WD 98/ 08513 _ PCT/ US97/ 14768
AMORPHOUS BENZOTHI OPHENES, METHODS OF PREPARATI ON, AND METHODS OF USE
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There are an estimated 25 million women in the United
States alone who are afflicted with this disease. The

20 results of osteoporosis are personally harmful, and also
account for a large economic loss due to its chronicity and
the need for extensive and long term support
(hospitalization and nursing home care) from the disease
seguelae. This is especially true in more elderly patients.

25 Additionally, although osteoporosis is generally not thought
of as a life threatening condition, a 20% to 30% mortality
rate is related
to hip fractures in elderly women. A large percentage of
this mortality rate can be directly associated with

30 postmenopausal osteoporosis.

The most vulnerable tissue in the bone to the effects
of postmenopausal osteoporosis is the trabecular bone. This
tissue is often referred to as spongy or cancellous bone and
is particulérly concentrated near the ends of the bone (near

35 the joints) and in the vertebrae of the spine. The
trabecular tissue is characterized'by small osteoid
structures which interconnect with each other, as well as
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15 hallmarks of postmenopausal osteoporosis.

The most generally accepted method for the treatment
of postmenopausal osteoporosis is estrogen replacement
therapy. Although therapy is generally successful, patient
compliance with the therapy is low, primarily because

20 estrogen treatment frequently produces undesirable side
effects. An additional method of treatment would be the
administration of a bisphosphonate compound, such as, for
example, Fosamax® (Merck & Co., Inc.).

Throughout premenopausal time, most women have less

25 incidence of cardiovascular disease than men of the same
age. Following menopause, however, the rate of
cardiovascular disease in women slowly increases to match
the rate seen in men. This loss of protection has been
linked to the loss of estrogen and, in particular, to the

30 loss of estrogen's ability to regulate the levels of serum
lipids. The nature of estrogen's ability to regulate serum
lipids is not well understood, but evidence to date
indicates that estrogen can up regulate the low density
lipid (LDL) receptors in the liver to remove excess

35 cholesterol. Aadditionally, estrogen appears to have some
effect on the biosynthesis of cholestercl, and other
beneficial effects on cardiovascular health,
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164,384) or of a relatively "pure™ agonist (for example,
17b-estradiol) represent opposite ends of a spectrum in this
classification. Between these two extremes lie the SERMs
("selective estrogen receptor modulator"”), characterized by

20 clinical and/or preclinical'selectivity as full or partial
agonists in certain desired tissues (for example, bone), and
antégonists or minimal agonists in reproductive tissues.
Within this pharmacologic class, individual SERMs may be
further differentiated based on profiles of activity in

25 reproductive tissues. Raloxifene, a second generation SERM,
displays potentially useful selectivity in uterine tissue
with apparent advantages over triphenylethylene-based
estrogen receptor ligands. As such, raloxifene appears to
be well-suited at least for the treatment of postmenopausal

30 complications, including osteoporosis and cardiovascular
disease. It is anticipated that, as further advances are
made in the pharmacology and molecular biology of estrogen
receptor active agents, further subclassifications of SERMs
may evolve in the future along with an increased

35 understanding of the therapeutic utility of these novel
classes of estrogenic compounds.
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which have increased solubility, methods of preparation,
pharmaceutical formulations, and methods of use.

The present invention provides a compound of formula I

15
OCH,CH,—R?

OR3

RO

(1)

20 wherein:
Rl and R3 are independently hydrogen, -CH3, -
CO(C31-Cg alkyl), or -COAr, wherein Ar is optionally
substituted phenyl;
R? is selected from the group consisting of
25 pyrrolidinyl, hexamethyleneimino, and piperidinyl: or a
pharmaceutically acceptable salt or solwvate thereof,
in an amorphous form.
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of formulal. 5 The present invention further provide tica
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way of the instant invention are processes for the preparation of anorphous
forns of compounds of formula I. 10 -5- The instant invention also
provi des net hods of use for the conpounds of fornula I, including the
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et hoxy) benzoyl ['benzo |o hene,
herein described bear their usual meanings. For example,

15 the term "C3-Cg¢ alkyl" represents a straight or branched
alkyl chain having from 1 to 6 carbon atoms. Typical C;-Cg
alkyl groups include methyl, ethyl, n-propyl, and n-butyl.
The term "C;-C; alkoxy" represents groups such as methoxy,
ethoxy, n-propoxy, and n-butoxy.

20 Optionally substituted phenyl includes phenyl and
phenyl substituted with C;-Cg¢ alkyl, Ci-C4 alkoxy, hydroxy,
nitio, chloro, fluoro, or tri(chlbro or fluoro)methyl, and
the like.

The term "inhibit" includes its generally accepted

25 meaning which includes prohibiting, preventing, restraining,
and slowing, stopping, or reversing progression, severity,
or ameliorating a resultant symptom or effect.

Preferred embodiments of the current invention are
compounds of formula I which include compounds wherein Rl

30 and R3 are hydrogen, and R2 is pyrrolidinyl, piperidinyl, or
a hexamethyleneimino group. Representative compounds from
this preferred group include:
6-hydroxy-2- (4-hydroxyphenyl)-3-[4-(2-
pyrrolidinylethoxy)benzoyl)lbenzo[b]l-thiophene,

35 6-hydroxy-2- {4~-hydroxyphenyl)-3-[4-(2-piperidinyl-
ethoxy)benzoyl]benzo[b]thiophene, and
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published on September 6, 1995, is herein incorporated by
reference. A crystalline form of raloxifene hydrochloride

* may be prepared by the methods disclosed in the Example
section, infra. '

20 The term "amorphous"” includes a physical state which
may be verified by x-ray diffraction and other means
including but not limited to observation with a polarized
light microscope and differential scanning calorimetry.

In general, the process starts with a benzo[b]lthiophene

25 having a 6-hydroxyl group and a 2-(4~hydroxyphenyl) group.
The starting compound is protected, acylated, and
deprotected to form the compounds of formula I. Further
examples of the preparation of such compounds are also
provided in the references discussed above.

30 The compound of formula I according to the present
invention is conveniently prepared by a process which
constitutes a further feature of the present invention, and
which comprises recovering a compound of formula I from a

- solution thereof under conditions whereby an amorphous product

35 is obtained. _

| The amorphous material of the instant invention was
prepared by dissolving a crystalline form of a compound of
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15 conditions to be employed, and include water, methanol,
ethanol, and the like, including mixtures thereof, if desired.

The concentration of a compound of formula I in the
solvent is advantageously as high as possible, commensurate
with an amorphous form of a compound of formula I being

20 obtained, with preferrable concentrations being in the range of
from about 5 mg/ml to about 40 mg/ml. The higher
concentrations obtained will typically depend on the solvent
system employed in the preparation, and/or the presence or
absence of povidone (PVP) or hydroxypropyl-b-cyclodextrin

25 (HPBCD). The solvents may, if desired, be heated as an aid to
solubility and solvent removal.

In general, the compounds of formula I have sufficient
heat stability to withstand spray drying and the like, and
accordingly, spray drying is the preferred method of recovery.

30 Spray drying systems may be operated in a known manner to
obtain an amorphous product essentially free from crystalline
material as well as free from particulate contaminants. Closed
cycle spray drying systems in which the drying medium is
recycled are particularly safe and economic for use in

35 obtaining the product of the present invention.

The drying gas employed in the process may be air, but
preferred for the use with flammable solvents are inert gases
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15 However, once recovered as amorphous material, conversion to
the crystalline form may be prevented by the addition of any
number of stabilizer materials known in the art, such as, for
example, povidone, hydroxypropyl methylcelluvlose (HPMC),
hydroxypropylcellulose (HPC), polyethylene glycol (PEG),

20 hydroxypropyl-b-cyclodextrin (HPB), cyclodextrin, and the like.

Solubility of the amorphous form was demonstrated to be
approximately 250 times greater than the crystalline form.
Advantages of increased solubility include but are not limited
to ease in processing the amorphous material, which includes

25 equipment cleaning issues; ease in formulation and delivery of
the material, and the like.

A compound of formula I in an amorphous form may also be
combined with a number of other materials prior to or after
spray drying, or otherwise processed to provide amorphous

30 material, which may in turn be further formulated for
processing.

Compounds of formula I which are amorphous have been
demonstrated to have several advantages, including but not
limited to a high degree of bioavailébility, as well as being

35 in a form for effective methods of administratien.
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15 form pharmaceutically acceptable acid addition salts with a
wide variety of organic and inorganic acids, and include the
physiologically acceptable salts which are often used in
pharmaceutical chemistry. Such salts are also part of this
invention. Typical inorganic acids used to form such salts

20 include hydrochloric, hydrobromic, hydroiodic, nitric,
sulfuric, phosphoric, hypophosphoric, and the like. Salts
derived from organic acids, such as aliphatic mono and
dicarboxylic acids, phenyl-substituted alkanoic acids,
hydroxyalkanoic and hydroxyalkandiocic acids, aromatic acids,

25 aliphatic and aromatic sulfonic acids, may also be used.
Such pharmaceutically acceptable salts thus include acetate,
phenylacetate, trifluoroacetate, acrylate, ascorbate,
benzoate, chlorobenzoate, dinitrobenzoate, hydroxybenzoate,
methoxybenzoate, methylbenzocate, o-acetoxybenzoate,

30 naphthalene-2-benzoate, bromide, isobutyrate,
phenylbutyrate, B-hydroxybutyrate, butyne-1,4-dioate,
hexyne-1,4-diocate, caproate, caprylate, chloride, cinnamate,
citrate, formate, fumarate, glycolate, heptanoate,
hippurate, lactate, malate, maleate, hydroxymaleate,

35 malonate, mandelate, mesylate, nicotinate, isonicotinate,
nitrate, oxalate, phthalate, terephthalate, phosphate,

monohydrogenphosphate, dihydrogenphosphate, metaphosphate,
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isolated by filtration, or the solvent can be stripped off
by conventional means. The present invention further
- provides for pharmaceutically acceptable formulations for
administering to a mammal, including humans, in need of
20 treatment, which comprises an effective amount of a compound
of formula I and a pharmaceutically acceptable diluent or
carrier, | |
As used herein, the term "effective amount™ means an
amount of compound of the present invention which is capable
25 of inhibiting, alleviating, ameliorating, treating, or
preventing further symptoms in mammals, including humans,
suffering from estrogen deprivation, for example, menopause
or ovariectomy, or inappropriate estrogen stimulation such
as uterine fibrosis or endometriosis, or suffering from
30 aortal smooth muscle cell profileration or restenosis. In
the case of estrogen-dependent cancers, the term "“effective
amount" means the amount of compound of the present
invention which is capable of alleviating, ameliorating,
inhibiting cancer growth, treating, or preventing the cancer
35 and/or its symptoms in mammals, including humans.
By "pharmaceutically acceptable formulation" it is
meant that the carrier, diluent, excipients and salt must be
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15 carboxymethylcellulose, agar agar, calcium carbonate, and
sodium bicarbonate; agents for retarding dissollution such
as paraffin; resorption accelerators such as quaternary
ammonium compounds; surface active agents such as cetyl
alcohol, glycerol monostearate; adsorptive carriers such as
20 kaolin and bentonite; and lubricants such as talc, calcium
and magnesium stearate and solid polyethylene glycols. Final
phafmaceutical forms may be: pills, tablets, powders,
lozenges, sachets, cachets, or sterile packaged powders, and
the like, depending on the type of excipient used.
25 Additionally, the compounds of this invention are well
suited to formulation as sustained release dosage forms.
The formulations can also be so constituted that
they release the active ingredient only or preferably in a
particular part of the intestinal tract, possibly over a
30 period of time. Such formulations would involve coatings,
envelopes, or protective matrices which may be made from
polymeric substances or waxes.
The particular dosage of a compound of formula I
required to treat, inhibit, or prevent the symptoms and/ or
35 disease of a mammal, including humans, suffering from the
above maladies according to this invention will depend upon
the particular disease, symptoms, and severity. Dosage,
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surface active agents such as cetyl alcohol, glycerol nonostearate;

adsor ptyyy9segssi ers such as 20 kaolin and bent oni te; and RCHUSVHATS such as
tal c, calciumand magnesi um stearate and solid pol yethyl ene glycols. Final
pharnaceutlcal forms may be: pills, -t@bl ets, powders, |ozenges, sachets,
cachets, or sterile packaged powders, and the i ke, depending on the type

of .exci t di ngl. of .t i nvention
are vvelrf%ugt% r%‘brnfr% % %ﬁgésgggs?aleéegu% ease gosa% I?olhr}%rét The

f or nul ateq;r@cbéw atusm éb‘et%@d%:bﬁsphb'ﬁtlééaﬂhat Genaralel vaseceeptedt And _

i ngr edig@Henlve oW L@ BDI Hel BrémngS?nk_;Clﬂoarlmﬂg,Ofaﬁ@anﬁéeSt inal tract,

possi bly aver 3 e d of t or yrul ati ons, | d invol ve

coat i n ﬁﬂ)e‘lyopée)g‘?moi QOFQCPH{;E I”IC%' Rtk nge&’?rade from

pol Eyrreradmmjmyiamest@ra vpa(ESenifhenpaleHdCtdfartmmambffnomocmeund of

f or mul zihx;réeeq:Ufl.x{eesd éacﬁrﬁ?ﬁ o&nEEb E’te?)r %Veeéuec% hffaox.s nd/ ar 35

di sease dmans, ering ron1t * nafadi es
accor difay tpeninds iofenti baaa/r-l twetep‘omh;ponnqma tpmm@hlm fdtsease,

SYynpt 0k a AN SEES ALY Ep§agﬁronlcagg routes of adm nistration, .and
frequency of dosing IS best deci ded the at t endi ng p2€§ICIan GEneraIIy

accept ed and*®f& e@ﬁ’?%eﬂo%‘é%°ﬁn‘mﬁnl’ie°ffr &ReL sy e 1omonghe af8mRERBdS
t ypo caldgy ﬁ‘dmnnaBrw hoy SP8vadmninl stesagcalwrnd wieeld adnenfeteied to a

Dt | et leog Ofn LU SR IR OREONE AR VS5 11 TR ERGH YR B80Tt en

as need% per| gast™ { Wo
typ|oml%mﬁtﬂdemOIeﬁﬁxogeu.npnpgsstom.cmannqnhiqphéseac@npchadsenbodinent

of 1 he HaYGHY | 1 {8 GOPRPURIT S OalHHIYR LorilBuREs 2L RRS! o7 ed al ong

with an effective anou an a herapeutlc agent ncl udi ng but
not |i ARt Treasn @%ﬁlvﬁbgeéﬂ-ﬁﬁh SFRIFROERAP 0BREE 2s

15 alendronate and tiludronate, parathyroid hormone (PTH),
including truncated and/or recombinant forms of PTH such as,
for example, PTH (1-34), calcitonin, bone morphogenic
proteins (BMPs), or combinations thereof. The different
forms of these additional therapeutic agents available as

20 well as the various utilities associated with same and the
applicable dosing regimens are well known to those of skill
in the art.

Various forms of estrogen and progestin are
commercially available. As used herein, the term "estrogen"

25 includes compounds having estrdgen activity and estrogen-
based agents. Estrogen compounds useful in the practice of
the present invention include, for example, estradiol
estrone, estriol, equilin, egquilenin, estradiol cypionate,
estradiol valerate, ethynyl estradiol, polyestradiol

30 phosphate, estropipate, diethylstibestrol, dienestrol,
chlorotrianisene, and mixtures thereof. Estrogen-based
agents, include, for example, l7-a-ethynyl estradiol (0.01-
0.03 mg/day), mestranol {(0.05-0.15 mg/day), and conjugated
estrogenic hormones such as Premarin® (Wyeth-Ayerst; 0.2-2.5

35 mg/day). As used herein, the term “progestin” includes
compounds having progestational activity such as, for
example, progesterone, norethynodrel, norgestrel, megestrol
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Formulation 1: Gelatin Capsules

Ingredient Quantity {(mg/capsule)
Active Ingredient - 0.1-1000
Starch NF 0-500
20 Starch flowable powder 0-500
Silicone fluid 350 centistokes 0-15

The ingredients are blended, passed through a No. 45 mesh
U.S. sieve, and filled into hard gelatin capsules.

25
Formulation 2: Tablets
Ingredient Quantity (mg/tablet)
Active Ingredient 2.5-1000
Starch 10-50

30 Cellulose, microcrystalline 10-20
Polyvinylpyrrolidone S
(as 10% solution in water)
Sodium carboxymethylcellulose 5
. Magnesium stearate 1
35 Talc | 1-5



Is consistent wwth that known in the art. 10 The formul ations which
follow are given for purposes of illustration and are not intended to be
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to yield the tablets.

Formulation 3: Suppositories

Ingredient Weight
15
Active ingredient 150 mg
Saturated fatty acid
glycerides 3000mg
20 The active ingredient is passed through a No. 60 mesh

U.S. sieve and suspended in the fatty acid glycerides which
had previously heated to their melting point. The mixture
is poured into a suppository mold and allowed to cool.
The following examples and preparations are provided to
25 Dbetter elucidate the practice of the present invention and
should not be interpreted in any way as to limit the scope
of same. Those skilled in the art will recognize that
various modifications may be made while not departing from
the spirit and scope of the invention. All publications and
30 patent applications mentioned in the specification are
indicative of the level of those skilled in the art to which
this invention pertains.
NMR data for the following Examples were generated on a
GE 300 MHz NMR instrument, and anhydrous d-6 DMSO was used
35 as the solvent unless otherwise indicated.
All experiments were run under positive pressure of dry
nitrogen. All solvents and reagents were used as obtained.
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dry nltrogen sol vent agents were u The

per cel ageldiPLQ -ger'r"é‘k%l’i'yr%hlE%Wé?éddbﬁfﬁaﬁéignt spRofrabasine abtsined or
HPLC sol vanf & Wby eo%@tbkaﬁspl PBwée)fObS!FErﬁ‘ﬂt@nel%%%‘ S. uﬁfo&C%o%w{}rear

magneti c resqnance (1H N ectra wer e obtalned on a Br'uker
5 spect r SREEGEIAN BR 13353 } deterkgrporAle FERStdONS MeRRI by
differentmdnrﬁurudru;xnﬂcxlzm&hax(ﬁiﬁtaiaoauﬁﬂ, (25 cm x 4.6 mm ID, 5

m particle) eluting with a mixture of 60 mM phosphate
15 (KH2PO4) and 10 mM octanesulfonate (pH 2.0)/ acetonitrile

(60:40).
The acylation, dealkylation, or acylation/dealkylation
reactions are also monitored for completion by HPLC. A

sample of the reaction mixture was assayed using a Zorbax
20 Rx-C8 column, (25 cm x 4.6 mm ID, 5 m particle), eluting
wi;h a gradient as shown below:
GRADIENT SOLVENT SYSTEM

Time (min.) A (%) B (%)
25 0 60 40
5 60 40
10 45 . 55
20 38 62
25 45 55
30 32 45 55
37 60 40
42 60 40

A: 0.05 M HClO4 (pH=2.0)
35 B: acetonitrile

The reaction mixture was analyzed by diluting a 0.1 to



I nstrunment DCS 2920 using a closed cell and a heating rate of:

2[err]C/ mnute. The reactions were generally nonitored for conPIetion usi ng
hi'gh pwofosmssaace |iquid chromatography 10 ~(HPLC). Th&SUVR/18%Rder
diffraction spectra were obtained in a Sienmens D5000 X-RRay Powder

Di ffraktometer, using copper radiati*®T and a Si (Li) detector. Sone
reactions were nonitored using a Zorbax Rx-C8 colum, (25 cmx 4.6 mmID, 5
m partgc ek it bt Boamfl ¥li¥he a0fe b fhqsrh .

(KH 'er?]%’_ Ie'r%ﬁ?fgngblgomﬁmoé’?gﬁeguIsfog%gtﬂgﬁ (pH 2. 86‘/?.%1%& onitrile (60:40).
The acSAmilanlydehhrymathss 1dauedych it FRFRXT%R 1 bhz2BAEPSON®Sare al so
moni t s fbied £l sim@haPymbbne@r. A sanple of the reaction mxture was

d usi Zor bax 20 Rx: | 25 4.6 T ID, 5 |
particle), SroctAZCREL ﬁPSrﬁgg‘&%ﬁe{sr’L?%g Y0 ek ENT SOLVENT SYSTEM

Ti e (mydroxyphenyl)-3-([A-(%-piperidinylethdkyhersoyl] 0 -

Sg benzo[b]thiophégeggydrochloridg in thefggystalline materiaig2125

45 (potency) was dgtggmined by the following method. Agsample

28 i? o% B%ehfi%itallife s@@idb(s g@) was weiéﬂbﬂ?}ntgha lOO-FL it 60
; er " ;. ac ri e.reaction mxture

was ankPyIBAEEYCattaPkngdy af spived in (§ “LoMd oty v EomikEREen & 60. 40

mMLot ur'es ahM ApBta §s fnutnaphpsphlademitufefred | (pibr2 o9) tdmdr aceyshdllriidat.i ons was

sanpl egl i Lo Lar ner.. (per e - hyd -2-(4- 5
hydroxg%h2%39§§51ngfg§%i%ggfgpﬁy etqﬂ?@)beﬁ§§9+?gb%%§g%gﬁt 'o%ﬁéﬁ%
hydr ocP¢bfPEBanget haquigschromatagranhy using a Zorbax Rx-C8

column (25 cm x 4.6 mm ID, 5 m particle) and UV detection

(280 nm). The following gradient solvent system is used:

15 Gradient Solvent System (Potency)
time ({min) A {%) B (%)

0 70 30

12 70 30

20 14 25 75
16 70 30

25 70 30

A: 75 mM KHyPO; buffer (pH 2.0)

25 B: acetonitrile
The percentage of 6~-hydroxy-2-(4-hydroxyphenyl)-3-[4-
(2-piperidinylethoxy)benzoyllbenzo(b]thiophene hydrochloride
in the sample is calculated using the peak area, slope (m),
and intercept (b) of the calibration curve with the
30 following equation:

% potency = peak area - b % sample volume (mL)

m sample weight (mg)

The amount (percentage) of solvent, such as methanol,
35 ethanol, or 1,2-dichloroethane, present in the crystalline
material is determined by gas chromatography. A sample of



(potency) was determ ned by the foll ow ng nethod. A sanple of the
crystatline-solid (5 ng) was weighed into a 100-nL vol urretri&.f,kg,s,y“ and
di ssol vedwWm9808883 30 (v/v) m xture of 10 75 mM pot assi um phosphate buffer
(pH 2.0) and acetonitrile. An aliquot of this solution (10 m L) was
assayed by hi gh performance liquid chr orta ‘ogr aphy, using a Zorbax Rx-C8
colum (25 cmx 4.6 nmID, 5 m particle) and UV detection (280 nm. The
fol.l owi ng tteadt eyt SOl ynat ssyitdennSts mepedvad Sveighed into a l106madi ent

Sol vent Sﬁ%fﬂﬂéé}%gnfygsklngn@ﬁﬁyssolved/iﬁq@3%oibtion gf(%ibgtanol

70
25 (0.02%3ngHnL) in dimethylsulfoxide. 3B sagmple of this70

30 A esrs»gm rdi’g sﬁs}zauhf &n PHas @h:?&natogragh u8ERLORI DE kiaxINe

per cent ag oxy- o%;phenyl
(2- pi peri dThH hé&)‘Be’ﬁsz ?‘bE‘H‘z&[ ]t |‘%;ﬂ?€ﬁ%‘%} oc¥iBRi @e ceAurme bl e
is cal cul aiiemm&nmgnmeaﬁeaklama,meim:(dﬂ detelct DorL cephe( Rb1mnt he

calibratiqn curve, with the 30 oI at i.on. 0 % pot ency eak area -
o oampl SRR The |l ndaead B ML RN S0 BOLENEY 17 BN
(per cent ag:ea)rn:SdsolT/lmtamgunh es msoillveany was dethenwinedrby companson

|, 2-di chl NL 4 1 y&ﬁﬁ{ ¢t

gas chrong[cgggrﬁé%%tgfﬁéf %thﬂfﬁa% C(f7 alAcrystaﬁﬁ%eﬂg%l %l?gg"ln%?

wei ght® i el ml vol unetric flask, and dissolved in a solution of
2-butanol (0.025 ng/nl) in dinethyl sul foxi de. A sanple of this solution was

anal yzed on a gas chromat ograph usi ng & DB Wax 5 @olugn (30 mx 0.53 nm

ID, I mparticle), with a%ccztcmme:htow; x 7 XgHg X

14

wherein:
15 C = ratio of solvent in sample
= average ratio of standard for specific solvent
= average weight of standard
weight of sample (mg)
= volume of sample (10 mL)
= volume of standard (10,000 mL)
= purity of standard (%)

20

H @=nm ® ™ Mo
]

Preparation 1
6~Methoxy-2- (4~methoxyphenyl)benzo[b]}thiophene
25
A solution of 3-methoxybenzenethiol (100 grams) and
potassium hydroxide (39.1 grams) in water (300 mL) was added
to denatured ethanol (750 mL), and the resulting mixture
cooled to about 0°C. The cold mixture was treated with 4’-
30 methoxyphenacyl bromide (164 grams) in several small
portions. Upon complete addition, the mixture was cooled
for an additional ten minutes, then allowed to warm to room
temperature. After three hours, the mixture was
concentrated in vacuo, and the residue treated with water
35 (200 mL). The resulting mixture was treated with ethyl
acetate, and the phases were separated. The organic phase



of 10 nL/mn and flane ionization detection. The columm tenperature was
heated from 35[err]C to 230[err]C over a 12 m nute period. The anount of

sol vent was determ ned by conparison to the internal st amsh7(127égut anol ),
usi ngWS3H3 owing 10 fornula: %olvent = Cx E | D

F
H wherein: 15 C =ratio of spgvent in sanple D = average ratio of
standard for specific solvent E = average wei ght of standard F = wei ght of
sample (ng) G = volune of sanple (10 nm.) 20 H = volunme of standard

(10, 0@8sniwpshed puirth Wwatfest bexibr ds@gd umr bpgezbopate solution

6- Met hoxy- 2ahdr BRIy ey ddenzol bt 1 Bhophkene 2Fhe sHddADE Phase :
3- net hoxybenzenet hi ol (100 grans) and t SSI%H\h droxide (39.1 grans) in
vat er ¥g8o&hen) drde tWé%Rﬁ%.ﬁWeauggﬁgﬁol ¢#565R9,, 3R the resul ting

m xt uegapotattd aclisyndferif. vibaocobdgiivet 202 wasars eaf ed- (8+h 4' - 30

ol SRS haRgERea Hh S it hERRACE PR RSRe TR R AR L hi T e
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the resulting mixture was stirred at 80°C. After an

" additional 45 minutes, the reaction mixture was allowed to

cool to room temperature. This mixture was treated with

crushed ice while the mixture was cooled in an ice bath.
15 The resulting mixture was treated with water (100 mL)

producing a light pink precipitate. The precipitate was

isolated by filtration, washed with water and methanol, and

dried in vacuo at 40°C to give 119 grams of 6-methoxy-2-(4-

methoxyphenyl) benzo[b]lthiophene. This crude product was
20 slurried in hot methanol, filtered, and washed with cold

methanol. The resulting solid material was recrystallized

from ethyl acetate (4 liters), filtered, washed with hexane,

and dried in vacuo to 68 grams of the title compound.

Melting point 187-190.5°C.
25 Preparation 2

Ethyl 4-{2-Piperidinylethoxy)benzoate

A mixture of ethyl 4-hydroxybenzoate (8.31 g), 1-(2-
chloroethyl)piperidine monohydrochloride (10.13 g),

30 potassium carbonate {(16.5% g), and methyl ethyl ketone (60
mL) was heated to 80°C. After one hour, the mixture was
cooled to about 55°C and treated with additional 1-(2-~
chloroethyl)piperidine mono-hydrochloride (0.92 g). The

~resulting mixture was heated to 80°C. The reaction was

35 monitored by thin layer chromatography (TLC), using silica-
gel plates and ethyl acetate/acetonitrile/ triethylamine
(10:6:1, v/v). Additional portions of 1-(2-



5 net hoxyphenyl t hi o) - 4- met hoxyacet ophenone. This crude product was
crystallized from net hanol and washed wi th hexane to give g_grgﬂg,g%
Mel ti ng Wo 28088X30C. Pol yphosphoric acid (930 grans) was heated to and
treated with the internedi ate product from above (124 grans) 10 in snal
portions over 30 m nutes. Upon conpletégaddltlon the resulting m xture was
stirred at 90[err]C. After an additional 45 mnutes, the reaction m xture
was al | oweddz@ectwl )tpwaommepnyarucalo’fhue et wcmemsumtsm eHewi th

crushed e while t o] a tin
m )lifure :?aﬁ ed%cﬁl Lﬁ?%’?v?%f)é %%%gpr)lro u%or?gsq’a |ght mkgo‘;‘ég |Itatge
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met hoxyp enzo[ b] hi ophene.. This crude product was 20 slurried in hot
met hahol Lapier was) dike TRk and; Fhecelraaﬁétch&ﬁd‘ler HRAGRRYFRERE 481 d

mat eri al vaRfad e Wtoat | dreds 6 roan Byhyl Tﬁéefr%'fs%l(tﬁdg tei5)waéi hseaedn washed
wi t h hexane, and dried |f£gacgoftot§8 grans athe title conpound. Melting
poi nt 18FPEoFeRte P whthout furthérpurificationp onaration 2 Et hyl

4-( 2- Plperldlnylethoxy)benzoate Ruepanawiod 3t hyl 4-hydroxybenzoate (8.31

9 (2, ¢hl o 0pshkl bRRAs LY HROYENRGIL OBEER. 13Bxbinlor i, PO aSST UM

carbonate (16. et one eate
80[e¥®]C. After one hour, the mxture was cool ed to about 55[err]C and

treated with addidianadn lof 2théhb@ﬁ198hhﬂ| bRiePRIred nNes nadgchygeqchhori de
(0.92 g)._ The resultlng n1xtu f mgg at ed to&gg é## %Qe reacti on was 35
moni t or e§ AP AR 3 pﬁ$ ERLBRL 41; Y&f plates and
et hyl acetratat/erlC aiicrH tSlN edodiimathyaamcmde( XQ:56 nd, ) ,v/and Wdaltédot:al
portions 4(2)1:0(:1..- ( %\.'fter WO 98S013 -19-
15 4 1/2 hours, water (40 mL) was added. The resulting mixture
was cooled to 5-10°C, and concentrated hydrochloric acid (18
mL) was added slowly. The title compound crystallized
during acidification. This crystalline product was
collected by filtration, and dried in vacuo at 40-50°C to
20 give 83% yield of the title compound. Melting point 270-
271°C.
' Preparation 4
6-Methoxy-2- (4-methoxyphenyl)-3-[4-(2-

piperidinylethoxy)benzoyl]-benzo[b]thiophene Hydrochloride
25 .

A mixture of the compound prepared as described in
Preparation 1 (8.46 grams) and the acid chloride prepared as
described in Preparation 3 (10.0 grams) in methylene
chloride (350 mL) was cooled to about 20-25°C. The cool

30 mixture was treated with boron trichloride (2.6 mL), and the
resulting mixture mechanically stirred. The reaction was
monitored by HPLC using the assay described above. After 85
minutes, the in situ HPLC yield based on a 6—methoxy-2 (4~
methoxyphenyl)-3-[4~-(2-

35 piperidinylethoxy)benzoyl])benzo[b]thiophene standard was
88%.



chl oroet hyl ) pi peri di ne hydrochl ori de are added until the start.ing

4- hydr oxybenzoate ester is consuned. Upon conplete reaction, the reaction
m Xt ur guyegrodsisated with water (60 nmi) and all owed to coBCTUSIVHIMS
tenperature. The aqueous 5 |l ayer was di scarded and the organic |ayer
concentrated-in vacuo at 40[err] C an®040 nm Hg. The resulting oil was used
in the next step without further purification. Preparation 3

4- (2- Pi peridi nyl et hoxy) benzoic Acid tQchloride 10 A solution of the

. : & 1§§ \
conpound prepared as descri bed hePREparati on 2 (about 13.87 g) in nethanol
(30 nmL) was treat ef-HiytdroxyN2sddi-lhpdnakyphary ()3 nld- (2nd heated to

40 . : / ] . :
Lot bbbt iptsrvat ke s ool estth o,
m.) was added slowy. ThérgPAEhdORRRINARS 3% %ed during acidificati on.

Thig crystalline product was q@dyetisid Byt id)trati on, and dried i-n vacuo at
40-50[err]C to 20 give 83%yield of the title conpound. Melting point 270-

271C. Preparation 4.6-Mth -2-(4- h nyl)-3--4- (2

piperidin5|e hBngﬁéﬁ?oﬁﬁ]%Eé%;ﬁﬁﬁi%#bﬁﬁéﬁgﬁﬁéﬁhﬂﬁﬂ¥ﬁf%ﬁ?é%‘h?ﬁixture of
t he conpipedidiayiettoxy)benzoyidbeneditejpchixipiend K@drddclgl ansdleand t he
acid chlerid : r gd i in ratd 0] i

ot hyl o 8nLr Ao, SSaericuechthd ot SHEY Md S hrhdeda BaBRTBOLLR o

m Our et fibghipsided (Ki-Ohméar-on The e ot g Micknge vwarl $hbrredusti ng

m xt ur esgechagircabbutstisr hethrslihe A e@Ecit Ofe Ve SEHUAST edndYymEPhEnYSi Ng the

assay deoGThpedoBbave syl el 83 il shr et Nl Sl SELG HLELE Basgd on 2
pi peri dabgirel hcanshanz dple] Arcaddi]itdimiphteumse sta ot duxas B8en
complete addition, the resulting crystalline slurry was
15 stirred at 25°C. After one hour, the crystalline product
was filtered, washed with cold ethanol (10 mL), and dried at
40°C in vacuo to give 1.78 g of the title compound. The X~-
ray powder diffraction pattern is identical to that reported
in Table 1.
20 Potency: 80.2%
1,2~Dichlorcethane: 7.5% (gas chromatography)
Table 1. X-ray Diffraction Pattern for Crystal Form 1.

d-line spacing 1/1p

25 (Angstroms) (x100)
16.1265 3.80

10.3744 8.63

8.3746 5.29

7.9883 36.71

30 7.2701 5.06
6.5567 70.77

6.2531 6.79

5.5616 24.05

5.3879 100.00

35 ) 5.0471 _ 89.64
4.7391 85.96

4.6777 39.36



-20- Preparation 5 6-Hydroxy-2-(4-hydroxyphenyl)-3-[4-(2-

pi peridi nyl-et hoxy) benzoyl ] - benzo[ b] t hi ophene Hydrochl ori depcrmusoriarss

1, 2- Di chwo 9848%khe Sol vate 5 (Crystal Forml) A
sol ution of 6-nethoxy-2-(4-nethoxypheg¥ )-3-[4-(2-

pi peri di nylet hoxy) benzoyl ] benzo[ b] t hi ophene hydrochloride (2.0 g) in

1, 2-dichl oroethane (20 nL) was treated with boron 10 trichloride (2.0 nL).
The resulting m xture was stidr.6832at 35[err]C fobf2abbut 18 hours. A m xture
of ethanol and nethanol (10 glg193:5, 3A) was treateg with the reaction

m xture from above, causing the alcoholic mxture to reflux. Upon conplete
addi tion, the resulting crystal®Bitde slurry was 136-82irred at 25[err]C.
After one hour, the crystall ignesgsoduct was filtgregs washed with cold

et hanol (10 nli), and dried at 3g[§rr]c in vacuo Eg give 1.78 g of the title
conpoﬁnd. The X- ray powder di-&PA&ct i on pattern rs- fentical to that
reported in Table 1. 20 4.0B@Mency: 80.2% 1 12-BBchl oroet hane: 7.5%
(gas chronmat ography) Table 1 %;rqy Diffraction Patgern for Crystal Form 1.
d-1ine spacing I/Pd fg " "7(Angstrons)

(x| Q0) 16. 1265 3.3869 10.3744 36.25 8. 63 8.3746
5.29 7.9883 36373539 56.16 7.2701
5.06 6.5567 70._77 6. 2531 6.79 5.5616
24. 0505, 3879 10868035 40.62 5.0471
89.64 4.7391 83..9G51 15.65
3.5181 21.52
3.4964 18.53
3.4361 33.60
15 3.3610 6.21
3.3115 4.95
3.2564 7.36
3.2002 3.80
3.1199 15.77
20 . 3.0347 14.84
2.8744 9.67
2.8174 10.82
2.7363 11.51
25 The amount of 6-hydroxy-2-(4-hydroxyphenyl)-3-[4-(2-

piperidinylethoxy)benzoyl]lbenzo[b]thiophene hydrochloride
present in the crystalline material is about 87.1%, as
determined using the high performance liquid chromatography
(HPLC) assay described below. The amount of 1,2-

30 dichloroethane present in the crystalline material is about
0.55 molar equivalents, as determined by proton nuclear
magnetic resonance spectroscopy.



4.6777 39. 36 -21- 4.6332 62.60 4,5191

77.56 4.2867 36.82 4.2365 41.66 5

4.1816 49. 60 4. 0900 11. 28 3. 94GET/USIT14768
11. 85 JY9oqyEes 36. 25 3. 7577 56.16 10

3.6509 . 40.62 3.5751  -22- 15. 65 3.5181

21.52 3.4964 18. 53 3.4361 33.60 15

3. 3610 6.21 3.3115 _ 4.95 3.2564

7.36 3.2002 3. 80 Brepapation 6 15. 77 20

3. 0347 6-Hi}dr84y228144hydroxyphenyl) B6[42(B174

10.82 2.7363 . ,. 1. f .
67hyd“pgﬁeﬁfﬁgh?%+%§98ﬁghéng§yﬁ§:ffyzofﬁ*%ﬁqggggng gydrochlorldé
pi peri di nyl et hoxy) benzoyl} BeRishdjornsediante Igkvaesl ori de present in the

crygtalline material is about (&%.,5%ajasrsieh efyn ned using the high
performance |iquid chromatography (HPLC) assay descri bed bel ow. The anount

of 1,2- 30 dichloroethane present in the crystalline material is about
0.55 nol ar eguihYREEPES ofagheeicImpPoiRil PrapDtead AsIChEsEr IBEREEHC I esonance

SPeCtrogcobYiation 2 (15 g) and dimethylformamide (0.2 mL) in 1,2-

dichlorocethane (250 mL) was cooled to 0°C. Phosgene (8.25

10 mlL) was condensed in a cold, jacketed addition funnel (-
10°C), and added fo the cold mixture over a period of two
minutes. The resulting mixture was heated to about 47°C.
After about two and one half hours, the reaction was assayed
by HPLC for completion. Additional phosgene may be added to

15 drive the reaction to completion. Excess phosgene was
removed by vacuum distillation at 30-32°C and 105-110 mm Hg.

After about three to four hours, the reaction solution
was treated with the compound prepared as described in
Preparation 1 (13.52 g). The resulting solution was cooled

20 to .0°C. Boron trichloride (12.8 mL) was condensed in a
graduated cylinder, and added to the cold reaction mixture.
After eight hours at 0°C, the reaction solution was treated
with additional boron trichloride (12.8 mL). The resulting
solution was heated to 30°C. After 15 hours, the reaction

25 was monitored for completion by HPLC.

A mixture of ethanol and methanol (125 mL, 95:5, 3A)
was heated to reflux, and treated with the reaction solution
from above over a 60 minute period. Upon complete addition,
the acylation/demethylation reaction flask was rinsed with

30 additional ethanol (30 mL). The resulting slurry was
allowed to cool to room temperature with stirring. After
one hour at room temperature, the crystalline product was
filtered, washed with ethanol (75 mL), and dried at 40°C in
vacuo to give 25.9 g of the title compound. The X-ray

35 powder diffraction pattern is reported in Table 1. Melting
point 261°C.

Potency: 87.1%



-22- Preparation 6 6-Hydroxy-2-(4-hydroxyphenyl)-3-[4-(2-

pi peri-di nyl et hoxy) benzoyl ] - benzo[ b] t hi ophene Hydr ochl ori depcruser14768

1, 2- Di chWwor98®8%t3ne Sol vate 5 (Crystal Forml) A
m xture of the conpound prepared as dg;ﬁtibed in Preparation 2 (15 g) and
di met hyl formam de (0.2 mL) in 1,2- dichAforoethane (250 nL) was cooled to
O[err] C. Phosgene (8.25 10 nL) was condensed in a cold, jacketed addition

funnel (- 10C), ﬂﬂ&ﬂ%é&é@@ copdshi Hoiae @wlv%mrﬁs)d bi NMR) -

m nutes. The resu ting mxture was heated to about 47[err]C After about
two and one half hours, the reaction was assayed by HPLC for conpletion,
Addi ti onal phosgene may be addedFrepdxr4itio® The reaction to conpletion

Excess phosgene was 52{;&%&%@% mgg%ﬁ& lhl atyl n 3at ‘t2’32[ err] C and

105- 110 mm Hg. After ura he reac 1 on solution mas.
treated wptbetrhidinyhehhuk prizenz eyl hsbaagodbﬂéquphar@a-hedrmhlo(iee 52 g).

The resulting sol ution was C&ﬂ@?idﬁ%ﬂiéﬂg‘%615&t§0r0n trichloride (12.8

m.) was condensed in a graduated cylinder, and added to the cold reaction
m xture. After eight hours at O{QFYféﬂltﬁéeréﬁtlon sol ution was treated

with additiona| smru%drrl&ﬂlmé deotpdufdipkre 'Eh:%d %wlddgtg:wé&tmn was
heat ed tg 30C. After 4;§g) t he reaction rg§§ red for | etion
by HPLC. ﬁeﬁiaftal}llé’nofl et | 95715 heBRINS e(ffﬂ' c ﬁﬁe%ge e3fed to
r ef luox, aadctieehednmHﬂeﬁimatfamt4om3$dbugmmmﬁnwnnedhinrmhenzanéO(ﬂznute
peri od. n t t t he~acy f fl ask
was ri nsgg?wwtg%n?(?%l%?atl onéak? hgngr gg% 56/1 %l?%gs dt?%bgs u%éggevas

al | oned Yéthoboros Nﬁyﬁhkﬂﬁk#%Ib?eamﬂ B -st iThe F§SuAfia1d dheXHeX® wasroom
terrper at Méenahti%aqr)ﬁ:ﬁilﬁf@d Pd©dasburadti.l t arredy Washwd nbdFs et hanol (75

The' Xer a§08s Sheadr RO dokd L BELHey Hor S Fio PR AddeRni2nd R I {ing
15 reaction mixture was allowed to warm to room temperature.
After about 16-20 hours, the reaction mixture was cooled to
0°C. The cold reaction was quenched by the slow addition of
ethanol (26 mL) over 30 minutes. During the addition of the
alcohol, a crystalline solid formed. Upon complete addition
20 of the alcochol, the resulting mixture was stirred at room
temperature for one hour. The crystalline solid was removed
by filtration, washed with cold ethanol {25 mlL), and dried
in vacuo at 40°C to give 5.94 grams of the title compound as
a yellow scolid. The X-ray powder diffraction pattern is
25 identical to that reported in Table 2. Melting point
247°C.
Potency: 78.6%
Chlorobenzene: 12.3% {(HPLC)

30 Table 2. X-ray Diffraction Pattern for Crystal Form III.

d-line spacing I/1o

{Angstroms) (x100)

14.3518 7.24

10.3335 6.17

35 8.8305 : 4.29

7.9475 38.16



poi nt 261[err]C. Potency: 87.1% -23- 1, 2-Dichl oroet hane: 0.55 nol ar
equi val ents (1H NVR) Preparation 7 6-Hydroxy-2-(4-hydroxyphenyl)-3-[4-(2- 5
pi peri i@ *égslig)xy) benzoyl ] - benzo[ b] t hi ophene Hydrochl ori de1Ridonaisenzene

Sol vat e. ? ystal Form 3) A solution of the conmpound prepared as descri bed
in Preparation 1 (2.92 grans) and theggacid chloride prepared as 10
described in Preparation 4 (3.45 grans) in chlorobenzene (52 nL) was cool ed
to about O[err]C The cold_sglution was treated with boron trichloride (2.8
m.). The resulting nixturé’§3§4nechanically sbArfed at about O[err]C

After three hours, additiofiak8d@ron trichlorideé(828 nL) was added, and the
15 reaction mxture was akl g towarmto rogg pgnperature. After about
16- 20 hours, the reaction nixture was cooled tG O[érr]C. The cold reaction
was quenched by the slow a8d#803n of ethanol @2®.€0 over 30 ninutes.
Durg ng the addition of thegaheqRol, a crystaIIF@gzgolid fornmed. Upon
conplete addition 20 of the _alcohol, the resulting m xture was stirred at
roomtenperature for one houP493he crystalline5§o?gd was renoved by
filtration, washed with cobdoggkanol (25 nl), agdigdried in vacuo at
40[err]C to give 5.94 gr ang ?é bhe title conpoggdg?s a yellow solid. The
X-ray powder diffraction paf ?n is 25 identical”to that reported in Table
2. Melting point 247[err]€-7P88ency: 78.6% ChBdrdBenzene: 12.3% (HPLC) 30

Tade 2. X-ray DiffractiongPgigrn for Crystal ggopm I11. d-line spacing
I /1o (Angstrons) 4,&%%%0) 14. 3518 38. 61 7.24

4.4953 72.65

4.3531 49.15

4.2940 41.64

15 4.2425 35.75
4.1856 21.63

4.1338 9.47

4.0793 12.69

3.9960 18.50

20 3.9037 9.03
3.7854 ) 40.39

3.7521 54.16

3.6787 28.60

3.6509 17.96

25 3.5444 31.72
3.4679 41.55

3.3899 7.69

3.3101 5.72

3.2561 7.42

30 3.1784 15.19
3.0445 11.17

3.0146 8.94

2.9160 11.89

. 2.8217 18.23
35 2.7500 - 12.06
2.6436 9.65

2.6156 6.97



10. 3335 6.17 35 8. 8305

4.29 7:9475 38.16  -24- 6.5904 e AanR48
6.52 5. GOVMBISIBSI3 28.06 5.4107 ~100.00 5

5. 1544 11.26 5. 04 93 ___ 53.26 5.0224

46.11 4.8330 76.94 4.7694 34.23 10

4. 6461 50.22 4.5754 38.61 4.4953

72.65 4.3531 The amount of96ihydrd%4G2- (4-hydroxyphlényt) 453-{4- (2~
4.2425 . ‘o (5 4.1 . 4. .

9 47 4_Oﬂi?erldlnyléghox%gp%gggyﬁéggnzo[b]th?%b&%ﬁiléggggchlorlde
3.9037 present in th® ORysStIBhine material isimlynl 7826%. The
54.16 3. be&ivzEe3p8ednt in the crydtaPPide material
3 5aqq  Blnt of chlorobdfizffepIadin 41.55 3.3809 oo

7.69 3. 3 about 12.3%, as getgrmiped by HPLC. 7.42 30
3. 1784 15. 19

Preparation B8
6-Hydroxy-2- (4~-hydroxyphenyl)-3-{4~(2-piperidinylethoxy) -
benzoyl])benzo[b) thiophene Hydrochloride
10 A solution of sodium hydroxide (0.313 g) in methanol
(10 mL) was diluted with additional methanol (40 mL) and
water (10 mL). This solution was treated with the compound
prepared as described in Example 5 (4.0 g). The resulting
solution was extracted with hexane (2 x 50 mL) to remove the
15 chlorobenzene. The methanolic phase was treated with 2 N
hydrochloric acid (4 mlL), producing a crystalline slurry.
After one hour, the crystalline product was filtered, washed
with methanol (5 mL), and dried at 60° in vacuo to give 2.23
g of the title compound. The X-ray powder diffraction
20 pattern was identical to that reported in Table 3.
Table 3. X-ray Diffraction Pattern for Non-solvated Crystal

Form.
d-line spacing I/1o
(Angstroms) {x100)
25 13.3864 71.31
9.3598 33.16
8.4625 2.08
7.3888 7.57
6.9907 5.80
30 6.6346 51.04
6.1717 29.57
5.997%5 5.67
5.9135 9.87
5.6467 38.47
35 5.4773 . 10.54
5.2994 4.74

4.8680 4.03



3. 0445 11.17 3. 0146 8.94 2.9160

11.89 2.8217 18.23 35 2.7500
12.06 2,6 9.65 2.6156 6. MCT/USHIBBISThe
annuntg%ﬁéégﬁﬁhroxy-2-(4-hydroxypheny|)-3-[4-(2-

pi peri di nyl et hoxy) benzoyl ] benzol[ b] tiggphene hydrochl ori de present in the
crystalline material is about 78.6% The anount of chl orobenzene present in
the crystalline material 5 is aﬁout 12.3% as determ ned by HPLC
Preparation 8 6-Fydroxy-2-%ﬂ2%§ roxyphenyl)-3-[4ﬁﬁﬁ-piperidinylethoxy)-
benzoyl ] benzo[ b] t hi ophene 4lyéedsahl ori de 10 57.58 sol uti on of sodium

hydr oxi de (0.313 g) in netpa€§£2(10 m.) was dHéﬂfgjthh addi ti ona

met hanol (40 nlL) and water { nL). This soluti'onwas treated with the
conpound prepared as descrd b@@0Ln Exanple 5 (4.0DQ&). The resulting
solgution was extracted with pexgne (2 x 50 nl)gd ;g enmove the 15

chl’or obenzene. The nethanolic Bhase was treated with 2 N hydrochloric acid -
(4 nm.), producing a crystaﬁ+?ﬂé slurry. After dheéfhour, the crystalline
product was filtered, washediwgpoh net hanol (5 g8)a7and dried at 60[err] in
vacuo to give 2.23 g of thﬁ @é#ée conmpound. 1T§?%§Jay powder diffraction 20
pattern was identical to tha ported in Tabl . Table 3. X-ray
Diffraction Pattern for Noh:%6V38ated Crystal R®MM3d-1ine spacing

g, T 22 oo, 1990

3.8775 9.07
3.7096 33.38
3.6561 21.65
3.5576 3.36

15 3.5037 7.97
3.4522 18.02
3.4138 , 4.65
3.2738 10.23
3.1857 8.90

20 3.1333 6.24
3.0831 9.43
3.0025 12.13
2.9437 4.96
2.8642 | 7.70

25 2.7904 11.95
2.7246 3.05
2.6652 3.32
2.5882 7.30

30 The amount of 6-hydroxy-2-{4-hydroxyphenyl)-3-([4-(2~

piperidinylethoxy)benzoyl}benzo[b)thiophene hydrochloride
present in the crystalline material is at least 95%.

This non-solvated crystalline form is particularly
35 preferred for use in the manufacture of pharmaceutical
compositions.



7.3882 7.57 6.9907 5.80 30

6. 634 ' 51.04 6.1717 29.57 5.997

5.67 5. 9743 98/08513 9.87 5.6467 38. 47 35,@"”89.”“768
5.4773 . 10. 54 5.2994 4.74 4.8680

4.03 -26- 4.7910 5.9824-6614 57.50 4.5052
5.75 4.3701 9.03 5 4.2516

69. 99 4.2059 57.64 4. 174ample 1 65. 07 4.0819

12. 44 3.9673 22.53 10 3.9318

100. 00 3. 8775 Prepagatiomayf Amorphous Fomm 33 3 6561
21.65 3.5576 3 36 15 3. 5037

7.97 3.4522 4.65 3, 2738

10. 23 3. 1857 The amorphous m§6e§6%§80f the instant 1nve%Fﬁ%%3w s

6.24 8. 08epared by dissodvigg350@2%f crystalline ralikif g7 -

4. 96 hydrochloride in 300 ml of methanol and 22.5 ml of water. The
amorphous material was recovered by spray drying the solution
using a Buchi Model 190 Mini spray dryer under the following
conditions: equilibrium inlet temperature: B84 °C;

10 eqguilibrium outlet temperature:
60 °C; approx. spray rate: 2.5 ml/min.; aspirator setting: 20;
air flow indicator: 500-600; atomization pressure: 35 psi. The
process was completed in 2 hours and 10 minutes.
The material recovered after spray drying was observed
15 under a polarized light microscope to determine if the product
was birefringent. No birefringence was observed, and the
material was considered to be amorphous.
Table 4 provides comparative solubility data in water
between the crystalline and amorphous material:

20
Table 4
Form Solubility (mg/ml) Temp., °C
crytalline 0.08 o room temperature
amorphous 42.2 room temperature
25 amorphous 120 37 °c *

* in sonicator

The amorphous material was also made as a complex with

30 povidone, with ratios of raloxifene HCl to PVP as follows:
9:1, 3:1, and 1:1 (w/w). Complexes with hydroxypropyl-b-
cyclodextrin (HPBCD) were also prepared, with a ratio of
raloxifene HCl to HPBCD of from 1:1 to 1:4 (w/w). These were
added to increase solubility and to prevent any potential

35 crystallization of the material, for example, which may or may
not occur when a supersaturated solution was prepared from the
amorphous form. Some lots were recovered as crystalline



2.8642 7.70 25 2.7904 .

11.95 2.7246 3.05 2.6652 3.32 2.5882

7.30 30 The anmount of 6-hydroxy-2-(4-hydroxyphenypérashbfides

pi peri YN Whbxy) benzoyl ] benzo[ b] t hi ophene hydrochl ori de present in the
crystalline material is at |east 95%_ This non-solvated crystalline formis
particularly 35 preferred for use iT?¥he manufacture of phar maceuti ca
conposi tions. -27- Exanple 1 Preparation of Anorphous Form The anorphous
nat eri amaekrtibg,i bet ahle mateYiadn wies ébnvee@ededoby drysebuiliged foraf
crystal Ifh@ﬁl%a'g Wkee JU OG0 O 18,4 §9%rg%r8%a95£2890| P 35z M O
wat er . € anorp Rous Emateri Vias r ove ution
usi ng arBgeNerrddels EMDﬂﬂhQUSnmagﬁtW@brwﬁh@brd#ﬁenbélF@Wﬁﬁgldon@ﬂtlons
equi I i bmmlhn'a%utte%er Gie ¢ Jiddied 10 EQHhithh\BE’gﬁ%'se.t |
tenperature: 60 [err]C approx. spray rate: 2. spirator setting:
20; Zir flow indicator: 500-600; atonlzatlon pressure: 35 psi. The process
was conpleted in 2 hours and 10 ningka&plEhe mat eri al recovered after spray
dryi ng was observed 15 under g2 Bolag ﬁ g I}rgggt,c_\kgé,croscope to determine if
the product was birefringent.PKB2ERFEPPIRGE observed, and the

mat eri al masTwanaxtannjanﬁtnatanmfﬁnhsorﬁtbbe afptbeiﬁmymnmﬂiﬂnniand

sol ubi | i C t [ rp grial: 20
Tabl o 4 Bopntotd TS QORIRRR e ‘%?f Aas! BECRRAL AT D1 BE LI T ne

0.080 forms of the compoqqﬁan mputated in a PEG vehlcle as
follows:
Component % by weight
Polyethylene glycol 1450 70
spray dried lactose 1.5
15 colloidal silicon dioxide 1.5
polysorbate 80 2.0
raloxifene HC1 25

Six dogs were dosed as follows: three dogs received the

20 amorphous form, while three dogs received the crystallihe form,
both at a dose of 4mg/kg. Plasma levels of the two compound
forms were then determined over a 10 hour period. The results
from this study are provided in Figure 1. This study indicated
greater biocavailability with the amorphous form.

25 The following discussions illustrate methods of use for
the compounds of formula I in experimental models or in
clinical studies. These examples are for the purposes of
illustration and are not meant to be limiting in any way.

A. Osteoporosis:

30 Experimental models of postmenopausal osteoporosis are
known in the art. Germane to this invention is the
ovariectomized rat model which is provided in U.S.

5,393,763. The compounds of formula I would be active in
this model and would demonstrate an effective treatment or

35 prevention of bone loss due to the deprivation of estrogen.

An additional demonstration of the method of treating
or preventing osteoporosis due to estrogen deprivation would



anor phous 42.2 roomtenperature 25

anor phous 120 37 O[err]C * * i npcsphdoaafss The
anmor phous WRAPHIESA} was al so nade as a conpl ex W|th 30 povidone, with

rati os of raloxifene HO to PVP as foII $§ 3:1, and 1:1 (W w).
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cryst &8 | i Pavd Mt apkRIT 10enshEuadr RSO MaFe Fhathed i AR PRDusPUE
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dried Iac - R t colloidal silicon dioxide
1.5 polysorbaieeikfn bis ﬁhésﬁ ona fs ral oxi f ene HCO

25
Six db@s were doisBEy Momen| dhestt BEEOEPdo#OWIEt Kot Yhel 280 MBrBhods form
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receive a matched placebo per day. Both groups-would
receive calcium carbonate tablets (648 mg) per day. The

15 study is a double-blind design. Neither the investigators
nor the patients would know to which group each patient is
assigned.

A baseline examination of each patient includes
quantitative measurement of urinary calcium, creatinine,

20 hydroxyproline, and pyridinoline crosslinks. Blood samples
are measured for serum levels of osteocalcin and bone-
specific alkaline phosphatase. Baseline measurements would
also include a uterine examination and bone mineral density
determination by photon absorptiometry.

25 The study would continue for six months, and each of
the patients would be examined for changes in the above
parameters. During the course of treatment, the patients in
the treatment group would show a decreased change in the
biochemical markers of bone resorption as compared to the

30 control group. Also, the treatment group would show little
or no decrease in bone mineral density compared to the
control group. Both groups would have similar uterine
histology, indicating the compounds of formula I have little
or no utrotrophic effects. '

35 B. Hyperlipidemia:

Experimental models of postmenopausal hyperlipidemia
are known in the art. Germane to this invention is the



fromthis study are provided in Figure 1. This study indicated.greater

bi coavailability with the anorphous form 25 The foll ow ng

di scu_ss&wkhlsustrate met hods of use for the conpounds oPCtmsaui4és in
a

experine nodels or in clinical studies. These exanples are for the
purposes of illustration and are not_ygeant to be limting in any way. A
Ost eoporosi s: 30 Experi nental nodels of postnenopausal osteoporosis

are known in the art. Germane to this invention is the ovariectom zed rat
nodel @Matigatoniederat nmedel yhigh g3 defsl kashpurdsSef formula | woul d

be actisyeds), g48 s nmodel padr¥QehdcdeyoRsy Fuathereideddy@essa@appent or 35
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Thi s i flidss worRee vihendaed; pagdenkiseMpildihe sches@nhadha RaSt nenstrua

period H@d&ﬂ%&bﬂa@ﬁaﬁwgalb%ﬂ&ﬁs dd@D 60 Ladrd WRbI gBhiqexcl uded for
the study wou be those who have taken esirogens, progestins, or .

corti cOdTRD: e Re capptAerpe sAndddate st LR RatePL3ERLMERKeN

bi s- phasphewsy S.THs would Entlyideomsmedd esitlgranpinyedtdutegasye 15-80 ny
of g coipe nd of fornul.a_l | ation above), per day.

for _exampl e,. For '
Th&% ot HEI° 1 7‘@ %?‘rekﬁa?can?‘?SFt§§53‘p)pevﬁ)luqag %%e‘f‘?/ﬁe aénéflcﬁéﬁ pl acebo per
day. Bawdnthsupsutolessrebanysixalysans carBatierts abkelude¢d4gomgrhper day.
The 15 Staly iy P dOUDEADRLT IR A el LoGeh By CplbgaLRLRASON L Ne
patients woul d know to_wnich group each patient IS assigned. asel i ne
exani n&% dfPoiezrepatdént incl udes

Fifty women (test group) would receive 15-80 mg of a

15 compound of formula I, for example, using Formulation 1, per
day. The other fifty women (control group) would receive a
matched placebo per day. The study would be a double-blind
design. Neither the investigators nor the patients would
know to which group each patient is assigned.

20 A baseline examination of each patient would include
serum determination of cholesterol and tri-glyceride levels.
At the end of the study period (six months), each patient
would have their serum lipid profile taken. Analysis of the
data would confirm a lowering of the serum lipids, for

25 example, cholesterol and/or tri-glycerides, in the test
group versus the control.

From the foregoing, it will be seen that this invention
is one well adapted to attain all the ends hereinabove set
forth together with advantages that are inherent to the

30 invention. It will be understood that certain features and
subcombinations are of utility and may be employed without
reference to other features and subcombinations. This is
contemplated by and within the scope of the claims. Because
many possible embodiments can be made of the invention

35 without departing from the scope thereof, it is to be
understood that all matter herein set forth is to be
interpreted as illustrative and not in a limiting sense.



quantitative neasurenent of wurinary calcium creatinine, 20 hydroxyproline,
and pyridinoline crgmllmwul I“m ﬂ Frrpl es are neasured for s of
ost eocal cWP 3EBSEbn g ISP ne phosphat ase. Baseliﬁggﬁgggbgéﬁénts
woul d al so include a uterine exam nation and bone m neral density

det ermi nati on by photon absorptionetry. -28- The study woul d conti nue
for six nonths, and each of the patients would be exam ned for changes in

t he above R i&f.s. During the course of treatnent, the patients in the
treatment group would show a decreased change in the biochenical markers of
bone resorption as conpared to the 30 control group. Al so, the treatnent
group would show little or no decrease in bone mneral density conpared to

the control group. Baqth_ groups I sizm | ar uterine histol ogy,
i ndi cating the gUnpo&%&?ﬁﬁ°$@9ﬁg?agFQﬁéggIﬁttle or no utrotrophic
effects. 35 . B. Hyperlipidem a: Experinmental nodels of postnenopausa
hyperli pidem a are known in the art. Germane to this invention is the
-30- ovariectom zed rat nodel which is detailed in Bc% ch, 486 845.
Estrogenicity may further be assessed by exz NNpg Theé Fésponse of
eosi nophil infiltration into the uterus. ration of the nethod of
treating 5 hyperlipidema due to estfogen ion would be as follows:
One hundred patients woul d be chosen e al t hy post nenopausal wonen,
aged 45-60, and who woul d normally be g¢onsi dered candi dates for estrogen
repl acenent therapy. This woul wormen With an intact uterus, 10 who
ale’ STX NMpnths, but |ess than six
years. Patients excluded fq( Map3have taken
estrogens, progestins, or i i‘As. \\ ofen (test group) would
receive 15-80 ng of a
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(I)

wherein:
R! and R3 are independently hydrogen, -CH3, -
CO(C1-Cg alkyl), or -COAr, wherein Ar is optionally
substituted phenyl:;
. R2 is selected from the group consisting of
pyrrolidinyl, hexamethyleneimino, and piperidinyl; or a
pharmaceutically acceptable salt or solvate thereof,

in an amorphous form.

2. A compound according to Claim 1 wherein R! and R3
each are hydrogen, R2 is piperidinyl, and the hydrochloride
salt thereof. '

3. A compound according to Claim 1 which is 6é-hydroxy-
2- (4-hydroxyphenyl) -3~ [4-(2-piperidinylethoxy)benzoyl]
benzo[b]thiophene.

ect Has Been Replaced

T

fT"” T'T ITAS REREN |
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15 conpound of for
ot her flfty wonen aﬁhﬂ! uld receive a matched placebo per day.
The st yg #g sign. Neither the inysihvdaieise nor the
patlents wou é know to mhlch group each patient is assigned. 20 A
basel i ne exam nati on of each patient uld i nclude serum determ nation of
chol esterol and tri-glyceride |evels” A the end of the study period (six
nont hs), each patient would have their serumlipid profile taken. Analysis
of the data whbul d Boprocass [fowepnepaghnchansamannhigsistormropsaexanpl e,
chol est s QoS4 05 £t EbrbhySeri des, in the test group versus the control.
From t he fore90|ng it will be seen that this invention is one well adapted
to attain all the ends herei nabove set forth together with advantages that
are inherent to the 30 invention. It will be understood that certain
features and subconbi nations are of utility and may be enpl oyed w t hout
reference to other features and subconbinaljons. This is contenplated by
and within the scope of the clains. Bec.4c- OfHeSHuT®“enbodi ment s can
ron1the scope thereof, it is
th is to be |nterpreted as

ﬂﬂt , using Formulation 1, per day. The

to be understood that all matter I

illustrative and not inalimti ; /e claim 1. A
hydrochl ori de salt of a conpound of ‘ [err] [err]
(I') Rerr] and R err] are |ndepende tly hydrogen 15 Rlerr] is

pi peridinyl; or a pharmacel; X Rl vate thereof, in an
anor phous forn1 2. 8 di Nng 2
6- hydr oxy- 2- (4-

hydr oxyphenyl ) -3-[4-( 2,
hydrochl ori de sal t .R'®
conpound of

A process for preparing an anorphous formof a
(I)

wherein:

R! and R3 are independently hydrogen, -CH3, -
CO(C1-C¢ alkyl), or ~-COAr, wherein Ar is optionally
substituted phenyl:

R2 is selected from the group consisting of pyrrolidinyl,
hexamethyleneimino, and piperidinyl; or a pharmaceutically
acceptable salt or solvate thereof;
which comprises preparing a solution of a crystalline form of a
compound of formula I in a suitable solvent, and then spray
drying said solution to recover an amorphous form of a compound
of formula I.

S. The process of claim 4 wherein said suitable solvent
is a mixture of methanol and water.

6. The process of claim 4 wherein said spray drying is
effected in the presence of an inert gas.

T e “S C;HLE T HAS BEEN
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Caim21 which conpr|5ﬁ l " l lution of a crystalline formof a
compound of fornula | ﬂlﬂﬂﬁﬂmlﬁﬂ 3]%1 vent, and then spray
sol ution 2¥WOBMY ocoyere an amor phos: f orm of a conpound ofg orrru.{"ﬁﬁlréj 4,
The process of Claim3 wherein said suitable solvent is a mxture of

met hanol and water. 30 5. The&3process of Claim3 or Claim4

wherein said spray drying is effected in the presence of an inert gas.
6. - A pharnaceuts cal zimﬁr@édmr@mr'fei-mglatmﬁpcumﬂraeqwqiiang:dmpm

one of Clainsl an nbln |on ticall ccept.ab
carrier, di Iaﬁgﬁtrddé\g é?m %wlsa%gﬂ\”g%%{oﬁnghg%m "ﬁ:d‘cfaoﬁ%y
of Cains 1aan¢pmahiennanniaﬂuadx&m@mtfomroexbbnéehbss or bone resorption

in a patient. 8. The conpound according to Claim7 wherein said 10 bone

| oss or bone resaorption occurs as a result of penopause or _ovariectony. 9.
A conpound accor §i-ng o makhed 9% HRe ll%thQW-BP gfecbpPpe; ARiSS @ndans um

chol est er ol rb%\é&lp%lldh Q\vlﬁ&i}i Qmmpzlﬁség adﬁlﬁﬂgﬁéﬁﬂﬂgaﬁéoédpﬁﬁl%ta% Heed
Clainms 1 angg or use in alleviati e sygEtonB of post-nmenopausa

syndrone in eﬁ:°9ﬂP°un acﬁﬂ?glﬁchﬂp A¥adcording to O ai m 10.
wherein said synpton1of t he post-nenopausal syndrone pathol ogi cal condition

I s osteoporosis. gl2. ALo 2&1—[511 d&%ﬁ%ﬂg%tﬁoqlzféﬁhlg Wﬂg&%‘ﬁ %%'1‘11 Fone

synpt om of the post nenopau ol ogrcal condition
cardlovascuﬂ@ﬁsdpge&yye:E?quniﬁﬁmu%gcéﬁéoaélﬁgrﬁéuttapﬁlm@nﬂm§u§a1qnud

car di ovascubgh rdier@ny i s hyperlipidema. 30

10. A method of inhibiting serum cholesterol levels which
comprises administering to a patient in need thereof a compound
according to Claim 1.

11. A method of alleviating the symptoms of post-
menopausal syndrome which comprises administering to a patient
in need thereof a compound according to Claim 1.

_ 12. A method according to Claim 11 wherein said
symptom of the post-menopausal syndrome pathological
condition is osteoporosis.

13. A method according to Claim 11 wherein said
symptom of the post-menopausal syndrome pathological
condition is a cardiovascular disease.

14. A method according to Claim 13 wherein said
cardiovascular disease is hyperlipidemia.

15. A method according to Claim 11 wherein said
symptom of post-menopausal syndrome pathological condition
is estrogen-dependent cancer.
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33 14. A conpound accordi ngq O mhereln said synptom of. t he
post - menopausal syndr l Hugﬁ ondition is estrogen-dependent
cancer wé 9s/oss13 ing to Oaiml4 weerRisor s

estrogen- dependent cancer is breast or uterine cancer. 16. A conpound

according to any of Clainsl and 2 for.,yse in -alleviating the synptons of
uterine fibroid disease in a 10 patient. 17. A conpound according to any of
Cllainms 1 and 2 for use in alleviating the synptons of endonetriosis in a
patient. 15 18. A conpound according to any of Clains 1 and 2 for

use in allevipgi ngathetryaphesbrafing et C1ausC1S welremroléafﬁi ation in a
2 for use 20 in

patient. 19. A c ound accordi ng.to,an f Cains .l and
DT vt aiS R 29Eh SOPREDHEnEs CRBCeaadS DIRksE o Mmring Carice
17. A method for alleviating the symptoms of uterine

" fibroid disease which comprises administering to a patient in
need thereof a compound according to Claim 1.

18. A method for alleviating the symptoms of
endometriosis which comprises administering to a patient in
need therecof a compound according to Claim 1.

19. A method for alleviating the symptoms of aortal
smooth muscle cell proliferation which comprises
administering to a patient in need thereof a compound
according to Claim 1.

20. A method for alleviating the symptoms of
restenosis which comprises administering to a patient in
need thereof a compound according to Claim 1.
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