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reflecting active anion (C1™ and/or HCO5') secretion coupled with water (and a cation

counter-ion), and epithelial liquid absorption, often reflecting active Na" absorption, coupled
with water and counter anion (C1” and/or HCOj3). Many diseases of mucosal surfaces are
caused by too little protective liquid on those mucosal surfaces created by an imbalance
between secretion (too little) and absorption (relatively too much). The defective salt
transport processes that characterize these mucosal dysfunctions reside in the epithelial layer
of the mucosal surface.

One approach to replenish the protective liquid layer on mucosal surfaces is to “re
balance” the system by blocking Na" channel and liquid absorption. The epithelial protein
that mediates the rate-limiting step of Na* and liquid absorption is the epithelial Na" channel
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macromolecules organize into a well defined “mucus layer” which normally traps inhaled

bacteria and is transported out of the lung via the actions of cilia which beat in a watery, low

viscosity solution termed the “periciliary liquid” (PCL). In the disease state, there is an
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R.C. Boucher, in U.S. patent No. 6,264,975, describes the use of pyrazinoylguanidine

sodium channel blockers for hydrating mucosal surfaces. These compounds, typified by the



vol une of the ASL) and pronoting its clearance, with
bacteria, fromthe lung. R C. Boucher, in U S patent
WOR008@31P&R, 975, descri bes the use of PCT/US2007/077880
pyrazi noyl guani di ne sodi um channel bl ockers for
wel'[‘-léﬁ‘é\@ﬁ et GR3BlHIS WehARGE and DRSSH B nfi0ARAY R ve. tBI@\klcfn}e? Ghese
by the 3 WD 2008/ 031028 PCT/ US2007/077880 wel | - known
conghiounds sudter fnei the B@elﬁcmmantamdatﬁh@rmﬂ(l) relatleely impotent,

effective. Howev t he dssffer f om.t
whigh GO Dt LA G0 OryscPOTRb pe IpIBIad b hRrs Bjied: )
rapid@@&sggﬂre]d,b\zém?]% ﬁgnﬂg zhéblggl){){llfg% E}}]é;@rlﬁg YA ?hrﬁt Ilﬂg%d@iss%rﬁf:e, Ah4B) are
frealagissticyabbom BB C. vibhectun ofithes dlsmdvdmi:hges Iemlbedmﬂ it these well
drug on.the cosal surfac

eel ) .
knoyynsEprer s RIOFYCEHF HERRREnds ﬁéﬂﬁh&’g‘r‘&?WQ?&%?%%M#FH&%@H‘M@ on
musdygps%ﬁe'esl 8 h%%%@ra tle beh@mvyer N LB hESsRr REICES

compounds with i1 nsufficient potency and/or effective
hal R-Ci Beucher, im o patentsio. fEe6s9 Itl osupmess theersapEikiraatively
. _benefif for h tin cosal. syrfaces. R C. Boucher,
1mHo}FnUs<§£1urBé:§x%rﬁ{e?k@cf<%g Bgf,lill og gg¥ gsnlxcﬂ)éte@goé thg tr?qt'l@ent of
Yy
T e T Bl B L BB AP & ML itment alone
anddk sbmaﬂ@snot'ﬁlsnfsl smﬂ)d)rmzbdsbnnt gi N@lgﬁd\dpdlﬂ%; 83:241-250. Amiloride
advant E\P %gr ei t her reat nt al o ql
wagopgd VAl Pregmea élél-’:o RPSOH ngatg fhe AQtagHg! benefit of
was found to bl ock
Con{y Egégmgg%?ﬁgéslﬁéggé%e ai P\E/\igys and negate the
pot Eltily| whne ivafecteddre treatmentsrthdttarmmereoéffdoypaeattremmg the
sal i ne and ride. early, what is needed are )
clegranesiof@picys rﬁglttgahélgﬁe patiepfsavith GB/Gl- Taeyalwg ﬁfgth?%?élew therapies
w1lfélée7e%ﬂ@&%ﬁ 1ﬁ%ﬂ?y%ue X fntsr 1&2?&% Ji\%él eerg%[}ogl?f'lﬁ@ F(ﬁ b\éfgl {le CF and the
CBrpepllatibigd i n i nprovenents in the qual ity and duration

of Life for both the CF and t ul atj ons

mucBther myigpsahaEiceningrd ogithg h@yw&aybﬁe%@ﬁﬂmff%%ﬁ @  the hormal
ph)g ofl({ggfr o o{e@ &h&lrﬁng ids BIIMT% rYufiE¥es® ?,xt {Hggaagloph)(shology of

ctiv SUI' ace S ont elr surrace

dlsepﬁ& Fedlebty 2 cohmgpn théme dies,aas Ettreqfrd)tecti\& mrfacnm@ndt Remaxample, in
e., too little protective surface

xer@%@mﬂ @ry pauthy deestleariyy sdeplerrd it ﬁlﬂuweé? élfalg’é?/ pt yhg rarotid
TSP e LS A B LORRRA b

trarp 6 infediateaiduidigisbolyaiop ENalthe drilanasipar SmHEdIIyak@ﬁitobd)rqutwﬂlvms sica
absorption fromthe oral cavi t%j(’ Simla
56

(dry ey fsoraspgdumycieilyietof saceimah glapds §p segiste lr%udcléu&% fpcpyf continued Na”
depfsg%éélltj fi ulafab% rl"aJN:ac% %tcjneglgm;f?cce 4P dﬁoq:giugltls And Qﬁs medla there

con epen |qU| sorption o

is a6 OifjBaneté, A8 ad CBUbéta/@aﬁmubiﬁ sebreios kil dtive AéSMddpﬂdt@n Fmally, in
medi a, there is_an inbalance, as in CB, between nucin
the gésifﬂémtp%hﬂabﬁwfféﬂwew secngte Cdefsndingid) irrthe aroxymal sinal} mgestine,

con%ﬁ%%c{ \gitﬂlﬁnc%% Qdalkl a m@u@ﬁﬂﬁ&ﬁm&‘%n ?l?ect"eﬁltxﬁaﬁléum legxgsnt% the distal

e pr 0 ntesti
intestinal obstruction syndrome (DIOS). In older patients excessive Na* (and volume)

absorption in the descending colon produces constipation and diverticulitis.
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The objects of the invention may also be accomplished with a method of treating

anthrax, comprising administering an effective amount of a sodium channel blocker as
defined herein and an osmolyte to a subject in need thereof.

The objects of the invention may also be accomplished with a method of prophylactic,
post-exposure prophylactic, preventive or therapeutic therapeutic treatment against diseases
or conditions caused by pathogens, particularly pathogens which may be used in bioterrorism,
comprising administering an effective amount of a sodium channel blocker as defined herein

and an osmolyte to a subject in need thereof.
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Thus, the sodium channel blockers useful in the present invention are represented by

formula (I):
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wherein



X6 N2 NHRIR3 N=C-N (I~ 3 2 ~R Y 4 NHR wherein 6 WO
2008/ 031028 PCT/ US2007/077880 X i s hydrogen, hal ogen,

WO 2goBlgioeH et hyl , | ower al kyl, unsubstituted oPCT/US2007/077880
substituted phenyl, |ower alkyl-thio, phenyl-I|ower

al kyls Hylaf en, | I%.‘I@gren ath@ﬁbro%éltﬁ}@ rlbﬂiver Qkylpﬁ}?sﬂﬁitftﬁt@&‘%f substituted

al kyl - hydr ogen, hydroxyl, mercapto,
phehsdy\bweahlkmb@uo Ipbwyﬂ lca)i/dmlkyﬂ—lthlo,, lowat didrsulfboyleer phehilylower alkyl-
ubstituted or substituted nononuclear aryl, or
SUIfOWRZ)Z RL i s hydrogen or lower alkyl: each R is,

| P RSO T R o ey Bk LT, v
alkyl (mmmm@azmmm@m@@@WmeN@@mm R10,

- -79 R7, - NR10- CH2( CHOR8) ( CHOR8) n- CH2OR8,

(%@Hyé%ewﬂéwe g (CH2) 51--(: R)7( 0 R3) and R4

ar h t r. n, [ 10 ted

A A b R oS oL

(Clﬂbaﬁ\}iQRf‘p@&@R%kmo% ngHQCHt@)nelp%enw )-1ower al kyl

I
(RO RN R el BB AL R e o
| 8 t 7 f R3 d R4 i
CHZS‘E%{E}??@pre ntebgag %%%RAeOQQRsan o8
(C(RL)2)o. X (C(RL)Z)p Q (A Q-Q (R1-4 wherein each
RL is, independently, -R7, -(CH2)n-OR 8,
-0 (CH2)m OR , o (CR%) n- NR7R10, - O ( CH2) m NR7RLO,

- 8) n- EH2OR8,
-BWWQM CH2OR8, - ( CH2CH20) m RS,

R® and R? are each, independently, hydrogen, a group represented by formula (A),
lower alkyl, hydroxy lower alkyl, phenyl, phenyl-lower alkyl, (halophenyl)-lower alkyl,
lower-(alkylphenylalkyl), lower (alkoxyphenyl)-lower alkyl, naphthyl-lower alkyl, or pyridyl-

lower alkyl, with the proviso that at least one of R? and R” is a group represented by formula

(A):
——(CRYp)— m(C<RL>z>p—<\ (A)
//

Q—Q (R%)14

wherein
each R" is, independently, -R’, -(CH,)a-OR®, -O-(CH,)m-OR?,
-(CH2)a-NR'R'?, -0-(CH,)m-NR'R?, -(CH,),(CHOR®)(CHOR®),-CH,OR?,
-0-(CH,)m(CHOR®)(CHOR®),-CH,0R®, -(CH,CH,0)-R?,
-0-(CH,CH,0)m-R®, <(CH,CH,0)m-CH,CH,NR R,
-0-(CH,CH,0)-CH,CHoNR'RY, (CH,),-C(=0)NRR',



-0- (CH2CH20 m R8, - ( CH2CH20) m CH2CH2NR7R10
- 0- ( CH2CH20) m CH2CH2NR7RL10, - ( CH2) n- C(=0) NR7R10, 7 WD
WQQDSNEBIN28 PCT/ US2007/ 077880 - 0- ( CH2) m C( =C}ENIRVEDO7/077880
(CH2)n (Z)g R7, -0-(CH)m (2)g-R7, -(CH2),,-NR

o oG o )“&%@?ﬂéﬁw '%z%%‘é (DR,
G@)Iz?n WWH%@H@ - 0- gl ucur oni de,
°R8' @%i&w%ﬁ%@éa&%&ﬁ% Zn?regeﬁc??%”m 0 (o
105 (ci#aCCARY SOTH NE-€OSR7 080,18, (@ ghurotden-dlpfucose,

provi s6 that the sum of o’and p in each confi glous
chain is from1l to 10 each x is, independently, O,

NR10, C(=0), CHOH, =N-R 0) CHNR7R10, or represents
a single bond; each }R75 is, | ndependentl , -(GH2) m OR ,
- 0- (CH2),m ORB, O - NR 7R1(8 m 7R10,

- ( GH2DR{-CHER gy CHY),

- 0- ( CH2)n( 8)n CH2ORB, - ) RS,

- 0- (CH2CH20) m R8, - ( CH2CH20) m CH2CH2NRTRID,
- 0- (CH2CH20) m CH2CH2NR7R10, - ( CH2) " - C( =0) NR7R10

-0- (CH2) m C(=0) NR7R10, -(CH2)n-(2)g-R7, -0-(CH2)m(2)g
R7, - (@) 0 s NideperQeRiCHORBYLOHORBY to UH2ORS,

LSO L SEGERLGE®) o G20
gty antsg, 40 R T Ry rom 1o
10;
each x is, independently, O, NR'’, C(=0), CHOH, C(=N-R'%),
CHNR7R10, or represents a single bond;
each R’ is, independently, -(CH,)n-OR®, -O-(CH2)-OR?,
(CH2)»-NR'R'®, -0-(CH2)m-NR'R'®, -(CH,),(CHOR®)(CHOR®),-CH,OR",
-0-(CH,)m(CHOR®)(CHOR®),-CH,OR?, -(CH,CH,0)n-R®,
-0-(CH,CH,0)m-R®, -(CH,CH,0),-CH,CH,NR R,
-0-(CH,CH,0)m-CH,CHoNRR'?, -(CH,),-C(=O0)NR'R"°,
-0-(CHy)m-C(=O)NR'R'®, <(CHy)p~(Z)g-R’, -O-(CH)m~(Z)-R’,
-(CH,)»-NR'°-CH,(CHOR®)(CHOR?®),-CH,0R®,
-0-(CHp)m-NR'*-CH,(CHOR®)(CHOR®),-CH,0R®,
«(CHy)p-CO5R’, -0-(CH,)m-CO,R’, -OSO3H, -O-glucuronide, -O-glucose,



O OR1or OCCORI'I 0 OOCCOR" OCORI | each R6 is,
i ndependently, -R7, -OR', -N(R7)2, -(CH2),,, OR8,
WO 20083228 ORB, - (CH2)"-NR 7R10, -0-(CH2), n- NRFRID$2007/077880
- ( CH2) n( CHORB) ( CHORB) n- CH2OR8,
-0(CH2)n(CH(PB)( n- CH2ORS, (CH2CH20)mR8
-0 (CH2 CH20 mCH20H2NR7R10

-0- (CH2 R7TR10, - =
o ( —) O) 7 oR (CHZ)n (Z) ]?) -o:( rﬁ"(2>g
~EeHY( CHOR8) ( CHORB) n- CH20RS,

-O(CH2)rrNR’ - CH2( CHORS) ( CHORB) , , - CH20RS8,

-(CH2) n- C2R7, -0-(CH2 11 - OSG3H, -0-glucuronide,
-0-glucose, R7 OO R7 NO ( ) R7 or -(CH2)n-C0 7
OR O wherein when two arﬁ-(]'}’i and are | ocated
adj acent to each ot herO ring, the al kyl
noi eties of the two R6fmay be bonded together to form
a nmet hyl enedi oxy gr oup; h R7 is, independently,
hydrogen or |ower alXyl;YéachOR®R's, independently,
hydr ogen, | ower alkyl, - HR', gl ucuronide, 2-

t et rahydropyranyl, or 9 08/ 031028
PCT/ US2007/ 077880 O OR' OCOR' 0 0 OCCR!

each R° is, independently, -R7, -OR"", -N(R"),, -(CH2)m-OR®,
-O-(CHy)m-OR?, -(CHy),-NR'R'?, -0-(CH)-NR'R'?,
-(CH,)s(CHOR®)(CHOR®),-CH,0R®, -O-(CH,)n(CHOR®)(CHOR?®),-CH,OR®,
((CHCH,0)i-R®, -O-(CH,CH;0)-R?, -(CH,CH,0)-CH,CH,NR'R ',
-0-(CH,CH,0)m-CH,CHoNRR ', -(CH,),-C(=0)NR'R"?,
-0-(CHy)m-C(=O)NR'R, <(CH2)o-(Z)¢-R’, -O-(CH)m-(Z)¢-R’,
-(CH,)s-NR'°-CH,(CHOR®)(CHOR?®),-CH,0OR®,
-0-(CH,)m-NR °-CH,(CHOR®)(CHOR®),-CH,OR?,
-(CHp)a-CO2R’, -0-(CH,)-CO2R’, -OSO3H, -O-glucuronide, -O-glucose,

o N o R
_Of(CHz)ﬁR" or ~-——(CHz)n-——12<R7 ;

wherein when two R® are -OR'! and are located adjacent to each other on a phenyl
ring, the alkyl moieties of the two R® may be bonded together to form a methylenedioxy
group;
each R’ is, independently, hydrogen or lower alkyl;
each R® is, independently, hydrogen, lower alkyl, -C(=0)-R", glucuronide, 2-
tetrahydropyranyl, or



OCOR' each R9 is, independently, -CO2R7, -CON(R7)2,
-S2CH3, or -C(=0)R7; each R10 is, independently, -H,

WO F08/03928 - COZR?, -C(=O NR7R9, -C(=O)R7, or PCT/US2007/077880
- CH2- (CHOH) " - CH2OH; each Z i's, independently, CHCH
C(=0, CHNR7R10, C=NR', ONR"; Relach R11 is,
i ndependently, | ower aIkyI % g is, independently,
an integer froml to 6; each in is, ﬂdependently, an
integer from1 to 7; each pA Eﬁﬂﬁbendently, an
integer fromO to 7; each i ndependently, C R5,
C-R6, or a nitrogen atom erejn at nosv three Qin
aring are nitrogen ato and-at gk !'one Q is C R5;
or a pharnaceutlcalIy/ééceptzgthﬁalt thereof. In the
conmpounds represented by for (1), X may be
hydr ogen, hal ogen, trifluoronethyl, |ower alkyl,
| ower cycl oal kyl, unsubstituted or substituted phenyl,
| ower 9 T h s 7.
al Kyl - sTF R FW@ R O S PRk PP B CCOXR’
Hal ogen dash e@emdqﬂmdﬁﬁanﬂ{e§0@@HﬁaCﬁgEh CnﬂﬁmﬁéRP

br GO HO e &7 1 P BT LRIkl ogens.  Glorine i

par ti cul %EBZ iBfi &%ﬁ@éﬂtlyh@q%)}{j@?‘:@} @I—'IIQ?R’S C"N ' or NR';

applicable to t e term ogén™ as used throug oﬂt

t he presmnhRdisphdqumémnwﬁkmﬁfdmpéreln the term

"l ower alk n al kyl group having |ess than 8
carbon @f ﬂés1W%P§“%§H§émlﬁ@gﬂ63§néﬁ? speC|f|c val ues
of carbon.ghp bet such as
1, 2, 3, ﬁ SEB%@ ng&gﬁgggggﬁkg?%ﬁ%lﬁ’ Re tern1 "al kyl "

enbr aceseaah h if, yidepewfendyich iglegerfsom 6.tg7;, | i near,

branched, and cyclic al kyl oups. This descrlptlon S
appl i capiah QO‘StlﬁéePeP%"rW"pé%é Al [y p MItERgER, glogn, Wherein at

t hr oughqﬂf,sttﬂl;}@e o AL ftlo ggygﬁgmégﬁﬁeq? egﬁ? oﬂé tQh13§ IC—Rs;

sui tabl e T ower groups "I nc

pr ol phacr;aadeomablmalcceplmhﬂg/ia,lt thaebfutyl , etc. 10 WO
2008/ 031028 PCT/ US2007/ 077880 Substituents for the

phenyl group include hal ogens. Particularly preferred

haI j
o S50 RS LU AL AL NS SAOLCATLEG: ploleY
trlﬂabioyﬂetﬁ}hj lowehalkplgRiwer cyciwkyladlﬂsybstlthteﬂvef subgtituaal ﬂhﬁhyl lower
nmononucl ear aryl, or -N(R2)2. The al kyl nnlety of

alky g Phesy Ry SISl o 1w eTAd amond: eemy et e byesuitonyl
]gﬂgégﬁpbggbﬁginnnonuclear aryl include phenyl

Examples of halogen include fluorine, chlorine, bromine, and iodine. Chlorine and
bromine are the preferred halogens. Chlorine is particularly preferred. This description is
applicable to the term “halogen” as used throughout the present disclosure.

As used herein, the term “lower alkyl” means an alkyl group having less than 8 carbon
atoms. This range includes all specific values of carbon atoms and subranges there between,
suchas 1,2, 3,4, 5, 6, and 7 carbon atoms. The term “alkyl” embraces all types of such
groups, €.g., linear, branched, and cyclic alkyl groups. This description is applicable to the
term “lower alkyl” as used throughout the present disclosure. Examples of suitable lower

alkyl groups include methyl, ethyl, propyl, cyclopropyl, butyl, isobutyl, etc.

10



groups. The phenyl group may be unsubstituted or
substituted as descri bed above. The preferred

WO qWa031098 of Y is -N(R2)2. Particul arly preferP@&HUs2087/077880
such conmpounds where each R2 is hydrogen. R may be

hy dg@@8fueRts fbi0ne phéyk ¥loup hﬁeqkrdégerb;eﬁs Wa@ﬁ@ﬂzﬁxﬁdpr%%eﬁzhalogen
Each R2 may be, |ndependently )

subsijtgeqty are,chi®in? 2 brongi@kL2) " ( CHORB) (CHORB) CH20Rs

) g%lzm%_?é(g)_}@flmggl}@/d OCW%% ?Hze(r:Ha%kl\(l)Bgﬁ%%er alkyl-thio, halogen,
lowlg? alkgmﬁggégal@iz&%c)e@%%} mgﬁ%oﬁ%e alkyl moiety of the lower

)n-- drogen and
alk(bxwgpuml ik gHe, saplaras deseriaed gboge- Egarap]cy pf mpeorprcﬁae pry&hclude phenyl

erop@, T phEkel e Siai be bl SRl Ao Rea AP The

pre@:)‘reﬁ @déﬁﬂl}aof(‘fa‘)s -N(R@)‘Q\BParﬁHﬂX}ly Rféyéﬁéa)@fe LRIRGLbENds where each R
phenyl , phenyl -1 ower al kyl al ophenyl) -1 ower al kyl,
lshwwwgm3(alkylphenylalkyl) Iomer (alkoxyphenyl)-lomer

o Y PR Y Bl
4 eprz&cwﬂrﬁ & B il RpeAg AR” (Bl edCIRIPARTAY are

t hose where one o H dro en and t he other 10
(CHs)n(CrIé@R%)s@HOé?é)nk@Hf@RWC&IZCMZO)m IQﬁMHzQA}CH&@H NR'R

(IR R (g ane i SR r OB AR ToR. -

«3 Ndco, By each be an integer fromO to 10, subject to
e prOV|so that the sumof o and p in the chain is
fron11 to 10. Thus, o and p may each be 0, 1, 2, 3,

4, 5, 6, 7, 8, 9, or 10, or any subrange t her ebet ween.

Preferably, the sumof o and pisofrofki2 to 6. In a

particularly preferred_er@@{izg i\}(e umof o and p
is 4. The linking group in the a kyb né{%chal n, x, may
be, independently, 0, NR1O, C(=O, “CHOH, C(= N—RlO)

CHNR7R10, or represents a single bond; 11 WO
2008/ 031028 PCT/ US2007/ 077880 Therefore, when x

I epHosRBtSai HWeghIRyDpat culhitg Calds ulign ereGhiefeted @ ded Hy@rogen is
the ring is represented by the forrmula -(C(RL)2)o+p-,

partieulowhy piefarted.- sum o+p is from1 to 10. Each RL may be,

[ ngﬁgeﬁ{j}% Fét‘#ﬁ{ Be ane@e?éﬁ%g%hgy,qﬁﬁgpg gr 0(1p re;)resegd%'y formula (A),
10We§ %é% Cl—ld)gg @‘ﬂzﬁﬁﬁyl lower alkyl, (halophenyl)-lower alkyl,

lower-(alkylp enylalkyl) lower (alkoxyphenyl) -lower alkyl, naphthyl-lower alkyl, or pyridyl-
lower alkyl, provided that at least one of R® and R* is a group represented by formula (A).

Preferred compounds are those where one of R’ and R* is hydrogen and the other is
represented by formula (A).

In formula (A), the moiety -(C(RL)z)O-x-(C(RL)z)p- defines an alkylene group bonded
to the aromatic ring. The variables o and p may each be an integer from 0 to 10, subject to
the proviso that the sum of 0 and p in the chain is from 1 to 10. Thus, o and p may each be 0,
1,2,3,4,5,6,7,8,9, or 10, or any subrange therebetween. Preferably, the sum of o and p is
from 2 to 6. In a particularly preferred embodiment, the sum of o and p is 4.

The linking group in the alkylene chain, x, may be, independently, O, NR', C(=0),
CHOH, C(=N-R'%), CHNR'R'?, or represents a single bond;

11



CH20R8, -(CH2CH20) m R8, -0-(CH2CH20O) m RS,
- (CH2CH2O) m CH2CH2NR7R10, -0 - (CH2CH20O),, ;
WEHRIPPNEY R10, - (CH2) n- C(=0) NR7RI O PCT/US2007/077880
-0-(CH2)m C(=O NR7TRIO, -(CH2)n- (2Z2)g R7,
- O- Kb e, (Ab#x Rfpresents a singl he al
(D) nNR - CHD( 4 % e g)%ndc}_lze (?R g]lene chaln bonded to the ring is
fepmmm@@ma( 3)m»pcmmh the( ERY TP (S@cm?l o 10.

7 EEE Y B O%Oaéfy,oﬁ @#—59 BT gy G G R

-O- mH{)GJ‘NII@@{IRL A1HYesI0 Hz@'ii d%@i’ Z(CHORg)(CHORS)n
esp eC|a ere each dro en e

CHdB&l H(Gfﬁn(?r}bﬂ}wl?ﬁ (mycm@m&)mpﬁ ef(@HzéﬁthaCmﬂéi@N

ROyt EERENRRE. SEHERHEOITRR S, T Har GG PR RY -@Hm—

)R, by(@f}ggn&m)lgwe (CHEJW@\I@IG&Q(@HO@*’R@HOM)H Cﬁ2@$§ Q0- -(CHor

refe two RL groups in an
OF\@HE(CéKéR O(@fé@R?)hrﬂHMr 6B U o-0-(CHe- GOYs GEOH, -O-
1 oua n the chain are hydrogens. Even nore
g“%F%W Fa6ﬂ§u“§ﬁ1y one RL group in an alkylene chain is
ot her than hydrogen, where in the other RL groups in
the chain are hydrogens. In these enbodi nents, it 1is
preferable that x repfesents a single bond. In another

parti cul ar enbodi of the invention, @ll Ib7f the RL
gr oupg) iMci kyl 7 chai a—g(Cél, gend I n these
enbodl nts,” t algyl ene chain is repyes nt& by the
formula - ( 0-Xx- (CH2)')p-. Each Qin fornula (A) is

CR5, CGR6, or a nitrogen atom where at nost three Q

ina ring are nitrogen atons. O course, in each

Casepe QA RS obouRR -inclies-H, LOEN Q\I('Ta)é_ @s%eéliallyzwh@tre edch R is

nitrogen atoms 1n-a ring. There may be 1- groups
hyd!rmgea ring, dependl ng on the nunber of nltrogen at ons

in i ng. e are z one, t 0r

t r BT 5gE Aiedt Bhormnlad )i e FREh R SR Pifgpp bonded t
a cdrB6:ERoms \i@?tﬁér tﬁ&?hﬁi‘r%éngﬁféﬂ PR 6tﬂertlﬁeocfn'd9<9 to that carbon atom is

respectively. Preferably, at two Q are nitrogen
hydadgemsi.c. Mhe éorprodd fﬁ‘Iélblr-y It malsnmsetfelmﬂbth@ dtsnast twa R6 geups in an

SR F1s 4F ODI DU OB AR Ty BEBIeE Lo ) o e ar
hydsofaS! BV mBle frbRrdbly)9nly! dhe3¥UBES in an alkylene chain is other than
hydrogen, where in the other R" groups in the chain are hydrogens. In these embodiments, it
is preferable that x represents a single bond.

In another particular embodiment of the invention, all of the R groups in the alkylene
chain are hydrogen. In these embodiments, the alkylene chain is represented by the formula

-(CH2)o-x-(CHz)yp-.

Each Q in formula (A) is C-R%, C-R®, or a nitrogen atom, where at most three Q in a
ring are nitrogen atoms. Of course, in each case, one Q is C-R’. Thus, there may be 1,2, 0r3
nitrogen atoms in a ring. There may be 1-4 C-R® groups in a ring, depending on the number
of nitrogen atoms in a ring. That is, if there are zero, one, two or three nitrogen atoms in a
ring, then there are four, three, two or one C-R® groups in the ring respectively. Preferably, at

most two Q are nitrogen atoms. More preferably, at most one Q is a nitrogen atom. In one

12



enbodi nent of the invention, each Qis either CR5 or
CR6, i.e., there are no nitrogen atons in the ring.
WR008/08028sed above, R6 may be hydrogen. Ther ePGF/ES2007/077880
2, 3, or 4 R6 groups may be other than hydrogen.
parﬁéﬁﬁleélﬂwcym&lt 118 Sitroze htoh'R aRthe®: 3RS TEhOHAE Intdhdther
hydrogen. In one enbodi nent, aII of ghe R6 groups are
embgdimepeaf. thesmypntipn, sachiQ) iseqiberdemt oy C-Bh iienthege prefmognitragen atoms
mtégﬁ Therefore, each g may be 1, 2, 3, 4, 5, or 6.
tR®mis an integer from1l to 7. Therefore each m
may Abgisdusséd abbve4R® Ray B¢ hitlroden. T@%ﬁéﬁof@, 1,2, 3hor mR@Qx%hps may be
fromO to 7. Therefore, each n ey be 1,72, 3,
othgr thgn hygrogen. Pirefeeablyeat n@qﬂ)@) of therit® gr@ipsmse @ﬁhgr than hydrogen In one

CH2OR8, -O(CH2),,, -
em‘afz%%%ghe i%)g% ‘P?f%g B7. and (o ()CH2) .
NR1PaGH2 1t P58 1 tors. arRrabR! ERH may be 1 2,3,4,
enbodl nent the sodi um channel bl ocker of formi a

S,R%. 0 NH CL N NAN H H H2ZN N NH2 A preferred R5 of

t hi nbod t - 8) ( CHORg) n- OR8

AnobHER SoL e R BT oL TURO G AL P8 1213 4.5, 6,or 7.
Each@ Ks@h'@ﬁt@%&(fﬁ@ URYRl%eréfb@é Rech PR el 13, @fs t6hbs7.

enbodi e is - ) . (2)g-R7. Another pre erre

R5 Blfefﬁtﬂﬂd§né7minmnmﬁRl &e -@(CHIz%X@HOR YCHOR®),-CH,0R?, -O-(CHy)-

SRR L B i O R o

desgyd heférke |e91\1’!0drﬁ§eng IRCARIBRE cRRRELIoEIRE oPIRRRN T is
i nvention includes all racemates, enanti omers,

di astereoners, tautoners, polynorphs and R5
pseudopol ynor phs, salts an@b raggmc m xt

sodi um channel bl ock ers de cr d aboye. CI f| c
exanpl es of sodi um c rs t ha be used
in the present inve u NH2 O NH NH2 C1 N
NHFL N~O H HoN

A preferred R’ of this embodiment is ~O-(CH2)m(CHOR8)(CHORg)n-CHzORg. Another
preferred R’ of this embodiment is -O-(CHy)m-C(=0)NR'R'. Another preferred R’ of this
embodiment is -O-(CHz)m-(Z)g-R7. Another preferred R’ of this embodiment is -O-(CHy)m-
NRIO—CHZ(CHORS)(CHORS)H-CHzORg. Even more preferred embodiments are those found
in the specific compounds described below.

As discussed above, the present invention includes all racemates, enantiomers,
diastereomers, tautomers, polymorphs and pseudopolymorphs, salts and racemic mixtures of
the sodium channel blockers described above.

Specific examples of sodium channel blockers that may be used in the present

invention include:
CII jfU\ /\/\/©/
NH,

13



H2N N NH2 13 WO 2008/ 031028 PCT/ US2007/077880 OH O NH

/ OOH ad NNHHN~H HNMN NH2 OH ONHO-"~ NH
W@ROOBH3IMEN HH H2N N NH2 HO, OH O NH | O-~N@OHUS2q07/077880
I~/\ ~-OHHO HZN NNH2 HO OH OH N~,0O\ NH 0 OH HO OH
NAN IN1TCCI OHHHHOE2N N NH2 HOOH 10OH HZN ~-H--0O
NHO HNN~NNOC HHHNNNH2 14

CII fLNH Wv@

NH,

CIIIm WVQ

H,N” N

OH

H,N N
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WD 2008/ 031028 PCT/ US2007/077880 OO0 NH C NH2 d\ Ni
H2ZN N NH2 The present invention is based on the

WQIRMEO¥WRY t hat t he sodi um channel bl ockers | BENUBIDEH7880
above, which are nore potent and/or, absorbed |ess
rapidly from nucosal surfaces especi al ly ai rway

surfa es nd/ or | es ble frominteractions
Wde enzam | or phenam | ,
|s er pef ore;” with or after an osnolyte to an

Hz xmsurface greatly inprove the hydration of

ai rway surfaces when conpared-to the sodi um channel

bl ocker, or osnolytes when used al one. As exeggllfl ed

in ﬂlfgpneéeni inveplinimbesedromghe Bisestiesrt at thg S@bﬂlin gnnel blockers
ideﬂt?{ e%d a[%om@e,equgl? ar morfg.J pV\%}l{l n%?or a@é})r%%o ne,s ddl?] ?ro%lexinﬁcosal surfaces,

on nucosa aces’

espeEiAMPAIAdayd RfaBes, AMBoleRSeVrsibRVESH Er@&abtﬁon@'vﬁﬁh € 5€ tha@miloride,
t he dlscover¥ that the sodi um channel bl ocker

bergamid or phenanul. aflminisiered hbformwlﬁlmrwﬁpham@&mlytﬁé@ a giway surface,

r the,d t di k d
erep ) Flnrb U e R ol LT LRGN EompAted T8 He SEERTPhannel
blomeean& dshdt Jnéshehesmib@ Blon€.NABBREMPIREKE Fighiré I, JdaMen ehannel blockers

| ower tendency to cause undesired side- effects by

as deifived hergin whan eombinegnwich esthelyies baveen longrrdwntfdife @n mucosal surfaces
| ocat i of the recipient, e.g., in the

a5 GORYRE fifiot b?fclf?gg)(?u?(géﬁ%ﬁbl nation with an osnmol yte. The

S 0T Hh & S R len i P& B DafiorBe BISEHRIL thafihd sb$ifsth @Bnnel blocker
the free base. Alternatively, the conpounds may be

despribgskiresein am corabisaticrswih p%@lm ean loaver the dese epthaispdium channel
bl.e salts are salts

blop B edegio BRia niony W ey PR o dRons Jlepfbe sodtum

chdni&l BIGEKRPvilE RAARAUBH cARAJHRY RPEauks R ckiretNEl@S e Ff8ds by blocking
toxi col ogi cal effects. Exanples of such salts are (a)

sodagn dhamlstlocmeclsealmwge@wdﬂedatwns in tha bodanf e aedipisnt, ¢.6¢ in the
h dr obrom ¢ acid,

drochl.oric
kldgfﬂsf%qndlsg “ﬂ?‘\%@{rﬁ’ﬁd?l Yfitric acid and the

| keppd é&iuﬁﬁl bhahnef IbERES M Be egaea Gnd@GécdSs ShChResase,
for exanple, acetic acid, oxalic acid, tartaric acid,

Altsmetively,ahe emipqundainay de @mparedfaudramcbasaecpmrrngrmb@ailycacceptable
C|tr|a§1yacd mal i c ac rbc

sal gty Ep Pt ooty 1 g R P aaE] e Je6R biologica
actﬁ)‘?tllyw ki AR c8fbSundt@RoNRY BRSaHIREF& B&icHiogical effects. Examples

hanesul foni ¢ aci d, p-toluenesul fonic acid,
of nap Isalhﬁlre(Teedcslwdﬂmmncsalax:fodnecﬁ)wlltjzglacbrgmlu acds, dor exeing]e, hydrochloric

.mal qni.c aci d, Ifosa i ¢ acid, col
acig hgtitssp sttt Pharbans o glintGid dndlf fie: @ sais
foritle§ @Jlfhcorgﬁlgam@ggd&ﬁlak Cfo@é%!a%pl%@&ﬁ:' defd, %Q&l% adi®4rkatic acid, succinic
aci d I'1ke; and (c) sal'ts forned from
acig) raa_iiemtaaid ﬁlma:rrmcfcb lgluemmabel citdnd awid, meglichicohhsrerbiandd, benzoic
aciéi,otglﬂmqg acid, palmitic acid, alginic acid, polyglutamic acid, naphthalenesulfonic acid,
methanesulfonic acid, p-toluenesulfonic acid, naphthalenedisulfonic acid, polygalacturonic
acid, malonic acid, sulfosalicylic acid, glycolic acid, 2-hydroxy-3-naphthoate, pamoate,
salicylic acid, stearic acid, phthalic acid, mandelic acid, lactic acid and the like; and (c) salts
formed from elemental anions for example, chlorine, bromine, and iodine.

The compounds of formula (I) may be synthesized according to procedures known in

the art. A representative synthetic procedure is shown in the scheme below:
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The conpounds of formula (I) may be synthesi zed
according to procedures known in the art. A

WO 2980328 at i ve synthetic procedure i s shown iPCE/H82007/077880
schenme bel ow. 15 WD 2008/ 031028 PCT/ US2007/077880 O
NHRI X IN1T N=CS-CH3 + HNR3R4-~'" (I) Y N NHR These
procedures are described in, for exanple, E J. Cragoe,
"The Synthesis of Anmi | or| de and Its Anal ogs" (Chapter

3) in Ior| e ar Its alogs pp. 25-36,

|ncorpora refepgnce. O her nethods of
preparlng the c npounds are crib iRAR4for, exggp

U. S ggporated her ei n y referenc See
in part| ul ar A, B, C and D described in

Uus. 3, 313,813. Several assays may be used to
characterize the conpounds of the present invention.
TheS€ proBsRNé Bk YEcABSRNS R %@aﬂbl%%? sedgbe - opne SWtB&%JH Amiloride
being linmted to any particular theory, it is believed
andtltssinadagdi’ (@hapitm el Amibiddkendsliofinalbgs, ppXedd, incovpntied herein by

bl ock lial .sodi um channel t
S e e T A e S

3,3 TE8HuC ﬁlcbﬂﬁraﬁ&ﬁﬁ’érﬁh'lﬁ%fé}ien%@l SecAl PaMRUEE Mé?lyocfshf? B, C, a]pd D

micosal surfaces is effect increases the volume o
desgitetldnth.¥.8,3 3cfli3d Severahassays ahay turstdtecharacediat dreo@sapounds of

t he syst d thus treats di ease is effect is
the Bt AR R Ve Bt 16 B Sel OBl v o5
ACtiYiBo @RV iR b ahp %ax@i%@l%iemeox‘yn}f ?Qﬁélc afcf‘ hat sod;lum channel

mol ecul es or conpounds "t hat are ~“osnot y active
blogkierseof, thapresénd srvehtydrelslogk epitbshatsodiahl ghaaotls pesent in mucosal
tion are

f%g%gﬁ%fpghqrﬁ%géq%la@pgceg n&eécrgb%\ég)g@m {egpq:eythe absorption of salt and water
by tHe Hu@g’sca‘l) 519%@:@ ) TR 08 11?ér5a\§@syth? Koluftd Jfgﬁ]@tp Vel ult! dndhucosal

surface. terms "airway surface' rmnary

surfacesf mbalaticea shaugysidm, hed thus freatndiseabe. fihisradfear iy eahaneey when used in
rfaces such as the bronchi and bronchiol es, al veol ar

co“@ﬂﬁ‘ ‘5’8&%‘ sMPI¥ESal and sinus surfaces. Active

C 0”&9 ? ésl'}ff tlﬁ’é' ?E;ﬁtt 1dv@1‘{t§(ﬂlt ér ﬁld%lc—,@ or cblﬂ b&nds that are

oS ytes e non-ioni ¢ osnol ytes
osm{otically; ac$1ug azres,, ars ugsa‘rolysthsi mhﬁDﬁnotamﬁy actihgd mompounds of the present
oshol yt es) is specifically j tende Qq%tl bot )
an?rﬁl@@ﬁ%mF@P%e-émpﬁwaa it %eeSS%szs G%”é 195Bbley g the airway or
cJ h 8
ot BRI Bl oGS Il bRt PSS st PRl BELICES as used
herdih, mslutkopdﬂmon@dyeﬁ"vmhahrfaieb suchcarhat b@nc}araadﬂarcﬂmhrod;cs, alveolar

di ast ereoners, . tautqners, pol ynorphs a . )
S“rfﬁ%eéu%ﬂﬁiﬂﬂs r?ﬁfi ﬁH’é‘S éWgacleéc‘éﬁ‘i?Y? ‘)r/ﬂniﬁqgfl OQge prggent invention may be

ionic osmolytes (i.e., salts), or may be non-ionic osmolytes (i.e., sugars, sugar alcohols, and
organic osmolytes). It is specifically intended that both racemic forms of the active
compounds that are racemic in nature are included in the group of active compounds that are
useful in the present invention. It is to be noted that all racemates, enantiomers,
diastereomers, tautomers, polymorphs and pseudopolymorphs and racemic mixtures of the
osmotically active compounds are embraced by the present invention.

Active osmolytes useful in the present invention that are ionic osmolytes include any
salt of a pharmaceutically acceptable anion and a pharmaceutically acceptable cation.

Preferably, either (or both) of the anion and cation are non-absorbable (i.e., osmotically active
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osnotically active conpounds are enbraced by the

present invention. Active osnolytes useful in the
WQr@W8@OM028 nventi on that are ionic osnolytes i nRCLUB208T§77880

salt of a phar maceuti cal ly acceptable anion and a
and%ﬁﬁ?&‘% %ﬁ‘j AYiveGaRPbAP S abA Qf‘the aftva) SirdREY 1o which they are

eith of the anion and cation are
adnmoisteadys cﬂ'dnh bbmp()unds inclodntott acalot Yimaet ito gnidi@s AND cations that are

2008/.0 8 PCT/ US2007/ 07788 nd not subject. to
COnraélch{d ﬁ%f’f pRPrPYedropuRersialy maghelsd sis.6e e Igﬁwﬂy" The Science

BHLACES ARrRbE Dol 8o 487 (PINERI19YSY. GfborpdkiiBy hercin by ref
o corrpoun s |F1'W{;)p obut re nc()t |mtegftoog‘§|ltjoﬁcé gﬁﬁl y TEIETEnee,
andaahibonsed inany aombinatort aichdchg thelFEynvapmrrai/ eainbinations.

co rcially r ket salts, . see, to

ot Drraacegtitel e e Btmeralyaciye Tpfins oy Calbﬁe 8519 &y ou
the gkgexﬂ ifrbntidn) %@ude' P& QPR %ﬁ%dh@ ra%btﬁteb)feﬂz@fle%ﬁﬁﬂﬁa% benzoate,

can be used I n any conmbination i ncluding their

blcarbmwe@tbutanmke bonhideatloons edditay cmacglatd (cahplorad Geypteaasonate,

chigsige gl'rr%?e' S doRbIoRAS e e RO Eab2-eBe Gratogate. Sblate (auryl
sul a{eg]aetrs ate gég aisﬁ}forpﬁé')zﬁlg'}gﬁé{éf g te, Eﬁf@éﬁ’eﬁé lutamate,

Itartrate |umedeta

glycdlybysaailete (o-ghgebbamidoplomyiaegonaten rhbx)yisdser;cmatfh hy)drlableemne (N,N -
Di(iat grasbisa s e mae s Topeh P e, Byrpspraphinoate,
10dﬁ%§y ls@hfonktk; 1% t%{ehﬂt@&)@b%%l fef B Q%‘i«f}qalé‘aw H&ateg}n%!%@a% at e,

nat e, ut am ar san

met(hp}b@bmmel ﬂnaﬂl’ﬁylﬂﬁmhamyéthy’l&ﬂfam a)ucaﬂeemﬁsyle&onm:nareahm;te pamoate
(emwg{ltg}gggwgg@natﬁ}m\og&#e&r, cé@{e%abl et yiy)lggt E’r%fllm%g%g saﬁlcygte) Stearate,

e t |
suba&iqétg S'ucc]nﬁﬁg ?uﬁgﬁ ﬁnnelt@ct 1‘21{21% teo@nlge&/ @%%ntﬁa(gf@hﬁ{a%) triethiodide,
bicabiute, k. rIair@culzn’@t Iblyfeﬁmﬂbﬁlbﬁs intlicaichlorida palydtatnitrate, gluconate,
nitrate, nitrte, panpate enbonate), pantothenate,
IOdWOEISW&?’eat%rbr‘ém&‘?o@ﬁirﬁlo hais| ygal act ur onat e,

sal ' . .
T PSP AR AL 0y 218 i
include S aectiod (ﬁmlteb it6, @t fuiedgionesiwh aPaetatiha(N, i -

preferred ani ons include chloride sulfate, nitrate,
dibgnaylesimdenediamine); gldoropracaing ohetiae %rtB%ﬁOéPénmerrahylenedlamme
hosph [ ty _
e R0, GBI BT RYhE PPl SRR G 1ot i,
triekHydrbbél Bniubl N-RiethyNDtgldefd!l &dl the liker Eﬁ'ﬂbu{iaﬂﬁpteﬁa’r&:dwg&mc cations
as benzat hi ne §N N - di benzyl et hyl enedi am ne?
are 3ntanh i A serioned-caken prdo-caiben REFBICRipRs. Meta lic cations useful in the
praﬁt{i Iy ﬁﬂe re%_mt %entu%?%l #&H]: Bt efré\l'B_ Erﬁﬂéﬁd t?e a%réﬁlg{rﬂg I@%I}:rum lithium,
ma% ésﬁirﬁ‘)ﬂoﬂﬁﬁﬁﬂﬂ beliuhy FIBE, hﬁdn Bn@ioﬁﬁﬁf @hd tieniket Partidukely preferred
articularly preferred organi c cations  are_ 3-carbon,
catwne mc&um sodiugw phigssiumcchslinar bims pgahingng 4 s, ammonium,
S tr ons useful in the practice of the
maﬁ?e&ué’?rt fir%glrﬁm i'on include but are not limted to

al URHEHID exdd pléstiosbtiCdllyMctivé R eisdt iy beaised siththe sodium
sodium zinc, iron, amonium and the |ike.
ch&acltbl@qjqemdeycrﬁ}edfl@rm@@ carry out the present invention include, but are not

limited to, sodium chloride, potassium chloride, choline chloride, choline iodide, lithium

chloride, meglumine chloride, L-lysine chloride, D-lysine chloride, ammonium chloride,

potassium sulfate, potassium nitrate, potassium gluconate, potassium iodide, ferric chloride,
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cations include sodium potassium choline, Iithium
megl um ne, D-lysine, amoni um magnesi um and
W@ 2008103028 Speci fi c exanpl es of osnotically actPGEUSHDT/E77880
that may be used with the sodium channel bl ockers
ferrd@sebied Bbﬁés@drﬁ bfdmidadiy, Bidter hRMIgRY ARV coMPRIAtibA BT different
i ncl ude, but are not Timted to, sodi umchloride,
osicaldysaatiye sdlisonayles useh o ¢arey Q:hltlmnrd@nt ioheitione quhlnlfélons of
m__chl

dlftjgxis?pgsrarta are pts?fio g;g? ng’hgﬁ gfe{p sal f%ll,rplew)fl t%? alélon or cation may be

the BRh&gHbRMNS Wi falR, saRQt assi um ni t rate, potassium
gl uconate, potassiumiodide, ferric chloride, 17 WD

2008¥031@HE a@@ﬁ/@@@@@ﬁdmﬁ@@mesmnwgutsoma'immpmse non-ionic

assi ym brom de er a.si salt or
s TR R S BleBhelS D RoreRiSrp e peaBarfsvgasgrlcohols
useRf i@ PrdcBic€ 8f thy p%d&nttlﬂ\%nﬁﬁﬁ fRAIde by ﬁ@tn'opf"mRed to 3-carbon sugars
Conbi nations of "different salts are preferred. \Wen

(e gdiglfoeradrdihghipxyacetore) ubsarbon megans (etghebotinthe and k derimorof erythrose,

e P et o3 s APOR i et J1ott [ Ty R Rorms, praihese, arabinose,

xyl@slesl‘?xbsfécbéié’&e N@RktdLNEdEbose AR tYdRShe § 4Rl 6ae%rb%ﬂ%§§s (e.g., both the D
sugar - al cohol's, and organi c osnol ytes. Sugars and

anddufyams af aithss, sllosesghulse; rnaltm)ee pubist,i idesepfaladteseparakigluse, and the

[ tion.in but limted to 3-car
D ag{ 3ot el heb o ertsPhehuliRg sty A B e ata Bl eulo-
hepﬁﬂ&%r RloliRprosc POl 4R t@o@@ @al&h@%ﬁ%e)‘)fmﬁﬁﬁﬂﬁﬂ 9§g%rs useful in the
hr eose, and erythrulose ‘5-carbon sugars th
practth:e oIDt}wrm‘eslcnf mwetmomfmcrludm&&inoae abfﬁmos&senex yhgmsec;charldes and
staclélgé(sgr Méﬁéﬁp&d fé(gréssto%gleﬁ rﬁa g gm g %}adchtsg } g%])calcogol useful in
I
the ggersgg?%vseghbﬁ%g al% %ggé&%%%ﬁﬁgwgngﬁg chtﬁ)%s g'rf@r:rgﬁgventmn For
exaalple ghepie)wbse redatddy blsm}mds (selb;ltog Iwithin Heptopeosfahe invention, sorbitol

and e SEab L oS SL e ahest RGBRel sy MR M ki

acc nﬁ dadtﬂ/e tc?ﬁgo&l{c@ ok 'tl?eeprQJen{ ﬁ@erﬁfoﬂs ent invention

r af ose f1 nose series oligosacchari des,
and Ossioéicdllyoreve Bathpounde ofxthampeeskntfiovemsionfaddienalbduclede the
form of ,each sugar/suggr al cohol sefu

anble/éé SRRy BYPTIBivs SPEYA vganie orwelvis ih%tfgnwfww Qsfpelytes” is
gen§ égf tolrBr tMERE useﬁ @5 corﬁﬁ@fﬂﬂa@ell&éﬂ&% ht%"ﬂ\et'ﬂe kidney. See
re ce e

, becones sor |to in the scope o
e.g\ N\& iandkr ersdr, bi'drap. Bz@d’lﬁmof’hysﬁol[ Edydet-306r(89Hf M. Burg, Am. J.
sugar/sugar_al cohols (e.g., mannitol, dulcito
Phyg[oz

R6Bol'8 36 @8%&: eAChdnSPIRATERd BereBhpbisiaencst Altheugh the
mvg{t&sc?o%% nbtn\)é%ﬂ ttd Qpbo@q?%%g%r%%ulgxc&l ?rgge)xﬁv a%n?{s abp¥ars that

esen |nvent|on a Yy |nc

theﬁQﬁrgar@moﬁncﬂm higtugsful ﬁfdmdollmg@aﬁa&llombmt'rﬁsoﬂ'tha' he
term "organi c osnol ytes" is generally used to refer
airway/nbneedy surfagse Preanic ovmelptes tspfulasariivg eamresings i the present

N L
(polyhydric alcohols), methylamlnes and amino acids. The polyol organic osmolytes
considered useful in the practice of this invention include, but are not limited to, inositol,
myo-inositol, and sorbitol. The methylamine organic osmolytes useful in the practice of the
invention include, but are not limited to, choline, betaine, carnitine (L-, D- and DL forms),

phosphorylcholine, lyso-phosphorylcholine, glycerophosphorylcholine, creatine, and creatine
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Physiol. 268, F983-F996 (1995), each incorporated
herein by reference. Al though the inventor does not
WQRMR/03192he bound to any particul ar theory of PREEUS2007/077880
invention, it appears that these organic osnolytes
pho§ifate! Sﬁi‘etgmm@ a&é QI’éaﬁl ! dsﬁﬂﬂﬁé’st Jf‘%ﬁceinlvéﬂtﬁfn ﬁ‘i@lh&@%u@&e tntif-‘hmlted to,
al rway/ pul nonary surface. ‘Organi ¢ osnol ytes usef ul
the Be tnd/ B-foonpaliglytsnd, nlanive, glnesem, glutaw@ataspartate (plrQldle abdtaurme

ACiGd pamol 5 YR b BRCIRG Sje, HETRY g Fa e gnd sarcosine
MaHa pgﬁm BT AR 051%6&1&%%’ e fPlcdAME hARAPOYLER oshB ésd&gggdmost

use I'n the practice o thi's I nvention |ncI
prefarred. ngwbvem d:eetdmt cnrganm osndlpies arerf bactowal yaabt, amhoharine animal

sorbitol. The | am ne nic os t sef ul
origh @nd fhese F‘HBPQH“ a %Oﬁvs*?ff PR cARPaHS Sy%l in e ofthe present
anéfnltllght ed to, choline, betaine, carnitine (L-, D and DL
orns), phosphoryl choline, |yso-phosphorylcholi ne,
gl Yidedeo pértesp biocuphstdmoks, e posmokysat prﬂ@uscamﬁhyda’eea&itriimeteﬂeﬁl to\the
2008/ 031028 PCT/ USZOO?/ 077880 hasphat e. . Th )
subjget; ACCOFGaaY cthessrrompoaadsyre plse up \}léﬁﬂheowa?tﬁaog &?ee inggption. The
tern‘?r‘@sn{b‘?%e Iph{lﬂlfsgfj dsQsed {lé}gn%feﬁqg alcohd ?v[){ﬁd Qhiclk %’ @dlﬁ‘/@rted into an
ani ne, ut am ne, utamate, aspartate, praline and
osnio@dé bne metaék(d)ﬁb Eﬂepmtheo&lmioym es anebeficl Thmosmhtdytp rpammrs@es of this
of  the _invention |nclude tlhulo%e and sarcos

invepsieRangluds. Brigannet it (r dlucosecelprase aplyagrs. sesToh shelie.
phogygelﬂxﬁﬁ*lﬁhﬁﬁf@ ﬁ/¥5 ﬁﬁo%l}g‘fl ﬂgrldmﬁfxe a 1‘1:"15 gﬁﬁ ho§FhAkY e\R/thh are

n organi ¢  osnol yt'es are o yeast, and
pred@sorsef polyoinhnd methglaminan Préduesoes dcmrpncm add oamelymssmthm the
useful actiyve cqggounds within the scope of, th
scopst @lstbistinvantioe Al usls PrefeterPeplifesaril RAYTRE @sifgdshictypre hydrolyzed
rted int
to > FBinloifie BBy AR oM eBoRE B L Bl Gl Reemverisd fpe
osrﬂdDyTE ARy a&i‘dsllgfea @étabdi step/eioh aoranshimgnativer ot e)salrqulq,ta@recursor
recursor” as used herein refers to a conp QF whi ¢
of thearmeasick glatamineg's RALY-loghamying. 4 apragirss of t%f{‘%ﬁ)ls poly-L-
t her.,catabolic or anabolic. The osnolyte precursors
Qu§#1$ md i nvention include, but are not limted to,

gl ugRs @ntelﬁled@ﬁ&ﬁn el sy oy o thig liyeation aremlhel{nldaﬁy modified osmolytes or
phosphati dyl choli ne, |ys déghosphatl dyl chol i ne and

osnjalyie gessisofsh S shesaicalpediHeatioas InypBEdnkBIEs dhe gy for
pre%lr}?%?g cﬁilt%ﬂapgl%emlg leg?ﬁf >Whith th 20} %aﬁ?ésghé)m ¥F R osmolyte or

scope O S|nven|on|nc e protelns,

osniBAt pftRErsof(Rd:. ,ﬂﬁhﬂbaﬁ‘dﬂg}awﬂod of thetdsatolyae solyedied! Slzﬂrbhemlcal
to yield osnol yte am no acids, and netabolic

mog@;ﬁé@tm bee bmn@ﬁhé%ﬂhvvﬁb deugs P& PrOSEES 7018 aredaipmimyip hesdt- feee, for

exaff 1&,31 gypag 2'3?2 %Bf@,g%@,%%%ek ;Ig r!ez gm p ?&éap @he;ﬁof 9:113-117

(19@@ Bo&orgNUEtadIl DTePhcﬁrBzdS& 67:€045-5050 QD7 BbamaNeeu #., J Med Chem.
|utamc acid. Also intended within the scope

26: bB Nﬁ @9331» BadooN. avd., dhBirromSriy 7h88i30i (e stash yrcespaspted herein

by reference.

In general, osmotically active compounds of the present invention (both ionic and
non-ionic) that do not promote, or in fact deter or retard bacterial growth are preferred.

The active compounds, methods and compositions of the present invention are useful
as therapeutics for the treatment of chronic obstructive airway or pulmonary disease in

subjects in need of such treatment. The active compounds, compositions and methods
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osnol yte precursors. Such chem cal nodifications
involve linking to the osnolyte (or precursor) an
W awBo3wal chem cal group which alters or enhB@EHES200T€77880
effect of the osnolyte or osnolyte precursor (e.g.,
desbﬂ"ﬂ%dﬂieﬁ*eﬁn drgadaeQed Rfindite tRspRLYIRNIPLasuus) or Iﬁk’&)ﬁs sample in
chem cal nodifications have been utilized with drugs
a p@renpréd!dlwsalbmﬂle aclevdaeowounds, coppesitions(agdeetliais described herein
canglq IL{;%E(II F(E the IFV%G ot tlbew?%%s : déz %}{?Ngib&?ﬁ@%fﬁélon‘tefgt}%% compounds
and%ﬂﬁfosm%)'ns @éscﬁi)ed he¥e1ﬁ) B%%so%'adn%st@%%@p&gm( éle%z§ Agents that are
Bodor, N. . Chem 26:313-318 (1983
to bBonlmduCBd lrm alaWays Qf aFShleem argtiin. fa@tfmaﬁfgcuﬁcslo(nm%wlee acbarriers for
th gﬁ% &orate hereln by reference. In generm
° 351 ETLaI%F ict i ve conpounds of the present invention
( boghtabRubjcafddo bOGBatkd Qéc%}dlﬁ%‘étthg BreQéHt iR RHHE ﬁrchﬁi'é bbth avian
fact deter or retard bacterial growmh are preferred.
mxmhena@hmvsﬂmmuppmﬁﬂdﬂynmmhmdanamdwammmeHM1nmgmoﬁnkhéofbmng

e |nvet|on are usef ul therapeytics for, t
e o i S P BT (S YD SRS 0o S her animals
for Sb8RARS plifposSU g drSsublecReRIp r@fen%HC @Iu‘iﬂaﬁ%ﬁﬂ‘é% of BE® genders and

active conpounds conp03|t|ons and met hods
at aBP 08 £0 8 d28lopaEh (520 0T/ 88ant, pisemilel b@ﬂed@aﬁeaduhr}ayn be treated

al so be, used to induc ductlo of, a ut u
aceiding 0 theprspeat ?Wen%o%gergHFg suligtt 116 P|ﬂgpse Phoansiflised with a
chr6AEBRYAR R ve 919\%’59 hﬁdlﬁﬂﬁar? Afkese! fi‘x@gﬁm%%? Bbttl?rglt&?ﬂ'oec'yﬁltlc fibrosis,

can be used for | avage of the gs and/ or alrways

chraric arthntlemmph"&hﬁn:aqxrmy ehypoomtisy cidiay dyskipesa, Bnmuams and
nistered with ot

descri her al so, _be ad
PneélE’PPV‘qu‘@% {eisaticied g st APRSELRRTeap

of

oar TaSsRNEE Fha@ﬁﬁb‘baﬁéf@;%’?‘?%%%‘i A Ser TP ScRpounds
disdlodzidéretedn toay be a meddterdd acagraiagntier checupreeg ettt mucousal surfaces

i nvention_ include hoth av an mmal i_.an subj ect s,
sucB g hereypl the Resmand aRyay, ﬁﬂfav&ag%f@f@aassaﬁe% giaysegfnd lungs
0
o BRSO 01620 s s

conviati@usl dvarnighp magxd Sﬁ&uldﬁl@ﬂ&ﬂc slnprecnsbodinserp K)éﬂEnnm‘htlon sodlum
Human subj ects of genders and at any .stage of

chaagq)éqlq%ﬁr@@pd @pmgﬂcallﬁ@sg\éq @mgohlpgﬁ@ th £ Q){;:é?ﬂtp%ven 1on are administered
con@grq&ﬁﬁreo%ﬂ}ansﬁ%%ﬁ()sc get C}ﬁ %.E)b&erréf &Bf)(g(? fj%mt& tfl@ ﬁwentlon

rese invention jects in e those
acuhel gedismathhhiet bRdkes tahld asmmh:raﬁjﬂ hetivelrpinpoahdsvef the presant drvention
pul monary di sease, including. but not |imted to cystic

are fippsgd gn lungrairyay suriaess Okiadministering s halation ?wylr%%aerosol
s SRR gl 8y PSR S i prmorcat e

conipduhas il waioh thasddiat lcBsiing] ploeitee che precddreeorSoltiowi the mdependent
channel bl ockers described herein and osnpti cal

deliyety ofanosmpbeAiliactivg eunpaed Wit p subfsienty SherhiFwe Sihelg cffects to
be a&htﬂ@/ TRE pe@ﬁlrquéj{)ﬁ'ﬁcl‘ég Hféy bk ?aﬁﬁdyorts&uﬂmﬁ g us Sl RS £53

administering aerosol particles to the lungs of a subject are known. In another preferred
embodiment of the invention, sodium channel blockers and osmotically active compounds
can be given concurrently as defined herein.

The sodium channel blockers and osmotically active of the present invention are
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such as the eye, the nose, and airway surfaces

i ncl udi ng the nasal passages, sinuses and |lungs of a
WQaWp@st2dhy any suitabl e neans known in the arPCT/E89R7/077880

as by nose drops, msts, aerosols, continuous
adriPMRAREAquaaRAl (In3AY Bkt P] BPeorRliGentlyo ‘i’lﬁhesu%j@épgﬂ 1R theflof. As

the invention, sodium channel bl ockers and
used drwtn, ¢lad teym doanicueenslyipoansisifhcienthec] pyeas ¢éimte torprahice agombined

arﬁ adninisterqd concurrently by transbronchoscopic .
ef1E4 15" PRCUITAHE e PEGTRHEBAT BRPT BITDIRE (PIAPBRAFE RYCTs occurring
withinld SBrSRR SARNRIIE b MO Sihér§ dCORRIchARhlsY cABdc¥Sthe

compounds of the present invention are deposited on
delivengofahe swljurs ghdrmeklslotkseraatnl asimelges asq ixtumlvaba@tiiianofahe two

respirabl e aerqgsol, .respirable ticles co I sed of
CORPRACRISEF U ¢ aﬁﬁa dekiyesed, Y $Rereptprbilicar An Semrlgof tha
woﬁl%%%é‘@éive%f%hﬁﬁuﬁ&‘? sl ARLGRRARE hyﬁé‘n%gl‘égsgligﬁﬁ a second

precede or | ow't he 1 ndependent deli'ver
netodinatdoandcte/byaz T piecec vipoumichimisteradnwish sthef active agdnys, the active
short time for their effects to be additive. !he )
compaysls ghihg PRRaFRYiRY@EORERY %gnqtlioa @ 8 vehiclggr egrie Corfher active
e A o A SRR T (RGP oD it e acive
coreprhmdiofiert predent ineentivnendyi lenysed ada dm arlapitedehindlo tde @dministering

and osnotically active conpounds. can be given ..
othglafiye f%@qlvﬁ%&@ BB TBHAHST SP ORIAH PG TRAN s pdministered for

eS8 3200, BB LS SaBh G bpgpe mamer o

dosagks, i ingrigddionegtetht iaetiveycopipouadyofahepreyenvinvention, which may be
concurrent]y to the subject in need thereof. As use% .

thopghtet 4s serhiBB e p YFRIESRE GRITIEREAr yhe QRRGHASUEG RFSNE /i Jugh other active

. [ .

A8 1L b 16 Q0 ERAEE A ROER n S Sk ke, 0

actvity b [t uinitslyortive compounds bhthe paessindntertionkfap@itatedihe activity
before or after, each othen%..CDncurrently al so L .

of thppther achivieraeredient; (§ & py dtcibitng oiainbancipaipiake of the Rehvs ingredient,

. I S . m . i
by SOOI VB L O QUL AR Tt it by oy ot
methdnispisgnin aplefdricdenthodibenexaplievenfion,haien thoadtiveleniphend of the -

delivery of conmpound 1 in one nebulizer and hypertonic
preseitt ieniion i adewmiparedicepeHTeAy Wbrmeteragycaeqmipihg aglive compound
of ‘[\I!x\@ ﬁ,ges%g}l\%h?lg? hgsdan\’\ﬁ(fdﬂl\%téﬂ%%t AGL 1Y Sn @)gtﬁg bter AdRe %géﬂt;vtﬁr’lat is, the
corpounds’ 0 € present 1nvention may function asS a
desvielicfib@ oftheCahdriaetivd sdent Renbirted ba el coacurege Bdmindstranay of the
sinply be admi nistered concurrently with the other
actiygrcpppowrgsaf themreseatinve@ionconpound of the present
i ha. o
LR e BeAqR 6 ARl LRGP Pt At
Calfoidiad8SA, BHf Be hpRyed Ghdlvdin@Benios liffied hethagaiivtloteriad).S.
for treating the disease or disorder for which thgx )
Patgnte Nost BAHEE4: i5ep ST i 5.6 21t5 Titad2Oheitther 8afdpP. The Applicant
dosages.,, in i ' | j
soef AR Bl o ARl bl SRR PR b eorporated by
ref&ehdei Hgkia s telt ehiiehe IitHaleasuches tHose déveopetigrDae Phienaceuticals

agent: Any such ot her active _ i o

Inc, San Diego, California, USA, may also be employed, including but not limited to those
disclosed in U.S. Patents Nos. 5,622,166; 5,577,497, 5,645,051, and 5,492,112. Additionally,
inhalers such as those developed by Aradigm Corp., Hayward, California, USA, may be

employed, including but not limited to those disclosed in U.S. patents nos. 5,826,570;
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i ngredi ent may be enpl oyed, particularly where

hydration of the airway surfaces (i.e., the activity
W@R008M&108% ot i cal |y active conpounds of the prRBSEHS2007/077880

invention) facilitates the activity of the other
5,888,806, 8 190BHARIS, 6455 b, . THYe hiakdthse@bicBrtRulLRNANEHIO8s dry

upt ake of the active ingredient, by contributing to
partigle inhatdisini sm of action of the other active

i ngredi ent ...or. by any ot her. chanisns). In a

or oherEn CLHEUA BRI sphprtng IFaRES R ina Refdedupduped by any
suiGBRRAAL ath hRith RPRSQRE-dHIVERrbRN néma@xrqytt StR10@ dn ultrasonic

concurrently with another active agent, the active

nebybnpdbard cFlofv) 1 Ree, gread it Patendévt N 11738, Aebultiagrs arg eommercially

ffect .inrelation to the other active ent.. that .is,
avail® g it Ehpdlompro i of Rl Biionis Mgye ipféaidlinto o
theRPBARCRELSBY midA BitIER DS WidaBObT AABLRLSH bALIRReQkd %Q§ typically air or
active conpounds of "the present invention. Inhalers
oxygewihepugh hogmow eeriugpeidichybyl méras of Thesapeagitatio®yps bemeans of a

.. (Nekt ar | o, A , [ i.fornia, .USA .may be. .
viblghiE SOt Pl G BRI P AR S o fhssisve
ingheldicdt B a 1idiad 8atkier, MRSactive %@%ﬂ&ﬂ boépﬁglﬂ% B o 4®o4w s 3Re

5,775, 320; and 5, 785,049. The Applican specifically
forinntaginoldut hetferalhip las dein@9bs ebv.oThatdrripais erpically fvertar{gmbmost
ited herein be jncorpaorated b reference herein in
prefigiay i8Hes PRPYT HTiAMER < Aih sueob el val s By lene
gly&! PRt dRARH ChERESmay BiSe boaskdDIHBNal @ thes Hefhde YrRervatives
may al so be enpl oyed, 1ncluding but not limted to
if thehfoseulatioss ol o exkde stetileSfor Patreple smbibgl hysly@32edB@te, antioxidants,
a 5,577,497, g%§4510g1' and 5,492,112, Additionally,

YRRE BT SOMAIGA s, RS EARER S BB SR Sdi gm Corp. ,

Hay Waiodols G85d1fdai@es ddrfprisiBMOEctive @Bin%)f@xqi mh{" fik&disO8e produced
but not limted to those disclosed in U S. patents
witha@sy s@jdg26tiGifde n2dicuDe R0 8/s0 BBt RCALIISARAERBT88D administering

5,813,397; 5,819,726, and 5,655,516.. These appar.atuses :
SOI’;S‘rPé‘“Eéﬁ?%t? BSHSAPGIS (R 3 St ROCHPGPATREFE Y B o ayléqﬁvie.a as explained
r . r .
e 30l PR LSRR A BB o
medisamertiat a rge essbiecfodhimamadmingsatiomeOue ilksratie tpe of solid
pare gt aeso8) eBaeiaie 1o insttBoipr S8 el BEPS Ty adistation by
insGRIANEE FcRldk ¥ineBV@hirndRbed %ggr'd&‘:s‘ SvAIEH by bE BORRIIB means é)f an

sol utions or suspensions of the active ingrediernt In
insafflatoner eyeninte thearasd @hvitg mtthembhher oy sne@is tlof insufflator, the
accel eration of conpressed gas, typically air o ) .
PO R f am%er_gﬁoss_t@?qf CHRYR QrRTS PPt g éﬁeawn&é%ﬁ%ﬂ@fi herein) is
. |+ . of . | | -
corthe PRI BBk pIHTRARC Mol i of AL, Whlch are cither
pierced ot bEeed iicdnsamitthopowde delivérv@by hindradi thrdughnhadevice upon
.. liquid carrier, the active ingredient conprising up to
inhalgtigmpipyomegnse ! amppallaepgated pumpp e @pagryempig¥ed indbe

insg&l(g?o\fy/cw%s'is:w&t}&? E(Pl@:@%f iR dhRE fr%lrécuen%} 6fa fa@@%&r@&fd comprising the
preferably sterile; pyrogen-free water), a dilute

actidg igpediertt| £ aliablegposaletdlilwent, euclpisdpytbsnend an optional surfactant. The
active ingredient typically comprises from 0.1 to 100% w/w of the formulation. A second
type of illustrative aerosol generator comprises a metered dose inhaler. Metered dose inhalers
are pressurized aerosol dispensers, typically containing a suspension or solution formulation

of the active ingredient in a liquified propellant. During use these devices discharge the
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gl ycol . Perfluorocarbon carriers may al so be used.
Optional additives include preservatives if the
WO 20108828 on i s not nade sterile, for exanpl e, PGEUBID7/077880
hydr oxybenzoate, antioxidants, flavoring agents,
| Sy
o 1o vy UAABRYIGRERL BB AHGRBSEAOI from 1010 1501
to pradyee arfthe pasticld slpm/yl csmtdnan@tlmdmﬁmﬂmgmdtelnt smytalsleprapellants include

particul ate di canent aer osol gf ator Aer osol

cerf@gwé\l%&)%v%rosﬁ% OThERPAEES AT xampl, A bé?ctlﬂwpg\e@lane

trlcﬂﬁgdfﬁﬁil%ﬁétﬁaﬁeodﬁhﬁﬁ L uoRlRNe gncp (ftt{u%ls %r%@? rﬁlula‘uon
respira as expl al ne above, enerate a vo

maphddesmadle Icomamtcmemr ngracepsddaits fon d?&edlpm;‘bﬁaﬁﬂ dﬁ&etaﬁfs, such as
a nedi canent at a rate suitabl e for human

oleig gpidifir SPTOXEN Gipleath @ntipxigdants apd spiably @évmngs%ﬂen@
par I
e
acrdsob gérletaadr ava rataof frdm dbonel (ytociGoTiters padnnmw;i afose phefehbly from
be delivered, b means of an_ _insufflator or taken

abo{}a{ Qtor 128 THers ppr miwile gnd pogtiaeisrabhesboyt 6%11@mq=r mippet pgrosols
iR f
conik B fpoblor Mg AR X R3 gy

h e rmat)osage ofCtbem(ﬁillm dhammeClblpsitremdarsnoaicilly £ges compounds
pically made of gelatin or plastlc which are either

dlSCé«PS@fi begpipwilbpay é@pqnﬁmgu oy theypepditin Wﬁt%ﬁd\ib? dgteysy the
i Q
subffel, bl GBrap s 15 16N, £ LRABout L3000 lihroles of he
osmolytt hd@podifed whfth@diekaycamicat ST held“aﬂyé Hoseah&)! be difideth @mong one or
active _ingredient or of a powder blend conprising the
severat piedasa gemanigrmtions Sha daspgeeoipbownsiuraichannist blogkmsmcepgpound will
[ f

ar# ﬁé@jﬁ 9@&&@%‘6 gtﬂldpt b%c tre?ali'%leaglﬁ;ﬂ?é;str%ts-g? e s‘?l§ /ﬁ %Nnerfally may

be do@ndudit B&ﬂﬁaiehptﬂ ac}ﬁesea@mVedtqoaeer@faumhd &fHcti6¢ totBpound on the nasal

aerosol generator conprises a nptered dose inhaler. |
alrwww@rfé@ﬁwéél@ suhieal e abawtd Oy EESUOT i@abcaérlesolo or 10°

molge’:%/? ﬁrn?(&rﬁ% aglgll #yor%g@%ug eUg é%ab%u% Y& PHR dés ?r Dependmg upon

Ve i ngredi
the |sd>l€1b|1|1ﬁy Sthe pamchlbafoimultibh BHadsise cb ?Sﬁudj&tﬂnﬁﬁﬁemd the daily dose
di scharge the 22 WD 2008/ 031028 PCT/ US2007/ 077880
may b diyidge iaBeng epo gngarai/amwé@sg@dm@@rrthnaeﬂh@/é&ﬂy&ose by weight
ma)g}%ggr gm a%l HE O%j; r’@ @ ?pr ay con ) rozolrglqllgrﬁms of f’iCUV@ agent

Prhe FiTiNg

partidl€¥ ®¢ b @0inan StbjtALdPediAPBbIrAME Sgd M cialgitionTHA dubject. A
chl or of | uorocarbon conpounds, for exanple,

curighdh prstaridfuniicloseristabawte). 5 milligemsoefocivorgsrb givem at a regimen of 2-

hl f | h h
10 QR aRBper W TIRGICRBaY & Wotiidh R s haPh ki By amy
suit@Ble SRR S, enﬁggsu%agalgélatlﬁbaﬁbﬂw) surfactants, such

as oleic acid or sorbitan tri ol eat e, antioxidants and

sui @thit @wma%«vglwélya(g@ tsoncirodilasers bastive agdnss (ehirdfagenigd) may be

s RS st B L BB et Bl SR nat HBekers and
osrﬂdti"cﬁ[)sadﬁ% cHnPoiils oFeSrideii i@v@klon from about 30 to
150 l'iters per mnute, and nost preferably about 60

| i tIQrpgrtp:glar rhrnlmhgdlla\@ns@w ke administered concurrently with the sodium

channel blockers and osmotically active compounds of the present invention.

Bronchodilators that can be used in the practice of the present invention include, but are not

limited to, B-adrenergic agonists including but not limited to epinephrine, isoproterenol,
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contai ning greater anounts of nedi canent may be
adm ni stered nore rapidly. The dosage of the sodium
W@ PWAME102H| ockers and osnotically active conpoREEES2007/077880
di scl osed herein will vary depending on the condition
fenbRIGalbiiteRbE trBitalide BirBiitalo€ bbItédE metahb@fchol, %Ethanne
generally may be fromabout .1 or 1 to about 30,
salpgtenadoxindfbate.csrvoilieas aofichdliergisaashistincludiap bsi rtO@ djnuwdtuh e

ipra%i‘oré)lu bfc’oglrél\(}g?agﬁvel}-r%gecoglgg do- v r%%/(g)?x?'gl%g\éln ﬁ@"&’ggg%@e These
r&)@o&ﬁ?nﬁ? dk UM ERARBE In Mc@ﬁéﬁé@wﬁlﬁ)w{écﬂﬁlhﬁes deHeY prior to or
ependi ng on the condition being treated and the state

congfrreily willbfheartiveenmppands ddstipbadehereibe an anmount

oot PUBE s olRaENEY T A8 e RAy et Rinkd88 Ritpyhe sodium
Chaﬁgélll tﬁé&exfsraﬁmo%@%all}gcgve @&nﬁ)’un&@ofzth& Breﬁ@ﬁ %VG;IQOI?’IHCludG ion

2, or 10-1 noleS/liter, and nore preferably from
transbett motiglators ancabibert actiGe dgamtd kewiini tb e usEehiartbié treptupoirof the

oS FEL P ot Bl ohar Lol aon o st
dls@ﬂ@GGyl ‘i’&ﬁmﬁfg o%ﬁl\f)%ﬁfi’ds suBh bs HOREyRINER, 3fchat i ons. The

dose By wei ght may rangé from about 0.01, O0.03,
0 110n0ra55pm rhodulatorsitbatayan 26 admiriwtgleéas agiveagenty eloag avith the

articles far, a human subj ndi ng upon age
actliR GOREIS P e RO S e e Ry BHaaope eIy P2Y2)
I
rect i asORR i ZP0FP %?f’am i GRTR £y AR HEr BTy ma P-
agofilses. dosage may be prow ded as a prepackaged uni t by
any_ _suitable ms (e.qg., encapsulating a gelatin

C apgbﬁ @)mPOGIIH%? ﬁgﬁ%ﬁg@@@p@%may aksg b@ used in conjunctlon with a P2Y?2
rec%&nﬁaﬂg{ !)IaEI a?ﬁma@e%hkéﬁg/l 5 %gétfl% galf tIBELre %%%%Bﬁ‘lé)lg‘lg?}{efg‘?ed to as

stere concurren e su I n nee
an tdedveadent Helfeih ) €TIadimpsitioa m@lfuhh@azbmpssam 82Y2 receptor agonist or
osnotical ly active conpounds of the present invention

a Plll%mﬁ‘aff‘lﬂi%lbf agceptpble ﬁ@h@arqoafaéwown@é refemshiosts@pegcetive agent”
herglggo'r}gg lg?*i }’ec}é\ét[)p g Iﬂ%t %grg%g yolglgﬁﬁ&? Al £ n({‘ﬁf Srrdide to stlmulate

conp e pr ese I nvent i

chl&ﬁ&mﬂaﬁhté@ge&feﬁoﬁ batirwaysureacess garticolatl Qasml a@myz ﬁlrfa‘ces Suitable
t he present invention include, but

P2Y Drecmongauing i Scwabe haomey DD Af e Io 5 i 9e656.256, and

U SpEAPR3B09h 3l P LRAFLRAR nerf YRR CT Tl ol e

pi r Otheea@lve ibgredichite el cabs apiiatser&hial conibhegiohavithnge
sal neterol, xinafoate, as well as anticholinergic
formylatipas dosenbedi heeein tncludsmuplers acids ar ghigpipiciotides: el gene transfer

vecPorrg maﬁdﬁn?%d&%wrﬁgsadgr%@sggagé% %H‘ﬁn,% ﬁlﬁg é&%&?ﬁﬁ% éé{e etpaglaf%g gectors),

enz@tﬁle@ ra@la Th@ﬁnc\mdchu yﬁlerfblgwanyl B&ivegirbtaRk op béMidet Sudbras insulin,
concurrently with the active conpounds descri bed
SONpYSE i, OXXIPER, ¢esHoPEEsTipdpeHliang Sormangirelgasipgeharanone  nedgrelin,

leug%ﬁdg%dtae%n&&hgot%p%gc t‘f&r&%né,@@or&‘i’& gllltpagon, calcitonin, growth hormone
releasing hormone, growth hormone, efc. Enzyme drugs that may be used to carry out the
present invention, include but are not limited to DNAse (for the treatment of, e.g., cystic
fibrosis), oj-antitrypsin (e.g., to inhibit elastase in the treatment of emphysema), efc. Suitable
anti-inflammatory agents, including steroids, for use in the methods of the present invention

include, but are not limited to, beclomethasone dipropionate, prednisone, flunisolone,
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channel bl ockers and osnotically active conpounds of
the present invention include ion transport
wor83ds s and ot her active agents known to bRCTESF0AT/077880
in the treatnment of the subject afflicted with a
dexakc@is6ncd BRddhid6lohY, & oRILAD ARdoPh Al A€ adRitdrl, BromdPRS&Rlium,
antibiotics, disulfhydryl reducing conpounds such as
epinerheiseyflunisnlidaderbatating sulfage alpharisqpherohOditanzindy)s t hat

dipg BB ESTBHEES 5. SedEol i HE R S il Pxaples of
antiBiGthdaBat Y HeRRG gﬁn&bﬁ%gr, biCdt At MnilE’e%l\@,)tetrefcgézl\ﬁ(f%t, &oramphenicol,

agoni sts sdch as -y-S, dinucleotide
amimeglebodesaiuekangle, ahdmy8in, hefarddctdnss, fotmxanphymopicidlin f

AR DS SRl LSR5, 3, COPLUIE L 20
antARGERR! P LRarAb Hob BRI BRT afPths Aks OTRE LB SRk 5&? beQnftfoyed may

an "active agent" hérein). The conposition nma urther
be uwdpn cembmaiy Zonr eemptesobmgyninstinddosfomycin. Suitable anti-viral agents

. armaceutically accept abl alt there al so .
inc Tl R P e IO 2 fosere oGl Pl agents
inchld8, 5id ¥ee d? GiaRte o, 3Py }a'x@l, Eﬂ(cpbhil‘:«‘rﬁlaﬂi% ARGhiYEREhds In@ide, but are

anmount effective to stinulate chloride and water
notdeuitet toodiphgnhyirawaye sulrrheitalsne. pti-Poelrardyytiswagalii pneumonia drugs

sucggég%{tg%g({i{l%ag@ééqgﬁ%% tt@?éfg ngﬂgzaz/y%§ree%’g g%@%} ?err]i Sféssfs rrugs such as
rifﬁ%&nﬁé,%r%ﬁﬁym)%ﬂg chidrePythroniyiin, 288, C1R&ASs OF dWliehlcdt®ns (e.g., EGTA,

corporated herein by reference. Qther active
EDTAYy egicetotants, had othemagosts adefihinsheloesenimg efoneavatseaetions (e.g., n-

wth the formylations described herejn include
aceiild}-eystenpiney abso a}%ﬁﬁiﬁ@ﬁ‘é’g%sid&@%?d ‘\‘}iti“’al’ra@té‘i’?é%tﬂ?ea%‘feéli
inv%ﬁtgérpr s (including adenovirus, adeno-associ ated virus,
and retrovirus gene transfer vectors); enzynes; and
hor the predert rsveatiophymitalubgiyaatfuy fachione pradhentsigharis, treatments
peptides such as . insulip, somatostatin, oxytocin
whrsEhi @é@éﬂlmaﬁl"é&%Weﬁ?f’é‘?‘ﬂﬁjv%@r‘ﬁ%fﬁé“?eéll’éak’ﬁ%. O EPiRp{feone another,
so Al B Ghdifiple tleGHRALR dcHlfRve 3U6RBARE rtﬁér%%bﬁﬁ PfttG. POF ERBBle, the
secretin,” glucagon, calcitonin, growth hornone
admhilis@asion ehak de ramied ogt twt, thrbgfomnfye, atxcor sEnaytimesla wgsk, on

that nmay be used to carry out the present inventio

seriafpie drs thyguehaug theoyeek; Fhe BeptnntiRgiske (ardsd Quidor a period of twwo,

r s [ [ i ajisanti.t [ h
T SR of o ity FEXBLE fok VRS b A ore P bR K8 month
or RO ¥seFa) cxaile, thitlhdraibisteringitdp-mayf bacamedow thigefoss, five or six
i includin% steroids, for use in the th?qd%ﬁq?f' t he, . .
timgp a glanfor; hr/dnptioof thaeondition bing Beated, 3pith ghrgrie gonditions receiving

I one di propi onate, prednisone, flunisolone,
Ch‘?ﬁﬁ\}\%%%@?oslozs PCT/ US2007/ 077880 dexamet hasone,
pr edhé sehpiigrds,cobipositioas addaethbyd ddstebedaiebtih earobe used for the

cronnl%h sodi um  epi nephrine, flunisolide,. . )
lavage ot lang.ris lwng Ihe.dD 2 RRtini 11 Bredgherel by(admiBitiering pn effective

inal mi i chy: [ | .er.0l ed out
the?zipg?élé;%ré%rlé Bg ?%%g%ﬂgg%ﬁ%)g%é%g ﬁ%{gzg agﬁﬁjgét. La%]&: may be carried ou
with a bronchoscope by instilling a volume of fluid into a desired lobe of the lung (e.g., 30
milliliters to 3 liters, typically 300 milliliters) in accordance with known techniques. Lavage
may be single administration or repetitive (e.g., three washings). A portion of the instilled

fluid is removed or aspirated, after instillation, in accordance with known techniques. The
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antibiotics that may be enployed include, but are not
limted to tetracycline, choranphenicol,

W 0ROYM09&E 0si des, for exanpl e, tobranycin, PCT/US2007/077880
beta-l actanms, for exanple anpicillin, cephal osporins,

lavé: é’MMtRﬂMﬁéﬁb@é}paq@@éﬁs%tdt%ﬁsortrﬂa%f 1grof perﬂhér@%ﬂyﬁhﬁhld such as used
phosphonic ‘acid antibiotics, for example, fosfomnycin,

fordhabdtsubstitilee. The anti bi oti cs that may be enployed may

C nbln tjon, for ex obranmyci.n and
f os ol et fniearHagpis Thaeror il REGEREER: {4 tige Seive compounds
of @1@315%5@1%' ifiventibR 8Nduld thel iR PartTeld ¥ Fesﬁﬁ‘g)lé Gi2€ahags, partlcles of a size
Suitabl e anti-neoplastic agents 1nclude, but are not

sufficientlesimalbio piso thosugh, the awoth, andiayox smramhaianon and into the bronchi,

o B B RS S AR et of 6 Tt (B REIMGEYS B paricularly

BT UIAG iU 108 e fom oo

to Hou@migunhinasze (mo[rapqmculalé)r sk lt}tamathUL4 7 microns in size) are respirable.
chl areryt C|n etc. ent .catjons

In § Breffredeshad g g ge%&%@% S tigrng doviafi ﬂa%?ara@ls iz 15 about 1.7

or Hﬁaﬁfe&‘” Phiicle8f Jl(gplseg fl ngcﬁ Yk RELLE inotgé ae(r@s& tendnto be

acetyl -L-cystel ne) e admnistere desired
deposit¢dum the Brodt@ad smalidv&dpm&lsma fuaritity eﬁnammspm’etbdae paréslenin the

aerP?‘)lent I %{%h ly {ng{rng%legluizqrgrlg%q %ﬁ{ngt!stre{m%rgr %gqr{gglﬁélze in the range of 10-
e tinmes in close
OB PhACRL) e FAOEELSHLBL, 11 1

tregt umemsslu&ehneuﬁa formaltibn ectotding apde invenedd, eled sodhgn channel
exanpl e, the adninistration may be carried out two,
blogkgraand psmptically geivespmpgpndsef & RIFSFBSINyeRfisEKMaYhe admixed with,

znt%recgz%r a gc g Ite cPfrf%:y gﬂ%l“garrﬁe% ?Iu.g? %% COlll;Igffe bt 8&%&%@ in @egse of

carrre or ‘a perl

beifg c@fﬁpﬁxblﬁﬁzhth)ﬁnf/ Othef Migrddienfﬂwthei\%iﬁﬁlaabn afd Sustdait by deleterious to
for two or four nonths or nore, etc. For exanple, the
theaariei Thegariey maps drigfidgs adigvid, o# betht andHp gecfern rfonnulated with

f u
e BB S AR o o, B B0, B comain som
0.5 BY weidht 6Nhe abﬂix&iﬁdﬂigjmﬁd. OiteoraAdie ALtivtScompounds may be
conposi tlgongéhand nmet hods descri bed herein can be used

incpeporaterbin th%\ﬁégléllaétpnglof the @nvemion, ek @@@ulapﬁnsamp}ébef, pigpared by any
o] m_ni er Ny
of P PRk G Ry PRt SisBEnE Rl g s

corp&iedisect . Lavage may be carried out with a
bronchoscope by instilling a volume of fluid into a
desCoapositpes eomtaimag respgalfle dgy. parddes ofiactive mr@wmtdénaw be prepared
by ﬁﬂlg&lﬁg{ C%Ell choenslgoq% (\)mHJl ell Iln:?li'a dsgesﬂ% laﬁ& gho 51%%?52 %t\‘r\fte mlcromzed

corpositeethtduigh @ 400 ngesh séﬂaére@» M@@Mﬂl@%)eparétenm Iargmagcgﬁorﬁ&t@tes For
instilled fluid is renoved or aspirated, after

exanml@,uthef arinding of spdiue ehlaride wowldimodusewrmiceaninsid patisle qien referred
031028 PCT/ US2007/ 077880 | avage sol ution

to &3 PP .
%ay B‘é é'queous_ solution, or may be a
per The 9162@&1@6@@@'&1' doBiPositioH @ihyasptidBAR contain a dispersant which serves to

facilitate the formation of an aerosol. A suitable dispersant is lactose, which may be blended
with the active agents in any suitable ratio (e.g., a 1 to 1 ratio by weight).
The term optionally as used herein means that the point of reference, for example the

dispersant, pharmaceutical carrier, or additional component, may be present or absent.
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for blood substitutes. Solid or liquid particul ate
phar maceuti cal fornulations containing active
WQ@avpomas of the present invention should i neCTEHS2007/077880
particles of respirable size: that is, particles of a
Si Z®Bie f818Ebing iLMubtyatiREBE thelpRe RSB VENHOALAA i RSt TBRIBNARL as
| arynx upon i nhal ation and into the bronchi,
limigng thehdod| dhe inyputiqn it dpdreddydhg Jollomengtluises, withfeqtitvelents of the

Jdungs.. T onchioles are a particularly preferred
CIa‘*PsF‘g‘g"thG‘ﬁe%ﬁﬂ%ry to the airway surfaces. In
genkPreseRBhtdnios 1sb FROING rhétRGQsT "?x‘éit,\tn’;]ent {Hat ke %d\ﬁdtntage of the

mcrons in size (nmore particularly, |ess than abou
propertiesraf ¢heosedivinm clyinned) blagkersrand pismaticadly active eomppainds discussed

e di ment, the geanetric .standard . deyvjation aof the .
abo (s Ebiceisahit g oeied sy B el g e piRpr G eigp include,
but ARt BRREA &0 b8tk ZANMNCRIIRER L THEHE BrilnAnt HBard el 98 Mdsia,

tend to be deposited in the throat and swal | owed, and
brortchigctpianthironic bfonnbitis,rabspiic altrmcipear diivedyedisdase, tittdicially ventilated

.aerosol is.tgr ef er ab\.l}ﬁ m ni m zed. For. nasal d to obtai
patlgghpﬁpng Wi &ﬁl,lte an) cet}laeéc.s eerWni Wger?tmﬁxgtgayol?e Y§5¢ to obtain a
sput@gps_amﬁlesfr%eaf;%i%ﬁtdoyté@lnﬁﬂi%féfiﬁg BRLLAVE Onpilinkb & RASR! one lung of a
cavity. In the manufacture of a formnulation according
pati¢rg, arlighémindnting ny cdlleetismal sputuro lkamplelfronbthat karest. afigpically, the
. osnoti.cally active conpounds of the present invention
inveaon iyl BeiAd SIS 19 TeSPIFEY Tujdosal SlrfAces diapessplliiauid of dry
powkdiafsh bffavagkhe carrier nust, of course, be acceptable in

the” sense” of being conpatible with any ot her

i nglubgticesrtha may beheeafedrbythatmietdant thempretenhmiverdgeon also include

terious to the patient. The carrier.  m

.del be a
patigp Peing PP LA PRIP MBI No X yaRRN TG (LRBIE al lends to dry the
. I i ; . 1.tz .
o B B iR SRR RS Ra M e R el
responseno poll&8odust, Stittablaivei ppnticled, inshets acinswe pecivjroLrid) that affects
e or re active conpounds may be _incorporat in
nasqT iR PRACRE TOHEM B IDFHES PRDSHEE A IAREB F8r AP RY piticus
infelth PR HRD G Bl ANl it AR AL AN IR, iRRons,
Strepaiepane pheumEoapingictibng Psanomanas avgrigmegd in&ekiengeic.) of the nasal
particles of active cqonpound may be prepar

) d. b )
airvey iSHERGRS; RAGENtS affligled mathreirtammiatory disease a?aﬁact%@@‘@l grway

. y . . _ i { .
w5 1RRARSRINE i BT AEEy OBV LR
adnfigigletiaes pt@sote Herinagexdomigested haicgud sedietignoin thesinuses by

chl ori de woul d produce a microni zed particle often .
admyigistgripgan amgupistisctiyeigpgomets dramaggof ﬁﬂ%%eﬁﬁéémf; teihe sinuses), or

OSLLi ) i . sar .

confAIRORNELSTRY, PR ORI Rl Blanssaain il

topisalidetibdre, idtinpresarsols and defpese, whi ch may be bl ended
with the active agents in_any suitable ratio (e.g

1 tlepressns igveionenayhe used rhydssifmyserad salicys adietiden airway
SO 10, S PR %, B i
uretbelrpaifess, ocoiy suréicpy @sanfcarof @ixseml] the inner ear and the middle ear. For
example, the active compounds of the present invention may be administered by any suitable
means, including locally/topically, orally, or rectally, in an effective amount.

The sodium channel blockers and osmotically active compounds of the present

invention are also useful for treating airborne infections. Examples of airborne infections
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26 WD 2008/ 031028 PCT/ US2007/077880 The foregoing is
illustrative of the present invention, and is not to

WO R0080M92F ued as limting thereof. The inventiBEI/U§2007/077880
defined by the followng clains, with equival ents of

incldag, fof E}?dn'fﬁe (RS PeThOEI diele @hirﬁ@fﬁb&kersu}ﬁi JAhR%8ATy active compounds
i nvention al'so provides nmethods of treatnent that take

of thd ‘pmstlageve@tlon h@ alq@rusp‘éul farésaipdg arhmtbrax! infectmahhepresent invention

rela&%sgt\%éﬁer %qfl?g I cal Hg)g e(::rtﬁlﬁv ngélv%;;%fr}lﬁ)éug s of the

preg@ft RRA&EH fok lﬁ?oﬂﬁgfﬁét@cn tpoét@kﬁfﬁdr@ﬁr ?Hﬁhé{ prevOiivedr ShetBeutic
[iTmted to, patients afflicted w fic fibrosis,

treqamnmgylmi dhscausgs ahyeekditiess @psedﬁ]quﬂugemt dslasqrefched)mmbodlment, the
bronchitis, chronic obstructi e,. .

presiof PReEte felrtd g uean oot b S meE ety astve

nQ}EO )kﬁhﬁt a?ﬁﬁg%ms]g%/t?aﬁﬁg gb‘g)ﬁgé'@%ﬁgg %@Kﬂgﬂl@ Br%§t1%rQﬁ§%é&c treatment
agaamhhilisessteoi cogditives eatsed/ by paihng_mm sdiichonat bd esad in biogerrorism.

u of a atient, fand tgen i nduci r col l ecti ng a
sp B?ﬁﬁ?‘gé( & YAGH ¢ HSﬁeaiY e pms WE%@ § F’S‘Fe pgfsures hiave been put
intd gl‘é?@{o' £4a1 Wth ko&%nﬁ%@’? tﬁé ﬁ%‘%ﬁ‘ b'icg %}@eﬁ%g&ﬁ %@t%@ﬁ@ﬁism. These
S or wders) or

aces via aerosol i qul
mehavasgee infulle ot 8ﬂd|rdr$at:ommmshegardlegﬂaexﬂerhylstrha thre kot of

t he pr.esent ention aI inclu tien bei ng
MicIAQRS 1§‘Pé P%BI‘OEE f tt% Lf?nslﬂﬁ Chly a’é‘igﬁs’é‘@? sRsiety. For
a&x#}?% thER or{a@ Hfiditd {J‘lle llél' Wln?é&lt)ascﬁrﬂeaseg gi(ﬂfﬁ@? $as developed a
affllicte an a erg di sease or respons
Stratngia [Pler for Bmde%p@ﬁs&eaﬁch vyzlnd:li @utlingydans famadni&tsshg |r¢‘seamch needs in
articles, .insects or insect particles, gfetc { hat

the droadcarea ofpiatgrronsm dag RGNS, TCCRTRDgH Catfidbidiseas. According
to t‘]% %)Emathg AChifrh lexf%&g RO tﬂ ciil8n poplIaREY &ﬂﬁ@?ﬁct d States to Bacillus

ections suc aphy OCOCCUS aureus I n 1 ons,
thl&n’ﬁxpd’plofdsSeVeafeldlagapan ihefradbn'ooeerall fitepaptioseagdisst bioterrorism.

neunoni ae i nfections, Pseudonpbnas uri gi nos
qu?ﬁ"é&ttb%’i%m detaily thet thﬁ??ea%'é%‘mo&?r?% u%t%?ﬁrf&@@ dor tests to rapidly

dlaglgcg MeSindd Iu}d ﬁ{rﬁﬂlo\metr%@snto REVe AR QRYs Qﬁ&a@fo%lésh@tcge disease

s nasal al rway rfaces; or patients a

Cau%dhysgdﬁtlﬁdﬂhl(ﬂel(rmﬁtﬁﬂia n the active agent or agents are
adm ni stered to pronote drai nage of caongested

sedfushicfie forus g vaipysgessgreh FHRTthhas Reep ng%{?ﬂ%ﬁ@ng the
bioﬁgg%%ttﬁ CS%CR% frag}?t‘iﬁ ﬁga[ ﬁJe gb%gaf gﬂﬂgﬁg Sfé)técr#)gfggm dlints, studying

I nusitis

thelh@\stezaspo@@e @ynsb suchdigeits,slegeleping @adsdinemgsmtahfeeuwsahmses
topi cal delivery, including aerosols, and drgps.
everhi*?émﬁ rﬂ@*s@ﬁltapmmﬁé sriremlyAvpilapde gadbendep inygeiestian ﬁ%ﬂ%’@fé gych agents,

anc?&’ervfe %Etlgsqgr?dﬁ% 1[3)'\@% &ﬁl?)ﬁﬁns cﬁq a@h?xg gents Such

sur aces |1 nc estlna sur

eff@its%ire $etii’dfa.l§i€ &at, ghen Itﬁd)largérrﬁlhfh’eﬂbf pailidgeaewhichdiab@been identified as
surfaces or surfaces of the gyg, ht he inner ear and the
T

potgntipdlyeavaidable foy bioterzeringh dhese RHoHE havgenof perhseimale & pronile
satfgfa%tso?m'esb& @QFor i pg?s\fblg %mqg%r&h?ﬁl%a%d Q&dlﬁ&yal@uﬁaﬁf?}%ﬁhe
pathogens identified as potentially dangerous as agents of bioterrorism do not provide
adequate economic incentives for the development of therapeutic or preventive measures by
industry. Moreover, even if preventive measures such as vaccines were available for each
pathogen which may be used in bioterrorism, the cost of administering all such vaccines to

the general population is prohibitive.
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means, including locally/topically, orally, or
rectally, in an effective anount. The sodi um channel
WO PRPWEKENWZ8 and osnotically active conmpounds of PREEUS2007/077880
present invention are also useful for treating
ai URAT afveRERGHH RS et RARhESs AF a8lilaBRI dp8inkHVRAS BiBRFrorism
27 WD 2008/ 031028 PCT/ US2007/ 077880 i nclude, for
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ognntically activ coEp uqu. of the present invention
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pr i
A B R S G i
a ptopbylagicasamirherit mvaelnid is prdvidedpoophiging @tindnistposg a erapbglactécally

roophyl acti.c, preventi of therapeutjc treatnment .
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P ey OB S ahe MR, P firicular
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infe1bf oy R AR S o en ¥l i ap R EE bR ridthod
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of biological toxins to Kill people, spread fear, an
osntblge arpuieinetoyredicerthe axianfihtectivinm thahimaaal Alpastidulatterample of
of Allergy and Infectious D seases (N Al D) has
an ERpancopalPesn ISItle%gi ¢ Pl an for Bi odef ense Research
whi . : . :
t nelirit 1BES, Zpal MmO AR EAGR L eRREAR: hbiment
metheé ieprgiidgd forfteatih@ligedtios €aseam aifwens phtlgzen compliging administering
pl an, the deliberate exposure of the civilian

an ggtivapmepntof aspéiuontheeer! Sloskeiendanmsiobite e thefings gE

. | . !

nd TR, RASRLES 00y Dy U OB YRR pepgeen. e

path&feas hithtradyl 15 promttetl Agsiastdlytthe jdphylaaicqiostexposurarescue and
need for tests to rapidl di agnose, vacci nes an

. pray | \nd
thefapprfifotasepersinesshads of theigientionerlederny rAHG@EEOVRIgh By egter the
C I . C .
sy SR SRR o B S p B Sl By, e
patﬂcbfeﬁ@ Weltlbé sirlsdrbiélpathgehbieithbi itagly ofcuttivg; @aiyhmeesokzation. The
identified as potentially dangerous as bioterrorism
pathegsns B1ay e natrally ocewaing o may daysobese infirduaed indg thg environment
. agent.s, el ORI NG Vvacci ] i 0f ' .
i RS RGO A B S TR LB RED BiBpgens o
env%*éﬂin'eﬂtbh‘ﬁar@l’ﬁﬁhﬂw(}@ﬁf whithesd h@abivedllyagmismstedst e dgRileseen or
and devel opi ng di agnostics to identify signs and
may 9wr9$@ém@£ fariwse it pterigriag e Reespatimesns fasprhagh the greatment of the
iR s U B B el B OAF Papionio
path®en®hPdee Fdre tyStie NIAES € ThédeQategoi@v@ridSiony @enfieknicabt Ests

to provide
compile% by the Centers for Disease Control and Prevention (CDC). As set up by the CDC,

? one aspect,

Category A agents are those that can be easily disseminated or transmitted person-to-person,
cause high mortality, with potential for major public health impact. Category B agents are

next in priority and include those that are moderately easy to disseminate and cause moderate
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satisfactory responses for all possible bioterrorism
threats. Additionally, many of the pathogens
WO a3 Red as potentially dangerous as agent sP@F/US2007/077880
bi oterrori smdo not provide adequate economc
motbE8HNdMEw rh@Hality) ecﬁ@gb@& @%ﬁﬁ&ts of ehBRiRARMdgenthat could be
preventive neasures by " industry. Mreover, even if
engpreemé ol messifesemimatios ucthe fgturedeciuse of tb@rrewanlfcénﬂlltama@e of

or. each atho e used. j.n bloter
progffiof 368 disFeTaATH Lt aroIg L DEh AL R oFahiB] i eutar
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/USZOO? 80 Until convenient and effective
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t hr eat her.e exists a ro ed for vent ati ve
rhing HEeRS: adeoVtiSES 4rPDRIT STy Bl RS fhF Ge o Arfuriher pathogen
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but %agfoaﬂjéol'ﬂ@ &‘bﬁlfopﬁh@ Gl SineANGE (?tﬂer%aﬁﬁllnﬁﬁﬁi duBjRtE, such as dogs and
i vidual 'in need of prophylactic treatnent agai nst
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par%gul ar e of an . air orn

e
Dt ke st G es e TupBiReS bieddh STRPIELE FameyBiarafthe presen
1nv§fﬁfoﬁqgaa) R 1H&ﬁ§’fo¢1§%ffa%haﬁr%%icﬁﬂ 'él&%pfabl%kfré?:fbasé NB&GHA e free
rom an airborne pathogen wh can cause a disease in
basaohthrenmpseandis gendraldy lessonupubils innguedrsisnlwipes thag tlarsalt, free base
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asy matic for t | sease, erein the effective

not angilable tofinducs aghysiviopealnespdnkg bkeserasschs aalsputl of bicaveilable drug
suff|C| nt. to reduce the risk of infection in the

whigh ggadually gissolyes intgsolighpl e of an ai rborne pat hogen
s ﬁx‘ﬂétP eclt Bf ﬂl@ &@ﬁt 1%&%&5 is & 1&9&%&%@8% osmon comprising a

prop act c trea nent or t erap utic treatne
soditei blmimelﬁalml«&v irdepharmacdutiealty avgeptatfle carrion(efg. om agieous carrier
ai rborne pat hogen co ri Sltﬂg adm ni s

t
soliiomi ol 8aCTRlbi o0 Sh H‘Ek@ﬁ éﬁfﬁ%lvd%eff Bk FOTEPRtiAR in an amount
effegﬁi{g%{oylhﬁlbﬁt%é f6bdd g;lﬂ%% Sy o%hidyphedsn need of

treatnment agai nst in c |on ¥ron1an ai r bor ne
pat Niagempolihés ofitht prgan inwhiichmapylsb depsat wabapinction with a P2Y2
H%@_l nst. by the prophyl actic post expos , rescue
recg

agpuist i RhrearsreHealyecsiirdlotal Iy P HASRPBRUTeS r%%réed to as
an ?fag%}/ei??éeﬁp’%%n)mfh%& Hg)\{)sﬁgﬁ ﬁ{ay . er QB%}XJHE&IL 92'95 réc,léﬁtc)ﬁ eelgomst or

nose or nas S pr eedi ng rnto

a phammgSeutidalPi avadptyble bdiethepal W@Oﬁie\n&ﬂek réfa'réi:l tohrmn&active agent”
pat hogens either naturally occurring or
hereja} Bl § 254 feseptorpgenishisttyriglysngtagedsia %WF gffective to stimulate

chl%ﬁ%lﬂénglrﬁ%gcﬁ% berdBdn Qﬁéﬁ?w%’eﬁﬂfahéb‘, E%U&lﬁﬂy (NAUNY aHJSy surfaces. Suitable
P2Y?2 receptor agonists are described in columns 9-10 of U.S. 6,264,975, U.S. 5,656,256, and
U.S. 5,292,498, each of which is incorporated herein by reference.

Bronchodiloators can also be used in combination with compounds of the present
invention. These bronchodilators include, but are not limited to, f-adrenergic agonists

including but not limited to epinephrine, isoproterenol, fenoterol, albutereol, terbutalin,
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intentionally after aerosolization or other nethod of
i ntroduci ng the pathogens into the environnent. Mny
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sodiuR¢ kl&%ﬁeltﬂ'lé?(ﬁﬁrst zﬂlﬁtosﬁ'bﬁcmda%ﬁ@é & RATY ad @ sSitRISMHL

Paig,
and cause noderate 29 WD 2008/ 031028 PCT/ US2007/ 077880
phamoadeutically aaoaptdbdmcamert (algi, tay aq@aiue garigr ©Olaomgi bt genefal, the sodium

pat h ns that caoul d. be enginegered for nass
chaa@égq#%a} RSHGEA 1 FE COPERHOB B AR "%’f‘ c{ffive to treat Mucosal

i
surign%, %L%? eah tlth%{_ 1t1§ F}%ﬁgégbl’?o 19@ ngv'ta%'ﬂ gﬁgglcgérat‘? gﬁfﬁc@s"‘tlﬂm‘?ﬁﬁmg airway

andRmhid:risunfh@s exanpl es of these pat hogens are ant hrax
pla ddi t.i onal th whi.ch
pr o @Qﬂnﬁglt Spdion SIWCPV%&OY%%P@\H@? figplpsed herein may

be 2{ Hfsf‘eged @%&b@? IsRfhdde Egt ny étﬁféﬁﬁ:smeang hh&géﬁlng l’Jo;‘(ﬁéallg orally,

enovi ruses an respir ory syncytla ViTru
recthhﬁ vapinelly, Actilarly hed dgatahipgea Fedrxemphejorbke peamenttf@onstipation,

the 3 ampetinds QS PRSI LAUY BrECie DAL et i adapucosa
suriﬁ ér/ra e?]ﬁésegzgjvé gct) Sﬁ&ﬁ@rrﬂﬁdbdoédnﬁmﬁé%%t%ngpoy eg L%tgcrgﬂ% E&?@bta@fe carrier

in ahy eaitabbnforaf sueh e sterikrpigbiobigicaliby dbtissaline ohtopscatisgstion, as a
and cats, for veterinary purposes. As, discusse

droal@bwlet@ﬁ @%&wﬁenw&éa@g@&ﬁ%orp @éﬁé?@otsﬁ‘érycf%‘ﬁﬁ@ 91 gspigo-urethral
adnl hls{rgﬁorp fe> (m{clplér{tlél 4 b@& g@%d l?r?t e Bornllffat fo%rtmeﬂflarﬁe the solubility

nacéu y accepta ree ase. ecause

oftﬁé @ﬁlvel@aﬁ'@oﬁlﬁdst hedesipechound is general ly | ess sol ubl e
i n aqueous solutions than the salt, free

conpssiodiusm shapnel Rlagkesyand asmopeddi %V?rﬁqrap%@ﬁ disgloged herein may
v ATRRF P FERYE, SR SR S5 i AL R

spr@l sfist| sedtoplets@f St detive@ Bormpound®in apmrhﬁbéwlchldy :itd@dptalele a@arrier such
physi ol ogi cal response, but serves as a depot

as pybialegionhen il wgine aplpEenso iridled yagers St ?@@Hl‘ﬁtﬂéﬁ active
coﬁ&o&?ﬁ% lgle P?@%ﬁﬁ%a 8% %ﬁaﬂ%ﬁs Lmad?ﬁlﬁr:s?e%d ésn&/eggﬁﬂlf%% 'US.S.q)atent

conposition, conprl

Noc3)28m®d1 tbljacdbrs, thérdidclphiat oBealthiic iiicbx}poft{télfl@t @Bdrence herein in its
carrier (e.g., an aqueous carrier solution). In
ent@@Meral t he sodi um channel bl ocker is included in the

¢ Or@cﬂisd 3r l%id &rﬁ‘&lﬁggme agents prepared for practicing the present invention

could, as noted above, include particles of respirable or non-respirable size; that is, for

respirable particles, particles of a size sufficiently small to pass through the mouth and larynx
upon inhalation and into the bronchi and alveoli of the lungs, and for non-respirable particles,
particles sufficiently large to be retained in the nasal airway passages rather than pass through

the larynx and i/nto the bronchi and alveoli of the lungs. In general, particles ranging from

31



effective to inhibit the reabsorption of water by
mucosal surfaces. The conpounds of the present
WO pp813502%h nmay al so be used in conjunction w tPCHUSZYR077880
receptor agonist or a pharmaceutically acceptable salt
i F i [e8tHaR aBSut 48N mi @G iU S
ab"ggg{?ff Inf]éerglllesi%ﬁ)s?&gﬁg éé%‘?r%c(r)ugrt@ir’ oe n may a?iur t herlrnl corrp1 ri lszg) %re
respi2¥R. Paaipdsaf nagoespihblesize areplreaterstbaustionab microns in size, up to the
. acceptable salt thereof (also sanetines referred to a
sizeH vigale [dyepletsy e Haus, fos apsal AmInIRU PR ikle pEpmn ga%ng&p% 10-500
.S, LRI (VAN | effective to
“mél?alyr% Piaslg(g{o %ﬁ?%?%tggﬁglnlg th\iliih g?msagc ‘etion by airway
surlhakesanyfadtinewfladoinyul mtimedccadingay tisuintatea, acBive thgditeor the
P2Y2 receptor agonists are descrjbed in _colums 9-10 .
phygiplogioglly @gc@g@’b@-ﬁgl’ts o frge @’S@g{;’ergg%qre gfpécallw_agr_n xed with, inter alia, an

f i i inC . i . .
2 R P ol SRRSO s
forraalatidbmhaid most\wot be dederpoousds tiaf patiest. prhesanter musvienddlidror liquid, or

These bronchodilators jnclude, but are not Iimted t?’
botl, 3ngd dfy Rrstsrahly: foamyltash with the compppryl #a ubeoseifpsnpdetiqny for

IR o REPSERET NS oy L. o
motei dchiviéd €mdpounbls inal beibrpor@tdi the ésranddtions bt hawentien, which

sal meterol_ xinafoate, as well as anticholinergic L
formpletions maxchaprepgehhy ampe! the etld@ows ohniguespl Rifgrmacy consisting

br.ofi S . ounds such as theophylline
esseélﬁ%m%gmﬁ%%%%ﬂ\éﬁ%8@%@@@30orrpounds may be adm ni stered

i N @6BPGLHdIG oMfalindiRepirableeavncugsrabRi drin@artioles of mii@onized

or concurrently with the active  conpounds descri bgd
actifye pgdnt mapbs Prepereddyeindime the drypicExeagent WitB sunertarjagd gestle, and

e RS TRTE S T QRS0 000 I CHABTE o

outdpy Bedlémarat@har maceut i cal |y acceptable carrier (e.g.,
an aqueous carrier solution). In general, the sodi um )
c haRrepartuaik egtiveagepclonthesition May©PEeR yontagha fispggant which

amunt ..effective treat sal...: -
oY B S P £ 0 R R 5008 i may
be BlefidedGHis thie AEtiwtdigast iaiahayitabbnetio(hgl a $us fl agsby Whight).

sodi um channel bl ockers and osnotically active

c onplusndsurd ckaneklackeay andrpsmeyicalbeacsiypompewids disclpsed herein may

! | f ] ' | [ [
be SRRRT 1 PGS Ry e Qipd AR B TTRA ees. QS bRGungs of o
subft@t BRhh Yuita®leCmedr@ kné%aiHeturt, 5@ dshs rosealopBhisBf, etc. In one

consti pation, the active conmpounds nmay be i .
embeftiinantsafdheinvertiin, thegetiyeearapdupds of thpgresent invention and administered

astrointest.inal nucosal . syrf . | . d
N e -
blo€Rer§ bR osnhdiicAllY adiive aRpBuddRloMtheSpredenBiverittin dré deposited on lung

physi ol ogi cal or dilute saline or topical solution, as,
airway sirfapesery, admibistsring an epresolispepehgipn of ggspirable particles comprised of

thegg{ﬂ/e? %ﬁéo@%hf\gﬁﬁicﬁ%easugﬁgﬁ%eitlgg ryhef r%gpirra%i:et ;?alrti(%s may be liquid or
solid. Numerous inhalers for administering aerosol particles to the lungs of a subject are
known.

The aerosol, whether formed from solid or liquid particles, may be produced by the

aerosol generator at a rate of from about 10 to 150 liters per minute, more preferable from 30
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adm ni stration, etc. Excipients may be included in the
formul ati on to enhance the solubility of the active
WQ9pOIMESs, as desired. The sodi um channel bl oRKEPS208TE77880
osnotically active conpounds di sclosed herein may be
to Mtgﬂs%'éleﬁiﬁﬂlté And %s%&%blﬁéﬁ&@@@ fiteB pid nRBhte € Merd¥ls containing
any suitable neans, includi'ng as a spray, mst, or
gﬁdwowhemssofm@hema@ﬂmVQIEGanmmdsdﬂmnarghdynaceut|calIy

cal THEaRgET ] Bn ey rgep el d b iy resog n the
cor@%dnvt?emg:@m%hmte ke t@ﬁ@%&%@u@n@ﬁﬂmﬂ@t}km gt 0.01,

adm ni stered as descri bed . S. Patent
0.08, 768%,B0to 1.4, JdooRUumg of hte whasvhawstic egenf, dapdsatied jos the airway

cor r te by re eren herein in its. enti
surbgSes. o1 darampept M ed caroag oy ot Myl St QoS plipinigpacions.
Th@ @eﬁtlé %] Biel 18 cBHRRERfon! Jf‘ﬂ?é"ﬁﬁaﬁﬂaceﬁﬁé‘ Bgentsao% RAL §fway surfaces of
ove, |nclude particles of respirabl
bdn@mat@spl@dﬁle size; that is, for resplrable
icles of a size s I CJ small to

ST KRN L AR U J—
of feBlifabld 6 M%gqﬂabﬁ%ﬂ%lé‘s%}e‘fer%l LBRrdp9Ste Qﬂfélefspéomprlsed of

non-respi rabl articles part cles uffl I ent
activarcgmpbuand) evhiat the sdgedt mitakes thasgh thamm«ayﬂmssagmbk: or non-

resé?%}ﬁ%ﬁqr‘tzlgﬁamgy ggtg{}lr gg%h]%t {J@.‘n@@w 'gl)r(pfggﬂé %tegt 1n[:]luded may be an
amg%!ﬁdlf)gi%g f?xg@%ié%ové Hggﬁl%'d é%c%@&%&@é@a%ﬁve agent on Zhe airway

out mcrons I n | Zze nor e
surfraegd ofcthe amHJ@(;t of & dboanl ha0t, ot.107" o eband 07 nl (57, 287 meie/liter, and

resp |r ticles f non-respj.rabl e size are
mo@"r@éf ﬁ'ﬁ’ﬁ‘ 32’88%}(0 ggto E‘t‘tolng ‘P?}leg/,“fé up to the size
of i %}e@n?oo‘aﬁﬁ@r{t%rf%e il fion | ¢ 55%?2%%&3&%{{%%5 f@&hﬁ%it%ogx may

particle size in't range o e use
corgaig both a frtehdse ofiadtivetapentnad alphmmdcbtyaca]lyl atdaptable salt to provide both

manuf acture of a fornulatjon acco to.the
earfygieALs %1 SUgftEg éel%?gé At &ty agemd forpCﬂ Wlogdtedhg gaucus secretions of

the%g)gg PE A coﬁrﬁ!o&ﬁloﬁ F?E} Havias bBtlﬂee'éﬁgE?li%'fﬁ) fn¥l bﬁ@Ht C%ﬁd sustained

m Xe nter alla,” an accept e carr

reliefuves @ime Busttedireliefndisdeckmsing nipediinibee ofddily &dmanmtrbnﬁms required,
ingredients in the fornulation and nust not be
is qxpraedio igersaseatiend complianfe, Withibe cayiss gt aghiys pegy tisgimegts.

or bh&ﬂ'ﬁageutgﬁl foprﬂﬁllaum?s@gntb@le ?&eafu%f g*%\dﬁl&gt?eﬂwnq}lagde?"fotrxgulatlons

t he conpound as a unit-dose formulation or exa

of olwtafas Ldreylsibhg tsuspeysiomundi extrlcts. 9B ¢ec0gedBAlDy]. \h&lughﬁoloﬁons
the active conpound. One or .nore active conpounds

Enmpydsipnse Spspsrsenscrndixtietss i RamingtranLheoyeience and Peashiropl Al Pharmacy,
chaiﬁg F? hk thf & eﬁﬁhlh?%(é%?e}gf}g? iR Eﬁaﬁér%gceb yPh%B’XaC%(ltl&h 1€ormulations

nown t Cy consit s
suiebkefor hahl adrﬁiﬁis&dﬁd)ﬁ(mﬁg bt bepartpodesetiibed {adeoBattzm@ INDS 4,389,393

to é:f&l%;ﬂai?dyﬂégﬁégsl : ta f? 954 g%%{;)? angeggls gédr %%ég&g : é) gli,lukl the dlsclosures
of %é é:p %}ee{]l%gé]xggra%dybﬁgfe'r%%e A9RMH inthdiPeRifg tar and

Mists or aerosols of liquid particles comprising the active compound may be produced
by any suitable means, such as by a simple nasal spray with the active agent in an aqueous
pharmaceutically acceptable carrier, such as a sterile saline solution or sterile water.

Administration may be with a pressure-driven aerosol nebulizer or an ultrasonic nebulizer.

See e.g. U.S. Patent No. 4,501,729 and 5,656,256, both of which are incorporated herein by
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t hen passing the m cronized conposition through a 400
mesh screen to break up or separate out |arge
W B OMeEHt es. The particul ate active agent coPgEEHER200THT7880
may optionally contain a dispersant which serves to
refé@&éel ISuithle tf&‘?htﬁﬁfo%‘ ks@th 'QBasﬁpdr@gl%P&Oé oo &ﬁﬁln%buhzers
di spersant is lactose, whi g ed wtht
coraGst pi/ehe agievet mgmdanymallquabd:wrmathecac(lm glgxeda:nllcdmpﬂsmg up to 40%

w2 Bl b BBt GhniGo i e ol Dy s invater (and

mo@FbftabiyPétEile! @r@geﬁmeé waeH) 3F ?ﬁut% Qg&éé% Ql?ol%{/]ﬁa%ﬁﬁl%h, preferably

passages, sinuses and |ungs o
madelint @bl 2%te Ao kolothon mf iokimnachlpném dhptamabgddimimes inkloges,

et « GIPSSL . 8 e LT 8 e
emtpr E@aﬂ‘[ss ﬂ%&ﬁgg%ﬁﬂtg %51329%195'%&1 gﬁff%rﬁcagleﬂt\éa&?n tilchl}a%ctwe agents (c.g.

erred e I ment o e I nvention I um channe
mabhiod kerisolaergthosotpbndairfagtaast | ve conpounds of the
present invention are degﬁsued on I air

sur FAPBSSIHINSLPRTARIEE ESPHEP AT BRIV ISSRIF2 %@y@ﬁgm@% o micronized
|
st 3BT A Rk 57 SR 20 s MG o st and

theppadsing the niierpnized torgpositicar thramgh ad00 Mask sauen fortiredkeusor separate

for adm ni stering aerosol particles to the lungs of a
outdatge @gElomErteSknown. The aerosol, whether formed from

sol [

zer o A SnBBLHbE b opliag 2ol RSy gy WA erves o
facllitate tise foematiinuflag,acrmole prwdtableadibperdanoinl@Bose3@hMBmay be blended

2008/ 031028 PCT/ US2007/077880 to 150 liters per
withithacive aaent ibany tableratin (¢ Gatfolito lotatipiby ercdelilr

t

B d?%\gern%}%ggagaﬁla g‘é glge%hﬁ'&r&g%ﬁqcteg%en%% g@g@%g of t}%fhpresent invention.
Replxesamwefasiabeaxa@iﬁswgedbalpwunds di scl osed her ein wll

vary depending on the condition being treated and the

state of the subject, but generall y may be from about
In 9‘1100]1\4635%&?5)31‘ séidr ’Chggr]el BRockingActhi %d%&vgiglb?lfltzt he

rmaceu agent EposI L ed on t e ai rway rfaces.

On&rb@aﬁ ab‘édytod@ﬁ:es ﬂiﬁMlabEndbﬁlaodeﬁi aadmng)term@ otﬁlthd'mllrﬂpomhés of the
unit dose adm nistrations. goal is . to achie
preseyi dentian iyalves therdstesminating eﬁ{qrraenalg@ﬁg ntbitipy, ﬁgalrway epithelial

socgﬁn%‘gglyrﬁ%tg ﬁe@%\ﬁéd Qﬁder 9}? ﬁﬁ?&lt]c%n%%t v?gg% aﬂr&aﬁ@ﬁ‘iﬂ%ﬁﬁl

are a nistere ni stering an

moABIa0&ehoted BNTssinp clabess [Weallabbaired froon fiestpetdatddauman, dog,
particles (preferably non- resplrable particlgs %F
sheep ppFadsBiRIBTAYS A8 69BN BOFRYS «ﬁmnlem Yepweh; elperts (CoStar),

cul'tqud?‘lxt Ay -{ @18’ %&féﬁ@ZAﬂﬁzc%n%;{ %ﬁ? gﬁ’? Sfﬁie?iréle@ f[]rﬁ:dla and assayed for
socﬂukﬂﬂiahﬁpbrpzfcn&ﬁ& (v® vﬂﬁwﬁatheﬁﬁh Kaetsh BﬁaMbbﬁatangafT(KﬂBR) @f Using
sufficient to achi eve dissol ved concentrations

f
chageharsy AR desh tirugﬁxdtiﬁlgn:aarlemgle lumenal bath with half-log dose addition
protocols (from 1 x 10" M to 3 x 10”° M), and the cumulative change in Isc (inhibition)

recorded. All drugs are prepared in dimethyl sulfoxide as stock solutions at a concentration
of 1 x 102 M and stored at —20°C. Six preparations are typically run in parallel; one
preparation per run incorporates compound 1 as a positive control. After the maximal
concentration (5 x 10” M) is administered, the lumenal bath is exchanged three times with

fresh drug-free KBR solution, and the resultant Isc measured after each wash for
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surfaces of the subject of fromabout 10-9, 10.8, or

10-7 to about 10-3, 10-2, 10-1 noles/liter, and nore
WQr@WBE3 @Rt y from about 10-9 to about 10-4 nol eBCT/US2007/077880

In one enbodi nent of the invention, the particulate

ap6tinaee 18 MThute OHRRSAInO mewaélbﬂ&?m Aiedas e fpefcreﬁtereﬁ@ﬁﬁ) the
of active agent and a pharmaceutically acceptable salt

baSﬁbnq)vadW e sm;tlm cuggnt egfter évleébmswaﬁd zslm éatauﬁwdtheezloéweclamps are
ctive pn iht o the nucus

“ﬂgﬁﬁﬁé@%%ﬁ§ﬂ %@éﬂ%?gf %E&@‘ frposition serves to
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Phar maceuti cal fornul ations suitable for airway

adm ni stration include formulations of solutions,
Phamatelogingl, AssagpEndisorpdionnd extracts. See generally, J.

ir Sol uti ons Emul si ons, Suspensi ons and
(1)%P?Eﬁ§peqrwcﬁé}ﬁs?¥gton The Science and Practice of

Phapp®giial cdR3Bog, Bmad HumAEGF, %ﬁ&:@% or ﬂoﬂ&RrCEH’SI) at&sbeded at a density
herein by _reference. Pharmaceutical fornulations
of G&H Kd@f/m? on apassis Taghsivall<ial aollageniragicd elep]’oegawetdl agrowth area

crhbe | n,U.S. Patent 389, 393
of BT 6" B3 710 B ot oans gitpdices hrmmongfif a5 iaghadjy that
proh%te% Ménzeﬁ Qﬁltl‘ijélﬁlﬁ{ E&%decﬂfnn‘ﬁﬁ' tH&h@Jb?oﬂdB?a@ CAR Ar&fhsed from
by reference herein in their entirety. Msts or
Mattek €oqp sre mfed. i lgoindl 2pa2bidey esftar dapalomnery of he aiadiguidanterface (ALI)

the OGS Fremmbral oot DEpei i £FT ERETS BCH G RGRNE Of Hedslls. To
ens%%%ﬁ@&’r?t orfth ef pﬁg@%ﬁ%' ltea&?eélﬁ&leﬁarﬁt%ﬂsl 8 trafiSpihasal

asterl esa utrron or steril
resAthrmm(&) arak ﬂrmemﬁlﬁlliﬂ@mmlhl (hffpreewdi’@) d»lvlmvb arededioatots of the
. nebul | r.or, an ulfrasoni c nebulize See . U s
iniQIRLBAL AT TGOS TH8e SRS, BeBIEaBEH. HIPRa gLy ieis e preferred
wERBY OB028)sal
for SARRRE EALSE AR h RimpiAU 0K, DR bsal appearnce assay is
inifined bysaddimg &mamhtaﬁswmhmthmmehlpindserbmt fdsaivercontmols (amiloride,
nebul i zers COI’]SI st of Ifahe acti ve | r edi ent

berpagpth Bheaaryh & the pRsaLiuipGRAt R bal SHECTIGHER P §ﬂﬁ%3% 4 geries of
smglgg/ﬁ WVK{V{IWO% md P& s 1{119[3 {sabolfed Mﬂl@ﬁ@ﬁﬁ% %?ln\(s lfl%%‘?b(;tﬂ% apical and

pi cal e carrier is water (and
serpgabbatha b]oycsma‘ﬂmhﬂ,re p@temgaed by measming fitriosic (ﬂllubwseence of each

aqueous coholic sglu preferaply de i

SOC@“@?@@%%}OS‘% yeingk 51¢ o u%mtwmae S F@Qﬁﬁ)yéﬁtsfa&a%ﬁ curve
t i

eerRE b RSO erp R S Bl b R RidoR Al it
Dagirdnalyxils @ tHegatefof disappeacanag sniesforniad ading sordinksr, regression, one phase

buffering agents, osnotically active agents (e.g.
expogpRial 9pcayxyl it ol , erythritol) and surfactants.

Conpositions containing respirable or non-respirable

dry particles of mcronized active agent nay be

pr epaCedfobyl MidrasdopygAtdag ofl EWNa@dilooker Bipeakt awd Alirveny Surface Liquid

ar. and pestle, and
Volurne/Helght Changes.

Virtually all amiloride-like molecules fluoresce in the ultraviolet range. This property
of these molecules may be used to directly measure cellular uptake using x-z confocal

microscopy. Equimolar concentrations of experimental compounds and positive controls
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t hen passing the m cronized conposition through a 400
mesh screen to break up or separate out |arge
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optionally contain a dispersant which serves to
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hurmmmayobpﬂthasalwrmmlpnodectmontroI After the maxi mal

" B Tishies g? @%’%&%?gﬂﬁé%?efwl%o e?ﬁ@%ﬁﬁﬁh f@géﬁ as an “ASL”
LUt
st1nQP%ig raféé ngastaxg ]@gl{rcbl%ﬂxrfa@engf L%?iél B%ésérteﬁﬁﬁeliaﬁs EelFEASWA Gflthe T-Col

insdPGlkidiBR CIEb?/nGHs?&&ﬁpo@[dp,rmewb‘(ﬂis&i égeﬁermmmfeﬁw gpecies) is tested for

duratio Rever3| ity is defined as t perce )
usingchigh Rertemange igud shionistQERmnY HEL%g e Ghormiet) sapgieyand the

endg%ﬁohg' ﬂ[lgxeg\%ﬁ@e pxégémgé&athgsre%%ﬁnd’ﬁbgma& ltﬁ‘ﬁ%ﬁl‘[l@é Quantities of

ected via a conputer Intertface and analyze
test@bfnpbumeandiasel @ttabelites. eF @ta tpplsdﬂl apsayf dtesaddlutton@POPhKBR,

are considered and anal yze th G aphpad Prism
con{zning 69 @ta/} et comeegynd s iabc (9 %}éeﬁ:gﬁh@fq& ggpc};or\;gsurface. Sequential 5 to
10 ﬁl%%&g ?Jéﬁ%ﬁlﬁesc% %Er}xl% e ﬁl‘ﬁ‘%‘efn?o@ild gh)aé%lj{ gng‘r‘?gtg%ﬂiasa}ggggﬁ@danalys1s of
(1) getrhass oPtear somgiuad ipemheafsg s the lvibani ot deeosal Hath and (2) the

Ser osal Appear ance Assay
potential formation of metabolites frorn the parent compound. In instances where the
fluorescence properties of the test molecule are not adequate for such characterizations,
radiolabeled compounds are used for these assays. From the HPLC data, the rate of
disappearance and/or formation of novel metabolite compounds on the lumenal surface and
the appearance of test compound and/or novel metabolite in the basolateral solution is
quantitated. The data relating the chromatographic mobility of potential novel metabolites

with reference to the parent compound are also quantitated.
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Bronchial cells (dog, human, human CF, sheep, or

rodent cells) are seeded at a density of 0.25 x
wao@semm@2Hn a porous Transwel | - Col col | agen- coBEEHS2007/077880

menbrane with a growth area of 1.13 cnR or 4.7 cnR

gr oplarlly-a @h@}bdteﬂtiaﬂﬁieﬁébbmrﬁ bf @@tecoh{bohﬁaw@t kyut@f 4 ned

medi a that pronotes a pol arized epitheli'um or
“represstitisetmiriwe of expectreabd Chchitam dehined FamclPaSk datiangnunder

IR P et UREER s TY SR et e 1t SV € S mieure of
KBR%M&BE%?H\% &69@%@@%&@@@@?{% ihd AL&Gke x@a@{)m{ﬁw@ ‘neat”

accunul ate on the cel ensure the integrity
spuwfm ﬂnqumam}d a zrlmyt epjacted|to altraceitiifygaepasethaonSsupemhetant” aliquot

transepj t hel resi st an Ri ng. tr th i al
was g e e bt PRt B s b A g Eoppound
methbisnd 1531 €egls '_F)ﬁtﬁm%vcﬁ% MHeid8fioR 3F Hﬁcswfnagéa@ oP{éEtt éempouﬁa & “neat”

nmeasur €d man cell systens are preferred
CF spuidinesd aﬁqucai el‘sCstptamsé‘BManmnarft’f mnulmbecbzams"m fcﬂb@s&d by

souTgET FHRTE! SURC R AT BITo SRS YRGS geo! compound
sta@ﬂ?ﬁrﬁ&éﬁbh@ﬁ’l gl}qplé @nal Q?E&Z@é&ﬁbed%w@%é abdvR ér{%grgls I\(/)lf cg\rnpound

apfcal surfa i tial concentration of
dls@pearameolfates&:ﬁlﬁmhmm)(l 61 howebingtabolpiges, smhigPE{ mebilities of novel

col | ecte VFI%UStIITE poi nts, from both the api cal
metgboites e 3Ipebfﬁl €d-Concentrations are determined by

measuring intrinsic fluorescence of each sodium

channel bl ocker using HPLC. Quantitative analysis

enpl. Dyusatalitytod hNbare ENaC Béockger¥ith be WiflroanOsmblysastoncAirway Surface

. reference. st ials of known concentration
Liqyidpnagyip pifro Sggf%ﬁg‘érng\ﬂ% s of the rate of
di S@Qﬁggg%ﬁﬁethé %fn?ﬂ% deccé’cﬁllré]ghéqlg ihd1 St quﬂlﬁfséﬁégg/volume)

one p expon ay. 2. Confoca croscop
on pfsay b@(fnCEi‘daéblﬁiehakmﬂtutdptgm atreah aft/liAY ; uﬁerfefca«na plerrqa:abbl:
Vol unme/ Hei ght Changes. Virtually all a I or
meBBE HRROT CRIPEEIET FeRHiEscifRd %RPPS‘FSe‘P SurﬁﬁﬁP i‘lqmd volume
are géézggﬁpgéfrc oﬁ%f%?ﬁﬁ%{ﬁﬂkg gtgttf?% \)m}fnzé)gf g]t)%bg li{eB64141Y Bicarbonate
BuffiérSobsmap with ke d wibhbar ecpﬁﬁ@l&ﬂédrﬁtnttﬂﬂ@nmf(o SxpHI0 idhdBdelected novel
conpounds and p03| tive controls 35 WD 2008/ 031028
or cpmmageihnFyaizbigsedivmredapes! flpckers Math evishoyt egRpYish gt added and
Sl .
st B o] AP T B Pl Ui AU rweightcd
seleapti®alpofity efnﬁaﬁe fassvolu@y revotdedr Else «baw istthen atalged détetri@ing the
confocal mcr oscope Serijal x-z |mges are obt ailned,
chapgestin pyrfase diqHidi ass/ VelgRg fofadesinnimg s fhesendrd our time frame.
accunul ating in the cellular conpartnent i s
guantitated and plotted as a change in fluorescence
Vv er$ UBhdragblodicw Hifetiswad dschaiistl o€ 9\ ctian obtheddidg dn Aaimals
the surface liquid fgrlor to the addition of paovel

sodfhratterbefrromnorpdsder snianeing srucapi i aleargnsrsMit(esmaprgiately
and &2/?12%?}215 .t%esi}r’e{x;l@&ehddrg%'ag b¥ %eﬂﬁﬁé&%&@ fn W Vibo R8del described by

Sabater et al., Journal of Applied Physiology, 1999, pp. 2191-2196, incorporated herein by

reference, and modified as described below.
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3. Invitro Assays of Conpound Met abolism Ai rway

epithelial cells have the capacity to netabolize drugs
WQI0BM30ehe process of transepithelial absor pPCHHS2007/077880

Further, although less likely, it is possible that
Methddgs can be netabolized on airway epithelial

surfaces by specific ectoenzyne activities. Perhaps
Anﬂ@ﬂ?&q&#Bﬁﬁy ﬁ§m@@w&@&&gﬁﬂéBﬁ9§7§K§Q&xeEﬁ&&ﬂﬂ%@%aﬁﬁmand

be netabolized by the infected secretions that occupy
positiened iupriglyt dsume@ﬁh:wdtbloém harnedst A'he heaysaif ﬁmah Ve
| 03| Thus, serjes of ass

imigiiashand 6 tamisr BN Dt e FinbPOvRs IR P Lisbiar Ueceing) prior
nasﬁﬁﬁHJb%ﬁort (ML D, Qﬁcﬁﬁx@@ﬁéapﬂlbe ?ETT al BRSNS ARt Louis,

novel sodi um channel bl ockers wth human airway
M(b)pl'ﬁliaehffa)f aimedE BF wab plvaed st wdgw @i toleal| doads. IAﬁu@mathbatlon the

cts. In the fjrst series. of assays, the

anifPfr e AoHEb o i Fﬁsaaﬂ%welk%éfég bifore Mg measurements
begah! Mul ant are applied to the apical surface of human

alrway epithelial cells growmn in the T-Col insert

system For nost corrpounds, nmet abol i sm (generati on of

Ad,p%f 6 Bt a9y~ {Ln%iscaf“ el el LR fchnetium
HPRCES, ARgnlne @Pﬁig@%{gg YR IEEAORERIEES (Sncor

se conp unds rel t|ve I'és o
Purﬁt@ﬁ Beﬁ@dm Pwashnadt] C20uiciiBlodbeds latrﬁéihad:ab?oc@fnhmw &aplet diameter of
assay, a test solution (25| KBR, containing 10 gM
3.6tHaat muﬁmwaswpnm@do erslosimetas sy stera|coagistingraswaiolenoid valve

o PSR SR 8 oA, 0 BB P o

piead)aidhSdre e@fl atthched tM8 rddpERoOPHAresH apSHFRAs %uﬂﬁmﬂtﬁ&t MW). The
fromthe |unmenal to serosal bath and (2) the

syspron was aetivated domt sasandt the paisbpi the sespirefar’s isppalpshgycle. The tidal

Volgﬁqggz\(r)agtnslet at 1329 rr%ri;’t a Casentsin%faiocrm & %}é}lglreat% trgtiogcgfglﬁ g,taéldfa rate of 20

bre§tl}‘1§)ﬁnﬁ ﬂafn@ﬁﬁue Z3htrAfway B%’dsﬁlﬁb?h@ é’hee BRAMRAIhAIBNTc-SC
used for these assays. Fromthe HPLC d a, the rate of

aerdscd &ppmap anom. divdbwing toacarddpositiof, axganeha neheh otas tused to measure
compounds_on the | unenal surface and the aPpear ance ,

thegfearanse oE SHPbEME faomathsrairvsvel The tuBYR v Pp#tippgs above the animal’s

backi)(av%ﬂ# Ak esfl%{? if ?tlﬁ l&du?z{i gﬁghtﬁ)%%%%gr? h%qlam-gpse 'fil?et ﬁeéld of the image was

rona

perpéhtﬁ‘&ulzﬁﬁb AROAniheISs spihdl boﬂ’deflﬁd’tcﬁ‘ﬁ&l&adlolabhﬁ nidak&Btwvere placed on the
conpound are al so quantitated. 36 WD 2008/ 031028

sheppty (30007 POPPRBRNTTS! offAP geramaamet ehfigin Hapigrst vaniraced
ove(% thet ﬁx’?‘age %&}Ps%gg%?% ?% %he 1g§ﬁﬂﬁlg @%’ {2 sh%&ﬁ)oe[nﬁs g%‘?%ﬁ%%fed The

um obtal ne

cod@@d werdtesrrédtedi Byt deddgBndRRpRYRY Jas Apsrcbeage clialieadtbdty pféent in the
ut um has been be solubilized in a 1:5 m xture of

baSR kerAgas (Toe laki upg \wag ex@uded\fpm ehe anglysisdrerawg fy adinerpf the lung
nto,a

el iRt T SaBpLerd o Rl Tor e Pacds P GRS s o Te 5C tabetd
muéRAA 1] depSUner itk éreatdréliOd a computer interfaced to the gamma camera.

The protocol included a baseline deposition image obtained immediately post radio aerosol

administration. After acquisition of baseline images, either 4 mL of H2O (vehicle), amiloride
(3 mM), or NCE (3 mM) were aerosolized using the Pari LC JetPlus nebulizer to free-

breathing sheep using two separate protocols.
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was obt ai ned (neat=cellul ar; supernatant=liquid
phase). Typical studies of conmpound netabolismby CF
WQ pwssmoRhvol ve the additi on of known nasses oPCTE/ES2007/077880
conmpound to "neat" CF sputum and aliquots of CF
sputum "supernatant” incubated at 37 C, followed by
sequential sanpling of aliquots fromeach sputumtype
Trdapmerd Hao@celaisseatrmanh ofdctivypbiaedo imaﬁi&me iacsivinet abmiselsm

de%gg%%?%%{%@g%i agrgs lgtggfﬁgtg?%%\é(g aerp%ﬁl égmgpstratlon At time zero,
aﬁéﬂc&ﬁ%ﬂﬂ@ﬁ o@fhe'“tﬁ‘!&ine RhaD %}h@:l'e %ﬁntrﬁr(gls{'ﬁé&wﬁ'@g' pdshtRSontrol

novel netabolites are then perfornmed
(anDlmubb lorr eypesfmexital ebmBdads Breoc kazo ®1ivéd fromra 4M1ﬂ kolutne using a Pari

LRI LAAERPS AEEEPTe-Ths A 2ok I0F ReRTPe VoI compressed ai
witRra ST & litdrdfer nvii@atThs ‘ﬁﬁfe@@ %elln'/e‘ﬂ %edso(m%ééqlol{mb minutes.

on primary bronchial epithelial cultures grown at an
Anamtls wierpudxdubatetdenfnaasieately fplrwieg Btleveryrefithe anial doupposrtier to prevent

e R N
1m%xj§‘ bf ﬂfégux’t@\l\f&%b%fmeta%ft f $hmibife %@w’éﬁ%ﬁ ng :tlgerfﬁls@flmg & dosing

ffer Solution) wth and w thout equi
ancclonobribr dieinextsd Kl@uiaﬁerﬂa@mg Kdr eobtad ebeectatidn peried of hours. A

nrer ci able sodj um channel bl o rs with or
WL BUO G b RS S Atk e oo SGTt Crgimenta
@ﬁperlnent is started. The perneabl e supports are then
remelghted at select tine points and the nass/vol une
recorded. The data is then analyzed determning the
rface |liquid mass/yvolu giLn

Trq%gggrﬂzjr@z:qgo y ssepnest Aodgiiviy ﬁét—(lp%ge rg];)ﬁzrtyT %ﬁe follnowmg variation of

e e (L S Teag IR IR S R Bop ST R o e
expmmmcto velacly cohtealr(distiBed Wi€)), positbcti c@h&blyconqn’mindw(armh)rlde or

tinme frame (5 hours) can be nmeasured usin ,
berwa ),égdlé\fes@%ag@pq(ilggantgyA)t HBHIS 2% V@lpclgpontrgl(gg]rsﬂﬁq:da nyater) positive

corﬁ)‘e?)?g qjqb%%y %r?{er en atll)gﬁ% nﬁg%ncfs eé' %él%@ehsz'g{l] 5%}1%1ume using

a P3rd L‘«Deﬂﬂﬁﬁﬁﬂiﬁhﬁaﬁo Ei@&"lbuﬁﬂﬁﬂg AflhABS O heMebinlmés wﬁm drie¢n by
Prep aratlog1 Adul t _ewes wei ghing up.to 75 Kg were .
compprgzsed ajrvitn 3 HevofBiters Rer mpwis. ¢ Thsridne tppdslight the splygom was 10 to

I

2 55 AGSA PO 0 o T DO o DRI Bt s

4 hpaiss g ehenas! qdltloa/zi-deﬁk [e2i%d lahiedaicoeyed siapletddse ofsabsolized *™Te-
i ncubatiaon (7.5 mm].D. endotracheal tube (ET

Humwswﬁbaéwatn (Nedne/al; canfaining gperoxinytyly 29aCh lﬁ)lrorn Raindrop
Ne?ﬂ?zﬁgggfﬂgﬁa’?s ?h%%?glrﬂa%gltlglg%lg?a‘glgﬁﬁlom elf‘v%égc?‘ﬁ thé‘E ?rdose of radio-
trade®r Acjapelonidepodsition idthgBiwas bbfairfed iMimedbady hemali®-acrosol
administration. Serial images of the lung were obtained at 15-minute intervals during the first
2 hours after administration of the radio-tracer (representing hours 4 through 6 after drug
administration) and hourly for the next 2 hours after dosing for a total observation period of 4

hours. A washout period of at least 7 days separated dosing sessions with different

experimental agents.

Statistics: Data from the in vivo sheep MC assays were analyzed using a two way ANOVA
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began. Adm nistration of Radi o-aerosol: Aerosols of
sul fur colloid radiolabled with technetium (99nTc-SC
W@20084G34028, - 10-15 nCi) were generated by a RAECHUB29P7/077880
Nebul i zer (Nellcor Puritan Bennett, Pleasanton, CA)
w1th’épéQte@ RANGES fGlIVRAIL3I PR MY 18 6T fhe‘i‘ dg,‘i’@:is% dHiRRE@fion vs time
3.6 m The nebulizer was connected to a dosi neter
Plom}ssm@m ADIREY6A it goropare slopese dbiet dedlavaultiplectompetsnnctestdNewman-

2 i Th t of th
Ke PSSt for 6 o Pe'tan e Whe pirefh sbiio AF PR 8 s
cal@lz{t&ﬁ@ﬂf ARtdhg (hb@naased @l@ﬁ@fr@&%@togﬂ@ By Hﬁ:tﬁl&i%ure%)ope obtained in
The systemwas activated for 1 second at the onset of

protasel I agpihemtroltipdyingbpilP@Xory cycle. The tidal vol ume
was set at 300 nL, with an | ry-to-expiratory
ratio of 1:1, and a rate ofhggﬁﬂgﬁggths/nin, to
maxi m ze central airway deposition. The sheep breathed
the 99nic-SC aerosol for up to 5 mn. Follow ng
t r aldevingl ggresallyi dsagribgd glamenféme rdunlees understandingreashb ebtained by
the clearance 99mlc- fromthe The ca
refdigge o EFTATb g TtFGPED (R ST A Prog Keg SR T RUPRaC G gl raton
onl¥ And 5@ neainwnabd W%el 19HhHinE Ak feiwlsd SRcifigg ness. The
of the imge was “perpendicular to the animal’
splnal cord. External radiol abled markers were placed
on.the sheep to facilitate proper alignnent of the
camera. A region of interest was traced over
the i mge corr e@@éﬁ&?dtf&ﬂ otfgoglﬁﬁx ChaHib] BlREerof the sheep
and counts were recorded. The counts were corrected
Mafedinlsced ayetiznd. é)lbﬁ@&@dﬁndsohfeme meenpagmased from Aldrich Chemical

Corpuﬂéio I VI t ﬁﬁg eI S Cgtllftglh o %lgtir%g(gxlg@gaueq&i;@nem{heer a Bruker
Wl\@ @Bb ('EENRIR Enhﬁol MPG an RipReL oPY Bhulteh %CSEGUT@HrNMR at

counts could be affected by swal owed 99nilc- S
30(}Mélzeinéd C NivRist 75AMsze Plsh thromaiogeapbs wasrperfsmdecm ohlash

terf
EnrE Spuan forurien S8 as o o Sl N0es i e i Viniazaoe)
| . ;
chaggczgﬁfigﬁ % g sigi:céégelrd%]ﬁhﬁ @,@‘Q%E? o’;@ ?‘rﬁfé‘PW @Qlﬁr}m}lﬁé’c ®Mpsi (N2).
GC(anelysis lvess peefornhaak ardeShirad md3C- BF edu@iped3viti\g Hakflex Capillary

cm?xﬁaéii b R ory A by G S4By §§at”r§r3‘$#' fiodp Sucrggeters
ﬁ'x%%gx/s feggoﬁ af ﬁrd &@@quc!t&7a¥§§& °C TIE Oatt a6 QAI min., Air at
sessnen vty at t-zero inme ateatlv

400°mbﬁh$re| Careier gPOplittRA0D 16RO flwsatolm:al/med dem@xaelm cm/sec.
after radi o-aerosol adnministration. At tine zero

Thexemperagisgniogran i 01C fond- b 70rX90i°Felgem 3yEhngt, 800 °C from 10-15
.control (distilled water), positive contro
‘am [ oride), or experinmental conpounds were

aergppeiaagdsit Kaspafdnitd onel GBI Fing, Batettor U®/Vis-156 at 360
Jet Pl us nebulizer to free-breathing animals.

The
nmygspyifped sithgaMidesorle N 8cotypred 88 db, @0 em. v%/lphll%nphasgw\ of
aceggggtrl 1?168 iz/ ﬂﬂgtﬁ Weye]re W}til 6‘?1"} %Fg\.el(l}raglfentt };]rggrsa%l. gg.Soé].A for 1

min, then to 20:80 B:A over 7 min, then to 100% A over 1 min, followed by washout with

Ex

100% A for 11 min, flow rate: 1 ml/min.

Synthesis of compound 3:
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Ani mal s were extubated i medi ately foll ow ng delivery
of the total dose in order to prevent false

WRPWHAsI0dhs i n counts caused by aspiration of BXEES207/077880
radi o-tracer fromthe ETT. Serial inmges of the |ung
wer %%%ﬁitf&%f%&m?yéuﬂ@ ﬁ%?sowéh% &ﬁlgﬁr&% FIHIO(nEdRE af doh&ntration of
2 hours after and hourl r the next 6 hours

ca. éfmaml/dﬂSIwuye ﬁ&olnelaldllgtaddiecﬂﬂsé (V. étequun) pmi’tlrm)d-mbte&ed serine methyl

out, period of at |east Iés separ a

estarols% ﬁgi R ifrbg HitUEe WRs $tEFedt r%mmm jfor sTeo this
P SOk FERTER LSO ek I

anlprdodaCIHF (s ratised DA DatesiddSistdad : Jurgbillhe trrylxmi‘e wesgorsleat room

following a single exposure to vehicle contro
tenpRer e VaH gt fé?’} at gopus il femothsr 34 gﬁ’ﬁféu fﬂa% reaction mixture was

coé&@(’lﬂ a!n@ rcbg&n%lted Qﬁ&% %{&Llu)m Whleh %‘%‘%5&%@%&9 %@hdlﬂ:ge%%lssmall scales,
ime zero, icle contro i st wat er
thepesdtlet wes dicsdy sobjedtadrid dordspgraphiy fonypesficaiahi Wn conducted on

ounds were aerosolized froma 4 m vol unme usin

largfawaleﬁ@h(ég pf LY. theperidueayasinsrtitiongd Betagempgrdo il srandsh exane (1:1)
z S e
o FRETRRAD T M5t Bl RIBHERIEARE e v
passed throwgh a/\ﬂﬁ)rt];ﬁdto@ silit@ geti ﬂuﬁ@@wmﬁ\ainﬁatt&e vB¢tRyl acetate and hexane (0-
restrained in an upright position in a specialized
15H5cig oflariBs dosion praubar s At the end of "the 4. hour
peri od animals received a single dose of aerosolized
99mlc- Human serum al bumn (3.1 ng/mM; containing
SyaBpdiosf toripgud 40 nCi) froma Raindrop Nebulizer.
Animal s were extubated i nmedi ately follow ng delivery

of tllae obitign, enwdesl ipfanfegdiveter bathcdcompopkdlisprdved in
dic?ilg%{))%leé gm}rﬁa% e ctma %P ceadS Ingﬂglgﬂl? % J Sl% e%ddte% TFA (15-20

RTATS i on:

eqhiVNITNEREctRBtixARE wak sﬂ@edﬁt Mkt @emﬁﬁrﬁm@ﬁfoﬁ 2 (ﬂUﬁﬂs N@nt&erated under
first 2 hours after admnistration of the

vaguati, and theosp-cverqrried avith methanl (3 x 2 mh). olhgtreg dug gaarbe used directly

. dr atio nd hourly for the next 2 hours
m’é‘?’{{gm’ @Oﬁbﬁﬁ‘%’?%‘“{ Cla? ‘observation period of 4

hours. A washout period of at |east 7 days separated
dosi ng sessions with different experinental agents.
Systhasis ef ¢agepoundda from the in vivo sheep MC assays were

I d 3
perHesty For el po ab e oS A8 Vg ed
dichl 28R AR MR ol ih B idePgitesHIPNT O thel JdRd Sl W&HBIMS]y added
time plot u5|n%han ANCOVA to conpare sl opes.

trigthd dedne 695 qauivi glhe noshpavisoiredas tha( N@wmmure K@m(él)mn To the

wll al f he sl
miffurs v 2 SRR Cah s o PG by Reied PR G FRG then
rerBRAUIEE r&dcBBE ndiX @8 WaOdtRealat ?oonbt\énlﬂé&nﬂ@ G ehemht $in@Rifen

obtained in protocol 1 and then multiplying by 100%
comexamedgnder vacuum. The residue was taken up into dichloromethane. The resulting

solution was washed sequentially with water (3 x) and brine (3 x), dried over anhydrous
Na,S0Oy, and finally concentrated again. The crude product can be used directly for next step

without further purification.

Synthesis of compound 6:
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Havi ng general ly described this invention, a further
under st andi ng can be obtained by reference to certain
WQ 81035028 exanpl es which are provi ded herei n fBET/US2007/077880
purposes of illustration only and are not intended to
be i Fisbiulien, %b%ﬁ%n b tb%f%t&%aﬁp 8ELJhsHmd @‘(ﬁﬁﬁ?h&i ftom the above
Preparation of Sodi um Channel Bl ockers Materials and
steprenchdids] vedl ih Meld émblse acwhcstarionto cavdrremplimdhasacksldwiyradded

Al drich Chem c sed wi t hout .further
meflgny i Sarpenm (v Tpal e i nate Solsiar he it i semperature for

48 ﬁ&d&g ehnd tNM &ﬁ@ex{tﬂa{édl\ﬂ'}ﬁeﬁacéﬁ@ I r@Rfhe 1W3& shyBet8d 1070
or a Bruker AC 300 ("H NWMR at 300 MHz "and 13C

chrbhﬁo@tapﬁﬁ, diin)g with a shixtohr dietiyd gecagph yndvbsxape (X565 (6 dv/o) to afford
% IuteTM system from El uti on Sol ution (PO Box
theglesived REAdtot t esvill e, Virginia 22905) charged with a
9091&:'&5@ 9{4 hé % Bk Q: %9%@5 SébsRred und
m ¢ %h Nggh%él{lblﬁjgﬁtaéy%%&ﬁ) per or med ‘gﬁ a servec under
thlﬂ'unﬂadmu T@@dedﬂnmmqnmed baintihindzddelf tiel reactiCapyasicamried out under

oy AP (26 -t CIOIRRE I 1o e B g Slugeoh unde

leeth @t 320 C, Detector at 320 C, FID gas flow H2
© &Séen%? Air at 400 mM/mn. Carrier gas: Split

Ratlo 16: 1, N2f|owat 15 M/mn., N2 velocity at 18
cmsec, The nper at ure programls 70 C for 0-3 mn,
SYW@WC@WB 10 m n, 300 C from10-15 nin. HPLC
anahysi
ooy B AERLAUTEA N A LN (0% FURCndRIRSHS) o
mnﬁﬁhhﬂﬁnd E@Gatél,ysﬂﬂ loaquiviyh by dPe/(pisa%ewet was subgdcaditd hiydregenonlysis
with 0.1% TFA, B = water with 0.1% TFA. G adj ent
forprhoyrsandenb atn hydrogeypressursand roera ferpReragreg gl Augaiag With No, the
\Y
catfly fwds Tl QO il gk with QYRR Y HRHNHE and washings
weRyddinttsdds Tofe comppadrdluBond@eNBoRGDGAR3 12 Ber dned and used directly
PCT/ US2007/ 077880 To_a sol ution of conpound 11
forgexstcdgn wiheut fydhey @pBietiPBE (nake a concentration of
ca. 3 mol/nm) were sequentially added Ph3P (1.5
equiv) and trityl-protected serine nethyl ester 12
SyI(tllxesﬁis &fpdimpoundBe m xture was stirred at room
n&;rature for 30 mn., To this solution was then
sI 0

g cude spingel) obiained framsbe alPQV@r?‘tecE’fW@I tﬁlﬁ?“(‘l? igtaghgppe ethanol
(mé{(esasgoln\égxgralﬁr(}? f‘&p %’5%{@1%%9‘“12'5@8 &}/gés S ch Q!/ﬁgré RealddFio 70 °C,

wetce¥Redndially edddautii@hbasct(Bequiay aﬂﬁﬂfdgee E@flb(buhdf [0£(3,5-diamino-6-
another 24 hours. The reaction m xture was cool ed,

chlamm@m&wwﬁwbwoﬁmma Rsisiodisie), WhkeeauiHe The deactign nyjsaire was

stirtey’ ag at eqn}?e@attc’n%aflor 3 ‘?181? Coled, and finally concentrated under vacuum. The
residue was subjected to chromatography, eluting with a mixture of concentrated ammonium
hydroxide, methanol, and dichloromethane (0-1%/0-10%/100-89%, v/v), to afford the desired
product.

Synthesis of Compound 2 (HCI salt):

To a solution of compound 8 dissolved in absolute ethanol (make a concentration of

ca. 3 mmol/mL) was added 4N HCl in dioxane (2 equiv). The initially clear solution was
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the residue was directly subjected to chromat ography

for purification. Wien conducted on |arge scales (>10
W@ 2@B/031028 t he residue was partitioned bet weenPCI/US2007/077880

aectonitrile and hexane (1:1) to renove Ph3PO The
stirfedat rdt &MepetANR foMBRoG OMERIptWIALIEHme Ql'fkgplbhﬁct ls@pted bfd&@ltatmg

resi due was passed through a short of silica gel,
oute The ir¢ngtion trhxtarelwa)@tfurtbercsflrred Forlangibet lame, mddhmakh@i ihen

oo el fone g0 B TR BBl 4 i R ag 91 with cola
ethiafl ’(B xR bn® @ARPERT JadhumsS otheglodudt wgé @J@nﬁfaﬂmdﬂ)ﬂﬂ&ed to remove

(make a concentration of ca. 5 nmmol/nL) was slowy
anyadsidep! Wlﬁielqti 5Th@prodyeti2btaim¢reby bésonetbod miek allispecifeestions, m.p.

d erature for 2 hours, concentrated
ZOOLSJ%JG(LF‘EHV &?f\%&ggﬁ)hen co-evaporated wi th nethanol (2
x 5 nm). The resi due can be used directly in next
step without further purification. Synthesis of
Scheoreplo Spathssis Theomportsl 2.eact i on mi xture obt ai ned from

t he above step was dissolved in dichloronethane and
cooled in an ice/mater bath. To the cold solution was

slowy added tri amne (5 equiv). The m'xture
Lonas stirred attg er refor 30 mn. Tot
ure was theno ddedM 1.5 equip)cd A, oriveo
-ﬁh@ I?ﬁx/ m . The C1ra \©\/\/\me2
reattlon m Xt ur e’ was stlrred at>Troom't enper at ure

overni ght, and then concent rated under vacuum Thgoe,0
resi due was taken up into dichloronethane. The EuNcHClL
resyl,fing solution was wasghed sequentially with water
Hz(li’g){/oa d brine (3mx), diad Qver anhydrmesn

dTti |y concenijat ed %ﬂ\/ @??Wduc can
be uswzfor@next step tNHewr t her mNHCbZ
p§r| fication. Synthesis of conpound 6: 41 WO

0B#931028 PCT/ US2007/ 077880 To a sol ution, cool ed
"N ce/ wat er bath, of conpound 5 ta| ned fromthe
above step and di ssol ved in MeCH ( ncentraﬂm

HNof Cg. 3 mol /L), was sl owd dded® pret
Elﬁ'% M2 3@ equi VH'FZ sol Lgl on YAS, S r”re&LN I

&t thait P e 48 hours, and'then ’

concentrated undeg,y The resi due was subj ected

to chromatodraphy, eluting with a nixture of ethyl

acetate and hexane (25-50% v/v), to afford the

desired product. Note: A slight deconposition of the
ExamgpleRi on product and/or SM was observed under t hi s

condi tion. e deco OSItI im i f

r eac? WﬁS%gleé%ﬁS ngm s a@rc%anne? b[ncﬂers WZISI or w1thout osmotically
active agents on surface liquid volume on airway surface liquid an in vitro cell culture model
was used as described above, Assay #4. The effects of an ionic osmolyte,1.5% NaCl
(hypertonic saline), with or without 10 uM of compound 1 before and after adding 1.5% NaCl
and compared it to isotonic buffer (vehicle) (Figure 1) on surface liquid volume was
measured over 8 hours. Using the same method (Assay #4) the effects of a non-ionic
osmolyte mannitol at 4.2 and 8.4 mg/mL were compared to compound 1 and isotonic buffer
(vehicle) (Figure 2), and also by combining mannitol (4.2 and 8.4 mg/mL) with compound 1
at 1 and 10 pM (Figure 3) on surface liquid volume was measured. The effects of compound

2 with an ionic osmolyte, 1.5% NaCl (hypertonic saline), was compared to compound 1 and
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| oner tenperature (such as -10 C). However, the
reacti on woul d be nore sluggi sh under | ower

WO 2i9p@3e%ire. Synt hesi s of conpound 7: A m xt uPE&I/g$2007/077880
conmpound 6 di ssolved in ethanol (make a concentration

hyﬁgﬂoﬁﬁz safine MMBY% 'Nabl) @&ﬁpcﬁﬂldcla&%d@ﬂlc iagffér @&Hbc}’undjzohfp &t6nic buffer,

0% wet)] was subj ected hydr ogenonl yS|s
1. Sﬁ/ohla@l and aotolucabuffemythm:g@r(qu&%)mhangbs i auface hquld over 8 hours.

erat ur After purging with N2, the catalyst was
f|| areq ﬂﬁb@? vacuum and washed with ethanol (3 x).
The filtrate and washings were conblned Thie conbi ned
sol utions mere concentrated further i ed, Landu used
directly for exf, gep ut furt purlflcatlon
Synt hesi s of conpo rude~product 7 obtai ned
fromthe above st aken up into absol ute ethano
(make a concentrailon o ta. 3 mol/nL). To the
sol ution, which was pre-heated to 70 C, were
sequentially added Huni g's base (5 equiv) and Cragoe
conpound [ 1- (3, 5-di am no- 6-
chl e- 2-met hyl -i sot hi ourea hydriodide), 1.1
equ?%?ﬁxﬁﬁébgkactlon m xture was stirred at that
tenperature for 3 hours, cooled, and finallyh
concentrated under vacuyum . The resi (MQSAﬁﬁﬁﬁected
t o chromat ogr aphyy emu?yn¢g§ h j re of g
concentr at ed annDnlﬁgy hyylr oi dé, fethanol, and
di chl or onet hane (@< #,0% 100-89% v/v), to afford
the desired product. Synthesis of Conpound 2 (HC
salt): To a solution of conpound 8 dissolved in
abs Iute et hanol (nmake a concentration of ca. 3

nL) was added 4N HO in dioxane (2 equiv). The
i ni W ?il@l@glc&qhb@él QP C¥ASng dideadOoAR8 80 ARLAABrmal epithelial ion
PCT/ 20 71077 stirred at roomtenperature for
chanoelr defepts G(Hﬁ RdmidcliN a@);éeqchbeqﬂqpﬂqtu@n of pawaesurface 11qu1d (ASL) that
on m xture was furt

resBltS FrrBi R e el hiet T 2R iF REfeY SRR (OEIRORE respiratory

mfé&f%g\’aR@é'enB? ah deRIsoOtRErapP E@nsﬁ@iﬂg of T'Wh oflic@fine three to four
I'tered under vacuum washed wrth col et hanol (3

tlme): a dayth @F patientminksbeerashowmn to'bhsai@r wodursiends ineveast ASL| gnhance

M(g%g;glgé{nlpgoevgglﬁrgg Qgt?%gl t ﬂp%h %tu%g\b/]l%rr]ltg Ssodlum absorption using
Co%fé)%gﬁ% i %@stcggﬂc?ahbedg}egco(gr%lg%%' n\%%%hg»er%& salrliﬂefﬁlcﬁlm é‘l\‘/élliﬁicantly improve
dura@biz of action of hypertonic saline by prolonging the increased ASL volume was tested.
Primary canine bronchial epithelia (CBE) were grown at an air-liquid interface on permeable
membrane supports and a gravimetric method was used to measure changes in volume of
buffer on the surface of the epithelium. After adding 50 puL of isotonic buffer to the apical
surface of CBE, 85 + 12 % (n=27) was absorbed within 8 hours. Addition of 50 ul. ofa 1.5
% NaCl solution on the surface of CBE caused a transient osmotic expansion that resulted in
an increased volume of 108 + 6.3 % (n=4), that within 8 hours decreased to 50.2 + 19 %
(n=4) of the initial volume added. Using Compound 1 alone at 10 pM, significantly inhibited
volume depletion (74.7 + 8.7 %) for over 8 hours. However, combining Compound 1 (10

uM) with a pre or post administration of a 1.5 % NaCl solution produced a volume expansion

of 132 + 13 % (n=12), that was maintained for 8 hours. However, combining Compound 1
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HO/ vih I MO OO0 12 MeO O TFAI CHZC12 NHCbz PPh/ DI AD
O0O011 ~\ NHCbz NHChz TFA 3 4 Boc20O Et3N CcH2Cl,
WOPRBSO31MIBoc NHBoc H2N\ "o / H2 H2N 0 NH3/ MeGRCTVELX00T077880
\ PAdIC OO\ 7 NH2 Cbz 5 Cragoe i-Pr2NEt NH 2 H2N O
ad l_ixMI)\"dn@i a M@%P&Mmglétrauo%f alk %:Naldg Ié’()]@tlé)n P_?dd@ce%l"ﬂ/oﬂﬂne
ound HCl salt H8 H2N N
eXMlOE)Oﬁﬁﬁ)I e 12 %(ﬁn?ﬂéz)shmeivashnalatfaﬁed lﬁx &)lﬁotmmvhal susmmblrurit was found

anne ckers with or, t hout .osmti cal.l actiy
thaagéﬁ?@ inedippae P Ry kg ap 16 g ncrease in the

A§LI Fohiufe 80 A1 s\{gﬁlﬁ&n@lzllﬁcr@ééw H{e%u%fé)ﬁlof @SS 88t ASater than 8 h.
descri bed above he effects of an ionic
Bassinol thiseedults %:Natﬂned bhgqn@ntcosahme/@ainpnm)d, 1 wérbdol drerapy may be a

usgflm.lgggrlétﬁ@%% aah%{la ?étgelglgerf]f&?%gp@pgﬁ 9881; 1‘gqr)nsaa% Ieg] %bed herein.
(vehicle) (Figure 1) on surface liquid volunme was
measured over 8 hours. Using the sanme nethod (Assay
#4) 1t kdkies éted (2006j NEnpdh Malnisd, 22240.yt e manni tol at
4.2 and 8. 4 / r 0 ed to_ cogpound 1 and
i sofo Oealgﬁqqngﬁw}]ﬁﬁw%d%ﬁez 2°4nd al so by
conbi ning mannitol (4.2 and 8.4 ng/nm.) with conpound 1
at 1 and 10 M (Figure 3) on surface liquid volunme was
nmeasured. The effects of conmpound 2 with an ionic
osnol yte, 1.5% NaCl (hypertonic saline), was conpared
to conmpound 1 and 43 WD 2008/ 031028 PCT/ US2007/ 077880
hypertonic saline (1.5% NaCl ), conmpound 1 in isotonic
buffer, conpound 2 in isotonic buffer, 1.5% NaC, and
i sotoni c buffer (vehicle) (Figure 4) on changes in
surface |iquid over 8 hours.
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Compound 1 is OH ONH~ Ov,OH G N, NN "T - H
H2N N NH2 Compound 2 is NH2 O NH 0"-,--,r NH2 CI YN
WO 2@8/0310p8 H H ~'  H2N N NH2 Exanple 3 A PCT/US2007/077880
pat hophysi ol ogi cal nodel of CF |ung di sease based on
cidihe. abnormal epithelial ion channel defects (CFTR and
ENaC), describes depletion of airway surface |iquid
(ASL) that results in reduced mucociliary clearance

rimry gause fqQr chronjc respirat
5L A aged REH%‘H{“W di %?ﬁs%?é?%?éfl“e‘{ ﬁwﬁwseéﬁfﬁgm jafyclggrance and
muZos{ﬂ H (%1 r%ﬁ{g' 151|§feﬁﬁ%ttd)a et id AERDE %cg%?d fAuliliary
patle een shown to Pe safe, to transient
cleaﬂanceaaslenwkﬁlsal hydtstins en efE T ve anshunngfranwesndolyigand a sodium channel
nction. 1, ﬁ%nyhe t’iy thesis that inhibiting sodium
blo& 6?16{3?6(5‘# iﬂﬂnuégﬁ'pound 1 descri bed above, comnbi ned
with hypertonic saline, would significantly inprove
duration of action of hypertonic saline by prol ongi ng
the increased ASL vol une @as teste Primary canine
bronchi al epitheki a 'CBE) wer e NHR aR?’ an air-liquid
interface on per I a@e ﬁufpﬁorts andla
gravimetric metho [was sed to nea é{:hanges in
vol ume of buffer surface of epi t hel i um
After adding 50 XL OTNI%OI\?H’RQC buffer to the apical
surface of CBE, 85 12 % (n=27) was absorbed within 8

Whours Addition of 50 L of a 1.5 % NaC solution on
hﬁ%p surface of CBE caused a transient osnptic

ex p XNi§ h?&ko%&lﬁ‘hab@@ru |t1t1ﬁﬁ’orbﬂxeth§ﬂ lowE 2888 aths\estiured of sufb@t&uted

.3 % that with 8 hours decreased to 50.2
ph%yl (lereer)aligfl-thieepheniyt- loaqer elsly livhio, detdercilkyUs piignyborrpband- lqwer alkyl-

1ﬁooPe at 10 M significantly inhibited volune
etlon (74.7 8.7 %9 for over 8 hours. However,

comyi i§iy &kog@rrrm Quiidsly 11rr(eilda tot 1d\@er\aalaohy,aowelea1@yl tﬁQ)Shalogen lower
adm ni s i on of a 1.5 % NaCl sol uti on, produced a

alkyh hlnwsewmalmsubstmﬁcd maomn::ls%a@/@l(yhﬁl N(RYhat was

mai ﬁt“'i‘s!ﬂ‘%‘?ogfe%or oweralikyl However, conbi ni ng Conpound 1

each R? is, independently, -R”, -(CHz)m-OR®, -(CH,)n-NR'R',
-(CH)o(CHOR®)(CHOR®),-CH,OR?, -(CH,CH,0)-R?,
«(CH,CH,0)m-CH,CH,NR'R', -(CH,)p-C(=0)NR'R'?, -(CH,)p-Z¢-R7,-(CHy)m-NR -
CH,(CHOR®)(CHOR®),-CH,OR®, -(CH,),-CO,R’, or

R7

O

— (CHZ)H—QX R’
O

R? and R* are each, independently, hydrogen, a group represented by formula (A),
lower alkyl, hydroxy lower alkyl, phenyl, phenyl-lower alkyl, (halophenyl)-lower alkyl,
lower-(alkylphenylalkyl), lower (alkoxyphenyl)-lower alkyl, naphthyl-lower alkyl, or pyridyl-
lower alkyl, with the proviso that at least one of R? and R* is a group represented by formula

(A):
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WQr@WE03Wd a vol une

44 WD 2008/ 031028 PCT/ US2007/077880 (10 M with a pre
or post admnistration of a 1.5 % NaCl sol ution

that was maintained for 8 hours. In sumary, it was
found that by conbining hypertonic saline with
Conpound 1 did not only lead to an increase in the
ASL vol ume but also significantly increased,the
duration of this effect for greate?=h8n 8"h. Based
on this result, a combined hypert nlﬁ/sé(?ne/Cano%nd
1 aer 650l (CRDARY T ﬁﬁ"ﬂéXB-hi eutic
approach for the treatnment of CF and g?hel gondi ti ons
as described herein. 1. Elkins et @r‘(gooéf)N4Eng| J
Med 354, 229-240. 2. Donal dson et al (2006) N Engl J
Med 354, 241-250. 45 WD 2008/031028 PCT/ US2007/ 077880

Claims: 1. A nmethod of treating a di sease aneliorated
by i ncreased nucociliary clearance and nucosa

whérgdr at i on conpri si ng adninistering to a subject in

10;

need of in ased, nucoci | i nc psa
yar at ofeiC ar RO iRt e i G R e

d b )
X6 KRR ey MBS ITRP SR O KO AL HLORS
hydr@@@Hz)m(@HG@éﬁCPﬂORSBHLOHEQ%t-(l@lﬂg,CHz@M al kyl ,

a kP B nek, PR iy ERRRE R oo

al kyb: ééHL(f:H LCH?CIQM’SQ“”?E{)H eldojrRutfonyl | Yis

hydr oge hydr oxy r ‘al koxy, Iomer

al E%?-(Cﬁtb)% CHEDGER” 4(6\Ha)n (ZaRYHO- (@@R%Mgéﬁ)ai%u,t ed or
ﬁ;dig%%iIggmgg@éaﬁgﬂgﬁkﬁﬁé% ngoﬁs( |%depend;ﬁtly,
-R7 0- ﬁ%ﬁ% RS

%}é%( }ﬁd ORS, b?%sz—QO) RS,

(Ckﬂﬂﬂz%@m NRZFLO;R ", (@$0)H—-OL @ NRTRL0 O-glucose,
-(CH2) n- Zg R7, - (CH2) m NR10- CH2( CHOR8) ( CHOR8) n- CH20R8,

-(CHQ)n-COZR?, or

R7
0 o R
.._O_{(CHZ),_}_S/\OF R’ or —(CHp)— { 2<R7 ;

each o is, independently, an integer from 0 to 10;

each p is an integer from 0 to 10;

with the proviso that the sum of o and p in each contiguous chain is from 1 to

each x is, independently, O, NR'®, C(=0), CHOH, C(=N-R'%),

CHNR'R", or represents a single bond;

each R’ is, independently, -(CH,)m-OR?, -O-(CH)-OR®,
«(CH,);-NR'R'?, -O-(CH,)m-NR'R'?, -(CH,),(CHOR®*)(CHOR?®),-CH,0R?,
-O-(CHy)m(CHOR®)(CHOR®),-CH,0R?, -(CH,CH,0)n-R®,
-O-(CH,CH0)m-R®, -(CH,CH,0)-CH,CHoNR 'R,
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(CH2)n R7 O R3 and R4 are each, independently,
hydr ogen, a group represented by formula (A), |ower
WQRWSI0310R8/dr oxy | ower al kyl, phenyl, phenyl - | ol&F/US2007/077880
al kyl, (‘hal ophenyl)-1ower al kyl,
| ovay.(¢R Lot oheomlat o R L, -Celdmayrtieny| ) -| over
al kyl, napht hy -Iome kyl , pyridyl - [ ower al kyl,
wi t #0- ((BHz)ﬁdeVIOQNRtHﬁ t- (@Hz]néé}gtRbr@—(GHzRa(Zé@E R4 is a
ar ) §46 V\D 2008/ 031028
m%@grzbg‘@*;o%gﬂ% @@%@%@) B0 " X (C(RL)2) p
\ ~~ 0 wcﬁi&?m B is,
[ nd%g@égﬁ%ﬂ@ Ao IQO;E @@H%ﬁ CH2) m OR'
(G(Q}h)nf@iﬂil@ (CHQ)(n@QjRﬁ RS G4RLL 60- glucuromde -O- glucose,
- (CH2) n( CHORB) ( CHORB) n- CH20RS,
- 0- ( CH2) m( CHORB) ( CHORB) n- CH20R8, - (CH2CH20) m RS,
(CH2CH20 m R8, -( CH20),,, CH2CH2NR7R10,
CH2CH2O) m CH2GH2NR7R10, - (CH2) , , - C( O)NRz)reloR

- 0-
_0_(
-0-(CH2) »( CH2) n- (2)-g-(BA
-O-(CHZ)(IT,% R7, | -RCHR) , ( Q)“-ig ,
NR10- CH2( ) n- CHROR8, -O (CH2) m

- CH2( CHORB) ( CHORB) n- CH20R8, - (CH2), - CO2R7,

-0- (CH2) m CO2R7, - OSGBH), - Opgltucur oni de, -0-gl ucose,
R7 )LOOR7 _O(CH2) RNpf -(CH2)n O ~0R7 O
each o is,9Ti ndependently, [ @ggr fromO to 10;
each p is an integer fb > W th the proviso
that the sumof o and ach contigupus chain is
from1l to 10; each x i

C(=0), CHOH, C(=N-RO

each R® is, independently, -R’, -OR"!, -N(R")2, -(CHp)m-OR?,
-O~(CHy)m-OR®, <(CH,),-NR'R'?, -O-(CH,)-NR'R'?,
-(CH,),(CHOR®)(CHOR®),-CH,OR?, -O-(CH;)n(CHOR®)(CHOR®),-CH,OR®,
-(CH,CH0)m-R?, -0-(CH,CH,0)-R8, -(CH,CH,0),n-CH,CH,NR'R ',
-0-(CH,CH,0)m-CH,CH,NR R, -(CH,),-C(=0)NR'R ',
-0-(CHp)m-C(=O)NR'R'’, -(CH)n-(Z)¢-R, -O-(CHy)m-(Z)g-R’,
~(CHy)n-NR ’-CH,(CHOR®)(CHOR?®),-CH,OR?,
-O~(CHy)m-NR'°-CH,(CHOR®)(CHOR?®),-CH,0R?,
~(CHz)n-COzR7, -O-(CHg)m~COzR7, -0OSO;H, -O-glucuronide, -O-glucose,

R7
"~ N
—o-fam (Y o @ K
; 0
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CHNR7R10, or represents a single bond; each R5 is,
i ndependently, -(CH2)mOR, -0-(CH2)mORB, -(CH2)"-NR
W@ RD8/031088 ( CH2) m NR 7R10, - ( CH2) n( CHOR8) ( CHORSRCTZHRIRE(77880
- 0- ( CH2) m( CHORB) ( CHORB) n- CH2OR8, - (CH2CH20 m R8,
-0- @ & '8 %Nﬁ ’
R R W £ caft{ it} on 5 phenyl
ring, Ohd TkiPChiziSlien CHROMINI7RADbe i fogethEf tefohRARMethylenedioxy
-0- (CH2) m C(=O) NR7R10, -(CH2)n-(2)g-R7,
gmu@-(CHZ)m(Z)g R7, -(CH2).-NR

) CH2 ( CHOES M@eq&h@%drog ", oﬂﬁﬁ{%} COgR

- o (CH2) eacEBP Y indePEERHly, 1§ dgigue Uower diyl, -@—@Dm&bgmcummde 2-
RO - CH2R7 -(CH)n R7 t OR1 or OCOR'
tetr pyr each R6 is, independently, -R7, CR'
-N(R7) 2, (CHz)mOR, _0-(CH2) m ORB, - (CH2), NR7RIO.
-0 (CH2) m NR7R10, - (CH2) n( CHOR8) ( CHORB) n- CH20RS,
- 0- ( CH2) m( CHORB) ( CHORB) n- CrROR8pR 1+ ( CH2CH20) m R8,
-0 (CH2CH20 m R8, - (CH2CH2O CH2NR7R10,
- O (CH2CH20) m CH2CH2NR7R10, - CH2) Q{g(l_O) NR7R10,
-0- (CH2) m C(=0O) NR7R10, -( -0-(CH2)m (2) g
R7, -(CH2)n-NR - CH2( CHORB)|( B)n CH20R8,
-0- (CH2) MR - CH2( CHOR8)
-(CH2) . - CO2R7, -0-(CHR)
- 0-gl ucuroni de, -0-gl ucose,

each R’ is, independently, -CO,R, -CON(R),, -SO,CHj, or -C(=0)R’;
each R'’ is, independently, -H, -SO,CHs, -CO,R’, -C(=0)NR'R’,
-C(=0)R’, or -CH,-(CHOH),-CH,OH;
each Z is, independently, CHOH, C(=0), CHNR'R'?, C=NR'?, or NR'?,;
each R is, independently, lower alkyl;
each g is, independently, an integer from 1 to 6;
each m is, independently, an integer from 1 to 7;
each n is, independently, an integer from 0 to 7;
each Q is, independently, C—RS, C-R6, or a nitrogen atom, wherein at
most three Q in a ring are nitrogen atoms and at least one Q is C-R’;
or a pharmaceutically acceptable salt thereof,

inclusive of all enantiomers, diastercomers, and racemic mixtures thereof.

2. The method of Claim 1, wherein the sodium channel blocker represented by

f |
CIIN\IMEJ&% S

H,N” N7 ONH,

formula I is
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-O(CH2) Ror -(CH2)" O~0 R7 O 48 W 2008/031028

PCT/ US2007/ 077880 wherein when two R6 are -OR' and
WQz@W8H03®28 ed adj acent to each other on a phenyPCFUB907/077880

the al kyl noieties of the two R6 may be bonded

together to forma nethyl enedi oxy group; each R7 is,

i ndependent |y, hydrogen or |ower al kyl; each R8 is,

i nd&pdihe emtthod oﬂ@l@m@emheremwéns KGH,) (OB N RHOR),-CH,OR?, -O-

(BB A X DB R 0

CH (R7)2, -S2CH3, or -(C(=0)R7; each RI10 is,
ependently, -H -SO2CH3, -C02R7, -C(=0 NR7R9,
C(O)R? or -CH2-(CHOH), ,-CH2OH, each Z is,

|nd p dentl %—IQ—I 7/R10, C= or
Fods nrethod of Cliy ép‘@}FFd%HtﬂPey §rmangﬁ%f>3@émesamed by
ependently, an integer from1l to 6; each mis,
fmlmsu’le%gfr%dently, an integer froml to 7; each n is,
I ndependently, an integer fromO to 7; each Qis,
i ndependently, CR5, CR6, or aI;IHjtrogen at om wher ein
at nost three e_RAl_ tNoigen atons and at
| east ofie Q'f's A phar eutically acceptable
N N ~ al | erfantiomers,
di ast gr eoAer sH and racem c m xtures thereof 2. The
H,Net hod B, C aim 1, wherein the sodi um channel bl ocker
represented by formula |l is RS 0 NH

OH
OH
W PUUS e
an AU
| H
~
H,N" "N "NH,

OH

P

O )I\LH /\/\/©/O 2
CI N S oy
| H H

~
H,N” "N7 "NH, ‘
OH

OH OH

OH HO

NH O
J N.__Cl
N e
L
x>
H,N” N7 TNH,
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C N NN HH H2N N NH2 49 WO 2008/ 031028

PCT/ US2007/ 077880 3. The nethod of Claim2, wherein R5
WQ 2008/08108H2) , , , ( CHOR8) ( CHOR8) " - CH2OR8, - 0- PCT/US2007/077880

(CH2),,,-C(=O NR7R10, -O(CH2),,,-(2g R7, or

-0 (CH2),,,-NR1O- CH2( CHORS8) (CHOR8) "- CH20R8. 4. The

met hod of Caim1l, wherein the sodi um channel bl ocker

represented by formula (1) is: NH2 ONHNH2 C N
NN O HHZNNNH2 OH ONH CIN- NHAN |1 ~H H2N N

NH2 OH O NH 01-"~ NH2 CI1-'N A NN HH H2N N NH2 HO
rg/‘_LHQ\NHO NNN ¢ SO_'NP}_' 5| HO H2ZN N NH2 HO
HN N/U\ J\/EN cl

-
HN" N7 TNH,

H n

H,N" N7 TNH,

0]
PN

5. The method of any one of Claims 1-4, wherein the disease is one or more
conditions selected from the group consisting of chronic bronchitis, bronchiectasis, cystic
fibrosis, sinusitis, vaginal dryness, dry eye, Sjogren’s disease, distal intestinal obstruction
syndrome, dry skin, esophagitis, dry mouth (xerostomia), nasal dehydration, asthma, primary
ciliary dyskinesia, otitis media, chronic obstructive pulmonary disease, emphysema,

pneumonia, diverticulitis, rhinosinusitis, and airborne infections.

6. A method of inducing sputum, comprising administering to a subject to a subject in
need of increased mucociliary clearance and mucosal hydration an effective amount of an

osmolyte and a sodium channel blocker represented by formula (I):

0] 1 3
NHR R
N=C—N
\

r4

>z
Y~ N3 UNHR?
wherein
X is hydrogen, halogen, trifluoromethyl, lower alkyl, unsubstituted or substituted

phenyl, lower alkyl-thio, phenyl-lower alkyl-thio, lower alkyl-sulfonyl, or phenyl-lower alkyl-

sulfonyl;

51



OHOHN-~-ONHOOHHO OHNN ~-NC OHHH.J~ HO1,
H2N -, OH N NH2 H HO OH 50 WO 2008/ 031028
wEODsERED7/ 077880 H2N -H "-'O NH O HN NIN ARCTZUSIHOTD77880
HZN N NH2 or OONH O'Jt'NH2 d. N~ x H HZN N NH2
5. YNenhPlbAGd hiddroRYmeRepte! 10WeAhIExyL ‘lé‘wer}’éﬂ?ﬂl—%iﬂ, Ke{i’(ﬁgen, lower
e e

di sease” i s one or nore <conditions ‘selec from

alkgls ousubstintsid o suhgtibedohpomiuclehr ok i N&?):;
brogehi.ect asi s, %yst'c‘ fibrosis, sinusitis, vagina
dr yhe8dY HF?“Q&%{‘%fgﬁken's di sease, distal intestina

ODSEIHGi MndpYRELATER’ A(YHHKIOR® €FIRHAMR'RS, dry.
nmout h (xerostom a), " nasal deﬁydr ation; asthma, prinmary

{Cthhﬂéﬁ@RﬁygkKH@$+@HﬁERiPMEhﬁﬁﬂﬁawRéhronic obstructive

r . 10€ ysenn abl I a, 10
B e PSR O P R AR B s - ClohNR ™
CHTIRORNAORORS), AT Nad A, .cOdUChng sputum  compri sing

admnistering to a subject to a subject in need of
i ncreased nucociliary clearance and nucosal hydration
an effective anount of an osnolyte and a sodi um

channel bl ocker g eprRsented by fornula (1): NHR 1 R3
X 6N w (\/K) ’

R? and R? are each, independently, hydrogen, a group represented by formula (A),
lower alkyl, hydroxy lower alkyl, phenyl, phenyl-lower alkyl, (halophenyl)-lower alkyl,
lower-(alkylphenylalkyl), lower (alkoxyphenyl)-lower alkyl, naphthyl-lower alkyl, or pyridyl-

lower alkyl, with the proviso that at least one of R® and R” is a group represented by formula

(A):

—(CRMox

Q —_—_ny’
\
(C(RL)z)p——<\ %Q (A)
/7

a—a (R4

wherein
each R" s, independently, -R’, ~(CH2)n~OR8, -O-(CH)m-ORS,

«(CH2)a-NR'R'?, -0-(CH)m-NR'R'?, -(CH,)o(CHOR®)(CHOR®),-CH,OR?,
-0-(CHy)m(CHOR®)(CHOR®),-CH,0R8, -(CH,CH,0)m-R?,
-0-(CH,CH,0)m-R®, -(CH,CH,0)m-CH,CH,NR R,
-0-(CH,CH,0)-CH,CH,NRR ', -(CH,)p-C(=0)NRR!?,
-O-(CH2)m-C(=0)NR'R'®, -(CH,)s~(Z)¢-R’, -O-(CH)m-(Z)e-R’,
-(CH,),-NR'°-CH,(CHOR®)(CHOR®),-CH,OR,
-0-(CH2)m-NR'°-CH,(CHOR®)(CHOR®),-CH,OR?,
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s 132R4AY 4 NHR wherein X is hydrogen, hal ogen,
trifluoronethyl, |ower alkyl, unsubstituted or

weawsose® ed phenyl, [ ower al kyl-thio, phenylPCHW82007/077880
al kyl -thi o, |ower alkyl-sulfonyl, or phenyl-Iower

o gty gUHGEYLG. (@ﬁ2>w@9@81@§@9¥809@&&&%@97@0@3&%@

Y i s hydrogen, droxyl, nmercapto, |ower al Koxy, [ ower
al kyl -t hi o, hal ogen I ovver al kyl, unsubstituted or
substituted nononucl ear aryl, or -N(R2)2; R is
hydrogen or |ower_al lyl; each R2 is, indepen}ggntly,
“R7, -(CH2) m ORBO~(/CH) . , , - NR 7R10

, \é . O
- (CHYO )R CHXBRE, o) p
- (CH2CH2O) m 7R10, -(CH2)" - O =0\ NRERLE
-(CH2)"-Z,R7,-(CH2),,,-NR O
CH2( CHORB) ( CHOR8) " - CH2OR8, -(CH2)"-CX2R7, or O RY
(CH2)n R7 O R3 and R4 are each, independently,

hydr ogengach ogs,gogepeagends eantisttgbryfréroOrtullf; (A), | ower

I TS B e P o

| ower - ( abvmi |tlﬁgk?r8y1|s§|tﬂﬁi’{h)e suin%’i’%"an(i% 1%%&’1{-’5@4@1%{1%%' @1‘&@1"15 from 1 to
al kyl', naphthyl -1ower alkyl, or pyridyl- |ower

10w th t he proviso that at |east one of R3 and R4 |s a

ted by, formyl Voo QiR

CO(RL) 2) g Sel&l%ﬁt)pﬁg{c&r\%ry, J%Rw( X 5}&@>€<~N~%er ein
each RL C?INR7R@EQ5? Q§ehﬁé’a su%lbor(
-0 (CH2)m ORB, - 20- CH2 mNR7R10

_(CH2) " ( cidomB)is, @@B)denﬂ}%(ﬁsz)m-OR -O- (CHz)m OR®,

S B N B W SRS e on

- 0- (S QmORMREHINY R, 0rY, G, C1HOF QRIRTRIO,
-O-(CH,CH,0)n-R®, -(CH,CH,0)m-CH,CH,NR R,
-0-(CH,CH,0)-CH,CH,NR'R ', «(CH,),-C(=0)NR'R ',
-O-(CH2)u-C(=0)NR'R"’, -(CH2)o-(Z)¢-R, -O~(CHa)m-(Z)-R’,
-(CHp)»~NR'"-CH,(CHOR®)(CHOR?®),-CH,ORS,
-O-(CH,)m-NR'°-CH,(CHOR®)(CHOR?®),,-CH,ORS,
«(CHp)p-CO3R’, -0-(CH,)m-CO,R’, -OSO;3H, -O-glucuronide, -O-glucose,

R’ 7
0 o R
—o-cn, j(R7 ——(CHZ)H—Q% o
O i o)

O 11
or
OCOR!!

0 OCOR!!
OCOR!



-0- (CH2) m C(=0) NR7R10, - (CH2) n- (2) gR?,
-0-(CH2) m (2) g- RY,

WO @BA2YR8 NR10- CH2( CHORS) ( CHOR8) " - CH2ORS, PCT/US2007/077880
-0 (CH2) m NR - CH2( CHORB) ( CHORB) " - CH2OR8, 52 WO

2008/ 031928 Rrﬂggr@g@é%@%ﬁ@ﬂ%%ﬂ%@ , Q4BY,,-0R®,

-0- (CH2) mCO28R ?R | ucuronj - 0- gI ucose,
R7 & -(GHOWR", -EIGHNR or-O-(@H-lQaﬂNR ®SR7 - each o

on (R RO ORI ro G PR e R E e
of QCE@@Hm)mnRéaettc@g@mgyngns gim@HCg(@Bf@mg_%}\ltleqo

each x is, independentl 7y
C(*I(DF@blzCI@QNRmiﬂ?HzNR pr(ﬁéﬂﬂ@(@)ﬁﬁ@l e bond; each

i a@@ﬁa@ﬁ@%ﬁﬁ%ﬁé’ '@éﬁ%ﬁt@;ﬁ@ﬁ { QB o8
'O(CE%“ CHORB]) CHORg”' (CH2CH20)mR8

- O@EQM{D}M”RH&Z(CHMM@M)@I@%&RM

N 0O NR7 ,

o (el by o 0P 30y rebeirb Lodheces, g
R? - (CH2) n- NR" - CH2( CHORB) ( CHORB) n  CH20RS,
-O-(CH2)nNR' - CH2( CHOR8) ( CHORB) n- CH20RS8,

- (CH2) n- CO2R7, -0- (C|2) m CO2R7, - OSQOBH,
- 0- gl ucuroni de, m\gl#cose R7 OR7 -® CHR' R7

- caz@_(qzcﬁz) RbC@%li——(OPQ).@ﬁlXO?{Q?Ll
0

O ;

wherein when two R® are -OR'! and are located adjacent to each other on a phenyl
ring, the alkyl moieties of the two R® may be bonded together to form a methylenedioxy
group;
each R’ is, independently, hydrogen or lower alkyl;
each R® is, independently, hydrogen, lower alkyl, -C(=0)-R", glucuronide, 2-
tetrahydropyranyl, or

0 OR!!

OCOR!!
0

0 OCOR!!

/
OCOR!!

each R’ is, independently, -CO,R”, -CON(R"),, -SO,CHj, or -C(=0)R’;

each R'" is, independently, -H, -SO,CH3, -CO,R’, -C(=0)NR'R?,
-C(=0)R’, or -CH,-(CHOH),-CH,OH;

each Z is, independently, CHOH, C(=0), CHNR'R'?, C=NR1°, or NR’O;

each R!! is, independently, lower alkyl;
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53 WD 2008/ 031028 PCT/ US2007/ 077880 each R6 is,
i ndependently, -R7, -OR', -N(R7)2, -(CH2)m OR ,
WO @0} OR , -(CH2),,-NR 7R10, -0-(CH2),,, RMMR7RIDI7/077880
- (CH2) n( CHOR8) ( CHOR8) n- CH20R8,
- 0- (CH2) %Q@R&hﬁm r from(1IGH20) m R8,
- O (CH2CH20) m RS, %-Hz %E%—IZ%I—QN 7R1,
-0 ( Cmcs@b)rrmi:m@p@wman inte@Aiom Cie=0) NR7R10,

_0- (CHzcz_% O)NR7R1% §CHzgnrg§ 29 er7 0 (CR)m (2)g
R7, -(
-CCO}ZI(?;:HZ? 83_1&4 G, rrCOg SEH R‘q cgmgen a&&h‘z‘}/ﬂereln at

gl ucuroni de,
- o gl ucos”e)st thm @irga ﬁzﬁg are@m@qz)awm Rdort leaGHR) @ is- CB7;
are .-OR' and are | ocat ed
adj QE%H&W"%@&H}%?WSPm%P Sg? PRER  ring, the al kyl
moi @fclBsveddt allR@ar RO d‘fﬁ%&ér&ﬁné‘? nge gacteﬁﬁl@ﬁlﬂﬁﬁrets therQyrm
a net hyl enedi oxy group; each R/ is, independently,
hydrogen or |ower alkyl; each R8 is, independently,

P )é? Paﬁf}ﬁﬂ?{ﬁ@ﬁe ﬁa\ly Iég? oﬁf@gﬁf 4dg&|egq the gg%{]uajg%@gmel blocker is

adiBXei¥Rtrdd pRAGdIN dﬂlﬁrlstfaﬂgﬁ BERL@hbYe. - CO2R7, - CON(R7) 2,
-S2CH3, or - OR7; each Rl is, independently, -H,

_SRCH3, - CO2R7, -C(=O) NR7R9, -C(=O)R7, or

CHé) (fggg}%?ﬂ% agggﬂég aﬁpé i’ﬂg ergg)ctﬁg ?&Jjﬂ 1¥1§hannel blocker is

adt QAN deiut¥nt \lvﬁ’l’{‘@&mﬁ‘illéiﬁé{ibn of the osmolyte.

9. The method of any one of Claims 1-4, wherein the sodium channel blocker is

administered following administration of the osmolyte.
10. The method of any one of Claims 1-4, wherein the osmolyte is hypertonic saline.
11. The method of any one of Claims 1-4, wherein the osmolyte is mannitol.

12. The method of any one of Claims 1-4, wherein the osmolyte is sodium chloride

which is delivered as a micronized particle of respirable size.

13. The method of any one of Claims 1-4, wherein said effective amount of an
osmolyte and a sodium channel blocker is administered by aerosolization using a device
capable of delivering the formulation to the nasal passages or pulmonary airway wherein the

aerosol is a respirable size.

14. A composition, comprising:

(a) a sodium channel blocker represented by formula (I):
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54 WD 2008/ 031028 PCT/ US2007/ 077880 each g is,
i ndependently, an integer from1l to 6; each mis,
WO peemdent |y, an integer from1l to 7; each PCT/E$2007/077880
i ndependently, an integer fromO to 7; each Qis,
i ndependently, CR5, CR6, or a nitrogen atom wherein
at nost three Qin aring are nitrogen atons and at
| east one Qis CR5;  or @ phar macleutl aI I y accept abl e
salt thereof, |an silve 0 aI INéthtl

di ast er eoners, C Eu_rlqs/her eof (I3. The
met hod of any one5 f Cains 1 wheg ei,n the sodi um
channel bl ocker _i adm

i stered precé?éll"l ng
admi ni stration of th%I osmsH¥'e. 8. The net hod of any

one of Clainms 1-4, wherein the sodi um channel bl ocker
whiSin adm ni stered concurrent Wi th adm ni stration of the
osnolyte. 9. The nmethod of any one of Cains 1-4,
wheKas hydrbgens halogen, aiftuone@hethylo e alksl, uasibstitutddesradbstituted
foll ow n dm nistration of the osno|lyte. 10. The
phegt, heyger ﬁw O&k@nﬂflowraﬁlh@tm%lowm etkel-pulfonyl, 9% ﬁmryi -fower alkyl-
Sulf@?‘ pypertonl c saline. 11. The nmethod of any one of
A s 1-4, wherein the osnolyte is mannitol. 12. The
rret Tasl hﬁfro@my hpdrexydf médcaptoplodredalkvkig i@idr alkie-tigs Nidlyded, lower
sodi um chloride which is delivered,as a mcronized
alkﬁa?‘?ﬁuéﬁtgu@fi of guhstifusgsl rmorgnpgleanayyl, ohaN(Rekhod of any one

said effective amount of an
osrml ythgE Ok Y tsl(,“'a‘gggfrrpéhannel bl ocker is adm ni stered
by eRh @S um@emmgsu RG, @cﬂg}m@eg -@EpapNRRf”,

del iverin g(; lation to the pasal passages or

-(Chahtion@Rry) QH%R:) Wﬁé?%l n(q}h@HZQém‘é{sol isar espi rabl e

(R R R AR Ll SR BRI T G P RO ARy R
cy@@g@%@@gﬂ@%mm@m@zx%@m@x 6 N2 NHRL R3

R7

0]

—(CH2>H—<_7< R
O

R? and R* are each, independently, hydrogen, a group represented by formula (A),

lower alkyl, hydroxy lower alkyl, phenyl, phenyl-lower alkyl, (halophenyl)-lower alkyl,
lower-(alkylphenylalkyl), lower (alkoxyphenyl)-lower alkyl, naphthyl-lower alkyl, or pyridyl-
lower alkyl, with the proviso that at least one of R’andR'isa group represented by formula

(A):
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Y 4 3 NHR2 R wherein X is hydrogen, hal ogen,

trifluoronethyl, |ower alkyl, unsubstituted or
weawsose® ed phenyl, [ ower al kyl-thio, phenylPCHW82007/077880

al kyl -thi o, |ower alkyl-sulfonyl, or phenyl-Iower

al kyl - sulfonyl; Y is hydrogen, hydroxyl, mercapto,

| oner al koxy, |ower alkyl-thio, halogen, |ower alkyl,

unsubstituted or substituted nnnonuclear aryl, or

“N(R2)2; Rl is hydrogen or |ower aRkyFS eath R is,

|ndependentl -R7, -(CH2 OR, A ( R7R10,
r‘(tﬁéﬁ%? n-(@é%s, gfm RS, (4)

(C}QC}QC»n}CHZCHZNR7R1, - (CH2) n-
-(CH2) n-Zg R7, - (CH2) m NR10- CH2( 4
-(CH2)n-C2R7, or OR7 (CH2)n R7 O R3 and R4 are
each, independently, hydrogen, a group represented by
formula (A), |ower alkyl, hydroxy |ower alkyl,
phenyl, phenyl -| ower aIkyI (hal ophenyl) -1 ower al kyl,

WhmcmEr-(alkylphenylalkyl) Iomer (al koxyphenyl) -1 ower

wth bR R RO e AR o

fh f. Fa. (oA 0 8
gr OIGQH% EINERE L@g(d%)mm %RL 5)136 ?ﬁﬁ&? SliO3R?,

PCT/ US2007/ 077 QR5 RD)2)p (A
i )-(CK)mCHERY(CHPR b GHOR  -(RH zlcéiz(])rmﬂ?épendent ly,

AN rat s LC?&&%Z% B VRS ) Goors.
- 0-AB o) GRG0 @HzomRB

_0- (CHRCHR CHZCHZO NR7R
- 0- @@m&z@(ﬁ@am‘r\mm% (21 BRYO(CH=R- W2R10,

-(CH,),-NR'’-CH,(CHOR®)(CHOR®),-CH,OR?,
-0-(CH,)m-NR'*-CH,(CHOR®)(CHOR®),-CH,ORS,
—(CHz)n-C02R7, ~O-(CH2)m—COzR7, -OSOsH, -O-glucuronide, -O-glucose,

R7
0 o_ R’
_Of(CHZ)ﬁ R’ | or —-—(CHz)n-——X 2<R7 :

each o is, independently, an integer from 0 to 10;

each p is an integer from 0 to 10;

with the proviso that the sum of 0 and p in each contiguous chain is from 1 to

10;

each x is, independently, O, NR'’, C(=0), CHOH, C(=N-R'%),

CHNR'R', or represents a single bond;

each R’ is, independently, -(CH;)m-OR?, -O-(CH,)m-OR®,
-(CHy)p-NR'R'?, -0-(CH)-NR'R'?, -(CH,)o(CHOR®)(CHOR®),-CH,OR®,
-O-(CH2)m(CHOR®)(CHOR®),-CH,0R8, -(CH,CH,0)m-R®,
-0-(CH,CH,0)m-R?, -(CH,CH,0),-CH,CH,NRR !,
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-0 (CH2),,,-C(=O NR7R10, -(CH2)"-(2)g-R7,
-0-(CH2)mM(2) g R7,
WO 2@B231026\R10- CH2( CHORB) ( CHORB) " - CH2ORS, - 0- (BFRY/AINRV77880
- CH2( CHORB) ( CHORB) , , - CH20R8, - ( CH2) " - CORRY,
-0- ¢ ng@g@@ ~CH RO C 7R—WD gl ucose,
R7 é@g@m h 5@;{1@;}&1{ érgfqlg? w@)}m ¢ O each
o i O- (CHd)@mp@h@NﬂEﬁ dﬁﬂzht(é R, f-@dﬁﬁfh)nt-@)érﬁ each p

t r ke proviso that the
rﬁa(g%ig‘lgﬁ %ﬁ?(ﬁﬁ@%h&m )EAEH;Q hainis from1 to
10 H,)%-NR - CRAEPRNESTHOR Y RCHYBES, O, CHH,
-,\(.f'}?fg ? RNR(]%llIC-'Ielg r (?%ser(}:ts a si %I e) bond; each
R5 #(&H: nr@@ﬁb ndéﬁ@Hy)m-CQIE—ig)QSQam glu@lr(nﬁéﬁ) -0-gluGHRB,
-(CH2)"- NR 7R10, -0-(CH2) MNR7RL0, -(CH2)"
( CHORB) ( CHORB) " - CH20R8,
-0- (CH2) n, ( CHORB) ( 8) " - CH2OR8, - (CH2CH2O) m RS,

- 0- (CH2CH2P) m R8 CH20) m CH2CH2NR7R! 0, &y
(977880  —(CHy), ;
R 5

2008/ 03

-0 (CH2 %ﬁ RRR10, - (CH2)"- C(ZO NRYRL
-0- (CH2) m & =O/NRTRID, -(CH2) ,-(2)g-R7,
-0-(CH2) m (2) g-R7, -(CH2)"-NR

- CH2( CHOR8) ( CHORB) " -
- 0- (CH2) m NR' - CH2( CHORS)
- (CH2) " - C®¥R7, - 0- (CH2) m [CO2R? OBH,

_0-gl ucuroni de, -0- gl ugpsen RPPR7 -0 a2 R7 - (CH2) n
R7 0ORI1 1 or OCOR ;

B) " - CH2ORS,

each R® is, independently, -R7, -OR'!, -N(R'),, -(CH,)m-OR?,
-O-(CHy)m-OR®, <(CH,),-NRR'?, -O-(CH,),-NR'R ',
-(CH2),(CHOR®*)(CHOR®),-CH,OR?, -0-(CH,)m(CHOR®)(CHOR®),-CH,OR?,
-(CH,CH,0)m-R?, -0-(CH,CH20)m-R8, -(CH,CH,0)m-CH,CH,NR'R ™,
-0-(CH,CH,0)-CH,CHNR'R ', <(CH,),-C(=0)NR'R?,
-0-(CH,)im-C(=0)NR'R'?, -(CH2)1-(Z)¢-R’, -O-(CHy)m-(Z)¢-R’,
-(CH,)»-NR"-CH,(CHOR®)(CHOR?®),-CH,OR®,
-O~(CH2)m-NR'°-CH,(CHOR®)(CHOR?®),-CH,0R?,
-(CH3),-CO,R’, -O-(CHy)m-CO,R’, -OSO3H, -O-glucuronide, -O-glucose,

R7
0 o. R’
_ R’ —(CHy); :
O‘((CHZ)‘K/\()F | or ( 2) —QZ<R7
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O 0 CCOR'" OCOR11 each R6 is, independently, -R7,
-OR', -N(R7)2, -(CH2)mOR, -O(CH2) m ORB

WO R@BRIY2NR7R10, -0- (CH2) m NR 7R10, -(CH2)" PCT/US2007/077880
( CHORS) ( CHORB) p- CH20RS,

- 0- Kk R eRE RC GRS 0 2 6 ROSoated aﬁﬁé&g’f@ AR §Ber on a phenyl
-0-(CHRCH2O) m RS, - ( CH2CH2O) m CH2CHR

ring, Che(ali2 @Hﬁ@)as@ﬂﬁ@mmmfmay be- {oBHR) togSheOpNR7RE Ayethylenedioxy
- 0- (CH2) m C( =0) NR7R10, -(CH2)n-(Z),R7,
gro“Ra(cHz)m(Z)g R7, -(CH2)"-

-CH2
CHZE CHORs) CHORS) x@é@th%ydm Q&&B@E%g‘gﬂ

- o ( CH2)amcICR2 R7 inde @508k Y, h@dxggm; llmmnaﬂal -C0=Q)-BL o glcuronide, 2-
OO0 R/ O(CH2)R7 or (CH2)n Cy--_7 O RO 58

tetfwdm%bfﬁzs PCT/ US20077 077880 wherei n when two R6

are -OR' and are |l ocated adjacent to each other on a

phenyl ring, the alkyl noieties of the two R6 may be

bonded together to forma gethyhehedi oxy group; each

R7 is, independently, hydro or | ower al kyI each R8

i's, independently, hydrogen, |l ower c@% -C(=0 - R11,

gl ucuroni de, 2- tetrahydrog O (Rll OCOR11

0 0 OCOR'" (OCOR11

’

0 OCOR!

~ 1
OCOR

each R’ is, independently, -CO,R’, -CON(R"),, -SO,CHj, or -C(=0)R’;
each R'° is, independently, -H, -SO,CH3, -C02R7, -C(=O)NR7R9,
-C(=0)R’, or -CH,~(CHOH),-CH,OH;
each Z is, independently, CHOH, C(=0), CHNR'R', C=NR'?, or NR'%;
each R!! is, independently, lower alkyl;
each g is, independently, an integer from 1 to 6;
each m is, independently, an integer from 1 to 7;
each n is, independently, an integer from 0 to 7;
each Q is, independently, C-R’ , C-Ré, or a nitrogen atom, wherein at
most three Q in a ring are nitrogen atoms and at least one Q is C-R’;
or a pharmaceutically acceptable salt thereof,
inclusive of all enantiomers, diastereomers, and racemic mixtures thereof; and

(b) an osmotically active compound.

15. The composition of Claim 14, wherein the sodium channel blocker represented by

formulalis
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each RO is, independently, -CO2R7, -CON(R7)2, -SO2CH3,
or -C(=0)R7; each R10 is, independently, -H -SOQ2CHS,
WO gp3my1028 C( =0) NR7R9, -C(=0O R7, or -CH2-(CHOCT/USDOH)77880
each Z is, independently, CHOH C(=0, CHNR7R1O,
C=NR10, or NR; each Rl1l is, independently,gsl ower

al kyl; each g is, independentl an integer/froml to
6; each mis, indg(gendent Py,r%jw integer|frgm1l1l to 7;
each n is, indepen M Nt to 7; each
Qis, independently, E GHR6H or a nitrogen atom
wherein at nost thHNee i'WNHa ring are nitrogen atons
and at least one Qis CR5; or a pharnaceutically

acceptabl e salt thereof, inclusive of all enantioners,
di ast ereoners, . and racenj I Xtures th f:
an’ DeumDRs APy BB ¢ B p S Rots P Eoniss Lo R 6T TOR )
B ol ' 0 s g chanmel oLln NR'-
C%gr’esent%%gg%mlmﬁl ’a@?dc;j@%gzi)g%g Q%Iggj/) gdﬁ%'ﬁéq R
CHRCHOBI(OHOB 7 SFM,0R%5 0 NH O N N-N H H H2N N NH2

16. The conposition of Caim15, wherein R5 is
-O (CH2) M CHOR8) (CHOR8) N CH20R8, -0-(CH2),,,

(= - 0= . . -

G2l o) (R IS Hein i soBusteRb kR represented by

for@hki (Mid4, wherein the sodi um channel bl ocker )
represented by forrmula (I) is: NH2 0 NH)a®2 d N
N~NO H H H2N N NH2

NH,
0 ‘. _NH
0 NH /\/\/©/ \/W 2
0
cl /N‘ N )J\N
H,N~ N7 “NH,

OH
O OH
3 SUUS a
Cla Ny, NH/U\N
| H
H,N” "N TNH,

OH

NH
i f /\/\/©/O\/k/ 2
] N
¢ ~N N N
| H H
s
H,N~ N7 ONH,

e
NN N N 10H
| | H

H HO
H,NT N NH,

HO
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OH ONOOH '"'"Il HA N NHXN H HZNNNH2 CH O NH
ONHR2 <& NNNV HHHNNNH HO, nOH NH O'~N _
WO 2009081088 N NIN\ OH H H HO H2ZN N NH2 HO 60PONDUS2007/077880
2008/ 031028 PCT/ US2007/077880 OH OH N~~i~ NH O OH HO
OHpHN-NCG HHJam HO-, HZN N NH2 OH HO CH H2N

NH O

OH OH
‘ o)
OHHO  OH N _Cl
N~ N7 Y
H O H |
HO! H,N" N7 NH,
HO
H,N

~0
HN%” @WNENJEN Cl
H

18. The composition of any one of Claims 14-17, which further comprises (c) a

pharmaceutically acceptable carrier.

19. The composition of any one of Claims 14-17, which further comprises (¢) a P2Y2

receptor agonist and, optionally, (d) a pharmaceutically acceptable carrier.

20. The composition of any one of Claims 14-17, which further comprises (c) a

bronchodilator and, optionally, (d) a pharmaceutically acceptable carrier.

21. The composition of any one of Claims 14-17, which further comprises (c) an

antibiotic and, optionally, (d) a pharmaceutically acceptable carrier.

61



HN NANNCL HHHNNNHR or OO NHI v NH2 C N

,JI., HH H2N N NH2 18. The conposition of any one of
W@RBG310281- 17, which further conprises (c) a PCI/US2007/077880

pharmaceutically acceptable carrier. 19. The

co S any h

conpe: Sh AR TEIRnEY, SIS R ol (GBrabEh Rstomscin,
or opdmiginatidnythered. a pharmaceutically acceptable carrier.

20. The conposition of any one of Cains 14-17, which

further conprises (c) a bronchodilator and,

opt Hon -1

21, e e (il ARt S TR St el Bt of
meﬂmaﬁqhﬁrfoﬁmﬁmea&mt (o] dlafase antlitratetliby ismehsed ptucociBnyyc]earance and

har maceutically acceptable carrier. 61 WO

muQ@f@ y‘bgim PCT/ US2007/ 077880 22. The conposition of

Claim 21, wherein the antibiotic is tobramnycin,

fosfonmycin, or a conbination thereof. 23. The use of

t he24.0Apo&iposition of methpdandewtibéd hdéraim. 14- 17 in the

manufacture of a nedicanment for the treatnent of a

di sease aneliorated by increased nucociliary cl earance

Gosar Baoied 8 FFoPbL B Bt A B e preBh e Mrapeuti

trequoeht @xssdisasey apbydiaons causql igventogess, (cbmphang pémtriislering toa
treat nment a ai nst di seases or conditions C Se
subjegt Hp geersof lé%fﬁ?ﬁefi FRYcgCibgy; Geasans ppgMugossl h aﬁl@c%n ?fﬁ%ﬁve

om0 ah SRS RARR HERF b GUEPIAREEMETEY TG
SOdI um channel bl ocker represented by for rrul a(l): O

X6NNHR1R3~2N—CN(1) 51~3 ~R4

=3
NCN )
IIl ¢
N™ 3" NHR?

H

wherein

X is hydrogen, halogen, trifluoromethyl, lower alkyl, unsubstituted or substituted
phenyl, lower alkyl-thio, phenyl-lower alkyl-thio, lower alkyl-sulfonyl, or phenyl-lower alkyl-
sulfonyl;

Y is hydrogen, hydroxyl, mercapto, lower alkoxy, lower alkyl-thio, halogen, lower
alkyl, unsubstituted or substituted mononuclear aryl, or ~N(R2)2;

R! is hydrogen or lower alkyl;

each R? is, independently, -R’, -(CH2)m-OR?, -(CH2)-NR'R'?,
-(CH,)n(CHOR®)(CHOR®),-CH,OR?, -(CH,CH,0)-R®,
-(CH,CH,0)-CH,CH,NR R, -(CH,),p-C(=0)NR'R ', -(CHy)y-Zg-R',-(CH,)m-NR -
CH,(CHOR®)(CHOR®),-CH,OR®, -(CH,),-CO3R’, or
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Y 4 NHR2 wherein X is hydrogen, hal ogen,
trifluoronethyl, |ower alkyl, unsubstituted or
weawsose® ed phenyl, [ ower al kyl-thio, phenylPCHW82007/077880
al kyl -thio, lower alkyl-sulfonyl, or phenyl-Iower
al kyl - sulfonyl Y &g hydr ogen, hydroxyl, mercapto,
| oner al koxy, Ikyl-th|o hal ogen, |ower al kyl,
unsubst(Cian ti tuted nononucl ear aryl, or
-N(R2) 2; R grogen or |ower alkyl; each R2 IS,
independently, -R7, -(CHQ),,,-CRB, -(CHQ),,,-NR?Rl,
(CHQ) (CHOR8) (CHOR8) " - CH20R8, - (CH2CH20),,, -R8,
85% ., - CH2ZCH2NR7R10, - (CH2), C(-C»NR?RIO
- ( gnd R zge mch, (n@p}zt)ndentlymkw@ogen a group represented by formula (A),

lowgp o as o %Jéﬁﬁ%?ft?@f@@@wdﬁf%@?lo%@dyﬁe&lkﬂ

lowes (AadpliRhyRIE e Reer (d Eéf@@nlbbv)ér alRYI0 h GG -|Gw e 2040, or pyridyl-

represented by formula (A), |ower al yI hydr oxy | ower

lowst sy, withdhe/provish diy bt leashene af Ryand R haa@pernigpiesersesely formula
al kyl | ower - (al kyl phenyl al kyl ), | ower

(A )(alkoxyphenyl)-lomer al kyl , napht hyl -1 ower al kyl, or
pyridyl- lower alkyl, wth the proviso that at | east
one of R3 and R4 is a group represented by formul a

(A): QR5 (C(RL)2)0'X(C(RL)2)p% (R6) 1- 4

wherein each RL is, independently /L£ﬁ6(8£é)n OR 8,

- 0- ) m OR,; 8 CH2) n-NR 7R10 n,-NR 7
(Cl(-l2)n( mdg-éS)n (é@td@a : w

-O-(CHQ)n(CHORS)(CHORS)n CH20RS, CHE@H&Q%@}

-0- (CH2CH20 m RS, -(C}QC}QO)n+CH2 NRZR10, '™

-0- (CH2CH20O) m CH2CH2NR7R10, - (CH2) n- C(=0) NR7R10,

-0-(CH2) m C(=O) NR7R10, -(CH2)n (2)g R7,

-0-(CH2) m (2) gR7

wherein
each R is, independently, -R”, -(CH,),-OR®, -O-(CH;)n-OR?,

«(CHy)s-NR'R'?, -O-(CH2)m-NR'R'’, -(CH,)o(CHOR®)(CHOR®),-CH,OR®,
-O-(CH2)m(CHOR®)(CHOR®),-CH,0R?, -(CH,CH,0)m-R®,
-O-(CH2CH,0)i-R?, -(CH,CH,0)-CH,CH,NR 'R,
-O-(CH2CH,0)-CH,CH,NR'R ', -(CH,),-C(=O)NR'R'?,
-O-(CHy)m-C(=0)NR'R'®, -(CH;)s~(Z)¢-R, -O-(CHp)m~(Z)e-R,
-(CH,)-NR'°-CH,(CHOR®)(CHOR®),-CH,0R?,
-O-(CH2)m-NR'*-CH,(CHOR®)(CHOR®),-CH,OR®,
—(CHz)n-C02R7, -O-(CHz)m~COgR7, -OSOsH, -O-glucuronide, -O-glucose,

R7
0 o R
~—O~+(CHy) \[/\R7 or ——(CHZ)n(X ;s
o, g R

each o is, independently, an integer from 0 to 10;
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, -(CH2)n-NR 1 - CH2( CHOR8) ( CHOR8) n- CH20RS8,
-0-(CH2) m NR - CH2( CHOR8) ( CHOR8) n- CH20OR8,

WO R@BRIM2CORR7, -0- (CH2) m CO2R7, - OSOBH, PCT/US2007/077880
-0-gl ucuronide, -0-glucose, R7T OOR7 ~-~ 0 (CH2) R7

or _-(CI—IZQE{gh;,iggngﬁegEr oBRof@108ach o is, independently,
an integer fromO0 to 10; 63 WD 2008/ 031028

PCT/ US200ith @88 diso tat thepunsofamnd ptiegech dantigu@ustobaib@s from 1 to
W th the proviso that the sumof o and p in each
’contiguous chainis froml to 10; each x is,

| ndependgph ks, iRdeptiflent (G R °CHb), S RO(=N-R!°
CHNR7RI O or re regsenetns% single bo)ﬁd; ea’ch( R5 |%

i ndepend€HNR/R'S, (cCiiyresents GRgle Bor{dCH2) m+ ORB,

{2 CHEREY SRR g OR',-O-(CH:)o-OR',

O (S BN IR R O SR AOR Fermon
- O {CEHPR O HORBPCHORRY, ARG, OR |, @t ,GHOHER{R7RI O,

%egf STRL N Elbrabe ARG o T ¢
T qomig, aupen e o

- 0- QI(CHDRFTEE)NROR Y (EDSR(2),R 7 - (RF )i O)ERE, R7
(D Rir oo Cadke, - CHORER

-0-(CHy)m-NR'°-CH,(CHOR®)(CHOR®),-CH,OR?,
«(CHy)y-CO3R”, -0-(CH)m-CO,R’, -OSO;3H, -O-glucuronide, -O-glucose,

R’ 7
0 o. R
—O0--CH, \)<R7 "—(CHz>n—<_V< R,
o) ’ 0
0

ORll

10

N
or "
OCOR
0O

0 OCOR!!
OCOR!!

each R® is, independently, -R”, -OR!!, -N(R"),, -(CH;)m-OR®,
-0-(CH2)m-OR®, -(CH,)p-NRR'?, -O-(CH,)m-NR'R ',
-(CH,)o(CHOR®)(CHOR®),-CH,0R?, -O-(CH,)m(CHOR®)(CHOR®),-CH,0R?,
«(CH,CH50)-R?, -O-(CH,CH,0)-R%, ~(CH,CH,0)m-CH,CH,NR 'R,
-0-(CH,CH,0)m-CH,CH,NR'R 'Y, -(CH,),-C(=0)NRR'?,
-0-(CHp)m-C(=0)NR'R"’, -(CH)~(Z)¢-R’, -O-(CH)m-(Z)¢-R’,
~(CHa),-NR'°-CH,(CHOR®)(CHOR®),-CH,OR®,
-0-(CH;)m-NR'°-CH,(CHOR®)(CHOR?®),-CH,OR?,
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OCOR' each R6 is, independently, -R7, -OR', -N(R7)2,
-(CH2) m ORB, -0-(CH2)m OR 8, -(CH2)"-NR7R1,

WO @og/@HR28n NR7RI O, - (CH2) " ( CHOR8) ( CHORS) " - CH2E5R8US2007/077880
- O ( CH2) m( CHORS) ( CHOR8) n- CH2(R8 (CH2CH20)mR8

:8%(%{%%&%%@ S o (%) " =0) e R eose:

- 0- (CH2) m C( O)NR7R1 O -(CH2)"-(2)g-R7,
-0- (CH2) m (2) g-R7, - (CH2)"-NR

- CH2( CHOR8) ( CHORB) n- BH20R8 - 0- (CH2) m NR
- CH2( 8) (

64 \ff) 200 1 8
PCT THF7860 (é,’Hz) or CooREHahoT(CH) 2R7,
-OS@BH, % 0-glu de, ,-0-glucose, R7 OR7 CR_O
(CH2) R7 or --(CH2) 7 0O O wherein when two R6 are

-OR" and are | ocated adjacent to each other on a

phenyl ring, the al kyI“m)l eties of the two R6 nay be
bonw ereinogleanteo R earé PR amdeteﬁytaéﬂie@m@eyt togpacluptheeerch phenyl

rlng ghe ﬁicl}%ll nde r&?@;t t%,%fh%} ﬁg&?’lﬁ&&t %FO?%O}'@%@Q@%OXY

grodp; ucuronl de 2- tetrahydropyranyl, or O OR11 OCOR11
%(Rl each RO is, mdependently, - C02RY7,
C(]\I( R7) e,:ach @k@pemenﬂy:@wd))dgm or bachalRyh i s,

! ?3? e%)e ggenglﬁé b—lgiegéﬁ%ﬁ ¥ COZFfZWCf ‘ﬂylo)&%%“, glucuronide, 2-

tetrahydropyranyl, or

0 OR!!

OCOR!!

0 OCOR!

- OCOR!!

each R is, independently, -CO,R’, -CON(R"),, -SO,CH;, or -C(=0)R;
each R'? is, independently, -H, -SO,CHs, -CO,R’, -C(=O)NR'R’,
-C(=O)R’, or -CH,-(CHOH),-CH,0H;
each Z is, independently, CHOH, C(=0), CHNR'R'’, C=NR'’, or NR'?;
each R"' is, independently, lower alkyl;
each g is, independently, an integer from 1 to 6;
each m is, independently, an integer from 1 to 7;
each n is, independently, an integer from 0 to 7;
each Q is, independently, C-RS, C-R6, or a nitrogen atom, wherein at
most three Q in a ring are nitrogen atoms and at least one Q is C-R’;
or a pharmaceutically acceptable salt thereof,

inclusive of all enantiomers, diastereomers, and racemic mixtures thereof.
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each Z is, independently, CHOH C(=0, CHNR7R1O,

C=NR', or NR'; each R11 is, independently, |ower
WQRMW$I031088ch g is, independently, an integer fPGHUI200G077880

6; each mis, independently, an integer from1l to 7;

eacjy, ”T}H@Smet'hB&’ sPEnRsans! \‘:(fheléi@x sbf@lt;?‘aﬂﬁf ch [OfFk1Bat Or Elagt?eaCh

Qis, independently, C R5, or "a nitrogen atom

mhereln at nost three Q in a r|ng are nltrogen at ons

and | east .qne i s..CR5; al
e cht S e o8 ComaoRisp of et i LRREr T LR mupgture ofa
iy t
e e BT DS s Ry R Rl o i treatment
agaiiBt disémseedntosditidnpetukabenpatisogeans.hr ax or pl ague. 27.
The use of the conposition of any one of Cains 14-17
in the manufacture of a nedicanent for prophylactic,
post - exposure prophyl actic, preventive or therapeutic

treatnment agai nst di seases or conditions caused by
pat hogens. 66
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