22 Septenber 2006 WD 03/082814 PCT/1B03/01033 1 PURREBERemBECH®XI FENE AND
A METHOD FOR PURI FI CATI ON OF RACEM C LASOFOXI FENE BY RECRYSTALLI ZATI ON 5
BACKGROUND OF THE | NVENTI ON The present invention relates to a process for
renovi ng | rities from a racemc mxture of cis is f conmpound of
For mul a%oo"@g - phenyl -5-[4-(2- 19 PhBostios3
pyrrolidin-1- yI et hoxy) phenyl ] -5, 6 8- tet r ahydr onapht hal en- 2- ol ,
~(hereinafter "racemic |asofoxifene"” or "racemate"). cis HO/ This
invention also relates to a purified racem c | asof oxi fene, cis-6- 15

phenyl - 5-[ 4-(2-pyrrolidin-1-ylethoxy)phenyl]-5,6,7,8-tetrahydronapht hal en-2
-ol, (hereinafter "purified racem c |l asofoxifene"” or "purified racemate"),
and puri fi edpyrh A0 Qrdob&R@ek: b6 taf Af®OD FOR PURIFICATION OF

(-)cis-6(S) - phenydarhird) cdsbrd:drive B0 dutkvsthridAabaxy) phenyl ] -

5,6, 7, 8-tetrahydronapht hal en-2-ol D-tartrate, which is useful as an
estrogen agoni st/ antagonist, also known as a sel ective estrogen receptor
nodul ator ("SERM'). 20 Racem c | asofoxifene is an internediate in the

synt heses of | asofoxifene D-tartrate, having the follow ng structure: 22
~Septegber 2006 2 No \ Dtartrate \ \ I Y HO Lasofoxifene, |asofoxifene

Drtartrate, its racemat ¢ and M RGS 3R She RlenTion

The present invention relates to a process for removing impurities from
a racemic mixture of cis isomers of a compound of Formula |, ¢is-6-phenyl-5-[4-(2-
10  pyrrolidin-1-ylethoxy)phenyl]-5,6,7,8-tetrahydronaphthalen-2-ol, (hereinafter “racemic

0/\/0

I
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This invention also relates té a purified racemic lasofoxifene, cis-6-
156  phenyi-5-[4-(2-pymolidin-1-ylethoxy)phenyl]-5,6,7 8-tetrahydronaphthalen-2-ol,
(hereinafter “purified racemic lasofoxifene” or “purified racemate"), and purified

lasofoxifene” or “racemate”).

HO

lasofoxifene D-tartrate, (-)cis-6(S)-phenyl-5(R)-[4-(2-pyrrolidin-1-ylethoxy)phenyl]-

5,6,7 8-tetrahydronaphthalen-2-0! D-tartrate, which is useful as an estrogen

agonist/antagonist, also known as a selective estrogen receptor modulator (*SERM?).
20  Racemic lasofoxifene is an intermediate in the syntheses of lasofoxifene D-tartrate,

having the following structure:




the preparation thereof, are disclosed in commonly asze@gegembér3006Pat ent No.
5 5,552,412, issued Septenber 3, 1996, and U S. Patent No. 5,948, 809,

i ssued Septenber 7, 1999. The text of these patents and all other
references cited in this specification are hereby incorporated by
reference in their entirety. Typically, drug substances preferably contain
|l ess than 0.2% inpurities, nost preferably less than 0.1% i npurities.
During the scale-up process for 10 comrercial production of |asofoxifene
D-tartrate, however, it was determ ned that the resulting | asofoxifene
D-tartrate conpound contai ned undesirigle inpurities greater than 0.2% It
was al so determned that purificatian of |asofoxifene D-tartrate to |ess
than 0.1 % inpurities was not |1y feasible at the proposed

scal e-up. Consequently, therejwas a need to obtain an internediate of
Lasof oxi fene D-tartrate, 15 Iy BU? t? of less than 0.1% i npurities.
The process described within ant inventjon resolves this issue.
SUMVARY OF THE | NVENTI ON 20 Ong | of the present invention provides a
met hod of purifying race '
Ci s- 6- phenyl -5-[4-(2-pyrr -yl et hoxy) phenyl | -5, 6, 7, 8-

t et r ahydr onapht hal en- 2, ¢ sing: a) suspending racemc

Ci s-6-phenyl -5-[4-(2- pyrrolldln 1 -

.yl.et hoxy) phenyl ]-5, 6, 7, 8-tetrahydronapht hal e-2-0ol in a mxture 25 of

et hanol and tetra d ra ng and heating
sai d suspensi on? g% @Sgéjnen%ééfgﬂ%g%m%ﬁ% '%gg n?a@e g?a&l)'; Ogeg’%%szﬂr;’n'lm on of step
(b); andtt@)prepﬂrdtentheru@f arsmholmkepunmnmwrwagmﬂdcu Si Baténtdenyl -5-[4-(2 5

pyrr Oé' d %5& 4)& |ssn o é»@p?m%] 191:96 ar?d’l? d, Egtréﬁttw %%Q%Béh@u&f" 2- ol.

September 7, 1999. The text of these patents and all other references cited in this

specification are hereby incorporated by reference in their entirety.
Typically, drug substances preferably contain less than 0.2%.

impurities, most preferably less than 0.1% impurities. During the scale-up process for
10  commercial production of lasofoxifene D-tartrate, however, it was determined that the

resulting lasofoxifene D-tartrate compound contained undesirable impurities greater

than 0.2%. [t was also determined that purification of lasofoxifene D-tartrate to less

- than 0.1% impurities was not commercially feasible at the proposed scale-up.

Conseguently, there was a need to obtain an intermediate of Lasofoxifene D-tarirate,

15  having a purity of less than 0.1% impurities. The process described within the instant

_invention resolves this issue.

SUMMARY OF THE INVENTION

20 One aspect of the present invention provides a method of purifying
- racemic, cis-6-phenyl-5-[4-(2-pyrrolidin-1-ylethoxy)phenvl]-5,6,7,8-
tetrahydronaphthalen-2-ol, comprising: -

- a)  suspending racemic cis-6-phenyl-5-[4-(2-pyrrolidin-1-
25 ylethoxy)phenyi]-5,6,7 8-tetrahydronaphthale-2-ol in a mixture

of ethanol and tetrahydrofuran to form a suspension,

b) agitating and heating said suspension;




In a preferred enbodi ment, said m xture of ethanol andzteitémiteydoast uran has
about a 4:1 volune ratio. 10 In a preferred enbodi nent, said m xture of

et hanol and tetrahydrofuran has about a 3.1 volunme ratio. In a nore
preferred enbodi nent, said m xture of ethanol and tetrahydrofuran has
about a 2:1 volunme ratio. In a norg preferred enbodi nent, said m xture of
et hanol and 15 tetrahydrofuran has about a 1:1 volune ratio. In a
preferred enbodi nent, said suspension fornmed in step (a) is agitated and
heated from anbi ent tenperature up to about 70C in step (b). In a preferred
enbodi ment, said suspension formed in step (a) is agitated and heated from
anbi ent tenperature up to_about 65C for about 30 mnutes 20 to about 12 -
hours (b). In a pFkfer reogingaRisksusRaRpion SalgPLREPBH so formed in step (b) is
cooled and agitated for about 30 m nutes to about 18 hours in step (c). In
a preferred embodi pent, sai.d suspension so tep.(c) is «collected

by filtration, pr8Vidi FGIeHIRg pselY W&f@éﬁ?‘&erﬁ'f’g ?W@W% -[4(2-
[4-(2spyrroli d| n-1 25 )ﬁyﬁbﬁchy»g{hefyyﬂﬂenﬁ],ﬁe7',3&emimhapiﬁr@mmt hal en- 2- ol ,

having less than 0.1%inmpurities. In another aspect, the invention
provi des a met hod of pLﬂ'l fying racemc
ci s-6-phenyl -5-[4- (2 pyrrolidin 1-yl et hoxy) phenyl ]-5, 6, 7, 8-

tet rahydr O“apgt Fi n(azprﬁ pg p[rgo qul S'tg%ud r%%?ure SRR g tetEhydrbfaran

.Ci's- 6- phenyl
yl et hoxy hphgtomt 4 4:9 vBlurhe Batioet r ahydr onapht hal en-2-ol in a m xture of et hanol

Sop ber 000 S hbeRst eapratlr bt Bhd o SRR e 2o en
has about a 3.1 volume ratio.
_ In a more preferred embodiment, said mixture of ethanol and
tetrahydrofuran has about a 2:1 volume ratio.
In a more preferred embodiment, said mixture of ethanol and
16 tetrahydrofuran has about a 1:1 volume ratio.
In a preferred embodiment, said suspension formed in step (a) is
agitated and heated from ambient temperature up to about 70°C in step (b).
In a preferred embodiment, said suspension formed in step (a) is
agitated and heated from ambient temperature up to about 65°C for about 30 minutes
20 toabout 12 hours (b). ,
In a preferred embodiment, éuspension so formed in step (b) is cooled
‘and agitated for about 30 minutes to about 18 hours in step (c).
In a preferred embodiment, said suspension so formed in step (c} is
coflected by filtration, providing purified racemic cis-6-phenyl-5- [4-(2-pyrrolidin-1-
25 ylethoxy)phenyl]-5.6.7,B-tetréhydronaphthalen-z-ol, having less than 0.1% impurities.

: In another aspect, the invention provides a method of purifying
- racemic cis-6—phenyl-5-[4-(2-pyrrolidin-1-ylethoxy)phenyl]-5,6,7,8-
{etrahydronaphthalen-2-ol comprising:
: . . (a) suspending racemic c¢is-6-phenyl-5-[4-(2-pyrrolidin-1-
30 ' _ ylethoxy)phenyl]-5,6,7,8-tetrahydronaphthalen-2-ol in a mixture
. ~_of ethanol and tetrahydrofuran in a 2:1 volume ratio to form a
suspension; ' ' '




tenperature up to 65C for up to 12 hours; (c) cooling22sestembt2e06Bi ON SO

“formed with agitation for up to 18 hours; and (d) collecting a solid
racem c ci s-6-phenyl -5-[4-(2-pyrrolidin-|- :
yl et hoxy) phenyl ]-5, 6, 7, 8-t et rahydr onapht hal en-2-0l by filtration. The term
"anbi ent tenperature,"” as used here r?aans about 15 25C. The. terns
"unpurified racem c | asof oxi f ene" racemate,"” as used herein, neans the
racem ¢ m xture of cis isoners of CIS 6- phenyl - 5[4 (2-pyrrolidin-|-

yl et hoxy) phenyl ]-5, 6, 7, 8-t et rahydr onapht hal en-2-0l prior to perform ng the
purification procgss (aglgungggmmegtm@@m SuspéhsionTten drhisent: 22 Sept enber 2006
WO 03/082814 PCT/1B03/01033 4 The "purified racemate | asofoxifene,’

or "purified racemate," eggperq}g@gp%@%pr{or %‘Aﬁ%h?lﬁ%em c

ci s- 6- phenyl - 5[ 4- (Zypyr é@llhﬁsaﬂd duspbRdidPsobPRWhlgRaten forSp o 18
tetrahydronapht hal en- 2- ol aving less that 0.1% inpurities. The term
"purified | asof oxifene WYsPdate, * as used herein, neans 5
(-)cis-6(S)-phenyl (§(R)cdiéeting amplid %berﬁicr&rslepﬂeﬂwmxi%%minl1 5,6,7,8-

t et rahydronapht hal en-2-ol D-tartrate, having less than 0.2% i npuriti es.

DETAI LED DESCRI PTI ON OFyiathigxy)ite¢ENIFS, 6)R,8-téitahpdichadhthalen-2oldy diltption, f | ed racem ¢

| asofoxifene HO Il / | EtOH4/THF ONo n cis purified racem c | asofoxifene

HO / .
: , Thg term "ambient temperature,” as used here means about 15-25°C.

The terms “unpurified racemic lasofoxifene” or “racemate,” as used
herein, means the racemic mixture of cis isomers of cis-6-phenyl-5[4-(2-pyrrofidin-1-
ylethoxy)phenyl]-5,6,7,8-tetrahydronaphthalen-2-of prior to petforming the purification
process (i.e. greater than 0.1% impurities).




2 Dtartaric acid (US 5,948,809) 'H20/EtOH 0--"-No \ 22Beptambdraves | | |
purified | aofoxifene \ 10 22 Septenber 2006 WD 03/082814 PCT/1B03/01033 5
Lasof oxi fene is a val uabl e estrogen/antagoni st and is useful for, inter

alia, of raception; relief for the synptons of prevention
of thrg’i’toéfquﬂ} r habitual aborti on; relief of dysrrengﬁpﬁ’gog}dfqgél i ef of
dysfunctional uterine 5 bleeding; ?ellef of endonetriosis; an-aid in

ovari an devel opnent; treatnment of acne; dimnution of excessi ve growt h of
body hair in wonmen (hirsuitisn); the prevention and treatnent of

car di ovasoul ar di SAQ3GmsPEHE N8R R Mol RRLTE oufectideiiael o 051

prevention and tre eoporosi s: 1treat ment o beni'gn prosatic
hyper pl agsesl hezginl Mraos tageinis cised- p,mermmlrﬁi4 Gorysiotidin- T-allethoxyiphrnyt-§i6oiB-of

post - par éﬁm& Y Eﬂ&ﬁ 3 s a beneficial effect on

pl asma |Iipl ﬁ‘\% tls"ggnngiwh !B%‘th?t?‘ﬁég#ﬁ{ﬂ é?n treating and preventing
hyper chol est er ol erﬁh@temhbui’e’eﬂéﬁgmlfﬁnﬁ%ﬂﬁa&"ﬁ used heygiapmeatijoni st i n bone,

it isgan %gc}gg %'B'”tm%g&@?g“y&a ;sg_ch woul d be useful in the

treat rren nt| br east cemc | asofoxifene is the
cis-r acemwdmnap@tbaie@%of @ﬁ@rﬂt@dﬁ'ﬂ’@g tishran P2% WPUEiSPmet ri ¢ car bons
corresponding to two optically active conpounds. Resolution of the

racerrate has been aqgE g BEdCRIPTION SicatHe IWEN‘?TD?@“ the salt with
R-.(-)-1,1"binapht hyl=2,Z-dryl hydrogen phosphate ("R-binap"), as described

in q@mmnly owned U.S. Pat. No.gdyfam2)412. Resolution of the racemate was

al so
O/\/D

® 1
cis O . _ .
O ‘ ; unpurified racemic lasofoxifene
HO

; jEtOHfI‘HF

D
O I
cis O purified racemi;; lasofoxifene
AL

2 | D-tartaric acid (US 5,948,309)
H,0/EtOH

I

purified lasofoxifene




acconpl i shed by the addition of D-tartaric acid to the2sasedbs 2006 partially
optically 20 enriched

ci s-6-phenyl -5-[4-(2-pyrrolidin-1-ylethoxy)-5,6,7,8-tetrahydronapht hal ene-2
- ol, formng a 1:1 salt in aqueous et hanol, as described in U S  Pat. No.
5, 948, 83@”””%E8h cooling the (-) isomer is separated &SVABGHIPRY and is
col l ected, providing the deS|red har maceutically acceptable salt of the
(-) cis-Dtartrate isomer in hi gh yield. Several purification nethods were
explored to reduce the anmount of 25 inpurities in |asofoxifene D-tartrate
to less than 0.2% including recrystallization and chromatography. These
nmet hods were unsati sfactory, either because of loss in yield or

i nsufficient puri tI;esoffoxifamsdn‘@»aldwm@smegﬂlfaﬂt@t)dst and ispssiuditor.énen ned t hat the

desi red gae %H}c&ftragéfftl}t)rﬁ fopﬁ\e%krﬁﬁlﬁmg Qﬁﬂg%gét@ebg%g% Ak bfal yield were

obt ai ned ues erein. 30 As set forth
in Schenﬁwreatamd qrhéan@alaabprtles.,relwhpflﬂysmewheacfdwf of dysfunatipeai ufegpRe i s conbi ned

wth g ;nbisékﬁ'if]? r81ef ?ﬁéﬁﬁ&ﬂ%tn%eﬁﬁfdﬁ%%ﬂéﬁ&é{feﬁg %%ﬁﬂe*@é ne; A person of

ordi nar reciate t eratio of ethanol to
t et rahydnminnutuanoﬁwessare;grovm efrmdabaaym wegwaairsuitismy theqiremeationaindo is 1:1 to

4122 GenhRib&, %Q)Q&cul\éﬁi Qeysg roﬂtlcf) nGaHdt 9%&%&%‘%@030@&@1 ep 1(b), the

resul ti ng suspensi on was m about anbi ent errperature up to about
70C and -argveritopan Ueat@enﬁq&@stpmoms@ teatmertof anign prewtic Ryneilas® and up to

about 12 el senEasRimhiei NP Bhret B pRNSARABHIBdenag] tated | Tor about

8 to abou ours In the art wll apprematethat

t he 30dulasdfedfens alspfias hepafics eﬁﬂ%"'hi?i@ﬁf@a kisipuaisangnansiichge ussitlended beyond

12 hours IR fdxfere i h @d to about
anbi ent Eneth%g?g;%ﬂd%é\(ﬁﬁ%ng Hﬁgﬁcﬁgﬁﬁﬁ]eﬁﬁ mgm[?l[ér?r’g df)‘ien od ffég?ﬁbabout 30 m nutes

t o about ag@igiéupane, iHs ﬁalant;esg@gensrt lrgast ligsyip and.1as syeN werdd hewysefidincol | ect ed by

means knwréagnédﬂgﬁp@@rhb@&Hréhsféyﬁcé}rt (e.g. filtration) and washed with
an appropriate solven anol) and dried ge.g. in. 10 vacuo),

providing purifi ed?ﬁ‘céﬂww?@ﬁ%ﬁ ip ihefcérfacemate of lasofoxifene, containing
15  two asymmetric carbons corresponding to two optically active compounds.

Resolution of the racemate has been accomplished by crystallization of the salt with
R-(-)-1,1'binaphthyl-2,2'-diyl hydrogen phosphate (‘R-binap”), as described in
commonly owned U.S. Pat. No. 5,552,412. Resolution of the racemate was also
: accomplished by the addition of D-tartaric acid to the racemic or partially optically
20  enriched cis-6-phenyl-5-[4-(2-pyrrolidin-1-ylethoxy)-6,6,7,8-tetrahydronaphthalene-2-
| ol, forming a 1:1 salt in aqueous ethanal, as described in U.S. Pat. No. 5,948,809.
“Upon cooling the (-} isomer is separated as a solid and is collected, providing the
desired pharmaceutically acceptable salt of the (-) cis-D-tartrate isomer in high yield.
Several purification methods were explored to reduce the amount of
25 impurities in lasofoxifene D-tartrate to less than 0.2%, including recrystallization and
chromatography. These methods were unsatiéfactory, either because of loss in yield
or insufficient purity of lasofoxifene D-tartrate. It was determined that the desired
level of puriﬁcation (less than 0.1%) and optimal yield were obtained by the
purificaiion techniques described herein.
30 As set forth in Scheme | and the examples, unpurified racemic
lasofoxifene is combined with a mixture of ethanol and tetrahydrofuran in Step 1(a).
- Aperson of ordinary skill in the art will appreciate that the ratio of ethanol to
_tetrahydrofuran may v.éry. Preferably, however, the volume ratio is 1:1 to 4:1.




The purified racem c | asof oxifene nmay be resol ved, aszeepptehisd2006 Step |1
and described in U S. 5,948,809, providing purified | asofoxifene
D-tartrate. A person of ordinary skill in the art woul d appreciate that
the ratios of ethanol to tetrahydrofuran, the tenperat nd_the duration
of heat M4 4gi tating 15 may be varied. These var Pﬁ{f&%‘ﬁ@“ﬁ‘i‘e within the
scope of this invention. EXAMPLES "The exanpl es below are intended to
illustrate particular enbodinments 20 of the invention and are not intended
to limt the specification, including the claims, in any nanner. EXAVPLE 1
25 Purification of Defd- (2 oV ¥al t phenyl t -
5,6,7, 8- tet\rahvdrotrq%{g t@@ﬁng%bmﬁg &ﬁ{)ﬁ%f‘?ﬁﬁd’ét hanor}o#&‘@g{h rofuran 60 grans
of unpurnémmhtumwmwmhﬁﬁﬁ@nﬂﬁ@h?éedﬂasatﬂ'@?rbﬁ!fﬁé@eweﬁfhall@@3 nm_ et hanol and
76.8 nL éach%ﬁ r h&Mﬁ/ ,eﬂ,glsg &S figdgat 30 about
65-70C at"th gt ga&‘%@dﬁﬂ I(S)Hti"trg %H*e}éb@g Q £b |gﬁterrperature and
agi t ated fdr@boaﬂdmabcah%tmrs | Qeadf Olfﬂﬂaﬁbﬁlﬁ’bln thPr?ét Vﬁ'b@ﬁﬂﬂ@ﬁ'%ﬂ@t #8l 1 ected by
filtrati (aUratchY\@f}gﬁ%gﬁWtﬁ@a%vEE éﬂ n%l}'ﬁé‘@h@no@ﬂ@eﬂfnhel@ HollrsV@¢UO at about

45C t O provi rans o led"racem c | asofoxifene (82.3%yield).
22 Septemr‘l((ﬂﬂl)@heam SD@WQI@@BM wcwd@dgﬁ@%@g@bl?nt tgmeeralyMit y profiie of

both the, maﬁ@amﬁgeﬂo&wﬁ éﬁo%@'sas %ﬁﬁf@s%aﬂo@ﬁﬁl@&ﬁ FHRalyaR Siegnal yzed by

reverse- p ase essure Liq Chr omat ogr aph gherel nafter "HPLC"),
‘using a I-ﬁl?ﬂl-@h%w' anPe ﬁp"a@te@;bx W&W%@W"PW&)S"H%@@ hofi &l at 230 nm and

a Symret Kiveafioh$ ardivhdhbd 4fih SRE%H?‘O‘pr(aﬁé)sdmhtl(s@%thaﬁél)%n@dm(leng at 40C). 5 The

mobi | 'e phase consi sted of 4 ratio v/iv/ivl/
wat el ac &e@i). providingturified feremie 8897ex1§8¢-d: anmoni um hydr oxi de, having a pH of

3.0.with a 2.0 ”UmerbuméaWaé@ﬁ.@1astBﬁfeh@hapbe RRolvédTas @bpictagmm ¢ | asof oxi f ene
's 5.7 mS?elf)tlleasnd d-tl;scnbed in U.S. 5,948,809, providing purified lasofoxifene D-tartrate.
A person of ordinary skill in the art would appreciate that the ratios of
ethanol to tetrahydrofuran, the temperature, and the duration of heating and agitating

15 may be varied. These variations are within the scope of this invention.
EXAMPLES

The examples below are intended to illustrate particular embodiments
20 of the invention and are not intended to limit the specification, including the claims, in

any manner.

EXAMPLE 1

25 Purification of cis-6-phenyl-5-[4-{2-pyrrolidin-1-vlethoxy)phenyi]-
5,6,7 8-tetrahydronaphthalen-2-ol with 2:1 Fthanol:Tetrahydrofuran

60 grams of unpurified racemic lasofoxifene was combined with 150
mL ethanol and 76.8 ml. tetrahydrofuran. The resulting suspension was heated at
30 about65-70°C and agitated for about 3 hours, cooled to ambient temperature and
agitated for about an additional 18 hours. The solids were collected by fittration,
washed twice with 25 mL ethanol, and dried in vacuo at about 45°C to provide 49.36
grams of purified racemic lasofoxifene (82.3% yield).




results are tabul ated bel ow and reported in percent (% sapterdber2006TABLE 1:
Percent inpurities in unpurified and purified racem c | asof oxifene

Rel ative Retention Times 0.91 1.9 2.19 2.3 2.34 Unpurified Racem c

Lasof oxj_fen 19 0.38 0.2 0.38 0.42 Purified Racem fene <0.02
0. 09 <OW(92’3‘§62%5‘2 <0.02 Exanple 2 ,}.5 Large Scal e Puri ?Ft@"g{gﬁ&%

ci s-6-phenyl -5-f4-(2-pyrrolidin-1-yl ethoxy)phenyl |

5.6, 7. 8-tetrahydronapht hal en-2-ol with 2:1 Ethanol: Tetrahydrofuran 24.9
kil ograns of unpurified racem c | asofoxifene was conbined with 62 liters
of ethanol and 31 #iBd ardSurifis$ tcbhigd suspension was
20 heated at about+r%dﬁé§r§gm?@tofﬁa%ﬁ‘%&“ ) aaoufurlz hours, cooled to

anbi ent ﬂasnbafem&we@ analyzedyby @V@& ﬂwe&m&reﬁh'f@d‘éﬂ@ Caorretogm@Miour s. The
sol i ds Wl e indHRH ‘ll-ﬁ_bﬁdu?ﬂg éébw@%row éN@?ﬂﬁé\néﬂbtt(ﬁJ@?dété&&rsﬁté?f et hanol, and

dried in*vacuo at urified racemc

| asof oxi 286 em(@dg aSyyumgeing ICIP cartifge icoipmn (0Pl ’633 8mmbbat 4% i fi ed and
puri fFed T %ﬁ&lﬁékﬁa%@%o%@fted &514@{5‘660@@?!3“9VIVNPJ—C as described above. The

results are ate ow and reported in percent (9% area. 22 Septenber
2006 \WOwagressenitdletrfinpioosicaeidggn@niumapdioxide, fraélms FRANING es in

unpurifi %%rgﬂgnﬂ%ﬁv'rgﬂeeq'hé?&&%ﬁt%&%%%lé RE6oxifdRL &8, ¥ MindRkemhé on Tines 0.91
1.9 2.1972 urift Racem c Lasof oxi fene 0.19 0.38 0.2 0.38 0.42
,Pur|f|edf%&%aﬁéam@%fhﬂﬂ‘%%ﬁéewe@@R?rQ?Qt(JﬁaéeP <0.02 <0.02 5 Exanple 3
Purification of cis-6-phenyl-5-f4-(2-pvrrolidin-I|-vl ethoxy)phenvll-5 6,7, 8-
t'et rahydr onapht hal en- 2- ol vmth 2: 1 Et hanol Jetrahydrofuran 8.14 grans of
unpuiPfied rkbBbEilePers B uppurified, and pubihied facernie dasg

Relative Retention Times 0.91 1.9 219 (23 2.34

Unpurified Racemic Lasofoxifene | 0.19 | 0.38 0.2 0.38 | 042
Purified Racemic Lasofoxifene <0.02 | 0.09 <0.02 | <0.02 | <0.02

Example 2
15  .Large Scale Purification of cis-6-phenyl-5-[4-(2-pyrrolidin-1-ylethoxy)phenvl]-

5.6.7.8-tetrahydronaphthalen-2-ol with 2:1 Ethanol:Tetrahydrofuran

24.9 kilograms of unpurified récemic lasofoxifene was combined with 62
liters of ethanol and 31 liters of tetrahydrofuran. The resulting suspension was
20 heated at about 60-65°C and agitated for about 12 hours, cooled to ambient
temperature and agitated for about an additional two hours. The solids were
collected by filtration, washed with 22 liters of ethanol, and dried in vacuo at about
45°C to provide 20.5 kg purified racemic lasofoxifene (82.3 % yield).
The impurity profile of both unpurified and purified lasofoxifene was
25 | analyzed by HPLC, as described above. The results are tabulated below ahd
“reported in percent (%) area.




10 of ethanol and 10 nlL of tetrahydrofuran. The resul t2z13gptenisgpenss on was
heated at about 60-65C and agitated for about 8 hours, cooled to anbi ent
tenperature and agitated for about two additional hours. The solids were
col | ect fil]tration, washed with 2 nL of ethanol ri.ed in vacuo
at abouﬁgug%@?é provi de 6.81 gramsg of purified racen?g%@%ggygglfene (83.7
%yield). 15 The inpurity profile of both unpurified and purified racemc
| asof oxi fene was anal yzed by HPLC, as descri bed above. The results are
tabul ated bel ow and reported in percent (% area. TABLE 3: Percent
impurities in unpurified and purified racemc |asofoxifene 20 Relative
Retention Tines O. 92 1 93 2. 08 2.25 2. 36 2. 43 Unpurlfled Racem c

Lasof oxi fen LER: ey / i : Bi¢ lasafoxifAne [asof oxi f ene
<0.02 0.03 0.05 0.01 <0.02 <0.02 Exanple 4 Purification of

ci s-6-phenyl-5-f4-(2-pvrrolidin-l-ylethoxy)phenvll-5 6 7 8-
t et r ahydr onheletive RetertionFimest h 2: 1] B¥hanbP: Tet rzéﬁycﬂr%$ura313425 8l 2 grans of

unpurified WW v ) o] ZL T =8t hanol and
20.6 nL of ydrofuran. 'een‘réezou |n%3§usrgigsi ;lo'\jA';aSm-%‘é%t edl at about
60- 65C and aBurfiet €&cdroic Lasndexiferd: holszQZ c®05 ed |t<0.0anbiCe0 | <0lerjat ure and 22
Sept enber 2666—WO-03+082814—PECH+BO3061633—9—agt-tatedfor—about an

addi tional two hours The solids were collected by filtration, washed with
2 .mL Bf ethanol and.dried in vacmabout 40C to provide 6.76 grans
purified racerg A 1 wOfil e of both
unpurified anc gy HPLC, as
descri bed above.

| 8.14 grams of unpurified racemic lasofoxifene was combined with 20 ml.

10  of ethanol and 10 mL of tetrahydrofuran. The resulting suspension was heated at
about 60-65°C and agitated for about 8 hours, cooled to ambient temperature and
agitated for about two additional hours. The solids were collected by filtration,
washed with 2 mL of ethanol, and dried in vacuo at about 40°C to provide 6.81 grams
of purified racemic lasofoxifene (83.7 % yield).

15 The impurity profile of both unpurified and purified racemic lascfoxifene

o was analyzed by HPLC, as described above. The results are tabulated below and
reported in percent (%) area.

TABLE 3: Percent impurities in unpurified and purified racemic lasofoxifene

20
-| Relative Retention Times 092 193 {208 (225 (238 |243
| Unpurified Racemic Lasofoxifene | 0.54 | 049 | 0.2 0.07 (012 {025
Purified Racemic Lasofoxifene | <0.02 | 0,03 [ 0.05 |0.01 |<0.02 | <0.02

Example 4
Purification of cis-6-phenyl-5-[4-(2-pyrrolidin-1-ylethoxy)phenyl]-5,6,7,8-
tetrahydronaphthalen-2-ol with 2:1 Ethanol:Tetrahydrofuran
25 '

8.2 gréms of unpurified racemic lasofoxifene was combined with 41.1 mL
of ethanol and 20.6 mL of tetrahydrofuran. The resulting suspension was heated at
“about 60-65°C and agitated for about 8 hours, cooled to ambient temperature and




reported in percent (% area. TABLE 4: Percent inpuri 222 8&sptembanapos i fi ed and
purified racem c | asofoxifene Relative Retention Tines 0.92 1.93 2.08 2.25
2.36 2.43 Unpurified Racem c Lasofoxifene 0.18 0.29 0.38 1 <0.02 0.03 0.19
Purified Racem c Lasof oxifene <0.02 0.05 0.1 <0.02 <0 < 10 Exanpl e
5 purif VOB 0%140]: Pg%mogio?o%s

ci s-6-phenyl -5-f4-(2-pyrrolidin- I-&Iethoxy)phenV|I-5 6, 7, 8-

t et rahvdronapht hal en-2-o0l with 2:1 Ethanol: Tetrahydrofuran 15 8.2 grans of

unpurified racem c | asof oxi fene was conbined with 13.7 nL of ethanol and

0.8 . Olaghditd RPASLPIH Rtiond @ﬁ%ﬁﬁfy'fﬂe%u&%?@aaaeaad bpfrieat ed at  about

60- 65C and agita about ours, cooled nbi ‘ent terrperature and
agi t at ed wWasheduith & mb af elrfiot ansirisied ini@ckalabOUtHRIC toarrevire GiES @28 | ect ed by

filtrati Q@ anol, and dried in vacuo at about 40C
to provi 3;5] 'ﬁ;d\é\%%n&qamf&“e% ('ﬂbgrfl yi@de‘ racem c | asofoxifene (93.3 %yield).
The i npur i ty pro%h& @P@f'Wlﬂfﬁflﬁ?QJhﬁﬂ]rUPWf@ﬁj aftpysified rereraic fageleniege| asof oxi f ene
was agal yzed Qyzeh'%gﬁmésaéi@e%eme%éo@b%@fesm@aléwlafte% ticv drabul at ed bel ow
and reportea rcent (% area. 25 TABLE 5: Percent inmpurities in
unpuri fi é@oéﬁﬁlnm?fqeﬂﬁ(é’da@eem c lasof oxifene Relative Retention Tines 0.92
1.93 2.08 2.25 2.36 2.43 Unpurified Racem c Lasofoxifene 0.18 0.29 .0.38
<0.02 0.03 0.19 Purlfled Racemc LaSOfOXIf ne <0 03 0,07 0.16 <0.02 <0.02
10.02 22 SeptEABLEA: Parsent impuriies i and pusified weergis lasgloxifgpg | o 6
Purification of cis- 6 phenyl 5- f4 (2- pyrrolldln 1 yl ethoxy)phenyll5 6 7.8-

tetrahydron phthalen-2-0l with 1:1 Fthanol. hydr of
Relative Retention Times 092 193 [208 1225 236 243

Unpurified Racemic Lasofoxifene | 0.18 | 0.29 | 0.38 |<0.02 [0.03 |0.19
Purified Racemic Lasofoxifene <0.02 '10.05 | 0.1 <0.02 [ <0.02 | <0.02

10

Example 5
Purification of cis-6-phenyl-5-[4-{2-pyrrolidin-1-ylethoxy)phenyl]-5.6,7,8-
tetrahydronaphthalen-2-ol with 2:1 Ethanol:Tetrahydrofuran
15 8.2 grams of unpurified racemic lasofoxifene was combined with 13.7 mL

of ethanol and 6.8 mL of tetrahydrofuran. The resulting suspension was heated at
about 60-65°C and agitated for about 8 hours, cooled to ambient temperature and
agitated for about an additional two hours. The solids were collected by filtration,
washed with 2 mL of ethanol, and dried in vacuo at about 40°C to provide 7.65 grams
20 of purified racemic lasofoxifene (93.3 % yield).
The impurity profile of both unpurified and purified racemic lasofoxifene

was analyzed by HPLC, as described above. The resuilts are tabulated below and
reported in percent (%) area.

25 TABLE 5: Percent impurities in unpurified and purified racemic lasofoxifene
Relative Retention Times 0.92 193 (208 | 225 236 | 243

Unpurified Racemic Lasofoxifene | 0.18 029 (038 | <002 |003 |0.19
Purified Racemic Lasofoxifene <0.03 |0.07 |0.16 |<0.02 |<0.02 | 0.02




5 4.0 grans of unpurified racem c | asof oxifene was combsagemr 7. 5 nl  of
ethanol and 7.5 nL of tetrahydrofuran. The resulting suspensi on was heated
at about 60-65C and agitated for about 8 hours, cooled to anbient

t enper r agitated for about an additional two e solids

wer e c%eog{ﬂ%ggby filtration, washed with 0.5 nL of e?ﬁano('lo-ggnd dried in
vacua at about 40C to provide 3.31 10 grans of purified racemc

| asof oxi fene (82.8 %yield). The inpurity profile of both unpurified and
purified racem c | asof oxi fene was analyzed by HPLC, as descri bed above.
The results are tabul ated bel ow gpghpiégported in percent (% area. 15 TABLE
6: Percent inpurities in_ unpuri f‘lT‘c‘rPaTi plél’l fi Ied racem cI I asof oxi f ene

Rel ati ve Ret efurifigationsf£isb-phenyl-S WOXYIDenYiR8LS f | ed Racenic

Lasof oxi f ene 0. 11t&r§&dﬂ)n%§hfﬁ9le@n& -8 viin 04 Eﬁ'nanaﬂétfdﬁﬁro%ﬁﬂm c Lasofoxifene
>0.02 0.04 0.07 < anpl e urrfircatiron of

ci s-6-phenyl -5-f4-(2-pyrrolidin-1-yl et hoxy)phenyl|-5.6, 7, 8-

tetragydr onapht hab%mr%alunwrﬁbd écémﬁﬂd%amtené’wa&%bmslh@d WREES L0 grams of

unpurified racem c_ | asof oxi fene was_conbined with 12. of et'hanol and

2.5 L off ethanchaReif-% Mok trahydeofurar,  rhe rﬁﬂ“%%@%‘?@ﬂ%@?@a@ ed at 25 about

60-65C a%emﬁ@oiesi@audfég&at@@wtab&tbchUurﬁ co@l@@lﬁintsm@éﬁmeemreraﬁmmerat ure and
agitated for about an addltlon QSIfSV\gﬁhﬁéu rs. The s re collected by

filtrati @aitatedfgeahoyt 30 gaqitignal tyg | HW%W??‘%‘H%W%‘QEUO at about 40C
to provi g@siiedifith (8 ABf Sthariel ahd bR ih d6Rbiatatloas40°0s pevige 832. 3 % yiel d). The

impurity profile of both unpurifi a rified racem c | asofoxi fene 30
was dfal RS qﬁpurﬁpﬂ@ce@g: EG!QE‘E‘F &gngéy@%yt he results are tabul ated bel ow

and reported i NTREMPEMY pldife oRbEA unRRfiEERIdUER raBéic 1a¥éoHand 82814
PCT/ | BOS/W%% gggyzegi by HPLC, as described above. The results are tabulated below and

reported in percent {%) area.

15 TABLE 6: Percent impurities in unpurified and purified racemic lasofoxifene

Relative Retention Times 092 193 |208 (225 (236 }243

Unpurified Racemic Lasofoxifene | 0.11 | 024 { 0.22 | <0.02 |0.05 [0.12
Purified Racemic Lasofoxifene >0.02 | 0.04 | 0.07 | <0.02 | <0.02 | <0.02

) Example 7 ‘
20 Purification of cis-6-phenyl-5-[4-(2-pyrrolidin-1-ylethoxy)phenyli-5,6,7.8-

tetrahydronaphthalen-2-ol with 5:1 Ethanol:Tetrahydrofuran

4.0 grams of unpurified racemic lasofoxifene was combined with 12.5 mL
of ethanol and 2.5 mL of tetrahydrofuran. The resulting suspension was heated at
25 about 60-65°C and agitated for about 8 hours, cooled to ambient temperature and
" agitated for about an additional two hours. The solids were collected by filtration,
washed with 0.5 mL of ethanol and dried in vacuo at about 40°C to provide 3.69
grams of purified racemic lasofoxifene (92.3 % yield).
The impurity profile of both unpurified and purified racemic lasofoxifene
30 was analyzed by HPLC, as described above. the results are tabulated below and
reported in percent (%) area. ' '




TABLE 7: Percent inpurities in unpurified and purifi edz2cegente 20asof oxi f ene
Rel ative Retention Tines 0.92 1.93 2.08 2.25 2.36 2.43 Unpurified Racem c
Lasof oxi fene 0.11 0.24 0.22 <0.02 0.05 0.12 Purified Racem c Lasofoxifene
>0.02 O <0.02 <0.02 <0.02 5 Exanple 8 Attenp cation, of
Ci s-6- pw nOy&‘%ﬁ 4d2- pvrrolidin- 1- 11 %E&iﬂfdifoﬂsk

yl et hoxy) phenyl | -5, 6, 7, 8-t et rahvdronapht hal en-2-ol with Ethanol 4.0 grans
of unpurified racemc | asof oxi f ene was combined with 15 mL 10 of et hanol .
The resulting suspension was heated at about 60-65C and agitated for about
8 hours, cooled to anmbient tenperature and agitated for about an additional
two hours. The solids were coIIected by filtration, washed with 0.5 nL of
et hanol , andlABLE| 7%e feice 3 rified a0t purifiegiagemigdasaforiengr ans of purifi ed
racem c- | asof oxi f ene (82 8 %vyi eI d). 15 The inpurity profile of both
unpurified and purified racemc |lasofoxifene was apalyzed by HPLC  as
descri bed aEbeletlve‘RmenﬂeETm% are t aplibat ed! Bl |APland- 25 epbia et2#3 per cent
(% area. T =t TTJCT Ry rgceni c
| asof oxi f eng "%?ﬁgeﬁg‘%emvééﬁgbg'ﬂét"feon q'HTES ?AQQ.G'%fE)é:EQ? W 2'6'32 2.43
Unpuri fied Regrified RatesiolLasafdxfere 0. 11>0024; D022 OB ZOOZO&CIDZl p<0.02i1i fi ed
Racem c Lasbfexfenre—-0—085-0+1+3—0—18<002—<0-0260—83—ExXamte 9
Recrystallization of cis-6- phenyl 5-F4-(2-pvrrolidin-I-ylethoxv)phenyll -
-5..6. 758-t et rahvdr onapht hal en- 2- dixampid 8Tetrahydrofuran 25 4.0 grams of
unpurified racemc, VAR . ; ‘ of
t'etrahydrofuran. T apout  60- 65C and
agitated for abg itk Ethagolipon whi ch no
crystallization

4.0 grams of unpurified racemic lasofoxifene was combined with 15 mL

10  ofethanol. The resulting suspension was heated at about 60-65°C and agitated for
about 8 hours, cooled to ambient temperature and agitated for about an additional
two hours. The solids were collected by filtration, washed with 0.5 mL of ethanol, and
dried in vacuo at about 40°C to provide 3.31 grams of purified racemic lasofoxifene
(82.8 % yield).

15 The impurity profile of both unpurified and purified racemic lasofoxifene
was analyzed by HPLC, as described above. The results are tabulated below and
reported in percent (%) area.

TABLE 8: Percent impurities in unpurified and purified racemic lasofoxifene

20
Relative Retention Times 092 193 [208 | 225 236 |243
Unpuriied Racemic Lasofoxifene 011 |0.24 | 022 | <002 005 |0.12
Purified Racemic Lascfoxifene 0.05 {0.13 |0.18 | <0.02 §<0.02 }0.03

Exampled
Recrystallization of cis-6-phenyl-5-[4-{2-pyrrolidin-1-ylethoxy)phenyl]-
5,6.7.8-tetrahydronaphthalen-2-ol with Tetrahydrofuran
25

_ 4.0 grams of unpurified racemic lasofoxifene was combined with 15 mL of
tetrahydrofuran. The resulting solution was heated at about 60-65°C and agitated
for about 8 hours, cooled to ambient temperature upon which no crystaliization




-------- -- -- 22 Septenber 2006 WO 03/082814 PCT/ | B@3&6sésakr 2606 occurred.
Crystallization coomenced after seeding. The suspension was agitated at
anbi ent tenperature for about two hours. The solids were collected by
filtrat] hed with 0.5 nL of ethanol, and driedj at about 40C
to prov @e%@?zggsg pr oduct (66.3%1¥i eld). 5 The irrpurll’{:gﬂﬁp{))?@#b??e of both
unpurified and purified racem c | asSofoxifene was determ ned by HPLC, as
descri bed above. The results are tabul ated bel ow and reported in percent
(% area. TABLE 9: Percent inpurities in unpurified and purified racemc

| asof oxi f [ ﬁ'ﬂn%?' ' I i 5 2.36 2.43
Unpuri fi gga&ggé%la@%@bo% en%@%&fﬁ@ﬁéﬁf??h%g@%ﬁéé@ﬁ&% Sgéi(t)agﬁdg Purified
Raceni c labawbiextit¢raprsatu@. fonabegt B2 houes The sois wereeolieged by fitslionpl e 10
Attenpte | i ' S j : ;

()i s- 6?@?%41@%@35 @9?&?@2&? é#dcﬁfi'efi FVackb Lbb@ 40°C to provide 2.65 g

pyrrol i dipreduch(b@BBWaield)phenvp5. 6. 7. 8-t et r ahydr onapht hal en-2-o0l D-tartrate by

15 Regrystalli ' f . a@gf. I fdeed

| asof gxi fene ﬁ%gﬁrpt%r tpré&ﬁv\!iagft%@ggﬁuvec?e %nﬁu@@ecﬁ{ 0 lcgésoﬁiﬁé}{r%&étsﬁre of

et hanol datemiaecby biPLEeas idascribed above:  Tlacresplfs ate tabylatedbelow, andhe  sol ution
was sl ow 0C, upon which crystallization cormenced. The 20
m xture ré(gﬁgﬂnﬁgrecgﬂég?g%i ent tenperature for about 48 hours. The solid
was collected by filtration and washed twice with 10 nL ethanol. It was

then dried iyag ¥afbgoalt iAhidibs aﬁ%y {rfte @b ifocraddmi8 IAABRxiRhe PUT | 1 €0
. 0 .

|'asof oxi f ene~"Lrrartrat e he Tnpurity profile of both

unpufPfied and purified |lasofoxifene D-tartrate was
Relative Retention Times 0.92 1.93 | 2.08 2.25 2.36 243
Unpurified Racemic Lasofoxifene 0.11 024 | 0.22 | <0.02 0.05 | 012
Purified Racemic Lasofoxifene <0.02 | <0.02 | 0.05 | <0.02 |<0.02 | <0.02
Example 10

Attempted Purification of lasofoxifene D-tartarte, (-)cis-6(S)-phenyl-5-{R)-[4~(2-
pyrrolidin-1-ylethoxy)phenyi]5.6.7,8-tetrahydronaphthalen-2-ol D-tartrate by
15 Recrystallization from Ethanol/Water

8.28 grams of unpurified lasofoxifene D-tartrate was dissolved in 166 mL of a
1:1 mixture of ethanol and water by heating at about 50°C. After filtration, the
solution was slowly cooled to about 0°C, upon which crystallization commenced. The
20  mixture was stirred at ambient temperature for about 48 hours. The solid was
" collected by filtration and washed twice with 10 mL ethanol. It was then dried in
vacuo at about 45°C to provide 6.37 grams of purified lasofoxifene D-tartrate (76.9%
yield).
The impurity profile of both unpurified éhd purified lasofoxifene D-tartrate was
25  analyzed by HPLC, as described above. The results are tabulated below and
reporied in percent (%) area.

TABLE 10: Percent impurities in unpurified and purified [asofoxifene D-tartrate

Relative Retention Times § 0.92 [ 206 | 214 | 2.26 2.38

Unpurified Lasofoxifene 021 | 016 | 007 | 0.28 0.11
Purified Lasofoxifene <002 | 014 | 004 | 0.32 0.09

30




25 anal yzed by HPLC, as described above. The results apgeptahndrabmd bel ow

and reported in percent (% area. TABLE 10: Percent inpurities in

unpuri fied and purified |l asofoxifene D-tartrate Relative Retention Tines
.92 2 26 2.38 Unpurified Lasofoxifene 0.2 7 0.28 0.11

Purl fi eg’?l"g@%’é&ﬁ. fene <0.02 0.14 0,04 0.32 0.09 30 2%"%’&%‘?@% 2006 WD

03/ 082814 PCT/1B03/01033 13 Exarrpﬁe 11 Large Scal e Purification of

Unpuri fied Raceni ¢ Lasofoxifene, cis-6-phenyl-5-f4-

(2-pyrrolidin-1-ylethoxy)phenyll-5.6.7.8-tetrahydronaphthal en-2-0l with

Et hanol / Tetrahydrofuran 5 20. 4 gilagrfans of unpurified racemnc

| asof oxi f ene was conbl ned vmth : _s of et hanol and 25 liters of
t et r ahy dri@rge Seal - purtjed ' L ASEE 55- 65C and

agi t at ed forﬁ.@pﬂuﬁd.ﬁng@ 8x H@gﬁq%get,:oga@a#ynga.tontaﬁmsreatmev.ﬁnd agi tated for
about an ad S Were c ectl e y filtration,.

10 washed twice with 40 |itEthang¥Telsahydrefuranng dried in vacuo at about 40C,
proviging 16.8 kilograns of purified racem c |asofoxifene (82.3%yield).
The inmpurity profile of both unpurified and purified racem ¢ | asof oxi fene
was anal yzed2®¢ kigorams fsinpriied rasemic fasefpifenpaag combined withel ¥t ed bel ow and
reported o\‘é‘tharﬁ:?érﬁ‘c?ﬁ!ihtérs’%f @ rﬁ?droﬁﬁan-rﬁlﬁbl?eslﬂhng BedpeRibn WaPhtatddies i n

unpurified an urif oxi fene Rel ative Retention tinmes 0.92 1.93
2.08 2. 28bgut38-65°Crand mmﬁfifqruab@ﬂﬁ&'@@rﬁMOI@aéwawﬁﬂ*téﬁ@pqa'e@9@ 22 <0.02 <0.02

0.06 0. 1:Elgltated for about an additional four hours. The solids were collected by filtration,

10  washed twice with 40 liters of ethanol, and dried in vacuo at about 40°C, providing
~16.8 kilograms of purified racemic lasofoxifene (82.3% yield).

The impurity profile of both unpurified and purified racemic lasofoxifene was
analyzed by HPLC, as described above. Resulis are tabulated below and reported in
percent (%) area.

15 _
TABLE 11: Percent impurities in unpurified and purified lasofoxifene

‘{ Relative Retention Times 092 | 193 2.08 225 | 236 | 243
Unpurified Racemic Lasofoxifene 160 | 022 | <0.02 | <0.021 0.06 | 0.11
Purified Racemic Lasofoxifene 0.07 | <0.02 | <0.02 | <0.02 | <0.02 | <0.02




Purified Racem c Lasofoxifene 0.07 <0.02 <0.02 <0.02 gfs8rember@e2?2
Sept ember 2006 WO 03/082814 PCT/1B03/01033 14 CLAIMS 1. A nethod of
purifying racem c cis-6-phenyl-5-[4-(2

pyrroli Iethoxy)phenyl] 5,6, 7, 8-tetrahydronapht - 2- conpri si ng:
5 (a) éﬁ@ﬁ%ﬁﬁ%hg racem c cis-6- phqul 5-[4-(2- pyrrol|géir‘@%'-y%1(8L )
yl et hoxy) phenyl ] -5, 6, 7, 8-t etrahydronapht hal en-2-ol in a mxture of ethanol
and tetrahydrofuran to forma suspension; (b) agitating and heating said
suspension; (c) cooling said suspension of step (b);~and 10 (d) collecting
a solid purified racem c cis-6-phenyl-5-[4-(2- ,
pyrrolidin-1-ylethoxy)phenyl]-5,6,7, 8-tetrahydronaphthalen-2- ol. 2. A

met hod according to Claim1, wher@iAMSai d ni xture of ethanol and

tet rahydrof ur an - hage g by MokHIRaLeMit s sPRei-cAwtEEt hod according to d aim

1, wherein said m xture o tetrahydrofuran has a 3:1 vol une
ratio. 4pyfm|ldnt1lﬂb@ihfawlﬁb¢w|}'r§95?ﬁ'tﬁhaawwflaphmﬁ@ﬂ@r%o‘@'&w&mﬁ\ xture of ethanol

and Setrahydrofur@Fuh%st?enam%r%g _é_aﬁén9|._5_ﬁ._(2 pyfBlidhod according to Caim

1, whéerein said m anol and 20 rahydrofuran has a 1:1 vol une
ratio. 6. A method accdﬂﬁﬂl%ﬂpb@)’ﬂﬁéﬁWt%telrah!@for@Ph*ﬂam 20! ifgher ei n sai d '

suspension formed in %lﬁQre(d?}athhﬁolﬁﬁd E&Eﬁﬂr&‘uﬁﬂn rainesl shdpengigDI ent

tenperature up to 70C in b). 7. net hod according to C aim6,
‘wherein said suspehbki or?gﬁ‘ﬁ'l“&éﬂd @?“”QQa'Qﬁ%ﬁQeﬂsé‘)"-l s agitated and heated from

‘anbi ent tenperaturg) up doBling3&id'sBSperBiot 6 steb (b);.and

10 (d) collecting a solid purified racemic cis-6-phenyl-5-{4-(2-
pyrrolidin-1-ylethoxy)phenyl]-5,6,7,8-tetrahydronaphthalen-2-
ol. '
2. -A method according to Claim 1, wherein said mixture of ethanol and

tetrahydrofuran has a 4:1 volume ratio.
15 3. A method according to Claim 1, wherein said mixture of ethano! and
tetrahydrofuran has a 3:1 volume ratio.
4. A method according to Claim 1, wherein said mixture of ethano! and
tetrahydrofuran has a 2:1 volume ratio.
5. A method according to Claim 1, wherein said mixture of ethanol and
20  tetrahydrofuran has a 1:1 volume ratio.
6. A method according to Claims 1, 2, 3, 4 or 5, wherein said suspension
_.formed in step (a) is agitated and heated from ambient temperature up to 70°C in
step (b}.
7. A method according to Claim 6, wherein said suspension formed in
25 step (a) is agitated and heated from ambient temperature up to 65°C for up to 12
hours in step (b).
8. A method according to Claim 7 wherein said suspension so formed in
step (b} is cooled and agitated up to 18 hours in step (c). |
9. A method according to Claim 8, wherein a solid, purified racemic cis-
30 6-phenyl-5-[4-(2-pyrrolidin-1 -ylethoxy)phenyi]-5.6.7,8—tetrahydronaphthalen-2-ol, in
said suspension so formed in step (c) is collected by filtration, having less than 0.2%
impurities. ' o '
. 10. A method according to Claim 8, wherein a solid, purified racemic cis-
- 6—pheny|—5—[4-(2—pyrrolidin-1-yIethoxy)phenyl]-5.6,7,8-tetrahydronaphthaien-2-ol, in




hours in step (b). 8. A nethod according to C aim7 w2eSeptemisarodssuspensi on
so formed in step (b) is cooled and agitated up to 18 hours in step (c).

9. A nethod according to aim8, wherein a solid, purified racemc cis- 30
6- phenyl - 5-[ 4- (2-pyrrolidin-1-yl et hoxy)phenyl]-5, 6, 7, 8-tetrahydronapht hal en
-2-0l, in said suspension so fornegd in step (c) is collected by
filtration, having less than 0.2% inpurities. 10. A nethod according to
Claim 8, wherein a solid, purified racem c cis-

6- phenyl -5-[4- (2-pyrrolidin-1-yl ethoxy)phen 7, 8-t etr ahydr onapht hal en
-2-0l ,  isgidirdsasnespipR forped B stq:s(cbai:@lle@tﬁd bﬂfléa]@pdlayingﬂasw'an@d% n step (c¢) is
col | ectqq ied.i I tration, having less than 0.1 % inpurities. 11. A method
of puri fy| ng racemnc cis-6-phenyl-5-[4- %ﬁ“ pyrrolidin-I-

yl et hoxy) phenyf] - sAGethag. qfetlmfunwognﬁpﬁ eay-5dd-62-peidinilsing: | 5 (a)
suspendi %tﬁo@&)ﬁﬁ@r@%g Eﬁ?@-té?ﬂ&ﬁ%ﬁaﬁhthé‘lér( %bpwn{pﬂk.h@' n-1

yl et hoxy) phenyq- 5 t et rahydr onapht hal en- 2 m xt ure of ethanol
and t &t rahydr of uraﬁ‘)l n %'SQEFPIWPW F’éﬁ'@et‘ﬂ'ﬁ[ﬁﬂrpﬂfqhdmﬁuspen3| on; (b)

agi tating and heating %tﬁo@%eﬁyn%,@ﬂa&ét@mﬁéﬁypﬁmhaen S el ;no ?éure up to

65C for up to 12 hours; (c) cool’i'ng sai d suspensi on so rrre W th
agitation for up to 18 of8igpe! a"ﬁﬁﬁ?’abﬂ*}"}ﬁé’éﬂ l“eﬁ:@"ﬁgﬂ'aeﬁﬁﬂolt@foﬂ'&éem c

.Ci s- 6- phenyl -5-[ 4- ( 2- p;guggédsﬁ,hn 1-
.yl et hoxy) phenyl ] -5, 6, -tetrah dronapht hal en-2-ol by filtration.
) )’ agttatmg and heating sald suspensuon from ambient
10 " temperature up to 65°C for up to 12 hours;
(©) cooling said suspension so formed with agitation for up to 18
hours; and
{d) collecting a solid racemic cis-6-phenyl-5-[4-(2-pyrrolidin-1-
ylethoxy)phenyl]-5,6,7,8-tetrahydronaphthalen-2-ol by filtration.




