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3, 5-DIAMINGS-CHLORO-N-{N-{4-{8{2-{HEXY1{2,3,4,5,8-
PENTAHYDROXYHEXYL)AMING)ETHOXYIPHENYLIBUTYL)
CARBAMIMIDOYLIPYRAZINE-2-CARBOXAMIDE

Fisld of the Invention

The present invention relates to novel compounds, particularly including 3.5
diamino-8-chioro-N-{N-{4-{4-{2-{hexyl{2,3.4,5 8-pentahydroxvhexyliaming}
sthoxyiphenyl) bulylicarbamimidoyliprazine-2-carboxamids and iis
pharmacsutivally acceplable salt forms, usefl sz sodium channs! blockers,
compositions condaining the same, therapeutic methods and uses for the same and
processes for preparing the same,

Background of the Invention

The mucosal surfaces al the interface belweean the enwvironment and the body
nave evolved & number of “innate defense”, L., protective mechanisms. A principsl
form of such innale defense is o cleanse these surfaces with liguid. Typically, the
guaniity of the Houid layer on 2 mucoss! surfsce reflecis the balance between
apithelial igud secretion, oflen reflscting anien (T andior MO secration coupled
with water {and a cation countar-ion), and epithelial liquid absorption, often reflecting
Na" absorption, coupled with water and counter snion (CF andlor HCGY)  Many
dissases of mucosal surfaces are caused by too litle prolective liguid on those
mucosat surfaces crealed by an imbslance belween secrefion {foo ltlle} and
absorpion {relalively oo much)  The defective salt fransport processes that
characlerize these mucosal dysfunctions reside in the epithelial laver of the mucosal
surface,

One approach o replenish the profective liguld layer on mucosal surfaces is
o ‘re-balance” the sysiem by blocking Na* channs! and iquid absorption. The
apithslial protein that mediates the rate-Hmiling step of Na” and lquid sbsorption is
the epithelial Ma™ channe! "ENaC”™. ENaC is positionsd on the apical surface of the
epithelium, Le. the mucosal surface-ervironments! interface.  ldeally, to inhibit ENaC
mediated Na* and liquid absorption, an ENaC blocker of the amiloride olass will be
deliverad o the mucossl surface and maintained af this sile 1o achieve maximum
therapsutic benefit.

The use of ENaC blockers has been reporied for a varisty of diseases which
ars amshorated by increased mucosal hydration.  In particudar, the use of ENaC
blockars in the treatment of respiratory diseases such as chronie bronehitis (CB),
cystic fibrosis {OF), and COPD, which reflect the body's fallure to clear mucus
nermally from the lungs and ultimaiely result iy chronic airway infestion has been
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reported. Sse, Evidence for alrway swiace dehydration as the inffiating event in OF
airway disease, K. C. Boucher, Joumnal of inlemal Medicine, Vol 281, lssus 1,
January 2007, pages 5-18; and Cystic fbrosis: a disease of vulnerability fo airway
surface dehydration, R.C. Boucher, Trends in Molecular Medicine, Yol 13, issus 8,
Juns 2007, pages 231-240.

Data indicale that the inlisting problem in both chronie bronchitls and oystic
fibrosis is the failure to clear mucus from airway surfaces. The fallure {0 clear musus
reflects an imbalance In the guantities of mucus as sirway surface liquid (ASL) on
girway surfaces. This imbalance resulls in a relative reduction in ASL which ieads
rmucus concentration, reduction in the lubricant acthvity of the pericilary liguid (PCL),
rrucus adherence o the airway surface, and failure to clear mucus via oiiary activity
tw the mouth. The reduglion in mucus clesrance leads o chronic bacterial
cotonization of mucus adherent to sirway surfaces. The chronic retention of bacleria,
inabilily of ibeal antimicrobial substances to kil mucus-entrapped baclaria on &
chronic basis, and the conssquent chronic inflammalory response to this fype of
surface infection, ars manifest in chronic bronchitis and cystic fibrosis.

There is currently a large, unmet madical need for products that specifically
freat the variely of diseases which are amsliorated by incressed mucosal hydration,
inchuding chronic bronchitis, COPD and cystic fibrosis, among sthers.  The current
therapies for chronic bronchills, COPD and cysiic fibvosis focus on trealing the
symploms andfor the late effects of these disgases. However, none of these
therapiss freat sffectively the fundamental problem of the faillure o clear mucus from
the lung.

R.C. Boucher, In U5, 8,284,875, describes the use of pyrazinoylguanidine
sodium channs! blockers for hydrating mucesal surfaces typified by the well-known
divretics amiloride, benzemil, and phenamil,  Howsver, these compounds are
relatively impotent, considering the limiled mass of drug that can be inhaled o the
ung: (2) rapidly absorbed, and thereby exhibiting undesirably short halflife on the
mucosal surface; and (3} are fresly dissociable from ENaC. More potent drugs with
longer half-lives on the mucosal surface are needed.

Too litde protective surface liguid on other mucosal surfaces is a conmwnon
pathophysiclogy of a number of diseases. For exampls, in xerostomia {dry mouth)
the oral cavily is depleted of liguid dus to a fallure of the parolid sublingusl and
submandibular glands o secrete liguid despite continusd Na' (ENaC) iransport
madiated liguid absorplion from the oral cavily, Kersloconjunclivitis sira (dry eye) is
caused by fallure of lacrimal glands to seorsie liguld in the face of continued Na©
depsndent liguid sbsorption on conjunctional surfacss.  In rhincsinusitis, thers is an
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inbalance between mucin secrefion and relalive ASL depletion. Fallure to secrete
Ol {and lguid) in the proximal small intesting, combined with inoreased Na'™ {and
quid) absorption in the terminal Heum leads to the distal intestins! obstruction
syndroms {DIOS). In older patienis excessive Na' {and volums) absomtion in the
descending oolon produces constipation and diverbdoulitis,

The published Heralure includes number of patent applications and granted
patenis {0 Parion Scsnees Inc., direcled lowsrd pyrazinoyiguanidine analogs as
sodium channsl blockers. Examples of such publications include POT Publicstion
Moz, WOR003/070182, WOR003070184, WOZ004/073628, WOR0S/025488,
WO2005/318874, WO2005/018644, WOZO0G/022035, WOZOS/ 023873,
WOZ008/023817, WORG07/018640, WOZ007/146888, WO2008/031028,
WOZONBA31048, and US Palent Nos. 08580614, 858815, 6303105, 7084128,
7188833, 7T18871e, TI02088, 7192858, 7192080, 7241786, 7247838, T247837,
7317013, 7332408, 7308447, 7368480, 7388451, 7375102, 7388013, 7380768,
7410868, 7807834, 7842897, and 7A88010.

Thers remains 8 nsed for novel sodium channst blocking compounds with
enhanced polency and effectiveness on mucosal lissues. There alse remaing the
nead for novel sodium channe! blocking compounds that provide therapsutic sffect,
but minimize or eliminale the onsst or progression of hyperkalemia in reciplents.

Summary of the Inveniion
This  invention provides the compound 3.5-dismine-G-chioro-N-{N-{4-{4-{3-
{hexyl( 2,3,4,5 B-pentahydroxyhexyllamine ethoxy Jphenybutyl)
carbamimidoyhipyrazine-Z2-carboxamide, of the formuls:

OH OH
g

GH OH OB ,ff[\v/\ P J K Nl

~ N N
HHI]\

0 NN NH,

o

oo
or 8 pharmacsutically acceplabls salt form thereof. The Invention alse provides
spivates and hydrales, indivdidual slersoisomers, ingluding optical  isomers
{enantiomers and diastersomers) and geometric isomers (cis-frans-isomerism),
mixtures of siterecisomers, and taulomers of 3 5-dismino-8-chiore-MN-{N-{4-{4-{Z-
{hanovl{2,3.4,5 B-pantahydroxvhexyliamine jethoxy iphenylibutyl)
carbamimidoyhpyrarine-2-carboxamide, ©or a pharmaceutically accepiable salt
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thereot, as well as pharmacsutical compositions comprising the compound, or &
pharmaceulically acceplable salt thereof, Hs uss in methods of frealment, and
rathods for iis preparation.

Briaf Description of the Drawings

A more complete appreciation of the invention and many of the advantages
thareof may be readily oblained by reference io the information herein in conjunction
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.

FiG3. 2 is a piot of the dose-responss of Compound {ia) on sheep mucociliary
clearance (MOC) at 4h post-doss.

Fitz. 3 is a plot of the effect of Compound {Ia} and hyperionic saline (HB) 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. § is a plot of the effect of sodium channa! biocking of Compound {ia) on
surface liguid retention -8 h in the in vifro CBE ol modsl,

Fi. B is a bar graph of the effect of Compound {ia) on surface liguid retention
at 24 hours in the i vitre CBE modsl.

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

FIG. 8 is o plot of the effect of ENaC Blockers Comipound ks snd Comparative
Example 1 on sheep plasma polassium levels

FiG. 8 is a plot comparing the activity of Comparative Example 4 and
Compound 1a on sheep MCC at 4h Post-dose.

FIG. 18 iz a plot comparing the effect on sheep Plasma K levels of
Comparative Example 4 and Compound 1a.

Detalled Deosoription of the Invention
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As used herein, the following lerms are defined as indicated,

A compound of the invention™ means a compound of Formula { or 8 salf,
particularly & pharmacsutically acceptable salt therec!

*A compound of Formuda I means s compound having the structural formula
dasignated hersin as Formula | Compounds of Formulg | includs solvates and
hydrates {Le., addusis of a compound of Formuda | with 3 solvent),  In those
smbodimenis whersin s compound of Formula | includes one or more chiral cantars,
the phrase s inlended to encompass each individus! sterecisomer including optlical
isomers {enantiomers and disslersomers) and geomelric isomers {cis-irans-
isomerism) and mixtures of sterecisomers. in addition, compounds of Formuls | also
include tautomers of the depicted formulads).

Throughout the descoription and examples, compounds ars namsd using
standard IUPADL naming principles, where possible, including the use of the
ChemDraw Ulra 11.0 software program for naming compounds, sold by
CambridgsSolt Corp. FerkinElmer. '

In some chemical structure representations whers carbon atoms do not have
a sufficient number of atfached variables depicled o produce a valencs of four, the
remaining carbon substituents needed o provide a valence of four should be
assumned 0 be hydrogen. Similarly, in soms chemical structures where 2 bond s
drawn without specifying the lerminal group, such bond is indicative of 3 methyl {(Me,
~UHa) group, as is conventional in the arl

in one preferred embodiment, the compound of formula {3} s 3,5-diaming-6-
CHr b N-{ 4-{ 4-{ 2-{ eyl {23, 3R 41, BR-2,3,4,5,8-

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

or a pharmacsutically acceplable salt thereof.

The compounds of Formula |, may be in the form of a free base or a sall,
particularly a pharmaceutically goceptable salt. For a review of pharmaceutically
acceptable salls ses Berge ot al, J. Pharma Soi. (1877) 88:1-10.

Pharmaceulically accepiable salis formed from inorganic or organic acids
include for sxample, hydrochioride, hydrebromide, hydrolodide, sulfats, bisulfate,
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pitrate, sulfamate, phosphate, hydrogen phosphats, acstate, riflucroacetals,
malesie, malale, fumarale, lactals, tarirale, citrale, formate, gluconats, succinale,
pyruvate, tannale, ascorbale, paimilale, salicvials, siearats, phihslale, alginale,
polvglidamate, oxalale, oxaloaceiate, saccharate, benzoste, alkyl or aryl sulfonates
{e.g., methanesulfonate, sthanasulfonsts, benzenesulfonsie, poluensesulfonale or
naphthalenssulfonate) and isothionals, complexes formed with amine acids such as
vsing, argining, glutamic acld, glycine, serine, threoning, slaning, isolewcing, leucing
and the ke, The compounds of the invention may also be In the form of salts formed
from elemental anions such as chiorine, bromine or indine.,

For therapeutic use, sails of active ingredients of the compounds of Formula |
will be pharmacsutically acceplable, s, they will be ssits derved from a
pharmacautically acceptable acid.  Howsver, salls of acids which ars not
pharmacautically accepiabls may siso find use, for example, in the preparalion or
purification of @ pharmacsutically acceptable compound. Trifluoroacsiste salls, for
examnple, may find such use. Al salls, whelher or not derived from =
pharmacsulically acosplable acid, are within the scope of the pressnt invention.

The term “chiral” refers o molecules which have the properly of non
superimposability of the mirror image pariner, while the term "achiral” refers to
molecules which are supsrmposable on their mirror image parkner,

The term "sterecisomers” refers o compounds which have identical chemical
constifution, but differ with regard to the arrangement of the aloms of groups In
space. "Dilaslereomer refers 1o a sterecisomer with two or more centers of chirality
and whose molecules ars not mirror images of one ancther.  Diastereomers have
differant physical properties, e.g. melling points, bolling points, speciral propertiss,
and reactivities.  Mbdures of disslersomers may separate under high resclution
snalviical procedures such as slectrophorssis and chromatography. "Enantiomers”
refer o two slerecisomsers of a compound which are non-superimposable mirror
images of one angther,

Sterecchemical definitions and conventions used hersin generally follow 5. P,
Parker, Bd.,, MoOraw-HiLL DICTIONARY OF CHEMICAL TERMS (1884} MeoGraw-Hill
Book Company, New York; and Eliel, E. and Wien, &, STEREOCUHEMISTRY OF
Orcamic CoMPOUNDS {1884} 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 fight. In describing an optically active
compound, the prefixes D and L or R and S are used o denole the absolule
configuration of the molecule about its chiral center{s). A specific steresisomer may

also be referred 10 8% an enantiomsr, and a mixture of such isomers is offen called
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an enantiomeric mbdure. A 50080 mixture of enantiomers is referred 0 35 a racemic
mixiure or a racemale, which may ooour where thare has been no siersossiection or
sterecspecificity in & chemical reaction or process. The terms “racemic mixiure” and
“racemate” refer o an equimoiar mixiure of fwo enantiomeric species

The term “lautomers” refers {0 2 typs of slerecisomer in which migration of 2
hydrogen stom resulls in two or more struclires. The compounds of Formula | may
exist in different tautomerio forms. One skilled i the art will recognize that amidines,
amidss, guanidines, ureas, thioursas, helsrogycles and the like can exist in
tautomeric forms. By way of example and not by way of limilation, compounds of

Formuta | can exist in various laulomeric forms as shown below:

{3 O NH
L:,'
Cho N /iis Qi\rw\}”[ \N{//\\N//Q%
H
nee Py
OH  NH
ji )NHZ i G N A A
Ci\ ,-N{\/ ~ iy /’Ai I R 11 N/ %
S NN [ N
NN NH HaNT TNT TNE,
OH  NH,
CE\\T’N\\‘:E \\N’/’ \N,/ 2?,
/E\\ S

All possible taulomeric forms of the amidines, amides, guanidines, ureas,
thicureas, heterooycles and the like of aff of the embodiments of Formuda | are within
the scops of the inslant invention, Taulomers sxist in sgulliyium and thus the
dapiction of a single tautomsr in the formulas provided will be understocd by thoss
skilled in the art to refer equslly 1o all pessible taulomaers.

i is 1o be noted that all enantiomers, diastereomers, and racemic midures,
tautomers, polymorphs, pseudopolymorphs of compounds within the scope of
Formula 1 and pharmaceulically acceptable salls thereo! are ambraced by the
present invention. Al mixtures of such enantiomers and diastersomars, including
snantiomerically snriched mbdures and diastereomericslly snriched mibdures are
within the scope of the present invention. Enantiomerically enriched mixiures arg

mitures of enantiomers whersin the ratic of the speciied enanliomesr o the
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alfernative enantiomer is greater than BO:50. More particularly, an enantiomerically
gnriched mixture comprises at lesst aboul 78% of the specified snantiomer, and
preferably at least about 85% of the specified snantiomsr.  In ong embodiment, the
snantiomerically enriched mixture s substantislly free of the other enantiomer.
Similarly, diastereomerically enriched mbdures are mixtures of diastereomers
whersin amount of the specified diasteresmer is greater than the amount of each
alternative disstersomer. More parficularly, 2 diaslersomerioslly enriched midure
comprisaes at least abowt 75% of the specified diastereomer, and preferably al lsast
aboul 85% of the specified disstersomer. Iy one embodimentd, the diaslersomerically
gnriched mixiure s substantiglly free of gll other disslersomers.  The lemn
‘substantially free of will be understood by those sidiled in the art fo indicale less
than a 5% presence of other digstersomers, preferably less than 1%, mors preferably
iess than 0.1%.  In other embodiments no other disstersomers will be present or the
amount of any cother diastereomers present will be below the level of detsclion
Sterecisomers may be separated by techniques known in the arl, including high
parformangs liguid chromatography (HPLG) and orysialiization of chiral salls.

A single sierecisomer, e.g. an snantiomer, substantislly free of iis
sterepisomer may be oblained by resclution of the racemic midure using a method
such as formation of dissterecomers using oplically aclive resolving sgenis
{"Sterenchemistry of Carbon Compounds,” {1862} by E. L Elisl, McGraw Hill;
Lochmuller, . M., {1875} J Chromalogr., 113{3) 283-302). Racemic mbdures of
chiral compounds of the invention can be sepsrated and isolaled by any suitable
mathod, including: (1) formation of lonle, diastereomeric salts with chiral compounds
and separation by fractional orystaliization or other methods, (2} formation of
diastersomeric compounds with chiral derivatizing reagents, ssparation of the
diastersomers, and conversion o the pure stersoisomers, and {3} separation of the
substantially pure or enriched sterecisomers directly under chiral conditions.

For flustrative purpeses, specific examples of enantiomers of the compound
of formuta {1} within the scope of the present invention include, but are not imifed i
3,8-diamine-G-chiore-N-{N-{4-{4-(2-{hapyl{{25 3R 4R BR}2,3.4,5,&-
pentahydroxyhsxyhaming Jethoxy) phenyhbulyllcarbamimidovhpyrazine-2-

carboxamids
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OH on
*@?E“‘V\N O *»JH o
o OH OH J) T\/ o~ JH:N\ICE
N Ew NH;
an

3. 5-digrmnino-8-chiorg-N-{ N-{4-{4-{ 2-{ hexyl{ {(ZR, 35,45 B8»2,3,4,5,8-
pentahydroxyhaxyliaminojsthoxyiphenyibulyhcarbamimidoylipyrazine-2-

3 carboxamide

OH EH
/WNW o ~OH
/J O OH

oA T

s N TNE,

3. 5-diamino-G-chiorg-N-{N-{4-{4-{2{haxyl{{25 3R 4R BR}-2,3.4,5,6-
i pentahydroxyhexybamingsthoxy iphenvibutylcarbamimidovilpyrazing-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-{haxyi{{ 2R, 35 45, 8R}-2,3,4,5.0-
pentabydroyhexyliaminejstheyiphenvlibubylicarbamimidoyiipyrazine 2~
carboxamide
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CGH O
P \’,MNN,A\/;\:‘,/;\V/OEI
,J & om

f

7 j/O
U\ N, (ﬂ\{ . fm/\/L

HZN

3, S-diamino-G-chiorg-N-{N-{4-{4-{2-(haxyli{{25 3R 4R 53}-2,3,4.5 6-
peniahydroxyhexyhaminolsthoyiphenyhibubllcarbamimidoviipyrazine-2-

5 carboxarmide

G O
/f'\ //'\.\v /./\ PPN /\'\« /,0}_1
Y
- OH OH

J'\ «\r,ﬁ‘\ i /‘\v/\\)/j;/ HEY

N N N}*Iw

3, 5-diamine-8-chloro-N-{MN-{4-{4-{2-{hexyl{{ZR,358,4R 55}2,3.4,5,5-
10 pentahydroxyhexyhaminolsthoxyiphenyhbulylicarbemimidoyDpyrazine-2-
carboxamids

OH jg
P NP \N"/\\ff s A Ok

Gu on
H /’f’ ™ ”U'H
\L/ Iﬁ \ j;ﬁ A /3( G

N

15 3 5-diamino-G-chioro-No{M-{4-{4-{2-{hexyl{{ 28 3R 45 5R}-2,3,4,5, 8~
periahydroxyhexyllaminesthoxyphenvbbubvilcarbamimidoviipyrazing-2-

gsarboxamids



WO 2013/003386 PCT/US2012/044272

11
O QH
i S \./\ ~UH
,,J OH OH

C’j j f’\/ \/J\ J/ i
HoN
3, 5-diamino-S-chioro-N-{N-{4-{4-{2-{hexyl{{ZR, 3R 48,88}2,3,4.5,6-

pentahydroxyhexyhaminelethoxyphenyhibutylicarbamimidoyDpyrazine-2-

5  carboxamide

e T /‘\vj; - \J/‘Q}H
J QH QH

3, 5-diamino-8-chioro-No{N-{4-{4-(2-(hexyl{{28 35 4R 8R}-2,3,4,5,8-
18 pentahydroxvhexylaminojethoxy jphenyiibulylicarbamimidoyipyrazing-2-
carboxamide

OH OH

e WPl Nl "N" - o~ \/"0 (

I) O O

I Iﬁ ﬁﬂ EMJ@ i)

HoNT #,

3, B-diamino-G-chior-h-{N-{ 4-{ 4-{ 2-{ haxyl({2R, 3R 4R, BR)}-2,3,4,5,6-
15 peniahydroxyhsxylaminosthoryiphenylibulyhicarbamimidoyiyrazine-2-

carboxamids
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H OH
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E OH CH
(

3, 5-digmino-S-chiore-N-{N-{4-{4-{2-{hexi{{28,38 45,882,345 8-
pantshydroxyhexyllamingethoxyiphenyDbutyilcarbamimidoylipyrazine-2-

S
,//\V/WA\N/AE //\\:‘ - -{.. 3H
H O O

u\j: 1 %:{ ﬁf\/\)a/ B

N N

5 carboxamide

3, 5-diamino-8-chioro-N-{N-{4-{4-{ 2-{hexyl{{2R,35 45 58}2,3,4,5.6-
pantahyvdroxyhexyllaminoiathoxyiphenylbulvcarbamimidoyhpyrazine-2-
carboxamide

18

GL;}H i
/V\V/\N/\'/"\(L/OH
(’ OH OH
e G
a1 o w
e e NP
e

"

P
HNT N NE,  and

3. 5-diamino-8-chiorg-N-{N-{4-{4-{ 2-{hoxyi{ {25, 3R 4K 8R}-2,3,4,5.6-
pentahydroxyhaxybaming ethoxyishenyhbuivhcarbamimidoy ipyrazine-2-

15 carboxamids
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NN o AOH
fJ CH OB

/\/A /(j {0
IN NH,

in one smbodimeni, the present invention provides an snantiomerically
enriched mbdure o composition comprising  S-diamino-8-chioro-N-{MN-{4-{4-{2-
{(hexyf{23,3R 4R ER2,3,4.5,68- penishydroxvhexyllaminglathoxy)  phenyibubyl)
carbamimidoyl} pyrazine-2-carboxamide, or a phamsceutically asccepiable salt
theveof, as the pradominant isomer,

Cther smbodiments comprise the snantiomerically enriched mixlures or
compositions comprising, respectively, the compounds of formudas {la}, {ib}, {io}, (i},
{la}, (6, gy, (hy, (8, 08, k), and (B3, or g pharmaceutically acoeplable salf thersof,
as tha predominant isomer in gach of thelr respective mixiures.

in another ambodiment, the present invention provides an snantiomerically
enwiched mixlure or composition comprising  S-diamine-G-chioro-N-{N-{4-{4-{2-
{haxyl{25 3R 4R 5R)-2.3,4,5,6- peniahydrocvhesydhaminoisthoxy)  phenyiibuiyl)
carbamimidoyl) pyrazine-2-carboxamids, or a pharmaceulically acceplable salt
thereof, substantially fres of other isomers.

Four other embodiments comprise the enanfiomericaily enviched mixtures or
compositions comprising, respeactively, the compounds of formudas (i), {ib}, {ic), {d),
(i3, (40, {hg), (dhy, (3, 05, (i), and (), ,or 8 pharmaceutically acceplable sall thersof,
substantially free of other isomers in aach of their respective mbdures.

A compound of Formula | and pharmaceutically scceptable salts thereofl may
exist as diferent polymorphs or pssudopolymorphs.  As used herein, orystalline
potymorphism means the ability of a cryslalline compound 1o exist in different orysial
struciures.  The corystalline pobymorphism may result from differences in crysigl
packing {packing pohymorphism) or differences in packing bebwsen dEfferent
cordformers of the same molecude {(sonformational polymorphism}.  As used hersin,
crysisiling pseudopolymorphism also incdludes the ability of & hydrale or solvale of a
compound o exist in different orystal struchres. The pseudopolymorphs of the
instant Invention may exist due o differences in orystal packing {packing
pseudopolymorphism) or dus fo differences in packing between different conformers

of the same molscule {conformational pssudopolymorphism). The instant invention
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comprises all polymorphs and pseudopobyrmorphs of the compounds of Formuls and
pharmaceutically acceptable salls thereof.

A compound of Formula | and pharmaceutically acceptable salis thereo! may
also exist as an amorphous solid, As used hersin, an amorphous solid is a solid in
which there is no long-range order of the positions of the atoms in the solid. This
definition appliss as well wher the crystal size is two nanometers or less. Additives,
including scolvenis, may be used io creste the amorphous forms of the insiant
invention. The instant pwention, including sl pharmaceutical compaositions, methods
of freatment, combination products, and uses thersof desoribed hersin, comprises all
amorphous forms of the compounds of Formule | snd pharmsceutically acceplable

salls thereof,

UsEs

The compounds of the invention exhibit sclivity as sodium channel blockers,
Without being bound by any particular theory, it s belisved that the compounds of the
invention may funclion i1 vive by blocking epithelial sodium channsls present in
mucosal surfaces and thereby reduce the absorplion of waler by the mucosal
surfaces. This effect increases the volume of prolective liguids on mucosal surfaces,
and rebalances the system,

Az 8 consequsnce, the compounds of the wention are usefid as
madicaments, particularly for the readment of olinical conditions for which a sodium
charmnel blocker may be indicaled. Such conditions include pulmonary conditions
such as diseases associgled with reversible or irreversible airway obsiruction,
chronic obstuctive pulmonary dissase {(COPD), including acule exacerbations of
COPD, asthma, bronchisctasis (including bronchiectasis dus o conditions other than
oystic fibrosis), acule bronchills, chronic bronchitis, postwiral cough, cystic fibrosis,
amphysema, pneumonia, panbronchiclitis, and bransplant-associated bronchiolitis,
including lung- and bone marow-transplant associated bronchiolitis, in a human in
nesd thereof. The compounds of the invention may also be ussful for treating
vantiiator-associated  trachsobronchitls  andior  preventing  ventiiator-assosiatsd
preumonia in ventilaled patients. The present invention comprises methods for
fraating sach of these conditions in 8 mammal in need thereo!, preferably In a human
in nesd thereof, each method comprising administering fo said mammsl a
pharmaceutically sffective amount of a compound of the pressnt invention, or a
pharmaceutically acceplable salt thersof.  Also provided are {g8) 3 msthod for
reducing exacerbations of COPD in 8 mammal in need thereof, (b) 2 method for
reducing sxacerbations of OF in a8 mammal in nsed thereof, {c} a method of
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inproving ung function (FEV1) v a mammal in need thersof, {d) a method of
improving lung function (FEV1) in 2 mammal experiencing COPLD, (&) 2 method of
improving fung function {(FEV1) In 2 mammal experencing CF, {f) a method of
raducing alrway infections in a mammalin nead thereof,

Also provided is a mathod of stimulating, enhancing or improving mucociiary
clearance in a mammal, the method comprising administering fo a mammal in nesd
thereol a pharmaceutically sffective amount of a compound of formuls (), or a
pharmaceutically acceptable salt thereof, Mucociliary clearance will be undersiooed o
include the natural mucoctiiary actions involved in the transfer or dearance of mucus
in the airways, including the ssif-clearing mechanisms of the bronchi. Therefore, also
provided s a method of improving mucus clearance in the slrways of a mammal in
need thereol.

Additionally, scdium channst blockers may be indicated for the freatment of
conditions which are amelioraled by increased mucossl hydration In mucosal
surfaces other than pulmonary mucosal swrfaces. Examples of such sonditions
include dry mouth (xerostomia), dry skin, vaginal dryness, sinusilis, rhinosinusitis,
nasal dehydration, including nesal dehydration brought on by administering dry
oxygen, dry ave, Sjogren's dissase, olitls media, primary ciiary dyskinesia, distal
ivlestingl obsiruction syndrome, esophagitis, constipation, and chronio diverticulilis.
The compounds of the invention can also be used for promoting ocular or comesl
hrydration.

The compounds of the present invention may also be useful in methods for
obigining a spulum sample from g human. The method may be caried out by
administering a compound of the nvention 1o al least one lung of the patient, and
then inducing and collecting 2 sputum sample from that human.

Aocordingly, By one aspect, the presant invention provides a method for the
freatment of 3 condilion in & mammal, such as a human, for which a sodium channal
biocker is indicated,

in other embodiments, the present invention provides each of the methods
described herein with the addiional benefit of minimizing or sliminating hyvperkalemia
in the reciplent of the method. Also provided are embodiments comprising sach of
the methods desoribed herein wharein an improved therapeutic index is achisved,

The ferms “treal’, "resting” and “ireatment”, ss used herein refers i
reversing, allevisling, inhibiling the progress of, or preventing the disordsr or
condition or one or mors symptoms of such disorder or condition.

All therapeutic methods desoribsd harein are camisd ot by adminisiering an

effective amount of a compound of the invention, a compound of Formuls 1 or a
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pharmacsutically acceplable sall theredof, to a subjsct {fyplcally mammal and
wreferably human) in nesd of reabment.

In one embodiment the invention provides a msthod for the freatment of a
conditions which is amsliorated by ncreassed mucosal hydration In a8 mammal,
narboularly 8 human in need thereof  In one embodiment the invention provides a
method for the treatment of a disease associaled with reversible or ireversible
albrway obstruction In a mammal, parlicularly a2 human, in nesd thereol In one
particular embodimsent the present invention provides a method for the realment of
chronic obstructive pulmonary dissase (COPD) in 2 mammal, particularly a human in
nead thereof.  in one particular embodiment the present invention provides a meathod
for reducing the fregusncy, sevarily or duration of aculs exacsrbation of COPD or for
the treatment of one or mors sympioms of acule exacerbation of COPD In 3
rarnnal, particowlarly a human in need thereof, In ong smbodiment the invention
provides a method for the treatment of asthyna In & mammal, particularly a human, In
nead thersof. in one embediment the invention provides a method for the realment
of bronchisctasis (including bronchiectasis dus fo conditions cother than cystic
fibrosis} in & mammal, particuiarly a human, in need thereol.  In one embodiment the
invention provides a method for the treatment of bronchitis, including scule and
chronic bronchilis in 8 mammal, pardicularly g human, in need thereol In one
agmbodiment the invention provides a maethod for the realment of postviral cough in
a mammal, partcularly & human, in need thereol. In one embodiment the invention
provides a method for the treatment of cystic fibrosis In a mammael, particudarly a
human, in need thereol. in ons smbodiment the invention provides a method for the
freatment of emphysema in 8 mammal, particularty a8 human in need thereof. In one
embodiment the invention provides a method for the trealment of pnsumonia in 8
manmimal, particuiardy a2 human in need thereol, In ong smbodiment the invention
provides a method for the irealment of panbronchicolitls In 8 mammal, particularty 8
human in need thereol In one smbodiment the invention provides a method for the
freatment of ransplantassocialed bronchiolitls, including lung- and bone marrow-
fransplant associsied bronchiclitis In a8 mammsl, particularly a2 human In nsed
thereof. In one smbodiment the invention provides 2 method for reating ventilator-
associated tracheobronchitls andfor preventing ventiiator-associated pneumonia in a
ventiated human in need thereof.

This invention provides specific methods for realing a disease selacted from
the group of reversible or ireversibles airway obstruction, chronic obstructive
putmonary disease (COPD), asthma, bronchiectasis {(including bronchisctasis due io

conditions other than cystic fibrosis), acute bronchitis, chronic bronchills, postwiral
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cough, cystic fibrosis, emphysema, pneumonia, panbronchiolitis, ransplant-associate
bronchiolitls, and ventilalor-associated racheobronchifis or preventing ventilator-
assochated pneumonia in g human in need thereof, each method comprising
administering to said human an effective amount of a compound of formuls Ha), or a
pharmacautically acceplable sall thereof.  In further embodiments for sach mathod
of freatment, the pharmaceaulically accepiable sall form is a hydrochiornide salt or a
hydroxynaphihoate salt of the compound of formuls (1a).  In another embodiment
within sach method of realment, the freebasse of the compound of formula {(1a) is
used,

in one embodiment the nvention provides a method for the trestment of dry
mouth {xerostomia) in 2 mammal, particdarly a2 human in nesd thereof, In one
embodiment the invention provides a method for the freatment of dry skin In a
mammai, parficularly @ human in nsed thereof. In one emboediment the invention
provides & method for the reatment of vaging! dryness in a mammal, particudarly a
human in need thereof. In one embodiment the Invention provides & method for the
freatment of sinusitis, rhinosinusils, or nasal dshydration, including nasal
dehydration brought on by administering dry oxvgen, in & mammal, parlicularly a
human in nesd thereol, In one embodiment the invention provides a method for the
fregtment of dry eye, or Sjogren's disease, or promaoting ocular or corneal hydration
iy & mammal, particularly a human in nesd thersol. In one embodiment the invention
provides a method for the treatment of ofitls media in 3 mammal, particularly &
humean in need thersofl. In one embodiment the invention provides a methed for the
treatment of primary clliary dyskinesia, in a mammal, particularly @ human in nesd
thereof. In one sembodiment the invention provides a method for the treatment of
distal intestinal cbstruclion syndrome, esophagilis, constipation, or chronio
diverticulills In a mammal, particularly a human in need thersol

There is also provided a compound of the invention for use in medicsl
therapy, pardicularly for use in the trealment of condition In @ mammal, such a8 a
human, for which a sodium channel blocker s indicated. Al therapsulic uses
described herein are carred oul by adminisiering an sffective amount of a compound
of the irvention to the sublect in nead of freatment.  In one embodiment there is
provided a compound of the invention for use in the reatment of a pulmonary
condifion such as a dizsease assecialed with reversible or breversible alrway
obstruction in 8 mammal, particularly a human, in need thersel,  In ong particular
smbodiment thers is provided s compound of the invention for use in the reabment of
chronic obstructive pulmonary diseass (COPD) In & mammal, particularly a human in
nesd Wersof.  In one embodiment, there is provided a compound of the invention for
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use in redusing the freguency, severily or durstion of sculs exacerbation of COPD or
for the treatment of one or more symptoms of acute sxacsrbation of COPD, In g
ragmimal, particularly a hurman, in need thereol, In one smbodiment there is provided
a compound of the invention for use in the freatment of asthma in a mammal,
particularly a human, In nesd thereo!l In ong embodiment there is provided a
compound for use in the fregtment of bronchiectasis, including bronchiectasis due to
condilions other than cystic fibrosis, or bronehitis, including acule bronchitls and
chyonic bronchilis, in 2 mammal, particudarly a human, In need therecot. In one
embodiment there is provided a compound for use in the treatment of postviral
eough, in 8 mammal, parliculardy & human, in need thereol. In one embodiment there
is provided a compeund for use in the freatment of cystic fibrosls I @ mammal,
particularly 8 human in need thersof. It one smbodiment there s provided a
compound of the invention for use in the treatment of emphysema in a mammal,
particularly a8 human, in nesd thereof.  In one embodiment thers s provided a
compound of the invention for use in the irealment of pneumonia in a mammal,
particuiarly a human, i nesd thereol. In one embodiment there is providsd a
compound of the invention for use in the trealment of panbronchiolills or transpliant-
associated bronchiolitis, including lung- and bone marrow-dransplant associated
bronchiolilis in & mammal, particularly a human, in need theregl, In one embodiment
there is provided 8 compound of the invention for use in the reaiment of ventilator
associated wachecbronchills or preventing ventiiator-associaled pneumonia in a
ventilaled human in need thereof

in one embodiment thers is provided a compound of the invention for use in
the treatment of 2 condition ameliorated by Increased mucosal hydration In mucosal
surfaces of a mammal, particularly a human, in need thereof.  In one embodimant
there is provided a compound for use in the reatment of dry mouth (erostomial in g
rrammnal, particudarty 2 human, i need thersol. In one smbodiment thers is provided
a compound for use in the treatment of dry skin in 2 mammal, parlicularly & human,
in nesd thersofl.  In one embodiment there Is provided a compound for use in the
treatment of vaginal dryness in 2 mammal, parlicularly 8 human in need thersof, In
ong embodiment there s provided a compound of the invention Tor use in the
treatment of sinusitis, rhinosinusitis, or nasal dehydration, ncluding nassl
dehwdration brought on by administering dry oxygen In & mammal, particularly 2
human, in need thereol, In one smbediment thers is provided a compound of the
invention for use in the treatment of dry aye, or Sjogren's dissase or promoting ccular
or corneal hydration in a mammal, particudardy 8 humen, in need thereof, In ons

smbodiment there is provided a compound of the invention for use In the trealment of
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otitis media in a mamnal, particularly 2 human, in nesed thereof. In one embodimeant
there is provided a compound of the invention for use In the frealment of primary
cifary dyskinesia in a8 mammal, parlicdlarly a3 human, in need thereof In ons
ambodiment thers s provided & compound of the invention for use in the reatment of
distal inlesting! obsbuction syndrome, esophagitis, constipation, or chronic
diverticulitis in 8 mammal, particuardy & human, in need thereof,

The present invention also provides the use of 8 compound of the invention in
the manufaciure of 3 medicament for the reatment of a condition In g mammal, such
as a human, for which 3 sodium channe! blocker is indicaled. In one smbodimsnt is
provided the use of a compound of the invention in the manufacture of a medicamesnt
for the bealment of dissases associated with reversible or reversible sirway
ahstruction, chronic obstructive pulmonary disease {COPD), acute exacerbations of
COPD, asthma, bronchiectasis {including bronchisclasis due o conditions other than
oystic fibrosis), bronchitls {including acule bronchitis and chronic bronchitis), post-
virgh cough, cyslic fibrosis, emphysems, prnsumonia, panbronchiolitis, fransplant
associated bronchiolitis, {including lung- and bons marrowtransplant assoclated
bronchiclitis),  ventiislor-associated trache_abmnchiﬁs of preventing  ventilator
associated pnsumonia,

in one particular embodiment is provided the uss of & compound of the
nvention in the manufacture of a medicament for the treatment of a condition
amsliorated by ncreased mucosal hydration in mucosal surfaces, treatment of dry
mouth  (xerostomia), dry skin, vaginel diyness, sinusifis, rhinosinusitis, nasal
dehydration, incﬁuding nasal dehydration brought on by administering dry oxygen,
treatment of dry sys, Sjogren's diseass, promoting ocular or comeal hydration,
treatment of ofilis media, primary clllary dyskinesia, distal intestinal obstruction
syndrome, esophagilis, constipation, or chronic diverticulitis

The terms “sffective amoun?”, “pharmaceutically effective amount’, “aifective
dose”, and “pharmaceutically effective dose” as used harain, refer {0 an amourt of
compound of the invention which Is sufficient In the subiest fo which i is
administered, to elicll the biclogical or medics! response of g cell cullure, tssus,
system, or mammal (ncluding humarn) that is being sought, for instance by a
rassarcher or clinician. The term siso includes within iis scope, amounts sffective o
snhancs nomal physiolegical function.  In one smbodiment, the effective amount is
the amount nesded 1o provide a desired leval of drug iy the sacretions and Hssuss of
the airways and lungs, or sltematively, In the bloodstream of a SUb}EC‘E o be treated
o give an anticipated physiological response or desired biclogica! effect when such a

somposition s asdminislered by inhalation. For sxample an effective amount of &
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compound of the invention for the freatment of a condition for which a sodium
channal biocker Is indicated iz sufficient in the subjssct fo which i is adminisiered ©
treat the parficular condition.  In one embodiment an effective amount is an amount
of a compound of the invention which is sufficient for the treatment of COPD or oystic
fibrosis in a8 human.

The precise sffective amount of the compounds of the invention will depend
on a number of factors including but not limiled o the spacies, age and weight of the
sublect being treated, the precise condition reguiring freatment and its ssverity, the
bicavailability, polency, and other properties of the specific compound being
adminisiered, the nsture of the formulation, the roule of adminisiration, and the
delivery devics, and will ullimalely be at the discretion of the altendant physician or
vaterinarian,  Further guidance with respect {o appropristes doss may be found in
considering conventional dosing of other sodium channel blockers, such as
amiloride, with due consideration also being given o any differences in polency
between amiloride and the compounds of the pressent invention.

A pharmaceutically effective dose administersd fopically 1o the airway
surfaces of a sublect {s.g., by inhalation) of 2 compound of the invention for
treatment of a 70 kg human may be in the rangs of from about 10 ng o about 10 mg.
n another embodiment, the pharmaceutically effective dose may be from abouwt 0.1
to about 1000 ug. Typically, the dally dose administered topically o the alrway
surfaces will be an amount sufficient to achisve dissolved concantration of active
agent on the airway surfaces of from about 10%, 10 or 107 to about 107, 107, 107
or 107 Moles/liter, more preferably from about 10° to about 107 Malesfliter. The
salection of the specific dose for 2 patlent will be detarmined by the attendant
nhysician, clinician or velerinarian of ordinary skill in the art based upon a number of
factors including those noted above. In one particular embodiment the doss of g
compound of the invention for the freatment of a 70 kg human will be In the rangs of
from about 10 nanograms {ng} to about 10 mg. In another embodiment, the effeclive
dose would b from about 0.1 pg to about 1,000 pg. In ons embodiment, the dose of
2 compound of the invention for the freatment of a 70 kg human will be in the rangs
of from about 0.5 ug o about 0.5 myg. In g further embodiment the dose will be from
about 0.5 ug io sbout 80 ug. In ancther embodiment, the pharmaceutically effeclive
dose will be from about 1 to about 10 ug. In another embodimant, the
pharmaceutically effective dose will be from about 5 ug o aboul 50 ug. Ancther
embodiment will have an effsctive dose of from about 10 yg 1o about 40 yg. In fwo
further embodiments, the pharmaceutically effeclive dose will be from about 15 ug o
about 50 ug from aboiud 18 ug o about 30 pg, respectively. |t will be undersiond that
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in each of these dose ranges, all incremental doses in the range are included. For
instance, the 0.5-50 ug rangs includes individual dosss of, 0.5 ug, 0.8 ug, 0.7 ug, 0.8
ug, 09 ug, 1.0ug 11ug 1208 13 g, 1 4ug 18 g 180 1.7 ug 1.8 ug 1.8
ug, 20 Mg, 2.1 ug, 2280 23 ug, 24 ug 25 ug, 28 ug, 2.7 ug, 28 ug, 2.9 ug, 3.0
g, 3T g 3200, 33 g, 34 ug, 38500, 38 g, 3.7 g, 3.8 ug, 38 ug, 4.0 ug, 41
ug, 4.2 ug, 4.3 ug, 4460 48 ug 4800, 47 g, 48 ug, 48 ug, B0 pg, 5.1 ug, 8.2
g, 5.3 p0. 5.4 ug, 8500, 58 ug, 5.7 ug. 5.8 g, 58 Uy, 8.0 ug, 6.1 ug, 8.2 ug, 8.3
ug, 8.4 g, 8.5 g, 668 g 8.7 g, 88 g, B8 pg T0pg. 7l ug, 7240, 7300 74
g, T UG, T8 4, F.7 uo, 7.8 ug, 7.0 ug, B0 ug, 8.1 pg, 8.2 ug, 8.3 ug, B4 ug, 85
ug, 88 g, 8.7 ug, 88 ug, B8 g, B0 ug, 9.1 ug, B2 UG, B3 ug, B4 ug, 8.5 ug, 8.8
ug, 8.7 ug, 9.8 ug, 8.9 ug,

10.0 ug, 101 pg, 10.2 ug, 10.3 ug, 10.4 g, 10.5 ug, 10.8 ug, 10.7 ug, 10.8 pg, 108

Mg,
11.0ug, 111 pg, 112 pg, 113 pg, 114 ug, 116 ug, 118 g, 11.7 ug, 11.8 ug, 118

L,
12.0 ug, 121 ug, 12.2 ug, 12.3 g, 12.4 ug, 12.5 yg, 12.6 ug, 12.7 ug, 128 ug, 12.8

He

13.0 ug, 131 ug, 132 ug, 183 ug, 13.4 ug, 13.5 ug, 13.8 ug, 13.7 g, 138 pg, 13.8
ug, 14.0 pg, 14.1 ug, 14.2 pg, 14.3 ug, 14.4 ug, 4.5 pg, 14.0 ug, 14.7 yg, 14.8 ug,
14.9 ug.

18.0 ug, 15.1 ug, 18.2 ug, 15.3 ug, 184 ug, 185 ug, 158 ug, 18.7 ug, 158 yg, 1588
ug, 16.0 ug, 18,1 ug, 18.2 pg, 18.3 ug, 18.4 pg, 168.5 yg, 18.8 pg, 16.7 ug, 18.8 ug,
188 ug 17.0ug 17 ug, 1720 173 ug, 17 4ug 175 ug 196 ug, 17.7 ug, 17.8
ug, 17.8 ug, 18.0 ug, 18.1 pg, 18.2 ug, 18.3 ug, 18.4 yg, 18.5 yg, 18.6 ug. 18.7 ug,
18.8 ug, 18.9 ug, 18.0 ug, 19.1 pg, 18.2 pg, 18.3 ug, 18.4 ug, 18.5 ug, 188 ug, 187
ug, 18.8 ug, 19.8 ug, 20.0 ug, 20.1 ug, 20.2 ug, 20.3 pg, 20.4 uyg, 20.5 pg, 208 wy,
207 ug, 208 ug, 209 ug, 21.0 ug, 21,1 ug, 212 ug, 213 ug, 214 pg, 215 ug, 21.8
g, 207 vy, 218 ug, 21.8 ug, 22.0 ug, 22.71 4G, 22.2 ug, 22.3 ug, 22.4 yg, 22.5 ug,
22.8 ug, 22.7 ug, 22.8 ug, 22.8 ug, 23.0 pg, 23.1 ug, 23.2 ug, 23.3 g, 234 pg, 238
ug, 23.6 pg, 3.7 ug, 23.8 ug, 23.8 ug, 24.0 ug, 24.1 pg, £4.2 ug, 24.3 ug, 4.4 ug,
24.5 ug, 248 ug, 24.7 ug, 24.8 ug, 24.9 ug, 25.0 uyg, 251 ug, 25.2 ug, 253 ug, 254
UG, 25.5 ug, 25.8 ug, 25.7 ug, 25.8 ug, 25.8 yg, 20.0 ug, 26.1 ug, 26.2 ug, 26.3 ug,
264 ug 265 Uy, 208 ug, 26.7 ug, 208 ug, 26.8 ug, 270 ug, 271 ug, 272 ug, 27.3
ug, 274 ug, 27.8 ug, 27.6 ug, 27.7 ug, 27.8 ug, 27.9 ug, 28.0 ug, 28.1 ug, 28.2 ug,
283 ug, 284 ug, 285 ug, 28.8 ug, 287 ug, 28.8 ug, 28.8 ug, 29.0 ug, 281 ug, 292
ug, 28,3 ug, 29.4 ug, 29.5 ug, 28.68 ug, 28.7 ug, 8.8 ug, 28.9 pg, 30.0 ug, 30.1 ug,
30.2 ug, 30.3 pg, 30.4 ug, 30.5 pg, 30.6 vy, 30.7 ug, 30.8 ug, 309 ug, 31.0 ug, 311
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pg, 312 g, 3.3 ug, 314 ug, 31.5 pg, 31.6 ug, 31.7 ug, 31.8 ug, 31.9 pg, 32.0 ug,
32,1 g, 32.2 ug, 32.3 ug, 32.4 ug, 32.5 yg, 32.0 ug, 32.7 ug, 32.8 ug, 328 ug, 33.0
Mg, 3307 ug, 33,2 pg, 33.3 ug, 33.4 pg, 33.5 ug, 33.6 ug, 337 g, 33.8 yg, 33.89 ug,
34.0 ug, 34.1 ug, 34.2 ug, 34.3 ug, 34.4 ug, 34.5 ug, 34.8 ug, 34.7 ug, 34.8 ug, 34.8
ug, 35.0 ug, 35.1 ug, 35.2 ug, 35.3 ug, 35.4 ug, 35.5 ug, 35.8 ug, 38.7 ug, 35.8 ug,
35.9 pg, 38.0 pg, 36.1 g, 38.2 ug, 36.3 ug, 36.4 ug, 36.5 ug, 36.6 ug, 38.7 pg, 36.8
g, 36.9 ug, 37.0 ug, 371 ug, 37.2 ug, 37.3 ug, 37.4 ug, 37.8 ug, 378 ug, 37.7 ug,
37.8 pg, 379 g, 3B.0 ug, 381 g, 382 ug, 38.3 uyg, 384 ug, 38.5 pg, 388 ug, 387
ug, 38.8 ug, 38.8 ug, 38.0 ug, 38,1 ug, 38.2 ug, 38.3 ug, 38.4 ug, 39.5 ug, 38.8 ug,
39.7 ug, 39.8 pg, 39.9 ug, 40.0 ug, 40.7 ug, 40.2 ug, 403 ug, 40.4 ug, 405 g, 408
ug, 40.7 ug, 40.8 ug, 40.9 ug, 41.0 ug, 49,1 ug, 41.2 pug, 41.3 ug, 41.4 ug, 41.5 ug,
41.6 ug, 4.7 ug, 41.8 ug, 41.8 ug, 42.0 pg, 421 ug, 42.2 ug, 42.3 ug, 424 ug, 42.5
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 pg, 43.8 pg, 43.7 ug, 43.8 ug, 43.8 pg, 44.0 g, 441 pg, 44.2 ug, 443 ug, 44.4
ug, 44.8 ug, 44.6 g, 44.7 ug, 44.8 ug, 44.8 ug, 45.0 pg, 451 g, 48.2 ug, 45.3 ug,
45.4 ug, 45.5 ug, 45.8 ug, 48.7 ug, 45.8 yg, 45.9 ug, 46.0 ug, 48.1 ug, 48.2 g, 48.3
ug, 48.4 ug, 46.5 ug, 48.8 ug, 48.7 ug, 48.8 ug, 408.9 ug, 47.0 ug, 471 ug, 47.2 ug,
47.3 ug, 474 pg, 47.5 ug, 47.0 ug, 47.7 pg, 47.8 ug, 47.8 ug, 48.0 ug, 48.1 ug, 48.2
ug, 48.3 pg, 48.4 g, 48.5 ug, 48.8 pg, 48.7 ug, 48.8 yg, 38.8 ug, 48.0 pg, 48.1 ug,
£8.2 ug, 48.3 ug, 48.4 ug, 49.5 pyg, 48.8 pg, 48.7 ug, 49.8 ug, 38.8 ug, and 50 ug.

The foregeing suggested doses may be adjusted using conventional dose
calculations if the compound is administered via g different route.  Determination of
an appropriate dose for administration by other roules is within the skill of those In
the art in light of the foregoing description and the general knowledge in the arl,

Delivery of an sHective amount of a compound of the invention may entad
delivery of a single dosags Tform or mulliple unit doses which may be deliversd
contemporanasusly or separate in me over a designated period, such as 24 howurs.
A dose of 2 compound of the invention {glone or in the form of a composition
comprising the same} may be administered from one o ten imes per day. Typically,
a compound of the invention {alone or in the form of 2 composition comprising the
same) will be administered four, thres, two, or once per day {24 hours).

The compounds of formuda (1) of the present invention are also useful for
fraating altbome infactions. Examples of airboms infections include, for axampls,
RSY. The compounds of formula (B of the present invaention are also ussful for
treating an anthrax infection. The present invention relales o the use of the
compounds of formuda {1} of the present invention for prophviactic, post-exposure
prophylactic, preventive or therapsutic freatment against diseases or conditions
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gcaused by pathogsns. In g preferred embodiment, the present invention relstes o
the use of the compounds of formula (1) for prophyiactic, postexposure prophylactic,
preventive or therapsulic ireslment against diseases or conditions caused by
pathogens which may be ussd in bicterroriam,

In rocent years, a varlety of ressarch programs and biodefense measures
have bean put info place {o deal with concarms about the use of biclogical agents in
acts of terrorism. These measures sre infended o address concems regarding
bicterrorism or the use of microorganisms or biclogical toxins 1© Kl people, spread
foar, and disrupt sodisty, For exampls, the National Institule of Allergy and Infectious
Diseases {MIAID) has developed a Strategic Plan for Biodefense Ressarch which
outlines plans for addressing research neads in the broad ares of bioterrorism and
smerging and reemerging infectious diseasss. According (o the plan, the deliberate
axposurs of the civilian population of the Uniled Slales lo Becliue anthracis spores
revealed a gap in the nation's overall preparedness against bioterrorism. Moreover,
the report delsils that these allacks uncovered an unmet need for lests fo rapidiy
diggnose, vaccines and nmunctherapies 1o prevent, and drugs and biologios 1o cure
disease caused by agenis of biclerrorism.

Much of the focus of the varicus research sfforis has been directed 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, evalusting the therapeutics currently avaliable
and under investigation against such agents, and developing diagnostics to identify
signs and sympioms of threatening agents. Such efforls are laudable but, given the
farge number of pathogens which have been identified as polentially availiable for
bicterrorism, these efforts have not vel been able 1o provide salisfactory responses
for all possible bicterroriem threatls. Additionally, many of the pathogens identified as
potentially dengercus as agenis of bicterrorism do not provide adequale sconomis
incentives for the devslopment of therapeutic or preventive measures by indusiry.
Moreover, even f preventive measures such as vaccines wers avallable for sach
pathogen which may bs used in bicterrorism, the cost of administering all such
vaccings to ihe general poputation is prohibitive.

Untlh convenlent and sffective itrealments are avaliable against every
bioterrorism threat, there sxisls a sbong need for prevenialive, prophylactie or
therapeutic freatments which can prevent or reducs the risk of infeclion from
pathogenic agents.

The present invention provides such methods of prophylaciic treatment. In

one aspedt, 3 prophyiactic treaiment method is provided comprising administering a
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prophviactically effective amount of the compounds of formula (1) o an individuat in
nead of prophylactic treatment against infeclion from ong or more aitbome
pathogens. A parlicular sxample of an alrborne pathogen is anthra,

in another aspect, a prophyiactc freatment method is provided for reducing
the risk of infection from an aitbome pathogen which can cause a dissase In a
human, said method comprising administering an effective amount of the compounds
of formula (1) {o the ungs of the human who may be st risk of infection from the
airborne pathogen but Is asymptomatic for the disease, wherein the effective amount
of a sodium channe! biccker and osmoelye are sufficient o reduce the risk of infection
in the human. A parlioulsr sxampls of an airborme pathogen is anthrax,

in another aspect, a posbexposure prophylaclic reatment or therapsulic
fregiment method is provided for tresting infection from an aibome pathogen
compising administering an sflective amount of the compounds of formula {8} o the
ings of an individual in nesed of such reatment against infection from an airbome
pathogen. The pathogens which may be protecied against by the prophylactic post
axposure, rescus and therapsulic reatment mathods of the wention includs any
pathegens which may enter the body through the mouth, nose or nasal airways, thus
precaeding infe the lungs., Typically, the pathogens will be airborne pathogsns,
gither naturaily ocourring or by aserosclization. The pathogens may bs naturally
goourting of may have bsen introduced info the environment inlentionally afier
aerpsolization or other msthod of inlroducing the pathogens into the erwironment.
Many pathogens which are not naturally transmitied in the alr have been or may be
agerpsolizad for use iy biclerrorism.  The pathogens for which the treatment of the
invention may be useful includes, but is not limiled {0, calegory A, B and © prionly
pathogens as set forth by the NIAID, These calegories comrespond genéraiiy to the
tists complled by the Cenlers for Disease Control and Prevention (CDC). As ssl up
by the CDO, Calegory A agenis are those thal can be sasily disseminated or
transmitted person-lo-person, causs high mortality, with potential for maior public
health impact.  Category B agents are next in pricdly and include those that are
moderately sasy {o disseminale and cause modsrate morbidily and low moriality.
Category © consists of emerging pathogens that could be engineered for mass
dissemination in the fulure becauss of their availabilily, sase of production and
dissemination and polential for high morbidily and morlality,  Parliculsr examples of
these pathogens ars anthrax and plague. Additional psthogens which may be
profectaed against or the infection risk therefrom reduced include influenza viruses,

rhinoviruses, adenoviruses and respiratory synoylial viruses, and the ke, A further
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pathogen which may be prolected agsinst is the coronavirus which is belisved fo
cause severg acule respiraiory syndroms {BARS)

The present invention also relates o the use of sodium channel blockers of
Formula |, or a pharmsceutically scceptable sall thereof, for preventing, mitigating,
arwifor tresting deferministic heslth effects o the respiratory tragt caused by
sxposure o radivlogical materials, particularly respirable aerosols  containing
radionuchides from nuclesr allacks, such as detonation of radiclogical dispersal
devices (RDDY, or accidsnis, such as nuclear power plant disasters.  As such,
provided hersin is 8 method for preventing, miligating, and/or reating detenminislic
health sffects to the respiratory fract and/or other bodily organs caused by respirable
aserosols contgining radionuciides in 2 recipisnt in need thereof, Including in 8 human
in need thereof , said method comprising administering to sald human an effective
amount of & compound of Formula {1}, or a pharmaceutically accepiable sall thereof,

A major concern associated with consequence management planning for
sxposures of members of the public o respirable asrosols conlaining radionuniides
from nuclear altacks, such as defonation of radiclogics! dispersal devices (RDD), or
accidents, such as nuclear power plant disasters is how o prevent, miligate or tread
potential deterministic health effects 1o the respiratory tract, primarily the lung. Htis
necessary lo have drugs, fechniques and procedwes, and trained personns
prapared to manage and freal such highly internally contaminaled individuals.

Ressarch has been conducted o delermine ways In which o prevent,
mitigate or real polential damage to the respirsiory tract and various organs in the
body that is caused by inlernally deposited radionuclides. To date, most of the
regearch attention has focused on sirategies designed o mitigate health effgcis 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 at remole systemic sies specific o a given
radioslement.  Such approaches will not work in cases where the daposiied
radionuciide is in relatively insoluble form.  Studies have shown that many, ¥ not
most of the physicochemicsl 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 inscluble radicactive asrosols is bronchoalveslar lavags or BAL. This
tachnique, which was adapled from that already in use for the realment of patients
with alveclar protsinosis, has been shown o be 2 safe, repaalable procedure, aven
when performed over an exiended period of ime,  Although there are varialions in
procedurs, the basic method for BAL s o anassthetize the subject, followed by the
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slow introduction of isolonic saline info 2 single lobe of the lung until the funclion
residusl capacily is reached. Additionsl 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, i is believed thal & significant dose
raduction from BAL therapy resulls in mitigation of health effects dus o inhalation of
insoluble radionuciides. I the study, adult dogs inhaled insoluble 'Ce-FAP
parficles. Two groups of dogs were given lung contents of “Ce known to cause
radiation pneumonitis and pulmonary fibrosis {(about 2 MBo/kg body mass), with one
group being treated with 10 unilateral lavages between 2 and 88 days after exposure,
the other untreated. A third group was exposed at 8 level of "“Os comparable to that
sean in the BAl-trealed group afler freatment {about 1 MBo/kg), but these animals
wers untreated. All animals were allowed to live thelr Wespans, which extended lo
16 vesrs. Because there is variabiity in initial lung content of ""'Ce among the dogs
in esch group, the dose rates and cumulative doses Tor each group overlap.
Nevertheless, the effect of BAL in reducing the risk from pneumonitisfiibrosis was
avident from the survival curves . In the unireated dogs with lung contents of 1.5-2.8
MBofkg, the mean survival time was 370 £ 88 d. For the treated dogs, the mean
supvival was 1270 & 240 d, which was siatistically significantly different. The third
group, which recelved lung contents of Wee of 0.6-1.4 MBg had 2 mesn survival
fime of 1800 + 230, which was notl siatistically different from the trested group.
Equally imporiant o the increassed survival, the dogs in ths high-dose untrealed
group died from deterministic effeds fo lung {preumonitis/fibrosis) while the treated
dogs did not.  Instesd, the brested dogs, fke the dogs In the low-dose unireated
group, mosthy had ung umors (hemangiosarcoma or carcinoma).  Therefors, the
reduction in dose resulling from BAL treatment appsears to have preducsd biclogical
effacts in lung that were prediclable based on the radigtion doses thal the lungs
recaiverd.

Based on these results, it is believed that decreasing the residual radiclogicsl
dose further by any method or combination of methods for enhancing the clearance
of particles from the lung would further decrease the probsbility 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 canters by trained

pulmonoiogists. As such, a BAL procedure is expensive. Given the drawbacks of
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BAL, # is not g treatment option that would be readily and immedialely available to
parsens in nesd of acceleraled removal of radicactive particles, for sxample, in the
avent of a nuclear attack. In the event of a nuclear altack or & nuclear accident,
immediate and relatively sasily administered freatment for persons who have besn
axpossed or who ars at risk of being expossed is needed. Sodium channed blockers
administered as an inhalation aercsol have bsen shown o restore hydralion of
airway surfaces. Such hydration of airway surfaces asitds in dearing asccumulaied
mucus secrelions and associaled parliculate matier from ths lung. As such, withowt
being bound by any particular theory, it is believed that sodium chamne! blockers can
e used io acoslerale the removal of radivactive particles from airway passages.

As discusssd above, the grealest risk fo the lungs following a radiclogical
attack, such as g dirly bomb, resulls from the inhalalion and retention of inscluble
radicactive particles. As 2 result of radicactive particle retention, the cumulative
gxposurg o the lung s signiflcantly increased, utimalsly resulling In pulmonary
fibrosis/pneumonilis and polentially death. Inscluble particles cannot be systemically
clearsd by chelaling agenis because these particles are not in solution. To dats, the
physical removal of particulale matier through BAL is the only therapsutic regimen
shown o be effsclive al mitigating radiation-induced fung dissase. As discussed
aghovse, BAL is not a realistic treatment solution for redusing the effects of radiactive
particles thal have been inhaled inlo the body. As such, it is desirabls lo provide a
therapeulic regimen that eflectively aids in clearing radinactive particles from alrway
passages and thal, unliks BAL, s relslively simple o administer and scalable n a
farge-scale radisglion exposure scenario.  In addition, # is also desirabls that the
therapeutic regimen be readily available o a number of people in g relatively short
period of tims.

in an aspect of the present invention, s method for praventing, mitigating,
and/or freating deterministic health effects {o the respiratory tract andior other bodily
crgans caused by respirable asrosols  oonfaining  radionudides  comprises
administering an effective amount of g sodium channel blocksr of Formula or a
pharmaceutically acceplable sall thereof © an individual in nesd. In a fealure of this
aspect, the sodium channst blocker is administered In conjunclion with an csmolyte,
With further regard o this feature, the osmolyte is hyperionic saling (HS), In a further
foaturs, the sodium channel blocksr and the osmolvie sre administered in
conjunction with an on ransport modulator. With further regard to this featurs, the
ion transport medulator may be selected from the group consisting of B-agonists,
CFTR potentintors, purinergic receplor agonists, lubiprosiones, and protease

inhibitors. I another fealure of this aspedt, the radionuclides are selscied from the
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group consisiing of Colbalt-80, Cesium~137, Iidium-182, Radium-228, Phospohrus-
32, Stontium-88 and 890, lodine-125, Thalium-201, Lead-210, Thorum-234,
Uranium~-238, Plulonium, Cobali-88, Chromium-81, Americium, and Curlum. In 2
further feature, the radionuclides are from a radicactive dispossl 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 addifional festure, the sodium channel blocker or &
pharmaceutically acceplable sall thereof is administered postexposurs 1o ths

radionuclides.

COMPOSITIONS

While it is possible for a compound of the invention to be administersd alons,
in some embodiments i s preferable fo present i in the form of 8 composition,
particularly s phammaceutical composition (formulation). Thus, In another aspedt, the
invention provides compuositions, and parlicularly pharmaceutical compositions {(such
as an nhalable pharmacsutical composition) comprising a pharmaceutically effeclive
amount of a compound of the wention as an gotive ingredient, and a
pharmaceutically acceplable excipient, diluent or carrier. The lsmm "aclive ingredient’
as emploved herein refers o any compound of the invention or combination of fwo or
more compounds of the invention in a pharmacsutical composition.  Also provided
are specific embodimanis in which a pharmaceulical composition comprises a
pharmacautically effective amount of 2 compound of Formulas (1), (la), (b}, e}, {id},
(i}, (), g, (R, 08, (D, (i3, and (), or a pharmaceutically acceplable salf thersof,,
independently or in combination, and s pharmaceulically accepiable excipient,
diluent or carrier.

in soms embodiments, the pharmscsutical composilion comprises a
pharmacsulically effective amount of a compound of Formulas {1}, {ia), {ib), {ic}, {id},
(e}, {IFy, (ig) (IR}, (Y, (), (k) and (1), or 8 pharmaceutically acceptable sall thereof,,
independsntly or in combination, in a diluent in separate embodiments, the
pharmaceutical compoesition comprises a pharmaceutically effeclive amount of g
compound of Formudas (), Ga), (b}, ol {d), (e, 40, (g, Oh, 08, 45, (K, and {J,
or a pharmaceutically scceptable salt thereof, in hyperionic saline, sterile water, and
hypertonic saline, respectively, whersin the saling concentration can be as described
herein.  In ons smbodiment the saline conceniration is 0.17% wiv and in another it is
2.8% wiv,

Also provided is a kit comprising 1) a pharmacsutically effactive amount of 5
compound of Formula {3, s, {ib), e}, (d), (e}, G5, (g, Oh), 8, 41, k), end (1), or
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a pharmaceutically acceplable salf thersof, H} ons or more pharmaceutically
acceplable sxciplents, carrders, or diluents; ilf} instructions for administering the
compound of group ) and the excipients, carriers, or diluents of group i} 1o a subjsct
iy need thersof, and; ) a container. A subject in need thereof includes any su%}jéct
in need of the mathods of restment described hersin, parficularly including & human
sublect in need thereof, Further embodiments also comprise an asrosolization
davice sslectad from the group of 2 nebulizer, including vibrating mesh nebulizers
and jet nebulizers, a dry powder inhaler, including sctive and passive dry powder
inhaters, and & metered dose inhaler, including pressurized, dry powdsr, and soft
mist metered dose inhalers.

i one embodiment g kit comprises 1) from abol 10 ng o abowt 10 mg of 8
compound of Formula {4, (a), (b, (o) (d), Je), {8, dg), (hy, (), (5, (i, and {1,
or a pharmaceutically accepiable salt thereof, per doss; #i) from about 1 o about §
mi of diluent per dose; i) instructions for administsring the compound of group 1)
and the diluent of group i) to a subject in nesd thereof, and; v} a container. Ina
further smbodimant, the diluent is from about 1 to aboul 5 mb of a saline solution, as
described hereln, per dosa. I a further embodiment, the diluent is from about 1 to
about 5 mil of a hypolonic saling sciution per doss. In another embodiment, the
dituent is from about 1 fo about § mb of 2 hypertonic saline solulion per dosse. Ina
still further embodiment, the diluent is from about 1 1o about 8 mib of sterile waler per
dose.

Also provided is g kit comprising 1) 2 solution comprising a pharmaceutically
sffective amount of a compound of Formuda (8, (Ia), (b}, e}, {id}, s}, (i), {ig}, (ih)
{18}, £, Bk}, and (41}, ,or 2 pharmaceutically acceptable salt thereof, dissclved ina
pharmacautically acceptable diluent; 1) instructions for administering the solution of
group ) {o 2 sublect in nesd thersof, and i} a containser.

Also provided is a kit comprising 1) a solulion comprising from aboul 10 ng fo
about 10 my of 2 compound of Formulda (I3, (&), (b}, (e}, (dy, (e}, (R, {a), {h), (1§,
{1y, (i}, and {30}, ,or 8 pharmaceutically accepiable salt thereof, dissolvedina
pharmaceutically acceptable diluent; i) instructions for administering the solution of
groun 1) 1o 2 sublect in need thereof; and i) 8 container. In a further embodiment,
the diluent is from about 1 {o aboul 5 mb of 2 saline solution, as describad herein, per
dose.

Ancther embodiment comprises s kit comprising 1} 8 pharmacautically
affective amount of a compound of Formuls {83, (s), (ib), {ie), (idy, (s}, (i), (g, {ih),
{3, (3, (N, and (), or 2 pharmaceutically acceptable salt thereof; in a dry powder

formuiation suitable for inhalation i) oplionally, one or more pharmacsutically
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acceptable excipients or carriers suliable for inhalation; §) instructions for
administering the compound of group 1) and the exciplents or carmiers of group iy o g
subiect iy nesd thereof, and; ¥} a container. In a further smbodiment, the kit also
comprises a dry powder inhaler suitable for delivering the dry powder formulation fo a
recipient. The dry powder inhaler may be, in addiional embodiments, a single-doss
inhalar or a multi-dose inhaler,

Further embodiments of sach of the kils described hersin includes thosse In
which the conceniration of the compound of Formuls {0}, {a), (b}, (), (id}, {ie}, (0,
(g, (i), (HY, (4 Ok, and (), or a pharmacsulically accepiable salt thereof, per
dose, is one of the sfective dose rangss desoribed herein, inchuding &) from abowt
0.1 ug to about 1,000 pg; b from sbout 8.5 ug to sbout 0.5 myg; and ¢} from abouwt 0.5
ug {o about 50 ug.

For sach of the kils described above thers is an additional embodiment in
which the diluent is hyperionic saling of the concentirations describad hersin, In
ancther embodimeant for sach kit the diluent is hypotonic saline of the concentrations
described hereln. In a frther embodiment for each kit, the diluent s slerlis waler
sultable for inhalstion.

The pharmaceutically acceplable exciplent(s), diluani{s} or carrier(s) musl be
acceptable in the sense of baing compalible with the other ingredisnts of the
formulstion snd not delslerious o the recipisnt thereof. Generally, the
pharmaceutically acceplable sxciplent{s), dilueni(s} or carrier{s} employed in the
pharmaceutical formulation are “non-toxie” mearning that tthay 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 effect on the
therapsutic activily of the active ingredient(s). Pharmaceutically  accaplabls
exciplents, diluents and carrers are conventional in the art and may be seleclad
using conventional technigues, based upon the desired route of administration. See,
REMINGTON'S, PHARMACEUTICAL SCIENCES, Lippincotl Willams & Wiking, 2% Ed
{May 1, 2005). Preferably, the pharmacsutically acceptable excipient{s), diluent{s} or
carrier(s) are Generally Regarded As Safe (GRAS) scoording o the FDA.

Pharmaceutical compositions according o the invention includs thoss suilable
for oral  administration; parentersl  administration,  including  suboutanscus,
intradermal, intramuscudar, inlravenous and intraarlicular; lopicsl administration,
including topical administration fo the skin, eyes, sars, efo, vagingl or reclal
administration; and adminisiration o the respiralory tract, including the nasal cavitiss
and sinuses, orgl and exirathoracic airways, and the lungs, incheding by use of

aaroscis which may be delivered by means of various types of dry powder inhalers,
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pressurized metered dose inhalers, sofimist inhalers, nebulizers, or nsuffiglors. The
most suitable route of administration may depend upon, several factors including the
patient and the condition or disorder being trealed.

The formulations may be presentsd 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 slep of bringing the active ingredient info sssociation with the
carrier, diluent or sxcipient and coptionally one or morg gocessory ingredients.  in
general the formulations are prepared by uniformly and intimately bringing inlo
association the aclive ingredient with one or mors liguid carders, diluents or
excipients or finely divided solid camiers, diluents or excipients, or both, and then, if
necessary, shaping the product inle the desired formulation.

in one preferred embodiment, the composition is an inhalable pharmaceutical
somposition which is sultable for inhalalion and delivery 1o the endobronchisl space.
Typically, such composition is in the form of an aercsol comprising particles for
delivery using a nebulizer, pressurized metered dose inhaler (MR}, softiist inhaler,
or dry powder inhaler {DPD. The asrosol formulstion used in the methods of the
present inverdion may be a lguid {e.g., solution) suilable for adminisiration by a
nebulizer, softmist inhaler, or MM, or a dry powder suitable for administration by an
MO or DPL

Aerosols used o sdminister madicaments to the respiratory tract are typically
polydisperse; that is they are comprised of parficles of many different sizes. The
particle size distribution is fypically described by the Mass Median Asrodynamic
Diameter (MMAD) and the Geomelric Standard Deviation (G5B}, For oplimum drug
delivery o the endobronchial space the MMAD is in the rangs from about 1 0 about
10 um and preferably from about 1 to sbout 5 um, and the GSD is less than 3, and
praferably less than about 2. Asrosols having & MMAD above 10 pm are gensrally
too large when inhaled (o reach the lungs. Aercscis with 2 850 greater than abouwt 3
are not preferred for ung delivery as they deliver a high perceniage of the
medicament {o the oral cavily, To achisve these parlicle sizes in powder formulgtion,
the parlicles of the aclive ingredient may be size reducsd using conventional
fwchnigues such as micronisation or spray drving,  Non-Hmiling sxamples of other
processes or fechnigues that can be ussed io produce respirable particles Include
spray drving, precipitation, superoritical fluld, and freeze drving. The desired fraction
may be separsied out by air classification or sleving.,  In one smbodiment, the
particles will be orystalline. For lguid formulations, the particle size is delermined by

the sslection of a partioular modst of nebudizer, softmist inhaler, or MDL
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Asgrosol particls size distributions are determined using devices well known in
the art. For example a multi-stage Anderson cascade impactor or other sullable
method such as those specifically cifed within the US Pharmacopoeia Chapler 801 as
characterizing devices for asrosols emitted from medered-dose and dry powder
inhalars,

Dy powdsr compositions for {opical delivery to the lung by inhalation may be
formulated withou! exciplent or carer and inslead including only ihe active
ingredisnts in a dry powder form having s sullable parlicle size for inhalation. Dry
powder compositions may alse conlain 8 mix of the aclive Ingredient and a suilable
powdar base {carrer/diluent/exciplent substance) such as mong-, di- or poly-
saccharides {8.g., lactose or starch). Laciese iz typically the preferred eocipient for
dry powder formulations. When a solid sxciplent such as ladlose is employed,
generally the parficle size of the exciplent will be much greater than the active
ingredient to aid the dispersion of the formulation in the inhaler,

Mon-iimiting examples of dry powder inhalers include reservolr multi-dose
inhalers, pre-mslered mulli-dose inhalers, capsuls-based inhalers and single-doss
disposable inhalers. A reservoir inhaler containg 2 largs number of doses {s.g. 80} in
one coniainer, Prior fo inhalation, the patlent acluales the inhaler which causes the
inhaler to meter one dose of medicament from the ressrvolr and prepare # for
inhalation. Examples of reservolr DPls includs but are not limiled {0 the Turbohaler®
by AstraZenscs and the ClickHaler® by Veclura,

In & pre-metered multi-dose inhaler, sach individual dose has been
manufaciured in a separate contalner, and actuation of the inhaler prior fo inhalation
causes a new dose of drug o be released fom s container and prepared for
inhalation. Examples of multidose DP) inhslers include but are not limiled o Diskus®
by GSK, Gyrohaler® by Veclura, and Prohaler® by Valois, During inhalation, ths
inspiratory flow of the patient acoslerates the powder out of the device and inlo the
oral cavity. For a capsule inhaler, the formulation is in a capsule and stored oulsids
the inhaler. The patient puls 3 capsule in the inhaler, aclusies the inhaler {punciures
the capside), then inhales. Fxamples include the Rotohaler™ {GlaxoSmithKine),
Spinhaler™ (Novertis), HandiHaler™ (IB), TuboSpin™ (PHET). With single-dose
disposable inhalers, the patient actuales the inhaler io prepare B for inhalation,
inhales, then disposes of the inhaler and packaging. Examples include the
Twincer™ (U Groningen), OneDose ™ (GFE), and Manta inhaler™ {(Manta Devices).

Gensrally, dry powder inhalers ulilize turbulent flow characleristics of the
powder path o cause the excipient-drug aggregaies b disperse, and he particles of

active ingredient are depositsd in the lungs. However, cerlain dry powder inhalers
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utilize a cyclone dispersion chamber o produce particles of the desired respirable
size. In a cyclone dispersion chamber, the drug eniers a coin shaped dispersion
chamber tangentially so that the alr path and drug move along the ouler circular wall
Az the drug formulstion moves along this coircular wall B bounces arpund and
agglomerstes are broken apart by impact forces. The air path spirals towards the
center of the chamber exiting verfically, Paricles thal have small encugh
gerodynamic sizes can follow the alr path and sxit the chamber. In effec] the
dispersion chamber works ke a small jet mill. Depending on the specifics of the
formulation, large iaciose particles may be added o the formulation o aid in the
dispersion through impact with the AP particles.

The Twincer © single~dose disposable inhaler appears to operale using a
coin-shaped cyclone disparsion chamber referred to as an "air classifier” See, U,
Published Palent Application No. 2008/0237010 to Riksuniversilelt Groningen.
Fapers published by the University of Groningen, have stated that 8 80 mg doss of
purs micronized colistin sulfomsthate could be effectively deliversd as an inhalable
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 wm to about § um and 3 838D sbout less than
2.

Examples of suitable dry powder inhalers and dry powder dispersion devices
for use in the dellvery of compounds and composifions according to the present
invention include but are not imited to those disclosed in USTB20278; UST322354;
US7248617; UST231820; UST210865; UST207330; UBGBBLESEE, UBE 522,385
LUSER45772; USE837431; US8320034; USE458,135; US4805,811; and UL
Published Patent Application No. 2006/0237010.

in one embodimant, the pharmaceutica! formulation according o the nvention
is & dry powder for inhalation which is formulated for delivery by a Diskus®-ype
device. The Diskus® device comprises an elongale stip formed from & base shest
having a piuraiity of recesses spaced along s length and s lid sheetl hermetically but
paatably ssaled therelo fo define a plurslily of containers, sach container having
therein an inhaiable formulation conlaining 2 predetermined amount of aclive
ngredient sither alone of in admixture with one or more carriers o axciplents (8.9,
lmciose} and/or other therapeutically active agenis. Preferably, the strip Is sufficlently
flexible to be wound into a roll, The lid sheet and base shest will preferably have
iwading end portions which are nol sealed to one ancther and al least one of the

leading end portions is constructed to be afteched to a winding means.  Also,
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preferably ihe harmetic seal between the base and Hd shesls extends over thelr
whole width. To prepars the doss for inhalation, the lid sheet may preferably be
pealed from the bese sheet in 8 longliuding! direction from a first end of the bass
sheatl.

in one embodiment, the pharmaceutical formudation according o the invention
is & dry powder for inhalation which is formulaled for delivery using s single-dose
disposable inhaler, and particularly the Twinocsr™ inhaler. The Twincer™ inhaler
comprises a foll laminate biisier with one or more recesses and a Hd sheset
hermelically but peelebly sesled therelc W define a plurglity of containers. Each
container has therein an inhalable formulation containing s predetemined amount of
aclive ingredieni(s) sither alone or In admbdurs with ons or more carrisrs or
axciplents {e.q., lacloss). The Hd shesl 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 administer the asrosel formulation by 1) removing the
outer packaging overwrap, 2} pulling the foil tab to uncover the drug in the blister and
3} inhaling the drug from the bilister

in angther embodiment, the pharmaceutical formulation according o the
invention is 8 dry powder for inhalation wherein the dry powder is formulated into
microparticles  as  described n BOT  Publication No. WO2008/015288 or
WO2007/114881, both to NexBio. Such microparticles are generally formed by
adding a countsr ion o a solution containing g compound of the nvention in 8
solvent, adding an antisolvent to the solution; and gradually cocling the solution to a
femperature balow about 258°C, o form & composition conlaining microparticles
comprising the compound. The microparticles comprising the compound may then
be separated from the sclution by any sullable means such as sadimentation,
filration or hyophillization. Sultable counterions, sobvents and antisclvents for
preparing migroparticles of the compounds of the Wnvention are desoribed in
WO200B/015288,

in ancthar ambodiment, & pharmaceutical composition according o the
invention is delivered as a dry powder using & meterad dosse inhaler. Non-limiting
sxamples of metered dose inhalers and devices inchude those disclosed in
LS5, 261,538, USH B44,847; USE B22,163; US4,8588,371, UB3,565,070; US3,3681306
and USE6,1168,234 and UST7,108,158. In & preferrsd embodiment, a compound of the
invention is delivered as a dry powder using a melered dose inhaler whersin the
amitted particles have an MMALD thatl is in the range of about 1 um o aboul B um and
z 381 that i less than sbowt 2,
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Liguid serosol formulations for delivery (o the endobronchial space or fung by
inhalation may for example be formulaled as aguesus solutions or suspensions or as
aerosols deliverad from pressurized packs, such as mstered dose inhalers, with the
use of sullable liguefied propsilants, soflmist inhalers, or nebulizers. Such asrosol
gcomposiions sultable for inhalation can be sither & suspension or a solution and
generally contain the active ingredient{s} together with a pharmaceutically accepiable
carrier or dilvent (a.g., water (distilled or slerile), saline, hypertonic saling, or ethanol}
and optionally one or more other therapsutically active agents.

Asrosol compositions for delivery by pressurized melered dose inhalers
typicaily further comprise a3 pharmacsutically accepiable propelfant.  Examples of
such propeliants include fluorocarbon or hydrogen-containing chiorofiuorocarbon or
miziures thereof, particularly hydrofluoroslkanss, ewy.. dichiorodifiucsromethans,
frichioroflusromethans, dichioroistrafluorosthans, aspecially 1,%,1,2-
tetrafluoreethane, 1,1,1.2,3,3,3,-heptefiucro-n-propans or & mixture thereof. The
aserosol composiion may be excipient free or may optionslly contain additional
formutation excipients well known in the arl such as swiaciants e, oleic adid or
lecithin and cosolvents e.g., ethanol,  Pressurized formulations will generally be
retained © & canisler {e.g., an aluminum canisler) dosed with a valve {8.g., 8
metering valve} and fitted into an actualcr provided with a mouthpiece.

in another embodiment, a pharmaceutical composition asccording o the
imvention s dellvered as a3 liquid using 8 melsred dose inhaler.  MNondimiting
sxampies of metered dose inhalers and devices include those disclosed in US Patent
Mos, 8,253,782, 6,413,487, 7,601,338, 7,481,085, 6,743,413, and 7,105,182, In a
preferred embodiment, a compound of the invention s deliversd as a dry powder
using a metered doss inhaler wherein the emilted particles have an MMAD thal s in
the range of abowt 1um to about B um and a GSD that iz less than about 2.

in one embodiment the aserosol formulation is sulfable for asrosolization by 2
ot nebulizer, or ulrasonic nsbulizer including static and vibrating porous plate
nebulizers. Liguid serosol formulstions for nebulization may be generaled by
solubllizing or reconstituting 2 solid particle formulation or may be formulatsd with an
agueous vehicle with the addiion of agents such as acid or alkall, buffer salls, and
isotonicity adiusting agents. They may be sleriized by in-process technigues such as
filtration, or terming! processes such as healing in an auloclave or gamma iradiation,
They may alsc be presented in nonesterile form.

Patients can be sensitive o the pH, osmolality, and ionic conlent of a
nebulized solution.  Thersfore these parameters should be adjusted io be compatibls

with the active ingredient and {olerable {o petients. The most preferred solution or
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suspension of active ingredient will confain 2 chioride concentration >3 mi at pH
4.5-7.4, preferably 5.0-8.5, and an osmolality of from about 800-1800mQ0smikg. The
o of the solution can be controlled by sither tiralion 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 include citrate buffers,
such as cifric acidfsodium citrale buffers, acelate buffers, such as acetic acid/sodium
acetate buffers, and phosphate buffers. Buffer strengths can rangs from 2mM o
BOmb,

Ussful acslate, phosphate, and cltrate buffers includs sodium acstats, sodium
acsiale rhydrats, ammonium acetate, potassium acsiale, sodium phosphale,
sodium phosphate dibasic, disodium hydrogen phosphate, potassium dihydrogen
ohosphate, potassium hydrogen phosphate, polassium phosphates, sodium ditratls,
and potassium citrate. Other buffers which may be utilized include sodium
hydroxide, potassium hydroxide, ammonium hydroxide, aminomethyipropanc!,
fromsthaming, tstrahydroxypropy! ethyienediamine, citrie acid, aselic acid,
hydroxyiricarboxylic acid or g salt thersof, such as a citrale or sodium clirate salt
thereof, lacto acld, and salts of lactic acld including sodium lactats, polassium
inctate, lithium lsclale, caloium lactsts, magnesium laciats, barlum laclate, aluminum
laclate, zing lactate, siiver lactate, copper laciate, ron lactale, manganese lactate,
amynoniun iaciate, monosthanolamine, disthanclamine, triethanclaming,
diisoprepanclaming, as well as combinations thereof, and the Bke.

Buch formulations may be administered using commercially available
nabulizers or other alomizer thal can break the formulstion infe particles or droplsls
sultabls for deposition in the respiratory tract. Non-limiting examples of nebulizers
which may be employed for the asrosol delfivery of a composition of the invention
include pneumatic et nebulizers, venied or braath-enhanced jet nebulizers, or
yitrasonic nebulizers including static or vibrating porous plats  nsbulizers.
Commercially available nebulizers include the Aeronsb® Go nebulizer {Agrogen) and
the eflow nebulizer (Pari Pharmal

A jet nebullzer ulllizes a high veloclty stream of air blasting up through 2
column of water to generate droplets. Particles unsullable for inhalation impact on
walls or asrodynamic baffles. A venied or reath enhanced nebulizer works in
essentislly the same way as 3 et nebulizer except thet inhaled air passes through
the primary droplst gensration ares o incrsass the oulpul rate of the nsbulizer while
the patient inhales.

in an ulfrasonic nebulizer, vibration of 8 plezosiectric crystal creates surface

insiabilites in the drug ressarvolr thal cause droplels o be formed.  In porous plsle
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nebulizers pressure flelds gensrated by sonic enargy force liguid through the mesh
pores wherg i breaks inlo droplels by Rayvisigh breskup. The sonic snsrgy may be
supplied by a vibrating horm or plate driven by a piezoslectric orysial, or by the mesh
fisslf vibraling., MNon-limiting sxamples of stomizers include any single or fwin fluld
alomizer or nozzis thal produces droplets of an appropriste size. A single fluid
aicmizer works by forcing g Hguid through one or more holes, where the jet of fiquid
breaks up infe droplets. Twin fluld atomizers work by sither forcing both a8 gas and
fiquid through one or mors holes, or by impinging a jet of liguid against another jst of
sither liguid or gas.

The choice of nebulizer which serpsolizes the sercsol formuistion is important
in the administration of the aclive ingredient{s). Differeni nebulizers have differing
efficiencies based their design and opsration principle and are sensilive o the
physical and chemical properties of the formulation. For exampls, two formulations
with different surface lensions may have different particle size distributions.
Additionally, formulstion properfies such as pH, cempolality, and permeant ion contant
can affec! olerability of the medication, so preferred embodiments conform o cartain
ranges of these properiies.

in a preferred embodimant, the formulation for nebulization is delivered o the
sndobronchial space as an asrosol having an MMAD betwesn abowt 1 pm and about
5w and a2 GSD less than 2 using an appropriate nebulizer. To be optimally effective
and 0 avoid upper respiratory and syslemic side effects, 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 a GBD greater than about 2 2
large percentage of the dose may be deposited in the upper airways decreasing the
amount of drug delivered {o the desired sife in the ower respiralory tracl. | the
MMAD of the asrcsol is smaller than about 1 um then a large perceniage of the
particles may remain suspended in the inhaled alr and may then be sxhaled during
axpiration.

The compounds of the invention may also be administered by
fransbronchoscopic lavage.

Formulations suitable for oral administration may be pressnied as disorsts
units such as capsules, cachets or iabisls, each containing 2 predetermined amount
of the aclive Ingredient; as a powder or granules; ss & solution or suspension in an
agueocus fiquid or 8 non-agquecus liguld) or as an oilin-water liguld emulsion or a
waler-in-oil Hguld emulsion. The active ingredient may also be presenied a5 a

sachsi, bolus, slectuary or paste.
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A tablet may be made by compression or molding, optionally with one or more
sccsssory ingredisnts. Compressed {ahists may be prepared by compressing in a
sultsble maching the active ingredient in 8 frese-flowing form such as a powder or
granuies, optionally miked with g binders, lubricant, inert diluent, surfacs active or
dispersing agent. Molded tablets may be made by molding in a sultable machine a
mixture of the powdered compound molstenad with an inert figuid dilusnt. The tablets
may oplionally be coated or scored and may be formulated so as {o provids slow or
controliad releass of the aclive ingrediant therain,

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 scacika or tragacanth, and pastifes comprsing the active
ingredient in & base such as gelatin and glycerin or sucrose and acacia.

Formulations for parenteral administration include agusous and non-agqueocus
sterile injecton solutions which may conlaln anth-oxidants, bulfers, bactariosials and
solutes which rendsr the formulation isclonic with the biood of the intlended reciplent;
and agueocus and non-aguecus stenle suspensions which may include suspending
agents and thicksning sgenis. The formulations may be presentsd in unit-doss or
multi-dose containers, for example sealed ampoules and vials, and may be stored In
g freeze-dried (ivophilized) condition requiring only the addiion of the sterlie Hguld
carrier, for sxample ssline or walsr-for-injection, immediaisly prior o use.
Externporanecus injection solutions and suspansions may be prepared from sterile
nowders, granules and ablets of the kind previously described.

Oral fluids such as solutions, syrups and elidrs can be prepared in dosags
unit form so that a given quantity contains a predelermined amount of the aclive
ingredient. Syrups can be preparad by dissolving the active ingredient in a suifably
flavored aguecus solution, while elikdrs are prepared Hwough the use of a
pharmaceutically acceptable aslcoholic vehicls, Suspensions can be formulatsd by
disparsing the active ingredient in 5 pharmaceutically accepiable vehicle. Solubilizers
and emulsifiers such as sthoxylaled isosteary alcohols and polyoxy ethylens sorbitod
ethars, preservatives, flavor additive such as peppermint ol or natural swesteners or
saccharin or other arfificis! sweelsners, and the ke can glso be incorporaisd into orsl
fiquid compuositions,

Liposomea  delivery systems such as small unilamellar vesicles, large
unitemetiar vesicles and multifamellar vesicles may aslse be employed s delivery
maans for the compounds of the invention. Liposomess may be formed from a varisty

of phospholipids such as cholestersl, sleanviamine and phosphatidvicholines.
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Pharmaceutical compositions for topical adminisiration may be formulated as
ginfmants, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays,
aarosols or ofls. Compositions designed for the trestment of the eyes or other
gxtemnal Hssues, for sxample the mouth and skin, may be spplied as a lopical
ointment or oream. Whaen formulated as an ointiment, the aclive ingredient may be
smployed with sither g parefiinic or 2 water-miscible ointment base. Alternatively, the
active ingredient may be formulated in a crearmn with an oil-in-water cream base or a
water-in-oil bass,

Cther compositions designed for topical administration o the eves or sars
include eve drops and ear drops wherein the active 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.  Aerosciable formulations for nassl
administration may be formulated in much the same ways as asrosciable
formulations for inhalation with the condition that particles 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 droplels may be smploved. Thus, for nasal
administration, a particle size in the rangs of 16-800 um may be used {o ensure
retention in the nasal cavity.

Transdermal patches may aiso be emploved, which are designed to remain in
contact with the spidermis of the patient for an extended period of me and promole
the absorption of the sclive Ingredient thare through.

Compositions Tor vagingd or recial adminisiration include oinbments, creams,
supposiiories and enemas, sl of which may be formulated using conventional
tschnigues.

in another aspact, the invention provides a method of promoting hydration of
mucosal surfaces or resioring mucosal defense It a human in nesd thersof
somprising administering to the human a pharmaceutical composition comprising a
sompound of the invention, whersin said compound is administered in an sifective
amount. In one preferred embodiment, the method comprises adminisiering the
pharmaceutical composition as an inhalable composition comprising an amount of a
compound of the invention that is sufficlent fo achieve dissolved concentration of the
compound on the sirway surfaces of from about 107, 10°%, or 107 to about 107,10°,
107, or 107 Moles/liter, more preferably from about 107 to about 107 Molesditer,

in ancther aspedc, the nvention provides a method of realing anv ons of a

diseass associaled with reversibles or breversible airway obstruction, chronic
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aohstructive pulmonary  disease {(COPD), asthma, bronchisctasis  {including
bronchiactasis due fo conditions other than cystic fibrosis), acute bronchills, chronic
bronchitis, post-viral cough, cystic fibrosis, emphysema, pneumonia, panbronchiolitis,
fransplani-associate bronchiolils, and ventiiafor-associaled trachecbronchiis or
preventing venlilator-associated preumonia in a human in need thereof, comprising
administering to the human a pharmaceuticsl composition comprising 8 compound of
the invention, whersin said compound is administerad in an effective amount. inone
preferred embodiment, the method comprises administering thé pharmaceuticsl
composition as an inhalable composition comprising an amount of & compound of the
invention that is sufficient to achisve dissoived concentration of the compound on the
sirway surfaces of from about 107, 10° or 107 fo about 1079107 1079 or 107
Molesfiter, more preferably from about 107 to about 107 Moles/Bter,

In ancther aspect, the invention provides a method of tresting any one of dry
mouth {xerostomia), dry skin, vaging! dryness, sinusitis, rhinosinusilis, or nasal
dehydration, including nassl dehydration brought on by adminisiering dry oxygen,
dry sye or Sjogren's diseass, promoting ocular or comeal hydration, realing distal
intestinal obstruction syndrome, treating ofifis media, primary ciliary diskinesia, distal
intesting! obsiruction syndrome, esophagilis, constipation, or chronic diverticuliis in g
human in nesd thereof, comprising administering o the human a pharmaceuticsal
composition comprising s compound of the invention, whereln said compound s
asdminisiered in an effective amount.

Preferred unit dosage formulations for the compounds of the invention ars
those containing an sfective amournt of the active ingredient or an appropriale
fraction thersof.

it should be understood thal in addiion to the ingredienis particularly
meantionsd above, the formulations of this Invention may include other agenis
conventionsl in the art having regard o the type of formulation in guestion for
sxampls those sultable for oral administration may include flavoring agents.,

The compositions of the present invention may be formulated for mmediate,
controlled or sustained relesse as dasired for the parlicular condition being treated
and the desired route of administraion. For sxample, a conirollsd release
formulation for oral administration may be desired for the freatment of constipation in
order 1o maximize delivery of the solive 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 iz generally less soluble in aqueocus solulions than the
sall, compositions comprising a free base of & compound of Formula | may be

amployed o provide mors sustained releass of active agent delivered by inhalation
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fo the lungs. An active agent present in the lungs in particulsts form which has not
dissolved into solution is not avallable to induce a physiclogical response, but serves
as & depot of bivavaiiable drug which gradually dissclves inlo solufion. As another
exampe, ¢ formulation may employ both 5 fres base snd salt form of a compound of
the nvention fo provide both immediate release and sustained release of the aclive

ingradient for dissolution into the mucus seorstions of, for exampie, the nose.

COMBINATIONS

The compounds of the wention may be formulated andfor used in
combination with other therapeulically active agenis. Cxamples of other
{herapeutically active agenis which may be formulsted or used in combination with
the compounds of the imvention include but ars not Hmited fo osmoiyies, snb
inflammatory  sgents, anticholinergic agents, B-agonists {ncluding sslective Bo-
agonists), P2Y2 receplor agonists, peroxisome proliferator-activated receptor (PPAR)
delia agonists, other epithelial sodium channel blockers {ENaC recepior blockers),
cyslic fibrosis fransmembrane conductance regulstor (CFTR) modulators, kinase
inhibitors, antiinfective  agends, antihistamines, non-antibiotic  anti-inflammalory
macrolides, elastase and protesse inhibitors, and mucus or mucin modifving agents,
such as surfactanis. In addition, for cardiovascular indications, the compounds of the
invention may be used in combination with bsla blockers, ACE inhibitors, HMGCoA
reductass inhibitors, caloium channet blockers and other cardiovascular agents.

The present invention thus provides, as ancther aspect & compuosition
comprising an effective amount of a compound of the. invention and ong or more
other therapeutically active agenis selecled from csmolyles, ant-inflammstory
agents, anficholinergic agents, B-agonists (including selective Beagonists), P2Y2
receptor agonists, PPAR dslts agonists, ENaC receplor blockers, cystic fibrosis
fransmembrane  conduciance regulator {(CFTR) modulsiors, kingse  inhibitors,
antiinfective agents, antihistamines, nore-antibictic ant-nflammalory macrolides,
slasiase and proteass inhibilors, and mucus or mucih modifying agents, such a8
surfactants. The present invention thus provides, as ancther aspect, 8 composition
comprising an effective amount of a compound of the invention and one or more
other therapeutically aclive agenis selecisd from beta blockers, ACE inhibilors,
HMGECoh reductase inhibilors, and calelum channe! blockers. Use of the compounds
of the invention in combination with one or more other therapsutically active agents
{parficulardy osmolyles) may lowsr the dose of the compound of the invention that is

required to sufficlently hydrate mucossal surfaces, thereby reducing the poltential for
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undasired side-effects atinbutable fv sysiemic biecking of sodium channels such as
for axample in the kidneys.

“‘Camoiyies” according o the present invention are molecules or compounds
that sre osmotically aclive. "Usmolcally active” molesules and compounds are
membrans-impermeable {is., esseniially non-absorbablel on the airway or
pulmonary epithelial surface. The terms “alrway swrface” and "pulmonary surface,” as
used hersln, includs pudmonary airway surfaces such as the ronchi and bronchioles,
alveoiar surfaces, and nasal and sinus surfaces. Sullable csmolvies nclude ionic
gamolvtes (e, salts), and non-onic csmolvles {le., sugars, sugar alcohols, and
organic osmolvies).  In general, osmolvtes {(bolh ionic and non-ionic) used in
combination with the compounds of the invention are preferably osmolyles that do
not promote, or in fact deter or retard bacterial growth., Osmolyles sullable foruss in
the present invention may be In racemic form or i the form of an enantiomer,
diastereomer, lautomer, polymorph o pssudopolymorph.

Examples of ionic osmolyles usefid in the present invention include any salt of
& pharmaceutically acceplabls anion and a pharmaceutically accepiable cation.
Praferably, sither {or both) of the anion and calion are osmotically astive and not
sublect o rapid aclive transport, In relation to the sirway swiaces to which they are
administered. Such compounds include but are not miled to anions and cations that
are contained in FDA approved commercially marketed salls, see, a9, Reminglon:
The Science and Praciice of Pharmacy, Yol. if, pg. 1487 (18" £d. 1098), and can be
used in any combination as known in the art

Bpecific examples of pharmaceutically accepiable osmotically active anions
include bul are not limited to, acelale, benzenssulfonate, benzoale, bicarbonate,
bitartrate, bromide, calcium edelste, camsviale {camphorsulfonate), carbonate,
chioride, citrale, dihydrochioride, edelate, edisyiaie {1 2-sthanedisulionals)}, esiniale
{lauryl sulfate), ssyiste {1.2-sthansdisulfonate), fumarasts, glucepiale, gluconals,
gltamate, ghroolivigrsaniiate  {(p-glvcollamidophenylarsonate),  hesylresorcinale,
hydrabamine (&, A -Di dehydroabletyhethylenediaming), hydrobromide,
hydrochioride, hydrasynaphthoats, iodide, isethionale, laciale, latiobionals, malale,
malsate, mandelate, mesylate, methylbromide, melhyinitrats, methylsulfate, mucale,
napsylate, nitrale, nibite, pamoste (embonale), peaniothenate, phosphale or
diphosphaie, polygsiacturonate, salicyists, stesrsie, subacetals, succinate, sulfate,
tannate, tarirate, teoclate (S-chiorotheophylinats), Wethiodide, bicarbonats, slc
Preferred anions include cohioride, sulfate, nitrate, gluconals, iodide, bicarbonate,

bromide, and phosphate,
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Specific examples of pharmaceutically acceptable osmotically aclive cations
include but are not Hmiled fo, organic cations such as benzathine (MAN-
dibenzyisthvienediaming), chioroprocaine, choling, disthanclamine, ethylenediaming,
meglumine {N-metnd D-glucamine), procaine, Deysine, L-lysine, D-argining, L-
grgining, fristhylammonium, N-methyl D-glyosrol, and the Hke; and metallic cations
such gs aluminum, cslcium, lithium, magnesium, polassium, sodium, zing, ron,
ammonium, and the lke. Preferred ormganic oations Include 3-carbon, 4-carbon, &
carbon and 8-carbon organic cations. Preferred calions include sodium, polassium,
sholing, thium, meglumine, D-ysine, ammonium, magnesium, and caloium,

Specific examplss of lonic ocsmolvles that may be used in combination with a
compound of the invention include byt are not fimited to, sodium chioride {particularly
hyperionic saline), polsssium chionide, choling chioride, choling indide, Hthium
chioride, meglumine chioride, L-lysine chloride, D-ysine chioride, ammonium
chioride, potassium suifats, polassium nilrafe, polassium gluconals, polassium
indide, ferric chioride, ferrous chioride, polassium bromide, and combinations of any
two or mora-of the foregoing. I one embodiment, the present invention provides a
combination of a compound of the Invention and two different nemotically active salls.
When different salls are used, one of the anion or calion may be he same among
the differing salts. Hyperdonic saline is & efered lonic osmolvle for use in
combination with the compounds of the invention.

MNor-ionic osmolyies include sugars, sugaraloohols, and organic csmolyies.
Sugars and sugaralcchols usefd as ocsmolytes in the present ivention include but
are not imited fo 3-carbon sugars {e.q., glycerol, dihydroxyacetons) 4-carbon
sugars {8.¢., both the I and L forms of ervihrose, threoss, and erythrulose);, B-carbon
sugars {e.g., both the D and L forms of riboss, arabinoss, xylose, lyxose, psicose,
fructoss, sorbose, and lagatose);, and 8-carbon sugars {e.g., both the D and L forms
of zliose, allose, glucoss, mamnose, gulese, ikdose, galaciose, and lalose, and the [
and L forms of alio-hsplulose, allo-hepuloss, gluco-heptulose, manno-hepluloss,
gulo-heptulose, ido-heplulose, galacio-hepluloss, alo-hepiulose). Additional sugars
useful in the praclice of the present Invention include raffinose, raffinose series
oligosaccharides, and stachyose. Both the D and L forms of the reduced form of
aach sugarisugaf aloohol are also sultable for the present invention. For exampls,
glucose, when reduced, becomes sorbiiol an osmolyle within the scope of the
rvertion.  Accordingly, sorbitol and other reduced forms of sugarfsugar aloohols
{e.5., mannitol, dulcitol, arabitoly ars sullable osmolyles for use in the present
invention. Mannitol is a preferred nonqlonic osmolyle for use in combination with the

gsompounds of the invention.
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"Organic osmobdes” is gensrally used o refer (o molscules thal conirol
infraceliular osmoelality in the kidney, See e.g., J. S Handler ¢f &, Comp. Biochem.
Fhysicd, 117, 301-308 {1987} M. Burg, Am. J Phyeiol 288, FO83-FB0G (1985),
Organde osmolvtes include but are not Hmited to thres major classes of compounds:
polvols {pobdhiydre alcohols), melivdamines, and amine acids.  SBuilable polyol
grganic osmolytes include but are not mited to, inositel, myc-inosiol, and sorbifol.
Suilable methylamine organic osmolvies include bul are not limitsd 1o, cheling,
betaing, camitine {(L-, - and DL forms}, phosphorvicholing, lyso-phosphoryicholing,
glyosrophosphorvicholing, creating, and creatine phosphate.  Suitable amine acid
organic csmolvies include bul are nol limilsd fo, the - and Ldorms of glycing,
alaning, giutamine, ghitamale, aspariate, proline and taurine.  Additional organic
osmolytes sullable for use In the present invention include thulose and sarcosine.
Mammalian organic osmolvies are preferred, with human organic osmolyles being
most preferrad.  However, cerlain organic osmolyies gre of bacterial, veast, and
maring animal origin, and these compounds may also be employed in the present
invention.

Csmolyte precursers may be used in combination with the compounds of the
fvention An "osmolyle precursor” as used hersin refers ©© a compound which is
converted inle an osmolvle by a metabolic sitep, elther catabolic or ansbelic.
Examples of osmolyie precursors include but ars not imiled {0, glucose, glucose
polymers, glycerol, cholineg, phosphatlidyicholine,  lyso-phosphatidyicholine  and
inorganic  phosphates, which are precursors of polyols and methylamines.
Precursors of amino acld csmohvies include proteins, peplides, and polyaming ackds,
which are hydrolyzed o vield osmolyle aming scids, and metabolic precursors which
can be converted inlo osmolvie amino acids by a melabolic step such as
transaminadion. For exampls, & precursor of the aming acid glutamine s poly-l-
glutsmine, and a precursor of glutamats is poby-L-glutamic acid, V

Chemically modified osmolyies or osmolyle precursors may alse be
employed. Such chemical modifications involve linking the cemolyle {or precursor) i
an additional chemical group which allers or enhances the sffed of the osmolyte or
npsmolyie precursor {g.g., inhibils degradation of the osmobvle molscule).  Such
charmical modifications have been utiized with drugs or prodrugs and are known in
the art. {Ses, for axample, U8, Pal. Nos. 4,479,832 and 4,540,584, Shek, E. el al, J
Med, Chem. 18113117 (1978 Bodor, N &t &l, J Pharm Sol §7:1045-1080
{1978); Bodor, N, et al, J. Med. Chem. 26:313-318 (1883}, Bodor, N. et al,, J Phérm.
Sei. T5:28-35 {1888
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Praforred cemolvtes for uss in combingtion with the compounds of the
rvertion include sodium chioride, particular hyperlonic saling, and mannitol.

For the formulation of 7% and >7% hypertonic saling, formulations conlaining
hicarbonate anions may be particularly useful, sspecially for respiratory disorders
with oystic fibrosis ransmembrans conductance reguator (OFTR) dysfunction such
as CF or COPDL. Recent findings indicate that, although the relative ratic of HOG,
conductance/Cl conductance i3 belween 01 and 2 for single CFTR channels
activated with cAMP and ATP, the ratio in the sweal duct can rangs from virtually G o
almost 1.0, depending on conditions of stimulation. That is, combining cAMP + cGMP
+ g-ketoglutarate can yield OFTR HOO: conductance abmost squal to that of CF
conductance {Quiton et al. Physiology, Vol 22, No. 3, 212-228, June 2007}
Furthermore, formulations of 7% and »7% hypertonic saline containing bloarbonate
anions may be particularly useful dus to batler control of the pH in the alrway swiface
Bouid. First, it has shown thel that ainway acidification ooours in OF {Tate et al. 2002}
and that abssent CFTR-dependent bicarbonale seorstion ¢an lead lo an impaired
capacity to respond o airway conditions associaled with acidification of airway
surface fiquid layer {Coakdey et al. 2003). Second, sddition of HE solution without
bicarbonate o the surface of the lung may further dille ihe bicsrbonale
concenirations, and potentially reduce the pH or the abilily 1o respond o asirway
acidification within the alrway surface liquid layer. Therefore addition of bicarbonale
anions o HS may help maintain or improve the pH of airway swiface Hguid layer in
CF patlients,

Dus to this svidence, inclusion of bicarbonale anion in the formulation of 7%
or »7% hypserionic saline administerad by the method of this nvention would be
particularly useful, Formulations confaining up to 30 fo 200 mM concentrations of
bicarbonsie anions are of particuder inferest for 7% or >7% HE solutions,

Hypertonic saline is understood o have a salt concentration greater than that
of normal saling (NS), Le. greater than 9 g/l or 0.8% wiv, and hypolonic saline has
sall conceniration less than that of nonmat saline, such as from about 1 g or LIG1%
wiv io about 8 g/l or 0.8% wiv. Hyparionic saline solutions useful in the formulations
and methods of reatment hersin may have a sall concentration from about 1% o
about 23.4% {wiv). In one smbodiment the hypsrionic salineg solulion has a salt
concentration from about 80 g/l (8% wiv) fo about 100 g/l (10% whv). In ancther
embodiment, the saline solution has 8 sall conceniration from about 70 g/b (7% whv)
i about 100 gfl. (10% wiv). In further embodiments, the saline solution has salf
concentirations of &) from about 0.5 g/l (0.05% wiv) 1o sbout 70 g/ (7% wiv) b} from
about 1 g/l {0.1% wiv) 1o aboul 80 g/ (8% wiv), o} from about 1 g/l {(0.1% wivl o
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about 80 g/l (8% wivh d) from about 1 g/l {0.1% wiv) (o about 40 gl (4% wiv), &)
from about 1 g/l (0.1% wiv) to about 30 g/l (3% wivy; and T from about 1 /L {(0.1%
wiv) o about 20 g/l (2% wiv),

Spedific concenirations of saline sclutions usefid in the formulations and
mathods of reatment herein inchude, independently, those having salt concsnirations
of 1o/ {0.1% wivy, 2 o/l (0.2% wiv), 3 g/l {(0.3% wiv), 4 g/L {0.4% wiv), & /L {0.5%
wivy, 8 g/l {(0.8% wivy, 7 o/l (0.7% wivy, 8 g/l (0.8% wiv), @ gfl. {(B.9% whvy, 10 g/L
{1% wivy, 20 o/l (2% wiv), 30 g/l (3% wiv), 40 g/l (4% wiv), B0 g/l (5% wiv), 80 g/l
{8% wivy, 70 g/l (7% whv), BO o/l (8% wiv), 80 g/l (9% wiv), 100 g/l (10% wivy, 110
g/l {119 wiv), 120 g/l (12% wiv), 130 g/b {13% wiv), 140 g/l {14% wiv), 150 g/l
{18% wiv), 180 o/l (16% wiv), 170 o/l (17% wiv), 180 o/l {18% wivy, 180 ¢/l {(18%
wivy, 200 g/l (20% wiv), 210 gfl. (21% wiv), 220 o/l {(28% wiv), and 230 g/l (23%
wivy. Saline concaentrations belweaen gach of these listed
concentrations/percentages may aiso be used, such as saline of 1.7 g/L {G17%
wivy, 128 gfl (1.28% wiv), 1.5 g/l {1.5% whv), 28 g/l (2.8% wiv), 28 g/l (2.8%
wivy, 38 gil {3.58% wiv), 45 gfl {(4.5% wiv), and 78 gl {7.5% wiv}.

Specific useful concentration of hypotonic saline solutions include thoss from
about {12 g/l {0.012% wiv) o about 8.5 g/l (0.85% wivl. Any concentration within
this range may be used, such as, on a wiv basis, 0.08%, 0.1%, 0.15%, ¢.2%, 0.228%
{1/4 NS), 0.258%, 0.3% {1/3 NB), 0.358%, 0.4%, 0.45% {1/2 N}, 0.5%, 0.55%, 0.6%
{273 NS}, 0.65%, 0.675% {(3/4 NSJ, 0.7%, 0.75%, and 0.8%.

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

Also intendad within the scope of this invention ars chemically modifisd
cemolytes or osmolyle precursors. Such chamical modifications involve linking {0 the
csmolyte {or precursor) an additional chemical group which alters or enhances the
gfiect of the osmolyle or csmolyle precursor {s.g., inhibils degradation of the
ssrmolvie molecule) Such chamical modifications have been ulilized with drugs or
prodrugs and are known in the art, (See, for exampls, U8, Pal. Nos, 4,478,932 and
4,540 8584, Shek, E. et al, J. Med. Chem. 18113117 {1878}, Bodor, N, ef &, J
Phamm, Scl. 67:1045-1080 (1978} Bodor, N, 8 al, J. Med. Chem. 28:313-318
{1983}, Bodor, N. st gl,, J. Pharm, Scl. 78:28-35 {1988, sach incorporated herein by
reference.

Suitable anti-inflammatory agents for use in combination with the compounds
of the wenlion include corticosterpids and norn-sterpidal anti-inflammatory drugs
{NSAIDs), particularly  phosphodiesterass  (PDE}  inhibitors. Examples  of
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corticosteroids for uss in the present invention includs oral or inhaled corticosteroids
or prodrugs thereof. Specific sxamples include but gre not iimited 1o ciclesonids,
desisobutyrvi-ciclesonide, budesonide, flunisolide, momelasone and esters thereof
{e.g.., mometasone furoste), fulicesone propionate, Huticasons  furosls,
baclomsthasone, methyl prednisclons, predniscions, dexamethasons, 5,80
diftuoro-1 7a-{{ 2-furanvicarbonyloxyl- 11 B-hydroxy-18c-methyt-3-oxo-androsta-1,4-
diena-17B-carbothioic acid S-flucromsthyl sster, So,Be-difluore-113-hydroxy-18a-
mathyl-3-oxe-1 T o-proplonyviexy-androste-1 4-disne-17 B-carbothicic  acld  S-{Z-oxo-
tetrahvdro-furan-38-vi} sster, beclomethasone esters {e.g., the 17-propionale ester
or the 17.21-dipropionate ester, fluoromsthyl ssier, Wamcinolong acelonide,
rofleponide, o ény combination or subset thersol.  Preferred corlicosterpids for
formulation or use in combination with the compounds of the invention are selecled
from ciclesonide, desiscbulyrvl-ciclesonide, budesonide, momstasone, flulicasone
nropionate, and fluticasone furnate, or any combination or subset thereof.

NSAIDs for use in the present invention include but are not limited o sodium
cromogiveats, nedooromil  sodium, phosphodiesterase  (PDE}  inhibitors  {(2.g.,
theophyliing, aminophyiline, PDE4 inhibitors, mixed PDEMPDRE4L inhibitors or mixed
POEARDET inhibitors), leukolriens antagonists, inhibitors of leukolriens synthesis
{e.g.. 5 LU and FLAP inhibitors), nitdc oxide synthase (INOS) inhibitors, proleass
inhibitors {8.q., Irvplase inhibitors, neulrophil elastase inhibitors, and metalibprotesse
inhibitors) B2-integrin antagonists and adenosing recepior agonisis or anfagonisls
{2.g., adenosine 2a agonisis), oyicking antagonists {e.g., chemoking sntagoniste} or
inhibitors  of covickine synthesis {s.g., prosiaglandin D2 {CRTh2} recepior
artagonisis). Examples of leukoldsne modifiers sullable for administration by the
mathod of this invention include montelukast, zileuton and zafirlukast.

The PDE4 inhibilor, mixed PREMPDES inhibitor of mixed PDE4/PDE?
inhibitor may be any compound that is known to inhibil the PDE4 snzyme or which is
discoverad v act as a PDE4 inhibitor, and which are selective PDE4 inhibitors {Le.,
compounds which do nol appreciably inhibil 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 byl are not limiled o roflumilast,
pumafenitine, arofline, cliomilast, tofimilast, oglemilast, folafentrine, piclamilast,
ihudilast, spremilast,  2-04-[8,7-disthoxy-2 3-bis{hydroxymethylT-naphthalenyl}-2-
pyridinyib-d-{ 3-pyridingt - 1 2H bphthalazinons  {T2588), MN{3,5-dichioro-4-pyridimd}1-
[{4-flucrophemyl imethyll-8-hydroxy-w-tao-1H-indole-3-acetamide  (AWD-12-281, 4
(2R 2-{3-{oyclopentyloy -d-methoxyphenyi-2-phenylethyll-pyriding (CDP-8403,  2-



15

25

30

35

WO 2013/003386 PCT/US2012/044272
48

[4-I12-{1, 3-benzodioxol-Svioxy I-3-pyridinviicarbonyijaminoimethyll-3-
fucrophencxy-(2R-propancic acid (OP-BT1308), N-{(4.G-dimethyl-2-pyrimiding)-4-
{4 5.8, 7-tetrahydro-2-{ d-rmethoxy-3-methyiphenyl}-8-{4-methyi-1-piperazinyl}-1H-
indol-1-vil-  benzenesulfonamide, {(2E}2-bulensdicste  {(YM-3B3088),  8-{{32-
fluorophenylimethyll-Ne-methyl-2-{triflucromethyl}-8H-purin-G-amine  (NCS613), N-
{2 S-dichloro-3-pyriding -8-methoxy-B-quinclinecarboxamide {04418}, N-[{3R}-8-
aming-3,4,8, T-ietrahydro-4-oxo-1-phenyipyrrolo]3, 2, -1 4lbenzodiazepin-3-yi}-3H-
purin-G-aming (PD-188787), 3-J[3-{ovclopeniviony-4-methoyphenytimethyll-Nesthyl-
g-{1-methyvieth}-3tpurin-G-amine  hydrochioride  (V-112844), N3, B-dichioro-1~
axido-4-pyridinyl-S-methoxy-2-{ifluoromethyl-S-quinolinecarboxamide
{Sch3518813, E-3{eyclopentyioxy -4-methmyphenyll-3-{{3-methyviphenyimelhyil-
{38,588} Z-piperidinons { HT-0712), &-{2-{{1R 4R -4-amine-1-{3-{cyclopentyloky 4
msthyoxyphenyiicyolohaxyh gthynylpyrimiding-2-amine, cis-{4-0yano-4-{ 3-
oyciopropyimethoxy-4-diffuoromethoxy phenviisyoiohesan-1-of], and 4-[8,7-disthoxy-
2, 3-bis{hydroxymethyl-T-naphthalenyli-1-{2-methoxyethyi-2{ 1H}pyridinone  (T-440),
and any combination or subsel thereof.

Leukolriens amiagonists and inhibitors of leukoliene synthesis include
zafiriukast, montslukast sodium, zileuton, and praniukast

Anticholinergic agents for formulation or use in combination with the
compounds of the invention include bul are not limiled o muscarinic receptor
antagonists, particularly including pan aniagonists and aniagonisls of the M
receptors. Exemplary compounds inchude the alkaloids of the belisdonna planis,
such as atroping, scopolamine, homaltropine, hyosoyaming, and the various Torms
including safls thereof {(e.g., anhydrous alropine, atropine sulfate, alroping oxide o
HCHL methviatropine nitrale, homabropine hydrobromide, homalropine methyl bromide,
hyoscyaming  hydrobromide, hyoscyamine  sulfate, scopolamine  hydrobromide,
seopolamine methyt bromide} . or any combination or subsat thereof,

Additions! anticholinergics for formulation and use In combination with the
methantheling, propentheline bromide, anisolropine methyl bromide or Vaipin 50,
aclidinium bromide, glycopyrroiate (Robinul), isopropamide iodide, mepsnzolate
bromide, tidihexsthyl chioride, hexooyclim  methylsulfate, oyclopenioiate HC,
fropicamide, hexyphenidyl OOl pirenzeping, {elenzepine, and methoclramineg, 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 subset thersof,
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Examples of B-agonists for formulation and use in combination with the
compounds of the invention include but are not limited to salmsterol, R-salmeterol,
and xinafoate salls thereof, albutero! or R-albuters! {free base or sulfate}, levalbuterol,
salbutamal, formoters] (fumarate), fenoteral, procelerdd, pirbutercl, melaprigrencl,
tarbutaline and salls thereof, and any combination or subset thergof.

PRY2 receptor agonists for formulation and use in combinalion with the
compounds of the invention may be emploved in an amount sifective o stimulate
chioride and waler seoretion by alrway surfaces, particularly nasal airway surfaces,
Suitable P2Y2 recepior agonisis are known in the art and are described for sxample,
i columns §-10 of LS Palent Mo. 8,284,875, and also US Patent Nos, 5,658,250 and
$,292,488.

P2Y, agonists that can be administered by the methods of this lnvention
include P2Y, recentor agonists such as ATP, UTPR, UTP-gamma.-5 and dinudcleotide
P2Y, receplor agonists {s.g. denufosol or digusfosol) or a pharmacsutically
scceptable salt thereof. The P2Y, receplor agonist is fypically included in an amount
sffective fo stimulate ohiorids and water secretion by alrway surlaces, particularly
nasal airway surfaces. Suilable P2Y, receptor sgonisis are described i, but are not
frmited to, U.B, Pat. No. 6,264,875, U3, PetNo 5,856,256, U5, Pat. No. 5,282,488,
1.5, Pat. No, 8,348,588, LS. Pal. No. 8,818,829, 11.3. Pal. No. §,977,246, U5, Pal.
Mg, 7,223,744, 1.8, Pat.No. 7,531,528 and U.8. Pal. AP 2008/0306008 each of which
is incorporated herein by reference.

Combination therapies and formulations hersin can include adenosine 2b
{AZb} agonists, also, including BAY 60-8583, NECA (N-ethylcarboxamidoadenosing),
(SLPHPNECA, LUF-B835 and LUF-5845. AZb agonisis that may be used are
descrived by Volping ef al., Journa! of Medioinal Chemistry 48 (18} 3271-8 (2002},
Volpini et al., Current Pharmaceuticel Design B (26) 2285-88 (2002}, Baraldi et ol
Journal of Madicing! Chemisiry 47 (8). Cacclari et al., 143447 {2004}, Mini Reviews
in Madicing! Chemistry 8 {12 1053-80 {(Dec. 2008}, Baraldi ef al., Current Medicinal
Chemistry 13 (28}, 3487-82 (2008}, Beukers et al,, Medicinal Research Reviews 28
{5} 66798 {Sept. 2008Y), Elzein ef al., Bloorganic & Medicinagl Qhemisirjf Letlers 18
(2} 302-8 {Jan. 2008}, Carolt, el al., Jownal of Medicinal Chernistry 48 {1} 282-88
{Jan. 2006Y; Tabrizi et al., Bivorganic & Medicinal Chemistry 18 (8} 2418-30 (March
2008y, and Stefanachi, et al., Bloorganic & Medicingl Chemistry 18 {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 not Emited o

amiloride and derivatives thereof such as those compounds described in US Patent
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po. BA58615, and PCT Publication Nos, WO2003/070182, WOZIDH0T3620,
W2005/018644, WO2ODS/D22835, WORDDTIBE40, and WD20077145869, sl o
Parion Sclences, Inc.
Small molecule ENaC blockers ars capable of directly praventing sodium
5  transpori through the ENaC channel pore. ENaC blocker that can be administered in
the combinations herain include, but are not imited to, amiloride, benzamil, phenamil,
and amioride snalogues as exemplified by US Pal Np. §888,614, US Pat No.
§,858,615, US Pal MNo. 6,803,108, US Pat. No. 6,885,180, US Pat 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.
10 789,719, US Pat. No. 7,182,858, US Pat. No. 7,182,859, US Pal. No. 7,241,768,
LS Pat. No. 7,247,838, US Pat. No. 7,247,837, US Pat. No, 7,317,813, 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. 7,388,766, UB Patl No.
7,410,968, US Pat Mo, 7,820,678, US Pat No, 7,842,887, U8 Patl. No. 7,868,010,
15 U8 Pal No. 7,875,819
ENaC proleolysis s wsll described io increase sodium transport through
EMaC. Protease inhibitor block the activily of endogenous airway proteases, thereby
praventing ENaC cleavage and activation. Protease that cleave ENaC include furin,
meprin, maltiplase, rypsin, channel assocladed proleases {CAPs), and neutrophil
20 olasiases.  Prolesse inhibilors that can inhibil the proleoiyvtic aciivily of thess
proteases that can be administered in the combinations herein include, but are not
Hmited o, camostat, prostasing furin, aprotinin, leupeptin, and trypsin inhibilors.
Combinations hersin may include one or more sultable nucisic acid {or
noynucieic acid), including but not Hmited to antisense oligonuciectide, siRNA,
25  miRNA, miRNA mimic, antagomir, rbozyme, aplamer, and decoy oligonuclectide
nuclelo acds. Ses, ag. US Palent Application Publication No, 20100316828, in
general, such nuclelc acids may be from 17 or 18 nuclectides In length, up lo 23, 28
or 27 nuclectides in length, or mors. Examples include, but are not limited o, those
described I US Palent No. 7817865 and US Palent Applications Nos.
30 2000215588, 20100318628, 20110008366; and 20110104285, In general, the
siRMAS are from 17 or 18 nuclsotides in langth, up to 23, 28 or 27 nuclectides in
length, or more.
CFTR activity modidating compounds thal can be administersd in the
cornbinations of this invention include, but are not iimited to, compounds described in
35 US 2000/0248137 A1, US 2008/0283738 A1, UB 2010/0227888 A, Palent number
7,845,788, US 2000/0246820 A1, US 2000/0221587 A1 US SO10/0184738 A1, US
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2010130847 A1, US 20M0/0188084 A1 and issusd patent 7,553,885 US
7,772,250 B2, US 7,405,233 B2, US 20080203752, US 7,488,570,

Mucus of mucin modifving agents useful in the combinations and methods
herein include reducing agents, swiacianis and dslergents, sxpeclorants, and
denxyribonuclesss agenis.

Mucin profeins are organized into high molecutar weight polymers via the
formation of covalent (disulfide) and non-covalent bonds. Distuption of the covalent
honds with reducing agenis is a well-established method o reduce the viscoelastic
oroperiies of mucus i viro and is predicted o minimize mucus adhesiveness and
improve clesrance 7 vive. Reducing agents are well known o decrease mucus
viscosity fn vitro and commonly used as an aid to processing spulum samples’.
Examples of reducing agents include sulfide containing molecules or phosphines
sapable of reducing profein di-sulfide bonds Including, but not Bmited 1o, N-acely!
cysteine, Neacysislyn, carbocysteins, glulathione, dithiothreitol, thioredoxin
containing profeins, snd fris {2-carboxysthyl} phosphins.

N-acely! oysteine {NAC)Y is approved for use in conjunclion with chest
physiotherapy fo lcosen visckd or thickened alrway mucus 42 Chnical studies
svaluating the sffects of oral or inhaled NAC In CF and COPD have reporied
improvements in the rheologic properties of mucus and trends toward improvemsnts
in lung function and decrsasss in pulmonary exacerpations®. Howsver, the
preponderance of clinical dala suggests that NAC s al best a marginally effeclive
therapeutic agent for treating alrway mucus obstruction when administered orally or
by inhalation. A recent Cochrane review of the existing clinical Blerature on the use of
NAD found no evidence to support the efficacy of NAC for OF . The marging! clinioal
benefit of NAC reflscis:

NALD is a relative inefficient redusing agent which is only partially active on the
airway surface. Yery high concerdrations of NAC {200 mM or 3.28%) are required o
fully reduce MucSB, a major gebforming airway mucin, in vitro. Furthermore, in the
nH environment of the alrway swface (measured nthe range of pH 8.0 W 7.2 In CF
and COPD sirways)', NAC exists only partially in its reactive stale as a negatively
chargs thivlate. Thus, in the dinic, NAC is adminisiersd at very high concentrations.
Howsver, it is predicled thal current sercsol devices will not be able o achieve
tharapeutic concentrations of even a 20% Mucomyst solution on distal alrway
surfaces within the relatively short time domains (7.5 ~ 18 minudes) typically used.

in non-clinical studies, YC-abled NAC, administered by inhalation, exhibits
rapid elirmination from the fungs with a half-iife 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 {0 cause bronchoconstriction and cough.
it many cases, i is recommended that NAC 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. However, if iz anlicipated that delvery of reducing agents by
mimonary aeresol infusion would increase the sffectiveness, while allowing for a
decrasase in the conceniration of reducing agent in the inhalation solution {predicied
o increass lolerability).

16 Surfactants and detergents are spreading agents shown (o decrsase mucus
viscoslasticity, improving mucus colsarability.  Ewamples of surfaclants include
dipalmitoviphosphatidvicholine  {(BPPC), PE, pabmilic  ackd, paimioyi-
cleoviphosphatidyigivoera!, surfactant-associated proteins {s.g. SP-A, B, or G}, or
may be animal derived {8.g. from cow or calf lung lavage or exiracted from minced

15 pig lung) or combinations thereof. See, e.g., US Patent Nos, 7,807 877, 5,875,870;
5,614,216, 5.100,808; and 4,312,860, Examples of swrfactant producis include
Exosurl® Neonatal {colfosceri  palmitate), Pumactan®™ (DFPC and  sgg
phosphatidylgiveercl), Kl-4 surfactant, Venticue® {usuiptids, r3P-C surfactant),
Alvaofact® (bovactant), Curosur® {poractant aife), Infaswf® (calfactant), Newfacten®

30 {modified bovine surfsctant), Surface® MNatsurf™ (nonionic  alcohol ethoxyviale
surfactantiand Survania® (beractant). Examples of detergents include, but are not
fimited o, Tween-80 and triton-X 100,

Any suitable expeciorant can be used, including byt not limited o gusifenesin
{see, e.g., US Palent No. 7,345,081). Any sultable deowyribonucliease can be uséd,

25  inchuding bul not limited o Domase Alpha. {see, 2.¢., US Patent No. 7,482,024},
Examples of kinase inhibilors includs inhibitors of NFKB, PI3K {phosphatidylinositod
3-kinase), p3&-MAP kinase and Rho kinase.

Antiinfective agends for formulation and use I combination with the

sompounds of the invention include antivirals snd antibiotics.  Exaniples of suilalde

3¢ antivisls include Tamiflu@ {csellamivdin) and Relenza® {(zanambir). Examples of
suitable antibiotics include but are not Bmited to azirecnam {arginine or lysine),
fosfomycin, and aminogiycosides such as iobramycin, or any combination or subset
thereo!,  Addifionsl antiinfective agenis that may be used herein includs

aminoglycesides,  Daptomyeln,  Fluoroguinolones,  Ketolides,  Carbapenems,

a0
43

Caephalosporing, Ernvthromyein, Linezolid, Penicilling, Azithromycin, Clindamycin,

Otazolidinones, Telracyolines, and Vancomyoin,
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Examnples of useful carbapenam anfibictics are impenam, panipenam,
meropenam, bispenam, ME-828 (L-748,348), DA-1131, ER-35788, lenapenam, 5-
4681, CE-834 {prodrug of R-058E7), KR-21086 (prodrug of KR-21012), L-084
{prodrug of LJC 11038} and Ceficlozane {CXA-101)

Antihistamines (Le., Hi-receplor antagonisis) for formulation and use in
combination with the compounds of the invention include but are not Bmited to
sthanclamines such as diphenhydramine HOL carbinoxamine maleate, doxylaming,
clemasting fumarals, diphenvihydramineg HO and dimenhydrinate; sthylenediamines
such as pyrilamine maleate (melpyramine), Wipelennamine HCL, tipslennamine
citrate, and antazoline; slkylamines such as pheniraming, chicropheniramine,
promophseniramine, dexchicrpheniramine, iprofidine and aorivastine; pyridines such
a3 methapyrilene, piperazines such as hydroxyzing HCL hydroxyzine pamoeale,
cyclizine HGEL oyclizine laclate, meclizine HO! and cetirizine HCL piperidines such as
astamiscle, levocabastine MOl loraladine, descarboethusyioraladine, terfenadine,
and fexofenadineg HCE ik and teiracyolics such as promethazing, chiorpromethazine
trimeprazine and azatading; and azelastine HCIL or any combination or subsst
thereof.

Examples of other classes of therapeutic agenis suitable for use in the
combinations and methoeds herein include anlivirals such as ribavirn, anti-fungal
agenis such as amphotericin, infraconazol and voriconazol, anti-rejection drugs sush
as cyclosporing, lacrolimus and sirolimus, bronchodilators including but not limited o
anticholinergic agents such as alrovent, siRNAs, gene therapy vectors, aplamers,
endothelin-receptor antagonists, alpha-1-aniitrypsin and prostacyclins.

in the above-described methods of treatment and uses, a compound of the
invention may be employed slong, or in combination with one or more other
therapeutically gctive agents. Typically, any therapeutically active agent that has a
therapeutic effect in the diseass or condition being treated with the compound of the
invention may be ulilized in combination with the compounds of the invention,
provided thal the particidar therapeutically active agent is compatible with therapy
smploving a compound of the invention. Typical therapautically active agenis which
are suitable for use in combination with the compounds of the invention Include
agenis described above.

iy ong preferred smbodiment, the compounds of the invention are used in
combination with one or more cemolyies, particularly hyperionic saline or manniiol.

in another aspech, the Invention provides methods for reatment and uses as
described above, which comprise administering an effsclive amount of 8 compound

of the invention and at lsast one other therapsutically aclive agent. The compounds
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of the invention and at least one addiional therapsutically astive agent may be
smployved in combingtion concomitantly or segueniislly in any  therapsutically
appropriate combination. The administration of a compound of the wention with one
or morg other therapsutically aclive agenis may be by administration concomitantly in
1} 3 unftary pharmaceutical composition, such as the compositions described above,
or 2) separate pharmacsutical compositions each inchuding one or muore of the
component aclive ingradients. The componenis of the combination may be
administered separsiely in a sequential mannsr whersin the compound of the
invention is adminislered first and the cther therapeutically aclive agent is
administered second or vice versa.

in the embodiments wherein the compound of the invention is adminisiered In
combination with one or more camolytes, the administration of sach component is
preferably concomitant, and may be in a unitery composiion or separals
compositions. Iy one embodiment, the compound of the invention and one or morg
osmolyvtes are administered concomitantly by transbronchosoopic lavage. In ancther
embodiment, the compound of the nvention and one or more osmolytes ars
administerad concomitantly by inhalation,

When a compound of the invention is used in combination with ancther
therapautically active agent, the dosse of each compound may differ from that whan
the compound of the nvention s used slone.  Appropriate doses will be readily
determined by one of ordinary skill in the arl. The appropriate dose of the compound
of the invention, the other therapeutically active agent{s} and the relative timings of
administration will be seledled in order to achisve the desired combinad therapeutic
affect, and are within the sxpertise and discretion of the attendant physiclan, cliniclan
of vatsrinarian,

Experimental Procedures The present wention also provides processes for
praparing the compounds of the invention and o the synthslic intermediates useful in
such processes, as described in delall balow.

Cerain abbreviations and scronyms are used in describing the synthetlic
procasses and sxperimental delails.  Although most of these would be understood by
ong skilled in the art, the following {able containg a list of many of these abbreviations
and acronyms.

Abbreviation  Meaning

AoOH Aostio Acid
AIBN Azobisisobutvroiniirile
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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 azidocarboxylate

M, MN-Diisopropylethyiamine
dichiorosthane
dichloromeathane
dimethvlformamide
i fhryl
sthy! acelals
Ethangt
glectrospray ionization
2-{1H-T-Azabenzotriazol-1-yii-1, 1,3, 3etramethyl uronium
hexaflucrophosphale
High performance liquid chromatography
isopropy alcohol
intratracheal
Mathyi
methanol
mass o charge ratio
mass plus 1
mass minus 1
minimal inhiblfory concentration
MERSs spacirum
room temperaturs
Retardation factor
tert-buiyl
tetrahydrofuran
thin layver chromatography
parts per million down fisld from {elramethyisiiane
Benzvioxycarbonyl, Le, {COWO-benzyl
Area under the curve or peak
Methyl tertiary bulyl ather
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 acld

1Y Ultraviolet

Boo feri-butyloxycarbony!

DHAD Dilsopropyl azodicarboxyiale

AgOH Acetic Acid

DPEA N MN-Dilsopropylethylamine or Hinig's base

Phse Triphanyiphosine

The compounds of Formula | may be synthesized using techniques known in the art.
A reprasentative synthetic procedure is flustraled in Scheme 1 below.

Sohame 1
L OH

O N ‘i'/kT/Kl/\}f/\Vﬁ\Cj\/\
Sijw *‘I'J“"N"’L\Sumg \}.\[(} O E/ P N, |
HN N iy T 0, 0
2 S g
These procedures are described in, for example, E. J Cragos, "The
Synthesis of Amiloride and Hs Analogs” {Chap 3) in Amiloride and ii’s Analogs, pp.
25-36. Other processes for preparing smiloride analogs ars described in, for
sxample, U.8. Palent No. 3,318,813, to Cragos, particularly at methods A B, ©, and
D of the 813 paierd. St other processes which may be adapled for the preparation
of the compounds of the hwenlion are desoribed i PUT Publication Nos,
WO2003/07182, WOR005/108844, WOZ005/0228358, UB 7,064,129, US 6,858,815,
US 8,803,108, WO 2004/073828, WO 2007/148889, and WO 2007/018840, al
assigned to Parion Sciences, ino.
Freparation of rrsathiyi N-3 B-diamino-8-chioropyrazine-2-
carbonyvicarbamimido thiosts {2} can be seen in WO 2000/074875,
Generally, the compounds of the invention may be conveniently prapared by

frealting & compound of Formula 2 with an amine of Formuls 3. Mors spacifically,
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compounds of Formula 2 are tresied with the amine of Formula 3 in 8 sullable
soivent such as methanol, ethanol, or ielrahydrofuran, end & base such as
iristhvlaming {TEA), or di-isoprovisthylamine {DIPEA), with hesating o slevaled
femperature, s.g., 70°C. Further purification, resclulion of sleresisomers,
crystaliization andior praparation of salt forms may be carrled out using conventional
technigues.,

As will be apparent {o those skilled in the ar, in cerlain inslances, the starting
or infermediate compounds In the synthesis may possess other funclions! groups
which provide aliernale reactive siles. Interference with such funclional groups may
be avoided by ullization of appropriats protecting groups, such as amine or aloshol |
protecting groups, and where applicable, appropriately priovitizing the synthetis sleps.
Suilable protecting groups will be apparent to those skilled In the art. Msthods are
well known in the art for installing 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 herein 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, b B, sl YO eheimioal duslry Col L8
NMR specira were oblained on sither g Bruker AT 400 (H NMR st 400 MMz and “G
MMR at 100 MHz) or 8 Bruker AC 300 O NMR at 300 MMz and PO NMR at 758
Mz} Proton spectra were referenced o lelramethyisiianeg as an intermal standard

and the carbon specira were referenced to GO, CB00, or DMBO-d; (purchased
fromn Aldrich or Cambridge Isolope Laboraiories, unless otherwise specified). Flash
chromalography was performed on g Combdflash system (Combiflash RE, Teledyne
isco) charged with silica gel column (Redi Sep. R, Teledyne isco) or reverse phase
coiumn {High performance 018 Gold column), E51 Mass speclrs wers oblained on g
Shimadzu LOMS-2010 EV Mass Speclrometer. HPLO analvses wers oblained using
a Waters XTearra MS C18 Bum 4.8}1580mm Analbvtical Column delected at 220 nm
{urdess otherwise specified) on & Shimadzu Prominence HPLO system. The

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

Time Percent & Parcent B
(M0 with 0.08% TFA) | {CH.ON 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

UFLC analyses wers oblained using a Walers ACQUITY UPLC HSS5 T3 1.8um
2.9 100mm Analvtical Column detected at 220 nm {uniless stherwise specifisdion a

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

flow rate of 0.3 ml per minuie:

Percent B
Forcent &
Time ) {CH;CNMWater 80:20%
{H.O with 0.058% NH,COO0H ]
with 0.05% NH.LCQOH
{rriirs) and $.1% HOOOH)
and 0.1% HOOOH)
1.006 a0 10
4.00 30 78
5.00 340 70
5.50 8 10
6.50 80 10

Also provided herein (Scheme 2) is a method for preparation of compound
(ia}, 3, 5-diamino-8-chioro-N-{N-{4-{4-{2{haxyl{{28,3R 4R 8R}-2,3,4,5 8-
peniahydroxyhey lamingjsthoxylphsnyhbutyllcarbamimidoyhpyrazing-2-

carboxamids, as defined herein before,
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OH OH
fs’ T"\. NN i
T i T \/"j\ NH O
OB OH Om G Ny /\N,H\,N,LL N
Y
{lay H,N N BNH;

HyC

comprising the steps of

{iy tresting a compound of formula 14

e NHC
?
HEN " .«"‘[J

¢ mo
5 id
with  a prolected  sugar,  (4aR.885,7R,8R.8a8)-Z-phanyihexahydropyrancf3.2-

dif 1.3 ldinxine-8,7,8-trinl, of formula 15:
OR

g O
ryﬁ\,

~OTOH
O;Y,G

Fh 15
in the presence of 2 reducing agent, foliowsd by a treatment of hexans! o form
10 compound 18, beneyl  404-(2-{{{25 3R}2 3-dihydroxy-3-{{4R BR}-5-hydroxy-2-
phenvi-1, 3-dioxan-d-yiipropyl i hexyhiamine jethoxy iphenylibutvicarbamate;
o on
PR O

3. O e
70 o i
by ,J P

HO

{il} Sublecting compound 18 to calalvlic hydrogenation o form compound
17, {1R, 28} 3-{(2-{4-{d-aminobutyliphenoxylethyi hexyllaming}-1-

i3 {{AR 5R}-5-hydroxy-2-phenyi-1, 3-dioxan-4-yiipropane-1, 2-dicl; and
o Oon
( \i@?}i{c\{ﬁg}f\ﬁ'ﬁ\” BN sud eIt
{3 ,é ' (;}H {,»’E E\_’/}]\\/'\\J‘"\NH
] :
7 5
k"’ JEigC"J/

{8y  Condensing oompound 17 with compound 2, methwl 3,58-diamino-8-
chioropyrazine-2-carbonvicarbamimidothivate, in the presencs of base
to form 19, 3,5-diamino-B-chioro-N-{N-{4-{4-{2-{{{35,3R -2 3-dihydroxy-
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3-{{4R, ER -S-hydroxy-Z-phenyl-1, 3-tdioxan-4-
vipropyi hexylaminoethoxy) phenvl) butvlicarbamimidoyhpyrazine-2-
carboxamide; and

rﬁ;ﬂ {}H
Q NH Wﬂ?‘\'@/\ /\\f,{l\l/f.\ -
UI 1 scng O Oj) v:l\/\ oy JL JL\L
o 19 Hatd” RN,
[\//:C
5 {ivi  hydrolyzing compound 18 in the presence of acid o form (a).

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

i

Algo provided herein {Schems 3} is an altemate method for preparation of
compound (ia), 3,5-diamino-G-chioro-N-{N-{4-{4-{2-{hex/{{258,3R 4R, 5R}-2,3,4,5.6-
pantahydroxyhasxyllamino jethoxy iphenyibulvhicarbamimidovilpyrazing-2-
carboxamide, as defined hersin bafore,
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Scheme 2. Preparstion of 3,5-Diamino-S-chioro-M-{MN-{d-{4-{2-
{heryl{{25,38 4R 51)-2,3.4,.5,. 5-pentahydroxyhexyilamineiethexyiphenyl
butvlicarbamimidoylipyrazine-2-carboxamide

P N E“‘:}m“v;;‘aw e NHEHE
Hﬁff'i\»;f DIAT, PigP BoclHMN,, g , j
THF, i
33 57% 13
o § 4 N HCHin dioxane
| 83%
/\. AOH §
GH oH (J\/ -
%ﬁ& ST L P e MEC
SN N N s T AR
NelNEHa, e
P 4 AcCH, Me(H e
- /f 16 Henanal 14
WH’ o 46% over two steps
"3
Hy, PHC
Aol MsOH
96%
GH oH
ﬂfr, TR ARTEAL IR enACOH
o /‘0 GH jf ’ N '\v/\NHz
A DIPEA, BOH, 70°C
. J 4 17 G e
. - EE ‘N’y\ﬂcpt \
st ,\ﬁ\ ;{ 2 gqu

HyNT N NE

2 3

k3
OH OH

*‘ﬁ ‘““’” “M’ U\/\L NH O
A N N N T

NTNT v
\L f H H I[
,, L

% HN N NI,
\
~f’ H3C 4 D HOL
1%
OH DH
W(KWV‘N \{ MH G ~2HC
or Om O LA g A A B
e ion [ f

BN N i,
H;C

Scheme 3. Alternate Preparation of 3.5-Dismino-8-chiora-N-{M-{4-{4-{2-
{hexyH{28,3R 4R 5R-2,3.4,5,6-pentahydroxyhexyllaminojethoxyiphenyl}
butvilcarbamimidoviipyrazine-Z-carboxamide
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5 EXAMPLES
The invention also comprises a3 compound prepared by the methods herein,

or & pharmaceutically accepiable sall of the compound.

Synthesis  of la 3 5-diamino-S-chiore-N-{M-{4-{4-{2-{hexyl{{(28 3R 4R SR-
10 234586
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pentahvdroxvhexvBamingisthoxyiphenyiibutvlicarbamimidoviipyrazing-2-

carhoxamide

Step 1 :

Praparation of benzyl &-{d-{ B-{tert-
butyloxyesrbonyiaminolproponyiphenviibutyl carbamate {Compound 43 Toa
sodution of beneyl 4-{d-hydroxyphenyiibuiyl carbamate {11, 80.0 g, 300 mmol} in dry
THF (800 mbL) was added N-Boc sthanolamine (12, 38.7 g, 300 mmol), PhaP (828 ¢,
300 mmol) and DIAD (48.8 g, 300 mmol} & ¢ °C, then the reaction mbdure was
warmad o room temperalure and stirred over night,  The resction mixiure was
concentrated in vacuum and the residue was purifisd by column chromatography
{siffca gel, 15:88 EA/heanes) o afford desired compound 13 {800 ¢, 57%) as a
yallow sofid: 'H NMR {400 MHz, CDCL) 8 7.35 {m, 5H), 7.10 {d, J = 8.0 Hz, 2H},
8.80{d, J= 80 e, Z2H), 510 (s, J» 4.0 He, 2H), 4.0 {m, 2H), 3.5 {g, 2H), 3.2 {4, 2H),
2.85{t J=8.0Hz, 2H}, 1.80 {m, 2H), 1.55 {m, 2H), 1.48 {s, 8H}.

Step 2
Frepargtion  of Benzyl  4-d-{2-aminoethoxyiphenyiibulyicarbamate

Hydrochioric Acld Salt (14} Compound 13 {(50.0 g, 112 mmol} was dissolved in 4
N OHCH in dioxane (250 mi) st room temperature and the solution was stimed for 14
hour. After concenirated, the residus was suspended in MTBE (800 mbL) and slirred
for 0.5 h. The solid iz fillersd owt to afford hydrochioric acld salt 14 (400 g, 83% ) as &
white solid: 'H NMR {300 MHz, CD,0D) 8 7.33 {m, 5H), 710 {d, J = 8.7 Hz, 2H),
688 {d, J= 87 Hz, 2H), B.05 (s, 2H), 418 {8, 2M), 3.38 {m, 2H}, 314 {1, 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 3R}-2, I-dihydroxy-3-{4R, SR}-G-hydroxy-2-
phenyl-1.d-dioxan-d-yhpropyhithexyllaminolethoxyiphenyiibudyicarbamate {181
A solution of hydrochioric acld salt 14 (13,8 g, 38.38 mmol) and frig 18 (10.5 g, 38.35
mimeol} in MeOH (150 mb}) and AcOM {188 g, 314.8 mmol} was stired at room
temperature for 2 h, sodium cyancborohydride (8.1 g, 88.37 mmol) was sdded and
the reaction mixlure was stirmed at room temperature ovemighl. Additional triol 15
(6.2 g, 18.87 mmol} was added and the reaction mixiure was stired al room
temperature for 4 b After starling material 14 was complsialy consumed, hexanal
{59 g, 58.03 mmel} was added and the reaction mixlure was stimed at room

temperature for 2 h. Solvent was removed in vacuum. The residue was washed with
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satd Na,00; (5.0 ml), azectroped with MeOH and purifisd by column
chromatography (silica gel, 101 CHCL/AeOH) (o afford compound 18 {12.2 g, 46%
over two steps) a8 an off-white solid: "M NME (300 MHz, CD,0D) § 7.45-7.44 (m,
3H}, 7.31-7.20 {m, 8H), 708 (d, J= 8.4 Hz, 2H}, 679 {d, J = 8.4 Hz, 2H}, B.8D {3,
tH), B.05 {3, 2H), 4.25-4.18 {m, 2H}, 4.03-3.87 {m, 8H}, 3.78-3.55 {m, 3H}, 313~
2.98 {m, 8H), 2.85-2.68 (m, 3H), 2.83 {1, J=6.7 Hz, 2H), 1.58~1.48 {m, &M}, 1.23 (br
8, 8H}L 0868 {1, J=6.1Hz, 3H)L

Slepd

Praparation of (1R28:-3-{{2-{4-{d-aminocbutyliiphenoxyiethylilhexviiaming)-i-
{{4R SR} 5-hydroxy-2-phenyl-1,3-dioxan-d-ylipropans-1.2-gdic] Acetic Acld Balt
{17h

A suspension of carbamste 96 (12.2 g, 17.88 mmol) and 10% PO {3.68 g} In
EOHACOH (51, 120 mi) was subjecied io hydrogénation conditions {1 atm)
overright at room temperaiure. The reaction mbdure was fitered through celite and
washed with EIOH. The filirate was concenirated In vacuum lo afford acetic sall 17
(8.40 g, 86%) as a colordess offr 'H NMR (300 MHz, CDOD)} 3 7.48-7.44 {m, 2H),
7.32-7.30 {m, 3H}, 711 {4, J= 8.5 Hz, 2H), 6.84 {d, J = B.8 He, 2H}, 581 {5, 1H},
4.26-4.10 {m, 33, 3.85-3.81 (m, 2H), 378 {dd, J= 1.8, 8.3 Hz, 1M}, 360 {4, J=10.4
1+, 3.23-3.03 {m, 2H), 2.86-2.87 {m, 3M), 2.81-2.88 {m, M), 1.67-1.587 {m, 8H),
1.31-1.25 {brs, 6H), 089 {4, J= 8.6 He, 3H)

Step &

Proparation of 3,5-diamino-S-chioro-N-{N-{4-{4-{2-{{{25,38}-2, 3-dihydroxy-3-
{4R, 5R}-S-hydroxy-2-phenyl-1, J-dicxan-4-
yiipropyliibexviiaminojethoxyiphenyl) butyilcarbamimidoylipyrazine-2-
carboxamide {18}

To g solution acetic acid sait 7 {840 g, 17.27 mmol) and methyl 3,5-diamine-6-
chioropyrazing-2-carbonyicarbamimidothioste hydrolodic acd salt {18, 7.20 g, 27.64
mncd) i EOH {75 mb) was added DIPEAIT.E g, 13818 mmel} &t room
fempaerature. The reaction mixiure was healed al 70 °C in 5 sealed twbe for 2 hy, then
coclad o room temperaturs, and concentrated in vacuum. The residus was purified
by column chromelography  (slice  gel, 91 CHOLMeOH, 80182
CHOMeOHNHOM) to afford carboxamids 18 (8.20 g, 70%) a8 a yellow solid: 'H
MMR (300 MMz, G000 8 7.468-7.43 {m, 2M), 7.30-7.28(m, 3H}, 7.07 (d, J= 88 Hz,
2H), 6.78{d, J= 8.8 He, 2H}, 5.48 (s, 1H}, 422 {dd, J= 3.8, 7.8 Hz, 1M}, 4.08-32.88
{my, BH), 375 {dd, J= 1.8, 8.8 Mz, 1), 3874, J= 105 He, TH}L 325 { J=88 Hz,
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DH), 2.93-2.83 {m, 3H), 2.68-2.56 {m, 5H), 1.70~1.84 {m, 4H), 1.44-1.43 {m, 2H),
1.22 {m, GH), 0.85 {1, J = 8.1 Hz, 3H),

Step 8

Preparation of 3, S-diaminco-8-chioro-fN-{M-{d-{d-{2-{hexyi{ {25 3R 4R, 5R)-2,3,4,5,8-
pentahydroxvhexyliaminolethoxyiphenylibutylicarbamimidoyiipyrazine-2-
sarboxamide Hydrochiorio Acid Balt {a): To s solution of carboxamide 18 (8.20 g,
1216 mmol) in EtOH (30 mL) was added 4 N ag HO {95 mL} at room temperature
and the reaction mixiure was stirred for 4 h at room lemperaiurs. The reaction
mixture was concentrated in vacuum and the residue was purified by reverse phase
solumn chromalography and lvophilized o afford hydrochionc acid salt §a (6.80 g,
81%) as & yellow hygroscopic solid: 'H NMR (300 MHz, COLOD 8 717 {d, J= 8.4
Hz, 2H), .84 {d, J= 8.4 Hz, 2H), 4.36 {br s, 2 H}, 421418 {m, 1H}, 3.84-3.81 {m,
7HS, 3.48-3.30 {m, 8H}, 2.84 {§, J = 6.5 Hz, 2H), 1.80-1.89 {m, 8M}, 1.38 {br s, M),
081 {4, J = 68 Hz, 3MY ESIMS mfz 888 [CaMelMNG, + HI,
Anal {CaohpUNOr2HCIH0), Caled, © 47,40, H 7.03, N, 14.74; Found, C 4711, H
7.06, N 14.84,

Alternate synthasis of i 3, 5-dismino-S-chiore-Ne{M-{4-{4-{2-
{hexyl{ {28, IR 4R, 5R-2.3,4,5,6-
pantabydroxyhexyDaminolethoxyiphenyDbutylicarbamimidoviipyrazing-3-
sarboxamide

Step 1

Preparation of Benzyl 4-{4-{3-{{28,3R}-2,3-dihydrony-3-{4R, 5R-5-hydroxy-2-
methyld, -dioxen-d-vilpropylaminoipropoxyiphenyiibulvicarbamate {281

A solution of hvdrochloric acid salt 14 {185 myg, 0.41 mmel) and tricl 458 (84 myg, §.41
mmiel} In MeOH (5.0 mi) was stirred 8f room tempersiurs for 0.5 b, then AcOH
{0.038 mi, 0.8 mmol} and sodium cyancborehydride (43 mg, 0.8 mmol) was added
and the reaction mixdure was stirred sl room temperature for 18 b Solvent was
removed in vacuum. The residus was washed with sald NeyCO; (8.0 ml),
azeotroped with MeOHM and purified by column chromatography (silica gel, 1001
OHCLMeOH, 100101 CHOL/MaOMHRNHOHY  to afford carbamale 28 (1683 mg,
75%) as an white gummy solid: TH NMR (300 MMz, CD,000 8 7.34-7.30 {m, 5H),
7.08-7.08 {m, 2H), G.85-8.82 (m, 2H), 8.06 (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, 28}, 3.01-2.78 {m,
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4H), 2.85-2.45 {m, 2H), 2.06-2.01 {m, ZH}, 1.58-1.49 {m, 4H), 1.27 (d, J = 4.8 Hz,
3H).
Slep 2

5 Preparation of Benzyl 4-{4-{2-{{{23.38}2 I-dihydroxy-3-{{4R 58}-5-hydrony-2-
methyl-4, 3-dicxan-tyiipropyli{hexyiiaminojethouyiphenylibulylcarbamate (2371
A solution of carbamate 28 (1.02 g, 1.20 mmol}, hexanal (380 mg, 3.80 mmol}, AcDH
{0.33 mik, 5.70 mmol) and sodium cyancborohydrids (410 mg, 5.70 mmol} in MelH
{30 mL) was stirred at room lemperature for 168 h. Solvent was removed in vaouum.
1¢  The residue was washed with sald Na,COs (30 mb), azeotroped with MeOH and
purifisd by column chromatography {siica gel, 1001 CHCEMesOM) o afford
carbarmate 27 (880 my, 84%) as an white gummy solid: "H NMR (300 MHz, CD0M
§ 7.35-7.37 {m, 8H), 7.08 {d, J = 8.4 Hz, 2H), .81 {d, J= 84 Hz, 2H}, 5.08 (5, 2H),
4,80 {bw 5, 1H}, 4.88-4.86 (m, 1H}, 412 {dd, J= 8.3, 2.4 Hz, 1H}, 4.05-3.88 {m, 3H},
15 3.84-3.78 {m, 2H}, 3.54-3.48 {m, 1H}, 338 {1, J = 10.5 He, 1M}, 3.20-2.98 (m, 4H),
283{d J=8.0Hz 2H), 273264 {m, 2H), 288 (4, J= 7.2 Hz, 2H), 1.853~1.580 {m,

By, 1.32 {d, J= 5.1 Hz, 3H), 1.27-1.24 {m, 8H), 0.87 (¢, /= 8.8 Hz, 3H)L '

Slep 3

28 Preparation of (1828)-3-{2-{4-{4&-Aminobutyliphenoxylsthyiibexylamino}-1-
{{4R BERES-hydrony-2-methyl{, I-diovan-d-yhipropane-1,2-diol Acetic Acid Salt
{28} A suspension of carbamate 27 (880 mg, 1.44 mumol) and 10% PdiC (400 mg) in
MeOH/AOH (81, 60 mi) was subjected o hydrogenstion conditions {1 stmjfor 8 b
at room temperaiure. The reaction mixiure was filtered through celite and washed

25 with MsOH. The filirale was concentraied in vacuum and crashed from ether fo
afford acetic salt 28 (782 mg, 90%) as & whils gummy solid: TH NMR (300 MHz,
CO.CIN 8 7.08 (d, J=8.7 He, 2H), 8.88 {d, J = 8.7 Hz, 2H}, 4.88-4.87 {m, 1H}, 4.00~
3.85 {m, 1H}, 3.84-3.768 {m, 2H}, 3.83-3.51 {m, 1H}, 338 J = 10.5 Hz, 1H), 2.886~
2.58 {m, 10}, 1.96 (s, 13H), 1.67~1.47 {m, 84}, 1.40~1.27 {m, 6H}, 1.26 (d, J = 5.1

30 Haz, 3H, 088 {d, J= 6.3 Hz, 3M)

Step 4
Preparation  of  3,5Diamino-§-chioro-A-{A-{d-{4-{2-(({28,38)-2,3-dihydroxy-3-
{4AR, BR-S-hydrony-2-methyb1, 3-dioxan-d-

35 yhpropyBihexvilaminolsthoxyiphenyll  bulyll  carbamimidovl) Pyrazine-2-
carboxamide (20}
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To a solution acetic acid sall 28 (188 mg, 0.313 mmol} and methyl 3, 5-diamino-g-
chicropyrazine-2-carbonyloarbarmimidothivate hydrolodic acid salt {18, 182 mg, 0.502
mmol) i BHOH (8 mb) was added DIPEA{D42 mi, 2.50 mmel} at room temperature.
The reaction midure was hestsd at 70 °C in a sealed tubs for 2 h, then cooled o
room lemperature, and concentrated in vacuum. The residus was purffied by column
chromatography (slfiica gel, 81 CHLOL/MeOH, 80182 CHOL/MeOHMNHOH) to
afford sarboxamide 28 (142 mg, 55%) as a veliow solid: 'H NMR (300 Mz, OD,00)
8740 {d, J = 8.1 Mz, 2H), 884 {d, J= 8.1 Hz, 2H}, 488 (g, J = 8.1 Mz, 1H), 406~
4.01 {m, 3H), 3.94-3.88 {m, 1H), 3.82-3.74 {m, 2H), 348 {dd, J = 8.3, 2.4 Hz, 1H),
2.96-2.78 {m, 3H), 2.67-2.81 {m, BH), 1.88-1.87 {m, 4H), 1.50~1.48 {m, 2H}, 1.20
{brs, 8H), 1.25{d, J= 5.1 Hg, 3H), 0.87 ({, J= 6.8 Hz, 3H}.

Slep 5

Praparation of 3, 5-Dlamine-8-chloro-M-{ -{8-{ 4-{2-{hexyl{{25 3R AR 58}-
234,556
pentahydroxyhexyliaminolesthoxyiphenylibutylcarbamimidoyilpyrazing-2-
sarboxamide Hydrochloric Acid Salt {in)

To a solution of carboxamide 28 (400 mg, 0.57 mmol} in EIOH (8 ml) was added 4 N
ag HOH{15 mbL) at room temperaiurs and the reaction mixture was heated at 55 °C
for 24 h. Afler conceniraled, the residue was dissolved in 4 N ag HCOE {18 mi) and
heated at 85 *C for 18 h. The reaction mbdure was concentrated, crashed from
EtOHELD, re-purified by preparative TLE and lyophilized to afford hydrochionic acid
zalt {fa) {, 354 mg. 83%) as a yeliow hygroscopic solid: "H NMR (300 MHz, D00 5
F.A8{d, J= 8.1 He, 2H), 887 (d, J= 8,1 Hz, 2H), 430 (brs, 2 H), 418498 {m, 1H),
3.78=-3.55 (m, TH), 3.38-3.24 {m, 8H), 3.57 {4, J = 5.4 Hz, 2H), 1.65-1.684 {m, &6H},
1,30-1.18 {m, 8H), 0.78-0.75 {m, 3H); ESLMS miz 688 [CaghlaeCNGCy + HY

Preparation of 3,5-diamins-S-chiore-H-{N-{4-{4-{2-{hexyH (28, IR 4R SH}-2.3.4,5.6-
pentshydrexvhesylaminoiethozyiphenylbutyiicarbemimidoylipyrazine-2-

carboxamide {frechease of fa)

3, B-diamino-B-chiorgeM-{ No{ 4-{ 4-{ 2-{hewl{{28, 3R 4R BR}-3,3.4,5.6-

pariahydroxyhexyl) aminoethoxy iphenyiibublcarbamimidoylipyrazine-2-
carboxamide hydrochloric acid salt {12.51 g) was dissolved in 180 ml M0 and
ireated, stiring, with NaOH (0,18 agusous, 435 ml) © give a gummy precipilate.
The Bauid {pH ~11) was decanisd through a filter funnel (the majority of material
adhered fo the sides of the flask). The residue was treated with M0 {2 x 300 mb},



16

i3

25

30

WO 2013/003386 PCT/US2012/044272
68

stiring and decanting/fiftering in a similer fashion, The remaining residue was
suspended in CHONH.OMeUH, and concentrated to provide a vellow-amber solid,
0.55 g. ESLMS mv/z 668 [CaphleDiNaGy + I, purity 88% at 224 nm, 80% at 272 nm,
82% at 304 nm, 83% by MBS trace. The crude product was heated with isopropanyd
{100 - 150 mL) at 70°C for 18 min, then fitered warm. The solids were treated
simitarly with isopropanol twice more, healing Tor 30 minutes each time and allowing
the mixture fo cool {2hrs ~ O/N) baefore filtration. The resulting solids were dried o
provide 7.385 g of a vellow-amber amorphous solid, mop. 1331 — 138.68°C (110
mmol visld as free base). 'H NMR (400 MHz, dmsoe) 8 8.31 = 7.34 (m, 4H), 710 {d, J
= 8.6 Mz, 2H), 6.83{d, J= 8.5 Hz, 2H}, 681 {br. 5, 3HL 4.76 ~ 408 {m, 8H), 3.88 (L. J
= 6,1 Hz, 2H), 3.71 - 3.82 {m, 2H}, 3.89 {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, 5.9 Hz, 1H), 3156 {br. 5, 2H},
2.92 - 2,78 {m, 2M), 2.88 {dd, J = 13.1, 5.2 Hz, 1H), 2.88 ~ 2.81 {m, 4M), 2.48 {dd, J
= 13.1, 8.8 Hz, 1H), 1.88 — 1.48 {m, 4H}, 1.45 — 1.31 {m, 2H}, 1.31 ~ 1.08 {m, 6H},
0.90 ~ 0.78 {m, 3K 0 NMR (101 MHz, dmso) 8 173.27, 160.98, 156.48, 154.88,
15114, 133.70, 126.058, 11912, 117.83, 11444, 72.23, 71.37, 70.680, 70.04, 85.74,
£3.34, B7.38, 54.72, 52.85, 40.10, 33.72, 31.15, 2B.37, 28.08, 26.38, 28.38, 22.02,
13.84. ESHMS myz 689 [CapleeCINaOy + HY

Preparation of the 1-Hydvoxy-Z-naphthosis Ssit of 3,5-dismine-6-chloro-N-{N-{$-{4-{2-
{(hexyH (283N 4R 8R-2,3.4. 5. 6-pentshydrosyhesyvh

sminojethesyiphenybutyDearbamimidoypyrazine 2-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, 5R-2,3.4,5, 8-pentahydroxyhexyl) aminojethowyjphenylibulyl)
carbamimidoyiipyrazine-2-carboxamide, 164 gl of a 0.3 M solution of t-hydroxy-2-
naphthole acid In methano! {0,048 mmd of 1-hydroxy-2-ngphthoic acid), and about
03.33 mib of methanol was warmed on a hot plate set gt 85 °C unill all the solid
dissolved. The solulion was allowed fo cool to ambilent temperalure. The solution
was placed in a refrigerator {about 5 “C) and allowed o sland overnight, during which
fime orystallization ocourred. The liguid was decanied and the solid was dried ina
stream of dry air io give 20.5 mg (82% viald) of the T-hydroxy-2-naphthoate sal of
3, 5-diamino-6-chioro-N-{N-{4-{4-{2-{hexyl{{28,3R 4K BR}-2,3.4,§,6-
pentahydroxyhexyl} aminelethoxyiphenyiibulyl} carbamimidoylipyrazing-2-
carboxamide. 'H NMR (800 MHz, DMSO) 8.2 {m, 1H), 7.7 {m, 2H), 7.4 {d, 1H}, 7.3
{d, 1H), 7.4 {m, 2H), 6.95 (m, 1H), 6.85 (m, 2H), 46 - 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, 8H}, 1.8 (m, 4}, 1.4 {m, 2H}, 1.2 {m, &M},
0.83 {m, 3H) ppm.

Proparstion of the 1-Hydroxy-Z-napbthoats Sali of 3.5-dismine-6-chlore-N-{N-{4-(4-2-
{Bexyi{{Z8, 3R 4R.53K)-2.3. 4,5 -pentahydronyhexyl)

asminojethoxyiphenyhbulylicarbamimidoyDpyrazise-Zcavboxamide

A mibdure of 105.3 mg (0,187 mmob) of 3,5-diamino-6-chioro-No{N-{4-{4-(2~
{hexyl{{25, 3R 4R, 5R}-2,3.4, 8, 8-psntahydroxyhaxyl) aminolethoxyjphenylibutyl)
carbamimidoylipyrazine-2-carboxamide, 528 pl of 3 0.3 M solution of t-hydroy-2-
naphthoic ackd in methano! (3,158 mmol of T-hydrexy-2-naphthole acld), and about 1
mi. of mathanol was warmed on a hot plate set at 85 °C until all the solid dissolved.
The solution was allowsd o cool to amblent temperalure and placed in a refrigerator
{about 5 °ChL Afler about 20 min i became twrbid and was sesded. After abowd 2
hours solid was present. A stir bar was added 1o the mbdurs and i was stirred in tha
refrigerator overnight, during which time i became very thick, Another 1.8 mb of
methano! was added and the slurry was stirred in the refrigerator overnight. The
mixiure was ceninifuged, the iguid was decanted, and the solid was dried In a slream
of dry air o give 74 mg (85% vield) of the 1-hydroxy-Z-naphthoate salt of 3.5~
diamino-G-chioro-N-{N-{4-{4-{ 2-{hexyl{{ 28, 3R 4R, 5R -2, 3,45, 8-pentahydroxyhexyt)
aminolsthoxy iphenyhbutvlicarbamimidoyiipyrazine-2-carboxamide.

Pharnmacoiogy  of Compound  {a)  35-diaming-Gchioro-RN-{N-(4-{4-{2-

carbamimidovipvrazine-2-carboxamids

Assay 1. o Vitro Measure of Bodium Channel
Reversibility

One assay used o assess mechanism of aclion andior potency of the compounds of
the present invention involves the determination of luminal drug inhibition of airway
epithelial sodium currents measured under short circult current {lse) Using alrway
epithelial monolayers mounted in Ussing chambers. Cells are oblained from Treshiy

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 Pharmacologics! properties of N-{3,5-
diamino-G-chloropyrazing-2-carbonyl}N-4-[4-{ 2 3-dihydroxypropory iphenylibutyl-
guanidine mathanesulfonate (852-02), a novel epithelial sodium chenns! blocker with
potential clinical efficacy for CF lung disease. 4. Pharmacol Exp. Ther, 2008; 325{(1)%:
77-88.

inhibition of transceliutar sodium movemant through ENaC was measursd using
polarized bronchial epithslial cell monolayers mounted in a modified Ussing chamber,
Primary cullures of canine or hurnan bronchisl epithelisl cells grown using an air-
fiquid inferface were tested under vollags clamp conditions. The shori-circult current
{lan) was measured as an index of fransepithelial sodium fransport o assess

potency.

Compound {la} 3,5-diamino-8-chiore-N{N-{4-{4-{2-{hexyl{{25,3R 4R, 5R}-2,3,4,5.56~
pentshydroxyvhesylaminoethoxyiphenyhbubyhicarbamimidoy pyrazing-2-
carboxamide was s potent inhibitor of transcellular sodium tansport and was
approximalsly 80-fold more aclive than amiloride in canine bronchial epithelial cells
{CBE}, and approximalely

180-fold In human bronchial spithelial oells (HBE)Y {(Figure 1) In CBE Compound
{ia) had an i0s of 13.238.0 nM and in HBE Compound {ia) had an 10y of 24+1.8
r (Table 1)

Tabile 1. Inhibition of Short-Clroult Current by Compound {a) in caning bronchial
apithelial cells and human bronchial eplthelial cells (105 nif}

Species 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 {ige) from maximal block was used as an indirect
measurament of drug off-rate. Peroent recovery of lsq after full-block, determined
after three apical surface washes and calculated by the formula: recovered {lse) f pre-
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freadment {lse) x 100, was significantly {22 Told) less reversible than amiloride 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. Reversibiiity of Compound {ia} on Short-Circult Current in Canlne

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

Spaciss Amiloride Compound {1a}

Caning 801 £ 27.8 (3% 441 & 1187y

Human B85 + 10.7 {4} 8.4 £ 47 {3}

Values represant the mean £ 8D (0} “indicates significancs {p<0.058} from amiloridse

Assay 2. Mucociiary Clearance (MCL) Studies In Bheep

The animal model that has been used most oflen o measure changss in
MOC s the sheep model. The sffect of compounds for enhancing mucociiiary
clearance (MOC) can be measured using an in vivo model described by Sabater st
al., Joumal of Applied Physiclogy, 1899, pp. 21812188, incorporated hersin by
refarence.
irt these studies, adult shesp were resirained and nasally infubated with an
andotracheal iube. Agrosciized lest artivles were adminisiered over 10-18 minules
to sheep. Radiclabsled ®"Te-sulfur oolloid (T8O, 3.1 mgimi,; containing
approximately 20 mGi) was then administered al s specified Hmes four or sight hours
after test arlicle. The radivlabeled agrosol was adminisisrsd through the
sndotracheal fube for about & minules. The shoep were then exiubaled, and tolal
radivactive counts in the ung were measwed svery § minuies for a t-howr
observation pericd. The rate of radiciabel dearance from the lung is represeniative
of the MCC rate in the animal. The advaniags of this system is that it clossly
simulates the human lung environment, The model also allows for the collection of
simulfansous PK/PD information through plasms and wrine sampling over the lest
period. Thers are also several fechnigues 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 msthod o obtain ASL via

bronchosoopy.
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The ovine model described above was used to svaluats the in vive sffects
{efficacy/durability} of agrosol-deliverad Compound {ia) on MCC, Trealmenis
conststing of sither 4 mb. of Compound {ia}, Comparative Example 1, Comparative
Example 4, vehicls (sterile distiled MO, or test agent In combination with HS were
fested. To delermine § combining HS with Compound {fa) MCC, HS was
administered immediaiely following Compound (a) administration. Test sclulions
were sarosolized using & Raindrop nebulizer at a flowrats of sight Hlers per minute
and connected o a dosimetry sysiem consisting of a solenoid valve and a source of
comprassad air {20 psi)l. The deposited dose of drug in sheep lungs after an aerosol
administration using the Raindrop nebulizer s estimaled 1o ba 815 % of the doses.
Lising a Raindrop nebulizer, radiclabsled T8C was adminisiered over approximalely
3 minutes sither 4 or 8 hours sfter drug freaiment {o evaluale efficacy/durability.
Radioactive counts were measured in & central region in the right lung st & min
intervals for one howr with a gamma camera. Three methods of analysis were
ubiized, 1) initial rate of dearance {slope) over the first 30 min fitted using linear
régressi@n 2} area under the curve for % clearance over time over ons how, and 3)

the maximum clearance oblained in ons hour.

The effect of Compound {ia) at 18 pofkg, 018 ugfkg and 0.010 ugikg were lested
and comparsd fo vehicle {4 mb sterile o0 on sheep MCC four hour post-dosing
{Figure 2}. The analyses of effecls are shown In Table 3. At all doses tesisd,
Sompound (s} enhanced MCC compared {o vehicls confrol. The 16 pofkyg dose was
sonsidersd {o be a makdimum MOC sffact

Tabie 3. MCC In Sheap at 4h Post-dose of Compound {ia) or Yehicle

PCT/US2012/044272

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

{4.0-4.5h} Clearance
18 pgiky 30.0+3.9% {4 18.6+2.24 (4) 33.8+3. 74
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




(9]

10

15

B
L4

WO 2013/003386 PCT/US2012/044272

73
Data are reported as the meant S (n) Study with n=2, not included in siatistical
analysis “indicates significance (p<0.08) from vehicle. Tindicales significance
{(p<0.08} from 0.018 uglkg duse.

To determine whether HS increases the MCC effedt of Compound (a), H3 (8.25 mL
of 10% HS; 62.5 myg deposiled, assuming 10% deposition) was dosed immediately
foliowing 0.018 ug/kg of Compound {la) and MU was assessed four hours after the
combined dosing (Figure 12). HS increased the effect of 1 0.016 ug/kg dose of
Compound {a) o & maximal effect, as sesn with both the 0,16 and 18 ug/hyg doses
of Compounsd {ia} alons (Figure 2). Therefors, 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-maximal responss whaen given without HS.

Table 4. MOC in Sheep at 4h Post-dose of Vehicls, Compound {ia} and HE

Boss initial Slope AUC % G h) Maximum
{4.0-4.5h} Clsarance
Compound {ia) 44.9 {2} 20.7 (23 37.0(2)
{8.018 uglkg: 4 mi + HE}
Compound {ia) 33.3x4.4(4) 14.4£1.3 {4} 255113 {4
{0.019 uglkg: 4 mb}
Yehicle MO {4 mb) 17.236.8(8) 7.3%1.5 (83 12.223(8)

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

analysis.

To sssess both the durabiiity of Compound {#a) and the effsct of additionof HE o
Compound {ia} MCC was measured eight hours post dosing with vehicle (HyO} HE
7% alone, 0.18, 1.6 and 18 uolkg Compound (ia) alone or a combination of 0.18
ugfkg Compound (a) and 7% HS (dotal 4mi volume for every treatment} (Figure 4}
After dosing with vehidle, the MCC al 4 and 8 hours was the same, indicaling that the
rate of MCC in the shesp over 4 - B hours is al 2 steady-state (Figures 12 and 13}
Fight hours following 4 mil of 7% HS adminisiration, ne change in MOC was
observed compared o vehicls, indicating the HS sffect had disappearad. All thres
dose groups {016, 1.8, and 18 ugkg) of Compound {Ia} increased MCC in a dose-
refated manner compared (o both vehicle and HS, indicating thel Compound {Ia} has
a longer duration of action than HS alons (Figwre 4}, The combination doss of H3
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and Compound {ia} increased the effect of a £.18 ugfkg doss of Compound {fa} lo
greater than that obsarved for the 18 pgfkg doss, indicating a 100 fold gain in activity
when HS was added to Compound {la) (Figure 4}, The enhancement of
Compound {a} aclivity by HS, al a ime when HS has no inherent aclivily, clsarly
indicates synergy between HE and Compound {ia}.

Table 5. MCCQC in 8haep at §h Post-dose of Vehicle, HE, Compound {ia} ora
Combination of NS and Compound {ia)

Boss Initial Slope  AUC (34 Cih) Maximum
{8.0-8.5h} Clearance

Yehicle - HO {4 mL) 17.8:8.7 {4} 7.821 {4} 14.2+0.7 (4}

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

Compound {Ia} 24.0 {2} 10.7 {2} 19.7 {23

{8.18 py/kg ; 4 mb)

Compound {ia} 24,4 (2} 111 {2} 21.2 {2}

(1.8 pglkg: 4 mb)

Compound {ia) 288 {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 reporied as the mean+SD {n). Study with n=2, not Insluded in statistical

analysis

Assay 3. d. Alrway Swisce Liquid Drug (ASL) Clearance and Metabolism by
Human Alrway Epithelium

The disappearance of Compound {ia} from the apical surface and alrway epithslial
metabolism were assessad in HBE {Table 8). In these experiments 25 pl of a 25 uM
solution of ENaC blocker was added to the apical surface of HBE cslis grown at an
airfliquid interface, and the drug concentration in the apical and basolateral
compartment was measured over 2 h by UPLC. Alter 2 b incubation of
Compound{la} on the apical surface {37 TC}, no metaboliles were detected on
gither the apical or basolateral sides and no Compound{ia) was dsteclable on the

basolstersl side,

Table 8. Apical Disappeasrance and Melabolism of Compound {1a] by HBE

Compound | % of Initlal Drug | % of Aplesl % of initial % on
Mass on Apics! Mass as Apical Mass Basolateral
Side {(Parent and | Meiaboliles | on Basolatersl Side as
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metabolits, 2k} {2k} Side {2h} HMatabolites
{2h}
Lompound 80,7 +8.2% AONG none , NOng
{ia}

Assay 4. 8. Alrway Hydration and Sodium Channel Block {in vitre model)

Parion Sciences has developed experimental modsls for assessing sirway hydration
in cell oulturss (Hirsh, AL, Sabaler, LR, Zamurs, A, el al. Evaluation of sacond
genaration amiloride analogs as therapy for COF lung disease. J. Pharmacol, Exp.
Ther. 2004: 3113} 929-38. Hirsh, A.J, Zhang, J., Zamurs, A, et gl Pharmacologics!
proparties of N-{3,5-diamino-G-chioropyrazine-2-carbonyl i-N-4-{4-{ 2, 3-dihydroxy
propoxyiphenyilbulvlbguanidine methanesulforate (852-02), 3 novel epithelial sodium
channe! blocker with potential clinical efficacy for OF lung dissase. J Pharmacol
Exp, Ther, 2008, 32B(1) 77-88).

Primary CBE cells ars plated onlo collagen-coated, porous membranes maintained
at an air-liguid nlerface o assass maintenance of surface liquid volume over time.
At the start of the sxperiment, each 12 mm snapwell insert was removed from the
plale conlaining airdiguid interface culture media, blotled dry, weighed, and 50 pl of
vehicle {.1% DMBO), or ENaC blocker (10 i in 8.1% DMSO) spplied 1o the apical
surface and the mass was recordad. The inserls wers immediatsly retumedio s
franswedl plate (800 uL, Krebs Ringer Bicarbonate (KRB}, pH 7.4 In lower chamber}
and placed in a 37° €, 5% C0,; incubator. To reduce artifact dus 1o an apicsl
carbohydrate osmotlic gradient upon waler loss, glucose was not included in the
apical buffer. Compound {1a) was tested and compared 1o vehicle, and the mass of
ASL was monitored serially from -8 or 24 h. Ths mass of swrfacs Bguild was

sonveried fo volume in ul. Dala are reporied as % initisl volume {100 % = B0 pl).

The duration of sodium ransport inhibition was determined indirectly by measuring
the buffer retained after a 50 i volume of experimenial buffer was added to the
apical surface of CBE cells. Only 12.8212.1% of vehicle {(buffer} remained on the
surface after 8 hours and a small increass in surface liquid relention was sesn with
10 uM amilonids in the vehicle (25+19.2% after 8 hours}. In comparison, Compound
{ia} significantly increased apical surface liguid retention, mainiaining 88.3&13% of

the surface liguld over § howrs (Figurs &)
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To test Compound {a) further, the duration of iIncubsation was increased from eight
10 24 howrs. Amiloride was not tested over 24 howrs as the majority of the sfect was
gons after eight hours. After 24 hours, only 11 % of the vehicle buffer remained
whereas, Compound (g} mainiained 72.317.3% of suiace liquid over 24 hours, a
inss of ondy 16% redative to the &-hour measure, suggesting Compound {Ia} exhibits

a durable effect on guid retention (Figure §).

Lomparative Examples

The present compound of formula (1) is more polent andfor absorbed less
rapidly from mucosal swiaces, especially airway surfaces, compared 1o known
sodium channel blockers, such as Comparative Examples 1 through 5§, desoribed
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, desoribsd or within the
disclosures of WO 2003/070182 (1. 8. Palent Nos. §,888,615; 7,186,833, 7,188,714,
7,182,860, and 7,332,408}, WO 2005/044180 {U.8. Appin. No. 2005/0080093 and
U.S. Pal. No. 7,745,442), WO 2004/073828 (U 8. Palent Nos. §,803,105; 6,985,180;
7,026,825, 7,030,117, 7,245,044, 7,820,878, and 7,875,810}, WG 2005/018879 (UL
&, Patent Nos. 7,084,128, 7,247,637, 7,317,013, 7.368,447; 7,388,451, 7,375407;
7,388,013 7,410,968 and 7,868,010), or WO 2008/031028 (U5, Palent Application
Publications 2008/0090841 and 2008/0082287) as sodium channel blockers having
useful medicinal properties and can be preparsd by methods described therein and

oihers known in the art

NN ,NH,

OH GH PN
vo e B
N N gy ”’»}H 1§

Y
O Ol QH
(80
HC}F! <
&P P »
. 10(! g/ on Comparative Example 1
OH

The compound of Comparative Example 1 is included in the sodium channsl
blocking compounds of WO 2008031028, where lis struchure can be seen on pags
14,
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Comparative Exampls 2 is 3, 5-diaming-8-chiorg-Ne{N-{4-{£-{2~
{diteylaminglethoxyiphenylbulvhicarbamimidoyiipyrazine-2-carboxamide, which s
within the generic disclosure of WO 2004/073628,

HoNL N

NN, NH,

T e e N \J NH G

Comparative Example 2

f‘”\\/"‘*\vf\

Comparative Example 3 i 3, 5-dismino-8-chioro-N-{N-{4-{4-{2-
{{28,3R 4R 5R)-5-hydroxy-2,3 4. 8-letramethoxyvhexyl {28, 3R 4R, BR)-2,3,4.5.6-
pentahydroxyhexyl} BMinG} ethoxyiphenyhbulyhearbamimidoyhpyrazine-2-
carboxamide, which is within the genseric disclosure of WO 2008/031028,

HWN\ NN

K

Ui.}i UH /’*\\/’M\/
l\e\//\ i/\:‘ NH i

OH_ GH QH S
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/ (B
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Comparative Example 3

Comparative Example 4
NHZ

.
o N - j/ S ’
S M /ﬂ\ :‘J\N/\ P

}:;.1' H

S
T TN

s

N,

{533, 5-dimmino-S-chioro- N -{N {4-{4-02 3-diamino-3-osopropoxy jphenyi bty DearbamimidoyDpyrazine-2-
earboxamide

15 The compound of Comparative Exampla 4 can be seen on page 18 of US
2005/0080083 and as Compound 2 on page 80 of WO 2008/031048, and as
Compound 2 on pages 42-43 of WO 2008/031028. In order lo have usehul aclivily in
treating Cystie Fibrosls and C.OP.D & compound must have properties that will
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cause enhancamant of musociiiary dearance (MCC) sl dosss that do not slevats
plasma potsssium which will evenitually lead o hyperkalemis, s serious and
dangerous condition, on mulliple dosing. | must therefore be avoided in this class of
compounds, which are known o elovale plasma potassium ¥ they ars significantly
excreled by the kidney. In order io evaluste this potential, it is beneficial to have
MCC activity i vivo and not cause slevation of plasms potassium al the useful dose.
One model 1o assess this is the sheep MOC mode! described below. As can be seen
from the Table 7 below, the EDy (AUC=4T%) for Comparalive Example 1 in the
shaep MCC model is approxdmately 3000 phd,

Table 7. Change from Yehicle in MOC Effect 31 8 hrs. In Sheep
Using 3 Different Measures

Tabis 1. Slope ALIG Max Clearancs Approvimate
Ty (LR} %) B

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

30 uh {ia) 8.8{68%:} 3.3{83%) 7 E5%) 2.4nmolfkg
............. 5 ﬁﬁ%yMﬁ'ﬂ{ﬁﬁ%}zg{@?%}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 EDg for Comparative
Example 1 in the sheep MCC model Is spproximately 240 nmolkg (3mM) using
three different measures {slope, AUC and Maximum Clearance). Al this dose, which
would be a clinically active dosa, Comparative Example 1 causes a rise in plasma
potassium which on repeat dose will lead o hyperkalemia (Figure 8). Thus,
Comparative Example | is unacceptable for human use while Compound {a}
nroduces a safe and effective MOC with a benefit o risk ratio greater than 1000 in

this modsl..

in order o lowsr the potential rena! effect of the moleculs, more lipophilic
compounds ware examined. Comparative Example 2 which replaces the two
hydrophilic groups of Comparative Example 1 with two ipophilic 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
oroduce sustained MG in vive, Compsrative Example 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 wers
added to 8 of the hydroxyl's had a similar decrement in in vitro activity. B thus
appeared that it was not possible to produce an sclive and renally safe moelscule
from this struciural frams work, i was unexpected therefors that compound {la) was
discoversd o retain in vitro activity equal to Comparstive Exampls 1. Even mors
surprising and unexpectad was thal Compound {la) was over 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 Sodivm 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 exiensively is the compound of
Comparative Example 4, {833 5-diamino-8-chioro-N-{N-{4-{4-{Z 3-diamine-3-
oropropoky phenyl) butyl) carbamimidovhipyrazine-2-carboxamids..

Tha disappaarance of Compound (Ia) from the apics! surface and alrway
epithelial melabolism were assessed in HBE and compared fo Comparative Example
4 {Table 8). In these experiments 25 pl of 2 25 uM solution of ENaC blocker was
added to the apical surface of HBE csils grown at an airfliguid interface, and the drug
conceniration in the apical and basolaleral compariment was measured over 2 h by
UPLC, After 2 h incubation of Compound (1a) on the apical surface (37 *C}, no
melabolites ware detected on sither the apical or basolateral sides and no
Lompound (1a) was detectable on the basclateral side. In contrast, most of
Comparative Example 4 was gliminated from the apical side with 83% metsbolized io
the less sclive carboxylic scld, (83r2-aminoe-3-{4-{4-{3-{3,5-diaminc-8-chloropyrazine-

2-carbonyiiguanidino butyl) phenoxyipropansic acid, structurs below,
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Table 9. Apical Disappesarance and Mestabolism of Compound {ia) by HBE

Compound % of initisl % of Aplcsl % 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

YValues represent the mean £ 80 *indicates significantly diferent {p<0.05} from

5  Comparative Example 4.

Compound{lal is 10,000 times more potent in sheep MCC than Comparative
Example 4 with no elevation of Plasma K, whereas Comparative Example 4 has
elevations of plasma K at the approximate EDSG doss of 3mM (Figures 8 and 10).
This, again, demonstrates the unigus unexpecied potency and safely advantage of

10 compound la.

Table 180, BCC in Sheep at 4h Post-dose of vehicls, Comparative Exampie 4
or Compound {18}

Dose initial Slope | AUC (% Clx h} | Madmum Clearancs
{4.0-4.58}
Comparative Example 32,247 3% (6} 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) A3 ATA.A (4} | Ad.4+1.3" (4) 25 514 3¢ (4
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{0.018 ugfkg: 4 mb)

Vehicle M0 (4 mL) | 17.245.8 (8) 7.341.5 (8} 13,242 9 (8

it has now been shown that the snhanced rensl safely of Compound {ia} can
be axplained by the marked reduction in clearance of drug by the kidney. f the
compound can be kept away from sodium channels in the kidney, hyperkalemia
should be markedly reduced. Following intravencus adminisiration fo sheep, 43% of
Comparative Example 1 was recovered in urine, whereas only 5% of compound |
was recovered from urine, Even more dramalic is the surprising reduction in urinary
recovery of drug when administered as an aerosol, dirsclly infe the lung. When
Comparative Example 4 is adminisiered o sheep as an inhalation aerosol, 7.% of the
dose is recoverad in urine whersas only 0.07% of an serosolized dose of Compound
{Ia) is recovered in wine. Reduced clearance of compound info wine (10-100-fold),
combined with the above-described significant reduction in dose requirement leads {o

an unexpecied 100,000 o 1,000,000-fold difference in riskcbenefit

Table 11. Urine BExcretion of Compound {a) and Comparative Exampls 4 in

Sheep.

%Camp. B 4 %ﬂﬁmpwm {ha}
oD 0.64 5.2
gaez:sa 5.6+3.7 1M 13+8 i
Human Plasma

% = 37 min MNone
Malabollsm
Human Flasmal

7Er2% ST +2%

FProtein Binding

Urinary excretion of
»s diministered  dosei % 0.07 %
%sheep}

Figure 9 graphs the perceniage mucus clesrance over time by Compound
{ia}, 3, 5-Diamino-8-chioro-N-{ N-{4-{ 4-{2-{hexyl{{ 23 3R 4R 8R}-2,3,4,5.8-
paniahydroxyhexyllamine jethoy iphenylbutyl joarbamimidoyipyrazineg-2-
carboxamide hydrochionic acid salf, and Comparative Example 4, as described in the
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MCC modsel, above. A similar perceniage mucus dleasrance was povided by
Compound {ia) st a 7,000-fold lower dose than seen with Comparative Example 4.
Compound {ia} provided & maximal sffect in 2 clinically relevant dose rangs.

Figure 10 fHlustrates the significant increase in plasma polassium levels at 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 levels was seen
at any dose tesied in the sheep receiving Compound {a}.
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CLAMS
That Which Is Claimed ls:

& compound of the formula:

o G

SR -
O O (}Iﬂ f“\*/\ﬁ \N,rﬂ M. i
XX
j {1 .{'i;gN M MH,
Hy

or a pharmacsutically accaplable salt thereof.

2. A compound of Claim 1 which is 3 5-diamino-8-chioro-N-{N-{4-{4-{2-
10 {hexyl{{28,3R 4R 8R}-2,3,4.5,8- pentahydroxyhexyllaminoisthoxy}

phenylibulylicarbamimidoyipyrazine-2-carboxamide, having the formula:

O OB
2,

rfl\@ \f“&AN/\\ e L “‘*i oo
O OH Cj W\ - \ /L\ L

O

or & pharmaceutically accepiable sailt thereof.

15 & & compound of Claim 1 selected from the group of:
3. 5-diamino-G-chiorg-N-{N-{4-{4-{2-{hexyl{{ 2R, 35 ,48,58)-2,3.4,5,6-

pentahydronvhexylaminolsthoxy jphsnvbbutylcarbamimidoy ipyrazine-2-
carboxamide

e

o OH
A PN

§ PN
ey Jfg l

I HZN N N.Hz
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3, 5-diamino-S-chioro-MN-{N-{4-{4-{2-{hexy{{28,3R 4R 5R}-2,3,4,8,6-
pentahydroxyhexyhiamine lethoxyiphenytibubyhcarbamimidoylipyrazine-2-
carboxamide

i OH
/’\\v/”\ ~ \E,/ ,«-"E\\w‘/o}i
_ ,) O O
£ A0 )
ﬂ T ( T
I »\vf SN \;'-.“:‘;/

5 H2N N NH?

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

iG
o OH
) /\v/\vf\w,«\rf;\r A
4 8u om

«

o NH P
CE\IN\;/ \ﬁflﬁf\/ \/l:\r) {84}

B N TNH,

3, 5-diamino-S-chiore-M-{N-{4{4-{2-{hawyl{{25, 3R 4R 882,345,656
pentahydronyhexyllaminglsthoxyiphenyhbubvilcarbamimidovipyrazineg-2-

1% carboxamids

H
P /\. \\/{:ﬂi

OH OH

e f{-—}

\tﬁ N Tj\ﬁf“\/ T I/ J, {ie}

HgN N
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3 &-diamine-S-chioro-N-{N-{4-{4-{2-{hexyll{2R 38 4R 58}-2,3,4.5,8-
pentahydroxyvhexyhaminolethoxyiphenyiibubyhicarbamimidoyipyrazine-2-
carboxamide

O o
/’\\/’“\5,/\~N/”\/”;\ gus !
/J OH OH

o
G ONH f’\i
Cl I&jiﬁj\ﬁ/\/ﬁ\w %j/ i

A

5 LNT N TNH,

3. B-diaming-G-chioro-M-{MN-{4-{4-{ 2-{ howyl{ {25, 3R 48 5R-2,3,4.5.6
periahydroryhexyhamineathoxy lphenyhbutvlicarbamimidoyhoyrazing-2-
carboxamids

i3

H OH
//\Vf\,/\N,/Y _ \/«OH

OH O
O

j.f ﬁH fm\ a/
D N VI NP NP o
W N
A B

HNT N NE,

i

3, B-thiamino-S-chioro-MN-{N-{4-{4-{2-{hewyl{ (2R 3R 48,65)-2,3,4,5,6-

pentahydroryhexyhaminelsthosy phenvibutyhoarbamimidoviipyrazine-2-
15 carboxamids

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

IR T

[
. PPN
£l TNJ;if ﬁ/%f\vfj (i}
b NH,

e
NN
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3. 5-dizmino-B-ohiore-N-{N-{4-{4-{2-{hexyl{{25,38 4R BR}-2,3,4,5.6-

pentahydrosvhexyhaminojethoxyiphenyibubvhearbamimidovhipyrazine-2-
carboxamide

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

e D
i, N j}\ Ji ,.«\V,m j {ih)
TN

N7 N NI,

3, E-ciaming-B-chloro-N-(N-{4-{4-{2-{hexyl({ 2R, 3R 4R 5R)-2,3,4,5.6-

pentahydroxyhexyliaminojethoxy iohenyhbutylicarbamimidoypyrazine-2-
carboxamide

H OH
PNl NV \\}f"\/ /’*\ A

i OH O

ST
S - E‘}M o

DO

H,N M hNH,

3, 5-diamino-8-chioro-M-{N-{4-{4-{2-{haxl{{25,35 45, 583-2,3,4,5,8-

pentahydroxyhexyllaminoejethoyiphenybutylicarbamimidoyhpyrazine-2-
carboxamide

DH QH
/\\_ /\\ /"“‘\j\?/\} //*”:\Vf A
J O OH

fi}ﬁ WH"\’“/L \“)” v

HQN & NH,

3. 5-diamino-8-chiore-N-{N-{4-{4-{2-{hexyl{{ZR,38,458,583-2,3,4,5.8-
pentahydroxyhesyliamine jethoyiphenylibubylicarbamimidoylipyrazing-2-
carboxamide
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oH OH

') A OH
LY.
r_ g ow
“ P N oy
g H

WHx ; and

mfjfﬁ

AN
3, 5-diamino-8-chioro-MN-{N-{ 4-{4-{ Z-{hexyl{{28 3R 4R 8R}-2,3,4,5 B~
partahydrosyhexyllaminejathoxy jphenyhbutycarbamimidoyhoyrazing-2-
carboxamide
ar g pharmacsulically acceplable salt thereo!.
4, A pharmaceutical composition comprising a pharmaceutically effective
ampurtt of a compound of Claims 1, 2, or 3, or 2 phamacsutizally accepiable salt

thersof, and & pharmaceutically accepiable carrler or excipient.

5. The pharmaceutical composition of Clalm 4 wherain the compound is 3,5

diaminge-G-chioro-N-{N-{4-{4-{ 2-{hexyl{ {25, 3R 4R, 5R}-2,3,4,5,86- pantabydroxyvheyl)

aminojsthoxy) phenyhbubyhearbamimidovhipyrazineg-2-carboxamide, or a

pharmacsulically acceptable sall thersof.

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

composition is sultable for inhalation.

7. The composition according to aeither of Clalms 4 or §, wherein said

somposition is a solution for aerosolization and administration by nebulizer.

g The composition according o either of Clalms 4 or §, wherein sald

composition is sullable for administration by metersd dose inhaler.

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

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

10, The composition according o either of Claims 4 or & further comprising &

pharmaceutically effective amount of a tharapeutically active agent seleded from
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anti-inflammatory agents, anlicholinergic sgents, B-agonists, P2ZY2 raceplor agonisis,
paroxisoms proliferator-astivaled receplor agonists, kinase inhibitors, antiinfective

agenis and antihistamines.

5 At A method comprising administering {o a human, an effective amount of a
compound according to any of Claims 1-3, or & pharmacsulically acosplable salt
thareof.

12. & mathod for blocking sodium channels in @ human comprising administering
13 1o said human an effsclive amount of & compound according to any of Claims -3, or

a pharmacsutically acceplable sall thereof.

13 A mathod for promoling hydration of mucosal surfaces or restoring mucosal
defense in a8 human comprising administering t© said human an effective amountof 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
fravarsible airway obsiruction, chronic obetructive pulmonary dissase {COPD),

281 asthma, bronchisctasis {including bronchiectasis due to conditions other than oystic
fibrosis), acute bronchitis, chronio bronchitis, post-viral cough, oystic fibrosis,
gmphysema, pheumonia, panbronchiolills, fransplant-assosiale bronchiclitls, and
vantilaior-associaled racheobronchitis or preventing ventilalor-associaled
prsumonia in a human in nesd thersol, sald method comprising administering o sald

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

pharmaceutically acceptable salt thersof,

15. A msthod for reating chronic cbstructive pulmonary disease (COPDYIn g
human in need thereof, said method comprising administering to said human an
3G efective smount of 8 compound according to any of Clalms 1-3, or a

charmaceutinally accepiable sall thereof.

18. A method for reating oystic fibrosis in a human in need thereof, sald method
comprising administering fo sald human an effective amount of a compound

35 according io any of Clalms 1-3, or a pharmaceutically acceptable salt thereof.
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7. Amsthed for reating dry mouth {xerostomia}, dry skin, vaginal dryness,
sinusitls, rhincsinusilis, or nasal dehydration, including nasal dehydration brought on
by administering dry oxygsn, dry sys or Sjogren's disease, promoting coular or
cormneal hydration, freating distal infestinal obstruction syndrome, treating ofitis media,
primary ciliary diskinesia, distal inlestinal obstruction syndroms, esophagitis,
constipation, or chronie diverticulitis In g human In need thereof, said method
comprising administering o said buman an sffective amount of a compound

according 9 any of Claims 1-3, or a pharmaceutically scceptable sall thereof,

18. A sompound according fo sny of daims 1-3, or 2 pharmaceutically agceplable

salt thereof for use as 3 meadicamant

19, A compound acoording 1o any of cialms 1-3 or a pharmacsutically acceniable
salt thereof for use in treating a disease associaled with reversible or reversible
airway obstruction, chronio obstructive pulmonary diseass (COPD), asthma,
bronchiectasis {including bronchiectasis dus to conditions other than cystic fibrosis),
aculs bronchitis, chronic bronchitls, postviral cough, cystic fibrosis, emphysama,
prnsumonia, panbronchiciitls, transplani-associate bronchiolills, and ventiator-
associaled tracheobronchitis or preventing ventiiator-associated pneumonia in a

human in need thereof.

20. A compound according o any of claims 1-3, or & pharmacsutically acoeptable
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 oxygen, dry eye or Slogren's diseass, promoting ocular or
comeal hydration, fregting distal infesting! obsiruction syndrome, reating otitls media,
primary cilary diskinesla, dislal inlestinal obstruction syndroms, esophagitis,

constipation, or chronie diverticuliis In g human in need thereof.

21. Use of a compound according to any one of claims 1-3, or a pharmacsutically
accaplable salf thereof, for the manufaciure of & medicament for reating a disease
associated with reversible or reversible airway obstruction, chronic cbstructive
pulmonary diseass (COPD), asthma, bronchieciasis {including bronchisclasis dus to
conditions other than oystic fibrosis), acute bronchitis, chronic bronchitis, post-viral
cough, cysiic fibrosls, smphysema, pneumonia, panbronchiolills, transplant-sssociate
bronchiolitis, and ventilalor-assaciated trachecbronchitis or preventing ventilator-
associaied pngumonia.
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22. Uss of a compound according 1o any one of claims 1-3, or a pharmacsutically
acceptable sall thereof, for the manufacturs of & medicament for realing dry mouth
{xerostomia), dry skin, vaginal dryness, sinusitis, rhinosinusitis, or nasal dehydration,
including nasal dehydration brought on by administering dry woygen, dry sys or
Siogren's disease, promoling ooular or comeal hydration, freating distal infestingl
obstruction syndrome, freating ofitls media, primary ciliary diskinesia, distal infestingl

obstruction syndrome, ssophagitls, constipation, or chronic diverticulitiz

23. A composition comprising a8 compound according to any one of olaims 1-3, or
a pharmmacsutically acoepiable salt thereof, for use in the preparation of 2
madicament for treating & discase associaled with reversible or rreversible airway
shsfruction, chronic obsiructive pulmonary diseass {COPDY, asthma, bronchisctasis
{including bronchiactasis dus lo conditions other than oystic iibrosis), scute
bronchitis, chronic bronchilis, post-viral cough, cystic fibrosis, emphysema,
pheumonta, panbronchiplitis, ransplant-associate bronchiolitls, and ventilator

associated {racheobronchills or praventing ventilator-associaied pnsumonia,

24, & composiiion comprising a compound according to any one of olaims 13, or
a pharmaceutically acceptable sall thereof, for use in the prepargtion of a
madicamsnt for freating dry mouth (erostomia), dry sidn, vaginal dryness, sinusilis,
rhinosinusitis, or nasal dehydration, including nasal dehydration broughi on by
administering dry oxygen, dry eyve or Sjogrer's dissase, promoting ocular or comeal
hydration, reating distal inlestinal obstruction syndrome, treating ofitis media,
primary ciliary diskinesia, distal intesting! obstruction syndrome, ssophagilis,
constipation, or chronic diverticulitis.

25, A msthod for preventing, mitigating, sndfor realing delerministic health
affects {o the respiratory tract and/or other bodily organs caused by respirable
agrosols containing radionuclides in a human in nesd thereof |, said method
somprising administering to said human an effective amount of 8 compound

according to any of Claims 1-3, or a2 pharmaceutically acceptable salt theraof,
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Figure 1. Representative Piot of the Concenfration-BEffect Relationship of
Compound (s} on Short-Cireult Current by Caning Bronchial Epithelial Cells
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Figure 2. Dose-Response of Compound {ia) on Sheep MEC a8 4h Posi-tiose
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Figure 3. Effect of Compound (ia) and HS on Sheep MCOC at 4h post-dose
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Figure 4. Effect Compound {Ia} and K3 on Sheep MOCC at 8h post-dosse
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Figure §. Effect of Sodium Channe! Block of Compound {§a) on Surface Liguid
Retartion §-8 h In the fn vitre UBE modsl
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Figure 6. Effect of Compound (la) on Surface Liquid Retention at 24 hours in

the in vitro CBE model
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Figure 7, Effect of EMNaC Blockers  and Comparative Example | on Sheep BOC
at 8 hrs
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Figure 8. Effect of ENaC Blockers | and Comparative Example 1 on Bheep
Plasma Polassium Lovels
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Figure & Comparison of Comparative Example 4 and Compound 1 on Sheep
MCC at 4h Post-dose
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Figure 10 . Comparative Example 4 Raises Plasma 1 at an Effective Doss
Compound 1 Has No Effect on Plasma K’ at 1000x an Effective Dose In Sheep
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