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"Background of the Invention
15 Mortality due to prostatic cancer when the strategem of

watchful waiting is adopted is generally low (9%-15%) in men
who have localized tumors. However, these rates pertaiﬁ to
patients with localized disease; they do not necessarily
apply to younger men at higher risk. Younger men with stage

20 Tla tumors have a longer projected period of risk than older
men with the same stage of the disease and are therefore
candidates for a potentially curative treatment. In studies
of watchful waiting, the high rates of disease progression
(34%~80%) indicate that few clinically evident prostate

25 cancers are dormant.

Radiation therapy has been widely used for Stage Tl or
T2 clinically localized disease, and has been preferentially
used in older, less healthy patients and those
with higher grade, more clinically advanced tumors.

30 However, this treatment neither cures nor eradicates all
cancer cells in men with occult metasteses.

Administration of estrbgens to decrease circulating
androgens is an effective hormonal ablative therapy for
disseminated prostatic cancer (J. Waxman, J. R. Soc. Med.,

35 78: 129-135 (1985)). Estrogen antitumor responses are
mediated primarily through decreases in circulating
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' “Selective estrogen receptor modulators” are defined as
compounds producing estrogen agonism in one or more desired
target tissues, together with estrogen antagonism and/or
minimal (i.e. clinically insignificant) agonism in

20 reproductuve tissues. Raloxifene possesses, in addition to
its antiestrogenic activity, the ability to act as a
physiological antagonist of androgen action in intact male
animals.

The PAIII adenocarcinoma in Lobund-Wistar rats is a

25 model that is useful in evaluating agents to treat
metastatic prostate cancer. When PAIII cells are injected
subcutaneously into the tails of male Lobund-Wistar rats, a
reproducible, time-dependent sequential spread of the tumor
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approximately 50% of American men over the age of 50 years
suffer from BPH. | _

BPH is the enlargement of the prostate gland caused by
benign overgrowth of the stromal tissue of the prostate and
leads to symptoms which include increased urinary urgency
and frequency which, if left untreated, can lead to
associated complications which include bladder and kidney
damage. o

The typical treatment for BPH is transurethral
prostatectomy, a procedure which is both expensive and time-
consuming. The mortality for transurethral resection of the
prostate has been reduced to 0.2% over the past thirty |
years, but the procedure itself has not changed
significantly in that time, and postoperative morbidity has
remained unchanged at about 18%.

An estimated 29% of men with benign prostatic
hyperplasia.will require surgical treatment. This
translates into more than 400,000 surgical ptocedures per
year. It has been estimated that, if current rates prevail,
a 40-year old man in the United States lives to age 80 will
have a 29% chance of a prostatectomy. .

The high cost of this procedure, both in time and
money, has generated considerable interest in seeking less
expensive and morbid means for treating BPH.

Brief Summary of the Invention
In accordance with the present invention, there is

provided a method for the treatment or prophylaxis of
prostatic cancer or benign prostatic hyperplasia (BPH) in a

i f
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or a pharmaceutically acceptable salt or pro-drug
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In the structure shown above, R! and R? are

10 independently selected from the group consisting of hydroxy
and alkoxy of one to four carbon atoms.

R3 and R4 are independently selected from methyl or
ethyl; or R3 and R4, taken together with the nitrogen atom
to which they are attached, form a pyrrolidino,

15 methylpyrrolidino, dimethylpyrrolidino, piperidino, s
morpholino, or hexamethyleneimino ring. -

Brief Description of thé Drawing
In the drawing:

20  FIGURE 1 is a plot of E2Rb binding activity in the

LNCaP human prostatic adenocarcinoma cell line.

Detailed Description
Throughout this specification and the appended claims,

25 general terms bear their usual meanings.
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The term “pro-drug,” as used herein means a compqund of
the present invention bearing a group which is metabolically
cleaved in a human to produce a therapeutically active

15 compound of the present invention. In particular, such pro-
drug compounds include those in which either or both of the
substituent groups R' and R® of the structure shown above

© are hYdroxy groups which have been protected by a
pharmaceutically acceptable hydroxy protecting group which

20 is metabolically cleaved in the body to yield a
corresponding monohydroxy or dihydroxy compound of the
present invehtion. Hydroxy protecting gfoups are described
in Chapter 2 of T. W. Greene, et al., “Protective Groups in
Organic Synthesis,” Second Edition, John Wiley & Sons, Inc.,

25 New York, 1991. Simple ether and ester groups are preferred
as pro-drug hydroxy protecting groups.
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10 The startlng material for one route for preparing

compounds of the present invention is prepared essentially
as described by C. D. Jones in U.S. Patents. No’s.
4,418,068, and 4,133,814. The starting materials have the
formula 1:

15

wherein R® and RS are 1ndependently ~H or a hydroxy

20 protecting group.

The RS and R® hydroxy protecting groups are moieties
which are intentionally introduced during a portion of the
synthetic process to protect a group which otherwise might
react in the course of chemical manipulations, and is then

25 removed at a later stage of the synthesis. Since compounds
bearing such protecting groups are of importance primarily
as chemical intermediates (although some derivatives also
exhibit biological activity), their precise structure is not
critical. Numerous reactions for the formation, removal,

30 and reformation of such protecting groups are described in a
number of standard works including, for example, Protective
Groups in Oréanic Chemistry, Plenum Press (London and New
York, 1973); Greene, T.W., Protective Groups in Organic
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For compounds of formula 1, preferred RS and R6
substituents are methyl, isopropyl, benzyl, and
15 methoxymethyl. Compounds in which R5 and R® each are methyl
are prepared via the procedure described in the above-
referenced Jones patent. -
Compounds of" formula 1 are also prepared in which the
R3 hydroxy protectlng group is selectively removed, leaving
20 RS as a hydroxy protecting group as part of the final
product. The same is true in the case in which the RS
hydroxy protecting group is selectively removed, leaving the
RS hydroxy protecting group in place. For example, RS can
be isopropyl or benzyl and R6 methyl. The isopropyl or |
25 benzyl moiety is selectively removed via standard
procedures, and the R® methyl protecting group is left as
part of the final product.
As shown in Reaction Scheme I, the first steps of the
present process for preparing certain compounds of the
30 present invention include selectively placing a leaving
group, R7 at the 3 position of a compound of formula l} to
form a compound of formula 2, coupling the product of that
reaction with a 4-(protected-hydroxy)phenol, 3, to form a
compound of formula 4, and selectively removing the RS
35 hydroxy protecting group to form a compound of formula 5.
In the sequence of steps shown in Reaction Scheme I, the
hydroxy protecting groups R3, R® and R® are chosen in such a
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In the first step of Reaetion Scheme I, an appropriate

10 leaving group is selectively placed at the 3-position of the
formula 1 starting material via standard procedures.
Appropriate R? leaving groups include the sulfonates such as
methanesulfonate, 4-bromobenzenesulfonate, toluenesulfonate,
ethanesulfonate, isopropanesulfonate, 4-methoxybenzene-

15 sulfonate, 4-nitrobenzenesulfonate, 2-
chlorobenzenesulfonate, triflate, and the like,_halogens
such as bromo, chloro, and iodo, and other related leaving
groups. However, to insure proper placement of the leaving
group, the named halogens are preferred,'and bromo is

20 eSpecially preferred.

The present reaction is carried out using standard
procedures. For example, when the preferred halogenating
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10 RSB is a selectively removable hydroxy protecting group.
Generally, the 4-hydroxy protecting moiety of the phenol may
be any known protecting group which can be selectivély
removed without removing, in this instance, the RS and, when
present, R® moieties of a formula 3 compound. Preferred R8

15 protecting groups include methoxyméthyl, when R® and/or R®
are not methoxymethyl, and benzyl. Of these, benzyl is
especially preferred. -The 4-~(protected-hydroxy)phenol
reactants are commercially available or can be prepared via
standard procedures. _ '

20 The coupling reaction between compounds of formula 2
and those of formula 3 is known in the art as an Ullman
reaction and is generally run according to standard
procedures [see, e.g., “Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure,” Fourth Edition, 3-16,

25 (J. March, ed., John Wiley & Sons, Inc. 1992):; Jones, C.D.,
J. Chem. Soc. Perk. Trans. I, 4:407 (1992)].

In general, equivalent amounts of the two aryl
substrates, in the presence of up to an equimolar amount of
a copper(I) oxide catalyst and an appropriate solvent, are

30 heated to reflux under an inert atmosphere. Preferably, an
equivalent of a formula 2 compound in which R7 is bromo is
reacted with an equivalent amount of 4-benzyloxyphenol in
the presence of an equivalent of cuprous oxide.

Appropriate solvents for this reaction are those

35 solvents or mixture of solvents which remain inert

throughout the reaction. Typically, organic bases,
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proprlaeso hi's reaction aret solrvents or m_xt ure of
sol vent shwérexyr EP?QltﬁCitﬁ-M group of a ormula 4 compound via well

known reduction procedures.' It is imperative that the
selected procedure will not affect the R and, when present,
15 RS hydroxy protecting groups. '

When R® is the preferred benzyl moiety, and R> and,
when present, R® each are methyl, the present process step
is carried out via standard hydrogenolysis procedures.
Typically, the formula 4 substrate is added to a suitable

20 solvent or mixture of solvents, followed by the addition of
a proton donor to accelerate the reaction and an appropriate
hydrogenation catalyst.

Appropriate catalysts include noble metals and oxides
such as palladium, platinum, and rhodium oxide on a support

25 such as carbon or calcium carbonate. Of these, palladium-
on-carbon, particularly 10% palladium-on-carbon, is
preferred. Solvents for this reaction are those solvents or
mixture of solvents which remain inert throughout the
reaction. Typically, ethylacetate and C;-C4 aliphatic

30 alcohols, particularly ethanol, is preferred. For the
present reaction, hydrochloric acid serves as an adequate
and preferred proton donor.

When run at ambient temperature and a pressure ranging
form about 30 psi (206.8 kilopascals) to about 50 psi 344.7

35 kilopascals), the present reaction runs quite rapidly.
Progress of this reaction may be monitored by standard



t hroughout the reaction. Typically, organic bases, WO 98/ 45288

PCT/ US98/ 07274 - .10 - particularly a hindered base such as, _for _exa

2, 4,6- coWQ/4288 are preferred sol vents. The tenperature eRFIEFEY0THA 4th| S
step is generally sufficient to effect conpletion of this coupling
reaction, 5 and will influence the—amgunt of tine required therefore. Wen
- the reaction mxture is heated to reflux under an inert atnosphere such as

N1 90C Nt it {1 0B5LR: SOVBLEL! Al MR g At 20 to about 60

hour s. 'ng o a “conmpoun o formul th one 10 of

f or mul ad}rqmtmmahygr mul a 4 conpound, fornula 5 conpounds are prepared
by sel ecti vel DyhNgnt REa B8 1 BRAERRE lectdﬂg}, Plepohogpula 4
conmpound_vi a%/lvel novvnnr egact |lon procedur es. $| %%eratlﬁ\)/e t at t he

sel ect edfQFBREYUB cCHPPUREy Aff &6t rteﬁé:t@é{ﬁd: \mﬁplﬁﬂ@é%tOflgormlﬁydroxy
prot &cting groups. Wien R8 is the preferred benzyl noiety, and R5 and, when
present, Rlerr] each are nethyl RARB-ICIBARE-Qor ocess step is carried out
via standard hydrogenol ysis procedures, Typically, the fornula 4 substrate
is added to a suitable 20 solvent or &ixture of sol vents, followed by the
addition of a proton donor to accelerate the reaction and an appropriate’
hydr ogenstiéeeinaR4l amd . RApprepas aiefiatdl phovei, nandl® rable vEimd soand

oxi 4gs SUele@RaBRY! 20hYBYoP! b FdHn A" Cpint ¥ £ & FUPPRLL )
formula 7 compound is then deprotected to form a compound of
formula I.



25 such as carbon or cal cium carbonate. O these, palladium on-carbon,
particularly 10% pal | adi um on-carbon, is preferred. Sol vent '
reacti on WOP8H8e sol vents or mixture of sol vents which reﬁgi.}r‘)[’rs?&@ﬁ‘

t hroughout the reaction. Typically, ethylacetate and Clerr]-(err]

al i phatic 30 al cohols, particularlyethanol, is preferred. For the present
reaction, hydrochloric acid serves as an adequate and preferred proton
donor. Wen run at anbient tqgpReleish CsdRemad Rressure ranging form about 30
psi (206.8 kil opascals) to abfourt >0 pPsT_34%4. 7 3o kil opascal s), the present
reaction runs quite rapidly. Progress of this reacthyn may be nonitored by
standard WD 98/ 45288 | R

PCT/ US98/ 07274 - 11 - omat ogr i ¢ techniques sugh thin | ayer
chromat ogr aphy. As sho%%ﬂin Reac?ggn Scheme II,Fﬁpgﬁ rep@ration of a

formula 5 conmpound, i react ed ﬂNrﬁ\a_conpound of for ab
Rlerr]Rerr]N-(CH err] r]-Q6£e§ei Rerr] and R er re as defined-
above, and Qis a bronolor, 10 hloro, to fo conmpound of
formula 7. The conpound is then deprotected to Eprn1a conpound of

formula I.
R%0O

Ia, RR. = RS = H
Ib, R°. = H
Ic, R = H

In the first step of the process shown in Reaction

5 Scheme II, the reaction is carried out via standard
procedures. Compounds of formula 6 are commercially
available or are prepared by means well known to one of
ordinary skill in the art. Preferably, the hydrochloride
salt of a formula 6 compound is used. In a particularly

10 preferred case of the compounds of the present invention; 2-
chloroethylpiperidine hydrochloride, is used.
Generally, at least about 1 equivalent of a formula 5
substrate is reacted with 2 equivalents of a formula € . _
compound in the presence of at least about 4 equivalents of
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F@mUonSdﬁ%%g R3 [err] la, Rlerr] = Rerr] = HIDb, Hﬁﬁmwmmﬂ:

Rl err] =P first step of the process shown in Reaction 5 Schene |
the reaction is carried out via standard procedures. Conpounds of formula 6
are comercially available or are prebdred by neans wel | known to one of
ordinary skill in the art. Preferably, the hydrochloride salt of a formula

6 conpoypdafikalgethetal a;g;qfdnm Arpyeférablyf ersddrc asertadnd the, camgou nds

of the present inve -_chl oroet hyl pi peri di ne hydrochl oride, is used.
GEneralg9 a&PﬁQ&ﬁﬁgﬁﬁxﬁﬂlﬁ.Qaulvalent of a formula 5 substrate is reacted

with 2 GQUIVSMEMkuﬂ so Ywentus af 6r cthpsungactione apeeddnse fobiventast
about 4 eq u fﬁsolv 8&ﬁ§g§8rema n inert throu hout the .
b

PCT/ US98F0 metal carbonate,. prefera cesi um
car tﬁ)natre;a@!m@mn é‘b@f't#i\@%’@*éy]s@%ﬁmld&u ?&H@%%rﬁ@? f%ﬁhY‘ﬁ?%u?eact i on

are thot%ﬁp 5 e%dﬁ)r i&yﬁsf@f:eefeaol VeHES t) atRi¥Rl NerpEsyed higughout the
reacgﬁyé stegwsﬂgﬁﬁélbeoég?glc1engs eCI tlg%ﬁgilégggsof this
alkylation reaction. Typically, ambient temperature is
sufficient and preferred. The present reaction preferably
10 is run under an inert atmosphere, particularly nitrogen.
Under the preferred reaction conditions, this reaction
will run to completion in about 16 to.about 20 hours. - The
progress of the reaction can be monitored via standard
chromatogrephic techniques.
15 In an alternative process for preparing compounds of
' the present invention, shown in Reaction Scheme III below, a
formula 5 compound is reacted in an alkali solution with an
excess of an alkylating agent of formula 8:

20 0- (CH2) n—Q’
' 8

in which O and Q' are the same or different leaving groups.
Appropriate leaving groups are those mentioned above.



formthereof, is preferred. The tenperature enployed in this step shoul'd be
sufficient to effect conpletion of this alkylation reaction. Typically,

ambi ent WOPRMSBYre is sufficient and preferred. The preserﬁcr/‘é%g(%foi"yﬁ
preferably 10 is run under an inert atnosphere, particularly nitrogen.
Under the preferred reaction conditi@as,-this reaction will run to
conpletion in about 16 to about 20 hours. The progress of the reaction can
be nonitored via standard c@&gga&ggﬁagghﬁgge&gg ques. 15 In an
alternative process for pre he present invention, shown
I n Reaction Schenme Il below, a fornmula.5 conpound is reacted in an al kal
solution with an exces©@hf an al kyl ating agent of fdypwha 8: 20

Q (CHerr]) [err]-Q _&Jn which and Q are the sane orQdi f f er ent | eavi ng

groups. Appropriate |favilng groups ';B\ngse menti oned aptwe. VO

98/ 45288
Reaction Schene |11

Rlerr] = H
RS0
R3
1
R4’N\/\O
«
O
|
RS0 S
8
I OR
Ia, R°. = R¢ = H
Ib, R° = H
Ic, R® = H
S A preferred alkali solution for this alkylation

reaction contains potassium carbonate in an inert solvent

such as, for example, methyethyl ketone (MEK) or DMF. In

this solution, the unprotected hydroxy group of the formula

5 compound is converted to a phenoxide ion which displaces
10 one of the leaving groups of the alkylating agent.

This reaction proceeds best when the alkali solution
containing the reactants and reagents is brought to reflux
and allowed to run to completion. When using MEK as the
preferred solvent, reaction times range from about 6 hours

15 to about 20 hours.



lc, Rerr] = H5 A preferred alkali solution for this al kyl ation

reacti on yw@nkakiag Potassium carbonate in an inert solvent spghnRSsni9k
exanpl e, nethyethyl ketone (MEK) or DMF. In this solution, the unprotected

hydr oxy group of the fornula 5 conpound Is converted to a phenOX|de i on
whi ch di spl aces 10 one of the |eaving Broups of the al kylating agent. This
reacti on proceeds best when the al kali solution containing the reactants
and reagent sThe meaajtiton ereduck fndmathdsedter,r en canpoupdedton. Wen

usin h reef t agt out 6 hours
us tg gfggﬁtﬁmra ® ﬁrf ﬂ{ér?\c}c\oéé;%t;’é&zvé%ﬁﬁ &! eBRph RS JAESHHE P 26

PCT/USQGFé?EF@d-fP9m Inpiperkdineg, pt oR¥Eroddddinen fekkyl-b-compound. of
formul ap grraltlmmer,eap'tr@twlma?]yﬁfrawadnef f40-&:{6il§hc9-i)n§@| ected from

1- d I | -1- lid met hy - 1- pyrrol i di ne,
1+ bof prtpREnyd e P Al S e n, i B RE TR SRy 19 b2, b7 1.

hexanethgkamehhyﬂenemmnneanﬂa%dstandarqueechniquysn(XﬁmmmﬁMS of formula

7. Pref e o] u

enpl gye/eggﬁ%%ﬁ%gl]%eé&%%&;och g%%ﬁgsﬁayﬁ rE]?lél.er ?1 Séé)ﬁt gykg? %?&% The

react i ofrfi 8 comppyndh|qf, formuba Bt iqi Empﬂmedfkwmlecpmﬁpbdmueof formul a

9 in anh&ﬁ%b"chi@r\i% ,béi&gg? ﬁéfeﬂewagw BMé &eab@%tPﬁé&‘iHﬁe&@ ure

in the range from about errfCto a 110 e mxture is
heat®d T¥PCHrldiYe GakF ket Wit Bhofhe alkylated compound of formula

8 in an inert solvent, such as anhydrous DMF, and heated to
a temperature in the range from about 60°C to about 110°C.
When the mixture is heated to a preferred temperature of
about 90°C, the reaction only takes about 30 minutes to
15 about 1 hour. However, changes in the reaction conditions
will influence the amount of time this reaction needs to be
run for completion. The progress of this reaction step can
be monitored via standard chromatographic techniques.
- Certain preferred compounds of formula I are obtained
20 by cleaving the R5 and, when'preeent, R® hydroxy protecting
groups of formula I compounds via well known procedures.
Numerous reactions for the formation and removal of such
protecting groups are described in a number of standard
works including, for example, Protective Groups In Organic
25 Chemistry, Plenum Press (London and New York, 1973); Greene,
T.W., Protective Groups in Organic Synthesis, Wiley, (New
York, 1981); and The Peptides, Vol. I, Schrooder and Lubke,
Academic Press (London and New York, 1965). Methods for
removing preferred R7 and/or R® hydroxy protecting groups,
30 particularly methyl and methoxymethyl, are essentially as
described in the Examples, infra.

An alternative, and preferred, method for the
preparation of compounds of the present invention is shown
in Reaction Scheme IV. 1In the process shown there, the

35 ‘sulfur atom of a formula 2 compound is oxidized to form a
sulfoxide, 11, which is then reacted with a nucleophilic
group to introduce the oxygen atom linker of formula I



about 90[err]C, the reaction only takes about 30 mnutes to 15 about 1
hour. However, changes in the reaction conditions wll 'nflf’@ﬂﬁ (plg 4am)unt
of time (WPIYAE88tion needs to be run for conpl etion. The progres ?
reaction step can be nonitored via standard chromat ographi c techni ques.
Certain preferred conpounds of formullél-are obtained 20 by cleaving the
R5 and, when present, R6 hydroxy protecting groups of fornula |I conpounds
via wel roc r then he 2f QioiRsd removal
of suché 'l%? |Qng gggu%s%lar g&?escrl é‘?ld%?af%%ﬁﬁla %13_ gand%ﬁo%s
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Press (hg{; QpisAd New York, 1973); Greene, T.W, Protective Goups in
Organi c Synthesis, Wl ey, (New York, 1981); and The Peptides, Vol. I,
Schr ooder and Lubke Acadeni ¢ Press (London and New YorKk, 1965). Met hods
for grenovi ng preferred R err|Rexgtbon REchemehI¥ oxy prot ecti'ng groups, 30
“particularly nethyl and net hoxynethyl, are essentially as described in the
Exanpl es, infra. An aIternat} ve, and preferred rret hod Ii—,or the preparation
of corrpounds of thgA eptR’i nvention is shown ron Scheme V. In
t he process shown conmpound is
oxi di zed to fORF v jw qh a nucl eophilic
group to introduce the oxyge N 45288

41, which |SR?®en fed

8%-, d i nker of forrrul@l -
e sul foxide noiety of for

PCT/ US98/ 07274 - 16 - gorrpounds a 12
conpounds. i s : 12
$3
IShes
: Z
HO 13 Y
R3
1
R4/N\/\O

4wy
|
RSO S R50

Y
Ta, R°. = R® = H
Ib, R°. = H
Ic, RS =H

In the first step of this process, a compound of _
10 formula 2 is selectively oxidized to the sulfoxide, 12. A
number of known methods are available for the process step
[see, e.g., Madesclaire, M., Tetrahedron, 42 (20); 5459-5495
(1986) ; Troét, B.M., et al., Tetrahedron Letters, 22 (14);
1287-1290 (1981); Drabowicz, J., et al., Synthetic |
15 Communications, 11 {12); 1025-1030 (1981); Kramer, J.B., et




t hen reduced to provi de certain conpounds of the present invention. 5

Reactionq? V [err] Ia, Rerr] =Rerr] Hlb, Rerr] ptriusssear] =
Hiln the Trrst s ep of this process, a conmpound of 10 formula 2 is '

sel ectively oxidized to the sulfoxide, 12. A nunber of known nethods are
avai l abl e for the process step [see; @ g”, Madesclaire, M, Tetrahedron, 42
- (20); 5459-5495 (1986); Trost, B.M, et aI , Tetrahedron Letters, 22 (14);
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react i ogompound atith tabgetal ute abomiaﬂo@:eHﬁMY%kﬁ@b%qu5bYérQ§ﬂ9
peroxide in a mixture of about 20% to about 50%

10 trifluoroacetic acid in methylene chloride. The reaction is

run at a temperature from about 10° C to about 50° ¢, and
usually required from about 1 to about 2 hours to run to
completion. '

Next, the 3—p051t10n leaving group, R7, is dlsplaced by
15 the desired nucleophilic derivative of formula 13. Such
nucleophilic derivatives are prepared via standard methods.
In this step of the process, the acidic proton of the
nucleophilic group is removed by treatment with a base,
preferably a slight excess of sodium hydride or potassium
20 tertbutoxide, in a polar aprotic solvent, preferably DMF or
' tetrahydrofuran. Other bases that can be emploYed include
potassium carbonate and cesium carbonate. Additionally,
other solvents such as dioxane or dimethylsulfoxide can be
employed. The deprotonation is usually run at a temperature
25 between about 0° C and about 30° C, and usually requires
about 30 minutes for completion. A compound of formula XIV
is then added to the solution of the nucleophile. The
displacement reaction is run at a temperature between 0° C
and about 50° C, and is usually run in about 1 to about 2
30 hours. The product is isolated by standard procedures.
_ In the next step of the present process, the sulfoxide'
of formula 14 is reduced to a benzothiophene compound of
formula I.
When desired, the hydroxy protecting group or groups of
35 the products of the process shown in Reaction Scheme IV can

be removed, and a salt of the product of any step of the
process. '



usually required fromabout 1 to about 2 hours to run to conpletion. hbkt,

the 3-position | eaving group, R7, is displaced by 15 the dgsi
nucl eophiwD@84888vati ve of fornmula 13. Such nucl eophilic dgﬁﬁﬁg?’(\yez? are

prepared via standard nmethods. In this step of the process, the acidic
proton of the nucleophilic group is-re8oved by treatnment with a-base,
preferably a slight excess of sodium hydride or potassium 20 tertbutoxide,

in a polar aptoti Y SERRLY hat rma d®rer -bases
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about 0 C_and _abqut and | ' 30 f
conpletrgﬁgzzcéﬁgﬁoﬁ gng y&?&ﬁ%ﬁ%ﬂ%&é@?ﬁﬁéﬁﬁgggggEfo F%Enggﬁu'fgg of the
nuclseoply.ke. PERe dicspl HcEEB59Beaction is run at a tenperature between
Oferr] C and&@%ﬁ&& %Qeﬁsagsu&bmau@ei B1RQAYt gkdup ahwut 2 30

hour s. Thg prod IS |%olatpd y standard procedures. I'n the next step of
the presestigedceasgondre oul dbkydsosy rempound £ § sfoamatadit 45

benzot hiygahane: GAROWN 0eh0T SULR bs Wign damidetie/ Morbudaexy protecting
group of groups of 35 the producti of the process shawn.in Reactig heme
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WO P8/ 45288 dride. The reactions are convenientlP@ati5984082%4in a

basic solvent such as pyridine, lutidine, quinoline or
isoquinoline, or in a tertiary amine solvent such as
triethylamine, tributylamine, methylpiperidine, and the
like. The reaction also may be carried out in an inert

15 solvent such as ethyl acetate, dimethylformamide,
dimethylsulfoxide, dioxane, dimethoxyethane, acetonitrile,
acetone, methyl ethyl ketone, and the like, to which at
least one equivalent of an acid scavenger (except as noted
below), such as a tertiary amine, has been added. If

20 desired, acylation catalysts such as 4-dimethylaminopyridine
or 4-pyrrolidinopyridine may be used. See, e.g., Haslam, et
al., Tetrahedron, 36:2409-2433 (1980).

These reactions are carried out at moderate

températures, in the range from about -25° C to about 100°

25 ¢, frequently under an inert atmosphere such as nitrogen

gas. However, ambient temperature is usually adequate for
the reaction to run.
'Acylation of a 6-position and/or 4’-position hydroxy
group also may be performed by acid-catalyzed reactions of
30 the appropriate carboxylic acids in inert organic solvents.
Acid catalysts such as sulfuric acid, polyphosphoric acid,
methanesulfonic acid, and the like are used.
The aforementioned ester pro-drug compounds also may be
provided by forming an active ester of the appropriate acid,
35 such as the esters formed by such known reagents such as
dicyclohexylcarbodiinide, ‘acylimidazoles, nitrophenols,
pentachlorophenol, N-hydroxysuccinimide, and 1-



- 18 - Pro-drug ester conmpounds of fornula | are prepared by replacing the

6- and/ or t| on hydroxy noieties, when present, with ﬁP,E i the
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used. Segixt®uBe. Haslam et al., Tetrahedron, 36:2409-2433 (1980). These

reactions are_carried out.at nDderate e n e from about
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group also may be performed by acid-catalyzed reactions of
mono- or dihydroxy compound is réeacted with, for example, a

sulfonic anhydride or a derivative of the appropriate
sulfonic acid such as a sulfonyl chloride, bromide, or

15 sulfonyl ammonium salt, as taught by King and Monoir, J. Am.
Chem. Soc., 97:2566-2567 (1975). The dihydroxy compound
also can be reacted with the appropriate sulfonic anhydride

or mixed sulfonic anhydrides. Such reactions are carried
out under conditions such as were explained above in the
20 discussion of reaction with acid halides and the like.

Preparation of Pharmaceuticaily Acceptable Salts of
Compounds of the Present Invention
Although the free-base form of formula I compounds can
25 Dbe used in the medical methods of treatment of the present
invention, it is preferred to prepare and use a pharma-
ceutically acceptable salt form. The compounds used in the
methods of this invention primarily form pharmaceutically
acceptablé acid addition salts with a wide variety of
30 organic and inorganic acids. Such salts are also
contemplated as'falling within the Scope of the present
invention.

The term “pharmaceutically acceptable salts” as used
throughout this specification and the appended claims
35 denotes salts of the types disclosed in the article by
Berge, et al., J. Pharmaceutical Sciences, 66(1): 1-19
(1977i. Suitable pharmaceutically acceptable salts include




30 the appropriate carboxylic acids in inert organic solvents. Acid
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-hydroxybenzoate, methoxybenzoate, methylbenzoate, o-
acetoxybenzoate, naphthalene-2-benzoate, bromide,
isobutyrate, phenylbutyrate, b-hydroxybutyrate, butyne-1,4-
- dioate, hexyne-1l,4-dioate, caprate, caprylate, chloride,

15 cinnamate, citrate, formate, fumarate, glycollate,
heptanoate, hippurate, lactate, malate, maleate,
hydroxymaleate, malonate, mandelate, mesylate, nicotinate,
isonicotinate, nitrate, oxalate, phthalate, terephthalate,
phosphate, monohydrogenphosphate, dihydrogenphosphate,

20 metaphosphate, pyrophosphate, propiolate, propionate,
phenylpropionate, saliCylaté, sebacate, succihate, suberate,
sulfate, bisulfate, pyrosulfate, sulfite, bisulfite,
sulfonate, benzenesulfonate, prromophenylsulfonate,
chlorobenzenesulfonate, ethanesulfonate, 2-

25 hydroxyethanesulfonate, methanesulfonate, naphthalene-1-
sulfonate, naphthalene—Zésulfdnate} p—toluené—sulfonate,
xylenesulfonate, tartarate, and the like. Preferred salts
are the hydrochloride and oxalate salts.

The pharmaceutically acceptable acid addition salts are

30 typically formed by reacting a compound of formula I with an
equimolar or slight molar excess of acid. The reactants are
generally combined in a mutual solvent such as diethyl ether
or ethyl acetate. The salt normally precipitates out of
solution within about one hour to ld days and can be

35 1isolated by filtration or the solvent can be stripped off by
conventional means.



or m xed sul fonic anhydrides. Such reactions are carried out under
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' administration, the selection of which will be decided by
the attending physician. Thus, another aspect of the
present invention is a pharmaceutical composition- comprising
an effective amount of a compound of Formula I, or a
15 pharmaceutically acceptable salt thereof, optionally

containing an effective amount of estrogen or progestin, and
a pharmaceutically acceptable carrier, diluent, or
excipient.

Zainils, ..‘-\. st

The total active ingredients in such formulations

20 comprises from 0.1% to 99.9% by weight of the formulation.
By "pharmaceutically acceptable” it is meant the carrier,
diluent, excipients and salt must be compatible with the
other ingredients of the formulation, and not deleterious to
the recipient thereof. _

25 Pharmaceutical formulations of the present invention
are prepared by procedures known in the art using well known
and readily available ingredients. For example, the
compounds of Formula I, either alone, or in combination with
an estrogen or progestin compound, are formulated with

30 common excipients, diluents, or carriers, and formed into
tablets, capsules, suspensions, solutions, injectables,
aerosols, powders, and the like.

The total active ingredients in such formulations
comprises from 0.1% to 99.9% by weight of the formulation.

35 By "pharmaceutically accéptable" it is meant the carrier,
diluent, excipients and salt must be compatible with the



aliphatic and aromatic sulfonic acids. Such pharnaceutically acceptable
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sol vent againPetehtipRediadh BhCANEN{hePEYeABARS. intramuscular,
intraperitoneal, instrasternal, subcutaneous, or
15 intraarticular injection or infusion.

Pharmaceutical compositions of this invention for
parenteral administration comprise sterile aqueous or non-
aqueous solutions, dispersions, suspensions, or emulsions,
as well as sterile powders which are reconstituted

20 immediately prior to use into sterile solutions or
suspensions. Examples of suitable sterile aqueous and non-
aqueous carriers, diluents, solvents or vehicles.include
water, physioldgical'saline solution, ethanol, polyols (such

~ as glycerol, propylene glycol, poly(ethylene glycol)}, and

25 the like}, and suitable mixtures thereof, vegetable oils
{such as olive o0il), and injeétable organic esters such as
ethyl oleate. Proper fluidity is maintained, for example,
by the use of coating materials such as lecithin, by the
maintenance of proper particle size in the case of

30 dispersions and suspensions,'and-by the use of surfactants.

Parenteral compositions may also contain adjuvants such
as preservatives, wetting agents, emulsifying agents, and
dispersing agents. Prevention of the action of
microorganisms is ensured by the inclusion of antibacterial

35 and antifungal agents, for example, paraben, chlorobutanol,
phenol sorbic acid, and the like. It may also be desirable
to include isotonic agents such as sugars, sodium chloride,
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- The phar /m0©8m5288l1 | y acceptabl e salts generally have enhancRETASPHBA2M4 ¢ty
characteristics conpared to the conpound fromwhich they are derived, and

thus are often nore anenable to foromupgation as liquids or emulsions. 5
Phar maceuti cal Fornmul ati ons The conpounds of this invention are
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the case of the subcutaneous or intramuscular injection of a
suspension containing a form of the drug with low water
solubility, the rate of absorption of the drug depends upon
its rate of dissolution. |

15 _ Injectable "depot" formulations of the compounds of
this invention are made by forming microencapsulated
matrices of the drug in biodegradable polymers such as
poly(lactic acid), poly(glyco;ic3acid), copolymers of lactic
and glycolic acid, poly (orthoesters), and poly

20 (anhydrides) these materials which are described in the art.
Depending upon the ratio of drug to polymer and the
characteristics of the particular polymer employed, the rate
of drug release can be controlled.

Injectable formulations are sterilized, for example, by

25 filtration through bacterial-retaining filters, or by
presterilization of the components of the mixture prior to

" their admixture, either at the time of manufacture or just
prior to administration (as in the example of a dual chamber
syringe package).

30 Solid dosage forms for oral administrétion include
capsules, tablets, pilis,'powders, and granules. In such
solid dosage forms, the active domponent is mixed with at
least one inert, pharmaceutically acceptable carrier such as
sodium citrate, or dicalcium phosphate, and/or (a) fillers

35 or extenders such as starches, lactose, glucose, mannitol,
and silicic acid, (b) binding agents such as carboxymethyl-
cellulose, alginates, gelatin, poly(vinylpyrrolidine),
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capsules, tablets and pills, the dosage form may also
contain buffering agents. _

Solid compositions of a 51m11ar type may also comprise
the fill in soft or hard gelatin capsules using excipients

15 such as lactose as well as high molecular weight
poly(ethylene glycols) and the like.

Solid dosage forms such as tablets, dragees, capsules, .
pills and granules can also be prepared with coatings or
shells such as enteric coatings or ofher coatings well known

20 in the pharmaceutical formulating art. The coatings may
contain opacifying agents or agents which release the active
ingredient(s) in a particular_part of the digestive tract,
as for example, acid soluble coatings'for releasé of the
active ingredient(s) in the stbﬁach, or base soluble

25 coatings for release of the active ingredient(s) in the
intestinal tract. _

The active 1ngredient(s) may also be microencapsulated
in a sustained-release coating, with the microcapsules being
made part of a pill of capsule formulation.

30 Liquid dosage forms for oral administration of the
compounds of this invention include solution, emulsions,
suspensions, syrups and elixirs. ' In addition to the active
components, ligquid formulations may include inert diluents
commonly used in the art such as water or other |

35 pharmaceutically acceptable solvents, sclubilizing agents
and emulsifiers such as ethanol, isopropanol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,



15 intraarticular injection or infusion. Pharmaceutical conpositions of
this i nvewbiogmsdser parenteral adnministration conprise steri PETAA¥B12I4 or
non- aqueous sol utions, dispersions, suspensions, or emulsions, as well as
sterile powders which are reconstitutgg 20 inmediately prior to use into
sterile solutions or suspensions. Exanples of suitable sterile aqueous and

non- aqueous _carriers, diluents, solvents or .vehj.cl Ipclude water,
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ethoxylated isostearyl alcohols, polyoxyethylene sorbitol
and sorbitan esters, microcrystalline cellulose, aluminum
metahydroxide, bentonite clay, agar-agar, and tragacanth,
15 and mixtures thereof. :
Compositions for rectal or intravaginal administration
are prepared by mixing one or more compounds of the present
invention with suitable non-irritating excipients such as
cocoa butter, polyethylene glycol or any suppository wax
20 which is a solid at room temperature, but liquid at body
temperature and therefore melt in the rectum or vaginal
cavity to release the active component(s). The compounds
are dissolved in the melted wax, formed into the desired
shape, and allowed to harden into the finished suppository
25 formulation. _ '
Compounds of the present invention may also be
administered in the form of liposomes. As is know in the
art, liposomes are generally derived from phospholipids or
other lipid substances. Lipososome formulations are formed
30 by mono- or multilamellar hydrated liquid crystals which are
dispersed in an aqueous medium. Any non-toxic,
pharmaceutically acceptable, and metabolizable lipid capable
of forming liposomes can be used. The present compositions
in liposome'form can contain, in addition to one or more
35 active compounds of the presént invention, stabilizers,
excipients, preservatives, and the like. The preferred
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and subsequent progression of benign prostatic hyperpla51a
(BPH) . Target organ estrogenic responses can be inhibited

15 by certain non-steroidal antagonists such as tamoxifen or

clomiphene, but the utility of these compounds in males may
be limited by their feminizing effects related to their
inherent estrogen agonist properties.

Pharmacological antagonism of estrogen action may be
20 useful in the treatment of BPH.. Tamoxifen administered to
human BPH patients was relatively ineffective in altering
the relative distribution of prostatic glandular and stromal
tissue, but these results hay flow from the partial
agonistic activity of the compound with the attendant
25 stimulation of prostatic fibromuscular stroma.
Prostate carcinoma - Recently G. G. Kuiper, et al.
Proc. NAt’l. Acad. Sci. USA, 93: 5925-5930 (1996) have
reported the cloning from rat prostateic and ovarian tissue
the gene sequence for a novel estrophilic protein. This new
30 estrophile, which has been designated ERb, shares a >95% DNA
binding domain homology and about 55% ligand binding domain
homology with uterine estrogen receptor (ER). ERb may be
the principal receptor mediating estrogen action in the
prostate. Interestingly, ERb mRNA expression has also been
35 demonstrated in the LNCaP human prostatic cancer cell line
in our laboratories. This observation that human prostatic
cancer cells express ERb indicates that a selective estrogen
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compounds of the present invention to bind at estrogen
receptors in séveral human prostatic cancer cell lines were
evaluated. _
15 | Lysates of the LNCaP, DU-45 and PC-3 human prostatic
cancer cell lines were prepared in a TEG'medium comprising
50 nM Tris*HCl pH 7.4, 1.5 mM ethylenediamine tetraacetic
acid (EDTA) 0.4 M KCl, 10% glycerol, 0.5 mM 2-ME, and 10 mM
sodium molybdate further containing the protease inhibitors
20 pepstatin (1 mg/mL), leupeptin (2 mg/mL), aprotinin (5
ng/mL) and phenylmethylsulfonyl fluoride (PMSF, 0.1 mM)
(TEGP) . '
The cell lysates were centrifuged and the pellets
" resuspended in cold TEGP (1 mL TEGP/100 ﬁg of pellet) and
25 sonicated for 30 seconds (duty cycle 70%, output 1.8) on a
Branson Model 450 Sonifier; Lysates were pelleted by
centrifugation at 10,000 x G for 15 minutes at 4_C after
which the supernates were withdrawn and either used
immediately or stored at -70°C.
30 Competitive Binding Assay
The binding buffer was TEG in which the 0.4 M KCl was
replaced by 50 mM NaCl and to which 1 mg/mL'of ovalbumin had
been further added (TEGO). Selected compounds of the
present invention were diluted to 20 nM in TEGO from which
35 3-fold serial dilutions were prepared. Assays were

~ performed in round-bottom polyprolylene microplates in
triplicate microwells. Each well received 35 mL of
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car bonat’®, t€elbehiPe AVEBRS:-, benzyl benzoat e, VO 98/ 45288
PCT/ US98/ 072Mat@ wePé opytebatedy olr, 214, &dﬂiﬂsﬂa@%‘@ vaebter divlikehy |

0T 98 L PULKEUL o RIS Lot O gt QflenORE O Ve

pol y( et rgalcﬂnevegllycfrbbwwedtby 31gacp@se§tralsutg %@rbﬁ*tminuana Aitx 4i€es
thereof .p g%e YdBSed rb?é% dthaﬁn&éntka%ddeqy'& %@dof:@r@umk' Q0S mARY: tRls5 0

i ncl ude dvants _such as wet g agents, emulsif ¥1Q9 and, suspendi ng
ageh?s, qﬁuﬂ SneetBmaipate was harvested from each well into a

flexible polystyrene microplate for scintillation counting
in a Wallac Micobeta Model 1450 counter. Radioactivity was
expressed as disintegrations per minute (DPM) after
correcting for counting efficiency (35-40%) and background.

15 Additional controls were total counts and total counts + DCC
to defined the lower limit of DCC extractabke counts. The
results of these competitive binding assays are expressed as
mean percent bound (% Bound) +/- standard deviation using
the formula:

20

DPMiest compound DPMiotal count + DCC
% Bound = . x 100

DPMpo test compound DPMtotal count + DCC

In Figure 1 there is shown a plot of EaRb binding
activity in the LNCaP human prostatic adenocarcinoma'céll

25 line. 1In this study, high affinity (i.e. dissociation
constant (Kp = 6.5 nM), saturable (Bmax = 160 fmol/mg
cellular protein or about 37,000 receptors per cell) binding
of tritiated E; wass demonstrated in cultures of LNCaP
cells.

30 As used herein, the term "effective amount" means an
amount of compound of the present inventién which is capable
of alleviating the symptoms of the conditions herein
described. The specific dose of a compound administered
according to this invention is determined by the particular

35 circumstances surrounding the case including, for example,
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flavoring, and perfum ng agents. 10 Li quid suspension, in addition to
t he acti o bfgrggli ent (s) may contain suspendi ng agents suchpemyustdnrzi at ed
i sostearyl al cohols, polyoxyethylene sorbitol and sorbitan esters,

m crocrystal line cellul ose, aluninwﬂigmghydroxide, bentonite cl ay,
agar-agar, and tragacanth, 15 and m™Xtures thereof. Conpositions for

rectal or intravaginal adm nistratjon:are prepared by m xi ng one or nore
conpourfghe @otercyr efetihe feapoume daministered, nbhei rout® iafy exci pi ents

such as?&@mfs_ @ﬂétﬁ&t&n,pﬁbiﬁbﬂk%g%tﬂ:b@m%%fagngsﬂtﬁlﬁgﬁrﬂtqr xary@xug@ whi ch
is a soli roomte rature, hu i qui : e rafure a

{her of ol 90 P FAL L EORGLERRROPIRT ACRERRt y Bo VB EALe I B 4T 92
conponamis)coﬁhainoapnum&sxage ddiszayd Vesivélh bhefm‘feint &(ﬂ)hdnﬂ‘x,S fog Mgl i Nt o

t he_desji,red,. s e al [.owe - har depn. i LR ppository 25
for ﬁul a?]?%lﬁ? E@?rp%azggy of’ f?ﬁe c;?&n%s?gﬁ}éii&n‘?/eﬁlgo%g%ﬁ?ngl 2‘51(%%@5&; histered in
the forPreferrpdsdatdy Aoses kpemeralihewill bei foconmadonte Ifemeg atoy

deri vet ghogphabipi ds or other |ipid substances. Lipososone
fornulg??%ﬁg]are ?Zrnga 30 by pmono- or nultilanellar hydrated |iquid

crystal s whi EReapBagtspossed s dehtaEyiReds HRJIRGFPIAMGRH YK Ehe

IO_har mC@ﬂéﬁ&&fEYpi}ﬁ@gﬁ't%E ligy tand rr%’éiii?@@i i ;tﬁbk eolfi lﬂbl@.ec dﬁ@.}iaﬁ%ﬁig’f Of & Ng
i posones, can_be, used., € _Rr.es conpositjions_in liposo orm can

conbai rPaFhOAtAT PR L6+ or@ i Aok 2AMIBLEFELEIBodI HH5S E prSent

I nvent i oompstadj | andr graekaldivenmcreasiegvihevdsesamhitile thke. The

preferrggsired therapeutic effect is observed.

The following examples are presented to further
15 illustrate the preparation bf compounds of the present
invention. The Examples are not to be read as limiting the
scope of the invention as it is defined by the appended
clainms. o
NMR data for the following Examples.weré generated on a
20 GE 300 MHz NMR instrument, and anhydrous hexadeutero-
dimethylsulfoxide was used as the solvent unless otherwise
indicated.

Example 1
25 Prgparation of [6—methoxy—3—t4-[2—(l—piperidinyl)ethoxY]—
phenoxy] -2- (4-methoxyphenyl) ]Jbenzo[blthiophene oxalate salt

®
' O
|
e lij\OCH 3
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| i pi ds ar ?ﬂpllpids and the phosphatidyl cholines (I ecigcinisgarPqth

nat ur al syn etic. Methods for formng |iposones are knom1|n the art as
described, for exanple, in Prescott, Ed., Methods in Cell 5 Biology,

Vol une XI'V, Academ c Press, NEM/York 0 . (1976), p. 33 et seq. Method of
the Present Invention BPH - The fibronuscul ar stronma of nal e accessory sex
10OI or gagseh (rj@m sepeephrapéoncesfi s[mhozf/p—Zeéahnetllnowkphmylgf-fs}et ) f)f
androgens and estr ieved to play an inportant role
in both the initia 9§E§AP§R§§AF] %ﬁﬁghﬁggﬁuent progressi on of benign
prostatic hyperpl asi a (BPH) Target organ estrogeni c responses can be-
inhibited 15 by certain non-stergndal 3 Bagonlsts such as tanoxifen or

cl om phene, but the utility of tf colfpounds in males may be limted by

their femnizing effects reqéﬁ@ e rent estrogen agoni st

- properties. Pharmacol ogi cal "ant agoni sm of egL éggn action may be 20 wuseful
in the treatnment of BPH.  Tanoxiféen adm ni sCer Ha human BPH patients was
relatively ineffective in altering the relative distribution of prostatic

gl andul ar and stromal tissue, but these results may flow fromthe partia

agoni stic actTei aysofluthenc afpdifrdeihdxyhe~ &tltmaﬂhpxy@bermli)rﬂlhenfmm of

prostati | g agchpo Kui per,

et al. fb tﬂ%&§Hé5% QZJS gpalﬁgkeaggiF%QZ% %93%a§19§§? have. reﬁ%%ted t he

cl oni ng 590n¢rﬂ?spﬁéﬂe§t &romdme olkh i 3 9i 5 dropwise as a
solution in 200 mL of chloroform. After the addition was

10 - complete, the reaction was cooled to room temperature, and
the solvent removed in vacuo to provide 34.2 g (100%) of [6-
methoxy-2- (4-methoxyphenyl)-3-bromolbenzo[b]thiophene as a
white solid. mp 83-85° C. 1H NMR (DMSO-dg) 4 7.70-7.62 (m,
4H), 7.17 (dd, J = 8.6, 2.0 Hz, 1H), 7.09 (4, J = 8.4 Hz,

15 2H). FD mass spec: 349, 350. Anal. Calcd. for C3eH1302SBr:
C, 55.03; H, 3.75. Found: C, 54.79; H, 3.76.

Step.b): Preparation of [6-methoxy-2-(4-methoxyphenyl)-3-
| (4—benzyloxy)phenoxy]benzo[b]thiophene
20

OCH

To a solution of [6-methoxy-2-(4~-methoxyphenyl)-3-
bromo] benzo[b]thiophene (34.00 g, 97.4 mmol) in 60 mL of
25 collidine under N, was added 4-benzyloxyphenol (38.96 g,
194.8 mmol) and cuprous oxide {14.5 g, 97.4 mmol). The
resultant mixture was heated to reflux for 48 hours. Upon
cooling to room temperature, the mixture was dissolved in



t he gene sequence for a novel estrophilic protein.- This new 30 estrophile,
whi ch hasvdvesss28®si gnat ed ERb, shares a >95% DNA bi ndi ng ddtei/HSaTogy
and about 55% | i gand bi ndi ng domai n honol ogy with uterine estrogen receptor
(ER). ERb may be the principal receptpy pediating estrogen action in the
prostate. Interestingly, ERb nRNA expression has al so been 35 denonstrated

in the LNCaP hunmn _prostatic, cancer cell line in.our |aboratories. This
obser va®F8hOPRat Hﬁngﬁspréﬂgﬂ?h?(iﬂﬁ%ﬁa%éFl§°g%8Fe¥?ﬁ§%fﬁqﬂN%§tB¥ that a
sel ectiggleshtdgan TheOfGA/tAAA8 was concentrated in vacuo, and the

s usef BESHAoEnEiEpoRvsEh it e Rt Rlp | SRLGPTRAIIBOY dn)e DBREC etive
est r ogemetbydpner chdduliate raplovriuriies ovashedpwdddn BN hdroehlasie a
relati VS!:XdpL{E’.eE@%W%Bj)St | £ PLowd @ by e1M 5BaRuah fdddiiide f p5 @ssbegen
recéptors, buf [ack the detrinmental cardfovascul ar “and_fen ni zi ng
|i abi | i mkés offhesorggdd adanet wasodrhedt (geAdNmySWEaftlect?DE anount of
a ConpopBHcehtile ol Gy aduyentte réselhecase takdmheaipaimgeoeninLor
{reat el Skt LRSS0 Tblananiad0o BN R (htee et
of the pbadenrttedgntfiidn:tativmd{aeceverederi racdpiore-2n(4everal - human
DL W HASERE) JAOR IS PeRIOMLE 113z g 11)ERERORS | Pkl
medi um &ddpriadiengras concentrated in vacuo, and then passed through
a short pad of silica gel (methylene chloride as eluant) to
remove baseline material. The filtrate was concentrated in
vacuo, and the residue crystallized from hexanes/ethyl
15 acetate to provide initially 7.19 g of [6-methoxy-2-(4-
methoxyphenyl) -3- (4-benzyloxy) phenoxylbenzo[b]-thiophene as
an off-white crystalline solid. The mother liquor was '
concentrated and chromatographed on ‘silica gel |
(hexanes/ethyl acetate 80:20) to previde an additional 1.81
20 g of product. Total yield of [6-methoxy-2-(4-methoxyphenyl)-
3- (4~-benzyloxy)phenoxy]-benzo[b]thiophene was S.00 g (24%
based on recovered starting material). The basic extract was
acidified to pH = 4 with 5N hydrochloric acid, and the
resultant precipitate collected by filtration and dried to
25 give 13.3 g of recovered 4-benzyloxyphenol. mp 100-103° C.
1H NMR (CDCl3): 4 7.60 (d, J = 8.8 Hz, 2H), 7.39-7.24 (m,
7H), 6.90-6.85 (m, 7H), 4.98 (s, 2H), 3.86 (s, 3H) 3.8l (s}
3H). FD mass spec: 468. Anal. Calcd. for C2gH2404S: C,
74.34; H, 5.16. Found: C, 74.64; H, 5.29.
30



50 nMTris.HCO pH 7.4, 1.5 nM et hyl enedi am ne tetraacetic acid (EDTA) 0.4 M
K, 10% qlyegises 0.5 mM 2-ME, and 10 nM sodi um nol ybdat e fpeiessnr274
containing the protease inhibitors 20 pepstatin (1 nmg/nlL), |eupeptin (2.
mg/ mL), aprotinin (5 ng/nL) and phenyk¥§thylsulfonyl fluoride (PMSF, 0.1
mVv) (TEGP). The cell lysates were cénttqfuged and the pellets resuspended
in cold TEGP (1 nmL TEGP/ 100 ng of pellet) and 25 sonicated for 30 seconds
(duty c\gtep 7Q0s oBremaratdpnopfa [BraeGroxp’t (450etbakibbenyl)s@des were
pel | eted by centrlQggﬁ?ﬂggx9§py@dy%yybéiiéqbﬂéhﬂbﬁagﬁg at 4_C after which
t he supernates were wthdraw and ei'ther used i medi ately or stored at
-70[err]C. 30 Conpetitive Binding Assay e binding buffer was. TEGin .
which the 0.4 M KC was replaced by 50 Cl and to which 1 ng/nL of

oval bum n had been further added (TEGO) ._ASg| ected conpounds of the present
i nvention were diluted to 20 nMin TEGO which 35 3-fold serial
dilutions were prepared. Assays were peMNOrnmed in round-bottom

pol yprol yl ene mcroplates in tripljcate nEpromeIIs. Each well received 35
mL of - 28 - tritiated 17b-esfTaqgyo .5 nM specific activity 60.1
G/ mmol , DuPont - New Engl an%‘%l o M) and 35 nL of cold
conpetitot test conpound (0. M- 5 G0, and follow ng i ncubation
for 5 mnutes at 4[err]C wi th shaki ng, f CﬂﬁH@FF‘7 cell line |lysate.

5 . _
To a solution of [6-methoxy-2-(4-methoxyphenyl)-3-(4-
benzyloxy)phenoxylbenzo [b] thiophene (1.50 g, 3.20 mmol) in

50 mL of ethyl acetate and 10 mL of 1% concentrated

hydrochloric acid in ethanol was added 10% palladium-on-

10 carbon (300 mg). The mixture was hydrogenated at 40 psi for
20 minutes, after which time the reaction was judged
complete by thin layer chromatography. The mixture was
passed through Celite to remove catalyst, and the filtrate
concentrated in vacuo to a white solid. The crude product

15 was passed through a pad of silica gel (chloroform as
eluant). Concentration provided 1.10 g (91%) of [6-methoxy~-
2- (4-methoxyphenyl) -3- (4-hydroxy) phenoxylbenzo[b] -thiophene
as a white solid. mp 123-126° C. H NMR (DMSO-ds) d 9.10
(s, 1H), 7.59 (4, 0 = 8.8 Hz, 2H), 7.52 (d, J = 2.1 Hz, 1lH),

20 7.14 (d, J = 8.8 Hz, 1lH), 6.95 (d, J = 8.8 Hz, 2H), 6.89
(a¢d, J = 8.8, 2.1 Hz, 1H), 6.72 (d, J = 9.0 Hz, 2H), 6.63
(d, § = 9,0 Hz, 2H), 3.78 (s, 3H), 3.72 (s, 3H). FD mass
spec: 378. Anal. Calcd. for Cz3H318045: C, 69.82; H, 4.79.
FPound: C, 70.06; H, 4.898.

25 _ .

Step d): Preparation of [G—methoxy?B—[4-[2—(l—piperidinyl)-
ethoxylphenoxy)l -2~ (4-methoxyphenyl) ]Jbenzo[b]-
thiophene oxalate salt

To a solution of [6-methoxy-2-(4-methoxyphenyl)-3-(4-

30 hydroxy)phenoxylbenzo[blthiophene (1.12 g, 2.97 mmol) in 7

nml, of anhydrous N,N-dimethylformamide under N2z was added



re incubated for 24 hours at 4[err]C after which tine 70 nL of

dext r an- cogyedsmiras coal (DCC) was added to each wel |l foll owedrbyuseseenus

shaking for 8 mnutes at 4[err]C. The plates were then centrifuged at 1500
- x Gfor 10 minutes 10 at 4C. Supernate wgs_harvested fromeach well into a
"~ flexible polystyrene mcroplate for scintillation counting in a Will ac

M cobeta Mbdel 1450 counter. Radioactivity was expressed as disintegrations

per m nut ecHIW camanales r 621 §6gdf ot Le88nIMRY ) ef f iFeh @i ySEBETing) fand

backgroundo #anAddd, %h%é@lh?lﬁ&f)érﬁ.a&ﬁb bydtccHS- i @6 ak1cogngs + DCC

to deflnea %%e | ower limt if extrac%igke counts. The resgltS' t hese

conpetitive iﬁﬁFﬁé das,added. o, The reguilapt, PIXLURE (W3 L REL E58Ro FRE)

+/ - st anddred ndagsatd toramisi ewgt t bemperathae .20 TheVxyadt ioRMaer the% Bound- =

----------- e el R Rl BT { Il - ] this

st udy. 5 1 SFSTFEHNSR Betesh (ShLphorBRRIsREE A (g AT ekl ¢ The

sat ur abl e lgBfesrs Wered cfepanhted 28dctheukhguepust ixtractaduwiBliz, 000

[ 6CeptOr S ilogtiidam DI N1k N80 Ohrf [ | ¢ kECErBRsid wibls RISy’ ha%wbBhed

cultures o cells. As used herein, the term"eftective anmpunt™ neans

an anount Wathe safrmd( 2% 1 hR0 grEs ent DENIBE: iodn the AFrJaniqpisrdivy of
al | evi at i Rgh it SY AR @ "Eodeh PLatPBHI broRs dert el gl cEhdedwasThe specific

dose 20, BRI, A0 ster o, eceondyng 0 s AIVRIL] Ok i o iz
exanpl e, desired fractions were concentrated to an oil that was
dissolved in 10 mL of ethyl acetate and treated with oxalic
acid (311 mg, 3.4 mmol). After stirring for 10 minutes, a
white precipitate formed and was collected by filtration and
15 dried to provide 1.17 g (70%) overall of [6~methoxy-3-[4-[2-
{(1-piperidinyl)ethoxy] -phenoxy] -2~ (4-methoxyphenyl) lbenzo[b]
thiophene as the oxalate salt. mp 197-200° C (dec). H NMR
(DMSO-dg) 4 7.60 {(d, J = 8.7 Hz, 2H), 7.55 (d, J = 1.1 Hz,
1H), 7.14 (4, J = 8.8 Hz, 1H), 7.06 (4, J = 8.8 Hz, 2H),
20 6.91 (dd, 7 = 8.8, 1.1 Hz, 1H), 6.87 (s, 4H), 4.19 (broad t,
2H), 3.78 (s, 3H), 3.72 (s, 3H), 3.32 (broad t, 2H), 3.12-
3.06 (m, 4H), 1.69~1.47 (m, 4H), 1.44-1.38 (m, 2H). FD mass
spec: 489 . Anal. Calcd. for Cz9H31NO4S+*0.88 HO2CCOzH: C,

64.95; H, 5.80; N, 2.46. Found: C, 64.92; H, 5.77; N, 2.54.
25
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t he pot engpg &4 conpound admi nistered, the route of adm pcgiusssiwmns the
state of belng of the patient, and the pathologlcal condi ti on being
treated. A typical daily dose will contain a nontoxic dosage |evel of from
about 5 ng to 5 about 600 ngy/day of" éﬁuﬂnxnmd of the present invention.
Preferred daily doses generally will be fromabout 15 ng to about 80

ng/ day. The exact dose i s determ nestamphealcordance with the standard
practice in the nedical arts of dose titrating” the 10 patient; that is,
Sinitiall ' A I

fol |l ow Ene S 4 ene ghy g

of cgnp of t he present |nvent|on The Exanples are not- to be read as
limtin scope of the inventi as is defined by the appended
clains. NVMR data for the f°||°“ﬁgf25& h%“@s were generated on a 20 GE 300
MHz NMR i nstrunment, and anhydrou ero- di met hyl sul f oxi de was used
as the solvent unless otherw se indicate Exanple 1 25 Preparation of

[ 6- met hoxy- 3-[4-[2-(1-pi peridinyl)ethox
phenoxy] - 2- (4- met hoxyphenyl ) ] benzo[ b] t hi

ne oxal ate salt [err]

OCH 3

Treatment of the oxalate salt from Example 1 with

aqueous base to produce the free base, followed by reaction

10 ° with diethyl ether saturated with HC1 yielded the title
salt, mp 216-220° C. 1H NMR.(DMSO-ds d 10.20 (bs, 1H),
7.64 (d, J = 8.7 Hz, 2H), 7.59 (d, J = 1.5 Hz, 1H), 7.18 (4,
J = 9.0 Hz, 1H), 7.00 (d, J = 8.7 Hz, 1H), 6.96 (dd, J =.
9.0, 1.5 Hz, 1H), 6.92 (q, Jas = 9.0 Hz, 4H), 4.31 (m, 2H),

15 3.83 (s, 3H), 3.77 (s, 3H), 3.43 (m, 4H), 2.97 (n, 2H), 1.77
(m, S5H), 1.37 (m, 1H). FD mass spec: 489 . Anal. Calcd.
for Cz9H31NO4S°+1.0 HCl: C, 66.21; H, 6.13; N, 2.66. Found:
Cc, 66.,46; H, 6.16; N, 2.74.
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Step a: anemumwalon of [ 6-met hoxy- 2- (4- net hoxy- phenyl ) - 3- PCT/US98/07274

br ono] benzo[ b] t hi ophene [err] 5 To a sol ution of

[ 6- met hoxy- 2- (4- met hoxyphenyl )] benza- i%llhlophene (27.0 g, 100 mol )in
1.10 L of chloroformat 60 C was added romne (15.98 g, 100 mml ) dropw se

as a solution in 200 nL of chl orof the addition was 10 conplete,
the reaction was cooled to roomte , and the solvent renoved in
vacuo to provide 34.2 g (100% of [6-

ggtggxy Prédafathony pife me-MetHy0pm \ ; Eaetﬁé polid. np
. \IVR (| DIVEO . (0 . :
83 851 e o Conpt- DT SR LT TT 1) [l L,

= 0 =T 1 —TTT 349 350 Anal
Cal c8. for C[err]H[err]C{err]SBr

C 55. 03 H 3.75. Found:- C, 54.79; H,
3.76. Step b) Preparation of [6 hoxy- 2- (4- met hoxyphenyl ) - 3-
(4-benzy|oxy)phenoxy]benzo[b]thloé%?% [err] To a solution of

[ 6- met hoxy- 2- (4- net hoxyphenyl )-3- bro Kxnzo[ b] t hi ophene (34.00 g, 97.4
mmol) in 60 nL of 25 collidine under N2 wag _added 4-benzyl oxyphenol (38.96
g, 194.8 mmol ) and cuprous oxide (14.5 ¢ .4 mol ). The resultant m xture
was heated to reflux for 48 hours. Upon #ing to roomtenperature, the

m xture was di ssolved in '

H3CO

The title compound was prepared in the same manner as

the compound of Example 1, mp 95-98° C. lH NMR (DMSO-dg) 4

10 7.64 (d, 3§ = 9.0 Hz, 2H), 7.58 (d, J = 2.0 Hz, 1H), 7.18 (d,
J = 9.0 Hz, 1H), 7.00 (d, J =-9.0 Hz, 2H), 6.94 (dd, J =
9.0, 2.0 Hz, 1H), 6.86 (s, 4H), 3.97 (t, J = 6.0 Hz, 2H),
3.83 ( s, 3H), 3.76 (s, 3H), 2.73 (t, J = 6.0 Hz, 2H), 2.51
"{m, 4H), 1.66 (m, 4H). FD mass spec: 477. Anal. Calcd. for

15 CzgH29NO4S: C, 70.71; H, 6.15; N, 2.99.. Found: C, 70.59; H,
6.15; N, 3.01.
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acetone (${9odfkshgg and the inorganic solids were renmoved by fichjuseiorns The
filtrate was concentrated in vacuo, and the residue dissolved in nethyl ene
chloride (500 nL). The nethyl ene chloride solution was washed with 3N
hydrochloric 5 acid (3 X 300 nL),tTMQ%WEd by 1IN sodi um hydroxi de (3 x 300
m.). " The organic |ayer was dried (sodiumsulfate), and concentrated in
vacuo. The residue was taken up i nEx8fipkie 4f et hyl acetate whereupon a
mhrte solid formed that was collected by filtration [recovered

v = —passed—tht ough a

g ‘ ediiy : therzo fip] thiopheneve basel i ne
nategzﬂh%ayg?ﬁibgﬁage was concentrated in vacuo, and the residue
crysta anes/ethyl 15 acetate to provide initially 7.19 g of
[ 6- met hoxy- 2- (4- et hoxyphenyl ) - 3-(4-benzyl oxy) phenoxy] benzo[ b] -t hi ophene
as an off-white crystalline solid her | i quor was concentrated and
chr omat ogr aphed on silica gel @ acetate 80:20) to provide an
additional 1.81 20 g of product E*’?cﬁld of
[ 6- met hoxy- 2- (4- met hoxyphenyl ) - 3-(4-benzyl oxy) phenoxy] - benzo[ b] t hi ophene
was 9.00 g (24% based on recovered start material). The basic extract
was acidified to pH =4 with 5N hydrochl& acid, and the resultant
precipitate collected by filtration and didied to 25 give 13.3 g of
recovered 4-benzyl oxyphenol. np [err]H NVMR (CDCl [err]): d 7.60
(d, J =8.8 Hz, 2H), 7.39-7.24 (

H3CO

"~OCH 4

The title compound was prepared in the same manner as

10 the compound of Example 1, mp 189-192° C. IH NMR (DMSO-ds)
d 10.55 (bs, 1H), 7.64 (d, J = 9.0 Hz, 2H), 7.58 (d, = 2.0
Hz, 1H), 7.19 (d, J = 9.0 Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H),
6.95 (dd, J = 9.0, 2.0 Hz, H), 6.86 (s, 4H), 3.94 (t, J =
6.0 Hz, 2H), 3.83 (s, 3H), 3.76 (s, 3H), 2.80 (t, J = 6.0

15 Hz, 2H), 2.66 (m, 4H), 1.53 (m, 8H). Anal. Calcd. for
C30Ha3NO4S+1.0 HCl: C, 66.71; H, 6.35; N, 2.59. Found: C,
66.43; H, 6.46; N, 2.84.



7H), 6.90-6.85 (m 7H), 4.98 (s, 2H), 3.86 (s, 3H) 3.81 (s, 3H). FD nass
spec: 468oAgas2ssCalcd. for Cerr]Herr]Jerr]S: C, 74.34; bbriosdsoerzipund:
C, 74.64; H 5.29. 30 WD 98/ 45288 :

PCT/ US98/ 07274 - 32 - Step c): Pr e__pajr'1 tion of

[ 6- met hoxy- 2- ( 4- met hoxyphenyl ) - 3- ?d’roxy)phenoxy] benzo[ b] t hi ophene
[err] 5 To a solution of [6-net hoxy 2- 34 net hoxyphenyl ) - 3- (4-

benzyl oxy) phenoxy] benzo[ b] t hi opheB¥ampis0 3y, 3. 20 mml) in 50 nL of ethyl
acetate and 10 nL of 1% concentrated hydrochloric acid in ethanol was added

10% palpafi 447 £{on 19£C 360HR th3%y T8 p4 T E- mXﬁUﬁBd}Q@EhE}Xd % ated at 40

psi for—2o ures alrter (v4vn|(,n CTTTE TTTE TEACT O Was -1 1 onpl ete by
thin | ALt £Tall - '

catgl y&iydﬁwhldslglael trate concentrat ed in vacuo to a white solid. The
crude product 15 was passed through a pad of silica gel (chloroform as
eluant). Concentration provided 1.10 g (919 of [6-nethoxy-

2- (4- met hoxyphenyl ) - 3- (4- hydroxy)ﬁhpn(}el@] benzo[ b] -t hi ophene as a white

solid. nmp 123-126 C. [err]H NI\/RW rr]) d 9.10 (s, 1H), 7.59 (d, J =
8.8 Hz, 2H), 7.52 (d, J = 2.1 Hz, 7.14 (d, J = 8.8 Hz, 1H), 6.95

. (d, J = 8.8 Hz, 2H), 6.89 (dd, J:8.8, Hz, 1H), 6.72(d,J:9.0 Hz,

2H), 6.63 (d, J = 9.0 Hz, 2H), 3.78 (s, , 3.72 (s, 3H). FD nass

HaCO

“OCHj4

The title compound was prepared in the same manner as
10 the compound of Example 1, mp 196-198° C. 1H NMR (DMSO-dg)
°d 10.48 (bs, 1H), 7.64 (4, J = 9.0 Hz, 2H), 7.59 (d, J = 2.0
Hz, 1H), 7.19 (4, J = 9.0 Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H),
6.97 (dd, J = 9.0, 2.0 Hz, 1H), 6.87 (g, Jag = 9.0 HZ,- 4H),
4.25 (m, 2H), 3.83 (s, 3H), 3.77 (s, 3H), 3.54 (m, 2H), 3.09
15 (m, 4H), 2.00 (m, 3H), 1.88 (m, 3H). Anal. Calcd. for
C2gH31NO4S+1.5 HCl: C, 63.18; H, 6.15; N, 2.63. Found: C,
63.46; H, 5.79; N, 2.85. |



spec: 378. Anal. Calcd. for (JQerr]Herr]Jerr]S C, 69.82; H 4.79. Found:
C, 70. 06 25 Step d): Preparation of PCT/US98/07274

[ 6- et hoxy ?E{si&?Z (1-pi peridinyl)-

et hoxy] phenoxy] - 2- (4- met hoxyphenyl )] bgﬁzo[b] - thiophene oxalate salt To a
sol ution of [6-methoxy-2-(4-nethoxyphenyl)-3-(4- 30

hydr oxy) phenoxy] benzo[ b] t hi ophene (1.12 g, 2.97 nmmol) in 7 nL of anhydrous
N, N- di net hyl f or manmi de under N2 waExaitEe € WO 98/ 45288

PCT/ US98/ 07274 - 33 - cesiumcarbonate (3.86 g, 11.88 mmol). After stirring

(10G each) The Iayers V\ere separ at ed and the aqueous extract ed with
chloroform (3 x 50 nL). The orga vva onbi ned and washed with water (2 Xx
100 m.). Drying of the organic odi | fate) and concentration provided
an oil that was 10 chromatograp Ne.n/§i ica gel (2% nethanol/chloroform.
The desired fractions were concentrated tp an oil that was dissolved in 10
m. of ethyl acetate and treated with ox acid (311 ng, 3.4 mvol ). After
stirring for 10 mnutes, a white precip e formed and was col |l ected by
filtration and 15 dried to provi de 1 17 (70% overall of

[ 6- met hoxy- 3-[ 4-[ 2- O

(1- pi peridinyl)ethoxy] - phenoxy] -

HsCO

hoxyphenyl )] benzo[ b]
"“OCH3

The title compound was prepared in the same manner as

the compound of Example 1, mp 208-211° C. IH NMR (DMSO-ds)

10 . 4 10.6 (bs, 1H), 7.63 (d, J = 9.0 Hz, 2H), 7.60 (d, J = 2.0
Hz, 1H), 7.20 (J = 9.0 Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H),
6.97 (dd, J = 9.0, 2.0 Hz, 1H), 6.91 (q, Jas = 9.0 Hz, 4H),
4.29 (m, 2H), 4.08-3.91 (m, 4H), 3.82 (s, 3H), 3.77 (s, 3H),
3.59-3.42 (m, 4H), 3.21-3.10 (m, 2H). Anal. Calcd. for

15 CagHp9NOsSe1.0 HCl: C, 63.09; H, 5.73; N, 2.65. Found: C,
63.39; H, 5.80; N, 2.40. |



—

|ophene as the oxalate salt. np 197-200[err] C (dec). [err]H NWR

( DVBSO- d[ ewid 9s/43288 60 (d, J = 8.7 Hz, 2H) , 7 55 (d, J = 1.1 RCT/USIPO74I414
(d, J =8.8 Hz, 1H), 7.06 (d, J = 8.8 Hz, 20 6.91 (dd, J =18.8, 1.1
Hz, 1H), 6.87 (s, 4H), 4.19 (broad t ééfb 3 78 (s, 3H, 3.72 (s, 3H, 3.32
(broad t, 2H), 3.12- 3.06 (m. 4H), 1.47 (m 4H), 1.44-1.38 (m 2H). FD
mass spec: 489 . Anal. Calcd. for %lerth[grr]hKIerr]S 0. 88 -
HJerr]CCerr]H C, 64,95, H 5. Found: C, 64.92; H 5.77; N
2.54. 25 WO 98/ 45288

PCT/ USO§,Qtdfaticd of EX8RRlardxv-aparad [2’“(1-plperldlnyl) ethoxy] ~

of [ 6- metNOXY- 3-] 4= [, CL- RTPert arnyT) etnox

phenoxyRBE PXVE £ ride 5 salt [err]
Treagment of the oxal ate salt from Exanple 1 with aqueous base to produce

the free base, followed by reacti 10 with diethyl ether saturated with
HCO vyielded the title salt, np 216-220 C. [err]H NMR (DMSO-d[err]) d 10.20
(bs, 1H), 7.64 (d, J = 8.7 Hz, 2§: ii\&@ “Od, J = 1.5 Hz, 1H), 7.18 (d, J =
9.0 Hz, 1H), 7.00 (d, J = 8.7 Hz, 1H), 6.56 (dd, J = 9.0, 1.5 Hz, 1H), 6.92

(q, J[err] =9.0 Hz, 4H), 4.31 (m 2H), 3.83 (s, 3H), 3.77 (s, 3H),
3.43 (m 4H), 2.97 (m 2H), 1.77 (m 5H) 37 (m 1H). FD nass spec: 489

Anal . Cal cd. for C[err]H[err]hK{err]S 110 Ha: C, 66.21; H 6.13; N
2.66. Found: C, 66.,46; H, 6.16; 24

[6-methoxy-3~[4-[2- (1-piperidinyl)ethoxy]phenoxy]-2-(4-
methoxyphenyl) lbenzo [b] thiophene hydrochloride (10.00 g,
10 19.05 mmol) was dissolved ini500 nl of anhydrous methylene
 chloride and cooled to 8° C. To this solution was added
boron tribromide (7.20 mL, 76.20 mmol). The resultant
mixture was stirred at 8° C for 2.5 hours. The reaction was
quenched by pouring into a stirring solution of saturated
15 sodium bicarbonate (1 L), cooled to 0° C. The methylene
' chloride layer was separated, and the remaining solids were
dissolved in methanol/ethyl acetate. The aqueous layer was
then extracted with 5% methanol/ethyl acetate (3 x 500 mL).
All of the organic extracts (ethyl acetate and methylene
20 chloride) were combined and dried (sodium sulfate).
Concentration in vacuo provided a tan solid that was
chromatographed (silicon dioxide, 1-7% methanol/chloroform)
to provide 7.13 g (81 %) of [6-hydroxy-3-[4-[2-(1-
piperidinyl) ethoxy]phenoxyl-2- (4-hydroxyphenyl) lbenzo[b]-
25 thiophene as a white solid. mp 93° C. l1H NMR (DMSO-dg) d
9.73 (bs, 1H), 9.68 (bs, 1H), 7.45 (4, J = 8.6 Hz, 2H), 7.21
(d, J = 1.8 Hz, 1H), 7.04 (d, J= 8.6 Hz, 1H), 6.84 (dd, J =
8.6, 1.8 Hz, 1H (masked)), 6.81 (s, 4H), 6.75 (d, J = 8.6
Hz, 2H), 3.92 (t, J = 5.8 Hz, 2H), 2.56 (t; J = 5.8 Hz, 2H),
30 2.36 (m. 4H), 1.43 (m, 4H), 1.32 (m, 2H). FD mass spec:



WD 98/ 45288 . PCT/ US98/ 07274 - 35 -
Exanpl e 3yBlogRa¥sgti on of [6- Met hoxy-3-[4-[2-(1- |0er| odi nyl )itos9sler274
phenoxy] - 2- ?4 met hoxyphenyl )] benzo[ b] t hi ophene 5 [err] The title conpound
was prepared in the sane manner as tgf compound of Exanple 1, np 95-98[err]
C. 1H NMR (DNBC>d[err]) d 10 7.64 T 037="9.0 Hz, 2H), 7.58 (d, J = 2.0
Hz, 1H), 7.18 (d, J = 9.0 Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H), 6.94 (dd, J =
9.0, 2.06Bz, HAdpl GC&B,C(d;., ﬂﬂ) CHmANOuS:JCr 60028z, RHS. BN s, 3H),
3.76 (s N 2,515(qy 4H), 1.66 (m 4H). FD
mass spgc8 477%b@§ C«xﬁ%ﬁ? gg 1§Fg?1erf]ﬁ[err]hK{err]S: C 70.71;, H
6.15; N, 2.99. Found. C, 70.59; H, 6.15; N, 3,01. WD 98/ 45288

PCT/ US98/ 07274 - 36 - Exanple 4 P td o of
[ 6- Met hoxy- 3- [ 4- [ 2- ( 1- hexamet hy! oiiple B

ethoxy]ohenoxy] 2-(4- nethoxyohenylg benzo[bhthlophene 5 hydrochlorlde [err]
The tit EESPad ---‘ Yz SRt il A LaARAREL 1.8 1l)Yethox
phenoxyl-2- (4-hydroxyphenvl) lbenzo[blthiophene oxalate salt
O « (COOH) ,
N\/\O

10
The title compound was prepared in 80% yield from the

free base, mp 246-249° C (dec). 1H NMR (DMSO-ds) d 7.45 (d,
J = 8.6 Hz, 2H), 7.22 (d, J = 1.8 Hz, 1H), 7.05 (d, J = 8.6
Hz, 1H), 6.87 (dd, J = 8.6, 1.8 Hz, 1H (masked)), 6.84 (s,

15 4H), 6.75 (d, J = 8.6 Hz, 2H), 4.08 (bt, 2H), 3.01 (bt, 2H),
2.79 (m, 4H), 1.56 (m, 4H), 1.40 (m, 2H). FD mass spec 462.
Anal. Caled. for Cp7Hz7NO48+0.75 HO2CCO2H: C, 64.63; H, 5.42;
N, 2.64. Found: C, 64.61; H, 5.55; N, 2.62.



10 the compound of Exanple 1, np 189-192 C. 1H NNR(DIVBOd% 10. 55 (bs,
1H), 7.64v0ds4sss 9.0 Hz, 2H), 7.58 (d, J = 2.0 Hz, 1H), 7.RETU§IAI249 o
Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H),-6.95(dd, J =090 2.0 Hz, H), 6.86 (s,
4H), 3.94 (t, J = 6.0 Hz, 2H), 3.83_(§4 3H), 3.76 (s, 3H), 2.80 (t, J = 6.0
( 1.
]

15 Hz, 2H), 2.66 (m 4H), 53(m 8H). Anal. Calcd. for
C[err]H[err]NCIer SS1.0OHA: C 66.71;,.H _.6.35; N 2.59. Found: C, 66.43;
H 6.46; N, 2.84. VO 98/ 45288 Example’9

PCT/ US98/ 07274 - 37 - Exanple 5 Preparatlon of

[ 6- Met hpxy 3rb4:1[o¥r(o]f'\{6\|= \ '

et hoxy] Pnen

The tit

=k ok G 5 o TC O Ol
Example 1, np 196- 198[err] C [err]H NI\/R (DI\/SOd[err]) d 10. 48 (bs 1H),
7.64 (d, J = 9.0 Hz, 2H),759(d;j EI%:IOHZ 1H), 7.19 (d, J = 9.0 Hz,
1H), 7.00 (d, J = 9.0 Hz, 2H 97Nd = 9.0, 2.0 Hz, 1H), 6.87 (q,
Jlerr] = 9.0 Hz, 4H), 4.25 (m 2 }ﬁcos 3H), 3.77 (s 3H), 3.54 (m
2H), 3.09 15 (m 4H), 2.00 (m 3H), 1. Bifm 3H). Anal. Calcd. for

CerrJHerr]NJerr]S. 1.5 HJd: C, 63.18; 6.15; N, 2.63. Found: C, 63.46;
H 5.79; N, 2.85.

The title compound was prepared in 91% yield by
treatment of the corresponding free base with HCl saturated
10 diethyl ether, mp 158-165° C. lH NMR (DMSO-dg) d 9.79 (s,
1H), 9.74 (s, 1H), 7.40 (d, J.= 8.6 Hz, 2H), 7.23 (d, J =
2.0 Hz, 1H), 7.04 (d, J = 8.6 Hz, 1lH), 6.86 (q, Jap = 9.3
Hz, 4H), 6.76 (dd, J = 8.6, 2.0 Hz, 1), 6.74 (d, J = 8.6 Hz,
2H), 4.26 (bt, 2H), 3.37 (m, 4H), 2.91 (m, 2H), 1.72 (m, 5
15 H), 1.25 (m, 1H). FD mass spec 461. Anal. Calcd. for
C27H27NO4S°1.0 HCl: C, 65.11; H, 5.67; N, 2.81. Found: C,

64.84; H, 5.64; N, 2.91.



WO 98/45288 PCT/ US9
Exampl e 6O WA828%k i on of [6- Met hoxy 3-[4-[ 2- (nor phol i no) et h%?@?ggm%“
phenoxy] - 2- (4- met hoxyphenyl )] benzo[ b] t hi ophene hydrochloride 5 [err] The
title conpound was prepared in the sa42 Aanner as the conpound of Exanple
1, nmp 208-211[err] C. 1H NWR (DVMSO-d6) 10 d 10.6 (bs, 1H), 7.63 (d, J =
9.0 Hz, 2H), 7.60 (d, J = 2.0 FE,EQﬁ%gl@-i@ (J =9.0 Hz, 1H), 7.00 (d, J =
9.0 Hz, 2H), 6.97 (dd, J = 9.0, 2.0 1H), 6.91 (q, J[err] = 9.0 Hz, 4H),
4.29 (m 2H), 4. 08 3.91 n1 4FD 3. 82 (s BFD 3. 77 (s BFD 3.59-3.42 (m
: Prepans af [ 2 : ﬁg:{(yﬂcﬁg,og

H 5. 73§hﬁno&e85-2— %r&g&%ﬁ @eﬁz&@b]h&u&@@ne WO 98/ 45288
PCT/ - anpl e reparatron o

[ 6- droxy-3-[4-[2-(1-piperidinyIiethoxy]-

phenoxy] - 2- (4- hydr oxyphenyl )] bengo[¥P] t hi ophene 5 0 HO CH
[ 6- met hoxy-3-[4-[2-(1-piperidinyl Loyl phenoxy] - 2- (4-
met hoxyphenyl )] benzo [ b]t hi ophene hydrochkl oride (10.00 g,

The title compound was prepared from the product of

Example 3 in a manner similar to that 'employed in Example 7

10 above; mp 99-113° C. lH NMR (DMSO-dg) 4 9.75 (s, 1H), 9.71
(s, 1H), 7.50 (d, J = 9.0 Hz, 2H), 7.25 (d, J = 2.0 Hz, 1H),
7.09 (d, §J = 9.0 Hz, 1H), 6.85 (s, 1H), 6.80 (dd, J = 9.0,
2.0 Hz, 1H), 6.79 (4, J = 9.0 Hz, 2H), 3.93 (m, 2H), 2.73
(m, 2H), 2.53 (m, 4H), 0.96 (t, J = 7.0 Hz, 4H). Anal.

15 Calcd. for CagH25N04S+0.5 Hp0: C, 68.40; H, 5.74; N, 3.07.
Found: C, 68.52; H, 6.00; N, 3.34. '



10 19.05 mmol) was dissolved in 500 nL of anhydrous met hyl ene chlorkgg and
cool ed to WOES4$¥8: hi s sol uti on was added boron tribroni de (FFEFHHO .
mol ). The resultant m xture was stirred at 8 C for 2.5 hours. The reactlon
was quenched by pouring into a stirréng3selution of saturated 15 sodium

bi carbonate (1 L), cooled to O C. The nethylene chloride | ayer was
separated, and the remaining soli dgy gediygsol ved in nethanol /et hyl
acetate. The aqueous | ayer was then ex racted wi t h 5% net hanol / et hyl

acetate (3 x 500 m.). Al of the organic extracts (ethyl acetate and

met hyl enpréBaraition &P w@r}g;&mwynsd[4n<ﬂ2dru1e-ql1e6;%@¢ca@§éﬁéﬁhfﬁo) -
Concentr O 1. vacuo _pr.ov H ro BT 091 apned
(siliconckhg¥ydphe Al : - SR QRIGIE

[ 6- hydr oxy-3-[4-[2-(1- plperldlnyl)
et hoxy] phenoxy] - 2- (4- hydr oxypheny, enzo[b]- 25 thiophene as a white
solid. np 93[err] C [err]H NVR{( O-d[err]) d 9.73 (bs, 1H), 9.68 (bs,
1H), 7.45 (d, J = 8.6 Hz, 2H), 7. N~3~< 1.8 Hz, 1H), 7.04 (d, J= 8.6
Hz, 1H), 6.84 (dd, J = 8.6, 1.8 Hz, 1H ( ked)), 6.81 (s, 4H), 6.75 (d, J
= 8.6 Hz, 2H), 3.92 (t, J = 5.8 Hz, 2H), 6 (t, J =5.8 Hz, 2H), 30 2.36
(m 4H), 1.43 (m 4H, 1.32 (m 2H. F s spec: WO 98/ 45288

PCT/ US98/ 07274 - 40 - 462. Anal. Calcd. r err]Herr]NdJerr]S: C,

70.20; H, 5.90; N, 3.03. Found: C 5.90; N, 3.14. Exanple 8 5

HO

The title compound was prepared from the product of
- Example 4 in a manner similar to that employed in Example 7
10 above; mp 125-130° C. 1H NMR (DMSO-dg) d 9.75 (s, 1H), 9.71
(s, 1H), 7.50 (d, J = 9.0 Hz, 2H), 7.26 (d, J = 2.0 Hz, 1H),
7.09 (4, J = 9.0 Hz, 1H), 6.85 (s, 3H), 6.80 (dd, J = 9.0,
2.0 Hz, 1H), 6.79 (d, J = 9.0 Hz}), 3.94 (t, J = 6.0 Hz, 2H),
2.80 (t, J = 6.0 Hz, 2H), 2.66 (m, 4H), 1.53 (m, 8H). Anal.
15 Calcd. for CzgHz9N0O4S: C, 70.71; H, 6.15; N, 2.94. Found:
c, 70.67; H, 6.31; N, 2.93. |



Preparati on of [6-Hydroxy-3-[4- [2-(1-piperidinyl)ethoxy]- phenoxy] -2-

(4- hydro%E&r@éﬁ ] benzo[ b] t hi ophene oxal ate salt [err] 10 pbOraudosiot>r4
conmpound prepared in 80%yield fromthe free base, np 246-249 C (dec).
1H NV\R (DMSO-d6) d 7.45 (d, J = 8.6 2H), 7.22 (d, J = 1.8 Hz, 1H), 7.05
(d, J =8.6 Hz, 1H), 6.87 (dd, J =738.%; 1.8 Hz, 1H (masked)), 6.84 (s, 15
4H), 6.75 (d, J = 8.6 Hz, 2H), 4.08 (bt, 2H), 3.01 (bt, 2H), 2.79 (m 4H),
1.56 (m 4H), 1.40 (m 2H . FD nBsamppecl262. Anal . Calcd. for
Cerr]Herr]NJerr]S.0.75 HJerr]CCOerr]H C, 64.63; H 5.42; N, 2.64.
Found: C, 64.61; H, 5.55; N, 2.62. WD 98/ 45288

PCT/ USogrepazation of phenfiydroxyranhéai2ndlaN, N-

[ 6- Hydr Vidmlizid) ettidiey ] drvhogyoay4-
phenoxyaﬁ'é}:?lgln ar ogyphedr?%] d%, Zo] b] Tt hi ophene hydrochloride 5 [err] HO The
titl®e chyda R lokbgnzo [1) gaapph by treatment of the corresponding

free base wwth HO saturated 10 diethyl ether, np 158-165[err] C. 1H NWR
(DVBO-d6) d 9.79 (s, 1H), 9.74 (s,\%l—l) 7.40 (d, J = 8.6 Hz, 2H), 7.23 (d,
J=2.0 Hz, 1H), 7.04 (d, J = 8.6 Hz} 1H), 6.86 (q, J[err] = 9.3 Hz, 4H),
6.76 (dd, J = 8.6, 2.0 Hz, 1), 6.\74N¢d!jl®:8.6 Hz, 2H),.4.26 (bt, 2H),
3.37 (m 4H), 2.92 (m 2H), 1.72 (m 5

The title compound was prepared from the product of

10 Example 5 in a manner similar to that employed in Example 7
above; mp 137-141° C. 1y NMR (DMSO-dg) 4 9.75 (s, .1H), 9.71
(s, 1H), 7.49 (4, J = 9.0 Hz, 1H), 7.25 (d, j = 2.0 Hz, 1H),
7.09 (d, J = 9.0 Hz, 1H), 6.85 (s, 4H), 6.80 (dd, J = 9.0,
2.0 Hz, 1H), 6.79 (d, J = 9.0 Hz, 2H), 3.95 (t, J = 6.0 Hz,

15 2H), 2.74 (t, J = 6.0 Hz, 2H), 2.51 (m, 4H), 1.66 (m, 6H).
Anal. Calcd. for CpeHp7NO4S: C, 69.46; H, 6.05; N, 3.12.
Found: C, 69.76; H, 5.85; N, 3.40.



15 H, 1.25 (m 1H). FD mass spec 461. Anal. Calcd. for

Clerr] Heigdsgbsw 1]S. 1.0 HO: C, 65.11; H, 5.67; N, 2.81. PEEAHSEI2ZT64. 84;
H 5.64; N, 2.91. WD 98/ 45288

PCT/ US98/ 07274 - 42 - Exanple 10 Preparation of
[ 6- Hydr oxy-3-[4-[2-(1-pyrolidinyl)ethoxy]-
phenoxy] - 2- (4- hydroxyphenyl)]benéo[b]thlophene 5 HO OH The title conpound

was prepared from the product of % in a manner simlar to that

enpl oyed in Exanple 7 10 above; np 99-113 C. [err]H NWR (DVSO-d[err]) d
9.75 (prep . oéiﬂo)étﬁBxyﬂr J = 2.0 Hz,
itg: g" Xy]: i dr chlo igeza)
0.% (t, J =7.0 Hz, 4H). Anal 15 Calcd for C[err]H[err]qurr]SOS
Herr]O C, 68.40; H, 5.74; N, C%f&% «Heynd: C, 68.52; H 6.00; N, 3.34.

WD 98/ 4528 PCT/ US98/ 07274 - 43 -
Exanpl e 11 Preparation of [6- Fyhﬁok§~6”k§ [ 2- (1 hexanet hyl enei m no) -

~ The title compound was prepared from the product of
Example 6 in a manner similar to that employed in Example 7
10 above; mp 157-162° C. lH NMR (DMSO-dg) ¢ 10.60 (bs, 1H),
© 9.80 (s, 1H), 9.75 (s, 1H), 7.50 (d, J = 9.0 Hz, 2H), 7.28
(d, J = 2.0 Hz, 1H), 7.10 (d, J = 9.0 Hz, 1H), 6.92 (q, Jas
= 9,0 Hz, 4H), 6.81 (dd, J = 9.0, 2.0 Hz, 1lH), 6.80 (d, J =
9.0 Hz, 2H), 4.30 (m, 2H), 3.95 {(m, 2H), 3.75 (m, 2H), 3.51
15 (m, 4H), 3.18 (m, 2H). Anal. Calcd. for CzeH25NOsS*HCl: C,
62.46; H, 5.24; N, 2.80. Found: C, 69.69; H, 5.43; N, 2.92,



et hoxy] phenoxy] - 2- (4- hydroxyphenyl )] benzo[ b] thi ophene 5 [err] The title
conpound %ggggﬁgar ed fromthe product of Exanple 4 in a nmoreusssiomMar to
that enployed in Exanple 7 10 above; np 125-130[ err] C [err]H NMR :
(DVMBO-d[err]) d 9.75 (s, 1H), 9.71 (s 7.50 (d, J =9.0 Hz, 2H), 7.26
(d, J = 2.0 Hz, 1H), 7.09 (d, J = 04%‘ 1H). 6.85 (s, 3H), 6.80 (dd, J =
9.0, 2.0 Hz, 1H), 6.79 (d, J =9.0 FE) 3.94 (t, J =6.0 Hz, 2H), 2.80 (t,
J =6.0 Hz, 2H), 2.66 (m 4H), 1”Exa@n1e8lﬂ. Anal . 15 Calcd. for
Clerr]Herr]NJerr]S: C, 70.71; H 6.15; N, 2.94. Found: C, 70.67;, H, 6.31,
N, 2.93. mot3§/45288

di et hyl aHLRG ]h@LY(M Her l)ﬁbeﬁzdwwnma hlehebenzo[b]thl ophene .
[er%% S prepare rom ithe product of 10 Exanple 5 in a
manmer sim |l ar to that enployed in Exanple 7 above; np 137-141[err] C
[err]H NVR (DVMBO-d[err]) d 9.7 1H), 9.71 (s 1FD 7.49 (d, J = 9.0 Hz,
1H), 7.25 (d, j = 2.0 Hz, 1H), LA J = 9. “1H), 6.85 (s, 4H), 6.80
(dd, J = 9.0, 2.0 Hz, 1H), 6.79 {d, J =39.0 Hz 2H) 3.95 (t, J = 6.0 Hz,
15 2H), 2.74 (t, J = 6.0 Hz, 2H), 2.
for errJ]Herr]NdJerr]S: C 69.46; H,

.66 (m 6H). Anal. Calcd.
3. 12.

OCH,4

Step a): Preparation of 6-Methoxybenzo{[b]thiophene-2-
boronic acid

g w!
HeCO ” g7 O

OH

10

To a solution of 6-methoxybenzo[b)lthiophene (18.13 g,

0.111 mol) in 150 mL of anhydrous tetrahydrofuran (THF) at- -

15 60° C was added n-butyllithium (76.2 mL, .122 mol, 1.6 M
solution in hexanes), dropwise via syringe. After stirring
for 30 minutes, triisopropyl borate (28.2 mlL, .122 mol) was
introduced via syringe. The resulting mixture was allowed
to gradually warm to 0° C and then distributed between 1N

20 hydrochloric acid and ethyl acetate (300 mL each). The
layers were separated, and the organic layer was dried over
.sodium sulfate. Concentration in vacuo produced a white
solid that was triturated from ethyl ether hexanes.
Filtration provided 16.4 g (71%) of 6-methoxybenzo(b]

25 thiophene-2-boronic acid as a white solid. mp 200° C (dec).
1H NMR (DMSO-dg) d 7.83 (s, 1H), 7.78 (4, J = 8.6 Hz, 1H),



Found: C, 69.76; H, 5.85; N, 3.40. WD 98/ 45288
PCT/ US98/ GitokMs28845 - Exanpl-e 13 Preparation of PCT/US98/07274
[ 6- Fydroxy 3-[4-[ 2- (nor phol i no) et hoxy] -

phenoxyl -

2- (4- hydr oxyphenyl ) ] benzo[ b] t4hi gphene hydrochloride 5 [err] HO OH

The title conpound was prepared fromthe product of Exanple 6 in a nanner
simlar_tag that enpl oyed in

(DVBO- dfeP] )% 91 - Q B2/ 11%515“3' 8(?7(2(6“1;2{;)3/‘9&;5]36‘(527 éfb‘?zrc 1?@ (d, J

9.0 Hz, 3218, (&,28BK). ¥DRXsd sbectHR087. 10 (d, J = 9.0 Hz, 1H), 6.92 (q,

J[err] =

9.0 Hz, 4H), 6.81 (dd, J = 9.0, 2.0 Hz, 1H), 6.80 (d, J = 9.0 Hz,

2H), 4.30 (m 2H), 3.95 (m 2H), 3.75 (m 2H), 3.51 15 (m 4H), 3.18 (m
oH). ASdlep il cd PreparitionHbEr [pNUebhdxy+33 (4-1Gtisandsul Bonglss: N,

2.8Q Found: C, 6 9 8/ 45288
PCT/ US98/ 07274 - 458%1&%‘%? fﬁ‘fﬁ Br%&arzcélﬁ%’rﬁl%?fg

[ 6- Hydr oxy-3-[4-[2-(1-pi peridinyl)-ethoxy]-

phenoxy]

- 2- (4- et hoxyphenyl )] b Ihiophene

HaCO s
©‘oso ,CHj

To a solution of 6-methoxybenzo[b]thiophene-2-boronic

10 acid (3.00 g, 14.4 mmol) in 100 mL of toluene was added 4-
(methanesulfonyloxy) phenylbromide (3.98 g, 15.8 mmol)
followed by 16 mL of 2.0 N sodium carbonate solution. After
stirring for 10 minutes, tetrakistriphenylphosphinepalladium
(0.60 g, 0.52 mmol) was added, and the resulting mixture was

15 heated to reflux for 5 hours. The reaction mixture was then
allowed to cool to ambient temperature whereupon the product

precipitated from the organic phase. The aqueous phase was
removed and the organic layer was concentrated in vacuo to a
solid. fTrituration from ethyl ether yielded a solid that

20 was filtered and dried in vacuo to provide 3.70 g (77%) of
[6-methoxy-2- (4-methanesul fonyloxy-phenyl) ]benzo[blthiophene
as a tan solid. mp 197-201° C. IH NMR (DMSO-dg) d 7.82-
7.77 {m, 3H), 7.71 (d, J = 8.8 Hz, 1H), 7.54 (d, J = 2.3 Hz,
1H), 7.40 (d, J = 8.7 Hz, 2H), 6.98 (dd, J = 8.7, 1.5 Hz,

25 1H), 3.80 (s, 3H), 3.39 (s, 3H). FD mass spec 334. Anal.
Calcd. for C3gH1404S2: C, 57.46; H, 4.21. Found: C, 57.76; H,
4.21.

Step c): Preparation of [6-Hydroxy-2-(4-methanesulfonyl-

30

oxyphenyl) lbenzo[b] thiophene



S [err] Step a): Preparation of 6-Methoxybenzo[b]thiophene-2- boronic acid
10 [err] J T9§/ %kut I on of 6-net hoxybenzo[ b]t hi ophene (18. 13¢Erusdshiirsnol )
in 150 of ‘anhydrous tetrahydrofuran (THF) at - 15 60 C was added

n- butylllthlun1(76 2 m, .122 nol, 1.6 Msolution in hexanes), dropw se via
syringe. After stirring for 30 mnui€ ? Triisopropyl borate (28.2 nmL, .122
nol ) was introduced via syringe. The resulting m xture was allowed to
gradually warmto.O[err] C ang#Nuen_di stributed between 1IN 20 hydrochloric
acid and ethyl acetate (300 ‘

organic layer was dried oHO é-old&]Su e. Concentration in vacuo

. éé% hyI et her hexanes.
Filtration prOV|ded 16. 4 g (71% of 6-neth $b] 25
t hi ophene- 2-boronic acid as a mhlte SO|Id np 200[err] C (dec). 1H NMWR

(DMBO-d6) d 7.83 (s, 1H), 7.78 é 6 Hg WO 98/ 45288
PCT/u598/0721¢-a‘5plutnqn_qﬂ [ :mgtboxw-Zrﬂw-ms AnesPlipnylexy- 2 0 Hz,
Beh$1 )3 Bende Hﬁ%ﬁaéﬁﬁ@ne2@§ 56t gp b 4Brﬁﬁ@ugtuﬂ1aﬁhydrous
[6 I\/Et hg ? 82 met h df;l}lnesul fong S Iy% %Iylgé benzo[vpg
t hi heﬂg lene chloride (200 mL) at room unde ogen gas was
added boron tribromide (14.20 g, 5.36 mL, 56.8 mmol). The
resulting mixture was stirred at ambient temperature for 3

hours. The reaction was quenched by slowly pouring into

excess ice water. After vigorously stirring for 30 minutes,
10 the white precipitate was collected by filtration, washed
' several times with water, and then dried in vacuo to provide
8.92 g (98%) of [(6-hydroxy-2-(4-methanesulfonyloxyphenyl)]
benzo[blthiophene as a white solid. mp 239-243° C. 1H NMR
(DMSO-dg) 4 9.70 (s, 1H), 7.76 (d, 0 = 8.7 Hz, 2H), 7.72 (s,
15 1H), 7.62 (d, J = 8.7 Hz, 1H), 7.38 (d, -J = 8.7 Hz, 2H),
7.24 (4, J = 1.7 Hz, 1H), 6.86 (dd, J = 8.7, 1.7 Hz, 1H),
3.38 (s, 3H). FD mass spec 320. Anal. Calcd. for C3s5H1204S2:
- C, 56.23; H, 3.77. Found: C, 56.49; H, 3.68.

20 Step d): Preparation of [G—Benzylbxy—z-(4vmethanesulfonyl—
oxyphenyl) lJbenzo[b] thiophene

I - OSO ,CH4

25 To a solution of [6-hydroxy-2-(4-methanesulfonyloxy-
phenyl)] benzo[b]lthiophene (3.20 g, 10.0 mmol) in 75 mL of
anhydrous DMF was added Cs2C03 (5.75 g, 17.7 mmol) followed
by benzylchloride (1.72 mL, 11.0 mmol). The resulting
mixture was stirred vigorously for 24 hours. The solvent

30 was removed in vacuo, and the solid residue was suspended in



To a solution of 6-nethoxybenzo[ b]thi ophene-2-boronic 10 ‘acid (3.00 g,
14. 4 nmmolkyoiofi4sk8® nL of tol uene was added 4- PCT/US98/07274
(et hanesul f onyl oxy) phenyl bronmi de (3.98 g, 15.8 mmol) followed by 16 nlL of
2.0 N sodi um carbonate sol ution. Adleégstlrrlng for 10 m nutes,

t et raki st ri phenyl phosphi nepal | adi um (

resulting mxture was 15 heated to reflux for 5 hours. _ The reaction

mi xt ur 2QRsnbhef Wetered tThedhite RREFERLtatpaes Gl lgerediRy t he

product £pi eehphibat @dd WAHBHdE SE@aPAT BhAse. witd IBRAS Wese dBgingnoved

and the ,organic | ayer was, concepntrated in vacu oljd. Trituration
from et#3} VBEHEY % FeFde RFodue aYaﬁosuﬁ?nﬁqqoé'rr’ecsi" d dried in vacuo

to prOVhéRaﬁeEGeghQMY%Whﬁr The solid was collected to provide

6- et hgxys2- t hgnyl s a tan
[sol Irge 3 ¥_2L9?(§8¥%§ ?ﬂ@c% err%ﬁm Dl)\(/é)-ln%? ?{%&&ng'%? (rn 3H)
7.71 (ophenylslbemo LtH)th phee, ag a whites somd RIOL9%8-2022 @
2H), 6.98 gdd, (BM30Sdp) & T. Ida 72.578 1, @Hﬁp ﬂsszFﬁﬂ, 3 398(.9, I-ﬁH)- FD
mass spec 334 Anal . Calcd. for err]H err] err& C f 46 H,.
4.21. FbHhe: 71c04%57A%6: T 1T 4-21Hz gt &) 3 off) s 5.

[ 6- Hydr gny- 23(43§Y9(t§'}ar3?r§)ulf0!'\]§|ma§§ spec 410. oxyphenyl)]benZO[b]
thlqﬁhene WO 98/ 45288

S98/ 07274 - 48 - [err] To a solutlon of
[ 6- met hoxy- 2- (4- et hanesul f onyl oxy- phenyl )] benzo[ b] t hi ophene (9.50 g,
28. 40 nBtkp En-annydﬂmmsaﬁlonnbﬁyMenBamﬁymuxyrZixlkhwdraxthenymmder

nitrogen gas was benzo [b]thiophene

15

To a solution of [6-benzyloxy-2-(4-methanesulfonyloxy-
phenyl) lbenzo[b]thiophene (12.50 g, 30.50 mmol) in 300 mL of
anhydrous THF under nitrogen gas at ambient temperature was

20 added lithium aluminum hydride (2.32 g,-61;0 rmol) in small
portions. The mixture was then stirred at ambient
temperature for 3 hours and then quenched by carefully
pouring the mixture into an excess of cold 1.0 N
hydrochloric acid. The aqueous. phase was extracted with

25 ethyl acetate. The organic was then washed several times
with water and then dried (sodium sulfate) and concentrated
in vacuo to a solid. Chromatography (silicon dioxide,
chloroform) provided 8.75 g (87%) of [6-benzyloxy-2-(4-
hydroxyphenyl) lbenzo[b] thiophene as a white solid. mp 212-

30 216° C. 1H NMR (DMSO-dg) d 9.70 (s, 1H), 7.63 (d, J = 8.7
“Hz, 1H), 7.56 (4, J = 2.2 Hz, 1H), 7.51-7.30 (m, 8H), 7.00
(dd, J = 8.7, 2.2 Hz, 1H), 6.80 (d, J = 8.6 Hz, 2H), 5.13

60 g, 0.52 mmol) was added, and the -



added boron tribromde (14.20 g, 5.36 nL, 56.8 nmol). The resulting m xture
was sti rwexbsagsegsnbi ent tenperature for 3 hours. The reactiptrasss/gegched
by slowy pouring into excess ice water. After vigorously stirring for 30
mnutes, 10 the white precipitate_mga collected by filtration, washed
several tines with water, and then drifed in vacuo to provide 8.92 g (98%
of [6-hydroxy-2-(4-nethanesul fonyl oxyphenyl )] benzo[ b]thi ophene as a white
solid. (% Zéé--mfl?:.mqwnme@ dénad .9Crd ods, £o3f) C2iH1604%; O, = 8.7 Hz,
2H), 7. , 15 , dee J78 @41 , al 7.38 (d, J = 8.7 Hz, 2H)
7.24 (g%@;@@ f%?'$é§girg?@%§g6ctd3?'§4é Eﬁ?f‘?&? Hz, 1H), 3.38 (s, 3H). FD
mass spec 320. Anal. Calcd. for (Jerr]l]Herr]Jerr]Serr]: C 56.23; H,
3.77. BteRiflc Rremaratignesf 26-Bshaylexy-2Pridometthianyplienyl) ]-
[61Benzyloxy-2-(4b@§g@ggpgyiéﬁﬂghe oxyphenyl )] benzo[ b] t hi ophene [err] 25
To a solution of [6-hydroxy-2-(4-nethanesul fonyl oxy- phenyl)] :
benzo[ b] t hi ophene (3.20 g, 10.0 mml) in 75 nL of anhydrous DVF was- added
Cs[err]CJerr] (5.75 g, 17.7 owed by benzyl chloride (1.72 mi,
11.0 mmol ). The resulting m xtUg tigred vigorously for 24 hours. The
solvent 30 was renoved in vadfo, an qi SO} i d resi due was suspended in
‘WD 98/ 45288 N _ PCT/ US98/ 07274 - 49 -
200 mL of water. The whitle pfecipitate was colqgétiied by filtration and
washed several tines with er. Upon drying in vacuo, the crude product
was suspended in 1:1 '

To a solution of [6-benzyloxy-2-(4-hydroxyphenyl)].

10 benzo[blthiophene (8.50 g, 26.40 mmol) in 200 mL of
anhydrous DMF under nitrogen gas at ambient temperature was
added sodium hydride (1.66 g,'41.5 mmol) in small portions.
Once gas evolution had ceased, iodomethane (3.25 mL, 52.18
-mmol) was added dropwise. The reaction was stirféd for 3

15 hours at ambient temperature. The solvent was then removed
in vacuo, and the residue distributed between water/ethyl
acetate. The layers were separated, and the organic phase
was washed several times with water. The organic layer was
then dried (sodium sulfate) and concentrated in vacuo to

20 provide 9.00 g (98%) of [6-benzyloxy-2- (4-methoxyphenyl) ]
benzo[blthiophene as a white solid. mp 180-185° C. 1H NMR
(DMSO~dg) 4 7.67-7.58 (m,'5H), 7.46-7.29 (m, 5H), 7.02 (dd,
J = 8.8, 2.2 Hz, 1H), 6.98 (d, J = 8.7 Hz, 2H), 5.13 (s,
2H), 3.76 (s, 3H). FD mass spec 346. Anal. Calcd. for

25 C22H1802S: C, 76.27; H, 5.24. Found: C, 76.54; H, 5.43.

Step g): Preparation of [6-Benzyloxy—2—(4—methoxyphenYi)-3—
bromo]benzo [b] thiophene

30 Z



hexanes: ethyl ether. The solid was collected to provide 5 3.72 g (91% of

[ 6- benzyl @xyosisseds met hanesul f onyl oxy- phenyl )] benzo[ b] t hi ophengusyoseMhi te
solid. np 198-202 C. [err]H NNR (DNBC)d[err]) d 7.81-7.78 (m 3H), 7.72 (d,
J =8.7 Hz, 1H), 7.64 (d, J = 2. H, 7.47-7.30 (m 7H), 5.15 (s, 2H)

3.39 (s, 3H). FD mass spec 410 10 Sﬁép e): Preparation of

[ 6- Benzyl oxy- 2- (4- hydr oxyphenyl )] - benzo[ b]thi ophene [err] 15 To a sol ution
of [6-benzyl oxy-2-(4-net hanesul fonyl oxy- phenyl)]benzo[ b]thi ophene (12.50

g, 30.50 mmol @643131§991gkyo§ Qhﬁ@tﬂ&cﬁeﬁﬂb@h%gﬁgﬂhgéih@hea”b' ent

20_ added_[ith |
Sl | potid dhes. 78-S WBALY WS EHACSA 49 e mhroF R LPERFOFR GLOTDr 3

hours amd tithero goiegcbedsbyiaaseidiuny Wiskibenabe stxambeentt 0 an excess of
cthy? aoEmera e’ RanEhls, SURENERNR SRS SuraR BrRRIAG  ad arand
then driz X smubh)n dubpm.e)a amrcaﬂzen'tmatesl a8 gasadutdoa daol 10 mL
o oL 3t Ao e Sh8Y] SempNeLaf o6F) RUMASE Bl B o),
212- 30 mIpipias ?@ﬁ?]il-iaNﬂRtPQV@@mP%ﬁ fere @eperegedm The ergapiq = 8. 7
HL 1H), ﬂas@ wéls érladZ(Eédl%hD sul Bt d) 3ndtoRbbntfa®ed dh vheud. 7, 2.2
18}ﬂ to ﬁlte SOlld. CryJ@alllzgklon from methylene chloride/
methanol provided 10.50 g (85%) of [6-benzyloxy-2-(4-
methoxyphenyl) -3-bromo]lbenzo-[b] thiophene as a white solid.
mp 146-150° C.- 1H NMR (DMSO-dg) 4 7.70 (d, J = 2.2 Hz, 1H),
7.65-7.60 (m, 3H), 7.47-7.30 (m, 5H), 7.19 (dd, J = 8.8, 2.2
15 Hz, 1H), 7.06 (d, J = 8.7 Hz, 2H), 5.17 (s, 2H), 3.78 (s,
3H). FD mass spec 346. Anal. Calcd. for C22H31702SBr: C,
62.13; H, 4.03. Found: C, 61.87; H, 4.00.

. Step h): Preparation of [6-Benzyloxy-2-(4-methoxyphenyl)-3-
20 bromolbenzo [b] thiophene~ (S~oxide)

OCH,

The title compound was prepared by oxidation of the

25 product from step g) with 1.5 equivalents of hydrogen
peroxide in a mixture of trifluoroacetic acid in methylene
chloride. The product was isolated as a yellow solid by
crystallization from ethyl acetate. mp 202-205° C. 1H NMR
(DMSO-dg) a 7.80 (d, J = 2.2 Hz, 1H), 7.68 (d, J = 8.7 Hz,

30 2H), 7.55(d, J = 8.4 Hz, 1H) 7.47-7.32 (m, 6H), 7.10 (d, J =
8.7 Hz, 2H), 5.23 (s, 2H), 3.80 (s, 3H). FD mass spec 441.
Anal. Calcd. for CpH1703SBr: C, 59.87; H, 3.88. Found: C,
59.59; H, 3.78. |



WO 98/45288 , PCT/ US98/ 07274 - 50 -

(s spec 331. Anal. Calcd. for C[err]H[err]C{ EbAiSes/éaer4’ S 88,
H, 4 85. “Egﬁﬁgaﬁ%: 75.64; H, 4.85. Step f): ~ Preparation o?

[ 6- Benzyl oxy- 2- (4- met hoxyphenyl )] - benzo[ b] t hi ophene OCH3 To
a solution of [6-benzyl oxy-2-(4- hydr§2ypheny| )] 10 benzo[ b]thi ophene (8.50
g, 26.40 mmol) in 200 nL of anhydrous DMF under nitrogen gas at anbient

tenperature was added sodium hydride (1.66 g, 41.5 mmol) in small portions.

Once ¢ eval.uti had_ceased 0 3 5ee 18 Mol ) was added
dropmngi—EH%; :ﬁk?QﬁF Eogt?Frgg g%hggﬂ%§§ 3ﬂgHé nmbi ent tenperature.
The sol vent was1puperzdmmyﬂ)ehhoaympheQNQYﬂh@ﬂﬁﬁﬁmﬁRhQXxphemﬂlbh-betmeen

wat er /et hyl acet L S&agﬂﬁged and t he organi c phase was
washed sever al tﬁ%%gz%p$kﬁﬁ¥8%ﬁeﬂ§hg organi ¢ |ayer was then dried (sodium

sul$ate) and concentrated in vacuo to 20 provide 9.00 g (98% of

[ 6- benzyl oxy- 2- (4- met hoxyphenyl ) nzo[b]thiophene as a white solid. np
180-185 C. 1H NWR (DMSO-d6) d 7.67- m 5H), 7.46-7.29 (m 5H), 7.02
(dd, J = 8.8, 2.2 Hz, 1H), 6.98 ( = &7 Hz, 2H), 5.13 (s, 2H), 3.76 (s,
3H). FD mass spec 346. Anal. Calcd for & CJerrlHerr]Jerr]S: C, 76. 27,
H 5.24. Found: C, 76.54; H, 5.43. Stepﬂsi,F%eparation of

[ 6- Benzyl oxy- 2- (4- met hoxyphenyl ) - 3- br ohs#benzo[ b] t hi ophene [err] 30

Reaction of the product of step i) above with 4-(2-
piperidinoethoxy)phenol in base yielded the title compound
10 as a yellow oil. 1H NMR (DMSO-dg) 4 7.76 (d, J = 2.2 Hz,
1H), 7.62 (4, J = 8.8 Hz, 2H), 7.44-7.30 (m, "5H), 7.12 (dd,
J=8.6, 2.2 Hz, 1H), 7.03-6.93 (m, 5H), 6.85 (d, J = 8.8
Hz, 2H), 5.18 (s, 2H), 3.%94 (bt, J = 5.8 Hz, 2H), 3.73 (s,
3H), 2.56 (bt, J = 5.8 Hz, 2H), 2.37-2.34 (m, 4H), 1.45-1.32
15 (m, 6H); FD mass spec 592. Anal. Calcd. for C3sH35NOs5S: C,
72.26; H, 6.06; N, 2.41. Found: C, 72.19; H, 5.99; N, 2.11.
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[ 6- Benzyivoxgsrddagst- met hoxyphenyl ) ] benzo[ b] t hi ophene (10. 0 gpc2Ais9s/oT204) wWas
pl aced in 200 nL of chloroformalong with 10.0 g of solid sodium

bi carbonate at anbient 5 tenperature.zJlo_this suspension was added bronlne
(1.50 nmL, 29.1 mmol ) dropwi se over 30 mnutes as a solution in 100 nL of
chloroforn1 Upon conpl etion of t addi tion ter (200_m.) was added and
the | a@ﬁi’_@ﬁe s@ﬁ&PéFéalo?thol’%rﬁinmﬁé?ﬂlr i%a (}30di um sul fate) and
concentrated in vpgperidink0)athody pednsky] €2y $4ahbthokiyphehiyamiret hyl ene

chl oride/ nethano 10.5 (85% of [6-benzyl oxy-2-
met hoxyphenyl ) - 3- %?g ﬁbﬂ%gﬁ ophene as a white solid. np 146-150 C

[err]H NVR (DMSO-d6) d 7.70 (d, J = 2.2 Hz, 1H), 7.65-7.60 (m 3H),

7.47-7.30 (m 5H), 7.19 (dd, J =828, 2.2 15 Hz, 1H), 7.06 (d, J = 8.7 Hz,
2H), 5.17 (s, 2H), 3.78 (s, 3H). FDhFass spec 346. Anal. Calcd. for
CerrJ]Herr]Jerr]SBr: C, 62.13; N030OFound: C, 61.87; H, 4.00. St ep

h): Preparation of'[6-Benzonxy-2 (4- metk
br ono] benzo[ b] t hi ophene- (S-oxide) [err]
oxi dation of the 25 product fromstep
peroxide in a m xture of trifluoroacetic

title conpound was prepared by
@ th 1.5 equival ents of hydrogen
acid in nethylene chloride. The
crystallization from ethyl

acetate. np 202-205 C. 1H NWR d 7.80 (d, J = 2.2 Hz, 1H

7.68 (d, J = 8.7 Hz, 30 2H) . Hz, 1H) 7.47-7.32 (m 6H)
7.10 (d, J = 8.7 Hz, 2H), (s 3@ 6Cl_fi‘>l—|). FD nass spec 441.
_ A _
5 Z

Reduction of the product of step i) above yielded the
title compound, isolated in 95% overall yvield. Purification
by chromatography (Si02, 1-5% methanol/chloroform) provided

10 an off-white solid, mp 105-108°C. 1H NMR (DMSO-dg) d 7.62
(d, J = 2.2 Hz, 1H), 7.59 (d, J = 8.8 Hz, 2H), 7.45-7.30 (m,
5H), 7.15 (dd, J = 8.6 Hz, l.H), 7.00-6.94 (m, 3H), 6.82 (s,
4H), 5.13 (s, 2H), 3.92 (bt, J = 5.8 Hz, 2H), 3.72 (s, 3H),
2.55 (bt, J = 5.8 Hz, 2H), 2.37-2.34 (m, 4H), 1.44-1.31 (m,

15 4H). FD mass spec 565. Anal. Calcd. for C3sH3s5N04S: C,
74.31; H, 6.24; N, 2.48. Foundi'c, 74.35; H, 6.07; N, 2.76.



Anal . Calcd. for CJerr]Herr]err]SBr: C 59.87;, H, 3.88. Found: C, 59.59;

H, 3.78. / 45288
PC170$9&M7274
PCT/ Usos/ ¥ P45 §52 - Step i): Preparat|on of [6-Benzyl oxy-3-[4-[2-(1-

pi peri di nyl ) et hoxy] phenoxy] - 2- (4- met hoxyphenyl )] -

benzo[ b] t hi ophene- (S-oxide) 5 [errT‘H@écrlon of the product of step i)
above with 4-(2- piperidinoethoxy)phenol in base yielded the title conpound
10 as gtepl [xw oifrepdtdtdor BEC SHeydrdxy63¢da-12= (z—g;ﬂpariﬁi)nym-ﬁz (d,

) 0806 95 (m 5#1)7‘%’%‘”(3*’3‘4’93’&? %’Lz]ﬁﬁngggﬁn?ﬁ]?é)&"g%ﬁ (bt, J

5.8 Hz, 2H), 3.73 {siodne2.56 (bt, J = .37-2.34 (m 4H),
1.45-1.32 15 (m 6H). FD nmass spec 592. Anal Calcd for _
Cerr]Herr]NJerr]S: C, 72.26; 6.06; N, 2.41. Found: C, 72.19; H, 5.99;
N, 2.11. WD 98/45288 _

PCT/ US98/ 07274 - 53 - Step j): e on of [ 6-Benzyl oxy-3-[4-[2-(1-

pi peridinyl) et hoxy] phenoxy] - 2- (4- met hoxyjphenyl )] - benzo[ b] t hi ophene [err]

5 #~OCH,4

To a solution of [6-benzyloxy-3-[4-[2-(l-piperidinyl)

ethoxy]phenoxy]—2-(4-methokyphenyl)]benzo[b]thiophene (8.50
g, 15.0 mmol) in 300 mL of 5:1 ethanol/ethyl acetate was

10 added palladium black (1.50 g), ammonium formate (3.50 g,
55.6 mmol), and 30 mL of water. The resulting mixture was
heated to reflux and monitored by TLC. After approximately
3 hours, the reaction was judged complete and the solution
was cooled to ambient temperature. . The reaction was

15 filtered through a pad of Celite to remove catalyst, and the
filtrate was concentrated in vacuo to a solid. The
concentrate was distributed between saturated sodium -
bicarbonate solution and 5% ethanol/ethyl acetate. The
layers were separated, and the organic phase was dried

20 (sodium sulfate) and concentrated in vacuo. The crude
product was chromatographed (silicon dioxide, 1-5%
methanol/chloroform) to provide 6.50 g (91%) of [6-hydroxy-
3-[4-[2-(1-piperidinyl) ethoxy]phenoxy]-2-(4-
methoxyphenyl) ]benzo[b] thiophene as foam that converted to

25 solid upon trituration with hexanes. mp 174-176° C. 1y NMR
(DMSO-dg) 4 9.77 (s, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.23 (d,
J = 2.0 Hz, 1H), 7.07 (d, J = 8.6 Hz, 1H), 6.93 (d, J = 8.8
Hz, 2H), 6.81 (s,.4H), 6.76 (dd, J = 8.6, 2.0 Hz, 1H), 3.91
(bt, J = 5.9 Hz, 2H), 3.71 (s, 3H), 2.55 (bt, J = 5.9 Hz,



Reduction of the product of step i) above yielded the title conpound,

i sol at edwonogids2sveral |l yield. Purification by chromat ogr aplogA{sssay24r |,

1- 5% et hanol / chl orof orm) provided 10 an off-white solid, np 105-108C. -1H
NVR (DMSO-d[err]) d 7.62 (d, J 2.2 . 1H), 7.59 (d, J = 8.8 Hz, 2H),
7.45-7.30 (m SFD 7 15 (dd, J 8 6 , 1FD 7 00 .94 (m 3H), 6.82 (s,
4H), 5.13 (s 92 (bt 2.55 (bt, J =

3H)

5.8 Hz,2BH) 223%7223§4 ({ﬂm 4&% 11-4@4’11-?& (IM ﬁ_%) 4H}"b mEBSNEPECspec 565.
Anal . @alfﬁ:d Ahai. el €ot] I&t@gﬂggﬂlﬂsc C/476171H Hp. B415), N;. 43.940und:
C, 74. H, 6.07. 8/.4

PCT/ US%%‘MC’ 29- 453t£‘p ) 93'P ﬁaflra'on of
[ 6- Hydr oxy- 3-[4-[ 2- (1- pi peridinyl) -

et hgxy] phenoxy] - 2- (4- met hoxyphen -
solﬁtlon of [6-benzyl oxy-3-[4- [2*%{ % per|d|n
et hoxy] phenoxy] - 2- (4- nethoxyphenyl)]benzo[b]t

_'érétioﬁtB%n”d

i ophene [err] 5 To a

t hi

1)

i ophene (8.50 g, 15.0 nmol)
i

ﬂféiﬁghba@hag¥ﬁLack (1.50
8 2 resul ting
i ° == : Jthiephenesr approxi mately 3
hours, ﬁmrdsembrsnaewa&ntudged corrpl ete and the sol ution was cool ed to

n? ent tenperature. The reaction was 15 filtered through a pad of Celite
emove catalyst, and the filtrate was concentrated in vacuo to a solid.
The - * HCI

N‘/\O

OCH,

The product of Example 14 was converted to the corres-

ponding hydrochloride salt in 85% yield by treatment with a

15 mixture of HCl saturated diethyl ether in ethyl acetate
followed by crystallization from ethanol/ethyl acetate; mp
156-160° C. H NMR (DMSO-dg) 4 10.28 (bs, 1H), 9.85 (s, 1H),
7.56 (d, J = 8.8 Hz, 2H), 7.25 (d, J = 2.0 Hz, 1H), 7.06 (d,
J = 8.7 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 6.87 (q, Jap =

20° 9.3 Hz, 4H), 4.27 (bt, J = 5.9 Hz, 2H), 3.71 (s, 3H), 3.44-
3.31 (m, 4H), 2.98-2.88 (m, 2H), 1.74-1.60 (m, SH), 1.36-
1.29 (m, 1H) FD mass spec 475. Anal. Calcd. for
C2gH2gNO4S~»1.0 HCl: C, 65.68; H, 5.90; N, 2.73. Found: C,
65.98; H, 6.11; N, 2.64.

25



concentrate was distributed between saturated sodi um bi carbonate sol ution
and 5% ety hyl acetate. The | ayers were separated, a ni c
phase was gﬁ?}gﬂ% (sodium sul fate) and concentrated in vaéﬂggmﬁﬁ e crude
product was chronmat ographed (silicon d|0X|de 1- 5% et hanol / chl oroform to
provide 6.50 g (91% of [6-hydroxy-=32f4=[ 2- (1- pi peri di nyl)
et hoxy] phenoxy] - 2- (4- net hoxyphenyl )] benzo[ b] t hi ophene as foam t hat
“converted to 25 solid upon trituExamplenl®h hexanes. np 174-176[err] C.
[err]H NIVR (DNBC)d[err]) d 9 77 (s, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.23 (d,
0 : . .8 Hz, 2H), 6.81
2H), 3.71

PC175598/07274 - 55 - 2H), 2 38-2.33 (n1 4FD 1.46-1.28 (m 6H). FD mass
spec 475. Anal. Calcd. for CJerr]H rr]hK{err]S C, 70.71; H 6.15; N,
2.94. Found: C, 70.46; H, 5.93; 2171

Exanpl e 15 Preparation of [6-Hydr vakﬂr 2- (1- pi peridinyl)ethoxy] -
phenoxy] - 2- (4- met hoxyphenyl )] benzo[ b] t hi oghene hydrochl oride salt 10 [err]
The product of Exanple 14 was converted he corres- ponding

hydrochl oride salt in 85%yield by treat wth a 15 m xture of HC
saturated diethyl ether in ethyl acetate

HeCO

Step a): Preparation of [6-methoxy-2-(4-benzyloxyphenyl)}-
benzo[b]thiophene
10

Following the general procedures of steps a)'through g)
of Example 14, the title compound was obtained in 73% yield,
15 mp 217-221°C. IH NMR (DMSO-dg) d 7.63-7.60 (m, 3H), 7.59-
7.26 (m, 7H), 7.02 (d, J = 8.7 Hz, 2H), 6.96 (dd, J = 8.8,
2.2 Hz, 1H), 5.11 (s, 2H), 3.88 (s, 3H). FD mass spec 346.
Anal. Calcd. for Cz2H3802S: C, 76.27; H, 5.24. Found: C,
76.00; H, 5.25. |
20



|l oned by crystallization fromethanol/ethyl acetate; np 156-160 C
rr]H NMRO 6SM&388 d[ err]) d 10.28 (bs, 1H), 9.85 (s, 1H), 7.PsOv/ysss/oz2m 3. 8
Hz, 2H), 7.25 (d, J = 2.0 Hz, 1H), 7.06 (d, J = 8.7 Hz, 1H), 6.93 (d, J-
8.8 Hz, 2H), 6.87 (g, J[err]. = 20 Q;SE*ZJ 4H), 4.27 (bt, J = 5.9 Hz, 2H),
3.71 (s, 3H), 3.44- 3.31 (m 4H), 2.98-2.88 (m 2H), 1.74-1.60 (m 5H),
1.36- 1.29 ( 1 FD pass spec 475. Anal. Calcd., for

Cerr] eﬂfS‘.“f."—Mﬁ@l’?‘éﬁ_“@@P@é’, %Y@}wfngzbvemﬂ%&ﬁ&wc, 65. 98;
H 6.11; N, 2.64. [BPthioPRen® 45288

PCT/ US98/ 07274 - 56 - Exanple 16 Preparation of

[ 6- net hoxy-3-[4-[2-(1-piperidinyl)-
et hoxy] phenoxy] - 2- (4- hydr oxyphg#
Preparati on of [6-nethoxy-2-(42Qedkyl 8
[err] Followi ng the genertdCQroc&durses eps a) through g) of Exanple
14, the title conpound was obtained in ffld’ 15 np 217-221[err]C

[err]H NVR (DVMSO-d[err]) d 7.63-7.60 (m 3,\7.59- 7.26 (m 7H), 7.02 (d,

fo
[e

BBl b] t hi ophene 5 [err] Step a):
phenyl )] - benzo[ b] t hi ophene 10

J =8.7 H, 2H), 6.96 (dd, J =8.8, 2.2 Hz, 1 11 (s, 2H), 3.88 (s,
3H). FD mass spec 346. Anal. Calcd. for (Jerr] rlgerr]S: C 76.27;, H,
5.24. Found: C, '

5

The title compound was obtained in 91% yield, mp 125-
127°C. 1H NMR (DMSO-dg) 4 7.64-7.61 (m, 4H), 7.46-7.31 (m,
SH), 7.15-7.08% {(m, 3H), 5.15 (s, 2H), 3.82 (s, 3H). FD mass
spec 346. Anal. Calcd. for C2H1702SBr: C, 62.13; H, 4.03.
10 Found: C, 62.33; H, 3.93.

Step c): [6-Methoxy-2-(4-benzyloxyphenyl)-3-bromolbenzol[b]-
thiophene- (S-oxide)

15

The title compound was isolated as a yellow solid by
chromatography (Si0Os, CHCls3). mp 119-123° c. 1H NMR (DMSO-
dg) a 7.73 (d, J = 2.2 Hz, 1H), 7.68 (d, J = 8.8 Hz, 2H),

20 7.55 (d, J = 8.5 Hz, 1H) 7.46-7.31 (m, 5), 7.26 (dd, J =

| 8.5, 2.2 Hz, 1H), 7.18 (d, J = 8.8 Hz, 2H), 5.16 (s, 2H),
 3.86 (s, 3H). FD mass spec 441. Anal. Calcd. for

C22H1703SBr: C, 59.87; H, 3.88. Found: C, 60.13; H, 4.10.



76.00; H, 5.25. 20 WD 98/ 45288

PCT/ US98y g&?s - Step b): , PCT/US98/07274

[ 6- met hoxy- 3 %enzyloxyphenyl) 3- brono] benzo- [b]thi ophene [err] 5 The
title conpound was obtained in 91%vyield, np 125- 127[err]C. [err]H NWR
(DVBO-d[err]) d 7.64-7.61 (m 4H), ~7586=7.31 (m 5H), 7.15-7.09 (m 3H),
5.15 (s, 2H), 3.82 (s, 3H). FD nmass spec 346. Anal. Calcd. for
C[erﬂI§t§g|§]errISBMethXQQBiS4-H2ﬂ4h&PipHrﬂdinMﬂ)QIhQXNBBheHbXSIQS. St ep

tC)hl ophgag;al-v‘(et oXi defﬁ?g???%b%ﬁﬁ%@%ﬁe %ounﬁhﬁ% sol atjé(éegs a yellow

solid by chromatography (SiJerr], CHC [err]) np 119-123 C.  1H NMR

(DVBO- d6) d 7.73 (d, J = 2.2 W7, H), 7.68 (d, J = 8.8 Hz, 2H), 20 7.55
(d, J = 8.5 Hz, 1H) 7.46-7.31 (m 26 (dd J =185 2.2 H, 1H), 7.18
(d, J =8.8 Hz, 2H), 5.16 (s, 2 3’”@3 FD nmass spec 441. Anal

Calcd. for (JerrJHerr]err] SBr: C,
4. 10.

7 H 3.88. Found: C, 60.13; H,

The title compound was obtained as a yellow solid, mp
89-93° C. 1H NMR (DMSO-dg) d 7.68 (d, J = 2.2 Hz, 1H), 7.62
(d, J = 8.8 Hz, 2H), 7.42-7.28 (m, Sﬁ), 7.08-6.92 (m, 6H) ,
6.86 (d, J = 8.8 Hz, 2H), 5.09 (s, 2H), 3.94 (bt, J = 5.8
10 Hz, 2H), 3.81 (s, 3H), 2.56 (bt, J = 5.8 Hz, 2H), 2.37-2.34
(m, 4H), 1.45-1.31 (m, 6H). FD mass spec 582. Anal. Calcd.
for C3sH3sNOsS0.25 EtOAc: C, 71.62; H, 6.18; N, 2.32. Found:

C, 71.32; H, 5.96; N, 2.71.



WD 98/ 45288 ' PCT/ US98/ 07274 - 58 -
Step d): wo6smaszsBOXy-3-[4-[2-(1-piperidi nyI ) et hoxy] phenoxy|RCT/US98/07274

2- (4- benzyl oxyphenyl )] benzo[ b] t hi ophene-(S-oxide) [err] 5 The title -
conpound was obtained as a yell ow solﬁ% np 89-93 C. [err]H NWR
(DVMBO-d[err]) d 7.68 (d, J = 2.2 Hz 7.62 (d, J = 8.8 Hz, 2H),

fia? 1 Bhebin T 1 Rt e s BrSfetadnna bl angi

2H), 2.37-2.34 (mZ-“("*i)—behz@E‘cdxﬁﬂhéﬂylﬂ'beanlR)l]rahiopm&meSQZ Anal . Cal cd.
for Jerr]Herr]NdJerr]S.0.25 EtOAc: C, 71.62; H 6.18; N, 2.32. Found: C,
71.32; H 5.96; N, 2.71. WO 98/ 45288

PCT/ US98/ 07274 - 59 - Step e):

[ 6- Met hoxy-3-[4-[2-(1-pi peridi N‘\h,o-x)q phenoxyl -

2- (4- benzyl oxyphenyl )] benzo[ b] t hi opheneX err] 5 The title conpound was
obtained in 91%yield, np 106- 110C | HNWR (DMSO-d[err]) d 7.59 (d, J

= 8.8 Hz, 2H), 7.54 (d, J = 2.2 Hz, 1 .42-7.28 (m 5H), 7.13 (d, J =
8.8 Hz, 1H), 7.03 (d, J = 8.8 Hz, 2H), §82 (s, 4H), 5.08 (s, 2H), 10 3.92
(bt, J =5.8 H, 2H), 3.78 (s, (bt, J 5.8 Hz, 2H), 2.37-2.33
(m 4H), 1.44-1.31 (m 4H. F HS gpec 565. Anal Cal cd. for

Cerr]H rr]qurr]S C, H40'

@2 48.
0O

The title compound was obtained in 91% vyield, mp 106-

110°Cc. 1H NMR (DMSO-dg) 4 7.59 (4, J = 8.8 Hz, 2H), 7.54
(d, J = 2.2 Hz, 1H), 7.42-7.28 (m, 5H), 7.13 (d, J = 8.8 Hz,
i1H), 7.03 (d, J = 8.8 Hz, 2H), 6.82 (s, 4H), 5.08 (s, 2H),

10 3.92 (bt, J = 5.8 Hz, 2H), 3.78 (s, 3H), 2.55 (bt, J = 5.8
Hz, 2H), 2.37-2.33 (m, 4H), 1.44-1.31 (m, 4H). FD mass spec
565. Anal. Calcd. for C3sH3s5NO4S: C, 74.31; H, 6.24; N, 2.48.
Found: C, 74.26; H, 6.17; N, 2.73.

15 Step f): Preparation of [6-methoxy-3-[4-[2-(1l-piperidinyl)-
ethoxy]lphenoxy] -2- (4-hydroxyphenyl) Jbenzo[b] thiophene

Q\'\/‘.o




Found: C, 74.26; H, 6.17; N, 2.73. 15 Step f): Preparation of
[ 6- met hoXyodsladads2- (1- pi peri dinyl) - . PCT/US98/07274
et hoxy] phenoxy] - 2- (4- hydr oxyphenyl ) ] benzo[ b] t hi ophene [err] WO 98/ 45288
PCT/ US98/ 07274 - 60 - The title conpound was obtained in 88%yield, np 147-
150[err] C Jerr]H NVR (DVMBO-d[err]) @0 g7 72 (s, 1H), 7.51 (d, J = 2.0 Hz,
1H), 7.48 (d, J = 8.6 Hz, 2H), 7.11 (d, J = 8.8 Hz, 1H), 6.88 (dd, J = 8.8,
2.2 Hz, 1H), Thegtiftde 4igmpduwd Was dbtatned. tn 8B, yiedd,(lp 1A7= 5.9 Hz,
2H), 3. T80bsc. 3t MARSYDMo~ ol =B 91 (M3 3.2t SRa[ 1y 4bD ol 46-1.28
(m 6H). FD mass spec 475. Anal. . for 8&err]H errI]NJerr]S:. C,
70.71; Hz,6li3, N- 423 o, Fbimce- Q:Hzm @Té):H" 6l1%d,NT Z 648 I@: 1H),
Eﬁarml esl@eg’r(wr@twm e: |[2§3 %mi',oxléﬁﬁ [é:82- (&; pgmrlhfél mdd) , e T
phenoxy e [ roc I e
b hn‘ébué@h Q?r%d'% ngnén% gﬁg §Ou {87t R hﬁg% ‘}?Ptvn
Exanpl eJ1& 1509y|I-HJ,d mﬂe, t213®-2zo3polmgd, 4Hp, 2154811 .C8 [(ar,r |6H)NVR FD
(DVBO-d ] ( 1 80 e O 2.2 Hz,
1H), 7.%‘%@?""’%}0‘5’%2 JJP"§é'12 %”7&% f&f 338{?89% E 27dd”9’11£’ 80 (m 5H),
6.78 (d6.158. &/HZ .9, Faumﬂ (Bt ,71.605 8, He, 12&DN,3228405 3H), 3.43- 3.34
(m 4H), 2.97-2.91 (m 2H), 1.78.1. 61 (m 5H), 1.36- 1.29 (m 1H). FD nass
spec. 475.- Anal . Cal cd. for '

10 Example 17

Preparation of [6-methoxy-3-[4-[2-(l-piperidinyl)ethoxy]-
phenoxy]-2—(4—hyd:oxyphenyl)]benzo[b]thiophene hydrochloride

O * HCI
N"/\O

15 OH
.The title compound was prepared in a manner analogous

to that employed in Example 15 to yield the title compound,
mp 215-217° C. 1H NMR (DMSO-dg) 4 10.28 (bs, 1H), 9.80 (s,

20 1H), 7.52 (d, §J = 2.2 Hz, 1H), 7.47 (d, J = 8.6 Hz, 2H),
7.12 (d, J = 8.4 Hz, 1H), 6.91-6.80 (m, S5H), 6.78 (d, J =
8.6 Hz, 2H), 4.27 (bt, J = 5.8 Hz, 2H), 3.78 (s, 3H), 3.43-
3.34 (m, 4H), 2.97-2.91 (m, 2H), 1.78-1.61 (m, 5H), 1.36-
1.29 (m, 1H). FD mass spec 475. Anal. Calcd. for

25 CpgH29NO4S+1.0 HCl: C, 65.68; H, 5.90; N, 2.73. Found: C,
65.87; H, 5.79; N, 2:99.



25 (derr]Herr]NJerr]S. 1.0 HOd: C 65.68; H 5.90; N, 2.73. Found: C

65. 87; H wo o%s%s2d98 2. 99. WO 98/ 45288 _ PCT/US98/07274
PCT/ US98/ 07274 - 61 - Formul ati on Exanples In the fornul ati ons which
follow, "active ingredient” means a_cqgpound of formula I, or a salt or
solvate thereof. 5 Formul ation Exanple 1 Gelatin
Capsul es_ I ngredi ent Quantity (ng/capsule) Active ingredient
O.E - 1dermylation NExamples 0 - 650 Starch

fl owabl e powdgi the formulations wh@ch 23Q0W, i"ei& $d L%iﬁ’géé@iéﬁ‘g“ st okes
0 - 15 Fornmul ati on Ex Tabl et s

e .2 10
| ngr edi BF@0S @ °°mP°un3ngl€gJ£ﬂﬁ“P}a( g/ CZbPePLic 9% ST R el Brereot.
2.5 - 1000 Cellul ose, mcrocrystalline ' 200 - 650 Silicon
di ox¢ de, funed : egrate aci d

5 _xg 15 Formul ati on Exanpl eF%m?%]b?e %ﬁfé’gg‘%ﬁ?éd. ent

Quantity (ng/tablet) Active ingedditdm Capsules 25 -
1000 Starch 45
Ingredient ___Quantity (mg/capsule)
Active ingredient _ . 0.1 - 1000
Starch, NF : 0 - 650
Starch flowable powder : 0 - 650
Silicone fluid 350 centistokes 0 - 15

Formulation Example 2

10 Tablets
Ingredient _ Quantity (mg/tablet).
Active ingredient .. 2.5 - 1000 ’
Cellulose, microcrystalline 200 - 650
Silicon dioxide, fumed 10 - 650
Stearate acid : S - 15

Formulation Example 3

Tablets

15 .

' Ingredient - Quantity (mg/tablet)
Active ingredient | 25 - 1000
Starch 45
Cellulose, microcrystalline ' 35
Polyvinylpyrrolidone , _ 4

(as 10% solution in water)
Sodium carboxymethyl cellulose
Magnesium stearate ' . 0.5
Talc ' : : 1




Cel lul ose, mcrocrystalline 35 Pol yvi nyl pyrrolidone
4 (as 100/%&9 ' I n water) Sodium carboxynet hyl cellul 0S €pCT/US98/07274
4.5 Nhgne5|u%#£ %grate 0.5 Talc

1 WD 98/ 45288 PCT/ US98/ 07274 - 62
- The active ingredient, starch, and &&l IFul ose are passed through a No. 45
mesh U. S. sieve and m xed thoroughly The sol ution of polyvinylpyrrolidone
is mxed withThéeactswbt angrpadeats bha&bhar@ﬂdﬂﬂélﬁﬁxﬁsbti&@%@ﬂs@e&b 14

0 C and
passed RSN AN 1897 BaRTRSY BAPE Tt i Kadinghrhy | Phe g oh.
magnesi s Btetontef podiyvihylpprevilddong [das suickeadmoiigh ﬁmoresmuaﬁt
si eve, &ﬁ@fg el hee! BRedr BAY g W Ile_ﬁ;r 1 Qo M4 ﬁ“@ gomoressed

on 10 a't et machine to_yreldta nulatlon uspensi ons
| ngr 8di enteve. The granuleg) et PEPAUSed ade diked &t n'éﬁ edﬁ@ntc and

0.1 - %g@dwﬂruﬁgﬁaabﬂéymbhmbsﬁeu @ OSfieve. The sodi@R MU Syrup

1.25 ny BeQ§0|c agh sol ut 8 0. %P m. Fl avor

q.v. Col Rrboxyme yl starc magnesium stearate, %P% talc,
previously passed through a No. 60 U.S. sieve, are then
added to the granules which, after mixing, are compressed on

10 a tablet machine to yield tablets.

Formulation Example 4

Suspensions
Ingredient | Quantity (mg/s ml)

Active ingredient ' 0.1.- 1000 mg
Sodium carboxymethyl cellulose 50 mg

Syrup o | © 1.25 ng
Benzoic acid solution ' 0.10 mL
Flavor o q.v.

Color , qg.v.
Purified water to ' 5 mL

15

The medicament is passed through a No.45 mesh U.S.
sieve and mixed with the sodium carboxymethyl cellulose and
syrup to form a smooth paste. The benzoic acid solution,
flavor, and color are diluted with some of the water and

20 added, with stirring. Sufficient water is then added to
produce the required volume.
Formulatlon Example 5

Aerosol
Ingredienf Quantity (% by
| weight)
Active ingredient 0.25
Ethanol 25.75

Propellant 22 (Chlorodifluoromethane) _ 70.00




Purified water to 5 mL 15 The nedi canent is
passed t hwouwsglaszsNo. 45 nesh U. S. sieve and m xed with the sporusysn7274

car boxynmet hyl cellul ose and syrup to forma snooth paste. The benzoic acid
solution, flavor, and color are dilgtgg with some of the water and 20
added, with stirring. Sufficient water~is then added to produce the
required vol une. Fornul ation ExagEIe 5 Aerosol | ngredient

Quantity (% RP&vagfhive sAtrgrediggfedsemixed with ‘ethanol and the

0.25 Et hdx¥ure added to a portion of the propellant 22, cooledZ28075

P |1 Chl orodi f Luoro hane)... .. . 70. 00 WO
9&?2228%%% %,2, (anA trans errecqelco a )fllllng devz,g'@F/ ushe gcequireds - The

active amgpned et tlsemi fed tbth sthdmdlesandtded mwwm@ddamf lto a gortion
of the p: . 132, o] : transferred to a fillin evi ce.
The i?eq&lﬁie égn%ln%?i%ﬁ h‘lé%ﬂ?%gl{zg grs?? %ﬂn aél?;‘ s?lreheﬁ qﬁ%ﬁf%i%ﬁ’ in%r%

di | ut ed tijerh filHdced ke ntlhg penpairgm.. The valve units are then fitted to
the container. Fornulation Exanple 6 Suppositories 10 Ingredient"

Quantity (rmg/suppository) Formulation Example 6

Suppositories
10 ‘
Ingredient | Quantity (mg/suppository)
Active ingredient | 250
Saturated fatty acid _ 2,000
ﬂcerides

The active ingredient is passed through a No. 60 mesh
U.S. sieve and suspended in the saturated fatty acid
glycerides previously melted usihg the minimal necessary
15 heat. The mixture is then poured into a suppository mold of
nominal 2 ¢g capacity and allowed to cool. |

Formulation Example 7
Injectable Formulations

20
' Ingredient _Quantity
Active ingredient - : 50 mg
 Isotonic saline _ 1,000 mL

The solution of the above ingredients is intravenously
administered to a patient at a rate of about 1 mL per
minute.



Active ingredient 250 Saturated fatty acid
2,000 gly. &§U§g§ﬁ§The active ingredient is passed through a forusdy h U S

si eve and ed in the saturated fatty acid glyceLLQ§§_QL§!LQE§_Xa__
mel ted using the mninmal necessary 15 heat. The mixture is then poured into .
a suppository nmold of nominal 2 g cap&dity and aIIoméambmwdmmbmmﬁgmﬁy&atlon

Exanple 7 I njectable Fornul ati ons 20 | ngredi ent
Quant i t yrActnaeMi ngr edi ent
saline — 1,000 nmL The solutlon 0

ingredients is intravenously adntnlstered to a patient at a rate of about 1
mL per rminuteA methbéd- £YE EhAl Mtéatmeﬂtea:s@ndplwmmww bewidgg t he

wherei n R or 5-SAG REE HbERp1asda- 80 B Nalidh £0.8 baFTgRL
consbBsting oflMyueedy0£néuahk@x?a@meaﬁeqnmnﬂiﬁlnsuidanRSMGrlagdaR[err]
and Rerr] ar@héfé?ﬁﬁﬁﬁéaﬁgyi%g&%@%%%é'éMBdHEfB@ Plchpdhng OhaFifigr] and

Rerr], taken tog er wt
he“structure

O/\/ N. R4

RZ
10

or a pharmaceutically -acceptable salt or pro-
drug thereof, wherein

Rl and R? are independently selected from the group
15 consisting of hydroxy and alkoxy of one to four
carbon atoms; and

R3® and R? are independently-selected from methyl or
ethyl, or R3 and R4, taken together with the
20 nitrogen atom to which they are attached, form a
pyrrolidino, methylpyrrolidino, dimethyl-
pyrrolidino, piperidino, morpholino, or hexa-
methyleneimino ring.

25

A



nitrogen atomto ﬁtached forma pyrrolidino,
net hyl py wobs/ss289, ol i di no, piperidino, norpRETIUSISNTT4 hexa-
met hyl enei mno rin e preparation of a nedi canent useful for

the treatnment or prophyIaX|s of beni prostatlc hyper pl asia or prostatic
cancer in a patient. 2. The use of aim1l wherein said conmpound is

| REPLACEVENTZ SHEER rée”t Bod F Bl 1 lEe e sald BPERPRent 3. The
use ﬁflébmpﬂiﬁesheheumrs@umantnunuptophy$aiﬂ$ of phestaeatﬁeaygaﬁ .
prophyl axi s rostatl er a patient in need of suc

treat meht . 2 48 tg%ﬁé—' d‘?e % zﬁcﬁs&% Y%:é%tr@ é\ﬁérei n Rerr] and Rlerr] are
both hydr oxy. 5. The use of Clains 1, 2 or 3 wherein R err] is hydroxy
anngZ i's al koxy ehq Ogt‘:écttg%od% C?laa{]:ﬂﬁml AROFeifl: salahﬁe‘ﬂﬁ gof Caims 1, 2

wherein”R3 an Ine wth the nitrogen _atomto mhlch they are
att achegomBrisem &he faeatment iax. Pmphyll%lﬁs@fobeal%n%maw ng the

struct w&%éepnhs% arphargmaeit ol | Ye@gcopt 3BLR sabhtRent.0- drug ther eof,
wherein IS hydroxy or nethoxy;
4. The method of Claim 1 wherein R! and R? are both
10 hydroxy.

5. The method of Claim 2 wherein R! and R? are both
hydroxy.

15 6. The method of Claim 3 wherein Rl and R2 are both
*  hydroxy. ' ' '

7. The method of Claim 1 wherein R! is hydroxy and R2

is alkdxy of one to four carbon atoms.
20 ' .
8. The method of Claim 2 wherein R! is hydroxy and R2

is alkoxy of one to four carbon atoms.

9. The method of Claim 3 wherein R! is hydroxy and R2
25 is alkoxy of one to four carbon atoms. '

10. The method of Claim 1 wherein R3 and R% combine
with the nitrogen atom to which they are attached to form a
piperidino ring.

30
11. The method of Cléim 2 wherein R3 and R? combine
with the nitrogen atom to which they are attached to form a
piperidino ring.
35 12. The method of Claim 3 wherein R3 and R4 combine

with the nitrogen atom to which they are attached to form a
piperidino ring.
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- 66 - useful in the preparation of a nedi canent useful for the treatnent
or proph prostatic cancer in a patient. 8. The m 7
wherein cog%ound i s 6-hydroxy-2-(4- nethoxyphenyl) 3- [géfgﬁﬁwﬁiﬁ%
piperidlnoethoxy) phenoxy] benzo [ b]thi ophene or a pharnaceutically
acceptabl e salt thereof. 9. The oséff- C ai m 7 wherein said conpound is
6- hydr oxy- 2- (4- hydr oxyphenyl ) -3-[4-(2- pi peridi noet hoxy) - phenoxy] benzo[ b]
t hi ophene or a pharnaceutically acceptabl e salt thereof. 10. The use of a

Calt o pro- Pty brREBEY deE B oy Actinh B TRomRt AR e ot in < he

pr epar ap:i:amt@tla gedceandnt augpeftilenftorin medd emif nBnth otreatméytaxi s of

ES.”'dg2o@r%'%f%“ﬁgh*m@#%‘e%lh’i‘"d%%“z‘e%f‘ﬂ%an R Ehr At Mrerel

pi péri @ o@tﬁ@%??unéhéﬁﬁiyi]g l‘}'é’@z@t[ﬂlﬂcﬁuﬁ%phene or

RS
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R2

or a pharmaceutically acceptable salt or pro-drug
10 thereof,

wherein R2 is hydroxy or methoxy.

14. The method of Claiﬁ 13 wherein said compound is
15 6—hydroxy—2-(4fmeth02yphenyl)—3—[4—(2-piperidinoethoxy)-
phenoxY]benzo[b]thiophene or a pharmaceutically acceptable
salt thereof.

15. The method of Claim 13 wherein said compound is
20 G-hydroxy—z—(4-hydroxyphenyl)—3—[4—(2—piperidinoethoxy)—
phenoxylbenzo[b]thiophene or a pharmaceutlcally acceptable
salt thereof.

16. A method of treating benign prostatic hyperﬁlasia
25 in a patient in need of such treatment comprising
administering a therapeutically effective amount of a
compound having the structure

* [ L M s *




pharmaceutical |y acceptable salt thereof. 12. The use of Caim 10 wherein
sai d conmy Bsi43288 6- hydr oxy- 2- ( 4- net hoxyphenyl ) - 3-[ 4- ( 2- PCT/US98/07274
pi peri di noet hoxy) - phenoxy] benzo[ b] t hi ophene or a pharnaceutically

acceptabl e salt thereof.

- 67 -
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RZ

or a pharmaceutically acceptable salt or pro-drug
S thereof, wherein R? is hydroxy or methoxy.

17. The method of Claim 16 wherein said compound is
6-hydroxy-2- (4-hydroxyphenyl)-3-[4- (2~-piperidinoethoxy) -
phenoxylbenzo[b]thiophene or a pharmaceutibaliy accéptable

10 salt thereof. B |

18. The method of Claim 16 wherein said compound is
6-hydroxy-2- (4-methoxyphenyl)-3-[4- (2-piperidinoethoxy) -
phenoxylbenzo[b] thiophene or a pharmaceutically acceptable

15 salt thereof.
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