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cl assi fan@ebt@s primary or secondary. For exanple, primary glauconma in adults
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chronic angle-closure. Secondary glaucoma results from pre-existing ocular diseases such as

uveitis, intraocular tumor or an enlarged cataract.

The underlying causes of primary glaucoma are not yet known. The increased
30  intraocular tension is due to the obstruction of aqueous humor outflow. In chronic open-
angle glaucoma, the anterior chamber and its anatomic structures appear normal, but drainage
of the aqueous humor is impeded. In acute or chronic angle-closure glaucoma, the anterior
chamber is shallow, the filtration angle is narrowed, and the iris may obstruct the trabecular

meshwork at the entrance of the canal of Schlemm. Dilation of the pupil may push the root



effective ocul ar hypotensive agents and are ideally suited for the
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30  addition, precipitation of the drug substance may cause an apparent reduction in potency and

bioavailability of the product.

For these reasons, there has been interest in the polymorphic forms of bimatoprost
(currently marketed as Lumigan™). U.S. Patent Application Publication No. 2009/0163596
2



C) repeating steps a) and b) from3 to about 9 tines; thereby converting
crystalline forml to crystalline formll. BRI EF DESCRI PTI ON OF THE FlI GURES
5FI G 1 iwoaothmsmet eristic DSC profil e of bimataoprost poTarsgesaki4one form
1. descrphegsbimatpprogt i ghystdins fogm il ¢ The preyei sisaHoR Aescrlesa BV ( XRPD)

patter I ARLERK 8Fbinldlodbystal line formIl. 10FIG 3 depicts thernograns
of two Og}znsl@gﬁabf?nat oplr ostlﬁ? ot X10510 representative of all the lots

except for Lot 08-A-014-3). FIG 4 depicts a thernogramof a sanple
treatnment cycle consistin h ' nelt i and control |l ed cooling of
Lot 08-A-014-3. 15 %Méﬁf@??@w .ug‘.gﬁm of Lot 08-A-014-3 after

partial nelting and controlled cooling and denonstrates the presence of
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cycl opentyl ] - N-et hyl - hept - 5-enam de" and "bimatoprost” refer to the same
conpourgeentiableregrripethgrséaiei nt er changeabl y t hr oughout . In addition, it
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us interc . h . Wi i i rml" or
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chem st; A r.ei ] Lp-the art. Standard chem cal 10
synbol é}ﬁépgﬁd?}gﬂeé ?[ﬂtlgr?lcaﬁa 32% 1&5’1&5%@%@@]@3 el-r'namas represented by such
synbol s. Thus, for exanple, the terns "hydrogen" and "H' are understood to
have i denti dalanathenémipdBnamdtiett previdad qudwdsby tiveting gldudama. chehineehods
syntheses, chem cal .anal yses, and. fornulation . The t invention
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15el evat ed t,enPer atures and hum dities. ring these studies it was found
t hat porysigdhphiormdd ey ephtlplaielly aeqoptable qagrigsol ynorph 11 by using the
controll ed heating and cooling cycles set forth herein. Bi mat opr ost
crystalline Ve r el ' =~k ay ' t4 pns_
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which is seE fPrth in Fl 1. The spa terﬁl ({1as har cteriftic peaks observed
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at 2é20)c_rysée_11 om0 Crysgggfine form II. met can be pertormed, for example, by
a) heating 7-[3,5-dihydroxy-2- (3-hydroxy-5-phenyl-pent-1-enyl)- cyclopentyl]-N-
cthyl-hept-5-enamide in crystalline form I in the solid state from about 55 °C to about 72 °C

at a heating rate of about 2 °C per minute;

b) cooling the crystalline 7-[3,5-dihydroxy-2- (3-hydroxy-5-phenyl-pent-1-enyl)-
30  cyclopentyl]-N-ethyl-hept-5-enamide from about 72 °C to about 55 °C at a heating rate of
about 0.2-0.5 °C per minute;



10.55, 12.24, 13.29, 14.55, 15.85, 17.60, 18.49, 19.00, 19.65, 21.10,
22.20, 22.69, 24.75 and 26. 65. Pol ymorph Il was determned to
have an ewothawesszyoonset at about 70.1 C and a peak 25aPCTAIS201005Ta94t S
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I n anot her enbodi nent of the invention, there is provided a nmethod for
conver tih f4gp b&ﬁ%ﬁﬁfQ§§m£9ﬁ&ﬂ9&ﬁhokh@mﬂhﬁﬂ%ﬁﬁﬁPSt polymorph 11.

Convent i ond nethogs of nmaking a désired pol ynorph include: nodifying
crystallization conditions (tenperature, solvent, etc) stirring a

suspensi on of ponnDrphgﬁggﬁ§§ nts (aka slurry
nmet hod) ; and, addi ng se At 0 a suspensi on of

pol yror ph | .FI8oh Ventisaradh&isas ekd ﬁroﬁk@@ﬁoiﬂﬁb@%’ﬁirﬁdr%rﬁ&ﬂiﬁ@f&ﬁfﬂj cient WO
2011/ 063276PCT/ US2010/ 057494 nol ecul ar notions that pronote nucleation to
the different polynorph. Wien slurry studies were conducted with

bi mat opr ost | I ter t y X 10
produce pol yfﬁgir' %E{P{ F},har{‘cﬁée{%%l?%%% o Sgﬁgﬁ\g%%glgk%}ﬁ) p%é?%&ﬁé%%ﬂﬁ%gtaﬁr%e
resul t otasaliihd formdd when seed crystals of polynmorph Il were added to the
suspensi on. VWen slurries containing 5 polynorph | were repeatedly heated
and cool ed, which is a common techni que used to pronote crystallization, no
crygtal s of : : j tion
gl ves. heanind e ok ARHIG of himaoprd HLBEK I Rt ARRERE
Thi s neillhbd ldtsexmepfioe Lbe@tas@l4sd). vent s are not used to pronote nol ecul ar
nmobi l ity and subsequent nucl eation. Bi matoprost polynmorph | in the solid
state (20 ng) was 10 heated from55C to 72C at a heating rate of 2C/ mn
fol I owed by meohidegiclslaamfdgrdl 0P SarRble &rch@dicit &fclOQedisBtintoMnR pakhe cycl e
was repeated 3-9 tines. Polynorph | was convert'ed to pol ynorph I

For mat iro¢lting apbéontmotlpth codlingad Lobf$-iA-feH3by DSC and XRPD (see Exanpl es).
Phgrnaceutical conpositions may be prepared by conbining a therapeutically
15 Pfective anount of polynorph Il of bimtoprost according to the
invention, @G apétEaeRhbsahd of 208N -BY 8 Fal pakibemelihg aAs caitrolielli ve
ingredient, with conventional ophthalmcally acceptabl e pharnmaceuti cal

exci pi ephng anrbdasgonsirates thetnrensnest ofumire Pelgsiagd Hor ns sui tabl e for topi cal
ocul ar use. The therapeutically efficient anount typically is between about
0. 0001 and about 5% (W v), preferably about 0.001 to about 1.0% (W vVv) in
20liquid formul ati ons. For ophthal mc application, preferably

sol utions are prepared using a physiolochaI saline solution as a major

velRlcl e. Th& IFHO Sepistarhermom of sresy plabilibhianyte 10§ 195 Xdi0a ! @ prbjeqsed to
"aintahﬂﬁ@zgﬁ&ﬁﬁ%gﬂﬁméqﬁagmﬁﬂggﬁ%%gpﬁ% appropriate buffer system a neutra
e

pH being preferre ut "'not ess . The fornul ations nmay al so contain
conventional, 25pharmaceutically acceptable preservatives, stabilizers and
sur f act ant s.FIB:, gfdepicsd themsgrambl wess stabilityreynie?2 v &d X 1051 heutpdasdmceut i cal
conpositions of the present jnvention include, but are not limted to,

(o]

p
benzal KOF wamRipntas hradspars #dapatesisdifron Heltexpeure: phenyl mercuric acet ate
angsphenyl mercuric nitrate. A preferred surfactant is, for exanple, Tween
80. Likew se, various preferred vehicles may be used in the ophthalmc
30preparati ons of th®ErAeden DESCRIAPTIENN OFEHE INSIHNTIEN i ncl ude, but are
not limted to, polyvinyl alcohol, povidone, hydroxypropyl nethyl

cel | ul ose, | oxaner car hox th cel |l ul ose, hydroxyet hyl | l.ul ose
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Toni ci tdetAdH UsdPipEomBy REmPREE thASpheRiRH oflly 268 RMERYt @fktrictila®Y tHenCl ude,  but
are not limted to, salts, partlcularlgésodlun1ch|or|de, pot assi um

chl or i dayentwgn slaiped. afs uggdyheegiirihe vy efile vngdar iseludesshe ppHtunassi cal | y
accgpt bl AL ani GlLy ot%gwlget. Ok s uAMHQUS BUF T ers . &%rm?u%ﬁ‘e%sftg ed%%e&‘vsvfs' ng pH
may be ged sé”iong as € resul'ting’s preparation is op almTca Fy
accept ahirtherrAsre ousdiofigHeyternd it Rid gl ac Wetles attet fsrtsluiich @s Sinclaldéy,asel buf f er s,
phosphate buffers and borate buffers. Acids or bases may be used to adj ust
the pH ofclidsdsds petlimitiag; dhs serdion deydipgs used herejnparg fagjgrggmgatipaalpurpgyes

opht hal g old o B6CEMABNSRTLS B AN AN USFud D aLigppr esent i nvent i on

i ncl udes, t Isnot limte 1te, sodiumthiosulfate,




10acetyl cystei ne, butyl ated hydroxyani sol e and butyl ated hydroxyt ol uene.

O her exci pi ent conponents which nmay be included in the ophthal mc

pr epar at iwo0ar®327hel atin The preferred chel at iPn*g/ @ni57494 edet at e
P§

di sodi um allf KSR §R ua@%tpogH@?gﬁiad&gém@%@-haﬁ%yéepw -ln¢yde of or

i N CONj YOEELAOIWEyi-hept B0G oG SHSBIRu BBt SUBH LMnUSEH: dhidiiatpl! owi ng
anount sdj’@%g% ngll\g%igeXt %éu%ah?% ‘\iq?'\lgv) "Bac% ?é/lgsi n%@egﬁeﬁgﬁgeb%d&?ﬂ% 8(%1!-15
pr eser vaiy heu®d td@haeehllly ehidudiout.oni ci ty adj ustor 0-10 buffer 0.01-10 pH
adjustor g.s. pH 4.5-7.5 antioxidant as needed surfactant as needed

purified water . needed,.t o nmake 0%. . ~The actual dose of the active
P ompounds. o teABTBPaLBrp o Rodht Pod Bt nielinn f e B it b e ttn oA ™ and. on
t he scongifst@htdrehR@edbl ¢ alreehhobh®e SHdc@datieR. o€rykdBnARRMAPbF eérZstﬁll@i_ﬁ@ i's
20wel I within the know edge of the skilled artisan. The ophthal mc

f or nul dpimohls rafy alsrebgrcéereadito apvieaiyimerphdr er cemymairddtl.y packaged in forms
suitable for netered application, such as in containers equi pped with a
dropper, to {facild ! i E ot j - . SUI | e for

ar opai e app e phAE aBRBLbARKE B BE ok Encl kAR UMAEF A hERE 0t
mat er i abith,and tigdalesratdolyprooeduacsundetchagueabbattaldichl Rbmavnd, sfathdticldganic

sol ution. .One package y contain one or nore unjt doses. . Especial ly
preser R RS P GO Y ARSE DRt BT thows: HU Bns nSiniud shpraise

conpai NShHoRAN AlediifGrdihn e‘ablgz%'tﬁ t_h%??m nRh&S RpRRLY d‘lgy g&hg?ﬁﬁ'%lsf G, uni t's
doses, Where a typical unit dose Is fromone to a%o t 8 ops, pre?erably
one t o fabeuimde,dnotesmns Thelrogehlimed O ereindeswodsabiveyidemicabmeani@9- 35 ni .

30The fol | ow exanpl es are.i.ntended. only to jllustrate the, present
nvent | S GHEROURT T4 oA ot5e OGS PSS T Ay St & BEpaEon
invention. 7 WD 2011/ 063276PCT/ US2010/ 057494 EXAMPLES Screening Lots of
Bi mat opr ost TrprERhyii®ERds provides ﬂfﬁﬁfb?)l/(ws@ﬁﬁa} 11 polly@iospHaé fdrTBERRI0S! as

u

representative of three evolving manufacturing processes, were screened for

pol yroriehsnerph di. £ Fids aew i merestdtmpaigmemhordsrbtcpycrepby RKpesElglyBorphd teral

Anal.ysi - I . [ - [ e, from
30051 o Taiyfmpa IR iR RO DL e ST RETRH AL R RTPT

i ncl udedntdre quaastdtiedy lepély@brfhus bensigAlthe connsiéd Rautingeak céedingeralicusea. Al |

| ot's showgg consistent results, except for one of the lots that exhibited a

second fPHBAREM t ransi ti on (DSC peak) at a higher tenperature (see Figure
3). 10 Table 1 exenplifies the results obtained and includes the | ot

(08 A O14- )i el Midh LK EhalRRHLEd 5%3%%1‘35 POUREF di9iction Tab! &

1: Representative | ots “of Bi mat oprost anal yzed etween 30C and 85C at

a heat i (XQRPDY difisfenBial steming cBorecopBSC).laod infredisrectroscopyg process AH (J/ g)
Onset (C) Peak (C) 91110 1 53.0 61.1

20 The crystalline form II of bimatoprost exhibits a distinct XRPD spectrum, which is set
forth in FIG. 1. The pattern has characteristic peaks observed at (26): 3.60, 5.31, 7.09,
10.55, 12.24, 13.29, 14.55, 15.85, 17.60, 18.49, 19.00, 19.65, 21.10, 22.20, 22.69, 24.75 and
26.65.

Polymorph IT was determined to have an exothermic onset at about 70.1 °C and a peak

25  at74.1 °Cin its differential scanning calorimetry profile.[[Please confirm these numbers.]]

In another embodiment of the invention, there is provided a method for converting

bimatoprost polymorph I to bimatoprost polymorph II.

Conventional methods of making a desired polymorph include: modifying
crystallization conditions (temperature, solvent, etc) stirring a suspension of polymorph I in
30  various organic solvents (aka slurry method); and, adding seed crystals of polymorph II into a

suspension of polymorph I. Solvents are used in these methods allowing sufficient

5
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Pol ynorph 11 "25The confirmation of the identity of Polynorph Il was carried

out by rrempwirystel bxgseni mmwstalsmpglymﬁsﬁme prRANL4dS2010/ 057494

The method of the invention involves heating and cooling the neat drug substance in
the solid state. This method is unique because solvents are not used to promote molecular
mobility and subsequent nucleation. Bimatoprost polymorph I in the solid state (20 mg) was

10 heated from 55°C to 72°C at a heating rate of 2°C/min followed by cooling from 72°C to
55°C at a rate of 0.2-0.5°C/min. The cycle was repeated 3-9 times. Polymorph I was
converted to polymorph II. Formation of polymorph II was confirmed by DSC and XRPD

(see Examples).

Pharmaceutical compositions may be prepared by combining a therapeutically
15  effective amount of polymorph II of bimatoprost according to the invention, or a
pharmaceutically acceptable salt thereof, as an active ingredient, with conventional
ophthalmically acceptable pharmaceutical excipients, and by preparation of unit dosage
forms suitable for topical ocular use. The therapeutically efficient amount typically is
between about 0.0001 and about 5% (w/v), preferably about 0.001 to about 1.0% (w/v) in

20 liquid formulations.

For ophthalmic application, preferably solutions are prepared using a physiological
saline solution as a major vehicle. The pH of such ophthalmic solutions should preferably be
maintained between 4.5 and 8.0 with an appropriate buffer system, a neutral pH being
preferred but not essential. The formulations may also contain conventional,

25  pharmaceutically acceptable preservatives, stabilizers and surfactants.

Preferred preservatives that may be used in the pharmaceutical compositions of the
present invention include, but are not limited to, benzalkonium chloride, chlorobutanol,
thimerosal, phenylmercuric acetate and phenylmercuric nitrate. A preferred surfactant is, for
example, Tween 80. Likewise, various preferred vehicles may be used in the ophthalmic

30  preparations of the present invention. These vehicles include, but are not limited to,
polyvinyl alcohol, povidone, hydroxypropyl methyl cellulose, poloxamers, carboxymethyl

cellulose, hydroxyethyl cellulose cyclodextrin and purified water.



A representative portion of |ot 08-A-014-3 was subjected to controlled

nmelting in a covered DSC pan with a |oosely fitting lid (to avoid pressure
bui | d- up)wOThr/®aaTpl € was heated at a rate of 2.0C per RCEISOWOSTAIL (wher e
al | of pol yno¥Hty| adiustaremay kg 2peqdaroicpied ar coryenient| Theydnglude, butare Bet nel t ed

porti oniWasy N - A I ] I t he
partiap}y né%tg%g 5%%lgﬂ%égdgﬁﬁﬁggﬁg%%?%@%gﬁf?gﬁkgg%%%gﬁ%ﬁgﬁg%cgg%g%e of
0. 5C anay bti@Csperblawphilidm{mBy abicgtabe tdhicity adjustovden t he sanpl e reached 30C,

in the cooling phase, the material presunmably would be fully crystallized

as polynmorph,ll. To.confirmthis hypothesis, .the freshl ool ed.sanpl e was
Scanned aga Yrisus ROFERERH gtk b oS by HedGed i Rl e B s StiRna s

(sesq Fl;ﬁ%ga@atﬂda i® bphthislhieh TR AT Rl GdERMbwierd McYudengethiRublls, tit@nsi tion
was found in the sanmple of |ot 08-A-014-3 fhat had been subj ected to

Tenper dtudiices, Phesghatmbufferpiad baratekiféas. ndFidp agbises meay ba gkt adjushtae pploMy mor ph

| conv h Lgher ;nmelting (and presumably nore stable) crystal
struct ﬁglées,%q%#gﬁi}%ﬁor%ﬁﬁgﬁ%d’e%e tenperature prograns described in this section

are sunmarized as follows: 15Tenperature Program 1 (partial nmelting): 1.
Hol d for 1. dnmisiuile v&in, 30 GpRthalrded]lyf acoeptBEatttoxi@int fir ude 0CGhoprogtre 3. Hol d
for 1.0 minute at,Z 72C (note: 73-74C js the ap of .the pe representing
t he neu{lvwgoafn@&i%ﬁw &ﬁqtﬁl)m@é&?, A FEGhiovBts. CaTBBRNA RS i nut e 5.
Coqly T r@EiREGelR, RAHaRH hkdRYBHMIE Snd EIDEIAIHREIRRM 2 (conpl ete
mel'ting): 1. Hold flaRl rhaRE ML Snd SIPEIA WLRSIAEGRTT 2 (COTD! &
2.00 m nute 25The results are shown in Table 2. Table 2:Results of |ot
08- A- 014- 3 dPtherexTempu campeecny whichmery beandudedSaniy ephtrdmic gre@yratieak (" C)

Pol yrmor ph 1  (08-A-014-3) 65.4.66..8.Polynmorph 11 (08-A-014-3) 71.9 74.4 The
ot (oebackst g A TRl ORip SR ite et Bl Rl alfadth e e

speci fidlating agcdBOyigy Was bagddyia @thcbwf bPlaGonpmetid @itk i omat ogr aphic resul ts

were conpared to those 30 obtained fromthe control sanple (stored at -200)

of the same | ot. The chronmat ographic )
The ingredients are usually used in the following amounts:
15 Ingredient Amount (% w/w) active ingredient about 0.001-5 preservative 0-0.10
vehicle 0-40 tonicity adjustor 0-10 buffer 0.01-10 pH adjustor q.s. pH 4.5-7.5 antioxidant as

needed surfactant as needed purified water as needed to make 100%

The actual dose of the active compounds of the present invention depends on the
specific compound, and on the condition to be treated; the selection of the appropriate dose is

20  well within the knowledge of the skilled artisan.

The ophthalmic formulations of the present invention are conveniently packaged in
forms suitable for metered application, such as in containers equipped with a dropper, to
facilitate application to the eye. Containers suitable for dropwise application are usually
made of suitable inert, non-toxic plastic material, and generally contain between about 0.5

25  and about 15 ml solution. One package may contain one or more unit doses.

Especially preservative-free solutions are often formulated in non-resealable
containers containing up to about ten, preferably up to about five units doses, where a typical
unit dose is from one to about 8 drops, preferably one to about 3 drops. The volume of one

drop usually is about 20-35 ml.

30 The following examples are intended only to illustrate the present invention and

should in no way be construed as limiting the subject invention.
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i soner 15-keto anal og X1183°% stonheatingd@td ¢f (Dehinute

Bimatoprost Manufacturing | AH (J/g) Onset (°C) | Peak (°C)
lot# process

91110 1 53.0 61.1 65.0
X10510 2 62.4 64.8 66.3
X11192 3 61.2 65.1 66.8
08-A-014-3 3 27.7 64.9 66.3
08-A-014-3 3 48.4 71.1 73.7

15
Lot #X11192 is the current secondary reference standard. All lots tested showed comparable
results to the bimatoprost crystalline form I, except for the one that yielded two thermal
transitions. Lot #08-A-014-3 showed two thermal peaks, at 66.3°C and 73.7°C. The 66.3°C
peak was similar to the other 20 lots of bimatoprost and is referred to as polymorph I. The
20  73.7°C peak (thermal transition) was not observed in the other lots. The crystal form that
caused the second thermal transition is referred to as polymorph II. The identity of

polymorph II was confirmed by additional experiments.

The Confirmation of the Identity of Polymorph II

25 The confirmation of the identity of Polymorph II was carried out by following

experiments:
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A representative portion of lot 08-A-014-3 was subjected to controlled melting in a
covered DSC pan with a loosely fitting lid (to avoid pressure build-up). The sample was
heated at a rate of 2.0°C per minute to 72°C (where all of polymorph I melted and polymorph
I partially melted, so the melted portion was in contact with pure polymorph II solid). At
that point the partially melted sample was subjected to controlled cooling at a rate of 0.5°C
and 1.0°C per minute (see Figure 4).

When the sample reached 30°C, in the cooling phase, the material presumably would
be fully crystallized as polymorph II. To confirm this hypothesis, the freshly cooled sample
was scanned again at a heating rate of 2.0°C per minute, between 30°C and 85°C (see Figure
5). Using Temperature Program 2, only one thermal transition was found in the sample of lot
08-A-014-3 that had been subjected to Temperature Program 1. The increased melting point
indicates that polymorph I converted to the higher melting (and presumably more stable)
crystal structure, polymorph II. The temperature programs described in this section are
summarized as follows:

Temperature Program 1 (partial melting):
1. Hold for 1.0 minute at 30°C
2. Heat from 30°C to 72°C at 2.0°C/minute
3. Hold for 1.0 minute at 72°C
(note: 73-74°C is the apex of the peak representing the melting of Polymorph 1)
4. Cool from 72°C to 55°C at 0.5°C/minute
5. Cool from 55°C to 30°C at 1.0°C/minute
Temperature Program 2 (complete melting):
1. Hold for 1.0 minute at 30°C
2. Heat from 30°C to 85°C at 2.0°C/minute

The results are shown in Table 2.

Table 2: Results of lot 08-A-014-3 after Temperature Programs 1 and 2
Sample Onset (°C) Peak (°C)
Polymorph I (08-A-014-3) 65.4 66.8
Polymorph II (08-A-014-3) 71.9 74.4

The lot (08-A-014-3) that was subjected to the DSC temperature programs specified
above was analyzed by HPLC, and the chromatographic results were compared to those

obtained from the control sample (stored at -20°C) of the same lot. The chromatographic
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anal yses co gﬁlm QAR
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same morphological form. The pattern of lot 08-A-014-3 contained additional reflections,
suggesting that this sample was either a mixture of forms or a second crystalline form. The

DSC and HPLC results support the conclusion that lot 08-A-014-3 was a mixture of the two

polymorphic forms of bimatoprost.
15
Recrystallization of Bimatoprost

Bimatoprost lot #X11113 was used in the recrystallization study. It was recrystallized

using seven solvent systems:

1 dichloromethane/hexane
20 2 chloroform
3 chloroform/toluene
4 chloroform/hexane
5 cthyl acetate
6

dichloromethane

725 chloroform/pentane
A sample isolated from each solvent system was analyzed by DSC. The results showed the

exclusive presence of polymorph I in all samples. HPLC assays were also done for each

recrystallized sample, and the assay results are shown in Table 3.

10



White 75.6 70.2 73.0 Colored 73.3 70.4 73.4 The particles were assayed by

HPLC and the results confirned that they were intact 5bi matoprost.
sanpl es_wpeossad7bt ed for solid-state | R spectral anal ysiraiS20iestses

the speB&dcopi HPhGASRY RSy dtgarysialized, BimatoproftiSemplesy col or ed

The sane

ults of

particles had no substantial chem qal—or mor phglRF G 2l 4,57 ENCES. A
conparison of the spectra of these|sanples with tha o(? tahe control
i ndi cdtSnplerecrdstallizedt dBfmhebproses Toralcr yst dl1sk@mbi t .| 3,6rn@isler13-kRetdgt er m ne
whet hgr_bi mat opr.ost spont aneously gonverts from pol ymorph | 10t o pollynor ph
1l at |dremaydemipgisatesk ur €eWY) o) nivguescitieth ) isamerpr dd8¢Mefed SO
t emper ; trer—tots— T the—frorneE——Stahid TtV 0 —am wWer e
al so aﬁ? ﬁEZcFOBVOgSC. TheXThbul ts aresummari|dett i n Tabt®e 5. [Thfe 5.
Cal or i [néHIbOnlcBRMEhSxRE FepTEsent atlivg sanpl 69 20 the ¢or mal |sd.apilijty
progrgm Sanple lot Stability conditlion Tinme point (minths) Particle |type AH
(J/9) @h@@foﬁ‘lﬁ) Peak (C)| %0510 40¢07YRH 3 WWii% 69.(0.57. 4 710.%6 X11113
chloroform/toluene 97.63 0.50 0.32 0.16 0.41
chloroform/hexane 97.56 0.43 0.24 0.23 0.81
cthyl acetate 97.44 0.22 0.25 0.22 0.53
dichloromethane 97.78 0.24 0.21 0.21 0.40
chloroform/pentane 97.39 0.29 0.29 0.22 0.55
The chromatographic results of the recrystallized samples were comparable to those of the
corresponding controls (before recrystallization) An increase in the 15-keto levels was the
5  likely result of exposure of the samples to ambient air during the recrystallization
experiments. No attempt was made to protect the samples from ambient conditions
(temperature, air, humidity, light) during the recrystallization experiments. The bimatoprost
assay values remained above 97% w/w, and the overall results indicated that the
recrystallization process did not substantially degrade the samples.
10
Solid-state Polymorphic Transformation in Samples of the Formal Stability Program
Upon routine visual examination, one of the Bimatoprost samples (lot X10510) in
formal stability showed an amber-colored particle embedded in a larger rock of white active
pharmaceutical ingredient (API). DSC and IR analyses confirmed that sample X10510 stored
15 18 months at 25°C/60%RH yielded substantial amounts of polymorph II. The colored

particle was separated from the white drug substance, and DSC was performed on both. The

results are shown in Table 4.

11
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no substantial chemical or morphological differences. A comparison of the spectra of these

samples with that of the control indicated some distinct differences in crystal habit.

In order to determine whether bimatoprost spontaneously converts from polymorph I
10 to polymorph II at elevated temperatures (i.c. higher than the prescribed storage temperature),
a number of other lots in the formal stability program were also analyzed by DSC. The
results are summarized in Table 5.

Table S. Calorimetric results of representative samples in the formal stability program

Sample | Stability Time point | Particle AH Onset Peak
lot condition (months) type J/g) °O) °O)
X10510 | 40°C/75%RH |3 white 69.2 67.4 71.5
X11113 | 40°C/75%RH | 3 white 67.0 69.3 72.5
X10554 | 25°C/60%RH | 18 white 79.8 70.6 73.1
translucent | 78.5 70.9 73.9

15  All the formal stability samples tested consisted of polymorph II. Since the control (frozen)
samples from the same lots were previously analyzed by DSC with the results showing that
none of them contained polymorph II, there is a clear indication that a polymorphic

transformation had occurred under the stability conditions employed.
Solid-state Polymorphic Transformation in Laboratory Stress Study Samples

20 Spontaneous solid-state polymorphic conversion was observed in a laboratory stress
stability study. Two Bimatoprost lots (X11192 and X10510) were subjected to a variety of
experimental stress conditions at 40°C (see Table 6). The experimental design included
ambient air and argon headspaces, exposure to fluorescent light, and different surface-to-

volume ratios. The 70-day time-point samples were analyzed by HPLC and DSC. The DSC
12
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underwent a partial morphological conversion in which both polymorphs I and 11 were
present simultaneously (see Figures 6 and 7).
5 Table 6. Calorimetric results of the laboratory stress stability samples with the

lower surface-to-volume ratio (4 mm layer thickness) from bimatoprost lots X11192 and

X10510
Sample Storage Conditions AH (J/g) Peak (°C) Peak (°C)
X11192 Control (freezer) 61.2 66.8 --
X11192 | 40°C/air/light 60.4 66.9 --
X11192 | 40°C/argon/light 60.2 66.9 --
X11192 40°C/air/dark 61.3 67.1 --
X11192 | 40°C/argon/dark 60.8 67.2 --
X10510 | Control (freezer) 62.4 66.3 --
X10510 | 40°C/air/light 58.0% ~63 71.8
X10510 | 40°C/argon/light 56.6 65.0
X10510 | 40°C/air/dark 59.2% 65.4 73.0
X10510 | 40°C/argon/dark 58.2 63.6 --

*Total heats of fusion of both polymorphs I and 11

10 The HPLC results indicate that the samples that showed two thermal transitions were intact
bimatoprost and not a degradation product. Three samples were analyzed by infrared
spectroscopy (IR), NMR and XRPD to further confirm the identity of each sample. These
samples were as follows:

Sample A X10510 API stored at 40°C/75%RH for 3 months; polymorph II

15 Sample B X10510 API stored at 40°C/light/air headspace for 70 days

Sample C X10510 API control sample stored in freezer (see Table 6); polymorph I

NMR characterization of the samples confirmed that all were intact bimatoprost.

The examination by IR spectroscopy also confirmed that the samples were intact
bimatoprost. The differences in the spectra revealed that Samples A and C represented
20  different crystal habits. The IR spectrum of Sample B suggests that the crystal habit is a
mixture of Samples A and C. Accordingly, DSC results show that Sample B is partially
converted to polymorph II.

13
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pol ynorphs | and | ewnméwmpﬁ@%gm@ SW‘BQ&@RWO'E% Isarrpl es that

showed two thermal transitions were intact binmatoprost and not a

degr adati on r,0scopy
R T R A R e S R s

sanpl ed 4lérsesmssibobf avwmastapiliey sadSAOt XF5 18tstoredtiataS AOQ)oF3VERM 2or 3
mont hs; 81%13/ conf?rrned as polymorph II). Temperature Program 1 (hold for 1.0 minute at 30°C
5 and then heat from 30°C to 85°C at 2.0°C per minute), was used to test the 23-month stability

sample by DSC to reconfirm the presence of only polymorph II (which was, indeed, the
case). The suspension was allowed to rotate continuously over a weekend. The supernatants
were assayed by HPLC using X11192 Secondary Reference Standard to determine the drug
contents. The solubility of polymorph II of bimatoprost was found to be 0.3% w/w, which

10 also coincides with the solubility of polymorph I. Thus, there is no difference in terms of
aqueous solubility between the two polymorphs. Since the active pharmaceutical ingredient
will be used in a formulation at a concentration that is only one-tenth of the aqueous

solubility of the active pharmaceutical ingredient (as either polymorph), there is no effect of

crystal habit on product characteristics or manufacturing process.
15 Conclusions

The confirmed polymorphism of bimatoprost has no effect on the physicochemical
stability of the liquid formulation, the drug product. The solubility of either polymorph is ten
times higher than the drug concentration in the product. No polymorphic conversion or
degradation was observed in any of the lots that were stored under the recommended storage

20  conditions.

While this invention has been described with respect to these specific examples, it is
understood that other modifications and variations are possible without departing from the

spirit of the invention.

14



15Sanpl e BX10510 APl stored at 40C/ |ight/air headspace for 70 days Sanple
CX10510 API control sanple stored in freezer (see Table 6); polynorph I NWR
char act erwoapilom3rh t he sanpl es confirmed that all werePCHtusee10lo5T9d opr ost .
The exani nat Ve biS $RASMER oscopy al so confirmed that the sanples were
intact bimatoprost. The differences in the spectra reveal ed that Sanples A
and C represented 20 different crystal habits. The IR spectrum of Sanple B
suggestls t hat-[3frdihydyostydl- (Rrlpdtoxiy<5-ghemykpant-d -afy])Sayqdentyd]-Ardhyd:-hept-5-
Accor di ngl DSC results show that Sanple B is partially converted to

pol yrmreﬂ%m}r/qe.ha"%tg@i@‘%‘%Z?GPCT/ US2010/ 057494 Det ermi nation of the Aqueous
Solubility of Polynorph Il The aqueous solubility of polynorph Il was
determ ned by preparing in duplicate a 0.4% suspension of a fornal
stability sanple (lot X10510 storgd at 25C/ 60%H for 23 nonths, confirned
as polynmorph 11). Tenperature Program 1l (hold for 1.0 m nute at 30C 5and
then heat from 30C 85C . er mnute), was used to test the

23-m)ntp stabili sanpte by Cto Ne‘ﬁl\f\i\(mthe presence of only
pol ynor p% Il (whijch was, indeed, theHcase). The suspension was allowed to

-

rotate continuoysly over a weekend. Jhe supernatants were assayed by HPLC
i Se‘(\:ondary Ref erence anthkd to determ ne the drug contents.
of pol ynorph 11 of ||bi mat oprost was found to be 0.3% w w,
whi ch 10@ coincides with the sglubilifty of polymorph I. Thus, there is

X } et NS ) ybrlity between the two pol ynor phs.
Since theg active pharmageutical ingreédient will be used in a formnulation at
a concerr&ﬁrati on that isSonly one-tenth of the aqueous solubility of the
active pharmaceutical i®tredi ent (as either polynorph), there is no effect
of crystal habit on product characteristics or manufacturing process.
15Concl usi ons The confirmed pol ynor phi sm of bi nat oprost has no effect
on the iphystatibeifermmdnl stability of the liquid fornulation, the drug
product. The solubility of either polynorph is ten tines higher than the
drug concentration in the product. No pol ynorphic conversion or degradation
was obsgervedy | I : r mrended
st orag?ZOcoj?l ﬁsﬁgﬁlse%nﬁlaﬁ [%ﬁle}t}tﬁ%%@iﬁv@?ﬁ; n5 #ggﬁgggﬁ@hg@?l bed with
r espectcytioptitgd V-sthebhdpited -enaanihd w/ing 4n Xsay poedatdchctimpaterineith peaks

of 1 he 1 AUSREBnS Ui b8 38357 bbe oaso thrbsdat T iRTT W ok pfs™ !
1. 7-[3,8- ), hyd00%/64-24(73-Ry a6 @5y - 5- phenyl - pent - 1-eny1) -
cycl opentyl]-N-ethyl-hept-5- enam de having the structure z-- Ha E

3 The crystalline form of claim 1 having the X-ray diffraction pattern substantially as

shown in Fig. 2.

4. The crystalline form of claim 1 having an exothermic onset at about 70.1 °C and a

peak at 74.1 °C in its differential scanning calorimetry profile.

5. The crystalline form of claim 1 having the DSC profile as shown in Fig. 1.

6. A pharmaceutical composition comprising a therapeutically effective amount of 7-
[3,5-dihydroxy-2- (3-hydroxy-5-phenyl-pent-1-enyl)-cyclopentyl]-N-ethyl-hept-5-enamide

crystalline form II in an ophthalmically acceptable carrier therefore.

7. A method for treating ocular hypertension comprising administering to a subject in
need thereof 7-[3,5-dihydroxy-2- (3-hydroxy-5-phenyl-pent-1-enyl)- cyclopentyl]-N-ethyl-

hept-5-enamide in crystalline form II in an ophthalmically acceptable carrier.
15



= OH incrystalline formll. 2. A crystalline formof 7- [3,5 -di hydroxy-2-
(3 -hydroxy-5 -phenyl-pent- |-enyl)- cyclopentyl] -N-ethyl-hept-5-enam de

havi ng arwd-2nayepzréder diffraction pattern with peaks atrcahsaioO20y4 3. 60,

5.31, 7.09, 10.55, 12.24, 13.29, 14.55, 15.85, 17.60, 18.49, 19.00, 19. 65,

21.10, £2. ZOFhezrﬁetgg(% ?éal?l?7 Wﬁgre%@th@%ph cﬁ[ﬁas,ctc?éthﬂ)l@%atfr@f@s@fec%h%ld?ﬁ 1

havi ng the X-ray Practi on pattern s st ant’i al as shown

The crytb¢ gltolupraens‘lsmuglaﬂophﬂhainmﬂlﬂwep@oladﬂeem IbaffmschymscéﬂormMabout 70. 1 C

and a pe t 74.1 Cinits differential.scanning calori rofijle. .
The or RarT MAEOF g5 Ao et S RESrrg T HE SBREODY SPrP e e SISO . 1
6. A p%&ﬁaﬁgu%én@saku&maﬁd/&rsoﬁﬂan%fssana&oﬁlbldaﬁ&meﬁebpal ly effective

anount of 7- , 5 -di hydroxy-2- (3 -hydroxy-5 -phenyl-pent- |-enyl)-cyclop

entyl] -N-ethyl-hept-5 -enam de crystalline formlIl in an opht hal mi cal |y
t gpl f . d,f t t
Compri ohng omcHe: oF g eaTacaly auPr AEon i NEREH Fofst e Hee Ry 2. "

(3 - hyd7r Wydﬁlydﬂh@rwl(smmﬁoxyls- - perg M CenlyOp cf:tﬂ@pé]n}ylf[ -N-@hy1sHebeplendmridani de
in crystalline formll 1n an opht ?m cal Iy acceptable carrier. WO

2011/ 068 27aREmUsID bm@ambﬂlalrelcaﬂshwﬁﬁtﬁhl@&aﬁﬁrcl aim 7 wherein the

ophthal mcally acceptable carrier is selected fromthe group consisting of
ophthal m cally acceptabl e diluents, buffers, hydrochloric acid, sodium
hydr oxilde, preseystaiiny&sm «ftcddiinl 1i adstantidlyrrad df\otled jctistadlis, forms.

vi scosi ty-enhanci ng agents, chel ating agents, surfactants and/or

sol ubili zers and conbi nations thereof 9. A nethod for treating gl aucoma
conpr i sing A8 btlclihed- B@h&?xﬁm‘x@ need ﬁ&@{r—%%heﬁyl-%&tﬁ-e gi)hydr oxy- 2-
(3 - hydroxy 5 -phenyl -pent- "1 -enyl cl ope tyl] -N et 5 -

enam de:yc}mpcrrtyk]{]‘ébtlhwhheﬁtdr enahlidé m aystdphé¢ frainrfi to ahyistallawcloph dbdcenmrasing: er .

1}8r rT;I;'he cr ysZ%I | i n O%thggm%lgajt Ir&éygubst %%B‘%}SQ;&%D Cyﬁg&%{ylﬂvyst alline

(13- hydregy ?Pb!éﬁé’rhrd%@&rylstaﬁﬂﬁé%ﬁn ¢ #Cthe RS Mthik TRInehtBLE SHhepts Brmanrde in
crystal I i'ne formlto crystalline formlIl conprising: a) heating

7-13, 5- &Hﬁﬂﬂ?@tt@dﬁ@fabguti%/d}m(ymsu‘fphenyl pent - 1-eny1) - cycl opentyl]
- Net hyl - hept am de in & for the s om about
55 C o anodd #oNCE U ek Raby 7S s B AR e Bro R apht Snisom £

cool i ngythpemyy st-athlyi-Aept A= érﬁnﬁd@ifrbﬁﬁdﬂb@m}’?ﬁ 'C to about 55 °C at a cooling rate of
( 3- hydr oxy- 5- phe(ra/JI -pent - 1-enyl) - cycl opentyl]-N-ethyl-hept-5-enam de from
about 7Powt Q. F0apSupersmingtcat a cooling rate of about 0.2-0.5 C per ninute;
C) repeatin times; thereby converting
crystalli ne%f)%rp%gﬁ gta%)te@?%sa?% fﬁﬁgﬂ S a%oﬁb&%le?

thereby converting crystalline form I to crystalhne form 1II.
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