1 NOVEL- PHARMACEUTI CAL PRODUCT This invention is directed to a@idvep 3843
phar neceuti cal product. Mre particularly, the invention is di r%’EWthw}ay
novel, non-solvated, crystalline formof a 2-aryl-6-hydroxy-
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descri bes 6-hydroxy-2-(4-

hydr oxyphenyl ) - 3-[ 4- ( 2- pi peri di noet hoxy) benzoyl ] benzo[ b] - t hi ophene

“hydrochl oride, known as ral oxifoeme PudkesbEeTrdgL BROBOCcHas shown
particul ar prom se as a pharmaceutically- active agent. Unfortunately, this

conpound has proven extrenely.difficult t ify. Particul bl h
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produced a sorvatet conpound cont am or obenzene, '
carci nogen. Fiir{&ef2-anhnpephosgibenzarbbpenrebhthherhénerature utilized a

cl assi cal al um num chl ori de-catal yzed Friedel -Crafts acyl ati on. The product
of these processes contain alum num contam nants and vari ous thipe Z&er by-

products, which ar8-8ifPREGRE NE-r&nbhd: 06% deScrheeddduedr Ry t4e
literature pragagésgphasyan-grpheasapipeesdieethdig] botzowl fhelezotsl - | n
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Tabl e 1. extremely difficult to purify. Particular problems have
' arisen- due to solvent contamination. For instance, the
process described in the Journal of Medicinal Chemistry,
27(8), 1057-1066 (1984), for synthesizing raloxifene suffered
from the serious shortcoming that it produced a solvated
compound contaminated with chlorobenzene, a known
carcinogen. Further, other processes described in the
literature utilized a classical aluminum chloride-catalyzed
Friedel-Crafts acylation. The product of these processes
contain aluminum contamirfants and various thioester by—
. prodﬁcts, which are difficult to remove. Also, the product
of these literature processes has an unpleasant residual
thiol or sulfide odor. ' '

In accordance with the present invention, the Applicants
have now discovered that a novel, ndﬁ-solvated crystalline
form of raloxifene can be produced, free Qf, for example,
chlorobenzene and aluminum contaminants, by the use of a

hitherto unknown synthetic process.

The novel crystal form of the invention exhibits
substantially the X-ray diffraction pattern shown in Table 1.
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ral oxi fene hydrochl oride, the_anmount of 6-hydroxy-2- 53hydroxyphenyl)-3-

[ 4+( 2- pi peri di noet hoxy) benzoyPP88REBH] t hi ophene” h{+®?) chl ori de present in
the crystalline material is at BeasB895% by wei ght (aves), preferably at

| east 98% nore preferably at Iga;g ;996 Mor e partiqykfgly, this preferred
formis substantially free from¢ Ig obenzene. Furﬁhé .~ this preferred form
is also substantially free fromalk8hi7num salts or or&dal um num
impurities. Also, this preferred fggmis substantialgd yodor free.
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. Preferably, in the new, non-solvated form of raloxifene
hydrochloride, the amount of 6-hydroxy-2-(4-hydroxyphenyl)-3-
[4-(2-piperidinoethoxy)benzoyl]benzo[b]thiophene hydro-

" chloride present in the crystalline material is at least 95%
by weight (w/w), preferably at least 98%, more preferably at
least 99%. More particularly, this preferred form is
substantially free from chlorobenzene. Further, this
preferred form is also substantially free from aluminum salts
or organoaluminum impurities. Also, this preferred form is
substantially odor free. |

The term "substantially free from chlorobenzene", as
used herein in reference to the non-solvated crystalline 6-
hydroxij—(4—hydroxyphenyl)—3—[4f(2—piperidinoethoxy)—
benzoyllbenzo[b]thiophene hydrochloride, represents a
compound containing less than 5% of chlorobenzene calculated
on a weight basis (w/w). Preferably, the amount of chloro-
benzene is less than 2%, more preferably less than 1%. Most
preferably, the amount of chlorobenzene in the non-solvated
crystalline material is less than 0.6%.



The 1ern1"substantial|y free fromchl orobenzene”, as used herein in
reference to the non-solvated crystalline 6- '
hydroxy 2- (4- hydr oxyphenyl ) -3-[4-(2- plperldlnoethoxy)
benzoyl ] benzo[ b] t hi ophene hydrochl ori deg4 represents a conpound cont ai ni ng
| ess than 5% of chl orobenzene cal cul ated on a wei ght basis (ww).
Preferably, the amount of chloro- benzene is |ess than 2% nore preferably

l'ess than 1% Mogheptghfr aghy)sttabﬁl%rmntfr%te ¢hbar abanzanm s81E8eor
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or sulfide inpurities. Pre era f
, more preferably less than 1%.

The term "substantially odor free", as used herein in
reference to the non-solvated crystalline 6-hydroxy-2-(4-
hydroxyphenyl)43—[4—(2—piperidinoethoxy)benzOyl]benzo[b]—
thiophene hydrochloride,.represents a compound containing
less than.3% of mercaptan or sulfide impurities. Preferably,
the amount of mercaptan or sulfide impurities is less than
2%{ more preferably less than 1%. Representative mercaptan
or sulfide impurities include, but are not limited to, C3-Cs
alkylthiols and methyl C;-Cg alkyl sulfides.

This non-solvated crystalline material is more pure than
the material produced by_the preceeses described in the
literature. The present material is free of aluminum
impurities, as well as, chlorinated aliphatic hydrocarbon
solvents and aromatic solvents. This non-solvated
crystalline form is particularly preferred for use in the
manufacture of pharmaceutical compositions.

: ; .

Preparation of this new crystalline form of raloxifene
hydrochloride required the discovery of a new process which
comprised the steps of:

(a) acylating the benzethiophene of the formula



t he amount of nercaptan or sulfide inpurities is less than 2% nore
preferably less than 1% Representative nercaptan or sulfide inpurities
i nclude, ‘but are not limted to, [err] alkylthiols and. nethyl [err] alkyl
sul fides. This non-sol vated crystalline teri-al is nore pure than the
mat eri al produced by the processes described in the literature. The present
material is free of alumnuminpurities, as well as, chlorinated aliphatic
hydr ocar bon sol vents and aronmatic solvents. This non-sol vated crystalline
formis particularly preferred { use in the manufacture of pharnmaceutica
conpositions. Preparation of this q M/c[ystalline form of ral oxifene

o;1a

hydr ochl ori de required the q%g e prew_ process which conprised the
steps of: (a) acylating the nzot hi oﬁhenthe formul a 5 R SII
wherein: [err] is [err] alkoxy, and R5 is\QLAHA kyl, with an acyl ating

agent of the formula 0 R6 OCH2CH2N HX wherein® R6 is chloro, brono, or
hydroxyl, HX is HCL or HBr; and R2 anBL R3 together with the adjacent

ni trogen atom wherein: ‘

R% is C1-C4 alkoxy, and
RS is C;-C4 alkyl,

with an acylating agent of the formula

O
R6”
OCH,CHNS R i
_ : R2
IIT '
wherein: _
Ré is chloro, bromo, or hydroxyl,
HX is HCl1l or HBr; and
R2 and R3 together with the adjacent nitrogen atom
form a piperidino group;
in the presence of BX'3, wherein X' is chloro or bromo;
(b) dealkylating the phenolic groups of the acylation
product of step (a) by reacting with additional BX3', wherein
X' is as defined above;
(c) isolating a crystalline solvate of a compound of
the formula

2
OCH,CH,N - X
\R2

wherein
Rl is hydroxyl; and
HX, R2, and R3 are as defined above;



forma piperidino group; in the presence of BX 3, wherein X is chloro or
bt ono; (b) deal kylating the phenolic groups of the acylation product of .
step (a) by reacting with additional BX3', wherein X is as defined above;
(c) isolating a crystalline solvate of g conmpound of the formula [err]
wherein Rl is hydroxyl; and HX, R2, and R3 are as defined above; 6 (d)
reacting said crystalllne solvate in methanol, or in a mxture of nethanol

and water, with apgpt pog-efv Vel fllc ﬁfs@fﬁnée& ét&“ﬂ'ﬁ{eﬁﬁr{cﬂc“&g the
sol ution fronlstep (d) wth an allphatlc drocarpon solvent, (f) addjng
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step (d) or ée)baggd (9) |solat|ng t he non-sol vat ed crystalllne conpound.
In the above desc
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three mllinoles @f)boigBlating the non-solvated crystalline compound.

In the above-described process it is preferred that
the variables are as follows: R% is methoxy, R>® is methyl, RS
is chloro, HX is HCl, BX's is BClz, the aliphatic hydrocarbon
solvent is hexane or heptane, and the base is sodium
hydroxide.

The term 'molar equivalents", as used herein, refers to
the number of moles of the boron trihalide reagent in
relation to the number of moles of the starting benzo-
thiophéne compound. For example, three millimoles of boron
trichloride reacted with one millimole of the benzothiophene
compound would represent three molar equivalénts of boron -
trichloride. '

The term "solvate" represents an aggregate that
comprises one or more molecules of the solute, such as a
formula I compound, with a molecule of solvent.
Representaﬁive solvates are formed with chlorobenzene and
1,2-dichloroethane. '

The new process used'to prepare the novel crystal form .
of the present invention uses boron tribromide or boron
- trichloride as the acylation catalyst in place of the

aluminum chloride described in the literature processes for
preparing raloxifene. Aluminum chloride is difficult to
handle, especially on a commercial scale. Also, a large
amount of aluminum chloride, typically six équivalents, is
required for acylation and dealkylation. Aluminum chloride



trichloride reacted with one mllinole of the benzothi ophene conpound woul d
represent three nolar equival ents of boron trichloride. The term "sol vate"
represents an aggregate that conprises one or nore nol ecul es of the solute,
such as a fornula | conpound, with a nolecul e of solvent. Representative
sol vates are formed with chl orobenzene and 1, 2-di chl oroet hane. The new
process used to prepare the novel crystal formof the present invention
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mercaptaﬂs or sulfides are removable by recrystal—ligation;
however, this produces a recrystaliization solvent with the
odorous impurities. The new process eliminates the use of
aluminum and the use of odorous mercaptans and sulfides. The
art processes produced a high quantity of related substances
and high levels of residual aluminum salts in the final
product. Representative related substances include 6-
hydroxy-2- (4-methoxyphenyl) -3-[4-(2- '
piperidinoethoky)benzoyl]benzo[b]thiophene, 2-(4-
hydroxyphenyl) -6-methoxy-3-[4- (2-piperidinoethoxy)benzoyl] -
benzo[b]lthiophene, 6-hydroxy-3-(4-hydroxybenzoyl)-2-(4-
hydroxyphenyl)benzo[b] thiophene, propyl 4- (2-piperidino-
ethoxy) thiobenzoate, methyl 4-(2-piperidinoethoxy)benzoate,
6-hydroxy-2- (4-hydroxyphenyl) -3-[4-(2-piperidinoethoxy) -
benzoyl]—5—[4—(2-piperidinoéthoxy)benzoyl]benzo[b]thibbhene,
and 6-hydroxy-2-(4-hydroxyphenyl)-3-[4-(2-piperidinoethoxy) -
benzoyl]—7—[4-(2—piperidinoethoxy)benzoyl]benzo[b]thiophene.
The boron by—products:are eésily removed from the final
product. Also, the new process avoids the disposal of
aluminum waste. When the reaction is carried out in 1,2-
dichloroethane, the reactions are homogeneous allowing the
use 6f higher concentrations, and produge crystalline
solvates that are readily isolated.

‘The Formula II and III compounds, the starting materials
for the present. invention, can be prepared using standard



however, this produces a recrystallization solvent with the odorous
iRpurities. The new process elimnates the use-of alum num and the use of
odorous nercaptans and sulfides. The art processes produced a high
quantlty of related substances and high gevels of residual alum numsalts
in the final product. Representative rel ated substances include 6-
hydroxy-2- (4-methoxyphenyl) -3- [4- (2-

pi peri di noethmpndienz Qe HdUHHLPhee Férdtila I1 starting compound
hydr oxyphenyl) - 6- nethoxy 3-14-(2- plperldlnoethoxy benzayl | -
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et hoxy) t hi obenzoate, nethyl 4-(2-pipéridinoethoxy)benzoate, 6-hydroxy-2-
(4- hydr oxyphenyl) -3- [4- (2-piperidinoethoxy) - benzoyl] -5- [4-

(2- pi peri di reshenxy¥ benzoyl ]| benzo [b] thiophene, and :

6- hydr oxy- 2- (4- hydr oxyphenyl ) -3-[. 4- (2- pi peri di noet hoxy) -

benzoyl ]-7-[4-(2-pi peridjnhoe hox(%genzoyl]anzo b] t hi ophene. The boron

by- products are easily predyfTom t he fifha ofluct . Al so, _the new
process avoi ds 't he di sposal al um num wast ¢ bn the reaction is carried
out in 1,2- dichl oroethane, e reactions are¥ rené&wus al l ow ng the use
of higher concentrations, and produce crystalline ®olvates that are readily
i solated. The Formula Il and |Il conpounds, the starting materials for the
pr esent |nvent|on can be ore¢.red using standard 8 _synthetic organic

met hods. The ForRifls gpound can be reagh ebtai ned by a
synthesis which is i n"Preparation W odl1iped in
Scheme |. Schene | RS R50 s
R4
II

The Formula II compounds, wherein R4 is C;1-Cs alkoxy and
R5 is C1-C4 alkyl, can be prepared by first reacting a 3-
alkoxybenzenethiol with a 4'-alkoxyphenacyl bromide in the
presence of a strong base. Suitable bases for this
transformation include, but are not limited to, pota551um
hydroxide and sodium hydroxide. The reaction is typically
carried out in ethanol or a mixture of water and ethanol at a
temperature of about 0°C to about 50°C. The next step is
cyclization of the 3-alkoxyphenyl phenacyl sulfide. The
cyclization is conveniently carried out by heating the 3-
alkoxyphenyl phenacyl Sulfide in polyphosphoric, acid. The
cyclization is typica}ly carried out at a temperature of
about 80°C to about 120°C, preferably between 85°C and 90°C.
The Formula II benzothiophene is typically purified by
recfystallizatiqn. For example, when R% is methoxy and R> is
methyl, the formula II compound may be recfystallized from
ethyl acetate. ' '

The acylating agent for the present process, a Formula
III compound, can be prepared as shown in Scheme II, wherein



HS [err] Br O [err] Il .The Forrmula Il conpounds, wherein [err] ‘s
[err] alkoxy and R5 is [err] alkyl, can be prepared by first reacting a 3-
al koxybenzenethiol with a 4'-al koxyphenacyl brom de in the presence of a
strong base. Suitable bases for this tré%sfornatjon i ncl ude, but are not
limted td, potassium hydroxi de and sodi um hydroxide. The reaction is
typically.carried out in ethanol or a mxture of water and ethanol at a
tenperature aih&abeastidsréd ®2,0RADOKE, SHLy HRCaPEXhsSHBR1h8aCHBEVEahHhANROY s
t he 3-a|koxyq€ﬁﬂyl HhGQ$Cy| sul fide. The cyclization is conveniently
carried out by hefafi ‘he 3- al koxyphenyl phenacyl sulfide in- _
pol yphosphoric, acid. The cyclization is typically carried out at a
t enperature q%aﬁgﬂgt O[err]C to about 120[err]C, preferably between

err

85[err] C and ]C. The Forrmula Il benzot hi ophene is typically purified
by recrystallizatio.n. For exanple, when R4 is nmethoxy and [err] is nethyl,
the formula Il conpound may recrystallized fromethyl acetate. The

acyl ating agent for the presént process, HO a lll conpound, can be

prepared as shown in Schep reip 9 ri abl & R2, R3, R6, and
HX are as defined above and Ris Ct:c4 al kyl : OR| R2 ' _
o)
R3\ N/\/ O( R3\ AO00
) . N
R2 or R RS
' 0 o]

III

Generally, a C1-C4 alkyl 4-hydroxybenzoate is alkylated
with 1-(2-chloroethyl)piperidine in the presence of an
inorganic base and the ester group hydrolized to produce the
Formula III compounds, wherein R® is hydroxyl. Suitable
inorganic bases for this alkylatidn include potassium
carbonate and sodium carbonate. Suitable solvents for this
alkylation are non-reactive polar organic solvents such as
methyl ethyl ketone arnd dimethylformamide. The ester is
hydrolized using standard synthetic methods, such as by
reaction of the alkylated intermediate with an agueous acid
or base. For example, the ethyl ester is readily hydrolized
by reaction with 5N sodium hydroxide in a wéter—miscible
organic solvent, such as methanol. Acidification of the _
reaction with concentrated hydrochloric acid produces the
Formula III compound, wherein R® is hydroxyl, as the
hydrochloride salt.

The Formula III compounds, wherein R® is chloro or
bromo, can be prepéred by halogenating the Formula III
compounds wherein R® is hydroxyl. Suitable halogenating

- agents include oxalyl chloride, thionyl chloride, thionyl
- bromide, phosphorous tribromide, triphosgene, and phosgene.



0 [err] 1l Generally, a [err]

alkkyl 4- hydroxybenzoate is alkylated with 1-(2-chloroethyl)piperidine in
the presence of an inorganic base and the ester group hydrolized to produce
the Formula |1l conpounds, wherein R6 i%0hydroxyl. Suitable inorganic bases
for this alkylation include potassium carbonate and sodi um car bonat e.
Suitabl e solvents for this alkylation are non-reactive polar organic
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benzene, 1,2-dichlorobenzene, or 1,2-dichloroethane.
Preferably, the chlorination reaction and acylation reaction
are carried out successively in the same reaction vessel.

The 2—aryl—6—hydrbxy—3—[4-(2—aminoeth6xy)benzoy1[b]—
thiophenes can be prepared by acylation and subsequent
dealkylation of the phenolic groups in two diétinct steps, or
sequentially in a "one-pot" reaction. The step-wise
synthesis is described in the following paragraphs. The
acylated benzothiophene intermediate, a Formula IV compound,
can be prepared as shown in Scheme III, wherein R2, R3, R4,
R>, R, and HX are as defined above.



di met hyl f or mam de, from about 0.05'to about 0.25 equivalents, is added to
tthe chlorination reaction. Wien the reaction is carried out in

1, 2-di chl oroet hane, the reaction is conplete after about 2 to 5 hours at
about 47[err]C. The Fornula |1l conpoundsliliwherein R6 is chloro, may be
stored as a solid, or as a solution or mxture in nethylene chloride,-

chl oro- benzene, 1, 2-dichlorobenzene, or 1, 2-dichloroethane. Preferably,

t he chl ori nagkeRBmeegeli on and acyl ation reaction are carried out
successively in the same reaction vessel . The

2-aryl - 6- hydroxy-3_] 4- (2- am noet hoxy) benzoyl t hi ophenes can be prepared
by acyl ation and & eegnt  deal kyl ation of he phenollc groups in two

di stinct steps, y in a "ongs ’** tion. gkhe s&ap-mnse
hol | owi fig par agr The a\cyl at —_—
O+ ) e

synt hesi s i sgrdgscr d#v
benzot hi ophene i nt er medr at ¢

ornmula IV conp 3 epared as
shown in Schene 111, wherei nM2, ¥3, R4, [err] andlﬂéffe as defi ned _
above. Scheme |11 HEIR4 || 11l Generally,
benzot hi ophene internediate Il is acylated with a Fornula [11 conpound,

as the acykRation catal yst. The
reaction is carried out in A Dcﬁgch2~§ chl orobenzene,
nmet hyl ene chl oride, 1, 2-di¢{ di chl or ob&RZene, brompbenzene,

chl orof orm 1,1,2,2-tet%a : 2,3- trichloropropane, or
fl uorobenzene. PreferaBly, the amyl a Is carried out in nmethylene
chl ori de, chloro- ' RS

usi ng boron trichloride or boron tmjbro“i1s

Generally, benzothiophene intermediate II is acylated
with a Formula III compound, using boron trichloride or boron
tribromide as the acylation catalyst. The reaction is
carried out in an organic solvent, such as chlorobenzene, _
methylene chloride, 1,2-dichloroethane, 1,2-dichlorobenzene,
bromobenzene, chloroform, 1,1,2,2-tetrachloroethane, 1,2,3-
trichloropropane, or fluorobenzene. Preferably, the
acylation is carried out in methylene chloride, chloro-
benzene, or 1,2-dichloroethane. Most preferably, the
acylation step is carried out in methylene chloride. The
rate of acylation of the Formula II compound and the rate of
dealkylation of the phenolic ethers of the Formula II and IV
compounds varies with the choice of solvent, temﬁerature of
reaction, and choice of boron trihalide. Because the Formula
II compounds having one or more unprotected phenolic groups
will not acylate readily under these conditions, the amount
of dealkylation must be minimized. Because boron tribromide
is more preferred for dealkylation of phenolic ethers, the
preferred boron trihalide for catalyzing acylation is boron
trichloride. For boron trichloride-catalyzed reactions in
methylene chloride, the acyldtion reaction can be perfofmed
at room temperature, with.minimal dealkylation of the Formula
IT and IV compbuﬁds. In other solvents, the acylation



benzene, or 1, 2-dichl oroethane. Mst preferably, the acylation step is
carried out in nethylene chloride. The rate of acylation of the Fornmula |1
conpound and the rate of deal kyl ati on of the phenolic ethers of the Fornul a
It and 1V conpounds varies with the choil®e of solvent, tenperature of
reaction, and choice of boron trihalide. Because the Formula Il conpounds
havi ng one or nore unprotected phenolic groups will not acylate readily
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the benzoi c agobdateduaedths ydrcshbbdtde agenthyfeobromifdl) salt veor as the
equi val ent s %f tehg) boron trihalide are typically used. The Fornula IV
conpound may 5&Si §8rat ed as the hydrochl oride or hydrobrom de salt, or as
the free base. In the step-w se process, the acylated internediate (Formula
|V compound) is dgal kyka L4 e 1L EQMPRHBELES: Shown i n
Scheme |1V, wher ei %ﬁ[ Igr{%] %egﬁd‘g}—ﬁég?g(gg%é%éf?ﬁégaggove.. :

(Formula IV compound) is dealkylated to produce the Formula I
compound as shown in Scheme IV, wherein R!, R2, R3, R%, RS,

and HX are as defined above.
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The Formula I compound can be produced by reacting the
hydrochloride or hydrobromide salt of the Formula IV compound
with boron tribromide or boron trichloride. The preferred
boron trihalide for dealleation is boron tribromide. This
dealkylation reaction can be carried out in a variety of
organic solvents, such as methylene chloride, 1,2-
dichloroethane, chloroform, 1;1;2,2—tetrachloroethane, 1,2,3-



Scheme IV I The Fornula | conpound can be produced by reacting the
hydrochl ori de or hydrobronide salt of the Formula |V conpound with boron
tribrom de or boron trichloride. The preferred boron trihalide for

deal kylation is boron tribrom de. This degl kyl ati on reacti on can be carried
out in a variety of organic solvents, such as nethylene chloride, 1, 2-

di chl oroet hane, chloroform 1,1,2, 2-tetrachl oroethane, 1,2, 3- 13
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11 compounds as shown in ‘Schene & wherein %? Q%%’ %XF%ﬁ ngglr%nd HX

are. temperatures. For example, when 1,2-dichloroethane is the
solvent, the reaction is generally carried out at 25°C to 35°C
with no detectable cleavage of the aminoethyl group. At least
four equivalents of the boron trihalide reagent are typically

used for complete reaction within a reasonable time.

Preferably, the Formula I compounds are prepared by a
ﬂone—pot" synthesis from the Formula II and III compounds as
shown in Scheme V, wherein R1, R2, R3, R4, R5, R®, and HX are
as defined above. '

Scheme V _ _
(o)
I . Rs/“\ R3 D
R50 S + HX
R4 ) ONI\RZ
IT _III .
0 R 3
: VA R
.\ RS N .
v " ) I

The benzothiophene Formula II compound is acylated with
the Formula III compound in the presence of boron trichloride
or boron tribromide; boron trichloride is preferred for the



as defined above. Scheme V [err] 1V | The

henzot hi ophene Fornula Il conpound is acylated with the Fornula I
conpound in the presence of boron trichloride or boron tribrom de; boron
trichloride is preferred for the 14 Y®ne-pot" process. The reaction can

be carried out in a variety of organic solvents, such as chl oroform
met hyl ene chl oride, 1, 2-dichloroethane, 1,2, 3-dichloropropane, 1,1, 2, 2-
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This reactign _is .cgarri.ed o #ﬁpQ f [enf].C t out
40[err]C, - p%e%oatg}vpé}e%%ﬁ?ﬁu&% e %@é{d :h(;an%lfs%%é%ﬁltetr ﬁ' Izs I{:g%plae ogﬁaf ter
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an alCOhO|(¥béht two hours to about eight hours.

The acylated benzothiophene, the Formula IV conmpound, is
converted to a Formula I compound without isolation. This
conversion is performed by adding additional boron trihalide
and heating the reaction mixture. Preferably, two to five
molar equivalents of boron trichloride are added to the
reaction mixture, most preferably three molar equivalents.
This reaction is carried out at a temperature of about 25°C
to about 40°C, preferably at 35°C. The reaction is generally
complete after about 4 to 48 hours. The acylation/
dealkylation reaction is quenched with an alcohol or a
mixture of alcohols. Suitable alcohols for use in gquenching
the reaction include methanol, ethanol,,and'isopropanol.
Preferably, the acylation/dealkylation reaction mixture is
added to a 95:5 mixture of ethanol and methanol (3A). The 3A
ethanol can be at room temperature or heated to reflux, ’
preferably at reflux. When the quench is performed in this
manner, the Formula I’ compound conveniently crystallizes from
the resulting alcoholic mixture. Generally, 1.25 - 3.75 mL
of alcohol per millimole of the benzothiophene starting
material are used.

The crystalline product of this "one—pét“ process, when
BCl3 is used,'is isolated as the solvate of the hydrochloride
salt. These crystalline solvates are obtained under a
variety of conditions. Generally, the form of the product of



m xture of al cohols. Suitable al cohols for use in quenching the reaction
i.ncl ude net hanol, ethanol, and isopropanol. Preferably, the

acyl ation/ deal kyl ation reaction m xture is added to a 95:5 m xture of

et hanol and methanol (3A). The 3A et hans\% can be at roomtenperature or
heated to reflux, preferably at refl ux. en the quench is perfornmed in
this manner, the Fornmula | conpound conveniently crystallizes fromthe

resul ti ng al eblkolpresantt preceSesndsaldey erhided- by. choikceobfal cohol per
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or fluorobenzene, respectively. A particularly useful solvate of the
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1, 2-di chl oroet'hane soJ vate can exi st in twg di SH’II Qict f rng., Ong ﬁgystal i ne
sol vat e forn]lqE%T&;_lch oroethane. When R+ 1s hydroxyl, R4 an

together with the adjacent nitrogen form a piperidino group,
and HX is HCl, the 1,24dichloroethane solvate can exist in
two distinct forms. One crystalline solvate form, termed
crystal form I, is prepared by quenching. the boron
trichloride-catalyzed acylation/dealkylation reaction with
ethanol. Preferably, a mixture of ethanol and methanol
(95:5) is used in the preparation of this crystal form. This
particular crystal form is characterized by the X-ray
diffraction pattern shown in Table 2.

Table 2. X-ray Diffraction Pattern for Crystal Form I.

d-line spacing I/1Ip
(Angstroms) (x100)
16.1265 . 3.80

10.3744 - 8.63



crystal forml, is prepared by quenching the boron trichloride-catalyzed
acyl ati on/ deal kyl ati on reaction with ethanol. Preferably, a m xture of

et hanol and net hanol (95:5) is used in the preparation of this crystal
form This particular crystal formis characterized by the X-ray

di ffraction pattern shown in Table 2. Tdble 2. X-ray Diffraction Pattern

for Crystal FormI. d-line spacing | /1o (Angstrons) '
(x100) 16.1265 d-13nR0 s3I Add I/Io 8.63 16 d-1ine
spaci ng (Angstrons) (x100) 8.3746 5.29 7.9883
36.71 7.2701 5. P ) 33077 6. 2531
6.79 5.5616 24. 05 = 387 106..20 5.0471
% 4 4io 528 e
41.66 4.1816 49.60 7.2701 5.06

6.5567 ' 70.77

6.2531 6.79

5.5616 24.05

5.3879 . 100.00

5.0471 89.64

4.7391 ~ 85.96

4.6777 39.36

4.6332 62.60

4.5191 77.56

4.2867 36.82

4.2365 41.66

4.1816 49.60

4.0900 11.28

3.9496 11.85

3.7869 " 36.25

3.7577 56.16

3.6509 ' 40.62

3.5751 15.65

3.5181 21.52

3.4964 . 18.53

3.4361 33.60

3.3610 _ .. 6.21

3.3115 4.95

3.2564 7.36

3.2002 . 3.80

" 3.1199 15.77
3.0347 14.84
- 2.8744 9.67
2.8174 . 10.82
2.7363 . 11.51



4.0900 11.28 3.9496. 11. 85 3. 7869 - 36. 25
3. 7577 56. 16 3. 6509 . 40.62 3.5751 15. 65
3. 5181 21.52 3.4964 18. 53 3. 4361 33. 60
3.3610 6.21 3.3115 - 4.95 3 . 2564 7.36

3. 2002 3.80 3.1199 17 15.77 3.0347 14. 84
2.8744 9.67 2.8174 10. 82 2.7363 11. 51
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molar equivalents, as determined by proton nuclear magnetic
resonance spectroscopy.

A lafge, analytically pure single crystal of the form I
1,2-dichloroethane solvate was prepared for single crystal X-
ray analysis. This single crystal was prepared by placing a
saturated methanolic\solution of 6-hydroxy-2-(4-hydroxy-
phenyl)—3-[4—kz—piperidinoethoxy)benzoyl]benzo[b]thiophene
hydrochloride in an atmosphere saturated with 1,2-dichloro-
ethane (see Example 6). A total of 8419 reflections with 20
less than 116° were collected, and used to solve the
structure. The X-ray structure cléarly shows that the.
crystalline material is a 1,2-dichloroethane solvate having a
1:2 ratio of solvent to solute molecules. The theoretical X-
ray powder diffraction pattern spectrum, calculated from the
single crystal X-ray data, is identical to that listed in
Table 2, indicating that both solvates are identical.

The new, non-solvated crystalline form of 6—hydroxy-2—
(4-hydroxy-phenyl)-3-[4-(2-piperidinoethoxy)benzoyllbenzo[b]-
thiophene hydrochloride provided by the invention is
preferred for use in pharmaceutical formulations because of
the absence of solvent that could adversely affect the
patient. This crystal form can be prepared by
recrystallizétion of the solvated hydro-chloride salt
produced by the boron trichloride-catalyzed
acylation/dealkylation process described above. Generally,
the solvated hydrochloride salt is added to a solution of
sodium hydroxide in methanol or a mixture of methanol and
water. At least one-equivalent of base is ﬁsed for

dissolution and to ensure that the hydrochloride salt is



ray analysis. This single crystal was prepared by placing a sat urat ed

net hanol i ¢ sol ution of 6-hydroxy-2-(4-hydroxy-’

phenyl ) -3-[ 4- ( 2- p|per|d|noethoxy)benzoyl]benzo[b]thlophene hydrochl oride in
an at nosphere saturated with 1, 2-dichlorg- ethane (see Exanple 6). A total
of 8419 reflections with 20 Iess t han liﬁ[err] were collected, and used to
solve the structure. The X-ray structure clearly -shows that the crystalline
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hydroxy-2-(4-hydroxyphenyl)-3-[4-2-~
piperidinocethoxy)benzoyl]benzo[b]-thiophene as the non-
solvated hydrochloride salt. The resulting crystalline
slurry is preferably stirred at ambient temperature for about
one to about ° two hours to eﬁsure complete crystallization.
The non-solvated crystalline form is isolated by filtration,
followed by drying in vacuo.

The new,non-solvated crystalline form of 6-hydroxy-2.(4-
hydroxyphenyl) -3-[4-(2=-piperidinoethoxy)benzoyl]benzo[b]thiophene
hydrochloride ‘can be prepared by a second recrystallization
process from certain solvated forms of 6-hydroxy-2-(4-
hydroxyphenyl) -3-[4-(2~piperidinoethoxy)benzoyl]benzo[b]thiophene
hydrochloride produced . by the BCls-cataljzed
acylation/dealkylation process déscribéd herein. Generally,
the solvated hydrochloride salt is dissolved in a hot solution,
from about 50° C to about the reflux temperature, comprising
" methanol and water, where the water is about three percent to
about ten percent by volume. The resulting solution can be
filtered to remove insoluble impurities. The solution, or the
filtrate, is concentrated by distillation of the solvent,
producing the non-solvated crystalline material. This non-
solvated crystalline material is isolated using standard
techniques, such as by filtration and drying. This hot
methanol/water crystallization process can be used for the



carbon, if present, and any insoluble inpurities. The filtrate is
optionally extracted with an aliphatic hydrocarbon sol vent, such as hexane
or heptane, to renove certain residual solvents used in the

acyl ati on/ deal kyl ati on reacti on. The extraction step is required when
the acyl ation/deal kyl ati on reaction is cat?ied out in aromatic sol vents,
such as o-dichl orobenzene. The nethanol solution is acidified with
hydrochl oric acid, such as gaseous or aqueous hydro-chloric acid, causing
crystallization of 6- hydroxy-2- (4-hydroxyphenyl) -3- [4-2-
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conpl ete criRtheisalydhes rhaheigidoths: balling \RQint jafe ther sPlyentoint the
by filtratigeivaekl dvedibgsdtpangabsutacgs® dhe new, non-sol vat ed
crystalline form of 6-hydroxy-2(4- hydroxyphenyl) -3- [4-

(2- pi peridi noet hoxy) benzoyl] benzo[b] thiophene hydrochl ori de can be .
prepared by a Thisndereodyseearystalil brapiacr gusodessn mesductes sthe atewl, hon+s

o L Rk GUONTR oo o ke g LR AT

ori de r
BO [ err] - caf arpiparadingethexyd heryryl F’aﬂnw ekshiophene Jurrpehloride as
General |y, 1&ggéokeatadquidrockyetals. sathessd chpsSdVethid pakicelarly on,
from about 500 C to about, the fo Lux_}enﬁerature, conpri si nethagol and
water, wher SIYRBERAEERS; dr RRAAHGHSR-5EPdEn Presess6R 1B ik CBRRUpgoture

volunme.  Tée thisl phagmackuticaligrubertl | ¢empound. r enivee exmmplbd) e the
of "the sol vERTIS EaaTAnAY, bt G R ettt e Bplalaf”
sol vat ed crfzeonl |the msarystialldzagdloat agediumg st andaraqsidohnwgsbed with
as by filtraph@anandoddnire sollVeht'Yesidues, and are easily handled in
the drying process. Using laser light diffraction techniques
to estimate the particle size of these large crystals, the

average particle size is larger than 100 microns.

The following examples further illustrates the present
invention. The examples are not intended to be limiting to
the scope of the invention in any respect, and should not be
so construed. . All acylation and dealkylation experiments
were run under positive pressures of dry nitrogen. All

' solvents and reagents were used as obtained. The percentages
are generally calculated on a weight (w/w) basis;'except for
HPLC solvents which are calculated on a volume (v/v) basis.
Proton nuclear magnetic resonance H NMR) spectra were
obtained on a Bruker AC-300 FTNMR spectrometer at 300.135
‘MHz. Melting points were determined by a differential scanning
calorimetry (DSC) in a TA Instrument DCS 2920 using a closed
cell and a heating rate of 2° C/minute. The X-ray powder
diffraction spectra were pbtained in a Siemens D5000 X-Ray
Powder Diffraktometer, using copper radiation and a Si(Li)
detector.



met hanol /water crystallization process can be used for the 19
preparation of the non-solvated crystal formfromcertain crystalline

sol vates, wherein the boiling point of the solvent in the solvates, wherein
the boiling point of the solvent in the sgpvate is |ess than about 850 C
This second recrystallization process produces the new, non- solvated
crystalline formof 6-hydroxy-2-(4-hydroxyphenyl)-3- 4-

(2- IE)I per: di noet hgx@@q_&wﬂj&gz‘,ﬁ%} t@m% hycfi—[memdlﬂ& 2®nipdleddon
rect angul ar stal.s ese stal s, are, particul ar Y ous
pr oductgl on- s Py Rerf He® nat @t%ﬁ‘% Iﬁqt?#asp% RS el
pharnaceutlca&é@eummﬁLprmmmmmmgmthe daid eclabgt &de, tﬂhﬁIEnqmuhaedﬂéhgular

tals f N
medi um ar Zc'e%éf“ﬁé&mﬁiﬂﬁéf%*?h ol &Fi?’-‘d ?&%%W EEHeR Mg o B
easi |y handl ¥TE tFRUWRR ni? r%%é§s déB?rF+E&ﬁ)cﬁ%?§%E§|%%th

techni ques t 05 efixtwEe ébes@amﬂlﬁh@sﬁh&@eOfKﬂﬁﬁﬁﬁ bmHQQOCmMSb@t&ne- t he
average particle size is larger tha

ni gné The f ggﬁ%
further |IIus??%f%%aﬁﬁe(%ﬁe%eﬂl/?ﬁQEﬂ?%Bﬁl 654 1es “ht¥ehided to
be ||n1t|ngdt@oﬁﬁ@uﬁﬁoﬁésanfﬂﬁatgigﬂtvﬁﬁhlmeﬁnanébsp@md aﬁawyzﬁdnﬂshmgnabe
SO construe atiop _and de i onexp r
posi tive pr es@ﬁ?&i 8?¥eﬁr§egﬁf??88eﬁ€an¥ 15 5en éé%dé r?e‘%%sre éﬁﬂé@g&
used as obt ai bpdthe Fddipeovenfagbsubr . gembrafl9hea¢©L¢e§thnWﬂ%iﬁmﬁ@#ﬁon

(ww) basis; géCfpﬁmeE iBLE ngegasninatw&hs'ﬂ ar@héalz&éhf‘éﬁﬁjg QRY 8 Y20 WiBs

(v/v) basis. Proton nuclear gneti c_resonance (1. 'H NVR) spectra were
obt ai ned on aSBPhﬁérVPHDSQQS¢YhmRﬁsﬂééPWGﬁeF@rdﬁflgﬁﬁli%S N&Etemk§9|ng

points were dgtghebsedab¥tandtthiecenti akL)swaBnhBfed followed by dilution
to 100 mL with the eluent described above.

The acylation, dealkylation, or acylation/dealkylation
reactions were also monitored for completion by HPLC. A

sample of the reaction mixture was assayed using a Zorbax RX-
C8 column (25 cm x 4.6 mm ID, 5 pparticle), eluting with a

gradient as shown below:

Gradient Solvent System

Time (min.) A (%) ' B (%)
0 _ 60 40
5 ' 60 ' 40
10 : 45 . 55
20 | 38 62
25 . .45 55
327 45 : 55
37 - 60 40

42 : 60 40 .

A: 0.05 M HClOg (pH=2.0)

B: acetonitrile



calorinetry (DSC) in a TA Instrunent DCS 2920 using a closed cell and a
heating rate of 20 C m nute. The X-ray powder diffraction spectra were
obtained in a Sienmens D5000 X-Ray Powder Diffraktoneter, using copper

radi ation and a Si(Li) detector. 20 Thgyreactions were generally

nmoni tored for conpletion using high performance |iquid chromatography
(HPLC). The reaction producing the acid chloride, the Formula |1l conpound
wherein R6 is chl aitie wesctiom tnoinaohres iwag anddyized B¢ @ ledinm,a (R5 dm x

4.6 mm | D, 5 upart.c I it . _XtAdr.6 ~0f . te [err] and
10 mM oct ane-o '%I onga%ﬁepf%ﬁé% %al'cg{lg:rﬂar itsllée' FG&@%)%%?%E@I a lll
conpound was Sderihantivedthe tmohahdisiuoaef afe yassvisdiadd iZafciIng V& er

reference st b HE 4 eachi Dy Washj@ni tored by the addition of about 0.3
mL of the acid chloride solution to 1 nL of HPLC grade nethanol. The

resulting m xture was shaken vigorously and allowed to derivatize. After 30
m nutes, acetonitrihe &fovhit VBSréstttetyd)l lofved HparbstyHa-oM tloydBekg- wi t h

t he el uent -descri bed aboye.. The acylati deal kyl ati.qn, or 1

acyl ati on/ deé?s}k%ffyaf ] bﬂ' %éé? TB?‘Be’V?\ﬁlenoa?ng{)o’ﬂ@%%%zro dll(f)%érnzc%h% RioRnese
HPLC. A sanplleyydfodhboridet innthe x¢uy st adalsirees setsarissi npwridy baraRX- C8
colum (25 ¢ %! ? I p 1 i Ng Wt f efteas shown
bel ow. G adi reTah%(t 0 %/‘g%?fi %s?gﬁq %H&%ﬁ%%ﬁﬂd& VA %&Aﬂfo © . B
(9% .0 crystalline sggid (5 mg) was weighpd; into a 100-mL volumefggic
40 flask, and dissolved in a 70/30 (v/v) mixture of 75 mM

potassium phosphate buffer (pH 2.0) and acetonitrile. An
aliquot of this solution (10 P L) was assayed by high

performance liquid chromatography, using a Zorbax RX-C8
column (25 cm x 4.6 mm ID, 5 pparticle) and UV detection

(280 nm); The foilowing gradient solvent system was used:

Gradient Solvent System (Purity)

~ Time (min) A (%) B (%)
' 0 " 70 30
12 -70 ' 30
14 25 75
16 70 , 30
25 70 30

A: 75 mM KH3PO4 buffer (pH 2.0)

B: acetonitrile

The percentage Sf 6-hydroxy-2- (4-hydroxyphenyl) -3-[4-(2-
piperidinoethoxy)benzoyllbenzo[b]thiophene hydrochloride in
the sample was calculated using the peak area, slope (m), and
intercept (b) of the calibration curve with the following '
equation:. '

$ purity = peak area - b X sample volume (mL)
m sample weight (mg)




10 45 55 20 38

62 25 : - 45 55 32 ' 45
55 37 60 40 42 60
40 A: 0.05 M HC104 (pH=2.0) B: acetonitrile 21 The reaction m xture was
anal yzed by diluting a 0.1 to 0.2 nlL sanBPe to 50 nL with a 60:40 mixture
of A/B. Simlarly, the nother liquor of the recrystallizations was sanpl ed

in a simlar mannghe IRBUABDYPEYEERE LR a8E SIo DieRt NYSHi €t Ya - hde Hymld DXY -
phenyl)-3-[ 4- Z-ﬁégerldlgo tBox benzaqyl ] benzo béthlo hene h drochgride in
the trystal | $HaaHaLer PE| L¢ AGPLEYTObRS R Sr i TRICRY Thetho) FRYFRAL hitRod. A
??ane ofdtgaatey$amlEbndetekmdnea by ) gamscheoghedgraply a 180samplel afetric
ask, an | SSO ' 0L39: KV | Xt . assi hosphat e
butter (ph 205 5Eg8caa TnlDsBRi0V NS MRE WS 9L HeALREo AL YRR OP PN
assayed by hvghumettracmideskl.i godddissekaedgiapaysolvt hgnaocko? bRt fxo

colum (25 cppXo4s6mBymky % WiRBEhithe) FRIGLY JRt gahpe8 6286n08). The
foll ow ng gradient solvent system was used: G adi ent So]vent System

(Purity) TiHEOGHFH?n was am Mged on a gag %bgo@atograp usingpa DB Wax

30 12 column0 (30 m x 0.53 8@ IN, 1 ppartichs), with a coluymn flow
of 10 mL/min and flame ionization detection. The column
temperature was heated from 35°C to 230°C over a 12 minute
period. The amount of solvent was determined by comparison
to the internal standard (2-butanol), using the following

formula:

: C E G I
% solvent = — —_ —_
p *F *H™

wherein: .
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 (%)

H T Q@ ™ ®E U
]

_ Preparation 1
6—Methoxy—2—(4—methoxyphenyl)benzo[b]thiophene

A solution of 3-methoxybenzenethiol (100 grams) and
potassium hydroxide (39.1 graﬁs) 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'-

' 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 goncentrated
in vacuo, and the residue treated with water (200 mL). The



16 70 . 30 25 _ 70 30 A 75 M
.err] buffer (pH 2.0) B: acetonitrile The percentage of
6- hydr oxy- 2- ( 4- hydr oxyphenyl ) - 3-[ 4- (2- pi peri di noet hoxy) benzoyl

benzo[ b] t hi ophene hydrochloride in the s | e was cal cul ated using the peak
area, slope (m, and intercept (b) of the calibration curve with the
follow ng equation: %opurity = peak area - b sanple volune (nL) m

ﬁpﬁgﬁo}/\ei g?tﬁanol inogr ngi%%t-uc}ieechl 0 (r)ttert h d:Ge’m’ﬂrgGéttl@'c1 Setﬁh Y I e

: : , 2- [ ane, present in the cryst i.n

material i s RAASETYRRP W%Wonﬁ%%ﬂl%m &% “E‘_‘?V?}%r Ve 1 ne
so: i 1(::I (50 ][Tg\)at\t/)ats let)gh%%%igﬁﬂ) k&daf).kbdnaédﬁ wEut oorf | e2k),, andl dicsliainved in a
solution o --but.ano : [ [ | ' ]ﬁﬁ'{“g this
sol ution mascﬁ?ﬁ)ﬁeeas%ﬁu%l%%gpjc r’orra#}begr%@ gﬁluis(?%ﬁﬁg%%@x& co urrxﬁl%o m X
0.53 nm | D, dver peagnesim sulfate cofikteredw aid 1@vanoratedie damess

i oni zati on I.on. . cOl fg{.ﬂger L YasedifRhash Ct
230[err]C oslgé e‘gé‘li"ggnt%%u e&%eérk?woaé The ifn%n% of _sol ventér\{/\%rsm’glg{)g‘lﬁ edoby
conpari son teethexyaeetoRipeRoRR dar B2 -BRiReR PyOdYeh 2% h%W%‘?a}]cMi?Fdf

fornul a: % splMeihethaXol andXwash&d[with MERagénto GGiveal’® @famo] vent in
sanpl e . .
Melting point 53°C. '

_Polyphosphoric acid (930 grams) was heated to 85°C
and treated with the intermediate product from above
(124 grams) in small portions over 30 minutes. Upon complete
addition, .the resulting mixture was stirred at 90°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. The
resulting mixture was treated with water (100 mL) producing a
light pink precipitate. Thé 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-methoxy-
phenyl)benzo[b]thibphene. This crude product was slurried in
hot methanél, 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.

Preparation 2

Ethyl 4—(2—Piperidinoethoxy)benzoate

A mixture of ethyl 4-hydroxybenzoate (8.31 g), 1-(2-
chloroethyl)piperidine monohydrochloride (10.13 g), potassium
carbonate (16.59 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 monohydrochloride (0.92 g). The resulting mixture



D = average ratio of standard for specific solvent E = average wei ght of
standard F = weight of sanple (ng) G = volune of sanple (10 nL) H = vol une
of standard (10,000 ML) | = purity of standard (% Preparation 1

6- Met hoxy- 2- (4- met hoxyphenyl ) benzo[ b] t hi ophgne A sol ution of

3- met hoxybenzenet hi ol (.100 grans) and potassi um hydroxide (39.1 grans) in
water (300 nL) was added to denatured ethanol (750 ni), and the resulting

m xture cool r The .C d
net hoxyphenaq{'1 brega%%ae t%&iGéAder'%%el ﬁggg%ég%gsv‘ﬁ?niffﬁégnlg Ehlﬁ layer
S

conpl et e additEsPatQE IR uf W% & if dFaaHe&d@lltaFGﬁalantder‘Ftrﬂ%t es,
then al | oved ddetsrddd et GOt £ EI@L Fildty] affines (mmr :8Q 1how/sy) th%dﬂi«iiusr&al

was concentrated .in vac d t e treat 0 nL Th

23 resul ti ng Hf v%‘ésj} ggt%l?i{] %%é(q#ﬁlpffét S\Mhé’ﬁ&otc%gloﬁt(?acg S8 ©
separ at ed. Traeiciafdgamtmbh!ahe skar et &d- hyidroxpdtearzogde) ess@di urs mwmt e
sol ut 2 i@ﬁi

theﬁ h(rjlne((j )(;V)Uéar n m%gg{e?&%g&fﬂ rfa(}c(tzi%-‘ glégcgcorat S’fot ryn‘g%\é@:?%h

vacuo to gi vevagt@r g&%nmmlef an@3ahbrt>vmﬁ<ﬁmm Rico jropm m@m%pheﬁ%ﬁ

This crude pré&l&é‘éué"’aﬁa§é¥5&§§|d2§&fdé&nd¥ﬁi hﬁf@'o rh s M th hexane to
give 158 granms. Melting @m nt 53 err;C ol \éB géphorl C aci (930 rans) was
heated to 85ROBGRNEFREELIIRi VACEALY MECnallatl Prolict LREMERSAE1D

oil was used in the next step without further purification.

Preparation 3
4- (2-Piperidinoethoxy)benzoic Acid Hydrochloride

A solution of the compound prepared as described in
Preparation 2 (about 13.87 g) in methanol (30 mL) was treated
with 5 N sodium hydroxide (15 mL), and heated to 40°C. After

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 give 83%
vield of the title compéund. Melting point 270-271°C.

Preparation 4 .
4- (2-Piperidinoethoxy)benzoyl Chloride Hydrochloride

A solution of the compound prepared as described in
Preparation 3 (30.01'Q)Iand dimethylformamide (2 mL) in
methylene chloride (500 mL) was treated with oxalyl chloride
(10.5 mL) over a 30-35 minute period. After stirring for
about 18 hours, the reaction was assayed for completion by
HPLC analysis. Additional oxalyl chloride may be added to
the reaction if the starting carboxylic acid is present.
Upon compietion, the reaction solution was evaporated to
dryness in vacuo. The residue was dissolved in methylene
chloride (200 mL), and the resulting solution evaporated to



(124 grans) in small portions over 30 mnutes. Upon conplete addition, the
resulting mxture was stirred at 90[err]C. After an additional 45 m nutes,
the reaction mxture was allowed to cool to roomtenperature. This mxture
was treated with crushed ice while the mxgure was cooled in an-ice bath.
The resulting m xture was treated with water (100 nlL) producing a |ight
pi nk precipitate. The precipitate was isolated by filtration, washed with

\g/at e { hand gea?ﬂ@{sﬁ .anéhdﬁi a@lsi)sgl%%(i@ﬁ/?ﬁaﬁgﬁgtﬁ%n% ip¥@cbEArer ﬁﬁEdQE%:eated
- met hoxy- 2- (4- net hoxy- eny enzo I ophene. is cru pr.oduc S
el S 1 SR ST A S R R R e e g
resul ting sohag et etiodledras hesojldidabolri aedaf 0am of sdlurdenatia féthyllens),

filtered, wa Wit h ane, and dried in vacuo to 68 grans of the title
conpound. Nb%?ﬁ%§ﬁ§g AE%?BQ&QQO.SOC. Preparation 2 Ethyl -

4- (2- Pi peri di noet hoxy) benzoate A mixture of ethyl 4-hydroxybenzoate (8.31
9), 1-(2- chloroethyl)piperidine nmonohydsgeisoii de (10.13 g), potassium
carbonate (16.59 g), and nethyl, ethyl ketone (6 was heated to

0 nL
80[err]C. After one hour6-¥gk ﬂ¥¥f%ré4mEStE%§YBBeP¥1é56U{455%érr]C:and

treated with adgiipieaakinbetBosk) Deaebil benkbl®yittiiapheneohydrochl oriide
(0.92 g). The resulting m xture 24 was heated to 80[err]C. The reaction

And ethyl “acet ot o/meBrtIEd 40/ SR o e A% e ash, M

portions of R{Paotdwiraetlhyl8 pi6araisie dndlrduhiasri dlecharar istid e apadad tdse

starting 4- h%&&yi%qq{ q)xeesﬁa%:raéi%rp%ns(“ﬂma.(b grams) in methylene chloride
(350 mL) was cooled to about 20-25°C. The cool 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
iﬁ situ HPLC yield based on a 6-methoxy-2-(4-methoxyphenyl) -
3—[4—(2-piperidinoethoxy)benzoyl]benzo[b]thiophene standard
was 88%. '

Example 2
6-Hydroxy-2- (4-hydroxyphenyl) -3-{4-(2-
- piperidinoethoxy)benzoyl]lbenzo[b]thiophene Hydrochloride
1,2-Dichloroethane Solvate
(Crystal Form I)

A solution of'6—metﬁoxy—2—(4—methoxyphenyl)-3—[4—(2—

piperidinoethoxy)benzoyl]benzo[b]lthiophene hydrochloride

(2.0 g) in 1,2-dichloroethane (20 mL) was treated with boron
trichloride (2.0 mL).” The resulting mixture was stirred at
35°C for about 18 hours. A mixture of ethanol and methanol
(10 mL, 95:5, 3A) was treated with the reaction mixture from
above, causing the alcoholic mixture to reflux. Upon
complete addition, the resulting crystalline slurry was
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



Upon conpl ete reaction, the reaction mxture was treated with water (60 ni)
and allowed to cool to roomtenperature. The aqueous | ayer was di scarded
and the organic |ayer concentrated in vacuo at 40[err]C and 40 nm Hg. The
resulting oil was used in the next step wpghout further purification.
Preparation 3 4-(2-Piperidinoethoxy)benzoic Acid Hydrochl oride A solution
of the conpound prepared as described in Preparation 2 (about 13.87 g) in

met hanol (30 gahideraitfirealced on batdensadi uachyrdicani ¢e thatnkgpognedhdat ed
to 40[err] C. After .4 1/2 _haqurs, water g@g m.) was added. The resulting
mxture was GO o SRS PEIn45Concent rat ed hydrochloric acid (18
m.) was added sl owuritihe t&0t.12& conpound crystallized during acidification.

This crystalline produgct lLect.ed,byof i t] ' in vacuo at
30-50[ o111 C to gi v IR GrefRe " Y (SRR
270-271[err] C. Preparation 4 4-(2-Piperidinoethoxy)benzoyl Chloride
Hydrochl oride A solution of the conpouggampeeased as described in

&

Preparation 3 (30.01 g) and di met hyl forr de n_) .i n pethyl ene chloride
(500 nmL.) was treated mﬁtﬁ"§¥gF9FYE F&&T ?ﬁYéﬁﬁEYibng?g_ -35 mnute
period. After sigifgdridineetioost) bdhzbell dentziod bleddophensaydseapédriide

conpl etion by HPLC anal ysi s. Agd#%ﬁgngi%gégéﬂénghggibgﬁenay be added to the

reaction if the starting carboxyfic acl S presen pon conpl etion, the
reaction solution was evaporated to(Crystss Fornvatlo. The residue was
di ssolved in nethylene chloride (200 nL), and the resulting solution

evaporated to 25 . .
A mixture of the compound prepared as described in

Prepafation 2 (15 g) and dimethylformamide (0.2 mL) in 1,2~
dichloroethane (250 mL) was cooled to 0°C. Phosgene

(8.25 mL) was condensed in a cold, jacketed addition funnel
(-10°C), and added to 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
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.l (13.52 g). The resulting solution was cooled
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 reactidn solution was treated
wifh édditional boron’trichlofide (12.8 mL). The resulting
solution was heated to 30°C. After 15 hours, the reaction
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/demethylétion reaction flask was rinsed with
additional ethanol (30 mL). The resulting slurry was allowed



dryness.” This di ssol uti on/evaporation procedure was repeated to give the
title conpound as a solid. The title conpound may be stored as a solid or
as a 0.2 Msolution in nethylene chloride (500 nL). Exanple 1

6- Met hoxy- 2- (4- et hoxyphenyl ) -3-[4-(2- :
piperidinoethoxy)benzoyl]benzo[b]thiophe%@ Hydrochl oride A m xture of the
conmpound prepared as described in Preparation 1 (8.46 grans) and the acid.

chloride pr%Bar&%la%&%ﬁ%ﬂ&a%rﬁ@awtw@ﬁrﬂ ?0 grAéfrEBe)r idhdTBiduy efre

chloride (350 nL) was cooled tqQ about 20- [err] he coal, mxture was
treated wit FOS8F SIEMRGIHIWFE de i Gyfbal l&ﬁ'@ pﬁ@dv‘s&m% ikbanack

:jTEChambCSl | gva%lhéd %cﬂ%mm I 07 \hﬁﬁ TRt @&ﬁdsz)étHBlaccl dughn@'g'fc-l&@ agsay
;fé['ho)e(y gggﬁr%ﬁ]gqfﬁh%g‘}?é‘ttefué Somgbudld U R4 Rasgd on a

3- [ 4- ( 2- pi peXiififi reomt dux ypdoenenay | 1 erepafrdiledhiiop Mahd es tlan d el sy §8%nt
Exanpl e 2 6--Hyud oXy- 2- (4- hydr oxyphenyl )-3-[4-(2-

pi peri di noet hoxy benzoyl]benzq%b]thiophene Hydrochl ori de 1, 2-Di chl or oet hane
Sol vate (Crystal Bwf¥iy) AMBBeol%tion of

6- met hoxy- 2- (4- mef hpxypheiytdethdde { 2-0.55 molar equivalents (1H NMR)
p|per|d|noethoxy)benzoyl]benzo[b]th|ophene hydrochloride (2.0 g) in

1, 2-di chl oroethane (20 nL) was treated with boron trichloride (2.0 nL). The
resulting m xture was stirred at 35[eEfc]aﬁpﬂ.er4about 18 hours. A mxture of
et hanol and net hanol (1%@_

A) f eact ion
m xture from above, cau5|naqf ?cgﬁ ng% $ﬁ%§y}2‘#e#? “Upon conpl ete
addition, the mﬂnmdvgmﬂt;kmwnbmcsdldheylzwdb]shmp@@rm Mmqﬂbrwet er

one hour, the crystalline pr Oquétn%ﬁlé%éﬁgﬂ £ with cold ethanol
(10 nL), and dried at 400C e ¥6EVEHe
(Crystal Form II)

A mixture of the compoﬁnd prepared as described in
Preparation 1 (2.92 g), the compound prepared as described in
Preparation 4 (3.45 g), and 1,2-dichloroethane (52 mL) was
cooled to about 0°C. Boron trichloride gas was condensed
into a cold graduated cylinder (2.8 mL), and added tolthe
cold mixture described above. After eight hours at 0°C, the
reaction mixture was treated with additional boron
trichloride (2.8 mL). The resulting solution was heated to
35°C. After 16 hours, the reaction was complete.

Methanol (30 mL) was treated with the reaction mixture
from above over a 20-minute period, causing the methanol to
reflux. The resulting slurry was stirred at 25°C. After one
hour, the crystalline product was filtered, washed with cold
methanol (8 mL), and dried at 40°C in vacuo to give 5.14 g of
the title compound. Because of the difference in work-up '
condition, the crystalline solvate differs from that obtained
in Example 3. 'Melting point 225°C.

Purity:' 86.8%

1,2-Dichloroethane: 6.5% (gas chromatography)



In vacuo to give 1.78 g of the title conmpound. The X-ray 26 powder
di.-ffraction pattern is identical to that reported in Table 1. Melting point
255[err]C. Purity: 80.2% 1, 2-Di chl or oet hane: 7.5% (gas chromat ogr aphy)
Exanpl e 3 6- Hydr oxy- 2- (4- hydr oxyphenyl ) -39g4-( 2-

pi peri di noet hoxy) benzoyl ] benzo b]t hi ophene Hydrochl ori de 1, 2-Di chl or oet hane
Sol vate (Crystal Forml) A mixture of the conpound prepared as described in
Preparation 2 (15 g) and di et hyl f or magi ig 2 n) in 1,2- dichloroethane
(250 nL) was cooled to O%err]C Phos ene é m.) was condensed in a cold,
jacketed addition funnel 5CHY QFVT@y 45k 58§¥Bhﬁﬁ LhAe3cdhd (Aixture over a

period of two nipiyeas ditedirsatbeoilybeneomms tsdim b Wiardcridedd C.
After about two and one half hours, the reaction was assayed by HPLC for
conpl eti'on. Additional phosgene may be added to drive the reaction to
conpl eti on. Excess phosgbaecamﬁoumdmnﬁmpaged&nsudns&sibédeﬁncExample 3

30-32[err] C a{@ d- Ozt %@slﬂ%ﬁé%%%eéﬁgﬁ&tﬁéfﬁé déos orh he

reaction solution Was treated wt e conpound prepare cribed in
Preparati on ltgm@erptyre. Th%hﬁegwwlwgsdnmn%e vig@s c%m@e@e@ ioflera) C

Boron trichl ogspec{dn 8 nbdayes ﬁ@@ﬂ&ﬂﬁﬁg m §Qﬂréﬂ&ﬁé?diﬁﬁﬁéiﬁﬁﬁoland
added to the d reacti n m Xt ur ht hours at t he
reaction soluf}éﬁmﬂbs tf EPEdCRPPﬁe5% B%?ona?F+¥?#?§ %EF??? 8 ).
The resul ti ng(&o4 ugtrams WaBaheat 8660 p Eﬂﬂﬁicﬁﬁ¢mem15cboursnctheﬂihﬁaﬁkee,
WI) was added to the solution. After 30 minutes, the slurrxry
was filtered through Whatman #1 filter paper precoated with
diatomaceons earth {(Hyflo Super Cel®ﬂ Aldrich Chem. Co.).
The filter cake was rinsed with methanol (10 mL). The
_combined filtrate was treated (dropwise) with 2N hydrochloric
acid (4 mL). The resﬁlting slurry was stirred for 60 minutes
at room temperature, and filtered. The filter cake was |
rinséd with cold methanol (14 mL, 0°C), and dried in vacuo at
60°C for about 18 hours to give 3.00 grams of an off-white
free flowing powder. Melting point 262°C. The X-ray powder
diffraction pattern was the same as that shown in Table 1.
Purity: 99.1%
Related substances: 0.85%

_ Example 6
6-Hydroxy-2- (4-hydroxyphenyl) -3-[4-(2-piperidinoethoxy) -
benzoyl]benzo[b]thiophene Hydrochloride 1,2-Dichloroethane
Solvate (Cxystal Form I)

A saturated solution of 6-hydroxy-2- (4-hydroxyphenyl) -3-
' [4- (2-piperidinoethoxy)benzoylibenzo [blthiophene hydro-
chloride was produced by stirring a slurry of the compound
prepared as described in Example 5 in methanol at room
temperature-overnight. This mixture was filtered (Whatman #1
filter paper). A pdrtion of the filtrate (20-25 mL) was
placed in a 50 mL Erlenmeyér flask. This flask was placed
" within a glass jar (3.5 in. x 4 in.) containing 1,2~



was monitored for conpl eti on by HPLC. A nixture of ethanol and nethanol
(125 m., 95:5, 3A) was heated to reflux, and treated with the reaction
solution from above over a 60 m nute perlod Upon conplete addition, the
acyl ation/denet hyl ation reaction flask wasgrinsed wi th additional ethanol
(30 mL). The resulting slurry was all owed 27 to cool to roomtenperature
wth stirring. After one hour at roomtenperature, the crystalline product
was filtereddivhibedethiheetaboat (F5mhl), Tnd jaredasatsedDw iandathe to

Jovercoa i 0 Sbpbifiatibheu8aTRONBHea BE SebAY BRIEBOn It LhbEdd G Pt ASERL ! ©

reported in
1, 2- Di chl or o8&hhnurso. ssng@eacryqua&algﬁdscpxsﬁnm¢&ZE§aﬁﬁ@% the meHhanelo.

(4- hydroxyph%eihkloﬁ [ 4mhe3e Bipethdisneerhoxy) bepsayhhbeazodd] ihi vabaoe
Hydrochl ori de 1, 2-Dichl.oroethane Sol vate (Crystal Formllgs[ﬁee xture of the

¢
conpound pr eMEREANGS PRARE, ?Béocr n 'ﬁ?%p‘é% tah styuckre)w CoRpotm
prepared as %@t@rbbsdemanerapmvataonomatad4ﬁogr camdlé, @iffcatoometaane (52

m) was cool g% tn%l h%r‘%fn@l:gc %%gg% c&;dafibe&bﬁe (43S MBI 196Aenseatd Nto a

col d graduat ed to the cold m xture described
above. After cmygitlamtsmmc&mm[ was] Golvied nsiogi Shenibirgrt mashedsareytiien

addi ti onal bq&&&.%ﬁ% gﬂ#;ﬂ&%i%ﬂﬁﬁ fga%aﬁpgqb&hgg sokyl i ORavesxheaked -t o
35[err]C. After ours e reaction was conpl ete:
sguares refinement was conducted with anisotropic temperature

factors for all atoms except hydrogens, wh;ch were included
at calculated positions with isotropic temperature factors.
The final R-factor was 8.02%. The crystal data is shown
below.’

Crystal Data

Space group c2/c
Unit all dimensions - a = 20.720(7)A
b = 9.492(2)A
c = 28.711(4)A
B=96.50(2)°
Volume 5610 (2) A3
Density (calc.) 1.409 mg/m3
Absorption coefficient 3.951 mm1

The X-ray structure clearly shows that the crystalline
material is a 1,2-dichloroethane solvate having a 1:2 ratio
of molecules of 1,2-dichloroethane té'molecules of 6-hydroxy-
2—(4—hydroxypheny1)—3—t4—(2—piperidinoethoxy)benzoyl]benzo-
[b] thiophene hydrochloride.

Exanmple 7
6- Hydroxy -2- (4-hydroxyphenyl) -3-[4- (2—p1per1d1noethoxy)—
benzoyl]benzo[blthiophene Hydrochloride

A solution of sodium hydroxide (0.313 g) in methanol



Methanol (30 nL) was treated with the reaction m xture from above over a
20-m nute period, causing the nethanol to.reflux. The resulting slurry was
stirred at 25[err]C. After one hour, the crystalline product was filtered,
washed with cold nethanol (8 mi), and dried at 40[err]C in vacuo to give
5.14 g of the title compound. Because of the difference in work-up
condition, ‘the crystalline solvate differs fromthat obtained in Exanple 3.
Mel ti ng point 225[err]C. Purity: 86.8% 1,# Di chl oroethane: 6.5% (gas .
chr omat ogr aphy) 28 Exanple 5 6-Hydroxy-2- (4-hydroxyphenyl) -3- [4- (2-
pi peri di noet hoxy) benzoyl ] benzo[ b] t hi ophene Hydrochl ori de The conpound
prepared as described in Exanple 3 (4.0 granms) was slurried in nethanol (30
m.) at roomtenperature. The resulting mixture was treated with a solution
of sodi um h{#® cMEde vesssﬂslgitaﬂsylm m&h‘aimal( methanolar (30 mohpl et"éhls

di ssol ution, activated carbon ns, Darco G 60, Aldrich Chem

Inc., M| waBREBE igp) vags trgate tow%ﬁﬁ EB?U??@PP“néﬁtEFeBErﬁﬁnu?ésdeFﬁﬁlbed

slurry was filtered.thrqu filter precoated
Gi at onacoonthERRRPLR)T 31 §dsind) - Coi AEFFF 45/ mPREERRS ’E?P‘)‘ thigeratys.
cake was ri d ng*
(dropwi se) gﬁ?hs§kﬁhlgﬁoch Orlgiggfgé(4(ﬁE§IE enfg%% Séi? f éﬁ&a{ﬁg
stirred forfﬁﬂtakn%ageﬁt £ PRELA € PRI dthan@ld (! med Tﬁeefnhysﬁeca&s
was rinsed with cold nmethanol (14 nL, [err]C), and dried in vacuo at
60[ err] C f otrahesll #3thour N hgagb¥R1Srfe ieid Of m) Pfprodhéing a
| crystalline slurry. After 1 1/2 hours, this crystalline
product was filtered, washed with methanol (5 mL), and dried
at 45-50°C in vacuo to give 2.103 g of the title compound.
The X-ray powder diffraction pattern was the same as that

reported in Table 1. Melting point 261°C.

Purity : 96.5 %

Example 8
6-Hydroxy-2- (4~hydroxyphenyl) -3-[4- (2-piperidinoethoxy) -
benzoyl]lbenzo[b]thiophene Hydrochloride

A mixture of the compound prepared as described in
Example 3 (50 g) in methanol (1125 mL) and water (60 mL) was
heated to reflux until dissolution was.complete. The hot
.solution was filtered’(Whatman #1 filtér paperj, and the
residue washéd with methanol (200 mL). The combined filtrate

was concentrated by distillation, removing 1207 mL.of



free flow ng powder. Melting point 262[err]C. The X-ray powder diffraction
pattern was the sane as that shown in Table |I. Purity: 99.1% Rel ated

subst ances: 0.85% Exanpl e 6 6-Hydroxy-2- (4-hydroxyphenyl) -3- [4-

(2- pi peridi noet hoxy) - benzoyl ] benzo[ b]thi ophene Hydrochl ori de

1, 2-Di chl oroet hane Solvate (Crystal Form1) A saturated solution of

6- hydr oxy- 2- (4- hydr oxyphenyl)-3- .
[4-(2-piperidinoethoxy)benzoyl]benzo[b]thiabhene hydro- chl ori de was
produced by stirring a slurry of the conpound prepared as described. in
Exanple 5 in nethanol at roomtenperature overnight. This m xture was
filtered (Wratman #1 filter paper). A portion of the filtrate (20-25 nlL)

was placed A @ Erl a i sk i . 0i

o ase jar (Fistitlae S WIUE it Inacbgs" BBppEaTTFRatbl BoBurs,
n) . The j aphbasestdt8haARAuriy “RABOLAALWEA ¥E8Scabl OVE dr-bOn SteRfephtu s8N
tenperature. After 24 hours, single crystals had crystallized fromthe -

met hanol sohulli was fhetareayst aftfe weyethllinre ok a4l ives washaliaitdebblag
point 273[err]C. The crystal structure was deterrined with a Sienens R3nV
aut onat ed f ¢OP-C) rméthdnbir Ja7omaLec usThisnnmatehialewas dopedr inastaetiboat
([err]= 1.54178A). The crystal structure was solved using the direct

met hods roubofe figeEFabouthdsshipurd) Peilh @ cijright indtaogen purgest i give

| east- squares refinenent was conducted with anisotropic tenperature
factors for 3879 goef darediras dlewdng, sahkidn wer BhenEtrapgodiffrackirat ed

positions with isotropic tenperature factors. . .
' pattern was the same as that reported in Table 1. Melting

point 275.6°C.
Purity : 99.4 %

Residual methanol : <0.6 % (GC)
Related substances : 0.51 % (HPLC)



The fi nal

Space group

9.492(2)A c = 28.711(4)A [err]=96.50(2)[err] Vol une

R-f act or mas 8.02%

5610(2) A3 Density (calc.)
3.951 mrierr] The X-ray structure clearly shows that the

mat eri al

2- (4- hydr oxyphenyl ) - 3: -

hydr ochl

- pi peri di noet hoxy) 1-
sodi um hydr oxj
addi ti onal

prepared as db%@?@ﬁh

oride.

The crystal

C2/C Unit all dinensions a

"y

data is shown below. Crystal Dat

20.720(7)A b

a

1.409 &8/ n8 Absorpti Oﬂlljﬂﬁﬂllmllﬁm Il

is a 1,2-dichloroethane solvate having a 1:2 rati © of rfol &cubes* of
1, 2- di chl or oet hane ‘to nol ecul es of 6- hydEKYMS

Example 7 6 -Hydroxy-2 - (4 -hydroxyphenyl)

tenperature, 8D9f§aéﬂibﬁ0%
ri nsed

filter

After 1
met hanol

paper

1/2 hours,
(5 n),

and dri ed

efﬂ'dﬁﬂéﬁ%eﬁmaiEHHEO

met hanol
with 2 N hydrochloride acid (4 ),

-[ 4- (2- pi peri di noet hoxy) benzoyl ] benzo-
-3-
beNeoykdbeazed itvsteiidme Hytydctky:2 €64 Aysdtaryi-on of
| {4l 4t h
mephe %?’go L8 3 piBitidoecnotd bella Bl pdlf CHTCLERHIED -
T

thx@ﬁlwlélmn(m sgbgyanx\iaély 4t5h¢n faltlaving Xoowy

produci ng a crystalline

[ b] t hi ophene
[4- (2

é—rffécife[tﬂﬁfper) and the
e filtrate was treated

slurry.

t hi s dellyseaspacingr oduct was fil tégfgd, washed with

(Angstroms) (x100)
13.3864 71.31
9.3598 33.16

. 8.4625 2.08
7.3888 7.57
6.9907 5.80
6.6346 51.04
6.1717 29 .57
5.9975 5.67
5.9135 9.87
5.6467 38.47
5.4773 10.54
5.2994 4.74
-4.8680 4.03

- 4.7910 5.98
4.6614 57.50
4.5052 5.75
4.3701 9.03
4.2516 69.99
4.2059 57.64
4.1740 65.07
4.0819 12.44
3.9673 22.53
3.9318 100.00
3.8775 9.07
3.7096 33-.38
3.6561 21.65



at .45-50[err] Cin vacuo to give 2.103 g of the title conpound. The X-ray

powder diffraction pattern was the sane as that reporte
Melting point 261[err]C Purity : 96.5 % Exanple 8 ﬁ“‘““mtlmnil““l“‘
6- Hydr oxy- 2- (4- hydr oxyphenyl ) - 3-[ 4- (2- pi peri di noethoxy) * ¢ bt " % °
benzoyl ] benzo[ b] t hi ophene Hydrochl ori de A3 m xture of the conpound prepared
as described in Exanmple 3 (50 g) in nethanol (1125 nlL) and water (60 ni)
was heated to reflux untid-jdhgsapytimp was conpl ete. yig hot sol ution was
filtered (Whatman # 1 filter paper), and the residue V@ﬁhed wi t h et hanol
(200 nL). The conbined fil tAngsErggs)concentrated by*di%Yi |1 ation, ienoving
1207 .nL of 31 distillate.3.59ning the distillation,3.3gystallization
occurs. The resulting slurry. | lowed to cool to ro nperature, and
was filtered. The crystalli r?é}%tﬁri al was washed vvithog]béﬁ (00 © nethanol
(170 m.). This material weak.4822d in vacuo at 600C fb8.G@Gbout 18 hours,
with a slight nitrogen pur gey iggive 38.79 g of tan frgesdlowi ng solid.
The X-ray diffraction pattern Was the sane as that reported in Table 1.

Mel ting point 275.60 C. Pur3t3738 99.4 % Resi dual nethd®e?3 : <0.6 % (GO

Rel at ed substances : 0.51 %{HRi{9 CLAI M5 8.90
| 3.1333 6.24

3.0831 9.43

3.0025 12.13

2.9437 4.96

2.8642 7.70

2.7904 | ~11.95

2.7246 _ : 3.05

2.6652 3.32

2.5882 - ' 7.30

2. The crystalline 6-hydroxy-2-(4-hydroxyphenyl)-3-[4-
(2-piperidinoethoxy)benzoyllbenzo [b]thiophene hydrochloride
of Claim 1 wherein the amount of 6-hydroxy-2-(4-hydroxy-
phenyl)—3—[4—(2-piperidinoethoxy)benzoyl]benzo[b]thiophéne
hydrochloride present'is at least 95% by weight. -

3. The crystalline 6-hydroxy-2-{(4-hydroxyphenyl)-3-[4-
(2-piperidinoethoxy)benzoyl]lbenzo[b]thiophene hydrochloride
of any one of Claims 1 and 2 substantially free from
chlorobenzene.

4, The crystalline 6-hydroxy-2- (4-hydroxyphenyl)-3-[4-
(2-piperidinoethoxy)benzoyllbenzo{b]thiophene hydrochloride
of any one of Claims 1, 2, and 3 substantially free from

aluminum salts 6r organoaluminum impurities.



1.." Non-sol vated crystalline 6-hydroxy-2-(4-hydroxy-
phenyl ) -3-[4-(2- p|per|d|noethoxy)benzoyl]benzo[b]th|ophen idrochlorlde

exhi biting substantially the follow ng X:ray dlffractlon mnﬂmmﬂ’

wi th copper radiation: d-line spacing

(x100) - 13. 3864 . 71.3134 3598
33.16 8, 4625 2.08 7.3888 7.57
6. 9907 5.80 6.6346 51.04
6.1717 29. .5. 9975 . 67
5 9135 5. The cryq;gg;1§§6gaqydroxy—2—(4-hydroxypheny%§j§7[4—
5.4773 (2-piperidinoethoXf}) bdnzoyPiknzo [b] thiophene hydrochldride
4, 8680 4,03 4. . 5.98
4 6614 of any one of ClagégSg %_%ﬁﬁé}antlally odor free. 5 75
4,3701 9.03 4. 2516 69. 99
4. 2059 6. A pharﬁgéé@{léai7f9rmulat1on comprising thebd. 07
4, 0819 .44 3.9673 %
3. 9318 crystalline compgg@ OQS3cqu@pd in any one of Claims 9t@75
3. 7096 . and one or more pharm38edt H&Hlly-acceptable carriers, 21.65
diluents, or excipients.
7. The crystalline compound as claimed in any one of

Claims 1 to_5 for use as a pharmaceutical.



33 d-1ine spaci ng I /1o (Angstrons) -(x100)

3. 5576 3.36 3.5037 7.97 3.4522
18. 02 3.4138 4.65 3.2738. ' 10. 23
3.1857 - 8.90 3.1333 6--24—3 ““ir
9. 43 3.0025 12.13 2.943B THIS SHEET HAS. B
2.8642 , 7.70 2.7904. . ~ REPIFEED. 7246
3.05 2.6652 3. 32 ReEBRRCT . 7.30 2.

The crystalline 6-hydroxy-2-(4-hydroxyphenyl)-3-[4-

(2- pi peri di noet hoxy) benzoyl } benzo[ b] t hi ophene hydrochloride of Caim1l
wher ei n t he anount Thé ﬁrhyénbxynﬁenﬂahyd1sx@1rected to a novel, non-
phenyl )-3-[4 i d e I epz hen roc Ior e
e ) Pl & SFLPAPE, CLROBLARNNhBCRERK! LECRZAY ALY 2DPE! i BYSioshhaph e
6- hydr oxy- 2- (3= h@df%xgpggﬁyﬂ}ngel:hoxy)benzoyl]benzo [b]th:.ophene

(2- pi peri di nogydesyhiperzagl.] benzo[ b] t hi ophene hydrochl oride of any one of
Caine 1 and 2 substantially free from chl orobenzene. 4. The crystalline
6- hydr oxy- 2- (4- hydr oxyphenyl ) - 3-[ 4-

(2- pi peri di noet hoxy) benzoyl benzo[ b] t hi ophene hydrochl or.i de

- This Sheét Has Been Ile'ilaced

S g




of any one of Clainms 1, 2, and 3 substantially free fromalum numsalts of¥?
or ganoal um num i npurities. 5. The crystalline
6- hydr oxy- 2- (4- hydr oxyphenyl ) - 3-[ 4-

( 2- pi peri di noet hoxy) benzoyl ] benzo[ b] t hi ophene hydrochlo RE@LA@ENﬁﬁﬂkSHEET.
Claims 1-4 substantially odor free. 6. A pharmaceuti cpl [Tornurattorn
conprising the crystalline conmpound as3sl ai ned i n any ope| of *ﬁ:l -{@9925 tio E
and one or nore pharmaceutically-acceptable carriers, dfl ents -

exci pients. 7. The crystalline cggggﬁﬂgTas clained infa '
to 5 for use as a pharnmaceutical.

Hng 1

NOVEL PHARMACEUTICAL PRODUCT

The present invention is direct_ed to a novel, non-
solvated, crystalline form of 6—hydioxy—2—(4-hydr6xyphen3}l)—
3-[4-(2-piperidinoethoxy)benzoyl]benzo([b]thiophene
hydrochloride.



