
5-1J POXVGENASE-ACTIVATING PROTEIN INHIBITOR 

RELATED APPLICATIONS 

100011 This application claimsbenefit.of IJ.S, .Provisional Application No. 61/055,887, 

entitled "ORAL FORMULATIONS OF A FLAP INHIBITOR" filed On May 23,2008; and 

5 U.S. Provisional Application No. 6.1/055,899, entitled "MANUFACTURING PROCESS 

AND POLYMORPHS OF A 5-LIPOXYGENASE ACTIVATING PROTEIN 

INHIBITOR" filed on May 23,2008; each of which is herein incorporated by reference in 

their entirety. 

FIELD OF THE INVENTION 
)0 [0002) Described herein are pharmaceutical compositions that comprise 3-[3~(tert-

butylsulfaftyl)~l~[4-(6"ethoxy-pyndin-3-*yl)benzy!.]*5-(5-me£hyl-pyridm-2-y.l»niethoxy)-'lH-

indol-2-y1'J-2)2-dimethyi-propionic ac5d, pharmaceutically acceptable sails, 

pliamiaceutically acceptable solvates (including hydrates), amorphous phases, partially 

crystalline and crystalline forms, prodrugs, metabolites arid N-oxides thereof and methods 

15 of use thereof in the treatment or prevention of diseases or conditions associated with 5-
1 ip o xy ge n as e- ac ti vating protein (FLAP) activity. 

BACKGROUND OF THE INVENTION 

|0003] Leukotrienes are biological compounds fanned from arachidonic acid in tire 

leukotriene synthesis pathway. Leukptrieries are synthesized primarily by eosinophils, 

20 neutrophils, mast cells, basophils, dendritic cells, macrophages and monocytes, 

Leukolrienes have been implicated in biological actions including, by way of example only, 

smooth muscle contraction, leukocyte activation, cytokine secretion, mucous secretion, and 

vascular function. 

100041 FLAP is a member of the M.APEG (membrane associated proteins involved in 

25 eicosanoid and glutathione metabolism) family of proteins. FLAP is responsible for binding 

arachidonic acid and transferring it to 5-Hpoxygenase. 5-Lipoxygenase can then catalyze the 

two-step oxygenation and dehydration of arachidonic acid, converting it into the 

intermediate compound 5-HPETE (5- hydroper.oxyeicosatetraenoie acid), and in the 

presence of FLAP convert the 5-HPETE to Leukotriene A* (LT/V). LTA,is acted on by 

30 LTC4 synthase, which conjugates LTA4 with reduced glutathione (GSli) to form the 

intrcellular product leukotriene Q (LTC4). LI C4 is transformed to leukotriene D4 (LTD4) 
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and leuko trine E* (LTEj) by the action of gamma-glutamyl-traiispepddase and dipeptidases. 

LTC4 synthase plays a pivotal role as the only committed enzyme in the formation of 

e-ysteinyl leukotrienes. 

SUMMARY OF CHE INVENTION 

5 ]0005) Described herein is 3-[3-{terl-buty]sulfsnyl)- l-[4-(6-e(hoxy~p)Tidin-3-yl,)benz:yi]-5-

(5-methyi-pyridin-2-yi-methoxy)-l.H-indol-2-yl]-2,2-dinietbyl-propiomc acid including all 

pharmaceutically acceptable solvates (including hydrates), amorphous phases, partially 

crystalline and crystalline: forms (including all polymorphs), prodrugs, metabolites and N-

oxides thereof (Compound 1) or a pharmaceutically acceptable salt of Compound 1 

10 including all pharmaceutically acceptable solvates (includinghydrates), amorphous phases, 

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

and N-oxides thereof, and methods of uses thereof in the manufacture of medicaments for 
the treatment of leukotriene mediated diseases, disorders, or conditions. Also described are 
pharmacokinetic and pharmacodynamic properties of such formulations in mammals, 

15 including humans. 

[00061 Included within the scope of the term "Compound 1" are all pharmaceutically 

acceptable solvates (including hydrates), amorphous phases, partially crystalline and 

crystalline forms (including all polymorphs), prodrugs, metabolites and N-oxides, 

[0007) Included within the scope of the term "pharmaceutically acceptable salt of 

20 Compound 1" are all pharmaceutically acceptable solvates (including hydrates), amorphous 

phases, partially crystalline and crystalline forms (including all polymorphs), prodrugs, 

metabolites and N-oxides of said pharmaceutical!}' acceptable salt. 

100081 Included wi thin the scope of the term "Compound 2" are all pharmaceutically 

acceptable solvates (including hydrates), amorphous phases, partially crystalline and 

25 crystalline forms (including all polymorphs), prodrugs, metabolites and N-oxides, 

10009] In one aspect, described is a pharmaceutically acceptable salt of Compound 1. In 

another aspect, described herein is Compound .1. 

[0010] Described herein are pharmaceutical compositions comprising Compound I. or a 

pharmaceutically acceptable salt thereof as the active ingredient in the pharmaceutical 

30 composition, and at least one pharmaceutically acceptable inactive ingredient selected from 
among excipients, diluents, and carriers. 

10011] In one aspect, described is a pharmaceutically acceptable salt comprising 3-[3-lert-

butylsulfany{-i-[4-(6-ethoxy-pyridin-3-yl)-ben2yl]-5-(5-methyl-pyridin--2-ylmethoxy)-l//-
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iii('lol-2-yi]-2,2-dimethyl-propionate as the anion and a cation selected from Na~, &r, Lf, 

Ca2:, NH4\ the protonated form of dicyclohexylarnine, the protonated form of/V-methyl D-

glucamine, the protonaied form of tris(hydroxymethyl)metliylamine, the protonated form of 

arginine, and the protonated form of lysine. In some embodiments, the cation is selected 

from Na+, K% Lf> Ga2'\ and NH4+» In some embodiments, the cation is selected from Na\ 

K\:and Li'. In some embodiments, the cation is Na\ 

(0012} In some- embodiments, the pharmaceutically acceptable salt is solvated or 
desolvated. In some embodiments, the pharmaceutically acceptable salt is desolvated. In 

some embodiments, the pharmaceutically acceptable salt is solvated. hi a specific 

embodiment, the pharmaceutically acceptable salt is: solvated with a Class 3 sol vent. In 

some embodiments, the phamiaceotically acceptable salt is solvated with a Class 3 solvent 

and water. In a specific embodiment, the Glass 3 solvent selected from ethyl acetate, 

Isopropyl acetate, methyl tert-butylether, heptane, isopropanol, and ethanol. In some 

embodiments, the pharmaceutically acceptable salt is solvated with methyl tert-butylether. 

In some embodiments, the pharmaceutically acceptable salt comprises a detectable amount 
of water. 

10013] In some embodiments, the phannaceu ticall y acceptable salt comprises a detectable 

amount of palladium that is less than 20 ppm. In some other embodiments, the 
pharmaceutically acceptable salt comprises a detectable amount of palladium that is less 
than lOppm, In.yet other embodiments, the pharmaceutically acceptable salt comprises a 

detectable amount of palladium that is less than Sppm. Tri yet other embodiments, the 

pharmaceutically acceptable salt comprises less than 20ppm of palladium. 

[0014] In one aspect. Compound 1. or a pharmaceutically acceptable salt thereof is in an 

amorphous phase, a partially crystalline form, or a crystalline form. 

jooisj In some embodiments, Compound I or a phannaceuticaHy acceptable salt thereof is 

in an amorphous phase. 

(003(1| In other embodiments. Compound 1 or a pharmaceutically acceptable salt thereof is 

in a cryst.alli.tie form. 

[0017] In some embodiments, the pharmaceutically acceptable salt undegoes a. crystal 

formation (whether by a crystallization, sol id-to-solid transformation or crystalline inter-

con ̂ version) from metliyl tert-butylether. 



1001K| In one aspect, described herein is the compound sodium 3-[3-(tert-butylsuifanyl)-1 -

[4-(6-ethoxy-p}Tidin-3-yijbeTi,zyli-5-(5-metiiy]-pYridin-2-yl-metboxy)-lH-indol-2-yl]-2,2-

dimethyl propionate (Compound 2): 

5 jOO:l9| In one aspect provided is a composition comprising Compound 2. In some 

embodiments. Compound 2 is in an amorphous phase, a partially crystalline form, a 

crystalline form;, milled form, or nano-particulate form. In some embodiments, the 

composition comprises a detectable amount of palladium that is less than 20 ppm, In some 

other embodiments, the composition comprises a detectable amount of palladium that is less 
10 than 10 ppm. In yet other embodiments, the composition comprises a detectable amount of 

palladium that is less than 5 ppm. 

(0020| In some embodiments, the composition comprises less than 20 ppm of palladium. In. 

some other embodiments, the composition comprises Less than 10 ppm of palladium. In yet 

other embodiments, the composition comprises less than 5 ppm of palladium. 

15 [0021] In some embodiments, the composition comprises crystalline Compound 2. In some 

embodiments, crystalline Compound 2 is Polymorph Form B. In some embodiments, 

crystalline Compound 2 is Polymoiph Form C. In some embodiments, the composition 

comprises amorphous Compound 2. 

|0022] In some embodiments, the composition comprises crystalline polymorph Form C of 

20 Compound 2. In some embodiments, the composition comprises crystalline polymorph 

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

[00231 In some embodiments, the composition comprises crystalline Compound 2 and a 

detectable amount of amorphous Compound 2, 

25 [0024] In some embodiments, tire composition comprises a detectable amount of water. 

[0025] In some- embodiments, Compound 2 is crystalline and was crystallized from methyl 
tert-butyl ether. 
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[0926 } In some embodiments, the composition of Compound 2 compri ses a detectable 

amount of solvent selected from 1,2-dimethoxyethane, ethyl acetate, methanol, ethanol, 

tetrahydrofuran, and methyl tert-butyl ether; wherein the solvents are detected at levels less 

than about 5000ppm. hi some embodiments, the composition comprises a; detectable amount 

5 of solvent selected from 1,2-dimethoxyethane, etliyl acetate, methanol, ethanol, 

tetrahydrofuran, and methyl ten-butyl ether; wherein .the solvents are detected at levels less 

than about 4000ppm, In some embodiments, the composition comprises a detectable amount 

of solvent selected from 1,2-dimethoxyethane, ethyl acetate, methanol, ethanol, 

tetrahydrofuran, and methyl tert-butylether; wherein the solvents are detected at levels less 

10 than about 3000ppm. In some embodiments, die composition comprises a detectable amount 

of solvent selected from 1^2-dmiethoxyethane, ethyl acetate, methanol, ethanol, 

tetrahydrofuran, and methyl tert-butyl ether; wherein the solvents are detected at levels less 

than about 2000ppm. in some embodiments, the composition comprises a detectable amount 

of solvent selected from 1,2-diniethoxyelhane, etliyl acetate, methanol, ethanol, 

15 tetrahydrofuran, and methyl tert-butyl ether; wherein the solvents are detected at levels less 

than about lOOOppm. 

[0-027] In some embodiments, Compound 2 has a solubility in water at about pH 10 and at 

about 25®C that is greater than about 1 Omg/ntL. 

|002S] In. some embodiments, the composition described herein comprises Compound 2 

20 which was crystallized or precipitated from methyl tert-butyl ether. In some embodiments, 

the composition comprises Compound 2 that underwent a crystal formation (whether by a 

crystallization, solid-to-solid transformation or crystalline inter-conversion) from methyl 

tert-butyl ether. 

J 0029J in some embodiments, the composition of Compound 2 comprises a detectable 

25 amount of a compound selected from: 
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|0030] In sortie embodiments, Compound 2 is greater thjan 97% pre. In further 

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

5 Compound 2 is greater than 99% pure. 

(0031 ] In one aspect, described herein is ah amorphous form of Compound 2. In some 

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

property selected from: 

(la) an XRPD pattern showing a lack of crystallinity; 

10 (2a) at least one endotherm and at least one exo therm observed by differential scanning 

calorimetry (DSC); 
(3a) a glass transition temperature of about 127*C; 

(4a) a melting point at about 1S5°C followed by a re-crystallization event at about 200'C 

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

15 (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 patterns set forth in Figure 9; 

(6a) a DSC or a TGA substantially similar to the ones set forth in Figure 12; 
(5a) hygroscopieity; and/or 

20 (6a) chemical stability. 

6 



100321 In sonic embodiments, described herein is an amorphous form of Compound 2 that 

has (la) an XRPD pattern showing a lack of crystal Unity. 

[0033] In some embodiments, the amorphous: form of Compound 2 has (2a) at least one 

endotherni and at least one exdtherm observed by differential scanning calorimetry (DSC). 

5 [0034) hi some embodiments, the amorphous form of Compound 2 has (3a) a glass 

transition temperature of about 127"C. 

[0035] In some embodiments, the amorphous form of Compound 2 has (4a) a melting.point 
at about. 155°C followed by a re-crystallisation event at about 200°C followed by a second 

melting point at about 2S8"C to about 295° C 

l o [0036 | In some embodiments, the amorphous form. Of Compound 2 has: (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 patterns set forth in Figure 9. 

[0037] In some embodiments, the amorphous form of Compound 2 has (6a) a DSC or a: 

15 TG A substantially similar to the- ones set forth in Figure 12: 

10038) In some embodiments, the amorphous form of Compound 2 has (5a) liygroscopicity. 

rt)03fj In some embodiments, the amorphous form of Compound 2 has (6a) chemical 

stability. 

j 00401 In one aspect is a crystalline form of Compound 2. hi some embodiments, the 

20 crystalline form of Compound 2 has at least one property selected from:: 

(lc) an X-ray powder diffraction (XRPD) pattern substantially similar to the one set forth in 

Figure 1; 

(2c) an XRPD pattern with peaks at about 17.2n2-Theta, at about 18.4°2-Theta, at about 
I9.I°2-Theta, at about 20.8°2-Theta, and at about 23.8°2-Theta; 

25 (3 c) a single melting point at about 290°C to about 295®C as measured by differential 

scanning calorimetry (DSC); 

(4c) a DSC or a thermo-gravimetr.ie analysis (TGA) substantially similar to the ones set 

forth in Figure .15; 

(5c) physical and chemical stability (at 5°C, 25°C/60% relative humidity (RH), and/or 

30 40°C/75% RH for at least one month in a humidity chamber); 

(6c) non-hygroscopi city; 

(7c) IR spectrum substantially similar to the one set forth in Figure .19; and/or 
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(8c) an X-ray powder diffraction (XRPD) pattern substantially similar to an XRPD pattern 

obtained for crystals of Compound 2 obtained from methyl tert-butyl ether or acetonitrile. 

[0041] In some embodiments, the crystalline form of Compound 2 has at least one property 

selected from: (lc) an X-ray powder diffraction (XRPD) pattern substantially similar to the 

5 one set forth in Figure 1; and (2c) an XRPD pattern with peaks at about 17,2°2-Thela, at 
about 18.4°2-Theta, at about 19.1°2~Theta, at about 20.8°2-Theta, and at about 23.8°2-

T'heta. 

[0042| Jn some embodiments, the crystalline fomi of Compound 2 has (1 c) an X-ray 

powder diffraction (XRPD) pattern substantially similar to the one set forth in Figure 1. 

so ] 00431 In some embodiments, the crystalline .form of Compound 2 Has (2 c) an XRPD 

pattern with peaks at about 17.2°2-Theta, at about 18.4q2-Theta, at about 19.1 °2-'fheta, at 
about 20.8°2-Theta, and at about 23:.S°2-Thet.a. 

f 0044| In some embodiments, the crystalline form of Compound 2 has (3c) a single melting 
point at about 290°C to about 295 °C as measured by differential scanning calorimetry 

15 (DSC). 

{0045| hi some embodiments, the crystalline form of Compound 2 has (4c) a DSC or a 

thettrto-gravimetric analysis (TGA) substantially similar to the ones set forth in Figure 15. 

10046] In some embodiments, the crystalline: form of Compound 2 has (5c) physical and 
chemical stability (at 5°C, 25°C/60% relative humidity (RH), and/or 40°C/75% RH for at 

20 least one month in a humidity chamber). 

[0047] In some embodiments, the crystalline form of Compound 2 is (6c) non-hygroscopic. 

[0048] In some embodiments, the crystalline form of Compound 2 has (7c) IR spectrum 

substantially similar to the one set forth in Figure 19. 

[004.0] ih some embodiments, the crystalline form of Compound 2 has (8c) an X-ray 

25 powder diffraction (XRPD) pattern substantially similar to an XRPD pattern obtained, for 

crystals of Compound 2 obtained from methyl tert-butyl ether or acetonitrile, 

[0050] In some embodiments, Compound 2 is crystalline polymorph Form B. 

100S1 j in some embodiments, Compound 2 is crystalline and has at least one of the 

following properties: (1 b) an X-ray powder diffraction (XRPD) pattern substantially similar 
30 to the one set forth in Figure 2; (2b) an XRPD pattern with peaks at about 6.6° 2-Theta, at 

about 8.1°2-Th.eta, at about 19.7°2-Thetu, at about 21.0P2-Theta, at about 2.1.9°2-Theta, and 
at about 22.1°2-Theta. 
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{0052) In one aspect, Compound I is used for treating asthma, preventing exercise-induced 

br<mcho.coustriclbn, treating or preventing rhinitis (allergic and non-allergic), treating 

chronic obstructive pulmonary disease, treating cardiovascular disease, treating M'SAJD-

induced gastric lesions, treating pain, treating or preventing ocular disease or treating skin 

5 disease in a human. In some embodiments. Compound 1 is crystalline. In some 

embodiments. Compound 1 is amorpous. 

[0053] In one aspect, a pharmaceutically acceptable salt of Compound 1 is used for treating 
asthma, preventing exercise-induced bronchocoiistrietioii, treating or preventing rhinitis 
(allergic and non-allergic), treating chronic obstructive pulmonary disease, treating 

id cardiovascular disease, treating NSAID-indused gastric lesions, treating pain, treating or 

preventing ocular disease or treating skin disease in a human. In some embodiments, the 

pharmaceutically acceptable salt of Compound 1 is Compound 2, 

10054) In one aspect, crystalline Compound 2 is used for treating asthma, preventing 
exercise-induced bronchoconstriction, treating or preventing rhinitis (allergic and non-

15. allergic), treating chronic obstructive pulmonary disease, treating cardiovascular disease, 

treating MS AID-mdiised gastric lesions, treating pain, treating or preventing ocular disease 

or treating skin disease in a human. In some embodiments, crystalline Compound 2 is Form 

C. 

10055) In one aspect amorphous Compound 2 is used for treating asthma, preventing 

.20 exercise-induced bronchocottsiriGtion, treating or preventing rhinitis (allergic ant) non-

allergic), treating chronic obstraetive pulmonary disease, treating cardiovascular disease, 

treating NSAID-induced gastric lesions* treating pain, treating or preventing ocular disease 

or treating skin disease in a human, 

10056) In. one aspect there is provided Compound 1 and/or a pharmaceutically acceptable 

25 salt thereof for use- in the treatment of asthma. In some embodiments the pharmaceutically 
acceptable sali is Compound 2. 

]0057] In one aspect there is provided Compound I and/or a pharmaceutical!}' acceptable 

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

In some embodiments the pharmaceutically acceptable salt is Compound 2 

30 {0058| in one aspect there is provided Compound 1 and/or a pharmaceutically acceptable 

salt thereof for use in treatment and/or prevention of rhinitis (allergic and non-allergic). In 

some embodiments the pharmaceutically acceptable salt is Compound 2. 
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[0059] In one aspect there is provided Compound 1 and/or a pharmaceiilically acceptable 

salt thereof far use .in the treatment of chronic obstructive pulmonary disease. In some 

embodiments the pharmsc'eutically acceptable salt is Compound 2. 

[OOfiOj Jn one aspect there is provided Compound 1 arid/or a pharmaceutically acceptable 

5 salt thereof lor use in the treatment of cardiovascular disease. In some embodiments the 

pharmaceutically acceptable salt is Compound 2. 

(00611 In one aspect there is provided Compound 1 and/or. a pharmaceutically acceptable 

salt thereof for use in the treatment o f NS AI D -i nduced gastric lesions. In some 

embodiments the pharmaceutically acceptable salt is Compound 2. 

10 [0062] 111 one aspect there is provided Compound 1 and/or a pharmaceutically acceptable 

salt thereof for use in the treatment, of ocular disease, In some embodiments the 

pharmaceutically acceptable salt is Compound 2. 

j 0063] In one aspect there is provided Compound 1 and/or a pharmaceutical!}* acceptable 

salt thereof for use in the treatment of pain. In some embodiments She pharmacemically 
15 acceptable salt is Compound 2. 

[0t)64| In one aspect there is provided Compound 1 and/or a pharmaceutically acceptable 

salt thereof for use in the treatment of skin disease in a human. In some embodiments the 

pharmaceutical^ acceptable salt is Compound 2. 

[0065) Described herein are pharmaceutical compositions comprising Compound 1 and/or 
20 pharmaceutically acceptable salts thereof, hi some embodiments, the pharmaceutical 

compositions comprise Compound 1. In other embodiments, the pharmaceutical 

compositions comprise a phannaceutvcaliy aeceptable salt of Compound I. In some 

embodiments, the pharmaceutically acceptable salt of Compound 1 is Compound 2. In some 

embodiments, the pharmaceutical compositions further comprise at least one 

25 pharmaceutically acceptable inactive ingredient selected from among exciptents, diluents, 
and carriers. 

(00661 In some embodiments, the pharmaceutically acceptable salt of Compound 1 
comprises 3-[3-(tert-butylsulfariyl)4-[4-(6-ethoxy-pyridm-3-yl}benzyl]-5-(5-methyt-
p\tidin-2-yl-met.hoxy)-n;l-indol-2-yl]-2,2-dimethyl-propionate as the anion, and tbe cation 

JO is a metal cation or an ammonium cation. In specific embodiments, tbe cation is selected 

from LT, Nit", K'\ and NB4". In more specific embodiments, the cation .is selected from Lf« 

Na', and KT In even more specific embodiments, the cation is Na+. 
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[0067] In some embodiments, pharmaceutical compositions described herein are in a form 

suitable for oral administration to a mammal. In specific embodiments, tbe composition is in 

the form of a pill, capsule, tablet, aqueous solution, or aqueous suspension. 

100.68! In various embodiments the pharmaceutical compositions described herein comprise 

S less than about lOppm of palladium. 
}00i)9j In some embodiments, tbe pharmaceutical^ acceptable salt of Compound 1 is 

sodium 3r[3'-(tci1-butylsulfanyl)-l-[4-(6-tthox5!-pyridin-3-:yl)benz,yi]-5--(5-methyl-p>ridm-2-

y]-metboxy)-i:Fhind;ol-2-yI]-2,2-dimetbyl-propionate (Compound 2) and Compound 2 is in 

an amorphous phase, a partially crystalline form., or a crystalline form. In specific 

10 embodiments, fee pharmaceutical composition described herein is formulated as a tablet and 

Compound 2 is in crystalline form. 
10070] In some embodiments, Compound 1 is in an amorphous phase, a partially crystalline 

form, or a crystalline form. In specific embodiments, the pharmaceutical composition 

described herein is formulated as a tableland Compound 1 is in crystalline form, hi specific 
15 embodiments, the pharmaceutical composition described herein is formulated as a tablet and 

Compound 1 is in amorphous phase. 
|007:i] In specific embodiments, any of the pharmaceutical compositions described herein 

comprise the crystalline form of Compound 2 that has an X-ray diffraction pattern with 

characteristic deg 2-theta values at about r7.2°2-Theta, at about 1S.4c2-Thetu, at about 

20 19.1 °2-Theta, at about 20.8°2-Theta, and at about 23.8C2-The(a. In some embodiments, 

Compound 2 described herein is in a crystalline form having an X-ray diffraction pattern 

substantially similar to the one set forth in Figure 1. hi other specific embodiments, any of 

the pharmaceutical compositions described herein comprise Compound 2 in amorphous 

phase, hi another specific embodiment, any of the pharmaceutical compositions described 

25 herein comprise Compound 2 in a crystal line form having an X-ray diffraction pattern wife 

characteristic deg 2-theta values at about 6,6° 2-Theta, at about 8.1®2~Xheta, 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 

further embodiments, Compound 2 described herein is in a crystalline form having an X-ray 

diffraction pattern substantially similar to the one set forth in Figure 2. 

30 [0072] In some embodiments, pharmaceutical compositions disclosed herein comprise 

crystalline Compound 2 and a detectable amount of amorphous Compound 2. 

[0073] In some embodiments, Compound 2 is in a form/phase that has a solubility in water 

at a pH of about. 9 to about 10 and about 25°C of greater than about lOmg/mL, 
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[0.074] In one aspect, provided herein is an ora.i phannaceutical composition comprising: (a) 

an alkali metal salt of Compound I; (b) optional sorbitol or ethanol; and (c) an aqueous 

buffer solution, In specific embodiments, the alkali metal is sodium. In one aspect, provided 

Is an oral pharmaceutical composition comprising: fa) a pharmaceutically acceptable salt 

5 comprising 3-[3-(teri-buty]surfanyi)-l-[4~(6-ethoxy-p\Tidin-3-yr)benzyl]-5-(5-*methyl-

pyridin-2-y1-methoxy)-lH~ind.ol-2~yl.]-2,2-dtmefey1-propionate as the anion, and the cation 

selected from Na\ K', and I.if; (b) an aqueous buffer solution; and optionally (c) ethanol or 

Poloxamer 124, In some embodiments, te cation is Na In some embodiments, the 

aqueous buffer solution is an aqueous sodium carbonate buffer solution. In some 

10 embodiments, the oral pharmaceutical composition further comprises a pharmaceutically 

acceptable sweetener. In specific embodiments, the pharmaceutically acceptable sweetener 

is selected from sucrose, sucralose, simple syrup, and syrpalta. In more specific 

embodiments, the plmnnaceuticaily acceptable Sweetener is sucralos®. In other specific 

embodiments, the pharmaceutically acceptable sweetener is aspartame. In certain 

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

than about lOppin palladium. lit some embodiments, the oral pharmaceutical composition 

has a concentration of up to about .60m.g/mL, -about O.hugmLto about 60mg/mL, about 

lmg/mL to about 5Qing/mL, about I Omg/mL to about 50mg/mL, about lmg/rtxL to about: 
2Qmg/mL, or about 1 Omg/mL of Compound 2. 

20 |0D75[ In some embodiments, provided herein is an oral pharmaceutical composition 

comprising: a, about 1 g of the sodium salt of 3-[3-(tert-butylsu!fanyl)-l-[4-(6-ethoxy-
pyridin-3-yl)benzyi]-5-(5-methy]-pyridm-2-yl-methoxy)-lH-indol-2-yl]-2?2-dimethyl" 
propionic acid (Compound 2); and b. about 100ml. of a solution of 1% (w/vv) Poloxamer 

124 and 99% (w/w) aqueous sodium carbonate buffer (0.01 DM, pH9-10), sweetened with 

25 sucralose. 

10076) In some embodiments, provided herein is an orai pharmaceutical composition 

comprising (a) about 1 gram or about 1 Omg/mL of the sodium salt of Compound 1 

(Compound 2); and (b) about lOOmL of about lOmM aqueous sodium carbonate buffer 

solution with a pl;l of about 9-10 comprising about. 10% w/vv absolute ethanol and about 

30 0.003% w/w aspartame. In a specific embodiment, provided herein is an oral 

pharmaceutical composition comprising (a) about. 1 Omg/mL of Compound 2; (b) a solution 

comprising about 1% w/w poloxamer 124 and about 99% w/w aqueous sodium carbonate 

buffer (about 0.010M, pH about 9-10); and (c) sucralose (about 5mg/i00mL). 
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[0077i In some embodiments, any oral pharmaceutical composition described herein 

comprises or is formulated in a single- dose comprising from about lOmg to about lOOOmg 

of a pharmaceutically active salt of Compound L In specific embodiments, the single1 dose 

comprises about lOmg to about 600mg, about 2.0.mg to about 600mg;. about 40mgto about 

5 6Q0mg or about 50mg to about 6()0rtig of « pharmaceuticalJy acceptable salt of Compound 

1. In specific embodiments, the single dose, when administered to healthy ad.ult human 

subjects in the fasted state provides a Cxm, of about 0,1 |AM, to about 30pM, about 0.2pM to 

about 30pM, or about to about 5itM .In some embodiments,, tile single dose, when 

administered to healthy human subjects in the fasted state; provides a of about 1 hour to 

10 about 4 hours, or about 2 hours to about 3 hours. In some embodiments, the single dose, 

when administered to healthy human subjects in the fasted state provides an AUC044. of 

about. 4 hrjtM to about. 160 hr-usM, about 5: hr-^M to about 110 hr-fiM, about 5 hrpM to 

about 90 hr-j.iM, about 5 hrpM to about 50 hr-fiM, about 5 hr]iM to about 25 hrpM., In 

some embodiments, the single dose of the pharmaceutical composition when administered 

15 to healthy adult human subjects in the fasted state provides a Cmax that is less than about 

5pM, less than about 9pM, or less than about .12pM. In some embodiments, the single dose, 

of the oral pharmaceutical composition when administered to healthy adult human subjects 

in the fasted state provides after about 8 hours at least 25%, at least 50%, at least 60%, at 

least 70%, at least 80% or at least 90% reduction in blood LTB^ levels. In some 

20 embodiments, the single dose provides after about 24 hours at least 5%, at least 10%. tit 

least 20%, at least 30%. at least 40%. or at least 50% reduction in blood I..TB4 levels. In 

some embodiments, the single dose provides at least 25%, at least 50%, at least 60%, at 

least 70%, at least 80%, or at least 90% reduction in urinary LTEj levels, fn some 

embodiments, the pharmaceutically active salt of Compound 1 is Compound 2. In some 

25 embodiments, the single dose of the oral pharmaceutical composition comprises about 

K).mg to about 1 g, about IGmg to about 600mg, about lOmg. about 5©mg, about ISOmg, 

about 3Q0mg, about 600mg, or about lOOOmg of Compound 2, 

{0078] In some embodiments, any oral pharmaceutical composition described herein 

comprises or is formulated in a single dose comprising from about lOmg to about lOOOmg 
30 of (Compound 1. ,ln further embodiments, the single dose comprises about 50mg to about 1 g, 

about .1 Omg to about 600mg, or about SOmg to about 600mg of Compound 1. In further or 

alternative embodiments, the single dose of the oral pharmaceutical composition comprises 
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about 10 nig to about .1 g, about 1 Omg to about 600mg, about 10 mg, about* 50mg, about 

150mg, about 30Qmg, about 600mg, or about 1000mg of Compound 1, 

}00?9j An oral solid dosage form pharmaceutical composition comprising: (a) about lOmg 

to about I g, or about 50mg to about lg, or about 5Qmg to about 600mg of Compound 2; and 

5 (b) at least one inactive pharmaceutical ingredient. In specific embodiments, tire oral solid 

dosage form comprises about 1 Omg, about 50mg, about 1 OOmg, about: 15Omg, about 

200mg, about 250mg, about 3 OOmg, about 450mg or about 600 mg of Compound X In 

specific embodiments, tire oral solid dosage form comprises about 1 Omg, about 50mg, about 

1 OOmg, about 150mg, about 200mg, about 250mg, or about 3 OOmg of Compound 2. In 

10 certain embodiments, the oral solid dosage form pharmaceutical composition comprises less 

than about lOppm palladium, hi some embodiments, tbe oral solid dosage fomi 
pharmaceutical composition comprises less than about 5000ppm ethyl acetate. In some 

embodiments, the oral solid dosage form comprises less than about 5000ppm ethanol. "in 

some embodiments, the oral solid dosage form pharmaceutical composition comprises a 

15 crystalline form of Compound 2. In some embodiments, Compound 2 is in a crystalline 

form having an X-ray diffraction pattern with characteristic deg 2-theta values at about 

17.2°2-Theta, at about L8,4ft2-Theta, at about 19.1'2-Theta, at about 20.8;O2-Theta, and at 

about 23,S°2~Thela. In some embodiments, Compound 2 is in a crystalline fomi having an 

X-ray diffraction spectrum substantially similar to the one set forth in Figure 1. In some 

20 embodiments, Compound 2 is in a crystalline form having an X-ray diffraction pattern with 

characteristic deg 2-theta values at about 6,6G2-Theta, at 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 22.1°2-Theta. hi 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 embodiments, the oral solid 

25 dosage fomi comprises an amorphous phase (Phase A) of Compound 2. 

|0080) An oral solid dosage form pharmaceutical composition comprising: (a) about l Omg 

to about 1 g, or about 5Omg to about lg, or about 50mg to about 600mg of Compound 1; and 

(b) at least one inactive pharmaceutical ingredient. In specific embodiments, the oral solid 

dosage form comprises about lOmg, about 50mg, about lOOmg, about 15Omg, about 
30 200mg, about 250mg, about 300mg, about 450mg or about 600m g of Compound 1. In 

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

than about lOppm palladium. In some embodiments, the oral solid dosage form 

pharmaceutical composition comprises less than about 5000ppm ethyl acetate. In some 

14 



embodiments, the oral, solid dosage form comprises less than about SQOOppm ethanol. in 

some embodiments, tbe oral solid dosage form pharmaceutical composition comprises a 

crystalline fomi of Compound 1. In some embodiments, Compound I is in amorphous 

phase. 
5 [0081] In one aspect, any of the oral solid dosage form pharmaceutical composition 

described herein allows for rapid absorption of the active ingredient in the stomach and 

upper gastrointestinal tract, hi specific embodiments, provided herein is an oral solid dosage 

form that is in the fomi of a tablet. In more specific embodiments, the tablet is ail immediate 

release, tablet 

10 [00821 In some embodiments, the oral solid dosage: form that comprises Compound 2 

exhibits m in vitro release of Compound 2 in about 1% sodium laurvl sulfate solution at pH 
of about 7 and about 37°C of more than about 90% after about 10 minutes. In specific 

embodiments, the in vitro release is measured by a drug release test using the United States 

Pharmacopea (USP) Type-1, basket at about lOOrpm with about 5G0mL of about 1% 

15 sodium lauryl sulfate solution at pH of about 7 and about 37°C. 

100831 In some embodiments, provided herein is a pharmaceutical composition comprising 

Compound 2. e.g.. an oral solid dosage form, wherein administration of a single dose of the 
pharmaceutical composition to a healthy adult human subject in the fasted state provides a 

Ctnax less of than about 5uM, and provides after about 8 hours at least an 80% reduction in 

20 blood LTB4 levels. In some embodiments, provided herein is a pharmaceutical composition, 

e.g., an oral solid dosage fomi pharmaceutical composition, wherein administration of a 

single dose of the pharmaceutical composition to a healthy adult human subject in the .fasted 

state- provides after about 24 hours at least 30% reduction in blood LTB4 levels. In some 

embodiments, provided herein is a pharmaceutical composition, e.g., an oral solid dosage 

25 form pharmaceutical composition, wherein administration of a single dose of the 
pharmaceutical composition to a healthy adult human subject in the fasted state provides 

after about 24 hours at least 50% reduction of urinary LTE4 levels, 

[0084] in some embodiments, any oral solid dosage form described herein comprises a 

binding agent, a disintegrant, and a glidant as inactive pharmaceutical ingredients. In 

30 specific embodiments, the inactive pharmaceutical ingredients comprise si Deified 

macrocrystalline cellulose (SMCC), mannitol, crospovidone, and magnesium stearate. 
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[0085] In some embodiments oral solid dosage form pharmaceutical compositions provided 

herein comprise from about 1% to about 99%. about 1% to about 30%, about 1% to about 

20%, or about 10% by weight to about 20% by weight of Compound 2. 

(00861 Described: herein are pharmaceutical compositions that provide at least one 

5 metabolite of Compound 1 to a mammal after administration to the mammal, in specific 

embodiments, the at least one metabolite is selected from among: 3-[3-/^~butylsulfmyl-1 ~ 

[4-(6-ethoxy-pyiidin-3-yl)-beiizyl]-5-(5-mcthyl-p>Tidin-2-ylmethoxy)-l H-indo!-2-ylj-2,2-

dimethj'l-propionic acid; 3-[3-te^butylsrilfaiiyl-l-[4-{6-hydroxy-pyridin-3-yI)~benz.yl]'-5-

(5-methyl-pyridin-2-yimetiioxy)-lH-indol-2"yl]-252-dimethyl-propionic acid; 3-[3-leri-
10 butylsuIfanyl-l-[4~(6-ethoxy-pyndin-3-y!)-benzyl|-5-(5-methyl-N-oxy-pyridin-2-

ylmethoxy)--lH~iiidol-2^y]]-2v2-dimethyl-propionic acid; the acyl gluconuride of 3-[34ert-

butylsalfanyl-l~[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(S-methyl-pyridin-2-ylmethoxy)-lH-

indol-2-yl]-2,2-dimethyl~propionic acid; and combinations thereof. In specific 

embodiments, the at least one metabolite is the acy! gluconuride of 3-[3-tert-butylsulfanyl-
15 1 -[4-((i-ethoxy-py3idm-3-y])-bei'i7,yl]~5~(S-methyl-pyridin-2-ylmethoxy)-1 H-indol~2-yl|-2,2-

dimethyl-propionic acid. In some embodiments, tlic pharmaceutical composition comprises 

a pharmaceutically acceptable (e.g., sodium) salt of 3-[3-(tert-butylsulfanyl}~l »[4-(6-eihoxy-

pyridin~3-yl)benzyl]-5-(5-methyl-pyridi;n-2-yl-methoxy)-]H-itKlol'2-yl]-2,2-dimcthyI-

propionic acid, 

20 10087) Deeribed in certain embodiments herein is a pharmaceutical composition comprising 
an active ingredient that inhibits 5-1 i poxygenase-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 2D6, and CYP 2E1 at 

doses up to 40/tM or 50^M. In some embodiments, the pharmaceutical composition 

25 comprising an active FLAP inhibitor has an ICJO greater than about 40j.iM, or 50pM for at 

least one Cytochrome P450 enzyme selected from CYP 3A4, CYP 1A2, CYP 2A6, CW 

2B6, CYP 2C8. CYP 2C9, CYP 2C19, CYP 2D6, and CYP 2E1. In some embodiments, the 
pharmaceutical composition does not substantially induce Cytochrome P450 CYP 3A4, 

CYP 2C9, CYP IA2. CYP 2C19, or CYP 2D6 at doses up to 40/iM, or up to 50jixM. ht some 

30 embodiments, the pharmaceutical composition comprising an active FLAP inhibitor has an 

iC,0 greater than about 40uM. or 50,uM for at least one Cytochrome P450 enzyme selected 

from CYP 3A4, CYP 2C9. CYP IA2, CYP 2C19, and CYP 2D6. In certain embodiments, 

the FLAP inhibitor is Compound 1, or a pharmaceutically acceptable salt thereof. In a 
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specific embodiment, the FLAP inhibitor is Compound 1. In another specific embodiment, 

the FLAP inhibitor is Compound 2. 
[0088] Described in certain embodiments herein is an ofal solid dosage form 

pharmaceutical composition comprising: (a) Compound 2; and (b) optionally at least one 

5 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 is a hard gelatins Capsule, In various embodiments, :tht? capsules described herein 

comprise at least one excipient or no excipients. In some embodiments. Compound 2 of the 

oral dosage form is amorphous, partially crystalline, or crystalline. In specific embodiments, 

10 Compound 2 is crystalline, 

[00891 Described in certain embodiments provided herein is an article of manufacture 

comprising multiple unit doses of any of the oral solid dosage fomi pharmaceutical 

compositions described herein in a high-density polyethylene (HDPE) bottle equipped with 

a high-density polyethyl ene (HDPE) cap. In certain embodiments, the article of manufacture 

15 further comprises an aluminum foil induction seal and an optional silica gel desiceant. 

10000] hi certain embodiments, provided herein are methods of treating asthma 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 

pharmaceutical compositions described herein for use in the treatment of asthma in a 

20 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 asthma in a human. 

i 00911 In certain embodiments, provided herein are methods of preventing exercise-induced 

bronchoconstrietioiiin a human comprising administering to the human one or more of the 

25 pharmaceutical compositions described herein. In certain embodiments, provided herein are 

one or more of the pharmaceutical compositions described herein for use in the prevention 

of exercise-induced hronchoconstriction 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 

10 a human. 

100921 In certain embodiments, provided herein are methods of treating allergic rhinitis in a 

human comprising administering to the human one or more of the pharmaceutical 

compositions described herein. In certain embodiments, provided herein are methods of 

17 



treating allergic rhinitis in a human comprising administering to the human one or more of 

the oral pharmaceutical compositions described herein. 

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

additional pharmaceutical agent selected from inhaled corticosteroids, non-steroidal 

S glucocorticoid receptor (GR) agonists, short acting bet a-agonists, long acting beta-agonists, 

and antihistamines. 

[0094] In certain embodiments, provided herein are one or more of the pharmaceutical 

compositions described herein for use in the treatment or prevention of allergic rhinitis in a 

human. lit certain embodiments, provided herein is the use of one or more of the 

10 pharmaceutical compositions described herein for the manufacture of a medicament.for the 

treatment or prevention of allergic rhinitis. 

[0095] In certain embodiments, provided herein are methods of treating chronic obstructi ve 

pulmonary disease in a human comprising administering to the human one or more of tire 

pharmaceutical compositions described herein. In certain embodiments, provided herein are 

15 one or more of the pharmaceutical compositions described herein for use in the treatment of 

chronic obstructive pulmonary disease 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 chronic obstructive pulmonary disease in 
a human. 

20 {009^1 hi certain embodiments, provided herein are methods of treating cardiovascular 

disease in a human comprising administering to a human any of the pharmaceutical 

compositions described herein. In certain embodiments, provided herein are one or more of 

the pharmaceutical compositions described herein for use in the treatment of cardiovascular 

disease in a human. In certain embodiments, provided herein is the use o.f one of more of the 

25 pharmaceutical compositions described herein for the manufacture of a medicament for the 
treatment of cardiovascular disease in a human. 

[0097] In certain embodiments, provided herein are methods of treating NSAID-induced 

gastric lesions in a human comprising administering to a human any of the pharmaceutical 

compositions described herein. In certain embodiments, provided herein are one or more of 
30 the pharmaceutical compositions described herein for use in the treatment ofNSAID-

ind'ueed 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. 
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]0098] In certain embodiments, provided herein are methods of treating pain in a Iranian 

comprising administering to a human any of Hie pharmaceutical compositions described 

herein. In certain embodiments, provided herein are one or more of the phaniiaceuiica] 

compositions described herein for use in the treatment of pain in a hitman. In certain 

5 embodiments, provided herein is the vise of one or more of the pharmaceutical compositions 

described herein for the manufacture of a medicament for the treatment of pain in a human, 

]0099] Hi certain embodiments, provided herein are methods of treating skin disease in a 
human comprising administering to a human any o f the pharmaceutical compositions 

described herein. In certain embodiments, provided herein are one or more of the 

i o pharmaceutical compositions described herein for use in the treatment of skin disease in a 

human. In certain embodiments, provided herein is the use o f one or more of Hie 

pharmaceutical compositions described herein For the:manufacture of a medicament for the 

treatment of skin disease in a human. 

(001001 hi certain embodi ments, provided herein are methods of trea ting ocular disease in a 

15 human comprising administering to a human any of the pharmaceutical compositions 

described herein, .in certain embodiments, provided herein are one or more of the 

pharmaceutical compositions described herein for use in the treatment or prevention of 

ocular disease in a human, lit certain embodiments, provided herein is the use of one or 

more of the pharmaceutical compositions described herein fox the manufacture of a 

20 medicament for the treatment or prevention of ocular disease in a human, 

looioi f In one aspect, described herein arc pharmaceutical compositions for oral 

administration to a mammal that comprises an active ingredient that inhibits FLAP and does 

not substantially cause increases in liver weight of the mammal, hi some embodiments, the 

active ingredient is Compound 1 or a pharmaceutically acceptable salt thereof. In one 

25 specific embodiment, the active ingredient is Compound 1. In another specific embodiment, 

the active ingredient is Compound 2. 

1001021 fa one aspect, provided herein is a method of treating asthma in a human comprising 

administering to. the human an oral pharmaceutical, composition as described herein 

comprising Compound 1 or a pharmaceutically acceptable salt thereof. In some 

30 embodiments, the active ingredient is Compound 1. In other embodiments, the active 

ingredient is Compound 2. 

jooi 03] In one aspect, provided herein is an oral pharmaceutical composition as described 

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

1. In other embodiments, the active ingredient is Compound 2. 

[00104| In one aspect, provided herein is the use of a pharmaceutical composition 

comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active 

5 ingredient, for the manufacture of a medicament for the treatment of asthma in a human. In 

some embodiments, the active ingredient is Compound 1. In other embodiments, the active, 

ingredient is Compound 2. hi some embodiments, the pharmaceutical composition is an oral 

pharmaceutical composition disclosed herein. 
100:105) In another aspect, provided herein is a method of preventing exercise-induced 

10 bronchoconstriction 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 in the oral pharmaceutical composition. In some 

embodiments,:the active ingredient is Compound I. hi other embodiments, the active 
ingredient is Compound 2. 

15 [00106] lil 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 prevention of exercise-induced bronchoconstriction in a human. In 

some embodiments, the active ingredient is Compound 1. In other embodiments, the active 

ingredient is Compound 2. 

20 I00107| In one aspect, provided herein is the use of a pharmaceutical composition 

comprising Compound 1 or a pharmaeeutieally acceptable salt thereof as the active 

ingredient, for the manufacture of a medicament for the prevention of exercise-induced 

bronchoconstriction in a human. In some embodiments, the active ingredient is Compound 

1. In other embodiments, the active ingredient is Compound 2, In some embodiments, the 

25 pharmaceutical composition is an oral pharmaceutical composition disclosed hereiu. 

100108] In one aspect, described herein is a method of treating allergic rhinitis 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 

pharmaceutics! composition. In some embodiments, the active ingredient is Compound 1. In 

30 other embodiments, the active ingredient is Compound 2. 

100109] 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 treatment or prevention of allergic rhinitis in a human. In some 
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embodiments, the active ingredient is Compound 1. In other embodiments, the active 

ingredient is Compound 2. 
jGflliOl In one aspect, provided herein is the use of a pharmaceutical composition 

comprising Compound I or a pharmaceutical ly acceptable salt thereof as: the active 

5: ingredient, for the manufacture of a medicament for tire treatment or prevention of allergic-

rhinitis in a human. In some embodiments, the active ingredient is Compound .1, In other 

embodiments, the active ingredient is Compound 2. In some embodiments, the 

pharmaceutical composition is an oral pharmaceutical composition disclosed herein. 

[00 m) In any of the method of treatments described herein, die methods further comprise 

JO administering at least one additional pharmaceutical agent selected from inhaled 

corticosteroids, short acting beta-agonists, long acting beta-agonists, antihistamines, 

anticholinergics, non-steroidal GR agonists, antiinfectives and antivirals; 

[00112] In one aspect, provided herein is a method of treating chronic obstructive pulmonary 

disease in a human comprising administering to the human a pharmaceutical composition 

\S comprising Compound I or a pharmaceutically acceptable salt as die active ingredient the 
oral pharmaceutical composition. In some embodiments, the active ingredient is Compound 

.1. hi other embodiments, the active ingredient: is Compound 2. 

(00113) hi one aspect, provided herein is an oral pharmaceutical composition as described 

herein comprising Compound 1 or a phamiaceuiieally acceptable salt thereof as the active 

20 ingredient for use in the treatment of chronic obstructive pulmonary disease in a human. In 

some embodiments, the active ingredient is Compound 1. In other embodiments, the active, 

ingredient is Compound 2. 

looi 14) In one aspect, provided herein is the use of a pharmaceutical composition 

comprising Compound 1 or a phamiaceuticaUy acceptable salt thereof as the active 

25 ingredient, for the manufacture of a medicament for the treatment of chronic obstructive 

pulmonary disease in a human. In some embodiments, the active ingredient is Compound 1, 

In other embodiments, the active ingredient is Compound 2. In some embodiments, the 

pharmaceutical composition is an oral pharmaceutical composition disclosed herein. 
100115] In one aspect, provided herein is a method of treating cardiovascular disease in a 

30 human comprising administering to the human a pharmaceutical composition comprising 

Compound 1 or a pharmaceutically acceptable salt diereofas the active ingredient the oral 

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

other embodiments, the active ingredient is Compound 2, 
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[00116] 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 treatment of cardiovascular disease in a human. In some 

embodiments, the active ingredient is Compound 1. In other embodiments, the active 

5 ingredient is Compound 2. 

1001.171 In one aspect, provided herein is the use of a pharmaceutical composition 

comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active 

ingredient, for the manufacture of a medicament for the treatment of cardiovascular disease 

in a human. In some embodiments, the acti ve ingredient is Compound 1In other 

10: embodiments, the active ingredient is Compound 2. In some embodiments, the 

pharmaceutical composition is an oral pharmaceutical composition, disclosed herein. 

J00II8] In one aspect, provided herein is a method of treating pain in a human comprising 

administering to the human a pharmaceutical composition comprising Compound I or a 

pliarm&ceutically acceptable salt thereof as tire active ingredient the oral pharmaceutical 

15 composition. In some embodiments, the active: ingredient is Compound 1. In other 

embodiments, the active ingredient is Compound 2. 

[00! 19] In one aspect, provided herein is an oral pharmaceutical composition as described 

herein comprising Compound 1 or a phamiaceuticaUy acceptable salt thereof as the active 

ingredient for use in the treatment of pain in a human. In some embodiments, the active 

20 ingredient is Compound 1. In other embodiments, the active ingredient is Compound 2. 

[00120) In tine aspect, provided herein is the use of a pharmaceutical composition 

comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active 

ingredient, for the manufacture of a medicament for the treatment of pain in a human. In 
some embodiments, the active ingredient is Compound 1. In other embodiments, the active 

25 ingredient is Compound 2. In some embodiments, the pharmaceutical composition is an oral 

pharmaceutical composition disclosed herein. 

[00121) In one aspect, provided herein is a method of treating NSAID-induced gastric 

lesions in a human comprising administering to the human a pharmaceutical composition 

comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active 

30 ingredient the oral pharmaceutical composition. In some embodiments, the active ingredient 

is Compound 1. hi other embodiments, the active ingredient is Compound 2. 

[00122| 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 
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ingredient for use in the treatment of NSAID-induced gastric lesions in a human. In some 

embodiments, tlie active ingredient is Compound 1. In other embodiments, the active 

ingredient is Compound 2. 
[00123] In one aspect, provided herein is die use of a pharmaceutical composition 

5 comprising Compound 1 or a pharmaceutically acceptable salt thereof as the active 

ingredient, for the manufacture of a medicament for the treatment of NSAID-induced 

gastric lesions in a human. In some embodiments, the active ingredient is Compound 1. In 

other embodiments, the active ingredient is Compound 2. In someemhodi.ments, the 

pharmaceutical composition is an oral pharmaceutical composition, disclosed herein. 

10 100124| In one aspect, provided herein is a method of treating ocular disease in a human 

comprising.administering to the human a pharmaceutical composition comprising 

Compound I 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, 

15 [001251 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 treatment or prevention of ocular disease in a human. In some 

embodiments, the active ingredient is Compound 1. In other embodiments, the active 

ingredient is Compound 2. 

20 [00126] hi one aspect, provided herein is the use of a pharmaceutical composition 

comprising Compound 1 or a phamiaceuticaUy acceptable salt thereof as the active 

ingredient, for the manufacture of a medicament for the treatment or prevention of ocular 

disease in a human. In some embodiments, the active ingredient is Compound 1, In other 

embodiments, the active ingredient is Compound .2, In some embodiments, the 

25 pharmaceutical composition is an oral pharmaceutical composition disclosed herein, 

| ooi 27[ In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 

Compound 2) is used to treat patients suffering from lenkotfiene-dependent conditions or 

diseases, including, but not limited to, asthma, chronic obstructive pulmonary disease, 

pulmonary hypertension, interstitial lung fibrosis, allergic rhinitis, adult respiratory distress 
30 syndrome, and inflammatory conditions. 

[00128| hi one aspect provided are methods for modulating, including reducing and/or 

inhibiting the activity of 5-lipoxygenase activating protein, directly or indirectly, in a 
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mammal comprising administering to the mammal at least onee an effective amount of 

Compound I, or a pharniaceatically acceptable salt thereof (e.g. Compound 2). 

100129] In one aspect provided are methods lor modulating, including reducing and/or 

inhibiting, the activity of leukotrienes in a mammal, directly or indirectly, comprising 

5 administering to the mammal at least once an effective amount of Compound 1, or a 
pharmaceutically acceptable salt thereof (e.g. Compound %). 

|00130i In one aspect provided are methods for treating leukotriene-dependent or leukotriene 

mediated conditions Or diseases, comprising administering to the mammal at least once an 

effective amount of Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 
H) Compound 2). 

100131] In one- aspect provided are methods for treating mammals with an inflammatory 

and/or allergic condition comprising administering to the mammal at least once an effective 

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

[00132] In one aspect, provided herein is an oral pharmaceutical composition as described 

35 herein comprising Compound ] or a pharmaceutically acceptable salt thereof as the active 

ingredient for use in tire treatment or prevention of an inflammatory and/or allergic 

condition in a mammal In some embodiments, the active Ingredient is Compound 1. In 

other embodiments, the active ingredient is Compound 2. 

100.133] In one aspect, provided herein is the use of a pharmaceutical composition as 

20 described herein comprising Compound I or a pharmaceutically acceptable salt thereof as 

the active ingredient, for the manufacture of a medicament for the treatment or prevention 

of an inflammatory and/or allergic condition in a mammal. In some embodiments, the active 

ingredient is Compound 1. hi other embodiments, the active ingredient is Compound 2. In 

some embodiments, the pharmaceutical composition is an oral pharmaceutical composition 
25 disclosed herein. 

]00134] hi one aspcct are methods for treating inflammation in a mammal comprising 

administering to the mammal at least once an effective amount of Compound 1, or a 

pharmaceutically acceptable salt thereof (e.g. Compound 2), 

[00135] In one aspect are methods for treating respiratory diseases in a mammal comprising 

30 administering to the mammal mammal at least once an effective amount of Compound 1, or 
a pharmaceutically acceptable salt thereof (e.g. Compound 2). In a specific embodiment of 
tins aspect, the respiratory disease is asthma, 
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(00i36j Respiratory disease includes, but is not limited to, adult respiratory distress 

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

asthma, chronic asthma, clinical asthma, nocturnal asthma, allergen-induced asthma, 

aspirin-sensitive asthma, exercise-induced asthma, isoeapmc hyperventilation, child-onset 
5 asthma, adult-onset asthma, cough-variant asthma, occupational asthma, steroid-resistant 

asthma, seasonal asthma, allergic rhinitis, vasomotor rhinitis, vascular responses, endotoxin 

shock, fibrogenesis, pulmonary fibrosis, allergic diseases, chronic inflammation, and adult 

respiratory distress syndrome, 

(001371 In one aspect are methods for treating chronic obstructive pulmonary disease in a 

Hi mammal comprising administering to the mammal at least once an effective amount of 

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

(001381 Chronic obstructive pulmonary disease includes, but is not limited to. chronic 

bronchitis or emphysema, pulmonary hypertension, interstitial lung fibrosis and/or airway 

inflammation and cystic fibrosis. 

15 |00139j In 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 r or a phamiaceuticaUy acceptable salt thereof (e.g. Compound 2). 

1001401 In one aspect are methods for preventing eosinophil and/or basophil and/or dendritic 

cell and/or neutrophil and/or monocyte recruitment in a mammal comprising administering 

20 to the mammal at least once an effective amount of Compound K or a pharmaceutically 

acceptable salt thereof (e.g. Compound 2). 

|00i4:i] In another aspect: are methods for preventing ocular disease (for example, ocular 

inflammation, allergic conjunctivitis, vernal keratoconjunctivitis and papillary 

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

25 effective amount of Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 
Compound 2). 

100142] In another aspect are methods for preventing or treating acute or chronic disorders 

involving recruitment or activation of eosinophils in a mammal comprising administering to 

the mammal. a1 least once an effective amount of Compound 1, or a pharmaceutical!}* 
30 acceptable salt thereof (e.g. Compound 2). 

(00143] In another aspect are methods for preventing or treating NSAID-induced gastric 

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

amount of Compound 1, or a pharmaceutical fy acceptable salt thereof (e.g. Compound 2). 

25 



jou J44| In any of the aforementioned aspects, tbe mammal is a human. In any of the 

aforementioned aspects, the mammal is a human, including embodiments wherein (a) the 

human has an asthmatic condition or one or more other conditions) selected, from the group 

consisting of allergic (extrinsic) asthma, non-allergic (intrinsic) asthma, acute severe 

5 asthma, chronic asthma, clinical asthma, nocturnal asthma, 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, or seasonal asthma, or chronic obstructive pulmonary disease, or pulmonary 

hypertension or interstitial lung fibrosis. In any of the aforementioned aspects are further 

16 embodiments in which the mammal is an animal model for pulmonary inflammation, 

examples of which are prov ided herein. 

|0014S| In any of the aforementioned aspects are further embodiments comprising single 

administrations of the effective amount of Compound 1, or a pharmaceutically acceptable 
salt thereof (e.g. Compound 2), including further embodiments in which Compound !, or a 

15 pharmaceutically acceptable salt thereof (e.g. Compound 2) is (i) administered once-a-day; 
(ii) is administered twice-a-day; or (iii) is administered multiple times over the span of one 

day. 

[00146] In any of the aforementioned aspects are further embodiments comprising multiple 

administrations of the effective amount of the compound, including further embodiments in 

20 which (i) the compound is administered in a single dose; (ii) the time between multiple 

administrations is every 6 hours; (iii) the time between multiple administrations is every 8 
hours; (iv) the time between multiple administrations is every 12 hours. 

|0t)i47| In some embodiments, the methods of treatment or prevention disclosed herein 

comprise a drug holiday, wherein the administration of Compound 1, or a pharmaceutically 

25 acceptable salt thereof (e.g. Compound 2) is temporarily suspended or the dose being 

administered is temporarily reduced; at the end of the drug holiday dosing is resumed. In 

some embodiments, the length of the drug holiday varies from 2 days to 1 year. 

[00148] In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 

Compound 2) is used in the manufacture of medicaments for the treatment of leukotriene 

30 dependent conditions, disorders, or diseases in a human that is a non-responder to 

montehikast. In some embodiments, the leukotriene dependent condition, disorder, or 

disease is a respiratory disease or condition, in a specific embodiment, the respiratory 

disease or condition is asthma. 
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{00149] Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) for 

treating any of the diseases or conditions disclosed herein. 

[00150] A pharmaceutical composition comprising Compound 1, or a pbannaceutically 

acceptable salt thereof (e.g. Compound 2) for use ill any of the uses and methods disclosed. 

5. herein. 
[001511 Use of Compound 1 , or a pharmaceutically acceptable salt thereof (e.g. Compound 

2) in the manufacture of a medicament for treating or preventing any of the diseases 

disclosed herein in a mammal. In one aspect is the use of Compound 3 or a 

phannaceutically acceptable salt thereof (e.g. Compound 2) for the manufacture of a 

10 medicament, for the treatment of asthma in a human, in one aspect is the use of Compound I 

or a phannaceutically acceptable salt thereof (e.g. Compound 2) for the manufacture of a 

medicament for the treatment Of allergic rhinitis in a human. In one aspect is the use of 

Compound I or a pharmaceutically acceptable salt thereof (e.g. Compound 2) for the 

manufacture of a medicament for the prevention of allergic rhinitis in a human. In one 

!,1 aspect is the use of Compound I or a phannaceutically acceptable salt thereof (e.g. 

Compound 2) for the manufacture of a medicament for the treatment of chronic obstructive 

pulmonary disease in a human. In one aspect is the use of Compound 1 or a 

phamiaceuticaUy acceptable salt thereof (e.g. Compound 2) for the manufacture of a 

medicament for the treatment of ocular disease in a hitman. In one aspect is the use of 

20 Compound 1 or a phamiaceuticaUy acceptable salt thereof (e.g. Compound 2) for the 

manufacture of a medicament for the treatment of cardiovascular 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 skin disease in a 

human. In one aspect is the use of Compound 1 or a pharmaceutically acceptable salt 

25 thereof (e.g. Compound 2) for the manufacture of a medicament for the treatment of 

NSAID-induced gastric lesions in a human. In one aspect is the use of Compound 1 or a 

phannaceutically acceptab l e salt thereof (e.g. Compound 2) for the manufacture of a 
medicament for the. treatment of pain in a human. 

{00152] In one aspect, described herein is the treatment of leukotriene dependent conditions, 
30 diseases, or disorders in a human that is a non-responder to montelukast. In some 

embodiments, the leukotriene dependent condition, disorder, or disease is a respiratory 

disease or condition. In a specific embodiment, the respiratory disease or condition is 
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asthma, In a .specific embodiment, the non-responder to montelukast is administered 

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

[00153] In one aspect, the dose of Compound 1, or a pharmaceutically acceptable salt thereof 

(e.g. Compound 2) that is administered to healthy hum an patients is reduced in human 

5 patients that lack or have a defect in a UD P - gl uc uro u o s y It ran si e? a s e enzyme normally 

present in the human. 
[00154] In one aspect, described herein is a method of increasing the bioavailability of an 

orally administered dose of Compound 1, or a pharmaceutical! y acceptable salt thereof (e.g. 

Compound 2) in healthy human patients comprising orally administering to a mammal; (1) a 

10; dose of Compound 1, or a pharmaceutically accep table salt thereo f (e.g. Compound 2); and 

(2) an inhibitor of.a UDP-glueurohdsyltransferase enzyme normally present in the mammal. 
In some embodiments^ the UDP-glucuronosyl transferase enzyme is selected from UGTI Al, 

UGTI A3. UGT1A6, UGT1A9, and UGT2B7. 

[00155] In any of tire aforementioned aspects involving the prevention or treatment of 

15 inflammation are further embodiments comprising: (a) .monitoring inflammation in a 
mammal; (b) measuring bronchoconstriction in a mammal; (c) measuring, eosinophil and/or 

basophil and/or dendritic cell and/or neutrophil and/or monocyte and/or lymphocyte 

recruitment in a mammal; (d) monitoring mucosal secretion in a mammal; (e) measuring 

mucosal edema in a mammal; (e) measuring levels of LIB.; in the calcium ionophore-

20 challenged blood of a mammal; (1) measuring levels of !-TE4 iii the urinary excretion of a 

mammal; or (g) identifying a patient by measuring leukofriene-driven inflammatory 

biomarkers such as LTB«, LTC4,11-6, CRP, SAA, MPO, EPO, MGP-1, MlP-a, sICAMs, II-

4,11-13. 

[00156| In any of the aforementioned aspects involving the prevention or treatment of 

25 leukotriene-dependent or leukotriene mediated diseases or conditions are further 

embodiments comprising identifying patients 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. 

] OOI57[ 3D any of the aforementioned aspects involving the prevention or treatment of 

30 leukotriene-dependent or leukotriene mediated diseases or conditions are further 

embodiments comprising identifying patients by monitoring the patient for either: 

i) at least one leukotriene related inflammatory biomarker; or 

ii) at least one functional marker response to a leukotriene modifying agent; or 
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iii) at least one leukotriene related inflammatory hiomarker and at least one 

functional marker response to a leukotriene modifying agent. 

100158] In some embodiments, the leukotricne-related inflammatory biomarkers are selected 

from the group consisting ofLTBU, cysteinyl leukotrienes, CRP, SAA, MPO, EPO, MCP-1, 

5 MIP-a, sICAM, IL-6,IL-4, and IL-13. In some embodiments, the functional marker 

response is significant ltmg volume (FEV1). 
[001591 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 either: 

10 i) screening the patient for at least one leukotriene gene SNP and/or haplotype 

including SNP's in intronic or exohic locations; of 

ii) monitoring the patient for at least one leukotriene related inflammatory 

hiomarker; or 

iii) monitoring the patient for at least one functional marker response to a 

IS leukotriene modifying agent 

[00160} In some embodiments, the leukotriene- gene SNP or haplotype is a leukotriene 

pathway gene. In specific embodiments, the leukotriene gene SNP or haplotype is a FLAP 

SNP or haplotype. In sortie embodiments, the leukotriene-related inflammatory biomarkers 
are selected from the group consisting of LTB4, cysteinyl leukotrienes. CRP; SAA, MPO, 

20 EPO. MCP-1, MlP-a, sICAM, IL-6, IL-4, and IL-13. In some embodiments, the. functional 

marker response is significant lung volume (FEVlj. 

[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 identi Tying patients by at least two of the following: 

25 i) screening the patient for at least one leukotriene gene SNP or haplotype; 

ii) monitoring the patient for at least one leukotriene related inflammatory 
biomarker; 

iii) monitoring the patient for at least one functional marker response to a 

leukotriene modifying agent. 

3.0 (00162J In some embodiments, the leukotriene gene SNP or haplotype is a leukotriene 

pathway gene. In some embodiments, the leukotriene gene S'NP or haplotype is a FLAP 

SNP or haplotype. In some embodiments, the leukotriene-related inflammatory biomarkers 

are selected from the group consisting of LT84, cysteinyl leukotrienes, CRP, SAA, MPO, 
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BPO, MCP-1, MIP-a, sICAM, IL-6, IL-4, and IL-13. hi some embodiments, the functional 

marker response is significant lung volume (FEVl). 

[00163| In any of the aforementioned aspects involving the prevention or treatment of 

leukotriene-dependent or leukotriene mediated diseases or conditions are further 

5 embodiments comprising identifying patients by: 

i) screening tire patient for at least one leukotriene gene SNP or haplotype; 

ii) monitoring the patient for at least one leukotriene related Inflammatory 
biomarker; and 

iii) monitoring the patient for at least one functional marker response to a 

10 leukotriene modifying agent 

100J64j In some embodiments, the leukotriene gene SNP or haplotype is ;a leukotriene 

pathway gene. In some embodiments, the leukotriene gene SNP or haplotype is a FLAP 

SNP or haplotype. In softie embodiments, the leukotriene-related inflammatory biomarkers 

are selected from the group consisting of LTB4, cysteinyl leukotrienes, CRP, SAA, MPO, 

15 EPO, MCP-1, MIP-a. sICAM, IL-6, IL-4, and IL-13. In some embodiments, the functional 

marker response is significant fung volume (FEVl), 

[O.Oifisj In another aspect is the prevention or treatment of leukotriene-dependenl' or 

leukotriene mediated diseases or conditions comprising administering to a patient an 

effective amount of Compound I, or pharmaceutically acceptable salt and/or solvate 

20 thereof, wherein the patients has been identified using information obtained by: 

i) screening the patient for at least one leukotriene gene SNP or haplotype; and 

ii) monitoring the patient for at least one leukotriene related inflammatory 
biomarker; and 

iii) monitoring the patient for at least one functional marker response to a 

25 leukotriene modifying agent, 

[00.1 (i6) In some embodiments, tbe leukotriene gene SNP or haplotype is a leukotriene 

pathway gene, tn 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 LTB4, cysteinyl leukotrienes, CRP, SAA, MPO, 

3.0 EPO, MCP-1, MIP-a, sICAM, IL-6, IL-4, and IL-13. In some embodiments, the functional 

marker response is significant lung volume (FEVI). In some embodiments, the information 

obtained From the. three diagnostic methods arc 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 

pharmaceutically acceptable salt thereof and die treatment regimen. 

100167) 111 any of the aforementioned aspects the leukotriene-dependent or leukotriene 

mediated, diseases or conditions include, but axe not limited to, asthma, chronic obstructive 

5 pulmonary disease, pulmonary hypertension, intersti tial lung fibrosis, rhinitis, allergy, adult 

respiratory distress syndrome. 

[00168] Also described herein are process for the preparation of Compound 1 and 

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

salt of Compound 1 is Compound 2. 
10 [061695 In one aspect, described i s a process for the preparation of a crystalline fomi of 

sodium 3-f3'(tert-butylsuIfanyl)-l-[4-(6-ethGxy-pyridin-3-yl)bcnzyl]-5-(5-methybpyi-idin-2~ 

yl'methoxy)'3 H-!iidol-2-yr]-2;2-d.imethylpropionate (Compound 2) comprising the steps of; 

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

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

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

Compound 2. 
(00170) In some embodiments, the crystalline form of Compound 2 has an X-ray diffraction 

pattern with characteristic deg 2-theta values at about 6.6C2-Xheta, at about 8.1°2-The|a». at 

about 19.7<:>2*-Theta, at about 21.0°2-Hieta3 at about 21.9°2-Theta, and at about 22,V'2-

20 Theta. 
[001711 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 crystalline form of Compound 2 has an X-ray diffraction 

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

25 at about I9,l*2-Theta, at about 20.8°2-Theta, and at about 2f ,802-T.heta. 

(00173) 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 1. 

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

the steps of: 

30 (a) reacting 4-methoxyphenylliydrazine hydrochloride with 4-bromobenzyl bromide in the 

presence of triethylamine and toluene to provide N -(4-bromo-benzy])-N-(4-methoxy-

phenyl)-hydrazine hydrochloride; 
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(b) treating the product of step (a) with HQ to provide .N-(4-bromo-benzyt)-N~(4-methoxy-

phenyl)-hydrazine hydrochloride; 
(c) reacting N-(4-bromo-b.en7,yl)-N-(4-methGxy-phenyl)-hydrazme hydrochloride with 

ace-tic acid, S^er^biiiylsulfmybS^-dimethyM-oxo-pentanoic acid ethyl ester, and 

5 sodiurn acetate in toluene to provide 3~[ I -(4-bromo-benzyi)-3~te/^butylsulfan yl-S~ 

ntethoxy-l/:/-mdoi-2-yl]-2,2-(3ime!byl-propicriic acid ethyl ester; 

(d) reacting 3~[l~(4-brome-benzy])-3-fer^butylsulfanyl-3-:methaxy4./Wndol~2~y!]-2>2~ 

dimetbyl-propiQiiic acid ethyl ester with 2~niethyl-2-propanethiol and aluminum 

chloride in dicblorometbane to provide 3-[l-(4-bro.mo-benzyl)-3-fcjrt-buty!sulfanyl-S-

j'O. hydroxy-l//-mdol-2-yl]-2,2-dimethyI-propionic acid ethyl ester; 

(e) reacting 3-f 1 »(4-bromo-benzyl)-3~^r/-btitylsulfanyl-5-hydroxy-li:/-indoI-2-yi]-2,2-

diniethyl-propionic acid ethyl ester with bis(pinacoMo)diboron usingpailadium 

mediated reaction conditions to provide 3-{3-feW-butylsulfanyl-5-hydroxy-l-[4-

(4.4,5,5-tetramethyl-[13j23dioxaboro.lan-2-y])-benxyl]-.l/jr-iiKlbl-2-yl}-2,2-dimethyI~ 

1> propionic acid ethyl ester; 

(f) reacting 3- {3-te.rt-butylsulfanyl-54iydroxy-l -[4-(4r4,5,S-tetramelhy1-

[1s3>2]diaxaborolan-2'-yl)-benzy1]»lH4nd'ol-2-yl}-2^-dimethyl-propionic acid ethyl 

ester with 5--bromo-;2-ethoxypvricfeie using pailadium mediated reaction conditions to 

provide 3--{3^i(?^butylsulfanybl-[4-(6-ethoxy-pyridi.n-3~yl)-benzy!]-5-hydrox.y-l 

20 :indol-2-yl} -2S2-diniethyl-propionic acid ethyl ester; 

(g) reacting 3- {3-t<?rt-butylsulfanyl-1 -[4-{6-ethoxy-pyridin-3-yi)-benzyI]-5-hydroxy-1 fi-
indol-2-yI}-2,2-dimethyl-propionk acid ethyl ester with 2-chloro-5-n.iethyipyri.dine 

hydrochloride in the presence of a base and solvent to provide 3~[3-/err-butylsulfanyi-l -

[4-(6-ethoxy-pyi:idiTj-3-yl)-beiizyl]-5-(5-meLhyl-pyridin-2-ylmethoxy)-lA?-indo3-2-yr]-

25 2,2-dimethyl-propiomc acid ethyl. ester; 

(h) reducing the amount of residua! palladium from 3-[3~fer^butylsUlfany{-l~[.4-(6-ethoxy-

pyr.L.din~3-yl)-benzyl]-5-(5-methyl-pyridm-2-ylrnethoxy)-l /7-mdol-2-yl]~2t2-dimethyl-

propionic acid ethyl ester; and 
0) forming Compound 2 from 3-[3-/er/-butylsLdfany!.-I-[4-(6-eihoxy-pyridin-3-yl)-benzyl]-

30 5-(5-m.ethyl-pyridm-2-ylmethoxy)-.l //4ndol-2-yl]-2,2-dimethyl-propionjc acid ethyl 
ester. 
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[001,75| In some embodiments, step (h) comprises treating 3^[3-f-buty 1 su 1 faily 1 -1 ~ [4-(6--

ei'l)oxy-pyi-idm-3-yl)-ben2yl]-5-(5-methyl-pyridin-2->,lmethoxy)-l//-in(lol-2-yl]-2;2-

dimethyl-pi'opiomc acid ethyl ester with thM derivatized silica gel. 
[00176} In some embodiments, step (h) comprises treating 3-[3-fcr<-buty]sulfaiiyM-[4-(6-

5 ethoxy-pyridiR-3-y:l)-be(izy]]-5-(5-methyi-pyridiii-2"ylmet:hoxy)-ly7-indol-2-ylj-2,2-

dimethyl-propionic acid ethyl ester with thiol derivatized silica gel or activated carbon, In 

some embodiments, step (h) comprises treating 3-[3-^?-/-btrty]sulfanyl-l-[4-(6-eihoxy-

pyridm-3-yl)~he»z;yl]-5-(5-methyl~pyridm-2-y]nvethoxy)-li7-mdoI-2-yl]-2,2-dimethyT 

ptopionic acid ethyl ester with thiol derivatized silica gel and activated carbon. In some 

Id embodiments, step (h) comprises treating 3-[3-re/-^butylsu)fanyl-d-[4-(6-ethoxy-pyri.dm~3-

yl)-benxyl]-5~(5~methyl-pyridm-2-ylmethoxy)-l/Mndol~2-yrj-2,2-dimethyl-prapiomc acid 
etliyl ester with thiol deri vatized silica gel. In some embodiments, step (h) comprises 

treating 3-[3i-fert-biityisidfaiiyl-i~[4-(6-ethoxy-pyr'idin"3-yi)-benzyi]-5-(5-methyi-pyridin"2-

yhnethoxy)-.l//~indo]~2-yl]»2J2-dimethyl-propionic acid ethyl ester with activated carbon. 

15 [00177] In some: embodiments, step (i) comprises reacting 3-[3-ten-butylsu Ifanyl-1 -[4-(6-

ethbxy~p:yiidin-3-yl)-beii2yl]-5-(5-.methyI-pyridin-2-yhnethoxy)-l/7-indoI-2-y3]-2?2-

dimethyl-propionic acid ethyl ester with sodium hydroxide in a suitable solvent. 

[00178} In some embodiments, step (i) further comprises crystal formation (whether by a 

crystallization, soiid-to-so.lid transformation or crystalline inter-conversion) or precipitating 

20 Compound 2 from methyl tert-butyl ether. 

[00179] In some embodiments, a sample of Compound 2 comprises a detectable amount of 

palladium that is less than 20ppm. In one aspect, a sample of Compound 2 comprises less 
than 20 ppm of palladium. 

[00180] In one aspect-, described herein is a process for the preparation of sodium 3~[3-(tert-

M butyisu]fany!)-]-[4-(6-ethoxy-p\iidiiv3-yl)beiizyrj-5~(5~methYl-pyTidiii-2-y]-methoxy)-lH-

indoI-2-yl]-2,2-dimethylpropionate (Compound 2) comprising the steps of: 

(A) reacting a compound of Formula (TIT) 

Formula (III); wherein R1 is €i-Q alky]; 
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with a compound of Formula (II) 

X' 
Formula (II); wherein X' is a leaving group; 

in the presence of a base and solvent to form a compound of Formula (I) 

r N 

'OR' 

Formula (I); 

and 
(B) fomiing Compound 2 from the compound of Formula (I) of step (A). 

100181] In some embodiments, step (A) further comprises isolating the compound of 

Formula (1) prior to step (B). 

100182) In some embodiments, step (A) further comprises reducing the amount of palladium 

to less than about. 20ppra. In one aspect, reducing the amount of palladium comprises 

treatment of compound of Fonnula (1) with thiol derivatized silica gel. 

(001831 hi some embodiments, the product from step (A) is isolated. In some embodiments, 

the product from step (A) is not isolated. In some embodiments, the compound of Formula 

(III) is prepared using palladium coupling reactions and contains residual palladium. In 

some embodiments, isolating the product from step (A) comprises reducing residual 

palladium-

(00184) In some embodiments, activated carbon is used to reduce residual palladium. In a 

specific embodiment, the activated carbon is DARCO'*1 KB-G, DARCO* KB-WJ. In some 

embodiments, reducing residual palladium comprises deri vatized silica gel. In some 
embodiments, reducing residual palladium comprises thiol derivatized silica gel, 

[00185] In some embodiments, the reaction of step (A) is heated to a temperature of about 
50CC to about 90aC. 

1001861 In some embodiments, step (B) comprises hydrolysis of the ester moiety of the 
product of step (A). 

[00187) In some embodiments, step (B) comprises treatment of the compound of Formula (I) 
from step (A) with: 
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a) LiOH, KOH, of Ca(OI !)>, followed by pH adjustment to fonn the carboxylic acid, 

followed by NaOH; or 

b) NaOH. 
100.188] In some embodiments, step (B) comprises treatment of the compound of Formula (I) 

from step (i) with LiOH followed by NaOH. In some other embodiments, step (B) 

comprises treatment of the compound of Formula (I) from step (i) with NaOH. 

[0M89| In some embodiments, step (B) is carried out in a solvent system comprising 

tetrahydrofuran, water and an alcohol selected from methanol and ethanol. In some 

embodiments, Step (B) is carried out in a solvent system comprising tetrahydrofuran, water 

and ethanol. 

I0Q190] In 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 

occur by a crystallization, solid-to-solid transformation or crystalline inter-conversion. 

(00191| In some embodiments, R1 is -CH:» or -CH2CH3. In a specific embodiment, R1 is -

CH2CH3. 
100192] In some embodiments, the base in step (A) is a cesium base, potassium base or 

sodium base. In some embodiments, the base is a cesium base. In a specific, embodiment, 

the base is cesium carbonate. 

100193] In some embodiments, X' is selected from CI, Br, I, -OSO2CF3, -0S02(4-

methylphenyl), -0S02(pbenyi) and -OS.O2CH5, In specific embodiments, X' is 01. 
]00I94| In one aspect, the compound of Formula (111) is prepared by: 
reacting a compound of formula. (IV); 

Formula (IV), 
wherein R1 is CpCV, alkyl and B is a boronic acid or boronate ester; 

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

Formula (V), wherein X is a leaving group, 
to provide a compound of Formula (III) 
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O N 

O.R1 

Formula (III). 

1003.951 In some embodimen ts, X is ahalide or Inflate, Irt some embodiments,X is selected 

from CI BrJ, -OSQ2GF3) *.0S02(4™etbylphei3yl)a ~OSO;>(phenyi) and --OSOsCH3. to 
some embodiments^ X is selected from. C.l, Br, I, and -OSO2CF3, In some embodiments;, X is 

{00:1981 hi one aspect, the first coupling catalyst is a palladium catalyst. In some 

10 embodiments:, the palladium catalyst is tetrakis(t.riphenylphospinne)palladium (PdfPPhj),*). 

In some embodiments, the reaction for the synthesis of compounds of Formula (III) further 

comprises heating to a temperature of from about 60PC to about 95C'C. 

|00199| In one aspect, the compound of Formula (IV) is: prepared by reacting a compound of 

Formula (VI); 

5 Br. 

. 
Bi 

[00.197] In some embodiments, B is ^ 

wherein X" is a leaving group; R1 is CrGj alkyl: 

with a borylation reagent, in the presence of a second coupling catalyst to provide a 

compound of Formula (IV);, 
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/ 

HO rK 

Formula (IV). 

[00200] In soroe embodiments* X" is selected from CI, Br, I, and -OSOaCFj. 

100201:3 Iii some embodiments, the borylation reagent is selected From pinacolborane, 

catechol!borane>bis(neppenty!glycolato)diboron, bis(pinacolar.o)diboron, 

5 bis(ltexyleneglycoSato)diboron, and his(catecho Sato)diboron. In specific embodiments, the 

borylation reagent is bis(pinacolato)diboron. 

100202] In one aspect, the second coupling catalyst is a.second palladium catalyst. In a 

specific embodiment, the second palladium catalyst is dich!oro[l ,1-

bis(diphfinylphosphirio)ferroeene]pal!adium (Pd(dppt)Cl2.)- In some embodiments, the 

:i Q reaction farther comprises heating to a temperature of from about <SG*C to about 950C. 

100203] In one aspect, Formula (VI) is prepared by: 
(O reacting a compound of Formula (VII): 

( ) Fonnula (VIII), wherein R1 is Ci -G, alkyl; and 

(D) demethyl ating the product of step (i) to provide the corresponding phenol of Fonnula 
(VI) 

Formula (Vll), wherein X" is a halide; 
with a compound of Formula (VIII): 
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HO 

X" Formula (VI). 

[00204] In some embodiments, step (C) is performed at a temperature of about from 10°C to 

about 35PC. 
|00205| In some embodiments, X" is selected from Br, CI, and I, In a specific embodiment, 

5 R' is -Cri;;CTI,, 
[00206] Fn some embodiments, step (D) comprises reacting the product of step (i) with 2-

methvl-2-propanethiol and AlClj in a solvent. 
[00207] In some embodiments, step> (D) comprises reacting the product of step (i) with a 

Lewis Acid reagent in a solvent. In some embodiments, the Lewis Acid reagent is selected 

10 from aluminum tricloride (AfClj). Fe (III) chloride, boron trifluoride. niobium 

pentach loride, and lanthanide triflates (such as by way of example only, ytterbium (JII ) 

triflat.c). In a further embodiment, the solvent of step (D) is dicloromeihaiie. hi one 

embodiment, step (D) comprises reacting tlie product of step (i) with 2-methyl-2-

propanethiol and AiClj in a solvent. 

15 [00208] The disclosed processes provide for the synthesis of Compound 1 and 

pharmaceutically acceptable salts thereof. The processes disclosed herein are particularly 

applicable, to large scale chemical production of Compound 1 and pharmaceutically 

acceptable salts thereof. Also described herein are. processes for the preparation of 

Compound 2, in good yield that have good solubility and good oral bioavailability. 

20 [00209] Other objects, features and advantages of tlie methods and compositions described 

herein will become apparent from the following detailed description. It should be 

understood, however, that the detailed description and the specific examples, while 

indicating specific embodiments, are given by way of illustration only, since various 

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

23 to those skilled in the. art from this detailed description. 

BRIEF DESCRIPTION OF THE FIGURES 
[0021 oj FIGURE I illustrates an XRPD pattern of Polymorph Form C of Compound 2, 

[002llj FIGURE 2 illustrates an XRPD pattern of Polymorph Form B of Compound 2. 
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(00212) FIGURE 3 illustrates in XRPD pattern of Amorphous Phase A of Compound 2. 

[00213| FIGURE 4 illustrates a comparison of XRPD patterns of Compound 2 in which 

crystal formation (whether by a crystallization, solid-to-solid transformation or crystalline 

inter-conversion) or precipitation occured in various solvents. 

5 [00214] FIGURE 5 illustrates a comparison of the XRPD patterns of Amorphous Phase A of 

Compound 2 before and after one week at 40°C and 75 % relative humidity. 

[00215] FIGURE 6 illustrates a comparison of the XRPD patterns of Polymorph Form B of 

Compound 2 before and alter G VS experiments. 

[00216] FIGURE 7 illustrates a comparison of the XRPD patterns of Polymorph Form C of 
10 Compound 2 before and after one week at 40°C and 75 % relative humidity. 

[00217] FIGURE S illustrates a variable temperature XRPD patterns of Amorphous Phase A 

of Compound 2. 

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

15 [00219] FIGURE 3.0 illustrates a variable temperature XRPD patterns of Polymorph Form B 
of Compound 2. 

100220] FIGURE i 1 illustrates a comparison of the XRPD patterns ofPolymorph Form B of 
Compound 2 at 180 °C, 220 °C and 260 °C with the XRPD pattern of Polymorph Form C. 

[00221] FIGURE 12 illustrates a DSC (bottom) and TGA (top) trace for Amorphous Phase A 
20 of Compound 2, 

[00222] FIGURE 13 illustrates a modified DSC (bottom) and TGA (top) trace for 

Amorphous Phase A of Compound 2. 

100223] FIGURE 14 illustrates a DSC (bottom) and TGA (lop) trace for Polymorph Form B 
of Compound 2. 

25 (00224) FIGURE 15 illustrates a DSC (bottom) and TGA (top) trace for Polymorph Form C 
of Compound 2, 

1002251 FIGURE 16 illustrates a GVS diagram for Amorphous Phase A of Compound 2, 

(002261 FIGURE 17 illustrates a GVS diagram for Polymorph Form B of Compound 2. 

|00227] FIGURE 18 illustrates a GVS diagram for Polymorph Form C of Compound 2. 

30 (002281 FIGURE 19 illustrates an IR Spectrum for Polymorph Form C of Compound 2. 

[Q0229] FIGURE 20 illustrates results of experiments conducted to evaluate CYP induction 
of Compound 2. 
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100230] FIGURE 21 illustrates pharmacokinetic properties of a single dose and multiple dose 

of an aqueous solution of Compound 2. 

[00231! FIGURE 22 illustrates pharmacodynamic properties (blood LTB4 levels) o f single 

dose administrations of an aqueous solution of Compound 2. 

5 1002321 FIGURE 23 illustrates pharmacodynamic properties (urinary LTE4 levels) of single 

dose administration of aqueous solutions of Compound 2. 

(00233] FIGURE 24 illustrates plasma concentrations of Compound 1 observed in the 

1.50mg multiple dose cohort after administration of Compound 2, 

(00234! FIGURE 25 illustrates pharmacodynamic properties (blood LTB4 levels) of multiple 

10 dose administrations of an aqueous solution of Compound 2. 

DETAILED DESCRIPTION OF THE INVENTION 
(00235J Leukotrienes (LTs) are a class of pro-inflammatory lipid mediators derived from 

arachidonic acid that play important, roles in a number of biological processes. Arachidonic 
acid is converted to leukotriene A* (LTA4) in a two-step process mediated by l-he enzyme 5-

15 lipoxygenase (5-<LO). The initial step is the oxygenation of arachidonic acid to fomi S(S)-

hydroperoxy-6,8,11,14(E,Z,Z,Z)-eicosaletraenoic acid (5-HPETE) followed by dehydration 

to produce the unstable epoxide LTA4. LTA4 is converted either to LTB4 via LTA4 

hydrolase or to LTC4 through conjugation with glutathione mediated by LTC4 synthase. 

Amide bond cleavage converts LTC4 to LTD4 and then subsequently to LTE4. The initial 
20 oxidation step is a process that requires the intimate involvement of both 5-LO and the 

membrane bound 5-lipoxy^enase-activating protein (FLAP). Inhibition of either FLAP or 5-

LO results in the inhibition of all leukotriene production. LTB4 is tbe ligand for the G 

protein-coupled receptors (GPCRs) BLTi and BLT? and both receptors are involved in 

cbemotaxis and cell stimulation in the inflammatory response. Bronchoconstriction, airway 

25 edema and hypersecretion of mucus are a result of the actions of the cysteinyl leukotrienes 

(cysLTs) LTC4, LTD4 and LTE4. Both LTD4 and LTE4 are ligands for the cysLTj receptor. 
100236J Leukotrienes are lipid mediators of inflammation that are involved in the 

pathogenesis of respiratory and cardiovascular diseases. Cellular activation by immune 

complexes and other inflammatory stimuli results in an increase of intracellular calcium and 

30 the translocation of cytosolic phospholipase A2 (CPLA2) and 5-lipoxygena.se (5-LO) from 

the cytosol to the nuclear membrane. In the presence of the 5-lipoxygenase • activating 

protein (FLAP), arachidonic acid (AA) released from the nuclear membrane by cPLAj is 

delivered to 5-LO for conversion to 5-(S)-hydroperoxy-6,8,l 1,14-eicosatetraenoic acid (5-



HpETE) and then leukotriene A4 (LTA+). Membrane interaction of 5-LO with FLAP is 

essential for leukotriene biosynthesis. FLAP is an integral membrane protein that belongs to 

the MAPEG;(membrane-associated proteins in eicosarioid and glutathione; metabolism) 

superfamily. In contrast to other MAPEGs, FLAP has not been shown to have enzymatic 

5 activity or to be functionally modulated by glutathione. 

1902371 Leukotrienes are potent mediators of inflammation and bronchospasm. Leukotrienes 

are produced mainly by mast cells, eosinophils, monocytes/macrophages, and neutrophils in 

response to allergic or inflammatory stimuli. For cellular synthesis of leukotrienes, 5-

lipoxygenasq translocates from a nonmembnmc compartment (cytosol, or nucleosol) to 

10 membranes (nuclear or endoplasmic reticulum) and interacts: with FLAP. FLAP transfers 

arachidonic acid, released from membrane phospholipids by phospholipases, to 5-LO. Then, 

a two step reaction occurs to convert arachidonic acid to LTA4. LTA4 can be exported from 

the cell for transcelTular metabolism or converted to either LTB4 or LTG4. LTG* is exported 

from cells and converted to LTD4 and then L'i B.s in blood. LTB4 activates BLTj and BLT2 

15 receptors, and the cysteinyl leukotrienes activate cysLTi and cysLT? receptors (and possibly 

a cysLTj receptor). 

[00238] While cysteinyl leukotriene-medialed human bronehoconslriclion occurs by means 

of cysLTi receptor activation, both cysLT) and cysLT? receptors are present on cells 

involved in allergic inflammation, including mast cells, eosinophils, and monocytes. 

20 [00235)] A number of orally active drugs affect the leukotriene pathway, Montelukast is a 

leukotriene receptor antagonist. Pranlukasl and zafirlukast are leukotriene receptor 

antagonists used in the treatment of asthma and allergic rhinitis. These drugs antagonize 

cysLTj receptors but not cysLT'2 or LTB4 receptors. Clinical studies with these c-ysLTj 

receptor antagonists demonstrate that cysteinyl leukotrienes are important mediators of 

25 allergen-induced lung volume decline (early 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. 

[00240] Three FLAP inhibitors in clinical trials (MK--059I, MK-866, and BAYX-1005) 

show efficacy against allergen-induced early and late phases of lung-volume decline. MK-

30 0591 also shows efficacy in chronic asthma studies. 

10024] ] Inhaled medications, such as beta-agonists 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 hi adults. 

[00242] Compound 1 is a potent FLAP inhibitor that blocks an early step hi the leukotriene 

pathway, i.e., 5-lipoxygenase activation. Compound 1 is pharmacologically active in vitro 

5 and after oral administration and well tolerated in nonclinical studies. Furthermore, because 

it inhibits the formation of LTB4 and the cyslemyi leukotrienes, Compound f. offers 

additional clinical benefits over leukotriene receptor antagonists such as monteiukast. 

l()0243j The role of FLAP in the leukotriene synthesis pathway is significant because. FLAP 

in concert with 5-lipoxygenase performs the first step in die pathway for the synthesis of 
10 leukotrienes. Therefore FLAP inhibition provides a target for compounds useful in the 

treatm^nttvf leukotriene-dependent or leukotriene mediated diseases or conditions, 

including, by way of example, vascular and inflammatory disorders, proli ferative diseases, 

respiratory and non-cancerous disorders. FLAP inhibitors are useful in the treatment of 

leukotriene-dependent or leukotriene mediated diseases or conditions. 

15 100244) Described herein are compositions, pharmaceutical compositions, methods for 
treating, methods for formulating, methods for producing, methods for manufacturing, 
treatment strategies, pharmacokinetic strategies using Compound 1, or salts thereof. 

[00245] "Compound or ,'3-[3-(tej.t-butylsunanyl.)-l-[4-(6-etboxy-pyridi.n-3-yi)benzyI]-5-

(5-metbyl-pyiidjn-2'yl-methQxy)-lH-indoL2-yl)~2>2-di.methylpropanoic acid" refers to the, 
20 compound with the following structure: 

(including hydrates)., amorphous phases, partially crystalline and crystalline forms 

(including all polymorphs), prodrugs, metabolites and N-oxides thereof. 

[00246] Compound 2" or "sodium 3-[3-(lert-butylsulfanyl)-1 -[4-(6-ethoxy-pyridiu-3-

25 yl)benzylJ»5-(5-methyl-pyridin-2-yLfnethoxy)-lH-indol-2-y.l]~2!2.-d.imethy!propionaie" 

refers to the sodium salt of 3-[3-(t.ert-buty!sulfanyi)-l-[4-(6-ethoxy-pyridin-3-yl)ben?.yl]-5-

O 1 including phannaceutically acceptables solvates 
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!'5-iiiethyl-p>T.'id:iu-2-yl-m:ethoxy)-l:H-j'iKlol-2-yi]~2.2-diTriethylpropanok acid including 

phannaceutically acceptable* solvates (including hydrates). amorphous phases, partially 

crystalline and crystalline forms (including all polymorphs), prodrugs, metabolites and N-

oxides (hereof. 
|00247| Sodium 3-[3-(tert-butylsulfanyl)-l-[4-(6-et:hoxy-p>Tidin-3-yl)benzyl]-5-(5-methyh 

p>'Tidin-2-yl-methoxy)-lH-mdol-2-yl]-2,2-dimethylpropionate (also known as Compound 2) 

has the .following .structure: 

j00248] Compound 1 contains two basic sites (pyridinyl groups) and one acidic site 
(carboxylic acid). A wide variety of salts are formed. Salts of Compound 1 include: 

[00249J 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. lithium, sodium, 

potassium), ah alkaline earth ion (e.g. magnesium, or calcium), o.r an aluminum ion, or is 

replaced by an ammonium cation (NH/); 

[002501 B) salts formed by reacting Compound 1 with a pharmaceutically acceptable organic 

base, which includes alkylamines, such as choline, ethanolamine, diethanolamine, 

triethanolamiiie, tTometh.juii.iTie,.Ar-methylglucaniine, dicyc'lohexylamine, 

tris(hydroxymethyl)melhyJamine, and salts with amino acids such as arginme, lysine* and 

the like: 

[00251) C) salts formed by reacting Compound I with a pharmaceutically acceptable acid, 

which provides acid addition salts. Pharmaceutically acceptable acids include hydrochloric 

acid, hyclrobromic- acid, sulfuric acid, nitric acid, phosphoric acid, inetaphosphoric acid, and 

the like; or with an organic acid, such as, for example, acetic acid, propionic acid, hexanoic 

acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, 

srjccinic acid, malic ac'ki, maleic acid, fumaric- acid, trill uoroacetic acid, tartaric acid, citric 

acid, benzoic aeid, 3-(4-hydroxybenzoyl)benzoic acid., cinnamic acid, mandelic acid, 

rnelhanesulfome acid, ethanesujfonic acid, L2-ethanedisulfon:ic acid, 2-

G 
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hydroxyethanesuH~ontc acid, benzenesulfonic acid, toluenesulfonie acid, 2-

naphthalenesu Ifonic acid, 4-methylbicyclo~[2.2.2]oct-2-ene-l-carboxylic acid. 

glucoheptonic acid, 4)4J-methyIenel>is-(3-hydroxy-2-ene^l -carboxylic acid), 3-

phenylpropionic acid, trimethylacetic acid, tertiary butyl acetic acid, lauryl sulfuric acid, 

5 gluconic acid, glutamic acid, hydroxynaphthoie acid, salicylic acid, stearic acid, muconie 

acid, and the like. 
[00252] The term "pharmaceutically acceptable excipient," as used herein, refers to a 

material, such as a carrier, diluent, stabilizer, dispersing agent, suspending agent, thickening 

agent, etc. which allows processing the active pharmaceutical ingredient (API) into a form 

to suitable, for administration to a mammal. In one aspect, the mammal is a human. 

PhamiaceuticaUy acceptable excipients refer to materials which do not substantially 

abrogate the desired biological activity or desired properties of the compound (i.e. API), and 

is relatively nontoxic, i.e., the material is administered to an individual without causing 

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

15 components of the composition in which it is contained. 

|00253| "Activepharmaceutical ingredient" or API refers to a compound that possesses a 

desired biological activity or desired properties, In some embodiments, an API is 

Compound 1. Jh some embodiments, an API is Compound 2. 

(00254] The term "phamiaceuticallv acceptable salt" in reference to Compound 1 refers to a 
20 salt of Compound 1, which does not cause significant irritation to a mammal to which it is 

administered and does not substantially abrogate the biological activity and properties of the 
compound, 

(00255] It should be understood that a reference- to a phannaceutically acceptable salt 

includes the solvent addition forms (solvates). Solvates contain either stoichiometric or non-

25 stoichiometric amounts of a solvent, and are formed during the process of crystal formation 

(whether by a crystallization, solid-to-solid transformation or crystalline inter-conversion) 

with pharmaceutically acceptable solvents such as water, ethanol, methyl tert-butyl ether, 

isopropanol, acetonitrile, and the like. In one aspect, solvates are formed using, but not 

limited to, Class 3 solvcnt(s). Categories of solvents are defined in, for example, the 

so International Conference on Harmonization of Technical Requirements for Registration of 

Pharmaceuticals for Human Use (ICH), "Impurities: Guidelines for Residual Solvents, 

Q3C(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 



salts thereof, are conveniently prepared or formed during the processes described herein. In 

addition. Compound 1., or salts thereof exist in unsoivated form. 
100255] The terra "pharmaceutical combination" as used herein, means a product that results 

from the mixing or combining of more than one active ingredient and includes both fixed 

5 and non-fixed combinations of the active: ingredients. The term "fixed combination" means 

that the active ingredients, e.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 a co-agent, are 

administered to a patient as separate entities either simultaneously, concutteritiy or 
10 sequentially with no specific intervening time limits, wherein such administration provides 

effective levels of the two compounds in the body of the patient. The latter also applies to 

cocktail therapy, e.g. the- administration of three or more active ingredients. 

(00257) The term 'pharmaceutical composition" refers to a mixture of Compound I , or 

pharmaceutically acceptable salt and/or solvate thereof, with other chemical components, 

15 such as carriers, stabilizers, diluents, dispersing agents, suspending agents, thickening 
agents, excipients, etc. The pharmaceutical composition facilitates administration of the 

compound to a.mammal. 

[0025.81 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 or 

2.0 more agent is administered separately from at least one other agent. 

Forms and Phases 

[00259] Polymorphism, the ability of a substance to exist in two or more crystalline phases 

enables a different arrangement and/or conformation of molecules in the crystal lattice. This 

arrangement can significantly affect the physiochemieal, formulation arid processing 

25 parameters as: well as the shelf life or stability of the substance and excipients. Generally, 

polymorphs also provide and improved solubility and give improved dissolution rates. 

Thermodynamic properties such as heat capacity, bee energy and chemical potential, vapor 

pressure, solubility, and thermodynamic activity as well as kinetic properties such as 

dissolution rates and stability differ among polymorphs. Provided herein are compositions 

30 comprising polymorphs of Compound 2. 

100260] Provided herein is an active pharmaceutical ingredient (API), Compound 1, or 

phannaceutically acceptable salt thereof with a purity of greater than 80%, greater than 

85%, greater than .90%, greater than 95%, greater than 96%, greater than 97%, greater than 
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98%; greater than 98%. or greater than 99%. In speciftc embodiments, provided herein is art 

active pharmaceutical ingredient (API), Compound 2. with a purity of greater than 80%, 

greater than 85%, greater than 90%-,• greater than 9:5%, greater than 96%, greater than 97%> 

greater than 98%, or greater than 99%. 

5 [00261] Various forms of Compound 1 and pharmaceutically acceptable salts thereof are 

provided herein. In certain embodiments, any of the- forms described herein is utilized in the 

preparation of a pharmaceutical composition. In certain embodiments, forms of Compound 

1, including pharmaceutically acceptable salts thereof, and pharmaceutical!}' acceptable 

solvates disclosed herein include hut are not limited to, an amorphous form, partially 

10 crystalline forms, crystalline forms, milled forms, and nano particulate forms. Various 

crystalline forms are knpwft as polymorphs, Polymorphs include the different crystal 

packing arrangements of the same elemental composition of a compound. In certain 

embodiments, polymo'tphs usually have different X-ray diffraction patterns, infrared 

spectra, melting points, density, hardness, crystal shape, optical and electrical properties, 

15 stability, and/or solubility. Various factors such as the crystal formation solvent, rate of 

crystal formation (whether by a crystallization, solid-to-solid transformation or crystalline 

inte.r-Gonve.rsion), and/or storage temperature cause a particular polymorph to be prepared, 

[00262] In some: embodiments, Compound 2 is precipitated from methyl- ̂ -butyl-ether. 

[06263] In some embodiments, Compound 2 undergoes a crystal formation from methyl-r-
20; butyl-ether. 

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

[00265] In some embodiments. Compound 2 undergoes a crystal formation from 
isopropanoi, 

[0O266| In some embodiments, Compound 2 undergoes a crystal formation from 

25 dimcthylsulfoxide. 

[00267] In some embodiments, Compound 2 undergoes a crystal formation from methyl-r-
butyl-ether/water. 

1002681 In some embodiments. Compound 2 undergoes a crystal formation and is solvated, 

In specific embodiments, the solvate comprises water, MTBB or a combination thereof. 
30 [00269] In some embodiments, Compound 2 is desolvated. 

[00270] In some embodiments, Compound 2 is crystalline. 

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

polymorphs of Compound 2, wherein the polymorph is amorphous or crystalline. In one 
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embodiment, the polymorph of Compound 2 is amorphous. In another embodiment, the 
polymorph of Compound 2 is crystalline fomi- In another embodiment, the polymorph of 

Compound 2 is crystalline form and is solvated. In another embodiment, the polymorph of 

Compound 2 is crystalline form and is desolvated. 

[00272] In some embodiments, Compound 2 is Amorphous Phase A, Figure 3 illustrates the 

XRPD pattern of amorphous Compound 2. In certain embodiments, Amorphous Phase A of 

Compound 2 has at least one property selected from: 

(la) an XRPD pattern showing a lack of crvstallinity; 

10 (2a) at least one endotirerm and at least one exotherni observed by differential scanning 

calorimetry (DSC); 

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

(4a) a melting point at about 155SC followed by a re-crystallisation event at about 2G(rC 
.followed by a second melting point at about 288"C to about 295 "C; 

15 (5a) a phase change: to a crystalline form when heated above about 20CTC, wherein the 

crystalline fomi that is formed above about 200*C is characterized by an XRPD pattern 

substantially sim ilar to any one of the XRPD patterns 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 
20 (6a) chemical stability (at 5°C, 25°C/6Q% RH, arid/or 40°C/75% RH for at least one 

month). 

100273] In some embodiments,. Amorphous Phase A of Compound 2 has at least two 

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

Compound 2 has at least three properties selected from (la) through (6a). In some 

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

100274] In some embodiments, Amorphous Phase A of Compound 2 is defined as having 

(la) an XRPD pattern showing a lack of crystal Unity. 

[002751 In some embodiments, Amorphous Phase A of Compound 2 is defined as having 

30 (2a) at least one endotherm and at least one exotherm observed by diiXerentia! scanning 
calorimetry (DSC). 

[00276] In some embodiments, Amorphous Phase A of Compound 2 is defined as having 
(3a) a glass transition temperature of about 127"C. 
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[00277 j In some embodiments, Amorphous Phase A of Compound 2 is defined as having 

(4a) a melting point at about 155"C followed by a re-crystallisation event at about 200°C 

followed by a second melting point at about 28S*C to about 295*C. 
[00278] III some embodiments. Amorphous Phase A of Compound 2 is defined as having 

5 (5a) aphase change to a crystalline form when heated above about 200°C, wherein the 

crystalline form thai is formed above about 200'C is characterized by an XRPD pattern 

substantially similar to airy one of the XRPD patterns set forth in Figure 9. 

[00279] hi some embodiments, Amorphous Phase A of Compound 2 is defined as ha ving 

(6a) a DSC or a TGA substantially similar to the ones set forth in Figure 12. 
10 [00280] In some embodiments. Amorphous Phase A of Compound 2 is defined as having 

(5 a) hygroscopicity, 

[002811 hi some embodiments, Amorphous Phase A of Compound 2 is defined as having 

(6a) chemical stability, 

Polymorph Form B 

15 1002821 In one aspect, provided herein is a crystalline Form ;B of Compound 2 havi ng at least 

one property selected from: 

(lb) an XRPD pattern substantially similar to the one set forth in Figure 2; 

(2b) an XRPD pattern with peaks at about 6.6°2-Theta, at about S.l°2-Theta, at about 

19.7°2-Theta, at about2L0'J2-Theta, at about 21.902~Theta. and at about 22.1°2-Theta; 

20 (3b) an X-ray powder diffraction (XRPD) pattern substantially similar to an XRPD pattern 

for crystals of Compound 2 obtained from methyl tert-butyl ether (MT'BE) or isopropanol ; 

(4b) at least one endotherm and at least one exotherm observed by differential scanning 
calorimetry (DSC); 

(5b) a phase change to a second crystalline fomi when heated above about 180*C, wherein 

25 the second crystalline form that is formed above about 18(TC 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 crystallimty after a full sorptkm/desorption cycle of a GVS experiment. 

j00283| In some embodiments, provided herein is a crystalline Form B of Compormd 2 

30 having at least two properties selected from (1 b) through (7b). In some embodiments, 

provided herein is a crystalline Form B of Compound 2 having at least three properties 

selected from (lb) through (7b). In some embodiments, provided herein is a crystalline 

Form B of Compound 2 having at least four properties selected from (lb) through (7b). 
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[00284} In some embodiments, provided herein, is a crystalline Form B of Compound 2 

having (1 b) an XRPD pattern substantially similar to the one set forth in Figure 2. 

[00285] In some embodiments, provided herein is a crystalline Form B of Compound 2 

having (2b) an XRPD pattern with peaks at about 6.6° 2-Theta, at about 8.1° 2-Theta, at 

5 about 1,9.7° 2-Theta, at about 21.0° 2-Theta, at about 21,93 2-Theta, and at about 22.10 2-

Theia. 
[00286] In some embodiments, provided herein is a crystalline Form B of Compound. 2 

having (3b) an X-ray powder diffraction (XRPD) pattern substantially simi lar to an XRPD 

pattern for crystals of Compound 2 obtained from methyl tert-butyl ether (MTBE) or 

10 isopropanol. 

[00011 In some embodiments, provided herein is a crystalline Form B of Compound 2 

having (4b) at least one endothenn and ai least one exotherm observed by differential 

scanning calorimetry (DSC). 

[00287] In some embodiments, provided herein is a crystalline Fomi B of Compound 2 

15 having (5b) a phase change to a second crystalline form when heated above about 180*Q 

wherein the second crystalline fomi that is formed above about .180"C is characterized by an 

XRPD pattern substantially similar to anyone of the XRPD patterns set forth in Figure 11. 

[0028iS| In some embodiments, provided herein is a crystalline Form B of Compound 2 
having the property of being (6b) hygroscopic. 

20 [002891 In some embodiments, provided herein is a crystalline Form B of Compound 2 

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

[00290] In some embodiments, Form B is crystallized from MTBE or isopropanol. In some-

embodiments, Form B is crystallized from isopropanol In some embodiments, Form B is 

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

25 during the crystal formation (whether by a crystallization, solid-to-solid transformation or 

crystalline Inter-conversion). In some embodiments, Fonn B is obtained by crystal 

formation from a protic solvent such as, but. not limited to, isopropanol. In some 

embodiments, Form B is converted to Form C by removal (dehydration) of protic solvents 
from the fonn B crystals. 

30 Polymorph Form C 

[00291] In some embodiments, crystalline Compound 2 is in polymorph Form C, Polymorph 

Fonn C of Compound 2 has at least one property selected from: 
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(lc) all X-ray powder diffraction (XRPD) pattern substantially similar to ihe one set forth in 

Figure 1* 
(2c) an XRPD pattern with peaks at about 17.2°2-Theta, at about 1S.4'*2-T heta, at about 

19.1°2-Theta, at about 20.8°2-Theta, and at about 23^8°2-Theta; 

5 (3 c) a single melting point at about 290°C to about 295°C; 

(4c) a DSC or a TGA substantially similar to the ones set forth in Figure 15; 
(5c) physical and chemical stability (at 5°C, 25°C/60% RH, and/or 40° C/75% RH for at 

least one month); 

(6c) non-hygro scopi city; 
10 (7c) IR spectrum substantially similar to the one set forth in Figure 19; and/or 

(8c) an X-ray powder diffraction (XRPD) pattern substantially similar to art XRPD pattern 

fof crystals of Compound 2 obtained from methyl tert-butyl ether (MTBE) or acetonitrile, 

[0.0292{ In certain embodiments, polymorph Form C of Compound 2 has at least two 
properties selected from (lc) through (8c). In certain embodiments, polymorph Form C of 

15 Compound 2 has at least three properties selected from (lc) through (8c), In certain 

embodiments, polymorph Form C of Compound 2 has at least four properties selected from 

(lc) through (8c). In certain embodiments, polymorph Form C of Compound 2 has at least 

five properties selected, front (lc) through (8c), 

100293] In certain embodiments, polymorph Form C of Compound 2 has (1 c) an X-ray 

20 powder diffraction (XRPD) pattern substantially similar to the one set forth in Figure 1. 

j00294| In certain embodiments, polymorph Form C of Compound 2 has (2c) an XRPD 

pattern with peaks at about 17.2°2-Theta, at about 18.432-Tbeta, at about 19.1 °2-Th.eta, at 

about 20.8°2-Theta, and at about 23.S^-Theta. 

[00295] In certain embodiments, polymorph Fonn C of Compound 2 has (3c) a single 
25 melting point at about 290°C to about 295CC. 

1(102961 in certain embodiments, polymorph Form C of Compound 2 has (4c) a DSC or a 

TGA substantially similar to the ones set forth in Figure IS. 

[00297] In certain embodiments, polymorph Form C of" Compound 2 has (5c) physical and 

chemical stability (at 5L1C, 25°C/6Q% RH, and/or 40<?C/7S% RH for at least one month). 

30 [00298] In certain embodiments, polymorph Form C of Compound 2 is (6c) non-
hygroscopic. 

100299] In certain embodiments, polymorph Form C of Compound 2 has (7c) IR spectrum 

substantially similar to the one sel forth .in Figure 19. 
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1003051 In certain embodiments, polymorph Form C of Compound 2 has (8c) an X-ray 

powder diffraction (XRPD) pattern substantially similar to an XRPD pattern for crystals of 

Compound 2 obtained from methyl tert-butyl ether (MTBE) or acetonitrile. 

[00301} In certain embodiments, polymorph Fonn C is formed from methyl tert-butyl ether 

5 (MTBE). In another aspect, polymorph Form C is formed from acetonitrile. 

[00302) In certain embodiments. Form C is obtained by removal (dehydration) of protic 

solvents from (he form B crystals. 

[D0303] As described herein, XRPD patterns are obtained in any manner, including by way 

of non-limiting example, (a) on a Siemens D5OQ0 diffractometer; or (b) on a Broker AXS 

10 C2 GADDS diffractometer. In specific embodiments, an XRPD pattern is obtained on a 

Siemens D5000 diffractometer using Cu Ka radiation (40k.V, 40 mA), B-0 goniometer, 

divergence of V20 and receiving slits, a graphite secondary monochromator. and/or a 

scintillation counter. In another -specific embodiment, an XRPD pattern is obtained on a 

Bruker AXS C2 GADDS diffractometer using Cu Ka radiation (40kV, 40 mA), automated 

15 XYZ stage, laser video microscope for auto-sample positioning, a HiSlar 2-dimensioual. 

area detector, a Gobel multilayer mirror coupled with a pinhole collimator of 0.3 mm, a 

beam, divergence of approximately 4 mm, a 0-0 continuous scan mode, a sample detector 
distance of 20 em, an effective 20 range of 3.2°-29.7° and/or a sample exposure to the X-ray 

beam for about 120 seconds. 

20 [00304] As described herein, melting points can be detennined in any manner including, by­

way of non-limiting example, with hot stage microscopy (HSM) or differential scanning 

calorimetry (DSC). In specific embodiments, tbe hot stage microscopy is a Leica LM/DM 

polarized light microscope combined with a Mettler-Toledo MTFP82HT hot-stage, heating 
from ambient temperature at a rate of about 10° C/min to about 20° C/min. hi certain 

25 embodiments, the DSC measurements are obtained in any manner including, by way of non-

limiting example, (a) a TA Instrument Q1000; or (b) a Mettler DSC S23e. In specific 

embodiments, the TA Instrument Q1.000 is calibrated for energy and temperature using 

certified indium, a sample of about 0.5 mg to about 3 mg, a pin-holed aluminum pan, a heat 
rate of about 10° C/min from 25° C to 350° C, a nitrogen purge rate of about 50 mL/min, 

30 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 823e is calibrated for energy and temperature using certified indium, a sample of about 

0.5 mg to about 3 mg, a pin-holed aluminum pan, a heat rate of about 10° C/min from 25° C 
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to 350° C. a nitrogen purge rate of about SO ml/mm, and'or uses STARe v9.01 as the 

instrument control and data analysis software. 

Synthesis of FLAP Inhibitor 

1003Q5| Described herein are processes for the preparation of Compound 1 and 

5 pharmaceutically acceptable salts thereof. 

100306] Synthesis of Compound 1 begins with the preparation of 2-chloromethyl-S-nielhyl~ 

pyridine hydrochloride and. 5-tert-butylsulfanyl-2,2Klimethyl-4-ox,o-pehtanoic acid alky.1 

ester (structure 2-4, scheme 2). Preparation of 2-chIoromeihyl-5-methybpyridine 

hydrochloride is outlined in Scheme 1, 

10 Scheme 1, Synthesis of 2~Ch3oromethyl-5~methyi~pyridhie hydrochloride 

rrvCPBA 1.AC20, 90°C SOCI, >- | 
GHCI3 N+ 2, aq. NaOH , 1 OH CH2CI2 

1 

Or 

[003071 Oxidation of2,5-dimethylpyridine provides 2,5-dimethylpyridi11 e N-oxide. 

Treatment of 2,5-di.methyipyridirie N-oxide with acetic anhydride followed, by base, such 
15 as, sodium hydroxide, provides (5-methyl-pyridin-2-yl)-methanol. (S-Methyl-pyridin-2-yl)-

methanol is then treated with thionyl chloride to provide 2-chloromeihyS-5-methyl-pyridihe 

hydrochloride. 

100308] 5-/m-RutylsuIfanyl-2,2-dime(hyl-4-oxo-pentattoie acid alkyl ester is prepared as 
outlined in Scheme 2. 

20 Scheme 2: Preparation of 5-tert-Bulylsiilfanyl-2,2-dimethyI-4-oxo-peatanoic acid alky] 
ester 

25 

I. LDA.THF 
78°C _ Clwv^X < Br2 ^'OR1 - ~"Y X" "OR1 

2'C!"V^CI ' x EtOH/H2G 
2-1 ll 2-2 

^ ̂  A tBuSH, NEt3 ^ BrT^ °R1 ' s' 1 °°c 

100309] Alkyl isobutyrates of structure 2-1 (where R! is an alkyl) are treated with lithium 

diisopropylamide (LDA) followed by 2,3-dichloro-l-propene, which provides 4-chloro-2,2-

dimethyl-peril-4-enoic acid alkyl esters of structure 2-2- !.n one aspect, R1 is selected from 

methyl, ethyl, propyl, isopropyl, and butyl. In another aspect, R' is methyl or ethyl. In 
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another aspect, R1 is ethyl. 4-Chloro-2,2-dimethyl-pent-4-enoic acid alkyl esters of structure 

2-2 are treated wi th bromine to provide 5-bromo-2,2-dimethyI-4-pxo-pentanoic acid alkyl 

esters of structure 2-3. 5-Bromo-2,2-dhnethyl-4-oxo-pentanoic acid alkyl esters of structure 

2-3 are treated with 2-methyl-2-propanethiol in the presence: of a base to provide 5-ter(-

bytyUulfanyl-2,2-dimethyI-4-oxo-pei:ttanoica<:id alkyl esters of structure 2-4. 

(00310) The synthesis of alkyl esters of 3-[3-(terl-bulylsulfaiiyl)-l-[4-(6-etlioxy-pyridin-3-

yl)beiizyr]-5-(5-methyl-pyridin-2-yl-rnethoxy)-ll-I-indol-2-ylj-2,2-diinethylpropanoic acid 

(compounds of structure 3-5) is outlined in Scheme 3. 

Scheme 3, Preparation of Alkyl Esters of Compound 1 
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1003.11] 4-MethoxyphenyIhydrazine hydrochloride is reacted with 4-broruobenzyl bromide in 

the presence of a base to provide N-(4-bromo-benzyl)-N-(4-methoxy-phenyl)-hydrazine 

liydrocliloride. N-(4-bromo-benzyl)-N-(4-mc(hoxy-phenyl)-hydrazine hydrochloride is 

reacted with 5-to-r-butylsulfanyl-2,2-dimethyl-4-oxo-pentanoic acid alkyl esters of structure 

2-4 (where R1 is Ci-Q, alkvl) to provide 3-[ 1 -(4-bromo-benzyl)-3-/m-butylsulfany 1-5-
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methoxy-17i-indol-2-y{]-'i2,2-dxmethyl-propiomc acid alkyl esters of structure 3-1. In one 

aspect, R1 is selected from methyl, ethyl, propyl, isopropyl, and butyl, in another aspect, R1 

is methyl or ethyl. In another aspect, R' is ethyl. 

[00312] Demethylation of alkyl esters of structure 3-.1 is carried out with 2-methyl-2-

S propanediol and aluminum chloride, which provides alkyl esters of structure 3-2. 

[00313] Conversion of the bromide to a boronate ester is achieved with 

bis(pin;aco!ato)diboroxi, potassium acetate, and a palladium catalyst. In one aspect, the 

palladium catalyst is Pd(dppf)Ch, Alkyl esters of structure 3-3 are then coupled with 5-

bromo-2-ethoxypyridine under Suzuki mediated coupling conditions to provide alkyl esters 

10 q:f structure 3-4. In one aspect, the Suzuki mediated coupling conditions include an 

inorganic base and a palladium catalyst. In one aspect., the the Suzuki mediated coupling 

conditions include potassium carbonate and tetrakis(triphenylphosphme)palladium. 

[00314] Bases used in palladium mediated reactions include, bu? are not limited to, cesium 

carbonate, tnethylainme, diisopropylethylamme, 1,2,2,6,6-pentamethylpiperidinc, 

15 tributylamme, sodium carbonate, potassium carbonate, sodium acetate, potassium: acetate, 
and potassium phosphate. 

100315] Alkyl esters of structure 3-4 are then treated with a base followed by 2-chloro-5-

mcthyl pyridine hydrochloride to provide compounds of s tructure 3-5. In one aspect, the 
base is cesium carbonate. 

20 [00316] In some embodiments, compounds of structure 3-5 are treated with a purifying 

means for reducing the amount of palladium to less than about 20ppm. In one aspect, the 

purifying means for reducing the amount of palladium comprises thiol derivatized silica gel, 

[00317] in one aspect, compounds of structure 3-5 are isolated before hydrolysis of the ester. 

In another aspect, compounds of structure 3-5 are not isolated before hydrolysis of the ester. 

25 In one aspect, isolating compounds of structure 3-5 comprises a means for reducing residual 

palladium. In one aspect, means for reducing residual palladium comprises activated 

carbon. In yet a further embodiment, the activated carbon is DARCO® KB-G, DARCO'* 

KB-WJ, In other embodiments, means for reducing residual palladium comprises 

derivatized silica gel. In another embodiment, means for reducing residual palladium 
30 comprises thiol derivatized silica get. 

[003:18] In. one aspect, compounds of structure 3-5 are converted via a two-step procedure to 
Compound 2 as outlined in Scheme 4. 

Scheme 4. Hydrolysis and Salt Formation 
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[{10319] Hydrolysis of alkyi esters of structure 3-S with LiOH in a suitable solvent provides, 

afler pi I. adjustment to fomi the carboxylic acid, Compound 1. Compound t is then treated 

with sodium hydroxide in ethanol to furnish Compound 2. 

[00320] 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 salt forming reaction. In one 

aspect, alkyl esters of structure 3T5 are converted to Compound 2 in a high yielding one-step 

procedure as outlined in Scheme 5. 

Stvheme 5v One-Step Hydrolysis and Salt Formation 

rk 
aq. 50% NaOH 

THF/EtOH 

/ O /"O 

|003211 Treatment of alkyl esters of structure 3-5 in a suitable solvent with a 50% aqueous 

sodium hydroxide solution results in the fonn ait on of Compound 2. In one aspect, the 
reaction is heated. 

[00322] In one aspect, Compound 2 is formed (whether by a crystallization, Solid-to-solid 

transformation or crystalline inter-conversion) or precipitated from a Class 3 solvent, lit one 

aspect, Compound 2 is formed or precipitated from methyl tert-butyl ether (MTBE). In one 

aspect.. Compound 2 is crystallized from methyl tert-butyl ether (MTBE). 

[00323] In one aspect, described herein is a crystalline form of Compound 2 solvated with a 

Class 3 solvent. In one aspect, the Class 3 solvent is selected from ethyl acetate, isopropyl 

acetate, methyl tert-hutyl ether, heptane, isopropanol, and ethanol. hi one aspect, the 

crystalline form of Compound 2 is solvated with MTBE. In one aspect, the crystalline form 
of Compound 2 is solvated with methyl tert-butyl ether and water. 



$0324} In some embodiments, Compound 1 is treated with potassium hydroxide in a solvent 

to form: potassium 3-[3-(tert-butylsidfany])-l -[4-{6-ethoxy-pyridi:n-3-y1)benz.y1]"5>-(5-

nrethyl-pyridm-2-yl-metlioxy)-lH-indol-2~yl]-2,2-dimethylpropjonate. 

[00325] In some embodiments. Compound 1 is treated with lithium hydroxide in a solvent to 

5 form lithium •3-[3-(tert1but.ylsu!faityl)~l-[4-(6-ethoxy*pyddin-3-yl}benz.ylJ-5-(5-mcthyl-

pyridin-2-yl-methoxy}-l H-indol-2-yr]-2,2-dimethylpropionate. 

}00326] In some embodiments, Compound 1 is treated with calcium hydroxide in a solvent 

1o form the calcium salt of 3-[3-(tert4}ut;ylsulfai)y1)-l-[4-(6-ethoxy-pyr.id^l-3~y])bcnzyl]--5~ 

(5•methyl-pyridin-2-yi-n^ethoxy)-lB4udo^2-y!]-2,2-dimethyipropanoic acid. 

10 ]00327] In some embodiments. Compound 1 is treated with dicyc!ohexy 1 amine iii a solvent 

to fonn the corresponding salt, 

[00328] In some embodiments, Compound I is treated with iV-methyl-D-glucamine in a 

solvent to form the corresponding salt. 
|00329] In some embodiments, Compound 1 is treated withtris(hydroxymetliyl)methylamiiie 

i 5 in a, solvent to form the con'espondiiig salt. 

In sortie embodiments, Compound 1 is treated with arginine in a solvent to form the 

corresponding salt. 

[00330] In some embodiments, Compound lis treated with lysine in a solvent to form the 
corresponding salt, 

20 Certain Terminology 

[00331] Unless otherwise stated, the following temis used in this application, including the 

specification and claims, have the definitions given below. It must be noted that, as used in 

the specification and the appended claims, the- singular forms "a," "an" and "the'' include 

plural referents unless the context clearly dictates otherwise. Unless otherwise indicated, 

25 conventional methods: of mass spectroscopy, NTvIR, 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 "or" means "and/or" unless stated 

otherwise. Furthermore, use of the term "including" as well as other forms, such as 

"include", 'includes," and "included," is not limiting. 

30 100332} An "'alkyl" group refers to an aliphatic hydrocarbon group. The al.kyl moiety is 

branched, straight chain, or cyclic. The alkyl group may be designated as "CrCa alkyl". In 

one aspect, an alkyl is selected from methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-
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butyl, perityl, neopentyl hexyl, ethenyl, propenyl, allyl. butenyl, oyclopropyl, cyclobutyl, 

oyclopentyl, cyclohexyl, aad the like. 
1003331 "Detectable amount" refers to an amount that is measurable using standard analytic 

methods (e.g. ion chromatography, mass, spectrometry, NMR, HPLC, gas chromatography. 

•5 elemental analysis, Til spectroscopy, inductively coupled plasma atomic emission 

spectrometry, USP<231>Method IL etc) (ICH guidances, Q2A Text on Validation of 

Analytical Procedures (March 1995) and Q2B Validation of Analytical Procedures: 

Methodology (November i 996)). 
|003341 The term "acceptable" with respect to a formulation, composition or ingredient, as 

10 used herein, means having no persistent detrimental effect on the general health of die 

subject being treated. 

100335) The term, "respiratory disease," as usee! herein, refers to diseases affecting the organs 

thai are involved in breathing, such as the nose, throat, larynx, trachea, bronchi, and lungs. 

Respiratory diseases include, but are not limited to, asthma, adult respiratory distress 

15 syndrome and allergic (extrinsic) asthma, non-allergic (intrinsic) asthma, acute severe 
asthma, chronic- asthma, clinical asthma, nocturnal asthma, allergen-induced asthma, 
aspirin-sensitive asthma, exercise-induced asthma, isocapnic-hyperventilation, child-onset 

asthma, adult-onset asthma, cough-variant asthma, occupational asthma, sleroid-resistant 

asthma, seasonal asthma, seasonal allergic rhinitis, perennial allergic rhinitis, chronic 

20 obstructive pulmonary disease, including chronic bronchitis or emphysema, pulmonary 

hypertension, interstitial lung fibrosis and/or airway inflammation and cystic fibrosis, and 
hypoxia. 

(003361 The term "asthma" as used herein refers to any disorder of the lungs characterized 

by variations in pulmonary gas flow associated with airway constriction of whatever cause 

25 (intrinsic, extrinsic, or both; allergic or non-allergic). The term asthma may be used with 
one or more adjectives to indicate cause. 

108337] The term "cardiovascular disease," as used herein refers to diseases affecting the 

heart or blood vessels or both, including but not limited to: arrhythmia; atherosclerosis and 

its sequelae; angina; myocardial ischemia; myocardial infarction; cardiac or vascular 

30 aneurysm; vasculitis, stroke; peripheral obstructive arteriopathy of a limb, an organ, or a 

tissue; reperfusion injury following ischemia of the brain, heart or other organ or tissue; 

endotoxic, surgical, or traumatic shock; hypertension, valvular heart disease, heart failure, 

abnormal blood pressure; shock; vasoconstriction (including that associated with 
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migraines); vascular abnormality, inflammation, insufficiency limited to a single organ or 

tissue. 

1003381 The term "ocular disease" as used herein, refers to diseases which affect the eye or 

eyes and potentially the surrounding tissues as well, Ocular disease- includes, but is not 

5 limited to, ocular inflammation, conjunctivitis, retinitis, scleritis, uveitis, allergic 

conjuclivitis, vernal conjunctivitis, pappillary conjunctivitis, and uveoretinitis. 

1003391 The term "pain" as used herein, refers to acute or chronic pain which may be central 

or peripheral pain. Pain includes, but is not limited to nociceptive pain, neuropathic pain, 

inflammatory pain and non-inflammatory pain, for example, peripheral neuropathic pain. 
10 |0034fl] The term "skin disease", as used herein, includes but is not limited to eczema, 

psoriasis, stein disease, neurodermatitis,, pruritis, exfoliative dermatitis, allergic dermatitis, 

pemphigus and hypersensitivity reactions, 

[00341] The terms "effective- amount" or "therapeutically effective amount," as used herein, 

refer to a sufficient amount of an agent being administered which will relieve to some extent 

) 5 one or more of the symptoms of the disease or condition being treated. The result can be 

reduction and/or alleviation of the signs, symptoms, or causes of a disease, or any other 

desired alteration of a biological system;, For example, an "effective amount" for therapeutic 

uses is the amount of the composition comprising a compound as disclosed herein required 

to provide a clinically significant decrease in disease symptoms. The term "therapeutically 
20 effective amount" includes, for example, a prophylactic-ally effective amount. The effective 

amount will be selected based on the particular patient and the disease level. It is understood 

that "an effect amount" or "a therapeutically effective amount" varies from subject to 

subject, due to variation in metabolism of drug, age, weight, general condition of the 

subject, the condition being treated, the severity of the condition being treated, and the 

25 judgment of the prescribing physician. En one embodiment, an appropriate "effective" 

amount in any individual case is determined using techniques, such as a dose- escalation 
study 

1003421 The terms "co-administration" or the like, as used herein, are meant to encompass 

administration of the selected therapeutic agents to a single patient, and are intended to 

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

route of administration or at the same or different time. 

[00343] The terms "enhance" or "enhancing," as used herein, means to increase or prolong 

either in potency or duration a desired effect. Thus, in regard to enhancing ihe effect of 
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therapeutic agents, the term "enhancing" refers to the ability to increase or prolong, either in 

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

effeciive amount," as used herein, refers to an amount adequate to enhance the effect of 

another therapeutic agent in a desired system. 
5 [00344] The terms "fibrosis" or "fibrosing disorder/' as used herein, refers to conditions that 

follow acute or chronic inflammation and are associated with the abnormal accumulation of 

ceils and/or col lagen and include but are not limited to fibrosis of individual organs or 

tissues such as the heart, kidney, joints, lung, or skin, and includes such disorders as 

idiopathic pulmonary fibrosis and cryptogenic fibrosing alveolitis. 
10 100345] The term "leukotriene-driven mediators," as used herein, refers to molecules able to 

be produced in a patient that results from excessive production of leukotriene stimulation of 

cells, such as* by way of example only, LTB4, LTC4, LTE4, cysteinyi leuktorienes, 

monocyte inflammatory protein (MlP-la), iiiterleukin-8 (IL-8), interleukin-4 (IL-4), 

interleukui-13 (IL-13). monocyte chemoattractant protein (MCP-1), soluble intracellular 
15 adhesion molecule (siCAM; soluble ICAM), myeloperoxidase (MPO), eosinophil 

peroxidase (EPO), and general inflammation molecules such as interl.eukin-6 (11-6), C-

reaetive protein (CRP), and serum amyloid A. protein (SAA). 

|00346l The term 'leukotriene-related mediators," as used herein, refers Lo molecules able to 

be produced in a patient that result from excessive production of leukotriene stimulation of 

20 cells, such as, by way of example only, LTB4, LTC4, LTE4J cysteinyl leuktorienes, 

monocyte inflammatory protein (MlP-la), interleukin-8 (IL-8), interleu.kin-4 (IL-4), 

interleukiu-13 (IL-13), monocyte chemoattractant protein. (MCP-1), soluble intracellular 
adhesion molecule (sICAM; soluble ICAM), myeloperoxidase (MPO), eosinophil 
peroxidase (EPO), and general inflammation molecules such as interleukin-6 (H-6), C-

25 reactive protein (CRP), and serum amyloid A protein (SAA). 

[00347] The term "ieukotriene-dependent", as used herein, refers to conditions or disorders 

that would not occur, or would not occur to the same extent, in the absence of one or more 
leukotrienes. 

[00348] The term "leukotriene-mediated", as used herein, refers to conditions or disorders 

30 that occur in the absence of leukotrienes but also occur in the presence of one or more 
leukotrienes. 

[00349| The term "ieukotriene-responsive patient," as used herein, refers to a patient who 

has been identified by either genotyping of FLAP haplotypes, or genotyping of one or more 
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other genes in the leukotriene pathway and/or, by phenotyping of patients either by previous 

posi tive clinical response to another leukotriene modulator, including, by way of example 

only, zileuton, montelakast, pranlukast, zafirlukast, and/or by their profile of leukotriene-

driven mediators that indicate excessive leukotriene: stimulation of inflammatory cells, as 

s likely to respond favorably io leukotriene modulator therapy. 

[003501 The terms "kit" and "article of manufacture" are used as synonyms. 

[003511 A "metabolite" of a compound disclosed herein is a derivative of that compound that 

is formed when the compound is metabolized. The term "active metabolite" refers to a 

biologically active derivative of a compound that is formed when the compound is 

10 metabolized (hk) trans formed). The term "metabolized," as used herein, refers to the sum of 

the processes (including, but not limited to* hydrolysis reactions and reactions catalyzed by 
enzymes) by which a particular substance is changed by an organism. Thus, enzymes may 

produce specific structural alterations to a compound. For example, cytochrome P450 

catalyzes a variety of oxidative and reductive reactions while uridine diphosphate 

15 glueuronyltransferases (UGT) catalyze the transfer of an acti vated glucuronic-acid molecule 
to aromatic alcohols, aliphatic alcohols, carboxylic acids, amines and free sulphydryl groups 
(e.g. conjugation reactions). Further information on metabolism is available in The 
Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill (1996). In one 

embodiment , metabolites of the compounds disclosed herein are identified either by 

20 administration of compounds to a host and analysis of tissue samples from the host, or by 

incubation of compounds with hepatic cells in vitro and analysis of the resulting 
compounds. 

1003521 The term ".modulate," as used herein, means to interact with a target either directly 

or indirectly so as to alter the activity of the target, including, by way of example only, to 

25 enhance 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. 

[003531 The term "modulator," as used herein, refers to a molecule that interacts with a 
target either directly or indirectly. The interactions include, but are not limited to, the 
interactions of an agonist and an antagonist. 

30 ]00354) The term "prodrug", as used herein, refers to an agent that is converted into the 

parent drug in vivo. Prodrugs are often useful because, in some situations, they may be 

easier to administer than the parent drug. They may, for instance, be bioavailable by oral 

administration whereas the parent is not. The prodrug may also have improved solubility in 
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pharmaceutical 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 solubility is detrimental to; 

mobility but which then is metabolieally hydrolyzed to the carboxylic acid, the active entity, 

5 once inside the cell where water-solubility is beneficial. A further example of a prodrug 

might be a short, peptide (polyaminoacid) bonded to an acid group where the peptide is 

metabolized to reveal the; active moiety. 

(00355) The term "subject'* or "patient" encompasses mammals. In one aspect, the mammal 

is a human. En another aspect, the mammal is a non-human primate such as chimpanzee,: and 

10 other apes and monkey species. In one aspect, the mammal is a farm animal such as cattle, 

horse, sheep, goat, or swine. In one aspect, the mammal is a domestic animal such as rabbit, 

dog, or cat. hi one aspect, the mammal is a laboratory animal, including rodents, such as 

rats, mice and guinea pigs, and the like. 

100356} "Bioavailability" refers to the percentage of the weight of Compound 1, or a 

15 pharmaceutically acceptable salt and/or solvate thereof, dosed that is delivered into the 

general circulation of the animal or human being studied. The total exposure (AUQo-«j) of a 

drug when administered intravenously is usually defined as 100% Bioavailable (F%). "Oral 

bioavailability" refers to the extent to which Compound 1, or a pharmaceutically acceptable 

salt and/or solvate thereof, is absorbed into the general circulation when the pharmaceutical 

20 composition is taken: orally as compared to intravenous injection. 

1003571 "Blood plasma concentration" refers to the concentration Compound 1, in the 

plasma component of blood of a mammal. It is understood that the plasma concentration of 

Compound 1 may vary significantly between subjects, due to variability withrespeet to 

metabolism and/or interactions with other therapeutic agents, in one aspect, the blood 

25 plasma concentration of Compound 1 varies from subject to subject. Likewise, Values such 

as maximum plasma concentration (C,ta) or time to reach maximum plasma concentration 

(T,m>;), or total area under the plasma concentration time curve (AUCro-,*)) vary from subject 

to subject. Due to this variability, in one embodiment, the amount necessary to constitute "a 

therapeutically effective amount" of Compound 1 varies from subject to subject. 

30 100358] "Drug absorption" or "absorption" typically refers to the process of movement of 

drug from site of administration of a drag across a barrier into a blood vessel or the site of 

action, e.g., a drug moving from, the gastrointestinal tract into the porta! vein or lymphatic 
system. 
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[003591 A "measurable serum concentration" or"measurable plasma concentration" 

describes the blood serum or blood plasma concentration, typically measured in mg, pg, or 

ng of therapeutic agen t per nil, dl. or I of blood serum, absorbed into the bloodstream after 

administration. As used herein, measurable plasma concentrations are typically measured in 

5 ng/ml or pg/ml. 

J00360J "Pharmacodynamics" refers to the factors which.determine the biologic response 

observed relative to the concentration of drug at a site of action. 

[00361 j "Pharmacokinetics" refers to the factors which determine the attainment and 

maintenance of the appropriate concentration of drug at a site of action. 
30 [00362] "Steady state," as used herein, is when the amount of drug administered is equal to 

the amount of drug eliminated within, one dosing interval resulting iii a plateau or constant 

plasma drug exposure. 

[00363[ "Treat" or "treatment" as used herein refers to any treatment of a disorder or disease, 

such as preventing the disorder or disease from occurring in a subject predisposed to the 

15 disorder or disease, but has not, yet been diagnosed as having the disorder or disease; 

inhibiting the disorder or disease, e.g., arresting 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 slopping the symptoms o f the disease or 

disorder either prophylactieaSly and/or therapeutically. Thus, as used herein, the term "treat" 

20 is used synonymously with the term "prevent." 

[003641 "Purifying means for reducing the amount of palladium" or "means for reducing 

residual palladium" (or a similarly worded phrase) refers to means used for reducing the 
amount of palladium in samples comprising active pharmaceutical ingredients in order to 
meet palladium specification guidelines. ("Guideline on the Specification Limits for 

25 Residues of M etal Catalysts" European Medicines Agency Pre-aufhorisation Evaluation of 

Medicines for Human Use, London, January 2007, Doc: Ref. CPMP/SWP/QWP/4446/00 

coir.). In one aspect, reducing the amount of palladium includes, but is not limited to, 

treatment with solid trimercaptotiiazine (TMT), polystyrene-bound TMT, mercapto-porous 

polystyrene-bound TMT, polystyrene-bound ethylenediamine, activated carbon, glass bead 

30 sponges, Smopex!M, silica bound scavengers, thiol-derivatfeed silica gel, N-aeetylcysteine, 

n-BujP, crystallization, extraction, I-cysteine, n-BihP/lactic acid. Garrett et al, Adv. Synth. 

Catal. 2004, 346, 889-900). In one aspect, activated carbon includes but is not limited to 

DARCO1' KB-G, DARCO6 KB-Wj, hi one aspect silica bound scavengers include but are 
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not limited to 
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Suitable Solvents 
5 [003651 Therapeutic agents that are administratis to mammals, such as banians, must be 

prepared by following regulatory guidelines. Such government regulated guidelines.are 

referred to as Good Manufacturing Practice (GMP). GMP guidelines outline acceptable 

contamination levels of active therapeutic agents, such as;, for example, the amount of 

residual solvent in the filial product. Preferred solvents are those that are suitable for use in 

10 GMP facilities and consistent with industrial safety concerns. Categories of solvents are 

defined in, for example, the International Conference on Harmonization of Technical 

Requirements for Registration of Pharmaceuticals for Human Use (ICH), "Impurities: 

Guidelines for Residual Solvents, Q3C(R3), (November 2005). 
[00366) Solvents are categorized into three classes. Class I solvents are toxic, and are to be 

15 avoided. Class 2 solvents are solvents to be limited in use during die manufacture of the 

therapeutic agent. Class 3 solvents are solvents with low toxic, potential and of lower risk to 

liuman health. Data for Class 3 solvents indicate that they are less toxic in acute or short-

terra studies and negative in genotoxicity studies. 

100367] Class 1 solvents, which are to be avoided, include: benzene; carbon tetrachloride; 

20 1 ,2-dichloroethane; Ll-dichloroetiiene; and 1,1,1 -trichloroethane. 

|00368| Examples of Class 2 solvents are: acetonitrile, chlorobenxene, chloroform, 

cyclohexane, 1,2-dichloroethene, dichloromethane, 1,2-dimethoxyethane, N,N-

dimethylacetamide. N.N-dimethyl form amide, 1,4-dioxane, 2-ethoxyethanol. etliyleneglycol, 

fonnamide, hexane, methanol, 2-methoxyetbano], methylbutyl ketone, methylcyclohex.ane, 

25 N-methyipyrrolidme, nitromethane, pyridine, sulfolane, tetraiin. toluene, 1,1,2-

trichloroethene and xylene. 

[00369] Class 3 solvents, which possess low toxicity, include: acetic acid, acetone, anisole, 

1 -butanol, 2-butanol, butyl acetate, fcrt-butyhn ethyl ether (MTBE), eumene, dimethyl 
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sulfoxide, ethanol, ethyl acetate, ethyl ether, ethyl formate, formic acid, heptane, isobutyl 

acetate, isopropyl acetate, methyl acetate, 3-methyl-1-butanol, methylethyl ketone, 

methylisobuiyl ketone, 2-methyl-1 -propmiol, pentaric, 1-pentanol, 1-prop ano I, 2-propanol. 
propyl acetate, and tetrahydrofuran. 

5 100370j Residua! solvents in active pharmaceutical ingredients (APIs) originate from the 

manufacture of API'. In some cases, the solvents are not completely removed by practical 

manufacturing techniques. Appropriate selection of the solvent for the synthesis of APIs 

may enhance the yield, or determine characteristics such as crystal form, purity, and 

solubility. Therefore, the solvent, is acritical parameter in the synthetic process. 
10 [003711 In some embodiments, compositions comprising salts of Compound 1 comprise an 

organic soivent(s). In some embodiments, compositions comprising salts of Compound 1 

comprise a residual amount of an organic sol vents). In some embodiments, compositions 

comprising salts of Compound 1 comprise a residual amount of a Class 3 solvent: In some 

embodiments, the organic solvent is a Class 3 solvent. In some embodiments, the Class 3 
15 solvent is selected from the group consisting of acetic acid, acetone, anisole, 1-bufanol, 2-

butanol, butyl acetate, ter/-butylmethyj ether, cumene, dimethyl sulfoxide, ethanol, ethyl 

acetate, ethyl ether, ethyl formate, formic acid, heptane, isobutyl acetate, isopropyl acetate, 

methyl acetate, 3-methyl-l-butanol. mediylethyl ketone, methylisobuiyl ketone, 2-methyl-l-

pj'opanol, pentane, 1-pentanol, 1-propanol, 2-propanol, propyl acetate, and tetrahydrofuran, 

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

rert-butylmethylether, heptane, isopropanol, and ethanol. 

(003721 In one aspect, described are compositions comprising a polymorph of a salt of 

Compound 1. In one aspect, the polymorph is amorphous, semi-crystalline, or crystalline. In 

one aspect, the polymorph is crystalline. In another aspect, the polymorph is amorphous. 

25 (00373] In one aspect, described are compositions comprising crystalline form of a salt of 

Compound 1. In one aspect, described are compositions comprising crystalline fonn of 

Compound 2. 
(00374] In one aspect, described are compositions comprising amorphous fonn of a salt of 

Compound 1. In one aspect, described are compositions comprising amorphous fonn of 

30 Compound 2, 

(00375) In one aspect, the compositions comprising a salt of Compound 1 include a 

detectable amount of an organic solvent, hi some embodiments, the salt of Compound 1 is a 

sodium salt. In some embodiments, the organic solvent is a Class 3 solvent, hi some 
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embodiments, the Class 3 solvent is selected from the group consisting of acetic acid, 

acetone, anisole, I-butanol, 2-butanol, butyl acetate, tert-butylmcthyl efher, cumerie, 

dimethyl sulfoxide, ethanol, etliyl acetate, ethyl ether, ethyl formate, formic acid, heptane, 

isobutyl acetate, isopropyl acetate, methyl acetate, 3-methyl-1 -butanoi, methylethyl ketone, 

5 methylisobutyl ketone, 2-methyl~l-propanol, pentane, 1 -pentano!, 1-propanol, 2-propanol, 

propyl acetate, and tetrahydrofuran. In yet a further embodiment, the Class 3 solvent is 

selected from ethyl, acetate, isopropyl acetate, tert-hutylmethyiether, heptane, isopropanol, 

and ethanol. In other embodiments the organic solvent is selected from isopropanol, 

acetonitrile, ethano.i, propylene glycol, and methyl cellulose in water. 

to [003761 In one aspect, the salt of Compound 1 is a sodium salt, potassium salt, lithium salt, 

calcium salt, ammonium salt, protonated dicyclohexylaxnine salt, protonated A'-ineihyl-D-

glucamine salt, protonated tris(hydroxymethyl)methyIamine salt, arginiiue salt, or lysine salt 

In one aspect, the salt of Compound 1 is a sodium salt. 

[00377] In oth<Sr embodiments: are compositions comprising Compound 2, wherein the 
15 composition comprises a detectable amount of solvent that is less than about 1%, wherein 

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

tetrahydrofuran, methanol, ethanol, heptane, and 2-propanol. In a further embodiment 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 

20 compositions comprising Compound 2, wherein the detectable amount of solvent is less 

than about 5000 ppm, less than about 4000 ppm, less than about 3000 ppm, less than about 

2000 ppm, less than about 1000 ppm, less than about 500 ppm, or less than about 100 ppm. 

1'harmaccm.jcal Compositions/Formulations 
[003781 Pharmaceutical compositions are formulated in a. conventional manner using one or 

25 more physio logically acceptable carriers comprising excipients and auxiliaries which 

facilitate processing of the active compounds into preparations which are used 

pharmaceutically. Suitable techniques, carriers, and excipients include those found within, 

for example, Remington: The Science and Practice of Pharmacy, Nineteenth Ed (Easton, 

Pa.: Mack Publishing Company, 1995); Hoover, John E„ Remington's Pharmaceutical 

30 Sciences, Mack Publishing Co., Easton, Pennsylvania 1975; Liberman, H.A. and Lachman, 

L., Eds., Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y., 1980; and 

Pharmaceutical Dosage. Forms and Drug Delivery Systems, Seventh Ed, (Lippincott 

Williams & Wilkinsl999), herein incorporated by reference in their entirety. 
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|00379| For oral administration, Compound 1, or a phannaceutically acceptably salt thereof 

(e.g. Compound 2), are formulated by combining the- active compound with 

pharmaceutically acceptable carriers or excipients. Such earners enable Compound 1, or a 

pharmaceutically acceptably salt thereof (e.g. Compound 2) to be formulated as tablets, 

5 powders, pills> dragees, capsules, liquids, gels, syrups, elixir's, slurries, suspensions and the 

like, for oral ingestion by a patient to be treated. 

(0038ft| The pharmaceutical compositions will include at least one pharmaceutically 

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

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

30 [00381] The oral solid dosage formulations described herein include particles of Compound 

1, or a phannaceutically acceptable salt thereof (e.g. Compound 2) in crystalline fonn. 
amorphous fonn> semi-crystalline fonn. semi-amorphous fonn, or mixtures thereof. In one 

aspect, the oral solid dosage formulations described herein include crystalline particles of 

Compound 2. In one aspect, the oral solid dosage formulations described herein include 

15 crystalline particles of Compound 1 (tree acid). In One aspect, the oral solid dosage 

formulations described herein include amorphous particles of Compound 1 (free acid). 

[00382] The pharmaceutical compositions described herein include: (a) Compound h or a 

phamiaceuticaUy acceptable salt thereof (e.g. Compound 2); and one or more of the 

following: (b) binders; (c) d.isintegranis; (d) fillers (diluents); (e) lubricants; (i) glidants 

20 (flow enhancers); (g) compression aids; (h) colors; (i) sweeteners; (j) preservatives; (k) 

suspensing'dispersing agents; (1) film fonners/coatings; (m) flavors; (o) printing inks. 

|003831 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 (e.g. 

Compound 2): (a) magnesium stearate; .(b) lactose; (e) niicrocrystalline cellulose; (d) 

25 silici fied niicrocrystalline cellulose; (e) mannitol; (f) starch (com); (g) silicon dioxide; (h) 

titanium dioxide; (i) stearic acid; (j) sodium starch glycolate; (k) Gelatin: (I) talc; (m) 

sucrose; (n) aspartame; (o) calcium stearate; (p) povidone; (q) pregelatinizcd starch; (r) 

hydroxy propyl methylcellulose; (s) OP A products (coatings & inks); (t) croscarmellose; (u) 

hydroxy propyl cellulose; (v) ethyl cellulose; (w) calcium phosphate (dibasic); (x) 

30 crospovidone; (v) shellac (and glaze); (z) sodium carbonate. 

100384{ In one embodiment, pharmaceutical preparations for oral use are obtained by mixing 

one or more solid excipient with one or more of the compounds described herein, optionally 

grinding the resulting mixture, and processing the mixture of granules, after adding suitable 
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auxiliaries, if desired, to obtain tablets. Suitable excipients are, in particular, fillers such as 

sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as: for 

example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum trugacanth, 

methylcellulose, microcrystalline:cellulose, silieified mierocrystalline cellulose, 

5 hydroxypropylm e thylcel 1 ulose, sodium earboxymethylcellulosc; or others such as: 

polyvinylpyrrolidone (PVP or povidone) or calcium phosphate. If desired, disintegrating 

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

agar, or algiiiie acid or a salt thereof such as sodium alginate, 

[00385] In one embodiment, the pharmaceutical compositions described herein are 

10 formulated into any suitable dosage form, including but not limited to, aqueous oral 

dispersions, solid oral dosage forms, fast melt formulations, effervescent foundations, 

lyophilized formulations, tablets, capsules, extended release formulations, inhaled powder, 

inhaled dispersion, IV formulations, 
100386] In some embodiments, formulations provide a therapeutically effective amount of 

! 5 Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2), enabling, for 

example, once a week, twice a week, three times a week* four times a week, five times a 

week, once every other day, once-a-day, twice-a-day (b.Ld«), or three times a day (ti.d.) 

administration if desired. In one embodiment, the formulation provides a therapeutically 

effective amount of Compound t, or a pharmaceutically acceptable salt thereof (e.g. 

20 Compound 2) enabling once-a-day administration. 

[00387] In certain embodiments, the effective amount of Compound .1, or a pharmaceutically 

acceptable salt thereof (e.g. Compound 2) is about lmg to about 5g per dose, about I Omg to 

about 2g per dose, about lOmg to about lgper close, about 1 Omg to about lg per dose, 

about 1 Omg to about 0.5g per dose, or about. lOmg to about 0.4g per dose. In some 

25 embodiments, the effective amount of Compound 1, or a pharmaceutically acceptable salt 

thereof (e.g. Compound 2) is about 1 mg to about Sg per day, about lOmg to about 2g per 

day, about 1 Omg to about 1 g per day, about 1 Omg to about 0.6g per day, about 1 Omg to 

about 0.5g per day, or about 1 Omg to about 0.4g per day. 

(00388] In one embodiment, the effective amount of Compound 1, or a pharmaceutically 

30 acceptable salt thereof (e.g. Compound 2) is about 5mg per dose, about 1 Omg per dose, 

about 50mg per dose, about 150mg per dose, about 3OOmg per dose, about 450mg per dose, 

about 600mg per dose, or about lOOOmg per dose. 
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[00389] liti one aspect, oral pharmaceutical solutionsinclude about I Omg/ml to about 

50mg/ml of Compound 3, or a pharmaceutically acceptable salt thereof (e.g. Compound 2). 

In one aspect, oral pharmaceutical solutions include about ] Omg/ml to about 40mg/ml, 

about lOmg/'ml to about 30mg/ml, or about 1 Omg/ml to about ;20mg/ml of Compound {, or 

5 a pharmaceutically acceptable salt thereof (e.g. Compound 2), in one aspect, oral 

pharmaceutical solutions include about 1. Omg/ml of Compound 1, or a pharmaceutically 

acceptable salt thereof (e.g. Compound 2). 

(00390] In one embodiment, pediatric oral pharmaceutical solutions include about 1 mg/m! to 

about 20mg/ml of Compound 1, or a pharmaceutically acceptable salt thereof (e.g, 
10 Compound 2). In one embodiment, pediatric oral pharmaceutical solutions include about 

lmg/rnl to about 15mg/ml, or about 5mg/ml to about 15mg'ml of Compound 1, or a 

pharmaceutically acceptable salt thereof (e.g. Compound 2). In some embodiments, 

pediatric oral pharmaceutical solutions include about 1 Omg/ml of Compound 1, or a 
phannaceutically acceptable salt thereof (e.g. Compound 2). 

i5 10039,1] In one aspect, immediate release tablets include about 5% w/vv to about 50% w/w of 

Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2). In some 

embodiments, immediate release tablets include about 5% w/w to about 40% w/w, Or about 

10% w/w to about 40% w/w of Compound 1, or a pharmaceutically acceptable salt thereof 

(e.g. Compound 2). In some embodiments, immediate release tablets include about 5% w/w, 

2Q about 10% w/w, about 15% w/w, about 20% w/w, about 25% w/w, about 30% w/vv, about 

33% w/w, about 35% w/w, about 40% w/w of Compound 1, or a pharmaceutically 

acceptable salt thereof (e.g. Compound 2). 

[00392] In one aspect, immediate release capsules include about 1.25% w/w to about 50% 

w/vv of Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2). In 

25 some embodiments, immediate release capsules include about 5% w/w to about 40% w/w, 

about 10% w/w to about 30% w/w, of Compound 1, or a pharmaceutically acceptable salt 

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

5% w/w, about 10% w/w, about 15% w/w, about 20 % w/w, about 25 % w/vv, or about 30 

% w/vv of Compound .1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) . 

30 [00393| hi one embodiment, Compound 1, or a pharmaceuticalIy acceptable salt thereof (e.g. 

Compound 2) is formulated into an immediate release fonn that provides for once-a-day 

administration. Generally speaking, one will desire to administer 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 time effective to elicit a therapeutic effect. 

{00394} Binders impart cohesive qualities. In one aspects solid oral dosage forms include 

about 2% w/w to about 10% w/w of binder. In some embodiments, solid oral dosage forms 

5 include about 5% w/w of binder. In some embodiments. Solid oral dosage forms include 

about 2% w/w to about 25% w/w of binder. In some embodiments, solid oral dosage forms 

include about 5% wAv to about 25% w/w of binder. In some embodiments, solid oral 

dosage forms include about 18% w/w pf binder. 

100395] In one- aspect, the binder is hypromellosc (e.g., Methoeel E5). in another aspect, the 

10 binder is povidone, or starch. 

J003.961 Carrier materials include any excipients in pharmaceutics and should be selected on 

the basis of compatibility with Compound 1, or a. pharm aeeutical! y acceptable salt thereof 

(e.g. Compound 2) and the release profile properties of the desired dosage form. Exemplary 

carrier materials include, e.g., binders, suspending agenis. disintegration agents, filling 
15 agents, surfactants, solubilizers, stabilizers, lubricants, wetting agents, diluents, and the like. 

[00397] Dispersing agents, and/or viscosity modulating agents include materials that control 

the diffusion and homogeneity of a drug through liquid media or a granulation method or 

blend method. In some embodiments, these agents also facilitate the effectiveness of a 

coating or eroding matrix. 
20 [00398) Diluents increase bulk of the composition to facilitate compression or create 

sufficient bulk for homogenous blend for capsule:filling. 
[00399) The term ''disintegrate" includes both the dissolution and dispersion of the dosage 

.form when contacted with gastrointestinal fluid. "Disintegration agents or disintegrants" 

facilitate the breakup or disintegration of a substance, 

25 [00400] to one aspect, the disintegrant is croscarmeliose sodium. In another aspect, the 

disintegrant is sodium starch glycolate or crospovidone. 

[00401] In one aspect, solid oral dosage .forms include up to 15% w/w of disintegrant. hi 

some embodiments, solid oral dosage forms include about 0.5% w/w to about 10% w/w of 

disintegrant. In some embodiments, solid oral dosage forms include about 0.5% w/w to 

30 about 5% w/w of disintegrant. 

[00402] Filling agents include compounds such as lactose, calcium carbonate, calcium 

phosphate, dibasic calcium phosphate, calcium sulfate, macrocrystalline cellulose, cellulose 
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powder, dextrose, dextrates, dextran, starches, pregelalimzed starch, sucrose, xylitol, 

lactitol, mannitol, sorbitol, sodiuiii chloride, polyethylene glycol, and the like. 

[00403] In one aspect, the filler is lactose (e.g. monohydrate). In another aspect, the filler is 

mannitol, or dicaleium phosphate. In another aspect, the filler is mannitol, microcrystalline 

5 cellulose, dicalcium phosphate or sorbitol. 

[00404] Gastrointestinal fluid is the fluid of stomach secretions of a subject or the saliva of a 

subject after oral administration of a composition described herein, or the equivalent 

thereof- An "equivalent of stomach secretion" includes, e.g., an /» vitro fluid having similar 

content and/or pfcl as stomach secretions such as a 1% sodium dodecyl sulfate solution or 

10 0. IN IICI solution in water. In addition, simulated intestinal fluid (USF) is an aqueous 

phosphate buffer system at pH 6.8. 

100405] Lubricants and glidants are compounds that prevent, reduce or inhibit adhesion or 

friction of materials. In one aspect, solid oral dosage forms include about 0.25% w/w to 

about 2.5% w/vv of lubricant. In another aspect solid oral dosage forms include about 0.5% 

15 w/w. to about 1.5%' w/vv of lubricant. 
[00406] In some embodiments, the solid dosage forms described herein arc in the 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: cap let), a pill, a powder (including a sterile packaged powder, a 

20 dispensable powder, or an effervescent powder), a capsule (including both soft or hard 

capsules, e.g., capsules made from animal-derived gelatin or plant-derived HPMC, or 
"sprinkle capsules"), solid dispersion, multiparticulate dosage forms, pellets, or granules. 

[00407] hi other embodiments, the pharmaceutical formulation is in the form of a powder. In 

still other embodiments, the pharmaceutical formulation is in the form of a tablet, including 

25 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 in two, or three, or four 

tablets. 

[00408] l'n some embodiments, solid dosage forms, e.g., tablets, effervescent tablets, and 

30 capsules, are prepared by mixing Compound 1, or a phannaceutically acceptable salt thereof 

(e.g. Compound 2) with one or more pharmaceutical excipients to form a bulk blend 

composition. When referring to these bulk blend compositions as homogeneous, it is meant 

that the Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) 
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particles are dispersed: evenly throughout the composition so that the composition is capable 

of being readily subdivided into equally effective unit dosage forms, such as tablets, pills, or 

capsules. In one embodiment, the .individual unit dosages also include film coatings, which 

disintegrate upon oral ingestion or upon contact with diluent. In one embodiment, these 

5 formulations are manufactured by conventional techniques. 

[00409] Conventional techniques include, e.g., one-or a combination of methods; (I) dry 

mixing, (2) direct compression, (3) milling, (4) dry or non-aqueous granulation, (5) wet 

granulation, or (6) fusion. See, e.g., Laehman etui,. The Theory and Practice of Industrial 

Pharmacy. (1986). Other methods include, e.g., spray drying, pan coating, mel't granulation, 

ID granulation, flnidized bed spray drying or coating (e.g., wurster coating), tangential coaling, 

top spraying, tableting, extruding and the like. 
[00410] Hie pharmaceutical solid dosage forms described herein include the Compound 1, or 

a phannaceutically acceptable salt thereof (e.g.. Compound 2) compositions described herein 

and one or more pharmaceutically acceptable additives such as a compatible carrier, binder, 

15 filling agent, suspending agent, flavoring agent, sweetening agent, disintegrating agent, 
dispersing agent, surfactant, lubricant, colorant, diluent, solubilizer, moistening agent, 

plasticizer, stabilizer, penetration, enhancer, wetting agent, anti-foaming agent, antioxidant, 

preservative, or one or more combination thereof. 
|(I0411] Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2) is 

20 rapidly absorbed in the- upper gastrointestinal tract, and thus there is a strong correlation 

between the rate of dissolution and bioavailability. Thus, it is important to optimize the rate 

of dissolution in biological matrices in order to enhance in vivo absorption. In order to 
release the Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) 

from a solid dosage form matrix as efficiently as possible, disintegrants are often used in the 

2.5 formulation, especially when the dosage forms are- compressed with binder. Dismtegrants 

help rupturing the dosage form matrix by swelling or capillary action when moisture is 

absorbed into the dosage form. 
[004121 Binders impart eohesiveness to solid oral dosage fonn formulations: for powder 

filled capsule formulation, they aid in plug fonnation that is filled into soft or hard shell 
30 capsules and for tablet formulation, they ensure the tablet remaining intact after 

compression and help assure blend unifonnity prior to a compression or till step. 

|004.1.3| In general, binder levels of 20-70% are used in powder-til led gelatin capsule 

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 itself 

acts as moderate binder. 
[00414] Compressed tablets are solid dosage forms prepared by compacting the bulk blend 

formulations described above. In various embodiments, compressed tablets which are 

5 designed to dissolve in the mouth will include one or more flavoring agents, hi other 

embodiments, the compressed tablets will include a film surrounding the final compressed 

tablet. In some embodiments, the film coating aids in patient compliance (e.g., Opadry*" 

coatings or sugar coating). Film coatings comprising Opaclry* typically range from about 

1 % to about 3% of the tablet weight. In other embodiments, the compressed tablets include 

id one or more excipients. 

(0041.5) In certain embodiments, provided herein are tablets with a hardness of about 5 to 

about 20 Kp, or about 5 to about 15 Kp or about 8-12 Kp. hi further or alternative 

embodiments, provided herein are tablets with a friability of less than 1%. 

[00416) In one embodiment, a capsule is prepared, e.g., by placing the bulk blend 
15 formulation described above, inside of a capsule. In some embodiments, the formulations 

(non-aqueous suspensions and solutions) arc placed in a soft gelatin capsule, In other 

embodiments, the formulations are placed in standard gelatin capsules or non-gelatin 

capsules such as capsules comprising HPMC. In other embodiments, the formulation is 

placed in a sprinkle capsule, wherein the capsule is swallowed whole or the capsule is 

20 opened arid the contents sprinkled on food prior to eating: In some embodiments, the 

therapeutic dose is split, into multiple (e.g., two. three, or four) capsules. In some 

embodiments, the entire dose of the formulation is delivered in a capsule fonn. 

f00417] In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 

Compound 2) arid one or more excipients are dry blended and compressed into a mass, such 

25 as a tablet, having a hardness sufficient to provide a pharmaceutical composition that 

substantially disintegrates within less than about 10 minutes, less than about 15 minutes, 

less 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 t, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) 

30 formulation into the gastrointestinal fluid. 
j004iSj In other embodiments a powder comprising the Compound 1. or a pharmaceutically 

acceptable salt thereof (e.g. Compound 2) formulations described herein are formulated to 

include one or more pharmaceutical excipients and flavors. Such a powder is prepared, for 
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example, by mixing the Compound L or a pharmaceuticaliy acceptable salt thereof (e.g. 

Compound 2) formulation and optional pharmaceutical excipients to form a bulk blend 

composition. Additional embodiments also comprise a suspending agent and/or a wetting 

agent. This bulk blend is uniformly subdivided info unit dosage packaging or multi-dosage 

5 packaging units. The term "uniform" means the homogeneity of the bu.lk blend is 

substantially maintained during the packaging process. 

j00419] in still other embodiments, effervescent powders are prepared. Effervescent sails 

have been used to disperse medicines in water for oral administration. Effervescent salts are 

granules or coarse powders containing a medicinal agent in a dry mixture, usually 
10 composed of sodium bicarbonate, citric acid and/or tartaric acid. 

1004201 The method of preparation of the effervescent granules described herein employs 

three basic processes: wet granulation, dry granulation and fusion. The fusion method is 

used for the preparation of most commercial effervescent powders, it should be noted that, 

although these methods are intended for the preparation of granules, the formulations of 

i 5 effervescent salts described herein, in one embodiment, are also prepared as tablets, 

according to technology for tablet preparation. 

[00421 j Wet granulation is one the oldest method of granule preparation. The individual 

steps in the wet granulation process of tablet preparation include milling and sieving of tire 

ingredients, dry powder mixing, wet massing, granulation, drying and final grinding. In 

20 various embodiments, the composition is added to the other excipients of the 

pharmaceutical formulation after they have been Wet granulated. 
j 00422 j Dry granulation involves compressing a powder mixture into a rough tablet or "slug" 

on a heavy-duty rotary tablet press. The slugs are then broken up into granular particles by a 

grinding;operation, usually by passage through an oscillation granglator. The individual 

25 steps include mixing of the powders, compressing (slugging) and grinding (slug reduction 

or granulation). No wet binder or moisture is involved in any of the steps. In some 

embodiments, the formulation is dry granulated with other excipients in the pharmaceutical 

formulation, in other embodiments, the formulation is added to other excipients of the 

pharmaceutical formulation after they have been dry granulated. 

30 [004231 In some embodiments, pharmaceutical formulations are provided comprising 

Compound .1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) and at least 

one dispersing agent or suspending agent for oral administration to a subject. In one 
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embodiment, the formulation is a powder and/or granules for suspension, and upon 

admixture with water, a substantially uniform suspension is obtained. 

[00424] A suspension is "substantially uniform" when it is mostly homogenous, that is, when 

the suspension is composed of approximately the same concentration of Compound 1. or a 

5 pharmaceutically acceptable salt thereof (e.g. Compound 2) at any point throughout the 

suspension (USP Chapter 905). 

[004251 Liquid formulation dosage forms for oral administration are aqueous suspensions 

selected from, but not limited to, pharmaceutically acceptable aqueous oral dispersions, 

emulsions* solutions, and syrups. See, e.g., Singh et al., Encyclopedia of Pharmaceutical 

] 0 Technology;, 2"d Ed., pp. 754-757 (2002). tn addition to including Compound 1, or a 

phannaceutically acceptable: salt thereof (e.g. Compound 2). the liquid dosage forms include 

additives, such as; (a) disintegrating agents; (b) dispersing agents; (c) wetting agents; (d) at 

least one preservative, (e) viscosity enhancing agents, (f) at least one sweetening agent, and 

(g) at least one flavoring agent. 
15 [00426] In one embodiment, the aqueous suspensions and dispersions described herein 

remain in a homogenous state, as defined above by USP Chapter 905, for at least 4 hours. 

The homogeneity should be determined by a sampling method consistent with regard to 

determining homogeneity of the entire composition. In one embodiment, an aqueous 

suspension is re-suspended into a homogenous suspension by physical agitation lasting less 

2d than 1 minute. In another embodiment, an aqueous suspension is re-suspended into a 

homogenous suspension by physical agitation lasting less than 45 seconds. In yet another 

embodiment, an aqueous suspension is re-suspended into a homogenous suspension by 

physical agitation lasting less than 30 seconds. In still another embodiment, no agitation is 

necessary to maintain a homogeneous aqueous dispersion. 

25 |00427| In one embodiment, the aqueous suspensions, solutions or dispersions described 

herein include Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 

2) at a concentration of about 5mg/ml to about 50mg/ml of solution. 

[00428] In some embodiments, the aqueous suspensions, solutions or dispersions described 

herein include Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 

30 2) at a concentration of about 5mg/ml to about 3 Omg/ml of solution. 

j00429j In some embodiments, the aqueous suspensions, solutions or dispersions described 

herein include Compound \, or a phannaceutically acceptable salt thereof (e.g. Compound 

2) at a concentration of about 1 Omg/ml of solution. 
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(004301 The aqueous dispersions described herein are beneficial for the administration to 

infants (less than 2 years old), children under 10 years of age and any patient group that is 

unable t.o swallow or ingest solid oral dosage forms. 

(004311 For buccal or sublingual administration, in one embodiment, the compositions take 

5 the form of tablets, lozenges, or gels formulated in a conventional manner (see e.g. U.S. Pat. 

Nos. 4,229,447,4,596,795, 4,755,386, and 5,739,136). 

100432] In one embodiment, dragee cores are prepared with suitable coatings: For this 

purpose, concentrated sugar solutions are used, which optionally contain gum arable, talc, 

polyvinylpyrrolidone, carbqpol gel, polyethylene glycol, and/or titanium dioxide, lacquer 

10 solutions, and suitable organic solvents or solvent mixtures. In one embodiment, dyesiuffs 

or pigments are added to the tablets or dragee coatings for identification or to characterize 

different combinations of active compound doses. 
{00433J In one embodiment, pharmaceutical preparations which are used orally include 
push-fit capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a 

]5 plasticixer, such as glycerol or sorbitol. In one embodiment, tbe push-fit capsules contain 

tbe active ingredients in admixture with filler such as lactose, binders such as starches, 

and/or lubricants such as talc or magnesium stearate and, optionally, Stabilizers. In one 

embodiment, in soft capsules, the active compounds are dissolved or suspended in suitable 

liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, in one 

20 embodiment, stabilizers are added. All formulations for era) administration should be in 

dosages suitable for such administration, 
|00434| liquid compositions illustratively take the form of a liquid where the agent (e.g. 

Compound 1, or a pharmaceutically acceptable salt thereof (eg. Compound 2)) is present in 

solution, in suspension or both. In one embodiment, tbe liquid composition is aqUeous. 

2'5 {00435} In one embodiment, the aqueous suspension also contains one or more polymers as 
suspending agents. Useful polymers include water-soluble polymers such as cellulosic 
polymers, e g., bydroxypropyl methylccllulose, and water-insoluble polymers such as cross-

linked carboxyl-containing polymers. In one embodiment, useful compositions also 

comprise- an mucoadhesive polymer, selected for example from carboxymethylcellulose, 

30 earbomer (acrylic acid polymer), poly(methvimethacrylate), polyacrylamide, poiycarbophil, 

acrylic acid/butyl acryiate copolymer, sodium alginate and dcxtran. 
[004361 In one embodiment, pharmaceutical compositions also include one or more pH 

adjusting agents or buffering agents, including acids such as acetic, boric, citric, lactic, 

75 



phosphoric and hydrochloric acids; bases such as sodium hydroxide, sodium phosphate, 

sodium borate, sodium citrate, sodium acetate, sodium lactate and tris-

hydroxymethylaniinomeihane; and buffers such as citrate/dextrose, sodium bicarbonate and 

ammonium chloride. Such acids, bases and buffers are included in an amount required to 

5 mai ntain pH of the composi tion in an acceptable range. 

100437] In one embodiment., liquid pharmaceutical compositions also include one or more 

salts in an amount required to bring osmolality of the composition into an acceptable range. 

Such salts include those having sodium, potassium or ammonium cations and chloride, 

citrate, ascorbate, borate, phosphate, bicarbonate, sulfate, thiosuifalc or bisulfite anions; 

10 suitable salts include sodium chloride, potassium chloride, sodium thiosulfate, sodium 

bisulfite and ammonium sulfate. 

)Q0438| In one embodiment, pharmaceutical compositions also include one or more 

preservatives to inhibit microbial activity. Suitable preservatives include mercury-

containing substances such as merfen and thipmersal; stabilized chlorine dioxide; and 

15 quaternary ammonium compounds such as benzalkonium chloride, 
cetyltrimethylammonium bromide andcetylpyridinium chloride. 

[004391 Still oilier compositions include one or more surfactants to enhance physical stability 

or for other purposes. Suitable nonionie surfactants include polyoxyethylene fatty acid 

glyeerides and vegetable oils, e.g., polyoxyethylene (60) hydrogenated castor oil; and 

20 polyoxyethylene alkyl ethers and alkylpheny! ethers, e.g., octoxynol 10, octoxynol 40. 

100440) Still other compositions include one or more antioxidants to enhance chemical 
stability where required. Suitable antioxidants include, by way of example only, ascorbic 
acid, tocopherol, and sodium metahisitliite. 

(00441) In one embodiment, aqueous suspension compositions are packaged in single-dose 

25 non-reelosabIe containers. Alternatively, multiple-dose reclosable containers are used, in 

which case it is typical to include a preservative in the composition. 

Pharmacokinetic Analysis 
(004421 In one embodiment, any standard pharmacokinetic protocol is used to determine 

blood plasma concentration profile in humans following administration of a formulation. 

30 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 set out herein. For example, a randomized single-dose crossover 

study is performed using a group of healthy adult human 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 tor certain purposes a smaller group suffices. Each 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 dose containing about 

5 lOmg, about 25mg, about 5Omg, about 150ing, about 3 OOmg, about 450mg, about 600tng, 

or about 1 OOOmg of Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 

Compound 2)), normally at around Sam following an overnight fast. The subjects continue 

to fast and remain in an upright position tor about 2 hours after administration of the 

formulation. Blood samples are collected from each subject prior to administration (e.g., 15 

10 minutes) and at several intervals after administration. In certain instances, several samples 

are taken within the first hour and taken less frequently thereafter. Illustratively, blood 
samples are collected at 0 (pre-dose), 0:25, 0.5,1,2, 3,4, 6,8* 12, and 16 hours alter 
administration and, 24,36, 48, 60 and 72 hours after administration. If the same subjects are 

to be used for study of a second test formulation, a period of at least 10 days should elapse 

15 before administration of the second formulation. Plasma is separated from the blood 

samples by centrifugation and the separated plasma is analyzed for Compound I by a 

validated high performance liquid chroma tography/tandem weight spectrometry (LC/APC1-

MS/MS) procedure such as, for example, Ramu et al., Journal of Chromatography B, 751 

(2003 ) 49 -59). 

20 1004431 Any formulation giving the desired pharmacokinetic profile is suitable for 

administration according to the present methods. 

100444] In some embodiments, a pharmaceutical composition or formulation provided herein 

provides a Cmax (peak plasma concentration) of less than about 20pM, less than about 

less than about lOpM, or less than about 5pM of a Compound I. 

25: [00445] In some embodiments, a pharmaceutical composition or formulation provided herein 

reduces urinary LTE4 levels by at least 50% at 24 hours, at least 60% at 24 hours, at least 

70% at 24 hours, at least 80% at 24 hours or at least 90% at 24 hours. In some 

embodiments, a pharmaceutical composition or formulation provided herein reduces; blood 

LTBi levels by at least 50% at 8 hours, at least 60% at 8 hours, at least 70% al S hours, at 

30 ieast 80% at S hours or at least 90% at 8 hours. In some embodiments, a pharmaceutical 

composition or formulation described herein reduces blood LTB4 levels by at least 5% at 24 

hours, at least 10% at 24 hours, at least 20% at 24 hours, or at least 30% at 24 hours. 
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1004461 In some embodiments, a pharmaceutical composition or .formulation provided herein 
provides a Traix (time to peak blood plasma concentration) of Compound 1 of less than 

about 5 hours, less than about 4 hours, less than about 3 hours, or about 2 hours. 

(00447| In some embodiments, a pharmaceutical composition or formulation provided herein 

5 provides an ALICg.^ (area under the plasma concentration-time curve) of less than about 

150. hrpM. less than about 120 hr<pM. less than about 110 hr^M, less than about 100 

hrpM, less than about 90 hrpM, less than about 50 hr-pM, less than about 25 hr-pM. 

Methods of Dosing and Treatment Regimens 

[00448] In one embodiment, the compositions containing Compound 1, or a 

10 pharmaceutically acceptable salt thereof (e.g. Compound 2), described herein is 

administered for prophylactic and/or therapeutic treatments. In therapeutic applications, the 

compositions are administered to a patient already suffering from a disease or condition, in 

an amount sufficient to cure or at. least partially arrest at least one of the symptoms of the 

disease or condition. In certain embodiments, amounts effective for this use depend on the 

15 severity and course of the disease or condition, previous therapy, the patient's health status, 

weight, and response to the drugs, and/or the judgment of the treating physician. 

(00449] In prophylactic applications, compositions containing Compound 1, or a 

pharmaceutically acceptable salt (hereof (e.g. Compound 2), described herein are 

administered to a patient susceptible to or otherwise at risk, of a particular disease, disorder 
20 or condition. Such all amount is defined to be a "propliy lactically effective amount or dose." 

In 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 condition, previous therapy, the patient's health status and 

response to the drugs, and the judgment of the treating physician. 

25 (004501 In certain embodiments, administration of the compound, compositions or therapies 

as described herein includes chronic administration. In specific embodiments, chronic 

administration is utilized in certain instances wherein the patient's condition does not 

improve and upon the doctor's discretion. In certain embodiments, chronic administration 

includes administration for an extended period of time, including, e.g., throughout the 

30 duration of the patient's life in order to ameliorate or otherwise control or limit the 

symptoms of the patient's disease or condition. 

(004511 In 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 "drag holiday"), The length of the drag holiday varies between 2 days and 1 year, 

including 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 

5 days, 180 days, 200 days, 250 days, 280 days, 300 days, 320 days, 350 days, and 365 days. 

The dose reduction during a drag holiday is from 10%-100%, including by way of example 

only 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 

85%, 90%, 95%:, and 100%. 

[00452} In some embodiments, the compounds, compositions or therapies described herein 

10 are administered in at least one priming dose, followed by at.ieast one maintenance dose. In 

certain embodiments, a priming dose of the agent(s) is administered until the symptoms of 

the disorder, disease or condition treated have been reduced (e.g., to a satisfactory level). 

Upon reduction, a maintenance dose of the compounds, compositions or therapies described 

herein is administered if desired or if necessary.: In some embodiments, (he maintenance 

15 dose comprises administration of the agent(s) described herein, in an amount sufficient to at 

least partially maintain the reduction achieved by administration of tire priming dose. In 

various embodiments, the maintenance dose, compared to the priming dose, includes a 

decrease in dosage and/or frequency of administration of the agent or one or more of the 

agents administered in the method. In certain embodiments, however, intermittent treatment 

20 with increased frequency and'or dosage amounts may be necessary upon any recurrence of 

symptoms. 

3004531 In certain embodiments, the amount of a given agent that corresponds to a priming 

or maintenance amount varies depending upon: factors including, by way of non-limiting 

example, the specific agent(s) Utilized, the disease condition and its severity, the identity 

25 (e.g., weight) of the subject or host in need of treatment, and/or the route of administration, 

(n various embodiments, the desired dose is conveniently presented in a single dose or in 

divided doses administered simultaneously (or over a short period of time) or at appropriate 

intervals, for example as two, three, four or more sub-doses per day. 

[00454] In some embodiments, the pharmaceutical compositions described herein are in unit 

30 dosage forms suitable for single administration of precise dosage amounts. In unit dosage 

form, the formulation is divided into unit doses containing appropriate quantities of the 

active drug. In one embodiment, the unit, dosage is in the form of a package containing 

discrete quantities of tbe formulation. Non-limiting examples are packaged tablets or 
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capsules, and powders iii vials or ampoules. In one embodiment, aqueous suspension 

compositions are packaged in single-dose non-reclosable containers. Alternatively, 

multiple-dose reclosable containers iire used, in which case it is typical to include a 

preservative in the composition, 

5 Leukotjiene-Dependent or Leukotriene Mediated Diseases or Conditions 

!00455j fa accordance with one aspect, compositions and methods described herein include 

compositions and methods lor treating, preventing, reversing, halting or slowing the 
progression of leukotriene-dependent or leukotriene mediated diseases or conditions once it 
becomes clinically evident, or treating the symptoms associated with or related to 

s0 leukotriene-dependeni or leukotriene mediated diseases or conditions, by administering to 

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

of pharmaceutical composition or medicament thereof, in one embodiment, the subject 

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

of administration, or be at risk of developing a leukotriene-dependent or leukotriene 
15 mediated disease or condition (e.g., those symptoms described in the medical literature for 

such diseases). 
[00456) In one embodiment, the activity of 5-lipoxygenase activating protein in a mammal is 

directly or indirectly modulated by the administration of (at least once) ail effective amount 

of Compound 1, or a pharraaceulicaily acceptable salt thereof (e.g. Compound 2), to a 

20 mammal. Such modulation includes, but is not limited to, reducing and/or inhibiting the 

activity of 5-lipoxygenase activating protein. In addition, in one embodiment, the activity of 

leukotrienes in a mammal is directly or indirectly modulated, including reducing and/or 

inhibiting, by the administration of (at least once) an effective amount of Compound 1, or a 

phannaceutically acceptable salt, thereof (e.g. Compound 2) to a mammal. Such modulation 

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

activating protein. 
[00457] The prevention and'or treatment of leukotriene-dependent or leukotriene mediated 

diseases or conditions comprises administering to a mammal at least once an effective 

amount of Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2). 

30 By way of example, the prevention and/or treatment of inflammation diseases or conditions 

comprises administering to a mammal at least once an effective amount of Compound 1, or 

a phannaceutically acceptable salt thereof (e.g. Compound 2). Leukotriene-dependent or 

leukotriene mediated diseases or conditions that is treated by a method comprising 
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administering to a mammal at least once an effective amount of Compound 1, or a 

phamiaceuticaUy acceptable salt thereof (e.g. Compound 2), include, but are not limited to, 

inflammatory diseases and disorders, cardiovascular disease and disorders, and respiratory 

diseases and disorders. In various embodiments, the leukotriene-dependent or leukotriene 

5 mediated diseases or conditions described herein are dependent or mediated alone or in part 

and directly or indirectly by one or more leukotrienes (e.g., LTB*, LTHU). 

[00458] In certain embodiments, the effective amount of Compound 1. or a pharmaceutically 

acceptable salt thereof ( e.g. Compound 2) is about Img to about 5g per dose, about 5mg to 

about 2g per dose, about lOmg to about lg per.dose, about 1 Omg to about lg per dose, 

10 about lOmg to about 0,5g per dose, or about 1 Omg 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. Img to about 5g per day, about lOmg to about 2g per 

day, about lOmg to about lg per day, about 1 Omg to about 0.6g per day, about 1 Omg to 

about 0.5g per day, or about 1 Omg to about 0.4g per day. 

15 [004591 hi one embodiment, tbe effective amount of Compound 1., or a pharmaceutically 
acceptable salt thereof (e.g. Compound 2) is about lOmg per dose, about SOing per dose, 

about ISOmgper dose, about BOOmg per dose, about 45Omg per dose, about 600mg per 

dose, or about lOOOmg per dose. 
100460) By way of example only, included in the prevention/treatment: methods described 

20 herein arc methods for treating and/or preventing respiratory diseases comprising 

administering to the mammal at least once an effective amount of Compound 1, or a 

phannaceutically acceptable salt thereof (e.g. Compound 2). By way of example the 
respiratory disease is asthma. In addition, the respiratory disease includes, but is not limited 

to, adult respiratory distress syndrome and allergic (extrinsic) asthma, non-allergic 

25 (intrinsic) asthma, acute severe asthma, chronic asthma, clinical asthma, nocturnal asthma, 

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, allergic rhinitis, vasomotor 

.rhinitis, vascular responses, endotoxin shock, fibrogenesis, pulmonary fibrosis, allergic 

3.0 diseases, chronic inflammation, and adult respiratory distress syndrome. 

|t>04611 By way of example only, included in such treatment methods are methods for 

preventing and/or treating chronic obstructive pulmonary disease comprising administering 

to tbe mammal at least once an effective amount of Compound 1, or a pharmaceutically 
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acceptable salt thereof (e.g. Compound 2). In addition, chronic obstructive pulmonary 

disease includes, but is not limited to, chrome bronchitis or emphysema, pulmonary 

hypertension, interstitial lung fibrosis and/or airway inflammation and cystic fibrosis. 

[00462| By way of example only, included in such treatment methods are methods for 

5 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. a phannaceutically acceptable salt thereof (e.g. Compound 2). 

[00463) By way of example only, .included in the prevention/treatment methods described 

herein are methods for preventing and/or treating eosinophil and/or basophil and/or 

10 dendritic cell and/or neutrophil and/or monocyte recruitment comprising administering at 

least once to the mammal an effective amoun t of Compound 1, or a pharmaceutically 
acceptable salt thereof (e.g. Compound 2). 

[00464 j By way of example only, included in the prevention/treatment methods described 

herein are methods for preventing and/or treating ocular disease comprising administering at 

] 5 least once to the mammal an effective amount of Compound 1, or a pharmaceutically 

acceptable salt thereof (e. g. Compound 2). In another aspect included in the 

prevention/treatment methods described herein are methods for preventing ocular 

inflammation, allergic conjunctivitis, vernal keratoconjunctivitis, and papillary 

conjunctivi tis comprising administering at least once to the mammal an effective amount of 

20 Compound 1, or a phannaceutically acceptable salt thereof (e,g. Compound 2). 

[00465) By way of example only, included in the prevention/treatment methods described 

herein are methods for preventing and/or treating exercise-induced bronchoconstriction 

comprising administering at least once to the mammal an effective amount of Compound 1, 

or a: pharmaceutically acceptable salt thereof (e.g. Compound 2). 

25 [00466) By way of example only, included in the prevention/treatment methods described 

herein are methods lor preventing and/or treating cardiovascular disease comprising 

administering at least once to the mammal an effective amount of Compound 1, or a 

pharmaceutically acceptable salt thereof (e.g. Compound 2). 

[00467] By way of example only, included in the prevention/treatment methods described 

30 herein are methods for preventing and/or treating NSAID-induced gastric lesions 

comprising administering at least once to the mammal an effective amount of Compound 1, 

or a pharmaceutically acceptable salt thereof (e.g. Compound 2). 
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[004681 By way of example only, included in the prevention/treatment methods described 

herein arc methods for preventing and/or treating pain comprising administering at least 

once to the mammal an effective amount of Compound 1, or a pharmaceutically acceptable 

salt thereof (e.g. Compound 2). 

5 (00469j By way of example only, included in the prevention/treatment methods described 

herein are methods for preventing and/or treating skin disease comprising administering at 

least once to tbe mammal an effective amount of Compound 1, or a pharmaceutically 
acceptable salt thereof ( e. g. Compound 2). 

Combination Therapies 

30 [00470] In one embodiment, the compositions;and methods described herein are also used in 

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

against the condition that is being treated. In general, the compositions described herein 

and, in embodiments where combinational therapy is employed, other agents do not have to 

be administered in: the same pharmaceutical composition, and are, because of different 
! 5 physical and chemical characteristics, administered by different routes, in one embodiment, 

the initial administration is made according to established protocols, and then, based upon 

the observed effects, the dosage, modes of administration and times of administration, 

further modified. 
1004711 In various embodiments, the compounds are administered concurrently (e.g., 

20 simultaneously, essentially simultaneously or within die same .treatment protocol) or 

sequentially, depending upon the nature- of the disease, the condition of the patient, and the 

actual choice of compounds used. In certain embodiments, the determination of the order of 

administration, and the number of repetitions of administration of each therapeutic agent 

during.a treatment protocol, is based upon evaluation of the disease being treated and the 

2.5 condition of the patient. 

[00472] In one embodiment, it is understood that the dosage regimen to treat, prevent, or 

ameliorate 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, 

30 the dosage regimen actually employed varies widely and therefore deviates from the dosage 

regimens set forth herein. In certain embodiments, prevention and/or treatment of a 

leukotriene-dependent or leukotriene mediated disease or condition with a combination of 

Compound 1, or a pharmaceutically acceptable sail thereof (e.g. Compound 2) and a second 
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agent allows for the effective amount of Compound 1, or a pharmaceutieally acceptable salt 

thereof {e.g. Compound 2) to be decreased, 

[00473] The formulations described herein are administered and dosed in accordance with 

good medical practice, taking into account the clinical condition of the individual patient, 

5 the method of administration, scheduling of administration* and other factors known to 

medical practitioners. 

[004741 Contemplated pharmaceutical compositions provide a therapeutically effective 

amount of Compound 1, or a pharmaceutieally acceptable salt thereof (e.g. Compound 2) 

enabling, for example, once-a-day, twice-a-day, three times a day, etc, administration. In 

!0 one aspect pharmaceutical compositions provide an effective amount of Compound 1, or a 

pharmaceutieahy acceptable salt thereof (e g. Compound 2) enabling once-a-day dosing. 

(004751 In certain instances, it is appropriate to administer Compound I, of. a 

pharmaceutically acceptable salt thereof (e.g. Compound 2) in combination with another 

therapeutic agent. 

15 [004765 !h speci fic embodiments, in a treatment for asthma involving administration of 
Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2), increased 

therapeutic benefit results by also providing the patient with other therapeutic agents or 

therapies for asthma. In various embodiments, administration to an individual of Compound 

1, or a phannaceutically acceptable salt thereof (e.g. Compound 2) in combination with a 

20 second agent provides the individual with, e,g., an additive or synergistic benefit 

fi)0477] Therapeutically-effective dosages vary when the drugs are used in treatment 

combinations. Determination of therapeutically-effective dosages of drugs and other agents 

when used in combination treatment regimens is achieved in any manner. For example, the 

use of metronomic dosing, i.e., providing more frequent, lower doses in order to minimize 

25 toxic side effects can be utilized. In certain instances, the combination therapy allows for 

either or both of the Compound I, or a pharmaceutically acceptable salt thereof (e.g. 

Compound 2) and the second agent to have a therapeutically effective amount (hat is lower 

than would be obtained when administering either agent alone. 

[004781 A combination treatment regimen encompasses, byway of non-limiting example, 

30 treatment regimens in which administration of Compound 1, or a pharmaceutically 

acceptable salt thereof (e.g. Compound 2) is initiated prior to, during, or after treatment with 

a second agent, and continues until any time during treaUnent with the second agent or after 

termination of treatment with the second agent. It also includes treatments in which 
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Compound f, or a phannaceutically acceptable salt thereof (e.g, Compound 2) and the 

second agent being used in combination are administered simultaneously or at different 

times and/or at decreasing or increasing intervals during the treatment period. Combination 

treatment further includes periodic treatments that start and stop at various times to assist 

5 with the clinical management of the patient. 

(00479) hi accordance with some aspects, any of the pharmaceutical compositions disclosed 

herein are used to treat respiratory diseases, e.g. asthma, and/or to induce bronchodilatioii in 

a subject, ha one embodiment, pharmaceutical compositions disclosed herein are used to 

treat a subject suffering from a vascular inflammation-driven disorder, such as but not 

10 limited to coronary artery disease, atherosclerosis, stroke, peripheral arterial disease, aortic 

aneurysm, myocardial infarction. 

[00480] In certain embodiments, combination therapies described herein are Used as pari of a 

specific treatment regimen intended to provide a beneficial effect from the co-action of a 

FLAP inhibitor, e.g Compound I, or a pharmaceutically acceptable salt thereof (e.g; 

15 Compound 2), and a concurrent treatment. It is understood that in certain embodiments, the 
dosage regimen to treat, prevent, or ameliorate the conditions) for which relief is sought, is 

modified, in one embodiment, in accordance with a variety of factors. These factors include, 

by way of non-limiting example, die type of respiratory disorder and the type of 

bronchodilation from which the subject suffers, as well as the age, weight, sex, diet, and/or 

20 medical condition of the subject. Tints, in some embodiments, the dosage regimen 

employed, varies and/or deviates from the dosage regimens set forth herein. 

[00.481] in certain combination therapies described herein, dosages of the co-administered 

compounds vary depending on. by way of non-limiting example, the type of co-drug 

employed, on the specific drug employed, arid/or on the disease or condition being treated. 

25 [00482] In any case, the multiple therapeutic agents (one of which is Compound 1, or a 

pliarmaceutically acceptable salt thereof (e.g. Compound 2)) are administered either in any 

order, including, e.g., simultaneously. If administration is simultaneous, the multiple 

therapeutic agents are provided, in various embodiments, in a single, unified form, or in 

multiple forms (by way of example only, either as a single pill or as two separate pills). In 

30 various embodiments, one of the therapeutic agents is given in multiple doses, or both are 

given as multiple doses. In certain embodiments wherein administration of the multiple 

agents is not simultaneous, the timing between administration of the multiple agents is of 

any acceptable range including, e.g., from more than zero weeks, to less than: four weeks. In 
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some embodiments, the combination methods, compositions and formulations include 

Compound L or a pharmaceutically acceptable salt thereof (e.g. Compound 2), a second 

agent and a third agent. In further embodiments, additional agents are also utilized. 

100483] Compound 1, ora pharmaceutical! y acceptable salt thereof (e.g. Compound 2), and 

5 combination therapies thereof in one embodiment, are administered before, during or after 

the occurrence of a disease or condition, and the timing of administering the composi tion 

containing a. compound vary. In certain embodiments. Compound 1, or a phamiaceuticaUy 

acceptable salt thereof (e.g. Compound 2) (either alone or in a combination) is used as a 

prophylactic. In certain embodiments, prophylactic treatment involves continuous 

10 administered of the agent(s) to subjects with a propensity to develop conditions or diseases 

in order to prevent the occurrence of the disease or condition. In certain embodiments, the 
agents and/or compositions described herein are administered to a subject during or 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 

15 the symptoms, within the first 6 hours of the onset 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, a pill, a capsule, a tablet, a solution, a suspension, and 

the like, of combination thereof. In certain embodiments, Compound I. or a 

phannaceutically acceptable salt thereof (e.g. Compound 2) is administered as soon as is 
20 practicable after 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 length of time necessary 

for the treatment of disease. 
[00484| In certain embodiments, provided herein are combinations therapies that combine 

25 treatment with Compound I, or a phannaceutically 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 

leukotriene receptor antagonist, act at the same or other points in the leukotriene synthesis 

pathway. In specific embodiments, these types of combination therapies are used for 

30 treating leukotriene-dependent or leukotriene mediated diseases or conditions. 

[004851 'n additional embodiments, provided herein are therapies which combine 
administration of Compound 1, or a phannaceutically acceptable salt thereof (e.g. 
Compound 2) with the administration of an anti-inflammatory agent. In specific 
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embodiments, such therapies are used in tile treatment of leukotriene-dependent or 

leukotriene mediated diseases or conditions, 

Agents to Treat Respiratory Diseases or Conditions 

1004861 In certain, embodiment, provided herein are methods for the treatment of 

5 leukotriene-dependent or leukotriene mediated conditions or diseases by administering to a 

patient Compound I, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) and 

another therapeutic agent that is used in the treatment of respiratory conditions or disorders, 

such as, but not limited to asthma. In some embodiments, provided herein are compositions, 

arid methods of administering such compositions, comprising Compound 1, or a 

10 pharmaceutically acceptable salt thereof (e.g: Compound 2) and a therapeutic agent useful 

for treating respiratory conditions. Therapeutic agents useful for treating respiratory 

conditions and disorders, include, by way of non-limiting example: glucocorticoids, such as, 

ciclesonide, beclornethaso.no dipropionate, budesonide, fiunisolide, fluticasone propionate, 

fluticasone furcate, mometasone furcate, and triamcinolone; leukotriene modifiers, such as, 

15 montelukast, zafiriukast, pranlukast, and zileuton; mast cell stabilizers, such as, 

cromoglicate (cromolyn), and nedocromil; antimuscariiiies/anti cholinergics, such as, 

ipratropium, oxitropium, and tiotropium; methylxanthines, such as, theophylline and 

aminophyllinc; antihistamines, such as, mepyramine (pyrilamine), antazoline, 

diphenhydramine, earbirioxamine, doxylaraine, clemastine, dimenhydrinate, pheniramme, 

20 chiorphenamine (chlorpheniramine), dexchlorphenamme, brompheniramine, triproMme, 

cyclizine, chlorcyclizine, hydroxyzine, meclizine, promethazine, alimemazine 

(trimeprazine), cyproheptadine, azatadine, kelotifen, acrivastine, astevnizole, cefirizine, 

loratadine, mizolastinc, terfenadine, fexofenadine, levocetirizine, desloratadtne, 

fexofenadine; omalizumab, olapatidine and azelastine; an IgE blocker; beta2-adrenergic 

25 receptor agonists, such as: short acting beta2-adrenergic receptor agonists, such as, 

salbutamol (albuterol), levalbutcrol, terbutaline, pirbuterol, procaterol, metaproterenol, 

.tenoterol, bitolterol mesylate; and long-acting beta2-adrenergic receptor agonists, such as, 

salmeterol, formoterol, indacaterol and bambuterol. 
|00487'| In one aspect, Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 

30 Compound 2) is used in combination with one or more other therapeutic agents or the 

pharmaceutical compositions of Compound 1, or a phannaceutically acceptable salt thereof 

(e.g. Compound 2) include one or more other therapeutic agents, for example selected from 

anti-inflammatory agents, anticholinergic agents (particularly an M1/M2/M3 receptor 
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antagonist), fh-adrenoreceptor agonists, antiinfective agents, or antihistamines. In one case* 

antiinfective agents include antibiotics and/or antivirals. In a further aspect, a combination 

comprising Compound 1, or a phamiaceuticaUy acceptable salt thereof (e.g. Compound 2) 

includes one or more, other therapeutically active agent, where the one or more other 

5 therapeutically active agents are selected from an anti-inflammatory agent such, as a 

corticosteroid or an NSAID, an anticholinergic agent, a p^-adrenoreceptor agonist, an 

antiinfective agent such as an antibiotic or an antiviral, or an antihistamine. One 

embodiment encompasses combinations comprising Compound 1, or a pharmaceutical!)' 

acceptable salt thereof (e.g. Compound 2) together with a /Vadrenoreceptor agonist, and/or 

10 an anticholinergic, and/or a PDE-4 inhibitor, and/or an antihistamine. Another embodiment 

encompasses combinations comprising Compound 1, or a pharmaceutically acceptable salt 

thereof (e.g. Compound 2) together with a corticosteroid or NSAID. 

[00-4881 One embodiment encompasses combinations comprising one or two other 

therapeutic agents, one of which is Compound !, or a pharmaceutically acceptable salt 

15 thereof (e.g. Compound 2). 
[0048.91 In one aspect, the other therapeutic ingredient(s) will be used in the forai of salts 

(e.g. as alkali metal or amine salts or as acid addition salts), or prodrugs (such as esters (e.g. 

alkyl esters)), or as solvates (e.g. hydrates). In one aspect, if appropriate, the therapeutic 

ingredients will be used in optically pure form. In another aspect, if appropriate, the 

20 therapeutic ingredients will be used in racemic form. 

[00490] Examples of f),-adrenoreceptor agonists include salmet.ero.1 (as a racemate or a single 

enantiomer such as the jR-enariltomer), salbutamol (as a racemate or a single enantiomer 
such as the ^-enantiomer), formoterol (as a racemate or a single diastereomer such as the 

&./?-diastereomer), salmefamol, fenoterol. carmoterol, etanlerol. naminterol, clelibuterol, 

25 pirbuterol, flerbuterol, feproterol, bambuterol, indacaterol, terbutaline and salts thereof, for 

example the xinafoate (l-hydroxy-2-ilaphthalenecarboxylate) salt of salmeterol, the sulphate 

salt or free base of salbutamol or the iiimarate salt of formoterol. In one embodiment the j3,-

adrenoceptor agonists are long-acting |^-adrenoreceptor agonists, for example, 

compounds which provide effective bronchodilation for about 12 hours or longer. 

30 [004911 Other (i,-adrenoreceptor agonists include ihose described in YV002/066422, 

W002/070490, W002/076933, W003/024439, W003/072539, W003/091204, 
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W0.04/01657S, W004/022547, W004/0378Q7, W004/037773, W004/037768-, 

W004/039762, W004/039766, WO'01/42193 and W003/042160. 

(004921 Examples Of p2-adre.uoreceptor agonists include: 3-(4- {[6-({C2i?)-2-hydroxy-2-[4-

hydroxy-3~(hydraxymethyl.)phenyl]ethyl} amino)hexyl]oxy}butyl) benzenesulfonarn ide; 3-

5 (3- {[7~({(2i?)-2-:bydroxy-2~[4-hydraxy-3-hydroxymethyl) phenyl] ethyl} -amino) hcplyl] 

oxy} propyl) benzenesulfonamide; 4- {(l^)-2-[(6-{2-[(2, 6-dichlorobenzyl) oxyj ethoxy} 

hexyl) amino]-I-hydroxyethyl}-2-(hydioxymethyl) phenol; 4- {< 12?)-2-[(<i-{4-[3-

(eyc!opentylsUlfany:l)pheny!jbiitoxy}hexyl)amino]-l~hydrQxyethyl}-2-

(bydroxyraethyl)phenol; N-[2-hydroxyl-5-[( 1 R)~ 1 -hydroxy~2-[[2-4[[(2R)-24iydroxy-2-

10 phenylethyi]aiiiiHo]phttnyl)eth.yl]ainino]etb:yl]phenyl]fonriaraids, N-2{2-[4-(3-phaiyl-4-

methoxyphenyl.)aminophenyl]ethyl}-2-liydroxy-2-(8-hydroxy-2(y/)-quino{it)on:-5* 

yl)ethy] amine; and 5-|_"(;/?)-2-(2- f4-[4-(2-arriin(>~2-methyl-propoxy)~phenylamino]-phenyl} -

ethylam.ino)-l-hydroxy-ethyl|-8-hydi'oxy-lH-qiiinolin-2-o].ie. 

(00493) Iii one aspect, the 02-adrenorecepter agonist is in the form of a sal t formed wi th a 

15 pharmaceutics]jy acceptable acid selected from sulphuric, hydrochloric, fumaric, 

hydroxy-naphthoic (for example 1- or 3-hydroxy-2-naphthoic), chusamic, substituted 

cinnamic, triphenylacetic, sulphamic, sulphantlic, naphtlialeneacrylic, benzoic, 

4-methoxybenzoic, 2- or 4-bydroxybenzoic, 4-chlorobenzoic and 4-phenylbenzoic acid. 

|.004941 Suitable anti-inflammatory agents include corticosteroids. Examples of 

20 corticosteroids include oral and inhaled corticosteroids and their pro-drugs that have anti­

inflammatory activity. Examples of corticosteroids include methyl prednisolone, 

prednisolone, dexamethasone, fluticasone propionate, 6a,9a-difhioro-l 1 {3-hydroxy-l 6a-

methyl-17a-[(4-m ethyl-1,3 -thiazole-5 -carbony l)oxy] -3 -oxo-androsta-1,4-diene-l 7 (i-

carbofhioic acid ,S-fluoromethyl ester, 6a,9a-difluoro-17a-[(2-fitranykarbonyl)oxy]-11 [3-

25 hydroxy-16a~melhy3-3-oxo-androsta-1,4-diene-l7j3-carbothioic acid S-fluoromethyi ester 

(fluticasone furcate), 6a,9a-difiuoro-11 p-hycfroxy-16a-methyl-3-oxo-17o,.-propionyloxy-

androsta-l,4-diene-17p-carbothioic acidiV-(2-oxo-tctrahydro-furan-3S-yl) ester. 6cc,9a-

difluoro-l lj'j-hydroxy-16a-meihyl-3-oxo-17a-(2,2,3,3-

tetramethylcyclopropylcarbonyl)oxy-androsla-l,4-diene-17p-carboxylie acid cvanomethyl 

30 ester and 6a,9a-difluoro-l l(3-hydroxy-l6a-methyl-17a-(l-

mefhy!cyclop:ropylcarbonyl)oxy-3-oxo-androsta-l,4-diene-17P-carbothioic acid 5-

fluoro.metl.vyl ester, beclomethasone esters (for example the 17-propionate ester or the 
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) 7,21-dipropionate ester), budesonide, fJunisolide, mometasone esters (for example 

mometasone furoate), triamcinolone aeetonide, rofleponide, ciclssonide (16^1 7-[[(i?)-

cyclohexylmstbylene]bis(oxy)]-11/3,21 -dihydroxy-pregna-1,4-diene-3,20-dione), butixocori" 

propionate, RPR-106541, and ST-126. In one embodiment corticosteroids include 

5 fluticasone propionate, 6a,9a-difiuoro-l 1 (3-hydroxy-16a-methyl~ 17a~[("4-methyl-l ,3-

thiazole-5-carbony!)oxy]-3-oxo-androsta- 1,4-diene-17j3~carbothioic acid 5'-fluoro.methyl 

ester, 6a,9a-di{IUoro-17a-f(2-furanylcaiboiiyl)oxy]-ll[3-hydroxy-16a-metbyl-3-oxO' 

androsta-J,4-diene-17|5-carbo(bioic acid S-fluoromethyl ester, 6a,9a-di!luoro-l 1 B-bydroxy-

16a-methyl-3-oxo-17tt-(2,2,3,3~ Ietiametliyicyclopropy3carbonyl)oxy-andros(:a-l,4-diene-

10 17p-carboxylie acid cyanomethyl ester and 6u,9a-diiluoro-l 1 p-hyclroxy-16a-nrethyb 17 a-

(l-methyleyclopropyl0arbonyl)oxy-3-0xo-androsta-l,4~diene-17p-carbdthioic acid 8* 

fluoroinethyl ester. In one embodiment the corticosteroid is 6a,9a-di:flnoro-17a-[(2-

furanylcarbonyl)oxyj-lip-hydt"oXy-16a-methyl-3-oxo-andt'osta-lJ4-diene-17P-oarbotbiGic 

acid jS'-fluoToroethyi ester. 
)5 [00495] Further examples of corticosteroids include those described in WO 02/088167, WO 

02/100879. WO 02/12265, WO 02/12266, WO 05/005451, WO 05/005452, WO 06/072599 

and WO 06/072600. 
[00496] Non-steroidal compounds having glucocorticoid agorfism that may possess 

selectivity for transrepressioii over trans-activation and that may be useful in combination 

20 therapy include those covered in the following published patent applications and patents: 

WO 03/082827, WO 98/54159, WO 04/005229, WO 04/009017, WO 04/018429, WO 

03/104195, W003/082787, W003/082280, VV003/059899, W003/101932, W002/02565, 

WOO!/16128, WO00/66590, W003/086294, W004/026248, W003/061651, W003/08277, 

WQ067000401, W006/000398, W006/015870, W006/108699, W007/000334. 

25. W007/054294, W007/122165, W007/144327 and W008/074814. 

|00497[ Examples of anti-inflammatory agents include non-steroidal anti-inflammatory 

drugs (NSAID's). 

[00498] Examples of NSAID's include sodium cromoglvcate, nedocrorail sodium, 
phosphodiesterase (PDE) inhibitors (for example, theophylline, PDE4 inhibitors or mixed 

30 PDB3/PDE4 inhibitors), leukotriene antagonists, inhibitors of leukotriene synthesis (for 

example montelukast). iNOS inhibitors, tryptase and elastase inhibitors, beta-2 integrin 

antagonists and adenosine receptor agonists or antagonists (e.g. adenosine 2a agonists), 

cytokine antagonists (for example chemokine antagonists, such as a CCR3 antagonist) or 



inhibitors of cytokine synthesis, or 5-lipoxygenase inhibitors. An iNOS (inducible nitric 

oxide synthase inhibitor) is preferably for oral administration. Examples of iNOS 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 

5 in WO 02/26722. 

[004991 hi one embodiment. Compound 1, or a phannaceutically acceptable salt thereof (e.g. 

Compound 2) is combined with or. administered in combination with a phosphodiesterase 4 

(PDE4) inhibitor, especially iii the case of a formulation adapted for inhalation. The PDE4-

specific inhibitor useful in this aspect is any compound that is known to inhibit the PBE4 

to enzyme or which is discovered to act as a PDE4 inhibitor, and which are only PDE4 

inhibitors, not compounds which inhibit other members of the POE family, such as PDE3 

and PDE5, as well as PDE4. 
[00500] Compounds include c<s-4-cyafta-4-(3-eyc1qpeiityloxy-4-

m.ethoxyphenyl)cyc.lohexan~l-carboxylic acid, 2-carbo.methoxy-4-cyano-4-(3-

15 cyclopropylmethoxy-4-dif]uoronie(hoxyphenyl)cyclohexan~l-oiie and m-[4-cyano-4-(3-

eyciopropylmethoxy-4-difluoromethoxyphenyl)cyclo.hexari-l-ol]. Also, m-4-cyano-4-[3-

(cycIopenty}oxy)-4-methoxyphenyl]cyciohexan.e--l-carboxylic acid (also known as 

cilomilast) and its salts, esters, pro-drugs or physical forms, which is described in U.S. 
patent 5,552,438 issued 03 September, 1996; this patent and the compounds it discloses are 

20 incorporated herein in full by reference. 
[00501) Other compounds include AWD-12-281 from Elbion (Hofgen, N. et al. 15th EFMC 

hit Symp Med Chcm (Sept 6-10, Edinburgh) 1998, Abst P.98; CAS reference No. 

247584020-9)j a 9-benzyl adenine derivative nominated NCS-613 (INSERM); D-4418 from 

Chiroscience and Schering-Plough; a benzodiazepine PDE4 inhibitor identified as CI-101.8 

25 (PD-1687S7) and attributed to Pfizer; a benzodioxole derivative disclosed by Kyowa Hakko 

in WO 99/16766; K-34 $om Kyowa Hakko; V-l 1294A from Napp (Landells, LJ. et al. Eur 

Resp J [Anna Cong Eur Resp Sop (Sept 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 hereby incorporated by reference) from Byk-Gulden; 

30 Piunafentrine, (~)-p-[(4aR*, I06S*)~9-ethoxy-l ,2.3,4,4a, 1 0b-hexahydro- 8-methoxv-2-

methylbenzo[c][ 1,6]naphthyridin-6-yl]-N)N-diisopropylbenzamide which is a mixed 

PDE3/PDE4 inhibitor which has been prepared and published on by Byk-Gulden, now 

Aliana; arofylline under development by Aimiral 1 -Prodesfanna; VM554/UM565 from 
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Vemalis; or T-440 (Tanabe Seiyaku; Fuji, K. et al. J Pharmacol Exp Ther,1998,284(1): 

162), and T2585. 

100502] Further compounds are disclosed in tbe published international patent application 

WO 04/024728, WO .04/056823 and WO 04/103998. 

5 |00503j Examples of anticholinergic agents are those compounds that act as antagonists at 

tbe muscarinic receptors, in particular those compounds which are antagonists of the Mi or 

Mj receptors, dual antagonists of the MJ/MJ or M^/M3, receptors or pan-antagonists of the 

MI/MJ/MJ receptors. Exemplary compounds for administration via inhalation include 

ipratropium (for example, as the bromide), oxitropium (for example, as the bromide) and 

10 tiotropium (for example, as the bromide). Also of interest are revaltopate (for example, as 

the hydrobromide) and LAS-34273 which is disclosed in WOO 1/04118. Exemplary 

compounds for oral administration include pirenzepine, dafifeiiacin (hydrobromide), 

oxybutyniu, terodiline, tolterodine. tolterodine tartrate, otilonium (for example, as the 

bromide), trospium chloride, solilenaein, and solifenacin succinate. 

15 [00504) Other anticholinergic agents include compounds which are disclosed in US patent 

application 60/487981 including, for example: 
100505) (3-e(?<;/o)-3-(2;2-di-2-thienylethenyl)'8,8-dimethyl-8-azoniabicyc!o[3.2.rjoctane 
bromide; (3-CT<"/o)-3-(2!2-diphenylethettyl)-8,8-dimethy.l-S-azon.iabicyclo[3.2.r[octane 
bromide: (3-enir/o)-3-(2,2-diphenyletheiiyi)-8,S-dimethyl-8-azoniabicyelo[3.2.1]octane 4-

20 methylbenzenesu 1 fonate; (3-c'»/to)-8,8-dimethyl-3-[2-pheiiyi-2-(2-t]iienyl)etheayl]-8-

a zoni ab icyclo[3.2.1]octane bromide; and/or (3-eWe>)~S58~dimethyl-3-[2-phenyl-2-(2-

pyridinyl)ethenyi[-8~azoniabieyclo[3.2 1 [octane bromide. 

[00506) Further anticholinergic agents include compounds which are disclosed in US patent 

application 60/511009 including, for example: (<;7;rto)-3-(2-methoxy-2,2-di-thiophen-2-yl-

25 ethyl)-8,8-dimethyl-8-a/.onia-bicyclo[3.2.1 [octane iodide; 3-((e«£/o)-8~methyl-8-az.a~ 

bic.ycSo[3.2,rjoet-3-yl)-2,2-dipitcnyl-propio.uitrile; (t'/^/o)-8-meth yl-3-(2,2.2-tti phenyl-

ethyl)-8-az.a-bicycld[3.2,1 [octane; 3-((ew/o)-8-inethyl-8-ajja-bicyclo[3.2.1]oct-3-y!)-2,2-

diphenyl-propionamide; 3-((ewfo)-8-methyl-8~aza-bicyclo[3.2.1[oct-3-yl)-2,2-diphenyl-

propionic acid; (ff;if/o)-3-(2-eyano-2,2-diphenyl-ethyl)-8:8-dimethy]-8-azonia-
30 bicyclo| 3.2.1]octane iodide; (tf«c/(9)-3-(2-cyario-2,2-diphenyl-ethyl)-8,8-dimcthyi-8-azonia-

bicyclo[3.2.1 [octane bromide; 3-((e?«f/o)-8-methyl~8-aza-bicyc!o[3.2.l]oct--3-yI)-2,2-

diphenyl-propan-l-ol; iV-benzyl-3-((ert^o)-8-methyl-8-aza-bicyclo[3:2.rjoct-3-yl)-2f2-

diplienyl-propionamide; (cw/o)-3-(2~carbamoyl-2,2-diphenyl-ethyl)-S,8~dimethyl-8--azoma-
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bicyc!o[3.2.1 joctane iodide; l-benzyI-3-[3-((c?Ji/o)-8-methyJ-8-a2ii-bjcyclo[3,2.1]oct-3-yL)-

2,2-diphenyl-propylJ-urea; l-ethyl-3-[3-((tw/o)-8-methy!-8-aza4:ucyelo[3.2,I]ocf-3-y!)-2,2-

diphenyl-propylj-urea; Ar-[3-((e«^)-8»metby5~8-aza-bicyelo[3.2.1]oct-3-y3)-2,2-diphenyl* 

propvlj-acetamkie; iV-[3-(((?«ifo)-8-methyI-8-as;a-bicyclo[3.2.1 joct-3-vl)-2,2-dtphenyI-

5 propyl)«-benzamide; 3-((eWo)-8-mcthyl-S-aza4Meyc]o[3,2.1]oct~3-yl)-2,2-di4hiophen-2-yl-

propienitrile; (e»f7f;)-3-(2-cyano-2;2-d{-(hiophen-2-yI-elhyl)-8>8-dimethyl-8-azonja-

bicyclof 3.2.1 joctane iodide;; ̂ /-[3-{((?«('fo)"8-.methyl-8-a2a-bicyclo[3.2.1 Joct~3-yl)-2,2-

diphenyl-propyl j-benzenesuIfonamide; {3-((e«t/o)-8-metby;l-8-aza-bicycio[3.2,rjoct-3-yj)-

2,2-diphenyl-propylj-urea; iY-[3-((e»i:fo)-8-methyb8'aza-bicyclo{3.2.1 Joct-3-yl)-2,2-

10 diphenyl-propylj-m ethan^sulfonamide; and/or (<?«f/o)-3-{2/2-diphenyl-3-[( 1 -phenyl-

methanoyl)-animo]-propyl}-8,8'dimethyl-8-azonia-bicycIo[3.2..I joctane bromide, 

[00507| Further compounds include: (£iw.(/o)-3-(2-mefhoxy-2,2-di-thiopheTi-2-yl-ethyl)-8.8-
dmiethy]-8-azo»ia-bicyclo[3.2. ljoetane iodide; (t>w/o)-3-(2-cyano-2,2-diphenyl-et,hyi)-8.8-

di.«ielhyl-8-az,onia-bieyclo!_3.2,1 joctane iodide; (erc£fo)-3:-(2-cyano-2;2~diphenyt~elftyl)-8,8-

15 dimethyl-8-azoma-bicyclo(3.2.1 joctane bromide; (eMo)-3-(2-cai'banioyl-2>2-dipbenyl-

ethy].)-8J8-di.niet!3yl-8-azdfiia-bicyclo[3.2.1 joctane iodide; (e?zc/(>)-3-(2-cyano-2,2-di~ 

thiophen~2-yl-ethyl)-8,8-dimethyl-S-azonia-bi.cyelo[3.2. ljoetane iodide.; and/or (enda)-3-

{2s2-diphenyl-3-f(l-phenyl-methatioyl.)-aiTiino]-prOpyl}-8,8-diraethyl-8.-azoiiia-

bicyclo[3.2.1 joctane bromide, 
20 (0(15081 hi one embodiment. Compound i, or a pharmaceutically acceptable salt thereof (e,g. 

Compound 2) is combined with or administered in combination with an HI antagonist. 

Examples of E! antagonists include, but are not limited to, amelexanox, astemizoie, 

azatadine, azelastine, acrivastine, brompheniramine, cetirizirie, levocetirizine, efietirizine, 

chlorpheniramine, clemastine, cych'zine, carebastine, cyproheptadine, carbinoxamine, 

25 descarboetboxyioratadine, doxy!amine, diroethindene, ebastine, cpinast.ine, efletinzine, 

fexofenadine, hydroxyzine, ketotifen, Soratadine, levocabastine, mizolastine, mequititzine, 

mianserin, noberastine, meclizine, norastemizole, olopatadine, picumast, pyrilamirie, 

promethazine, terfenadine, tripeiennamine, temelastine, trimeprazine and triprolidine, 

particularly azelastine, cetirizine, levocetirizine, efletinzine and fexofenadine. 

30 |00509j In another embodiment, Compound 1, or a pharmaceutically acceptable salt thereof 

(e.g. Compound 2) is combined with or administered in combination with an H3 antagonist 

(and/or inverse agonist). Examples of H3 antagonists include, for example, those 

93 



compounds disclosed in WO 2004/035556, WO 2006/045416, WO 2006/090142, WO 

2006/125665, WO 2007/009739 and W02007/009741. 

[005101 In another embodiment, Compound 1, or a pharmaceuticaily acceptable salt thereof 

(e.g. Compound 2) is combined with or administered in combination with an H1/H3 dual 

5 antagonist (and/or inverse agonist), Examples ofHl/H3 dual antagonists include, for 

example,, those compounds disclosed in WO 2004/035556, WO 2007/071691, WO 

2007/122156 and WO 2007/135081. 
100511 j In a further embodiment, Compound 1, or a pharmaceutical!y acceptable salt thereof 

(e.g. Compound 2) is combined with or administered in combination with an H1/3-13 dual 

10 antagonist selected from 3-(4-{[4-(4-{[3-(3,3-dini ethyl-l~piperidinyl)propyi]oxy}phenyl)-l~ 

piperidinyl] carbonyl}-1 -naphthaienyl) propanoic acid and 4-[(4-chlorophenyl)methyl]-2-

({(2R)-1I -(4-(4~ {{3-(hexahydro- 1/7-azcpin-l -yl)propyl]oxy} phenyl)butyl]-2-

pyrrol idinylfmethyl)-1 (2//)-phthalazinone. Other histamine receptor antagonists include 

antagonists (and/or inverse agonists) of the H4 receptor, for example, the compounds 

15 disclosed in .labfonowski e.t al., J, Med. Chem. 46:3957-3960 (2003). 
{00S12] In another aspect, provided herein is a combination comprising Compound 1, ora 

pharmaceutically acceptable salt .thereof (e.g. Compound 2) together with a PDE4 inhibitor. 

[00513) Tn another aspect, provided herein is a combination comprising Compound 1, or a 

pharmaceutically acceptable salt thereof (e.g. Compound 2) together with a /32~ 

20 adrenoreceptor agonist. 
[0051,41 In another aspect, provided herein is a combination comprising Compound 1, or a. 

pharmaceutically acceptable salt thereof (e.g. Compound 2) together with a corticosteroid. 

|005l5j In another aspect, provided herein is a combination comprising Compound 1, or a 

pharmaceutically acceptable salt thereof (e.g. Compound 2) together with another non-

25 steroidal GR agonist, 
|00516) In another aspect, provided herein is a combination comprising Compound 1, or a 

pharmaceutically acceptable salt thereof (e.g. Compound 2) together with an 

anticholinergic. 

[00517J hi another aspect, provided herein is a combination comprising Compound 1, or a 

30 pharmaceutically acceptable salt thereof (e.g. Compound 2) together with an antihistamine. 

[00518] 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 inhibitor 

and a adrenoreceptor agonist,. 
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[00519] In another aspect, provided herein is a combination comprising Compound 1, or a 

pharmaceutically acceptable salt thereof (e.g, Compound 2) together with an anticholinergic 

and aPD:E-4 inhibitor, 
(00520] The individual compounds of such combinations are administered, either sequentially 

5 or simultaneously in separate- or combined pharmaceutical fonn illations, hi one 

embodiment, the individual compounds will be administered simultaneously in a combined 

pharmaceutical formulation. Appropriate doses of known therapeutic agents will be 

appreciated by those skilled in the art. 

|0052l| The combinations referred to herein are conveniently presented for use in the fonn 

10 of a pharmaceutical compositions together with, a phannaceutically acceptable diluent(s) or 

carrier(s). 
(00522] In another aspect, provided herein is a pharmaceutical composition comprising 

Compound 1, or a phamiaceuticaUy acceptable salt thereof (e.g, Compound 2) together with 

a PD.E4 inhibitor. 
15 |00523| In another aspect, provided herein is a pharmaceutical composition comprising 

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

a {^-adrenoreceptor agonist. 

[00524] In another aspect, provided herein is a pharmaceutical composition comprising 

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

20 a corti costemi d. 
f00S25] In another aspect, provided herein is a pharmaceutical composition comprising 

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

another non-steroidal GR agonist. 
[00526] In another aspect, provided herein is a pharmaceutical composition comprising 

25 Compound 1. or a phannaceutically acceptable salt thereof (e.g. Compound 2) together with 

an anticholinergic. 
(00527) In another aspect, provided herein is a pharmaceutical composition comprising 

Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2). together with 

an antihistamine. 

30 [00528] In another aspect, provided herein is a pharmaceutical composition comprising 

Compound I, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) together with 

a PD.B4 inhibitor and a ^adrenoreceptor agonist. 

95 



[00529[ In another aspect, provided herein is a pharmaceutical composition comprising 

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

an anticholinergic and a PDE4 inhibitor. 

10.05301 In certain aspects, Compound 1. or a pharmaceutically acceptable salt thereof (e.g. 

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

used to treat used to treat asthma, including, but not limited to: combination Inhalers 

(fluticasone propionate and sahneterol xinafoate (e.g. Advatr), budesonide and formoterol 

fuTBatate (e.g. Symbicort) and indacaterol and mometasone furcate); inhaled Beta-2 

agonists (albuterol inhaler; albuterol nebulizer solution; formoterol; isoproterenol oral 

10 inhalation; levalbuterol; metaprpterenol inhalation; pirbulerol acetate oral inhalation; 

saimeterol aerosol inhalation; salmeterol powder inhalation; terbutaline inhaler); inhaled 

corticosteroids (beclomelhasone oral inhalation; budesonide inhalation solution; budesonide 

inhaler; fhmisolide oral inhalation; fluticasone inhalation aerosol; fluticasone powder for 

oral inhalation; mometasone inhalation powder; triamcinolone oral inhalation); leukotriene 

15 modifiers (monielukast; zailrlukast; zileuton); mast cell, stabilizers (cromolyn inhaler; 

nedocrornil oral inhalation); monoclonal antibodies (omalizumab): oral Beta-2 agonists 

(albuterol oral syrup; albuterol oral tablets; metaproterenol; terbutaline); bronchodilatof 

(aminophylline; oxtriphylline; theophylline). 
[00531] In one aspect, Compound 1, or a pharmaceutieally acceptable salt thereof (e.g: 

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

used to treat allergy, including, but not limited to: antihistamine and decongestant 

combinations (cetirizine and pseudoephedrine; desloratadine and pseudoephedrioe ER; 

fexofenadine and pseudoephedrine; loratadine and pseudoephedrine); antihistamines 

(azelastine nasal spray; brompheniramine; brompheniramine oral suspension; 

25 carbinoxamme; cetirizine: chlorpheniramine; clemastine; desloratadine; 

dexchlo.rpheniramine ER; dexchlorpheniramine oral syrup; diphenhydramine oral; 

fexofenadine; loratadine; promethazine); decongestants (pseudoephedrine); leukotriene 

modifiers (montelukast; montelukast granules); nasal anticholinergics (ipratropium); nasal 

corticosteroids (beclomethasone nasal inhalation; budesonide nasal inhaler; flunisolide nasal 

30 inhalation; fluticasone nasal inhalation; mometasone nasal spray; triamcinolone nasal 

inhalation; triamcinolone nasal spray); nasal decongestants (phenylephrine); nasal mast cell 

stabilizers (cromolyn nasal spray). 
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100532} In one aspect, 3-[3-(te.rt-butylsiflfanyl)-l-[4~(6-ethoxy-pyrjdin-3-yl)benz;yl]-5-(5-

rflethyl-py.ridm-2~yi-methoxy>'lH-indol-2-yl]-2,2-dime£hyI-propiomc acid is combined with 

or administered in combination with one or more agents used to treat chronic obstructive 

pulmonary disease (CO.PD), including, but not Limited to: anticholinergics - ipratropium 

5 bromide oral inhalation); combination Inhalers (albuterol and ipratropium (e.g. Combivent, 

Duo Neb); fluticasone and salmeterol oral inhalation (e.g. Advair)): corticosteroids 

(dexamethasone tablets; fludrocortisone acetate; hydrocortisone tablets; 

methylprednisolone; prednisolone liquid; prednisone oral; triamcinolone oral); inhaled 

Beta-2 Agonists (albuterol inhaler; albuterol nebulizer solution; formoterol; isoproterenol 

10 oral inhalation; levalbuterol; metaproterenol inhalation; pirbuteroi acetate oral inhalation; 

salmeterol aerosol inhalation; salmeterol powder inhalation; terbutaline inhaler); inhaled 

Corticosteroids (beclomethasone oral inhalation; budesonide inhalation solution; 

budesonide inhaler; ilunisolide oral inhalation; fluticasone inhalation aerosol; fluticasone 

powder for oral inhalation; triamcinolone oral inhalation); mucolytics (guaifenesin); oral 

i S Beta-2 agonists (albuterol oral syrup; albuterol oral tablets; metaproterenol; terbutaline); 

bronchodilator (aminophyllihe; oxtriphylline; theophylline). 

| (to 5331 In one embodiment, Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 

Compound 2) is combined with or administered to a patient in combination with 

norastemizok, In one embodiment. Compound L or a pharmaceutical^ acceptable salt 

20 thereof (e.g. Compound 2) is combined with or administered to a patient in combination 

with loratadine. In one embodiment, Compound 1, or a pharmaceutically acceptable salt 

thereof (e.g. Compound 2) is combined with or administered to a patient in combination 

with desloratadine. In one embodiment, Compound 1, or a phannaceutically acceptable- salt 

(hereof (e.g. Compound 2) is combined with or administered to a patient in combination 
25 with terfenadine. 

|'00534) In one embodiment, Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 

Compound 2) is combined with or administered to a patient in combination with cetiriz.ine, 

In one embodiment, Compound 1, or a phannaceutically acceptable salt thereof (e.g. 

Compound 2) is combined with or administered to a patient in combination with <-)-

30 cetirizi.ne. In one embodiment, Compound 1, or a phannaceutically acceptable salt thereof 

(e.g. Compound 2) is combined with or administered to a patient in combination with (+)-
cetirizine. 
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100535] In one embodiment, Compound 1, or a pharmaceutically acceptable salt thereof (e.g. 

Compound 2) is combined with or administered to a patient in combination with inhaled 

corticosteroids. 

100536] hi one embodiment, Compound 1, or a pharmaceutical!)' acceptable salt thereof (e.g, 

5 Compound 2) is combined with or administered to a patient in combination with beta2-

adrenergic receptor agonists. In one embodiment, Compound I, or a pharmaceutical!)1 

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

combination with short acting beta2-adrenergic receptor agonists. In one embodiment. 

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

10 with or administered to a patient in combination with long-acting beta2-adrenergic receptor 

agonists. 
jOG537j In any of the compositions, combinations, methods of treating or combination 

methods of treating described herein Compound 2 is used. In more specific embodiments, 

Compound 2 is in Form C. In other specific embodiments, Compound 2 is in either Phase A 

15 or Solvated Form B. 
J00538) In any of the compositions, combinations, methods of treating or combination 

methods of treating described herein Compound 1 (.free acid) is used. In more specific 

embodiments, Compound 1 is m crystalline form, In other specific embodiments, 

Compound 1 is in amorphous phase, 
20 [00539] In some embodiments described herein, methods for treatment of leukolncne-

dependent or leukotriene mediated conditions or diseases includes administering to a patient 

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

combination with leukotriene receptor antagonists including, but are not limited to, 

Cys.LT}/CysLT2 dual receptor antagonists, and CysLTt: receptor anatagonisis. 

25 CysLTi/CysLTi: dual receptor antagonists include, but are not limited to, BAY u9773, 
Cuthbert et al HP 00791576 (published 27 Aug 1997), DUO-LT (Galczenski et al, D38, 

Poster F4 presented at American Thoracic Society, May 2002) and Tsuji et 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 

30 type of leukotriene-dependent or leukotriene mediated disorder, the time period in which 

Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2) acts to treat, 

the disorder and the time period in which the CysLTi/CysLTj dual receptor antagonist acts 
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to inhibit CysLT receptor activity* By way of example only, such combination treatments 

are used for treating a patient suffering from a respiratory disorder. 

(00541)j In another embodiment described herein, methods for treatment of leukotriene-

dependent or leukotriene mediated conditions or diseases includes administered to a patient 

5 compounds, pharmaceutical compositions, or medicaments described herein in combination 

with a CysLT\ receptor antagonist. CysLTi receptor antagonists include, but are not limited 

to, zafirlukast, montelukast, prankulast, and derivatives or analogs thereof. In one 
embodiment, such combinations are used to treat leukotriene-dependent or leukotriene 

mediated disorder, including respiratory disorders. 

10 [0OS41] hi one embodiment, the co-administration of Compound 1, or a pharmaceutically 

acceptable salt, thereof (e.g. Compound 2) with a CysLTi receptor antagonist or a dual 

CysLTj/CysLTj receptor antagonist has therapeutic benefit over and above the benefit 

derived from the administration of either Compound .1, or a pharmaceutically acceptable salt 

thereof (e.g. Compound 2) or a CysLT|R antagonist alone. In the case that substantial 
15 inhibition of leukotriene production has undesircd effects, partial inhibi tion of this pathway 

through the amel ioration of the effects of the proinflammatory LTB4 and cysteinyl 

leukotrienes combined with the block of the CysLTi receptor and/or dual CysLTi/GysLTj 

receptor block affords substantial therapeutic benefits, particularly for respiratory diseases. 

|OOS42] In some embodiment described herein, are methods for treatment of leukotriene-

20 dependent or leukotriene mediated conditions or diseases include administering to a patient 

Compound 1, or a phmmaceutically acceptable salt thereof (e.g. Compound 2) in 

combination with an anti-inflammatory agent. In certain embodiments, provided herein are 

compositions comprising and methods of administering compositions comprising 

Compound 1, or a pharmaceutically acceptable salt thereof (e.g. Compound 2), and an ami-

25 inflammatory agent. Anti-inflammatory agents include, by way of non-limiting example, 

non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids (glucocorticoids). 

J80543] NSAIDs include, but are not limited to: aspirin, salicylic acid, gentisic acid, choline 

magnesium salicylate, choline salicylate, choline magnesium salicylate, choline salicylate, 

magnesium salicylate, sodium salicylate, diflunisal, carprofen, fenoprofen. fenoprofen 

30 calcium, flurobiprofen, ibuprofen, ketoprofen. nabutone, ketolorac-, ketorolac tromethamine, 

naproxen, oxaprozin, diclofenac, etodolac, indomethacin, sulmdac, to 1 met ill, 

meclofenamate, meclofenamate sodium, mefenamic acid, piroxicam, me.loxi.cam, COX-2 
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specific inhibitors (such as, but not limited to, celecoxib, rofecoxib, valdccoxib, pareco.xib, 

etoricoxib, lumiracoxib, CS--502, JTE-522, L-745,337 and NS398). 

(00544] Corticosteroids, include, but are not limited to: betamethasone (Celestone), 

prednisone Deltasone), alclometasone, aldosterone, amcinonide, beclometasone, 

5 betamethasone, budesonide, ciclesonide, clobctasol, elobetasone, docortolone, cloprednol, 

cortisone, cortivazok deflazacort, deoxycorticosterone, desonide, desoximetasone, 

deoxycortone, dexamethasGne, diflorasone, diflucortdlone, difluprednate, fhicloro.lone, 

fludrocortisone, flndroxycorti.de,- fiumetasone, fliunisolide, fluocmolone acetcuiide, 

fluoeinonide, fluoeortin, fluocortolone, fluorometholone, fluperolone, fluprednidene, 
JO fluticasone, formoeortal, halcinomde, halometasone, hydrocortison&!coriiso 1, 

hydrocortisone aceponate, hydrocortisone buteprate, hydrocortisone butyrate, loleprednol, 

raedrysone, meprednis'one, rrteth y 1 predni so I one, meth y lpr edni sol one aceponate, 

mometasone furoafc, paramcthasone, prednicarbate, prediusone/prednisolone, rimexolone, 

tixocortol, triamcinolone, and ulobetasol. 
is {0(1545] Corticosteroids do not directly inhibit leukotriene production, therefore co-dosing 

with steroids, in one embodiment. provide additional anti-inflammatory benefit. 

1.00546.] iif another embodiment described, herein, methods lor treatment of leufeptriehe-

dependent or leukotriene mediated conditions or diseases include administering to a patient 

Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2) in 

20 combination witli an antiinflammatory agent including, but not limited to poly-unsaturated 

fatty acids (PUFAs) such as docosahexanoic acid (DHA), eicosapentanoic acid (EPA) and 

alpha-linoiemc acid (ALA). 

100547] In certain embodiments, the leukotriene-dependent or Leukotriene mediated 

condition or disease, e.g., a respiratory disease, involves eosinophilic, basophilic, and/or 

25 mast cell inflammation. In specific embodiments, the eosinophilic, basophilic, and/or.mast 

cell inflammation is pulmonary inflammation. In more specific embodiments, the 

pulmonary inflammation is the result of a chronic inflammatory condition. In still more-
specific embodiments, the chronic inflammatory disease is characterized by pulmonary 

inflammation and airway byperresponsiveness, e.g., asthma. Furthermore, leukotriene-

30 dependent, or leukotriene mediated condition or disease is asthma, wherein leukotrienes may 

be released from mast cells, eosinophils, and/or basophils, In certain embodiments, the 

leukotrienes are involved in contraction of airway smooth muscle, an increase in vascular 

permeability and mucus secretions, and have been reported to attract and activate 
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inflammatory cells in the airways of asthmatics. Thus, in certain embodiment described 

herein, the methods for treatment of respiratory diseases include administering to a patient 

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

or in combination with an anti-infiam matory agent. 

5 (00548] In another embodiment described herein, methods for treatment of leukotriene-

dependent or leukotriene mediated conditions or diseases include administering to a patient 

Compound 1, or a phamiaceuticaUy acceptable salt thereof (e.g. Compound 2) in 

combination with NSAIDs and NO-doiiors or NSAIDs and proton-pump inhibitors, In 

further embodiments, provided herein are compositions comprising such agents and 

10 methods of administering such compositions. 

UGT Inhibitors 
[00549] In one embodiment, Compound i, or a pharmaceutically acceptable salt thereof (e..g. 

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

that are inhibitors o f UD.P-glucuronGsyitransferase (UGT), UCrT inhibitors include those 
15 described in U.S. 2003/02i 5462; U.S. 2004/0014648. in some embodiments, co­

administration, of a UGT inhibitor allows: for lower doses of Compound 1, or a 

pharmaceuticaliy acceptable salt thereof (e.g. Compound 2) to be administered. 

Diagnostic Methods for Patient Identification 
[00550] The screening' of "leukotriene-responsive patients" which are selected for treatment 

20 with Compound 1, or a pharmaceutical!)' acceptable salt thereof (e.g. Compound 2), or 

pharmaceutical compositions or medicaments described herein, is accomplished using 
techniques and methods described herein. Such techniques and methods include, by way of 

example, evaluation of gene haplotypes (genotype analysis), monitoring/measurement of 

biomarkers (phenotype analysis), monitoring/measurement of functional markers 

25 (phenotype analysis)* which indicate patient response to modulators of the leukotriene 

pathway, or any combination thereof. 

Genotype Analysis: FLAP Polymorphisms 
[005511 Human FLAP has been purified and cloned and is an 18 kilodalton membrane-

bound protein which is most highly expressed in human neutrophils. The FLAP gene is 

SO located at 13q 12 and ihe gene has been linked to increased risk for both myocardial 

infarction and stroke in several populations. A number of polymorphisms and haplotypes in 

the gene encoding FLAP have been identified in individuals (U.S. Patent Application 

2005113408; Sayers. Clin. Exp.. Allergy, 33(8): 1103-10. 2003; Kedda, et al,, Clin, Exp. 
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Allergv, 35(3):332-8, 2005). In some cases polymorphisms in certain genes have been 

demonstrated to correlate with responsiveness to given therapies. Therefore, m one 

embodiment, patients who are under consideration for treatment with Compound 1, or a 

phamiaceuticaUy acceptable salt thereof (e.g. Compound 2), or drug combinations that 

5 include Compound 1, or a pharmaceutically acceptable salt: thereof (e.g. Compound 2), are-

screened for potential responsiveness to treatment based on their FLAP polymorphisms, or 

haplotypes (see also WO 99/052942, herein incorparated by reference). 

1005521 Additionally, polymorphisms in any of the synthetic or signaling genes dedicated to 

the leukotriene pathway could result in a patient who is more responsive or less responsive 

!0 to leukotriene modulator therapy (either FLAP or 5-LO inhibitor or leukotriene receptor: 

antagonists). The genes dedicated to the leukotriene pathway are 5-lipoxygenase, 5-

lipoxygenase-activating protein, LTA* hydrolase, LTC4 synthase, LTB4 receptor 1 (BLT1)* 

LTB4 receptor 2 (BLT2), cysteinyl leukotriene receptor 1: (CysLTi R), cysteinyl leukotriene 

receptor 2 (CvsLTjR). For example, the 5-LO gene has been linked to aspirin intolerant 

15 asthma and airway hyperresponsiveness (Choi JH et al. Hum Genet 114:337-344 (2004); 

Kim, SH et al. Allergy 60:760-765 (2005). Genetic- Variants in the promoter region of 5-LO 

have been shown to predict clinical responses to a 5-LO inhibitor in asthmatics (Drazen el 
al, Nature Genetics, 22, pl6'8-l7Q:, (1999). The LTC4 synthase gene has been linked to 
atopy and asthma (Moissidis I et al Genet Med 7:406-410 (2005). The CysLTi receptor has 

20 been linked to asthma and atopy (Thompson MD et al. Pharmacogenetics 13:641-649 

(2003); Pillai SG et at. Pharmacogenetics 14:627-633 (2004); Park JS et al. Pharmacogenet 

Genomics 15:483-492 (2005); Fukai H et al. Pharmacogenetics 14:683-690 (2004). Any 

polymorphisms in any leukotriene pathway gene or combination of polymorphisms or 

haplotypes may result in altered sensitivity of the patient to therapy aimed at reducing the 

25 pathological effects of leukotrienes. In one embodiment, selection of patients who best 

respond to the leukotriene modulator therapies described herein is based, in part, on 

knowledge 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 leukotriene pathway genotype alone, phenotype alone (biomarkers or 

30 functional markers) or any combination of genotype and phenotype. 

(005531 Several variants of the FLAP gene have been reported to correlate with the incidence 

of myocardial infarction in patients (H akonarson, JAMA, 293(18):2245-56, 2005), plus 

FLAP gene markers reportedly associated with the risk for developing asthma have been 
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described in U.S. Patent No. 6,531,279. Methods for identifying FLAP sequence variants 

are described, e.g., in U.S. Publication No. 2005/0113408, and in U.S. Patent No. 

6,531,279, incorporated herein by reference herein in their entirety. 

[00554] In one embodiment, detecting haplotypes is accomplished by methods for detecting 

5 sequences at polymorphic sites, and therefore patients are selected using genotype selection 

of FLAP, 5-LO or other leukotriene pathway gene polymorphisms. In one embodiment, the 

presence of absence of a leukotriene pathway gene polymorphism or haplotype is 

determined by various methods, including, for example, using enzymatic amplification, 

restriction fragment length polymorphism analysts, nucleic, acid sequencing, electrophoretic 

10 analysis of nucleic 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, m ethods of 

diagnosing a susceptibility to myocardial infarction or stroke in an individual, comprises 

determining the presence or absence of certain single nucleotide polymorphisms (SNPs) or 
15 of certain haplotypes, wherein the presence of the SNP or the haplotype is diagnostic of 

susceptibility to myocardial infarction or stroke. 

Pheuotvpe Analysis: Biomarkers 
[00555] In one embodiment, patients who are under consideration for treatment with 

Compound 1, or a phannaceutically acceptable salt thereof (e.g. Compound 2), or drug 

20 combinations thereof are screened for potential responsiveness to treatment based on 

leukotriene-driven inflammatory biomarker phenotypes. 

|0055f)[ In one embodiment, patient screening based on leukotriene-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 "biomarker" as used 

25 herein refers to a characteristic which is measured and evaluated as an indicator of normal 

biological processes, pathological processes, or pharmacological responses to therapeutic-

intervention, Thus a biomarker is any substance, structure or 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. 

30 Biomarkers are physiologic endpoints, by way of example blood pressure, or they are 

analytical endpoints, by way of example, blood glucose, or cholesterol concentrations. 

Techniques, used to monitor and/or measure biomarkers include, but are not limited lo, 

NMR, LC-MS, LC-MS/MS, GC-MS, GC-MS/MS, HPLC-MS, HPLC-MS/MS, FT-MS, FT* 
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MS/MS, ICP-MS, ICP-MS/MS, peptide/protein sequencing, nucleic acid sequencing, 

electrophoresis techniques, immuno-assays, immune-blotting, in-situ hybridization, 

fluorescence in-situ hybridization, PGR, radio-immuno assays, and enzyme-immuno assays. 

Single nucleotide polymorphisms (SNPs) have also been useful for the identification of 

5 biomarkers for propensity to certain diseases and also susceptibility or responsiveness to 

drugs such as chemptherapeuhic agents and antiviral agents. In one embodiment,these 

techniques, or any combination thereof, are used la screen patients for leukotriene-

dependent or leukotriene mediated diseases or conditions, wherein such patients are 

beneficially treated with Compound 1, or a phannaceutically acceptable salt thereof (e.g. 

10 Compound 2), ov dreg combinations described herein, 

100557] By way of example only* patients are selected for treatment with Compound 1, or a 
pharmaceutically acceptable salt thereof (e.g. Compound 2), or drug combinations described 

herein by screening for enhanced inflammatory blood biomarkers such as, but not limited 

to, stimulated LTB4, LTC4, LTE4, myeloperoxidase (MPO), eosinophil peroxidase (EPO), 

15 C-reactive protein (CRP), soluble intracellular adhesion molecule (sICAM), monocyte 

chemoattractant protein (MCP-1), monocyte inflammatory protein (MlP-la), inter! eukiiv-6 

(IL-6), the TH2 T cell activators interleukin 4 (IL-4), and 13 (IL-13) and other 

inflammatory cytokines. In certain embodiments, patients with inflammatory respiratory 

diseases, including but not limited to, asthma and COPD, are selected as those most likely 

20 to be responsive to leukotriene synthesis inhibition using Compound 1, or a 

phannaceutically acceptable salt thereof (e.g. Compound 2), by using a panel of leukotriene 

driven inflammatory biomarkers. 

Phenotype Analysis: Functional Markers 
(00558j In one embodiment, patients who are under consideration for treatment with 

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

combinations described herein, are screened for response to. known modulators of the 

leukotriene pathway. In one embodiment, patient screening by evaluation of functional 

markers as indicators of a patient's response to known modulators of the leukotriene 

pathway are used as an alternative, to, or it is complimentary with, patient screening by 

30 leukotriene pathway gene haplotype detection (genotype analysis) and/or 

monitoring/measurement of leukotriene-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 

treatment regimens. 

[00559! By way of example only, the evaluation of lung volume and/or function are used as 

a functional marker for leukotriene-dependent or leukotriene mediated diseases or 

5 conditions, such as respiratory diseases. In one embodiment, lung function tests are used to 

screen patients, with such leukotriene-dependent or leukotriene mediated diseases or 

conditions, for treatment using Compound I, or a pharmaceutically acceptable salt thereof 

(e.g. Compound 2)> or pharmaceutical compositions or medicaments thereof. Such tests 

include, but are not limited to, evaluation of lung volumes and capacities, such as tidal 

i O volume, 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. Method of 

measurement of lung volumes and capacities include., but are no) limited to, maximum 

expiratory flow volume curve, forced expiratory volume in 1 sec. (FEVl), peak: expiratory 

15 flow rate. In addition, other lung function tests used as .functional markers for patient 
evaluation described herein include, but are not limited to, respiratory muscle power, 

maximum inspiratory pressure, maximum expiratory pressure, transdiaphragmatic pressure, 

distribution of ventilation, single breath nitrogen test, pulmonary nitrogen washout, and gas 

transfer. 

20 [00560] Additionally, the knowledge of a patients past or curren t treatment regimen is used 

as a functional 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 example 

only, such treatment regimens include pastor current treatment using xi leu ton, montelukast, 

25 pranlukast, zafirltikast, 

[0056.1 j Also, patients who are under consideration for treatment with Compound. J, or a 

phannaceutically acceptable salt thereof (e.g. Compound 2), or drug combinations described 

herein, are screened: for functional markers which .include, but are not limited to, reduced 

eosinophil and/or basophil, and/or neutrophil, and/or monocyte and/or dendritic cell and/or 

30 lymphocyte recruitment, decreased mucosal secretion, decreased mucosal edema, and/or 

increased bronehodilation. 

[00562| Li certain embodiments, a patient sample is analyzed for leukotriene gene 

haplotypes, by way Of example only, FLAP haplotypes, and the information obtained 
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identifies a patient in need of treatment using various treatment methods. Such treatment 

methods include, but are not limited to, administering a therapeutic effective amount of 

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

pharmaceutical composition or medicament thereof, alone or in combination with a 

5 therapeutic effecti ve amount of a leukotriene receptor antagonist (by way of example, 

CysLTi/CysLTi antagonist or CysLTi antagonist). In other embodiments a patient sample is 

analyzed for leukotriene gene haplotypes, by way of example only, FLAP haplotypes, 
and/or phenotype biomarkers, and/or phenotype functional marker responses to leukotriene 

modifying agents. In one embodiment, the patient is then treated using various treatment 

10 methods. Such treatment methods include, but are not limited to, administering a therapeutic 

effective amount of Compound 1, or a pharmaeeuticaliy acceptable salt thereof (e.g. 

Compound 2), or pharmaceutical composition or medicament thereof, alone or in 

combination with a therapeutic effective amount of a leukotriene receptor antagonist (by 

way of example, CysLTi/CysLt'j antagonist or CysLT j antagonist), or another anti-
15 inflammatory agent. In siill other embodiments a patient sample is analyzed for leukotriene 

gene haplotypes. by way of example only, FLAP haplotypes, and phenotype biomarkers, 

and phenotype functional marker responses to leukotriene modifying agents. In one 

embodiment, the patient is then treated using various treatment methods. Such treatment 

methods include, but are not limited to, administering a therapeutic effective amount of a 

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

inhibitor, administering a therapeutic 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 leukotriene receptor antagonist (by­

way of example, CvsLTi/CysLTj antagonist or CysLTi antagonist), or administering a 

25 therapeutic effective amount of a FLAP inhibitor, or pharmaceutical composition or 

medicament which includes a FLAP inhibitor, in combination with a therapeutic effective 

amount of another anti-inflammatory agent. 

Kits/Articles of Manufacture 
[00563 j For use in the therapeutic methods of use described herein, kits and articles of 

30 manufacture are also described herein. Such kits include a carrier, package, or container that 

is compartmentalized to receive one or more containers such as vials, tubes, arid the like, 

each of the con tainers) comprising one of the separate elements to be used in a method 

described herein. Suitable 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 materials such as 

glass or plastic. 

[00564] The articles:of manufacture provided herein contain packaging.materials. Packaging 

materials for use in packaging pharmaceutical products include, e.g., U.S. Patent Nos. 

5 5,323,907, 5,052,558 and 5,033,252. Examples of pharmaceutical packaging materials 

include, but are. not limited to, blister packs, bottles, tubes, bags, containers, bottles, and any 

packaging material suitable for a selected formulation and intended mode of administration 

and treatment. A wide away of formulations of the compounds and compositions provided 

herein are contemplated as are a variety of treatments for any disease., disorder, or condition 

30 that, would benefit by inhibition of FLAP, or in which FLAP is a mediator or contributor to 

the symptoms or cause. 
|00565| For example, the containers) include Compound 1, or a phannaceutically 

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 

15 description or label or instructions relating to its use in the methods described herein. 

(00566] A kit typically includes labels listing contents and/or instructions for use, and 

package inserts with instructions for use. A set of instructions wi 11 also typically be 

included. 

[00567] In one embodiment, a label is on or associated with the container, to one 
20 embodiment, a label is on a container when letters, numbers or other characters forming the 

label are. attached, molded or etched into the container itself; a label is associated with a 

Container when it is present within a receptacle or carrier that also holds the container, e.g., 

as a package insert. In one embodiment, a label is used to indicate thai the contents are to be 

used for a specific therapeutic application. The label also indicates directions for use of the 

25 contents, such as in the methods described herein. 

|00568| In certain embodiments, the pharmaceutical compositions are presented in a pack or 

dispenser device which contains one or more unit dosage forms containing a compound 

provided herein. The pack, for example, contains metal or plastic foil, such as a blister pack. 

In one embodiment, the pack or dispenser device is accompanied by instructions for 

30 administration, hi one embodiment, the pack or dispenser is also accompanied with a notice 

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

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

agency of the fonn of the drug for human or veterinary administration. Such notice, for 
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example, is the labeling approved by the U.S. Food and Drug Administration for 

prescription drags, or the approved product insert. In one embodiment, compositions 

containing a compound provided herein formulated in a compatible pharmaceutical carrier 

are also prepared, placed in an appropriate container, and labeled for treatment of an 

indicated condition. 
(005691 It; is to. be understood that as used herein, pharmaceutical compositions described as 

comprising a pharmaceutically acceptable salt described herein, e.g., liquid solutions, 

encompass pharmaceutical compositions comprising the associated and/or disassociated 

forms of the salt. Thus, for example, a pharmaceutical composition described herein 
comprising an aqueous solution of Compound 2 encompasses a composition comprising a 

population of sodium cations and a population of3-[3~(tert-butyl$:ulfany])-1 ~[4-(6-ethoxy-

p>Tidin~3-yl)benzyl]-5-(5-methy3-pyridiri-2-y]-methoxy)-lH-indol-2-yl]-2.2-dimethyI~ 

propionate anions. 

EXAMPLES 

Abbreviations 

AUG area under the curve 
C02 carbon dioxide 
Cs2CO, cesium carbonate 
DME dimethoxyelhaue 
DMF d i me thyl form amide 
DM-SO dimeihylsulphoxide 
dppf diphenylphosphinoferrocene 
DSC Differential scanning calorimetry 
DTT dithiothreitol 
EtjN triethylamine 
ECG Electrocardiography 
EDTA ethylenediammetetraacetic acid 

equivalents) . 
EtOAc ethylacetate 
EtOH ethanol 
HCI hydrochloric acid 
H2O water 
f i PLC high performance liquid chromatography 
TCP-AES Inductively coupled plasma atomic emission spectroscopy 
KOR potassium hydroxide 
LCMS liquid chromatogrpahy mass spectrometiy 
MeOH methanol 
MTBE methyl tert-butyl ether 
MgSO* magnesium sulfate 
NaOH sodium hvdroxide 
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NajCOs sodium carbonate 
NMR nuclear magnetic resonance 
ppm parts per million 
PD pharmacodynamics 
PK pharmacokinetics 
RH Relative humidity 
SD Standard deviation 
TOP tetrahydrofuran 
TGA Thermogravi metric Analysis 
TLC Thin layer chromatography 
IRIS Tromethamine 
V/W Volume/weight 

j003701 The following ingredients, formulations, processes and procedures for practicing the 

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

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

5 include 3 Compound 1, or a pharmaceutically acceptable salt and/or solvate thereof, and 

pharmacokinetic profiles and pharmacodynamic effects thereof. By way of example only, 

Compound 1 is optionally prepared as outlined in US 2007/0105866, or as outlined Herein. 

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

Step 1: Synthesis of 2-Chloromethyl-S-methyT-pyridine hydrochloride 

50 Step 1-1: Synthesis of 2>5-0imethyl-pyridine 1-oxide 

1 
0" 

100571] 2,5-LuUdine (1419g) was dissolved in chloroform (13.5.L) and cooled to below 

10"G. m-Chloroperoxybenzo.ic acid (70%, 3354.21 g) was added portion-wise to maintain 

the temperature at below 10'C, and then the reaction was warmed to room temperature and 

1 > stirred overnight, Once no starting material was seen by tic analysis, the mixture was cooled 

to 10°C and quenched with aqueous 20% sodium hydroxide (2.5L to 3L) dropwise while 

maintaining a temperature below 20"C, which resulted in the formation of a very thick 

suspension. The mixture was stirred for 30 minutes and then allowed to separate. Water 

(5L) was added, the organic layer was separated, and die aqueous layer was extracted twice 
20 with chloroform (4L). The combined organic, layers were washed with aqueous 1 % sodium 

hydroxide, followed by aqueous IN hydrochloric acid, and then concentrated under vacuum 

to give the desired product (1365g). 

Step 1-2: Synthesis of (5-Methyl-pyridin-2-yl)-methanol 
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.OH 

I00572J To acetic anhydride (1.6 it) at 90°C was added 2,5-dimethyl-pyriduie 1-oxide (lOOOg) 

diopwise 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 CH2CI2 (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 CH2CI2 and EtOAc, and the combined organic layers were concentrated to 

dryness. The crude material was applied to the top of a pad of silica (~lkg) 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-S-methyl-pyridine hydrochloride 

[00573] To (5-methyl-pyridin-2-yI)-methanol (310g) in CH2CI2 (1,2L) was added thionyl chloride 
(200raL) dropwise over 1.5 hours. The reaction was stirred for 2 hours, and then concentrated 

under vacuum. EtOAc (1L) was added, and the mixture was again concentrated to dryness. 
Additional EtOAc (1.5L) was added, and die suspension was stirred for 30 minutes and then 

filtered to isolate the desired product as a solid, which was dried under N2. 

Scheme 2: Preparation of 5>-to/-Butylsulfanyl-2,2-diniethyl-4-oxo-pentanoic acid ethyl ester 

100574] Diisopropylamine (1.25eq) was added to a reaction flask containing THF (10.0-fold, V/W 
of ethyl isobutyrate) under N2. 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 wanned to room temperature and then stirred for 2 

HCi 

Step 2-1: Synthesis of 4-Chloro-2,2-dimethyl-pcnt-4-enoic acid ethyl ester 
O 
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hours under N?. The reaction mixture was then cooled to less than -70°C, and ethyl isobutyrate 

(1 .Oeq) was added, followed by 2,3-dichloro-l-propene (1.09eq), while the temperature was 
maintained at less than -70°C. The reaction was allowed to warm to room temperature and 

stirred overnight under N2. The reaction was then quenched with ice water (10.0-fold, V/W of 

starting material), and the pH adjusted to pH 7 with aqueous 6M HCI. The organic layer was 

separated, washed twice with brine, and dried over Na2S04. 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-pentaiioic acid ethyl ester 

[00575] 4-Chloro-2,2-dimethyl-pent-4-enoic acid ethyl ester (l.Oeq) was added to a reaction flask 

containing EtOH (4.4-fold, V/W of starting material) and H2O (3.2-fold, V/W of starting 

material) under N2. 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. After 

agitating for 2 hours, the reaction was checked for completion by NMR, Since no starting 

material was seen by NMR analysis, the reaction was diluted with cold water (10.0-fold, V/W of 

starting material) and stirred for 5-10 minutes, The organic layer (on the bottom) was separated, 

with the aqueous layer was extracted with CH2CI2 until no product was seen in the aqueous layer. 

The combined organic layers were then washed with aqueous 5 % Na2CC>3 (6-fold, V/W of 

starting material) and brine (3.0-fold, V/W of starting material). The organic layer was dried 

over Na2SC>4 and concentrated in vacuo to give the desired product. 

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

100576] To a reaction flask containing THF (5.0-fold, VAV of starting material) was added 5-

bromo-2,2-dimethyl-4-oxo-pentanoic acid ethyl ester (l.Oeq) under N2. The mixture was cooled 

to a temperature of -5-0°C, and a solution of 2-methyl-2-propanethiol (1.2eq) and triethylamine 

(1.25eq) was added while maintaining the temperature below 0°C. The reaction was stirred at 

room temperature for 25 hours, and then hexane (3.0-fold, V/W of starting material) was slowly 

added. After agitating for 30 minutes, the solid material was removed by filtration and washed 

with 50% EtOAc/hexane solution. The filtrate was concentrated under reduced pressure to give 

the desired product, which was taken on to the next step without further purification. 

O 
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Scheme 3: Preparation of 3-[3-fert-Butylsulfanyl-l-{4-(6-ethoxy-pyridin-3-yl)-bcnzyJJ-5-~(5-
mcthyl-pyridin-2-ylmethoxy)-l//-indol-2-yl]-2,2-dimethyl-propionic acid, sodium salt 

Br 

Br 

N 
*• I I 

,NH2 NEt3, toluene \^-H,-NH2 
H 105°C 

Br 

^nor°' 
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O N 
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Step 3-1: Synthesis of N-(4-Bromo-benzy])-N-(4-methoxy-phenyl)-hydrazine Hydrochloride 

'°" ̂  HCI 

N-NH2 

Br 
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[00577] 4-Methoxyphenylhydrazine hydrochloride (l.Oeq) was added to a reaction flask 
containing toluene (16.5-fold, V/W of starting material) under N2. 4-Bromohen2yl bromide 
(1,05eq) and triethylamine (2.Icq) 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 

5 tic for completion. Since no starting material was seen by tic analysis, the reaction was diluted 

with EtOAc (10.0-fold, V/W of starting material) and agitated for 1.5 hours. The mixture was 

filtered to collect the solid product, which was subsequently washed with toluene and dried under 

vacuum at 60-65°C. EtOAc (10.0-fold, VAV of starting material) was then added to the product 

and the mixture was agitated well. The pH of the solution was adjusted to pH 2 with saturated 
10 HCl/EtOAc solution and further agitated for 1 hour. The solid was then collected by filtration, 

washed with cold EtOAc, and air dried. The product was taken on to the next step without 

further purification. 

Step 3-2: Synthesis of 3-[l-(4-Bromo-henzy))-3-fert-butylsulfanyl-5-methoxy-l//-indol-2-yl]-

2,2-dimethyl-propionic acid ethyl ester 

[00578] iV-(4-Bromo-benzyl)-JV-(4-methoxy-phenyl)-hydrazine hydrochloride (l.Oeq) was added 
to a reaction flask containing toluene (10.0-fold, V/W of starting material) under N2. Acetic acid 

(5.0-fold, V/W of starting material) was added, followed by 5-tert-butylsulfanyl-2,2-dimethyl-4-

oxo-pentanoic acid ethyl ester (1,05eq) and sodium acetate (2.3eq), and the reaction mixture was 

20 stirred at room temperature for 4 days. Cold water (15.0-fold, V/W of starting material) was then 

added to the reaction, and the mixture was agitated for 30 minutes. The organic layer was 

separated, and the aqueous layer was extracted with toluene (2.0-fold, V/W of starting material) 

to recover additional product. The combined organic layers were washed with water and brine, 

dried over Na2S04, and concentrated under reduced pressure. A slurry of the crude material was 
25 made in MeOH (5.0-fold, VAV 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 28-3 0DC. 

Step 3-3: Synthesis of 3-Il-(4-Bromo-benzyl)-3-tert-butyIsulfanyl-5~hydroxy-l//-indol-2~yI]-

2,2-dimcthyl-propionic acid ethyl ester 

15 
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[00S79] To a reaction vessel containing CH2G2 (3.3-fold, VAV of starting material) was added 3-

[l-(4-bromo-benzyl)-3-ier/-butylsulfanyl-5-methoxy-l//-indol-2-yl]-2,2-dimethyl-propionic acid 

ethyl ester (1 .Oeq) under N2. 2-Methyl-2-propanethiol (7.80eq) was added to the mixture, and the 

5 reaction was cooled to a temperature of -5-0°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 fox 2 hours. Once no starting material was seen by tic analysis (5% RtOAc/hexanes), the 

reaction was warmed to room temperature and quenched with ice-water (6.5-fold, VAV of 

starting material). The mixture was acidified to pH 2 with aqueous 2.0M HCI, and the organic 

10 layer was separated. The aqueous layer was extracted with CH2G2 to recover remaining product, 
and the combined organic layers were washed successively with aqueous 1.0M HCI, water, and 
brine, and concentrated in vacuo. EtOAc (1.0-fold, VAV 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. 

15 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-ferf-Butylsulfanyl-5-hydroxy-l-l4-(4,4,5,5-tetrametliyl-
Jl,3,2]dioxaborolan-2-yl)-benzyl]-l//-LndoI-2-yl}-2,2-dimethy!-propionic acid ethyl ester 

20 100580] 3-[l -(4-Bromo-ben7.y])-3-?er/-butylsalfanyl-5-hydroxy-l/:r-indol-2-ylJ-2,2-diiTiethy!-

propionic acid ethyl ester (l.Oeq), bis(pinacolato)diboron (l.lOcq), and potassium acetate (3,Oeq) 

were dissolved in DMF (10.0-fold, V/W of starting material) under Nj. The solution was sparged 

with N2 for 30 minutes with stirring, and then Pd(dppf)Cl2 (0.057eq) was added, and the mixture 
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was sparged with N2 for an additional 15 minutes with stirring. The reaction was then heated to 

80-85°C under N2 for 2 hours. Once no starting material was seen by tic analysis (7% 

EtOAc/hexanes), the reaction was cooled to room temperature and diluted with H2O (12.0-fold, 

VAV of starting material). The mixture was extracted with MTBE until no product was observed 

5 in the aqueous layer. The combined organic layers were washed twice with H2O (10.0-fold, VAV 

of starting material) and once with brine (6.0-fold, V/W of starting material), dried over Na2S04, 

and then filtered through a pad of silica (2.0-fold, VAV 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 vacuo to give the crude material. The solid was dissolved in 

10 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. 

15 Step 3-5: Synthesis of 3-{3-fert-ButyIsulfanyl-l-[4~(6~ethoxy-pyridin-3-yl)-bcnzyl]-5-
hydroxy-li/-indol-2-yl}-2,2-dimethyl-propionic acid ethyl ester 

[00581] To a stirring mixture of DME (16.5L) and H2O (6.6L) in a 50L reaction flask under N2 

was added 3-{3-ferf-butylsulfanyl-5-hydroxy-i-[4-(4,4,5,5-tetramethyl-[l,3,2]dioxai)orolan-2-

20 yl)-benzyl]-ljE7-indol-2-yl)-2,2-dimethyl-propioiiic acid ethyl ester (1652.19g), 5-bromo-2-

ethoxypyridine (650.30g), and potassium carbonate (605.03 g). The mixture was sparged with N2 

for 30 minutes to remove dissolved O2, and then tetrakis(triphenylphosphine)palladium(0) 
(59.15g) was added, and the reaction mixture was heated to 65-85°C over 2 hours and stirred at 

65-85°C under N2 for 19 hours. Once no starting material was seen by tic analysis, the reaction 

25 was cooled to 40°C and H2O (6.6L) was added. EtOAc (6.6L) was added, and the mixture was 

agitated for 20 minutes and then allowed to separate over 1.5 hours. The aqueous layer was 

separated, and additional H20 (6.6L) was added to the organic layer. The mixture was agitated 
for 2 minutes and then allowed to separate over 1 hour, with additional EtOAc (1.4L) added to 
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facilitate phase separation. The aqueous layer was separated, and the two aqueous layers were 

combined. EtOAc (5.0L) was added to tbe 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 

5 (446.43g). The mixture was stirred for 17 hours at room temperature, and then filtered through a 

1-2" pad of Celite. The reaction flask was rinsed twice with EtOAc (1.25L) and filtered through 

the pad of Celite, and the filtrate was concentrated to give the crude material. MTBE (8.2L) was 

added to the solids, and the mixture was agitated for 1.5 hours and filtered. The flask was rinsed 

with MTBE (1L) three times and then filtered through the filter cake. The isolated solids were 

10 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-te; ?-ButyIsulfanyl-l-[4-(6-ethoxy-pyridhi-3-yl)-benzylJ-5-(5-
methyl-pyridiu-2-ylmethoxy)-1/y-indoI-2-yll-2,2-dimethyl-propionic acid etliyl ester 

[00582] 3-{3-/ert-Butylsulfanyl-l-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-hydroxy-l//-indol-2-yl}-

15 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 to 70~80°C over 2 hours. After heating at 70-80°C for 4 hours, 

no starting material was seen by tic analysis, and the mixture was cooled to 55°C and 

20 concentrated. The residue was dissolved in CH2CI2 (2L) and H2O (2L) and transferred to a flask 

containing C1I2C12 (4L) and H2O (4L). The original flask was rinsed twice with CH2CI2 (2L) and 

H20 (2L), and the combined material was then diluted with an additional 3L of CHjCLand 6L 

H20 to a total volume of 13L CH2Cl2and 16L H20. The mixture was agitated for 10 minutes and 

allowed to separate over 10 minutes. The organic layer was separated, and additional CH2CI2 

25 (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 CH2CI2 (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 diying oven at 45°C under vacuum for 2 days to give the desired product 

(1459.4g). 

Step 3-7: Synthesis of 3-[3-terf-Butyl$ulfanyl-l-[4-(6-ethoxy-pyridm-3-yl)-benzyl]-5-(5-

metliyl-pyridin-2-ylmethoxy)-Lf/-ixidoT2-yl]-2,2-dimethyl-propionic acid, sodium salt 

(00583] 3-[3-fer/-Butylsulfanyl-l-[4-(6-et.hoxy-pyridin-3-yl)-benzyl]~5-(5-methyl-pyridin-2-

ylmethoxy)-177-indol-2-yl]-2>2-dimethyl-propionic acid ethyl ester (1298.9g) was dissolved in 
EtOH (5.2L) and THF (2.6L) in a 50L reaction flask. 50% Sodium hydroxide solution (148.48g) 
was added, and the mixture was 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 tic to determine whether starting material was 

still present. 50% Sodium hydroxide solution was added in -1% increments until the reaction 

was complete by tic 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-ferr-ButylsulfanyI-l-[4-(6~ethoxy-pyridin-3-yl)-

benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)-l//-iiidol-2-yl]-2,2-dimethyl-propionic acid, 

sodium salt 
100584] MTBE (10.6L) was filtered through a 1 micron filter membrane into a 50L reaction flask. 

3-[3-fer/-Butylsulfany!-l-[4-(6-ethoxy-pyridin-3-yl)~benzyl]-5-(5-methyl-pyridin-2-ylmethoxy)-

l/f-indol-2-yl]-2,2-dimethyl-propionic acid, sodium salt (1324.3g) was added, and the mixture 

was heated to 53-55"C for 5 hours with stirring. The solids were then isolated by filtration and 

dried under vacuum at room temperature for 5 days to give the product (1161.4g) as Form C. 

Polymorphs of sodium 3-[3-(tert-butylsulfanyl)-l-[4-((>-ethoxy-pyridiii-3-yl)beiizylJ-5-(5-

methyl-pyridin-2-yl-methoxy)-XII-lndol-2-yl]-2,2-dimethyl-propionate 

/-O 

ONa 
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[00585] 3-[3-/e?'f-Butylsulfanyl-l-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyI-pyridin-2-
ylmethoxy)-l//-indol-2-yl]-2,2-dimethyl-propionic acid, sodium salt is a white to off-white 

crystalline powder with pKa values of 3.45,4.71, and 5.82 and a log POAV of 5.9. At least three 

polymorphic forms have been characterized, which are labeled as Amorphous Phase A, 

5 crystalline Form B (solvated) and crystalline Form C (desolvated). Form C is physically and 

chemically stable, crystalline, non-hygroscopic, and desolvated. In one aspect, Polymorph Form 

B and Polymorph Form C are obtained by crystal formation (whether by a crystallization, solid-

to-solid transformation or crystalline inter-conversion) from methyl tert-butyl ether (MTBE). 

[00586] Form B is obtained from MTBE solutions wherein a protic co-solvent (such as for 

10 example H2O or EtOH) is also present during the crystal formation (whether by a crystallization, 

solid-to-solid transformation or crystalline inter-conversion) event. In one aspect, the protic co-

solvent is present in the MTBE solvent. In other aspects, the protic co-solvent is carried forward 

from the hydrolysis reaction (i.e. hydrolysis of the ester). 
[00587] Form C is obtained by ensuring removal (dehydration) of any protic co-solvents during 

15 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). 
|00588j In the event that form B is formed during the final crystal formation event, form B can be 

converted to fonn C through the suspension/heating in anhydrous MTBE (with the crystalline 

20 inter-conversion presumably proceeding through a process of dehydration). 

Preparation of sodium 3-[3-(tert-butyIsulfanyl)-l-[4-(6-ethoxy-pyridin-3-yI)benzyl)-5-(5-

methyl-pyridin-2"yl-methoxy)-lH-mdol-2-yl]-2,2-dimethyl-propionate, Form B: 
[00589J 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 

25 after about an hour. Both the XRPD pattern and the DSC thermogram of the isolated crystals 
matched that of crystalline form B. 

Amorphous Phase A. 

[00590] Amorphous Phase A is chemically stable, amorphous and hygroscopic. Hygroscopicity 

was assessed by GVS, and the amorphous material adsorbed more than 20% of water at 90%RH. 

30 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 

[0059l| Polymorph Form B is crystalline, solvated with MTBE and HjO, and is physically and 

chcmically stable. The melting point range for Form B is 130-170°C. The DSC for Form B 

35 showed a phase change to a more stable form. Form B converts to Form C upon heating. GVS 



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 

5 40DC/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% 

water at 90% relative humidity and is, therefore, considered to be nonhygroscopic. Fonn C did 

not show any weight loss in the TGA prior to degradation and only a melt in the DSC 

thermogram. 

10 [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 materia] (amorphous 
batch) in the corresponding solvent system, assisted by controlled heating. The samples were 

15 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 
Solvent 
System 

Comment! 

Methanol 200/;.l Amorphous formed by evaporation of solvent 
Ethanol 200/4 Amorphous formed by evaporation of solvent 

Isopropanol 200/i) Crystalline material: XRPD correlates to Fonn B 
Dimethylsulfoxide 200/d Crystalline material 

methanol/water 200jil Very tine particles 
ethanol/water 200^4 Very fine particles 

tsopropano 1/w a ter ZOO/xl Very fine particles 
Acetone/water 200jt.il amorphous 

Acetonitrile- 200/d Crystalline material formed by evaporation of 
solvent: 
XRPD correlates to Fonn C 

acetoni tril e/water 200/'.! amorphous formed by evapouratioh of solvent 

jO«5!3<i| Crystals obtained from acetonitrile have art XRPD pattern which correlates with the 

XRPD pattern of Form C The crystals obtained from isopropanol or dimethyisulfcxide 

S showed.different crystalline patterns. The crystals obtained from isopropanol have an 
XRPD pattern which correlates with the XRPD pattern for Form B. The DSC thermograms 

for both materials also match. 
Example 3; Amorphous potassium 3-13-1 terf-butvlsulfimvtVl-14-(6-i'tiii)Xv-tmidiii--3-

vl)benzyH-5-fS-methvl-pvridin-2-vl-methoxyHH-mdol-2-vlil-2,2-dimeth-vt-prpiMonatc 

1 o j00597j Compoiind 1 (1.03 g, 1.62mmo1) was suspended in ethanol (20niL) Lo which IN 

potassium hydroxide (l.JStwLy 1.62mmol) was added and the solution stirred .for i hoar. 

The sol vent was then evaporated and tbe residue dissolved, in water, frozen rapidly and 

tyophifeed until dry. 
Example 4: Amorphous 3-!3-ft<:rt-initvlstilfn)ivi)-I-l4-t6-fcthoxv-[>vridin-3-vliben/vi|-5-

15 (5~meiin'i-pvridiii-2-vi-»ieThoxvKtH-iftriot'2-vil-2,2-dimcUivl-uro})rio«ie acid choline 

salt 

100598) Compound .1 (1.05g, l,64mmoi) was dissolved in ethanol (20mL) to which a 20% 

(by weight) solution of choline hydroxide (0.97mL, 1.64mmol) was added and the 

suspension stirred for 1 hour. The solvent was evaporated and the residue dissolved in 

20 water, frozen rapidly and lyophilizcd xinti I dry. 

Example 5: Ion Chromatography (IC) 

100590] Data were collected on a Metrohm 861 Advanced Compact IC using IC Net 

software v2,3. Samples were prepared as 'lOOOppm stocks in water. Where sample solubility 
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was low, a suitable solvent such as dimethylsulfoxide was used; Samples were diluted to 

50ppm or lQOppm 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. Ion Chromatography (IC) conditions 

Type of method Cation exchange 

Column: Metrosep C 2 - 250 (4.0 x 250 
mm) 

Column Temperature 
(°C): Ambient 

Injection (pi): 20 
Detection: Conductivity detector 
Flow Rate (ml.tnin"'): 1.0 
Eluent: 4.0mM Tartaric acid. 

0.75mM Dipieolinic acid in 
water 

[OQ<iOO| The stoichiometry of the sodium salts was determined by ion chromatography to be 

about 1; 1. 
Example 6: Thermodynamic AQUEOUS Solubility by IIPLC 

(006011 Aqueous solubility was determined by suspending sufficient compound in water to 

give a maximum final concentration of SlOrngJid"1 of the parent free-form, of the 

compound. The suspension was equilibrated at 25f'C for 24 hours then the pH was 

measured. The suspension was then filtered through a glass fibre C filter into a 96 well 
plate. The filtrate was then diluted by a factor of 101. Quantitation was by HPLC with 

reference to a standard solution of approximately 0. ] nignnl'1 in DMSO. Different volumes 

of the standard, diluted and undiluted sample solutions were injected. Hie solubility was 

calculated using the peak areas determined by integration of the peak found at the same 

retention time as the principal peak in the stand aid injection. 

|0(Ki02] The HPLC protocol is set forth in Table 3. 

Table 3. Experimental conditions for Thermodynamic Aqueous Solubility by HPLC 

Type of method: Reverse phase with gradieni 
elution 

Column: Phenomenex Luna, C18 (2) 5pm 
50 x 4.6mm 

Column Temperature (°C): 25 
Standard Injections (pi): 1,2,3,5,7, 10 
Test Injections (pi): 1,2,3,10,20, 50 
Detection: 
Wavelength. Bandwidth (nm): 260,80 
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Flow Rate (ml.min*1): 2 
Phase A: 0.1 % TFA in water 
Phase 11: 0.085% TFA in acetonitrile 
Timetable: Time 

(mill) 
% Phase 

A % Phase B 

0.0 95 5 
1.0 80 20 
2.3 5 95 
3.3 5 95 
3.5 95 5 
4.4 95 5 

}00603| Analysis was performed on an Agilent BP! 100 series system equipped with a diode 

array detector and vising ChemStation software vB.02.01-SRl. 
[00604] The results of the determination of the thermodynamic solubility of the three 

samples are shown in Table 4. 

Table 4: Results of aqueous solubility determination 

Sample Compound 2 
Phase A 

Compound 2 
Form C 

Appearance of mixture 
after equilibration for 24 hours Suspension Solution 

pH of unfiltered saturated solution 9.14 9.57 
Concentration of filtrate 
(as tltg-'mL of free base) >10 >10 

100605] The solubility in water for both batches of Compound 2 is greater than lOmg.ml" . 

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

Example 7: Solubility vs. nil 
10 (00606) A study of solubility of Compound 2 at different values of pH was carried out. 

Suspensions were made up in 0.15M sodium chloride (aqueous) and the pH adjusted to the 

appropriate value with either diluted hydrochloric acid or sodium hydroxide, to ensure that 

different salt forms with different solubilities are not produced in solution. The suspension 

was then allowed to equilibrate for 2b, and the pH was checked and re-adjusted if required. 

15 [00607] The pH of the resultant solution was measured, and the solubility was calculated by 

MPLC-UV assay of the compound concentration in solution. 

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

pH Concentration 
(ing/ml) 

1.1 0.026 
3.8 <0.0001 
6.9 0.0007 
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[0060S] 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 pB is very acidic: (pH 1-2) the mildly 

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

5 not as much as expected- At basic pH (pH > 8) solubility starts increasing markedly, to 

reach its peak atpH greater than 1.0, when only the corresponding sodium carboxylate is 

present in the solution. 

Example 8: Solubility Profile in Common Organic Solvents 

[00609] Table 6 provides solubility data for Compound 2 in various organic solvents. 

1.0 Table 6: Solubility Profile in Common Organic Solvents 

Solvent Solubility, mg/mL at 
25 PC 

Isopropanol 0.2 
Acetonitrile <0.01 

Ethanol 109 
0.5% 

Methylcellulose/Water 
10 

Methanol 129 

[006X0] Compound 2 is very soluble in methanol and ethanol and sparingly soluble in 

acetonitrile and isopropanol. 

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

15 [00611 ] X-Ray powder diffraction patterns were collected on a Siemens D5000 or Bruker 

AXS C2 GADDS diffractometer. 

[00612J X-Ray powder diffraction patters collected on a Siemens D5000 use Cu Ka 

radiation (40kV, 40mA), 6-8 goniometer, divergence of V20 and receiving slits, a graphite 

secondary monochromator, and a scintillation counter. The instrument was performance 

20 checked using a certified Corundum standard (NIST 1976). Samples run under ambient 

conditions were prepared as flat plate specimens. Approximately 35mg of sample was 

gently packed into a cavity cut into polished, zero-background (510) silicon wafer. The 

sample was rotated in its own plane during analysis. The details of the data collection are: 
(1) angular range: 2 to 42°20; step size; O.O5°20; collection time 4 s/step. 

25 [00613] X-Ray powder diffraction patterns obtained on a Broker AXS C2 GADDS 

diffractometer use Cu Ka radiation (40kV, 40mA), automated XYZ stage, laser video 



microscope for auto-sample positioning and a HiStar 2-ditnentlohal area detector. X-ray 

optics consists of a single Gobei multilayer mirror coupled with a pinhole collimator of 

0.3mm. The beam divergence, i.e.f tile effective size of the X-ray beam on a sample of 

Compound 2 was approximately 4mm. A 9-6 continuous scan .mode was employed with a 

sample - detector distance of 20cm which gives an effective 20 range of 3.2°-29;70'. 

Typically the sample was exposed to the X-ray beam for 120 seconds, Samples rmr under 

ambient conditions: were mounted as flate plate specimens. Approxi mately 1 -2mg of sample 

was lightly pressed on a glass slide to obtain a flat surface. Samples run. under non-ambient 

conditions were mounted on a silicon wafer with heat-conducting compound. The sample 

was then heated to the appropriate temperature at about 10° C/min and subsequently held 

isothermal!y for about 1 minute before data collection was initiated. 

(00614| The X-Ray powder diffraction pattern for Polymorph Form G is displayed in Figure 

1 and characteristic peaks were tabulated in Table 7. 

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

Aimfe 2-Theta ® Intensity % 
15.6 42.7 
16.6 43.3 
17.2 69 
17.8 42.6 
18.4 49.2 
19.1 too 
19.8 40.5 
20.8 91.6 
23 J 47,8 
23.8 59.2 

i006!51 The X-Ray powder diffraction pattern for Polymorph Fonn B is displayed in Figure 
2 and characteristic- peaks were tabulated in Table 8. 

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

Angle 2-Theta43 Intensity % 
6.6 68.5 
S.l 100 
19.7 65,1 
20,3 42.2 
21.0 47,4 
21.9 49.6 
22.1 51,4 
25.0 38.9 

124 



[00616) XRPD patterns of crystals obtained from isopropanol (IP A), dimethytsulfoxide 

(DM'SO) and acetonitrile (MeCN) are shown in Figure 4. Crystals obtained from acetonitrile 

have an XRPD pattern which correlates with polymorph Form C. The crystals obtained 

from isopropanol or dimthylsulfoxide showed different crystalline patterns. The crystals 

5 obtained from isopropanol have an XRPD pattern which correlates with the XRPD pattern 

for polymorph Form B, The DSC thermograms for both materials also match. 

Variable Temperature XRPD 

[00617) To investigate the possibility of aphase change occurring with the amorphous 

material when heated, VT-XRPD was conducted. The temperatures at which the XRPD 

10 patterns were collected were chosen based on the events observed iii the DSC experiment. 

Figure 8 shows the variable temperature XRPD for Amorphous Phase A. The material 

remains amorphous al temperatures below 180"C. However, at higher temperatures, the 

material shows a crystalline pattern until it melts, when it becomes amorphous again. 

[00618) Figure 9 shows a comparison of XRPD of Amorphous Phase A at high temperatures 
15 with XRPD of Form C. The new crystalline, 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 due to a 

difference in the lattice of the crystal due to thermal expansion. 

[00619) Based on the observations from the DSC thermogram (see below), an investigation 

into whether a phase change from Form B to Form C was occurring was investigated using 

20 VT-XRPD experiments. 

100620) Figure 10 shows the VT-XRPD of polymorph Fomi B, Form B is stable at low 

temperatures. Between 130 and 170X, aphase change starts occurring. This new crystalline 

form is stable until it melts at around 300"C, Then, on cooling, the material re-crystallises to 

produce Form C albeit with lower crystallinity, most likely due to some decomposition 

25 occurring. 

[0062l| Figure 11. shows the comparison of the VT-XRPD for Fomi B with Form C. Form 

B transforms to Form C Upon heating. At 180'C, there is still a mixture of 2 forms, and only 

above this temperature is there only one fonn (Form C). This is consistent with the 

observations extracted from the DSC thermogram for Form B. 

30 Example 10; One Week Stability a I 40°C & 75%.R*I 

]00622| One week stability study of Amorphous Phase A at 40CC and 75%RH is shown in 

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

indicating that no phase change has occurred to a hydrate or otherwise. 
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J00623} One week stability study of polymorph Fonn C at 40'C and 75%RH is shown in 

Figure 7. The crystalline pattern for polymorph Form C remains unchanged after a week in 

the humidity chamber. 

Example 11: Differential Scanning Calorimetry (DSO and Thcrmo-Gravimetric 

5 Analysis (TGA) 

I0G624] DSC dala were collected on a TA Instruments Q1000 or a Mettler DSC 823e. DSC 

data were collected on a TA Instruments Q1000 equipped with a 50 position auto-sampler. 

The instrument was calibrated for energy and temperature calibration using certified 

indium. Typically 0.5-3 mg of each sample, in a piii-holed aluminium pan, was heated at 

10 10'C.min"1 from 2S°C to S'SOfC A nitrogen purge at 5'0ml.min~: was maintained over die 

sample. The instrument control software was Thermal Advantage v4.6,6 and the data were 

analysed using Universal Analysis v4,3A. 
100625) DSC data Were collected on a Mettler DSC 823e equipped with a 50 position auto-

sampler. The instrument was calibrated for energy and temperature using certified indium. 
15 Typically 0.5-3mg of each sample, in a pin-holed aluminium pan, was heated at 10°C,min~' 

from 25°C to 350°C. A nitrogen purge at 50ml.mirf! was maintained over the sample. The 

instrument control and data analysis software was STARe v9.01. 

[00626| TGA data were collected on a Mettler TGA'SDTA 851 e equipped with a 34 position 

auto-sampler. Hie instrument was temperature calibrated using certified indium, Typically 

20 5--30mg of each sample was loaded onto a pre-weighed aluminium crucible and was heated 

at 10'C.min"5 from ambient temperature to 350°C. A nitrogen purge- at SOmtmm1 was 

maintained over the sample. The instrument control and data analysis software was STARe 

v9.0 3. 

Amorphous Phase A 

25 [00627) Figure 12 shows the TGA (top) and DSC (bottom) thermograms for Amojphous 

Phase A, Amorphous Phase A shows a weight loss of 4.6% at low temperatures. The 

compound is otherwise stable up to temperatures above 300'C. In the DSC, three 

endothennic events: are observed and one exothermic phase change. The first event, 

occurring at 35°C is associated with the weight loss observed in the TGA. There is another 

:\o small endotherm at 126"C followedby an exotherm at 212'C, which likely corresponds to a 

phase change of the material. The compound then melts ai 295'C. These observations ate 

consistent with what was observed by hot-stage microscopy. The DSC experiment showed a 
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phase change to the triors stable crystalline form. This point was later confirmed by variable 

temperature XRPD experiments, and it was further illustrated by hot-stage microscopy. 

(006281 Figure 13 shows a modulated DSC thermogram for Amorphous Phase A. lit order to 

measure tbe glass transition temperature of the amorphous form, a modulated DSC 

5 experiment was carried out. T6 was estimated to be 127°C (coincidental with the weak 

endothenn observed in tire standard DSC experiment). Another step in the thermogram 

(phase change) is observed and die corresponding melt. These two events also correlate 

with the ones observed in the standard DSC experiment. 

Polymorph Form B 
10 [00629) Figure 14 shows tire results of TGA (top) and DSO (bottom) experiments for 

polymorph Fonn 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, 

tire presence of moisture cannot be ruled out. After this, the weight remains constant until 

the temperature is above 31CTC, when decomposition starts. There are some fluctuations on 

IS tire baseline of the DSC which correlate with the weight losses observed in the TGA. Three 

more significant events can also be observed. Firstly, a weak endothenn (Onset at I-58'C). 

immediately followed by an exo therm (onset at 173"C), a phase change and re-

erystaliisatipii to a new fonn. There is also an endothermic event at 297*C» Which correlates 

with the melt of the previous crystalline batch. 

20 Polymorph Form C 
1006301 Figure 15 shows TGA (top) and DSC (bottom) thermograms for polymorph Form C. 

"No significant weight loss is observed in the TGA. experiment for polymorph Form C, The 

compound starts decomposing at temperatures above 30Q"C, No events are observed in the 

DSC thermogram other than a melt at 295 "C. 

25 Examnle 12: Polarised Light Microscopy (PLM) 
[00631 j Samples were studied on a Leica LM/DM polarised light microscope with a digital 

video camera for image capture. A small amount of each sample was placed on a glass 

slide, mounted in immersion oil mrd covered with a glass slip, the individual particles being 

separated as well as possible. The sample was vie.w:ed with appropriate magnification and 

30 partially polarised light, coupled to a X false-colour filter. 

[00632] Polarised light microscopy showed vary clear differences between Amorphous 

Phase A and polymorph Form C. Amorphous Phase A shows no birefringence at all, which 

is consistent with the amorphous character of this material. Particles of this material come in 
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different shapes and sizes. Form C appears as clusters of needles of about 40pm in 

diameter. There are, however, some amorphous particles, although the crystalline material 

constitutes the bulk of this batch. 

Example 13: Hot Stage Microscopy (IISM") 

5 I00633J Hot vStage Microscopy was carried out using a Leica LM/DM polarised light 

microscope combined with a Met.tler-ToledoMTFP82HT hot-stage and a digital video 

camera for image capture. A small amount of each sample was placed onto a glass slide 

with individual particles separated as well as possible The sample was viewed with 

appropriate magnification and partially polarised light, coupled to a X false-colour filter, 

10 whilst being heated from ambient temperature typically at l0-20lC.min~1. 

100634] 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; ai 200"C a re-crystallisation occurs. The new crystals start melting 

at around 288'C and by 29S°C the material has melted and starts decomposing. 
15 [00635] Form C only shows a single major event. The particles start melting at temperatures 

just above 290"C and by 295'C all of them have melted, and start decomposing. 

flxumple 14: Gravimetric Vapour Sorption (GVS1) 

[00636] Sorption isotherms were obtained using a Hiden JGASorp moisture sorption 

analyser, controlled by CFRSorp software. The sample temperature was maintained at 25°C 

20 by a Huber re-circulating water bath. The humidity was controlled by mixing streams of dry 
and wet nitrogen, with a total flow rate of 250ml. mill"'. The relative humidity was 
measured by a calibrated Vaisaia RH probe (dynamic range of 0-95 %RH), located near the 

sample. The weight change, (mass relaxation) of the sample as a function of %RH was 

constantly monitored by the microbalajtce (accuracy ±0.00 Img). 

25 [00637] Typically 10-20mg of sample was placed in a tared mesh stainless steel basket under 

ambient conditions. The sample was loaded and unloaded at 40 %RH and 25°C (typical 

room conditions). 
(00638) A moisture sorption isotherm was performed as outlined below (2 scans giving 1 
complete cycle)* Tbe standard isotherm was performed at 25°C at 10 %RH intervals over a 

30 0-90%RH range. 

Table 9. Gravimetric Vapour Sorption (GVS) Experimental conditions 

Parameters Values 
Adsorption - Scan ! 40 - 90 

Desorption! Adsorption - Scan 2 85 - Dry, Dry - 40 
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Parameters Values 
Intervals (%RH) 10 
Number of Scans 2 

Flow rate (ml.min*1) 250 
Temperature PC) 25 

Stability ("C.min"') 0.05 
Minimum Soiption Time (hours) 1 
Maximum Sorption Time (hours) 4 

Mode AF2 
Accuracy (%) 9S 

{006391 The software uses a least' squares minimisation 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 software, before the next %RH value is selected. 

The minimum equilibration time was set to 1 hour and the maximum to 4 hours, 

5 Amorphous Phase A 
[00640] Figure 1 6 shows the GVS diagram for Amorphous Phase A. Amorphous Phase A is 

a hygroscopic material, taking up to more than 22% of water at 90%RH alter a: Cull 

sorplion/desorption cycle. No changes were observed in the XRPD patterns for Amorphous 

Phase A after the GVS experiment, 

10 Polymorph Form B 
1006411 Figure 17 shows the GVS diagram for polymorph Fonn B. Polymorph FomiB is a 

hygroscopic material, taking up to more than 30% of water -at 90%RH after a full 

sorption/desorption cycle. It Is even more hygroscopic than the amorphous material. The 

analysis of the material by XRPD (see Figure 6), after the Ml sorption/desorption cycle 

15 shows that it becomes almost totally amorphous, although some peaks from the original 

fonn can be identified. 

Polymorph Form C 
{00642] Figure 18 shows the GVS diagram for Form C. The crystalline form, polymorph 

Fonn C, is significantly less hygroscopic than the amorphous material, taken up to only 

20 8,2% of water at 90%RH, No. changes were observed in the XRPD patterns for polymorph 

Fonn C after the GVS experiment. 

Example 35: Water Determination bv Karl Fischer (KF) 
j00643] The water content of each sample was measured on a Mettler Toledo DL39 

Coulomeler using Hydranal Coulomat AG reagent and an argon purge. Weighed solid 

25 samples were introduced into the vessel on a platinum TGA pan which was connected to a 
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subaseal to avoid water ingress, Approx 10 mg of sample was used per titration and 

duplicate detemiinatjons were made., 

[00644] The content of water in the amorphous material (Amorphous Phase A) was 

determined to be about 5.1% by Couiometric Karl Fisher analysis. This result could explain 

5 the weight loss of 4.6% observed in the TGA experiment. 

[00645] The. content of water in polymorph Fonn C was determ ined to be less than. 1% by 

Couiometric Karl Fisher analysis. The content of water in polymorph Form C was 

determined to be a detectable amount that is less than 1% by Couiometric Karl Fisher 

analysis. The content of water in polymorph Fomi C was determined to be about 0.54%., 

SO about 0-56%, or about 0.85% by Couiometric Karl Fisher analysis. 

'Example .16: Chemical 1'uritv Determination by HPLC 
[00646] Purity analysis was performed on an Agilent HP 1100 series system equipped with a 

diode array detector and using ChemStation software vB.02.01-SRl. 
[00647] The stability indicating method used for the determination of Compound 1 content 

15 and content of drug-related impurities is a gradient, reversed phase HPLC method utilizing a 

Waters 150 x 4.6mm 3.5/xm C8 column for separation. The mobile phase is a binary 

gradient starting with 70% mobile Phase A (0.1 % trifluoroacetioacid in water) changing to 

=30% mobile Phase A, Mobile Phase B consists of 0.1% trilluoroacetic acid in acetonitrile. 

The sample for analysis is dissolved at a nominal concentration of 0.2mg/mL in Methanol, 

20 and the injection volume (or the separation is lOjxl. Detection of the Compound 1 and its 

related substances is by UV at a wavelength of 260nm. 
100648} The specificity, accuracy, 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 to be linear from a concentration of 0,02mg/mL 

25 (10% of nominal) to 0.30mg/m.L (-120% of nominal). The accuracy of the method was 

established by injecting samples prepared at 80%, 190%, and 120% of the nominal 

concentration of 0.2mg/mL, The results from the accuracy study showed all recoveries to be 

within 80-120% of theoretical. 
|00649[ The stability indicating ability of the method was investigated by injecting samples 

30 of Compound 2 forcibly degraded under conditions of add (0.1N hydrochloric acid), base 

(0.1N sodium hydroxide), oxidation (10% hydrogen peroxide), and high intensity light (1CH 

Photestability conditions II). Samples were degraded by a minimum of 10%. No degradant 

peaks were found to interfere with the main Compound 1 band in the HPLC 

130 



chromatograms, Therefore, the method demonstrated adequate specificity for use as a 

stability radicating method. 

[006501 The results of the method validation show the method to be suitable for use in 

release testing and stability testing of Compound 1, or pharmaceutical! y acceptable salts 

5 and/or solvates thereof. 

[00651) Some related impurities hi samples containing Compound 2 include, but'are not 

limited to, the following; 

10 [00652) The total amount of impurities (based on HPLC area) is less than 4%, less than 

3.5%, less than 3%, less than 2.5%. less than 2%, less than 1.5%, less than .1 %, or less than 

[00653) A sample of Compound 2 described herein has a purity (based on HPLC area) 

greater than 95%, greater than 96%, greater than 97%, greater than 98%, greater than 

15 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 detect trace amounts of solvents used 

in the synthesis that may be present in the API. The analysis is perfonned via headspace or 

direct injection analysis using a gas chroma to graph equipped with a flame- ionization 

20 detector (FID), All residual solvents used in the- synthesis are capable of being detected by 

this method. 

/"O 

0.5%, 
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1006551 Potential residua! solvents include ethanoh acetonitrile, dichloroniethane, raethyl-

tert--butyl-ether (MTBE), ethyl acetate, tetrahydrofurmi, 1.2-dimetftoxyethanc. 

Table 10. Residual Solvents by GC Headspace 

Residual Solvent Amount (ppm) 

J ,2-dimethoxyethane <1 OOppm 

Ethyl acetate <41 Oppm 

THE £720ppm 

diehloromethane sSOOppm 

ethanol <5000ppm 

MTBE <5000ppm 

5 Example 17: Heavy Metals (I'd) bv ICP-AES 
(00656] Trace palladium (Pd) resulting from the: use of catalytic amounts of Pd in tbe 

synthesis is assayed by inductively coupled plasma atomic emission spectrometry (TCP-
AES). Pd content by ICP-ABS is a detectable amount Of palladium that is less than about 

20ppm. Pd content by ICP-AES is less than about 20ppm. Pd content by ICP-AES is a 

10 detectable amount of palladium that is less than about 20ppm, less than about 15 ppm, less 

than about lOppffi, less than about 9ppm, less than about 8ppm, less than about 7ppm, less 

than about 6ppm, or less than about 5ppm. Pd content by ICP-AES is bss titan about 20 

ppm, less than about 15ppm. less than about lOppm, less than about 9ppm, less than about 

8pp.m, less than about 7ppm, less than about 6ppm, or less than about 5ppm. Pd content by 

15 3CP-AES is about lOppm, about 6ppm, about Sppm, about 4ppm, about 3ppm, about 2ppm, 
or about lppm. In one aspect, samples or pharmaceutical compositions do not include a 

detectable amount of palladium. 

Example 18: Heavy Mctstls (as Lead) 

[ii0657| This test is performed according to OSP<23I> Method II. 

20 Example 19: IR Spectroscopy of Form C 

[00658| A Nicolet Model 51OM-O infrared spectrophotometer equipped with a Hartick 

internal reflectance nanosampler was used. A small portion of the sample was placed on the 

internal reflectance nanosampler and a background corrected spectrum from 400cm'1 to 

4'OOOcm"1 was collected, 

25 Table 11. Infrared Vibrational Assignments for Form C 

Wavenumber (cm-1) _} Vibrational Assignment 
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W aven umber (c m-1) Vibrational Assignment 
2968, 2935,2893, 2866 Aliphatic C-H stretch 

1604 Aromatic ring breathing 
1563 C02-, asymmetric stretch 
1369 C02-, symmetric stretch 

1414(1473) Aromatic ring breathing 
1285 C-O-C stretch, aikyl-aryl ether 

815,796 C-il out of plane deformation, p-substituted benzene or 
pyridine 

Example 20: FLAP Binding Assays 

100659] Compound 2 was examined for its ability to bind human FLAP using a membrane-

binding assay. Tile affinity of Compound 2 for hitman FL AP was assessed using 

5 membranes from human polymorphonuclear leukocytes and tritiated leukotriene synthesis 

inhibitor, '1H~3-[5-'(pyrid-2-ylmethoxy)-3-ter^butylthio-l-benzyl~indoi-2-yl]-2,2-

dimethylpropionic acid, as a iigand. A non-limiting example of such a FLAP binding assay 

is as follows; 

100660] Packed human polymorphonuclear cell pellets (1.8 x 109 cells) (Biological 

i6 Speciality Corporation) were resuspendcd, lysed and 10Q,OOOg membranes prepared as 
described (Charleson et al. Mot Pharmacol, 41, 873-879. 1992). I00,000g pelleted 

membranes were resuspendcd in Tris-Tween assay buffer (1 OOmM Tris HCI pH 7.4, 

140niM NaC'l, 2mM EDTA. O.SrnM DTT, 5% glycerol 0.05% Tween 20) to yield a protein 

concentration of 50-1 OOpg/mL. 1 OpL membrane suspension was added to 96 well Millipore 

15 plate, 78pL "iris;-Tween buffer, 1 0f.lL H 3-[5-(pyrid-2-y]methoxy)-3-/e/'/-buiylthio-l-

ben?.yi-indo).'2-y)]-2,2-dimethylp.ropionic acid (or lto3 MK591 derivative Eggler et al, J. 
Labelled Compounds and Radiopharmaceuticals, 1994, vXXXIV, 1147)) to ~-30;,OOOcpm, 

2uL inhibitor and incubated for 30 minutes at room temperature. IOOUL ice-cold washed 

buffer was added to the incubation mixture. Plates were then filtered and washed 3x with 

20 200pL ice cold Tris-Tween buffer, scintillation bottoms sealed, 1 OOpL scintillarit added, 

shaken for 15 minutes then counted in a TopCount. Specific binding was determined as 

defined as total, radioactive binding minus non-specific binding in the presence of lOpM 3-

[5-(pyrid~2-yhuetho£y)-3-te>'/-butyUhio-l-benzyL.indol-2->,]]-2,2-diniethyIpropionie acid. 

iCjo values were determined using Graphpad prism analysis of drug titration curves, 

25 Compound 2 inhibited radioligand binding dose-dependently with a mean ICsrt of 2.9 ± 

LOnM. The results are set forth in Table 12. 

Table 12: Inhibition of FLAP Radioligand Binding 



c= 
• 

V; 
O

 (nM) 
Test 1 Test 2 

2.1 
Test 3 Test 4 test 5 Test 6 Test 7 Test 8 

4.9 
Test 2 

2.1 2.9 2.8 4.1 1.8 2,1 2.2 
1C30: 2.9 ± l.GnM 

Example 21: Human Blood I..TB.1 inhibition Assay 
{00661! Compound 2 was evaluated for its ability to inhibit production o£LTB+ after 

ionophore stimulation in washed human leukocytes and in human and rat whole biood, A 

5 non-limiting example of such a human blood LTB4 inhibition assay'is as follows: Blood 

was drawn from consenting human volunteers into heparinized tubes and 125j.iL aliquots 

added to wells containing 2.5pL 50% dimethylsulfoxide (vehicle) or 2.5pL drug in 50% 

dimethylsulfoxide. Samples were incubated for 15 minutes at 37°C. 2pL calcium ionophore 

A 23817 (from a 50mM dimethylsulfoxide stock diluted just prior to the assay in Hanks 

Ip balanced salt solution (Invitrogen)) to 1.25 mM) was added, solutions mixed and incubated 

for 30 minutes at 37°C. Samples were centrifuged at 1,000 ipm (-200 x g) fox 10 minutes at 

4°C, plasma removed and 3 1:100 dilution assayed for LTB4 'concentration using ELK A 

(Assay Designs). Drag concentrations to achieve 50% inhibition (ICSO's) of vehicle LTB4 

were determined by nonlinear regression (Graphpad Prism) of % inhibition versus log drug 
,15 concentration. The results from the human leukocytes assay are set forth in Table 13. 

Table 13: Inhibition of LTB^ in Washed Human Leukocytes 

Inhibitor Concentration (nM) 
1 Test 1 Test 2 Test 3 | Test 4 

IC 50 1 0.49 0.87 0.22 ! 0.17 
ICW j 0.77 1.03 0.46 | 0.41 

ICJO 0.44 £ 0.28nlvl 

|()0662) The results from the human whole blood assay arc set forth in Table 14 

Table 14: Inhibition of LTB4 in Human Whole Blood 

Inhibitory Concentration (u M) 
Test 1 j Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 

IC,„ . 0.552 i 0.645 0.563 0.410 0,642 0.482 0.310~t~ 0.444 

ICya 
KM: ).506 0.109jiM 

ICya 3.44 1.22 1,55 0.81 1.05 j 0.79 j 0,36 f 1.24 
ICM: 1.31 ±0.87nM 

[00663) The results from the rat whole blood assay are set forth in Table 15 

Table 15: Inhibition of LTB,j in Rat Whole Blood 

I Inhibitory Concentration ((iM) 
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Test I Test 2 Test 3 Test 4 Test 5 
iCso 0.302 0.160 0.380 0.212 0.1.41 

IC5o: 0.239 ± O.OSClpM 
ICf/o 6.00 0.331 0.705 0.688 0.422 

!0»: 1.63 ± 2,19MM 

Example 22: Identification of Metabolic Pathways 
[00664j The metabolic profile of Compound 2 was investigated using: (1) rat, dog, monkey, 

and human hepatic microsomes; (2) rat and human hepatocytes; and (3) bile collected from 

5 Sprague-Dawley rats alter oral dosing. 
[00665] In vitro microsomal incubations generates hydroxylated metabolites, which include: 

a) hydroxylated 3-[3-^w-biitylsulfany!-l-[4-f6-ethoxy-p>Tidin-3-yl)-benzyl]-5-(5-methyl-

pyddm-2-y.imethoxy)-lH-indoi-2-yl]-2)2-dimethyl-pfOpionic acid (Ml); b) 3~[3~te.rt-

butylsu1Fii3yl-l-[4-(6-etlicxy-pyrid.in-3-yl)-benzy]]-5-(5-methyl-pyi"idin-2-yhne(hoxy)-lH-

10 indol-2-yl]-2,2-dimethyi-propionic acid (M2);: and c) 3 - [ 3 -tert-buty I suit any i -1 -[4-(6-e(boxy-
pyritlin-3-yl)-berizyl]-5-(5-methy]-N-oxy-pyiidin-2-y)methoxy)-lH-indol-2-y.1]-2.2-
dirnethyl-propionic acid (M3). 

[0D666] In vitro hepatocyte incubations forms metabolites, which include: 

a) 3-[3-terM}utyIsulfmyt-1 -[4-(6-et:hoxy-pyridin-3-yl)-ben2y!]-5-(5-methyl"pyridin-2-

15 ylmethoxy)-lH-iudol-2-yl]-2,2-dimethyl-propionic acid (M2); b) 3- [3-tert-buty!sulfany 1 -1 -

[4-(6-ethoxy-pyndin-3-yJ)-ben2yl]-5-(5-methyl-N-oxy-pyridin-2-ylmethoxy)-lH-indoi-2-

yl]-2,2-dimethyl-propionic acid (M3) and c) the acyl glueonuride of 3-[3~tert-bLitylsulfanyl-

l-[4-(6-ethoxy-pyTidm-3-yl)-benzyl]-5-(5-methyl-pyridin~2-ylmethoxy)-lH-indal-2-yl]-2,2-

dimethyl-propionic acid (M4), 

20 [00667| Metabolites identified in bile collected from Sprague-Dawley rats after oral dosing 

include: 

a) 3-[3-to'?-butylsulfanyhl-[4-(6-liydroxy-pyridtn-3-yl)-benzy!]-5-(5-mediyl-pyridin-2-

ylmetboxy)-l//-indol-2-ylj-2,2-dimethyl-propio.nic acid (M5); b) a hydroxylated metabolite 

where hydroxylation occurs at the phenyl-pyridine moiety; and c) glucuronidation 

25 metabolite that was also hydroxylated. 

[00668] Rat, dog. monkey, and human microsomes or rat and human hepatocytes revealed 

similar profiles. 

Example 23: Extracellular Cytochrome P450 Inhibition 
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[00669| To investigate whether Compound 2 would likely cause any drug-drug interactions, 

microsomes were incubated test substrates, which were known to be metabolized by CYP 

enzymes, with or without Compound 2. 

[00670) Specific aspects of the incubation conditions for each assay (e.g., protein 

s concentration, incubation time, etc.) are defined in Walsky & Obach, 2004 (Walsky, R. L., 

and Obach, K. S. Validated assays for human Cytochrome P450 activities. Drug Met. Disp. 

32:647-660,2004,) ht general, microsomes at protein concentrations as defined in Tables la 

and lb were mixed with buffer (lOOmM potassium dihydrogen phosphate, pH 7,4), 

magnesium chloride (3.3mM) and substrate, and were kept on ice. Aliquots of this mixture 

10 (S9j.lL) were delivered to each well of a 96-well polypropylene plate which contained an 

aliquot of inhibitor (IpiL). Final solvent concentrations were 1% (v/v) or less, Incubations 

were commenced with the addition of iO^L (J-NADPH (IQmM stock) to a final, volume of 

lOOp-L. Incubations were terminated by the addition of 1.5-2X acetonitrile containing 

internal standard (buspirone or CM 3,610). Samples were centrifuged, and supernatant was 

15 transferred for LC-MS analysis. 
(006711 The results are presented in Table 16. 

Table 16: Lack of Extracellular Cytochrome P450 Inhibition 

Cytochrome 
P450 Enzyme 

CYP Reaction Compound 2 
ICso (ixM) 

Inhibitor Control 
(ICS0 MM)) 

3A4 testosterone 6/3-hydroxylation >40 Ketoconazole (0.01) 
3A4 midazolam 1-hydroxylation >50 Ketoconazole (0.01) 
2C9 diclofenac 4'-hydroxylation >50 Sulfaphenaz.ole (0.13) 

2C19 mep heny to in 4' -hydroxylati on >40 
(-)-N-3-benzyl-
phenobarbitai 

(2.8) 
2D6 dextromethorphan O-

deniethylation 
>50 Quinidine (0.01) 

1A2 phenacetin O-deethylation >40 Furafylline (1.90) 

[00672[ Compound 2 was not an inhibitor of P450 (CYP) enzymes according to conversion 

20 of substrates to known metabolites with and without Compound 2 in the incubation. 'No 

apparent inhibition is observed at concentrations up to and exceeding 40/xM for CYP3A4, 

1A2,2C9, 2C19, and 2D6 enzymes. 

Example 24: Lack of Cellular Cytochrome P450 Induction 

[00673] Compound 2 was not an inducer of P450 CYP3A4 or CYP2C9 in cryppreserved 

25 human hepatocytes, according to conversion of substrates to known metabolites with and 
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without Compound 2 in the incubation. Briefly, cryopreserved human hepatocytes thawed 

and plated according to the manufacturer's instructions (In Vitro Technologies, 

Gathersburg. MD). The cells were warmed and then poured into pre-warmed InVitroGRO 

CP medium, gently resuspended, and then the cells were counted using Trypan Blue 

5 exclusion. Cells were then diluted to 0.7 x If)"6 viable cells/ml with CP medium, Each well 

received 0.2ml of the viable cell mixture. The piate was gently shaken to disperse the cells 

evenly in the well, and the plate was incubated ai 37°C, 5% carbon dioxide. At 24hrs, 

medium was replaced with fresh CP medium. After 4Shrs, CP medium is replaced with HI 

medium containing Compound 2 tested at IOJA.M, and the positive control, rifampicin was 

10 tested at 25pM. Medium was replaced with fresh medium plus testarticle 24hrs later. At 

4Shrs, midazolam (50^.tM) and diclofenac (50pM) were incubated in 0.15niL ofK-H buffer 

for 4hrs. Reactions were terminated with addition of 0.15mL of acetonitrile containing 

internal standard (busptrone), material centrifuged, and supematants were transferred for 

LC-MS analysis. No apparent induction was observed for CYP3A4 and CYP2C9 when 
j5 tested at 1 OjxM (U.S. FDA Guidance for industry, "Drug Interaction Studies - Study Design, 

Data Analysis, and Implications tor Dosing and Labeling", September2006). In contrast, 

.rifampicin, a therapeutic agent known to induce C YP3A4 and CYP2C9, induced CYP3A4 

I t-fold and 2C9 2.5-fold. Figure 20 illustrates the iack of CYP3A4 and 2C9 induction by 

Compound 2, 

20 Example 25: Plasma Binding 

|00674| Compound 2(10 pM) was highly bound in rat, dog, monkey and human plasma. 

Experiments were performed using equilibrium dialysis. Table 17 summarizes such binding. 

Table 17: Plasma Binding Protein 

Species % Bound 
Rat (mixed breeds) 99.8 
Dog (mixed breeds) 99.7 

Monkey (cynomologus) 99.7 
Human 99.5 

25 Example 26: Liver Wch'iit Change in Mice 
|00675! Significant liver weight .increases were not evident in female CD-I mice after oral 

administration of Compound 2 for 4 days at 250mg/kg/day when compared with vehicle 

control (n~6/group, Table 11). Liver weight was not altered significantly (5% as compared 

to vehicle control) and necropsy revealed no gross abnormalities. In contrast, zileuton 
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(250mg/kg/day) significantly increased liver weight (31.0% as compared to vehicle control; 

P<0.05). Compound 2, ziteuton and acetaminophen (A.PAP) were prepared as uniform 

suspensions in 0.5% methyl cellulose vehicle and administered in a volumes of 1 Oml/kg of 

body weight. Mice (6/group) received either vehicle, Compound 2 (250mg/k'g), zileuton 

5' (250mg..'kg) or APAP (250rag/kg) daily for 4 days. Twenty-four hours following the final 

drug administration mice were placed into an enclosed Plexiglas chamber and exposed to 

CO2 for a period of 30 - 60 seconds or until breathing ceased. They were then removed 

subject io cervical dislocation and blood taken via a cardiac puncture. Mice were next 

placed in a supine position and a midline incision made. All organs were inspected and the 

10 li vers removed by careful dissection. Liver weights were recorded as well as any gross 

abnormalities. 

Table 18: Liver Weight After Repeat Dosing 

Substance Liver weight 
(% body weigh t) 

Vehicle 1.2 ±0.1 (4.2) 
Compound 2 1,2 ±0.1 (4.4) 

Zileuton 1.6 i-0.2 (5.5) 

HiiumiK'.euiical Compositions 
15 [006-76] Pharmaceutical compositions that include Compound 1, including pharmaceutically 

acceptable salts and/or pharmaceutically acceptable solvates thereof include a variety of 

forms, hi one aspect, pharmaceutical compositions were in the fonn of oral dosage forms. In 
one aspect, the oral dosage forms were formulated as: oral solutions, oral suspensions, 

tablets, pills, or capsules. 

20 Kxatnple 27: Oral Solutions/Suspensions 
[00677] In one embodiment, oral aqueous solutions suitable for human use were prepared for 

oral administration. In one embodiment, oral aqueous solutions were prepared prior to 

administration, 
[006781 In certain embodiments, Compound 2 was formulated into solutions suitable for oral 

25 administration to a mammal. 
J00679] Compound 2, anhydrouse sodium carbonate (Na?COj), absolute ethanol, Syrpalta™ 

(Humco), .Simple syrup (Humco), and 70% sorbitol solution (Humco) 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 

30 pfl values of about 9-10. Accordingly, provided in certain embodiments herein were 



formulations having a pH above about 5>> above about 10 or of about 10. In certain 
embodiments, the formulation was buffered at a pH of about i 0. All formulations prepared 

were sonicated for about 10 minutes. The formulations prepared were set forth in Table 19. 

Table 19: Liquid Formulations 

Vehicle Approximate 
pH 

Drug amount 
(mg/mL) Results 

0.5% Methylcellulose 3,33 Suspension 
0.010 M sodium carbonate buffer 10 I 10 Clear solution 
0.010 M sodium carbonate buffer, 
2% v/v ethanol and 0.05% splenda 10 10 Clear solution 

0.010 M sodium carbonate buffer, 
5% v/v Ethanol and 0.05% splenda 10 -10 Some undissolved solid 

remains 
0,010 M. sodium carbonate buffer, 
1% v/v Lutrol and 0.05% splenda 10 -10 Clear solution 

0.010. M sodium carbonate buffer, 
5% v/v Simple syrup 10 10 Some undissolved solid 

remains 
5 

[00680) Clear solutions remain clear after being stored for .24 hours at about 2C' C to about 8° 

C. 
[006811 Administration of the solutions outlined in Table 19 to male Spargue-Dawley rats 

resulted Tlllax of less than or equal to about. 2hrs, which indicates that Compound 2 was; 

10 rapidly absorbed in the stomach and upper gastrointestinal tract. 
1006821 An example of an immediate release paediatric formulation is presented in Table 20 

and 21. 
Table 20: Oral Suspension Formulation (tOmg/ml - 1,0% w/v) 

Ingredients %w7v Function 
Compound 1 1,00 Active 
Avicel CL611 3.0 Thixotropic Gelling Agent 

Sodium lauryS sulpliale 0,20 Wetting agent 
Sodium citrate 0.10 Buffering agent 

Citric acid 0.15 Buffering agent 
Glycerol 5.00 H umectant/co-sol vent 

Sorbitol 70% Solution 40,0 Bulk Solvent 
Propylene glycol 5.0 Co-solvent 
Propyl parabens 0.2 Preservative 
Butyl parabens 0,06 Preservative 

Sucrolose 0.005 Sweetener 
Natural Grape 0.02 Flavour 

FD&C Yellow No. 6 0.009 Colourant 
Purified Water qs 100.00 Solvent 

Li Table 21: Oral Solution Formulation (lOmg/ml -1.0% w/v) 
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Ingredients %w/v Function 
Compound 1 1.00 Active 

Lutro.l/Polysorbate 80 5.0 Solubilizmg agent 
Sodium citrate 0.10 Buffering agent 

Citric acid 0.15 Buffering agent 
Glycerol 5.00 Humectant/co-solvent 

Sorbitol 70% Solution 40.0 Bit Ik Solvent 
Propylene glycol -5.0 Co-solvent 
Propyl parabens 0.2 Preservative 
Butyl parabens 0.06 Preservative 

Sucrolose 0.05 Sweetener 
Natural Grape 0.02 Flavour 

FD&C Yellow "No. 6 0.009 Colorant 
Purified Water qs 100.00 Solvent 

[00683] An example of an oral re-constituted granules formulation is presented in Table 22. 

Table 22, Oral Re-constituted Granules Formulation lOing/ml (granules produced by 

wet granulation method) 

Ingredients mg/ml Function 
Compound 1 50.00 Active 

Sucrose 2250.00 Granulating agent 
Povidone 13.00 Binder 
Sucrolose 6.75 Sweetener 
Explotab 100.00 disintegrant 

Natural Grape 25.00 Flavour 
Xanthum Gum 50.00 

Magnesium Iauryl sulphate 100.0 Soluble lubricant 
Unit Dose 2.5.95g 1 

[00684] An example of a dispensable tablet formulation is presented in Table 23. 

Table 23: Dispersible Tablet Formulation 

Ingredients mg/tablet Function 
Compound 1 50.00 Active 
Avieel PH 1(52 150.00 Granulating 

Agent 
CVospovidone 25.0 Disintegrant 

Mannitol 65.85 Diluent 
Explotab 6.0 Super disintegrant 
Sucrolose 0.15 Sweetener 

Magnesium lauryl sulphate- 3.0 Soluble lubricant 
Total Tablet weight 300.00 -

Example 28: Immediate Release Tablets 

[00685) Tablets were prepared with the components set forth in Table 24. 
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Table 24; Components of IR Tablets 

Component % (w/w) ms/tablct 
Compound 2 15 50 

Silicified microc.rystalline 
cellulose 45 150 

Mannitol 34 113.3 
Crospovidone- 5 16.7 

Magnesium stearate 1 3.3 
Total 100 333.3 

[00686] All components except magnesium stearate were weighed out into a stainless steel 

container. The powder mixture was passed through a 70-mesh sieve into another SS 

5 container. The sieved powder was then transferred to a V-blender with an intensifying bar: 

(Peterson-Kelly Blend Master 3 74251Q2Q) aild mixed for 30min. Magnesium stearate was 

then added into the V-blender and mixed for another 1 minute. The powder blend was 

collected in a plastic bottle with screw cap. Certain lots were made using a Colton 4-station 

rotary tablet press with a 10mm dia round-shaped B-tooling. Other lots were made using a 

to Piccola 10-station rotary tablet press with a new set of 10mm dia round-shaped B-tooling. 

The tablets were compressed to hardness = 8-12 Kp with an average weight of 333.3 ± 

lOtng. The tablet weight and hardness were cheeked randomly during compression. The 

defect tablets including "caking", "chipping", "sticking to punch", "off weight"' were 

removed and the total number of tablets yield was calculated. The tablets were stored in a 

15 HDPE bottle without desiccant. 

100687] Disintegration: Tablet disintegration tests were performed using a USP 
disenlegration apparatus with a Di~water medium, a temperature of 37° C +/- 2° C at a' rate 

of 29-32 cvcles/minute. The average disintegration time measured was 75 seconds with a 

standard deviation of 7 seconds. 

20 [00688] Friability: 20 tablets were placed in a No. 10 sieve and a soft brush was used to 

remove loose dust. The weight of the tablets was recorded. The tablets were then placed into 

a drum of a USP friability apparatus and rotated 100 times at 25 rpm. The tablets were taken 

out of the dram and any loose dust was removed with a soft brush. The total weight of tbe 

tablets was recorded again to calculate percentage weight loss. The weight loss was about 

25 0.17%. 

100689] Hardness: Tablet hardness measurements were performed with a Schleuniger Model 

2E/106 tablet tester. The average hardness determined was 8,5Kp with a standard deviation 
of 0.8. 
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(00690J Dissolution: The dissolution tests on 6 tablets were performed using USP dissolution 

apparatus with the following conditions: 

Medium: 1 % sodium dodecyl sulfate in di-water, pH 7.0 
Volume: 500 raL 

5 Temperature: 37° C 
USP method: USP Type 1, Basket 
Speed: 100 rpm 

[08691 j The dissolution profile is set forth in Table 25 {nr-6k as .measured by HPLC. 

iO Table 25: Tablet. Dissolution 

Time (mm) Release (% label 
claim) STDEV 

0: 0 0 
10 92.2 20.5 
20 98.7 7.7 
30 101.2 3.3 
45 101..3 3.0 
60 101.6 3.0 

1:20 101.5 2.5 

15 

[fl0692| Stability: Tables 26-30 illustrate the results of stability testing performed on the 

tablets. 

Table 26: Hardness (n~3) 

Storage Initial 1 month 3 months 
Condition Avg (KP) STDEV Avg (KP) STDEV Avg (KP) STDEV | 

25° C/60% RH 8.5 A o 14.1 4.8 17.0 *•8 i 
40s C/75% RH 8.5 u.o 6.4 2.2 5.9 0.2 | 

Tabic 27; Assay by HPLC (n=3) 

Storage Condition Initial 1 month 3 months Storage Condition mg/tablet' mg/tablet1 mg/tablet' 
25°C/60%RH 

47.4*0.7 51.5 52.4 
40°C/75% RH 47.4*0.7 51.6 53.4 

Normalized to 333.3mg/tablet based on actual weight of each tablet 

Table 28: % Label Claim (n=3) 

Initial 1 month 3 months 
Storage Condition % label claim % label claim % label claim 

(5 Omg) (5 Omg) (50mg) 
25°C/60% RH 94.8 ± 1.8 102.9 i 0.6 104. 9 ±: 1.1 
40°C/75% RH 94.8 ± 1.8 103.1 ±0.9 106.7 ±1.1 

20 
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Table 29: Purity % by HPLC (n-3) 

Storage Condition Initial .1 month 3 months Storage Condition % purity % purity % puri ty 
25°C/60% RH 98.7 ± 0.0 99.7 ±0.0 99.6 ± 0.0 
40°C/73% RH 98.7 ± 0.0 99.3 ± 0.0 99.5 ± 0.0 

Table 30: Dissolution Tests (n=6) 

Time Initial 3 month @ 
25°C'()0%RH 

1 month @ 
40°C/75%RH 

3 months @ 
25°C/60%RH 

3 months 
40°C75%KH 

(mi a) % of 
release STDEV % of 

release STDEV % of 
release STDEV %of 

release STDEV %of 
release STDE 

0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 
10 90,8 20.5 93.7 7.6 98.5 ;2,4 •91,5 17.6 98.0 2.8 
20 97.2 7.7 99.0 6.8 98.5 1.9 101.2 2.0 97.9 1.5 
3.0 99.8 3.3 99.4 6.8 98.7 2.4 100.7 1,4. 98.5 1.3 
45 99.8 3.0 99.5 6.8 99.2 2.2 99.4 0.9 99.3 1.3 
60 100.2 3.0 99.4 7.2 100.0 2.2 100.4 1.1 98.9 1.1 

120 100.0 2.5 100.0 77 100.0 2.1 100.0 1.4 100.0 1.9 

100693] In another aspect, provided herein is an immediate release (IR) tablet formulation as 

described in Table 31 and 32. Manufacturing process will typically be granulation (dry, wet 

or melt) or direct compression. Example given below is for 5Omg tablets. 

Table 31: Components of IR Tablets 

Ingredient (material) Function Range Example 
(% w/w) 

Example 
(rag) 

Compound 1 Active 5% to 50% 33,3% 50.00 
Hypromellose (e.g., Methoce] E5) Binder 2% to 10% 5.0 7.50 
Croscarmellose sodium Disintegrant 0% to 15% 1.5 2.25 
Macrocrystalline cellulose (e.g.. Avicel 
PIT 101) 

Compression 
Aid and Filler 

5% to 50% 20.0 30.00 

Lactose (e.g, monohydrate) Filler 10% to 75% 37.9 (qs) 56.875 
Crosearmeilose sodium (extragranular)1 Disintegrant 0% to 15% 1.5 2.25 

1.125 Magnesium stearate (extragranular) Lubricant 0.25% to 
2,5% 

0.75 
2.25 
1.125 

Total Tablet weight range: 1 OOmg 
to 5OOmg 

too 150 

i.0 

Table 32: Components of ]R Tablets 

Ingredient (material) Function Range Example 
(% w/w) 

Example 
(ma) 

Compound 1 Active 5% to 50% 33.3% 50.00 
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PEG6000 Binder 2% to 25% 18.0 7.50 
Lactose (e.g. monohydrate) Filler 10% to 75% 44,7 56.875 
Croscafmellose sodium 
(extragranular) 

Disintegrant 0% to 15% 3.0 2.25 

Magnesium stearate 
(extragranular) 

Lubricant 0.25% to 2.5% 1.0 1.125 

Total Tablet weight range: 1 OOmg to 
50Qmg 

100 150 

j006941 In yet another embodiment, provided herein are immediate release capsule 

formulations. Examples of immediate release capsule formulations include those described 

in Tables 33 and 34. 
5 Table 33: Components of Immediate Release Capsules 

Ingredient (material) Function Range Example 
(% w/w) 

Example 

Compound 1 Active 1.25% to 50% 20.0 50.00 
Polyethylene Glycol (e.g., 
PEG 3350) 

vehicle 98.75% to 50% 79.0% 1.97.50 

BHT Anti-oxidant 0% to 5% LO 2.50 
Total Tablet weight range: 1 OOmg to 500mg 100 250 

Table 34: Components of Immediate Release Capsules 

Ingredient (material) Function Range Example 
{% w/w) 

Example 
(Rig) 

Compound 1 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 0% to 5% 1.0 2.50 
Total 

, 
Tablet weight range: 1 OOmg to 

5 OOmg 
100 250 

Example 30: Sitmle Dose Kinetics 
10 1006951 Compound 2 was investigated in fasted and fed female beagle dogs as a suspension 

and as a 50mg immediate release (IR) pill The results are shown in Table 35. 

Table 35: Single-Dose Pharmacokinetics Beagle Dogs 
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Species Dog 
Route IV Oral Oral Oral Oral 

Vehicle 4:1 
PEG400:Water 

0.5% 
Methylccllulose 

0,5% 
Meihylcellulose 50mg Pill 50mg Pill 

Dose 0.67mg/kg Smg'kg 5mg/kg 6.5mg4cg 6.5mg/kg 
Fasted/Fed Fasted Fasted Fed Fasted Fed 
Sex f f f f f 
T»ax (hr) 0.017 2 1.3 2 1.7 
Cn»x (ug/ml.) 11,98 12.4 3:7 7.6 3.2 
t>,4 (hr) 13 NA NA NA NA 
AUCo-t» 
(itg-h/mL) 17.6 67.8 24.3 41 14.4 

A UC^iese-iidiustcd 26.3 13.6 4.9 6,3 2.2 
CLp 
(mL/m in/kg) 0.6 NA NA NA. NA 

Vdss (L/kg) 0.2 MA NA NA NA 
F% 100 52 19 24 8.4 
Data are. group means, lialf-life was calculated from terminal portion of the curve. 
AUG — area under plasma concentration-time curve; CTOX -• peak plasma cortcenu&tion; Clp 

systemic plasma clearance; F% - bioavailability calculated froth AU'Co^ iV'~ 
intravenous; NA - not applicable; NC - not calculated; \>A ~ terminal half-life; l-mas = time 
to peak plasma concentration; Vds.s ~ volume of distribution at steady state; f ™ female 
beagle dog 

100696! Administration of the oral suspension to female beagle- dogs that were fasted or fed, 

Compound 2 shows a decrease in bioavai lability (F) and dose-adjusted AUC (52% and 

10 19%; 26 and 13.6jJtg\hr/mL, respectively) in the fed animals. The IR pill also shows an 

approximate 30% reduction in oral bioavailability and dose-adjusted AUC when compared 

to tbe oral suspension in the fasted or fed comparator dogs. Compound 2 has a slight 

decrease in oral absorption in the presence of food and the IR pill fonn. 

Example 31: Phase I Study 

15 j006971 Tbis is a phase 1, Single-Center;, Double-Blind Study of Compound 2 in healthy 

volunteers, 

I00698I Objective: To assess: (1) the safety and tolerability of single and multiple doses of 

Compound 2 following oral administration; and (2) the pharmacokinetics (PK) of 

Compound 2 after single and multiple doses; and (3) the effects of Compound 2 on 

20 pharmacodynamic (PD) markers: whole blood ionophore-stimulated leukotriene LTB4 and 

urinary LTE4 production. 

[00699] Study Design: Single center, double-blind, randomized, placebo-controlled, single 

ascending dose followed by multiple ascending dose si 
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[00700] Sample Size: (1) Single Dose Phase: eight (8) subjects (6 actives 2 placebo) per dose 

level; up to 5 dose levels are planned (a total of 40 subjects if all 5 dose levels are 

completed); and (2) Multiple Dose Phase: eight (8) subjects (6 active, 2 placebo) per dose 

level; up to 4 dose levels are planned (a total of 32 subjects if all 4 dose levels are 

5 completed) . 

]007011 Formulations: Compound 2 was supplied as an oral powder for reconstitution. 

Placebo solution matched. Coin pound 2 (1 Omg/mL) is prepared in an aqueous solution 

comprising 1 % (w/w) Lutfol L-44 (Poloxamer 124) and 99% (w/w) aqueous sodium 

carbonate buffer (0.010 M» pH9-lO), and with sucralose (as a sweetener, concentration of 

10 about 5mg/100 mL). The placebo differed only in the absence of the active. 

100702) Dosaae and Dose Progression: (1) Single Dose Phase: placebo; and Compound 2 
doses; (2) Multiple Dose Phase: placebo; and Compound 2 doses per day for eleven (11) 

days. The following dosing cohorts were used: 

Table 36: Dosing Cohorts 
Cohort Single Dose 

Phase 
Multiple Dose 

Phase 
1 5Omg -
2 1.50m g -
3 3 OOmg -
4 600m g -
5 lOOOmg 
6 - 150mg 
7 45Qmg 
8 5 Omg 
9 1 Omg 

!5 [00703] Routes of Administration: All doses were administered orally with approximately 

lODmL of water rinse. Subjects were fasted for al least 8 hours prior to dosing and for 2 

hours after dosing. For BID dosing in the Multiple Dose Phase, when applicable, subjects 

were fasted for at least 2 hours prior to the second daily dose. 

100704] Study Procedures: 

20 [00705| Plasma concentrations of Compound 1 were determined using a validated LC/MS 

method. Whole blood ionophore-stimulated leukotriene LTB4 and urinary LTE4 production 
were assayed by EL1S A and mass spectrometry, respectively. 

1007061 Screening Visit Procedures: The following examinations and assessments were 

performed within 21 days (3 weeks) prior to study drug administration to determine whether 

25 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 study, Screening visit' procedures 

are as follows: subjects must report to 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 

5 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); -perform a standard 12-lead ECG; 

record concomitant medication; obtain fasting blood samples for hematology 

determinations; obtain fasting blood samples for serum chemistry, including serum HCG 

10 (female subjects only); perform viral screen for HIV. HCV and HBsAg; obtain fasting urine 

samples for urinalysis and urine drag screen. 
(007071 Procedures for Evening Prior io Dav 1: Subjects must report to the investigational 

site at approximately 3:00 PM in the afternoon prior to Day 1 study drag administration. No 

food is permitted after 10:00 PM (may have a standardized snack prior to 10:00 PM), The 

15 visit procedures are as follows: confirm continued eligibility; obtain updated medical 

history; record updated concomitant medication; record vital signs (including blood 

pressure, heart rate (pulse), respiratory rate, and body temperature); conduct a repeat urine 

drug screen; collect urine for baseline (pre-dose) LTE<; perform serum HCG pregnancy 

testing (female subjects only). 
20 [007081 Dav 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 iriL EDTA and 4 m.L 

heparinized) for baseline PK and LTB4. Collect 'spot' urine prior to study drug 

administration for baseline (pre-dose) LTE4. Administer study drug. Record vital signs 1, 2, 

25 4 and 12 hours after study drag administration. Record AEs. Record concomitant 

medication. Perform a standard 12-lead ECG 2-4 hours after study drug administration. 

Collect blood samples (5 niL EDTA) for PK of Compound 2 at 0.25, 0.5, 1,2, 3,4, 6, 8, 12, 

and 1.6 hours. Collect blood samples (4 mL heparinized) for LTB4 at 0,5, 1, 2, 3,4, 6, 8, and 

12 hours. Collect urine for LTEi for the following separate intervals: 0-3, 3-6, 6-9, and. 9-12 

30 hours, and a spot urine at 16 hours. For twice daily dosing group (if conducted); administer 

study drug 12 hours ±30 minutes after prior dose, preceded by ^2 hours fast. 

100709) Dav 2 Procedures (24 —> up lo 48 hours post dosing): For All Subjects (Note: No 

study drug will be administered to Single Dose Phase subjects): Record pre-dose vital signs 
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(24 hours after 1sl study drug administration). Obtain pre-dose fasting blood samples for 

hematology determinations. Obtain pre-dose fasting blood samples for serum chemistry 

determinations. Record AEs. Record concomitant medication. Collect blood samples (5 mL 

EDTA) for PK of Compound 2 at 24 and 36 hours after the first study drug administration. 

5 Collect blood samples (4 mL hepariruzed) for LTB4 at. 24 hours after the first study drug 

administration. Collect 'spot' urine sample for LTE* at 24 and;36 hours after first study 

drug administration. For Multiple Dose Phase subjects: Administer study drug. Record 

vitals signs 2 and 12 hours after study drug administration. For twice daily dosing group (if 

conducted): administer study drug 12 hours ±30 minutes after prior dos®, preceded by S2 

io hours fast, 

[00710] Dav 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* mine sample for LTEj at 48 hours 
15 after first study drag administration. Single Dose subjects only: collect blood samples (4 mL 

heparanized) for LTB^at 48 hours after the first 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 hours after study drug administration. For twice daily dosing group (if conducted): 

20 administer study drug 12 hours ±30 minutes after prior dose, preceded by >2 hours fast. 

[007.111 Days 4-10 Procedures: For Single Dose Phase subjects on Day 4: Reler to End of 
Study Procedures. For Multiple Dose Phase subjects: Record pre-dose vital signs. Collect 
'spot' urine sample for LTEj al 72 hours after the first study drug administration. Collect 

daily pre-dose fasting blood samples (5 mL EDTA) for PK of Compound 2. Perform a 

25 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 serum chemistry determinations on Days 5 and 7. Administer 
study drug daily. Record vital signs 2 and 12 hours after study drug administration, Record 
AEs. Record concomitant medication. For twice daily dosing group (if conducted): 

30 administer study drug 12 hours ±30 minutes after prior dose, preceded by >2 hours fasl. 

100712) 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 determinations. Obtain pre-dose blood samples (5 mL EDTA and 4 mL 
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heparinized) for P:K and LTB4. Collect pre-dose mine for LTEj, Administer study drug (last 

dose of drug). Record vital signs 2 and 12 hours after study drug administration. Record 

AEs. Record concomitant medication. Perform a standard 12-lead ECG 2-4 hours after 

study drug administration. Collect blood samples (5 mL EDTA) for PK of Compound 2 at 

5 0.25, 0.5, 1, 2, 3, 4, 6. 8, 12, and 16 hours. Collect blood samples (4 mL heparinized) for 

LTB4 at 0.5, 1, 2,. 3, 4,6, 8, and 12, hours. Collect urine for LTE4 for the following separate 

intervals: 0-3,3-6,6-9, and 9^-12 hours, and a 'spot' urine at 16 hours after study drug 

administration. 

|00713] Dav 12 Procedures (24 -> up to 48 hours post last dose): Record vital signs 24 hours 

10 alter Day .! 1 study drug administration. Record AEs. Record concomitant medication. 

Collect blood sample. (5 mL EDTA) for PK of Compound 2 at 24 and 36 hours after Day 1.1 

Study drug administration. Collect blood sample (4 ml, heparinized) for LTB* at 24 hours 

after Day 11 study drug administration. Collect 'spot' urine sample for LTE4 at 24 and 36 

hours after Day 11 study drug administration. 

15 [007141 Dav 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 (4m.L 

heparinized) for LTB.< at 48 hours after Day 11 study drag administration. Collect, 'spot' 

urine sample, for LTE4 at 48 hours after Day 11 study drug administration, 
(00715] End-of-Studv Procedures (>72 hours after last study drua administration): Conduct 

20 a physical exam and record vital signs (including blood pressure, heart rate (pulse), 

respiratory rate, and body temperature). Obtain tasting blood samples for hematology 

determinations. Obtain fasting blood samples for serum chemistry determinations. Obtain 

'spot' fasting urine samples lor urinalysis. Collect blood sample (5 mL EDTA) for PK of 

Compound 2 at 72 hours after study drug administration. Collect blood sample (4 mL 

25 heparinized) for LTB4 at 72 hours afler Day 11 study drug administration. Collect blood 

sample (4 mL heparinized) for LTD* at 72 hours afler Day 1 study drag administration 

(Single Dose Phase only). Collect 'spot' urine sample for LTE4 at 72 hours after study drug 

administration. Perform a standard .12-lead EGG. Record AEs. Record concomitant 

medication. 

30 [00716] Procedural Time Windows: The following lime windows are utilized in this study. 

Unless stated otherwise, there are windows of ± j 5 minutes for study specified assessments. 

For safely laboratory assessments (fasting hematology and serum chemistry), the window is 
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:.t 4 hours of the specified time points. For urine spot cheeks, the window is ± 30 minutes of 

the specified time points. 

|00717| Volume oFBlood (Collected: The following is the estimated volume of blood 

collected during the Single and the Multiple Dose Phases of the study. If BID dosing is 

explored in the Multiple Dose Phase, the volume of blood collected for the PK and PD 

assessments is less than amount stated in Table 37 below. 

Table 37: Blood Volume Collected 

Single Dose Phase Multiple Dose Phase 
Labs 1 PK PD Labs I PK 1 FD 
40 I 80 48 70 j 215 88 

Total 168mL 373ml, 

[007181 Analysis of Samples: Concentrations of Compound 1 was determined in plasma 

Samples collected from subjects. Similarly, concentrations of LTB^ in plasma and urinary 

LTE.t were determined in blood and urine samples collected. 

[00719] The pK results from the single dose study are presented in Table 38 and Figure 21. 

Table 38: Single Dose Pharmacokinetic data using orai solutions. 

Dose of 
Active 

1 max (hr) 
AVE ± SD 

Cmftx (mM) 
AVE ± SD 

H (hr) 
AVE ± SD 

AUCO-24 (iir*mM) 
AVE ± SD 

50nig 2.2 ±0.4 0.57 ±0.3 12.8 ± 2.9 6.5 ± 2.2 
l.SOnig 2.3 ±0.5 2.2 ±0.5 11.1 ±2.8 21.7 ±6.1 
30Orag 2.7 ± 1.5 3.0 ± 1.5 9.8 ±2.5 23.6 ±5.9 
(>00nig 2.3 ±0.5 11.2 ± 7.0 14.1 ±6.8 90 ±50 
lOOOmg 2 ± 0 18.2 ± 7.6 8.3 ± 1.1 110 ±49 

100720] The pharmacodynamic properties after the single doses are administered (blood 

LTB4 levels;; urinary LTE,j levels) are presented in Figures 22 and 23 and Table 39. 

Table 39: Single Dose LTB4 data using oral solutions. 

Dose of LTB.j level at t~ 24 hrs. 
Active (% of baseline) 

Placebo 135 ± 32 
50ing 37 ±4.7 

150me 24 ± 4.4 
300mg 23 ± 8.3 
600nig 1.6 ±0.98 

1 OOOmg 1.9 ±0.41 
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[00721] The pharmacodynamic properties after the single doses and multiple doses are 

administered (blood LTB4 levels; urinary LTB4 levels) are presented in Table 40 and Table 

41. 

Table 41. PD Parameters for LTB4 During Treatment With Compound 2 

Study part 

Single dose 
part 

Multiple 
dose part 

Day Treatment Emax 
(%) 

Tmax 
(b) (10 

tfi>90% 
(ll) 

EC50 
(ng/nxL) 

ECoo 
(ng/m"L} 

1 placebo 
7.2 .00 

1 

50mg 87.9 8.00 32.2 0,0 

1 

150mg 98.8 6.00 41.9 14.2 

1 

300mg 102.0 8.00 30* 16.1 

1 

600mg 100.3 6.00 >71,7 67.2 

1 

lOOOmg 99.6 6.00 >71.7 42.6 

1 

Single 
dose- total 

90 342 

1 

11 

placebo 25.0 1.00 1 

11 

lOmg 60.8 12.00 17.5 1 0.0 
1 

11 

5 Omg 89.6 4.00 >23.3 0,0 

1 

11 

ISOmg 98.5 3,00 >23.4 15-1 

1 

11 

45 Omg 97.6 3.00 >23.7 17,4 

1 

11 

Multiple 
dose total 

51 296 

1 

11 placebo -6.4 48.00 

1 

11 
lOmg 74.4 12.00 27.4 0.0 

1 

11 

5 Omg 97.9 4.00 42.4 10.0 

1 

11 

150mg 99.7 2.00 >72.0 52.4 

1 

11 

450mg 100.6 2.00 >72.0 50.4 

1 

11 

Multiple 
dose total 

52 308 

U - estimated 
EC50 is the concentration at which 50% inhibition was reached; EC90 is the concentration 
at which 90% inhibition was reached; Emax is maximum inhibition; te-50% is time above 
50% LTB4 inhibition; tg>9o% is time above 90% LTB4 inhibition; Tmax is time to reach 
Emax. 

Table 42. PD Parameters for LTE4 During Treatment With Compound 2 

Tmax 
Study part Day Treatment Emax ('X.) (h) 
Single dose pari 1 placebo 55.26 9.00 

. 50mS 86.31 16.00 
15 Omg 97.39 16.00 
3 OOmg 96.96 24.00 
600mg 96.05 24.00 
lOOOmg 96.61 16.00 

Multiple dose part placebo 32.49 12.00 
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! Tmax 
Study part Day Treatment Emax (%) (h) 

1 Omg 54.10 24.00 
5 Omg 94.02 16.00 
150mg 98.29 24.00 
45 Omg 85.65 24.00 

11 placebo 37.23 6.00 
1 Omg 88.63 12.00 
50mg 97.67 9.00 
15 Omg 97.46 24,00 
450mg 98,37 12.00 

(00722) Multiple dose pharmacokinetic data are set forth in Table 42. 

Table 42: Multiple Dose Pharmacokinetic data using oral solutions 

lOmg 50mg ISOmg 450mg 
Day 1 Day 11 Day 1 Day 11 Dayl Day 11 Day 1 Day 11 

Tmax (hr) 4,0 10 4.2 3.2 2,3 2 2 2 
±3.1 ± 6.9 ±3.0 ±2.0 ±0.8 ±0 ± 0 ±0 

Cmax (miV'I) 0.07 0.13 0.6 0.9 1.4 3.0 7,3 9.3 
±0,01 ± 0,05 ±0.2 ± 0.1 ± 0.7 ± 1.2 ± 6.0 ±5.4 

V/i (hr) 32 50 19 25 16 19 12 r 14 
±23 ±41 ±10 ±11 ±7.7 ± 13 ± 4 ±4 

AUOast 1.1 2.4 8.3 13.5 16 33 57 76 
(hr*mM) ± 0.2 ± 1.1 ± 2.9 ±3.4 ± 6.8 ±16 ±39 ±33 

Values, are Average ± Standard deviation. 

s |00723| Single and multiple doses of Compound 2 markedly inhibited ex. vivo ionophore-

stimulated LTB4 formation in whole blood, with a mean maximum inhibition of 61% to 

102% across the dose range studied. 

i00724| Single and multiple doses of Compound 2 markedly inhibited urinary LTB4 

excretion, with a mean maximum inhibition of 54% to 98% across the dose range studied, 

10 100725] On average, T,m!1 was between 2 h and 12 h for inhibition of ionophore-stimulated 

LTB4 formation and between 9 h and 24 h for inhibition ofLTE4. 

[00726] There was a relationship between Compound 1 plasma concentrations and the 

inhibition of ionophore-stimulated LTB4 production for the dose range studied, with an 

EC50 value of approximately 70 ng/mL and an EC90 of approximately 320 ng/mL. 

15 [0O7Z7I Complete inhibition of ionophore-stimulated LTB4 production was reached at a 

Compound 1 plasma concentration of roughly 1000 -1500 ng/mL. 

100728] .Figure 24 illustrates illustrates the plasma concentrations of Compound 1 observed 

in the 150 mg multiple dose cohort. On days 3-9, the plasma concentration is measured pre-
dose. 
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j(10729) Figure 25 illustrates the inhibition of ionophore-stimulated LT.B4 formation from 

blood observed in the 150 mg multiple dose cohort. PI, P2, P3, F4, P5, P6, P7, and P8 refer 

to humans in the 150 mg multiple dose cohort. PI and P2 were controls did riot receive 

Compound 2. 

5 [00730) Pharmacokinetic measurements of Compound 2 includes measurement of the 

protonated fonn (Compound 1), 

[00731] The foregoing clinical trial has shown that Compound 1, or a pharmaceutieally 

acceptable salt thereof (e.g. Compound 2), lowers ionophore-stunuhUed LTB4 formation 

from blood and LTE4 levels in humans. LTB4 and cysteinyl leukotrienes (LTC,i, LTD4 and 

10 LTE4) are leukotrienes that are elevated in humans with leukotriene-dependent or 

leukotriene mediated conditions or diseases, Lowering leukotriene levels in humans with 
leukotriene-dependent or leukotriene mediated conditions or diseases provides benefit in the 

condition or disease. The foregoing clinical trial has shown that Compound 1, or a 

pharmaceutically acceptable salt thereof (e.g. Compound 2) is useful in the treatment or 

15 prevention of leukotriene-dependent or leukotriene mediated conditions or diseases. 

[00732] The examples and embodiments described herein are illustrative and various 

modifications or changes suggested to persons skilled in the art are to be included within 

this disclosure. As will be appreciated by those skilled in the art, the specific components 

listed in the above examples may be replaced with other functionally equivalent 

20 components, e.g., diluents, binders, lubricants, fillers, and the like. 
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Claims 

1. A crystalline Fonn C of sodium 3-[3-(tert-butylsulfanyl)-l-[4-(6-ethoxy-pyridin-3-yl)benzyl]-

5-(5-methyl-pyridin-2-yl-methoxy)-lH~indol-2-yl]-2,2-dimethyl-propionate: 

having an X-ray powder diffraction (XRPD) pattern with peaks at 17.2 °2-Theta, at 18.4 °2-Theta, at 

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

2. The crystalline Form C according to claim 1, having peaks comprising the 2-theta values listed 

below in the following Table, obtained with a diffractometer using copper Ka-radiation. 

Angle 2-Theta ° Intensity % 
15.6 42.7 
16.6 43.3 
17.2 69 
17.8 42.6 
18.4 49.2 
19.1 100 
19.8 40.5 
20.8 91.6 
23.1 47.8 
23.8 59.2 

3. The crystalline Form C of claim 1 or claim 2, exhibiting the following Infrared Vibrational 

(IR) Peaks: 2968 cm"1, 2935 cm1, 2893 cm"1, 2866 cm"1, 1604 cm"1, 1563 cm"1, 1369 cm"1, 1414 

(1473) cm"1, 1285 cm"1, 815 cm"1, and 796 cm"1. 

4. The crystalline Form C of any one of claims 1-3, wherein the crystalline Form C is desolvated 
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5. The crystalline Form C of any of claims 1-4 for use in treating asthma, treating and/or 

preventing exercise-induced bronchoconstriction, treating and/or preventing rhinitis, treating chronic 

obstructive pulmonary disease, treating cardiovascular disease, treating non-steroidal anti­

inflammatory drug (NSAlD)-induced gastric lesions, treating pain, treating ocular disease or treating 

skin disease in a human. 

6. The crystalline Form C of any one of claims 1-4 for use in treating asthma, preventing 

exercise-induced bronchoconstriction, treating allergic rhinitis, treating chronic obstructive 

pulmonary disease, treating cardiovascular disease or treating non-steroidal anti-inflammatory drug 

(NSAID)-induced gastric lesions in a human. 

7 A pharmaceutical composition comprising: 

a. a crystalline Form C of any one of claims 1-4; and 

b. at least one pharmaceutically acceptable inactive ingredient selected from among 

excipients, diluents, and carriers. 

8. A pharmaceutical combination comprising a crystalline Form C of any one of claims 1-4 and 

an additional pharmaceutical agent. 

9. A process for the preparation of crystalline Form C of sodium 3-[3-/er/-butylsulfanyl-l-[4-(6-

ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-pyridin-2-yl-methoxy)-l//-indol-2-yl]-2,2-dimethyl-

propionate comprising the steps of: 

(1) adding sodium 3-[3-ter?-butylsulfanyl-l-[4-(6-ethoxy-pyridin-3-yl)-benzyl]-5-(5-methyl-

pyridin-2-yl-methoxy)-l//-indol-2-yl]-2,2-dimethyl-propionate to methyl tert-butylether to 

form a mixture; 

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

(3) isolating the solids that are formed from step (2) to provide crystalline Form C of sodium 

3 -[3 -?er/-butylsulfanyl-1 - [4-(6-ethoxy-pyridin-3 -yl)-benzyl] -5-(5 -methyl-pyridin-2-yl-

methoxy)-l//-indol-2-yl]-2,2-dimethyl-propionate. 

155 



10. A process, according to claim 9, in which crystalline Form C is obtained by ensuring removal 

of any protic co-solvents during the isolation from methyl tert-butylether. 
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