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3, 5D AMING 8- CHLORO-N-{N-{4-{4-{2{HEXYLIZ,3,4,5,6-
PENTAHYDROXYHEXYLAMING ETHOXYIPHENYLIBUTYL)
CARBAMIBIDOYLIPYRAZINE. Z-CARBOXAMIDE

Fisld of the Invention

The present invention relates 1o novel compounds, particularly including 3.5
diamino-G-chioro-N-{MN-{4-{4-{2-{hexyl{2,3,4,5, 8-penishvdroxvhexyllaming}
sthoxyiphenyl) bulyhicarbamimidoylipyrazine-2-carboxamids and iis
pharmacsutivally acceptable salt forms, usefid as sodium channel blockers,
compositions containing the same, therapeutic methods and uses for the same and
processaes for preparing the same,

Background of the Invention

The mucosal surfaces ai the interface belwesn the snvironment and the body
nave evolved & number of “innate defense’, Le., profective mechanisms. A principal
form of such innals defense is to cleanse these surfaces with Higuid, Typically, the
guaniity of the Houid layer on a mucosal surfece reflecis the balancs bebwean
apithelial iguid secrelion, often reflecting anien (I and/or HOO, Y secretion coupled
with waler {and a cation counter-ion), and epithelial liquld absorplion, often reflacting
Na" absorption, coupled with water and counter anion (O andfor HCG,).  Many
diseases of mucosal surfaces are caused by too liitle proleciive liguid on thoss
mucosat surfaces created by an imbalancs belween secrefion {loo litds! and
absorpion {relalively oo much)  The defeciive salt transport processes that
characlerize these mucoesal dysfunctions reside in the epithelial layer of the mucosal
surface,

Cne approach to replenish the profective liquid leyer on mucosal surfaces is
o ‘re-balance” the system by blocking Na' channs! and liquid absorption. The
apithslial protein that mediates the rate-imiling step of Na* and lguid sbsorption s
the epithelial Ma™ channe! ("ENaC”). ENaC is positioned on the apical surface of the
apithelium, La. the mucosal surface-environments! inferface.  ldeally, to inhibit ENaC
mediated Na* and Houid absorption, an ENaC blocker of the amiloride olass will be
deliverad o the mucossl suface and maintained sl this sile {0 achisve maximum
therapsutic benefit.

The use of ENaQ blockers has been reporied for a varisty of diseases which
ars amshorated by increased mucosal hydeation.  In particudlar, the use of ENaC
blockars in the treatment of respiratory disesses such as chronic bronchitis (CB),
cystic fibrosis {CF), and COPRPD, which reflect the body's fallure fo clear mucus
nermally from the lungs and ultimately result in chronic alrway infection has besn
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reported. Sse, Evidence for alrway swiace dehydration as the inftisling svent in OF
airway disease, K. €. Boucher, Joumal of inlernal Medicing, Vol 281, lssue 1,
January 2007, pages 5-18; and Cysfic fbrosis: g disease of vulnerabilily fo airway
surface dehydration, R.C. Boucher, Trends in Molecular Medicing, Yol 13, issus &,
Juns 2007, pages 231-240.

Data indicale that the initisting problem in both chronie bronchitis and oystic
fibrosis is the failure 1o clear mucus from alrway surfacses. The fallure o clear muocus
reflects an imbsalance in the quantiies of mucus as airway swiface fiquid (ASL) on
sirway surfaces. This imbalance resulls in a relstive reduction in ASL which leads 1o
rucus concentration, reduction in the lubricant acthvity of the periciliary Bouid (PCLY,
rrucus adherence o the airway surface, and failire t0 clear mucus via ciliary activity
o the mouth. The reduction in mucus clesrance leads o chionic bacterial
cotonization of mucus adherent {o sirway surfaces. The chronic retention of bacleria,
inability of beal antimicroblal substances o kil mucus-entrapped bacleria on &
chronic basis, and the conssguent chronic inflammalory response o this type of
surface infection, ars manifes! in chronic bronchitis and cystic fibrosis.

There is currently a large, unmet medical need {or products that specifically
freat the variely of diseases which are amsiiorated by incregsed mucosal hydration,
inchuding chronic bronchitis, COPD and cystic fibrosls, among othars,  The current
therapies for chronic bronchitls, COPD and oystic fibrosis focus on trealing the
symploms andfor the lale effecis of these diseases. However, none of these
therapies freat sffectively the fundarmental problam of the fallure {o desr mucus from
the lung.

R.C. Boucher, In U.S. 8,204,875, describes the usse of pyrazinoyiguanidine
sodium channs! blockers for hydrating mucosal surfaces Yypified by the well-known
divretics amiloride, benzamil, and phenamil.  Howsver, thess compounds ars
relatively impotent, considering the mited mass of drug that can be inhaled 1 the
ung: (2) rapidly absorbed, and thersby exhibiting undesirably short half-liife on the
mucosal surface; and {3} are freely dissociable from ENaC. More potent drugs with
longer half-lives on the mucosal surface are needed.

Too litde protective surface liquid on other mucosal swfaces 18 & conwmon
pathophysiclogy of a number of diseases. For exampls, in xerostomia {dry mouth)
the oral cavily is depleled of lguid due o a fallure of the parotid sublingusl and
submandibular glands fo sacrafe liguid despits continued Na™ (ENaC) transport
madiated liguid absorption from the oral cavily. Keraloconjunctivitis sira {dry eye) is
caused by fallure of lacrimal glands fo ssorete liguid in the face of continued Na©
depsndent liguid sbsorption on conjunctional swrfaces. In rhinosinusilis, there is an
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inbalance between mucin secretion and relalive ASL deplelion. Fallure to secrele
G- {and lguid) in the proximal small intesting, combinad with inoreased Na' {and
quid)y absorption in the terminagl dleum leads to the distal intestine! obstruclion
syndroms {DIOS).  In older patients excessive Na* {and volums) absorption in the
descending colon producas constipation and divertioulitls,

The published Heralure includes number of palent applications and granied
patenis {0 Parion Scisnces nc., direcled loward pyrazinoyiguanidine analogs as
sodium channe! blockers, Examples of such publications include PCYT Publication
Moz, WO003/070182, WOR003/070184, WOR004/073828, WOZ005/025488,
WO2005/318874, WO2005/018644, WOZO0G/022035, WOZOSH2387 3,
WOZ008/023817, WOZGOT/018840, WOZ007/146888, WO2008/031028,
WOZONB/A31048, and US Palent Nos. G858014, 6858815, 6803105, 7064128,
7188833, 7188718, 702088, 7192858, 7102080, 72417086, 7247838, 7247837,
731703, 7332408, 7308447, 7308450, 736B481, 7375102, 7388013, 73BYTES6,
7410868, 7807834, 78428097, and 7868010,

Thers remains @ nsed for novel sodium channsl blocking compounds with
enhanced polency and effectiveness on mucosal tissues. There alse remains the
nead for novel sodium channe! blocking compounds that provide therapsutic effect,
but minimize or eliminate the onsst or progression of hyperkalemia in reciplents.

Summary of the Invention
This  invention provides the  compound  3,5-dismine-8-chiorp-N-{N-{4-{4-{2-
{hexyl( 2,3,4, 5 B-pentahvdroxvhesyllamine ethoxy Jphenyibutyl)
carbamimidoyiipyrazine-Z-carboxamide, of the formuls:

OH OH
g

r’ '“N’WO\(% NH O
GH OH OB .,aff[\v/\\ L J N Cl

. NN
H HII

n NN N,
OO

or 8 pharmacsutically accepiable salt form thereof. The nvention also provides
spivates and hydrales, individual slersoisomers, including optical  isomers
{enantiomers and disstersomers) and geometric isomsers {cis-firans-isomerism},
mixtures of sierecisomers, and tautomers of 3, 5-dismino-8-chiore-N-{MN-{4-{4-{2~
{hanovl{2,3.4,5 B-pantahydroxvhexyllamingjethoxy ipherviibutyh)

carbamimidoyhpyrarine-2-carboxamide, o a pharmaceutically accepiable salt



18

15

28

25

38

(]
4]

WO 2013/003386 PCT/US2012/044272
4

thersot, as well as pharmacsutical composiions comprising the compound, or a
pharmaceutically acceplable salt thereof, s uss in methods of frealment, and
rathods for iis preparation.

Brisf Description of the Drawings

A more complete appreciation of the invention and many of the advaniages
thareof may be readily oblained by referance {o the information herein in conjunclion
with the following figures:

FiG. 1 is a representative plot of the concentration-effect relationship of
Compound {18} on shorl-circuit current by canine bronehial spithelial {CBE) cells.

FiG. 2 is a plot of the dose-responss of Compound {ia} on sheep mucociliary
clearance (MOC) at 4h post-doss.

FiG. 3 s a plot of the effec! of Compound {Ia) and hypertonic saline (HS) on
shesp MCC at 4h post-doss,

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

FHZ. 8 is a pliot of the effect of sodium channs! blocking of Compound (1a) on
surface liguid retention -8 h in the in vilrp CBE ol modsl,

Fi3. 8 is a bar graph of the effect of Compound (Ia} on surface liquid retention
at 24 hours in the i vilre CBE model.

FiG. 7 iz a plot of the effsct of ENaC blockers Compound la and Comparative
Exampls L on sheep MCOC at 8 hrs,

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

FiG. 8 is a plot comparing the activity of Comparative Example 4 and

Compound 1a on sheep MCC at 4h Post-dosa.

FIG. 10 is a plot comparing the effect on sheep Plasma K levels of

Comparative Example 4 and Compound {a.

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

*A compound of the invention™ means g compound of Formula | or 3 sall,
particularly 8 pharmaceutically sccepiable salt thereo!,

*A compound of Formula I means 3 compound having the structurs! formula
designated hersin as Formula | Compounds of Formuls | inglude solvates and
hydrates {Le., addusis of a compound of Formuda | with a sobrent).  In those
smbodimenis whersin a compound of Formuls | indudes one or more chiral centers,
the phrase Is infended to encompass each individusl sterecisomer including optical
isomers {enantiomers and disstersomers) and geomeslric isomers {cis-firans-
isomerism) and mixtures of sterecisomers. In addiion, compounds of Formula | also
include tautomers of the deplcted formulads).

Throughout the descriplion and sxamples, compounds ars namsd using
standard IUPAD naming principles, where possible, including the use of the
Chembraw Ulrta 11.0 software program for naming mmp@unds sold by
CambridgsSolt Corp. FerkinElmer.

In some chemical structure reprasentations whers carbon atoms do not have
a sufficlent number of stfached variables depicled to produce a valence of four, the
remaining carbon substituents needed o provide a valence of four should be
assumned o be hydrogen. Similarly, in soms chemical structures where 2 bond s
drawn without specifying the terminal group, such bond is indicative of a methnd {(Me,
~UHa) group, as is conventional in the arl

in one preferred embodiment, the compound of formula (1} s 3,5-diaming-8-
CHr b N-{ 4-{ 4-{ Z-{hexyl{{ 23, 3R 4R, 8R +-2,3,4,5,6~

pentahydroxyhesyliamino Jethoxy) phenyl ibutylicarbamimidoyiipyrazing-2-
carboxamide, having the formuls
oH OB
&WIN Y \Cl\ H 0
o O3 OB ﬁ - \/’\ :& NTGE
I {ta) iw i\N/ N
B

or a pharmacsutically accepiable sall theredf,

The compounds of Formula |, may be in the form of a free base or 3 salf,
particularly a pharmacsutically goceptable salt. For a review of pharmaceutically
acceptable salls see Berge et g, J. Pharma Soi. (1877) 88:1-10.

Pharmaceulically accepiable salfs formed Fom norganic or organic acids
include for sxample, hydrochioride, hydrebromide, hydrolodids, sulfats, bisulfate,
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pitrate, sulfamate, phosphats, hydrogen phosphats, acelale, rifluoroacetsls,
malesie, malale, fumarale, lactale, tarrale, citrale, formate, gluconats, succinals,
pyruvate, tannale, ascorbale, paimilale, saliovials, siearats, phihelate, slginale,
polvgliidamate, oxalale, oxaloaceiate, saccharate, benzoste, alkyl or aryl sulforates
{e.g., methanesulfonate, sthanesulfonats, benzenesulfonate, picluenesulionate or
naphthalenssulfonate) and isothionats; complexes formed with amine acids such as
vsing, argining, glutamic acld, glycineg, serine, threoning, slaning, isvlewcing, lsusine
and the ke, The compounds of the invention may also bs in the form of salts formed
from elemental anions such as chioring, bromine or indine.,

For therapeutic use, salls of active ingradients of the compounds of Formula |
will be pharmacsutically acceplable, fe. they will be salls derived from @
pharmaceutically acceptable acid.  Howsver, salls of acids which ars not
pharmacautically accepiabls may siso find use, for example, in the preparalion or
puritication of a phameacsutically acceplable compound. Trifluorcaceiate salls, Tor
examnple, may find such use. Al salls, whether or not derived from a
pharmacsulically acoeplable acid, are within the scops of the pressnt invention.

The term “chiral” refers fo molecules which have the properly of none
superimposability of the mirror image pariner, while the term “achiral” refers io
molecules which are superimposable on their mirror image parkner,

The term "sterecisomers” refers 1o compounds which have ientical chemical
constifution, but differ with regard to the arrangement of the aloms or groups in
space. "Diaslereomer” refers 1o a stereoisomer with two or more centers of chirality
and whose molegules ars not mirror images of one ancther, Diastersomers have
differant physical properties, e.g. melling points, bolling points, speciral properiiss,
and reactivities.  Mibdures of disslereomers may separate under high resclution
snalviical procedurss such as glectrophoresis and chromatography.  "Enantiormers”
refer o two slerecisomers of a compound which are non-superimposable mirror
images of one angther,

Sterecchemical definitions and conventions used hersin generally follow 5. P,
Parker, BEd.,, MoOraw-HiLL DICTIONARY OF CHEMICAL TERMS {1884} MoGraw-Hill
Book Company, New York; and Eliel, £ and Wilen, 8., STEREOCHEMISTRY OF
Orcamic CoMPoUNDS {1984} John Wilsy & Sons, inc., New York.

Mary organic compounds exist in oplically active forms, Le., they have the
ability to rolate the plane of plans-polarized light. In desoribing an optically active
compound, the prefixes D and L or R and © are used fo denole the absolute
ponfiguration of the molecule about its chiral center{s). A spacific steraplisomer may
alse be referred 1o 88 an snantiomer, and a mixture of such isomers is often called



16

15

20

WO 2013/003386 PCT/US2012/044272
7

an enantiomeric mbkure. A 580 mixiure of enantiomers Is referred (0 85 8 racemic
mixiure or a racemale, which may ooour whare there has besn no slersossiection or
sterecspecificity in & chemical reaction or process. The farms “racemic mikiure” and
"racemate” refer o an equimciar mixiure of two enantiometic species
The term “lautomers” refers t© 3 type of slerecisomsr in which migration of a
hydrogen slom resulls in two or more shuctures. The compounds of Formula | may
axist in different tautomeric forms. One skilled in the arl will recognize that amidines,
amides, guanidines, ureas, thioursas, helsrooycles and the like can exisl in
tautomeric forms. By way of example and not by way of limitation, compounds of
Formula | can exist in various tautomeric forms as shown below:
g 3 M
Ne_ Ao b,

oy PoGe
:L/f\\ /[\»;%”\

O NH G hH
& %
G, f-N{\\}/JJ\NJ%N/’% QE\»l S N’JL %,
S
N N N, HNT TNT M,
OH NH,
\\N,/J'M\NN,/ %,

VNN
1r

HoNT N TNH,

All possible taulomeric forms of the amidines, amides, guanidines, uress,
thicureas, hetsrooycles and the like of ail of the embodiments of Formuda 1 are within
the scope of the inshant invention. Taulomers exist in sguilibrium and thus the
dapiction of a single tautomsr in the formulas provided wilt be understood by thoss
skilled in the art to refer equally 1o all pessible {automers.

i is 1o be noted that all enantiomers, diastersomers, and racamic mixiures,
tautomers, polymorphs, pseudopolymorphs of compounds within the scope of
Formula | and phammaceutically acceptable salls thereot are embraced by the
present invention. Al mixiures of such enantiomers and diastersomers, including
snantiomerically snriched mbdures and diastereomsrically srwiched mbdures are
within the scope of the present invention. Enantiomerically enriched mixiures are

mitures of enantiomers whersin the ratio of the specifisd enantiomer o the
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alfernative enantiomer is greater than 30:50. Mors parficudarly, an enantiomerically
gnriched mixture comprises at least shout 78% of the specifisd snantiomer, and
preferably at least about 85% of the specified snantiomer. Iy ong embodiment, the
snantiovmerically enriched mixkture s substantially free of the other enanliomer.
Similarly, diastereomerically enriched mixtures are mixtwres of diastersomers
whersin amount of the specified diastereomer is greater than the amount of sach
alternative disstersomer. More particularly, a disstereomerioally enriched mibdure
comprises at least abowt 75% of the specified diastersomer, and preforably al least
aboul 85% of the specified disstersomer. Iy one smbodiment, the diaslersomerically
enriched mixiure Is subslantially fres of sl other diastersomers. The lemm
‘substantially free of will be undersiood by those skilled in the art {0 indicale less
than a 5% presence of other digstersomers, preferably less than 1%, more preferably
iess than 0.1%.  In other embodiments no other disslersomers will be present or ths
amount of any other diasteresomers present will be bebw the level of delsclion,
Sterecisomers may be separated by technigues known in the arl, including high
parformangs lguid chromatography (HPLG) and orysialiization of chiral salls,

A single sierecisomer, e.g. an snantiomer, substantially free of s
sterepisomer may be oblained by resclution of the racemic mibdure using a8 method
such as formation of dissterecmers using oplicslly acltive rescliving sgenis
{"Sterenchemistry of Carbon Compounds,” {1862} by E. L Elisl, McGraw Hill;
Lochmuller, . M., {1875} L Chromalogr., 1133} 283-302). Racemic mbdures of
chiral compounds of the invention can be separaled and isolated by any suilable
mathod, including: (1) formation of ionic, diastereomaeric salls with chiral compounds
and separation by fractional oysislization or other methods, {2} formation of
diastersomeric compounds with chiral dervatizing reagenis, separation of the
diastersomers, and conversion o the pure siereoisomers, and {3) separation of the
substantially pure or enriched sterecisomers directly under chiral conditions.

For fllustrative purpeses, specific examples of enantiomers of the compound
of formuta {1} within the scops of the present nvention include, but are not imited o
3,5-diamine-G-chiore-N-{N-{4-{4-{2-{heooyl{{25 3R 4R, BR}-2,3.4,5,6-
pentahydroxyhsxyhaming Jethoxy) phenyhbulylicarbamimidoylipyrazine-2-

carboxamids
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OH on
*@?E“‘V\N O *»JH o
o oM OH J) L/ o~ JJ\EN\ICE
N Ew NH,
an

3. 5-diarmnino-8-chiorg-N-{ N-{4-{4-{ 2-{haxyl{ {ZR, 358,45 58})-2,3,4,5 8-
pentahydroxyhaxyliamine jsthoxyiphenybulyhcarbamimidoylipyrazine-2-

3 carboxamide

oH EH
/WNW \/’OH
/J O OH

oA T

s N TNE,

3. 5-diaming-8-chiorg-N-{N-{4-{4-{2{hexvi{ {25 3R 41 BR}-2,3.4,5,6-
i pentahydroxyhexybaminesthoxy iphenybutvhecarbamimidoyviipyrazing-2-

carboxamids

H OH
NP NP "\\E/""\E/ \\E/;\\*//QE{
S oB oH

E ﬁ'ﬂ P RS
e T O

BN TN,

15 3 5-diamino-8-chiorg-N-{N-{4-{4-{2-Chexyl{{2R 35 45, 8R}-2,3,4, 5.0~
pentabydroxyhexyliaminejethey iphenylibutylicarbamimidoyipyrazing-2-
carboxamide
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CGH O
P \’,MNN,A\/;\:‘,/;\V/OEI
,J & &n

ra j/O
U\ N, (ﬂ\{ . /\/\/L

HZN

3, S-diamino-G-chiorg-N-{N-{4-{4-{ 2-(hexyi{{28 3R 4R 88}-2,3,4,5 B~
peniahydroxyhaxyhaminojethogiphenylibuivhearbamimidoviipyrazine-2-

5 carboxarmide

G O
/f'\ //'\.\v /./\ PPN /\'\« /,0}_1
YO
A oH O

\Y,fi NS fe)

XX

N N N}*Iw

3, 5-diamine-8-chioro-N-{MN-{4-{4-{2-{(hexyl{{ZR,38 4R 55}1+-2,3.4,5,5-
10 pentahydroxyhexyhaminolsthoxyiphenyl bulylicarbamimidoylipyrazing-2-
carboxamids

OH E
NP N N/\ N T G

68 OH
H /’f’ ™ ”U'H
\L/ Iﬁ \ j;ﬁ P /3( G

N

15 35-diamino-G-chioro-No{MN-{4-{4-{2-{haxyl{{25 3R 45 BR}-2,3,4,5,B~
periahydroxyhexyllaminelsthoxyiphenvilbulvticarbamimidovilpyrazine-2-

gsarboxamids
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OH (}H
f\ »«/’\ M\\N /rY \\/’\. /{.}H
,,J OH OH

o \/J\ f (i)

X I

3, 5-diamino-8-chioro-N-{N-{4-{4-{ 2-{hexyl{{ZR,3R 48,88%2,3,4,5,6-
pentahydroxyhexylaminolethoxyiphenyhibutylcarbamimidoyDpyrazine-2-

5  carboxamide

e T /‘\vj; - \J/‘Q}H
J QH QH

3. 5-diamino-8-chioro-N-{N-{4-{4-{2-(hexyl{{28 35 4R, 8R}-2,3.4,5,56-
18 pentahydroxyvhexylaminojethoxy jphenyiibulylicarbamimidoylpyrazine-2-
carboxamide

OH OH

P N R S U

I) O O

I Iﬁ ﬁﬂ EMJ@ )

HoNT #,

3, B-diamino-G-chiorp-h-{N-{4-{4-{ 2-{ hawyl{ (2R, 3R 4R 5R)}-2,3 4,5,6-
15 peniahydroxyhexyhaminolsthoryiphenylbutvhcarbamimidoviipyrazing-2-

carboxamids
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HoOOH
A g A A
(E OH CH

{3

rf”ﬁ“‘ﬂ/
0

MNH

= N\j; j\ e Ry
o |
e, ‘r/\NHZ :

(N-{A-{4-{2-{hexyl{(28, 35 48,58)-2,3,4.5 8-

N //\\,- -

carboxamide
r”‘/\v/’“\\\/"/\\“’ Y
H OH O

u\j: 1 %:{ ﬁf\f\)a/ B

TN
3, 5-diamino-8-chioro-N-{N-{4-{4-{2-{hexyl{{2R, 35 45 58}-2,.3,4.5.6
pantahvdroxyhexyllamingiathoxyphenyDbulvicarbamimidoyhpyrazine-2-

3, 5-digmino-8-chioro-
pantshydroxyhexyllamingethoxyphenyDbulvlcarbamimidoylipyrazine-2-
OH OH
Lm{

5

carboxamide

10
PN /\N :
(’ o8 O

H
Ci\ /'N\ /E‘EEEM/J{\%/
; and

HNT N NH,

3. 5-diamino-8-chiorg-N-{N-{4-{4-{ 2-{hexyl{{ 283 3K 4R ER}2,3,4.5,8-
pentahydroxyhaxylaminoeathoxyiphenyhbulvhcarbamimidoypyrazine-2-

15 carboxamids
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NN o AOH
) ou om

5
Tl Ny, ﬁ\ ){N\H w\f\/g} {
W;\N § H

N W N

in one smbodiment, the present invention provides an engntiomerically
enriched mbdure o composition comprising  S-diamino-8-chioro-N-{N-{4-{4-{2-
{hexyH{23,3R 4R ER-2,3,4.5,68-  penishydroxvhexyllaminglathoxy) phenyhbulyl)
carbamimidoyl} pyrazine-2-carboxamide, of 8 pharmesceutically accepiabls salt
theveof, as the pradominant isomer,

Cther smbodiments comprise the snantiomerically enriched mixturss or
compositions comprising, respectively, the compounds of formulas {la}, {ib), {io), (id},
{la}, (6, gy, (hy, (8, 05, Ok, and {H), or 8 pharmaceutically acoepiable sall thersof,
as the predominant isomer in gach of thelr respective mixiures.

in another ambodiment, the present invention provides an enantiomaerically
enwiched mixlure or composition comprising  S-diamine-G-chioro-N-{N-{4-{4-{2-
{(haxyl{25 3R 4R 5RF2.3,4,5,6- peniahydroxvhexybaminolsthoxy?  phenylibuiyl)
carbamimidoyl) pyrazine-2-carboxamids, or a pharmaceulically acceplable salt
thereof, substantially fres of other isomers.

Four other embodiments comprise the snantiomerically erviched mixtures or
compositions comprising, respeactively, the compounds of formulas {ka), {ib), {ic), (id},
{iay, (i), {hg), (dhy, (83 05, (), and {8}, ,or 8 pharmaceutically acceptable salt thersof,
substantially free of other isomers in each of thelr respective midures.

A compound of Formula | and pharmaceulically scceptable salts thereof may
exist as diferent polymorphs or pseudopolymorphs.  As used herein, orysialiine
potymorphism means the ability of a crysialiine compound o exist in different orysigl
struciures.  The corysialine polymorphism may result from differences in crysial
packing {packing pohymorphism) or differences in packing bebween different
cordormers of the same molecuds {conformations! polymorphism).  As used hersin,
crysisiling pseudopolymorphism also includes the abilily of 8 hydrale or solvate of a
compound o exist in different orystal structures.  The pesudopolymorphs of the
instant Invention may exist due o differences in orysial packing {packing
pseudopolymorphism) or due o differences in packing between differsnt conformers
of the same molecule {conformational pssudopolymorphism). The instant invention
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comprises all polymorphs and pseudopolymorphs of the compounds of Formula L and
pharmaceutically acceptable salls thereof.

A compound of Formula | and pharmaceuticelly acceptable salts thereof may
also exist as an amorphous solid,  As used hersin, an amorphous solid is a solid in
which there s no long-range order of the positions of the atoms In the solid. This
definition appliss as well wher the orystal size is two nanometers or less. Additives,
including solvenis, may be used fo cresle the amorphous forms of the instant
invention. The instant pwvention, including all pharmaceutical compaositions, methods
of freatment, combination products, and uses thersof descoribed herein, comprises all
amorphous forms of the compounds of Formula | snd pharmaceutically accepiabls

salls thereof,

UsEs

The sompounds of the invention exhibit activily as sodium channs! biockers,
Without being bound by any particular theary, | is believed that the compounds of the
invention may funclion i1 vive by blocking eplthelial sodium channsls present in
mucosal surfaces and thereby reduce the absorplion of water by the mucosal
surfaces. This effect incrsases the volume of protective liquids on mucosal surfaces,
and rebalances the system,

Az g consequsnce, the compounds of the wention are usefid as
madicaments, particularly for the reatment of clindcal conditions for which 2 sodium
charnel blocker may be indicated. Such condiions include pulmonary conditions
such as diseases associpled with reversible or irreversible airway obsiruction,
chronic obstuctive pulmonary dissase (COPD), including acule exacerbations of
COPLD, asthma, bronchisctasis {including bronchiectasis due io conditions other than
oystic fibrosis), acule bronchills, chronic bronchitis, postviral cough, cystic fibrosis,
amphysema, pneumonia, panbronchicliis, and bransplant-associated bronchiolitis,
including lung- and bone marow-transplant associated bronchiolitls, in a human in
nesd thereof. The compounds of the invention may also be useful for treating
vantiiator-associated  trachsobronchils  andior  preventing  ventilstor-assosiated
preumonia in ventilaled patients. The present invention comprises methods for
fraating sach of these conditions in & mammal in need thereof, preferably In a human
in nesd thereof, each method comprising administering fo sald memmsal 8
pharmacsutically sffective amount of a compound of the pressnt invention, of a
pharmaceutically acceplable salt thereof.  Alse provided ars {8) 8 method for
reducing exacerbations of COPD in 8 mammal in need thereof, {(b) 2 method fwr
reducing sxacerbations of OF in 8 mammal in nsed thereof, {c} a method of
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inproving ung function (FEV1) v a3 mammal in need thersof, {d) a method of
improving lung function (FEV1) in a manwnal experiencing COPD, {&) 2 msthod of
improving ung function {(FEV1) in a mammal experencing CF, () a8 method of
reducing alrway infections in a mammal in need thereof.

Also provided is a mathod of stimulating, enhancing or improving mucooiliary
clearance in a mammal, the method comprising administering {o 8 mammal in nesd
thereol 2 pharmaceutically sffective amount of a compound of formuls (), or a
pharmaceutically acceptable salt thereof, Mucodiliary clearance will be undersiood to
include the natural mucociiiary aotions involved in the transfer or clearance of muocus
in the airways, including the ssif-clearing mechanisms of the bronchi. Therefors, also
provided s a8 method of improving mucus clearance in the sirways of a mammal in
need thereol.

Additionally, sodium channel blocksrs may be indicatsd for the treaiment of
condiions which are ameslioraled by increased mucosal hydration in mucosal
surfaces other than pulmonary mucosal swfaces. Examplss of such conditions
include dry mouth (xerostomia), dry skin, vaginal dryness, sinusilis, rhinosinusitis,
nasal dehydration, including nesal dehydration broughi on by administering dry
oxygen, dry aye, Sjogren's discase, olilis media, primary olliary dyskinesia, distal
ivlestinal obsiruction syndrome, esophagills, constipation, and chronic diverticulitis.
The compounds of the invention can also be used for promuoting ocular or comesl
hrydration.

The compounds of the presant invention may also be useful in methods for
obigining 2 spulum sample from a human.  The method may be cared oul by
administering a compound of the invention 1o at least one lung of the patlent, and
then inducing and collecting 2 sputum sample from that human,

Aocordingly, iy one aspeet, the present invention provides a method for the
freatment of 3 condilion in & mammal, such as & human, for which a sodium channel
biocker is indicated,

in other embodiments, the present invention provides each of the methods
described herein with the addiional benefit of minimizing or eliminating hyperkalemis
in the reciplent of the method, Also provided ars embodiments comprising sach of
the methods desoribed herein wharein an improved therapsutic index is achisved,

The ferms “treal’, "resting” and “restment”, as used hersin refers 1o
reversing, allevisling, inhibiting the progress of, or preventing the disordsr or
condition or one or mors symiptoms of such disorder or condition.

All therapeutic methods desoribed herein are camisd out by adminisiering an
effective amount of a2 compound of the invention, a compound of Formuls | or 2
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pharmacsulically acceplable sall thereof, o 2 subjsct {lypically mammal and
wreferably human) in nesd of reatment,

In one embodiment the invention provides a msthod for the treatment of a
condition which is amsliorated by incressed mucosal hydration In a8 mammal,
narboularly 8 human in need thereof. I one embodiment the invention provides a
method for the treatment of a disease associaled with reversible or irreversible
albrway obstruction in a mammal, parlicularly 2 human, In nesd thereof. In one
particular embodiment the present invention provides a method for the realment of
chronic obstructive pulmonary disease (COPD) In 2 mammal, particularly a human in
nead thereof.  in one particular embodiment the present invention provides a mathod
for reducing the freguency, sevarily or duration of acute exacerbation of COPD or for
the treatmend of one or mors symploms of acule exacerbation of COPD In a
rarnmnal, partioularly a human in need thereof. I one smbodiment the invention
provides a method for the realment of asthma In & mammal, particularly & human, in
nead thersof. in one emboediment the invention provides s method for the reatment
of bronchisctasis (including bronchisclasis dus o conditions other than cystic
fibrosis} in & mammal, particuiarly a human, in need thereol.  In one embodiment the
invention provides a methed for the freatment of bronchitis, including aculs and
chronic bronchilis in a8 mammal, paricularly a8 human, In need theresf In one
agmbodiment the invention provides 3 methed for the trealment of postviral cough in
a mammal, partcularly a human, in need thereol. In one embodiment the invention
provides a method for the treatment of cyslic fibrosis In 8 mammal, particulardy a
human, in need thereol. in ons smbodiment the invention provides a method for the
freatment of emphysema in 8 mammal, particularly 8 human in need thereof. In one
embodiment the invention provides a method for the treatment of pnsumenia In g
mammal, particuiardy 8 human in nesd thereof. in one smbodiment the invention
provides a method for the trealment of panbronchiclitls in & mammal, particularly 3
human in need thereol In one smbodiment the invention provides s method for the
freatment of ransplantassocialed bronchiolitls, including lung- and bone marrow-
fransplant associsied bronchiclitis in & mammal, particularly 2 buman it need
thereof. In one smbodiment the invention provides a method for freating ventitator-
associated tracheobronchitls andfor preventing ventiistor-assosialed pneumonia in a
ventiated human in need thereof.

This invention provides specific methods for trealing a dissase selacted from
the group of reversible o irreversible albrway obstruction, chronic obstruclive
putmonary disease (COPD), asthma, ronchiectasis {(including bronchiectasis dus fo

conditions other than cysiic fibrosis), acute bronchitis, chronic bronchitis, post-virgl



16

is

20

30

WO 2013/003386 PCT/US2012/044272
17

cough, cystic fibrosis, emphysema, pneumonia, panbronchiciitis, ransplant-associats
bronchiolitls, and ventilator-associated trachecbronchills or preveniing ventilator-
assochated pneumonia in g human in need thereof, each method comprising
administering fo said human an effective amount of 8 compound of formula 1{a), ora
pharmacautically acceplable sall thersof,  In further embodiments for sach mathod
of frealment, the pharmaceulically accepiable sall form is 8 hydrochioride sl or a
hydroxynaphihoate sall of the compound of formula (1a).  in another embodiment
within sach method of realment, the freebase of the compound of formula (1a) is
used,

in one embodiment the invention provides a method for the reatment of dry
mouth {xerostomia) In 2 mammal, particubarly a human in nesd thereol, In one
embodiment the invention provides a method for the freatment of dry skin In s
mammai, parficularly & human in need thersof. I one embodimsnd the invention
provides a method for the treatment of vaging! dryness in g mammal, particuarly a
human in need thereof. In one embodiment the invention provides a method for the
freatment of sinusitis, rhinosinusitls, or nasal dehydration, Including nasal
dehydration brought on by administering dry oxygen, in a mammal, parloularly a
human in nesd thereol, In one smbodiment the nvention provides g method for the
fregtment of dry eye, or Sjogren's disease, or promaoting ocular or corneal hydration
iy & mammal, partioularly & human in nesd thersol. In one ambodiment the invention
provides a method for the treatment of ofitls media In a8 mammal, particularly &
human in need thersof. In one embodiment the invention provides a method for the
treatment of primary cllisry dyskinesia, v a2 mammal, particularly a human In need
thereof. In one smbodiment the invention provides a method for the treaiment of
distal intestinal cbstruclion syndrome, esophagifis, constipation, or chronio
diverticulills In a mammal, particularly a human in need thersol

There iz also provided g compound of the invention for use in medicsl
therapy, pardioularly for use in the treatmant of condition in @ mammal, such a8 a
human, for which a sodivm channel blocker is indicated. Al therapsulic uses
described herein are carried out by adminislering an sffective amount of a compound
of the irvention to the sublect in nesd of treatment. In one embodiment there is
provided a compound of the nvention for use in the treatment of a pulmonary
condifion such as a dizesse associaled with reversible or breversible airway
obstruction in 8 mammal, particularly a human, in need thersef.  In one particular
smbodiment thers is provided s compound of the invention Tor use in the reabment of
chronic obstructive pulmonary disease (COPD) in & mammal, particularly a human in
nesd thersof.  In one embodiment, there is provided a compound of the invention for
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use in redusing the freguency, severity or duration of sculs exacerbation of COPD or
for the treatment of one or more symploms of acute sxacerbation of COPD, In s
rgmimal, particularly a human, in need thereof. In one smbodiment there is provided
a compound of the invention for use in the frealment of asthma in a mammal,
particularly a human, In nesd thereof In one embodiment there is provided a
compound for use in the fregtment of bronchisctasis, including bronchisclasis dus o
condilions other than cystic fibrosis, or bronchitis, including acule bronchitis and
chionic bronchilis, in 2 mammal, parficulardy a human, In need thereol, In ons
embodiment there is provided a compound for use in the treatment of post-viral
eough, in 8 mammal, parliculardy & human, in nesd thereol, In one embodiment there
is provided a compeund for use in the reatment of cystic fibrosls I 8 mammal,
carticularly a human in nesd thersol  In one embodiment there s provided a
compound of the invention for use in the treatment of emphysema in & mammal,
particularly 8 human, in nesd thereof.  In one embodiment there s provided a
compound of the invention for use In the freaiment of pneumonia in a mammal,
particularly a human, i need thereol. iIn one embodimen! there s provided a
compound of the invention for use In the realment of panbronchiolitis or transplant-
associated bronchiolitis, including lung- and bone marrow-fransplant associated
bronchiolilis in & mammal, pardcularly a human, in nsed thersof. In ons esmbodiment
there is provided a compound of the invention for use in the treaiment of ventiiator
associated tachecbronchills or preventing ventilator-associated pneumonta In a
ventilaled human in need thereof

in one embodiment thers is provided 2 compound of the invention for use In
the treatment of a condition ameliorated by increased mucosa! hydration In mucosal
surfaces of @ mammal, particularly a human, in need thereof.  In ong ambodiment
there is provided a compound for use in the reatment of dry mouth ercstomia) in g
rrgmmnal, particudartly 8 human, i need thersof. in one embodiment thers is provided
a compound for use in the treatment of dry skin in a mammal, particularly & human,
in nesd thersof,  in one embodiment thers Is provided a compound for uss in the
treatment of vaginal dryness in a mammal, particularly 8 human in need thersol, In
ong embodiment there is provided a compound of the invention for use in the
treatment of sinusitis, rhinosinusitis, or nasal dehydrelion, nduding nasal
dehwdration brought on by adminisiering dry oxygen in @ mammal, particulardy a
human, in need thereof, In one smbodiment there s provided a compound of the
invention for use in the treatment of dry aye, or Sjogrer's dissase or promoting ocular
or corneal hydration in a mammal, particularly a human, in need thereof, In one

gmbodiment there is provided a compound of the invention for use in the trealment of
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otitis media in a mamnal, particularly a human, in need thereof. In one embodiment
there is provided a compound of the invention for use in the treatmeant of primary
cifary dyskinesia in a8 mammal, parficularly a human, I need thereof. In one
aembodiment thers is provided a compound of the invention for use in the frealment of
distal inlestina! obsbuction syndrome, ssophagitis, constipation, or chronie
diverticulitis in 8 mammal, particuarly 8 human, in need thereof,

The present invention alse provides the use of 8 compound of the invention in
the manufaciure of 3 medicament for the treatment of a condition In g mammal, such
as & human, for which 3 sodium channs! blocker is indicalad. In one embodimsent is
provided the use of 3 compound of the invention in the manufacturs of a medicamsnt
for the Wealment of dissases associated with reversible or irreversible airway
ahstruction, chronic obstructive pulmonary disease (COPD), acule exacerbations of
COPD, asthma, bronchiectasis {including bronchisclasis due to conditions other than
systic fibrosis), bronchitis {including acule bronchitts and chronic bronchitis), post-
virgl cough, cyslic fibrosls, emphysems, pnsumonia, panbronchiclitis, transplant
associated bronchiolitis, {including lung- and bons marow-fransplant associatad
bronchioliis), ventilstor-associsted tacheobronchiis of preventing  ventilator-
associated pnsumonia,

in one particular embodiment is provided the uss of a8 compound of the
invention in the manufacture of a medicament for the treatment of a condition
amsliorated by hcreased mucossl hydration in mucosal surfaces, treatment of dry
mouth  (xerostomia), dry skin, vaginal diyness, sihusitls, rhinosinusitis, nasal
dehydration, incﬁuding nasal dehydration brought on by administering dry oxygen,
treatment of dry sye, Sjogren's disease, promoting ocular or comeal hydration,
treatment of ofilis media, primary ciliary dyskinesia, distal intestinal obstruction
syndrome, esophagilis, constipation, or chronic diverticulitis

The terms “effective amount”, “pharmaceutically effective amount’, “aifective
dose”, and “pharmacsutically effective dose” as used harain, refer {0 an amount of
compound of the invention which is sufficient In the subjsol io which it is
administered, to elicil the biclogical or medical response of a cell culiurs, Hssue,
system, or mammal {including human} that is being sought, for instance by a
rassarcher or olinician. The term aiso includes within iis scope, amounts sffective o
snhancs normal physiolegical funclion.  In one smbodiment, the effective amount is
the amount nesded 1o provide a desired level of drug iy the sacretions and Hssues of
the airways and lungs, or sltematively, in the blocdstream of a SUb}EC‘E o be tregted
o give an antivipated physiological response or desired bivlogical effect when such s
somposition & adminislersd by inhalaion. For sxample an effective amount of &
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compound of the invention for the freaiment of a condition for which a sodium
channal biocker Is indicated is sufficient in the subjest to which i is adminisiered o
treat the parficular condition.  In one embodiment an effective amount s an amount
of a compound of the invention which is sufficient for the trestment of COPD or oystic
fibrosis in a8 human.

The precise sffective amount of the compounds of the invention will depand
on a number of factors including but not limited o the species, age and weight of the
sublect being trested, the precise condition requiring reatment and s ssverity, the
bicavailability, polency, and ofther properties of the specific compound being
adminisiered, the neture of the formulaiion, the roule of administretion, and the
delivery devics, and will ullimalely be at the discretion of the altendant physician or
vaterinarian,  Further guidance with respect o appropriste dose may be found in
considering conventional dosing of other sodium channel blockers, such as
amileride, with dus consideration also being given o any differences in polency
between amiloride and the compounds of the present invention.

A pharmaceutically effective dose administersd lopically to the airway
surfaces of a sublect {e.q., by inhalation) of 2 compound of the invention for
treatment of a 70 kg human may be in the range of from about 10 ng {o sbout 10 mg.
n another embodiment, the pharmaceutically effective dose may be from about (.1
to about 1000 yg. Typically, the daily dose administered topically 1o the alrway
surfaces will be an amount sufficient {o achieve dissolved concantration of active
agent on the airway surfaces of from about 107, 107, or 107 to about 107, 107, 1074
or 107 Moles/liter, more preferably from about 107 to about 107 Moles/liter. The
selection of the specific dose for 2 patient will be delermined by the altendant
nhysician, clinician or velerinarian of ordinary skill in the art based upon g number of
factors including those noted abovs. In one particular embodiment the doss of g
compound of the invention for the reatment 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 ba from about 0.1 g to about 1,000 pg. In ons embodiment, the dose of
2 compound of the invention for the treatment of a 70 kg human will be in the rangs
of from about 0.5 ug o about 0.5 mg. In a further embodiment the dose will be from
about 0.5 ug fo sbout 80 ug. In another embodiment, the pharmaceutically effective
dose will be from about 1 to about 10 ug. In ancther embodiment, the
pharmaceutically effective dose will be from about 5 ug fo about 50 ug. Ancther
embodiment will have an effsclive dose of from about 10 g fo about 40 ug. Infwo
further embodiments, the pharmaceutically effeclive dose will be from shout 18 ug o
about 80 pg from about 15 ug to about 30 g, respectively. it will be understond that
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in each of these dose ranges, all incremenial doses in the range are included. For
instance, the 0.5-50 ug rangs Includes individual doses of, 0.5 ug, 0.6 ug, 0.7 ug, 0.8
ug, 09 ug, 1.0ug 1 1ug 1288 13 g 14ug 1 8pg. 1 8ug, 1.7 g 1.8ug 1.8
g, 20 Mg, 2.1 ug, 2280, 23 ug, 2440, 25 ug, 28 4g, 2.7 ug, 28 ug, 2% ug, 3.0
ug, 31T g, 3200, 33 4, B4 ug, 385 ug, 3.6 ug, 3.7 4o, 3.8 ug, 3.8 pg, 4.0 ug, 4.1
ug, 4.2 ug, 4.3 ug, 44 ug, 48 u0, 4800, 47 ug, 48 ug, 48 ug, 50 pg. 5.1 ug, 8.2
ug, 5.3 ug. 5.4 ug, 8500, 58 ug, 5.7 un. 5.8 ug, B8 U, 8.0 Uy, 6.1 ug, 8.2 ug, 8.3
ug, 8.4 g, 654G, 68 g 8.7 g, 88 g, 88 pg V0N, 7 g, 72300, 73 pg 74
g, 7O ug, 7.8 ue, 7.7 uo, 78 ug, 7.0 ug, B0 pg, 8.1 pg, 8.2 ug, 8.3 ug, 84 ug, 858
ug, 88 g, 8.7 ug, 88 ug, 8.8 g, 50U, 8.1 ug, 8240, B3 ug. B4 ug, 8.5 ug, 88
pg, 8.7 ug, 9.8 ug, 8.9 ug,

10.0 ug, 101 pg, 102 yg, 103 ug, 10.4 ug, 10.8 ug, 10.8 pg, 10.7 ug, 10.8 ug, 10.8

Hg,
11.0pg, 1110, 112 ug, 113 g, 114 ug, 118 ug, 11.8 ug, 11.7 ug, 118 g, 1.9

L,
12.0 ug, 121 ug, 12.2 ug, 12.3 g, 12.4 ug, 125 ug, 128 ug, 12.7 ug, 128 ug, 12.8

He

13.0 ug, 131 g, 13.2 g, 183 ug, 134 ug, 13.5 ug, 136 ug, 13.7 wg, 138 ug, 13.8
ug, 14.0 pg, 14.1 ug, 14.2 pg, 14.3 ug, 14.4 yg, V4.5 ug, 14.0 pg, 14.7 ug, 14.8 ug,
14.9 ug.

18.0 ug, 151 ug, 18.2 ug, 1583 ug, 184 ug, 188 ug, 158 yg, 187 ug, 168 ug, 168
ug, 16.0 ug, 18.1 ug, 18.2 pg, 183 ug, 184 pg, 16.5 yg, 18.8 pg, 16.7 yg, 18.8 ug,
188 ug 17.0ug 17 ug, 1720 173 ug, 17 4ug, 178 ug, 178 g, 17.7 ug, 17.8
ug, 17.8 ug, 18.0 ug, 18.1 pug, 18.2 ug, 18.3 ug, 18.4 g, 18.5 yg, 18.6 yg, 18.7 ug,
18.8 ug, 18.9 ug, 18.0 ug, 18.1 ug, 18.2 ug, 18.3 ug, 19.4 ug, 18.5 ug, 18.6 ug, 187
ug, 189.8 ug, 19.8 ug, 20.0 g, 20,1 ug, 20.2 ug, 20.3 ug, 20.4 ug, 20.5 pg, 20.8 ug,
207 ug, 208 ug, 209 ug, 21.0 ug, 211 ug, 212 ug, 213 ug, 214 ug, 218 ug, 218
g, 217 ug, 21.8 ug, 21.9 ug, 22.0 ug, 22.71 ug, 22.2 ug, 22.3 ug, 22.4 ug, 22.5 ug,
22.8 ug, 22.7 ug, 22.8 ug, 22.9 ug, 23.0 pg, 231 pg, 232 pg, 23.3 ug, 234 ug, £23.5
ug, 23.6 pg, 23.7 ug, 23.8 ug, 23.8 ug, 24.0 ug, 24.1 pg, 24.2 ug, 24.3 ug, 24.4 ug,
24.5 ug, 248 ug, 24.7 ug, 24.8 ug, 24.9 ug, 25.0 ug, 251 uyg, 25.2 ug, 253 g, 254
ug, 25.8 ug, 25.8 ug, 25.7 ug, 25.8 ug, 25.8 ug, 20.0 ug, 28.1 ug, 26.2 ug, 26.3 ug,
204 ug 265U, 2008 U0, 28.7 ug, 208 ug, 268 g, 270 ug, 271 ug, 372 ug, 27.3
ug, 27.4 ug, 278 ug, 27.6 uy, 27.7 ug, 278 ug, 278 ug, 28.0 ug, 28.1 g, 28.2 ug,
28.3 ug, 284 ug, 28.5 ug, 28.8 ug, 28.7 ug, 288 ug, 28.8 ug, 29.0 ug, 291 ug, 292
ug, 28,3 ug, 29.4 ug, 29.5 ug, 29.8 ug, 28.7 ug, 28.8 ug, 28.9 ug, 30.0 ug, 30.1 ug,
30.2 ug, 30.3 pg, 30.4 ug, 30.5 pg, 30.6 ug, 30.7 ug, 30.8 ug, 30.89 yg, 31.0 yg, 311
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pg, 312 g, 3.3 ug, 314 ug, 315 pg, 31.6 ug, 31.7 ug, 318 ug, 31.9 pg, 32.0 ug,
32,1 g, 32.2 ug, 32.3 ug, 32.4 ug, 32.5 ug, 32.0 ug, 32.7 ug, 32.8 ug, 32.8 ug, 33.0
Mg, 3307 ug, 33,2 pg, 33.3 ug, 33.4 pg, 33.5 ug, 33.6 ug, 33.7 ug, 33.8 ug, 33.9 ug,
34,0 ug, 34.1 ug, 34.2 ug, 34.3 ug, 34.4 ug, 34.5 ug, 34.8 ug, 347 ug, 34.8 pg, 34.8
ug, 35.0 ug, 35.1 ug, 35.2 ug, 35.3 ug, 35.4 pg, 35.5 ug, 35.8 ug, 38.7 ug, 35.8 ug,
35.9 ug, 38.0 pg, 36.1 g, 38.2 ug, 36.3 ug, 36.4 yg, 36.5 g, 36.6 pg, 386.7 ug, 388
Ly, 36.9 ug, 37.0 ug, 371 ug, 37.2 ug, 37.3 ug, 37.4 ug, 37.5 ug, 37.8 ug, 37.7 ug,
37.8 pg, 37.9 g, 3B.0 ug, 38.1 pyg, 38.2 ug, 38.3 uyg, 384 ug, 38.5 pg, 388 ug, 387
ug, 38.8 ug, 38.8 ug, 38.0 ug, 38.1 pg, 38.2 ug, 38.3 ug, 38.4 g, 39.5 ug, 38.8 ug,
39.7 ug, 32.8 pg, 39.9 ug, 40.0 ug, 40.1 ug, 40.2 ug, 40.3 ug, 40.4 pg, 40.5 pg, 40.8
ug, 40.7 ug, 40.8 ug, 40.9 ug, 41.0 ug, 41.1 yg, 41.2 ug, 41.3 ug, 41.4 ug, 41.5 ug,
41.6 pg, 4.7 ug, 41,8 ug, 41.8 ug, 42.0 g, 421 ug, 42.2 ug, 42.3 g, 42.4 ug, 425
ug, 42.8 ug, 42.7 ug, 42.8 ug, 42.9 ug, 43.0 ug, 43.1 ug, 43.2 ug, 43.3 ug, 43.4 ug,
43.5 ug, 43.8 ug, 43.7 ug, 43.8 pg, 43.8 ug, 44.0 ug, 44.1 g, 44.2 ug, 44.3 ug, 44.4
ug, 44.8 ug, 44.6 pg, 44.7 ug, 44.8 ug, 44.8 ug, 45.0 pg, 451 ug, 458.2 ug, 45.3 ug,
45.4 ug, 45.5 ug, 45.8 ug, 48.7 ug, 45.8 ug, 45.8 ug, 46.0 ug, 48.1 ug, 48.2 ug, 48.3
U, 48.4 ug, 46.5 ug, 48.6 ug, 46.7 ug, 48.8 ug, 46.9 ug, 47.0 ug, 471 ug, 47.2 ug,
47.3 ug, 474 pg, 47.5 ug, 47.6 pg, 47.7 pg, 47.8 ug, 47.8 pg, 48.0 pg, 48.1 ug, 48.2
ug, 48.3 pg, 48.4 g, 48.5 ug, 48.8 ug, 48.7 ug, 48.8 pyg, 388 ug, 48.0 pg, 481 ug,
48,2 ug, 48.3 ug, 48.4 ug, 49.5 pg, 49.0 ug, 49.7 ug, 40.8 ug, 38.9 ug, and 50 ug.

The foregeing suggested doses may be adiusied using conventiona! dose
calculations if the compound is adminisiered via a different route. Uslermination of
an appropriate dose for administration by other routes s within the skill of those iIn
the art in light of the foregoing description and the general knowledge in the art,

Delivery of an sHective amount of a compound of the invention may entad
delivery of a single dosags form or mulliple unit doses which may be delivered
contemporanasusly or separale in me over a designatsd period, such as 24 hours.
A dose of 3 compound of the invention {(slone or in the form of 3 composition
comprising the same} may be administered from one {¢ ten tmes per day. Typically,
a compound of the invention {alone or in the form of 8 composition comprising the
same) will be administered four, three, two, or once per day {24 hours).

The compounds of formuda {1 of the present invention are also usefd for
fraating altbome infections. Examples of airbome infections include, for axample,
RSY. The compounds of formula () of the present iwvention are also ussful for
treating an anthrax infection. The pressnt invenlion relsiss o the use of the
compounds of formuda {4} of the present invention for prophylactic, post-exposure
prophylactic, preventive of therapsutic frealment against disesses or conditions
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gcaused by pathogsns. In s preferred embodiment, the present invention relatss o
the use of the compounds of formula () for prophyviactic, post-aexposure prophyiactic,
preventive or therapeutic ireatment against dissases or conditions caused by
pathogens which may be used in bicterroriam,

In rocent years, a varlety of ressarch programs and bicdefense measures
have bean put inlo place {o deal with concearng about the use of bivlogieal agents In
acts of terrorism. These measures are inended {o address concems regarding
bicterrorism or the use of microorganisms or biclogical oxing 1o kil people, spread
foar, and disrupt soaiety, For exampls, the National Institule of Allergy and Infectious
Diseases (MIAID) has developed a Sirategic Plan for Biodsfense Research which
outlines plans for addressing research neads in the broad area of bicterrorism and
smerging and reemerging infectious diseasses. According 1o the plan, the deliberate
axposurs of the civilian population of the Uniled Siales lo Bacliue antfracis spores
revaaled a gap in the nation's overall preparedness against bicterrodism, Morsover,
the report delsils that these allacks uncovered an unmst nesd for {ests o rapidly
diggnose, vaccines and nmunctherapiss 1o prevent, and drugs and biologios io cure
disease caused by agenis of biclerrorism.

Much of the focus of the various research sfforls has been direcled fo
studying the biology of the pathogens identified as polentially dangsrous as
bioterrorism agents, studying the host response against such agents, developing
vaccines against infectious dissases, svalusting the therapeutios currently avaliable
and under investigation against such agenis, and developing diagnostics o identify
signs and symploms of threatening agents. Such efforls are laudable but, given the
farge number of pathogens which have been identified as potentially avallable for
bicterrorism, these efforts have not vet been able o provide satisfactory responses
for all poesible bicterroriem threals. Additionally, many of the pathogens ientifisd as
potentially dengercus as agents of biclerrorism do not provide adequale sconomio
incentives for the development of therapeutic or preventive measwres by indusiry,
Moreover, even ¥ preventive mesasuras such as vaccines wers available for sach
pathogen which may bs used in bicterrorism, the cost of administering all such
vaccings o ihe general poputation is prohibitive.

Untlh convenlent and effective ireabments are avallable against svery
bioterrorism threat, thare sxisls a strong need for preventalive, prophviactic or
therapeutic freaiments which can prevent or reducs the risk of infection from
pathogenic agents.

The present invention provides such methods of prophylaclic treatment. In

ona aspedt, a prophyiactic treaiment method is provided comprising administering a
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prophviactically effective amount of the compounds of formula () o an individual in
nead of prophylactic eatment against infection from ong or more airbome
pathogens. A parlicular example of an alrbome pathogen is anthrax,

in another aspect, a prophyiactc reatment method s provided for reducing
the risk of infection from an girbome pathogen which can cause a dissass iIn 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 sk of infection from the
airborne pathogen but Is asymptomatic for the diseass, wherein the effective amount
of a sodium channe! biccker and osmolys are sufficient {o reduce the risk of infestion
in the human. A parliculsr sxampls of an airborne pathogen is anthrax,

in another aspect, a postexposure prophyiaclic treatment or therapsulic
fregiment method s provided for treating infection from an sirbormne pathogen
compiising administering an sfiective amount of the compounds of formuda {1} o the
ings of an individual in need of such reatment against infection from an alrborhe
pathogen. The pathogens which may be protecled against by the prophylactic post
exposure, rescus and therapsulic ireatment methods of the wention includs any
pathegens which may enter the body through the mouth, nose or nasal afrways, thus
precaeding infe the lungs. Typically, the pathogens will be airborne pathogens,
gither naturaily ocourring or by aerosclization. The pathogens may be naturally
goourting of may have bsen introduced info the environment inlentionally afler
aserpsolization or other msthod of infroducing the pathogens into the environment.
Many pathogens which are not nalurally ransmitied in the alr have besn or may be
aerpsolizad for use in biclerorism.  The pathogens for which the realment of the
invention may be useful indudes, but is not limiled to, calegory A, B and © pricsily
pathogens as set forth by the NIAID, Thess calegories cormrespond genéraiiy to the
tists complled by the Cenlers for Disease Control and Prevention {CDC). As sel up
by the CDO, Calegory A agenis ars thoss thal can be sasily disseminaled or
fransmitted person-lo-person, cause bigh mortality, with potential for major public
health impact.  Category B agents are next in priorly and includs those that are
moderately sasy {o disseminate and cause modsrate morbidily and low moriality.
Category © consists of emerging pathogsns that could be engineered for mass
dissemination in the fulure becauss of thelr avallability, sase of production and
dissemination and polential for high morbidity and moriality, Parliculsr examples of
these pathogens ars anthrax and plague. Additional pathogens which may be
profected against or the infection risk therefrom reduced include influenza viruses,

rhinoviruses, adenoviruses and respiratory synoviia! viruses, and the lke. A further
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pathogen which may be prolected agsinst is the coronavirus which s believed to
cause severg acule respiralery syndrome {SARS)

The present invention also relates o the use of sodium channel blockers of
Formula |, or a pharmsceutically sccaplabls sall thereof, for preventing, mitigating,
arwifor tresting deferministic heslth eflects o ihe respiratory fract caused by
sxposure o radivlogical materisls, particularly respirable aerosols  containing
radionuciides from nuclesr allacks, such as detonation of radivlogical dispersal
devices (RDDY, or accidsnis, such as nuclear power plant disasters.  As such,
provided hersin is a8 method for preventing, mitigating, and/or traating deterministic
health sffects io the respiratory fract and/or other bodily organs caused by respirable
aserosols conigining radionuciides in a recipient in need thereof, including in 8 human
in need thereol , said method comprising administering {o said human an effective
amount of & compound of Formuda {1}, or a pharmaceutically acceplable sall thereof.

A majer conoern associated with consequence management planning for
sxposures of members of the public {o respirable asroscls conlaining radionulides
from nuclear altacks, such as delonation of radiclogical dispersal devices (RDD), or
accidents, such as nuclesr power plant disasters is how o prevent, miligate or lreat
potential deterministic health effects o the respiratory trach, primarily the lung. His
necessary lo have drugs, fechniques and procedwres, and tained personnel
prepared to manage and freal such highly inlernally contaminated individuals.

Ressarch has been conducted o delermine ways in which o preveni,
mitigate or real polential damage to the respirsiory tract and various organs in the
body that is caused by inlemnally deposited radionuclides. To date, most of the
regearch attention has focused on siralegies designed o mitigate haalth effscis from
internaily deposited radionuclides by acoslerating thelr excrstion or removal. These
strategies have focused on soluble chemical forms that are capable of reaching the
bicod stream and are depositsd st remole systemic sies specilic o a given
radioslement.  Such approasches will not work in cases where the daposiisd
radionuciide is in relatively insoluble form.  Studies have shown that many, ¥ not
most of the physicochemical forms of dispersed radionuclides from RDDs, will be in
refatively insoluble form.

The oy method known o sffectively reduce the radigtion dose o the lungs
from inhaled insoluble radicactive asroscls is bronchoalveolar lavags or BAL. This
tachnique, which was adapled from thal already in use for the lrealment of patients
with alveclar protsinosis, has been shown o be a safe, repeaiable procedure, sven
when performed over an sxiended period of time.  Although there are variations in
procedurs, the basic method for BAL is o anassthetize the subject, followed by the
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slow introduction of isolonic saline inlo 2 single lobe of the lung until the function
residual capacily is reached. Additional volumes are then added and drained by
gravily.

The results of studies using BAL on animals indicate that about 40% of the deep lung
contert can be removed by & reasonable seguence of BALs. In some studies, there
was considerable variability among animals in the amount of radionuclide recovered.
The reasons for the variability ars currently not undersiood.

Further, based on a study on animals, § is believed that a significant dose
raduction from BAL therapy resulls in mitigation of heailth effects dus to inhalation of
insoluble radionuclides, Iy the study, adult dogs inhaled insoluble '“Ce-FAP
parficles. Two groups of dogs wers given lung contents of "Ce known to cause
radiation pnesumonitis and pulmonary fibrosis {about 2 MBo/kg body mass), with ong
group being treated with 10 unilateral lavages between 2 and 58 days after exposurs,
the other untreated. A third group was exposed &t a level of "MOs comparable to that
ssan in the BAlL-trealed group afler freatment {(about 1 MBo/kg), butl these animals
wers untreated. All animals were aliowed to live thelr Wespans, which extended (o
16 vesrs. Because there is variability in initial fung content of "Ce among the dogs
in esch group, the dose rates and cumulative doses for sach group overlap.
MNevertheless, the effect of BAL in reducing the risk from pnesumonitisfiibrosis was
avident from the survival curves . In the unireated dogs with lung contenis of 1.6-2.5
MBofkg, the mean survival time was 370 2 85 d. For the ireated dogs, the mean
survival was 1270 & 240 d, which was statistically significantly different. The third
group, which received lung contents of e of 0.6-1.4 MBg had 2 mesn survival
fime of 1800 + 230, which was nol statistically different from the treated group.
Equally imporiant o the increassd survival, the dogs in the high-dose untreated
group died from deterministic effects fo lung {pneumonitis/fibrosis) while the treated
dogs did not.  Instesd, the bresled dogs, ke the dogs in the low-dose unireated
group, mosthy had ung umors (hemangiosarcoma or carcinoma).  Therefors, the
reduction in dose resulling from BAL treatment appears to have predussed biclogical
effects in lung that were prediciable based on the radistion doses that the lungs
recaiverd.

Based on these results, it is believed that decreasing the residual radiclogical
dose further by any method or combination of methods for enhancing the clesrance
of particles from the lung would further decrease the probsability of health effects fo
ung. However, BAL is 8 procedurs that has many drawbacks. BAL is a highly
invasive procedure that must be performed at specialized medical conters by trained

oulmonoiogists. As such, 2 BAL procedure is expensive. Given the drawbacks of
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BAL, # is not g treatment option that would be readily and immediately avaiiable fo
parsens in nesd of accelerated removal of radicactive particles, for sxample, i the
avent of 8 nuclear attack. In the event of a nuclear attack or & nuclesr accident,
immediate and relatively sasily administered freatment for persons who have been
axposed or who ars at risk of being exposed is needed. Sodium channel blockers
administered as an inhalation aerosol have bsen shown o restore hydration of
airway surfaces. Such hydration of airway surfaces aids in dearing accumulated
mucus secrelions and associaled particulate matter from the lung. As such, without
being bound by any particular theory, it is bellevad that sodium channel blockers can
e used io acoslerale the removal of radioactive particles from airway passages.

As discusssd above, the grealest risk o the lungs following a radiclogical
attack, such as g dirly bomb, resulls from the inhalation and retention of inscluble
radicactive particles. As a2 result of radicactive particle retention, the cumulative
gxposure o the lung s significantly increased, uwiimatsly resulling In pulmonary
fibrosis/pneumonilis and polentislly death. Inscluble pariicles cannot be systemically
clearad by chelaling agenis because these particles are not in solution. To date, the
physical removal of particulate matier through BAL is the only therapeutic regimen
shown o be effsclive al mitigating radiation-induced fung disease. As discussed
aghovse, BAL s not a realistic treatment solution for redusing the effects of radioactive
particles thal have been inhaled inlo the body. As such, it is desirable o provide a
therapeutlic regimen that effectively aids in clearing radicactive particles from alrway
passages and thal, unlike BAL, is relslively simpls 1o administer and scalable In a
farge-scale radiglion exposure scenaris.  In addition, it s aiso desirable that the
therapeutic regimen be readily available to a number of peopls in a relatively shor
period of tims.

in an aspect of the present invention, a8 method for praventing, mitigating,
and/or freating deterministic health effecis to the respiratory tract and/or other bodily
crgans caused by respirable asrosols  conlaining  radionuclides  comprises
administering an effective amount of g sodium channel bocker of Formula L or a
pharmaceutically accepiable sall thereof 10 an individual in nesd. In a feature of this
aspect, the sodium channst blocker is administered in conjunclion with an csmaolyte,
With further regard o this fealure, the csmolyte is hyperionic saling (HS), In & further
foaturs, the sodium channel blocksr and the osmolvie sre administerad in
conjunction with an on ransport modulator. With further regard to this featurs, the
ion transport medulator may be selecled from the group consisting of B-agonists,
CFTR potentintors, purinergic receplor agonists, kibiprostones, and protease

inhibitors. Iy another fealure of this aspedt, the radionuciides are selscied from the
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group consisling of Colbalt-80, Ceslum-137, dium-182, Radium-228, Phospohrus-
32, Stontium-88 and 80, lodine-125, Thalium-201, Lead-218, Thorlum-234,
Uranium~-238, Plulonium, Coball-88, Chromium-81, Americium, and Cuwlum, In a
further feature, the radionuclides are from a radicactive disposal device., in yst
ancther feature, the sodium channel blocker or pharmacsutically acceplable sall
thereof is administered In an asrosol suspension of respirable particles which the
individual inhales.  In an sddifional feature, the sodium channel blocker or a
pharmaceutically acceplable sall thereof is administered postexposurs o the

radionuclides.

COMPOSITIONS

While it is possible for 2 compound of the invention o be administered alons,
in some embodimenis i is preferable fo present # in the form of 8 composition,
particularly s pharmaceutical composition (formulstion). Thus, in another aspedt, the
invention provides compositions, and parlicularly pharmaceutical compositions {such
as an nhalable pharmacsutical compoesition) comprising a pharmaceutically effective
amount of a compound of the bwention as an active ingredient, and a
pharmaceutically acceplable exciplent, diluent or carier. The ferm "active ingredient”
as emploved herein refers fo any compound of the invention or combination of two or
more compounds of the invention in & pharmacsutival composition.  Also provided
are specific embodimeanis in which a pharmaceutical composition comprises a
pharmaceutically effective amount of 2 compound of Formutas (3, (la), (i), (o, (i},
{ia2}, (), g, (R, 08, 0D, 4Kk, and (i), or a pharmacsutically acosplable salt thersof,,
independently or in combination, and a phammaceulically acceptable excipient,
diluent or carrier.

in soms embodiments, the phermacsutical composition comprises g
pharmacsulically effective amount of a compound of Formulas (1), {ia), {ib), {ic}, {id),
(e}, {IFy, (ig) (R, (Y, (), (k) and (), or & pharmacsutically acceptable salt thereof,,
independantly or in combination, in a diluent in separate embodiments, the
pharmaceutical compoesition comprises & pharmsceutically effective amount of 3
compound of Formulas (3}, (a), (b, (o}, {id}, (e}, (1), (g}, (hy, (), (), Ok}, and (),
or a pharmaceutically acceptable salt thereof, in hypertonio saline, sterlle water, and
hypertonic saline, respectively, whersin the saline concentration can be as described
herain.  In ons smbodiment the salfine conceniration is 0.17% wiv and in another it s
2.8% wiv,

Also provided is a kit comprising 1) 8 pharmaceulically sffactive amount of &
compound of Formuda (13, {a), {b), (o), (d), (s, O, (g, (hy, 88, 0B, (&), snd (B, or
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a pharmaceutically accepiable sal thersof, i} ons or mors pharmaceutically
accepiable sxciplents, carders, or difuents; i} instructions for adminislering the
compound of group ) and the excipients, carriers, or diluents of group i} 1o 8 subject
iy need thersof, and; ) a container. A subject in need thereof includes any su%}jést
in need of the mathods of restment described hersin, parlicularly including a human
sublect in need thereof, Further smmbodiments also comprise an asrosolization
davice sselectad from the group of 2 nebulizer, including vibrating mesh nebulizers
and jet nebulizers, a dry powdsr inhaler, including active and passive dry powder
inhaters, and & metered dose inhaler, including pressurized, dry powder, and soft
mist metered dose inhalers.

i one embodiment g kit comprises i from abot 10 ng o about 10 myg of &
compound of Formula {4, {a), (b, (o), (d), e, (8, dgl, (hy, (), 05, (6O, and {8,
or a pharmaceutically accepiable salt thereof, per dose; i) from abowt 1 o about &
mi. of diluent per dose; i) instructions for administsring the compound of group §
and the diluent of group i) to a sublect in nesd thersof, and; v} a container. Ina
further smbodimant, the diluent is from about 1 to about B mb of a saline solution, as
described hereln, per dose. I a further embodiment, the diluent is from about 1 o
about 5 mil of 2 hypolonic saling sciution per doss. In another embodiment, the
dituent is from about 1 fo about § mb of a hypertonic saling solulion perdoss. Ina
still further embodiment, the diluent is from about 1 {o sbout 8 mb of sterile water per
dose.

Also provided is g kit comprising 1) a solution comprising a pharmaceutically
sffective amount of a compound of Formuda {1}, (Ia), (b}, (o), (&), (s} (6, {ig), (h),
{18}, {1, Bk}, and (11}, ,or 2 pharmaceutically acceplable salt thereof, dissclved ina
pharmaceutically acceptable dituent; #l) instructions for administering the solution of
group i) {o 2 sublect in nesd thersof; and i} a containser.

Also provided is a kit comprising i) a solulion comprising from about 10 ng o
about 10 my of a compound of Formula {8, (a), (b}, e}, {d), (e}, (), {ig), (h), (i
{13, (i}, and {31}, ,or 8 pharmaceutically accepiable salt thereof, dissolveding
pharmeceutically acceptable diluent; i) instructions for administering the solution of
group 1) o 2 sublect in need thereof; and i} 8 container. in a further embodiment,
the diluent is from about 1 {o aboul 5 mib of 2 saline solution, as describad herein, per
dose.

Ancther embodiment comprises a kit comprising i} 8 pharmaceutically
affective amount of a compound of Formula {03, (s, (b, (e, {d), (e}, (), (g}, (3h),
{3, (3, (0, and (1), or 2 pharmaceutically acceplable sall thereof; in a dry powder
formulation suitable for inhalation i) oplionally, one or more pharmacsutically
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accepiable excipients or cariers sullable for inhalation; §) instructons for
administering the compound of group ) and the exciplents or carers of group i o a
subiect iy nesd thereof, and; v} a conlainer. In a further smbodiment, the kit also
comprises a dry powder inhaler suitable for delivering the dry powder formulation o a
recipient. The dry powder inhaler may be, In additional embodiments, a singla-dose
inhalar or a multi-dose inhaler,

Further embodiments of sach of the kils described hersin includes those in
which the conceniration of the compound of Formula {0}, a), db), (e}, {d}, {le), (),
(g, (i), (HY, 04 Ok, and (0, o a pharmaceutically acceptable sailt theraof, per
dose, is one of the sffective dose ranges described herein, Including a) from about
3.1 ug to about 1,000 yg; b} from about 8.5 ug to about 0.5 mg; and ¢} from about 0.5
ug {o about 50 ug.

For sach of the kils described above theres is an additional smbodiment in
which the diluent is hyperionic saling of the concentrations described hersin, In
ancther embodimeant for sach kit the diluent is hypotonic saling of the concentrations
described hereln. In a further embodiment for each ki, the diluent is sterile waler
sultable for inhalstion.

The pharmaceutically accepiable exciplent(s), dilueni{s} or carrier{s) must be
acceptable in the sense of baing compalible with the other ingradients of the
formulgtion snd not delsterious o the recipient thereof, Generglly, the
pharmaceutically acceptable sxcipleni(s), dikient(s} or carmier{s) employsd in the
pharmaceutical formulation are “non-toxie” meaning that tihey isfare deemed safe
for consumption in the amount deliversd in the formulstion and "inert” meaning that
ifthey doss/do not appreciable react with or result In an undesired sffect on the
therapsutic activily of the active ingredieni(s). Pharmaceuticslly acceplabls
axciplents, diluents and carrlers are conventional in the art and may be seleclad
using conventional technigues, bassad upon the desired route of administration. Sge,
REMINGTON'S, PHARMACEUTICAL SCIENCES, Lippincott Willems & Wilking; 21% Ed
{May 1, 2005). Preferably, the pharmacsutically acceptable excipient(s), diluentis) or
carrier(s) are Generally Regarded As Safe (GRAS) according o the FDA.

Pharmaceutical compositions according o the invention includs thoss sullable
for oral  administration; parenteral  administration,  including subsulansous,
intradermal, intramuscudar, inlravenous and intraarlicular; fopical administration,
including topical administration o the skin, oyss, ears, el vaginal or reclal
administration; and administration o the respiralory tract, including the nasal cavitiss
and sinuses, orgl and exirathoracic slrways, and the lungs, inchuding by use of
aerosols which may be delivered by means of varkous types of dry powder inhalers,
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pressurized metered dose inhalers, sofimist inhalers, nebulizers, or nsuffiziors. The
most sultable route of administration may depend upon, several factors including the
patient and the condltion or disorder being trealed.

The formulations may be presented in unit dosage form or in bulk form as for
gxample in the cass of formulations o be melered by an inhaler and may be
prapared by any of the methods wall known in the art of pharmacy. Generally, the
methods include the step of bringing the aclive ingredient into association with the
carrier, diluent or excipient and optionslly one or more gocessory ingredients.  In
gensral the formulations are prepared by uniformly and intimately bringing into
association the aclive ingredient with one or mors liquid carders, dilusnts or
axcipients or finely divided solid carriers, diluents or sxciplents, or both, and then, if
necessary, shaping the product inle the desired formulation.

in one preferred embodiment, the composition is an inhalable pharmaceutical
somposiion which is sultable Tor inhalation and delivery 1o the endobronchisl space.
Typically, such composition is in the form of an aerosel comprising particles for
delivery using a nebulizer, pressurized metered dose inhaler (MDD, sofimist inhaler,
or dry powder inhaler (DPD. The asrosol formulation used in the methods of the
present invention may be a liguid {s.q., solution) suillable for administration by a
nebulizer, softmist inhaler, or MI, or a2 dry powder suitable for administration by an
MO or DPL

Aerosols used o sdminister medicaments o the respiratory tract are typically
polydisperse; that is they are comprised of parlicles of many different sizes. The
particle size distribution is fyplcally described by the Mass Median Asrodynamic
Diameter (MMAD) and the Geometric Standard Deviation (G50}, For oplimum drug
delivery o the endobronchial space the MMAD is in the rangs from about 1 o about
10 um and preferably from about 1 to sboul 5 um, and the GSD is less than 3, and
praferably less than about 2. Asrosols having a MMAD above 10 pm are gensrally
too large when inhaled (o reach the lungs. Aeroscls with a G50 greater than about 3
are not preferred for lung delivery as they deliver a high percentage of the
medicament {o the oral cavily. To achisve these particle sizes in powder formudation,
the parlicles of the aclve ingredient may be size reduced using conventionsl
fwchnicues such as micronisation or spray drving,  Non-imiling sxamples of other
processes or fechnigues that can be used o produce respirable particles Include
spray drving, precipitation, superoritical fluld, and freere drving. The desired fraction
may be separsied out by air classification or sieving., In sne embodiment, the
particles will be orystalling. For louid formulations, the particls size is determined by

the sslection of a particular modst of nabutizer, softmist inhaler, or MDL
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Asrosol particle size distributions are determined using devices well known in
the art. For example a multi-siage Anderson cascade impacior or other suitable
method such as those specificelly clled within the US Pharmacopoeia Chapler 601 as
characterizing devices for asrosols emitled from melered-dose and dry powder
inhalars,

Dy powdsr compositions for {opical delivery to the lung by inhalation may be
formulated withou! exciplent or carrier and inslesd including only the active
ingredisnts in a dry powder form having s sullable parlicle size for inhalation. Dry
powder compositions may also conlaln a2 mix of the aclive ingredient and a suilabls
powdar base {carer/diluentexcipient substance) such as mong-, di- or poly-
saccharides {8.g., lactose or starch). Lactose is typically the preferred eociplent for
dry powder formulations.  When a solid sxcipient such as laclose Is employed,
generally the particle size of the exciplent will be much greater than the active
ingredient o aid the dispersion of the formulation in the inhaler.

Mon-fimiting examples of dry powder inhalers include reservolr mull-dose
inhalers, pre-mslered mulli-dose inhalers, capsuls-based inhalers and single-doss
disposable inhalers. A reservolr inhaler contains a largs number of doses {e.g. 803 in
one container, Prior fo inhalation, the patlent acluales the inhaler which causes the
inhaler to meter one dose of medicament from the reservolr and prepare it for
inhalation. Examples of reservolr DPIs includs but are not limited to the Turbohaler®
by AstraZenscs and the ClickHaler® by Veclura,

In & pre-metersd multi-dose inhaler, each indiidual doses has been
manufaciured in a separate container, and actuation of the inhaler prior o inhalation
causes a new dose of drug o be relessed from s container and prepared for
inhalation. Examples of multidose DPI inhalers include but are not limited o Diskus®
by GSK, Gyrohaler® by Veclura, and Prohaler® by Valols, During inhalation, ths
inspiratory flow of the patient accslerates the powdsr out of the device and inlo the
oral cavity. For a capsule inhaler, the formulalion is In a capsule and stored oulside
the inhaler. The patient puls 3 capsuls in the inhaler, aclugles the inhaler {punciures
the capsiude), then inhales. Fxamples include the Rotohaler’™ (GlaxoSmithKine),
Spinhaler™ (Novertis), HandiHaler™ (18}, TurboSpin™ (PH&T). With single-dose
disposable inhalers, the patient actusies ithe inhaler to prepare it for inhalation,
inhales, then disposes of the inhaler and packaging. Bxamples include the
Twincer™ (U Groningen), OneDose ™ (GFE), and Manta Inhalsr™ (Manta Devices).

Gensrally, dry powder inhalers ulilize turbulent flow characleristics of the
powder path o cause the excipient-drug aggregstes o disperss, and the particles of
active ingredient are deposited in the lungs. However, cerlain dry powder inhalers
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utilize a cyclone dispersion chamber to produce particles of the desired respirable
size. In a cyclone dispersion chamber, the drug enfers a coin shaped dispersion
chamber tangentially so that the air path and drug move along the ouler circular wall.
Az the drug formulstion moves along this circular wall | bounces around and
agglomerstes are broken apart by impact forees. The air path spirals towards the
center of the chamber exiling wverlically, Pardicles thal have small enocugh
gerodynamic sizes can follow the air path and exit the chamber. In effech, the
dispersion chamber works ke a small jet mill. Depending on the spacifics of the
formulation, large iaciose particles may be added fo the formudation o ald in the
dispersion through impact with the AP particles.

The Twincer " single-dose disposable inhaler appears o operale using a
coin-shaped cyclone disparsion chamber refarred o as an "air classifier” See, U5,
Published Palent Application No. 2008/0237010 o Riksuniversitell Groningsn.
FPapers published by the Undversity of Groningen, have stated that & 80 mg dose of
purs micronized colistin sulfomsethaie could be sffectively delivered as an inhalabls
dry powder ulilizing this tlechnology.

in preferred embodiments, the éemsmi formulation s deliversd as a dry
powder using a dry powdsr inhaler wherein the particles emitled from the inhaler
have an MMAD in the range of about 1 um o about 5 um and 3 GSD about less than
2.

Examples of suitable dry powder inhalers and dry powder dispersion devices
for use in the dellvery of compounds and compositions according o the present
invention include but are not imited 1o those disclosed in USTB20278; UBT322354;
US7248617; UST231820; UST219865; USY207330; USGBBUBEE, USB5.522,385;
LUSBR45772; USE837431; LIS8320034; US5488,135; US4,805811; and UL
Published Patent Application No. 2006/0237010

in one embodimant, the pharmaceutical formulation according i the invention
is a dry powder for inhalglion which s formulsted for delivery by a Diskus®-lype
device. The Diskus® device comprises an elongate strip formed from a base shesl
having a piuraiity of recesses spaced along is length and s lid sheel hermetically but
paatably ssaled therelo fo define a pluralily of containers, esch container having
therein an inhaiable formulstion conigining 2 predelermined amount of aclive
ngredient sither alone of in admixture with one or more carriers o sxciplents {8.9.,
lmciose} and/or other therapeutically active agenis. Preferably, the sirip is sufficlently
flexible to be wound into a roll,. The lid sheet and base shest will preferably have
imading end portions which are nol ssaled to ong ancther and at least one of the

mading end portions is constructed o be siieched o g winding means.  Alsp,
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preferably ihe hermetic seal between the base and lid shesls extends over their
whole width. To prepars the dose for inhalation, the id sheet may preferably be
pegled from the bese sheet in a longluding! dirsction from a first end of the bass
sheatl.

in one embodimeant, the pharmaceutica! formulation according 1o the invention
is a dry powder for inhalation which is formulsted for delvery using g single-dose
disposable inhaler, and parficularly the Twincer™ inhaler. The Twincsr™ inhaler
comprises a foll laminate blister with one or more recesses and & Bd shest
hermelically but peelebly sesled therslc to define a plurality of containers. Each
container has therein an inhalable formulation containing s predetermined amount of
aclive ingredieni(s) sither alone or In admbdurs with one or more carrisrs or
axciplents {e.g., lacloss). The Hd shest will preferably have a leading end portion
which is consiructed o project from the body of the inhaler. The patient would
operate the device and thereby adminisier the asrosol formulation by 1) removing the
outer packaging overwrap, 2} pulling the foil tab o uncover the drug in the blister and
3} inhaling the drug from the bilister

in angther embodiment, the pharmaceutical formulation according o the
ivention is a dry powder for inhalation wherein the dry powder s formulaied nlo
microparticles  as  described In PCT  Publication  MNo. WQO2000/015288 or
WO2007/114881, both to NexBie. Such microparticles are gensrally formed by
adding a countsr ion o a solution containing g compound of the invention In &
solvent, adding an antisolvent to the solution; and gradually cooling the solulion to 2
temperature balow about 258°C, o form g composition conlaining microparticles
comprising the compound. The microparticles comprising the compound may then
be separated from the sclution by any suilable means such as sedimeniation,
filration or hyophillization. Sultable counterions, solvents and anfisclvents for
preparing migroparticles of the compounds of the hvention are desorbed in
WO200B/015288,

in ancthar ambodiment, 8 pharmaceutical composition aceording o the
invention is delivered as a dry powder using s meterad dose inhaler. Non-limiting
sxamples of metered dose inhalers and devices include those disclosed in
LS5, 261,538, USH B44,847; USE B22,163; US4, 885,371, UB3,565,070; US3,381308
and USE,118,234 and UST,108,158. In a preferred embodiment, a compound of the
invention is delivered as a dry powder using a melered dose inhaler whersin the
amitted particles have an MMALD that is In the ranges of gbout 1 um o shout § pm and
z 381 that i less than sbowt 2,
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Liguid serosol formulations for delivery to the endobronchisl space or lung by
inhalation may for example be formulated as aguesus solutions or suspensions or as
agrosols deliverad from pressurized packs, such as melersd dose inhalers, with the
use of sullable liguefled propeliants, sofimist inhalers, or nebulizers. Buch aerosol
scomposiions sultable for inhalation can be elther & suspension or 2 solution and
generally contain the active ingredient{s} together with a pharmaceutically acceptable
carrier or dilvent (a.g., water (distilled or slerile), saline, hypertonic saling, or ethanol)
and optionally one or more other therapsulically active agents.

Asrosol compositions for delivery by pressurized melered dose inhalers
typioadly further comprise a pharmacsutically acceptable propelfant.  Examples of
such propeliants include fluorocarbon or hydrogen-containing chioroflucrocarbon or
miziures thereof, particulardy hydrofluorosikanss, ey, dichiorodifiuoromethans,
frichioroflusromethans, dichiorolstrafiuorosthans, aspecially 1,%,1,2=
tetrafiuoroethans, 1,.1,1.2.3,3.3,-heplefivore-n-propans of a8 mixture thereof. The
serosol composition may be excipient free or may optionally contain additionsl
formutation excipients well known in the ar such as swiaclants e.g., oleic acid or
lecithin and cosolvenis e.g., ethanol,  Pressurized formulations will generally be
retained © & canisler {e.g., an aluminum canister) closed with a valve (8.9, &
metering valve} and fitted into an actualor provided with a mouthplece.

in another embodiment, a pharmaceutical composition according 1o the
imvention s delbvered as a3 liquid using g metered dose inhaler.  MNondimiling
sxampies of metered dose inhalers and devices include those disclosed in US Paterd
Mos. 8,253,782, 6,413,487, 7.601,336, 7,481,088, 6,743,413, and 7,105,182, Ina
preferred embodiment, a compound of the invention is deliversd as a dry powder
using a metered doss inhaler whersin the emilted particles have an MMAD that s iIn
the range of about 1um to about B um and a GBS0 that is less than about 2

in one embodiment the serosol formulation s suilable for aemsolization by a
ot nebulizer, or ullrasonic nsbulizer including static and vibrating porous plate
nebulizers. Liguid aserosol formulstions for nebulization may be generaled by
solubllizing or reconstituting 2 solid particle formulation or may be formulated with an
agueous vehicle with the addiion of agents such as acid or alkall, buffer salts, and
isotonicity adiusting agents. They may be slerilized by in-process technigues such as
filtration, or termina! processes such as healing in an autoclave or gammma iradiation.
They may alsc be prasented in non-sterile form.

Patients can be sensitive o the pH, csmolality, and ionic content of a
nebulized solution.  Thersfors these parameters should be adjusted to be compalibls

with the active ingredient and tolerable {o palients. 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 5.0-8.5, and an osmolality of from about 800-1800mQ0smikg. The
ok of the solution can be controlied by seither titration with common acids
{hydrochionic acid or sulfuric acid, for example) or bases {sodium hydroxids, for
example) or via the use of buffers. Commonly used buffers includs citrate buffers,
such as cifric acidfsodium citrale buffers, acelate buffers, such as acelic acid/sodium
acetate buffers, and phosphale buffers. Buffer strengths can ranges from 2mM o
BOmb,

Ussful acslate, phosphatle, and clirate buffers include sodium acsials, sodium
acsiale rhydrats, ammonium acetate, polassium acsiale, sodium phosphale,
sodium phosphate dibasic, disodium hydrogen phosphatle, potassium dihyvdrogen
ohosphate, petassium hydrogen phosphate, polassium phosphate, sodium citrals,
and potassium citrate. Other buffers which may be utilized include sodium
hydroxide, potassium bydroxide, ammonium hydroxide, aminomethvipropano,
fromsthamineg, tstrahydroxypropy! ethyvienediamineg, cifric acid, asslic aoid,
hydroxyiricarboxylic acid or g salf thersof, such as a citrate or sodium citrale salt
thareof, lacto acld, and salts of lactic adld including sodium laciate, polassium
inctate, lithium lsclale, caloium lactsts, magnesium laclate, barium laclale, gluminum
laciate, zing lactate, silver lactate, copper lactale, ron lactale, manganese laclate,
amynoniun iaciate, monosthanclamineg, disthanolamine, tisthanclaming,
diisoprepanclaming, as well as combinations theredf, and the Bke.

Buch formulations may bs administered using commercially avsiisble
nabulizers or other alomizer that can break the formulation infe particles or droplsts
sultabds for deposition in the respiraiory iract. Non-limiting examples of nebulizers
which may be employed for the asrosol defivery of a composition of the invention
include pneumatic et nebulizers, vented or breath-anhanced fet nebulizers, or
yitrasonic  nebulizers including sialic or vibrating porous plete  nsbulizers.
Commercially available nebulizers include the Asronsb® Go nsbulizer {Asgrogen} and
the eflow nebulizer (Pari Pharmal

A jet nebulizer ullizes a high veloclly stream of air blasting up through a
column of waler to generate droplets. Particles unsuitable for inhalation impact on
walls or asrodynamic baffles. A venied or tresth snhanced nebulizer works in
essentially the same way 85 3 jet nebulizer except! that inhaled air passes through
the primary droplst gensration area to increass the oulpul rate of the nebulizer while
the patient inhales.

in an ultrasonic nebulizer, vibration of 8 plezosiectric orysial crestes surface

instgbilities in the drug reservolr thal causs droplels o be formed.  In porous pisle
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nebulizers pressure flelds generated by sonic energy force liquid through the mesh
pores where i breaks inlo droplels by Raylsigh breskup. The sonic energy may be
supplied by a vibrating hom or plate driven by a plezoelecinic crysial, or by the mesh
fisslf vibraling., MNon-limiting sxamples of atomizers include any single or twin fuid
glomizer or nozzis thal produces droplets of an approprisle size. A single fluid
aicmizer works by forcing a liguid through one or more holes, where the jet of liquid
breaks up infe droplets. Twin fluld alomizers work by sither forcing both 2 gas and
fiquid through one or mors holes, or by impinging a jet of liguld against another jst of
sither liguid or gas.

The choice of nebulizer which ssrpsolizes the serosol formudation is important
in the administration of the aclive ingredient{s}). Different nebulizers have differing
efficiencies based their design and operation principle and are sensilive o the
physical and chemical properties of the formulation. For example, fwo formulations
with different swrface lensions may have different particle size distributions.
Additionslly, formulation properties such as pH, cemplality, and permeant ioh contant
can affec! iolerability of the medication, so prefered embodiments conform o certain
ranges of these properiies.

in a preferred embodimant, the formulation for nebulization is delivered (o the
srdobronchial space as an aerosol having an MMAD between about 1 um and about
5w and a2 GSD less than 2 using an appropriate nebulizer. To be optimally effective
and o aveid upper respiratory and systemic side sffects, the asrosol should not have
a MMAD greater than about § um and should not have g G50 greater than about 2, #
an aerosol has an MMAD larger than about 5 pm or 8 GBD greater than about 2 2
large percentage of the dose may be deposited in the upper airways deoreasing the
amount of drug delivered {o the desired site in the lower respiratory tract. ¥ the
MMALD of the asrcsol 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 ivention may also be  administered by
fransbronchoscopic lavage.

Formulations suitable for oral administration may be presenied as disorsis
units such as capsules, cachets or tablels, sach containing a predetenmined amount
of the aclive Ingredient; as 2 powder or granules; gs a solution or suspension in an
agqueocus fiquid or @ non-agquecus liguid, or as an oi-in-water liguid emulsion or a
waler-in-oil Hguid emulsion. The adive ingredient may also be presenied as a

sachsi, bolus, slectuary or paste.
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A tablet may be made by compression or molding, optionally with one or more
asccsssory ingredisnts. Compressed tablsis may be prepared by compressing in a
sultsble maching the active ingredient in & free-flowing form such as 3 powder or
granuies, optionally miked with g binders, lubricant, inert diluent, surface active or
dispersing agent. Molded tablets may be made by molding in 2 sultable machine a
mixture of the powdered compound molstenad with an inerd fiquid diluent. The lablets
may oplionally be coated or scored and may be formulaled so as o provide slow or
controliad releass of the aclive ingredient therein.

Formulations for topical administration in the mouth, Tor sxample buccally or
sublingually, include lozenges, comprising the astive ingredient in a flavored base
such as sucrose and scacia or tragacanth, and pasiilles comprising the active
ingredient in & basa such as gelatin and ghycerin or sucrose and scacia.

Formulations for parenteral administration include agusous and non-agueous
sterile injection solutions which may conlaln anti-oxidants, buffers, bacteriostals and
solutes which render the formulation iscionic with the bloed of the intended reciplent;
and agueocus and non-aguecus sterle suspensions which may include suspending
agents and thicksning agenis. The formulations may be presented in unit-dose or
multi-dose containers, for example sesled ampoules and vials, and may be storsd In
g freeze-dried {ivophilized) condition requiring only the addition of the slerfle liguid
carrier, for sxample ssline or waler-for-injection, immediately prior o use.
Externporanecus injection solutions and suspensions may be prepared from sterile
nowders, granules and ablels of the kind previously described.

Oral fluids such as solutions, syrups and elikdrs can be prepared in dosage
unit form so that 3 given quantity containg 2 predetermined amount of the active
ingredient, Syrups can be preparsd by dissolving the active ingredient in a sultably
flavored aguecus solution, while elikirs are prepared through the use of a
pharmaceutically acceptable alocholic vehicle, Suspensions can be formulsied by
disparsing the active ingredient in s pharmaceutically accepiable vehicle. Solubilizers
and emulsifiers such as sthoxylaied isosteanyd aloohols and polyoxy ethylens sorbitod
ethars, preservatives, flavor additive such as peppermint off or natural swestenars or
saccharin or other artificis! sweelansrs, and the lks can also be ncorporated into oral
fiquid compuositions,

Liposomea  delivery systems such as small unilamsllar vesicles, largs
uniiemstar vesicles and multifameliar vesicles may slse be smployed a5 delivery
maans for the compounds of the invention. Liposomss may be formed from a varisty

of phosphelipids such as cholesters!, stearviamine and phosphatidyicholines.
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Pharmaceutical compositions for fopical administration may be formulated as
ginfments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays,
aarosols or oils. Compositions designed for the trestment of the eves or other
gxternal Hssuss, for sxample the mouth and skin, may be spplied as & lopical
ointment or cream. Whaen formulated as an ointment, the active ingredient may be
smployed with sither g parafiinic or 2 waler-miscible cintment base. Alternalively, the
active ingredient may be formulated in & cream with an oil-in-water oream base or a
water-in-oil bass,

Cther compositions designed for topical administration 1o the ayes or sars
include eve drops and ear drops wherein the astive ingredient is dissolved or
suspended In a sultable carrer, such as for example an aguecus solvent, including
saline.

Compositions designed for nasal administration Include aerosols, solulions,
suspensions, sprays, misis and drops.  Aerosclable formulations for nassl
administration may be formulated I much the same ways as asrosoiable
formulations for inhalation with the condiion that parlicles of non-respirable size wil
he preferred in formulations for nasal administration.  Typically, particles of about 8
microns in size, up to the size of visible dropleis may be emploved. Thus, for nasal
administration, a particle size in the rangs of 10-800 um may be used o ensure
retention in the nasal cavity.

Transdermal patches may aiso bs smployed, which are designed to remain in
contact with the spidermis of the patient for an extended period of tme and promole
the absorption of the active ingredient there through.

Compositions Tor vagingd or rectal adminisiration include ointments, creams,
supposiiories and enemas, alf of which may be formulated using conventional
tschnigues.

in another aspact, the invention provides 2 method of promoting hydration of
mucosal surfaces or resiorng mucosal defense n g human in nesd thersof,
somprising administering to the human a pharmaceutical composition comprising 8
sompound of the invention, whersin said compound is administered in an sifective
amount. In one preferred embodiment, the method comprises administering the
pharmaceutical 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 107, 182, or 107 to about 107,105,
107, or 107 Moles/liter, more preferably from about 107 to about 107 Molesfiter,

in ancther asped, the Invention provides a method of reating any ons of a

diseass associaled with reversibles or breversible sirway obsiruction, chronic
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aghstructive pulmonary  disease (COPDY,  asthms, bronchiectasis  {including
bronchiactasis due fo conditions other than oystic fibrosis), acute bronchills, chronic
bronchitis, postviral cough, cystic fibrosis, emphysemas, pnsumonia, panbronchiolitis,
fransplani-associate bronchiolils, and ventiialorassocialed tracheocbronchilis or
preventing vendilator-associated prsumonis in g human in need thereof, comprising
administering to the human a pharmaceutical composition comprising 8 compound of
the invention, whersin said compound is administerad in an effective amount. Inone
preferred embodiment, the method comprises administaring thé pharmaceutical
composition as an inhalable composition comprising an amount of & compound of the
invention that is sufficient to achisve dissolved concentration of the compound on the
sirway surfaces of from about 10°% 10° or 107 fo about 1074107, 109 or 197
Molesfiter, more preferably from about 107 to about 107 Molesfliter.

In ancther aspecth, the invention provides a method of reating any one of dry
mouth (xerostomial, dry skin, vaginal dryness, sinusitis, rhinosinusitis, or nasal
dehydration, including nassl dehydration brought on by administering dry oxygsn,
dry sye or Sjogren's diseass, promoting ccular or cormeal hydration, realing distal
intestinal obstruction syndrome, treating ofifis madia, primary cifiary diskinesia, distal
intesting! obsiruction syndrome, esophagiiis, constipation, or chronde diverticuliisin a
human in nesd thereof, comprising administarng to the human a pharmaceutical
composition comprising s compound of the Invention, whereln sald compound s
sdminisiered in an effective amount.

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

it should be understood thal in addiion 1o the ingredienis particulary
mentionsd above, the formulations of this invention may include other agenis
conventionsl in the art having regard o the type of formulation in question for
sxample those sultable for oral administration may include flavoring agents,

The compositions of the present invention may be formulated for Immediale,
controlled or sustained release as daesired {or the parficular condition being reated
and the desired roule of administration. For example, a conirolied reloass
formulation for oral administration may be desired for the fregiment of constipation in
order 1o maximize delivery of the aclive agent to colon.  Such formulations and
suitable excipisnts for the same ars well known in the art of pharmacy. Because the
free base of the compound s generally less solubls in aguecus solutions than the
sall, compositions comprising a free base of a compound of Foamula | may be
amployed to provide more susiained releass of aclive agent delivered by inhalation
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fo the lungs. An active agent present in the lungs in particulats form which has not
dissolved into solution is not avallable lo induce a physiclogical response, bul serves
as & depot of bioavaiiable drug which graduslly dissolves info solufion. As another
exampe, & formulation may employ both s free base and salt form of a compound of
the invention {o provide both immediale release and sustained release of the active

ingradient for dissolution into the mucus ssorstions of, for example, the nose.

COMBINATIONS

The compounds of the wention may be formulated andior used in
combination with other therapeulically active agenis. Cxamples of other
{herapeutically active agenis which may be formulated or used in combination with
the compounds of the invention include but are not Hmited fo osmolvies, ant
inflammatory  sgents, anticholinergic agents, B-agonists {including selective B
agonists), P2Y2 receplor agonists, peroxisome proliferator-activated receptor (PPAR]
delia agonists, other epithelial sodium channel blockers {(ENaC receplor blockars),
cyslic fibrosis fransmembrane conductance regulstor (CFTR) modulators, kinase
inhibitors, antinfective  agends, antihistamines, non-antibiotic  antbinflammatory
macrolides, elastase and protesse inhibitors, and mucus or muain modifying agenis,
such as surfactanis. In addition, for cardiovascular indications, the compounds of the
invention may be used in combination with bela blockars, ACE Inhibitors, HMGToA
reductass inhibitors, caloium channel blockers and other cardiovascular agents.

The present invention thus provides, as another aspecl, & composition
comprising an effective amount of 2 compound of the. invention and ong or more
other therapeutically active agenis selecled from csmolyiss, ant-inflammastory
agents, anficholinergic agents, B-agonists (including selective Be-agonists), P3Y2
receptor agonists, PPAR dslts agonists, ENaC receptor blockers, cystic fibrosis
fransmembrane  conduclance regulalor {(CFTR) modulstors, kinese inhibitors,
antiinfective agents, antihistamines, non-antibiotic anti-nflammalory macrolides,
slasiase and proteass inhibilors, and mucus or mucin modifying agents, such as
surfactants. The present invention thus provides, as another aspect, a composition
comprising an effective amount of 2 compound of the invention and one or more
other therapeutically aclive agenis selecisd from bela blockers, ACE inhibilors,
HMGCoh reductase inhibilors, and caloium channe! blockers. Use of the compounds
of the invention in combination with one or more other therapeutically aotive agents
{pariculardy osmolyles) may lowsr the dose of the compound of the invention that is

required to sufficlently hydrate mucosal surfacas, thersby reducing the polential for
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undasired side-effects atinbulable o systemic biecking of sodium channels such as
for axample in the kidneys.

‘Camoiyies” according o the present invention are moleculss or compounds
that are osmotically sciive. "Dsmicticslly active” molecules and compounds are
membrans-impermeable  {is., essentislly non-absorbable} on the alrway o
pulmonary epithelial surface. The terms “airway surface” and "pulmonary surface.” as
used hersin, includs pulmonary airway surfaces such as the bronchi and bronchioles,
alveciar surfaces, and nasal and sinus swifaces, Sullable cempolytes include ionic
gamolvtes {Le., salts), and non-onic cemolvles {ie., sugears, sugar aloohols, and
organic osmolvies).  In gsneral, osmiolvtes {both ionic and non-ionic) used In
combination with the compounds of the invention are preferably osmolyies that do
not promote, or in fact deter or relard bacterial growth. Osmolytes sultable for use in
the present invention may be In racemic form or in the form of an enantiomer,
diastergomer, taulomer, polymorph or pssudoepolymorph.

Examples of ionic osmolyles ussful in the present invention include any salf of
& pharmaceutically acceplable anion and s pharmaceutically accepiable cation.
Praferably, sither {or both) of the anion and oation are osmotically astive and not
sublect o rapid active fransport, in relation to the sinvay swifaces o which they are
administered. Such compounds include but are not Himiled o anions and cations that
are contained in FDA approved commercially markeied salls, see, e.g., Reminglon:
The Science and Praclice of Pharmacy, Vol |, pg. 1457 (19" £d. 1888), and can be
used in any combination as known in the arl.

Bpeoific examples of pharmaceutically accepiable osmotically active anions
include bul are not limited to, acelals, benzenssulfonale, benzoale, bicarbonale,
bitertrate, bromide, calclum edsiale, camsviste {camphorsulfonate), carbonals,
chioride, citrale, dihvdrochioride, edetate, edisviale {1 2-sthanedisulionate)}, estolale
{lauryl sulfate), ssyiste {1.2-sthansdisulfonale), fumarste, glucepiale, gliconals,
gltamate, ghrooliviarsaniiate  (pglveoliamidophenyviarsonale),  heylresorcinals,
hydrabamine (&, MO dehydroabietyhethylenediamine), hydrobromide,
hydrochioride, hydrasynaphthoats, iodide, isethionats, lacials, laciobionate, malale,
malsate, mandelate, mesylate, methvibromide, methyinitrats, mathylsulfate, mucale,
napsylate, nitrale, nibite, pamoste (embonale), panicthenats, phosphate or
diphosphale, polygsiacturonate, salicylsts, siesrste, subacetate, succinate, sulfate,
tannate, tarirate, teoclate (B-chiorotheophyliinale), wethiodide, bicarbonate, sl
Preferred anions include ohioride, sulfste, nitfrate, gluconals, iodide, bicarbonats,

bromide, and phosphate,
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Specific examples of pharmaceutically accepiable osmotically asclive calions
include but are not Hmiled fo, organic calions such as benzathine (M AN-
dibenzyisthvienediamineg}, chioroprocaine, choling, disthanolamine, sthylenediaming,
meglumine {N-methnyd D-glucaming), procaine, D-lysine, Lelysing, De-argining, L-
arginine, friethylammonium, N-methyl D-glyoerdd, and the lke; and metgliic cations
such gs aluminum, caloium, lithium, magnesium, polassium, sodium, zing, ron,
ammonium, and the like. Preferred organic cations inchude 3-carbon, 4-carbon, 5
carbon and 8-carbon organic cations.  Preferred calions include sodium, polassium,
gholing, ithium, meglumine, D-ysine, ammonium, magnesium, and caloium,

Specific examples of lonic osmolvies thel may be used in combination with a
compound of the Invention include but are not limited o, sodium chioride {particularly
hyperionic saline), polsssium chioride, choling chioride, choling iodide, fithium
chioride, meglumineg chioride, L-lysine chiorde, D-ysine chioride, ammonium
chioride, potassium sulfals, polassium nitrate, potassium gluconate, polassium
indide, ferric chioride, ferrous chioride, potassium bromide, and combinations of any
two or mora-of the foregeing. Iy one embodiment, the present invention provides a
combination of a compound of the Invention and two differsnt osmotically active salls,
When different salls are used, ona of the anion or calion may be the same among
the differing salts. Hypetlonic safine is a preferred lonic osmolyle for use In
combination with the compounds of the invention,

Nor-ionic osmolyies include sugars, sugar-alcohols, and organic csmolyies.
Sugars and sugaralcchols ussfd as osmolyies i the present invention include but
are not limited fo 3-carbon sugars {e.g., glvoerol, dihydroxyacetons), 4-carbon
sugars {8.¢., both the I and L forms of erythrose, threoss, and erythrulose); 5-carbon
sugars {e.g., both the D and L forms of ribose, arabinoss, xylose, lyxose, psicoss,
fructoss, sorbose, and lagatose);, and B-carbon sugars {e.g., both the D and L forms
of aliose, sliose, glucoss, mannose, guitse, kiose, galacioss, and lalose, and the
and L forms of alio-heplulose, alio-hepuloss, gluco-hepluloss, manno-hepluloss,
gulo-heptulose, ide-heplulose, galacio-hepluloss, talo-hepiuloss). Additional sugars
useful in the praclice of the present iwention include raffinose, raffinose series
oligosaccharides, and stachyose. Both the D and L forms of the reduced form of
aach sugarisugaf aloohol are also sullable for the present invention.  For exampls,
glucose, when reduced, becomes sorbitol, an osmolyle within the scope of the
rvertion.  Accordingly, sorbiiol and other reduced forms of sugar/sugar alcohols
{e.5., mannitol, dulcliol, arabitol} ars sullable osmolyvies for use in the present
invention. Mannitol is a preferred nondlonic osmolvie for use In combination with the

compounds of the invention.
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"Organic osmobies” Is generally usad o refer o molscules thal control
infraceliulsr osmoelality in the kidney, See e.g., J. 8. Handler of al, Comgp. Siochem.
Fhysicl, 117, 301-308 {1987% M. Burg, Am. J Physiol 288, FO83-F800 (1985).
Organic osmolvtes includs but are not limiled o thres major classes of compounds:
polvols {pobdhydrde sloohols), methyvlamings, and amino acids.  Bullable polyol
organic osmolytes include but are not limited to, inositol, myc-inositol, and sorbitol
Suitable methylamine organic osmolyies includs bl ars not limitsd {o, choline,
hetaine, camitine {(L-, - and DL forms), phosphorvicholine, lvso-phosphoryicholine,
glyosrophosphorvicholine, creating, and creatine phosphats.  Sultable amine acid
organic csmolvles include bul are nol Bmiled fo, the B and Lforms of ghyoine,
alaning, giutamine, ghitamale, aspariale, proline and taurine.  Additionsl organic
osmolytes sullable for use In the present invendion include thulose and sarcosine.
Mammalian organic osmolvies are preferred, with human organic osmolyles beaing
most preferred.  However, cerlain organic osmolyles are of bacterial, yeas!, and
maring animal origin, and these compounds may also be employsed in the presant
invention.

Csmolyte precursers may be used in combination with the compourds of the
fnvention An “osmolyle precursor” as used hersin refers o a2 compound which is
converted inle an osmolvle by a meiabolic step, slther catsbolic or anabelic,
Examples of osmolyvie precursors include but are not limited 1o, glucose, glucose
polymers, glyeerol, choline, phosphatidvicholine,  lyso-phosphatidyicheline  and
inorganic  phosphates, which are mecursors of polyols and  methvlamines.
Precursors of amino acld osmchvies inchude profeins, peptides, and polyaming acids,
which are hydrolyzed o vield osmolyvle amine asdids, and metabolic precursors which
can be converted inlo osmolyle amino acikds by 8 melsbolic step such as
transaminaiion. For example, a precursor of the aming acid glulamine is poly-L-
glutsmine, and g precursor of glutamsts is poly-L-glutamic acid, V

Chemically modified osmolyies or osmolyle precursors may slso be
employed. Such chemical modifications involve linking the ssmolyle {or precursor} 1o
an additional chemical group which alters or enhances the sffect of the osmelvle or
npsmolyte precursor {s.g., inhibils degradation of the osmolvte molscule).  Such
chamical modifications have been utiiized with drugs or prodrugs and are known in
the art. {Ses, for axample, U8, Pal. Nos. 4,479,832 and 4,540,564, Shek, E. el al, J
Med, Chem. 18113117 (1978} Bodor, N. et gl, J. Pharm Soi §7:1045-1080
{1978); Bodor, N, et al, J. Med. Chem. 26:313-318 (1883); Bodor, No st al,, J Phérm.
Sei. T5:28-35 {1888
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Praforred cemolytes for use in combination with the compountds of the
rvertion include sodium chioride, particular hyperionic saline, and manniiol.

For the formulation of 7% and >7% hypertonic saling, formulations condaining
hicarbonate anions may be particularly useful, sspecially for respiratory disorders
with oystic fibrosis ransmembrans conductance regulator {OFTR) dysfunction such
as CF or COPD. Recent findings indicate that, although the relative ratio of HOG,
conductance/Cl conductance i3 belween 0.1 and 2 for single CFTR channels
activated with cAMP and ATP, the ratio in the sweal duct can rangs from virtually 0 o
almost 1.0, depending on conditions of stimulation. That is, combining cAMP + cGMP
+ g-ketoglutarate can yield OFTR HOO: conductance almost squal fo that of CGF
conductance {Quiton et al. Physiology, Vol 22, No. 3, 212-228, June 2007}
Furthermore, formulations of 7% and »7% hypertonic saline containing bicarbonale
anions may be particulary useful dus fo batter control of the pH in the alrway surface
Houid. First, it has shown that that sirway acidification ooours In CF {Tate e gl 2002}
and that abssent CFTR-dependent bicarbonats seorstion can lead to an impaired
capacity to respond o airway conditions assccialed with acidification of airway
surface fiquid layer {Coakdey et al. 2003} Second, addifion of HE solufion withowt
bicarbonate to the suiface of the ung may furtber dilule the bDicsrbonale
concenirations, and potentially reduce the pH or the ability to respond o sirway
acidification within the alrway surface liguid layer. Therefore addition of bicarbonate
anions o HS may help maintain or Improve the pH of alrway swiface liguid layer in
CF patlients,

Dus to this evidencs, inclusion of bicarbonate anion in the formulation of 7%
or »7% hypserionic saline administerad by the method of this nvention would bs
particularly useful, Formulations containing up 1o 30 fo 200 mM concentrations of
bicarbonsie anions are of particider inlerest for 7% or >7% HE solutions.

Hypertonic saline is understond o have a salt concentration greater than that
of normal saline (NS), Le. greater than 9 g/l or 0.9% wiv, and hypolonic saline has a
sall conceniration less than that of normal saline, such as from about 1 g or LG 1%
wiv o about 8 g/l or 0.8% wiv. Hypsrionic saline solutions useful in the formulations
and methods of reaiment hersin may have a salt conceniration from about 1% o
about 23.4% {wiv). In one smbodiment the hyperionic saline solulion has a salt
concentration from about 80 g/l (6% wiv) fo about 100 gl (10% whvl. In ancther
embodiment, the saline solution has a sall concentration from about 70 g/l {79 wiv)
i about 100 gfl. (10% wiv). In further embodiments, the saling solution has salt
concentrations of &) from about 0.5 g/l (0.08% wiv) 1o about 70 g/b (7% wivy b) from
about 1 g/l {0.1% wiv) to about 80 g/l (6% wiv): of from about 1 g/l {0.1% wiv) fo
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about 80 g/l (8% wivh d) from about 1 g/l {0.1% wiv) 1o about 40 g/l (4% wiv); &)
from about 1 g/l (0.1% wiv) to about 30 g/l (3% wiv); and §) from about 1 /L (8.1%
wifvy io ahout 20 g/t (2% wiv),

Spedific concenirations of saline solulions usefd In the formulations and

5 methods of trestment hersin include, independently, those having salt concentrations
of 19/ {0.1% wiv), 2 o/l {(0.2% wiv), 3 g/l {0.3% wiv), 4 g/l {0.4% wiv), § g/l (0.5%
wivy, 8 gfl. {(0.8% whvl, 7 o/L (0.7% wivy, 8 g/L (0.8% wiv), 8 gfl {D.9% whvy, 10 gL
{1% wivy, 20 o/l (2% wiv), 30 g/l (3% wiv), 40 g/l (4% wiv), 80 g/l (8% wiv), 60 g/l
{8% wivy, 70 g/l (7% whv), BO g/l (8% whv), 80 g/l (8% wivy, 100 g/l (10% wiv), 110

18 o/l {11% wiv), 120 g/l {12% wiv), 130 g/b {13% wiv), 140 g/l (14% wiv), 180 g/b
{18% wiv), 180 ¢/l (16% wiv), 170 o/l (17% wiv), 180 o/l {18% wiv}, 180 g/l {18%
wivy, 200 gfl (20% wivy, 210 g/l (31% wiv), 220 g/l {22% wiv), and 230 g/l (23%
wivy. Saline concaentrations belweaen gach of these listed
concantrations/percentages may also be used, such as saline of 1.7 g/b (0.17%

15 wivy, 125 gfl (1.28% wiv), 1.5 g/l {1.5% wiv), 28 g/l {2.5% wiv), 28 g/l (2.8%
wivy, 38 gil {3.58% wiv), 45 gfl (4.5% wiv), and 78 o/l {7.5% wiv}.

Specific useful concentration of hypotonic saline solutions include those from
about (.12 g/l {(0.012% wivy o about 8.5 g/l (D.85% wiv), Any concendration within
this range may be used, such as, on a wiv basis, 0.05%, C.1%, 0.18%, 0.2%, 0.228%

20 {14 NS), 0.28%, 0.3% {1/3 NB), 0.358%, 0.4%, 0.45% {1/2 NG}, 0.5%, 0.85%, (0.6%
{273 NS}, 0.65%, 0.675% (3/4 NSJ, 0.7%, 0.75%, and 0.8%.

Each of the ranges and specific concenirations of saline described hersin
may be used with the formulations, methods of treatment, regimens, and kils
describad herain.

25 Also intendad within the scops of this invention ars chemically muodifisd
cemolytes or osmolyle precursors. Such chemical modifications involve linking o the
csmolyte {or precursor) an additional chemical group which alters or enhances the
gffect of the osmolyle or csmolyle precurser {8.g., inhibils degradation of the
sarmolvie molecule), Such chamical moedifications have been ulilized with drugs or

30 prodrugs and are known in the art {(See, for exampls, U5, Pal. Nos. 4,478,032 and
4,540 884, Shek, E. et al, J. Med. Chem. 18113117 {1878}, Bodor, N. el al, 4
Phamm, Scl. 67:1045-1080 (1978} Bodor, N. st 8L, [ Med. Chem. 28313-318
{1983}, Bodor, M. st gl., J. Phann, 3ol 78:29-35 (1988}, sach incorporated hersin by
reference.

35 Suitable anti-inflammatory agents for use in combination with the compounds
of the mwenlion include corticosterpids and non-stereidal anti-inflammatory drugs
(NOSAIDSs), parficudarly  phosphodiesterase  (PDRE)  inhibitors. Examples  of
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corticosteroids for use in the present invention include oral or inhaled caﬁicaét&miﬁ&
or prodrugs thereof, Specific sxamples inchude bt are not limited 1o ciclesonids,
desisobutyrvi-ciclesonide, budesonide, flunisolide, momelasone and esters thereof
{e.g.., mometasone furoste), fluticasone propionate,  fluticasons  furcals,
baclomsthasone, methyl prednisolons, predniscions, dexamethasons, 8o.bo-
diftuore-1 7o 2-furanvicarbonylioxy - 11 B-hydroxy-18o-methyl-3-oxo-androsta-1 4~
diena-17B-carbothioic acid S-flucromethyl sster, 8o Bo-difluore-113-hydroxy-18a-
mathyl-3-oxe-1 7 e-proplonyvioxy-androsta-1 4-diene-178-carbothicic  acld  S-{Z-oxo-
tetrahvdro-furan-38-vi) sster, beclomethasons esters {e.g., the 17-propionale ester
or the 17.21-dipropionste ester, flucromsthyl ester, tiamcincioneg acefonids,
rofleponide, o ény combination or subset thersol.  Preferred corlicosiercids for
formulation or use in combination with the compounds of the invention are selecied
from ciclesonide, desisobulyrvi-ciclesonide, budesonide, momestasons, fulicasone
nropionate, and futicasone furpate, or any combination or subset thaereof,

NSAIDs for use in the present invention include but are not limited o sodium
cromogiveats, nedooromil  sodium, phosphodiesterase  (PDE} inhibitors {29,
theophyliing, aminophylline, PRE4 inhibitors, mixed PDEIPDES inhibitors or mixed
POEARPDET inhibitors), leukolriens antagonists, inhibilors of leukolriens synthesis
{e.g.. 5 LU and FLAP inhibitors), nitdo oxide synthage (INQS) inhibitors, proleass
inhibitors {8.q., Irvplase inhibitors, neulrophil slastase inhibitors, and meialioprotease
inhibitors) RB2-integrin aniagonists and adencsing recepior agonisis or antagonisls
{2.g., adenosine 2a agonisis), oyicking antagonists {e.g., chemoking antsgonisis} or
inhibitors  of covickine synthesis {s.g., prostaglandin D2 {CRTh2) receplor
artagonisis). Examples of leukobdsne modifiers sullable for administration by the
method of this invention includs monislukast, Zileuton and zafirlukast

The PDE4 inhibitor, mixed PREYPDE4 inhibitor of mixed PDE4/PDE7?
inhibitor may be any compound that is known o inhibil the PDE4 snzyme or which is
discoverad o act as a PDE4 inhibitor, and which are selective PDE4 inhibllors {Le.,
compounds which do nol appreciably inhibll 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 bt are not limiled o roflumilast
pumafenitine, arofline, cliomilast, fofimilast, oglemilast, loisfentrine, piclamilast,
ihudilast, spremilast,  2-4-[8,7-disthoxy-2 3-bis{hydroxymethyl - T-naphthaleny}-2-
pyridinyib-d-{ 3-pyriding 1 2Hphthalazinons  {T2588), N-{3,5-dichioro-4-pyridingd-1-
[{4-flucrophemnyl imethyll-8-hydroxy-w-one-1H-indole-3-soetamide  (AWD-12-281, 4
[{2R2-{3-{oyclopeniylomy 4-methoxyphenyll-2-phenylethyll-pyridine  {(CDP-8403,  2-
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[4-I12-{1, 3-benzodioxol-Sviony I-3-pyridinyicarbonyilamincimethyl}-3-
furophencoxyl-(2R-propancic acid (OP-B71305), N-(4 S-imethyl-2-pyrimiding)-4-
{4 5.8, 7-letrahydro-2-{4-rmethoxy-3-methyipheny 3 5-{4-methyl-T-piperazingl)-1H-
indol-1-vil-  benzenesulfonamide, {(2E}2-butenedicate (YM-383058),  3-{{2-
fluorophenylimethyll-N-methyl-2-{triflucromethyiF8H-purin-G-amine  (NCS-813}, N-
{2 S-dichlore-3-pyridingt -8-methoxy-S-quindinecarboramide  {D-4418),  N{3R}-B-
aming-3,4,8, T-ietrahydro-4-oxo-1-phanyipyrrolol3, 2, -1 4lbenzodiazepin-3-yi}l-8H-
purine--aming (PD-188787), 3-[3-{ovciopeniviony}-4-methoxyphenylimeathyll-N-ethyl-
g-{1-methyieth}-3tpurin-G-amine  hydrochioide  (V-112844A), N-{3.5-dichioro-1-
oxido-d-pyridinyl-S-methoxy-2-{Hifluoromesthvl -5-guinelinecarboxamide
{Sch3518813, E-3{eyclopentyioxy -d-methmyphanyll-3-{{ 3-methviphenyiimsthyll-
{38,588} Z-piperidinons { HT-0712), §-{2-{{1R 4Rr4-aminc-1-{3-{cyclopentyloky -4
msthyoxyphenyiicyolohaxyh gthynylpyrimidine-2-amine, cls-{4-tyano-4-{ 3-
gyclopropyimethogy-4-diffucromethoxy  phenylloyciohean-1-of], and 4-18,7-disthoxy-
2, 3-bis{hydroxymetind- T-naphthalenyil-1-{2-methoxyethyi - 2{THpyridinone  (T-440},
and any combination or subsel thereof.

Leukoliens anlagonists and inhibitors of leukolrsne synthesis include
zafiriukast, montelukast sodium, zileuton, and praniukast

Anticholinergic agents for formulation or use in combination with the
sompounds of the invention include buf are not limited o muscarinic receplor
antagonists, particularly including pan aniagonists and anlagonisls of the M,
receptors. Exemplary compounds include the alkalcids of the belindonna plants,
such as atroping, scopolamine, homalropine, hyosoyaming, and the various forms
including salls thereof (e.q., anhydrous alropine, alropine sulfale, alroping oxide or
HCHL methviatropine nitrale, homshropine hydrobromide, homairoping methy! bromide,
hyoscyaming  hydrobromide, hyoscyamine  sulfats, scopolaming  hydrobromide,
seopolamine methyt bromide} . or any combination or subset thereof,

Additions! anticholinergics for formulation and use in combination with the
methantheling, propentheline bromide, anisolropine methyl bromids or Vaipin 50,
achidinium bromide, glycopyrrolate (Robindd), isopropsmide lodide, mepsnzolate
bromide, tidihexsthyl chioride, hexooyolium  methyisulfate, cyclopeniolale HCY,
fropicamide, hexyphenidyl CCL plrenzepine, {slenzeping, and methoctraming, or
any combination or subsat thereof,

Preferrad anficholinergics for formulation and use in combination with the
compounds of the invention include ipratropium {(bromids), axitropium {(bromide) and

totropium {(bromide), or any combination or subsst thersof,
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Examples of B-agonists for formulation and use in combinalion with the
compounds of the invention include but are not limited to salmeterol, R-salmaterol,
and xinafoale sals thereof, albuterol or R-albuters! {free base or sulfate), levalbulerol,
salbutamal, formotersl (fumarate), fenotersl, procatercl, pirbutercl, mstaprigrenol,
terbutaline and salls thereof, and any combination or subset thereof.

Y2 receptor agonists for formulation and use in combination with the
compounds of the invention may be employed in an amount effective o stimudate
chioride and waler seoretion by alrway surfeces, parlicularly nasal airway suriaces.
Suitable P2Y2 recepior agonists are known in the art and are described for sxample,
i columns §-10 of LS Palent MNo. 8,264,875, and also US Palent Nos. §,668,258 and
$,292,488.

P2Y, agonists that can be administered by the methods of this invention
include P2Y, recentor agonists such as ATP, UTPR, UTP.gamma.-3 and dinuclestide
P2Y, receptor agonisis (s denufosol or diquafosol} or a pharmaceutically
socepiable salt thereof. The P2Y, receplor agonist is fyploally included in an amount
sffective fo stimulate ohiorids and waler seorstion by alrway swfaces, particularly
nasal airway surfaces. Suilable P2Y, receptor agonisis are described in, but are not
firmited to, U.B, Pat. No. 6,264,875, U8, Pat.No 5,856,286, LS, Pal. No. 5,282,488,
L5, Pat. No. 8,348,588, LS. Pat. No. 6,818,820, 11.8. Pal. No. §,077,248, U.S. Pal
N, 7,223,744, U8, Pat.No. 7,531,525 and U.B. Pal. AP 2008/0306008 sach of which
is incorporated herein by reference.

Combination theraples and formulations herein can include adenosing 2b
{AZb} agonists, also, including BAY 80-8883, NECA (N-ethylcarboxamidoadenosing),
(SLPHPNECA, LUF-B835 and LUF-5845. AZb agonists that may be used are
descrived by Volpin ef al., Journal of Medicinal Chemistry 45 (15} 3271-8 (2002},
Volpini et al., Current Pharmaceuticel Design B (28) 2285-98 (2002}, Baraldi ot 8l
Journal of Moedicing! Chemisiry 47 (8) Cacclar of al., 143447 {2004}, Mini Reviews
in Madicing! Chemistry 8 {12 1053-80 {Dec. 2008); Baraldi et al., Current Medicinal
Chemistry 13 (28} 3487-82 (2008); Beukers et 8l., Medicihal Research Revisws 48
{5} 66788 {Sept. 2008Y Elzein ef al., Bioorganic & Medicinagl Qhemisirjf Letlers 18
(2% 302-8 {Jan. 2006}, Caroltl, el al., Jowrnal of Medicinal Chemistry 48 {1} 282-88
{Jan. 2006Y; Tabrizi et al., Bivorganic & Medicinal Chemisiry 16 (B} 2418-30 (March
2008y, and Stefanachi, et al., Bloorganic & Medicingl Chemistry 16 (6). 2852-88
{dMarch 2008}

Examples of other ENaC receplor blockers for formulation and use In
combinaiion with the compounds of the invention include but are nol Hmited o
amiloride and derivatives theraof such as those compounds described in US Patent
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pio. BAE8B15, and PCOT Publication Nos, WO2003/070182, WO2004/073629,
WR005/018644, WO2DDSD22835, WORIDTIOIB840, and WO2007/145869, all fo
Parion Sclences, Inc.

Small molecule ENaC blockers ars capable of directly preventing sodium
transport through the ENaC channel pore. ENaC blocker that can be administered in
the combinations herein include, but are not imited to, amiloride, benzamil, phenami,
and amioride snalogues as exemplifisd by US Pal No. §888,614, US Pat. No.
§,858,615, US Pal MNo. 6,803,108, US Pat No. 6,988,180, US Pal No. 7,028,325
US Pat. No. 7,030,117, US Pat. No. 7,084,128, US Pat. No. 7,186,833, US Pat. No.
7,488,718, US Pat. No. 7,192,958, US Pat. No. 7,192,859, US Pal. No. 7,241,768,
LS Pat. No. 7,247,638, US Pat. No. 7,247,837, US Pat. No. 7,317,013, US Pal. No.
7,332,486, US Pat. No. 7,345,044, US Pal No. 7,388,447, US Pat No. 7,368,450,
US Pat. No. 7,308,451, US Pat. No. 7,375,107, US Pat. No. 7,388,768, UB Pal. No.
7,410,988, US Pat. No. 7,820,878, US Pat. No. 7,842,687, US Pat, No. 7,868,010,
UGS Pal No. 7,875,618,

ENaC proleolysis s well described o increase sodium transport through
EMaC. Protease inhibitor block the activity of endogenous alrway proteases, thereby
praventing ENaC cleavage and aclivation. Prolease that cleave ENaC include furin,
meprin, maliplase, rypsin, channal associaled proteases {CAPs), and neutrophil
slasiases. Protsase inhibilors that can inhibil the proleoiyvlic gotivity of these
proteases that can be administered in the combinations herein include, but are not
Hmited o, camostat, prostasing furin, aprotinin, lsupeptin, and trypsin inhibilors.

Combinations hersin may include one or more suitable nuclsic acid {or
nolynucieic acid), including but not Hmiled fo antisense oligonuciectide, siRNA,
miRNA, miRNA mimic, antagomir, rdbozyme, aplamer, and decoy oligonuciectide
nuclelo acids. Ses, eg., US Patent Application Publication No. 20100318828, In
general, such nuclelc acids may be from 17 or 18 nucleotides in length, up fo 23, 25
or 27 nuclectides in length, or mors. Examples include, but ars not limited o, those
described I US Palent No. 7517865 and US Palent Applications Nos.
20100215888, 20100318628, 20110008368; and 207110104285, In general, the
siRMAsS are from 17 or 18 nuclsotides in length, up to 23, 28 or 27 nuclectides in
length, or more.

CFTR activity modidating compounds that can be administered In the
comnbinations of this invention include, but are not limited to, compounds described in
U5 2000/0248137 A1, US 2008/0253738 A1, US 2010/0227888 A1, Palent number
7,845,789, US 2000/0246820 A1, US 2009/0221587 A1 US I010/0184738 AT, US
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201030847 A1, US 2090/0188084 A1 and issusd petent 7,553,885, U3
7,772,250 B2, US 7,405,233 B2, US 2008/0203782, US 7,488,570,

Mucus of mucin modifving agents useful in the combinations and methods

herein include reducing agents, swiaciants and delergents, sxpsciorants, and
5  deoxyribonuclesse agenis.

Mucin profeins are organized into high moscular weight pohymers via the
formation of covalent (disulfide) and nor-covalent bonds. Disruption of the covalent
honds with reducing agenis is a well-established msthod o reduce the viscoslastic
oroperiies of mucus i virs and is predicted o minimize mucus adhesiveness and

13 rgwove clesrsnce i vive. Reducing agents are well known o decrgase mucus
viscosity /n vitro and commonly used as an aid fo processing spulum samples’.
Examples of reducing agents include sulfide containing molecules or phosphines
sapable of reducing profein di-sulfide bonds including, bul not Bmited 1o, N-acelyl
cysteine, N-scysislyn, carbooysteine, glutathione, dithiothreilnl,  thioredoxin

15 containing proteins, and iris {2-carboxyethyl) phosphins.

N-acely! oysteine {(MNAC)Y is approved for use in conjunclion with chest
physiotherapy o loosen viscid or thickened alrway mucus 42 Chnical studies
svaluating the sffects of oral or ivhaled NAC in CF and COPD have reporied
improvements in the rheologic properties of mucus and trends toward improvemsiis

20 in lung funclion and decreasss in pulmonary exacerpations®. However, the
preponderance of cinical data suggests that NAC is at best a marginally effeclive
therapeutic agent for treating alrway mucus obstruction when administered orally or
by inhalation. A recent Cochrane review of the existing olinlcal Blerature on the use of
NAD found no evidence to support the efficacy of NAC for CF . The marginal clinfcal

25 benefit of NAD reflecis:

NAC is a relative inefficient reduscing agent which ts only partially active on the
airway surface. Yery high concerdrations of NAC {200 mb or 3.28%:) are required fo
fully reduce MucSB, 3 major gebforming airway mucin, in vitro,  Furthermors, in the
nH environment of the alrway swiace (measured nthe mange of pHE0 W 7.2 In OF

30 and COPD sieways)', NAC exisis only partially in His reactive stale as a negatively
chargs thivlate. Thus, in the dinic, NAC is sdministersd at very high concentrations.
Howsver, it is predicled thal current aerosol devices will not be able o achisve
therapeutic concentrations of even a 20% Mucomyst solution on dislal alrway
surfaces within the relatively short time domains (7.5 — 15 minutes) typically used.

35 in non-clinical studiss, “C-iabled NAC, administered by inhalation, exhibits

rapid elirmination from the lungs with a hati-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 o causs bronchoconstriction and cough.
it many cases, i is recommended that NAT be administered with a bronchodilator {o
improve the tolsrability of this agent,

5 Thus, reducing agents such as NAC are not well suiled for bolus aerosol
administration. Howsver, if iz anticipated that dslivery of reducing agents by
mimonary aeresol infusion would increase the sffectiveness, whils allowing for a
decraase in the conceniration of reducing sgent in the inhalation solulion {predicied
o increass lolerability).

16 Surfactants and detergents are spreading agents shown o decrease mucus
viscoslasticity, improving mucus olsarability.  Examples of surfaciants include
dipalmitoviphosphatidvicholine  {DPPC), PE, pabmilic  ackd, patmitoyl
cleoviphosphatidyigivoers!, surfactant-associated proleins {e.g. 8P-A, B, or O}, or
may be animal derived (s.q. from cow or calf lung lavage or exiracted from minced

15 pig lung) or combinations thereof. See, e.g., US Palent Nos. 7,897 877, 5,878,970,
5,614,218, 5.100,808; and 4,312,860. Examples of swrfaciant producis include
Exosur’® Neonatal {colfosceri  palmilate), Pumactant® (DFPC and  egg
phosphatidylgiveeral), Ki-4 surfacteni, Ventious® (usulptids, r8P-C surfactant),
Alvaofact® (bovactant), Curosurf® {poractant aifa), Infasur® (calfactant), Newfacten®

30 {modified bovine surfactant), Surface® Natsurf™ (nonienic  alcohol sthoxylate
surfactantiand Survania® (beractant). Examples of detergents include, but are not
fimited o, Tween-80 and triton-X 100,

Any sultable expeciorant can be used, including but not imited to gusifenasin
{see, e.g., US Palent No. 7,345,081} Any sultable dewgribonuclease can be uséd,

25 inchuding bul not limited o Domase Alpha. {sss, e.g., US Patent No. 7,482,024).
Examples of kinase inhibilors include inhibitors of NFKB, PIBK {phosphatidylinositol
3-kinase), p3&-MAP kinase and Rho kinass.

Antiinfective agends for formulation and use i combination with the

sompounds of the invention include antivirals and antibiolics. Examples of suilable

3¢ antivirsls include Tamiflu@ {osellamivin) and Relenza® (zanamiirl. Examples of
suitable antibiotics include but are not miled o axireonam {(argining or lysine},
fosfomycin, and aminogiveosides such as fobramycin, or any combination or subset
thereo!,  Addifionsl antiinfective agenis thal may be used herein includs

aminoglycesides,  Daptomyeln,  Fluoroguinolongs,  Ketolides,  Carbapenems,

[F8)
43

Cephsiosporing, Ernvthromyeln, Linezolid, Penicilling, Azithromycin, Clindamyain,

Otazolidinones, Telracyolines, and Vancomyoin,
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Examnples of useful carbapenam antibiotics are impenam, panipenam,
meropenam, bispenam, MK-828 (1.-748,345), DA-1131, ER-38788, lenapenam, 5-
4681, CE-834 {prodrug of R-058887), KR-210586 (prodrug of KR-21012), L-084
{prodrug of LJC 11038} and Ceficlozane {CXA-1011

Antihistamines (Le., Hi-recepior antagonisis) for formulation and use in
combination with the compounds of the nwvenfion include bt are not Bmited o
sthanclamines such as diphenhydramine HO!, carbinoxamine maleate, doxylaming,
clemasting fumarals, diphenvihydramine HO and dimenhydrinate; sthylenediamines
such as pyrilamine maleate (melpyraming), Wipelennaming HCL, tipslennamine
citrate, and antazoline; aslkylamines such as pheniramine, chioropheniramine,
promophsniramine, dexchicrpheniramine, triprolidine and aorivastine; pyridines such
a3 methapyrilene, piperazines such as hydroxyzing HCL hydroxyzineg pameate,
cyclizine HGEL oyclizine laclate, meclizine HO! and cetirizine HCHL pipsridines such as
astemiscle, levocabastine HOL loraladine, descarboethoxyioratadine, terfenadine,
and fexofenadineg HCEL ik and tslracyelics such as promethazing, chiorpromethazine
trimeprazine and azatadine; and azslastine HCIL, or any combination or subsst
thereof.

Examples of other classes of therapeutic agents sultable for use in the
combinations and methoeds herein include antivirals such as ribavirn, anti-fungat
agenis such as amphotericin, infraconazol and voriconszol, anti-rejection drugs such
as cyclosporing, lacrolimus and sirolimus, ronchodilators including but not limited o
anticholinergic agents such as alrovent, siRNAs, gene therapy veclors, aptamers,
endothelin-receptor antagonists, alpha-1-antitrypsin and prostacycling.

in the above-described methods of freatment and uses, & compound of the
invention may be emploved slons, or in combination with one or more other
therapeutically active agents. Typically, any therapeutically active agent that has a
therapeutic effect in the diseass or condition being treatad with the compound of the
invention may be ulilized in combination with the compounds of the invention,
provided thal the parficddar therapeutically active agent is compatible with therapy
smploving a compound of the invention. Typical therapeutically active agenis which
are suitable for use in combination with the compounds of the invention inclsde
agenis described above.

i ong preferred smbodiment, the compounds of the invention are used in
combination with one or more cemolvies, particularly hyperionic saline or mannilol,

in another aspedct, the invention provides methods for satment and uses as
described above, which comprise administering an effective amount of 8 compound

of the invention and at least one other therspeutically aclive agent. The compounds
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of the invention and at least ong additional therapsutically active agent may be
gmployved in combingtion concomitantly or seguentislly in any  therapsutically
approprigte combingtion. The administration of a compound of the Invention with one
or more other therapeutically active agenis may be by administration concomitantly in
1} & unftary pharmaceutical composition, such as the compositions describad above,
or 2) separate pharmacsutical compositions sach including one o marg of the
component aclive ingradients.  The components of the combination may be
administered separsiely In a sequentisl manner whersin the compound of the
invention is adminislered first and the other therapeutically aclive agent is
administered second or vice versa.

in the embodiments wherein the compound of the invention s adminisiersd In
combination with one or mors casmobrdes, the administration of sach component is
preferably concomifant, and may be In a unitary composition or separals
compositions.  in one embodiment, the compound of the invention and ong or more
osmolyvtes are administered concomitantly by ransbronshoseopic lavage. In ancther
embodiment, the compound of the invention and one or more osmolvles ars
administerad concomitantly by inhalation.

When a compound of the invention is used in combination with another
therapautically active agent, the dose of each compound may differ from that whan
the compound of the nvention Is used slone.  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 aclive agent{s} and the refative limings of
administration will be saledled in order 1o achisve the desired combined therapeutic
affect, and are within the sxpertise and disoration of the attendant physician, oliniclan
of vatsrinarian,

Experimental Procedures  The present nvention also provides processses for
prapaving the compounds of the invention and o the synihelic intermediates uselul in
such processes, as desoribed in delall balow.

Cerain abbreviations and acronyms are used In describing the synthetic
procasses and sxperimenial delails. Although most of these would be undersiood by
ong skilled in the art, the following lable containg a st of many of these abbreviations
and acronyms.

Abbreviation  Meaning

AoOH Aostio Acid
AIBN Azobisisobubyroiniirile
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Abbreviation

AcH
DAL
DIPEA
DCE
DR
DhAF
£t

EtlAc or BEA

EIOH
ES
HATU

HPLO
PriH
LLoordT
Me
MaOH
Yz ormie
M

MH

MIC

MS or ms
rtored
iy

+Bu

THF

TLE orfic
&

Chz

ALIC
MTBE

fr
GO-MS
wi%
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Meaning
Acelic Acid
Dilsopropyt azidocarboyviate

M, MN-Diisopropylethyiamineg
dichiorosthane
dichloromeathane
dimethvlformamide
i fhryl
sthy! acelals
Ethangt
glectrospray lonization
2-{1H-T-Azabenzobriazob-1-yi-1, 1,3, 3Hetramethyl uronium
hexafiuorophosphate
High performance liquid chromatography
isopropy alcohol
intratracheal
Mathyi
methanol
mass o charge ratio
mass plus 1
mass minus 1
minimal inhibltory concentration
MERSs spacirum
room temperaturs
Retardation factor
tert-buiyl
tetrahydrofuran
thin laver chromatography
parts per million down flsld from lelramethyisiiane
Benzvioxycarborwl, Le. {CO0-banzyl
Area under the curve or paak
Methy! tertiary buivl ether
Retention ime
Gas chromatography-mass spectrometry
Parcant by weight
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Abbravigtion Meoaning

AcOH Acstic Aoid

h Hours

fTHN Minutes

Mz megaheriz

TFEA Triffuoroacetic acid

1Y Ultraviolet

Boo feri-butyloxyoarbony

DHAD Dilsopropyl azodicarboxylate

AgOH Acetic Acid

DPEA N MN-Dilsopropyviethylamine or Hinig's base

Phse Triphanyiphosine

The compounds of Formula | may be synthesized using technigues known in the art.
A reprasentative synthetic procedure s Hlustraled in Scheme 1 below.

Sohame 1
L O

,/k\ T NR %
L OO0
oo .0 OH o N ey
pear LIy ds e
~ -l :‘f‘ff : d (E)

N N M C f ,
2 Rl : ¥
These procedures are described in, for example, E. 4 Crages. "The
Bynthesis of Amiloride and Hs Analogs” (Chap 33 in Amiloride and ii’s Analogs, pp.
25-36. Other processes for preparing amiloride snalogs ars described in, for
sxample, U.8. Palent No. 3,318,813, to Cragos, particularly at methods A, B, C, and
D of the 813 palent. St other processes which may be adapted for the preparation
of the compounds of the hvention are describsd in PUT Fublication Nos.
WO2003/07182, WO2R005/108844, WO2008/022835, U 7,064,128, US 8,858,815,
US 8,803,108, WO 2004/073828, WO 2007/148888, and WO 2007/018840, sl
assigned to Parion Sciences, ino.
Freparation of rrsathiyi N-3 B-diamino-8-chioropyrazine-2-
carbonyvicarbamimido thiosts {2} can be sesn in WO 2008/074878,
Generally, the compounds of the invention may be conveniently prepared by

fresting & compound of Formula 2 with an amine of Formula 3. More specifically,
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compounds of Formula 2 are tresied with the amine of Formula 3 in a sullable
soivent such as methanol, ethanol, or lebshydrofuran, end s base such as
iristhvlaming {TEA), or di-isoprovisthylamine {(DIPEA), with hesting %o slevaled
femperature, s.g., 70°C. Further purification, resclution of sleresisomars,
crystaliization andior preparation of salt forms may be carried out using conventionst
technigues.,

As will be apparent to those skilled in the arl, in cerlain inslances, the starding
or infermediate compounds In the synthesis may possess other functional groups
which provide aliernale reaclive sHies. Interference with such funclional groups may
be avoided by ullization of appropriates protecting groups, such as aming or aloshol |
protecting groups, and where applicable, appropriately prioritizing the synthstio sleps.
Suilable protecting groups will be apparent 1o those skilled in the art. Msthods are
well known in the art for instaling and removing such protecting groups and such
conventional techniques may be smploved in the processes of the instant invention
as wall.

The following specific sxamples which are provided hersin for purposes of
Hustration only and do not imil the scope of the invention, which is defined by the
claims.

Material and methods. All reagent and solvents were purchased from Aldrich
Chemical Corp, sl B sl YO ehemioal ndusly Co, L3
NMR specira were oblained on sither 2 Bruker AC 400 ('H NMR st 400 MMz and “G
MNMR at 100 MHz) or & Bruker AC 300 CH NMR af 300 MMz and PC NMR 8t 75
Mz} Proton spectra were referenced o telramethyisiianeg as an internal standard

and the carbon specira were referenced to CDE, CBL00, o DMBO-¢; (purchased
fromn Aldrich or Cambridge Isotope Laboraionies, unless othenwise specified). Flash
chromalography was performed on a Combifiash systemn {Combifiash R, Teledyns
isco) charged with silica gel column {(Redi Sep. RY, Teledyne isco) or reverse phase
column {High performance C18 Gold column). E31 Mass specira wers oblained on g
Shimadzu LOMS-2010 EV Mass Spectrometer. HPLO analyses were oblained using
a Waters XTerra MS C18 Sum 4.8150mm Analytical Column delected at 220 nim
{urdess otherwise specified) on & Shimadzu Prominence HPLO system. The

following time program was used with a flow rate of 1.0 mi per minude:

Time Percent A Parcent B
(M0 with 0.08% TFA} | {CHLON with 0.08% TFA}

{rming
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2.50 o0 10
20.00 10 80
30,60 10 a¢
32.50 a0 14

UPLC analysss wers oblained using a Walers ACQUITY UPLC HES T3 1.8um
2.9 100mm Analvtical Column detected at 220 nm {uniess stherwise specifisdion a

Shimadzu Prominence UFLC system. The following time program was used with a

flow rate of 0.3 ml per minuie:

Percent B
Porcent &
Time ) {CH;CNMWater 80:20%
{H.O with 0.05% NH,C00H ]
with 0.05% NH.LCQOH
{rriirs) and §.1% HOOOH)
and 0.1% HOOOH)
1.00 a0 10
4.00 30 78
500 30 70
550 8 10
6.50 a0 10

Also provided herein (Scheme 2} is a method for preparation of compound
(ia}, 3, 5-diamino-8-chioro-N-{N-{4-{4-(2-{hexyl{{28 3R 4R §R}-2,3,4,5,8-
peniahydroxyheyjaminejsthoxyphenylbutyhicarbamimidoylpyrazine-2-

carboxamids, as defined herein before,
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OH O
f&% E\W\wauw o

OH an OH /J d\f;\/x\yﬁNJ\N,ﬁx SN

>\*

Y
{lay H,N N BNH;

HyC

comprising the steps of

{iy tresting a compound of formula 14

oo NFICHE
?
HEN " .«"‘[J

¢ ao
5 id
with  a prolecled  sugar,  (4aR.88,7R,8R,.8a8)-2-phenythexahydropyranof3.2-

4311, 3dinxine-8,7, 8-trinl, of formulg 15:
OR

g O
ryﬁ\,

~TGH
a0
Ef:’h i85

in the presence of 2 reducing agent, followsd by a treatment of hexans! to form
10 compound 18, beneyl  4-04-(2-{{{25 3R)-2 3-dihydroxy-3-{{4R BR}-5-hydroxy-2-

phenvi-1, 3-dioxan-d-vijpropyl hexyhiamineethoy lphenylibutvicarbamate;

oM on

Ay Oy
o0 on ?/i I N

A

S 3
Sy
B

{il} Sublecting compound 18 to calabsdic hydrogenadion to form compound
17, {1R,28}-3-{(2-{4-{d-aminchulyl iphenoxylethvi} hexyllamine)-1-

i3 {{AR SR }-5-hydroxy-2-phenyl-1, 3-diokan-4-viipropanse-1, 2-diol;, and
o Oon
( \i@?}z{c\@/\ﬁ'ﬁ\v’ BN sud eIt
{3 ,é ' (;}H {,»’E E\_’/}]\\/'\\J‘"\NH
] :
7 5
k"’ JHgC‘."J/

{8y Condensing oompound 17 with compound 2, maethyl 3,8-diaming-§-
chioropyrazine-2-carbonvicarbamimidothioats, in the presencs of base
to form 19, 3,5-diamino-G-chiore-N-{N-{4-{4-(2-{{{25 3R2 3-dihydroxy-
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3{{4R, ER -S-hydroxy-Z-phenyl-1, 3-dioxan-4-
vipropyi hexyliaminelsthoxy’ phenyl} butylicarbamimidovhpyrazing-2-
carboxamide; and

GH {}H
Q NH \;g;,m\'g/\ . vf\ -
UI 1 scng DX Oiij/ \/ NP JL JL\L
P Hatd” RN,
[\“‘/ﬁfzgaﬁ/
5 {ivi  hydrolyzing compound 19 in the presence of acid {o form (a).

An slternative process comprises replacing the compound of formula 18,
above, with compound 27, followed by the hydrogenation, mndeméﬁm, andd
hydrolysis steps just descoribed o form compound {a).

i

Also provided hersin {(Scheame 3} is an sltemate method for preparation of
compound (ia), 3,5-diamino-G-chioro-N-{N-{4-{4-{2-{hexl{{25,3R 4R 5R}-2,3,4,5 6-
pantahydroxyhaxyllamino jethoxy iphenviibulvbcarbamimidoviipyrazine-2-
carboxamids, as defined hersin before,
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Scheme 2. Preparation of 3,5-Diamino-S-chioro-M-{MN-{d-{4-{2-
{heryl{{25,3R 4R, 5/-2,3,4.5. 5-pentahydroxyhexyilamineethoxyiphenyl

butvlicarbamimidoylipyrazine-2-carboxamids

"}f/\] NS g j o NHEHE
H _— -
o DIAD, PigP ook N o~y ,
THE, 11
11 57% 13
o § 4 N HCH in dioxane
/\ JOH § 8%
$

OH OH
ﬂ%w O E/\

f,ﬁv iy

N

PN N MHCh:

S &3 1% /[ J
GoS By /J N N Bl A2
T Nal NEH,, e
P 4 AcCH, Me(H e
- /f 16 Henanal 14
g Ho 46% over two steps
)
Hy, PHC
AR
96%
OH OH
(ftwﬁzif,pa T Q‘I:/’*z BACOH
=z E H L
{4 /‘0 GH jf i "'\”f‘; ».//\‘-"/N\N‘Hz
A2 DIPRA, BOH, 70°C
[, i 7 7 ,Ell) iz %
X, A o N A A
Rl ¥y \ﬁ ;{ ] OEE; \
N7 N TN,
2
OH oH
w& \mkaf U\/\L NH O
2 i
B . ANJLN Y;}a Mo
HoOH Qo |
” 9 ENT ONT TNH,
\ ;
~f" il ! AMHCO
i 8%
DE O
W(KWV‘N \{ NH O ~2HO
OH OH O \/k\/\ o~ I\JLN, NS X
(e i 0L
I’IzN NHI
H;C
Scheme 3. Alternate Freparation of 3.5-Dismino-8-chioro-Me{N-{4-{4-{2-

{hexyH{28,3R 4R 5R-2,3.4,.5,6-pentahydroxyhexyliaminolethoxylphenyl)

butyilcarbamimidoviipyrazine-2-carboxamide
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CH
/l% MHCbz
GH OH ,J\, -
@/\@/\ &N
o0 ou T\/]x/\/\ w15 &
NHCbz T, %,/ *HCl
CHa AcDH, MeOH {4
; 75% —0
| Hexangl, NaCMNEH; ) }a"N...-J
 AcOH, MeOH
8%
OH OH
mo
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o._.0 OH E) . e i
i :
R OH OH
g My, PUT G f o
Acﬁﬁégmﬁ 0.0 Ou e, e,
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o §
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*HI
HH maz
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OH OH 85%
i <
PNy e O NH Q
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LY
CH, e
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* | 4N HCL EiOH
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OH OH
( T
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P
Hyl
5 EXAMPLES
The invention also comprises a compound prepared by the methods herein,
or & phammaceutically accepiabls sall of the compound.
Synthesis  of la 3 8-diamino-8-chiorg-M-{M-{d-{4-{2-{(hexyl{28 3R 4R SR}
10 234586
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pentahvdroxvhexvBamingiethoryviphenvhbutviicarbamimidoviipyrazing-2-

carhoxamide

Step 1 :

Praparation of benzyl &-{d-{ B-{Peri-
butyloxyesrbonylaminojpropouyiphenylibutyl carbamate {Compound 13 To s
soiution of beneyl 4-{d-hydroxyphenylibulyl carbamate (11, 60.0 g, 300 mmol) in dry
THF (800 mbL) was added N-Boc sthanolamine {13, 38.7 g, 300 mmol}, PP (828 g,
300 mmol) and DIAD (48.8 g, 300 mmol} at 0 °C, then the reaction mbdure was
warmead o room temperalure and stirred over night. The resction mixiure was
concentrated in vacuum and the residue was puwrified by column chromatography
{siffca gel, 15:85 EA/heanes) to afford desired compound 13 (800 g, 87%) a5 a
yaliow sofid: 'H NMR (400 MMz, CDCL) 8 7.35 (m, 5H), 7.10 {d, J = 8.0 Hz, 2H),
8.80 {d, J= 80 He, 2H), 510 (s, J» 4.0 Hz, 2H), 4.0 {m, 2H), 3.5 (g, 2H), 3.2 {g, 2H),
285t J=8.0Hz, 2H}, 1.80 {m, 2H), 1.55 {m, 2H), 1.458 {z, 8H}.

Step 2
Frepargtion  of Benzyl  4dd-{2-amincethoxyiphenyviibulyicarbamate

Hydrochioric Acid Salt {14} Compound 13 {50.0 g, 112 mmol} was dissolved in 4
N HC in dioxane (250 mi) st room temperature and the solution was stimed for 1
hour. After concenirated, the residue was suspended in MTBE (800 mb) and slirred
for 0.5 h. The solid iz fillersd owt to afford hydrochioric acld salt 14 (400 g, 83%) as a
white sofid: 'H NMR {300 MHz, CE,0D) 8 7.33 {m, SH), 7.10 {d, J = 8.7 Hz, 2H),
688 {d, J= 87 Hz, 2H), 5.05 (s, 2H), 418 {1, 2M), 3.38 {m, 2H, 314 {4, J = 7.2 Hz,
2HY, 258 {1 J=7.8 Hz, 2H), 1.57 {m, 4H).

Step 3

Praparation of Beneyl 4<{4-{2-{{{28,IR}2, I-dihydroxy-3-{4R, SR -G-hydroxy-2-
phenyl-1.3-dioxan-d-yhipropyiithexyllaminciethoxyiphenyiiindyicerbamate {181
A solution of hydrochioric acid salt 14 {13.5 g, 38.38 mmol} and tricl 15 (10.5 g, 38.35
mimeol} in MeQOH (150 mb} and AcOM {188 g, 314.8 mmol)} was stirsd at room
temperature for 2 h, sodium cyancborohydride (8.1 ¢, B8.37 mmol) was added and
the reaction mixture was stirmed at room temperature ovemighl. Additional tricl 18
(6.2 g, 18.87 mmol} was added and the reaction mixiure was slirred al room
temperature for 4 b After starling material 14 was compisisly consumed, hexanal
{59 g, 58.03 mmel} was added and the reaction mixlure was stimed 8t room
temperature for 2 b, Sobvant was removed in vacuum. The residue was washed with
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satd Na,00y (5.0 ml), azectroped with MeOH and purified by column
chromatography (silica gel, 101 CHCL/MeOH) {o afford compound 18 {12.2 g, 46%
over two steps) a8 an off-white solid: ' NMR (300 Mz, CD,OD) § 7.45-7.44 (m,
3H}, 7.831-7.20 {m, M), 705 (d, J= 8.4 Hz, 2H}, 678 {d, J = B.4 Mg, 2H}, 5.80 {s,
1H), B.05 {3, 2H), 4.25-4.18 {m, 2H}, 4.03-3.87 {m, 6H), 3.78-3.85 {m, 3H}, 3.13~
2.98 {m, 8H), 2.85-2.68 (m, 3H)}, 2.83 {1, J=6.7 Hz, 2H), 1.58-1.48 {m, &H}, 1.23 {(br
8, 8H}L 0868 {1, J=6.1Hz, 3H)L

Slepd

Praparation of (1R,28:-3-{{2-{4-{d-aminochutylliphenoxylethyli{hexvilamingl-i-
{{4R SR} 5-hydroxy-2-phenyl-1, 3-dioxan-d-viipropane-1,2-<dic! Acetlc Acld Salt
{17h

A suspension of carbamste 96 (12.2 g, 17.88 mmol) and 10% P (36886 g} In
EOH/ACOH (511, 120 ml) was subjected io hydrogénation conditions {1 atm)
overrtight at room temperature. The reaction mbdure was filtered through oslite and
washed with EIOH. The fillrate was concenbrated In vacuum fo afford acelic salt 17
(8.40 g, 86%) as a coloress o 'H NMR (300 MHz, CD,0D) § 7.48-7.44 {m, 2H),
7.32-7.30 {m, 3H}, 711 {4, J = 8.5 Hz, 2H), 6.84 {d, J = 8.8 Hz, 2H}, B.81 (s, 1H}
4.268-4.10 {m, 33, 3.85-3.81 (m, 2H), 3.78 {dd, J= 1.8, 8.3 Hz, 1M}, 360 {4, J= 104,
1+, 3.23-3.03 {m, 2H}, 2.86-2.87 {m, 3H), 2.81-2.58 {m, 2H), 1.87-1.57 {m, 6H),
1.31-1.25 {brs, 6H), 088 {4, J=8.6 Hz, 3H).

Step &

Proparation of 3,5-diaming-8-chioro-l-{MN-{4-{4-{2-{{{25,3R}-2, -hydroxy-3-
{4R, 5R}-S-hydroxy-2-phenyl-1, J-dicxan-4-
yiipropyibexviiaminoiethoxyiphanyl) butyilcarbamimidoylpyrazing-2-
carboxamide {18}

To g solution acetic acid sait 7 {8.40 g, 17.27 mmol) and methyl 3,5-diamine-6-
chioropyrazing-2-carbonyicarbamimidothioats hydrolodic acid salt {18, 7.20 g, 27.64
mncl) i EMOH {75 mbl) was added DIPEAIT.E g, 13818 mmel} at room
fempaerature. The reaction mixiure was healed al 70 °C in 8 sealed tube for 2 b, then
covled o room temperaturs, and concentrated in vacuum. The residue was purified
by colump chromslography (siice  gsl, @1 CHOL/MeOH, B0:18:2
CHCMeOHNHOM) to afford carboxamids 19 (9.20 g, 70%) a5 2 vellow solid: H
MMR (300 MHz, CD00) 8 7.46-7.43 (m, 2H), 7.30-7.28(m, 3H}, 7.07 (d, J= 88 Hz,
2H), 8.78 {d, J= 8.8 He, 2H}, 5.48 {s, 1H}, 422 {dd, J= 3.8, 7.8 Hz, 1H}, 4.08-32.88
{m, 8H), 378 {dd, J= 1.5, 8.9 Mz, 1H), 387 (4, J= 105 Mz, THL 328 {1, J= 88 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 {1, J= 8.1 Hz, 3H),

Step 8

Preparation of 3 S-diaminco-8-chloro-N-{M-{4-{4-{2-{haxyH {25 3R 4R, 58)-2,3,4.5,8-
pentahydroxvhexyliaminolethoxyiphenyiibutylicarbamimidoylpyrazineg-2-
sarboxamide Hydrochiorio Acid Balt {ia): To a solution of carboxamide 18 (9.20 g,
1216 mmol) in EtOH (30 mb) was added 4 N ag HC {95 mbL} at room tempersiure
and the reaction mixiure was stirred for 4 b at room lemperalre. The reaction
mixture was concentrated in vacuum and the residus was purified by reverse phase
solumn chromsatography and vophilized o afford hydrochlonc acid salt §s (6.80 g,
81%) as a yellow hygroscopic solid: 'H NMR (300 MHz, CD.OD 8 717 {d, J= 8.4
Hz, 2H), .84 {d, J= 8.4 Hz, 2H), 4.36 {br g, 2 H}, 4.21-4.18 {m, 1H]}, 3.84-3.81 {m,
THS, 3.48-3.30 {m, BH), 2.64 {1, J = 6.8 He, 24}, 1.80-1.88 {m, BM}, 1.38 {br s, &M},
081 {4, J = 68 Hz, 3MY ESEMS miz 880 [CaMeUIMN0G, +  HI
Anal {CaohpUNgOr2HCIHO), Calod, © 47,40, H 7.03, N, 14.74; Found, C 47,41, H
7.06, N 14.84,

Alternate synthasis of i 3, 5-disming-f-chiorg-N-{M-{4-{4-{2-
{hexyl{ {28, IR 4R, 5R-2.3,4,5,6-
pantabydroxyvhexylaminolethoxyiphanyiibutylicarbamimidoyilpyrazing-2-

sarboxamide

Step 1

Preparation of Benzyl 4-{4-{3-{{28,3R-2,3-dihydrony-3-{{4R 58 5-hydroxy-2-
methyli, 3-dioxen-d-vilpropylamineipropoxyiphenyiibulvicarbamate {381

A solution of hvdrochioric acid salt 44 {185 myg, 041 mmol} and iriol 18 (84 myg, 0.41
mmed} In MeOH (5.0 mi) was slirred st room temperaturs for 0.5 h, then AcOH
{0.038 mi, 0.8 mmol} and sodium cyancborehydride (43 mg, 0.8 mmol} was added
and the reaction mixure was stirred a8t room temperature for 18 b Solvent was
removed in vacuum. The residus was washed with sald Ne,CO; (8.0 mb}
azeotroped with MeOHM and purified by column chromatography (silica gel, 101
OHCLMeOH, 100101 CHOL/MaOHNHLOHY 1o afford carbamale 28 (183 myg,
75%) as an white gummy solid: "M NMR (300 MMz, CD.00) 8 7.34-7.30 {m, 8H),
7.08-7.08 {m, 2H), §.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, 20}, 3.01-2.78 {m,
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4H), 2.85-2.45 {m, 2H), 2.05-2.04 (m, 2H), 1.50-1.49 (m, 4H), 1.27 (d, J = 4.8 Hz,
3H),

Step 2

Praparation of Benzyl 4-{4-{2-{{{23.38}2, I-dihydroxy-3-{{4R 5R}-5-hydroxy-2-
methyl-4, 3-dicxan-Gyiipropyli{hsuyliaminojethouyiphenylibutylcarbamate 2371
A solution of carbamate 28 (1.02 g, 1.90 mmod}, hexanal (380 mg, 3.80 mimol), AcOH
{0.33 mik, 5.70 mmol) and sodium cyancborohydrids (410 mg, 5.70 mmol) in Me(H
{30 mL) was stirred at room lemperature for 16 h. Sobvent was removed in vacuum.
The residue was washed with saltd Na,C0s (30 mb), azeotroped with MeDH and
purifisd by column chromatography {slica gel, 101 CHCL/MeOH} o afford
carbarmate 27 (880 mg, 84%) a8 an white gummy solid: "H NMR {300 MHz, CD,0D)
& 7.35~-7.371 {m, 8H), 7.08 {d, J= 8.4 Hz, 2H), 8.81 {d, J= 8.4 Hz, 2H), 5.08 (s, 2H},
4,80 {br g, 1H}, 4.88-4.86 (m, 1H}, 412 {dd, J= 8.3, 2.4 Hz, 1H}, 4.05-3.88 {m, 3H},
3.84-3.78 {m, 2H}, 3.54-3.48 {m, 1M}, 338 {4, J = 10.5 He, 1M}, 3.20-2.98 (m, 4H},
2.83{d, J=8.0 Hz, 2H), 273264 {m, 2H), 2.88 (4, J= 7.2 Hz, 2H), 1.83-1.50 {m,
By, 1.32 {d, J= 5.1 Hz, 3H), 1.27-1.24 {m, 8H), 0.87 {d, /= 8.8 Hz, 3H). '

Slep 3

Preparation of {(1828-3-{2-{4-{4-Aminobutyliphenoxylethyihexyilaming)-t-
{{4R BERMS-hydrony-2-methyl{, J-diovan-d-yiipropane4, 2-diol Acetic Acid Salt
{28} A suspension of carbamate 27 {880 mg. 1.44 mumol) and 10% Pe/C 400 mgi in
MeOH/AOH (81, 80 mi.) was subjected to hydrogenstion conditions {1 stm)for8 h
at room temperaiure. The reaction mbdure was filtered through celite and washed
with MeQOH. The filirals was concentrated In vacuum and crashed from ether o
afford aoetic salt 28 (782 myg, 50%) as a white gummy solid: 'H NMR (300 MHz,
OO 8 7.08 (d, J=87 He, 2H), 8.88 {d, J= 87 Hz, 2H}, 488-4.87 {m, 1H), 4006~
3.85 {m, 1H}, 3.84-3.76 {m, 2H}, 3.83-3.51 {m, 1H)}, 3.38 {4, J = 10.5 Hz, 1H), 2.88~
2.58 {m, 10M), 1.96 (s, 13H), 1.67~1.47 {m, 8H), 140127 (m, 6H}, 1.28 {d, J = 81
Hz, 34, 088 {d, J= 6.3 Hz, 3M).

Step 4

Preparation  of  3,5Diamino-G-chlioro-AdA4d-{4-{2-{{{2 5,382, 3-dihydroxy-3-
{4AR, BR-E-hydrony-2-methybi, J-dioxan-4-
yhpropyhihexvilaminolsthoxyiphenyll  bulvD  carbamimidoyl) Pyrazine-2-
carboxamide (20}
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To a solution acetic acid sall 28 (188 mg, £.313 mmol) and methyt 3,5-diamino-8-
chicropyrazine-2-carbonylcarbarmimidothioats hydrolodic acid salt {18, 182 mg, 0.502
mmol) in BHOH (8 mb) was added DIPEA{D.42 mi, 2.50 mmel} al room temperature,
The reaction mixdure was hesisd at 70 °C in a sesled fubs for 2 h, then coolsd 0
room lemperature, and concentrated in vacuum. The residus was purified by column
chromatography {(sliica gel, 81 CHCLEMeDH, 80018:2 CHOL/MeDHNHLOH) to
afford sarboxamide 26 (142 mg, 55%) 53 a yellow solid: "H NMR (300 MHz, 00,00
8740 {d, J = 8.1 Mz, 2H), 6.84 {d, J= 8.1 Hz, 2H}, 488 (g, J = 5.1 Hz, 14}, 406~
4.01 {m, 3H), 3.94-3.88 {m, 1H), 3.82-3.74 {m, 2H), 349 {dd, J = 8.3, 2.4 Hz, 1H),
2.96-2.78 {m, 3H), 2.67-2.81 {m, BH}, 1.88-1.87 {mn, 4H}, 1.50-1.48 {m, 2H), 1.29
{brs, 8H), 1.25{d, J= 5.1 Hg, 3H), 0.87 ({, J=6.8 Hz, 3H}.

Slep 5

Preparation of 3, 5-Dlamino-B-chloro-f{ A{4-{8-{ 2-{haxyl{ {25 IR AR, 5K)-
234,556
pantahydroxyhexyliaminolethoxyiphenylibutviicarbamimidoylipyrazing-2-
sarboxamide Hydrochloric Acid Salt {ia)

To a solution of carboxamide 28 (400 my, 0.87 mmol} in EOH {8 ml) was added 4 N
ag HOH {15 mbL) at room temperature and the reaction mixture was healed at 58 °C
for 24 h. Afler concsniraled, the residus was dissoived in 4 N ag HO (186 mbl) and
heated at 85 °C for 18 h. The reaction mikurs was concentrated, crashed from
EtOHELD, re-purified by preparative TLE and iyophilized to afford hydrochioric acid
zalt {ta) {, 354 mg. 83%) as a yeliow hygroscopic solid: 'H NMR (300 MHz, D0} 5
F.AB{d, J= 81 He, 2H), 887 (d, J= 8.1 Hz, 2H), 430 (brs, 2H), 418416 {m, 1H},
3.78-3.55 (m, TH), 3.38-3.24 {m, 6H), 3.57 {§, J = B.4 Hz, 2H), 1.85-1.84 {m, 6H},
1,30-1.18 {m, 8H), 0.78-0.75 {m, 3H); ESLMS mvz 688 [CaghlucCNG Oy + HY

Preparation of 3,5-damins-S-chiore-H{N-{4-{(4-{2-{hexyH (28, IR AR SH}-2.3.4,5.6-
pentshydroxvhesylaminoiethozyiphenybutyilicarbamimideyDipyrazine-2-

carboxamide {frechease of fa)

3, B-diarmino-B-chiorgef-{ N-{ 4-{ 4-{ 2-{ howl{{28,3R 4R, 5R}-2,3,4,5.8-

pariahydroxyhexyl) aminojethoxy iphenyhbutyllcarbamimidoylipyrazine-2-
carboxamide hydrochloric acid salt {12.51 g) was dissolved In 150 mb M0 and
ireated, stirring, with NaDOH (3,18 agusous, 435 ml) o give g gummy pracipiiale.
The Bauid {pH ~11) was decanied through a filter funnel {the majority of material
adhered fo the sides of the flask). The residus was tresled with M0 {2 x 300 mi},
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stiring and decanting/fiftering in & similar fashion. The remaining residue was
suspended in CHONHO/MeOH, and concenirated 1o provide a vellow-amber solid,
0.55 g. ESLMS n/z 668 [Ty + MY, purity 88% at 224 nm, 80% at 272 nm,
82% at 304 nm, 83% by MS trace. The cruds product was heated with isopropanod
{100 —- 150 mL) at 70°C for 18 min, then fitered warm. The solids were trealed
simitarhy with isopropanol fwice more, healing for 30 minutes each time and allowing
the mixiure fo cool {2hrs ~ O/N} befors filration. The resulting solids wers dried to
provide 7.385 g of a vellow-amber amorphous solid, mop. 1331 — 138.8°C {110
mmol vield as free base). TH NMR (400 MHz, dmse) 8 8.31~ 7.34 (m, 4H), 710 {d, J
= 8.6 Mz, 2H), 6.83{d, J= 8.5 Hz, 2H}, 8.81 {br. 5, 3HL 4.76 - 408 {m, 8M), 3.08(, J
= 6,1 Hz, 2H), 3.71 — 3.82 {m, 2H}, 3.58 {dd, J = 10.8, 3.4 Hz, 1H}, 3.54 - 3.48 {m,
tH), 3.43 {dd, = 7.8, 1.3 He, 1H), 3.38 (dd, J=10.8, 5.8 Hz, 1M}, 3.15 {br. 5, 2H},
2.92 - 2,78 {m, 2M), 2.86 {(dd, J = 13.1, 5.2 Hz, 1H), 288 ~ 2.81 {m, 4H), 2.48 {dd, J
= 13.1, 6.8 Hz, 1H), 1.88 — 1.48 {m, 4K}, 1.45 — 1.31 {m, 2H}, 1.31 ~ 108 {m, 6H},
0.90 ~ 0.78 {m, 3K O NMR (101 MHz, dmso) § 173.27, 160.96, 156.48, 154.88,
15114, 133.70, 120.05, 11912, 117.83, 144,44, 72.23, 71.37, 70.60, 70.04, 85,74,
£3.34, B7.38, 54.72, 52.88, 40.10, 33.72, 3115, 28.37, 28.08, 26,38, 28.38, 22.02,
13.84. ESFMS myz 680 [CaphHlaeCiNa0y + HY

Preparation of the i-Hydroxy-Z-naphthoste Ssit of 3,5-dismine-6-chloro-N-{N-{4-{4-{2-
{(hexyH(ZS 3R 41 8R-2,3.4. 5, 6-pentshydroxyhesyh

sminojethesyphenylbutyDearbamimidoyDpyrazine-Z-carboxamide

A midure of 32.8 myg (0.048 mmol) of 3,5-diamino-8-chioro-Ne{N-{4-{4-{2-
{hexyi({28,3R 4R, 8R}-2,3.4,5, 6-pentahydroxyhexyl) amino jpthowyjphenylibulyl)
carbamimidoyipyrazine-2-carboxamide, 1684 gl of a .3 M solution of 1-hydroxy-2-
naphthole acid In methanot {0,048 mmd of 1-hydroxy-2-nphtholc acid}, and about
03.33 mi of methanol was warmed on a hot plale set at 85 °C unill all the solid
dissolved. The solution was allowsd o cool to ambiant temperature. The solution
was placed in a refrigerator (about 5 “C) and allowed 1o stand overnight, during which
fime orystallization ocourred. The liguld was decanied and the solid was dried ina
stream of dry air io give 28.5 mg {82% yiald) of the T-hydroxy-2-naphthoats salf of
3, 5-diamino-8-chioro-N-{N-{4-{4-{2-{hexyl{ {28 3R 4R BR)}-2 3.4,8,&6-
pentahydroxyhexyl} aminojethoxy iphenyiibulyl) carbamimidoyhipyrazing-2-
carboxamide. 'H NMR (800 MHz, DMSO) 8.2 {m, 1H), 7.7 {m, 2H), 7.4 {d, 1H}, 7.3
{d, 1H), 7.1 {m, 2H), 6.95 (m, 1H), .85 (m, M}, 4.6 - 4.2 {m, 2H), 4.0 (m, 2H), 3.8 ~
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3.6 {m, 2H), 3.6-3.2 (m, BH), 2.8 - 2.8 {m, 6H), 1.8 {m, 4H}, 1.4 {m, 2H}, 1.2 {m, 8H},
0.83 {m, 3H) ppm.

Proparstion of the 1-Hydroxy-Z-naphthoates Sali of 3 5-dizmine-6-chlore-N-{N-{4-(4-{2-
{Bexyl{{Z8,3R 4R 58K)-2.3.4,.5,-pentahydroxyhexyl)

sminojethoxyiphenyhbulylicarbamimidoylpyrazine-Z-carboxamide

A mibdure of 105.3 mg (0,187 mmol} of 3, 5-diamino-§-chioro-N-{N-{4-{4-{2~
{hexyl{{25, 3R 4R, 5R}-2,3,4, 8, 8-perdahydroxyhexyl) aminolethoxyjphenylibutyl)
carbamimidoylipyrazineg-2-carboxamide, 828 pl of 2 .3 M solution of T-hydrony-2-
naphthoic ackd in methano! (8,158 mmol of 1-hydroxy-2-naphiholc acld), and about 1
mi. of mathanol was warmed on a hot plate set at 85 °C until sl the solid dissolvad.
The solution was allowsd o cool to amblent temperalure and placed in a refrigeraior
{about 5 °Ch. After about 20 min i became twrbid and was sesded. Afler about 2
hours solid was present. A stir bar was added io the mbdurs and 4 was stirred in the
refrigerator overnight, during which time i became very thick, Another 1.5 mil of
methano! was added and the slurry was stired in the refrigerator overnight. The
mixiure was ceninifuged, the figuid was decanted, and the solid was dried in a slrsam
of dry air o give 74 mg (85% vield) of the 1-hydroxy-2-naphthoate salt of 3.5
diamino-G-chioro-N-{N-{4-{4-{ 2-{hexyl{{ 28 3R 4R BR}-2,3,4.5 8-pentahydroxyhexyt)
aminolsthoxy iphenylbubicarbamimidoyiipyrazine-2-carboxamide.

Pharmacology  of Compound  fa)  3.5-diaming-8-chioro-N-{N-{4-{4-{2-

carbamimidoviipvrazine-Z-carboxamids

Assay 1. o Vitro Messure of Bodium Channel
Reversibility

One assay used o assess mechanism of action andfor potency of the compounds of
the present invention involves the determingation of luminal drug inhibition of alrway
epithelial sodium currents measured under short oircult current {lse) Using airway
epithelial monolayers mounted in Ussing chambers. Cells are obigined from freshly

excised human, caning, sheep or rodent airways. This assay is described in detall in
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Hirsh, AJL, Zhang, J., Zamurs, A, et al Pharmacological properties of N-(3,5-
diamino-G-chloropyrazing-2-carbonylpN-4-[4-{2 3-dihydroxypropoxy iphenyiibutyl-
guanidine mathanesulfonate (582-02), a novel epithelial sodium channs! blocker with
potential clinical efficacy for CF lung disease. J Pharmacol Exp. Ther, 2008; 325(1}:
F7-88.

inhibition of transceliular sodium movemant through ENaC was measured using
potarized bronchial epithslial cell monolavers mounted In 3 modified Ussing chamber,
Primary cullures of canine or hurnan bronchial epithelial cells grown using an air-
fiquid inferface were tested undsr voltags clamp conditions. The shorl-cireult current
{lar) was measured as an index of fransepithelial sodium fransport o assess

potency.

Compound {fa} 3,5-diamino-8-chiore-N-{N-{4-{4-{2-{hexyl{{25,3R 4R, BR}-2,3,4,5,56~
pantahydroxvhaexyllaminojethory phenylibubcarbamimidoyiipyrazing-2-
carboxamide was s potent inhibitor of transcellular sodium transport and was
approximalsly 80-fold more active than amiloride In canine bronchial epithelial cells
{CBE}, and approximalely

180-fold In human bronchial spithelial oells (HBE} (Figure 1) In CBE Compound
{ia) had an iCs of 13.238.0 nM and in HBE Compound {ia) had an 1Cg of 2.4+1.3
r (Table 1)

Tabile 1. Inhibition of Short-Clroult Currant by Compound {Ia} in caning bronchial
apithelial cells and human bronchial epithelial calls (104 ni)

Spocies Arniloride Compound |
{Parent}

Human 388+188 (223

Values represert the mean £ 8D {n) “indicates significance {p<0.05) from amilorids

Recovery of short circull current {lge) from masdmal block was used as an indirect
measurament of drug off-rate. Peroent recovery of s after full-block, detarmined
after three apical surface washes and calculated by the formula: recovered {Ise) f pre-
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freadment {lse) x 100, was significantly (22 fold) less reversible than amilorids in CBE
and 9.5 fold less in HBE (Table 2), indicating that Compound {§a} produces a longer,

mora durable biock on ENal.

Tabls 2. Reversibility of Compound {ia} on Short-Circult Current in Canlne

Bronchial Epithelial Cells and Human Bronchial Epitheiial Cells (% recovery)

Spaciss Amiloride Compound {1a}

Caning 801 £ 27.8 (3% 4111167V

Human B85 + 10.7 {4} 8.4 £ 17 (3

Values represant the mean 1 8 (0} “indicates significance {p<{.08} from amiloride

Assay 2. Mucociiary Clegrance (ML) Btudies in Shesp

The animal model that has been used most offen o measure changss in
MOC s the sheep model. The sffect of compounds for snhancing mucociiiary
clearance (MOC) can be measured using an i vive model described by Sabater st
al., Joumal of Applied Physiclogy, 1889, pp. 2184-2198, incorporated herein by
refarence.
irt these studies, adult shesp were resirained and nasally infubatad with an
andotracheal iubs. Asrosciized lest arlicles were administered over 10-18 minutes
to sheep. Radiclabsled ¥ Te-sulfur colloid (TSC, 3.1 mg/mi; containing
approximately 20 mGi) was then administered al 5 specified ms four or sight hours
after test arlicle. The radivlabeled asrosol was adminisiersd through the
sndotracheal fube for about & minules. The shoep ware then exiubaled, and tolal
radivactive counts in the lung were measwed svery 5 minudes for a 1-howr
observation pericd. The rats of radiclabel clearancs from the lung is represeniative
of the MCC rate in the animal. The advaniags of this system is thal it clossly
simulates the human lung environment, The model also allows Tor the collection of
simulfansous PK/PD information through plasms and wine sampling over the lest
period. Thers are also several lechnigues o measure the drug concentrations on the
airway surface during the MOC measurements. Thess includs the collsclion of
exhaled breath condensates or g filter paper method o oblain ASL via

bronchosoopy.
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The ovine model describad above was usad o syaluate the in vive sffects
{efficacy/durability’ of agrosol-delivered Compound {ia) on MCC, Treatments
consisting of sither 4 mb. of Compound {ia}, Comparative Example 1, Comparative
Example 4, vehicls (sterile distiled MO, or test agent in combination with HS weare
fested. To delermine § combining HS with Compound {fa) MCC, HS was
administered immediately following Compound {Ia) administration. Test solutions
were ssrosolized using & Raindrop nebulizer at a flowrals of eight Hlers per minule
and connected o a dosimetry sysiem consisting of a sclenoid valve and a sourcs of
comprassad air {30 psi). The deposited dose of drug in shesp lungs afler an aerosal
administration using the Raindrop nebulizer is estimaled o be 815 % of the doss.
Lsing a Raindrop nebulizer, radivlabeled TSC was administered over approximately
3 minutes seither 4 or 8 hours sfter drug reatment io svaluale efficacy/durabliity.
Radioactive counts were measured in a central region in the right lung st & min
intervals for one howr with a gamma camera. Three methods of analysis ware
ubifized, 1) initial rate of dearance {slops) over the irst 30 min filed using linear
régressi@n 2} area under the curve for % clearance over time over ong hour, and 3}

the maximum clearance oblained in one hour.

The effect of Compound {ia) at 18 potkyg, .18 pgikg and 0.010 pgikyg were lestad
and comparsd fo vehicle {4 mi sterile HLO) on shesp MOC four hour post-dosing
{Figure 2}. The analyses of effects are shown in Table 3. At all doses tesisd,
Sompound (s} enhanced MCC compared {0 vehicls confrol. The 16 po/kyg dose was
sonsidersd {0 be a madmum MOC sffect

Table 3. MCC in Bheep at 4h Post-dose of Compound {ia} or Yehicle

PCT/US2012/044272

Compound | Dose initial Slope AUC % Gl - by} Maximum

{4.0-4.5h} Clearance
18 pgiky 30.0+3.0% (4} 18.6+2.24 (4) 33.8+43.77(4)
0.18 pofkg 38.1(2) 18 {2 33.1 {2
0018 uglkg 33.344.4%{4) 14.4+1.3" (4} 25.5+1.3% {4}
V@Lhicia {014 17.248.8 (8) 7.3+1.5(8) 12.9+2.8 (8}
i1
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Data are reported as the meant S0 (n) Study with n=2, not included in sialistical
analysis “indicates significance {(p<0.08) from vehicle. Tindicates significance
{(p<0.08} from 0.018 uglkg duse.

To determine whether HS increases the MCC effect of Compound (la), HE 825 mi
of 10% HS; 62.5 myg deposiled, assuming 10% deposition} was dosed immadiaiely
foliowing 0.018 ug/kg of Compound (la) and MOC was assessed four hours after the
combined dosing {Figure 12). HE increased the effect of 5 0.016 ug/kg dose of
Compound {(a} o & maximal effect, 55 sesn with both the 0,16 and 18 ug/ky doses
of Compound {ia} alons (Figure 2). Therefore, 2 maximal MCC effect can be
achieved when MS is added to 8 dose (0.016 ug/kg ) of Compound {la} which

produces a sub-mandmal response whan given without HS.

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

Boss initial Slope AUC % G h) Maximum
{4.8-4, 55} Clsarance
Compound {ia) 44.9 (2} 20.7 (23 37.0(2)
{8.018 uglkg: 4 mi + HE}
Compound {ia) 33.324.4{4) 14.4£1.3 {4} 255213 {4}
{0.019 uglkg: 4 mb}
Yehicle MO {4 mb) 17.2268.8(8) 7.3%1.5 (83 12.223(8)

Dats are reporied as the mean £ 80 {0}, Study with n=2, not insluded in statistical

analysis.

To assess both the durabiiity of Compound {la) and the effect of addiion of HE fo
Compound {ia} MCC was measured eight howrs post dosing with vehicle (HyO), HS
7% alone, 0,18, 1.8 and 16 polkg Compound {a) alone or a combination of 0,18
ugfkg Compound (a) and 7% HS dotal 4mi volume for every trealment} (Figure 4.
After dosing with vehidle, the MCC at 4 and 8 hours was the same, indicaling thal the
rate of MCC in the shesp over 4 — B hours i at a steady-state (Figures 12 and 13},
Fight hours following 4 mil of 7% HS adminisiration, no change in MOC was
observed compared o vehicle, indicating the HS sffect had disappeared. Al thres
dose groups {016, 1.8, and 18 ug/hkg) of Compound {ia} increased MU in 2 dose-
refated manner compared o both vehicle and HS, indicating that Compound {Ia} has
a longer duration of action than HS slons (Figure 43, The combination doss of HS
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and Compound {ia) increased the effect of a2 0.18 pg/kg dose of Compound {ia} {o
greater than that obsarved for the 18 pgfg doss, indicating a 100 fold gain in activity
when HS was added to Compound {a) (Figure 4). The enhancement of
Compound {a} aclivily by HS, at a time when HS has no inherent aclivity, clearly
indicates synergy between HS and Compound {ia}.

Table 5. MCC in 8haep at Bh Post-dose of Vehicls, HS, Compound {ia} ora
Combination of NS and Compound {1a)

Dosse Initial Slope  AUQ (% Cih) Maximum
{8.9-8.5h} Clearance

Yehicle - HO {4 mL) 17.855.7 {4} 7.821 {4} 14.2+0.7 (4}

7% HS {(dml} ' 17.8 (2} 7.8 {23 14.8 {2}

Compound {Ia} 240 (%) 10.7 {2} 19.7 {23

{0.16 pg/kg ; 4 mb)

Compound {ia} 24.4 (2} 111 {2} 21.2 {2}

(1.8 pglkg: 4 mb)

Compound {ia) 280 (2} 13.8 {2} 28.7 {2}

{18 polkyg: 4 mb}

Compound {ia) 30.8+2.5(4} 15.3462.2 {4} 27.5+1.6 (4}

{6.18 uglkg +7 % HE:4 mb)

Diata are reported as the mean+SD {n}. Study with n=32, not Included In stalistical

analysis

Assay 3. d. Alrway Swisce Liguid Drug (ASL} Clearance and Metabolism by
Human Alrway Epithelium

The disappearance of Compound {ia} from the apical surface and airway epithsiial
metabolism were assessad in HBE {Tabls 8). In these experiments 25 yl of & 25 pM
solution of ENaC blocker was added to the apical surface of HBE celis grown st an
airfliquid interface, and the drug concentration in the apical and basolateral
compartment was measured over 2 h by UPLC. After 2 h incubation of
Compound{la} on the apical surface {37 CC), no metabolites were detected on
gither the apical or basolateral sides and no Compound{la) was dstectable on the

basolstersl side,

Tabie 8. Apical Disappeasrance and Metabolism of Compound {1a} by HBE

Compound | % of Initlal Drug | % of Apical % of initial % on
Mass on Apics! Mass as Apical Mass Basolateral
Side {(Parent and | Metaboliles | on Basolatersl Side as
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metabolits, 2k} {2k} Side {2h} Hataboliiss
{Zh}
Compound 83.77+8.2% NOnE none : e
{ia}

Assay 4. e, Alrway Hydration and Sodium Channel Block {in vitro model)

Parion Sciences has developed experimental modsls for assessing airway hydration
in cell oultures (Hirsh, AL, Sabaler, LR, Zamurs, A, st al. Evaluation of second
genaration amiloride analogs as therapy for OF lung disease. J. Pharmacol Exp.
Ther. 2004: 311{3}: 929-38. Hirsh, A.J, Zhang, J., Zamurs, A, et gl Pharmacclogicsl
properiies of N-{3,5-diamine-6-chioropyrazine-2-carbonyl -N-4-14-{2 3-dihydroxy
propoxy phenviibubvl-guanidine methanasulfonate (852-02), a novel epithelial sodium
channe! blocker with potential clinical efficacy for OF lung disease. J Pharmacol
Exp, Ther, 2008, 32B(1) 77-88).

Primary CBE cells arg plated onlo collagen-coated, porous membranes maintained
at an air-liguid inlerface 0 assess maintenance of surface liguid volume over time.
At the start of the sxperiment, each 12 mm snapwsell insert was removed from the
plale conlaining airdiquid interface culture media, blotled dry, weighed, and 50 pb of
vehicle {.1% DMBO), or ENaC blocker {10 uM in 0.1% DMSO) applisd 1o the apioal
surface and the mass was recordad. The inserls wers immediately relumed o a
franswsdl plate (500 ul, Krebs Ringer Bicarbonale (KRB}, pH 7.4 In lower chamber}
and placed in a 37° €, 5% CO,; incubsior. To reduce ariifact dus 10 an aplcal
carbohydrate osmotic gradient upon waler ioss, glucess was not included in the
apical buffer. Compound {1a) was tested and compared to vehicle, and the mass of
ASL was monitored serially from -8 or 24 h. The mass of surfacs liquid was

sonverted fo volume in pl. Dala are reported as % initial volume {100 % = 50 L)

The duration of sodium ransport inhibition was determined indirectly by measuring
the buffer retained after a 50 i volume of experimenial buffer was added o the
apical surface of CBE cells. Only 12.8%212.1% of vehicle {buffer} remained on ths
surface after 8 hours and g small increass in surface guld relention was seen with
10 uM amilorids in the vehicle (25+18.2% afler 8 hours). In comparison, Compound
{ia} significantly incraased apical surface liouid relention, maintaining 88.3%13% of

the surface liguld over 8§ howrs (Figure &)
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To test Compound {a) further, the duration of incubation was increasaed from aight
10 24 howrs, Amiloride was not tested over 24 howrs as the majority of the sffect was
gons after eight hours. After 24 hours, only 11 % of the vehicle buffer remained
whereas, Compound (g} mainiained 72.357.3% of surface liquid over 24 hours, a
inss of ondy 16% redative 1o the &-hour maasure, suggesting Compound {la} exhibits

a durable effect on lguid retention (Figure 8},

Lomparative Examples

The present compound of formula (8} is more polent andfor absorbed less
rapidly from mucosal surfaces, especially sirway surfaces, compared 10 known
sodium channel blockers, such as Comparaiive Examples 1 through 5, described
below, Therefore, the compound of formula {1} has 8 longer hal-life on mucossl
surfaces comparsd {o these compounds.

Comparative Examples 1 through 4 are claimed, desoribed or within the
disclosures of WO 2003/070182 (U, 8. Palent Nos. 8,888,615, 7,188,833; 7,188,719,
7,182,860, and 7,332,408}, WO 2005044180 (U5, Appin. No. 2005/0080083 and
U.S. Pal. No. 7,745,442), WO 2004/073828 (U, 8. Palent Nos, §,803,105; 6,885,180,
7,026,525, 7.030,117; 7,245,044, 7,820,878, and 7,875,819}, WO 2005/018879 (UL
&, Patent Nos. 7,084,128, 7,247,637, 7,317,013, 7,388,447; 7,388,481, 7,375,107,
7,388,013 7,410,968 and 7,868,010), or WO 2008/031028 (U5, Patent Application
Publications 2008/0090841 and 200W/0082287} as sedium channel blockers having
useful medicinal properlies and can be preparsd by methods descoribed therein and
others known in the art

HMN. M ,NH,
OH OH PN W:LN
P J
O OH GH
(80
HC}F! <
&P P »
. 10(! g/ on Comparative Example 1
OH

The compound of Comparative Example 1 is included in the sodium channel
blocking compounds of WO 2008031028, where iis structure can be seaen on page
14,
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Comparative Exampls 2 is 3, 5-diamino-8-chiorg-N-{N-{4-{4-{2~
{dibexylaminglethoxyiphenylbutyhcarbamimidoviipyrazine-2-carboxamide, which s
within the generic disclosure of WO 2004/073629.

HoNL N

NN, NH

1 A N e
T e e N \J NH G

Comparative Example 2

f‘”\\/"‘*\vf\

Comparative Example 3 i 3, 5-diamino-8-chioro-N-{N-{4-{4-{2-
{{(28,3R 4R 5R)-5-hydroxy-2,3 4, 8-tetramethoxyhexyl {28, 3R, 4R, 8R)-2,3,4 5. 6-
pentahydroxyhexyl} BMinG} ethoxyiphenyhbulyhearbamimidoyDpyrazine-2-
carboxamide, which is within the generic disclosure of WO 2008/031028.

BN M, oD,

H H
UH OH N I
i /’*\\/"*\\/ \nl N '
I\ \//\ NH

OH_ GH QH S
(S

i /(r;) /

(Rf G Comparative Example 3

e
Y5
G
10 N

Comparative Example 4

o P
ﬁ NI ,:;fj/ \\ ~ /‘
CE\ ,:;,N\/ . =‘J\‘N/A\

}:;.1' H

S
T TN

s

N,

{533, 5-dinmino-S-chioro- V(N {4-{4-{2 3-diamino-3-oxopropoxy jphenyl buty DearbamimidoyDpyrazine-2-
earboxamide

15 The compound of Comparative Example 4 can be seen on page 18 of US
2005/0080083 and as Compound 2 on page 90 of WO Z008/031048, and as
Compound 2 on pages 42-43 of WO 2008/031028. In order 1o have uselul aclivily in
treating Cystie Fibrosls and C.O.P.D & compound must have properties that will
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cause enhancament of mucociiiary dearance (MCC) al doses that do not slevale
plasma potsssium which will eventually lsad b hyperkelemias, s serious and
dangerous condition, on mulliple dosing. | must therefore be avolded in this class of
compounds, which are known o elevale plasma potassium ¥ they ars significantly
excreted by the kidney. In order io evaluste this potential, It is beneficial to have
MCC activity i vivo and not cause elevation of plasms potassium al the useful dose.
One model 10 assess this is the sheep MOU model described below. As can be seen
from the Table 7 below, the EDy (AUC=4T%) for Comparative Example 1 in the
shaep MCC model is approximately 3000 pM,

Table 7. Change from Yehicle in MCC Effect 8t 8 hrs. in Sheep
Using 3 Different Measures

Tabis 1. Slope ALIG Max Clearancs Approvimates
- Bash (0 % Elss

""""" 3 aﬁnga)102(1@&%)63(1&0%}128(10{3%)

30 uh {ia) 8.8{68%:} 3.3E3%} 7 E5%) 2.4nmolfkg
............. 5 0@%;;5%61{5%%}29{4?%}4(3’&”;’}zﬁ(ﬁnmmiikg

{Gomp. Bx. 1} '
Madmal 10.2 {100%) 8.2 {100%)} 12.8 (100%)
Effect |

As can be seen from the Table 7 and Figurs 7 the Elg Tor Comparative
Example 1 in the sheep MOC model is approximately 240 nmolfkg {(Smb) using
three different measures {slope, AUC and Maxdmum Clearance). Al this dose, which
would be a clinically active doss, Comparative Example 1 causes a rise in plasms
potassium which on repeat dose will lead {o hyperkalemis {(Figurs 8). Thus,
Comparative Example | s unacceptable for human use while Compound {ia}
nroduces a safe and effsctive MCC with a benefit to risk ratio greater than 1000 in

this modsl..

in order o lowsr the potential renal effect of the moleculs, more lpophilic
compounds were examined. Comparative Example 2 which replaces the two
hydrophilic groups of Comparative Example 1 with two lipophilic chalns of equal
iength results in compound Comparative Example 2 which is an order of magnitude
less potent than Comparstive Example 1 in vitro {Table 8} and thus unsuliable to
produce sustained MG in vive, Compsarstive Exampls 3 in which all of the oxygen’s
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of Comparative Example 1 wers retained and § of the hydroxyl's methyl groups were
added to 8 of the hydroxyl's had a similar decrement in in vitro activity. it thus
appeared that it was not possible to produce an sclive and renally safe molscule
from this struciural frams work. B was unexpested therslors that compound {la) was
discoversd o retain in vitro activity equal o Comparative Example 1. Even mors
surprising and unexpectad was thal Compound {Ia} was ovar 100 limes more potent
in vive than Comparative Example | and caused no rise in plasma polassium at
eflective MCC dosas.

Table B. fn Vitro Measure of Sodium Channsl Blocking Activity

Compound | 10, (nl)

fa 13.2

Comparative | 11.8
Exampls 1

Comparative | 124.5
Example 2

Comparative | 144.1
Exampie 3

Comparalive | 6.8
Example 4

Ancther compound which has been studied exdensively is the compound of
Comparative Example 4, {833 B-diamino-8-chioro-N-{N-{4-{4-{Z 3-diamine-3-
oropropoxky phenyl) butyl} carbamimidoviipyrazine-2-carboxamids..

Tha disappearance of Compound {la) from the apical surface and alrway
epithelial melabolism were assessed in HBE and compared {o Comparative Example
4 {Table 8). In these experiments 25 b of a 25 uM sciution of ENa{ blocker was
added to the apical surface of HBE cells grown at an airfliquid interface, and the drug
conceniration in the apical and basolaieral compartment was measured over 2 h by
UPLC, Aflter 2 h incubation of Compound (1a) on the apical surface (37 *C) no
melabolites ware detected on sithey the apical or basolateral sides and no
Lompound {1a} was deteciable on the basclateral sids. In contrast, most of
Comparative Example 4 was sliminated from the apical side with 83% metsbolized io
the less sclive carboxylie scid, (832-aming-3-{4-{4-{3-{3,8-diaminc-8-chioropyrazine-

2-carbonyiiguaniding butyl) phenoxyipropansic acid, structurs below,
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Table 8. Apical Disappearance and Metabolism of Compound {ia) by HBE

Compound % of initisl % of Apicsl % of initial | % on Basolatersl
Drug Mass on Mass as Apical Mass Side as
Apical Bide Metabolites o Metabolites {2h)
{Parent and {2h} Basolateral
metabolite, 2h} Side {2h)
LCompound 80.7"+8.2% fone nons None
{ia}
Comparative 41.8+7.6% 83.0+3.5% 8.33x0.2 94,7 + 1.0%
Example 4

Values represent the mean 80 *indicates significantly different {p<0.08} from

5  Comparative Example 4.

Compound{lal is 10,000 times more polent in sheep MCC than Comparative
Example 4 with no slevation of Plasma K, whereas Comparalive Example 4 has
elevations of plasma K at the approximate EDSO dose of 3mM (Figures @ and 10}
This, again, demonstrates the unigue unexpecied polency and safely advantage of

10 compound la.

Table 10, BCC in Sheep at 4h Post-dose of vehicls, Comparative Exampie 4
or Compound {18}

Dose initial Slope | AUC % Clxh} | Madmum Clearancs
{4.0-4.50}
Comparative Example 32.2+7 37 (B} 14.122.2° (§) 22.9+2.17 (6}

4{112 poikg; 4 mi}

Comparstive Example 14.5+1.3 (3} 8.9+1.0 (3) 14.8+0.8 (3)
4{11.2 pg'ky; 4 mb)

Compound (a) AR ATAA () | 444137 (4) 25 511.3° (4
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{0.018 ugfkg: 4 mb)

Vohicle H.0 (8mby | 17.0+6.8 (8) 73415 (8} 2242 8 {89

it has now been shown that the snhanced rensd safely of Compound {ia} can
be axplained by the marked reduction in clearance of drug by the kidney. If the
compound can be kept away from sodium channels in the kidney, hyperkalemia
should be markedly reduced. Following intravencus adminisiration to sheep, 43% of
Comparative Example 1 was recovered in uring, whereas only 5% of compound |
was recovered from wrine, Even more dramalic is the surprising reduction in urinary
recovery of drug when administered as an aercsol, directly infe the lung. When
Comparative Example 4 is adminisierad o sheep as an inhalation serosol, 7.% of the
dose is recoverad in urine wheresas only 0.07% of an serosclized dose of Compound
{ia) is recovered in wing. Reducsd dearance of compound info urine (10-100-fold),
combined with the above-described significant reduction i dose requirement leads o
an unexpecied 100,000 o 1,000,000-f0id difference in riskchenafit.

Tablie 11. Urine Excretion of Compound {ia} and Comparative Example 4 in

Bheep.
55&3; §C0mp. Ex. 4 %ﬂﬁmpwm HE)
oD 084 5.2
gaez:sa 5.6+3.7 ni 1348 ni
Hurman Plasma )

¥i% = 37 min MNone
Metabolism
Human Flasmal

TE+2% G7+2%
FProtein Binding
Urinary excretion of
»s dministered  doself % 007 %

%sheep}

Figure 8 graphs the peroeniage mucus clearance over time by Compound
{ia}, 3, 5-Diaming-8-chioro-N-{ N-{4-{4-(2-{haxyl{ {25, 3R 4R 5R}-2,3,4,5.8-
paniahydroxyhexylamine jethow iphenyvibubvlcarbamimidoylipyrazine-2-
carboxamide hydrochionic acid salf, and Comparative Exampie 4, as described in the
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MCC modsel, above. A similar perceniage mucus clesrance was provided by
Compound {ia) sl a 7,000-fold lower dose than seen with Comparative Exampls 4.
Compound {ia) provided & maximal effect in 2 clinically relevant dose rangs.

Figure 10 fHlustrates the significant increase in plasma polassium levels al an
efficacious doss sean in the plasma of the sheep receiving Comparative Example 4
in the MCC study, above, over tims. No effect in plasma potassium isvels was seen
at any dose tesied in the sheep recelving Compound (Ia}.
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CLAMS
That Which Is Claimed ls:

& compound of the formula:

o G

e o
OH 011 (}Iﬂ f*\*/“\, /\Nfﬂ N‘\ /Ci
XX
j (i HEN M N,

HyO

or a pharmacsutically acceplable salt theveof.

2. A compound of Claim 1 which is 3,8-diamino-8-chioro-N-{N-{4-{4-{2-
10 {hexyl{{28,3R, 4R 8R}-2,3,4.5 8- penighydroxyhexyllaminoisthoxy}

phenyiibulylicarbamimidoyipyrazine-2-carboxamide, having the formula;

O OB
2,

rfl\@ \f“&AN/\\ P L “‘*i oo
OH OH Cj W\ - \ /L:E L

O

or & pharmaceutically acceplable salt thereof.

15 & & compound of Claim 1 selected from the group of:
3. 5-diamino-G-chioro-N-{N-{4-{4-(2-{hexyl{{2R,38,45,58)-2,3,4,5,6-

pentahydronyhexyllaminojsthoxy iphsnyhbutylearbamimidoyipyrazine-2-
carboxamide

e

GH CEH

P
[; -\,/ﬁi» ,fiff f-~\wwf"\«w,f‘;::::r’f )

I HZN N N.Hz
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3, 5-diamino-§-chioro-No{MN-{4-{4-{2-{hexy{{28,3R 4R 5R}-2,3,4,8,6-
pentahydroxyhexyhamino lethoxyiphenyhibubyhicarbamimidoylipyrazine-2-
carboxamide

o OH
PN PP N N/"’\E/ ff;xw ,»QH

,) OH OH

O
I "vjt /EH ’WE;/H e

5 H2N N NH?

3, 5-diaming-G-chiorg-N-{ N-{ 4-{4-{ 2-{hexyl{{ 2R, 38 48 ,8R-2,3,4,5,6-
pentahydroxyhexyhaminolsthoxyiphenvhbubdicarbamimidoyipyrazine-2-
carboxamide

16
OH CH
.‘/\\//\'\-f e f\ff’\/\»/cﬂi
i
:/f ()H (}H
o T "
Ci /:NQ. e \ -~ A R \'\ < {id}

J R

B N TNH,

3, 5-diamino-S-chiore-M-{MN-{4-{4-{2-{ howyl{{ 25, 3R 4R, 883-2,3, 4.5.6
periahdroxyhexybhiaminoe lethoxy iphenylbubcarbamimidovpyrazing-2-

1% carboxamids

H
P /\. \\/{:ﬂi

OH OH

ST, f{-—}

\tﬁ N iﬁf“\/ T I/ J, {ie}

HgN N
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3 &-diamine-S-chioro-N-{N-{4-{4-{2-{hexyl{{2K 35 4R 88}-2,3,4.5,8-
pentahydroxyhexyhaminojethoxy iphenyhbubylicarbamimidoyipyrazine-2-
carboxamide

GH G
o g gt A\g’ A

S ém dm

s
G NH f’\qf
¥ i 3
= I}u\\j/iﬁj\ﬁ/\/ﬁ\w S i
A

LNT N TNH,

{

3. B-digming-G-chioro-N-{N-{4-{ 4-{ 2-{ haxyl{{(25,3R 43 ,5R -2, 3.4 5,6~

periahydroryhexyhamineiethoxy phenvibutyhcarbamimidoypyrazine-2-
carboxamids

16

H OH
//\,AV/\N - "\\/«OH

OH O

. ‘WH PN,
| E

W N

P

HNT N NE,

i

3, B-thiamino-S-chioro-MN-{N-{4-{4-{ 2-{hexyl{ (2R 3R 48,55}2,3,4.5,6-

penishydroryhexyliamingethoxy iphenyibutyhicarbamimidoyviipyrazine-2-
15 carboxamids

P4
//'\.\‘ //\\N //\.\N,f\\: o y ey /;OH

IR T
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3. 5-digmino-8-chiore-N-{N-{4-{4-{2-{hexyl{{28 38 4R BR}-2,3.4,5,6-
pentahydroxvhexyhaminojethoxyiphenyhbubdcarbamimidovhpyrazine-2-
carboxamide

OH OH
P NN J“\N/\\gf.r;\g /;\\\« ,/QH
[/,j O O

e D
i, N j}\ Ji ,.«\V,m j {ih)
TN

5 N7 N NI,

3, E-ciaming-B-chloro-N-{N-{4-{4-{2-{ hexyl(( 2R 3R, 4R 5R}-2,3,4,5,6-

pentahydroxyhexyhiaminojsthoxy inhenybulylicarbamimidoyljpyrazine-2-
carboxamide

H OH

i CPEI OH

I U
o T

10 HNT T TN,

3, 5-disming-8-chioro-M-{MN-{4-{4-{2- haxyl{{ 25,35 ,48,581-2,3,4,5 8-
pentahydroxyhexyllaminojethoxyiphenylbutylicarbarmimidoylipyrazine-2-

carboxamide
OH QH
A\_/\\/“N/‘E/‘;\v’ AGH
J GH OH
(‘l /\V/\\/[\;ro {5
B o0
15 N N’ NH,

3. 5-diamino-8-chiore-N-{M-{4-{4-2-{henyl{{ZR,38,48,583-2,3,4,5.8-
pentahydroxyhesyliamine jethoxyiphenyl bubybcarbamimidoylipyrazing-2-
carboxamide
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oH OH

') A Oy

A
Aoy
{,ETl\,Njf \EJ‘LE/\//\ /r

. : (e
HNT N NH  and

3, 5-diamino-8-chioro-MN-{N-{ 4-{4-{ 2-{hexyi{{28,3R 4K, BR}2,3,4,5,8-
partahydrosyhexyliamingjathoxy jphenyhbuty carbamimidoyhpyrazing-2-
carboxamide

af g pharmacautically accepliable salt thereof.

4, A pharmaceutical composition comprising a pharmaceutically effective
ampurntt of a compound of Claims 1, 2, or 3, or a2 pharmaceutically accepiable salt

thersof, and & pharmaceutically accepiable sarrler or exciplent.

5. The pharmaceutical composition of Claim 4 wherein the compound is 3,5~

diamine-G-chioro-N-{N-{4-{4-{ 2-{heoryl{{25 3R 4R BR}-2,3,4,5,6- pantabydrosyhesyt}

amingjsthoxy) phenyhbulybearbamimidoyhpyrazine-2-carboxamide, or a

pharmacsulically accsptable sall thersof

8. The composition according to either of Claims 4 or §, wherein said

composition is sultable for inhalation.

7. The composition according to either of Clabms 4 or §, wherein said

somposition is a solution for aerosclization and administration by nebulizer.

g The composition according o elther of Clalms 4 or 5, whereln said

composition is suilable for administration by metered dose inhaler.

g The composition acoording to sither of Claims 4 or 8, wherein said

composition s a dry powder sultable for administration by dry powder inhaler,

10, The composition according o sither of Claims 4 or & further comprising &
pharmaceutically eflective amount of a therapeutically aclive agent selected from
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anti-inflammatory agents, anlicholinergic agents, B-agonists, P2Y2 racsplor agonisls,
paroxisoms proliferator-astivated receplor agonists, kinase inhibitors, antiinfective

agenis and antihistamines.

5 At A method comprising administering to a human, an sffective amount of a
compound according to any of Claims 1-3, or g pharmacsutically acoeplable salf
thareof.

12. & mathod for blocking sodium channels in a human comprising adminisiering
13 1o said human an effsclive amount of a compound according to any of Clalims 1.3, or

a pharmacsutically acceptable sall thereof.

13 A mathod for promoling hydration of mucosal surfaces or rastoring mucosal
defense in 8 human comprising administering o said human an effective amount of a
15 compound according to any of Clalms 1-3, or 3 pharmaceutically accepiable salt

thersof,

14, A msthod for treating a disease selected from the group of reversible or
ravarsible airway obsiruction, chronic ohetructive pulmonary dissase {COPD),

281 asthma, bronchisctasis {including bronchisctasis dus to conditions other than gyslic
fibrosis), acule bronchitis, chronio bronchitis, post-viral cough, oystic fibrosis,
gmphysema, pheumonia, panbronchiolitls, ransplant-associate bronchiolills, and
vantilaior-associaled racheobronchitis or preventing ventilalor-associated
prsumonia in a human in nesd thersof, said method comprising adminislering 1o said

25 human an effeclive amount of a compound according to any of Claims 123, or a

pharmaceutically accepiable salt thereof,

15. A msthod for reating chronic obstructive pulmonary disease (COPDlIng
human in need thereof, said method comprising administering 1o said human an
3G efective amount of 8 compound according (o any of Clalms 1-3, ora

pharmaceutinally accepiable sall thereof.

18. A method for reating oystic fibrosis in g human in nesd thereof, sald method
comprising administering o sald human an effective amount of 8 compound

35 according io any of Clalms 1-3, or a pharmaceutically acceptable salt thereof.
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7. Amsthod for reating dry mouth {xerostomia}, dry skin, vaginal dryness,
sinusitls, rhincsinusilis, or nasal dehydration, including nasal dehydration brought on
by administering dry oxygen, dry sys or Siogren’s diseass, promoting ooular or
comneal hydration, freating distal infestinal obsiruction syndrome, freating ofitis media,
primary ciliary diskinesia, distal inlestinagl obstruction syndrome, ssophagitis,
constipation, or chronie diverticulitis In & human In need thereof, sald method
comprising administering o said human an effective amount of 8 compound

according o any of Claims 1-3, or a pharmaceutically scoaptable sall thereof.

18. A sompound according fo sny of dlaims 1-3, or a2 pharmaceutically acceplable

salt thereof for use as 3 medicamant.

19, A compound acoording (o any of clalms 1-3 or g pharmacsutically accentable
salt thereof for use in treating s disease associaled with reversible or reversible
adrway obstruction, chronio obstructive pulmonary diseass (COPD), asthma,
bronchiectasis {including bronchisctasis dus (o conditions other than cystic fibrosis),
acule bronchitis, chronic bronchitls, postiral cough, cystic fibrosis, emphysema,
prsumonia, panbronchiclilis, transplant-associate bronchiolills, and ventiator-
associaled tracheobronchitis or preventing ventiiator-associated pnsumonia in a

human in need thereof.

20. A compound according o any of claims 1-3, or a pharmacsuticaily scceptable
sall thereof, for uss in reating dry mouth (xerostomia), dry skin, vaginal dryness,
sinusitis, rhinosinusitis, or nasal dehydration, including nasal dehydration brought on
by administering dry oygen, dry eve or Slogren's disease, promoting ooular or
comeal hydration, fregting distal infestingl obstruction syndrome, freating ofitis medis,
primary cilary diskinesia, dislal inlsstinal obstruction syndroms, ssophagitis,

constipation, or chronie diverticuliis in a human in nesd thereof.

21. Use of a compound according to any one of dlaims 1-3, or a pharmacsutically
accaplable salf thereof, for the manufaciure of 8 medicament for freating a disease
associated with reversible or irreversible ainway obstruction, chronic chstructive
pulmonary diseass (COPD), asthma, bronchiectasis {ncluding bronchisciasis dus to
conditions other than oystic fibrosis), asute bronchitis, chronic bronchitls, post-viral
cough, cysiic fibrosis, smphysema, pneumonia, penbronchiolills, ransplant-associate
bronchiolitis, and ventilator-associated rachecbronchitis or preventing ventilator-
associated pnsumonia.
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22. Uss of a compound aocording o any one of claims 1-3, or 2 phanmacsutically
accepiabls salt thereof, for the manufacturs of & medicament for realing dry mouth
{xerostomia), dry skin, vagina! dryness, sinusilis, rhinosinusitis, or nasal dehydration,
including nasal dehydration brought on by administering dry oxygen, dry svs or
Siogren's disease, promoling coular or corneal hydration, reating distal infestingl
obstruction syndrome, freating ofitis media, primary ciiary diskinesia, distal intestingl

obstruction syndrome, ssophagitls, constipation, or chronic diverticulitiz

23. A composition comprising 2 compound according o any ong of olalms 1-3, or
a pharmaceutically aceepiable salt thereof, for use in the preparation of a
madicament for treating & discase associated with reversible or irreversible sinway
shstruction, ehronic obsiructive pulmonary diseass {COPDY, asthma, bronchisclasis
{including bronchiactasizs due o conditions other than oystic fibrosis), acuts
bronchitis, chronic bronchilis, post-viral cough, cystic fibrosis, emphysema,
preumonta, panbronchiplitls, ransplant-associate bronchiolitls, and ventilator

associated {racheobronchills or praventing ventilator-assodisied presumonia,

24, & composifion comprising a compound according {0 any one of olaims 1-3, or
a pharmaceutically acceplable sall thereof, for use in the proparation of a
madicament for freating dry mouth (xerostomia), dry skin, vaginal dryness, sinusilis,
rhinosinusitis, or nasal dehydration, including nasal dehydration brought on by
administering dry oxygen, dry eye or Sjogren's dissase, promoting ocular or corneal
hydration, reating distal inlestinal obstruction syndrome, treating ofitls media,
primary ciliary diskinesia, distal intesting! obstruction syndromse, ssophagilis,

constipation, or chronic diverticulitis,

25, A msthod for preventing, mitigating, sndfor realing delerministic health
affacts {o the respiratory tract and/or other bodily organs caused by respirable
aarosols containing radionuclides In a human in nesd thereol |, said method
somprising administering to said human an effective amount of a compound

according to any of Claims 1-3, or a2 pharmaceutically acceptable salt thareof,



