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5.1 IPOXYGENASE-ACTIVATING PROTEIN INHIBITOR

RELATED APPLICATIONS
{00t} Thisapplication claitis benefit of U.S, Provisional Application No, 61/055,887,
entitled “ORAL FORMULATIONS OF A FLAP INHIBITOR” filed on May 23, 2008; and
U.S. Provisiotial Application No. 61/055,899, entitled “MANUFACTURING PROCESS
AND POLYMORPHS OF A 5-LIPOXYGENASE ACTIVATING PROTEIN

TINHIBITOR” filed on May 23, 2008; each of which is hersin incorpotated by reference in

their entirety.

FIELD OF THE INVENTION
j0002j Described herein are pharmaceutical compositions that compiise 3-[3-(tert-
butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-yDbenzyl}-5-(5-mrethyl-pyridin-2-yl-methoxy)-1H-
indol-2-y1}-2,2-dimethyl-propionic acid, pharmaceutically accepiable salls,
pharmaceutically acceptable solvates {including hydrates), amorphous phases, partially
crystaliine and orystaliine forrus, prodrugs, metabolites and N-oxides thereof and methods
of nse thergof in'the treatment or prevention of diseases or conditions associated with §-

lipoxygenase-activating protein (FLAP) activity.

BACKGROUND OF THE INVENTION
[0003] Leunkotrienes are biological compounds formed from arachidonic acid in the
levkotriene synthesis pathway: Legkolrienes are synthesized primarily by eosinophils,
neutrophils, mast cells, basophils, dendritic cells, macrophages and monocyles,
Leukolrienes have been implicated in biological actions including, by way of example only,
smooth muscle contraction, leukoceyte activation, cylokine seeretion, mucous secretion, and
vascular (unction.
10004] FLAP is a member of the MAPEG (membrane associated proteins invelved in
eicosanoid and glutathione wetabolism) family of proteins, FLAP is responsible for binding
arachidonie acid and transferring if to S-lipoxygenase. S-Lipoxygenase can then catalyze the
two-step oxygenation and dehydration of arachidonic acid, converting it into the
intermediate compound 5-HPETE (5- hydroperoxyeicosatetracnoie acid), and in the
presence of FLAP convert the 3-HPETE to Leukotriene Ay (LTA,). LTA4is acted on by
LTC, synthase, which conjugates LTA,; with rednced glutathione (GSH) to form the

intrecllular product leukotriene Cy (LTCy). LTCy is transformed to leukotriene Dy (LTDs)
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and feukotrine ¥; (LTEL) by the action of gamma-glulamyl-transpeptidase and dipeptidase
LTC: synthuse plays a pivotal role as the only connitted enzyme in the formation o

ystetiry] Tenkotricnes.

SUMMARY OF THE INVENTION

160058} Descrihed berein is 3-{3-(tert-butylsulfanyl)-1-[4-(6-cthoxy-pyridin-3-yh)benzyl}-5-
(3-mcthyl-pyridin-2-yl-methox y)- L -fudol-2-y11-2,2-dimethyl-propionic acid including all
phannacewtically acceptable solvates (including hydrates), amorphous pheses, partially
erystalline and erystalline fonrs (including all polymorphs), prodrugs, metabelites and N-
oxides ihereof (Compeund 1) or a pharmaceutically acceptable salt of Compound 1

inchuding !l pharmeceutically aceeptable solvates (inclwding hydrates), amorphous phases,

partially crystalline and erystalline forms (including all polymorphs), prodrugs, metabolites

and N-oxides thereot, and methods of uses thercof in the wianufacture of medicaments for

the treabmoent of feukotriene mediated diseascs, disorders, or conditions. Also described arc

pharaacokinetic and pharmacodynamic properties of such formalations in mammals,

inctoding hurzaus,

10006} fncluded within the scope of the term “Compound 17 are all pharmaceutically

aceeptable solvates (including hydrates). amorphous phases, partially crystalline and
ystaihine forms Gueluding all polymorphs), prodrugs, metabolites and N-oxides,

10007t Included withy the scope of the term “pharmaceutically acceptable salt of

Compound 17 are all pharmaceutically acceptable solvates (including hydrates), amorphous

phases, parttally crystalline and crystaliine forms (inclading all polymorphs), prodrugs,

metabolites aud N-osides of said phacmacentically aceeptable salt.

160081 Inchuded withia the scope of the term “Cowpound 27 are all pharmaceutically

acceptable solvates (inciuding hydrates), amorpiions phases, partialy crystalline and

erystatline forms (inchling all polymorpls), prodrugs, metabolites and N-oxides,

10069 in vee aspect, deseribed i a phatmaceutically accepiable salt of Compound 1. In

another aspect, desentbed herein s Compound

foe10]  Described herein are’ phamiacentical compositions comprising Compound i, or a

pharmacentically aceeptable salt thereot as the active ingredient in the pharmaceutical

compositiore and at frast one pharmmaceuticaily acceptable inactive ingredient selected Fom

amonyg axcipiens, diluents, and carriers,

100111 I one aspect, deseribed 15 2 pharmaceutically acceptable salt comprising, 3-{3-ter

butvlsulfanvi-1-|:

A-(0-ethoxy-pyridin-3-yh)-hbenzyl]-5-(S-methyl-pynidin-2- yimethos y)- 1 £~
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indol-2-vi]-2,2-dimethyl-propionate as the agion and 4 cation selected from Na®, K, 137,
Ca®', NHy ™. the protonated form of dicyclohexylamine, the protonated form of N-methyl-D-
ghucamine, the protonated form of tristhydroxymethyl)methylamine, the protonated torm of
argimine, and the protonated form of lysine. In some embodiments, the cation is selected
from Na*, K, Li*, Ca®", and NH1,". In some embodiments, the cation is selected from Na®,
K’ and Li'. In some embodiments, the cation is Na*,

p812]  In some enmbodhnents, the pharmacentically aceeptable salt is solvated or
desolvated. In sonte embodiments, the phiarmaceutically acceprable salt is desolvated. In
somie embodiments, the pharmaceutically acceptable salt is solvated. In a specific
embodiment, the pharmaceutically acceptable salt'is solvated with a Class 3 solvent. In
gome embodiments, the pharmacentically seceptable salt is solvated with a Class 3 solvent
and water: In a specific embodiment, the €lass.3 solvent selected from ethy! acetate,
isopropyl acetate, methyl teri-butylether, heptane, isopropanol, and ethanol. In some
embodiments, the pharmaceutically acceptable salt is solvated with methyl tert-butylether.
In some embodiments, the pharmaceutically acceptable salt compiises a detectable amount
of waler.

10813]  In some embodiments, the pharmaceutically asceptable salt comprises 4 detectable
amount of palladium that is less than 20 ppm. I some other embodiments, the
pharmaccutically acceptable salt comprises a detectable amount of paltadivm that is less
than 10ppna. In yet other embodiments, the pharmaceutically acceptable sall comprises 2
detectable amount of patladivim that is less than Sppm. i vet other embodiments, the
pharmaccutically acceptable salt comprises less than 20ppm of palladium.

jio14} In one agpect, Compound 1 or a2 pharmaceutically acceptable salt thereof is in an
amorphous phase, a partially crystalline forin, or a crystalline form.

10013} In some embodiments, Compound | or a pharmmacentically acceptable salt thereof s
in an amorphons phase.

(00146] In other embodiments, Compound 1 or a pharmaceutically aceeptable salt thereof is
1 & crystalline form,

(6017} In sorue ecmbodiments, the phammaceutically acceplable salt andegoes a crystal
formation (whether by a orystallization, solid-to-sofid transformation or crvstalhine inter-

conversion) from methyl tert-butylether.
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{0018} In one aspect, deseribed herein. is the compound soditm 3-{3-(terl-butylsulfanyl)-1-
[4-(6-ethoxy-pyridin-3-ylibenzyl]-5-(5-methyl-pyridin-2-yl-methoxy)- 1 H-indol-2-y1}- 2,2+

dimethylpropionate (Compound 2):

N

-

07N Compound 2.

{0019} In one aspect provided js a composition comprising Compound 2. In some
embodiments, Compound 2 is in an amorphous phase, a partially crystalline form, a
crystailine form, milled form, or nano-particulate form. In some embodiments, the
composition comprises a detectable amount of palladium that is less than 20 ppm. In some
other embodiments, the composition comprises a detectable amount of palladium that is less
than 10 ppri. In yet other embodiments, the composition comprises a detectable amount of
palladium that is less than 5 ppm.

(0020} In some embodiments, the composition comprises less than 20 ppm of palladivm. n
some other embodiments, the composition comprises less than 10 ppm of palizdium. In yet
other embodiments, the compositiofi comprises less than 5 ppm of palladium.

{0021] fn some embodiments, the composition comprises crystalline Compound 2. In some
embodiments, crystalline Compound 2 is Polymorph Form B. In some embodinientis,
crystalline Compound 2 is Polymorph Form C. Tn some embodiments, the composition
comyprises amorphous Compound 2.

§0022] In some embodiments, the composition comprises crystailine polymorph Form C of

Compound 2. In some embodimenls, the composition comprises crystalline polymorph

Formi B of Compound 2. In some embodiments, the composition comprises amorphous

Compound 2.

[0023] In some embodiments, the composition comprises crystailine Compound 2 and a
detectable amount of amorphous Compound 2,

[0024] In some embodiments, the composition comprises a detectable amount of water,
{0025} In some embodiments, Compound 2 is crystallive and was crystaliized from methyl

teri-buty! cther.
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(00261 I some embodiments, the composition of Compound 2 comprises a detectable
amount of solvent selected from 1,2-dimethoxyethane, ethyl acetate, methanol, ethanol,
tetrahydrofuran, and methyl tert-butyl ether; wherein the solvents are detected at levels less
than about 5000ppm. In some embodiments, the composition comprises a detectable amount
of solvent selected from 1,2-dimethoxyethane, ethyl acetate, methanol, ethanol,
tetrahydrofuran, and methyl tert-butyl ether; wherein the solvents are detected at levels less
than abhout 4000ppm, In some embodiments, the composilion comprises a detectable amount
of solvent selected from 1,2-dimethoxyethahe, ethyl acetate, methanol, ethanol,
tetrahydrofuran, and methyl tert-butyl ether; whercin the-solvents are detected at leviels less
than about 3000ppm. In some embodiments, the composition comprises a detectable amount
of solvent selected from 1,2-dimethoxyethane, ethyl acetate, methanol, ethanol,
tetrabydrofuran, and methyl tert-butyl ether; wherein the solvenis ave detected at 1evels less
than about 2600ppm. In some embodiments, the composition comprises a detectable amount
of solvent selected from 1,2-dimethoxyethane, ethyl acetate, methanol, ethanoi,
tetrahydrofuran, and methyl tert-butyl ether; wherein the solvents are detected at levels less
than about 1000ppm.

[0827] Insome embodiments, Compowund 2 has a solubility in water at about pH 10 and at
about 25°C that is greater than about 10mg/ml..

|0628] In some embodiments, the composition described herein cothprises Compound 2
which was crystallized or precipitated from methyl tert-butyl ether, In some embodiments,
the composition comprises Compound 2 that underwent a crystal formation (whether by a
crystallization, solid-to-solid-transformation or crystalline inter-conversion) from methyl
tert-buty! ether.

[0029] In some embodiments, the composition of Compound 2 comprises a detectable

amount of a compound selected from:
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[0030] In sonie cisbodiments, Compound 2 is greater than 97% pure. In further
embodiments, Comjpound 2 is greatér than 98% pure. [ yet further embodirnents,
Compound 2 is greater than 99% pure.

{00311 In one aspeet; described herein is ab amorphous form of Compound 2. In some
embodiments; described herein is an amorphous form of Compound 2 that has at least one
property selected from:

(Ya) an XRPD pattern showing a lack of crystallmity;

(2a) at Jeast one endotherm and at least one exothenh observed by di'ffeimﬁiai scanning
calorimetry (DSC);

(3a) a glass transition temperature of about 127°C;

(4a) a melting point at about 155°C followed by a re-crystallization event at about 200°C
followed by a second melting point at about 288°C to about 295 *C;

(5a) a phase change to a crystalline form when heated shove about 200°C, wherein the
crystalline form that is formed above about 200°C iy characterized by an XRED pattern
substantially similar to any one of the XRPD patlems set forth in Figure 9;

{6a} a DSC or a TGA substantially similar to the ongs set forth in Figure 12;

(5a) hygroscopicity; and/or

(62) chemical stability.
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(8032} In some embodiments, described herein is an amorphous form of Compound 2 that
has (1a) an XRPD pattern showing a lack of crystallinity.

{0033] In some embodinients, the amorphous form of Compound 2 has {24) at least one
endotherm and at least one exatherm observed by differential scanning calorimetry (DSC).
[0034) In some embodiments, the amorphous form of Compotind 2 has (3a) a glass
transition temperature of about 127°C,

[0035] [n some embediments, the amorphious form of Compound 2 has (4a) a melting point
at about 155°C: followed by & re-crystatiisation event at about 200°C followed by a second
mielting point at about 288°C 16 abont 295°C.

j0036] 1n some embodimenis, the amorphoiis form of Compound 2 has (5a) a phase change
to a crystalline form when heated above about 200°C, wherem the crysialline form that is
formed above about 200°C is characterized by an XRPD patlern substantially similar to any
one of the XRPD patteins set forth in Figure 9.

(00373 In some embodinents, the amorphous form of Compound 2 has (6a) a DSC or a
TGA substantially similar to the ones set forth iy Figure 12

[6038] In some embodiments, the amorphous form of Compound 2 has (53) hygroscopicity.
10039F i some embodiments, the amorphous form of Compound 2 has (6a) chemical
stability.

10040} i one aspect is a crystalline form of Compound 2. It some embodiments, the
crystalling form of Conipound 2 has at least one property selected from:

{le) ant X-vay powder diffraction (XRPD) pattern substantially similar to the one sct forth in
Figure 1;

(Ze) an XRPD patiern with peaks at gbout 17.2°2-Thela, at about 18.4%2-Theta, at about
19.172-Theta, at about 20.8%2-Theta, and at about 23.8°2-Theta,

(3¢) a single melting point at about 290°C to about 295°C as measured by differential
scanning calotimetry (DSC);

{4¢) a DSC or a thermio-gravimetric analysis (TGA) substantially similar to the ones set
forth iy Figure 15;

(5¢) physical and chemical stability (at 5°C, 25°Ci60% relative humidity (RIT), and/or
40°C75% RH for at least one month m a hunidity chamber);

(6¢) non=hygroscopicity;

(7c) IR spectrum substantially similar (o the one set forth in Figare 19; and/or
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(8¢) an Xo-ray powder diffraction {XRPDY pattern substantially simtlar to an XRPD pattem
obtained for erystals of Compound 2 obtained from methyl tert-butyl ether or acetonitrile.
80411 Iun some embodiments, the crystalline form of Compound 2 has at ledst one property
sulected Tronn: (1e) an X-ray powder diffraction {XRPD) pattern substantially similar to the
one cet forth in Figure 1; and (2¢) an XRPD pattern with peaks al about 17.272-Thety, at
abont 1R.472-Thetz, at about 19.1°2-Theta, at about 20.8°2 Theta, and at about 23.872-
Theta.

(0042} In some embodiments, the erystalline form of Compound 2 has (ic) an X-ray
powder ditfraction (XRPD) paitern substantially similar to the one set forth in Fignre 1.
10043} [n sume embodiments, the crysialtine form of Comapoand 2 bas (2¢) an XRPD
pattern with peaks af about 17.2°2-Theta, at about 18.4°2-Thela, at about 19.1°2-Theta, at
about 20 8%2-Theta, and at about 23.8%2-Theta,

jo044)  In some embodiments, the crvstalline form of Compound 2 has (3¢) a single melting
potit at about 290°C 10 about 295°C as micastred by differential scanning calorimeiry
(DS

10045] In some embodiments, the erystalline form of Compound 2 has (1c) a DSC or a
thermo-gravimetric analvsis (TGA) substantially similar to the ones set forth in Figure 15.
[6046] o some embodiments. the crystalline form of Compound 2 has (5¢) physical and
chemical stabitity {at 5°C, 25°C760% relative humidity (RH), andior 40°Cr75% RH for at
teast one mouth in a humidity chamber).

647 I somse embodinents, the erystalline form of Campound 2 s (6e) non-hygroscopic,
joa48)  th some embediments, the erystalline form of Compound 2 has {(7¢) [R spectrum
substantiadly similar to the one set forth in Figure 19.

0049 In some embodiments, the crystalline form of Compound 2 has {8¢) an X-ray
powder diffraction (XRPT) pattern substantially simikar to an XRPD paliern obtained. for
erystals of Compound 2 obtamed from methyl tert-butyl cther or acetonitrile.

[a030)  In some ambodiments, Compound 2 is erystalline polyimorph Form B,

10651) [ some embodiments, Compound 2 18 erystailine and has at ieast one of the
following properties: (1b) an X-ray powduer difraction (XRPD) patlern substantially similar
1o the one set forth in Figure 2: (2b) an XRPD pattern with peaks at abeat 6.6° 2-Thela. at
about 8.1%2-Theta, at aboul 19.7°2 Thety, al ubout 21.0°2- T hetn, al about 21.9°2-Fheta. and

at about 22.1°2-Theta.
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j6052) In one aspect, Compound | is used for treating asthina, preventing exercise-induced
bronchoconstriction, treating or preventing rhinitis (allergic and non-allergic}, treating
chronic obstructive pulmonary disease, trealing cardiovascular disease, treating NSAID-
induced gastric lesions, freating pain, treating or preventing ocular disease or treating skin
dissase in a hmnan. In some embodiments, Compound 1 is erystalline. In some
embodiments, Compound 1 is amorpous.

[6053] It one aspect, a pharmaceutically acceptable salt of Compound 1 is used for treating
asthma, preventing exercisesinduced bronchoconstriction, treating or preventing rhimitis
(allergic and non-aliergic), treating chrounic obstructive pulmonary disease, treating
cardiovascular discase, treating NSAID-indused gastric lesions, treating pain, treating ot
preventing ocular disease or treating skin disease in.a human. Tn some embodiments, the
pharmaceutically gcceptable salt of Compound 1 is Compound 2.

[0054) In one aspect, orystalline Compound 2 is used for treating asthraa, preventing
exercise-induced bronchoconstriction, treating or preventing rhimtis (allergic and non-
allergic), treating chronic obstructive pulmonary discase, treating cardiovascular disease,
freating NSAID-indused gastric lesions, treating pain, tréatiiig or preventing ocniar disease
or treating skin disease in a kuman. In some embodiments, crystalline Compound 2 38 Fonm
C.

j9035]  In one aspect, amorphous Compound 2 is used for treating asthma, preveating
exercise-indueed bronchoconstriction, treating or preventing rhindtis (allergic and non-
allergic), treating chronic obstructive pulmonary discase, treating cardiovascular disease,
treating NSAID-mduced gastric lesions; treating pain, treating ov preventing ocular disease
or ireating skin discase in a human,

[8036] In one aspect there is provided Compound 1 and/or a pharmaceutically acceptable
salt thereof for use in the treatment of asthma. In some embeodiments the pharmaceutically
aceeplable salt is Compound 2.

10657] In ene aspect there 1s provided Compound t and/or a pharmacentically deceptable
salt thereof for use in the treatiment of prevention of exercise-induced bronchoconstriction.
In some embodiments the pharmaceutically acceptable salt is Compound 2.

{0058} In one aspect there is provided Compound 1 and/or a pharmaceutically acceptable
salt thereof for use in treatment and/or prevention of rhinitis (allergic and non-allergic). In

some embodiments the phanmaceutically acceptable salt is Conipound 2.



[0059] I one aspect there is provided Compound 1 and/or & pharmaceutically acceptable

salt thereo [ for use n the treatment of ehronic obstructive palmonary disease. In sdhe

embodiments the phatmaceutically acceptable salt is Compound 2.

{0050] In one aspect there is provided Compound 1 and/or a pharmaeeutically acceptable
5 sali thereaf for use in the treatitent of cardiovascular discase. In some embodiments the

pharmaceutically acceptable salt i3 Compound 2.

{6061 Tn one aspect there is provided Compound | and/or a pharmaceutically aceeptable

salt thereof for use in the treatment of NS AID-induced gastric Iesions, In some

embodiments the pharmaceutically acceptable salt is Compound 2.

10 [ope2] In one aspect there is provided Compound 1 and/or a pharmaceutically acceptable
salt thereof for tse in the treatment of ocular disease. In some embioditents the
pharmaceutically acceptable salt is Compound 2.

10063} In one aspect there is provided Compound | and/or a pharmaceutically acceptable
salt thereot for nse:in the treatiment of pain. In some embodiments the pharmaceutically

15 acceptable salt is Compound 2.

{ons4] In one aspect there is provided Compound | and/or & pharmaceutically acceptable
salt thereof for use in the treatment of skin disease in a buman. In some embodiments the
pharmaceutically acceptable salt is Compound 2.

[0865] Described herein are pharmacentical compositions comprising Compound 1 and/or

20 pharmagceutically acceptable salts thereof. In some embodiments, the pharmaceutical
compositions comprise Compound 1. In other embodiments, the pbatmaceutical
compositions compiise a phannaceutically' aeceptable salt of Compound 1. In soime
embodiments, the pharmaceutically acceptable salt of Compound 1 is Compound 2. in somie
embodiments, the phanmacentical compositions further comptise at least one

25 pharmaccutically acceptable inactive ingredient selected from among excipients, diluents,
and carriers.

066! In some ermbodiments. the pharmaccutically accepiable sakt of Compound 1
comprises 3-[3-(text-butylsulfanyl)-1-[4-(6-cthoxy-pyridin-3-yl)benzyl)-5-(5-methyi-
pyridin-2-yl-methoxy)- 1 H-indol-2-y1}-2,2-dimethyl-propionate as the anion, and the cation

30 i$ ametal cation or an ammonium cation. In specific embodiments, the cation is selected
from Li", Na", X, and NH;y™. In more specific embodiments, the cation is selected from Li7,

Na', and K7 In even more specific embodiments, the cation is Na™.

10
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(eo&7] In some embodiments, phammaceutical compositions described herein ave ina form
suitable fororal administration to a mammal. In specific ¢mbodimerts, the coinposition is in
the form of a pill, capsule, tablet, aqueous sclution, or aqueous suspension.

|0068] In various enibodimeénts the pharmaceutical compositiong described herein comprise
less than about 10ppm of paliadivm.

{0059} In some emibodiments, the pharmaceutically acceptable salt of Compound 1 is
sodium 3-[3-(tert-butylsulfanyl)- 1 -[4-(6-ethoxy-pyridin-3-yhbenzyl}-5-(S-methyl-pyridin-2-
yl-methoiy)-1H-indol-2-yE}-2,2-dimethyl-propionate (Compound 2) and Compound 2 is in
an amorphous phase, 4 partigily crystatline form, or a crystalline form. In specific
embodiments, the pharmaceutical composition described herein is formulated as a tablet and
Compound 2 is in crystalline form.

16076 In some embodiments, Gompound 1 is in an amorphous phase, a partially crystaltine
form, or a erystalline foim. i specific embodiments, the pharntaceutical composition
described berein is forminiated ag a tablet and Compound 1 is in erystalline form. In specifie
embodiments, the pharmaceutical composition described herein is formulated as a tablet and
Compound | 1s in amorplious phase.

[0d71] In specific embodiments, any of {he pharmaceutical compositions deseribed herein
comprise the crystalline form of Compound 2 that has an X-ray diffraction pattern with
characteristic deg 2-theta values at about 17.2°2-Theta, at about 18.4°2-Theta, at about
19.1°2-Theta, at about 20.8°2-Theta, and at about 23.8°2-Thela. In some embodiments,
Compound 2 deseribed herein is tn a erystalline form having an X-ray diffraction patiem
substantially similar to the oné set forth in Figure 1. I other specific embodiments, any of
the pharmaceutical compositions described herein comprise Compownd 2 in amorphous
phase. In another specific embodiment, any of the phammacentical compositions described
herein comprise Contpound 2 in a erystalling form having an X-ray diffraction pattern with
characteristic deg 2-theta values at about 6,6° 2-Theta, at about 8.192-Theta, at about
19.772-Theta, at about 21.0°2-Theta, at about 21.972-Theta, and at about 22.1°2-Theta. In
farther embodiments, Compound 2 described hérein is i a crysialline form havingan X-ray
diffraction patiern substantially similar to the one set forth in Figure 2,

0072} In somne embodiments, pharmaceutical compositions disclosed herein comprise
erystalline Compound 2 and a.detectable amount of amorphons Compound 2.

(00731 In some embodiments, Compound 2 is in a form/phase that has a solubility in water

al a pH of about 9 to about 10 and about 25°C of grealer than about 10mg/mL.

11
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[9074] Inone aspect, provided herei is an oral pharmaceutical composition comprising: (a)
an alkali metal sult of Componnd 1; (b) optional sorbitol or ethanol; and (¢) an aqueous
buffer solution, fu specific embodiments, the alkali metal is sedium. In one aspeet, provided
is an oral phapnaceutieal composition comprising: (a) & pharmaceutically acceptable salt
comprising 3-[3-(tert-butylsulfanyl)-1-[4-(6-ethox y-pyridin-3-yl)benzyl]-5-(5-methyl-
pyridin-2-yl-methoxy)-1He-indol-2-y11-2,2-dimethyl-propionate as the anion, and the catien
selected from Na', K, and Li'; (b) an aqueous buffer solation; and optionally (c} ethanol or
Poloxamer 124. In some embodiments, the cation is Na*, In some embodiments, the
aqueons buffer solution is an agueous sodium carbonate buffer solution. In some
embodiments, the oral pharmaceutical composition firther comprises & pharmaceutically
acceptable sweetener. u specific embodiments, the pharmaceuntically acceptable sweetener
is selected from suciose, sucralose, simple syrup, and syrpalta. In more specific
embodiments, the pharmaceutically acceptable sweetener is sucralose. In other specific
embodimenis, the phaimaceutically acceplable sweetener is agpartarme. In certain
embodiments, any of the oral pharmacentical compositions described herein cotmprise less
than about 10ppm paliadium. In some entbodiments, the oral pharmaceutical composition
has a concentration of up to about 60mg/mL; about (. Img/ml to about 60mgfml, about
lmg/iml to abont S0mg/mlL., about [0mg/mL to about 50mg/ml., about Iimg/ml. to abont:
20nigiml., or about 10mg/ml of Compound 2.

[oo7st  In some emboditizents, provided berein is an ordl pharmaceutical composition
comprising: a. about g of the sodium salt of 3-{3-(tert-butylsulfanyl)-1-[4-(6-ethoxy-
pyridin-3-yl)benzyl}-5-(5-methyl-pyridin-2-yl-methoxy)-1H-indol-2-y1]-2,2-dimethyl-
propionic acid {Compound 2); and b. about 100mL, of a solution of 1% (w/w) Poloxamer
124 and 99% (w/w) agueous sodivm carbonate buffer (0.010M, pH9-10), sweelened with
sucralose.

(0976} In some embodiments, provided herein is an oral pharmaceutical composition
compirising (a) about 1 gram or about 10mg/ml of the sodium salt of Compound 1
(Compound 2); and (b) about 100mL of about 18mM agueous sodium carbonate bufler
solution with a pH of about 9-10 compriging about 10% w/w absolute ethunol and about
0.003% w/w asparfame. In a specific embodiment, provided herein is an oral
pharmacentical composition comprising (&) about 10mg/mL of Compound 2; (b) a solation
comprising about 1% w/w poloxamer 124 and about 99% w/w agueouns sodium carbonate

buffer (about 0.010M, pH about 9-10); and (¢} sucralose (about Smg/100mL).

12
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(00771 In some embodiments, any oral pharmaceutical composition desctibed herein
comprises or is formulated in a single dose comprising from about 10mg to about 1000mg
of a pharmaceutically active salt of Compound 1. In speeific embodiments, the single dose
comprises about 10myg to about 600mg, about 20mg to about 600mg, about 40mg to about
600mg or about SOmg to about 600myg of a pharmaceutically acceptable salt of Compound
1. In specific embodiments, the single dose, when administered to healtby adult hyman
subjects in the fasted staie provides a Com, of about 0.1pM io about 30uM, about 0.2uM to
about 30uM, or about 0, TpM to about SyM. Iz some smbodimerits, the single dose, when
administered to healthy huinan subjects in thie fasted state: provides a twy, ofabout 1 hour o
about 4 hours, or about 2 howrs to about 3 hours. In some embodimeuts, the single dose,
when administered to healthy human subjects in the fasted state provides an AUCy.44 of
about 4 hr-uM to about 160 hrgM, about 5 hr-pM to about 110 hr-pgM, about 5 hr-pM to
about 90 hr-pM, about 5 hruM to about 50 hr-puM, about 5 ht-uM to about 25 hrpM. In
some embodiments, the single dose of the pharmaceutical composition when adininistered
to healthy adult human subjects in the fasted state provides a Cry, thatiis less than about
54M, less than about 910M; or less than about 12uM. In soine embodiments, the single dose
of the oral pharnmaceutical composition when adniinistered to healthy adult human sabjects
mn the fasted state provides after about 8 hours at least 25%, 4t least 509, at least 60%, at
teast 70%, at least 80% or af least 90% reduction in blood LTB, levels. Tn some
embodiments, the single dose provides after about 24 hours at Jeast 5%, at least 10%, at
least 20%, at Teast 30%, at least 40%, or at least S0% reduiction in blood LTB; levels. In
some embodiments, the single dose provides at Jeast 25%, at least 50%, at least 60%, at
Ieast 70%, at least 80%, or at least 90% reduction in urinary LTE Jevels. In some
embodiments, the phamaceutically active salt of Compound 1 is Compound 2. In some
embodiments, the single dose of the oral pharmaceutical composition comprises about
10my te about 1g, abeol 10mg to about 600mg, aboul 10mg, about S0myg, about 150mae,
about 300mg, about 600mg, or about 1000mg of Compound 2.

10678] In some embodiments, any oral pharmaceuntical composition described herein
campriges or 1s formalated in a single dose comprising from about 10mg to about 1000mg
of Compound 1. In farther embodiments, the single dose comprises about 50mg to about g,
about 10myg to about 600mg, or about 50mg to about 600mg of Compound 1. In further or

alterpative embodiments, the single dose of the oral pharmaceutical composition comprises
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about 10 mg to about 1g, about 10mg to abont 600mg, about 10 mg, about 50mg, aboul
150mg, about 300mg, abont 600mg, or about 1060mg of Compound 1.

{66791 An oral solid dosage form pharmacentical composition comprising: (a) about 10mg
to about 1g, or about 50mg to about 1g, or aboui S0mg to about 600mg of Compound 2; and
{b) at Jeast one inactive pharmaceutical ingredient. In specific embodiments, the oral solid
dosage form comprises about | 0ing, about 50mg, about 100ing, about 150mg, about
200tng, about 230mg, abeut 300mg, about 450mg or aboit 600 mg of Compound 2, In
specific embodiments, the oral solid dosage form comprises about 10mg, aboat 50mg, about

100mg, abaut 150mg, about 200mg, about 250mg, or about 300mg of Compound 2, fn

ceriain embodiments, the oral solid dosage form pharmaceutical composition comprises less

than dbout 10ppm palladium, In soine embodiments, the oral solid dosdge form
phiarmaceutical composition comptises less than about S000pprm ethyl acetate. In some
emboditnerits, the oral solid dosage form comprises less than about S000ppm: ethanol. n
some embodiments, the oral solid dosage formt pharmaceutical composition comprises-a
crystatline form of Compound 2. In some embodiments, Compound 2 is in1 2 crystafline
form having an X-ray diffraction patfern with characteristic deg 2-theta values at about
17.2°2-Theta, at abaut 18 4°2-Theta, at about 19.1°2-Theta, al about 20.8°2-Theta, and at
about 23.872-Thela. In some embodiments, Compound 2 is in a crystalline form having an
X-ray diffraction spectrum substantially similar to the one set forth in Fignre 1. In some
embodiments, Compound 2 is in a crystalline form having an X-ray diffraction pattern with
characteristic deg 2-theta values at about 6.6°2-Theta, at about 8,1°2-Theta, at about 19.7°2-
Theta, at about 21,0°2-Theta, at about 21.9°2-Thela, and at about 22.1°2-Theta. I some
embodiments, Compound 2 is in a crystalline form having an X-ray diffraction spectrum
substantiatly similar to the one set forth in Figure 2. In some embodiments. the oral solid
dosage form comprises an amorphous phase (Phase A) of Compound 2.

(0080} An oral solid dosage form pharmaceutical composition comprising: (a) about 10mg
to about 1g, or about 50mg to about 1g, or about 50mg to about 600mg of Compound 1; and
(b) at least one inactive pharmaceutical ingredient. In specific embodiments, the oral solid
dosage form comprises about 10mg, about 50mg, about 100mg, about 150mg, about
200mg, about 250mg, about 300mg, about 450ing or about 600mg of Compound 1. In
certain embodiments, the oraf solid dosage form pharniaceutical composition comprises less
than about 10ppm palladiem. In some embodinents, the ora) solid dosage form

pharmacentical composition comprises less than about 5000ppm ethyl acetate. In some
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embodiments, the oral solid dosage form comprises less than about 5000ppm ethanol. In
some cinbodiments, the oral solid dosage form pharmaceutical composition comprises a
crystafline. form of Compound 1. In some embodiments, Compounid 1 is in amorphous
phase.

[0081] In one aspect, any of the oral solid dosage form phannacentical composition
described herein allows for rapid absorption of the active ingredient in the stomaeh and
upper gastrointestinal fract. In specific embodiments, provided herein is an oral solid dosage
release tablet.

[0082] In some embodiments, the oral solid dosage: form that comprises Compound 2
exhibits an in vitro release of Compound 2 in about 1% sodium lauryl sulfate sobution at pH.
of about 7 and about 37°C of more than about 90% after about [0 minutes, In specific
embodiments, the i# vitro release is measured by a drug release test using the United States
Pharmacopea (USP) Type 1, basket at about 100rpm with about 500mL of about 1%
sodivwm laury] sulfate solution at pH of about 7 and about 37°C.

100837 In some embodinents, provided hierein is a pharmacsutical conmiposition comprising
Compound 2, e.g., an oral solid dosage form, wherein administration of a single dose of the
pharmaceutical composition to a healthy adult human subject in the fasted state provides a
Coux tess of than about 5uM, and provides after about 8 hours at least an 80% reduction in
bload L T8, levels. In some embodiments, provided herein is a pharmaceutical composition,
e.g., an oral solid dosage form pharmaceutical composition, wherein administration of a
single dose of the pharmacentical composition to a healthy adult hwman subject in the fasted
state provides after about 24 hours at least 30% reduction in blood LTB4levels. In some
embodiments, provided herein is a pharmaceutical composition, e.g., an oral solid dosage
form pharmaceutical composition, wherein adminisiration of a single dose of the
pharmaceutical composition to a healthy adult human subject in the fasted state provides
after about 24 hours at least 50% reduction of urinary LTE4 tevels.

[0084) In some embodiments, any oral solid dosage form described herein comprises a
binding agent, a disintegrant, and a glidant as inactive pharmaceuntical ingredients. In
specific embodiments, the mactive pharmaceutical ingredients comprise silicified

microerystalline cellnlose (SMCC), mannitol, crospovidone, and magnesium stearate:
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[088s] In some embodimenis oral solid dosage form pharmaceutical compositions provided
herein comprise froin abont 1% to about 99%, about 1% to about 30%, about 1% to about
20%, or about 10% by weight to about 20% by weight of Corapoeund 2.

[0086] Described herein are pharmaceutical compositions that provide at least one
metabolite of Compound 1 to 2 mammal after administration to the mammal. In specific
embodiments, the at least one metabolite is selected from among: 3+[3~tert-butylsulfinyl-1-

[4-(6-ethoxy-pyridin-3-yI)-benzyl]-5-(S-methyl-pyridin-2-ylmethoxy)-1 H-indol-2-y1}-2,2-

dimethyl-propionic acid; 3-[3-tert-butyisulfanyl-1-[4-(6-hydroxy-pyridin-3-yl)-benzyi}-5-

{(5-methyl-pyridin-2-ylmethoxy)-1H-indol-2-y1]-2,2-dimethyl-propionic acid; 3-[3-rert-
butylsulfanyl-1-[4-(6-cthoxy-pyridin-3-yi)-benzyl |-5-(5-methyl-N-oxy-pyridin-2-
yimethoxy)1H-indol-2-yl]-2,2-dimethyl-propionic acid; the-acyl gluconuride of 3~[3-fext-
butylsulfanyi-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyi-pyridin-2-ylmethoxy)- 1H-
indol-2-y1}-2,2-dimethyl-propionic acid; and combinations thereof. In specilic
embodiments, the at least one metabolite is the acyl gluconuride of 3-[3-tert-butylsul fanyl-
1-[4-(6-cthoxy-pyridin-3-yl)-benzyl]-5-(S-methyl-pyridin-2-ylmethoxy)- | H-indol-2-y1}-2,2~
dimethyl-propionic acid. In some embodiments, the pharmaceutical composition comprises
a phaimaceutically acceptable (e.g., sodium) salt of 3-[3-(tert-butylsulfanyl}-1-[4-(6-ethoxy-
pyridin-3-yhbenzyl]-5-(5-methyl-pyridin-2-yl-methoxy)-1H-indol-2-y{}-2,2-dimethyl-
propionic acid,

[0087) Decribed in certain embodiments herein is a pharmaceutical composition comprising
an active ingredient that inhibifs 5-lipoxygenase-activating protein (FLLAP) and does not
substantially inhibit at least one Cytochrome P450 enzyme selected from CYP 3A4, CYP
tA2, CYP 2A6, CYP 2B6, CYP 2C8, CYP 2C9, CYP 2C19, CYP 2D6, and CYP 2E] at
doses up to 40pM or SOuM. In some embodiments, the pharmaceutical composition
comprising an active FLAP inhibitor has an ICs; greater than about 40uM, or S0uM for at
Jeast one Cytochirome P450 enzyme selected from CYP 3A4, CYP 1A2, CYP 2A6, CYP
2B6, CYP 2C8, CYP 209, CYP 2C19, CYP 2D6, and CYP 2E1, In some embodiments, the
phammaceutical composition does not substantially induce Cytochrome P450 CYP 3A4,
CYP 2C9, CYP LA2, CYP 2C19. or CYP 2D6 at doses up to 404M, or up to S0uM. In some
embodiments, the pharmaceutical composition comprising an active FLAP inhibitor has an
ICsy greater than about 40pM, or S0uM for at Jeast one Cytochrome P450 enzyme selected
from CYP 3A4, CYP 2C9, CYP 1A2, CYP 2C19, and CYP 2D6. In certain embodiments,

the FLAP inhibitor is Compound 1, or 8 pharmaceutically acceptable salt thereof. In a
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sperific embodinzent, the FLAP inhibitor is Compound 1. In anether specific embodiment,
the FLAP inhibitor is Compound 2,

[9088] Described in certain embodimenis herein is an otal solid dosage forn
pharmaceutical composition comprising: (a) Compound 2; and (b) optiorially at least one
inactive pharmaceutical ingredient, In specific embodiments, the oral selid dosage form
pharmaceuntical composition is in the formt of 4 eapsule. In more specific embodiments, the
capsule is a hard gelating capsule, In various embodiments, the capsules described herein
comprise at least ong excipient or no excipients. In some embodiments, Compound 2 of the
oral dosage form is amorphous, partially crystalline, or crystalline. In specilic embodiments,
Compound 2 is crysialline.

jouso] Desceribed in certain embodiments provided herein is an article of manufacture
comprising multiple unit doses of any of the oral solid dosage form pharmaceutical
compositions described herein in a high-density polyethylene (HDPE) bottle equipped with
a high-density polyethylene (HDPE) cap. In certain embodiments, the article of manufacture
further comprises an aluminum foil induction seal and an optional silica gel destcoant.

{0090] In certain embodiments, provided herein are methods of freating asthma i a human
comprising administering to the human one or more of the pharmaceutical compositions
deseribed herein. In certain embodiments, provided herein are one or more of the
pharmaceutical compositions described herein for use in the treatment of asthuna in a
human. I certain embodimments, provided herein is the nse of one or more of the
pharmaceutical compositions deseribed herein for the manufacture of a medicament for the
freatment of asthma in a human.

10091} In cerlain embodinents, provided hercin are methods of preventing exercise-induged
bronchoconstriction in a human comprising administering to the human one or more of the
pharmacentical compositions described hierein. In certain embodiments, provided herein are
one or more of the pharmaceutical compositions described herein for use in the prevention
of exercise-induced bronchoconstriction in a human. In certain embodiments, provided
herein is the use of one or more of the pharmaceutical compositions described herein for the
manufacture of a medicament for the prevention of exercise-induced bronchoconstriction in
2 human.

{0692} In certain embodiments, provided herein are methods of treating allergic rhinitis in a
human comprising administering to the hnman onc or more of the pharmaceutical

compositions deseribed herein. In certain embodiments, provided herein are methods of
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treating aliergic rhinilis in a human comprising administering to the human one or more of
the oral pharmaceutical conpositions described herein.

{0093f In certain embodiments, the methods further comprise administering at least one

additional pharmacentical agent selected from inhaled corticosteroids, non-steroidal

glucocorticoid receptor (GR) agonists, short acting beta-agonists, long acting beta-agonists,
and antihistamines.

[6094] In certain embodiments, provided herein are ong or more of the pharmaceutical
compositions described herein for use in the treatment or prevention of allergic rhinitis in a
huinan. In certain embodiments, provided herein i$ the use of one or mote of the
pharmaceutical compositions described herein for the manufacture of a medicament. for the
treatment ot prevention of allergic rhinitis,

[0095} Tn certain embodiments, provided herein are methods of treating chronic obstructive
pulmonary disease in a human comprising administering to flie human one or more of the
pharmaceuiical compositions described herein. In certain embodiments, provided herein. are
one or meore of the pharmaceutical compositions described herein for use in the treatment of
chronic obstiructive pulmonary disease in 4 human. In certain embodiments, provided herein
Is the use of one or more of the pharmaceuiical compositions described herein for the
manufacture of a medicament for the freatment of chronic obstructive pulimonary discase in
a human,

[0696] In certain emhodiments, provided herein are methods of treating cardiovaseular
disease in a human comprising administering to @ human any of the pharmacentical
compositions described herein. In certain embodiments, provided herein are one or more of
the pharmaceutical compositions described herein for use in the treatment of cardiovascular
disease in a human. In cerlain embodiments, provided herein is the use of one or more of the
phaimaceutical compositions described herein for the manufacture of 4 medicament for the
freatment of cardiovasculur disease in a human.

[0097] In certain embodiments, provided herein are methods of treating NSAID-induced
gastric lesions in a human comprising administering to a human any of the pharmaceutical
compostiions described herein. In certain embodiments, provided herein are one or more of
the pharmaceutical compositions described herein for use in the treatment of NSAID-
induced gastric lesions in a human. In certain embodiments, provided herein is the use of
onc or more of the pharmaceutical compositions described herein for the manufacture of a

medicament for the treatment of NSAID-induced gastric lesions in a human.
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10098] In certain embodimenis, provided herein are methods of freating pain in a human
comprising administering to 2 human any of (lie pharmaceutical compositions described
herein. It ¢ertain embodimaents, provided herein are one or more of the pharmaceulical
compositions described herefn for use in the tredtment of pain in a human. In certain
embodiments, provided herein is the nse of one or more of the pharmaceutical corpositions
described hereim for the manufhacture of a:medicament for the treatment of pain in a human,
j0099] i certain embodiments, provided herein are methods of treating skin diseuse jn a
homan comprising administering to 2 human any of the pharmaceutical compositions
deseribed herein. In certain embodiments, provided hierein are one or more of the
pharmaceutical compositions described herein for use in the treatment of skin disease in a
husan, In certain embodiments, provided hereinis the use of one or more of the
pharmaceitical compositions described herein for themanufacture of a medicament for the
treatment of skin disease in a hurian.

[00100] In eertain embodiments, provided herein are methods of treating ocular distase in a
human comprising administering {o 4 human any of the pharmacentical compositions
described herein. 1n certain embodiments, provided herein are one or wore of the
pharmaceutical compositions described herein for use in the treatment or prevention of
ocular disease in 2 human, In certain embodiments, provided herein is the use of onc or
niore of the pharmaceutical compositions described hetein lor the manufacture of 2
medicament for the treattent or prevention of ocular disease in & human.

[00101[ In one aspect, described herein are pharmacentical compositions for oral
administration to a mammal that comprises an active ingredient that inhibits FLAP and does
not substantially canse increases in Hver weight of the mammal. b seme embodiments, the
active ingredient 1s Compound | or a pharmaceutically acceptable salt thereof. In one
specific embodiment, the active ingredient is:Compound 1. In another specific embodiment,
the active ingredient is Compound 2.

§90102) T one aspect, provided herein is a method of treating asthina in a himan comptising
administering to the human an oral pharmaceutical composition as described herein
comprising Compound { or a pharmacentically acceptable salt thereof. In some
embodiments, the active ingredient is Compound 1. In other embodiments, the active
ingredient 1s Compound 2.

{00103} In one aspect, provided herein is an oral pharmaceutical conposition as described

herein comprising Compound 1 or a pharmaceutically acceptable salt thereof for use in the
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treatinent of asthma in a human. In some embadiments, the active ingredient is Compound
1. In other embodiments, the active ingredient is Comporwnd 2.

100104} In one aspect, provided herein is the use of a phamiaceutical composition
comprising Compound 1 or a pharmaceutically acceptable sall thereof as the active
ingredient, for the manufacture of a medicament for the treatment of asthma i a human. o
some cmbodiments, the active ingredientis Compound 1. In other embodiments, the aclive.
fngredient is Compound 2. In some embodiments, the pharmaceutical composition s an oral
pharmaceutical composition disclosed hevem.

[00185] In another aspect, provided ligrein is a mcthod of preventing cxercise-induced
bronchoconstriction in & buman comprising adnunistering to the human a1 oral
pharmaceutical composition comprising Compound [ or a phatnaceutically aceeptable salt
thereof as the active ingredient in the oral pharmaceutical composition. In sorue
embodiments, the active wgredient is Compound 1. Ih othér embodiments, the active
ingredient is Compound 2.

(00106) 1 one gspeet, provided herein is an oral pharmacentical composition as described
heretn compiising Compound 1 or a pharmaceuticaily acceptable salt thereof as the active
igredient for use in the prevention of exercise-induced bronchoconstriction in ¢ human. In
some embodiments, the active ingredient is Compound 1. In other cmbodiments, the active
ingredient is Compound 2.

100107} In one aspect, provided herein is the use of a pharmaceuiical composition
comprising Compound | or a pharnaceutically acceptable salt thereof as the active
ingredient, for the manufacture of a medicament for the prevention of exercise-induced
bronchoconsisiction in a human. In some enubadimeuts, the active ingredient is Compound
1. In other embodiments, the active mgredicnt is Compound 2. In some embodimentis. the
pharmaceutical composition is an oral phamnaceutical composition disclosed hetein.
[pU198) In one aspect, deseribed herein is a method of treating allerpic rhinitis in a human
comprising administering te the human an oral phanmaceutical composition comprising
Compound 1 or a pharmacentically acceptable sult theveof as the active ingredient the oral
pharmaceutical composition. In some embodiments, the active ingredient is Compound 1. In
other embediments, the aclive tugredient is Compound 2.

1001091 Tn one aspect, provided herein is an oral pharmaceutical composition as described
herein comprising Compound 1 or a pharmaceutically aceeptahle salt thercof as the active

ingredient for use in the treatment or prevention of allergic thinitis in a human. In some
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embodiments; the active ingredieni:is Compound 1. [ other embodiments, the active
mgredient is Compound 2.

|60110] In ong aspect, provided herein is the use of a pharmaceutical tontposition
comprising Compound 1 or a pharmaceutically dcceptable salt thereof as the active
ingredient, for the manufacture of o medicament for the treatment or prevention of allergic
shinitis in a buman. In some embodiments, the active ihgredient 18 Compound 1. In other
embodiments, the active ingredient is Compound 2: In some embodiments;, the
pharmacentical composition is an oral pharmaceutical compesition disclosed herein.

{00111} In any of the method of treatments described herein, the imethods further comprise
administering al least one additional pharmaceutical agent selected from inhaled
corticosteroids, short acting beta-agonists, long acting beta-agonists, antihistamines,
anticholinergics, non-steroidal GR agonists, antfinfectives and anlivirals.

{66112] In one aspect, provided herein is-a method of treating chronie obstructive pulmonary
disease in a human comprising adminisiering to the human a pharmaceutical composition
comprising Compound [ or a pharmageutically aceeptable salt as the active ingredient the
oral pharmidceutical composition. In some embodiments, the active ingredient is Compound
1. i ofher embodiments, the active ingredient is Compound 2.

{00113} In one aspect, provided herein is an oral pharmaceuticdl composition as described
herein comprising Compound 1 or a pharmaceudically acceptable salt thereof as the active
ingredient for use in the treatment of chronie obstructive pulmonary diséase in a human. In
some embaodinients, the active ingredient is Compound 1. In other embodiments, the active
mgredient is Compoand 2.

[00114) In one aspeet, provided herein is the use of a phanmaceotical composition
comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active
wngredient, for the manufacture of a medicament for the ireatment of chronic obstructive
pulmonary disease in a human. In some-embodiments, the active ingredient is Compound 1.
In other embodiments, the active ingredient is Compownd 2. In some embodiments, the
pharmaceutical composition is an oral pharmageutical composition disclosed herein.

100115] In one aspect, provided herein is a method of treating cardiovascular disease in a
humai comprising administering to the human a pharmaceutical composition comprising
Compound 1 or a pharmacentically acceptable salt thercof as the active ingredient the oral
pharmaceutical composition. In some embodiments, the active ingredient is Compound 1. In

other embodiments, the active ingredient is Compound 2,
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[00116] Ix one aspect, provided herein is an oral pharmaceutical composition as described
herein comprising Comporind 1 or a pharmaceutically acceptable salt thereof as the active
ingredient for use in the treatment of cardiovascular disease in a human. In some
embodiments, the active ingredient is Compound 1. In other embodiments, the active
ingredient is Compound 2.

[00117} In one aspect, provided herein is the use of a pharmaceutical composition
comprising Compound [ or a phammaceutically scceptable salt thereof as the active
ingredient, for the manuafacture of @ medicamerit for the treatmeni of cardiovastular disease
in a human. In some embodiments, the active ingredient is Compound 1. In other
embodinments; the active ingredient is Compound 2. In some embodiments, the
pharmacentical composition is an oral pharmaceutical composition disclosed herein.
{00118} In one aspect, provided herein ¥s a method of treating pain in a human eomprising
administering to the human a phammaceutical composition comprising Compouad 1 or a
pharmaceutically acceptable salt thereof as the active ingredient the oral pharmacéutical
composition. [n some embodiments, the active: ingredient is Compound 1, Tn other
embodiments, the active ingredient is Compound 2.

[00119] In one aspect, provided herein is an oral phammaceutical composition as described
herein comprising Compound | or a pharmaceutically accéptable salt thereof as the active
ingredient for use i the treatment of pain in & human. In some embodiments, the active
mgredient is Compound 1. In other embodiments, the aetive ingredient is Compound 2.
{60120} In m‘wﬁspeet, provided herein is the use of a pharmaceutical composiiion
comprising Compound 1 or a pharniacentically acceptable salt thereof as the active
ingredient, for the manufacture of a medicament for the treatment of pain v 4 hnuman. In
some embodiments, the active ingredient is Compound 1. In other embodiments, the active
ingredient is Compound 2. In some embodiments, the pharmaceutical composition is an oral
pharmaceutical composition disclosed herein.

[00121] In one aspect, provided herein is a method of treating NSAID-induced gastric
lesions in a human comiprising administering to the human a pharmaceutical composition
comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active
ingredient the oral pharmaceutical composition. In some embodiments, the active ingredient
is Compound 1. In other embodiments, the active ineredient is Compound 2.

180122} In one aspect, provided herein is an oral phanmaceutical composition as described

herein comprising Comipound 1 or a pharmaceutically acceptable sall thereof as the active
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ingredient for use in the treatment of NSAID-induced gastric lesions in a hwman, In some
embodiments, the active ingredient is Compound 1. In other embodiments, the aclive
ingredient is: Compounnd 2.

[06123) In one aspeet, provided herein is the uge of a pharmaceutical composition
comprising Compound | or a phatmaeeutically acceptable salt thereof as the active
ingredient, for the manafacture of « medicament for the treatment of NSA{D-induced
gastric lesions in 3 human. In some embodiments, the active ingredient is Compound 1. In
other embodiments; the active ingredient is Compoand 2. In some cmbodiments, the
pharmaceutical composition is an oral pharmiceutical composition disclosed harein.
100124] In one aspeet, provided herein is a method of treating ogular disease in 4 hurman
comprising administering to the hupian a pharmacentical composition comprigiig
Comwpound { or a pharmaceutically accepfable salt thereof as the active ingredient the oral
pharmacentical conposition. In some embodiments, the active ingredient is Compound 1. In
other embodiments, the active ingredient is Compound 2.

j00125] In one aspect, provided hergin is an oral pharmaceatical composition as described
herein comprising Compound | or a pharmacentically acceptable salt thergof as the active
imgredient for use in the treatment or prevention of ocnlar disease in & huran, In some
embodimerits, the active ingredient is Compound 1. In other embodiments, the active
ingredient is Compound 2.

[00126] In one aspect, provided herein is the use of a pharmaceutical composition
comprising Compound | or a pharmgeeutically acceptable salt thoreof as the active
ingredient, for the nranufacrure of a medicament for the ireatment or prevention of ocular
discase in @ human. In some embodiments, the active ingredient is Compound 1, In other
cmbodinents, the active ingredient is Compound 2. In some embodiruents, the
pharmaceutical compaosition is an oral pharmaccutical composition disclosed herein.
106127} In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2) is used to treat patients sulfering from leukotriene-dependent conditions or
diseascs, including, but not limited to, asthona, chronic obslroctive pulmonary disease,
pulmonary hypertension, 1aterstitial lung fibrosis, allergic rhinids, adulf respiratory distress
syndrome, and inflamumalory conditions.

100128} In one aspect provided are methods for modulaling, fucluding veducing andior

mhbiting the activity ol 5-lipoxysenase activating protein, dicectly or indirectly, in a
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mammal comprising administering to the mammal at least once an effective amount of
Compound I, or a pharmzceutically acgeptable salt thereof (e.g. Compound 2}.

100129} In one aspect provided are methods for modulating, including reducing and/or
inhibiting, the activity of lsukotrienes ih a marnumal, direetly or indirectly, comprising
administering to the:mammal at Jeast once an effective amotint of Compound |, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2).

{00130} In one aspect provided are methods for treating leukotriene-dependent or leukotriene
medialed conditions or diseases, comprising administering to the mammat at least once an
effective amount of Compound 1, 0r a pharmadcentically acceptable salt thereof (€.,
Compound 2).

{00133 In one aspect provided are methods for treating mammals with an inflanmatory
and/or allergic condition comprising administering to the mammral at least once an effective
amount of Compound 1, or a pharmaceutically acceptable salt thereof (e.g: Compound 2).
[00132] In ane aspect, provided herein is an oral pharmaceutical composition as described
herein comprising Compound 1 or a pharmaceutically acceptable salt thereof as the aclive
ingredient for use i the treabment or prevention of an inflammatory and/or allergic
condition in a mammal. In some embodiments, the active ingredient is Compound 1, In
other embodiments, the active ingredient is Compound 2.

{00133 In one aspect, provided herein is the use of a phanmaceutical composition as
described herein comprising Compound 1 or a pharmaceutically acceptable salt thercof as
the active ingredient, for the manufacture of a medicament for the treatment or prevention
of wn inflammatory and/or allergic condition in @ mammal. In some embodiments, the active
ingredient is Compound 1. In other embodiments, the active ingredient is Compound 2. In
some embodiments, the pharmaceutical composition is an oral pharmaceutical composition
disclosed herein.

[00134] In one aspect are methods for treating Inflammation in & mammal comprising
achministering to the mammal at least once an effective amount of Compound 1, or &
pharmaceutically acceptable salt thergof (e.g. Compound 2).

{00133} [n one aspect are methods for treating respiratory diseases in a mammal comprising
administering to the mammal mammal at least once an effective amount of Compound ¥, or
a pharmaceutically acceptable salt thereof (e.g. Compound 2). In a specific embodiment of

this aspect, the respiratory disease is asthina.
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[00136] Respiratory disease includes, but is not limited to, adult respiratory distress
syndrome and allergic (extrinsic) asthoma, non-allergic (intrinsic) asthuna, acoie severe:
asthma, chronic asthma, clinical asthina, noctumal asthima, allergen-induced asthma,
aspirin-sensitive asthima, exercise-induced asthma, isocapnic hyperventilation, ¢hild-onset
asthma, adult-onset asthma, cough-variant asthma, occupational asthma, steroid-resistant
asthma, seasonai asthma, allergic rhinitis, vasomotor rhinitis, vascular responses, endoloxin
shock, fibrogenesis, pulmonary fibrosis; allergic diseases, chronic inflammation, and adult
Tespiratory distress syndrome.

{001371 In one aspect are methods for treating chronic obstructive pulmonary disease in a
marmmal comprising administering to the mammal af least once an effective amount of
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compoumd 2).

jou138) Chronic obstructive pulinonary diseass includes, but is net imited to. chronie
bronchitis or emphysenia, pulmonary hypertension, interstitial lung fibrosis and/or airway
mflammation and cystic fibrosis.

j00139] [n vne aspect are methods for preventing increased mucosal seeretion and/or edema
in a mammal comprising administering to the mammal at least once an effective-amount of
Compound 1, of a phammaceutically acceptable salt thereof (e.g. Compound 2).

{00140] In one aspect are methods for preventing eosinophil and/or basoplil and/or dendritic
cell and/or neutrophil and/or monocyte recruitment in a mammal comprisitig administering
1o the mammal at least once an effective amount of Compound 1, or a pharmaceutically
acceptable salt thereof (e.g. Compound 2).

{00141] in another aspect are methods for preventing ocular discase (for example, ocular
inflammation, aflergic conjunctivitis, vernal keratoconjunctivitis and papillary
conjunctivitis) in a mammal comprising administering to the mammal at least once an
effective amounl of Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2).

[00142] In another aspect are methods for preventing or treating acute or chronic disorders
involving recruitment or activation of eosinephils in a mammal comprising administering to
the mammal at least once an cffective amount of Compound 1, or a pharmaceutically
acceptable salt thereof (e.g. Compound 2).

{00143} In another aspect are methods for preventing or treating NSAID-induced gastric
lestons in a manunal comprising administering to the mammal at Jeast once an effective

amount of Compound 1, or a pharmaceutically acceptable salt thercof (e.g. Compound 2).
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j00k44} In amy of the alorementioned aspects, the mammal is a human, lixany of the
aforementioned aspects, the mammal is a humar, including embodiments wheremn (a) the
human has ay asthmatic condition or one or more other condition(s) selected from the group
consisting of allergic (exirimsic) asthma, non-allergie (inirinsic) asthima, acute severe
astlima, chronic asthma, clinical asthma, nocturnal astlona, allergen-induced asthma,
aspirin-sensitive asthma, exercise-induced asthma, isocapnic hyperventilation, child-onset

asthima, aduit-onset asthma, cough-varianl asthina, occupational usthma, steroid-resistant

asthma, or scasonal asthma, or chronic obstructive pulmenary disease, or pithnonary
hypertension or inferstitial tung fibrogis. In any of the aforenientioncd aspecis are fyrther
embodiments in which the mamumal is an animal model for pulronary inflaramation,
examples of which are provided herein

100143} In any of the aforcmentiensed aspects are further embodiments comprising single
adnupisteations of the effective dmeunt of Compound 1, or a pharmaceutically acceptable
salt thereof (e.g. Compound 2), including further cmbodimenis in which Compownd |, or a
pharmaceudically acceptabie salt thereof (e.2. Compound 2) is () administered ohce-g-day:
(ii) is administered twice-a-day; or (iii} 1s administered multiple times over the span of one
day.

[06146] In any of the aforementioned aspects are further embodiments comprising multiple
administrations of the effective amount of the compound, ingluding further embediments in
which (i) the comipound is administered in a single dose; (it) the time between maltiple
administrations is every 6 hours; (311) the time between multiple administrations is every 8
bours; (1v) the thme between nnhtiple administrations is every 12 hours,

[90147] in some embodiments, the methods of reatment or prevention disclosed herein
comprise a drug holiday, wherein the administration of Compound 1, or 2 pharmaceutically
acecptable salt thersof (. g. Compound 2} 1s temporarily suspended or the dose being
adunnistered is temporarily reduced; at the end of the drug holiday dosing is resumed. In
some cmbodiments, the length of the drug holiday varies from 2 davs to | year,

[00148] In one aspect, Compound 1, or a pharmacsutically acceptable salt thereof (e.g.
Compound 2) is used in the manufactare of medicamends for the treatment of leukolriene
dependent conditions, disorders, or diseases in a human that is & non-responder to
montelukast. In some embodiments, the leukotriene dependent condition, disorder, or
discase 18 a respiratory disease or condition. In a specific embodiment, the respiratory

isease or condition 1s asthma.
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{09149] Componnd {, or & pharmaceutically aceeptable salt thercof (e.g. Compound 2) for
treating any of the diseases or conditions disclosed herein,

[09150] A pharmacentical composition comprising Corapound 1, or-a pharmaceutically
acceptable salt thereof (e.g. Compound 2) for use in any of the uses and methods disclosed
hezein.

jon151] Use of Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound
2) in the manufacture of a medicament for treating or preventing any of the diseases
disclosed herein in 2 mammal. In one aspect is-the use of Compound 1 or a
pliaunagceutically acceptable salt thereof (e.g. Componnd 2} for the manufacture of &
medicament for the ireatment of asthma inn a human. In oire aspect is the use of Compound 1
or 4 pharmaceutically acceptable salt thereof (e.g. Compouand 2) for the manutacture of d
medicameit for the treatinent of allergic rhinitis in a human. In one aspect is the use of
Compound 1 or a pharniaceutically acceptable salt thersof (e.g. Compound 2) for the
nranufacture of a medicament for the prevention of allergic rhinitis in.a human. fn one
aspect is the use of Compound 1 or a phanmaceutically acceplable salt thereof (¢.g.
Compound 2) for the manufacture of a medieament for the treatment of chronic obstructive
pubihonary discase in a human. In one aspect Is the use of Compound 1 or a
pharmacentically acceptable salt thereof (e.g. Compound 2) for the manufaciure of a
medicament for the treatment of ocular disease ina human. In one aspect is ﬂi‘e use of
Compound 1 or a pharmaceutically acceptable salt thereo! (e.g. Compound 2) for the
mannfacture of a medicament for the weatment of cardiovascular disedse in a2 human. In one
aspect is the use of Compound 1 ora pharmaceutically acceptable salt thercof (e.2.
Compound 2) for the manufaciure of a medicament for the trealment of skin disease in a
human, Tn one aspect is the use of Compound 1 or a pharmaceutically acceptable salt
thereof (¢.g. Conipound 2) for the manufacture of a medicament for the treatment of
NSAID-induced gasfric lesions in a human, In one aspect is the use of Compound 1 or &
pharmacentically acceptable salt thereof (e,g. Compound 2) for the manufacture of a
medicament for the treatment of pain in a human,

f00152] In one aspeet, described herein is the freatment of leukotrienc dependent conditions,
diseases, or disorders in a human that is a non-responder to montelukast, In some
embodiments, the leukotricne dependent condition, disorder, or disease is a respiralory

discase or condition. In a specific embodiment, the respiratory disease or condition is
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asthma. In a specific embodiment, the non-responder to montetukast is adninisiered
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2).

[60153} In one aspect, the dose of Compound 1, or a pharmaceutically acceptable salt thereof
{e.g. Compoand 2) that is adminisiered to healthy human patients is reduced i human
palients that lack or have a defect in 2 UDP-glucuronosyliransferase enzyme normally
present in the human.

100154] Tn one aspect, deseribed herein is a method of increasing the bioavailability of an

~ orally administered dose of Compound I, or a pharmzcentically acceptable salt thereof (.2

Compound 2) in healilyy human patients comprising orally adinistering to a mammal; (1) a
dose of Compounid 1, ora pharmaceitically acceptable salt thereof (¢.g. Comipound 2); and
(2) an inhibitor ofa UDP-glucironosyliransterase enzyre norally present in the mamual,
In some embodiments, the UDP-glucuronosyliransferase enzyme is selected from GGTIAL,
UGTIA3, UGT1AG, UGTIA9, and UGT2BT.
(60135] In any of the alorementioned aspecls involving the prevention or treatment of
inflammation are further embodiments comprising: (a) monitoring inflammation ir a
mammal; (b) measurittg Bronchoconstriction in a rnammal; (¢} measuring cosinophil and/or
basophil and/or dendritic cell'and/or neutrophil and/or monocyie and/or lymphooyte
recruitment in a mammal; (d) monitoring mucosal secretion in a mammal; (&) measuring
muecosal ¢dema in a nammal; (¢) measuring levels of LTB; in'the caleium ionaphore-
challenged blood of a mammal; (f) measuring levels of LTE; it the urinary excretion ol a
mammal; or () identifying a patient by measuring leukotriene-driven inflammatory
iomarkers such as LTBy, LTCy, [1-6, CRP, SAA, MPO, EPO, MUP-1, MIP-u, siCAMSs, 1=
4, 1-13.
j00156) In any of the aforementioned aspects involving the prevention or treatment of
leuketriene-dependent or leukotriene mediated diseases or conditions are further
embodiments compiising identifying patients by screening for a leukotriene gene haplotype.
In some embodiments the leukotriene gene haplotype is a leukotriene pathway gene. In a
specific embodinent, the keukowicne gene haplotype is a FLAP haplotype.
160157] in any of the aforementioned aspects involving the prevention or treatment of
leukotriene-dependent or lenkotriene mediated diseases or conditions are further
embodiments comprising identifying patients by moniforing the patient for either:

i) at least one leukotriene related inflammatory biomarker; or

1} al least one functional marker response to a leukotriene modifying agent; or
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i1l) at least one leukotriene rélated inflammatory biomarker and at least one
finctional marker response to a leukotriene modifying agent.
100158] In some embodiments, the leukotriene-related inflagunatory biomarkers are selecied
from the group consisting of LTB,, cysteinyl feukotrienes, CRP, SAA, MPO, EPO, MCP-1,
MIP-a, sICAM, IL-6, IL-4, and 1L-13. In some enibodiments, the functional marker
response is significant lung volume (FEV1).
[00159] In any of the aforementioned aspects involving the prevention or treatment of
leukotriene-dependent or leukotriene mediated diseases or conditions are further
ambodiments comprising identifying patients by either:
1) screening the patient for at least one levkowiene gene SNP and/or haplotype
including SNP’s ih intronic or exonic locations; ot
i) monitofing the patient for at least one leukotriene related inflammatory
biomatker; or
i1} monitoring the patient for at least onefunctional marker response (o a
leukotriene modifying agent
{00160] In some embodiments, the leukotiiene gene SNP or haplotype is a leukotriene
pathway gene. In specific embodiments, the leukotviene gene SNP or haplotype is a FLAP
SNP or haplotype. in some embodiments, the leukotriene-related inflamunatory biomarkers
are selected from the group consisting of LTBs, cysteinyt leuketrienes, CRP, SAA, MPO,
EPO, MCP-1, MIP-a, sICAM, 1L-6, IL-4, and 1L-13. Ih some embodiments, the fuiictional
marker response is significant hung volume (FEV1).
[00161] I any of the aforementioned aspects involving the prevention or treatment of
leukotriene-dependent or leukotriene mediated diseases or conditions are further
embodiments comprising identifying patients by at least two of the followitig:
1} screening the patient for at least one lenkotriene gene SNP or haplotype;
i1} monitoring the patient for at least one leukotricne related inflammatory
biomarker;
iti) monitoring the patient for at least one functional marker response to a
leakotriene modifying agent.
j08162] In some embodiments, the leukotriene gene SNP or haplotype is a leukotriene
pathway gene. In some embodiments, the tenkotriene gene SNP or haplotype is a FLAP
SNP or haplotype: In some embodiments, the leukotriene-related inflammatory biomarkers

are selected from the group consisting of LTBq, cysteinyl leukotrienes, CRP, SAA, MPO,
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BPO, MCP-1, MIP-o, sICAM, IL-6, 11.-4, and [L-13. In some embodiments, the functional
murker response is significant lung volume (FEV1).
100163) In any of the aforementioned aspects involving the prevention or treatment of
leukotriene-dependent or leukolriene mediated diseases or conditions are further
embodiments comprising identifying patients by:
1) screening the patient for at Ieast one leukotriene gene SNP or haplotype;
ii) monitoring the patient for at least onc leukotriene related inflanumatory
biomarker; and
1it) monitoring the patient for at least one functional marker response to a
leukotriene modifying agent.
100164f In some embodiments, the leukotriene gene SNP or haplotype is 2 lsuKotriene
pathwvay sebe. In some embodiments, the leakotrigne gene SNP or haplotype isa FLAP
SNP or haplotype: In some embodiments, the léukotriene-related inflammatory biomarkers
aré sclected from the group consisting of LTB,, cysteinyl leukotrienes, CRP, SAA, MPO,
EPO, MCP-1, MIP-¢z; sICAM, 11-6, IL+4, and 1L~ {3. In some embodiinents, the finctional
marker response is significant lung volume (FEV1).
(06165 Tn another aspect is the prevention or treatment of leukotricne-dependent or
tenkotriene medialed diseases or conditions comprising administering to a patient an
effective amount of Compound 1, or pharmaceufically acceptable salt and/or solvate
thereof, wherein the patients has been identified using informalion obtained by:
1) screening the patient for at least ome leukotrienc gene SNP or haplotype; and
i) monitoring the patieit for al least one leukotriene related imfAammalory
biomarker; and
tii) monitoring the patient for ai least one fumctional marker response 16 a
leukotriene modifying agent,
{80166} In some embodiments, the leukotriene gene SNP or haplotype is a leukottiene
pathway gene. In some embediments, the leukotriene gene SNP or haplotype is a FLAP
SNP or haplotype. In some embodiments, the leukotriene-related inflammatory biomarkers
are selected from the group consisting of LTBs, cysteinyl leukotrienes, CRP, SAA, MPO,
EPO, MCP-1, MIP-o, sSICAM, IL-6, |L-4, and }1.-13. In some embodiments, the functional
miarker response: is significant bng volume (FEVI). In some embodiments, the informuation

obtained from the three diagnostic methods are used in an algorithm in which the
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information is analyzed to identify paticnts in need of treatment Compound 1 or a

pharmacentically acceptable salt thereof and the treatmient regimen,

100167] In any of the aforementioned aspects the léukotriene-dependent or Jeukotrienc

mediated discases or conditions include, but are not limited to, asthina, chironic obslructive

pulmonary disease, pulmonary hypertension, interstitial lung fibrosis, rhinitis, allergy, adult

respiratory disivess syndrome.

[00168] Also described hergin dre process for the preparation of Compound 1 and

pharmaceutically acceptable salts thereof. In one aspect, the pharmaceutically aceeptable

salt of Compound 1 is Compound 2.

[061693 Irn one aspect, described is a proeess for the preparation of a crystalline form of

sodium 3-{3-{tert-butylsulfanyl)- 1 -[4-(6-cthoxy-pyridin-3-y)benzyl]-5-(S-methyl-pyridin-2-

yl-methoxy)- [H-indol-2-y1}-2,2-dimethylpropionate (Compound 2) comprising the steps of;

{1) adding Compound 2 to methyl tert-butylether to form a mixture;

{2) heating the fixiure from step (1) and then cooling the solution; and

{3) isolating the solids that are formed from step (2) to provide a erystalling form of

Compomnd 2.

{00170} In some embodiments, the crystalline form of Compound 2 has an X-ray diffraction

paltern with characteristic deg 2-theta values al about 6.6°2-Theta, at about 8.1°2-Theta, at

about 19.7°2-Theta, at about 21.0°2-Theta, at about 21.9°2-Thets, and al aboul 22.1°2-

Theta,

{00171} In some embodiments, the crystallisiec form of Compound 2 has an X-ray diffraction

pattern that correlates with the X-ray diffraction pattern displayed in Fignre 2.

{00172} In some embodiments, the crystalline form of Compound 2 has an X-ray diffraction

pattern with characteristic deg 2-theta valves af about 17.2°2-Theta, at about 18.4°2-Theta,

at about 19,1°2-Theta, at about 20.8°2-Theta, and at about 23.8°2-Theta.

{00173] In some embodiments, the crystalline form of Compound 2 has an X-ray diffraction

pattem that correlates with the X-ray diffraction pattern displayed in Figure 1.

[00174) In one aspect, described is a process for the preparation of Compound 2 comprising

the steps of:

{a) reacting 4-methoxyphenylhydrazine hydrochloride with 4-bromabenzyl bromide in the
presence of triethylamiue and toluene to provide N-{4-bromo-benzyl)-N-(4-methoxy-

phenyl)-ltydrazine hydrochloride;
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(b} treating the product of step (a) with HCI to provide N-(4-brome-benzy!)-N-{(4-methoxy-
phenyl)-hydiaene hydrochloride;

(o) reacting N-(4-bromio-benzyl)-N-(4-methoxy-phenyl)-hydrazine hydrochloride with
acotic aeid, S<rert-butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid ethyl ester, and
sodium acetate in toluene to provide 3-{ I-(4-bromo-benzyl)-3~tert-butylsulfanyl-3-
methoxy-1//-indol-2-y1}-2,2-dimethyl-propionic acid ethyl esier;

(&) reacting 3-[I-(4-brome-benzyl}-3-fert-butylsulfanyl-S«methoxy-1H-indol-2-yl}-2,2-
ditnethyl-propionic acid ethyl ester with 2-methyl-2-propanethiol and aluminum
chioride in dichloromethane o provide 3-[1-(4-bromo-benzyl)-3-tert-butylsuluyl-5-
hydrosy-1H-indol-2-yl]-2,2-dimethyl-propionic acld ethyl ester;

(2) reacting 3-{1-(4-bromo-benzyl)-3-teri-butylsulfanyl-5-hydrox y-1H-indol-2-y1]-2,2-
dimethyl-propionic acid ethyl ester with bis(pinacolato)diboron using palladium
mediated reaction conditions to provide 3-{3-rert-hutylsulfanyl-5-hydroxy-1-[4-
(4,4,5,5-tetramethyl-[1,3,2 Jdioxaborolan-2-yl)-bens vl -1 H-indol-2-y1} -2, 2-dimethyl-
propionic acid ethy! ester;

{f) reacting 3-{3-teri-butylsulfanyl-5-hydroxy-1-{4-(4,4,5 5-tetramethyl-
[1.3,2]dioxaborolan-2-yl)-benzyl]-1H-indol-2-y1}-2,2-dimethyl-propionic acid ethyl
ester with 5-bromo-2-ethoxypyridine asing palladiam mediated reaction conditions (o
provide 3~ {3-tert-butylsulfanyl-1-{4-(6-ethioxy-pyridin-3-yl)-benzy!}-3-hydroxy-1H-
indol-2-yl} -2,2-dimethyl-propionic acid ethyl esier;

{g) reacting 3-{3-rerr-burylsuifanyl-1-[4-(6-gihoxy-pyndin3-yi)}-benzyl]-5-hydroxy-1 H-
indol-2-y1}-2 2-dimethyl-propionic acid elhiyl ester with 2-chloro-5-methylpyridine
hydroehioride in the presence of a base and solvent to provide 3-[ 3-terr-butylsulfanyl-1-
[4-(6-ethoxy-pyridin-3-yI)-benzyl]-3-(S-methyl-pyridin-2-ylmethoxy)-1 H-indol-2-y1]-
2,2-dimethyl-propionic acid ethyl ester;

(h) redueing the amount of residual paliadium from 3+[3«rerr-butylsulfanyl-1-[4-(6-ethoxy~
pyridin-3-yl)}-benzyl]-5-(5-methyl-pyridin-2-ylmethox y)-1 F-indol-2-v1}-2,2-dimethyl-
propionic acid ethyl ester; and

(1) forming Compound 2 from 3-|3-zers-butylsulfanyl-1-[4-(6-eiboxy-pyridin-3-vi)-benzyl]-
5-(S-methyl-pyridin-2-ylmethoxy)- | H-indol-2-y1]-2,2-dimethyl-propionic aeid ethyl

ester.

32



wn

16

1

20

b
LS

100175 In some embodiments, step (h) comprises treating 3-[3-zert-butylsulfanyl-1+[4-(6-
elhioxy-pyridin=3-yl)-benzyl]-5-(5-methyl-pyridin-2-yimethoz y)- 1 /-indol-2-y1}-2,2-
dimethyl-propionic acid ethyl ester with thiol derivatized silica gel.

{00176} In same embodiments, step (h) comprises tieating 3-[3-terf-butylsulfanyl-1-[4-(6~
ethoxy-pyridin-3-yi)-benzyl]~5-( 3-methyl-pyridin-2-ylmethoxy)- 1 fl-indol-2+-y1}-2,2-
dimethyl-propionic acid ethyl ester with thiol derivatized silica gel or activated carbon. In
some embodiments, step (h) comprises {reating 3-{3-fert-butylsulfanyl-1-[4-(6-cthoxy-
pytidin-3-yl)-benzyl}-5-(3-methyl-pyridin-2-ylinethoxy)-1 H-indok-2-y1]-2,2-dimethyl-
propionic acid ethyl ester with thiol derivatized silica gel and activated carbon. In some
gmbaodiments, step () comprises treating 3-(3-teri-butylsulfanyl-1-{4-(6-ethoxy-pyridin-3-
y1)-benzyl}-5-(5-methyl-pyiidin-2-ylmethoxy)- 1 H-indol-2-y13}-2,2-dimethyl-propionic acid
ethyl ester with thiol derivatized silica gel. In some embodiments, step {h) comprises
treating 3-[3-tert-butylsulfanyl-1-[4-(6-sthoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-pyridin-2-
ylmethoxy)-1 F-indol-2-y1]-2,2-dimethyl-propionic acid ethyl ester with activated carbon.
0177} In some: erobodinients, step (1) comiprises reaciing 3-{3-fert-butylsulfanyl-1-{4-(6=
ethoxy-pyridin-3-y1)-benzyl}-5-(5-methyl-pyridin-2-vimethoxy)-1/-indol-2-v1]-2,2-
dimethyl-propionic acid ethyl ester with sodium hydroxide in a suitable sotvent.

(00178} In some embodiments, step (i) further comprises crystal formation (whether by a
erystallization, solid-to-solid transformation or crystallive inter-conversion) or precipitating
Compound 2 from methyl teri-butyl ether.

{06179 In some embodiments, & sample of Compound 2 comprises a detectable amount of
palladium that is less than 20ppm. In one aspect, a sample of Compound 2 comprises less
than 20 ppm of palladiwm,

[08180] In one aspect, described herein is a process for the preparation of sodium 3-[3-(teri-
butylsulfanyl)-1-{4-(6-cthoxy-pyridin-3-ybenzyl]-3-(S-methyl-pyridin-2-yl-methoxy)- 1 H-
indol-2-yi]-2,2-dimethylpropionate (Compound 2) comptising the steps of:

{A) reacting a compound of Formula (1)

Formala (11); wherein R' is C,-Cg alkyl:
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with a compound of Formula (11)

e
A .x

B Formula (11); wherein X7 is a leaving group;

in the presence of 4 base and solvent to form 8 compound of Formula (I}

w

fj

(B) forming Compound 2 from the compound of Formula (1) of step {A).

Formula (1),

and

100181} In some embodiments, step (A) further coniprises isolating the compound of
Formula (1) prior to step (B).

[00182) In soie embodimerts, step (A) further eompirises teducing the amount of palladivm
to Jegs than about 20ppm. It one aspect, reducing the amount of palladium comprises
treatment of cowpound of Formula (1) with thiol derivatized silica gel.

[00183] In some embodinents, the product from step (A) is isolated. In some embodiments,
the product from step (A) is not isolated. In some eimbodiments, the compound of Formula
¢IIT) is prepared using palladium coupling reactions and contains residual palladium, In
some embodiments, isolating the product from step (A) comprises reducing residoal
patladium.

(08184] Tn some embodiments, activated carbon is used to reduce residual palladium, In a
specific embodiment, the activated carbon is DARCO® KB-G, DARCO® KB-W1J. In some
embodiments, reducing residual palladium comprises derivatized silica gel. In some
embodiments, reducing residual palladium comprises thiol derivatized silica gel.

(00185} In some embodiments, the reaction of step (A) is heated to 4 temperature of about
50°C to about 90°C.

100186] In soine embediments, step (B) comprises hydrolysis of the ester moiety of the
product of step (A).

[80187) In some embodiments, step (B) comprises treatment of the compound of Formula (I)

from step (A) with:
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a) LiOH, KXOH, or Ca(OH),, followed by pH adjustment to form the carboxylic acid,
followed by NaQH; or

b} NaOIH.

100188] In some embodiments, step {B) comprises treatment of the compound of Formula (T)
from step (i) with LiOH followed by NaOH. In some other embodiments, step (B)
comprises treatment of the compound of Formula (1) from step (i) with NaOH.

[00189] In some embodiments, step (B) is carried out in a solvent systemn comprising
tetrahydrofuran, water and an alcohol selected from methanol and ethanol. In some
ombodiments, step {B) is carried oul in a solvenl system comprising tetrahydrofuran, water
and ethanol.

J00190} In ohe aspect, the process for the preparation of Compound 2 further comprises
forming crystals of Compound 2 with methyl tert-butyl ether. The crystal formation may.
oceur by a crystallization; solid-to-solid transformation or crystalline inter-conversion.
[ob19t] In some embodiments, R!is -CHi or —-CH,CHa. Tna specific embodiment, R'is
CH,CH;.

{06192} In some embodiments, the base in siep (A) is a cesitim base, potassium base or
sodium base, In some embodiments, the base is a cesium base. In a specific embodiment,
the base is cesium carbonate.

{00193} In some embodiments, X’ is selected from Cl, Br, I, -OS0QCF,, -OSCs(4-
methylphenyl), -OSOa(phenyt) and ~OSO2CHs. In specific embodiments, X' is CL.

j00194] In one aspect, the compound of Formula (111) is prepared by:

reacting a compound of formula (IV):

S’Q
HO.
=
| \ 0
P
\) OfR.l

B Formula (1V),
wherein R' is Cy-Cj; alkyl and B is a boronic acid or boronate ester;
with a compound of Formula (V) in the presence of a first coupling catalyst;
X

i !//L NG ] ; )
N O Formula {V), wherein X is a leaving group,

to provide a compound of Formula (111}
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Forrula (I).

100195¢ In some embodiments, X is a halide or triflate. It some smbodiments; X is setecied
from Cl, Br, I, ~-080,CF;, ~080;(4-methylphenyl), -0SOx(phenyl) and ~OSO.CHs. In

some embodinents, X is selected from Cl, Br, L, and -O80,;C¥;. In some embodiments, X is
Br.

HO, N0, 0,
(06196] In some embodiments, B is sclected from HO | 6 S o

G, B--

B-§- .
>\.-.0 . -

, and
0,

%r 5
(061971 In some embodiments, B is A0
{00198} In one aspect, the first conpling catulyst is a pafladium catalyst. In some
embodiments, the patladium catalyst is tefrakis(iriphenylphosphine)palladium (Pd(PPhi)s).
In some embodiments, the reaction for the synthesis of compounds of Formuila (TIT) further
comprises heating to a temperature of from about 60°C to about 95¢C,
100199] In one aspect, the compound of Farmuia (IV) i§ prepared by reacting a compoand of

Formula (V1)

Formula (VI),
wherein X is a Jeaving group; R' is C-Cy alkyl;
with a borylation reagent, in the presence of a second coupling catalyst to provide a

compountd of Fornusla (TV):.

36



10

S
HO

X

| ] 0
Z N

r O"Rl

l RN

5
B Formula (IV).

{09200} In some embodiments; X" is selected from Cl, Br, I, and ~OS0,CF;.

[00201] In some embodiments, the borylation reagent is selected from pinacolborane,
catecholborane; bis(neopentylglycolato)diboron, bis(pinacolato)diboron,
bis(hexyleneglycolato)diboron, and bis(catecholato)diboron. In specific embodiments; the
borylation reagent is bis(pinacolato)diboron.

100202) In one aspect, the second coupling catalyst is a second paliadium catalyst. In a
specific embodiment, the second palladium catalyst is dichlovo[1,1'-
bis{(dliphenylphosphino)erroceng]palladinm (PA(dppHClz). In some embodimerss, the
reaction furthet comprises heating to a temperature of from about 60°C to aboat 95°C.
100203] It one agpeet, Formala (V1) is prepared by:

(C) reacting a compound of Formula {VID);

-0 | S
7 N - I\']‘i}
I -
b " / »
X Formula (V11), wherein X" is a halide;

with a compound of Formuia (VIII):

>1\9/\r(><(1)ko' R!

0 Formula (VIIT), wherein R! is C;-Cy allkeyt; and
(D) demethylating the product of step (i) to provide the corresponding phenol of Formula
v
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[06204) In some embodiments, step (C) is performed at a temperature of about from 10°C 1o
about 35°C.

[00205] In some embodiments, X is selected from Br, Cl, and 1. In a speeific embodiment,

Formula (VI).

5 R'is~CH,CH;,
[00206] In some embodiments, step (D) comprises reacting the product of step (1) with 2-
methyl-2-propanethiol and AICL; in a solvent.
100207] Iri some embodiiments, step (D) comprises reacting the produet of step (1) wilh a
Lewis Acid reagent in a solvent. s some embodiments, the Lewis-Acid reagent is selected

10 from aluminum tricloride (AICE), Fe (1IT) chloride, boron trifluoride, niobium
pentachloride, and lanthanide triflates (such ds by way of example only, ytterbium (111)
triflate). I & further embodiment, the solvent of step (D) is dicloromeihane. In one
embodiment, step (D) comprises reacting the product of step (i) with 2-methyl-2-
propanethiol and AICH in a solvent.

15 [00208} The disclosed processes provide for the synthesis of Compound 1 and
pharmacentically accepiable salls thereof. The processes disclosed herein are particularly
applicable to large scale chémical production of Compound 1 and pharmaceutically
acceplable salts thereot. Also deséribed herein are processes for the preparation of
Compound 2, in good yield that have good solubility and good oral bioavailability.

20 {og209] Other objects, features and advantages of the methods and compositions described
herein will become apparent [rom the following detailed description. It should be
understood, however, that the detailed deseription and the specific examples, while
indicating specific embodiments, are given by way of illusiration only, since various

changes and modifications within the spirit and scope of the invention will become apparent

)
L

to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE FIGURES
[60210] FIGURE 1 illustrates an XRPD pattern of Polymorph Form C of Compound 2.
foo211) FIGURE 2 illustrates an XRPD paitern of Polymerph Form B of Compound 2.
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(in212] FIGURE 3 illustrates an XRPD pattern of Amorphous Phase A of Compound 2.
[06213] FIGURE 4 illustrates a comparison of XRPD patterns of Compound 2 in which
crystal formation (whether by a crystallization, solid-to-solid transformation or crystalline
mter-conversion) or-precipiation occured in various solvents.

[60214] FIGURE 5 ilfustrates a comparison of the XRPD patterns of Amorphous Phase A of
Compound 2 before and after one week at 40°C and 75 % relative humidity.

100215} FIGURE 6 illustraies a comparison of the XRPD patterns of Polymorph Form B of
Coutpourid 2 before and afler GVS experiments.

{0e216) FIGURE 7 titustrates a comparison.of the XRPD patterns of Polymorph Form € of
Compound 2 before and after one week at 40°C and 75 % relative humidity.

1002¥7) FIGURE: 8 illustrates a variable temperature XRPD pattetns of Amorphous Phase A
of Compound 2.

100218} FIGURE 9 illustrates a comparison of the XRPD patierns of Amorphious Phase A of
Compound 2 at 230°C and 280°C with the XRPD pattern of Polymorph Form C.

{00219] FIGURE 10 iilustrates a variable temperature XRPD patteris of Polymorph Form B
of Compound 2.

1092201 FIGURE 11 illusirates a comparison of the XRPD patierns of Polymorph Form B of
Compound 2 at 180 °C, 220 °C and 260 °C with the XRPD pattern of Polymiotph Form C.
100z21] FIGURE 12 iltustrates a DSC (bottom) and TGA (iop) trace for Amorphous Phase A
of Compound 2,

{00222} FIGURE 13 illustrates a moditied DSC (bottom} aud TGA (top) trace for
Amorphous Phase A of Compound 2.

[00223] FIGURE 14 iltustrates a DSC (bottom) and TGA (lop) trace for Polymorph Form B
of Compound 2.

{06224] FIGURE 15 illustrates a DSC (bottom) and TGA (top) trace for Polymorph Form C
of Compound 2.

[00225] FIGURE 16 ilfusirates a GVS diagram for Amorphous Phase A of Compound 2,
[00226] FIGURE 17 illustrates a GVS diagram for Polymotph Form B of Compound 2.
100227f FIGURE 18 iltustrates a GVS diagram for Polymorph Form C of Compound 2.
to0228] FIGURE 19 illustrates an IR Spectrum for Polymorph Form C of Compound 2.
{00229] FIGURE 20 illustrates results of experiments condacted te evaluale CYP induetion

of Compound 2.
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[00230] FIGURE 21 illustrates pharmacokinetic properties of a single dose aud multiple dose
of an aqueous solution of Compound 2,

{00231] FIGURE 22 illustrates pharmacodynamic properties (blood LTB, levels) of single
dose administrations of an aqueous solution of Compound 2.

1002321 FIGURE 23 illostrates pharmacodynamic properties (urinary LTE4 levels) of single
dose administration of aqueous solutions of Compound 2.

106233] FIGURE 24 illustrates plasma concettrations of Compoend | observed in the
150mg multiple dose cohort after administration of Compound 2.

100234} FIGURE 25 iltustrates phatmacodynamic properties (blood LTB4 levels) of multiple

dose administrations of an aqueous solation of Compound 2.

DETAILED DESCRIPTION OF THE INVENTION
{66235) Leukolricnes (LTs) are a class of pro-inflanuunatory lipid mediators derived from
arachidonic acid that play importaut roles in a number of biolegical processes. Arachidonic
acid is converted to leukotriene A (LLTA,) in a two-step process mediated by the enzyme 5+
lipoxygenase (5-LO). The initial step s the axygenation of arachidonic acid to form 5(S)-
hydroperoxy-6,8,11,14{E,Z,Z,Z)-eicosatetraenoic acid (5-HPETE) followed by dehydration
to produce the unstable epoxide LTAy. LTAq is converted either to LTBy via LTA,
hydrolase or to L.TCy fhrough conjugation with glutathione mediated by LTCy synthase.
Amide bond cleavage converts LTCy to LTD; and then subsequently to LTE,. The iritial
oxidation step is a process that requires the intimate involvement of both 5-1.O and the
membtrane bound S-lipoxygenase-activating protein (FLAP). Inhibition of either FLAP or 5-
1O results in the inhibition of all eukotriene produciion. LTB; is the ligand for the G
protewn-coupled receptors (GPCRs) BLT, and BLT; and both receptors are involved in
chemotaxis and cell stimulation in the inflammaiory response, Bronchoconstriction, airway
edema and hypersecretion of mucus arc a result of the actions of the cysteinyl lenkotrienes
{cysL.Ts) LTCy, LTDy and LTEs. Both LTD, and LTE, are ligands for the cysLT; receptor.
[66236] Leukotnienes are lipid mediators of inflammation that are involved in the
pathogenesis of respiratory and cardiovascular diseases. Cellujar activation by immune
complexcs and other inflammatory stimuli results in an increase of inlracellular calciom and
the translocation of cylosolic phospholipase A; (cPLA,) and S-lipoxygenase (5-LO) from
the eytosol to the nuclear membrane. In the presence of the S-lipoxygenase-activating
protein {FL.AP), arachidonic acid {AA) released from the nuclear membrane by ¢PLA, is

detivered to 5-LO for conversion to 5-(S)-hydroperoxy-6,8,11, 14-cicosatetraencic acid (5-

40




20

1S
A

3¢

HpETE) and then leukotriene Ay (LTA4). Menibrane interaction of 5-LO with FLAP is
essential for lenkotriene biosynthesis. FLAP s an integral membrane protein that belongs to
the MAPEG: (menbrans-associated proteins in eicosanoid and glutathione metabolism)
superfaniily. In contrast to other MAPEGs, FLAP has not been shown to have enzymatic
activity or fo be fimctionally modulated by ghutathione.

100237) Leukotrienes are pofent mediators of inflammation and bronchospasm. Leukotrienes
are produced mainly by mast cells, cosinophils, monoecytes/macrophages, nd neutrophils in
response to allergic or inflammatory stiinul. For cellutar synthesis of leukotrienes, 5-
lipoxygenase translocates from a nonmembrane conpartiment (cyvtoso] or nuckeosol) to
membianes (nuclear or endoplasmic reticulunt) and interacts with FLAP, FLAP transfers
arachidonic acid, released from membrane phosphohpids by phospholipases, to 5-LO. Then,
atwo step reaction gccurs to convert arachidonic acid to LTA« LTAs can be exported from
the cell for transcellular metabolism or converted to cither LTBy or LTCy, LTC, is exported
from cells and converted to LTD, and then LTE in blood. LTB4 activates BLT, and BLT,
receplors, and the cvsteinyl leukotrienes activate cysLTy and cysL. T, receptors (atid possibly
a cysLTs receptor).

[00238] While cysieinyl leukotnene-mediated human bronchoconstriction oecurs by means
of cysL'T) receptor activation, botl cysLT) aud cysl.T; receplors are present on cells
involved in allergic inflasmmation, mcluding mast cells, eosinophils, and monocytes,

[60239] A nwmber of orally active drugs alfeet the teukotriene pathway. Montelukast is a
fenkotriene receptor antagonist. Pranlukast and zafirlukast ave leukotriene veceptor
antagomists used in the freatment of asthina wnd allergie rhinitis. These drugs antagonize
cysLT) receptors but not cysLT: or LTB, recepiors. Clinical studies with these cysl.T,
receptor antagonisis demonsirate that cysteinyl lenkotrienes are important mediators of
Alergen-nduced lung volume decline (early and late phages) as well as chronic asthma. One
S-hipoxygenase inhibitor, zilewton, exhibits clinical efficacy in chronic asthma although it is
nol effective in slergen-challenge studies.

{80240] Three FLAP inhibitors in clinical trials (MK-0591, MK-800, and BAYX-1003)
show etficacy against allergen-induced early and Tale nhases of lung-volume decline. MK-
0591 also shows cfficacy in chronjc astluna studies.

j00241] Inhaled medications, such as beta-agonists and corticosiereids, can be effective and

minimize syslemic exposure, but patient compliance with such drug-delivery devices is less
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than optimal, Forthermore, among pafients who use inhaled steroids, for example; growth
may be retarded in children or cataracts may be induced in adulis.

[00242] Compound 1 is a potent FLAP inhibitor that blocks an early step in the leukotriene
pathway, i.e., S-lipoxygenase activation. Compound 1 is pharmacologically active in vitro
and after oral administration and well tolerated in nonclinical studies. Furfhermore, because
it inhibits the [ormation of LTB, and the cysteiny! leukoirienes, Compound | offers
additional clinical bensfits over feukoiriene receptor antagonists such as montehukast,
100243] The vole of FLAP in the leukotriene synthesis pathway is sigdificant because FLAP
in concert with 5-lipoxygenase performs the first step in the pathway for the synthesis of
lenkotrienes. Thetefore FLAP inhibition provides a target fot compounds useful in the
wreatment of levkotriene-dependent ot leukotriene mediated diseases or conditiors,
including, by way of example, vascilar and (nflammatory disorders; proliferative diseases,
respiratory and non-cancerows disorders, FLAP inhibitors are usstil in the treatment of
levkotrigiie-dependent or letkotriene medialed diseases or conditions,

[00244] Described hereinare compositions, pharmaceutical compositions, methods for
treating, methods for formulating, methods for producing, methods for manufacturing,
treatment strategies, pharmacoldnetic stralegies using Compound 1, or saits thereof.

[00245) “Compound 17 or *3-[3-(tert-butylsulfanyl)- 1-[4-(6-ethoxy-pyridin-3-y)benzyl] -5~
{5-methyl-pyridin-2-yl-methoxy)-1H-indol-2-y1]-2,2-dimethylpropanoic acid” refers io the

compound with the following stricture:

e S%
O A 0

OH

including pharmaceutically acceptables solvates
(including hydrates), amorphous phases, partially erystalline and crystailine forms
{including all polymorphs), prodrugs, metaboliies and N-oxides thereot.

(0n246] “Compound 2" or “sodium 3-{3-(iert-butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-
yljbenzyl]-5-(5-methyl-pyridin-2-yl-methoxy)- 1 H-indot-2-yi]-2,2-dimethylpropionate”

refers to the sodium salt of 3-[3-(tert-buiylsulfanyh)-1-[4-(6-cthoxy-pyridin-3-yhbenzyl]-5-
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{5-methyl-pyridin-2-yl-methoxy)-1H-indol-2-yl1-2,2-dimethylpropanoie acid including
pharmaceutically acceptables solvates (including hydrates), amorphons phases, partially
crystalline and crystalline forms (including all polymorphs), prodrugs, metabolites and N-
oxides thereof.

jon247 Sodium 3-[3-(teit-butylsulfanyl)-1-[4-(G-ethoxy-pyridin-3-ylbenzyl]-5-(3-methyl-
pyridin-2-yl-methoxy)- 1 H-indol-2-yt}-2.2-dimethylpropionate (alse known as Compound 2)

bas the following:structure:

S 8&’
N0 Yoo @

o Na*

100248] Compound 1 contains twe basic sites (pyridinyl groups) and one acidic site
(carboxylic acid). A wide variety of salts are formed. Salts of Compound | include:

[00249] A) salis formed when the acidic proton of the carboxylic acid of Compound 1 is
replaced by a mietal ion, such as for example, an atkali melal ion (e.g; lithium, sodium,
potassiuny), an alkaline earth ion (e.g. magnesiom, or caleium), or an aluminuni ion, or is
replaced by an ammonfum cation (NH;

100250} B) salts formed by teacting Compound 1 with a pharmaceutically acceptable organic
base, which includes alk¥iamines, such as choline, ethanolamineg, diethanolamine,
triethanoliemive, troniethamine, A-methylglucamine, dicyclohexvlamine,
tris{hydtoxymethylymethylamine, and salts with amino acids such as arginine, tysine, and
the like;

jons1) C) salls formed by reacting Compound 1 with & pharmaceutically scceptable acid,
which provides acid addition salts. Pharmaceutically accepiable acids include hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, metaphosphoric acid, and
the like; or with an organic acid, such as, for example, acetic acid, propionic acid, hexanoic
acid, cyclopentanepropionic acid, glycolic acid, pyruvie acid, lactic acid, malonic acid,
succinic acid, malic acid, maleic acid, fumaric acid, trifluoroacetic acid, tartaric acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesutonic acid, ethanesulfonic acid, 1,2-ethanedisalfonic acid, 2-
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hydroxyethanesuifonic acid, benzenesulfonic acid, toluenesulfonic acid, 2-
naphthatencsulfonic acid, 4-methylbicyelo~[2.2.2]oct-2-ene-1-carboxylic acid,
glucoheptonic acid, 4,4’ -methylénebis-(3-hydroxy-2-ene-1 ~carboxylic acid), 3-
phenylpropionic acid, triimethylacetic acid, tertiary butylagetic acid, Jauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoie acid, salicylic acid, stearic acid, muconic
acid, and the like.

[06252] The term “pharmdccutically acceptable excipient,” as used herein, refers to a
material, suchi as-a carrier, diluent, stabilizer, dispersing agent, suspending agent, thickening
agent, ete. which allows proeessing the active phanmaceutical ingredient (AP1) into a form
suitable for administration to a mammal. In one aspect, the mamme] is 2 Human,
Pharmacentically acceptable exeipients refer to materials which do net substantially
abrogate the desired biological activity or desired properties of the compound (i.e. API), and
is relatively nontoxic, i.e., the material is administered to an individaal without causing
undesirable biological effects or interacting in a deleterious mwanner with any of the
components of the composition in which it is contained.

[00253] “Active pharmaceutical ingredient” or API refers to a compound that possesses a
desired biological activity or desired properties, In some embodiments, an API is
Compound 1. It some embodiments, an APY is Compound 2.

tobz34] The term “pharmacentically acceptable sali” in reference to Compound | refers to a
salt of Componnd I, which doss not cause significant frvitation to a mammal to which it is
administered and does not substantially abrogate the biological activity and properties of the
compound.

[00255] 1t should be understood that a reference to a pharmaceutically aceeptable salt
inchudes the solvent addition forms (solvates). Solvates contain either stoichiometric or non-
stoichiomietric amownts of a solvent, and are formed during the process of crystal formation
(whether by a erystallization, solid-to-solid transformation or crystalline inter-conversion)
with pharmacentically acceptable solvents such as water, ethanol, methy! tert-butyl ether,
isopropanol, acetonitrile, and the like. In one aspect, solvates are formed using, but not
limited to, Class 3 solvent(s). Categories of solvents are defined in, for example, the
International Conference on Harmonization of Technical Requirements for Registration of
Plharmaceuticals for Human Use (ICH), “Impurities: Guidelines for Residual Solvents,
Q3C(R3), (November 2005). Hydrates are formed when the sofvent is water, or alcoholates

are formed when the solvent is aleohol. In one embodiment, solvates of Compound 1, or
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salts thereof, are conveniently prepared or formed during the processes described herein. In
addition, Compound 1, or salts ihereof, exist in unsolvated form.

100256] The term “pharmaceutical combination” as used hercin, means a product that results
from the mifxing or combining of miore than one active ingredient and includes both fixed
and non-fixed combinations of the sctive ingredients. The term “fixed combination™ means
that the active mgredients, e.g. Compound 1, and a co-agent, are both administered to a
patient simultancously in the form of a single entity or dosage. The term “non-fixed
combination” means that the active ingredients, e.g. Conpound 1, and a co-agent, are
adminisiered to 4 patient as separate entities either simultansously, concurtently or
seqieniially with no specific intervering time limils, wherein such administeation provides
effective levels of the tive compounds in the body of the patient. The latter also applies to
cocktail therapy, e.g. the administration of three or more active ingredients.

(19257} The temm “pharmacentical composition” refers to a mixture of Compound t, or
pharmaceutically acceptable salt and/or solvate thereof, with other chentical components,
such as carriers, stabilizers, dilnents, dispersing agents, suspending agents, thickening
agents, excipients, etc. The pharmaceutical composition facilitates administration of the
compound to a manmmal.

{02381 Achministration of a combination of agents, as used herein, includes administration
of the agents described in a single composition or in a combination therapy wherein one or
more agent is administered separalely from at least one other agent.

Forms and Phases

100259) Polymorphisin, the ability of a substance to exist in lwo or more crystatline phases
enables a different arrangement and/or conformation of molecules in the crystal fattice. This
arangement ean significantly affect the phystochemieat, formulation and processing
parameters as well as the shelf life or stability of the substance and excipients. Generally,
polymorphs also provide and improved sofubility and give improved dissolution rates.
Thermodynamic properties such as heaf capacity, free energy and chernical potential, vapor
pressate, solubility, and thennodynamic activity as wefl as kinetic properxties such as
dissolution rates and stabihity differ amiong polymorphs. Provided herein are compositions
comprising polymorphs of Compound 2.

J00260) Provided herein is an aciive pharmaceutical ingredient {AP1), Compound 1, or
pharmaceuntically sceeptable salt thereof, with a purity of greater than §0%, greater than

85%, grealer than 90%, greater than 95%, greater than 96%, greater than 97%, greater than



10

29).

P2
h

30

98%, greater than 98%. er greater than 99%. In specific embodiments, provided herein is an
active pharmaceutical ingredient (AP1), Compotind 2, with a purity of greater than 80%,
greater than 85%, greater than 90%, greater than 95%, greater than 96%, greater than 97%,
greater than 98%, or greater than 99%.

[00261] Various forms of Compound 1 apd phannaceutically acceptable salts thereof are
provided herein, In certain embodiments, any of the forms described herein is utilized in the
preparation of a pharmacentical composition, In certain embodiments, forms of Compound
1, including pharmaceutically acceptable salts thereof, and pharmaceutically acceptable
solvates disclosed herein include but are not limited o, an amorphous form, partially
crystalline forms, crystalline forms, milled forms, and nano-particulate forms. Various
crystalling forms are known as polymorphs, Polymorphs include the different erystal
packing arrangements of the same elemental cotposition of a compound. In certain
embodiments, polymoiphs usually have different X«ray diffraction patterns, infrared
spectra, melting points, density, hardness, crystal shape, optical and electrical properties,
stability, and/or solubility. Various factors such as the crystal formation solvent, rate of
erystal formation (whether by a crystallization, solid-to-solid transformation or crystalline
inter-conversion), and/or storage lemperaiure cause a paticnlar polymorph to be prepared.
190262] In some embodiments, Compownl 2 is precipitated from methyl-z-butyl-ether,
[08263] In some embodiments, Compound 2 tndergoes a crystal formation from methyl-z-
butyl-ether.

[00264] In some embodiments, Compound 2 undergoes a crystal formation from acetonitrile.
[00265] In some embodiments, Compound 2 undergoes a ¢rystal formation from
isopropanol.

[00266] In some embodiments, Compound 2 undergoes a erystal formation from

dimethvisutfoxide.

100267} In some embodiments, Compound 2 undergoes a crysial formation from methyl-¢-
butyl-ether/water.

[66268] In some embediments, Compound 2 undergoes a crystal formation and is solvated.
In specific embodiments, {he solvaie comprises water, MTBE or a combination thereof.
(00269] In some embodiments, Compound 2 is desolvated.

{00270] In some embodiments, Compound 2 is erystalline,

{00271] Presented herein are polymorphs of Compound 2. In one aspect, described herein are

polymorphs of Compound 2, wherein the polymorph is ansorphous or crystalline. In one
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embodiment, the polymorph of Compound 2 is amorphous. In another emsbodiment, the
polymorph of Compound 2 is crystalline fonm. In ansther embodiment, the polymorph of
Compound 2 is crystalline form and is solvated. In anpther embodiniént, the polymorph of
Compound 2 1s crystalline form and 15 desolvated.

Antovphous Phase A

(08272} Iy some embodiments, Compound 2 is Amorphous Phase A, Figure 3 1ilastraies the
XRPD patterni 6F amorphous Compound 2. In certain embodiments; Amorphous Phase A of
Compound 2 has at least one property selected from:

{1a) an XRPD pattern showing a tack of crystallinity;

(2a) at least one endotherin and at least one exotherm observed by differential seanning
calorimetry (DSC);

(3a) a glags transition temperature of about 127°C;

(42) a melting point at about 155°C fellowed by a re-ciystallisation event at about 200°C
followed by a second melting point at about 288°C to about 295°C;

{5a) a phase change to a crystailirie form when hiated above about 200°C, wherein the
crystalline formi that is farmed above about 200°C is characterized by an XRPD paticrn
substantially similar (o any one of the XRPD pattemns set forth in Figure 9;

(6a) a DSC or a TGA substantially similar to the ones set forth in Figure 12;

(5a) hygroscopicity; and/or

(6a) chemival stability {at 5°C, 25°C/60% RH, arid/or 40°C/75% RH for at least one
month).

[00273] in some embodiments,, Amorphous Phase A of Compound 2 has at least two
properties selected from (1a) through (6a). In some embodiments, Amorphous Phase A of
Compound 2 has at least three properties selected from (1) through (6a). In some
embodiments, Amorphous Phase A of Compound 2 has at least four properties selected
from {3 a) through {6a).

{00274) In some embodimerits, Amorphous Phase A of Compound 2 is defined as having
(1a) an XRPD pattern showing a lack of crystallinity.

[00275] In some embodiments, Amorphous Phase A of Compound 2 is defined as having
(2a) at least one endotherm and at least one exotherm observed by differential scanning
calerimetry (DSC).

100276} In some embodiments, Amorphous Phase A of Compound 2 is defined as having

(3a) a glass transition temperature of about 127°C.
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100277} In some embodiments, Amorphous Phase A of Compound 2 is defined as having
{4a) a melting point at about 155°C followed by a re-crystallisation evend at about 200°C
followed by a second melting point at about 288°C torabout 295°C.

[00278] In some embodiments, Amorphous Phase A of Compound 2 1s defined as havirg
(3a} a.phase change to a crystalline form when heated above about 200°C, wherein the
crystalline form that is formed above ahout 200°C is characterized by an XRPD pattern
substantially similar to any one of the XRPD paiterns set forth in Figure 9.

109279] In some embodiments, Amorphous Phase A of Compound 2 is defined as having
(6a) a DSC or a TGA substantially similar to the ones set forth i Figure 12

[80280] T some embodiments, Amorphous Phase A of Compound 2 is defined as having
(5a) hiygroscopicity.,

[00281) In some embodiments, Amorphous Phase A of Compound 2 1s defined as having
(Ga) chenvical stability,

Polemorph Form B

jo0282} In one aspect, provided herein is a crystalline Form B of Compound 2 having af Jeast
one property selocted from:

(1b) an XRPD pattern substantialty similar to the one set forth in Figure 2;

(2b) an XRPD pattern with peaks at aboui 6.6°2-Theta, at about 8.1°2-Theta, at about
19.7°2-Theta, at about 21.0°2-Theta, at about 21.9°2-Thela, and st about 22.192-Theta;
(3by an X-ray powder diffraction (XRPD) patiern substantially signilar to an XRPD pattern
for crystals of Compound 2 ehiained from methyl tert-betyl ether (MTBE) ur Isopropano!;
(40) at least ane endotherm and af least one exetherin observed by dilferential scanning
calormetry (DSCY;

(5h) a phase change to a second crystalling form when heated above about 180°C, wheréin
the sceond erystalline form that is formed above about 180°C is characterized by an XRPD
pattern substantially similar to any cue of the XRPD patterns set forth in Figure 11;

(6b) hygroscopicity; and/or

(7b) loss of erystallinity after a full sorption/desorption cyele of a GVS experiment.

[00283] In some embediments, provided herein 1s a erystailine Form B of Compound 2
having at lcast two properties selected from (1by) through (7b). In some embodiments,
provided herein 1s & erystalline Form B of Compound 2 having at least three propetties
selected from (1b) through (7b). In some ernbodiments, provided herein is a erystalling

Form B3 of Compound 2 having at least four propertics selected from (11) through (7b).
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[10284] In some embodiritents, provided herein is a crystalling Form B of Compound 2
having (1b) an XRPD pattern substantially similar to the one set ferth in Tigure 2.
[00285] In some embodiments, provided herein is a crystalline Form B of Compound 2
having (2b) an XRPD pattern with peaks at about 6.6° 2-Theta, al abous 8.1° 2-Theta, al

5 about 19.7° 2-Theta, at aboni 21.0° 2-Thela, at about 21.9° 2-Theta, and at about 22.1° 2-
Theta.
100286} In sonie embodiments, provided hevein is a crystalline Form B of Compound 2
having (3b) an X-ray pewder diffraction (XRPD) pattern substantially sinzilar to an XRPD
pattern for erystals of Compound 2 obtained from methyl tert-butyl ether (MTBE) or

10 isopropanol
[0601] In some embodiments, provided herein is a crystailing Form B of Compound 2
having (4b) at least one endotherm dind at least one exothenin observed by differential
scanning calorimetry {DSC).

{66287] In some embodiments, provided heretn is a erystalline Form B of Compound 2

15 having (5b) a phase change to a second crystalline form when heated above about 180°C,
wherein the second crystalline form that is formed above about 180°C is characterized by an
XRPD pattern substantially stmilar to any one of the XRPD patterns set forth in Figore 11.
{00288} [n some embodimen(s, provided herein Is a crystalline Form B of Compound 2
having the property of being (6b) liygroscopic.

20 [00289) In sorne emboditents, provided herein is a erystalline Form B of Compound 2
having (76} loss of crystallinity afiér a full sorption/desorption cycle of a GV'S experiment.
{00299] In some embodiments, Form B is crystailized fitom MTBE or isopropanol. In some
entbodiments, Form B is erystallized from isopropanol. [ some embodbnents, Form B is

obtained fromn MTBE solutions wherein a protic co-solvent (e.g. water or ethanol) is present

v
A1

during the crystal formation (whether by a crystatlization, solid-to-solid transformation or
crystailine Inter-conversion). In some embodiments, Form B is obtained by crystal
formation from a protic solvent such as, but not limited to, isopropano]. In some
embodiments, Form B js converted to Form C by removal (dehydration) of protic solvents
from the form B crystals,

EL) Polymorph Form C

[00291] In some embodiments, erystalline Compaound 2 is in-polymorph Form C, Polvmorph

Form C of Compound 2 has at least one property selected from:
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(tc) an X-ray powder diffraction (XRPD) pattern substantially similar to the one set forth in
Figare 1

{2c) an XRPD pattern with peaks at about 17.2°2-Thets, at about 18.4°2-Theta, at about
19.1°2-Theta, at about 20.8°2-Theta, and at about 23,8°2-Theta;

(3¢) 4 single melting point at about 290°C to about 295°C;

(4cY a DSC ar a TGA substantially similar to the ones set forth in ¥igore 15;

(5¢) physical and chemical stability (at 3°C, 25°C/60% RH, and/or 40 C/75% RH for at
least one wionth);

{6c) non-hygroscopicity;

(7¢) IR spectrum substantially similar to the one set forth in Fignre 19; and/or

(8c) an X-ray powder diffraction (XRPD) pattern substantially similar te an XRPD pattern
for erystals of Compound 2 obtained fiom methyl tert-butyl ether (MTBE) or acetonitrile,
{00292} I certain embodiments, polyimotph Form C of Compound 2 has at least two
properties selected from (1¢) through (8¢). In certain embodiments, polymorph Form C of
Comipound 2 Has at least thiee propexties selected from (1¢) through (8¢). In certain
embodiments, polymerph Form C of Compound 2 has at least four properties selected from
{1e) through (8c). In certain embodiments, polymorph Form C of Compound 2 has at least
five properties selected from (1¢) through (8¢).

100283] In certain embodiments, polymorph Formi C of Compound 2 has (1c) an X-ray
powder diffraction (XRPD) patiern substantially similar to the one sel forth in Fignre 1.
{00294} In ¢ertain embodiments, polymorph Form C of Compound 2 has (2¢) an XRPD
pattern with peaks at about 17.2°2-Theta, at about 18.4°2-Theta, at about 19.1°2-Theta, at
about 20.8°2-Theta, and at about:23.82-Theta,

{60295] In certain embodiments, polymorph Form C of Compound 2 has (3¢) a single
melting point at about.29G°C to about 295°C.

J00296] In certain embeodiments, polymorph Form € of Compound 2 has (de) a DSC ora
TGA substantially simmilar o the ones set forth in Figave 15.

[00297] In certain embodiments, polymorph Form C of Compound 2 has (5¢) physical and
chemieal stability {at 5°C, 25°C/60% RH, and/or 40°C/75% RH for at least one month).
{60298} In certain embodiments, polymorph Forio C of Compound 2 is (6¢} non-
hygroscopic,

(00299} ln certain embodiments, polymorph Form C of Compound 2 has (7¢) IR specirum

substantially similar to the one sel forth in Figure 19,
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100300} In certain embodiments, polymorpl Form C of Compound 2 has (8¢) an X-ray
powder diffraction (XRPD) paitern substantially similar to an XRPD patiern for crystals of
Compound 2 obtained from methyl tert-butyl ether (MTBE) or acetonitrile.

(60301} In certdin embodiments, pelymorph Form C is formed from methyl tert-butyl ether
{(MTBE). In another aspect, polymorph Form C is lormed from acetonitrile,

[60302] In certain embodiments, Form C is obtained by removal {deliydration) of protic
solvents from the form B erysials,

[p0303] As described herein, XRPD patterns are obtained in any manner, including by way
of non-limiting exampie, (a) on a Siemens D3000 diffractometer; or (b) on a Bruker AXS
C2 GADDS diffractometer; In specific embodiments, an XRPD paltern is oblained on a
Siemens DS000 diffractometer using Cu K radiation (40kV, 40 mA), 4-8 gonioweter,
divergence of V20 and receiving slits, a graphijte secondary monochromator, and/or a
scintillation counter. In another specific embodiment, an XRPD pattern is obtained on a
Bruker AXS C2 GADDS diffractometer using Cu Karadiation (40kV, 40 mA), automated
XYZ stage, laser video microscope for auto-sample positioning, a HiStar 2-dimensional
area detecior, a Gdbel muliilayer mirror coupled with a pinhole collimator of 0.3 mm, a
beam. divergence of approximately 4 mm, a #-0 continudus scan mode, ¢ sample detector
distance of 20 cm, an effective 20 range of 3.2°-29.7° and/or a sample exposure to the X-ray
beam for about 120 seconds.

[00304} As described herein, melting points can be delermined in any mamer including, by
way of non-liniting example, with hot stage microscopy (HSM) or differential scanning
calorimetry (DSC). In specifi¢ embodiments, the hot stage microscopy is a Leica LM/DM
polarized light microscope combined with g Mettler-Toledo MTEP82HT hot-stage, heating
from ambient temperature at a rate of about 107 C/min to about 20° C/min. In certain
embodiments, the DSC measurements are obtained in any manner including, by way of non-
limiting exampfe, (a) a TA Instrument Q1000; or (b) a Mettler DSC 823¢. Tn specific
embodiments, the TA Instrument Q1000 is calibrated for energy and temperature using
certified indium, a sample of about 0.5 mg to about 3 mg, a pin-holed aluminum pan, 4 heat
rate of about 10° C/min from 25° C to 350° C, a nitrogen purge rate of about 50 mL/min,
uses Thermal Advantage v4.6.6 as the strument control software, and/or uses Universal
Analysis v4.3A as the data analysis software. In other specific embodiments, the Mettler
DSC 823e is calibrated for energy and temuperature using certified indium, a sample of about

0.5 mg to about 3 mg, a pin-holed aluminam pan, a heat rate of aboul 109 C/min from 25° C
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1o 350° C, a nitrogen purge rate of about 50 mL/min, and/or uses STARe v9.01 as the
instrument control and data analysis software.
Svnthesis of FLAP Inhibitor

|60305] Described herein are processes for the preparation of Compound 1 and
pharmaceutically accepiable salts thereof

(60306} Synthesis of Compound 1 begins with the preparation of 2-chloromethyl-5-methyl-
pyiidine hydrochioride and S-teri-butylsulfanyl-2,2-dimethyl-4-oxo-péntanoic acid atkyl
ester (structure 2-4, scheme 2), Preparation of 2-chloromethyl-5-miethyl-pyridine
hydrochioride is outlined in Scheme 1.

Scheme 1, Synthesis of :_2~Chlg}romethy_l~5~methyiapyridine biydrochloride

\@ _m-CPBA 1. A0, 96°C X/j\ 800K NS
Somammar e e e s e
NTS CHCI N+\ 2. aq. NaOH OH " CH,Cl, ﬁc | Cl

{00307} Oxidation of 2,5-dimethylpyridine provides 2,5-dimethylpyridine N-oxide,
Treatment of 2, 5-dimethylpyridine N-oxide with acetic anhydride followed by base, such
as, sodinm hydroxide, provides {5-methyl-pyridin-2-y1)-methanol. (5-Methyl-pyridin-2-y1)-
methanol is then treated with thionyl chloride to provide 2-chloromethyl-5-methyl-pyridine
hydrochloride.

{00308} 5-teri-Butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid alkyl ester is prepared as
outlined in Scheme 2.

Scheme 2: Preparation of 5-terr-Butylsulfany)-2,2-dimethyl-4-oxo-pentanvic acid alkyl
ester

1. LDA, THF
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160309} Atkyl isobutyrates of structure 2-1 (where R’ is an alkyl) are treated with Hithium
ditsopropylamide (LDA) followed by 2,3-dichloro-1-propene, which provides 4-chlore-2,2-
dimethyl-pent-4-cnoic acid alkyl esters of struclore 2-2. In one aspect, R' is selected from

imethyl, ethyl, propyl, isopropyl, and butyl. In another aspect, R' is methy] or ethyl. In

i
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another aspect, R' is ethyl. 4-Chloro-2,2-dimethyl-pent-4-enoic acid alkyl esters of structare
2-2 are ireated with bromine to provide 5-bromo-2,2-dimethyt-4-0xo-pentanoic acid alkyl
esters of structure 2-3. 5-Bromo-2,2-diméethyl-4-oxo-pentanioic acid alkyl esters of structure
2-3 are treated with 2-methyl-2-propanethiol in the presence. of a base to provide 5-ters-
butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid alkyl esters of structure 2-4.

160319) The synihesis of alkyl esters of 3-[3-(tert-butylsulfanyl)-1-{4-(6-ethoxy-pyridin-3-
yl)benzyl]-5-(5-methyl-pyridin-2-yl-methoxy)-1H-indol-2-y1}-2,2-dimethylpropanoic acid
(compounds of structure 3-5) is autlined in Scheme 3.

Schieme 3. Preparation of Alkyl Esters of Compound 1
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100311] 4-Methoxyphenylhydrazine hydrochloride is reacied with 4-bromobenzyl bromide in
the presence of a base to provide N-(4-bromo-benzyl)-N-(4-methoxy-phenyl)-hydrazine
hydrochloride, N-(4-bromo-benzyl)-N-(4-methoxy-phenyl)-hydrazine hiydrochloride is

reacted with S-rert-butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid alkyl esters of structure

2-4 (where R' is C-Cq alkyl) to provide 3-[ [-(4-bromo-benzyl)-3-tert-butylsuifanyl-5-
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methoxy- | H-indol-2-y1]-2,2-dimethvl-propionic acid alkyl esters of strucinre 3-1. In one
aspect, R' is selected from methyl, ethyl, propyl, isopropyl, and butyl. In another aspect, R'
is methyl or ethyl. I another aspect, R is ethyl.

100312] Demethylation of alkyl esters of structure 3-1 is carried out with 2-methyl-2-
propanethiol and aluminum chloride; which provides alkyl esters of strueture 3-2.

160313] Conversion of the hromide to a boronate ester is achieved with
bis(pinacoldte)diboron, potassivm acetate; and a palladium catalyst. In one aspect, the
paltadivm catalyst is Pd(dppf)Cly. Alkyl esters of structure 3-3 are then coupled with 3-
bromo-2-ethoxypyridine ander Suzuki mediated coupling condilions to provide alkyt esters
of structure 3-4. In one aspect, the Suziki mediated coupling conditiens include an
inorganic base and a palladivm catalyst. In one aspeet, the the Suzuki mediated coupling
conditions include potassium carbonate and tetrakis(triphenylphosphine)palladiwn.

100314) Bases used in palladivm mediated reactions include, but are not limited to, cesium
carbonate, tricthylamine, diisopropylethylaming, 1,2,2,6,6-pentaniethylpiperidine,
tributylamine; sodium carbonate, potassium carbonate, sodium acetate, potassium acetate,
and potassium phosphaie,

100315] Alkyl esters of stroefire 3-8 ave then treated with a base followed by 2-chloro-5-
methylpyridine hydrochioride to provide compounds of structure 3-3. In one aspect, the
base is cesium carbonate.

[00316] In some embodiments, compounds of structure 3-5 are treated with a putifying
means for reducing the amount of palladium to less than about 20ppm. In one aspect, the
purifying means for reducing the amount of pailadium comprises thiof derivatized silica gel,
{0317 En one aspect, compounds of struclure 3-5 are isolaied before hydrolysis of the ester:
In another aspeet; compounds of structure 3-5 are not isolated before hydrolysis of the ester.
In one aspect, isolating compounds of structure 3-5 comprises a means for reducing residuoal
palladivm. In one aspect, means for reducing residual palladium comprises activated
carbon. In yet a further embodiment, the activated carbon is DARCO™ KB-G, DARCO¥
KB-W1J. In other embodiments, means for reducing residual palladium comprises
derivatized silica gel. In another embodiment, means for reducing residual palladium
comprises thiol derivatized silica gel.

1003181 In one aspect, compounds of structure 3-5 are converted via a two-step procedure io
Compound 2 as outlined in Scheme 4.

Scheme 4. Hydrolysis and Sali Formation
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[00319) Hydrolysis of alleyl esters of structure 3-5 with LiOH in a suitable solvent provides,
afler pH adjustment to form the earboxylie acid, Compound 1. Compound 1 is then wreated
with sodium hydroxide in ethagol o furiish Compound 2.
[003201 In one asgect, Compound 2 13 prepared from compounds of structure 3-5 in high
yield, high purity by performing a one-step hydrolysis and salt forming reaction. Ih one
aspect, alky! esters of structore 3-5 are converted to Compound 2 ina high yielding one-step
procedire as ouilined in Scheme 5.
Sceheme 5. One<Step Hydrolysis and Salt Formation
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{00323} Treatment of alkyl eésters of structare 3-5 in a suifable solvent wiith a 50% agueous
sodium hydroxide solution results in the formatton of Compound 2. In one aspect, the
reaction is heated.

(00322] In one aspect, Compound 2 is formed (whether by a crysiallization, solid-lo-solid
transformation or crystalling inter-conversion) or precipitated from a Class 3 selvent. In one
aspeet, Compound 2 is formed or precipitated from methyl tert-butyl ether (MTBE). In one
aspect, Compaund 2 is crystallized from methyl tert-butyl ether (MTBE).

{p6323] in one aspect, deseribed herein is a crystalline form of Compound 2 sotvated with a
Class 3 solvent. In one aspect, the Class 3 solvent is selected from ethyl acetate, tsopropyl
acetate, methyl tert-butyl ether, heptane, isopropanel, and ethanol. In one aspect, the
crystalline form of Compound 2 is solvated with MTBE. In one aspect, the erystalline form

of Compound 2 is solvated with methyl tert-butyl ether and water.

3
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1063243 [n some émbodimenis, Conpourid 1 is treated with potassium hydroxide in a solvent
to form potassitim 3+[3-(tert-butylsulfanyl)-1-[4-(6-cthoxy-pyridin-3-yi)benzyl]-5-(5-
methyl-pyridin-2-ylanethoxy)-1t-indol-2-yl}-2,2-dimethylpropionate.

[ha325] In some embodiments, Compound 1 is treated with lithitm hydrexide in a solvent to
form lithium 3-[3-(tert-butylsul fanyl)-1-[4-(6-cthoxy-pyridin-3-yhbenzyl - 5-{ S-methyl-
pyridin-2-yl-methoxy})-1 H-indol-2-y1}-2,2-dimethylpropionate.

100326] In soine embodiments, Compound 1 is treated with caleium hydroxide in a solvent
1o form the calciom salf of 3-[3-(tert-butylsultanyi)-1-[4-(6-ethoxy-pyridin-3-yl)benzyl]-5-
(5-methyl-pyridin-2-yl-methoxy)-1 H-indol-2-y1}-2 2-dimethylpropanoic acid.

1003271 o some embodiments, Compound 1 is treated with dicyclohexylamine ift a solvent
to form the corresponding salt.

100328] In some embodiments, Comipound 1 is treated with Nemethyl-D-glucaming in a
salvent to fotm the corregponding salt.

100329} In some embodiments, Compound 1 is treated with tris(hydroxymethyl)methytamine
in a solvent to. form the corresponding salt.

In some embodiments, Compeund 1 ts treated with arginine in a solvent to forry the
corresponding salt.

{00330} In some embodiments, Compound 1is treated with lysine in a solvem to form the
cofresponding sait.

Certain Terminology

{00331} Umnless 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 appended claims, the singular forms “a,” “an” and “the” include
plural referents unless the context clearly dictates otherwise. Unless otherwise indicated,
conventional methods of mass spectroscopy, NMR, HPLC, protein chemistry, organic
synthesis, biochemistry, recombinant DNA techniques and pharmacology, within the skill
of the arl are employed. In this application, the use of “ot” means “and/or"” unless stated
otherwise. Furtherriore, use of the ter “including” as well as other forms, such as
“include”, “ineludes,” and “included,” is not {imiting.

J00332} An “alkyl” group refers to an aliphatic bydrocarbon group. The alkyl moicty is
branched, straight chain. or cyclic. The alkyl group may be designated as “C:-Cq alkyl”. n

one aspect, an alkyl is selected from methyl, ethyl, propvl, isopropyl, butyl, isobutyl, text-
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butyl, pentyl, neopentyl, hexyl, ethenyl, propenyl, allyl, butenyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and the like.

{00333] “Detectable amount” réfers to an amount that 18 medsurable using standaid analytic
methods (e.2. ion chromatogiaphy, mass spectrometry, NMR, HPLC, gas chromatography;
elemental analysis, IR spectroscapy, inductively coupled plasma alomic ermission
spectrometry, USP<23 1>Method 1, ete) (ICH guidances, 024 Text on Validation of
Anabitical Procedures (March 1995) and Q2B Validation of Analytical Procedures:
Methodology (November 1996)).

[00334] The term “acceptable” with respect to a formulation, compesition or ingredient, as
used herein, means havirig 1o persistent detrimenial effect on the general health of the
subject being treated.

100335] The term “respiratory disease,” as used herein, refers to diseases affecting the organs
thal are invelved in breathing, such as the nose, throat, larynx, trachea, bronchi, and langs.
Respiratory diseases include, but are not limited to, asthma, adult respiratory distress
syndrome and allergic (extrinsic) asthma, non-allergic (intrinsic) asthma, acute severe
asthma, chronic asthma, clinical asthma, nocturnal asthina, allergen-induced asthma,
aspirim-sesitive asthma, exercise-induced asthma, isocapnic hyperventilation, child-onset
asthra, adult-onset asthma, cough-variant asthma, occupational asthma, steroid-resistant
asthma, seasonal asthma, scasonal allergic rhinitis, perenmial allergic rhinitis, chronic
obstructive pulmonary disease, including chronic bronchitis or eémphysera, pulmonary
hypertension, interstitial long fibrosis and/or airway ihflammation and cystic fibrosis, and
hypoxia,

{00336] The term “asthma™ as used herein refers to any disorder of the lungs characterized
by variations in putmonary gas flow associaied with airway consiriction of whatever canse
(inirinsic, exirinsic, or both; allergic or non-allergic). The term asthma may be used with
one or more adjectives to indicate cause.

[00337] The term “cardiovascular disease,” as nsed herein refers to diseases affecting the
heart or blood vessels or both, including but not limited to: arrhythmia; atherosclerosis and
its sequelae; anging; myocardial ischemia; myocardial infarction; cardiac or vascular
aneurysm; vasculitis, stroke; peripheral obstructive arteriopathy of « limb, an organ, or a
tissue; reperfusion injnry following ischemia of the brain, heart or other organ or tissue;
endotoxic, surgical, or traumatic shock; hypertension, valvular heart disease, heart failure,

abnormal blood pressure; shock; vasoconstriction (including that associated with
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niigraines); vasculir abnormality, inflamriation, insufficiency limited 6 a single organ or
fissne,

[00338] The term “ocular disease” as used herein, refers to diseases which affect the eye or
eyes and potentially the surrounding tissues as well, Ocular disease includes, but is not
limited to, ocular inflamxmation, conjunctivitis, retinitis, scleritis, nveitis, allergic
conjuctivitis, vernal conjunctivitis, pappiliary conjunctivitis, and uveoretinitis.

160339] The term “pain’ as used herein, refers to acute or chronic pain which may be central
or peripheral pain, Pain includes, bt is not linted to nociceptive pain, neuropathic pain,
mflammatory pain and noun-inflammatory pain, for example, peripheral nouropsathic pain.
{00340] The tenmn “skin disease”, as used herein, ncludes but is not limited to eczema,
psoriasis, skin disease, neurodermatitis, pratitis, exfoliative dermatiits, allergic dermiatiiis,
pemphigus and hypersenisifivity reaciions,

[00341] The tenns “effective amount™ or “{lierapeutically effective amowiit,” as used herein,
refey to a sufficient amount of an agent being administered which will relieve to some extent
one or more of the symptams of the disease or condition being treated. The result can be
reduction and/or alleviation of the signs, symptoms, or causes of a disease, or any other
desired alteration of a biological system, For example, an “effective amount” for therapeutic
uses is the amount of the composition comprising a compound as disclosed herein required
to provide a clinicaily significant decrease in disease symptoms. The term “therapeutically
effective amount” includes, for example, a prophylactically effective amount. The effective
amount will be selected based on the particular patient and the disease level, It is understood
that *“an effect amount™ or “a therapeutically effective amount” varies from subject to
subject, due to variation in metabolism of drug, age, weight, general condition of the
subject, the condition being treated, the severity of the condition being treated, and the
judgment of the prescribing physician. I one emibodiment, an appropriate “ctfective”
amount in any individual case is determined using technigues, such as a dose escalation
study

[80342] The terms “co-administration™ or the like, as used herein, are meant to encompass
administration of the selected therapeutic agents 1o a single patient, and are intended to
inctude treatment regimens in which the agents are adminislered by the same or different
route of adminisiration or at the same or different time,

[06343] The ferms “enhance” or “enhancing,” as used herein, means o increase or prolong

either in potency or duration a desired effect. Thus, in regard to enhancing ihe effect of
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therapeutic agents, the term “enhancing” refers to the ability to increase or prolong, either in
potency or duration, the effect of other therapeutic agents on a system, An “enhancing-
cifective amount,” as nsed herein, refers to an amount adequate to enhance {le effect of
another therapeutic agent in a desired system.

160344) The terms “fibrosis™ or “fibrosing disorder,” as used herein, refers fo conditions that
follow acute or chronic inflammation and are associated with the abnermal accumulation of
cells and/or collagen and include but are not limited to fibrosis of individual organs or
tissues sich as the heart, kidney, joints, lung, or skin, and includes such disorders as
idiopathic pulmenary fibrosis and cryptogenic fibrosing alveolitis.

100345] The term “leukotriene-driven mediators,” as used herein, vefers to molecules able to
be produccd in a patient that results from excessive production of leukotriene stimulation of
cells, such as; by way of example only, LTBy, LTCs, LTE;, cysteinyl leuktorienes,
monocyte inflammatory proteid (MIP-1a), interleukin-8 (1E-8), interteukin-4 (IL-4),
interleukin-13 (1L-13), monocyte chemoattractant protein (MCP-1), solable intracellular
adhesion molecule {SICAM; soluble ICAM), myeloperoxidase (MPO), easinophil
peroxidase (EPO), and general inflamimation molecules such as interleukin-6 (11-6), C-
reactive protein (CRP), and serum amyloid A protein (SAA).

160346] The term “leukottenc-related mediators,” as used herein, refers to molecules able fo
be produced in a patient that result from excessive production of lenkotriene stimulation of
cells; such as, by way of exampte only, LTBy, LTC4, LTE,, cysteinyl leuktorienes,
wionocyte inflammatory protein (MIP-1e), interleukin-8 (11.-8), interleukin-4 (IL~4),
interleukin-13 (TL-13), monocyte chemoatiractant protein (MCP-1), soluble intracelular
adhesion molecule (SICAM; soluble ICAM), myeloperoxidase (MPO), eosinophil
peroxidase (EPQ), and gencral inflammation molesules such as interfeukin-6 (11-6), C-
reactive protein {CRP), and serum amyloid A protein (SAA).

[00347] The term “leukotrienc-dependent™, as nsed hevein, refers to conditions or disorders
that would not occur, or would not ocour to the same exlent, in the absence of one or more
lewkotriencs.

{00348] The termn “levkotriene-mediated”, as used hevein, refers to conditions or disorders
that oceur in the absence of leukotrienes but also occur in the presence of one or more
feukotrienes.

[00349] The term “leukotriene-responsive paticnt,” as used herein, refers to a patient who

has been identified by either genotyping of FLAP haplotypes, or genotyping of one or more
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other genes in the leukatriene pathway and/or, by phenotyping of patients either by previous
positive clinical response to another lenkotiiene fmodulator, mcluding, by way of example
osly, zileuton, montelukast, pranlukast, zafirlukast, and/or by their profile of leukotriene-
driven mediators that ndicate excessive leukotriene stimulation of inflammatory cells, as
likely to respond favorably fo lenkotriene modulator therapy.

(003507 The terms “kit™ and “article of manufacture™ are used as synonynis.

[60351] A “metabolite” of a compound disclosed herein is a'derivative of that compound that
is formed when the compounnd 15 metabolizéd. The term “active metabolite” refers to a
biologically active derivative of a compound that is formed whien the compound is
metabolized (biotransformed). The term “metabolized,” as used herein, vefers to the sum of
the processes (inciuding, but not limited to, hydrolysis reactions and reactions catalyzed by
enzymes) by which a particular substance is changed by an organism. Thus, enzymes thay
produce specific structitral alterations 1o a compound, For example, cytochrome P450
catalyzes a vanety of oxidative and reductive reactions while uridine diphosphate
glucaronyltransferases (UGT) catalyze the ransfer of an activated glucuromie-acid molecule
1o aromatic alcohols, aliphatic alcohols, carboxylic acids, amines and free salphydryl groups
(e.g. conjugation reactions). Further information on metabolism is available in The
Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill (1996), In one
embodiment, metabolites of the compounds disclosed herein are identified either by
administration of compounds to a host and analysis of tissue samples from the host, or by
incubation of compotinds with hepatic cells in vitro and analysis of the resulting
compounds.

106352] The term “modulate,” as used herein, means to interact with 4 target cither directly
or indirectly 50 as to alter the activity of the target, including, by way of example orily, to
enbance the activity of the target, to inhibit the activity of the target, to limit the activity of
the target, or to extend the activity of the target.

[00353] The term “modulator,™ as used herein, refers to a molecule that interacts with a
target cither directly or indirectly. The interactions include, but are not limited to, the
interactions of an agonist and an antagonist,

[00354] The term “prodrug”, as used herein, refers to an agent that is converted into the
parent drug in vivo. Prodrugs are often useful because, in some situations, they may be
casier (o adiminister than the parent drug. They may, for instance, be bioavailable by oral

administration whereas the parent is not. The prodrug may also have improved solubility in
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phavmaceutical compositions gver the parent drug. An example, wilhout limitalion, of a
prodrug wouild be Compound 1 which is administeied as an ester (“the prodrug”) to
facilitate transmittal across a.cell miembrane where water solubility is detrimental to
mobility but which then is metabolically hydrolyzed to the carboxylic acid, the active entity,
once inside the cell where water-solubility is beneficial. A further example of a prodrug
might be a short peptide {polyaminoacid) bonded to an acid gronp where the peptide is
melabolized {o reveal the active matefy,

[00355] The term “sibject” or “patient” encompasses mammals. In one aspeet, the mammal

is 4 human. In anotlier aspect, the marmmal is a non-himan primate such as ¢himpanziee, and

other apes and monkey species. In-one aspect, the mammal is a farn animal such as caltle;

horse, sheep, goat, or swine. In one aspeot; the mammal is a domestic animal such as rabbit,
dog, ot cat. In one aspeet, the manmal is a laboratory animal, including rodents, sach as
rats, mice and guinea pigs, and the like.

[00356] “Bioavailability™ refers to the perceiitage of the weight of Compoimd 1, or a
pharmaceutically acceptable salt and/or solvate thereof, dosed that is delivered into the
general circulation of the animal of human being studied. The total exposure (AUCp.) of 2
drug when administered intravenously is usually defined as 100% Bioavailable (E%). “Oral
bioavailability” refers to the extent te which Compound 1, or & pharmacentically acceptable
salt and/er solvate thereof, is absorbed into‘the general circulation when the pharmaceutical
composition is taken orally as compared 10 intravenous njection.

(00357] “Bloed plasma concentration” refers te the concentration Compound 1, in the
plasma component of blood of a manwmal. It is understood that the plasma coneentration of
Compound 1 may vary significantly between subjects, due to variability with respect to
metabolism and/or interactions with other therapeutic agents. In one aspect, the blood
plasma concentration of Compound 1 varies from subject to subjest. Likewise, values such
as maximam plasma concentration (Cyyx) or time {o reach maximum plasma concentration
{Tinax)» 0F total area under the plasma concentration time curve (AUCq..y) vary from subject
to subject. Due to this variability, in one embodiment, the amount necessary to constitute “a
therapeutically effective amount”™ of Componnd 1 varies from subject to subject.

{00358] “Daug absorpiion” or “absorption” typically refers to the process of movement of
drug from site of administration of a dryg across a banier into a blood vessel or the site of
action, €.&., a drug moving from the gastrointestinal tract into the portal vein or lymphatic

systeni.
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[00359] A “measurable serum concentration” or “measurable plasma concentration”
desciibés the biood serum or blood plasmz concentration, typically measured inmg, pg, or
ng of therapeutic agent per ml, di, or [ of blood serum, absorbed into the bloodstream after
administration, As used herein, measurable plasma concentrations ate typically measured in
ng/mi or pg/ml.

100360} “Pharmacodynanyics” refers to the factors which determine the biologic response
observed relative to the concentration of drug af a site of action.

[00361] “Pharmacokinetics™ refers to the factors which determine the attainment and
maintenance of the appropriate concentration of drug at a site of action.

{00362} “*Steady state,” as used herein, is when the amount of drug admiristered is equal to
the amount of drug eliminated within one dosing interval resulting in a plateai or constant
plasma drug exposure.

j00363} *Treat” ar “treatment” as used herein refers te any treatraent of a disorder or disease,
such as preventing the disorder or disease [rom occurring in a subject predisposed to the
disorder or disease, but has not yet been diagnosed as having the disordet or disease;
inhibiting the disorder or disedse, eig., arrésting the development of the disorder or disease,
relieving the disotder or disease, causing regression of the disoider or disease, relieving a
condition caused by the disease or disorder, or stopping the symptoms of the disease or
disorder either prophylactically and/or therapeutically. Thus, as used herein, the term “treat”
ts used synonymously with the term “prevent.”

100364] “Purifying means for reducing the amount of palladiom” or *means for reducing
residual palladivm” (or a siniilarly worded phrase) refers 1o means used for reducing the
amount of palladinm in samples comprising active pharmaceutical ingredients in order to
meet palladivm specification guidelines. (“Guideline on the Specification Limits for
Residues of Metal Catafysts” European Medicines Agency Pre-authorisation Evaluation of
Medicines jor Human Use, London, January 2007, Doc. Ref. CPMP/SWP/QWP/4446/00
corr.). In one aspect, reducing the amount of palladium includes, but ts not limited Lo,
freatment with solid trimercaptotiiazine {TMT), polystyrene-bound TMT, mercapto-porous
polystyrene-bound TMT, polystyrene-bound ethylenediamine, activated carbon, glass bead
sponges, Smopex ™ silica bound scavengers, thiol-derivatized silica gel, N-acetyleysteine,
n-BuyP, crystallization, extraction, I-cysteine, n-BuyP/lactic acid, Garrett et al., Adv. Synih.
Catal. 2004, 346, 889-900). \n one aspect, activated carbon includes but is not limited to
DARCO™ KB-G, DARCO® KB-WJ. In one aspect silica bound seavengers inelude but are
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Suitable Solveuts

j003651 Therapentic agents that are administrable to mammials, such as humans, musi be
prepared by following regulatory. guidelines. Such government regnlated guidelines are
referred to as Good Mannfacturing Practice (GMP). GMP guidelines outline acceptable
contamination levels of active therapeutic agerits, suchi as, for example, the amount of
residual solvent in the final product. Preferred solvents are those that are soitable for use in
GMP [acilities angd consistent wiih industrial safety concerns. Categories of solvents are
defined in, for example, the Internattonal Conference on Harmonization of Techoical
Requirements for Registration of Pharmaceuticals for Human Use (ICH), “Impurities:
Guidelines for Residual Solvents, Q3C(R3), (November 2005).

166366] Solvents are categorized into three classes. Clags 1 solvents are {oxic and are to be
avoided. Class 2 solvents are solvents to be limited in nse during the manufacture of the
{herapentic agent. Class 3 solvents are solvents with low toxic potential and of lower risk to
hiinan health. Data for Class 3 solvents indicate that they are less toxic in acute or shorl-
term studies and negative in genotoxicity studies.

100357] Class 1 solvenis, which are to be avoided, include: benzene; carbon tetrachloride;
[,2-dichlorocthane; 1,1-dichloroethene; and 1,1, 1-trichlorogthane.

j00368} Examples of Class 2 solvents are: acctoniltile, chlorobenzene, chloroform,
cyclohexane, [ 2-dichiorocthene, dichloromethane, 1,2-dimethoxyethane, N,N-
dimethylacetamide, N,N-dimethylformamide, 1,4-dioxane, 2-ethoxyethanol, ethyleneglycol,
formamide, hexane, methanol, 2-methoxyethanol, methylbutyl ketone, methyleyclohexane,
N-methvipvirolidine, nitromethane, pyridine, sulfolane, tetralin, toluene, 1,1,2-
trichlorocthene and xylene.

[#6369] Class 3 solvents, which possess low {oxicity, inclnde: acetic acid, acetone, anisole,
1-butanol, 2-butanel, butyl acetate, tert-butylmethyl ether (MTBE), cumene, dimethy!
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sulfoxide, ethanol, ethyl atetate, ethyl ether, ethyl formate, formic acid, heptane, isobuiyl
acetate, isopropyl acetate, methyl acelate, 3-methyl-1-butanol, methylethyl ketone,
methylisobutyl ketone, 2-methyl-1-propanol, pentane, ]1-pentanol, 1-propanel, 2-propanol,
propyl acetate, and tetrahydrofuran.

{00376} Restdual solvents in active phammaceutical mgredients (APIs) originate from the
manufacture of AP It some cases, the solvents are not completely removed by practical
manafacturing technigues. Appropriate selection of the solvent for the synthesis of APIs
may enhance the yield, or determine characteristics such as crystal form, purity, and
solubility. Therefore, the solveut is a critical parameter in the synthetic process.

1003711 In some embodiments, compositions comprising salts of Compound 1 comprise-an
organic sotvent(s). In some emboediments, compositions comprising salts of Compound 1
compiise a residual amount of an organic solvent(s). In some émbodiments, compositions
comprising salts of Compound 1 comptise a residual amount of a Class 3 solvent: In some
embodiments, the organic solyvent is a Class 3 solvent. kn somse embodiments, the Class 3
solvent 1s selected from the group consisting of acetic acid, acetone, anisole, 1-butanol, 2-
butanol, butyl acetate, teri-butylmethyl ether, cumene, dimethyl sulfoxide, ethanol, ethyl
acetate, ethyl ether, ethvl formate, formic acid, heptane, isobuiyl acetaie, isopropyl acetate,
methyl acetate, 3-methyl-1~-butanoi, methylethyl ketone, methylisobutyl ketong, 2-methyl-1-
propanol, pentane, 1-pentanol, 1-propanol, 2-prepanol, propyl acetate, and tetrahydrofaran,
T some entbodiments, the Class 3 solvent is selected from ethyl acetate, isopropyl acetate,
reri-butvimethylether, heptane, isopropanol, and ethanel.

100372] Tn one aspect, described are compositions comprising a polymorph of a salt of
Compound 1. I one aspect, the polymorph is amorphous, semi-crystalline, or crystalline. n
one aspect, the polymorph is crystalline. In another aspect, (he poivmorph is amorphous.
[00373} In one aspect, described are compositions comprising crystafline forny of a salt of
Compound [. In one aspect, described are compositions comprising crystaliine form of
Compound 2.

30374] In one aspect, described are compositions comprising amorphous form of a salt of
Compound 1. In one aspect, described are compositions comprising amorphous form of
Compound 2,

{00373| In one aspect, the compositions comprising a salt of Compound 1 melude a
detectable amount of an organic solvent, In some embodiments, (he salt of Compound 1 15 a

sodium salt. In some embodiments, the organic solvent is a Clags 3 solvent. lu some
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embodimetits, the Class 3 solvent is selected from the group consisting of acetic acid,
acctong, anisole, I-butanol, 2-butanol, butyl acetate, reri-butylmethyl ether, cumene,
dimethyl sulfoxide, ethanol, ethyl acetate, ethyl ether, ethiyl formate, formic acid, heptans,
isobutyl acetate, isopropyl acetate, methyl acetate, 3-methiyl-1-buianol; methylethyl ketone,
methylisobutyl ketone, 2-methyl-1-propanol, pentane, 1-pentanol, 1-propanol, 2-propanol,
propyl acetate, and tetrabydrofuran. In yet a further embodiment, the Class 3 solvent is
selected from cthyl acetate, isopropyl acetate, reri-butylmethylethsr, heptane, isopropanel,
and cthanol. In other embodivients the organic solvent is selected from isopropanol,
acetonitrile, ethanol, propylene glyeol, and methylcellulose in water.

{00376} In one aspeet, the salt of Compound 1 i%-a sodivm salt; potassium sdlt, lithivm salt,
caleiuny salt, ammonium salt, protonated dicyclohexyldmine salt, protonated N-methyl-D-
glucamine salt, protonated tris(hydroxymethy|yethylamine salt, arginine salt, or lysine salt.
In one aspect, the salt of Compound 1 is a sedium salt.

[00377] I other efmbodiments are compositions comprising Compound 2, wherein the
compesition comprises a detectable amount of solvent that is less than about 1%, wherein
the solvent is selected from 1,2-dimethoxyethane, acetoniirile, cthyl acetate,
tetrahydrofuran, methanol, ethanol, heptane, and 2-propanol. In & furiber embodiment are
compositions comprising Contpound 2, wherein the comiposition comprises a defectable
amount of solvent which is tess than about 5000 ppm. In yet a further embodiment are
compositions comprising Compound 2, wherein the detectable amount of solvent is ess
than about 3000 ppm, less than abont 4000 ppm, less than about 3000 ppny, less Than about
2000 ppm, less than about 1000 ppm, less than about SO0 ppm, or less than about 160 ppm.

Pharmaceutical Cowmpositions/Formulations

{80378] Phannaceutical compositions are formulated in a conventional manner nsing one or
more physiologically acceptable carriers comprising excipients and suxiliaries which
facilitate processing of the active compounds into preparations which are used
pharmaceutically. Suitable techniques, carriers, and excipients include those found within,
for example, Remingion: The Science and Practice of Pharmacy, Nineteenth Ed (Easton,
Pa.: Mack Publishing Company, 1995); Hoover, John E., Remingion's Pharmaceuticad
Seiences, Mack Publishing Co., Easton, Pennsyleania 1973, Tiberman, H.A. and Lachman,
L., Bds., Pharmacewtical Dosage Forms, Marcel Decker, New ¥ork, N.Y., 1980; and
Pharmaceutical Dosage Forms and Drug Delivery Systems, Seventh Bd, (Lippincott

Williams & Wilkins1999), herein incorporated by reference in their entirety.
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[86379] For oral administration, Compound 1, or a:phannaceutically acceptably salt thereof
(e.g. Compound 2), are formulated by combining the active compound with
pharmaceutically acceptable carriers or excipients. Such carriers enable Compound 1, ora
pharmacentically acceptably salt thereof {e.g. Compound 2) to be formulated as tablets,
powders, pills; dragees, capsiles, liquids, gels, syrups, elixirs, slurties, suspensions and the
like, for oral ingestion by a patient 1o be treated.

{00386} The pharmaceutical compesitions will inctude at.least one pharmaceutically
acceplable carrier, dituent or excipient and Compound 1 as an active ingredient in free-acid
or frec-base form, or in a pharmaceutically acceptablé salt form,

j00381} The oral solid dosage formulations deseribed herein include particles of Compound
1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) in exystalline form,
amotphous form, semi-crystailine form, semi-amorphots forn, or mixturés thereof. In one
aspeet, the oral solid desage formulations described herein include crystalline pasticles of
Compound 2. In one aspect, the oral solid dosage formulations described herein include
erystailine particles of Compound I (free acid). In one aspeet, the oral solid dosage
formulations described herein include amorphous particles of Compounnd 1 (free acid).
{00382) The pharmaceutical compositions described herein include: (a) Compound 1, ora
phanmaceutically acceptable salt thereof (e.g: Compound 2); and one ov more of the
following: (b} binders; (c) disintegrants; {d) fillers (diluents); (e} lubricants; (fy glidants
(flow enbancexs); (g) compression aids; (h) colors; (i) sweeteners; () preservalives; (k)
suspensing/dispersing agents; () film formers/coatings; {m) flavors; (o) printing inks,
{00383] In one aspect, phanmaceutical compositions described herein include one or more of
the following in addition to Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2): (1) magnesium stearate; (b) lactose; {e) microcrystalline cellulose; (d)
silicified microcrystalline collulose; (2) mannitol; (f) starch (corn); (g) silicon dioxide; (h)
titanium dioxide; (i) stearic acid; (j) sodium starch glycolate; (k) Gelatin; (1) tale; (m)
sucrose; {n) aspartame; (o) calcium stearate; (p) povidons; (q) pregelatinized starch; (r)
hydroxy propyl methylcellulose; (s) OPA products (coatings & inks); (1) croscarmellose; {n)
hydroxy propy! cellulose; (v) ethyleellulose; (w) calcinm phosphate (dibasic); {x)
crospuvidone; (v) shellac {and glaze); (z) sodium carbonale.

100384} In one embodiment, pharmaceutical preparations for oval use are obtained by mixing
one or more solid excipient with one or more of the compounds déscribed herein, oplionally

grinding the resulting nuixture, and processing the mixture of granules, after adding suitable
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auxilisries, if desired, to obtain tablets. Suitable exéipients are, in particular, fillers such as
sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparalions such as: for
example, maize starch, wheat starch, rice stavch, potato starch, gelatin, gum tragacanth,
methyleellulose, microcrystalline cellulose; silieified microcrystalline cellulose,
hydroxypropylmethyleellulose, sodium carboxymethylcellulose; or oihers such as:
polyvinylpyrrolidone (PVP or povidone) or caleium phosphaie, I[ desired, disinlegrating
agents are added, such as the cross-linked eroscarmellose sodium, polyvinylpyrrolidene,
agar, or alginic acid or a salt thereof such as sodiwm alginate.

j00385] In one embodiment, the pharmaceutical compositions deseribed herein are
formuiated info any suitable dosage form; including but not limited to, agueous oral
digpersions, solid oral dosage forms, fast melt formulations, effervescent fonnulations,
lyophilized formulations, tablels, capsules, extended release formulations, inhaled powder,
inhaled dispersion, TV formulations.

[00386] In some embodiments, formulations provide a therapentically effective amount of
Compound 1, ora phanmaceutically acceptable salt thexeof (e.g. Compound 2), enabling, for
example, once a week, twice a week, three times a week, four times a week, five times a
week, once every other ddy, once-a-day, twice-a~day (b.i.d.), or three times a day (L.i.)
adminisiration if desired. In one embodiment, the formulation provides a therapeutically
effective amount of Compound 1, or a pharmacentically acceptable salt thereof (¢.g.
Compound 2) enabling once-a-day administration.

[90387] In certain einbodiments, the effective amount of Compound 1, or a pharmaceutically
acceptable salt thereof (e:g. Compound 2) is about 1mg o about 5g per dose, about 10mg to
about 2¢ per dose, about 10mg to about 1g per dose, about 10mg to about 1g per dose,
about 10mg to about 0.5g per dose, or aboul F0my to about 0.4g per dose. In some
embodiments; thie effective amount of Compound 1, or a pharmaceutically acceptable salt
thereof (e.g. Compound 2) is about 1mg to about 5g per day, about 10mg to about 2g per
day, about 10mg to about 1g per day, about 10mg to about 0.6g per day, about 10mg to
about (.5g per day, or about 10mg to abont (L.4g per day.

{00388} In one embodiment, the effeciive amonnt of Compound 1, or 2 pharmacentically
acceplable salt thereof (e.g. Compound 2) 1s about Smg per dose, about 10mg per dose,
about 30mg per dose, about 150mg per dose, about 300mg per dose, about 450mg per dose,

abont 600mg per dose, or about 1000myg per dosa.
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[06389] Tn one aspect, oral pharmaceutical solutions include about 10mg/ml to about
50mg/mi of Compound {, or a pharmaceutically acceptable salt thereof (e.g. Compound 2).
In one aspect, oral pharmaceutical solutions include about 10mg/ml to about 40mg/mi,
about 10mg/ml to about 30mg/ml, or about 10mg/ml to about 20mg/m! of Compound ; or
a phannaceutically acceptable salt thereof (e.p. Compound Z). In one aspect, oral
pharmaceutical solutions include about 10mg/mi of Compound 1, or a pharmacentically
acceptable salt thereof (e.g. Compound 2).

[00390] In one embodiment, pediatric oral pharmaceitical sohutions inclnde about 1mg/mt to
about 20mg/ml of Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2). In one erbodiment, pediatric oral phatthaceutical solutions include about
Img/mt to abont 1Smg/mi, or about Smg/mi to about 15mg/ml of Compound 1, ora
pharmacentically acceplable salt thereof (¢.g. Compound 2}. In some eémbodiments,
pediatric oral phamiaceutical solutions inclnde about 10mg/ml of Compound 1, ora
pharimacentically acceptable salt theveof (e, Compound 2),

1003911 In one aspect, immediate release tablets include about 5% wiw to about 50% wiw of
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2). In some
cmbodiments, inmediate release tablets include about 5% w/iw fo about 40% w/iw, or about
10% w/w to about 40% w/w of Compound 1, or a pharmaceutically acceptable salt thereof
{e.g. Compound 2). In some embodiments, immediate release tablets include about 5% w/w,
about 10% wiw, about 15% whv, about 20% w/w, about 25% wiw, about 30% w/w, about
33% w/w, about 33% w/iw, about 40% wiw of Compound 1, or a pharmaceutically
acceptable salt thereof (e.g. Compound 2).

{00392} In one aspect, immediate release capsules include about 1.25% wiw to aboui 50%
wiw of Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2). In
some embodiments, immediate refease capsiles include about 5% w/w to about 40% wiw,
about 10% w/w to about 30% w/w, of Compound 1, or a pharmaceutically acceptable salt
thereof (¢.g. Compound 2). In some embodiments, immediate release capsules include about
5% wivv, about 10% wiw, about 15% w/w, about 20 % wiw, about 25 % w/w, or about 30
% wiw of Compound 1, or a pharmaceutically acceptable sall thereof (e.g. Compound 2).
[00393] In one embodiment, Compound 1, or a pharmaceuticaily acceptable salt thereof (e.g.
Compound 2) is formulated mto an immediate release form that provides for once-a-day
administration, Generally speaking, one will desire to admimster an amount of Compound

1, or a-pharmaceutically acceptable salt thereof (e.g. Compound 2) that is effective to
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achieve a plasma level commensurate with the concentrations found to be effective in vivo
for a period of titiie effective to elicit a therapeutic effect.

100394} Binders impart cohesive qualities. In one aspect, solid oral dosage forms inciude
about 2% wiw to dbout 10% w/w of binder, In some embodiments, solid oral dosage forms
include about 5% w/w of binder. [ some embodiments; sohid oral dosage forms inelude
about 2% wiw to about 25% w/w of binder. In some embodiments, solid oral dosage forms
melude about 5% w/w te about 25% wiw of binder. In some’embodiments, solid oral
dosage forms include aboat 18% wiw of binder:

100395) In one aspect, the binder is hypromellose {e.g;, Methocel £5). Iu another aspeet, the
binder is povidone, or starch.

100396} Carrier materials include any excipients in pharmaceutics and should be sclected on
the basis of compatibility with Compound 1, or a.pharmaceutically acceptable salt thereof
{e.g. Compound 2) and the release profile propertics of the desired dosage form. Eiemplary
cairier materials inclade, ¢.g., binders, suspending ageriis, disintegration agents, filling
agents, surfactauts, solubilizers, stabilizers, lubricants, wetling agents, dituents, aud the like.
[00397) Dispersing agents, and/or viscosity modulating agents include materials that control
the diffusion and homogeneity of a drug through Tiquid media or a grannlation method or
blend method. In some embodiments, these agents also facilitate the effectiveness of a
coating or eroding matrix.

[00398] Diluents increase bulk of the composition to facilitate compression or create
sufficient bulk for homogenous blend for capsule: filling.

[00399) The term “disintegrate” includes both the dissolution and dispersion of the dosage
form when contacted with gastrointestinal fluid. “Disintegration agents or disintegrants™
{acilitate the breakup or disintegration of a substance,

[00400] in one aspect, the disintegrant is croscarmellose sodium. In another aspect, the
disintegrant is sodium starch glycolate or crospovidone.

[00401) In one aspect, solid oral dosage forms inclode up to 15% whv of disintegrant. In
some emhodiments, solid oral dosage forms include abont 0.5% w/w to about 10% w/w of
disintegrant. In some embodiments, solid oral dosage forms include about 0.5% w/w to
about 3% wiw of disintegrand.

(004021 Filling agents include compounds such as lactose, calcium carbonate, caleium

phosphate, dibasic calcium phosphate, calcinm sulfate, microcrystalline celivlose, cellulose
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powder, dextrose, dextrates, dexfran, starches, pregelatinized starch, syerose, xylitol,
lactitol, manuitol, sorbitol, sodium chloride, polyethylene glycol, and the like.

100403} In one aspect, the filler is lactose (e.g. monohydrate). In another aspect, the filler is
mannitol, or dicaleium phosphate. In another aspect, the #ller is mannitol, microcrystalline
cellulose, dicalerum phosphate or sorbitol,

{00464] Gastrointesiinal fluid is the fluid af slomach seeretions of a subject or the saliva of a
subject after oral administration of a composition described herein, or the equivaleut
thereof. An “equivalent of stomach secretion” includes, e.g., an i virro flaid having similar
content and/or pli as stomach secretions such as a 1% sodium dodecy! sulfate solution or
0.IN HCl solution in water. In addition, simulated intestinal fluid (USP) is an aqueous
phosphate buffer system at pH 6.8,

{00403) Labricants and glidanis are compounds that prevent, reduce or inhibit adhesion or
friction of materials, In one aspeet, solid oral dosage forms include about (.25% wiw fo
about 2.5% wiw of Tubricant. In another aspect solid oral dosage Torms include about 0.5%
wiw to about 1.5% wiw of fubricant.

[00406} In some embodiments, the solid dosage - forms desciibed herein arein the form of a
tablet, (including an immediate relcase tablet, an extended release tablet, a suspension
tablet, a fast-melt tablet, a bite-disintegration tablet, a rapid-disintegration tablet, an
effervesceit tablet, or a caplet), a pill, a powder (including a sterile packaged powder, a
dispensable powder, or an effervescent powder), a capsule (inchuding both soft or havd
sapsules, e.g., capsules made from animal-derived gelatin or plant-derived HPMC, or
“sprinkle capsules”), solid dispersion, multiparticulate dosage forms, pellets, or granules.
[60407) In other embodiments, the pharmaceutical formulation is in {he formy of'a powder. In
stilt other embodiments, the phamaceutical formulation 18 in the form of a tablet, including
but not limited to, an immediate release tablet. Additionally, pharmaceutical fonmulations
described herein are administered as a single dosage or in multiple dosages. In some
embodiments, the pharmaceuiical formulation is administered in two, or three, ar four
tabiets.

100408] In some embodunents, solid dosage forms, e.g., tablets, effervescent tablets, and
capsules, are prepared by mixing Compound 1, or a pharmaceuiically acceptable salt thereof
(e.g. Compound 2} with one or more pharmaceutical excipients to form a bulk blend
composition. When referring to these bulk blend compositions as homogeneous, it is meant

that the Compound 1, or a phanmaceutically acceptable salt thereof (e.g. Compound 2)
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particles are dispersed evenly throughout the composition so that the composition is capable
of being readity subdivided into equally effective unit dosage forms, such as tablets, pills, or
capsules. In one embodiment, the individual unit dosages also include film coatings, which
disintegrate upon oral ingestion or upon contact with diluent. In one embodiment; these
Tormrulations are manufactored by conventional technigues.

100409} Conventional technigues include, e.2., one or a combination of methods: (1) dry
mixing, (2) dircct compression, {3) milling; (4) dry or non-aqueous granulation, (5) wet
granulation, or (6) fusion. See, ¢.g., Lachman er al,, The Theory and Practice of Industrial
Pharmacy (1986). Other methods include, &.g., spray drying, pan coating, melt granulation,
eranulation, fluidized bed spray drying or coating (e.g.. wurster coating), tangential coaling,
top spraying, tableting, extruding and the like,

{00410] Thie pharmacentical solid dosage forms deseribed herein include the Comipound 1, or
a.pharmacedtically acceptable salt thersof (e.g. Compounnd 2) conipositions described herein
and one of whore pharmaceutically acceptable additives such as a compatible carrier, binder,
filling agent, suspending agent, flavoribg ageni, sweetening agent, disintegrating agent,
digpersing agent, surfactant, fubricant, colorant, diluent, solubilizer, moistening agent,
plasticizer, stabilizer, penelration enhanger, wetiing agent, anti-foaming agent, aniioxidant,
preservative, of one or more combination thereof,

160411] Compound 1, or a pharmaceutically acceplable salt thereof (e.g. Compound 2) is
rapidly absorbed in the upper gasirointestinal tract, and thus there is a strong corrélation
between the rate of dissolution and bicavailability, Thus, it is important to optimize the rate
of dissoltifion in biological matrices i order fo enhance in vivo absorption. In order to
release the Compound 1, or a pharmaceutically acceptable sall thereof (¢.g. Compound 2)
from a solid dosage form matrix as ¢ffieiently as possible, disintegrants sre ofteri used in the
formulation, especially when the dosage forms are compressed with binder. Disimtegrants
help ruptoring the dosage fonm matrix by swelling or capillary action when moisture is
absorbed into the dosage form.

[00412) Binders impart cohesiveness to solid oral dosage form formulations: for powder
filled capsule formulation, they aid in plug formation that is filled into soft or hard shelt
capsules and for tablet formnlation, they ensure the tablef remaining intact after
compression and help assare blend uniformity prior to a compression or fill step.

[00413] In general, binder levels of 20-70% are used in powder-filled gelatin capsule

formulations. Binder usage level in tablet formulations varies whether direct compression,
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wet granulation, rolfer compaction, or usage of other excipients such as fillers which itself
acts as moderate binder.

foo414) Compressed tablets are solid dosage forms prepared by compacting the bulk blend
formulations described above, In various embodiments, compressed tablets which are
designed to dissolve in the mouth will include one or more flavoring agents, In other
embodiments, the compressed tablets will include a film surrounding the final compressed
tablet. Tix some embodiments, the film coating aids in patient compliance (e.g., Opadry'ﬁ’
coatings or sugar coating). Film codtings comprising Opadry® typically range from about
1% to about 3% of the tablet weight. In other emibodiments, the compressed tablets include
one or motre excipients.

[00415) In certain entbodiments, provided herein are tablets with a hardness of about 5 o
about 20 Kp, or about 5 {0 about 15 Kp or about 8-12 Kp, In fiwther or alternative
embodiinenis, provided herein are tablets with a friability of less than 1%.

[00416] T one embodiment, a capsule is prepared, e.g., by placing the bulk blend
fonmulation described above, inside of a capsule. In some embodiments, the fornmulations
(non-aqueous suspensions and solutions) arc placed in a soft gelatin capsule. In other
embodiments, the formulations are placed in standard gelatin capsules or non-gelatin
capsules such as capsules comprising FPMC. In other embodiments, the formulation is
placed in a sprinkle capsule, wherein the capsule is swallowed whole or the capsule is
opened and the contents sprinkled on food prior to eating. In some embodiments, the
iherapeutic dose is split into multiple (e.g., two, three, or four) capsules. In some
embodiments, the entire dose of the formulation is delivered in a capsule form.

(00417} In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2) and ong or more excipients are dry blended and compressed into a mass, such
as a tablet, having a hardness sufficient to provide a pharmaceutical compasition that
substantially disintegrates within less than about 10 minutes, less than abosat 13 minutes,
less than about 20 nunutes, less than about 25 minutes, less than aboul 30 minutes, less than
about. 35 minutes, or less than about 40 minutes; after oral administration, thereby releasing
the Compound t, or a phannaceutically accepiable sait thereof (¢.g. Compound 2)
formulation into the gastrointestinal fluid.

j00418] Tn other embodiments a powder comprising the Compound 1, or a pharmaceutically
acceptable salt thereof (e.g. Compound 2) formulations described herein are formulated to

include one or more phannaceutical excipients and flavors. Such a powder 18 prepared, for
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example, by mixing the Compound 1, or a pharmaceatically acceptable salt thereof (e.g.
Compound 2) formulation and optional phamaceutical excipients to form a bulk blend
composition. Additional embodiments also comprise a suspending agent and’or a wetting
agent. This bulk blend is uniformly subdivided info unit dosage packaging or mulii-dosage
packaging units. The term “uniform” means the homogeneity of the bulk blend is
substantially maintained during the packaging process.

100419] In still other embodiments, effervescernt powders are prepared. Effervesceit salts
have been used to disperse medicines in water for oral administration. Effervescent salts are
granules or coarse powders containing a medicinal agent in a dry mixture, usually
composed of sodium bicarbonate, citric acid and/or tartaric acid.

(004201 The method of preparation of the effervescent granules described herein employs
three basic processes: wet granulation; dry granulation and fusion, The fusion method is
used for the preparation of most commercial effervescent powders. It should be noted that,
althongh these methods are intended for the preparation of granules, the formulations of
effervescent salts described herein, in oné embodinient, are also prepared as iablets,
according to technology for tablei preparation.

(00421} Wet pranulation is one the oldest method of granule preparation. The individual
steps in the wet granulation process of tablet preparation include milling and sieving of the
ingredients, dry powder mixing, wet massing, granulation, drying and final grinding. In
various embodiments, the composition is:added to the other excipients of the
pharmaceutical formulation after they have been wet grannkated.

j00422} Dry granulation involves compressing a powder mixtire into a rough tablet or "slug"
on a heay'y-duty rotary tablet press. The slugs are then broken up into granular particles by a
grinding operation, usaally by passage through an oscillation granulator. The individual
steps include mixing of the powders, compressing (slugging) and grinding (slug reduction
or granalation). No wet binder or moisture is involved in any of the steps. In some
embodiments, the formulation is dry granulated with other excipients in the pharmaceuntical
formulation. In other embodiments, the formulation is added fo other excipients of the
pharmacentical formulation afier they have been dry granulaled.

[00423] In some embodiments, pharmaceutical formulations are provided comprising
Compound 1, or a pharmaceuntically acceptable salt thereof (e.g. Compound 2) and at least

one dispersing agent or suspending agent for oral administration to a subject. In one
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embodiment, the formulation is 2 powder and/or granules for suspension, and upon
admixture with water, a substantially uniform suspension is obtained.

(00424} A suspension is “substantially uniform™ when it is mostly homogenous, that is; when
the suspension is composed of approximately the same concentration of Compound 1, or &
pharmaceutically acceptable salt thereof (e.g. Compound 2) at any point throughout the
suspension {USP Chapter 905).

{p0425] Liquid formulation dosage forms for oral administration are aqueous suspensions
selected from, but not limited to, pharmaceutically acceptable aqueous oral dispersions,
emulsions; solutions, and syrups. See, e.g,, Singh ef al., Encvciopedia of Pharmaceutical
Technology, 2 Ed., pp. 754-757 (2002}, In addition 10 including Compound 1, or a
pharmaceutically acceptable: salt thereof (e.g. Compound 2), the liguid dosage forms include
additives, such as; (a) disintegrating agents; (b) dispersing agents; (¢) wetting agents; (d) at
least one preservative, (¢) viscosity enhancing agents, () at least one sweetening agent, and
() at least one flavoring agent.

[00426] In one embodiment, the aqueens suspensions and dispersions described herein
remain in a homogenous state, as defined above by USP Chapter 905, for at least 4 hours.
The homogeneity should be determined by a sampling method consistent with regard to
determining homogeneity of the entire composition. In one embodiment, an aqueous
suspension is re-suspended iito a homogenous suspension by physical agitation lasting less
than 1 minute. In another embodiment, an aqueous suspension is re-suspended into a
homogenous suspension by physical agitation lasting less than 45 seconds. In yet another
embodiment, an aqueous suspension is re-suspended into a homogenous suspension by
physical agitation lasting less than 30 seconds. In still another embodiment, no agiiation is
necessary to matiiain a homogeneous agueous dispersion,

[00427] In one embodiment, the aqueous suspensions, solutions or dispersions described
herein include Compound 1, or a pharmaceuticaily acceptable salt thereof (e.g. Compound
2) at a concentration of about Smg/ml o about S0mg/ml of solution,

(00428} In some embodiments, the aqueous suspensions, solutions or dispersions described
herein include Compound 1, or a pharmacentically acceptable salt thereof (e.g. Compound
2) at a concentration of about Smg/ml to about 30my/ml of solution.

100429] In some embodiments, the aqucous suspensions, solutions or dispersions described
herein include Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound

2) at a concentration of abont 10mg/m} of solution.
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[00430; The aqueous dispersions described herein are beneficial for the adninistration to
infants (less than 2 years old), children nnder 10 years of age snd any patient group that is
unable to swallow or ingest solid oral dosage fornis.

(60431} For buccal or subfingual administration, in one embodiment, the compositions {oke
ihe form of tablets, lozenges, or gels formulated in a conventional manner (see e.g. U.S. Pat.
Nos. 4,229,447, 4,596,795, 4,755,386, and §,739,136).

{00432 In one embodiment, dragee cores arg prepared with suitable coatings: For this
purpose, concentrated sugar solutions aré nsed, which optionally contain gum arabic, tale,
polyvinylpyrrolidone, carbopol gel, polyethylene glycol, and/or titaninm dioxide, lacquer
solutions, and suitable organic salvents or solvent mixtures. v one embodiment, dyestufis
or pigments arce added to the tablets or dragee coatings for identification or to characterize
different combinations of aclive compound doses.

[00433] Tri one embodiment, pharmaceutical preparations which are used orally include
push-fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a
plasticizer, such as glycerol or sorbitol. In one embodiment, the push-fit capsules contain
the active ingredients in admixture with filler such as lactose, binders such as starches,
and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. In one
embodimeit, in soft capsules, the active compounds are dissolved or suspended in suitdble
liquids, such as fatty oils, liquid paraffin, or liquid polyethylene plycols. In addition, in one
embodiment, stabilizers are added. All formulations for eral admimistration should be in
dosages suilable for such administration,

[00434] Liquid compositions illastratively take the form of a liquid where the agent (e.g.
Compound 1, or a pharmaceutically acceptable salt thereof (6.g. Compound 2)) is preserit in
solution, in suspénsion of both. In one embodiment, the liguid composition is agueous,
{08435} In one embodiment, the aguecus suspension also contains one or nore polymers as
suspending agents. Useful polyners include water-soluble pelymers such as cellulosic
polymers, e.g., hydroxypropyl methylecllulose, and water-insoluble polymers such as cross-
limked carboxyl-containing polymers. 11 one embodiment, useful compositions also
comprise an mucoadhesive polymer, selecied for example from carboxymethyleetlulose,
carbomer {acrylic acid polymer), poly{methylmethacrylate), polyacrylamide, potycarbophil,
acrylic acid/butyl acrylate copolymer, sodium alginale and dextran,

[06436) In one emabodiment, phavmacentical compositions also inciude one or more pH

adjusting agents or buffering agents, including acids such as acelic, borie, citric, lactic,
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phosphoric and hydrochloric acids; bases such as sodium hydroxide, sodium phosphate,
sodium borate, sodium citrate, sodium acetate, sodimmn laclate and tris-
hydroxymethylaminomethane; and buffers such as citrate/dextrose, sodium bicarbonate and
ammoniwm chloride. Such acids, bases and buffers are included in an amount required to
maintain pt of the composition in an acceptable range.

100437] In one embodiment, liguid pharmaccutical compositions also include one or more
salts in an amount required to bring osmolality of the composition into an acceptable range.
Such salts include those huving sodium, potassinni or ammonium cations and chloride,
citrate, ascorbate, borate, phosphate, bicarbonate, sulfate, thiosuifate or bisulfite anions;
suifable salts include sodium chloride, potassium chloride, sodium thiosulfate, sodium
bisulfite and ammonium sulfate.

100438} In one embodiment, pharmaceutical compositions also include one or more
preservatives to inhibit microbial activity. Suitable preservatives include mercury-
containing substances such ag merfen and thiomersal; stabilized chlorine dioxide; and

quaternary ammonium compounds such as benzalkonium chloride,

‘cetyltrimethylammonium bromide and cetylpyridinium chloride.

100439 Still other compositions include one or more surfactants to enhance physical stability
or for ottier purposes, Suitable nonionic surfactants include polyoxyethylene faity acid
glyeerides and vegetable oils, e.g., polvoxyethylene (60} hydrogenated castor oil; and
polyoxysthylene alkylethers and alkylphenyl! ethers, e.g., octoxynel 10, octoxynel 40.
[00440) Still other corapositions inclnde one or more antioxidants to enbance chemical
stability where required. Suitable antioxidants include, by way of eéxample only, ascorbic
acid, tocopherol, and sodium metabisuliite.

[00441] In one embodiment, aqueous suspension compositions are packaged in single-dose
nonsreclosable containers. Altermatively, multiple-dose reclosable containers are used, in
which case il is typical to include a preservative in the composition,

Pharmacokinetic Analysis

100442] In one embodiment, any standard pharmacokinetic protocol is used to determine
blood plasma concentration profile in humans following administration of a formulation
described herein {that include Compound 1, or a pharmaceutically acceptable sall thereof
(e.g. Compound 2)), and thereby establish whether that formmnlation meets the
pharmacekinetic criteria sct out herein. For example, a randomized sigle-dose crossover

study 1s performed using a group of heallthy adult human subjects. The number of subjects is
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sufficient to provide adet|uate control of variation in a statistical analysis, and is typically
about 10 or greater, although for certain purposes a smaller group suffices. Each subject
receives administration at fime zero a single dose of a formulation of Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) (e.g., a dose containing about
10mg, about 25mg, about 50myg, about 150mg, about 300mg, about 450mg, about 600mg,
orabout 1000mg of Compound I, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2)), normally at around 8am following an overnight fast. The subjects continue
to fast and remain in an upright position tor about 2 hours after administration of the
formulation. Blood samples are collected from each subject prior to administration (¢.g., 15
minuies) and af several intervals after adminisiration. In certain instances, several samples
dre takén within the first hour and taken less frequently thereafler. THustratively, blood
samples are collected at O (pre-dose), 0.25, 03, 1, 2, 3, 4, 6, 8, 12, and 16 hours after
administration and, 24, 36, 48,60 and 72 hours alter administration. If the same subjecls are
to be used for study of a second test formulation, a period of at least 10 days should elapse
before administration of the second formulation, Plasma is separated from the blood
samples by centrifugation and the sepavated plasma is analyzed for Compound 1 by a
validated high performance liquid chromatography/tandem weight spectrometry (LC/APCI-
MS/MS) procedure such as, for example, Ramu et al., Jowrnal of Chromatography B, 751
(2001) 49--59).

|00443] Any formulation giving the desired pharimacokinetic profile is suitable for
administration according to the present methods.

{00444 In some embodiments, a pharmaceutical composiiion or formulatien provided herein
provides a C,ux {peak plasma concentration) of less than about 20uM, less than about
15uM, less than about 10pM, or less than about 5pM of a Compound 1.

{00445} In some embodiments, a pharmacentical composilion or formulation provided herein
reduces urinary LTE: levels by at least 50% at 24 hours, al least 60% at 24 howrs, at Jeast
70% at 24 hours, at least 80% at 24 hours or at keast 90% at 24 hours. In some
embodiments, a pharmaceutical composition or formulation provided herein reduces blood
LTB: levels by at least 50% at 8 hours, at least 60% at 8 hours, at least 70% at 8 hows, at
least 80% at 8 hours or at least 90% at 8 hours. In some embodiments, a pharmaceutical
composition or formulation described herein reduces blood LTBy levels by at least 5% at 24

hours, at least 10% at 24 hours, at least 20% at 24 howus, or at least 30% at 24 hours.

77




10

20

g8 ]
in

{00446} In some embodiments, a pharmaceutical composition or formulation provided herein
provides a T (e to peak blood plasma concentration) of Compound 1 of less than
about 5-hours, less than about 4 hours, less than‘about 3 hours, or about 2 hours.

[00447] In some embodiments, & pharmaceutical composition or formulation provided herein
provides an AUCy.» (arca under the plasma concentratioii-time curve) of fess than about
150 br-uM, less than about 120 hrpM, less than about 110 hr- tM, less than abeul 100
hrpM, less than about 90 hrpM, less than about 50 hr M, less than about 25 hr-pM.

Methods of Dosing and Treatient Regimens

[00448] In one embodiment, the compositions containing Compound 1, ora
pharmagceutically acceptable salt thereof (e.g, Compound 2), described herein is
admiistered for prophylactic and/or therapeutic treatments. In therapentic applications; the
compositions are:administered to a patient already suffering from a disease or condition, in
an amount sufficient to cure or at least partially arrest at least one of the symiptoms of the
disease or condition. In certain embodiments, amounts effective for this use depend on the
severity and course of the disease or condition, previous therapy, the patient's health status,
welght, and respounse to the drugs, and/or the judgment of the freating physician.

1004491 In prophylactic applications, compositions containing Compound 1, or &
pharmacenticaily acceptable salt thersof (e.g. Compound 2), described herein are
administered to a patient susceptible to or otherwise at risk of a particular disease, disorder
or condition. Such an amount is defined to-be a “prophylactically effective amount or dose.”
In this use, the precise amounts also depend on the patient's state of healih, weight, and the
like. When used in a patient, effective amounts for this use will depend on the severity and
course of the disease, disorder or condilion, previous therapy, the patient’s health status and
response to the drugs, and the judgment of the treating phystcian.

[02430] In certain embodiments, admintstration of the compound, com pos’itions or therapies
as described herein includes chronic administration. In specific embodiments, chronic
administration is utilized in certain instances wherein the patient’s condition does not
improve and upen the doctor’s discretion. In certain embodiments, chronic administration
includes administration for an extended period of time, including, e.g., throughout the
duration of the patient’s life in order to ameliorate or otherwise control or limit the
symptoms of the patient’s disease or condition.

[06451] In some embodiments, administration of the compounds, compositions or therapies

deseribed herein is given continuously. In alternative embodiments, the dose of drug being
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administered is temporarily reduced or tempotarily suspended tor a certain length of fime
(i.e., 2 “drug holiday”). The length of the drug holiday varies between 2 days and 1 year,
inclading by way of example only, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days,
12 days, 15 days, 20 days, 28 days, 35 days, 50 days, 70 days, 100 days, 120 days, 150
days, 180 days, 200 days, 250 days, 280 days, 300 days, 320 days; 350 days;, and 365 days.
The dose reduction doring a drug holiday is from 10%-100%, including by way of example
only 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,; 80%,
85%, 90%, 95%, and 100%.

[00452] Tn some embodiments, the compounds, conmpositions or therapies deseribed herein
are administered in at least one priming dose, followed by at least bne mainfenance dose; In
certain embodiments, a prining dose of the ageni(s) is adiministered uatil the symptoms: of
the disorder, disease or condition treated have been reduced (e.g., to a satisfactory level).
Upon reduction, a maintenance dose of the compounds, compositions or therapies desciibed
herein is administered if desired or ifnecessary. In somie embediments, the maintenance
dose comprises administration of the agent(s) described herein in an amount sufficient to at
least partially maintain the feduction achieved by administration of the priming dose. In
various embodiments, the maintenance dose, compared to the priming dose, includes a
decrease in dosage and/or frequency of administration of the agent or one or more of the
agents administered in the method. Ine certain embodiments, however, intermittent treatment
with increased frequency and/or dosage amounts may bé necessary upon any recurrence of
symptoms.

70453} In certain ernbodiments, the amonnt of @ given agent that corresponds to a priming
or mainfenance amount varies depengding upon factors including, by way o1 non-limiting
example, the specific agent(s) wilized, the disease condition and its severity, the identity
{e.g.. weight) of the suhject or host in need of treatment, and/or the route of adntimistration,
In various embodiments, the desired dose is conveniently presented in a single dose or in
divided doses administered simultaneously (or over a short period of time) or at appropriate
imntervals, for example as two, three, four or more sub-doses per day.

[00454} In some cmbodiments, the pharmaceutical compositions described herein are in unit
dosage forms suitable for single administration of precise dosage amounts, In unit dosage
form, the formulation is divided into unit doses containing appropnate quantities of the
active drug. In one embodiment, the unit dosage is in the form of a package containing

discrete quantities of the formulation. Non-limiting examples are packaged tablets or
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capsules, and powders in vials or ampoules. In one embodiment, agueous suspension
compositions are packaged in single-dose non-reclosable containers. Alternatively,
mudtiple-dose reclosable containers are used, in which case it is typical to include a
preservative in the composition,

Leukotriene-Dependent or Leukotriene Mediated Diseases or Conditions

100455] In accordance with one aspect, compositions and methods described herein inchude
compositions and methods for treating, preventing, reversing, halting or slowing the
progression of leukotriene-dependent or levkotrienc mediated discases or conditions onee it
becomes clinically evident, or treating the sympioms associated with or related to
leukotrienc-dependent or leukotriene miediated diseases or conditions, by administering to
the subject Compound 1, or a pharmaceutically acceptable salt thereof {e.g. Compound 2),
or pharmaceutical composition or medicament thereof. In one embodiment, the subject
already has & leukotriene-dependent or leakotriene mediated disease or condition at the time
of administration, ot be at risk of developing a feukotriene-dependent or leukotriene
mediated disease or condition (e.g., those symptoms described in the medical literature for
such diseases).

(004561 In one embodiment, the aclivity of S-lipoxygenase activating protein in a mammal is
directly or indirectly modulated by the administration of (ai least once} an effective amount
of Compound 1, or a pharmaccutically acceptable salt thereof (e.g. Compound 2), to a
manmal. Such modulation includes, but 18 not limiied to, reducing and/or inhibiting the
aclivity of 5-lipexygenase activating protein. In addition, in one embodiment, the activity of
leukotrienes in a mammal is directly or indirectly modulated; including reducing and/or
inhibiting, by the administration of (at least once) an effective amount of Compound 1, or a
pharmaceuntically acceptable salt thereof (e:g. Compound 2) to a mammal. Such modulation
includes, but is not limited to, reducing and/or inhibiting the activity of 5-lipoxygenase
activating protein.

[00457) The prevention and/or treatment of leukotriene-dependent or leukotriene mediated
diseases or conditions comprises administering to a manunal at least once an effective
amount of Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2).
By way of example, the prevention and/or treatment of inflammation diseases or conditions
comiprises administering to a manumnal at least once an effective amount of Compound 1, or
a pharmaceutically acceptable salt thercof (e.g, Compound 2}. Leukolriene-dependent or

leukotriene mediated diseases or conditions that is treated by a method comprising
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adniinistering to a mammal at least once an effective amount of Compound 1, or a
pharmacentically acceptable salt thereof {e.g. Compound 2), include, but are not limited to,
inflammatory diseases and disorders, cardiovascular disease and disorders, and respiratory
diseases and disotders, In varlous embodiments, the lenkotriene-dependent or leukotriene
mediated diseases or conditions described herein are dependeni or mediated alone or in part
and directly or indirectly by one or more leukotrienes (e.g., .TBs, LTB;).

{00438 In certain embodiments, the effective amount of Compound 1, or a pharmaceutically
accepiable salt thereol (&.g. Compound 2) is about 1mg to about 5g per dose, about Smg to
about 2g per dose, about 10mg to about 1g per dése, about 10mg to about 1g per dose,
about 10mg to about 0.5y per dose, or about 10mg to about 0.4g per dose. In some
embodiments, the effective amount of Compound 1, or a pharmaceutically acceplable salt
thereof (e.g. Compound 2) is about Tmg to about 5g pet day, about 10mg to about 2g per
day, about 10mg to about 1g per day, about 10mg to about 0.6 per day, about 10mg to
about 0.5g per day, or about 10mg to about 0.4g per day.

[o04591 In one embodiment, the effective amount of C!onipOLlnii 1, or a pharmacentically
acceptable salt thereof (e.g. Compound 2) is about 10mg per dose, about S0mg per dose,
about 150mg per dose, about 300mg per dose, about 450mg per dose, about 600mg per
dose, or about 1000mg per dose.

[00460) By way of example only, included in the prevention/treatment methods described
herein arc methods for treating and/or preventing respiratory diseases comprising
administering to the mammal at least once an effective amount of Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2). By way of example the
respiratory disease is asthma. In addition, the respiratory disease includes, but is not limited
1o, adult respiratory distress syndrome and allergic (extrinsic) asthina, non-allergic
(inlrinsic) asthma, acute severe asthma, chronic asthma, clinical asthuna, nocturnal asthma,
allergen-induced asthma, aspirin-sensitive asthma, exercise-induced asthma, isocapnic
hyperventilation, child-onset asthma, adult-onset asthma, congh-variant asthma,
occupational asthma, steroid-resistant asthma, scasonal asthma, allergic rhinitis, vasomotor
rhinitis, vascular responses, endotoxin shock, fibrogenesis, pulmonary fibrosis, allergic
diseases, chronic inflammation, and adult respiratory distress syndrome.

j00461) By way of example only, included in such treatment methods are methods for
preventing and/or treating chronic obstructive pulmonary disease comprising administering

to the mammal at least once an effective amount of Compound 1, or a pharmaceutically
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acceptable salt thereof (e.g. Compound 2). In addition, chronic obstructive puimenary
disease includes, but is not limited to, chronic bronchitis or emphysema, pulmonary
hypertension, interstitial tung fibrosis and/or airway inflammation and cystic {ibrosis.
{00462] By way of example only, included in such treatment methods are methods for
preventing and/or treating increased mucosal secretion and/or edema in a disease or
condition comprising administering to the mammal at least once an effective amount of
Componnd 1, or a pharmaceutically acceptable salt thereof (¢.g. Compound 2).

[00463) By way of example only, included in the prevention/treatment methods described
herein ate methods for preventing and/or ireating eosinophil and/ar basophil and/or
dendritic cell and/or neutrophil and/or monecyte recruilment comprising administering at
ledst once 1o the mammal an effective amount of Compound 1, or a pharmaceuticalty
acceptable salt thereof (e.g. Compound 2):

[06464] By way of example only, included in the prevention/treatment methods deseribed
herein are methods for preventing and/or treating ocular disease comprising administering at
least once 1o the mammal an effective amount of Compound 1, or a pharmaceutically
acceptable salt thereof (e:g. Compound 2). In another aspect included in the
prevention/reatment methods described herein are methods for preventing ocalur
inflammation, allergic conjunctivitis, vemmal keratoconjunctivitis, and papillary
conjuncliviiis comprising administering at least once to the mammal an effective amount of
Compound 1, or a pharmaceutically acceptable salt thereof {e,g. Compound 2).

[00465] By way of example only, included in the prevention/treatment methods desceribed
herein are methods for preventing and/or treating exercise~induced bronchoconstriction
comprising administering at least onee to the mammal an effective amount of Compound 1,
ot 4 pharmaceutically aceeptable salt thereof (e.g. Compound 2).

[08466] By way of example only, included in the prevention/treatment methods described
herein are methods for preventing and/or treating cardiovascular disease comprising
administering at Jeast once to the mammal an effective amount of Compound 1, or &
pharmaceutically acceptable salt thereof (e.g. Compound 2).

{00467} By way of example only, included in the prevention/treatment methods described
herein are methods for preventing and/or treating NSAID-induced gastric lesions
comprising administering at least once to the mammal an effective amount of Compound 1,

or a pharmaceutically acceptable salt thereof (e.g. Compound 2).
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[0t468] By way of example only, included in the prevention/treatmient methods described
hevein are methods for preventing and/or treating pain comprising administering at least
once to the mammal an effective amount of Compound 1, or a pharmaceutically acceptable
salt thereof (o.g. Contpound 2).

[00469] By way of example only, included in the prevention/treaiment methods described
herein are methods for preventing and/or treating skin discase comprising administering at
least once to the mammal an effective amount of Compound 1, or a pharmaceutically
acceptable salt thereof (e.g. Compound 2).

Combination Therapies

{00470} In one embodiment, the compositions. and methods described herein are also used in
conjunetion with other therapeutic reagents that are selected for their particular nsefulness
against the condition that is being treated. In general, the compositions deseribed herein
and, in embodimients where combinational therapy is employed, other agents do not have to

be administered in the same pharmaceutical composition, and are, because of different

physical and chemical characteristics, administeréd by different routés. In one embodiment,

the initial administration is made according to established protocols, and then, based upon
the observed effects, the dosage, modes of administration and times of administration,
further modified.

j00471] It various embodiments, the compounds are adiinisiered concurrently (e.g.,
simultaneously, essentially simultaneously or within the samie treatment protocol) or
sequentially, depending apon the nature of the disease, the condition of the patient, and the
actual choice of compounds used. {n certain embodiments, the determination of the order of
administration, and the number of repetitions of administration of cach therapeutic agent
during-a freatment protocol, is based upon evaluation of the disease being treated and the
condition of the patient.

{106472] In one embodiment, it is understood that the dosage reginen to treat, prevent, ot
amcliorate the condition(s) for which relief is sought, 15 modified in accordance with a
vagiety of factors. These factors include the disorder from which the subject suffers, as well
as the age, weight, sex, dicl, and medical condifion of {he subject. Thus, in one embodiment,
he dosage regimen actually employed varies widely and therefore deviates from the dosage
regimens set torth berein. In certain embodiments, prevention and/or treatment of 3
leukotriene-dependent or lenkotriene mediated discase or condition with a combination of

Compound 1, or a pharmaceutically acceptable salt thereof (e:g, Compound 2) and a sccond
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agent allows for the effective amount of Compound 1, or a pharmaceutically aceeptable salt
thereof (e.g. Compound 2) to be decreased,

[00473] The formulations described herein are administered and dosed in accordance with
good medical practice, taking into account the clinical condition of the individual patient,
the method of administration, scheduling of administration, and other factors known to
medical practitioners.

{00474] Contemplated pharmacentical compositions provide a therapeutically effective
gmount of Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2)
enabling, for example, once-a-day, twice-a-day, three times a day, etc, adminisiration. In
one aspect, pharmaccutical compuositions provide an effective amount of Compound 1, ora
pharmaceutically acceptablé salt thereof (e.g. Compound 2) enabling ouce-a-day dosing.
j00475) Tn certain instances, it is appropriate to administer Compound 1, or a
pharmaceuticaily acceptable salt thereof (e.g. Comipound 2) in combination with another
therapeutic agent.

[00476) I specific embodiments, in a treatment for asthma involving administration of
Compound 1, oi & pharmaceutically acceptable salt thereof (e.g. Compound 2}, increased
therapeutic benefit results by also providing the patient with other therapeutic agenis or
therapies for asthma. In various embodiments, administration to an individual of Compound
1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) in combination with a
second agent provides the individual with, e.g., an additive or synergistic benefit.

{p0477) Therapeutically-effective dosages vary when the drugs are used in treatment
combinations, Determination of therapeutically-cffective dosages of drugs and other agents
when used in combination {reatment regimens is achieved in any manner. For example, the
use of metronomic dosing, i.e., providing more frequent, lower doscs in order to minimize
toxic side effects can be utilized. In certain instances, the combination therapy allows for
either or both of the Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2) and the second agent o have a therapeutically effective amount that is lower
than would be obtained when administering either agent alone.

[00478] A combination treatiment regimen encompasses, by way of non-limiting example,
treatment regimens in which administration of Compound 1, or a pharmaceutically
acceptable sall thereof (e.g. Compound 2) is initiated prior to, during, or after treatment with
a second agent, and cotitinues until any time during treatment with the second agent or afier

termination of treatment with the second agent. Ii also includes treatments in which
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Compound [, or a pharmaceutically acceptable salt theveof (e.g: Compound 2) and the
second agent being used in combinalion are administered simultaneousiy or at different
fimes and/or al decreasing or increasing intervals diring the treatment period. Combination
treatment further includes periodic treatments that start and stop at varicus times to assist
with the clinicdl management of the patient.

[00479] In accordance with some aspects, any of the pharmaceutical compositions disclosed
herein are used to treat respiratory diseases, e.g. asthma, and/or io induce bronchodilation in
a subject. In ope embodiment, phatmaceutical compositions disclosed herein axe used to
treat a subject suffering fiom a vascular inflammation-driven disorder, such as bt net
limited to coronary artery disease, atherosclerosis, stroke, pevipheral arterial disease, aortic
anenrysm, myocardial infarction,

{00480} In certain embodiments, combination therapies degeribed herein are iised as pait of a
specific ireatment regimen intended to provide a beneficial effect from the co-action of a
BLAP inhibiior, ¢.g Compound 1, or a pharmaceutically acceptable salt thereof (e.g:
Compound 2), and a concurrent treatnient. [t is understood that in certain embodiments, the
dosage regimen to treat, prevent, or mmeliorate the condition(s) for which relief is sought, is
maodified, in one embodimeni, in accordance with a variety of factors. These factors include,
by way of non-limiting example, the type of respiratory disordér and the type of
bronchodilation frony which the subject suffers, as well as the age, weight, sex, diet, and/or
medical condition of thie subject. Thus, in some embadiments, the dosage regimen
employed, varies and/or deviates from the dosage regimens set forth herein.

[00481) tu certain combination therapies described herein, dosages of the co-administered
compounds vary depending on, by way of non-limiting example, the type of co-drug
employed, on the specific drug employed, and/or on the disease or condition being treated.
[00482] In any case, the multiple therapeutic agents {one of which is Compourd 1, ora
pharmacentically acceptlable salt thereof (e.g. Compound 2)) are administered either in any
order, including, e.g., simpltaneously. If administration is simultancous, the multiple
therapeutic agenis are provided, in various embodiments, i1 a single, unified form, or in
multiple forms (by way of example only, either as a single pill or as two separate piils). In
various embodiments, one of the therapeutic agents is given in multiple doses, or both are
given as muliiple doses. In ceriain embodiments wherein admiuistration of the multiple
agenis is not simuitaneous, the timing between administration of the multiple agents is of

any acceptable range imcluding, e.g., from more than zero weeks to less than four weeks. In
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some embodinients, the combination methods, compositions and formulations include
Compound 1, or a pharmaccutically acceptable salt thercof (e.g. Compound 2), a second
agent and a third agent. In further embodiments, additional agents are also utilized.

{60483] Compound 1, or a pharmaeeutically acceptable salt thereof (e.g. Compound 2), and
combination therapies thereof, in one embodiment, are administered before, during or after
the occurrence of a disease or condition, and the timing of administering the conmposition
containing 4 compound vary. In certain embodiments, Compound 1, or a pharmacentically
acceptable galf thereof (e.g. Compound 2) (either alone or in a combination) is used as a
prophylactic. In certain embeodimeiits, prophylactic treatment involves continuous
administered of the agent(s) to sabjects with a propensity to develop conditions or diseases
in order to prevent the oveurrence of the disease or condition. In cerlain embodiments, the
agents and/or compositions described herein are adiministered to a subject during or as soon
a8 possible after the onset of the symptoms. In some embodiment, the administration of the
agents or compositions described herein is initiated within the first 48 hours of the onset of
the symptoms, within the first 6 hours of the onset of the symptoms, or within 3 hours of the
onset of the symptoms. In cerlainn embodiments, the initial administration is via oral
administration, such as, for example, a pili, a capsule, a tablet, a solution, a suspension, and
the like, of conibination thereof. In certain cmbodiments, Compound I, ora
pharméaceutically acceptable salt thereof (e.g. Compound 2) is administered as soon as is
practicable after the onget of a disease or condition is detected or suspected, and for a length
of time necessary for the treatmént of the disease. In eertain embodiments, administration of
the agents, formulations or compositions described herein is for a fength of time necessary
for the treatment of disease.

100484} In certain embodiments, provided herein are combinations therapies that combine
treatmient with Compound I, or a pharmaceutically acceptable salt thereof (e.g, Compound
2), with treatment with an inhibitor of leukotriene synthesis or with a leukotriens receptor
antagonist, In various embodiments, the inhibitors of leukotriene synthesis or the
leukotriene receptor antagonist, act at the same or other points in the leukotriene syrithesis
pathway. In specific embodiments, these types of combination therapies are used for
treating leakotriene-dependent or leukotriene mediated diseases or conditions,

(p0485] In additional embodiments, provided herein are therapies which combing
adminstration of Cempound 1, or a pharmaceutically acceptable salt thereof (e.g.

Compound 2) with the administration of an anti-in{lammatory agent. In specific
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embodiments, such therapies are used in the treatment of leukotriene-dependent or
leukotriene mediated diseases or conditions.

Agents to Treat Respiratory Diseases or Conditions

[00486) In cerlain embodiment, provided herein are tuethods for the treatment of
leukotriene-dependent or lenkotriene mediated conditions or diseases by administering to a
patient Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) and
another therapeutic agent that is used in the treatment of respiratory conditions or disorders,
such as, but not limited {o asthma. In some embodiments, provided herein are compeosilions,
and methods of administering such compositions, comprising Compound 1, ora

for treating respiratory conditions. Therapeutic agents useful for treating respiratory
conditions and disorders, include, by way of non-limiting example! glucocorticoids, such as,
ciclesonide, beclomethasone dipropionate, budesonide, flunisolide, fluticasone propionate,
fluticasone furoate, mometasone furaate, and triamcinolone; leukotriene modifiers, such as,
montelukast, zafirlukast, pranlukast, and zileuton; mast cell stabilizers, such as,
cramoglicate {cromolyn), and nedocromil; antimuscarinics/anticholinergics, such as,
ipratropium, oxitropium, and tiotropium; methylxanthines, such as, theophylline and
aminophylling; antihistamines, such as, mepyramine (pyrilamine), antazoline,
diphenhydramine, carbinoxamine, doxylamine, clemastine, dimenhydrinate, pheniramine,
chlorphenamine (chlorpheniramine), dexchlorphenamine, brompheniramine, triprolidine,
cyclizine, chloreyclizine, hydroxyzine, meclizine, promethazine, alimemazine
{trimeprazine), cyproheptadine, azatadine, ketolifen, acrivastine, astemizole, cetirizine,
loratadine, mizolastine, terfenadine, fexofenadine, lovocetirizine, desloratading,
fexofenadineg; omalizumab, olapatidine aund azclastine; an IgE blocker; beta2-adrenergic
receptor agonists, such as: short acting beta2-adrenergic receptor agonists, such as,
salbutamel (albuterol), Jevalbuterol, terbutaline, pirbuterol, procaterol, metaproterenot,
fenoterol, bitolterol mesylate; and long-acting beta2-adrenergic receptor agonists, such as,
saktmeterol, formoterol, indacaterol and bambuterol.

100487 In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2) is used in combination with one or more other therapeutic agents or the
pharmaccutical compositions of Compound 1, or a pharmaceutically acceptable salt thereof
{e.g. Compound 2) include one or more other therapeutic agents, for example selected from

anti-inflammatory agents, anticholinergic agents (particularly an M;/Mo/M; receptor
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antagonist), Pa-adrenoreceptor agonists, antiinfective agents, or antihistamines. In one case,

antitnfective agents inchude antibiotics and/or antiviralg. In a further aspect, a combination

goraprising Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2)

includes one or more other thevapeutically active agent, where the one or mote othes
therapeutically active agents are selected from an anti-inflammatory agent such. as 3
corticosieroid or an NSAID, an antichelinergic agent, a B;-adrenoreceptor agonist, an
antiinfective agent such as an antibiotic of an anfiviral, or an antihistamine. One
smbodiment encompasses combinations comprising Compound 1, ora pharinaceutically
acceptable salt thereof (e.g. Compound 2) together with a Fy-adrenoreceptor agonist, and/or
an antichelinergic, and/ot a PDE-4 inhibitor, and/or an antihistamine. Another eimbodiment
encompasses combinations comprising Compound 1, or a phatmaceutically acceptable sait
thereof (e.g. Compound 2) togeiher with.a corticosteroid or NSAID.

j00488] One enbodiment encompasses combinations comprising onie or two other
therapeutic agents, one of which is Compound 1, or a pharibaceutically acceptable salt
thereof (e.g. Coimpound 2).

[00489] In one aspect, the other therdpentic ingredient(s) will be used in the form of salts
(e.g. as alkali metal or amine salts or as acid addition salis), or prodrugs (such as esters {e.g.
alky) esters)), or as solvates (e.g. hydrates). In one aspect, if appropriate, the therapeutic
ingredients will be usedin optically pure form. In another aspect, if appropriate, ihe
therapeuatic ingredients will be used in racemic form.

[00499] Examples of §,-adrenoreceptor agonists inciude saimeterol (as a racemate or a single
enantiomer such as the R-enantiomer), salbutamol (as a racemate or a single enantiomer
such as the R-enantiomer), formoterol (as a racemate or a single diastereormer such as the

R. R-diastercomer), salmefamol, fenoterol, carmoterol, efanterol, naminterol, clenbuterol,
pirbuterol, fletbuterol, reproterol, bambuterol, indacaterol, terbutaline and salts thereof, for
example the xinafoate (1-hydroxy-2-naphthalenccarboxylate) salt of salmeterol, the sulphate
salt or free base of salbutamel or the fumarate salt of formaoterol. In one embodiment the §,-
adrenorceeptor agonists are long-acting ,-adrenoreceplor agonists, for example,
compounds which provide effective bronchodilation for about 12 hours or longer.

{06491) Qther [iz-adrenorcceplor agonists include those described in WO02/066422,

W002/070490, WO02/076933, W03/024439, WO003/072539, WQO03/091204,
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WO04/016578, W04/022547, WO04/037807, WOO4/037773, WO04/037768,
WO04/039762, WO04/039766, WO01/42193 and WO03/042160.

[00492] Examples of (y-adrenoreceptor agonists include: 3-(4- {[6-({(2R)-2-hydroxy-2-[4-
hydroxy-3-(hydroxymethyl)phenyl]ethyl} amino)hexylloxy} butyl) benzenesulfonamide; 3-
3-{[7-({(2R)-2-hydroxy-2-[4-hydraxy-3-hydrokymethyl) phenyl] ethyl} -amino) hepiyl]
oxy} propyl) benzenesulfonamide; 4- {(1R)-2-[(6-{2-[(2, 6-dichlorobenzyt) oxy] ethoxy}
hexyl) amino}-1-hydroxyethyl} -2-(hydroxymethyl) phenol; 4- [(1R)-2-[(6-{4-[3-
(cyclopentylsulfonyl)phenyl fbutoxy} hexylamino}-1-hydroxyethyl} -2-
(hydroxymethyl)phenol; N-[2-hydroxyl-5-[(1R)}-1-hydroxy-2-[[2-4-[[(2R)-2-hydroxy-2-
phenylethyljaminophenyllethyl jamino]ethylJphenyl jformamide; N-2 {2-{4-(3-phenyld-
methoxyphenyhaminophenyljethyl}-2-hydroxy=2-(8-hydroxy-2(1 H)-quinolinon-5-
yhethylaming; and 5-[(R)~2+(2- {4-[4-(2<amino-2-methyl-proposy)-phenylamino]-phenyl } -
clhylamino)- 1 -hydroxy-ethyl]-8-hydroxy=- 1 H-quinolin-2-one,

[00493] Tii one aspeet, the Bz-adrenoreceptor agonistis in'the fort of @ salt formed with a
pharmaceitically acoeptable acid selected from sulphuric, hydrochioric, fumaric,
kydroxynaphthoie (for example 1- or 3-hydroxy-2-naphthoic), cinpamic, substituted
cinnamic, triphenylacetic, sulphamie, sulphanilie, naphthaleneacrylic, benzoic,
4-methoxybenzoic, 2- or 4-hydroxybenzoic, 4-chlorobenzoic and 4-phenylbenzoic acid.
|00494] Suitable anti-inflammatory agents incliade corticostetoids. Examples of
corticosteroids include oral and inhaled cotticosteroids and their pro-drugs that have anti-
inflammatory activity. Examiples of corticosteroids include methyl prednisolone;
prednisoione, dexamethasone, fluticasone propionate, 6a,9u-ditluoro=113-hydroxy- 6o
methyl-17a-[{4-methyl-1,3-thiazole-5-carbonyljox y]-3-oxo-androsta-1,4-diene-17 -
carbothioic acid S-fluoromethyl ester, 66, 9a-difluoro-17a-[(2-furanylcarbonylyoxy]-118-
hydroxy-16a-methyi-3-oxo-androsta-1,4-diene-17-carbothioic acid S-fluoromethyl ester
{fluticasone furoate), 6o, 9¢-difluoro-11f-hydroxy-16a-methyl-3-ox0-170-propionylox y-
androsta-1,4-diene-17B-carbothioic acid S-(2-oxo-tetrabydro-furan-33-yl) ester, 6,90~
difluoro-11f-hydroxy-16c-methyl-3-ox0-170-(2,2,3,3-
tetramethyleyclopropylearbonyl)oxy-androsta-1,4-diene- 1 7B-carboxylic acid cvanomethyl
ester and 6u,9a-~difluoro-11B-hydroxy-16a-methyi-17u-(1-
methyleyclopropylcarbonyl)ox y-3-oxo-androsta- 1,4-diene-17f-carbothioic acid S-

Huoromethyl ester, beclomethasone esters (for example the 17-propionate ester or the
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17.21-dipropionate ester), budesonide, flunisolide, mometasone esters (for example
mometasone furoate), triamcinolone acetonide; rofleponide, ciclesonide (16a,17-[[(R)-
cyclohexylmethylenebis(oxy)]-11/3,21-dihydroxy-pregna- | ,4-diene-3,20-dionc), butixocort
propionate, RPR-106541, and ST-126. In one embodisnent corticosteroids include
fluticasone propionate, 6t,9a-difluoro-11p-hydroxy-16w-methyl- 1 7e-[(4-methyl-1,3-
thiazole-5-carbonyloxy]-3-oxo-androsta- 1,4-diene-17p~carbothioic acid S-flucromethyl
ester, 60, 9u-difhiore-17¢-{{2-furanylcarbonyl)oxy]-11B-hydroxy- 1 6a-methyl-3-oxo-
androsta- ,4-diene-17B-carbothioic acid S-fluoromethyl ester, 6¢,90-difluoro-113-bydroxy-
160-methyl-3-ox0-170-(2,2,3,3~ tetramethylcyclopropylcarbonyoxy-androsta-1,4-dicne-
1'7f-carboxylic acid cyanomethyl ester and 6u.,90-difluoro-11B-hydroxy-16a-miethyk-17ec-

{1-methyleyelopropylearbonyljox y-3-oxo-androsta-1,4-diene- 1 7B-carbethioic aeid S-

fluoromethy) ester. In one embodiment the corticosteroid is 6, 9o-difluoro-17a-[(2-

furanylearbonyloxy]-11p-hydroxy-16a-methyl-3-oxo-androsta- | 4-diene- [ 7B-carbothioic
acid S-fluoromethyl ester.

[00495} Further examples of corticosteroids include those described in WO 02/088167, WO
02/100879, WO 02/12263, WO 02/12266, WO 05/005451, WO 05/005452, WO 06/072599
andd WO 06/072600.

{00498) Non-steroidal conipounds having glucocorticoid agonism that may. possess
selectivity for fransrepression over transactivation and that may be useful in combination
therapy include those covered in the following published patent applications and patents:
WO 03/082827, WO 98/54159, WO 04/005229, WO 04/009017, WO 04/018429, WO
03/104195, WO03/082787, WO03/082280, W003/059899, WOO03/101932, WO02/02565,
WO01/16128, WOGD/66590, WO03/086294, WO04/026248, WO03/061651, WOO3/08277,
WO06/400401, WO06/000398, WO06/015870, WO06/108699, WOOT/000334,
WOO7/054294, WOO7/122165, WO07/144327 and WO08/074814.

{00497] Examples ol anti-inflammatory agents include non-steroidal anti-inflammatory
drugs (NSAID’s).

(00498) Examples of NSAID s include sodiwm cremoglycate, nedocromil sodium,
phosphodiesterase (PDE) inhibitors (for example, theophylline, PDE4 inhibitors or mixed
PDE3/PDES inhibitors), leukotriene antagonists, inhibitors of feukotriene synthesis (for
example montelukast), INOS inhibitors, irvptase and elastase inhibilors, beta-2 integrin
anfagonists and adenosing receptor agonists or antagonists (e.g. adenosine 2a agonists),

cytokine antagonists (for example chemokine anfagonists, such as a CCR3 antagonist) or
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inhibitors of cytokine synthesis, or 5-lipoxygenase intibitors. An iINOS (inducible nitric
oxide synthase inhibitor) is preferably f6r oral administration. Examples of iNOS inhibitors
include those disclosed in WO 93713055, WO 98/30537, WO 02/50021, WO 95/34534 and
WO 99/62875. Examples of CCR3 inhbitors include, but are not limited to those disclosed
m WO 02/26722.

{00499} Tn one embodiment, Comipound 1, or a phanmageutically acceplable salt thereof (e.g.
Compound 2) is combined with ot administered in combination with a phosphodiestcrase 4
(PDE4) inhibitor, especially in the case of a fornmilation adapted for inhalation. The PDE4-
specific inhibitor useful in this aspect is any compousid that is known to inhibit the PDE4
enzyme or which is discovered to’act as a PDE4 inhibitor, and which are only PDE4
inkibitors, not compounds which inhibit other members of the PDE family, such as PDE3
gnd PDES, as well as PDEA4.

[00500] Compounds include cis-4-cyano-4-(3-cyclopentyloxy-4-
methoxvphenyl)eyclohexan-1-carboxylic acid, 2Z-carbomethoxy-4-cyano-4-(3+
cyclopropylmethoxy-4-difluoromethoxyphenylcyclohexan-1-one and cis-[4-cyano-4-(3-
eyclopropyimethoxy-4-ditfluoromethosyphenylcyclobexan-1-o1]. Also, cis-4-cyano~4-[3-
{cyclopentyloxy)-4-methoxyphenyl]cyciohexane-1-carboxylic acid (also known as
cilomilast) and its salts, esters, pro-drugs or physical forms, which is described in U.S.
patent 5,552,438 issued 03 September, 1996; this patent and the compounds it discloses are
incorporated herein in full by reference.

{00501} Other compounds include AWD-12-281 from Elbion (Hofgen, N. et al. 15th EFMC
It Symp Med Chem (Sept 6-10, Edinburgh) 1998, Abst P.98; CAS reference No.
247584020-9); a 9-benzyladenine derivative nominated NCS-613 (INSERM); D-4418 from
Chiroscience and Schering-Plotigh; a benzodiazepine PDE4 inhibitor identified as CI-1018
{(PD-168787) and atlributed to Pfizer; a benzodioxole derivative disciosed by Kyowa Hakko
in WO 99/16766; K-34 from Kyowa Hakko; V-11294A from Napp (Landelis, L.J. el al. Eur
Resp | [Amnu Cong Bur Resp Soc (Sept 19-23, Geneva) 1998] 1998, 12 (Suppl. 28). Abst
P2393); roflumilast (CAS reference No 162401-32-3) and a pthalazinone (WO 99/477505,
the disclosure of which is hereby incorporated by reference) from Byk-Gulden;
Pumafentrine, (-)-p-[(4aR*,106S%)-9-cthoxy-1,2,3,4,4a,10b-hexahydro-8-methoxy-2-
methylbenzo[e][1,6]naphthyridin-6-yl]-N,N-ditsopropylbenzamide which is a mixed
PDE3/PIYE4 inhibitor which has been prepared and published on by Byk-Gulden, now
Altana; arofylline under development by Almivall-Prodesfarma; VMS54/UMS565 from
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Vernalis; or T-440 (Tanabe Seiyaku; Fuji, Ko et al. J Pharmacol Bxp Ther, 1998, 28:4(1 )
1623, and T2585.
100502} Further compounds are disclosed it the published international patent application
WO 04/024728, WO 040506823 and WO 04/103998,
Job503] Examples of anticholineryic aygents are those compounds that act as antagonists at
the muscarinic xeeceptors, I particular those compounds which are antagonists of the My or
My receptors, dual antagonists of the Miy/Ma or Ma/Na, receptors or pan-antagonists of the
MMM, receplors. Excroplary compounds for adminustrabiou via inhalation inelude
ipratrapium (for exanipie, as the bromide), oxitropium (for example, as the bromide) and
totropinm {for example, as the bromide). Also of interest are wevatropate (for example, as
the hydrobromide) and LAS-34273 which is disciosed in WO01/04118. Exemplary
compounds Tor oral administration include pirenzepine, darifenacin (hydrobromide),
oxvbutynin, terodiline. tollerodine. tolterodine tarirate, ottlonium (for exainple, as the
bremide), tospium chlonde, solifenacin, and solifensein succinate.
nosed) Other anticholinergic agents include compounds which are disclosed in US patent
application 60/487981 including, for example:
100305) (3-endo)-3-(2,2-di-2- thienylethenyl)-8,8-dimeth vi-8-azoniabicyclof3.2. Hoctane
browide; {3-endo)-3-(2,2-diphenylcthenyl)-8,8-dimethyl-$-azoniabicyclo{ 3.2, Hoctans
promide: (3-endo)-3-(2,2-diphenylethenyl)-& 8-dimethyl-S-azouabieyelo] 3.2.1]Joctane 4-
methvlhenzenesulfonate: (3-endo) 8,8&-dimethyl-3-{2-phenyl-2-2-thienyljethenyl]-3-
azoniabicyelon|3.2.1Joctane bremide; and/or (3-endeo)-8.8-dimethyl-3-[2-phenyl-2-(2-
pyridinylyethenyl}-8-azoniabicyelo[ 3.2 Hoctane bromide.
100506] [urther anticholinergic agents include compounds which are disclosed in US patent
application 60/511009 including, for example: {(endo)-3-{2-methox y-2,2-di-thiophen-2-yl-
ethyl}-8,8-dimethy:-8-azonia-bicyvelo[3.2. 1octane todide; 3-{{endo)-8-methyl-8-aza-
bieyelo[3.2.1 foet=3-y1)-2.2-diphenyl-propionitrile; (endeoj-8-mucthyt-3-(2,2,2-tviphenyl-
ethyi)-8-aza-bicyclof3.2.1 Joctane; 3-({endo)-8-methyl-2- aza hieyelo[3.2.1)oct-3-y1)-2.2-
diphenyvi-propionamide; 3—{(@2@’0)-S»mcthy1~8~-a7:a-‘nicyclw[3 AHoet-3-y1)-2,2-diphenyl-
propiovic acid; {endo)-3-(2-cyano-2.2-diphenyl-cthyl) 8.8 dinethyl-S-azonis-
bicvelat 3.2 . T octane 1odide; (endo)-3-(2-cvano-2.2-diphenyl-ethvi)-8,8-dimeihyl-8-azonis-
bieyelor 3.2, [Joctane bromide; 3-({endo)-8-methyl-8-aza-bievelo[3.2 {loct-3-¥1)-2.2 -
diphenylt-propan-1-ok; .f\r'—bc-.nzyl-.?-‘L(mui’o)-é}»mcthyl-8~;u:~1 hicyelof3:2.1joct-3-y1)-2,2-

diphenyt propionamide; {endo)-3-(2-carbanoyl-2,2-diphenyl-cthyh-8,8-dimethyl-8-azonia-
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bicycinf3.2.1]octane iodide; [<benzyl-3-[3-({endo)-8-methyl-§-aza-bicyclo[3.2.1Joct-3-y1)-
2 2-dipheayl-propyl]-urea; 1-ethyl-3-[3+((endo)-8-methyl-8-aza-bicyclo{3.2.1Joct-3-yi)-2,2~
diphenyl-propyl]-urea; N-[3-((endo)-8-methyl-8-aza-bicyelo[3:2.1]oct-3-y1)-2,2-diphenyl-
propyl l-acetamide; N-[3-({endp)-8-methyi-8-aza-bicyelof3.2.1]oct-3-y1)-2,2-diphenyl-
propyl}-benzamide; 3-((endo)-8-methyl-8-aza-bicyclo[3.2.1]oet-3-y1)-2,2-di-thiophen-2-yi-
propionitrile; (endo)-3~(2-cyano-2,2-di-thiophen-2-yl-ethyl)-8,8-dimethyl-8-azonia-
bicyclo[3.2.1]octane iodide; N-[3-((endo)-8-methyl-8-aza-bicycla[3.2.1}oct-3-y1)-2,2+
diphenyl-propyl]-benzenesulfonamide; [3-((endo)-B-methyi-8-aza-bieyclo[3.2.1 oet-3-y1}-
2,2-diphenyi-propyl]-urea; N-[3-({endo)-8-methyl-8-aza-bicyclof3.2.1}oct-3-y1)-2,2-
diphenyl-propyt]-methangsulfonamide; and/or (endo)-3-{2,2~diphenyl-3-[(1-phenyl-
methanoyl)-amino]-propyl }-8,8-dimethyl-8-azonia-bicyclo[3.2.1 Joctane bromide.

j00507] Further compounds include: (endo)-3-(2-methoxy-2,2-di-thiophen-2-yi-ethyl)-8,8-
dimethyl-8-azonia-bicyclo[3.2.1Joctane ivdide; (endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-
dimethyl-8-azonia-bieyelo{3.2. 1 Joctane iodide; (endo)-3-(2-cyano-2,2-diphenyl-cthil)-8,8-
dimethyl-8-azonia-bicyclo{3.2.1 joctane bromide; (endo)-3-(2-carbamoyl-2,2-diphenyl-

ethyl)-8,8-dimethyl-8-azonia-bicyclo{3.2.1]octane iodide; (endo)-3-(2-cyano-2,2-di-

thiophen-2-yl-ethyl)-8,8-diinethyl-8-azonia-bicyelo[3.2.1 Joctane jodide; and/or (endo)-3-

{2,2-diphenyl-3-[(1-phenyl-methanoyl)-amino]-propyl}-8,8-dimethyl-8-azonia-
bicyclo[3.2.1]octane bromide.

(005087 In one embodiment, Compound 1, or a pharmacentically acceptable salt thereof {e.g.
Compound 2) is combined with or administered in combination with an H1 antagonist.
Examples of HI antagonists include, but are not limited to, amelexanox, astemizole,
azatadine, azelastine, acrivastine, brompheniramine; cetirizine, levocetirizine, efletirizine,
chiorpheniramine, clemastine, cyclizine, carebastine, ¢yproheptadine, carbinoxamine,
descarboethoxyloratadine, doxylamine, dimethindene, ebastine, epinasting, efletirizine,
fexofenadine, hydroxyzine, ketotifen, loratadine, levocabastine, mizolastine, mequitazine,
mianserin, noberastine, meclizine, norastemizole, olopatadine, picumnast, pyritamine,
promethazine, terfenadine, tripelennamine, temelastine, trimeprazine and triprolidine,
particularly azelastine, cetirizine, levocetirizine, efletirizine and fexofenadine.

100509] In another embodiment, Componnd 1, or a pharmaceutically acceptable sait thereof
(e.g. Compound 2) is combined with or administered in combination with an H3 antagonist

(and/or inverse agonist). Examples of H3 antagonists include, for example, those
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compounds disclosed in WO 2004/035556, WO 2006/045416, WO 2006/090142;, WO
2006/1256635, WO 2007/009739 and WO2007/009741.

[80510] In another embodiment, Compound 1, or a pharmaceutically acoeptable salt thereof
(e.g. Compound 2) is conibined with or administered in combination with an H1/H3 daal
anlagonist (andfor inverse agonist), Examples of HI/H3 dual antagonists include, for
example, those compounds disclosed in WO 2004/035556, WO 2007/071691, WO
2007/122156 and WO 2007/135081.

j06511] In a firther embodiment, Compound 1, or a pharmaceutically acceptable salt thereof
(e.g. Componnd 2) is combined with or administered in conbination with an H1/43 dual
antagonist selected from 3-(4-{{4-(4-{[3-(3,3-dimethyl-1-piperidinyl)propyloxy}phenyl)-1-
piperidinyl] carbonyi}-{-naphthalenyl) propanoic acid and 4-[(4-chlorophenyljmethyl}-2-
({(2R)-1-[4~(4- {{3-Chexahydro-1 H-azepin-1-ylypropyljoxy} phenyl)butyl]-2-

pyrrolidinyl fmethyl)- 12 H)-phthalazinone, Other histamine receptor antagonists include
antagonists (and/or inverse agonis(s) of the H4 receptor, for example, the compounds
disclosed in Jablonowski et al., J. Med. Chem. 46:3957-3960 (2603).

{00512} In enother aspect, provided herein is a combination comprising Compound 1, or a
pharmaceutically acceptable salt thercof (e.g. Compound 2) together with a PDE4 iuhibitor.
[06513] Tn another aspect, provided herein 1s 2 combination comprising Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) together with a 2~
adrenoreceptor agonist.

[00514] Tn another aspect, provided herein is 4 combination comprising Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) together with a corticosteroid.
(00515} In another aspect, provided herein is a combinalion conprising Compound 1, or a
pharmaceutically acceptable salt thereof (¢.g. Compound 2) together with another non-
steroidal GR agonist,

[00516) In another aspect, provided herein is a combination comprising Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) together with an
anficholinergic.

{00517) In another aspect; provided herein is a combination compnising Compound 1, or a
pharmaceulically acceptable salt thercof (e.g. Compound 2) together with an antihistamine.
{00518} In another aspect, provided herein is a combination comprising Compound 1, or a
pharmaceutically acceptable sajt thereof (e.g. Compound 2} together with a PDE4 inhibitor

and a Fr-adrenoreceptor agonist,

94



w

4]

by
e

[06519] In another aspect, provided herein is 2 combination comprising Conpound 1, or a
pharmaceutically acceplable salt thereof (e.g, Compound 2) together with an anticholinergic
and a PDE-4 inhibitor,

{00520] The individual compounds of stich combinations are administéred either sequentially
or simultancously in separate or combined phaimaceutical formulations. In one
embodiment, the individual compounds will be administered simultaneously in a combined
pharimaceutical formulation. Appropriate doses of known therapeutic agents will be
appreciated by those skilled in the art.

jous21} The combinations referred to hevein are conveniently presented for use in the form
of a pharmaceutical compositiotis together with. 4 phanmacgutically acceptable diluent(s) or
carrier(s).

[00522] In another aspect, provided herein is a pharmacsutical composition comprising
Commpound 1, or & pharmaceutically acoeptable salt thereof {e.g. Corhipound.2) together with
a PDE4 mhibitor,

[00523) In another aspect, pravided herein is a phiarmacesutical composition comprising
Compound 1, ar a pharinaceutically acceptable salt thereof (e.g. Compound 2) together with
a Baadrenoreceptor agonist.

[pe524] In another aspect, provided herein is a pharmaceutical composition comprising
Compound 1, or a pharmaceutically acceptable salt thereol (¢.g. Compound 2) together with
a corticosteroid.

[00525) In another aspect, provided herein is a pharmaceutical contposition comprising
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) together with
another non-steroidal GR agonist,

[00526] In another aspect, provided herein is a pharmaceutical composition comprising
Compound 1, or a phanmaceutically acceptable salt thereof (e.g. Compound 2) together with
an anticholinergic,

{00527] In another aspect, provided herein is a pharmaceutical composition comprising
Compound 1, or a phanmaceutically acceptable sali thereof (e.g. Compound 2) together with
an antihistamine.

(00528] In another aspect, provided herein is a pharmaceutical composition comprising
Compound 1, or a phanmaceutically gcceptable salt thereof {e.g. Compound 2) together with

a PDE4 intibitor and a @z~adrenorecepior agonist.
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1005291 In another aspect, provided herein is a phannaceutical composition comprising
Comipound 1, or a pharmacentically acceptable salt thereof (e.g. Compound 2) together with
an aiticholinergic and a PI3E4 inhibitor,

1055304 o certain aspects, Compound |, or a pharmaceutically acceptable salt thereof (e.g.
Compountd 2) is combined with or administered in combination with one or more agents
used to treat used to treat asthia, incloding, but not Hmited to; combination Inhalers
{fluticasone propionate and salmeterol xinafoale (e.g. Advait), budesonide and formhoterol
fumarate (g.g. Symbicort) and indacaterol and mometasone furoate); inhaled Beta-2
agonizsts {albuterol inhaler; atbuteral nebulizer solution; formoterol; isoproterciiol oral
inhalation; levalbuterol; metaproterenol inhalation; pirbuterol acetate oral inhalation;
salmeterol acrosol inhalation; salmetsrol powder mhalation; terbutaline inhater); inhaled
corticosteroids (beclomesthasone oral inhalation; budesonide inhalation solution; budesonide
inhaler; flunisolide oral inhalation; fluticasone inhalation aerosol; fluticasone powder for
aral inhatation, mometasonc inhalation powder; tnameinolone otal inhalation); leukotriene
modifiers {monielukast; zafirlukast; zileuton); mast cell stabilizers (cromolyn inhaler;
nedocromil vral inhalation); monocclowal antibodies (omatizumab); oral Beta-2 aponists
(albuterol oral syrup; albuierol oral tablets: metaproterenel; terbutaline); bronchodilator
(arinophylline; oxtriphylline; theophyliine).

1005311 In one aspect, Compound 1, or a pharmaceutically acceptable salt ihercof (e.g.
Compound 2) is combined with or adwinistercd in combination with one or more agents
ased to treat allergy, including, but not lisniled to: antihistamine and decongestant
combinations {cetinzine and pseudoephedrine; destoratadine and psendocphedrine ER;
fexofenadine aud pseudoephédring; loratadine and pseudocphedring); antihistamines
(azelastine nasal spray; brompheniraming; bromphenirgimine oral suspension;
carbinoxamine; cetirizine; chlorpheniramine; clemastine; desloratading;
dexchlorphenitamine ER; dexchlorpheniramine oral svrup; diphenhydramine oral;
fexofenadine; loratadine; promethazine); decongestants (psendoephedrine); leukotriens
modifiers (montelukast; montelukast granules); nasal anticholinergies (ipratropium); nasal
corticosteroids (becloniethasone nasal inhalation; budesomide nasal inhaler; flunisolide nasal
inhalation; fluticasone nasal inhalalion; mometasone nasal spray; inameinolone nasul
nhalation; trianwinolone nasal snray); nasal decongestants (phenylephrine); nasal mast cell

stabilizers (cromolyn nasal spray).
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[00532] In one aspeet, 3-{3~(tert-butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-yl)benzyl]-5-(5-
methyl-pyridin-2-yl-methoxy)- 1 H-indol-2-yl]-2,2-dimethyl-propionic acid is combined with
or administered in combination with one of more agents used to treag chronic obstrictive
pulmonary disease (COPD), inchiding; but not limited to: anticholinergics - ipratropinm
bromide oral inhalation); combination Inhalers (albuterol and ipratropium (e.g. Combivent,
DueNeb); fluticasonie and salmeterol ogal inhalation (e.g. Advair)); corticosteroids
(dexamethasone tablets; fludrocortisone acetale; hydrocortisone tablets;
methylprednisolone; prednisolone liquid; prednisone oral; triamcinolone oral); inhaled
Befa-2 Agonists (albuterol inhaler; albuterol nebulizer solution; formoterol; isoproterenol
oral inhalation; levalbuterol; metaproterenpl inhalation; pirbuterol acetate oral inhalation;
salmeterol asrosol inhalation; salmeterol powder inhalation; terbutaline inhaler); inhaled
Corticosteroids (beclomethasone oral inhalation; budesonide inhalation solution;
budesonide mhaler; flunisolide oral inhalation; fluticasone inhalation aerosols fluticasone
powder for oral inhalation; triamcinolone oral inhalation); mukolytics (zuaiferiesin); oral
Beta-2 agomsts (albuterol oral syrup; albuterol oral tablets; metaproterenol; terbutaline);
bronchodilator (aminophyliine; oxtriphylline; theophylline).

100333] In one embodiment, Compound 1, or a pharmaceutically acceptable salt thereof (2.3,
Compound 2) is combined with or administered to a patiend in combination with
norastemizole, In one embodiment, Compound 1, or a pharmaceiitically acceptable salt
thereof {e.g. Compouiid 2} is combined with or administered to a patient in combination
with loratadine. In one embodiment, Compound 1, or a pharmaceutically acceptable salt
thereof (e.g. Compound 2) is combined with or administered to a patient in combination
with desioratadine. In one embodiment, Compound 1, or a pharmaceutically acceplable salt
thereof (e.g. Compound 2) is combined with or administered o a patient in combination
with terfenadine.

j00534) In one embodiment, Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2) is combined with or administered to a patient in combination with cetirizine.
In one embodiment, Compound 1, or a pharmaceuntically acceptable salt thereof (e.g.
Compound 2) is combined with or administered to a paticnt in combination with {-)-
cetivizine. In one embodiment, Compound 1, or a pharmaceutically acceptable salt thereof
(e.g. Compound 2) is combined with or admiunistered to a patient in combination with (+)-

cetirizine.
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[00535) In one embodiment, Compound 1, or a pharmaceutically acceptable sait thercof (e.g.
Compound 2) is combined with or administered to a patient in combination with inhaled
corticosteroids,

100536} In one embodiment, Compousid 1, or a phariiaceutically acceptable salt thereof (..
Comgiound 2) is combined with or administered to a patient in combination with beta2-

adrenergic recéptor agonists. In one embodiment, Compound 1, or a phannacentically

acceptable salt thereof (g.g. Compound 2) is combined with or administered fo 2 patient in

combination with short acting beta2-adrenergic receptor agonists. In one embodiment,
Compound 1, or a pharinaceutically acceptable salt thereof (c.g. Compound 2) is combined
with or administered to a4 patient in combination with long-acting beta2-adrenergic receptor
agonists.

100537] In any of the compositions, combinations, methods of treating or combination
méthods of treating describied herein Compound 2 is used. In more specific émbodiments,
Compound 2 is in Form C. Ini other specific embodiments, Compound 2 is in either Phase A
or Solvated Form B.

{00538] In any of the compositions, combinations, methods of treating or combination
niethods of treating described herein Compound 1 (free acid) is used. In fore specific
embodiments, Compound 1 is in crystalline form, Tn other specific embodiments,
Compound 1 is in amofphous phase,

[08539] In some eiibodiments described herein, methods for treatment of leukotriene-
dependent ot lenkottient mediated conditions or diseases includes adiministering to a patient
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) in
combination with leukotsiene receptor antagonists including, but are not limited lo,
CysLTi/CysLT; dual receptar antagonists, and CysL Ty receptor anatagonisis,
CysL.T,/CysLTy dual teceptor antagonists include, but are not haited to, BAY u9773,
Cuthbert ef ol EP 00791576 (published 27 Aug 1997), DUO-LT (Galczenskt et af, D38,
Posier F4 presented at American Thoracic Society, May 2002) and Tsuil er af, Org. Biomol.
Chem., 1,3139-3141, 2003. In one embodiment, for a particular patieni, the most
appropriate formulation or method of use of such combination treatments depends on the
type of leukotriene-dependent or leukotriene mediated disorder, the time period in which
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) acts to treat

the disorder and the time period in which the CysLTy/CysLT: dual receplor antagonist acts
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to inhibit CysL'T receptor activity. By way of example only, such combination treatments
are used for treating a patient suffering from a respiratory disorder,

100540} Tn. another embodiment described herein, methods for treatment of lenkotriene-
dependent or letkotriene mediated conditions or diseases includes administered to a patient
compounds, pharmaceutical compositions, or medicaments described herein in combination
with a CysL.T, receptor antagonist. CysLT, receptor antagonists include, but are not linited
to, zafiriukast, montehikast, prankulast, and detivatives or analogs thereof. In cne
embodiment, such combinations are used to treat leukotriene-dependent or leukotriena
mediated disorder, incloding respiratory disorders.

[00s41] In one embodinient, the co-administration of Compound 1, or a pharmaceutically
acceptable salt thereof (e.g. Compound 2) with'a CysLT, receptor antagonist or a dual
CysLT/CysL'T; receptor antagonist has therapeutic benefit over and above the benefit
derivéd from the administration of either Compound 1, or a pharmaceutically acceptable salt
thereof (e.g. Compound 23 or a CysL.T)R antagonist alone. In the case that substantial
inhibilion of letkotriene production has undesired effects, partial inhibition of this pathway
ihrough the amelioration of the effects of the proinflammatory L'TB, and cysteinyl
leukotrienes combined with the block of the CysLTy receptor and/or dual CysLT /Cysl.T;
recepior block affords substantial therapeutic benefits, particularly for respiratory diseases,
160542} Tn some embodiment described herein, are methods for treatment of lenkotriene-
dependent or leukotiiene mediated conditions or discases include administering to 4 patient
Compound 1, or a pharmaceutically acceptable salt thersof (e.g. Compound 2) in
combination with an anti-inflammatory agent. In certain embodiments, provided herein are
compositions comprising and methods of administering composiiions comprising
Compound 1, or a pharmaceutically acceplable salt thereof (e.g. Compound 2), and an anti~
inflammiatory agent. Anti~inflammatory agents include, by way of non-limiting example,
non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids {giucocorticoids).
(bu543] NSAIDs include, bat arc not limited to: aspirin, salicylic acid, gentisic acid, choline
magnesium salieylate, choline salicylate, choline magnesium salicylate, choline salicylate,
magnesium salicylate, sodium salicylate, diflunisal, carprofen, fenoprofen, fenoprofen
caleiumm, flurobiproten, ibuprofen, ketoprofen, nabutone, ketolorac, ketorolac tromethamine,
naproxen, oxaprozin, diclofenac, etodolac, indomethacin, sulindac, tolmetin,

meclofenamate, meclofenamate sodiwm, mefenamic acid, piroxicam, meloxicam, COX-2
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specific inhibitots (such as, but not limited to, celecoxib, rofecaxib, valdecoxib, parscoxib,
gtoricoxib, lumiracoxib, CS-502, ITE-522, 1.-745,337 and NS398).

{00544} Corticosteroids, mclude, but are not limited to! betamethasone (Celestone),
preduisons Deltasone), alelometasene, aldosterone, amcinonide, beclometasone,
tetamethasone, budesonids, ciclesonide, clobetasol, clobetasone, clocaoriolene, cloprednol,
corlisone, cortivazol, deflazacort, deoxycorticosterong, desonide, desoximetasone,
desoxycontoneg, dexamethasons, diflorasone, difliscortolone, difiupreduiate, ffuclorolone,
{ludrocortisone, flndrox yeortide, Humetasone, flurisolids, fluecitolone acetonide,
fluocinonide, fluocortin, fluocoriolone, fluorometholone, fluperolone, fluprednidens,
fluticasone, formocortal, halcinonide, halometasone, hydrocortisene/cottisol,
hydrocortisone aceponate, hydrocortisone buteprate, hydrocortisone butyrate, loteprednol,
medrysone, meprednisene, taethylprediisolone, methylprednisolone aceponate,
mometasone furoate, parsmethasone, prednicarbite, prednisone/prednisolons, rimexalone,
tixocortol, triameinolone, and ulobetasol.

(80545} Corticosteroids do not direetly inhibit leukotriene produgtion, therefore co-dosing
with steroids, in one embodiment, provide additional anti-inflammatory benefit.

100346) 1n another embodiment deseribed herein, methods for treatment of leukotriene-
dependent ér leukotriene mediated conditions or discases include administering to a patient
Compound 1, or a pharmaceutically acceptable salt theréof {e.g. Compound 2) in
combination with an anti-inflammatory agent including, but not limited to poly-unsaturated
Fatty acids (PUFAs} such as docosahexanoic acid (DHAY), eicosapentanoic acid (EPA) and
alpha-linolenic acid (ALA).

{00547] In cértain embodiments, the leukotriene-dependent or leukotriene mediated
condition or disease, e.g., a vespiratory discase, involvis eosinophilic, basophilic, and/or
mast cell inflammation. In specific emibodimerits, the eosinophilic, basophilic, and/or mast
celf inflammation is pulmonary inflanumation. I more specific embodiments, the
pulmonary inflammation is the result of a chronie inflammalory condition. In still moxe
specific embodiments, the ¢hronic inflanumatory disease is characterized by polsitonary
nflammation and airway hyperresponsiveness, e.g., asthma. Farthermore, leukotriene-
dependent or leukotriene mediated condition or disease is asthma, wherein leukotrienes may
be released from mast cells, eosinophils, and/or basophils. In certain embodiments, the
feukotrienes are involved in contraction of airway smooth muscle, an increase in vascular

perneability and muens secretions, and have been reported to dtivact and activate
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inflammatory cells in the aitways of asthmatics. Thus, in certain embodiment described
herein, the metheds for treatment of respiratory diseases include administering to a patient
Componad 1, or a pharmacgutically acceptable salt thereof {e.g. Compound 2) either alone
or in combination with an anti-inflatmmatory agent.
{00548} In another embodiment described herein, methods for {reatment of lewkotriene-
dependent or leukotriene mediated conditions or diseases include administering to a patient
Compound 1, or a pharmaceutically acceptable salt thercof (e.g. Compound 2) in
coriibination with NSAIDs and NO-doriors or NSAIDs and proton-pump inhibiters. In
further embodiments, provided herein are compositions comprising such agents and
methods of administerifig such compositions,

LGT Inhibitors
[00549) In one embodiment, Compound !, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2) is coinbined with or administered in combination with one or more agenis
thdt are inhibitors ofUDP-glucuronosyliransferase (UGT). UGT inhibitors include those
described in U.8, 2003/0215462; 15.S. 2004/0014648. In some embodiments, co-
administration of a UGT inkiibitor allows for lower doses of Compound 1, or &
pharmaceutically acceptable salt thereof (e.g. Compound 2) to be administered,
Diagnostic Methods for Patient Identification
[00550] The screening of “leukotriene-responsive patients™ which are selected for treatment
with Compound 1, or a pharmaceutically aceeptable salt thereof (e.g. Compound 2), or
pharmaceutical compositions or medicaments described herein, is accomplished using
techniques and methods deseribed herein. Such téchniques and methods include; by way of
example, evaluation of gene haplotypes (genotype analysis), monitoring/measurement of
biomarkers (phenotype analysis), monitdring/measurement of furictional markers
(phenotype analysis), which indicate patient response to modulators of the leukottiene
pathway, or any combination thercof,
Genotype Analysis: FLAP Polymorphisms
[60551] Human FLAP has been purified and cloned and is an 18§ kilodalion membrane-
bound protein which is most highly expressed in human neutvophils. The FLAP gene 1s
located at 13g12 and the gene has been linked to Increased risk for both myocardial
imfarction and stroke in several populations. A number of polymorphisms and hapiotypes in
the gene encoding FLAP have been identified in individuals (U.S. Patent Application

2005113408; Sayers, Clin. Exp. Allergy, 33(8):1103-10, 2003; Kedda, er af., Clin. Exp.
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Allergv, 35(3):332-8, 2005). In some cases polymorphisias in certain genes have been
demonsirated to correlate with responsiveness to given therapies. Therefore, i one
embodiment, patients whe are under consideration Zor freatiment with Compound !, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2), or drog combimations that
welnde Compound 1, or a phammaceutically acceptable salt thereof (e.g. Compound 2), are
screencd for potential responsivensss to treatment based on thetr FLAP polymomhisms, or
haplotypes (see alse WO 99/052942, herein incorparated by reforence).

jop332] Additionally, polymorphisms in any of the synthetic or signaling genes dedicated to
the leukotriene pathway could result in a patient who 1s more responsive or less responsive
to teukotrieng modulator therapy (cither FLAP ot 5-1.0 inhibitor or leukotriene receptor
antagonists). The genes dedicated to the leukotriene pathway are S-lipoxygenase, 5-
lipoxygenase-getivating protein, LTA4 hydrolase, LTCy synthase, LTB, recepior 1 {BLT)).
LTB4 receptor 2 (BLT)), cysteinyl leukotrienie receptor T (CysL.TiR), cysteiny} leukoiriene
recepior 2 (CysLT;R). For example, the 5-LO gene has been linked to aspirin infolerant
asthima and airway hyperresponsiveness (Chot THeer ol Hion Gener 11:1337-344 (2004);
Kim, St e al. Allerey 60:760-765 (2005). Genetie variants in the promoter region of 5-1.0
have been shown fo prediet elinical responses to a 5-1.O inhibitor in asthmatics (Drazen ef
al, Nanuve Genetics, 22, pl168-170, (1999), The LTC, synthase gene has been linked to
atapy and asthma {Moissidis T er of. Gener Med 7:406-410 {2003). The CysL.T; receptor has
been linked to asthma and atopy (Thompson MD et @l. Pharmaecogenetics 13:641-649
(2003); Pillai SG er al. Pharmacogenetics 14:627-633 (2004); Park IS ef al. Pharmacogenet
Genomics 15:483-492 (2005); Fukai H ¢f al. Pharmacogeneies 14:683-690 (2004}, Any
polymoarphisms in any leokotriene pathway gene or combination of polymorphisms ot
haplotypes may result in altered sensitivity of the patient to therapy aimied at veducing the
pathological effects of leukotriencs. In one embodinment, selection of patients who best
respoad (o the leukotriene modulator therapies described herein s based, in part, on
konowledge of polymorphisms in the feukotriene pathway genes and also knowledge of the
expression of leukotriene-driven mediators. In one embodiment, patient selection is made
on the basis of feukotricne pathway genotype alone, phenotype alone (biomarkers or
fouctional markers) or any combination of genotype aud phebotype.

100333] Several varants of the FLAP gene have been reported to correlate with the incidence
of myocardial infarction in patients (Hakounacson, JAMA, 293(18):2245-56, 2005), plus

FLAP gene markers reportedly associated with the risk for developing asthma have been
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described in U.S. Patent No. 6,531,279, Methods for identifying FLAP sequence variants
are described, e.g., in U.S. Publication No. 2005/0113408, and in U.S. Patent No.
6,531,279, incorporated herein by reference berein in their entirety.

[00554) In one cmbodiment, detecting haplotypes is accomplished by methods for detecting
sequences at polymorphic sites, and therefore pationis are sclected using genotype selection
of FLAP, 5-LO or other leukotriene pathway gene polymorphisims. In one embodiment, the
presence or absence of a leukotriene pathway gene polymorphism or haplotype is
determined by various methods, inchiding, for éxample, using enzymatic amplification;
restriction fragment length polymorphism analysis, nucleic acid sequencing, electrophoretic
analysis of nucleic acid from the individual, or aty combination thereof. In certain
embodiments, determination of 2 SNP or haplotype identifies patients who will respond to,
or gain benefit from, treatnient with a FLAP inhibitor. By way of example, methods of
diagnosing a susceptibility to myocardial infarction or stroke in an individual, comprises
determining the presence or absence of certain single nucleotide polymorphisms (SNPs) or
of certain haplotypes, wherein the presence of the SNP or the haplotype is diagnostic of
susceptibility to myocardial infarction or stroke.

Pheuotype Analysis: Biemarkers

[00535] In one embodimenti, patients who are under consideration for treatment with
Compound 1, or a pharmacentically acceptable sali thereof (e.g. Compound 2), or drug
combinations thereof, are sereened for potential responsiveness to treatment based on
leukotriene-driven inflammatory biomarker phesiotypes.

1005561 In one embodiment, patient screening based on leukoiriene-driven inflammatory
biomarker phenotypes is used as an altemative to, or it is complimentary with, patient
screening by leukotriene pathway gene haplotype detection. The term “biomarker” as used
herein refers to a characteristic which is measured and evaluated as an indicator of normal
biological processes, pathological processes, or pharmacological responses to therapeutic
intervention, Thus a biomarker is any substance, structure ov process which is measored in
the body, or its products, and which influences or predicts the incidence of outcome or
disease. Biomarkers are classified into markers of exposure, effect, and sasceptibility.
Biomarkers are physiologic endpoints, by way of example blood pressure, or they are
analytical endpoints, by way of example, blood glucose, or cholesterol concentrations.
Techniques, used to monitor and/or measure biomarkers include, but are not limited 1o,

NMR, LC-MS, LC-MS/MS, GC-MS, GC-MS/MS, HPLC-MS, HPLC-MS/MS, FT-MS, FT-
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MS/MS, ICP-MB, ICP-MS/MS, peptide/protein sequencing, nucleic acid sequencing,
¢lectrophoresis techniques, immuno-assays, imimuno-blotting, in-site hybridization,
fluorescence in-sifi hybridization, PCR, radio<immuno assays, and enzyme-imniimo assays,
Single nucleotide polymorphisms (SNPs) have also been usefal for the idéntification of
biomarkers for propensity to certain diseases and also susceptibility or responsiveness lo
drugs such as chemotherapeutic agents and antivival agents. In one embodiment, these
technigues, or any combination thereof, are used io screen patients for leukotriene-
dependent or leukotriene mediated diseases or conditions, wherein such patients are
beneflicially treated with Compound 1, or a pharmiaceutically acceptable salt thereof (e.g.
Compound 2), or drug combinations deseribed herein.

j00557} By way of exaniple only; patients are sclected for treatment with Compotnd 1, or a
pharmaceutically acceptable salt thereof (e.g. Componnd 2), or drug combinations described
herein by séreening for enhanced inflamimatory bloed biomarkers such:as, but not Hmited
{o, stimulated LTBy, LTCy, LTE,, myeloperoxidase (MPQO), eosinophil peroxidase (EPQY),
C-reactive protein (CRP), soluble intracellular adhesion molecule (sSICAM); monocyte
chemoattractant protein (MCP-1), monocyte inflammatory protéin {MIP-1c), interléukin-6
(IL.-6), the TH2 T ccll activators interleukin 4 (IL-4), and 13 {IL-13) and other
inflammatory cytokines. In certain embodiments, patients with inflammatory respiratory
diseases, including but not limited to, asthma and COPD, are selected as those most likely
to be responsive to Jeukotriene synthesis inhibition using Compound 1, or &
phanmaceuntically acceptabie sait thercof (e.g. Compound 2), by using a panel of leukotriene
driven inflammatory biomarkers.

Phenctype Analysis: Functional Markeérs

{00558} In one embodiment, paticnts who are under consideration for treatment with
Compound 1, or a pharmacentically acceptable salt thereof (e.g. Compound 2), or drug
combinations described herein, are screened for response to known modulators of the
leukotriene pathway. [n one embodiment, patient screening by evaluation of functional
markers as indicators of a patient’s response to known modulators of the leukotriene
pathway are used as an alternative to, or it is complimentary with, patient screening by
leukotriene pathway gene haplotype detection (genotype analysis) and/or
monitoring/measurement of teukotriene-driven inflammatory biomarker phenotypes.

Functional markers include, but are not limited to, any physical characteristics associated

104




30

with a leukotriene dependent condition or disease, or kiowledge of carrent or past drig
{reatment regimens.

{00559f By way of exaniple only, the evaination of hung volume and/or function are used as
a functional marker for leukotriene-dependent or leukotriene mediated diseases of
conditions, such as respiratory diseases. In one embodiment, lung function {ests are used to
sereen palients, with such leukotrienc-dependent or leukotriene mediated diseases o
conditions, for treatment using Compouind 1, or 2 pharmaceutically acceptable salt thereof
{e.g. Compound 2}, or pharméceutical compositions or medicaments thereof, Such tests
inciude, but are not limited o, evaluation of lung volugmes and capagities, such as tidal
voluriie, inspiratory reserve volume, expiratory reserve voluae, residual volume, inspiratory
capacity, fudctional residual capacity, vital capacity, total lung capacity, respiratory minute
volume, alveolar ventilation, timed vital capacity, and ventilatory capacity. Method of
measurement of ling volumes and capacities include, but are not limited to, magimuin
expiratory flow volume curve, forced expivatory volume in 1 sec, (FEV1), peak expiratory
flow rate. {n addition, other lang function tests used as functional markers for patient
svaluation described herein include, but are not limiled to, respivatory muoscle power,
maxinyum inspiratory pressure, maximum expiratory pressure, iransdiaphragmatic pressure,
distribation of ventilation, singls breath nitrogen test, pulionary nitrogen washont, and gas
transfer,

0560} Additionally, the knowledge of a patients past or currenl ireatment regimen is used
as a functional marker to assist in screening palients for treatment of leukotriene dependent
conditions or diseases using Compound i, or a pharmacettically acceptable salt thereof (e.g.
Compouond 2), or pharmaceutical compositions or medicaments thereof. By way of example
onty, such treatment regimens inchide past or current {reatment using zileuton, montetukast,
pranlukast, zafirlokast;

[00361] Also, patients who are under consideration for treatment with Compound §, ora
pharmaceutically acceptable salt thereof (e.g. Compound 2), or drug combinations described
herein, are sereened. for functional markers which include, but are not limited to, reduced
cosinophil and/or basophil, and/or nentrophil, and/or monocyte and/or dendritic cell and/or
lymphocyle recruitment, decreased mucosal secretion, deereased mucosal edema, and/or
increased bronchodilation.

[00562) In certain embodiments, a patient sample is analyzed for leukotrienc gene

haplotypes, by way of example only, FLAY haplotypes, and the information obtained
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identifies & patient in need of lreatment using various treatment methods. Such treatmaent
methods inclide, but ave not fimited to, administering a therapeutic effective amount of
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2), or
pharmaccutical composition or medicament thereof, alone or in combination with a
therapeutic sffective amount of a leukotriene receptor antagonist (by way of example,
CysLT/Cysl T, antagonist or CysLT, antagonist). In other embodiments a patient saniple is
analyzed for leukotriene gene haplotypes, by way of exaniple onty, FL.AP haplotypes,
and/or phenotype biomarkers, and/or phenotype functional marker responses to leukotriene
modifying agents. In ong embodiment, the patient is then {reated using various freatment
methods. Such treatment methods incluide, bt are not Himited to, administering a therapeutic
effective amount of Compound 1, or a pharmacentically acceptable salt thereof (2.g.
Compound 2}, or pharmaceutical composition or medicament thereof, alone ot in
combination with a therapeutie effective amowat of a leukotriene receptor antagomst (by
way of example, CysLT)/CysL T, antagonist or CysLT; antagenist), or another anti-
inflammatory agent. In siill other embodiments a patient sample is analyzed for leukotriene
gene haplotypes, by way of example only, FLAP haplotypes, and phenotype biomarkers,
and phenotype functional marker responses to leukotriene modifying agents. In one
embodiment, the patient is then freated using various treatment methods. Such treatment
methods inchude, but are not limited to, administering a therapeutic effective amouat of a
FLAP inhibitor, or pharmaceutical composition or medicament which inciudes a FLAP
inhibitor, administering a therapentic effective amoant of a FLAP inhibitor, or
pharmaceutical composition or medicament which includes a FLAP inhibitor, in
combination with a therapeutic effective amount of a leukotriene receptor antagonist (by
way of example, CysLT/Cys.T; antagonist or CysL.Ty antagonist), or admimisiering a
therapeutic effective amount of a FLAP inhibitor, or pharmaceutical composition or
nedicament which includes a FLAP inhibitor, i combination with a therapeutic effective
arpount of another auti-inflammatory agent.

Kits/Articles of Manufacture

[00563} For use in the therapentic methods of use described herein, kits and articles of
manunfacture are also described hercin, Such kits include a carrier, package, or container that
15 compartmentalized to receive one or more containers such as vials, tubes, and the like,
each of the container(s) comprising one of the separaie elements 1o be used in a method

described herein. Sultable containers include, for example, botiles, vials, syringes, and test
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tubes. In one embodiment, the containers are formed from a variety of materials such as
glass or plastic.

00364} The articles.of manufacture provided herein contain packaging naterials: Packaging
waterials for use in packaging pharmaceutical products inchude, e.g., U.S. Patent Nos,
5,323,997, 5,052,558 and 5,033,252, Examples of pharmaceutical packaging materials
include, byt are not limited to, blister packs, bottles, tubes, bags, containers, bottles, and any
packaging material suitabie for a s¢lected formulation and intended mode of administration
and treatment. A wide amray of forraulations of the compounds and compositions provided
herein are contemplaled as are a variety of treatments for any disease, disorder, or conditien
that would benefit by inhibition of FLAP, or in which FLAP is 2 mediator or contributor to
the symptoms or canse:

[00565] For example, the container(s) include Cempound 1, or a pharmaceutically
acceptable salt thereof (e.g. Componnd 2), optionally in a composition or in combination
with another agent as disclosed herein. Such kits optionally include an identifying
deseription or label or instructions relating to its use in the methods described herein.
(0se6] A kit typically includes labels listing contents and/or instructions for use, and
package iserts with ingtructions for use. A set of instructions will also typicaily be
inchaded.

(09567} In one embodiment, a label is on or associated with the container. In one
embodiment, a labg] Is on g container when leiters, numbers or other characters forming the
tabel ave attached, molded or etched into the container itself) a label is associated with a
container when it is present within a receptacle or carrier that also holds the container, e.g.,
as a package ingert: In one embodiment, a label is used t indicats (hai the contents are o be
nsed for a specific therapeunlic application. The label ajso indicates directions for use of the
conhtents, such as in the methods described herein.

[00568) Tn certain embodiments, the pharmaceutical compositions are presented in a pack or
dispenser device which contains one or more unit dosage forms containing a compound
provided berein. The pack, for example, contains metal or plastic foil, such as a blister pack.
In one embodiment, the pack or dispenser device is accompanied by instructions for
administration. In one embodiment, the pack or dispenser is also accompanied will a notice
assoctated with the container in form prescribed by a governmental agency regulating the
manufacture, use, or sale of pbarmaceuticals, which notice is reflective of approval by the

agency of the form of the drug for human or veternary administration. Such notice, for
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example, is the labeling approved by the U.S. Food and Drug Administration for
prescription drugs, or the approved product insest. In one émbodiment, compositions
containing a compound provided herein formulated in a compatible pharmaceutical carrier
are also prepared, placed in an appropriate container, and labeled for treatment of an
indicated condition.

(00369} 1t is to be understood that as used herein, pharmaceutical compositions described as
comprising a pharmaceutically acceptable salt described herein, e.g., liguid solutions,
encompass pharmaceutical compositions comprising the associated and/or disassociated
forms of the salt. Thus, for exampie, a pharmaceutical composition described herein
comprising an agieous solution of Compound 2 encompasses a composition comprising a
population of soditin cations uad a population of 3-{3~(tert-butylsulfanyl)-1-f4-(6-ethoxy-
pyridin-3-yhbenzyl]-5-(5-methyl-pyridin-2-yl-methoxy)- 1 H-indol-2-y1}-2.2-dimethyl-~

propionate anions.

EXAMPLES
Abbreviations
AUC area under the curve
COs> carbon dioxide
CsCO; cestum carbohate -
- DME dimethoxyethane
DMF | dimethylformamide
DMSO dimethylsulphoxide
dppf diphenylphosphinoferrocene
DSC Differential scanning calorimetry
DIT dithiothreitol
Ei;N triethylamine
BCG Blectrocardiography
EDTA ethylenediaminetetraacetic acid
cq equivaleni(sy
EtOAc ethylacetate ]
F1OE ethanol
_HC} hydrochloric acid
H.O water -
HPLC high performance liquid chromatography
ICP-AES Inductively coupled plasma atomic emission spectroscopy
KOH potassium hydroxide
LCMS _ liquid chromatogrpahy mass spectrometry
MeQOIF methane]
MTBE methyl tert-butyl ether
- MgSO; magnesium sulfatc
NaOH sodium hydroxide
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____ NayCO;4 sodium carbonate Ty
NMR nuclear magnetic resopance ]
ppm ___ parts per million
PD pharmacodynamies B
PK pharmacokinetics

. RH Relative humidity B
SD Standard deviation -

N TELE tetrahydrofuran
TGA Thermogravimetric Analysis
LLE Thin layer chromatography
TRIS Tromgthamine .
VIW Volume/weight

{00570] The following ingredients, formulations, processes and procedures for practicing the
methods disclosed herein correspond to that described above. The procedures below

describe with particularity illustrative, non-limiting embodinient of formulations that

wn

include a Compournd 1, or a pharmaceutically acceptable salt and/or solvate thereof, and
pharmacokinetic profiles and pharmmacodynamic effects thereof, By way ot example only,
Compound 1 is optionally prepared ds outlingd in US 2007/0105866, or as outlined herein.

Example 1: Synthesis of Compound 1, esters, solvates, salts. and polymorphs thereof.

Step 1: Synthesis of 2-Chloromethyl-S-methyl-pyridine hydrochloride
10 Step 1-1: Synthesis of 2,5-Dimethyi-pyridine I-oxide
S
L
h0571] 2,5-Lutidine (1419g) was dissolved in chloroform (13.5L) and cooled to below
10°C. m-Chloroperoxybénzoic acid {70%, 3354.21g) was added portion-wise to maintain
the temperatuve at below 10°C, and then the reaction was warmed 1o room temperature and
15 stirred ovemnight, Once no starting material was seen by tle analysis, the mixture was cooled
to 10°C and quenched with aqueous 20% sodivm hydroxide (2.5L to 3L) dropwise while
mamtaining a temperatare below 20°C, which resulled in the formation of a very thick
suspension. The mixture was stirred for 30 minutes and then allowed to separate, Water
(5L) was added, the organic layer was separated, and the aqueous layer was extracted twice
20 with chloroform (4L). The combined organic layers were washed with aqueous 1% sodium
hydroxide, followed by aqueons 1N hydrochloric acid, and then concentrated under vacuum
lo give the desired product (1365g).

Step 1-2: Synthesis of (8-Methyl-pyridin-2-yi)-methanol
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100572] To acetic anhydride (1.61L) at 90°C was added 2,5-dimethyl-pyridine 1-oxide (1000g)
dropwise over 3 hours, maintaining a temperature between 90-100°C. The reaction was stirred at
90°C for 1.5 hours, and then cooled with stirring overnight. The mixture was slowly poured into
aqueous 25% NaOH (3L) over 4 hours, and then CH;Cl; (8L) and H,O (8L) were added, and the
mixture was allowed to separate for 2 days. The aqueous layer was separated and extracted
separately with CH,Cl, and EtOAc, and the combined organic layers were concentrated to
dryness. The crude material was applied to the top of a pad of silica {~1kg) and eluted with
EtOAc until no product was observed in the eluant. The filtrate was concentrated under vacuum
to give the desired product (320g).
Step 1-3: Synthesis of 2-Chloromethyl-5-methyl-pyridine hydrochloride

=

l N/ Cl
HCH

[80573] To (5-methyl-pyridin-2-yl)-methanol (310g) in CH,Cl; (1.2L) was added thionyl chloride
(200mL) dropwise over 1.5 hours. The reaction was stirred for 2 hours, and then concentrated
under vacuum. EtOAc (1L) was added, and the mixture was again concentrated to dryness.
Additional BtOAc (1.5L) was added, and the suspension was stirred for 30 minutes and then
filtered to isolate the desired product as a solid, which was dried under Na.
Scheme 2: Preparation of 5-fert-Butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid ethyl ester

1 LDAO THF D

\l)L T8 C]MOA\ _ Bp
2 Cl EtOH/H,0
FC' 0°C

o 0
: 1BuSH, NEt j\
o 2 Sl T
o THF h

0°C

Step 2-1: Synthesis of 4-Chloro-2,2-dimethyl-pent-4-enoic acid ethy! ester
0

Cl NO’/\

[00574} Diisopropylamine (1.25eq) was added to a reaction flask containing THF (10.0-fold, V/W
of ethyl isobutyrate) under N,. The mixture was cooled to less than -70°C, and n-butyllithium
(2.7M; 1.14eq) was added to the reaction mixture while the temperature was maintained at less

than -65°C. The reaction mixture was slowly warmed to room temperature and then stirred for 2
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hours under N». The reaction mixture was then cooled to less than -70°C, and ethyl isobutyrate
(1.0eq) was added, followed by 2,3-dichloro-1-propene (1.09eq), while the temperature was
maintained at less than ~70°C. The reaction was allowed to warm to room temperature and
stirred overnight under N,. The reaction was then quenched with ice water (10.0-fold, V/W of
starting material), and the pH adjusted to pH 7 with aqueous 6M HCI. The organic layer was
separated, washed twice with brine, and dried over Na;SO4. The solvent was removed in vacuo
and the product was taken on to the next step without further purification.

Step 2-2: Synthesis of 5-Bromo-2,2-dimethyl-4-oxo-pentanoic acid ethyl ester

0
Br/\[(><‘k o >
O

[00575) 4-Chloro-2,2-dimethyl-pent-4-enoic acid ethyl ester (1.0eq) was added to a reaction flask
containing EtOH (4.4-fold, V/W of starting material) and H,O (3.2-fold, V/W of starting
material) under N,. The reaction mixture was cooled to less than 0°C, and bromine (1.02cq) was
added to the reaction mixture while the temperature was maintained at less than 0°C. After
agitating for 2 hours, the reaction was checked for completion by NMR, Since no starting
material was scen by NMR analysis, the reaction was diluted with cold water (10.0-fold, V/W of
starting material) and stirred for 5-10 minutes, The organic layer (on the bottom) was separated,
with the aqueous layer was extracted with CH,Cl, until no product was seen in the aqueous layer.
The combined organic layers were then washed with agueous 5 % Na,COj; (6-fold, V/IW of
starting material) and brine (3.0-fold, V/W of starting material). The organic layer was dried
over NaySO4 and concentrated in vacuo to give the desired product,

Step 2-3: Synthesis of 5-rert-Butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid cthyl ester

NP N
(0]

00576) To a reaction flask containing THF (5.0-fold, V/W of starting material) was added 5-
bromo-2,2-dimethyl-4-oxo-pentanoic acid ethyl ester (1.0eq) under N,. The mixture was cooled
to a temperature of -5-0°C, and a solution of 2-methyl-2-propanethiol (1,2eq) and triethylamine
(1.25eq) was added while maintaining the temperature below 0°C. The reaction was stirred at
room temperature for 25 hours, and then hexane (3.0-fold, V/W of starting material) was slowly
added. After agitating for 30 minutes, the solid material was removed by filtration and washed
with 50% EtOAc/hexane solution. The filtratc was concentrated under reduced pressure to give

the desired product, which was taken on to the next step without further purification.
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Scheme 3: Preparation of 3-[3-tert-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl}-5-(5-
methyl-pyridin-2-ylmethoxy)-1H-indol-2-yl]-2,2-dimethyl-propionic acid, sodinm salt

-~ \@ Br N /°\©\ HCl O -
NHz  NEty, toluene n-NH2 HOAc, NaOAc

N 105°C toluene
l =
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Step 3-1: Synthesis of N-(4-Bromo-benzyl)-N-(4-methoxy-phenyl)-hydrazine Hydrochloride
- NH2
Br
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[00577] 4-Methoxyphenylhydrazine hydrochloride (1.0eq) was added to a reaction flask
containing toluene (16.5-fold, V/W of starting material) under N,. 4-Bromobenzyl bromide
(1.05eq) and triethylamine (2.1¢q) were added, and the mixture was heated to 100-105°C and
stirred for 3 hours. The reaction was then cooled to room temperature and checked by analytical
tle for completion. Since no starting material was seen by tlc analysis, the reaction was diluted
with EtOAc (10.0-fold, V/W of starting material) and agitated for 1.5 bours. The mixture was
filtered to collect the solid product, which was subsequently washed with toluene and dried under
vacuum at 60-65°C, EtOAc (10.0-fold, V/W of starting material) was then added to the product
and the mixture was agitated well, The pH of the solution was adjusted to pH 2 with saturated
HCI/EtOA¢ solution and further agitated for 1 hour. The solid was then collected by filtration,
washed with cold EtOAc, and air dried. The product was taken on to the next step without
further purification.

Step 3-2: Synthesis of 3-[1-(4-Bromo-benzy))-3-tert-butylsulfanyl-5-methoxy-1H-indol-2-yl}-
2,2-dimethyl-propionic acid ethyl ester

N
~ N
\_/

Br
[00578} N-(4-Bromo-benzyl)-N-(4-methoxy-phenyl)-hydrazine hydrochloride (1.0eq) was added
to a reaction flask containing toluene (10.0-fold, V/W of starting material) under Nj. Acetic acid
(5.0-fold, V/W of starting material) was added, followed by S-tert-butylsulfanyl-2,2-dimethyl-4-
oxo-pentanoic acid ethyl ester (1.05eq) and sodium acetate (2.3eq), and the reaction mixture was
stirred at room temperature for 4 days. Cold water (15.0-fold, V/W of starting material) was then
added to the reaction, and the mixture was agitated for 30 minutes. The organic layer was
separated, and the aqueous layer was extracted with toluene (2.0-fold, V/W of starting material)
to recover additional product. The combined organic layers were washed with water and brine,
dried over Na,SOys, and concentrated under reduced pressure. A slurry of the crude material was
made in MeOH (5.0-fold, V/W of starting material), and the mixture was cooled to 0-5°C for 4
hours. The solid was collected by filtration and washed with cold methanol, and the isolated
material was dried under reduced pressure at 28-30°C.
Step 3-3: Synthesis of 3-[1-(4-Bromo-benzyl)-3-tert-butylsulfanyl-5-hydroxy-1H-indol-2-yl}-
2,2-dimethyl-propionic acid ethyl ester
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[00579] To a reaction vessel containing CH,Cl; (3.3-fold, V/W of starting material) was added 3-
[1-(4-bromo-benzyl)-3-teri-butylsulfanyl-5-methoxy-1 H-indol-2-yl]-2,2-dimethyl-propionic acid
ethyl ester (1.0eq) under N,. 2-Methyl-2-propanethiol (7.80eq) was added to the mixture, and the
reaction was cooled to a temperature of -5-0°C. While maintaining the reaction mixture at Jess
than 0°C, aluminum chloride (3.30eq) was added portion-wise, and the reaction was stirred at 0-
5°C for 2 hours. Once no starting material was seen by tlc analysis (5% EtOAc/hexanes), the
reaction was warmed to room temperature and guenched with ice-water (6.5-fold, V/W of
starting material). The mixture was acidified to pH 2 with aqueous 2.0M HClI, and the organic
layer was separated. The aqueous layer was extracted with CH,Cl, to recover remaining product,
and the combined organic layers were washed successively with aqueous 1.0M HCI, water, and
brine, and concentrated in vacuo. EtOAc (1.0-fold, V/W of starting material) was added to the
crude material, and the mixture was heated until all the product was in solution, The flask was
gradually cooled to 0-2°C, and hexane (11.0-fold, V/W of starting material) was slowly added.
The mixture was agitated for 2 hours, and the precipitate was isolated by filtration and dried
under vacuum to give the desired product.
Step 3-4: Synthesis of 3-{3-fert-Butylsulfanyl-5-hydroxy-1-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaberolan-2-yl)-benzyl]-1H-indol-2-yl}-2,2-dimethy}-propionic acid ethyl ester
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[00580] 3-[1-(4-Bromo-benzyl)-3-tert-butylsulfanyl-5-hydroxy-14-indol-2-y11-2,2-dimethyl-
propionic acid ethyl ester (1.0eq), bis(pinacolato)diboron (1.10¢q), and potassium acetate (3.0eq)
were disselved in DMF (10.0-fold, V/W of starting material} under N,. The solution was sparged
with N, for 30 minutes with stirring, and then Pd{dppf)Cly (0.057eq) was added, and the mixture
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was sparged with N, for an additional 15 minutes with stirring. The reaction was then heated fo
80-85°C under N, for 2 hours. Once no starting matcrial was seen by tle analysis (7%
EtOAc/hexanes), the reaction was cooled to room temperature and diluted with H>O (12.0-fold,
V/W of starting material). The mixture was extracted with MTBE until no product was observed
in the aqueous layer. The combined organic layers were washed twice with HyO (10.0-fold, V/W
of starting material) and once with brine (6.0-fold, V/W of starting material), dried over Na;SOa,
and then filtered through a pad of silica (2.0-fold, V/W of starting material, prewashed with
MTBE). The pad of silica was washed with MTBE until no product was observed in the filtrate,
and the solvent was removed in vacue to give the crude material. The solid was dissolved in
EtOAc (0.85-fold, V/IW of starting material) and stirred for 30 minutes, and then cooled to 0-2°C.
Hexane {10.0-fold, V/W of starting material) was slowly added over 30 minutes, and the
suspension was stirred for an additional 3 hours at 0-2°C. The precipitate was isolated by
filtration, washed with 50% EtOAc/hexanes, and dried under vacuum at 30-35°C to give the
desired product.

Step 3-5: Synthesis of 3-{3-fert-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl}-5-
hydroxy-1H-indol-2-y1}-2,2-dimethyl-propionie acid ethyl ester

[00581) To a stirring mixture of DME (16.5L) and H;0 (6.6L) in a SOL reaction flask under N
was added 3- {3-fert-butylsulfanyl-5-hydroxy-1-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-
y1)-benzyl]-1H-indol-2-yl1}-2,2-dimethyl-propionic acid ethyl ester (1652.19g), 5-bromo-2-
ethoxypyridine (650.30g), and potassium carbonate (605.03g). The mixture was sparged with N,
for 30 minutes to remove dissolved O, and then tetrakis(triphenylphosphine)palladium{0}
(59.15g) was added, and the reaction mixture was heated to 65-85°C over 2 hours and stirred at
65-85°C under Ny for 19 hours. Once no starting material was scen by tlc analysis, the reaction
was cooled to 40°C and H,O (6.6L) was added. EtOAc (6.6L) was added, and the mixture was
agitated for 20 minutes and then allowed to separate over 1.5 hours. The aqueous layer was
separated, and additional H,O (6.6L) was added to the organic layer. The mixture was agitated

for 2 minutes and then allowed to separate over 1 hour, with additional EtOAc (1.4L) added to
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facilitate phase separation. The aqueous layer was separated, and the two aqueous layers were
combined. EtOAc (5.0L) was added to the combined aqueous layer, and the mixture was
agitated for 3 minutes and allowed to separate over 2 minutes. The aqueous layer was separated,
and the two organic layers were combined and treated with activated carbon, Novit Neotral
(446.43g). The mixture was stirred for 17 hours at room temperature, and then filtered through a
1-2” pad of Celite. The reaction flask was rinsed twice with EtOAc (1.25L) and filtered through
the pad of Celite, and the filtrate was concentrated to give the crude material. MTBE (8.2L) was
added to the solids, and the mixture was agitated for 1.5 hours and filtered. The flask was rinsed
with MTBE (1L) three times and then filtered through the filter cake. The isolated solids were
dried in a drying oven at 25°C under vacuum for 3 days to give the desired product (1314g).
Step 3-6: Synthesis of 3-[3-fer+-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-
methyl-pyridin-2-ylmethoxy)-1H-indal-2-yl}-2,2-dimethyl-propionic acid ethyl ester

2 ol
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[00582] 3-{3-tert-Butylsulfanyl-1-{4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-hydroxy-1H-indol-2-yl}-
2,2-dimethyl-propionic acid ethyl ester (1313.2g) was dissolved in MeCN (20.0L) in a 50L
reaction flask under N2, and the mixture was stirred and heated to 30-40°C. Cesium carbonate
(2118.67g) was added, followed by 2-chloromethyl-S-methylpyridine hydrochloride (497.17g),
and the temperature was increased to 70-80°C over 2 hours. After heating at 70-80°C for 4 hours,
no starting material was seen by tle analysis, and the mixture was cooled to 55°C and
concentrated. The residue was dissolved in CH,Cl; (2L) and H,0 (2L) and transferred to a flask
containing CH,Cl, (4L) and H,0 (4L). The original flask was rinsed twice with CH,Cl; (2L) and
H,0 (2L), and the combined material was then diluted with an additional 3L of CH,Clyand 6L
H,0 to a total volume of 13L CH;Clyand 16L HoO. The mixture was agitated for 10 minutes and
allowed to separate over 10 minutes. The organic layer was separated, and additional CH,Cl,
(9L) was added to the aqueous layer. The mixture was agitated for 6 minutes and allowed to
separate over 5 minutes. The organic layer was separated, and the two organic layers were
combined and treated with activated carbon, Novit Neutral (433.07g) and silica gel, thiol
derivatized (91.17g). The mixture was stirred for 17 hours at room temperature, and then filtered
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through a 1-2” pad of Celite. The flask was rinsed with CH,Cl, (2.6L) and filtered through the
pad of Celite, and the filtrate was concentrated to give the crude material. EtOH (9.2L) was
added to the solids, and the mixture was stirred slowly for 17 hours and filtered. The isolated
solids were dried in a drying oven at 45°C under vacuum for 2 days to give the desired product
(1459.4¢).

Step 3-7: Synthesis of 3-[3-zert-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-
methyl-pyridin-2-ylmethoxy)-1H-indol-2-yl]-2,2-dimethyl-propionic acid, sodium salt

/

\
/0
[00583] 3-[3-teri-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-pyridin-2-
ylmethoxy)-1H-indol-2-yl1}-2,2-dimethyl-propionic acid ethyl ester (1298.9g) was dissolved in
EtOH (5.2L) and THF (2.6L) in a 50L reaction flask. 50% Sodium hydroxide solution (148.48g)

was added, and the mixture was stired and heated to 66-75°C over 1.5 hours. After heating at

#
N

66-75°C for 16 hours, the reaction was analyzed by tle to determine whether starting material was
still present. 50% Sodium hydroxide solution was added in ~1% increments until the reaction
was complete by tle analysis, which resulted in the addition of an additional 1.56g of 50%
aqueous sodium hydroxide solution. The reaction was then filtered through a 90mm 1 micron
filter membrane, and the filtrate was concentrated to give the product (1344.3g).
Step 3-8: Polymorph Control of 3-[3-tert-Butylsulfanyl- 1-[4-(6-ethoxy-pyridin-3-yl)-
benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)-1H-indol-2-y1]-2,2-dimethyl-propionie acid,
sodium salt
{006584] MTBE (10.6L) was filtered through a 1 micron filter membrane into a SOL reaction flask.
3-[3-tert-Butylsultanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)-
1H-indol-2-yl]-2,2-dimethyl-propionic acid, sodium salt (1324.3g) was added, and the mixture
was heated to 53-55°C for 5 hours with stirring. The solids were then isolated by filtration and
dried under vacuum at room temperature for 5 days to give the product {1161.4g) as Form C.
Polymorphs of sodinm 3-[3-(tert-butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-yl)benzyl]-5-(5-
methyl-pyridin-2-yl-methoxy)-11-indol-2-yl]-2,2-dimethyl-propionate
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[00585] 3-[3-tert-Butylsulfanyl-1-{4-(6-ethoxy-pyridin-3-yl)-benzyl}-5-(5-methyl-pyridin-2-
ylmethoxy)-1H-indo!-2-y1]-2,2-dimethyl-propienic acid, sodium salt is a white to off-white
crystalline powder with pKa values of 3.45, 4.71, and 5.82 and a log PO/W of 5.9. At least three
polymorphic forms have been characterized, which are labeled as Amorphous Phase A,
crystalline Form B (solvated) and crystalline Form C (desolvated). Form C is physically and
chemically stable, crystalline, non-hygroscopic, and desolvated. In one aspect, Polymorph Form
B and Polymorph Form C are obtained by crystal formation (whether by a crystallization, solid-
to-solid transformation or ctystalline inter-conversion) from methyl tert-butyl ether (MTBE).
[00586] Form B is obtained from MTBE solutions wherein a protic co-solvent (such as for
example H,O or EtOH) is also present during the crystal formation (whether by a crystallization,
solid-to-solid transformation or crystalline inter-conversion) event. In one aspect, the protic co-
solvent is present in the MTBE solvent. In other aspects, the protic co-solvent is carried forward
from the hydrolysis reaction (i.e. hydrolysis of the ester).
[00587] Form C is obtained by ensuring removal (dehydration} of any protic co-solvents during
the isolation from MTBE. The use of a re-suspension of the crude final material along with
heating in anhydrous MTBE is intended to ensure that protic solvents are removed (thereby
pushing the ¢rystal form to form C).
[00588) In the event that form B is formed during the final crystal formation event, form B can be
converted to form C through the suspension/heating in anhydrons MTBE (with the crystalline
inter-conversion presumably proceeding through a process of dehydration).
Preparation of sodium 3-[3-(tert-butylsulfanyl)-1-[4-(6-cthoxy-pyridin-3-yl)benzyl]-5-(5-
methyl-pyridin-2-yl-methoxy)-1H-indol-2-yl]-2,2-dimethyl-propionate, Form B:
100589) Amorphous Phase A (50 mg) was dissolved in 200 ul of isopropy! alcohol with controlled
heating. The resulting solution was left to cool down to room temperature, with crystals forming
after about an hour. Both the XRPD pattern and the DSC thermogram of the isolated crystals
matched that of crystalline form B.

Amorphous Phase A.
[00590]) Amorphous Phase A is chemically stable, amorphous and hygroscopic. Hygroscopicity
was assessed by GVS, and the amorphous material adsorbed more than 20% of water at 90%RH.
The TGA for the amorphous material showed a weight loss of 4.6% at low temperatures and the
DSC experiment showed a phase change to the more stable crystalline form.

Polymorph Form B

100591] Polymorph Form B is crystalline, solvated with MTBE and H»O, and is physically and
chemically stable. The melting point range for Form B is 130-170°C. The DSC for Form B
showed a phase change to a more stable form. Form B converts to Form C upon heating. GVS
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expeniments show that Form B is a hygroscopic material, taking up to more than 30% of water at
90%RH afier a full sorption/desorption cycle.

Polymorph Form (

(00592) Polymorph Form C is physically and chemically stable (5°C, 25°C/60% RH and
40°C/75% RH for at least one month), crystatline and desolvated. The melting point range for
Form C is 295-300°C. By dynamic vapor sorption analysis, Form C reversibly adsorbed <9%
waler at 90% relative humidity and is, therefore, considered to be nonhygroscopic. Form C did
not show any weight loss in the TGA prior to degradation and only a mclt in the DSC
thermogram.

{00593] Oral dosing in rats of both Amorphous Phase A and polymorph Form C provided
equivalent plasma exposures.

[00594] A number of other solvents were examined in order to explore other crystal formation or
precipitation conditions. The procedure consisted of dissolving 50 mg of material (amorphous
batch) in the corresponding solvent system, assisted by controlled heating. The samples were
then left to cool down to room temperature. If the produced no solids after cooling, the solvent

was left to evaporate slowly. These results are summarized in the Table 1. below.
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Table 1. Solvent Systems used For Crystal Formation

Solvent System Volume of Cormments
Selvent
System
Methagol 200p1 Amerphous formed by evaporation of solvent
Ethanol 200ul Amorphous formed by evaporation of solvent |
~ Isopropamol 200u Cryslalline matetial; XRPD correlates to Form B
Dimethylsulfoxide 2004 Crystalline material
micthanol/water 200ul Very fine patticles -
gthanol/water 2004 Very fine particles
__isopropancl/water 200u1 Very fine particles
Acetong/water 200p ‘dynorphions
Acetoniirile 20041 Cryslalline material formed by evaporation of
solvent;
XRPD correlates to Form C o o
acetonitrile/water 200pt amorphous formed by evapouration of solvent

10

[pus6] Crystals obtained froin agetoniirile have an XRPD pattern which correlates with the
XRPD pattern of Form €. The crvstals obtained from isopropanol or thmethylsulfoxide
showed diflerent erystalline patierns. The crystals obiained from isopropanol have an
XRPD pattern which correlates with the XRPD pattern for Fotm B. The DSC thermograms
for both materials also match,

KExample 3: Amorphons potassium 3-[3-(tert-butvlsuifanvl)-1-[4-(6-ethoxy-pyridin-3-

viYbenzyl}-S-(5-methvl-pyridin-2-yl-methoxy)-1 H-indol-2-yl]-2.2-dimethvi-propionate

{00597 Compouind 1 (1.0, 1.62mmol) was suspended in cthanol (20mL) to which IN
potassium hydroxide (1.62mL, 1.62mmol) was added and the solution stiied for 1 hour.,
The solvent was then evaporated and the residue dissolved in water, frozen rapidly and
Iyophilized until dry.

Example 4: Amorphous 3-[3-(ter{i-butylsulfanvi)-1-|4-(6-ethoxv-pyridin-3-yl)benzyi|-5-

(5-methyvl-pyridin-2-vi-methoxv)-1 H-indol-2-vi]-2.2-dimethvl-proprionic acid choline

salt

100598} Compound I (1.05g, 1.64minol) was dissolved in ethanol (20mL) to which a 20%
(by weight) solntion of choling hydroxide (0.97nl., 1.64mmel) was added and the
sugpension stirred for 1 bour. The solvent was evaporated and the residue dissolved in
waler, frozen rapidly and lyophilized until dry.

Example 5: lon Chrematography (1C)

{00599) Data were collected on a Metrohm 861 Advanced Compact IC using IC Net

software v2.3. Samples were prepared as 1000ppm stocks in swater. Where sample solubility
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was low, a suitable solvent such as dimethylsulfexide was used. Samples wére diluled to
50ppm or 100ppm with an appropriate solvent prior 1o testing. Quantification was achieved
by comparison with standard sofutions of known concentration of the ion being anatysed.

‘Table 2. Ton Chromatoegraphy (1C) conditions

Type of method Cation exchange

Column: Mmrosep C2-250 (4.0 x 250
‘mnz)

Cq}u-mn Temperature Ambiest

(°€)s

Injection (ul): 20

Detections Conductivity detector

Flow Rate (mb.min™): 1.0

Ehtent: 4.0mM Tartaric acid,
0.75mM Dipicolinic acid in
water

[00600] The stoichiometry of the sodium salts was determined by ion chromatography to be
about 1:1.

Example 6: Thermodynamic Aqueous Solubility by HPL.C

[60601} Aqueous solubility was detenmined by suspending snfficient compound 10 water to
give a maxitmum final concentralion of = ()mg‘.ml"1 of the parent free-form of the
compound. The suspension was equilibrated at 25°C for 24 hours then the pi was
measured. The suspension was then filtered through a glass fibre C filter irito a 96 well
plate. The filirate was then diluted by a factor of 101. Quantitation was by HPLC with
reference to a standard solution of approximately 0.Jmg.ml™” in DMSO. Different yolunes
of the standard, diluted and undiluted sample solutions were injected. The solubility was
calculated using the peak areas defermined by integration of the peak found at the same
retention time as the principal peak in the standard injection,

(00662] The HPLC protocol is set forth in Table 3.

Table 3. Experimental conditions for Thermodynamic Agueouns Solubility by HPLC

Reverse phase with gradient
elution
Phenomenex Lona, C18 (2) Sum

Type of method:

”(,olumn: ....... 50 x 4.6mm 4
Column Temperature (°C): ‘ 25
Standard Injections (ul): 1,2,3,5, 7,10
Test Injections (jl): 1.2, 5, 10,20, 50
Detection:

260,80
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Flow Rate (nk.min"): 2
Phase A: 0.1% TFA in water
Phase B3: 0.085% TFA in acetonitrile
Timetable: Ti‘?le % Phase o Phase B
{tmin) A o

0.0 95 5 i

1.0 80 20

2.3 5 95

3.5 5 95

3.5 95 5

4.4 93 5

100603) Analysis was performed on an Agilent HP 1100 series system equipped with a diode
array detector and using ChemStation software vB.02.01-SR1.

(08694} The results of the determination of the thermodynamie solubility of the three
samples are shown in Table 4.

Table 4: Results of agueous solubility determination

Sl Compound 2 | Compound 2 |
o g Phase A Form C
Appearance of mixture e .
_____after squilibration for 24 hours g SR
pH of unfiltered saturated solution 914 9,57
Concentration of filtrate . \
> >10
 (as mg/mL of free base) - -

{00605) The solubility in water for both batches of Compound 2 is greater than 10mg.ml™.
The pH of the unfiltered saturated solution is above 9 for both materials.

Example 7: Solubility vs. pH

{o0606] A study of solubility of Compound 2 at different values of pH was carrted out.
Suspensions were made up in 0.15M sodium chloride (aqueous) and the pH adjusted to the
appropriale value with either diluted hydrochloric acid or sodium hydroxide; to ensure that
different salt forms with different solubifities are not produced in solution. The suspension
was then allowed to equilibrate for 2h, and the pH was checked and re-adjusted if required.
{00607 The pi of the resuliant solution was measured, and the solubility was caleulated by
HPLC-UV assay of the compound concentrationt in solution.

Table 5. Solubility of Conipoand 2 at different values of pH

pH Congentiration
(ing/ml)
i1 0.020
3.8 <0,0001
69 | 00007
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9.0 3.5
9.8 >10
i1.2 >10

[00608] Aqueous solubility shows the lowest values at about pH 3-7. In this range of pH the
compound is present in its neutral form, When the pil is very acidic (pH 1-2) the mildly

basic groups can be protonated, and so the solability increases slightly, althotgh possibly

not as much as expected. Ai basic pH (pH > 8) solubility starfs mcreasing markedly, to

reach its peak at pH greater than 10, when orily the corresponding sodium earboxylate is
present in the solution,

Example 8: Solubility Profile in Common Organic Solvents

[00609] Table 6 provides solubility data for Compound 2 in varioug organie solvents.

Table 6: Solubility Profife in Common Organic Solvents

Solvent | Solubility, mg/mL at

25890
Isopropanol 0.2

Acetonitrile <0.01
Ethanol 109
0.5% 10

Methyleellunlose/Water

Methanol 129

{00610) Compound 2 is very soluble in methanol and cthanol and sparingly soluble in
acetonitrile and isopropanol.

Example 9: X-Rav Powder Diffraction (XRPD) Pattern Determination

jousi1y X-Ray powder diffraction patterns were collected on a Siemens D5000 or Bruker
AXS €2 GADDS diffractometer.

{00612] X-Ray powder diffraction patters collected on a Siemens D5000 use Cu Ko
radiation (40kV, 40mA), 8-8 goniometer, divergence of V20 and receiving slits, a graphite
secondary monochromator, and a scintillation counter. The mstrument was performance
checked using a certified Corundum standard (NIST 1976). Samples run under ambient
conditions were prepared as flat plate specimens. Approximately 35mg of sample was
gently packed into a cavity cut into polished, zero-background (510) silicon wafer. The
sample was rotated in its own plane during analysis, The details of the data collection are:
(1) angular range: 2 to 42920 siep size: 0.05°20; coltection time 4 s/step.

{00613} X-Ray powder diffraction patterns obtained on a Bruoker AXS C2 GADDS

diffractomneter use Cu Ko radiation (40kV, 40mA), automated XY 7 stage, laser video
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microscope for awto-sample positfoning and a HiStar 2-dimentional arca detector. Xaray
optics consists of a single Gbef multifayer mirror coupled with a pinhole collimator of
0.3mm. The beam diverpence, Le., the effective size of the X-ray beant on a sample of
Compound 2 was approximately 4mm. A §-8 continuous scan mote was employed with a
sample — detector distance of 20cm which gives an effective 20 range of 3.2°-29.7°.
Typically the sample was exposed to the X-ray beam for 120 sgeonds. Samples run under
ambien! conditions:were mounted as flate plate specimens. Approximately 1-2mg of sample
was fightly pressed on a glass slide o obtain a flat surface, Samples run ender non-ambient
conditions weve mounted on 4 silicon wafer with heat-conducting compound. The sample
was then heated to the appropriate temperature at about 10° C/min and subsequently held
isothermally for about 1 minute before data collection was initiated.

jeas14) The X-Ray powder diffraction pattem for Polymorph Form C is displayed in Figure
1 and characteristic peaks were tabulated im Table 7.

Table 7: XRPD pattern peak data for Polymorph Form C:

Angle 2-Theta ° Intensity %
15.6 427 |
. 16,6 433
17.2 60
H 17.8 42.6
i 18.4 4672
- 19.1 100
19.8 40.5
20.8 91.6
5l 47.8
................ 238 39,2

te0615] The X-Ray powder di ffraction pattern for Polymorph Form B is displayed in Figure
2 and characteristic peaks were tabulated tn Table 8.

Table 8: XRPD patiern peak data for Polymorph Form B:

Angle 2-Theta © Intensity %

6.6 68.5
_ BY 100

19.7 651

203 427
210 474
219 4 49.0
22.1 S1.4
25.0 389
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j00616] XRPD patterns of crystals obtained from isopropartiol (IPA), dimethylsulfoxide
(PMSQ) and acetonitrile (MeCN} are shown in Figure 4. Crystals obtained from acetonitrile
have an XRPD pattern which correlates with polymorph Form C. The erystals obtained
from isopropanol or dimthylsulfoxide showed different crystalline patterns. The crystals
obtained from isopropano! have an XRPD pattemn which correlates with the XRPD pattern
for polyniorph Form B. The DSC thermograms {or both materials also match.

Variable Temperature XRPD

j00617] To tnvestigate the possibility of a phase change occurring with the amorphous
miaterial when heated, VT-XRPD was conducied. The temperatures at which the XRPD
patterng were collected were chosenbased on the events obsetved in the DSC experiment.
Figine 8 shows the variable temperature XRPD for Amorplious Phase A. The material
remains amorphious at temperatures below 180°C. However, at higher temperatures, the
material shows a crysialiine pattern until it melts, when it becomes amorphous again.

[00618] Figure 9 shows a compaxison of XRPD of Amorphous Phase A at high temperatures
with XRPD of Form C. The new crystalline pattern for Amorphous Phase & at 230°C and
280°C matches the one for Form C. The differences in the shifi of the peaks may be duc to a
difference in the lattice of the crystal due to thennal expansion.

{00619} Based on the observations from the DSC themhogrant (see below), an investigation
into whether a phase change from Form B to Form C was occurring was investigated using
VE-XRPD experiments.

100620} Figure 10 shows the VT-XRPD of polymorph Formi B. Form B is stable at low
temperatures. Between 130 and 170°C, a phase change starts occuiring. This pew crystalline
form is stable until it melis at around 300°C. Then, on cooling, the material re-crystallises to
produce Form C albeit with lower crystallinity, most likely due to some decomposiiion
OCCUrring.

100621 Figure 11. shows the comparison of the VT-XRPD for Formm B with Form C. Form
B transforms to Form C upon heating. At 180°C, there is still 8 mixture of 2 forms, and only
above this temperature is there only one forin (Form C). This is consistent with the
observations exiracted from the DSC thetmogram for Form B.

Example 10: One Week Stability at 40°C & 75%R¥

189622) One week stability study of Amorphous Phase A at 40°C and 75%RH is shown in

Figure 5. Amotphous Phase A remains amorphous after a week in the humidity chamber,

indicating that no phase change has occurred o a hydrate or otherwise.
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j00623] One week stability study ol polymorph Form € at 40°C and 75%RH is shown
Figure 7. The crystatiine pattern for polymorph Form © remains unchanged atler a week in
the hunudity chimber.

Paample 11 Differentinl Scanning Calorietry (DSCY and Thermo-Gravimetric

[09624] DSC dada were collected on a TA Instruments Q1000 or a Mettler DSC 823¢. DSC
data were collected on a TA Instruments Q1000 equipped with a 50 position sute-sampler,
The iustrwuent was calibrated for energy and temperature calibration using certified
indtum. Typically 0.5-3 myg of cach sample, in a pin-holed aluminium pan, was heated at
10°C.min™ from 25°C to 350°C. A nitrogen purge at SOmlmin™ was maintained over the
sample. The instrument control sottware was Thenmul Advantage v4.0.6 and the data were
analysed vsing Universal Analysis v43A.
j06625) 1DSC data were collected on a Meitler DSC 823¢ equipped with a 30 position auto-
samnpler. The tnstrument was calibrated for energy and teraperature using certified tadium.
Typieally (.5-3rmp of cach sample, in a pin-holed ahuminium pan, was heated at 10°C rin
from 25°C to 330°C. A nitrogen puryc al 50mi.min’ was muintained over the sample. The
instrument control and dats analysis software was STARe v9.01.
{onsz6] TGA data were collected on a Metiler TGA/SDTA 83 e equipped with & 34 position
anto-sampler. The instrumeni was temperature calibrated using certified mdnom. Typically
5-30mg of cach samiple was loaded onto a pre-weighed ahaninium erucible and was heated
at t0"C.min’ from ambient temperature to 350°C. A nirogen purge at 30mbmin™ was
maintained over the sample. The instrument control and data analysis software was STARe
v9.01.

Anorphous Phase A
(00627} Figure 12 shows the TGA (lep) and DSC (bottum) thermograms {or Amorphous
Phase A Amorphous Phase A shows a weight oss of 4.6% at low wemperatures. Tae
compound is otherwise stable up to temperatures above 300°C. fn the DSC, three
endolhertole events are observed and one exothermic phase change. The first event,
accuring at 337 1s assoctated with the weight loss observed in the TGA. There is cnother
small endotherm at 126°C followed by an exotherm at 212°C, which hikely corresponds to a
phase changs of the matertal. The compound then melts at 295°C, These observitions are

consistent with what was observed by bot-stage nueroscopy. The DSC expertment showed a
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phase chauge to the more stable erystalline form. This peint was later confirmied by variable
temperature XRPD experiments, and it was further illustrated by bot-stage microseopy.
{60628} Figure 13 shows a modalated DSC thermogrim for Amotphous Phase A, In order to
measure the glass transition temperatore of the-amorphous form, a modulated DSC
expesiment was carried out. T, was estimated to be 127°C {ceincidental with the weak
endotherm observed in the standard DSC experiment). Another step in the thermogram
{phase change) is observed and the corresponding meli. These two events also correlaie
with the ones observed in the standard DSC experiment.

Polvinorph Form B

(08629} Figare 14 shows the resulis of TGA {top) and DSC {bottont) experiments for
polymorph Form B. There is a weight loss of 4.8% between 80 and 160°C: This could be
due to process solvent or to the desolvation of a solvate: Being such a hygroscopic matefiat,
the: presence of moisture cannot be ruled oot, Afler ihis, the weight remains constant until
the temperature is above 310°C, when decomposition starts. There are some fluctuations on
the baséline of the DSC which correlate with the weight losses observed i the TGA. Three
more significant events can also be observed. Firstly, a weak endotherm (onset at 158°C)
immediately followed by an exotherm (onset:at 173°C), a phase change and re-
erystallisation to a new form. There is also an endothennic event at 297°C, which correlates
with the melt of the previous crystalline batch,

Polvmorpl 1onn ¢

1086301 Figure 15 shows TGA (top) and DSC (bottom) thermoprams for polymorph Form .
No significant weight loss is observed in the TGA experiment for polymorph Form C. The
compound starts decompnsing at temperatures above 300°C, No events are observed in thie
DSC thermogram other than a melt at 295°C.

Faxample 12: Polarvised Lisht Microscopy (PLLM)

(00631 Samples were studicd on a Leica LM/DM polarised light microscope with a digifal
video camera for image capiure. A small amount of cach sample was placed on a glass
slide, mounted in immersion oil and covered with a glass slip, the individual particles being
scparated as well as possible. The sample was viewed with appropriate magnification and
partiaily polarised light, coupled to a X false-colour filter.

{00632} Polarised light micrascopy showed very clear differences between Amorphous
Phase A and polymorph Form €. Amorphous Phase A shows no bircfringence at all, which

is consistent with the amorphous character of this material. Particles of this material come in
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different shapes and sizes. Forn C appears as clusters of needles of about 40pm in
diameter. There are, however, some amorphous particles, dlthough the crysialiine material
constifutes the bulk of this batch.

FExample 13: Hot Stage Microscopy (IISM)
[99633} Hot Stage Microscopy was carried out using a Leica LM/DM polarised light

microscope combined with a Mettler-Toledo MTFP82HT hot-stage and a digital video
camera for image capture. A small amount of each sample was placed ondo a glass slide
with individual particles separated as well as possible The sample was viewed with
appropriate magnification and partialty polarised light, coupled to a A false-colour filter,
whilst being heated from ambient (emperature typically at 10-20°C.min”.

|00634] The hot-stage microscopy experiment showed that the amorphous material
(Amorphous Phase A) undergoes a phase change upon heating. Amorphous Phase A staris
melting at around 155°C; at 200°C a re-crystallisation oecurs, The new crystals start melting
at around 288°C and by 295°C the material has melied and starts decomposing.

{00635} Form C only shows a single major event. The particles start melting at temperatures
just above 290"C and by 295°C alt of them have melied, and slait decomposing.

Example 14: Gravimetric Vapour Sorption (GVS)

jo0636] Sorption isotherms were obtained using a Hiden IGASorp moisture sorption
analyser, controlled by CFRSorp software. The sample temperature was maintained at 25°C
by a Huber re-circulating water bath. The humidity was controlled by mixing streams of dry
and wet nitrogen, with a total flow rate of 250ml. min”. The relative humidity was
measured by a calibrated Vaisala RH probe (dynainic range of 0-95 %RH), located near the
sample. The weight change, (mass relaxation) of the sample as a function of %R was
constantly monitored by the microbalarice (accuracy £0.00kmg).

100637] Typically 10-20mg of saniple was placed in a tared mesh stainless steel basket under
ambient conditions. The sample was loaded and unloaded at 40 %RH and 25°C (typical
roon conditions).

100638 A moisture sorption isotherm was performed as outlined below (2 scans giving |
complete cycle). The standard isothermy was performed at 25°C at 10 %RH intervals over a
0-90%RH range.

Table 8. Gravimetric Vapour Sorption (GVS) Experimental conditions

Parameters Yaiues
Adsorption - Scan | 40-9
Desorption / Adsorption - Scan 2 | 85 - Dry, Dry - 40
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___Parameters Values |
Intervals (YoRH) 10
Number of Scans s
Flow rate (ml.min”) 250
Temperatore (°C) 25
Stahility ("C.min™) 0.05
Minimum Sorption Time (hours) 1
Maximum Sorption Time (hours) 4
- Mode AF2
Accuracy (%) 98

{06639] The software uses a least squares minimisation procedure together with a model of
the mass relasation, to piedict an asymptotic value. The measured mass relaxation value
nuist be within 5% of that predicted by the sgflware, before the next %RH value is selected.
The minimum equilibration time was set to 1 houy and the maximum to 4 hours,

Amorplious Phase A

160640} Figure 16 shows the GVS diagram for Amorphous Pliase A. Amorphous Phase A is
a hygroscopic material, taking up to more than 22% of water at 90%RH afler a full
sorption/desorption cycle, No changes were observed in the XRPD patterns for Amorphous
Phase A after the GVS experiment.

Polvmorpih Form B

{00641} Figure 17 shows the GVS diagram for polymorph Form B. Polymorph Form B is &
hygroscopic material, taking up to more than 30% of water at 90%RH after a full
sorption/desotption cycle. It is even more hygroscopic than the amerphous material. The
analysis of the material by XRPD (see Figure 6), after the fufl sorption/desorption eycle
shows that it becomes almost totally amorphous, although some peaks from the original
forin can be identified.

Polymorph Form C

[06642} Figure 18 shows the GVS diagram for Form C. The crystalline form, polymorph
Form C, is significantly less hygroscopic than the amoerphous material, taken up to only
8.2% of waler ai 90%RH. No changes were observed in the XRPD patterns for polymorph
Form C afier the GVS experiment.

Exampie 15: Water Determination by Karl Fischer (KF)

169643] The water content of each sample was measured on a Mettler Toledo D39
Coulometer using Hydranal Coulomat AG reagent and an argon purge. Weighed solid

samples were introduced into the vessel on a platinum TGA pan which was connected to 2
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subaseal 1o avoid water ingress. Approx 10 mg of sample was used per titration and
duplicate determuinations were made.

[006441 The content of water in the amorphotis material (Amorphous Phase A) was
determined to be about 5.1% by Coulometric Karl Fisher dnalysis. This result could explain
the weight Joss of 4.6% observed in the TGA experinent.

{08645] The content of water in polymorph Form C was determined to be less than 1% by
Coulometric Karl Fisher analysis, The content of water in polymorph Form € was
determined to be a detectable anount that is less than 1% by Coulometric Karl Fisher
analysis. The content of water in polymorph Form C was determined to be about ).54%,
about 0,56%, or about 0.85% by Counlometric Karl Fishier apalysis.

Example 16: Chemical Purity Detexmination by HPLC

[00646] Purity analysis was performed on an Agilent HP1100 series system équipped with a
diode array detector and using ChemStation software vB.02.01-SR1,

{00647} The stability indicating methed used for the determination of Compound 1 content
and content of drug-related impurities is a gradient veversed phase HPLC method utilizing a
Waters 150 x 4.6mm 3.5um C8 columin for separation, The mobile phase is a binary

gradient starting with 70% mobile Phase A (0.1% uilluoroacetic.acid in waler) changing to

30% mobile Phase A. Mobile Phase B copsists of 0.1% tiiflnoroacetic acid in acetonitrile.

The sample for analysis is dissolved at a nominal coneentration of 0.2mg/mL in Methanol,
and the injection volume for the separation is 10ul. Detection of the Compound 1 and its
related substances is by UV at a wavelength of 260nm.

j00648] The specificity, accuracy, linearity (range), precision (system and method), and
stability indicating ability of the method were investigated duting the method validation
process. The results indicate the method to be linear from a concentration of 0.02mg/ml.
(10% of nominal) to 0.30mg/mL (~120% of nominal). The accuracy of the method was
established by injecting samples prepared at 80%, 100%, and 120% of the nominal
concentration of 0.2mg/mL. The resulls from the accuracy study showed all recoveries to be
within 80-120% of theoretical.

[00649] The stability indicating ability of the method was investigated by injecting samples
of Compound 2 forcibly degraded under conditions of acid (0.1N hydrochloric acid), base
(0.1N sodium hydroxide), oxidation (10% hydrogen peroxide), and high intensity light (ICH
Photostability conditions IT), Samples were degraded by a minimum of 10%. No degradant

peaks were found to interfere with the main Compound 1 band in the HPLC
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chromatogrsams. Therelore, the method demensirated adequate specificity Tor nse as a

stability indicating method.

j00650} The results of the method validation show the method to be saitable for use in

release fesiing and stability testing of Compound 1, or pharmiaceutically acceptable salts

and/or soivates thereof.

[80651} Some related inmpuritics in samples containing Compound 2 include, but are not

himited to, the following:
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j00652) The toial amount of impurities (based on HPLC area) is less than 4%, less than
5%, less than 3%, less than 2.5%, less than 2%, less than 1.5%, less than 1%, or less thin

0.5%

{0633} A sample of Comipound 2 described herein has a purity (based on HPLC area)

greater than 95%, grealer than 96%, greater than 97%, greater than 98%, greater than

98.2%, greater than 98.98%, greater than 9994, or greater than 99.5%,

Residual Soivents

[00654] The test for Residual Solvents is performed to deiect trace amounts of solvents used
in the synthesis that may be present in the APL The analysis is performed via headspace or
direct injection analysis using a gas chromatograph equipped with a flame ionization
detector (FID). All residual solvents used in the synthesis are capable of being delecied by

s method.
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[00655) Potential residual solvents inelude ethanol, acetonitrile, dichloromethane, methyl-
tert-butyvl-ethier (MTBE), éthyl acetate, tetrahydrofurna, 1,2-dimethoxyethane.
Table 1¢. Residual Solvents by GC Headspace

Residual Solvent Amouut (ppin}
1,2-dimethoxyethane <100ppm
Ethyl acetate <410ppm
THE <720ppm
dichloromethane <600ppm
ethannl =5000ppimn
MTBE <5000ppm

Example 17: Heavy Meials (Pd) by ICP-AES

{00636} Trace palladium (Pd) resulting from the use of catalytic amouants of Pd in the

synthesis is assayed by inductively coupled plasma atomic emission spectrontetry (TCP-
ALS). Pd content by ICP-AES is a detectable aruount of palladium that is less than about
20ppm. Pd content by ICP-AES is less than about 20ppm. Pd condent by ICP-AES is a
detectable amount of palladium that is less than abont 20ppm, less than about 15ppm, Iess
than about 10ppin, less thaw about 9ppm, less than about 8ppm, less than about 7ppm, less
ihan about 6ppm, or less than gboat Sppm. Pd content by ICP-AES is less than about 20
ppm, less than about 1 5ppin, less than sbout 10ppm, less than about 9ppm, less than about
&ppm, less than about 7ppm, less than about 6ppm, or less than about Sppm. Pd content by
{CP-AES 1s about 10ppm, about 6ppim, about Sppm, about 4ppin, about 3ppm, about 2ppm,
or aboui 1ppm. In one aspect, samples or pharmaceuticdl conmipositions do not include a
delectable amount of palladium.

Example 18; Heayy Metals (as Lead)

[00657) This testis performed according to USP<231> Method 11.

Example 191 1R Spectroscopy of Form C

[08658] A Nicolet Model 510M-0O infrared spectrophotometer eqnipped with a Harrick
internal reflectance nanosampler was used. A small portion of the sample was placed on the
internal reflectance nanosampler and a background corrected spectram from 400cm’ 'to
4000em™ was collected.

Tabte 11. Infrared Vibrational Assignments for Form C

___'}&’E\L'em}mber (em-1) |

Vibrational Assignment |
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Wavenumber {cm-1) § Vibrational Assignment
2968, 2935, 2893, 2866 | Aliphatic C-H streteh

1604 Aromatic ring breathing

1563 CO2-, asymmetric streich

1369 CO2-, symmnetrie stretch

1414 (1473) Aromatic ring bresthing B
1285 C-O-C stretch, alkyl-aryl ether
815, 796 C-H out of plane defortation, p-substituted benzene or
pyridine

Example 20: FLAP Binding Assavs

[00659] Compound 2 was examined for its ability to bind human FLAP using a membrane-
binding assay. The affinity of Compound 2 for human FLAP was assessed using
membranes from human polymorphonuclear feukocytes and tritiated leukotriene synthesis
inthibitor, *H~3-[5+(pyrid-2-ylmethoxy)-3-tert-butylthio-1-benzyl-indok2-y1]-2,2-
dimethylpropionic acid, as a ligand. A non-limiting example of such a FLAP binding assay
is as follows:

{00660} Packed human polymorphonuclear cell pellets (1.8 x 109 cells) (Biological
Speciahty Corporation) were resnspended, lysed and 100,000g membranes prepared as
described (Charleson ef al. Mol. Pharmacol, 41, §73-879, 1992). 100,000g peiteted
membranes were resuspended in Tris-Tween assay bulfer {100mM Tris HCI pH 7.4,
140mM NaCl, 2mM EDTA, 0.5mM DTT, 5% glycerol, 0.05% Tween 20) to yield a protein
concentration of 50-100pg/mL. 10uL membrane suspension was added to 96 well Millipore
plate, 78ul Tris-Tween buffer, 10uL “H 3-[5-(pynd-2-ylmethoxy)-3-teri-hutylthio-1-
benzyi-indol-2-y)]-2,2-dimethyIpropionic acid {or "1 MKS591 derivative Eggler ef al. J.
Labelled Compounds dnd Radiopharmaeceuticals, 1994, vXXXIV, 1147)) to ~30,000cpm,
2. inhibitor and incubated for 30 minutes at room temperature, 100uL ice-cold washed
buffer was added to the incubation mixture. Plates were then f{ilfered and washed 3x with
200ul. ice cold Tris-Tween buffer, scintilfation bottoms sealed, 100uL scintillant added,
shaken for 15 minutes then connied in a TopCount. Specific hinding was determined as
defined as total radioactive binding minus non-specific binding in the presence of 10uM 3-
[5-(pyrid-2-ylmethoxy)-3-tert-butylthio- 1-benzyl-indol-2-y1}-2,2-dimethylpropionie acid.
ICsq values were determined using Graphpad prism analysis of drug iiiration curves,
Compound 2 inhibited radioligand binding dose-dependently with a mean [Cq of 2.9
1.0nM. The results are set forth in Table 12.

"Table 12: Inhibition of FLAY Radioligand Binding
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_ICq (M)
Test] | Test2 | Test3 | Test4 | Test | Test6 | Tost7 | Testd

c
49 | 21 29 | 28 | 41 L8 I 2.1 87
150 2.9 4 1.0nM

Examplie 21: Hwman Blood L'TB, inhibition Assay

{00661} Compound 2 was evaluated for its ability to inhibit production of L'TB, after
ionopliore stimalation in washed human leukocytes and in human and rat whole blood, A
non-limiting example of such a hunvan blood LTB4 irthibition assay is as follows: Blood
was drawn from consenting human volunteers into hepavinized tubes and 125ul. aliquots
added to wells containing 2.5pL 50% dimethylsulfoxide (vehicle) or 2.5uL drug in 50%
dimethylsulfoxide. Samples were incubated for 13 minutes at 37°C, 2L calcium ionophore
A23817 (from a 50mM dimethylsulfoxide stock diluted just prior Lo thie assay in Hauks
balanced salt solution (Invitrogen)) to 1.25mM) was added, solutions mixed und incubated
for 30 minuies at 37°C. Samples were centrifiaged at 1,000 ipm (~200 x g) for 10 minutes at
4°C, plasma removed and a 1:100 dilution assayed for LTB, concentration using ELISA
(Assay Designs). Drag concentrations to achieve 50% iuhibition (IC50°s) of vehicle LTB,
were determined by nonlinear regression (Graphpad Prism) of % inhibition versus fog druy
concentration. The results from the human {eukocytes assay are sét forth in Table 13.

Table 13: Inhibition of L'TB, in Washed Human Leukocytes

Inhibitor Concentration (nM) |
Test 1 | Test2 | Test3 | Test4
ICso | 049 | 087 & 022 | 017
1Cw | 077 | 103 | 046 | 04l
 ICsqr 0.44 = 0,28nM

1606621 The results from the human whole blood assay are set forth in Table 14,

Table 14: Inhibition of I TB; in Human Whele Blood

Inhibitory Concentration (uM)

... Testl | Test2 | Test3 | Tesid | TestS | Test6 | Test7  Tost8 |
ICss | 0.552 | 0.645 | 0.563 | 0410 | 0.642 | 0.482 | 0310 | 0.444
— ICsg: 0.506 & 0.109uM R
ICe | 344 | 122 [ 155 ] 081 [ 105 1 079 [ 036 | 1.24

joe663} The results from the rat whole blood assay are set forth in Table 15.

Table 15: Inbibitior of ILTB, in Rat Whole Blood

l Inhibitory Concentration (jiM) _ :NJ
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Test } | Test2 | Test3 | Test4 | TestS
ICso | 0302 | 0.160 | 0.380 | 0.212 | 0.14]
ICsp: 0.239 % 0.090M
ICoy | 6.00 | 0351 [ 0.705 | 0.688 | 0.422

1Con: 1.63 = 2.19uM

Example 22: {deutification of Metabolic Pathways

[00864] The metabolic profile of Compound 2 was invéstigated using: (1) rat, dog, monkey,
and human hepatic microsomes; (2) rat and human hepatocytes; and (3) bile collected fram
Sprague-Dawley vats afier oral dosing.

160665] In vitro microsomal incubations generates hydroxylated inetabolites, which inclide:
a) hydroxylated 3-[3-zert-butylsulfanyl-1-{4-(6-ethoxy-pyridin-3-yl)-benzyl}-5-(5-methyi-
pyridin-2-yimethoxy)- TH-indoi-2-y1}-2,2-dimethyl-propionic acid (M1); b) 3-[3-terz-
butylsulfinyl-1-[4-(6-ethioxy-pyridin-3-yl)-benzyl}-5-(5-methyl-pyridin-2-yimethoxy)-1H-
indol-2-y1}-2,2-dimethyl-propionic acid (M2); and ¢} 3-[3~tert-butylsultanyl-1-{4-(6-ethoxy-
pyridin-3-yl)-benzyl}-5-(5-methyl-N-oxy-pyridin-2-yimethoxy)-1 H-indol-2-y1)-2,2-
dimethyl-propionic acid (M3).

100666} In vitro hepatocyte incubations forms metabolites, which include:

1) 3-[3-tert-butylsulfinyt-1-[4-(G-ethoxy-pyridin-3-yi)-benzyl]-5-(5-methyl-pyridin-2-
ylmethoxy)-1H-indol-2-y1}-2,2-dimethyl-propionic acid (M2); b) 3-[3-tert-butylsulfanyl-1-
[4-(6-ethoxy-pyridin-3-yI)-benzyl}-5-(5~-methyl-N-oxy-pyridin-2-ylmethoxy)-1 H-indol-2-
y1]-2,2-dimethyl-propionic acid (M3) and c) the acyl ghieonuride of 3-[3-tert-butylsilfainyi-
1-[4-{6-ethoxy-pyridin:3-y1)-benzyl]-5-(5-methyl-pyridin-2-yhniethoxy)-1H-indol-2-y1}-2,2-
dimethyi-propionic acid (M4).

(00667} Metabolites identified in bile collected from Sprague-Dawley rats after oral dosing
mclude:

a) 3-[3-tert-butylsuifanyl-1-[4-(6-hydroxy-pyridin-3-yi)-benzyl]-5-(S-methyl-pyridin-2-
vimethoxy)-1 H-indo)-2-yl]-2,2-dimethyl-propionic acid (M5); b) a hydroxylated metabolite
where hydroxylation occurs at the phenyl-pyridine moiety; and ¢) glucuronidation
metabofiie that was also hydroxylated.

{00668) Rat. dog, monkey, and hwman microsomes or rat and human hepatocytes revealed
sinnilar profles.

Example 23: Extracellular Cytochrome P450 Inhibition
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1006691 To investigate whether Compound 2 would likely cause any drug-drug interactions,
mictosomes were incubated test substrates, which were known to be metabolized by CYP
enzymes, with or without Compound 2.

[0067¢] Specific aspects of the mcubation conditions for each assay (e.g., protein
concentration, incubation time, ete.) are defined in Walsky & Obach, 2004 (Walsky, R. L.,
and Obach, R. S, Validated assays.for human Cytochrome P450 actlivities, Drug Mel. Disp.
32:647-660, 2004.) i general, microsomes at protein concentrations as defined in Tables la
dnd 1b were mixed with buffer (100mM potassinm dihydrogen phosphate, ptl 7.4),
magnesiun chioride (3.3mM) and substrate, and were kept on ice. Aliquots of this mixture
(89nL) were delivered to each well of a 96-well polyprapylene plate which conlained an
aliquot of inhibitor (1aL). Final solverit concentrations were 1% (v/v) or less, lncubations
were commenced with the addition of 10l B-NADPH (10mM stock) to a final volume of
100uL. Incubations were terminated. by the addition of 1.5-2X acetonitrile containing
internal standard (buspirone or CJ-13,610). Samples were cenirifuged, and superhatant was
transferred for LC-MS analysis.

[00671) The results are presented in Table 16.

Table 162 Lack of Extracelfular Cytochrome P450 Inhibition

NI
i

Cytochrome CYP Reaction Compound 2 Inhibitor Control
| P450 Enzyme 1Csp (pM) {ICso (pM))
3A4 testosterone 68-hydroxylation >40 Ketoconazole {0.01)
344 midazolam 1-hydroxylation >50 Ketoconazole (0.01)
2C9 diclofenne 4'-hydroxylation >50 Sulfaphenazole (0.13)
""" (-}-N-3-benzyl-
2C19 mepheriytoin 4’-hydroxvlation >40 phenobarbital
@38
206 dextromethorphan O- >50 Quinidine (0.01)
demethyiation —
[A2 phenacetin O-deethylation >40 Furatvlline (1.90)

[90672] Compound 2 was not an inhibifor of P450 (CYP) enzymes according to conversion
of substraies 10 known metabolites with and without Compownd 2 in the incubation. No
apparent inhibition is observed at concentrations up to and exceeding 40uM for CYP3 A4,
1A2, 209, 2C19, and 2D6 enzymes.

Example 24: Lack of Cellular Cytochrome P450 Induction

[06673] Compound 2 was not an inducer of P450 CYP3A4 or CYP2CI in cryopreserved

human hepatocytes, according to convession of substrates to known metabolites with and
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without Compound 2 in the incubation. Briefly, cryopreserved human hepatocytes thawed
and plated according to the manufacturer’s instructions (In Vitro Technologies,
Gathersburg, MD). The cells were warmed and then poured into pre-warmed InVitroGRO
CP miediwm, gently resuspended, and then the cells were counted using Trypan Biue
exelusion. Cells were then diluted to 0.7 x 107 viable cells/mi with CP medium, Bach well
received 0:2ml of the viable cell mixture. The plate was gently shaken to disperse the cells
evenly in fhe well, and the plate was incebated ai 37°C, 3% carbon dioxide, At 24hrs,
medinm was replaced with fresh CP medium, After 48hrs, CP medium is replaced with HI
medinm containing Compound 2 tested at 10uM, and the positive contro, rifampicin was
tested at 25pM. Medium was replaced with fresh medium plus test article 24hrs Yater, At
48hrs, midazolam (50uM) and diclofénac (30uM) were incubated in 0.13mL of K-H buffer
for 4hrs. Reactions were terminated with addition of 0.15mL of acetoniirile containing
internal standard (buspirone), material centrifuged, and supernatants wers transferred for
LOC-MS analysis. No apparent induetion was observed for CYP3A4 and CYP2C9 when
tested at 10pM (U.S. FDA Guidance for Industry, “Drag Inleraction Studies - Study Design,
Data Analysis, and Iimplications for Dosing and Labeling”, September2006). In contrast,
rifampiein, a therapeutic agent known to induce CYP3A4 and CYP2C9, induced CYP3A4
11-fold and 2C9 2.5-fold. Figure 20 illustrates the lack of CYP3A4 and 2C9 induetion by
Compound 2.

Example 25: Plasma Binding

106674] Compound 2 (10 uM) was highly bonnd in raf, dog, monkey and human plasma.
Experiments were pecformed using equilibrium diatysis, Table 17 summarizes such binding,

Table 17: Plasma Binding Protein

__Species % Bound
_Rat (mixed breeds) 99.8
| Dog (mixed breeds) 99.7
_Monkey (cynomologus) 99,1
Human 3 993 4

Example 26: Liver Weicht Change in Mice

[00673} Significant liver weight increases were not evident in female CD-1 mice after oral
administration of Compound 2 for 4 days at 250mg/kg/day when compared with vehicle
control {n=6/group, Table 11). Liver weighi was not altered significantly (5% as compared

to vehicle control) and necropsy revealed no gross abnormalities. In contrast, zileuton
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(250mg/kg/day) significantly increased liver weight (31.0% as compared to vehicle control;
P<0.03). Comporind 2, zilenton and acetaminophen (APAP) were prepared as uniform
suspensions in 0.5% methyl cellulose vehicle and administered in a volume of 10mbkg of
body weight. Mice (6/group) received cither vehicle, Compound 2 (250mg/kg), zileaton
(250mgkg) or APAP (250mg/ke) daity for 4 days. Twenty-four bours following the final
drug administration mice were placed into an enclosed Plexiglas chamber and exposed to
CO, for a period of 30 - 60 seconds or uniil breathing eeased. They were then removed
subjeet io cervical dislocation and blood taken via a cardiae puncture, Mice were next
placed in a supine position and a midline incision made. Al organs were inspected and the
livers removed by carefill dissection. Liver weights were recorded as well as any gross
abnormalities.

Table 18: Liver Weight After Repeat Dosing

, . Liver weight
i (%o body weight)
Vehicle |l 12+01¢42)
Compound 2 12+0.1 (4.4)

Zileaton 1.6.& 0.2 (5.5)

Pharmaceutical Compositions

[06676] Pharmaceutical compositions that include Compound 1, including pharmaceutically
acoeptable salts and/or pharmaceutically acceptable solvates thereol inchude a variety of
forms. In one aspect, pharmacentical compositions were in the form of oral dosage forms. In
one aspect, the oral dosage forms were formulated as: oral solutions, oral suspensions,
tablets; pills, or capsules.

Example 27: Oral Solutions/Suspensions

[00677) In one embodiment, oral aqueous solutions suitable for human use were prepared for
oral administration. In one embodiment, oral agueous sofutions were prepared prior 1o
administration,

[00678] In certain embodiments, Compound 2 was formulated into solalions suitable for oral
administration lo a mammal.

{00679} Compound 2, anhydrouse sodium carbonate (Na,CO3), absolute ethanol, Syrpalta™
(Fumco), Simple syrup (Humeo), and 70% sorbitol sofution {(Humco) were used for all
formulations shown below. Values of pH reported were estimated based on pH indicating
strips. Compound 1 was obscrved in certain solvent systems to be sparingly soluble below

pH values of about 9-10. Accordingly, provided in ¢ertain embodimenis herein were
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Table 19: Liquid Formulations

formulations having a pH above abont 9, above about 10 or of about 10. In certam
embodiments, the formulation was buflered at a pH of about 10. All fornwulations prepared

were sonicaied for about 10 minutes. The formulations prepared were set forth in Table 19.

Vehicle g _g;‘;mm D?ﬁg‘;ﬁg“‘ Results
0.5% Methylesllulose 3.33 Suspension
0.010 M sodium carbonate buffer 10 10 Clear solution
(.010 M sodinm carbonate bufler, % 5
2% v/v ethanol and 0.05% splenda | 1V e o By
0.010 M sodium carbonate buffer, 10 10 Some undissolved solid
3% v/v Ethanol and 0.05% splenda remaing
0.010 M sodium carbonate buffer, 10 10 Cleat solulion
1% v/v Lutrol and 0.05% splenda ' i
0.010 M sodium carbonate buffer; . _ Some undissolved solid
5% viv Simple syru v 0 Temains:
pie Syrup

10)

5

rapidly absorbed in the stomach and upper gastrointestinal tract.

Table 20; Oral Suspension Formulation (10mg/ml — 1.0% w/v)

00681) Clear solutions remain clear after being stored for 24 hours at about 2¢ C (o about 8°

100681] Administration of the solutions ontlined in Table 19 to male Spargus-Dawley rats

jesuttod Tow of less than or equal to about 2hrs, which indicates that Compound 2 was

100682] An example of an immediate release paediatric formulation is presented in Table 20

Ingredients _ Yowly Fanction
Compound 1 1.00 Actlive
Avicel CL611 3.0 Thixotropic Gelling Agent
Sodium lanrvl sulphate 0.20 Wetiing agent
Sodium citrate 0.10 Buffering agent
Citric acid 0.15 Buffering agent
Glycerot 500 _Humectant/co-solvent
Sorbitol 70% Salution 40.0 Bulk Solvent
Propylene glycol 5.0 Co-solvent
Prapyl parabens 0.2 o Preservative
Batyl parabens 0.06 Preservative
Sucrolose 0.005 {  Sweetener
Natural Grape 0.02 Flavour
- FD&C Yellow No. 6 0.009 Colourant
Purified Water gs 100.00 | Solvent
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Ingredients Yowlv Funetion
Compound 1 1.00 Active
Lutrol/Polysorbate 80 5.0 Solubilizing agent
Sodiwm citrate 0.10 Buffering agent
Citric acid 015 Buffering agent
Glycerol 5,00 Humeetant/co-solvent
Sorbitol 70% Solution 40.0 Bulk Solvent
Propylene glveol 5.0 Co-solvent
Propyl parabeus 0.2 Preservative
Butyl parabens 0.06 Preservative
Sucrolost 0.05 Sweetener
Natural Grape 0.02 Flavour
FD&C Yellow No. 6 0.009 Colorant
Purified Water gs 100,00 Solvent

[00683] An example of an oral re-constituted granules formulation is presented in Table 22.
Table 22, Oral Re-coustituted Granules Formulation 10mg/ml {geanules produced by

wet granulation metiod)

Ingredients g/l Function
Conipound 1 50.00 Active
Sucrose 2250.00 Granulating agent
Pavidone 13.00 ~_ Binder
Sucrolose 6.75 Sweetener
...... Explotab 100.00 disintegrant
Nataral Grape | 23.00 Flavour
Xanthum Gum 50.00 Suspendinig agent
Magnesium lauryl sulphate | 1000 Soluble Jubricant
Uit Dose 2.595¢ -

[oues4] An example of a dispersable tablet formulation is prescnted in Table 23.

Table 23: Dispersible Tablet Formulation

Ingredients mg/tablet Fanction
Compound 1 50.00 Active
Avicel PH102 150,060 Granulaling
Crospovidone 250 | Disintegrant_
Mannitol - 65.85 Diluent
| Explotab 6.0 Super disintegrant
Sucrolose 0.15 Sweetener
| Magnesium lauryl sulphate 3.0 Soluble lubricant
Total Tablet weloht 300.00 -

Example 28: Immediate Release Tablets

10 [00685] Tablets were prepared with the components sct forth in Table 24.
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Table 24; Components of IR Tablets

Component Y (w/w) | mg/tablet
Compourid 2 15 50
Silicified microcrystalline 45 150
gellulose i
Mannitol 34 113.3
Crospovidone 3 16.7
Magnesium slearate i 33
Total 100 333.3

[00686] All components except magnesium stearate were weighed out iinto a staintless steel
contairier. The powder mixture was passed through a 70-mesh sieve into auother SS
container. The sieved powder was then transferred o a V-blendet with an intensifying bas:
(Peterson-Keily Blend Master 17425102Q) and mixed for 30min. Magoesium stéarate was
then added into the V-blender and mixed for another 1 minute, The powder blend was
collected int a plastic bottle with screw cap. Certain lots were made nsing a Colton 4-station
rotary tablet press with a 10mm dia round-shaped B-tooling. Other lots were made using a
Piccola 1Q-siation rotary iablet press with a new set of 10mm dia round-shaped B-tooling.
The tablets were compressed to hardness = 8-12 Kp with an average weight 0£333.3 £
10mg. The tablet weight and hardness were checked randoinly during compression, The
defect tablets inclading “caking”, “chipping”, “sticking to punch”, “off weight” were
removed and the total number of tablets yield was calculated. The tablets were stored in a
HDPE bottle without desiccant,

[0p657] Disintegration; Tablet disintegration tests were performed using a USP
disentegration apparatus with a Di~water medium, a température of 37° C +/- 2° C at a rate
of 29-32 ¢ycles/minute. The average disintegration time measured was 75 seconds with a
standard deviation of 7 seconds.

100688} Friability: 20 tablets were placed tn @ No. 10 sieve and a soft brush was used to
remove loose dust. The weight of the tablets was recorded. The tablets were then placed into
adrum of a USP friability apparalus and rotated 100 times at 23 rpm. The tablets were taken
out of the drum and any loose dust was removed with a soft brush. The total weight of the
tablets was recorded again to calculate percentage weight loss, The weight loss was about
0.17%.

100689} Hardness; Tablet hardness measorements were performed with a Schienniger Model
2E/106 tablet tester. The average hardness determined was 8.5Kp with a standard deviation

ol (.8,
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{06650} Dissolution: The dissclution tests on 6 tablets were performed using USP dissolution

apparatus with the following conditions:

Medivm:
Volumse:
Temperature:
LISP misthod:
Speed:

1% sodium dodecyl sulfute in di-water, pH 7.0

500 mL

37C

USP Type 1, Baskel
106 mpm

[00691] The dissolution profile is set forth in Table 25 (iv=6), as measured by HPLC.

Table 23: Tablet Dissoliition

Timne (min) Releage g% Inbel STDEV
claim)

O {) 0
10 92.2 20.5

20 08.7 77

30 1012 33|
45 013 3.0
60 I01.6 3.0
120 | 1015 2.5

[o0692| Stability: Tables 26-30 illustrate the results of stability testing performed on the

tablets.

Table 26: Hardness (=3}

Storage Initial 1 month 3 months V
Condition Avg (KP) | STDEV | Avg (KP) | STDEV | Avg (KP) | STDEV
OSCIB0RRE | oo | pp 141 | 48 | 170 | 18
40° C/75% RH . ) 6.4 ) 5.9 0.2
Tabie 27: Assay by HPLC (n=3)
B B it Initial 1 month | 3 months
Smmg_é (‘?ﬁc_iftmn mg/tablet' | mg/tablet’ | mg/tablet’
25°C/0% RN | 4700y | 515 | 524
40°C/75% RH 316 | 534

Table 28: % Label

"Normalized to 333.3mg/tablet based on actual weight of each tablet

Claim (1=3)

Initial | month . dmonths
Sterage Condition % label claim % label claim % label claim
L (50mg) ~ (50mg) (50mg)
CYSH i LV .' % : .
250(.4(3(‘)__:.‘?“3& 948418 - 102.9 + (.6 1049£1.1
40°C/75% RH 103.14 0.9 106.7x1.1
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Tahle 29: Purity % by HPLC (n=3)

Initial 1month | 3 months
% purity | % purify | % pudity
25°C/60% RH 99,7+ 0.0 | 99.6 0.0

9Q T 4 O
40°C775% RE 9BTE00 15537100 199.5% 0.0

Storage Condition

Tabie 30: Dissotutien Tests (n=)

Titial 1 month @ 1 month @ 3 months @ 3 months @
Time MR 25°CI60%RHE | 40°C/75%RH | 25°C/60%RH | 40°C75%RH
I 057 - Y ~ [ 0/ af 9, { 1
(min) | % of STDEY % of STDEV | % of STDEV A)nf STDEV % of STDE
release release rclease reledse e release
0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0

10 90.8 20,5 Y3.7 7.6 98.3 2.4 D1.5 17.6 98.0 2.8
20 87.2 7ol 99.0 6.8 98.1 1.9 101.2 2.0 34,9 1.5
30 99.8 3.3 994 6.8 98.7 2.4 100.7 1.4 98.5 1.3
45 99.8 3.0 99.5 6.8 99.2 ot 99.4 0.9 99.3 1.3
60 | 1002 3.6 99.4 7.2 100.0 2.2 100.4 1.1 98.9 L1
120 | 100.9 2% 100.0 7.7 100.0 2.1 100.0 t.4 100.0 1.9

{00693) In another aspect, provided herein is an immediate release (IR) tablet formulation as
described it Table 31 and 32, Manufacturing process will typically be granulation (dry, wet
or meit) ov direct compression. Examyle given below is for 50y tablets,

Table 31: Components of IR Tablets

Ingredient (material) Function Range Example | Example
- (% wiw) | (mg)
Compound 1 o Active 5% 10 50% 33.3% 50.00
Hypromellose (e.g., Methocel E5) Binder 2%t 10% | 5.0 7.50
Croscarmelloss sodium Disintegrant 0% i6 15% 1.5 225
Microcrystalline cellulose (e.g.. Avicel | Compression | 5% to 50% 20.0 30.00
PHI101) Aid and Filler
Lactose (e.g. monohydrate) Filler 1% 10 75% | 37.9(qgs) | 536.875
Croscarmellose sodivmn {extragranular)’ | Disintegrant 0% to 15% 1.5 2.25
Magnesium stearate (extragranular) Lubricant 1 0.25% to 0.75 1.125
i 2.5%
Total Tablet weight range: 100mg | 100 150
to 500mg

"The disintegrant can be intragranular, extragranular or split between both

Fable 32: Compounents of IR Tablets

Ingredient (material) Function Range Example Example
{% wiw) (mg)
Compound 1 | Active 5% 1o 50% 33.3% 50.00

143




10

PEG6000 Binder 2% to 25% 18.6 7.50

Lactose {e.g: monchydrate) | Filler 10% to 75% 44,7 56.875

Croscammellose sodium Disintegrant | 0% to 15% 3.0 2.25

(extragranular)

Magnesium stearate Lubticant 0.25% to 2.3% 1.0 1.125

(extragranular)

Total Tablet weight range: 100mg 10 100 150
500mg —

100694] In yet another embodiment, provided herein are immediate release capsule

formulations. Examples of immediate release capsule formidations include those described

iz Tables 33 and 34.

Table 33; Compoenents of Inimediate Release Capsules
Ingredient (material) Function Range Example | Example
(% wiw) | (mg)
Compound 1 Active 1.25% to 50% 20,0 50.00
Polyethylene Glycol {e.g., | vehicle 098.75% to 50% 79.0% 197.50
PEG 3350)
BHT Anti-oxidant | 0% to 5% 1.0 2.50
Total Tablet weight range: 100mg 10 500mg | 100 250
Table 34: Components of Tmmediate Release Capsules
Ingredient (materisl) Function Range Example | Exanple
o (Y wiw) | {mig)
________ Componnd | Active 1.25% to 50% 20.0 50.00
Gelucire (e.g. Gelucire 44/14) vehicle 9R.75% to 50% 79.0%: 197.50
BHT Anti-oxidant 0% to 5% 1.0 2.50
Total Tablet weight range: 100mig to 100 250
500mg

Example 30: Single Dose Kinetics

100695] Compound 2 was investigated in fasted and fed female beagle dogs as a suspension

and as a 50mg immediate release (IR) pill, The results are shown in Table 35.

Table 35: Single-Dose Pharmacokinetics Beagle Dogs
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Species ) : Dog
Route 1V Oral Oral Oral Oral
. 4:1 0.5% 0.5% . o
Vickiigle PEGA00:Water | Methylecllulosé | Methyleallulose | 20 Pl | S0me Pill
Dose 0.67mg/kg Smglkg Smgrkg 6.5mg/kg | 6.5mp/kg
Fasted/Fed Fasted Fasted Fed Fasted Fed
Sex f £ f f f
Tax (A1) 0.017 2 13 2 1.7
C‘max (L{g{mL) 11.98 12.4 Fsd 7.6 32
1 (hr) 13 B NA NA NA
AUCp o : 67.8 243 41 14.4
g 17.6
| (jrg-himL)
AUCineatised | 263 13.6 49 6.3 33
5, 38 "y NA NA NA NA
(mL/minkg) )
Vdss (Likg 0.2 NA NA NA NA
By 100 52 19 24 8.4

Data are group means, Half-life was caleulated from ternrinal portion of the curve.

AUC = area under plasma concentration-time curvey Cyy = peak plasma coricentration; Cl,
s syst.,cmi'c plasnia clearance; F% = bioavailability calculated froth AUCy.. iv=
iniravenous; NA = not applicable; NC = not calculated; t,; = terminal half-life; T = time
to peak plasma concentration; Vdss = volume of distribution at steady state; = female
beagle dog

{00696} Administration of the oral suspension to female beagle dogs that were fasted or fed,
Compound 2 shows a decréase in bioavailability (F) and dose-adjusted AUC (52% and
19%; 26 and 13.6pg hriml, respectively) in the fed animals. The IR pill also shows an
approximate 30% reduction in oral bioavailability and dose-adjusted AUC when conipared
to the oral suspension in the fasted or fed comparator dogs. Compound 2 has a shght
decrease in oral abserplion in the presence of food and the IR pill form.

Example 31: Phase | Study

[e0647} This is a phase 1, Single-Cenier, Double-Blind Study of Compound 2 in healthy
voluuteers.

[00698] Objective: To assess: (1) the safety and tolerability of single and multiple doses of
Compound 2 foHowing oral administeation; and (2) the pharmacokinetics (PX) of
Compound 2 after single and multiple doses; and (3) the effects of Compoennd 2 on
pharmacodynamic (PD) markers: whole blood jonophore-stimulated leukotriene LTB, and
arinary LTEs production.

1906991 Study Design: Single center, double-blind, randomized, placebo-conlrolled, single

ascending dose followed by multiple ascending dose study.
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{0u796] Sample Size: (1) Single Dose Phase: eight (8) subjects (6 aclive, 2 placebo) per dose
level; up to 5 dose levels are planned (a total of 40 subjects if all 5 dose levels are
completed); and (2) Multiple Dose Phase: eight (8) subjects (6 active, 2 placebo) per dose
level; up to 4 dose fevels are planned (a total of 32 subjects ifall 4 dose levels are
completed).

{007011 Formulations: Compound 2 was supplied as an oral powder for reconstitution.

Placebo solition matched: Compound 2 (10mg/mL) is prepared in an aqueous sofution
comprising 1% (w/w) Lutiol L-44 (Poloxamer 124} and 99% (w/w) aqueous sodivm
carhonate buffer (0.010 M, pH9-10), and with sucralose (as a swegtener, conceniration of
about Smg/100 mL). The placebo differed only in the absence of the active.

1007023 Dosage and Dose Progression: (1) Single Dose Phase: placebo; and Compound 2

doses; {2) Multiple Dose Phase: placebo; and Compound 2 doses per day for eleven (11)

days. The following dosing cohorts were used:

Table 36: Dosing Cohorts

Cahort Single Dose Multiple Dose

Phase Phase

1 30mg - R

2 150mg -

3 300mg -

4 600mg -

5 1000me -

6 - 150mg

7 N S— 450mg

8 - i S0mg

9 - H 10my

{00703} Routes of Administration: All doses were administered orally with approximately
10DmL of water rinse. Subjects were [asted for at teast 8 hours prior to dosing and for 2
hours after dosing. For BID dosing in the Multiple Dose Phase, when applicable, subjects
were fasted for at least 2 hours prior to the second daily dose.

160704] Study Procedures:

[e0703%] Plasma concentrations of Compound 1 were determined using a validated LC/MS
method. Whole blood ionophore-stimulated leukotriene LTB: and urinary LTE, production

were assayed by ELISA and mass specfrometry, respectively.

160706} Screentng Visit Procedures: The following examinations and assessments were
performed within 21 days (3 weeks) prior to stady drug administralion to determine whether

the subject satisfics inclusion and exclusion criteria. Those subjects not fulfilling all

146




o

10

15

N3
v

3G

inclusion and exclusion criteria were not enrolled in the stady. Sereening visit procedures
are as follows: subjects must report to flie investigationa) site 11 the morning, before
breakfast, following at least an 8-hour overnight fast; review and sign the consent
document; informed consent must be obtained before performing any stady-related
procedures, iniclading screening procedures; collect medical history; measure height and
weight; perform physical examination and record vital signs (including blood pressure,
heart rate (pulse), respiratory rate; and body temperature); perform a standard 12-lead BCG;
record concomitant medication; obtain fasting blood samples for hematology
determinations; obtain fasting blood samples for serum chemistry, including serum HCG
(female subjects only); perform viral screen for HIV, HCV and HBsAg; obtain fasting urine
samiples for.urinalysis and wrine drug screen.

(06767} Procedures for Evening Prior to Day 1: Subjects must report to the investigational

site at approximately 3:00 PM in the afternoon prior to Day 1 study drug administration. No
food is permitted after 10:00 PM (may have a standardized soack prior to 16:00 PM). The
visit procedures are as follows: confirm continued eligibility; obtain updated medical
history; record updated concomitant medication; record vital signs {inciuding blood
pressure, heart rate (pulse), respiratory rate, and body temperature); conduct a repeat urine
drug screen; collect uring for baseline (pre~-dose) LTEy; perform serum HCG pregnancy
t‘es‘ﬁng (female subjects only).

(00708} Day 1 Procedures. Récord pre-dose vital signs, Obtain pre-dose fasting blood

samples for hematology determinations. Oblain pre-dose fasting blood samples [or serum
chemistry determinations. Obtain pre-dose blood samples (5 mL EDTA and 4 mL
heparinized) for baseline PK and L.TB4. Collect ‘spot” ugine prior to study drag
adminisiration for baseline (pre-dose) LTE,. Administer study drug. Record vital signs 1, 2,
4 and 12 hours after study drug administration. Record AEs. Record concomitant
medication. Perform a standard 12-lead ECG 2-4 houys after study drug administration,
Collect blood samples (5 mEL EDTA) for PK of Compound 2 at 0.25, 0.5, 1, 2,3, 4,6, 8, 12,
and 16 hours, Collect blood samples (4 mL heparinized) for LTB; a1 0.5, 1, 2, 3, 4, 6, 8, and
12 hours. Collect urine for LTE, for the following Separate intervals: 0-3, 3-6, 6-9, and 9-12
hours, and a spot urine at 16 hours. For twice daily dosing group (if conducted): administer

study drug 12 bours 230 minutes after prior dose, preceded by =2 howrs fast.

jor7a9) Dayv 2 Procedures {24 > up 1o 48 hours post dosing): For All Sabjects (Note: No

stady drug will be administered to Single Dose Phase subjects): Record pre-dose vital signs

147




n

10

15

20

[av]
(=

(24 howrs after 1™ study drug administration). Obtain pre-dose [asting bleod samples for
hematology determinations. Obtain pre-dose fasting bloed samples for serum chemislry
determinations. Record AEs. Record concomitant medication. Colieet blood samples (S ml.
EDTA) for PK of Compound 2 at 24 and 36 hours afler the first study diug administration,
Collect blood samples (4 ml heparinized) for LTRyg at 24 hoors after the first study drug
administration. Collect ‘spot” urine smnple for L'TEq at 24 and 36 hours after first study
drug administration. For Multiple Dose Phase subjects: Administer study drug. Record
vilats sigus 2 and 12 hotrs after study drug administration. For twice daily dosing group (if
conductied): administer study drug 12 hours 30 minutes after prior dose, preceded by =2

hotuws fast.

{00201 Day 3 Procedures ( 248 hours post dusing): For All Subjects (Note: No study drag
will be administered to Single Dose Phase subjects): Record AEs. Record concomitant
niedication. Collect biood samples (5 ml EDTA) for PK of Compound 2 at 48 and 60 hours
afler the first study drug administration. Collect ‘spot” wine sample for LTE; at 48 hours
after first study drug administration. Single Dose subjests only: collect blood samples (4 mL
hepardnized) for LTB, at 48 hours after the first study drug administration. For Multiple
Dose Phase subjects: Colleet blood samples (5 mL EDTA) for PK of Compound 2 at 1, 2, 3,
4, and 6 hours. Record pre-dose vital signs, Administer study drug. Record vitals signs 2
and 12 hours afler study drug administration. For twice daily dosing group (if conductad):
administer study drug 12 hours £30 minutes after prior dose, preceded by =2 hours fast.
0TI} Diys 4-10 Procedures: For Single Dose Phase subjects on Day 4: Refer to End of
Study Procedures. For Multiple Dose Phase subjects: Record pre-dose vital signs. Collect
*spot” urine sample for LTE, at 72 hours after the first study drug -admimistration. Collect
daily pre-dose fasting blood samples {5 mL EDTA) for PK of Compound 2. Perform a
standard 12-lead ECG 2-4 hours after study drug administration on Day 5. Obtain pre-dose
[asting blood swnples for hematology determinations on Days 5 and 7, Obtain pre dose
fagting blood sumples for serum chemtstry determinations on Days § and 7. Administer
study drug daily. Record vital signs 2 and 12 howrs after study drug administration. Record
AEs. Record concomutant medication. For twice daily dosing group (if conducied):
administer study drug 12 hours 30 minutes atter prior dese, preceded by 22 hours sl
100712) Day 11 Procedires: Record pre-dose vital signs, Obtans pre-dese fasting bloed
samples for hematology determinations. Qbtain pre-dose fasting blood sarples for serum

chemists y determinations. Obtain pre-dose blood samples (5 mL EDTA and 4 mL

148



10

15

20

25

heparinized) for PK and L'TB;. Collect pre-dose urine for LTEg. Administer study drug (last
dose of drug). Record vital signs 2 and 12 hours afler study drug administration. Record
AFs. Record concomitant medication. Perform a standard 12-lead ECG 2-4 hours after
study drug administration. Collect blood samples (5 mL EDTA) for PK of Compound 2 at
0.25,0.5, 1,2, 3,4, 6,8, 12, and 16 hours. Collect blood samples (4 mL heparinized) for
LTB,at0.5, 1,2, 3,4, 6, 8, and 12, hours. Collect urine for LTE, for the following separate
mtervals: 0-3, 3-6, 6-9, and 9-12 hours, and a ‘spot” urine at 16 hours afier study drug

administration.

{06713 Day 12 Procedures (24 — up 1o 48 hours post last dose): Record vital signs 24 hours
after Day 11 study drug administration. Record AEs. Record concomitant medication.
Collect bloed sample (5 mL EDTA) for PK of Compound 2 at 24 and 36 hours after Day 11
study drug administration, Collect blood sample (4 ml. beparinized) for L.TBy at 24 hours
after Day 11 study drug administration. Collect ‘spot’ urine sample for LTE, at 24 and 36
houns after Day 11 study drug administration.

48, and 60 hours after Day 11 study drug administration. Colleet blood sample (4mL
Beparinized) for LTBy at 48 hours afler Day 11 study dvug adwministration. Collect ‘spot’
urinte sample for [.TEq at 48 hours affer Day 11 stidy drug administration.

00715] End-of-Study Procedures ( =72 hours after last study drug administration): Conduct

a physical exarn and record vital signs (including blood pressure, heart rate (pulse),
respiratory rate, and body temperature). Obtain fasting blood samples for hematology
determinations. Obtain fasting blood samples for senim chemistry determinations. Obtain
‘spot” fasting urine sarples for urinalysis. Collect blood sample (3 mL EDTA) for PK of
Compound 2 at 72 hours after study drug administration. Collect blood sample (4 ml.
hieparinized) for LTB, at 72 hours afier Day 11 study drug administration. Collect blood
sample (4 mL heparinized) for LTB4 at 72 hows afler Day { study drug administration
(Singte Dose Phase only). Collect ‘spot’ urine sample for LTE; at 72 hours after sindy drug
administration. Perform a standard 12-lead ECG. Record AEs. Record concomitant
medication.

j00716) Procedural Time Windows: The following time windows are utilized in this study.

Unless stated otherwise, there are windows of = 15 minutes for study specified assessments.

For safety laboratory assessments (fasting hematology and serum chemistry), the window is
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+ 4 hours of the specificd time points: For urine spot cheeks, the window s+ 30 minutes of
the specified timie points.

|00717] Volume of Blood Collected: The following is the estimaied volume of blood

eollected during the Single and the Multiple Dose Phases of the study. IFBID dosing is
explored in the Multiple Dose Phase, the velame of blood collected for the PK and PD
assessments is less than amount stated in Table 37 below.

Fable 37: Blood Volume Collected

| Single Dose Phase Multiple Dose Phase
Labs PK. PD_ | Labs | PK | PD
40 80 48 70 215 | 88
Total 168mL. 373mL

{00718} Analysis of Samples: Concentrations of Compound ! was delermined in plasma

samples eollected from subjects, Similarly, concentrations of LTR; i plasma and urinary
LTE4 were determined in blood and urine samples collected.
[00719] The pK results from the single dose study are presented in Table 38 and Figure 21,

Table 38: Single Dose Pharmacokinetic data using oraf solutions.

Dose of Thax (1) | Cpax (M) |t (br) | AUCq04 (hr*mM)
Active AVE£SD | AVE£SD | AVE+ 8D AVE + 8D
50mg 22404 | 057403 | 128+29 65427
Bomg | 2305 22£0.5 1.l 258 21,7+ 6.1
360mg 2.7+1.5 3.0+1.5 98+2.5 23.6+5.9
600mg 23%05 | 112+£70 | 141+68 50 + 50

1000mg 240 182+7.6 | 8311 | 110449

109720] The pharmacodynamic properties after the single doses are administered (blood
L.TB, levels; urinary LTE, levels) are presented in Figures 22 and 23 and Table 39.

Table 39: Single Dese L'TB4 data using oral solutions,

Dose of LTB; fevel at t= 24 lirs.
Active {% of baseline)
Placebo 135+ 32

S0mg 37+£4.7

150mp 23+44
300my 23 +8.3

g L L0208

1000mg 1.9 4 0.41
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100721] The pharmacodyhamic properties after the single doses and multiple doses are
adminislered (blood LTB4 levels; urinary LTE, levels) are presented in Table 40 and Table
41,

Table 41, PD Parameters for LTBy During Treatment With Compound 2

Study part | Day | Treatment] Emay | Tmgx | teoson® | teooows | ECs ECop
(70) [(B) (v {h) (ng/mL) | (ng/mL)

Singie dose | 1 placebo
part 7.2 00
50mg 879 | 800 | 322 0.0

150mg 98.8 | 6.00 | 41.9 | 142
300mg  1102.0] 8.00 | 30" | 16.]
600mg 1003 | 6.00 | >71.7 | 67.2
1000mg | 99:6 | 6.00 | >71.7 | 42.6
Single 90 342
dose total )
Multiple |1 |placebo | 25.0 | 1,00

dose part 10mp 60.8 112.001 175 0.0
S0mg | 89.6 | 400 | 233 | 0,0

150mg | 985 | 3.00 | >23.3 | 151
450mg 97.6 | 3.00 | >237 | 174

Multiple St 296
dose total |
11 | placebo -6.4 | 48.00
10mg 74.4 112,00 274 0.0
SOmg 97.9 | 4.00 42 4 10.0
150mg | 997 | 2060 | =720 | 524
450mp 1006 2.00 | »>72.0 | 504
Multiple 52 308
dose total

# = estimated

ECS0 is the copcentration at which 50% inhibition was reachied; EC90 is the concentration
at which 90% inhibition was reached; Emax is maxiimum inhibition; tg.cqu, Is time above
509 LT84 inhibition; tz.a 18 time above 90% LTB4 inhibition; Tmax is time to reach
Emax.

Table 42, PD Parameters for LTE, During Treatment With Compoand 2

Tmax
 Study part . Day| Treatment| Emax (%)! _ (h)
Single dose part 1 | placebo 55.26 9.00

50mg 86.31 16.00
t 150mg | 97.39 16.00
L 300mg | 9696 | 24.00
L 600mg 96.05 24.00
______ o [000mg | 96.6] 16.00
Multiple dose part i 1 placebo | 3249 1200
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Tmax
Study part i Day| Treatment | Bmax (%) {(h) |

" l0mg | 5410 | 3200
_ S0mg | 94.02 16.00
| 150mg | 9829 | 24.00
| 450mg 85.65 24.00
11 | placebo 37,23 6.00
10mg 88.63 12.00
S0mg 97.67 9.00
150mg 97.46 24.00
450mg | 9837 12.00

1007221 Multiple dose pharmacokinetic data are set forilh in Table 42,

Table 42: Mulfiple Dose Pharmacokinetic data using oral solutions

10mg 50mg 150mg 450mg
Dayl | Dayll | Day1l | Dayil | Dayl | Dayll | Day1l | Day i
Tmax {hr) 4.0 10 4.2 3.2 23 2 2 Z
o 4.1 & 8.9 +3.0 +2.0 +0.8 * &0 + 0
Cmax (nivi) 0.07 0.13 0.6 0.9 1.4 3.0 7.3 8.3
0,01 | %005 ! £02 | £0) | %07 | 12 | 6.0 | k354
% (hr) 32 50 19 25 16 19 12 14
£23 | #41 | =10 | &1l | £77 | #13 4 = 4
AUCHast 1.} 2.4 8.3 13.8 16 33 57 76
(hr vy +0.2 1.1 =29 § %34 +6.8 £ 16 * 39 33

Values are Average + Standard deviation,
{00723} Single and multiple doses of Compound 2 markedly inhibited ex vivo ionophore-
stimulated LTBs formation in whole blood, with a mean maxinum inhibition of 61% fo
102% across the dose range studied.
100724} Single and multiple doses of Compound 2 markedly inhibited urinary LTE,
exeretion, with a mean maximum inhibition of 54% to 98% across the dose range studied.
[00725) On average; T, was between 2 h and 12 h for inhibition of ionophore-stimulated
LTB4 formation and between 9 h and 24 h for inhibition of LTE,.
[ou726} There was 4 relationship between Compound { plasma concenirations and the
inhibition of jonophore-stimulated LTB, production for the dose range studied, with an
ECso value of approximaiely 70 ng/ml. and an ECsy of approximately 320 ng/mL.
j097273 Complete inhibition of ionophore-stimulated L'TB, production was reached at a
Compound i plasma concerntration of roughty 1000-1500 ng/ml..
[06728] Figure 24 illustrates illustrates the plasma concentrations of Compound 1 observed
in the 150 mg multiple dose cohort. On days 3-9, the plasma concentration is measured pre-

dose.
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160729] Figure 25 illustrates the inhibition of ionophore-stimulated LTB, formation from
blood observed In the 150 mg multiplé dose eohort. P1, P2, P3, P4, P5, P6, P7, and P8 refer
to humans in the 150 mg multiple dose cohort. P1 and P2 were controls did not receive
Compound 2.

(00730 Pharmacokinctic measurements of Compound 2 includes measnrement of the
protonated form (Compound 1).

100731} The foregoing clinical trial has shown that Compound 1, or a pharmaceutically
acceptable salt thereof (e.g. Compound 2), lowsrs jonophore-stimulated 1TB; formation
from blood and LTE, levels in humans, LTB, aind cysteinyl leukotrienes (1.TCy, LTI and
L.TE,) are leukotrienes that are elevated i humans with leukotriene-dependent or
lenkotriene mediated conditions or diseases. Lowering leukotriene levels in humans with
leukotriene-dépendent or leukotriene mediated conditions or discases provides benefit in the
condition or disease. The foregoing clinical trial hias shown thal Compound 1, ora
pharmaceutically acceptable sali thereof (e.g. Corapound 2) is useful in the treatment or
prevention of leukotricne-dependent or leukotriene mediated conditions or diseases:

{00732] The examples and embodiments described herein are illustrative and various
modifications or changes suggested to persons skilled in the art are to be included within
this disclosure. As will be appreciated by those skilled in the art, the specific components
listed in the above examples may be replaced with other functionally equivalent

components, e.g., diluents, binders, lubricants, fillers, and the Iike.
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Claims
1. A crystalline Form C of sodium 3-[3-(tert-butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-yl)benzyl]-
5-(5-methyl-pyridin-2-yl-methoxy)-1H-indol-2-yl]-2,2-dimethyl-propionate:

having an X-ray powder diffraction (XRPD) pattern with peaks at 17.2 °2-Theta, at 18.4 °2-Theta, at
19.1 °2-Theta, at 20.8 °2-Theta, and at 23.8 °2-Theta.

2. The crystalline Form C according to claim 1, having peaks comprising the 2-theta values listed

below in the following Table, obtained with a diffractometer using copper Ka-radiation.

Angle 2-Theta ° Intensity %
15.6 42.7
16.6 43.3 |
17.2 _ - 69
17.8 426
18.4 492
19.1 100
19.8 40.5

B 20.8 91.6

5 23.1 47.8

23.8 59.2
3. The crystalline Form C of claim 1 or claim 2, exhibiting the following Infrared Vibrational

(IR) Peaks: 2968 cm™!, 2935 cm™!, 2893 cm™!, 2866 cm™!, 1604 cm’!, 1563 cm’!, 1369 cm!, 1414
(1473) cm™!, 1285 cm, 815 cm, and 796 cm.

4.  The crystalline Form C of any one of claims 1-3, wherein the crystalline Form C is desolvated.

154



5. The crystalline Form C of any of claims 1-4 for use in treating asthma, treating and/or
preventing exercise-induced bronchoconstriction, treating and/or preventing rhinitis, treating chronic
obstructive pulmonary disease, treating cardiovascular disease, treating non-steroidal anti-
inflammatory drug (NSAID)-induced gastric lesions, treating pain, treating ocular disease or treating

skin disease in a human.

6.  The crystalline Form C of any one of claims 1-4 for use in treating asthma, preventing
exercise-induced bronchoconstriction, treating allergic rhinitis, treating chronic obstructive
pulmonary disease, treating cardiovascular disease or treating non-steroidal anti-inflammatory drug

(NSAID)-induced gastric lesions in a human.

7. A pharmaceutical composition comprising:
a. a crystalline Form C of any one of claims 1-4; and
b. at least one pharmaceutically acceptable inactive ingredient selected from among

excipients, diluents, and carriers.

8. A pharmaceutical combination comprising a crystalline Form C of any one of claims 1-4 and

an additional pharmaceutical agent.

9. A process for the preparation of crystalline Form C of sodium 3-[3-tert-butylsulfanyl-1-[4-(6-
ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-pyridin-2-yl-methoxy)-1H-indol-2-yl]-2,2-dimethyl-
propionate comprising the steps of:

(1) adding sodium 3-[3-fert-butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methy!l-
pyridin-2-yl-methoxy)-1 H-indol-2-yl1]-2,2-dimethyl-propionate to methyl tert-butylether to
form a mixture;

(2) heating the mixture from step (1) and then cooling the solution; and

(3) isolating the solids that are formed from step (2) to provide crystalline Form C of sodium
3-[3-tert-butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-pyridin-2-yl-
methoxy)-1H-indol-2-yl]-2,2-dimethyl-propionate.
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0. A process, according to claim 9, in which crystalline Form C is obtained by ensuring removal

of any protic co-solvents during the isolation from methyl tert-butylether.



