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DIAMINOPYRIMIDINE P2X3 AND P2X 2/3 RECEPTOR MODULATORS FOR
TREATMENT OF ACUTE, SUB-ACUTE OR CHRONIC COUGH

RELATED APPLICATIONS
[01]  This application claims the benefit under 35 U.S.C. §119(¢e) of United States Provisional Patent
Application Serial Number 61/869174, the disclosure of which is incorporated herein by reference in its

entirety.

FIELD OF THE INVENTION

[02]  This invention pertains to compounds and methods for treatment of diseases associated with P2X
purinergic receptors, and more particularly to methods of using P2X3 and/or P2X?2/3 antagonists for
treatment of cough, chronic cough and urge to cough in respiratory conditions and disorders.

BACKGROUND OF THE INVENTION

[03] The respiratory tract, or airways, participates in the vital process of gas exchange in order to
support the demand for oxygen intake and carbon dioxide elimination. Vagal autonomic nerves control
smooth muscles of the tracheobronchial tree, and thus caliber of airways, as well as liberation and
movement of secretions (mucus and fluid). Control is coordinated within brainstem nuclei which regulate
voluntary and autonomic outflow, relying on a rich input of vagal sensory signals from the airway tissues
that in turn convey conscious sensation and trigger autonomic reflexes. Vagal sensory fibers arise mostly
from cell bodies within jugular and nodose ganglia, and their activity is regulated by a range of chemical
substances (Carr & Undem (2003) Respirology 8(3):291-301). One such substance is ATP, which
sensitizes vagal afferents and serves as a convergent mechanosensory airways signal (Weigand, Ford and
Undem (2012) J Physiol. 590(16):4109-20).

[04]  ATP activates purinoceptors (e.g., P2X3 and P2X2/3), which mediate many physiological and
pathological roles (See, Burnstock (1993) Drug Dev. Res. 28:195-206). ATP stimulates and sensitizes
sensory nerve endings resulting in intense sensations such as pain, discomfort, urgency, itch and urge and
a pronounced increase in sensory nerve discharge, largely via P2X3 receptor activation on afferent nerve
fibers innervating rodent and human tissues and organs, especially the hollow viscera.

[05]  Data suggest that ATP may be released from epithelial and interstitial cells of hollow organs
(such as airways, bladder) as a result of distention, movement, pressure or inflammation (Burnstock
(1999) J. Anatomy 194:335-342; and Ferguson et al. (1997) J. Physiol. 505:503-511). ATP thus serves a
role in conveying information to sensory neurons located in epithelial and subepithelial compartments,
¢.g., subepithelial lamina propria (Namasivayam, et al. (1999) BJU Intl. 84:854-860; Weigand, Ford and
Undem (2012) J Physiol. 590(16):4109-20).
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[06] Undem and co-workers have reported that P2X3 and P2X2/3 receptors are widely expressed and
modulate function of nodose and jugular afferent fibers in mammalian airways (Weigand, Ford and
Undem (2012) J Physiol. 590(16):4109-20). Additionally, in a guinea pig model of ATP or histamine
potentiation of citric acid induced cough, P2X subfamily receptors were implicated although contribution
of P2X3 or P2X2/3 receptors was not deduced (Kamei, Takahashi, Yoshikawa, Saitoh (2005) Eur J
Pharmacol. 528(158-161); Kamei and Takahashi. (2006) Eur J Pharmacol. 547:160-164). Finally, it has
been shown in human studies that patients with airway disease associated with cough and breathlessness
(such as asthma, COPD or pulmonary fibrosis) have excess ATP concentrations in their airway fluids
(Esther, Alexis and Picher. (2011) Subcell. Biochem. 55:75-93; Lommatzsch et al. (2010) Am J Respir
Crit Care Med. 181(9):928-34), and that the inhalation by asthmatic patients of nebulized ATP is able to
activate airways sensations leading to urge to cough and precipitating cough itself (Pellegrino et al. (1996)
J Appl Physiol. 81(2):964-75.; Basoglu et al. (2005) Chest. 128(4):1905-9), although the site of action of
this effect of ATP, and receptor(s) involved have not been elucidated.

[07]  There is accordingly a need for methods of treating diseases, conditions and disorders mediated
by P2X3 and/or P2X2/3 receptors, as well as a need for compounds that act as modulators of P2X
receptors, including antagonists of P2X3 and P2X2/3 receptors. Such diseases and disorders are herein
shown to include cough, chronic cough and urge to cough, including cough associated with a respiratory
disease or disorder. Chronic cough is distressing and functionally disabling, and no novel licensed
treatments for cough have appeared in approximately 50 years. The present invention satisfies these

needs as well as others.

SUMMARY OF THE INVENTION

[08]  This invention pertains to compounds for use in treatment of diseases driven by or mediated by
P2X3 or P2X2/3 receptor activation, and more particularly to compounds for use as selective P2X3 and/or
P2X3 - P2X2/3 antagonists for treatment of common signs, symptoms and morbidity of diseases mediated
by P2X3 and/or P2X2/3 receptors. Such compounds can also be used in the manufacture of a
medicament.

[09] The invention provides compounds for use in treating cough-impacted respiratory diseases using
a P2X3 and/or a dual P2X3 - P2X2/3 receptor antagonist. These compounds can also be used in the
manufacture of a medicament for treating such disease. More specifically, respiratory diseases can
include acute or sub-acute cough, urge to cough, and chronic cough. These respiratory diseases can be
largely corrected by antagonism of P2X3-containing receptors (e.g., P2X3 and P2X2/3). Moreover, the
compounds exemplified herein (e.g., diaminopyrimidine P2X3/P2X2/3 antagonists) are highly effective at
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attenuating the cough-related symptoms of many respiratory diseases including acute and sub-acute
cough, urge to cough, and chronic cough.

[10]  Accordingly, in one aspect, the present invention is directed to a method for treating cough or
urge to cough associated with a respiratory disease in a subject in need thereof. The method can comprise

administering to the subject in need thereof an effective amount of a compound of Formula (I):

CHs; CHs;
NH,
O
B
)\
OR; N NHz
R2

[12]  In one or more embodiments, R'is hydrogen or optionally substituted C;-Cs alkyl. In one or more

[11] (I) or a pharmaceutically acceptable salt thereof.
embodiments, R? is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy;
hydroxy; haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl;
arylsulfonyl; carboxyalkyl; cyano or alkylcarbonyl.

[13]  In one aspect, the present invention provides a compound for use in treating a subject for cough

or urge to cough associated with a respiratory disease, wherein the compound is a compound of Formula

CHs CHs
NH,

OR; N

(D: R? (Formula (1)) or a pharmaceutically acceptable salt thereof,
wherein R'is hydrogen or optionally substituted C;-C alkyl, and

[14]  wherein, R* is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy;
hydroxy; haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl;
arylsulfonyl; carboxyalkyl; cyano or alkylcarbonyl.
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[15]  In one aspect, the present invention provides for the use of a compound of Formula (I)

CHs CHs
NH,

OR; N

R? for the manufacture of a medicament for treating cough or urge
to cough associated with a respiratory disease in a patient in need thereof, wherein:
[16]  R'is hydrogen or optionally substituted C,-Cg alkyl; and
[17] R%is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy; hydroxy;
haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl; arylsulfonyl;
carboxyalkyl; cyano or alkylcarbonyl.
[18]  In one or more embodiments of any of the above aspects, the chronic cough is idiopathic or
treatment resistant cough. The cough can be daytime cough.
[19]  In one or more embodiments of any of the above aspects, the compound of Formula (1) is
administered at about 600 mg twice daily. The compound of Formula (I) can be administered for about 2
weeks. For instance, the compound of Formula (I) is administered at about 600 mg twice daily for about
two weeks.
[20]  In one or more embodiments of any of the above aspects, the chronic cough is refractory chronic
cough. In one or more embodiments, of any of the above aspects, the chronic cough is reduced by about
50-90% (e.g., about 55%, 60%, 65%, 70%, 75%, 80%, or 85%).
[21]  In one or more embodiments of any of the above aspects, the P2X3 or P2X2/3 antagonist
compound is selected from Compounds 1-38. For instance, the compound can be selected from
Compounds 6, 7, 13, 16, 20, 27, 34 and 37 (e.g., the compound can be Compound 16).
[22]  In one or more embodiments of any of the above aspects, R is hydrogen or methyl.
[23]  In one or more embodiments of any of the above aspects, R*is haloalkyl, aminosulfonyl,
alkylsulfonyl alkylcarbonyl or carboxyalkyl.
[24]  In one or more embodiments of any of the above aspects, R%is haloalkyl, further wherein alkyl is
methyl.
[25]  In one or more embodiments of any of the above aspects, R* is aminosulfonyl.
In one or more embodiments of any of the above aspects, R?is carboxyalkyl. In one or more

embodiments of any of the above aspects, R”is alkylcarbonyl.
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[26]  In one or more embodiments, the respiratory symptom, condition or disorder is attenuated by a
P2X3 or P2X3-P2X2/3 receptor antagonist. The respiratory disease can be selected from many
conditions where cough hypersensitivity prevails, and may include unexplained cough or cough
associated with upper respiratory infection, chronic obstructive pulmonary disease (COPD), asthma, or
idiopathic pulmonary fibrosis.

[27]  In one or more embodiments, the cough is sub-acute or chronic cough, treatment-resistant cough,
idiopathic chronic cough, post-viral cough, iatrogenic cough, cough associated with post-nasal drip,
cough associated with upper respiratory infection, asthma and/or COPD, cough associated with interstitial
disease, cough associated with gastroesophageal reflux disease (GERD) and/or cough associated with
smoking or a form of bronchitis. The iatrogenic cough can be induced by an ACE-inhibitor. Additionally,
the interstitial disease can be pulmonary fibrosis.

[28]  In another aspect, the present invention is directed to a method for treating chronic cough in a

patient in need thereof. The method can comprise administering an effective amount of a compound of

Formula (I):
CHs CHs
NH,
o}
]
)\
OR; N NHz
[29] R? (I) or a pharmaceutically acceptable salt thereof.

In one or more embodiments, R'is hydrogen or optionally substituted C;-C alkyl.

[30] In one or more embodiments, R? is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido;
haloalkyl; alkoxy; hydroxy; haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy;
alkylsulfonyl; arylsulfonyl; carboxyalkyl; cyano or alkylcarbonyl.

[31]  In another aspect, the present invention provides a compound for use in treating chronic cough in

a patient in need thereof, wherein the compound is a compound of Formula (I):

CHs CHs
NH,

OR; N
R? (Formula (1)) or a pharmaceutically acceptable salt thereof,

wherein R'is hydrogen or optionally substituted C;-Cg alkyl, and
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wherein , R? is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy; hydroxy;
haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl; arylsulfonyl;
carboxyalkyl; cyano or alkylcarbonyl.

[32] In another aspect, the present invention provides for the use of a compound of Formula (1)

CHs CHs
NH,

OR; N

[33] R (Formula (I))

[34] for the manufacture of a medicament for treating chronic cough in a patient in need thereof,

[35] wherein:

[36]  R'is hydrogen or optionally substituted C;-Cs alkyl; and

371 R%is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy; hydroxy;
haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl; arylsulfonyl;
carboxyalkyl; cyano or alkylcarbonyl.

[38] In one or more embodiments of any of the above aspects, the chronic cough is idiopathic or
treatment resistant cough. The cough can be daytime cough.

[39] In one or more embodiments of any of the above aspects, the compound of Formula (1) is
administered at about 600 mg twice daily. The compound of Formula (I) can be administered for about 2
weeks. For instance, the compound of Formula (I) is administered at about 600 mg twice daily for about
two weeks.

[40]  In one or more embodiments of any of the above aspects, the chronic cough is refractory chronic
cough. In one or more embodiments, of any of the above aspects, the chronic cough is reduced by about
50-90% (e.g., about 55%, 60%, 65%, 70%, 75%., 80%, or 85%).

[41]  In one or more embodiments of any of the above aspects, the P2X3 or P2X2/3 antagonist
compound is selected from Compounds 1-38. For instance, the compound can be selected from
Compounds 6, 7, 13, 16, 20, 27, 34 and 37 (e.g., the compound can be Compound 16).

[42]  In one or more embodiments of any of the above aspects, R' is hydrogen or methyl.

[43]  In one or more embodiments of any of the above aspects, R*is haloalkyl, aminosulfonyl,
alkylsulfonyl alkylcarbonyl or carboxyalkyl.

[44]  In one or more embodiments of any of the above aspects, R”is haloalkyl, further wherein alkyl is
methyl.

[45]  In one or more embodiments of any of the above aspects, R is aminosulfonyl.
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In one or more embodiments of any of the above aspects, R”is carboxyalkyl. In one or more
embodiments of any of the above aspects, R”is alkylcarbonyl.

[46]  In another aspect, the present invention provides a method of treating neuronal hypersensitivity
underlying acute, sub-acute or chronic cough. The method comprises administering an effective amount

of'a compound of Formula (I):

CH, CHs
NH,
0
B
)\
OR; N NHz
[47] R?

[48] In one or more embodiments, R'is hydrogen or optionally substituted C;-Cg alkyl.

(I) or a pharmaceutically acceptable salt thereof.

In one or more embodiments, R? is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido;
haloalkyl; alkoxy; hydroxy; haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy;
alkylsulfonyl; arylsulfonyl; carboxyalkyl; cyano or alkylcarbonyl.

[49]  In another aspect, the present invention provides a compound for use in treating neuronal
hypersensitivity underlying acute, sub-acute, or chronic cough in a patient in need thereof, wherein the

compound is a compound of Formula (I)

CH, CH,
NH,
o}
| b
)\
OR; N NH;
R2

[50] (Formula (I)), or a pharmaceutically acceptable salt
thereof;

[51] wherein:

[52] R'is hydrogen or optionally substituted C;-Cg alkyl; and

[53] R%is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy;

hydroxy; haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl;
arylsulfonyl; carboxyalkyl; cyano or alkylcarbonyl.

[S4]  In another aspect, the present invention provides the use of a compound of Formula (I)



WO 2015/027212 PCT/US2014/052389

CHs CHs

OR; N

[55] R? (Formula (1))

[S6]  for the manufacture of a medicament for treating neuronal hypersensitivity underlying acute, sub-
acute, or chronic cough in a patient in need thereof,

[57] wherein:

[58] R'is hydrogen or optionally substituted C;-Cg alkyl; and

[59] R?is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy;
hydroxy; haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl;
arylsulfonyl; carboxyalkyl; cyano or alkylcarbonyl.

[60]  In one or more embodiments of any of the above aspects, the chronic cough is idiopathic or
treatment resistant cough. The cough can be daytime cough.

[61] In one or more embodiments, of any of the above aspects, the compound of Formula (1) is
administered at about 600 mg twice daily. The compound of Formula (I) can be administered for about 2
weeks. For instance, the compound of Formula (1) is administered at about 600 mg twice daily for about
two weeks.

[62]  In one or more embodiments, of any of the above aspects, the chronic cough is refractory chronic
cough. In one or more embodiments, of any of the above aspects, the chronic cough is reduced by about
50-90% (e.g., about 55%, 60%, 65%, 70%, 75%., 80%, or 85%).

[63]  In one or more embodiments of any of the above aspects, the P2X3 or P2X2/3 antagonist
compound is selected from Compounds 1-38. For instance, the compound can be selected from
Compounds 6, 7, 13, 16, 20, 27, 34 and 37 (e.g., the compound can be Compound 16).

[64]  In one or more embodiments of any of the above aspects, R is hydrogen or methyl.

[65]  In one or more embodiments of any of the above aspects, R”is haloalkyl, aminosulfonyl,
alkylsulfonyl, alkylcarbonyl or carboxyalkyl.

[66]  In one or more embodiments of any of the above aspects, R”is haloalkyl, further wherein alkyl is
methyl.

[67]1  In one or more embodiments of any of the above aspects, R is aminosulfonyl.

[68]  In one or more embodiments of any of the above aspects, R”is carboxyalkyl. In one or more

embodiments of any of the above aspects, R”is alkylcarbonyl.
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[69]  In one or more embodiments, the invention relates to a method for treating the symptoms of
cough and urge to cough associated with a respiratory disease by administering a compound of Formula
(I). The invention also relates to compounds for use of a compound of Formula (I) in treating the
symptoms of cough and urge to cough associated with a respiratory disease in a subject in need thereof.
The invention also relates to the use of a compound of Formula (I) for the manufacture of a medicament
for treating the symptoms of cough and urge to cough associated with a respiratory disease in a subject in
need thereof. For example, the invention relates to a method of treatment of the symptoms of chronic
cough and/or urge to cough associated with a respiratory disease or disorder mediated by a P2X3 or
P2X2/3 receptor antagonist by administering a compound of Formula (I). The invention also relates to
compounds of Formula (I) for use for treatment of the symptoms of chronic cough and/or urge to cough
associated with a respiratory disease or disorder mediated by a P2X3 or P2X2/3 receptor antagonist. The
invention also relates to the use of a compound of Formula (I) in the manufacture of a medicament for
treatment of the symptoms of chronic cough and/or urge to cough associated with a respiratory disease or
disorder mediated by a P2X3 or P2X2/3 receptor antagonist.

[70]  In one or more embodiments, the invention relates to methods for reducing daytime chronic
cough in idiopathic/treatment-resistant chronic cough. The invention also relates to a method of treating
neuronal hypersensitivity underlying chronic cough. The invention also relates to compounds of Formula
(D) for use in reducing daytime chronic cough in idiopathic/treatment-resistant chronic cough, and for
treating neuronal hypersensitivity underlying chronic cough. The invention also relates to the use of a
compound of Formula (I) in the manufacture of a medicament for reducing daytime chronic cough in
idiopathic/treatment-resistant chronic cough, and for treating neuronal hypersensitivity underlying chronic
cough.

[71]  In one or more embodiments, the methods of the invention relate to treating, preventing or
ameliorating the respiratory diseases and disorders described herein, or symptoms thereof, described
herein in a patient in need thereof by administering a compound selected from Compounds 1-39. For
example, the compound is selected from Compounds 6, 7, 13, 17, 21, 28, 35 and 38. For example, the
compound is Compound 16. The invention also relates to use of a compound selected from Compounds
1-39 for treating, preventing or ameliorating the respiratory diseases and disorders described herein. The
invention also relates to the use of a compound selected from Compounds 1-39 in the manufacture of a
medicament for treating, preventing or ameliorating the respiratory diseases and disorders described
herein. For example, the compound is selected from Compounds 6, 7, 13, 17, 21, 28, 35 and 38. For
example, the compound is Compound 16.

[72]  The invention also provides pharmaceutical compositions of the compounds of the present

invention and methods of preparing the same.
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[73] As set forth in the Detailed Description below, the present invention features a class of P2X3 and
P2X2/3 antagonists for treating or alleviating cough and urge to cough, including chronic cough. The
present invention has the advantage of addressing the root cause driving cough hypersensitivity in these
illnesses instead of merely suppressing central modulation of the symptom perception. For instance, the
present invention offers methods to reduce the activity of afferent nerves that ultimately trigger the
persistent and inappropriate urge to cough in a sensitized subject (e.g., a human). The present invention
also has the advantage of giving highly selective P2X3 and P2X2/3 antagonists. Further features and

advantages are set forth in the Detailed Description below and will be apparent to one of skill in the art.

BRIEF DESCRIPTION OF THE DRAWING

[74]  Figure 1 is a graph depicting the effect of Compound 16 on objectively recorded daytime cough

frequency (coughs per hour) in treatment-resistant chronic cough patients.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
[75]  Unless otherwise stated, the following terms used in this Application, including the specification
and claims, have the definitions given below. It must be noted that, as used in the specification and the

€% 66
a

appended claims, the singular forms “a”, “an,” and “the” include plural referents unless the context
clearly dictates otherwise.

[76]  “Agonist” refers to a compound that enhances the activity of another compound or receptor site.
[77]  “Alkyl” means the monovalent linear or branched saturated hydrocarbon moiety, consisting
solely of carbon and hydrogen atoms, having from one to twelve carbon atoms. “Lower alkyl” refers to
an alkyl group of one to six carbon atoms, i.e. C;-Cealkyl. Examples of alkyl groups include, but are not
limited to, methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl, tert-butyl, pentyl, n-hexyl, octyl, dodecyl,
and the like.

[78] "Alkenyl" means a linear monovalent hydrocarbon radical of two to six carbon atoms or a
branched monovalent hydrocarbon radical of three to six carbon atoms, containing at least one double
bond, e.g., ethenyl, propenyl, and the like.

[79] "Alkynyl" means a linear monovalent hydrocarbon radical of two to six carbon atoms or a

branched monovalent hydrocarbon radical of three to six carbon atoms, containing at least one triple bond,

e.g., ethynyl, propynyl, and the like.

10
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[80] “Alkylene” means a linear saturated divalent hydrocarbon radical of one to six carbon atoms or a
branched saturated divalent hydrocarbon radical of three to six carbon atoms, e.g., methylene, ethylene,
2,2-dimethylethylene, propylene, 2-methylpropylene, butylene, pentylene, and the like.

[81]  “Alkoxy” means a moiety of the formula —OR, wherein R is an alkyl moiety as defined herein.
Examples of alkoxy moicties include, but are not limited to, methoxy, ethoxy, isopropoxy, and the like.
[82] “Alkoxyalkyl” means a moiety of the formula R*-O—R"—, where R* is alkyl and R” is alkylene as
defined herein. Exemplary alkoxyalkyl groups include, by way of example, 2-methoxyethyl, 3-
methoxypropyl, 1-methyl-2-methoxyethyl, 1-(2-methoxyethyl)-3-methoxypropyl, and 1-(2-
methoxyethyl)-3-methoxypropyl.

[83] "Alkylcarbonyl" means a moiety of the formula —R’-R”, where R’ is (C=0) and R” is alkyl as
defined herein.

[84]  "Alkylsulfonyl” means a moiety of the formula -R’-R”, where R’ is -SO,- and R” is alkyl as
defined herein.

[85]  "Alkylsulfonylalkyl” means a moiety of the formula -R'-R"-R" where R’ is alkylene, R" is -SO,-
and R" is alkyl as defined herein.

[86] "Alkylamino” means a moiety of the formula -NR-R' wherein R is hydrogen or alkyl and R’ is
alkyl as defined herein.

[87]  "Alkylsulfanyl" means a moiety of the formula -SR wherein R is alkyl as defined herein.

[88] “Amino” means a moiety of the formula -NHR wherein R can be hydrogen or alkyl.

[89] “Amido” means a moiety of the formula -NR(CO)R’- wherein R and R’ can be H or alkyl as
defined herein.

[90] “Hydroxy” means a moiety of the formula —OH.

[91] “Haloalkoxy” means a group of the formula —OR, wherein R is a haloalkyl group as defined
herein.

[92]  “Nitro” means a group of the formula -NO,. “Alkylcarbonyl” refers to a group of the formula —
(CO)R wherein R is an alkyl group as defined herein.

[93] "Aminoalkyl" means a group -R-R’ wherein R' is amino and R is alkylene as defined herein.
"Aminoalkyl" includes aminomethyl, aminoethyl, 1-aminopropyl, 2-aminopropyl, and the like. The
amino moiety of "aminoalkyl" may be substituted once or twice with alkyl to provide "alkylaminoalkyl"
and "dialkylaminoalkyl" respectively. "Alkylaminoalkyl" includes methylaminomethyl,
methylaminoethyl, methylaminopropyl, ethylaminoethyl and the like. "Dialkylaminoalkyl” includes
dimethylaminomethyl, dimethylaminoethyl, dimethylaminopropyl, N-methyl-N-ethylaminoethyl, and the
like.

11
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[94] "Aminosulfonyl” means a group -SO,-NRR' wherein R and R’ each independently is hydrogen or
alkyl as defined herein.

[95] "Alkylsulfonylamido" means a moiety of the formula -NR'SO,-R wherein R is alkyl and R’ is
hydrogen or alkyl.

[96] "Alkynylalkoxy" means a group of the formula -O-R-R’ wherein R is alkylene and R' is alkynyl
as defined herein.

[97] “Aryl” means a monovalent cyclic aromatic hydrocarbon moiety consisting of a mono-, bi- or
tricyclic aromatic ring. The aryl group can be optionally substituted as defined herein. Examples of aryl
moieties include, but are not limited to, optionally substituted phenyl, naphthyl, phenanthryl, fluorenyl,
indenyl, pentalenyl, azulenyl, oxydiphenyl, biphenyl, methylenediphenyl, aminodiphenyl,
diphenylsulfidyl, diphenylsulfonyl, diphenylisopropylidenyl, benzodioxanyl, benzofuranyl, benzodioxylyl,
benzopyranyl, benzoxazinyl, benzoxazinonyl, benzopiperadinyl, benzopiperazinyl, benzopyrrolidinyl,
benzomorpholinyl, methylenedioxyphenyl, ethylenedioxyphenyl, and the like, including partially
hydrogenated derivatives thereof.

[98] "Arylsulfonyl" means a group of the formula -SO,-R wherein R is aryl as defined herein.

[99] “Antagonist” refers to a compound that diminishes or prevents the action of another compound
or receptor site.

[100] "Cyanoalkyl"” means a moiety of the formula -R’—R”, where R’ is alkylene as defined herein
and R” is cyano or nitrile.

[101] The terms “halo”, “halogen” and "halide", which may be used interchangeably, refer to a
substituent fluoro, chloro, bromo, or iodo.

[102] “Haloalkyl” means alkyl as defined herein in which one or more hydrogen atoms have been
replaced with the same or different halogen. Exemplary haloalkyls include —CH,Cl,

—CH,CF;, —CH,CCls, perfluoroalkyl (e.g., —CF3), and the like.

[103] "Hydroxyalkoxy" means a moiety of the formula -OR wherein R is hydroxyalkyl as defined
herein.

[104] "Hydroxyalkylamino" means a moiety of the formula -NR-R' wherein R is hydrogen or alkyl and
R'is hydroxyalkyl as defined herein.

[105] "Hydroxyalkylaminoalkyl” means a moiety of the formula -R-NR'-R" wherein R is alkylene, R' is
hydrogen or alkyl, and R" is hydroxyalkyl as defined herein.

[106] "Hydroxycarbonylalkyl" or "carboxyalkyl" means a group of the formula -R-(CO)-OH where R is
alkylene as defined herein.

[107] "Hydroxyalkyloxycarbonylalkyl" or "hydroxyalkoxycarbonylalkyl" means a group of the formula
-R-C(0)-0-R-OH wherein each R is alkylene and may be the same or different.

12
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[108] “Hydroxyalkyl” means an alkyl moiety as defined herein, substituted with one or more,
preferably one, two or three hydroxy groups, provided that the same carbon atom does not carry more
than one hydroxy group. Representative examples include, but are not limited to, hydroxymethyl,
2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl,
3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 2-hydroxy-1-hydroxymethylethyl,
2,3-dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxymethyl)-3-hydroxypropyl

[109] "Carboxy" means a group of the formula -O-C(O)-OH.

[110] "Sulfonamido” means a group of the formula -SO,-NR'R" wherein R' and R" each independently
is hydrogen or alkyl.

[111] "Optionally substituted", for example when used with the term alkyl, means an alkyl group which
is optionally substituted independently with one to three substituents, preferably one or two substituents
selected from any of the substituents defined herein, for instance alkyl, cycloalkyl, cycloalkylalkyl,
heteroalkyl, hydroxyalkyl, halo, nitro, cyano, hydroxy, alkoxy, amino, acylamino, mono-alkylamino, di-
alkylamino, haloalkyl, haloalkoxy, heteroalkyl, -COR (where R is hydrogen, alkyl, phenyl or
phenylalkyl), -(CR’R”),,-COOR (where n is an integer from 0 to 5, R” and R” are independently hydrogen

or alkyl, and R is hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl), or (CR’R”),-
CONRaRb (where n is an integer from 0 to 5, R’ and R” are independently hydrogen or alkyl, and R? and

Rb are, independently of each other, hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl).
[112] “Leaving group” means the group with the meaning conventionally associated with it in synthetic
organic chemistry, i.e., an atom or group displaceable under substitution reaction conditions. Examples
of leaving groups include, but are not limited to, halogen, alkane- or arylenesulfonyloxy, such as
methanesulfonyloxy, ethanesulfonyloxy, thiomethyl, benzenesulfonyloxy, tosyloxy, and thienyloxy,
dihalophosphinoyloxy, optionally substituted benzyloxy, isopropyloxy, acyloxy, and the like.

[113] “Modulator” means a molecule that interacts with a target. The interactions include, but are not
limited to, agonist, antagonist, and the like, as defined herein.

[114] “Optional” or “optionally” means that the subsequently described event or circumstance may but
need not occur, and that the description includes instances where the event or circumstance occurs and
instances in which it does not.

[115] "Discase" and “Discase state” means any disease, condition, symptom, disorder or indication.
[116] “Inert organic solvent” or “inert solvent” means the solvent is inert under the conditions of the
reaction being described in conjunction therewith, including for example, benzene, toluene, acetonitrile,
tetrahydrofuran, N,N-dimethylformamide, chloroform, methylene chloride or dichloromethane,

dichloroethane, diethyl ether, ethyl acetate, acetone, methyl ethyl ketone, methanol, ethanol, propanol,
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isopropanol, fert-butanol, dioxane, pyridine, and the like. Unless specified to the contrary, the solvents
used in the reactions of the present invention are inert solvents.

[117] “Pharmaceutically acceptable” means that which is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic, and neither biologically nor otherwise undesirable and
includes that which is acceptable for veterinary as well as human pharmaceutical use.

[118] “Pharmaceutically acceptable salts” of a compound means salts that are pharmaceutically
acceptable, as defined herein, and that possess the desired pharmacological activity of the parent
compound. Such salts include: acid addition salts formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with organic acids
such as acetic acid, benzenesulfonic acid, benzoic, camphorsulfonic acid, citric acid, ethanesulfonic acid,
fumaric acid, glucoheptonic acid, gluconic acid, glutamic acid, glycolic acid, hydroxynaphtoic acid, 2-
hydroxyethanesulfonic acid, lactic acid, maleic acid, malic acid, malonic acid, mandelic acid,
methanesulfonic acid, muconic acid, 2-naphthalenesulfonic acid, propionic acid, salicylic acid, succinic
acid, tartaric acid, p-toluenesulfonic acid, trimethylacetic acid, and the like; or salts formed when an
acidic proton present in the parent compound either is replaced by a metal ion, e.g., an alkali metal ion, an
alkaline earth ion, or an aluminum ion; or coordinates with an organic or inorganic base. Acceptable
organic bases include diecthanolamine, ethanolamine, N-methylglucamine, tricthanolamine, tromethamine,
and the like. Acceptable inorganic bases include aluminum hydroxide, calcium hydroxide, potassium
hydroxide, sodium carbonate and sodium hydroxide.

[119] The preferred pharmaceutically acceptable salts are the salts formed from acetic acid,
hydrochloric acid, sulphuric acid, methanesulfonic acid, maleic acid, phosphoric acid, tartaric acid, citric
acid, sodium, potassium, calcium, zinc, and magnesium.

[120] 1t should be understood that all references to pharmaceutically acceptable salts include solvent
addition forms (solvates) or crystal forms (polymorphs) as defined herein, of the same acid addition salt.
[121] “Protective group” or “protecting group” means the group which selectively blocks one reactive
site in a multifunctional compound such that a chemical reaction can be carried out selectively at another
unprotected reactive site in the meaning conventionally associated with it in synthetic chemistry. Certain
processes of this invention rely upon the protective groups to block reactive nitrogen and/or oxygen atoms
present in the reactants. For example, the terms “amino-protecting group” and “nitrogen protecting
group” are used interchangeably herein and refer to those organic groups intended to protect the nitrogen
atom against undesirable reactions during synthetic procedures. Exemplary nitrogen protecting groups
include, but are not limited to, trifluoroacetyl, acetamido, benzyl (Bn), benzyloxycarbonyl

(carbobenzyloxy, CBZ), p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, ferz-butoxycarbonyl

14



WO 2015/027212 PCT/US2014/052389

(BOC), and the like. The artisan in the art will know how to choose a group for the ease of removal and
for the ability to withstand the following reactions.

[122] “Solvate” or “solvates” means solvent addition forms that contain either stoichiometric or non-
stoichiometric amounts of solvent. Some compounds have a tendency to trap a fixed molar ratio of
solvent molecules in the crystalline solid state, thus forming a solvate. If the solvent is water the solvate
formed is a hydrate; when the solvent is alcohol, the solvate formed is an alcoholate. Hydrates are formed
by the combination of one or more molecules of water with one of the substances in which the water
retains its molecular state as H,O, such combination being able to form one or more hydrate.

[123] “Subject” means mammals and non-mammals. Mammals means any member of the mammalia
class including, but not limited to, humans; non-human primates such as chimpanzees and other apes and
monkey species; farm animals such as cattle, horses, sheep, goats, and swine; domestic animals such as
rabbits, dogs, and cats; laboratory animals including rodents, such as rats, mice, and guinea pigs; and the
like. Examples of non-mammals include, but are not limited to, birds, and the like. The term “subject”
does not denote a particular age or sex.

[124] “Cough related respiratory disorder” or "respiratory disease” refers to, without limitation, cough
hypersensitivity syndrome, chronic obstructive pulmonary disease (COPD), asthma, bronchospasm, and
the like. Respiratory disorders include, for example, sub-acute or chronic cough, treatment-resistant
cough, idiopathic chronic cough, cough associated with upper respiratory infection, post-viral cough,
iatrogenic cough (e.g., as induced by ACE-inhibitors), idiopathic pulmonary fibrosis or cough associated
with smoking or a form of bronchitis. Respiratory disorders can include urge to cough associated with
any respiratory disease, for example urge to cough associated with chronic obstructive pulmonary disease
(COPD), cough-variant asthma, interstitial lung diease, or whooping cough.

[125] “Acute cough” is understood to mean a cough lasting up to two weeks in duration. For instance,
acute cough can be the result of an acute disease, such as a cold or flu. An acute cough will disappear
when the underlying cause (e.g., cold or flu) is eliminated.

[126] “Sub-acute cough” is understood to mean a cough lasting between two and eight weeks. In some
cases, a sub-acute cough follows a period in which a subject is infected with a disease (e.g., cold or flu).
A sub-acute cough is one that often remains after the underlying cause has been removed. For instance, a
sub-acute cough is found post-infection (e.g., post-viral infection).

[127]  “Chronic cough” refers to a persistent or refractory cough lasting longer than eight weeks that
may not have an obvious underlying cause and is may not be associated with other respiratory diseases,
such as asthma or COPD (i.e., idiopathic). Chronic cough is also characterized in that there are no
hallmarks to define and diagnose it, in contrast to other respiratory diseases (¢.g., COPD). Another

characteristic of chronic cough is that a subject suffering from chronic cough may be apparently normal in
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most other respects. Chronic cough is characterized by frequent coughing (e.g., at least 5-10 coughs per
hour during daytime), and bothersome coughing during sleep. Chronic cough can last for a period of
years, including over a decade.
[128] In order to determine if a subject is afflicted by a chronic cough, a practitioner or clinician can
perform a three-step test. First, the subject can be treated for putative post-nasal drips. In some cases,
such treatment takes the form of an antihistamine. Second, the subject can be treated with a proton-pump
inhibitor (e.g., to treat putative gastro-esophageal disease such as reflux disease). Third, a subject can be
treated with steroids (e.g., to treat a putative case of asthma).
[129] If a subject continues to display a chronic cough after the above three-step treatment regimen, the
cough is said to be chronic cough and is likely refractory. It is understood that patients suffering from
refractory cough often have suffered both acute and sub-acute cough before being diagnosed with chronic
cough.
[130] “Therapeutically effective amount” means an amount of a compound that, when administered to a
subject for treating a disease state, is sufficient to effect such treatment for the disease state. The
“therapeutically effective amount” will vary depending on the compound, disease state being treated, the
severity or the disease treated, the age and relative health of the subject, the route and form of
administration, the judgment of the attending medical or veterinary practitioner, and other factors.
[131] The terms “those defined above™ and “those defined herein” when referring to a variable
incorporates by reference the broad definition of the variable as well as preferred, more preferred and
most preferred definitions, if any.
[132] “Treating” or “treatment” of a disease state includes:
(1) inhibiting the disease state, i.e., arresting the development of the disease state or its
clinical symptoms, or
(i1) relieving the disease state, i.e., causing temporary or permanent regression of the disease
state or its clinical symptoms.
[133] “Preventing” or “prevention” of a disease state includes causing the clinical symptoms of the
disease state not to develop in a subject that may be exposed to or predisposed to the disease state, but
does not yet experience or display symptoms of the disease state. For example, treating or preventing a
respiratory disease or disorder includes treating or preventing the symptoms the disorder such as cough
and/ or urge to cough associated with a respiratory disease.
[134] The terms “treating”, “contacting” and “reacting” when referring to a chemical reaction means
adding or mixing two or more reagents under appropriate conditions to produce the indicated and/or the

desired product. It should be appreciated that the reaction which produces the indicated and/or the
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desired product may not necessarily result directly from the combination of two reagents which were
initially added, i.e., there may be one or more intermediates which are produced in the mixture

which ultimately leads to the formation of the indicated and/or the desired product.

Nomenclature and Structures

[135] In general, the nomenclature used in this Application is based on AUTONOM™ v 4.0; a Beilstein
Institute computerized system for the generation of [UPAC systematic nomenclature. Chemical

structures shown herein were prepared using ISIS® version 2.2. Any open valency appearing on a carbon,
oxygen or nitrogen atom in the structures herein indicates the presence of a hydrogen atom.

[136] All patents and publications identified herein are incorporated herein by reference in their entirety.
Methods

[137] The invention provides compounds and methods for treating a respiratory disease mediated by a
P2X3 or P2X2/3 receptor antagonist, said method comprising administering to a subject in need thereof

an effective amount of a compound of Formula (I):

CHs CHs

OR,
R* ;

wherein:
[138] R'is hydrogen or optionally substituted C;-C alkyl;
[139] R?is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy; hydroxy;
haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl; arylsulfonyl;
carboxyalkyl; cyano or alkylcarbonyl.
[140] The invention provides a compound for use in treating a respiratory disease mediated by a P2X3
or P2X2/3 receptor antagonist in a patient in need thereof, wherein the compound is a compound of

Formula (I)
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CH, CH, \H
2
o}
)
)\
OR; N NH;
R2

[141] (Formula (I)), or a pharmaceutically acceptable salt
thereof;

[142] wherein:

[143] R'is hydrogen or optionally substituted C,-C alkyl; and

[144] R%is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy;

hydroxy; haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl;
arylsulfonyl; carboxyalkyl; cyano or alkylcarbonyl.

[145] The present invention provides the use of a compound of Formula (1)

NH,
O\f\"‘
PR
OR; N NH;
[146] R? (Formula (1))

[147] for the manufacture of a medicament for treating a respiratory disease mediated by a P2X3 or
P2X2/3 receptor antagonist in a patient in need thereof,

[148] wherein:

[149] R'is hydrogen or optionally substituted C,-C alkyl; and

[150] R%is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy;
hydroxy; haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl;
arylsulfonyl; carboxyalkyl; cyano or alkylcarbonyl.

[151] Exemplary respiratory diseases treatable with the compounds and methods of the invention
include acute, sub-acute or chronic cough, treatment-resistant cough, idiopathic chronic cough, post-viral
cough, whooping cough, iatrogenic cough (e.g., as induced by ACE-inhibitors), idiopathic pulmonary
fibrosis or cough associated with smoking or a form of bronchitis. A disease treatable by the invention
includes urge to cough associated with any respiratory disease, for example urge to cough associated with

chronic obstructive pulmonary disease (COPD), or asthma . For example, the invention relates to a
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method for treating the symptoms of cough and urge to cough associated with a respiratory disease. The
present invention also relates to a compound of Formula (I) for use in treating the symptoms of cough
and urge to cough associated with a respiratory disease. The present invention also relates to use of a
compound of Formula (I) for the manufacture of a medicament for treating the symptoms of cough and
urge to cough associated with a respiratory disease.

[152] For example, the invention relates to a method of treatment of the symptoms of cough and/or
urge to cough associated with a respiratory disease or disorder mediated by a P2X3 or P2X2/3 receptor
antagonist. The invention relates to a compound of Formula (I) for use in the treatment of the symptoms
of cough and/or urge to cough associated with a respiratory disease or disorder mediated by a P2X3 or
P2X2/3 receptor antagonist. The invention relates to the use of a compound of Formula (I) in the
manufacture of a medicament for treatment of the symptoms of cough and/or urge to cough associated
with a respiratory disease or disorder mediated by a P2X3 or P2X2/3 receptor antagonist.

[153] The present invention also provides methods of treatment of a respiratory disease, wherein the
respiratory symptoms are mediated by P2X3 and/or P2X2/3 receptor activation. The invention provides
a compound of Formula (I) for use in treatment of a respiratory disease, wherein the respiratory
symptoms are mediated by P2X3 and/or P2X2/3 receptor activation. The invention provides use of a
compound of Formula (I) in the treatment of a respiratory disease, wherein the respiratory symptoms are
mediated by P2X3 and/or P2X2/3 receptor activation.

[154] The method can include administering to the subject an effective amount of a compound of
Formula (I). The method can include administering any of the embodiments of Formula (I) set forth
herein. The compound of Formula (I) for use can be used in an effective amount. The compound of
Formula (I) can be used in an effective amount for the manufacture of a medicament.

[155] The present invention also provides compounds for use in treating respiratory symptoms
mediated by P2X3 and/or P2X2/3 receptor activation (e.g., cough or chronic cough). The present
invention also provides that compounds of the present invention can be used in the manufacture of a
medicament for use in treating a respiratory disease mediated by P2X3 and/or P2X2/3 receptor activation
and senstization (e.g., cough or chronic cough).

[156] In certain embodiments of the invention the respiratory disease to be treated or prevented may be
chronic cough. For example, the invention relates to methods for reducing daytime cough in
idiopathic/treatment-resistant chronic cough. In some embodiments, a subject with chronic cough has as
many as 40 coughs per hour or more over a period of 24 hours (e.g., at least 25 coughs per hour). In
some embodiments, the chronic cough is not obviously caused by an underlying disease or ailment. For
instance, the chronic cough can be caused by persistent endogenous over-activation of a P2X3 or a

P2X2/3 receptor. Such activation may not be the result of a separate ailment. In certain embodiments of
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the invention, the symptom or disorder to be treated is neuronal hypersensitivity underlying chronic
cough.

[157] Without wishing to be bound by any particular theory, in some embodiments, the present
invention can work by antagonizing and ultimately modulating (e.g., reducing) the activity of P2X3 and/
or P2X2/3 receptors. This in turn can have the effect of modulating (e.g., down regulating) the function
of nodose and jugular afferent fibers in mammalian airways. This process can have the global effect of
reducing the neuronal signals that trigger the urge to cough, e.g., in a patient suffering from acute, sub-
acute or chronic cough. Without wishing to be bound by any theory, Compound 16 may be an efficacious
treatment for chronic coughing. Further without wishing to be bound by theory, the P2X3 receptor
modulators described herein can adjust and/or attenuate the neuronal hypersensitivity underlying chronic
cough.

[158] In many embodiments of the invention the disorder to be treated or prevented is urge to cough
associated with a respiratory disease.

[159] For example, the invention relates to treating, preventing or ameliorating the respiratory diseases
and disorders described herein, or symptoms thereof, described herein in a patient in need thereof by
administering a compound selected from Compounds 1-39. For example, the compound is selected from
Compounds 6, 7, 13, 17, 21, 28, 35 and 38. For example, the compound is Compound 16.

[160] In some instances, preferred embodiments from one group can be combined with preferred
embodiments from another group. For instance, in one preferred embodiment R; is —CHs. In another
preferred embodiment, R, is —SO,NH,. According to the present invention, the two preferred
embodiments disclosed above can be combined to give a preferred compound wherein R; is —CH; and R,
is —=SO,NH,.

[161] In certain embodiments of Formula (I), R' is methyl.

[162] In certain embodiments of Formula (I), R'is hydrogen.

[163] In certain embodiments of Formula (I), R*is haloalkyl, aminosulfonyl, alkylsulfonyl
alkylcarbonyl or carboxyalkyl.

[164] In certain embodiments of Formula (), R*is haloalkyl, where alkyl is methyl.

[165] In certain embodiments of Formula (1), R%is aminosulfonyl.

[166] In certain embodiments of Formula (I), R*is carboxyalkyl.

[167] In certain embodiments of Formula (1), R%is alkylcarbonyl.

[168] Where R' or R? is alkyl or contains an alkyl moiety, such alkyl is preferably lower alkyl, i.e.
C;-Cealkyl, and more preferably C;-Cjalkyl.

Representative compounds in accordance with the invention are shown in Table 1.
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TABLE 1

Structure

Name

5-(2-Isopropyl-4,5-dimethoxy-phenoxy)-
pyrimidine-2,4-diamine

5-(5-Bromo-2-isopropyl-4-methoxy-
phenoxy)-pyrimidine-2,4-diamine

5-(5-Chloro-2-isopropyl-4-methoxy-
phenoxy)-pyrimidine-2,4-diamine

5-(2-Isopropyl-4-methoxy-5-methyl-
phenoxy)-pyrimidine-2,4-diamine

NH, 1-[5-(2,4-Diamino-pyrimidin-5-yloxy)-
0 N 4-isopropyl-2-methoxy-phenyl]-
| N ethanone
H;C( /)\
o) N NH,
NH
2 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-
O | N isopropyl-2-methoxy-benzamide
H.C /)\
"o N~ NH

21




WO 2015/027212

PCT/US2014/052389

# Structure Name
H,C CH, NH,
7 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-
o N isopropyl-2-methoxy-benzoic acid
0 N~ "NH,
HO o)
H,C CH, NH,
8 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-
O | IN isopropyl-2-methoxy-benzonitrile
H,C /)\
o N~ “NH,
CN
H,C CH, NH
9 2 [5-(2,4-Diamino-pyrimidin-5-yloxy)-4-
O N isopropyl-2-methoxy-phenyl]-urea
| /)\
IC) N NH,
CH, HN% o
H,N
H.C CH, NH
10 2 5-(5-Chloro-4-difluoromethoxy-2-
o SN isopropyl-phenoxy)-pyrimidine-2,4-
| diamine
/)\
CI) N NH,
CFH CI
H,C CH, NH
11 2 5-(5-Amino-2-isopropyl-4-methoxy-
O N phenoxy)-pyrimidine-2,4-diamine
| /)\
(I) N NH,
CH; NH,
H,C _CH, NH
12 2 N-[5-(2,4-Diamino-pyrimidin-5-yloxy)-
0 N 4-isopropyl-2-methoxy-phenyl]-
acetamide
| /)\
o N~ “NH,
CH, HN
o
H,C
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Structure Name
H,C _CH, NH,
o 5-(2-Isopropyl-5-methanesulfonyl-4-
| N methoxy-phenoxy)-pyrimidine-2,4-
diamine
H.C Z
™o N)\NHZ
0=S
Il ~CH,
H,C CH,
NH, 1-[5-(2,4-Diamino-pyrimidin-5-yloxy)-
O XN 2-hydroxy-4-isopropyl-phenyl]-ethanone
LA
HO N NH,
He” O
H.C CH, NH
2 5-(5-Iodo-2-isopropyl-4-methoxy-
O N phenoxy)-pyrimidine-2,4-diamine
H,C< | Z
70 NJ\NHz
I
H,C CH,
NH, 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-
O XN isopropyl-2-methoxy-
G | J\ benzenesulfonamide
o =
o N” “NH,
.S=0
H,N™ N\
H,C—__CH, NH
2 4-(2,4-Diamino-pyrimidin-5-yloxy)-2-
O N iodo-5-isopropyl-phenol
| /)\
HO N~ NH,
I
NH .
2 5-(2-Isopropyl-4methoxy-5-vinyl-
0 phenoxy)-pyrimidine-2,4-diamine
)
/)\
o N” NH,
N\
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# Structure Name
19 NH, 4-(2,4-Diamino-pyrimidin-5-ylmethyl)-
2-iodo-5-isopropyl-phenol
SN
| /)\
HO N NH,
I
H,C CH,
20 NH, 5-(2-Isopropyl-4-methoxy-5-
0] X trifluoromethyl-phenoxy)-pyrimidine-
| N 2,4-diamine
H.C /)\
M) N” "NH,
CF,
H,C CH,
21 NH, 1-[5-(2,4-Diamino-pyrimidin-5-yloxy)-
O XN 4-isopropyl-2-methoxy-phenyl]-3-ethyl-
| urea
H,C =
Cug A
HNYO
HNj
CH,
H,C CH,
22 NH, 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-
0 X isopropyl-2-methoxy-N-methyl-
| N benzamide
H,C /)\
e N~ “NH,
O
H;C—N
H
H.C CH,
23 NH, 1-[5-(2,4-Diamino-pyrimidin-5-yloxy)-
0] X 4-isopropyl-2-methoxy-phenyl]-ethanol
| N
H.C /)\
o) N~ “NH,
H,C OH
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# Structure Name
H.C CH,
24 NH, 5-(2,5-Diisopropyl-4-methoxy-
henoxy)-pyrimidine-2,4-diaming
| X o\f\\l phenoxy)-pyri
H,C = /)\
o) N~ “NH,
H,C” CH,
H.C CH
N8
25 NH, 5-[2-Isopropyl-4-methoxy-5-(1-
0] methoxy-ethyl)-phenoxy]-pyrimidine-
N | SN 2,4-diamine
H.C = /)\
o N~ "NH,
.CH,
H.C O
H.C CH, NH
26 2 1-[5-(2,4-Diamino-pyrimidin-5-yloxy)-
O N 4-isopropyl-2-methoxy-phenyl]-3-
| )\ phenyl-urea
H.C =
o N~ "NH,
HN\(O
©/NH
H.C CH,
27 NH, 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-
0 X isopropyl-2-methoxy-N-methyl-
| N benzenesulfonamide
/)\
e N” NH,
O:?:O
ITIH
CH,
H,C CH,
28 NH, 5-(2-Isopropyl-4-methoxy-5-
e} trifluoromethoxy-phenoxy)-pyrimidine-
| ~N 2,4-diamine
/)\
H:C~0o N~ NH,
O\
CF,
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# Structure Name
H,C CH, NH
29 2 5-(5-Todo-2-isopropyl-4-prop-2-
0 | \)N\ Eirpquxy—phenoxy)—pyrimidine—2,4—
iamine
pZ
/o N~ “NH,
|
H.C CH,
30 NH, 5-(2-Isopropyl-4-methoxy-5-nitro-
0] phenoxy)-pyrimidine-2,4-diamine
)
H.C /)\
e N~ “NH,
NO,
H,C CH, NH
31 2 5-(4-Ethoxy-5-iodo-2-isopropyl-
O N phenoxy)-pyrimidine-2,4-diamine
| =
oge N)\NHZ
I
H,C CH, NH
32 2 5-[5-Todo-2-isopropyl-4-(2,2,2-trifluoro-
O | N ethoxy)-phenoxy]-pyrimidine-2,4-
diamine
7
NN P
I
H.C CH,
33 NH, 5-(2-Isopropyl-4-methoxy-5-nitro-
0] phenoxy)-pyrimidine-2,4-diamine
SN
| /)\
(I) N NH,
CH;, NO,
H.C CH,
34 NH, 5-(5-Ethanesulfonyl-2-isopropyl-4-
0] methoxy-phenoxy)-pyrimidine-2,4-
| iamine
H.C /)\
o N~ NH,
=0
N\
@)
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# Structure Name
H.C CH,
35 NH, 5-(5-Fluoro-2-isopropyl-4-methoxy-
0 X phenoxy)-pyrimidine-2,4-diamine
| N
H.C =z
o N)\NHZ
F
H.C CH
N8
36 NH, 2-[5-(2,4-Diamino-pyrimidin-5-yloxy)-
4-isopropyl-2-methoxy-phenyl]-propan-
O NN “isopropy y-phenyl]-prop
| | )\ 2-ol
H.C s/ =
e N~ “NH,
H,c” 1 OH
CH,
H.C CH,
37 NH, 5-(2,4-Diamino-pyrimidin-5-yloxy)-N-
0 N ethyl-4-isopropyl-2-methoxy-
| N benzenesulfonamide
H,C /)\
=0 N NH,
OZ?ZO
NH
CH,
H.C CH,
38 NH, 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-
o) isopropyl-2-methoxy-N,N-dimethyl-
| SN benzamide
H,C( /)\
O N NH,
O
HCN
CH,
Synthesis

[169] Compounds of the present invention can be made by a variety of methods depicted in the
illustrative synthetic reaction schemes shown and described below. Syntheses of compounds for use in
the invention can also be performed according to teachings presented in, for example, United States
patents 7,858,632, 8,008,313; 8,003,788; 7,531,547; 7,741,484 and 7,799,796, each of which is

specifically incorporated herein in its entirety.
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[170] The starting materials and reagents used in preparing these compounds generally are either
available from commercial suppliers, such as Aldrich Chemical Co., or are prepared by methods known to
those skilled in the art following procedures set forth in references such as Fieser and Fieser’s Reagents
Jfor Organic Synthesis; Wiley & Sons: New York, 1991, Volumes 1-15; Rodd’s Chemistry of Carbon
Compounds, Elsevier Science Publishers, 1989, Volumes 1-5 and Supplementals; and Organic Reactions,
Wiley & Sons: New York, 1991, Volumes 1-40. The following synthetic reaction schemes are merely
illustrative of some methods by which the compounds of the present invention can be synthesized, and
various modifications to these synthetic reaction schemes can be made and will be suggested to one
skilled in the art having referred to the disclosure contained in this Application.

[171] The starting materials and the intermediates of the synthetic reaction schemes can be isolated and
purified if desired using conventional techniques, including but not limited to, filtration, distillation,
crystallization, chromatography, and the like. Such materials can be characterized using conventional
means, including physical constants and spectral data.

[172] Unless specified to the contrary, the reactions described herein preferably are conducted under an
inert atmosphere at atmospheric pressure at a reaction temperature range of from about -78 °C to about
150 °C, more preferably from about 0 °C to about 125 °C, and most preferably and conveniently at about
room (or ambient) temperature, ¢.g., about 20 °C.

[173] Scheme A below illustrates another synthetic procedure usable to prepare specific compounds of

Formula (T) above, wherein R?, R*, RY, and R are as defined herein.

Step 1 O\/CN Step 2 -
ICHZCN o
RS NaH, Rdo)kRs , CHsl
R* | m

Step 3

CN —_—>

:[OM NRdRe
e

SCHEME A

[174] Instep 1 of Scheme A, an O- alkylation is carried out by reaction of phenol j with a
haloacetonitrile such as iodoacetonitrile k, to afford cyano ether 1. Numerous substituted phenols j are
either commercially available or may be prepared by techniques well known in the art for use in step 1.

For example, substituted aldehydes may be converted to the corresponding phenols j via Baeyer-Villiger
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oxidation using peracid such as mCPBA, as illustrated in the experimental examples below. The
alkylation of step 1 may be effected in the presence of mild base under polar aprotic solvent conditions.
[175] Instep 2, a cyano enol ether compound n is formed by treatment of cyano ether 1 with a strong
base such as sodium hydride, followed by introduction of ester m to form an enolate (not shown), that in
turn is alkylated by addition of iodomethane or other alkyl halide. This step may be carried out under
polar aprotic solvent conditions.

[176] In step 3 cyano enol ether n is reacted with guanidine compound ¢ in the presence of base, under
polar aprotic conditions, to yield diaminopyrimidine (p). The diaminopyrimidine (p) is a compound of
Formula (I) usable in the methods of the invention.

[177] Numerous variations on the procedure of Scheme A are possible and will be readily apparent to
those skilled in the art.

[178] Specific details for producing compounds of the invention are described in the Examples section

below.

Use

[179] The invention provides methods for treating a respiratory disease mediated by a P2X5 or P2X,3
receptor antagonist, said method comprising administering to a subject in need thereof an effective
amount of a compound of Formula (I). The invention also provides a compound of Formula (I) for the
use in treating a respiratory disease mediated by a P2X; or P2X,5 receptor antagonist. The invention also
provides a compound of Formula (I) in the manufacture of a medicament for treating a respiratory disease
mediated by a P2X5 or P2X,5 receptor antagonist.

[180] Exemplary respiratory diseases treatable with the invention include sub-acute or chronic cough,
treatment-resistant cough, idiopathic chronic cough, post-viral cough, iatrogenic cough (e.g., as induced
by ACE-inhibitors), idiopathic pulmonary fibrosis or cough associated with smoking or a form of
bronchitis. A disease treatable by the invention includes urge to cough associated with any respiratory
disease, for example urge to cough associated with chronic obstructive pulmonary disease (COPD),
asthma or bronchospasm.

[181] In certain embodiments of the invention the respiratory disease may be chronic cough.

[182] In many embodiments of the invention the disease is urge to cough associated with a respiratory
disease.

[183] In one or more embodiments, the compounds of the present invention can result in a reduction of
objective daytime cough counts in a subject with chronic cough (e.g., refractory chronic cough). For
instance, administration of the compounds of the present invention or a pharmaceutically acceptable salt

thereof to a subject in need thereof can result in a reduction in objective daytime cough counts of between
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1% and 99%. For instance, the objective daytime cough count can be reduced by between 50% and 90%,
or cough count can be reduced by 75%. In addition, there may also be a significant reduction in daytime,

and total 2h cough count frequency, as well as cough severity score.

Administration and Pharmaceutical Composition

[184] For example, the invention relates to a method for treating the symptoms of cough and urge to
cough associated with a respiratory disease by administering a compound of Formula (I). The invention
also relates to a compound of Formula (I) for use in treating the symptoms of cough and urge to cough
associated with a respiratory disease. The invention also relates to the use of a compound of Formula (I)
in the manufacture of a medicament for treating the symptoms of cough and urge to cough associated
with a respiratory disease.

[185] For example, the invention relates to a method of treatment of the symptoms of cough and/or urge
to cough associated with a respiratory disease or disorder mediated by a P2X3 or P2X2/3 receptor
antagonist by administering a compound of Formula (I). The invention relates to a compound of Formula
(D) for use in treatment of the symptoms of cough and/or urge to cough associated with a respiratory
disease or disorder mediated by a P2X3 or P2X2/3 receptor antagonist. The invention relates to the use of
a compound of Formula (I) in the manufacture of a medicament for treatment of the symptoms of cough
and/or urge to cough associated with a respiratory disease or disorder mediated by a P2X3 or P2X2/3
receptor antagonist.

[186] For example, the invention relates to methods for reducing daytime cough in
idiopathic/treatment-resistant chronic cough. The invention also relates to a method of treating neuronal
hypersensitivity underlying chronic cough. The invention relates to a compound of Formula (1) for use in
reducing daytime cough in idiopathic/treatment-resistant chronic cough, or for neuronal hypersensitivity
underlying chronic cough. The invention relates to the use of a compound of Formula (I) in the
manufacture of a medicament for reducing daytime cough in idiopathic/treatment-resistant chronic cough,
or for or for neuronal hypersensitivity underlying chronic cough.

[187] For example, the invention relates to treating, preventing or ameliorating the respiratory diseases
and disorders described herein, or symptoms thereof, described herein in a patient in need thereof by
administering a compound selected from Compounds 1-39. For example, the compound is selected from
Compounds 6, 7, 13, 17, 21, 28, 35 and 38. For example, the compound is Compound 16.

[188] The invention includes pharmaceutical compositions comprising at least one compound of the
present invention, or an individual isomer, racemic or non-racemic mixture of isomers or a
pharmaceutically acceptable salt or solvate thereof, together with at least one pharmaceutically acceptable

carrier, and optionally other therapeutic and/or prophylactic ingredients.
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[189] In general, the compounds of the invention are suitable for administration in a therapeutically
effective amount by any of the accepted modes of administration for agents that serve similar utilities.
Suitable dosage ranges are typically 1-1000 mg daily or twice daily, preferably 100-900 mg daily or twice
daily, and most preferably 500-700 mg daily or twice daily, depending upon numerous factors such as the
severity of the disease to be treated, the age and relative health of the subject, the potency of the
compound used, the route and form of administration, the indication towards which the administration is
directed, and the preferences and experience of the medical practitioner involved. Suitable dosage ranges
can also include dosages comprising 1-1000 mg multiple times (e.g., 3-4 times) per day.

[190] For instance, in some embodiments, the compounds of the invention can be administered at a
dosage of about 600 mg twice daily. In some embodiments, the compounds of the invention can be
administered at a dosage of about 100 mg, 200mg, 300 mg, 400 mg, 500 mg, 550 mg, 650 mg, 700 mg,
800 mg, 900 mg, or 1000 mg twice daily.

[191] The duration of treatment can last for days, weeks, months or years. In some embodiments,
treatment (e.g., administration of a compound of the present invention or a pharmaceutically acceptable
salt thereof) lasts for two weeks. In some embodiments, treatment lasts one month. In some
embodiments, treatment can proceed indefinitely. In some embodiments of the present invention, a
subject can be treated with a compound of Formula (I) at a dosage of 600 mg twice daily for two weeks.
[192] One of ordinary skill in the art of treating such diseases will be able, without undue
experimentation and in reliance upon personal knowledge and the disclosure of this Application, to
ascertain a therapeutically effective amount of the compounds of the present invention for a given disease.
[193] Compounds of the invention may be administered as pharmaceutical formulations including those
suitable for oral (including buccal and sub-lingual), rectal, nasal, topical, pulmonary, vaginal, or
parenteral (including intramuscular, intraarterial, intrathecal, subcutaneous and intravenous)
administration or in a form suitable for administration by inhalation or insufflation. The preferred manner
of administration is generally oral using a convenient daily dosage regimen which can be adjusted
according to the degree of affliction.

[194] A compound or compounds of the invention, together with one or more conventional adjuvants,
carriers, or diluents, may be placed into the form of pharmaceutical compositions and unit dosages. The
pharmaceutical compositions and unit dosage forms may be comprised of conventional ingredients in
conventional proportions, with or without additional active compounds or principles, and the unit dosage
forms may contain any suitable effective amount of the active ingredient commensurate with the intended
daily dosage range to be employed. The pharmaceutical compositions may be employed as solids, such
as tablets or filled capsules, semisolids, powders, sustained release formulations, or liquids such as

solutions, suspensions, emulsions, elixirs, or filled capsules for oral use; or in the form of suppositories
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for rectal or vaginal administration; or in the form of sterile injectable solutions for parenteral use.
Formulations containing about one (1) milligram of active ingredient or, more broadly, about 0.01 to
about one hundred (100) milligrams, per tablet, are accordingly suitable representative unit dosage forms.
[195] The compounds of the invention may be formulated in a wide variety of oral administration
dosage forms. The pharmaceutical compositions and dosage forms may comprise a compound or
compounds of the present invention or pharmaceutically acceptable salts thereof as the active component.
The pharmaceutically acceptable carriers may be either solid or liquid. Solid form preparations include
powders, tablets, pills, capsules, cachets, suppositories, and dispersible granules. A solid carrier may be
one or more substances which may also act as diluents, flavouring agents, solubilizers, lubricants,
suspending agents, binders, preservatives, tablet disintegrating agents, or an encapsulating material. In
powders, the carrier generally is a finely divided solid which is a mixture with the finely divided active
component. In tablets, the active component generally is mixed with the carrier having the necessary
binding capacity in suitable proportions and compacted in the shape and size desired. The powders and
tablets preferably contain from about one (1) to about seventy (70) percent of the active compound.
Suitable carriers include but are not limited to magnesium carbonate, magnesium stearate, talc, sugar,
lactose, pectin, dextrin, starch, gelatine, tragacanth, methylcellulose, sodium carboxymethylcellulose, a
low melting wax, cocoa butter, and the like. The term “preparation” is intended to include the
formulation of the active compound with encapsulating material as carrier, providing a capsule in which
the active component, with or without carriers, is surrounded by a carrier, which is in association with it.
Similarly, cachets and lozenges are included. Tablets, powders, capsules, pills, cachets, and lozenges
may be as solid forms suitable for oral administration.

[196] Other forms suitable for oral administration include liquid form preparations including emulsions,
syrups, elixirs, aqueous solutions, aqueous suspensions, or solid form preparations which are intended to
be converted shortly before use to liquid form preparations. Emulsions may be prepared in solutions, for
example, in aqueous propylene glycol solutions or may contain emulsifying agents, for example, such as
lecithin, sorbitan monooleate, or acacia. Aqueous solutions can be prepared by dissolving the active
component in water and adding suitable colorants, flavors, stabilizers, and thickening agents. Aqueous
suspensions can be prepared by dispersing the finely divided active component in water with viscous
material, such as natural or synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and
other well-known suspending agents. Solid form preparations include solutions, suspensions, and
emulsions, and may contain, in addition to the active component, colorants, flavors, stabilizers, buffers,
artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the like.

[197] The compounds of the invention may be formulated for topical administration to the epidermis as

ointments, creams or lotions, or as a transdermal patch. Ointments and creams may, for example, be
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formulated with an aqueous or oily base with the addition of suitable thickening and/or gelling agents.
Lotions may be formulated with an aqueous or oily base and will in general also containing one or more
emulsifying agents, stabilizing agents, dispersing agents, suspending agents, thickening agents, or
coloring agents. Formulations suitable for topical administration in the mouth include lozenges
comprising active agents in a flavored base, usually sucrose and acacia or tragacanth; pastilles comprising
the active ingredient in an inert base such as gelatine and glycerine or sucrose and acacia; and
mouthwashes comprising the active ingredient in a suitable liquid carrier.

[198] The subject compounds may be formulated for nasal administration. The solutions or
suspensions are applied directly to the nasal cavity by conventional means, for example, with a dropper,
pipette or spray. The formulations may be provided in a single or multidose form. In the latter case of a
dropper or pipette, this may be achieved by the patient administering an appropriate, predetermined
volume of the solution or suspension. In the case of a spray, this may be achieved for example by means
of a metering atomizing spray pump.

[199] The compounds of the invention may be formulated for acrosol administration, particularly to the
respiratory tract and including intranasal administration. The compound will generally have a small
particle size for example of the order of five (5) microns or less. Such a particle size may be obtained by
means known in the art, for example by micronization. The active ingredient is provided in a pressurized
pack with a suitable propellant such as a chlorofluorocarbon (CFC), for example,
dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, or carbon dioxide or other
suitable gas. The aerosol may conveniently also contain a surfactant such as lecithin. The dose of drug
may be controlled by a metered valve. Alternatively the active ingredients may be provided in a form of a
dry powder, for example a powder mix of the compound in a suitable powder base such as lactose, starch,
starch derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidine (PVP). The powder
carrier will form a gel in the nasal cavity. The powder composition may be presented in unit dose form
for example in capsules or cartridges of e.g., gelatine or blister packs from which the powder may be
administered by means of an inhaler.

[200] The pharmaceutical preparations may be in unit dosage forms. In such form, the preparation is
subdivided into unit doses containing appropriate quantities of the active component. The unit dosage
form can be a packaged preparation, the package containing discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or ampoules. Also, the unit dosage form can be a capsule,
tablet, cachet, oral tape or lozenge itself, or it can be the appropriate number of any of these in packaged
form.

[201] Other suitable pharmaceutical carriers and their formulations are described in Remington: The

Science and Practice of Pharmacy 1995, edited by E. W. Martin, Mack Publishing Company, 19th
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edition, Easton, Pennsylvania. Representative pharmaceutical formulations containing a compound of the
present invention are described below.

EXAMPLES
[202] The following preparations and examples are given to enable those skilled in the art to more
clearly understand and to practice the present invention. They should not be considered as limiting the
scope of the invention, but merely as being illustrative and representative thereof.

Example 1
5-(5-Bromo-2-isopropyl-4-methoxvy-phenoxy)-pyrimidine-2.4-diamine

[203] The synthetic procedure used in this Example is outlined in Scheme B.

Step1 /ié /6/& Step 2 /é . /5/&
CH;l  mMeO
HO e MeO
Br
Step3 Step4
T|CI4/CI CHOMe mCPBA
MeO

Step 5

OH _ OVCN Step 6
K,CO4/ICH,CN
1. NaH
MeO MeO 2. Ethyl Formate
Br Br 3. CH,l
lo] CN Step7
\E 1 NaOMe
2. Guanidine
0 OMe Carbonate
Br

Scheme B
Step 1. 2-Bromo-5-isopropyl-phenol
[204] A solution of 3-isopropyl phenol (4.975 g, 36.5 mmol) in 37 mL of CCl, was cooled to -20 °C.

Bromine (1.9 mL, 38.4 mmol) was dissolved in 5.0 mL CCl, and added drop-wise at such a rate that the
internal temperature was maintained below — 10 °C. The mixture was allowed to warm to room
temperature. After 12 hours the mixture was taken up in 100 mL CH,Cl,, washed with H,O and then
with brine. The combined organics were dried over Na,SOy, filtered and concentrated in vacuo to give
8.663 g of a 1:1 mixture of 2-bromo-5-isopropyl-phenol and 4-bromo-5-isopropyl phenol as a dark oil).

These two isomers were inseparable and were used together in step 2 below.
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Step 2. 1-Bromo-4-isopropyl-2-methoxy-benzene

[205] To a mixture of 2-bromo-5-isopropyl-phenol and 4-bromo-5-isopropyl phenol from step 1 (8.663
g, 40.3 mmol), K,COs (16.710 g, 120.9 mmol) in 50 mL. DMF, was added iodomethane (3.0 mL, 48.3
mmol) with mechanical stirring. The mixture was warmed to 50 °C for 4 hours. After cooling to room
temperature 300 mL H,O was added and the solution was extracted with diethyl ether (Et,O), washed
with H,O and washed with brine. The combined organics were dried over MgSO,, filtered and
concentrated in vacuo to give 1-bromo-4-isopropyl-2-methoxy-benzene and 1-bromo-2-isopropyl-4-
methoxy-benzene (6.621 g, 72%) as a 1:1 inseparable mixture in the form of a pale yellow oil. This
mixture of regioisomers was used directly in step 3 below.

Step 3. 5-Bromo-2-isopropvl-4-methoxy-benzaldehyde

[206] To a solution of 1-bromo-4-isopropyl-2-methoxy-benzene and 1-bromo-2-isopropyl-4-methoxy-
benzene from step 2 (6.621 g, 28.9 mmol) in 100 mL 1,2 dichloroethane was added TiCl, (6.3 mL, 57.8
mmol) at 0 °C. After 10 minutes, dichloromethoxymethane (CL,CHOMe) (2.6 mL, 28.9 mmol) was
added and the mixture was warmed to reflux. After 3 hours the mixture was cooled poured over ice and
acidified with 50 mL 2 M HCI. The resulting slurry was extracted with CH,Cl,, and washed with brine.
The combined organics were dried over MgSQy, filtered and concentrated in vacuo to give a dark-green
oil. Purification via flash chromatography (96:4 hexane/ethyl acetate) afforded S-bromo-2-isopropyl-4-
methoxy-benzaldehyde and 5-bromo-4-isopropyl-2-methoxy-benzaldehyde (2.876 g, 39%, 6.621 g, 72%)
as a 1:1 mixture of inseparable isomers in the form of an orange oil, which was used directly in step 4.

Step 4. 5-Bromo-2-isopropyl-4-methoxy-phenol

[207] To a solution of 5-bromo-2-isopropyl-4-methoxy-benzaldehyde and 5-bromo-4-isopropyl-2-
methoxy-benzaldehyde from step 3 (2.87 g, 11.2 mmol) in 25 mL CH,Cl, was added mCPBA (2.31 g,
13.4 mmol). After 16 hours the mixture was taken up in 150 ml CH,Cl, and washed with sat NaHCOs,
and then with brine. The combined organic layers were dried over Na,SO,, filtered and concentrated in
vacuo to give an oil that was taken up in 50 mL MeOH and 30 mL 4M NaOH. After 2 hours the mixture
was evaporated, diluted with water and acidified to pH = 1 with concentrated HCl. The mixture was
extracted with ethyl acetate (3X 100 mL) and washed with 100 mL brine. The combined organics were
dried over Na,SQOy, filtered and evaporated to give a mixture of 5-bromo-2-isopropyl-4-methoxy-phenol
and 2-bromo-5-isopropyl-4-methoxy-phenol as an orange residue. These regioisomers were separable by
flash chromatography (gradient: hexane, 7:3, 1:1 hexane/CH,Cl,) to afford 5-bromo-2-isopropyl-4-
methoxy-phenol (0.929, 34%) as a yellow oil which was used in the following step, and 2-bromo-5-
isopropyl-4-methoxy-phenol (0.404 g, 15%) as a yellow solid.

Step 5. (5-Bromo-2-isopropyl-4-methoxy-phenoxy)-acetonitrile
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[208] To a mixture of 5-bromo-2-isopropyl-4-methoxy-phenol from step 4 (0.831 g, 3.4 mmol) and
K>CO; (0.562 g, 4.1 mmol) in 17 mL dimethyl formamide (DMF) was added iodoacetonitrile (0.594 g,
3.6 mmol). The mixture was warmed to 60 °C for 30 minutes and then allowed to cool to room
temperature. After cooling to room temperature the mixture was taken up in 50 mL of H,O and extracted
with 1:1 toluene/ethyl acetate, washed with H,O and then with brine. The combined organic layers were
dried over Na,SQy, filtered and concentrated in vacuo to give a crude solid. Purification via flash
chromatography (1:1 hexane/CH,Cl,) afforded (5-bromo-2-isopropyl-4-methoxy-phenoxy)-acetonitrile
(0.611 g, 63%) as a while solid.

Step 6. 2-(5-Bromo-2-isopropyl-4-methoxvy-phenoxy)-3-methoxy-acrylonitrile

[209] Sodium hydride (0.122 g, 5.0 mmol, 60% w/w) was washed with dry hexanes and evaporated
under a stream of nitrogen. 10 mL THF was added and the mixture was cooled to 0 °C. (5-Bromo-2-
isopropyl-4-methoxy-phenoxy)-acetonitrile (0.577 g, 2.03 mmol) was added in portions. After 30 min
ethyl formate (4.9 mL, 60.9 mmol) was added and the solution was warmed to 80 °C. After 4.5 hours the
mixture was cooled and 5.0 mL iodomethane was added in one portion. After 16 hours the solution was
quenched with H,O, concentrated in vacuo, extracted with ethyl acetate, washed with H,O and then
washed with brine. The combined organic layers were dried over Na,SQy, filtered and concentrated in
vacuo. Purification via flash chromatography (9:1 hexane/ethyl acetate) afforded 2-(5-bromo-2-
isopropyl-4-methoxy-phenoxy)-3-methoxy-acrylonitrile (0.319 g, 48%) as a white solid.

Step 7. 5-(5-Bromo-2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2.4- diamine
[210] To a solution of 2-(5-bromo-2-isopropyl-4-methoxy-phenoxy)-3-methoxy-acrylonitrile (0.282 g,

0.9 mmol) and guanidine carbonate (0.078 g, 0.4 mmol) in 10.0 mL dimethyl sulfoxide (DMSO) was
added sodium methoxide (1.0 mL, 1.0M in MeOH). The mixture was warmed to 120 °C. The methanol

was collected via a short-path condenser. After 3 h the mixture was cooled and concentrated in vacuo to
give a crude oil. Purification via flash chromatography (95:5 CH,Cl,/MeOH) afforded 17 (0.246 g, 77%)
as a pink solid; Mass Spec M+H =352. The above procedure may be used with various different phenols
in step 1 and/or substituted guanidines in step 7 under essentially the same reaction conditions to produce
additional compounds. Additional compounds made according to the procedure of Example 1 are shown

in Table 1.

Example 2
5-(2-Isopropyl-5-methanesulfonyl-4-methoxy-phenoxy)-pyrimidine-2.4-diamine
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[211] To a mixture of 5-(2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.32g, 1.17mmol),
prepared according to Example 2, and methanesulfonic anhydride (0.81g, 4.67mmol) was added
trifluoromethanesulfonic acid (0.45g, 3.00 mmol), and the mixture was heated at 80°C for 16 hrs. The
reaction mixture was poured into ice water, basified with saturated NaHCOs5 solution and extracted into
dichloromethane, which was dried over Na,SQ,, filtered and concentrated in vacuo. The residue was
purified via flash chromatography on silica gel (3%CH;0H in CH,Cl, with 0.1%NH,OH) gave 5-(2-
isopropyl-5-methanesulfonyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine as a white solid (0.248 g,
90%; 0.107 g), MS (M+H): 353.

[212] To a solution of 5-(2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.40 g, 1.44 mmol)
in glacial acetic acid (4 ml) at room temperature was added a solution of iodine monochloride (0.28 g,
1.76 mmol) in glacial acetic acid (4 ml). Water (6 ml) was also added, and the reaction was stirred for 16
hours, after which another portion of iodine monochloride (0.4g, 2.47mmol) in glacial acetic acid (4ml)
was added. The reaction mixture was stirred for an additional hour at room temperature. The acidic
mixture was basified with saturated NaHCOs solution and extracted into dichloromethane. The organic
layer was dried over Na,SQ,, filtered and concentrated in vacuo. The residue was purified via flash
chromatography (5%CH;0H in CH,CL, with 0.1% NH4OH) to give 5-(5-iodo-2-isopropyl-4-methoxy-
phenoxy)-pyrimidine-2,4-diamine as beige colored solid (0.536 g, 92%). M+H 400.
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[213] A mixture of 5-(5-iodo-2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.37g, 0.925
mmol) and CuCN (0.12 g, 1.39 mmol) in DMF (5 ml) was heated at 120°C for 3 hours. Water (100 ml)
was added, and the precipitate was collected. The residue was triturated with methanolic
dichloromethane (10% CHs;OH in CH,Cl, with 0.1% NH4OH) to release the product from its copper
complex and filtered. The filtrate was concentrated and purified via flash chromatography (3%CH;0H in
CH,Cl, with 0.1% NH4OH) to give 5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-
benzonitrile as white solid (0.12 g, 44%): M+H 300.

Example 5

1-[5-(2.4-Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-ethanone and 1-[5-(2.4-Diamino-
pyrimidin-5-yloxy)-2-hydroxy-4-isopropyl-phenyl]-ethanone

E NH, NH, NH,
(] O (o)
N XN X
| B —— | + | N
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O O

[214] 5-(2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine in anhydrous dichloroethane (20

mL) was added to trifluoroacetic acid (0.06 mL, 0.77 mmol), acetyl chloride (0.31 mL, 4.37 mmol), and
aluminum trichloride (583 mg, 4.37 mmol). After stirring for 22 hours at room temperature, water (1.2
mL) was added to the reaction at 0 °C. The mixture was dried using anhydrous sodium sulfate and
concentrated in vacuo. Aqueous sodium hydroxide (0.2M, 10 mL) was added to the residue and the
mixture was heated at 100 °C for 1 hour. After cooling, the reaction was extracted with dichloromethane.
The dichloromethane layer was dried using anhydrous magnesium sulfate, concentrated, and purified with
silica gel column chromatography eluting with 96/4/0.1 dichloromethane/ methanol/ ammonium
hydroxide to yield 1-[5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-ethanone (72
mg, 31%) as off-white solid, MS (M+H) = 317. Also recovered was 1-[5-(2,4-diamino-pyrimidin-5-
yloxy)-2-hydroxy-4-isopropyl-phenyl]-ethanone (43 mg, 20%) as pale yellow solid, MS (M+H) = 303.
Example 6
5-(2.4-Diamino-pyrimidin-5-vloxy)-4-isopropyl-2-methoxy-benzoic acid
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[215] To a suspension of 5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-benzonitrile (50
mg, 0.17 mmol, from Example 15) in ethanol (1 mL) was added sodium hydroxide (174 mg, 4.34 mmol,

WO 2015/027212

dissolved in 1 mL water). After refluxing overnight, the reaction was cooled in an ice bath. Aqueous
hydrochloric acid (3M) was added until the pH of the reaction was 7. The white solid precipitate was
collected, washed with small amounts of water and dichloromethane, and dried to yield 5-(2,4-diamino-
pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-benzoic acid: (51 mg, 96%, MS (M+H) = 319), which was
converted to the hydrochloride salt.

Example 7
5-(2.4-Diamino-pyrimidin-5-vloxy)-4-isopropyl-2-methoxy-benzamide

NH, NH,
o) N/)\NHZ o N/)\NH
INl HNT O

[216] To 5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-benzonitrile (49 mg, 0.16 mmol,

from Example 15) suspended in ethanol (1 mL) was added sodium hydroxide (64 mg, 1.60 mmol,
dissolved in 1 mL water). The reaction was heated at 110 °C for 5 hours, cooled, and washed with
dichloromethane (25 mL). The dichloromethane layer was concentrated and purified by preparatory TLC
plates (92/8/0.5 dichloromethane/ methanol/ ammonium hydroxide) to yield 5-(2,4-diamino-pyrimidin-5-
yloxy)-4-isopropyl-2-methoxy-benzamide as white solid (9 mg, 17%, MS (M+H) = 318), which was

converted to the hydrochloride salt.
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[217] To 5-(2-isopropyl-4-methoxy-5-nitro-phenoxy)-pyrimidine-2,4-diamine (2.1 g, 6.58 mmol)
suspended in ethanol (150 mL) in a Parr bomb, was added 10% palladium on charcoal (210 mg). After
hydrogenation in the Parr hydrogenator overnight at 35 psi, the reaction was filtered through celite. The
celite pad was washed with ethanol and ethyl acetate and the filtrate was concentrated. Purification with
silica gel column chromatography (92/8/0.1 dichloromethane/ methanol/ ammonium hydroxide) gave 5-
(5-amino-2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine as a pale orange solid (468 mg, 25%,
(M+H)" = 290), which was converted to the hydrochloride salt.

[218] To 5-(5-amino-2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (314 mg, 1.09 mmol)
suspended in water (3 mL) was added acetic acid (0.25 mL, 4.34 mmol). Once all solids had dissolved,
sodium cyanate (71 mg, 1.09 mmol, dissolved in 1.5 mL water) was added dropwise. After 30 minutes,
the reaction was concentrated and purified with silica gel column chromatography eluting with 92/8/0.1
dichloromethane/ methanol/ ammonium hydroxide to yield [5-(2,4-diamino-pyrimidin-5-yloxy)-4-
isopropyl-2-methoxy-phenyl]-urea as an off-white solid (244 mg, 68%, M+H)" = 333), which was
converted to a hydrochloride salt:

Example 9
N-[5-(2.4-Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-acetamide

NH, NH,
o0 N/)\NHZ ~o0 N/)\NH
NH, HN
>

[219] To 5-(5-amino-2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (100 mg, 0.35 mmol,

from Example 17) dissolved in anhydrous dichloromethane (10 mL) was added anhydrous pyridine (0.03
mL, 0.38 mmol). To this reaction mixture at 0 °C was added acetyl chloride (0.03 mL, 0.38 mmol). After
stirring at room temperature for 1 hour, the reaction was concentrated and purified with preparatory TLC
(93/7/0.5 dichloromethane/ methanol/ ammonium hydroxide) to yield an off-white solid (74 mg mixture
of bis- and tris-acetylated products). To this solid was added aqueous sodium hydroxide (0.2 M, 2 mL),
and the mixture was refluxed for 1 hour, cooled, and washed with dichloromethane (10 mL). The

dichloromethane layer was dried using anhydrous magnesium sulfate and concentrated in vacuo to yield
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N-[5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-acetamide as a white solid (53 mg,
46%, M+H)" =332) which was converted to a hydrochloride salt:

Example 10
5-(2-Isopropyl-4-methoxy-5-nitro-phenoxy)-pyrimidine-2.4-diamine

[220] The synthetic procedure used in this Example is outlined in Scheme D

O O
OH Step1 OH Step 2 OH Step 3
Pd/C
CH,MgBr ~ Tosyl
~o " o ~ Chloride

e}

OTs
OTs  step 4 O.N jE/j/OTS Step 5
SN + B ———
~o HNO, o ~o KOH
NO,
NH
Step 6 2
OH (e} CN (e}
—_— ~ Step 7 | = )N\
~ ~
~o NC_-CTs "0 ~o N” NH
NO, NO, NO,
SCHEME D

Step 1. 2-(1-Hydroxy-1-methyl-ethy])-4-methoxy-phenol

[221] To a solution of methylmagnesium bromide (221 ml, 665 mmol) in 800 ml THF at 0 °C was
added 1-(2-hydroxy-5-methoxy-phenyl)-ethanone (20.21 g, 302 mmol) in portions over 30 min. The
mixture was allowed to warm to room temperature. After 16 h the mixture was quenched by the slow
addition of 10% NH4CI, carefully acidified to pH = 1 (slow addition) with concentrated HCI and extracted
with Et;0. The combined organics were washed with H,O, washed with brine, died over MgSQ,, filtered
and concentrated in vacuo to give 2-(1-hydroxy-1-methyl-ethyl)-4-methoxy-phenol (50.57 g, 100%) as a
tan solid.

Step 2. 2-Isopropyl-4-methoxy-phenol

[222] To a solution of 2-(1-hydroxy- 1-methyl-ethyl)-4-methoxy-phenol (50.57 g, 278 mmol) in 550 ml
AcOH was added 10% Pd/C (as a slurry in 20 ml H,O). Ammonium formate (87.52 g, 1388 mmol) was
added in portions. The mixture was warmed to 100 °C for 1 hour, cooled and filtered through a pad of
celite. The celite pad was washed with ethyl acetate. The mother liquor was mixed with H,O and
extracted with ethyl acetate. The combined organics were washed with H,O, washed with brine, dried
over Na,SQy, filtered and concentrated in vacuo to give 2-isopropyl-4-methoxy-phenol (44.74 g, 97%) as

a pale yellow oil.
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Step 3. Toluene-4-sulfonic acid 2-isopropyl-4-methoxy-phenyl ester

[223] To a solution of 2-isopropyl-4-methoxy-phenol (56.91 g, 342 mmol) tricthylamine (57.3.0 ml,
411 mmol) in 750 ml CH,Cl, was cooled to 0 °C. p-Toluenesulfonyl chloride (68.54 g, 360 mmol) in 250
ml CH,Cl, was added drop-wise at a rate that maintained the internal temperature < 10 °C. The mixture
was allowed to warm to rt. After 16 h, H,O was added and the mixture was extracted with CH,Cl,. The
combined organics were washed with brine, dried with Na,SOy, filtered and concentrated in vacuo to
afford a crude solid. Recrystallization from hexanes afforded toluene-4-sulfonic acid 2-isopropyl-4-
methoxy-phenyl ester (81.67 g, 74%) as white needles.

Step 4. Toluene-4-sulfonic acid 2-isopropyl-4-methoxy-5-nitro-phenyl ester

[224] To a solution of toluene-4-sulfonic acid 2-isopropyl-4-methoxy-phenyl ester (19.00 g, 59 mmol)
in 118 mL AcOH was added 236 ml fuming HNO; over 20 min. After 16 h the solution was pouring into
a rapidly stirring slurry of 2 1 of ice/H,0. After 15 min the precipitate was filtered, washed with H,O and
dried under vacuum (50 °C) to give toluene-4-sulfonic acid 2-isopropyl-4-methoxy-5-nitro-phenyl ester
(21.27 g, 98 %) and toluene-4-sulfonic acid 2-isopropyl-4-methoxy-3-nitro-phenyl ester and as a pale
yellow solid (7:1 inseparable mixture).

Step 5. 2-Isopropyl-4-methoxy-5-nitro-phenol

[225] A solution of toluene-4-sulfonic acid 2-isopropyl-4-methoxy-5-nitro-phenyl ester and 2-
isopropyl-4-methoxy-3-nitro-phenyl ester (21.20 g, 58 mmol ) and 175 mL 2M KOH in 350 mL EtOH
was warmed to 100 °C. After 45 minutes the mixture was cooled, evaporated and taken up in 1 | of water.
The solution was acidified to pH = 1 with 12 M HCI and extracted with ethyl acetate. The combined
organics were washed with H,O, brine, dried over Na,SQy, filtered and concentrated in vacuo. The crude
oil was purified via flash chromatography (gradient: 95:5 to 4:1 hexane/ethyl acetate) to afford 3-amino-
2-isopropyl-5-nitro-phenol (10.03 g, 81%) as a yellow solid and 3-amino-2-isopropyl-3-nitro-phenol
(1.32 g, 11%) as a yellow oil.

Step 6. (2-Isopropyl-4-methoxy-5-nitro-phenoxy)-acetonitrile

[226] A mixture of 3-amino-2-isopropyl-S-nitrophenol (9.94 g, 47 mmol), K,CO; (13.00 g, 94 mmol)

and toluenesulfonic acid cyanomethyl ester (10.93 g, 52 mmol) in 500 mL DMF was warmed to 50 °C.
After 16 h the mixture was cooled, poured into 500 mL H,0O and extracted with toluene/ethyl acetate (1:1).
The combined organics were washed with H,O, washed with brine, filtered and concentrated in vacuo.
The crude solid was recrystallized from EtOH to afford (2-isopropyl-4-methoxy-5-nitro-phenoxy)-
acetonitrile (8.95 g, 76%) as a yellow crystalline solid.
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Step 7. 5-(2-Isopropyl-4-methoxy-5-nitro-phenoxy)-pyrimidine-2.4-diamine

[227] A mixture of (2-isopropyl-4-methoxy-5-nitro-phenoxy)-acetonitrile (8.785 g, 35.5 mmol) and
Bredereck’s reagent (14.6 mL, 70.9 mmol) was warmed to 100 °C. After 45 min the mixture was
evaporated under reduced pressure (50 °C, 50 mtorr) to give an orange solid. The solid was added to a
solution of aniline hydrochloride (9.19 g, 70.9 mmol) in 150 mL of EtOH. The mixture was warmed to
reflux. After 16 hr additional aniline hydrochloride (4.596 g, 35.5 mmol) was added mixture was
continued at reflux for 4 h. The solution was concentrated in vacuo and poured into HO. The mixture
was extracted with ethyl acetate, washed with H,O, washed with brine, dried over Na,SO,, and
concentrated in vacuo to afford a yellow-green solid. This crude product was added to a mixture of 200
mL NMP and guanidine carbonate (17.70 g, 98 mmol) and warmed to 130 °C. After 5 hours the mixture
was cooled then poured onto 2 1 of an ice/H,O mixture. The resulting precipitate was filtered, washed
with H,O and dried under vacuum (50 °C). The crude solid was recrystallized from EtOH to afford 5-(2-
isopropyl-4-methoxy-5-nitro-phenoxy)-pyrimidine-2,4-diamine (8.14 g, 63%, 3 steps) as a yellow
crystalline solid (solvated 1:1 with EtOH). (M+H)" = 320.

Example 11
1-[5-(2.4-Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-3-ethyl-urea
Step 1. 5-(5-Amino-2-Isopropyl-4-methoxy-phenoxy)-pyrimidine-2.4-diamine

[228] To a solution of 5-(2-isopropyl-4-methoxy-5-nitro-phenoxy)-pyrimidine-2,4-diamine (2.953 g,
9.2 mmol) in 250 mL EtOH and 25 AcOH was added 10% Pd/C. The mixture was placed under 50 psi of
H, via a Parr hydrogenator. After 2.5 h the mixture was filtered through a pad of celite. The pad was
washed with ethyl acetate and the solution was partially concentrated in vacuo. The residue was taken up
in 500 mL H,O and cooled to 0 °C. The solution was adjusted to pH = 12 with 50% NaOH extracted with
cthyl acetate. The combined organics were washed with H,O, washed with brine, dried over Na;SO,,
filtered and concentrated in vacuo to afford 5-(5-amino-2-Isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-

diamine (2.156 g, 82%) as a dark-orange solid.
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Step 2. 1-[5-(2.4-Diamino-pyrimidin-5-vloxy)-4-isopropyl-2-methoxy- phenyl]-3-

NH, NH,
Oﬁ 0 X
N N
| fk
~o N/)\NHZ ~o N/)\NHZ
NH, N0

HN

)

[229] A solution of 5-(5-amino-2-Isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.117 g, 0.4

cthyl-urea

mmol) and ethyl isocyanate (0.034 g, 0.5 mmol) in 4 mL of toluene was heated to 100 °C in a sealed tube.
After 5 h the solution was cooled and concentrated in vacuo gave a brown solid. Purification via flash
chromatography (CH,Cl,/MeOH 97:3) afforded 1-[5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-
methoxy-phenyl]-3-ethyl-urea (0.120 g, 83%) as a white solid; (M+H) =361.

Example 12
NH, NH,
o} SN D—N==O SN
L 2L T 7 Meo /)\NH
MeO N™ "NH, toluene
NH, NYO
N

[230] 5-(5-amino-2-Isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.309 g, 1.1 mmol) was
converted, as described in the above procedure, to 1-[5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-
methoxy-phenyl]-3-phenyl-urea (0.122 g, 28%) as white solid; [MH]" = 408.
[231] Similarly prepared from 5-(5-amino-2-Isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine
(0.313 g, 1.1 mmol) and 2,5-hexanedione (0.14 ml, 1.2 mmol) was 5-[5-(2,5-Dimethyl-pyrrol-1-yl)-2-
isopropyl-4-methoxy-phenoxy]-pyrimidine-2,4-diamine, (0.259 g, 64 %). (M~+H) = 368.
Example 13
4-Chloro-N-[5-(2.4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2- methoxy-phenyl]-butyramide

NH 1 "
o\ﬁ\ ©eng O\ﬁN
N A
~
| PN Na,HPO, MeO N" "NH,

MeO N~ NH,
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[232] To a solution of 5-(5-amino-2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.400 g,
1.4 mmol) in 15 ml CHCI; and Na,HPO,4 (0.392 g, 2.8 mmol) was added 4-chlorobutyryl chloride (0.194
g, 1.4 mmol) drop-wise. After 4.5 h, H,O and CH,Cl, were added and the mixture was allowed to stir 15
min. The mixture was neutralized with 2N Na,COj; and extracted with CH,Cl,. The combined organics
were washed with brine, dried over Na,SQO,, filtered and concentrated in vacuo to afford 4-chloro-N-[5-
(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-butyramide (0.495 g, 91%) as brown
foam; [MH] = 394.
Example 14
5-(2-Isopropyl-5-isothiocyanato-4-methoxy-phenoxy)-pyrimidine-2.4-diamine

NH,
NH, CkTrCI o X
O Sy S |
L T wmeo N‘i\NH
[
MeO N“NH,  TFA N 2
S

2

[233] To a solution of 5-(5-amino-2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.100 g,
0.4 mmol) in 1 ml H,O and TFA (0.040 g, 0.4 mmol) was added thiophosgene (0.040 g, 0.4 mmol). After
1 h the mixture was neutralized with 2M NaOH and extracted with CH,Cl,. The combined organics were
washed with brine, dried over Na,SQOy, filtered and concentrated in vacuo to afford 5-(2-isopropyl-5-
isothiocyanato-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.042 g, 36%) as brown foam [MH] =334,

Example 15
2-[5-(2.4-Diaminopyrimidin-5-yloxy)-4-isopropyl-2methoxy-phenyl]-propan-2-ol

NH, NH,
| —
N4i\ > N4J\NH2

e} (0]

~

[234] To a solution of methylmagnesium bromide (83.4 mmol, 27.8 ml, 3.0 M in Et,0) in 83 mL THF
at 0 °C was added 1-[5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-ethanone (2.523
g, 8.3 mmol, from Example 16) in portions. After 16 h the mixture was cooled to 0 °C and was quenched
by the addition 10% NH,Cl. H,O was added and the mixture was extracted with ethyl acetate. The
combined organics were washed with H,O, washed with brine, dried over NaHCOs;, filtered and
concentrated in vacuo. The crude solid was taken up in 31 ml DMF. K,CO; (0.65 g, 4.7 mmol) and
iodomethane (0.098 ml, 1.6 mmol) were added and the mixture was warmed to 50 °C. Additional
portions of iodomethane (0.019 mL, 0.6 mmol) was added at 1, 2 and 3 hr. After 16 h the mixture was

cooled and 10% NH4Cl and extracted with ethyl acetate. The combined organics were washed with H,O,
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washed with brine, dried with Na,SOy, filtered and concentrated in vacuo to give 2-[5-(2,4-
diaminopyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-propan-2-ol (0.711 g, yield) as a white solid.
[MH] = 333,

Example 16

NH, NH,
~ ~
0 NH, ~o N/)\NHZ

[235] To a solution of 2-[5-(2,4-diaminopyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-propan-2-
ol: (0.350 g, 1.1 mmol) in 10 ml CH,Cl, was added trifluoroacetic acid (4.0 ml, 52.6 mmol) and
triethylsilane (1.7 ml, 10.5 mmol). After 30 min saturated NaHCO; was added and the mixture was
extracted with ethyl acetate. The combined organics were washed with brine, dried over Na,SOy, filtered
and concentrated in vacuo to give a crude oil. Purification via flash chromatography (96:4
CH,Cl,/MeOH) gave 5-(2,5-diiosopropyl-methoxy-phenoxy)-pyrimidine-2,4-diamine (0.225 g, 68%) as a
white solid. [MH] = 317.

Example 17
1-[5-(2.4-Diamino-pyrimidine-5-yloxy)-4-isopropyl-2-methoxy-phenvl]-ethanol

NH, NH,
~
MeO N™ 'NH, MeO N/)\NHZ
o

HO

[236] To a solution of 1-[5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-ethanone
(2.500 g, 8.3 mmol) in 100 ml MeOH was slowly added NaBH, (1.566 g, 41.4 mmol) at 0 °C. The
solution was allowed to warm to rt. After 20 h, the saturated NH4CI was added, the mixture was
concentrated in vacuo and extracted with ethyl acetate. The combined organics were washed with brine,
dried over Na,SQOy, filtered and concentrated in vacuo. Purification via silica gel column chromatography
(9:1 CH,Cl/MeOR) afforded to 1-[5-(2,4-diamino-pyrimidine-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-
ethanol (1.613 g, 60%) as white foam; [MH] = 301.

Example 18

5-(2-Isopropyl-4-methoxy-5-vinyl-phenoxy)-pyrimidine-2.4-diamine and 5-[2-Isopropyl-4-methoxy-5-(1-
methoxy-ethyl)-phenoxy]-pyrimidine-2.4-diamine
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NH, " NH,
0 N DAST o 2 OﬁN
. SN
~0 N/)\NHZ - L " Yo N/)\NHz
¢ N” T NH,
x

~

HO 0

[237] To a solution of 1-[5-(2,4-Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-phenyl]-ethanol
(1.613 g, 5.3 mmol ) in 30 ml CH,Cl, at -78 ° C was added DAST (0.935 g, 5.8 mmol). After stirring 1.5
h, saturated NaHCOs was added and the mixture was extracted by CH,Cl,. The combined organics were
washed with brine and dried with Na,SQ,, filtered and concentrated in vacuo. Purification via silica gel
chromatography (95:5 CH,Cl,/MeOH) gave 5-(2-Isopropyl-4-methoxy-5-vinyl-phenoxy)-pyrimidine-2,4-
diamine (0.044 g, 3%) as a foam ( [MH]" = 301) and 5-[2-Isopropyl-4-methoxy-5-(1-methoxy-ethyl)-
phenoxy]-pyrimidine-2,4-diamine(0.075 g, 4%) as foam. [MH] = 303.

Example 19

5-(2.4-Diamino-pyrimidin-5-vloxy)-4-isopropyl-2-methoxy-N-methyl-benzenemethylsulfonamide
Step 1. 5-(2.4-Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-
benzenesulfonyl chloride

NH
o : CISO,H O N
S LA
o) N” NH
~o NZ > NH, o 2

[238] A mixture of pyrimidine (0.400 g, 1.5 mmol) in 2 ml chlorosulfonic acid was allowed to stir 20

min. The mixture was poured over ice. The precipitate was filtered, washed by cold H,O and dried under
vacuum to afford 5-(2,4-diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-benzenesulfonyl chloride
(0.515 g, 95%) as a white solid; [MH] = 373.

benzenemethylsulfonamide

NH, NH,
(0] N o A
N MeNH N
| MeNRe LA
~ ~
~o N/)\NHZ 0 N™ “NH,
o:ﬁ_(] 0=8=0
0

[239] To 10 ml methyl amine -78 °C in a screw-capped tube was added 5-(2,4-diamino-pyrimidin-5-
yloxy)-4-isopropyl-2-methoxy-benzenesulfonyl chloride (0.300 g, 0.8 mmol). The mixture was allowed
to warm to room temperature. After 20 hours the mixture was evaporated, washed with H,O, and dried

under vacuum to afford 5-(2,4-diamino-pyrimidin-5-yloxy)-4-idopropyl-2-methoxy-N-methyl-
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benzenemethylsulfonamide (0.170 g, 57%) as a white solid; mp (HCl salt) = 252.3—252.9 °C; [MH] =
367.

[240] Similarly prepared, replacing methylamine with ethylamine, was 5-(2,4-Diamino-pytrimidin-5-
yloxy)-N-ethyl-4-isopropyl-2-methoxy-benzenesulsonamide (0.186 g, 61%) as a white solid; mp (HCI
salt)=260-265 ° C; [MH]" = 382.

Example 20
5-(2.4-Diamino-pyrimidin-5-vloxvy)4-isopropyl-2-methoxy-N.N-dimethyl-benzamide

NH, NH,
o
O\(g SN
N
| —_— |
~o N4I\NH2 o N/)\NH
HO Yo \'T‘ O

[241] To a suspension of 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-benzoic acid (180

mg, 0.57 mmol, from Example 17) in anhydrous dichloromethane (5.6 mL) was added trifluoroacetic acid
(0.08 mL, 1.14 mmol) and then thionyl chloride (0.36 mL, 5.65 mmol). After 1 hour the reaction was
concentrated. To the residue was added anhydrous dichloromethane (4.5 mL) and dimethylamine (2.84
mL of a 2M solution in tetrahydrofuran, 5.65 mmol). After 2 hours stitring at room temperature, the
reaction was filtered and concentrated. Purification via silica gel column chromatography eluting with
95/5/0.1 to 93/7/0.1 dichloromethane/ methanol/ ammonium hydroxide yielded 5-(2,4-diamino-
pyrimidin-5-yloxy)4-isopropyl-2-methoxy-N,N-dimethyl-benzamide (40 mg, 20%) as pale yellow solid,
MS (M+H) = 346.
[242] Similarly prepared using methylamine instead of dimethylamine, 5-(2,4-diamino-pyrimidin-5-
yloxy)-4-isopropyl-2-methoxy-N-methyl-benzamide (23 mg, 15%) was prepared as pale yellow solid, MS
(M+H) = 332.
Example 21
4-(2.4-Diamino-pyrimidin-5-yloxy)-2-iodo-5-isopropyl-phenol

NH, NH,
~o N/)\NHZ HO N/)\NH
| |

[243] To a cold suspension of 1( 0.21g, 0.52mmol) in dichloromethane (15ml) at 0 °C was added

BBr3(0.26g, 1.05mmol). The reaction mixture was stirred at room temperature for 16 hrs., quenched with
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water and basified with sat. NaHCOs. The insoluble solid was collected by filtration. The filtrate was
washed with water, dried over Na,SQO,, filtered and concentrated in vacuo. The combined residue was
purified via flash chromatographed on silica gel (3 to 5% methanol in dichloromethane with 0.1%
NH4OH) gave desired product (0.174g, 86%), (M+H) = 387.

Example 22
5-(5-TIodo-2-isopropyl-4-prop-2-ynyloxy-phenoxy)-pyrimidine-2.4-diamine

NH

2 NH2
W, — o
P L
HO N" NH, o NP
z %]

[244] To 4-(2,4-Diamino-pyrimidin-5-yloxy)-2-iodo-5-isopropyl-phenol (200 mg, 0.43 mmol)
dissolved in anhydrous N,N-dimethylformamide (2 mL) was added anhydrous potassium carbonate (414
mg, 3.00 mmol) and propargyl chloride (0.03 mL, 0.43 mmol). After stirring at room temperature
overnight, the reaction was extracted with dichloromethane, water and brine. The dichloromethane layer
was dried using anhydrous magnesium sulfate, concentrated, and purified via silica gel column
chromatography (95/ 5/ 0.1 dichloromethane/ methanol/ ammonium hydroxide) to yield 5-(5-iodo-2-
isopropyl-4-prop-2-ynyloxy-phenoxy)-pyrimidine-2,4-diamine as white solid (131 mg, 71%), MS (M+H)
=425.

Example 23
NH, NH,
(e} N O X
| N e | N
Py P
o N” NH, o NZ O NH,
| S/<O I 420
o’ To S So

[245] To a solution of sodium sulfite (541 mg, 4.29 mmol) in water (20 mL) was added 5-(2,4-
Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-benzenesulfonyl chloride (400mg, 1.07 mmol) and
the reaction was heated at 80 °C for 1 hour. Sodium bicarbonate (361 mg, 4.29 mmol-dissolved in 5 mL
water), dioxane (20 mL), and ethyl iodide (0.10 mL, 1.29 mmol) were added and the reaction was heated
at 80 °C for 2 hours. The reaction was concentrated, extracted with dichloromethane (150 mL) and water
(20 mL). The dichloromethane layer was dried using anhydrous sodium sulfate, concentrated, and

purified via silica gel column chromatography (95/ 5/ 0.1 dichloromethane/ methanol/ ammonium
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hydroxide) to yield 5-(5-ethanesulfonyl-2-isopropyl-4-methoxy-phenoxy)-pyrimidine-2,4-diamine (77 mg,
20%) as white solid, MS (M+H) = 367.

Example 24
5-(2-Isopropyl-4-methoxy-5-trifluoromethyl-phenoxy)-pyrimidine-2.4-diamine

[246] The synthetic procedure used in this Example is outlined in Scheme E.

OTs step 1 OTs  step2 oTs
_— —_— ~o
~o ~o _
I F F

SCHEME E

Step 1. 1-Todo-4-isopropyl-2-methoxy-5-(toluene-4-sulfonyl)-benzene

[247] To a solution of 2-Isopropyl-4-methoxy-1-(toluene-4-sulfonyl)-benzene (10 g, 31.25mmol) in
HOACc (10ml) was added a solution of ICI (9.6g, 59.26mmol) in HOAc (10 ml) and H,O (5 ml). The
reaction mixture was stirred at room temperature for 16 hrs and basified by saturated NaHCOj5 solution.
The aqueous solution was extracted into EtOAc which was washed with water, brine, dried over Na,SOy,
filtered and concentrated in vacuo to give 1-lodo-4-isopropyl-2-methoxy-5-(toluene-4-sulfonyl)-benzene
(12.35g, 89%).

Step 2. 1-Isopropyl-5-methoxy-2-(toluene-4-sulfonyl)-4-trifluoromethyl-benzene

[248] To a hot mixture of 1-Iodo-4-isopropyl-2-methoxy-5-(toluene-4-sulfonyl)-benzene (0.5 g, 1.12
mmol), Cul, KF in anhydrous DMF (10 ml) at 120°C oil bath temperature, was added trifluoromethyl
iodide (0.64g, 4.48mmol) in portions over 30 min. The reaction mixture was heated for 4 hrs and poured
into HyO (100 ml). The insoluble solid, which was collected by filtration, was triturated with methylene
chloride, filtered and concentrated to give 1-Isopropyl-5-methoxy-2-(toluene-4-sulfonyl)-4-
trifluoromethyl-benzene (0.45 g, 100%) as a solid.

Step 3. 2-Isopropyl-4-methoxy-5-trifluoromethyl-phenol

[249] A solution of 1-Isopropyl-S-methoxy-2-(toluene-4-sulfonyl)-4-trifluoromethyl-benzene (0.40 g,
1.03 mmol) and NaOH (0.5 g, 12.5 mmol) in MeOH(5ml) and H,O (5ml) was heated at 90°C for 2 hrs.

The cooled reaction mixture was acidified with 3N HCI and extracted into methylene chloride. The
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combined extracts was dried with Na,SOy, filtered and concentrated to give desired 2-Isopropyl-4-
methoxy-5-trifluoromethyl-phenol (0.194 g, 81%) as an oil.

Step 4. 5-(2-Isopropyl-4-methoxy-5-trifluoromethyl-phenoxy)- pyrimidine-2.4-diamine
[250] Following the procedure of Example 2 steps 5-7, 2-Isopropyl-4-methoxy-5-trifluoromethyl-

phenol was converted to 5-(2-Isopropyl-4-methoxy-5-trifluoromethyl-phenoxy)-pyrimidine-2,4-diamine.
(M+H) =343

Example 25
5-(2.4-Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-thiobenzamide

NH, NH,
L, — SN
~o N” NH, ~o N”NH,
07 NH,

S”NH,

[251] A mixture of 5-(2,4-Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-benzamide (0.25 g,
0.79 mmol, prepared according to the procedure of Example 52) and Lawesson’s reagent (0.96 g, 2.37
mmol) in anhydrous THF (20 ml) was stirred at room temperature for 16 hrs and concentrated in vacuo.
Flash chromatography on silica (5%CH;0H in methylene chloride with 1% NH4,OH) gave 5-(2,4-
Diamino-pyrimidin-5-yloxy)-4-isopropyl-2-methoxy-thiobenzamide (0.201 g, 76%) as a yellow solid.
Example 26
5-(4-Ethoxy-5-iodo-2-isopropyl-phenoxy)-pyrimidine-2.4-diamine

NH, NH,
HO NNH, T o N”NH,
| |

[252] To a solution of 4-(2,4-Diamino-pyrimidin-5-yloxy)-2-iodo-5-isopropyl-phenol (0.2 g, 0.52

mmol) in anhydrous DMF (2 ml) was added EtBr (57 mg, 0.52 mmol) in portions. The reaction mixture
was partitioned between EtOAc and H,O. The organic extract was dried over Na,SQy, filtered and
concentrated. Flash chromatography on silica (3% MeOH in methylene chloride with 1% NH,OH) gave
5-(4-Ethoxy-5-iodo-2-isopropyl-phenoxy)-pyrimidine-2,4-diamine (0.17 g, 28%) as a yellow solid.
(M+H) = 415.
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Example 27

Formulations
[253]
following Tables. "Active ingredient” or "Active compound”

the Compounds of Formula (I).

PCT/US2014/052389

Pharmaceutical preparations for delivery by various routes are formulated as shown in the

as used in the Tables means one or more of

Composition for Oral Administration
Ingredient % wt./wt.
Active ingredient 20.0%
Lactose 79.5%
Magnesium stearate 0.5%

[254] The ingredients are mixed and dispensed into capsules containing about 100 mg each; one
capsule would approximate a total daily dosage.
Composition for Oral Administration
Ingredient % wt./wt.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 76.5%
PVP (polyvinylpyrroliding) 1.0%

[255] The ingredients are combined and granulated using a solvent such as methanol. The formulation
is then dried and formed into tablets (containing about 20 mg of active compound) with an appropriate
tablet machine.
Composition for Oral Administration
Ingredient Amount
Active compound 10g
Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15¢g
Propyl paraben 005¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 1285¢
Veegum K (Vanderbilt Co.) 10g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water g.s. to 100 ml
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[256] The ingredients are mixed to form a suspension for oral administration.

Topical Formulation

Ingredients Grams
Active compound 0.2-2
Span 60 2
Tween 60 2
Mineral oil 5
Petrolatum 10
Methyl paraben 0.15
Propyl paraben 0.05
BHA (butylated hydroxy anisole) 0.01
Water g.s. 100

[257] All of the ingredients, except water, are combined and heated to about 60°C with stirring. A
sufficient quantity of water at about 60°C is then added with vigorous stirring to emulsify the ingredients,
and water then added q.s. about 100 g.

Nasal Spray Formulations

[258] Several aqueous suspensions containing from about 0.025-0.5 percent active compound are
prepared as nasal spray formulations. The formulations optionally contain inactive ingredients such as,
for example, microcrystalline cellulose, sodium carboxymethylcellulose, dextrose, and the like.
Hydrochloric acid may be added to adjust pH. The nasal spray formulations may be delivered via a nasal
spray metered pump typically delivering about 50-100 microliters of formulation per actuation. A typical
dosing schedule is 2-4 sprays every 4-12 hours.

Compound 16 Tablets

[259] Compound 16 is supplied formulated in a yellow, film-coated, oval-shaped tablet containing 10,
20, 30, 50, 100 or 300 mg of Compound 16. Tablets are formulated with USP/NF compendial grade
lactose monohydrate, hydroxypropyl methyl cellulose (HPMC or Hypromellose), croscarmellose sodium,
microcrystalline cellulose (Avicel PH102), and magnesium stearate as described in Table 2. Tablets are
film-coated with Opadry Yellow (Colorcon, Inc.) and packaged in HDPE bottles with child resistant caps

and induction seals.
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Table 2 Compound 16: Quantitative Tablet Composition (300 mg and Placebo)
Amount for Amount for
300 mg Tablet Placebo Tablet
Component Grade Function (mg) (mg)
Intragranular
Compound 16 In house Active 300.0 0
(milled)
Lactose USP/NF Diluent 187.8 487.8
monohydrate
Croscarmellose USP/NF Disintegrant 18.0 18.0
sodium
Hydroxypropyl .
USP/NF Binder 18.0 18.0
methyl cellulose
Extragranular
ers carmellose USP/NF Disintegrant 12.0 12.0
sodium
Microcrystalline USP/NF Diluent 60.0 60.0
Cellulose
Magnesium Stearate USP/NF Lubricant 4.2 4.2
Core Tablet 600 600
Film Coating
Opadry Yellow " .
03K 12429 Film-coat 18.0 18.0
Ste'rlle‘ Water for USP/NF Granulgtmg As needed As needed
Irrigation Solution
Total Weight of Film 618 618

Coated Tablet

*: Opadry Yellow is composed of the following USP/NF excipients: hypromellose, titanium
dioxide, talc, triacetin and yellow iron oxide.

Example 28
P2X3/P2X2/3 FLIPR (Fluorometric Imaging Plate Reader) Assay

[260] CHO-K1 cells were transfected with cloned rat P2X3 or human P2X2/3 receptor subunits and
passaged in flasks. 18-24 hours before the FLIPR experiment, cells were released from their flasks,
centrifuged, and resuspended in nutrient medium at 2.5 x 10° cells/ml. The cells were aliquoted into
black-walled 96-well plates at a density of 50,000 cells/well and incubated overnight in 5% CO, at 37°C.
On the day of the experiment, cells were washed in FLIPR buffer (calcium- and magnesium-free Hank’s

balanced salt solution, 10 mM HEPES, 2 mM CaCl,, 2.5 mM probenecid; FB). Each well received 100
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pl FB and 100 pl of the fluorescent dye Fluo-3 AM [2 uM final conc.]. After a 1 hour dye loading
incubation at 37 °C, the cells were washed 4 times with FB, and a final 75 pl/well FB was left in each
well.
[261] Test compounds (dissolved in DMSO at 10 mM and serially diluted with FB) or vehicle were
added to each well (25 ul of a 4X solution) and allowed to equilibrate for 20 minutes at room temperature.
The plates were then placed in the FLIPR and a baseline fluorescence measurement (excitation at 488 nm
and emission at 510-570 nm) was obtained for 10 seconds before a 100 pl/well agonist or vehicle addition.
The agonist was a 2X solution of ,f-meATP producing a final concentration of 1 uM (P2X3) or 5 pM
(P2X2/3). Fluorescence was measured for an additional 2 minutes at 1 second intervals after agonist
addition. A final addition of ionomycin (5 uM, final concentration) was made to each well of the FLIPR
test plate to establish cell viability and maximum fluorescence of dye-bound cytosolic calcium. Peak
fluorescence in response to the addition of o,-meATP (in the absence and presence of test compounds)
was measured and inhibition curves generated using nonlinear regression. PPADS, a standard P2X
antagonist, was used as a positive control.
[262] Using the above procedure, compounds of the invention exhibited activity for the P2X3 receptor.
The compound 4-(2,4-Diamino-pyrimidin-5-yloxy)-2-iodo-5-isopropyl-phenol, for example, exhibited a
pICso of approximately 8.3 using the above assay.

Example 29

In vivo Assay for Cough Sensitization

[263] Hartley guinea pigs are studied in a standard tussive protocol . Briefly, guinea pigs (N=4-
8/group) are treated with inhalation of nebulized citric acid following prior sensitization with inhaled
histamine or alpha, beta-methylene ATP, and monitored for the development of coughing nots, as
observed by an experienced investigator. Animals receive vehicle (p.o. or by nebulized inhalation) or a
compound of the invention (from 1 to 100 mg/kg p.o., or at increasing nebulized concentrations), 30-60
minutes prior to to the inhalational challenge of histamine or alpha, beta-methylene ATP, followed by
citric acid solution.

[264] Cough responsiveness is then monitored by counting frequency following challenge provocation,
such that the magnitude by which compound of the invention inhibits the frequency of tussive response
can be calculated. .

Example 30
Inhibition of ATP-gated P2X3 channels by Compound 16:

an effective anti-tussive mechanism in chronic cough

[265] Evidence suggests that P2X3 receptors are expressed by airway vagal afferents and contribute to

the hyperexcitability of sensory neurons. Thus, the inventors explored the role of P2X3 receptors in the
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sensitization of vagal pathways mediating the cough reflex leading to chronic cough (CC). A study was
performed to investigate the efficacy of oral administration of Compound 16 in reducing daytime cough
in idiopathic/treatment-resistant chronic cough.

[266] In this study, a double-blind randomized placebo-controlled crossover trial, 24 subjects (19
women, mean age 55 yrs) were randomized into a double blind, placebo-controlled, 2-period, crossover
study, of Compound 16, 600 mg bd. Cough was assessed using an ambulatory sound monitoring system
at baseline and after 2 weeks of treatment; primary endpoint, daytime objective cough frequency
(coughs/hr) (VitaloJAK™); secondary endpoints, cough severity and urge to cough (UTC) visual
analogue scales (VAS), global ratings of change and cough quality of life questionnaire (CQLQ).

[267] Compound 16 markedly reduced cough (mean difference vs. placebo): daytime coughs/hr -75%
(95%CI -50 to -88), p< 0.001 (Figure 1); cough severity VAS -26mm (-10 to -42), p=0.003; UTC VAS -
21mm (-2 to -41), p=0.035; and CQLQ -9 (-2 to -17), p=0.018. 13/24 of Compound 16 patients rated an
improved cough compared to 2/22 treated with placebo. Therefore, Compound 16 demonstrated
substantial anti-tussive effects relative to placebo. In fact, treatment with Compound 16 surprisingly
produced a 75% reduction in objective daytime cough counts, in patients with refractory chronic cough.
[268] While the present invention has been described with reference to the specific embodiments
thereof, it should be understood by those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a particular situation, material, composition of matter,
process, process step or steps, to the objective spirit and scope of the present invention. All such

modifications are intended to be within the scope of the claims appended hereto.
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CLAIMS
What is claimed is:
1. A method for treating chronic cough in a patient in need thereof, the method comprising

administering an effective amount of a compound of Formula (I):

CHs CHs
NH
o}
8
)\
OR; N NHz
R? (D or a pharmaceutically acceptable salt thereof
wherein:

R'is hydrogen or optionally substituted C;-Cy alkyl;

R?is: alkyl; alkenyl; alkynyl; amino; aminosulfonyl; halo; amido; haloalkyl; alkoxy; hydroxy;
haloalkoxy; nitro; hydroxyalkyl; alkoxyalkyl; hydroxyalkoxy; alkynylalkoxy; alkylsulfonyl; arylsulfonyl;
carboxyalkyl; cyano or alkylcarbonyl.

2. The method of claim 1, wherein the chronic cough is idiopathic or treatment resistant cough.

3. The method of claim 1 wherein the compound of Formula (I) is administered at about 600 mg

twice daily.

4, The method of claim 1, wherein the compound of Formula (I) is administered for about 2 weeks.

5. The method of claim 1, wherein the compound of Formula (I) is administered at about 600 mg

twice daily for about two weeks.

6. The method of claim 1, wherein the chronic cough is refractory chronic cough.
7. The method of claim 1, wherein the chronic cough is reduced by about 75%.
8. The method of claim 1, wherein the cough is daytime cough.

9. The method of claim 1, wherein R is hydrogen or methyl.
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10. The method of claim 1, wherein R” is haloalkyl, aminosulfonyl, alkylsulfonyl alkylcarbonyl or

carboxyalkyl.

11 The method of claim 1, wherein R*is haloalkyl, further wherein alkyl is methyl.

12. The method of claim 1, wherein R”is aminosulfonyl.

13. The method of claim 1, wherein R” is carboxyalkyl.

14. The method claim 1, wherein R is alkylcarbonyl.

15. The method of any one of claims 1-10, wherein the compound is selected from:
H,C CH, NH, H,C CH, NH,
0
) A
o N7 ONH, O N~ NH,
HN" =0 : HO™ O :
H CH
HSC CH3 NH2 3C 3 NH2
0 | NN © | NN
2 H C\ i~
H:Co N)\NHZ 70 NJ\NH2
0=s S
Jen, ‘ H,N \\O
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H,C<_ _-CH, \H
2
o) | N
NH
0 2 HiCo N/)\NH
NN 2
H,C | = O:?:O
o N” TNH, NH
. CH3
H,C_ _CH, "
2
NH, Oy
o)
\N H.C | /)\
| I $£~0 N~ “NH,
~
N~ "NH, 0=8=0
NH
(\
CH, CH,

; Or
The method of any one of claims 1-10, wherein the compound is

\N
2

HN \\
@)

17. A method for treating neuronal hypersensitivity underlying acute, sub-acute or chronic cough, the

method comprising administering an effective amount of a compound of Formula (I):

CHs; CHs;
NH,
(@]
| 7
)\
OR; N NH;
RZ

(Formula (I)) or a pharmaceutically acceptable salt thereof
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