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3,5-DIAMINO-6-CHLORO-N-(N-(4-PHENYLBUTYL)CARBAMIMIDOYL)
PYRAZINE-2- CARBOXAMIDE COMPOUNDS

Field of the Invention

The present invention relates to novel substituted 3,5-diamino-6-chloro-N-(N-
(4-arylbutyl)carbamimidoyl)pyrazine-2-carboxamide compounds, particularly
including substituted 3,5-diamino-6-chloro-N-(N-(4-
phenylbutyl)carbamimidoyl)pyrazine-2- carboxamide compounds, such as 3,5-
diamino-N-(N-(4-(4-((S)-4-amino-3-(3-(bis((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)phenyl)butyl)carbamimidoyl)-6-
chloropyrazine-2-carboxamide and its enantiomers and pharmaceutically acceptable
salts, useful as sodium channel blockers, compositions containing the same,
therapeutic methods and uses for the same and processes for preparing the same.

Background of the Invention

The mucosal surfaces at the interface between the environment and the body
have evolved a number of “innate defenses”, 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 (CI" and/or HCO3') secretion coupled
with water (and a cation counter-ion), and epithelial liquid absorption, often reflecting
Na* absorption, coupled with water and counter anion (CI" and/or HCOy). 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* channels and liquid absorption. The
epithelial protein that mediates the rate-limiting step of Na* and liquid absorption is
the epithelial Na* channel (“ENaC”). ENaC is positioned on the apical surface of the
epithelium, i.e. the mucosal surface-environmental interface. Ideally, to inhibit ENaC
mediated Na* and liquid absorption, an ENaC blocker of the amiloride class will be
delivered to the mucosal surface and maintained at this site to achieve maximum

therapeutic benefit.

PCT/US2013/075093



10

15

20

25

30

35

WO 2014/099673

The use of ENaC blockers has been reported for a variety of diseases which
are ameliorated by increased mucosal hydration. In particular, the use of ENaC
blockers in the treatment of respiratory diseases such as cystic fibrosis (CF), and
COPD, including chronic bronchitis (CB) and emphysema, which reflect the body's
failure to clear mucus normally from the lungs and ultimately result in chronic airway
infection has been reported. See, Evidence for airway surface dehydration as the
initiating event in CF airway disease, R. C. Boucher, Journal of Internal Medicine,
Vol. 261, Issue 1, January 2007, pages 5-16; and Cystic fibrosis: a disease of
vuinerability to airway surface dehydration, R.C. Boucher, Trends in Molecular
Medicine, Vol. 13, Issue 6, June 2007, pages 231-240.

Data indicate that the initiating problem in both CB and CF is the failure to
clear mucus from airway surfaces. The failure to clear mucus reflects an imbalance in
the quantities of mucus as airway surface liquid (ASL) on airway surfaces. This
imbalance results in a relative reduction in ASL which leads to mucus concentration,
reduction in the lubricant activity of the periciliary liquid (PCL), mucus adherence to
the airway surface, and failure to clear mucus via ciliary activity to the mouth. The
reduction in mucus clearance leads to chronic bacterial colonization of mucus
adherent to airway surfaces. The chronic retention of bacteria, inability of local
antimicrobial substances to kill mucus-entrapped bacteria on a chronic basis, and the
consequent chronic inflammatory response to this type of surface infection, are
manifest in CB and CF.

There is currently a large, unmet medical need for products that specifically
treat the variety of diseases which are ameliorated by increased mucosal hydration,
including CB, COPD and CF, among others.  The current therapies for CB, COPD
and CF focus on treating the symptoms and/or the late effects of these diseases.
However, none of these therapies effectively treat the fundamental problem of the
failure to clear mucus from the lung.

R.C. Boucher, in U.S. 6,264,975, describes the use of pyrazinoylguanidine
sodium channel blockers for hydrating mucosal surfaces typified by the well-known
diuretics amiloride, benzamil, and phenamil. However, these compounds are
relatively impotent, considering the limited mass of drug that can be inhaled to the
lung; (2) rapidly absorbed, and thereby exhibiting undesirably short half-life on the
mucosal surface; and (3) are freely dissociable from ENaC. More potent drugs with
longer half-lives on the mucosal surface are needed.

Too little protective surface liquid on other mucosal surfaces is a common
pathophysiology of a number of diseases. For example, in xerostomia (dry mouth)
the oral cavity is depleted of liquid due to a failure of the parotid sublingual and

2
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submandibular glands to secrete liquid despite continued Na® (ENaC) transport
mediated liquid absorption from the oral cavity. Keratoconjunctivitis sira (dry eye) is
caused by failure of lacrimal glands to secrete liquid in the face of continued Na*
dependent liquid absorption on conjunctional surfaces. In rhinosinusitis, there is an
imbalance between mucin secretion and relative ASL depletion. Failure to secrete
Cl- (and liquid) in the proximal small intestine, combined with increased Na* (and
liquid) absorption in the terminal ileum leads to the distal intestinal obstruction
syndrome (DIOS). In older patients excessive Na* (and volume) absorption in the
descending colon produces constipation and diverticulitis.

The published literature includes a number of patent applications and granted
patents directed toward pyrazinoylguanidine analogs as sodium channel blockers.
Examples of such publications include PCT Publication Nos. W02003/070182,
WQ02003/070184, WQ02004/073629, W02005/025496, WQ02005/016879,
WQ02005/018644, W02006/022935, W02006/023573, W02006/023617,
WQ02007/018640, W02007/146869, W02008/031028, W02008/031048, and US
Patent Nos. 6858614, 6858615, 6903105, 6,995,160, 7,026,325, 7,030,117,
7064129, 7186833, 7189719, 7192958, 7192959, 7192960, 7241766, 7247636,
7247637, 7317013, 7332496, 7,345,044, 7368447, 7368450, 7368451, 7375107,
7388013, 7399766, 7410968, 7,745,442, 7807834, 7,820,678, 7842697, 7868010,
7,875,619, 7,956,059, 7,981,898, 8,008,494, 8022,210, 8,058,278, 8,124,607,
8,143,256, 8,163,758, 8,198,286, and 8,211,895.

There remains a need for novel sodium channel blocking compounds with
enhanced potency and effectiveness on mucosal tissues. There also remains the
need for novel sodium channel blocking compounds that provide therapeutic effect,
but minimize or eliminate the onset or progression of hyperkalemia in recipients.

PCT/US2013/075093
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Summary of the Invention

This invention provides compounds of Formula (A):

3 4
R R

0 NH \
X N ~
“ N )k /\/\/ Ar/ ©
= N N
| H H 0
X
H,N N NH, (A)

wherein Ar is a moiety selected from the group of:

. =
:gO ;Li%—é O, 3

2

X is selected from —CH,-, -O-, or =S-;

R" and R? are independently selected from H and C;-Cq alkyl;

or R' and R? together with the nitrogen atom to which they are bound form a
5-membered or 6-membered heterocyclic ring optionally containing one additional
ring heteroatom selected from N or O;

R® is an alkyl group having from 3 to 8 carbon atoms or a polyhydroxylated
alkyl group having from 3 to 8 carbon atoms;

R* is a polyhydroxylated alkyl group having from 3 to 8 carbon atoms; and

R® is selected from H or C;-C; alkyl;

or a pharmaceutically acceptable salt thereof.

The invention also provides solvates and hydrates, individual sterecisomers,
including optical isomers (enantiomers and diastereomers) and geometric isomers
(cis-/trans-isomerism), mixtures of sterecisomers, and tautomers of 3,5-diamino-N-
(N-(4-(4-((S)-4-amino-3-(3-(bis((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)phenyl)  butyl)carbamimidoyl)-6-
chloropyrazine-2-carboxamide, or a pharmaceutically acceptable salt thereof, as well
as pharmaceutical compositions comprising the compound, or a pharmaceutically
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acceptable salt thereof, its use in methods of treatment, and methods for its
preparation.

Brief Description of the Drawings

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

FIG. 1 is a graph demonstrating a 4-hour dose response of Compound Il-d
compared to vehicle.

FIG. 2 is a graph of the effect od Compound II-d on sheep plasma.

FIG. 3 is a graph demonstrating the effect of Compound Il-d on Sheep MCC 4
hours post-dose.

FIG. 4 is a graph demonstrating the effect of Comparative Example 1 on
Sheep MCC 4 hours post-dose.

FIG. 5 is a graph demonstrating the effect of Comparative Example 1 on
plasma potassium in sheep.

FIG. 6 is a graph demonstrating the effect of Compound Il-d and Comparative
Example 1 on Sheep MCC 4 hours post-dose.

FIG 7. is a graph demonstrating the effect of Compound Il-d and Comparative
Example 1 on plasma potassium in sheep.

Detailed Description of the Invention

Also provided are embodiments comprising twelve groups of compounds
independently represented by Formulas (B), (C), (D), (E), (F), (G), (H), (I), (J), (K),
(L), and (M):

NH

<

B)
HoN N NH,

PCT/US2013/075093
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wherein, in each group (B), (C), (D), (E), (F), (G), (H), (1), (), (K), (L), and (M):
5 R' and R? are independently selected from H and C,-Cs alkyl;

or R' and R? together with the nitrogen atom to which they are bound form a
5-membered or 6-membered heterocyclic ring optionally containing one additional
ring heteroatom selected from N or O;R® is an alkyl group having from 3 to 8 carbon
atoms or a polyhydroxylated alkyl group having from 3 to 8 carbon atoms;

10 R* is a polyhydroxylated alkyl group having from 3 to 8 carbon atoms; and
R® is selected from H or C;-C; alkyl;
or a pharmaceutically acceptable salt thereof.

Within each group of compounds represented by Formulas (A), (B), (C), (D),
15 (E), (F), (G), (H), (), (J), (K), (L), and (M) there is a further group of compounds
wherein:
R' and R? are independently selected from H and C,-Cg alkyl;
R® and R* are each, independently, a polyhydroxylated alkyl group having
from 3 to 8 carbon atoms;
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R® is selected from H or C;-C; alkyl;
or a pharmaceutically acceptable salt thereof.

Within each group of compounds represented by Formulas (A), (B), (C), (D),
(E), (F), (Q), (H), (), (J), (K), (L), and (M) there is a further group of compounds
wherein:

R' and R? are independently selected from H and C;-C; alkyl;

R® is an alkyl group having from 3 to 8 carbon atoms; and

R* is a polyhydroxylated alkyl group having from 3 to 8 carbon atoms;

R® is selected from H or C;-C; alkyl;

or a pharmaceutically acceptable salt thereof.

Also within each group of compounds represented by Formulas (A), (B), (C),
(D), (E), (F), (Q), (H), (), (J), (K), (L), and (M) there is a further group of compounds
wherein:

R' and R? are, independently, selected from H and -CHj;

R® is an alkyl group having from 3 to 8 carbon atoms or a polyhydroxylated
alkyl group having from 3 to 8 carbon atoms;

R* is a polyhydroxylated alkyl group having from 3 to 8 carbon atoms; and

R® is selected from H or C;-C; alkyl;

or a pharmaceutically acceptable salt thereof.

Within each group of compounds represented by Formulas (A), (B), (C), (D),
(E), (F), (G), (H), (), (J), (K), (L), and (M) there is also a further group of compounds
wherein:

R' and R? are, independently, selected from H and -CHj;

R® is an alkyl group having from 3 to 8 carbon atoms;

R* is a polyhydroxylated alkyl group having from 3 to 8 carbon atoms; and

R® is selected from H or C;-C; alkyl;

or a pharmaceutically acceptable salt thereof.

Further within each group of compounds represented by Formulas (A), (B),
(C), (D), (E), (F), (G), (H), (1), (J), (K), (L), and (M) there is a further group of
compounds wherein:

R' and R? are, independently, selected from H and -CHj;

R® and R* are each, independently, a polyhydroxylated alkyl group having
from 3 to 8 carbon atoms; and

10
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R® is selected from H or C;-C; alkyl;

or a pharmaceutically acceptable salt thereof.

Included within each group of compounds represented by Formulas (A), (B),
(C), (D), (E), (F), (G), (H), (), (J), (K), (L), and (M) there is a further group of
compounds wherein:

R' and R? are H;

R® is an alkyl group having from 3 to 8 carbon atoms or a polyhydroxylated
alkyl group having from 3 to 8 carbon atoms;

R* is a polyhydroxylated alkyl group having from 3 to 8 carbon atoms; and

R® is selected from H or C;-C; alkyl;

or a pharmaceutically acceptable salt thereof.

Also within each group of compounds represented by Formulas (A), (B), (C),
(D), (E), (F), (Q), (H), (), (J), (K), (L), and (M) there is a further group of compounds
wherein:

R' and R? are H;

R® is an alkyl group having from 3 to 8 carbon atoms;

R* is a polyhydroxylated alkyl group having from 3 to 8 carbon atoms; and

R® is selected from H or C;-C; alkyl;

or a pharmaceutically acceptable salt thereof.

Still further within each group of compounds represented by Formulas (A),
(B), (C), (D), (E), (F), (Q), (H), (1), (J), (K), (L), and (M) there is a further group of
compounds wherein R' and R? are H; and R® and R* are each, independently, a
polyhydroxylated alkyl group having from 3 to 8 carbon atoms; and R® is selected
from H or C,-Cs alkyl; or a pharmaceutically acceptable salt thereof.

Within each of the groups described above there is a further group wherein R®
is H; or a pharmaceutically acceptable salt thereof. Within each of the groups
described above there is also a further group wherein R® is -CHs; or a
pharmaceutically acceptable salt thereof.

The 5-membered or 6-membered heterocyclic rings optionally containing one
additional ring heteroatom selected from N or O formed by R' and R?, together with
the nitrogen atom to which they are bound, include pyrrolidinyl, piperidinyl,
piperazinyl, and morpholinyl rings.

Polyhydroxylated alkyl groups of this invention are those in which an alkyl
chain of from 3 to 8 carbon atoms substituted by two or more hydroxyl groups.
Examples of polyhydroxylated alkyl groups are butane-1,4-diol; butane-1,2,2-triol;

11



WO 2014/099673 PCT/US2013/075093

butane-1,1,2,3,-tetraol; pentane-1,2,3,4-tetraol; hexane-1,2,3,4,5-pentaol; heptane-
1,2,3,4,5,6-hexaol; and octane-1,2,3,4,5,6,7-heptaol.

One embodiment within each group of compounds described herein are those
compounds in which the polyhydroxylated alkyl group has the formula —CH,-(CHR?®),-

5 H, wherein n is an integer selected from 2, 3, 4, 5, 6, or 7, and R® is independently in
each instance H or OH, with the proviso that at least two of the R® groups are OH.

Another embodiment within each group of compounds described herein are
those compounds in which the polyhydroxylated alkyl group has the formula —CH,-
CHOH-(CHR®),,-H, wherein m is an integer selected from 1, 2, 3, 4, 5, or 6, and R® is

10 independently in each instance H or OH, with the proviso that at least one of the R®
groups is OH.

A further embodiment within each group of compounds described herein
comprises compounds in which the polyhydroxylated alkyl group has the formula —
CHx-(CHOH),-CH,OH, wherein n is an integer selected from 1, 2, 3, 4, 5, or 6.

15 Another embodiment within each group of compounds described herein comprises
compounds in which n is an integer selected from 2, 3, 4, or 5. Another embodiment
within each group comprises compounds in which n is an integer selected from 3, 4,
or 5.

In another embodiment within each group of compounds described herein,

20 the chain represented by the R*formula -CH,-(CHOH),-CH,OH is 2,3,4,5,6-
pentahydroxyhexane, having the formula:

OH OH

,&’f‘ OH

OH OH

In a further embodiment within each group of compounds described herein,
the chain represented by the R* formula —CH,-(CHOH),-CH,OH is of the formula:
OH OH

05 OH OH

Within each of the groups independently represented by the compounds of
Formulas (A), (B), (C), (D), (E), (F), (G), (H), (1), (¥), (K), (L), and (M), there is a
further embodiment wherein: R' is H; R? is H or C;-C; alkyl;

12
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R® is an alkyl group having from 4 to 8 carbon atoms or a polyhydroxylated
alkyl group having from 4 to 8 carbon atoms; and
R* is a polyhydroxylated alkyl group of the formula —CH,-(CHOH),-CH,OH;
and
5 n in each instance is independently an integer selected from 1, 2, 3, 4, 5, or 6;
or a pharmaceutically acceptable salt thereof.
Within each of the groups independently represented by the compounds of
Formulas (A), (B), (C), (D), (E), (F), (G), (H), (I), (J), (K), (L), and (M), there is still a
further embodiment wherein: R' and R? are H; R® is an alkyl group having from 5 to 7
10 carbon atoms; R* is a polyhydroxylated alkyl group of the formula —CH,-(CHOH)..-
CH-OH; and n is an integer selected from 1, 2, 3, 4, 5, or 6;
or a pharmaceutically acceptable salt thereof.
Within each of the groups described herein there is a further embodiment
wherein R* is a polyhydroxylated alkyl group of the formula —CH,-(CHOH),-CH,OH
15 andnis an integer selected from 3, 4, or 5. In a further embodiment within each
group, R* is a polyhydroxylated alkyl group of the formula —CH,-(CHOH),-CH,OH
andnis 4.
Within each of the groups independently represented by the compounds of
Formulas (A), (B), (C), (D), (E), (F), (G), (H), (I), (J), (K), (L), and (M), there is still a
20  further embodiment wherein: R' and R? are H; R® is an alkyl group having 6 carbon
atoms; R* is a polyhydroxylated alkyl group of the formula —CH,-(CHOH),-CH,OH;
and n is 4; or a pharmaceutically acceptable salt thereof.
Also provided is the compound 3,5-diamino-N-(N-(4-(4-(4-amino-3-(3-
(bis(2,3,4,5,6-pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)phenyl)butyl)
25  carbamimidoyl)-6-chloropyrazine-2-carboxamide, of Formula (B-1):

OH OH OH OH
H\H\(\N/\M
OH OH OH H\OH OH OH

NH

(B-1) HZN% NH O
0 NJ\NJXN\]:CI
H H | D
NH,
In another embodiment, the compound of Formula (A) is 3,5-diamino-N-(N-
30 (4-(4-((S)-4-amino-3-(3-(bis((2S,3R,4R,5R)-2,3,4,5,6-

HNT N

or a pharmaceutically acceptable salt form thereof.

13
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pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)phenyl)butyl)carbamimidoyl)-6-

chloropyrazine-2-carboxamide, having the formula (B-2):
OH O OH OH

®2) 0 NJJ\N)XN\]:Q
H H | _

H,N~ "N” "NH,
or a pharmaceutically acceptable salt thereof.
5 Also provided is the compound 3,5-diamino-N-(N-(4-(4-(4-amino-3-(3-
(hexyl(2,3,4,5,6-pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)phenyl)butyl)
carbamimidoyl)-6-chloropyrazine-2-carboxamide, of Formula (B-3):

CH,

OH OH

OH OH OH H\

NH
H,N

NH O
0 N Cl
NJ\N)HA/ \ji
a a |
(B-3) Z
H,N N NH,

10 or a pharmaceutically acceptable salt thereof.

In another embodiment, the compound is 3,5-diamino-N-(N-(4-(4-((S)-4-
amino-3-(3-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl)amino) propylamino)-
4-oxobutyl)  phenylbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide, having
formula (B-4):

14
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CH,
OH OH
B = (s
YT TN
OH OH OH
NH
HN
2 9 j\IJ\H 0
0 N _Cl
N” N A
(B-4) H,N~ "N” "NH,

or a pharmaceutically acceptable salt thereof.
Other compounds of this invention include those of formulas (E-1), (E-2), (E-
3), and (E-4), or a pharmacteutically acceptable salt thereof:
0

Y I XA

NH N._Cl
NN X

OH OH OH H,N” "N NH,

N (E-1)

OH OH OH
HO

OH
HO

5 HO
3,5-diamino-N-(N-(4-(6-(3-amino-2-(3-(bis(2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-3-oxopropyl)naphthalen-2-

yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide;
o)

NH O

M JK/EN i
N”°N X
~

NH,

HNT N

(E-2)

10 3,5-diamino-N-(N-(4-(6-((S)-3-amino-2-(3-(bis((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-3-oxopropyl)naphthalen-2-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide;
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CH,
OH OH
AN
OH OH OH H\
NH
H,N
(E-3)
i J\/E I

H,N™ °N
3,5-diamino-N-(N-(4-(6-(4-amino-3-(3-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)naphthalen-2-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide; and

CH,

OH OH

(R)-(S)
(B N

OH OH OH H\
NH
RO
: ot T

H,N™ °N
3,5-diamino-N-(N-(4-(6-((S)-4-amino-3-(3-(hexyl((28,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)naphthalen-2-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide.

Further compounds of this invention include those of formulas (H-1), (H-2),
(H-3), and (H-4), or a pharmaceutically acceptable salt thereof:
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OH OH OH OH
N/\)\)\
OH OH OH
OH OH OH
HN
NH,

O NH O
cl N O
_ AN,
| H H
NS
H,NT N7 NH,

(H-1)

3,5-diamino-N-(N-(4-(4-((3R)-4-amino-3-(3-(bis(2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)naphthalen-1-
5  ybhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide; and
OH OH

O NH O
(H-2) 0 NJLNJK/[
H H |

N._Cl
N
I

H,N” N7 NH,

3,5-diamino-N-(N-(4-(4-((S)-4-amino-3-(3-(bis((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)naphthalen-1-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide; and
H;C

10 (H-3)
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3,5-diamino-N-(N-(4-(4-((3R)-4-amino-3-(3-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)naphthalen-1-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide; and

CHj,

OH OH
(R 9
ZIRY" N
OH OH OH KL
e
NS O NH O
(H-4) O NJ\N Nl
VNI
5 HzN N NH2
3,5-diamino-N-(N-(4-(4-((S)-4-amino-3-(3-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)naphthalen-1-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide.

Additional compounds of this invention include those of formulas (K-1), (K-2),
10 (K-3), and (K-4), or a pharmaceutically acceptable salt thereof:

OH OH OH OH
N
OH OH OH OH OH OH
(K-]) NH
H,N

NH O
o) NJ\NJEN\;[O
H H | _
H,N” "N” TNH,
3,5-diamino-N-(N-(4-(4-(4-amino-3-(3-(bis(2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)-5,6,7,8-tetrahydronaphthalen-1-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide;
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OH OH OH OH
(I , @),
SIS
OH OH OH H\OH OH OH
NH
. H,N
(K-2) 2 ) NH O

O N.__(Cl
N N A
=

3,5-diamino-N-(N-(4-(4-((S)-4-amino-3-(3-(bis((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)-5,6,7,8-tetrahydronaphthalen-1-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide;

OH OH OH O
H/\/H H,N JNJ\H 0
OH OH N NH N
H H |
~
H,N N NH,

(K-3)

.

5 H,C
3,5-diamino-N-(N-(4-(4-(3-amino-2-(3-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-3-oxopropyl)-5,6,7,8-tetrahydronaphthalen-
1-yl)butyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide; and

OH OH OH )
L, @ ©)
[ ®T ® H-oN : JNJ\H 0
OH OH N._~_NH N N)tN\j[Cl
H H | _
/H) (K-4) HNT N N,
H,C
10 3,5-diamino-N-(N-(4-(4-((S)-3-amino-2-(3-(hexyl((2S,3R 4R,5R)-2,3,4,5,6-

pentahydroxyhexyl)amino)propylamino)-3-oxopropyl)-5,6,7,8-tetrahydronaphthalen-
1-yl)butyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide.

As used herein, the following terms are defined as indicated.

"A compound of the invention" means a compound of Formula (A) or a salt

15  thereof, particularly a pharmaceutically acceptable salt thereof.

“A compound of Formula (A)” means a compound having the structural
formula designated herein as Formula (A). Compounds of Formula (A) include
solvates and hydrates (i.e., adducts of a compound of Formula (A) with a solvent). In
those embodiments wherein a compound of Formula (A) includes one or more chiral
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centers, the phrase is intended to encompass each individual stereocisomer including
optical isomers (enantiomers and diastereomers) and geometric isomers (cis-/trans-
isomerism) and mixtures of stereocisomers. In addition, compounds of Formula (A)
also include tautomers of the depicted formula(s).

Throughout the description and examples, compounds are named using
standard IUPAC naming principles, where possible, including the use of the
ChemDraw Ultra 11.0 software program for naming compounds, sold by
CambridgeSoft Corp./PerkinElmer.

In some chemical structure representations where carbon atoms do not have
a sufficient number of attached variables depicted to produce a valence of four, the
remaining carbon substituents needed to provide a valence of four should be
assumed to be hydrogen. Similarly, in some chemical structures where a bond is
drawn without specifying the terminal group, such bond is indicative of a methyl (Me,
-CHz) group, as is conventional in the art.

The compounds of Formula I, may be in the form of a free base or a salt,
particularly a pharmaceutically acceptable salt. For a review of pharmaceutically
acceptable salts see Berge et al., J. Pharma Sci. (1977) 66:1-19.

Pharmaceutically acceptable salts formed from inorganic or organic acids
include for example, hydrochloride, hydrobromide, hydroiodide, sulfate, bisulfate,
nitrate, sulfamate, phosphate, hydrogen phosphate, acetate, trifluoroacetate,
maleate, malate, fumarate, lactate, tartrate, citrate, formate, gluconate, succinate,
pyruvate, tannate, ascorbate, palmitate, salicylate, stearate, phthalate, alginate,
polyglutamate, oxalate, oxaloacetate, saccharate, benzoate, alkyl or aryl sulfonates
(e.g., methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate or
naphthalenesulfonate) and isothionate; complexes formed with amino acids such as
lysine, arginine, glutamic acid, glycine, serine, threonine, alanine, isoleucine, leucine
and the like. The compounds of the invention may also be in the form of salts formed
from elemental anions such as chlorine, bromine or iodine.

For therapeutic use, salts of active ingredients of the compounds of Formula
(A) will be pharmaceutically acceptable, i.e. they will be salts derived from a
pharmaceutically acceptable acid.  However, salts of acids which are not
pharmaceutically acceptable may also find use, for example, in the preparation or
purification of a pharmaceutically acceptable compound. Trifluoroacetate salts, for
example, may find such use. All salts, whether or not derived from a
pharmaceutically acceptable acid, are within the scope of the present invention.
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The term "chiral" refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term "achiral" refers to
molecules which are superimposable on their mirror image partner.

The term "stereoisomers” refers to compounds which have identical chemical
constitution, but differ with regard to the arrangement of the atoms or groups in
space. "Diastereomer” refers to a sterecisomer with two or more centers of chirality
and whose molecules are not mirror images of one another. Diastereomers have
different physical properties, e.g. melting points, boiling points, spectral properties,
and reactivities. Mixtures of diastereomers may separate under high resolution
analytical procedures such as electrophoresis and chromatography. "Enantiomers”
refer to two stereocisomers of a compound which are non-superimposable mirror
images of one another.

Stereochemical definitions and conventions used herein generally follow S. P.
Parker, Ed., MCGRAW-HILL DICTIONARY OF CHEMICAL TERMS (1984) McGraw-Hill
Book Company, New York; and Eliel, E. and Wilen, S., STEREOCHEMISTRY OF
ORGANIC COMPOUNDS (1994) John Wiley & Sons, Inc., New York.

Use of the wavy or undulating symbol ()i the structures herein is
understood to indicate a point through which the structure shown is bonded to
another portion of a molecule.

Many organic compounds exist in optically active forms, i.e., they have the
ability to rotate the plane of plane-polarized light. In describing an optically active
compound, the prefixes D and L or R and S are used to denote the absolute
configuration of the molecule about its chiral center(s). A specific sterecisomer may
also be referred to as an enantiomer, and a mixture of such isomers is often called
an enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic
mixture or a racemate, which may occur where there has been no stereoselection or
stereospecificity in a chemical reaction or process. The terms "racemic mixture" and
"racemate” refer to an equimolar mixture of two enantiomeric species.

The term “tautomers” refers to a type of stereoisomer in which migration of a
hydrogen atom results in two or more structures. The compounds of Formula (A)
may exist in different tautomeric forms. One skilled in the art will recognize that
amidines, amides, guanidines, ureas, thioureas, heterocycles and the like can exist in
tautomeric forms. By way of example and not by way of limitation, compounds of
Formula (A) can exist in various tautomeric forms as shown below:
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O NH O  NH;
Cl N / ‘15,1
Cl N \ )LN /H’v,l N NN
| H H | H
P =
H,N~ "N~ “NH, , HN™ "N™ "NH,
O NH,
Cl N x ‘51
XX
| H
and yZ

H,N” N “NH,

All possible tautomeric forms of the amidines, amides, guanidines, ureas,
thioureas, heterocycles and the like of all of the embodiments of Formula (A) are
within the scope of the instant invention. Tautomers exist in equilibrium and thus the
depiction of a single tautomer in the formulas provided will be understood by those
skilled in the art to refer equally to all possible tautomers.

It is to be noted that all enantiomers, diastereomers, and racemic mixtures,
tautomers, polymorphs, pseudopolymorphs of compounds within the scope of
Formula (A) and pharmaceutically acceptable salts thereof are embraced by the
present invention. All mixtures of such enantiomers and diastereomers, including
enantiomerically enriched mixtures and diastereomerically enriched mixtures are
within the scope of the present invention. Enantiomerically enriched mixtures are
mixtures of enantiomers wherein the ratio of the specified enantiomer to the
alternative enantiomer is greater than 50:50. More particularly, an enantiomerically
enriched mixture comprises at least about 75% of the specified enantiomer, and
preferably at least about 85% of the specified enantiomer. In one embodiment, the
enantiomerically enriched mixture is substantially free of the other enantiomer.
Similarly, diastereomerically enriched mixtures are mixtures of diastereomers
wherein amount of the specified diastereomer is greater than the amount of each
alternative diastereomer. More particularly, a diastereomerically enriched mixture
comprises at least about 75% of the specified diastereomer, and preferably at least
about 85% of the specified diastereomer. In one embodiment, the diastereomerically
enriched mixture is substantially free of all other diastereomers. The term
“substantially free of” will be understood by those skilled in the art to indicate less
than a 5% presence of other diastereomers, preferably less than 1%, more preferably
less than 0.1%. In other embodiments no other diastereomers will be present or the
amount of any other diastereomers present will be below the level of detection.
Stereoisomers may be separated by techniques known in the art, including high
performance liquid chromatography (HPLC) and crystallization of chiral salts.
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A single stereocisomer, e.g. an enantiomer, substantially free of its
stereoisomer may be obtained by resolution of the racemic mixture using a method
such as formation of diastereomers using optically active resolving agents
("Stereochemistry of Carbon Compounds," (1962) by E. L. Eliel, McGraw Hill;
Lochmuller, C. H., (1975) J. Chromatogr., 113:(3) 283-302). Racemic mixtures of
chiral compounds of the invention can be separated and isolated by any suitable
method, including: (1) formation of ionic, diastereomeric salts with chiral compounds
and separation by fractional crystallization or other methods, (2) formation of
diastereomeric compounds with chiral derivatizing reagents, separation of the
diastereomers, and conversion to the pure stereoisomers, and (3) separation of the
substantially pure or enriched sterecisomers directly under chiral conditions.

In one embodiment, the present invention provides an enantiomerically
enriched mixture of, or a composition comprising an enantiomerically enriched
mixture of, 3,5-diamino-N-(N-(4-(4-((S)-4-amino-3-(3-(bis((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)phenyl)butyl)carbamimidoyl)-6-
chloropyrazine-2-carboxamide, having the formula (B-2), or a pharmaceutically
acceptable salt thereof, as the predominant isomer.

Another embodiment provides an enantiomerically enriched mixture of, or a
composition comprising an enantiomerically enriched mixture of, 3,5-diamino-N-(N-
(4-(4-((S)-4-amino-3-(3-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl)amino)
propylamino)-4-oxobutyl)phenyl)butyl)carbamimidoyl)-6-chloropyrazine-2-
carboxamide, having the formula (B-4), or a pharmaceutically acceptable salt thereof,
as the predominant isomer.

Another embodiment provides an enantiomerically enriched mixture of, or a
composition comprising an enantiomerically enriched mixture of, 3,5-diamino-N-(N-
(4-(4-((R)-4-amino-3-(3-(bis((2R,3S,4S,5S)-2,3,4,5,6-
pentahydroxyhexyl)amino)propylamino)-4-oxobutyl)naphthalen-1-
yhbutyl)carbamimidoyl)-6-chloropyrazine-2-carboxamide, having the formula (H-2), or
a pharmaceutically acceptable salt thereof, as the predominant isomer.

A further embodiment provides an enantiomerically enriched mixture of, or a
composition comprising an enantiomerically enriched mixture of, 3,5-diamino-N-(N-
(4-(4-((R)-4-amino-3-(3-(hexyl((2R,3S,4S,5S5)-2,3,4,5,6-pentahydroxyhexyl)amino)
propylamino)-4-oxobutyl)naphthalen-1-yl)butyl)carbamimidoyl)-6-chloropyrazine-2-
carboxamide, having the formula (H-4), or a pharmaceutically acceptable salt thereof,
as the predominant isomer.

Other embodiments comprise the enantiomerically enriched mixtures or
compositions comprising, respectively, the compounds of formulas (B-2), (B-4), (H-
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2), and (H-4), or a pharmaceutically acceptable salt thereof, as the predominant
isomer in each of their respective mixtures.

Other embodiments comprise the enantiomerically enriched mixtures or
compositions comprising, respectively, the compounds of formulas (B-2), (B-4), (H-
2), and (H-4), or a pharmaceutically acceptable salt thereof, substantially free of
other isomers in each of their respective mixtures.

A compound of Formula (A) and pharmaceutically acceptable salts thereof
may exist as different polymorphs or pseudopolymorphs. As used herein, crystalline
polymorphism means the ability of a crystalline compound to exist in different crystal
structures. The crystalline polymorphism may result from differences in crystal
packing (packing polymorphism) or differences in packing between different
conformers of the same molecule (conformational polymorphism). As used herein,
crystalline pseudopolymorphism also includes the ability of a hydrate or solvate of a
compound to exist in different crystal structures. The pseudopolymorphs of the
instant invention may exist due to differences in crystal packing (packing
pseudopolymorphism) or due to differences in packing between different conformers
of the same molecule (conformational pseudopolymorphism). The instant invention
comprises all polymorphs and pseudopolymorphs of the compounds of Formula (A)
and pharmaceutically acceptable salts thereof.

A compound of Formula (A) and pharmaceutically acceptable salts thereof
may also exist as an amorphous solid. As used herein, an amorphous solid is a solid
in which there is no long-range order of the positions of the atoms in the solid. This
definition applies as well when the crystal size is two nanometers or less. Additives,
including solvents, may be used to create the amorphous forms of the instant
invention. The instant invention, including all pharmaceutical compositions, methods
of treatment, combination products, and uses thereof described herein, comprises all
amorphous forms of the compounds of Formula (A) and pharmaceutically acceptable
salts thereof.

USES

The compounds of the invention exhibit activity as sodium channel blockers.
Without being bound by any particular theory, it is believed that the compounds of the
invention may function in vivo by blocking e