METHODS OF PREPARI NG POLYMORPHI C FORM A OF BAZEDOXI FENE ACETATE CROSS
REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clainms the benefit
of prioriwgmdee7735 U. S.C. 119(e) to United States Patent/vspoiosst: on
Serial No. 61/027,634 filed February 11, 2008, which is hereby incorporated
by reference inits entirety. FIELD OF THE | NVENTI ON [ 0002] The present

i nvent i on iIMEGHO:XY @8 PRE IR INGaI BObfY NSORPEH C i Rotddl Ay bt BAZEDIEDX INEN Fo f
bazedoxi f ene acetate; and pol ynor phGETZSFin A of bazedoxi fene acetate
prepared by such nmet hods. BACKGROUND OF THE | NVENTI ON [ 0003] Bazedoxi f ene
acetate has a chem cal nane of (I|-[4-(2-azepan-I|-yl-ethoxy)- benzyl]

-2- (4- hydroxy-phenyl)-3 -nethyl - | Hindol-5-0l acetjc acid) and has the
chem cal structure §ﬁ8%ﬁ3BEFE%EPFBBEQFU@a%EEE&%?%H%i%HEP%te bel ongs to the
cl ass of drugsRhépicaLly,referred to as se|lective estrogen receptor,

modul atl8P&l1( SERNiE)S anpbfiosi s fiq enetisoloiriesidy 1recasr dnd thal EYekioreied
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sel ective estrogenic effects. For exanp oxi'fene acetate
denonstinairperatedtblylrefeomcam 8¢ ¢minttsit i on of uterine response in preclinical
nodel s of uterine stinulation. Conversely, bazedoxifene acetate
denonstrates an estrogen agonist-like effect in preventing bone | oss and

reduci ng chol esterol in an owgafpeoFaHRedvVERTI@RdAel of osteopenia. In an
MCF-7 cell line (human breast cancer cell |ine), bazedoxifene acetate

behavegopgaian eSHEQASEnAM ABRISYrockats SRR FBRMATAL AITblAc bawedloxi fene

acetate is estrogenic on bone and cardi ovascular Tipid
of bazedoxifene acetate; and polymorphic Form A of bazedoxifene acetate prepared by such

methods.

BACKGROUND OF THE INVENTION

[0003] Bazedoxifene acetate has a chemical name of (1-[4-(2-azepan-1-yl-cthoxy)-
benzyl] -2-(4-hydroxy-phenyl)-3-methyl-1H-indol-5-ol acetic acid) and has the chemical

HO
N OH

[0004] Bazedoxifene acetate belongs to the class of drugs typically referred to as

structure shown below:

selective estrogen receptor modulators (SERMs). Consistent with its classification,
bazedoxifene demonstrates affinity for estrogen receptors (ER) but shows tissue selective
estrogenic effects. For example, bazedoxifene acetate demonstrates little or no stimulation of
uterine response in preclinical models of uterine stimulation. Conversely, bazedoxifene
acetate demonstrates an estrogen agonist-like effect in preventing bone loss and reducing
cholesterol in an ovariectomized rat model of osteopenia. In an MCF-7 cell line (human
breast cancer cell line), bazedoxifene acetate behaves as an estrogen antagonist. These data
demonstrate that bazedoxifene acetate is estrogenic on bone and cardiovascular lipid

parameters and antiestrogenic on uterine and mammary tissue and thus has the potential for



paranmeters and antiestrogenic on uterine and manmary tissue and thus has
the potential fortreating a nunber of different disease or disease-like

st at es i rwotwedoette estrogen receptor is involved. [O000BLCTWSHN09Pa3772 NosS.
5,998,402 and 6,479,535 report the preparation of bazedoxifene acetate and
characterize the salt as having a nelting point of 174-178C. The synthetic
preparation of bazedoxifene acetate has al so appeared in the general

| i t er atttpaing Seembenel deffenypl discaht o1l dEscase-lik¢ stated In Whigh tiGhestrogerP@odptonis,

1654- 1657 %@rch reports the salt as a crystalline solid having a nelting
poi nt OP(¥¥ 5-172.5 C. Further description of the drug's biol ogical

activitygodsys al InSampeRs£d,998,40Dan@6nen abs kdgoetthé a&lﬁoﬂofbaMedidﬁfene et al.,
Drugs of the Future, 2002, 27(2), 117- 121 [ 0006 is well known that
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storag ity, ease of Inv har naco
Pol yorezhinglef dlitter d@atuf. Mk Caetnh Q068 B, EIMPDEIT, wrhrbhof:pmtther;alt:ersmt allizes
in a drfferent | atti ce arrangenent esultrng in different thErnDdynanlc

pr oper tGredal Bpgsadiddisvingd leeltlee@ernf PE! tlot e >phr Firehar drsopiplignst PRidEIEDrm 1 n
d
cases WhghSi CEHV{Rtlgfty H&rﬁ%oo%p% %%@%ﬁi@ﬂﬁ@ﬁt&@&%emﬂ&dyﬁﬁ (l))rr!r# &I/zhe

desirabl e ave a met pol ynor In pure f
deci di g witei E(DDZpQVQZDmlrlﬁlrﬂZrli; preferable, the nunerous properties of the

pol ynor must are t he refe re ph ch sen based on the
rany pHCIEal  ploRarfRgan g erpeling paNErel PrGe e G R b paTen

pol ymrdﬁhhﬁ)oft%trﬂefé@rﬂltﬁﬁt &gt arakl@sd d;rp%@;r@atrdnr &Hﬁﬁ%ﬁ@&lﬁﬁlh 1QfRageer tain
aspects such as ease of preparation, stability, etc. are eemed to be

criti catability, @tShef foginplagipn @nrém \aVCdphaﬁ’leﬂeQi@gspBDWmmrph reynstascwrehere thed f or
greater sal ubi |

Form & B s anblibs BB R PPl R ARFAREAM A B Ros thaptingy € ©
pol yno rcﬁﬁkxenﬁﬁém(ﬁyﬁﬁmﬁqﬁep@msf A tARIS sBedifc B thebasiedat folidBoAdA5/ 0250762.
For m form. In cases where two or more polymorph substances can be produced, it is desirable to
have a method to make both polymorphs in pure form. In deciding which polymorph is
preferable, the numerous properties of the polymorphs must be compared and the preferred
polymorph chosen based on the many physical property variables. It is entirely possible that
one polymorphic form can be preferable in some circumstances where certain aspects such as
case of preparation, stability, etc. are deemed to be critical. In other situations, a different
polymorph may be preferred for greater solubility and/or superior pharmacokinetics.
[0007] Polymorphic Form A of bazedoxifene acetate is disclosed in US 2005/0227965
while polymorphic Form B of bazedoxifene acetate is disclosed in US 2005/0250762. Form
A has higher solubility in both aqueous and organic solvent systems than Form B. This is
particularly advantageous in formulations or doses where the solubility of the particular
composition is of concern. For example, higher solubility can influence bioavailability,
which can affect biological absorption and distribution of the drug, as well as can facilitate
formulation in liquid carriers. However, Form A is the kinetic (or meta-stable) polymorph,
while Form B is the thermodynamically more stable polymorph. Form A can easily convert
to Form B upon contact with a solvent or solvent mixture (e.g., ethyl acetate and ethanol),

which presents a challenge to the preparation of pure Form A that is substantially free of

Form B.



A has higher solubility in both aqueous and organi c sol vent systens than
FormB. This is particularly advantageous in fornul ati ons or doses where
t he sol ubwbizbge/wp778he particul ar conposition is of concecm/USEa/sxanpl e,
hi gher solubility can influence bioavailability, which can affect

bi ol ogi cal absorption and distribution of the drug, as well as can
facilitate formulation in liquid carriers. However, FormA is the kinetic
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reliably produce pure po p ene acetate
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SUMMARY OF THE INVENTION

[0010] In one aspect, the present invention relates to a method of preparing
polymorphic Form A of bazedoxifene acetate, the method comprising:

(a) contacting hexamethylenimino benzyloxyindole with hydrogen in a solvent
comprising ethanol, and in the presence of a catalyst at elevated temperature to provide a first
reaction mixture comprising bazedoxifene free base, wherein the first reaction mixture is
substantially free from hexamethylenimino benzyloxyindole;

(b) treating said first reaction mixture with an antioxidant to provide a second reaction
mixture;

(c) filtering said second reaction mixture to provide a solution comprising
bazedoxifene free base; and

(d) treating said solution with acetic acid to crystallize polymorphic Form A of
bazedoxifene acetate.

[0011] In another aspect, the present invention relates to a method of enhancing the
stability of polymorphic Form A of bazedoxifene acetate, the method comprising keeping
said polymorphic Form A of bazedoxifene acetate in dry form and preventing the dry form

from contacting with a solvent.



[0010] In one aspect, the present invention relates to a nethod of
preparing pol ynorphic Form A of bazedoxifene acetate, the nethod

conpri si YO 20@)y10eat acti ng hexamet hyl eni m no benzyl oxyi REDIGS200000B37My dr ogen
in a solvent conprising ethanol, and in the presence of a catal yst at

el evated tenperature to provide a first reaction m xture conprising
bazedoxi fene free base, wherein the first reaction mxture is substantially
free frl@MdA ex amgn lwﬂ agathef mpebteﬁlzwrwyﬁ inﬁ@itien r¢lhtes to eamthmg of gilehnicingghe
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crystallize pol ynorphic Form A of bazedoxi fene acetate. [0011] In anot her
aspect ,frarhgopetgigivith heanpoiol arselvges to a nethod of enhancing the

stabili f pol i

conpri pggﬂkeepll%g%%%%%ig{ gﬂoér%ﬁggenpéorm Ije é‘ggﬁ Mﬁ@%o a e in dry

f or m ardzgdosifeind aceeutd prepaey af@iding tcomemanhdmtdlemb\whérem sol vent.[0012] In
yet anot her aspec e pre ent |nve€)f]gt| on relates to a nethod of enhancing

the stdfflty oiOtE%f?%%ﬁn apgpinees offthe 1venion vEhke anpateat Eomithe net hod
conpri Sdg'f‘ﬂleh%@&'n goéq;hgm gg )ﬁ?&l’ﬁ%ﬁ}%ﬁle oA of bazedoxifene acetate in dry
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form and prevent rmfromcontacting with the vapor of a
solvent. [0013] In a further aspect, the present invention relates to a

et hods. descr i bed her PRI GbEafIct R Phatlk BRELFNGS ant ;335 of the

:c P \(;;nt H@Rﬁ?ﬂal | %?Gapgabrv&?sngn ofvrer ay OP ﬁ{ gp%tct%gl I0 golgr%glgprhlldp lgér(r)nnA and WI n Sof and
bazedoxifene acetate (the bottom portion of FIG. 1 corresponds to Form A and the top
portion corresponds to Form B).

[0016] FIG. 2 shows a DSC thermogram for polymorphic Form A of bazedoxifene

acctate.

[0017] FIG. 3 shows a DSC thermogram for polymorphic Form B of bazedoxifene
acctate.

[0018] FIG. 4 shows an overlay of DSC thermograms for polymorphic Form A and
Form B of bazedoxifene acetate.

[0019] FIG. 5 is a DSC thermogram for polymorphic Form A of bazedoxifene acetate
showing an example of a Form A batch with a content of Form B less than 0.1%w/w.
[0020] FIG. 6 shows a TGA curve for polymorphic Form A of bazedoxifene acetate.
[0021] FIG. 7 shows a TGA curve for polymorphic Form B of bazedoxifene acetate.
[0022] FIG. 8 shows the content of polymorphic Form B vs. time and vs. temperature

for a sample of polymorphic Form A bazedoxifene acetate that is wet of EtOH.
[0023] FIG. 9 shows the content of polymorphic Form B vs. time and vs. temperature
for a sample of polymorphic Form A bazedoxifene acetate that is wet of EtOAc.



BRI EF DESCRI PTI ONS OF THE DRAW NGS [0015] FIG 1 shows an overlay of IR
spectra of polynorphic Form A and Form B of bazedoxifene acetate (the
bot t om powo0i2009/1027781 G 1 corresponds to Form A and the POP/USoe00i083772
corresponds to FormB). [0016] FIG 2 shows a DSC t hernogram for

pol ynor phic Form A of bazedoxifene acetate. [0017] FIG 3 shows a DSC

t hernmogram f or pol ynorphic Form B of bazedoxifene acetate. [0018] FIG 4
shows an overl ay of DBCATHEERdYEHARIFIGONIQF JiHy PRYENEHPH A and Form B of
bazedoxi fene acetate. [0019] FIG 5 is a DSC thernogram for pol ynorphic
Form A [0024dazed@mlyfrmmhiaEetratﬁeOElbﬂzvxdm@feaﬂa@teacrpaﬂliglﬁermﬁbﬂityin bethch with a
content of For 002 TGA cgrve for
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bazedoxi fene acetate has higher solubility_ in both aqueous and organic

sol ventchallengs ig the H&?P%}Ogﬂrﬁf DFS liorpfb/ﬁﬁlawé lwbétaaf&ilyxﬁrqeéﬁéog@é% afke prAgené
resul t,;, FORmh Mh&fs RZRAH E‘B%r@&éﬁh d@%kﬁ%@lﬁ%ﬁé FQhH%Y@thI?b' lity in

drug formul ati ons. Fbmeve rn1A nmet a- st a
pol ynorsphstadtiallg ffeeroffFBrmm 8.t he thernndynan1cal|y nore stable polynnrph Form
A can e[%ﬁig]y COfilI\l/ glrlé astpgctF‘glre r{)]re%elliltanentlon provides a method of preparing polymorphic

Form A of bazedoxifene acetate, the method comprising:

(a) contacting hexamethylenimino benzyloxyindole with hydrogen in a solvent
comprising ethanol, and in the presence of a catalyst at elevated temperature to provide a first
reaction mixture comprising bazedoxifene free base, wherein the first reaction mixture is
substantially free from hexamethylenimino benzyloxyindole;

(b) treating said first reaction mixture with an antioxidant to provide a second reaction
mixture;

(c) filtering said second reaction mixture to provide a solution comprising
bazedoxifene free base (i.e., bazedoxifene that is free of acid, e.g., acetic acid); and

(d) treating said solution with acetic acid to crystallize polymorphic Form A of
bazedoxifene acetate.

[0026] The term “substantially free” as used herein refers to a compound or a mixture
that contains less than 10% of an undesired compound or impurity, preferably less than 5% of
an undesired compound or impurity, and more preferably less than 1% of an undesired
compound or impurity, e.g., less than 0.5% or less than 0.1% of an undesired compound or
impurity. For example, “Compound A is substantially free of Compound B, or Mixture C is
substantially free of Compound B’ means that Compound A or Mixture C contains less than
10% of Compound B, preferably less than 5% of Compound B, and more preferably less than
1% of Compound B, e.g., less than 0.5% of Compound B or less than 0.1% of Compound B.
[0027] In certain embodiments, in step (a) of the method described herein, the solvent
further comprises at least one solvent selected from the group consisting of ethyl acetate,

acetone, cyclohexane and methanol, for example, ethanol-ethyl acetate, ethanol-acetone-
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contact with a solvent or solvent mxture (e.g. , ethyl acetate and

et hanol ), which presents a challenge to the preparation of pure Form A that
i s subst amDi2addy2fBee of Form B. The present invention megits2a0ios37chal | enge
by providing nmethods of preparing pure Form A that is substantially free of
Form B. [0025] In one aspect, the present invention provides a nmethod of
preparing pol ynorphic Form A of bazedoxifene acetate, the nethod

conpr i giyakphexany, & émeith?gohey@mmmd, end s feothbdment exbedinente thei sohvehyydr ogen
in a solvent cQ g%) l[l ({1%11 thatn , and in the presence of a catal yst at

el evat ec?nipélﬁfise? 9 & %ra Vi‘de a first reaction mxture conpri sing
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bazedOX| ene ree base (1 ene ree of acl
aceti c examg)e, irelosk t(lﬁi) aticueathotg osabeuitYdoutd.on with acetic acid to
crystallize pol phi ¢ Form A of bazedoxifene acetate. 0026]]1 The term

"subst dAP3I Iy %flil é@“ﬁal%gmhg@aleﬁ@r B sy @1 e e s laod&sa%ﬁm?ﬁdle erﬁ%t%lmte t hat
cont ai ng ,IpRRS ce%tglgn o gﬁ@ém%ﬁlﬁ%ﬁl@ ﬁienlﬁﬂ Qﬂﬁg%d Qdy 1n W dubhY tesPih! ?11:1 &b

| ess than 5% o0 sl red conpou urity, an nore prefera y Iess
t han 1%0chmahparmiasif rhemlamﬂhyiemndn@benzmymﬂyl,e wed). In dnethsr tinboditebsler | ess

than 0. d ty. F d A
Subst arf GIeHy RSB0 6r M AEBUBICE: (g Rt TP IPEo Dy b SRR B Py oo of

Conpouméné','lo FRANSC Liat Corrpound A or Mxture C contains |ess than 10% of

Compound preferably | ess than 5% of Conpound B, and nore preferably |ess
t han [0030] In a further embodiment, the Pd/C catalyst has a total surface area (B.E. T) of

more than about 1100 m”*/g. In one embodiment, the Pd/C catalyst has a total surface arca
(B.E.T) of more than about 1500 m?*/g. B.E.T. refers to Brunauer-Emmett-Teller and is a
surface area measurement technique applied to large surface area 1-20 m?/g materials and
based on adsorbed gas (e.g. N at low temperature) as a function of pressure (monolayer
coverage). See, e.g., G.A. Somorjai, Principles of Surface Chemistry, Prentice-Hall,
Englewood Cliffs, NJ, 1972, p.216.

[0031] In one embodiment, the Pd/C catalyst is non-reduced Pd on moist carbon and
wherein the Pd/C catalyst is Engelhard 5% Pd on Carbon Powder DeLink code 5398. In
another embodiment, the Pd/C catalyst is Engelhard 5% Pd on Carbon Powder catalyst code
5016. Both catalysts can be purchased from Engelhard Corporation, Iselin, NJ.

[0032] The two catalysts present very different physical-chemical characteristics.

Table 1 below shows the principal characteristics of the two catalysts.



| ess than 0. 1% of
in step (a) of the nethod

1% of Compound B, e.g., less than 0.5% of Conpound B or
Conmpound B. [0027] In certain enbodi nents,
descri bedwbenr@/n278he sol vent further conprises at | easPCoNS2e0/0935M2
selected fromthe group consisting of ethyl acetate, acetone, cycl ohexane
and net hanol, for exanple, ethanol-ethyl acetate,

et hanol - acet onecycl ohexane, et hanol - net hanol - cycl ohexane, and so forth. In
one ent8833tent, the solvent conprises ethanol and ethyl acetate. [0028] In
certain enbodi nents, step (a) of thqug hod described herein is conpleted

in |less than about 10 hours. In cert t her enbodi nents, step (a) is
conpleted in [ ess than about 6 |hours. In further eanﬂ%pg@hqmﬂ&%gpnﬁg) i's
conpl eted in |eggAyaT.about 4 |hoyr $q oh AarbrpP®Rl&: | N | ess gk about 3
hour s or—about 2 5. {0029 [in certa5@166m00| MeENts, 1N sgm(a) of —tlhe
ho d—fered ‘htz taryst Pdf-C—catrat-yst
gﬁ;odlub“§¥3p ?:.u,bf%J+Ib sedyi .El % Bt !eés .u%5 nn"t +0—mol
per mol of hexamet hyl eni mi no n7y|]rM/| nddlisrisad |1 n :-\lro ¢ he 0 TBICHNSI ne t,
t he Pd/ @awiea$ly%l)1&§rs@qu£awr)a b <|18gmictavsn about W pfrold misFonsp|  f
hexangt hyl eni m no benzyloxylndcle UXBe < J6008ainsI n a f uritiex rbodingent ,| t he
Pd/ C gat al yst RhasveMetl al surfdce are®a(lRlitanT) of nore thaalladiomt 1100
n2/g. |[In one enbodi nent, the Pd/C catal yst has a tqtal surface area (B.|[E. T)
of more ThaR APONferal eQRe’ 9. B E 1508 6h ahypdsR BY UNauer -seigR Gk 0&lsl eF_and
is a gurf d(,e dlr ead Hb‘dbUIEHb‘HL 'LE(,HHI que dppl red to Idl ge Surliace dred i- 20
A “Me&aﬁiﬁstg%ﬁﬁo‘iﬁiL;ﬁf”;;i;r21 axfbmen N j”ﬁi o ‘”f’? il
Princijples of Surface Chem stry, Prpnflrp Hall FEngqlewod diffs_ N]_ 1972,
p. 216. [0031] In Te enbodi mentl, t heRe@eal/Meisi] yst |i s nbaradeerdddaispd o

noi st carbon and wherein the Pd/C catal yst
Powder[aﬂme c?gge 398

ain emb
a temperature of about 30°C or higher (up to about 78°C, e.g., about 75°C, about 70°C, about
65°C, about 60°C, about 55°C, about 50°C, about 45°C, about 40°C, or about 35°C). In

i s Engel hard 5% Pd on Carbon

I : . :
o&ments, step (a) of the method described herein is carried out at

certain other embodiments, step (a) is carried out at a temperature of about 40°C or higher
(up to about 78°C, e.g., about 75°C, about 70°C, about 65°C, about 60°C, about 55°C, about
50°C, or about 45°C). In yet other embodiments, step (a) is carried out at a temperature
between about 30°C to about 50°C. In yet other embodiments, step (a) is carried out at a
temperature between about 40°C to about 50°C. In another embodiment, step (a) is carried
out at a temperature of about 50°C.

[0035]

antioxidant is selected from ascorbic acid, sodium ascorbate, ascorbyl palmitate, citric acid,

In certain embodiments, in step (b) of the method described herein, said

propyl gallate, alpha Tocopherol (vitamin E), vitamin E TPGS, vitamin E acetate, butylated
hydroxytoluene, butylated hydroxyanisole and mixtures thereof. In another embodiment,
said antioxidant is ascorbic acid.

[0036] In certain embodiments, step (d) of the method described herein is facilitated by
seeding with polymorphic Form A of bazedoxifene acetate. In certain other embodiments,
step (d) is carried out at a temperature of about 40°C or lower (as low as 0°C, e.g., 35°C;
30°C, 25°C, 20°C, 15°C, 10°C, or 5°C). In yet other embodiments, step (d) is carried out at a
temperature of about 30°C or lower (as low as 0°C, e.g., 25°C, 20°C, 15°C, 10°C, or 5°C). In

yet other embodiments, step (d) is carried out at a temperature ranging from about 0°C to
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anot her enbodi nent, the Pd/C catal yst is Engel hard 5% Pd on Carbon Powder
catal yst code 5016. Both catal ysts can be purchased from Engel hard

Cor por at iw0,2009%®k778, NJ. [0032] The two catal ysts preserCTUS2§09a8377Er ent
physi cal -chem cal characteristics. Table 1 bel ow shows the princi pal
characteristics of the two catal ysts.[0033] Table 1 [0034] In certain
enbodi nents, step (a) of the nethod described herein is carried out at a
t enper abaredBEC. db yetotBOGMbodirhéngh etep(dpis tC@m'ad@ut atﬁ&@mperaglre regogtiroars C,

about 7 0C, ~.abou out 600 bout about. bout 45C, about
200c. Pou ke g B uh et dar i i e al ) af R’ o8 ou
at a t eapgh@fidheatdlit 2070Ub HERG50C. i 8heIin HhBr é@b@b@@ﬁts 75%15 dgisGarricdqidt  75C,
about 700C, about 65C, about 600C, about 55C, about 500C, or about 45C). In

yet ot Hép Rmpsaurasiansing sioapalioa 25°€ ©abpiied)°Gutin et QihQré?ﬁﬂ@ﬁthlW% stset(dleen
about. 3006::100a0QYLR00Gd Bl BEPRPIRGUIBALSg-8t ep (2) IS carried out

at a terrpera ure en a n anot her enbodi nent,

step (gpPo3y car fn edtmbmabdlmehennepssa(h)lmeo@ (dpofithe b3EHod deb@dfell hereicakt ai n
enbodi ments, in step (b) of the nefhod descrjbed. herein, said antl oxi dant
is sel €Ondertsd WidcrurHranesrhersd N tMileL8HPlsa 08 INCHSEBPHYITIAF NS at e,

citric aghsfn RLBRYINd8l@t €. al pha Tocopherol (vitamin E), vitamn E TPGS,
vitamn E ’t§t € nbut y+at ed hydroxytol uene, butyl ated hydroxyani sol e and

m xt ur §9038jer eofln Eetﬁawnmbbtheatsbmchtafm(ldb of &ammbthmt deogrilebdriterdis, saslcor bi ¢ aci d.
[ 0036] cer ste t hod descri bed herein is
BRI DT g g MR RN S M G A v e S
certai nhgi b@@%ampwrgem Sortafi &Her(éi'ﬂbdd%n@rﬁé rlh @Qp géé?tofeiﬁe ActRAReiRug e of
about 400C or |ower (as |ow as 00C, 0C, 25C, 200C, 15C, 100C,

or 50C) .herainpetd podyreerpbieddine of bazedmﬁen(e @‘/‘etﬂ@ confpinisdebs dhan 186 wdw of Form

B, for example, less than 0.1% w/w Form B.
[0039] In another aspect, the present invention provides a method of preparing
polymorphic Form A of bazedoxifene acetate, the method comprising:

(a) contacting hexamethylenimino benzyloxyindole with hydrogen in a solvent
comprising ethanol, and in the presence of a catalyst at elevated temperature to provide a first
reaction mixture comprising bazedoxifene free base, wherein the first reaction mixture is
substantially free from hexamethylenimino benzyloxyindole;

(b) treating said first reaction mixture with an antioxidant to provide a second reaction
mixture;

(c) filtering said second reaction mixture to provide a solution comprising
bazedoxifene free base;

(d) treating said solution with acetic acid to crystallize polymorphic Form A of
bazedoxifene acetate; and

(e) isolating polymorphic Form A of bazedoxifene acetate by filtration, washing and
drying.

[0040] In certain embodiments, in step (¢) of the method described herein, said drying
is conducted in an agitated filter dryer. An agitated filter dryer is useful in separating solids
from liquid in a single vessel. Once the dryer is charged with slurry, pressure is either
applied from the top of the filter dryer using a gas, such as nitrogen, or a vacuum is pulled
from beneath the filter media, thereby forcing or pulling liquid through the cloth or mesh to

generate a cake. Low pressures are generally used (e.g., 1 bar) to keep the cake from
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tenperature of about 300C or lIower (as |low as 00C, e.g., 25C, 200C, 15C,
100C, or 5C). In yet other enbodinents, step (d) is carried out at a

t enper at we 2o@vig217g f r om about 00C t oabout 400C. |n yet PoThiSeoogmBIYd2 Nent s,
step (d) is carried out at a tenperature ranging from about 00C to about
300C. In certain enbodi nents, step (d) is carried out at a tenperature
rangi ng from about 200C to about 35C. In certain other enbodi nents, step
(d) is bwapmingdosampatssed th@trtbe crysatsdusatogether. frhsrhquisbexits 26 hetbottamaitth800C.

h
Fr om aboot BT s nt apoeRrotiaen et pEfients visalafr o bbfifor 5% "

t hr oughicfsdy s@ibothhtBe bR¥FeGf d%&ﬁké Bethchedre hd cAffc§. OMRISth et dsd @€ Fhel dg&aﬁor
at rosphere. Non-limti ng exanpl es of inert atnosphere include nitrogen,
3

ar gon, velheh s foste i bqtly 8]“0!1%» rpight BAve teath Bmd#@w&mtq e spleptohglp bralkt He
met hod e&ggg}a \Af ReLE e 1%{ fheRQ! yRipi &1@5%%8@3}? mﬁ&@%‘ﬂed‘% cAcetate is

nore th W pure, exarrple nor e n certain
ot her eairhadb MENdE:; all ﬂﬂac&tsehle(l‘dbr ahpiritees melchiodaybs eppliee do B@zreetorspescaupithe

pol yrmr({ahl ¢ Form A of bazedoxi fene acetate contains |ess than 1% w w of
For m B,Y"Y'9E PEX&Ppl e, |ess than 0.1% w w Form B. [0039] In another aspect,

the pr %?enel nv ek 'sﬂf}m%[]@qi#gfcﬁ/é%sﬁﬁ%aﬁ@&squrﬁfo?p fdl @er& '&ﬁ%foﬂ@hﬁ dFARg A of

bazedoxi acetate conpri si ng cont a
hexametduydtemiafitinodryenmyy vxyidepoidengmt, It'ntbzydr‘co glenloadhofiths (ptodanit toderpredsi ng

et hanol,, and in.the resence of a ca at . el evated te ature to

or vt adh&7F FREPERL TG & e TEEmATRLT Ry bitelo P PERESIPLTBAEES ' wher ei n
the firgbut 2AGtT @B GhPkHie diaSHPREBHIH RIhd. IERe iR H% hexas®ishpbenign no
benzyl oxyi ndol €: (b) treating said first reaction mxture with an

ant i oxilgars In@n@hmrdleodarnsretc dtirggdrdéquanayi is ebews 30 (nein., the ingtentagcovai d second

reactl O(Rll‘alﬂo)fltlgj Lo tt? n%lilo Illedt%ta?st?r?ﬂnlét(fugar‘gloﬁ(%snybou?EQ%m and the drying duration is

about 19 hours. In yet another embodiment, the stirring frequency is about 60 min., the
instantaneous duration is about 1 min., the total stirring duration is about 18 min. and the
drying duration is about 18 hours. In a further embodiment, the wet product is left at low
temperature (e.g., about 0°C) under nitrogen flow without stirring for a short period of time
(e.g., about 1 hour) to reduce the product humidity level before the beginning of the drying
process.

[0042] In certain other embodiments, in step (¢) of the method described herein, said
drying is conducted in a tumble dryer. The drying can be conducted in a tumble dryer under
nitrogen, and/or vacuum conditions. The tumble dryer can be purchased from a variety
vendors, for example, Italvacuum CRIOX in Italy.

[0043] In a further aspect, the present invention is directed to a method of enhancing
the stability of polymorphic Form A of bazedoxifene acetate. The method includes keeping
said polymorphic Form A of bazedoxifene acetate in dry form and preventing the dry form
from contacting with a solvent. In one embodiment, the solvent can totally or partially
dissolve said polymorphic Form A of bazedoxifene acetate.

[0044] In another aspect, the present invention is directed to a method of enhancing the
stability of polymorphic Form A of bazedoxifene acetate. The method includes keeping the
polymorphic Form A of bazedoxifene acetate in dry form and preventing the dry form from
contacting with a solvent and keeping the polymorphic Form A of bazedoxifene acetate at a

temperature below 25°C or lower (as low as about —196 C, e.g., about 20°C, about 15°C,
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bazedoxi fene free base; (d) treating said solution with acetic acid to
crystallize polynorphic Form A of bazedoxifene acetate; and (e) isolating
pol ynmor phwo 2havme73of bazedoxi fene acetate by filtrati orCTWEstM0MG37and
drying. [0040] In certain enbodinents, in step (e) of the nethod descri bed
herein, said drying is conducted in an agitated filter dryer. An agitated
filter dryer is useful in separating solids fromliquid in a single vessel.

Once t rdodlr YVBE, abput AYr.gdduti°ChakdulrdyC, abpeissii e, apuei20&r, abpipl-380CF rom t he

top of the fjlter dryer, usjing : S, .such.as ni.tr a vacuumi s
oot ed S Akt ¥R <3S - S o R SR ERg hEST cartop Rt Wk o o

t hr oughehp&atk®fFBmAUbOEPIT tbabgermsrat € a cake. Low pressures are general ly
used (e. 1 bar) to keep the cake fronbecom ng so conpressed that the

cryst 2104315 e t dpyaetraptheTpwert, HginicseRt in¥eraion ihdirgsind tomashod ofcenhiancieg . i | e
the cry > i n iyl LA, t he
g1 tat o SR & AR ERbTrB RGeS 1hOR BN ERIR el OO0
The ot hie¢ pelggeriic Foven agifthat@ioxifudd awhtacsin dipfatreandprbantingtteatty f@ns, m ght
have teeth for digging into the cake to hel reak jt up and renove it from
the fi IR comigsting Vﬁﬂég]@élk‘gorrﬁfg"hspf‘ﬁét- blfﬂcﬂeéﬁfr@agl LRGeS evkeiofllytarnes t o

renove AT g id PRW Atd ; e .1 dryer to
speed L]%h'ltla}%lg rg}vﬁgh%ﬁﬂ@g@hld[ 0041 Ol'lf'%gzeg'???érl}e%&fa%éq ng%ﬁg%‘%t ant aneous
dur at i eoarprisotghy fosmi that fFgrool vy cani partialydradsfpirmgntd doamiBm thé ptdsencdrofére may vary
dependi nﬂ onq irl‘nt er alia, .the |load of the product to be dried. In one
embodi NERPT AR} YRy CHPBYuency is about 120 nin., the instantaneous

durati qpodey abouh ye& dibther adp&, fRtREscht th{&dtidd iy @tdOB alfetBOPHE cnhBndthy. and
the drying duration is about 18 hours. In another enbodi nent, the stirring

f r equertby stakilighefurolBoomhis. Formhd of hazcdenifme eotatdulae msthadgnelbdestkeepinn. , t he

total ! é {)51‘3191%1‘&1% &jrﬁ) R oif%ag‘e%%fel%sac@a?e' in% r;g fotrpnean J ie&e%tigglgj !Ehaét({r? IPorirnS
from contacting with the vapor of a solvent and keeping the polymorphic Form A of
bazedoxifene acetate at a temperature below 25°C or lower (as low as about —196°C, e.g.,
about 20°C, about 15°C, about 10°C, about 5°C, about 0°C, about —5°C, about —10°C, about
—20°C, about —30°C, about —40°C, about —50°C, about —60°C, about —70°C, or about
—80°C), for example, at a temperature from about 0°C to about 25°C.
[0047] In one aspect, the present invention is directed to polymorphic Form A of
bazedoxifene acetate prepared according to the methods described herein. In certain
embodiments, the polymorphic Form A of bazedoxifene acetate prepared according to such
methods is more than 99% w/w pure, for example, more than 99.5% w/w or more than 99.9%
w/w pure. In certain other embodiments, the polymorphic Form A of bazedoxifene acetate
contains less than 1% w/w of Form B, for example, less than 0.5% w/w or 0.1% w/w Form B.
Throughout the application, the purity of Form A of bazedoxifene acetate refers to
polymorphic purity.
[0048] The invention is further illustrated by the following examples. The examples
are provided for illustrative purposes only. They are not to be construed as limiting the scope

or content of the invention in any way.
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about 19 hours. In yet another enbodinment, the stirring frequency is about
60 mn., the instantaneous duration is about 1 mn., the total stirring

dur ati on We 20001027738 mi n. and the drying duration is ab®ar/us80oss732 I n a
further enbodi ment, the wet product is left at |ow tenperature {e.g., about
00C) under nitrogen flow wi thout stirring for a short period of tine {e.qg.,
about 1 hour) to reduce the product humdity | evel before the beginning of
the drying process. [0042] In certEXAMIMAS enbodi nents, in step (e) of the
met hod described herein, said drying is conducted in a tunble dryer. The
dryi ng can be conducted in a tunbl &xdmpkrl under nitrogen, and/or vacuum
conditions. The tunble dryer can be purchased froma variety vendors, for
exanpl e, |In&hred dIRIAIGCRY X0 Bolymatphic F@tvA8land Hoem BusfiBreredasfpec Acetiatee pr esent
invention is directed to a nethod of enhancing the stability of polynorphic
For m A [004%az eddhk fselid stateetf dbth. polyreonphiciedmi AahdiHesn Bed B azgdoxaficde

pol ynor phi ¢ Form A of bazedoxi acetate . in dry form and preventing the
dry f orf%eﬁart%ﬁ?sca_oﬁta&qqrﬁac 5&%%@%&@3 PRRSHE™. ﬁh%ﬁ@%ﬁ%ﬁ%@%f@é %l vent can
total | yri ek bfolywdl 3§RliMe BAFFLIRA DEBAPPBRM R Mdlo8f (1h3zRAONbESNe
acetate. [0044] In another aspéct, the present invention is directed to a

met hod Bfe "éRlearich gxpnienagitsedsin| bietoprristd quibhising thetsy stedtaaciAl A0 Wkingboxi f ene
acetate. The t hod i n¢l ud K i ng t.he pol hi ¢ _For,m A of ,.bazedoxi f ene
oot at SonfeielS BRRpa e ERu R Rl e S DT IR o L oh S g MR

sol ventonang" léﬁgﬂrﬁ@ug 418 cRAJuYIIH AR thokyBtdin Phsdet TR QUBpagRiMt € at a
tenperature bel ow 25C or | ower (as | ow as about -196 C, e.g., about 200C,

about 1B@WORAbc.100C, about 5C, about 00C, about -5C, about -10 0C, about

-20 0C, ut - t. = -50.0C t 60 t -70
0C, or [g out - 8@6%%,51“1%%%%&%%%%Og?o%&qgl%lé’rpg%rng %?egpg'gc%ﬂg Ogﬁebgg%t%o about
25C. [ Gadble dmthy diandndisbeyor ASRect the pivdep MaS @itfuired westtrabintdrsal i 460tED t 0

met hod of enhanci ng i i
cm-1 with 4 cm-T"resolution (128 scans for every collected spectrum). Some experiments are

executed creating an ethanol vapor atmosphere around the ATR sensor avoiding the direct
contact between the liquid solvent and the powder of bazedoxifene acetate.

[0051] Some characteristic absorption peaks of the polymorphic Form A and Form B of
bazedoxifene acetate are shown in Table 2. Figure 1 shows an overlay of IR spectra of
polymorphic Form A and Form B of bazedoxifene acetate. The bottom portion of Figure 1 is
the IR spectrum for Form A while the top portion of Figure 1 is the IR spectrum for Form B.
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the stability of pol ynorphic Form A of bazedoxifene acetate. The net hod

i ncl udes keepi ng the pol ynorphic Form A of bazedoxifene acetate in dry form
and prevewOi20@p/0kE3dry form from contacting with the vapor/uskooosryent. |In
one enbodi ment, the solvent can totally or partially dissolve the

pol ynmor phi ¢ Form A of bazedoxifene acetate. Applicants have surprisingly
found that Form A can partially transforminto FormB in the presence of

t he vapor of a solvent such as ethanol. [0046] In yet another aspect, the
present invention is directed to a rﬁeitg_id of enhancing the stability of

pol ynmor phi ¢ Form A of bazedoxi f ene e. The met hod includes keeping the
pol ynmorphj ¢ Form A of bazedoxifene acetate in dry formand preventiing the
dry formfromcontacting with the vapdR Wavelengd WeRkera¢id keepi ng t he
pol ynor phfc—FormmAof —bazedoxi fene acetate at Ja tenperatiure betow 25C or

| ower (as||ow asFabodt -1960, e.841, about2400(, abhd¥i 15C, adéat 1Q0C,
about 5C, rabout—06€—about—5€—about—=16—0€—about—266€—about—30 0C,
about -40] 0C, abpgity 850 OC, [abouwyg- 60| OCjr@bout - 79¢HPC, |or alagyt -8§0 00),
for exanple, at a tenperaturle from abput 00C tlo about 25C. [0047] Ilin one
aspect, the present invention is directed to pol ynorphic Form A of
bazedoxi f ene acetate prepared according to the nmethods described herein. In
certain enbodi nents, the pol ynor phi A of bazedoxifene acetate

pr epar ed accor d| ng to such, rret hods |s nore than 99%w/w pur e, for exarrpl e,
nor e thlf DG AR ) ARQTH ’,_ W LE 1 ;_L ang 4 Bo

enbodi nent s, the poI ynor phi c F |fene acet ate cont ains |ess
than 1% w w of Form B, for exa % & fonb8 {%XO 5% w w or 0.1% w w Form B.
Thr ougH00%2]t he dpffticoadli soanmmgwmlqnumetryy(w?sCFs comducaid vidr ddmxivne henatiet at e

refers L. RAYIRURILE PUL LY. L O0AL T JMMENI LTS bt RS ok 2t o

can be distinguished by their respective melting point. The DSC results are summarized in

Table 3. Figure 2 is a DSC thermogram for polymorphic Form A of bazedoxifene acetate.
Figure 3 is a DSC thermogram for polymorphic Form B of bazedoxifene acetate. Figure 4
shows an overlay of DSC thermograms for polymorphic Form A and Form B of bazedoxifene

acctate.

Table 3
Solid state Onset (°C)* Peak (°C)* Energy (J/g)*
Form A 176.0-177.0 178.0-179.0 Endo 95-100
Form B 180.5-181.5 182.0 - 182.8 Endo 115-120

* Medium values from repeated analysis on samples considered pure polymorph and on
HPLC specification.
[0053]

polymorphic Form B of bazedoxifene acetate in batches produced as polymorphic Form A of

The DSC technique can be used to quantitatively determine the presence of

bazedoxifene acetate. Figure 5 shows an example of a Form A batch with a content of Form

B less than 0.1%w/w.
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are provided for illustrative purposes only. They are not to be construed
as limting the scope or content of the invention in any way. EXAMPLES
Exanpl e IwoOnbesamoe3(1 R) Anal ysi s of Pol ynor phi c Form A &ou/uSee0ioBs701
Bazedoxi fene Acetate [0049] The solid state of both pol ynorphic Form A and
Form B of Bazedoxifene Acetate has a characteristic Infrared (IR} spectrum
The transformation fromForm A to Form B can be followed "on-1i ne" by
FT-1 RF ATR and FBRM t echnol ogy (Las@rxﬁ@@_@p} obe). The "IR on-1line"
experiments can be carrl ed out usi ng the system React-l R 4000 in the
conf| gur Hidrmngrakg nalyhig Abof ¥ iy W3 19)
"size-distri but| on on I i ne exper| maﬁmemteare execut ed by usi ng the system
Lasent ec FBRM equi pped wi th D600OR probe. [0050] IR neasures are carried out
opport yoes4j pl adihngn@grﬁxémetf'g @ﬁalyﬁe(mmﬂ'ercodductém'ﬁlaﬁplaﬁnm fahén dicanond
sensor ATR of the prg?"seo. TQS in red spect.ral .interyal is 4000-650 cm1
with 4 teRparatuEstings phr (2sC st H?”&rm b%éll%@@éa” Whed¥igthe some
experi C und t he
AR sencor e i SAOEHAER): é‘%%%lb@%?*}{?* e O Bl And the
powder relfea@aﬂzed@&cncﬂ ebrevca®ot Gtamd g[oeﬂﬁlqonwwncgﬁ:aﬂahy bctmstt:n é3 ﬁ’bemdr%ﬁi’@ n peaks

of the pol ynor phj For. nd Form X|fene e shown in
Sl o sttearnnBoh ferdtah S BhatPad B S8 B PSR AR el Sicor A ang
Form B &htra%ﬁd@&hé&e@ca@qetg%)e Thzh@&?ﬁotmérbME btAR Rfd 1659 rh A énd he | R
spectrumfor FormA while the to ion of Figure 1 is the IR spectrum

for Forlarms. HsstﬂubdlzuEﬁalmtp |tlere@ ﬁ@i:tmus,r dihe iquintte aﬁqbﬁChgcra@amem oheracieriginee)
Anal ysi e%er%rf smﬁg ¢ VARE. p?lg%reFé) gh%]wps‘ a A'zc%{'vne] fg’r Bglyrl%%lzpeﬁd Oﬁlorfn? Reof'%%getd%xﬁ“ene

acetate. Figure 7 shows a TGA curve for polymorphic Form B of bazedoxifene acetate.

Example 4

Scheme 1

BnO
HO
N N
2. AcOH
o o >N~ acoH

Preparation of Bazedoxifene Acectate

[0055] A hydrogenation vessel is charged with hexamethyleniminobenzyloxy indole
(64.4 Kg), ethyl acetate (95.7 Kg, 106.3 L), ethyl alcohol (244.6 Kg, 309.7 L) and
palladium/C5 (2.5% p/p, 2.54 Kg) under nitrogen. The vessel is degassed with hydrogen and
then is recharged with hydrogen up to the pressure of 2 bar. The reaction mixture is heated to
about 50 + 2°C, and the hydrogen pressure is finally set at 4 bar. After about 2 hours from
the end of the hydrogen absorption, the vessel is degassed up to 0.1 bar and an HPLC
analysis of the reaction mixture is performed to ensure that the reaction is complete. After a
positive response of the analysis, the mixture is cooled to about 20°-30°C, and the vessel is

degassed with nitrogen. Then the vessel is charged with ascorbic acid (0.50 Kg) and the
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[0052] Differential scanning calorinetry (DSC) is conducted with al um num
hernetic pans, generally in the tenperature interval of 150-190C at 5C/ m n.
Form A armlORoeamoBy76an be di stingui shed by their respect iPC&/Usedwiosdy7poi nt .
The DSC results are summari zed in Table 3. Figure 2 is a DSC thernogram for
pol ynmor phi ¢ Form A of bazedoxifene acetate. Figure 3 is a DSC thernogram
for pol ynorphic Form B of bazedoxi fene acetate. Figure 4 shows an overl ay
of DSC inhmahtﬁgfmméuﬂedar sqpot ghout Hhi-20°CorrheAoktign Fostirred abhbda AEUORTE éne
acetateb ﬁgﬁbﬂ Solid state Onset (0C)* Peak (cy Energy (J/g)* FormA
176.0 -7 1'78.0 - 179 0 Endo 95-100 Form B 180.5 - 181.5 182.0 - 182 8
Endo 115-120 Medium values fromrepeated anal ysis on sanpl es consi dered
pure pqbyselr ph amd semtibiPlsGhemparerkd @ﬁaér@lﬁtrog[eﬁtﬂl’irahgﬁ hplalSUtdreThOplateefilern be
used to quantitatively determ ne the presence of pol ynorphic Form B of

bazedoxb Peharcd dstaltoavsi febigi(@Rdse)is eusnerded as cthyl 3lpehop Heratyrgd itk of

bazedo I h a
cont ent CoPNESFATHANE: (AL ERy R T B BRI 1R R SR CoBFLE i)
(TGA) ahroRgh yireofilphifer #bonn3 (AmandlHeofilar B mhinBazeiodiof soleciicttatabofiD54]

Ther nogr a tric Anal ysi TGA C u t | ati nu n in the
tenpergw ©biaguiehRe 561% %@iﬁﬁ i H?ﬁ%agb?c? vlthgwa@?f a@é@l@%ﬁ'@) Dur i ng
the heapinad (i eﬁﬁn@l%'ﬂaﬁﬂ@f‘&@ohe%e)ﬁ@@cBﬁ@ LrofaPbiy 6‘1@"‘% £& ForBod).

bazedoxi fene acetate rel ease acetic acid ove 1000C,~ and goes to

conpl etThen ugderariabgon dhetisbageti 2Rl éZthKg)LBca_dded to the filtered solution through a

charging vessel and the solution is stirred for about 20 min.and then seeded with

bazedoxifene acetate Form A (0.1 Kg). The temperature of the solution is kept at about 30°C
for about 30-40 min. and then glacial acetic acid (6.9 Kg) is charged in about two hours to
give a suspension.

[0057] The suspension is cooled to about 0°C in about 1 hour, left at about 0°C for
about 2 hours, then centrifuged in two portions, and each portion is washed twice with 7.3 Kg
of ethyl alcohol denatured with cyclohexane/acetone. About 55 Kg of wet product are
obtained. After drying under vacuum at about 50°C, the yield was 46 Kg of bazedoxifene
acetate Form A. The yield for this step is about 86-88% and the purity of the final product is
about 99% or higher.

Example 5

Preparation of Bazedoxifene Acetate — Catalyst Study

[0058] It is desirable to decrease the quantity of catalyst while achieving the same or
better performances, i.e. maintaining an acceptable productivity per hour, for the
hydrogenation step. However, initial tests showed that it was not possible to decrease the
catalyst quantity without reducing significantly the reaction rate. See, for example, Example
1 in US 2005/0227965, where the hydrogenation step therein took 20 hours. Applicants have
surprisingly found that the catalyst quantity can be significantly decreased with certain types
of catalyst under suitable conditions. Table 4 lists the tests in which the catalyst quantity and

its concentration are modified.

-14 -



The amount of the weight
acetic acid of neutralization (theoretical

| o0ss is between 11 and 12% and correspond to
10.8% . The TGA profile of the

acetic acwo 2bes®28 Form A and Form B i s subdi vi ded i nt @Crhuse@9/083¢2 i ons.
The quantity of each fraction is characteristic of every single batch.
Figure 6 shows a TGA curve for pol ynorphic Form A of bazedoxifene acetate.

Figure 7 shows a TGA curve for
Exanpl e 4 Prepar ati on of Bazedoxi fe

pol

y

nor phi ¢ Form B of bazedoxi f ene acet at e.
E@b&kt ate [0055] A hydrogenatl on vessel

is ch i‘gc'J Wt ||c1\a r; | maohen X c h .a\.,ct ate
(95.7 |Kg, 106.3 | g‘r Ei&hol |( fg?%i i’%g th%ggt@%t %
(2.5% %’ﬁ’?ﬂ@.@?jﬁ Kgl)‘eX@rPPH yle‘t’i‘ﬂ@@&gen. The vessel |s e ed W t n}%{ lfsa)gen
and then is rechar g&#2WPERINGPK) ogen up to t hel fsradetlylengping- hayr . The
reactilon m xture |s heat ed to about 50 2C, andbanAploky ddedfen| pressure |i s
finallly sef.lat 4 béhyl ssftaerEthlbionlt |2 Fadol’s)-€r gm t he @047 of t he hydiSogen
absorpgtion, the |vessel22%5d8gassed up tey 0.1 |bar and an HPLC anal ysi s [of
the rgactipn m Xt wyl &cRerEREARd [t ®derBy-e tlhat theopeactiop is ronmplete.
After |a positive responsesaf) the anal ygiys, the mixture is copled to about
20- 30Q¢,angxrthe v | ed ogemn.  T§ the VESSel hS
char gad V\A?P’l asclo e%ﬁglaclet%?qg%gg% P’&(E%&@(}{g nt er na 'taerrperaturgsls set at
about ; 1 'ut.l O S+ +—40-50CFor—abput rAf. .
[ 0056] Theg'gol ut|| o[‘?ﬁ{}’]sact3 E"rﬁ*ﬁ?‘?qle é?di‘(ﬁ%érgd}% trogenmjﬁr ough a plate filter
(The late filter ﬁw ed _as floll ows: (‘pllfp(?ﬂl(n\ LS Qu:ppndpdin
et hyl |al cohdl denaEth]weWGt-Eath@J&lt o SpiiCatiexane (00t al of | 60. 0 Kg) .| The
suspersion is relcycl ed . 44:180a cent/rifugal punp through the fllter for |about
30 min. Theofil tlerEthgl aveiart Bthmed flul tPeaflmanl vient, theds about 2 hburs
beforg filtering the spjsitioon, the jileckatayat the filter is filled with
wat er [at about 600C), washed with etmfgmb_@jenatured cycl ohexpne/ acetone (a
total |of 4.0 Kg,| in two portions). 509 wet

® temperature 50°C pressure 4 bar ; ” The first analytical control showed complete

conversion

[0059] Experiment 5.6 in Table 4 shows that with a Pearlman type catalyst (non-

reduced Pd), the hydrogenation time is cut down to 1 hour. Nevertheless, experiments with

very low catalyst concentrations (1-3 mmol/mol hexamethyleniminobenzyloxy indole) can

cause the reaction to be very sensitive to small quantities of poisonous substances contained

in the catalyst or formed during the debenzylation process. Thus, it may be desirable to use a

quantity of catalyst higher than the low concentrations of 1-3 mmol/mol, for example, in an

amount of 6 mmol/mol hexamethyleniminobenzyloxy indole for the hydrogenation process.

[0060]

Additionally, two catalysts are compared with the catalyst amount used being

equal and all the other hydrogenation conditions being the same. One catalyst is Engelhard
5% Pd on Carbon Powder catalyst code 5016 and the other is Engelhard 5% Pd on Carbon
Powder DeLink code 5398. A remarkable increase of speed (more than 300%) is observed

for Engelhard 5% Pd on Carbon Powder DeLink code 5398 at the same concentration.
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Then under nitrogen glacial acetic acid (2.0 Kg) is added to the filtered
solution through a charging vessel and the solution is stirred for about 20
m n. and twero®ewed wi th bazedoxi fene acetate Form A ( OPCTHR$R009/DB3T72
tenperature of the solution is kept at about 300C for about 30-40 min. and
then gl acial acetic acid (6.9 Kg) is charged in about two hours to give a
suspensi on. [0057] The suspension is cooled to about 00C in about 1 hour,

| eft at about 00C for about 2 hour £xamplerd centrifuged in two portions, and
each portion is washed tmnce mnth 7.3 Kg of et hyl al cohol denatured with
cycl ohexane/ acet one. PAipa of K \Werte Agatate hreat Dfotiai ned. After drying
under vacuum at about 500C the yield was 46 Kg of bazedoxifene acetate
For m A.[006Y vyi eITdbfecﬁrsImWSEthaStﬂailydsoab@mnn 1866tBBYS slow winen qauh bf tolahethé fi nal

rcet at <111 aZgiarys ekt ot B0%afsor F il ¢ S EhLoth ok resl T quant i 1y of

cat al ysloniplitt theashtitiod iN@dL o WRiNERIcRAtuRRA IR aRSHSIAS TBAICA Sbolt28°C (LNt ai ni ng
an acceptabl e productivity per hour, for the hydrogenation step. However,

initi aleXp@rsmsnt%BV\Ednetdhmtuﬁed citeyd a}@oholpl@@ctmblugles da)dedy: &ade/ v huxtortofl yst
uantit t | Sj a t rate.
gxarrpl e\(hy\g( 191 C}_ILC?? @éega}@dg%'}%]ﬁ@og@ a\%ﬂZ@ fﬁ?tsh( %’ét aet? e‘;?hylt ep therein

t ook 2Qidvdor, %gcléﬂ@ﬂah@aﬂfﬂ Scclohee Noudiffedeftddgh YGafcﬁd)mdmte had oBsbered atiak Yisdse

quantity can be significantly decreased with certain types of catalyst
under Shptsabiert muwers.i Birsreadtign temeyisirpdiicsd sigaificarthy when dlishra oferefal yst

quantlg%djﬂggpgﬁ“%gggg t%@B Qm%%@% %u@d Tabl e 4 a tenperature 500C

pressure i'Tst "ana control showed conpl ete conversion
Table 5
Lab Solvent Solvent quantity Temperature | Reaction time
Experiment” (ml)/g °C (hrs)
hexamethylenimino
benzyloxy indole
Denatured

6.1 Ethanol 8 28 15
62" Toluene 75 26 20
63° AcOEt 6.5 26 72
6.4 9 AcOFEt-EtOH 225+5.25 50 1.5

% Catalyst Pd (10%)/C, 0.05-0.07 mol/mol hexamethyleniminobenzyloxy indole, 4 bar;”
70% of unconverted raw material; © 5% of unconverted raw material; ¥ 0.047 mol of Pd/mol
hexamethyleniminobenzyloxy indole.

Example 7

Stability Study of Wet Polymorphic Form A of Bazedoxifene Acetate

[0062] Example 7 shows the effect of different solvents in the transformation of wet
bazedoxifene acetate Form A to Form B. A portion of the crystallization slurry of
bazedoxifene acetate Form A is collected. After filtering on gooch, the wet bazedoxifene
acetate Form A is divided into two portions that are washed with ethanol (experiment 7.1)
and with ethyl acetate (experiment 7.2) respectively. The GC data of the solvents in the two
wet products show that the product from experiment 7.1 is mainly wet of ethanol, while the
product from experiment 7.2 is almost exclusively wet of ethyl acetate, and their respective

Loss on Drying (LOD) is of 14.5% and 16%. Tables 6 and 7 and Figures 8 and 9 list the
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[ 0059] Experinent 5.6 in Table 4 shows that with a Pearl man type catal yst

(nonreduced Pd),

the hydrogenation tine is cut down to 1 hour.

Never t helwe=po%opwsi nents with very | ow catal yst concenPCaiUSL/03778

nmol / nol
very sensitive to snmall

hexanet hyl eni m nobenzyl oxy i ndole) can cause the reaction to be

guantities of poisonous substances contained in the

catal yst or formed during the debenzyl ation process. '
desi r ablostenboiuldemaB geidimeé @I;d 'of tepareadtyrstfothg ee sarhplas fre dxporiments énit r at i ons

of 1-3

hexaneﬁﬁppg%ﬁﬁhﬂdﬁgﬁ éggngHd% Pe
Additlonally

bei ng equal and all the

catalyst is Engelllabked

ot her is Engel hard 5%)Pd-on Carbon'Pomder

other

hydrogenatlon conditions bein
Ageirte Eam AyWet ofgéte)

Thus, it may be

an amount of 6 mmol / nol
for the hydrogenation process.
two catal ysts are conpared with the catal yst anount used

[ 0060]

the sane. One
016 and the

Dellnk code 5398. A remar kabl e

i ncrease of speed (nore
Car bon Powder Delink cog

L II(J.II OU

e 5398

s wﬁ? ol

L.I IUI

ncentra

Engel hard 5% Pd on
tlon.Exaane 6

Preparati on of Bazedoxi flene Ace Study 10061] Table 5 shows
that the hydrogenation rleadtson i &Gl o W#6n kad®Gf| t ol uene and et hyl
acetate is used at about| 26C (SGGOprGFIdH@tS 6.0 and 6.3). The reaction
time to conplete the regcti®n ifs meduced ovhen| denat ufed et hyl al cohol is
used at about 280C (see [expgrirnent $.1I). 4he Pengjured ethyl al cohol used
includes: (a) a 95:3:5 ([viyg) Xt 0 Ayt T af ol , cycl ohexane and
nmet hyl al cohol; and (b) =& jé 35 ?%?v) H?%?U| HKRZt yl al cohol

cycl ohexane and acet one.
t hese two sol vent m xtur
a mxture of AcOEblgAdStel
Table 5 a) Catal yst Pd (

No differences in reaction tine are observed using
es.

10@6/C 0'05 0.07_mol / mol

The reactlon time is reduced significantly when

ofa

hexanet hyl eni mi nobenzyl g

xy i ndoPeFoun Bdrafch 7.2

(LOD 16%)
hrs 5°C 10°C_ | 20°C
0 0.0 0.0 0.0
6 0.0 0.0 0.0
20 0.2 2.0 2.8
44 10.7 552 | 66.6

[0063]

Comparing the two cases, the transformation rate of Form A into Form B is

higher for the batch washed with EtOH than that washed with EtOAc. This trend is

particularly remarkable in the first 20 hours: in the same temperature conditions batch 7.1 is

characterized by at least a double quantity of Form B with respect to batch 7.2. However,

cthyl acetate seems only to slow down the transformation.

Example 8

Stability Study of Dry Polymorphic Form A of Bazedoxifene Acetate

[0064]

Two dry samples of polymorphic form A of bazedoxifene acetate (batches that

do not contain Form B), are kept at 50°C in normal atmosphere for 50 days and no variations

in the polymorph content are detected. Another dry sample of polymorphic form A of

bazedoxifene acetate (that contains about 1% of Form B) is heated to 150°C (near its melting

point) and a DSC analysis of the sample does not reveal any variations in the content of Form

B.

-1
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70% of unconverted raw nateri al ;

nol of Pd/ nol

c 5% of unconverted raw materi al ;
hexanet hyl eni m nobenzyl oxy i ndol e.

Exanp

d 0.047
le 7 Stability Study

of Wt Povormegpioe3For m A of Bazedoxi fene Acet ate [ 0062PCEAS2@o®337753hows
the effect of different solvents in the transformati on of wet bazedoxifene
acetate Form A to FormB. A portion of the crystallization slurry of

bazedoxi fene acetate Form A is collected. After filtering on gooch,

t he wet

bazedoxXD0&te acéltherdremtmentysuch agindusieid! gnandatiewdpuettappess to basear e washed

with ettpa%n
respectiv

AR LTI B rdaet SRR

with .et

griedte

BopitfeT

at e

Tl

nt. 7.2)
LS show t hat

t he praedisd bdfoRMnesper graRibtioh. 1Tdbse SBhdWyth¥Eher@far@hd@ifiRbanc¥inltie Edigerpr oduct

fromexperinment 7.2 is al nost excl usivel

wet of et hyl

acetate, and their

r espectdfirermdk s the doy spmpdes(af begedosiferte apgtagokaimdiA16% Tabl es 6 and 7 and

Figures 8 and 9 |list thecontent of FormB vs.

ti me and

vs. tenperature for

the two sanples fromexperinents 7.1 (wet of EtOH) and 7.2 (wet of EtQAc).
Tabl e 6 Talk&bGraiuyatioh HézeonticfPoienApkicdlrendfaiiatidn VE Fooh ARIfBdzdddxifend .

Stability of Bazedoxifene Acetate Foxgxiofe Wt of Et OAc [ 0063] Conparing the

two cases,

batch washed with Et

particul arly remarkabl
conditions batch 7.1 i
B wth respect to batc
the transformation. Ex
Bazedoxi f ene Acetate |
bazedoxi fene acetate (

™h hat VB T FEGn BT
e in the fi\rl\?t%qgg?ohours%la e}ﬁe
s characteli zdd By at || ead dg
2 AU R agignulation J
anpl €.18 St abil ity Study ofn.dry H
U64], -TWO qry sanpl es |[of pol ynor

atoBes that  nd- nd

83 n.d. n.d.

8.4 0.3 0.2

8.5 0.5 0.6

8.6 n.d. 0.1

8.7 0.3 0.2

8.8 n.d. n.d

&9 n.d. n.d.

&.10 n.d. n.d.
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do not contain FormB), are kept at 500C in normal atnosphere for 50 days
and no variations in the polynorph content are detected. Another dry sanple
of pol ynowphoe/foerrm A of bazedoxi fene acetate (that contrairns2@083774% of
FormB) is heated to 1500C (near its nelting point) and a DSC anal ysis of

t he sanpl e does not reveal any variations in the content of Form B.[0065]

O her treatnments such as industrial granulation do not appear to cause

t ransf oVkdtli&MMof the dry product from FormA into Form B. Ten industri al
bat ches are tested before and after granulation. Table 8 shows that there
are no ldi Afmetbnd eSpricparinpepadymomphic IxfrmEd ofb&cdoxifdne adetytesthaplatisodof
bazedoxi fene .acetate Form A. Table 8. G anul ation Effect on the Pol ynorphic
Tr ansf of HBP"88-0f Form A of Bazedoxifene AcetateWE CLAIM 1. A nethod of
prepari ng pol ynorphic Form A of bazedoxifene acetate, the nethod

conpri si ng: (aPdonefihaabtang:thaxdmeidiydnepioniindolbevigyhaxydondekeoMtdth hydr ogen
in a solvent conprising ethanol, and in the presence of a catalyst at
el evat e@mpsinercitagpk apdingthg pregencs of ipcatalysb il ¢vaiediPnperrareOripPYias Adirst

bazedoxi.f e - - 1 ' [ ' e | tantiall
oSl ST RIS SO e b ok, el S AL LA [y amt 11
react i onbstantialiydrosifidin Aexaarthyderithimt bdnaylpkpividele; a second reacti on m xture;

(c) filtering sai d second reaction m xture tq provide a, solution conprising
bazedoxi f endP} Freaingaid frstygaqtion mix@ae iy 28 Andodemits BiOvidStaseaust ieactioli d t o
crystahhkﬁﬁepolynnrphic Form A of bazedoxifene acetate. 2. The method of
claim1, wherein in step (a), the solvent further conprises at |east one

(c) filtering said second reaction mixture to provide a solution comprising

bazedoxifene free base; and
(d) treating said solution with acetic acid to crystallize polymorphic Form A of

bazedoxifene acetate.

2. The method of claim 1, wherein in step (a), the solvent further comprises at least one
solvent selected from the group consisting of ethyl acetate, acetone, cyclohexane and

methanol.

3. The method of claim 1 or 2, wherein step (a) is completed in less than about 10 hours,

such as less than about 6 hours, or less than about 4 hours.
4. The method of any one of claims 1-3, wherein in step (a), the catalyst is a Pd/C catalyst.

5. The method claim 4 wherein the Pd/C catalyst used is in an amount less than about 10
mmol per mol of hexamethylenimino benzyloxyindole used, such as less than about 6 mmol

per mol of hexamethylenimino benzyloxyindole used.

6. The method of claim 4 or 5 wherein the Pd/C catalyst has a total surface area (B.E.T) of

more than about 1100 m*/g, such as more than about 1500 m*/g.

7. The method of any one of claims 4-6 wherein the Pd/C catalyst is non-reduced Pd on
moist carbon and wherein the Pd/C catalyst is Engelhard 5% Pd on Carbon Powder DeLink
code 5398.
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sol vent selected fromthe group consisting of ethyl acetate, acetone,

cycl ohexane and nethanol. 3. The nethod of claim1l or 2, wherein step (a)

i s conpl evedoewmok®ss t han about 10 hours, such as | ess PharUSawoOs3762 hour s,
or less than about 4 hours. 4. The nmethod of any one of clains 1-3, wherein
in step (a), the catalyst is a Pd/C catalyst. 5. The nethod claim4 wherein
the Pd/C catalyst used is in an anmobunt |ess than about 10 mmol per nol of
hexamethy Teaimsihed dieny phostlaidol4et wdertin thedd/Gsathlystsis Ehgelhadddb Pd onmol  per
nmol of hexa hyl eni. i no._he oxyi ndol e used. 6. The nethod of claim4 or
5 wher e|E r ong’to%iﬁtcaééry%lcgg? 9@6@5 a total surface area (B.E. T) of nore than
about 1100 nR2/g, such as nore than about 1500 nR/g. 7. The nethod of any

one of x| Themethod offagy ehdof diginRd/-Cwtatcd e (d)$s e@fed QHUE & eenlstrartrerasi St
carbon and wherein the Pd/C catal yst is Engel hard 5% Pd on Car bon Powder

Del i nk 8@y 38%ogr bigharhiches AbyteHIDCEYYC Oh abYT 407 @riBighers onpiar temAceiEe Pd/ C
cat al yspelig, Eoge! hard 5% Pd on Carbon Powder catal yst code 5016. 9. The

met hod o? any one of clains 1-8 wherein step (a) is carried out at a
tenperature of about 300C or higher, such as at a tenperature of about 400C
or hi ghléx Themetitodaftaeyrpes af daiensdf-9 atherein BOGDP. (b),Gaidngonetitos sadéctahfromne of

clainms 1-9 wherein,n ste b), said antioxidant..is selected fromascorbic
Cera sBpi SutorauioRaty bR Pl S iRl gt G gar | at e,

al pha TogemheroPlvilanih @?j Wtain EVIEG@SIvitafmin E@Setaté] bdlatedhydeslafi@oncbut yl at ed
hydr oxyt ol uene, butyl ated hydroxyani sol e and m xtures thereof. 11. The

met hod bitykuted loleoxyhnisolgiand mixtugesibeeedi n in step (b), said antioxidant is
ascor bi c acid.

11. The method of any one of claims 1-10 wherein in step (b), said antioxidant is ascorbic

acid.

12. The method of any one of claims 1-11 wherein step (d) is facilitated by seeding with

polymorphic Form A of bazedoxifene acetate.

13. The method of any one of claims 1-12 wherein step (d) is carried out at a temperature of
about 40°C or lower, such as at a temperature of about 30°C or lower, at a temperature
ranging from about 20°C to about 35°C, at a temperature ranging from about 25°C to about

30°C, or a temperature ranging from about 28°C to about 30°C.

14. The method of any one of claims 1-13 wherein steps (a) through (d) are conducted under

inert atmosphere.

15. The method of any one of claims 1-14 further comprising isolating polymorphic Form A

of bazedoxifene acetate by filtration, washing and drying.

16. The method of claim 15, wherein said drying is conducted in an agitated filter dryer or a

tumble dryer.

17. A method of enhancing the stability of polymorphic Form A of bazedoxifene acetate, the
method comprising keeping said polymorphic Form A of bazedoxifene acetate in dry form
and preventing the dry form from contacting with a solvent or the vapor thereof, wherein
said solvent can totally or partially dissolve said polymorphic Form A of bazedoxifene

acctate.
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12. The nmethod of any one of clains 1-1 1 wherein step (d) is facilitated
by seeding with pol ynorphic Form A of bazedoxifene acetate. 13. The net hod
of any orwoaboxtoai7as 1- 12 wherein step (d) is carried ORCTAIS2@0910837pPEr at ur e
of about 400C or |lower, such as at a tenperature of about 300C or |ower, at
a tenperature rangi ng fromabout 200C to about 35C, at a tenperature

rangi ng from about 25C to about 300C, or a tenperature ranging from about
28C t 0 [@bdbe neded. of thimTHefurbrhounpisizgkecpmmg sofd polyherphit-Fogmuwhef ei n st eps

h . duct ed ' here. 15  Th hod of
one of BaRniche 8 ERr APl o 2R Koo b TRE BUT Gras o EuRTheAfc ' o™

bazedoxhbhwrne @eciwjue2bc.filtrati on, washing and drying. 16. The nethod of
claim 15, wherein said drying is conducted in an agitated filter dryer or a
tunbl e dryer. 17. A method of enhancing the stability of pol yporphic FormA
of bazedoR radrrompiitbarm A ohbazedeHEde cerpicirssnitedaseyiding te dhampdrg fHABhI ¢
Form A of. beasapxi.fene acetate in dry formand preventing the dry formfrom
contacting wth a solvent or the vapor thereof, wherein said solvent can
totally or partially dissolve said pol ynorphic Form A of bazedoxifene

acet at €018he polgmuepthotomi AcdfdianedbXifedaacetatr ofodarpr 1% iwhgrdue theipoty nsaphiic

pol ynor phi ¢ ,Form A of. bazedoxi f ene .ac e at a tenperature bel ow 25C or
ovar . Bk Al th oK T B b Ot SO B0C t o about 25C. 19 A

pol ynor phic Form A of bazedoxifene acetate prepared according to the nethod
of any one of clains 1-18. 20. The pol ynorphic Form A of bazedoxifene
acetate of claim 19, wherein the pol ynorphic Form A of bazedoxifene acetate
is nore than 99% pure.

221 -



