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3, 5-DIARING S-CHLORONN-{4-{4-{ 2 {HEXYL{2,5,4,5,6-
PENTAHYDROXYHENYLJAMINOETHOXY IPHENYLIBUTYL)
CARBANMIIDOYLIPYRAZINE-Z-CARBOXAMIDE

Field of the lnvention

The present inventon releles o novel compounds, particulary including 3.5-
digrino-G-chioro-fNe{Be{ 4-{4-{ 2.{haxyl 2 3 4.8 S-peniahydronvhexyhaming)
eihoxyiphenyl) butyiicarbamimidoylpyrasine-2-carboxamids angd it
prarmaceutinally  accepiable salt forms, usefid ss sodivm channsl  blockers,
compesitions sonteining the sams, herapaulic methods and uses for the same and
processes for preparing he same.

Backeround of the nvention

The mucocsal surfaces at the interface belwaen the snvironmant and the body
have evolved & number of “innate defense”, Le., profective mechanisms. A principst
form of such innale defense is o desnss these swrfaces with liguid. Typically, the
guaniily of the Houid laver on 8 mucesal suface reflecis the balancs bebwveen
anithelial liguid secretion, oflen reflecting anion (CF andfor HOOY Y secration coupled
with water {and a salion counterdon), and epithelial lould absorplion, often reflacting
Na' asbsorption, coupled with water and counter anion {OF and/or HCG  Many
dizeases of mucosal surfaces are caused by oo litle prolective liguid on those
mucosal surfaces orealed by gn imbslance betwesn secrelion (oo Hils) and
ghsomption (rslafively oo wuch),  The defective sall ransport provssses thet
characierize thase mucosal dysfunclions resids in the epithelial lsver of the mucosal
surface,

Cne approach o replenish the prodective liguid laver on mucoss! surfaces s
o “re-balance” the sysiem by blocking Na' channel and liguid absorption.  The
epithalial prolein that mediates the rate-limiting step of Na™ and liquid absorption is
the epithelial Na” chamme! CENaC™. ENaC is positioned on the aplcal surfacs of the
apithelium, La. the mucosal surface-environmentst interfacs.  idesly, to inhibit ENa(C
mediated Na' and Houid absomption, an ENaC blocker of the amiloride class will be
delivared o the mucoss! surfece and msirdained af s sile io achisve maxdmum
therapsutic beneafit

The use of ENal blockers has been reporied for a varisty of dissases which
ars amstorated by incressed mucosa! hydrstion,  In particdlar, the use of ENaC
blockers in the treglment of respiratory disesses such as chronie bronchilis (OB,
oystic fibrosis {OF), and COPD, which reflest the body's fallure o clear mucus
normaily from the lungs end ultimetely resull in chronic alrway infection has been
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raporiad. See, Evidence for alrweay swisce dehydralion az the infiiating event in OF
airway disease, K. . Boucher, Joumal of infernal Medicine, Vol 261, lssus 1,
January 2007, pages 5-18; and Cysiic fbrosisr & disease of vulnergbilty to airway
surfave dehvdration, RO, Boucher, Trends in Molecular Madicing, Vol 13, Issus 8,
June 2007, pages 2317-240.

Dats indicate that the initsting problam in both chronie bronchitle and cystic
fibrosis e the failure to clear mucus from alrway swrfacss. The faflurs {0 olear mucus
reflects an imbslance in the guantifes of mucus a5 shway surface jiguid {ASL) on
mirway surfaces, This imbalncs results in a relative reduction in ASL which leads o
mcus concentrelion, reduction in the lubricant activity of the periciiary iguid (PCLY
mucus adherence o the alrway surface, and {alhire 1 clear mucus via olfiary activity
w the mouth. The reduclion in mucus ciesrance isads fo chronic baclerial
cotonization of mucus adherant fo airsay surfaces. The chronio retention of bacleris,
inability of local antimicrobial substances to ki mucus-entrepped hacterda on &
chronio basls, and the conssguent chronie inflammatory responss 1o this fype of
surface infaction, are manifes! in chronie bronchitis and oystic fibrosis,

There is currently & large, unmet medical nead for products that specifically
fraal the variely of diseasss which are amsiiorated by increased muocosal hydration,
including chronds bronchitls, DOPD and oystic Sbrosis, among others.  The current
therapies for chronic bronchitls, COPEL and oysiic fibrosis focus on trealing the
symploms andfor the late effecls of these divesses. However, none of these
therapies freat effectively the furddamental problem of the fallure o clesr mucus from
ihe hng.

R.C. Boucher, In U8, 8,264,875, describes the use of pyrazinoyiguaniding
sadium channe! blockers for hydrating mucoesal surfaces bypifisd by the well-known
divretics amiboride, benzamdl, and phenamil,  Howsver, these compounds ars
rafativaly npotent, considering the Brmited mass of drug that can be inhaled o the
fung: (2) rapidiy absorbed, and thersby exhibiling undesirably shori half-lifs on the
misonsal surface; and {3} are fresly dissociable from ENaC. More potent drugs with
onger hetb-ives on the mucosst surface are needed.

Too little protective swface liguid on other mucosal sufaces s 3 common
pathophysiclogy of & number of diseases. For axampls, in xerostorsis {diy mouth}
the oral cavily o depleted of lguid due 1o a fallwe of the parotid sublingual and
submandibular glands to secrete liquid despite continued Na® (ENa() transpont
madinipd Hguld ahsorplion from the oral cavity, Kerafoconiunciivitls sira {dry evel is
caused by falire of lncrimal glands o secrete bouid in the face of continued Na™
dependent lguid absomtion on conjunciional surfasss.  In rhincsinusiiis, there is an
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imbalance between mucin secretion and relative ASL depletion. Failure to secrete
Cl- (and liquid) in the proximal small intestine, combined with increased Na’ (and
liquid) abscrption in the terminal leum leads to the distal intestinal obstruction
syndrome (DIOS). in older patients excessive Na™ (and volume) absorption in the
descending colon produces constipation and diverticulitis.

The published literature includes number of patent applications and granted
patents to Parion Sciences Inc., directed toward pyrazinoyiguanidine analogs as
sodium channel blockers. Examples of such publications include PCT Publication
Nos. WQ2003/070182, WG2003/070184, WO2004/073629, WO2005/0254986,
WO2005/016879, W0O2005/018644, WO2006/022935, WQ2006/023573,
W02006/023617, WO2007/018640, WG02007/146869, WO2008/031028,
WQ2008/031048, and US Patent Nos. 6858614, 6858615, 6903105, 7064129,
7186833, 7189719, 7192058, 7192959, 7192060, 7241766, 7247636, 7247637,
7317013, 7332496, 7368447, 7368450, 7368451, 7375102, 7388013, 7399766,
7410968, 7807834, 7842697, and 7868010.

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

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

Suminary
This disclosure provides the compound 3,5-diamino-6-chloro-N-{(N-{4-(4~(2-
(hexyl(2,3,4,5,6-pentahydroxyhexylyaminc)ethoxy )phenyl)butyl)

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

OH OH
O
MNN NH ©
O OH OH N/U\N N\ Cl
Ho "
0 H.N N NH,
H,C

or a pharmaceutically acceptable salt form thereof. The disclosure also provides
solvates and hydrates, individual sterecisomers, including optical isomers
{enantiomers and diastereomers) and geometric isomers (cis-/trans-isomerism),
mixtures of stereocisomers, and tautomers of 3,5-diamino-6-chioro-N-{N-{4-(4-(2-
(hexyl(2,3,4,5,6-pentahydroxyhexyhamino)ethoxy)phenyl}butyl)
carbamimidoyllpyrazine-2-carboxamide, or a pharmaceutically acceptable salt
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thereof, as well as pharmaceutical compositions comprising the compound, or a
pharmaceutically acceptable salt thereof, its use in methods of treatment, and
methods for its preparation.

In one aspect, there is provided a compound of the formula:

OH OH
0
OH OH OH J N _Cl
T
J/ n HNT N7 NH,
H,C

or a pharmaceutically acceptable salt thereof.

in one aspect, there is provided a pharmaceutical composition comprising a
pharmaceutically effective amount of a compound as defined herein, or a
pharmaceutically acceptable salt thereof, and a pharmaceuliically acceptable carrier
or excipient.

In one aspect, there is provided the use of a compound as defined herein, or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for
treating a pulmonary disease in a human in need thereof.

In one aspect, there is provided the use of a compound as defined herein, or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for
blocking sodium channels in a human.

in one aspect, there is provided the use of a compound as defined herein, or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for
promoting hydration of mucosal surfaces or resioring mucosal defense in a human.

In one aspect, there is provided the use of a compound as defined herein, or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for
freating a disease selected from the group of reversible or irreversible airway
obstruction, chronic obstructive pulmonary disease {COPD), asthma, bronchiectasis
(including bronchiectasis due fo conditions other than cystic fibrosis), acute
bronchitis, chronic bronchitis, post-viral cough, cystic fibrosis, emphysems,
pneumonia, panbronchiolitis, transplant-associate bronchiolitis, and ventilator-
associated tracheobronchitis or preventing ventilator-associated pneumonia in a
human in need thereof.

in one aspect, there is provided the use of a compound as defined herein, or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for

treating chronic obstructive pulmonary disease (COPD) in a human in need thereof.
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In one aspect, there is provided the use of a compound as defined herein, or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for
treating cystic fibrosis in a human in need thereof.

in one aspect, there is provided the use of a compound as defined herein, or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for
treating dry mouth (xerostomia), dry skin, vaginal dryness, sinusitis, rhinosinusitis, or
nasal dehydration, including nasal dehydration brought on by administering dry
oxygen; dry eye or Sjogren’s disease, promoting ocular or corneal hydration, treating
distal intestinal obstruction syndrome, treating ofitis media, primary ciliary diskinesia,
distal infestinal obstruction syndrome, esophagitis, constipation, or chronic
diverticulitis in a human in need thereof.

in one aspect, there is provided a compound as defined herein, or a
pharmaceutically acceptable salt thereof for use as a medicament.

In one aspect, there is provided a compound as defined herein, or a
pharmaceutically acceptable salt thereof for use in tfreating a pulmonary disease.

In one aspect, there is provided a compound as defined herein or a
pharmaceutically acceptable salt thereof for use in treafing a disease associated with
reversible or irreversible airway obstruction, chronic obstructive pulmonary disease
(COPD), asthma, bronchiectasis (including bronchiectasis due to conditions other
than cystic fibrosis), acute bronchitis, chronic bronchitis, post-viral cough, cystic
fibrosis, emphysema, pneumonia, panbronchiolitis, transplant-associate bronchiolitis,
and ventilator-associated fracheobronchitis or preventing ventilator-associated
pneumonia in a human in need thereof.

In one aspect, there is provided a compound as defined herein, or a
pharmaceutically acceptable salt thereof, for use in treating dry mouth (xerostomia),
dry skin, vaginal dryness, sinusitis, rhinosinusitis, or nasal dehydration, including
nasal dehydration brought on by administering dry oxygen, dry eye or Sjogren’s
disease, prometing ocular or corneal hydration, treating distal intestinal obstruction
syndrome, treating ofitis media, primary ciliary diskinesia, distal intestinal obstruction
syndrome, esophagilis, constipation, or chronic diverticulitis in a human in need
thereof.

in one aspect, there is provided a composition comprising a compound as
defined herein, or a pharmaceutically acceptable salt thereof, for use in the
preparation of a medicament for treating a disease associated with reversible or
irreversible airway obstruction, chronic obstructive pulmonary disease (COPD),

asthma, bronchiectasis (including bronchiectasis due fo conditions other than cystic
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fibrosis), acute bronchitis, chronic bronchitis, post-viral cough, cystic fibrosis,
emphysema, pneumonia, panbronchiolitis, transplani-associate bronchiolitis, and
ventilator-associated  fracheobronchitis  or  preventing  ventiiator-associated
pheumonia.

in one aspect, there is provided a composition comprising a compound as
defined herein, or a pharmaceutically acceptable salt thereof, for use in the
preparation of a medicament for treating dry mouth {xerostomia), dry skin, vaginal
dryness, sinusitis, rhinosinusitis, or nasal dehydration, including nasal dehydration
brought on by administering dry oxygen, dry eye or Sjogren’s disease, promoting
ocular or corneal hydraiion, treating distal intestinal obstruction syndrome, treating
ofitis media, primary ciliary diskinesia, distal intestinal obstruclion syndrome,
esophagilis, constipation, or chronic diverticulitis.

In one aspect, there is provided the use of a compound as defined herein, or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for
preventing, mitigating, and/or freating deterministic health effects to the respiratory
tract and/or other bodily organs caused by respirable aerosols containing

radionuclides in a human in need thereof.

Brief Descrintion of the Drawings

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

with the following figures:

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

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

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

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

post-dose.

FIG. 5 is a plot of the effect of sodium channel biocking of Compound (la) on
surface liquid retention 0-8 h in the in vifro CBE cell model.
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FiG. 6 is a bar graph of the effect of Compound (1a) on surface liquid retention
at 24 hours in the in vifro CBE model.

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

FiG. 8 is a plot of the effect of ENaC Blockers Compound la and Comparative

Example 1 on sheep plasma potassium levels

FIG. 9 is a plot comparing the activity of Comparative Example 4 and

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

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

Comparative Example 4 and Compound 1a.

Detailed Description of the Invention
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As used herein, the following lens gre defined as ndicaled.

"4 compound of the invention” maans a compound of Formula | or a sall,
particubarly » pharmacsutically accsptable salt therec!,

‘A compound of Formula I means 2 compound having the structural fonmda
designated hersin as Formula | Compounds of Formuls | include solvatss and
medrates {Le., adducts of & compound of Formude | with a solvent).  In those
srmbodiments whersin a compound of Formula | indudes ons or more chirgl centars,
the phrase s intended fo encompsss sach individus! sterecisomer including optivel
isomers {enantiomers and disstereomers) and geomelbic jsomers {cls-frans-
isomerism} and mixiures of sterecizomers. In addition, compounds of Formuia | also
inciude tmutomers of the depicied furmulals).

Throughout the description and examples, compounds are named using
standard IUPAD naming principies, where possible, including the use of tw
ChamDrew  Ulra 110 sofiware program for naming compounds, sold by
Cambwidge3oft Corp./PerkinElmer. '

in some shamical sucturs representations whers ssrbon atorms do not have
a sufficient number of siiached variabies depicted o produce & vaelence of four, the
remaining carbon subsiftuents needed o provide a velence of four should be
assumnad o be hydrogen. Similarly, In soms chemical struciures whers a bond is
draws without specifving the terminal group, sush bond iz indicalive of s melihyl (Me,
~iobs} group, 28 s conventions! in the arl

in one preferred embodiment, the compound of formule (1) s 3.5-diaming-6-
Ghilorge el Mol duf def Z-{ eyl (28 3H 4R BR2,5,4.5,8~
pertshydroxvherylaming ethoy) phanylbutyl learbamimidovijpyrazing-2-
carboxamide, having the formuls

OB OH

1

mooT -
o OB OH A P “\_ﬂN)LQN/EL N, A

|} . B | Ti j )
j , 2

HOC
gr & pharmaceutically accepiable sail thereof.

The compounds of Formuda |, may be in the form of a free bass or 3 sall,
nariioularly 8 phamacsutically accepisble salt. For @ review of pharmacsutically
accentable s3lis ses Berge et al., 4. Phanme S (1877) 86:1-19.

Pharmaceutically sccepiable saits formed from inorganie or organic acids
nchede for sxampls, hydrochionide, hydrobromids, hydroiodids, sulfate, bisulfate,
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ritrate, sulfamate, phosphate, hydrogen phosphate, aosiate, bifluoroacetale,
malesie, malate, fumarste, lacisle, tarirele, ciirate, formale, gluconats, succingle,
pyruvate, tannale, ascorbale, paimitate, salioviale, sicarats, phihelate, alginate,
polyghiamate, oxalate, oxaloacetsts, saccharate, benzoats, allyt or aryl suffonates
{e.g., methanesulfonate, sthanesulfonats, benzenesulfonate, p-ivluenesulionate or
naphthalenssulfonate) and isothionate; complexss formed with aming ackls such as
iysing, argining, glutamic acid, glycing, serine, threoning, alaning, isvleucing, leusing
and the ke, The compounds of the invention may also bs In the form of salts formed
from slemental anions such as chiovine, bromine or ding,

For tharapeutic use, saifs of active ingredianis of the compoeunds of Formula |
wil be pharmaceutically acceptable, is. they will be salts derved from a
pharmaceuiically acceplable zoid.  Howsver, salls of acids which are not
sharmaceulically acceptabls may slse fnd use, for example, in the preparation or
curffication of & pharmaceutically sccepiable compound. Trifluoroacaiate salls, for
example, may find such use. Al salls, whether or not derved from =
sharmaceuically scoeptable acid, are within the scope of the present invention,

The farm "chivel” refers fo molecules which have the propsily of none
superimposebiiity of the mirror inage painer, while the term "schiral” refers to
modecuies which are superdmpossbie on thelr mirroy image pariner,

The term "sterecizomers” refers o compounds which have identical chemical
constiiution, but diffsr with regard o the srrangemend of the aloms oF groups In
space. "Diasterecmer” rafers io 2 sterecisomer with two or more centers of chivality
and whoss molecules are not mirror images of one ancther. Diasigrecmers have
differant physion! properties, eg. meiting points, boling points, spectrel properties,
and reactvites. hMikures of disstersomers may separsie under high resclulion
anaiviical procadures such as electrophoresis and chromeatography,  "Enantiomearns”
refer o hwo sierscisomers of a compound which are non-superimposable mirree
images of ong ancther,

Stereochemical definions and conventions used herein generally follow 5. P
Parker, Fd., MoGrRaw-HLL DICTIONARY OF THEMICAL TERMS (1984) MoGraw-Hill
Rook Company, New York, and Ellgl, B and Wien, 8., STEREQCHEMISTRY OF
ORGAMC CoMPOUNDSE {1884} Jobn Wiisy & Sons, Ing., New York

Wary organis compounds exist in oplically active forms, La., they have the
ability o miaie e plane of plane-polarized ight.  In describing an oplically active
compound, the prefixes D and L or R and S are uwsed fo denote the absolule
eorfiguration of the molecule about its chiral center{s). A specific stersclsomer may
aise be referred to 8% an enentiomer, and 3 misture of such isomers 5 often called
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an snantiomeric mikdurs, A 80050 mikiure of snantiomers is referred 10 23 & racemic
miiure or a racemats, which may ocour where there has besn no stersossiection or
starecapecificity in a chemioal reaction or procsss. The terms “racemic mbdurs” and
"racermnate” refer {0 an eguimciar mixiure of two snantiomeric species.

The term "automers” refers to 2 type of sterecisomsr in which migration of
hydiogen alom resulls it bwo o more structures. The compounds of Formula | may
exist in different tautomerio forms. One skilled in the art will recognize that amidines,
smides, guanidines, ureas, thioursss, heterocyolas and the fke can exist in
tautomeric forms. By way of exemple and not by way of limilelion, compounds of
Formula | can sxist in various tavtomeric forms as shown below,

O NH O N,

‘g i ) i L“?;
mjﬁwﬁ\wkﬁ,@ f:ih\\;%{/kwf:«\hﬁf g
| Mo H z k
g e,
HNT N R, HNT TN TNH,
- oM NH
e Ol N e A2
A e N W Mﬁ/ ’
0 H L
HNT N N, Mzl Kﬁ)\ﬁﬁa
OH  NH,
{i:g\\‘j.l’fN% ‘*’\N r,L’-\\?kz »f’d??‘l
M N NH,

Al possible laulomeric forms of the amidines, amides, gusnidines, uraas,
thicursas, haterooycles and the ke of sl of the embodiments of Formula | are within
the scope of the insiant wention, Taulomers exist in soullibrium and thus the
depiciion of & singls Butomer in the formulas provided will be understood by hose
skifted i the art {o refer equally o all possible lautomers,

#is o be noted thatl all enantiomers, diastereomers, and racemic midures,
mutomsrs, polymorphs, pseudopolvnomphs of compounds within the scops of
Formuls | and pharmaceutically sccepteble salls thereof are embraced by the
prasent invenBion. Al mixtures of such anantiomers and disstersomars, including
engntiomerically srviched mikiures and dissiersomerically soriched mixbires are
within the scope of the present invention, Enantiomerically enriched midiures ara
mbdures of enantiomers whersin the ratio of the specifisd ernandiomer o the
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atfernative enantiomer is gregter than 30:30. More particularly, an enantiomerically
gnriched mixiure comprises &1 keast sboul 78% of the specifisd snaniiomer, and
praferably al least about 88% of the speciiied enanliomsr. i one embodiment, the
enardiomericslly snriched mbiure is subshentially free of the other enaniiomer,
Similkwly, dJdiasioreomerically snriched mbdures sre mivturas of disslereomers
wharsin amount of the specified disstereomer is grealsr than the amount of sach
altemative disslereomer.  More particuiarly, 8 disstersomerically asmriched mikdure
comprises st least about 78% of the specified diastersomer, and preforably al loast
about 85% of the specified disstersomsr, n one embodiment, the diastersomerically
enriched mikwre s substantislly free of gl other diastersomers.  The famn
*substantisily free of will be understood by thuse skdisd in the arl fo hoicate less
than & 5% prasence of other diastereomers, proferably lass than 1%, more preferably
iess than 0.1%.  In other embodiments no other disslersomears will be present or the
smount of any cther dissiersomers present will be below the level of deteclion
Sterecisomers may be sepergied by mchnigues known in the st inchgding high
performancs fiquid chromatography (HPLO) and orystaliization of chiral salts,

A single sisracisomer, e.g. an enantiomer, subsientisily free of s
sierecisomer may be obilained by resciution of the racemic mikdure using a msthod
such as formation of dissterecmers using oplically actve resciving sgenis
{"Stereochemistry of Carbon Compounds,” {1882} by E. L Elsl, McoGraw Hill
Lochmulier, . M., {1978 J Chromalfogr., 113:{3) 283-302) Racemic mixures of
chiral compounds of the wenllon can be separafed and olated by any sultsbis
method, ncluding: (1) formation of ionic, disstereomeric salts with chiral compounds
and separation by faections! wrystalizslion or othsr methods, {2) formation of
disstersomeric compounds with ohirgl dervalizing rengents, separation of the
disstereomers, snd oonversion to the purs siersolsomers, and (3) separation of the
substantially pure or snviched slerecisomers directly under chirsl conditions.

For flustrative purposes, specific examples of enantiomers of the compourd
of formuia () within the scops of the prasent invention includs, but ars not imited
3, B-diaming-G-chioro- M- N-{4-{4-{ 2- el {85, 3R 4R 8R4, 3,4.5,6-
pantahydroayhsxyhaminosthoxy) phanyhbutylicarbamimidoylovrarine-2-

carboxamids
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3 B-diarmine-B-ooro-N-{N-{ 4-{4-{Z-{ exyl{2R 35 48 58 -2,3,4,5 &-
pentahvdroxyhexyliamino)sthoxyiphenybubdicarbamimidoviipyrazine-2-

% carboxamide

OH OH
”%‘MNMV/ LY. -1
O OH
f"\ (}
P &
tiy
s:,i\ / .., /.f' «.\. /E*\ 1 A }

1-12N 7,

3. B-digming-G-chioro-B-{ N 4-{ 41 2 -Thaw {28 3R 4K B2 3.4 8 6
16 pentahydroxvheiamineethosy iphenyhbulyloarbarirridov ipyrazine-2-

carboxamide

D
P NPy J“"'\-VI‘A"N /J”“w.g/’ J""'\Ef’;""\.._/{} kL
A oH O

. _;\V,é}
ax A e
ixT "\E/ \._ﬁ/ \,ﬁ/ R N
Az |

BT R N

15 3 5-diaming-S-chiorg-Ne{MN-{4-{£-{2-(hewl{{ZR 33 48 8R}»2.3 45 8-
pemtahydroyhenyhaminoisthoxy lphenylbutylicarbamimidoviipyrazing-2-
sarboxamids
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GH E}H
Pl N”\\f A\ N./JO H
,,5 & 6m

- LE o /[\f’

HT N TRH,

3 E-dismino-S-chioro-MN-(MN-(4-(A-02-Chanyl{ (25 3R 4R, 58%2,3,4,5 8-
pariahdrovhexyimminesthoyjphenylibutylinarbamimidovipvrazine-2-
5 carbodamide

/ﬁé)ii JH
B N N W NPt
YUT

g O OH

fg"}
“‘3 /“»\ B f%*‘,fi {ie)

3, 5-diamine-G-chioro-MN-{N-(4-{4-{ 2-{hexyl{{ZR, 35,4R 55+2,3,4 5,6~
10 pentshydroxyhexbaming jethowy jiphenylbulyhearbamimidoyvilpyrazing-2-

carboxamide
(4331 ,{?ﬁ
e "‘N*’ Ny g - %"\/{}H
KE OB O
g & “5’0
f}'»\ &HT/ N?} I{:‘Eﬂ\\fﬁ*\. w/r&\\‘_\v_, fif}

BN z«f, Wi

15§ 5-disminn-G-chioro-NofM-{4-{4-{Z-Thaxyl{ (25 3R 48 BR-2.3,4.5 B~
paniahydroxyhexylaminoethonyiphenvibulvicarbamimidoviipyrazing-2-
carboxamids



W 2013/003386 PCT/USZ012/044272

11
OH OH
(‘,/"\‘,\‘ /J“\W/’\.\N o W’-\\'\ /OH
{ ) OH OM
JH r/ f’
\,,ji,/?\j o \"«./ 'N. JJ"%"\ ./‘ {if}
HNT N N,

3, S-digmino-G-chiorg-Ne{N-{4-{4-{ 2-{ eyl {ZR OR 48 8832,3,4,5,6-
pentahrdroxyhsweyDamine iethoxyiphendibubDearbamimidoy iovrazing-2-

5 carboxamits

HoOOH
./"‘A'\"\/\Nv"'r\'N‘ﬂf\'\‘/ \,\"‘,a/"«._x/\-{j{'i
{ z =
R

O
s A

LN
T N T,

3. 5-diamino-G-chiorp-Md M-{4-{4-{ - hax {28 38 4R 8112 3,45 8-
i pentshydroxvhexyiiaminojsthory iphenylibublicarbamimidoyipyrazing-2-
carboxamids

QH QH

PN e NN oA

-
;

[/J OH OH

1 oYy’
AN e e {4y
BeGS

B
3, Bedliaming-G-chiorn. e Me{ 4-{ 4-{ 2-{ hexyl{{2R, 3R 4R, BR)}-2,3 4,5,8-
panighydroxyhexydlaminelsthoryiphenyllbutylcarbamimidoviipyrazine-2-

Seed,
7.

carboxamids



WO 2013/003386 PCT/US2012/044272

12
H Gf:i
/ \‘*\./'/ ™ '\,R}A\f ""m.\_ J{)H
E/E &u Om
g
Tl M, ~. N s13
N 0

3, S-digming-g-chiovo-N-{M-{4-{4-{2-{hery{{25, 38 45,58}-2,3,4,5.6-
partstrydrogyhaxviiamingiethoxyiphenyDbubylcarbeamimidoyviioyrazine-2-

o g
,,,a/"\\,v,r”"’\\v/’"'\wx"" e :\“&\,f \,,*”"{}H

o o
Iy

IS IS¢
e N ., / ,f“’x,\v/ vf"“?."x {:,§>

H N N NHQ

5 coarboxamide

3, B-diaming-8-chioro-Ne{N-{ 4-{4-{ 2-{haxyl{{2R, 38 48 58)-2.3,4.5 &~
perdairadioohexvhaminoethoyiphenvlibubvlicarbamimidovipyrazineg-2-

carboxamide
19
Oii ?ii
4’,“3.8. %H
- A

7 Y w
i 3 .

Tl ,«N:&\ PN ,f"'ix: A

IDALE:
. "™, .,‘f} . P
HNT TR NI, . and

3. 5-dlamino-S-ohior-N-MN-{d-{4-{2-Then ({25 3R 4R 8R-2,3,4.8.6-
partahvdroxyhexnviiamine lethosy iphenyhbulylcarbamimidoyhipyrazine-2-

1% corboxamide



10

15

20

25

30

WO 2013/003386 PCTE/US2012/044272
13

in one embodiment, the present wendion provides an snaniiomsrically
srviched mbdurs or composiion comprsing  G-disming-S-chioro-N-{N-{4-{ 4-{ 2~
(heod{28 3R 4R ERM2 3,458 penighydronvhexylamineiathony)  phenylibutyDd
carbamimidoy]) pyrazing-d-cgrboxamids, of a phermescauticelly aocepizble salt
thereof, a5 the predominant sormer,

Other embodiments comprise the snantiomerically enviched miklures or
composiiions comprising, respectively, the compounds of formulas (e}, (i), (e}, {id},
flay, (0, (g, k), 00 45, (R0, and (), or & phanmaceutically accepiable salf thereof,
as e predominant isomer in each of thelr regpective mixlures.

in ancther embodimeant, the present invention provides an enantiomericslly
enviched mixiure or composifon comprsing  S-disming-G-chlorp-N-{ N-{4-{4-{2-
{haxyll (25 30 4R 523,458,858 pentahydroxvhexdaminoiethory?  phanyliibudyl
carbamimidoy} pyrazing-2-carboxamids, o & sharmaceutioally ascceplable salt
thereof, substantially fres of clher isomers.

Four other embodiments comprise the snenticmerically enriched mbdures or
compositions comprising, respectively, the compounds of formutas {ia), {ib, (i), (id),
{la), (8%, fig, i, 0, (Y {8, and 10, or 8 pharmaceutically accepiabls sall thersof,
substantially free of other somers in each of thelr respective mikures.

A compound of Formida | and pharmacsutioally scceptably salts thareof may
exist as diffarent polymorphs or pseudopolymorphs.  As used hereln, orystalline
cobamorphisrn means the ability of a orysizliine scompound o exist in different orystel
struciures,  The orystaliine polymorphism may result from differences in crysig
packing {packing polymorphism} or differences in packing belwesn different
sorformars of the same molscule {conformations! polymorphism). As used herein,
crysisiine pssudopolymorphiarn also indludes the abllity of & hydrate or sobale of 5
compound o exist in differst orystel structurss.  The peeudopolymomhs of the
instant  invention may exst due o differences In orvstel peckdng {nacking
peeudonciymorplism) or dug o differences in packing belwaen different conformesrs
af the sams molscule {corformationsl pssudopolymorphism). The instant nvention
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gomprises gl polymorphs and pssudopohernorphs of the compounds of Formuls Fand
oharmaoautioally accepiable salls thereof,

A oommpound of Formula 1 and pharmaceutically accaptable salts thereof may
aliso oxis! as an amophous solid, As used hersin, an amombous solid s 2 solid in
which thers is no longrange order of the posilions of the afoms in the solid. This
dafiniion applies as well when the orvstal size s two nanometers or lees. Addifves,
including sobenls, may be used I coreste ihe amorphous Torms of the insiant
invention., The instand invention, ncluding sl pharmacsutical compasitions, mathods
of treaiment, combination products, and uses thereof desoribed herein, comprises all
amorphous fonms of the compounds of Forouda | and pharmsceutically accepishls
salis thereol

LigEs

The compounds of the invention exhibi sctivity as sodium channs! biockers,
Without being bound by any particuliar theory, i is believed that the compounds of the
ipvention may funclion it vive by blocking epithelial sodium channels present in
mucosal swriaces and thereby raduce the absorplion of waler by the mucosal
surfaces. This sffect inoreases the volume of proteciive liguids on mucosal surfaces,
and rabalances the system,

As # consequence, the compounds of the mvention are usefd as
madicaments, parlicularly for the tregiment of clindeal condiions for which a sodium
charmal blocker may be indicated. Such condiions includs pulmonary conditions
such as diseases associated with reversible or reversible airway obsiruction,
chronic obstructive pulmonary dissese {(COPDY, ncluding acule exacerbations of
GOPD, asthma, bronchisotasis (ncluding bronchisciasis due o conditions other than
oyatie fibrosis), acude bronchitls, ohronic Dronchitis, postwirsl cough, cystic fibrosis,
smphysama, pneumorda, panronchiclitis, and lransplant-associated bronchiolitis,
ncluding lurg- and bone marovw-ransplant associalsd bronchiclitls, In & human in
nesd theresf The compounds of the invention mey alse bs useld for treafing
veniiialorassocialed  racheobronohiis  and/or  preventing  veniilator-associaliad
pnaumonia in ventilated patlents.  The presant invention comprises methods for
tragting sach of these condilions in 8 mammat in nead thereo!, preferably I & bhuman
in nead thereol, sach methed somprising adminisiering o sald mammst 8
phzrmaceutically sffective amount of 2 compound of the pressni invention, or a
pharmaceutically accapisble salt thereof.  Alse provided are (a8} a method for
reducing exacerbations of COPD In 8 mammal In need thereof, &) & method for
reducing exacerbalions of OF in 8 mammal in need thereol, (£} a methed of
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improving lung function {(FEV1) in & mammal In need thersof, {d} a method of
mproving ung function (FEV1) in 2 mammal experdencing COPD, {8} a method of
improving lung function (FEVY) In & mammal expedencing OF, (T} & mathod of
reducing airway infactions in 2 mammal in need thereol,

Also provided s g method of simulating, enhancing or improving mugcositiary
clegrance in 2 mammal, e method comprising administering © g mammal in need
thereol & pharmaceudically effective amount of & compound of formuls {), or 8
pharmacsutically acoeplable salt thereof, Musoddiary clearmnce will be undarsiood (o
ncivde the nestural mucosiiary actions nvolved in the ransfer or clearance of mucus
int the airways, inciuding the seifclearing mechanisms of the bronchi, Thersiors, siso
provided iz & method of improving mucus clearance in the alrways of & mamimal in
read thereof.

Additionally, sodium channs! blockers may be indicated for the tragiment of
condiions which are ameliorsled by increased mucosal hydralion in mucosal
surfaces ofher than pulmonary mucosal surfaces.  Examples of such conditions
include dry mouth {xerostomia), dry skin, veginal dryness, sinusitis, rhinosinusitis,
nasal dehydration, including nasel debydralion broughl on by administering dry
oxygen, dry aye, Slogren's disease, olifis media, primary clilary dyskinesis, distal
irgestinal ohsiruction syndrome, esophagitlls, constipation, and chronio diverticulitis,
The compounds of the invention can also be used for promoting scular or comest
hydratior.

The compounds of the present invention may alse be ussful in methods for
ohigining 2 spulum sample from s humen, The method may be carled out by
adninisterng a compound of the Invention to al lsast one lung of the palient, and
than indusing and collecting a sputum sample from that human,

Acoordingly, in one aspect, the present invention provides a method for the
wreatment of & condiion in & mammal, such as 2 human, for which a sodium channel
hiocker is indicated.

in other embodiments, the present invention provides esch of the methods
desoribed hersin with the additional benefit of minimizing or efiminating hyperkalemia
in the recipient of the method, Also provided are embodiments comprising each of
the methods desoribed herein wharsin an improved therapeutic indax is achisved,

The terms “reat’, “esiing” and “restment’, as used hersin refers
reversing, slevigting, inhibiting the progress of, or preveniing the disorder or
condition or one or mone symiploms of such disorder or condifion,

All therapautic methods desoribed hersln are carrisd out by admimstering an
efisctive smount of a compound of the nvention, 8 compound of Formula | or 2
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pharmacsuticslly accepiable selt thereol, v a sublscl {fvpically mammal amd
praferably hurman) in nesd of reatment.

in ong embodiment the invention provides a method for the tresiment of &
condiion which is amelioralsd by Incressed sl hydrgtion in 2 mammnsl
particutarly & human in nesd thersol  In one smbodiment the vvention provides a
mathod for the frealment of 2 disease associaied with reversible or irreversible
airway obstruclion in a mammal, pariculardly 2 human, I nesd thereo!, In one
partioudsr embodiment the present nvention providss 3 method for the treatment of
chronic obstructive pulmonary dissase (COPD) In g mammal, parficularly 2 human in
nead thereof,  iIn one parficular embodiment the present invention provides a method
for reducing the freguency, sevarity or durstion of acule exacerbation of COPLD or for
the treatment of one or more symploms of scuts sxacerbation of COPD In &
mammgl, pardiculstly 8 human i need thereol.  In e smbodiment the invention
orovides & method for the reatment of asthima in & mammal, particularly o human, by
nead thereol. i ong embodimant the invention provides & method for the reeiment
of bronchisctasis (inchuding bronchieclasls dus o conditions other than cystio
fibrosis) v & mammal, particuiary g human, in need thereol.  In one ambodiment the
rwention provides a methed for the {rsatment of bronghills, including acule and
chronic bronchitis in & manwnal, paricelany & human, in need hereof.  in one
ambodiment the invention provides 3 methed for the reatment of postviral sough In
a mammal, pardoularly a human, in nesd thereaf, In one embodiment the invention
provides & mathod for the frestment of oystic Bbrosis in a8 mammal, particudarny a
hurnan, in need thereol, in one embodimernt the invention provides s method for the
fraatment of emphysema in 2 mammel, parlicularly 2 human in need thereof. 0 one
ambodiment the invention provides a method for the treatment of pnsumonia in g
mammal, parficuylady a humnen in need thereo!l  In ong embodiment the invention
provides a method for the treatment of panbronchiclitis in 8 mammal, particuiarly
human in need thareol. In ons smbodiment the invention provides 5 method for the
freatment of ransplant-associated ronchiolils, including lung and bone mamow-
transplant associsted ronchiolitis In & mammal, particularly a2 humen It need
thereof. In one embodiment the invention provides 2 method for eating ventilator-
sssociated recheohronchiis andior preventing ventiistor-associsied preumonia in a
veniiated human in need thereof. |

This wention provides specilic methods for fraaling 2 disease selected from
the group of reversible or ireversible alrway obshuction, chronic obstruciive
pulmonary diseass (COPLDY, asthma, ronchiectasis {including bronchiectasis dus o

conditions other than oystic fibrosis), acute bronchitis, chronic bronchills, postwiral
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cough, oystic fbrosis, emphysema, pneunonia, panbronchiclille, transplant-associate
pronchiottis, and venliistor-sssociated rechecbronchils or preventing ventiigior-
assoctated preumonia in a8 human in need thersof, esch method comprising
administering fo said human an effective amount of a compound of formuds Ha), or a
pharmacautivally sccepiable sall thereof.  In further embodiments for each methad
of fremtment, the pharmaceutically acceptable sall form s a hydroshioride salt or &
hydrenynaphthoale sait of the sompound of formula {1a).  In another embodiment
within sach method of treatment, the fresbass of the compound of formula {1a} s
usad.

in one embodiment the invention provides a method for the treatment of dry
mauth (xerostomia) in g mammal, particulerly a human in need thereol In onha
ambodimant the inveniion provides 3 method for the treatment of dry skin in a
rarnmal, paricuialy 2 human in need thereof. I one embodiment the wention
provides a method for the treatment of vaginal dryness in 3 mammal, parlicudlarly a
numan in reed hereof. In one embodiment the invention provides g method for the
freatmant of shusitis, rhinosinusitls, of nasal dehydretion, including  nesal
dehydration brought on by administering dry oxygen, in & mammal, particulariy a
humarn in nesd thereel.  in one smbodiment the wentlon provides a method for the
frestment of diy eye, or Slogran’s dissase, or pramoting ooular or comesl hydration
iy & mammsd, paroulsrly a human in need thereof. In one embodimant the nvenlion
orovides a method for the treaiment of ofitis media In a mammal, particularly &
human in nead thersol I one embodiment the invention provides a method for the
weatment of primary clliary dyskinesia, in 2 mammal, paricularly 8 human in need
ihereof. In one smbodiment the invendion provides & method for the treatment of
distal intestingl  ohstruction syndrome, esophagifis, constipation, or  chronio
diverticullile i a mammal, particularly 2 human in nesd thersol,

Thers is also provided s compound of the invention for use in medical
shersny, pariculary for use in the treatment of condilion in & mammal, such a8 a
human, for which & sodin channgd blocker & indicated. Al therapeudic uses
described herein are carried oul by administering an effsclive amount of a compound
of the nvention o the sublect in nesd of eatment.  In one ambodiment thereg is
provided 2 compound of the invention for use in the realment of a pulmonary
condiion such as 8 disesse associzied with reversible or Wreversibie alhway
phstruction in & mammal, partoularly a human, In need thersel I one particular
srmbodiment thers s provided e sompound of the invention for use In the trealment of
chronic obstructive pulmonary disease (COPDY in a mammal, particiarly 8 humsn in
nesd hereof.  In one embadiment, there s provided 2 compound of the invention for
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use in redusing the fequensy, severity or durstion of acude exacerbation of COPD o
for the tresiment of ons or mors symploms of aculs sxacerbation of COPD, Ina
marnal, particulary 8 human, in need thergof, In ons smbodiment there is provided
a compound of the Invention for use in the ireatment of asthma in a2 mammal,
pariiculary a human, in nesd theresf, I one embodiment thers is provided a
compound for use in the trestment of bronchieotasts, including bronchisctasis dus to
conditions other then oystic fibrosis, or bronghilis, including acute bronchitis and
chvonic bronchilis, n 2 mammal, parficulsrdy a human, in nesd thereol. In ons
smbodiment there is provided & compound By wse in the treatment of postirgt
cough, & mammal, perbioulany & bumean, I need thereol. In ong embodiment there
s provided a compound for use in the tresiment of oystic fibrosis In g mammal,
partcularly 5 human in need thereof in one embodiment there is provided 8
compound of the nvention for use in the ealment of emphyeema in & mammsl,
particularly a humsn, in need thereol  In one embodiment there B provided a
govnpound of the wention for use in the treabment of pneumonia in a mammal,
parbdoudark @ human, in nesd fhersof. I one embodiment thare s provided a
gompound of the invention for use in the reatment of panbronchiclitle or ranaplant-
associated bronchioltls, moluding ung- and bone marrow-ransplent sssociated
bronchiolily in & mammasd, pertoularly & human, in need thersof. In one embodiment
there is provided e compound of the invention for use in the realment of ventilator
sssocated racheplwonchills or preventing ventilsior-associzisd pnaumonie in a
ventilaied human in nesd tharsof

tn one ambodiment there Is provided g compowd of the inverdion for use In
the treatment of a condilfon ameliorated by Incressed mucossl hydration n mucoss]
surfaces of & mammal, parlicularly 2 human, In nesd thereof.  In one smbodiment
there Iz provided a compours! for use in the restment of dry mouth Deroslomialin g
g, particdarly a human, i need thereol. In ons smbodiment thers i3 provided
a compound for use in the treaimenyt of dry skin In 2 mammal, particulary 8 human,
in need thereof. In ons embodiment there is provided a compound for use in the
tregtment of vaging! dryness in s mammal, parficuisrly 8 human in need thereol, In
one embodiment there s provided s compound of the invention for uss In the
frestment of sinusiiis, rhinosinusitis, or nasal dehydreiion, including nessl
dehvdration brought on by administering dry oxygen In a mammal, particglardy s
human, In need thereol, It one smbodiment thers s provided 8 compound of the
frvvantion for use in the trestment of dry eve, or Sjogren's dissase or promoting ccular
or somasl hydration in a mammsal, periiculardy 8 humsn, i osed thereof, I one

smbodiment there is provided 2 compound of the invantion for use in the trealment of
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ofitis media i a mammal, particularly a human, it need theraofl. In one embodiment
thare i& providsd a compound of the invention for use In the fealmant of primary
ciliary dyskinesia In & mammael, parlicdarly 8 human, in need thersof, In one
ambodiment thers is provided s compound of the invaention for use in the realmend of
digtal  inlesting! obsbruction syndrome, esophagitis, constipation, or chronio
diverficulitis in 3 mammal, perticularly a human, in need thereof,

The wesent invention alse provides the use of a compound of the invendion in
ine manufaciure of 3 medicament for the treatment of 2 condition In a mammal, such
as & human, for which 8 sodium channs! blocker is indicaled, In one embodiment i
provided the use of a compound of the invention in the manulaciurs of & medicament
for ihe ireafment of dissases associzied with reversible or ireversible sinway
mhsﬁﬁ;cﬁm, chronis chetrustive pulmonary diseass (COPD), soule exacerbslions of
SOPD, asthima, bronchiectasis fincluding bronchiectasis dus o conditions other than
f;ysﬁc fibrogis), bronchitfs {(including scuts bronchitis and chronie bronchilis), post-
virgl cough, ovstic fbrosis, svaphysems, pnsumonia, panbronshiclitls, ranspland-
assncisted onghiclitls, {ncluding ung- and bone mamrow-fransplard assoclated
bronchiolitis),  vertlaior-associated  iacheobronchitis or preveniing  ventiiaior-
ssseciaied pneumonia,

in ong parlicular embodimant is provided the use of 8 compound of the
ivention in the manufachre of 3 medicament for the weatment of a condition
amsliorated by ncreased mucoss! hydration iIn mucosal surfaces, reaiment of dry
mouth (xerostomiz), dry sidn, vagingl dryness, sinusitis, rhinosinusiis, nasal
dehydration, including nesal dehydration brought on by administaring dry owgen,
eabment of drv eve, Sjogren's disease, promoting ocoular or comeal hydration,
weginent of oliiis media, primary cliary dysiinesis, distal intestinal obstruction
syndrome, ssophagitis, constipation, or chronin diverticulilis

The terms “effective amount”, “phamacsutically effective amount”, “sffective
dose”, and “pharmaceutically effechive dose” as vsed herein, refer 1o an amount of
sompound  of the wention which s sufficlent In the subiest fo which It s
agdministered, to slich the blvlogical or medics! response of g cell aullure, tssue,
syslem, or mammal {(reoluding human) that is being sought, for instance by a
resagroher or clinicien. The term siss includes within s scope, amounts sffective to
anhance normal physiclegicst function.  In one embodiment, the effective amount is
the amount needed o provide 3 desired lavel of drug In the secretions and tissuas of
the airways snd ungs, or slematively, in the bloodstream of 2 subles! o be beated
in give an anticipeted physiological response or desired bivlogics! stfect when such a
compnsition s administersd by inhalslion. For sxample an effeclive amount of a
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compound of the invention for the trealment of g condifion for which a sodium

channel biocksr is indicated s sufficlent in the sublsct o which ¥ is administerad

treat the particular conditon. I one embodiment an effective amount is an amount

of 8 compound of the invention which is suffident for the trestrment of COPD or oysiic
5  fibrosis in 8 human,

The precise affective amount of the compounds of the wvention will depand
on a ramber of factors including but not limited to the species, age and weight of the
sublect being treated, the precise cordition requiring frealment and s severily, the
nicavailability, polency, and other properdies of the specific compound being

10 sdminisiered, the nelure of the formulation, the route of administration, and the
dalivery devics, and will ullimately be at the discretion of the attendant physician or
vetmringrian,  Further guidance with respect o snpropriate dose may be found in
nonsidering  conventiona! dosing of other sodium channel blockers, such as
amiloride, with due considerstion also being given o any differences in potancy

foans
th

bebween smiloride and the compounds of the present invention.

A pharmaceutically effactive dose administered topically to the alrway
surfaces of 2 subjedt {8.g., by inhalation] of a compound of the hwention for
raatment of 8 70 kg human may be in the range of from about 10 ng o about 10 mg.
in anpther embotiment, the phammaceutioplly effective dose may be fram about 01
23 o about 1000 ug. Typloslly, the dally dose admindstersd lopically o the alrway

surfgces will be an amount sulficlent to achieve dissolved concentration of active
agent on the airway surfaces of from about 107°, 10, or 107 o about 107, 107, 107,
or 107 Molesiiter, more praterably from about 10 fo about 167 Molss/liter. The
selection of the specific dose for 2 patient will be determined by the aliendant
25 physician, cinician or veterinarian of ordinary sigit in the ar based upon g mrmber of
factors ingluding thoss noted above. bt one particular embodiment the dosg of g
sompournd of the invention for the trestment of & 70 kg human will be in the rangs of
from about 10 nanograms (ng) o about 10 mg. In ancther embodimant, the effective
dose would be from abowt 0.1 pg to about 1,000 pg. In one embodimend, the dose of
3 a compound of the nvention for the treatmert of a 70 kg human will be in the range
of fromn about 0.8 ug o about 5.8 my. In & further smbodiment the dose will be from
shout 0.8 ug to sbout 80 pg. In enother embodimand, the phamacautically offective
dose will be from aboul 1 to about 10 yg. In anclher embodiment, the
pharmaceutically effective dose will be from sbout § pg to abowt 50 g, Ancther

e
LA

ambodirmant wil have an effeciive dose of from about 10 yg to aboul 40 ug.  Inlwo
further embodiments, the pharmaceutically effective dose will be romabout 18 ug fo
shout B0 ug from about 15 pg o sbout 30 pg, respectively, I will be undersiood thatl
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inn smch of thess dose ranges, aff incremental doses in the range are included. For
instance, the 0.5-50 ug rangs includes indbidual doses of. 0.8 pg, 0.6 ug, 0.7 pg, 0.8
ug, 0.0 ug 1.0ug Ve 12018 pg, 14pg 15 18 ug 1.7 ug, 1808, 1.8
ug, 2.0pg, 21 ug, 22 g, 23 g, 24 g 250 28 ug 27 pg, 28 ug. 28 g, 30
fg, 3.1 e, 3.2 un, 3.3 ug, B4 ug, 35 ug, 30 ug, 3.7 10, 3.8 ug, 3.8 g, 4.0 ug, 4.1
BE, 4.2 pg, 4.3 ug, 44 g, 25 ug, 48 ug, 47 ug, 48 pg, 48 g, B0 g Bl g, 62
g, 53 ug, 54 ug, 55Uy 58 ue 5.7 ug. 58 ug, BBy, S0 . 8.1 ug, B2 ug 8.3
pg 84 ug, 5510, 68 g 8.7 ug, B8 ug, B8 g, T.0pg. 71 ug, TR pg, V.3 ug, ¥4
g, 7500, O e T ug 7.8 ug. 7.8 00, B0 ug, 8.1 pg, B2 ug, 8.3 ug, 84 g, 8.5
ug, B g, 5.7 ug, BB g B8 g B0 L, B ug, B2 00, B3 ug, B4 pg, BE g, B
pg 2.7 0y, 8.8 pg, 8.9 ug,

0.0 ug, 191 uo 102 ug, 1003 ug, 104 ug, 105 g, 108 ug, 107 ug, 10.8 ug, 108
v,

1 ug 11 tug 1200 113 un 114 ug 115 ug 118 ug 117 pg, 118 ug, 118
i

12.0ug, 12, ug, 12.2 ug, 123 ug, 124 ug, 125 ug, 128 ug, 12.7 ug, 128 ug, 128
e

13.0 pg, 180 pg, 13.2 ug, 133 ug, 134 ug, 135 py, 186 g, 13.7 pg. 138 pg, 13.8
w140 B, 141w, 1A ug, 14D ug, 144 ug, T pg, 14.8 g, 147 ug, 14.8 ug.
4.8 ug.

8.0 ug, 151 U, 152 ug, 153 pg, 154 ug, 158 ug, 1885 pg, 157 ug, 188 g, 168
ug, 16.0 ug, 181 g, 18.2 pg, 16.3 pg, 16.4 pg, 16.5 g, 10.6 pg, 16.7 wg, 16.0 ug,
16.8 ug, V7.0 ug, 12 ug, 172 ug, 17.8 40, 174 ug 1T 8 ug, 178 ug, 17.7 g, 17.8
g, 7.8 Mg, 18.0 ug, 181 pg, 182 ug, 18.3 pg, 184 ug, 18.5 g, 18.8 ug, 18.7 ug,
18.8 ug, 189 ug, 8.0 ug, 181 ug, 5.2 ug, 183 ug, 184 ug, 18.5 ug, 18.6 gg, 187
uey, 18.8 gy, 19.8 ug, 20.0 ug, 2001 wy, 202 ug, 20.3 pg, 204 pg, 208 pg, 20.0 o,
207 ug, 208 ug, 0.8 ug, 210 g, 211w, 213 g, 213 g, 2.4 g, 215 ug, 218
ug, 207 ug, 21.8 ug, 218 ug, 22.0 Ly, 221 ug, 22.2 ug, 223 ug, 22.4 ug, 22.5 ug,
22,8 ug, 227 ug, 22.8 ug, 22.9 ug, 23.0 pug, 23 wg, 232 ug, 230 ug, 234 ug, 3.8
ug, 23.8 ug, 23.7 ug, 23.8 ug, 23.9 uyg, 24.0 ug, 24.1 ug, 24.2 pg, 24.3 g, 24.4 g,
24.5 ug, 24.6 uyg, 24.7 ug, 24.8 ug, 24.8 pg, 25.0 ug, 251 pg, 25.2 ug, 253 g, 254
U, 25.8 ug, 25.8 ug, 257 ug, 258 ug, 255 ug, 28.0 ug, 26.1 ug, 26.2 g, 26.3 ug,
26.4 ug, 26.5 ug, 20.6 ug, 26.7 pg, 20.8 pn, 268 ug, 27.0 ug, 271 pg, 372 ug, 273
ug, 27.4 ug, 278 ug, 276 g, 27.7 ug, 7.8 ug, 27.9 ug, 2B.0 ug, 38,1 ug, 28.2 ug,
283 ug, PB4 up, 288 ug, 2B.8 ug, P87 pp. 288 ug, 28.8 g, 28.0 yg, 281 pg, 282
g, 20,3 ug, 29.4 ug, 28.5 pg, 29.6 ug, 28.7 ug, 28.8 uy, 28.9 ug, 30.0 g, 30.7 pg,
30,2 ug, 30.3 ug, 30.4 ug. 30.8 g, 306 pg. 30.7 ug, 30.8 yg, 30.8 pg, 1.0 pg, 314
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ug, 31.2 e 313 ug, 314 ug, 318 ug, 31.6 ug, 31.7 ug, 318 yy, 318 pg, 320 ug,
321 pg, 32.2 ug, 32.3 ug, 324 ug, 32.5 ug, 32.6 ug, 32.7 yg, 32.8 pg, 32.8 pg, 33.0
bg, 33,7 Mg, 38,2 w9, 33.3 ug, 334 pg, 33.5 . 33,0 pg, 337 4y, 338 po, 338 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 pg, 348
g, 38,0 ug, 38.7 ug, 38.2 pg, 35.3 yg. 35.4 ug, 35.5 pg, 35.8 pg, 38.7 uy, 36.56 ug,
35.9 ug, 38.0 g, 36.1 pg, 36.2 ug, 36.3 ug, 36.4 ug, 36.5 ug, 36.5 ug, 36.7 tg, 388
tg, 36.8 ug, 37.0 ug, 971 pg, 37.2 ug, 37.3 ug. 37.4 g, 87.6 ug, 37.8 g, 37.7 ug,
7.8 po, 37.9 pg, 38.0 pg, 381 gy, 38.2 ug, 38,3 ug, 384 pg, 38.5 pg, 3808 ug, 387
B0, 388 ug, 385.5 ug, 350 ug, 39,1 g, 39,2 g, 38.3 ug, 384 ug, 38.8 ug, 308 ug,
39,7 pg, 3.8 ug, 38.9 pg, 40.0 ug. 40,7 ug, 40.2 pg, 40.3 pg, 40.4 ug, 40.85 ug, 40.8
gy, 40.7 ug, 40.8 ug, 40.8 ug, 41.0 ug, 44,1 pg, 1.2 ug, 41.3 ug. 41.4 pg, 41.5 ug,
418 pg, 41.7 pg, 41.8 ug, 41.0 ug, 42.0 g, 42,7 ug, 42.2 ug, 42.3 ug, 42.4 g, 42.8
g, 42.8 ug, 42.7 ug, 42.8 ug, 42.% g, 43.0 pg, 451 pg, 432 ug, 43.3 ug, 43.4 G,
43.5 pg, 43.6 ug, 43.7 yg, 438 ug, 43.9 po, 440 ug, 441 ug, 44.2 g, 44.3 ug, 444
pg, 44.5 ug, 44.8 ug, 44.7 ug, 44.8 pg, 44.8 ug, 45.0 pg, 481 ug, 48.2 pg, 45.3 ug,
48.4 ug, 45.5 ug, 45.6 pg, 45.7 ug, 48.8 ug, 45.9 pg, 48.0 pg, 48,1 pg, 462 g, AB.3
ug, 46.4 ug, 46.5 ug, 46.8 ug, 48.7 ug, 48.8 ug. 48.8 ug, 47.0 ug, 47,1 pg, 47.2 ug,
47.2 ug, 474 g, 47.5 ug, 47.8 pg, 47.7 ug, 47.8 ug, 47.0 ug, 48.0 yg, 48.1 pg, 482
g, 48.3 ug, 48.4 g, 48.5 ug, 48.8 ug, 48.7 ug, 45.8 g, 38.9 ug, 45.0 pg, 481 pg,
A49.2 ug, 49.3 pg, 48.4 g, 49.5 pg, 48.8 pg. 48.7 py, 48.8 pg, 38.9 ug, and 50 yg.

The foregoing suggested doses may be adjusied using conventional dose
satcutations if the compound is administersd via a different route.  Determination of
an appropriste dose for administration by other routes s within the skill of those in
the art in light of the foregoing description and the general knowladge in the ard,

Delivery of an effective amowt of & compound of the Invention may entail
delivery of 8 single dosage form or mulliple unit doses which may be deliversd
contemporanecusly or separata in me over a designated periad, such as 24 hours.
A dose of 2 compound of the nention (slone or in the form of 8 composition
comprising the same) may be sdministered from ons to ten mes per day. Typioally,
2 compound of the invention (glone orinthaform ol & composiion comprising the
same) will be administered four, three, two, or once per day (24 bours).

The compounds of formuls (1) of the present invention are alse useldd for
freafing aithome infections. Bxamples of girborne infections clude, for example,
RSY, The compeounds of formula {1} of the present wention are aiso uselul for
ireating an anthrax infection. The present invantion relales 1o the uze of the
sompounds of formue () of the present invention for prophyiactic, postexposure
prophylsciic, praventive or therapsutic freatment against disessss or condifions
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caused by pathogens. In s preferrsd embodimend, the present invention ralates
the use of the compounds of formuda (1) for prophydactic, postexposure prophylactic,
preventive or therapesulic frestment against disesses or condifions caused by
pathogens which may be used in bicterroriam,

in recent yvears, & varisty of research programs and bipdefense measures
have beeh put indo place o deal with concems about the use of bislogical agents in
acts of terrorism,  These measswres ars infended o address concems regarding
bigterrorism or the use of microorganisms or biclogical oxins 1o kil people, spread
fear, and disrupt sociely. For exampls, the Nalional Instiude of Allergy and infectious
Disesses {NIAID) has developsd & Strategic Plan fur Blodsfense Research which
outhines plans for addressing research needs in the rosd arsa of bisterorism and
smerging and reemerging infectious disesses. According 1o the plan, the deliberste
exposurs of the oivilian populaiion of the Uniled Stales o Baolius anthrasis spores
revealsd 8 gap in the nation's overall preparedness ageinst bioterrordsm.  Moreover,
the report delails thet these allacks uncoversd an unmet need for tests fo rapidly
diagnoss, vaccines and nmunctheraples to prevent, and drugs and blologics 1 oure
dizease caused by agenis of biolerrorism,

Wuch of the focus of the varlous ressarch efforis has bessn direcied o
studving the biology of the pathogens identified as polentially dangerous 8%
bictetroriem agenis, studying the host response against such agerds, devsioping
vacoines against infectious diseases, evaluating the therapeutios currently available
and under nvestipation against such agenis, and developing diagnostics to identify
signs and symptoms of treatsning agents. Buch efforts are laudable but, given the
targe rumber of pathogens which have been identified a8 potentislly sveliable Tor
bigterrorism, these siforls have not vet been abie o provide satisfactory responses
for all possible bivterroniem threats. Additionally, many of ihe pathogens identified as
potentially dengercus a3 agents of bicterrorism do not provide sdequale sconomic
incentives for the develoomeant of thermpeutic or praventive measures by induslry.
Mareover, aven ¥ preventive messures such as vacoines were avaliable for sach
pathogen which may be used in bicterroriem, the cost of sdministering alf sueh
vaccines i ths geners! population is prohibitive,

Untit conwenient and effective reabmenis asre avalleble against every
Binlerrorism threst, there sxists a strong need for pravenialive, prophyiactic or
therapeulic treatmenis which can prevent or reduse the risk of infection from
nathogenic agenis,

The present iwvention provides such mathods of prophylsctic treatment. in
one aspect, 8 prophviactic resiment method s provided comprising administering &
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prophviactically effsctive amount of the compounds of formula () to an individual i
need of prophyiactc testment sgeinst infection from ong of more airbome
nathogens, A pariicuisr example of an airborme pathogen is anthrax,

in ancther aspect, & prophylaciic eaiment method s provided for reducing
the risk of infection from an sithome pathogen which can cause a disssss in g
neman, said method comprising adminisiering an effective amount of the compourds
of formula (1) to the lungs of the human whe may be gt rsk of infection from the
airbome pathogen bul is asymplomatic for the disease, whersin the affactive amount
of o sodium channel blocker and camolys are sulficient fo reduce the risk of infection
in e husnan, A particulsr sxample of an airbome pathogen is anthrax,

in another sspach, & poshexposure prophyiactic reatment or therapseulic
srestment method is provided for ifresting infection from an skbome paihogen
somprising sdministering an sfective amount of the compounds of formuls {1} 1o the
lungs of an indiidust In nesd of such teatment against infsclion from an airhome
nathogen. The pathogens which may be protecied against by the prophylactic post
evposure, rescus and therapeutic reaiment methods of the Invention inciude any
pathogens which may enter the body through the mouth, nose of nasal alnways, thus
srocesding infe the lungs., Typicslly, the pathogens will be airbome pathogsns,
sither naturally oocourring o by serosclization.  The pathogens may be naturally
ooowTing oF may have been introduced into the environment inlentionslly afier
aerosolization or other method of infroducing the pathogens ino the envirenmaeant,
any pathogens which are not naturally wansmitted in the air have been or may be
asrosolizad for use in bDioterrorism,. The pethogens for which the Fealment of the
invention may be useful includes, but is not limited to, category A, B and [ prionty
pathogens as set forth by the NIAID, These categonies correspond @emmiiy o the
fsts compiled by the Ceniers for Diseass Conlrol and Prevention (CDC). As sel up
by the CDOC, Calegory A agenis are those that can be essly disseminated or
fransmitted person-fo-person, cause bigh morailly, with potential for major public
hesith impect.  Category B sgents are newt In pricdly and include those thal are
moderately easy to disseminats and cause moderate morbidity and ke moriality.
Category © consists of emarging pathogens that could be enginesred for mass
dissemination in the uture because of thelr avallability, ease of production and
disssmination and potential for high morbidily and moriality, Particuiar examplas of
these pathogens are antiwax and plague. Additional pathogens which may bs
profected againgt or the infection risk thersfrom reduced inchude influenze viruses,

rhinoviruses, adenoviruses and respiratory synoytial viruses, and the fike. A further
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pathogen which may be prolectsd sgsinst is the coronavirus which is belisvad o
cause savare aculs raspiraiory syndromes {SARD).

The present wention also relates v the use of sodium channel blockers of
Formuls | or a phammsceutically sccaptabie salt theredf, for preventing, mifigating,
anlior trealing deterministic hesith sffects fo the rospirstory tract caused by
miposurs fo radivlogicsl materals, parficularly respirable gerosols  containing
radionuciides from nuclesr allacks, such as detonation of radiclogical disporsal
devices {RDD), or accidents, such as nuclesr power plant disasters.  As such,
provided hersin is g method for preventing, mitigating, andfor fresling deterministio
health effects o the respiratory trect endior othar bodily organs caused by regpirable
aserosols containing radlonuclides i & racipient in nesd therso!, including in 8 human
in need thereof |, said method comprising sdiministering to said human an effeciive
amount of & compound of Formuda (1), or 2 pharmaceutically sceeplabis salt thereot.

A malor concern associated with consequence menagement planning for
sxposuras of members of the public W respirable asrosols conlaining radionuelides
from nuciear aliscks, such as detoration of redislogics! depersal devises (RED), or
accidanis, such as nuclesr power plard disasters i how to prevent, milipsts or et
potential detsrministic heslth sffects to the respiratory trach, primarily e lung, s
necassary o have drugs, technicues and procedures, and ieinad mmmnﬁ!
graparad 1o manage and frest such highly inlemally confaminated individusala.

Rassarch has besn conducited o delerming ways in which o prevent,
mitigate or real polentiat damage to the respirgiony tract and varlous organs in the
body that s caused by infernally deposited radionuclides. Vo date, most of the
rzpaarch atiention has focusad on siralegies designed o mitigate heaith effects from
internally deposited radionuclides by acoslerating thelr sxerstion or removal. These
sirgtagies have focused on soluble chamical forms that sre capable of reaching the
biood stream and are deposited al remots systemic sies specific o & ghen
radicelement.  Such approsches will not work in casss where the deposiisd
radionuclide is I relatively insoluble form,  Studies have shown thel many, § not
most of the physicochemicat forms of disparsed radionudlides from RDDs, will be In
redatively insoluble form,

The oty method known fo effectively reduce the radistion dose o the lungs
from inhaled inscluble radivactive seroscls is bronchoalvesiar lavage or BAL. This
smehricue, ahich was sdapted from that already in use for the reafment of patiends
with alestar profeinesis, has besn shown 1o be a safe, repeaiabls procedurs, aven
when performad over an exdended perind of ime.  Alhough thers are varialions in
orocadure, the basic method for BAL is 1o snassthelize the subject, foliowsd by the
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slow introduction of isclonic sedine inlo 2 single lobe of the ung until the funclion
resikiual capacily 18 reached. Additions! volumes are then added and drained by
Gravily.

The resulls of studiss using BAL on animals indicate that aboul 40% of the deep lung
cordent can be removed by 8 ressonable sequencs of BAls, In some shudies, theve
was considerable variabiily smong animals in the amount of redipnuclide recoversed.
The reasons for the varigbility are currently not undarstood.

Fusther, based on a study on animals, # is belleved that a significant dose
reduction from BAL therapy resulls in mitigation of health affects due to inhalation of
imsoluble radiorucides.  In the study, edull dogs inhaled insolubls YCe-FAP
pariicles. Two groups of dogs wers given lung contents of "Ce krnown o cause
radiafion pneumonitis and pulmonsry fibrosiz (sbout 2 MBa/kg body mass), with one
groun being reated with 10 unilatera! lavages batween 2 and 86 days afler expusure,
the other untreated. A third group was exposed st 2 level of "Ce somparalie to that
ssen in the BAL-ireated group affer treatment {sbout 1 MBafg), but thess animals
wers unireated. Al animals were aliowed o live thelr espans, which estendad o
18 years, Because thars is variablilty in initial lung conient of e among the dogs
i mech proup, the dose rates and cumulative doses for each group overlap.
Meverthelass, the effect of BAL in reducing the risk from pheumoniisfibrosis was
svident from the survival curves . i the unirealed dogs with lung contends of 1.6-2.5
MBofkg, he mean survival time was 370 & 86 d. For the Yreated dogs, ihe mean
survival was 1970 £ 240 4, which was statistically significantly differerd. The third
group, which racalved lung conterts of "™0s of 0.6-1.4 MBa had a mean survival
time of 1800 & 230, which was nol statistically different from the treated group.
Equally Important o the noreased survivel, the dogs in the high-dose unireaied
gronp died from deterministic effects to lung {preumonitis/fitrosis} while the treated
dogs did nol. Instend, the treated dogs, fhe the dogs in the low-dose untrealed
aroup, mostly had fung temors (hemanglosareoma of carsiioma).  Therstore, the
reduction i dose resuliing from BAL reatment appears o have prodused biclogical
sffects in jung thet were predicleble besed on the radistion doses that the ungs
recaived.

Based on these resulls, s belisved thal deoreasing the residusl radiclogios!
dome further by any mathod or combination of methods for enhancing the clearance
of particles from the lung would further deoresse the probsbility of health effects o
fung. Mowever, BAL is a procedurs that has many drawbacks. BAL Is & highly
invasive procedure that must be performed 8t speciaiized medical centers by rained
oulmonoiogists. A3 such, & Bal procedure s expensive. Glven the drawbacks of
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BAL, i is not a freatment oplion that would be readily and immediately avaliabia o
parsong in heed of accelsrated removal of radivactive particles, for sxample, in the
avert of & nuclear aifack. In the event of & nuclear attack or a nuclsar aocidant,
immadiate and relatively sasily administersd reatment for persons who have basn
sxposed or who are st rlsk of baing exposed is needed. Sodium channet blockers
administersd as an inhalation aeresol havs been shown o restore hydration of
sirway surfaces, Such hyifation of airway surfaces sids in dearing accumulaied
mucus sewrelions and associaled parlioulsts matier from the lung. As such, without
baing bound by any particular theory, it is belleved that sodium channst blockers can
be usad o accslerale the removal of radicactive pariicles from airway passages,

As discussed above, the greatest sk fo the lungs following 2 radiolegical
aitack, such as & dirly bomb, resulls from the inhalation and refention of insolubds
radioactive parlicies.  &s a result of radivaciive parlicle relention, the csmulalive
gxposure o the lung i signficantly increased, uimetely resuliing In pulmonary
fibrosisipneumonils and polendially death.  Insciuble parficles cannot be systamically
sleared by chelating agenis because these particles are not In solution. To dats, the
physical remaovel of particulsle matter through BAL s the only therapautic regiman
shown o be effective s miligating radialion-induced lung disease. As distussed
ahove, BAL s not & reslistic trestment solution for reduning the sffects of radibactive
particles hat have been inhaled info the body, As such, i is desirabls fo provide &
therapeutic regimen thal sifectively aids In clearing radivactive particles from airway
passages and that, unlke BAL, is relafively simpls o admintster and scalable In &
farge-scale radiation sxposure scenario. o addition, # s alse desirable that the
therapoutic regimen bs readily avaiiable 1o 8 number of people In 2 relelively short
period of ims.

in an aspect of the prasent ivvention, s method for preventing, mitigating,
and/or treating deterministic health effects lo the respiratory tract andior other bodily
organs caused by respirable asrosols  oonlaining  redionuclides  comprises
sdminisiering an effective amount of g sodium channel blocker of Formula { or a
sharmaceutically sccepiable sall thereof 1o an individual in need. In a fealureg of this
aspect, the sedium channst blocker is administered in sonjunction with an camolyvle,
With further regard o this feature, the osmolyte is hyperiondc saling (HBY. In a further
fomiurs, the sodium channe! blocker and the osmolvie are administersd In
sonjunction with an fon fransport modulator. With further regard to this faature, the
iont ransport modulator may be selected from the group consisting of B-agonists,
CFTR polentintors, purinergic recepior egonists, hublprosionss, and proteasse

inhikitors. i ancther fesiure of this aspsect, the radionuciides are selscied from the
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group consisiing of Colbait-80, Cesium-137, kidhan-182, Radium-228, Phospohrus-
32, Stonbum-85 and 90, lodine-1325, Thalium-201, Lead-210, Thorium-234,
Uraniom-238, Plulonium, Cobeli-88, Chromium-81, Americlum, and Curlum. i a
furthar feaiuré, the redionuchides are from 2 ragdicactive disposst device., in vel
5 arother festure, the sodium channel blocker or pharmacsutically accepiable salf
tharaol & administered in an asrossl suspension of respirable particles which the
individual inhgles,  in an sdditionsl festure, the sodium channel blocksr or 8
pharmaceuiically aocepiable sail thereof i administered postexposure o he
radionuchdes,
it
COMPOSITIONS
While i is possible for a compound of the invention to be administered alone,
in some embodimants i is preferable fo present # in the form of g composition,
particdary & phanmaceatioal composition (formulation). Thus, In another agpect, the
15 invention provides compositions, and particularly pharmaceulical composiiions {such
as an nihsiable pharmaceutical composition) comprising & pharmaceutically affeclive
amount of a compourd of the invention as an sclive ingredient, amd a
sharmaceutically acospiable exciplent, diluent or carrier. The tanm "active ingredient”
a5 employed herein refors o any compound of the invention or combination of two or
20 more compounds of the inverdion In 3 pharmaosutical composition.  Also provided
are spacific smbodimants In which a pharmaceulicsl composition comprises a
pharmacsutically effsciive amount of a compound of Formulaes (1) (e, (B}, ), (id),
{e), (6, (g, (), (1), 05, (10, and (I}, or 8 phammacautically accapiable self hersol,,
mdependently or In combinstion, and 2 pharmaceulically scoeptable excipient,
25 diluent or carrier
in somse embodiments, the pharmscsulical composition comprises g
pharmaceulically effective amount of a compound of Formutas {1}, {ia), (i}, (e}, {id},
{is), (1), Go), (h), 08, (0, (K, and (), or 8 pharmaceutically acceptable salt thereof,
indepandently or In combinalion, n = dilgent.  In seperate embodiments, the
30 pharmaceutical composiion comprises a phammsceutically effective smount of 8
compound of Formulas (33 (a), (b, (e, (d), (e, O, g (I, G0, (), GRS and (),
or & pharmacautically scceptable salt tharao!, in hyperionic saline, steriie water, and
hypertonic saline, respectively, wherein the saline conceniration can be as desoribad
harein,  In one smbodiment the saline concenbration s D17% wivand inanother i s
35 2.8% wiv,
Alsn provided s a K comprising 1) & pharmacsutically effective smountof
sompound of Formuda {13, (s}, db), e, d), Os), OF, Qo 803, 88, 00, (). end (), or
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a pharmeaceutically acceptable salt thersof, i) one or more pharmaceuticaily
acceptable sxciplends, carriers, or diuernis; 1) instructions for sdminisisring the
compound of grous B and the exciplenis, carriers, or dilissnts of groun ) o & subject
in nead thereof; and; ) a container. A subjedt in need thereof includes any su%}jéc;:i
in need of the methods of tresiment descoribad heraln, particularly including 8 human
subject in need thersol. Further ermbodiments also comprise an asrosolization
davice sslacted from the group of a nebulizern, including vibrating mash nebulizers
and jet nebulizers, a dry powder inhaler, including active and passive dry powdar
inhaters, and a melersd doss nhaler, including pressurized, dry powder, and soft
mist metared dose inhalers.

i one embodiment g kit comprises 1) from about W0 ng o ebouwt 10 mg of g
compourtd of Foermule {8, (lal, (b (e (d), ded OF, (g, b, 48, G5, 6K, and (8,
or a pharmaesutioally acoepiable sall thereof, per dose; B} from about 1 fo about §
mi. of diluent per doses; i) instructions for administering the compound of group 1
and the diluent of group it} to a sublect in nesd thereof, and; v} a contsiner. ns
further smbodiment, the diluent is from about 71 fo about § mib of & saline solution, a8
described hersin, per doss, I 2 further embodiment, the diluent s from about 1 40
about & mi. of a hypotonic saline solution per doss. In snother smbodimant, the
dituent is from sboul 1 o showt & ml of 8 hyperlondic saline solulion per dose. Ina
silll furthar embodiment, the diluent ks from about 1 1o about B mb of sierile waler per
done.

Alaso provided is 2 kE comprising 1) & sofulion comprising a pharmaceutically
affective amount of g compound of Formuda (1), (a), (b} (o), (&), s, (0, (g (),
(0, b, k), and (B3, or a pharmaceutically sccepiable salt thereof, dissolved it a
pharmaceutically accepiable dituant; i} inslructions for administering the solution of
group 1 1o a sublect in need thereof, and ) a containsr.

Also provided is s kit comprising 1) & soluion comprising from aboul 10 ng o
about 10 mg of 2 compound of Formuda (3}, (Ia), (b, el (idy, Ue), O, (g}, k), {8,
(83, Ok, and (0, o 8 pharmaceutically accepiable sall thereof, dissolved ina
pharmaceutically acceptable dilusnt; i) instructions for administering the solulion of
mroup i o g sublact in nead thereof, and #i) 5 container. In 2 further embodiment,
ine difuent s from about 1 {o about 5 ml. of 2 saline solution, as described herein, per
dose,

Another embodiment comprises s kit comprising i} 8 phermaceutically
effective amound of & compound of Formula {13, Ge), (b, {e), by, (sl (), (g, (i),
{83, (G, (B, and (), or 8 pharmaceuticaily scoepiable sall thareol, in g dry powder
formulation sultable for inhalalion i) optionally, one or mere pharmacsutically
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aoceptable excipients or camiers sulfable for inhaletion; ) instructons for
administering the compound of group I and the excipients or carfars of group i o a
subject i nesd thereof, and; v} a container. In a further embodiment, the kit also
comprises a dry powder inhaler sulisble for delivering the dry powder formulation o a
rpcigierd. The dry powdsr inhaler may be, in additional embodiments, a single-dose
inhalar or g multh-dose inhaler,

Further embodimeants of sach of the kils described hersin includes those in
which the concantration of the compound of Formuie {1, da), (b}, (e, (IdY, {s), (),
figy, (g, By (), Gk, and {5, Jor 2 pharmacsuticaily ssccapiable salt thareof, par
dosea, is one of the effective dose ranges described hereln, Inchuding a) from abowt
3.1 1o to about 1,000 ug; b from about 0.8 ug to about 0.5 myg; and ©) frony about 0.5
ug o about 50 ug.

For each of the Kits desoribed above there s an additionat smbodiment in
which the diluent is hypartonic saling of the concentrations desoribed hersin, In
another embodiment for each kit the diluent is hypelonic saling of the concsnirations
describad heraln. In & further embodiment for sach kit the diluent is slerils waler
suitabls for inhaiation.

The pharmaceutically acceplable exciplant{s), diueni{s] or carles) musl be
asceptable In the sense of being compaiible with the other ingradisnts of the
BwmulaBon and not deleterious fo the recipient thereof Generally, the
phamaceutically acosplable sxciplent{s), diveni(s) or canter{s} amployed In the
pharmaceutical formuistion are "non-iede” meaning that itfthay is/are deemed safe
for consumption in the amount deliversd n the formulstion and "inerl’” meaning that
itihey dossfde rot appreciable react with or resull in en undesired sffact on the
tharapeutic aclivity of the aclive ingredient(s). Fharmacsutically accepisble
sxciplents, dilvents snd carders are convenilonal in the ant and may be selscied
using comventional techniguss, based upon the desired roule of administration. See,
REMNGTONS, PHARMACEUTICAL BCENCES, Lippncofl Willsms & Wikineg: 21 Ed
{hayv 1, 2008). Preferably, the pharmaceuticsily accepiable exciplant{s), dilvent{s} or
carrlar(s) are Generally Regarded As Safs (GRAS) scoording to the FDA,

Fharmeacsutica! compositions aocording to the bvention includs those sullable
for  orsl administrstion; perenters!  sdministralion,  Including  subculaneous,
intradermal, intramusculgr, inlravenous and inlrasrticuian foploal sdminisiration,
including toplcal adrministration o the skin, eves, ears, el vagins! or recial
admindstration: and administration to the respiraiory ract, including the nassl cavilies
and sinuses, oral and exirathoracic abways, and the lings, inoluding by use of
serosciz which may be deliverad by means of varbous types of dry powder inhalers,
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mressurized metersd dose inhalers, sofimist inhalers, nebulizers, or nsuffiators. The
most suitable route of administration may depend upon, ssveral factors Including the
patient and the condition or disorder being treated.

The formudations may be presendad i unit dosage form of i bulk form as for
sxample n the cess of formulations in be melersd by an inhaler and may be
praparad by any of the melhods wall kmown in the arl of pharmargy. Genarally, the
methods include the siep of bringing the aclive ingredient into ssscciation with te
carrier, diuent of exoiplent and optionally one o more gocessory ingredisnts,  In
genergl the formulations are prepared by uniformly and nfimetsly bringing into
ausociation the sclive ingredient with one or more lguid carders, difuents or
gxcipients or finely divided solid carders, diluenis or sxciplents, or both, and then, if
necessary, shaping the oroduct inle the desired formulation.

inn one preferrsd embodiment, the composition is an inhslable pharmaceulicgl
composition which i sulfable for inhalation and delivery 1o the endobronchial space.
Typically, such composition iz in the form of an aercsol comprising parlicles for
defivery using a nebulizer, oressurized metered dose inhaler (MDY, sofimist inhalar,
or dry powdar inhaler (OPL The asrosol formulation used in the methods of the
present invention may be a flouid {e.g., solution) suitable for sdministration by 2
nebulizer, softmist inhaler, or M, or a dry powder sullable for administration by an
M or D

Aarosols ussd to adminisler medicements o the respiratory tract are fypdcally
polydisperse; thel is they are comprised of parlicies of many different sizes. The
patticle size distribulion is fyplcally described by the Mass Mesdian Asrodynamic
Diameter (MMAD)Y and the Geormetric Standard Deviglion (330}, For oplimum drug
deftvery to the endobronchial space the MMAD Is in the range from aboul 1 o sbout
10 um and preferably rom about 1 o about § um, and the GED s less than 3, and
praferably jess than about 2. Asrosols having = MMAD above 10 um ars generslly
too iarne when inhaled to reach the lungs. Aercscls with a2 G50 greater than abowt 3
are not prefered for ung delivery as they deliver g high percentage of the
medicamant to the oral cavily. To achisve thess parlicle sizes in powder formulation,
the partisles of the aclive ingredient may be size reducsd using conventional
fechnigues such a8 micrmnisation or spray drving.  Nondimiling sramples of othar
processes or fechnigues that can be used fo protduce respirabls partivles inchude
spray drying, precipiistion, supsrerificat fiuid, and freeze drying. The desired fraction
may be separaied oub by alr classification or sleving., In one smbodimerd, the
particles will be orystaling, For lould formulations, the particle size s determined by
the selaction of 2 particulsr model of nebulizer, sofimist inhaler, or MDL
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Asrosol parficle size distributions are defermined using devices well known in
the art. For example a mulli-siege Angderson cascads impactor or other suilable
mathod such as those specifically cited within the US Pharmacoposia Chapter 801 as
chagracterizing devices for esroscls emilled from metersd-dose and dry powder
inhalers.

Dy powdsr compositions for fopical defivery io the lung by inhalation may be
formulated withou! excipient or carder and instead including only the acolive
ingrediens in a div powder form having & sullable pariicls size for inhslation. Dry
powdsr compositions may also coniain a mix of the active Ingradient and & suilabls
nowdar base {cardsrdiventiexcipient substance} such as mono-, di- or poly
saccharides (8., iactose or starch). Laclose is typically the preferred excipient for
dry powdsr formulstions. When a solid exclpiant such as incloss is employed,
generally the particls sizs of the excipleni will be musch greater than the active
ingredisnt o aid the dispersion of the formulation in the inhalsr

Mon-iimiting examples of dry powder inhalers includs reservolr multi-dose
inhalers, we-mstered mulb-dose inhalers, capsuls-bassad inhalers and single-doss
disposable inhalers. A resemvoir inhaler coniains a largs number of dosss {e.g. 80} in
one container. Prige to inhaiation, the patfent aciuates the inhaler which causes the
inhaler 1o melsr one dosse of medicament from the eservolr end prepare it for
inhalation. BExamples of ressrvolr DPs include bt are not iimited to the Turbohaler®
by AstraZenecs and the ClickMaler® by Vediura,

in & pre-mefersd muli-dose inhaler, sach individual dose has been
manufaclured in a separate container, and acluation of the inhaler prior o inhslation
couses a rew dose of drig o be released fom e container and prepared for
inhslation, Exampies of multidosse DR inhalers incheds but are not Bmited to Diskus®
by GSE, Gyrohaler® by Vecolurg, and Prohaler® by Valois, During inhslation, the
inspiratory flow of the patiend scoslerates the powdsr out of the device and into the
oral cavity, For a capsule inhaler, the formulation is in a capsule and sforsd ouiside
the inhaler. The patient puts 8 capsule in the inhaler, acluates the inhaler (punclures
the capsule), then inhaiss. Fxamples inciude the Rolohaler™ {GlaxoBSmithiine),
Spinbaler™ (Novartls), HandiHaler™ (18}, TurboSpin™ (PHAT). With single-dose
disposable inhalers, the palient asclusiss the inhaler to prepsre it for inhalation,
inhwles, then disposes of the inhater and packaging. Bxamples include the
Tevince™ (U Groningen), Onaliose ™ (GFE), and Mania Inhaier™ (Manla Devicas).

Gengrally, dry powder inhalers ulilize twrbulent flow characlerisfics of the
powder paih o cause the excipient-drug aggregaies (o disperse, and the parlicies of
aslive ingredient ars deposited in the lungs. However, cerisin dry powder inhalers



i1t

t5

20

25

35

WO 2013/003386 PCT/US2012/044272
33

uliifze 8 oyclone dispersion chamber o produce particles of the desired respirable
size. In o5 oyclone dispersion chamber, the drug enters 8 ooin shaped dispersion
chambsr fangentially so thal the alr path and drug move along the outer circulsr wall,
Az the drug formulation moves slong this ciroular wall it bounces around and
sgolomerstes are broken apari by impact forces,  The air path spirals towards the
center of the chamber eding verlically, Particles that have small enocugh
gerodynamic sizes can foliow the ab path and szt the chamber. In sffecl, the
dispersion chamber works ke 2 small ot mill  Depending on the specifics of the
forrnudation, lerge iactose parlicles may b added fo the formulation o ald in the
dispersion fhwough impact with the AP particles.

The Twincer™ single-dose disposable inheler appears o operate using &
coirneghaped cyclone dispersion chamber referred I as an “air classifier” See, UE.
Published Patent Application No. 2008/0237010 io Riksuniversitelt Groningsn.
Papers published by the Universlly of Groningen, have stated that 8 80 mg doss of
pure micronized colistin sulfomethate could be sffectively deliversd as an inhalable
dry powder utiizing this schnology.

fn preferred embodiments, the sermsol formulation s defivered as a dry
powdar using 8 dry powdsr inhaler whersin the particles emitled fom the inhaler
have an MMAD in the range of about 1 wm to about B uim and & G50 about less than
2.

Exampies of sullable dry powder inhalers and dry powder dispersion devices
for use in the dalivery of compounds and compositions acoording to the present
invention nclude bid are not Bmited o Hose disclossd in USTER027E; LUIBT322354;
UGT248617, UBYZ3i920; UST210685, UST207330; USOBBOBSE, UBE 522585
US8R45772, LUSERRT43Y; LIBBA20034; USHE4BB135, UB4805B11 and USSR
Fublished Patent Application Mo, 2008/0237010.

in one smbodimant, the pharmaceutica! formulation according o ihe invention
s @ dry powder for inhalation which s formudated for defivery by 3 Dislus®-fype
device. The Diskus® device comprises an elongats stip formsd from & base sheetl
having a pluraiity of recesses spaced along its length and g lid sheet hermetically but
paslably sealed therelo io define & pluralily of conlainers, sach conlainer having
therein an inhalsble formulastion conisining 8 predetermined amount of aclive
ingredient sither slone or in admixiure with one or more carrers or excipients (e.g.,
imclose ! and/or othey therapeutically active agents. Preferably, the sirip Is sulficlantly
flexible fo by wound into 2 ol The id sheet and base shoel will preferably have
izading end porlions which are nol sesied to one another and &t least one of the
teading end porlons is constucted o be stieched o 8 winding means.  A&so,



1

15

24

2%

30

WO 2013/003386 PCT/US2612/044272
34 ‘

oreferably ihe hermetic seal between the base and lid sheels extends ovar thelr
whole witth, To prepare the doss for inhalation, the id sheet may preferably be
posled from the bese sheel in 2 longiuding! direction from a first end of the basse
sheat.

in one embodiment, the pharmaceutical formuiation according o the invention
is a dry powder for inhalation which is formulated for delivery using a single-dose
disposable inhaler, snd parfieularly the Twinosr™ inhster. The Twincer’™ inhaler
comprises a foll laminale blister with one or more rscesses and & lid sheet
harmatically but pesisbly sesied thersle to define a plurality of containers. Each
condainer has theraln an inhalable formulation coniaining s predatermined smount of
aciive ingredient(s} sither alone or in admbdure with one o mors cariers of
excipents (e.g., lastons). The Hd shest will praferably have a leading end portion
which is consiructed to profect from the body of the inhsler. The palient would
operste the device and thereby administer the asrosol formulation by 1} removing the
outer packaging overwrap, 23 pulling the Toll tab to uncover the drug in the bilster ang
3) inhaling the drug from the biister,

in ancthar embodiment, the pharmaceutical formulation acoonding o the
invention s & dry powder for inhalation whersin the dry powdsr & formulated indo
micropadicles  as  desciibed In PCT  Publication No. WO200/015288 o
WOZe07 14881, hoth to NexBio. Such micropartivles are ganerally formed by
sdding & countsr jon fo & solution contairing 8 compound of the invention in a
solvent, adding an antisclvent fo the solution; and gradually cooling the solulion o a
femperature below about 28°C, o form a composition conigining microparticles
comprising the compound. The microparticies comprising the compound may then
he separalted from the soltion by any suilsble means such as sedimentation,
filiration or lvophilization, Suitable counterions, solvents and aniisolvents for
nreparing microparicies of the compounds of the invention are desoribed In
WOZ0ORTB2ES.

in ancther embodiment, 8 pharmaceulical composition according o the
invention & delivered as a dry powder using & materad dose inhaler. Non-limiting
sxamples of metered dose inhalers and devices include those disclosed In
USE 2681, 538; USHE B44.847; USE 822,163, US4 868 371 UBSE,566,070; US3,361306
and LSSE,116,234 and UST, 108,158, In a preferred embodiment, a compound of the
inwvantion is defivered as a dry powdsr using a3 metered dose inhaler whersin the
amitted particles have an MMAD tha! is in the rengs of about 1 um 1o about 5 ym and
a GBD that is lees than abowt 2,
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Liowid serosol formulations for delivery to the endobronchis! space or lung by
inhafation may for example be formudaied as squsnus solutions or suspensions or 8%
sarcscis deliverad from pressurized packs, such as melersd doss inhalars, with tha
use of suitable Houefled mopsilants, sofimist inhalers, or nebulizers. Buch aerpsol
sompositions suilable for inhalation can be sither a suspansion or a solution and
genarally contain the active ingrediani{s} together with & pharmaceutically accepiables
carrier of dlivent (e.g., water {distilled or sterie). saling, hypertonic saline, or athanol}
and optionally ong or mors other therapeutically active agents,

Asrosol compositions for delivery by prossurized metered dose inhalers
wyploally further comprise a phannaceuticslly acoepiable propellant. Exarnples of
asuch propelients include fluorocarbon o hytogen-containing chiorofluorocarbon or
miziures thereof, pariioulasrty hydrofluorostkanss, e.g., dichiorodiffusromethans,
frichiorofisoromethane, dichlorolstrafiuorosthans, aepecially 141,48
tetrsfiuoreathane, 1,112,333 -hepisfluoro-n-propans or & mixiure thereof. The
semsol composition mey be excipient fep or may oplionally contain addiional
formutation excipients wall known in the arl such as swiactanis e.g., oleln acid or
lecithin and cosolvents e.g., ethanol Pressurized formulations will genersily be
refeined W & canister {s8.g., an sluminum canisier; dosad with a walve (8.4, 8
mstering valve) and fitted into an acluator provided with 3 mouthplecs.

in another embodimend, & pharmacsutine! composiion acoording o the
invention & deliverad as g louid using & metsred dose inhaler.  Non-limiling
sxampies of metered dose inhalers and devices include those disclesed in US Patert
Mos, 8,253,782, 6413497, 7,601,388, 7,481,805, 6,743,413, and 7108182, Ina
proferred embodiment, a compound of the invention s deliversd as a dry powder
using & melered dose inhaler whersin the emiftsd parficles havs an MMAD thal s in
the range of abowt Tum w about § um and 2 G880 thal iz lees than about 2.

In ona embaodiment the aserosol fTormulation s sultabls for asresclization by &
et nebulizer, or ulfrgsonic nebulizer including sistic and vibraling porous plate
nebufizers.  Liguld sercsol formulstions for nebulization may be generaled by
solulsiiizing or reconstiiuling 2 solid particls formmulation or may be formulated with an
aguecus vehicle with the addiion of agents such as acld or alkal, bulfer selts, and
isolonicity adiusting sgents. They may be sierilized by in-process technigues such as
filtration, or ermina! processes such a3 healing In an aulodlave or gammas irmadiation.
They may also be presented in non-sterile form,

Patisnis can be sensiive o the piH, osmolaiity, and ionic content of a
nsbulized solution. Therefore these paramsters should be adjusted o be compatibls
with the aclive ingredisnt and {olerable fo pallents. The most preferred solution or
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suspansion of active ingredient will contain & chioride conceniration »30 mid af pH
4.5-7.4, preferably 5.0-5.5, and an osmolality of from about 800-1600mOsmikg. The
ol of the sociution can be controfled by sither lirstion with common scids
thydrochionic acid or sulfuric acld, for example) or bases (sodium hydroxids, for
sxample) or via the use of buffers. Commonly used buffers include citrate buffers,
sunh as citric acldisodium ciirale buffars, acelete buffers, such as acelic acidfsodium
acelate buffers, and phosphate buffers. Buffer strengths can range from 2ZmM o
BOmibd.

Uselul acslate, phosphate, and clirate buffers include sodium acelate, sodium
acotats frihydrale, ammonium acetste, potessium acelate, sodium phosphate,
sodiurn phosphats dibasio, disodium hydrogen phosphate, potassium dihydrogen
phosphate, potassiurn hvdrogen phosphate, polassium phosphate, sodium dirals,
and potassium oiirate. Other buffers which may be ulilized include sodium
hydroxide, polassium hydroxide, ammonium hydroxide, aminomethylpropanol,
tromathamine, tsirahydronropy! sthvlenediamine, ciric scid, acetic acid,
Fydroxytricarboxyiic acid or a salf thersof, such as & citrate or sodium ciirate salt
thereof, lnclis acid, and salts of lactic acid including sodium laciats, polassium
mciats, Hthium laciale, calcum laclale, magnesium lacials, barium leclate, aluminum
nctale, zing lactale, sliver lactate, copper laciale, bon lactale, manganess laniale,
ammoniim leciate, monosthanolaming, disthanciamine, iethanclamineg,
diisopropanclamine, as wall as combinations thereof, and the ke,

Buch formulations may be administered using commercially asvailable
nebulizars or other atomizer that can break the formulation info particles or droplals
sultabis for deposition in the respiradory fract. Norelimiting examples of nebulizers
which may bs ampioyed for the asrosol delivery of a composition of the invention
include preumatic et nebulizers, vented o bresth-snhanved et nebulizers, or
ulfrasonic nebullzers Including  stetic o wibrating porouws  plate  nebulizers,
Commercially svailable nebulizers include the Aeronsb® Go nebulizer {Aarogen} and
the eFlow nebufizer {Par Phama)

& jet nebulizer wililzes 2 high veloclly siream of air blasting up through 2
column of water (o generate droplets. FPartivles unsuliable for inhalation impaot on
walls or gerofynamic baffles. A wenled or bresth enhanced nebulizer works in
sssentially the same way &5 2 jet nebuiizer except that inhaled alr passses through
the primary dropist generation ares o incresse the oulput rate of the nebulizer while
the patient intules.

i an ultrasonic nebulizer, vibration of & plezosisetic orysial orestes surface
netghilites In the drug reservolr that cause droplels o be formed.  In porous plale
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nebulizers pregsure fields generated by sonic energy furce liguid through the mesh
pores whers § breaks inlo droplels by Rayieigh breskup. The sorde energy may be
supplisd by 8 vibrating hom or plate driven by 2 plezoelectric crysial, or by the mash
sl vibrating, Non-limiting examples of stomizers inolude any single or twin fluid
siomizar or nozzie thet produces dropiets of an appropriate size. A singls fluld
atomizer works by forcing 2 Hould through one or more holes, whare the jef of liguid
breaks up info droplets. Twin fluid afomizers work by sither forcing both 8 gas and
fiquid through one or mors holes, o by impinging a jet of liguld against another jst of
sither lquid or gas. '

The cholee of nebulizer which asrosolizes the aeresol formulation i3 important
iy the administration of the active ingredient(s). Different nebulizers have differing
efficlencies based their design and operation principle and are sensilive o the
physica! and chemical properties of the formulation. For example, two formulstions
withy differerd swrface lensions may have differend paricle size distibutions.
Additionally, formulation propariies such as pH, cemolalily, and permeant ion content
can affect inferability of the medicetion, so preferred ambodiments conform fo certain
ranges of these properiies,

in 8 preferred embodimend, the formulation for nebulization is deliverad o the
sndobronchial spacs as an asrosol having an MMAD between abowt 1 pm and aboul
5 um and a GBD leas than 2 using an eppropriate nebulizer. To he optimaily effective
and to avoid upper respiratory and sysiemic side effects, the asrosol should not have
& MBMAD greater than about § pm and should not have e GBU greater than about 2, i
an aerosol has an MBMAD larger than about § pm or 8 GB0 grester then sbowt 2 g
mrge percantage of the dose may be deposiied In the uppsr airways deorsasing the
amount of drug delivered o the desired site in the lower respiralory trach # the
MIAD of the seresdd in smaller than sbowt 1 pm then a large percentage of the
particies may remaln suspended in the inhaled alr and may then be exhaled during
axpiration.

The compounds of the invention may  slso be  admibinistered by
transhronchoscopio lsvage.

Formufations sultable for oral administration may be presentsd as disorets
units such 83 capsulss, cachels or iabisls, sach containing & predetermined amount
of the active ingredient; as & powder or granudes; as & solulion or suspension in an
auueous figuid or a noneagueous Hguld, or as an oi-n-watsr liguld emulsion or a
water-reoil Bould smulsion.  The solive ingredisnt may also be presenied as &
sachel, boius, slechuary or paste.
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A tablet may be made by compression of mciding, optionally with ong or mors
zocessory ingredients. Compressad labisls may be prepared by comprassing in g
sultable maching the active ingredisnt in & Tree-flowing form such a8 & powder or
gramtes, optionally mixed with & binders, lubricant, inert dilusnt, surface aolive or
dispersing agent. Molded lablsts may be made by molding I 2 sultable machine 2
mixture of the powdsred compound moistenad with an inert iquid dilusnt. The lablets
may optionsly be coated or soored and may be formulated so as o provide slow of
conirolied releass of the active ingrediant therain,

Formulations for topical administration in the mouth, for srample bucecslly or
sublingually, include lozengss, comprising the aclive ingredient in a flavorsd base
such as suorcss and acacis or fragacanth, and pastifes comprising the aclive
ingredient in g base such as gelatin and giycern or sugrose and scacia.

Formutations for parentersd sdministration include agueous and non-sguscus
sterile injection soivtions which may condaln ant-oxidants, buffers, bactanostals and
solutes whish render the formulation isclonic with the bieod of the inended recipient;
and sguesous and not-acuecus slenle suspensions which may include suspending
agents and thickening sgents. The formulations may be presented In unil-dose or
multi-dose containers, for example sesled ampodes and vials, and may be stored In
g fresze-dried {vophilized) condition requiring only the addiion of the sterdle liguld
carder, for sxample ssline o walerforitiection, immediaiely prior o use.
Drtemporanecus injeclion soluions and suspensions may be preparsd from steriie
powdars, gramilss and fablets of the Kind previously desaribed.

Orsd fluids such as solutions, syrups and sikdrs can be prepared in dosage
uisit form so thal @ given guantily containg 2 predsismined amount of the aclive
ingradient. Syrups can be prepared by dissolving the active ingrediant in 8 sulfably
flavorsd agueocus solulion, while slixirs ars prepared twough the use of &
pharmaceulioslly acceptable slooholic vehicle. Suspensions can be formulsted by
dgiznersing the astive ingredient in & pharmaceutically accepiable vaehicle. Solubllizars
and amulsifiars such as ethoxyisled sostsand slcohols and polvoxy ethylens sorbiind
athars, pressrvatives, favor additive such as peppermint ol or nalural sweeteners o
saccharly or other arlificial sweelsners, and the Bke can also be ncorporaied into oral
tguld compositions,

Liposome delvery systems such as smell unllemellar vesicles, large
untifameliar vesicles and multilameliar vesivles may slse be emploved s delivery
means for the compounds of the invention. Liposomes may be formed from & vansty
of phospholipids such as cholesiere!, steatviamine and phosphetidyicholines.



24

e
b

30

fad
s

WO 2013/603386 POCT/US2012/044272
39

Pharmaceutival compositions for topical sdministralion may be formulaied as
oinfmants, creams, suspensions, iotions, powders, solulions, pastes, gels, sprays,
asrosols of offs, Compositions designed for the teatment of the eves or other
pxfemal Hesues, for example the mouth and skin, may be applied 85 8 lopical
ointment or oreamn,  When fofmulaied a5 an gintment, the active ingredient may be
smploved with sither s perafliinic or & water-miscile ointrent base. ARernstively, the
active ingredient may be formulated i 8 oream with an oil-in-watsr sreem base or 2
water-ireoll base,

Cther compositions designed for lopical administration o the ayes or gars
include sve drops and edr drops wherein the active ingredient s dissolved or
suspended i a suitable carrier, such as for example an aqussus solvent, inchuding
saling,

wompesitions designed for nassl administration include agrosols, solulions,
suspensions, sprays, misls and drops.  Aeroscisble formulstions for nasal
administration may be formulated in much the same ways as asrosolable
formulations for inhalation with the condition thal particles of non-respirable size will
be preferred in formulations for nassl adiministration.  Typleally, parlicies of about §
migrons in size, up o the size of visible dropleis may be emploved. Thus, for nasal
administration, a pariicle size in the rangs of 10-500 um may bs used io ensure
retentton o the nasal cavity.

Transdermal patches may also be emploved, which zre designed to remain in
somact with the epidermiz of the patient for an extended period of time and promots
the absorption of the aclive ingredient thare through

Composiions for vagingd or reclal adminisiration includs oinbmenis, creams,
suppositories and ensmas, s of which may be formulated using conventionsl
tschniguss,

in another aspect, the nvention provides & method of promoting hydration of
mucosal surfaces or resforing mucosal defense I o2 human in need thersol
comprising administaring o the human a phenmeceutical composition comprising &
sompound of the inverdion, whersin sald compound s administerad By an slfective
amount. I one preferred smbodimend, the method comprizes administering the
pharmaceylical compoesiion as an inhalable composition comprising an amount of a
compound of the invention thet iz sufficlent to achipve dissolved concentration of the
compound on the atway surfaces of from about 107, 10%, or 197 to about 1074075,
107, or 107 Molesfliter, mors preferably from about 107 to sbout 107 Molesfliter,

in ancther aspsd, the invention provides s method of treating any ons of a
disease assoclated with reversible or breversible asirway obstruction, chronic
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obstruclive pulmonary  dissase (COPD),  asthme,  bronchiectasis  {Including
bronchiectasis due to conditions other than cystic Bbrosis), aculs bronchitls, chronio
bronchitis, post-virat cough, cystic fibrosis, emphysema, pneumonia, panbronchiolitis,
wansplani-associate bronchioltls, and ventistor-associated acheobronchilis or
preventing ventiistor-associated pneumonia in a human in need thareof, comprising
administering o the buman a pharmaceutice! composition comprising & compound of
the invention, wherein ssid compound is administered in an sffsclive smmount. Inone
praferred embodiment, the method comprises sdministerlng &hé pharmaceuticst
composition as an inhalable composition comprising an amount of g compound of the
rvartion that s sufficient to achiove dissolved concentration of the compound on the
sirway surfaces of from about 107, 10° or 107 fo about 10°410%, 107 o 107
Molas/liter, more preferably from about 10 to about 107 Moles/liter,

in another aspect, the invention provides a method of freating any one of dry
mouth (xerostomia), oty skin, vaginal dryness, sinusitis, rhinoginusiiis, or nasal
dehydration, induding nesal dehydration brought on by adminisiering dry oxygen,
dry eve or Sjogran's diseass, promoting ocular of comesl hydration, realing distal
intesting! obstruction syndroms, tresting otifis madia, primary ciliary diskinesia, distal
intestingl obstruction syndrome, esophagiis, constipation, or chronie diverticuliia in g
human in nesd thereof, comprising sdministering o the human & pharmaosutical
somposition comprising 8 compound of the invention, wharein sekd compound is
adminislered i an effective amount.

- Preferred unil dosage formudations for the compounds of the invention ars
thoss condzining an effective amount of the active ingredient or an aporopisie
fraction thereof,

it should be undersiood that in addition o the ingredients particulary
mentioned above, the formulations of this hwvendion may include other agenis
conventional in the art baving regard 1 the type of formulation in guestion for
sxampls those sultable for oral administration may include flgvoring agents.

The compositions of the present invention may be formulsted for immediaie,
controiled or susisined mleass as desired for the parficular condition being frested
und the deshed route of administration.  For ssample, & controlled relpsse
formutation for oral administration may be desired for the freatment of constipation in
order o maximize delivery of the golive agent o colon.  Such formulations and
suitable exciplenis for the same are well known i the arl of pharmacy. Becauss the
free base of the compound is generally less soluble in aqueous solutions than the
sait, compositions comprising a free base of s compound of Formula | may be
amployed o provide more susiained releass of aclive agent delivered by inhalation
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to the fungs. An active agent present in the fungs In parlisulate form which has not
dissolved inio solution is not available o induce a physiclogical responges, but serves
as & denot of bioavaliable drug which graduslly dissolves into sohufion. As another
example, & formulation may erploy both & free base and salt form of & compound of
the invention to provids both immediate release and sustained relesse of the aclive

ngredient for dissolution into the mucus secretions of, for example, the nose.

COMBINATIONS

The compounds of the invention may be formulated andior used In
combingtion  with other  therspeuiically active agenis, Exampiss of other
therapeutically active agents which may be formulated or used in combingtion with
the compounds of the invention include but swe not fmited fo osmolles, snb-
inflammatory agents, anticholinergic sgenis, B-agonists (including sslective [
agonists), P2Y2 recepior aganists, peroxizome proliferstor-activated recaplor (PPAR}
delia agonists, other epithelial sodium channset blockers {(ENaQC receptor biockers),
cystic fibrosis transmembrane conductance reguiator (CFTR) moddlators, kinase
inbibitors,  antinfactive agents, andhistamines, noneantibictic  anti-nflammaiory
macrolides, elsstass and protsess inhibitors, and mucus or mugcin modifying agenis,
such as surfactants. In addiion, for cardiovasouiar indications, the compounds of the
invention may be used in combination with beta blockers, ACE inhibitors, HMGUoA
reductase inhibiors, caloium channet blockers and other cardinvasiuar aganis.

The present invention thus provides, as snother aspedl, & composition
comprising an effective amount of a compound of the. ivvention and ong of maore
pther therapeutically aciive agenis selected from cemolyies, anti-inflammatory
agents, amticholinergic agents, S-agoniss (ncluding solective Beagonists), FRY2
recaptor agonists, PPAR defia agonists, ENaC receplor Mockers, oyslic fibrosis
fransmembrane  condusiance regulator {CFTR) modulstors, kinaese inhibiiors,
antinfective agerts, antihistamines, roneantbiclic antiinflammalory  macrolides,
slastase and prolesse nhibliors, and mucus or mucin modifying agents, such a3
surfastants. The present invention thus provides, as another sspect, 3 composiiion
comprising an effective amount of a compound of the hvention and one of more
other therapeutically active agenis selected from bela blockers, ACE inhibiors,
FHMGOoA reductase inhibitors, and osloium channel blockers. Use of the compounds
af the wention in combination with one of more other therapeulically golive agenis
(particuiarly osmolyies) may lower the dosse of the compound of the invention that is
reguired fo sufficiently hydrate mucosal! surfaces, thareby reducing the potential for
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undesired side-effects atiributable o systemic blecking of sodium channsls such &s
for axampie in the Kidneys,

“‘Cnoivtes” scoording o the present invention are molacules or compounds
that are osmotically active. “Usmolically active” molecules and compounds are
5 membrane-impermeable {ie, essentialty non-abaorbablel on the alrway or
puimonary epithelisl surface, The terms “alrway swrface” and "pulmonary swiace,” ag
used harsin, inclede pulmonary alrway surfaces such as the ronchi and bronchioles,
ahveolar swrfaces, and nasal and sinus surfaces, Suftable camolyies inciude jonic
pamolvtes (e, salls), and non-ionic ovemolyles {Le., sugars, sugar aloohols, and
10 organic ocsmelyies).  in general, osmolvies {(both onle and nordonic) used in
sombination with the compounds of the nvention are prafersbly csmolyles that do
not promote, or in fagt deter or refard bacterial growth, Oemolyies sultable for use in
the present invention may be in recemic form or in the form of an enantiomer,

digstarsomear, taulomer, polvmorph or pseudopoiymorph.

fa—
L]

Examplss of ionio osmolvies usefd In the present invention include any sall of
g pharmacsutioally scoepiable anion and a phamaceulically accepiable cation.
Praferably, sither {or boih) of the anion and calion are osmotlicelly astive and not
sublect io rapid active frensport, in relation to the alrway swiaces io which they are
administered. Such compounds include but are not limited 0 anions and cations that
20 are contsined in FDA spproved commercially markeied salis, ses, a.g., Reminglon:
The Science and Practive of Pharmacy, Yol I, pg. 1457 (18" £4. 1985}, and oan be
used in any combination as known in the art.
Specific examples of pharmaceutically scceplable osmotically active anions
include but are not fimited to, aestele, benzenesulfonale, benzoale, bicarbonale,
25 biterirate, bromide, caloien edelate, cemsyistes {camphorsulfonsiel, carbonale,
chioride, citrale, dilwdroshioride, edetate, sdipylale (1 2-sthanedisullfonate], estolale
{lauryl sulfate), ssyiste {1 2-ethansdisulfonale) fumerale, ghicspiale, gluconates,
ghutamnate, galyooiviarsantiiate  (p-glvoollamidephenviarsonate),  hestyiresorcinats,
hydrabsmins (&M -Dildehydroabletylisthyisnediamine), hyelrnbroide,
3 hydrochioride, hydrosynaphthosts, iodide, isethionais, iatiale, laciobionats, malals,
miglsate, mandslate, mesviste, methylbromide, methyinitrale, methyisulfale, mucale,
napsyviste, nibale, nibite, pamosts {embongle), paniothenale, phosphaia o
diphosphate, polvgalacturonate, salicvials, slesrals, subacelals, suocinale, suifate,
mnnale, tarirate, fecclate (B-chiorotheophyilinats), iristhiodide, bicarbonate, sic
35 pPreferrsd anions include ohioride, sulfate, nitrale, gluconats, lodide, bicarborate,
Bromide, and phosphats.
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Specilic examples of pharmaceutically acceptable csmotivally aclive cations
include but sre not Hmied o, organic cations such as benzathine (MA-
dibenzyisihvienediaming, chioroprocaine, choline, disthenclamine, sihylenediamine,
megiumim {M-methyl Deglucamine), procains, Dedysine, Llysine, D-arginine, L
srgining, ethyiammaonium, N-methyl D-glyosrol, and the Hke, and metalic cations
auch @8 aluminum, oxlclum, Bhium, magnesium, polassium, sodium, =ing, ron,
ammonium, and the ke, Preferred organic cations include 3-carbon, 4-carbon, &-
carbon and B-carbon crganic cations. Frefersd calions include sodium, polassium,
sholing, Hthium, meglumine, D-ysine, ammonium, magnesium, and caloium.

Spaecific examples of ionic osmolyles thal may be used in combination with a
comnpound of the invention include bul are not imited fo, sodium chioride {particularly
hyperionic saline), polassium chioride, choline chiorids, sholine fodide, lithium
chioride, megluming ohloride, LJysine ohioride, D-ysine chioride, ammonium
chiorids, potassium sulfate, potaesium rilrate, polassium gluconals, polassium
iodide, femic chioride, ferrous chloride, polassium bromide, and combinations of any
two or more-of the foregoing.  In one embodiment, the present invention provides a
combination of a compound of the Invention and two different cemetically active galts.
When differerd salls srs ussd, ong of the anion or cation may be the same among
the differing salts.  Hyperionic saline iz a prefered lonic osmolyte for use in
combination with the compounds of the invention,

Mon-ionic osmolvies include sugars, sugaraloohols, and orgapic cemuolyiss.
Sugare and sugar-aicchols uselul as osmolyles in the present Invention include but
are not Bnlled fo Scarbon sugars (eg., ghyosrol, dihydroxyacetons}), 4-carbon
sugars {e.g., both the [ and { forms of erythross, threoss, and erytiwulose), S-oarbon
sugars (e.g., both the D and L forms of ribose, arabinose, xylose, lyxose, psicose,
fructose, sorbose, and lagatose), and S-carbon sugsrs {e.g., both the I and L forms
of sltose, sliose, glucoss, mannose, gulose, kose, galaciose, and taloss, and the D
and 1 forme of alic-hepluicse, afle-hepulose, gluco-heptulose, manno-hepluloss,
gule-hapiulose, ido-hepiulose, gaelacio-hepiuloss, telo-hepiulose). Additional sugars
useful in the praclioe of the prasent invention nclude raffinose, raffinoge series
oligosaccharides, and stachyoss, Both the D and L forms of the reduced form of
eaokh s;ugan'@ugaf aleohol sre siso suiiable for the present invendion. For examipls,
glucose, when reducsd, becomss sorbitol an osmolyte within the scope of the
ivention.  Accordingly, sorbitol and other reduced fomns of sugar/sugar aloohols
{e.g., manniol, dulcliol, arabiioh) are sulleble osmolvles for use In he present
nvantion. Manmniio! is a preforred non-ionic cemolyle for use In combination with the
compounds of the irvvention.
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"Organic osmohdes” Is gersrally ussd to refer o molscules thal conlrol
intracetular osmolality In the kidney. Ses eg., J & Handler o al, Comp. Biochem.
Shveiod, 117, 301-308  (18987)% M. Burg, Am. J Physiol 288, FUE3-FBE6 (1085)
Organic csmobvies include byt are not imited o thres major classes of compounds:
polvols {polvhivdiie alcohols), methvlamines, and amine acids.  Sultabls polyol
wrgardc ssmaolvies includs butl are not mited to, incsitol, nrve-inositod, and sorbiiol,
Suitable methylamine organic osmolyles include but are not Bimited fo, choline,
betaineg, camitine (L D- and DL forms), phesphonyicholing, vse-phosphonvicholing,
glyosrophoephorvicholing, crastine, and orsaline phosphale.  Bultable aminge acid
organic osmolvies include but are not limiled fo, the - and Lforms of glysineg,
slaning, glulaminge, ghufamate, aspariate, poling and tawine.  Addilional organic
oemolvies suitable for use in the pressnt invention include thuloss and sarcosing,
Marmumalion organic osmolyies are preferred, with human organic osmolyies being
mosi preferred.  However, ceriain orgenic osmcivies are of bacterigl veast, and
marine animal origin, and thess compounds may also be amployed in the presant
inverdion

Csmolyie precursors may be used in combination with the compounds of the
irvention An “csmolyle precursor” as used herein refers 1o a compound which is
converied infe an csmolyte by a mekbolic slep, either catabolic or angbolic,
Examplas of osmolvie precursors include but are not Bmited o, glucose, gliucose
asobmars, ghyeerol, choline, phosphatidvicholine,  yso-phosphatidylcholing  and
norganic phosphates, which are mwecursors of polyols and  mesthylamines.
Frecursors of amino add csmolyies include proteing, peptides, and polvaming acids,
which are hydrolyzed o vield osmolyls amino aclds, and meslabolic pracursors which
can be conwerisd info ostmolyle smino aoids by 3 melebolic siep such as
ransamingtion.  For sxample, a precursor of the amino scid glutaming s poly-i-
glutsimine, and 8 pracursor of glutemats s poby-L-glutande acid, "

Chardcally modified osmolyies or osmolvle precursors may aise be
amployed, Such cherdost modifications involve finking the osmolvie {or precursar) o
an addiions! chermical group which aliers or enhances the sffect of the osmolyle or
nemolvte precwrsor fe.g, nhibils degradstion of the osmchds molsculel  Such
phamical modifications heve bean utiiized with drugs or prodrugs and are Known
the arl. {Seg, for axample, U.S. Pal Nos. 4479,832 and 4,540,564, Shek, B afal, J
Med, Chem 181117 (18781 Bodor, N st al, J Pharm Sol §7:1045-1080
{1978}, Bodor, N, et al,, L Med Chem 28:313-318 (1983}, Bodor, N et al, J Phéfm
Sof. T8:28-35 (1886).
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Freterred cemolytes for use in combination with the compounds of the
frwertion include sodium chioride, partioular hypertonic saline, and manniiol,

For the formulation of 7% and »7% hypertonic saling, formulations containing
bicarbonate anions may be partioudarly useful, especially for respiratory disorders

(1]

with oystic fibrosis ransmembrang conductance reguisior (OFTR} dysfunction such
s OF or COPD. Recent findings indicate thal, although the refative ratio @f HOO,
conduciancs/Cl conductance is bhetwaen 01 and 2 for single CFTR channels
activated with cAMP and ATE, the ratic in the sweal duct can range from virtually 0
almost 1.0, depending on conditions of stimulation. That is, combining cAMP + cGMP
10+ o-ketoglutarate can yield CFTR HOO; conductance simost squel to that of O
conductanoe {Ouiton of sl Physiology, Vol 22, No. 3, 212-225, Jupne 2007}
Furthermore, formuistions of 7% snd »7% hyperionic saline containing bisarbonale
anons may be partouiary useful dus fo better control of the pH In the alway surface
Bouid, First, 1t has shown that that sirway scidification ooours in OF {Tate ef gl 2004}
15 and that absent OFTR-tependent bicarbonate sscretion can lead o an impaired
capacity fo respond o alrway condiions assvciated with acidification of alrway
swface lguid lsver [Coakley st al. 2003} Ssoond, addiion of HE solution withowt
bicarbonate to the surfasce of the lung may further dilute the bicarbonale
concanirations, and polentially reduce the pH or the abliity to respond to sirway
286 acidification within the airway surface liquid laver. Therelore addifon of bicarbonate
anions o HR may help mainialn or mprove the pH of airway surface Hquld lever in
OF patianis,
Die to this evidencs, Inclusion of bicarbonate anlon in the formulation of 7%
or »7% hyperionic saling administersd by the method of this invention would be
25 particularly usefl. Formulalions containing up o 30 to 200 mM concentrations of
Hcarbonste anions are of particular inferest for ¥% or »7% ME solutions.
Hypertonio saline is understond o have a salt concentration greater than that
of normat satine (MNS8), Le. greater than 8 o/t or 0.8% wiv, end hypolonic saline has a
sait conosniration less than that of normsd saline, such az frorm about 1 g or LAG1%
30 wiv o sbout 8 g/l or 0.8% wiv. Hypertonic saline sclutions useful in the formulations
and methods of reabment herein may have 3 salt concentration from about 1% o
about 23.46% {wivl In one smbodiment the hyperionic saline soldlion has 2 salt
concentration from sbout B0 g/ (8% wiv) fo aboul 100 g/ (10% whs. [ another
grmbodiment, the salineg solution has g sall concentration from about 70 g/l (7% wiv)

Lad
]

i about 100 gL (10% wivy  In further embodiments, the saline solution has selt
concantrations of &) from about 0.5 g/l (0.08% wiv) {o sbout 70 g/l (7% wiv); b) from
aboul 1 g {0.1% wiv) to about 80 g/l (8% wiv): o) from aboul 1 g/ (0.1% wivi o
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about 80 gl (8% wivy d) from about 1 gfL (01% wiv) to aboul 40 g/l (4% wiv), &)
from sbout 1 g/l (0.1% wiv) to about 30 g/l (3% wiv); and 1) from about 1 gL {0.1%
wiv} i shout 20 g/ (3% wiv)

Specific concenirations of saiing solulions usefid in the formuistions and
mathods of trestment hereln include, independently, thoss having salt concentrations
of 1 g/l (1% wivh, 2 ol (0.2% whiv), 3 o/l (0.3% wiv), 4 g/L {0.4% wiv), 5 g/l (8.5%
wivy, 8 gfl. {0.8% wivy 7 o/l {0L.7% wiv), 8 g/ {0.8% wiv), 8o/l {D.8% whv, 10 gl
{1% wiv}y, 20 g/l (3% wiv), 30 gfl (3% wiv), 40 gfb (4% wiv), 50 gfl (5% wiv), 80 g/t
(8% wivy, 70 gfl (7% whv), BO o/l {B% wiv), B0 o/l (0% wivy, 100 o/l {10% wivy, 110
gl {11% wiv), 120 g/l {12% wiv), 130 g/l {13% wiv), 140 g/L {14% wh), 150 git
{15% wiv), 180 g/b {18% wiv), 170 g/l (17% wiv), 180 o/l (18% wiv}, 180 o/l {18%
wiv), 200 ofL (30% wivy, 210 gL (21% wiv), 220 gfl. (22% whv), and 230 gl (33%
wivy . Saline concsntrations babwasn asach of these fistad
concenirations/parcantages may also be used, such #s safing of 1.7 g/ (0.17%
wivy, 125 g/l (1.258% wiv), 1.8 g/l (1.6% wiv), 28 gL {2.8% wivy, 28 g/t {2.8%
wivy, 38 gl (3.5% wiv), 45 gfl {4.5% wiv), and 75 gfl. {7.5% wivl.

Specific useful concardration of hypolonic ssline solulions include thoss from
aboul (.12 /L (0.0412% wiv) o about B.5 g/l (0.85% wivy  Any concantration within
this range may be usad, such a8, on g wiv basls, L.05%, 0.1%, §.15%, 0.2%, 0.2256%
{174 NS}, D.26%, 0.3% {173 NB, 0.38%, 0.4%, C.45% (1/2 NS}, ¢.5%, 0.55%, 0.8%
{273 NEY, 1.68%, 0.87T5% (344 N, 0.7%, 0.78%, and 0.8%.

fach of the ranges and specilic concendrations of saline described hersin
may be used with the formulalions, methods of treatment, regimens, and kils
desoribed herain,

Alao intended within the scops of this iwention ars chemioally modifisd
osmolyies or esmalyle precursors. Such chamical modifications involve linking o the
eamolvie {or precursor) an addiional chemical group which gliers or enhances the
effect of the csmolvie o csmolde precurstr {s.g., inhibils degradstion of the
samoivis molsoube), Such chemical modifications have been ulilized with drugs or
prodrugs and are known in the art. (See, for example, U5, Pal Nos, 4,479,932 and
4 540,584, Shek, E. & al, J Med, Chem, 18113117 {(1978), Bodor, M. &l &l 4
Pharn, Jcl. §73045-1080 {4878 Bodor, N & al, J. bMed Chem, 28:313-318
{1883}, Bodor, M. st ai, J. Pharm, Sci. 78:28-38 (1988}, sach incorporaied herein by
rafarance.

Suitable ant-inflammatory agents for use in combination with the compounds
of the iwention include corficosteroids and non-steroidal ant-inflammatory drugs
(MEAIDS), perticulardy phosphodiesterase  (PDE}  inhibiiors, Examples  of
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corficoatersids for use in the present invention includs oral or inhaled aar&icnéi&miﬁa
or prodrugs thereof.  Spedific sxamples inchude but are not limited 1o ciclesonids,
desisobubyrvb-ciclesonids, budesonide, flunisclide, momelasons and esters thereof
fag., mometesone furoste), Bulicesons  propionate,  futcesome  furcate,
beclomethasone, msthyl  prednisolone, predniscions,  dexsmethasone,  BoBo-
diftuoro-1 Vo (3-furanyvicarbonylloxy VB hydroxy-18o-methyh-3-oxo-androsig-1 4~
diens-17E-carbothiolc add S-fucromethyl ester, 8o So-difiuore-115-hydroxy-18ou-
mathyb-3-oxe-1Te-propionylon-androsia-1 d-diene-178-carbothicic  asid  8-{2-0xo-
tetrahvedro-furan-38-v1} aster, beclomethesons esters {e.g., the 17-propionale ester
of the 17.2%-diproplonsts  ester, fluoromsihyl ester, blamcinciong  acelonids,
roflaponide, or ény combination or subset thersol.  Preferred corlicostercids for
forenuiation or uss i combination with the compounds of the Invention are selecied
from ciclesonide, desisobulyrvi-ciclesonide, budescnide, momestasons, flulicasone
propionate, and flulicasens furpate, or any sombination or subset thereof,

NEAIDs for use in the presernt vention nclude bt are not limited to sodium
cromagiveate, nedooromil  sodium, phosphodiesterase  (FDEY inhibitors {eg.,
thaophviline, aminophyviiing, PRE4 inhibitors, miked PDEIPDES inhibilors or mixed
PREL/PIET inhibifors), lsukolriang antagonists, inhibilorg of leukoliens synthesis
{e.q., 5 L0 and FLAP inhibliors), niltic oxids synthese (NQS) inhibitors, proleass
inhibltors {s.0., rvntese inhibitors, neutrophil elastass inhibitors, and metalioprotesse
inhibitors)  B2-infegrin anlagonists and adenosine recepior agonisis or antagunisis
{2.g., adenpsing Za agonisis), oytokine antagonists (8., chemokine antagonisie} or
inhibitors  of ovickine synthesis {sg., prostaglndin D2 {(CRTh2) receptor
aagonists). Examples of lsukolriens modifiors sulleble for administration by the
mathod of this nention include monielukast, Zileuton and zafidukast

The PDRE4 inhibitor, mixed POESPDES inhibitor of mixed POEAPDE?
inhibitor may be any compourned that s known o inhibil the POEL snzyme or which i
dizcoversd o act as 2 PDES inhibitor, and which are selective PRES inhiblors (Le,,
compounds which do not appreciably inhibil other members of the PDE familyl
Evamples of spacific PDE4 inhibitors for formulation and use in combination with the
compounds of the present iwention include bul are mot fimied fo roflumilast
purnatenirine, arofviine, cllomiiast, fofimilast, oglemiiast, folafentiine, pidamilast,
ibucilast,  spremilast, 20408, 7-disthogy-2 S-bisthydroxymethyl) Dnsphthalenyil-2-
pyridinyil-d-{3-pyriding - 1{2H-phthalezinone  {T2BR8), N43 S-dichioro-d-pyriding -1~
H4-flucrophenylmethyll-8-hydroxy-a-oxe-tH-indoie-3-geatamide  {(AWD-12-28%, 4
H2R-2-3-{oyciopentyiony)-4-methoxyphenvil-2-phenviethyll-pyridine  (CDP-840}, 2
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HuE 3-benzodioxol-S-vioy - 3-pyridinvicarbonyliaminoimethyll-3-
flugrophenoxy-{ 2R -propansic gold (OP-B71308), N~{zi,&wﬁimﬁhyiﬁﬁzyﬁm%ﬁinyé)»é%u
£4,5 8,7 -tetrahyddre-2-{4-msthoxny-S-mathyvinhen-5-{4-methyl- 1 pipsazingd- 1H-
indol-1-vil-  benzeresulfonamide,  {2E}S-butenedicate (YM-383058), (&
fluorophenylimethyll-Numethyl-2-{riflucromethyl) 8H-purine G-amine . (NOE-813), N
(2 B-dichloro-3-pyridinyi -S-methowy-S-guinciinecarboxamide  {(D-4418),  N-{{3R}-8-
amire-3,4,8, Tetrahydro-4-oxo-1-phenvipyroie[3,2, 111, dlbenzodiazepin-3-yil-3H-
purin-G-aming {(PD-188787), 3-3-{ovciopeniviony -4-methoryphenylimethvil-MNeglhyl
g-{ {-methyiethyl-3H-purin-B-aming  hydrochlodde  {V-112844), N3 Sdichlore-1-
oxido-d-pyriding-B-msthoxy-2-{Sifluoromethyi-S-guinoiinecarboxamide
{Soh3518813, E-{3-{oyolopentyioxy d-methoryphenyll-3-{{ G-methviphenylmethyil
{35,558 2-piperidinone { HT-0712), S {2{{1R 4R -amine-1-{3-{ysiopantyiory -4~
rnethyoyphenviiovoiohexryl) %thyﬂyiﬁ;syrémiéin&uﬁ“amin@,cés‘-{'ﬁﬁm&yam«ﬂ%m{:%m
cyclopropyimethony-4-diftucromethoy  pherylioyoiohexan-1-off, and 418 7-digthoxy-
2, B-bis{hydroxymethyl-T-naphibalenyil-1-{2-methoxyethyl - 20 H-pyridinone (T-440}
and any combination or subse! theraot,

Lavioirens antagonisis and inhibitors of lsukolene synthesis includs
zafirtukast, monislukast sodium, ziisuton, and prantudast

Anticholinergic agents for formulation or use in combination with the
sompounds of the inventlon include bul are not limiled o muscarinic receplor
atagonists, parficulsrly including pan snlzgonists and antagonists of the Wy
receptors,  Exemplery compounds inclide the alkalolds of the baliadonng plants,
such as afroping, scopolamine, homalropine, hyosoyaming, and the various forms
including salts thereof {e.g., anhydreus alroping, atroping sulfals, alroping oxide or
HCE, msthylatroping nitrate, homabropine hvdrobromide, homatropine methyl bromide,
hyoscvarning  hydrobromide, hyostyamine sulfate, scopolaming  hydmbromide,
scopoiaming methyt bromide) | or any combination or subsst thereol.

Additional antichodinergice for formulation and use n combination with the
mathardhaling, propantheline bromide, anisotropine metivd bromide o Valpin 3¢,
aclidinium bromide, giveopyroiale {(Robind), isopropamide  indide, mepstizoiste
browride, tridhexaihyl chloride, hexooyoiium  methyisulfale, oyciopeniolate HCL
roplcamide, hexyohanidyl CCL pirenzeping, felenzepine, and methockraming, or
any combination or subset thereof,

Preferred anticholinergics for formulation and use in combination with the
sompounds of the invention include ipratropium (hromide), oxiiroplum {bromide) and
Hotropium (bromids), or any combination or subsst thereof,
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Fxamples of B-zgonists for formulation and uss In combinadon with the
sompourds of the invention include bul ars not Bmited {0 salmsiers], R-salmatsrol,
and xinafosis salls therecd, albutersd or R-albuters! {(ree base oF sulfaie), levalbuterdl,
satbutemod, formotersd {fumarate), fenotersl, procalerol, pibuiercl, meiaprierenci,

5 terbutaline and salis thereof, and any combination or subset thereof.

PIYZ roceptor agonisis for formulzlion and use in combination with the
sompounds of the invention may be employed in an amount sffective o stimidate
chinride and waler secrelion by shway surfeces, pariicularly nasael airway suriaces.
Suitahle P2Y2 raceplor agonisls are known in the ot and are desoribed for example,

10 i columns $40 of US Paland Ko, 8,284,875, and also US Paient Nog, 8,856,258 and
5,292,498,

P2Y, agonists thal can be administered by the metheds of tis Invention
include P2Y. receptor agonisis such as ATR, UTPE, UTP-gamma.-Z and dinuslectide
P2Y, roceplor agonists {eg. denufosol or diguefosoll or a2 pharmaceuticslly

1% scceplable salt thereof. The P2EY, recepior agonist is iyplosily includsd in an amount
sffactive 1o slimulsts ohioride and waler ssoretion by alrway surfaces, paricularly
nasal sireny surfaces. Sultable PIY. ecepior sgonisis are descoribad in, bul are not
raited fo, UL8. Pal No. 6,264,875, U.B, PetNo. 5 858,250, 1.8, Pat Mo, 5,282,488,
VLS. Pal No. 8,348,588, LS. Pal. Mo, 8,818,820, U8, Pal do. §,877,248, UG, Pat

20 No. 7,223,744, LS, Palio. 7 831 825 and U8, Pal AP 20080306008 sach of which
iz inoomorated herain by reference,

Combination therapies and formudations hersin can includs sdenosine 2b
(By-PHPNECA, LUF-BB35 snd LUF-5845, AZb agonisis that mey be used ars

25 desoribed by Volpind et al, Jownal of Mediving! Chemnistry 45 {18y 3271-8 {2002},
Yaolnind at al., Cwrent Pharmacsutivel Design B (25) 228588 (2002), Bargidi et &,
Sournal of Medicing! Chernistry 47 (8 Cacclari st al, 143447 {2004}, Mini Reviews
in Madicing! Chemdstry 8§ (12% 1053-60 {Dec. 2008}, Baraldi st al., Current Medicinal
Chomistry 13 {28, 348782 {2008}, Beukers & al., Medicinal Hesearch Hevisws 28

A0 {8y 68788 {Sept 2008Y Elzein ef al, Bioorganic & Medicinal Qhemiﬁzrjf Latisrs 18

{2 302-8 {Jan, 2006}, Caroltl, e al., Jownal of Medivingl Chemistry 48 (1) 282-88

{Jan, 2008}, Talwizi el al., Bicorganic & Mediving! Chemisiry 16 (B) 2418-30 (March

2008y and Stefanachl, o al, Bioorganic & Medicinal Chemistry 186 (8) 285288

{March 2008},

Examples of olher ENaU recsplor Dlockers for formuletion and use In

fad
(¥4

combination with the compounds of the invention include but are not Bmited w©
amiloride and derivatives thereof such as those compounds described in US Patent
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Mo, S8E8815, and POT Publication Nos. WO2D0N0T0M82, WOZ004/073628,
WOZO0S/018644, WOZDDB/022838, WOZN0T/H18640, and WOZ007/145888, &l v
Parion Sciences, ng,
Bmall molecule ENal blockers are capable of directly preventing sudium
5 transport through the ENaC chanmel pors. ENaC blocker that can be administered in
the corabinations herain include, but are not imited o, amiloride, benzamil, phenamil,
ared amiorde snalogues as exempliied by U8 Pal No. 6,888,814, US Pat No.
£ 858,815, UB Pal No. 6,503,108, US Pat. No, §,086,160, US Pal. No. 7.028,328,
US Pat Ne. 7,030,117, U8 Pat. Mo, 7,084.128, U3 Pat No. 7,188,833, US Pat. No,
10 7,189,748, US el Mo 7,192,088, US Pat No. 7,182,859, US Pal. No. 7,241,768,
LS Pal No., 7,247 838, US Pat, No, 7,247,837, US Pat. No. 7,317,013, US Pal. No.
7,332,406, US Pat, No, 7,345,044, US Pat. No. 7,388,447, US Pel. No, 7,368,480,
US Pat, Mo, 7,308,481, US Pat. Mo, 7,375,107, US Pal No. 7,395,788, US Pal M.
7,440,888, US Pal No, 7,820,878, US Pat No. 7,842,897, US Pat Mo 7,868,014,
15 US Pal No. 7,878,810
Enal protechvais s well descibed o inorease sodim bansport through
EnMal. Protease inhibitor block the acthily of endogenous alrway proteases, thereby
preventing ENal cleavage and activation. Prolsase the! clesve ENaC include furin,
meprin, matriptase, typein, channat associaled prolsases {(CAPs), and neutrophil
20 slosissss.  Prolesse inhibilors that can inhibll the proleciviic activity of these
profsases that can be adminiztersd in the combinations hersin include, but ars not
Hmited to, camosial, prostasing, furin, aprotiniy, lsupeptin, and frypsin inhibilors,
Combinstions heveln may include one or mors sullable nucleic ackd {or
polynucisic acid), including bt not Himited to anlisense oligonucieciide, siRNA,
25 miRMNA, miRNA mimie, anfagomir, rbozyme, aptamar, and decoy oligonuciectide
nuclals acids. Ses, .., US Palent Application Publicslion No, 20105316628, In
genaral, such nuclels acids may be rom 17 or 18 nuclestides in length, up io 23, 28
ar 27 nuckeetides in ength, or mors, Examgles includs, but sre not limilsd o, those
described i US Pelent No. 7,517,888 and US Palent Applications Nos
30 Z0M00215888; 20100318628, 0110008386, and 201101042588, In general, the
siFNAS are om 17 or 19 nuclectides in length, up fo 23, 28 or 27 nuciectides in
fenglh, or mors.
CFTR acthvity modulating compounds thal can be adminisiersd In the
sombinations of this invention include, Bt are not limited o, sompounds desoribed in
35 US Z000/02468137 A1, US 2008/0253738 A, US Z2010/0227288 A1, Palent number
7.845,789, US 2000/0246820 At, US 2000/0221567 A1, US 201 HO1B4TIE AT, US
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2070/0M130847 A, US 201070168084 AT and issusd patent 7.BB3.E55 UB
7772250 B2, US 7,408,233 B2, US 2008/0203752, US 7,489 870,

Mucus or mucin modifving agents useful in the combinations and methods

hereln include reducing agents, surfaciants and delergents, sipsclorands, ang
5 deowvribonuclessse sgends.

Wucin proleins are organized into high moleculsr weighl polymers via the
formation of covalent (disulfide} and non-covalent bonds. Disruption of e covalent
honds with reducing agents s & well-establizhed method o reduse the viscoslastic
properties of mucus & vilre and is predicled o minimize mucus adhesiveness and

iy inprove cipsrsncs i vive, Reducing sgenis are well known o decresse mucus
viscosity in vire and commonly used as an aid fo processing spufum sarmpies®.
Exgmples of redudng agents nciude sulfide cordaining molscules or phosphines
capable of reducing profein di-sulfide bonds ncluding, bt not mited o, N-acebd
cysieine, Mescysielyn, carbocysisine, glutaihione, dithiothraliol,  thioredoxin
15 contgining profeing, snd irls {2-carbowyethyh) phosphing,

MN-zcelyl oyateine (NAC)Y I8 approved for use in conjunction with chest
nhysiotherapy to foosen visoid or thickened airway mucus P8 Clnicsl studies
svalualing the effects of oral or inhaled NAD in OF and COPD heve reporisd
improvements in the rheclogic properties of mucus and trends foward improvements

20 in lung function and decreases in pulmonary exacerbations®. However, the
preponderance of cinioal dala suggesis that NAC is at best 2 marginally effediive
thergpsutic agent for trealing slrway mucus obetruction when administered orally o
by inhalation. A recent Cochrane review of the existing olinical leraturs on the uss of
NAC found no evidencs io support the efficacy of MAC for CF™ . The marginal diinical

25 benefit of NAD reflects:

NAC is a rsigtive ineflinient redusing sgent which s only partially sclive on the
alrway surfece. Vary high concentrations of NAD {200 mb or 3.26%) are required o
fully reduce MucSB, 8 major gebforming alrway mudin, In vie, Furthermore, in the
pH envirorrnent of the alrway surface (measrsd inherange of pH S0 0 720 OF

30 and COPD airways), NAD exists only partially in s reactive siale 83 a negatively
chargs thislate, Thus, In the dinle, NAC s administersd al very high concenirations.
Howsver, it is pradicted thal current serosol devicss will not De able fo achieve
tharapautic concentrations of sven a 20% Mucomyst solulion on dislal airwsy
surfaces within the relatively short ime domaing (7.5 — 18 minutes! typleally used.

a5 in non-clinical studies, “C-labled NAC, adminisiered by inhalaion, exhibits
rapid elimination from the lungs with a hal-ife ranging fom © fo 38 minutes™
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NAC iz administered as a highly concentrsted, hypertonie inhalation solution
{20% or 1.22 molar) and has been reported to cause bronchoconstriclion and cough.
iy many cases, i is recommended that NAC be administersd with a bronchodilstor (o
improve the tolerablity of thiz agent.

5 Thus, meducing agents such as NAC wre not well sulied for bolus aerosol
administration.  However, # s anticipated thel delivery of reducing sgenis by
miamonary asrosol infusion would increase the sffectiveness, while sllowing for g
davreass in the concendralion of reducing sgent in the inhalation solution {pradicied
o inorsass lolerability).

1¢ Surfactants and delergenis sre spresding agents shown o dedregss munus
viscoeksstiolty, mproving musus olesrabilty.  Bwamples of suriactants includs
dipaimioviphosphalidyicholine  {DPPCY, PF, pabnilic acid, paimiloy-
sleoviphosphatidyigivesrol, surfaciani-associpted profeins (e.g. B3P, B, or C), or
may be animal derived (e.g. from cow or oalf lung levege or exdracted from minced
15 pig ung) or combinations thersof. See, e.g., US Palent Nos, 7,887 877, B,876,870;
5,514,218, 5,100,808; and 4,312,860, Buamples of surfaciant pr&duaﬁ& inciuds
Exosurf®  Neonatsl  {oolffoscer] palmilate), Pumacizni®™ (DPPC and  sgg
shosphatidvigiveeroll, Kl-4 surfacitent, Venticute® (usulptids, r3P-C surfactant),
Aveotact® (bovactant, Curosuf® (poractant alfa), infasw ™ (calfactant), Newfacten®
0 (modified bovine surfsctand), Surface®, Natswrf™ (nonionic  glechel sthowyiate
surfactantiand Survaria® {beraciant), Examples of detergents ncluds, but are not
limited o, Tween-80 and Writon-{ 100,
&ny suflable expeciorant can be used, including but not Bnited to guaifenesin
{see, e.g., US Palent Mo, 7,3450561). Any sultable desxyribonuciease can be uséﬂ,
25 inciuding bul not limited o Dornase Alphs, {sse, e.g., US Patent Mo, 7,482,024,
Examples of kinsse inhibiors include iphibitors of NFRB, PIBK {phosphatidyviinosiiod
3-kinase}, p3&-MAP kinase and Rho kinass,
Antinfective agents for formudation and use In combination with the
sompounds of the rvention include antivirals and antibiolics. Exawmples of suitable
36 andivirsls inchide Tamiflu® {cseliamivir) and Relenza® {(zanamivir}

«

Examnles of
suilable aniibinfics include bul are not imiled o axireonem {arginine o lysing),
fostomyoin, and aminoglycosides such as iobramycin, or any combingtion or subset
thergol.  Additional anfinfective agenis thal may be used hersin include
aminoglveosides,  Daplomyoln, Fluoroguinolones,  Kelolides,  Carbapenems,

35 Cephslosporing, Brythromycln, Linezolid, Penicliing, Azithwomycin, Clindamyaln,
Chamzolidinones, Tetracyalines, and Vancomysin,
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Exarnpigs of usefid carbapensm anlibictics are npenam,  panipahan,
meropanam, biapenam, MI-B28 (L-748,345), DaA-1131, ER-35788, lenapenam, 5-
4861, U5-834 {prodrug of R-0BBBY), KR-21056 (prodrug of KR-21012) L-DB4
{prodrug of LJC 11038) and Celivlozane {OXA-101}

Antibistamines (Le., MHlreceptor sntagonists) for formudation and use in
combination with e compounds of the invention include but are not Bimited o
gihanolamines such as diphenhydramine HOL carbinoxamine maleate, doxyiaming,
giemasiing fumarals, diphanvihydramine HO and dimenhydrinate; sthylenadiamines
such as pyrilamine maleale (melpyraming), tipelennamine MO, tripslennamine
ciirale, and antaroline, slkyiamines such 3s pheniraming, chioropheniramine,
bromopheniramine, dexchiorpheniramins, iprolidineg and sorivastineg; pyridines such
as methapyriene, pipsrazines such as hydroxyzing HOL bydroxyzine pamoale,
ovolizing MO, oyolizine laciste, meclizine HO! and cetirizine HCY piperidines such as
gstemisole, levocabastineg HOL oraladine, descarboethowviorsiading, lerfenadine,
and faxofenadine HOL - and telracyelics such as promaethazing, ohiorpromethazine
trimeprazing and azatading; and arelastine HGL or any combination or subsst
tharaot,

Exanpdes of other clesses of thevapeutic agents suftable for uss in the
combingtions and methods herein include anfivirals such as dhavitin, snlidungal
agants such as amphotericln, infraconazol and voriconazol, anti-rejaction drugs such
as cyclosporing, leorolimus and sirelimus, ronchodiiztors including but not mited to
anticholinergic agents such as afrovent, siRNAs, gene therapy vectors, aplamesrs,
endothelin-reveplior antagondsts, sipha-1-antiirypsin and prostacyclins,

in the shove-desoribed methods of fresiment and uses, a compound of the
invention may be smpioved slone, or in combination with one or more other
therapeutically sclive agents. Typioslly, any therapeulically active agent that has a
therapeuiic effect in the diseases or condiifon being treated with the compound of the
mvention may be uilized in combination with the compounds of ths nvention,
provided that the particular therspeutically sctive agent is compatible with therapy
amploving & compound of the Invention, Typical therapeutically active agenis which
are sullsble for use in combingtion with the conmpounds of the invention include
agents described above,

iy one preferred embodiment, the compounds of the invenlion are used in
combingtion with one of more oemolvies, particularly hyperionic safine or manniiod,

in snother aspedt, the hwention provides methods for reatment and uses a8
described above, which comprise administering an effeclive amount of 5 compound
of the wention and at lsast one other therepasutically aclive agent. The compounds



1

25

30

WO 2013/603386 ) PCY/US2012/044272
5

of the invention and at least ong addilional therapeutically aclive agent may be
simploved in combination concomifantly o seguentially in any therapeutically
appropriaie combination. The administration of & comgpound of the Invention with one
or more other therapeutically aclive agents may be by administration concomitantly in
1} a unitary pharmaceutical composition, such as the compositions desaribad above,
ar 2} separate pharmaceutical compositions each ncluding one or more of the
component active ingredients.  The componenis of the combingtion may be
administered sepsraiely In 2 sequential manner wherein the compound of the
invention i sdministered first and the other therspeufically aclive agent is
adiminisiored ssoond o7 vice varsa.

In the embodiments whersin the compound of the inpvention Is adminisiersd in
combingtion with one or more osmaolvies, e asdminisksetion of sach component is
praferably concomiant, and may be in s unilery composiion or sepamile
compositions. i ong ambodiment, the compound of the invention and one or morsg
asmolvies are sdminisiered concomitantly by fransbronchosoopic lavags. In ancther
ambodiment, the compound of the invention and one or more osmolyles ars
sdministored concomilantly by inhaiation

Whaen a compound of the nvention s used in combination with another
therapeutioally active agent, the dose of sach compound may differ from that when
the compound of the nvention s used slone.  Approprists doses will be readily
determined by one of ordinary skl in the arl. The appropriste dose of the compound
of the iwvertion, the other therapeutically soiive agent{s) and the relative imings of
admirdstration will be selecisd n order Io achiove the desired combined therapsutic
affsct, and ave within the sxpertise and disoration of the altendant physician, ciirdelan
or vatarinarian,

Expermenis! Procedures  The present invention also provides processes Tor
praparing the compounds of the invention and o the synthetic intermediates useful in
such processes, as described in delall balow.

Oerialn abhbrevigtions end soronyms e used in describing the synthslio
processes and experimental details. Although most of these would be understcod by
ore skilled in the art, the following table cortaing 2 st of many of these abbreviations
S BOPOITYIMS.

abbrovistion  Meaning

Aok Acetic Acid
ATTN Azoblsisobulvroiniirie
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Abbraviation

Aot

DOM
D
Bt

EDAc or EA

B0
ES
HATU

HPLE
iR
phoor it
Ma
ek
EYE or mie
AR

Wb

MIC

MS orms
roret
R

P

THE

TLO artip
&

Chz

ALC
MTRE

tr
GL-MS
wi%

PCT/US2012/044272

35

Meaning

Acelio Acld
Diisopropy! azidocarboxylate
N, N-Dlisopropyisthylamine
dichioroathane
dichioromathans
dirnethviformamide
i
sthyi acelate
Ethanol
electrospray lonization
2-{1H-T-Azabereotriazol-1-vi-1, 1,3, 3 tetramethyl urordum
havafuoronhosphaie
High performance fiquid chromalography
lsopropy aloohal
intratrachesl
Mathyl
mathano!
mass o chamge rafio
mass plus 4
miass oinus 1
minkmal inhibilory soncentration
MAES SpenlLT
mnm emperatung
Retardation facior
fert-bustyl
istrabiydrofuran
ihin tayer chromatography
parts per mitlion down fiedd from telramethyisiiane
Betizyiowycarbonyl, Le. {CO0-benzy!
Ares under the curve or peak
Maethyt tertiary buiyl ather
Retention fime
Gas chromategraphy-mass spacimmsiny
Paroant by waight
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Abbraviation  Meaning
A Aoatic Anid
B Hours
1N hinutes
Mtz megahory
TEA Trihoroscetic acld
LI {Hirgvintat
Boc Sertbutvionycarbony
DAL Dlisopropyl azodicwrboxyiale
Ao Acetic Aoid
DiPEA N N-Disopropvietiwiamine or Hinlg's base
Fhai Triphanyviphosing

The compounds of Formuls | may be synthesized using techniques known in the art.

A represantaiive synthetic procedure is flustrated in Scheme 1 below,

Spheme 1
G OH
P O NI & e
0 W [ N
- ¥ {3 ¥ ,': - :
Gi'\\'i N*Q- &N",Lkﬁmﬁ?i? . *-»f\l/‘ OH P /"W\J H’H?
A ‘ 2 / — {
Piabs” N TN, Hi i J [ ;

2 t\‘\""/t .-f"E
s

These procedures are described in, for example, E J Cragos. “The
Synthesis of Amilorids and Hs Analogs” (Chap 33 in Amiloride and its Anslogs, pp.
25-38.
gxample, LLE, Palent Mo, 3,318,813, o Cragoe, partivularly st methads 4, B, C, and

Other procssses o prepating amiloride analogs are descoribed in, for

D of the 'B12 patent, S other processes which mey be adapied for the preparation
of the compounds of the vention are described in PUT Publication Nos
WOZODROT7 182, WORG0E/108644, WORDOH022835, UB 7,084,128, US 5,858.815,
US 8,803,108, WO 2004/073628, WO 20071148888, and WO 2007/018840, s
assigned to Parlon Sclences, Ino.

Preparation of rresthyt M3, B-diamino-8-chicropyrasine-2-
sarbonyicarbamimido thiosls {3) cen be seen In WO 2008/074578.

Generally, e compounds of the Invention may be conveniantly prepared by

reating & compound of Formuda 2 with an amine of Formuda 3. More specifically,
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compounds of Formule 2 are regied with the andne of Formula 3 I a sullable
soivent such as methenol, ethanol, or islrshydrofuren, and a base such as
wisthvlaming (TEA)L or di-isoprovisihyiamine (DIPEA), with hegling @ sleveisd
femperaiurs, s.g. TIC. Further purification, resoludion of sloresisomers,
erystaliization andfor preparation of sall forms may be carred out using conventional
techniguess,

Az will be apparent o those skilled in the art, in cartain nslances, the starting
or intermediate compounds in the synthesls may possess other functional groups
which provide alternate reaciive sifes. Interference with such funclionsl groups may
be avoided by ulilization of approprigle proteciing groups, such as aming or ainohol |
protecting groups, and whers applicable, approprisiely prioritizing the synthelic steps.
Suiiable profecting groups will be apparent o those skilled in the arl. Methods are
well known in the art for instaling and removing such protecting groups and such
conventional techninues may be emploved in the processes of the instant invention
as well,

The fofiowing specific examples which are provided hersin for purposes of
Hustration ondy and do ot imit the soope of the invention, which is defined by the
claims.

Material and methods. A reggent and sobvents wers purchased from Sldrich
Chemical Corp, Uheredager dnaticnm! s angd YO ohemiosd ety oL LEL
NMR specira were obtained on either a Bruker AT 400 (M NMR st 400 Mz and °C
MBR at 100 Miz) or a Bruker AT 300 (H NMR &t 300 MHz and PC NMR a1 78
Mzl Profon spechrs weare referenced o tetramethyisilane as an internal standard
and the carbon specira were referenced (o CDOL, SO0, or DMBO-y (purchased
from Aldrich or Cambridge isolope Laboraiories, untess othenwise specified). Flash
chramatography was parformed on g Comblflagh systern {Combiflash B, Teledyne
izco) charged with sifice gel column {Raedi Sep. RE, Teledvne Isoo) or reverse phase
column (Migh performancs ©18 Gold ooluran), £81 Mass spacirs wars obigined ont a
Shirnadzu LOMS-2010 BV Mass Spectromesier. HPLO analvses wers oblained using
g Waters XTarrs ME C18 Sum 4851 50mm Anabidical Column delacted at 220 nm
{urdess otherwise specified) on a Shimadzu Prominencs HPLD system. The

following ime program was usaed with a fow rate of 1.0 mb per minuis:

Time Parcent A& Farcent 8
{HO with 0.08% TRAY | {CHON with 0.08% TFA}

{iming
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58
2.50 g0 10
20.00 10 80
30.00 10 o0
32.50 ol 10

URLC analyses were oblained using a Walers ACQUHTY UPLOC HEE T3 1.8um

2. 121 00mm Anebytical Oolumn detectsd at 220 nm {urdess otherwise specifledion s

Shimadzu Prominence UFLC system. The following lime program was used with &
3 flow rate of 0.3 mi per minuie:

Parcent B
Foroent &
Thne ) {CHLCNMW ater 80:20%
{H.0 with §.08% NH,CO0H ]
with 0.08% NH.CO0H
{enire) and 0.1% HCOOH)
and 0.1% HOOOH)
1.00 o6 1G
4,00 30 70
500 1 a0 T8
g 80 o 16
8.50 ‘ o - 10

Also provided herein (Schems 2) s a method for preparation of compound
16 {ia), 3,5-diamino-S-chioro-N-{N-{ 4-{ 4-{ 2-{ henoyl{ 28, 3R 4R, 5R-2, 3,4, 5,8+
partahydronvhexyamine jethoyphenvilbulvhcarbamimidoylipyrazing-2-
carboxamids, as defined herein befors,
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sewmprising the steps of
{1} frealing & compound of formula 14

/"}‘?c]-’f\ e NHCES
! i
E:'EEN\,\(/ “"\,Gf’ L\. \.’-f_':"}
<1
5 i4

with & protected  sugar, (4R35, 7R.BR.8a8)-2-phenyihexahydropyranc{3.2-

dift, Sidinkine-8,7,8-triol, of formuls 15

Q’/j;;bﬂ
r?’l R Y]
ﬂ“\(’i}

E:’ix i%
in the presence of & reducing agent, followed by a treatment of hexansl o form
10 compound 18,  benamyl  S{4-{2{{25.3R)2,I-ihydrony-3-({ 4R, BRY-S-hydroxy-2-

phenyi-1,3-dioxan-d-yhpropyl Y hexyl jaminoathoxy jphenylibutvtcarbamate;
OH OH

F"ﬁ*"“@‘w‘ TGS
:‘. ﬁ :"I fi .rfz - .
Gt PR e e
. g :"f;
P 16
S, ,j
gl X

{ii} Subjecting compound 18 fo calalylic hydrogenation to form compound
17, {113,283 3-{ 2-{ 4-{4-amincbutyliphenoxy jethwiiheuylamino -1~

({48 BR)-B-hydroxy-2-phenyl-1 3-dioxan-4-ylipropane-1,2-diol; and
cH oH

P
L]

2,

¢ T -
r“iy RS T s i’ "j e
&

G0 R ,ﬁ
i

o)

E

e Y,

(i) Condensing compound 17 with compound 2, methyt 3,5-diamine-8-
chigropyrazine-Z-carbonyioarbamimidothicate, In the presence of base
to form 19, 3 5-diamine-G-chioro-Ne{ N-{4-{4-{2-{{{25,8R}-2 3-dihydroxy-
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SR, 8 -5-hydroxy-Z2-phanyl-1, 3-dioxan-4-
yipropylhexviisminesthoxy) pheryt) butylicarbamimidoviipyrazing-2-
carboxamide, and

OB 08
o 0w By A\/@aﬁ«"ﬁ Ry
51 ““Yl” %Q-, ,\\; r 80X, 0\{/5 A » J ﬂ,\{/ g N’JL\“@’ JL\ ps N, -G
i i iy H i BoR 4
B ar i J O N |
HNT N N, ©y 7 1 HRTNT R
= Uy ol

{tvi  hydrobyzing compound 19 in the presence of acid {o form (al

An glemalive process comprises replacing the compound of formula 18,
above, with compound 27, followsd by the hydrogenation, condensation, and
hydrolysis steps just desenbsd to form compound (s}

Alse provided herein {Scheme 3) is an allsmate method for preparation of
garnpound (dal, 3 8-diamino-g-chioro-N-{N-{4-{4-{3-Thaxyl{ (28, 3R 4R, BR}2,3,4,5.8-
pertahvdronyhaxyliamine lsthowy iphenylibulylicarbamimidov imrazing-2-
carboxamids, as defined hersin beforg,
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Schems 2. Preparation of 3,5-Diamino-Sehioromf-{Mn{d-{4-{2~
thexyl({2 8,37 4R, 5R12,3,4,5,6-pentahydroxyhexyliaminciathoryiphenyl)
butyBoarbamimidoylipyrazine-d-carboxamide

. BooBN. o~
R PO s+ 0

o Ry e DR,
i1 SR < M—— : i
A ST P Bk, A
Hi TLEE gt o
1% 5% i3
o 4N HCH i dloxsne
o | 8%
e }“ .
o8 OH e g
w{@ JS’A"’"“ RSNt N O 0 = e MO
* : , : j
h\ LG OH 3 . /)\VAM/"‘\* - . £ ol oo j !
‘{ i N NerNEiL, -
oy ~ AeCE, MeCH -
Ol J 14 Hezpnagl 14
‘WH . £5% over Two Siepe
A 3 -
He, BOC
AsTHURIR R
8 O o6
( : ? 1.’
f’& BT "N "‘vﬁ*i i e
(L‘?\ f'é OH e : “:\-.”5; e fN‘N'ﬁg N
N v .
4 IRPEA, B 7 °C
= ™ )
SIS &\
Ty -~ N
H‘C o J'I;l
& I\ A i i ﬂ\\
BT R TNE,
3
Qi O
i SR N .
(Qﬂy %‘:"1-5?/ gy N \5" \~1 NE O
i i
[S I GS‘J-) o A ./J\ c’Eg"\, ,7%;" .fCi
: e > ’N N ";f'f -('
i HoooH ,»z» ,A
Ef’ ; f/ 1% N "NiI,
D A -
Rl = X £ HCL
£i%
'DH QH
.g;,i,«m?{})f‘“x e A, l/x:-‘. MH OO SIECE
og OH fm{f o N ,»f&w
4 {im} # H ,,n-i"\_ /m
/j{’ ' b i)
O
Zohame 3

Abternate  Preparstion of 3,5-Diamino-Gobloro-MelN-{4-{4-{2-
(hexyl{{2 5 3R.4R 5R-2,3.4,5,6-pendahydronyhexyliaminoethonylphanyl)
butylcarbaminidovlipyrazine-2-carboxamide

PUT/US2012/044272
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5 EXAMPLES

The inveniion alse comprisss a compound prepared by the methods herein,
or a pharmacsutically acoepiabls sall of the compound.
3 S-dlaming-t-cilorn-Na{M-{4ld-{ 2 hexy it {28 38 48 SH).

of s

Synthesis
16

2,3455
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peniahvdrorvhenvilamincisthoryip

carboxamide

Slen 1 :

Preparation ot berszy dho{ e B-fherrt-
butyloxycarbonyiaminoipropoxyiphenviibutyl carbamate {Compound 133 Toa
soiution of benzy! 4-{4-hydroxyphenylibuiyl carbamate {11, 80.0 g, 300 mmol} in dry
THEF (800 ml) was added N-Boc ethanolamine {12, 38.7 g, 300 mmol), PhyP (829 g,
30 mmol) and DHAD (48.8 g, 300 mmol} at ¥ °C, then the reaction midure was
warmed o room femperaiure and stirred over night. The reaction mixiure was
concenirated in vacuum end the residus was purified by column clwomstography
{sifica gel, 1585 EA/hexanes) o afford desired compound 13 (80.0 g, §7%) as 8
yeliow solids H NMR (400 MHz, CDClL) 8 7.38 {m, M), 7.10 {d, J = 8.0 Hz, 2H),
B.80 {d, J= 80 He, 2H), 810 (s, J= 4.0 Hz, 2H}, 4.0 {m, 2H), 3.8 {u, 2H), 3.2 (g, 2H),
2.55 {1, J= 8.0 He, 2H), 1.80 {m, 2H}, 1.58 {m, 2H), 1.48 (5, 8H).

Stap 2

Froparation  of Boneyl  4-4-{2-aminosthoxyiphenvijbutyicarbamats
Hydrochioric Acid Salt (141 Compound 138 {50.0 g, 112 mmol} was dissolved in 4
WM in dioxana (250 mb) &l room temperature and the solution was slred for 1
hour., After conceniraied, the residus was suspended in MTBE (800 mi) and slirred
for 0.8 h. The solidd is filtered out to afford hydrochions acid salt 14 (400 5, 83%} a5 &
white sofid; H NMR (300 MHz, CD.0D) & 7.33 {m, 5H), 710 (d, J = 8.7 Mz, 2H},
6.88 (d, J= 8.7 Hz, 2H), 5.06 {s, 2H), 418 {, 2M}, 3.38 {m, 2M}, 314 {1, J= 7.2 Hz,
SHY, 286 (1, J= 7.5 Hz, 2H), 1.57 (m, 44}

Slep 3

Preparation of Beneyl 44-02-{H{28, 312, -dibydrony-3-{4R, BR-8-hydroxy-2-
phenyh1,Sdioxar-d-vliipropyihexlaminoiethoyiphenyibutyloarbamate (18]
A soiution of hygdrochiotic acid sslt 14 {13.8 g, 39.38 mmol) and ol 18 0.8 ¢, 3835
ramold in MeOH (180 mb) end AcOH (188 g, 314.8 mmol) was slirred 8t room
temperatre tor 2 h, sodium cysnoborohydride (8.1 g, 98.37 mmol] was added and
the reaction mixture was stirred af room femparsture ovarnighl, Additional trict 18
(5.2 g, 1857 mmol} was addsd and the reaction mbdure was slired af room
temperatura for 4 b Afler sterling msterial 14 was complstely consumedd, hexaral
(5.5 g, 58.03 mmol} was added and the reaction mixture was stived &l room
ismperaiure for 2 b Solvent was removed in vacuur. The residue was washed with
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satd Ne00: (5.0 ml), szectoped with MeOH and puidfisd by cohumn
chromatography {sillos gel, 101 CHCL/MeOH) to afford compound 16 (12.2 g, 46%
aver o steps) 85 an offwhite solid 'H NMR (300 #Hz, D400} 8§ 7.45-7.44 {m,
3k}, 731720 {m, GH), TOS (4, J= B4 Hz, 2H), 878 {d, J = 8.4 Mz, 2H), B.ED {5,
1H), 508 (3, 2H), 4.285~4.18 (m, 2H}, 4.05-3.87 {m, M}, 3.78-3.88 {m, 3H), 313~
2.98 {m, BM), 2.85-2.68 {m, 3H), 2824 J=6.7 Hz, 2H), 1.88-1.48 {m, 644}, 1.23 (br
5, BM), 088 {4, J= 6.1 M| 3H)L

Siep 4

Praparation of (1R 28k3-{{2-{4-{4-aminobhutyiivhenoxylsthyli henyaminogl-i-
{1AR SN S-hydrogy-d-phenyl-t -dickan-d-yiipropans-1 . 2-dicl Acetic Acld Ssif
{17}

A& suspesnsion of carbamate 46 (12.2 g, 1798 mmol) and 10% P/ (388 g} In
BIOMHADH (51, 120 mi) was eublecied to hydrogenation condiions {1 atm)
overnight at room temperature. The reaction mbdire was filered through celite and
washed with EIOH. The fiirate was concenbrated in vasuum o afford geetic salt 17
(5,40 g, 96%) s a colorless of "M NMR (300 MHz, CI00) § 7.48-7.44 (m, 2H),
TEB-FAG {m, 3HL T (d, = 8.5 Hz, 2H)L 6.84 {d, J = 8.5 He, 2M), BES1 {s, 1H],
4.28-6.10 (my, 3H}, 3.95-3.87 {m, 3H), 378 {dd, J= 1.8, 83 Hy, 1), 380 {4, J= 104
1R, 3.23-3.02 {m, 2H), 2.86-2.87 (m, 3H) 281258 {m, 2H), 157187 {m, 8H),
1.31-1.28 {brs, 6HY 088 (1, J=88 He | 3H}

Step

Freparation of 3, 5Hamine-S-chioro-R-{M{d-{d{2{{25, 38 - 2, S-clitrypdrony-3-
HAR, SR-B-hydroxy-2-phenyl-t, 3-dioxan-4-
yiipropylitheavhaminoisthoyiphenyl) butyBosrbamimidaylipyrazine 2o
carbuxamide {18

To 2 solufion acelic acid salt 7 {840 g, 17.27 mmol) and methyl 3 5-diamino-6-
shicropyrazing-2-carbonvicarbamimidothioate hydrolodic acld salt {18, T.20 g, 27.84
punol) in BEOH {75 ml} was sdded DIPEA{TY.E g, 13818 mmol} al room
temperature, The reaction mbdurs was healed &t 70 °C in 8 sealed tube for 2 b, then
cooded to room tempersture, and concantrated in vacuum. The residus was purified
by colenn chromslography  fsiles gel, %01 CHOLMeOH,  85iiB2
CHOLMeOHNHLOM) © afford cerboxgimids 18 (8,20 g, 70%) a8 a vellow sofid: 'H
NRR (300 MMz, CD.ODY 8 7.46-7.43 {my, 2H), 7.30-7.28(m, 3H), 7.07 {4, J= 8.8 He,
204, 878 {d, J= 8.8 Mz, 2H), 548 {g, 1H), 422 {dd, J= 3.8, 7.8 Mz, 1H}, 4.06-388
fmy, BHD, 378 {dd, = 1.8, B8 Hz, 1H), 357 (L J= 105 He, THL 325 (L, J= 88 My,
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2H), 2.85-2.83 {m, 3H), 2.68-2.58 (m, 5H), 1.70~1.64 (m, 4H), 1.44—1.43 {m, 2H)},
122 {m, BH), 085 & J = 8.1 Hz, 3H).

Slep &

Preparation of 3 Sdiaminoe-Gohlnro-No{M-{4-{8-{2-(haxyll{258,3R 4R, 5R}2,3,4.5,8-
pantshydrosyvhenyiiaminoiethexyiphenyiibutybicarbamimidoyinyrazine-2-
carboxamide Hydrochione Acid Sait dal: To & solution of carboxamide 18 (820 g,
12,18 mmol) n B0 (30 mi) was added 4 N ag HCOH{O8 ml) gt room temperature
and ths reaction mixiure was slrred for 4 b af room femperative. The reaction
mixiurs wag concenirated in vecuum and the residue was purified by reverss phase
oolumn chromatograpty and yophilized to alford hydrochlonic acid salt fa {8.88 g,
81%} as & yeliow hygroscopie solid: "M NMR (300 MHz, COODI 8 74T {4, J= 8.4
Hz, M), 6.84 {d, J= 8.4 He, 2H), 4.36 (brs, 2 H), 421418 {m, 1H), 3.84-3.81 {m,
7, 3.46=3.30 {m, BH), 284 {1, J = 8.5 Hz, 2H), 1.80-1.69 {m, M), 1.38 {br s, G4},
0.81 {4 4 = 86 Mz 3H; ESEMS mi 880 [CaMeDND, + M
Anal{CaoheDiNg O 2HMGIHL0). Calod, G 4740, M 7,03, N, 14.74; Found, © 47,11, H
708, M 14,54,

Slternale synthasis of i, 3, 5-dinmino-S-chioro-Ne{M-{ duf da{F-
{hexyi{{28 3R 4R BR}-2.3,4,5,6~
pentaiydroxyhegyBaminolethoxyiphendibutviicerbamimidoylipyrazinge2-
carboxamids

Sepl

Preparation of Benzyl 4-{4-03{{28,3R12, 3-tihydrony-3-{{4R 8R-5-hydromy-2-
methyli, dionan-dviipropviaminelpropoxyinhenyiibutyicarbamate {260

& solution of hydrochioric acid salt 44 {188 myg, §.471 mmol) and Iriol 18 (84 mg, 0.41
o} in MeOH (5.0 ml) was slirred st mom temperaturs for 0.8 b, then AcOH
{0.038 ml, 0.8 mmol) and sodium cyanoborchydride {43 mg, £.6 mmol) was added
and the reaction mixlure was sltired st room lempersture for 16 b Sobvent was
ramoved in vacumsm, The residus was washed with satd NapCO; (8.0 mb),
szaviroped wih MeOH and purified by oolumn chrometography (silica gel, 10
OHCLAMeOH, 100101 CHO/ MaOHAMOHY o offord carbamate 28 (163 mg,
75%) an an white gummy solids M NMR (300 Mz, CD,00) § 7.34-7.30 {m, 8H},
7.08-7.08 (m, 2H), §.85-8.82 {m, 2H), 5.08 (s, 2H), 4.70-4.87 {m, 1H), 4.08-3.86
{m, 4R}, 3.82-3.78 {m, 3H), 3.48-3.46 {m, 1H), 314340 {m, 2H), 3.01-2.78 {m,
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4H), 2.65-2.45 {m, 24}, 2.05-2.01 {m, 2H), 1.80-1.40 {m, 4F), 1.27 (d, J = 4.8 Hz,
3H),

Step 2
5 Preparation of Benyl 4-{d-(2-{{{Z3.3Rp2, - hydrony-3-{{4R 5R-S-hydrowy-2-
methyi-4, Sdioxan-d-yiipropylifhexvilaminoisthouyiphenviibutylcarbamate {27h
A solution of carbamate 28 (1.02 ¢, 1.20 mwnol}, hexanat (380 mg, 3.80 mmol), AcOH
(0,33 mibl., 5.70 wreol) and sodium ovancborohydnds (410 mg, 5,70 mmol} n Mal
{30 ml) was stimed at room temperature for 18 b Solvent was removed in veouum,
10 The residue was washed with said NeeUO: (30 mb), azeotroped with MeOH and
purified by column chromatography {slica gel, 10T CHOEMaOH) o afford
carbamate 27 (850 my, 84%) as an white gummy solid: "M NMR (300 Mz, 00,00
8 7.35-7.37 {m, M), 706 (4, J= 8.4 Mz, ZH), 8,81 (& J= 8.4 Hz, 2H), 5.08 (5, 2H),
480 {brs, 1H), 4.80-4.66 {m, 1H), 412 (dd, J= 8.3, 2.4 He, 1H}, 4.05-3.88 {m, 34},
15 384378 {m, 2H) 3.54~-3.48 {m, 1H}, 338 {t, J = 10.5 He, 1H}, 3.20-2.88 (m, 4H),
283 {d, J=80 Mz, 2H)L 273284 {m, 2H), 2.88 (4, J 5 7.2 Mz, 2H), 1.83-1.50 {m,
B, 192 &4, J= B4 Mz, 3H), 1.27-1.24 {m, 8H), 087 {d, J= 6.8 Hz, 3H}.

Slap 3

20 Preparation of (1828-53-(2-{4-4-Aminobutyliphenoayiethyil hestyllaming)-ti-
{{4R BR-S-hydrony-Zernethyl-1 3-diovan-d-ylipropane-1,2-dicd Acetle Ackd Ssit
{28} A suspension of cerbamste 27 (880 g, 1.44 mmol) and 1% PdiO (400 mg) in
MeOF/AoOH {51, 80 mi) was subjectsd to hydrogenation condiions (1 eimifor 8 b
at room temperature. The reaction mbdure was Biered through celile and washed

25 with MesOH. The filtrate was concentrated In vacuum and oreshed from ether o
afford zeetic salt 28 (P82 mg, 50%) as a white gummy solid: 'H NMR (300 MHz,
D0 8 7.00{d, J= 87 He, 2H), 8.86 (d, J= 8.7 Mz, 2H}, 4.88-4.87 {m, 1M}, 4.00~
3.85 {m, 1M}, 3.84-2.78 (m, 2H) 283351 {m, TH}, 38 (¢ J = 108 He, M), 288
2.58 {m, 104, 1.86 {5, 18M), 187147 {m, BH), 1.40~1.27 {m, M}, 1.26 {d, J =51

30 Mz 3M, 0BB8(d, J= 8.3 Hz, M)

Step 4
Preparation  of  3,5-Dismino-S-chioro-fM-(g-{4-{ 2-0{2 8, 3/)-2, 3-dihydroxy-3-
{47 5R-S-hydroy-2-methybki, -diozan-d-

35 yhipropyiithexvllaminojethouylphenyll  bulyll  cerbamimidoyll  Pyrasine-2-
carboxamide (20%
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To a2 solution agcstic acid selt 28 {188 mg, 0.313 mmol} and methyl 3, 5-diamine-8-
chioropyrazine-2-carbonyicarbamimidothiosts hydrolodio aold salt {18, 182 mg, 8.502
mmol) iy BOH (8 ml) was added DIPEAID42 mi, 2.50 mmeol} & room lsmperalure,
The reaction midure was heated at 70 °C in 2 sealed iube for 2 h, Hen cooled o
room lempersture, and concenirated in vacuum. The residus was purified by column
shvomaiography {efica gel, §1 CHCLMeOH, 800182 CHOLMaOHNMHOM) ©
afford carbowamide 20 {142 my, 55%) as a vellow solid: " NMR (800 Mz, CD.080)
8740 {d, J = B Mz, 2H), 6.84 {d, J = 8.1 Hz, 2H), 4.88 (g, J = B He, 1H), 408~
400 {my, 3, 3.04-3.88 {m, TH), 3.82-3.74 {m, 2H), 348 {dd, J = 8.3, 24 Mz, 1H),
2.96-2.78 {(m, 3H}, 2.67-2.81 {m, 5H), 1.88-1.87 {m, 4H}, 1.50-1.48 {m, 2H), 1.28
{brs, M}, 1,28 {d, J= 5.1 Mg, 3H}, 0.87 &, J=88Hz, 3H}

Preparation of 3 5-Digmino-S-chiora-M-{A-{8-{ §{2-{haxyll{28 3R AR, BR)-
2.3,4,5,6-
pantahydroxyhexyiisminolethogyiphenylibutylicarbamimidoylipyrazing2-
carboxamide Hydroohloro Acid Salt {ia)

To g sohition of carboxamide 28 (400 my, 0.57 mmob in BEIOH (8 ml) was added 4 N
ag HO I8 mb) at room empersturs snd the reaclion mibdure was heated af 55 °C
for 24 h. After concentraied, the residus was dissolved i 4 M osg MO (18 ml) and
heated at 85 °C for 18 h. The reaciion mbdurs was concenirated, orashed from
EIOMELD, re-purified by preparative TLE and ophilized fo afford hydrochioric acid
zalt g} {, 354 ma, BI%) 88 a vellow hygroscople solid: 'H MMR (300 Mz, D0 8
FAB{d, J= 81 He, 2H), 8.87 {4, J= 8.1 Hz, 2H), 430 {brs, 2 H}, 418418 {m, 1H},
370285 {rm, TH), 3.38-3.24 {m, 8H), 3.87 {t, J = 5.4 Hz, 2H), 1.88-1.84 {m, 6H},
1.30-.18 {m, 84, 0.78-0.78 {m, 3H} ESLMS mvz 669 [CacklsnlTiGy + HY

Preparation of 3.5-Mamint-G-chioro-H{-{d-fd-{2-{Boryi{ {2530 4R 3832, 5,4, 5,6
peatehydrogyvieayDamiselstheryiphenyPeutyDearbamimidoyipyrasine-2-

caybusamide {rechnse of 18)

3, B-digrmino-g-ohiora-MN-{R-{(4-{4-{ 2-{hardl{{23, 3R 4R, BR}-2,3.4,5.6-

periahvdroxyhexyl) aminoiethoxy ipherylbubvlicarbamimidoyhipwazing-2-
carboamide hevdrochloric soid sait {1251 g) was dissolved in 180 mb M0 and
reated, stiring, with NaOH (0,14 agusous, 435 mb) o give a gummy precipliate,
The Bguld {(pH ~11}) was decanted through a fiter funnel (the malorily of material
adhered to the sides of the flask). The resiius was treated with M0 {2 x 300 mb),
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stirring and decanting/fillering In & similsr fashion. The remaining residue was
suspanded in CH;CNMLOMeOH, and concenirated lo provids a yvellow-amber solid,
Q.88 g ESEMS nvz 869 [TaebleGiNgDy + HTY, purity 88% at 224 nm, 80% 8t 272 nm,
82% ab 304 nm, 83% by ME bsce. The cruds product was healed with isopropand
{400 ~ 150 mi) el 70°C for 18 min, then filered warm. The solids were treated
similarly with isopropanal fwice more, healing for 30 minutes each time and aliowing
the mixure {6 cool (2hrs ~ O/N) befors filtration.  The resulting solids wers drisd to
provide 7.385 g of a vellow-gmber amomphous solid, m.p. 133,71 — 138.8°C {110
mmol yield as free base). M NMR (400 MHz, dmso) § 8.31 - 7.34 (m, 4H), 710 (4, J
= 8.6 Mz, 2}, 8.83(d, J = 8.8 Mz, 2H), 6.8% {br. g, 3H), 476 - 408 {m, BH), 388 J
= 6,4 Hz, 2H), 3.71 - 3.82 (m, 2H), 3.55 {dd, 4 = 10.6, 3.4 Hz, TH), 3.54 - 3.48 {m,
1), 343 {dd, = 7.5, 1.3 Mz, 1H), 338 {dd, J = 10.8, 58 Hz, M), 318 (br s, 2H),
2.92 - 2,78 {m, 2H), 2.668 {gd, J = 131, 8.2 tlz, 1M}, 2.88 ~ 2.81 {m, 44, 2.46 {dd, J
= 13.4, 6.5 Hz, 1H), 1.88 — 1.45 {m, 4H), 1.45 ~ 1.31 {m, 2H} 1.31 - 1.08 {m, 8H},
0.90 - .78 {m, 3K, 30 NMR (101 MMz, dmsc) 3 17327, 160,98, 156.48, 154.88,
15414, 133,70, 120.08, 11912, 191783, 114,14, 7223, 71.37, 70.60, 70.04, 8574,
§83.34, B7.38, B4.72, 52.88, 4010, 33.72, 31,15, Z8.37, 28.08, 2638, 26.38, 2202
13,84, ESHAS mvz 668 [Tl Uibe Oy + MY

Preparstion of the 3-Bydroxy-Z-naphthosts Ssit of 3, 5-dinmino-S-chlorg-N-{N-{4-{4-{2-
{heyH2S AR AR SR L2.3.4.5 S-pontshydresyheryh

amingjethosypbonyDbutyDesrbamimidoypyrarine-tearboxamide

A mibdure of 32.8 mg (0.048 mmol) of 3,5-diamino-8-chioro-N{N-{4-{4-{2-
(hexyi({23,3R,4R, BR}-2,3.4.5 8-pentahydronyhenyl) aming jethoxy jphenyhibulyl)
carbamimidoviipyrazine-2-carboxamids, 184 14 of 2 0.3 M solution of 4-hydroxy-2-
naphihiols acid i methano! {0,048 mmo of 1-hydroxy-2-niphtholc adld), snd aboul
(.32 mi of methano! wasz warmed on 8 hot plate set st 88 °C urdil all the solid
dissotvad. The solulion was aliowsd to codd to snblent temperaiure, The soiulion
was placed in a refrigerator {(about 8 *C) and sllowed 1o stand overnight, during which
fime orystalization ooowred. The bguid was decanied and the solid was dried in g
stroam of dry air o give 20.5 mg {82% visld) of the 1-hydroxy-Z-naphthoate sslf of
3, 8-diaming-B-cidoro-MN-{N-{4-{4-(2-{hexyl{{ 25, 3R 4R BR}-2 3 4,8 6-
pantahydroxyhexy!) aminolsthoy iphenylibutl) carbamimidoytipyrazine-2-
carboxamide, ' NMR (S00 Mz, DRMBO) 8.2 (m, 1H), 7.7 im, 2H), 7.4(d, 14}, 7.3
(e, 1HY, 7.8 {m, 2H), 6,85 (m, 1M, .85 (m. M), 48— 4.2 {m, 2H), 4.0 {m, 2H}, 3.8~
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3.8 {m, 24, 3.68-3.2 {m, BH), 2.8~ 2.6 {m, 8HY 1.8 {m, 4H), 1.4 {m, 2H), 1.2 {m, 8H},
2.83 {m, 3H) ppm.

Preparation of the 1-Hydroxy-2-naphthests Salt of 3 5-disming-6-chdoro-N-{N-{4-{4-{2-
{hexvi{ {2530 AR 5813 4.8 -pentabydronvhenyh)

sminsiethoxyiphenviibuiviicarbambmidovDpyrasine-Zcarboxsmids

A mixturs of 1082 mg (0457 mmol) of 3 5-diamino-B-ciom-Ne(N-{4-{4-{2-
{hexyl({25 3R 4R, 5R)-2,3.4, 5 8-penlahvdroxyhenyl) aminolethowy jphernylibuyl)
carbamimidoyhoyrazine-2-carbovamide, 528 pl of 2 0.3 M solution of t-hydrowy-2-
raphihoic ack in mathans! (1,188 mmol of 1-hydrosy-2-naphihole acid), and about 1
mi. of methanct was warmed an a hot pisle sat st 85 °0C until sl the solid dissobvad,
The solution was allowsd to cool to amblent temperature and placed in a refrigerator
{about 5 °CL Afler aboul 20 min i became turbld and was sesded. After abowt 2
hours solid was present. A str bar was added to the mbdurs and 1 was stired in the
resfrigerator ovemnight, during whith me i became very thick, Ancther 1.8 mi of
methano! was addad and the slury was stired in the refrigerstor gvernight. The
miture was centrifuged, "r'e fiouid was decantsd, and the solid was dried In 2 slream
of dry air io give 74 mg {858% vield) of the -hydroxy-2-naphthoate salt of 3,5
dhamino-G-chioro-MN-(MN-{4-{(4-{2-{hexyl{{ 25, 3R 4R, BR}-2,3.4.5, 8-pentahydroxyheyd)
amino lsthouyiphenvibutylicarbamimidoyipvrazine-2-carboxamide.

Bharmecology  of Comoound g 3 S-diamino-Beahiorg-RNe-M{4{4-{2~
fhenvili28 IR ARLERL2. 3.4.5 Soeniahydroxyheyllaminoiethoxvinhooylibutyll
carbamimidoyviipyazine-d-carbonamide

Azsay 1. Ip Vitro Messure of Sodiv Chennel Blocking Aclivity and
Reversibility

One assay ussd io assess mechaniam of aclion andfor potency of the compounds of
the presen inverntion involves the determination of uminal diug inhibition of alrway
enithelial sodium currents measured under short ciroult ourrent (s using alrway
epithelial monoiavars mounted in Ussing chambers. Cells are obisined from freshiy
axcised human, caning, sheep or rodent alrways. This assay is desoribed in detall in
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Hireh, A, Zhang, J., Zamure, A, et al. Pharmacological properties of N-(3,6-
dismino-B-chicropyrazine-2-carbonyl}-N-4-14-{2 S-diydrosypropoxy phenyiibutyl-
guaﬁéeﬁén@s methanesulfonate (852-02), a nove! epithelial sodium charmel blocker with
potsntial clinical efficacy for CF lung disesse. J Phermacol Exp. Theyr, 2008, 325(1%
7788,

nhibition of ranscellular sodium movement through EMaC was measured using
polarized bronchial epfthelial call monolayers mounted in & modified Ussing chamber,
Primary cuftures of canine or human bronchisl epithelial celis grown using an air-
fiquid interface wars lested undsy voliage clamp condiions. The shorb-ciroult current
{ls) was measured 25 an index of transepithellal sadium transport 1o assess

potsnoy.

Compound {a) 3,5-dismino-8-chioro-N{N-{4{4-{2-{hen {28, 3R 47,512,345 8-
pentahydrozvheoyhaminosthoxyiphenylibutyhcarbamimidoyiipyrazing-2-
carboxamide was g potent inhibltor of transcelivier sodium bransport and was
approximately 80-fold more active than smiloride In caning bronchial spithelis! cells
{CBE), and approximately

180-fold in human bronchial epithelinl oslls {MBEY {Figure 1}, In CBE Compound
fia) had an 0k of 13.2308.0 nl and in HBE Compound {a) had an 0 of 24318
nhd (Table 11

Tabie 4. Inhibition of Short-Clreuit Current by Compound (a) in caning bronchial
apithelial cells and human bronchizl epithelial cells (105 i)

Species Ambloride Compound §

{Parant}

Huran | 300+188 (295 | 24412 (A

Yalies represent the mean £ 30 {n) "indicates significence {p<0.05) fram amilords

Reooovery of short cireull current {ge) from masdimad blook was used as an indirect
maasurament of drug off-rate. Percent recovery of g after full-block, determined
afier three apical suface washes and calouiatad by the formula: recovered {lsel f pre-
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tragiment {lge) % 100, was significantly (22 fold) lsse reversible than amiloride iy CBE
and 8.5 fold less in HBE (Table 2}, indicating that Compound {ia) produces a longer,
rnore durabie bivck on ENal,

Tabls 2. Beversibiily of Compound {a) on Short-Chroult Surrent in Canine
Bronchial Epithelial Callz and Human Bronchial Epithelial Calls {% recovery}

Spacies Amiloride Compound {ia)

Dunine | 90.1 £ 27.6 (4011 A1% 116 (7]

Hurnan 805 + 107 {4} 8.4 £ 97 (3Y

Values reprasent the mean 1 8D (0} “indicales significance {p=<0.08} from amiloride

Azsay £ Mucociiary Clearance (MOC) Studies In Sheep

The anknal model hat has been used most offen o measure changss in
MOT i the sheep model. The effect of compounds for anhancing mucociisry
clearance (MOC) can be measured using an i vivo model desoribad by Sabatar &t
al, Journal of Applied Phsiclogy, 1889, po. 2181-2188, noorporated herein by
referance. |
in these studies, adull shesp were rasirained and nasally infubated with an
endotracheal ubs. Asrosciized fest articles were administered over 10-15 minutes
to shesp. Radiclabeled ™ To-sulfur oolloid (TSC, 2.1 mgfmi, containing
aspproximately 20 mOh was then admindstersd at s specifisd me fouwr or eight hours
after test article. The radibiabeled aeross! was admirdsiersd through the
sndotracheal tube for about & minutes. The shesp ware then exdubsaied, and tolal
radicactive counts in the lung wers measured every B minutes for a t-howr
observation pericd. The rals of radiciabel dearancs from the lung s repressniative
of the MOCT rale in the snimal. The advaniags of this system is thal i olosely
simulatas he human lung environment, The mode! slso aliows for the collection of
simultansous PRAPD information hrough plesms and wrine ssmpling over the tast
period. There are also several technigues to measurs the drug concentrations on the
sirway surfsce during the MOC measurements. These inchuds the oollection of
exhaled breath condensates or a filer paper method o oblain ASL via
bronchoscopy.



10

15

20

23

WO 2013/003386 PCT/US2012/044272

72
The nvine modeal dascoribed above was ussd o evalusts the in vivo effects
{efficacy/durability} of asroscl-delivered Compound Ja) on MOC, Trealmenis
sonsteting of sither 4 mi. of Compeund {ia), Comparative Exampls 1, Comparative
Example 4, velicls (storile distiled M0, or test agent in combination with HE were
smated. To determins F oombining HES with Compound {a} MOC, HE was
administered immediately following Compound {ia) administration. Test solutions
ware asrosolized using s Reindrop nebulizer i & flowrale of eight liers per minute
and connected to 3 dosimetry systern consisting of & solenoid valve and 3 sourcs of
comprassed air {20 psly The deposited dose of drug In sheep lungs alfter an serosol
sdministration using the Raindrop nebulizer iz sstimated o be 815 % of the dose.
Using a Raindrop nebulizer, radiviabeled TSC was administered over approximalely
3 minutes either 4 or 8 hours after drug raaiment (o evaluate efficacy/durability.
Radicactive counts were measured in & central regien in the right lung st & min
intervals for one how with 3 gamma camera. Three methods of analysis were
uiifized, 1) inifial rate of dearance {slops) over the first 30 min ftted using linear
?@égmgsim 2} area under the curve for % clearance over e over ans howur, ang 3)
the maximum dearsnce obiained in one hour.

The sffect of Compound (fa) &t 16 pafkyg, 018 pg/hke and 0018 poky wars lestad
ard comparsd o vehicle (4 mb sterile FLO) on sheep MCC four hour post-dosing
{Figure 2. The enalyses of effects are shown in Table 3. At all doses lesied,
Compound () enhanced MCC compared i vehicle control, The 18 pokg dose was
sonsiderad io be a maximum MOC sffact.

Table 3. MOC in Sheep ot 4h Post-dose of Compound {la] or Vehicle

 Compound | Dose ipsitiad Slope AUC % Q-1 Maodrnum

_ {4.0-4.50} Clearance
18 pgthg A0 043,05 14 1RBTE.2T (4} 33.8+3.7 {4
0,16 pofkg 3842 18 {33 337 (&)
0.018 ughkg B3.3+4.4%{4) 14.4+1.37 (4} 28.541.3% (4}
%@”ﬁgﬂhizﬁ@ {0 4 17.2+68.8 (B) 73415 (8 12,2428 (8}
L
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Date are reported as the mean+ B0 {n) Shudy with n=2, not included in sialistical
analysis "lndicates significance {p<0.08) from vehicle. indicates significance
{p<(.08) from 0018 ugfhg doss,

To determing whether HE increases the MOC effect of Compound {ig), HS 5.28 ml
of 10% HE; 82.8 myg deposited, assuming 10% deposiiion) was dosed immedisisly
foliowing 0.018 ugfhg of Compound {8t and MUC wes assessed four hours after the
combined dosing (Figure 12 BB increased the offect of 5 0.0486 upfig dose of
Compournd {ia) to 2 maximal sffect, a5 seen with both the .18 and 18 polyg doses
of Compound {ia) alone {(Figurs 2). Therefurs, 2 maximal MCC effect can be
achisved when HS iz added o a dose (0,016 ug/kg ) of Compound (a) which
oroduces a sub-masdmal responss when given without M8,

Table 4. MCC in Bheop at 4h Post-dose of Vehicle, Compound (la) and HE

Brose initial Blops SUC {% G b Hlaximum
{454, 55 Clearangs
Compound {iz) 44.8 {2} 207 {2 7002
{0.010 uglfig: 4wl + HE)
Compound {ia) A3.534.4{4) 14.441.3 (4} 25813 [4)
{0.010 uolfg; 4 b}
Yobhicle MO (4 mi) 17.238.8 (8} TAE15 {8} 12.253% (8}

Data are reporied as the mean £ S0 {n}. Study with n=2, not insluded in statisticsl
araiysis,

To gssess both the durabiiity of Compound s} and the effect of addiion of HE o
Gompound s} MOT was measured eight hows post dosing with vehicle (HL0), HE
7% slone, .18, 1.8 and 10 pofkg Compound {i2) slone or s combination of 0.16
vy Compound {ia) and 7% HS {(otal 4 volume for every realment {(Figure 43,
After dosing with vehicle, the MOC ai 4 and 8 hours was the same, indivating that the
rale of MOC In the sheep over 4 - B hours is &l 8 sieady-siste (Figures 12 and 13}
Eight hours following 4 mil of 7% HE administration, no changs in MOC was
ohesrved cormpared fo vehicle, indicaling the HE sffect had dissppearad. Al fhres
dose graups {0,168, 1.8, and 18 pgfkg) of Compound {ia] incressaed MO In & dose-
redated manner compared o both vehicls and HS, indicating that Compournd (&) has
a longer duration of ackion than HE alons (Fliguwre 43, The combingtion doss of HS
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and Compound {la} increased the effect of 2 018 pgikg dose of Compound {ia} o
greater than that obsarved for the 18 pg/kg dose, indicating & 100 fold gain in aclivity
when HS was sdded to Compound (a} (Figure 4). The enhancament of
Compound {fa) aclivity by M3, al & tims when HS has no inherent activity, clearly
indicates synergy betweesn HS and Compound fa}.

Table 5. MCC in Sheen st Bh Post-dose of Vehicls, HS, Compound {1} ora
Combination of M5 and Sompound {1a}

Doss Indtint Slope AUC %6 Ci k) Miaxinmum
{858,850} Clearance
Vehicle - H,0 {4 mi} 17.8+45.7 (4} 7811 {4} 14,2407 (4}
7% HE dml) ' 17.8(2} TH{2} 14.8 {2}
Lompound {ia} 24003 0.7 {2) 18.7 {2}
{818 ualkyg ; 4 )
Compound (i) 24 .42} 11102} 21.2(3)
{1.8 pgflag; 4wl
Compound fa) 2808 13.8 {2} 287 {2}
{18 uefkg: 4 mb} _
Compound {a) 30.942.5(4) 15,3422 (4) 2T.5+1.8(4)
{018 pofkg +7 % HE4 mb)

Diats are reported as the meanSD (). Sudy with n=2, not included in sialistical
analysis

Azgay 3. d. Alrway Surface Liguid Drug (ABL} Clearance and Metaboliam by
Human Aireay Epithelium

The disappearance of Compound (fa} from the apical surface and alrway epfihelial
metabolism were assessed in HBE {Table §). In thess experiments 28 pl of & 25 UM
solution of EnNaC blocker was added to the apical surface of HBE oeils grown at an
aivfiguid interface, and the drug concentration in the apleal and basolatersal
compartment was measurad over 2 h by UPLC. Afler 2 b incubation of
Compoundlia} on the apical surface (37 OC), no metabolites wers detected on
gither the apical or basolateral sides and no Compound{la) was detectable on the
basolsteral side.

Table 8. Apical Dissppesrance and Metabolism of Compound {1a} by HBE

Compound | % of inftial Drug | % of Apleal % of Initial Yo on
Mass op Aplcal Mase as Apfost Mass Baaolateral
Side (Parent and | Melaboliles | on Basolaters Bide a5
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meiabolite, 2h) {2k} Side (A} Heatsbolites
{2hy
Lrompound 80,7 +8.2% RS rne . PP
{ia}

dssay 4. o. Alrway Hydrelion and Sodium Channel Block lin viiro model)

Parion Sciences has developed experimentsl modeis for assessing airway hydration
in cell cufturss (Mirsh, AL, Sabster, LR, Zamurs, A, ol al. Evsluadion of sscorgd
genarsgtion amiloride anatogs as therapy for CF lung disease. J. Pharmaool. Exp.
Ther. 2004; 3143} 229-38.Hirsh, 4.4, Zhang, L, Zamurs, A, ¢ 2l Pharmacoiogics|
properties of N-(3,8-diamino-g-chloropywrszineg-Z-carbonyl PN 41442 3-dihydroxy
proposy phenyibutyb-guaniding methanssulfonals (552-02), 3 novel epithelial sodium
channst blocker with potantial clinieal efficasy for OF lung diseasse. J. Pharmacol
Exp. Ther, 2008, 3281 77-88)

Primary CBE cells sre pleled onie colisgen-codiad, porous membranes meaintained
al an airdiquid inferface {0 assess mainlenance of surface liguld volume over fime.
At the stari of the experiment, sach 12 mm snapwell Insert was removed from the
siale containing sirdould interfece culture media, biotled dry, weighed, and B0 gi of
vehicls {0.1% DMBO), or ENaC blocker (10 uM in 0.1% DMEQ) appiled to the spical
surface gnd the mass was recorded. The inserls were immedintely relumed in g
transwell plate (500 UL, Krebs Ringer Bloarbonate (KRB}, pH 7.4 In lower chamber}
and placed in a 37° C, 8% COy incubstor. To reduce ardifact dus o an aplcad
carbohydrats osmotic gradient upon waler loss, glucose was not insludad In the
apica! buffer. Compound {(18) was fested and compared o vehicle, and the mass of
ASL was monitored serialy from -8 or 24 b The mass of surizcs Bould was

oorverted fo volume in pl. Dala sgre reported gs % initial volume {100 % = 50 ul}

The duration of sodium rensport inhibition was determined indirectly by measuring
the buffer relpined alter & 50 ul volums of sxperiments] buffer was added to the
apics! surdace of CBE cells. Only 12.8%12.1% of vehicle {bulfer) remained on the
surface afier 8 howrs and 2 smal incrsase In swizce iguld relontion was ssen with
10 uhd amilorids in the vehicle (25+19.2% sfier & howrs). In comparison, Compound
{1z} significantly increased aplcal surface liguid retention, mainaining B8.3813% of
the surface liguid over 8 howrs (Figure 51
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To test Compournd da) further, the durstion of incubation was increased from eight
15 24 hours. Amioride was not fested over 24 hours as the majority of the effect was
gone giter eight hours. After 24 hours, only 11 % of the vehisle buffer remained
whareas, Compound {a) maniained 72.357.3% of swizce liquid over 24 hours, a
foss of only 18% relative o the &-hour messurs, suggesting Compound {la} exhiblis
a durable effect on lquid retention {Figure B},

Comparative Examples

The present sompound of formula {1} is more pelent andfor absorbed leas
rapidly from mucosal surfzoss, sspecially shway surfaces, compared o known
sodivm channe! blockers, such as Comparaiive Examples 1 through 5, desoribed
below. Thersfora, the compound of formula () has & longer hal-ifs on muccses!
surfaces comparsd o these compounts,

Comparative Exampies 1 through 4 are claimed, desoribed or within the
disclosurss of WO 2003/070182 {U. &. Palent Nos, 6,888,815, 7,186,833, 7,188,718,
T 482,860 and 7.332,408), WO 2005/044180 (U8, Appin. No. 2005/0080083 and
LLB. Pal. No. 7,745,442), WO 3004/073828 (UL 8. Palent Nos. 8,803,108, 6,885,180
F.026,525; 7.080,917; 7,345,044; 7 820 878, and 7,875,818}, WO 2005018872 (UL
3. Patent Mos. 7,084,128, 7,247,837, 7,317,013, 7,308,447, 7,368,451, 7,375,107
T.A88,013; 7,410,988 and 7,868,010}, or WO 2008/031028 (U.8. Patent Application
FPublications 2008/0000841 ang 2009/0082287) as sodium channel blockers having
usahll medicingl properties and cen be prepared by methods described therein and
othars known in the arl.
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Comnparative Example 1
121
he compound of Comparative Example 1 s included in the sodium channe
blocking compounds of WO 2008/031028, where iis siruciure can be seen on pags
14,
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Comparative Example 2 5 3, B-digmino-Bechioro-MN-{M-{4{4-{2~
(dihaxyiamEmsﬁaﬁ.ﬁmy};ahany%}&utyi}c:arbamémEdﬁyt}pya‘a:ziﬂé~2_~_aarbammid&, which is
within the generic disclosurs of WO 2004/073628.
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Comparative Exampls & i 3, 5-disminoe-S-chioro-N{MN-{4.{4-{2-
{28, 3R AR, BF-S-hydrowy-2,3 4, S-teramethoxvhexyl ¥ (28, 3R 4R, 5R-2,.3.4.5.8-
panfahydrogyheryl amina} sthoxyiphenvhbubcarbamimidoyiipyrazine-2-
carboxamids, which s within the generie disclosurs of WO 2008031028,
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Comparative Example 4
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{5%-3,5-digmino-6-chioro-N (N {4-{4-{2 3-diamino-3-oxopropoxy jphenyl buty DoarbeminidoyDpyrazine-2-
carhoxamids

i3 The sompound of Comparative Example 4 can be ssen on page 15 of US
SOOEO080083 and as Compound 2 on page 90 of WO 2008/031048, and as
Compound 2 on pages 42-43 of WO 2008/031028. In order {o have useful achivily in
trasting Cystic Flbrosis and C.OPD s compound must have properties that will
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cause enhancement of mucocliary clearance (MCC) at doses that do not slevate
plasma potessiurm which wit eventuslly lsad o hyperkalemiz, g serious and
dangerous condition, on mulliple dosing. & must therefore be avoided in this class of
compounds, which arg known o slevate plasma polassium T they are significantly
exorated by the kidney. In order fo evaluste this polentigl, it s beneliclsl to have
MCT activity in vive and not cause elevation of plasms potassium al the uselul dose.
One model 10 assess this is the sheep MO mede! deswribed below, As can be sean
from the Table 7 below, the EDs (ALUC=47%) for Comparative Example 1 in the
shaesp MOO model is approximaialy 3000 ubd,

Tabis 7. Change from Vehicle in 00 Effect ot 8 hrs. iIn Bheep
Using 3 Different Messures

Takbis 1. Slope AUG $zx Clonranoe Approximate
R R % EDs
3ﬁ$gM{§a)1%2{?{}&%}62{?{}(}%} _____________________ T TE [ VR

30 ubd {a) 8.8{68%} J.3HEZ) 7.0{B5% 2. drmolilg
3&{3%&&%1{&@%}29{4‘?%}4{31%&manms;kg
(Comp. Bx. 1) ‘

paximnal 10.2 {100%)  B.2 (100%) 12.8 (100%)

Efiort

As can be sean from the Talde 7 and Figurs 7 the Bl for Comparative
Example 1 in the sheesp MCC model s spproximately 240 nmolfkg {3mM) using
e different messures {siopg, AUC and Maxdmum Clearanos). At this dose, which
would be s clinically aotive dose, Comparative Example 1 causes a rigs in plasms
prdsasium which on repast doss will lead o hyparkalemis {(Figure 8}, Thus,
Comparative Example | s unscceplable for human use while Compound {ia}
produces o safe and effective MOC with a benefit io risk ratio greater than 1000 in
this model.

It order o lower the potential renal effect of the moleculs, move lipophilic
compounds were examined. Comparative Example 2 which replaces the wo
hydrophilic groups of Comparative Example 1 with two lipophiic chaing of squal
iengih resulls in compound Comparative Example 2 which is an order of magnitude
sz potent than Comparalive Frample 1 in vitrs (Teble 8} and thus unsultable o
produce sustained MOC in vive. Comparative Example 3 in which all of the oxygen's
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of Comparative Example 1 were meiained and § of the hydrogyl's maethy! groups were
added to § of the hydroayl's had g similar decrement in i vitro sctivity. Rthus
appeared that i was not possible to produce an sctive and renally safe molssuls
from this structural frame work, B was unexpected thersfors that compound {la) was
disooversd o retain in vitro activity egual 1o Comparstive Example 1. Even more
surprising and unexpecied was el Compound {ia) was over 100 Bmes more polant
in vivo than Comparative Example | and caused no nise in plasma polassium at
sfiactive MCC doses,

Table B, g Vitro Beasure of Sodium Chenne! Blocking Activity

Compound I {8}

s 13,2

Comparative 318
Exampis 1 |

Lomparatier | 124.8
Dxanpie 2

Lomparative : 1444
Exampie 3

Comparative 8.6
Exampls 4

Another compourdd which hes been sludied sxlensively s the compound of
Comparalive Example 4, {8)3 5-gdiamino-G-chicro-N-{N-{4-{4-{2 3-diamine-3-
oropropoxy phenyt) butyl) carbamimideylipyrazine-d-carboxamide..

The disaposarance of Compound {la) from the apics! surface and alrway
epithelial metabollsm were assessed in HBE and compared o Comparative Exampie
4 (Table 8. In thase experimenis 28 ul of a 25 M solution of ENaD blocker was
added (o the apical surface of HBE cells grown ai an aivliguid interface, and the drug
conceniraticn in the apical and basoisteral compariment was measured over 2 h by
URLE. After 2 b incubation of Compound {12) on the apical surface (37 *Cj, no
melaboliies were detectsd on oither the apital or basoigleral sidss and no
Compound {1a) was deteciable on the basolatersl side. In conlrast, most of
Comparative Exampls 4 was sliminated from the apical side with 83% meisholized fo
e ess active carbowviic acld, (8p2-amine-3-{4{4-{3-(3, 5-diamino-S-chivropyrazing-
Z-garbonyliguanidinobuly!} phenexyipropanoic ackd, structurs bslow.
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WH,

{3 - 3
o N

Cl N /ﬂ\ Ny
Yo N

- ._"/j’\ Tr’L'-..u . :

Tabie 3. Apical Disappesranse and Metabolism of Compound {ia} by HEBE

Compound i of initisl %e of Apical % of Inftlal | % on Basclateral
Drug Mass on Mass as Apical Mass Side as
Apnicel Bide Metaholifes on Melaboites {2}
{Parerd and {2y Basolateral
matabolite, 2} Side (2h)
Crampournd 83.718.2% none none none
{is}
Comparative 41.5+7.8% B3.0+3.5% B.3+0.2 84,7 + 1.0%
Example 4

Values represent the mean & SD “indicales significantly different {p<0.08) from
5 Comparative Examiple 4.

Compound{la) s 10,000 times move potent in shesp MCC than Comparative
Example 4 with no slevation of Plasma K, wheress Comparalive Exemple 4 has
elevations of plasma K al the spproximate EDBO dose of 3mM (Figures © and 10
This, again, demonstraies the unigue unexpecied polency and safely advantage of

10 compound ia

Tablie 10, MOC in Sheep at ¢h Post-dose of vahicls, Comparative Example 4
or Qompound {18}

Douns Inttial Slope | AUC % Clah) | Maddmom Clesrance
{4.0-4.50}
Comparalive Example | 32.247.3" (6} 14, 142.2% {8} E2.942.10 (8}
40312 upfkg: 4 mb)
Comparative Example 14.5+1.3 {3} 8.9+1.0 (3} 14.8+0.8 {3}
4£41.2 pofky 4 mil)
Compound {ia) 33.3+v4.47 {4} 14.44%.3% {4} 28.85+1.3 {4}
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§0.018 uofkg; 4 ml)

Vehicle Hobr (4 ML} | 17.096.5 (B) 7349.5 (8 13 342.6 (8

i has now been shown that the snhanced renal safely of Compound {ia} can
he explained by the marked reduction in dearance of drug by the kidney. I the
compound can be kepl sway from sodium channels in the kidney, hyperkalemia
should be markedly reduced. Following intravenous sdministration to shesp, 43% of
Comparative Example 1 was recoverad in wine, whareas only 5% of coynnoung |
was recovered from uring, Bven more dramalic is the surprising reduction in urinary
recovery of drug when administerad as an aerosol, directly into the lung. When
Comparative Exampie 4 is adminisiered to sheep as an inhalalion serosol, 7.% of the
dose is resoverad in wing whersas ondy 0.07% of an ssrosolized dosa of Compound
{la} 5 recovered in urine. Reduoed cearanss of compound info wrine {10-100-feld),
cormibingd with the shove-described significant redugtion in dose requirement lsads o
an unexpecied 100,000 o 1,000,000 old diffsrence In risiChenefil

Table 14. Urine Pucretion of Compound (i) and Comparative Example 4 in

Zheep.

gm& 6.5:3.7 1M M358 i

Humman  Plasma ,
€% = 37 min Mone

fdatabhoiam

Hurmnan Pigama :
TBH2% B742%

Profein Binding

Urinary excretion off i
dminisiered  dose? % 007 %

shoeap}

Figure § graphs the percentage mucus clearence over time by Compound
{iay, 3, 5-Diamine-B-chlioro- Mo Ne(d-{d-{ 2-{naxyl{ {25, 3R 4R, 5R-2,3,4 . 8.6-
penighydroxvhexyliamine lethonyiphenylbubcarbamimidovjpyrazine-2-
carboxamide hydroohloric acid sall, and Comparative Example 4, as desoribed in the
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MOC model above. A similer perceniege mucus clesranos was provided by
Compound {ia} at & 7,000-fold lowsr dose then seen with Comparative Exampie 4.
Compound {a) provided 3 maximal effect in & dinfoslly relevant dose range.

Figure 10 Hlustrates the significant increase in plasma potassium levels &t an
stficacious dose sean in the plasma of the sheep recsiving Comparative Example 4
in the MCC Study, ahove, over iime. No effect in plasma potassium lsvels was seen
at any doss tested in the sheep receiving Compound {ial.



. CLAIMS
That Which is Claimed |s:

1. A combound of the formuta:

OH OH

= . NJAIN\ c
. H B I

(0 HN° N° O NHE
H,C

or a pharmaceutically acceptable salt thereof.

2 A compound of Claim 1 v;.'hich is 3,5-diamino-6-chioro-N-{N-{4-{4.(2-
(hexyi((25,3R 4R 5R}-2,3,4,5.6- pentahydroxyhexyljamino)ethoxy)

phenylibutyl)carbamimidoylpyrazine-2-carboxamide, having the formula:

OH OH _
e /\N/\/O@\/\/\ e
- = | "
OH OH OH NJ\N N_-Cl
B o7 |

HNT N NH,
HC

or a pharmaceutically acceptable sall thereof.

3. A compound of Claim 1 selected from the group of;
3.5-diaming-B-chioro-N-(N-{4-( 4-{ 2-(hexyl({2R 38 45 ,55)-2,3 45,6~
pentahydroxyhexyi)amino)ethoxy}pheny%)butyi)carbamimidoyi)pyrazine-zncarboxamide

oH OH
4

X ST e
th

c wa
N W
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3, 5-diamino-6-chioro-N-(N-{4-{4-{2-(hexyl((28,3R 4R 5R)-2,3,4 5 ,6-
pentahydroxyhexyl)amino)ethoxy)phenylbutylicarbamimidoyl)pyrazine-2-carboxamide

| Jﬁ;l SEE
csz,N\ v N

o
N7 N 1,

3,5-diamino-G~chioro-N-{N-{4-{4-{2-{hexyl({2R,35,43,5R}-2,3,4,5,6-
pentahydroxyhexyllamino)ethoxy)phenyl)butyl)carbamimidoylipyrazine-2-carboxamide

N . ‘ OH

| H &H OH
cxIN:fjﬁf;/\/\/@/o (1)
ENT N NH,

3, 5-diamino-6-chloro-N-{N-(4-(4-{2-{nexyl((25,3R 4R 58)-2,3,4,5,6-
pentahydroxyhexyljamino)ethoxy)phenylbutyljcarbamimidoy!)pyrazine-2-carboxamide

H OH
P N H
) : N

H OH OH '

o}
e
Tl Ny, YE‘ Y/\AQ (le)
IS
HNT N

NH,
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3,5-diamino-6-chioro-N-(N-{4-{(4-(2-{hexyl{{2R,38,4R,58)-2,3,4,5,6-
pentahydroxyhexyliamino Jethoxy)phenylbuty!)carbamimidoyl)pyrazine-2-carboxamide

. fmfmﬁ

3,5-diamino-8-chloro-N-(N-{4-(4-{2-(hexyl({(23,3R 43,5R)-2,3,4.5,6-
pentahydroxyhexyljaminojethoxy)phenyiibutyljcarbamimidoyijpyrazine-2-carboxamide

H OR
PV . AOH
N :

H OH OH
. Cl Nﬁjwj]\ /\/\Q/
HQN

3,5-diamino-8-chioro-N-{N-{4-{4-{2-(hexyl{(2R,3R 45 55}-2,3.,4,5,8-
pentahydroxyhexylJamino)ethoxy)phenylibutylcarbamimidoyl)pyrazine-2-carboxamide

Cl TNﬂ ﬁ gy

HaN" N7 “NH,

-3, 5-diamino-&-chioro-N-(N-{4-(4-{2-(hexyl({25,35,4R BR)-2,3,4,5,6-
pentahydroxyhexylaminoethoxy)phenvhbutyhocarbamimidoylipyrazine-2-carboxamide
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QH OH

M/\N/YY\/OH

H OH OH

H = ] © .
Cha Ny j\ S (ih)
:EP/ B N
HN™ N7 NH;

S,S-dianﬁino-6~chioro—N«(E\i~{4-{4-{2-(hexyf({2R,3R,4R,5R)-2,3,4,5 G-
pentahydroxyhexylamino)ethoxy)phenyl)butylJcarbamimidoylipyrazine-2-carboxamide

b
BN N NH,

3,5-diamino-G-chioro-N-(N-{4-(4-{ 2-(hexy¥(28,38 45,58)-2,3 4,5 &-
pentahydmxyhexyl)amino)ethoxy)pheny!)butyi)c:arbamimidoy{)pyrazine—.?-carbokamide
' ' OH oH
/\/\/\N ; H

K’ ou 6u
§ ﬁ{ f\./\/h/f0 |
\ . n
ng,j\f:ﬁ o
HNT N NH, _

and pharmaceutically acceptabié salls thereof,

4, A pharmaceutical composition comptising a pharmaceutically effective amount of a
compound of Claims 1, 2, or 3, or & pharmaceutically acceptable salt thereof, and &
pharmaceudtically acceptable carrier or excipient.
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5, The pharmacautical composition of Claim 4-wherein the compound is 3,5-diamino-8-
ch£0r0~N-(N«{4~{4~(§~(hexyl((28,3&4R,5R)—2,3_,4,5,6— pentahydroxyhexyl) amino)ethoxy)
phenyhbutylicarbamimidoyl)pyrazine-2-carboxamide, or a pharmaceutically accep{abie satt
thereof. '

8. The composition according fo either of Claims 4 or 5, wherein said somposition is
suitable for inhalation.

7. The composition according to either of Claims 4 or 5, wherein said composiion is a
solution for aerosclization and administration by nebulizer.

8. The composition according {o either of Claims 4 or 5, wherein said composition is
suitable for administration by metered dose inhaler.

g - - The composiﬁon‘ according to either of Claims 4 or 5, wherein said composition is a dry
powder suitable for adminisiration by dry powder inhaler,

10. The composition accqrding o either of Claims 4 or 5 further compriging a
pharmaceutically effective amount of a therapsutically active agent selected from anti-
inflammatory agents, anticholinergic agents, p-agonisis, P2YZ2 recepior agonists, peroxisome
proliferator-activated receplor agonists, kinase inhibitors, antiinfective agents and
antihistamines. '

i1, Use of a compound according to any of Claims 1-3, or a pharmacsutically accepiable
salt thereof in the manufacture of 2 medicament for treating a puimonary disease in a human i
need thereof,

12, Lse of a compound according to any of Claims 1-3, or a pharmaceutically acceptable
salt thereof in the manufacture of a medicament for blocking sodium channels in a human.

13. Use of a compound according to any of Claims 1-3, or a pharmaceutically acceptable
salt thereof in the manufacture of a medicament for promoting hydration of mucosal surfaces ¢
rastoring mucosal defense in a human.
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14. Use of a compound according to any of Claims 1-3, or a pharmacautically accepiable
sait thereof in the manufacture of a medicament for freating a disease seiected from the group
of reversible or imeversible airway obstruction, chronic obstructive pulmonary disease (COPD),
asthima, bronchiectasis (including bronchiectasis due to conditions other than cystic fibrosis),
acuie bronchitis, chronic bronchitis, post-viral cough, cystic fibrosis, emphysema, pheumonia,
panbronchioiitis, tfransplant-associats bronchiofitis, and ventilator-associated tracheobronchitis

or preventing ventilator-associated pneumonia in & human in need thereof.

15. Use of a compound according {o any of Claims 1-3, or a pharmaceutically accepiable
" salt thereof in the manufacture of a medicament for treating chronic obstructive putmonary
dissase {COPD) in a human in need thereof.

16. Use of a compound according o any of Claims 1-3, or 2 pharmaceutically acceptable
salt thereof in the manufacture of a medicament for treating cystic fibrosis in @ human in need
thereof.

17. Use of & compound according to any of Claims 1-3, or 2 pharmaceutically acceptabie
salt therecf in the manufacture of a medicament for ‘treating dry mouth {xercstomia), dry skin,
vaginal dryness, sinusitis, rhinosinusitis, or nasal dehydration, including nasal dehydration
brought on by administering dry oxygen, dry eye or Sjogren's disease, promoeling ocular or
coreal hydration, freating distal inlestinal obstruction syndrome, treating ofitis media, primary
ciliary diskinesia, distal intestinal obstruction syndroms, escphagitis, constipation, or chronic
diverticulitis in a human in nead thereof. -

48. A compound according to any of claims 1-3, or a pharmaceutically acceptable salt
thereof for use as a medicament.

16, A compound according to any of claims 1-3, or a pharmaceutically acceptable salt
thereof for use in treating a pulmonary disease,

20, A compound according to any of claims 1-3 or a pharmaceutically acceptable salt
thereof for use In treating a disease associated with reversible or irreversibie airway obstructior

chironic chstructive puimonary disgase {COPD), asthma, bronchiectasis (including
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bronchiectasis due fo conditions other than cysiic Tibresis), acule bronchitis, chronic bronchitis,
posi-viral cough,' cystic fibrosis, emphysema, pneumonia, panbronchiolitis, fransplant-associate
bronchiolitis, and ventilator-associated tracheobronchitis or preventing ventilator-associated
pneumonia in & human in need thereof,

21, A compound accoerding to any of claims 1-3, or a pharmaceutically acceptable sait
thereof, for use in treating dry mouth (xerostomia), dry skin, vaginal dryness, sinusiiis,
rhinosinusitis, or nasal dehyds’a:tion, inciuding nasal dehydration brought on by administering dry
oxygen, dry eve or Sjogren's disease, promoting ocular or corneal hydration, treating distal '
intesiinal obstruction syndrome, freating otitls media, primary ciliary diskinesia, distal infestinal
absiruction syndrome, esophagitis, constipation, or chronic diverticuditis in 2 human in need
thereof. '

22. A éomposé‘gion comprising & compound according to any one of claims 1-3, ora
pharmaceutically acceptable salt thereof, for use in the preparation of a medicament for treating
a disease associated with reversibie or irreversible airway obstruction, chronic obstructive
pulmanéry disease {COPD), asthma, bronchiectasis (including bron;hiectasis due to conditions
other than cystic fibrosis), acute bronchitis, chronic bronchitis, post-viral cough, cystic fibrosis,
emphysema, pneurmonia, panbronchiclitis, transplant-associate bronchioliis, and ventiiator-
associated tracheobronchitis or preventing ventilator-associated pneumonia.

23. A composition comprising & compound according to any one of claims 1-3, ora
pharmaceutically acceptable salt thereof, for use in the preparation of a medicament for treating
dry mouth {xerostomia), dry skin, vaginal dryness, sinusitis, rhinosinusitis, or nasal dehydration
inciuding nasal detwydration brought on by administering dry oxygen, dry eve or Sjogren’s
disease, promoting ocular or corneal hydration, trea’{‘mg)ciistal intestinal obstruction syndrome,
treating ofitis media, primary cillary diskinesia, distal intestinal obstruction syndrome,
esophagitis, constipation, or chronic divertticuliis.

24. Use of & compound according to any of Claims 1-3, or a pharmaceutically acceptable
salt thereof in the manufacture of a medicament for preventing, mitigating, and/or treating
deterministic health effects to the respiratory tract and/or other bodily organs caused by
respirable aerosols containing radionuclides in a human in need thereof.



