the route of adminisiration, and the
delivery device, and will ullimately be at the discretion of the attendant physician or
veterinarian. Further guidance with respect to appropriate dose may be found in
considering conventional dosing of other sodium channel blockers, such as
amiloride, with due consideration aiso being given fo any differences in potency
between amiloride and the compounds of the present invention.

A pharmaceutically effective dose administsred topically to the airway
surfaces of a subject {e.g., by inhalation) of 2 compound of the invention for
treatment of a 70 kg human may be in the rangs of from about 10 ng fo about 10 mg.
in another embodiment, the phammaceutically effective dose may be from about 0.1
to about 1000 yg. Typically, the daily dose administered topically to the alrway
surfaces will be an amount sufficient {o achieve dissolved concentration of active
agent on the airway surfaces of from about 10°, 10, or 107 to about 107, 107, 107,
or 107 Molesfliter, more preferably from about 107 to about 107 Molesfliter. The
sslection of the specific dose for a patient will be determined by the attendant
shysician, clinician or veterinarian of ordinary skill in the art based upon a number of
factors including those noted above. In one particular embodiment the dose of 2
compound of the invention for the treatment of a 70 kg human will be in the range of
from about 10 nanograms (ng) to about 10 mg. In another embodiment, the effective
dose would be from about 0.1 pg to about 1,000 pg. In one embodiment, the dose of
& compound of the invention for the freatment of a 70 kg human will be in the range
of from about 0.5 ug to about 0.5 mg. In a further embodiment the dose will be from
about 0.5 ug to about 80 yg. In another smbodiment, the pharmaceutically effective
dose will be from about 1 to about 10 pg. in ancther embodiment, the
pharmaceutically effective dose will be from about 5 pg fo about 50 pg. Ancther
embodiment will have an effsclive dose of from about 10 ug to about 40 ug. In fwo
further embodiments, the pharmaceutically effective dose will be from about 15 ug to
about 50 ug from about 15 ug o about 30 ug, respectively. It will be understood that
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in sach of these dose ranges, all incremental doses in the range are included. For
instance, the 0.5-50 ug range includes individua! doses of: 0.5 pg, 0.6 pg, 0.7 pg, 0.8
ug, 0.9 g, 1.0ug, 1.14g, 1.2 ug, 1.3 pg. 1.4 ug, 1.5pg, 1.6 ug, 1.7 pug, 1.8 ug, 1.9
ug, 2.0 ug, 2.1 ug, 22 ug, 2.3 ug, 2.4 g, 2.5 ug, 2.8 pg, 2.7 ug, 2.8 ug, 2.9 ug, 3.0
ug, 3.1 ug, 3.2 ug, 3.3 pg, 3.4 ug, 3.5 pg, 3.8 yg, 3.7 Jg, 3.8 ug, 3.9 pg, 4.0 yg. 4.1
;Jg; 4.2ug,43ug, 44ug 45ug, 46 g, 4.7 ug, 48 g, 4.8 ug, 5.0 pg. 5.1 ug, 5.2
ug, 5.3 ug. 5.4 ug, 5519, 56 ug, 5.7 pg. 5.8 g, 50 g, 8.0 g, 6.1 pg, 8.2 9. 6.3
g, 6.4 Q. 6.51g, 6.6 g, 6.7 g, 6.8 g, 6.9 g, 70pg. 7.1 4g, 7.2 g, 7.3 ug, 7.4
ug, 7.5 ug, 7.6 ug, 7.7 g, 7.8 ug, 7.9 yg, 8.0 ug, 8.1 pg, 8.2 ug, 8.3 pg, 84 ug, 8.5
ug, 8.8 ug, 8.7 ug, 88 ug, 88 ug, 8.0 g, 8.1 g, 821G, 8.3 ug, 84 pg, 8.5 ug. 9.6
Mg, 9.7 pg, 9.8 ug, 8.9 ug,
10.0 ug, 10.1 pg, 10.2 yg, 10.3 yg, 10.4 pg, 10.5 ug, 10.8 ug, 10.7 ug, 10.8 ug, 108

Mg,
11.0 pg, 11.1 pg, 11.2 ug, 113 ug, 1.4 ug, 11.5ug, 11.6 g, 11.7 ug, 11.8 yg, 11.8

Hg,
12.0 pg, 12.1 yg, 12.2 ug, 12.3 ug, 12.4 ug, 12.5 ug, 12.6 ug, 12.7 ug, 12.8 ug, 12.3

Ha,

13.0 g, 13.1 ug, 13.2 ug, 13.3 pg, 13.4 pg, 13.5 g, 13.8 ug, 13.7 pg, 13.8 yg, 13.8
ug, 14.0 yg, 14.1 pg, 14.2 pg, 14.3 ug, 14.4 ug, 14.5 pg, 14.6 ug, 14.7 yg, 14.8 g,
14.9 ug,

15.0 ug, 15.1 yg, 18.2 ug, 15.3 ug, 15.4 ug, 15.5 ug, 15.8 g, 18.7 ug, 16.8 ug, 188
ug, 16.0 pg, 16.1 ug, 18.2 pg, 18.3 ug, 16.4 pg, 16.5 yg, 18.6 ug, 16.7 ug, 16.8 ug,
18.9 ug, 17.0 ug, 171 ug, 17.2pg, 17.3 g, 174 ug, 17.8 ug, 17.8 pg, 17.7 g, 17.8
ug, 17.9 g, 18.0 ug, 18.1 pg, 18.2 ug, 18.3 pg, 18.4 g, 18.5 ug, 18.6 g, 18.7 ug,
18.8 ug, 18.9 ug, 16.0 ug, 18.1 pg, 19.2 yg, 18.3 ug, 18.4 pg, 18.5 pg, 18.6 ug, 18.7
ug, 18.8 yg, 19.8 ug, 20.0 ug, 20.1 ug, 20.2 ug, 20.3 pg, 20.4 ug, 20.5 ug, 20.6 ug,
20.7 ug, 208 ug, 209 ug, 21.0 ug, 211 pg, 21.2 ug, 21.3 ug, 214 ug, 215 ug, 21.8
ug, 21.7 ug, 21.8 ug, 21.9 g, 22.0 ug, 22.1 ug, 22.2 ug, 22.3 ug, 22.4 ug, 22.5 g,
22.8 ug, 22.7 yg, 22.8 ug, 22.9 pg, 23.0 ug, 23.1 yg, 23.2 ug, 23.3 ug, 234 ug, 23.5
ug, 23.8 ug, 23.7 ug, 23.8 ug, 23.8 ug, 24.0 ug, 24.1 ug, 24.2 ug, 24.3 pg, 24.4 ug,
24.5 ug, 246 ug, 24.7 pg, 24.8 ug, 24.9 pg, 250 yg, 25.1 ug, 25.2 pg, 253 yg, 25.4
g, 25.5 pg, 25.8 ug. 25.7 g, 25.8 ug, 25.8 ug, 20.0 pg, 28.1 ug, 26.2 ug, 26.3 ug,
286.4 yg, 26.5 g, 28.6 pg, 26.7 pg, 26.8 yg, 26.8 ug, 27.0 g, 271 ug, 27.2 g, 27.3
ug, 27.4 ug, 27.5 ug, 27.8 pg, 27.7 ug, 27.8 pg, 27.9 ug, 28.0 ug, 28.1 ug, 28.2 ug,
28.3 ug, 28.4 pg, 28.5 pg, 28.8 pg, 28.7 g, 28.8 ug, 28.8 yg, 20.0 ug, 29.1 ug, 29.2
ug, 29.3 ug, 29.4 ug, 29.5 ug, 29.6 ug, 29.7 ug, 28.8 ug, 28.9 ug, 30.0 ug, 30.1 ug,
30.2 yg, 30.3 pg, 30.4 ug, 30.5 ug, 30.6 pg, 30.7 pg, 30.8 g, 30.8 ug, 31.0 ug, 31.1
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pg, 31.2 ug, 31.3 ug, 314 ug, 31.5 pg, 31.6 ug, 31.7 pg, 31.8 yg, 31.9 yg, 32.0 ug,
32.1 g, 32.2 yg, 32.3 pg, 32.4 yg, 32.5 ug, 32.6 g, 32.7 ug, 32.8 ug, 32.8 ug, 33.0
Mg, 33.1 ug, 33.2 pg, 33.3 ug, 33.4 ug, 33.5 pg, 33.6 pg, 33.7 ug, 33.8 ug, 33.9 ug.
34.0 ug, 34.1 pg, 34.2 pg, 34.3 ug, 34.4 ug, 34.5 ug, 34.8 ug, 34.7 ug, 34.8 g, 34.8
ug, 35.0 yg, 35.1 ug, 35.2 ug, 35.3 yg, 35.4 pg, 35.5 ug, 35.6 ug, 38.7 ug, 358.8 ug,
35.9 yg, 36.0 ug, 36.1 g, 36.2 ug, 36.3 ug, 36.4 ug, 36.5 ug, 36.8 pg, 36.7 ug, 36.8
Ug, 36.8 ug, 37.0 ug, 37.1 pg, 37.2 ug, 37.3 ug, 37.4 pg, 37.5 pg, 37.8 ug, 37.7 ug,

 37.8 pg, 37.9 pg, 38.0 pg, 38.1 pg, 38.2 ug, 38.3 pg, 38.4 g, 38.5 pg, 38.6 ug, 38.7

gg, 38.8 ug, 38.8 ug, 38.0 pg, 38.1 pg, 38.2 ug, 38.3 ug, 38.4 ug, 39.5 ug, 39.8 ug,
39.7 ug, 39.8 g, 39.9 ug, 40.0 pg, 40.1 ug, 40.2 ug, 40.3 ug, 40.4 pg, 40.5 ug, 40.8
ug, 40.7 ug, 40.8 yg, 40.8 ug, 41.0 ug, 41.1 pg, 41.2 yg, 41.3 ug, 41.4 pg, 1.5 ug,
416 pg, 41.7 ug, 41.8 ug, 1.9 g, 42.0 ug, 42.1 ug, 42.2 yg, 42.3 ug, 424 g, 42.8
4o, 42.6 ug, 42.7 ug, 42.8 ug, 42.9 pg, 43.0 ug, 43.1 ug, 43.2 ug, 43.3 ug, 43.4 ug,
43.5 ug, 43.6 pg, 43.7 ug, 43.8 yg, 43.9 pg, 44.0 ug, 44.1 ug, 44.2 ug, 44.3 ug, 44.4
pa, 44.5 ug, 44.6 pg, 44.7 pg, 44.8 yg, 44.9 pg, 45.0 ug, 45.1 ug, 45.2 ug, 45.3 ug,
45.4 ug, 45.5 g, 45.8 ug, 45.7 pg, 45.8 g, 45.8 ug, 46.0 ug, 46.1 ug, 48.2 ug, 48.3
ug, 46.4 ug, 46.5 ug, 46.6 ug, 46.7 ug, 46.8 ug, 46.% ug, 47.0 ug, 47.1 ug, 47.2 ug,
47.3 ug, 47.4 ug, 47.5 ug, 47.6 ug, 47.7 ug, 47.8 ug, 47.8 pg, 48.0 ug, 48.1 ug, 48.2
g, 48.3 pg, 48.4 g, 48.5 ug, 48.6 pg, 48.7 ug, 48.8 ug, 38.9 ug, 48.0 pg, 48.1 ug,
48.2 ug, 49.3 pg, 48.4 ug, 49.5 ug, 48.6 ug, 49.7 yg, 49.8 yg, 39.9 ug, and 50 ug.

The foregoing suggested doses may be adjusied using conventional dose
calculations if the compound is administered via a different route. Determination of
an appropriate dose for administration by other routes is within the skill of those in
the art in light of the foregoing description and the genersl knowledge in the art.

Delivery of an sffective amount of a compound of the invention may entall
delivery of a single dosage form or mulliple unit doses which may be delivered
contemporansously or separale in ime over a designated pericd, such as 24 hours.
A dose of a compound of the invention {slone or in the form of a composition
comprising the same) may be administered from one {o ten times per day. Typically,
a compound of the invention {alone or in the form of a composition comprising the
same) will be administered four, thyee, fwo, or once per day (24 hours).

The compounds of formula (I} of the present invention are also ussful for
freating altborne infections. Examples of airborneg infections include, for exampie,
RSV. The compounds of formula (1) of the present invention are also useful for
freating an anthrax infection. The present invention relates o the use of the
compounds of formula {1} of the present invention for prophyiactic, post-exposure
prophylactic, preventive or therapeulic treatment against diseases or conditions
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caused by pathogens. In a preferred embodiment, the present invention relstss o
the uss of the compounds of formuia (1) for prophylactic, post-exposure prophylactic,
preventive or therapeutic ifreatment against diseases or condifions caused by
pathogens which may be used in bicterrorism,

En' recent years, g variety of ressarch programs and biodefense measures
have been put into place {o deal with concerns about the use of biclogical agents in
acts of terrorism. These measures are intended to address concems regarding
bicterrorism or the use of microorganisms or biclogical toxins to kill people, spread
fear, and disrupt scciety. For example, the National Institule of Allergy and Infectious
Diseases (NIAID)} has developed a Strategic Plan for Biodefense Research which
cutlines plans for addressing research nesds in the broad area of biotsrrorism and
emerging and reemerging infectious diseasss. Acocording to the plan, the deliberate
exposure of the civilian population of the United Stales to Bacifius anifvacis spores
revealed a gap in the nation's oversll preparedness against bioterrorism. Morsover,
the report details that these altacks uncovered an unmet need for tests fo rapidly
diagnose, vaccines and immunoctharapies fo prevent, and drugs and biclogics to cure
disease caused by agenis of bioterrorism.

Much of the focus of the varicus research efforls has been directed fo
studying the biclogy of the pathogens identified as polentially dangerous as
bioterrorism agents, studying the host response against such agents, developing
vaccines against infeclious diseases, evaluating the therapeutics currently availabie
and under investigation against such agents, and developing diagnostics fo identify
signs and symptoms of threatsning agents. Such efforls are laudable but, given the
farge number of pathogens which have been identified as potentiaily available for
bicterrorism, these sfforts have not yet been able to provide satisfactory responses
for all possible bicterrorism threats. Additionally, many of the pathogens identified as
potentially dangerous as agents of bioterrorism do not provide adequate economic
incentives for the development of therapeutic or preventive measures by industry.
Moreover, even i preventive measures such as vaccines were available for each
pathogen which may be used in bioterrorism, the cost of adminisiering all such
vaccines to the general population is prohibitive.

Until convenient and effective treatments are avallable against svery
bioterrorism threat, there sxisls a strong need for prevenialive, prophyiactic or
therapeutic treatments which can prevent or reduce the risk of infection from
pathoganic agents.

The present invention provides such methods of prophylactic trestment. In
one aspect, a prophylactic treatment method is provided comprising administering a
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prophyviactically effective amount of the compounds of formula (I} to an individual in
need of prophylactic treatment against infecion from one or more aitbormne
pathogens. A particular example of an airborne pathogen is anthrax,

in another aspect, a prophylactic treatment method is provided for reducing
the risk of infection from an airbome pathogen Which can cause a dissase in a
human, said method comprising administering an effective amount of the compounds
of formula (1} to the lungs of the human who may be at risk of infection from the
airborne pathogen but is asymptomatic for the disease, whersin the effective amount
of 2 sodium channel blocker and osmolye are sufficient fo reduce the risk of infection
in the human. A parlicular example of an airborne pathogen is anthrax.

in ancther aspect, a postexposure prophylactic treatment or therapeutic
frestment method is provided for treasting infection from an airborme pathogen
comprising administering an effective amount of the compounds of formula (i) {o the
iungs of an individual in need of such treatment against infection from an airbormns
pathogen. The pathogens which may be protecied against by the prophylactic post
exposure, rescue and therapeulic treatment methods of the invention includs any
pathogens which may enter the body through the mouth, nose or nasal airways, thus
proceading into the lungs. Typically, the pathogens will be airborme pathogens,
gither naturally ocourring or by aerosolization. The pathogens may be naturally
goourring or may have been introduced into the environment inlentionslly afier
serosolization or other method of infroducing the pathogens into the environment.
Many pathogens which are not naturally transmitted in the air have been or may be
aerosolized for use in bioterrorism. The pathogens for which the treatment of the
invention may be useful includes, but is not limited to, category A, B and C priority
pathogens as set forth by the NIAID. These caiégmies correspond genéraﬁy to the
lists compiled by the Centers for Disease Control and Prevention (CDC). As sst up
by the CDC, Calegory A agenis are those that can be easily disseminated or
transmitted person-fo-person, cause high mortality, with potential for major public
health impact. Category B agents are next in priorty and include those that are
moderately easy {o disseminate and causs moderate morbidity and low mortality.
Category C consists of emerging pathogens that could be engineered for mass
dissemination in the future because of their availability, ease of production and
disssmination and potential for high morbidity and mortality. Particular examples of
these pathogens are anthrax and plague. Additional pathogens which may be
protected against or the infection risk thersfrom reduced include influenza viruses,
rhinoviruses, adenoviruses and respiratory synoylial viruses, and the like. A further
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pathogen which may be prolected agsinst is the coronavirus which is believed fo
cause severg acule respiraiory syndrome {SARS).

The present invention also relates o the use of sodium channel blockers of
Formula |, or a pharmaceutically acceptable salt thereof, for preventing, mitigating,
andfor trealing deterministic health effects to the respiratory tract caused by
exposure o radivlogical materials, particularly respirable aerosols containing
radionuclides from nuclesr attacks, such as detonation of radiclogical dispersal
devices (RDD), or accidsnts, such as nuclear power plant disasters. As such,
provided herein is a method for preventing, mitigating, and/or treating deterministic
health sffects to the respiratory tract and/or other bedily organs caused by respirable
aerosols containing radionuclides in a recipient in need thereof, including in & human
in need thereof , said method comprising adminislering to said human an effective
amount of a compound of Formula (1}, or 2 pharmaceutically accepiable salt thereof.

A major concern associated with consequence management planning for
exposures of members of the public {o respirable asrosols containing radionuclides
from nuclear altacks, such as detonation of radiological dispersal devices (RDD), or
aceidents, such as nuclear power plant disasters is how to prevent, mitigate or reat
potential deterministic health effects o the respiratory tract, primarily the lung. ftis
necassary o have drugs, fechnigues and procedurss, and trained personnal
prepared to manage and freaf such highly internally contaminated individuals.

Research has been conducted to determine ways in which to prevent,
mitigate or treat potential damage to the respiralory tract and various organs in the
body that is caused by intemally deposited radionuclides. To date, most of the
resaarch attention has focused on siralegies designed fo mitigate health effects from
internally deposited radionuclides by acoslerating their excrstion or removal. These
strategies have focused on soluble chemical forms that are capable of reaching the
blood sfream and are deposited at remote systemic siles specific to a given
radioslenent. Such approaches will not work in cases where the deposited
radionuclide is in relatively insoluble form. Studies have shown that many, i not
most of the physicochemical forms of dispsarsed radionudlides from RDDs, will be in
relatively insoluble form.

The only method known to effectively reduce the radiation dose to the lungs
from inhaled insoluble radicactive asrosols is bronchoalveolar lavage or BAL. This
technique, which was adapted from that already in use for the treatment of patients
with alveolar proteinosis, has besn shown {0 be a safe, repeatable procedure, sven
when performed over an sxtended period of time.  Although there are variations in
procedurs, the basic method for BAL is to anaesthetize the subject. followed by the
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slow introduction of isotonic saline info a single Iobe of the lung until the function
residual capacily is reached. Additional volumes are then added and drained by
gravity.

The results of studies using BAL on animals indicate that about 40% of the deep lung
content can be removed by a reasonable segusencs of BALs. In some siudies, there
was considerable variability among animals in the amount of radionuclide recovered.
The reasons for the variability are currently not understood.

Further, based on a study on animals, it is believed that a significant dose
reduction from BAL therapy resulls in mitigation of health effects dus o inhalation of
insoluble radionuclides. In the study, adult dogs inhaled insolubls YCe-FAP
particles. Two groups of dogs were given lung contents of "Ce known o cause
radiation pneumonitis and pulmonary fibrosis (about 2 MBag/kg body mass), with one
group being treated with 10 unilateral lavages bsiween 2 and 56 days after exposure,
the other untreated. A third group was exposed at a level of **Ce comparable to that
seen in the BAl-treated group after freatment {about 1 MBag/kg), but these animals
wers untreated. All animals were allowed to live their iespans, which extended 1o
18 years. Because thare is variability in iniial lung content of *Ce among the dogs
in sach group, the dose rates and cumulative doses for sach group overlan.
Nevertheless, the sffect of BAL in reducing the risk from prsumonitis/fibrosis was
evident from the survival curves . In the unireated dogs with Eaéng contenis of 1.5-2.5
MBo/kg, the mean survival time was 370 £ 65 d. For the treated dogs, the mean
siavival was 1270 & 240 d, which was statistically significantly different. The third
group, which received lung contents of 0o of 0.6-1.4 MBg had a mean survival
tims of 1800 t 230, which was not statistically different from the treated group.
Equally important fo the increased survival, the dogs in the high-dose untreated
group died from deterministic effects o lung {pneumonitis/fibrosis) while the treated
dogs did not. Instead, the treated dogs, like the dogs in the low-dose untreated
group, mostly had lung tumors (hemangiosarcoma or carcinoma), Therefore, the
reduction in dose resulling from BAL treatment appsars to have produced biclogical
effects in lung that were predictable based on the radiztion doses that the lungs
received,

Based on these results, it Is believed that decreasing the residual radiclogical
dose further by any mathod or combination of methods for enhancing the clearance
of particles from the lung would further decrease the probability of health effects fo
fung. However, BAL is a procedurs that has many drawbacks. BAL is a highly
invasive procedure that must be performed at specialized medical conters by trainsd
pulmonclogists. &s such, a BAL procedure is expensive. Given the drawbacks of



10

15

20

25

35

27
BAL, it is not 3 freatment option that would be readily and immediately available to
persons in hesd of accelersted removal of radicactive particles, for example, in the
event of a nuclear altack. In the event of a nuclear attack or a nuclear accident,
immediate and relatively sasily administered treatment for persons who have bean
axposed or who are at risk of being exposed is nseded. Sodium channel blockers
administered as an inhalation serosol have besen shown fo restore hydration of

airway surfaces. Such hydration of airway surfaces aids in clearing accumulated

mucus sscrelions and associaled particulate matter from the ‘Eung. Asg such, without
being bound by any particular theory, it is believed that sodium channel blockers can
be used fo accelerate the removal of radicactive particles from airway passages.

As discussed above, the greatest risk to the lungs following a radiological
attack, such as a dirty bomb, results from the inhalation and retention of insoluble
radioactive particles. As a result of radicactive particle refention, the cumulative
exposure fo the lung s significantly increased, ultimately resulfing in pulmonary
fibrosis/pneumonilis and potentially death. Insoluble particles cannot be systemically
cleared by chelaling agenis because these particles are not in selution. To date, the
physical removal of particulate matier through BAL is the only therapeutic regimen
shown {0 be effeclive at mitigating radiation-induced lung dissase. As discussed
above, BAL is not 3 realistic treatment solution for reducing the effects of radivactive
particles that have been inhaled inlo the body. As such, it is desirabls io provide a
therapeutic regimen that sflactively aids in clearing radicactive particles from airway
passages and that, uniike BAL, is relatively simple o administer and scalable in &
targe-scale radigtion exposure scenano. in addition, it is also desirable that the
therapeutic regimen be readily available to a number of people in a relatively short
period of ims.

in an aspect of the present invention, a method for preventing, mitigating,
and/or treating deterministic health effects to the respiratory tract and/or other bodily
orga?zs caused by respirable aerosols oontaining radionuclides comprises
administering an effective amount of g sodium channe! blocksr of Formula { or a
pharmaceutically acceptable salt thereof to an individual in nead. In a feature of this
aspect, the sodium channsl blocker is administered in conjunction with an osmolyte.
With further regard fo this feature, the osmolyte is hyperionic saline (HS). iIn a further
fosturs, the sodium channel blocker and the osmolvle sre administered in
conjunction with an ion fransport modulator. With further regard to this feature, the
ion transport modulator may be selecled from the group consisting of B-agonists,
CFTR potentintors, purinergic receptor agonists, lublprostones, and protease
inhibitors. I ancther feaiure of this aspect, the radionuclides are ssiscied from the
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group consisting of Colbalt-80, Cesium-137, Indium-192, Radium-226, Phospohrus-
32, Stontium-88 and 90, lodine-125, Thallium-201, Lead-210, Thorium-234,
Uranium-238, Plulonium, Cobali-88, Chromium-51, Americium, and Curium. In a
further feature, the radionuclides are from a radicactive disposal device., in yst
ancther feature, the sodium channel blocker or pharmacsutically acceplable salt
thereof is administered in an aerosol suspension of respirable particles which the
individual inhales. In an additional fealure, the sodium channel blocker or a
pharmaceutically accepiable salt thereof is administered post-exposure io the
radionuclides.

COMPOSITIONS

While It is possible for a compound of the invention to be administered alons,
in some embodiments it is preferable fo present it in the form of a composition,
particularly & pharmaceutical composition (formulation). Thus, in another aspedt, the
invention provides compositions, and particularly pharmaceutical compositions (such
as an inhalable pharmacsutical composition) comprising a pharmaceutically effective
amount of a compound of the invention as an active ingredient, and a
pharmaceutically acceptable excipient, diluent or carrier. The term “active ingredient’
as emploved hersin refers to any compound of the invention or combination of two or
more compounds of the invention in a pharmaceutical composition. Also provided
are specific embodiments in which a pharmaceutical composition comprises a
pharmaceutically effective amount of a compound of Formutas (1}, (a), (ib), (ic), (id},
{le), (D), {tg), (1), (1), (1), (i), and (11}, or a pharmaceutically acceptable salt thersof,,
independently or in combination, and a phamaceulically acceptable excipient,
diluent or carrier.

in some embodiments, the pharmacsulical composition comprises a
pharmacsutically effective amount of a compound of Formulas (1), (fa), (ib), {ic}, {id},
{le), (IF), (g), (R, (8, (), (), and (i}, or a pharmaceutically accepiable salt thereof.,
independently or in combination, in a diluent.  In separate embodiments, the
pharmaceutical composition comprises a pharmaceutically effective amount of a
compound of Formulas (1), (la), (b}, (ie}, {id), (le}, (). (ig). (thy, {8}, (i) (K}, and (i),
or a pharmaceutically acceptable salt thereof, in hypertonic saline, sterile water, and
hypertonic saline, respectively, wherein the saline concentration can be as described
herein. In one smbodiment the saline concentration is 0.17% w/v and in ancther it is
2.8% wiv, _

Also provided is a kit comprising i) a pharmaceutically effective amount of
compound of Formula {1}, (a), {Ib}, (ic}, (id), {le}, (I}, (g}, (th), (i), (i), (i}, and (i}, or
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a pharmacsutically acceptable salt thersof, i} one or more pharmaceutically
accepiable excipients, carriers, or difuents; §if) instructions for administering the
compuound of group {) and the excipients, carriers, or diluents of group i} 1o a subject
in need thereof, and; iv) a container. A subject in need thereof includes any subjéct
in need of the methods of treatment described herein, parlicularly including a human
subject in need thereof. Further smbodiments also comprise an aerosolization
devica selected from the group of a nebulizer, including vibrating mesh nebulizers
and jet nebulizers, a dry powder inhaler, including active and passive dry powder
inhalers, and a metered dose inhaler, including pressurized, dry powder, and soft
mist meterad dose inhalers,

in one embodiment g kit comprises 1) from about 10 ng to abouwt 10 my of a
compound of Formula (1}, (la), (b}, (Ic), (id), (Ie), (i}, {g), Ghy, (8, b, (), and (),
.or a pharmaceutically acceplable sait thereof, per dose; i) from about 1 to about §
mi of diluent psr dose; it} instructions for administering the compound of group i)
and the diluent of group i} to a subject in nesd thersof; and; iv} a container. Ina
further embodiment, the difuent is from about 1 fo about 5 ml of a saline solution, as
described herain, per doss. In a further embodiment, the diluent is from about 1 fo
about 5 mi. of a hypolonic saling solulion per dose. In another embodiment, the
giluent is from about 1 to about § ml of g hypertonic saline solution per dose. Ina
still further smbodiment, the diluent is from about 1 to about § ml of sterile water par
dose.

Alse provided is a kit comprising i} a solution comprising a pharmaceutically
sffective amount of a compound of Formula (1), {a), (ib}, {lc}, (id}, (le), (. (lg), (ih),
{11}, (1), (i), and (B}, ,or 3 pharmaceutically acceptable salt thereof, disscived ina
pharmaceutically acceptable dituent; iil} instructions for administering the solution of
group i} to a subject in nesd thersof, and iii} 2 container.

Alss provided is a kit comprising i) a solution comprising from about 10 ng to
about 10 myg of a compound of Formulda (1), (ia), {ib}, (io), {id}, {e), (I}, {ig), {k), {11},
{1i}, (I}, and (i1}, ,or a pharmaceutically acceplable salt thereof, dissolved ina
pharmmacsutically acceptable diluent; iif} instructions for administering the solution of
group i} to a subject in need thereof; and i} & container. In a further embodiment,
the diluent is from about 1 fo about 5 mi. of a saline solution, as describsd herein, per
dose.

Another embediment comprises & kit comprising 1} a pharmaceautically
effective amount of a compound of Formula {1, (Ia}, (ib}, {le}, (id), {is}, (1), (ig), {ih),
{3, (3, k), and {i}, or a pharmaceutically acceptable salt thersof; in a dry powder
formulation suitable for inhalation i} optionally, one or more pharmacsutically



1¢

i5

30
acceptable excipients or camiers suifable for inhalation; i) instructions for
administaring the compound of group i) and the excipients or carriers of group iiY o a
subject in need thereof, and; iv) a container. In a further smbodiment, the kit also
comprises a dry powder inhaler suitable for delivering the dry powder formulation to a
recipient. The dry powder inhaler may be, in additional esmbodiments, a single-doss
inhaler or a multi-dose inhaler.

Further embodiments of each of the kits described hersin includes those in
which the conceniration of the compound of Formula {1}, {ia}, {ib), (le}, (id), {le), (i),
{lg}, {th}, (i), (B} (k), and (I}, ,or a pharmaceutically acceptable salt thersof, per
dose, is one of the effective dose rangss described herein, including a) from about
0.1 ug to about 1,000 pg; b} from about 0.5 ug to about 0.5 mg; and ¢) from about 0.5
ug to about 50 ug.

For each of the kits described above thers is an additional embodiment in
which the diluent is hyperionic saline of the concentrations described hersin. In
another embodimant for sach kit the dilusnt is hypotonic saline of the concantrations
described herein. In a further embodiment for each kit, the diluent is sterile water
sultable for inhalation.

The pharmaceutically acceptable exciplent(s), dilueni{s} or carrier(s} must be

acceptable in the senss of being compatible with the other ingredients of the

formulation snd not delsterious to the recipisnt thereof.  Generally, the
pharmaceutically accspiable excipient(s), diluent(s} or carier(s) employed in the
pharmaceutical formulation are “non-toxic” mearning that #they is/are deemed safe
for consumption in the amount delivered in the formuiation and “inert’ meaning that
iWthey does/do not appreciable react with or result in an undesired sffect on the
therapsutic activity of the active ingredient(s). Pharmaceutically acceptable
excipients, diluents and carriers are conventional in the art and may be selacted
using conventional fechniques, based upon the desired route of administration. Ses,
REMINGTON'S, PHARMACEUTICAL SCIENCES, Lippincotl Willlams & Wikins; 21 Ed
{May 1, 2005). Preferably, the pharmacsutically acceptable excipiant(s), diluent(s) or
carrier(s} are Generally Regarded As Safa (BRAS) sccording fo the FDA.
Pharmaceutical compositions according to the invention include thoss sultable
for oral administration; parenteral administration, including subcutansous,
infradermal, inframuscular, infravenous and intraarticdar; topical administration,
including topical administration fo the skin, eyes, ears, el vaginal or recial
administration; and administration fo the raspiratory tract, including the nasal cavitiss
and sinuses, oral and exirathoracic alrways, and the lungs, including by use of
aeroscls which may be delivered by means of various types of dry powder inhalers,
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pressurized melered dose inhalers, sofimist inhalers, nebulizers, or insuffistors. The
most suitable route of administration may depend upon, several factors inciuding the
patient and the condition or disorder being trealed.

The formulations may be presented in unit dosage form or in bulk form as for
example in the case of formulations fo be melered by an inhaler and may be
prepared by any of the msthods well known in the art of pharmacy. Generally, the
mathods include the siep of bringing the active ingredient info asscdiation with the
carrier, diluent or excipient and optionally one or more accessory ingredients. In
general the formulations are prepared by uniformily and intimatsly bringing into
association the sclive ingredient with one or more liguid carriers, diluents or
excipients or finely divided soiid carriers, diluents or excipients, or both, and then, if
nacessary, shaping the product infe the desired formulation.

in one preferred embodiment, the composition is an inhalable pharmacsutical
composition which is suitable for inhalation and delivery {o the endobronchial space.
Typically, such composition is in the form of an aerosol comprising particles for
dslivery using a nebulizer, pressurized metered dose inhaler (MDI), sofimist inhaler,
or dry powder inhaler (DP1). The asrosol formulation used in the methods of the
present invention may be a liquid {e.g., solution) suitable for administration by a
nebulizer, softmist inhaler, or MDI, or a dry powder suitable for administration by an
M or DL

Agrosols used to administer medicaments to the respiratory tract are typically
polydisperse; that is they are comprised of parficles of many different sizes. The
particle size distribution is fypically described by the Mass Median Asrodynamic
Diameter (MMAD)} and the Geometric Standard Deviation (GSD}. For optimum drug
delivery to the endobronchial space the MMAD is in the range from about 1 to about
10 um and preferably from about 1 to about 5 ym, and the GSD is less than 3, and
preferably less than about 2. Asrosols having a MMAD above 10 pm are generally
too large when inhaled {o reach the lungs. Aerosols with 2 GSD greater than about 3
are not preferred for lung delivery as they deliver a high percentage of the
medicament fo the oral cavily. To achisve thess parlicle sizes in powder formulation,
the particles of the active ingredient may be size reduced using conventional
techniques such as micronisation or spray drying. Non-limiling sxamples of other
processes or {echnigues that can be used fo produce respirable particles include
spray drying, precipitation, supercritical fluid, and freeze drving. The desired fraction
may be separaled out by air classification or sieving. In one embodiment, the
particles will be crystalline. For lquid formulations, the particle size is determined by
the selection of a parlicular modsl! of nebulizer, softmist inhaler, or MDL
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Aesrosol particle size distributions are determined using devices well known in
the art. For example a multi-stage Anderson cascade impacior or other suitable
method such as those specifically cited within the US Pharmacopoeia Chapter 601 as
characterizing devices for asrosols emiled from metered-dose and dry powder
inhalers,

Dry powder compositions for {opical delivery to the lung by inhalstion may be
formulated withou! excipient or carrier and instead including only the active
ingredients in a dry powder form having & suileble parlicle size for inhalation. Dry
powder compositions may also coniain a mix of the active ingredient and a suitable
powdar base {carrier/diluent/excipient substance) such as mono-, di- or poly-
saccharides {e.g., lactese or starch). lLaclose is fypically the preferred excipient for
dry powdsr formulations. When a solid exciplent such as lacloss s employed,
generally the parficle size of the sxciplent will be much greater than the active
ingredient o aid the dispersion of the formulation in the inhaler.

Non-limiting examples of dry powder inhalers include reservoir mulli-dose
inhalers, pre-mslered mulli-dose inhalers, capsuls-based inhalers and single-dose
disposable inhalers. A reservoir inhaler contains 2 large number of doses (e.g. 80} in
one container. Prior {o inhalation, the palient acluales the inhaler which causes the
inhaler to meter one dose of medicament from the reservolr and prepare it for
inhalation. Examples of reservoir DPIs include but are not fimited to the Turbohaler®
by AstraZeneca and the ClickHaler® by Veclura.

In a pre-metered mulli-dose inhaler, sach individual dose has been
manufactured in a separate container, and actuation of the inhaler prior to inhalation
causes a new dose of drug fo be released from its container and prepared for
inhalation. Exampiss of multidose DPI inhalers include but are not limited to Diskus®
by GSK, Gyrohaler® by VYeclurs, and Prohaler® by Valols. During inhalation, the
inspiratory flow of the patient accslerates the powder out of the device and inlo the
oral cavity. For a capsule inhaler, the formulation is In a capsule and stored oulside
the inhaler. The patient puis a capsuls in the inhaler, actuates the inhaler {punclures
the capsule), then inhales. Examples include the Rolochaler™ {GlaxoSmithKiine),
Spinhaler™ (Novartis), HandiHaler™ (1B}, TurboSpin™ (PH&T). With single-dose
disposable inhalers, the palient actuales the inhaler to prepare it for inhalation,
inhales, then disposes of the inhaler and packaging. Exampies include the
Twincer™ (U Groningen), OneDose™ (GFE}, and Manta Inhaler™ (Manta Devices).

Generally, dry powder inhalers ulilize furbulent flow characleristics of the
powder path fo cause the excipient-drug aggregates o disperse, and the particles of
aclive ingredient are deposited in the lungs. Mowever, certain dry powder inhalers
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utlitze a cycions dispersion 'chamber to produce particles of the desired respirable
size. in a cyclone dispersion chamber, the drug enters a coin shaped dispersion
chamber {angentially so that the air path and drug move along the outer circular wall.
As the drug formulation moves along this circular wall i bounces around and
sgglomerates are broken apart by impact forces. The air path spirals towards the
center of the chamber exiling vertically. Parlicles that have small enough
aerodynamic sizes can follow the air path and sxit the chamber. In effec, the
dispersion chamber works like a small jet mill. Depending on the specifice of the
formulation, large lactose particles may be added fo the formulation io aid in the
dispersion through impact with the APJ pariicles.

The Twincer ™ single-dose disposable inhaler appears to operate using a
coin-shaped cyclone dispersion chamber referred to as an "air classifier.” See, U.E.
Published Patent Application No. 2008/0237010 to Riksuniversiteit Groningen.
Papers published by the University of Groningen, have siated that a 80 mg doss of
pure micronized colistin sulfomethate could be sffeclively deliversd as an inhalable
dry powder utilizing this technology.

In preferred embodiments, the serosol formulation is delivered as a ¢ry
powder using a dry powder inhaler wherein the particles emitled from the inhaler
have an MMAD in the range of about 1 um to about § um and a GSD about less than
2.

Examples of sultable dry powder inhalers and dry powder dispersion devices
for use in the delivery of compounds and compositions according to the present
invention include but are not limited to those disclosed in UST520278; US7322354;
UST246617; US7231820; UST7219065, UST207330; USOC880555; US5H,522,385,
USE845772; US6637431; UIS6323034; US5,458,135; 154,805,811; and U.S.
Published Patent Application No. 2008/0237010.

in one smbodimant, the pharmaceutical formulation according o the invention
is a dry powder for inhalation which is formulated for delivery by a Diskus®-type
device. The Diskus® device comprises an elongale stiip formed from a base sheet
having a plurality of recesses spaced along its length and a lid sheat hermetically but
peelably sealed therefo to define a pluralily of containers, sach container having
therein an inhalable formulation containing a8 predetermined amount of active
ingredient either alone or in admixture with one or more carriers or excipients (e.g.,
lactose)} and/or other therapeutically active agents. Preferably, the strip Is sufficiently
flexible o be wound into a roll. The lid sheet and base sheet will preferably have
leading end portions which are nof sealed to one another and at least one of the
leading end portions is consfructed fo be aftached to a winding means. Also,
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preferably the hermetic seal betwsen the base and lid sheeis extends over thair
whole width. To prepare the dose for inhalation, the lid sheet may preferably bs
pesied from the basse shest in a longitudinal direction from a first end of the bass
shest,

in one embodiment, the pharmaceutical formulation according to the invention
is a dry powder for inhalation which is formulated for delivery using & single-dose
disposable inhaler, and particulady the Twincer™ inhaler. The Twincer™ inhaler
comprises a foil laminate blister with one or more recesses and a lid shest
hermetically but peelably sealed thersic to define a plurality of containers. Each
container has therein an inhalable formulation containing a predetermined amount of
active ingredient{s} either alone or in admixture with one or more carriers or
excipients {e.g., lactoss}. The lid shest will preferably have a leading end portion
which is constructed fo project from the body of the inhaler. The patient would
operate the device and thereby administer the aerosol formulation by 1) removing the
outer packaging overwrap, 2} pulling the foil tab o uncover the drug in the biister and
3} inhaling the drug from the biister.

in another smbodiment, the pharmaceutical formulation according o the
invention is a dry powder for inhalation wherein the dry powder is formulated into
microparticles as deseribed in PCT  Publication No. WOQ2008/015288 or
W02007/114881, both to NexBie. Such microparticles are generafly formed by
adding a counter ion o a solution containing a compound of the invention in a
solvent, adding an antisclvent to the solution; and gradually cooling the solution to g
temperature below about 25°C, to form a composition containing micropariicles
comprising the compound. The microparticies comprising the compound may then
be separated from the solution by any suilable means such as sedimentation,
fitration or lyophillization. Suitable counterions, solvenis and antisclvents for
preparing microparticles of the compounds of the invention are described in
WG2008/015288.

in another embodiment, & pharmaceulical composition according o the
invention is delivered as a dry powder using a metered dose inhaler. Non-limiting
examples of metered dose inhalers and devices include those disclosed in
US5,261,538; USH,544,847; USE,B22,163; US4,955,371; US3,565,070; US3,361306
and US6,116,234 and US7,108,158. In a preferred embodiment, a compound of the
invention is delivered as a dry powder using a metered dose inhaler whersin the
emitted particles have an MMAD that is in the rangs of about 1 um to about 5 ym and
a GSD that is less than about 2,
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Liguid aerosol formulations for delivery fo the aendobronchial space or fung by
inhalation may for example be formulated as aqueous solutions or suspensions or as
aeroscls delivered from pressurized packs, such as metered dose inhalers, with the
use of suitable liguefied propsllants, sofimist inhalers, or nebulizers. Such aerosol
compositions suitable for inhalation can be either a suspsansion or a solution and
genarally contain the active ingredient{s} together with a pharmaceutically acceptable
carrisr or diluent (e.g., water {distilled or sterile), saline, hypertonic saline, or ethanol)
and optionally one or more other therapsutically active agents.

Asrosol compositions for delivery by pressurized melered doss inhalers
typically further comprise a pharmacsutically acceptable propeliant. Examples of
such propeliants include fluorocarbon or hydrogen-containing chloroflusrocarbon or
mixtures thereof, particularly hydrofluoroalkanes, eg.. dichiorodifiuoromethans,
frichioroflucromethans, dichiorotefrafluorosthane, espacially 1,1,1,2-
tetrafluoroethans, 1,1,1,2.3,3,3,-heptaflucro-n-propane or a mixiure thereof. The
asrosol composition may be excipient free or may optionally contain additional
formulation excipients well known in the art such as surfactants e.g., oleic acid or
lecithin and cosolvents e.g., ethanol.  Pressurized formulations will generally be
retained in @ canister {e.g., an aluminum canister} closed with a valve {s8.g., 3
metering valve) and fitted into an actuator provided with a mouthpleces.

in another embodiment, a pharmaceutical composition sccording o the
invention is delivered as a liquid using a metered dose inhaler. Non-imiting
sxampies of metered dose inhalers and devices include those disclosed in US Patent
Nos. 8,253,762, 6,413,487, 7,601,338, 7,481,895, 6,743,413, and 7,105,152, In a
preferred embodiment, a compound of the invention is delivered as a dry powder
using a metered dose inhaler wherein the emitted particles have an MMAD that is in
the range of about 1um to about 5 um and a GSD that is less than about 2.

in one embodiment the aerosol formulation is suitable for asrosolization by a
jet nebulizer, or ulfrasonic nebulizer including static and vibrating porous plate
nebulizers. Liquid aerosol formulations for nebulization may be generated by
solubllizing or reconstituting a solid particle formulation or may be formulsted with an
agueous vehicle with the addition of agents such as acid or alkali, buffer salts, and
isotonicity adjusting agents. They may be sterilized by in-process technigues such as
filtration, or terminal processes such as heating in an autoclave or gamima irradiation.
They may alsc be presented in non-sterile form.

Patients can be sensitive to the pH, osmolalily, and ionic conient of a
nebulized solution.  Therefore these parameters should be adjusted to be compatibis
with the active ingredient and tolerable fo patients. The most preferred solution or
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suspension of active ingredient will contain a chloride concentration >30 mM at pH
4.5-7.4, preferably 5.0-5.5, and an osmolality of from about 800-1600mQCsmikg. The
pi of the solution can be controlled by sither tifration with common acids
{hydrochloric acid or sulfuric acid, for example) or bases {sodium hydroxids, for
example) or via the use of buffers. Commonly used buffers include citrate buffers,
such as citric acid/sodium citrate buffers, acetate buffers, such as acetic acid/sodium
acelate buffers, and phosphate buffers. Buffer strengths can range from 2mM o
50mM.

Uselul acslate, phosphate, and citrate buffers includs sodium acstate, sodium
acetate trihydrate, ammonium acetate, potassium aceiate, sodium phosphate,
sodiurmn phosphate dibasic, disodium hydrogen phosphals, potassium dihydrogen
phosphats, poiassium hydrogen phosphate, potassium phosphate, sodium citrate,
and potassium citrate. Other buffers which may be utilized include sodium
hydroxide, potassium hydroxide, ammonium hydroxide, aminomethyipropanol,
fromethamine, tsirahydroxypropyl sthylenediamine, citric acid, acstic acid,
hydroxyiricarboxylic acid or a salt thersof, such as a cilrate or sodium citrate salt
thereof, lactic acid, and ssits of lactic acid including sodium lactats, potassium
lactate, lithium lactate, calcium lactats, magnesium faclate, barium laclate, aluminum
lactate, zinc lactate, silver lactate, copper lactate, iron lactate, manganess lactate,
ammonium lactate, monosthanolamine, disthanclaming, tristhanclaming,
diisopropanclamine, as well as combinations thereof, and the like.

Such formulations may be administered using commercially available
nebulizers or other atomizer that can break the formulation into particles or droplats
suitable for deposition in the respiratory fract. Non-limiting examples of nebulizers
which may bs employed for the asrosol delivery of a composition of the ?nv&nticn
include pneumatic jet nebulizers, vented or breath-snhanced jet nebulizers, or
ultrasonic nebulizers including sltatic or vibrating porous plate nsbulizers.
Commercially available nebulizers inciude the Aeronsb® Go nsbulizer (Aerogsn} and
the eFlow nebulizer (Pari Pharma).

A jet nebulizer ulllizes a high velocity stream of air blasting up through a
column of water {o generate droplels. Parlicles unsuitable for inhalation impact on
walls or asrodynamic baffles. A vented or breath enhanced nebulizer works in
essentially the same way as 3 jet nebulizer except that inhaled air passes through
the primary droplet generation area o increass the oulput rate of the nebulizer while
the patient inhales.

in an ultrasonic nebulizer, vibration of a plezosiectric crystal creates surface
instabilities in the drug resarvoir that causs droplets fo be formed. In porous plate
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nebulizers pressure fields generated by sonic energy force liguid through the mesh

pores where i breaks inlo droplels by Rayleigh breakup. The sonic ensrgy may be
suppiied by a vibrating hom or plate driven by a piszoelscliic crystal, or by the mesh

self vibrating. Non-imiting examples of atomizers include any single or twin fluid

atomizer or nozzle that produces droplets of an appropriate size. A single fluid
atomizer works by forcing a liquid through one or more holes, where the jet of liquid
breaks up into droplets. Twin fluid atomizers work by sither forcing both a gas and
fiquid through one or mors holes, or by impinging a je! of licuid against another jst of
either liquid or gas. ‘

The choice of nebulizer which asrosolizes the aerosol formulation is important
in the administration of the active ingredient(s). Different nebulizers have differing
efficiencies based their design and operation principle and are sensilive to the
physical and chemical properties of the formulstion. For example, two formulstions
with different surface fensions may have different particle size distributions.
Additionslly, formulation properties such as pH, csmolality, and permeant ion contant
can affect tolarability of the medication, so preferred embodiments conform to certain
ranges of these properiies.

in a preferred embodiment, the formulation for nebulization is delivered (o the
endobronchial space as an asrosol having an MMAD between abowt 1 pm and about
5 um and a GSD less than 2 using an appropriate nebulizer. To be opfimally effective
and to avoid upper respiratory and sysiemic side sffects, the asroso! should not have
a MMAD greater than about § um and should not have g GSD greater than about 2,
an aerosol has an MMAD larger than about 5 um or a G3SD greater than about 2 3
large percentage of the dose may be deposited in the upper airways decrsasing the
amount of drug deliverad to the desired site in the lower respiratory tract. if the
MMAD of the aerosol is smaller than about 1 um then a large percentage of the
particles may remain suspended in the inhaled air and may then be exhaled during
axpiration.

The compounds of the invention may salso be administered by
transbronchoscopic lavage.

Formulations suitable for oral administration may be presented as discrsls
units such as capsules, cachels or tablels, each containing a predetemined amount
of the active ingredient; as a powder or granules; as a solution or suspension in an
agueocus fiquid or a non-aguecus Hguid, or as an oi-in-water liquid emulsion or a
water-in-oil liquid emulsion. The adlive ingredient may alsc be presented as a
sachsi, bolus, slectuary or pasts.
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A izblet may be made by compression or molding, optionally with one or more
accessory ingredients.  Compressed tablets may be prepared by compressing in a
suitable maching the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binders, lubricant, inert diluent, surface aclive or
dispersing agent. Molded tablets may be made by molding in a suitable machine a
mixture of the powdsred compound moistenad with an iner liquid diluent. The tablets
may oplionally be coated or scored and may be formulated so as {o provide slow or
controlled release of the active ingredient therein,

Formulations for topical administration in the mouth, for sxample buccally or
sublingually, include lozenges, comprising the active ingredient in a flavored base
such as sucrose and acacia or fragacanth, and pastiles comprising the active
ingredient in & base such as gelatin and glycerin or sucrose and acacia.

Formulations for parsnteral administration include agueous and non-agueocus
sterile injection solutions which may conlain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isolonic with the blood of the intended recipient;
and agueous and non-aqueous sterile suspensions which may include suspending
agents and thickening agents. The formulations may be presented in unit-dose or
rulti-dose containers, for example sealed ampouies and vials, and may be stored In
g freeze-dried (iyophilized) condition requiring only the addition of the slerile liguid
carrigr, for sxample saline or water-for-injection, immediately prior fo use.
Extemporaneous injection solutions and suspensions may be prepared from slerile
powdars, granules and {ablets of the kind previously described.

Oral fluids such as solutions, syrups and elixirs can be prepared in dosags
unit form so that a given quantity contains a predetennined amount of the active
ingradient. Syrups can be prepared by dissolving the active ingredient in & suifably
flavored aquecus solution, while elixirs are prepared through the use of a
pharmaceutically acceptable alcoholic vehicls. Suspensions can bs formulated by
dispersing the active ingredient in & pharmaceutically accepiable vehicle. Solubilizers
and emuisifiers such as sthoxylated isostearyl alcohols and polyoxy ethylens sorbitol
athers, preservatives, flavor additive such as peppermint oif or natural sweeteners or
sgccharin or other artificial swasteners, and the like can also be incorporated into oral
fiquid compositions.

Liposome delivery systems such as small unilamellar vesicliss, large
unitamelar vesicles and multilameliar vesicles may alsc be employed as delivery
means for the compounds of the inventfion. Liposomes may be formed from a varisty
of phospholipids such as cholesterol, stearviamine and phosphatidyicholines.



10

15

20

3¢

(9
h

39

Pharmaocsutical compositions for topical administration may be formulated as
cinfmants, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays,
aerosols or oils. Compositions designed for the treatment of the eyes or cother
extemnal tssues, for example the mouth and skin, may bs applied as a fopical
ointment or cream. When formulated as an ointment, the aclive ingredient may be
employed with sither a paraffinic or a water-miscible ointment base. Alternatively, the
active ingredient may be formulated in 2 cream with an oil-in-water oream base or a
water-in-cil base,

Other compositions designed for topical administration to the syes or sars
include eye drops and ear drops wherein the active ingredient is dissoived or
suspsnded in a suitable carrier, such as for example an agueous solvent, including
saline.

Compuositions designed for nasal adminisiration include aerosols, solulions,
suspensions, sprays, misis and drops.  Aerosclable formulstions for nasal
administration may be formulated in much the sams ways as asrosolable
formulations for inhalation with the condition that particles of non-respirable size will
be preferred in formulations for nassl administration. Typically, particles of about §
microns in size, up to the size of visible dropleis may be empioved. Thus, for nasal
administration, a parlicle size in the range of 10-500 pm may be used o ensure
retention in the nasal cavity.

Transdermatl patches may aiso be employed, which are designed o remain in
contact with the epidermis of the patient for an extended period of time and promole
the absorption of the active ingredient there through.

Compositions for vaginal or reclal administration include cintments, creams,
suppositories and snemas, all of which may be formulated using conventional
technigues,

in another aspedt, the invanﬁén provides 2 method of promoting hydration of
mucosal surfaces or restoring mucosal defense in a human in need thersof,
comprising administering to the human a pharmmaceutical compaosition comprising a
compound of the invention, whersin said compound is administered in an sffective
amount. in one preferred embodiment, the method comprises administering the
pharmacsutical composition as an inhalable composition comprising an amount of a
compound of the invention that is sufficlent to achieve dissolved concentration of the
compound on the airway surfaces of from about 10%, 10°%, or 107 to about 107,107%,
107, or 107 Molesfliter, more preferably from about 107 to about 107 Moles/liter.

in ancther aspecl, the invention provides a mathod of freating any ons of. a
diseass associaled with reversible or ireversible airway obsfruction, chronic
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obstructive pulmonary disease (COPD), asthma, bronchiectasis (including
bronchisctasis due to conditions other than cystic fibrosis}, acule bronchiils, chronic
bronchitis, post-viral cough, cystic fibrosis, emphysema, pneumonia, panbronchiolitis,
transplani-associate bronchiolitis, and ventilator-associated trachechronchitis or
preventing ventilator-associated pnsumonia in & human in need thereof, comprising
administering to the human a pharmacsutical composition comprising a compound of
the invention, whersin said compound is administerad in an effective amount. none
preferred embodiment, the method comprises édminisiering the. pharmaceutical
composition as an inhalable composition comprising an amount of & compound of the
invention that is sufficient to achieve dissolved concentration of the compound on the
arway surfaces of from about 10°, 10° or 107 o about 107%10°, 10% or 107
Molesfliter, more preferably from about 10° to about 10 Moles/liter.

in another aspect, the invention provides a method of reating any one of dry
mouth (xerostomia), dry skin, vaginal dryness, sinusitis, rhinosinusitis, or nasal
dehydration, including nasal dehydration brought on by administering dry oxygen,
dry sye or Sjogren's disease, promuoting ocular or comeal hydration, treating distal
intestinal obstruction syndroms, freating ofitis media, primary ciiary diskinesia, distal
intestinal obstruction syndrome, esophagitis, constipation, or chronic diverticulitis in a
human in nged thereof, comprising administering to the human a pharmaceutical
composition comprising a compound of the invention, wharein sald compound s
administered in an effective amount.

Preferred unit dosage formulations for the compounds of the invention are
those containing an sffective amount of the active ingredient or an appropriate
fraction thersof.

it should be undersiood that in addition o the ingredients particularly
mentionad above, the formulations of this invention may include other agents
conventional in the art having regard to the fype of formulation in 'quastim for
gxampie those suitable for oral administration may include flavoring agents.

The compositions of the present invention may be formulated for immediate,
controlied or sustained release as desired for the particular condition being treatsd
and the desired route of administration. For example, a controlled release
formuiation for oral administration may be desired for the freatment of constipation in
order fo maximize delivery of the active agent to colon. Such formulations and
suitable excipients for the same are well known in the art of pharmacy. Because the
free base of the compound is generally less soluble in agueous solutions than the
sall, compositions comprising a free base of a compound of Formulaz | may be
employed fo provide more susiained releass of active agent delivered by inhalation
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to the fungs. An active agent present in the lungs in particulsts form which has not
dissolved into solution is not avallable to induce a physiological response, but serves
as & depot of bioavailable drug which gradually dissclves into solution. As another
example, a formuiation may employ both a free base and salt form of a compound of
the invention fo provide both immaediale releass and sustained release of the active
ingredient for dissolution into the mucus sscrstions of, for example, the nose.

COMBINATIONS

The compounds of the invention may be formulated andfor used in
combination with other therapeutically active sgenis. Examples of other
therapautically active agents which may be formuiated or used in combinstion with
the compounds of the invention include but are not limited fo osmolyles, ant-
inflammatory agents, anficholinergic agents, B-agonisis (including sslective Bo-
agonists), P2Y2 receplor agonists, peroxisome proliferator-activated receplor (PPAR)
della agonists, other epithslial sodium channel blockers {(ENaC recepior blockers),
cystic fibrosis transmembrane conductance regulator {(CFTR) modulators, kinase
inhibitors, aniiinfactive agents, antihistamines, non-antibiotic anti-inflammatory
macrolides, elastase and protease inhibitors, and mucus or mucin modifving agents,
such as swifactants. In addition, for cardiovascular indications, the compounds of the
invention may be used in combination with bsta blockers, ACE inhibitors, HMGCoA
reductass inhibifors, caloium channel blockers and other cardiovascular agents.

The present invention thus provides, as another aspect, & composition
comprising an effective amount of @ compound of the. invention and one or more
other therapeutically active agenis sslecled from csmolytes, anti-inflammatory
agents, aniicholinergic agents, B-agonists (including sslective Bragonists), P2Y2
recaplor agonists, PPAR dslta agonists, ENaC receptor blockers, cystic fibrosis
fransmembrane conductance regulator (CFTR} modulalors, kinase inhibitors,
antiinfective agenis, antihistamines, non-antibiolic anti-inflammatory macrolides,
slasiase and protease inhibitors, and mucus or mucin modifying agents, such as
surfactants, The present invention thus provides, as another aspest, a composition
comprising an effective amount of a compound of the invention and one or more
othaer therapeutically aclive agenis selected from beia blockers, ACE inhibiiors,
HMGCoA reductase inhibilors, and calcium channst blockers. Uss of the compounds
of the invention in combination with one or more other therapeutically active agents
{particularly osmolytes} may lowsr the dose of ths compound of the invention that is
required fo sufficiently hydrate mucosal surfaces, thersby reducing the potential for
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undesired side-affscts atiributable fo systemic blocking of sodium channels such as
for exampie in the kidneys.

“Camolytes” according to the present invention are molecules or compounds
that are osmotically aclive. “"Osmotically active” molecules and compounds are
membrane-impermeable {ie., essentially non-sbsorbable} on the alrway or
pulmonary epithelial surface. The terms “alrway surface” and “pulmonary surface,” as
used herein, include pulmonary airway surfaces such as the bronchi and bronchioles,
alveolar surfaces, and nasal and sinus surfaces. Suitsble osmolytes inciude ionic
osmolytes {ie., salts), and non-onic osmolyles (ie., sugars, sugar alcohols, and
organic osmolytes). In general, osmolytes {both ionic and non-onic) used in
combination with the compounds of the invention are preferably osmolyles that do
not promote, or in fact deter or retard bacterial growth. Osmolytes suitable for uss in
the present invention may be in racemic form or in the form of an enantiomer,
diastereomer, tautomer, polymorph or pseudopolymorph.

Examplies of ionic osmolytes ussful in the present invention include any salt of
a pharmaceutically acceplable anion and a pharmaceutically acceptable cation.
Praferably, sither (or both) of the anion and cation are osmotically active and not
subject to rapid active fransport, in relation to the airway surfaces {o which they are
administered. Such compounds include but ars not limiled o anions and cations that
are contained in FDA approved commercially markeled sals, ses, a.g., Reminglon:
The Science and Practice of Pharmacy, Vol. i, pg. 1457 {18™ £d. 1995}, and can be
used in any combination as known in the arl.

Specific examples of pharmaceutically acceptable osmotically active anions
include but are not fimited to, acetate, benzenssulfonate, benzoale, bicarbonate,
bitartrate, bromide, calcium edetate, camsylats (camphorsulfonate), carbonats,
chioride, citrate, dihydrochioride, edetate, edisylale (1,2-sthanedisulfonate}, estolate
(laury! sulfate), ssylate (1,2-sthanedisulfonate), fumarats, gluceptate, gluconate,
glutamate, glycolivlarsanilate (p-glycollamidophenylarsonate), hexylresorcinate,
hydrabamine (N N -Di{dehydroabietyllethylenediaming), hydrobromide,
nydrochioride, hydroxynaphthoate, iodide, isethionate, lactate, laclcbionate, malate,
maleate, mandelate, mesyiate, methylbromide, melhyinitrate, methylsulfate, mucate,
napsylate, nitrats, nitrits, pamoate (embonate}, paniothenate, phosphate or
diphosphate, polygaiacturonate, salicylats, stesrate, subacelate, succinate, sulfate,
tannate, tarirate, teociate (B-chiorotheophyllinate), triethiodide, bicarbonate, eic.
Preferred anions include chioride, sulfate, nilrate, gluconate, iodide, bicarbonate,
bromide, and phosphats.
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Specific examples of pharmaceutically acceptable osmotically active cations
include but are not limited to, organic cations such as benzathine (NMN-
ﬁibenzyiethyﬁeﬁediamine), chioroprocaine, choline, disthanolamine, ethylenediamine,
meglumine {N-methyl D-glucamine), procaine, D-lysine, L-lysine, D-arginine, L-
argining, tristhylammonium, N-methyl D-glycerol, and the like; and metallic cations
such as aluminum, calcium, fithium, magnesium, polassium, sodium, zing, ron,
ammonium, and the ke, Preferred organic cations include 3-carbon, 4-carbon, 5
carbon and 8-carbon organic cations. Preferred cations include sodium, polassium,
choline, lithium, meglumine, D-lysine, ammonium, magnesium, and calcium.

Specific examples of ionic osmolyles thal may be used in combination with a
compound of the invention include bul are not limited to, sodium chioride (particutarly
hyperionic safine), potassium chioride, choline chioride, choline iodide, Hthium
chioride, meglumine chioride, L-ysing chioride, D-lysine chioride, ammonium
chioride, potassium sulfats, polassium nitrate, potassium gluconate, potassium
iodide, ferric chioride, ferrous chloride, potassium bromide, and combinations of any
two or mora-of the foregoing. In one embodimsnt, the prasent invention provides a
combination of a compound of the invention and two different osmotically active salfs.
When different salls are used, one of the anion or calion may be the same among
the differing salts. Hyperionic saline is a preferred ionic osmolyte for use in
combination with the compounds of the invention.

Non-ionic osmelytes include sugars, sugaralcchols, and organic csmolytes.
Sugars and sugar-alcohols useful as osmolytes in the present invention include but
are not limited to  3-carbon sugars (e.g., glycerol, dihydroxyaceions), 4-carbon
sugars {8.g., both the © and L forms of erythrose, threose, and erythrulose); 5-carbon
sugars {8.g., both the D and L forms of riboss, arabinose, xylose, lyxose, psicose,
fructose, sorbose, and tagatose); and 8-carbon sugars {e.g., both the D and L forms
of altose, sliose, glucose, mannose, guiose, idose, galactose, and taloss, and the D
and L forms of allio-heptulose, allo-hepulose, gluce-heptulose, manno-heplulose,
gulc-heptulose, ide-heplulose, galacto-heptulose, talo-heptulose). Additional sugars
useful in the praclice of the present invention include raffinose, raffinosg series
oligosaccharides, and slachyose. Both the D and L forms of the reduced form of
each sugar!sugaf alcohol are also suitable for the present invention. For exampls,
glucose, when reduced, becomes sorbitol, an osmolyte within the scope of the
invention. Accordingly, sorbitol and other reduced forms of sugar/sugar alcchols
{e.g., mannitol, dulcitol, arabitol) are suifable osmolyles for use in the present
invention. Mannitol Is a preferred non-ionic osmolvte for use in combination with the
compounds of the invention.
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*Qrganic osmolyies” is generally used o refer {o molscules that control
intracelular osmolality in the kidney. See e.g., J. S. Handler ef al., Comp. Siochem,
Fhysiol, 417, 301-308 (1987} M. Burg, Am. J. Physiol 288, FO83-F388 (1995}
Organic osmolytes include but are not limited to thres major classes of compounds:
polyols (polyhydric slcohols), methylamines, and amino acids. Suitable polyol
grganic osmolytes include but are not limited to, inositol, myo-inositol, and sorbitol.
Suitable methylamine organic osmolyles include but are not limited {o, choline,
befaine, carmiline (L-, D- and DL forms), phosphoryicholine, lyso-phosphoryichaline,
glycerophosphoryicholine, creatine, and crestine phosphate. Suitable amine acid
organic csmolytes include but are not limited to, the D- and L-forms of glycine,
alaning, glutamine, giutamaiea, aspariate, proline and tawrine. Additional organic
osmolytes suitable for use in the present invention include thulose and sarcosing.
Mammalian organic osmolyles are preferred, with human organic osmolytes being
most preferred. However, ceriain organic osmolytes are of bacterial, yeast, and
marine animal origin, and these compounds may also be employsd in the presant
invention,

Osmolyle precursers may be used in combination with the compounds of the
invention An "osmolyle precursor” as used herein refers to a compound which is
converted inte an csmolyle by a meiabolic step, either catabolic or anabelic.
Examples of osmolyvie precursors include but are not miled {0, glucose, glucose
polymers, glycerol, choline, phosphatidyicholine, lyso-phosphatidyicholine and
inorganic phosphates, which are prscursors of polyols and methvlamines.
Precursors of amine acid osmolytes include proteins, peptides, and polyamine acids,
which are hydrolyzed {o yvield osmolyle amino acids, and metabolic precursors which
can be converted inlo osmolyle amino acids by a metabolic step such as
transamination. For exampile, a precursor of the aming acid glulamine is poly-L-
giutamine, and a precursor of glutamats is poly-L-glutamic acid. .

Chemically modified osmolyles or osmolvte precursors may slsc be
employed. Such chemical modifications involve linking the osmolyle {or precursor) to
an additional chemical group which aliers or enhances the sffect of the osmolyle or
osmolyle precursor {e.g., inhibits degradation of the osmolyte molsculs). Such
chermical modifications have been utilized with drugs or prodrugs and are known in
the art. {See, for example, U.S. Patl. Nos. 4,479,832 and 4,540,564; Shek, E. ef al., J
Med, Chem. 12:113-117 (1878} Bodor, N. el al, J Pharm. Scl §7:1045-1080
{1978); Bodor, N. et al,, J. Med. Chem. 26:313-318 (1983}, Bodor, N. et al,, J Phérm.
Sci. 75:28-35 (1886).
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Preferred osmolytes for use in combination with the compounds of the
invention include sodium chioride, particular hyperionic saline, and mannitol,

For the formulation of 7% and >7% hypertonic saling, formulations comdaining
bicarbonate anions may be particularly useful, especially for respiratory disorders
with cystic fibrosis transmembrane conductance regulator (OFTR) dysfunction such
as CF or COPD. Recent findings indicate that, although the relative ratio of HCO,
conductance/Cl™ conductance is belween 0.1 and .2 for single CFTR channels
activated with cAMP and ATP, the ratio in the sweal duct can range from virtually 0 o
almost 1.0, depending on conditions of stimulation. That is, combining cAMP + cGMP
+ g-kelogivtarate can yield CFTR HCO;  conductance almost squal to that of CF
conductance {Quiton ef al. Physiclogy, Vol 22, No. 3, 212-228, June 2007).
Furthermore, formulations of 7% and >7% hypertonic saline containing bicarbonate
anions may be particularly useful due fo better confrol of the pH in the airway surface
fiquid. First, it has shown that that sirway acidification ocours in CF (Tate st al. 2002)
and that abssnt CFTR-dependent bicarbonate secretion can lead o an impaired
capacity fo respond o airway conditions associaled with acidification of airway
surface liquid layer {Coakley et al. 2003). Second, addition of HE solution without
bicarbonate to the suface of the lung may further dilute the bicarbonais
concentrations, and potentially reduce the pH or the abilily o respond to airway
acidification within the airway surface liquid layer. Therefore addition of bicarbonate
anions to HS may help maintain or improve the pH of airway swrface lquid layer in
CF patients. '

Due to this evidencs, inclusion of bicarbonate anion in the formulation of 7%
or »7% hypertonic saline administered by the method of this invention would be
particularly useful. Formulations containing up to 30 fo 200 mM concenirations of
bicarbonsts anions are of particular inlerest for 7% or >7% HS solutions.

Hyperionic saline is undersiood to have a salt conceniration grealer than that
of normal saline (NS), i.e. greater than 8 g/L or 0.8% wiv, and hypotonic saline has a
salt conceniration less than that of normal saline, such as from about 1 g or LI0.1%
wiv {0 about 8 g/L or 0.8% wiv. Hyperlonic saline solutions usefud in the formulations
and methods of treatment herein may have a salt concentration from about 1% o
about 23.4% {wiv}. In one embodiment the hyperionic saline solution has a sait
conceniration from about 80 g/l (8% wiv} fo about 100 g/l (10% wiv). In another
embodiment, the saling solution has a sall concentration from about 70 g/l (7% wiv)
to about 100 g/l (10% wiv). In further embodiments, the saline solution has salt
concentrations of a} from about 0.5 g/l (0.08% wiv) to about 70 gfl (7% wiv); b) from
about 1 g/l (0.1% wiv} to about 80 g/l (6% wiv}, ¢} from aboul 1 g/l (0.1% wiv} fo
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sbout 50 gl (5% wiv); d) from sbout 1 g/l {0.1% wiv) to about 40 g/l (4% wiv), &)

from about 1 g/l (0.1% wiv) to about 30 g/ (3% wiv); and f) from about 1 g/l {0.1%
wiv} ic about 20 g/l (2% wiv),

Specific concentrations of saline solutions usefid in the formuiations and
methods of freatment herein include, independently, those having salt concentrations
of 1 gil. {0.1% wiv), 2 o/l (0.2% wiv), 3 g/k (0.3% wiv), 4 g/L {0.4% whv), E g/ (0.5%
wiv), 8 gfl. (0.8% wiv), 7 g/l (0.7% whiv}, 8 g/l (0.8% wiv}, 8 g/l (0.9% wiv), 10 g/L
{19 wiv}, 20 g/l (2% wiv}, 30 g/l (3% wiv), 40 g/l (4% wiv), B0 g/ (5% wiv), 60 g/l
(8% wiv}, 70 g/l (7% wiv}, 80 g/l (8% wiv), 90 g/l (8% wiv), 100 g/l {10% wiv), 110
g/l (11% wiv), 120 giL (12% wiv), 130 g/b (13% wiv), 140 g/l {14% wiv), 150 g/l
{18% wiv), 160 g/l (16% wiv), 170 g/l {17% wiv), 180 g/l (18% whv}, 180 g/l (19%
wiv), 200 g/l (20% whv), 210 o/l (21% wiv), 220 g/l (22% wiv), and 230 g/l (23%
wivy. Saline concentrations hetween aach of these fisted
concentrations/percentages may also be used, such as saline of 1.7 g {0.17%
wiv), 125 gfl {1.25% wiv), 1.5 g/l {1.5% wiv), 25 g/l (2.5% whv}, 28 g/l (2.8%
wiv), 35 g/l (3.5% wiv), 45 gfl (4.5% wiv}, and 75 g/l {7.5% wiv).

Specific useful concentration of hypotonic safine solutions include those from
about 0.12 g/t. (0.012% wiv) to about 8.5 g/l (0.85% wiv}. Any concentration within
this range may be used, such as, on a wiv basls, 0.05%, 0.1%, 0.15%, 0.2%, 0.225%
{1/4 NS}, 0.25%, 0.3% {1/3 NS}, 0.35%, 0.4%, 0.45% (1/2 NS}, 0.5%, 0.56%, 0.6%
{2/3 NS}, 0.65%, 0.675% (3/4 NS}, 0.7%, 0.75%. and 0.8%.

" Each of the ranges and specific concentrations of saline described herain
may be used with the formulations, methods of teatment, regimens, -and kils
described herain.

Also intended within the scope of this invention are chemically modified
osmolytes or osmolyle precursors. Such chemical modifications involve linking to the
osmoiyte {or precursor) an additional chemical group which alters or enhances the
effect of the osmolyle or osmolyle precursor (e.g., inhibils degradation of the
ssmolyte molecule). Such chemical modifications have been ulilized with drugs or
prodrugs and are known in the art. (See, for example, U.S. Pat. Nos. 4,479,932 and
4,540,564, Shek, E. et al, J. Med. Chem. 19:113-117 {1876); Bodor, N. et ai, J.
Pharm. Sci. 67:1045-1080 (1978); Bodor, N. st al, J. Med. Chem. 28:313-318
{(1983); Bodor, N. et al.,, J. Pharm, Sci. 75:28-35 (1986), each incorporated herein by
reference.

Suitable anti-inflammatory agents for use in combination with the compounds
of the invention include corticostercids and non-stercidal anti-inflammatory drugs
(NSAIDs), particularly phosphodissterase (PDE}  inhibitors. Examples of
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corticosteroids for uss in the presant invention includs oral or inhaled corticosteroids
or prodrugs thereof. Specific examples include but are not limited lo ciclesonide,
desisobutyryi-ciclesonide, budesonide, flunisolide, mometasone and esiers thereof
{e.g., mometasone furoats), futicasone propionate, fluticasons  furcats,
beclomethasone, methyl prednisolone, prednisclone, dexamesthasons, B, %o
diffuoro-17a-{{2-furanyicarbonyioxyl-11B-hydroxy-16a-methyl-3-oxo-androsta-1,4-
diens-173-carbothicic acid S-flucromethyl ester, O«,8u-difluoro-11B-hydroxy-16a-
methyl-3-oxo-1To~-propionyloxy-androsta- 1, 4-diene-17B-carbothicic  acid  S-{2-oxo-
fetrahydro-furan-38-yi} ester, beclomesthasons esters {e.g., the 17-propionale ester
or the 1721-dipropionate ester, flucromsthyl ester, tlamcinclone acelonide,
rofieponide, or ény combination or subset thersof. Preferred corlicostercids for
formulation or use in combination with the compounds of the invention are selecled
from ciclesonide, desiscbulyrvi-ciclesonide, budesonide, mometasone, fidlicasone
propionate, and fluticasone furnate, or any combination or subset thareof.

NSAIDs for use in the present invention include but are not limited to sodium
cromoglycate, nedocromil sodium, phosphodiesterase (PDE} inhibitors {e.g.,
theophyliing, aminophylline, PDE4 inhibitors, mixed PDEIPDE4 inhibitors or mixed
PDE4/PDETY inhibitors), leukotriens antagonists, inhibitors of leukolriens synthesis
{e.g., 5 LO and FLAP inhiblfors), nitdc oxide synthase (INOS) inhibllors, proleass
inhibitors {8.g., Iryptase inhibitors, neulrophil elastase inhibitors, and metalloprotease
inhibitors) B2-integrin aniagonists and adenosine recepior agonists or antagonists
{e.g., adenosine 2a agonisis), cylckine antagonisis {e.g., chemoking antagonisis} or
inhibitors  of covickineg synthesis ({(e.g., prostaglandin D2 (CRTh2) receplor
antagonists). Examples of leukotriene modifiers sultable for adminisiration by the
method of this invention include monielukast, zileuton and zafiriukast.

The PDE4 inhibitor, mixed PEEBIPSEé inhibitor or mixed PDE4/PDE7Y
inhibitor may be any compound that is known 1o inhibii the PRE4 enzyme or which is
discoveraed o act as a PDE4 inhibitor, and which are selective PDE4 inhibitors (i.e.,
compounds which do not appreciably inhibit other members of the PDE family).
Examples of specific PDE4 inhibitors for formulation and use in combination with the
compounds of the present invention include but are not limited {o roflumilast,
pumafentring, arofyiline, cllomilast, fofimilast, oglemilast, lolafentrine, piclamilast,
budilast, apremilast, 2-[4-10,7-disthoxy-2 3-bis{hydroxymethyl}-1-naphthalenyl}-2-
pyridinyl]-4-{3-pyridingl}-1{(2Hpphthalazinons  {T2588), N-(3,5-dichioro-4-pyridinyl}-1-
{{4-flucrophenylimethyil-5-hydroxy-o-oxo-1H-indole-3-acetamide  (AWD-12-281, 4-
{(2R)wz~{3‘(cyciapantyéaxy)adémethoxy;;hany!}»Z»phanyEe‘ihyi}-pyﬁd§ne {CDP-840), 2-
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[4-[{{12-(1,3-banzodioxol-B-yioxy}- 3~pyndmyi}carbmny§]amcno}maihyi}nsn
fluorophenoxyl<{2R-propanoic acid {(CP-871305), N»{ii 8-dzmemy§~2~pynmzdmyi)~é~
(4 5,8, 7-tetrahydro-2-(4-methoxy-3-methylphenyl}-5-(4-methyl-1-piperazinyl)-1H-
indol-1-yi}-  benzenesulfonamids, (2E}2-butenedioste  (YM-383058}, 8-{{2-
fluoraphenylimethyil-N-methyl-2-{triffucromethyl}-0H-purin-6-amine  (NCS-813}, N-
{2 5-dichloro-3-pyridinyl}-8-methoxy-S-quinclinecarboxamide  {D-4418), N-[{3R}-8-
amino-3,4,8, T-tetrahydro-4-oxo-1-phenylpyrrolo]3,2, 1-[{1, 4lbenzodiazepin-3-yi}-3H-
purin-G-aming (PD-188787}, 3-{[3-{cyclopentyloxy)-4-methoxyphenylimethyll-N-gthyl-
8-{1-methylethyl}-3H-purin-6-aminse hydrochloride (V-11294A), N-(3,5-dichloro-1-
oxido-4-pyridinyi)-8-methoxy-2-{triflusromethyl}-5-quinclinecarboxamide
{Sch351581), 5-{3-{cyclopentyloxy)-4-methoxyphenyll-3-{{3-methyiphenyl)methyl}-
{38,88)- 2-piperidinone { HT-0712), §-(2-{{1R 4R}-4-amino-1-{3-{cyclopentyloxy}-4-
methyoxyphenyljcyciohexyl} sthynylpyrimidine-2-amine, cis-{4-tyanc-4-(3-
cyclopropyimethoxy-4-diffucromethoxy phenylioyciohexan-1-of], and 4-8,7-diethoxy-
2,3-bis{hydroxymethyi}-1-naphthalenyl}-1-{2-mathoxyethyl}-2( 1H}-pyridinone  (T-440),
and any combination or subset thereof,

{eukolriene antagonists and inhibitors of leukolriene synthesis include
zafiriukast, montelukast sodium, zileuton, and praniukast.

Anticholinergic agents for formulation or use in combination with the
compounds of the invention include but are not limited to muscarinic receptor
antagonists, particularly including pan antagonists and aniagonists of the M
receptors. Exemplary compounds include the alkalclds of the belladonna plants,
such as afropine, scopolamine, homatropine, hyoscyaming, and the various forms
inciuding salts thereof (e.g., anhydrous alropine, atropine sulfate, atropine oxide or
HCI, methylatropine nitrate, homatropine hydrobromide, homatropine methyl bromids,
hyoscyamine hydrobromide, hyoscyamine sulfats, scopolamine  hydrobromide,
scopolamine methyl bromide) , or any combination or subsst thersof.

Additional anticholinergics for formulation and use in combination with the
methantheling, propantheline bromide, anisofropine methyl bromide or Valpin 5C,
aclidinium bromide, glycopyrrolate (Robinul), isopropamide iodide, mepenzolate
bromide, tridihexethyl chioride, hexocyclium methylsulfate, cyclopentolate HC,
fropicamide, trihexyphenidyl CCl, pirenzspins, {elenzepine, and methociramine, or
any combination or subset thereof.

Preferred anticholinergics for formulation and use in combination with the
compounds of the invention include ipratropium (bromide), oxitropium {bromide) and
tictropium {bromids), or any‘mmbination or subset theraof.
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Examples of B-agonists for formulation and use in combination with the
compounds of the invention include but are not limited {o salmstersl, R-salmetersi,
and xinafoale saits thereof, albuterol or R-albuterc! (free bass or sulfate), levalbuterol,
satbutamal, formotero! {fumarate), fenoterol, procalerol, pirbutercl, melaprierancl,
terbutaline and salls thereof, and any combination or subset thersof.

P2Y2 receptor agonists for formulation and use in combination with the
compounds of the invention may be employed in an amount effective to stimulate
chioride and waler secrelion by alrway surfaces, particularly nasal airway surfaces.
Sultable P2Y2 receptor agonists are known in the art and are described for example,
in columns 9-10 of US Patsnt No. 8,284,875, and also US Patent Nos. §,656,250 and
5,292,488,

P2Y, agonists thal can be administered by the methods of this invention
include P2Y, receptor agonists such as ATP, UTP, UTP..gamma.-S and dinuclectide
P2Y, recaplor agonists (e.g. denufosol or diquafosol} or a pharmaceutically
acceptable salt thersof. The P2Y, receplor agonist is typically includsd in an amount
effective fo stimulate chioride and waler secretion by airway surfacss, particularly
nasal airway surfaces. Suitable P2Y, receptor agonists are described in, but are not
fimited to, U.8. Pat. No. 6,264,875, U.S, Pat.No. 5,656,256, U.B. Pat. No. 5,292,488,
U.5. Pat. No. 8,348,582, U.S. Pat. No. 6,818,629, U.S. Pal No. 8,877,248, U.S. Pat.
Mo, 7,223,744, U.S. Pal.No.7.831,525 and U.S. Pat.AP.2008/0306008 sach of which
is incomporated herein by referencs,

Combination therapies and formulations herein can include adenosine Zb
{A2b} agonists, also, including BAY 60-8583, NECA (N-sthvicarboxamidoadenosine},
{(SHPHPNECA, LUF-5835 and LUF-5845. AZb agonists that may be used ars
described by Volpini et al., Journal of Medicinal Chemistry 45 (15): 3271-8 {2002},
Volpini et al., Current Pharmaceutical Design 8 (26): 2285-98 (2002); Baraldi et &l.,
Journai of Maedicingl Chemistry 4T (8). Cacclari ol al., 143447 (2004}, Mini Reviews
in Medicinal Chemistry § {12}, 1053-60 {Dec. 2008}); Baraldi et al., Current Medicinal
Chermistry 13 {28} 3467-82 (2006}, Beukers et al., Medicinal Research Revisws 28
{5). 66788 (Sept. 2008); Elzain et al., Bioorganic & Medicinal Chemistfjf Letfers 16
{2} 302-8 {Jan. 2008); Carctl, et al., Journal of Medicinal Chemistry 48 (1) 282-89
{Jan. 20086); Tabrizi et al., Bicorganic & Medicinal Chemisiry 18 (8). 2418-30 (March
2008} and Stefanachi, &t al., Bloorganic & Medicingl Chemistry 16 (8). 2852-69
{March 2008},

Examples of other ENal receplor blockers for formulstion and use in
combination with the compounds of the invention include but are not limited to
amiloride and derivatives thereof such as those compounds described in US Patent
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No. 6858615, and PCT Publication Nos. WO2003/070182, WO2004/073629,
WO2005/018644, WO2Z006/0226835, WO2007/018640, and WO2007/146889, all to
Parion Sciences, inc.

Small molecule ENaC blockers are capabie of directly preventing sodium
fransport through the ENaC channel pore. ENaC blocker that can be administered in
the combinations herein include, but are not limited to, amiloride, benzami, phenamil,
and amiloride analogues as exemplified by US Pal No. 8,858,614, US Pat. No.
6,858,618, US Pal. No. 6,803,108, US Pat, No. 6,895,180, US Pal No. 7,026,325,
U8 Pat. No. 7,030,117, US Pat. No. 7,084,129, US Pat. No. 7,186,833, US Pat. No.
7,189,719, US Pat. No. 7,182,858, US Pat. No. 7,182,859, US Pat. No. 7,241,768,
US Pat. No. 7,247,836, US Pat. No. 7,247,637, US Pat. No. 7,317,013, US Pat. No.
7,332,488, US Pat. No. 7,345,044, US Pat. No. 7,388,447, US Pat. No. 7,368,450,
US Pat. No. 7,388,451, US Pat. No. 7,375,107, US Pat. No. 7,388,766, US Pal. No.
7,410,888, US Pat. No. 7,820,878, US Pat. No. 7,842,697, US Pat. No. 7,868,010,
US Pat. No. 7,875,619

ENaC proteclysis is wsll described to increase sodium transport through
ENaC. Protease inhibitor block the activity of endogenous airway proteases, thereby
preventing ENaC cleavage and activation. Protease that cleave ENaC include furin,
meprin, matriptase, rypsin, channel associated proleases {CAPs), and neulrophil
glastases. Protease inhibitors that can inhibil the proteolyvlic activity of these

' proteases that can be administered in the combinations herein include, but are not

Hmited to, camostat, prostasin, furin, aprotinin, leupeptin, and trypsin inhibitors.

Combinations herein may include one or more suitable nucleic acid {or
polynucieic acid), including bul not limiled {o antissnse oligonuclectide, siRNA,
miRNA, miRNA mimic, antagomir, ribozyme, aptamsr, and decoy cligonuclectide
nuclaic acids. Ses, e.g., US Patent Application Publication No. 20100316628, iIn
general, such nucleic acids may be from 17 or 18 nuclectides in lsngth, up 1o 23, 25
or 27 nuclectides in length, or mors. Examples include, but are not limited to, those
described in US Patent No. 7,517,865 and US Patent Applications Nos.
20100215588, 201003168628, 20110008368; and 201101042585, in generzl, the
siRNAs are from 17 or 19 nucieotides in length, up to 23, 28 or 27 nucleotides in
length, or more.

CFTR activity modulating compounds that can be administered in the
combinations of this invention include, but are not limited to, compounds described in
US 2000/0246137 A1, US 2008/0253738 A1, US 2010/0227888 A1, Patent number
7,645,789, US 2008/0246820 A1, US 2000/0221587 A1, US 2010/0184738 A1, US
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2010/0130847 A1, US 2010/0168084 A1 and issusd patent 7,553,855, US
7,772,259 B2, US 7,405,233 B2, US 2008/0203752, US 7,488,570,

Mucus or mucin modifying agents useful in the combinations and methods
herein include reducing agents, surfaclants and delergents, sxpeciorants, and
deoxyribonuclease agenis.

Mucin proteins are organized into high molecular weight polymers via the
formation of covalent (disulfide) and non-covalent bonds. Disruption of the covalent
bonds with reducing agenis is a weli-esiablished msthod o reduce the viscosiastic
properties of mucus i vifro and is predicled to minimize mucus adhesiveness and
improve clearance i1 vive. Reducing agents are well known to decrease mucus
viscosity in vitro and commonly used as an aid to processing sputum samples®,
Examples of reducing agents include suifide containing molecules or phosphines
capable of reducing prolein di-sulfide bonds including, but not Bmited to, N-aceiyl
cystesine, N-acystelyn, carbocysteine, glutathione, dithiothreifol, thicredoxin
confaining profeins, and tris {2-carboxyethyl) phosphine.

N-acetyl cysteine (NAC) is approved for use in conjunction with chest
physictherapy to loosen viscid or thickened airway mucus Y2, Clinical studies
evaluating the sffects of oral or inhaled NAC in CF and COPD have reporied
improvemants in the rheologic properties of mugus and trends foward improvements
in jung function and decrsasss in pulmonary exacerbations®. However, the
preponderance of clinical data suggests that NAC is at best a marginally effsctive
therapeutic agent for treating airway mucus obstruction when administered orally or
by inhatation. A recent Cochrane review of the existing clinical lilerature on the use of
NAC found no evidencs to support the sfficacy of NAC for CF'®. The marginal clinical
benefit of NAC reflacis:

NAC is a relative inefficient reducing agent which is only partially active on the
airway surface. Very high concentrations of NAC (200 mb or 3.26%) are required to
fully reduce MucSB, a major gsi-forming airway mucin, in vitro, Furthermore, in the
pH environment of the airway surface (measured in the range of pHE0 0 7.2 In CF
and COPD airways)'', NAC exists only partially in its reactive state as a negatively
charge thiolate. Thus, in the clinic, NAC is administerad at very high concenirations.
Howsver, i is predicled thal current aerosol devices will not be able fo achisve
therapeutic concentrations of even a 20% Mucomyst solution on distal airway
surfaces within the relatively short time domaing (7.5 — 15 minutes) typically used.

in non-chinical studies, “C-labled NAC, administered by inhalation, exhibits
rapid elimination from the lungs with a hal-life ranging from 6 fo 36 minutes'?
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NAC is administered as a highly concentrated, hypertonic inhalation solution
{20% or 1.22 molar) and has been reported io cause bronchoconstriction and cough.
In many cases, il is recommended that NAC be administered with a bronchodilator to
improve the tolerability of this agent.

Thus, reducing agents such as NAC awe not well suited for bolus aerosol
administration. However, it is anticipated that delivery of reducing agenis by
pulmonary aercsol infusion would increase the effectiveness, while allowing for a
dacrease in the concentration of reducing agent in the inhalstion solution {predicied
to increass tolerability).

Surfactants and detergents are spreading agents shown o decrease mucus
viscoslasticity, improving mucus clearability. Exaemples of surfaciants include
dipalmitoviphosphalidvicholine  (DPPC), PF,  palmitic  ackl, palmiloyl
oleoyiphosphatidyigiveerl, surfactant-associated proteins {e.g. 8P-A, B, or C}, or
may be animal derived (e.g. from cow or calf lung lavage or extracted from minced
pig kung) or combinations thereof. See, e.g., US Patent Nos. 7,897,577, 5,876,870,
5,614,218, 5,100,808; and 4,312,860. Examples of surfaclant prﬁducts include
Exosur!® Noonatal (colfoscerii paimitate), Pumactant® (DPPC and  egg
phosphatidylgiycerol), Ki-4 surfactani, Venticule® {lusulptide, rSP-C surfactant), '
Alveofact® (bovactant), Curosurf® {poractant aifa), infasurf® (calfactant), Newfacten®
{modified bovine surfactant), Surface® Natsurf'™ (nonionic alcohol sthoxylats
surfactantiand Survanta® {beractant). Examples of detergents includs, but are not
limited to, Tween-80 and triton-X 100,

Any suitable expectorant can be used, including but not imited to guaifenesin
{see, e.g., US Patent No. 7,345,051}, Any suitable deoxyribonuclease can be uséd,
including but not limited o Domase Alpha. (sse, e.g., US Patent No. 7,482,024).
Examples of kinase inhibitors include inhibitors of NFKB, PI3K {phosphatidylinositol
3-kinase}, p38-MAP kinase and Rho kinase.

Antiinfective agents for formulation and use in combination with the
sompounds of the invention include antivirals and antibiotics. Examples of suilable
antivirals include Tamifiu® {oseltamivir} and Relenza® (zanamivir}. Examples of
suitable antibiotics include but are not lmiled to azlrecnam {arginine or lysine),
fosfomyein, and aminoglycosides such as fobramycin, or any combination or subset
thereof,  Additional antiinfective agents thal may be used herein includs
aminoglvcosides, Daptomyein, Fluoroguinolones, HKetolides, Carbapenems,
Cephalosporing, Erythromyein, Linezolid, Penicillins, Azithromycin, Clindamycin,
Oxazolidinones, Telracyclines, and Vancomygin.
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Examples of useful carbapensm antibiotics are impenam, panipenam,
meropenam, biapenam, MK-826 (L-749,345), DA-1131, ER-35788, lsnapenam, S-
4661, C5-834 {prodrug of R-95887), KR-21058 (prodrug of KR-21012}, L-084
{prodrug of LJC 11038) and Ceficlozane (CXA-101).

Antihistamines (i.e., Hi-recepior antagonists) for formulation and use in
combination with the compounds of the invention include but are not limited to:
sthanclamines such as diphenhydramine HC|, carbinoxamine maleale, doxylamine,
clemastine fumarale, diphanyihydramine HCO! and dimenhydrinate; ethylenediamines
such as pyrilamine maleats (melpyramine), tripelennamine HC!, bipslennamine
citrate, and antazoline; alkylamines such as pheniramine, chivropheniramine,
bromophseniramine, dexchicrpheniramine, iriprolidine and acrivastine; pyridines such
as methapyrilene, piperazines such as hydroxyzine HCl, hydroxyzine pameate,
gyclizine HCI, cyclizine lactate, meclizine HCI and cetirizine HCY; piperidines such as
asterniscle, levocabasting HCL loratadine, descarboethoxyloratadineg, terfenadine,
and fexofenadine BOL - and tstracyclics such as promethazine, chiorpromsthazine
trimeprazine and azaladine; and azslastine HCI, or any combination or subsst
theraeof.

Examples of other classes of therapeutic agents suilable for use in the
combinations and methods herein include aniivirals such as ribavirin, anti-fungal
agents such as amphotericin, intraconazo! and voriconazo!, anti-rejection drugs such
as cyclosporing, tacrolimus and sirolimus, bronchodilators including but not limited o
anticholinergic agents such as atrovent, siRNAs, gene therapy vectors, aplamers,
endothelin~receptor antagonists, alpha-1-anfitrypsin and prostacyclins.

in the above-described methods of freaiment and uses, a compound of the
invention may be emploved alone, or in combination with one or more other
therapeutically active agents. Typically, any therapeutically active agent that has a
therapeutic effect in the dissase or condition being treated with the compound of the
invention may be utilized in combination with the compounds of the invention,
provided that the parlicular therapeutically active agent is compatible with therapy
employing a compound of the invention. Typica! therapeutically active agents which
are suitable for use in combination with the compounds of the invention include
agsnts described above.

in one preferred embodiment, the compounds of the invention are used in
combination with one or more osmolytes, particularly hyperionic safine or mannitol,

in another aspedt, the invention provides methods for treatment and uses as
described above, which comprise administering an effeclive amount of a compound
of the invention and at least one other therapeutically active agent. The compounds
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of the invention and at least one additional therapeutically aclive agent may be

smployed in combination concomitantly or sequentisly in any therapsutically
appropriate combination. The administration of a compound of the invention with ona
or more other therapeutically active agents may be by administration concomitantly in
1} a unitary pharmaceutical composition, such as the compositions described above,
or 2) separate pharmacsutical compositions each including one or more of the
component active ingredients. The components of the combination may be
administered separalely in & sequential manner whersin the compound of the
invention is administered first and the cother therapeutically aclive agent is
administered sscond or vice versa. o

in the embodiments wherein the compound of the Enventia;'z is administered in
combination with one or more csmolytes, the administration of sach component is
preferably concomifant, and may be in a unitery composition or separale
compositions. iy one embodiment, the compound of the invention and one or more
osmolyles are administered concomitantly by transbronchoscopic lavage. In another
embodiment, the compound of the invention and one or more osmolytes ars
administerad concomitantly by inhalation.

When a compound of the invention is used in combination with another
therapeutically aclive agent, the dose of each compound may difer from that when
the compound of the invention is used alone. Appropriate doses will be readily
determined by one of ordinary skill in the art. The appropriate dose of the compound
of the invention, the other therapeutically active agent{s} and the relative timings of
administration will be selscled in order to achieve the desired combined therapeutic
affect, and are within the expertise and discretion of the altendant physician, clinician
or veterinarian,

Experimental Procedures The present invention also provides processes for
praparing the compounds of the invention and to the synthelic intermediates useful in
such processes, as described in detall below.

Ceriain abbreviations and acronyms are used in describing the synihetic
processes and experimental details. Although most of these would be understood by
ora skilled in the art, the following table contains a list of many of these abbreviations
and acronyms.

Abbrevigtion  Meaning

AcOH Aostic Adid
AIBN Azobisisobutyroinitrile
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Abbrevigtion  Meaning

AcOH Agetic Acld

DIAD Diisopropyt azidocarboxylate

DIPEA N, N-Diisopropylethylamine

DCE dichloroethane

DCM dichioromethane

DMF dimethviformamide

Et Ethyl

EtQAcor EA  sthyl acelats

EiOH Ethangl

ESi glecirospray ionization

HATU 2-{1H-7-Azabenzotriazol-1-yi}-1,1,3,3-tetramethyl uronium
hexafiuorophosphate

HPLC High performance liquid chromatography

iProH isopropyt alcohol

LLord? intratracheal

Me Mathyt

MeOH methanol

mfz or mie mass o charge ratio

M mass plus 1

MH mass minus 1

MIC minimal inhiblory concentration

MS orms mass specirum

rtornt room temperature

B Retardation factor

-Bu fert-butyl

THF fetrahydrofuran

TLC ortlc thin fayer chromatography

& parts per million down field from tetramethyisilane

Cbz Bsnzyloxycarbonyl, Le. {CO)O-benzyl

AUC Area under the curve or peak

MTBE Methy! tertiary butyl ether

t= Retention time

GC-MS Gas chromatography-mass spectrometry

wil% Parcent by weight
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Abbravigtion  Meaning

AcQOH Agcetic Acid

h Hours

oHn Minutes

Mz megahertz

TFA Trifluoroacstic acid

Uv Ultraviolet

Boc terf-butyloxycarbonyl

Blab Uisopropy! azodicarboxylate
AcOH Acetic Acid

DIPEA N N-Diisopropytethylamine or Hinlg's base
PhyP Triphenyiphosine

The compounds of Formula | may be synthesized using technigues known in the art.
A representative synthetic procedure is illustrated in Scheme 1 below.

Schame 1
O OH
NH? f/kf \©\/\
: ' (}
G;\/( I'L &GH;* + J/\NH“
— {i
NH, g (

\ H
e’

These procedures are described in, for example, E. J. Cragoe, “The
Synthesis of Amiloride and lts Analogs”™ (Chap 3} in Amiloride and ite Analogs, pp.
25-38. Other processes for preparing amiloride analogs are described in, for
sxample, U.S. Palent No. 3,318,813, o Cragos, particularly at methods A, B, C, and
D of the ‘813 patent. Still other processes which may be adapted for the preparation
of the compounds of the invention are described in PCT Publication Nos.
WO2003/07 182, WO2005/108644, W2005/022835, US 7,064,128, US 6,858,615,
US 8,803,108, WO 2004/073628, WO 2007/146869, and WO 2007/018840, all
assigned to Parion Sciences, Inc.

Preparation of miethyt N'-3,5-diamino-8-chioropyrazine-2-
carbonyvicarbamimido thioste {2} can be seen in WO 2009/0745785.

Generally, the compounds of the invention may be conveniently prepared by
treating & compound of Formula 2 with an amine of Formula 3. More specifically,
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compounds of Formula 2 are treated with the amine of Formula 3 In a sultable
solvant such as methanol, ethanol, or tefrahydrofuran, and a base such as
risthylaminge (TEA), or di-isoproylethylamine (DIPEA), with heating to slevated
iemperaiure, s.g., 70°C. Further purificalion, resolulion of slerecisomers,
crystailization and/for preparation of salt forms may be carried out using conventional
technigues.

As will be apparent {o those skilled in the arl, in certain instances, the starting
or infermediate compounds in the synthesis may possess other functional groups
which provide alternate reactive sifes. Interference with such functional groups may
be avoided by utilization of appropriate protecting groups, such as aming or alcohol |
protecting groups, and where applicable, appropriately prioritizing the synthetic steps.
Suitable protecting groups wiil be apparent to those skilled in the art. Msthods are
wall known in the art for insteling and removing such protecting groups and such
conventional techniques may be employved in the processes of the instant invention
as wall. A

The following specific examples which are provided hersin for purposes of
fustration only and do not limit the scope of the invention, which is defined by the
claims.

Material and methods, All reagent and solvents were purchasad from Aldrich
Chemical Corp. Charednpey bynatises! ine. and TO cheimical ndustny Co, Ll
NMR spectra ware obtained on sither & Bruker AC 400 ("H NMR at 400 MHz and °C
NMR at 100 MHz) or a Bruker AC 300 ('H NMR at 300 Mz and PC NMR at 75
MHz). Proton specira were referenced io tetramethyisiiane as an internal standard
and the carbon spectrs were referenced to CDCYL, 0,00, or DMSO-dg (purchased
from Aldrich or Cambridge Isotope Laboratories, unless othenwise specified}. Flash
chromatography was performed on a Combiflash system (Combiflash Rf, Teledyne
Isco) charged with silica gel column {Redi Sep. R, Teledyne Isco) or reverse phase
column (Migh performance C18 Gold column). ESI Mass spectra were oblained on a
Shimadzu LCMS-2010 EV Mass Spectrometer. HPLC analyses were obtained using
a Waters XTerra MS C18 Sum 4.8x150mm Analytical Column detected at 220 nm
{unless otherwise specified} on a Shimadzu Prominence HPLC system. The
following time program was used with a flow rate of 1.0 mb per minute:

Time Percent A Parcent B

(M0 with 0.08% TFA} | {(CHON with 0.05% TFA)
{min)
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2.50 80 10
20.00 10 80
30.00 10 90
32.50 a0 10

UPLC analyses were obtained qsing a Waters ACQUITY UPLC H8S T3 1.8um

2.1x100mm Analytical Column detected at 220 nm (uniess otherwise specified}on a

Shimadzu Prominence UFLC system. The following ime program was used with a
5 flow raie of 0.3 mL per minute:

Percent B
Percent & -
Time ] {CH;CNMWater 80:20%
{H,0 with 0.05% NH,CO0H .
with 0.05% NHLCOOH

i and 0.1% HCOOH
{mmin) ¢ ) and 0.1% HCQOOH)

1.00 80 10
4,00 30 70
500 | 30 T
5.50 %0 10
650 | 90 - 10

Also provided herein {Scheme 2} is a mesthod for preparation of compound
16 (la), 3,5-diamino-8~chioro-N-{N-{4-{4-(2-{hexyl{((28,3R 4R 5R}-2,3,4,5,6-
pentahydroxyhsxyllamingjethoxyjphenylibutyl)carbamimidoylipyrazine-2-
carboxamide, as defined herein bsfore,
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II

{ia} H-N N N,

ji%e

comprising the steps of.
(i} treating a compound of formula 14

N - NHCbz
H.,}\ \v/“"'\ L JAf

«H(Cl1

with a protected sugar, (4aR65,7R,8R,8a8)-2-phenythexahydropyrano{3.2-

dif1,3ldioxine-8,7,8-riol, of formula 15:
OH
o
o0
P 3§

in the presence of a reducing agent, followed by a treatment of hexanal to form
10  compound 16, benzyl 4-{4-(2-({{25,3R}-2 3-dihydroxy-3-{{4R,5R}-&-hydroxy-2-

phenyl-1,3-dioxan-4-yijpropylithexyl jamincjethoxylphenylibutvicarbamate;

OH O

.w,’?g,\@/\ e Ry,
H e el } 1\’
OO ou S YN
- 16
"\\\\ ; J
ByC

(i) Subjecting compound 16 to calalytic hydrogenation to form compound
17, {1R,28}3{(2-{4-(4-amincbutyliphenoxy)ethyl Y hexyhamine)-1-
13 {{4R 5R}-5-hydroxy-2-phenyl-1,3-dioxan-4-yljpropane-1,2-dicl; and
OH Q}i

ﬁW\ /\/9\(\1 nbuOH
O, () (}H \/‘\/"Ng

Z
&':}!{30)/ ’
()  Condsnsing compound 17 with compound 2, methyl 3,5-diamino-6-
chioropyrazine-Z-carbonylcarbamimidothicate, in the presence of base
to form 19, 3,5-diamino-8-chioro~-N-{N-{4-{4-{2-{{{28,3R}-2 3-dihydroxy-
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3-{4R, 5R}-8-hydroxy-Z-phenyl-1,3-dioxan-4-
yhpropyii{hexylamino)ethoxy) phenyl) butyllcarbamimidoylpyrazine-2-
carboxamide; and

H OR
g NH {?’(ﬁw\N/\\/G N N—_—

CEIN\ g 8CH, O~ -0 ou _,J S \f’\-r/\h:'ﬁ\hz PR

% H 3 B P /gi\
ENT TNT NE, [:, b 19 N7 R TNH,
" /}'._!3(.'/‘

H

5 {iv}  hydrolyzing compound 18 in the presence of goid {o form (la).

An alternative process comprises replacing the compound of formula 18,
above, with compound 27, followed by the hydrogenation, oondenséﬁaﬂ, and
hydrolysis steps just described to form compound {ia).

i0

Also provided hersin (Scheme 3) is an altemnate method for preparation of
compound (ia), 3,5-diamino-8-chioro-N-{N-{4-{4-{2-{hexyl{{28,3R 4R 5R}-2,3,4,5,8-
pentahydroxyhsxyllaming jsthoxy jphenylbulyl jcarbamimidoyljpyrazine-2-
carboxamide, as defined hersin before,
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Scheme 2. Preparation of 3,5Diamino-8-chloro-Ne{N-{4-{4-{2Z-
{heﬁyi{{ZSﬁR,éR,5R}~2,3,4,5,5~pantahydmxyhexy!}amim}athaxy}phaﬂyi)
huty!)carbamimideyi)pyrazine-z-carbexamida

//\ e N b MHNW:;QH A e N
—— e Y. ;
Hg/\«/ J’ DIAD, PhyP BocpHN, | m | o /L j
THF, 1t
13 57% 13
H
o § g N HCin dioxsne
o™ AOH i
o8 OH (J‘vl"m ¥
W"‘N"\/C’~ “Xa, ' oyt S NECEZ
P 14 « /E/j
NeCNEH., -
~ AcCH, MeOH »
i /r 16 Hexanal 14
R O 46% over two Sieps
,C
Hy, PUC
AeOHAMROR
B6%
OH oH N
W N /\\«/C‘\m ACOH

DIPEA, EtOF, 70 °C
7%

e OH \/ 2NN /’\NE_IQ .
17 o WH
o N A A

BN N TN,

o oH ou A,\/\NJLNJL SN
J/ & l i
5 H3C
Scheme 3. Alternate Freparation of 3,5-Diamino-8-chlioro-N-{N-{4-{4-(2-

{hexyl{{2S,3R 4R 5R}-2,3.4,5,6-pentahydroxyhexyilamincjethoxylphenyl)
10 butylcarbamimidoviipyrazine-2-carboxamide
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CH
o ~ NOH
CH OH
/\@/\NMO

£ Yok
a. 8
O Y
\1/{} O /\\,/’\NH Chbz
CH,

o

is

NaCNBH;, -t
ACOH, MeOH g 4
; , 75%
{ Hexanal, NeCNBH; HN
{ AcOH, McOH ‘
i 81%
OH OH

1;13 ' 1/2 27

Hy, PA/C
/‘ \\
HC
AcOH/MeOH
1%
" T*
DIPEA, EICH, 70°C
OH OH 85%
; /\\_/O NH
0\1/6 0}1 \/-\/\
CH,

J\ g
| A
HC

I-LN N7 NH,
|
l 4 HC, BOH
{ 839
¥
OH OH
W\N‘/\'\‘/ X NI‘I 0 ‘ZHCI
on 6m o P

(ta} i ” I I
e

HNT N O NH,

EXAMPLES

The invention also comprises a compound prepared by the methods herein
or a phamaceutically accepiable sall of the compound

Synthesis  of la. 3 5-diamino-6-chioro-N-{N-{4-{4-{2-(hexyl{{28.3R 4R 5R}-
2.3.4.5.6-
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Siep 1 _
Preparation of benzyl 4-{4-{3-{tert-
butyloxycarbonylaminojpropoxy)phenyiibutyt carbamate (Compound 13): To a

solution of benzyl 4-{4-hydroxyphenyljbuivt carbamate {11, 80.0 g, 300 mmol} in dry
THF (800 mL) was added N-Boc ethanolamine (12, 38.7 g, 300 mmol), PhaP (82.8 g,
300 mmol} and DIAD (48.6 g, 300 mmel} at 0 °C, then the reaction mbdure was
warmed to room temperature and stirred over night.  The reaction mixiure was
concenirated in vacuum end the residue was purified by column chromatography
{sitica gel, 15:85 EA/hexanes) to afford desired compound 43 (80.0 g, §7%} as a
yellow solid: 'H NMR (400 MHz, CDCl;) 6 7.35 (m, SH}, 7.10 (d, J = 8.0 Hz, 2H},
6.80 {d, J = 8.0 Hz, 2H), 8.10 {s, J = 4.0 Hz, 2H), 4.0 {m, 2H), 3.5 (g, 2H), 3.2 (q. 2H),
2.55 {t, J= 8.0 Hz, 2H), 1.80 {m, 2H}, 1.55 (m, 2H), 1.45 (s, gH).

Step 2
Preparation  of Benzyl  4-{4-{2-aminosthoxy)phenyijbutyicarbamate

Hydrochioric Acid Salt (14 Compound 13 (80.0 g, 112 mmol) was dissolved in 4
N HCI in dioxane {250 mL) at room temperature and the solution was stirred for 1
hour. After concenirated, the residue was suspended in MTBE (500 mL) and stirred
for 0.5 h. The solid is filtered out to afford hydrochioric acid salt 14 (40.0 g, 83%}as a
white solid: 'H NMR (300 MHz, CD,0D) 8 7.33 {m, 5H), 7.10 {d, J = 8.7 Hz, 2H},
6.88 (d, J = 8.7 Hz, 2H}, 5.05 (s, 2H), 418 {t, 2H), 3.38 {m, 2H}, 3.14 (L. J= 7.2 Hz,
2H3, 2.88 {t, J= 7.5 Hz, 2H), 1.57 {m, 4H).

Step 3

Preparation of Benzyl 4-{4-{2-{{{28,3R)-2,3-dihydroxy-3-{{4R,5R}-5-hydroxy-2-
phenyl-1,3-dioxan-d-ylipropyli{hexyljamincjethoxyiphenyiibutylcarbamate {18}
A solution of hydrochioric acid salt 14 {13.5 g, 38.35 mmol} and triol 18 (10.6 g, 38.35
mmel} in MeOH (150 mb} and AcOH (18.8 g, 314.6 mmol) was stirred at room
temperature for 2 h, sodium cyancborohydride (8.1 g, $8.37 mmol} was added and
the reaction mbdure was stirmed at room temperature overnight. Additional trict 18
(5.2 g, 19.67 mmol} was added and the reaction mixture was slirred at room
temperature for 4 h. After starling material 14 was completely consumed, hexanal
(5.8 g, 58.03 mmol} was added and the reaction mixture was stired al room
temperature for 2 h. Selvent was removed in vacuum. The residue was washed with
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satd Na,CO; (5.0 ml), azeotroped with MeOH and purified by column
chromatography (sifica gel, 10:1 CHCl/MeOH]) o afford compound 16 (12.2 g, 46%
over two steps) a5 an off-white solid: 'H NMR (300 MHz, CD,0OD) § 7.45-7.44 (m,
3H), 7.31-7.20 {m, 8H}, 7.05 (d, J = 8.4 Hz, 2H), 679 (d, J = 8.4 Hz, 2H), 5.50 {s,
1H}, 5.05 (s, 2H), 4.25-4.18 (m, 2H)}, 4.03-3.87 {m, 6H), 3.78-3.55 {m, 3H), 3.13~
2.98 {m, 6H), 2.85-2.69 (m, 3H), 2.83 ({, J=6.7 Hz, 2H), 1.58-1.48 {m, &M}, 1.23 (br
8, 8H),0.86{, J=6.1 Hz, 3H}.

Step 4

Preparation of (1R,28)-3-{{2-{4-{4-aminobutyl}phenoxylethyl}{hexyliaming)-1i-
{{4R, 5R})-5-hydroxy-2-phenyl-1,3-dioxan-4-yl)propane-1,2-dicl Acetic Acld Salt
{17}

A suspension of carbamate 18 (12.2 g, 17.98 mmol} and 10% Pd/C (3.66 g) in
EtOH/ACOH (511, 120 mb) was subjected fo hydrogénation condiions {1 atm)
overnight af room temperature. Ths reaction mixture was filtered through celite and
washed with EtOH. The filirate was concentrated in vacuum to afford acetic salt 17
(6.40 g, 96%) as a colorless oil: 'H NMR (300 MHz, CD;0OD)} 3 7.48-7.44 (m, 2H),
7.32-7.30 {m, 3H}, 7.11 (d, J = 8.5 Hz, 2H), 6.84 {d, J = 8.5 Hz, 2H), 551 (s, 1H),
4.28-4.10 {m, 3H), 3.85-3.91 (m, 2H}, 3.78 {dd, J= 1.8, 88 Hz, 1H}, 3.60 {4, J = 10.4,
1H), 3.23-3.03 {m, 2H), 2.96~2.87 (m, 3H)}, 2.81-2.58 {m, 2H), 1.67-1.57 {m, 6H),
1.31-1.25 {br s, 6H}, 0.88 (¢, J=8.6 Hz, 3H).

Step §

Preparation of 3,5-diamino-8-chioro-N-{N-(4-(4-(2-(({28,3R}-2,3-dihydroxy-3-
{{4R, 5R}-S-hydroxy-2-phenyl-1,3-dioxan-4-
yiipropyli{bexylaminojethoxylphenyl) butyilcarbamimidoyiipyrazine-2-
carboxamide {19}

To a solution acelic acid sait 7 (9.40 g, 17.27 mmol) and methyl 3,5-diaminge-6-
chioropyrazine-2-carbonyicarbamimidothicate hydroladic acid salt (18, 7.20 g, 27.64
mmol) in EOH (75 mbL) was added DIPEA{17.8 g, 138.16 mmol} at room
temperature. The reaction mixture was heated al 70 °C in a sealed tube for 2 h, then
sooled to room tempsraturs, and concentrated in vacuum. The residue was purified
by column chromatography (siica gel, 91 CHCL/MeOH, B80:18:2
CHCIyMaOMH/NH,OH) to afford carboxamide 18 (8.20 g, 70%) as a yellow solid: k3
NMR (300 MHz, CD,0D) & 7.46-7.43 {m, 2H), 7.30-7.28{m, 3H}, 7.07 (d, /= 8.8 Hz,
2H), 6.79 {(d, J = 8.8 Hz, 2H}, 5.48 (s, 1H}, 422 {dd, J= 3.8, 7.8 Hz, 1H)}, 4.06-3.88
{m, BH), 3.75 {dd, J= 1.5, 8.8 Hz, 1H), 3.57 ¢, J= 105 Hz, 1H), 325 {{, /= 6.8 Hz,
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2H), 2.93~2.83 {m, 3H), 2.68-2.56 (m, 5H), 1.70~1.64 (m, 4H), 1.44~1.43 {m, 2H),
1.22 {m, 8H), 0.85 (&, J = 8.1 Hz, 3H).

Step 8

Preparation of 3,5-diamino-8-chicro-N-{N-{4-{4-{2-{hexyi{{25,3R 4R, ,5R}-2,3,4.5,8-
pantahydroxyvhexyllaminolethoxyiphenylibutylicarbamimidoylipyrazine-2-
carboxamide Hydrochioric Acid Salt {ia): To a solution of carboxamide 18 (8.20 g,
12.16 mmol} in EtOH {30 mL) was added 4 N ag HCI (95 mL} at room temperature
and the reacton mixture was stired for 4 h at room lemperaturs. The reaction
mixiure was concentrated in vacuum and the residue was purified by reverse phase
column chromatography and lyophilized to afford hydrochioric acid salt ia (6.80 g,
81%) as a yeliow hygroscopic solid: 'H NMR {300 MHz, CDOD) 8 747 (d, J = 8.4
Hz, 2H), 6.84 {d, J= 8.4 Hz, 2H)}, 4.36 {br s, 2 H), 4.21-4.18 {m, 1H), 3.84-3.81 {m,
7H), 3.46-3.30 {m, 5H), 2.64 (1, J = 6.5 Hz, 2H), 1.80-1.89 (m, M), 1.38 {br 5, 8H),
081 {t, 4 = 68 Hz, 3H); ESIFMS mfiz 889 [CipHuliNG; + HI;
Anal {CaghHCINgOy2HCIH,0). Caled. C 47.40, M 7.03, N, 14.74; Found, C 47.11, H
7.08, N 14.54,

Alternate synthesis of i 3,8-diamino-B-chioro-N-{M-{4-{4-{2-
{hexyl{{28,3R 4R, 5R)-2,3,4,5,6-
peniashydroxyhexyllaminolethoxyiphenyiibutyljcarbamimidoyiipyrazine-2-
carboxamide

Step 1

Preparation of Benzyl 4-{4-{3-{{25,3R)-2,3-dihydroxy-3-{{4R,5R)-5-hydroxy-2-
methyl-1,3-dioxan-d-ylipropylaminopropoxyiphenyiibulyicarbamate {281

A solution of hvdrochioric acid salt 14 (185 mg, 0.41 mmol} and trio] 15 (B4 mg, 0.41
mmol} in MeOH (5.0 ml) was stirred st room temperature for 0.5 h, then AcOH
{0.036 mi, 0.8 mmol} and sodium cyanoborohydride (43 mg, .8 mmol) was added
and the reacltion mixiure was stirred at room temperature for 46 h.  Solvent was
removed in vacuum. The residue was washed with satd Na,CO,; (5.0 mlL),
azeotroped with MsOH and purified by column chromatography (sifica gel, 10:1
CHCl/MeOH, 10:1:0.1 CHCL/MaOHNM,OH) 1o afford carbamate 28 (163 mg,
75%) as an white gummy solid: 'H NMR (300 MHz, CD,0D) 8 7.34-7.30 {m, 5H),
7.08-7.05 {m, 2H), 6.85-8.82 {m, 2H)}, 5.06 {s, 2H)}, 4.70-4.87 {(m, 1H}, 4.08-3.86
{m, 4H}, 3.82-3.78 {m, 2H}, 3.48-3.46 {(m, 1H), 3.14-3.10 {m, 2H), 3.01-2.78 {m,
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4H), 2.85-2.45 {m, 2H), 2.05~2.01 (m, 2H), 1.50-1.40 {m, 4H), 1.27 (d, J = 4.8 Hz,
3H).

Step 2

Preparation of Benzyl 4-(4-(2-{{{23,3R}-2,3-dihydroxy-3-{{4R,5R)-5-hydrony-2-
maethyl-1,3-dicxan-4-ylipropyl)(hexyijamincjethoxy)phenyijbutylcarbamats (27):
A solution of carbamate 28 (1.02 g, 1.80 mmol}, hexanal (380 mg, 3.80 mmeol), AcOH
{0.33 mk, 5.70 mmol) and sodium cyanchorohydride (410 mg, 5.70 mmol} in MeOH
{30 mL} was stirmed at room temperature for 16 h. Solvent was removsd in vacuum.
The residue was washed with satd Na,COs (30 mbL), azeotroped with MeDOH and
purified by column chromatography (silica gel, 10:1 CHCL/MeOH) to afford
carbamate 27 {390 mg, 84%) as an white gummy sofid: "H NMR (300 MHz, CD,0D)
8 7.35-7.31 {m, 5H), 7.06 {d, J = 8.4 Hz, 2H), 6.81 {d, J= 8.4 Hz, 2H), 5.08 (s, 2H},
4.80 (br s, 1H}, 4.89-4.66 {m, 1H), 4.12 (dd, J = 8.3, 2.4 Hz, 1H), 4.05-3.98 {m, 3H},
3.84-3.76 {m, 2H}, 3.54-3.48 {m, 1H), 3.38 {{, J = 10.5 Hz, 1H}, 3.20-2.98 (m, 4H)},
2.83(d, J=8.0 Hz, 2H), 2.73-2.64 {m, 2H)}, 2.56 {t, J = 7.2 Hz, 2H), 1.63~1.50 {m,
8H), 1.32 (d, J= 5.1 Hz, 3H), 1.27-1.24 {m, §H), 0.87 (d, J= 6.6 Hz, 3H).

Step 3

Preparation of {1828}-3-{(2-{4-{4-Aminobutyl)phenoxyjethyl}i hexyllamino}-{-
{{4R 5R)-8-hydroxy-2-methyl-1, 3-dicxan-d-yi}propane-1,2-diol Acetic Acid Sait
{28}: A suspension of carbamate 27 {830 mg, 1.44 mmol} and 10% Pd/C (400 mg} in
MsOH/ACOH (511, 80 mL) was subjected to hydrogenation conditions {1 atm}for 6 h
at room temperaiure. The reaction mixture was filtered through celite and washed
with MeQOH. The filtrate was concentrated in vacuum and crashed from ether fo
afford acetic salt 28 (782 mg, 90%) as a white gummy solid: 'H NMR (300 MHz,
C,00) 8 7.08(d, J= 8.7 He, 21}, 6.88 (d, J = 8.7 Mz, 2H}, 4.69-4.87 {m, 1H)}, 4.00~
3.85 {m, 1H}, 3.84-3.76 (m, 2H}, 3.53-3.51 {m, 14}, 3.38 (, J = 10.5 Hz, 1H), 2.98~
2.58 {m, 10H), 1.86 (s, 13H), 1.67~1.47 {m, 8H)}, 1.40~1.27 (m, 6H}, 1.26 (d, J= 5.1
Hz, 3H), 0.88 (d, J=6.3 Hz, 3H}.

Step 4

Preparation  of  3,5-Diamino-8-chioro-N-{N-{d-(4-{2-{{{28,3R)-2,3-dihydroxy-3-
{{4R,5R)-S-hydroxy-2-methyl-{,3-diocxan-4-
yiipropyli(hexyljaminc)ethoxyiphenyl} butyl} carbamimidoyl) Pyrazine-2-
carboxamide (20}
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To a solution acetic acid salf 28 {188 mg, 0.313 mmol} and methyl 3,5-diaming-6-
chioropyrazine-2-carbonylcarbamimidothioate hydroiodic acid salt (18, 182 mg, 0.502
mmot) in EtOH (8 mb) was added DIPEA{0.42 mi, 2.50 mmeol) at room tsmperature.
The reaction mixture was heated at 70 °C in a sealed fube for 2 b, then cocled fo
room temperature, and concentrated in vacuum. The residus was purified by column
chromatography (silica gel, 81 CHCL/MeOH, 80:18:2 CHCL/MeOHNH,OH) to
afford carboxamide 20 {142 mg, §5%) a5 a yellow solid: "H NMR (300 MHz, CD,00)
6 7.10{d, J= 8.1 Hz, 2H), 6.84 {d, J = 8.1 Hz, 2H}, 488 (g, J = 5.1 Mz, 1H)}, 4.08~
4.01 {m, 3H), 3.84-3.88 (m, 1H), 3.82-3.74 {m, 2H), 3.49 (dd, J = 8.3, 24 Hz, 1H),
2.86-2.78 {m, 3H), 2.67-2.81 {m, 8H), 1.88-1.67 {m, 4H}, 1.50-1.48 {m, 2H), 1.29
{brs, 6H}, 1.25{d, J= 5.1 Hz, 3H}, 0.87 {{, J=6.9 Hz, 3H).

Step 5

Preparation of 3,5-Diamino-8-chioro-N-{N-{4-{4-{2-{hexyl{{28,3R 4R, 5K}-
2,3,4,5,8-
pentahydroxyhexyljaminojethoxy)phenylibutyljcarbamimidoyl)pyrazine-2-
carboxamide Hydrochloric Acid 8alt {ia)

To a solution of carboxamide 20 (400 mg, 0.57 mmol} in EIOH (5 ml) was added 4 N
ag HCI (18 mL} at room tempesrature and the reaction mixiure was healed at 58 °C
for 24 h. Afler concentrated, the residus was dissoived in 4 N ag HC! (15 mL) and
healed at 65 °C for 18 h. The reaction mbdure was concentrated, crashed from
EtOHELQ, re-purified by preparative TLE and lyophilized to afford hydrochloric acid
salt {ia} {, 354 mg, 83%) as a yellow hygroscopic solid: 'H NMR (300 MHz, D0} §
7.48(d, J= 8.1 Hz, 2H), 6.87 (d, J = 8.1 Hz, 2M), 430 (brs, 2 H}, 4.19-4.16 (m, 1H),
3.76-3.55 (m, TH), 3.38-3.24 {m, 6H), 3.57 ({, J = 5.4 Hz, 2H), 1.65-1.64 {m, 6H},
1.30~1.18 {m, 6H), 0.78-0.75 {m, 3H); ESI-MS mvz 869 [CagHaeCINgCy + HT'.

Preparation of 3,5-dismino-6-chloro-N-{l-{4-(4-(2-{hexyl{ (28 IR 4R 5K}-2,.3,4,5,6-
pentshydroxvhexylaminsicthoryiphenyibutyDearbamimidoypyrazine-2-

carboxsmide (freehase of 1}

3,5-diaminc-8-chioro-N-(N-{4-{4-{2-(hexyi{{28,3R 4R 5R}-2,3,4,5.6-

pentahydroxyhexyl) aminojethoxy iphenylibutyljcarbamimidoylipyrazine-2-
carboxamide hydrochioric acid salt {(12.51 g) was dissolved in 150 mbL M0 and
frealed, sfirring, with NaOH (3.1M agueous, 435 ml) o give a gummy precipiiate.
The liquid (pH ~11) was decanted through a filter funnel {the majority of material
adhered {o the sides of the flask). The residue was treated with M0 {2 x 300 ml),
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stiming and decanting/filtering in a similar fashion. The remaining residue was
suspsended in CHyCNH,0/MeOH, and concenirated {o provide a yellow-amber solid,
9.55 g. ESI-MS mvz 868 [CagHeCiNgD; + HY', purity 88% at 224 nm, 90% at 272 nm,
82% at 304 nm, 83% by MS trace. The crude product was heated with isopropanod
{100 ~ 150 mL) at 70°C for 15 min, then fillered warm. The soiids were treated
simitarly with isopropanol twice more, healing for 30 minutes sach time and allowing
the mixture fo cool (2hrs — O/N) bafore filtration. The resulling solids wers dried to
provide 7.385 g of a yeliow-amber amorphous solid, m.p. 133.1 — 135.6°C (11.0
mmol vield as free base). 'H NMR {400 MHz, dmso) 5§ 8.31 = 7.34 (m, 4H), 7.10 {4, 4
= 8.8 Mz, 2H), 8.83{d, /= 8.5 Hz, 2H}, 8.81 (br. 5, 3H}, 476 - 4.08 (m, 8H), 3.88 {{, 4
= 6.1 Hz, 2H), 3.71 — 3.82 {m, 2H}, 3.5¢ {dd, J = 10.8, 3.4 Hz, 1H), 3.54 ~ 3.48 {m,
1H), 3.43 {dd, J = 7.9, 1.3 Hz, 1H), 3.38 {dd, J = 10.8, 5.9 Hz, 1H), 3.158 {br. 5, 2H},
2.82 - 2.76 {m, 2H)}, 2.68 (dd, J = 13.1, 5.2 Hz, 1H)}, 2.88 — 2.51 {m, 4M), 2.46 (dd, J
= 13.1, 8.5 Hz, 1H), 1.86 — 1.45 {m, 4H), 1.45 —~ 1.31 {m, 2H}, 1.31 -~ 1.08 {m, 8H},
0.90 -~ 0.76 {m, 3H). *C NMR (101 MHz, dmso) & 173.27, 160.96, 156.48, 154.68,
151.14, 133.70, 129.08, 119.12, 117.53, 114.14, 72.23, 71.37, 70.60, 70.04, 85.74,
§3.34, 57.38, 54,72, 62.86, 40.10, 33.72, 31.15, 2B.37, 28.08, 26.38, 28.38, 22.02,
13.84. ESI-MS m/z 668 [CagHagCiNgCy + HI'.

Preparation of the 1-Hydroxy-Z-naphthosie Ssit of 3,5 dismino-&-chloro-N-{N-{4-{4-{2~
{(bexyH{(ZS IR 4R, 5R}-2.3 4.5, 6-pentshydroxyhaxyl)
smino)ethosy)phenyDbutyDearbamimidoypyrazine-Z-carboxamide

A mixiurs of 32.8 myg (0.048 mmol) of 3,5-diamino-6-chioro-Nu{N-{4-{4-{2-
(hexy}({28,3R 4R 5R}-2,3 4,5 6-pentahydroxyhexyl) amino jsthoxyjphenyl jbutyl)
carbamimidoylipyrazine-2-carboxamide, 164 i of a 8.3 M solution of 1-hydroxy-2-
naphtholc acid in methanot {3.048 mmaol of 1-hydroxy-2-naphthoic acid), and sbout
0.33 mi of methanol was warmed on a hot plate set at 85 °C uniil all the solid
dissolved. The solution was aliowed to cool to amblent temperature. The solution
was placed in a refrigerator {about § “C) and allowed to stand overnight, during which
time crystallization occurred. The liguid was decanied and the solid was dried ina
stream of dry air to give 28.5 mg {62% visld) of the 1-hydroxy-2-naphthoate salf of
3,5-diamino-8-chloro-N-{(N-{4-{4-(2-{hexyl{{253,3R 4R, 5R)-2,3,4,5,6-
pentahydroxyhexyl) amine}ethaxy};}hanyi)butyﬁ} carbamimidoyhpyrazine-2-
carboxamide. 'H NMR (500 MHz, DMSO) 8.2 (m, 1H), 7.7 {m, 2H), 7.4 (d, 1H), 7.3
(g, 1H), 7.1 {m, 2H), 6.95 (m, 1M}, 8.85(m, 2H}, 46 - 4.2 (m, 2H}, 4.0 (m, 2H}, 3.8
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3.8 (m, 2H), 3.8-3.2 {m, 8H), 2.9~ 2.5 (m, 6H}, 1.8 (m, 4H}, 1.4 {m, 2H)}, 1.2 {m, H},
0.83 {m, 3H) ppm.

Preparation of the 1-Hydroxy-2Z-naphthoate Salt of 3,5-dismino-G-chioro-N-{N-{4-(4-{2-
{bexyi{(25.3R 4R 5K)-2.3,4.5, 6-pentabydroxvhexyl)

sming)ethoxyphenyiibutylicarbamimidoyDpyrazisge-2-carboxamide

A mibdure of 1058.3 mg {0.157 mmol) of 3,5-diamino-8-chioro-N-{N-{4-{4-{2~
{hexyl{{23 3R, 4R, 5R}-2,3,4,5,6-psniahydroxyhexyl} aminolethoxy jphenylibutyl)
carbamimidoylpyrazine-2-carboxamide, 528 pl of a2 0.3 M solution of 1-hydroxy-2-
naphthoic acid in mathano! (0.158 mmol of 1-hydroxy-2-naphthoic acid), and about 1
mi. of mathanol was warmed on a hot plate set at 85 °C until sl the solid dissolved.
The solution was aliowed o cool to ambient temperatu‘te and placed in & refrigerator
{about 5 °C). After about 20 min i became turbid and was sesded. After about 2
hours sclid was present. A stir bar was added o the mixiure and i was stirred in the
refrigerator ovemnight, during which time i became very thick. Another 1.8 mb of
mathano! was added and the slurry was stirred in the refrigerator overnight. The
mixture was ceniriiuged, thé fiquid was decanted, and the solid was dried in a stream
of dry air to give 74 mg (55% vield) of the 1-hydroxy-2-naphthoate sall of 3,5-
diamino-8-chioro-N-(N-{4-{4-(2-(hexyl{{253,3R 4R,5R}-2,3,4,5,8-pentahydroxvhexyl)
amino)ethoxyphenyhbutylicarbamimidoylipyrazine-2-carboxamide.

Assay 1. {n Vit Measure of Sodlum Channel Blocking Activity and

AN NN ARRAAR AR

Reversibility

One assay used {0 assess mechanism of action and/or polency of the compounds of
the present invention involves the dstermination of luminal drug inhibition of alrway
epithelial sodium currents measured under short circuit current (lsg) using alrway
epithelial monolayers mounted in Ussing chambers. Cells are obtained from freshiy
excised human, canine, shaep or rodent airways. This assay is described in detail in
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Hirsh, A, Zhang, J., Zamurs, A, et al. Pharmacological properties of N-(3,5-
diamino-8-chioropyrazine-2-carbonyl}N'-4-[4-{2 3-dihydrostypropoxyphenyibutyl-
guanidine methanesulfonate (552-02), a novel epithelial sodium channel blocker with
potential clinical efficacy for CF lung disease. [ Pharmaco!l. Exp. Ther. 2008; 325(1)
77-88.

inhibition of franscellular sodium movaemant through ENaC was measursd using
polarized bronchial epithelial cell monolayers mounted in a modified Ussing chamber,
Primary cultures of canine or hurnan bronchial epithelial cells grown using an air-
fiquid interface were lested undsr voltage clamp conditions. The short-circuit current
{lsc) was measured as an index of transepithelial sodium transport i assess
potsncy.

Compound (la} 3,5-diamino-8-chloro-N-{N-{4-{4-(2-(hexyl{{25,3R 4R,5R}-2,3,4,5,6~
pentahydroxyhexyliamino jethoxyphenyibultylicarbamimidoyl ipyrazine-2-
carboxamide was a potent inhibitor of transceliular sodium transport and was
approximately 60-fold mors active than amiloride in canine bronchial epithelial cells
{CBE]}, and approximalely

160-fold in human bronchial epithelial cells (HBE)} (Figure 1). In CBE Compound
{ia} had an iCs of 13.248.0 nM and in HBE Compound {ia) had an 1Cg of 24418
nii (Table 1).

Table 1. inhibition of Short-Circult Current by Compound {fa} in canine bronchial
apithelial calis and human bronchial epithelial celis (10 Nk}

| Species Amiloride Compound |

{Parent)

Human 386+188 (22) 2.4 1.2 {4}

Vaiues reprasert the mean £ 8D {n) “indicates significance {p<0.05) from amiloride

Recovery of short circuit current {lge) from maximat block was used as an indirect
measurement of drug off-rate. Percent recovery of Isq after full-block, determined
after three apical surface washes and caiculated by the formula: recoversd {lse) / pre-
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treatment {Isc) x 100, was significantly (22 foid) less reversible than amiloride in CBE
and 9.5 fold less in HBE (Table 2), indicating that Compound {la} produces a longer,
more durable block on ENaC.

Tabie 2. Reversibitity of Compound (la} on Short-Cireuit Current in Canine
Bronchial Epithelial Cells and Human Bronchial Epithetial Cells (% recovery)

Spscies Amilorids Compound {1a}

Canins 90.1 £ 27.6 (39} 4111167

Human | 89.5+ 10.7 (4) 84%17 (31

Values represent the mean £ S (i} “Indicates significance {p<0.05) from amiloride

Assay 2. Mucociliary Clearance {MCC) Studies in Sheep

The animal model that has been used most offen to measure changes in
MCC s the sheep model. The effect of compounds for enhancing mucociliary
clearance {MCC) can be measured using an i vivo model described by Sabater et
al., Journal of Applied Physiology, 1899, pp. 2191-2196, incorporated herein by
reference.
in these studies, adult shesp were resirained and nasally intubated with an
sndotracheal fube. Aerosclized test articles were administered over 10-15 minutes
to sheep. Radiclabeled ®™To-sulfur colloid (TSC, 3.1 mgimL,; containing
approximately 20 mCi) was then administered at s specified time four or sight hours
after test sriicle. The radiclabeled aerosol was administersd through the
sndotracheal tube for about 5 minutes. The shesp were then exiubated, and tolal
radioactive counts in the lung were measured svery 5 minutes for a 1-hour
observation pericd. The rate of radiclabel dearance from the lung is represeniative
of the MCC rate in the animal. The advantags of this system is that it clossly
simulates the human lung environment. The model also allows for the collection of
simultaneous PK/PD information through plasma and urine sampling over the test
period. There are also several technigues to measure the drug concentrations on the
airway surface during the MCC measurements. These includs the collsclion of
exhaled breath condensates or a filter paper method o obtain ASL via
bronchoscopy.
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The ovine modsl described above was used to evaluate the in vivo effects
{efficacy/durability) of aerosol-dslivered Compound {la) on MCC, Treatments
consisting of sither 4 mL of Compound {{a}, Comparative Example 1, Comparative
Example 4, vehicle (sterile distilled M0}, or test agent in combination with HS weare
fested. To dstermine i combining HS with Compound {la) MCC, HS was
administered immediately following Compound (la) administration. Test solutions
were aerosolized using a Raindrop nebulizer at a flowrate of eight liters per minute
and connected fo a dosimetry system consisting of a solenoid valve and a source of
compressed air {20 psi). The deposited dose of drug in sheep lungs afler an aerosol
administration using the Raindrop nebulizer is estimated to be 8-15 % of the dose.
Using a Raindrop nebulizer, radiolabeled TSC was administerad over approximately
3 minutes either 4 or 8 hours afler drug freatment {o evaluaie efficacy/durabiiity.
Radicactive counts ware measured in a central region in the right lung at & min
intervals for one hour with a gamma camera. Three methods of analysis were
utifized, 1) initial rate of clearance (slope} over the first 30 min fitted using linear
régressicm 2) area under the curve for % clearance over time over ons hour, and 3}
the maximum clearance obtained in one hour.

The effect of Compound (ia) at 16 pokg, 0.16 pg/kg and 0.018 pg/kg wers tested
and compared {o vehicle (4 ml sterile H,0) on sheep MCC four hour post-dosing
{Figure 2}. The analyses of effects are shown in Table 3. At all doses tested,
Compound (la} enhanced MCC compared fo vehicls control. The 16 pgfkg dose was
considersd to be a maximum MCC sffect.

Tabile 3. MCC in Sheep at 4h Post-dose of Compound {ia) or Vehicle

Compound | Dose initial Slope AUC{%Cl-hj Maximum

{4.0-4.8h} Clearance
16 pgrkg 30.043.8*{4) 18.6+2.2*7(4) 33.8+3.7*1(4)
0.16 uglkg 38.1(2) 18 (2} 33.1 (2
0.016 ugikg 33.3+4.4" (4) 14.4+1.3%(4) 25.5+1.3% {4}
V@Lhicie {H 01 4 17.248.8 (8) 7.3+1.5(8) 12.2+2.8 (8)
13
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Data are reported as the mean: 30 (n) Study with n=2, not includead in stalistical
analysis *Indicates significance (p<0.05) from vehicle. Tindicates significance
{p<0.08} from 0.018 ug/kg dose.

To determine whether HS increases the MCC effect of Compound (la), HS (8.25 mL
of 10% HS; 82.5 mg deposiled, ass&ming 10% deposition) was dosed immediately
following 0.016 ug/kg of Compound (Ia} and MCC was assessed four hours after the
combined dosing (Figure 12} HS increased the effect of a 0.016 ug/kg dose of
Compound {la} o 2 maximal sffect, as sesn with both the 0.16 and 16 ug/kg doses
of Compound {ia} alone (Figure 2). Therefore, 2 maximal MCC effect can be
achieved when MS is added to a dose (0.016 ugkg ) of Compound (la} which
produces a sub-manimal responss whan given without HS.

Table 4. MICC in Sheep at £h Post-dose of Vehicle, Compound {la} and HS

Dose Initial Slope AUC {% CI b} Maximum
{4.0-4.5h) Clearance
Compound {la) 44.9 (2} 20.7 {23 3702
{0.016 uglkg; 4 ml + HS}
Compound {la) 33.324.4(4) 14.4£1.3(4} 25.541.3 {4
{0.016 ugfkg:; 4 mL)
Yehicle M0 (4 mL) 17.246.8 (8} 7.311.5 {8) 12.243 (8}

Data ars reporied as the mean £ 88 (n}. Study with n=2, not includad in statistical
analysis.

To assess both the durabiiity of Compound {ia} and the effect of addition of HS 1o
Compound (la} MCC was measured eight hours post dosing with vehicle (H0), HS
7% alone, 0.16, 1.6 and 16 pg/kg Compound (ia) alone or a combination of 0.16
uofkg Compound {ia) and 7% HS (lotal 4mi volume for every treatment) (Figure 4}
After dosing with vehicle, the MCC at 4 and 8 hours was the same, indicating that the
rate of MCC in the sheep over 4 ~ B hours is at a steady-state (Figures 12 and 13}
Eight hours following 4 mb of 7% HS adminisiration, no change in MOC was
obssrved compared {o vehicle, indicating the HS sfect had disappeared. All three
dose groups {0.18, 1.8, and 18 pg/kg) of Compound (ia) increased MCC in a doss-
related manner compared o both vehicle and HS, indicating thal Compound {Ia} has
a longer duration of action than HS aslons (Figwe 4). The combination doss of HS
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and Compound {la} increased the effect of a 0.16 pg/kg dose of Compound {la} {o
greater than that observed for the 18 pg/kg dose, indicating a 100 fold gain in aclivity
when MS was added to Compound (ia) (Figure 4). The enhancement of
Compound {la} activity by HS, at 3 time when HS has no inherent activity, clearly
indicates synergy between HS and Compound {la}.

Table 5. MCC in Sheep at 8h Post-dose of Vehicle, HS, Compound {(ia} ora
Combination of HS and Compound {1a)

Dose Initial Slope AUC (% Cl h) Maximum
(8.0-8.5h} Clearance

Vehicle - 1,0 {4 mL) 17.8%5.7 (4) 7.8x1(4) 14.2+0.7 (4}

7% HS (dml} N 17.8 (2} 7.8 (2} 14.6 (2)

Compound {la) 24.0 (2} 10.7 {2) 18.7 {2}

{0.16 pg/kg ; 4 mi)

Compound {ia) 24.4 (2} 11.1(2) 21.2 (2)

{1.6 pg/kg; 4 mL}

Compound {fa) 28.0(2) 13.8 (2) 26.7 (2}

(18 pgkg; 4 mL)

Compound {ia} 30.8+2.5(4) 15.342.2 (4) 27.5+1.8 (4)

{0.16 uglkg +7 % HS;4 mL)

Data are reported as the mean+SD (n}. Study with n=2, not included in staiistical
analysis

Assay 3. d. Arway Surface Liquid Drug (ASL) Clearance and Metabolism by
Human Airway Epithelium

The disappearance of Compound {la) from the apical surface and airway epithelial
metabolism were assessed in HBE (Table 6. In these experiments 25 pl of & 25 pM
solution of ENaC blocker was added to the apical surface of HBE cells grown st an
air/iiquid interface, and the drug concentration in the apical and basoiateral
compartment was measured over 2 h by UPLC. After 2 h incubation of
Compound(la} on the apical surface {37 [C), no metabolites were detected on
either the apical or basclateral sides and no Compound{la) was detectable on the
basolstersl side.

Table 8. Apical Disappearance and Metabollsm of Compound {1a) by HBE

Compound | % of Initial Drug | % of Apical % of Inktial % on
Mass on Apical Mass as Apical Mass Basolateral
Side {Parent and | Metaboliles | on Basolateral Side as
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retabolite, 2h) {Zh} Side {2h} KMetabolites
{(2h}
Compound 80.7"+8.2% none none : none
(i} |

Assay 4. e. Airway Hydration and Sodium Channel Block {(in vitro model)

Parion Sciences has developed experimental modeis for assessing airway hydration
in cell cultures (Hirsh, AJ., Sabatsr, J.R., Zamurs, A., et. al. Evaluation of second
generation amiloride analogs as therapy for CF lung disease. J. Pharmacol. Exp.
Ther. 2004: 311(3): 829-38.Hirsh, A.J., Zhang, J., Zamurs, A, et al. Pharmacological
propeariies of N-{3,5-diamino-6-chloropyrazine-2-carbonyl}-N'-4-{4-(2,3-dihydroxy
propoxy jphenylbutyl-guanidine methanesulfonate (552-02), a novel epithelial sodium
channel blocker with potential clinical efficacy for CF lung disease. J. Pharmacol,
Exp. Ther, 2008; 328(1). 77-88}.

Primary CBE cells ars plated onio coliagen-coated, porous membranes maintained
at an air-liguid interface fo assess maintenance of surface liquid volume over time.
At the start of the experiment, each 12 mm snapwell insert was removed from the
plate containing air-liquid interface culture media, biotted dry, weighed, and 50 pl of
vehicle {0.1% DMSO), or ENaC blocker (10 i in 0.1% DMSO} applied to the apical
surface and the mass was recordad. The inserts wers immediatsly relumed o a
transwedi plate {500 ul, Krebs Ringer Bicarbonate (KR8}, pH 7.4 in lower chamber}
and placed in a 37° C, 5% COG, incubator. To reduce ariifact due % an apical
carbohydrate osmotic gradient upon water loss, glucose was not included in the
apical buffer. Compound (1a) was fested and campared to vehicle, and the mass of
ASL was monitored serially from 0-8 or 24 h. The mass of surfacs lquid was
converted fo volume in ul. Data ars reported as % initial volume {100 % = 50 i)

The duration of sodium transport inhibition was determined indireclly by measuring
the buffer retained after a 50 ul volume of experimental buffer was added io the
apical surface of CBE cells. Only 12.8412.1% of vehicle (buffer} remained on the
surface after 8 hours and g small increass in surface liquid retention was seen with
10 uM amiloride in the vehicle (25+18.2% after 8 hours}. in comparison, Compound
{ia) significantly increased apical surface liguid retention, maintaining 88.3213% of
the surface liquid over 8 hours (Figure 5.
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To test Compound {ia) further, the duration of incubation was increased from eight
1o 24 hours. Amiioride was not tested over 24 hours as the majority of the effact was
gone after eight hours. After 24 hours, only 11 % of the vehicle buffer remained
whereas, Compound {la} maintained 72.317.3% of surface liquid over 24 hours, a
loss of only 16% relative to the 8-hour measure, suggesting Compound {ia} exhibits
a durable effect on liquid retention (Figure 8},

Comparative Examples

The present compound of formula (1} is more potent and/or absorbed less
rapidly from mucosal surfaces, especially airway surfsces, compared to known
sodium channel blockers, such as Comparative Examples 1 through 5, described
below. Therefore, the compound of formula {I) has a longer half-life on mucosal
surfaces comparsd o these compounds.

Comparafive Examples 1 through 4 are claimed, described or within the
disclosures of WO 2003/070182 (U. S. Patent Nos. §,858,615; 7,186,833; 7,189,719,
7.182.960; and 7,332,408), WO 2005/044180 (U.8. Appin. No. 2005/0080083 and
U.S. Pat. No. 7,745,442), WO 2004/073828 (U. S. Patent Nos. 8,803,105, 6,885,160;
7.026,325; 7,030,117; 7,345,044, 7,820,678, and 7,875,819}, WO 2005/016879 (U.
S. Patent Nos. 7,084,128; 7,247,837, 7,317,013, 7,308,447, 7,368,451, 7,375.107;
7,388,313;’ 7,410,968, and 7,888,010), or WO 2008/031028 (U.8. Patent Application
Publications 2008/00980841 and 2009/0082287) as sodium channel blockers having
useful medicinal properties and can be prepared by methods described therein and
others known in the art.

HN._ Ny NH;
1 R L X
L

g g N o

NH O
(8 ) OH . :
1o’ Comparative Example 1
OH

The compound of Comparative Example 1 is included in the sodium channel
blocking compounds of WO 2008/031028, where lis structure can be seen on page
14,
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Comparative Example 2 is 3,5-diamino-8-chiore-N-(N-{4-{4-{2-
(ﬁEhexyiamino)ethoxy)phenyf)buiy!}cartzamimidc}yi}pyrazinfewzfcarboxamiée, which is

within the generic disclosure of WO 2004/073628.
HaN. 1‘«

OAWN
NN
Ny NE
\
< Comparative Example 2

Comparative BExample 3 is 3,5-diamino-8-chloro-N-{N-{4-{4-(2-
{{28,3R 4R BR)}-5-hydroxy-2,3,4,8-tetramsthoxyhexyl}{28,3R 4R ,6R}-2,3,4,5,6-
pantahydroxyhexyl} amino} sthoxy)phenyhbutyl)carbamimidoyl)pyrazine-2-
carboxamide, which is within the generic disclosure of WO 2008/031028.

H;N._N,_NH,
g oH “I
N =

’fg -uo

10 A

Comparative Example 4
NH,

Cl\ )1\ /\ NN G
@
Hz‘?é’/i\

Ni,

{5)-3,5-diamino-6-chloro-N+{N {4-(4-{2,3-diamino-3-oxopropoxy jphenyl foutyDearbamimidoyDpyrazine-2-

carboxamide

15 The compound of Comparative Example 4 can be seen on page 15 of US
2005/0080083 and as Compound 2 on page 90 of WO 2008/031048, and as
Compound 2 on pages 42-43 of W0 2008/031028. In order o have useful aclivity in
treating Cystic Fibrosis and C.O.P.D a compound must have properties that will
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cause enhancement of mucocliary clearance {MCC) at dosas that do not slevate
plasma potassium which will eventually lead to hyperkalemia, a serious and
dangerous condition, on multiple dosing. it must therefore be avoidsd in this class of
compounds, which are known lo elevale plasma potassium ¥ they are significantly
excreted by the kidney. In order to evaluate this potential, it is beneficial o have
MCC aciivity in vivo and not cause elsvation of plasma potassium al the useful dose.
One model to assess this is the sheep MCC mode! described below. As can be seen
from the Table 7 below, the EDy (AUC=47%) for Comparative Example 1 in the
sheep MCC model is approximately 3000 uM.

Table 7. Change from Vehicle in MCC Effect 5t 8 hrs. in Sheep
Using 3 Different Measurss

Tabled. |  Siope AUC Max Clearance Approximate
. (s-85h (%CEh) o) EDsp
3OGHM(Ea}1{12(-}%3%)6-2(1&(}%}12(8(19{}2}%} .............................................................
30 uM(la) | 6.6(65%)  3.3(53%) 7.0(56%) 2.4nmolfkg
............. B
{Comp. Bx. 1) "
Maximal | 10.2(100%) 6.2(100%)  12.8(100%)
Effect |

As can be seen from the Table 7 and Figure 7 the EDy; for Comparative
Example 1 in the sheep MCC model is approximately 240 nmolkg (3mM) using
three different measures {slope, AUC and Maximum Clearance). Al this dose, which
would be a clinically active dose, Comparative Exampie 1 causes a rise in plasma
potassium which on repeat dose will lead {o hyperkalemis (Figure 8). Thus,
Comparative Example | is unacceptable for human use while Compound {ia}
produces a safe and effective MOC with a benefit to risk ratio greater than 1000 in
fhis model.

in order to lowsr the potential renal sffect of the molecule, more lipoghilic
compounds were examined. Comparative Example 2 which replaces the two
hydrophilic groups of Comparative Example 1 with two lipophilic chains of equsl
length results in compound Comparative Example 2 which is an order of magnitude
less potent than Comparative Exampie 1 in vitro (Table 8} and thus unsuitable to
produce sustained MCC in vive. Comparative Exampie 3 in which alt of the oxygen's
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of Comparative Example 1 were retained and § of the hydroxyl's methyl groups were
added to 5 of the hydroxyl's had a similar decrement in in vitro activity. It thus
appeared that it was not possible o produce an aclive and renally safe molscule
from this structural frame work. it was unexpscled thersfore that compound {la} was
discovered {0 retain in vitro activity equal to Comparative Example 1. Even more
surprising and unexpected was that Compound {la} was over 100 times more potent
in vivo than Comparative Example | and caused no rise in plasma polassium at
sffactive MCC doses.

Table 8. _In Vitro Measure of Sodium Channel Blocking Activity

Compound | G {nl)

fa 13.2

Comparative | 11.8
Example 1

Comparative | 124.8
Example 2

Comparative | 144.1
Example 3

Comparative | 8.8
Example 4

Ancther compound which has been sludied exiensively is the compound of
Comparative Example 4, {8)3,5-diamino-8-chioro-N-{N-{4-{4-{2,3-diamino-3-
oxopropoxy jphenyl) butyl} carbamimidoyllpyrazine-2-carboxamide.,

The disappearance of Compound (la) from the apical surface and alrway
epithelial metabolism were assessed in HBE and compared {o Comparative Example
4 (Table 8). In these experiments 25 pL of a2 25 uM soiution of ENaC blocker was
added {o the apical surface of HBE cells grown at an airliguid interface, and the drug
conceniration in the apical and basolaleral compariment was measured over 2 h by
UPLC. After 2 h incubation of Compound (1a} on the apical surface (37 °C), no
metabolites were detected on sither the apical or basolateral sides and no
Compound (1a) was detectable on the basolateral side. In contrast, most of
Comparstive Example 4 was sliminated from the apical side with 83% metabolized to
the less active carboxylic acid, (S»2-amino-3-(4-{4-{3+{3,5-diamino-8-chloropyrazine-
2-carbonyiiguanidino buty!) phenoxypropancic acid, structure below,
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NH;

0] OH
O HNH “
arx X LT
N NN
I ’;/L\ H H

H,NT N7 ONH,

Table 9. Apical Disappearance and Metabolism of Compound {ia) by HBE

Compound % of Initial % of Apical % of initlal | % on Basolateral
Drug Mass on Mass as Apical Mass Side as
Apical Side Metabolites on KMetabolites (2h)
{Parent and {2h} Basolaterat
matabolite, 2h)} Side (2h)
Compound 80.77+6.2% none nons nong
{ia)
Comparative 41.8+7.6% 83.0+3.5% 8.3+0.2 047 + 1.0%
Example 4

Values represent the mean £ SO *Indicales significantly different {(p<0.05} from
5 Comparative Example 4.

Compound(la)} is 10,000 times more potent in sheep MCC than Comparative
Example 4 with no elevation of Plasma K, whereas Comparative Example 4 has
elevations of plasma K at the approximate ED50 doss of 3mM (Figures 8 and 10},
This, again, demonstrates the unique unexpected potency and safety advantage of

10 compound la.

Table 10. MCC in Sheep at £¢h Post-dose of vehicle, Comparative Exampie 4
or Compound {1a}

Dose initial Slope | AUC (% Clx h} | Maximum Clearance
{4.0-4.5h}
Comparative Example | 32.2+7.3" (6} 14.1%2.2% (8} 22.9+2.1* (€}
4{112 pg/kg; 4 mi}
Comparative Example 14.5+1.3 (3) 6.9+1.0 (3) 14.6+0.9 (3}
4{11.2 pg/kg; 4 mL})
Compound {ia) 33.3+4.4%(4) 14.4+1.3%(4) 25.5+1.3* (4)
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{0.016 po'kyg; 4 ml)

Vehicle H,O (4 mi) 17.246.8 (8) 7.3+1.5(8) 12.2+2.9 {8}

it has now been shown that the snhanced renal safely of Compound (la} can
be explained by the marked reduction in clearance of drug by the kidney. I the
compound can be kept away from sodium channels in the kidney, hyperkalemia
should be markedly reduced. Following intravencus adminisiration to shesp, 43% of
Comparative Example 1 was recovered in urins, whereas only 5% of compound |
was recovered from urine. Even more dramalic is the surprising reduction in urinary
recovery of drug when administered as an aerosol, directly info the lung. When
Comparative Example 4 is administerad to sheep as an inhalation aerosol, 7.% of the
dose is recovered in wine whereas only 8.07% of an serosolized dose of Compound
{Ia) is recovered in wrine. Reducsd clearance of compound info urine (10-100-fold),
combined with the above-described significant reduction in dose requirement leads fo
an unexpecied 100,000 to 1,000,000-foid difference in riskcbenefil.

Table 14. Urine Excretion of Compound (la) and Comparative Example 4 in

Sheep.

Assay \ omp. Ex. 4 éﬁampaund {ia}

e

' ti»::A.:.::\‘.j~»_~::,T.z_".‘,‘.:.:,i_‘.:,:,‘.:vv'-.:v-
Eacsa 16.6+3.7 nM 1348 nM
yman Plasma .
% = 37 min None
stabolism

Human Piasmaﬂ
76+2% W74+2%

Protein Binding

Urinary excretion of
; dministered dose? % 0.07 %
ksheep)

Figure § graphs the percentage mucus clearance over time by Compound
{ia}, 3,5-Diamino-8-chioro-N-{ N-{4-{4-{2-{hexyl{{25,3R 4R 5R}-2,3,4.5.8-
pentahydroxyhexylamino)ethoxyphenyljbutyljcarbamimidoylipyrazine-2-
carboxamide hydrochioric acid salt, and Comparative Example 4, as described in the
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MCC model, above, A similar percentage mucus clearance was provided by
Compound {ia} at a 7,000-lold lower dose than seen with Comparalive Example 4.
Compound {ia} provided & maximal effect in a clinically relevant dose rangs.

Figure 10 fllustrates the significant increase in plasma potassium levels at an
efficacious dose seen in the plasma of the sheep receiving Comparative Example 4
in the MCC study, above, over time. No effect in plasma potassium lsvels was sean
at any dose tested in the sheep receiving Compound (Ia}.
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CLAIMS
That Which Is Claimed Is:

1. A pharmaceutical composition comprising a compound of Formula (I):
OH OH

0]
M/\N/\/ \©\/\/\ j\ﬂ{ i
OH OH OH N Cl
N N N
H H |
P
L,NT N TNH,

0) H
H5C

or a pharmaceutically acceptable salt thereof, and an osmolyte.

2. The pharmaceutical composition of claim 1, wherein the compound of

Formula (I) is of Formula (Ia):
OH O

( - o
OH OH OH N._Cl
N N N
(Ia) H,N” N7 ONH,
H,C
or a pharmaceutically acceptable salt thereof.
3. The pharmaceutical composition of claim 1 or 2, wherein the osmolyte is
hypertonic saline.
4. A pharmaceutical composition according to claim 3 comprising a compound

of Formula (Ia):

OH O
( <

OH OH OH N
H H |
(la) =

H,N” "N~ "NH,
H,C

or a pharmaceutically acceptable salt thereof, and hypertonic saline.

5. The pharmaceutical composition of claim 4, comprising a compound of Formula (Ia):
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OH OH

B~ 0
OH OH OH N._Cl
N N N
(Ia) H,N" N” ONH,
HsC
and hypertonic saline.
6. The pharmaceutical composition of claim 3, 4, or 5, wherein the hypertonic

saline has a concentration of 4%-5% w/v.

7. The pharmaceutical composition of claim 3, 4, or 5, wherein the hypertonic

saline has a concentration of about 4%.

8. The pharmaceutical composition of any one of claims 1-7, further comprising
a CFTR modulator.
9. The pharmaceutical composition of any one of claims 1-8, wherein the

composition is suitable for inhalation.

10. The pharmaceutical composition of any one of claims 1-8, wherein the

composition is a solution for aerosolization and administration by nebulizer.

11. The pharmaceutical composition of any one of claims 1-8, wherein the

composition is a solution for administration by metered dose inhaler.

12. The pharmaceutical composition of claim 1 or claim 2, wherein the

composition is a dry powder suitable for administration by dry powder inhaler.

13. Use of a pharmaceutical composition according to any one of claims 1-12 in
the manufacture of a medicament for promoting hydration of mucosal surfaces and/or

improving mucociliary clearance in a human.
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14. A pharmaceutical composition according to any one of claims 1-12 for use as

a medicament.

15. Use of a pharmaceutical composition according to any one of claims 1-12 in
the manufacture of a medicament for treating reversible or irreversible airway
obstruction, chronic obstructive pulmonary disease (COPD), asthma, bronchiectasis,
acute bronchitis, chronic bronchitis, post-viral cough, cystic fibrosis, emphysema,
pneumonia, panbronchiolitis, transplant-associate bronchiolitis, or ventilator-
associated tracheobronchitis or for preventing ventilator-associated pneumonia in a

human in need thereof.

16. Use of a pharmaceutical composition according to any one of claims 1-12 in
the manufacture of a medicament for treating dry mouth (xerostomia), dry skin,
vaginal dryness, sinusitis, rhinosinusitis, nasal dehydration, dry eye, Sjogren’s
disease, promoting ocular or corneal hydration, treating distal intestinal obstruction
syndrome, otitis media, primary ciliary dyskinesia, esophagitis, constipation, or

chronic diverticulitis in a human in need thereof.

17. The use according to claim 15, wherein the medicament is for the treatment of

cystic fibrosis.

18. The use according to claim 15, wherein the medicament is for the treatment of

chronic obstructive pulmonary disease (COPD).

19. The use according to claim 16, wherein the medicament is for the treatment of

primary ciliary dyskinesia.

20. The use according to claim 15, wherein the medicament is for the treatment of
bronchiectasis.
21. The use according to any one of claims 13, or 15-20, wherein an effective

amount of a pharmaceutical composition of any of claims 1-12 and a CFTR

modulator are to be administered.
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22. The use according to claim 21, wherein the pharmaceutical composition of any
of claims 1-12 and the CFTR modulator are to be administered concomitantly or

sequentially in any therapeutically appropriate combination.

23. A kit comprising the pharmaceutical composition of any one of claims 1-12,
an aerosolization device selected from a nebulizer, a dry powder inhaler, and a
metered dose inhaler, instructions for administering the pharmaceutical composition,

and a container.



