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ABSTRACT

The invention is directed to sodium channel blockers consisting of

- pyrazinoylguanidine compounds of the formula (1):

NHR! n3
I /J\\/H\N—C—N ()
NHR?

These compounds give a prolonged pharmacodynamic half-life on mucosal

surfaces and make them particularly useful for treating cardiovascular disease.
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SODIUM CHANNEL BLOCKERS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to sodium channel blockers. The present invention also

includes a variety of methods of treatment using these inventive sodium channel blockers.

Description of the Background

The mucosal surfaces at the interface between the environment and the body have
evolved a number of “innate defense”, i.e., protective mechanisms. A principal form of such
innate defense is to cleanse these surfaces with liquid. Typically, the quantity of the liquid
layer on a mucosal surface reflects the balance between epithelial liquid secretion, often
reflecting anion (C1” and/or HCOjy') secretion coupled with water (and a cation counter-ion),
and epithelial liquid absorption, often reflecting 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 niuch). 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 absorptibn is the epithelial Na™ channel
(ENaC). ENaC is positioned on the apical surface of the epithelium, 1.e. the mucosal surface-
environmental interface. Therefore, to inhibit ENaC mediated Na+ and liquid absorption, an
ENaC blocker of the amilonde class (which blocks from the extracellular domain of ENaC)
must be delivered to the mucosal surface and, importantly, be maintained at this site, to

achieve therapeutic utility. The present invention describes diseases characterized by too
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little liquid on mucosal surfaces and “:topical.” sodium channel blockers designed to exhibit
the increased potency, reduced mucosal abosrption, and slow dissociation (“unbinding” or
detachment) from ENaC required for therapy of these diseases.

Chronic bronchitis (CB), including the most common lethal genetic form of chronic
bronchitis, cystic fibrosis (CF), are diseases that reflect the body's failure to clear mucus
normally from the lungs, which ultimately produces chronic airways infection. In the normal
Jung, the primary defense against chronic intrapulmonary airways infection (chronic
bronchitis) i1s mediated by the continuous clearance of mucus from bronchial airway surfaces.
This function in health effectively removes from the lung potentially noxious toxins and
pathogens. Recent data indicate that the initiating problem, 1.¢., the “basic defect,” in both
CB and CF is the failure to clear mucus from airway surfaces. The failure to clear mucus
reflects an imbalance between the amount of liquid and mucin on airway surfaces. This
“arrway surface liquid” (ASL) i1s pnnmarily composed of salt and water in proportions similar
to plasma (i.e., 1sotonic). Mucin macromolecules organize into a well defined “mucus layer”
which normally traps inhaled bactena 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 1s an imbalance in the quantities of mucus as ASL on airway surfaces.
This results 1n a relative reduction in ASL which leads to mucus concentration, reduction in
the lubricant activity of the PCL, and a failure to clear mucus via ciliary activity to the mouth.
The reduction in mechanical clearance of mucus from the lung leads to chronic bacterial
colomzation of mucus adherent to airway surfaces. It is the chronic retention of bacteria, the
tailure of local antimicrobial substances to kill mucus-entrapped bacteria on a chronic basis,
and the consequent chronic inflammatory responses of the body to this type of surface
infection, that lead to the syndromes of CB and CF.

The current afflicted population in the U.S. 1s 12,000,000 patients with the acquired
(primarily from cigarette smoke exposure) form of chronic bronchitis and approximately
30,000 patients with the genetic form, cystic fibrosis. Approximately equal numbers of both
populations are present in Europe. In Asia, there 1s little CF but the incidence of CB is high
and, like the rest of the world, 1s increasing.

There 1s currently a large, unmet medical need for products that specifically treat CB
and CF at the level of the basic defect that cause these diseases. The current therapies for
chronic bronchitis and cystic fibrosis focus on treating the symptoms and/or the late effects of

these diseases. Thus, for chronic bronchitis, 3-agonists, inhaled steroids, anti-cholinergic
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agents, and oral theophyllines and phc;sphodiesterase inhibitors are all in development.
However, none of these drugs treat effectively the fundamental problem of the failure to clear
mucus from the lung. Similarly, 1n cystic fibrosis, the same spectrum of pharmacologic
agents 1s used. These strategies have been complemented by more recent strategies designed
to clear the CF lung of the DNA (“Pulmozyme”; Genentech) that has been deposited in the
lung by neutrophils that have futilely attempted to kill the bacteria that grow 1n adherent
mucus masses and through the use of inhaled antibiotics (“TOBI”) designed to augment the
lungs' own killing mechanisms to rid the adherent mucus plaques of bacteria. A general
principle of the body is that if the initiating lesion 1s not treated, in this case mucus
retention/obstruction, bacterial infections became chronic and increésingly refractory to
antimicrobial therapy. Thus, a major unmet therapeutic need for both CB and CF lung
diseases 1s an effective means of re-hydrating airway mucus (i.e., restoring/expanding the
volume of the ASL) and promoting its clearance, with bacteria, from the lung.

R.C. Boucher, 1n U.S. 6,264,975, describes the use of pyrazinoylguanidine sodium
channel blockers for hydrating mucosal surfaces. These compounds, typified by the well-
known diuretics amiloride, benzamil, and phenamil, are effective. However, these
compounds suffer from the significant disadvantage that they are (1) relatively impotent,
which 1s important because the mass of drug that can be inhaled by the lung is limited; (2)
rapidly absorbed, which limits the half-life of the drug on the mucosal surface; and (3) are
freely dissociable from ENaC. The sum of these disadvantages embodied in these well
known diurectics produces compounds with insufficient potency and/or effective half-life on
mucosal surfaces to have therapeutic benefit for hydrating mucosal surfaces.

Clearly, what 1s needed are drugs that are more effective at restoring the clearance of
mucus from the lungs of patients with CB/CF. The value of these new therapies will be
reflected in improvements in the quality and duration of life for both the CF and the CB
populations.

Other mucosal surfaces in and on the body exhibit subtle differences in the normal
physiology of the protective surface liquids on their surfaces but the pathophysiology of
disease reflects a common theme, i.e., too little protective surface liquid. For example, in
xerostoma (dry mouth) the oral cavity is depleted of liquid due to a failure of the parotid
sublingual and submandibular glands to secrete liquid despite continued Na™ (ENaC)
transport mediated liquid absorption from the oral cavity. Similarly, keratoconjunctivitis sira

(dry eye) 1s caused by failure of lacrimal glands to secrete liquid in the face of continued Na™
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dependent liquid absorption on conjuﬁctiohél surfaces. In rhinosinusitis, there is an
imbalance, as in CB, between mucin secretion and relative ASL depletion. Finally, in the
gastrointestinal tract, failure to secrete C1- (and liquid) in the proximal small intestine,
combined with increased Na* (and liquid) absorption in the terminal ileum leads to the distal
intestinal obstruction syndrome (DIOS). In older patients excessive Na* (and volume)
absorption 1n the descending colon produces constipation and diverticulitis.

Fifty million Americans and hundreds of millions of others around the world suffer
from high blood pressure and the subsequent sequale leading to congestive heart failure and
increasing mortality. It 1s the Western World’s leading killer and there 1s a need there for
new medicines to treat these diseases. Thus, in addition, some of the novel sodium channel
blockers of this invention can be designed to target the kidney and as such they may be used
as diuretics for the treatment of hypertension, congestive heart failure (CHF) and other
cardiovascular diseases. These new agents may be used alone or in combination with beta-

blockers, ACE inhibitors, HMGCoA reductase inhibitors, calcium channel blockers and other

cardiovascular agents.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide compounds that are more potent
and/or absorbed less rapidly from mucosal surfaces, and/or are less reversible as compared to
known compounds.

It 1s another aspect of the present invention to provide compounds that are more
potent and/or absorbed less rapidly and/or exhibit less reversibility, as compared to
compounds such as amilorde, benzamil, and phenamil. Therefore, the compounds will give a
prolonged pharmacodynamic half-life on mucosal surfaces as compared to known
compounds.

It 1s another object of the present invention to provide compounds which are (1)
absorbed less rapidly from mucosal surfaces, especially airway surfaces, as compared to
known compounds and; (2) when absorbed from musosal surfaces after administration to the
mucosal surfaces, are converted in vivo into metabolic derivitives thereof which have reduced
efficacy 1n blocking sodium channels as compared to the administered parent compound.

It 1s another object of the present invention to provide compounds that are more potent and/or

absorbed less rapidly and/or exhibit less reversibility, as compared to compounds such as
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amilonde, benzamil, and phenamil. Therefore, such compounds will give a prolonged
pharmacodynamic half-life on mucosal surfaces as compared to previous compounds.
It is another object of the present invention to provide compounds that target the

kidney for use in the treatment of cardiovascular disease.

[t 15 another object of the present invention to provide methods of treatment that take
advantage of the pharmacological properties of the compounds described above.

In particular, it 1s an object of the present invention to provide methods of treatment
which rely on rehydration of mucosal surfaces.

In particular, it is an object of the present invention to provide methods of treating

10 cardiovascular disease.

The objects of the present invention may be accomplished with a class of

pyrazinoylguanidine compounds represented by formula (I):

l h 1 3
xon, J ¥R R
5' \ 4
~ R
Y™ "N NHR?

where
X is hydrogen, halogen, trifluoromethyl, lower alkyl, unsubstituted or halo

20 substituted phenyl, lower alkyl-thio, phenyl-lower alkyl-thio, lower alkyl-sulfonyl, or
phenyl-lower alkyl-suifonyi;

Y Is hydrogen hydroxyl, mercapto, lower alkoxy, lower alkyl-thio, halogen,

lower alkyl, unsubstituted or halo-substituted phenyl, or -N(R2)2;

R'is hydrogen or lower alkyl;

each R’ is, independently, -R’, -(CH2)m-OR?, -(CH;)-NR'R ',
-(CH2)s(CHOR®)Y(CHOR®),-CH,OR®, -(CH,CH,0),-R?,
-(CH;CH;0)-CH;CH,NR'R'®, -(CH;),-C(=O)NR'R'®, -(CH,)y-Z-R’,-(CH,)m-NR -
CH,(CHOR®)(CHOR®),-CH,OR8, -(CH,),-CO;R’, or

5



s T et ® . . D . . S.o= " . - . atrr - Tawn «* - . . - .. cssses ? 0, . . AN . . - . t. . . - . - . . - . . . .
_ims M R L L I A i R R - R L PR A b T TR AN e L e R .o B L I L I L AL R L A T ) S el I e e gt e T el b At e s, e . . . Y MR B A T R Tttt e A0 SR L ARSI AR SA L el s
]
.
.
.
.
.
.
'
.
' -
'
: .
.
'
4
. .
-
N
-
'
. '
. .
'
LT WNET e AT el LT s Y M st e LTiem e s, adeed eV oA G e e T A D e I T L B L e S L LT T P R DAL P Jiteem e N em e L e T I » . . o . . - - o c s s = - . . .
. . . R S . : T e e . - com AN T P e aCa I et e c s e S %7 1% 2 we coe qee%e e .8 . .

T o . : : R e R I 4 e e e R 1 2o S L P T e SO e



10

15

20

25

CA 02476430 2004-08-16
WO 03/070182 PCT/US03/04817

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 pyndyl-

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

(A):

Q=Q K’
— (CRY))o— X~ (CR))p—, 4 (A)

Q_\Q‘/\ (R6)4 |

where
each R" is, independently, R, -(C,Hz)n-ORS, -0-(CH,),,-OR®,

-(CH,),-NR'R!?, -O-(CH,)-NR'R'’, -(CH,),(CHOR®)(CHOR®),-CH,OR®,
-O-(CH,),(CHOR®)(CHOR?®),-CH,OR®, -(CH,CH,0)m-R®,
-O-(CH,CH,0),,-R®, -(CH,CH,0),,-CH,CH,NR'R"°,
-O-(CH,CH;0)r-CH,CH;NR'R"’, -(CHp),-C(=0)NR'R ",
-O-(CH3)m-C(=O)NR'R'®, -(CH2)n-(Z)g-R’, -O-(CH2)m-(Z)¢-R’,
-(CH,)a-NR'°-CH,(CHOR®)(CHOR?®),-CH,OR®,
-O-(CH,),,-NR'*-CH,(CHOR®)(CHOR®),-CH,0R®,
-(CH,)n-CO,R’, -O-(CH,)m-CO,R’, -OSO;H, -O-glucuronide, -O-glucose,

R7
O o. R’
—O—(CHy) \]LRF/ or —(CH), \ >< 7
o a N

each o 1s, iIndependently, an integer from 0 to 10;

each p 1s an integer from O to 10;

with the proviso that the sum of o and p in each contiguous chain i1s from 1 to
10;

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

CHNR'R'Y, or represents a single bond;
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R is -O-(CH2)m-ORS,
(CH,),-NR'R'®, -O-(CH)n-NR'R'?, -(CH,).(CHOR®)(CHOR?®),-CH,0R",
-0-(CH,)(CHOR®)(CHOR?),-CH,OR?, -(CH,CH,0)m-R’,
-O-(CH,CH,0),,-R8, -(CH,CH,0)m-CH,CH,NR'R ",
-0-(CH,CH,0),,-CH,CH,NR'R'?, -(CH,),-C(=O)NR'R?,
-0-(CH,)-C(=0)NR'R'®, -(CH)n-(2)¢-R’, -O-(CHy)m~(Z)g-R’,
-(CH,),-NR'°-CH,(CHOR®)(CHOR?®),-CH,0R”®,
-O-(CH,)-NR'°-CH,(CHOR®)(CHOR®),-CH,0R®,
-O-(CH3)m-CO,R’, -OSO3H, -O-glucuronide, -O-glucose,

0 . o. N
—oQ CH2 \ﬂ R7 _(CHZ)H-—Q% R7 |
| o , O
| O

B
R OR

or

OCOR "
O

O OCOR'!
OCOR!!

each R° 1S, iIndependently, R’ -OR'', -N(R7)2, -(CHz)m-ORg,
-O-(CH,)m-OR?, -(CH,),-NR'R'?, -O-(CH,)-NR'R'°,
-(CH3)s(CHOR®)(CHOR?®),-CH,0R?, -O-(CH;)m(CHOR®)(CHOR®),-CH,OR?,
-(CH,CH,0),-R®, -O-(CH,CH,0)m-R®, -(CH,CH,0),-CH,CH,NR'R'?.
-0-(CH,CH,0),,-CH,CH,NR'R'®, -(CH,)s-C(=O)NR'R ',
-0-(CH3)-C(=0)NR'R'®, -(CH2)1-(Z)¢-R’, -O-(CHy)m-(Z)e-R’,
-(CH,)a-NR'°-CH,(CHOR®)(CHOR®),-CH,0R®,
-O-(CH3)m-NR"°-CH,(CHOR®)(CHOR"),-CH,OR®,
-(CH»),-CO,R’, -O-(CH;),,-CO,R’, -OSO;H, -O-glucuronide, -O-glucose,
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R’ ,
O\F : 0. R
_O‘((CHz)%/O R or —(CHj), { ><R7 ;
’ O

where 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 methylen_edioxy group;
each R’ is, independently, hydrogen or lower alkyl;
each R® is, independently, hydrogen, lower alkyl, -C(=0)-R"", glucuronide, 2-
tetrahydropyranyl, or ' ’

10 0
o I/OCOR“
O |
OJY\OCOR’ |
/

OCOR'!

each R’ is, independently, -CO,R/, -CON(R"),, -SO,CH;, or -C(=O)R";
each R'? is, independently, -H, -SO,CHj3, -CO;R’, -C(=0)NR'R’,
-C(=O)R’, or -CH,-(CHOH),-CH,0H:;
each Z is, independently, CHOH, C(=0), CHNR'R'?, C=NR'® or NR'?;
20 - each R'' is, independently, lower alkyl;
each g 1s, independently, an integer from 1 to 6;
each m 1s, independently, an integer from 1 to 7;

each n 1s, independently, an integer from 0 to 7;

each Q is, independently, C-R® or C-R6, wherein one Q is C-R:

or a pharmaceutically acceptable salt thereof, and
inclusive of all enantiomers, diastereomers, and racemic mixtures thereof.
The present also provides pharmaceutical compositions which contain a compound

descrnbed above.

The present invention also provides a method of promoting hydration of mucosal

surfaces, comprising:
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administering an effective amount of a compound represented by formula (I) to a
mucosal surface of a subject.

The present invention also provides a method of restoring mucosal defense,
comprising:

topically administering an effective amount of compound represented by formula (I)
to a mucosal surface of a subject 1n need thereof.

The present invention also provides a method of blocking ENaC, comprising:

contacting sodium channels with an effective amount of a compound represented by
formula (I).

The present invention also provides a method of promoting mucus clearance in
mucosal surfaces, comprising:

administering an effective amount of a compound represented by formula (I) to a
mucosal surface of a subject.

The present invention also provides a method of treating chronic bronchitis,
comprising:

administering an effective amount of a compound represented by formula (I) to a
subject in need thereof.

The present invention also provides a method of treating cystic fibrosis, comprising:

administering an effective amount of compound represented by formula () to a subect
in need thereof.

The present invention also provides a method of treating rhinosinusitis, comprising:

administering an effective amount of a compound represented by a formula (I) to a
subject in need thereof.

The present invention also provides a method of treating nasal dehydration,
comprising:

administering an effective amount of a compound represented by formula (I) to the
nasal passages of a subject in need thereof.

In a specific embodiment, the nasal dehydration is brought on by administering dry
oxygen to the subject.

T'he present invention also provides a method of treating sinusitis, comprising:

administering an effective amount of a compound represented by formula (I) to a
subject in need thereof.

The present invention also provides a method of treating pneumonia, comprising:
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administering an effective amount of a compound represented by formula (I) to a

subject in need thereof.

The present invention also provides a method of preventing ventilator-induced
pneumonia, COmprising:

administering an effective compound represented by formula (I) to a subject by means
of a ventilator.

The present invention also provides a method of treating asthma, comprising:

administering an effective amount of a cémpound represented by formula (I) to a
subject in need thereof.

The present 1nvention also provides a method of treating primary ciliary dyskinesia,
comprising;:

administering an effective amount of a compound represented by formula (I) to a
subject in need thereof.

The present invention also provides a method of treating otitis media, comprising:

administering an effective amount of a compound represented by formula (I) to a
subject 1n need thereof.

The present invention also provides a method of inducing sputum for diagnostic
purposes, comprising:

administering an effective amount of compound represented by formula (I) to a
subject in need thereof.

The present invention also provides a method of treating chronic obstructive

pulmonary disease, comprising:

administering an effective amount of a compound represented by formula (I) to a
subject in need thereof.

The present invention also provides a method of treating emphysema, comprising:

administering an effective amount of a compound represented by formula (I) to a
subject 1n need thereof.

The present invention also provides a method of treating dry eye, comprising:

administering an effective amount of a compound represented by formula (I) to the
eye of the subject in need thereof.

The present invention also provides a method of promoting ocular hydration,

comprising:

10
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administering an effective amount of a compound represented by formula (I) to the
eye of the subject.

The present invention also provides a method of promoting corneal hydration,
comprising:

administering an effective amount of a compound represented by formula (I) to the
eye of the subject.

The present invention also provides a method of treating Sj6gren’s disease,
comprising:

administering an effective amount of compound represented by formula (I) to a
subject 1n need thereof.

The present invention also provides a method of treating vaginal dryness, comprising:

administering an effective amount of a compound represented by formula (I) to the
vaginal tract of a subject 1n need thereof.

The present invention also provides a method of treating dry skin, comprising:

administering an effective amount of a compound represented by formula () to the
skin of a subject 1n need thereof.

The present invention also provides a method of treating dry mouth (xerostomia),
comprising:

administering an effective amount of compound represented by formula (I) to the
mouth of the subject in need thereof.

The present invention also provides a method of treating distal intestinal obstruction
syndrome, comprising:

administering an effective amount of compound represented by formula (I) to a
subject 1n need thereof.

The present invention also provides a method of treating esophagitis, comprising:

administering an effective amount of a compound represented by formula (I) to a
subject in need thereof.

The present invention also provides a method of treating constipation, comprising:

administering an effective amount of a corﬁpound represented by formula (I) to a
subject 1n need thereof. In one embodiment of this method, the compound 1s administered
either orally or via a suppository or enema.

The present invention also provides a method of treating chronic diverticulitis

comprising:

11
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administering an effective amount of a compound represented by formula (I) to a
subject 1n need thereof.

The present invention also provides a method of treating hypertension, comprising
admimstering the compound represented by formula (I) to a subject in need thereof.

The present invention also provides a method of reducing blood pressure, comprising
administering the compound represented by formula (I) to a subject in need thereof.

The present invention also provides a method of treating edema, comprising
administering the compound represented by formula (I) to a subject in need thereof.

The present invention also provides a method of promoting diuresis, comprising
administering the compound represented by formula (I) to a subject in need thereof.

The present invention also provides a method of promoting natriuresis, comprising
administering the compound represented by formula (I) to a subject in need thereof.

The present invention also provides a method of promoting saluresis, comprising

administering the compound represented by formula (I) to a subject in need thereof.

BRIEF DESCRIPTION OF THE FIGURES

A more complete appreciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the
following detailed description considered in conjunction with the following figures:

Figure 1: Effect of a compound of the present invention on MCC at t = 0 hrs as
described in Example 32 herein.

Figure 2: Effect of a compound of the present invention on MCC at t = 4 hrs as
described 1n Example 32 herein.

Figure 3: Effect of a compound of the present invention on MCC at t =0 hrs as
described 1n Example 32 herein.

Figure 4: Effect of a compound of the present invention on MCC at t = 4 hrs as
described 1n Example 32 herein.

Figure 5: Effect of a compound of the present invention on MCC at t = 0 hrs as
described in Example 32 herein.

Figure 6: Effect of a compound of the present invention on MCC at t = 4 hrs as
described 1n Example 32 herein.

Figure 7: Effect of a compound of the present invention on MCC at t = 0 hrs as

described 1n Example 32 herein.

12
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Figure 8: Effect of a compound of the present invention on MCC at t = 4 hrs as

described in Example 32 herein.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based on the discovery that the compounds of formula (I) are
more potent and/or, absorbed less rapidly from mucosal surfaces, especially airway surfaces,
and/or less reversible from interactions with ENaC as compared to compounds such as
amiloride, benzamil, and phenamil. Therefore, the compounds of formula (I) have a longer
half-life on mucosal surfaces as compared to these compounds.

The present invention is also based on the discovery that certain compounds embraced by
formula (I) are converted in vivo into metabolic derivatives thereof that have reduced efficacy
in blocking sodium channels as compared to the parent administered compound, after they are
absorbed from mucosal surfaces after administration. This important property means that the
compounds will have a lower tendency to cause undesired side-effects by blocking sodium
channels located at untargeted locations in the body of the recipient, e.g., in the kidneys.

The present invention 1s also based on the discovery that certain compounds embraced
by formula (1) target the kidney and thus may be used as cardiovascular agents.

| In the compounds represented by formula (I), X may be hydrogen, halogen,
trifluoromethyl, lower alkyl, lower cycloalkyl, unsubstituted or substituted phenyl, lower
alkyl-thio, phenyl-lower alkyl-thio, lower alkyl-sulfonyl, or phenyl-lower alkyl-sulfonyl.
Halogen 1s preferred.

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, e.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.

Substituents for the phenyl group include halogens. Particularly preferred halogen

substituents are chlorine and bromine.
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Y may be hydrogen, hydroxyl, mercapto, lower alkoxy, lower alkyl-thio, halogen,
lower alkyl, lower cycloalkyl, mononuclear aryl, or -N(R%),. The alkyl moiety of the lower
alkoxy groups is the same as described above. Examples of mononuclear aryl include phenyl
groups. The phenyl group may be unsubstituted or substituted as described above. The
preferred identity of Y is -N(R?),. Particularly preferred are such compounds where each R*
1s hydrogen.

R' may be hydrogen or lower alkyl. Hydrogen is preferred for R'.

Each R’ may be, independently, R, -(CHz)m-ORS, «(CHy)-NR'R'®,
-(CH)o(CHOR®)(CHOR?®),-CH,0R®, -(CH,CH,0)-R®, -(CH,CH,0),,-CH,CH,NRR!?, -
(CH2)»-C(=0)NR'R'’, -(CH;,)n-Z¢-R’,-(CH2)m-NR '°-CH,(CHOR®*)(CHOR®),-CH,OR?, -
(CH;),-CO,R’, or

o_ R
——-(CHz)n—<_ﬁ< 7
O

Hydrogen and lower alkyl, particularly C;-C; alky! are preferred for R°. Hydrogen is
particularly preferred.

R’ and R’ may be, 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, 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. 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;

Therefore, when x represents a single bond, the alkylene chain bonded to the ring is

represented by the formula -(C(R")2)o+p-, in Which the sum o+p is from 1 to 10.
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Each R" may be, independently, -R’, -(CH,),-OR?, -O-(CH,)m-OR?, -(CH,),-NR'R'?,
-0-(CH2)m-NR'R'’, -(CH,)»(CHOR®)(CHOR®),-CH;0R®, -O-(CH2)(CHOR®)(CHOR®), -
CH,OR®, -(CH,CH,0)n-R8, -0-(CH,CH,0)m-R®, -(CH,CH,0),-CH,CH,NR'R’, -O-
(CH,CH,0)m-CH,CH,NR'RY, -(CH,),-C(=0)NR'R'?, -O-(CH2)m-C(=0)NR 'R, -(CH,),-
(Z)g-R’, -O-(CH2)-(Z)g-R’, -(CH,)»-NR '°-CH,(CHOR®)(CHOR®),-CH,OR?, -O-(CH2)m-
NR '°-CH,(CHOR®)(CHOR®),-CH,0R®, -(CH,),-CO,R’, -O-(CH,),-CO,R’, -OSO;H, -O-

glucuronide, -O-glucose,

R’ ,
O , O. R
—"04( (CH;U%/ R or —(CHy)y 7< R ;
o \ X

The preferred R" groups include -H, -OH, -N(R"),, especially where each R’ is
hydrogen.

In the alkylene chain in formula (A), it is preferred that when one R" group bonded to
a carbon atoms is other than hydrogen, then the other R" bonded to that carbon atom is
hydrogen, i.e., the formula -CHR"™-. It is also preferred that at most two R" groups 1n an
alkylene chain are other than hydrogen, where in the other R" groups in the chain are
hydrogens. Even more preferably, only one R" group 1n an alkylene chain is other than
hydrogen, where in the other R" groups in the chain are hydrogens. In these embodiments, it
1s 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

-(CH3)o-x-(CH3),-.

Each R’ may be, independently, -(CH,)m-OR®, -O-(CH,)-OR®, -(CH,),-NR'R°,
-O-(CH2)m-NR'R'?, -(CH,),(CHOR®*)(CHOR®),-CH,0R?, -O-(CH,)(CHOR®)(CHOR?®), -
CH,OR®, -(CH,CH;,0)m-R®, -O-(CH,CH;0)m-R®, -(CH,CH,0),,-CH,CH,NRR'°,
-0-(CH,CH20)-CH,CH,NR'R"®, -(CH,),-C(=0)NR'R'®, -O-(CH,),,-C(=0)NR'R ",
-(CH2)n-(Z)g-R’, -O-(CH2)m-(Z)g-R’, -(CH,),-NR '*-CH,(CHOR®)(CHOR®),,-CH,OR?,
-O-(CH3)m-NR'°-CH,(CHOR®)(CHOR®),-CH,OR®, -(CH,),-CO;R’, -O-(CH,),,-CO,R’, -
OSO;H, -O-glucuronide, -O-glucose,
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R?
O\.\/\ . 7
R o_ R
_O{CHZ%—TQ/ o ----(CHz)nA(-><R7 ,
O

11
or O.__OR

OCOR'!

O OCOR!!

/
OCOR!!

Thus, R’ may be one of the following:
—(CH;)m-OR?,

para-(CH;)4-OH,
~O-(CH,)m-OR®,
para—O-(CH,)4-OH,
—(CH,),-NR'R",
para-NHSO,CH3,
para-CH,NH(C=0)-(OCHs;)s,
para-NH(C=0)CHjs,
para-CH;NH,,
para-NH-CO,C,Hs,
para-CH;NH(C=0)CHS,,
para-CH,NHCO,CHs,
para-CH,NHSO,CH3,
para-(CHz)s-NH(C=0)O(CHa);,
para-(CH,)4-NH,,
para-(CH);-NH(C=0)O(CH,)s,
para-(CH,)3;-NH,,
~0-(CH2)m-NR'R ',
para-OCH,CH,NHCO,(CH3)s,
para-OCH,CH,NHCO,C,Hs,
para-O-(CH,);-NH-CO,-(CH,);,
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para-O(CH);-NH,,
para-OCH,CH,;NHSO,CH;,
-(CH,)»(CHOR®)(CHOR®),-CH,OR®,
-O-(CH3)m(CHOR®)(CHOR®),-CH,OR?,
para-OCH,CHOHCH,0-glucuronide,
para-OCH,CH,CHOHCH,;OH,
para-OCH,-(o¢t-CHOH),CH,OH,
para-OCH,-(CHOH),CH,;0H,
-(CH,CH,0)m-R%,
—O-(CH,CH,0)-R®,
—(CH,CH,0),-CH,CH,NR'R ",
-0-(CH,CH,0),,-CH,CH,NR'R"’,
-(CH,),-C(=O)NR'R ",
para-C(=0Q)NH,,
-O-(CH2)m-C(=0)NR'R"’,
para-O-CH,-(C=0O)NHCH,CHOH,

para—O-CH;-(C=0)NHCH,CHOHCH,OH,
para—O-CH,(C=0)NHCH,(CHOH),CH,OH,

para—O-CH,;C(C=0)NHSO,CH3,
para—-O-CH,(C=0)NHCO,CH;,
para—O-CH,-C(C=0)NH-C(C=0)NH,,
—0-CH;,-(C=0)NH-(C=0)CHjs,
-(CH2)i(Z)gR,

-(CH2),:-(C=N)-NHa,
para-(C=NH)NH,,
-(CH;),-NH-C(=NH)-NHo,,
para-(CH3);-NH-C(=NH)-NHo,
para-CH,NH-C(=NH)-NH,,
-(CH,),-CONHCH,(CHOH),-CH,0H,
-NH-C(=0)-CH,-(CHOH),CH,0H,
-NH-(C=0)-NH-CH,(CHOH),CHOH,
para-NHC(C=0O)NHCH,CH,O0H,
-O-(CHz)m~(Z)g-R’,
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-O-(CH2)m-NH-C(=NH)-N(R ),
para-O(CH;);-NH-C(=NH)-NH,,
-O-(CH;3)m-CHNH,-CO,NR'R ',
para-OCH,-CHNH,-CO;NH;,

5 -O-(CH2)m-CHNH,-CO,NR'R'’, where the compound 1s the (R) enantiomer,
-O-(CH,)m-CHNH,-CO,NR'R'’, where the compound 1s the (S) enantiomer,
para-OCH,CHOH-CH,;NHCO,(CH,)s,
-(CH;)a-NR'°-CH,(CHOR®)(CHOR®),-CH,0RS,
para-NHCH,(CHOH),CH,OH,

10 -O-(CH3)m-NR'*-CH,(CHOR®)(CHOR®),-CH,0R?,

-0-(CH,)-CO5R’,
para-OCH;CH,;CO,(CHs;)s,
para-OCH,CO,H,
para-OCH,CO,C;H;,

15 -O-(CH;,)m-Boc,

-(CH>,)m-Boc,
-0-(CH2)m-NH-C(=NH)-N(R),,
-(CH,),-NH-C(=NH)-N(R);,
-(CH)-NH-C(=0)-OR’,

20 -O-(CH;)m-NH-C(=0)-OR’,
-(CH2)»-NH-C(=0)-R",
-O-(CH,)m-NH-C(=0)-R'",
-0-(CH2)m-C(=O)N(R )z,
-(CH3)m-CHOH-CH,-NHBoc,

25 -0-(CH;),,-CHOH-CH;-NHBoc,
-(CH2)m-NHC(O)OR/,
-O-(CH,)-NHC(O)OR’,
-0-(CHy)m-C(=NH)-N(R "),
-(CH2)u-C(=NH)-NR)2.

30 In another embodiment, R” is selected from the group consisting of
-0-(CH3)3-OH, -NH,, -O-CH,-(CHOH),-CH,0H -0O-CH,-CHOH-CH,0H, -0-CH,CH,-O-
tetrahydropyran-2-yl,-O-CH,CHOH-CH,-O-glucuronide, -O-CH,CH,0H, -O-(CH,CH,0)s-
CH;, -O-CH,CH;0CH3, -O-CH,-(CHOC(=0)CHj3)-CH,-OC(=0)CH3, -O-(CH,CH,0),-CHs,
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-OCH,-CHOH-CHOH-CH,0H, -CH,0H, -CO,CHs3,
R7
O
—0 CHz W(R‘;
O J
and

OAc
O

O OAc
OAc

In another embodiment, R’ is selected from the group consisting of para -O-(CH3)s-
OH, para -NH,, para -O-CH,-(CHOH),-CH,0H, ortho -O-CH,-CHOH-CH,OH, meta -O-
CH,-CHOH-CH,OH, para -O-CH,CH,-O-tetrahydropyran-2-yl, para -O-CH,CHOH-CH,-O-
glucuronide, para -O-CH;CH;0H, para -O-(CH,CH,0)4-CHj3, para -O-CH,CH,0OCHj, para -
O-CH,-(CHOC(=0)CH3;)-CH,-OC(=0)CH3, para -O-(CH,CH,0),-CHj3, -OCH,-CHOH-
CHOH-CH,0H, para -CH,0OH, para -CO,CH3, para -SO;H, para -O-glucuronide, para

R?
O
ot P
O

and

para

OAc

O OAc
OAc
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In a preferred embodiment, each —(CHz),,-(Z)g-R7 falls within the scope of the

structures described above and 1s, independently,
-(CH2)a-(C=N)-NHo,
-(CH2)n-NH-C(=NH)NH,,
-(CH;),-CONHCH,(CHOH),,-CH,0OH, or
-NH-C(=0)-CH,-(CHOH),CH,0H.
In another a preferred embodiment, each -O-(CHz)m-(Z)g-R7 falls within the scope of
the structures described above and is, independently,
-O-(CH;)m-NH-C(=NH)-N(R"),, or
-O-(CH,),,-CHNH,-CO,NR'R?,
In another preferred embodiment, R’ may be one of the following:
-O-CH,;CHOHCH,O-glucuronide,
-OCH,CHOHCHj;,
-OCH,;CH;NH,,
-OCH,CH,;NHCO(CH3)3,
-CH,CH,0OH,
-OCH,CH,0H,
-O-(CH,)m-Boc,
-(CH,)m-Boc,
-OCH,CH;0H,
-OCH,CO3H,
-O-(CH,)m-NH-C(=NH)-N(R"),,
«(CH,)»-NH-C(=NH)-NR ),
-NHCH,(CHOH),-CH,0OH,
-OCH;CO;Et,
-NHSO,CH;,
-(CHz)m-NH-C(=0)-OR’,
-O-(CH;)m-NH-C(=0)-OR’,
-(CH;),-NH-C(=0)-R",
-0-(CH,)-NH-C(=0)-R ",
-O-CH,C(=0O)NH,,
-CH;NH,,

20




10

15

20

25

30

CA 02476430 2004-08-16

WO 03/070182

-NHCO,Et,
-OCH,CH,CH,CH,0H,
-CH,NHSO,CHj,
-OCH,CH,CHOHCH,OH,
-OCH,CH,NHCO,Et,
“NH-C(=NH2)-NH,,
-OCH,-(x-CHOH),-CH,0OH
-OCH,CHOHCH,NH,,
-(CHz)m-CHOH-CH,-NHBoc,
-O-(CH,)»-CHOH-CH,-NHBoc,
-(CH3)-NHC(O)OR/,
-0-(CH,)m-NHC(O)OR/,
-OCH,CH,CH,NH,,
-OCH,CH,NHCH,(CHOH),CH,OH,

-OCH,CH;NH(CH,[(CHOH),CH,0H)],,

-(CH3)4-NHBoc,

-(CH,)4-NH,,

-(CH2)4-OH,
-OCH,CH,NHSO,CH;,
-0-(CH,)m-C(=NH)-N(R),,
-(CH,)s-C(=NH)-N(R),,
-(CH;)>-NH Boc,

-(CH;);NHo,
-O-(CHy)m-NH-NH-C(=NH)-N(R),,
-(CHy),-NH-NH-C(=NH)-N(R"),, or

-0-CH,-CHOH-CH,-NH-C(=NH)-N(R"),;

PCT/US03/04817

There are four R° groups present on the ring in formula (A). Each R° may be each,

independently, -R’, -OR"', -N(R"),, -(CH,),-OR?,
-O-(CH,)-OR®, -(CH,),-NR'R'°, -0-(CH,),-NR'R?,

-(CH2)»(CHOR®)(CHOR®),-CH,0R®, -O-(CH,)m(CHOR®)(CHOR®),-CH,OR?,
-(CH2CH20),-R°, -O-(CH,CH,0)-R?, -(CH,CH;0),,-CH,CH,NR'R ',

-O-(CH,CH;0),,-CH,CH,NR 'R, -(CH,),-C(=O)NR'R ',
-0-(CH)m-C(=O)NR'R ", -(CH,)s~(Z)¢-R’, -O-(CHy)m~(Z)-R’,
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-(CH3)s-NR '°-CH,(CHOR®)(CHOR®),-CH,OR®,
-0-(CH,)m-NR'°-CH,(CHOR®)(CHOR®),-CH,OR®,
-(CHz)n-C02R7, -O-(CHg)m-COzR7, -OSOsH, -O-glucuronide, -O-glucose, or

R7
O 0. R’
—O—(CHp) \FR7 . _(CH2)H—(_7< 7
o g R

In addition, one of more of the R® groups can be one of the R’ groups which fall
within the broad definition of R® set forth above.

When two R® are -OR'' and are located adjacent to each other on a phenyl ring, the
alkyl moieties of the two R® groups may be bonded together to form a methylenedioxy group,
1.€., a group of the formula -O-CH,-O-.

As discussed above, R® may be hydrogen. Therefore, 1, 2, 3, or 4 R® groups may be
other than hydrogen. Preferably at most 3 of the R® groups are other than hydrogen.

Each g 1s, independently, an integer from 1 to 6. Therefore, each g maybe 1, 2, 3, 4,
5, or 6.

Each m 1s an integer from 1 to 7. Therefore, eachm maybe 1, 2,3, 4, 5, 6, or 7.

Each n 1s an integer from 0 to 7. Therefore, eachnmaybe0, 1,2, 3, 4,5, 6, or 7.

Each Q 1n formula (A) is C-R’, C-R®, ora nitrogen atom, where at most three Q in a
ring are nitrogen atoms. Thus, there may be 1, 2, or 3 nitrogen atoms in a ring. Preferably, at
most two Q are nitrogen atoms. More preferably, at most one Q is a nitrogen atom. In one
particular embodiment, the nitrogen atom is at the 3-position of the ring. In another
embodiment of the invention, each Q is either C-R> or C-RS, i.c., there are no nitrogen atoms
In the ring.

More specific examples of suitable groups represented by formula (A) are shown in

formulas (B)-(E) below:

RS

Q=Q
— (CH)o—x— (CH)— <\Q/ (B)
Q_ Q (R6)4
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where 0, X, p, R, and R6, are as defined above;

——(CHz)n—@ R (0

where n is an integer from 1 to 10 and R’ is as defined above;
—CH)— )~k O

where n is an integer from 1 from 10 and R’ is as defined above;

— (CHp)o—x— (Cth—Q R’ (E)

where o, X, p, and R’ are as defined above.

In a preferred embodiment of the invention, Y is -NH,.

In another preferred embodiment, R* is hydrogen.

In another preferred embodiment, R' is hydrogen.

In another preferred embodiment, X 1s chlorine.

In another preferred embodiment, R” is hydrogen.

In another preferred embodiment, R" is hydrogen.

In another preferred embodiment, o 1s 4.

In another preferred embodiment, p is 0.

In another preferred embodiment, the sum of o and p is 4.

In another preferred embodiment, x represents a single bond.
In another preferred embodiment, R® is hydrogen.

In another preferred embodiment, at most one Q is a nitrogen atom.
In another preferred embodiment, no Q is a nitrogen atom.
In a preferred embodiment of the present invention:

X 1s halogen;

Y is -N(R'),;
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R' is hydrogen or C;-C; alkyl;

R’is -R’, -OR’, CH,OR’, or -CO,R’;

R’ is a group represented by formula (A); and

R* is hydrogen, a group represented by formula (A), or lower alkyl;

In another preferred embodiment of the present invention:

X 1s chloro or bromo;

Y is -N(R'),;

R?is hydrogen or C,-Cj alkyl;

at most three R® are other than hydrogen as described above:;

at most three R" are other than hydrogen as described above; and

at most 2 Q are nitrogen atoms.

In another preferred embodiment of the present invention:

Y 1s -NH;;

In another preferred embodiment of the present invention:

R* is hydrogen;

at most one R" is other than hydrogen as described above;

at most two R° are other than hydrogen as described above; and

at most 1 QQ 1s a nitrogen atom.

The compounds of formula (I) may be prepared and used as the free base.
Alternatively, the compounds may be prepared and used as a pharmaceutically acceptable
salt. Pharmaceutically acceptable salts are salts that retain or enhance the desired biological
activity of the parent compound and do not impart undesired toxicological effects. Examples
of such salts are (a) acid addition salts formed with inorganic acids, for example, hydrochloric
acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the like; (b) salts
formed with organic acids such as, for example, acetic acid, oxalic acid, tartaric acid, succinic
acid, maleic acid, fumaric acid, gluconic acid, citric acid, malic acid, ascorbic acid, benzoic
acid, tannic 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.
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It 1s to be noted that all enantiomers, diastereomers, and racemic mixtures of
compounds within the scope of formula (I) are embraced by the present invention. All
mixtures of such enantiomers and diastereomers are within the scope of the present invention.

Without being limited to any particular theory, it 1s believed that the compounds of
formula (I) function in vivo as sodium channel blockers. By blocking epithelial sodium
channels present in mucosal surfaces the compounds of formula (I) reduce the absorption of
water by the mucosal surfaces. This effect increases the volume of protective liquids on
mucosal surfaces, rebalances the system, and thus treats disease.

The present invention also provides methods of treatment that take advantage of the
properties of the compounds of formula (I) discussed above. Thus, subjects that may be
treated by the methods of the present invention include, but are not limited to, patients
afflicted with cystic fibrosis, primary ciliary dyskinesia, chronic bronchitis, chronic
obstructive airway disease, artificially ventilated patients, patients with acute pneumonia, etc.
The present invention may be used to obtain a sputum sample from a patient by administering
the active compounds to at least one lung of a patient, and then inducing or collecting a
sputum sample from that patient. Typically, the invention will be administered to respiratory
mucosal surfaces via aerosol (liquid or dry powders) or lavage.

Subjects that may be treated by the method of the present invention also include
patients being administered supplemental oxygen nasally (a regimen that tends to dry the
airway surfaces); patients afflicted with an allergic disease or response (e.g., an allergic
response to pollen, dust, amimal hair or particles, insects or insect particles, etc.) that affects
nasal airway surfaces; patients afflicted with a bacterial infection e.g., staphylococcus
infections such as Staphylococcus aureus infections, Hemophilus influenza infections,
Streptococcus pneumoniae infections, Pseudomonas aeuriginosa infections, etc.) of the nasal
airway surfaces; patients afflicted with an inflammatory disease that affects nasal airway
surfaces; or patients afflicted with sinusitis (wherein the active agent or agents are
administered to promote drainage of congested mucous secretions in the sinuses by
admimstering an amount effective to promote drainage of congested fluid in the sinuses), or
combined, Rhinosinusitis. The invention may be administered to rhino-sinal surfaces by
topical delivery, including aerosols and drops.
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