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SLIPOXYGENASE-ACTIVATING PROTEIN INHIBITOR

RELATED APPLICATIONS
(oesiy This-apphcation claims benefit of 11.8, Provisional Application No. 61/055,887,
entifled “ORAL FORMULATIONS OF A FLAP INHIBITOR” filed on May 23, 2008; and

U.S. Provisional Application No. 61/055,899, entitled “MANUFACTURING PROCESS

AND POLYMORPHS OF A 5-LIPOXYGENASE ACTIVATING PROTEIN

TINHIBITORY filed on May 23, 2008; each of which is herein ncorporated bry reference in

their emtirety.

FIELD OF THE INVENTION
joedz] Described herein are pharmaceatical compositions that comprise 3-[3-(tert-
butylsulfanyly-1-[4-(6-cthox y-pyridin-3-ybenzyl}-5-{3-nrethyl-p yridin-2-yl-methoxy)-1 H-
indol-2-y1}-2,2-dimethyl-propionic 2cid, pharmaceutically accepiable salts,
pharmaceuntically acceptable solvates (including hydrates), amorphous phases, partially
crystatiine and crystalline forms, prodrags, metabolites and N-oxides thereof and methods
of nse thersof i the (reatment or prevention of diseases or conditions associated with 5-

lipoxygenase-activating proiein (FLAP) activity.

BACKGROUND OF THE INVENTION
[o003]  Lenkotrienes are biological compounds formed from arachidonic acid m the
lenkotriene synthesis pathway. Lepkolrienes are synthesized primarily by eosinophils,
neutrophils, mast cells, basophits, dendritic cells, macrophages and monocytes.

Letkotnieneés have beent im'plicated in biological actions including, by way of exampie only,

- smooth muscle contraction, leukecyte activation, cytokine secretion, muceous secretion, and

vascular {umction.

0004  FLAP is a member of the MAPEG (membrane associated proteins involved in
eicosanold and glutathione metabolism) family of proteins. FLAP is responsible for binding
arachidonic acid and transferring it to 5-fipoxygenase. 5-Lipoxygenase can then catalyze the
two-step oxygenation and dehydration of arachidonic acid, converting it into the
intermediate compound 5-HPETE (5- hydroperoxyeicosatetracnoic acid), and in the
presence of FLAP convert the 3-HPETE to Leukotriene As (LTAL). LTAL s acted on by
LT, synthase, which conjugates LTA, with rednced glutathione (GSH) 1o form the
intrceliular product leukotriene Ci (LTCy). LTC, is transformed to leukotriens Ds (LTDy)
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and Teukoirine By (LTE;) by the action of gamma-glntamyi-transpeptidase and dipeptidases.
LTCy synthase plays a pivotal role as the only commitied enzyme in the formation of
cysteinyl lenkotrienes.

SUMMARY OF THE INVENTION
10005] Described herein is 3-{3-(tert-butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-ylybenzyl]-5-
(S-methyl-pyridin-2-yl-methox y)-1 H-indol-2-y1]-2,2-dimethyl-propionic acid including all
pharmaceutically accepiable solvates (including hydrates), amotphous phases, partially
éry’smi_{ine and crystalling forms (including all polymorphs), prodrugs, metabolites and N-

oxides thereof (Compound 1) ora pharmaceutically scceptable salt of Compound 1

. including all pharmaceutically acceptable solvates {incltiding hydrates), amorphous phases,

partially crystalline and erystaliine forms {including all polymorphs), prodrugs, metabolites
and N-oxides thereof, and micthods of uses thereof in the manufacture of medicaments for
the treatment of leukotriene mediated diseases, disorders, or conditions. Alse deseribed are
pharmacokinetic and pharmacodynaric properties of such Tormulations in mammals,
including homans,

jo006] Included within the scope of the term “Compound 17 are all pharmaceutically
acceptable solvates (including hydrates}, amorphous phases, partially crystalline and
crystalline forms {including all polymorphs), prodrugs, metabolites and N-oxides,

fo0o7y  Included within the scope of the term “pharmaceutically acceptable salt of
Compound 1" are all pharmaceutically accepiuble solvates (including hvdrates), armorphous
phases, partially crystalline and crystalline forms {including all polymorphs), prodrugs,
metabolites and N-oxides of said pharmaceutically acceptable salt.

(0008} Included within the scope of the term “Compound 2" are all pharmaceuntically
acceptable solvates (including hydrates), amorphous phases, partially crystailine and
crystattine forms (incinding all polyrorphs), prodrugs, metabolites and N-oxides.

10809 In oneaspect, deseribed is a pharmaceutically-acceptable salt of Conpound 1. In
another aspect, described herein is Compoand §.

foe10] Described herein are pharmaceutical compositions compri sing Compound I, ora
pharmacentically acceptable salt thereof as the active ingredient in the pharmaceutical
composition; and at least one pharmaceutically acceptable inactive ingredient selected from
among excipients, diluents, and carriers.

{g011] In one aspect, described is a pharmacentically acceptable salt comprising 3-{3-tert-

butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yi)-benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)-1 H-
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indoi-2-y1}-2,2-dimethyl-propionate as the anion and a cation selected from Na™, ¥, Li",
Ca®’, NHy4", the. protonated form of dicycloliexylamine, the protonated form of N-methyl-D-
ghucamine, the protonaied form of tris(hydroxymethyl)methylamine, the protonated form of
arginine, and the protonated form of lysine. In some embodiments, the eation is selected
from Na", K*, Li", Ca*", and NH,". In some embodiments, the cation is selected from Na©,
K’ and Li'. In some embodiments, the cation is Na™

[pe12] In some embodiments, the pharmaceutically aceeptable salt is solvated or
desolvated. In sonie emibodiments, the phannaceutically acceptable salt is desolvated. In.
some embodiments, the pharmaceutically acceptable salt is solvated. In a specific
embodiment, the pharmaceutically acceptable salt is solvated with a Class 3 solvent. In
some embodiments, the pharmacentically acceptable salt is solvated with a Class 3 solvent
and water. Fn a specific embodiment, the Class 3 solvent selected from eihyl acetate,
isopropyl acetate, methyl tert-butylether, heptane, isopropanol, and ethanol. In some
embodiments, the pharmaceutically acceptable salt is solvated with methyl tert-butviether.
In some embodiments, the pharmaceutically acceptable salt comprisesa detectable amoumnt
of water.

[08131 In some embodiments, the pharmaceutically aceeptable salt conmprises a detectable
amount of paltadium thaf is less than 20 ppm. In some other embodiments, the
pharmateutically accepiable salt comprises a detectable amount of paltadium that is less
than 10ppn. In yet other embodiments, the pharmaceutically acceptable salt comprises a
detectable amount of paliadium that is késs than Sppm. In yet other embodiments, the
pharmaceutically acceptable salt comprises less than 20ppm of palladium.

100143 In one aspect, Compound 1 or & pharmaceuwtically acceptable salt thereof is in an
amorphous phase, a partially crystalline formn, or a crystaline form.

{0015 In some embodiments, Componnd | or a pharmacentically accepiable salt thereof is
in an amorphous phase.

[0016] In other embodiments, Compound 1 or a pharmaceutically accepiable salt thereof is
i a erystalline form.

[0817] In soms embodiments, the pharmaceutically acceptable salt undegoes a crystal
formation {whether by a orystallization, solid-to-solid fransformation or crystalline inter-

conversion) front methyl tert-butylether.
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0018} In one aspect, described herein is the compound sodium 3-{3-(tert-butylsulfanyl)-1-
[4-(6=cthoxv-pyridin-3-ylibenzyl ] -5-(5-methyl-pyridin-2-yl-methox y)- H-indol-2-y1}-2,2-

dimethylpropionate (Compound 2):

A
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B

Compound 2.

0019 In one aspect provided is a composition comprising Componnd 2. In some
embodiments, Compound 2 is in an amorphous phase, a partially crystalline form, a
crystatline form, milled form, or nano-particulate form. T some enmbodiments, the
composition comprises a detectable amount of palladium thatis less than 20 ppm. In some
other embodiments, the composition comprises a detectable amount of palludivwm that is less
than. 10 ppm. In yet other embodiments, the composition comprises a detectable amount of
paltadium that is less than 5 ppm.

(020} In some embodiments, the composition comprises less than 20 ppm of palladium. In
some other embodiments, the composition comprises less than 10 ppm-of paliadium. In vet
other embodiments, the composition comprises less than 3 ppm of palladium.

{00211 In some smbodiments, {he composition comprises crystalline Compound 2. In some
embodiments, crystailine Compound 2 is Polyniorph Form B. In some embodiments,
crystatline Compound 2 is Polymorph Form C. Tn some embodiments, the composition
comprises amorphous Compound 2.

i0022] In some embodiments, the composition comprises crystalline polymerph Foom Coof
Compound 2. In some embodiments, the composition comnprises crysta} Hne polymorph
Form B ef Compound 2. In some embodiments, the composition comprises amorphous
Compound 2.

00231 In some embodiments, the composition comprises crvsialline Compound 2 and a
detectable amount of amorphous Conmpeund 2.

[0024] In some embodiments, the composition comprises a defeciable amound of vwater,
100251 In some embodiments, Compound 2 is erystalline and was crystallized from methyl

tert-buiyvl cther.
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(06261 In some embodiments, the composition of Componnd 2 comprises a detectable
amount of solvent selected from 1,2-dimethoxyethane, ethyl acetate, methanol, ethanol,
tetrahydrofiran, 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 selecied from 1,2-dimethoxyethane, ethyl acetale, methanol, ethanol,
tetraliydrofuran, and methyl tert-buty! ether; wherein the solvents are detected at levets less
than about 4000ppin, In some embodiments, the composition comprises a detectable amount
of solvent selected from 1,2-dimethoxyethane, ethyl acetate, methanol, cthanol,
tetrahvdrofuran, and methyl tert-buivl ether; wherein the solvents are deteced at levels less
than about 3000ppm. In some embodiments, the composition comprises a detectable amount
of solvent selected from 1,2-dimethoxvethane, ethyl acetale, methanol, ethanol
tetrahydrofuran, and methyl tert-buty] ether; whetein the solvents are defected at levels less
than-about 2600ppin. 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 af levels less
than about 1000ppni.

08277 In some embodiments, Compound 2 has a solubility in water at about pH 10 and at
about 25°C thai is greater than abont Hmg/mi.

10028] In some embodiments, the composition described herein comprises Compound 2
which was crystaitized or precipitated from methyl tert-buty!t ether, In some embodiments,
ilwe contposition comprises Compound 2 that underwent a crystal formation (whether by a
crystallization, solid-to-solid transformation or crystalline nter-conversion) from methyl
terl-butyl ether.

10029} In some embodiments, the composition of Compound 2 comprises a detectable

amount of a compound selected from:
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[0030] [nn some embodiments, Compound 2 is greater than 97% pure. In further

embodiments, Compound 2 is greater than 98% pure. In yet further embodiments,

‘Compound 2 1s greater fhan 99% pure.
&

9831] In one aspect, described herein is an amorphous form of Compound 2. In some

embodiments; described herein is an amorphous form of Compound 2 that has at least one.

property selected fron:

{1a) an XRPD pattern showing a lack of crystallinity;
(2a) at least one éndotherm and at least one exathenn observed by differential scanning
calorimetry (DSC);

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

{4a) a melting poiat at about 155°C followed by a re-ervstallization event at about 200°C

followed by a second melting point at ahout 288°C to about 295 °C;

{3a) a phase change to a crystalline form when heated above about 200°C, wherein the
crystal liie form that is formied above about 200°C s characterized by an XRPD pattern
substantially stimilar to anv one of the XRPD patiers 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

(62) chemical stability.
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160321 In some embodiments, desciibed herein is an amorphous form of Compound 2 that
has (1a) an XRPD pattern showing a lack of crystallinity.

[8633] Tn some embodiments, thé amorphous fom of Compournd 2 has {2a) at least one
endotherm and at least one exotherm observed by differential scamming calorimetry (DSC).
(0034} In some embodiments, the amorphous form-of Compotind 2 has (3a) a glass
transition temperature of about 127°C.

{00351 [n seme embeodinients, the amorphous form of Compound 2 has (4a) a melting point
at about 155°C followed by & re-crystallisation eventatabout 200°C followed by a second
melting point at about 288°C to about 295°C.

j0036] In somie embodiments, the amerphots formn of Compound 2 has (Sa) a phase change
{o a crystatline form whern heated sbove about 200°C, wherein the crvstalling form that is
formed above about 2007C is characterized by an XRPD pattern substantiallty similar to any
one of the XRPD patteins set forth in Figure 9.

(00377 In some enibodinents, the amorphous form of Compownd 2 has {6a) a DSCor a
TGA substantially similar to the ones set forth in Figare 12

j0638] In some embodiments, the amorphous form of Compound 2 has (5a) hygroscopicity.
16019} In some embodiments, the amorphous form of Compound 2 has (6a) chemical
stability.

(o04d} In one aspect is a crystalline form of Compound 2. In some embodiments, the
crystalline form of Conipound 2 has at least one property selected from:

(1c) an X-tay powder diffraciion (XRPD) pattern substantially similar to the one set forth in
Figure 1

(Zc) an XRPD patlern with peaks:at about 17.2°2-Thela, at about 18.4"2-Theta, at about
18.1°2-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 differenital
scanning calorimetry (DSC);

{4c) a DSC or a thermo-gravimetric analysis (TGA) substantially similar to the ones set
forth in Figure 15;

{5¢) physical and chemical stability (at 5°C, 25°C/60% relative hwnidity (RH), and/or
40°C/75% R for 2t least one month in a humidity chamber);

(6¢) non-hygroscopicity;

(7¢) IR spectrum substantialiy similar to the one set forth in Figare 19; and/or
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{8¢) an X-ray powder diffraction (XRPD) patiemn substantially similar to an XRPD pattern
obtained for crystals of Compound 2 obtained from methyl tert-butyl ether or acetonitrile.
po41] In some embodiments, the crystalline form of Compound 2 has at least one property
selected from: (1¢) an X-tay powder diffraction (XRPD) pattern substantially similaz to the
one sct forth in Figure 1; and (2¢) an XRPD paitern 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 23.8°2-
Theta.

0042; In some embodiments, the crystalline form of Compound 2 has (Ie) an X-ray
powder diffvaction {(XRPD) pattern substantially similar to the one set forth in Figure 1.
00431 In some-embodiments, the erysialline form of Compournid 2 has (2¢) an XRPD
pattern with peaks at about 17.2°2-Theta, at sbout 18.4°2-Theta, at about 19.1°2-Theta, at
shout 26 .8°2-Theta, and at aboul 23.8°2-Theta,

jop4d} In some embodiments, the erystalline form of Compound 2 has (3¢) a single melting
point at-about 2920°C 10 about 295°C as measured by differential scarming calorimetry
(DSC).

[0045] In some-embodiments, the crystaliine form of Compound 2 has (4¢) a DSC ora
therme-gravimetric analysis (TGA) substantially similar to the ones sel forth in Figure 15,
[6046] In some embodiments, the crystalline form of Compound 2 has (5¢) physical and
cheirical stability {at 5°C, 25°C/60% relative humidity (RH), and/or 40°C/75% RH for at
least onemonth in a humidity chamber).

[9047] In some embodiments, the crystalline form of Compound 2 is {6¢) non-hygroscopic.
[o048] It some embodiments, the crystalline form of Compound 2 has (7¢) IR spectrum
substantially 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 (XRPD) pattern subsiantially similar {0 an XRPD pattern obtained for
erystals of Compound 2 oblained from methy! tert-butyl ether or acetonitrile.

[0030]  In some embodiments, Compound 2 is crystatiine polymorph Form B.

(0051} Insome embodiments, Compoand 2 is crystatline and has at least one of the
following properties: (1b) an- X-ray powder diffraction (XRPD) patter substantially similar
to-the one set forth in Figure 2; (2b) an XRPD paitern with peaks at about 6.6° 2-Thela, at
about 8.1°2-Theta, at about 19.7°2-Theta, at sbout 21.0°2-Theta, at aboui 21.9°2-Theta, and

at abont 22.1°2-Theta,
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{6052] In one aspect, Compound 1 is used for treating asthma, preventing exercise-induced
bronchoconstriction, treating or preventing rhinitis (allergic and non-allergic}, treating
chronic obstriuciive pulmonary disease, treating cardiovascular disease, treating NSAID-
induced gastric lesions, treating pain, treating or preventing ocular disease or treating skin
dissase in a hman. In some embodiments, Compound 1 is grystalling. In some.
embodiments, Compound 1 is amorpous.

10053} In one aspect, a pharmacesutically acceptable salt of Compound 1 is used for treating
asthma, preventing exercise-induced brenchoconstriction, freating or preventing rhinitls
{altergic and non-allergic}, treating chronic obstructive pulmonary disease, treating
cardiovascular disease, treating NSAID-indused gastric lesions, treating pain, treating or
preveniing ocular disease or treating skin disease in a human. In sonte embodiments, the
pharmaceutically acceptable salt of Compound 1 18 Conipound 2.

10854] In one aspect, erystalline Compound 2 is used for treating asthma, preventing
exercise-induced bronchoconstriction, treating or preventing rhinitis (allergic and non-
allergic), treating chrounic obstructive pulmonary discase, treating carliovascular disease,
treating NSAID-indused gastric lesions, treating pain, treating or preventing ocular disease
or treating skin discase in & human, In some embodiments, crystalline Compound 2 is Form
.

j6035]  In one aspect, amorphous Compound 2 1s used for trealing asthma, preventing
exercise-induced hbronchoeonstriction, treating or preventing thinitis (allergic and non-
allergic), treating chronic obstructive pulmonary disease, treating cardiovascular disease,
trealing NSAID-induced gastric lesions, frealing pain, treating or preveniing ocular discase
or treating skin discase in a human.

{0e56) In one aspect there is provided Compound 1 and/or a pharmaceutically acceptable

salt thereof for use in the treatinent of asthma. n some embodinyents the pharmaceutically

accepiable salt is Compound 2.

10657] In one aspect there is provided Compound t and/or a pharmaceutically aeceptable

salt thereof for use in the treatment of prevention of exercise-induced bronchoconstriction.

In some embediments the phannaceutically acceptable salt is Compound 2.
10658] 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 embodimeiits the phatmagceutically acceptable salt is Compound 2.



14

20

30

[0059] I one aspect there is provided Compound 1 wndfor & pharmaceutically acceptable
salt thereof for use in the treatment of chronic obstructive pulmonary disease. In some
embodiments-the phatmaceuticatly acceptable sakt is Compound 2.

0050} In one aspect there is provided Conmpound 1 and/or a pharmaceutically acceptable
sali thereol for use in the treatment of cardiovascuiar disease. In some embediments the
pharmaceutically acceplable salt is Compound 2.

oos1] In one aspect there is provided Compound ! and/or a pharmaceutically aceeptable
salt thereof for use in the treatment of NSAID-induced gastric lestons. In some
enthodiments the pharmaceuticalty acceptable salt is Compound 2.

f00621 In one aspect there is provided Compound | and/or a pharmaceutically acceptable
salt thereof for tise in the treatment of ocwlar disease. In some embodimenis the
pharmaceutically acceptable salt is Compound 2.

10063} In onc aspect there is provided Compound 1 andior a pharmaceutically acceptable
salt thereot for use in the treatment of pain. In some embodiments the pharmaceutically
aceepiable salt is Compound 2.

{0064} In one aspect there is provided Compound 1 and/or a pharmaceuticatly acceptable
salt thereof for use in the treatment of skin disease 1n a2 human, Tn some embodiments the
pharmaceuticaily acceptable salt is Compound 2.

[0065] Described herein are pharmacentical compositions comprising Compound 1 and/or
pharmaceutically acceptable salts thereof. In some embodiments, the phanmaceutical
compositions compriss Compound 1. Inn other embodiments, the pharmaceutical
compositions coiupiise a pharmaceutically acceptable salt of Compowad 1. Tn some
embodiments, the phiarinaceutically acceprable salt of Compound 1 is Compound 2. in sonie
enbodiments; the pharmaceutical compositions further comprise at least one
pharmaceutically aceeptable inactive ingredient selected from among excipients, diluenis,
el carriers.

ee6l  In some embodiments, the pharmaceutically acceptable sakt of Compound 1
comprises 3-[3-(tert-butylsulfanyl)-1-{4-(6-ethoxy-pyridin-3-ylibenzyi]-5-(5-methyl-
pyridin-2-yvl-methoxy)-1H-indol-2-y1}- 2,2 -dimethyl-propionate as the anion, and the cation
1§ & metal cation or an ammonim cation. In specific embodiments, the cation is selected
from Li*, Na©, K, and NH,™. In more specific embodiments, the cation is selected from Li',

Na', and K. In even more specific embodiments, the cation is Na©.

10
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(0067 In sonie embodiments, pharmaceutical compositions deseribed herein are m a form
suitable fororal administration to a mammal. In specific embodiments, the composition 18 in
the. form of a pill, capsule, tablet, aqueous selution, or agueous suspension.

10068} In various embodiments the pharmaceutical compositions deseribed herein comprise
tess than abont 10ppm of palladinm.

10069} In some embodiments, the pharmaceutically acceptable salt of Compound 1 is
sodium 3-{3-(tert-butyisulfanyl)- 1-[4-(6-ethoxy-pyridin-3-ylYbenzyl}-5-(5-methyl-pyridin-2-
yl-methoky)-1H-indol-2-y1]-2,2-dimethyl-propionate (Compound 2} and Compound 2 is in

an amorphous phiase, a partially crystalline 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.

{00707 In some embodiments, Compound 1 is in an amorphous phase, & partially crystaliine.
form, or a erystalhne form. Tn specific embodiments, the pharmaceutical composition
described herein is fotiiulated a8 a tablet and Compound 1 is in crystalline form. In specific
embodiments, the pharmaceutical composition described herein is formiulated as a tablet and
Compound 1 is in amorphous phase,

{00711 In specilic embodiments, any of the pharmaceutical compositions deseribed herein
comprise the crystalline form of Compound 2 that has an X-ray diffraction patieriv with
characteristic deg 2-theta values at about 17.2°2-Theta, at about 18.4°2-Theta, at aboot
19,192 Theta, dt about 20.8°2-Theta, and at about 23.82-Thela. In some embodiments,
Compound 2 deseribed herein is in a crystalline form having an X-ray diffraction pattern
substantially similar to the one set forth in Figure 1. In other specific embodiments, any of
the phammaceutical compositions described herein comprise Compound 2 in amorphous
phase. In another specific embodiment, any of the pharmaceutical compositions described
herein comprise Compound 2 in a crystalling form having an X-ray diffraction pattern with
characteristic deg 2-theta values at aboui 6.6° 2-Thela, at about 8.192-Theta, at about
19.7°2-Theta, at about 21.0°2-Theta, at about 21.9°2-Theta, and at about 22.1°2-Theta. In
farther embodiments, Compound 2 deseribed herein is in a erystalline form havingan X-ray
diffraction pattern substantially similar to the one set forth in Figure 2,

{0072} In some embodiments, pharmaceutical compositions disclosed herein comprise
erystalline Compound 2 and a detectable amount of amorphous Compound 2.

18073] In some embediments, Compound 2 is in a form/phase that has a solability in water

at a pH of about 9 to about 10 and about 25°C of greater than about 10me/mL.

11



10

e
Lh

30

ma741 Inone aspect, provided herein is an oral pharmaceutical composition comprising: (a)
an alkali metal salt of Compound 1: (b) optional sorbitol or ethanol; and (¢) an aqueous
buffer solution. In specific embodiments, the alkali metal is sodium. In one aspeet, provided
is an oral phanmaceutical composition comprising: (3} & pharmaceutically acceptable salt
comprising 3-[3-(tert-butyl sul'fanyi)—l -{4-(6-ethoxy-pyridin-3-yDbenzyl]-5-(5-methyl-
pyridin-2-yl-methoxy)-1H-indel-2-y1]-2,2-dimethyl-propionate as the anion, and the cation
selected from Na', K', and Ii"; (b} an aqueous buffer solution; and optionally (¢} ethanol or
Poloxamer 124. In some eiibodiments, the cation is Na*. In some emsbodiments, the
aqueons buffer soluiton is an agueous sodium carbonate bufter solution. In some

embodinrents, the oral pharmaceutical composition further comprises 2 pharmaceutically

acceptable sweetener. In specific embodiments, the pharmaceutically acceptable sweetener

is selected from sucrose, sucralose, simple syrup, and syrpalta. In more specific
embodiments, the phanmaceuticaily acceptable swestener is sucralose. In other specific

embodiments, the pharmaceutically acceptable sweelener is asparlame. In certain

embodiments, any of the oral pharmaceutical compositions described herein comprise less

than about 10ppm palladium. In some embodiments, the oral pharmaceutical composition
has a conceniration of up to abouwt 0my/mk, about (. Img/mi. to about 60mg/ml, about

Lmg/ml to about S0mg/ml., about 10mg/mL to about 50mg/ml.. sbout Img/ml. to abont

20mig/mL, or about 10mg/mT of Compound 2.

0751 In some embodinients, provided herein is an oral pharmaceutical camposi‘fion
comprising: a. about 1y of the sodium salt of 3-[3-{tert-butyisulfanyl}-1-[4-(6-ethoxy-
pyridin-3-yhbenzyil-5-(S-methyl-pyridin-2-yl-methoxy)-1H-indol-2-y1}-2,2-dimethyl-
propionic acid {Compound 2); and b. about 100mi. of a solution of 1% {(w/w) Poloxamer

124 and 99% (wiw) aqueoas sodium carbonate buffer (0.010M, pH9-10), sweetened with

sucralose.

00761 In some embodiments, provided herein is an oral pharmaceutical compesition
comprising {2} about 1 gram or aboul 10mg/ml of the sodium salt of Compound 1
(Compound 2); and (b) about 100mL of abowt 10mM agueous sodium carbonate buffer
sohution with a pH of about 9-10 comprising about 16% w/iw absolute ethanol and about
0.003% wiw aspariame. In 8 specific embodimenit, provided herein is an oral
pharmacentical composition comprising {a) about 10mg/mL of Compound 2; (b) a solution
comprising about 1% wiw poloxamer 124 and about 99% w/w agueous sodium carbonate

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

12
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0677 In some embodiments, any oral pharmaceutical coraposition described herein
comprises oris 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 10mg to about 660mg, about 20mg to about 600mg, abeut 40mg to about
600mg or ahout S0mg to about 600myg of a pharmaceutically acceptable salt of Compound
1. In specific embodiments, the single dose, when administered to-healthy adult human
subjeets in the fasted state provides a Cm of about 0.1uM 1o about 30uM, about 0.2pM to
about 30uM, or about 0, 1pM 1o about SuM. In sonie smbodiments, the single dose, when
administered to healthy human subjects in the fasted state provides a ty,, of about 1 hour to
about 4 hours, or about 2 hours to about3 hoars. In some embodiments, the single dosg,
when administered to hé-a’l_thy human subjects in the fasted state provides an AUC0: of
about 4 hriM to about 160 hr M, about 5 hr-uM to about 110 hr-pM, about 5 hr-pM to
about 90 hr-pM, about 5 hrepM to about 50 hr-pM, about 3 hrpM to about 23 hr-pM., In
some embodiments, the sigle dose of the pharmaceutical composition when administered
to healthy adult human subjects in the fasted state provides a G, thatis less than about
54, less than about 9uM, or less than sbowt 12pM. In some embodimenis, the single dose
of the oral pharmaceutical composilion when admitristered to healthy adult human subjects
in the fasted state provides after about 8 houss at Teast 25%, at least 50%, at least 60%, at.
east 70%, at least 80% or at least 90% reduction in blood LTB, levels. In some
embodiments, the single dose provides after about 24 hours at Teast 5%, at least 10%. at
feast 209, at Teast 30%, at least 40%, or at least S0% reduction in blood LTB, levels. I
some embodiments, the single dose provides at least 25%, at least 5095, at east 60%, at
lcast 709%, at 1east 80%, or at least 90% reduction in urinary LTE; levels. tn some
embodiments, the phamaceutically active salt of Coempound 1 is Componnd 2. In some
embodiments, the single dose of the oral pharmaceutical composition comprises about
Himyg to about 1g, abeul 10mg to about 600mg, about 10mg, about 50mg, about 150me,
about 300mg, about 600mg, ar about 1060mg of Compound 2.

168781 In some embodiments, any oral phatmaceutical composition described herein
comprises of is formulated in a single dose comprising from about 10mg to about 1000mg
of Compouond 1. ln fartler crabodimenss, the single dose comprises about 50mg to aboat 1 2,
about 10y to about 600mg, or about 50mg to about 600mg of Compound 1. In further or

aiternative embodiments, the single dose of the oral pharmaceutical composition comprises
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about 10 mg to about 1g, about 10mg to about 600mg, about 10 mg, abont 50mg, about
150mg, about 300mg, about 600mg, or about 1000mg of Compound 1.

16679} An oralsolid dosage form pharmaceutical composition comprising: (2) about 10mg
to about 1g, or about 50mg to about 1g, or aboui 50mg o dbout 60Umg of Compound 2; and
{b) at least one inactive pharmaceutical ingredient. In specific embodiments, thic oral solid
dosage form comprises about 10mg, about 50mg, about 100mg, about 150mg, about
200mg, about 250mg, about 300mg, shout 450mg or about 600 mg of Compound 2, In
specilic embodiments, the oral solid dosage form comprises abotit 10mg, abouat S0mg, about
100mg, about 150myg, about 200mg, about 250mg, or about 300my of Compound 2. In
cerialn embodiments, the oral solid dosage form phanmaceutical coriposition comprises less
than about 10ppm palladium. In some embodiments, the oral solid dosage form
pharmiaceutical coriposition comprises luss than about 5000ppm ethyl acetate. In some
embodiments, the oral solid dosage form comprises less than about 5000ppm ethanol. In
some embodiments, the oral sohd dosage form pharmaceutical composition comprises-a
crystatline form of Compound 2. In some embodiments, Compound Z is in 2 crysialline
form having an X-ray diffraction patiem with characteristic deg 2-theta valuss at about.
17.2°2-Theta, at about 18.4°2-Theta, at abowt 19.1°2-Theta, al about 20.8°2-Theta, and at
about 23.8°2-Thela. In some embodiments, Compound 2 is in a erystalline form having an
X-ray diffraction spectrum substantially similar to the one sct forth in Figure 1. In soms
embodiments, Compound 2 is in a erystalline form having an X-ray diffractien pattern with
characteristic deg 2-theta values at about 6.672-Theta, at about 8.1°2-Theta, at about 19.792-
Theta, at about 21.0°2-Theta, at about 21.9°2-Thela, and at about 22.1°2-Theta. In some
embodiments, Compound 2 is in a crystalline form having an X-ray diffraction spectrum
substantially similar to the one set forth in Figure 2. In some emnbodiments, the oral solid
dosage form comprises an amorphous phase {Phase A) of Compound 2.

19080} An oral solid dosage form pharaceutical composition comprising: (a) about 10mg
to about g, or aboul S0mag to about 1g, or about 50mg to about 600mg of Compound 1; and
(b} al least one inactive pharmaceutical ingredient. In specific embediments, the oral sold
dosage form comprises aboutl 10mg, about 30mg, about 100mg, about 150mg, about
200mg, about 250mg, about 300mg, aboul 450mg or about 600m g of Compound 1. In
certain embodiments, the orat solid dosage form pharmacestical composition comprises less
than about 10ppm palladiem. In some embodiments, the oral solid dosage form

pharmaceuntical composition comprises less than about 5000ppm ethyl acetate. In some
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embodiments, the oral solid dosage form comprises less than about 3000ppm ethancl. In
some einbodiments, the oral solid dosage form pharmaceutical composition comprises a
crystaliine form of Compound 1. In some embodiments, Compeund 1 is in amorphous
phase.

jonss} In one aspect, any of the oral solid dosage form phanaceutical composition
described herein allows for rapid absorption of the active ingredient in the stomach and
upper gastrointestinal tract. In specific embodiments, provided herein is an oral solid dosage
forni that is in the form of # tablet, In more specific embodiments, the tablet is an immediate
refense tablet.

00821 Tn some embodiments, the oral solid dosage form that comprises Compound 2
exhibits an in vitre release of Compound 2 in about 1% sodium lauryl sulfate sohution at pH
of about 7 and about 37°C of more than about 90% after about 10 minutes. In specific
embodiaents, the in vilro release s measared by a drug release test using the United States
Pharmacopea (USP} Type 1, basket at about 100rpm. with dbout 500mL of about 1%
sodium lawryl sulfate solution at pH of about 7 and about 37°C.

00831 In some embodiments, provided herein is a pharmaceutical composition comprising
Compound 2, &.g., an oral solid dosuge {form, wherem administration of a single dose of the
pharmaceutical composition to'a healthy aduit human subject in the fasted state provides a
Cnay 288 0f than about 5pM, and provides after about 8 hours at least an 80% reduction in
blood LTR; levels. In some embodiments, provided herein is a pharmacestical composition,
o.g., an oral solid dosage form pharmaceutical composition, wherein administration of a
single dose of the phanmaceutical composition to a healihy adult hunan subject in the fasted
state provides after about 24 hours at least 30% reduction in blood L'TBylevels. In some
embodirents, provided berein s g pharmaceutical composition, ¢.g., an oral solid dosage
form pharmaceutical composition, wherein administration of a single dose of the
pharmaceutical composition to a healthy adult human subject in the fasted state provides
atter about 24 hours at least 50% reduction of urinary LTE,4 levels,

{084 In some embodiments, any oral solid dosage form described herein comprises a
binding agent, a disintegrant, and a ghdant as wactive pharmaceutical ingredients. In
specific embodiments, the mactive pharmaceutical ingredieuts comprise silicified

microcrystaline celinlose (SMCC), mannitol, crospovidone, and magnesium stearate.
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(685 In some embodiments oral solid dosage form pharmaceutical compositions provided
herein comprise froin about 1% to about 99%, about 1% to about 30%, about 1% to abont
20%, or about 10% by weight to abowt 20% by weight of Compound 2,

{0086] Descnbed herem ate pharmaceutical compositions that provide at least one
metabolite of Compound 1 to a mammal after administration to the marnmal. In specific
embodiments, the at least one metabolite is sclected from among: 3-[3-fert-butylsulfinyl- i~
[4-(6-ethoxy-pyridin-3-yD)-benzyl]-5-(5-methyl-pyridin-2-yimethoxy)- | H-indo!-2-y1}-2,2-
dimethyl-propionie acid; 3-[3-tere-butylsulfanyl-1-{4-(6-bydroxy-pyridin-3-yl)-benzy]}-5-
{S-methyl-pyridin-2-ylmsthoxy)-1H-indol-2-y1]-2,2-dimethyl-propionic acid; 3-{3-teri-
butylsulfanyl-1<[4-(6-ethoxy-pyiidin-3-v1)}-benzyl |-5-{5-methyl-N-oxy-pyridin-2-
yimethoxy)-1H-indol-2-y1-2,2-dimethyi-propionic acid; the-acy! gluconuride of 3-f3-fext-
butylsulfanyl-1-[4-(6-cthoxy-pyridin-3-yl)-benzvi]-5-(S-methyl-pyridin-2-ylmethoxy)- 1 H-
indol-2-y1}-2,2-dimethyl-propionic acid; and combinations thereof. In specific
embodiments, the af least one metabolits is the acyl gluconuride of 3-[3-tert-butylsul fanyl-
1-{4-(6-cthoxy-pyridin-3-yD-benzy!]-5-{ S-methvi-pyridin-2-ylmethox y)- 1 H-indol-2-y1}-2.2-
dituethyl-proplonic acid. In some embodiments, the pharmaceutical composition comprises
a pharmaceuticatly acceptable {o.g., sodium) salt of 3-[3-(tert-butyisulfanyl)-1-[4-(6-ethoxy-
pyridin-3-yhbenzyl-5-(5-methyl-pyridin-2-yl-methoxy)- 1 H-indol-2-y1}-2, 2-dimethyl-
propionic acid.

[0087] Decribed in certain embodiments herein is # pharmaceutical composition comprising
an active ingredient that inhibits 5-lipoxygenase-activating protein (FLAP) and does not
substantially inhibit at least one Cytochrome P450 enzyme selected from CYP 3A4, CYP
1A2, CYP 2A6, CYP 2B6, CYP 2C8, CYP 2C9, CYP 2C19, CYP 206, and CYP 2E] at
doses up to 40pM or S0xM. In some embodiments, the pharmaceutical composition
comprising an active FLAP inhibitor has an ICsq greater than about 40uM, or 50uM for at
teast one Cytochrome P4350 enzyme selected from CYP 3A4, OY¥P 1A2, CYP 2A6, CYP
2B6, CYP 2C8, CYP 2C9, CYP 2C19, CYP 2D6, snd CYP 281, In some embodiments, the
pharmaceutical composition does not substagtially induce Cytochrome P450 CYP 3A4,
CYP2C9, CYP 1A2, CYP 2019, or CYP 2D6 at doses up te 40uM, or up to 50pM. In some
embodiments, the pharmaceutical composition comprising an sctive FLAP inhibitor has an
ICss greater than about 40uM, or 50aM for at Jeast one Cytochrome P450 enzvme selected
from CYP 3A4, CYP 209, CYP 1A2, CYP 2C19, and CYP 2D6. Iy certain embodiments,

the FLAP inhibitor is Compound 1, or & pharmaceutically acceptable salt thereof. In a
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specific embodiment, the FLAP inkibitor is Compound 1. in another specific embodiment,
the FLAP mhibitor is Compound 2.

[8088] Described in certain embodiments herein 13 an oral solid dosage form
pharmaceutical composition comprising: (a) Compound 2; and (b) optionially at least one
inactive pharmaceutical ingredient, In specific embodiments, the oral solid dosage form
pharmaceutical composition is in the form of a capsule. In more specific embodiments, the
capsule 13 a hard gelating capsule. In various embodiments, the capsules described herein
comprise at least ong exciptent or no ex¢ipients. In some embodiments, Compound 2 of'the
oral dosdge form 1s amorphous, pariially crystalline, or erystalline. In specilic embodiments,
Compound 2 is crystalline.

fousy] Described 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 squipped 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 desiceant.

{0096] In certain embodiments, provided hercin are methods of ireating asthma in a human
comprising administering to the human one or more of the pharmaceutical compositions
desernibed heremn, o certain embodiments, provided herein are one or more of the
pharmaceutical compositions described herein for use in the treatment of asthpia in a
humnan, In certaln embodiinents, provided herein is the use of one or more of the
pharmaceutical compositions deseribed herein for the manufacture of a medicament for the
treatment of asthma in a human.

10091} In certain embodiments, provided herein are mcthods of preventing exercise-induced
bronchoconstriction in a human comprising administering to the human one or more of the
pharmaceutical compositions described herein. In certain embodiments, provided herein are
one or more of the phanmaceutical compositions deseribed 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
a human.

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

compositions described herein. In certain embodiments, provided herein sre methods of
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treating allergic rhinitis in a human coniprising administering to the human oae or more of
the oral pharmaceutical compositions described herein.

10093} 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,
ad antihistamines.

(60941 In certain embodiments, provided herein are one or more of the pharmaceutical
compositions described herein for use in the treatment or prevention of allergic rhinitisin a
huinan. In certain cbodinients, provided herein i5 the nse of one or more of the
pharmaceutical conpositions deseribed herein for the manufacture of a medicament. for the
treatment ot prevention of allergie rhinitis.

(0095} Tnt certain embodiments, provided hercin are methods of treating chrotic obstructive
pulmonary disease in a human comprising administering to the human one or mote of the
pharmaceutical composiiions described herein. In ceriain embodinients, provided herein. are
one or more of the pharmaceutical compositions described herein for use In the treatment of
chronic obstmctive pulmonary disease in ¢ human. In certain embodiments, provided herein
is the use of one or more of the pharmaceulical compositions deseribed herein forthe
manufacture of a medicament for the treatment of chronic obsiructive pulmonary disease in
a human.

{0696} In certain embodiments, provided herein are methods of ireating cardiovasculay
disease in a human comprising administering to a hignan any of the pharmaceuntical
compositions described herein. In certain embodiments, provided herein are one or more of
the pharmaceutical compositions described hercin foruse In the freatment of cardiovascular
disease in a human. Incertain embodiments, provided herein is the use of one or more-of the
pharmaceutical compositions described herein for the mamufacture of a medicament for the
ireatment of cardiovascular disease in a human.

[0097] In certain embodiments, provided herein are metheds of treating NSAID-induced
gastric lesions in a human comprising adminislering to 4 human any of the pharmaceutical
compositions described herein. In certain embodiments, provided herein are one or miore of
the pharmaceatical 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
one 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.

18



15

20

]
LA

[0098] In certain embodiments, provided herein are methods of treating pain in a human
comprising administering to a human any of the pharmaceutical compasitions deseribed
herein. Iu certain embodiments, provided herein are oné or more of the pharmaceutical
compositions described herein for use in the treatment of pain in a human. In certain
embodiments, provided herein is the nse of one or more of the pharmaceutical corapositions
described herein for the:manufacture of a medicament for the treatment of pain i a human,
{0099] 1 certain embodiments, provided herein are methods of treating skin disease in
fiwman comprising administering to a human.any of the pharmaceutical compositions
deseribed herein, In certain embodiments, provided hierein are one or more of the
pharmaccutical compositions deseribed herein for use it the treatment of skia dissase ina
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
treatment of skin disease in a human.

[80100] In certain embodiments, provided herein are methods of treating ocular diséase in a
human comprising administering to 2 human any of the pharmaceutical compositions
described herein. In certain embodiments, provided herein are one or more of the
pharmacentical compositions described herein for use in the freaiment or prevention of
ocular disease in a human. In cerfain embodiments, provided herein is the use of one or
more of the pharmaceutical compositions described hetein for the manufactare of a
medicament for the treatment or prevention of ocular disease in o human,

1001011 In one aspect, described herein are pharmacentical compositions for oral
adminisiration to a mammal that comprises an active ingredient that inhibits FLAP and does
not substantially canse increases in fiver weight of the mammal. In some embodiments, the
active ingredient is Compound 1 or a pharnsacentically acceptuble salt thereof In one
specific embodiment, the active ingredient is Compound 1. In another specific embodiment,
the active ingredient is Compound 2.

(00102} In one aspect, provided hercin is 2 method of treating asthma in a himan comprising
adninisiering to the human an oral pharmacentical composition as described herein
comprising Compound | or a pharmaceutically acceptable salt thereof. In some
embodiments, the active ingredient is Compound 1. In other embodiments, the active
ingredient 15 Compound 2.

{00103} In one aspect, provided herein Is an oral pharmaceutical composition as described

herein comprising Compound 1 or a pharmaceutically aceeptable salt thereof for use in the
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treatment of asthma in & human. In some embodiments, the active ingredient is Compeund
1. Ini other embodiments, the active ingredient ts Compound 2.

80104} In'ont aspect, provided herein is the use of a phanmaceutical composition
comprising Compound 1 or a pharmacentically acceptable salt thereof as the active
ingredient, for the manufacture of a medicament for the weatment of asthma in a human. In
some embodiments, the active ingredient is Compound 1. In other embodiments, the active.
ingredient is Corapound 2. In some embodiments, the pharmaceutical composition is an oral
pharmaceutical composttion disclosed herein.

106195] In another aspect, provided hierein is a miethod of preventing exercise-induced
bronchoconstriction in & humarn comprising administering to the human an oral
pharmacentical composiion compnsing Compound 1 or a pharmaceutically acceptable salt
ihereof as fhie active ingredient in the oral pharmaceutical composition. In some.
embodiments, the active mgredient is Compound 1. In other embodiments, the active
ingredient is Compound 2.

[o0106} lii one aspeet, provided herein is an oral pharmaceutical composition as described
herein compiising Compouiid 1 or a pharmaceuticaily acceptable salt thereof as the active
ingredient for use in the prevention of exercise-induced bronchoconstriction in & human. In
sonte entbodiments, the active ingredient is Compound 1. In other embodiments, the active
ingredient is Cornpourid 2.

100107} In one aspect, provided herein is the use of a pharmaceuiical composition
comprising Compound 1 or a pharmacentically acceptabie salt thereof as the active
ingredient, for the manufacture of a medicament for the prevention of exercise-induced
bronchocensiriction in a haman. In some embodiments, the active ingredient is Compound
1. In other embodiments, the active ingredieat is Compound 2. In some embodiments, the
pharmaccutical composition is an oral pharmaceutical composition disclosed herein.
[00108] In one aspeot, described herein is a method of treating allergic thinitis in a human
comprising administering to the human an oral 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 ingredient is Compound 2.

160109} In one aspect, provided herein is an oral pharmaceutical composition as described
herein comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active

ingredient for use in the freatment or prevention of allergic rhinitis in 2 hurnan, In some
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embodiments, the active ingredient-is Compound 1. In other embodiments, the active
ingredient is Compound 2.

[89110] In ong aspect; provided herein is the use of a pharmaceutical composition.
comprising Compounnd I or a pharmaceutically acceptable salt thereof as the active
ingredient, for the manufxciure of o medicament for the treatment or prevention of allergic
rhinitis in a human. In some embodiments, the active ingredient 1s Compound 1. In othey
embodiments, the active ingredient is Compoung 2. In some embodiments, the
pharmaccuatical composition is an oral pharmaceutical composition disclosed herein.

[00111] In any of the method of treatnients described herein, the methods further comprise
administering at least one additional pharmaceutical agent selected from inhaled
corticosteroids, short acting beta-agonists, long acting beta-agonists, anifhistamines,
antichslinergics, non-steroidal GR agonists, antiinfectives and antivirals.

f60112] In one aspect, provided hereinis-a method of treating chronic obstructive pulmonary
disease 1 a buman comprising administering o the human a pharmaceutical composition
comprising Compound 1 or a pharmaceugically acceptable salt as the active ingredient the
oral pharmaceutical composition. In some embodiments, the active inigredient is Compound
1. In other embodiments, the active ingredient is Compound 2.

{00113} [ one aspect, provided herein is an oral pharmaceutical composition as described
herein comprising Compound 1 or a phammacsuiically acceptable salt thereof as the active
ingredient for use in the treatment of chronic obstructive pulmonary disesse in a human. In
some embodiments, the active ingredient is Compound 1. In other embodiments, the active
ingredient s Compound 2.

{00114} In oiie aspeet, provided herein is the use of a pharmaceatical composition
comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active
ingredient, for the manufacture of a medicament for the freatment of chwonic obstructive
pulmonary disease in a human. Tn some cmbodiments, the active ingredient is Compound 1.
I other embodiments, the active ingredient is Compound 2. In some embodiments, the
pharmaceutical composition is mu oral pharmaceutical composition disclosed herein,

[601315] In one aspeel, provided hievein is a method of treating cardiovascular disease in a
humai comprising administering to the human a pharmaceutical composition comprising
Compound 1 or a pharmaceutically acceptable salt thereof as the active ingredient the oral
phammacentical composition. In some embodiments, the active ingredient is Compound 1. Tn

other embodiments, the active ingredient is Compound 2.
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[60116] [ one aspect, provided herein is an oral pharmaceutical composition as described
herein comprising Compound 1 or a pharmaceutically aceeptable salt thereof as the active
ingredient for use in the treaiment of cardiovascular disease in a human. In some
embodiments, the active ingredient-is Compound 1. In other embodiments, the active
ingredient is Compound 2.

|8a1171 In one aspect, provided hereiw is the use of a pharmaceutical composition
comprising Compound I or 2 pharmaceutically acceptable salf thereof as the aciive
ingredient, for the manafacture of a medicamerit for the freatment of cardiovascular disease
in a human, In some emhodiments, the active ingredient is Compound 1. In other
embodimenis, the active ingredient is Compound 2. In some embodiments, the
pharmacentical composition is an oral pharmaceuatical composition disclosed herein.
{00118} iz one aspect, provided herein 1s a method of treatiog pain in a hurgan comprising
administering to the human a phanmacentical composition comprising Compound 1 ot a
pharmacentically acceptable salt thereof as the active ingredient the oral pharmaceutical
composition. In some emabodiments, the active ingredient is Compound 1, In other
embodiments, the active ingredient is Compound 2.

001193 Tn one aspect, provided herein is an oral pharmmaceutical composition as described
herein comprising Compound 1 or a pharrnaceutically acceptable salt thereof as the active
imgredient for use in the treatment of pain 1n a human. In some embodiments, the active
mgredient 1s Compound 1. In other embodiments, the active ingredient is Compound 2,
{eI20] In m‘wla.speet, provided herein is the use of a pharmaceutical composition
comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active
mgredicnt, for the manufacture of medicament for the treatment of pain in a human. In
some gmbodiments, the active gredient is Compound 1. In other embodiments, the active
ingredient is Compounnd 2. In some embodiments, the pharmaceutical composition is ah 6ral
pharmaceutical composition disclosed herein.

[00121] In one aspect, provided herein is a method of treating NSAID-induced gastric
lestons i a human comprising administering to the hwman a pharmaceutical compesition
comprising Compound I or a pharmaceutically acceptable salt thereof as the active
mgredient the oral pharmaceutical composition, In some etubodiments, the active ingredient
is Compound 1. In other embodiments, the active ingredient is Compound 2.

[66122} In one aspect, provided herein is an oral phanmaceutical composition s deseribed

herein comprising Componnd 1 or a pharmaceutically accepiable salt thereofas the active
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ingredient for use ia the treatment of NSAID-indaced gastric lesions in a hwman. Insome
embodiments, the active ingredient is Compound 1. In other embodiments, the active
ingredient s Compound 2.

[06123) T one aspeot, provided herein is the use of a pharraceutical coprposition
comprising Compound 1 or a pharmaceuticatly accepiable salt thereof as the active
ingredient, for the manufacture of a medicament for the treatment of NSAID-induced
gastric lesions in 3 hunan. In some embodiments, the active ingredient is Compoand 1. In
other embodiments, the active ingredient is Compoand 2. In some embodiments, the
pharmaceutical composition is an oral pharmaceutical composition disclosed herein.

[09124] In one agpect, provided herein is a method of reating ocular disease 1n a human

comprising administering to the human a pharmacentical composition comprisitig

Compound 1 or g phannaceutically accopiable salt thereof as the active ingredient the oral

pharmaceutical composition. In some embodiments, the active ingredient is Compound 1. Iy

other embodiments, the active ingrediont is Compound 2.

{60125} In one aspect, provided hergin is an oral pharmacentical compostiton as described
hetein comprising Compotmd 1 or a pharmaceutically acceptable salt thergof as the active
ingredient for use in the treatment or prevention of ocular disease in @ human. In some
embodiments, the active ingredient is Compound 1. In other embodiments, the active
ingredient is Compound 2.

[08126] In one aspect, provided herein is the use of a pharmaceutical composition
comprising Compound | or a pharmacentically acceptable salt thereof as the active
ingredient, for the nranufacture of a medicament for the freatnyent or prevention of ocular
disease in a huran. In some embodiments, the active ingredient is Compound 1. In other
embodiments, the active ingredient is Conipound 2. In some embodiments, the
pharmaceutical composition is an oral pharmaceutical composition disclosed herein.
j08127] In one aspect, Compound 1, or g pharmaceutically acceptable salf thereof {e.g.
Compound 2) is used to treat patients suffering from leukotrienc-dependent conditions or
diseases, includi'ng_, but not limited to, asthmia, chromic obsiruciive pulmonary disease,
pulmonary hypertension, interstitial lung fibrosis, allergic rhinitis, adalt respiratory distress
syndrome, and inflanimatory conditions.

jooi28} I one aspect provided are methods for modulating, including reducing and/or

minbiting the.activity of 5-lipoxygenase activating protein, directly or indirectly, i 4
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mammal comprising administering to the mammal at least once an effective amount of
Compound I, or a pharmaceutically acceptable salt thereof (e.g. Compound 2}.

106129} Ih one aspect provided are methods for modulating, including reduciiig and/or
inhibiting, the activity of lenkotrienes in a mamnmal, directly or indirectly, comprising
administering to the mammal at least once an effective amoint of Compound 1, ova
pharmaceutically acceptable sait thereof (e.g. Compound 2).

{00130} In one aspect provided are methods for treating leukoiriene-dependent or leukotriens:
mediaied condiiions or diseases, comprising administering to the mammal at least once an
effective amount of Cormpound 1, or a pharmacentically acceptable salt thereof (e.g.
Compound 2).

{00131} In one aspect provided are methods for treating mammals with an mflanatory-
and/or allergic condition comprising administering to the mamnral at least once an effective
anwinnt of Compound 1, or a pharmacentically acceplable salt thereof (e.g. Compound 2).
{00132} It one aspect, provided herein is an ofal pharmaceutical composition as described
herein comprising Compound 1 or a pharmaceutically acceptable salt thereof as the.active
ingredient for use in the treatment or prevention of an inflammatory and/or allergic
condition in a mammal. In some embodiments, the sctive ingredient is Compound 1. In
other embodiments, the sctive ingredient is Compound 2.

00133] In one aspecl, provided herein is the use of a pharmaceutical composition as
described herein comprising Compound 1 or a pharmaceutically acceptable sdlt thereof as
the active ingredient, for the manufacture of a medicament for the treativent or prevention
of an inflammatory and/or allergic condition in a mammal. In some embodiments, the active
ingredient js Compound 1. In other embodiments, the active ingredient is Compound 2. In
some embodiments, the pharmaceutical compesition is an eral pharmaceutical composition
disclosed herein.

[00134] In one aspect are methods for treating inflammation in & mammal comprising
admmmstering to the mammal at least once an effective amounnt of Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2),

{00135} I one aspect ave methods {or treating respiratory diseases in a mammal comprising
administering to the mammal mammal at least once an effective amowunt of Compound 1, or
a pharmaceutically acceptable salt thereof (e.g, Compound 2). In a specific embodiment of

this aspect, the respiratory disease is asthma.
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job136} Respiratory disease includes, but is not limited fo, adult respiratory distress
syndrome and allergic (extrinsic) asthuna, non-allergic (intrinsic) asthia, acute severe
asthma, chronic asthma, clinical asthma, nocturnal asthma, allergen-induced asthma,
aspitin-sénsitive asthma, exércise-induced asthma, isocapnic hyperventilation, child-onset
asthma, adult-onset asthma, cough-variant asthma, occupational astluna, steroid-resistant
asthma, seasonal asthma, allergic rhinitis, vasomotor rhinitis, vascular responses, endoloxin
shock, fibrogenesis, pulmonary fibrosis; allergic diseases, chromic inflammation, and adult
respiratory disivess syndrome.

{00137} In one aspect are methods for treating chronic obstructive pulmonary disease ina
mrarmmal contprising administering to the mammal ui least onice an effective amount of
Compound 1, or 2 pharmaceutically acceptable salt thereof (e.g. Compound 2).

j60138] Chronic obstructive pulmonary disesse includes, butis net hmited to, chronic
bronchitis or emphysenta, pulmonary hypertension, interstitial hung fibrosis and/or airway
miflanmation and cystic fibrosis.

100139} [n one aspect are methods for preventing increased mucosal secretion and/or edema
in a mammal comprising administering to the mammal at least once an effective amount of
Compound 1, or a pharmaceutically acceptable salt thereof (2., Compound 2).

100140] In one aspect are methods for preventing coesinophil and/or basophil and/or dendritic
cell and/or neutrophit and/or monocyte recruitment in a mammal comprising administering
fo the mammal at least once an effective amount of Compound 1, or & pharmaceutically
acceptable salt thereof (e:g. Compound 2).

[66141] In another aspect are methods for preventing ecular discase (for example, ocular
inflanumation, allergic conjunctivitis, vernal keratoconjunctivitis and papiflary

conjunctivitis) in a manunal comprising administering to the mammal at least ofice an

effective amount 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
ivolving recruitment or activation of eosinephils in a mammal comprising administering io
ihe mammal at least once an effective amount of Compound 1, or a pharmaceutically
acceplable salt thereof (e.g. Compound 2).

1001431 In another aspect are methods for preventing or trealing NSAID-induced gastric

lesions in a marminal comprising administering to the mammal at least once an effective

amount of Compound 1, or a pharmacentically acceptable salt thercof (e.g. Compound 2).
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100144 In any of the aforementioned aspeets, the mammal is a human, Tn any of the
aforementioned aspects, the mammal is a human, hicloding embodiments wherein (a) the
humian has an asthmatic condition or one or mere other condition(s) selected. from the group
consisting of allergic {extrinsic) asthma, non-aliergic {inirinsic) asthnia, acute severe
asthma, chronic asthma, clinical asthma, nocturnal asthma, allergen-induced asthma,
aspirin-sensitive asthma, exercise-induced asthima, isocapnic hyperventilation, child-onset
asthina, aduli-orisel asthina, cough-varant asthma, occupational asthma, steroid-resistant
hypertension or interstitial lung fibrosis. In any of thie aforementioted aspects are further
embodiments in which the mammal is an animal model for pulmonary inflaramation,
examples of which are provided herein.

{00145} In any of the aforementioned aspects are forther embodiments comprising single
administrations of the effective amount of Compound 1, or a pharmaceutically scceptable
salt thereof (e.g. Compound 2), including flurther embodimenis 11 which Compound 1, or 2
pharmaceutically acceptabie:sali thereof (e.g. Compound 2) is (i) administered once-a-day;
(ii) 1s administered twice-a-day; or (11} s administered multiple times over the span of one
day.

[p0146] Tn any of ihe aforementioned aspects are further embodiments comprising multiple
administrations of the effective amount of the compound, including further embodiments in
which (1) the comipound is administéred in a single dose; (if) the time hetween muoltiple
administrations is every 6 hours; (i) the time between multiple adninistrations is every 8
hours; (1v) the time between muftiple administrations is every 12 hours.

[09147] In some embodiments, the methods of treatment or prevention disclosed herein
comprise a drug holiday, wherein the administration of Compound 1, or 8 pharmaceutically
acceptable salt thereof (g.g. Compound 2} s temporanily suspended or the dose being
administered 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 daysto | year.

{00148 In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2) is used in the manufactore of medicaments for the treatiment of leukotriene
dependent conditions, disorders, or diseases in a human that is 3 non-responder to
montelukast. In some embodiments, the leukotriene dependent condition, disorder, or
disease is & respiratory disease or condition. In a specific embodiment, the respiratory

discase or condition is asthma.
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{00149] Compound [, or a pharmaceutically acceptable salt thereof {e.g. Compound 2) for
treating any of the diseases or conditions disclosed herein,

109150} A pharmaceutical composition comprising Compound 1, or-a pharmaceutically
acceptable salt thereof {e.g. Compound 2) for use in any of the uses and methods disclosed
hercin.

00151 Use of Compound 1, or a pharmacenticafly acceptable salt thereof (e.g. Compound
2} in the manofacture of a medicament for treating or preventing any of the diseases
disclosed hergin in 2 mammal. In one aspect isthe use of Compound i or a
phatmaceutically accepiable salt thereof (e.g. Compound 2) for the manufacture of 8
medicament for the treatment of asthma in a human. In one aspect is the use of Conipound 1
or 4 pharmaceutically acceptable salt thersof (.g. Compound 2) for the manufacture of a
medicament for the treatinent of allergic rhinitis in a human. In one aspect is the use of
Compound | ora pharmaceutically accepiable-salt thereof (e.g Compound 2} for the
manufacture of a medicament for the prevention of allergic thinitis in & human. {u one
aspect is the use of Compound 1 or a pharmaceutically acceplable sali thereof (e.g.
Compound 2) for the manufactire of a medicament for the treatment of chronic obstructive
pubmonary disease in a buman. In one aspeet is the use of Compound 1 ora
pharmaceutically acceplable salt thereof (e.g. Compound 2) for the manufacture of
medicament for the fredtment of ocular disease ina human. In one aspect is the use of
Compound 1 or a pharmaceutically acceptable salt thereo!l (e.g. Compound 2) for the
manufacture of a medicathent for the weatment of cardiovascualar disease n a human. In one
aspect1s the use of Compound 1 or a pharmaccutically sceeptable salt thereof {e.2.
Compound 2) for the manufaclure of 4 medicament for the treatment of skin disease in a
human. In one aspect is the use of Compound 1 or a pharmaceutically acceptable salt
thereof {e.g. Compound 2) for the manufacture of a medicament for the treatment of
NSAID-induced gasfric lesions in 2 human, In one aspect is the use-of Compound 1 ora
pharmacentically scceptable salt thereof {e.g. Compound 2) for ihe manafacture of a
medicament for the treatment of pain inn 2 human,

(08152 {n one aspect, described herein is the ireatment of leukotriene dependent conditions,
diseases, or disorders in a human that is a non-responder to montelukast, In some
embodiments, the leukotrieng dependent condition, disorder, or discase is a respiratory

disease or condition. In a specific embediment, the respiratory disease or condition is
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asthma. In a specific embodiment, the non-responder to. monteinkast is administered
Compound 1, or a pharmaceutically acceptable salt thereof {e.g. Compound 2).

{60153} In one aspect, the dese of Compound 1, or a pharmaceutically acceptable salt thereof
{£.g. Compound 2} that is administered to healthy human patients is reduced i human
patients that lack or have a defect in a UDP-glucuronosyliransferase enzyme normally
present in the human.

j06154} In one aspect, described herein is 4 method of increasing the bicavailability of an

- orally administered dose of Compound I, ora pharmacentically acceptable sali thereof (e.g.

Compound 2) in healiliy human patients comprising orally administering to a mammal; (1) a
dose of Compound 1, ora phavmaceutically acceptable salt theréof (¢.g. Compound 2); and
{2} an inhibitor ofa UDP-glucironosyliransferase envyme normally present in ihe mammal.
In some emboediments, the UDP-glicuronosyliransferase enzyme is selected from UGTEAL,
UGTIA3, UGTIAS, UGT1A9, and UGT2R7.
{60135} In any of the atorementioned aspects involving the prevention or treatment of
inflammation are further embodiments comprising: (@) mouitoring inflammationin a.
raamnal; (b) measuring bronchoconstriction in a amimal; (¢} measuring eosinophil and/or
basophil and/or dendritic cell and/or neutrophil and/or monocyte and/or lymphocyte
recrustment in a marrmal; {d) monitoring mucosal secretion in a mammal; (¢) measuring
mucosal ¢dema in a mammal; (¢} measuring levels of LTB; in' the caleium ionophore-
challenged blood of 2 mammal; (f) measuring levels:of LTE; in the urinary excretion of a
mammal; or {g) identifying a patient by measuring leukotriene-driven inflammatory
blomarkers such as LTB,, LTCy, 1i-6, CRP, SAA, MPO, EPO, MOP-1, MIP-w, siCAMs, II-
4, 1-13.
fooxsel In any of the aforementioned aspects involving the prevention or treatment of
leukotriene-dependent or leukotriens mediated diseases or conditions are further
embodiments comptising identifving patents by screening for a leukotriene gene haplotype.
In some embodiments the leukotriene gene haplotype is.a leukotriene pathway gene. In a
specific embodiment, the leukotriene gene haplotype is a FLAP haplotype.
[00157] Inn any of the aforementioned aspects involving the prevention or ireatment.of
teukotriene-dependent or Jeukotriene mediated diseases or conditions are fiirther
embodiments comprising identifving patients by moniforing the patient for either:

1)  at least one lenkotriene related inflammatory biomarker; or

1} at least one functional marker response o a leukotriene medifying agent; or
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11} at least one leukotriene related inflammatory hlomarker and at least ene
functional marker résponse 1o a leukotriene modifying agent.
100158] In soine embodiments, the leukotriene-related inflaminiatory biomarkers are selected
from the group consisting of LTB,, cysteinyl leukotrienes, CRP, SAA, MPO, EPO, MCP-1,
MIP-e, sICAM, TL-6, IL-4, and IL-13. In some embodiments, the functional marker
response 1s significant lung volume (FEV1).
001591 In any of the aforementioned aspeets involving the prevention or treatment of

ieukotriene-dependent or leukoiriene micdiated diseases or conditions are further

embodiments comprising identifying patientis by either:

1) screening the patient for at Jeast one leukowriene gene SNP andfor haplotype
meliding SNP’s ih intronic or exonic focations; ot
i) monitoring the paticit for at lcast one leukotriene related inflammatory
omarker; or
i1} monitoring the patient for at least one functional marker responseto a -
lewlotriene modifying agent
00160} In some embodiments, the leukotriene gene SNP or haplotype is a leukotriene
pathway gene. In specific embodiments, the leukotuiene gene SNP or haplotype is a FLAP
SNP or haplotype. In some embodiments, the leukotriene-related inflarnmatory biomarkers
ave selected from the group consisting of LTB;, cysleinyl leuketrienes, CRP, SAA, MPO,
EPO, MCP-1, MIP-w, sICAM. 1L-6, 114, and }L-13. In some embodiments, the fuictional
marker response is.significant lung volume {FEV1).
[00161] In 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 following:
i} screening the pationt for at least one leukotriene gene SNP or haplotype;
ity monitoring the patient for at least one leukotriene related inflammatory
biomarker;
i1i) monitoring the patient for at least one functional marker response to a
{eskotriene modifying agent.
j96162] In some embodiments, the leukotriene gene SNP or haplotype is a leukotriene
pathway gene. In some embodiments, the lenkotriene 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, MPQ,
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BEPQ, MCP-1, MIP-o, sICAM, 116, IL-4, and I1-13. In some embodiments, the functional
marker response is significant hung volume (FEV1).
j00163] In any of the aforementioned aspects involving the prevention or treatment of
leukotriene-dependent or leukoiriene mediated diseases or conditions are further
embodiments comprising identifying patients by
1) screening the patient for at least one levkotriene gene SNP or haplotype:
i1} monitoring the patient for at least one leukotriene related inflammatory
biomarker; and
i1t) monitoring the patient for gt least one functional marker responscio a
ieukotriens modifying agent.
j00164} In some embodiments, the leukotriene gene SNP or haplotype s 2 leukotriene
pathway gene. In some .erﬁboéixiqenisj the Jeakotriene gene SNP or haplatype isa FLAP
SNP or haplotype. In some embodiments, the lenkotriene-related inflammatory biomarkers
are sclected from the group consisting of LTBy, cysteiny! leukotrienes, CRP, SAA, MPO,
EEQ, MCP-1, MiP-ct, sICAM, J1L-6, TL 4, and IL~13. In some embodiments, the functional

mdrker response is signiticant lung volume (FEV1),

(001635 In another aspect is the prevention or treatment of leukobriene-dependent or
fenkotriene medialed discases or conditions comprising administering to a patient an
effective amount of Compound 1, or pharmacentically acceptable salt and/or solvate
thereof, wherein the patients has been identified using informuation obtaived by:
i) screening the patient for at least one leukoiriene gene SNP or haplotype; and
if) monitoring the paticist for at least one leukotriene retated inflammatory
blomarker; and
ili) monitoring the patient for at least one functional marker response to a
leukotriene modifying agent,
fae166] In some embodiments, the leukotriene gene SNP or haplotype is a leukotiiene
pathway gene. In some embodiments, 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 LTB,, cysieinyl feukotrienes, CRP, SAA, MPO,
EPO, MCP-1, MIP-o, sTCAM, IL-6, 1L-4, aud IL-13. In some embodiments, the functional
marker response is significant lung volume (FEVI). In some embodiments, the information

obianed from the three diagnostic methods are used in an algorithm in which the
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information is analyzed to identify patients in need of treatment Compound 1 or a
pharmacentically acceptable salt thereof and the treatment regimen,

{00167} I any of the aforementioned aspects the letkotriene-dependent or levkotriene
mediated diseases or conditions include, but are not limited to, asthma, chronic obstructive
pulmonary disease, pulmenary hypertension, interstitial lung fibrosis, rhinitis, allergy, adult
respiratory distress syndrome.

[60168] Also described hefein dfe process for the preparation of Compound 1 and
pharmaceutically acceptable salts thereof. In one aspsct, the pharmacentically acceptable
salt of Compound 1 is Compound 2.

1881693 In one aspect, deseribed is a process for the preparation of a crystalline form of
sodinm 3-{3-{tert-butylsulfanyl)-1-[4-(6-cthoxy-pyridin-3-yDbenzyl]-5-(3-methyl-pyridin-2-
yl-methoxy)-1H-indol-2-y1}-2 2-dimethylpropionate (Compound 2) comprising the steps of:
{1) adding Compound 2 to methyl tert-butylether to form a mixtire;

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

{3} isolating the solids that are formed from step (2) to provide a erystalline form of
Compound 2.

160170} In some embodiments, the crystalline form of Compound 2 has an X-ray diffraction
paltera with characteristic deg 2-theta values ai about §6.6°2-Theta, at about 8.172-Theta, at
about 19.7°2-Theta, at about 21.0°2-Theta, at about 21.9°2-Theta, and at about 22.1°2-
Theta.

{90171} In some embodiments, the crystalline form of Compound 2 has an X-ray diffraction
pattern that correlates with the X-ray diffraction pattern displayed in Figure 2.

[00172] In some embodiments, the erysialline form of Compound 2 has an X-ray ditfraction

pattern with characteristic deg 2-theta values at about 17.2°2-Theta, at about 18.4%2-Theta,

atabout 19.1°2-Theta, at about 20.8°2-Theta, and at about 23.8°2-Theta.

i00173] In some embodiments, the erystailine form of Compound 2 has an X-ray diffraction

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

jo0174} In one aspect, described is a process for the preparation of Compound 2 comprnising

the steps of:

(1) reacting 4-methoxyphenylhydrazine hydrochloride with 4-bromobenzyl bromide in the
presence of iriethylamine and tolnene to provide N-(4-bromo-benzyl}-N-(4-methoxy-

phenyi)-liydrazine hrydrochlovide;
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{b} treating the product of step (2) with HCI to provide N-(4-brono-benzyl)-N-{(4-methoxy-
phenyl)-hydrazine hydrochloride;

{¢) reacting N—(d-bromo-b,enzyi)-N-(4-metho)§y-pheny1)éhydrazine hydrochloride with
acetic aeid, S<terr-butyisulfanyl-2,2-dimethyl-4-oxo-pentanoic acid ethyl ester, and
sodium acetate in toluene to provide 3-{ 1 -(4-bromo-benzyl)-3-tert-butylsulfanyl-3-
methoxy-1H-indol-2-y1}-2,2-dimethvi-propionic acid ethyl ester;

{d) reacting 3-[1-(4-breme-benzyl }-3-tere-butylsulfanyl-5-methoxy-1H-mdol-2-¥1}-2,2-
dimethyl-propionic acid ethyl ester with 2-methyl-2-propancthiocl and aluminum
chloride in dichloromethane to provide 3-[ 1-(4-bronio-benzyly-3-teri-butylsalfanyl-5-
hydroxy-1H-indol-2-y1]-2,2:dimethyl-propionic acid ethyl ester;

{e) reacting 3-[1-(4-bromo-benzyl)-3-teri-butylsulfanyl-3-hydroxy-1H-mdol-2-yt]-2,2-
dimethyl-propionic acid ethyl ester with bis{pinacolato)diboron using patladium
mediated reaction conditions to-provide 3-{3-tert-butylsulfanyl-5-hydroxy-1-[4-
(4.4,5,5-tetramethyl-{ 1,3,2 Jdioxaborolan-2-y1)-benzyl}- 1 H-indol-2-y1} -2,2-dimethyl-
propionic acid ethyl ester;

{f) reacting 3-{3-tert-butylsulfanyl-5-hydroxy-1-{4-(4,4,5 S-tetramethyi-
[1.3,2}dioxaborolan-2-y1)-benzyl]- 1 H-indol-2-y1} -2 2-dimethyl-propionic acid ethyl
ester with S-bromo-2-cthoxypyridine using palladiom mediated reaction conditions o
provide 3-{3-tert-butylsulfanyt-1-{4-(6-ethoxy-pyridin-3-yl}-benzyl}-3-hydroxy-14-
indol-2-y1}-2,2-dimethyl-propionic acid ethyl ester;

{g) reacting 3~ {3-tert-burylsulfanyl-1 -[4-(G-ethoxy-pyridin:3-yi)-benzyl]-5-hydrox v-1 H-
indol-2-y}-2,2-dimethyl-propionic acid ethy! ester with 2-chloro-S-methylpyridine
hydrochioride in the presence of a base and solvent to provide 3+[3«rers-butylsuifanyi-1-
[#4-{0-ethoxy-pyridin-3-yi}-benzyl]-3-(Samethyl-pyridin-2-ylmethoxy)-1 H-indol-2-y1}-
2,2-dimethyl-propionic acid cthyl ester;

(h) reducing the amount of residual paliadium from 3-[3-fers-butylsulfanyt-1-[4-(6-cthoxy-
pyridin-3-yh-benzyl}-5-(S-methyl-pyridin-2-yimethoxy)-1 H-indol-2-y1}-2,2-dimethyl-
propionic acid ethyl ester; and

(1) forming Compound 2 from 3-{3-erf-butylsulfanyl- {-[4-(6-ciboxy-pyridin-3-yI)-benzyl}-
5-(S-methylpyridin-2-yvimethoxy)- | H-indol-2-y1]-2,2-dimethyl-propionic acid ethyl

ester,
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100175] In some embodiments, step (h) comprises treating 3-{ 3-tert-butylsulfanyl-1-[4-(5-
ethoxy-pyridin-3-yb)-benzyl}-5-(5-methvl-pyridin-2-yimethoz y)-1 F-indot-2-y1]-2,2-
dimethyl-propionic acid ethyl ester with thiol derivatized sitica gel.

{00176} In some embodiments, step (h) comprises freating 3-[3-fert-butylsaifanyl-1-{4-(6-
ethoxy-pyridin-3-yi}-benzyl]-5-(3-methvi-pyridin-2-ylmethoxy}- L 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-gihoxy-
pyridin-3-yl)-benzyl}-5-(5-methyl-pyridin-2-ylmethoxy)-1 H-indol-2-y1}-2,2-dimethyl-
propionic acid ethyl ester with thiol derivatized silica gel and activated carbon. In some
embodiments, step (l) comprises treating 3-[3-ferf-butytsulfanyl-1-[4-(6-ethoxy-pyridin-3-
y)-benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)-1H-indol-2-y1}-2,2-dimethyl-propionic acid
ethyl ester with thiol derivatized silica gel. In some embodiments, siep (h) comprises
treating 3-[3-tert-butylsultanyl-1-[4-(6-ethoxy-pyridin-3-yl}-benzyl]- 3-(5-methyl-pyridin-2-
yimethoxy)-1 Hindol-2-y1]-2,2-dimethyl-propionic acid ethyl ester with activated carbon.
(093771 In some erbodiments, step (i) comiprises reacting 3-[3-rerr-butylsulfanyl- 1-{4-(6-
ethoxy-pyridin-3-y1)-benzyl}-5-(5-methyl-pyridin-2-yimethoxy)- 1 H-indol-2-w1}-2,2-
dumefhyl-propionic acid ethy! ester with sodium hydroxide in a suitablie soivent..

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

1661791 In some embodiments, a sample.of Compound 2 comprises 2 detectable amount of
palladium that is less than 20ppm. In one aspect, a sample of Compound 2 comprises less
than 20 ppm of paliadium,

1001801 I one aspect, deseribed herein 1s a process for the preparation of sodium 3-[3-(teri-
butylsulfanyl)-1-{4-(6-ethoxy-pyridin-3-yhbenzyl]-5-(5-methyl-pyridin-2-yl-methox y)-1 H-
indol-2-y1]-2,2-dimethylpropionate {Compound 2) comptising the steps of:

{A) reacting a compound of Formula (1)

f .
k-
HO o -
T
y ,{ N \___ /
) /\'\jx(mi
] =
=
07N Formala (311); wherein R is C;~Cg alkyl:

33



(24

iD

20

with a compound of Formula (1}
Y

T X
N0 Formula (11); wherein X7 is a leaving group;

in the presence of a base and solvent to form 2 compound of Formula (D)
] s’{’
S } . O / )
N \\*—

0
. ' N OR!
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(B) forming Compound 2 from the compound of Formula (1) of step (A).

Formula (I);

aned.

[p0181} In some embodiments, step (A) further coniprises isolating the compound of
Formula (T} prior to step (B).

f00182] In somne embodiments, step {A) Farther comprises reducing the amount of paliadium
to less than about 20ppra. I one aspect, reducing the amount of palladium comprises
treatment of comnpound of Formula (1) with thiol derivatized silica pel.

(001831 In some embodimuents, the product from step {A)is isolated. In some embodimerits,
the product from step (A) is not isolated. In some einbodiments, the compound of Formaula
(I11) is prepared using paliadium coupling reactions and contains residual palladium. In
some embodiments, isolating (he product from step (A) comiprises reducing residual
patiadium.

[00184] In some embodiments, activated carbon is used to reduce residual palladium. In a
specific embodiment, the activated carbon is DARCO® KB-G, DARCO® KR-W1. In some
emboediments, reducing residual palladium comprises derivatized silica gel. In some
embodiments, reducing residual palladium comprises thiol dertvatized silica gel.

[00185} In some embodiments, the reaction of step (A} is heated {0 a temperature of about
S50°C to about 9G7C.

100186} In some embodiments, step (B) comprises hydrolysis of the ester molety of the
product of step (A).

{86187} In some embodiments, step (B) comprises treatment of the compound of Formula (1)

from step (A) with:
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2) LiOH, KOH, or Ca{OHY),, followed by pH adjustment to form the carboxylic acid,
followed by NaQH; or

b} NaOH.

(001881 In some embodiments, step {'B) comprises trestment of {he compound of Formmula (1)

from step (i) with LiIOH followed by NaOH. Ia some other embodimerits, step (B)

Lrs

comprises treatment of the compound of Formula (1) from step (i} with NaOH.
(001891 In some embodimenis, step (B) 18 carried out in 8 solvent system comprising
ietrahydrofuran, water and an alecho! sclected froni methanol and ethanck. Insome
embodinents, step {B) is carried out in a solvent system comprising tetrahydrofuran, water
0 and ethanol
106190] Tix one 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.
[enisl} In some embodiments, R' is -CHa or <CHuCHa. na specific embodiment, R is
15 CH,Ci.
[06192] In some embodinents, the base in siep (A) is a cesium base, potassium base or
sodium base. In some embodiments, the base ig a cesium hase. In a specific embodiment,
the base is cesinm carbonate.
160193] In some embodiments, X is selected from Cl, Br, I, -OS0.CF;, -O80,(4-
20 methylphenyl), -OS0.(phenyvi) amd -~OSO,CHs. In specific embodiments, X7 is ClL
[00193} In one aspect, the compound of Formula (111) is prepared by

reacting a compound of formula (IV):

I
o—R

Formula (1V),

wherein R s C-Cy alkyl and B is 2 boroenic acid or boronate ester;

[
4

with a compound of Formula (V) in the presence of a first coupling catalyst;

N O Formula (V), wherein X is a leaving group,

to provide a compound of Formula (H1)



L

Formula (i11).

166195} In some embodiments, X is a halide or trifiate. In some embodiments; X is selected
from Cl, Br, I, “O80,CF;, ~080:{4-methylphenyl), 08 Ox(phenyl) and -OSO,CH;. In
some embodiments, X is selecied from Cl, Br, I, and -O80;CF;. In some crubodiments, X is
Br.

HO, N -0 -0
b 3 O
[09196] In some embodiments, B is sclected from HO | o, o

>]/ O"B %_

86197} I some embodiments, B is P o

(00194} In one aspect, the first conpling catalyst is a palladium catalyst. In some
embodiments, the palladium catalyst is tetrakis(iriphenyiphosphme)palladium (Pd{PPha)s).
In some embodiments, the reaction for the synthesis of compounds of Formula (IH) [urther
comprises heating 1o a temperature of from about 60°C to about 93°C.

100199} In one aspect, the compound of Farmula {1V} is prepared by reacting a compoand of

Formula {VI}

5’%

HO —

o
N H |
3 o R

I\\/

\/}

X" Formula (VI
wherein X” is a leaving group; R'is C-Cs alkyl;
with a borylation reagent, i the presence of a second coupling catalyst to provide a

compound of Formusla (IV).,
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(60200] In some embodiments, X is selected from Cl, Br, 1, and ~O80,CF;.

Formula (I¥).

[80201] In some embodiments, the borylation reagent is selected from pinacolborane,
catecholborane, bis(neopentylglycolato)diboron, bis{pinacelato)diboron,
5 bis(hexylencglycolato)diboron, and bis(catecholato)diboron. In specific embodiments, the
borylalion reagent is bis(pinacolato)diboron.
{00202} In dne aspect, the sécond coupling catalyst is a second palladium catalyst. In a
specific embodiment, the second palladium eatalyst is dichloro[1,¥-
bis(diphenylphosphine)errocene Jpattadium (Pd(dppHCl). In some embodiments, the
10 reaction further comprises heating to a temperature of from about 60°C to about 95°C.
{00203} Tt one aspect, Formala (V1) is prepared by:
{C} reacting a compound of Formula (VII);
PAUNGECN

|

N

e
S
i

X" Fornmala (VI), wherein X7 is a halide;

with a compound of Formula (VI

>t\ @]

_ AR

e
O

15 Formula (VII), wherein R is C}-Cs alleyt; and
(D) demelhylating the product of step (1) 1o provide the corresponding phenol of Formula
(V1)
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Forniuta (V).

{662047 In some embodiments, step (C} is performed at-a teraperafure of about fiom 10°Cto
about 35°C.

j00205] In some embodiments, X™ is'selected from Br, Cl, and L In a specific embodiment,
R' is ~CH,CH,,

[80206] I some embodiments, step (D} comprises reacting the product of step (1) with 2-
methyl-2-propanethiol and AICH in a solvent.

100207] ki some embodiments, step (D) comprises reacting the product of step (Y with a
Lewis Acid reagent in-a solvent. Tn some embodiments, the Lewis:Acid reagent is selected
from aluminum triclotide (AICH), Fe (11T chlodde, boron trifluoride, niobium
pentachloride, and lanthanide triflates {(such gs by way of example only, viterbin (111)
triflate). In a further embodiment, the solvent of step (D) is dicloromethane. In one
embodiment, step (1) comprises reacting the product of step (i) -wi th 2-methyl-2-
propanethiol and AICH in a.solvent.

100208] The disclosed processes provide for the synthests of Compound | and
pharmaceutically acceptable salts thersof. The processes disclosed herein are particularly
applicable to large scale chemical production of Compound 1 and pharmaceuticalty
accepiable salts thereofl Also deseribed herein are processes for the preparation of
Compound 2, in good yield ihat have good solubility and good oral bioavailability.

{00209} Other abjects, features and advantages of the methods and compositions described
herein will become apparent from the following detailed description. Tt should be
understood, however, that the detailed description and the specific examples, while
mdicating 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

to those skilled inthe art from this detailed description.

BRIEF DESCRIPTION OF THE FIGURES
fe0210] FIGURE 1 illustrates an XRPD pattern of Polymorph Form C of Compound 2.
fus211] FIGURE 2 illustraies an XRPD pattern of Polymerph Form B of Compound 2.
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(06212§ FIGURE 2 illustraies an XRPD paitern of Amorphous Phase A of Compound 2.
[66213}1 FIGURE 4 illusirates a comparison of XRPI patterns of Compound 2 in which
crystal formation (whether by a crystallization, solid-to-solid transformation or crystalline
inter-conversion} or precipitation occured in various solvents.

|08214] FIGURE 5 illustrates a comparison of the XRPD patterns of Amorphous Phase A of
Compournid 2 before and after one week at 40°C and 75 % refative hunudity.

1002157 FIGURRE 6 illustrates a comparison of the XRPD patterns of Polymorph Ferm B of
Compound 2 before and afler GVS experiments.

j00216] FIGURE 7 illustrates a comparison.of the XRPD patterns of Polymorph Form € of
Compound 2 before and after one week at 40°C and 75 % relative humidity.

100217} FIGURE 8 illustrates a variable temperature XRPD patterns of Amorphous Phase A
of Compound 2.

jo0218} FIGURE 9 illustrates a comparison of the XRPD patierns of Amorphous Phase A of
Compound 2 at 230°C and 280°C with the XRPD pattern of Polymorph Form C.

fpoz19] FIGURE 10 illustrates a variable temperature XRPD pattertis of Polymorph Form B
of Compound 2.

jop2207 FIGURE 11 illustrates a comparison of the XRPD patierns of Polymorph Form B of
Compound 2 at 180 °C, 220 (T and 260 °C with the XRPD pattern of Polymorph Form C.
jpez21] FIGURE 12 illustrates 2 DSC (bottorn} and TGA (iop) trace for Amorphous Phase A.
of Compound 2,

joe222f FIGURE 13 illustrates a modified DSC (bottem) and TGA (top) trace for
Amorphous Phase A of Compound 2.

[00223} FIGURE 14 illustrates a DSC (bottomy) and TGA (lop) trace for Polvmorph Form B
of Compound 2.

(00224) FIGURE 135 illustrates a DSC (botion) and TGA (top) trace for Polymorph Form C
of Compound 2.

109225] FIGURE 16 illustrates a GVS diagram for Amorphous Phase A of Compound 2,
(o226} FIGURE 17 iliustrates a GVS diagram for Polymorph Form B of Compound 2.
foo2273 FYGURE 18 illustrates a GVS diagram for Polymorph Form C of Compound 2.
to02281 FIGURE 19 illustrates an IR Spectrum for Polymorph Form C of Compound 2.
foe229] FIGURE 20 itustrates resulis of experitnents condacted to evahuate CYP induction

of Compound 2.
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{89230] FIGURE 21 illustrates pharmacokinetic properties of a single dose and multiple dose
of an aqueous solution of Compound 2.

160231} FIGURE 22 illustrates pharmacodynamic properties {blood LB, levels) of single
dose adminisirations of an aqueous solution of Compound 2.

jp0232; FIGURE 23 illnstrates phanmacodynamic properties (urinary LTE; levels) of single
dose administration of aqueous solutious of Compound 2.

{05233] FIGURE 24 illustrates plasma concentrations of Compound { observed in the
150mg multiple dose cohort after adminisiration of Compound 2,

1602341 FIGURE 23 illustrates pharmacodynamic properties (blood LTB, levels) of multiple

dose adminisizations of an aqueous solution of Compound 2.

DETAILED DESCRIPTION OF THE INVENTION
[66235] Leukoirienes (LTs} are a class of pro-inflammatory lipid mediators derived from
arachidonic acid that play importagt roles in a number of biological processes. Arachidonic
acid is converted 1o leukotriene A (LTAL) in a two-step process mediated by the enzyme 5-
ipoxygenase (5-LO). The initial step is the oxyvgenation of arachidonic acid to form S(S)-
hydroperoxy-6,8.11,14¢E,Z,Z,2)-cicosatetraenoic acid (5-HPETE) followed by dehydration
to produce the unstable epoxide LTA,. LTA, is converted either to TL.TBy via LTAy
hydrolase or 10 1.TC, through conjugation with glutathione mediated by LTCs synthase.
Amide bond cleavage converls LTC to LTDy and then subsequently to LTE;. The ixitiai
oxidation step is a process that requires the infimate invoivement of both 5-LO and the
membrane bound 5-lipoxygenase-activating protein (FLAP). Inhibition of cither FLAP or 5-
L0 results in the whibition of all leukotriene production. LTB, is the Hgand for the G
protemn-coupled receptors (GPCRs) BLT; and BLT; and both receptors are involved in
chemotaxis and cell stimulation in the' inflammatory response, Bronchoconsiriction, airway
edemna and hypersecretion of mucus are a result of the actions of the cysteinyl lenkotrienes
(eysLTs) LTCy, LTDy and LTE. Both L'TDsand LTE, are ligands for the cvsLT, receptor.
[06236] Loukoinenes are lipid mediators of inflamimation that are involved in the
pathogenesis of respiratory and cardiovascular diseases, Cellular activation, by immune
complexes and other inflammatory stinuli results in an increase of inlracellular calcium and
the translocation of cytosolic phospholipase A; (¢PLA,) and S-lipoxygenase (3-LO) from
the cytosol to the nuclear membrane. In the presence of the S-lipoxygenase--activating
protein {FLAP), svachidonic acid {AA) released from the nuclear membrane by cPLA; I8

delivered to 5-LO for conversion 1o 3-{S)-hydroperoxy-6,8,11,14-cicosatetraenoic acid (5-
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HpETE) and then leukotriene Ay (LTAy). Membrane interaction-of 5-L.O with FLAP is
essential for leukotriene biosynthesis. FLAP is an integral miembrape protein that belongs to
the MAPEG:(membrane-associated proteins in eicosanoid and glutathione metabolism)
superfamily. In contrast to other MAPEGSs, FLAP has not been shown to bave euzymatic
activity or to be functionally modulated by ghuathione.

160237) Leukotrienes are potent mediators of inflammation and bronchospasm. Leukoirienes
are produced mainly by mast cells, eosinophils, monocytes/macrophages, and neutrophils in
response-to allergic or inflammmmatory stisnuli. For cellular synthesis of leukotrienes, 5-
lipoxygenase translocates ftont a nonmembrans compartment (cytosol or nuckeosol) to
membranes (nuclear or endoplasmic reticutum) and interacts with FLAP. FLAP transfers
arachidonic acid, released from membrane phospholipids by phospholipases, to 5-LO. Then,
a two step reaction occurs 1o convert arachidonic acid to LTA4. LTA4 can be exported from
the cell for iranscellular metabolism or converted to either LTB4 or LTCy. LTCy 15 exported
from cells and converied to LTDy and then LTE; in blood. LTB; activales BLT,; and BLT,
Tegeplors, and the cysteinyl leukotrienes activate cysLT; and cysLT, receptors (and possibly
a cysLTs receptor).

[60238] While cysteinyl leukotriene-mediated human bronchoconsiviclion occurs by means
of cysLTy receptor activation, both cysL.T) and cysl. T receplors are present on cells
involved in allergic inflammiation, including mast cells, eosinophils, and monocytes.

{66239 A number of orally active drogs alfect the leukotriene pathway. Montelukast is a
Fenkotriene Yeceptor antagonist. Pranlukast and zafirlokast ave leukotriene recepior
antagonists used in the ireatment of asthina and allergic rhinitis. These drugs antagonize
cysLT) receptors but not cysL T or LTB, recepiors. Clinical studies with these cysLTh
receptor antagonists demonsirate that cysteinyl leukotrienes are important mediators of
alletgen-induced lung volume decline (earty and late phases) as well as chronic asthma. One
5-lipoxygenase inhibitor, zileuton, exhibits clinical efficacy in chronic asthma although it is
not effective in allergen-challenge studies.

{00246] Threec FLAP inhibitors in clinical trials (MK-0391, MK-866, and BAYX-1003)
show efficacy against allergen-induced early and late phases of lung-volume decline. MK-
(3581 also shows cfficacy in chronic asthina stadies.

[06241] Inhaled medications, such as beta-agonisls and corticosteroids, can be effective and

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

1002421 Compound ! is a potent FLAP inhibiior that blocks an carly 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. Furthermore, because
it inhibits the formation of LTB, and the cysteiny! leukotrienes, Compound 1 offers
additional ¢linioal benefits over leukotriene receptor antagonists such as montelukast.
100243] The role of FLAP in the lewkotriene synthesis pathway is siguificant because FLAP
in concert with S-lipoxygenase performs the first step in the pathway for the synthesis of
leukotrienes. Thetefore FLAP inhibition provides a target for compounds useful in the
treatment of levkotriene-dependent or levkotriene mediated diseases or conditions,
inctuding, by way of example, vasciilar and inflanymatory disorders, proliferative diseases,
respiratory and non-cancerous disorders, FLAP inhilitors are usefn] in the {reatment of
leukotriene-dependent or leukotriene medialed diseases or conditions.

(492441 EBescribed herein-are compositions, pharmacentical compositions, methods for
freating, methods for formulating, methods for producing, methods for manufacturing,
treatment strategies, pharmacokinetic strajegies using Compound 1, or salts thereof.

002451 “Compound 17 or “3-[ 3-{tert-butylsulfanyl}- I-[4-(6-ethoxy-pyridin-3-yhbenzyl]-5-
{S-methyl-pyridin-2-yl-methoxy)- 1 H-indol-2-y1}-2,2-dimethylpropanoic acid” refers to the

compound with the following strictare:

» SAV
Q A Q

N ¢ OH

including pharmaceutically acceptables selvates,
{including hydrates), amorphous phases, paﬂiaﬂy erystalline and crystatline forms
{including all polymorphs), prodrugs, metabolites and N-oxides thereof.

1902461 “Componnd 27 or “sodiem 3-{3-(tert-butylsulfanyl}- 1-{4-(6-ethoxy-pyridin-3-
¥jbenzyl]-5-(5-methyl-pyridin-2-yl-methoxy)- 1 H-indol-2-y1]-2,2-dimethylpropionate”

refers to the sodium salt of 3-{3-(tert-bitylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-yI)benzyl]-5-
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{ S-methyl-pyridin-2-vl-methoxy)<1H-indol-2-y1}-2,2-dimethyipropanoic acid including
phartmaceutically acceptables solvates (including bydrates), amorphous phases, partially
crystalline and crystaliine forms (including all polymorphs), prodrugs, metabolites and N-
oxides thereof

j00247) Sodium 3-[3-(test-butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-yl}benzyl]-5-(5-methyl-
pyridin-2-yl-methoxy)-1H-indol-2-yl}-2.2-dimethylpropionate (also known as Compound.2)

has the following-structure:

{00248} Compound 1 contains two basic sites (pyridinyl groups) and one acidic site
{carboxylic acid). A wide variety of salts are formed. Salts of Compourd 1 include:

{0249] A} salts formed when the acidic proton of the carboxylic acid of Compound 1 is
replaced by a metal ion, such as for example, an alkali metal ion (e.g. lithiom, sodium,
potassinn), an alkaline earth fon (e.g. magnesinm, or calehum), or an aluminam ion, or is
replaced by an ammonium catton (NFZ ),

[00250] B} salts {ormed by reacting Compound 1 with a pharmaceutically acceptable organic
base, which includes alkylamines, such as choling, ethanolamine, diethanolamine,
tricthanolaming, tromethamime, A-methylglucamine, dicyclohexviamine,
tis(hydroxymethylmethylamine, and salts with amino acids such as arginine, lysine, and
the like;

fo0231] C) salts formed by reacting Compound | with a pharmaceutically acceptable acid,
which provides acid addition salts. Pharmaceutically acceptablc acids include hydrochloric
acid, hydrobromic agid, snlfiric acid, nitric acid, phosphoric acid, metaphosphoric acid, and
the like; or with an organic acid, such as, for example, acetic acid, propionic acid, hexanoic
acld, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid,
succinic actd, malic acid, maleic acid, fumaric acid, trifinoroacetic acid, tartaric actd, citric
acid, benzoic acid, 3-{(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,

methanesulionic acid, ethanesulfonic acid, 1,2-ethanedisalfonic acid, 2-
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hvdroxyethanesalfonic acid, benrencsulfonic acid, toluenesutfornic acid, 2-
naphthatencsulfonie acid, 4-methylbicyelo-[2.2.2]oct-2-ene-1-carboxylic acid,
glucoheptonic acid, 4,4’ -methylenehis-(3-hydrozy-2-ene-1 ~carboxylic acid), 3-
phenylpropionic acid, trimethylacetic acid, tertiary butylagetic acid, Jaury! sulfuric acid,
gluconic acid, gletamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic
acid, and the tike.

[p0252] The term “pharmaceutically acceptable exci;pient,"’ as used herein, refers fo-a
material, such as-a garrier, diluent, stabilizer, dispersing agent, suspending agent, thickening
agent, ete. which allows processing the active phammaceutical ingredient (APY) into a form
suitable for administration to a manual. In one aspect, the mammal is a human.

Pharntaceutically acceplable excipients refer fo materials which do net substantially

is relatively nontoxic, i.e., the material is administered fo an individual withowt causing

undesirable biological effects or interacting in a deleterious manner with any of the

components of the composition in which it is contained.

[00253] “Active pharmaccutical ingredient™ or API refers {o a compound that possesses a
desired biological activity or desired properties, In some embodimends, an APT is
Compound 1. in some embodiments, an APY is Compound: 2.

106234} The term “pharmaceutically acceptable salt™ in reference 1o Compound 1 refers to a
salt of Compound 1, which does not cause significant irritation to a mammal to which it is
administered and doss not substantially abrogate the biological activity and properties of the
compound.

[00255] 1 should be understood that a reference o a pharmaceutically acceptable sajt
mnchides the solvent addition forms {sclvates). Solvates contain cither stoichiometric or non-
stoichionietric amounts of a solvent, and are formed during the process of crystal formation
(whether by a ceystallization, solid-to-solid transformation or crystatline inter-conversion)
with phannaceutically aceeptable solvenits such as water, ethianol, methy] tert-butyl ether,
1supropanol, acetonitrile, and the like. In one aspect, solvates are formed using, but not
limited to, Cliss 3 solvent(s). Categories of solvents are defined in, for example, the
Intermational Conference on Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH), “Impurities: Guidelines for Residual Solvents,
QBC(R3), (November 2005). Hydrates are formed when the solvent is water, or alcoholates

are formed when the solvent is alcohol, 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 thereof, exist in unsolvated form.

[00256] The term “pharmaceutical combination” as used heréin, means a product that results
from the mixing or combiniug of more than one active ingredient and includes both fixed
and non-fixed combinations of the active ingredients. The térm “fixed combination™ means
that the active ingredients, €.g. Compound 1, and a co-agent, are both administered to a
patient simultaneously in the form of a single entity or dosage. The term “non-fixed
combination™ means that the active ingredients, e.g. Compound 1, and g m-agent, are
adminisiered to 4 patient as separate entities either simultansousty, concurtently or
sewqieniially with no specific intervening time limils, wherein such administeation provides
effective levels of the tivo componnds in the body of the patient. The latter also applies.to
cocktail therapy, e.g. the admiinistration of three or more active ingredients.

(90257} The term “pharmacentical composition™ refers to a mixture of Compound 1, or
pharmaceutically acoeptable salt and/or solvate thersof, with othier chemical components,
sueh as carmiers, stabilizers, diluents, dispersing agents, suspending agents, thickening
agents, excipients, ote. The pharmaceutical composition facilitates administration of the
compound o a wammal.

[06258] Administration 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 ar
more agent is administered separately from at least one other agent.

Forins and Phases

100239} Polymorphisih, the ability of a substance to exist in two or more crystatfine phases
cnables a different artangement and/or conformation of melecules in the crystal lattice. This
arrangement ean sigmificantly affoct the physiochermical, formulation and processing
parameters as well as the shelf life or stability of the substance and excipients. Generally,
polymorphs also provide and improved sotubility and give improved dissolution rates.
Thermodynamic properties such as heat capacity, free energy and chemical potential, vapor
pressure, solubility, and therimodynamic activity as well as Kinetic properties such as
dissolution rates and stability differ among polymorphs. Provided herein are compositions
comprising polymorphs of Compound 2.

jo0260} Provided herein is an active pharmaceutical ingredient {AP1), Compousd 1, or
pharmacentically acceptable salt thereof, with a purity of greater than 80%, greater than

85%, grealer than 90%, greater than 95%, greater than 96%, greater than 97%, greater than
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08%, greater than 98%, or greater than 99%. In specific embodiments, provided herein is an
active pharmacewtical ingredient (AP1), Compotnd 2, with a purity of greater than 30%,
greater than 85%, greater than 90%., greater than 93%, greater than 96%, greater than 97,
greater than 98%, or greater than 99%.

[B6261] Various forms of Compound | and pharmacentically acceptable salts thereof are
provided herein. In ceriain embodinients, any of the forms described herein is utilized in the
preparation of a pharmaceutical composition. In certain embodiments, forms of Compound
1, including phanmaceytically acceptable salts thereof, and pharmaceuiically acceptable
solvates-disclosed herein include but are not limited fo, an amotphous form, partially
crystalline forms, crvstalline forms, milled formns, and nano-particulate forms. Various
crystalline forms are known as polymorphs. Polymorphs include the different crystal
packing arranigements of the same elemental composition of 2 compound. In eertain
embodiments, polymorphs usually have different Xevay diffraction patierns, infrared
spectra, melting points, density, hardness, crystal shape, optical and electrical properties,
stabifity, 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
nter-conversion), and/or storage temperaiure cause a particnlar polymorph to be prepared.
{68262} In some embodiments, Compound 2 is precipitated from methyl-r-butyl-ether.
f06263] In some embodiments, Compound 2 undergoes a crystal formation from methyl-2~
bulyl-ether.

[06264] In some srobodiments, Compound 2 undergoes a crystal formation from acetonitrile.
[00265) In some embodiments, Compound 2 undergoes a erystal formation from
isopropanol.

j00266] In some embodiments, Compound 2 undergoes & crystal formation from

dimethyisutfoxide,

o267} In some embodiments, Compound 2 undergoes a crysial formation from methyl-i-
butyl-ether/water,

[66268] 1n some emboediments, Compound 2 undergoes a crystal formation and s solvated.
In specific embodiments, the solvate comprises water, MTBE or a combination thereof,
[p0269] In some embodiments, Compound 2 is desolbvated.

{00270] In some embodiments, Compouﬂd 2 is crystalime,

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

polymorphs of Compound 2, wherein the polymorph is amorphous or crysialline. In one
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embodinient, the polymorph of Compound 2 is amorphous. In another emtbodiment, the
polymorph of Compound 2 is crystalline foim. In another embodiment, the polymoiph of
Compound 2 is erystatline form and is solvated. In another embodiment, the polymorph of
Compound 2 s crystailine form and 1s desolvated.

Amorphous Phase A

[99272] In some embodiments, Compound 2 is Amorphous Phase A, Figure 3 illustrates the
XRPD patterni of amorphous Compound 2, In certain embodiments, Amorphous Phase A of
Compound 2 has at least one propenty selected from:

{12) an XRPD pattern showing a lack of crystallinity;

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

{3a) 2 glass transition femperature of about 127°C;

(4z) a melting point at about 155°C followed by a re-crystallisation €vent at about 200°C

followed by a second melting point at about 288°C to about 295°C;

{5a) 2 phase change to a crystalline form when heated above about 200°C, wherein the

crystalline form that is formed above about 200°C s characterized by an XRPD pattern
substantially similar to any one of the XRPD patterns set forth in Figure 9;

{6a} 2 DSC or a TGA substantially similar to the ones set forth in Figure 12;

{5a) hygroscopieity; and/or

{6a) chemical stabihity (at 5°C, 25°C/60% RH, and/or 40°C/75% RH for at least one
tonth).

(602731 In some émbodiments,, Amorphous Phase A of Compound 2 has at least two

properties seiected from (la) through (6a). In some embodiments., Amorphous Phase A of

Compound 2 has at feast three propertics selecled fom (1a) through{6a). In some

embodiments, Amorphous Phase A of Compound 2 has at least four properties selected
from (1a) through {6a).

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

[00273] 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 dilTerental scanming
calorimetry (DSC).

100276} 1 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 embodimerits, Amorphous Phase A of Compound 2 is defined as having
{4ay a melting point at about 155°C. followed by a re-crystallisation event af about 200°C
followed by a second melting point at about 288°C to-about 295°C.
(00278} Tn some embodiments, Amorphous Phase A of Compound 2 is defined as having
{5a) a phase change to a crystalline form when heated above about 200°C, wherein the
crystalline form that is formed above about 200°C is characterized by an XRPD pattern
substantially similar to any one of the XRPD patierns set forth in Figure 9.
j66279) In some embodiments, Amorphous Phase: A of Compound 2 is defined as baving.
{62) a DSC or a TGA substantially similar to the ones set forth in Figure 12,
1802801 In some embodiments, Amorphous Phase A of Compound 2 is defined as having
{5a) hygroscopicity,
[60281] In some embodirnents, Amorphous Phase A of Compound 2 is defined as having
(6a) chemical stability,

Polymorpl Form B

tooz82} In one aspect, provided herein ds a crystalline Form B of Compound 2 having af least
one property selected from:

{1b) an XRPD pattern substantially similar to the one set forth in Figure 3

(2b} an XRPD pattern with peaks at aboul 6.6°2-Theta, at about §.1°2-Theta, at about
19.7°2-Theta, at about 21.0°2-Theta, al about 21.9°2-Theta, and at about 22.1°2-Theta;
{3b) an X-ray powder diffraction (XRPD) pattern substantislly similar to an XRPD pattern
for crystals of Compound 2 obtained from methy] tert-butyl ether (MTBE} or isopropanol;
{4b) at least one endotherm and at least one exotherm observed by differential scanming
calorimetry (DSCY;,

{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 similar to any one of the XRPD patterns set forth in Figure 11;

{6b) hygroscopicity; and/or

(7b) loss of crystallinity after a full sorption/desorption cycle of a GVS experiment.

106283] In some embodiments, provided herein is a crystalline Form B of Compound 2
having at lcast two properties selected from {1b) through (75). In some embodiments,
provided herein is a crystaline Form B of Compound 2 having at least three properties
selected from (1b) through (7b). In some embodiments, provided herein is a crystalline.

Form B of Compound 2 having at least four properiies selected from {1b) through {7h).
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[00284) In some embodiments, provided herein is a ctystalling Form B of Compound 2
having (1b} an XRPD pattern substami-aliy_simiiar't_o the one set forih 1n Figure 2,

082851 In some embodiments, provided herein is a erystalline Form B of Compound 2
having {2b) an XRPD pattern with peaks at about 6.6° 2-Theta, at about 8,1° 2-Theta, al
about 19.7° 2-Theta, at gbont 21.0° 2-Theta, at about 21.9° 2-Theta, and at aboat 22.1°2-
Theta.

[08286] In somie embodiments, provided herein is a érystalline Form B of Compound 2
having (3b) an X-ray powder diffraction (XRPD) pattern substantially similar iv an XRPD
pattern for crystals of Compounnd 2 obtained from methyl tert-butyl ether {(MTBE) or
isopropaniol.

{0601} In some embodiments, provided herein is a crysiailine Form B of Compound 2
having (4b) at least one endotherm dnd af least one exothenm observed by differential
scanning calorimetry (DSCY.

(662871 In some embodiments, provided herein s a crystalline Form B of Compound 2
having (5b} a phase change to a second erystalline 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 similar to anv one of the XRPD patterns set forth in Figare 11.
100288} In some embodiments, provided herein is a erystalline Form B of Compound 2
having the property of being (6b} hygroscopic.

{00289] In somne emboditments, provided herein 18 a.¢rystalline Form B of Compound 2
having {7b) loss of crystallinity after a full sorption/desorption cyele of a GVS experiment.
{06290] tn some embodiments, Form B is crystatlized fram MTBE or isopropanol. In some
ertbodiments, Form B is crystallized from isopropanol. [n some embodiments, Form B is
obtained from MTBE solutions wherein a protic co-solvent (e.g. water or ethanol) is present
during the crysial formation (whether by a crystallization, solid-to-solid transformation or
crystalline Inter-conversion). in some embodiments, Form B is obtained by crystal
formation from a protic solvent such as, but not limited to, isopropancl. In some
embodiments, Forn B is converied to Form C by removal (dehydration) of protic solvents
from the form B crystals.

Polvmorph Form C

[09291] in some embodiments, crystalline Compound 2 i3 in polymorph Form C, Polvmorph

Form C of Compound 2 has at least one property selected {romm:
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(ic) an X-ray powder diffraction (XRPD) pattern substantially similar to the one set forth in
Figure 1;

{2c) an XRPD pasiern with peaks at about 17.2°2-Théta, af about 18.4°2-Theta, at about
19.1°2-Theta, at.about.20,8°2-Theta, and at about 23.8°2-Thety;

(3c) a single melting poin{ af about 290°C to about 295°C;

{4c) a DSC or a TGA substantially similar to the ones set forth in Figure 15;

(5¢) physical and chemical stability (at 57C, 25°C/60% RH, and/or 40° C/75% RH for at
least one month);

{6¢} non-hygroscopicity;

{7¢} IR spectrum substantially similar to the one sef forth in Fignre 19; and/or

{8c) an X-ray powder diffraction (XRPD) pattern substantially similar to ant XRPD pattern
for crystils of Compound 2 obtained from methy! tert-butyl ether (MTBE) or acetonitrile,
100292} In certain embodiments, polyimoiph Form C of Compound 2 has at least two
properties selected from (1c) through {8¢). In certain embodiments, polyinorph Form C of
Compound 2 has ai least three properties selected from (I¢) through (8¢). In certain
embodiments, polyimorph Form Cof Compound 2 has at least four propertics selected from
{1c) through {8o). In certain embodiments, polymorph Form C of Compound 2 has at least
five properties selected from (1c) through (8¢).

[00293] I eeriain embodiments, polymorph Form C of Compound 2 has {1¢) an X-ray
pewder diffraction {XRPD) pattern substantially similar to the oae sel forth in Figure 1.
{00294} In certain embodiments, polymorpht Form C of Compound 2 has {2¢) an XRPD
pattern with peaks at abouf 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.

[60295] In certain embodiments, polymoiph Form C of Compound 2 has (3¢) a'single
melting point at about 290°C to about 295°C.

[00296] In certain embodiments, polymorph Form C of Compound 2 has (4c) a DSC ora
TGA substantially similar {0 the ones set forth in Figure 15.

[90297] In certain embodiments, polymorph Form € of Compound 2 has (5¢) physical and.
chemical stability {at 5°C, 25°C/60% RH, and/or 40°C/75% RH for at least one month).
(002981 In certain embodiments, polymorph Form C of Compound 2 18 (6¢) non-
hygroscopic.

(0299} ln certain embodiments, polymorph Form C of Compound 2 has {7¢) IR spectrum

substantially similar to the one sel forth in Figure 19.
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100300} In certain embodiments, polymorph Form C of Compound 2 has {8c) an X-ray
powder diffraction (XRPD) paltern substantially similarfo an XRPD paltem for crystals of
Compound 2 ohtained from methyl tert-butyl cther (MTBE) or acctonifrile.

(60301} In certain embodiments, polymorph Form € is formed from methyl tert-butyl ether
{MTBE). In another aspsct, polymorph Form C is formed from acetonitrile.

[68362 In certain embodiments, Form C is obtat ned by removal (dehydration] of protic
solvents from the form B erysials.

[p0383] As described herein, XRPD patterns are obtained in any manner, including by way
of non-limiting example, (3} on a Siemens DS000 diffractorneter; or (b) on a Bruker AXS
(2 GADDS diffractometer. In specific embodiments, an XRPD pattern is obtained on a
Siemens DS000 diffractometer tsing Cu Ko radiation (40kV, 40 mA), §-8 goniometer,
divergence of V20 and receiving slits, a grapliite secondary monochromator, and/or a
seintillation counter. In another specific embodiment, an XRPD pattern is obtained on a
Bruker AXS C2 GADDS diffractomeier using Cu Keradiation (40kY, 40 mA), automated
XYZ stage, laser video microscope for ayto-sample positioning, a HiStar 2-dimensional
area detector, a Gibel multilayer mirror coupled with & pinhole collimator of 0.3 mm, 2
beam divergence of approximately 4 mm, & 8- continuous scan mode, a sample detector
distance 0f 20 cm, an effective 24 range of 3.2°-29.7% and/or a sample exposure 1o the X-ray
beam for about 120 seconds.

100304} As described herein, melting points can be determined i any mamner ieluding, by
way of non-limiting example, with hot stage microscopy (HSM) or differcntial scanning
calorimetry (DSC). In specific embodiments, the hot stage microscopy is a Leica LM/DM
polarized light microscope combined with a Mettler-Toledo MTFPRIHT hot-stags, heating
from ambient temperature at a rate of about 10° C/man to about 20° C/min. In certain
ertbodiments, the DSC measurements are obtained in any manner inclading, by way of non-
limiting example, (a) a TA Instrument Q1000; or (b} a Mettler DSC 823e. In specific
embodnments, the TA Instrument Q1000 is calibrated for energy and teniperature using
certified indium, a sample of about 0.5 mg to about 3 mg, a pin-holed aluminam pan, a heat
rate of about 10° Crmin from 25° Cto 3507 €, a nitrogen purge rate of about 50 mL/min,
uses Thermal Advantage v4.6.6 as the instrument control software, and/or uses Universal
Analysis v4.3A as the data analysis software. In other specific embodiments, the Mettler
DSC 823¢ is calibrated for cnergy and temperature using certified indium, a sample of about

0.5 mg to aboul 3 mg, a pin-holed aluminan pan, a heat rate of aboul 10° C/min Fom 25° C
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to 350° C, a nitrogen purge rate of about 50 mL/min, and/or uses STARe v9.01 as the
instrumnent control and data analysis software.

Svnihesis of FLAP Inhibitor

160365} Described herein are processes for the preparation of Compound 1 and

pharmaceutically acceptable salts thereof.

180306} Synthesis of Compound 1 begins with the preparation of 2-chloromethyl-5-methyl-
pyridine hydrochloride and S-tert-butylsulfanyl-2, 2-dimethyl-4-oxo-pentancic acid alkyl
gster {sirtcture 2-4, scheme 2). Preparation of 2-chlotomethyl-5-methyl-pyidine
hydrochlotide is outlined in Scheme 1.

Scheme 1. Synthesis of 2-Chloromethyk-S-methyl-pyridine hydrochioride

Yy mCPBA 1. AG,0, 96°C x SOCH, B
[ ——— S
NT CHC13 N+ 2. aq. NaOH NEEES L B o} o WGl

MG

[#e367] 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, sodium hydroxide, provides (5-methvi-pyridin-2-yl)-methanol. (5-Methyl-pyridin-2-y1)-
methanol 1s then treated with thionyl chloride to provide 2-chloromethyl-5-methyl-pyridine
hydrochloride.

{00308 S-rerr-Butylselfanyl-2,2-dimeihyl-4-oxo-pentancic acid alkyl ester is prepared as
outhined in Scheme 2.

Scheme 2: Preparation of S-feri-Butylsulfanyl-2,2-dimethyi-4-oxo-pentanoic acid alkyl
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_ Z'Cl\"]/\ W / EtOH/H,0
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186309} Alky!isobutyrates of structure 2-1 (where R’ is an alkyl) are treated with Hthium
ditsopropylamide (LDA) followed by 2,3-dichloro-1-propene, which provides 4-chloro-2,2-
dimethyl-pent-4-enoic acid alky! esters of structure 2-2. In one aspect, R' is selected from

methyl, ethyl, propyl, isopropyl, and butyl. In ancther aspect, R'is methyl or ethyl. In
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another aspeet, R* is ethyl. 4-Chloro-2,2-dimethyl-peni-4-enoic acid alkyl esters of structure
2-2 gre {reared with bromine to provide S-Bromo-2,2-dimethyl-4-oxo-pentanoic acid alky]
esters of structure 2-3. 5-Bromo-2,2-dimethyl-4-oxo-pentariofe acid alky! esters of structure
2-3 are treated with 2-methyl-2-propanethiol in the presence of a base to provide S-ter-
butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid alkyl esters of siructure 2-4.

[06316] The synthesis of alkyl esters of 3-[3-{tert-butylsulfanyl)-1-{4-(6-ethoxy-pyridin-3-
ylbenzyl}-5 (5-methyl-pyridin-2-yl-methoxy)- 1 H-indel-2-y1}-2,2-dimethylpropanoic acid
{compounds of slructure 3-5) is ontlined in Scheme 3.

Scheme 3. Preparation of Alkyl Esters of Compound }
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{00311 4-Methoxyphenylhydrazine hydrochloride fsreacied with 4-bromobenzyl bromide in
the presence of a base to provide N-(4-bromo-benzyl}-N-(4-methoxy-phenyl)-hydrazine
hydrachioride, N-(4-hromo-benzyly-N-{4-methoxy-phenyl)-hydrazme hydrochloride is
reacted with 5-rerr-butylsulfanyl-2,2-dimothyl-4-oxo-pentanoic acid alky! esters of structure

2-4 (where R is C-C; alkyl) to provide 3-{ [-(4-bromo-benzyl)-3-terd-butylsulfanyl-5-
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methoxy-1 H-tndol-2-y1]-2 2-dimethvl-propionic acid alkyl esters of struciure 3-1. In one
aspect, R is selected from methyl, cthyl, propyl, isopropyl, and butyl. In another aspect, R
is methyl or ethyl. In another aspect, RY s ethyl.

{00312] Dernethylation of alky} esters of structure 3-1 is carried out with 2-methyl-2-
propanethiol and aluminam chloride, which provides alkyl esters of structure 3-2.

160313} Corrversion of the bromide 1o a boronate ester 1s achieved with

bis(pindcolato)diboron, potassium acetate, and a palladium catalyst. In one aspect, the

palladiom catalyst is Pa(dppf)Ch. Alkyl estets of siructure 3-3 are then coupled with 3-
bromeo-2-ethoxypyridine ander Suzuki mediated coupling condifions to provide atkyl esters
of structure 3-4. In one aspect, the Suzuki mediated counpling conditions include an
inorgantc base and a palladivm catalyst. In one aspect, the the Suzuki mediated coupling
venditions include potassium carbonate and tetrakis(iriphenylphosphine)palladium.

100314} Bases used in palladium mediated reactions include, but are not limited to, cesium
carbonate, tnethylamine, diisopropylethylamine, 1,2,2,6,6-pentaniethylpiperidine,
tributylamine, sodium carhonate, potassium-carbonate, sodium acetate, potassiwm acetate,
and potassium phosphate.

[86315) Alkyl esters of structure 3-4 are then freated with a base followed by 2-chlore-5-
methylpyridine hydrochloride to provide compounds of strociure 3-5, In one aspect, the
base is cesium carbonate.

[60316] 1o some embodiments, compounds of structure 3-3 are ireated with a purifving
means for reducing the amount of pattadivm to less than about 20ppm. I one aspect, the
purifying means for reducing the amount of palladium comprises thiof derivatized silica gel.
(00317 In ene aspect, compounds of struciure 3-5 are isolated before hydrolysis of the ester.
In another aspeet, compounds of structure 3-5 are not jsolated before hydrolysis of the ester.,
In one aspect, isolating compounds of structure 3-5 comprises a means for reducing residual
palladivan. In one aspect, means for reducing residual palladivm comprises activated
carbon. In yet a further embodiment, the activated carbon is DARCO® KB -G, DARC Q®
KB-WI. In other embodiments, means for reducing residual palladium comprises
derivatized silica gel. In another embodiment, means for reducing residual palladium
comprises thiol derivatized silica get.

1003181 {n one aspect, compounds of siructure 3-5 are converted via g two-step procedure to
Compound 2 as outlined in Scheme 4.

Scheme 4. Hydrolysis and Sali Formation
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[00319} Hydrolysis of alleyd esters of siructure 3-8 with LIOH 1 a sustable solvent provides,

after pH adjustment to form the carboxylic acid, Compound 1. Compound 1 is then treated
with sodium hydroxide in ethanol to furnish Compound 2.

5 [003201 In one aspect, Compound 2 is prepared from compounds of structure 3-5 in high
yield, high purity by performing a one-step hydrolysis and sakt forming reaction. T one
aspect, alky? esters of structure 3-5 are converted to Compound 2 ina high vielding one-step
procedire as outlined in Scheme 5.

Scheme 5. One-Step Hydrolysis and Salt Formation
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joo32i} Treatment of alkyl esters of structare 3-5 in a suitable solvent with a 50% aqueous
sodium hydroxide solution resalts in the formation of Compound 2. In one aspect, the
reaction 1s heated.
190322} In one aspect, Compound 2 is formed (whether by a crystallization, solid-to-solid
15 transformation or erystalline inter-conversion) or precipitated from a Class 3 selvent. In one
aspect, Compound 2 is formed or precipitated from methyl tert-butyl ether (MTBE). In one
aspect, Compound 2 is crystallized from methy! tert-butyl ether (MTBE),
{08323 In one aspect, described herein is a crystalline form of Compound 2 sobvated with a
Class 3 solvent. In one aspect, the Class 3 solvent is selecied from ethyl acetate, isopropyl
20 acetate, methyl teri-butyl ether, heptane, isopropancl, and ethanol. In one aspeet, the
crystalline form of Compound 2 is solvated with MTBE. In one aspect, the erystalline form

of Compound 2 is solvated with methyt fert-butyl ether and water.
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106324} [n some embodiments, Compound 1 is treated with potassium. hydroxide in a solvent

to form potassitm 3-[3-(teft-butylsutfanyl)-1-[4-(6-cthoxy-pyridin-3-yi)benzyi]-5-(5-

methyl-pyridin-2-yl-methoxy)-1H-indol-2-y1]-2,2-dimethylpropionate.

(683251 In some embodiments, Compound 1 is {reated with Hthium hydroxide in a solvent to
form lithium 3-[3-(tert-butylsuifanyl)-1-[4-(6-cthoxy-pyridin-3-yhbenzyl}- 5-( S-miethyl-
pyridin-2-yl-methoxy}- 1 H-indol-2-y1}-2,2-dimethylpropionate.

100326] In somé embodiments, Compound 1 is treated with caleium hydroxide in a solvent

to form the calcium salt of 3-[3-{tert-butylsulfany)-1-[4-(6-ethoxy-pyridin-3-yDbenzyl]-5-
{5-methyl-pyridin-2-ylmethoxy)- LH-indol-2-y1}-2 2-dimethylpropanoic acid.

{00327] In some embodiments, Compound | is treated with dicyclohexylamine in o solvent.
to form the corresponding salt.

100328] In some embodiments, Compound 1 is treated with N-methyl-D-glecaming in a
solvent fo form the corrssponding salt.

1003291 10 some embodiments, Compound 1 is treated with tnisthydroxyvimethyhmethytamine
i a solvent to form the corresponding sait.

In some embodiments, Compound 1 1s treated with arginine tn a solvent to form the
corresponding salt.

{66330] In some embodiments, Compound 1is treated with fysine in a solvent to form the
corresponding salt.

Certain Terminology

100331} Unless otherwise stated, the following terms used in this application, including the
specification and claims, have the defiitions given below. It must be noted that, as used in
the specification and the appended claims, the singular forms “a,” “an”™ and “the” include
pluval 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 art are employed. In this application, the use of “ot” means “and/or” unless stated
otherwise. Furthermore, use of the term “including” as well as other forms, such as.
“nclede”, “includes,” and “included,” is not limiting,

199332] An “alkyl” group refers to an aliphatic hydrocarbon group. The alkyl moiety is
branched, straight chain, or cyclic. The alkyl group may be designated as “Ci-C; alkyl™. In

one aspect, an alkyl is selected [rom methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-
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butyl, pentyl, neopentyl, hexyl, ethenyl, propenyl, aliyl, butenyl, cyclopropyl, cyclobutyl,
eyclopentyl, cyclohexyl. and the like.

1003331 “Detectable smount” Tefers to an amounat that is measurable using standard analytic
methods {e.i2. ion chromatography, mass spectrometry, NMR, HPLC, gas chromatography.
elemental analysis, IR spectroscopy, inductively coupled plasma atomic emission
spectromsiry, USP<231>Method 1, ete) {(ICH guidances, (024 Text on Validation of
Anabytical Procedures (March 1995} and Q2B Validution of Analvtical Procedures:

Methadology (November 1996)).

j00334] The terin “acceptable” with respect to a formulation, compeosition or ingredient, as
used herein, means having 0o persistent detrimental effect on the general health.of the
sitbject being treated.

1003351 The term “respiratory disease,” as used herein, refers {o diseases affecting the organs
that are invelved in breathing, such as the nose, throat, larynx, trachea, bronehi, and laags.
Respiratory diseases include, but are not Hmited to, asthma, adult respiratory distress

syndrome and allergic (extrinsic) asthima, non-allergic {intrinsic) asthma, acute severe

asthma, chronie asthma, clinical asthima, nocturnal asthina, allergen-induced asthma,

aspirin-sensitive asthma, exercise-induced asthma, isocapnic hyperventilation, child-onset
asthma, adult-onset asthma, cough-variant asthma, occupational asthma, steroid-resistant
asthma, seasonal asthma, scasonal al lergic thinitis, perennial allergic rhinitis, chronic
obstructive pulmonary disease, including chronic bronchitis or eémphyseroa, pulmonary
hypertension, interstitial lang {ibrosis and/or alrway inflammation and eystic fibrosis, and
hypoxia.

{00336} The term “asthma™ as used herein refers to any disorder of the hungs characterized
by variations in pulmonary gas flow associated with airway constriction of whatever canse
{infringie, extrinsic, or both; allergic or non-allergic). The term asthma may be used with
one or more adjectives to indicate cause.

|68337] The term “cardiovascular discase,” as nsed herein refers to dissases affecting the
heart or blood vessels or both, including but not limited to: arrhythmia; atherosclerosis and
its sequelae; anging; myocardial ischentia; myocardial infarction; cardiac or vascular
anenrysmy; vasculitis, stroke; peripheral ebstructive arteriopathy of a limb, an organ, or a
tissue; reperfusion injury following ischemia of the brain, heart or other organ or fissue;
endotoxic, surgical, or tranmatic shock; hypertension, valvular heart disease, heart failure,

abnormal blood pressure; shock; vasoconstriction (incloding that.associated with
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miigraines); vasculir abnormality, inflammation, insulficiency limited to a single organ or
tisstic.

00338] The term “ocular disease™ as used herein, refers to diseases which affect the eye or
eyes and potentially the swrrounding tissues as well, Ocular disease includes, bt is not
tmited to, ocular inflammation, conjunctivitis, retinitis, scleritis, nveitis, allergic
conjuctivitis, vernal conjunctivitis, pappillary conjunctivitis, and wveoretinitis.

160339] The term “pain’ as used herein, refers to acute or chronic pain which may he central
or peripheral pain, Pain includes, but is not lindted to nociceptive pain, neuropathic pain,
inflammatory pain and non-inflammatory pain, for example, peripheral neuropathic pain.
1683401 Thetenn “skin disease”, as used herein, includes but is not limited to eczema,
psoriasis, skin disease, neurodermatitis, praritis, exfoliative dermatitss, allergic dermatitis,
pemphigus and hypersensitivity reactions.

[00341} The tenns “effective amount” or “therapeutically effective amount,” as nsed herein,
refer to-a sufficient ameunt of an agenl being administered which will relieve to some extent
one or more of the symptoms of the disease or condifion being freated. The resudt can be
reduction and/or alleviation of the signs, symptoms, or causes of a disease, or any other
desived alteration of a bislogical system, For example, an “effective amount” for therapeutic
uses is the amount of the composition comprising a compotrd 83 disclosed herein required
to provide a clinically significant decrease inx disease symptoms. The term “therapewtically
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, geheral condition of the
subject, the condition being treated, the severity of the condition being treated, and the
judgment of the prescribing physician. In one embodiment, an appropriate “cHective”
amount in any individual case is determined using techniques, such as a dose escalation
study

166342} The terms “co-adnuinistration™ or the like, as used herein, are meant to encompass
administration of the selected therapeutic agents 10 a single patient, and are intended to

inctude treatment regimens in which the agents are administered by the same or different

Toute-0f adminisiration or at the same or different Hime.

166343] The tenms “enhance”™ or “enhancing,” as used herein, means (o increase or prolong

either in potency or duration a desired effect. Thus, in regard to enhancing the effect of
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therapeutic agents, the tert “enbancing” refers to the ability to increase or proleng, either in

potency or duration, the effect of other therapeutic agents on a system. An “enhancing-

clfective amouwt,” as used herein, refers to an amount adequate to enhance the effect of

another therapeutic agent in a desired system.

[00344] The terms “fibrosis™ or “fibrosing disorder,™ as nsed herein, refers to conditions that
follow acute or chyonic inflammation and are associated with the abaormal accumulation of
cells and/or eollagen and inchude but are not Hmited to fibrosis of individual organs or
tissues such as the heart, kidney, joints, lung, or skin, and includes such disorders as
idiopathic pilmoenary fibrosis and cryptogeric fibrosing alveolitis.

{06345] The term “leukotriena-driven mediators,” as used herem, refers to molecules able to
be produced in a patient that results from excessive production-of leukotriene stimulation of
cells, such s, by way of example orly, LTBy, LTCs, LTEy, cysteinyl leuktorienes,
monocyte inflammatory protein {(MIP-1a), interleukin:8 (IL-8), interleukin-4 (IL-4),
interleukin-13 (IL-13), monocyte chemoattractant protein {MCP-1), soloble intracellular
adhesion molecule (sICAM; soluble ICAM), myeloperoxidase (MPO}, cosinophil
peroxidase (EPO), and general inflammation moleenles such as interleukin-6 (11-6), C-
reactive protein (CRP), and serum amyloid A protein (SAA).

[60346] The term “leukotrienc-related mediators,” as used herein, refers to molecules able {o
be produced in a patient that resuli from excessive production of lenkotriene stimulation of
cells, such as, by way of exampie only, LTB4, LTC,, LTE,, cysteiny! leukiorienes,
monocyte inflammatory protein (MIP-1a), interleukin-8 {11.-8), interleukin-4 (IL-4),
interleukin-13 (T1.-13), monocyte chemoatiractant protein (MCP-1), soluble intracettular
adhesion molegnle (SICAN; soluble ICAM), myeloperoxidase {MPO), eosinophil
peroxidase (EPQ), and general inflammation molecules such as interlenkin-6 (11-6), C-
reactive protein (CRP), and serum amyloid A protein (SAA).

[09347} The term “leukotrienc-dependent”™, as nsed herein, refers te conditians or disorders
that would not occur, or would not occur to the same exlent, in the absence of one or more
levkotriencs.

[00348] The term “leukotriene-mediated”, as used herein, refers {o conditions or disorders
that occor in the absence of leukotrienes but also oceur in the presence of one or more
leukotricnes.

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

has been identified by either genotyping of FLAP haplotypes, or genotyping of one or more
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other genes in the leukofriene pathway and/or, by phenotyping of patients either by previous
positive clinical response to another Teukottiene modulator, including, by way of example
only, zileuton, montelukast, prantukast, zafirlakast, and/or by their profile of leukotriene-
driven mediators that indicate excessive leukotriene stimulation of inflammaitory cells, as
likely to respond favorably to leukotriene modulator therapy.

1003507 The terms “kit” and “article of manufacture” arc used as synonyms.

[603511 A “metabolite” of a compound disclosed herein is a derivative of that compound that
ig fornied when the compound is metabolized, The term “agtive metabolite” refersto a
biologically active derivative of a compound that is formed when the compound is
metabolized {biotransformed). The term “metabolized,” as-used herein, rafers 1o the sum of
the processes (including, buinot limited to, hydrolysis reactions and reactions catalyzed by
enzyines) by which a particular substance is changed by an organism. Thus, enzymes may
preduce specific structural alterations 16 a compound, For example, cytochrome P450
catalyzes a variety of oxidative and reductive reactions while uridine diphosphate
glucuronyltransferases (UGT) catalyze the wransfer of an activated glucuronic-acid molecule
to aromatic alcchols, aliphatic alcohols, carboxylic acids, amines and free sulphydryl groups
{€.8. conjugation reactions). Further information on metabolism 18 available in The
Pharmacological Basis of Therapeutios, 9th Edition, McGraw-Hill (1996). In one
embodiment, mefabolites of the compounds disclosed herein are identified either by
administration of compounds to @ host and analysis of tissue samples from the host, or by
incubation of compotnds with hepatic cells in vitro and analysis of the resulting
compounds.

1608352] The term “modulate,” as used herein, means to interact with a target either direetly
or indirectly 5o as to alter the activity of the target, including, by way of example otily, 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.

1003531 The term “modularor.” as used herein, refers to a molecule that interacts with a
target either.directly or indirectly. The interactions include, but are not fimited fo, the
mteractions of an agonist and an antagonist,

[88354] The term “prodrug™, as used herein, refers to an agent that is converted into the
parent drug in vive. Prodrugs are often useful because, in some situations, they may be
casier (o -administer than the parent drug. They may, for instance, be bioavailable by oral

admimistration whereas the parent is not. The prodrig may also have improved solubility in
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phanpaceutical compositions over the parent drug. An example, without limitation, of a
prodrug would be Compound 1 which is administered as an ester (“the prodrug™) to
facilitate transmittal across a.cell membrane where water solubihty is detrimental to
mobility but which then is metabolically hydrolyzed to the carboxylic acid, the active entity,
once instde the cell where water-solubility is beneficial. A further example of a prediug
might be a short peptide {polyaminocacid) bonded to an acid group where the peptide is
melabolized to reveal the active maiety,

{00335] The term “subject” or “patient” encompasses mamnials. In one aspect, the mammal

is-@ human. [n snother aspect, the mammal is a non-himan primate such as chimpanziee, and

other apes and monkey species. In one aspect, the mammal is a farm animal such as caltle,
horse, sheep, goat, or swine. In one aspect; the mammal is a domestic animal such as rabbit,
dog, or cat. In one aspect; the mammual is a laboratory animal, including rodents, such as
rats, mice and guines pigs, and the like.

(603561 “Bioavailability™ refers to the percentage of the weight of Compound 1, or a
pharmaceutically acceptable salt and/or solvate thereof, dosed that is delivered into the
general circulation of the animal or himan being studied. The total exposure (AUCp. ) of a
drug when administered intravenously is usually defined as 160% Bioavailable (F%). *Oral
bivavailability” refers to the extent to which Compound I, or a pharmaceutically acceptable
salt and/or solvate thereof, is absorbed into the general circulation when the phavmacettical
composition is taken orally as compared 1o intravenous injection,

{04337] “Blood plasma ¢oncentration” refers te the concentration Compound 1, in the
plasma component of blood of a manunal. It is understood that the plasma conceniration of
Compound 1 may vary significantly between subjects, due 1o variability with respect to
metabolism and/or interactions with other therapentic agents. In one aspect, the blood
plasma conceniration of Compound 1 varies from subject to subject. Likewise, values such
as maximum plasma concentration {Cyyy) or time {o reach maximum plasia concentration
{Tinan), 0F tolal area under the plasma concentration time curve (AUCxk. ) vary from subject
to subject. Due to this variability, in one embodiment, the amoust necessary 1o constitute “a
therapeutically effective amouni” of Compound | varies from subject to subjsct.

00358] “Drug absorption” or “absorption” typically refers 1o the process of movement of
drug from site of administration of a drug across a barrier into a blood vessel or the site of
action, ¢.g., a drug moving from the gastrointestinal tract into the portal vein or lymphatic

system.
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1903591 A “measnrable serum concentration™ or “measurable plasma concentration”
describes the blood serum or blood plasma concentration, typically measured in mg, ng, or
ng of therapeutic agent per ml, di, or ! of blood serum, absorbed into the bloodsiream after

adeministration, As used herein, measurable plasma concentrations are typically measured in

ng/ml or pg/ml.

109366 “Pharmacodimnamics” refers to the factors which determine the biologic response
observed relative to the conceniration of drug af a site of action.

[00361] “Pharmacokinetics” refers to the factors which delermine the attaimment and
maintenance of the appropriate concentration of drag at a site of action.

1003621 “Steady state,” as used herein, 1§ when the amount of drug administered iy equal to
the amount of drug eliminated within one dosing interval resulting in & plateat or constant
plasma drug exposure.

j00363} “Treat” or “freatment”™ as used herein refers te any treatment of a disorder or disedse,
such as preveniing the disorder or disease from occurring in o subject predisposed to-the
disorder or disease, but has not yet been diagnosed as having the disorder or disease;
inhibiiing the disorder or disease, &.g., artesting the development of the disorder or disease,
relieving the disorder or disease, causing regression of the disorder 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”

1s used synonymously with the term “prevent.”

100364 “Purifying means for reducing the amount of palladiem” or “means for reducing
residual paltadium™ (or a sinitlaily worded phrase) refers to means used for reducing the
amound of palladium in samples comprising active pharmacentical ingredients in order to
meet palladinm specification guidelines. (¥Guideline on the Specification Limits for
Residues of Metal Catalysts” Enropean Medicines Agency Pre-quthorisation Evaluation of
Medicines for Human Use, London, January 2007, Doc. Ref. CPMP/SWP/QWP/4446/00
cort.}. In one aspect, reducing the amount of palladium inclades, but is not limited to,
treatment with sohid trimercaptotiiazine (TMT), polystyrene-bousd TMT, mercapto-porous
polystyrene-bound TMT, polystyrene-bound cihylenediamine, activated carbon, glass bead
Sponges, Smc}pexm , silica bound scavengers, thiol-derivatized silica gel, N-acetyleysteine,
n-BuaP, crystallization, extraction, 1-cysteine, n-Bu;P/lactic scid. Garrett et al,, Ady. Svnth.
Catal. 2004, 346, 889-900). In one aspect, activated carbon includes but is not limited to
DARCO™ KB-G, DARCO® KB-WJ. In one aspect silica bound scavengers include but are
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Suitable Solveuts

[00363] Therapentic agents that are admvinistrable io mammals, such as bumans, musi be
prepared by following regulatory guidelines. Such government regnlated guidelines are
referred to as Good Munufacturing Practice (GMP). GMP guidelines outling acceptable
contamination levels of active therapeutic agents, such as, for example, the armount of
vesidual solvent in the final product. Preferred solvents are those that are suitable for use in
GMP faeilites and consistent with industrial safety concerns. Categories of solvents are
defined in, for example, the International Conference oh Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human Use (TCH), “Impurities:
Guidelines for Residual Solvents, Q3C(R3), (November 2005).

168366} Solvents are categorized into three classes. Class 1 solvents are toxic and are to be
avoided. Class 2 solvents are solvents to be limited in use during the manufacture of the
therapentic agent. Class 3 solvents are solvents with low toxic potential and of lower risk to
human health. Data for Class 3 soivents indicate that they are less toxic in acute or shorl-
term studies and negative In gehotoxicily studies.

{o8367] Class 1 solvents, which are to be avoided, include: benzene; carbon tetrachioride;

1, 2-dichlorosthane; 1,1-dichloroethene; and 1,1,1-trichlorocthane.

jo0368} Examples of Class 2 solvents are: acetonitrile, chlorcbenzene, chloroform,
cyclohexane, 1,2-dichloroethene, dichloromethane, 1,2-dimethoxyethane, N,N-
dimethylacetamide, N . N-dimethylformamide, 1,4-dioxane, 2-ethoxvethanol, ethyleneglycol,
formanzide, hexane, methanol, 2-methoxyethanol, methylbutyl ketone, methvleyelohexane,
N-methylpyirolidine, nitromethane, pyridine, sutfolane, tetralin, toluene, 1,1,2-
trichloroethene and xvlene.

(60369} Class 3 solvents, which possess low toxicity, include: acetic acid, acetone, anisole,
T-butanol, 2-butanol, butyl acetate, tert-butylmethyl cther {MTBE), cumene, dimethyl
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sulfoxide, ethanol, ethyl acetate, ethyl ether, ethyl formate, formic acid, heptane, isobutyl
acetate, isopropy] acetate, methvl acetate, 3-methyl-1-butanol, methylethyl ketone,
methylisobutyl ketone, 2-methyi-1-propanol, pentane, 1-pentancl, 1-propanol, 2-propanoi,
propyl acetate, and tetrahydrofiran.

106370} Residual solvents in active pharmaceutical ingredients (APIs) originate from the
manufacture of APE In some cases, the solvents are not compleiely removed by practical
manufacturing teclinigues. Appropriste selection of the solvent for the syathesis of APIs
may enhance the vield, or determine characteristics such as crystal form, purity, and
solubilify, Therefore, the solvent is a.critical parameter I the synthetic process.

190371} In some embodiments, compositions comprising salts of Compound 1 comprise an

ofganic sotvent(s). In some embodimenits, tompositions-comprising salts of Compound 1

comprise a residual amount of an organie solvent(s). In some embodiments, gomposiiions

comprising salts of Compound 1 comprise a residual amount of a.Class 3 sotvent. In some
embodiments, the organic solvent is a Class 3 solvent. In some embodiments, the Class 3
solvent is selected from the aroup consistihg of acetic acid, acetone, anisole, 1-butanol, 2-
butanel, butyl acetate, fers-butyimethyl ether, cumene, dimethyl sulfoxide, ethanol, ethyt
acetate, ethyl ether, ethy! formate, formic acid, heptang, Isobuiyl acetate, isopropyl acetate,
methyl acetate, 3-methyl-1-butanol, methylethyl ketone, methylisobutyl ketone, 2-methyl-1-

propanol, pentang, 1-pentancl, 1-propanol, 2-propanol, propyl acetate, and tetralyydrofuran.

In some embodiments, the Class 3 solvent is selected from ethyl acetate, isopropyl acetate.

rert-putyimethylether, heptane, isopropanol, and ethanel.

100372} Tn one aspect, doscribed are compositions comprising a polymerph of a salt of
Compound 1. In one aspect, the pelymorph is arnorphous, semi-erystalline, or crystalline. In
one aspect, the polymorph is crystalline. In another aspect, the potvmorph 1s amorphous.
[80373} In one aspect, described are compositions comprising crystafline form of a salt of
Compound 1. In one aspect, described are compositions comprising crystalline form of
Compound 2.

100374] 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.

(063751 Tn one aspect, the compositions comprising a salt of Compound 1 includea
detectable amount of an organic solvent. In some embodiments, the saft of Compound 1 is a

sodinm salt. In some embodiments, the organic solvent is a Class 3 solvent. In some
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embodiments, the Class 3 solvent is selected from the group consisting of acetic acid,
acetone, anisole, 1-butanol, 2-butanol, butyl acetate, rert-butylmethyl ether, camene,
dimethy! sulfoxide, ethanol, ethyl acetate, ethyl ether, ethyl formate, formic acid, heptans,
isobutyl acetate, isopropyl acctate, methyl acetate, 3-methivi-1-buianol; methylethyl ketone,
methylisobutyl ketone, 2-methyl-1-propanol, peniane, 1-pentancl, 1-propanol, 2-propanol,
propy! acetate, and tetrabydrofuran. Tn yet a further embodiment, the Class 3 solvent is
selected fromn cthyl acetate, isoprepyl acetate, rert-butylmethylether, heptane, isopropanel,
and ethanol. In other embodiments the organic solvent is selected from isopropanel,
acetonifrile, cthanol, propylene glycol, and methylcellulose in water.

{08376] In one aspect, the salt of Compound 1 is.a sodiurn salt, polassium sali; lithiom salt,
caleium salt, ammonium sall, pretonated dicyclohexylamine salt, protonated N-methyb-D-
glucamine salt, proionated tris(hydroxymethyhmethylamine salt, arginine salt,or lysine salt.
In one aspect, the salt of Compound 1 is a sodium sait,

(00377] tn othet embodiments are compositions compuising Compound 2, wherein the

composition comprises a detectable amount of solvent that is loss than about 1%, wherein

the solvent is selected from 1,2-dimethoxyethane, acetoniirile, ethyl acetate,

tetrahydrofuran, methanol, ethanol, heptane, and 2-propanol, In a further emtbodiment are
compositions comprising Compound 2, wherein the composition comprises a detectable
amount of solvent which is less than about 5000 ppm. In yet a further embodiment are
compositions comprising Compound 2, wherein the detectable amount of solvent is less
than about 5000 pprm, less than about 4000 ppm, less than about 3000 ppmy, less than about
2000 ppm, less han about 1000 ppm, less than about 500 ppm, or less than about 100 ppm.

Pharmaceutical Compositions/Formulations

160378] Pharmacentical compositions are formulated in a conventionsl manner using one or
more physiologically acceptable carriers comprising excipients and auxiliaries which
facilitate processing of the active compounds into preparations which are used
pharmaceutically. Suitable techniques, cartiers, and excipients include those found within,
for example, Remington: The Science and Practice of Pharmacy, Nineteenth Ed {Easton,
Pa.: Mack Publishing Company, | 995}, Hoover, John B., Remingion’s Pharmaceuntical
Seiences, Mack Publishing Co., Easton, Permsylvania 1975; Liberman, H.A. and Lachman,
L., Eds., Pharmacentical Dosage Forms, Marcel Decker, New York, 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 admi.nistfat%mi, Compound 1, or a phanmaceutically acceptably salt thereof

{e.g. Compound 2), are formulated by corabining the active compound with

pharmaceutically acceptable carriers or excipients. Such carriers enable Compound 1, ora

pharmacentically acceplably salt thereof {e.g. Compound 2) to be formulated as tablets,
powders, pills, dragees, capsules, Hquids, gels, syrups, elixis, sluzries, saspensions and the
tike, for oral ingestion by a patient 1o be treated.

100380] The pharmaceutical compositions will include at least one pharmaceutically

acceptable carrier, diluent or excipient and Compound 1 as un active ingredient in free-acid

or free-base form, or in a pharmaceutically acceptable salt form.

100381} The oral solid dosage formulations-described berein include particles of Compound

1, or a phiarmaceutically acceptable salt thereof (e.g. Compound 2) in crystalline forny,

amorphous form, semi-crystalline form, seni-amorphous form, or mixtures thereof. Tn one

aspect, the oral solid dosage formulations described herein include crystalline particles of
Componnd 2. In one aspect, the oral selid dosage formulations described herein include
crystatline particles of Compound 1 (free seid). In one aspeet, the oral solid dosage
formulations described herein include amorphous particles of Compound 1 {free acid).
(03821 The pharmacentical compositions described herein include: (a) Compound 1.ora
pharmaceutically acceptable salt thereof (e Compound 2); and one of more of the
following: (b) binders; {¢) disintegrants; {d) fillers (diluents); (e} lubricants; (f) glidants
{flow enhancess); (g) compression aids; (h) colors; (1) sweeteners; {j) preservatives; ()
suspensing/dispersing agents; (f) film formers/coatings; {m) flavors; {o) printing inks,
100383] In one aspect, pharmaceutical compositions described herein include one or more of
the following in addition to Compound 1, or a pharmaceutically acceptable salt thereof (c.g.
Compound 2): (a) magnesium stearate; (b) lactose; (¢} nticrocrysiatline cellulose; (&)
silicified niicrocrystalling cellulose; (2) mannitol; (f) starch (corm); {¢) silicon dioxide; (lt)
tilanfum dioxide; (i) stearic acid; () sodium starch glycolate; (k) Gelatin; (1) tale; (m)
sucrose; {n) aspartame; (o) calctum stearate; (p) povidone; {q) pregelatinized starch; {r}
hydroxy propyl methylcelhulose; (s) OPA products (coatings & inks}; (1) croscarmetlose; {u)
hydroxy propyl celtulose; (v) ethyleeltulose; (w) calciom phosphate {dibasic); {x)
crospovidone: (¥) shetlac {and glaze); (z) sodium carbonale.

(003841 In one embodiment, pharmaceutical preparations for oval use are obtained by mixing
one or more solid excipient with one or more of the compoands described herein, optionally

grinding the resulting mixiure, and processing the mixture of granules, atter adding suitable
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auxitiaries, if desired, to obtain tablets, Suitable ex¢ipients are, in particular, filters such as
sugars, including lactose, sucrose, mannitol, or sorbitol; cethiose preparations. such as: for
example, maize starch, wheat staxch, rice starch, potato starch, gelatin, gum tragacanth,
methvlceltulose, microcrystafline cellulose, silicified microcrystalline cellnlose,
hydroxypropylmethyleellulose, sodium carboxymethyleelludose; or oihers such as:
polyvinylpyrolidone (PVP or povidone) or calcium phosphaig, If desired, disintegrating

agents are added, such as the cross-linked croscarmellose sodium, polyvinylpyrrolidone,

agar, of alginic acid or a salf thereof such as sodium alginate.

1603851 In one embodiment, the pharmaceutical compesttions described heremn are

formulated into any suitable dosage form, including but not limited to, agquecus otal
dispersions, solid oral dosage forms, fast melt formulations, effervescent formulations,
iyophifized formulations, tablets, capsules, exiended release formulations, inlaled powder,
inhaled dispersion, IV formulations.

1083861 In some embodiments, formulations previde a therapentically sffective amount of
Compound 1, or a phatinaceutically acceptable salt thereof (e.g. Compound 2}, enabling, for
example, once a week, twice a week, three times a weelk, foor times a week, five imes &
week, ones every other day, once-a-day, twice-a-day (b.1.d.), or three times a day (tid)
adrainisiration if desired. In one embodiment, the formulation provides.a therapeutically
effective amount of Compound 1, or a pharmacentically acceptable salt thereof (c.g.
Compound 2) enabling once-a-day administration.

(90387] In certain embodiments, the effective amount of Compound 1, or a pharmacentically
acceptable salt thereof {e.g, Compotnd 7} is about 1mg to about 5g per dose, about 10mg to
about 2g per dose, about 10mg to about 1g per dose, about 10mg to about 1g per dose,
aboul 10mg to about §.5g per dose, of about 10mg to about 0.4g per dose. In some
embodiments, the effective amount of Compound 1, or a pharmaceutically acceptable salt
thereof (e.g. Compound 2) is about 1mg fo about 5g per day, about 10mg to zbout 2g pey
day, about 10mg to about 1g per day, about 10mg to about 0.6¢ per day, about 10mg o
about 0.5g per day, or about 10mg to about {L4g per day.

100388] In one embodiment, the effective amonnt of Compound 1, or a pharmacentically
accepiable salt thereof (e.g. Conipound 2) is about Smg per dose, about 10myg per dose,
about 50mg per dose, about 150mg per dose, about 300mg per dose, about 450mg per dose,

about 600mg per dose, or about 1000mg per dose.
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[00389] Tn one aspect, oral phanmaceutical solutions include about 16mg/ml to about
30mg/mi of Compound 1, or a pharmaceutically acceptable salt thereof {e.g Compeund 2}.

In one aspect, oral pharmaceutical solutions inchide aboit 10mg/rl to about 40m g/l

about 10mg/ml to about 30mgiml, or about [0mg/ml to about 20m g/mi of Compound |; or

a phanmaceutically acceptable salt thereof (e.g. Compound 2). In one aspect, oral
vharmaceutical sotutions include about 10mg/ml of Compound 1, ora pharmacentically
aceeptable salt thereof (e.g. Compound 2),

100390] Tnone embodiment, pediatric oral pharmaceitical solutions inclnde about 1mgimi o
about 20meg/m} of Compound 1, or a phanmaceutically acceptable salt thereof {e.g.
Compound 2). fn one embodiment, pediatric oral pharmaceutical solutions include about
1mg/ml to about 15mg/mi, or about Smg/mi to about 15Smg/ml of Compound 1, ora
pharmaceutically acceptable sali-thereof (¢.g. Compound 2). In some embodiments,
pediatric oral pharmaceutical solutions include about 10mg/mi of Compound 1, ora
pharmacentically acceptable salt thereof (e.g. Compound 2),

1003911 Tn one aspect, immediate release tablets include about 5% wiw to about 50% wiw of
Componnd 1, or a pharmacestically acceptable salt thereot (e.g. Compound 2}. In some
cmbodiments, hnumediate release tablets fnclude about 3% w/iw 1o about 40% w/w, or about
10% w/w to about 40% w/w of Compound 1, or a pharmaceutically acceptable salt thereot
{e.g. Compound 2)}. In some embodiments. immediate release tablets inchude about 3% wWiw,
dhout 10% wiw, about 5% whw, about 20% wiw, about 25% wiw, about 30% w/w, about
339% wiw, about 35% w/iw, about 40% wiw of Compound 1, ora pharmaceuticaily
acceptable salt thereof (e.g. Compound 2).

100392} In one aspect, immediate release capsules include about 1.25% wiw to aboui 50%
wiw of Compound 1, or a pharmacentically acceptable salt thereof {e.g. Compeotind 2). In
some embodiments, immediate release capsiles include about 5% w/w to about 40% wiw,

about 10% w/w to about 30% wiw, of Compount {, or a pharmaceutically acceptable salt

thereof (¢.g. Compound 2). In some embodiments, immediate release capsules include about

5% witw, about 10% wiw, about 15% w/w, about 20 % w/w, about 25 %% w/iw, or about 30
% wiw of Compound 1, or a pharmacentically acceptable salt thereof (e.g. Compound 2),
100393| In one embodinent, Compound 1, or a pharmaceutically acceptable salt thereof {e.2.
Compound 2) is formulated into an irmmediate release form that provides for once-a-day
administration. Generally speaking, one will desire to adminisier 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 tinie effective to elicit a therapeutic effect.

1003943 Binders impart cohesive qualitics, In one aspect, solid oral dosage forms include
about 2% wiw to about 10% whw of binder. In some embodiments, solid oral dosage forms
include about 5% wiw of binder. In some embodiments, solid oral dosage forms include
about 2% wiw to about 25% wiw of binder. Ju some embodiments, solid oral dosage forms
include about 5% wiw to about 25% w/w of hinder. in some’embodiments, solid oral
dosage forms include aboat 18% wiw of binder.

100395] In one aspect, the binder is hypromelose {e.g:, Methocel E5). In another aspect, the
binder 15 povidone, or starch.

100396} Carricr materials include any excipients in. pharmaceutics and should be selected on
the basis of compatibility with Compound 1, or a pharmaceutically acceptable salt thereof
(e.g. Compound 2) and the release profite properties of the desired dosage form. Exermplary
carrier maaterials include, ¢.g., binders, suspending agenis, disintegration ageats, filling
agents, surfactants, solubilizers, stabilizers, lubricants, wetiing agents, dilizients, and the like.
f00397) Dispersing agents, and/or viscosity modulating agents inchude materials that control
the diffusion and homogeneity of a drug through liquid media or a granilation method or
Hlend method. In some embodiments, these agents also facilitate the effectiveness ofa
coating or eroding matrix.

{00398] Diluents increase bilk of the composition to facititale corapression or create
sufficient bulk for homogenous blend for capsule filling.

100399] The term “disintegrate” includes both the dissolution and dispersion of the dosage

form when contacted with gastrointestinal fluid. “Disintegration agents or disintegrants”

facilitate the breakup or disintegration of a substance,

106400] In one aspeet, the disintegrant is croscarmeltose sodium. In another aspect, the
disintegrant is sodivm starch glycolate or crospovidone.

{09401] Tn one aspect, solid oral dosage forms nclode up to 5% wiw of disintegrant. In
some embodiments, solid oral dosage forms include about 0.5% w/w to about 10% wiw of
disintegrant. In some embodiments, solid oral desage forms include about 0.5% wiw to
about 3% w/w of disinfegrand.

(004621 Filling agents inchude compounds such as Jactose, calcium carbonate, calcium

phosphate, dibasic caleium phosphate, caloium sulfate, microcrystalline celiulose, cellulose
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powder; dextrose, dextrates, dexiran, starches, pregelatinized starch, sucrose, xylitol,
lactitol, mannitol, sorbitol, soditm chloride, polyethylene glycol, and the like.

100403} In one aspect, the filler is lactose {(e.g. monohydrate). In another aspect, the filler is
mammitol, or dicalcium phosphate. In another aspect, the filler 1s mannitol, microcrystalline
cetlulose, dicaleium phosphate or sorbitol.

100404] Gastrointestinal fluid is the fhud of stomach secretions of a subject or the salivaof a
subject after oral adminis tration of a composition described herein, or the equivalent
thereof. An “equivalent of stomach secretion” includes, e.g., an i vivre Hluid having similar
content and/or pH as stomach secretions such as a 1% sodium dodecy! sulfate solation or
,1N HCI solytion in water. In addition, simulated intestinal fluid (USP) is an aqueous
phosphate buffer system at pH 6.8,

{00405| Lubricants and glidants ave compounds that prevent, reduce or inhibit adhesion or
friction of materials. T one aspect, solid oral dosage forms include about 0.25% w/iw to
ahout 2.5% wiw of lubricant. In another aspect solid oral dosage forms include about 0.5%
wiw to about 1.5% w/w of lubricant.

joe106) I some embodiments, the solid dosage forms described heréin arein {he form of a
tablet, {including an immediate release tablet, an extended release tablet, a suspension
tablet, a fast-melt tablet, a bite-disintegration tablet, a rapid-disintegration tablet, an
effervescent 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 hard
capsules, e.g., capsules made from animal-derived gelatin or plant-derived HPMC, or
“sprinkle capsules™, solid dispersion, muliiparticulate dosage forms, pelleis, or graitules.
(08407 In other embodiments, the pharmaceutical formulation is in the form of a powder, In
still other embodiments, the pharmacenticat formulation is in the form of a tablet, including
but not limited to, an immediate release tablet. Additionally, pharmaceutical formulations
described herein are administered as a single dosage or In multiple dosages. In some
embodiments, the pharmaceutical formulation is administered m two, or three, or four
tablets.

[00408] In some embodiments, solid dosage forms, e.g., tablets, effervescent tablets, and
capsules, are prepared by mixing Compound 1, or a pharmaceutically acceptable salt thereol
(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, 1t 15 meant

that the Compeund 1, or a pharmaceutically acoeptuble 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 readily subdivided into equally effective unit dosage forms, such as tablets, piils, or
cupsules. 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
formulations are manufactured by conventional technigues.

100409} Conventional techniques include, e.g., one or a combination of methods: (1) dry
mixing, (2) direct compression, (3) milling; (4) dry or non-aqueous granulation, (5) wet
granulation, or (6) fusion. See, ¢.g., Lachman eral,, The Theory and Practice of Industrial
Pharmacy (1986). Other methods include, €.g.. spray drying, pan coating, melt granulation,

granulation, fluidized bed spray drying orcoating (eg., wurster coating), tangential coating,

top spraying, tableting, extrling and the hike.

100410] Thic pharmacentical solid dosage forms described herein inchude the Compound 1, or
a pharinaceutically acceptable salt thereof (e.g. Compound 2) compositions described herein
and one ot niore pharmacentically acceptable additives such as a compatible carrier, binder,
filling agent, suspending agent, flavoring agend, sweetening agent, disintegrating agent,
dispersing agent, surfactant, lubricant, colorant, diluent, solubilizer, moistening agent,
plasticizer, stabilizer, penstration enhancer, wetting agent, anti-foaming agent, antioxidai,
preservative, or ong or more combination thereal,

{60411} Compound 1, or a pharmaceutically acceplable salt thereof (e.g. Compound 2) 18
rapidly absorbed in the upper gastrointestinal tract, and thus there is a strong corrélation
between the rate of dissolution and bicavailability. Thus, it is imporiant to optimize the rate
of dissolution in biological matrices in order fo enhance in vivo absorption. In order
release the Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2)

from a solid desage form matrix as efficiently as passible, disintegrants are often used in the

formulation, especially when the dosage forms are compressed with binder. Disimtegrants

help ruptoring the dosage form matrix by swelling or capiliary action when moisture is
absorbed into the dosage form.

[00412] Binders ixnpart cohesiveness to solid oral dosage form formulations: for powdet
filled capsule formuiation, they aid in plug formation that is filled imto soft or hard shell
capsules and for 1ablet formulation, they ensure the fablel remaining intact after
compression and help assure blend uniformity prior to a compression or fill step.

[09413] in general, binder levels of 20-70% are used in powder-filled gelatin capsale

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

[o0414] Compressed fablets are solid dosage forms _p‘repared 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. Inother
embodiments, the compressed tablets will include a film surrounding the final compressed
tablet. Tin some emibodimients, the film coating aids in patient compliance (e.g., Opadry”
coatings or sugar coating). Film coatings comprising Opadry”™ typically range from about
% to about 3% of the tablet weight. In other emboditents, the compressed tablets inchide
one or more excipients,

[86415] In ceriain embodiments, provided herein are tablets with a hardness of about 5 o
about 20 Kp, or about 5 to about 15 Kp or about 8-12 Kp. In fusther or alternative
cmbediinents, provided herein are tablets with a friability of less than 1%.

[00416] Tn one embhodiment, a capsale is prepared, ¢.g., by placing the bulk blend
formulation described above, inside of a capsule. In some embodiments, the formmulattons
{nen-agaeous suspensions and solutions) are placed in a soft gelatin capsule. In other
embodiments, the formulations aze placed in standard gelatin capsules or non-gelatin
capsules such as capsules comprising HPMC. In other embodiments. the formulation is
placed in a sprinkle capsule, wherein the capsule is swallowed whole or the capsule is
opehed and the conteiits sprifkled on food prior to cating. In some embodiments, the
therapeutic dose is split into multiple {e.g., two, three, or four) capsules. In some
embodiments, the eatite dose of the formulation is delivered in a capsule form.

(904171 In one aspect, Compound 1, or a pharmaceuiically acceptable salt thereof (e.g.
Compound 2) and one or more excipients are dry blended and conipressed mto 2 mass, such
as a tablet, having a hardness sufficient to provide a pharmaceutical composition that
snbstantially disintegrates within less than about 10 minutes, less than aboat 15 mimutes,
fess than about 20 minutes, less than about 25 minutes, less than about 30 minutes, less than
about 35 minutes, or less than about 40 minutes, after oral administration, thereby releasing

the Compound 1, or a pharmaceutically acceptable sali thereof (e.8. Compound 2)

formutation into the gastrointestinal flmd,

100418 Tnn other embodiments a powder comprising the Cofnpeund 1, or 2 pharmacentically
acceptable salt thereof (e.g. Compound 2) formulatiens described herein are formulated to

inchude one or more pharmaceutical excipients and flavors. Such a powder 18 prepared, for
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example, by mixing the Compound 1, or a pharmaceustically acceptable salt thersof (8.2
Compoand 2) formulation and optional pharmacentical excipiens to form a bulk blend
composition. Additional embodiments also comprise a suspending agent and/or.a wetling
ageni. This bulk blend is uniformly subdivided into unit dosage packaging or multi-dosage
packaging units. The term “uniform” means the homogeneity of the bulk biend is
substantially mainiained doring the packaging process.

100419] I still other embodiments, effervesoent powdsts are prepared. Effervescent salis
have been used to disperse medicines in water for oral administration. Effervescent salts are

sranules or coarse powders containing a medicinal agent in & dry mixture, usually

composed of sodium bicarbonate, citric acid and/or tartaric acid.

[00428] The method of preparation of the effervescent granates described herein employs
three basic processes: wet granulation, dry granulation and fusion. The fuston method {s
used for the preparation of most commercial effervescent powders. It should be noted that,
atthongh these methods are intended for the preparation of granules, the formulations of
effervescent salts described herein, in one embodiment, are also prepared as tablets,
according to technology for tablel preparation.

[10421] Wet granulation is one the oldest method of grapule preparation. The individual
steps in the wet granulation process of tablet-preparation include milling and sicving of the
ingredients, dry powder mixing, wet massing, granulation, drying and final grinding. In
various embodiments, the compasition is:added to the other excipients of the
pharmaceutical formulation after they have been wet granuiated.

[op422} Dry granuiation involves compressing a powder mixture into a rough tablet or "slug"
o1y 2 heavy-duty yotary tablet press. The siugs are then broken up into granular particles by a
srinding operation, usually by passage through an pscillation granylator. The individual
steps include mixing of the powders, compressing (slugging) and grinding (slug reduction
or granlation), No wet hinder or moisture is involved in any of the steps. In some
embodiments, the formulation is dry granulated with other excipients in the pharmaceutical
formulation. In other embodiments, the formulation is added to other excipients of the
pharmacentical formulation after they have been dry granutated.

100423] In some embodiments, pharmaceutical formulations are provided comprising
Compound 1, or a pharmacentically acceptable salt thereof (e.2. 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 a powder and/or granules for suspension, and upon
admixture with water, a substantislly uniform suspension is obtained.

{00424} A suspension is “substantially tmiform™ when it is mostly homogenous, that is; when
the suspension is composed of approximately the same conceniration of Coivipounid 1,.0r a
phamnacentically acceptable salt thereof (e.g. Compound 2) at any point throughout the
suspension {USP Chapter 505).

{90425] Liquid formnlation dosage forms for oral administration are aqueous suspensions
selepted from, but not limited to, pharmaceutically acceptable aqueogs oral dispersions,
emulsions, solutions, and syrups. See, e.g., Singh ef al., Encyelopedia of Pharmaceutical
Technology, 2" Ed., pp. 754-757 (2002). In addition to including Compound 1, ora
pharmaceutically acceptablesalt thereof (e.g. Compound 2), the liguid dosage forms include
additives, such as; (a} disintegrating agents; (b) dispersing agents; (c) wetting agents; (d) at
least one preservative, (€) viscosity enhancing agents, {f) at least one sweetening agent, and
{g) at least one flavoring agent.

[80426] In one embodiment, the aquecus suspensions and dispersions described herein
yemain in a homogenous staie, as delined 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 emboditnent, an aqueous

suspension is re-suspended inte a horogenous suspension by physical agitation lasting less

homogenous suspension by physical agitation lasting less than 45 seconds. In yet another
embodiment, an aqueous suspersion is re-suspended into a homogenous suspension by
physical agitation lasting less than 30 seconds. In still another embodinment, no agifation is
necessary {o mainiain a homogeneous aqueocus dispersion.

{00427} In one embodiment, the aqueous suspensions, solutions or dispersions described
herein include Compound 1, or a pharmaceutically acceptable salt thereof {¢.g. Compound
2) at a concentration of about Smg/ml to about 50mg/mi of solution.

100428} 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 congentration of about Smg/ml to about 30myg/ml of solution.

100429} In some embodiments, the aqueous suspensions, solutions or dispersions desctibed
herein inciude Compound 1, or a pharmaceutically acceptabie salt thereof (6.g. Compound

2) at a conceniration of about 10mg/m} of solution.
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j80430§ The aqueous dispersions described herein are beneficial for the adminisiration to
infants (less than 2 years old), children undér 10 years of age and any patient group that is
unable to swallow or ingest solid oral dogage fornis.

{00431} For buccal or sublingual administration, in one embodiment, the tompositions {ake
the form of tablets, lozenges, or gels formulated in a conventional manner (sec e.g. U.S. Pat.
Nos. 4,229,447, 4,596,795, 4,755,386, and 5,739,130},

{00437 In one embodiment, drages cores are prepared with suitable coatings: For this
purpose, concentrated sugar solutions aré used, which optionally contain gum arabic, talc,
pelyvinylpyrrolidone, carbopol gel, polyethylene glycol, and/or titanitm dioxade, lacquer
solutions, and suitable organic salvents or solvent mixtures. In one embodiment, dyestufis
or pigments are added to the tablets or dragee coatings for identification or to characterize
different combinations of active compound doses.

1004331 Tn one embodiment, pharmaceutical preparations which are used orally include
push-fii capsules made of gelatin, as well as soft, sealed capsules made of gelabin 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 Jubricants such as talc or magnesium stearate and, optionally, stabilizers. In one
embodiment, in soft capsules, the active compounds are dissolved or.suspended in suttable
liguids, such as fatty oils, Hquid paraffin, or Hquid polyethylene glycols. In additiol, in one
embodiment, stabilizers are added. AH formulations for oral adnpmistration should be in
dosages suilable for such administration,

(00434} Liquid compaositions illastratively take the form of a liquid where the agent {e.g.
Compound 1, or 2 pharmaceutically acceptable salt thercof (¢.g. Conipound 2)) is present in
solution, in suspension or both. In one embodiment, the liguid composition is agueous,
{00435] In one embodiment, the ggueous suspension alse contains one or more polymers as
suspending agents. Useful polymers include water-soluble polymers such as cellulosic
polymers, e.g., hvdroxypropyl methylecllulose, and water-insoluble poiymers sach as cross-
tinked carboxyl-containing polymers. In one embodiment, useful compositions also
comprise an mucoadhesive polymer, selected for example from carboxymethyleellulose,
carbomer {acrylic acid polymer), poly{methylmethacrylate), polyacrylamide, polycarbophil,
acrylic'acid/butyl acrylate copolymer, sodium alginate and dextran,

{p8a36] In one embodiment, pharmacentical compositions also inciude one oy more pH

adjusting agents or buffering agents, including acids such as acetic, boric, cifnie, lactic,
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phosphoric and hydrochloric acids; bases such as sodinm hydroxide, sodiam phosphate,
sodium bovate, sodium citrate, sodium acetate, sodium lactate and tris-
hydroxymethylaminomethane; and buffers such as citrate/dextrose, sodiwn bicarbonate and
smmontum chloride. Such acids, bases and bufférs are included in an amount required to
maintain pH of the composition in an accepiable range.

[00437] T one embodiment, lgoid pharmaceutical compositions also inchude one or more
salis in an ameunt required to bring osmbolality of the composition into an acceptable range.
Such salts include those having sodium, potassium or ammonium cations and chloride,
citrate, ascorbate, borate, phosphate, bicarbonate, sulfate, thiosulfate or bisulfite anions;
suitable salts include sodium chloride, potassiwm chiloride, sodium thiosulfate, sodium
bisulfite qud ammonium sulfate

j00438} In one embodinment, pharmaceutical compositions also mcinde one or more
preservatives to-inhibit microbial activity. Suitable preservatives include mercury-
containing substances such ag merfen and thiomersal; stabilized chlorine dioxide; and

guaternary ammonium compounds such as benzalkonium chloride,

cetyltrimethylammonium bromide and cetylpyridinium chlovide.

100439] Stil} other compositions include one or more surfactants to enhance physical stability
or for other purposes. Suitable nonionic surfactants include polyoxyethylene fatty acid
glycerides and vegetable oils, e.g., polyoxyethylene (60) hydrogenated castor oil; and
polyoxyethylene alkylethers and alkylphenyl ethers, e g., octoxynel 1 0, octoxynol 40.
j00440} Still other compositions include one or more antioxidanis to enbance chentical
stability where required. Suitable antioxidants include, by way of example only, ascorbic
acid, tocopherol, and sodium metabisuliite.

100441] In one erbodirnent, aqueous suspension compositions are packaged in single-dose
non-teclosable containers. Alternatively, multiple-dose reclosable containers are used, in
which case it is typical to include a preservative in the composition.

Pharmacokinetic Analvsis

100442) In one embodiment, any standard pharmacckinetic protocol is used {0 determine
blocd plasma concentration profile mn humans following administration ol a formulation
described herein (that include Compound 1, or a pharmaceutically acceptable salt thereof
{e.g. Compound 2)), and thereby establish whether that formulation meets the
pharmacokinetic criteria sot out herein. For example, a randomized single-dose Crossover

study is performed using a group of heallhy adult humau subjects. The number of subjects is
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sufficient to provide adequate control of variation in. a statistical analysis, and is typically
about. 10 or greater, although for certain purposes a simaller group suffices. Bach subject
receives administration at time zero a single dose of a formulation of Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) (e.g., a dos¢ containimg about
10mg, about 25mg, about 50mg, about. 150mg, about 300mg, about 450mg, about 600my,
orabout 1006mg of Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2)), normally-at around 8am .fjal_[_owi_ng an overnight fast. The subjects continue
tor fast and remain in an upright position for-about 2 hours after adninistration of the
formulation. Blood samples are collected from each subject prior to administration {¢.g., 15
minuies) and af several intervals after administration, Jn ceftain instances, several samples
are takén within the first hour-and taken less fequently thereafter. THustratively, blood
samples are collected at 0 (pre-dose), 025, 0.5,1,2,3,4, 6,8, 12, and 16 hours after
administration and, 24, 36, 48, 60 4nd 72 hours after administration, If the same subjects are
to be used for study of a second test formulation, a peried of at least 10 days should clapse
before administzation of the second formiulation. Plasma is separated from the blood
samples by cenirifugation and the separated plasma is analyzed for Compound 1 by a
validated high performance liquid chromatography/tandem weight spectrometry (LC/APCL-
MS/MS) procedure such s, for example, Ramu et al.,, Journal of Chromatography B, 731
(20013 49-539).

|09443] Asty formuiation giving the desired phatinacokinetic profile is suitable for
adnministration according to the present methods.

1004441 In some embodiments, a pharmaceutical composiiion or formulation provided herein
provides a Cpx (peak plasma concentration) of less thaw about 20uM, less than about
1S, Tess than about 10uM, or Jess than about 5pM of a Compound 1.

1604451 In some embodiments, a pharmaceutical composition or formulation provided herein
reduces urinary LTE, levels by at least 50% at 24 hours, al least 60% at 24 hours, at Jeast
70% at 24 bours, at least 80% at 24 hours or at keast 90% at 24 hours. In some
embodiments, a phatmaceuiical composition or fornmlation provided herein reduces blood
LTB; levels by at least 50% at 8 hours, at least 60% at § hours, at least 70% at 8 hours, at
least 80% at § hours or at feast 90% at 8 hours. In some embodiments, a pharmaceutical

c_om_position or formulation described horein reduces blood LTB; levels by at least 5% at 24

hours, at least 10% at 24 hours, at least 20% at 24 hows, or at least 30% at 24 hours.
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1604461 In some embodiments, a pharmaceutical composition or formulation provided herein
provides a T (Hime to peak blood plasma concentration) of Compound 1 of less than
ahout 5 hours, less than about 4 hours, leds ‘than about 3 hours, or about 2 hours.

{06447} In some embodiments, a pharrsaceutical composition or formulation provided herein
provides an AUCs.4 {area under the plasma concentration-time curve) of less than about
150 hruM, less than about 120 hr 1M, less than about 110 hr- M, less than abont 100
hrubd, less than abaut 90 hr-uM, less than about 50 hr 1M, less than about 25 hr-uM.

Methods of Dosing and Treatment Regimens

[00448] In one embodiment, the compositions coritaining Compound 1, ora
pharmaceutically acceptable salt thereof {e.g. Compound 23, described herein is
adninistered for prophyiactic and/or therapeutic treatmenis. In therapeutic applications, the
compositions are administered to a patient already suffering from.a disease or condition, iy
an amount sufficient fo cure or at least partially arrest at least one of the symploms of the
disease or condition. In certain embediments, amounts effective for this use depend on the
severity and course of the disease or condition, previous therapy, the patient's health stafus,
weight, and response to the diugs, and/or the judgment of the treating physician.

108449} In prophylactic applications, composilions containing Compound 1, or a
pharmgceutic_ail-y' acceptable salf thereof (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 tobe a “nrophylactically effective amount or dose,”
F this use, the precise amounts also depend on the patient's state of health, 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 physioian.

{04507 In certain embodiments, administration of the componnd, compositions or thetapies
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 upon 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 digease or condition.

{08451] Tn some embodiments, administration of the compounds, compositions or therapies

described herein is given continuously. In alternative embodiments, the dose of drug being
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administered is temporarily reduced or temporarily suspended for a certain length of time

(i.e., a “drug holiday’™). The length of the drug holiday varies between 2 days and 1 vear,

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 daring a drug holiday is from 10%-100%, including by way of exampic
only 10%, 15%, 20%, 25%., 30%, 35%, 40%, 45%, 50%, 55%, 60%;, 65%, 70%, 75%, 8%,
85%, 90%, 95%, and 100%.

{00452} In some embodiments, the compounds, compositions or therapies deseribed herein
are administered in at least one priming dose, followed by at least one maintenance dose: In
certain embodiments, a priming dose of the agent(s) is administered uatil the symptoms of’
the disorder, disease or condition trcated have been reduced (e.g., to a satisfactory lovel).
Upon reduction, a maintenance dose of the compounds, compositions or therapies desciibed
herein is-administered if desired or ifnecessary. [n some embodiments, the maintenance
dose comprisés adminisiration of the ageni(s) described herein in oy anount sufficient to at
lcast partially maintain the reduction achieved by administration of the priming dose. In
various embodiments, the maintenance dose, compared to the priming dose, inclades &
decrease tn dosage and/or frequency of administration of the ageni or one or more of the
agents administered in the method. In ceriain embodiments, however, intermittent treatment
with increased frequency and/or dosage amounts may DE NECESIALY LPON any TeCUITEnce of
symptoms.

1064531 In certain embodiments, the amount of 4 given agent that corresponds to a primmg
or mainienance amount varies depending upon facters including, by way of non-limiting
example, the specific agent(s) utilized, the disease condition and its severity, the identity
{£:g., weight) of the subject or host in need of tréaiment, and/or the route of adaumistration.
i various embodiments, the desired dose is conveniently presented in a single dose or in
divided doses administered simultaneously (or over a short peried of time) or at appropriate
intervals, for example as two, three, four or more sub-doses per day.

f08454} In some embodiments, the pharmacentical compositions deseribed herein are in umit
dosage forms suitable for single administration of precise dosage amounts. In unit dosage
forn, the formulation is divided into unit doses containing appropriate quantities of the
active drug. fn one embodiment, the unit dosage is in the form of 2 package containing

discrete quantities of the formulation. Non-limiting examples are packaged tablets o1,
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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 contdiners are tséd, in which case it is typical to include 2
preservative in the composifion.

Leukotriene-Dependent or Eeukotriene Mediated Diseases or Conditions

[0455] In accordance with one aspect, compositions and methods described hersin mehade
compositions and nmetheds for treating, prevenling, reversing, halfing or slowing the
progression of leukotriene-tdependent or levkoirienc mediated diseases or conditions onee it
becomes clinicaily evident, of treating the sympioms associated with or related to
leukotriene-dependent or leukotriene miediated diseases or conditions, by administering fo
the subject Compound 1, or a pharmaceuntically acceptable sait thereof {e.g. Compound 2j,

or phatmaceutical composition or medicament thereof. In one embodiment, the subject

already has a leukotriene-dependent or leakotrisne mediated disease or condition at the time

of administration, or be at risk of developing 2 leukotriene-dependent or leukotriene
mediated disease or condition {e.g., those symptoms described in the medical literatute for
such diseases).

(004561 In one embodiment, the activity of 3-lipoxygenase activating protein in a raammal is
direcily or indirectly modulated by the administration of (af least once} an effective amount
of Cornpound 1, or 2 pharmaceutically acceptable salt thereof (e.g. Compound 2),to a
mantmal. Such modulation includes, but is not limited to, reducing and/or inhibiting the
activity of 5-lipoxygenase activating protein. In addiiion, in one embodiment, the activity of
leukotrienes in a mammal is directly or indirectty modulated, including redocing andfor
inhibiting, by the administration of (at least once) an effective amount of Compound 1, ora
pharmacentically acceptable salt thereof (e.g. Compound 2) to a mammal. Such modulation

includes, but is not limited to, reducing and/or inhbiting the activity of 5-lipoxygenase

activating protein.

[00457) The prevention and/or treatrnent of leukotriene-dependent or leukotriene mediated
discases or conditions comprises administering to a mamimal at least once an effective
amount of Compound 1, or a pharmaceutically acceptable salt thereof {e.g. Compound 2).
By way of examiple, the prevention and/or treatment of inflammation diseases or conditions
comprises administering to a manmal at least once an effective amount of Compound 1, or
a pharmaceutically acceptabie salt thereof (e.g, Compound 2). Leukolriene-dependent or

{eukotriene 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, ora
pharmacentically acceptable sali thereof (e.g. Compound 2), include, but are not limited to,
inflammatory discases and disorders, cardiovascular disease and disorders, and respiratory
diseases and disorders. In various embodiments, the leukotriene-dependent or leukotriene
medisted diseases or conditions described herein are dependeni or mediated alone or in part
and directly or indirectly by one or miore leukotricnes (e.g., LTBs, LTBs).

100458 In certain embodiments, the effective amount of Compound 1, ora pharmaceutically
acceptable salt thereo {e.g. Compound 2) is about 1mg to about Sg per dose, abont Smg to

ahout 2¢ per dose, about 10mg to about 1g per.dose, about 10mg to about 1g per dose,

about 10img to abowt 0.5 g per dose, or about 10mgio about 0.4g per dose. In some

embodiments, the effective amount of Compound 1, ora pharmacentically acceptable salt
thereof {e.g. Compound 2} is about Tmg to about 5g per day, about 10m¢ to about 2g per
day, about 10mg to gbout 1g per day, about 10mg to-about 0.6 per day, about 10myg to
about 0.5g per day, or about 10mig to about 0.4g per day.

(064591 In one embodiment, the effective afount of Compound 1, ora pharmacentically
accoptable salt thereof {e.g. Compound 2) is about 10mg per dose, about 50mg per dose,
about 150mg per dose, about 300mg per dose, about 450mg per dose, about 600mg per
dose, or about 1400mg per dose.

100460] By way of example only, included in the prevention/trealment methody described
herein arc tmethods for treating andfor preventing resplratory diseases comprising
administering to the mammal at Ieast once an effective amount of Compound 1, 0ra
pharinaceutically acceptable sali thereof (e.g. Compound 2). By way of example the
respiratory disease i3 asthma, In addition, the respiratory disesse Includes, butis not limited
10, adult respiratory distress syndrome and allergic (extrinsic) asthma, non-allergic
{intrinsic) asthma, actite severe asthmia, chronic asthma, clinical asthma, noctumal asthma,
allergen-induced asthma, aspirin-sensitive asthma, exercise-induced asthma, ispcapnic
hyperventilation, child-onset astiina, aduli-onset asthmia, cou gh-vaniant asthma,
occupational asthma, steroid-resistant asthma, seasonal asthma, allergic rhinitis, vasomotor
rhinitis, vascular responses, endotoxin sheck, fibrogenesis, pulmonary fibrosis, allergic
diseases, chronic inflammmation, and adult respiratory distress syndrome.

j00361| 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 al least once an effective amount of Compound 1, or a pharmaceutically
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accepiable salt thersof {c.g. Compound 2). In addition, chronic obstructive pulmonary
disease includes, but is not Hmited to, chronic bronchitis or emphysema, pulmonary
hypertcnsion, aterstitial hung fibrosis and/or airway inflammation and cystic fibrosis.
[00462] By way of example only, inciuded 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
Compound 1, or 2 phaumaceutically acceptable salt thereof (¢.5. Compound 2.

100463} By way of example only, included in the prevention/treatment methods described
herein are methods for preventing and/or ireating eosinophil and/or basophil and/or
dendritic cell and/or newtrophil and/or monecyte recruitment comprising administering at
ledst once to the mammal an effective amount of Compound 1, or a pharmaceutically
acoeptable 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 comprisnrg admiitistering at
least once to-the mammal an effective amount of Compound 1, or a pharmaceutically
accepiable salt thereof (e.g. Compound 2). In another aspect included i the
prevention/treatment methods deseribed herein are methods for preventing ocalar
inflarnmation, allergic conjunctivitis, vemal keratoconjunctivitis, and papillary
conjunclivitis comprising administering at least once to the mumimal an effective amemnt of
Compound 1, or a pharmaceutically acceptable sali thereof (e.g. Compound 2).

[00465] By way of example only, included in the prevention/treatment methods described
herein are methods foi preventing and/or treating exercise-induced bronchoconstriction
comprising administering at least once 1o the mammal an effective amount of Compound 1,
ot 4 pharmaceutically acceptable salt thereof (e.g. Compound 2).

106466] By way of example only, included in the prevention/ireatment methods deseribed
herein are methods for preventing and/er ireating cardiovascular disease comprising
administering at least once to the mammal an effective amount of Comtpound 1, ora
pharmaceutically acceptable salt thereof {e.g. Compound 2}.

1004671 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 mamunal an effective amount of Compound 1,

or a pharmaceutically aceeptable salt thereof (e.g. Compound 2).
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100468 By way of example only, included m the prevention/treatment methods described
herein are methods for preventing and/or treating pain comprising administering at least
once (o the mammal an effective amount of Compound 1, or a pharmaceutically acceptable
salt thereof {e.g. Conipound 2},

(00469} By way of example only, included in the prevention/treatment methods deseribad
herein are methods for preventing and/or treating skin disedse comprising administering at
Teast once to the mammal an effective amount of Compound t, or a pharmacentically
acceptable salt thereof (e.g. Compound 2).

Combination Therapies

108470] In one embodiment, the compositions.and methods described herein are also used in

conjunction with other therapeutic reagents that are selected for their particular usefulness

against the condition that is being treated. In general, fha compositions deseribed herem
and, m embodiments where combinational therapy is employed, other agents do not have (o
he administered in the same pharmaceutical composition, and are, because of different.
plrysical and chemical characteristics, administered by different routes. In one embodiment,
the initial administration is made according to established protocols, and then, based upon
the ohserved effects, the dosage, modes of administration and times of adminisiration,
further modified.

60471 ] I vatious embodimenis, the compounds are administered concurrently {e.g.,
simultaneounsly, essenlially simultaneously or within the same treatiment protocol) or
sequentially, depending upon the nature of the disease, the condition of the patient, and the
actual choice of compounds used. fn cerlain embodiments, the determination of the order of
administration, and the number of repetitions of administration of cach therapeutic agent
during a treatment 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 regimen to feat, prevent, or
amecliorate the condition(s) for which relief is sought, is modified in accordance with a
variety of factors. These factors include the disorder from which the subject suffers, as well
as the age, weight, sex, diet, and medical condition of the subject. Thus, in one embodiment,
the dosage regimen actually employed varies widely and therefore deviates from the dosage
regimens set forth berein. In certain embodiments, preveniion and/or treaiment of a
leukotriene-dependent or leukotriene mediated disease or condition with a combination of

Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2} and a secoml
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agent allows for the effective amount of Compound 1, ora pharmaceutically acceptable salt
thereof {e.g. Compound 2) to be decreased.

i00473] The formulations described herein are administered and dosed in accordance with
good medical practice, taking into account the clinical condition of the midividual patient,
the method of administeation, scheduling of administration, and other factors known fo
medical practitioners.

tog474} Conteruplated pharmacentical compositions provide a therapeutically effective
amotint of Compotnd 1, or a pharmaceutically acceptable salt thereof (e-g. Compound 2}
enabling, for example, once-a-day, twice-a-day, three times a day, ete, adminisiratios. in
one aspect, pharmaceutical compositions provide an effective amount of Compound 1, ora
pharmacentically acceptable salt thereof (e.8. Compound 2) enabling once-a-day dosing.
100475} Inucertain instances, itis appropriate to administer Compound I, ora
pharmaceutically acceptable salt thereof (e.g. Compound 2) in combination with another
therapeutic agent.

100476} Fn specific embodiments, iu a treatmient for asthma involving adminisiration of
Compound 1, or a pharmacentically acceptable salt thereof {e.z. Compound 2}, increased
therapeutic benefit results by also providing the patient with other therapeutic agents ot
therapics for asthma. Inn various embodiments, administration to an mdividual of Compound
1, or a pharmaceutically acceptablc salt thereof (e.g. Compound 2) in combination with
second agent provides the individual with, e.g., an additive or synergistic benefil,

136477] Therapeutically-effective dosages vary when the drugs are used in treatment
comibinations, Detenmination of therapentically-cffective dosages of drugs and other agents
when used in combination {reatment regimens is achieved in any marnuer. Foy cxample, the
use of metronomic dosing, i.¢., providing more frequent, lower doses in order 10 minimize
toxic side effects can be utilized. [n certain instances, the combination therapy allows for
either or both of the Compound 1, or & pharmaccutically acceptable salt thereof (e.g.
Compound 2} and the second agent {0 have a therapeutically effective amount that is lower
than would be obtained when administering either agent alone.

100478] A combinafion treatment regimen encompasses, by way of non-limiting example,
treatment regimens in which administration of Compound 1, ot a pharmacecutically
acceptable salt thereof (e.g. Compound 2) is initiated prior to, during, or after treatment with
a second agent, and continues vniil any time during treatment with the second agent or afier

termination of treatment with the second agent. If also includes treatments in which.
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Compound [, or a pharmaceutically acceptable salt thereof (e.g. Compound 2} and the
second agent being used in combination are administered simuttancously or at different
fimes and/or at decreasing or increasing intervals during the treatment period. Comibination
treatment further inchudes periodic treatments that start and stop at various times 6 sssist
with the clinical management of the patient.

100479] In accordance with some aspects, any of the pharmaceutical compositions disclosed
herein are used to {reat respiratory disedses, e.g. asthma, and/or o induce brenchedilation in
a subject. In one embodiment, pharmaceutical compositions disclosed herein are used to
treat a subject suffering from a vascular inflammation-driven disorder, such as but not
limited to coronary artery disease, atherosclerosis, stroke; peripheral arterial disease. aortic
aneurysm, myocardial infarction.

100480} In ceriain embodiments, combination therapies described herein are tised as part of a
specific treatment regimen intended to provide a beneficial effect from the co-action ofa
RLAP inkibitor, e.g Compound 1, or a pharmaceutically acceptable salt thereof {e.g:
Compound 2), and a concwrent treatnient. It is understood that in certain embodiments, the
dosage regimen fo treat, prevent, or ameliorate the condition{s) for which relief is sought, is
moditied, in one embodiment, 1n accordance with a variety of factors. These factors mclude,
by way of non-limiting example, the lype of respiratory disorder und the type of
bronchodiltation frony which the subject suffers, as well as the age, weight, sex, diet, and/or
medical condition of the subject. Thus, in some embodiments, the dosage regimen
employed, varies and/or deviates from the dosage regimens set forth herein.

100481] i1 certain combination thevapies described herein, dosages of the co-administered
compounds vary depending o, by way of non-limiting example, the type of co-drug
emploved, 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 Compound 1, ora
pharmacentically acceptable salt thereof (e.g. Compound 2)) are administered either in any
order, including, ¢.g., siiuitaneously. If administration is simultaneous, the multiple
therapeutic agents are provided, in various embodiments, in a single, unified form,-or in
muitiple forms (by way of example only, either as a single pill or as two separate pills). In
various embodiments, one of the therapeutic agents is given in multiple doses, or both are
given as maltiple doses. In ceriain embodinents wherein administration of the multiple
agents is not simultaneous, the timing between administration of the multiple agents is of

any acceptable range including, ¢.g., from more than zero weeks to less than four weeks. In
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some embodinients, the combination methods, compositions and formulalions include

Compound 1, or a pharmaccutically acceptable salt thereof (2.g. Compound 2), a second
agent and 2 third agent, In further embodiments, additional agenis are also utilized.

180483 Compound 1, or a pharmaeeutically acceptable salt thereof (e.g. Compound 2}, and
combination therapies thereof, in one embodiment, are administered before, daring or after
fHie occurtence of a diseass or condition, and the tining of administering the composition
containing a compound very. In certain embodiments, Compound 1, or & pharmacentically
accepiable €alf thereof {e.g. Compound 2) {either alone or in a combination} is used as &
prophylactic. In certain exbodiments, prophylactic treatment involves continuous
administered of the agent(s) to sabjects with a propensily to develop conditions or diseases
in order to prevent the oceurrence of the disease or condition. In cerlain embodiments, the
agents and/orcompositions described herein are administered to a subject during o5 as soon

as 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 sympioms, within the first 6 hours of the onsct of the symptoms, or within 3. hours of the.
onset of the symptoms. In certain embodiments, the initial administration is via oral
administration, such as, for example, apill, a capsule, a tablct, a solution, a suspension, and
the like, of contbination thereof. In certain embodiments, Compound 1, ora
pharmacautically acceptable salt thereof {e.g. Compound ) is administered as soon as is
practicable afier the onset of a disease or condition is detected or suspected, and for a length
of time necessary for the treatment of the disease. In certain embodiments, administration of
the agents, formulations or compositions described herein is for a fength of time necessary
for the treatment of disease.

160484} In certain embodiments, provided herein are combinations therapies that combine
treatment with Compound {, or a pharmaceutically acceptable salt thereof {e.g. Compound
2), with treatment with an inhibitor of leukotriene synthesis or with a leukotriene receptor
antagonist. In various embodiments, the inhibitors of leukotriene synthesis or the
Jeukotrienc receptor antagonist, act at the same or other points in the leukotriene syrthesis
pathway. In specific embodiments, these types of combination therapies are used for
ireating leukotriene-dependent or leukotriene mediated diseases or conditions.

[06485] In additional embodiments, provided herein are therapies which combing
administration of Compound 1, or a pharmaceutically acceptable salt thereof (e.g.

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

Agents to Treat Respiratory Diseases or Conditions

{00486] In certain embodiment, provided herein are tuethods for the treatment of
leukotriene-dependent or leakotriene mediated conditions or diseases by administering to a
patient Compourid 1, or a pharmaceutically acceptable salt thereof {e.g. Compound 2) and
another therapeutic agent that is used in the reatment of respiratory conditions or disorders,
such as, but not limited 1o asthima. In some embodiments, provided hercin are compositions,
and methods of adminisicting such compositions, comprising Compound 1, or a.
phammacentically acceptable sali thereof (¢.g. Compound 2) and a therapeutic agent usefal
for treating respiratory conditions. Therapeutic agents useful for treating respiratory
conditions and disorders, include, by way of non-limiting example: glucocorticoids, such as,
giclesonide, beclomethasone dipropionate, budesonide, flunisolide, fluticasone propionate,
fluticasone furoate, mometasons fureate, and triamcinolone; leukotriene modifiers, such as,
montelukast, zafirhikast, pranlukast, and zileuton; mast cell stabilizers, such as,
cromoglicate {cromolyn), and nedocromil; antimuscarinics/anticholinergics, such as,
iprateopium, oxitropium, and tiotropium; methyhanthines, such as, theophyiline and
aminephyiling; antihistamines, such as, mepyramine (pyrilamine}, antazoline,
diphenhydramine, carbinoxamine, doxylamine, clemastine, dimenhydrinate, pheniranitae,
chiorphenamine {chiorpheniraniineg), dexchlorphenamine, brompheniramine, triprolidine,
cyclizine, chloreyclizine, hydroxyzine, meclizine, promethazine, alimemazine
{(irimeprazine), cyproheptadine, azatadine, ketod fen, acrivastine, astemizole, cetirizine,
loratadine, mizolastine, terfenadine, fexofenadine, levocetirizing, desloratading,
fexofenadine: omalizumab, olapatidine and azelastine; an IgE blocker; betaZ-adrenergic
receptor agonists, such as: shorl acting betaZ-adrenergic receplor agonists, such as,
salbutamel (albutierol), levalbuterol, terbutaline, pirbuterol, procaterol, metaproterenol,
fenoterol, bitolterol mesylate; and long-acting beta2-adrenergic receptor agonists, such as,
salmeterol, formoterol, mdacaterol and bambuterol.

[00487] In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof {e.g.
Compound 2} is used in combination with oue or more other therapeutic agents or the
pharmaceutical compositions of Compound 1, or a pharmaceutically acceptable salt thereol
{e.g. Compound 2} include one o1 more other therapeutic agents, for example selected from

anti-inflammatory agenis, anticholmergic agents {particularty an M;/M,/M; recepter

87



10

o
P

34

antagonist), Ba-adrenoreceptor agonisis, antiinfective agents, or antihistamines. In one case,

antitnfective agents inchude antibiotics and/or antivirals. In 4 further aspect, 2 combination

comprising Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2}

includes one or more other therapeutically active agent, where the one or mote othet
therapeatically active agents are selected [rom an anti-inflammatory agent such as a
corticosteroid or an NSAID, an anticholinergic agent, a i;-adrenorecepior agonist, an.
antiinfective agent stch as an antibiotic or an anfiviral, or an antihistamine. One
embodiment encompasses combinations comprising Compound 1, or a pharinaceutically
acceptable salt thereof (e.g. Compound 2) together with a 3;-adrenoreceptor agonist, and/or
an antichelinergic, and/ot a PDE-4 inhibitor, and/or an antihistamine, Another ecmbodiment
encompasses contbinations comprising Compound 1, or a pharmaceutically acceptable salt
thereof (e.g. Compound 2) togeiher with a cortieosteroid or NSAID.

[00488] One embodiment encompasses combinations comprising one or two other

therapeutic agents, one of which is Compound 1, ora pharmacentically acceptable salt

thereof (e.g. Compound 2).

(0489] In one aspect, the other therdpeutic ingredient(s) will be used in the form of salts
(e.g. as alkali metal ov amine salts or as acid addition salis), or prodrugs {such as esters {e.g.
alley) estersy), or as solvates (e.g. hydrates). In one aspecl, if appropriate, the therapeutic
ingredients will be used'in optically pure form. In another aspect, if appropriate, the
therapeutic ingredients will be used in racemic form.

100490} Examples of f,-adrenoveceptor agonists include salmeterol (as 4 racernale or a single
enantiomer such as the R-cnantiomer), satbulamol (as a racemate or a single enantiomer
such as the R-enantiomer), formotero! (as a racemate or a single diastereorner such as the

R R-dizstercomer), salmefamol, fenoterol, carmoterol, etanicrol, naminterol, clenbuterol,
pirbuterol, flerbiterol, reproterol, bambuterol, indacaterol, terbutaline and salts thereof, for
example the xinafoate (1-hydroxy-2-naphihalenecarboxylate) salt of salmeterol, the sulphate
sali ot free base of salbutamol or the fumarate salt of farmoterol. In one embodiment the §,-
adrenoreceptor agonists are long-acting P -adrenoreceplor agonists, for example,
compounds which provide effective bronchodilation for about 12 hours or longer,

00491} Other §-adreporecepior agonists include those described in WO02/066422,

WOO/070490, WOOZ/076933, WO03/024439, WO03/072539, WO03/091204,
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WOO04/016578, WO04/022547, WO04/037807, WOO4/037773, WO04/037768,
WO04/039762, WOU04/039766, WO01/42193 and WO03/042160.

100492) Bxamples of f,-adrenoreceptor agonisis fnclude: 3-(4- {[6-({(2R)-2-hydroxy-2-[4-

hydroxy-3-(hydroxymethyl)phenvl]ethyl}aminohexylloxy} butyly benzenesulfonamids; 3-
(3-{[7-({(2R)-2-hydroxy-2-[d-hydroxy-3-hydroxymethyl) pheayt] sthyl} -amino) hepiyl]
oxy? propyl) benzenesulfonamide; 4- {(1R)-2-[(6-{2-{(2, 6-dichlorobenzyl) oxy] ethoxy}
hexyl) amino]-1-hydroxyethyl}-2-(hydroxymethyl) phenol; 4- [{1R)-2-[(6-{4-[3-
(cyclopentylsulfonylpheayl foutoxy}hexyl)amino}-1-h vidroxyethyl}-2-
(hydroxymethiylphenol; N-[2-bydroxyl-5-{(1 R)-1-hydroxy-2-{[2-4-[[(ZR}-2-hydroxy-2-
phenylethyljaminophenyljethyljaminolethyl phenyl Hormamide; N-2{2- {4-{3-phenyl4-
methoxyphenyhaminophenyljethyl}-2-hydroxy-2-(8-hydroxy-2(1 H}-quinolinon-3-
yiiethvlamine; and 5-[(R)-2-(2- {4-[4-(2-amino-2-methyl-propoxy)-phenylamino]-phenyl } -
cthylamino)- 1-hydroxy-ethyl)-8-hydroxy- 1 H-guinolit-2-one,

{00493} hi onie aspect, the Br-adrenoreceptor agonistis inthe form of a salt formed with a
pharmaceutically acceptable acid selected from sulphuric, hydrochioric, fumaric,

hydroxynaphithoic (for example -0t 3-hydroxy-2-naphthoic), cinpamic, substituted

cinnamic, triphenylacetic, sulphamic, sulphanilic, naphthalensacrylic, benzoic,

4-micthoxybenzoic, 2- or 4-hydroxybenzoic, 4-chlorobenzoic and 4-phenylbenzoic acid.
100494] Suitable anti-inflammatory agents inclade corticosteroids. Examples of
corticosteroids include oral and inhaled corticosteroids and their pro-drugs that have anti-
inflammatory activity. Examples of corticosteraids include methyl prednisolone;
prednisolone, dexamethasone, fluticasone propionate, au, 9o-difluoro-11B-hydroxy-160-
methyl-1 7a-[{4-methyl-1,3-thiazole-5 -carbonylloxy}-3-oxo-androsta-1,4-diens-17(-
carbothioic acid S-flucromethvi ester, 6o,9u-difluoro-17o0-{(2-futanylcarbonylyoxy}-11p-
hydroxy- 160-methyl-3-oxo-androsta- 1,4-diene-17B-carbothioke acid S-fluorpmethyl ester
{fluticasone furoate), 60, 9u-diffuoro-11p-hydroxy-16u-methyl-3-ox0-170-propionyloxy-
androsta-1,4-diene-1 7B-carbothioic acid S-(2-exo-tetrahydro-furan-35-yl) ester, 6w, 9a-
difluoro-11B-hvdroxy-16c-methyl-3-oxo-170-(2,2,3,3-
tetramethylcyclopropylearbonyl)oxy-androsta-1,4-diene-17p-c arboxyiic acid cyancinethyt
ester and 6u,9a-~difluoro-11P-hydroxy-16a-methyl-17o-(1-
methyleyelopropylcarbomyl)ox y-3-oxo-androsta- 1,4-diene-17B-carbothioic acid §-

fluoromeihyl ester, beclomethasone esters (for example the 17-propionate ester or the
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17,2 1-dipropionate esier), budesonide, flunisolide, mometasone esters (for example
mometasone furoate), triameinolone acetonide, rofleponide, ciclesonide (16041 7-[[(R)-
evelohexylmethylens]bis(oxy)}-113.21-dihydroxy-pregna- 1 ,4-diene-3,20-dione), butixocort
propionate, RPR-106541, and ST-126. In one embodiment corticosteraids include
fluticasone propionate, 6o, 9a-difluoro-11B-hydroxy~16c-methyl-17a-{{4-methyl-1,3-
thiazole-5-carbonyvioxy)-3-oxo-androsta-1,4-diene-17p-carbothioic acid S-flucromethyl
ester, 6o, 9u-difhioro-17o-{(2-furanylcarbonyljoxy}-11B-hydroxy-1 6a-methyl-3-oxo-
androsta-1,4-diene-17B-carbothicic acid S-fluoromethyl ester, 6w, 9a-diflnore-113-hydroxy-
16o-methyl-3-0x0-170-(2,2,3,3~ tetramethyleyclopropylcarbonyhoxy-androsta-1,4-diene-
17B-carboxylic acid cyanomethyl ester and 6u,9u-diflnoro-113-hydroxy-16u-methyl-17e-

{(1-methyleyelopropylearbonyloxy-3-oxo-androsta-1,4-diene-17f-carbothioic acid S-

fluoromethyl ester. In one embodiment the corticostetoid 18 6., %e-difluoro-17o-[(2-

foranylcarbonylox yl-11B-hydroxy-16a-methyl-3-oxo-androsta- | 4-diene-17B-carbothioic
acid S-Buoromethyl ester..

[00495] Further examples of corticosteroids include those deseribed in WO 02/088167, WO
027100879, WO 02/1226%, WO 02/12266, WO 05/003451, WO 05/005452, WO 06/072599
and WO 06/072600.

{80496] Non-steroidal compoinds having glucocorticokd agonisi that may possess
solectivity for transrepression over transactivation and that may be usefal in combination
therapy include those covered in the following published patent applications and patents:
WO 037082827, WO 98/54159, WO 04/005220, WO 04/009017, WO 04/018429, WO
03/104195, WOD3/082787, WO03/082280, WO03/059899, WO03/101932, WOO2/02565,

WOO1/16128, WOGD/E6590, WO03/086294, WO04/026248, WOO3/061651, WOO3/08277,

WO06/000401, WOD6/000398, WO06/015870, WO06/108699, WOOT/O00334,
WO07/054294, WOB7/122165, WOO7/144327 and WO0R)74814,

[00497] Examples of anti-inflammatory agents inclade non-steroidal anti-inflainmatory
drags (NSAID’s).

(904981 Examples of NSATD's include sodiwm cromoglyeate, nedocromil sodivm,
phosphodiesterase (PDE) inhibitors {for example, theophylline, PDE4 inhibitors or mixed
PDE3/PDE4 inhibitors), leukotriene antagonists, inhibitors of leukotriene synthesis (for
example montelukast), iINOS inhibitors, {rvptase and clastase inhibilors, beta-2 integrin
antagonists and adenosine receplor agonists or anfagouists (e.g. adenosine 2a agonists),

cytokine antagonists (for example chemokine antagonists, such as a CCR3 antagonist) or
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inhibitors of cytokine synthesis, or 5-lipoxygenase inhibitors. An INOS {inducible nitric
oyide synthase inhibitor) is preferably for oral adiministration. Exampies of iINOS inhibitors
include those disclosed in WO 93/13055, WO 98/30537, WO 02/50021, WO 95/34534 and
WO 99/62875. Examples.of CCR3 inhibitors include, but are not limited to those disclosed
in WO 02/26722.

100499} It one embodinrent, Conipound 1, or a pharmaceutically acceplable salt thereof {e.g.
Compound 2) is combined with or admiuistered in combination with a phosphodiesterase 4
(PDE4) inhibitor, especially in the case of a formulation adapted for inhalation. The PDE4-
specific mnhibitor useful in this aspect is any componnd that is known to inhibii the PDE4
enzyme or which is discovered to act as a PDE4 inhibilor, and which are only PDE4
inhibitors, not. compounds which imhibit other members of the PDE family, such as PDE3
and PDES, as well as PDE4.

(00500 Compounds include cis-4-cyano-4-(3-cyclopentyloxy-4-
methoxyphenyleyelohexan-1-carboxylic acid, 2-carbomeathoxy-4-cyano-4-(3-
cyelopropyvimethoxy-4-difiuoromethoxyphenylcyelohexan-1-one and cis-[4-cyano-4-(3-
cyclopropyimethoxy-4-diflucromethoxyphenyheyclobiexan-1-ot]. Alse, cis-4-cyano-4-[3-
{cyclope-ntyioxy)-d-mezhoxyphenyl]cy-:;iohexane»1»cari}oxy!ic acid {also known as
cilomilast) and its salts, esters, pro-drugs or physical forms, which is described in U.S.
patent 3,552,438 issued 03 September, 1996; this patent and the compounds it discloses are
incorporated herein in full by reference.

106501} Other cornpounds nclude AWD-12-281 from Elbion (Hofgen, N. et al. 15th EFMC
Tnt Symp Med Chem (Sept 6-10, Edinburgh) 1998, Abst P.98; CAS reference No.

2475%84020-9); a 9-benzyladenine derivative nominated NCS-613 (INSERM}); D-4418 from

Chiroscienee and Schering-Plough, a benzodiazepine PDE4 inhibitor identified as CI-1018
(PD-168787) and atiibuted to Pfizer; a benzodioxole derivative disclosed by Kyowa Hakko
in WO 99/16766; K-34 from Kyowa Hakko; V-11294A from Napp (Landells, L. et al. Bur
Resp J [Amnu Cong Bur Resp Soc (Sepi 19-23, Geneva) 1998] 1998, 12 (Suppl. 28). Abst
P2393); roflumilast (CAS reference No 162401-32-3) and a pthalazinone (WO 99/47505,
the disclosure of which is hergby incorporated by reference} from Byk-Gulden;
Pumafentrine, {-)-p-[{4aR* 105S%)-9-cthoxy-1,2,3,4,44,1Ob-hexahydro-8-methoxy-2-
methylbenzoie][1,6Inaphthyridin-6-y1}-N,N-ditsopropylbenzamide which is & mixed
PDE3/PDE4 inhibifor which has been prepared and published on by Byk-Gulden, now
Altana; arcfylline under development by Almirall-Prodesfarma; VMSS4/UM365 from
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Vernalis; or T-440 {Tanabe Seiyakn; Fuji, K. ¢t al. J Pharmacol Exp Ther, 1998, 284{1).
162). and T2585.

100502 Farther compounds are disclosed in the published international patent application
WO 04/024728, WO 04/056823 and WO 04/103998,

(60503} Examples of anticholinergic agents are those compounds that act as antagonists at
the muscarinic xeeeptors, in particular those compounds which are antagonists of the M, or
Mz receptors, dual antagonists of the My/M; or My/Ms, receptors ot pan-an tagonists of the
My/Ma/M; receptors. Bxemplary compounds for administration via inhalation inchide
ipratropium (for example, as the bromide), oxitropium (for example, as the bromide} and
tiotropiam {for example, as the bromide). Also of interest are revatropate {for example, as
the hydrobromide) and LAS-34273 which is disclosed in WO01/04118. Exemplary
compotinds for oral administration inclode pirenzepine, darifenacin (hydrobromide),
oxybutynin, terodiline, tollerodine, tolterodine tarirate, ottlonium (for example, as the
bromide), trospiam chloride, solifenacin, and solifenacin succinate.

100504] Other anticholinérgic agents include compounds which are disclosed in US patent
application 60/487981 including, for example:

[00505) (3-endo)-3-(2,2-di-2-thicnylethenyl)-8,8-dimethyl-8-azoniabicyclof 3.2.1 joctane
bromide: (3-endp)-3-(2,2-diphenylethenyl}-8,8-dimethyl-8-azoniabicyclo{ 3.2.1 Joctune
bromide: (3-endo)-3-(2,2-diphenylethenyi}-8,8-dimethyl-8-azoniabicyclo{3.2.1joctane 4-
mettivibenzenesulfonate; {3-endo)-8,8-dimethyl-3-{2-phenyl-2-(2-thienyhethenyl]-8-
azoniabicyclo]3.2.1Joctane bromide; and/or (3-endp)-8,8-dimethyl-3-{2-phenyl-2-(2-
pyridinvl)ethenyl}-8~azoniabicyclof3.2.1 Joctane bromide.

[00506} Further anticholinergic agents include compounds which are disclosed in US patent
application 607511009 including, for example: (endo)-3-(2-methoxy-2,2-di-thiophen-2-yl-
e_thy’l)«8_,S»dimethyl-'g—azomia~bi03!01,0[3 2.1]octane iodide; 3-{{endo)-8-methyl-8-aza-
bieyelof3.2,1out-3-y1)-2,2-diphenyl-propionitrile; (endo}-§-méthyl-3-(2,2,2-wiphenyl-
elhyl)-B-aza-bicyelo[3.2.1 joctane; 3-{{endo)-8-methyl-8-aza-bicyclo|3.2. 1]oct-3-yi)-2,2-
diphenyl-propionamide; 3-{(endo)-8-methyl-8-aza-bicyclof3.2.1]oci-3-y1)-2,2-diphenyl-
propionic acid; (endo)-3-(2-cyano-2,2-diphenyl-¢thyl)-8,8-dimethyl-8-azonia-
bicyclo]3.2.1]octane iodide; {endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-dimethyl-8-azoma-
bicvelo[3.2.1]octane bromide; 3-({erdo)-8-methyl-8-aza-bicyclo[3.2.1}oct-3-y1)-2.2-
diphenyl-propan-1-of; N-benzyl-3-((endo)-8-methyl-8-aza-bicyclo[3.2. 1]oot-3-y1}-2,2-
diphenyl-propionamide; {endo)-3-(2-carbamoyl-2,2-diphenyl-cthy}-8,8-dimethyl-8-azoma-
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bicyeinf3.2.1]octane lodide; 1<benzyl-3-[3-{{endo)-8-methyl-8-aza-bi eyelof3.2.1oct-3-y1)-
2,2-diphenyl-propyl]-urea; 1-ethyl-3-[3-((endo)-8-methyl-8-aza-bicyelo[3.2. 1 oct-3-y1)-2,2-
diphenyl-propyl]-urea; N-{3-{(endo)-8-methyl-8-aza-bicyclof3:2.1]oct-3~ yi)-2,2-diphenyl-
propvi}-acetamide; N-[3-({endp)-8-methyl-8-aza-bicyclof3.2.1Joct-3-y1)-2,2-diphenyl-
propyi-benzamide; 3-((endo)-8-methyl-8-aza-bieyclo]3.2. V]oct- 3-v1)-2,2-di-thiophen-2-yi-
propionitrile; {endo)-3-(2-cyano-2,2-di-thiophen-2-yl-cthyl)-8,8-dimethyl-8-azonia-
bicyelo]3.2.1jootane iodide; No[3-{(endo)-8-methyl-S-aza-bicycia[3.2.1Joct-3-y1)-2,2-
diphenyl-propyil-benzenesulfonamide; [3-{(endo)-B-methyl-8-aza-bieyclo[3.2.1 jost-3-¥1)-
2 2-diphenyl-propyl}-ures; N-[3-({endo)-8-methyl-8-aza-bicyclo{3.2.1 Joct-3-yh)-2,2-
diphenyi-propyl]-methanesulfonamide; and/or (ende)-3-{2,2-diphenyl-3-{(1-phenyl-
methanoyl)-amino}-propyl}-8,8-dimethyl-8-azonia-bicyclo{3.2. Joctane bromide,

100507} Farther compounds inctude: (endo)-3-(2-methoxy-2,2-di-thiophen-2-yl-ethyl}-8.8-
dimethyl-8-azonia-bicyclo]3.2.1]octane odide; (endo)-3-(2-cyano-2,2-diphenyl-ethyl)-8,8-
dimeihyl-8-azonia-bieyclo]3.2.1octane iodide; (endo)-3-(2-cyano-2 2-diphenyl-ethyl)-8,3-
dimethivl-8-azonia-bicyelo]3.2.1 joctane bromide; {endo)-3-(2-carbamoyl-2,2-diphenyl-
ethyl)-8,8-dimethyl-8-azonia-bicyclo]3.2. 1 Joctane iodide; (endo)-3-(2-cyano-2,2-di-
thiophen-2-yl-ethyi)-8,8-dimethyl-8-azonia-bicyclo{3.2.1 Joctanc iodide; dndior (endo)-3-
{2 2-diphenyl-3-[{ 1 -phenyl-methanoyl}-amino]-propyl} -8,8-dimethyl-8-azonia-
bicyclof3.2.  octane bromide.

[60508; In one embodiment, Compound 1, ora pharmaceutically acceptable salt thereof {e.g.
Compound 2) is combined with or administered in combination with an H1 antagonist.
Examples of 01 antaponists include, but are not limited to, amelexanox, astemizoic,
azatadine, azelasting, acrivastine, brompheniramine, cetirizine, levocetitizine, efletirizine,
chiorpheniramine, clemiastine, cyclizine, carcbastine, cyproheptadine, carbinoxaming,
descarhoethoxyloratadine, doxylamine, dimethindene, ebastine, epinasting, eflstirizine,
fexofenadine, hydroxyzine, ketotifen, loratadine, levocabastine, mizolastine, mequitazine,
mianserin, noberastine, mechzine, norastenizole, olopatadine, picumast, pyrilamine,
proniethazine, terfenadine, tripelennamine, temelastine, trimeprazine and triprolidie,
particularly azelasting, cetirizine, levocetivizine, efletinizine and fexofenadine.

1005091 In another embodiment, Compound 1. or a pharmaceutically acceptable sali thereof
(¢.g. Compound 2) is combined with or administered in combination with an H3 anlagonist

(andfor inverse agonist). Examples of H3 antagonists inelude, for example, those
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compounds disclosed in WO 2004/035556, WO 2006/045416, WO 2006/090142, WO
2006/125665, WO 2007009739 and WO2007/009741.

166519} In another embodiment, Compound |, or a pharmaceutically acceptable salt thereof
(e.g. Compound 2) is combined with or administered in corshination with an HI/H3 dual
antagonist (and/or inverse agonist). Examples of H1/H3 dual antagonists include, for
example, those compounds disclosed in WO 2004/035556, WO 2007/071691, WO
2007/122156 and WO 2007/135081.

[06511] In a further embodiment, Compound 1, or a phiatinaceutically acceptable salt thereof
(e.g. Compound 2) is combined with or administered in combination with an H1/H3 dual
antagonist selected from 3-{4-{ [4-{4-{[3-(3,3-dimethyl-1-piperidinyl}propyljoxy} phenyl)-1-
piperidingl] carbonyi} -I-naphthaleny!) propanoic acid and 4-[{4-chlorophenyhmethyl]-2-
{({2R)-1-[4-(%- ([ 3-Chexahydro-1 H-dzepin-1-ylpropytjoxy} phenyl)butyl}-2-

pyrrolidimyl methyl)-1{2H-phthalazinone. Other histamine receptor antagonists include
antagonists (andfof inverse agonists} of the H4 receptor, for example, the compounds
disclosed in Jablonowski ef al., J. Med. Chem. 46:3957-3960 (2603).

1005121 In another aspect, provided herein is a combination comprising Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) together with a PDE4 inhibiter.
j08313} Tn another aspect, provided herein is a combination comprising Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) together with a 52-
adrenoreceptor agonist.

100514} In another aspect, provided hereln is a combination comprising Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) together with a corticosteroid.
(605151 In another aspect, provided herein is a combination comprising Compound 1, 013
pharmaceutically acceptable salt thereof (¢.g. Compound 2) together with another non-
steroidal GR agosist,

{09516] in another aspect, provided herein is a combination comprising Compeund 1, 0r a
pharmaceutically acceptable salt thereof (e.g. Compound 2) together with an
anticholwergic. .

100517 In another aspect, provided herein is a combination compiising Compound 1, or a
pharmaceutically acceptable salt thereof (e.g. Compound 2) together with an antitnstamning.
§005181 In another aspect, provided herein is a combination comprising Compound 1, or 2
pharmaceutically accepiable salt thereof (e.g. Compound 2) together with a PDE4 inhibiter

and a Sy-adrenoreceptor agonist,
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[00519] Tn-another aspect, provided herein is a combination comprising Compound 1, ora
pharmaceutically acceplable salt thereof {e.g. Compound 2) together with an antichelinergic
and a PDE-4 inhibitor,

[90520] The individual compounds of such combinations are administéred either sequentially
or simultancously in separate or combined pharmaceutical formulations. In one
embodiment, the individual compounds will be administered simultaneously in a conibined
pharmaceutical formulation. Appropriate doses of known therapeutic agents will be
appreciated by those skilled in the art.

[¢8521} The combinations referred to herein are conveniently presented for use in the form
of a pharmaceutical compositions together with a pharmaceutically acceptable diluent(s) or-
carrier(s).

100522} In another aspect, provided herein is a pharmaceutical composition comprising
Compound 1, o & pharmaceutically aceeptable salt thereof (2.2, Compound 2} together with
& PDE4 mhibitor,

[00523] In another aspect, provided herein is a pharmaceutical composition comprising.
Compound 1, or a pharnaceutically acceptable salt thereof (e.z. Compound 2) together with
a Ba-adrenoreceptor agonist.

{06524 In another agpeet, provided herein is a pharmaceutical composition comprising
Compound 1, or a pharmaceutically acceptable salt thereof (¢.g. Compound 2} together with
a coriicosteroid.

[#0525] I another aspect, provided herein is a pharmaceutical composifion comprising
Compound 1, or a pharmaceuticatly acceptable salt thereof (e.g. Compound 2) together with
another non-steroidal GR agonist,

{00526} In another aspect, provided hereln is a pharmaceutical composition eomprising
Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2) together with
an aniicholinergic.

166527} In another aspect, provided herein is a pharmaceutical composition comprising
Compound 1, or a pharmaceutically acceptable sali thereof (e.g. Compound 2) together with
an antihistamine.

{00528} In another aspect, provided herein is a pharmaceutical composition comprising
Compound |, or a pharmaceutically acceptable salt thereof {e.g, Compound 2) together with

a PDE4 inhibitor and a Sy~adrenorecepior agonist.
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100529 In another aspect, provided herein is-a pharmaceutical composition comprising
Compound 1, or a pharmacentically acceptable sali thereof (e.g. Compound 2) together with
an anticholinergic and a PDE4 inhibitor,
1005301 In certain aspects, Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
ompound 2) is contbined with or administered in combination with one or more agenis
used to treat used to treat asthma, including, but not Hmited to: combination Inhalers
{fluticasone propionate and salmetersl xinafoale (e.g. Advair), budesonide and fonmoterol
fumarate (2., Symbicoxt) and indacaterol and mometasone furoate); inhaled Beta-2
agonists (albuterol inhaler; atbuterol nebulizer solution; formoterol; isoproterenol oral
inhalation; levalbuterol; metaproterenol inhalation; pitbuterol acetate oral inhalation;
salmeterol aerosol inhalation; salmeterol powder inhalation; terbutaling inhaler); inhaled
corlicosteroids (beclomethasone oral inhalation; budesonide inhalation sohution; budesomde
inhaler; flunisolide oral inhalation; fluticasone inhalation agrosol; fluticasone powder for
aral inhatation; mometasone inhalation powder; trismeinolone oral inhalation); leukotriene
modifiers (montelukast; zafirlukast; zileuton); mast cell stabilizers {cromolyn inhalet;
nedocroinil oral rinbaiation); monoclonal antibodies (omalizumab); oral Beta-2 agonists
(albaterol oral syrup; albuterol oral tablets; metaproterencl; terbutaline); bronchodilator
{aminophylline; oxtriphyline; theophyiling).
108531} In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (2.g:
Compound 2) is combined with or adwinistered in combination with one or more agents
sed to treat allergy, including, but not limiied to: antihistamine and decongestant
combinations {cetirizine and pseudoephedrine; desloratadine and pseudoephedrine ER;
fexofenadine and psevdoephedrine; loratadine and pseudoephedrine); antihistamines
{azelastine nasal spray; brompheniramine; brompheniramine oral suspension;:
carbinoxamine; cetirizine; chlorpheniramine; clemastine; desloratadine;
dexchlorpheniramine ER; dexchlorphentramine oral syrup; diphenhydramine oral;
fexofenadine; loratadine; promethazine), decongestants (pseudoephedrine); leukotriene
modifiers (montelukast; montelukast pranules); nasal anticholinergics (ipratropium); nasal
corticosteroids (beclorethasone nasal inhalation; budesonide nasal inhaler; flunisolide nasal
inhalation; fluticasone nasal inhalation; mometasone nasal spray; tnamcinelone nasal
inhatation; triameinolone nasal spray); nasal decongestants (phenylephrine); nasal mast cell

stabilizers {cromolyn nasal spray).
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100332§ Il one aspect, 3-[3-(tert-butylsulfanyl)-1-[4-(6-ethoxy-pynidin-3-ylibenzyl }-3-(5-
methyl-pyridin-2-yt-methoxy)-1 H-indol-2-yi}-2,2-dimethyl-propionic acid is combined with
or administered in combination with one ormore agents nsed to treat chronic-obstructive
pulmonary disease (COPD), inchiding, but not limited to: anticholinergics - ipratropium
bromide oral inhalation); combination Inhaters (albuterol and ipratropiun (e.g. Combivent,
DueNeb); fluticasone and salmeterol oral inbalation (e.g. Advair)); corticosteroids
{dexamethasone tablets; fludrocertisone acetale; hydrocortisone tablets;
methylpredsisolone; prednisolone liquid; prednisone oral; triameinolene orai); inhaled
Beta-2 Agonists (albuterol inhaler; albuterol nebulizer solution; formoternl; isoproterenol
oral inhalation; levalbuterol; metaproterenc! intidtation; pirbuterol acetate oral inhalation;
salmeterol acrosol inhalation; salmeterol powder inhalation; terbutatine inhaler); inhaled
Corlicosteroids (beclomethasone oral inhalation; budesonide inhalation solution;
hudesonide irhaler; lunisolide oral inhalation; fluticasone inhalation agrosol; fliticasone
powder for oral inhalation; triamcinolons oral inthalation); mukolyties {guaifenicsin); oral
Beta-2 agonists (albuterol oral syrup; aibuterol oral tablets; metaproterenol; terbutaline);
vronchodilator (aminophylline; oxtripliyiline; theophylline).

160533] 1n one embodiment, Compound 1, or a pharmaceutically acceptable salt thereof {e.g.
Compound 2) is combined with or administered to a patieni in combination with
norastemizole. In ene embodiment, Compound 1, or a pharmacetitically acceptable salt
thereof {e.g. Compoutid 2} is combined with or administered to a patient in combination
with joratadine. In one embodiment, Compound 1, ora pharmaceutically acceptable salt
thereof (¢.g. Compound 2) is combined with or administered to a patient in combination
with desforatadine. In ong cmbodiment, Compound 1, or a pharmacettically acceplable salt
thereof (¢.2. Compound 2) is combined with or administered to a patient in combination
with terfenadine.

100534] Tn one embodiment, Compoand 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2) is combined with or adnyinistered to a patient in combination with cetirizine.
In-one embodiment, Compound 1, or a pharmaceuticatly acceptable sait thereof (c.g.
Compound 2) is combined with or administered to a patient in combination with (-)-
cetirizine. In one embodiment, Compouand 1, or a pharmaceutically acceptable salt thereof
(e.z. Compound 2) is combined with or admiuistered to a‘patient in combination with (+)-

cetirizime.
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1005351 In one embodiment, Compound I, or a pharmaceutically acceptable salt thereof {e.g.
Compound 2) is combined with or administered to o patient in combination with inhaled
corticosteroids.

160536} In one embodiment, Compound 1, or a pharfiaceufically acceptable salt thereof {e.g.
Compound 2) is combined with or administered to a patient in combination with beta2-
adrenergic receptor agonists. In one embodiment, Conpoend 1, 0ra pharmaceutically
acceptable salt thereof (e.g. Compound 2) is combined with or administered to a patient in
combiitation with shorl acting beta2-adrenergic receptor agonists. In one embodiment,
Compound 1, or a pharmaceutically acceptable salt thereof (e.¢. Compound 2) is combined
with or administered to a patient in combination with long-acting betaZ-adrenergic receptor
agonists.

(06537) In any of the compositions, combinations, methods of treating or combination
methods of treating described herein Compound 2 is used. In more specific embodiments,
Compournid 2 is in Form C. Iii other specific embodiments, Compound 2 is in either Phase A
or Solvated Form B.

1685383 In any of the compositions, combinations, methods of treating of combination
methods of treating deseribed herein Compound 1 (free acid} is used. In foore speeific
embodiments, Compound 1 is in crystalline form., Tn other specific embodiments,
Compound 1 is in amorphous phase,

[00539] 1n some embodiments described herein, methods for ireatment of leukotriene-
dependent or lenkotriens mediated conditions or diseases includes administering to a patient
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) in
combination with Ieukotriene receptor antagonists including, bul are riot limited Lo,
CysLTy/CysL Ty dual receptor antagonists, and CysLTy receptor anatagonists.
CysLTy/CysLTzdual receptor aniagonists include, but are not limited to, BAY u9773,
Cuthbert ef af EP 00791576 (published 27 Aug 1997), DUO-LT (Galczenski ef af, D38,
Posier F4 presented at American Thoracie Society, May 2002) and Tsuji er al. Org. Biomol.
Chem., 1, 3139-3141, 2003, In one embodiment, for a particular patient, 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 thereofl (e.g. Compound 2} acts 1o treat

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

(005461 In another embodiment described hergin, methods for treatment of leukotriene-
dependent or leukotriens mediated conditions or dissases includes administered to a patient
compounds, phatmaceutical compositions, or medicarnents described herein in combination
with a CysLT, receptor antagonist. CysLTy receptor antagonists include, but are nof linited
to, zafirfukast, montelukast, prankulast, and derivatives or analogs thereof. In.one
embodimient, such combinations are used to treat leukotriene-dependent or leukotriene
mediated disorder, incloding respiratory disorders.

100541] In one embodiment, the co-administration of Compound 1, or a phasmaceutically
ascceptable salt thereof (2.g. Compound 2) with a CysLT) receptor antagonist or a dual
CysLT/CysLT, receptor antagonist has therapeutic benefif over and above the benefit
derived from the adnyinistration of either Compound 1, or 4 pharmaceutically acceptable salt

thereof {¢.p. Compound 23 ora CysLT;R antagonist glone. In the case that substantial

inbibition of leukotriene production has undesired effects, partial inhibition of this pathway

throagh the amelioration of the effects of the proinflanunatory L'TB, and cysteinyl
leukotrienss combined with the block of the CysLT) receptor und/or dual CysLT|/CysL.Ty
receptor block affords substantial therapeutic benefits, particularly for respiratory diseases.
1805421 Tni some embodiment deseribed herein, are methods for treatment of leukotriene-
dependent or leukotriene mediated conditions or diseases include aduiuustering {o 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 comptising and methods of administering compositions comprising
Compound 1, or 4 pharmaceutically acceptable salt thereof (e.g. Compound 2), and an anti~
inflammatory agent. Anti-inflarmatory agents include, by way of nen-limiting example,
non-steroidal anti-inflammatery drugs {INSAIDs) and corticosteroids (glucocortivoids).
1085431 NSAIDs include, but arc not limited to: aspirtn, salicylic acid, gentisic acid, choline
magnesium salicylate, choline salicylate, choline magnesium salicylate, choline salicylate,
magnesium salicylate, sodium salicylate, diflunisal, carprofen, fenoprofen, fenoprofen
calcium, flurobiprofen, ibuprofen, ketoprofen, nabutone, ketolorac, ketorolac tromethantine,
naproxen, oxaprozin, diclofenac, etedolac, indomethacin, sulindac, tolmetin,

meclofenamate, meclofenamate sodium, mefenamic acid, piroxicam, meloxicam, COX-2
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specific inhibitors (such as, but net limited to, celecoxib, rofecoxib, valdecoxib, parecoxib,

etoricoxib, lamiracoxih, €8-302, ITE-522, £.-745,337 and NS398).

{00544] Corticosteroids, melude, but are not limited to! betamethasone (Celestone),

preduisone Deltasone), alclometasene, aldosterone, amcinonide, beclometasone,

betamethasone, budesonide, ciclesonide, clobetasol, clobetasone, clocoriolone, cloprednod,
coriisone, corfivazol, deflazacort, desxveorticosterone, desonide, desoximetasone,
desoxycortone, dexamethasone, diflorasone, diflucortolone, difluprednate, fluclorolone,
{ludrocortisone, fludroxycortide, fumetasone, fluniselide, fluocinolone acetonide,
fluocimonide, fluocortin, fluocoriolone, fluosrometholone, fluperolone, fluprednidene,
fluticasone, formocortal, halcinonide, halometasone, hydrocertisone/cortisol,
hydrocoriisone dceponate, hydrocortisone buteprate, hydrocortisone butyrate, loteprednol,
medrysone, meprednisone, foethylprednisclone, methylprednisolone aceponate,
mometasone furcate, paramethasone, prednicarbate, prednisone/prednisolone, rimexalone,
tixacortol, triamcinolone, snd ulobetasol.

{00345} Corticosteroids do not direetly inhibit leukotriene production, therefore co-dosing
with steroids, in one embodiment, provide additional anti~inflanunatory benefit,

[0D546] o another embodiment described herein, methods for treatiment of leukolriene-
dependent or leukotriene mediated conditions or discases include administering to a patient
Compound 1, or a pharmaceutically accepiable salt thereof {e.g. Compound 2) in
combination witl an anti-inflaanmatory agent including, but not limited to poly-unsaturated
fatly acids (PUFAs) such as docosahexanoic acid (DHA), eicosapentanoic acid (EPA) and
alpha-Hnolenic acid (ALA).

1005471 In certain embodiments, the Jeukotriene-dependent or leukeiriene mediated
condition or disedse, e.g.,/a respiratory disease, involves eosinophilic, basophilic, and/or
mast cell inflammation. In specific embodiments, the eosinophilic, basophitic, and/or mast
ceH inflammation is pulmonary inflammation. In more specific embodiments, the
pulmonary inflamnmation is the result of a chronie inflammatory condition. In still more
specific embodiments, the chronic inflammatory disease 1s characterized by palmuonary
inflammation and airway hyperresponsiveness, e.g., asthma. Furthermore, leukotriene-

dependent or leukotriene mediated condition or disease is asthma, wherein lenkotrienes 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 n vascular

permeability and mucus secretions, and have been reported to aftract and activate
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inflammatory cells m the airways of asthmaties. Thus, in certain embodiment described
herein, the methods for treatment of respiratory disegses include administering to a patient
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) either alone
or in combination Wwith an anti-inflammatory agent.
{00548} In another embodiment described herein, methods for treatment of leukotriene-
dependent or leukotricne mediated conditions or diseases include administering to a patient
Compound !, or a pharmaceulically acceptable salt thercof (¢.g. Compound 2} in
combination with NSAIDs and NO-donors or NSAIDs and preton-pump inhibitors. In
further embodiments, provided herein are compositions comprising such agents and
raethods of administerihg such compositions.

UGT Inhibiiors

(005451 Tn one embodiment, Compound 1, or a pharmacentically acceptable salt thereof (¢.3.

Compound 2) is combined with or administered in combination with one or more agents

fhat are inhibitors of UDP-glucuronosyliransterase (UGT). UGT inhibitors include those

described in U8, 200340215462 15.8. 2004/0014648. In some embediments, co-

admindstration of 3 UGT inhibitor allows for lower doses of Compound 1, ora
pharmaceutically acceptable salt thereof (e.g. Compound 2) to be administered.

Diagnostic Methods for Patient Identification

1005501 The scroening of “leukotriens-responsive patients”™ which ate selected for treatment
with Compound 1, or a pharmaceutically aceeptable salt thereof (e.g. Compound 2}, or
pharmaceutical compositions or medicaments described hevein, is accomplished using
techniques and methods described herein. Such téchnigues and methods include, by way of
oxample, evaluation of gene haplotypes (genotype analysis), monitoring/meéasurement of
biomarkers {phenotype analysis), monitoring/measurement of functional markers
{phenotype analysis), which indicate patient response to modulators of the leukotriene
pathway, or any combination thergof.

Genotype Analysis: FLAP Polymorphisms

160551 Human FLAP has been purified and cloned and is an 18 kilodalion membrane-
bound protein which is most highly expressed in human neutrophils. The FLAP gene is
{ocated at 13g12 and the gene has been linked 1o increased risk for both myocardial
infarction and stroke in several populations. A number of polymorphisms and haplotypes in
the gene encoding FLAP have been identifted in individuals (U:S. Patent Application

2005113408, Sayers, Clin. Exp. Allergy, 33(8):1103-10, 2003, Kedda, e af,, Clin. Exp.
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Allergy, 35(3):332-8, 2005). In some cases polymorphisas in certain genes have been
demonsirated to correlate with responsiveness 1o given therapies. Therefore, in one
embodiment, patients who are under consideration for treatment with Compound 1, or a
pharmateutically acceptable salt thereof {¢.g. Compound 2}, or drug combinations that
inchide Compound 1, or a pharmaceutically acceptable salt thereol {(e.g. Compound 2), are
screcned for potential responsiveness to treatment based on their FLAP polymorphisms, or
haplotypes (sec also WO 99/052942, herein incorparated by reference).

j60s52] Additionaily, polymorphisms in any of the synthetic or signaling genes dedicated to
the leukotriene pathway could result in a patient who is more respousive or less responsive
1o leukotriene modulator therapy (cither FLAP or 5-LO inhibitor or lewkotriene receptor

antagonists). The gencs dedicated to the leukotriene pathway are 5-lipoxygenase, S«

lipaxyienase-activatinig protein, LTA, hydrolase, LTCy synthase, LTBy receptor 1 (BLT1),

LTRBy receptor 2 (BLT2), cysteiny! levkotriene receptor 1 (CysLTiR), cysteiny] leukotriene

recepior 2 (CysLT;R). For exaimple, the 5-LO gene has been linked to aspirin infolerant

asthma and sirway hyperresponsiveness (Choi JHef ol Hion Gener 114:337-344 (2004);
Kim, SH ef al. Allergy 60:760-765 (2005). Genetic variants in the promoter region of 5-LO
have been shown to predict elinical responses to a 5-LO inhibitor in asthmatics (Drazen et
al, Nanure Genetics, 22, pl68-170, (1999). The LTC, synthase gene has been linked 1o
atopy and asthma {Moissidis I er af. Gener Med T:406-410 {2005). The Cysl.Ta receptor has
been linked to asthma and atopy (Thempson M ef .ol Pharmacogenetics 13:641-649
(2003, Pillai SG et al. Pharmacogenetics 14:627-633 (2004); Park IS ef al. Pharmacogene!
Genomics 15:483-492 (2005); Fukai H e ol. Pharmacogenetics 14:683-690 {2004}, Any
polymotphisms in any lenkotriene pathway gene or combination of polymorplisms o
haplotypes may result in aliered sensitivity of the patient to therapy aimed at reducing the
pathelogical effects of leukotriencs. In one embodiment, selection of patients who best
respond to the leakotriene modulator therapies described herein is based, In part, on
knowlzdge of polymorphisms in the leukotriene pathway genes and also knowledge of the
expression of leukotriene-driven mediators. In one embodiment, patient selection is made
on the basis of feukotrienc pathway genotype alone, phenotype alone (biomarkers or
functional markers) or any combination of genotype and phenotype.

160553| Several varfants of the FLAP gene have been reported fo correlate with the incidence
of myocardial infarction in patients (Hakonarson, JA3A, 293(18):22435-56, 2005), plus

FLAP gene markers reportedly associated wilh 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 herein in their entirety.

[00554] {n one embodiment, detecting haplotypes is accomplished by methods for detecting
sequences at polymorphic sites, and therefore paticnis ave selecied using genotype selection
of FLAP, 5-LO or other leukotriene pathway gene polymorphisis. In one embodiment, the
presence ot absence of a leukotriene pathway gene polymorphism or haplotype is
determined by various methods, inchuding, for example, using enzyrmatic amplification;
resiriction fragment length polymorphism analysis, nucleic acid sequencing, electrophoretic
analysis of mucleic acid from the individual, or any combination thereof. In certain
embodiments, determination of a SNP or haplotype identifies patients who will respond to,
or gain benefit from, treatment with a FLAP inhibitor. By way of example, methods of
diagnosing a susceptibility to myocardial infarction or stroke i 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 baplotype is diagnostic of
susceptibility to myocardial infarciion or stroke,

Phenotvpe Analysis: Biomarkers

[00535] In one cimbodiment, patients who arc under consideration for treatment with

Compound 1, or 2 pharmaceutically acceptable sali thereof (e.g. Compound 2}, or drug

combinations thereof, are screened for potential responsiveness to treatment based on
leukotriene-driven inflammatory biomarker phenotypes.

[005561 In one embodiment, patient screening based on feukotiiene-driven inflammatory
biomarker phenotypes is used-as an alternative to, or it is complimentary with, patient
screening by leukotriene pathway gene haplotype detection. The term “hiomarker’” as used
herein refers to a characteristic which is mieasured and evaluated as an indicator of normal
biological processes, pathological processes, or pharmacological responses 1o therapeutic
intervention, Thus a biomarker is any substance, structure ov process which is measured 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 susceptibility.
Biomarkers are physiclogic endpoints, by way of example blood pressure, or they are
analytical endpoints, by way of example, blood glucose, or cholesterol concentrations.
Techniques, used to monifor and/or measure biomarkers include, but are not limited {o,

NMR, LC-MS, LC-MS/MS, GC-MS, GC-MS/MS, HPLC-MS, HPLC-MS/MS, FT-MS, ¥T-
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MS/MS, ICP-MS, ICP-MS/MS, peptide/protein sequencing, nucleic acid sequencing,
¢lectrophoresis techmiques, immno-assays, immuno-blotting, fn-siru hybridization,
fluorescence fn-situ hybridization, PCR, radio-immitino assays, and enzyme-immuno assays.
Single nucleotide polymorphisms (SNPs) have also been useful for the identification of
biomarkers for propensily to certain discases and also susceptibility or responsiveness 1o
drugs such as chemotherapeutic agents and antiviral agents. In one embodiment, these
techniques, or any combination thereof, are used to screen patients for leukotriene-
dependent or leukotriene mediated diseases orconditions, wherein such patients are
beneficially treated with Compound 1, or a pharacentically accepiable salt thereof (e.g.
Compound 2), or drug combinations deseribed herein,

{00557} By way of example only; patients are selected for treatment with Compound I, ora
pharmaceutically acceptable salt thereof (e.g. Compound 2), or drug combinations described
herein by séreening for enhanced inflammatory blood biomarkers such-as, but not Hmited
io, stimulated LTBy, LTC,, LTE,, mysloperoxidase (MPO), cosinophil peroxidase (EPQ),
C-reactive protein {CRP), soluble intracellular adhesion molecule (sICAM), monocyte
chemoattractant protein (MCP-1), monoeyte inflaramatory protein (MIP-1 ), interleukin-0
(TL.-6), the TH2 T cell activators interleukin 4 (TE.-4), and 13 (IL-13) and other
inflanymatory cytokines. [n certain embodiments, patients with inflammatory respiratory
diseases, inclading but not limited to, asthma and COPD, arc selected as those most likely
to be responsive to leukotriene synthesis inhibition using Compound l,ore
plianmacentically acceptable salt thereof {e.g. Compound 2), by using a panel of leukoinene
driven inflammatory biomarkers.

Phenotype Analysis: Functional Markers

1605581 In one embodiment, patients who are under consideration for ireatment with
Compound 1, or a pharmaccutically acceptable salt thereof {c.g. Compound 2, or drug
combinations described herein, are screensad forresponse to known modulators of the
leukotriene pathway. In one embodiment, patient screening by evaluation of functional
markers s indicators of a patient’s response to known modulators of the teukoirienc
pathway are used as an altemnative to, ot it is complimentary with, patient screening by
leukotriene pathway gene haplotype detection (genotype analysis) and/or
monitoring/measurement of feukotriene-driven inflammatory biomarker phenotypes.

Functional markers include, but are not limited to, any physical characteristics associated
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with a leukotriene dependent condition or disease, or knowledge of current or past drug
{reatment regimens.

100559F By way of example only, the evaluation of lung volume and/or funiction are used as
a functional marker for leukotriene-dependent or levkotriene mediated diseases of
conditions, such as respiratory diseases. In one embodiment, hung function lesls ave used to
sereen palients, with such leukotriens-dependent or lsukotriene mediated diseases or
conditions, for treatment using Compound 1, or 2 pharmaceutically acceptable salt thereof
(¢.g. Compound 2), or pharmaceutical compositions or medicaments thereof. Such tests
include, but are ot limited to, evaluation of lung volumes and capacities, such as tidal
volumie, inspiratory reserve volume, expiratory reserve volume, residual volume, inspiratory
capacity, functional residual capacity, vital capacity, total lung capacity, respiratory minute

volume, alveolar ventilation, timed vital capacity, and ventilatory capacity. Mathed of

meastrement of ling volumes and capacities include, but are not limited 1o, maximum

expiratory fow volume curve, forced expivatory volume in 1 sec. (FEV1), peak expiratory
fiow rate. in eddition, other lung function tests used as functional markers for patient
evaluyation described herein include, but are not limited to, respiratory muscle power,
maxininm inspivatory pressuve, maximum expiratory pressure, transdiaphragmatic pressure,
distribution of ventilation, single breath nitrogen test, pulmonary nitrogen washout, and gas
transfer.

100360} Additionally, the knowledge of a patients past or currept treatment reghmen is used
as a fanctional marker to assist in screening patients for treatment of leukotriene dependent
conditions or diseases using Compound 1, or a pharmaceutically acceptable salt thereof (e.g.
Compound 2}, or pharmaceutical compositions or medicaments thereof. By way of exarple
only, such treatment régimens include past or current treatment using zileuton, montelukast,
praniukast, zafirlukast,

j005617 Also, patients who are under consideration for treatment with Compound 1, or &
pharmaceutically acceptable salt thereof (e.g. Compound 2), or drug combinations described
hezein, are screened for functional markers which include, but are not limited to, reduced
cosinophil and/or basophil, and/or neutrophil, and/or monocyte and/or dendritic cell and/or
lymphocyie recruitment, decreased mucosal secretion, decreased mucosal edema, and/or
increased bronchodilation.

[06562] In certain embodiments, a patient sample 15 analyzed for leekotriene gene

haplotypes, by way of example only, FLAP haplotypes, and the information obtained
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identifies a patient in need of (reatment using various treatment methods. Such treatment
methods incltde, but arte not limited to, administering & therapeutic effective amount of
Compound 1, or a pharmaceutically acceplable salt thereof (e.g. Compound 2), or
pharmaceutical composition or medicament thereof, alone or 1n conibitation with a
therapeutic effective amonrt of a leukotriene receptor antagonist (by way of example,
CysLT1/CysLTs antagonist or CysLT; antagonist). In other embodiments a patient sample s
analyzed for leukotriere gene haplotypes, by way of example onty, FLAP haplotypes,
and/or phenotype biomarkers, and/or phenotype fanctional marker responses to leuketriene
modifying agents. In one embodiment, the patient is then {reated using various freatment
methods. Such treatment methods inchuide, but are not fimited to, adruinistering a therapeutic
gffective amount of Compourid 1, or a phanmacentically acceptable salt thereof (e.g.
Compound 2}, or pharmaceutical composition or medicament thereof, alone ox in
combination with a therapeutic effective amount of a leukotriens receptor antagorist (by
way of example, CysLT/CysLT; antagonist or CysLT; antagonist), or another anti-
inflammatory agent. In still other embodiments a patient sample is analyzed for leukotriene
pene haplotypes, by way of example only, FLAP haplotypes, and phenotype biomarkers.
and phenotype functional marker responses to leukoiriene modifyving agents. In one
embodiment, the patient is then freated using various treatment methods. Such treatment
methods tnclude, but are not limited to, administering a therapeutic effective amownt of a

FLAP inhibitor, or pharmaceutical composition or medicament which includes a FLAP

inhibitor, administering a therapentic effective amount of a FLAP inhibitor, or

pharmaceutical composition or medicament which includes a FLAP inhibitor, in
combination with a therapeutic effective amount of a Jeukotriene receptor antagonist (by
way of example, CysLT /CysLT; antagonist or CysLF antagonist), or admmnistering a
therapeuntic effective amount of a FLAP inhibitor, or pharmaceutical composition ot
medicament which includes a FLAP inhibitor, in combination with a therapeutic effective
armount of another anti-inflammatory agent.

Kits/Articles of Manufacture

08563} For use in the therapentic methods of use described herein, kits and articles of
manufacture are also described herein. Such kits include @ carrier, package, or contamer that
is comparimentalized to xeceive one or more containers such as vials, tubes, and the like,
each of the container(s) comprising one of the separate elements to be used in a method

deseribed herein. Sultable containers include, for example, bottles, vials, syringes, and test
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tubes. In one embodiment, the containers are formed from a variety of matetials such as.

glass or plastic.

100564} The articles of manufacture provided herein contain packaging materials. Packaging
materials for use in packaging pharmaceutical productsinciude, e.g., U.S. Patent Nos.
5,323,907, 5,052,558 and 5,033,252, Examples of pharmaceutical packaging materials
include, bt are not limited to, blister packs, boltles. tubes, bags, containers, bottles, and any
packaging material suitable for a selected formulation and intended mode of administration.
and treaiment. A wids array of formulations of the compounds and compositions provided
herein are contemplated as are a variety of tréatments for any disease, disorder, o condition
that would benefit by inhibition of FLAP, or in which FLAP is a mediator or contributor to
the symptoms Or cause.

[60565] For example, the container(s) include Compound 1, or 2 pharmaceutically
acceptable salt thereof (e.g. Compound 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.

(00566} A Kittypically includes labels histing contents and/or instructions for use, and
package inseris with instructions for use. A set of instructions will also typicalty be
included.

[p95671 In one embodiment, a label is on or associated with the container. In onge
embodiment, 4 kabel is on a container when leiters, numbers or other characters forming the
1abel are attached, molded or etched inio the container itself; a label is assovialed with a
container when it s present within a receptacle or carrier tHat also holds the container, e.g.,
as a package insert. In one embodiment, a label is used to indicate thal the contents are (o be
nsed for & specific therapentic application. The label also indicates directions for use of the
contents, such as in the methods described herein.

100568] T certain embodiments, the pharmaceytical compaesitions arc presented in 2 pack or
dispenser device which containg onc or more unit dosage forms containing a compound
provided herein, The pack, for example, contains metal or plastic foil, such as a blister pack.
In one embodiment, the pack o dispenser device is accorpanied by instructions for
adsninistration. In one embodiment, the pack or dispenser is also accompanied wilh a notice

associated with the container in form prescribed by a govemnmental agency regulating the

‘manufzeture, use, or sale of pharmaceuticals, which notice is reflective of approval by the

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

{08568 It is to be understood that as used herein, pharmaceutical compositions described as
comprising a pharmagceutically acceptable salt described herein, e.g., tiguid selutions,
encompass pharmaceutical compositions compising the associated and/or disassoviated
forms of the salt. Thus, for example, a pharmaceutical composition described herein
comprising an agueous solution of Compound 2 encompasses a composition comprising a
population of sodiuin cations and a population of 3-[3-(tert-butylsulfanyl)- 1-[4-{6-ethoxy-
pyridin-3 »yi')benz_yl}—.i-'(ﬁ—.methyi-pyridin—'l-}'1-methoxy}—_1:H—1'ndol«2—y1}—2,_2-dimcthyi~

propionate anions.

EXAMPLES
Abbreviations
AUC area under the curve
O carbon dioxide
C5;C05 cesium carbonhale
DME dimethoxysthane
DMF dimethvlformamide
DMSO dimethylsulphoxide
dppf diphenylphosphinoferrocene
DSC Differential scanning calonumetry
DIT dithiothreitol
EiN triethylamine
ECG Electrocardiography
EDTA ethylenediaminetetraacetic acid
eq equivaleni(s)
EiQAc sthylacetate
EtOFl ethanol
HCY hydrochloric acid
1.0 water
HPLC high performance liguid chromatography
ICP-AES Tnduciively coupled plasma atomic emission spectroscopy
KOH potassium hydroxide
LCMS liquid chromatogrpahy mass spectrometry
MeOH methanol
MTRE mcthyl tert-butvl ether
MgS0O; magnesiam salfate
NaOH sedium hydroxide
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NaxC0s sodiwm earbonate

NMR nuclear magnetic resonance
ppm parts per million '
PD pharmacodynanucs

PK pharmacokinetics

RH Relative humidity

SD Standard deviation

THF tetrahydrofuran

TGA Thermogravimetric Analysis
TLC “Thin layer chromatography
TRIS , Tromethamine

VIW Volwmne/weight

[00570] The following ingredients, formulations, processes and procedures for practiciug the

‘methods disclosed herein correspond to that described above. The procedures below

desciibe with particilarity Hustrative, non-limiting embodiment of formulations that
include a Compound 1, or a pharmaceutically acceptable salt and/or solvate thereof, and
pharmacokinetic profiles and phannacodynarnic effects thercof. By way of example only,
Compound 1 is optionally prepared as outlined in US 2007/0105866, or as outlined herein.

Example 1; Synthesis of Compeunnd 1, esters, solvates, salts. and polvmorphs thereof.

Step 1: Synthesis of 2-Chloromethyl-3-methyl-pyridine hydrochloride
Step 1-1: Synthesis of 2,5-Dimethyl-pyridine 1-oxide

L

o
o571 2,5-Latidine (1419g) was dissolved In chioroform (13.51) and cooled 1o below

10°C. m-Chleroperoxybenzoic acid {70%, 3354.21g) was added portion-wise to maintain
the temperature at befow 10°C, and then the reaction was warmed to room temperature and
stitred overnight, Once no starting material was seen by tle analysis, the mixture was cooled
to 10°C and quenched with aqueous 20% sodium hydroxide (2.5L. to 31} dropwise while
maintaining a tempsratare below 20°C, which resulted in the formation of a very thick
suspension. The mixture was stirred for 30 minutes and then allowed 10 separate. Water
(5L) was added, the organic Javer was separated, and the aqueous layer was extracted twice
with chloroform (4L). The combined organic layers were washed with aqueous 1% sodium
hydroxide, followed by agueous 1N hydrochioric acid, and then concentrated under vacusm
io give the desired produet (1365g).

Step 1-2: Synthesis of (3-Methyl-pyridin-2-yi)-methanol
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[00572] 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

!

N

[60573] 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 (11) was added, and the mixture was again concentrated to dryness.
Additional EtOAc (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-feri-Butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid ethyl ester

0 1. L[',;)'QO’CTHF O 5

- g

\l)‘\o/\ Cl o~ 2

2. Ci CJ EtOH/H,0
T\ GDC
1 BuSH, NE
iBu t3 S\
BFW O/\\ HF /\KXU\
T
© 0°C

Step 2-1; Synthesis of 4-Chloro-2,2-dimethyl-pent-4-enoic acid ethyt ester
O

[005741 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 warnmed 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
(1.0cq) was added, followed by 2,3-dichloro-1-propene (1.09¢q), 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 HCl. The organic layer was
separated, washed twice with brine, and dried over Na;SQO4. 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
PN
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 (1.02eq) was
added to the reaction mixture while the temperature was maintained at less than 0°C. Afier
agitating for 2 hours, the reaction was checked for completion by NMR. Since no starting
material was scen by NMR anatysis, 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 aqueous 5 % NayCOs (6-fold, V/IW of
starting material) and brine (3.0-fold, V/W of starting material). The organi¢ layer was dried
over NapSO, and concentrated in vacuo to give the desired product.

Step 2-3: Synthesis of 5-terz-Butylsulfanyl-2,2-dimethyl-4-0xo-pentanoic acid cthyl ester

XSNO/\

[00576] To a reaction flask containing THF (5.0-fold, V/W of starting material) was added 5-
brome-2,2-dimethyl-4-oxc-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. Afier 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, sodiam salt
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Step 3-1: Synthesis of N-(4-Bromo-benzyl)-N-(4-methoxy-phenyl)-hydrazine Hydrochloride
N
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 (2.1eq) 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
tlc for completion. Since no starting material was seen by tle analysis, the reaction was diluted
with EtOAc (10.0-fold, V/W of starting material) and agitated for 1.5 hours. The mixture was
filtersd to collect the selid product, which was subsequently washed with toluene and dried vnder
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 satyrated
HCUEtOAc solution and further agitated for 1 hour. The solid was then collected by filtration,
washed with cold FtOAc, 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-fert-butylsulfanyl-5-methoxy-1H-indol-2-yl}-
2,2-dimethyl-propionic acid ethyl ester

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 Nz, Acetic acid
(5.0-fold, V/W of starting material) was added, followed by S-fert-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 reacticn, 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,SOy,, 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-Brome-benzyl)-3-zert-butylsulfanyl-5-hydroxy-1 H-indol-2-yl]-
2,2-dimethyl-propionic acid ethyl ester
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[60579] To a reaction vessel containing CH,Cl, (3.3-fold, V/W of starting material) was added 3-
[1-(4-bromo-benzyl}-3-tert-butylsulfanyl-5-methoxy-1H-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 -3-0°C. While maintaining the reaction mixture at less
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 quenched with ice-water (6.3-fold, V/W of
starting material). The mixture was acidified to pH 2 with aqueous 2.0M HC, 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. EtQAc (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]dioxaborolan-2-yl)-benzyl]-1H-indol-2-y1}-2,2-dimethyl-propionic acid ethyl ester

O-B

L)

O
[00580] 3-[1-(4-Bromo-benzyl)-3-tert-butylsulfanyl-5-hydroxy-1H-indol-2-y11-2,2-dimethyl-
propionic acid ethyl ester {1.0eq), bis(pinacolato)diboron (1.10cq), and potassium acetate (3.0eq)

were dissolved 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)Cl. (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 to
80-85°C under N, for 2 hours. Once no starting matcrial was seen by tlc 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;SQs,
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/W 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-yl}-2,2-dimethyl-propionic acid ethyl ester

HO
N 0
N
0
N\
N s
s~

[00581] To a stirring mixture of DME (16.5L) and H,0 (6.6L) in & 50L reaction flask under Nj
was added 3-{3-rert-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 ethy! 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)palladinm{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 N» for 19 hours. Once no starting material was seen 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 additionat H,O (6.61) was added to the crganic 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 Neutral
(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 (8.21.) was
added to the solids, and the mixture was agitated for 1.5 hours and filtered. The flask was rinsed
with MTRE (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-ter+-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-3-(5-
methyl-pyridin-2-ylmethoxy)-1H-indol-2-yl}-2,2-dimethyl-propicnic acid ethyl ester

N o
N N o
N
o\
\ 4
o~

[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-5-methylpyridine hydrochloride (497.17g),
and the temperature was increased te 70-80°C over 2 hours. After heating at 70-80°C for 4 hours,
no starting material was seen by tlc analysis, and the mixture was cooled to 55°C and
concentrated. The residue was dissolved in CH,Cl, {2L) and H;O (2L) and transferred to a flask
containing CH,Cls (4L) and HyO (4L). The original flask was rinsed twice with CH,Cl, (2L) and
H,O (2L), and the combined material was then diluted with an additional 3L of CH,Cland 6L
H,0 to a total volume of 13L CH;Cland 161 H,O. The mixture was agitated for 10 minutes and
allowed to separate over 10 minutes. The organic layer was separated, and additional CH2Cly
(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
(1459.4g).

Step 3-7: Synthesis of 3-[3-terr-Butylsulfanyl-1-}4-(6-ethoxy-pyridin-3-yl)}-benzyl]-5-(5-
methyl-pyridin-2-ylmethoxy)-1H-indol-2-y1]-2,2-dimethyl-propionic acid, sodium salt

= Q
N N o
N
ONa
\ ¢
/0

[00583] 3-[3-fert-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-pyridin-2-
ylmethoxy)-1H-indol-2-yl}-2,2-dimethyl-propionic acid ethyt ester (1298.9g) was dissolved in
EtOH (5.2L) and THF (2.6L) in a 50L reaction flask. 50% Sodium hydroxide sohution (148.48g)
was added, and the mixture was stirred and heated to 66-75°C over 1.5 hours. After heating at
66-75°C for 16 hours, the reaction was analyzed by tlc 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-terz-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yl)-
benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)-1H-indol-2-yI]-2,2-dimethyl-propionic acid,
sodium salt
[00584] MTBE (10.6L) was filtered through a 1 micron filter membrane into a SOL reaction flask.
3-[3-tert-Butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-yi)-benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)-
1 H-indol-2-y1]-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)-1H-indel-2-yi]-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)-1FH-indol-2-y1]-2,2-dimethyl-propienic acid, sodium saltis 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
polymotphic 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 crystatlization, solid-
t0-solid transformation or crystalline inter-conversion) from methyl tert-butyl ether (MTBE).
100586] Form B is obtained from MTBE solutions wherein a protic co-solvent (such as for
example HO 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-selvent is cartied 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 crystal 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 anhydrous MTBE (with the crystalline
inter-conversion presumably proceeding through a process of dehydration).
Preparation of sodium 3-[3-(tert-butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-y[}benzyl]-5-(3-
methyl-pyridin-2-yl-methoxy)-1H-indo}-2-yl]-2,2-dimethyl-propionate, Form B:
100589] Amorphous Phase A (50 mg) was dissolved in 200 ul of isopropyl 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.

Amerphous 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

{00591} Polymorph Form B is crystalline, solvated with MTBE and H»0, 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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experiments show that Form B is a hygroscopic material, taking up to more than 30% of water at
90%RH after a full sorption/desorption cycle.
Polymorph Form C

[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), crystalline and desolvated. The melting point range for
Form C is 295-300°C. By dynamic vapor sorption analysis, Form C reversibly adsorbed <9%
walter 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 melt 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 Comments
Solvent
System
Methanol 20041 Amorphous formed by evaporation of solvent
Ethanol 200u1 Amorphous formed by evaporation of solvent
Isopropanol 200 Crystalline material, XRPD correlates to Form B
Dimethylsulfoxide 200ul Crystalline materal
methanol/water - 200l Very fing particles
gthanol/waler 200u Very fine particles
isopropanal/water 200ul Very fing particles
Acetone/water 2004t amorphous
Acetonitrile 20041 Crystatline material formed by evaporation of
solvent;
XRPD comrelates to Form C _
acetonitrile/water _200u amorphous forined by evapouration of solveni

H

2%

(005961 Crystals obtained from acetonitrile have an XRPD pattern which correlates with the
XRPD pattern of Form . The erystals obtained fromn isopropano! or dimethylsuifoxide
showed different crystalline patierns. The crystals obizined from isopropanol have an
XRPD pattern which correlates with the XRPD pattern for Fotm B. The DSC thermograms
for both matenals also match.

Example 3: Amorphous potassium 3-[3-(tert-butvisulfanvl}-1-{4-{6-ethoxy-pyridin-3-

viibenzyll-5-(5-methyl-pyridin-2-yl-methoxy)-1 H-indol-2-v1}-2.2-dimethvi-propionate

00597 Compornd 1 (1.03g, 1.62mmol) was suspended in ethanol (20mL) to which IN
potassinm hydroxide (1.62mL, 1.62inmol) was added and the solution stirred for { hour.
The solvent was then evaporated and the residue digsolved in water, frozen rapidly and
hvophilized unti} dry.

Example 4: Amorphous 3-[3-(tert-butyisuifanyl)-1-14-{6-cthoxv-pyridin-3-vibenzyvi|-5-

(S-methyl-pyridin-2-vimethoxv)-1H-indok-2-vi{-2 2-dimethyl-proprionic acid cheline

salt

1085981 Compound 1 (1.05g, 1.64mimol) was dissolved in ethanol (20mL) to which a 20%
{by weight) solution of choline hydroxide (0.97ml., 1.64mmel} was added and the
suspenston stirred for 1 hour. The solvent was evaporated and the residue dissolved in
water, frozen rapidly and lyophilized until dry.

Example 5: Ion Chromatography {1C)

{00599] Data were collected on a Metrolun 861 Advanced Compact IC using IC Net

soflware v2.3. Samples were prepared as 1000ppm stocks in water. Where sample solubility
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was low, a suitable solvent such as dimethylsulfoxide was used. Samples were diluled to.
50ppm or 100ppm with an appropriate solvent prior to testing. Quantification was achieved
by comparison with standard solutions of known concentration of the ion being analysed.

Table 2. Yon Chromatography (IC) conditions

Type of method Cation exchange

Column: :Mfetrosep C2-250(4.0x250
o)

Cq_lnmn Temperatare Ambient

)

Injection () 20

Detection: Conductivity detector

Flow Rate (mi.min"): 1.0

| Ehuent: 4.0mM Tartaric acid,

0.75mM Dipicolitic acid in
waler

100600] The stoichiometry of the sodium salts was delenmined by ion chromatography to be
about 1:1.

Fxaniple & Thermodvnamic Aqueous Solubility by HPLC

150601] Aqueous solubility was determined by suspending snfficient compound 10 water to
pive a maximum final concentration of = ():31_1?,,;&'11'E of the parent free-form of the
compound. The suspension was equilibrated at 25°C for 24 hours then the pif was
measured. The suspension was then filtered through a glass fibre C filter into & 96 well
plate. The filirate was then diluted by a factor of 101, Quantitation was by HPLC with
reference to a standard sojution of approximately 0.1mganl™ in DMSO. Different vohumnes
of the standard, dihited and undiluted sample solutions were injected. The solubility was
calculated nsing the peak areas determined by integraiion of the peak found at the same
refention time as the principal peak in the standard injection.

{60602] The HPLC protocol is set forth in Table 3.

Table 3. Experimental conditions for Thermodynamic Aqueons Solubility by HPLC

Type of method: Reverse ph&‘sel.wnh gradient
clution _
y ' Y 5,
Columa: Phe,nomﬁu?x Luona, C18 (2) 5um
50x 4.6mm
Colnmn Temperature (°C): 25
Standard Injections (ul): 1,2,3,5 7,10
Test Injections (ul}: 1, 2,3, 10, 20, 50
Detection:
{
Wavelenpth, Bandwidth (nm): 260,80
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| Flow Rate (mbmin™): , 2

Phase A: 0.1% TFA in waler

Phase B: (.085% TFA in acetonifrile

Timetable: Til‘.}‘lﬁ % Phase 9 Phase B

{min} A

0.0 95 3
1.0 80 20
2.3 3 935
3.3 5 95
3.3 95 3
4.4 93 5

100603] Analysis was performed on an Agilent HP1100 series system equipped with & diode
wrray detector and wsing ChemStation seftware vB.02.01-5R1.

{06041 The results of the determination of the thermodynamic solubility of the three
sainples are shown in Table 4.

Table 4: Resuits of agueous solubility determination

Sample Compound 2 | Compound 2 §
amp Phase A Form C
Appearance of mixture

N pree or ‘ spension Solutio

after equilibration for 24 hours Suspen olunon

pH of unfiltered saturated solution 9.14 9.57
Concentration of filtrate ~10 ~10

{as mg/mL of free base)
j00665] The solubility in water for both hatches of Compound 2 is greater than 1Um gl

The pH of the unfiltered saturated sofution is above 9 for both materials.

Exzample 7: Solubilitv vs. pH

100606] A study of solubility of Compound 2 at different values of pH was carried oul.
Suspensions were made up in 0.15M sodinm chloride {aqueous) and the pH adjusted to the
appropriate value with either diluted hydrochloric acid or sodium hydroxide, to ensure that
difforent salt forms with different solubilities are not produced in selution. The suspension
was then allowed to equilibrate for 2h, and thepH was checked and re-adjusted if required.
{00607] The pH of the vesultant solution was measured, and the solubility was caleulated by
HPLC-UV assay of the compound concentratton in solution.

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

pH Concentration
- (mng/ml}

i1 0.026

38 <0.0001

6.9 £.0007
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9.0 3.5
9.3 >10
11.2 =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 pH is very acidic {pH 1-2) the mildly

basic groups can be protonated, and so the solubility increases slightly, although possibly

not as much as expected. Af basic pH (pH > 8) solubility starts increasing markedly, to

reach its peak at pH greater than 10, when only the corresponding sodium carboxylate is
present 1 the solution.

Example 8: Selubility Profile in Commeoen Organic Selvents

[00609] Table & provides solubikity data for Compound 2 in various organic solvents.

Table 6: Solubility Profife in Common Organic Scivents

Solvent | Solubility, mg/mL at
: 28 2
Isopropanol - 0.2
Acetonitrile <.01
Ethanol 109
0.5% 160

Methyleellulogse/Water

Methanel 129

100616] Compound 2 s very soluble in methanol and ethunol and sparingly sohsble in
acetonitrile and isopropancl.

Exampte 9: X-Rav Powder Diffraction {(XRPD) Patters Determination

joas11} X-Ray powder diffraciion patierns were collected on a Stemens D5000 or Bruker
AXS C2 GADDS diffractometer.

{ov612] X-Ray powder diffraction patters coliected on a Siemens D3600 use Cu Kt
radiation (40kV, 40mA), §-6 goniometer, divergence of V20 and receiving slits, a graphite
secondary moncchromator, and a scintitlation 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 inio 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:
{1y angudar range: 2 10 42926; step size: 0.03°28; collection time 4 s/siep.

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

diffractometer use Cu Ko radiation (40kV, 40mA), antomated XYZ stage, laser video
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microscope for auto-sample positioning and a HiStar 2-dimentional area detector. X-ray
optics consists of a single Gobel multilayer mirror coupled with a pinhole collimator of
0.3mm. The beam divergence, i.e., the effective size of the X-ray beant on a sample of
Compound 2 was approximalely dmm. A §-8 continuous scan mode was employed with a
s sample — detector distance of 20cm which gives an effective 28 range of 3.27-29.7°,

Typically the smnple was exposed 1o the X-ray beam For 120 seconds. Samples rug under
ambient conditions were mounted as flate plate specimens. Approximately 1-2mg of sample
was lightly pressed on a glass slide (o obtain a flat surface. Samples run under non-ambient
conditions were mounted ot a stlicon wafer with heat-conducting compeound. The sample

10 was then heated to the appropriate temperatare at about 10° C/min and subsequently held
isothermally for about 1 minate before data collection was initiated.
joa61:4] The X-Ray powder diffraction paitem for Polymorph Form C is displayed in Figure
1 and charucterisiic peaks were tabulated in Table 7.

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

Angle 2-Theta ° Intensity %
15.6 42.7
16,6 43.3
17.2 69
17.8 42.6
18.4 452
19.1 160
19.8 . 40,5
2{.8 916
23.1 47.8
238 302

15 00615} The X-Ray powder diffraction pattern for Polymorph Form B is displayed in Figure
2 and characteristic peaks were tabujated in Table &.

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

Angle 2-Theta © intensity %

6.6 68.5

8.1 160
18.7 65,1
203 42.2
210 7.4
21.9 49.6
22,1 514
25.0 38.9
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100616] XRPD patterns of crystals obtained from isopropatiol (IFA), dimethylsulfoxide
{DMSQ) and acetonitrile (MeCN) are shown in Figure 4. Crystals obtatned from acetonitrile
have an XRPD paitern which correlates with polymorph Form C. The crystals obtained
{rom isopropanol or dimthylsulfoxide showed different crystalling patterms. The crystals
obtained from isopropanc! have an XRPD pattern which correlates with the XRPD pattern
for polymiotph Form B. The DSC thermograms for both materials also match.

Variable Temperature XRPD

500617) To investigate the possibility of a phase change occurring with the amerphous
migterial when heated, VT-XRPD was conducted. The temperatures at which the XRPD
patterns were collected were chosenbased on the events observed in the DSC experiment,
Fisure 8 shows the variable temperature XRPD for Amorphous Phase A. The material
remains amorphous at temperatures below 180°C. However, at higher temperatures, the
material shows a crystaliine patiern until it melts, when it becomes amorphous agais.

{00618) Figure 9 shows a comparison of XRPD of Amorphous Phase A at high temperatures
with XRPD of Form C. The new crvstalline pattern for Amorphous Phase A at 230°C and
280°C matches the one for Form C. The differences in the shift of the peaks may be dueto
difference in the lattice of the crystal due to thenmal expansion.

100619] Based on the observations from the DSC thermiogram (see below), an investigation
into whethér a phase change from Form B to Form C was occurring was investigated using
VT-XRPD experiraents.

100620} Figure 10 shows the VT-XRPD of polymorph Form B. Form B is stable at low
temperatores. Between 130 and 170°C, 2 phase change starts occuiting. This pew erystalline
form is stable until it melis at around 300°C. Then, on cooling, the material re-crystallises o
preduce Form C albeif with lower crystallinity, most likely due to some decomposition
occurring.

100621} Figure 11. shows the comparison of the VT-XRPD for Form B with Form C. Fornz
B transforms to Form C upon heating. At 180°C, there is still a mixlure of 2 forms, and only
above this femperature is there only one form (Form C). This is consistent with the
observations exlracted from the DSC thermeogram for Form B.

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

j60622) One week stability study of Amorphous Phase A at 40°C and 75%,RH is shown n
Figure 5. Amforphous Phase A remains amorphous after a'weck in the humidity chamber,

indicating that no phase change has occurred to a hydrate or otherwise.
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1006231 Onie week stability study of polymorph Form C at 40°Cand 75%RH is shown m
Figure 7. The crystaliine pattern for polymorph Form € remains unchanged afler a week m
the humidity chamber.

Example 11: Differential Scanning Calorimetry (DSC) and Thermo-Gravimetric
Analysis {TGA)

{08624] DSC data were collected on a TA Instruments Q1000 or a Metiler DSC 823e. DSC

data were collected on a TA Instraunents Q1900 equipped. with a 30 pesition auto-sampler,
The instrument was calibrated for energy and temperature calibration using cerlified
indiuin. Typically 0.5-3 ing of each sample, in a pin-holed alumintum pan, was heated at
16°C.min from 25°C to 350°C. A nitrogeti purge at Sombmin” was maintained over the
sample. The instrument control software was Thermal Advantage v4.6.6 and the data were
analysed nsing Universal Analysts v43A.

j006235) DSC data werg-collected on a Mettler DSC 823¢ equipped with a 30 position auto-
sampler. The instrament was calibrated for energy and temperature using certified indium.
Typically 0.5-3mg of each sample, in a pin-holed alurninium pan, was heated at 10°C.min’™
from 25°C to 350°C. A nitrogen purge at 30mbmin” was maintained over the sample. The
instrument controland data analysis software was STARe v9.01.

lo0s26] TGA data were collected on a Mettler TGA/SDTA 851e equipped with a 34 position
aulo-sampler. The instrument was temperature catibrated using cerlified indium. Typically
5-30mg of cach sample was loaded onto a pre-weighed aluminium crucible and was heated
at 10°C.min” from ambient temperature to 350°C. A nifrogen purge at S0mbmin’ was
maintained over the sample. The instrument control and data analysis software was STARe
viO1.

Amorphous Phase A

[09627) Figure 12 shows the TGA (top) and DSC {bottom) thermograins for Amorphous
Phase A. Amorphous Phase A shows a weight loss of 4.6% at low temperatures. The
compound is otherwise stable up fo temperatures above 300°C. In the DSC, three
endothermic events are observed and one exothermic phase change. The first event,
occurring at 35°C 1s associated with the weight loss observed in the TGA. There is another
sall endotherm at 126°C followed by an exotherm at 212°C, which likely corresponds to 4
phase change of the material. The compound then melts at 295°C, These observations are

consistent with what was observed by hot-stage microscopy. The DSC experiment showed a
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phase change i the more stable erystalline form. This point was later confirmed by variable
temperature XRPD experiments, and it was furlher illustrated by bot-stage microscopy.
{0628} Figure 13 shows a modalated DSC thermogram for Amorphous Phase A. In order to
measure the glass transition temperature of the amorphous form, a modulated DSC
experiment was carried out. Ty 'was estimated o be 127°C (ceincidental with the weak
endatherm observed in the standard DSC experiment). Another step in the thermogram
{phase change) is observed and the corresponding melt. These two events also correlate
with this ones observed, in the standard DSC experiiment.

Polvmorph Form B

[oe629] Figare 14 shows the results of TGA {top) and TISC {bottom} 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 material,
thepresence of maisture cannot be ruled out, Adler this, the weight temaing constanit until
the temporature is above 310°C, when decomposition starts. There are some fluctuations on

the baseline of the DSC which correlate with the weight losses observed In the TGA. Three

more significant events can also be observed. Firstly, 3 weak endotherm (onset at 158°C)

immediately followed by an exotherm {onset at 173°C), a phase change and re-
crysialiisation to a new form. There is also an endothennic event at 297°C, which correlates
with the meli of the previous crystalline batch.

Polvinorph Form C

1006301 Frgure 15 shows TGA (top) and DSC (bottom) thermograms for polymorph Fonn C.
No significant weight loss is observed in the TGA experiment for polymorph Form C. The
compound siarts decomposing af temperaivres above 300°C. No-events are observed in the
DSC thermogram other than a melt-at 295°C.

Example 12: Polarised Light Microscopy (PLM)

f0ee31} Samples were studied on a Letca LM/DM polarised hght microscope with a digital
video camera for image capture. A small amount of each sample was placed on a glass
slide, mounted in lmmersion oif and covered with a glass slip, the individual particies being
separated as well as possible. The sample was viewed with appropriate magnification and
partiaity polarised light, coupled to & A false-colour filter.

{o0632} Polarised light microscopy showed very clear differences between Amorphous
Phase A and polymorph Form €. Amorphous Phase A shows no birefringence at all, which

is consistent with the amotphous character of this material. Particles of this material come in
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different shapes and sizes. Form C appears as clusters of needles of about 40 in
diameter. There are, however, some amorphous particles, aithough the ciysialline material
constitutes the bulk of this batch.

Example 13: Hot Stage Microscopy (HISM)

j606331 Hot Stage Microscopy was carried ot using a Leica LM/DM polarised light
microscope combined with a Mettler-Toledo MTFP8ZHT hot-stage and a digital vi deo
camera for image capture. A small amount of each sample was placed onto a glass slide
with individual partictes separated as well as possible The samiple was viewed with
appropriate magnification and partiaily polarised ki ght, coupled o & A false-colour filter,
whilst being heated from ambient femperaturs typically at 10-20°Cmin”.

[00634} The hot-stage microscopy experiment showed that the amorphous material
{Amorphous Phase A) undergoes a phase change upon heating. Amorphous Phase A starts
melting at around 155°C; at 200°C a re-crystailisation occurs. The new crystals start melting
at around 288°C and by 295°C the material has melied and starts decomposing.

{00635} Form C onty shows a single major event. The particles start melting at femperatures
just above 290°C and by 295°C all of them have melted, and slart decomposing.

Example 14: Gravimeiric Vapour Sorption (GVS)

j00636) Sorption isotherms were obtaitied using 2 Hiden IGASorp moisture soxption
analyser, controlied by CFRSorp software. The sample temperature was maintained at 25°C
by a Huber re-circulating water bath. The humidity was controlled by puxing streams of dry
and wet nitrogen, with a total flow rate of 250ml. min’. The relative humidity was
measured by acalibrated Vaisala RH probe {dypamic range of 0-95 %RH), located near the
sample. The weight change, (mass relaxation) of the sample asa function of %R was
constantly montiored by the microbalance (accuracy =(.00Img).

s37] Typically 10-20mg of sample was placed in a tared mesh stainless steel basket under
ambient conditions. The sample was leaded and untoaded at 40 %RH and 25°C (typical
room conditions).

[00638] A moisture sorption isotherm was performed as outlined below (2 scans giving |
complete eyele). The standard isotherm was performed at 25°C at 10 %RH mtervals over a
0-90%RH range.

Table 8. Gravimetric Vapour Sorption (GVS) Experimentzl conditions

Parameters Values
Adsorption - 3¢an ] 40 - 80
Desotption / Adsorption - Scan 2 | 85 - Dry, Dry - 40
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_Parameters Values
Intervals (%RH) 10
Number of Scans 2
Flow rate {ml.min’) 250
Temperature (°C) 25
Stability ("C.min") 0.05
Minimum Serption Time (hours) 1
Maximurm Sorption Time (hours) 4
Mode AF2
Accuracy (%} 98

{00539] The software uses a least squares pyininisation procedure together with a model of
the mass relaxation, to predict an asymptotic value. The measured mass relaxation value
must be within 5% of that predicted by the saftware, before the next %RH value is sclected.
‘The minimum equilibration time was set to 1 hour and the maximum to 4 hours.

Amorphous Phase A

1806490) Figure 16 shows the GVS diagram for Amorphous Phase A. Amorphous Phase A is
a hyroscopic material, taking up to more than 22% of water af 90%RH afler a full
sorption/desorption cyele. No changes were observed in the XRPD patterns for Amorphous
Phase A afier the GVS experiment.

Polvmorph Form B

{00641} Figure 17 shows the GVS diagram for polymorph Form B. Polymorph Form Bis a
hygroscopic material, taking up to more than 30% of water at 90%RH after a full
sorptionidesorption ¢ycle. 1t is even more hygroscopic than the amorphous material. The
analysis of the material by XRPD (see Figure 6), after the full sorption/desorption eyele
shows that it becomies almost totally amorphous, although some peaks from the ongmal
form can be identified.

Polvmorph Form C

fo0642] Figure 18 shows the GVS diagram for Form C. The crystalline form, polymorph
Form , is significanily less hygroscopic than the amorphous material, taken up w only
8.2% of water ai 90%RH. No changes were observed in the XRPD patterns for polymorph
Form C after the GVS experiment.

Example 15: Water Determination by Karl Fischer (KF)

jo8643] The water content of each sample was measured on a Meitler Toledo DL39
Coulometer using Hydranal Coulomat AG reagent and-an argon purge. Weighed solid

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

{06644} The content of water in the amorphotis material (Amorphous Phase A} was
determined to beabouat 5.1% by Coulometric Karl Fisher analysis. This result could explain
the weight loss of 4.6% observed in the TGA experiment.

[86645] The content of water in polymorph Form C was determined to be less than 1% by
Coulometric ¥arl Fisher analysis. The content of watef i polymorph Form € was
determinied to be a detectable amount that is less than 1% by Counlometric Karl Fisher
analysis. The content of water in palymorph Form C was determined to be about 0.54%,
about 0.56%, or about 0.85% by Couslometric Karl Fisher analysis.

Example 16: Chemical Purity Determination by HPLC

108646] Purity analysis was performed on an Agilent HP1 100 series system gquipped with a
diede array detector and using ChemStation software vB.02.01-8R1.

1006477 The stability indicating method used for the determination of Compound 1 content
and eonient of drug-related impurities is a gradient reversed phase HPLC method utilizing a
Waters 150 4.6mm 3.5um C8 column for separation, The mobile phase is a binary

oradient starting with 70% mobile Phase A (0.1% trifluoroacetic.acid in water) changmg to

30% mobile Phase A. Mobile Phase B consists of $.1% trilfuoroacetic acid in acetonitrile.

The sample for analysis is dissolved at a nominal concentration of 0.2mg/mL in Methanol,
and the injection volume for the separation is 10pl. Detection of the Compound 1 and its
related substances is by UV at a wavelength of 260nm.

{66648 The specificity, aceuracy, linearity (range), precision (system and method), and
stability indicating ability of the method were Investigated during the method validation
process. The results indicate the method (o be linear from a concentration 0f 0.02mg/ml,
(10% of nominal) to 0.30mg/mL (~120% of nominal). The accuracy of the mwethod was
established by injecting samples propared at 80%, 100%, and 120% of the nominal
concentration of 0.2mg/mL. The results from the aceuracy study showed all recoveries to be
within 80-120% of theoretical.

[69649] The stability indicating ability of the method was investigated by injecting samples
of Compound 2 forcibly degraded under conditions of acid {0.1N hydrochioric acid), base
{0.1N sodium hydroxide), oxidation (10% hydrogen peroxide), and high intensity fight {ICH
Photostability conditions II), Samples were degraded by a minimun of 10%. No degradant

peaks were found to interfere with the main Compound 1 band in the HPLC

136



14}

chromatograms. Therelore, the mettiod demenstrated adequate specificity foruse as a
stability mndicating method.

[00650] The results of the method validation show the method to be suitable for use in
release festing and stability testing.of Compound 1, or pharmaceutically-acceptable salts
znd/or selvates thereof.

0651} Some related impurities in samples containing Compound 2 include, but are not

limited to, the following:

o /,
@ JO\( b

foe652] The tolal amount of impurities (based on HPLC area) 1s less than 4%, less than
3.5%, less than 3%, Iess than 2.5%, less than 2%, less than 1,5%, less than 1%, or less than
0.5%

109653} A sample of Compound 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 99%, or greater than 99.5%.

Residual Solvents

{00654] The test for Residual Solvents is performed to defect trace amounts of solvents used
in the synthesis that may be present in the APL The analysis is perfofined via headspace or
divect injection analysis using a gas chromatograph eqaipped with a flame tonization
detector (FID). All vesidual solvents used in the synthesis are capable of being defected by

this method.
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[60655] Potential residual solvents include ethanol, acetonitrile, dichioromethane, methyl-
iert-butvi-cther (MTBE), efhyl acetate, tetrabydrofurna, 1.2-dimethoxyethanc.
‘Table 10. Residual Solvents by GC Headspace

Residual Solvent Amount (ppm}
1,2-dimethoxyethane <100ppm
Fihyl scetate | <410ppm
THE <720ppm
dichloromethane <600ppm
ethanol =5000ppm
MTBE =5000ppm

Example 17: Heavy Metals (Pd) by ICP-AES

[00636] Trace palladinm (Pd) resulting from thie use of catalytic amounts of Pd in the

synthesis is assaved by inductively coupled plasma atoinic emission spectrometry (KoP-
AES). Pd content by ICP-AES is a detectable arnount of patladium that is less than about
20ppm. Pd content by JCP-AES is less than about 20ppm. Pd condent by ICP-AES is g
detectdble amount of palladium that is less than about 20ppm, less than about 15ppm, less
than about 10ppin, fess than about 9ppm, less than about Sppm, less than about 7ppm, less
than about 6ppm, or less than about Sppm. Pd content by ICP-AES is less than about 20
ppm, less than about 15ppm, less than about 10ppm, less than about 9ppmy, less than about
8ppa, {ess than about 7ppm, less than about 6ppny, or less than about Sppm. Pd content by
1CP-AES is about 10ppm, about §ppm; about Sppm, about 4ppin, about 3ppm, about 2ppm,

or abiout 1ppm. In one aspeet, samples or phanmaceutical carpositions do not include a

detectable-amount of palladium:

Example 18; Heavy Metals {as Lead)

[00657) This test is performed according to USP<231> Method 11

Example 19: 1R Spectroscopy of Form C

(806358] A Nicolet Model 510M-0 infrared spectropholometer equipped with a Harrick
infernal reflectance nanosampler was used. A small portion of the sample was placed on the
internal reflectance nanosampler and a background corrected spectrum from 400cm™ to
A000em™ was collected.

‘Tabie 11, Infrared Vibrational Assignments for Form C

'[ Wavenumber {cm-1) | Vibrational Assignment
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Wavenumber {em-1) | Vibrational Assignment ]
2968, 2935, 2893, 2866 | Aliphatic C-H stretch

1604 Aromatic ring breathing
1563 CO2-, asymmetric strelch
1369 CO2-, symimetric stretch

1414 (14733 Aromatic ring breathing
1285 C-0-C streteh, alkvi-aryl ether

815,796 C-H out of plane deformation, p-substituted benzens or
pyridine

Example 20: FLAP Binding Assavs.

fo0s59] Compound 2 was examnined 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 Teukocytes and tritiated leukotriene synthesis
inthibiter, * H-3-[5-(pyrid-2-ylmethoxy)-3-tert-butylthio-1-benzyl-indol-2-y1]-2,2-
dimethylpropionic acid, as a ligand. A non-limiting example of such a FLAP binding assay
isas follows:

100660] Packed human polymorphionaclear cell pellets (1.8 x 109 cells) {Biological
Speciality Corporation) were resuspended, lysed and 100,000g membranes prepared as
described (Charleson et al. Mol. Pharmacol, 41, 873-879, 1992). 100,000¢ pelleted.
membranes were resuspended in Tris-Tween assay bulter (100mM Tris HCl 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 Milkpore
plate, 78ul. Tris-Tween buffer, 10pL “H, 3-[5-(pynd-2-ylmethoxy)-3-teri-butylthio-1-
benzyl-indol-2-y11-2,2-dimethylpropionic acid {or "1 MK 591 derivative Eggler et al, J.
Labelled Compounds and Radiopharmaceuticals, 1994, vXXXIV, 1147) to-~30,800cptn,
2ul. inhibitor and incubated for 30 minutes at room temperature, 100uL ice-cold washed
buffer was added to the incubation mixture. Plates were then filiered and washed 3x with
2001 ice cold Tris-Tween baffer, scintillation bottoms sealed, 100U scintiflant added,
shaken for 15 minates then counted in a TopCount. Specific binding was defenmined as
defined s total radioactive binding minus non-specific binding in the presence of 10uM 3-
[5-(pyrid-2-yimethoxy)-3-ters-butyithio-1-benzyl-indol-2-y13-2,2-dimethyipropionic acid,
¥Csq values were determined using Graphpad prism analysis of drug iitration curves,
Compound 2 inhibited radioligand binding dose-dependently with a mean 1Cs of 2.9 +
1.0nM. The results are set forth in Table 12.

Table 12: Inhibition of FILLAP Radioligand Binding
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[Csp (uM)
Test 1 | Test2 | Test3 | Test4 | Test5 | Test6 | Test7 | Test8
4.9 2.1 2.9 2.8 4.1 1.8 21 1 22
ICq: 2.9+ 1.0nM

Example 21: Human Blood LTB, inhibition Assay

{00661] Compound 2 was evaluated for its ability to-inhibit production of 1TB4 after
ionophore stimulation in washed human leukocytes and in homan and rat whole blood, A
non-lmiting example of such a hwman blood LTB, inhibition assay i$ as follows: Blood
was drawn from consenting human volunteers hitto heparinized tubes and 125ul. aliquots
added to welis'containing 2.3pL 50% dimethylsulfoxide (vehicle) or 2.5pL drug in 50%
dimethylsulfoxide. Samples were incubated for 13 minutes at 37°C. 2uL ealcium ionophore
A23817 (from a 50mM dimethylsulfoxide stock diluted just prior to the assay in Hauks
balanced salt solution {Invitrogen)) to 1.25mM) was added, solutions mixed dnd incubated
for 30 minutes at 37°C. Samples were centrifuged at 1,000 rpm (~200 x g} for 10 minutes at
4°C, plasma removed and a 1:100 dilution assayed for LTBsconcentration using ELISA
(Assay Desighs). Drivg concentrations 1o achieve 530% inhibition (]C30°s) of vehicle LTB,
were determined by nonlinear regression (Graphpad Prism) of % inhibition versus loyg drug
concentration. The results from the human leukocytes assay are set forth i Table 13,

Table 13: Inhibition of LTB, in Washed Human Leukocytes

Infubitor Concentration (nM)

Test] | Fest2 | Test3 | Test4

s | 049 .87 322 017

ICee + 077 | 103 | 0406 | 041
{ngi .44 + §.28nM

1806621 The results from the human whole blood assay are set forth in Table 14

Tabie 14: Inhibition of 'TB; in Human Whole Blood

Inhibttory Concentration (M)

Testl | Test? | Test3 | Testd | TestS | Test6 | Test7 | Test8
ICap | 0532 1 0.645 1 0.563 | 0410 | 0642 | 0482 | 0310 | 0.444
ICsy: 0,506 £ 0.109uM
1o | 344 | 122 | 155 | 081 | 105 | 079 | 036 | 124
TCog: 1.31 4 0.87uM

[o0663) The resulis from the rat whole blood assay are set forth in Table 15.

Table 15: Inbibition of L. TB, in Rat Whoie Blood

i Inhibiory Concentration (M) ]
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: Testl | Test2 § Test3 | Test4 | Tests |
iCso  0.302 | 0.160 § 0.380 | 0.212 1 0.141
ICs0: 0.239 + 0.090pM.

Coy | 600 1 0351 | 0.705 | 0.688 | 0.422

1O 1.63 £ 2.19M

Example 22: Identifieation of Metaboelic Pathways

[60564] The mistabolic profile of Compound 7 was tavestigated using: (1) rat, dog, monkey,
and human hepatic microsomes; (2) rat and human hepatocytes; and (3) bile collected from
Sprague-Dawley vats afler oral dosing.

{60665] Ir vifre microsomal incubations generates hydroxylated metabolites, which inclide:
a) hydroxylated 3-[3-tert-butylsulfanyl-1 -{4-{G-ethoxy-pyridin-3-yl)-benzyl}-5-{5-methyl-
pyridin-2-yimethoxy)- TH-indoi-2-y1]-2,2-dimethyl-propiosic acid (M1); b} 3-[3-terz-
butvlsutfinyl-1-[4-(6-ethox y-pyridin-3-y1)-benzyl]-5-(5-methyl-pyridin-2-ylimethoxy)-1H-
indo-2-y1}-2,2-dimethyl-propionic acid (M2); and c} 3-{3-tert-butylsuifanyl-1-{4-(6-cthoxy-
pyridin-3-yl)-benzyl}-5-(5-methyl-N-oxy-pyridin-2-yimethoxy)-1H-indol-2-y1]-2.2-
dimethyl-propionic acid (M3).

{08661 In vitro hepalocyte incubations forms metabolites, which include:

a) 3-[3-tert-butylsulfinyl- 1-[4-(6-cthoxy-pyridin-3-yi}-benzyt]-5-(S-methyl-pyridin-2-
ylmethoxy)-1H-indol-2-v1}-2,2-dimethyl-propionic acid (M2}); b) 3-[3-tert-butylsulfanyl-1-
[4-(6-ethoxy-pyridin-3-v1)-benzyl}-5-(5-methyl-N-6xy-pyridin-2-ylmethoxy)-1H-indol-2-
y11-2,2-dimethyl-propionic acid (M3) and c) the acyl gluconuride of 3-{3-tert-butylsulfanyl-
1-{4-{6-ethoxy-pyridin-3-y])-benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)- 1 H-indol-2-y1}-2,2-
dimethyl-propionic aeid (M4),

[00667] Metabolites identified in bile collected from Sprague-Dawley rats after oral dosing
include:

a) 3-{3~tert-butylsuifanyl-1-[4-(6-hydroxy-pyridin-3 —yi’)—bcnzy‘f_i}-»5«(S~methy1 -pyridin-2-
vimethoxy)- L H-indol-2-y1]-2,2-dimethyl-propiosic acid (M5, b) a hydroxylated metabolite
where hydroxylation occurs at the phenyl-pyridine moiety; and ¢} glucurenidation
retabolite that was also hvdroxylated.

100668) Rat, dog, monkey, and human nicrosomes or rat and human hepatocytes revesled
sirilar profiles.

Fxample 23: Extracellnlar Cyvtochrome P436 Inhibition
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100669} To investigate whether Compound 2 would tikely caise any drug-drug ireraciions,
microsomes were tncubated test substrates, which were known to be metabolized by CYP
enzymes, with or without Compound 2.

(08679} Specific aspects of the incubation corslitions for each assay (e.g., protein

concentration, incubation time, efc.) are defined in Walsky & Obach, 2004 (Walsky, B. L.,

and Obach, R. 8. Validated assays.for iman Cytochrome P430 activities. Dvug Met. Disp.

32:647-660, 2004.) ki general, microsomes al protein concentrations as defined in Tables 1a

and 1b were mixed with buffer {100mM potassjum dihydrogen phosphate, pH 7.4),

‘magnesium chioride (3.3mM) and substrate, and were kept on ice, Aliquots of this mixture

(89ul) were delivered to each well of a 96-well polypropylene plate which contained an

aliquot of inhibitor (1uL}. Final solverit concentrations were 1% {v/v) or less, lncubations
were commenced with the addifion of 10uL B-NADPH (10mM stock) to a final volume of
106uL. Incubations were terminated by the addition of 1.5-2X acstoniirile containing
internal standard (buspirope or CJ-13,610). Samples were centrifeged, and supernatant was
transferred for LC-MS analysis.

f00671] The results are presented in Table 16.

Table 16: Lack of Extracellular Cytochrome P450 Inhibition

o}
Ln

Cytochrome CYP Reaction Compound 2 Inhibitor Control
P450 Enzyme ECso (pMD) {(ICso (pM))
3A4 testosterone 63-hydroxylation >40) ~ Ketoconazole {0.01)
3A4 midazolam 1-hydroxylation >50 Ketoconazole (0.01)
208 diclofenae 4’ -hvdroxylation =50 Sulfaphenazole ((.13)
{-}-N-3-benzyl-
219 mephenyloin 4 -hydroxvlation =40 phenobarbital
(2.8)
2D6 dextromethorphan O- >50 Quinidine (0.01)
demethylation _
1A2 | phenacetin O-decthylation >0 Purafyviline (1.90)

[00672] Compound 2 was pot an inhibilor of P4350 (CYP) enzymes according to CONVersion
of substrates 1o known metabolites with aind without Compound 2 in the incubation. No
appatent inhibition is observed at concentrations ap to and exceeding 40pM for CYP3A4,
1AZ, 209, 2C19, and 2D6 enzymes.

Example 24: Lack of Cellular Cytochrome P450 Induction

106673) Compound 2 was not an inducer of P450 CYP3A4 or CYP2CI in cryopreserved

human hepatocytes, according to conversion of substrates o known metabolites with and
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without Compound 2 in the incubation. Briefly, cryopreserved human hepatocytes thawed
and plated according to the mamufacturer’s instructions (In Vitro Technologies,
Gathersburg, MD). The cells were warmed and then poured into pre-warmed InVitroGRO
CP mediun, gently resuspended, and then the cells were counted using Trypan Blue
exclusion. Cells were then diluted to 0.7 x 107°% viable celis/mi with CP medium. Fach well
received 0.2ml of the viable cell mixture. The plate was gently shaken to disperse the cells
evenly in. the well, and the plate was ificubated ai 37°C, 5% carbon dioxide. At 24hrs,
medinm was replaced with fresh CP medium, Adter 48hrs, CP mediuin is replaced with HI
medinm containing Compound 2 tested at 10uM, and the positive control, rifampicin was
tested at 25uM. Medium was replaced with fresh medium plus test article 24hrs later, At
48hrs, midazolam (50uM) and diclofénac (30uM) were incubated in 0.15mL of K-H buffer
for 4hrs. Reactions were terminated with addition of 0.15mL of acetonitrile containing
internal standard (buspirone), material centrifuged, and supernatants were transferred for
LL-MS anialysis. No apparent induction was observed for CYP3A4 and CY P2(Y when
tested at 10pM (1S, FDA Guidance for Industry, “Drug Inleraction Studies - Study Design,
Data Analysis, and Implications for Dosing and Labeling”, September2006). In conirast,
rifampicin, 3 therapeutic agent known to induce CYP3A4 and CYP209, induced CYPIA4
11-fold and 2C9 2.5-fold. Figure 20 illustrates the lack of CYP3A4 and 2C9 jnduction by

Compound 2.

Example 25: Plasma Binding

jos674] Compound 2 (10 uM)-was highly bound in rat, dog, monkey and buman plasnia.
Bxperiments were performed using equilibrium diatysts. Table 17 summarizes such binding.

Table 17: Plasma Binding Protein

Species Y Bound
Rat (mixed breeds) | 99.8
Doe (mixed breeds) 997
Monkey (cynomologus) 99,7
Human 98.5

Example 26: Liver Weight Change in Mice

(00675} Significant Hver weight increases were not evident in femmale CD-1 mice after oral
administration of Compound 2 for 4 days at 250mg/kg/day when compared with vehicle
control {(n=0/group, Table 11). Liver weighi was not altered significantly (5% as comparcd

to vehicle control) and necropsy revealed no gross abnormalitics. In contrast, zilewion
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(250mg/kg/day) significantly increased liver weight (31.0% as compared to vehicle control;
P<(1.05), Compound 2, zileuton 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 either vehicle, Compound 2 (250mg/kg), zileaton
(250mgkg) or APAP (250mykg) daily for 4 days. Twenty-four hours following the final
drug administration mice were placed into an enclosed Plexiglas chamber and esposed to
CO, fora peri_.{}ci of 30 60 seconds or uniil breathing ceased, They were then removed
subject 1o cervical disloeation and blood taken via 4 cardiac puncture. Mice were next
placed in a supine position and a midline Incision made. All organs were inspected and the
livers removed by carefil dissection. Liver weights were recoyded as well as any gross
abriormalities.

‘Table 18: Liver Weight After Repeat Dosing

Eiver weight

Substance (% body wegight)'
Vehicle 1.2+01{42)
Compound 2 1210144
Zilegton 1.6+0.2 (5.5)

Pharmaceutical Compositions

(06676] Phanmaceutical compositions that include Compound 1, including pharmaceutically
acoeptable salts and/or pharmacentically acceptable solvates thereof include a variety of
forms. In one aspect, pharmaceutical compositions were in the form of oral dosage forms. In
one aspect, the oral dosage forms were formulated as! oral solutions, oral SuSpensIons,
talilets; pills, or capsules.

Example 27: Oral Solutions/Suspensions

1806771 In one embodiment, oral aqueots solations switable for human use were prepared for
oral administration. In one embodiment, oral agueous solutions were prepared prior io
administration.

100678] In certain embodiments, Compound 2 was formuiated into solulions suitable for oral
administvation (o a mammal.

1006793 Componnd 2, anhydrouse sodivm carbonate (NaxCO;3), absolute ethanol, Syrpalta™
(Flumeo), Simple svrup (Humco), and 70% sorbitol solution (Humeo) were used for all
formulations shown below. Values of pH reported were estimated based on pH indicating
strips, Compound 1 was observed in certain solvent systems to be sparingly soluble below

pH values of about 9-10. Accordingly, provided in certain embodimenis herein were
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tormulations having a pH above about 9, above about 10 or of about 10. In certain

smbodiments, the formulation was buffered at a pH of about 10. All fornwlations prepared

were sonicated for about 10 minutes. The formiulations prepared were set forth in Table 19,

Table 19: Liguid Formulations

Vehicle “‘P‘”;;;'mate D’z‘jg‘;;‘g)‘m Results
0.5% Methylcellulose 333 Suspension
0.010 M sodium carbonate buffer 10 10 Clear solution
DO010M s_adiu'm carb-onaf_e'buffer, 10 ” Clear solation
2% v/v ethanol and 0.05% splenda B ~ '
0.010 M sodinm ca_rbcnate butler; 10 ~10 Some undissolved solid
3% viv Ethanol and 0.05% splenda ‘ ' remains
0.010 M sodium carbonate buffer, 10 10 Cieat sofution
1% viv Lutrol and 0.05% splenda ' T
0.010 M sedium carbonate buffer, [0 10 Some undissolved solid
5% v/v Sumple syrap remaing:

19

15

(00688) Clear solutions remain clear after being stored for 24 hours at about 2° C (o about 8°

C.

(006811 Adminisiration of the solutions outlined in Table 19 1o male Spargue-Dawley rats

resulted Ty of less than or equal to about 2hrs, which indicates that Compound 2 was

rapidly absorbed in the stomach and upper gastrointestinal tract.

100682] An example of an immediate release paediatric formulation is presented 1n Table 20

and 21,

Table 20: Oral Suspension Formulation (10mg/ml — 1.0% w/iv)

Ingredients Towly Function
Compound 1 1.00 Active
Avigel CL611 3.0 Thixotropic Gelling Agent
Sodiam laury] sulphate | 0.20 Wetling agent
Sodium citrate 0.10 Buffering agent
Citric acid 0.15 Buffering agent
Glycerol 5.00 Humectant/co-solvent
Sorbitol 70% Solution 40.0 Bulk Solvent
Propylene glycol 5.0 Co-solvent
Propyl parabens 0.2 Preservative
Butyl parabens (LOB Preservative
Sucrolose 0.005 Sweetatier
Natural Grape 0.02 Flavour
FD&C Yellow No. 6 0.009 ¢ Colouran
Purified Water gs 100.00 | Selvent

Table 21: Oral Selutior Formufation {10mg/ml ~ 1.0% w/iv)
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Ingredients Yoyely Funetion
Compound 1 1.00 Active
Lutrol/Polysorbate 80 5.0 Solubilizing agent
Sodium ¢citrate 010 | Buffering agent
Citric acid 0,15 | Buffering ygent
Glyeerol 5.00 Humectant/co-solvent
Sorbitol 70% Solution 40.0 Bulk Solvent
Propylene glyeol 5.0 Co-solvent
Propyl parabens 8.2 Preservative
Butyl parabens .06 Preservative
Sucrolose 0.05 Swectener
Natural Grape 0.02 Flavowr
FD&C Yellow No. 6 0.009 Colorant
Purified Water gs 100.00 Solvent

1006831 An example of an oral re-constituted granules formulation is presented.in Table 22.
Table 22, Oral Re-coustituied Granules Formulation 10mg/ml {granules produced by

wet granudation method)

Ingredients myg/ml Function
Compound 1 50.00 Active
Sugrose 2250.00 Granulating agent
Povidone 1300 Binder
Sucrolose 6.75 Sweelener
______ Explotab 100.00 disintegrani
Nataral Grape 2500 Flavour
XNanthum Gum 50.00 Suspending agent
Magnesium lauryl sulphate | 100.0 Soluble lubricant
Uit Dose 2.595¢ -

r

[00684] An example of a dispersable {ablet formulation is presented in Table 23,

Table 23: Dispersible Tablet Fermulation

Ingredients mg/tablet Function
Compound 1 50.00 Active
Avigel PH102 150,60 Granulaling
Agent
Crospovidone 25.0 Disintegrant
Mannitol 65.85 Diluent
Explotab 6.0 Super disintegram
Sucrolose 0.15 Swestener
Magnesium lauryl sulphate 3.9 Soluble lubricant
Total Tablet weight 308.08 -

Example 28: Immediate Release Tablets

10 [06685] Tablets were prepared with the components.set forth in Table 24,

140



16

20

Table 24;: Components of IR Tablets

Compeonent Yo (whw) | mg/tablet
_ Compound 2 15 50
Silicified microcrystalline 45 150
gellulose
Mannitol 34 1133
Crospovidone 5 16.7
Magnesium stearate i 3.3
Total 100 333.3

[00686] All components excepl magnesium stearate were welghed out into a stainless steel
container. The powder mixture was passed through a 70-mesh sieve into another 88
containier. The sieved powder was then transforred fo a V-blender with an intensifying bar:
(Peterson-Kelly Blend Master 17425102Q) and mixed for 30min. Maguesium stéarate was
then added into the V-blender and mixed for another I minute. The powder blend was
collected ina 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 10-station rotary ieblet press with a new set of 10mm dia round-shaped B-tooling..
The tablets were compressed to hardness = 8-12 Kp with anraverage weight 0f 3333 &
10mg. The tablet weight and hardness were checked randoinly during compression. The

7, “chipping™, ™

removed and the total number of tablets yield was calculated. The tablets were stored in a

b2 I 2

defect tablets including “caking sticking to punch”, “off weight” were

HDPE bottle without desiceant.

1006587] Disintepration; Tablet disintegration tests were performed using a USP
disentegration apparatus with a Di~water medium, a tempéerature 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 ef 7 seconds.

[oos88} Friability: 20 tablets were placed in @ No. 10 sieve and a soft brush was used fo
remaove foose dust. The weight of the tablets was recorded. The tablets were then placed into
a drom of 2 USP friability apparaios and rotated 100 tines at 25 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
3.17%.

80689} Hardness: Tablet hardness meassrements were perfonned with a Schieuniger Model
2E/106 tablet tester. The average hardness determined was 8.5Kp with a standard deviation

ol (1.8,
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fae600] Dissolution: The dissolution fests on © tablets were performed using LISP dissolution

apparatus with the following cenditions:

Mediun:
WVolume:
Temperature:

1% sodium dodecyl sulfate in di-water, pH 7.0

S50 ml.
37°C

LiSP method: USP Type 1, Basket

Speed:

106 mpm

1006911 The dissolution profile is set forth in Table 25 (n=6), as measured by HPLC.

Table 25: Tablet Bissoliion

Time (miny | Reiease Ob label 4 gyppy

¢laim) '

O 0 0 i

10 922 20.5

20 98.7 77

30 101.2 33

i5 101.3 3D

60 101.6 1.0

120 101.5 2.5

1006921 Stability; Tables 26-30 illustrate thie results of stability testing performed on the

tablets.
Table 26: Hardness (=3}
Stotage Tmitial 1 month 3 months
Condition Avg (KP) | STDEV | Avg (KP) | STDEV | Avg (KP3 | STDEV
25°C/60% R g5 0.8 14.1 4.8 17.0 1.8
407 Cr75% RH i ] 6.4 22 59 0.2
Tahle 27: Assay by HPLC (n=3)
o s (e i Initial 1 snonth | 3 months
Smrag_‘" Condition mag/tablet’ | mg/tablet’ | mg/tablet’
25:@30%% 474507 51.5 52,4
40°CI75% RH 51.6 5334

Table 28: %% Label

 Normalized to 333.3my/tablet based o8 actual welight of each tablet

Claim (n=3)

inttial { month 3 months
Storage Condition % label claim % label claim %% label claim
{50mg) (50mg) {50me)
25°C/60% RE. 948+ 18 1029+ 0.6 104.94+1.1
40°C/75% RH co 103.1+0.9 106.7x 1.1
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Table 29: Purity % by HPLC (n=3)

Storage Condifion _hxitiai 1 month | 3 mon'ths_
_ Y purity | % punity | % purity
25°C/60% RH , 997001996200
arCs R 1T 00 5T 0.0 190,52 0.0
Table 30: Dissotution Fests (n=5)
tottial 1 month @ 1 month (@ 3 months @ 3 months @
Time . 23°C/60%RKRHE 40°CI75%RH 25°C/60%RH 40°CT75%RH
(min) | % of Srppy | e of | o %ef | gy P00 | gy ] 9007 | o
. TDEN STDEV | 7 | §TDEV | P STDEY _ STDE
release release release release: release
0 0.0 Q 0.0 0 .0 0 0.0 6 | 0o 0
10 908 | 205 93.7 7.6 98.5 2.4 91.5 17.6 98.0 28
20 7.2 7.7 98 6.8 98.1 19 ¢ 1012 20 979 1.5
30 998 33 99.4 6.8 98.7 2.4 100.7 1.4 983 1.3
45 9% R 3.0 99,5 4.8 99.2 2.2 99.4 0.9 99.3 1.3
() 100.2 3.0 994 7.2 OO0 2.2 1064 i1 98.9 1.1
120 | 1000 25 100.0 7.7 1000 2.1 FOO.0 t.4 10040 1.9

100693] Int another aspect, provided herein is an fmunediste release (IR) tablet formulation as

described in Table 31 and 32. Manufacturing process will typically be granulatioi (dry, wet

or melt) or direct compression. Example given below is for S0mg tablets,

Tabie 31: Components of IR Tablets

Ingredient (material) Function ‘Range Example | Example
. (%o wiw) | {mg)
Compound 1 1 Active S%.to 509 [ 33.3% 15000
Hypromellose (e.g., Methocel ES) Binder 2%t 10% | 50 7.50
Croscarmelioss sodium Disintegranl | 0% 16 15% 1.5 2.25
Microcrystalline cellulose {e.g., Avicel | Compression | 5% to 50% 200 30.00
PHI101) Aid and Filler
Lactose (e.g. monchydrate) Filler 1% 1075% | 37.9(gs) | 56.875
Crosearmellose sodium {ﬂxtmg}'anular)-i Disintegrant Poto15% 1 1.5 2.25
Magnesiam stearate (extragranular) Lubricant L 0.25% to 0.75 1.125
| 2.5%
Total Tablet weight range: 100meg | 100 150
to 300mg
"'The disintegrant can be intragranular, extragranular or split between both
Fable 32: Components of IR Tabilets
Ingredient (material) Function Range Exampie Example
(% wiw) (mg)
Compound | Active 5% 1o 50% 33.3% 50.00
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PEG6000 Binder 2% to 23% 18.6 7.50

Lactose {e.g. monohydrate) | Filler 10% to 75% 44,7 56.875

Croscarmellose sodinm Disintegrant | 0% to 15%: 3.0 2.25
(extragranular)

Magnesiom stearate Lubricant 0.25% 10 2.5% 1.0 1.125

{extragranalar)

Total Tablet weight range: 100mg o 100 150

500mg

100694} I yet another embodiment, provided herein are immediate release capsule

formulations. Examples of immediate release capsule formutations include those described

in Tables 33 and 34

Table 33: Components of Immediate Release Capsules
Ingredient (material) Function Range Example | Example
(% wiw) | (mg)
Compoind 1 Active 1.25% 10 30% 20,0 30.00
Polyethylene Glycol {e.g., | vehicle 08.75% 10 50% 79.0% 197.50
PEG 3350)
| BHT Anti-oxidant | 0% t0-3% 1.0 2.50
Total Tablet weight range: 100mg to 500myg | 100 250
Table 34: Components of Immediate Release Capsules
ingredient (material) Function Range Example | Example
(Vo wiw) {m)
Componnd | Active 1.25% to 50% 20.0 50.00
Gelucire {e.g. Gelucire 44/14) vehicle 98.75% to 50% 79.0% 197.50
BHT Anti-oxidant (% to 3% 1.0 2.50
Total ~ Tablet weight range: 100mg to 1060 250
500mg

Fxample 30: Single Dose Kinetics

100695} Compound 2 was investigated in fasted and fed female beagle dogs as a suspension

and as.a 50mg immedjate refease (IR} pill. The results are shown in Table 35,

Table 35: Single-Dese Pharmacokinetics Beagle Dogs
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Species Dog
Rouie v Oral Oral Oral Oral
. 4:1 0.5% 0.5% . .

Vebicle PEG400:Water | Methylcellulose | Methyleellulose S0mg Pill | SOmg Pitl
Dose 0.67mgks Swmg/kg Smgfkg 6.5my'kg | 6.5mglkg
Fasted/Fed Fasted Fasted Fed Fasted Fed
Sex { f f f f

1 T (hE) 0.017 2 1.3 2 1.7
Conex (n/m L) 11.98 124 3.7 76 32
g (he) 13 A NA NA NA
AlUCh 76 G738 243 41 14.4
(pghimlL) .
AUCdnse-~adjustcd 20.3 13.6 4.9 6.3 2.2
L, 06 NA NA NA NA
{mL/min/kg) )
Vdgg (Likg) 02 NA NA NA NA
F% 100 52 19 24 8.4

Data are group means. Half-life was-calculated from terminal portion of the curve.

AUC = area under plasma concentration-time curve; gy = peak plasma concentration; Cly

= gystemit plasmia clearance; F% = biogvailability calculated froth AUC . v =
intravenous; NA = not applicable; NC = not caleulated; t; = terminal half-life; Tr = time
to peak plasma concentraton; Vg = volume of distribution al steady state; T= fomale
beagle-dog

100696{ Administration of the oral suspension to female beagle dogs that were fasted or fed,

Compouand 2 shows a decréase in bioavailability (F) and dose-adjusted AUC (32% and.
19%: 26 and 13.6pghr/mL, respectively) in the fed animals. The IR pitl also shows an
approximate 30% reduction in oral bioavailability and dose-adjusted AUC when compared
to the oral suspension in the fasted or fed comparator dogs. Compound 2 has a shght
decrease in oral absorption in the presence of food and the IR pill form.

Example 31: Phase I Study

(00687 This is a phase 1, Single-Center, Double-Blind Study of Compiound 2 in healthy
volunteers.

100698 Obiective: To assess: (1) the safety and tolerability of single and muitiple doses af
Compound 2 following oral adminisiration; and (2) the pharmacokinetics (PK) of
Compound 2 after single and niultiple doses; and {3) the effects of Compound 2 on
pharmacodynamic (PD} markers: whole blood jonophore-stimulated leukotriene LTB, and
urinary LTEs production.

1006991 Study Design: Single center, double-blind, randomized, placebo-conirelied, single

ascending dose followed by multiple ascending dose study.
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{00705] Sample Size: (1) Single Dose Phase: eight (8) subjects (6 active, 2 placebo) per dose
level; up to 5 dose levels are planned (a total of 40 subjects if all 5 dose tevels are
completed); and (2) Multiple Dose Phase: eight (8) subjects (6 active, 2 placebo) per dose
level; up to 4 dose levels are planned (a total of 32 subjects if all 4 dose levels are
completed).

100701} Formulations: Compound 2 was supplied as an oral powder for reconstitution.
Placebo solution matched, Compound 2 (10me/mly) is prepared in an agqucous solution
comprising 1% (w/w) Lutyol L-44 (Poloxaraer 124) and 99% (w/w) agueous sodium
cathonate buffer ((.010 M, pH9-10), and with sucralose (as a sweelener, concentration of
about 5mg/100 mL). The placebo differed only in the absence of the active.

180762} Dosase 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 desing cohorts were used:

Table 36: Dositig Cohorts

Cohort Single Dose Multiple Dose

Phase Phase

i S0mg -

2 150mg ~

3 300my -

4 600mg’ -

5 1000me , -

6 - 150mg

7 - 456mg

8 ~ ' 50mg

9 - 10mg

{67031 Routes of Administration; All doses were administered orally with approximately

100mL of water rinse. Subjects were fasted for at least 8 hours prior to dosing and for 2
honrs after dosing. For BID-dosing in the Multiple Dose Phase, when applicable, subjects
were fasted for at least 2 howrs prior to the second dally dose.

[86704) Study Procedures:

(00765} Plasma concentrations of Compound 1 were determined using a validated LC/MS
method. Whole blood ionophore-stimulated loukotriene LTB; and urinary L'TE, production
were assayed by ELISA and mass spectrometry, respectively.

[en706] Screening Visit Procedures: The following cxaminations and assessments were

performed within 21 days (3 weeks) prior to study drug administration to determine whether

the subject satisfies inclusion and exclusion criteria. Those subjects not fulfilling all
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inclusion and exclusion criteria were not enrolled in the stady. Screening visit procedures
are as follows: subjects must report (o the investigational site in 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 study-related
procedures, including 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); performt a standard 12-lead ECG;
record concomitant medication; obtain fasting blood samples for hematology
determinations; obtain Fasting blood samples for serum chemistry, including serura HCG
{(female subjecis only); perform viral screen for HIV, HCV and FBsAg; obtain fasting urine
samples for urinalysis and wrine drug screen.

[087071 Procedures for Fvening Prior o Pay 1; Subjeots must report-to the investigational
site at approxinately 3:00 PM in the aftemioon prior to Day | study drug administration. No
food is permitted after 10:00 PM (may have a standatdized snack prior to 10:00 PM). The
visit procedures are as follows: confirm continued eligibility; obtain updated medical
histary; record updated concomitant medication; record vital signs (including blood
prossure, heart rate (pulse), respiratory rate, and body temperature); conduct a repeat urine
drug screen; collect urine for bascline (pre-dose) LTEs; perform serum HCG pregnancy
t.es‘ting_ {female subjects onty).

jpi7e8] Day 1 Procedures; Record pre-dose vital signs. Obtain pre-dose fasting blood

samples for hematology determinations. Obtain pre-dose fasting blood samples for serum
chemistry determinations. Obtain pre-dose blood samples {5 mL EDTA and 4 mL
heparinized) for baseline PK and LTB,. Collect ‘spot” urine prior to study drug
adminisiration for baseline (pre-dosey LTE,. Administer study drug. Record vilal signs 1, 2,
4 and 12 hours afier study drug administration. Record AEs. Record concomitant
medication. Perform a standard 12-lead ECG 2-4 hours after study drug adminisiration,
Collect blood samples (5 mE EDTA) for PK of Compound 2 a1 0.23, 0.5, 1.2,3, 4,0, 8,12,
and 16 hours, Collect blood samples (4 mL heparinized) for L'TB, at 0.5, 1,2, 3, 4.6, 8, and
12 hours. Cotlect urine for L'TE, 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). admumister
study drug 12 hours £30 minutes after prior dose, preceded by 22 howrs fast.

jea768} Day 2 Procedures (24 > up to 48 hours post dosing): For All Subjects (Note: No

study drag will be administered to Single Dose Phase subjects): Record pre-dose vital signs
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(24 hours after 1™ study drug administration). Obtain pre-dose fasting blood samples for
hematology determinations. Obtain pre-dose fasting bleod saimples {or serumi chemistry
determinations, Record AEs. Record concomitant medication. Colleet blood samples (5 mbL
EDTA) for PK of Compound 2 at 24 and 36 hours afler the First study drig administration.
Collect blood samples (4 ml heparinized) for LTB4 at 24 hours after the first study drug
administration. Colleet ‘spot’ urine sample for LTE. at 24 and 36 hours afier first study
vitals sigus 2 and 12 hours afier study drug administration. For twice daily dosing group (if
conducied): administer study drug 12 hours £30 minutes afler prior dose, preceded by =2
hours fast.

{00710} Day 3 Procedures (=48 hours post dosing): For All Subjects (Note: No study drug
will be administered to Single Dose Phase subjects). Record AEs. Record concomitant

medication. Collect blood samples (5 mL EDTA) for PK of Compound 2 at 48 and 60 hours:

after the first study drug administration. Collect *spot” wrine sample for LTE, af 48 hours

after first study drug administration. Single Dose subjecis only: collect blood sanples (4 mL

heparanized) for LTB, at 48 hours after the (irst study drug administration. For Multiple
Dose Phase subjects: Collect 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 howsrs after study drug administration. For twice daily dosing group (if conducted):
administer study drug 12 Hours +30 minutes afler prior dose, preceded by =2 hours fast.

100711} Days 4-10 Procedures: For Single Dose Phase subjects on 'Da.y 4; Refer to BEnd of

Study Procedures. For Multiple Dose Phase subjects: Record pre-dose vital signs. Collect
‘spot’ urine sample for LTE, at 72 howrs after the first study drug admimstration. Collect
daily pre~dose {asting 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
fasting blood samples for hematology determinations on Days 5 and 7. Obtain pre-dose
fasting blood samples for servm chemistry determinations on Days 5 and 7. Administer
study drog daily. Record vital signs 2 and 12 houys after study drug administration. Record
AEs. Record concomitant medication. For twice daily dosing group (if conducted):-
adonister study drug 12 hours £30 mimutes after prior dose, preceded by 22 hours fasl.

0712) Day 11 Procedures: Record pre-dose vital signs. Obtain pre-dose fasting blood

samples for hematology determinations. Obtain pre-dose fasting blood samples for serum

chemistry detenminations. Obtain pre-dose blood samples (5 mL EDTA and 4 mL
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heparinized) for PK and LTBs. Collect pre-dose urine for LTEy. Administer study drug (fast
dose of drug). Record vital signs 2 and 12 hours after study drug administration. Record
AFEs. Record concomitant medication. Perform a standard 12-lead ECG 2-4 hours afier
study drag administration, Coltect blood samples (3 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 il heparinized) for
LTBsat 0.5,1, 2, 3, 4, 6, & and 12, hours. Collect urine for LTE, for the following separate
intervals: 0-3, 3-0, 6-9, and 9-12 hours, and a *spot’ urine al 16 hours afier study drug
administration.

10713 Dav 12 Procedures f{fzzi - up to 48 hours post last dose): Record vital signs 24 hours

after Day 11 study drug adminisiration. Record AEs. Record concomitant medication.
Collect blood sample (5 mL EDTA) for X of Compound 2 at 24 and 36 hours after Day 11
study drug administration, Collect blood sample (4 mI beparinized) for LTB; at.24 hours
affer Day 11 study drug administration. Collect ‘spot” urine sample for LTE; at 24 and 36
hours after Day 11 study drug administration.

[99714] Day 13 Procedures: Collect blood sample (5 mL EDTA} for PK of Compound 2 at

48, and 60 hours after Day 11 study drug administration. Collect blood sample (4l
heparinized) for LTB; at 48 hours after Day 11 study drug administration. Collect “spot”
yrine sample for LTE; at 48 hours after Day 11 study drug admunistration,

(00715 End-of-Study Procedures (272 hours-afier last study drug administration): Conduct

& physical exam and record vital signs (including blood pressure, heart rate (pulse),
respiratory rate, and body temperature). Obtain fasting blood samples. for hematology
determinations. Obtain fasting hlood samples for serum chemistry determinations. Obtain
‘spot” fasting urine samples for urinalysis. Cellect hiood sample (5 mL BDTA) for PK of
Compound 2 at 72 hours after study drig administration. Collect blood sample (4 mL
heparimzed) for L'TB, at 72 hours afler Day 11 study drug administration. Collect blood
sample (4 mL heparinized) for LTB, at 72 hours after Day 1 study drg adntinistration
(Single Dose Phase only). Collect “spot” urine sample for LTE; at 72 hours after study drug
adiministration. Perform a standard §2-1ead ECG. Record AEs. Record concomitant
medication.

[00716] Procedural Time Windows: The following time windows are utihized 1n this study.

For safety laboratory assessments (fasting hematology and serum chemistry), the window Is
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+ 4 hours of the specified time points. For Urinie spot checks, the window i1s & 30 munutes of
the specified time points.
[007171 Volume of Blood Collested: The following is the estimated volume of blood

¢ollected during the Single and the Multiple Dose Phases of the study. IfBID dosing s
explored in the Multiple Dose Phase, ihe volame 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 Multipie Dose Phase
Labs PK PD Labs PK. PD
40 &6 48 70 215 88
Total 168ml. | 373mL

[00718] Analysis of Samples: Concentrations of Compound 1 was determined in plasma.

samples eollected from subjécts. Similarly, concentrations of LTR, in plasma and urinary
LTE, were defermined in blood and urine-samples collected.
{00719] The pK results from the single dose study are presented in Table 38 and Fignre 21.

Table 38: Single Dose Phiarmacokinetic data using orai solutions.

Base of Thae iy | O (D Lty (br) AUCy»; (ir¥mM)
Active AVE£SD ! AVE+SD | AVExSD AVE = 8D
S0mg 22+04 (1,57 4+ 40.3 128429 65422
]kSﬂmg 23x05 22035 11,1+ 2.8 237261
300mg ' 2.7+1.5 3.04£1.5 98+ 25 236£39
600mg 23£03 11,270 14.1 £ 6.8 90 £ 50

1000me 20 182476 | 8311 | 110+ 49

106720] The pharmacodymamic properties after the single doses are administered (blood
LTB,levels; urinary LTE; levels) are presented in Figures 22 and 23 and Table 39.

Table 39: Single Dose 118, data using oral solutions.

Dose of LBy level at t= 24 lirs.
Active {% of baseline)
Placebo 135432

SOmg 37+£47

150y 2444
300mg 23+83

600mg 1.6 098
1900mg 1.940.41
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(00721] The pharmacodynamic properties after the single doses and multiple doses are

administered {blood LTB4 levels; urinary LTE; levels) are presented in Table 40 and Table

41.
Table 41. PD Parameters for LTB; During Treatntent With Compound 2
Study part | Day | Treatment Emay | Tmax | tooson™ | tesoom ECsp ECs
(%) |y () () (ng/mb) | (ng/mL)

Single dose ;| placebo

part 7.2 06
30mg 87.9 | 800 322 1 00
150mg 988 | 6,00 | 41.9 14.2
300mg 110201 8060 | 307 16.1
600mg {1003 6.00 | >71.7 | 672
1000mg | 996 | 6.00 | >717 | 426
Single ' 90 342
dose total

Multiple 1 placebo 250 {100 |

dose part 10mg 608 112.007 175 & 00
S0mg ! 89.6 | 400 | »233 0.0
150mg 985 | 300 | >23.4 15.1
450mg 97.6 | 3.00 | >23.7 17.4
Multiple St 296
dose total _

1t |placebo -6.4 | 48.00

10mg 74.4 112000 274 0.0
SOmg 97.9 1 4.00 424 0.0
150mg. 997 12060 1 >72.0 | 524
450mg 10061 200 {1 »72.0 | 304
Muttiple 52 308
dose total

4 = gstimated

FECS0 is the concentration at which 50% iihibition was reached,; EC90 1s the concentration
at which 90% inhibition was reached; Emax 18 maximurm inhibition; tg.s Is time above
509 LTR4 inhibition; {0 15 time above 90% LTB4 inhibition; Tmax is time to reach

Proag.,

Table 42, PD Parameters for LTE, During Treatment With Compoind 2

Tmax
Study part Day ! Treaumenti Finax (Jo) ()
Single dose part 1 placebo 55.26 9.00
SOmg 86.31 16.00
150mg 97.39 16.00
300mg 96.96 24.00
600mg 96.05 24.00
1000mg 96.01 16.00
Multiple dose part i placobo 32.49 12.00
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Tmax
Study part Day! Treatment | Emax (%);  (h}
10mg 54.10 2404
S0mg 0462 16.00
150mg 98.29 2400
450me 85.65 24.00
11 | placebo 37.23 6.00
10mg 88.63 12.00
50mg 97.567 9.00 |
150mg 97.46 24.00
4530mg 98.37 12,00

fa7221 Multiple dose pharmacokinetic data are set forih in Table 412,

Table 42: Multiple Dose Pharmacokinetic data using oral solutions

10mg S50mg 150mg 450mg
Dayl | Dayil | Dayl | Day il | Dayi | Day1l | Dayl | Dayil
Tmax (hr) 40 16 42 32 73 2 2 2
& 3.1 + 6.9 +3.0 + 2.0 =408 + 0 + 0
Cmax (mM) | 007 | 0.13 36 0.9 T4 30 73 92
£0.01 | £005 | £02 + 0.1 0.7 +1.2 4 6.0 £ 54
£ (hr) 32 50 19 25 16 19 12 14
£23 + 41 =10 # 11 + 7.7 £13 4 4
- AUCHast 11 2.4 83 13.5 16 33 57 76
(Be*mivg) £02 | 11 | 220 | %34 | =68 | +16 | #39 | £

Valnes are Average & Standard deviation.
100723} Single and multiple doses of Compound 2 warkedly inhibited ax vivo ionophore-
stimmilated LTB. formation in whole blood, with a2 mean maxinum inhibition of 61% to
102% across the dose range studied.
1007241 Single and multiple doses of Compound 2 markedly inhibited wrinary LTEs
excretion, with a mean maximum inhibition of 54% to 98% across the dose range studied.
[00725) On average, Tiae Was between 2 b and 12 b for inhibi tion of ionophore-stimulated
LTB, formation and between 9 h and 24 h for inhibition of LTE..
[6u726] There was a relationship between Compound 1 plasma concenirations and the
inhibition of ionophore-stimulated LTI, production for the dose range studied, with an
FCsy value of approximately 70 ug/ml and an ECqq of approximately 320 ng/ml.
100727 Complete inhibition of ionophare-stirulated LB production was reached at a
Compound 1 plasma concentration of roughty 1000-1506 ng/raL.
[80728] Figure 24 illustrates illustrates the plasma concentrations of Compound 1 observed
in the 150 mg multiple dose cohort. On days 3-9, the plasma concentraiion is measured pre-

dose.
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[a6729] Figure 25 illustrates the inhibition of jonophore-stinulated LTB, formation rom
blood observed in the 150 mg multiple dose cohiort. 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.

[a0736] Pharmacokinetic measurements of Compound 2 includes measurement of the
protonated form (Compound 1).

j00731] The foregoing clinical trial has shown that Compound 1, or a phammaceuntically
acceptable salt thereof (e.g. Compound 2), lowers jonophore-stimulated LTB, formation
from blood and LTE, levels in humans, LTB, and cysteiny] leukotrienes (LTCy, LTDs and
L.TE,) are leukotriencs that are élevated tn humans with leukotriene-dependent or
lenkotriene mediated conditions or diseases. Lowenng leukotriene levels in humans with
leukotriene-dependent or leukotriene mediated conditions or diseases provides benefit in the
condition or discase. The Toregoing clinical trial has shown that Compound 1, ora
pharmaceutically acceptable sali thereof {e.g. Cormpound 2) is useful in the treatment or
prevention of lenkotriens-dependent or leukotriene mediated conditions or diseases.

[00732] The examples and-embodiments described herein are illustrative and vanous
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 exarnples ay be replaced with other functionally equivatent

components, e.g., diluents, binders, lubricants, fillers, and the Iike.
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What is ckaimed is:

1.

2

9.

A pharmaceutically scceptable salt comprising 3-[3-teri-butylsulfanyl-1-[4-(6-
ethoxy-pyridin-3-y1)-benzyl}-5-(5-methyl-pyridin-2-ylmethoxy)- 1 H-indol-2-y1}-2.2-
dimethyl-propionate as the anion and a cation sefected from Na', K7, Li', Ca®",
NH4, the protonated form of divyclohexylamine, the protorated form of Amethyl-
D-glucamine, the protondted form of twis(hydroxymethylymethylamine, the
protonated form of arginine, and the protonated form of lysine.
The pharmaceutically acceptable sali according to claim i, which is sodiam 343~
{tert-butylsulfunyl)-1-f4-(6-ethoxy-pyridin-3-ylbenzyl]-5-(5-methyl-pyridin-2-yl-
methoxy)-1H-indol-2-y1}-2,2-dimethylpropionate (Compound 2):
e i
] N

ONa

.

\_/

)

N Compound 2,
The pharmaceutically acceptable salt according to claim 1 or ¢laim 2 wherein the
pharmacentically acceptable salt is desolvated.
The phanmaceutically acceptable salt according to claim 1 or clainy 2, wherein the
pharmacentically acceptable salt is solvated,

The pharmaceutivally acceptable salt aceording to claim 4, wherein the

‘pharmaceutically zccepiable salt is solvated with a solvent sclected from ethyl

acetate, isopropyl acetate, methy! tert-butylether, heptane, wsoprop anel, and ethanol.
The pharmaceutically acceptable salt aceording to claim 5, wherein the
pharmaceutically aceeptable salt is solvated with methyl tert-butylether.

The pharmacentically acceptable salt according to any one of claims 1 i 6, wherein
the pharniaceutically acceptable salt comprises a detectable amount of water,

The pharmaceutically acceptable salt according to any one of claims 1 to 7, wherein
the pharmaccutically acceptable salt comptises a detectable amount of palladium
that is less than 20ppm.

The pharmaceutically acceptable sall according to claim 8, wherein the
pharmacestically acceptable salt comprises a detectable amount of pailadinm that i

Tess than 10ppm.
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17.

The pharmaceutically acceptable sall according to any one of elaims 2 10 9, wherein
Compound 2 has a solubility in water at about pHl 10 and at about 23 °C that is
greater than about 10 mg/mL.
The pharmacentically acceptable salt acccording to any ong of claims 2 to 10,
wherein Compound 2 is inr an amorphous phase, partially crystailine form,
¢rystalline form, milled form, or nano-particnlate form.
The pharmageutically acceptable salt according to claim 11, wherein the
pharmacentically acceptable salt is erystalline,
The pharmacentically acceptable salt according to claim 12, wherein Compound 2 1s
crystalline polymorph Form C.
The pharmaceutically acceptable salt according to claim 12 or ¢laim 13, whergin
Compound 2 is crystalline and was formed using methyl tetl-butyl ether.
The pharmaceutically acceptable salt according to-any one of claims 12 to 14
wherein Compound 2 has at least one of the (bllowing properties:
(1) an X-ray powder diffraction {XRPD) pattern substantially similar to the one
set forth in Figare 1;
{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-Thets, and at abont 23.8°2-Theta;
(3c) a single melting point at about 290°C to about 295°C as measured by
differenital scanning calorimetry {DSC);
(4¢) a DSC or a thermo-gravimetric amalysis (TGA) substantially similar to the
ones set forth in Figure 15,
(5¢) physical and cherical stability (at 5°C, 25°C/60% relative humidity (RED,
andlor 40°C775% RH for at least one month in 2 humidity chamber);
{6¢) non-hygroscopicity;
{7¢) IR spectrum substantially similar to the one set forth in Figure 19; and/or
(8¢) an X-ray powder diffraction (XRPD) patiern substantially stratlar to an
XRPD pattern obtained for crystals of Compound 2 obtained from methyl tert-

butyl ether (MTBE) or acetonitrile.

‘The pharmaceutically acceptable salt according to claim 12, wherein Compound 2 1

crystalline polymorph Form B.
The pharmaceutically acceptable salt according fo claim 16, wherein Compound 2

has at least one of the following properties:
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{1b) an X-ray powder diffraction (XRPD) pattern substantially similar to the one
set forth in Figure 2;
{2b) an XRPD patterm with peaks at about 6.6° 2-Theta, al about 8.1°2-Theta, at
about 19.7°2-Theta, at about 21.0°2-Theta, at about 21.9°2-Theta, and at about
22.172-Theta.
The pharmaceatically accepiable salt according to-claim 11, wherein the
pharmaceutically acceptable salt s in an amorphous phase.

The pharmmaceutically acceptable salt according to claim 18, wherein Compoind 2

has at least one property selected from:

{1a) an XRPD pattern showing a lack of crystailinity;
(23)_ ut least one endotherm and at least one exotherm observed by differential
scanning calorimetry (DSC);
{3a) a glass transilion temperature of about 127°C;
(42) a melting point at about 155°C followed by a re-crystallisation event at
abaui 200°C followed by asecond melting point at about 288°C to abont 295 °C;
{53) a phase change to a crystalline form when heated above about 200°C,
wherein the crystalline form that is formed above about 200°C is characierized
bv an XRPD pattern substantially similar to any one of the XRPD pattemns set
forth i Figure: 9,
{64) a DSC ora TGA substantially similar to the ones set forth in Figure 12;
(7a) hygr@scépi@ity; andfor
{8a) chemical stability.
The pharmaceutically acceptable salt according to any one of claims 1 1o 19 for
freating asthima, treating and/or preventing exercise-induced bronehoconstriction,
treating and/or preventing allergic rhinitis, treaiing chronic obstructive pulmonary
disease, treating cardiovascular disease, treating NSAID-indused gastric lesions,
treating pain, treating ocular discase or treating skin disease in a human.
The pharmaceutically acceptable salt according to claim 20 for treating asthma,
preventing exercise-induced bronchoconstriction, treating allergic thinitis, treating
chronic obstructive pulmonary disease, freating cardiovascular disease or treating
NSAID-induced gastric lesions in a human.
The pharmaceutically acceptable salt according to any one of claims I to 19 for use

in the treatment of asthma, prevention of exercise-induced bronchoconstriction,
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treatment and/or preveniion of allergic rhinitis, treatment of chronic obstruetive
pulmonary disease, treatment of cardiovascular disease, treatment of NSAID-
induced gastric lesions, ireatment of pain, tredtment of ocular disease or freatment of
skin disease in a human,
A pharmuacentical composition comprising:
a. a pharmacentically acceptable salt according to any one of claims 1 to 22; and
b. 4t least one pharmaceutically acceptable inactive ingredient seleeted from
among excipients, diluents, and carriers.
A pharmaceutical composition comprising:
a. Compound 2 according lo any one of claims 2 to 22; and
b, at least one pharmaceutically acceplable Inactive ingredient selected from

among excipients, diluents, and carriers.

The pharmaceutical composition according to claim 23 of claim 24, wherein the

composition comptises a deleciable amount of solvent selected from 1,2~

dimethox vethane, ethyl acetate, methanol, ethanol, tetrabydrofuran, and methyl tert-
butyl ether; wherein the solvents are detected at levels less than about S000ppm.
The pharmaceutical composition according to ¢laim 24 or claim 25, wherein
Compound 2 underwent a crystal formation or was precipitated from meily! tort-
butyl éther.

The pharmaceutical composition according to aniy one of claims 24 to 26, wherein

the composition comprises a detectable amount of a compoind selectad froim:
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The pharmaceutical composition according o any one of claims 24 to 27, wherein

Compound 2 18 greater than 97% pure.

The pharmaceutical coniposition according to claim 28, wherein Compound 2 is

greater than 98% pure.

The pharmaceutical composition according to claim 29, whereid Compound 235

greater than 89% pure.

The pharmaceutical composition according to any one of claims 23 to 38, wherein

the phirmiaceutical composition is in a form suitable for oral administration lo 2

mammal.

The pharmaceutical compasition according to claim 31, wherein the pharmaceutical

composition is in the form of 2 pill, capsule, tablet, aqueous solution, or aqusous

suspension.

At oral pharmaceutical composition corm prising;

{a} a pharmaceutically acceptable salt according fo any one of claims 1 to 42
wherein the cation is sclected from Na', K, and Li™;

(b} an aqueous buffer sohtion; and optionally

{¢) ethanol or Poloxamer 124,

The oral pharmaceutical composition according to claim 33, wherein:

the catton is Na'.
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The oral pharmaceutical composition according to claim 33 or claim 34, whetein:
the aqueous buffer solution is an aqueous sodium carbonate buffer solution.

The oral phanmaceutical composition according to any one of claims 33 to 35,
forther comprising a pharmaceutically aceeptable sweetener.

The oral phatmaceutical composition of claim. 36, wherein the pharmaceutically

acceptable sweetener is selected from sucrese, sorbitel, aspartante, sucralose, simple

syrup, and syrpalta.

The oral pharmaceutical composition aceording o aiy one of claims 33 0 37,
swhereii the oral pharmacentioal composition has a conceniration of up to about
60mg/mal. of the sodinm salt of 3-[3-(tert-butylsuifanyl)- 1-[4-(6-ethoxy-pyndin-3-
yDbenzyl-5-(5 -methyl-pyridin-2-yl-methoxy)-1 H-indo}-2-y1}-2,2-dimethyl-
prepronic acid.

The oral pharmaceutical composition according to claim 38, wherein the oral
pharmaceutical composition has a concentration of from about 10m g/mL to about
50mg/mL of the sodium salt of 3-{3-(tert-butylsulfanyl)}-1-[4-(6-ethoxy-pyridin-3-
vhbenzyl]-3-(5-methyl-pyridin-2-y-methoxy)-1H-indol-2-y1]-2,2-dimethyl-
propienic acid.

The oral pharmaceutical composition according to claim 38, wherein the oral
pharmaceutical composition has a coneentralion of from about 1mg/mE to about
20mgnil of the sodtum salt of 3-{3-{iert-butylsulfanyl)-1-[4-(6-cthoxy-pyridin-3-
ylibenzyl]-5-(5-methyl-pyridin-2-yl-methes y)- 1 H-indol-2-y1}-2,2-dimethyl-
propiomc acid,

The oral pharmaceitical composition according to any on of claims 33 1w 40,

comprising: |

a. about 1g of the sodinm salt of 3-[3-(tert-butylsulfanyl)-1 -[4-{6-ethoxy-pyridin-3-
ylibenzyl]-5-(5-methyl-pyridin-2-yl-methoxy)-1 H-indol-2-y1}-2, 2-dimsethyl-
propionic acid (Compound 2); and

b. about 100mL of a'solation of 1% (w/w} Poloxamer 124 and 99% (w/w) aqueous
sodium carbonate buffer {0.010M, pHY-10), sweetened with sucralose.

The oral phammacentical composition according to any one of claims 33 to 41,

wherein a single dose of the pharmaceutical composition comprising from about

10mg to about 1000me of the pharmaceutically acceptable salt of 3-{3-(tert-

bulylsulfanyl)-1-]4-{G-ethox y-pyridin-3-ylibenzyl]-3-(5-methyl-pyridin-2-yl-
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roethoxy)-1H-indol-2-y1]-2.2-dimethyl-propronic acid when administered to healthy
aduit human subjects in the fasted stale provides a Chu of about 0.20M to about
30uM, 2ty of about 1 hour to about 4 hours, and an AUCs4 ol about 4 hrabd to
ghout 160 hruM.

The oral pharinaceutical composition according to any ove of claims 33 to 41,
wherein:

the single dose of the pharmaceutical composition when administered to healthy
adult human subjects in the fasted state provides a Cy that is Jess than about S,
The oral pharmaceutial composition according to claim 42, wherein the single dose
of the oral pharmaceutical comiposition when administered to healthy adult eman
subjects in the fasted state provides afler about 8 hours at least 70% reduction 0
hlood jonopliore-stimulated LTB; production and provides after about 24 hours at
least 30% redoction in bleod ionophore-stimutated LTB4 productioin,

The oral phiarmaceutical composition according to claim 42, wherein the single dose
of the oral pharmaceutical compaosition when administered to healthy adult buman
subjects in the fasted state provides afier about 24 hours at least 50% reduction
urinary LTE; levels.

The oral pharmaceutical composition according to any one of claims 42 10 45,
wherein:

the single dose of the oral pharmaceutical composition comprises about 10ing, about
50mg, sbout 150mg, about 300mg, about 600mg, or about 1000mg of of the
pharmacentically acceptable salt of 3-{3-(tert-butylsulfanyl)-1-{4-(6-ethoxy- pyridin-
3-yDibenzyl}-5-(S-methyl-pyridin-2-yl-methoxy)- 1 H-indol-2-yi }-2,2-dimethyl-

propionic acid.

Arroral solid dosage form pharmaceutical composition comprising:

a) a pharmacentically acceptable salt according to any ous of claims 1 to 22; and
b) at least one inactive pharmacentical ingredient.

An oral solid dosage form phunmaceutical composition according to claim 47
COMPLiSng:

) from about 10mg to about 1000mg of the phanmacentically acceptable salt; and

b) at least one inactive pharmaceuticdl ingredient.
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The oral solid dosage forny phamiaceutical composition according to claim 47 or-
claim 48, wherein the composition comprises about 10mg, about 30 mg, about
100mg, about 150mg, about 200mg, about 230mg, or about 306mg of Compound 2.
The oral solid dosage form pharmaceutical composition according to any one of
clurms 47 o 49, wherein the oral solid dosage formy s in the form of a tablet.

The oral solid dosage form pharmaceutical composition according to claim 50,
wherein:s

the oral solid dosage form 1s.in the form ofan immediate release tablet.

The oral solid dosage form pharmaceutical composition according to claim 51,

wherein:

the formuiation exhibits an in vitre release of Compound 2 in about 1% sodium

tauryl sulfate solution at pH of about 7 and about 37°C of more than about 90% after

abaut 10 minutés,

The oral solid dosage form pharmaceutical composition aceording to claim 52,
wherein:

the-in vitro release is measured by a drug retease test using the United Staley
Phavnacopea {LISP) Type 1, basket at about 100rpm with-about S00mL of about 1%
soidivm Jaury] suifate solution at pH of about 7 and about 37°C.

The oral solid dosage Torm pharmaceutical compesition sccording to any one of
claim 47 to 51, wherein the oral solid dosage form when administered as a single
dose to healthy adult human subjects in the fasted state provides a Cyg, less than
abont SuM, and provides atter about 8 hours ai least 80% reduction in blood
ionophore-stimalated LTB, production.

The oral solid dosage form pharmaceutical composition aceording to gny one of
claims 47 to 51, wherein the oral solid dosage formn when administered as a single
dose to healihy adult humans in the fasted state provides afler about 24 hours af least

30% reduction in blood tonophore-stimulated LTBy production.

“The oral solid dosage form pharmaceutical compaosition according to claim 54 or

claim 55, wherein the oral solid dosage formy when administered as a single dose to
healthy aduit homan snbjects in the fasted state provides after about 24 hours at least

80% reduction of urinary LTE; levels.
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The oral solid dosage form pharmaceutical composition according to any one of
claims 47 {6 51, wherein the inactive pharmaceutical ingredients comprise 2 binding
agent, a disintegrant, and a glidant.

The oral solid dosags form pharmaceutical coniposition according 1o claim 57,
wherein the inactive pharmaceutical ingredients comprise silicified microerystaliine
cellulose (SMCC), mannitol, crespovidone, and magnesium stearate,

The oral solid dosage forin pharmaceutical compaosition sccording 10 any one of
claims 47 to 51, wherein the oral solid dosage form pharmaceatical composition
comprises from about 10% by weight to about 20% by weight of Compound 2.

The oral solid dosage form pharmaceutical composition according to any one of
claims 47 to 49, whercin the oral solid dosage Form pharmaceutical composition i3

in the form of a capsule.

The oral solid dosage form phannaceutical composition accordmg e claim 60,

wherein the capsule is in the form of a bard gelatine capsule.
The oral solid dosage form pharmaceutical composition according to claim 61,
wherein the capsule comprises at Jeast one excipient in addition to the hard gelatine
capsule.
A pharmaceutical composition that provides at least one metabolite of 3-[3-(lert-
butylsulfanyl)-1-[4-(6-ethoxy-pyridin-3-ybenzyl}-5-( S-methyl-pyridin-2-yl-
methoxy)-1H-indol-2-y1]-2,2-dimethyl-propionic acid after administration to &
maminal.
The pharmaceutical composition according to claini 63, wherein the Jeast one
metabolite is selected from among:
a. 3-[3-fert-butylsulfinyt-1-{4-(6-cthoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-
pyridin-2-ylmethoxy)-1H-indol-2-y1}-2,2-dimethyl-propionic acid;
b. 3n[3-;eri—butylsul_fany_i»1~[4—(6.—1';ydr(:xy“py“ri{}i_11_—3-~yl)~behzy1}_—5'—(5—111,ethyl.~
pyridin-2-yimethoxy)-1H-indol-2-y1}-2.2-dimethyl-propionic acid;
. 3-[3-iert-butyisnlfanyl-1-[4-(6-ethoxy-pyridin-3-yi}-benzyl]-5-(S-methyl-N-
oxy-pyridin-2-ylmethoxy)-1H-indol-2-y1]-2,2-dimethyl-propionic acid;
d. the aecyl gluconuride of 3-[3-tert-butylsulfanyl- [-[4-(6-cthoxy-pyridin-3-yl)-
benzyl]-5-(5-methyl-pyridin-2-ylimethoxy)- 1H-indob-2-y1]-2,2-dimethyl-
propionic acid; and

g. combinations thereof
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The pharmaceutical compesition according to claim 63 or claim 64, wherein the
least one metabolite is the seyl ghiconuride of 3-[3-tert-butylsulfanyl-1-{d-(6-
cthoxy-pyridin-3- yl)~'benz:y}}-S—(’S—m’efhyi-p}qidinn%ylme-thm:y}.—1 H-indol-2-v1}-2,2~
dimethyl-propionic acid.

A pharmaecutical composition comprising an active ingredient that inhibits 5-
lipoxygenase-activating protein (FLAP) and does not substantially inhibit at Teast
one Cytochrome P45¢ enzyme selected from CYP 344, CYP 1A2, CYP 2A6, CYP
286, CYP 208, CYP 2C9, CYP 2C19, CYP 2D6, and CYP 2E] atdoses up to
40pM.

The pharmaceutical conposition according to.claim 66, whevein;

the pharmaceutical composition does not.substantially induce Cytochrome PA50

CYP 3A4, CYP 2C9, CYP 1A2, CYP 2C19, or CYP 26 at doses np to 404M.
The pharmaceutical composition according to claim 66 or claim 67, wherein the
active ingredicit is 3-[3-tert-butylsulfanyl-1-{4-(6-cthoxy-pyridin-3-yi)}-benzyl]-3-
(5-methyl-pyridin-2-ylmethoxy)-1H-indol-2-v1}-2,2-dimethyl-propionic acid, or a
pharmaceutically acceptable salt thereof.

The pharmaceutical composilion according to any one of claims 23 to 68 for use in
ihe treatment of asthma in a human.

The pharmaceutical composition according to any one of claims 23 to 68 for use in
the prevention of exercise-induced bronchoconstriction in @ human.

The pharmaceutical composition according to any one of claims 23 to 68 for use in
the treatment of allergic rhinitis in a human.

The pharmaceutical compesition according to any one of claims 23 to 68 for usein
the prevention of allergic rhinitis in a hunan.

The pharmacentical composition according to any one of claims 23 to 68 for use in
the treatment of chronic obstructive pulmonary disease in a human.

The pharmaceutical composition according to any ong of claims 23 o 63 for use in
thie treatment of cardiovascular diseasein a human.

The pharmaceulical composition according to any one of claims 23 to 68 for use in
the treatment of NSAID~indused gastric lesions i a human.

The pharmaceutical composition accerding to any one of ¢laims 23 to 68 for use in

the treatment of ocular disease in & human.
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The pharmacentical composition according to any ong of claims 23 to 68 for use in
the treatment of pain in a human.

The pharmaceutical composition according to any one of claims 23 to 63 foruse in
the treatinerit of skin disease m a human.

The pharmaceutical composition according to of any one of claims 69 to 78, wherein
the pharmaceutical composition further comprises at feast one additional
pharmaceutical agent selected from inhaled corticosteroids, short acting beta-
agonists, lofig acting beta-agonists, and antihistantines.

An article of manufacture comprising muliiple unit doses of the oral solid dosage
form pharmacsutieal compositiont according to any one of elaims 23 10 79 in a high-
density polyethviene (HDPE) botile eqiupped with a high-density polyethylene
(HDPE) cap.

The article of manufacture of claim 80, further comprising an aluminum foil

indiiction séal and silica gel desiceant.

A method of treating asthma in 4 binyan comprising administering to the human an
oral pharmaceutical composition according to any one of ¢laims 23 to 79.

A method of preventing exercise-induced bronchoconstriction in 4 human.
comprising administering to the human an oral pharmaceutical composition
according to-any one of claims 23 to 79,

A method of {reating allergic rhinitis in  human comprising administering to the
human an oral pharmaceutical composition according to any oue of claims 23 to 79.
A method of preventing allergic rhinitis in a human comprising administering to the
human an oral pharmaceutical composition secording to any one of claims 23 to 79.
A method of treating chronic obstructive pulmonary discase in a human comprising
administering to the human an oral pharmaceutical composition according to any
ane of claims 2310 79.

Amethod of treating ocular disease ina human comprising admmistering to the
Iuman an oral phaimaceutical composition according to any one of claims 23 to 79.
A method of treating skin disease in a human comprising administering to the
human an oral pharmaceutical composition according to any one of claims 23 to 79.
The method according fo any one of claims 82 to 88, wherein the method further

comprises adiministering at least one additional pharmaceutical agent selected from
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inhaled corticosteroids, short acting beta-agonists, long acting beta-agonists, and
antihistamines.

A method of treating chronic obstructive pulnonary disease In g human comprising
administering to the human a pharmaceutical composition aceording to any one of
¢latms 23 1o 75.

A meihod of treating cardiovascular disease in a human comprising administering to
the human a pharmaceutical composition according to any one-of claims 23 1o 79,

A method of treating NSAID-induced gastric testons in 2 human comprising
administering io the human a pharmaceutical compositios according to any one of
clamms 23 to 79,

A methiod of treating pain in a homan comprising administering to theuman #n oral
pharmaceutical composition according to any one of claims 23 to 79.

Use of a pharmaceutically acceptable salt aceording to any one of claims 1 10 22 for
the manufacture of a medicament for the treatmernt of asthma in a human.

Use of a pharomaceotically accepiable salt according to any one of claims 1 to 22 for
the manufacture of a medicament for the treatrent of allergic rhinitis in a human.
Use of a pharmaceuticalty acceptable salt according to any one of ¢laims 1 to 22 for
the manufacture of a medicament for the prevention of allergic thinitis i a human.
Use of a pharmaceutically acceptable salt according to any one of claims 1 to 22 for
the manufacture of a.medicament for the treatment of chwonic obstructive pulmonary
disease i a human.

Use of a pharmaceutically acceptabie salt according to any one of claims ! to 22 for
the manufacture of a medicament Tor the treatment of ovular disease in a human.
Use of a pharmaceutically acceptable salt according to any cne of claims [ 1022 for
the manufacture of a medicament for the treatment of cardiovascular disease in a
humzan.

Use of a pharmacentically acceptable salt according t6 any one of claims 1 to 22 for
the manutacture of a medicament for the {reatment of skin disease m a aman.

Use of a pharmaceuntically acceptable salt according to any one of elaims t to 22 for
the manufactare of a medicament for the reatment of NSAID-nduced gastric
lesions n a hunyan.

Use of a pharmaceutically acceptable salt according fo any one of claims 1 to 22 for

the manufacture of a medicament for the treaiment of pain in 2 human.
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A process for the preparation of a pharmaceutically aceeptable salt according to any

one of claims 12 1o 17 comprising the steps oft
(1} adding Compound 2 to methy! tert-butylether to form a mixtare;

(2yheating the mixture from step (1) and then cooling the solulion; and
(3)isolating tlie solids that are formed from step (2) to provide a crystailine form
of Compound 2.

A process for the preparation of a pharmaceutically acceptable salt according to any

oneof elaims 2 to 22:

(a) reacting 4-methoxyphenylhydrazine hydrochloride with 4-bromobenzy! bromide
in the presence of triethylamine and foluene to provide N-(4-bromo-benzyl)-N-
{4-methoxy-phényl)-hydrazing hydrochloride;

(h) treating the product of step (a) with HC1 to provide N-(4-bromo-benzyl)-N-(4-
methoxy-phenyl)-hydrazine hydrochloride;

(¢} reacting N-{4<bromo-benzyl}-N-(4-methoxy-phenyl)-bydeazine hydrochlonde
 with acetic acid, S-zert-butylsulfanyl-2,2-dimethyl-4-oxe-pentanoic acid ethyl
ester, and sodium acetate in toluene to provide 3-[1-{$-bromo-benzyl)-3-teri-

butylsulfanyl-S-methoxy-1 H-indol-2-y11-2,2-dimethyl-propienic acid ethyl esler;

{¢1) reacting 3-f'1-(4-bronio-benzyl)-3-tert-butylsulfanyl-5-methoxy-1H-indol-2-yl}-
2.2-gimethyl-propionic acid ethyl ester with 2-methyl-2-propanethiol and
aluminum chloride in dichloromethans to provide 3-f1-(4-bromo-benzyl}-3-tert-
butyisalfanyl-5-hvdroxy- 1 H-indol-2-y1]-2,2-dimethyl-propionic acid ethyl ester,

(&) reacting 3-[1-(4-bromo-benzyl}-3 -tert-butylsuifanyl-5-hydroxy- 1 H-indol-2-y1}~
2,2-dimethyl-propionic acid ethyl ester with bis(pinacoluto)diboron using
palladiom mediated reaction conditions to provide 3- {3~ert-butylsuifanyl-5-
hydroxy-1-[4-(4,4,5,5-tetramethyl-{ 1,3,2]dioxaborotan-2-y{)-benzyl]-1 H-indo}-
2-y1§-2,2-dimethyl-propionic acid ethyl ester;

{1} reacting 3-{3-tert-butylsulfanyl-S-hydroxy-1-[4-(4,4,5, 5 tetramethyl-
[1,3,2]dioxaborolan-2-yl)-benzyl]- 1 H-indeol-2-vl} -2,2-dimethyl-propionic acid
ethyl ester with S-bromo-2-cthoxypyridine using patiadium mediated reaction
conditions to provide 3- {3-tert-butvisulfanyl-1-{4-(6-ethoxy-pyridin-3-yi)-
benzyl}-5-hyvdroxy-1 H-indol-2-yl} -2, 2-dimethyl-propidnic acid ethyl ester;

{g) reacting 3-{3-feri-utyisulfanyl-1-{4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-hydroxy-
1 H-indol-2-v1}-2 2-dimethyl-propionic acid ethy! ester with 2-chlore-5~
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methylpyridine hydrochloride in the presence of a base and solvent to provide 3-
[3-feri-butylsulfanyl-1-[4-(6-ethoxy-pyridin-3-y)-benzyl}-5-(S-methyl-p yridin-
2-ylmathoxy)-1H-indol-2-¥1]-2,2-dimethyl-propionic acid ethyl ester;

{b)} treating 3-[3-teri-butylsulfanyl-1-{4-{6-cthoxy-pyridin-3-¥i)-benzyl}-5-(5-
methyl-pyridin-2-yimethoxy}- 14-mdol-2-y1]-2,2-dimethyl-propionic acid sthyl
ester with thiof derivalized silica gel; and

(1) forming Compound 2 from 3-{3-lert-butylsulfanyl-1-{4-( 6-ethoxy-pyridin-3-y1)-
benzyl]-5-(5-methyl-pyridin-2-yhnothoxy)-1#-indol-2-y1}-2,2-dimethyl-
propionic acid ethy! ester.

The process of claim 104, wherein step (1) eonmprises reacting 3-{3-teri-

butylsalfanyl-1-{4-(6-cthoxy-pyridin-3-yl}-benzyl]-5-( S-methyl-piTidin-2-

viniethoxy)-1 H-indol-2-yi]-2,2-dimethyl-propionic acid ethyl ester with NaOll in a

suitable solvent,

The process of claim164, wherein step (i) further comprises crystal formation of

Compound 2 from methy] tert-butyl sther.

A process for the preparation of a pharmaceutically acceptable salt according to any

one of claims 2 to 22 conmprising the steps of:

(A) reacling a compound of Formula (311}
57X

HO\QM

1\\_) v OR!

3 =

- 2

ey

“TOTTN Formula (II);
where R’ 1s-an alkyt;

with a compound of Formuta (I}
T

~ o '

N X

wherein X is a leaving group;

Formula (I[);

in the presence of a base and solvent 1o form a compeund of Formwla (1)
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109.

110.

11l

i12.

14,

116

117,

118.

VDR
o
S =
R
NN Formmuta (I);

and
{B) forming Compound 2 form the compound of Formula (I} of step. (A},
The process according to claim 107, wherein step (A) further compriges isolating the

compound of Formula (I} prior to siep (B).

The piocess according to chaim 107 or claim 108, wherein step (A) further

comprises reducing the amount of palladiumi to Jess than about 20ppm.
The process according to claim 109, wherein reducing the amount of palladium
comprises treatment of the compotnd of Formula (I) with thiol derivatized silica gel.
The process aceording to claim 107, wherein the reaction of step (A) s heated to a
temperature of about-50°C to about 90°C.
The process according 1o ¢laim 107, wherein step (B) comprises hydrolysis of the
ester moiety-of the product of step (A).
The process according to claim 112, wherein step (B} comprises treatment of the
compound of Formula (1) from step (A) with:

a) LIOH, KOH, or Ca{OH};, followed by NaOH; or

b} NaGH.
The process accarding to claim 113, wherein step (B) comprises {reatment of the
conipotnd of Formula (1) from step (i) with LIOH followed by NaOH.
The process sccording to claim 113, wherein step (B} gomprises treatment of the
compound of Formula () from step (i} with NaOH.
The process according o claim 115, whereinstep (B) is carried out in a solvent
system eomprising tetrahydrofuran, water and an alcohol selected from methanol
and ethanol,
The process according to claim 116, whercin step (B) is camried out in a solvert
system comprising tetrshydrofuran, water and ethanol.
The process according to claim 107, further comprising crystal formation of

Compound 2 from methy! tert-butyl ether (MTBE),
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119, The process according to claim 107, wherein Rlis ~CH; or ~CH;CH:.
120.  The process dccording to clatm 107, wherein the base i5 a cesium base,
121.  The process according to claim 107, wherein X’ is selected from Cl, Br, I, -
OS0:CF,, -080,(d-methylphenyl}, -O8SOs(phenyl) and —-OS0;CH;.
§ 122, The process accarding to claim 121, wherein X7 1s CL
123, The process according fo claim 107, wherein the compound of Formula (IIT) is
prepared by?

reacting a compound of formula {(IVY:

Formula (IV)
10 wherein R is C;-Cy alkyl;
B is a horenic acid 'or boranate ester;.

with a. compound of Formala (IV) in the presence of a first coupling catalyst;

X

N Formula (V)
wherein X is a leaving group; to provide a compound of Formula (1)
/
e
A
HO SR,
[OAeW;
" |
57N OR
Ny
A |
15 “O7N Formula (11T).
124.  The process according to claim 123, wherein X is selected from Cl, Br, |, or -

0S0;CF;.

125.  The process according to claim 123 or claim 124, wherein B is selected from
—Q
HQ, R /

0 N0 0 { B¥
ot % % > S
HQ/ , ~g , L\‘//“‘O - )<\“‘O . and .

Y
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The process according to claim 125, wherein B is i[o
The process according to any one of claims 123 to 126, wherein the first coupling
catalyst is a palladinm catalyst.

The process of claim 127, wherein the paliadium catalyst 1s

tetrakis(triphenylphosphine)paliadium.

The process aeeording to any one of claims 123 to 128, wherein the reaction further

comprises heating to a teiperature of ghowt 60°C to aboui 95°C.
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