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acid. [0001] Background of the Invention [0002] Field
of the Invention [0003] The polynorphic formA, as
defi ned by powder x-ray diTileacti on, of 4-[6-
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© poxy]-2- propy noxy].butyric acid has high

propylRfsnyithiopipRp F—?a&ramrla%mom?ﬁuwfr&awed to other
crystalline fornms. [0004] Description of the
Background [ 0005] Leukotrienes are netabolites of

chi doni ¢ hdethr h..he 5 - |ipoxygenase pat hway
[Ogig argagﬁﬂgﬁﬁgﬁFh%%ﬁﬁngé% of allergic response, such
as that involved in bronchial asthma. Drugs that exert
agoni sti ¢..ef on the | eukotrienes are useful
(0§ thgﬁeﬁ‘?gghﬁel%?g%ﬁmallergic di seases. [0006] The
synt hesi s and bi ol ogical activity of many
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aboratory scal e. anount s .Silica-gel. cal um
DrERYIBHROCHIPHBG 26 PRGN D 5 G GO A Somppred to other
m?ﬁ#ﬁﬁ@hnﬁ@§ evaporated to give either a pale yellow
oll or colorless crystals and no deliberate effort was

made to control crystal norphol ogy. [0007] We have
observed that 4-[6-acetyl-3-[3-(4-acetyl-3-hydroxy-2-
[0pbdipy| Preseryption of) the Zaskgroundsr opy| phenoxy] but yri ¢ aci d
(1), which is Exanple 33 in Chashi et al., is orally
active for treatnent of asthma and all ergic diseases
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involved in bronchial asthma. Drugs that exert antagonistic effects on the

leukotrienes are useful for the treatment of allergic diseases.

[0006] The synthesis and biological activity of many phenoxyalkylcarboxylic acid
derivatives, which are leukotriene antagonists, are described by Ohashi et al., U.S.
4,985,585. The compounds were obtained in laboratory scale amounts by silica-gel
column chromatography of the crude product mixtures. The solvent was evaporated to
give either a pale yellow oil or colorless crystals and no deliberate effort was made to

control crystal morphology.

[0007] We have observed that 4-[6-acetyl-3-[3-(4-acetyl-3-hydroxy-2-
propylphenylthio)propoxy]-2-propylphenoxy]butyric acid (1), which is Example 33 in
Ohashi et al., is orally active for treatment of asthma and allergic diseases and that the
solid compound can crystallize into several distinct polymorphs when prepared in
bulk. It has been discovered that the crystallization conditions, particularly

temperature, is critically important for preparing the different polymorphs.



bul k. It has been discovered that the crystallization
conditions, particularly tenperature, is critically
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[0008] Ve | ave found that t gl ubi ity and the
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as orthorhonbi & gtals (Form /abl e 1, and Form
Ain Fig 6), is/superior to the g pol ynor phs and
thus form A aff ers iampheuedcsoht’d for fah.abicans:H

Summary of the Invention [0009] The present invention
provi des a pharmaceuti cal coprpositi on conprising a
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forf’rﬁhé(tfﬂ?fsphs- By "substantially free" is meant that

Ittle or no undesired pol ynorphs are detectable by

powder X-ray diffractonetry (PXRD). Typically, the

pol ymorphic purity_ is greater than.90% (defined by
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referably, the desired crystalline formof.the . .
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in the region of 9 2-theta. [0010] The present
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together with a pharmaceutically acceptable carrier or excipient, wherein the selected
crystalline form is composed of polymorphic form A, substantially free of undesired
polymorphs. By “substantially free” is meant that little or no undesired polymorphs
are detectable by powder X-ray diffractometry (PXRD). Typically, the polymorphic
purity is greater than 90% (defined by peak heights in the powder x-ray diffraction
trace). Preferably, the desired crystalline form of the invention is at least about 95% of
the polymorphic form A (Fig. 6) as measured by relative peak heights in the region of
9° 2-theta.

[0010] The present invention also provides a process for obtaining form A of the
compound of formula (1) in at least about 90% purity with respect to other
polymorphs. An exemplary crystallization process includes the steps of dissolving
compound (1) in 5 to 10 parts by weight of warm ethanol and 1 — 10 parts of water,
agitating the resulting suspension at 20-25 °C for 15 — 60 minutes and then cooling to

5-10 °C for an additional period of 1 - 4 hours, adding 5 — 15 parts of water, agitating



compound of formula (1) in at |east about 90% purity

W th respect to other polynorphs. An exenpl ary
wa@eaosai2kd zati on process includes the steps of PCT/US2004/020154

di ssol ving conmpound (1) in 5 to 10 parts by wei ght of

war m et hanol and 1 - 10 parts of water, agitatjing the
themaiztiire pndy 18 §€fenasi asiditionabb- 4 ows, ansrisalgting gystaks @it es

corff % o8 9549 B . o

agitatingthe mxture at 5-10 OC for an additional 1 -
4 hours, and isolating crystals of conpound (1)
contai ning at | east about 90% by wei ght of formA
[000f 9- Adcordif@il]d piieamesticalgloypoaition is provided, which comprises a
pharnaceuticalcqnposi%ion I's provided, which conprises
corgpewRifAEye (DIRFMGI in solid form (1) together
with a pharmaceutically acceptable carrier or
exci pi ent, provided that the conpound of fornmula (1)
is present in polynorphic Form A and is substantially
free of other polynorphic forns. In a preferred
enbodi ment of the invention, the conmpound of formula
(1) is presenty as orthorhombic cr als.o Also the
i nvention can|be fade\into the f4 a tablet or
capsul e. Pteférat €*i nventi on
gives rise to a PXRbB{pattern substafitially as shown
for pol ynorphic Form X, in.Hl.gung’ 6. MyeoMgls it is
preferably that at |east about 90% of the conpound of
formula (1) is polynorphic tprn1A, as defined by PXRD
peak hei ghts around 9 2-thé a. The conposition may
further conprisela@;osean?nicrocr stal ] ine cellul ose.
togefeer (W) & Pharmcepiicolly HLTPIRRICHATHES GRPE™ f or exanypl e,
bet ween about 250 and about 500 ng. [0012] The present

invention is also directed to a conposition £o riéin is
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ort horhonmbic crystals. The isolpted c&yst%ys of
risg WF‘Q petjsm substantally as shown for polymorphic Form A in Figure 6.

Moreover, it is preferably that at least about 90% of the compound of formula (1) is

polymorphic Form A, as defined by PXRD peak heights around 9° 2-theta. The composition
may further comprise lactose and microcrystalline cellulose. The tablet can have

different weights, for example, between about 250 and about 500 mg.

[0012] The present invention is also directed to a composition comprising isolated

crystals of the compound of formula (1)
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HO CH3CHoCH3 H3CHaCH2C OCH3CHoCHLCOH



of the present invention preferably exhibit a PXRD
pattern substantially as shown for pol ynorphic Form A

WO pookiogzne 6. More preferably, the isol ated crper/abmo9620154
the invention are at |east about 90% pol ynor phi ¢ Form
A, as defined by PXRD peak heights around 9 2-theta.
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granul ation [0014] Detail ed Description of the
Invention H 2 [0015] Ester (4) can be synthesized by

[Oéﬁgcu glegDQEc%ﬁmo thﬁ@il‘ 8 (2) :wherein Ris an acid

tectin suc net hyl or ethyl, with the
bronmo conmpound of forrmula (3): o CH3 Cin an organic
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Fig. 1a DSC Chart of Form I

Fig. 2 Powder X-ray Diffraction Pattern and DSC Chart of Form II
Fig.3 Powder X-ray Diffraction Pattern and DSC Chart of Form I
Fig. 4 Powder X-ray Diffraction Pattern and DSC Chart of Form v
Fig. 5 Powder X-ray Diffraction Pattern and DSC Chart of Form V

Fig. 6 X-ray diffraction patterns of three polymorphs.

Fig. 7. Schematic process for dry granulation

Fig. 8. Schematic process for wet granulation

[0014] Detailed Description of the Invention

H—-O0 CHa

HyCH,CH,C OCH,CH,CH,COR

2
[0015] Ester (4) can be synthesized by reacting a phenol of formula (2):



di met hyl f ormam de. The reaction may be conducted from
bel ow room tenperature up to the reflux tenperature of

w0 b@ssaiéent, in the presence of an inorgani c PEBEES2004/020154
e.g., potassium carbonate or sodi um carbonate. The
addi tion of potassiumiodide is also recomrended.

wheérei Bgsasaad poseqsimg retoup yudhaes inraghyd lor ethiyh tithethe dzameng
Igrolg@ts,f uclg .chloro and tosylate, may be used to

COTEPPEC O %aéring reaction. 4 [0016] Renoval of the
acid protecting group by, al kaline ester hydrolysis and
extractive work-up giveg| conpburnd\(1) as a white
solid. [0017] Recrystallll zat ' lidto
give essentially pd?% fopn ?@%SEEE%? (e.qg.
90% or nore, preferably at 05% canbe
acconpl i shed by dissolving cgnpound (1) in 5 to 10
parts by wei ght of ethanol Hat 25 - cHCH3GHt 0 gi ve a
yell ow to orange sol ution. The gthanol solution is
charged with 1 - 10 parts of water and agitated at
20-25 0OC for about 15 - 60 m nutes and then at 5-10 0OC
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[0016] Removal of the acid protecting group by alkaline ester hydrolysis and

extractive work-up gives compound (1) as a white solid.

[0017] Recrystallization of the white solid to give essentially pure form A crystals
(Fig. 6), (e.g., 90% or moré, preferably at least 95%) can be accomplished by
dissolving compound (1) in 5 to 10 parts by weight of ethanol at 25 — 40 °Cto give a
yellow to orange solution. The ethanol solution is charged with 1 — 10 parts of water
and agitated at 20-25 °C for about 15 — 60 minutes and then at 5-10 °C for an
additional period of 1-4 hours, preferably 2.0 — 3. 0 hours, resulting in an off-white

suspension.



a starch binder excipient, alone or in conbination
wWth mcrocrystalline cellulose and a suitable

wo adpsioems . Ot her suitabl e excipients include PCT/US2004/020154
pol yvi nyl pyrrolidi none, gelatin, hydroxy cellul ose,
acaci a, polyethylene glycol, mannitol, sodium .
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conpressed tablet, disintegrants which help facilitate

t he break-up of the tablet when placed in a fluid
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forfna%V IS ng process, such as flow additives, flavors,
sweet eners and anti-oxi dants [0023] Tabletting and
sonme capsule filling operations are based on the

[0G20 | | t Phepdpentic Fainmlpidoder s to bi nd under conpression.
Conpressed tablets nmay be prepared by wet granul ation,
dry granulation, or direct conpression. The wet

[om\ql\tgul Plidr@8cdutioslesmpositionslemtaining tiy arthorioonipo dem ef i n
powder form,  prepari th ranul ating..bi nder . .
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screening the mass through a sieve, drying, grinding, .

a saitabladpbirioant! @ihércuitebla ecipionts iededanplyAaylpypplidigone, gelatin,
the resulting m xture. .[0024 e :

b FHGE Pt A5 P ARG aP b SRS S SRR, sodium

GitPAL YRIRARG ckeipiBnAkabws eResst skil) inlthe a0 sephagabantical
m crocrystal line cellul ose 101, crosscarnel |l ose,

compgsitiensym st earate and purified water, coated wth
Qpadry Il white. The tablets should weigh from 100ng
to 1000 ng, preferably 250 ng to 500 ny. [0025] Dry

[0552;)_2”' Es(éig{%n{srﬁ{ QUBI&8S afeRnShRPElaSifidh adcOMind® theindaiction,
conponents, conpressing the mxture into hard slu

0 . S L
suglt andiluentst(hiso shilaysbulking agenss ansfilfras) bigrers syhieh hold e
ingredients together in the compressed tablet, disintegrants which help facilitate the

break-up of the tablet when placed in a fluid environment to release the active
ingredient, and lubricants to improve the release of the compressed tablet from the die
and punches. In addition, tablets may contain other substances intended to improve

the tabletting process, such as flow additives, flavors, sweeteners and anti-oxidants

[0023] Tabletting and some capsule filling operations are based on the ability of
certain powders to bind under compression. Compressed tablets may be prepared by
wet granulation, dry granulation, or direct compression. The wet granulation process
includes mixing the components in powder form, preparing the granulating binder

solution, thoroughly mixing the components with the granulating binder solution to



screeni ng, addi ng ot her excipients if necessary, and
conpressing the mxture into tablets. The nost
weedsonizenl tabletting method, direct conpressPONS2004/020154
requires only two steps, mxing the dry conponents and
conpressing the mxture into tablets. [0026] Suitable
forni ermlghpmmmesssemng Bheessshiongh adisverideyiBes §ruding. pdding the
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cellulose is preferred. That excipient also displays
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greater than 5 rmst preferably about 10 to about 20
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and require a disintegrant.

[0027] The tablets typically exhibit a tablet hardness of greater than 2 kilopond
(kp)/cm.sup.2, more preferably a tablet hardness of greater than 5, most preferably
about 10 to about 20 kp/cm.sup.2 and a disintegration time of less than 30 minutes,
more preferably less than 15 minutes as measured utilizing the standard USP

disintegration test in water.

[0028] The polymorphic form A of compound (1) may also be formulated in
capsules. Solid carriers include starch, lactose, calcium sulfate, di-hydrate, teffa alba,
magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. The carrier

may also include a sustained release material such as glycerol monostearate or



order to control the taste of the conposition.
Al ternatively, the polynmer coating may be one that
WO e@s®0®43 api d di sintegration in the presence BET/US2004/020154
gastric juice. Suitable coating polyners include
bi odegr adabl e pol yners such as polylactic acid,
slyperbldivstedrate, alenakr wigpoMWakeFie asroynh pf sQlidAaErig vpEst P
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cellulose) or within a |liposomal delivery system
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to sbaipd ODMOBRISIEXAMPLE 1 [ 0034] Synthesis of et hyl
4-[6-acetyl -3-[ 3-(4-acetyl - 3- hydr oxy. 2- :

[0030] Typical doses of compound (1) in tablets and capsules are from about 1.0

mg/kg to about 100 mg/kg. Administration intervals vary with the patient’s age,

weight and general condition. In general, the drug is administer from one to four times

daily.

[0031] EXAMPLES

[0032] In general, tablets are formed utilizing a carrier such as modified starch,
alone or in combination with 10% by weight of carboxymethyl cellulose (Avicel).
The formulations are compressed at from 1,000 to 3,000 pounds pressure in the tablet-
forming process. The tablets preferably exhibit an average hardness of about 1.5 to
8.0 kp/cm.sup.2, preferably 5.0 to 7.5 kp/cm2. Disintegration time varies from about
30 seconds to about 15 or 20 minutes. The following examples give specific

embodiments of the invention but should not be construed as limiting its scope.



propyl phenyl t hi 0) - propoxy] - 2- propyl phenoxy] butyrate
[0035] To a stirred m xture of ethyl

wa2(snemres yl - 3- hydr oxy-2- propyl phenoxy) but yr ap€T/{1$2064/020154
g), potassiumiodide (0.5 g) and potassium carbonate
(1.45 g) in acetone (30 nm) was added drop w se a

[0083) ut IEXAMPLH B- br onopr opyl t hi o) -
2- hydr oxy- 3- propyl phenyl -ethanone (1.9 g) in acetone
(10 M) with heating to reflux. After refluxing six
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berlx%% ﬁﬁ’;}'ﬁ Eﬁeé nedy. i)ntg g?\ré Jﬁ% paL 8&&)@%&{11(1%%%&%&:@11&?%6% 4%)

Was co g I ce-water” and
Iﬁ@ﬁ@e@&b@yﬁtamtecaﬂdmtdtmwfo divelealatiéss ciystads; ing, 63-66 FOwed
by extraction with ethyl acetate. The organic | ayer
was washed with water, dried over sodium sul fate and

concen he resul tant residue was separated and
[O(ﬁ_éjl f.é@@@g&? i ca-gel columm chromat ography (el uting
vv!th et hanohnet hyl ene chl ori de=3:100) to give the
| ound s crystals,
[0(39;75 glnngﬁfls %%T‘:e&%&ﬁ}gﬁé% FZ&?&d?%Ye‘it alline

pn&gl ﬁQ%gL]z b Ephdnexgbusiielacidzat i on wi th
I Vi dual nts, conpound (1) was
[0038] To a mixture of ethyl 4-[6-acetyl-3-[3-(4-acetyl-3-hydroxy -2-
propylphenylthio)propoxy]-2-propylphenoxy]butyrate (2.1 g) in ethanol (10 ml) was
added a solution of sodium hydroxide (0.26 g) dissolved into water (10 ml). After
heating on a hot water bath for 5 minutes, the mixture was cooled by adding ice-water
and was made acidic by addition of hydrochloric acid, followed by extraction with
ethyl acetate. The organic layer was washed with water, dried over sodium sulfate and
concentrated. The resultant residue was separated and purified by silica-gel column
chromatography (eluting with ethanol:methylene chloride=3:100) to give the title
compound (1.3 g, 65.2%) as colorless crystals, mp 79-81 °C.

[0039] EXAMPLE 3

[0040] Crystalline polymorphism



subjected to powder X-ray diffractonetry, thernal
anal ysis and determ nation of solubility in ether;

W baes/oen4expl oratory eval uation of the crystal PETES2004/020154
pol ynor phi sm was made. The results denonstrate that
conmpound (1) is present in 5 different crystalline
wdu y m)Aﬁhlsre c{rmmlia]zatrqngmﬂemdmduas selMeus.tcHBIPpBRHED VST ay

sulpe%cg qpqvﬁ eagg \7{ @a t ﬁigfrﬁél lé@ﬁ?ag&) lg?tg ﬁﬁﬁﬁ&{ of

soRbRRE diEdRsr; fis ah)éﬁ;ﬁ&rakory v slugthionvofahel cﬁyhtﬁllmewlwltnrbhﬂsm was
in ether. Table Prepar ation_of Crysta

madg| \Iikeremis demonshaterthatsomponnd (lads piosey me? Héﬁe&%tft grystalline
poggk%g |ty Preparatory procedures form (ng/niL) After
und (1) was heated and dissolved in a 4-fold
guantity of isopropyl ether, the resultant solution
was all owed to cool at Hmmtamaauue
[0«242] yst Rlguresdt 4 foshomrhb pde@leX’rI‘ﬂy tif&agtiopeattens ench DS{ fof

metsrelb cebiel Baes Hinoughivg gt v RSB DRALAL for

tyﬁe%qumtoagﬁ\/Saaidbthélpgbmmtyrmlemem ned at 40 Cin an
i ncubat or. After conpound (1) was heated and di ssol ved

ina 10-fold Il quantity of acetonitrile, the
resul tant solution was cool ed and 40. L n_an
| bl oProEston A Sp e URE SGHI LY SRR G i
dlssolve&ﬁh%'a 10-fold 11l quantity of acetonitrile
Ctysealriesul t ant sol ut ' iped at 35.3 Solubility
o T?é})a}’%{?éry'ﬁ%&'dﬁfeg (mg/ml)
After compound (1) was heated and dissolved in a 4-fold
quantity of isopropy! ether, the resultant solution was allowed
I to cool at room temperature (crystallization took place in the 367

vicinity of 40 °C). Alternatively, after the compound was
heated and dissolved in a 5-fold quantity of acetonitrile, the
resultant solution was maintained at 40 °C in an incubator.

After compound (1) was heated and dissolved in a 10-fold
II quantity of acetonitrile, the resultant solution was cooled and 40.5
agitated in an ice water bath.

After compound (1) was heated and dissolved in a 10-fold
I quantity of acetonitrile, the resultant solution was maintained at 353
25 °C in an incubator.

After compound (1) was heated and dissolved in a 5-fold
quantity of ethanol, a 2.5-fold quantity of water was added 458
thereto while hot, which was then allowed to cool at room )
temperature.

After compound (1) was heated and dissolved in a 5-fold

| quantity of ethanol, the resultant was cooled and agitated in an
ice water bath, and a 2.5-fold quantity of water was added

v thereto while cold. _ 47.6
Alternatively, compound (1) was heated and dissolved in a 3.5-
fold quantity of isopropanol and the resulting solution was
maintained at 0 °C in a refrigerator.

[0043] Table 1 shows that the crystallization temperature was critically important
in preparing the various crystalline polymorphs. When the bulk ingredient is

prepared, crystallization takes place on a large scale and failure in controlling the

10



25 0Cin an incubator. After conpound (1) was heated

and dissolved in a 5-fold quantity ofethanol, a
wQ2@sfai2d3 quantity of water was added |V 45. 8 PeEFUS1004/020154

whil e hot, which was then aIIovved to cool at room

tenperature After conpound ( ?) was heated and .
exgetdemperatnrs eanaesilt ig) agnyia of sipblsfand mefastable grygals, giving a

g B i 00 i R Rl AR LALE R NoA R T e
prodettieh dotafrghimsicohidh phécdatidns Ahddd batdkerl y, conpound (1)

was heated and dissolved in a 3.5- fold quantity of
i sopropanol and the resulting solution was maintai ned

ef t 0043] Table 1 sh h
[O%@ %{‘gﬁ?@ |rloge{ :n'gcraragure JNasacrieti CZ| ons Ll
| rrportant in prepa:}i ng the various crystalline
L t
(BRI S e b e RE R} glogBGRBR R morot.

cr§r§h1|tyﬁ@\ﬂ(ﬂoﬁ1@¥\ rolling theexact tenperature can result
In a mxture of stable and netastable crystals, giving

a larger vari ance in the phyS| cochem cal properties

and bi oayai. | abi ty a na%iﬁ‘lo Ig{gb‘%gt-s %L@aﬁtswﬁ

[0Qfelch SHEXe |S
m%s%?ﬁ%l’% ﬁ%ﬂ‘caﬁ@y(ff{eﬂ{ahblﬁ@ '5?’? gNIREE 3&@/ fo?&?)l?% s%')h&idihg With
mpd)mt@]agﬁmon;\ﬁhetedmol sqﬂutmmaﬁmmrgeﬂ)wlﬂn,@ whd1di psagts) gkwater.

in 204 nL. arts Q f A |
T iAo TSRO hobhip By 26 G e S G ER o fdgbout 13
m¥utdd and then at 10 15 °C for an additional penod of 1-2 hours, appearing as an

off-white suspension.

[0047] To the resulting suspension was then charged 364 mL (10.7 parts) of water
and the mixture was agitated at 5-10 °C for an additional 1-2 hours. A solid, white to
off-white product was isolated by vacuum filtration. The filter cake was washed with
2x30 mL of water. The off white solid was dried in a vacuum at 35-40 °C for 24

hours.

[0048] EXAMPLE 5

Solubility data of compound (1) in ethanol/water (2:1)

temperature desired polymorphic form undesired monoclinic
V (form A) polymorph
22°C 6.7g/L 3.4 ¢/L
30°C 15.7g/L 6.1 g/L
40°C 46g/L 17.2 g/L

[0049] Samples of compound (1) (5g) were suspended in ethanol/water (2:1, 100

mL) and stirred for one hour at temperatures of 22°C, 30°C, and 40°C, respectively.

The suspensions were filtered and the solids dried in a vacuum oven at room

11




noderate agitation, the ethanol solution was charged

wth 43 nL (1.3 parts) of water. The reaction m xture
wowsoeked to 20 - 25 0C and agitated at 20- 2BCTDUS1004/020154

about 15 minutes and then at 10 - 15 OC for an

addi tional period of 1-2 hours, earing..as an
tergperaine eecraighiferyoie isobbiq mlgrielh s elppififipgwere calculated

oy HPRSANE R Badc B rElRL AR AGS L (10,7 parls) of

mxture was agitated at 5-10 OC for an
additional 1-2 hours. A solid, white to off-white
product was i sol ated by vacuumfi I[tration. The filter
[005e WHKXAMBBE® with 2x30 nL of water. The off white
solid was dried in a vacuum at 35-40 OC for 24 hours
[0048] EXAMPLE 5 Sol ubility data of conmpound (1)
[08% Hanoll gerteenl Wep gienulabion tabdatsivercquenarediwiib e piships S(&utlon

cogttrppe By SRR RSOk B o Pl YRRl
peBfoemb® Q4] BaEHeas cohulaIBe Rdulidnt webgasywraeflsided igied,

in ethanol/water (2:1, 100 nlL) and _stirred for on
millsdr blapdadarigorrgraylas xapiensipae dishisenbos, fow and

éﬁﬁ?sgg&%t&r ér%l %HEE%“\% 1h uBf%itQ&'% Wb‘fet gﬁ‘és% engekeaidet fabRis were

_ m oven at nt enper at ur e
ﬂlﬂvmm@tbtstetrldalgimappManqaand lubinqarm enmnpliancd fies. ease of

SERISB BN HREPIATE GO OR HFe RRBBUE GRS Bog
mhﬁﬁgﬁt&?gt@&aﬁé’eﬁ yBS AP RPRsd %?h&k?pfdﬁfllﬁleﬂ{ﬁ&@lﬁlﬁﬁe WaétBse,

ing solution corprised of an aqueous sol ution of
gliyyaty bbeppnagypobstinyip ysd1dig; munmlttﬁmﬂmsﬂl@@ﬁfF #tdhed with

hear ranul ator, the resultant wet nmass was
it e Ao

[0052] EXAMPLE 7

[0053] In general, the dry granulation formulation was formed by dry blending (in
a tumble blender or high shear mixer) a portion of the binding, disintegration and
lubrication powders. This dry powder blend was formed into granules through the use
of a roller compactor equipped with an oscillating (shear) granulator: The ss mesh
screen, gap width, gap force, roller speed and granulator speeds were defined to
optimize the formulation physical parameters as apparent to those skilled in the art of
pharmaceutical processing. Excipients included, but were not limited to
croscarmellose sodium, magnesium stearate, hydroxypropylcelluse,
hydroxypropylmethylcellulose, lactose, glyceryl behenate, polyvinylpyrrolidine,

mannitol titanium dioxide and microcrystalline cellulose.

[0054] EXAMPLE 8

[0055] Specific formulation for dry granulation.

12



mlled, blended with extragranul ar excipients to aid

di

si ntegration,

flow and conpressibility,
woeurhs@geast |y tabletted on a tabl et press.

and

TheBeT/S2@®4/020154

tablets were filmcoated to standardi ze appearance and
Table 3.4.1: Prqposedeinitinhiforinardgtor( congposiimae fofdry\gnanwation) .

rototypineci pi entlsI i ncluded, but were not limted to
crloscar nel | ose _sodi um nagnesi um st eaPadtétype 1 Prototype 2
No. hydroxypr opyl cARBEEdERt by ar oxypr opy ne(ﬂlgyttﬁ}giek)ul ope, (mg/tggiet)
11 4ct 0Seg GhFGRT (1), RPN @oEm APO! YVI NI pyr &) i dine 250
2 TgTCOT G L U ARG T T e peTy STl e
3 gilanul aviapcysialtbe CUWOsA PRI, coal by ar9lh) endi hg (i n ol
4 3 ltunbl e blesgammellosesodiianesr nj xer) a A9 tion bf the20
5 bi|ndi ng, dHssimexeprogylicelinlesed | ubrichtion SOwders.| This -
6 drly powder Magndsivesstéapatered i nt o granul e2. hrough the --
7 use ofHadogiprepylariaclialoseqipped| with 8w oscil|ating --
g (9hear) grangiahigm DibRRleSS Mesh scieen, gap W dth, gap -
9 1Qrce, TolTer Spepf, @Ry granul ator [Speedy swere definedos
10 g Ot T Ze G BT PITYSTCRI PATANETETS |5 " 7 gs
L e e e o MRk el uded. bl e n ot i bt ed 3
12 td croscar meOlYSSE I 0eEna%  nagnesium stearate, | 2.0
13 hydr oxypr opy Qpefryiyld évhitg)dr oxypr opyl met hyltel L ul o 8.0
| dct ose, gl yceryTavdhenat e, pol yvi nyl py4Glomgdi ne 400 mg
The dry pRaniliatioh ptocésns givedlirothe dRaraitoFigi ©.r ocrystal | i ne
cel lul ose. [0054] EXAMPLE 8 [ 0055] Specific
formulation for dry granul ation. Table 3.4.1: Proposed
[0056] | NEXiadpr@oMul ation conpositions for dry granul ation
prototypin <3- < No. Prototype Ingredient 1 Prototype
[0057] 2 éﬁ%ﬁ@ﬁhﬁﬁ?&tl&ﬁ@fo} At glta)lulation.
Table 3.4.2: Proposed initial formulation compositions for wet granulation
prototyping
. Prototype 3 Prototype 4
No. Ingredient (mg/tgﬁet) (mg/ta)l,)I;et)
1 Compound (1), Type V (Form A) 250 250
2 Lactose regular/fast flow 7.5 --
3 Microcrystalline cellulose PH101 32 32
4 Croscarmellose sodium 25 25
5 Hydroxypropylcellulose 25 --
6 Magnesium stearate 2.0 --
7 Hydroxypropylmethylcellulose 2910 7.0 --
8 Titanium Dioxide 1.0 --
9 Carnauba wax 0.5 0.5
10 Polyvinylpyrrolidone - 30
11 Mannitol -~ 3.5
12 Glyceryl behenate -- 2.0
13 Opadry II (white) -~ 7.0
Total 350 mg 350 mg

The wet granulation process is given in the chart in Fig. 8.
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1 Conpound (1), Type V (Form A) 250 250 2 Lactose

regular/fast flow 7.5 - 3 Mcrocrystalline cellul ose
wW@R0SI00R13 31 4 Croscarmnel | ose sodi um 20 20 5 PCT/US2004/020154

FVdroxypropyIceIIquse 80 ~ 6 Nhgnesiun1stearate 2.0 -

roxypropyl met hyl cel | ul gse 2910 8.0 - 8 Titanjium
[Oﬁ&f])u dg‘hqp@ errp @b%@%é@s @bshe gnvenfjom hays been described allool{re in

e yé/ﬂr'lg?@ %Xﬁena 1161p%§ %%‘nt%"ﬁﬁ?éftla q‘/l(lll'begbl‘? ge%gll\éapparent
to 'ﬂQIsa Isklfilled) u’nr‘ll‘(];leéﬁOTh@ fo'fblg)mg gxagpdesiratntaned tobesen-limiting and
given ip the chart in oo 1 LE 9 0057
oy pEtbe rysaah fgwBbrbf e forb ol pasel Lo g Jaimed
bebowf- 2: Proposed initial fornulation conposn tions for
vvet granul ati on prototyping Prototype 3 Prototype 4

I ngredient (ng/tablet) (ng/tablet) 1 Conpound (1),

.e V (Form A) 250 250 2 Lactose requl ar/fast flow
[O@g ~ S(AMP E) 10 - PXRD Analysis J

[0060] The samples were prepared by a normal front packing technique and run
on a Siemens D5000 Diffractometer System. A high-resolution Cu-Ka-source was
used, operating at 50 kV/35 mA. The secondary beam was monochromatized by a
Kevex solid state detector. The step scan mode was used for data collection within the
range of 2.5° - 35° (2-theta). The obtained data were processed by Diffrac Plus ™
Software.

[0061] The parts of the diffraction patterns of three different polymorphs are
shown in Fig. 6, determined as Form A (likely an orthorhombic structure, specified
type V), Form B (I) and Form C (II) (both monoclinic lattices) are also shown.

[0062] As on can see the top pattern is quite different from the other two. The
differences are clearly marked with arrows above the top trace. Most of the single
peaks on the upper pattern became doublets on the other two. This strongly suggests a
structural transition with lowering of the overall symmetry. In order to find out some
criterié for better distinguishing of these polymorphous, an attempt for indexing the
unknown lattices was performed. The results reveal an orthorhombic lattice (top trace,
' Form A) and a monoclinic one (middle trace, Form B). The bottom trace (Form C)
has also a monoclinic lattice very similar to that one of Form B, but with some
missing reflections (marked with arrows) that could result from some structural

differences.

[0063] The structure of our Form A is very close to Form V in Table 1 and Fig. 5,
although there are some differences at the range 19 — 25° 2-theta. On the other hand,
the diffraction patterns for polymorphous Form I and Form IT match well with Forms
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3 Mcrocrystalline cellulose PHO 32 32 4
Croscarnel | ose sodium 25 25 5 Hydroxypropyl cel | ul ose
WQ005/0602gnesi um stearate 2.0 - 7 PCT/US2004/020154
Hydr oxypr opyl net hyl cel | ul ose 2910 7. O -- 8 Titani um
Dioxide 1.0 - 9 Carnauba wax 0.5
B aRd |Gy v thely pllrapphrenibnehow Be splitting ﬁﬁthﬁé!lam reflectjonsydue to

red Ryt s B S P mbedtl () 7.0

given in the chart in Fig. 8. [0058] The preferred
enbodi ments of the invention have been described above
[0064] detRrichuse\taystaliegraphil diaraterigaitons of all fiye pobmegrpkous

t her et 'I be readi ly ap '
cesertoodo table | enanrimgs e e aRAr LB b Redr RN fare
of &ﬁ‘ﬁpddnﬁ‘(i) RAPhAAHaRUSERD bahplePénly B mdaneof itomppaemacd dxdtbrm

I nthe foregoing specification and cl ai med bel ow.

A, pO0SDIedBYAVERB. 10 - PXRD Anal ysi s [0060] The sanpl es
were prepared by a normal front packing techni que and
run on a Sienens D5000 Diffractoneter System A
hi gh-resol uti on Cu- Ka-source was used, operating at 50
kV/ 35 mA. The secondary beam was nonochromati zed by a
Kevex solid state detector. The step scan node was
used for data collection within the range of 2.5 - 35
(2-theta). The obtained data were processed by Diffrac
Plus(tn) Software.
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[0061] The parts of the diffraction patterns of three

di fferent pol ynorphs are shown in Fig. 6, determ ned
W@g005000A (i kely an orthorhonbic structure, BEEUSI0€020154

type V), FormB (1) and Form C (I1) (both nonoclinic

| attices) are also shown. [0062] As on can see the top
Clggstern is quite different fromthe other tw. The

di fferences are clearly marked with arrows above the

top trace. Mdst of the single peaks on the upper

pattern becane doublets on the other two. This

str u 3 i ' ; ;
L ¥ oues Pk S pAREEL i hitiing, \ePRbBLANMoLya (1 in sold
fomonme criteria for better distinguishing of these

pol ynor phous, an attenpt for indexing the unknown

lattices was perforned. The results reveal an

ort hor honbi c Ioatti ce (top trace, FormA), and a
nmonocl i nic one
trace (Foram-©

(myadie trace, For/MmBY).
: éi!i’§ ACHIDITA0 i
simlar to that oRe ogf Form B, \ Mth sonme m ssing

reflections (nmarkgd could result
from some structtiral di*frekBAEEE. [ 00B3TRE st ructure
of our FormA is very close to FormV in Table 1 and
Fig. 5, although there are (dbne differences at the
range 19 - 25 2-theta. On the other hand, the
toghthdrrvaitt a pharmpatetitratiy adceptabbodayen ppdxoipisnt-or m | and For m
Il match well with FornsB and C, as they al
apparently show the splitting of the nmain reflections
due grevideddhes ite@otnbaundwéfoahbla € nyresent ik papmonphiedioidsind is
0 monogclinic. 064], .Because crystall ographic
Su{?%aé]ltlﬁl&é‘?eiogﬁﬁ’lﬂoéﬁ’iy‘%ﬁlgf ﬁmp?'ve pol ynor phous descri bed
in Table 1 are difficult to reproduce, we w ||
characterize.th tructur.al,. st at . '
2. phar HRcauprer S gt L8 G oS HBuRlo SRR sp e B
ortsrhbfbiticAistaiss defi ned by PXRD. Clains: 1. A
phar maceuti cal conposition, conprising: a conpound of

formula (1) in solid form (D
3. The composition of claim 1, which is in the form of a tablet or capsule.

4. The tablet or capsule of claim 3, which gives rise to a PXRD pattern substantially as
shown for polymorphic Form A in Figure 6.

5. The composition of claim 1, wherein at least about 90% of the compound of formula

(1) is polymorphic Form A, as defined by PXRD peak heights around 9° 2-theta.

6. The composition of claim 1, further comprising lactose and microcrystalline

cellulose.

7. The tablet of claim 3, which weighs between 250 and 500 mg.

8. A composition comprising isolated crystals of the compound of formula (1)
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together with a pharmaceutically acceptable carrier or
exci pient, provided that the conpound of fornula (1)

w0 goopeRent in pol ynmorphic Form A and i s substBet/iUstony020154
free of other polymorphic forms. 2. The conposition of
claim11 in which the conpound of forrrulag(l) IS

present as ortcih FFON C cryst al s g/ conposi tion
@ .' Ba or
or capsul € claim 3, which

of cl ai m Ig,

capsule. 4. The tab

gives rise to a PXRD Rattern subgtantially as shown

for pol ynor phi ¢ #or m AMCHCRIGETE 6. 5°°“2?Ffé*z‘€6‘rrposi tion
of claiml1, wherein at |east about 90% of the conpound
of formula (1) is pol ymorpKlt Form A, as defined by
PXRD peak hei ghts around 9 2-theta. 6. The conposition
of claim1, further conprising | actose and

m crioovhjcht thi fisohased e’wtdb ofempgund Thieare prodeat in oplymormhin Fyrm A

d 500 8. A t
an@'g\mi Pt\i\ﬁla'lxgreegg?et%?réaap §ZPS of tgg Con'pout‘:lgn.g?s' i on

forrrul a (1)(1) in whi ch the isolated crystals of
pre
S u b ﬁf’?lé?saﬁonfo? 8l'éun%J g i e}ﬁlnqhg 8{)12{%’% ?xgﬂélg ogé?)ﬁr[ﬁ%@lmﬁare present
as ©ahqrbahlic cnystaifs claim8, wherein the isolated crystals
of conpound (1) are present as orthorhonbic crystals.
10. The conposition of claim8, wherein the isolated
10,r ysr}aIcSmpeBsmmmﬁolamdS (vihere@xthe t3blated c@&(ﬂ@ob«amtpeumﬂ (1) exhibit a

P)rz-‘\%g B?ffnbsu%i‘i%a%ﬁ g Sgg% 8}; ?q{’lylg‘ﬂrpﬁ]tc & a%xrﬁ1 Eor \r/\nher Ielnn t he

isolated crystals are at |east about 90% pol ym)r phi c

Form,A, as defined. by PXRD peak,hei 0
112 th eé:omg%mu gc]ggﬁ%og 5 ﬁle &olatei G%Fn&% &L V\f?[lf a%o%tr?gﬁ
pdlsaadrpiti€Horat A sis dkfned by PERPquenicheighs camti &F riteta. I east

about 90% of pol ynorphic Form A with respect to other
pol ynor phi ¢ formns.

12. The composition of claim 8, wherein the isolated crystals of compound (1) contain at

least about 90% of polymorphic Form A with respect to other polymorphic forms.
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