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acid. [0001] Background of the Invention [0002]

Field of the Invention [0088le The pol ynorphic form A,
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solubility and b|oava|Iab|I|ty conpared to ot her
crystalline forns [ 0004] Description of the
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chi ?ﬁ acl gk roughﬁ{)ﬁe 5'- |ipoxygenase pat hway
and are inportant nediators of allergic response,
h agp j in bronchial asthma. Drugs
[O??@t exﬁe%lﬁﬂgméa]g‘\ggﬁs{fﬂjc effects on the | eukotrienes
are useful for the treat ment of allergic diseases.
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credisln@Eaakaphy of the crude product ntxtures The
sol vent was evaporated to give either a pale yellow
oil or colorless crystals and no deliberate effort
was made to _control_ crystal norphol ogy. [0007] W

[OBQdle oMssenintion pfthe Background
4-[ 6- acetyl 3-[3-(4-acetyl - 3-hydr oxy- 2-

r opyl enylthlo)p ]-2- prop | phenaoxy] but rtc
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i nportant for preparing the different pol ynorphs. :
[0006] The synthesis and biological activity of many phenoxyalkylcarboxylic acid
derivatives, which are leukofriene 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.

[00077  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 aliergic 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.



1 cHa---c / gz~2zo -CHs HO CH2CH2CH, H3CH2CH2C
OCHZCHZCH2002H 1 - [0008] W have al so found that the
solubility and the bioavailability of one of these
pol ynor phs, i-dentified as orthorhonbic crystals (‘Form
V in Tablke 1, and Form Ain Fig 6 IS superior to
the ot hell pol phs -and thus fg of fers § nproved
sol (¥ Tor M SEHhFHI =S Vet o CHa
100091 In a fhes , . i nventi on,
there is pro I ded \a_phar naceut i gal 0Nposi tion,
conprisi ng ‘& conpo GG flCa (1) PrEbFgeHor m
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- CH20H2O2H etherl with a pharmaceutical |y
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A in Figpb) m@ﬂmr tcmhﬁmthaxm’lﬁubf;ﬂs rinidahhy folnmed ‘offess llgdked solid
at little or no undesired polynorphs. ire
&t abl e by powder. ray diffiractonefry. (PX1 D).
Typically,. the polynorphic purity is greater than
9QVA. (defined by peak heights in the powder x-ray
di firaetion. tracSummbief 6f 8kl Mvehtiondesi r ed
crystalline formof the invention is at |east
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wmmgmﬁ;%o%'%{%ﬁﬁh edg(?fgéﬁ@h% '\ﬁlghﬁ? li;dr?]l"?'al so pr-ovi des
a process for obtaining formA of the conpound of
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di ssolving ¢ ound (1) .in 5 / parts by wei ght.
of vvarmethn | a arts/of w agi tating-
the resul ting susﬁ%ﬁ"?cgh"“g?% 25 C PS'?““Y%”‘

m nutes and thén cooling [t
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together with a pharmaceutically aoceptable carrier or excipient, provided that the
compound of formula (1) is present in polymorphic  Form A, and is substantially free of
other polymorphic forms. By "substantially free” is meant that little or no undesired
polymorphs’ are detectahle by powder X—ray dlfﬁ:aotometxy PXRD). Typmally, the POIYmOIPhlc-' |
purity is greater than 99% (deﬁned by peak heights in the pawde;: x—ray dlm*astmn
trace). Preferably, the desxred erysl:al]me form of the irivention is at least abouit 95% of
~ the polymorphm form A (Flg, 0) as measured by relative peak hexghts in the region of

T 9°2 theta..

[ﬁﬁi 0] The preseut mvmtwn also pmwdes a process for obtmmng form A of the
compound of formula (l) in af least about 90% punty with rwpect to other _
‘P°1'Y.1110tphs. An t_:xct_npla_ry cr)esm]hzahon.prﬂc«?ss includes the steps Qf dxssolﬁng

. compound (1) in 5 to 10 péﬁs by weight of warm cﬂianéi and 1—10 parts of water,
agitating the r&mﬂt-mg suspension at 20-25 °C for 15— 60 minutes and. then cooling to.
5-10 °C for an addmonal peuod of 1 - 4 hours, adding 5 —15 paﬂx of watcr, agltahﬂg‘



5-10 C for an additional period of | - 4 hours,

adding 5 15 parts of water, agitating 2 the mixture

at 5-10 C for an additional 1- 4 hours, and isolating .
crystals of conmpound (1) containing at |east about

90% by wei ght of formA (Fig. 6). In a second aspect

of the present invention, there is provided a process
for preparing Form A of the conmpound of fornula(l)
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(e)agitating t O'Q?”'ﬁj)lo C for an additional
1 - 4 hours; and (f) isolating crystals of
compound(1) In-a third aspect ‘of the present ,
invention, fhere is provided a tablet conprising the

composi ti onlas gettned above. 3 [ B Acor di ngly,
a pharmeuh' DSk s . !
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FormAand is 68
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(a) dlssolwng compound (1) in 5 to 10 parts by welght of watn ctharol and I — 10
: parts of water,,

N M) agltatmg the resuliing suspension at 26— 25 °C for 15 — 60. m:mutes
- @‘ “cooling to §5— 10 °C for an additional period of 1 — 4. hours;
_.(d)" * adding 515 parts of water; .
‘ € aglta@gfhc mixture at 5 — 10 °C for an'additional 1 ~ 4 tﬁuts;' and
) - isolating crystals of compound (1) ' )

ln a thard aspect of the present invention, there is prowded a tablet

7 oompnsmg the composttlon as defined above.,
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substantially free of other polynorphic forns. In a
preferred enbodi nent of the invention, the conpound
of formula (1) is present as or t hor hombi ¢ crystals.
Al'so the invention-can be mnade into the formof a
tabl et or capsule. Preferably, the conposition of the
invention gives rise to a PXRD pattern substantially
[Omslﬂovvn Amor(hnglynmphahnﬁceﬁﬁfdﬁbémpﬁsﬂﬁloﬂ 3% Profided/DLKIGH @bmprises a
refera gh | east about 90@6of t he
4E¥n}s pol ynor phic Form A, as
defined by PXRD peak hei ghts around 9 2-theta. The
conposition may further conprise | actose and
m crocrystalline cellulose. The tablet can have
.different weights, for exanple, between about 250 and
about 500 ng. [0012] The present invention is also
directed to asconpasition conpri sing |sobated

crystals of t fe obnpound of for :
/ n WHECEH S Tekystal s
p€ in po ~"9rphIC Form A

"3CRI CH2. B~
Or esent

> ) a
preferred enbodlnent the 1 sol at &d crysta S OP
“conmpound (1) are present ag rt horhonbi c crystals.
The isolated crystals of c ngound (1) of the present
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Figure 6. Mre preferably, the isolated crystal s of
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X"‘Q@ﬂdg? PRREY I, s preseghippolyrgtalee Kprm A and is
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the BB b IS 0 5 et oB o omBAR s Ao o vention can be
md@ﬂit@'tﬂﬂfﬁhn of FEble A cilfishie. PREBRABE, H cBiiRition RO HFRIbS gives

for In.a faourt spect of the resent invention
Ff'eé%RP Q‘E@&Eﬂg s @ﬁbﬂ%ﬂ’%mﬂﬁm Figure 6.
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Des r%gtlon of  the Flcqres Flg Pomder ray .
polymprab Sefinehby PR R peaishicia J51 2 ek Gho composition
nmyEﬁ@h&%&&ﬁn&ﬁmﬁ&&E&hmunocthﬂhnecwﬂukmc 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 compnsmg isolated

ot

- crystals of the compound of formula (1).
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Fig. 2 Powder X-ray Diffraction Patter and DSC Chart
of Formll Fig. 3 Powder X-ray Diffraction Pattern
and DSC Chart of Formlll Fig. 4 Powder X-ray
Diffraction Pattern and DSC Chart of FormIV Fig. 5
Powder X-ray Diffraction Pattern and DSC Chart of
Fonn V. Fig. 6 X-ray diffraction patterns of three
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Pb}@ﬂ b%%@ |Eﬂ:1%ﬁgior crystals of compound (1), which
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‘l"f%?ilﬁterrperature up to the refl ux tenperature
of the solvent, in the presence of an-inorganic base,

e.g.In ab@ﬂhs&spmﬁoﬁﬁé@ﬁéﬁrﬁ irflen rbon The .
h gdl ti QE of potassium iodi de Ps&q tHéPquBm&@gmsme comprising
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groups, such as

- - [0013]  Brief Description of the Figures

Fig. 1 Powder X-ray Diffraction Pattern and DSC Chart of Form I
- Fig. 1aDSC Chart of Form I
-Fig. 2 Powder X-ray Diffraction Pattern and DSC Chart of Form I

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 IV

‘Fig. 5 Powder X-ray Difftaction 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

o014 Deﬁaiie_d Description of the Xnvention
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o [0015] . Bster (4) can be synthesized by reacting a phenol of formula @):
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chloro and tosylate, may be used to effect the
coupling reaction. o o 11 CH3-C PC SCH2CH2CH20 \

wWekis/0b43lZ/CH/CH3 H3CH2CH2C CHZCH CH2CO2R 4 [@@iﬁ]52004/020154-
Renoval of the acid protecting group by al kaline
ester hydrolysis and extractive work-up gives

wheadippRlnan §difl pasieatinghirbep, sadth @ methPllot]ethyl, with the bromo
Recr té,llilﬁation of the white solid to give

COERaHth 1P &% formA crystals (Fig. 6), (e.g.,
90% or nore, preferably at |east 95% can be

yuaaave
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acconpl i shed by dissol vu)ng c mAnd (1) in 5to 10
parts by wei ght of ethandl aj 0. gl a
yel l ow to orange sof'fTon. T% 6 %ggf%r%%ﬁr-i s

charged with 1-10 parts of wat and agitated at

20-25 C for about 15 - 60 mnltes \and then at 5-10 C

for an additional period ofd 1-4 hotH,su.cp;ef erably

2.0 - 3. 0 hours, resulting in gn off-white

suspensi on. 5 WD 2005/ 000243 PCT/ US2004/ 020154

[0018] To this suspension is added 5 - 15 parts of
_water and the mxture is agitated at. 5 -10._C for an
ingREEIRHSAIvent. fon exmple acqions; aegmlﬁﬁhllkstoneaﬂlﬁhﬂgafpg? o,
il L TR, FRAGIEL Sl bASW G (lperatyre wp
to tetreflivatethpardatexd dfithesolemntimttet prédenee dlarGnbganicbase, 24.,

oo o Gd o G L G
recoRTRANTRE, obktbs®flcBMpbu B9 AN ing LEARAPRABNhg cAUds, such as

cooling the solution formcrystals. [0020]
chifiie aad tnsylate, Aayrhel used treffecbibe tpuping waetion: | cal

conposi tions containing the orthorhonbic form of

conpound (1) may be fornul ated for oral

admini stragion with inert excipients, such ap

%JQSC%%WzO - CHy
HO

CHCHCHs  H3CHLCHC OCH,CHo.CH,CO.R
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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
With mcrocrystalline cellulose and a suitable
wioutoos/aants. Ot her suitabl e excipients include pCcTus2004/020154
pol yvi nyl pyrrolidinone, gelatin, hydroxy cellulose,
acaci a, polyethylene glycol, mannitol, sodium
(0@ or i 'Bethlswpmomstaddﬂch o5 anyts of Waler ankihpingmture is

s 1O Bioadiiom] b b rkeepngf £ EP AL K sotic,

wHIRE bAt Wit hradsdtié Relads@ans vlichemtfilirkig dhdfth@ filtbiodhke is
such as diluents (also call ed bulkl ents and

washed with watasiapdidried #ha kasupel & 26n&0 ° F r éthhgurs.
together in the conpressed tablet, disintegrants
which help facilitate the break-up of the tabl et
[odgn POREE %&%tﬁhiéﬂéh%ﬁ&i‘ﬁbﬁ@ﬁ&%&b abR th PrERRE FAREA, such as
ive Ingredient, and lubricants to ifnprove the
msselvw@nm‘ounﬂl €l)do miowsrsﬁebh@ isepropanoh), ansbcapling thmsplution
f%nchfﬁ? In addition, tablets nmay contain other
o tes intended to inprove the tabletting
process, such as flow additives, flavors, sweeteners
and anti-oxidants [0023] Tabletting and sonme capsul e
[062d]] | nThepgdutic Fonsukatiendased on the ability of
certain powders to bind under conpression. Conpressed
tabl ets nay be prepared by wet granulation, dry
[ogzgnul Bhirpcewdicalléongmisitivmnpottaiminythe dtthorhembic form of

ranul ati on rocess |nc e t he .conponent s
comtpopBh R mAdRE P araf Pém{ﬁ%ag% AR 56t g euts, such as

1.1..aR., i
R R A S

a d%ﬁﬁblkd&iﬂﬁ[m:‘m A0therisuitablerexaipitmtsincludo poly einylpyertidingne fgslatin,

5 ccllisaaeris mphtuivns dkoLihuplel el ofigidd Sodium
cﬂrrﬁé ot Eﬁ)n&hé? exbipint khBRR 4 tHdsPbLEN hfﬁetaﬂb:lf%amaceuhcal

fornul dtion 1s a wet granul ati on contai ni ng
copyglogionphi ¢ form A of conpound (1) |actose regul ar,
m crocrystalline cellulose 101, crosscarnell ose,
magnesi um stearate and purified water, coated with

[0@?]? ry Pkglgmtst Iﬁpr eg 3 a%?é&'e%glg cﬁ%&‘ﬁg&i aé’&h%gg ké %ﬁ%icﬁon
suEh s dilventd (arso amllemlwllmgsagbﬂte and ﬁﬂﬁs); bindessi wigich held the

ingHeiigats GHNARR  en FTR oIRGBl PR PP aiBle the

break-up of the tablet when placed in a fluid environment to release the active

L..a

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 npst

waEmeeneedd tabletting method, direct conpressi®gus2004/020154
requires only two steps, mxing the dry conponents
and conpressing the mxture into tablets. [0026]

foSuiatdoinik, wharse strearing ﬂmsass nhioirgit e sisve, Mcyingezrinding, adding the

1.Cr ocr stalllne eII ESSIb e sugars,
ioftcand i EoiFsetes G abetf B oo PRI a R P,
these, mcrocrystalline cellulose is preferred. That
exci pi ent al so displays good disintegration

[opz4iper tA peferfihsyicidoatuliingBraswétpginitiiopdottailiing polymorphlc
phosphat es and . conpressj bl e sugars. Calcjum sal t
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Tk 1abletseshoaidtweifOfidm] 100heg ta bl meprefecal ¥ $5®Emigitb 500 ag.
tabl et hardness of greater than 2 kil opond
(kp)/cm sup. 2, nore preferably a tabl et hardness of

BB oo SR e S5

cdﬂﬂi@ésﬁfg the Fkt@relineS iRfrd Rlugs,| B didghBesibps Hitd déshred particle size,
measured utilizing the standard USP di sintegration

screening, adding ether $wg}ts %G%Wnﬁldpﬁﬁﬂaﬂﬁ%?% the gixture into

ta@%fgjgﬂg%r rtljéecr g&lﬁrﬁl té;\r c ’I act ose @ukﬁm only two

stepsl, fratiag tie dr;ay.dmpbmcnts afd @nqirmmg mmgmasramﬂsmhhtsat e
or stearic acid, talc, pectin, acacia, agar or
gelatin. The carrier may also include a sustained

(000 E 25 S s i ottestionh erﬁl'clug"”“t ¢3BlfheYeindlose,
cohhprédsPsib s, 3bPAIR cAlcivth tsd:ltsalav;@ge anthE:x 8o Uf thdses ol i d
carr| er varies but, pref erabl will be between

mmmwstamnﬁrgelhdom@ prefarrek Ehﬂtpﬁ;mmm% alse displays gpod29]
| a u
R PR DT 58 B ieud Sl Aty LR and
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Eﬂk&uﬁe | ease the corrpound upon contact with
gasflrl c J ul cég I'n the stomach, in

[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 camriers 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 2 sustained release material such as glycerol monostearate or



order to control the taste of the conposition.

Alternatively, the polyner coating nay be one that
woes03009243api d disintegration in the presence afcT/us2004/020154

gastric juice. Suitable coating polyners include

bi odegr adabl e pol yners such as polylactic acid,
glyssrol gy stehiate, abpiedr wibpovgndibe agfountef sotid gauticy vyuies|biug,
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coating such as a polysaccharide (e.g., nethyl or
ethyl cellulose) or within a |iposomal delivery
{08389t emEncdpsulatibh eamed dmetsn afy pritabder mmgnet.dypiosiiyt byuws of a
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bout 70 .M cyons o about.. 100,.m cr.on [ 0030 .
ordfap cartroidhele ot iR o APTASPR heRaTIG sotingmay
bedh® thitQBRiaPaipid disthtegiBidatn s osuhce dDPastRY fefbe. Suitable
Adm nistration intervals vary with the patient's a?e, .
coplingpelymets igelnde hiodegradatle pelymers syeh a3 polylacheadid.rplygycolic

o 9008 gl M Al s

thétedd. | Tho@ngpotad hlsercad lﬁe hm?@'sﬂfﬁldﬂ biyagobimerabatingduches a

e el o S B S Sog ALIESH
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5 A it e SRR B ke

ingredicatyeart desiribed; fof exabple, i USS. (Ratengs 446:98%mst1p,384,

5 PAEEL3BAS haob phagol i RIS BpobiFhave

m&in PpHrBsle sizBof hBddtSVimidrdns MRS 120 MEcrsREE.4.] dbout 70 microns
enbodi nents of the invention but should not be

to@bowt Y@auiceans).i miting its scope. 8 WD 2005/ 000243
PCT/ US2004/ 020154 [0033] EXAMPLE 1 [0034] Synthesis
of ethyl 4-[6-acetyl-3-[3-(4-acetyl-3-hydroxy-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 carboxymethy! 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/em?2. 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

wo-206/meEBy| - 3- hydr oxy- 2- propyl phenoxy) but yr atg-1ds2804/020154
g), potassiumiodide (0.5 g) and potassi um carbonate

(1.45 g) in acetone (30 mM) was added drop w se a
[0G83[ ut | BRAMPYE (13- br onopr opyl t hi 0) -

2- hydr oxy- 3- propyl phenyl -ethanone (1.9 g) in acetone

(10 M) wth heating to reflux. After refluxing six
[Oﬂﬁéﬂjr s $Yr&h¢sis<¢ﬁﬁtleylm[§-amb!ﬂ-ée{3t(é-acetybﬂﬂedpmya1—ur e and

ORI PP a) BrRaEY Il e PP OR ARG e51 dug  vars

separated and purified by silica-gel colum
chromat ography (eluting with benzene: et hyl

[oGBsgt at 'Ee—ﬁsﬁl)red ﬁl@ﬂﬁﬁ)ﬂdﬂ@lﬂi—@ﬂ@e@@-ﬁﬁ@dﬁ&)&& crude
crystal s 72. 49 V\ﬁ tgglecryst allized
propyihcae R HW@(Igé gh Pe ewrﬂégélde s§B0 Gerbepate

(1 &9 %g -ﬁla%%@wﬁ {(v%og%ﬂg%l 5%’ \bﬁs 3r%8§l§1_05 _of 4-(3-bromopropylthio)-

2-Tprdopy- meﬂnﬁwl) pitmpone/(l-Lg)inapstops eiflorl) Wit eatiog to reflux.

Af%_%l dg 9199’?)’84( hgm[s ?m ﬁ%ﬁ%&eﬁs cgo‘.f%%%) 5Rm tﬁnperaim'e and inorganic

md@élﬂ.@wefé%y Arhield By &Q@dﬁ(]l‘hg TINERE Yab eRnihiel ayd #eSesidue
(2.1 g) inethandl (10 mM) was added a sol ution of

was ochayated yuit puitkd 10sitie-gyl cdlmchmmatqgraphwa{chhng with

veffehtrelio! opSathl Breivha8 solRoRe Sty el 24w

Wlﬂ(ﬂﬂwﬂﬂ:&eﬁgﬁﬁllﬁéﬁ fiogh &ilardl €5 five ﬁol@ﬂeﬁk}/difrﬂﬂb,l 18p 66-68C°CH,

fol | oned extraction wwth ethyl acetate. The
organi c Iayer was washed with water, dried over

sodiumsulfate and concentrated. The resul t ant
[093<.53| du@’%&*gP %gar ated and purified by silica-gel
col um chromat ography (el uti ng with

[0@% anoﬁwr‘r‘gqm%ogff%chl%é_&g@é ?bégdrgmgf ;:ﬁg title
Prefal ymor phi T b '028154

[0041] After re- crystallization wi t h i ndivi dual

sol vents, conpound_ ( 3_
[0038]  To amixture of ethyl 4-[6- acetyl—3 [3-(4-acetyl-3-hydroxy -2-

propylphenylthio)propoxy]-2-propylphenoxyfbutyrate (2.1 g) in ethanol (10 ml) was
added a solution of sodivm 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

[6040] Crystalline polymorphism



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

wo hos/oare4eXxpl orat ory eval uati on of the crystal leichais2004/020154
pol ynor phi smwas made. The results denonstrate that
compound (1) is present in 5 different crystalline

[0Q#ily moAflks Te-§rp@altizatiimwite sadividud solventss doenpsond €1) was
subSpbN AF boyid ST iR Ry. kel ol e RS o

soRbERFIREBEY HH: Q6 e plofofyQivalublee st the chyseMiede polBrphism was
their solubility in ether. Table 1 Preparatjon of

magey Sihgirpqulie dpapyshsiqihset eomeporndi(}) ispresentin oidilerent crystalline
%ﬁ‘?{@hg ystal Solubility form Preparatory procedures
‘After conpound (1) was heated and dissolved in
a 4-fold quantity of isopropyl ether, the resultant
solution was allowed to cool at roomterrperature

[0042]y st Eiguireseit i Hshdvotile pohaler Ximy idiiraviiai pﬂtteynscdnd@ﬁ@for
Al ternativ fter the_cC ound s 36. heat e
miasihlr comie) ipes Fibougte Yy 3500 0Ty Uit praRitgRy biprgires for
typRg th@ngh Vedld thak W1Lbility\Bsethe Nt ai ned at 40 Cin an
i ncubat or. After conpound (1) was heated and

di ssolved in a 10-fold Il quantity of acetonitrile,
t he resul tant solutlon was _cool ed. and. 40..5 11lﬁ[tated

i nlable T c Erepsrationiodt rysiafimePolynerphs and TheinSeluhliies ip
and di ssdhesd in a 10- fold 11 _quantity of

Casedldni trile, the resul tant sol on was nai nt ai ne@olubility
2tm353.3 25 C | n an‘iyS @ﬁ%?alfyd?lm%flfegr conpound (1) {wWasymL) |

heat gz paq %dsmeateéaﬁ@hﬁsom@mta A-Yolaf

et hajocLuan % thd s@fant R 1ffio'@es ARA N
ﬁ gg:n Efg Cgo a*t éé@ﬁstatl oft o?(viﬁgcetlﬁ tﬁ@m at 36.7
vicinity o% ernatively, after the compound was )
heated and dlssolved 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
1 quantity of acetonitrile, the resultant soJution was cooled and 40.5

agitated in an ice water bath.

After compound (1) was heated and dlssolved in a 10-fold
I quantity of acetonitrile, the resultant solution was maintained. at 35.3
25 °C in an incubator.

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

45.8

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 3 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



After conpound (1) was heated and dissolved in a
5-fold quantity of ethanol, the resultant was cool ed
wandogeo24st ed in an ice water bath, and a 2. 5-dal/ds2004/020154
quantity of water was added V thereto while cold.
47.6 Aternatively, conpound (1) was heated and _
SXACE tereEriepan reyul 1 g af stale grd metapgtableanptalagving a

IArGF oB bt 6 SR Drof B Bl sty by
prxdystial loig agdinn whichpeeatitions samidbée takeml | y | npor t'ant

in preparing the various crystalline pol ynorphs. Wen
the bulk ingredient is prepared, crystallization

S | arge scale and failure in
[(Lagﬁ roﬁmglo WD 2005/ 000243 PCTI US2004/ 020154
exact tenperature can result in a mxture of stable

(@RE1 oy B SR EfaDh Bt ot Shuflring s PR PR ot
eV tApn |ots, against which precautions
shoul' d be taken. [0044] EXAMPLE 4 [0045] Bul k

crystallization procedure for obtaining orthorhomnbic
I ] I : : O f - whi
(RF] & Bsgiifsons ol st draet Ao Boizel (B parts wrt
R84 b8 iter oPEihaiol rgi@ b 'vﬁ&kae}ell%v{?vt tﬁto lsotufiBn Owith

giving"a yellow to orange sofution. derate
magexate agitation, e ethiaol sblusioh wtas charged withdB geld (B phrtg)Df water.

1.3 parts)_ of ter T eact i. m r S
TG rektion GRS weooptegin 205 1o uesiipdz Hp-ds BE ghout 15
mifutehiiihes atttl 1580 fttan i ditiohdl ferfo@lof 312 lastel, labpélding as an
eriod of 1-2 hours, appearing as an off-white
OgUs 1510P047] To the resulting suspension was
then charged 364 nL (10.7 parts) of water and the
m xture was agitated at 5-10 C for an additional 1-2

! agitat :
[dmp S. Ay E% rvactﬂ%;%u%ﬁﬁsﬁm Whs thih) bﬁﬁgﬁ RAUGE (109 patts) of water

I sof ated 'tration. The ter cake
andhthieaolixtuirt 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 vacoum at 35-40 °C for 24

hours.
[0048F1 EXAMPLES
Solubility data of compound (1) in ethanol/water (2:1)
temperature desired polymorphic form undesired moonoclinic
V (form A) polymorph

22°C 6.7g/L 3.4 g/t

36°C 15.7g/L 6.1 g/L.

40°C 46g/L 17.2 g/LL
[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




2x30 nmL of water. The off white solid was dried in a
vacuum at 35-40 C for 24 hours. [0048] EXAMPLE 5
wWOGI008#000248y dat a of conpound (1) in ethanol/watmrr/us2004/020154
(2:1) tenperature desired pol ynorphic form undesi red
nmonocl i nic formA) olynmo h 22C 6. 7g/L34 /L
t%@rwergm@t go give thefipeoiyblgmatarjal STy solynlii) were calculated

%o Yé]mglt errﬂ%géml&{f%%v‘&%?}l stsiuffggdsgrl gne hour

at tenperatures of 22C, 30C, and 40C, respectively.
The suspensions were filtered and the solids dried in

[W50hc udAXAYBILE® room 11 WO 2005/ 000243
PCTI US2004/ 020154 tenperature overnight to give the

insoluble material. The solubilities were cal culated
(49515 ubtin gensrelewelgapsilainndgblols wase prepared with @ binding solation

o538 bR i EP
paforpicdseith DhighRhedpeandaton) td reqilatf wet mass was fluid bed dried,
wadroxypropyl cellulose. Ganul ation, was perforned

dy blended with gaiperanlan gxginints topid disiiearaien. flow #ads s
t
o4 é%‘z%ﬁfuﬁﬁ?sﬂ%ﬁ%ﬂﬁmﬂl%t%% o PR, Fhoee coro tiblets were
fihn Goateabnmtasiardizd aptpgarancdasiib Smgrove tchynplialdeds. e.ea:hs@nf a
tabl et pr Thes retablet . wer filmec ted
selpminghiSe iR inelied. B averenst O CEGTANOSe Sod
abn&sin® 828R hy@oR\pBRi 1 luse, %&iﬁ Thasl e osd! ‘l'atctose

were not limted to croscarnel’l osé so i um magnesi um
ghycenyt behepatayphl wwpplpypolidiet, naarmitol titanium dioxide and

dr oxyprop thyl cel lul ose, lactose, glyceryl
mﬁ‘le/rﬂ ) erﬁ%ﬁ%?"nyl pyrrolidine, mannitol,titanium
di oxi de and mcrocrystalline cellul ose.

[0052] EXAMPLE7

[0053] In general, the dry granulation formulation was formed by dry blending (in
a tummble 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, hydroxypropyicelluse,
hydroxypropylmethylcellulose, lactose, glyceryl behenate, polyvinylpyrrolidine,

mannitol,titanium dioxide and microcrystalline cellulose.

[0054] EXAMPLE 8

[0055]1  Specific formulation for dry granulation.

12



[ 0052] EXAMPLE 7 [0053]

In ge

ner al ,

the dry

granul ation formul ation was forned by dry bl endi ng
wQi 2005/@0243nbl e bl ender or high shear m xer) a pPRfilTRM/020154

of

the binding, disintegratio

n and

| ubrication

Table 3.4dndeosed huialdopmiplavioe colapesiibnsdor dor grafulatib®

prototyp@tignul es t hrough the use of a roller conpactor
equi pped wth an oscilTating (shear) ; r. [Th
Ne. sd nesh screerl“g&‘é’é% dth, gap force?ﬁ?ﬁ:ﬁfspe d?ﬁ&%ﬁé
1 a:;Ld gra@Hﬁ:@B 4 8! W‘ﬁ‘m& TTet |t o OgEHTT Ze the 250
PR AR ST T A i A WO A
3 ‘ECLI oi oMigroprystalline pellylo emg'l' e I P o 31
4 cr nqr‘ar nel IQQW@HQ?WOmneSI um stlear at €20 20
5__hyldr oxypr oBytimayprepalcellibpsty oxypr opyl net hyBcel | ul ¢se, -
6 | actose, gl Wagnesivhestesratee, pol yvi nyl pyr 20 i di ne, —
7_meinni t Hydiokyeopyimalhylsdliosang 1an Cr gCryst @l gl ne -
g celTulrose. | foafiutBRiE © [UUbb] Speci g -
O O Wiagifhibg WA S TOTT 2 WO RS TO0644S 05
10_¢ e mrat-at ont QRAIEONonG " T o Ton rotg i S0
11 1 Prot.otype 1 me ] L 3_@!‘“ ent“(ng/talpl et) 3.5
12 (htahlet) Slyesryibehepratel) Type VI|(Form=) 250 250 2 2.0
13 | dctose requiQpadteHiwhitew 7.5 -- 3{Mcroctystalliine 8.0
cel lul ose PHI01 Jbtdlll 4 Croscannelil ose4@bgigum 20 20 400 mg

The dry branlEfiox pfodeséli€ giviel 08R BBrt in BigMpgnesi um stearate 2.0

Ti
[0056]

[0057]

7 Fydroxypropylnethylcellulose 2910 8.0 -

tanium Di oxide 1.0 --

EXAMPLE 9

Specific formulations for wet granulation.

8

Table 3.4.2: Proposed initial formulation compositions for wet granulation

prototypin
. Prototype 3 Prototype 4
No. Ingredient (mg/tablct) (mg/ tgl’ﬁe "
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 Mannito] - 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.

13



9 Carnauba wax 0.5 0.5 10 Pol yvi nyl pyrrolidone -- 85
11 Mannitol -- 3.5 12 dyceryl behenate -- 2.0 13

wQpRaevoperds (white) -- 8.0 Total 400 ng 400 ny pChAs2604/020154
granul ation process is given in the chart in Fig. 7.

C[90056] EXAMPLE 9 [0057] Specific formulations for wet
[@p8hul athednefersd embgdiments @ithp byeafigndhave feen described above in

G R OTRERY Wi g L AT AR 2
to(thoseadhilttd)in te o Fiedforkgbihy exdyples Wroibtendedp 1223n200itidg and
R SR Gtosiesaribed TeiisobirenE BeuncUim R siapsd

baowlydrox ro ylcellulose 25 - 6 Magnesi um stearate 2.0
7 Hydroxy p ro pylnmethylcellulose 2910 7.0 -- 8
Titanium Dioxide 1.0 -- 9 Carnauba wax 0.5 0.5 10

Pol yvinyl pyrrolidone - 30 11 Mannitol -- 3.5 12
(G859 er)ﬁ/ 1@ - PXRD gnalygisOpadry |1 (white) -- 7.0
Total 350 ng 350 ny

[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 (1) 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 doﬁblcts on the other two. This éh*ongly suggests a
structural transition with lowering of the overall symmetry. In order to find out some
criteriz; 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 moneclinic 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 II match well with Forms

14



The wet granul ation process is given in the chart in
Fig. 8. 13 WD 2005/000243 PCT/ US2004/ 020154 [0058]
wdbesporierred enbodi nents of the invention haperth&esso2oiss
descri bed above in detail. Various nodifications and
i nprovenents thereto will becone readily apparent to
Bzmﬂéées&kyhﬂappmmnﬂhemnmﬂms§ﬁ®MQ®f§gnhﬁgreﬂaﬂb%eéueke
i ntended to be non-Limti| exenpl.ary of the
redp g SRS RH EP s S REPRHRET et f on
and cl ai nred bel ow. [0059] EXAMPLE 10 - PXRD Anal ysis
[ 0060] The sanples were prepared by a normal front
[006ALKi MBecheseonysialiograthic tmraommzaﬁcﬁiseifmﬁsﬁxa';ﬁﬂﬁnorphous

L B o N e
of %@&%r Rﬂlﬁﬁﬁ%ﬁé&ﬂ %Qnrg)és §n1y|5_e(\f§é%n§ %k‘itg dﬁ[%é%}zﬁwe as Form

The .step scan de was used

A, eoddfmetl by®PXRBhi n the range of 2.5 - 35 (2-theta).
The obtai ned data were processed by Diffrac Plus Tm
Software. [0061] The parts of the diffraction
patterns of three different polynorphs are shown in
Fig. 6, determned as Form A (likely an orthorhonbic
structure, specified type V), FormB (1) and FormC
(I'l) (both nonoclinic lattices) are al so shown.
[0062] As on can see the top pattern is quite
different fromthe other two. The differences are
clearly marked with arrows above the top trace. Mst
of the single peaks on the upper pattern becane
doubl ets on the other two. This strongly suggests a
structural transition with [owering of the overal
symretry. In order to find out sonme criteria for
better distinguishing of these pol ynorphous, an
attenpt for indexing the unknown |attices was
performed. The results reveal an orthorhonbic lattice
(top trace, FormA) and a nonoclinic one (mddle
trace, FormB). The bottomtrace (Form C) has also a
nonoclinic lattice very simlar to that one of Form
B, but with sone mssing reflections (marked with
arrows) that could result fromsonme structura
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I.

di fferences. [0063] The structure of our FormA is
very close to FormV in Table 1 and Fig. 5, although
there are sone differences at the range 19 - 25
2-theta. On the other hand, the diffraction patterns
S pol ynor phous Form | and Form || match well with
Fornms 14 WD 2005/ 000243 PCT/ US2004/ 020154 B and C,
as they all apparently show the splitting of the nain.

r 8f plefinaiticdl Eoﬁlﬁo§1ﬁ6ﬂcb&ﬂp1ﬁ§%&§}/c% Sund Y RLGYa (9 solid form:

ort horhonbi c to nonoclinic. cause
crystal | ographic characterizations of all five
pol ynmor phous described in Table 1 are difficult to

reproduce, we will characterize the structural state
of conmpound (1) in pharmaceutical sanples only by
nmeans of its appear/ares as Form A, as=defingd by
PXRD. 15 ghal ARG Uk i on,
conprising a conpo o fornzgllsé’aH #lid forlm O
CH3- - C 5CH2CH2CH20 \NO CH2CH2CH3 2C '

o : y
acceptabl e carrier or exggﬁ%gﬁ%%gggbvided %%g%&%ﬁ%ﬁ
conmpound of forrmula (1) is prgsent in polynorphic
Form A and is substantially f¥¢e of other

pol ynorphic forns. 2. The conposition according to
claim1 in which the conpound of fornmula (1) is
present _as orthorhonmbic crystals. 3. The conposition

atogethen Wit 8 wharmacrutivallgl adcaptablewiarier ort divipient, provided that the
c&%%%?io@% I VS, Ei.se to..a PXRD pattern o )

subst ant i al ?’8’1 d SWRFepat 18P F oy h 9ndj ig substantially free of
Fd)tggtrlmlﬁno@hja'ﬂﬁngonpositi on according to any one of

Qains 1 - 3, wherein at |east about 90% of '
© composition according to Claim 1 in which the compound of formula (1) is present

as orthorhombic crystals.

The composition according to Claim 1 or Claim 2, wherein the composition gives rise to
a PXRD pattern substantially as shown for polymorphic Form A in Figure 6.
The composition according to any one of Claims 1 - 3, 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.

The composition according to any one of Claims 1 - 4 , further comprising lactose and
microcrystalline cellulose.

A composition comprising isolated crystals of the compound of formula (1)

o |
| %J_Q‘SW@ ' :

HO CHz0H,CH; HaCHCH,C . OCH;CHaCH,COH

L
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10.

11.
12,
13.

the conpound of fornmula (1) is polynorphic FormA, as
defined by PXRD peak heights around 90 2-theta. 5.
The conposition according to any one of Clainms 1 - 4,
further conpri sing lactose and microcrystalline
cellul ose. 6. A conposition conprising isolated

co und of forrmla(l) CH3-C
sc@%ﬁéﬁﬁgsﬁfa@ CREISEHRD CHpW5E8Rphic Form A and

'(al)bstahﬁallyﬁw\bﬁ&heﬂ h’-ged cryst al s of conpound
(ﬁ} resent in ym)rphl ¢ Form A and
88 %ﬂ“i“y 3‘fq0é@lsft0 dtham @o#rlgmahnhs 13073{3(11-5@51;&13 of compound (1)

C f¥Redehi &rbr&lﬁﬁfb; olf:%&')sgﬂo aim6, wherein the

I%ﬁl ated cryst Sund (1) are present as
0 h@pmnhtm ecytinigSto Slaife 60T '
E% G aim7, wherein theﬁlﬁist& %a%%grys qq%ted crystals of
Wg]c! Erhibl adb AR patterpxpbstptialigras shols tfﬁﬂpbl@'hidphlc Form A
aslﬁg@[wrgfor pol ynorphic FormA in Figure 6. 9,
conposition aeccording to any one of Clains 6 - 8,

eqmpasition mm@tocmgsb@é 8f E1fms 3l- 8, gxgx;et 'ﬁe. gL Pl crystals are

I defined by PXRD
AR SRE R, SoeiioRanorsfic fom dore ok inedbhy Bl pedichdights around 9°2.

ahgtaone of Clains 6 - 9, wherein the isolated
gh_}/st als of conmpound (1) contain at |east about 90%

oeAmRasition |a§ccﬁdmg ﬁ@ any bo¢ 68 Misibnsteo- ;‘l’t\b‘ﬁérem  the isolated crystals of

%W?IE A tabl et conprising th

conposl o) F‘meﬁﬁt hout 909 bﬁépﬁmmﬁommmth]&spect to other
A)Odﬁp&z@hﬁ:fbﬁﬂ@rl sing the conposition according to any

c';‘g?qh?f Clains 1- 10. 13. A process for preparing

% compribiag dehpuupesition hotording té biy o ofRims 1 — 10,
%%Me compg.?n%g the composition according to any one of Claims 1 — 10.

A process for preparing Form A of the compound of formula (I}:

1

CHy—C

HG

comprising:

(a) dissolving compound (1) in 5 to 10 parts by weight of warm ethanol and 1 - 10
parts of water;

(b) agitating the resulting suspension at 20 — 25 °C for 15 — 60 minutes;

(¢} coolingto 5— 10 °C for an additional period of 1 — 4 hours;

(d adding 5 - 15 parts of water;

(e} agitating the mixture at 5 — 10 °C for an additionat 1 — 4 hours; and
(f) isolating crystals of compound (1).

-17 -



NO H2CHZCH3 H3CH2CH2C OCt i 2CH2CH2CO2H ( 2)
conprising: (a) dissolving conpound (1) in 5 to 10 .
parts by weight of warmethanol and 1 - 10 parts of

water, (b) agitatin he resulting suspension at 20 -
| 14 526 orbbis S8 ftiggn I cyherei ste (B compris® disfobving compound
- an(19d4ist toanadarig &/ f.¢e i A~ addi - 15 i
pa(r ? s of vvam)?ier; é‘%g %Hg%ﬁf{ft“? a;héﬁt% E?m‘é?t #raé%aatdﬁg‘g?‘ig‘e@ﬂ‘amﬁ solution
fof kP pastsiafiveel 1- 4 hours; and (f) isolating

cr f.c oupnd (1)...-17_ _14. The process
1. ae%‘%{: gﬁcgegﬁ %c%r?é?#olg%ﬁr 2 Flamele, wherain fisp (@ds conducted for 2.0 —
di 3.8dlovirsng conpound (1) in 5 to 10 parts by wei ght
16 of, ethanol at 25 - 40 C and adding to the ethanol
-sol B¢ PEIFesy acconding by auy ofic ofi{Batmsl R —TsewheRlese (c) is conducted for
aceqroh oL @ aim 13 or Caim 14, wherein step (c;
is conducted for 2.0 - 3.0 hours. 16. The process
according to any one of Clainms 13 - 15, wherein step
(c) is conducted for 1.5 - 2.0 hours. -18
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