;e3e>3L 6TG BENZOTHI OPENE COVPOUNDS, | NTERMEDI ATES, COWVPOSI TI ONS, AND
METHODS This application is a divisional appligation arising from Singapore

Pat ent Application No. 9606160-1 filed F 996, now pendi ng. This
i nvention rel at es \\\\“m s of phar rramgﬂmﬂl M@T.IME or ganil5 dbayrppey ry and
provi des novel \&\\%‘\ conpounds ful for the treatnent
of the various me ci cations associated"Wth post-nenopausal

syndronme, and uterine F r0|d di seasel-endonetriosis, and aortal snooth
nmuscle cell proliferation. The present invention furt her relates to

i nt ernedi at e ceppzorHORENe! 0OMPEUNDET, € pRTERGEDIATERhacoemttizork| y active
compounds of the present inventi omnpamdTpdes maceuti cal conpositions. "
Post - menopausal syndrone " is a termused to describe various pathol ogi cal

condi tions whigts farpﬂpqqeauan af § eaptdlws*@enéobo wece@&eﬁedanﬁgor fGORp! et ed
t he physi ol ogi cal netanorphosis known as rrenoBause Al t hough nuner ous

pat hol ogf £89aPe rCoritarfpt at BEPAY cottd UsVof PAPE1O8h ftll%ﬁéeFﬁ%T‘tﬂ'rYefzﬂects
of post - eaopausabesyiy ome are the source of the greatest |ong-term

medi cal concern: osteoporosis, cardiovascular effects such as

hyperlipidenm a, and estrogen- dependent cancer, particularly breast and
uterine cancerniO5t@RRANOSI $cdasEsi bES tRekQUPAOT ofl Eﬁéﬁﬁ‘écéM’di‘éBla%'nﬁe from
di verse etiol ogies, but which are characterized by the net |oss of bone
mass perO{HﬁI’chvthﬁ‘éls‘cﬁYe EBAs RfiPHEesof "Hils PBBZC B IpdREe nESYRaYR IS

resul tinghhane sfreactiysgui s dohe takl weAhehbe §kelﬁieonv5919u9wm1@%quat e
structural support for the body. One of the m)st comon types_ of

ost eopor bRFICHE OpRapssRSIRTA &b thi PRSAERPRAIE2 LVEYRIhReN A5 S F dReabout

200 to abmuioiG0% 0feddts beRGomESS okiist harldr ahestdiar seospar hieple ofcehhe bone
within 3 to 6 years after the cessation of nmenses. This ra |d | oss i s

gener al | P ASSEIPELRY: wi tHean PIciSdse OFVHUNE T esbiptish ahdl? it it8n.

0 5 MAY mmealal:bwewﬁpourﬁdbe mmptﬂdie EEHaeihg wREE pHafhaeait idad 1yhe
result is_a net %E‘OH{? bone nass. Osteoporosis is a ccﬁamrgn and seri gus

di sease ahonS pE‘)glPE hafEaltRonkreSeRter LNEFE 188 es?h BrBECTHY YR

wonen i ncé@simiibae. St at es, al one, who are afflicted with this disease. The
results of osteoporosis are personally harnful and al so account for a | arge
econom c |l oss due its chronicity and the need for extensive and |long term
support (hospi‘t@blszamémpaarxdlnw@idi@mhon‘e care) teom tbedditseasesssanuel ae.
This is es eci al ue, | nor e derl tients. ditponally, although
osteopor%% 4% pr‘%flo QALY I%P”tdﬁgb@ﬂ? %I?P%% q9upBt %r%%fee% ﬁé’"&%‘n(‘ﬂ’ fion, a
20% t 0 3PaveroehBdidd tate o rceimptledew tthehighysiatbyi €sl | meehminen*;jrmsmerren A

| arge percentage of this Moyt rate can b rect assocj at wi.t h
post meno%)acif’sal %og‘teeS%%lﬁsoem s, t%ﬁ slmeL?luﬁePagﬁlgi?qlessuéan CORe" gﬁ’ o the

ef fects of ptostusmmfpalml dsatmopmhosesmag;o:t heef fercatlse ol @b sbemenopBlisalt i ssue
is often reJ eOrmreegrto on Y, % ancreel QU one te}ar}:d |sd§)ar£|ccou aerrny
concent r at'6d néar the e en e "bone (a near 10| ﬁ’&é“f and i 7 tTHé
vertebraestﬁOptotresspl neard'r@fatsrcalbeculeé:fettssaem sashayveaetkrpizediby sl |
osteoi d r 0 her ., a nor e
ol  d anch e A R M oL R e G5 P e Bl
central shaft of the bone This inter-connected network of trabecul ae gives
lateral suppopl.dddrae: QubEtofidd GRla:thipl Uit sB08ed Suftt | £alsel Grbfie

bi onechani cal strength of & overal I structure. postnenopausa

ost eopor 85V&% 56 tetulg,lowﬁmmtywh%nle Fiee qhes‘efa*pﬂmcbm thesnef kdafs of
trabecul ge,ywhjedy | gadsudiq tha gl | ehe eegsé&@&%eér & ©fiana o gl Jei gaheof the
| oss of the trabecul ae in post-nenopausal wonen, it is not surprising that
the nostmewhid reapliing hane fRasEuER SGcitAbedatule Idnébenhkele wane tRi ghly
dependent  on dd aBeGUHABE SURRRLLa1 € Suppdie r¥eT ERbNARYy .t BReNSEK 1 ddie

wei ght bearing bones such as the fenur and the fore-arm I|ndeed, hip

fract ur eCORBT | BPFS R UPBEEORME@SHEr LEbILAR T AFSACERERE LV B FRNERAUSEmEr ks

of post-gEoOPAMISA RHLABMOSHSut 209 to MPoZ008s of the bone mass in
the trabecular compartment of the bone within 3 to 6 years after
the cessation of menses. This rapid loss is generally associated

with an increase of bone resorption and formation.



-3 At this time, the only generally accepted nethod for treatnent of

post - menopausal osteoporosis is estrogen replacenent therapy. Al though
therapy is generally successful, patient conpliance with th@ imﬁga@ is | ow
primarily because estrogen treatnent frequently produces undesit ab si de
effects. Throughout prenenopausal tinme, nost wonen have | ess incidence of
cardi ovascul ar di sease than age- mat ched 47en. Fol | owi ng nenopause, however,
the rate of cardiovascul ar di sease in wonen slowy increases to match the

rate seen | n_nen. is_loss of. protection has been.linked el of
estrogen and'eYH ’pg}ﬁ c,rl?ls&r}o%ﬁ&p G & Cﬁgsésofnmégt gRehet a%r?#i %/gt%esgeﬁ;tul ate
t he | evel simfa serturhdsispiods bofiee maatsur eOst eepbroges’' §s abi donmon candgul at e
serum | i pi i . | r . i date indi cates that
estrogen c%%riu%%%ﬁs\a@%eset %@%ﬁgﬁ)&%‘gsP?)&}EP?%%gf?ﬁ%B%z?r eceptors in the liver
to renmove excess chdlheneraie axddstimediady 25e8iddgen wpPeRnr sntBheave sone
ef fect on gdia & epulResha ot Chmbeater k1 20de@tRefn hanal iciadasd fects on

cardi ovascul ar health. It has been reported in the literature that
post menopalR&ITSRES RivPsGeePeregés rEpI ReEfeRtlthdraifit Hadd 1 Urn of

serum | i pigedaua] S$dr0 aCaRegR! lealonehs ct 2okB0gee 0f t & hehser dEipRE alhest at e.
a reasonable treatnent for this

Thus, estroge ul d appear to b '
condi ti on.n%r EXRESI Ve 2D g@flg GETBSEPBRRRT r S SR 2 S A s e
not acceptrabtsing Horey cagern frofushel diteaget Sequekra®f tThis tierapy. An

i deal therapy f.or, this condit]i | d.he . t p ch woul egul ate the
serum | i piedéﬁlee ea\llé’s t48Es lgs%‘P%%e\égaﬁggymg%{gﬁg’gggde%é%ﬂ‘olf u%lgl}é’i de-effects
and ri sks aldunigit estwopbrestisogennphegapgralhe tivughtre)bragpat Holfegy
assocl at e%m&é&&%@%@%&%%hsw 690”%8' §0§S&\599§i‘i§$ Ns BroagteLancer
and, to a l'esser extent, éstrogen-dependent cancers ot her organs,

parti cul aMith Herutiaegs urast Asughdstdl WeBpRasmd MREIREEMTHage ifited to
a post - NengpiaSRireaRyY, rbkey cAhe beDEerRELYR! 8850t atdle A Wepost -

post - nenopausal OFiU| ation. Current chenotherapy of these cancers has

reli ed he@AAPBIFHHESEEEPOTESISMAY 2009 -4 of anti-estrogen conpounds such
as, for exanple, tammd fyst Ahilhaiigiblsueh ssuxednaghsi bbnantageme sts have
beneficial gffects in the treat manteL of these cancer s, arl{jf the estrogenic

si de- ef f ectie A& 41 EPS5MBEPSPIEGAE PPFEOPRF 83t 2t higt T t Ui 2 hey are
not ideal bdrgr. eXdnis ¢isshesesagénen majehavé soiaslspargy e ects on
certain cangflciehls ROAN AkonS LA-EDELILETYScHNEAL NN fnBal ragen c
(agoni st) properties and they may, therefore, be contraproductive in some
cases. A mndwerof kdeappneorinehes theatméntsof anfiede ancerelmdal dfe an
agent whi Ghhd S AmANt ireStHageruqarPeyRd,BayLngn2RgLi i ) & Q8 NG LSt rogen

agoni st properties on reproductive tissues. In response to the clear need
for new pRETRREICISIERCtEgESt Yhighc ANSLECEBPABT eWbEN #a@dyitheiy t3fe synpt ons
of ib nt er vﬁélilaﬁsower m@@pgwaah&yladaeﬁgg t:bﬁtpwﬁe@iséwamhiim nm@@f ' ges
new benzot hi aphene conmpounds, pharmaceutical conppsitiqns thereof, an

net hods ofu%sfiq}i?g /e CHMB6TRdS oFePﬁ(Ea rég?ﬁﬁﬁgo?h%g%qq%nmm

syndr one ant exttremnestedgeetvelrdt ed patbetofacapivendidt aresl sugpas t hose
ment i oned Belp ddieh R kiREGSIE LU BLENENkT PEOLO; €l SPASE) dif 3R P! d and
ever present clinical problemwhich goes under a variety of namnes,

i ncl udi ng REREMEA] Istaieagdhs @4ssheupweradlhgpructepty, In @dste

| i eony oMatygen SHLRMERLT iodl APBELEARNY ¢ fig_t?r Beifall & ’%ﬁé‘%éd B d GRS 1 LS.
Essentially, uterine fibrosis is_a condition where there |s an

i nappr opr i3® RSt ithe srapesudire wnisheleadpheowehe HFiluee @t us. This
condi tion fifad GRUTE Pon@dySmaronilkes ardchaf @bkl bEythd veIBL-ullde gxact
cause of this condition_is poorly understood but evidence suggests that it
is an i naptPpritP IS oSy Fithrsi AL §§E€r%61’é%t$%%nt.h%d?f?§ra

condi ti on dwsmdye et guradiece drien thalkle tssbyidaelywadhi bhosés ath Dets Dfe est r ogen
for 3 nontihs.. 4.n guin igs, .t condition_ h been produced by daily

admi ni st ralfll‘gl)}hlyofCﬂe setn%%élgn%?‘ortr%(;%&rwﬁgﬁt ﬁggpﬁggt hgfg' | ngg%t%?r%%tf?%%’en
causes si mibamédpgiparf theghweight0 eavAyvig2bdnes Fhehnsstthenhemut raad nent of
uterine fi £ S, d ve i cals pr, S . COS 0 fes a
source of éég%p ?rcéaﬁégdris ?l?ﬁre?s '?]hlgoffg(ra%gp?gn ggigbggﬁﬁﬁ:@‘gﬂﬁg%&é and

i nf ecti onsverrelyore garshefiractugias greshaddrparksonfyprast cnpeeraysat eat nent
and the fids@dslsor&grow. In those cases a hysterectony is performed which
effectively ends the fibroids but also the reproductive life of the
patient. Al so, gonadotropin rel easi ng hornone antagoni sts nay be

adm ni stered, yet their use is tenpered by the fact they can lead to

ost eoporosis. Thus, there exists a need for new nethods for treating
uterine fibrosis, and the nmethods of the present invention satisfy that

. o o



One of the treatnents for this disease is the use of |ow dose estrogen to
suppress endonetrial growh through a negative feedback effect on central
gonadot ropi n rel ease and subsequent ovarian production of eéprﬁgfggm
however, it is sometimes necessary to use continuous estrogen trol
the synptons. This use of estrogen can qQften |ead to undesirable side
effects and even the risk of endonetrialF cancer. Another treatnment consists
of continuous adm ni stration of progestins which i nduces anenorrhea and by

[ [ t . duct i ' e
endonetrial or ow he. Ak e C s 8RS BBt RfLY HhEEBLRT il S
therapy i goof tereaoentpadi pdsbymehepanpt bassneoEN sislel efdgoogesf
progest| n%ﬁ%{i%c%gwte%'& 't:‘ﬁ%géPﬁz‘? 'Ri@ﬁ&h%ﬁ;t%’%%e &}Qiéugfél{&sél'ﬂﬁ of ovarian

function. treat ment~ consists he adm ni stration “of weak
andr ogens sufisiesis fade Pptéentveompltance ovitgtheLheirmet¥s da%: however,

they indugeisRyeny meeaukenk3tpg éﬁfEEéégméwefﬁéq@ntilﬁB?dd&,@dmntS fox
endonetri osis have _al sq been i ?lcated in causing a m’ld degree of bone
| oss wi t hugeesingdder RdAgp¢LL¢REFef ore, new methods of treating

endometriosi s are degirARfioutlpecpeadpllishlVenhepMmb et ahGheh Chaanmiasyyls of
formula | .R3 .- CHZ ) nQZﬁRR&;%égmm wnMws-HhéGi-qcbm
B kL) RRRRBCE GELCRTSERVAPRYERT SiSeED A GOSTIANSRSRITL 1 - on
- 0(Cl- G4 @k yllopwingOmentbanse OOOWavED, atky|ate @HD2(G2iBraddular or hal o;
i et hy! - RS ErS St ety STePthothar Rt f L Hdare seen, in
di i sopr opWeani nGhisr lokexafierhgteaelonnlvas ro¢en 2ligtkedl tghdthe ilosspofor - S-;
or a phar gReeWeraking, acaephablieysalt thef®Of10ss of estrogen’s
ability to regulate the levels of serum lipids. The nature
of estrogen’s ability to regulate serum lipids is not well
understood, but evidence to date indicates that estrogen can
upregulate the low density lipid (LDL) receptors in the liver
to remove excess cholesterol. Aadditionally, estrogen appears
to have some effect on the biosynthesis of cholesterol, and
other beneficial effects on cardiovascular health.
It has been reported in the literature that post-
menopausal women having estrogen replacement therapy have a
return of serum lipid levels to concentrations to those of
the pre-menopausal state. Thus, estrogen would appear to be
a reasonable treatment for this condition. However, the
side-effects of estrogen replacement therapy are not
acceptable to many women, thus limiting the use of this
therapy. An ideal therapy for this condition would be an
agent which would regulate the serum lipid level as does
estrogen, but would be devoid of the side-effects and risks
associated with estrogen therapy.
‘ The third major pathology associated with post-
menopausal syndrome is estrogen-dependent breast cancer and,
to a lesser extent, estrogen-dependent cancers of other
organs, particularly the uterus. Although such neoplasms are
not solely limited to a post-menopausal women, they are more
prevalent in the older, post-menopausal population. Current

chemotherapy of these cancers has relied heavily on the use



Further provided by the present invention are the follow ng internediate
conpounds which are useful for preparing pharmaceutically active conpounds
of the present invention, sone of which are al so pharnaceutically active:
0 5 MAY 2003 R9 RPa Rla ~ SO Rs Z RRa Ra s RI1 || R3-(CHDDMAYZHLa Ria
~ S Owherein Rlais -Hor -ORS in whi c_Q_R? I's a hydroxy protecting group;

of anti-estrogen compounds such as, for example, tamoxifen.
Although such mixed agonist-antagonists have beneficial
effects in the treatment of these cancers, and the estrogenic
side-effects are tolerable in acute life-threatening
situations, they are not ideal. For example, these agents
may have stimulatory effects on certain cancer cell
populations in the uterus due to their estrogenic (agonist).
properties and they may, therefore, be contraproductive in
some cases. A better therapy for the treatment of these
cancers would be an agent which is an anti-estrogen compound
having negligible or no estrogen agonist properties on
reproductive tissues.

In response to the clear need for new
pharmaceutical agents which are capable of alleviating the
symptoms of, inter alia, post-menopausal syndrome, the
present invention provides new benzothiophene compounds,
pharmaceutical compositions thereof, and methods of using
such compounds for the treatment of post-menopausal syndrome
and other estrogen-related pathological conditions such as
those mentioned below.

Uterine fibrosis (uterine fibroid disease) is an
0ld and ever present clinical problem which goes under a
variety of names, including uterine fibroid disease, uterine
hypertrophy, uterine lieomyomata, myometrial hypertrophy.
fibrosis uteri, and fibrotic metritis. Essentially, uterine
fibrosis is a condition where there is an inappropriate
deposition of fibroid tissue on the wall of the uterus.

This condition is a cause of dysmenorrhea and
infertility in women. The exact cause of this condition is
poorly understood but evidence suggests that it is an
inappropriate response of fibroid tissue to estrogen. Such a
condition has been produced in rabbits by daily
administrations of estrogen for 3 months. 1In guinea pigs,
the condition has been produced by daily administration of
estrogen for four months. Further, in rats, estrogen causes

similar hypertrophy.



R2a is -H, halo, or -OR8 in which R8 is a hydroxy protecting group; R3 is
1-piperidinyl, 1-pyrrolidinyl, nethyl-1pyrrolidinyl,

di met hyl - 1- pyrrolidinyl, 4-norpholino, dinethylamno, diisodydMAYagldho, or
1- hexamet hyl eneimno; R6 is -H or a hydroxy protecting group which can be
sel ectively renoved; R9 is a |eaving grgup, R11 is non-existent or = 0; n
iIs 2 or 3; and 05 MAY 20D3 -g_ Zis or -S-; or a pharnmaceutically
acceptabl e salt thereof. Al'so provided is a process for preparing conpounds

aLléﬂeR;grrglaHRgr fqgiﬁzgt LR R R fent So¥NEEEL InBlRihfoskkor -OR-a in

involves surglcal procedures both costly and sometimes a
source of complications such as the formation of abdominal
adhesions and infections. In some patients, initial surgery
is only a temporary treatment and the fibroids regrow. In
those cases a hysterectomy is performed which effectively
ends the fibroids but also the reproductive life of the
patient. Also, gonadotropin releasing hormone antagonists
may be administered, yet their use is tempered by the fact
they can lead to osteoporosis. Thus, there exists a need for
new methods for treating uterine fibrosis, and the methods of
the present invention satisfy that need.

Endometriosis is a condition of severe
dysmenorrhea, which is accompanied by severe pain, bleeding
into the endometrial masses or peritoneal cavity and often
leads to infertility. The cause of the symptoms of this
condition appear to be ectopic endometrial growths which
respond inappropriately to normal hormonal control and are
located in inappropriate tissues. Because of the
inappropriate locations for endometrial growth, the tissue
seems to initiate local inflammatory-like responses causing
macrophage infiltration and a cascade of events leading to
initiation of the painful response. The exact etiology of
this disease is not well understood and its treatment by
hormonal therapy is diverse, poorly defined, and marked by
numerous unwanted and perhaps dangerous side effects.

One of the treatments for this disease is the use
of low dose estrogen to suppress endometrial growth through a
negative feedback effect on central gonadotropin release and
subsequent ovarian production of estrogen; however, it is
sometimes necessary to use continuous estrogen to control the
symptoms. This use of estrogen can often lead to undesirable
side effects and even the risk of endometrial cancer.

Another treatment consists of continuous
administration of progestins which induces amenorrhea and by
suppressing ovarian estrogen production can cause regressions

of the endometrial growths. The use of chronic progestin



protecting group; R2d is -H halo) or -OR8a in which R8a is -H or a hydroxy
protecting group; R3 is 1-piperidinyl, 1-pyrrolidino, nethyl-21pyrrolidinyl,
di met hyl - 1- pyrrolidi no, 4-norpholino, dinethylanmino, dieth Eﬂwino

di i sopropyl am no, or lhexanethyleneimno; nis 2 or 3; an AY 28 or -S-;
or a pharmaceutically acceptable salt thereof, conprising conpound a)
oxidizing the sulfur atomof a formula 'V RO R2a S Rla IV wherein Rla and
R2a are as previously defined; and RO is a | eaving group; , 05 MAY 2Qd~

<9_ b) 1eagld;09,1 18 BERUHCLbnSARPeR) by A RO MPHNEAnd I K V RO Rea s

effects of progestins and often leads to infertility due to
suppression of ovarian function.

A third treatment consists of the administration of
weak androgens, which are effective in controlling the
endometriosis; however, they induce severe masculinizing
effects. Several of these treatments for endometriosis have
also been implicated in causing a mild degree of bone loss
with dontinued therapy. Therefore, new methods of treating
endometriosis are desirable. ‘

The present invention relates to compounds of

formula I
R*- (CHz) 7O
yA
gl S
I
wherein
Rl is -H, -0H, -0(C1-C4 alkyl), -OCOCgHs, -0OCO(C1-Cg

alkyl), or -0S0,(Cy-Cg alkyl);

R2 is -H, -OH, -0(C1-C4 alkyl), -OCOCgHs, -0CO(Ci-Cg
alkyl), -0S05(C2-Cg alkyl) or halo;

R3 is 1l-piperidinyl, 1-pyrrolidinyl, methyl-1-
pyrrolidinyl, dimethyl-l-pyrrolidinyl, 4-morpholino,
dimethylamino, diethylamino, diisopropylamino, or 1-
hexamethyleneimino;

n is 2 or 3; and

z is -0- or -S-;

or a pharmaceutically acceptable salt thereof.

Further provided by the present invention are the
following intermediate compounds which are useful for
preparing pharmaceutically active compounds of the present
invention, some of which are also pharmaceutically active:



XIV with a nucleophilic group of the formula O ( CH2 ) n-R3 R 2 wherein
R12 is -CH or -SH, c¢) reducing the product of step b), a conpound of
formula XVI R3 - ( CH2 ) n-OZ Rka s Rla 0 XVI to provide a conpound of the
formula 05 MAY Q009 -10 R3 - ( CHz ) n-O Z R2a Rla ~S d) HPptMAYN2003 y
removing the Rl a and/or R2a hydroxy protecting groups, when present, of the
product of step c); and e) optionally fdrmng a salt of the product of step
c) or step d). The present invention further relates to pharnaceuti cal
conposi tions containing compounds of formula I, optionally containing
estrogen or progestin, and the use of s%?h conpounds, alone, or in

conbi nation with estrogen or progestin,,for alleviating the synptons of
post - nenopausal syndrone, partj ost egfforosi s, cardi qvascul ar rel at ed
pat hol ogi cal conditions, and e§ S aR& . As used herein) the
term "estrogen” includes sterohdq X ng estrogenic activity
such as, for exanple, 17besRadi 0 , [rone, conjugated estrogen
(Premarin), equine estrogen 17b-ethynyD estradiol, and the |like. As used
herein, the term "progestin” includes conpounds having progestati onal
activity such as, for exanpl e, progesterone, norethylnodrel, nongestrel,
nmegestrol acetate, norethind e Ad the |ike. The conpounds of the
present invention also are usefu y nhi biting uterine fibroid disease
and endonetriosis in wonmen, and smoot h nmuscle cell proliferation,
particularly restenosis, in human

Rla S
All
IT
R3- (CH;) -0
yA
\ O Rza

Rla S
Il
0

wherein

Rla is -H or -OR7 in which R7 is a hydroxy
protecting group;

R22 js -H, halo, or -OR® in which R® is a hydroxy
protecting group;

R3 is 1-piperidinyl, l-pyrrolidinyl, methyl-1-
pyrrolidinyl, dimethyl-l-pyrrolidinyl, 4-morpholino,
dimethylamino, diisopropylamino, or l-hexamethyleneimino;

Ré is -H or a hydroxy protecting group which can be
selectively removed;

R? is a leaving group;

Rl is non-existent or = O;

n is 2 or 3; and



One aspect of the present invention includes conpounds of formnula I Q5
MAY 20D3 -11 RB - (CH2 ) n~Z 21 RR ~ S| wherein RLis -H -0OH,

-~ Cl-Cq al kyl), -0OCOC6H5, -0OCQ(Cl-C6 alkyl), or -0S02(C2-C6 alkyl); R2 is
-H, -OH, -Q(Cl-Cq al kyl), -0OCOC6H5, -OCO(Cl-C6 al kyl), -OCSQZO@&EMAY 2mky! ),
or halo; R3 is 1-piperidinyl, 1-pyrrolidinyl, nethyl-21pyrrolidinyl,

di met hyl - 1- pyrrol i di nyl, 4-norpholino, et hyl am no, diethylam no)

di i sopropyl am no, or lhexanethyleneimno;, nis 2 or 3; and zis -O or -S-;
or a pharmaceutically acceptable salt thereof. General terns used in the
description of conp&%ﬂ&% er &' “&es’cri bed bear their usual meanings. For
exanpl e, "d¥-Lohharmgpceutétaeldyt acsepaabht salbrahehedf al i phatic chains of 1
to 6 carbon atons including noieties such as nethyl, ethyl, propyl,

i sopropyl, butyl, n-butyl, pentyl, isopentyl, hexyl, isohexyl, and the
like. Similarly, thélssr mrogideg dlskexprocessedont praparicd aprgourddup
attached tdy qugh fnRoxygen ol ecul e and include noieties such as, for
exanpl e, met hoxy, thoxy, n- propoxy, isopropoxy, and the |ike. The starting
material for one route for preparing conpounds of fornmula |I of the present

i nvention, conpounds of ggrgﬁhgrkél gFe\prepared essentially as described
by C. D. Jones in U S Baf & 4, B, and 4, 133, 814, each of which is
herei n incorporated by reference. Fo 1l has the structure 0 5 MAY
2003 -12 7

OO

Rl2 is -H or -OR72 in which R72 is -H or a hydroxy

wherein

protecting group;

R22 is -H, halo, or -OR82 in which R8 is -H or a
hydroxy protecting group;

R3 is l-piperidinyl, 1l-pyrrolidino, methyl-1-
pyrrolidinyl, dimethyl-l-pyrrolidino, 4-morpholino,
dimethylamino, diethylamino, diisopropylamino, or 1-
hexamethyleneimino;

n is 2 or 3; and

Z is -0- or -S-;
or a pharmaceutically acceptable salt thereof, comprising

a) oxidizing the sulfur atom of a formula IV
compound
R®
S
Rla
Iv
wherein

Rl2 and R22 are as previously defined; and
R? is a leaving group;



R2a s R~ O 11l wherein R~ and R2a are as defined above. The R~ and R$
hydroxy protecting groups are ' noieties which generally are not found in
the final, therapeutically active conpounds of formula I, b @@gpgpgre
intentionally introduced during a portion of the synthetic Hﬁ% S

protect a group which otherwi se mght react in the course of chenica
mani pul ati ons, and is then renoved at @1 ater stage of the synthesis. Since
conmpounds bearing such protecting groups are of inportance primarily as
chemi cal internediaégs (althowgh omeégﬁivativeilal%ﬁ exmlgt b%_logicm
activity), their prBtiseTSeFEEEAr T PTRAVT 4 SHEP Rirreo FO™PEREE 8fis f or
the fornmafoxmla etwwal , and possibly, reformation of such protecting groups
are described in a nunber of standard works~i ncluding, for exanple,
Protective Groups in Organic Chem stry,_ 4l enum Press (London and New YorKk,
1973); Geen, T.W, Protective GQups iR Organi c Synthesis, Wley (New
York, 1981); and The Pepti des, ocre\ and Lubke, Academ c Press,
(London and New York, 1965). PHR4Fr ot ecti ng groups

i nclude, for exanple, -Cl-C4 @ -CO (C1-C6 al kyl),
-S02-(Cg-C6 alkyl), and -CQAr iYW whicp Ar is benzyl or optionally
substituted phenyl. The t@rnl"substitubed phenyl " refers to a phenyl group
havi ng one or nore substituents sel ected fromthe group consisting of Cl-C4
al kyl, C1-Cq al koxy, hydroxy, nitro, Ko, and tri(chloro or fluoro)

met hyl. The term hal 0" refers to brono, chloro, fluoro, and iodo. For
conpounds _of. formula |1l...preferred R:-.an a) substituents are

met hyl , i"%lo'i}? oapyrf"fc ee?%l,lca & g ﬁ’gxff}:}ﬁt g?%%ugrzmounds in which R~ and R8
each are net hyl 0 5 MAY 2009 -13 are prepared via the procedure described
in the abovereferenced Jones pateii! Anot-hem,prekérred hydroxy protecting

group i s nethoxynethyl. However, of ul a |V conpound, as shown below, is
first prepared bearing the preféd et hyl or other hydroxy protecting
group(s). These protecting grouwp>™e+€ then renoved, form ng phenolic
noi eties, which are then reprggected w th net hoxynet hyl protecting groups.
Conmpounds of fornula Il are also prepared in which R~ hydroxy protecting
groups are selectively renoved, |eaving the R$(R2a) hydroxy protecting
group as yasteinf R¥% iki ra prodsgt. The sane is true in which the Ra(R2a)
hydr oxy protecting group is selectively renoved, |eaving the R~ hydroxy
protecting group in place. For exanple, R~ is isopropyl or benzyl and
R8(R2a) is nethyl. dhe iseguopyd e henyddctwifetsters el ectdongoyundendived
Vi a standﬁ&ﬁmgﬁgggg#res) and the R8 nethyl protecting group is left as part
oduc

of the final pr . The first steps_gof the present process for preparing
certai n conpounds of fa3mulcy,h ,Foegae | ectively placing a | eaving group
at the 3 position of a forrmula Il fonpdléind, coupling the reaction product
of the first step with a 4-(protect oxy) phenol , and renoving the

phenol 's hydroxy protecting group.
Schenme | below. Schenme | R2a R-o
defi ned above

he prgsent process is depicted in

‘W fere\ N R~ and R2a are as
R2a

o
[
w
o=

XVI

to provide a compound of the formula



05 MAY 2003 -14 RO RRa R~ 0/ S~ ] IV wherein RO is a |leaving group R60 O

RRa R~ o/ S~ 1 Ila wherein R6 is a hydroxy protecting group which can be
selectively renbved HOOR2a R7 0/ S~ 1 Ilb In the first steB of Schene
|, an appropriate | eaving group is selectively placed at th& BMA¥sa088 on of
the formula Il starting material via @pdard procedures. Appropriate RO

| eavi ng groups include the sul fonates such as net hanesul f onat e,
4- br omobenzenesul f onate, tol uenesul fonate, ethanesulfonate,
i sopropanesul fonate, 4-nethoxybenzenegul fonate, 4-nitrobenzenesul fonate,
2- chl or obenzenesul f onatg,- (o, § | ab€ he Ii ke, hal ogens such as brono,
chl oro, and 0 5 MAY 2003 -f5 i ado| ot her rel ated | eavi ng groups.
However, to insure proper placenent \e | eavi ng group, the naned
hal ogens are preferred, and brano is ally preferred. The present
reaction is carried out using stgugal For exanple, when the
preferred hal ogenati ng agents ar ¢ 04 such a
hal agenati ng agent, preferably by Fh an equi val ent of
the formula I TI substrate, inRthe
for exanple, chloroformor acetic acid. The reaction is run at a
tenperature fromabout 40 C to about sa c.

d) optionally removing the R!2 and/or R22 hydroxy

protecting groups, when present, of the product of step c);
and

e) optionally forming a salt of the product of
step c) or step d).

The present invention further relates to
pharmaceutical compositions containing compounds of formula
I, optionally containing estrogen or progestin, and the use
of such compounds, alone, or in combination with estrogen or
progestin, for alleviating the symptoms of post-menopausal
syndrome, particularly osteoporosis, cardiovascular related
pathological conditions, and estrogen-dependent cancer. As
used herein, the term “estrogen” includes steroidal compounds
having estrogenic activity such as, for example, 17b-
estradiol, estrone, conjugated estrogen (Premarin®), equine
estrogen l7b-ethynyl estradiol, and the like. As used
herein, the term “progestin” includes compounds having
progestational activity such as, for example, progesterone,
norethylnodrel, nongestrel, megestrol acetate, norethindrone,
and the like.

The compounds of the present invention also are
useful for inhibiting uterine fibroid disease and
endometriosis in women, and aortal smooth muscle cell

proliferation, particularly restenosis, in humans.

One aspect of the present invention includes

compounds of formula I



The reaction product fromthe above process step, a conpound of formula rV,
is then reacted with a 4-(protectedhydroxy)phenal to form conpounds of
formula Ila in which R6 is a selectively renovabl e hydroxy pr@geﬁk¢q

group. Generally, the 4-hydroxy protecting noiety of the phenol nmay any
known protecting group which can be selectively renmoved w thout renoving,
in this instance, the R~ and, when pré% nt, R8 noieties of a fornmula ~la
conpound. Preferred Rs protecting groups include nethoxynethyl, when R~
andl or Ra are not nethaxynethyl, and benzyl. O these, benzyl is especially
preferred. The 4-tprate§§§g-g§ pnesal reactants are commercially
avai |l abl e or can be prepar 8 a §l procedures. This coupling
reaction is known in the art as an \ gR reaction and is run according to
standard procedures (see, e.g. , AdvanNCed Zzargan.i.c Chem stry: React.zons,
Mechani sms, and Structure, Fourth ' G March, ed., John wley
& Sons, Tnc. 1992); Jones, C D., .
(1992)]. In general, equival ent X //aryl substrates, in the
presence of up to an equi mal arp1ANDy j < | ) oxide catalyst and an
appropriate solvent, are heated to reflux under an inert atnosphere.
Preferably, an equivalent of a formula1V conpound in which RO is branp is
react ed w*ﬁg{ equi val ent anount of 9-benzyl oxyphenal in the presence of
an equi val'ent “of cuprous oxi de. 5 MAY ~_ -16 Appropriate solvents for

0

this reaction are tRostSstHverRE: o0 tRixCar 81y LLol VeHRSeHmi cPGUFarRsi nert
Lhrough0ﬁ§1ﬁpp%[a§@ti@g?2(E&ptﬁahhyy%p;ganic bases, particula{ly a hinﬂered
ase such as, for ex e, 2,4.6-caol)idine re pre sol vents. The
t enperature enpl oyeﬁginﬁstﬁ‘ils é‘?%p 's%écﬁll'&‘ibélgﬁf} [ cTéﬁéé%’ef"ng(cééﬁﬁl etion
of this caupying +esciimnrcsaadkwl)l onfhabsce the amount of tine required
t herefore. Wen the geact'on.nixﬂffe i s _heated tﬁ.re | ux E d;{ an inert

at nospher e such as Ri t1ogemR RHe diM¥k t - E¥FPPeLAIAY he uRP 5y LT be from
about 20 pwrabbidim@l hadirsetHyal 4wy odddphiig, 4whoephdbins, a fornula |1 a
conpound, I cQo re pr r .ectiyely renmoving the R6
hydr oxy 5?%¥%€y¥ﬂ%£%$%u5ﬂ§$5§%%€§ﬁh'adﬁﬁgoggﬁg%&%§k§§a %gl known reduction
procedur ekexametky lempeiminae that the selected procedure will not affect
the R~ and, when prgsegty; BB Hydgoxy protecting groups. Wien R6 is the
preferred benzyl noiety, and R~ and, when present, R8 each are nethyl, the
present process step L8 t@rrPBd-dut via standard hydrogenol ysis procedures.

Typi cal | YGJrt@%ﬁ&fﬁ&@@&ic@aﬁl&b%d@&ébﬂe@@ﬁ@@ tBedesBitabl e sol vent or
m xture of solvents follﬂme by the_addition of g pr.oton_donor

to
accel erate the reacPPBRTANATSANEPEE SHritat e WiSETRALPEN O aCRMpSpRds
Appr opr i aher eq adiystsibead | bsker ndid i ARfualls meadiagsdesrsucbxasppal | adi um
pl ati num,and.r UM Qxi on_a c bon, Cl W
car bonate.@b‘dcet hhégls , p%f%g‘isu%}c’or?-%ggrggé%, 8%a$¥i§’§% %ﬁl%&a&% cidins
pal | adi unebni cae boncarlsoprafans eichclsalivenmeiktoieshsscheast menhyt e t hose

sol vents SEnglxtysenel, Spéneé&cfgslgyc%ggf& STH-Bk00r L pREQUONOUL LhE feact | on.

P pans. .1, i:907

Typi cal |y, etate a | 1 phatic al toho particular et hanol
i s preferh@@lForsehexyplestti thaddiksh, KdideRl¥ri EhgcFar8efGexChs an

adequat e ankoRy ef epLes@Os 0 oY alWyengtbiipait eathed!t L fieopgt adnir e and a
pressure ranglng form about 30 psi_ to aboyt 50 pgl, th% Eresent 0 5 MAY
2003 - 1~ PEACERORCHERLIGRRD + § MPESGEEsSUGH BRir sLPEaBKRBRIfmy be

moni t or edmdyhskandat Hoxhy onabsp@phi G dopttopiosyres andcbhas1tiken | ayer

chromat ogr aphy. The starting material for one route for preparing

compounds of formula I of the present invention, compounds of
formula III, are prepared essentially as described by C. D.
Jones in U.S. Pats. No. 4,418,068, and 4,133,814, each of
which is herein incorporated by reference. Formula III has

the structure



Compounds of fornula Ila and Il1b are novel, are enconpassed within the
genus described herein as fornula Il conpounds, and are useful for
preparing the pharmaceutically active conpounds of fornmula I. Upon
preparation of a formula Il1b conpound, it is reacted with a 8SM¥&YrE3of
formula V R3 - (CH)n - QV wherein R3_and n are as defined above, and Qis
a brono or, preferably, a chloro noiety,"to forma conpound of forrmula VI.
The formula VI conpound is then deprotected to forma conpound of formula
la. These steps of the present process are shown in Schenme Il bel ow Schene

Il HOOR: a RIO/ SllIb D 5 W R3 -1\ (CH2) n_ OR2a Ro ~ S R3-
(CH2) n_ OR2b s HO | a wherei %25 32@ as defined above, and
\ fle process shown in Schene

R2b is -H -OH or halo. In tHg
Il, the alkylation is carrirdd o t andard procedures. Conpounds of
formula V are commercially available or,3re prepared by nmeans wel |l known to
one of ordinary skill in the art. Preférably, the hydrochloride salt of a
formul a V conpound, particularly 2-chl oxoethyl pi peri di ne hydrochl oride, is
used. wherein R7 and R22 are as defined above.

The R7 and R8 hydroxy protecting groups are
moieties which generally are not found in the final,
therapeutically active compounds of formula I, but 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 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, and
possibly, reformation of such protecting groups are described
in a number of standard works including, for example,
Protective Groups in Organic Chemistry, Plenum Press (London
and New York, 1973); Green, T.W., Protective Groups 1in
Organic Synthesis, Wiley (New York, 1981); and The Peptides,
Vol. I, Schrooder and Lubke, Academic Press, (London and New
York, 1965).

Representative hydroxy protecting groups include,
for example, -C;-C4 alkyl, -Cj31-C4 alkoxy, -CO-(C3-Cg alkyl),
-S02-(Cyq~Cg alkyl), and -CO-Ar in which Ar is benzyl or
optionally substituted phenyl. The term “substituted phenyl”
refers to a phenyl group having one or more substituents
selected from the group consisting of C;-C4 alkyl, C31-Cy4
alkoxy, hydroxy, nitro, halo, and tri(chloro or fluoro)
methyl. The term “halo” refers to bromo, chloro, fluoro, and
iodo.

For compounds of formula III, preferred R7 and R®
(R22) substituents are methyl, isopropyl, benzyl, and
methoxymethyl. Compounds in which R7 and R® each are methyl



CGenerally, at |east about 1 equivalent of formula Ilb substrate are reacted

wth 2 equivalents of a formula V conpound in the presence of at |east

about 4 equivalents of an alkali nmetal carbonate, preferabt i

carbonate) and an appropriate solvent. Solvents for this reaction are those

solvents or m xture of solvents which remain inert throughout the 0 5 MAY

20p3 -19 reaction. N,N—dinethylfornani&', especi ally the anhydrous form

thereof, is preferred. The tenperature enployed in this step should be

sufficien o] o | ef i j 3t r ti Lypically,

anbi ent téﬁ%elpg%%fgg&?sgggf ﬁt'{e:?%?\?é%%‘#%r%ﬁlefdo%e%%%eggﬁy er eaction

pr ef er abl yefsrenfedndereanpapent - at MBIy orefarriesuhydne>yi t rogen. Under

the pref ebE@éeE@ﬁﬁ%' P0G NEE t h &S0 xf M Shy BACHARWIY, | o Y 1@oARl etion in

about 16 to about 20 hours. O _course, the progress of the reaction can be

moni t or edSPPROYRENJAF dSRAYB R bR aphF of Hesth MrGRe edadeq 130 £RRat i ve for

prepari ngp@gﬂa@ﬁagimlet?ypr@ﬁl @tlf[x/ér fl%{iﬁ)?“;ﬁ'dﬂd@:t@@@@lﬂgﬂlpi (%)gea%leéew t g

an excess_of an_al kyl ati ng agent. o e fo a Q- - Q erein

o0 O oaBRonPer thd SRS, S T v AN e Og, TR LE Kl | 2ol ut on.

Appr opri atmeikesesnNgwhiokhpsrarehémer ebsermndd enet heavioxyrngrbyps used in

t he prepar%t'ontog con ougds of formula IV. A preferred alkali solution for

this aIkyPaP|85 redctt o 2ont ai ns pot assi um carbenate in an inert sol vent

such as, for egampbenpdaeohyéohyhliel bheafd/R)somrEiRredd irhiwhishl &'i on, the

4. ydr 0xy ngROYRy Obr bBECEAZ OYto Ul Sve Me ediOIVBIA e RIPUAY Y St as a
A di spl aces one o he al

phenoxi de 1 on |$ ) theJieaV|ng groups of the yl ati ng
agent . ThEBer BaERTn hvsineast PRRseCtA8dapkarP 88I BaTencEokikai FirRl t he

react ant spapduEeagenhe sameroHIghtuéd Oid QfHilbh aHé eliered hEarewRy to
conpl eti on. V%en,u5|n9%NEK,as the preferred solvent, neact%%ngylnes run
r

from abouP*BEREEFBIt BT AW Ut S 2%F Ve ki & §MOYES ort SGVddgc £ mthis step
is then regdtedyvibtdcplperdtbue, id-padel | digie examiphyl, - R7pysr ol i di ne,

i 1 s0py opyPAHFREY L ofF TR Ry 3 ne DEENE} andlet {ECRTBUST to form

conpoundsbehzydrmoiat¥l is sOlécthiieR~Iemfred via standard procedures,
and the R® methyl protecting group is left as part of the
final product.

The first steps of the present process for

preparing certain compounds of formula I include selectively
placing a leaving group at the 3 position of a formula III
compound, coupling the reaction product of the first step
with a 4-(protected-hydroxy)phenol, and removing the phenol’'s
hydroxy protecting group. The present process is depicted in
Scheme I below.

Scheme I
OO
R70 S
ITI

wherein R7 and R22 are as defined above



Preferably, the hydrochloride salt of piperidine is reacted with the

al kyl at ed conpound of fornula Ilb in an inert solvent, such as anhydrous
DMVF, and heated to a tenperature in the range from about 60 C to about 110
C. When the mixture is heated to a preferred tenperature of 0dbMAY 200 C, the
reaction only takes about 30 mnutes to about 1 hour. However, changes in
the reaction conditions will influence"l4the ampunt of tinme thls reaction
needs to be run for conpletion. O course, the progress of this reaction
step can be nonitored via standard chro tographic t echni ques. Conpounds of
formula VI, in which R- and when presef R$ each are Cl-C4 al kyl,
preferably met hyl , and i n whi ch Rg &Rl 0, are novel and are
pharmaceutically active for th¢ jleseni bed. Accordingly, such
conpounds are enconpassed by th ei n of compounds of fornula
|. Certain preferred compourrd® o are obtained by cleaving the R~
and, when present, R$ hydroxy protecting,groups of formula VI conpounds via
wel | known procedures. Numerous reactio for the formation and renoval of
such pr ot edieiregngR8ups ar tedesngi dedupn a nunber of standard works
including, for exanple, Protective Gougs in Oganic Chem stry, Plenum
Press (London and New York, 1973); Geer], T.W, Protective Goups in
Organic Synthesis, Wley, (New York, 19%1); and The Peptides, Vol. |
Schrooder and Lubke, Academ sBr ess (London and New York, 1965). Mt hods
for renoving preferred R~ and/ ox _B8\ydroxy protecting groups, particularly
nmet hyl and net hoxynet hyl, are esp ially as described in the Exanples,

i nfra. Conpounds of formula la a dyel , are pharnaceutically active for
the methods herein described, and &re gpconpassed by fornmula | as defined
herei n. Conpounds of formula I i ‘ <H are prepared via the
synthetic route shown below in S route, a 3-position

| eaving group (R9) is placed o .|Wahle t hi anapht hene

(formula VII) to form O 5 Mg o8 sevpound of forrmula VI, which
is then coupled with a 4(protected hydr oxy) phenol , providing conpounds of
formula I X. Schene Il v ~s VIl RO i SINrIl R6 O / i SI1X wherein R6 is a

hydroxy protecting group which can be selectively renmoved and R9 is a

| eavi ng gWéQ‘el-ﬁh@{SCQEP@UHQdQB)CE/OPE“HEéct\ﬁhg' Sr&EPMAidraldan deai | abl e.
Preparatlon of forqulae VIII. and T X conpounds, including the definition of

R6 and RO SEESEiVEdN: LemQ¥eel | as preferred reactants and conditions,
unl ess otherwi se herein stated, are the|sane as descri bed above and shomm
in Schene |, supra.

HO

| SN
00

In the first step of Scheme I, an appropriate
leaving group is selectively placed at the 3-position of the
formula III starting material via standard procedures.
Appropriate R? leaving groups include the sulfonates such as
methanesul fonate, 4-bromobenzenesulfonate, toluenesulfonate,
ethanesulfonate, isopropanesulfonate, 4-methoxybenzene-
sulfonate, 4-nitrobenzenesulfonate, 2-chlorobenzenesulfonate,
triflate, and the like, halogens such as bromo, chloro, and



0 5 MAY 2003 -22 Conpounds of
coupling [gee, e.g., Suzuki
(1994)]. Using one Suzuki cou
sel ectively hal ogenated at th
aryl boroni c aci d .conmpound of
Pref erably, homedé¥#%aan§rgkg
conpound of fornpkapkX, an

to give novel i [ [
Such novel integﬁgaggﬂEQ,a@gd
conpounds of the present inve

and deprotecti opy 5 MR
/ Sr Xa B(oFDZaRZ%Cgégu%

fe
di %f%%emﬁn tf

20885673 , JC el

formula | X are then arylated via Suzuki
A., Pure and Appl. Chem, i(2):213-222
pling option, a forrmula I X conpound is
e 2position, and then coupled with an
formula Xla (RoutesA of Schene |V bel d§ MAYst
oronic acid of fornmula Xb is forned froma
e bacd £ éM th a hal o-arene of fornula X b
el a I ¢VERguye B of Schene |V bel ow).
useful 6r lpaepari ng phar nedemtygal |y active
nPremo (fgrgula | ungs) ,via a athisae
| X

ANYRG,Q,S | X T halBEe R, ~ X

action ; Srreq,



Xla R60 0 RRa s ~2oute B R6 O ~-B(oH) /S Xb XIb R6 OR2a / s Ilc |zc D5
MAY 2003 -24 HOO ~ R2a ~J Ild R3- (CHZ) n_ 0 R2a s
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Appropriate solvents for this reaction are those
solvents or mixture of solvents which remain inert throughout
the reaction. Typically, organic bases, particularly a
hindered base such as, for example, 2,4,6-collidine, are
preferred solvents.

The temperature employed in this step should be
sufficient to effect completion of this coupling reaction,
and will influence the amount of time required therefore.
When the reaction mixture is heated to reflux under an inert
atmosphere such as nitrogen, the time-to-completion usually
will be from about 20 to about 60 hours.

Following coupling, which forms a formula IIa
compound, formula IIb compounds are prepared by selectively
removing the R® hydroxy protecting group of a formula IIa
compound via well known reduction procedures. It is
imperative that the selected procedure will not affect the R’
and, when present, R8 hydroxy protecting groups.

When R® is the preferred benzyl moiety, and R7 and,
when present, R8® each are methyl, the present process step is
carried out via standard hydrogenolysis procedures.
Typically, the formula IIa substrate is added to a suitable
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 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
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 to about 50 psi, the present



XTT R3-tCH~t~_f 0 R~ -' s~~ Th wherein R2a, R2~', R3, Rs and n are as
defined above; 0 5 MAY 20D3 -25 X is iodo, bronmo, or fluoro, in the order
of preference; and X is iodo, brono, or fluoro, in the order of

preference, or triflate. The first step in Route A in Schemgy MAYSnighe
2position iodination or brom nation of a formula I X conpound using standard
procedures. Cenerally, a fornmula I X coﬁ%bund is reacted with a slight
excess of n-butyllithiumin hexane, in an approprlate sol vent and under an
i nert atnosphere such as nitrogen, foll owed thetﬁﬁ? wi se addition of a
slight exd&SCdon FangegHiLs ﬁépb g&¥at i ’ﬁ’@o%‘b%gﬁ gp’ﬁiﬁ%ﬁﬁ%% &30l vent .
Pref er abl e tnttm ihairege bt sngnageat chpomi tbgr Sbteix i tSedinthi dites BiicH ke use of
br om ne, N—broggsucchgf E is also permtted. Appropriate solvents include
an inert SONVentYSF SXPHRrEC8FaRBY vents such as, for exanple, diethyl

et her, di oxane, and Qaproaimyisr offuferm(IBFYIaChnd heme aretnavegdr odue an,
partlcular r.ou p r r &~position
hal ogenat |é(§§r€: reactl eﬁn?%IFE naﬁia 58;18% uﬁg%?g%?cgnrge}?a Ibf% :‘ar'(ri%)rlm\{ﬂboutI -75 C
to about 8®mpouriise punddace usefhé fbvverermcin®d it hey i mnagearta agfl Ivor nul a
Xa, is th | £ apsa ngc acid of fornmula Xla, via standard
Suzuki co%grﬁﬁgpprg%%@hpgsef E%L@g%gdg compounds of formula |lc. Conpounds
of formula Xl a, |h\MﬂQﬂ19@%§@r§tlHn R&l 8, formubReT IIRSCPBPAURE drigkyis
protecti ng-<Hcdd a3 chehi BeflposHAr 8F Bseméles iwed from conmercial ly avail able
conpounds vi a procedures me? known tc one of ordinary skill in the art
(,,see, e.g., March J.; and Suzu (C gpra) In the present coupling
reaction, a sllght excess of a f nula R2&n cothound i's reacted with each
equivalent of a formula Xa conpound i n~vhe presence of a palladi um catal yst
and an appropriate base in an inert solvent such as toluene. Al though

vari ous bahladiiumseatahyst s dr Ly eaSHEH AR Mhd RPG Pbrohiieogat al yst

sel ected usually iIs reaction
preferably, a chloro moiety, to form a compound of formula

VI. The formula VI compound is then deprotected to form a
compound of formula Ia. These steps of the present process
are shown in Scheme II below

hem ITI
HO,
O
R70 S
I1b



0 5 MAY 2003 -26 specific. Thus, the use of tetrakistriphenyl phosphine
palladiumin the present reaction is highly preferred. Likew se, various
bases may be used in the present coupling reaction. However, it is
preferred to use an alkali netal carbonate, particularly 2~ AY o3
carbonate. The tenperature enployed in this step should be sufficient to

ef fect conpletion of the coupling reacfi8n. Typically, heating the reaction
m xture to reflux for a period fromabout 2 to about 4 hours is adequate
and preferred. In Route B of Scheme IV, a 2-position aryl boronic of fornula

Xb is prepared using weR -KRBahnpPQcegures. Generally, a conmpound of

formula I Xis treated wwth a slight €%ceys of n-butyllithiumin hexanes, in
an appropriate solvent and under an ineﬁ at nrosphere such as nitrogen,
followi ng by the dropw se addition ONaf qppropriate trial kyl borate.
Appropriate solvents include an inert solvént or mxture of solvents such
as, for exanple, diethyl ether, di gxasg . gy dr of uran (THF). THF
particul arly anhydrous THF, is pr¢ ) e prefeNed,frial kyl borate used
in the present reaction is triisog . product of this
reaction, a conpound of fornul&7¥b, tfeéh rea d wwth a aryl halide or
aryl triflate of fornmula Xlb, via standard Suzuki coupling procedures) to
provi de conpounds of fornula Ilc. The pVéferred reaction conditions for the
present reaction are as described for taf reacti on of conpounds of fornul ae

Xla and Xa, in Schenme |V, which also prdvide conmpounds of formula Ilc. The
transformati on of conpounds of fornmula flc to fornmula |a conpounds is
carried out as described3a98ég for the conversion of formula Ila conpounds

t o conmpounds of formul aRl a % af formulae Ilc and I1d are novel,
) hr maceutically active conmpounds of
[
SN

and are useful for the preparation
the present invention. 0 5 MAY 20 Conmpounds of fornulae XIl and Ib
herei n descri bed) and are

al so are novel, are useful for the Jeefe
enconpassed by fornmula I as herein def i ned® Compounds of formula | in which
either RL or R2 is -H and the ot hex” N R2 supstntuent is -OH also are
prepared from conpounds of formnul § % bb R2 are -OH. The

di hydroxy conpound of fornula | i
monotriflates, and the trifl atgdmi ee—t'0 hydrogen [see, Saa,
JM, ~~1,., J. Og. Chem, ®:991 (1990)]. The resulting m xture of
monohydr oxy derivatives, either as the fRee base or pharmaceutically
acceptabl e salt, preferably the hydrochloride salt, can then be separated

by standard crystaldizgtigp techniques. I1n general, a dihydroxy, compound of
formula | "fq'éelf‘%llébtaﬂéd % t'h%a%OU?n T o?Ehdiit ‘ge‘ze]‘d‘lﬁa‘i/o’f‘lbgmes %f‘daRa]?n'Jn% base,
such as triket hWOmmare hallw.a non-reactive solvent followed by the addition
of 1 equivalent of trifluoronmethanesul fonic anhydride. A statistical

m xture of nono- and di-triflates are produced and separated by standard
chromat ogr aphi ¢ t ech¥t dues. £ix 9r ftean eaf $dleverockess shpwnsiepStkemahydr ous

di chl oromefhange alkylation is carried out via standard procedures.
Compounds of formula V 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 V
compound, particularly 2-chloroethylpiperidine hydrochloride,
is used.

Generally, at least about 1 equivalent of formula
IIb substrate are reacted with 2 equivalents of a formula V
compound in the presence of at least about 4 equivalents of
an alkali metal carbonate, preferably cesium carbonate, and
an appropriate solvent.

Solvents for this reaction are those solvents or
mixture of solvents which remain inert throughout the



When run at a tenperature range fromabout 0 C to about 25 C, the present
reaction is conpleted within fromabout 1 to about 5 hours. The isolated

m xture of nono-triflated conpounds is then hydrogenated, in a non-reactive
solvent, in the presence of from about 3 to about 6 equival epbMAY @y am ne
base, preferably triethylamne, and a hi/glr ogenation catal yst such as

pal | adi um on-carbon, which is preferred-”Preferred solvents for this
reaction include ethyl acetate and ethanol or, alternatively, a mxture

t hereof . \Wen t.hi S S th s action s 40 psi
of hydr ogé‘??%%slo Eﬁ& &{“ngxg 5ﬁﬁﬁ%dgt h&"Feac %l%\zq—t#%edgﬂgh rom about 2
hours to ahumtt@ehaaﬁs 1Eh@reésuredng m xture of nonohydroxy derivatives of

formula I have diff h t e 8RdsHB814 b
6- hydr oxy-4' - hydr oggIEI der a‘#fy\}:ygtelcg?lndf}gygg Xha?ﬁggsgta?ase e5 MAY 2003
- 28 from & fgtipatogeneffenpdeonplabipnadf vebipyabisr katier reactlon

CrySta||'&@%h%%ll@ur%ﬂ%ﬁeﬁEPEEQEEQHtuﬁg'EQ QquiéE%hﬁ“ﬁﬁﬁ g8y
conpounds 0 formil'a_|, can be achi eved by conver5|on of e_enriched

m xtures to the hydrB¥hRAGSEEts DL HON BRedeh§P &YyéFaFPPz‘éPf]%ﬁ 2 om et hyl

acet at e- etihrial atﬁ\dﬁ@h@rél regtcaetimadl{onithegerm epar ati on of conpounds of
formula | in which substi t uent

t H and.the other.Rl or
is -OH as well as é%ﬁeﬁqﬁmﬁn? eﬁgpﬁoaeFSElPﬁeCBPQbé?gFFOnt€%5conpounds
of forml adadtionhwdilerthetoRtonpl&2ios il albout hkb atdeabdrit 30 R2

substltue%b &%heregc%ﬁ§g Ikghg é§§§¥gsgogpoygg §%ﬁ§éE'f§%EHyhﬁaR3 (CH2) n_

R2c R §Rd 1 Ir'ned above, O (Cl-Cq

al kyl); am$nRzoriegd vde sr:an@at@lctmoaakw:)raplpmwQﬁhfglw\%m Rlc |s -OH R2c
is -O(Cl-Cq al kyl), ( y In this

process, the hydrox}“ﬁgﬁé%h% f%%&éﬁ%afgg }egar?ééc%%EQQ to a triflate

derivati vé%y\wllaeé{tlneﬁt f@/rmﬁl@r LfPuePBREUAANES SIRFSHEE vamfyoﬁn fXCeRfe

triflate B¥ ehy alkytiBeAngedyend YRdeheStapdars conditions, preferably by
catal yti c hydrogenati on. The hydroxy protecting noiety is then renoved via

standard procedures, as in those herein described, providi ng conpounds of
formula | in which either RL or RR - s(CHd)and @he other R1 or R2 substituent
is -OH Another alternative, and preferred, nethod for the preparation of
conpounds of the present invention is shown in Scheme V. In the present
process, Mh@rgdnfmraaﬁo@foéaahfarauthelQamemmome(ér&mzolé&Ningcﬁzed to

forma sul fr%'pde it %ﬁ”ﬁhﬁaﬁv)sol"‘@i A%&'ﬁg{f@tﬁ #@i&x Hibigea lic

group to |ntro uce the oxygen or hur
the aforementlone leaving groups used in the preparation of

compounds of formula IV.

A preferred alkali solution for this alkylation
reaction contains potassium carbonate in an inert solvent
such as, for example, methyethyl ketone (MEK) or DMF. 1In
this solution, the 4-hydroxy group of the benzoyl moiety of a
formula IIb compound exists as a phenoxide ion which
displaces one of the leaving groups of the alkylating agent.

This reaction is 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 run from about 6 hours to
about 20 hours.

The reaction product from this step is then reacted
with l-piperidine, 1l-pyrrolidine, methyl-l-pyrrolidine,
dimethyl-1l-pyrrolidine, 4-morpholine, dimethylamine,
diethylamine, diisopropylamine, or l-hexamethyleneimine, via
standard techniques, to form compounds of formula VI.



0 5 MAY 20p3 -29 formula | and fornmula Il conpounds. The sul foxi de noiety
of fornmula XVI conpounds is then reduced to provide certain conpounds of
the present invention. schenre VRY RRa Ra~SUIV. RO RafhayOmgV O
5 MAY 2009 OR 6 | HO Xva -300- ( CH2 ) n-R3 1 HO XVb OR6 | XVC

-20-

Preferably, the hydrochloride salt of piperidine is reacted
with the alkylated compound of formula IIb 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 about 1 hour.
However, changes in the reaction conditions will influence
the amount of time this reaction needs to be run for
completion. Of course, the progress of this reaction step
can be monitored via standard chromatographic techniques.

compounds of formula VI, in which R’7 and when
present, R8 each are C3-C4 alkyl, preferably methyl, and in
which R22 ig -H or halo, are novel and are pharmaceutically
active for the methods herein described. Accordingly, such
compounds are encompassed by the definition herein of
compounds of formula I.

Certain preferred compounds of formula I are
obtained by cleaving the R’ and, when present, R® hydroxy
protecting groups of formula VI 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 Chemistry, Plenum Press (London and New York, 1973);
Green, 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,
particularly methyl and methoxymethyl, are essentially as
described in the Examples, infra.

Compounds of formula Ia are novel, are
pharmaceutically active for the methods herein described, and
are encompassed by formula I as defined herein.

compounds of formula I in which R! is -H are
prepared via the synthetic route shown below in Scheme III.
Using this route, a 3-position leaving group (R%) is placed
on commercially available thianaphthene (formula VII}) to form



( CH2 ) n-R3 ~I HS Xvd R6 R3-(CH2)n-0 ~ R6 ~ R3-(CHz)n-0il "1 ~1 ~1 0 O

S0  _Ra-~i S/ RcRa~~S /| RRRa~~S |/ Rc Ra ~~" | R2c

"0 OXvia XVIb XVic XVid R6 R3 - ( CH2 ) n-O R60 R3 - ( CH . - 00S
~ SRal~S /RRa~/ S~/ Ral %S~/ R2a~~820~%/w4¥23mhaRlb

Ilg lc Ile Id wherein each variable has Lts previously defined nmeaning. In
the first step of this process, a conpb% d of formula IV is selectively
oxi di zed to the sul foxide. A nunber of known nethods are available for the

process step ee . o, Madesclaire, M., Tetrahedrczn, .4 20) ; . 5459- 5495
(1986) : Tr%s%4“9@4ad? "g~ formuta &ihgdr sREEh Ter ,e’ézc?‘iﬂ}?gl‘é’a& 1390 (1981)
Dr abowi cz, (pkqtepted-hyd3pxyh ehienol:, opromidatg onsmpeund?) of 10@5wiBAX.1981) ;
Kramer, J.B., ~1., 34th National O aanicSvnposium WIIiansburg, VA, June
11-15, 1995]. However, many oxidants provide only poor conversion to the

desired product as well as signifi é&ixeng,edlIdidation to the sul fone. The
present, novel process, however, converts a forrmula IV conpound to a

\
S

IX

wherein R® is a hydroxy protecting group which can be
selectively removed and R9 is a leaving group.

The compound of formula VII is commercially
available. Preparation of formulae VIII and IX compounds,
including the definition of R® and R? substituents, as well as
preferred reactants and conditions, unless otherwise herein
stated, are the same as described above and shown in Scheme
I, supra.



0 5 VAY 20~ -31 formula XIVin high yield wwth little or no formation of

sul fones. This process involves the reaction of a fornula IV conpound with
about 1 to about 1.5 equival ents of hydrogen peroxide in a m xture of about
200 to about 500 trifluoroacetic acid in nethylene chloride. 05hMAY agpat i on
is run at a tenperature fromabout 10 C to about 50 C, and usually required
fromabout 1 to about 2 hours to run t@Zonpletion. Next, the 3-position

| eaving group (R9) is displaced by the desired nucl eophilic derivative of
formul a XV. Such nucl eophilic derivatives are prepared via standard
methods. In this st&pmBPURAE BEofeEBULlRnEX 2T Qi (ﬁré’rﬂ'acﬁecfﬁ’elanucl eophilic
group i s sapukedcoyplieat feed, Weid. A Sasei prref,errabley andslApgit. €hemss of

sodi um hydride,of assy ertbut oxi de, d .pal rotic.sqlvent,
preferablg(%ﬁFzgé ?%%rgﬁ%%$%£Uré£§l%§réhetﬁgzg}ltﬁgi%ggﬁgbébg%%ﬂéygd i ncl ude
pot assi umtoambbaare acmpa@sd uhs cee bertad e 1yAdd liigenaltled, aat ke 36l vents such

as di oxan dj et S Xl de can be .e Q ; .depreto I S

usual |y rgﬂgé * H?e%%éerélt’%ﬁeé%%?ﬁ%@nw% 1'(13[1%%l (#%qgr?g%g%%u{gcgg g,%hgﬁgnl&sual |y
requi res abofiorB@lan Xla eSRéwre conpf ef¢lame Ak drgdouwnd of forrmula XIV is then
added to the sol uti nu i.le T i ; tq I I i,S run
at a tenperature be?&gg%réggéngbggggjf' 50" C%E%%S [ Sﬂﬁcglszgﬁdy o&ﬁﬁrﬁ&é&ut 1
to about EbhbsrEormpd HrowwRtcompreowsl Rfed Byudeaddar angr $868UFE3CtPfen a

belnfzyl _ gow@w %Shéz@(l@lda@el_sn@ Mdf@gyum %ﬁ?}dd‘?}it@reo%wellygh@_gﬁ*?\@lﬂétésOf t he
sul f oxi de e al so provide_renoval 0 e henz rotecting group,
el i minati ﬂgokﬂﬁ%‘ﬁﬁ%uﬂ:%né‘?ﬁ‘ﬁ?%@s%ﬁ e%(fq??}‘@ YA Q?B\?l“’ﬁg s%b‘ﬁ anﬁP’Sgp at a
Ialtfer sg agﬁti;caﬁ;\écﬁlﬂatltJéQC&Sé.usid?%\ihefdile)@r%ia&ﬂrﬂ phb&mlalf:é&tﬁtamlﬂycessj novel
sul f oxi des or nul ae | a, c, an col l.ecti ye ar a XVl) are
Feduced t B°R KRrGORT TR D ARA T Aariraen (Gorie1d) TB) “and 1 d
respecti vebypolndor tia tdbpraseon areduddpratgamtdoass, conpounds of fornul ae
I1g and Ile can first be al kylated as herein described. Reduction of the

0 5 MAY 2pp3 -32 sul foxide conmpounds can be acconplished by using one of a
mul titude of nethods known in the art including, for exanple, hydride
reduction (lithium alum num hydride), catalytic hydrogenation, transfer
hydr ogenol ysis and trinethylsilyl iodide (TM5-1). In this reduction, the
choi ce of reagent is dependent upon the conpatibility of other
functionalities in the nolecule. For the conpounds described in the present
i nvention, lithiumalum num hydride (Li Al Hj) and transfer hydrogenol ysis
(pal I adi um bl ack/ anmoni um fornate) are the preferred reagents. For Li AlH4
reducti on, appropriate solvents such as, for exanple, diethyl ether,

di oxane, and tetrahydrofuran (THF). O these, THF, particularly anhydrous
THF, is preferred. For transfer hydrogenol ysis, alcohol solvents,
particularly ethanol, is preferred. The reaction is run at a tenperature
fromabout 0 Cto about 60 C, and requires fromabout 0.5 hours to about 2
hours for conpletion. Wen desired, the hydroxy protecting group or groups
of the products of the process shown in Schene V can be renpved, and a salt
of the product of any step of the process. Accordingly, the present

i nvention provides a process for preparing conpounds of the fornmula R3 - (
CH2 ) "-O. ZRa Ra~ Swerein Rais -Hor -CR-a in which Ryais -H or
a hydroxy protecting group;



R2a is -H, halo, or -OR8a in which R8a is -H or a hydroxy protecting group;
, RBis l1l-piperidinyl, 1-pyrrolidino, nmethyl-21lpyrrolidinyl,

di met hyl - 1- pyrrol i di no) 9-norpholino, 0 5 MAY 2003 -33 di net hyl am no,

di et hyl am no, dii sopropyl am no, hexanethyleneimno; n is 206rMAY 2008d Z i s
-0- or -S-; or a pharmaceutically aCCﬁgbable salt thereof, or 1 conprising
a) oxidizing the sulfur atomof a formfPa 1V conpound RO R2Za s Ra |V
wherein Rla and R2a are as previously defined; and RO is a | eaving group;

b) reacting the product of step a)}E 2 %Pnpgwnd of formula XIV

R®
S
IX
Route A Route E

XIa XIb




RO RRa s RRa 1O XIV wth a nucleophilic group of the formula G (CH2 ) n-R3
Rlz wherein R12 is -OH or -SH, 0 5 MAY 2~ -34 c) reducing the product of
step b), a conmpound of forrmula XVI R3-(CH2)n-O Z RRa Ra ~ S O XVI to
provi de a conpound of the formula R3 - ( CH2 ) n -OZ R2a Rla ~S @) y
optionally renmoving the R a and/or R2a hydroxyg,protecting groups, ﬁ 2003
present, of the product of step c); and

0
;

R~ (cHy) g j

)

\Rza

|
Q

0

(L

2
Rea, pap R3

’ and n
ar
€ ag deflned abo
ve;



e) optionally formng a salt of the product of step c) or step d). This
novel process al so provi des nove~ conpounds of fornulae XV, and XVI a, b,
¢, and d, each of which is an internedi ate useful for preparln t he

phar maceutical ly active conpounds of the present invention. 0CoNAY s of

formulae I in which Zis S are also pregviared usi ng the process descri bed
below in Schene VI in which a conpound- formula I'Va is netallated. The
resul ting product, a conpound of formula XVII is reacted with a 4(protected

hydr oxy) phenyl disulfide of formula XVIIIl, and the MAY 2003 - 35
phenol ~protecting grodf ¢fo%P f ALAMCa PlrefgéﬁﬁBtméln %h?e%g%ﬁ ?o provide
conpounds pafe He@iatidled B, One will note that, in using this process, R2

cannot be hal o beca e .of c%e Ilnlta&'ons. che y+ ggrﬁgg Ra~S
IVa MR2a Rla ~ S OS%&?H‘OXVFI BBrS RS %3 T@
preference, or triflate.

The first step in Route A in Scheme IV is the 2-
position iodination or bromination of a formula IX compound
using standard procedures. Generally, a formula IX compound
is reacted with a slight excess of n-butyllithium in hexane,
in an appropriate solvent and under an inert atmosphere such
as nitrogen, followed by the dropwise addition of a slight
excess of the desired halogenating agent in an appropriate
solvent. Preferably, the halogenating agent for this step is
iodine, but the use of bromine, N-bromosuccinimide is also
permitted.

Appropriate solvents include an inert solvent or
mixture of solvents such as, for example, diethyl ether,
dioxane, and tetrahydrofuran (THF). O0Of these,
tetrahydrofuran, particularly anhydrous THF, is preferred.

The present selective, 2-position halogenation
reaction optionally is run at a temperature from about -75° C
to about 85° C

The product of the above reaction, a halo-arene of
formula Xa, is then coupled with an arylboronic acid of
formula XIa, via standard Suzuki coupling procedures, to
provide compounds of formula IIc. Compounds of formula XIa,
in which R22 jis -H, halo, or -OR® (R8® is a hydroxy protecting
group as defined, supra) are derived from commercially
available compounds via procedures well known tc one of
ordinary skill in the art (gee, e.g., March J.; and Suzuki,
A., supra).

In the present coupling reaction, a slight excess
of a formula XIa compound is reacted with each equivalent of
a formula Xa compound in"the presence of a palladium catalyst
and an appropriate base in an inert solvent such as toluene.

Although various palladium catalysts drive Suzuki

coupling reactions, the catalyst selected usually is reaction



0 5 MAY 2009 -36 HOS RRa Rla ~ S IIf wherein Rlais -Hor -ORS and R~ is a
hydr oxy protecting group; R2a is -H, or -OR8 and R8 is a hydroxy protecting
group; R6 is a hydroxy protecting group which can be sel ectively renoved;
RO is a leaving group; and Mis a nmetal ion. In the first QWpMAY

Schene VI, a fornula |IVa conpound is neggllated via well known procedures.
Mbst commonly, and preferably, a formul&°TVa conpound is treated with a

sl i ght excess of n-butyllithiumin hexanes in an appropriate solvent,

fol |l oned ro Qn Q | yt ion. ' e conpound of
formul a %ﬁc p2%350pgﬁﬁtBsSOP%eEFEQ%g%ﬁgﬁ%gﬁ?é¥é£$%é§4ﬁ%n steps are
run under marillald@mtn anrmhphpresenchrascniionogsnhig\hly ecrpigomd at e sol vent s
for both steps incl i ol.wen tbhyls&ther,
C?J%hese 1®uld %E%e% %9 E@ ﬁH@@ 25 dhethydseth

di oxane, and THF. particul ar e anhydrous forn1thereof
i s prefer COUPLLRIaEREEHAD - thaovﬁégéntltaeaewéﬁf@ﬁé% @ dgqphalgali

t enper at unRthlowagbetibte /8pbrt 0cabauly82NCeoliluh heaflhdrsdt st ep of the
present reaction, a netallated conp ouni of fornu XVII is 8 i.ded. The
B

4( pr ot ect ed- hydr oxy )[PHe MPFPET &HUEEd ETP4 O §CndPa ERYF | FLEBND Bfich is
react ed wiguffiedilna tergBEacXVebmpEpaUndot ot §é Veowp i ateut taforf.or mul a

e, is pEygﬁr ng¥ ng%?ﬁ&'@ﬂe reaétygg %Qggurg7to reflux for a
period from about 2 to about 4 hours is adequate and
preferred.

In Route B of Scheme IV, a 2-position arylboronic
of formula Xb is prepared using well known procedures.
Generally, a compound of formula IX is treated with a slight
excess of n-butyllithium in hexanes, in an appropriate
solvent and under an inert atmosphere such as nitrogen,
following by the dropwise addition of an appropriate
trialkylborate.

Appropriate solvents include an inert solvent or
mixture of solvents such as, for example, diethyl ether,
dioxane, and tetrahydrofuran (THF). THF, particularly
anhydrous THF, is preferred.

The preferred trialkylborate used in the present
reaction is triisopropyl borate.

The product of this reaction, a compound of formula
Xb, is then reacted with a aryl halide or aryl triflate of
formula XIb, via standard Suzuki coupling procedures, to
provide compounds of formula IIc. The preferred reaction
conditions for the present reaction are as described for the
reaction of compounds of formulae XIa and Xa, in Scheme IV,
which also provide compounds of formula IIc.

The transformation of compounds of formula IIc to
formula Ia compounds is carried out as described above for
the conversion of formula IIa compounds to compounds of
formula Ia.

Compounds of formulae IIc and IId are novel, and
are useful for the preparation of pharmaceutically active

compounds of the present invention.



t he hydroxy group of commercially avail abl e 4hydroxyphenyl sul fide with an
appropriate protecting group via procedures known in the art. A preferred
R6 protecting group is methoxynmethyl, providing R- and R8, if either or
both are present, is a hydroxy protecting group other than0PeMAb:2003et hy! .

It is inperative that the R6 hydroxy prgtectlng group is a noiety different
than those formed by, R~ and R8 hydroXy ‘protecting groups, when present, so
that the R6 group can selectively be renoved, via standard procedures, to
provi de conmpounds of, formul.a | d ec by renmn aI of the
R6 protecting groupSo%P PBPﬁﬁlﬁk %r%%ﬁﬁ%ﬁﬁﬁffﬂﬁiq@? §8¥b VT mi xture
of soIvenaSeleseéabtﬁmk|thenmeuhdﬂsnhhneymom@mcm1M@datam@aameone eqU|vaIent

of acid, 8%85%3?&%’1?’@5 %ﬁ‘ﬂeac 'aCs %r%lna'd%ffq%%td' ng from about 25 to

about 110 |on ime’is fromabout 6 to about 24
hours, but the progfespoundshefrfaxmibn Frein behiadnie drker \Ala o3t BAdasd

chr omat 09LAPBha LAENGLGUES APEPELBLE; BALKENES Lo smgopaﬁéeﬁﬁeﬁs%@al on

i nclude, for exa wat er and net hano e and I If

N%Oun S o nmul ae |
are novel { ramecgr@recpwdfﬁ Rt ghamtiang gRardcdubosa R} aétﬁ e2EBnpeinds of

formul a |Tﬁ@ddﬂhﬁdPék@'ébﬂ%%ﬁﬁﬂpaﬁﬁeﬁbﬂmdﬂﬂ 1 ke cebeerdpicet kopigtuter nul a
. Corrpounds of forrrulald ~ S ld wherein Rbis

-Hor -OPEtRop fRA-4 ormomr%te% a%vh%trl%é% gﬁ’deﬁy afe as defined
above, areeguepdred Hmyd:tmgeng [tm,at&mae desdcr,i leed agr.ocetucey .r €hamed to the

process sLgpgednoyhod i SChAles dduandg ¥ Sush seTRAUgSab,dormul a 1d al'so

are novelsTare use he pr esent ent and are

her ei n endenpas‘sedew tdmtrhem@sabﬁwe foeysl taisen oof ph@mmlcault,lc@dﬁpounds of
formul a lac&%p%bf@ & ?p 9 Tl ¢ r%‘éﬂrl% l%r QLgeL | EQnQEHgHS or

ei t her 'S a ctln roup eo thér Ts roxy are
sel ectiveb$ ﬁﬁﬁ@é@@@lddw @a@@mﬂt@dlzzaﬁypmﬁml@yﬁéne starting

material of formulathl L.A0eNE, 2'OL ﬂgF; IMHDXYE PEAROLd /Y G oups
desi gnated R~ and R3 a?g sufffc?entlifjdl ferent so that one prot elctl ng

group is FERBYRE Whih ket ot H&t Etj%%’d:p b eqiivyelegleh cfapy PRéRZ0PRFBphenes
are prepagechvag @w@@Maﬁﬁn\/@I |1k RO Wb -Relalt@ iaret so@&rehltle_bdtLbWedSBf/m for

t he prepa t|o of . for conpounds i.ch R1 R2 are different
br ot 66t | nEhS: BUBSL ST SE ki CRE TG 2 GcrORaTEDORE S IEERGe | v
However , ﬁnl(x:pdniéet ed hytcirtobet)i deeln zditktivreh erfe mdnber amidc ddeitdiifdaceact ed
vmthafo i does not
equal R8. é% érreac (?g%?%lnﬁde reedparb at |to%rl;1l‘do % S rogég %pglﬂlle pr esent

i nvent i onteéahnhiess R~ Par:drsﬂraezami chcflf\mrantforzryatmsy spemt ést angydgroups so
that one @{gﬁfg{,brg Inagfjp may sel ectively be renoved and the other remains

as a noiety of the product. Preferably, the R- protecting group,
especi al | y benzyl oWhP§o§\=16p?F a | GeRRPRALA ] (}‘ﬁ‘rtgﬁnfaFQi‘}/d%W f0i Bt §Owhi | e

the R8 probegti pge qerLtme @@retsleaw 2ebyciBhNYL, c6RPREDEA wUEHKh £R4RI I NG al so
is acconpljshed b u5| a above-descri bed procedures but replacing a

formul a X EBn‘bo nd of fornula X X
The 1solated mixture of mono-triflated compounds is

then hydrogenated, in a non-reactive solvent, in the presence
of from about 3 to about 6 equivalents of an amine base,
preferably triethylamine, and a hydrogenation catalyst such
as palladium-on-carbon, which is preferred. Preferred
solvents for this reaction include ethyl acetate and ethanol
or, alternatively, a mixture thereof. When this step of the
present reaction is run under about 40 psi of hydrogen gas,
at ambient temperature, the reaction time is from about 2
hours to about S hours.

The resulting mixture of monohydroxy derivatives of
formula I have different solubilities in ethyl aceate and the
6-hydroxy-4'-hydrogen derivatives can be partially separated



0 5 MAY 2003 -39 Rlo RBa XI X wherein R8a is Cl-C6 al kyl sulfonate,
preferably nmethansul fonate or Cg-C6 aryl sulfonate; and Rl~ is a | eaving
group, preferably brono or triflate. In this process, a 6-(protecting

hydr oxy) benzot hi ophene-2-boronic acid as descri bed abovexkfsaﬁgcﬁgg with a
conmpound of forrmula XIX to provide a cogpound of formula S lchrs
reacted with boron tribrom de in nethyT€he chloride to provide a
nonohydr oxy conpound whi ch is subsequently converted to, for exanple, a

benzyl noi.gt standard procedures (fornula XXlI). .The 4'-sul fonate ester
s hen sdrh s 5 PLREGaRhES Bk iR Ty et G s &)

t r eat nent amytsitalilAzBigionn aRuapbevpséeptratprmt ivhisdl weratvisiesh page f or

exanpl e, ' e ' oXid oud, f d)(?l,,l which is
finally, }gﬁ?gigﬁgfg,éﬁ%?ﬁng%eéka?éfﬁ%ﬁﬁﬁ?bos.t?%%fﬁﬁgyéﬁ%n ard procedures
(fornul a 19orgers@pncefir sbe” eReished| BiXtrehetarihqivdnastd@riige t hat

vari ous preaesses128iteebyt bl E€411 02 8F o JerdTditA lddet 23RIRRMRED 1IN
whi ch the hydroxy protecting groups are qther than shown in Schene VII

bel ow, but whi ch caf BOT§eddEEcieMEtiAptal £BE PRSP MR oxy

conpounds cmpgoRndk! afl fetmtile Presenhithventhan.rRl o RZMAY 28p3dnd4Ohéchene
VI | 8aRSH3%§%X8a1RSBZQKXI SBzOXXI | QveSBz0 |11 a npounds gf I1l1a.are then
subj ect ed A" EhE vEF i BUSHrOHRRE Het iR d @S Meed 280 2Pr By FBEREbMBunds of

formul a | manthodl for the prepanttionesfi @dmpounds of formula I in which
either R! or R? is -H and the other R! or R? substituent is
-0-(C1-C4 alkyl) uses a compound of the formula

R3- (CHy) n -0\ :
Z
RlC S

R3 and n are defined above;

R1¢ is -OH or -0-(C;-C4 alkyl); and

R2¢ is -OH or -0-(C3-C4 alkyl);
providing when R1¢ is -OH, R2¢ is -0-(C;-C4 alkyl), and when
Rlc is -0-(C;-C4 alkyl) R2€ is -OH.

wherein

In this process, the hydroxy moiety of such a
compound is converted to a triflate derivative by treatment
with trifluoromethane sulfonic anhydride. The triflate
moiety is then reduced under standard conditions, preferably
by catalytic hydrogenation. The hydroxy protecting moiety is
then removed via standard procedures, as in those herein
described, providing compounds of formula I in which either
Rl or R? is -H and the other Rl or R? substituent is -OH.

Another alternative, and preferred, method for the
preparation of compounds of the present invention is shown in
Scheme V. In the present process, the sulfur atom of a
formula IV compound (infra) is oxidized to form a sulfoxide
(formula XIV), which is then reacted with a nucleophilic

group to introduce the oxygen or sulphur atom linker of



O her, preferred conpounds of fornmula | are prepared by replacing 6- and/or
4' -position hydroxy noieties, when present, with a noiety of the fornula
-0-CO- (C1-C6 al kyl), or -0-S02-(C2-C6 alkyl) via well known procedures.
See, e.g., U S. Pat. No. 4,358,593. For exanple, when an - O{ODMAY- 2083 al kyl )
group is desired, a nono- or dihydroxy conpound of formula | is 0 5 MAY
2003 -41 reacted with an agent such as’%%yl chl oride, brom de, cyanide, or
azide, or with an appropriate anhydride or m xed anhydri de. The reactions

are conveniently carri out _.in_a basic sqlvent. such_ as ridine, lutidine,
quinolineq%F“? J?ﬁHFF%QF“U#aiﬁIaCP@PPP88§°aHT%% %%15%%fgéLmﬂﬂ%£¥ of

tlri et hyl anfiarequ a i}gm )dom_niolmexds_rmtshyhahlpe&éﬂﬁld':é@, %@r@lrcbwhﬁde:gi&@:ta'ﬁhe reaction
al so may in_an inert_solvent such as ethyl acetate,

di met hyl f%f"r’r“&’?n"r‘{d{edes é’&urrtetthﬁyPé’&FFBEi 4BVERFEne, di met hoxyet hane,
acetonitrile, acetone, nethyl ethyl ketone, and the like, to which at |east
one equi val ent of an acid scavenger (except as noted below, such as a
tertiary am ne, has been added. If desjred, acylation catalysts such as

4- di met hyl ani nopyri di ne or 4-pyrrol i R&P8+N di ne nmay be used. Wg, e.g.
Hasl am g~r ~., Tetrahedron) i:2409-2433 (1980). The present reactions are
carried out at noderate tenperatures, igsthe range fromabout -25 Cto
about 100 C, frequently under an ipert Atnosphere such as nitrogen gas.
However, anbient tenperature is g for the reaction to run.
Acyl ation of a 6-position and/or ) B%? group al so may be
perfornmed by acid-catal yzed ge= S—gppropriate carboxylic acids
ininert organic solvents. Acid catalysts such as sulfuric acid,

pol yphosphoric acid, nethanesul fonic act¥i, and the |i'ke are used. The

af orenenti oned RL and/or R2 groups of f¢rmula | conpounds al so may be
provided by form ng an active ester of §he appropriate acid, such as the
esters fornmed by such known reagents su§h as dicycl ohexyl carbodii m de,

acyl i m dazol es, nitrophenols, pentachl ogephenol, N hydroxysuccinim de, and
lhydr oxybenzotri azole. Wg, e.g., Bull.;Chem Soc. Japan, ~$:1979 (1965),
and Chem Ber., 788 and 2024 (19 ~ e above techni ques which
provi de -O CQ(Cl-C6 al kyl) nvieti g &t in solvents as

di scussed above. Those technigda€s ¥ D o/ produce an acid product in
the course of the reaction, of course) !do not 0 5 MAY 2003 -42 call for
the use of an acid scavenger in the reaction mxture. Wen a fornula |
conmpound is desired in which the 6- andfér 4'-position hydroxy group of a
formula I conpound is converted to a group of the fornula -0 S02-(C2-C6

al kyl), the nono- or dihydroxy conpound is reacted with, for exanple, a
sul foni ¢ anhydride or a derivative of the appropriate sulfonic acid such as
a sul fonyl chloride, brom de, or sulfonyl anmonium salt, as taught by King
and Monoir, J. Am Chem Soc., 27:2566-2567 (1975). The di hydroxy conpound
al so can be reacted with the appropriate sul fonic anhydride or m xed

sul foni ¢ anhydri des. Such reactions are carried out under conditions such
as were expl ained above in the discussion of reaction with acid halides and
the like. Although the free-base formof forrmula |I conpounds can be used in
the nethods of the present invention, it is preferred to prepare and use a
phar maceutically acceptable salt form Thus, the conpounds used in the

met hods of this invention primarily form pharmaceutically acceptable acid
addition salts with a wide variety of organic and inorganic acids, and

i ncl ude the physiologically acceptable salts which are often used in

phar maceuti cal chem stry. Such salts are also part of this invention.

Typi cal inorganic acids used to formsuch salts include hydrochloric,

hydr obrom c¢) hydroiodic, nitric, sulfuric, phosphoric, hypophosphoric, and
the like. Salts derived fromorganic acids) such as aliphatic nono and

di carboxylic acids, phenyl substituted al kanoi c aci ds, hydroxyal kanoi ¢ and
hydr oxyal kandi oi ¢ aci ds, aromatic acids, aliphatic and aromatic sulfonic
acids, may al so be used. Such pharnaceutically acceptable salts thus

i nclude acetate, phenylacetate, trifluoroacetate, acrylate, ascorbate,
benzoate, chl orobenzoate, dinitrobenzoate, hydroxybenzoate,

met hoxybenzoat e, net hyl benzoat e, oacet oxybenzoate, naphthal ene-2-benzoate)
brom de, isobutyrate, phenyl butyrate, b-hydroxybutyrate, butyne-1, 4di oate,
hexyne- 1, 4-di oate, caprate, caprylate, chloride, cinnamate, citrate,
formate) fumarate, glycollate,




0 5 MAY 2003 -43 heptanoate, hippurate, lactate, nalate, naleate,

hydr oxymal eat e, mal onate, mandel ate, nesylate, nicotinate, isonicotinate,
nitrate, oxalate, phthalate, terephthal ate, phosphate,

nmonohydr ogenphosphat e, di hydr ogenphosphat e, netaphosphate, p@roMA%23at e,
propi ol ate, propionate, phenyl propi onats salicyl ate, sebacate, succinate,
suberate, sulfate, bisulfate, pyrosulfa 87 sulfite, bisulfate, sulfonate,
benzenesul f onat e, p-bronophenyl sul fonate, chl orobenzenesul f onat e,

et hanesul fonat e, 2-hydroxyet hanesul f onat,e, net hanesul f onat e,

napht hal ene- 1- sul f onat e, napht hal ene- 2- dul fonat e p-tol uenesul fonat e,

xyl enesul fonate, ta tarate d the i q }Pr ed salt «dre Lhe o_(cH,) .-R
hydrochl ori de and oxal a @ '! cSut? al @ taaC| d— @'
addition salts are f S8 ny reacting que und jak"Sermul a |

wi th an equinolar o excess anmpunt of acjd. The jeactants gre generglly
conbined in a mutual soKVent slich as d¥¥?hyl et h¢r oXVet hyll acetate. The
salt normally preciﬁitates outrof solution wthip about ong hour to 10 days
and can be isol atedfyby filtratyon or the sol ventycan be st ¥ipped off by
conventional means. The pharma euti cally acceptable salts generally have

enhanced solubility charaeyersi syl gs conpar edr he comgpo /it Lo whi ch
they are deri¥ nd ?hﬁs g?}é o nor e ane%g@to forGrqu}%aE]i o
i quids or emuls Repr esent at ™MeOpref erred conpOunds of the p ssnt

i nvention inclugeik Ql | ow ng: 2¢ D\ 2¢c
[ 6- met hoxy- 2- {4 ‘-@ Bﬁ?wam%ﬂMe (Sgx Ia Q R
[ 6-i sopr opox§-2- T4-jret hoxyphenyl ) - 31bronn)benzo[b)”th|ophene(S-OX|d4§ 05
MAY 2003 -44 [ 6- metpoxy- 2- (4-i sopropbxyphenyl ) - 3- bPono] benzo[ b]

t hi ophene( S- oxi d&)12- ( 4- met hoxypivamy| ) - 3- br onoENESzo( b) t hi ophenex(Bd oxi de)
(6-met hoxy-3-[4-[2-(1-pi peridinyl)ethoxy] phenoxy]}2-(4

met hoxyphenyl )] bempzo[ b] t hi ophene- (|S- oxi de) [3-[4-[2-(1-piperidinyl

et hoxy] phenoxy) - 21 (4- met hoxyphenyl{)] benzo[ b] t hi ophene- ( S- oxi de)

[ 6- benzyl oxy- 2- (44 et hoxyphenyl ) - & br ono] benzo[ b]y hi ophene( S- oxi de

[ 6-1 sopropoxy- 2-( #- net hoxyphenyl ) ¥3- bronn]benzo(b t hi ophene( S- oxi d&)

RGCH:::L Ry~ (CHz) 00 \[::l \[::]\ R3—(CH2)n-O—E::l\

Ig Ic

wherein each variable has its previously defined meaning.

In the first step of this process, a compound of
formula IV is selectively oxidized to the sulfoxide. A
number of known methods are available for the process step
[see, e.g., Madesclaire, M., Tetrahedron, 42 (20); 5459-5495
(1986); Trost, B.M., et al., Tetrahedron Letters, 22 (14);
1287-1290 (1981); Drabowicz, J., et al., Synthetic

Communications, 11 (12); 1025-1030 (1981); Kramer, J.B., et

al., 34th National Organic Svmposium, Williamsburg, VA., June
11-15, 1995]. However, many oxidants provide only poor

conversion to the desired product as well as significant
over-oxidation to the sulfone. The present, novel process,
however, converts a formula IV compound to a sulfoxide of



[ 6- met hoxy- 2- (4- benzyl oxyphenyl ) - 3- br ono] benzo[ b] t hi ophene( S- oxi de)

[ 6- net hoxy- 2- (4 | sopr opoxyphenyl ) - 3- br onp] benzo[ b] t hi ophene( S- oxi de)

[ 6- benzyl oxy-3-[4-[ 2-(1-pi peridinyl)ethoxy] phenoxy] - 2- (4net hoxgphenM] benz
o[ b] t hi ophene- (S-OX|de)

[ 6-1 sopropoxy-3-[4-[2-(1- plperldlnyI)etyfxy]phenoxy]-2-(4nethoxypheny|)]ben
zo[ b] t hi ophene- ( S- oxi de) -

[ 6- met hoxy- 3-[4-[ 2- (1-pi peridinyl)ethoxy] phenoxy] - 2- (4benzyl oxyphenyl )] benz
o[ b] t hi ophene- (.S

[ 6- met hox lﬂftgﬁW§lﬁ1BéPPd¥h§F§eVﬁ8§y}bﬁ%ﬁ%xyf 22 ?E%%%H%%f§phenyl)]ben
Zo[b]thlophdnhxﬁﬁioxﬂwap process involves the reactlon of a formula IV

[ 6- nethoxy y I X h )

i opheno TR Kt Sopuve’ o' golEf g YoEaRLyEramd)of nyarogen

[ 6- met hox ypexrqedideetimory ph &by E- gf(abﬁyﬂr%Q%)Fﬁl@b%@ﬁo&@? benzo(b]t hi ophene
Group |l dx%dl%o[r%a%t@cp%'lel ! hethoxyhehenosylde: (4rihy dr exyivnls |

benzo[ b] t hi ophene

3-[ 4- [ 2- (9} it itdiLyPRERhY% ] PRERozhPus- 197 1y drds8haeny 9 €. and

benzo[ b] t higphere typieedl erbfleabout 1 to about 2 hours to run to

[3-[4-] 2- &%- roI|d|nyl)ethoxy]phenoxy] 2- (4- hydr oxyphenyl )]

benzo[ b] t
L3-[ﬁ-[2-(1-hexaneth%banemheuﬁ{ﬁﬁmxﬁbpheeawythgtéhpdﬂa%yphenyl))benzo[b]t
i ophene

(3[4 [ 2- (df%%%caﬁdeHXyF% ASFAT RAxPPEREPRRITLS- LRy W 5k Y prRhyT § B2 ol b] t hi

ophene . 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
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
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
hours. The product is isolated by standard procedures.

When a benzyl moiety is used as a hydroxy
protecting group, hydrogenolysis of the sulfoxide moiety will
also provide removal of the benzyl protecting group,
eliminating the requirement for selectively removing such a
group at a later stage in the process.

In the next step of the present process, novel
sulfoxides of formulae XVI a, b, ¢, and d (collectively
formula XVI) are reduced to a benzothiophene compound of
formulae IIg, Ic, IIe, and Id, respectively. Prior to the
present reduction process, compounds of formulae IIg and Ile

can first be alkylated as herein described. Reduction of the



3-[4-[2-(1-pi peridinyl)ethoxy] phenoxy] - 2-(4-nmet hoxyphenyl)]
benzo[ b] t hi ophene hydrochl ori de

[3-[4-[2-(1-piperidinyl)ethoxy] phenoxy]-2-(phenyl)]benzo I b] 05 Mdhons
hydrochl oride [3-[4-[2-(1-piperidinyl)ethoxy]phenoxy]-2-(4-fluorophenyl)]
benzo[ b] t hi ophene [6-nethoxy-2-(4-neth0ﬁépheny

1) - 3- (4- benzyl oxy) phenoxy] benzo[ b] t hi op

[ 6- isopropoxy 2- (4- met hoxyphenyl ) - 3- (4- benzyl oxy) phenoxy] benzo[ b]t hi ophene
0 5 MAY 20

[ 6- met hoxy- %%ﬁnﬁg? 8%§ps 9F)b§ FECBQR Fo?d)%%en%&n HgHEST%]thlophene
( 6- met hoxyu\SM(Jét-\-[GE (©f- piegdodsi Fyployat h@xypephehoxy@\zd{mmtmmmlg ] benzo
[ b] t hi opheqgy p hydride), catalytd

[ 6- met hoxy-3 ﬁlde[ fedfcﬁulp?é’r |( |'1r1%3:r/1 (%)Iily n%xﬁ % ca o&yl%enyl )] benzo

[ b] t hi ophdhEINREATRHHIoN: | §&ansfer ydrogeno ysis and tr1methyls1

[ 6- nEthOXyié&idb[@mﬁﬂiﬁyrohﬁdtﬁﬁh)%EBQ&XLBHen@KH]cﬂoIAe of reagent is
met hoxyph

T ot A e LR A o s 57 cPF RSB cEBGT L2 Hk Sy bheny ! )

]benzo[b]t&héﬂﬂvmhtuhxdrOFbEOth66compounds described in the present

[ 6- met hoxy'rﬁhéndt [cﬁ’x y( Jll@ﬁllu%' g&ﬂ}ﬁ'lﬂ%”ﬂ}ﬁw%y PPEDRIY larfs (ATRIdIuyPhenyl ) 1b

enzo[b]thlo ene dro
[ 6- met hoxyhBifardridlmspipkiliadetimokby hpkéanmyn i @m ( omntditoxly henywing benzo[ b] t

Fgoﬁgfﬂgx%% 3- (rfél p§P|t3| nofp?rrof)%ﬁ)}f{ﬁhlé%%&@ 102n,(4 t%o&ypﬁ'uenyl )] benzo[ b]
t hi ophene $Bddresdid snicleas, for example, diethyl ether, dioxane, and
tetrahydrofuran (THF). Of these, THF, particularly anhydrous
THF, is preferred. For transfer hydrogenolysis, alcohol
solvents, particularly ethanol, is preferred. The reaction
is run at a temperature from about 0° C to about 60° C, and
requires from about 0.5 hours to about 2 hours for
completion.

When desired, the hydroxy protecting group or
groups of the products of the process shown in Scheme V can
be removed, and a salt of the product of any step of the
process. Accordingly, the present invention provides a

process for preparing compounds of the formula

- (CH3) -0

-0

Rla is -H or -OR72 in which R72 is -H or a hydroxy

Rla

wherein

protecting group;

R22 is -H, halo, or -OR8 in which R82 is -H or a
hydroxy protecting group; .

R3 is 1l-piperidinyl, 1-pyrrolidino, methyl-1-
pyrrolidinyl, dimethyl-l1-pyrrolidino, 4-morpholino,



[ 6- met hoxy-3-[4-[3-(1-N, N-di et hyl am no) pr opoxy] phenoxy] - 2- (4nmet hoxyphenyl ) ]
benzo[ b] t hi ophene hydrochl ori de

[ 6- hydr oxy- 3-[4-[ 2- (1- pi peridinyl) et hoxy] - phenoxy] - 2- (4hydro Yah)] benzo
[ b] t hi ophene ﬁ%pnﬁP 2533
[6-hydroxy-3-[4-[2-(1-piperidinyI)etho%XJphenoxy]-2-(4hydroxypheny|)]benzo[
b] t hi ophene oxal ate 29T

[ 6- hydr oxy- 3-[4-[ 2- (1- pi peridinyl) et hoxy] phenoxy] - 2- (4hydr oxyphenyl )] benzo|
b] t hi ophe hydr qchl.ori de. MAY 2003, -47 . _

(6 hyar ox JaaER SR 86, i er By Patile § S ASHRERRKAERN R déyphenyl )] benzol
b] t hi ophemexamethyleneimino;
[6-hydroxy-3-[4-[2-§}3Qp§ag§tBylgﬂginino)ethoxy]phenoxy]-2(4-hydroxypheny|)
] benzo[ b] t hi ophene . !

[ 6- hydr oxy- 3-[ 4- [ 2- (211N, NOdi @rhyBami no) et hoxy] phenoxy] - 2- (4hydr oxyphenyl )] b

enzo[ b] t higphe ti ] b 1t th £ ‘a3
[6-hydrox€-3-[%—|gpﬁﬁgyphg?}ﬁ%)%%%%&gﬁp)%ﬁ%&y -Zf?ﬁcydré§§%ﬁgﬁil;]benzo[b]t
hi ophene hydrochl ori de

[ 6- hydroxy-3-[4-[3- (gh- N, MxdidatAvgaFhaoxan enaexxt ehesexy] ferndiy drwxyphenyl )]
benzo[ b] t hi ophene hydrochl ori de
[6-hydrox§$§gfﬂpﬁ2-(1-N,N—diisopropylanino)-ethoxy]phenoxy]2-(4-hydroxyphen

[ 6- met hoxy-3-[4-[2-(1-piperidil
[ 6- benzyl oxy-3-[4-[2-(1-pyrrolidinyl)ethoxy] phenoxy]-2-(4net hoxyphenyl )] ben

yl )] benzo[ b] t hi ophene hydrochl ori de
[ 6- hydr oxy- 3-[4-[ 3-(pi peridi no) propoxy] gienoxy] - 2- (4hydr oxyphenyl ) ] benzol b]
b] t hi ophene hydrochl ori de

[ 6- benzyl oxy-3-[4-[2-(1-pi per

zo[ b] t hi ophene [ 6-benzyl oxy- 3-[ 4-[ 2- (1-%Yexanet hyl i ni no) et hoxy] phenoxy] - 2- (4
met hoxyphehghelihenzo[ b] t hi ophene

t hi ophene hydrochl ori de
\ @ 2- (4met hoxyphenyl )] benzol
R a
lgoxy] phenidxy] - 2- (4nmet hoxyphenyl ) ] benz
o[ b] t hi ophene Rla
Rla and R22 are as previously defined; and

R® is a leaving group;

b) reacting the product of step a), a compound of
formula X1V

with a nucleophilic group of the formula

OO_ (CHZ) n"R3
R12

wherein R12 is -OH or -SH;



[ 6- benzyl oxy-3-[4-[2-(1-N, N-di net hyl am no) et hoxy] phenoxy] - 2( 4- met hoxyphenyl
)] benzo[ b] t hi ophene ~ 5 MAY 2003 -48

[(6- benzyl oxy- 3-[4-[ 2- (1- nor phol i no) et hoxy] phenoxy] - 2- (4net ho pﬂgﬁ ] benzo
(b] t hi ophene [6-isopropoxyoxy-3-[4-(2-(1-piperidinyl)ethoxy)gﬁe é#ﬁz-(4
met hoxyphenyl )] benzo[ b] t hi ophene
[6-isopropoxy-3-[4-[2-(1-pyrro|idinyITéﬁﬁoxy]phenoxy)-2-(4nethoxyphenyl)]be
nzo( b] t hi ophene

[ &1 sopr opoxy- 3 [ 4- [~ (1; BEXBIRS WhEBRSASA BY 1A 8] <2 Cbnpbibgxyeneny!)
[ 6-1 sopr opoxmyula [2] 2- (1- N, N- di net hyl am no) et hoxy] phenoxy] - 2

(4- met hoxyphenyl )] benzo[ b] t hi ophene

[ 6-1 sopropoxy-3-[4-[2-(1-nmorpholino)e
o( b) t hi ophene R3~- (CH,) 4O
[6-hydroxy-3-[4-[2-(1-piperiéinyl)e
b] t hi ophene

[ 6- hydroxy-3-[4-[2-(1-pyrrolidinyl)etRoxy]dhenoxy] - 2- (4met hoxyphenyl )] benzo
[ b] t hi ophene

[ 6- hydr oxy-3-[4-(2-(1-hexanet hyli
nzo[ b] t hi ophene

[ 6- hydr oxy- 3-[ 4-[ 2- (1- N, N- di ngtthy| 2% no)ﬁihox pténoxy] - 2- (4

met hoxyphenyl ) ] benzo[ b] t hi ophene
(6-hydroxy-3-[4-[2-(1-ndrpho|ino)ethoxy]ﬁ%enoxy]-2-(4nethoxypheny|)]benzo(b
] t hi ophene [ 6- hydroxy-3-[4-[2-(1-pi per¥di nyl) et hoxy] phenoxy] -2-(4

oxy] phenoxy] - 2- (4nmet hoxyphenyl ) ] benz

phenoxy] - 2- (4nmet hoxyphenyl )] benzo|

to provide a compound of the formula

R3- (CH,) -0

Z
Rla S .
d) optionally removing the R!®2 and/or R22 hydroxy

protecting groups, when present, of the product of step c¢);
and

e) optionally forming a salt of the product of
step c¢) or step d).

This novel process also provides novel compounds of
formulae XIV, and XVI a, b, c, and d, each of which is an
intermediate useful for preparing the pharmaceutically active
compounds of the present invention.

Compounds of formulae I in which Z is S are also
prepared using the process described below in Scheme VI in
which a compound of formula IVa is metallated. The resulting
product, a compound of formula XVII is reacted with a 4-
(protected hydroxy)phenyl disulfide of formula XVIII, and the



met hoxyphenyl ) ] benzo[ b] t hi ophene hydrochl ori de 0 5 MAY 2003 -49

[ 6- hydr oxy-3-(4-[2-(1-pyrrol sdinyl)ethoxy] phenoxy] - 2- (4nmet hoxyphenyl )] benzo
[ b] t hi ophene hydrochl ori de ?]5 MAY 2003

[ 6- hydr oxy- 3-[4-[ 2- (1- hexanet hyl i m no) et hoxy] phenoxy] - 2- (4nmet hoxyphenyl )] be
nzo[ b] t hi ophene hydrochl ori de

[ 6- hydr oxy- 3-[ 4-[ 2- (1- N, N-di net hyl am no)¥thoxy] phenoxy) - 2- ( 4, met hoxyphenyl )
] benzo[ b] t hi ophene hydrochl ori de

on o oY oRichio1L frbFpARL ARG ar 883 O F VBRI 1 dompound 13 Fehobkd "L P
[ FEJ ]meL _hotha- btofr2d¢ lepnpennds nyf ) Bdtmxdd piEMoXydne? widle rstleoxypienyh) ] benz
o[ b] t hi op . ,

(6- net hoxy-ﬁgi(lg- fg}flplﬁ%?%ﬁ;'sdﬁtznﬁa)%%ﬂﬁ BP0 RACSE40EN SPEBEGBheny! ) | ben
zo[ b] t hi ophémetp6iamshoxy- 3- [ 4-[ 2- (1- hexanet hyl enei mi no) et hoxy] phenoxy] - 2
(~- benzyl oxyphenyl )] benzo[ b] t hi ophene

[ 6- met hoxy- 3-[4-[2-(1-N, N-di met hyl anm no) et hoxy] phenoxy] - 2- (4benzyl oxyphenyl
)] benzo[ b] t hi ophene [ 6- net hoxy- 3- [ 43cheme ndIohol i no) et hoxy] phenoxy] - 2- (4
benzyl oxyphenyl )] benzo[ b] t hi ophene

[ 6- et hoxy- 3-[4-[ 2- (1- pi peridi nyl ) et hoxy] phenoxy] - 2- (4i sopr opoxyphenyl )] ben
zo[ b] t hi ophene
[ 6- met hoxy-3-[4-[2-(1-pyrrol sdig
nzo[ b] t hi ophene
[ 6- met hoxy- 3- (4-12-( 1- hexamet hy
yl )] benzo[ b] t hi ophene R

y] - 2- (41 sopr opoxyphenyl )] be
R2a
/] phenoxy] - 2(4-i sopropoxyphen

Rla

Ile
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[ 6- met hoxy-3-(4-[2-(1-N, N-di net hyl am no) et hoxy] phenoxy] - 2- (4i sopr opoxypheny
|.)] benzo[ b] t hi ophene [ 6- et hoxy- 3- (4- (2- (1- nor phol i no) et hoxy]bhMRYX3 2- (4
i sopropoxyphenyl )] benzo[ b] t hi ophene
[6-nethoxy-3-[4-[2-(1-piperidinyI)etho§y]phenoxy]-2-(4hydroxypheny|)]benzo[
b] t hi ophene -36-

[ 6- met hoxy- 3-[4-[2-(1-pyrrolidinyl)ethoxy] phenoxy]-2-(4hydroxyphenyl )] benzo
[ b] t hi ophene o

[6-nethoxy-3-[4-[2-(1-hexanet% sl no) et hoxy] phenoxy] - 2( 4- hydr ooxyphenyl
)] benzo[ b] t hi ophene

(6-nmet hoxy-3-[4-[2-(1-N, N-di rreo) et hoxy] phenoxy] - 2- (4hydr oxyphenyl ) ]
benzo[ b] t hi ophene S

[ 6- met hoxy- 3-[ 4-[ 2- (1- nor phol i ng)¥g

] t hi ophene [ 6- net hoxy- 3-(4-][ 2- @

hydr oxyphenyl )] benzo[ b] t hi ophe
[ 6- met hoxy- 3- [ 4-[2- (1- pyrrolgdli
[ b] t hi ophene hydrochl ori de

[ 6- met hoxy- 3- [ 4- [ 2- (1- hexanet hyl enei nmi #8% et hoxy] phenoxy] - 2( 4- hydr ooXyphenyl
)] benzo[ b] t hi ophene hydr ochl ori de

[ 6- met hoxy- 3-[4-[2-(1-N, N-di net hyl am no) et hoxy] phenoxy] - 2- (4

hydr oxyph¥R§F$}Benzo[ b] t hi ophene” hydrochl ori de

[ 6- met hoxy- 3-[ 4- [ 2- R1la nbg phwl dno)@thand Wienexw] h2dtdkydppaypbeinyd ) | benzo[ b

]thiophen%rgxggochloride .

R?2 is -H, or -OR® and R® is a hydroxy protecting
group;

R® is a hydroxy protecting group which can be
selectively removed;

R? is a leaving group; and

M is a metal ion.

In the first two steps of Scheme VI, a formula IVa
compound is metallated via well known procedures. Most
commonly, and preferably, a formula IVa compound is treated
with a slight excess of n-butyllithium in hexanes in an
appropriate solvent, followed by the dropwise addition of a
solution of a disulfide compound of formula XVIII in an
appropriate solwvent.

Both of these reaction steps are run under an inert
atmosphere such as nitrogen, while appropriate solvents for
both steps include one or more inert solvents such as diethyl
ether, dioxane, and THF. Of these, THF, particularly the
anhydrous form thereof, is preferred. In addition, the
present reaction steps are run at a temperature from about
-78° C to about 85° C.

In the first step of the present reaction, a
metallated compound of formula XVII is provided. The 4-
(protected-hydroxy)phenyl disulfide (a formula XVIII
compound) which is reacted with such a formula XVII compound

to give a compound of formula IIe, is prepared by protecting
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[ 6- benzoyl oxy-3-[4-[2-(1-pi peridinyl)ethoxy] phenoxy]-2-(4benzoyl oxyphenyl)]
benzo[ b] t hi ophene hydrochl ori de 05 MAY 2009

[ 6- et hyl sul fonyl oxy-3-[4-[2-(1-piperidinyl)ethoxy]-phenoxy] 2-(4-ethyl sul fon
yl oxyphenyl )] benzo[ b] t hi ophene hydrochl ori de
[6-hydroxy-3-[4-[2-(1-piperidinyI)ethdiniphenoxy]-2-(4ethy|sulfonyloxyphen
yl )] benzo[ b] t hi ophene hydrochl ori de

[ 6- ethylsulfon on - erldl I)etho henoxy] 2- (4- hydr oxyphen
yI)]benzo[ ﬁgﬁegkyak %|58m§grc1a avallgglé)

[ 6- rethOﬁynﬁ%dckﬂb&e®ylpuﬁ§ﬁdﬁlwythehhoagﬁr¢ﬁmﬂunadpﬁbdeuumﬁd(gnou@ewhanesulf
t .
oY W TP L B RE hRbit, SBOERE arc o) > TRASTAS G BRERITTEBEI8EHP: i oo

ene hydroam<meuh@xymethyl providing R7 and R8, if either or both are

bena o, Sude, 148 a) BYBRSK) PEEOLEYE irtg (AR SO aporheny! ) ] benzof b t hi op

3-[4- 2- (quﬁfﬁém"mtﬁlyll)et Box§Fphepexytive (hatutshe BE sdrexyphenyl )] benzo[ b

]th'OPhen%uQ%QkQQ%l %& is a m01et dlfferent than those formed K
[ 6- nethoxy -3- k% ( peri di nyl)ethoxy]thi ophenox~] - 2- g4nethoxy€ enyl)]be
nzo[b]thlébhéﬁ@ hydroxy protectlng groups, when presen , SO

[ 6- m[sL ??ERG?’gErﬁuwcéﬂa B¥L &6t seé Ny | pethanorldd)i apherearlda?d pretbaxypbenyl )] b
enzo |

[ 6- met hoxy® cgp[ri?"’lf‘e( FORBRUREE h F eFRT 1) Ethoxy) t hi ophenoxy] 2 (4- net hoxyphe

nyl )] benzo[ b] t hi opheme effect deprotection by removal of the R®
[6- et hoxy e e (1 N dLTpLEYL e £E) SLBRIIAD9PPRR00 ChaRbpoyPhen
[6-nEthoxyHSHPAK%QE(Dfnepbhehtﬁo}eth@aq@@&nnphnndxyklZM#BREKM®Xﬁphén¢I)]ben
zo[ b] t hi ophene 8- BaRZ¥kLAYYaBehé-b2-4di@! ReFd Al MNP THRPhaHSY ARRRexY] - 2- (4
acid, and heating from about 25° to about 110° C. Typically,
the reaction time is from about 6 to about 24 hours, but the
progress of the reaction may be monitored via standard
chromatographic techniques.
Appropriate solvents for the present reaction
include, for example, water and methanol.
Compounds of formulae IIe and IIf are novel, are
useful for preparing pharmaceutically active compounds of
formula I and are herein encompassed within the above
depiction of formula II.
Compounds of formula Id

Ry~ (CHz)n—O—Q

wherein
R1b ig -H or -OH;
R2b ig -H or -OH; and



met hoxyphenyl )] benzo[ b] t hi ophene

[ 6- benzyl oxy-3-[4-[2-(1-pyrrolidinyl)ethoxy]thi ophenoxy]-2(4-met hoxyphenyl)
] benzo[ b] t hi ophene 05 MAY 2

[ 6- benzyl oxy- 3-[4-[ 2- (1hexanet hyl enei m no) et hoxy] t hi ophenoxy] - 2- (4

met hoxyphenyl ) ) benzo[ b] t hi ophene
[6-benzy|oxy-3-(4-[2-(1-N,Ndinethylaniﬁ%ﬁéthoxy]thiophenoxy]-2-(4nethoxyphe
nyl )] benzo[ b] t hi ophene

Lo, byt oy & L4 |l Lol QLo hap il A shen s -l hgypheny! ) 1o
[ 6-1 sopr op@iyrg3thé- pPotd-fAeperiBedypyetadxyed ht ety t2Hed pretdessyphenyl )
] benzo[ b] thiophe Gwn., in, Sch h compounds of formula
[6-iSOproﬁgf?gﬁﬁﬁg-PZ-Fl-SyFWSFiaFn§P9e¥%bxy§%%loﬁ%é%oxy -ff4-nefhoxyphenyl
)] benzo[ b)hiadpleenge novel, are useful for the methods of the present

[ 6-1sopro -3-14-[ 2-.1l.hex ay | L X\t hi ey - 2- (4- met hox
yphenyl)]ggﬁ%ggﬁkéﬁiégéeﬁggigg?ég%r§§§§@§%§%§éF@ﬁ%%gﬂfﬁﬁb

di net hyl afiepdiyrstibox ¢ft hpsphéaoky] - 2- (4 met hoxyphenyl )] benzo[ b] t hi ophene

[6- 1 sopropoxy. 3- [ 4- [ickuRiplae! iseghenboxy] thi ARheROY lards (emeidaoxypheny!)]
benzo[ b] t hi ophene 0 MAY 2003 -53

[ 6- hydr oxiFierens. pydspyer PEPRGFY 2RR oINPT SPheHBRAT R (and R?
met hoxypheny y| hoazekd] phoepbeRRg group and the other is hydroxy are

Lo- hydr o 3.0 43 L2101 RULLOLAbIVL IS RO E] PRRE UL AR I rReny! ) 1D
starting material of formula III above, providing that
hydroxy protecting groups designated R? and R8® are
sufficiently different so that one protecting group is
removed while the other group remains. Such 2-
arylbenzothiophenes are prepared via procedures well known in
the art.

Particularly useful for the preparation of formula
I compounds in which Rl and R2 are different protecting groups
is Suzuki coupling as described above in Scheme IV. However,
6- (protected hydroxy) benzothiophene-2-boronic acid is
reacted with a formula XIb compound above in which R22 is -ORS
and R’ does not equal R®. This reaction allows preparation of
compounds of the present invention in which R7 and R8® are
different hydroxy protecting groups so that one protecting
group may selectively be removed and the other remains as a
moiety of the final product. Preferably, the R7 protecting
group, especially benzyl or isopropyl, is removed to form a
hydroxy moiety while the R® protecting group, particularly
methyl, remains.

Suzuki coupling also is accomplished by using the
above-described procedures but replacing a formula XIb

compound with a compound of formula XIX



[ 6- hydroxy-3-[4-[2-(1-hexanet hyl enei m no) et hoxy] t hi ophenoxy] - 2- (4- met hoxyph
enyl )] benzo[ b] t hi ophene

[-6- hydr oxy- 3- (4-[ 2- (1- N, N- di net hyl ami no) et hoxy] t hi ophenoxy] 05 MAY 2003

2- (4- met hoxyphenyl )] benzo[ b] t hi ophene

[ 6- hydroxy-3-[4-[2-(1- nDrphollno)ethoxygghiophenoxy]-2-(4

nmet hoxyphenyl )] benzo[ b] t hi ophene -

[ 6- hydr oxy- 3-[4-[2-(1-pi peridinyl)ethoxy]thi ophenoxy] -2-(4nmet hoxyphenyl )] be
nzo[ b] t hi ophene hydr ochl ori de 10

[ 6- hydr oxy-3-[4-[2-(1-pyrrol sdinyl)ethox ophenoxy] - 2- (4met hoxyphenyl )] b
enzo[b]thiophene hydr ochl ori de

[ 6- hydr oxy- 3-[ 4-[ 2- (1- hexan®et hyl enei
enyl)]benzo[b]thlophene hydr ochl ori g€
[ 6- hydroxy-3-[4-[2-(1-N, N—d|nethyl&ﬁino)ethoxy)thlophenoxy]z (4- met hoxyphen
yI)]benzo[b]thlophene hydr ochl ori de XI

[ 6- hydroxy-3-[4-[2-(1- nDrphollno)ethoxy]thlophenoxy] 2- (4met hoxyphenyl )] ben
zo[ b] t hi opf&¥ee iy dr ochl ori de

[ 6- met hoxy- 3- [ 4- [ 2- (#8apiipeCh dChya)ky hoxy]  bnaphenedera{idbenzyl oxyphenyl )]
benzo[ b] t hi gphene
[ 6- met hoxy® %ghép FWLfepake: P8 Sarfig1 FE hoXyH E MV HerfBY ] - 2- (4benzyl oxyphenyl)
] benzo[ b] t hi ophene RI® SsMAYlzavih§ group, preferably bromo or

( 6- et haxy, 2- (1- hexanet hyl enei m no) et hoxy] t hi ophenoxy] 2- (4- benzyl oxyp
henyl)]ben(ﬁ{% ophene

[ 6- met hoxy- 3- [ 4- [ 2- (En» N\IN-slipmstdegsanian §-dtroxgcthingpbgdoryy )

2- (4- benz W omheHndnReRZLBLLREORRSRCas described above is reacted

with a compound of formula XIX to provide a compound of

hoxy] t hi ophenoxy] - 2- (4- met hoxyph

formula XX, which is reacted with boron tribromide in
methylene chloride to provide a monohydroxy compound which is
subsequently converted to, for example, a benzyl moiety by
standard procedures (formula XXI). The 4’'-sulfonate ester is
then selectively removed by basic hydrolysis or, preferably,
by treatment with LiAlH4, in an appropriate aprotic solvent
such as, for example, THF. This reaction provides a compound
of formula XXII which is finally, for example, methylated at
the 4’'-position via standard procedures (formula IIIa). Of
course, one skilled in the art will recognize that various
processes can be utilized to provide formula IIIa compounds
in which the hydroxy protecting groups are other than shown
in Scheme VII below, but which can be selectively removed to
provide monohydroxy compounds of formula I of the present
invention.



[ 6- met hoxy- 3-[ 4-[ 2- ( 1- nor phol i no) et hoxy] t hi aphenoxy] - 2-f 4benzyl oxyphenyl )] b
enzo[ b] t hi ophene
[6-nethoxy-3-[4-[2-(1-piperidinyl)ethoxy]thiophenoxy]-2-t4isogroepxyphenyl)
] benzo[ b] t hi ophene 05 MAY 2003
[6-nethoxy-3-(4-[2-i1-pyrralidinyI)etho§y]thiophenoxy]-2-(4isopropoxyphenyl
>] benzo[ b] t hi ophene -40-

(6-nmet hoxy- 3-(4-(2-tl-hexamet hyl enei m no) et hoxy] t hi ophenaxy] 2- (4-1i sopr opoxy
phenyl )] benzo[ b] t hi ophene

(6- met hoxy- 3- (4- [ 2- (1- N, N- di met hy| 8FREBRetH&Ey] t hi ophenoxy] 2- (4- i sopr opoxyp
henyl )] benzo( b] t hi ophene

[ 6- met hoxy- 3-[4-[ 2- (1- nor phol i no) gqoxy t hi ophepoxy] - 2- (4i sopr opoxyphenyl )]

benzo[ b] t hi ophene 8a
TAT\N oﬁy]-z-(4hydroxyphenyl)]be
nzo[ b] t hi ophene S

(6-met hoxy-3-[4-[~-(1-piperidiny
[6-nethoxy-3-(4-[2-t1-pyrr5ﬁﬁ&]nyl)ethoxy]thiophenoxy]-2-(4hydroxypheny|)]b
enzo[ b] t hi ophene XX
(6-nethoxy-3-(4-(2-(1-hexanethyIeneinin{)ethoxy)thiophenoxy]2-(4-hydroxyphe

nyl )] benza(b]thi ophene

(6-nmet hoxy-3-(4-(2-(1-N, N-di met hyl am no
yl )] benzo(b]thi ophene 0 5 MAY 2pp3 -5
[ 6- met hoxy- 3-(4-[ 2-(1-nor phol i ngyg ‘

et hoxy] t hi ophenoxy] 2- (4- hydr oxyphen
zo[ b] t hi ophene
[ 6- met hoxy- 3-[4-[2-(1-pi peridi

e 0xYy] - 2- (4hydr oxyphenyl )] ben
R8a
noxy] - 2- (4hydr oxyphenyl )] be
nzo[ b] t hi ophene hydrochl or iB#D

(6-met hoxy-3-[4-[2-(1-pyrrol sdinyl)ethgxy] t hi ophenoxy] - 2- (4hydr oxyphenyl)]b
enzo[ b] t hi ophene hydrochl ori de

[ 6- met hoxy- 3-[ 4-[ 2- (1- hexanet hyl enei mi n¢) et hoxy] t hi ophenoxy] 2- ( 4- hydr oxyphe
nyl )] benzo[ b] t hi ophene hydrochl ori de

[ 6- met hoxy-3-[4-(2-(1-N, N-di net hyl am noJ et hoxy] t hi ophenoxy] 2- (4- hydr oxyphen

yl )] benzo[ b] t hi ophene hydrochl or jge
[ 6- met hoxy- 3-[4-[2-(1-norphol i nxy Wl @n 2- (4hydr oxyphenyl )] ben
S

zo[ b] t hi ophene hydrochl ori de

BzO
XXII
BzO S
IITa

Compounds of IIIa are then subjected to the various processes
herein described to provide compounds of formula I and II of
the present invention.

Other preferred compounds of formula I are prepared
by replacing 6- and/or 4'-position hydroxy moieties, when
present, with a moiety of the formula -0-CO-{(C;-Cg alkyl), or
-0-805- (C2-Cg alkyl) via well known procedures. See, e.g.,
U.S. Pat. No. 4,358,593.

For example, when an -0-CO(C;1-Cg alkyl) group is

desired, a mono- or dihydroxy compound of formula I is



(6- et hoxy- 3-[4-[2-(1-piperidinyl)ethoxy]thi ophenoxy] - 2- (4nmet hoxyphenyl )] be
nzo[ B] t hi ophene hydrochl ori de

[(6- hydr oxy-3-[4-[2-(1-pi peridinyl)ethoxy]thi ophenoxy]-2-(4

hydr oxyphenyl ) ] benzo[ b] t hi ophene 05 MAY 2003
(6-hydroxy-3-[9-[2-(1-pyrro|sdinyl)ethgfy]thiophenoxy]-2-(4hydroxypheny|)]b
enzo[ b] t hi ophene -

(6- hydroxy-3-[4-[ 2-(1- hexamet hyl enei m no) et hoxy] t hi ophenoxy] 2- (4- hydr oxyphe
nyl )] benzo[ b] t.hi

(b hydr oy R RGeS BAEE RPN RYFRAPROTEY hosh) O Snebisyide:

2- ( 4- hydr oxyeptisieyl Orbezideb] bhi wphkenan appropriate anhydride or mixed

[ 6 hydr oxYerdildhilag { 1oiRr BROLEDR)E! BpXYELI GRDERONY ] et Ay dspypngny! ) ] ben

ZO[b]thIO
[ 6- hydroxyuﬁﬁqQngiﬂ@ﬂtpspéhléSan?é@h@ﬁy]l%¢b@h@%ox@?lQQ¥MM®dﬁbxyphenyI)]be

nzo[b]th'QRQEFﬁJﬂMgﬁﬁﬁhBthHea tertlary amine solvent such
[ 6- hydr oxy-3-14 (1-pyrrolidinyl)et oxylthlop enoxxA (4hyq{o§yahenyl)]b
enzol b] t hi% l@y@p@chpgppagylamlne, méthylpiperidine, and’t

[ 6- Ihﬁ [) oxyrrfeb (Izéﬁ{c%'lﬁbll aaﬁagﬁwyb@n@aﬁw@d edoX tav o@D Xyd 1 er(t4 suydr oxyph
en enzo i_ophene [oC
[6yhydroxf“%‘% afftﬁtﬁgd?ﬁ@?ﬁvYLg?ﬁ%?%%ﬂ%xy?i?ﬁ%ﬁﬁ&ﬁﬂﬁ&ﬁ%??%!hydroxyphen

yI)]benzcﬂdﬂdﬁunaahﬂﬁmehhdkpehhanedeacetonltrlle, acetone, methyl ethyl

T by en Skt | Bl iRy RUGL! ed SloaN] 48 PRREN B - Gl MG gt e ! ) ben

zo[ b th|o roch
6- Ly]dr Oxy-qb%Mq@Wengprpéexdepyl 3ot hokgf phehony] -Quphery g tertiary
benzo[ b] t hixgphe %a@tyg)egﬁhgeaéée Tffogagéipwga@ﬁg@iﬁg A RFasendeg to

further |Ilustrate reparation ounds present I nventi on.
It is not a%t%ﬁdé@tﬂlwéﬁmﬁﬁ@pym@meoﬂrb@ wm%bﬁwp@@bwrw Bagad®n of any

of the foldgwd.ng e%gmel.gS, Haslam, et al., Tetrahedron, 36:2409-2433
(1980).

The present reactions are carried out at moderate
temperatures, in the range from about -25° C to about 100° C
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 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 R! and/or R? groups of formula I
compounds also may be provided by forming an active ester of
the appropriate acid, such as the esters formed by such known
reagents such as dicyclohexylcarbodiimide, acylimidazoles,
nitrophenols, pentachlorophenol, N-hydroxysuccinimide, and 1-
hydroxybenzotriazole. See, e.g., Bull, Chem, Soc. Japan,
38:1979 (1965), and Chem, Ber., 788 and 2024 (1970).

Each of the above techniques which provide -0-CO-
(C1-Cg alkyl) moieties are carried out in solvents as
discussed above. Those techniques which do not produce an

acid product in the course of the reaction, of course, do not



NVR data for the follow ng Exanpl es were generated on a GE 300 Mz NMR

i nstrunent, and anhydrous d-6 DVBSO was used as the sol vent unless otherw se
i ndi cat ed. 0 5 MAY 2003 -57 Preparation 1 Preparation of

[ 3-[4-[ 2- (1- pi peridinyl)ethoxy] phenoxy] 05 MAY 2003

- 2- (4- hydr oxyphenyl ) ] benzo[ b] t hi ophene
[3-(4-benzy|oxy)phenoxy]benzo[b)thiophéﬂ%'o 0O s To a solution of
3-bronD-benzo[b]thiophene (69.62 g, 0 325 nmol) in 55 nL of anhydrous

col l'idine u s _added. 4- benz henol (97 nol ) and
cuprous oxf ( vyge é’% ) Pt é:‘c%%eﬁfl%?]é ! tﬁ%%e%: ggrrlefl ux for 24
hour s. Upmmxxuﬁeng the reaction mxture was diluted with ethyl acetate

(200 m) and the orygeatiXtHtenlid Lereddiaigl AeBadeal ifekhien( ehdrich

M| waukee, W) to renopve I norganic sa trate was washed with 1~
hydr ochl oréc and (Y 3 x PREG-tion Iy ceyg aRPEPwaS ﬂrf@ﬁm%%®d¥u%@@®9$%@e) and

concent r at g4l ddhweated td & |dranipd ofTRhanaphhhigae- @fasowmﬁmi—, R kyl),
distillation (10 mm Hg, 115-120 C). The remai nder of terial )
chronatogr%ﬁﬂmﬂPQQsI9§x9+h¥45ﬂxaéCOW@Q&ﬁQslseFﬁﬁFt%@éW%ﬁ 85°4 55%3 P 1F ovi de

12.2 g of @%ﬂﬁﬂ&'@ﬂﬁ@ﬁ@@ﬂ% %5rgvéa50eb6§eﬂh@napﬁﬁ@yﬁiﬁde starting
mat eri al ) of.%§1(4benz I ox phenOéﬁhggnzg-Lg h&g ngoaf an off-white
solid. np 4 &) 3 Card 2 HLAS PB4 (m TH),
7.04 (q, Jsukfdhyllﬁmmoﬂimﬂl&aat (as thghB by KsngZ&ﬁd Momdir CalcdAmf or
(FEZIH16 2sgg§: ;:g '337-%2%‘;5 - JEQuNd oG5 ) ?% gin 35?%?)(% QrP]S’oW %PQ& - 58
reparati enzyloxy p enox enzo ene
can be reacted with the appropriate sulfonic anhydrlde or
mixed sulfonic anhydrides. Such reactions are carried out
under conditions such as were explained above in the
discussion of reaction with acid halides and the like.
Although the free-base form of formula I compounds
can be used in the methods of the present invention, it is
preferred to prepare and use a pharmaceutically acceptable
salt form. Thus, the compounds used in the methods of this
invention primarily form pharmaceutically acceptable acid
addition salts with a wide variety of organic and inorganic
acids, and include the physiologically acceptable salts which
are often used in pharmaceutical chemistry. Such salts are
also part of this invention. Typical inorganic acids used to
form such salts include hydrochloric, hydrobromic,
hydroiodic, nitric, sulfuric, phosphoric, hypophosphoric, and
the like. Salts derived from organic acids, such as
aliphatic mono and dicarboxylic acids, phenyl substituted
alkanoic acids, hydroxyalkanoic and hydroxyalkandioic acids,
aromatic acids, aliphatic and aromatic sulfonic acids, may
also be used. Such pharmaceutically acceptable salts thus
include acetate, phenylacetate, trifluoroacetate, acrylate,
ascorbate, benzoate, chlorobenzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, methylbenzoate, o-
acetoxybenzoate, naphthalene-2-benzoate, bromide,
isobutyrate, phenylbutyrate, b-hydroxybutyrate, butyne-1,4-
dioate, hexyne-1,4-dioate, caprate, caprylate, chloride,
cinnamate, citrate, formate, fumarate, glycollate,



i O0i_s To a solution of [3-(4-benzyl oxy)phenoxy] benzo[b] thiophene (6.00
g, 18. 1 mml ) in anhydrous tetrahydrofuran (100 nlL) under N2 at -78 C was
added n-butyllithium(12.4 nL, 19.9 nmol, 1.6 Min hexanes) %W@ Vi a
syringe. The solution turned fromcolorless to deep orange. 0 Hrrln
for 20 mnutes at -78 C, the lithio species was treated with 12 (5.03) 19.9
mol ), added dropwi se via canula as a séBation in 50 nL of anhydrous
t et rahydrof uran. Upon conpl etion of the addition, the reaction turned |ight
yellow in color, and was allowed to slowy warmto roomtenperature. The
reacti on wWaSP Eﬁ&ﬁﬁﬁﬁﬂiQﬁPQqﬁ§9§dd4@F6ﬁt8P é@iaﬂesoﬂﬁgﬁ?gﬁlflte sol ution (200
En_) The Imﬁm]&a@arﬁlﬂxa@% tnlagd@gue@usmsynacéedﬁmcbttmeatta/lj acetate
2 x 150 Qrgani ¢ .was ,.combi n ri odi um su an
concentrat%%P?+F€% G0 HIFE S 8?Fiﬁﬁ§f Bﬁgggiﬁg?Ze @%%%&ﬁ?uj Recry
stalI|zaI|phpéphnnduamnnﬂhyﬁﬁmgen@hbsphyteIdédh?dtﬁggnpﬂ@@phaﬁe,
[ 2- 1 odo- 3- crystalline
ponder . my SA R N REARRERATE, piBpTBRGRE. BndplShdds Y e, 0 50
(m 8H)) @Wﬁ(]sprQH-J)OHEB'-eOlS@élcyﬂﬁteAnéﬁbaeéFéd Sﬂ@m@tmlmrat@z 55. 03;

H 3.30. Foupehe L, bi%&%at% ?y%%sulfgté NBMl%QQé -BPs @1 £y ati on
[ 2- (4- tertbutéafxyphenyl benz E{yenox benzo[b]thlophene 01 0/

s ~ ~ o0 ToW %Han?Qﬁzq%EsPdé@n§5€4 BeR¥ PIeRYERYERek§IRRM o b] t hi ophene
(4.50 g, %ﬁ?ofﬁﬁéﬁzédbéuﬂ'ﬂ&@@_e(,2Qtﬁhhe%§faﬁdeé 43 (hpat Sxf etyardheny |

boroni c aci 2. 28 g, 75 f ol
tetrakistr?é#é ¥ﬁ§ﬁ§PI & On?§g§ggéeﬁg hrorfoR’tehis sol ution
was added ﬂabﬁthﬂldﬁeéﬁ‘sumﬁmmuﬁbcapbﬁb&hén&@h&fhﬁﬂteThﬁyléﬁé&dlﬂmhdﬂaﬁure

was heate qux f hqu oolln he_re ion was diluted

w th 150 %’Lgrg?a( eat%eyl aceti}[ cil‘r\‘%é rj%fg‘gr sg\a/v%téﬁe%rea\f%% 0.1~ sodi um

hydr oxi de fxxnodopmide and ph@ﬂad3|edlcsod|un1su|fate) Concentration
produced a semi - ol ithd haMftelsiealigd ddeeilbgne! geanandapassedafough a

pad of silicon dioxide. Concentration produ ce an ol l was triturated
fron]hexaﬁ%@etogAqgk}y4ﬂgymgd(§y~feépt1ng a compound of formula I with

[ 2-(4- tertabute»d@mdqmmdr) e&c@ésbaméﬁhexwkpaemaxy] Bpazpéddidnaphgne as a

whi t wd 105- 1H NWMVR 13) 7.68
(oS POl e Ty onhiaga 35 BubRRL abdenh Utk a8 cliechulictriy (4

JC;| OI9 ? Wz, eyl zhc%ta(t@) erlhe talé ﬁsrmamly EBeﬁBﬁﬁt&tp@sS o8 £ Anal .
C or

. 29035 77.35 H 5099 05
VAY. 2000 S0P ETbARGR Ez’ﬁngQPSngHr 6y 41 4 b %%rcw%ﬁ%@ated

4nethoxypHanﬂikﬂnahnDnacudtmasstvéAtneahobypbenyppea off by
(4- benzyl qxy)AhanendbeRzelb] - t hi ophene

The pharmaceutically acceptable salts generally

have enhanced solubility characteristics compared to the
compound from which they are derived, and thus are often more
amenable to formulation as liquids or emulsions.

Representative preferred compounds of the present
invention include the following:

Group I:

[6-methoxy-2- (4-methoxyphenyl) -3-bromojbenzo[b] thiophene- (S-
oxide)

[6-isopropoxy-2- (4-methoxyphenyl) -3-bromolbenzo[b] thiophene-
(S-oxide)



i 00 SOCB;, Yield = 73% nmp = 115-118 C. 1H Nt~t (CDC13) d 7.807.90 (m
3H), *7.33-7.53 (m 8H), 6.93-7.06 (m 6H, 5.00 (s, 2H), 3.83 (s, 3H. FD
mass spec: 438. Anal. Calcd. for C2gH2203S: C, 76.69; H, 5. - C,
76.52; H, 5.09. Preparation S 0635 ﬁ%%ﬂa
[2-(4-tertbuty|oxyphenyl)-3-(4-hydroxyl£ﬁ§noxy] benzo[ b] t hi ophene $0 0 0 /
s To a solution of

[ 2-(4-tertbutyl oxyphenyl)-3-(4benzyl oxy) phenoxy] benzo[ b] t hi ophene (1.50 g,

3.37 I} i f, ab t 3| -
v ocni of PeRSERaRas SaEEolt Sty B i St b BB EhiBkRene s |
was hydr ogénexedeht 40 psi for 1 hour, 0 5 MAY 2003 -61 after which the

reaction was judged to be conplete by thin | ayer chromatography. The
m xture was filtered through a pad of Celite, and the filtrate concentrated

i n vacuo. [Fhé4crebopyRiueRY | wad- oy el Reneq bl hdopiensr iy oxd8eat e and
passed through a short silicon dioxide colum to renove Celite (ethyl
acetate as_eluant). Copceptration proyid a.white solid.that was
triturate§6fm%ﬁhﬂ%&é%égﬁéf%yfiéﬁ ?1%%qﬁiXQHQ9¥Y P@@P&éﬁJSQS(ﬁﬁ (73a) of

[ 2- (4-t ermbuhykepenehy] berzd Bb Myt aptyorphersaoxlideenzol b] t hi ophene. np 210
213 C. 1H NW\R (DVMSO-d6) d 9.13 (s, 1H1, 7.94 (d, J = 7.7 Hz, 1H), 7.63 (d,

J =86 H, 2H), 7.35-7.26 (m 3H), 7.01 (d, J - 8.6 Hz, 2H), 6.70 (g, I~ =
8.9 Hz, 4Hy:[4-DP3-(3-pDbgridDyissetpewy ] Bedhoxial- (CamethokppheayHP203S:

Cz 73-82;bEhzé[@?thf%ﬁﬁ@Beg%sjgkfﬁ%)'i 5.84. Prevar~_|:.ion 6 Prepared in a
simlar nmanner was

[ 2- (4- met hoxyphenyl ) 3- (4- hydr oxy) phenoxy] benzo[ b] t hi ophene OCH3 Yield =

800. = - -3 - : i -2
S RS S O i e

[6-isopropoxy-2- (4-methoxyphenyl) -3-bromo]benzo[b]thiophene-
(S-oxide)

[6-methoxy-2- (4-benzyloxyphenyl)-3-bromolbenzo[blthiophene-
(S-oxide)

[6-methoxy-2- (4-isopropoxyphenyl)-3-bromo]lbenzo{b)]thiophene-
(S-oxide)

[6-benzyloxy-3-[4-[2-{(1l-piperidinyl)ethoxy]lphenoxy]l-2-(4-
methoxyphenyl) Jbenzo[b]thiophene- (S-oxide)

[6-isopropoxy-3-[4-[2-(1-piperidinyl)ethoxy])phenoxy]-2-(4-
methoxyphenyl) Jbenzo[{b] thiophene- (S-oxide)

[6-methoxy-3-[4-[2-(1l-piperidinyl)ethoxy]phenoxy}-2-(4-
benzyloxyphenyl) ]benzo[b]lthiophene- (S-oxide)

[6-methoxy-3-[4-[2-(1l-piperidinyl)ethoxy]lphenoxyl-2-(4-
isopropoxyphenyl) Jbenzo[b) thiophene- (S-oxide)

[6-methoxy-2- (4-methoxyphenyl) -3- (4-methoxymethyleneoxy)
thiophenoxylbenzo{b]lthiophene



1H NMR (CDC13) d 7.80-7.90 (m 2H), 6.90-7.03 (m 4H)) FD nass spec: 348;
Anal 4.63. Found: C) 72.68; H, 0 5 MAY 20p9 -62 Exanple 1
[3-[4-[2-(1-piperidinyl)ethoxy] phenoxy]-2-(4hydroxyphenyl )] benzot b]thi ophen
e ~N~ 0 0\ o s To a solution of [2-(4-tertbutyloxyphenyl)-3-5 MAvyzgPXxy)
phenoxy] benzo[ b] t hi ophene (1.25 g, 3.20 nmol) in anhydrous
N, N-di met hyl f or mami de (10 nl) at ambi enfdtenperature was added cesium
carbonate (5.70 g, 17.6 mmvl). After stirring for 20 m nutes,
2- chl or oet hyl pi peri di ne hydrochloride (1.95 g, 10.56 nmol) was added in
smal | portions. The resulting heterogeneous m xture was stirred vigorously
Eor 24 ?our@hméﬁhbxg&mbaMPmthokbphéﬁgabLgn(ueﬁgdtﬁﬁ?)dhiupﬁﬁh?&ﬁ]1 wat er )
200 nm). I e was extracted with ethyl acetate (3 x 100 nL).
The conbi%% éﬁgﬂﬁ?@iFﬁggé was then washed with water (2 x 200 nL). Drying
of the organic layer (sodiumsulfate) and concentration in vacuo gave an
oi |. Chrompt aphy (5-100 nethanol/chloroform provided 1.47 g (910) of
3-[4-[2-(1-pi peridinyl)ethoxy] phenoxy] - 2- (4t ert but yl oxyphenyl )] benzo[ b] -t hi
ophene that was carried on directly to the next step w thout
characteri 1402~ (1-piperidinyl)eth -2-(4-
3-[4-[2-( st el di(nygl)ﬁgt hosr ] b henoRorY SRRy il  Shaa R3S B anzo[ bl t hi
ophene (1. {%[hdﬁﬁéo Pf was dissolved in triflouroacetic acid (10 nL) at
anbi ent tenperature. After stirring for 15 mnutes, the solvent was renoved
i n vacuo. ,The resi due.was.di.ssolved in.ethyl acetate t20 nL) and shed
with sat. 35_3&1}%—5?%8?885& én¥8>ﬁ{:g8ﬁy ¢ @hﬁx‘iﬁy &#'E%%@#ﬁrbﬁw&}) r was
dri ed (sodiammcdbl)fthtiephand hpdeceahiatrédewher eupon a white solid
precipitated forned in solution. The product was recrystallized from et hyl
acetate 0 5 MAY 2003 -63 ethyl ether to provide 1.03 g (85a) of
3- (4- ( 2- (1pipdril@rd}-Peradikgiphehekhdxp] phehgry bxdpheript didemdanyilt Hi ophene
as col orl esh [ p3taispnARe169-172 C. 1H NMR (DVSO-d6) d 9.81 (s, 1H), 7.93
(d, J =7.7 H, 1H), ?.54 (d, J - 85 Hz, 2H), 7.36-7.26 (m 3H), 6.86 (s,
4H), 6.78 (d, J = 8.6 Hz, 2H), 4.10 (m 2H), 3.29 (m 2H), 2.95-2.75 (m

4H), 1.68-[B-4Q-(a (BHhexAnathy Cahédmihol e ERTRTHISRIPP- 2H, C, 66.40;
H 5. 46; * % N 5.29;0§?T2.61 ~xann|§p2

2.76. . F - C, 65.99: H,
3-(4-[2-( ?{Y&rﬁé‘?’PBFﬁgE?é?ﬁ%@fhﬁ‘é%%lj@?@( 4hydr oxyphenyl ) ] benzo[ b] t hi ophene

was converted to its hydrochloride salt in 90%yield by treatment with
ethyl ethq5h¥qt?%hkQLN?Ngﬁigtﬁyl§$EXé)gggég&ﬁphenoxy]-2—(4-

hydroxyphenyl) lbenzo[b]thiophene

3-[4—[2-(1—piperidinyl)ethoxy]phenoxy]—2—(4—methoxyphenyl)]
benzo[b]thiophene hydrochloride

[3-[4-[2-(1-piperidinyl)ethoxy]phenoxy]-2- (phenyl) )benzo
[b]thiophene hydrochloride

[3—[4-[2—(l—piperidinyl)ethoxy]phenoxy]—2-(4-fluorophenyl)]
benzo[b)thiophene

[6-methoxy-2- (4-methoxyphenyl) -3-(4-benzyloxy)phenoxy] -
benzo([b]thiophene

[6-isopropoxy-2- (4-methoxyphenyl) -3- (4-benzyloxy)phenoxy] -
benzo[b]thiophene



aci WO Oi Data for Exanple 2 np 233-240 C. 1H NWR (DVMSO-d6) a 10.43 (m
1H), '9.89 (s, 1H), 7.93-7.9S (m 1H)) 7.60-7.64 (m 2H), 7.35-7.50 (m 3H),
6.83-7.03 (m 6H), 4.27-4.30 (m 2H), 3.40-3.60 (m 4H), 2.96-3.10 (m 2H)
1.70-1.95 (m 5H), 1.40-1.53 (m 1H). FD nmass spec: 446. An8I5 M&¥I2883. for
C2~H2~N03S1. OHC1: C, 67.28; H, 5.86; N 2.91. Found: C, 67,07; H, 5.66; N,
2. 96. 0 5 MAY 2pp~ -64 ExanBle 3 Prepffred in an anal ogous manner were the
fol |l ow ng exanpl es:

[3-[4-[2-(1-pyrolidinyl)ethox henoxy] -.2- (4hydr. ox enyl)) J.benzol[.b] t hi ophen
e G\-O 0 (L%-8\eﬁ§°ﬁo?m§-e§oa¥$§m§h%ﬁg%qz€’4-ﬂfr)r? Y?“@é’ ’(di’,enj’ 184 (s,
4H), 6. 78bkdzolbFthivpRehe 2. 85 (m 4H), 1.73 C26H25N03S0. 33 CF3C02H C, C
68.29; H 5.46; N, 3.19. (DVMSO-d6) - 8.6 Hz, B.6 Hz, 2H (m 4H) . 68.25; H,
a 979 (s, 1H), 7.92 (d) 2H), 7.36-7.26 (m 3H), 4.00 (bt, 2H), 2.92 Anal.
Cal cd. forl65méghoky-2-99- [ Folhepiksminginy ) ethoxy] -phenoxy] -2- (4-

[3-[4-[2-&%Eg§§ggﬁggyh?pﬁéﬂagpgfgﬁﬂﬁﬁhﬂngnoxy]-2-(4hydroxypheny|)]benzo[b]t

hi ophene
[6-methoxy-3-(4-[2-(1-piperidinyl)ethoxy]-phenoxy)-2-(4-

methoxyphenyl) ]Jbenzo[b] thiophene hydrochloride

[6-methoxy-3-[4-[2-(1-pyrolodinyl)ethoxy]lphenoxy]-2-(4-
methoxyphenyl) Jbenzo[b]lthiophene

[6-methoxy-3-[4-[2-(1-hexamethyleneimino)ethoxy]phenoxy]}-2-
(4-methoxyphenyl) ]benzo[blthiophene hydrochloride

[6-methoxy-3-[4-[2-(1-N,N-diethylamino)ethoxylphenoxy]-2-(4-
methoxyphenyl) ]benzo[b]thiophene hydrochloride

[6-methoxy-3-[4-[2- (morpholino)ethoxy]phenoxyl}-2-(4-
methoxyphenyl) Jbenzo[blthiophene hydrochloride

[6-methoxy-3-[4-[3- (piperidino)propoxy]lphenoxy]-2-(4-
methoxyphenyl) Jbenzo[b]lthiophene hydrochloride

(6-methoxy-3-[4-[3-(1-N,N-diethylamino)propoxy]phenoxy]-2- (4-
methoxyphenyl) ]benzo[b)thiophene hydrochloride

[6-hydroxy-3-[4-[2- (1-piperidinyl)ethoxy]-phenoxy]-2-(4-
hydroxyphenyl) ]benzo[b)thiophene

[6-hydroxy-3-[4-[2-(1l-piperidinyl)ethoxy]phenoxy]-2-(4-
hydroxyphenyl) 1benzo[b)thiophene oxalate

[6-hydroxy-3-[4-{2-(1l-piperidinyl)ethoxy]phenoxy]-2-(4-
hydroxyphenyl) ]benzo[blthiophene hydrochloride



Ooa s np 189-191 C. 1H NVR (DMBO-d6) d 7.91 (d, J = 7.6 Hz, 1H), 7.S2
d, J =8.5Hz, 2H), 7.34-7.25 (m 3H), 6.81 (s, 4H), 6.75 (d, J = 8.6 Hz,

(
2H), 3.89 (bt) 2H), 2.75 (bt, 2H), 2.68 (m 4H), 1.48 (m ES)M Ar}gla. Cal cd.
for C2gH2gNQ, S1. 50 0 5 MAY 2003 -65 H20: C, 69.11; H, 6.79; ﬂr 938.
Found: C, 69.25; H 6.79; N, 2.58. Exanple 5
[3-[4-[2-(1-N,N—diethylanino)ethoxy]phé'BXy]-Z-(4hydroxyphenyI)]benzo[b]thi
ophene / "' N~0 J O ° ~ - off np 70 C. 1H NWVR (DVSO-d6) d 9.91 (bs, 1H), 7.92

(d, 3 =7.9 . 1H), .7.54 (d, J = 8 6. Hz. 7 35-7 24 (m 3H), 6.82 (s,
AH), 6.78 l%cr,hyfré’%.é ILig) [%H)(}'@Y%@ltﬂi?y%ﬁﬁkgh%’%%ﬁt%’}?xyém@, 3% (m 4H) .
0.91 (m 6iydrcxPpiesylspbenzdBh] thnabhemdal cd. for C26H2~N03S0. 50 H20: G,
70.56. H, 6.38; N, 3.16 Found: C, 70.45; H 6.26; N, 3.20. Exanvle 6

3-[4-[2-(1-pi peridinyl)ethoxy] phenoxy] -2- (4net hoxyphenyl )] benzo(b]thi ophene
hydr ochl orﬁ%émysic‘pxymgo[ﬂ-éze@ishgxmef:hszlz@n%mlr@) ehoRivR ((36 ~d 7.96

d J =7 = 7.35-7. 50 3H), 6.98 (d,
33 Hzé%c{r%g%’gg-zg%&ﬁ?ﬁqnﬂwéﬁf% -?}%T)%m oH), 3. 7£1m(s,H) (

[6-hydroxy-3-{4-[2-(1-N,N-diethylamino)ethoxy]phenoxy]-2-(4-

hydroxyphenyl) Jbenzo[b] thiophene

[6-hydroxy-3-[4-[2- (morpholino)ethoxy]phenoxy]-2-(4-
hydroxyphenyl) ]benzo[b] thiophene hydrochloride

[6-hydroxy-3-{4-[3-(1-N,N-diethylamino)propoxy]lphenoxy]-2-(4-
hydroxyphenyl) lbenzo[b]lthiophene hydrochloride

[6-hydroxy-3-[4-[2-(1-N,N-diisopropylamino)-ethoxylphenoxy] -
2-{4-hydroxyphenyl) lbenzo[b] thiophene hydrochloride

[6-hydroxy-3-[4-[3- (piperidino)propoxy]phenoxy]-2-(4-
hydroxyphenyl) lbenzo[b] thiophene hydrochloride

[6-methoxy-3-[4-{2-(l-piperidinyl)ethoxy]lphenoxy]-2-(4-
methoxyphenyl) ]benzo[b]thiophene hydrochloride

[6-benzyloxy-3-[4-{2-(l-piperidinyl)ethoxy]lphenoxy]-2-(4-
methoxyphenyl) ]benzo[b]thiophene

[6-benzyloxy-3-[4-[2-(1l-pyrrolidinyl)ethoxy]phenoxy)-2-(4-
methoxyphenyl) ]benzo([b]thiophene

[6-benzyloxy-3-[4-[2-(1l-hexamethylimino)ethoxy]phenoxy]l-2-(4-
methoxyphenyl) ]benzo[b]thiophene

[6-benzyloxy-3-[4-[2-(1-N,N-dimethylamino)ethoxylphenoxy]-2-
(4-methoxyphenyl) Jbenzo[b]thiophene



0 5 MAY 2003 -66 3H), 3.37-3.45 (m 4H), 2.92-2.96 (m 2H), 2.46-2.48 (m
5H), '1.74 (m 1H). FD mass spec: 459. Anal Calcd. for C28H29N03S1. OHCl: C,
67.80; H 6.10; N, 2.82. Found: C, 68.06; H H 6.38; N, 2.60. Alternate
Synt hesi s of 05 MAY 2003

[ 2-(4-tertbutyl oxyphenyl)-3- (4benzy|oxy)ghenoxy]benzo[b]thiophene ,
Prevaration 7 [3-(4- benzyloxy)phenoxy]bé Zo[ b] t hi ophene-2boronic acid O i O
scos~= s To a 78 C sol ution of [3- (4 benzyloxy)phenoxy]benzo [ b] -t hi ophene

(5.00 g, 1 |n 0 of,_an tr uran N2 was
added n- bu yﬁ? ‘gdﬁph@ "§%P%8ﬁlnf?8tﬁP¥¥ R%?%ﬂ%%? gr&%mnse vi a
syringe. AwemhoxxphenykﬁHhﬂnzuihhtMub@agnB(C]Pr)3 (3.83 nL, 16.6 mmmol) was
added via syringe, and the resulting m xture was allowed to wvarmto 0 C

The reaction was then quenched by distributing between ethyl acetate and
1. O~ hydr/dthl RTORRIMPRYIGO (- [@adB) PiPheifapet beweoey bppeneel 2nd t he

or gani ¢ Wagethdhatas W HesRl @] chiopntf@ ). The organic |ayer was dried
(sodi um sul fate) and concentrateg Invacuo to a solid that was triturated

fromethyl ether/hexanes. Filtration provided 3.96 g (700) of
[3-(4- benzw me -qenzol- Q]lt?zQPB@B&igyPPé@%fy P;ﬂ;l@'n@saz p-ahide solid.

np 115121 H N d6 7.98 (d, 05
MAY 2003 "&F Fg‘R%‘g’%%ﬁ!{)z)olglﬁél?P 8Nm 7H), 6.90 (g, J~ = 9.0 Hz, 4H),
5.01 (s 2H) . Anal Cal cd. for C21H1~OQsB: C, 67 04; H, 4.55. Found: C,
67.17; H, henox t hi ene- 2- boragnic acid
was react e[éLS V\ABSH%J }p ?tﬁ (g g é%gg%é %Jc‘i qﬁ%qu@lﬁféo’@’ Aditi ons
descri bed Qﬂnmﬂihdxthznwdddbeneé{bénhybphghephenoxy] benzo[ b] t hi ophene and
4- (tertbut oxy) phenyl boronic acid to give

[2- (4-tertbutyl oxyphenyl) é4benz yl oxy) phenoxy] benzo[ b] t hi ophene in 810
yi el d. Exdfplieepsiopexyed - M Rpl( dyNnlj-d hinet et droih ar e hdBselmilenoky ] -2 -

[3-[4-]2- ((h—-@e&%@p&\éb%%higéﬁlzehﬁﬁle?%pﬁéﬂ@eny' )1 benzo [Db] thiophene
hydrochl ori de acl ~

[6—isopropoxy—3—[4—[2—(l—morpholino)ethoxy]phenoxy]-2—(4—
methoxyphenyl) ]benzo[blthiophene

[6—hydroxy—3—[4—[2-(l—piperidinyl)ethoxy]phenoxy]—2-(4—
methoxyphenyl) Jbenzo[b]thiophene

[6-hydroxy-3-(4-{2-(1-pyrrolidinyl)ethoxy]phenoxy}-2- (4-
methoxyphenyl) lbenzo[b]thiophene

[6-hydroxy—3—[4—[2—(l—hexamethylimino)ethoxy]phenoxy]—2—(4-
methoxyphenyl) lbenzo[b]thiophene

[6—hydroxy—3—[4—[2-(1—N,N—dimethylamino)ethoxy]phenoxy]-2—(4—
methoxyphenyl) }benzo[b]thiophene

[6—hydroxy-3—[4—[2—(1—morpholino)ethoxy]phenoxy]—2—(4—
methoxyphenyl) lbenzo[b]thiophene

[6-hydroxy-3—[4—[2-(1-piperidinyl)ethoxy]phenoxy]—2—(4—
methoxyphenyl) lbenzo[b]thiophene hydrochloride



mp 223-226 C. 1H NMR (DVMBO-d6) a 7.99 (d, ,1 = 8.2 Hz, 1H), 7.71 (d, J =
7.3 Hz, 1H), 7.44-7.30 (m 7H), 6.90 (s, 4H), 4.27 (m 2H), 3.43-3.35 (m

4H), 2.97-2.88 (m 2H), 1.73-1.61 (m 5H), 1.34 (m 1H) A for
C2~H2~N02S1.0 HO: C, 69.59; H, 6.06; N, 3.00. Found: ga%gmi?oﬂ% 11

3. 19. D 5 MAY 2003 -68 ~xanole 8
[3-(4-[2-(1-piperidinyI)ethoxy]phenoxfﬁ%b(4flourophenyl)]benzo[b]thiophene
aci ~N~o 0\ nmp 219-226 C. 1H NWMR (DVSO-d6) d 10.20 (bs, 1H), 7.99 (d, J =
8 2 Hz, 77-7.73 7.42-7, 25 ( 4 4.27 (m

3. 44H§ lalid{wm[‘ig??%wzmnt%l ftf@tpylggepmwipﬁ H§ 34 (m 1H).
FD mass Sﬂﬂ@@hoﬁrﬁﬂhenﬂfﬂﬁ)']b@ﬁi@[(b]ﬁl@fo;ﬁﬁeﬂ&ﬁh@ﬁlﬁhl@rhﬁé C, 67.00; H, 5.62;
N, 2.89. Found: C, 67.26; H 5.67; N, 3.03. ~renaration 8 Synthesis of

(6- Hydroxy-3-(4-[2-(1pi peridinyl)ethoxy]-phenoxy]-2-(4
hydroxyphéﬂyhy¢b®m¢{H{ﬂ44{Zﬂwﬂﬁhﬁxamethylimino)ethoxy]phenoxy] -2~

(6- et hoxy:- \Y: e i ne er oca, $ co/ s
To a solu ?%%é%fﬁf%l{w) ]ﬁ%}‘:ﬁ}%ﬂz]} oéxr%ph I%H’bggggg[ b) t hi ophene (27.0 Q)
100 mmol)in 1.10 L of chlorofornlat 60 C was added brom ne (15.98 g, 100
mrol ) dr opyd 564 ﬁé;qﬁ 350['[4Jt 12N Ty %@-Qil'}?re@i(yl%ﬂlroqfthﬁky%ﬁ@ﬁokp? @d@lutl on

was conpl ete, 1on was cooled to roomte ure MAY
2003 69 methoxyphenyl)]benzo[b]thlophene hydrochlorlde

[6-hydroxy-3-[4-[2- (1-morpholino)ethoxy]phenoxy]-2-(4-
methoxyphenyl) lbenzo[b)thiophene hydrochloride

[6-methoxy-3-[4-[2-(1-piperidinyl)ethoxy]phenoxy]-2-(4-
benzyloxyphenyl) ]Jbenzo[b]thiophene

[6-methoxy-3-[4-[2-(1-pyrrolidinyl)ethoxy]lphenoxy]-2-(4-
benzyloxyphenyl) Jbenzo[b)thiophene

[6-methoxy-3-[4-[2- (1-hexamethyleneimino) ethoxy]phenoxy] -2~
(4-benzyloxyphenyl) lbenzo[b]thiophene

[6-methoxy-3-([4-[2-(1-N,N-dimethylamino)ethoxy]lphenoxy]-2-(4-
benzyloxyphenyl) lbenzo([blthiophene

{6-methoxy-3-[4-[2-(1l-morpholino)ethoxy]lphenoxy]-2-(4-
benzyloxyphenyl) ]lbenzo[blthiophene

[6-methoxy-3-[4-[2~(1-piperidinyl)ethoxy]phenoxy]-2-
isopropoxyphenyl) ]benzo[b]thiophene

(6-methoxy-3-[4-[2-(1-pyrrolidinyl)ethoxy]lphenoxy]-2-(4-
isopropoxyphenyl) ]benzo[b]lthiophene

[6-methoxy-3-[4-[2-(1-hexamethyleneimino) ethoxy]lphenoxy]-2-
(4-isopropoxyphenyl) lbenzo[b]thiophene



the solvent renoved in vacuo to provide 34.2 g (100% of

[ 6met hoxy- 2- (4- net hoxyphenyl ) - 3- br ono] benzo[ b] t hi ophene as a white solid.
np 83-85 C. 1H NWR (DVMSO-d6) d 7.70-7.62 (m 4H), 7.17 (dd, # :,$@ﬂp 2.0
Hz, 1H), 7.09 (d) J = 8.4 Hz, 2H). FD mass spec: 349, 350. AraMA
C16H1302SBr: C, 55.03; H, 3.75. Found: C 54.79; H 3.76. Exanple 9

[ 6- nethoxy 2- (4- met hoxyphenyl ) - 3- (4- bet @Toxy) phenoxy] - benzo[ b] t hi ophene i
0 i H3C0 / S To a solution of

[ 6- nethoxy 4- met hgx yl r benz t hi.o 0 97. 4
mml) in é@gﬁE @PX¥o3|¥grﬁz ia Ré mé&h¥ihmiP%. %9é%¥£§§ g jgéé 96 g,
194. 8 nnnhbo@n@p@ugphn&y@iﬂHenﬁdabStgloﬁHeﬂennnl) The resultant m xture
was heated to reflux for 48 hours. Upon cooling to roomtenperature, the

m xture was dissolved in acetone (200 nlL), and the inorganic solids were
renoved byl 6F-metthawyod - [$hé2f il Lt nerphohine beideeny Hehenoxy badud - and t he

resi due di; m.). The net hyl ene chl ori de
sol ution dgiﬁkhgﬁggghgﬁgméhBﬁﬁé§g%ﬁ?%?§%ﬁ§£€d (3 X 300 nL), followed by 1N_
sodi um hydroxide (3 x 300 nmL). The organic |ayer was dried (sodium

sul fate), [@ndcePReSnBrayedoinl vaeyeri ey pst Kibe, Vsed@ken ap4-n 100 nL of
et hyl aceJate whe?gu 02 a@mhlteﬁg% |h ?ﬁ%ned that was collected by -

f|Itratloﬁypﬁé@QV@FéﬁlﬁébﬁﬁFﬁbkytbl?Eh%%?hoxyphenyl)]benzo [ b] t hi ophene
(4.62 g, 17.11 mmol]. The filtrate was concentrated in 0 5 MAY 2003 -70

vacuo, t hen. passed .t hr a short.pad, of .sili el hylene

chl ori de gé &Eﬁfy 5 [? ﬁgngb%%5$?%%§¥kﬁ%ﬁ?%ﬁ9xﬁ#éb ??ég?%

concent r atwdirioxypaenyl) dhdnthébi esioplkene yst al | i zed fron1hexanes/ethy|
acetate to provide initially 7.19 g of

[ 6- met hoxy- 2- (4- nethoxyphenyl - 3- (4benzyl oxy) phenoxy] benzo[ b] -t hi ophene as
an of f - whilttemethorst-Brné- 3t il d-haxanephhbens ininm ) eidooiienaetled -and

chr omat ogr@p acetate 80:20) to provide an
2ddi T onal i ge ey PRLETLaPheA BT IRNCR R e

[ 6- met hoxy- 2- (4- nmet hoxyphenyl ) - 3- (4- benzyl oxy) phenoxy] benzo[ b] t hi ophene was

9.00 g (246-hasadxpniregoyered- ﬁtﬁram@tmlaaﬁ@>)et%@m$érro>@»qt-rzaqt4-ms
acidified,t ochlorlc acid, and the resultant

preC|p|taP¥%E§VV89F8§HE$b?PF?¥B FRHCRR i ed to give 13.3 g of recovered
4benzyl oxyphenol . np 100-103 C. 1H NWR (CDC13): d 7.60 (d, J - 8.8 Hz, 2H)

iy Fb midanekEbdaa taldr (A thedhoy fpStaiontifere R By at) o6

Found C hYdr@xYpHenﬁlwbemeph}am@mh@xe

[ 6- met hoxy- 2- (4- nethoxyphenyl) 3- (4- hydr oxy) phenoxy] benzol[ b] t hi ophene Ho 0O
~H, H3CO To a_sol ution

[ 6- met hoxﬁGZmG&hﬁwhéx%héayH Bipahdigy bisyrenaiamenzo] 4] t41 ophene
(1.50 9. 3,200myBhini/) $Befibo b ehiybnaseliafdraukl didd of 1% concent rat ed

hydrochlorlc acid in ethanol was added 100 pal | adi um on-carbon (300 ng).
The m xture was hydrogenated at 40 psi for 20 m nutes, after 0 5 MAY 2-~3
[6-methoxy-3-[4-[2-(1-pyrrolidinyl)ethoxylphenoxy]-~-2-(4-

hydroxyphenyl) ]benzo[b]thiophene hydrochloride

[6-methoxy-3-[4-[2- (1-hexamethyleneimino) ethoxy ]phenoxy]-2-
(4-hydrooxyphenyl) lbenzo[b]thiophene hydrochloride

[6-methoxy-3-[4-[2-(1-N,N-dimethylamino) ethoxy]lphenoxy]-2- (4~
hydroxyphenyl) Jbenzo[b])thiophene hydrochloride

[6-methoxy-3-[4-[2~- (1-morpholino)ethoxy]phenoxy]-2-
hydroxyphenyl) Jbenzo[b]thiophene hydrochloride



-71 which tinme the reaction was judged conplete by thin |ayer

chromat ography. The m xture was passed through Celite to renove catal yst,
and the filtrate concentrated in vacuo to a white solid. Thfﬁschxgem&roduct
was passed through a pad of silica gel (chloroformas el uant’)

Concentration provided 1.10 g (91% of

[ 6- met hoxy- 2- (4- nmet hoxyphenyl) 3- (4hydr%3xy)phenoxy] benzo[ b) -t hi ophene as a
vvhlte SO|Id np 123126 C. 1H NWR (DMSO-d6) d 9.10 (s, 1H), 7.59 (d, J = 8.8

gzé He, 2kﬁ)6 %@%Qyzl&afy -3- L48I§1H; Ezpééléwyf%‘;tfgo%]%n@%]oglﬁz% 5 J6 63

(d, J = 9X4endoylakyphany8) (bendbllb] 8hidpkene A)drddhimsisiespec: 378. Anal
Cal cd. for C22H1804S~ C, 69.82; H, 4.79. Found: C, 70.06; H, 4.98. Exanyle

10

[ 6- met hox;l-63£[tllly[lZU(L£0prgeKYdB ny#y €2 hok ypiptmibivy] 1 ¥ haretlnephasesmil-) | benzo
[ b] thi opheng 4 aeng4Qalits %){h EFQn 4iPh&le hydrochlorid

[ 6- met hoxy- g (%%n%t gxyg eny 635%% ygjrox§?P enoxy benezo b]I:tOﬁ:l ogﬁelnee (1.12
g, 2.97 mmol) in 7 nL of anhydrous N, N-di net hylfor mam de under N2 was added

Cesi um carfpongitold-86 g (31(B2puBBE] ai Y1 pscidily T ipitbrdcaty 1L -Nignut es,
2-chl or oet xlhgltdpgé(?dl nt[a [drocﬁngrglede J‘li[\if’lo *1}; i:h (ﬁfywas added.” The

resul t ant e LRay QFYPP%BY%b}b?L@zﬂ }%h’a?p}%ﬁﬁﬁ e. The
reaction was the distributed between chloroform water (100 nmL each). The

Iayers wer arat t he_ aqueoys xtract hl.or.of orm (3 % 50
The d %gz?%?‘ igea}ﬁg?ﬁ%& ﬂ%il @Z t(ug %Wf’fgﬁ%‘yb % Water (2
X 100 m) 2- Dﬂymgrokyphenplg}ahenz@{sbﬁthmmphérﬁat@dmmmn ratl on

provided an oil that was chronat ographed on silica gel (20

met hanol / chl orof orm). The desired fractions were concentrated to an oil
t hat was disgetheedyra-19- h2- 61-pibgridiey hiethony kdwrekwli+2r (@xal i ¢ acid

(311 ny, £ ecipitate
formed-and e oot Tee e B o o Bt S e o P (700)

overall of

%g] rrﬁl hoxp~34[- 42L2ﬁlpmp@@wdﬁwl ¢ EhBRY @E@@ﬂpgd— & 4- et R%y%ﬁ/gxg zjle?egzo
1 O ene a oxa

ko (P PeB% g% cgong 5?¥b%%2?ﬁblQﬁloahqﬁ¢é?Y%§%5ﬁﬁpﬁﬁi%d, 1288 e

1H),706(dJ 8.8 Hz, 6.91 (dd, J = 8.8, 1.1 Hz, 1H), 6.87 (s,

4H), 4.19,4( [0 ] 332(broadt 2H) ,
3.12-3. 06 (1)’ j%) (11 E%eﬁlﬂ %{Séiﬁﬁ%ﬁl ﬁ’gysls"fw FD mass spec: 489
Anal . caiwaloﬁzdupx@zgemmmenae[bﬂ)tzmne:hy&itcgﬁudmcﬁa 80: N, 2.46.

i:ound C, 64.92; H 5.77; N 2.54. Exanple 11 Treatnment of free base with
et hyl etherhydrochlorlc aC|d provi ded [ 6-nmet hoxy-3-[4-[2-(1

pi peri di ngNérAgxyL-phravikdinel | akberykphperewy )ibe mehﬁud;fmwé—
hydr ochl oigxg@haek 1 WNseAzo [b] thiophene hydrochloride

[6-methoxy-3-[4-([2-(1l-piperidinyl)ethoxy]thiophenoxy]-2-(4-
methoxyphenyl) Jbenzo[b]thiophene

[6-methoxy-3-[4-[2-(l-pyrrolidinyl)ethoxy]thiophenoxy]-2-(4-
methoxyphenyl) ]benzo[b]thiophene

[6-methoxy-3-[4-[2-(1l-hexamethyleneimino)ethoxylthiophenoxy] -
2-(4-methoxyphenyl) lbenzo[b]thiophene

[6-methoxy-3-[4-[2-(1-N,N-dimethylamino)ethoxy]thiophenoxy] -
2-(4-methoxyphenyl) ]benzo[b]thiophene



O OCH~ s H,co nmp 216-220 C. 1HNWR (DVMSO-d6~ d 10.20 (bs, 1H),7.64(d,J =
Hz, 2H), 7.59 (d, J = 1.5 Hz, 1H), 7.18 (d,J =9.0Hz, 1H), 7.00 (d J- 8.
Hz, 1H), 6.96 (dd, J = 9.0, 1.5Hz,1H), 6.92 (q, J~ =9.0 Hz, 4H), 1 (m
2H)) 3.83(s, 3H) 3.77 (s, 3H), 3.43(m 4H), 2.97 (m 2H), 1.0% Mmm, 05
MAY 2003 -73 1.37 (m 1H). FD nmass spec._489 . Anal. Calcd. for

C2gH31N04S1. 0 HCL: C, 66.21; H 6.13; BP 2.66. Found: C, 66.,46; H, 6.16;

N, 2.74. Prepared in an anal ogous manner were the foll ow ng exanples
Exanpl e 12 . : _

[ 6- Met hoxyLeTReERY g dRoditafry BRRLLDP pRERSEY] E BT BRI BN ety ) ] benzof
b] t hi ophenee tBbxypHen I3 bdnZodbttiioph86e98 C. 1H NWR (DNBC>d6) d 7.64 (d,
J = 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, 4FD 3.97 (t,
J=6.0 HZLG'ZH)HZYJOSG’( -@-44 my(lspme(sdlm>etzhmsvl(t%hlqpher@w - @A)

2. 51 (m cgggﬁ 477. Anal. Calcd. for C2gH29N04S
C, 70.71; H E&guﬁﬁg%nzggﬁzgﬁ§ ,HggeSQ H 6.15; N, 3.01. 0 5 MAY
2003 -74 ~xamml e 13

[6-benzyloxy-3-[4-[2-(1-pyrrolidinyl)ethoxy]thiophenoxy]-2-
(4-methoxyphenyl) ]benzo[b]thiophene

8.
7

[6-benzyloxy-3-[4-[2-(1~
hexamethyleneimino)ethoxy]thiophenoxy]-2-(4-
methoxyphenyl) 1 benzo[blthiophene

[6-benzyloxy-3-[4-[2-(1-N,N-
dimethylamino)ethoxy] thiophenoxy)]-2- (4-
methoxyphenyl) ]benzo[b]thiophene

[6-benzyloxy-3-{4-[2-(1-morpholino)ethoxylthiophenoxyl-2-(4-
methoxyphenyl) ]benzo([b)thiophene

[6-isopropoxy-3-[4-[2-(1l-piperidinyl)ethoxy]thiophenoxy]-2-
(4-methoxyphenyl) lbenzo([b]thiophene

[6-isopropoxy-3-[{4-[2-(1-pyrrolidinyl)ethoxy]thiophenoxy]-2-
(4-methoxyphenyl) lbenzo[b]thiophene

[6-isopropoxy-3-[4-{2-(l-hexamethyleneimino)ethoxy]-
thiophenoxy]-2- (4-methoxyphenyl) Jbenzo[b] thiophene

[6-isopropoxy-3-[4-[2-(1-N,N-
dimethylamino)ethoxy]thiophenoxy]-2-(4-
methoxyphenyl) Jbenzo[b]thiophene

[6-isopropoxy-3-[4-[2- (1-morpholino)ethoxy]thiophenoxy]-2-(4-
methoxyphenyl) ]benzo[b] thiophene



[ 6- Met hoxy- 3-[ 4-[ 2- (1- hexanet hyl enei m no) et hoxy]
phenoxy] - 2- (4- met hoxyphenyl ) ] benzo[ b] t hi ophene hydrochloride ~N~ O | O ~cH3
H3co / $ np 189-192 C. 1H NWR (DVSO-d6) d 10.55 (bs, 1H) 06@%%
Hz,2|—|),7.58(d,J=2.0Hz 1H),'7.19 (d, J = 9.0 Hz,

9.0 Hz, 2H), 6.95 (dd, J = 9.0, 20Hz€i) 6.86 (s, 4H) 394(t J=
Hz, 2H), 3.83 (s, 3H), 3.76 (s, 3H) 3 (t, J =6.0 Hz, 2H), 2.66 (m
4H), 1.53 (m 8H) Anal . Calcd. for C3pH33NOgSl1.0 HCl: C, 66.71; H 6. 35;

L6 Wt hoxyl VATER 03 kA Pa PR hA R ks FRBRLR Apjﬂe(nfxyl -2~ (4-

6. 0

met hoxy pheredhoxyeheayd) {| beopbdébé thydpbehéori de aci ~N ~ J OcH3 0 5 MAY
2003-75np196 198 C. 1H NI\/R(DI\/BOdG) d10 48 (bs, 1H) 764(d J=09.0
Hz, 2H), 7.59 (d, J = 1H), d, J =9.0 Hz, 1H, 7.00 (d, J =

9.0 Hz, 2H)S-hydspxydd- [3 i29(® pyrgopslzdlmw%h@wl(%bloyhenwdﬂzmm

4.25 (M 2dehodkydhehs: 3.54 (m 2H), 3.09 (m 4H), 2.00
(m 3I(—I), 1. 8&? (m 3?6 l):}anzgéa%?tﬁioFgrém%ZgH?)lN((MSl.IE;DHCI: C,(63. 15? H,

6.15; N, 2.63. Found: C, 63.46; H 5.79; N, 2.85. Exanple 15

[ 6- Met hoxy-63-Hydirloky( BRI RRORLLNG) BEhany L R eesx ¥hi o X hFRiRO<y phenyl ) | benzo[ b] t

hi ophene QXSL%&EE%;§qe a%% meth%xyphenyl)]benzo[b]tthPhene

[6-hydroxy-3-[4-[2-(1-N,N-dimethylamino)ethoxy]thiophenoxy] -
2-(4-methoxyphenyl} lbenzo[b]lthiophene

[6-hydroxy-3-[4-[2- (1-morpholino)ethoxy]thiophenoxy]-2-(4-
methoxyphenyl) ]benzo[b]thiophene

[6-hydroxy-3-[4-[2-(l-piperidinyl)ethoxy]thiophenoxy]-2-(4-
methoxyphenyl) ]benzo[b]thiophene hydrochloride

[6-hydroxy-3-[4-[2- (1-pyrrolidinyl)ethoxy]thiophenoxy]-2-(4-
methoxyphenyl) Jbenzo[b]thiophene hydrochloride

[6-hydroxy-3-[4-[2-{l-hexamethyleneimino)ethoxy]-
thiophenoxy]—2—(4—methoxyphenyl)]benzofb]thiophene
hydrochloride

[6-hydroxy-3-[4-[2-(1-N,N-dimethylamino)ethoxy)thiophenoxy] -
2- (4-methoxyphenyl) ]benzo[b]thiophene hydrochloride

[6-hydroxy-3-[4-[2-(1l-morpholino)ethoxy]thiophenoxyl-2-(4-
methoxyphenyl) Jbenzo[b]thiophene hydrochloride

[6-methoxy-3-[4-[2-(l-piperidinyl)ethoxy]thiophenoxyl-2-(4-
benzyloxyphenyl) ]benzo[b]thiophene

[6-methoxy-3-[4-[2-(1l-pyrrolidinyl)ethoxy]thiophenoxy]-2-(4-
benzyloxyphenyl) ]benzo[b]thiophene



~J 0 ocH3 H3cO nmp 208-211 C. 1H NMR (DVMBO-d6) d 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, Jp,B = 9.0 Hz, 4H),
4.29 (m 2H), 4.08-3.91 (m 4H), 3.82 (s, 3H), 3.77 (s, 3H), 3.02%-“&42 (m
4H), 3.21-3.10 (m 2H). Anal. Calcd. for ﬁggﬁngOSSl.O HC1l: C, . ;ZNQ
5.73; N, 2.65. Found: C, 63.39; H 5.80; N, 2.40. 0 5 MAY 2003 -76
Exanple 16 [g-
[6-thhoxy-3-[4FF§¥fﬁwﬁérﬂdrmé)mnep@xyﬁggﬁgg %;2: 4met hoxyphenyl )] benzo[ b]
t hi ophene  hydrdéhbenzgaopl, ) 0,008~ H3 ’%9{ Wﬂdng@cwmhwﬂﬂwexy -
(DVBO-d6) d 9.90 (bs, 1H), 7.64 (42l thiophétd), 7.59 (d, J = 2.0 IJ—|z,
1H), 7.18 (d, . J = 9.0 Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H), 6.95 (dd, J = 9.0,
2.0 H, 1|—|),16?’8%t1(1@,cy41-l)g43[.29j(1(_§, é";‘d(im%tw}nzm’ 3.83 (s, 3H), 3.77 (s,
3H), 3.44 (n2-2Hp m_2H), 2. amand2 et o i dwf L (m_5H),
1.39 (m 1H). Anaf&&%é‘éfphﬁwlctémmésihiépﬂgg C, a’égg%?lﬁ?g%?é’@{l N,
2.73. Found: C, 66.01; H) 6.40; N, 2.73. Exanple 17
[6-thhoxy-3H$4hdﬁ&b&§;ykngT?g gggino pr opoxy] phenoxy] - 2- ( 4- net hoxyphenyl )]
benzo[ b] t hi ne hydrochlo OFpI® Ui X Hs: 0~ 0 5 MAY 2003
%%%%yﬁoxzphenyl)Jbenzo[b]thiophene Ili-&(y]é}]mp%eno"’cy]“2-(4-

[6—methoxy—3—[4—[2

' - (1-morpholj i
lsopropoxypheHYl)] no)ethoxy]thlophenoxy]~2

benzo[b]thiophene -
[6—methoxy~3-[4-[2
hydroxyphenyl)]benzo[b]thiophene
[6-methoxy—3—{4—[2—(l—
hydroxyphenyl)]benzo[b]thiophene
[6—methoxy-3-[4~[2—(l-he

o Xamethyleneim;
2-(4 hydroxyphenyl)]benz Telethe

o[b]thiophene

-methoxy-B—[4-[2—(l—N,N-

2-(4-
hydroxyphenyl)Jbenzo[b]thiophene



-77 np 164-166 C 1H NVR (DMBO-d6) d 9.77 (bs, 1H), 7.64 (d, J = 9.0 Hz,
2H), 7.59 (d, J = 2.0 Hz, 1H), 7.18 (d, J = 9.0 Hz, 1H), 7.00 (d, J = 9.0
Hz, 2H), 6.95 (dd, J = 9.0, 2.0 Hz, 1H), 6.89 (s, 4H), 3.99 (t J = 6.0

Hz, 2H), 3.83 (s, 3H), 3.77 (s, 3H), 3al5 (m 6H), 2.06 (m 2 5 Zﬂm(t J
= 7.0 Hz, 6H). Anal. Calcd. for C29H33N~4Sl 0 HC1: C, 65.96; H, 6.49; N,
2.65. Found: C, 66.25; H 6.64; N, 2.822°=xammle 18

[ 6- Hydr oxy- 3-[4-[ 2- (1- pi peridi nyl ) et hoxy] - phenoxy] - 2( 4- hydr oxyphenyl )] benzo
[ b] t hi oph ~N-ro 0.0$,S0,~ : . AL

[ 6- net hoxa?;g- AhexY(3” Ef*ﬁi?r SERPTRPRBADT MR o RS e ) ] benzof
b] t hi ophenw drypayptilehgli) deef26[D0thiopBef® nmol ) was di ssolved in 500 nL of
anhydr ous net hyl ene chloride and cooled to 8 C. To this solution was added

boron tribromde (7.20 nm., 76.20 nmmol ). The resultant mxture was stirred
at 8 C forl62methowys3 Tﬁe[2eéétP@pemadlqnbh%ﬁhQKX%ﬁhﬁﬁHh&R?#Mﬁ«?14%ﬁ|rr|ng
sol ution @:fyd%wb%ﬁgm?Qbﬁ%@b?eﬁ%ﬁﬁ&ﬁe(}iy&])@cmfdﬂeto 0 C. The

nmet hyl ene chl oride [ayer was separated the remai ning solids were

di ssolved in nethanol/ethyl acetate. The aqueous |ayer was then extracted

W th 5% nﬁtsha@hbﬁyhyuacwaw {’»mﬁ@@lﬂ_ﬂ)ea&d;qp]ftﬁlr@mrgamc—zemracts
(ethyl ac t te ang gg¥bene gg re % nqgg? nd dried (sodium
sul fate). Eéﬁp sty Rrea éf%? 8Re Y RFALE S hat was

chromat ogr aphed (silicon dioxide, 1-7% methanol/chloroforn) to provide 7.13

gtggiyfph kbkptﬁ§ ro§h§g Eé %ﬁ éyf?Tgtﬁ¥of%%%ﬁ03 7%“3 ﬁ%ﬂ%éﬁ a%& éd

93 C. 1H RWR4( DMECDdBPhanlYBbebs¢[bl&hl@phnhéthydn9©hldtuﬂé (d, J 6
2H), 7.21 (d, J - 1.8 Hz, 1H), 7.04 (d J= 8.6 Ft 1H), 6.84 (dd, J = 8.
1.8 Hz, 1H (rmasked)), 6. 81 (s, 4H, 75 (d, J 8.6 Hz, 2H), 3.92 (t J =
5.8 Hz, 2HP-metbexyr3-j4=18-8ly, Nzﬁameghwmmo>zﬁ4)howl@1(qahemy<ylr 32 (m
2 FD 0; H 5.90; N
3"%3 FOE%ZS( 4éﬂ9ﬁroﬁg1§heﬁ§3%b ]918gﬁ£|\|§{jb] Eﬁiogeﬁlﬂem%cl@oﬂl(bez

[ 6- Hydr oxy-3-[4-[2-(1-pi peridinyl)ethoxy] phenoxy] -2(4- hydr oxyphenyl )] benzo]
3] t hi oghgqfé -nethoryept ¢d- [ 2- i1 Smexphal éns péthdsty BIoHIRIrtb:BY) -2he ¢pr ocedur e
escri bed, ahove. ta . .
L6 bydr oxPYSZFRYPBEREH Shenep ol 52 PRRESE PReTRAGHLOF i0e

hydr oxyphenyl ) ] benzo[ b] t hi ophene oxal ate so,cco~ ~H-O O off Ho v 'S "-

246- 249 C d VR, ( d 4 6. J
18 b, 1R TotpeRyg ectentt {plelefatiyy feond ffh glerihy éﬁ%
(masked)) me@h@xypbenx;m bgnzs(plthjophene kypdroalomid® (bt, 2H), 3.01 (bt,
2H), 2.79 (m 4H), 1.56 (m 4H), 1.40 (m 2H). FD nass spec 462. Anal.

Cal cd. for C2~H2~ N04SO 75 HO2CCO2H:. C,  64.63; H, 5.42; N, 2.64. Found: C,
64.61: H, (& @g TRXY 2 6?4'[2'(1 piperidinyl)ethoxy]thiophenoxy]-2- (4-

hydroxyphenyl) lbenzo[b] thiophene

Hz,
6,

P

[6-hydroxy-3-[4-[2-(1l-pyrrolidinyl)ethoxylthiophenoxy]-2-(4-
hydroxyphenyl) Jbenzo[b] thiophene

[6-hydroxy-3-[4-[2-(1-hexamethyleneimino) ethoxy]thiophenoxy] -
2-(4-hydroxyphenyl) lbenzo{b]thiophene

[6-hydroxy-3-[4-[2-(1-N,N-dimethylamino)ethoxy]thiophenoxy] -
2-(4-hydroxyphenyl) ]benzo[b]thiophene

[6-hydroxy-3-[4-[2-(l-morpholino)ethoxy]thiophenoxy]-2-(4-
hydroxyphenyl) ]Jbenzo[b]thiophene



0 5 MAY 2003 _79_ exanple 20

[ 6- Hydr oxy- 3-[ 4-[ 2- ( 1- pi peri di nyl ) et hoxy) phenoxy] - 2( 4- hydr oxyphenyl )] benzol
b] thi ophene was converted to its hydrochloride salt in 91@6% ah ﬂp%
treatment of the free base in ethyl acetate with ethyl etherhydroc ric
acid. Data for [6-hydroxy-3-[4-[2

(1- pi peridinyl)ethoxy] - phenoxy] - 2- (4hy&¥5xyphenyl)]benzo [ b] t hi ophene
hydrochl ori de gci ~N~O 1 O o0s ao v ' "= np 158-165 C. 1H NNR (DVSO-d6) d

9 79 (7504][%hy?irgx§£g ﬁéH}?LH;l 366%%1%613/18) q:énoXygﬁ:l:{QJﬁfL iﬂ%f&q g 18- (2d8 H-ZJ

8 6 2.0 Hydroxypberigl(tbedzc[18] thitphatd hytigehlmrideH), 3.37 (m 4H),
2.9 (m 2H), 1.72 (m 5 H), 1.2S (m 1H). FD mass spec 461. Anal. Cal cd.
for C2~H2~N04S1.0 HCl: C, 65.11; H, 5.67; N, 2.81. Found: C, 64.84; H,
5.64; N, 46ghydpesgaseddt h2ahl apwreebiiinwnmihaetld hinphesoradi-rg (dxanpl es:
0 5 MAY 2@9@rb§9fﬁéﬁ¥¥b?bgﬁzo[b]thlophene hydrochloride
[ 6- Hydr oxy- 3 pyrol i di nyl)et'hoxy] phenoxy] - 2( 4- hydr oxyphenyl )] benzo|
b] t hi ophene

[6-hydroxy-3-{4-[2-(1-hexamethyleneimino)ethoxy]thiophenoxy]-

- (4-hydroxyphenyl) ]benzo{b]thiophene hydrochloride

[6-hydroxy-3-[4-[2-(1-N,N-dimethylamino)ethoxy]thiophenoxy]-
2- (4-hydroxyphenyl) lbenzo[b]thiophene hydrochloride

[6-hydroxy-3-[4-[2-(1l-morpholino)ethoxy]thiophenoxy]-2-(4-
hydroxyphenyl) lbenzo[b]thiophene hydrochloride

6-hydroxy-3-[4-[2-(1-piperidinyl)ethoxy]phenoxy)]-2-phenyl]
benzo[b]thiophene hydrochloride

The following examples are presented to further
illustrate the preparation of compounds of the present
invention. It is not intended that the invention be limited
in scope by reason of any of the following examples.

NMR data for the following Examples were generated
on a GE 300 MHz NMR instrument, and anhydrous d-6 DMSO was
used as the solvent unless otherwise indicated.



0/ Ov

J=9.0 Hz, 1H), 6.85 1H), 6.79 (d) J = 9.0 Hz, 2.53 (m 4H), 0.96 (t, J

C26H25N0OgS0. 5 H20: C, 68 68.52; H, 6.00; N, 3.34. (DVSO d6) g QMéﬁzﬁé, 1H)

9.71 (s, 2H), 7.25 (d, J = 2.0 Hz, 1H), 7.09 (s, 1H), 6.80 ( 3, =79. 0,

2.0 Hz, 2H), 3.93 (m 2H), 2.73 (m 2H), -

.40; H, 5.79; N, 3.07. Found: C, ~xamﬂ§?22

[ 6- Hydr oxy- 3-[ 4-[ 2- ( 1- hexanet hyl enei m no) et hoxy]

phenoxy] - 2- (4- hydr oxyphenyl )] benzo[ b] t hi ophene, N~O, O S HO OH np 125-130C.

1H NVR (DVBO- d6) d9. 75(s, 1H), 9.?%%%#?ﬁ¥?§9%6—%d, J=9.0 Hz,2H), 7.26 (d,J

=2.0Hz, 1H), 7.09(d,J = 9.0 Hz, 1H), 6.85(s, 3H), 6.80(dd,J= 9.0,

gH;)Hg élél) g?&&;a)afd:i.b;i %0 Ptla)-,&-lgﬂzggil -Jprﬁeﬁtﬂzl,iﬁwl)ét&@:gtyﬂghécﬂzh)*:{;] NO4S
, 2. m4H), 1. Anal . . r Y J -81 gH2gNO4S:

C, 70.71; H, ei15;'%‘é@%ﬁ?@ﬁﬁﬁ%?h89¢%§%g?nﬁﬁtﬁzﬁﬁiﬁaﬁf%ﬁ. Exanpl e 23

[ 6- Hydr oxy- 3-[ 4- [[B £ 14 Nbeniz el byxlvapmehoxlydbgnzo [b]l thiophene

phenoxy] - 2- (4- hydr oxyphenyl )] benzo[ b] t hi ophene "N~ J

L

N\

s

~ -~ off Ho ~-S np 99-113 C. 1H NMR 1H), 7.50 (d, J = 9.0 Hz) (d,

7.0 Hz, 4H). Anal. Calcd. for

To a solution of 3-bromo-benzo[b]lthiophene (69.62 g,
0.325 mol) in 55 mL of anhydrous collidine under Ny was added
4-benzyloxyphenol (97.6 g, 0.488 mol) and cuprous oxide (23.3
g, 0.163 mol). The mixture was heated to reflux for 24
hours. Upon cooling, the reaction mixture was diluted with
ethyl acetate (200 mL) and the crude mixture filtered through
a pad of Celite® (Aldrich, Milwaukee, WI) to remove inorganic
salts. The filtrate was washed with 1N hydrochloric acid (3
X 150 mL). The organic was dried (sodium sulfate) and
concentrated in vacuo to a liquid. Thianaphthene was removed
by distillation (10 mm Hg, 115-120° C). The remainder of the
material was chromatographed (silicon dioxide, hexanes: ethyl
acetate 85:15) to provide 12.2 g of benzo[b]thiophene and
12.95 g (35% based on recovered starting material) of [3-(4-
benzyloxy)phenoxylbenzo-[b]thiophene as an off-white solid.
mp 84-86° ¢. 1H NMR (CDCli3) 4 7.91-7.83 (m, 2H), 7.47-7.34

(m, 7H), 7.04 (g, Jpg = 9.0 Hz, 4H), 6.47 (s, 1H), 5.07 (s,
2H). Anal. Calcd. for Cp1H102S: C, 75.88; H, 4.85. Found:
C, 75.75; H, 5.00.



0Osov-~s np 137-141 C 1HN 1H) , 7. 49 (d, ,1 =9. 0 Hz, (d, J =9.0
Hz, 1H), 6.85 1H), 6.79 (d, J = 9.0 Hz, (t, J = 6.0 Hz, 2H), 2.51 Calcd.
for C26H2~NOgS: C, 69.76; H, 5.85; N, 3.40. ZR (DVSO d6) ct (0% WAY (203 1H),
9.71 (s) 1H), 7.25 (d, j - 2.0 Hz, 1H), 7.09 (s, 4H), 6.80 (dd; J = 9.0,
2.0 Hz, 2H), 3.95 (t, J =6.0 Hz, 2H), 2.74 (m 4H), 1.66 (m 6H). Anal.
69.46; H 6.05; N, 3.12. Found: C, ExamA®e 24

[ 6- Hydr oxy- 3-[ 4-[ 2- (nor phol i no) et hoxy] phenoxy] - 2- (4hydr oxyphenyl )] benzo[ b] t
hi ophene hydrochloride ~ aci | NV Oof i 0 = 0g go ~ s 0 5 MAY 2003 -82
np 157-162 C. 1H NWR (DVSO-d6) d 10.60 (bs, 1H), 9.80 (s, 1H), 9.75 (s,

1H), 7.50 (d, J :9 0 Hz, 2H), 7Fedaratiion? @ Hz, 1H), 710(d J =290
Hz, 1H), 6.92 (g, J~ = 9.0 Hz, 4H), 6.81 (dd, J = 9.0, 2.0 Hz, 6. 80

a9, 3 18 ?mHézﬁa%ng g cawfl&’?%ggﬁ%@&@%f% - 15! Z%‘H)"ﬁ’?’%éi
> 80 Found: C 50.66; H 543 N 2 92 Example 25

[ 6- Hydr oxy- 3-[4-[3-(1- N, N-di et hyEaxj no)
propoxy]phenoxy] 2- (4- hydr oxyphg ) ] benzo [ b]thi ophene hydrochl oride . HCl
oH

~N ~0 O .

Q

o

-
S

To a solution of [3-(4-benzyloxy)phenoxylbenzolb]
thiophene (6.00 g, 18.1 mmol) in anhydrous tetrahydrofuran
(100 mL) under N at -78° C was added n-butyllithium (12.4
mL, 19.9 mmol, 1.6 M in hexanes) dropwise via syringe. The
solution turned from colorless to deep orange. After
stirring for 20 minutes at -78° C, the lithio species was
treated with I (5.03, 19.9 mmol), added dropwise via canula
as a solution in 50 mL of anhydrous tetrahydrofuran. Upon
completion of the addition, the reaction turned light yellow
in color, and was allowed to slowly warm to room temperature.
The reaction was quenched by the addition of 0.1 N sodium
sulfite solution (200 mL). The layers were separated and the
aqueous extracted with ethyl acetate (2 x 150 mL). The
organic was combined, dried (sodium sulfate)}, and
concentrated in vacuo to give an oil that crystallized on
standing. Recrystallization from hexanes/ethyl ether yielded
7.10 g (86%) of [2-I0odo-3-(4-benzyloxy)phenoxy]benzolb]
thiophene as a white crystalline powder. mp 87-92° ¢. 1lH
NMR (CDCl3) & 7.72 (d, J = 8.1 Hz, 1H), 7.47-7.20 (m, 8H),
6.89 (s, 4H), 5.01 (s, 2H). Anal. Calcd. for C33H35028I: C(C,
55.03; H, 3.30. Found: C, 55.29; H, 3.31.



HO/ S np 185-191 C. 1H NMR (DVBO-d6) d 9.94 (bs, 1H), 9.81 (s, 1H , 9 .75
(s, 1H , 7.50 (d, J = - 2.0 Hz, 1H), 7.10 (d, J = 9.0 Hz, (dd, J = 9.0)
2.0 Hz, 1H), 6.79 (d, J = 6.0 Hz, 2H), 3.14 (m 6H), 2.08 Hz, 6H). Anal.
Calcd. for C2~H2gNQg 5.98; N, 2.74. Found: C, 63.23; H, 9.00HzMA?HDN3 7. 27

(dd, J 1H), 6.87 (s, 4H), 6.80 J = 9.0 Hz, 2H), 3.99 (t, (m 2H), 1.20 (t,
J = 6.0 S1.30HC1: C, 63.46; H, 6.03; N°% 14. 0 5 MAY 20p3 -83 Exanple 26
[ 6- Hydr oxy-3-[4-[2-(1-N, N-di i sopropyl am no) et hoxy] phenoxy] - 2- (4- hydr oxyphen
yl )] benzo[ b] t hi ophene hydrochloride HCL N~NO |l O off Ho v -s v nmp 128-131 C
1H NVR (DVBO-d6) d 9.81 (bs, 1H) & , 2 9.02 (s, 1H), 7.49 (d, J =
9.0 Hz, 2H), 7.28 (m 1H), 7.09 !d, J = 9.0 Hz, 1H), 6.90 (s, 4H), 6.79 (m
3H), 4.19 (n122k},- e b8buby Lokyphely 1 M-32H)4 -Belzy(llaxit Phhentnay] Cal cd.
for C2gH31N04S1. 33HC1: C, 63-9gé H, ﬁs}?ﬁ-N11?u§é- Found: C, 63.82; H,

6.53; N, 2.61. Exanple 27 nzo tophae

[ 6- Hydr oxy- 3-[4-[ 3- (pi peri di no) propoxy] phenoxy] - 2- (4hydr oxyphenyl )] benzo[ b]

t hi ophene hydrochl oride N OOMHHO/ S
Q

-0

To a solution of [2-Iodo-3-(4-benzyloxy)phenoxy]-
benzo[b)thiophene (4.50 g, 9.82 mmol) in toluene (20 mL) was
added 4-(tertbutoxy)phenyl boronic acid (2.28 g, 11.75 mmol)
followed by tetrakistriphenylphosphinepalladium (0.76 g, 0.66
mmol). To this solution was added 14.5 mL of 2N sodium
carbonate solution. The resulting mixture was heated to
reflux for 3 hours. Upon cooling, the reaction was diluted
with 150 mL of ethyl acetate. The organic was washed with
0.1N sodium hydroxide (2 X 100 mL) and then dried (sodium
sulfate). Concentration produced a semi-solid that was
dissolved in chloroform and passed through a pad of silicon
dioxide. Concentration produced an oil that was triturated
from hexanes to yield 4.00 g (91%) of [2-(4-tertbutyloxy-
phenyl)-3- (4-benzyloxy)phenoxylbenzo[b]thiophene as a white
powder. mp 105-108° Cc. 14 NMR (CDCl3) 4 7.77 (4, J = 7.7 Hz,
1H), 7.68 (d, 3 = 8.6 Hz, 2H), 7.43-7.24 (m, 8H), 6.98 (d, J
= 8.6 Hz, 2H), 6.89 (g, Jap = 9.3 Hz, 4H), 4.99 (s, 2H), 1.36
(s, 9H). FD mass spec: 480. Anal. Calcd. for C31H2803S: C,
77.47; H, 5.87. Found: C, 77.35; H, 5.99.



np 258-262 C. 1H NWVR (DVSO-d6) a 9.85 (bs, 1H), 9.81 (s, 1H), 9.75 (s, 1H),
7.50°(d, J =9.0 Hz, 2H), 7.27 (d, ,1 = 0 5 MAY 2003 84 2.0 Hz, 1H),
7.10 (d, J = 9.0 Hz, 1H), 6.87 (s, 4H), 6.80 (dd, J = 9.0, %ngﬁf}
6.79 (d, J =9.0 Hz, 2H), 3.97 (t, J =6.0 Hz, 2H), 3.44 (m , 315 (m
2H), 2.88 (m 2H), 2.11 (m 2H), 1.73 ( 5H), 1.39 (m 1H). Anal. Calcd.
for C2gH2gN04S0. 75HCL: C, 66.87; H, 5.995," N, 2.78. Found: C, 67.04; H,
5.90; N, 2.68. Alternatively, as shown in Schene Ill, supra, Exanple 19 was

prepared using the nethoxynmethyl (MOM) protecting groups in place of

met hoxy. The nethods are directly anal ogous to those just described, with
t he exception that the MOM group p< d4n the final step by acid
hydrol ysis. ~renaration 10

6- Met h -2-(4- h hy|l h 1)-3-(4-b | .
E)heno;yf)t())énzof b] {Bﬁ‘%%%%gﬁtg éfgx%gﬁ%aﬁ, é‘@é?gg%zegl)gr%°§ﬁ956 % 1H

NVR( DVBO- a6 t Hokyith ényl box dn ez, Aldid. €4 s( d 2 J( 48me o R¥phRmEl V- 32

m5H),7.23 (d, J-,8. = 2 d,J =
3 8. IZ_?OHZ, 1I(—|), 6.‘9&%?“%’,@3’6.’%ﬁ%ﬁ’%?ﬂg%ﬁ?im@h’s@%g&zm, 5. 01
(s,3H), 3.40 (s,3H), 3.37 (s, 3H).FD nassspec528. 05 MAY ~ -85
Prevaration 11 ‘

[ 6- Met hoxy- 2- (4- met hoxnet @ phenyl ) - 3(4- hydr oxy) phenoxy] benzo[ b] t hi ophen
e Ho 0 OC$i OCH3 H3COHZCO / o

Q

[o]

s\ o

Yield = 73%. mp = 115-118° ¢. 1H NMR (CDCl3) 4 7.80-
7.90 (m, 3H), 7.33-7.53 {(m, 8H), 6.93-7.06 (m, 6H), 5.00 (s,
2H), 3.83 (s, 3H). FD mass spec: 438. Anal. Calcd. for
C28H2203S5: C, 76.69; H, 5.06. Found: C, 76.52; H, 5.009.

Preparation 5

[2-(4-tertbutyloxyphenyl)-3-(4-hydroxy)phenoxy]
benzo[blthiophene

Q
OO0~

To a solution of [2-(4-tertbutyloxyphenyl)-3-(4-
benzyloxy)phenoxylbenzo[blthiophene (1.50 g, 3.37 mmol) in 30

HO

mL of absolute ethanol containing 1% concentrated
hydrochloric acid was added 0.50 g of 10% palladium-on-
carbon. The mixture was hydrogenated at 40 psi for 1 hour,



np 90- 91 C. 1H NWR (DMSO-d6) d 9.15 (s, 1H), 7.65 (d, J - 8.1 Hz, 2H), 7.63
(d,J = 2. 0Hz, 1H), 7.22(d, J = 8.8 Hz,1H), 7.05 (dd, J = 8.8,2.0 Hz, 1H),
6.72 (q,,7~ = 9.1 Hz,4H), 5.26 (s, 2H), 5.21(s, 2H), 3. 40 (s §§U) 3.37 (s,
3H). FD mass spec 438. Anal. Cal cd.for C2qH2206S: C, 65. 74; 0 MaY BBund: C
65. 50 H 4.99. Exanple 28 [ 6-Met hoxy- 2-(4-net hoxyphenyl) 3 br ono] benzo[ b]
t hi ophene- (S-oxide) er OCHy H-CO To a tution of
[ 6- met hoxy- 2- (4- met hoxyphenyl ) - 3 bronD]benzo [b]thiophene (10.0 g, 28.6
mmol ) in 50 hydr ous net hyl ene c s added 50.nL
triflour oé@é‘Fch&&Fg‘ Xﬂ t EFASELP |‘f’1ﬁsf%9 \Lrb\g’s gﬁjf_ e} &?’d‘ﬁ de (4.0
m., 28.6 mawer aﬁnomquegnaphplutfrm)mmmm fEJ”le:ermiJIuhnmglgh t pae was
stirred at a t egge u is t 25 9)
was addedtotfo@tg%%%ér Fﬁ%l %gl{:PTI”f {)egntl%pénétéjol?pq}%wéj Tlf'iileHc émcirtu&%e was
stirred vibgodvgs! yafsodlisohvadtee mirerm&brﬂ;ﬁmlr &oatate wasu@asseg 5 MAY
200 50 (FAZOUER, AUEnYEE BATE LK ORRGIR MEATGD o e Hadiidlend Sodi um
he

bi carbonat e solution ayers were separated and t
or gani c |a{yéhya\agcgszeﬁgcaédew@mbat RN SEHI9R mr@a'rl@@ﬁiatae‘@c}lt@ti on. The

organi ¢ | ayeh qWeRathgRsdEteeutseds Uﬂ&ﬂ'ﬁé&ﬁe@/’&k@‘lﬂ%@{e&at ed in vacuo to
a solid that was triturated_ frometh /ethyl "acetate.. Filtration

provi ded §128¥g§ti8D0PrEYiEEdnde BioRY- é”(ﬁné%%&fyp‘ﬂerﬁﬂr)tb&l%’rl&ﬁ’] benzo

[ b]ht Ihl ophehent$) 03+ de) hasraxy ebhenc:5o) 41§bﬁﬂ(l)ﬂ[tblctacﬁd$:@1ezrﬁc(rj ygt @2oi-zed fr om
et ace e

768 (d $35%¢ %&%‘%%ﬁz’ aNYRS D rg‘@ 1(:6 924, (Jdd’ A ;545

Hz, 1H), 7H10 (7d53J(d 878=HB.@Hjz, RIBB, (B,35347).,263. @0 (&) ,3H)..01AnE,. ICal cd

for ClGHlRO@S@rHZC 2B%, 62761 (3; 59 FOWNG: 1G, 279401 b 3s559uyxappl e 29
Prepared in an anal ogous manner was

(2- (4met hBRFShERSF) - 32Br ofBRDenGRd} ¢ t VP HeE2eB DX de) .7H8%cdl- s 1 | 0 np
120-125 Csg_ w Nl\/ﬁ)(lwsctd&):%dg@ ogs (51 841 = 7.6 Hz, 1H), 7.78-7.59 (m 5H),

7.13 (d, J = 8. FD mass spec: 335. Anal. Calcd. for
C15H1102SBr : C 53 75 H 3 31 Found C, 53.71; H, 3.46.
r ration

Prepared in a similar manner was [2-(4-methoxyphenyl)-

3-(4-hydroxy)phenoxylbenzo[blthiophene

HO,

0 W P

Yield = 80%. mp = 120-125° C. 1H NMR (CDCl3) & 7.80-7.90
(m, 3H), 7.48 (m, 1H), 7.30-7.48 (m, 2H), 6.90-7.03 (m, 4H),
6.76-6.86 (m, 2H), 3.82 (s, 3H). FD mass spec: 348; Anal
Calcd. for Cy3H1603S: C, 72.39; H, 4.63. Found: C, 72.68; H,

4.82.



0 5 MAY 2~3 -87 Prevaration 12 Preparation of
4-(2-(1-piperidinyl)ethoxy)-phenol. ~ O- N HO To a sol ution of

4- benzyl oxyphenol (50.50 g, 0.25 nol) in 350 nL of anhydro 3%5 was added
2-chl oroet hyl pi peridine (46.30 g, 0.25 nol). After stirrin3f$ 180%i nut es,
pot assi um carbonate (52.0 g, 0.375 nol) and cesium carbonate (85.0 g, 0.25
nol ) were added. The resulting heterogéﬁ%OUS m xture was stirred vigorously
at anbient tenperature for 48 hours. The reaction was then poured into
water 1500 nL) and extracted with nethﬁlene chloride. The organic was then
extracted wwth 1 N sodi um hydroxid imes and finally washed with
brine. The organic |ayer was then dried (sodiumsulfate) and concentrated

in vacuo to an[gi-luCtmomtqgiﬁEMdﬁiﬁﬂ;ekhbﬂaprﬁnes:/oet;hyuaqatat e)

Coorless oi | - 1N NESCERRSY BBH pﬂl%&%?ﬁ?ﬁ\” e”OX%bSZ%,eSBSr -

11.5 Hz, 4H), 4.98 (s, 2H), 3.93 (t, J = 6.0 Hz, 2.56 (t, J = 6.0 Hz,
2H), 2.35-2.37 (m 4H), 1. 1 Im 6H).. FD nass spec 311. Anal Cal cd.
for C2pH25N02: C, 77.14; K, 8% 09;\°\4. 0. Found: C, 77.34; H 8.18; N,

4.64. 4-[2-(1-Piperidinyl Nghoxy] phenf
was dissolved in 200 nL of 1:1 EtOH E
solution was transferred to a Parr bot No and 50 pal |l adi um on-carbon (3.4
g) was added. The m xture was hydrogepat eg for 2 hours. The

m xture was then passed through a p e i X 0 renove catal yst. The
filtrate was concentrated in vacuo ' s slurried in ethyl
ether and filtered to provide 12.10 0 (2-(1-piperidinyl)

et hoxy) - phenol . np 148150 C. 1H NVR (DWVSO d6) d 8 40 (s 1H), 6.70 (q, J~ =
11.5 Hz, 4H), 3.93 (t, J 6.0 Hz, 2H), 2.59 (t, = 6.0 Ft 2H) , 5 MAY
2003 -88 2.42-2038 (smu'zurpn af 5221(%%#ﬁbmlowmem/¢él éd.( 4r8wdespamgr\|02
C, 70,50, phenbBento Bk Biptind . £0i20g 63940 ReMM endBnFPareas spec:

[ 6- Met hox}« B flamethy hformanide nid9 diNo,df FT&icRy] LerRekathERyBAgny ) | benzo|
b] t hi ophen@dé&®- exsthen cd¥bortate O(PCHE ¢ 3 ¢ mmoll) .  After stirring

for 20 minutes, 2-chloroethylpiperidine hydrochloride (1.95

nzyl ether (21.40 g, 68,81 mmol)
¢ containing 1% con. HCl. The

g, 10.56 mmol) was added in small portions. The resulting
heterogeneous mixture was stirred vigorously for 24 hours.
The contents of the reaction were then diluted with water
(200 mL). The agueous phase was extracted with ethyl acetate
(3 x 100 mL). The combined organic layer was then washed with
water (2 x 200 mL). Drying of the organic layer (sodium
sulfate) and concentration in vacuo gave an oil.
Chromatography (5-10% methanol/chloroform) provided 1.47 g
(91%) of 3-[4-[2-(l-piperidinyl)ethoxylphenoxy]l-2-(4-
tertbutyloxyphenyl) ]benzo[b] -thiophene that was carried on
directly to the next step without characterization.
3-[4-[2-(1-piperidinyl)ethoxylphenoxy]-2-(4-
tertbutyloxy-phenyl)]benzo{b]thiophene (1.37 g, 2.73 mmol)
was dissolved in triflouroacetic acid (10 mL) at ambient
temperature. After stirring for 15 minutes, the solvent was
removed in vacuo. The residue was dissolved in ethyl acetate
(20 mL) and washed with sat. sodium bicarbonate solution (3 x
10 mL). The organic layer was dried (sodium sulfate) and
concentrated whereupon a white solid precipitated formed in

solution. The product was recrystallized from ethyl acetate-



O To a solution of 4-(2-(1-piperidinyl)ethoxy)-phenol (0.32 g, 1.43 mmol)
in 5 nm of anhydrous DVF at anbient tenperature was added sodi um hydri de
t0.57 g, 1.43 mol, 60%dispersion in mneral oil). After stirring for 15
m nut es, [ 6-net hoxy-2-(4-nmet hoxyphenyl) - 3-brono] benzo[ b]thi &p%] -Q@oxi de)
t0.50 g, 1.37 mmol) was added in small portions. After stirring for 1 hour,
the reaction was judged conpl ete by Tl®3anal ysis. The sol vent was renpved
in vacuo, and the residue was distributed between water and 100

et hanol / et hyl acetate. The organic_ was wasghed several _ti rires with water and
then dri eﬁt&édﬁﬁhﬁ%u?‘?a?@?‘.’l ntett rat i i REvdcdd davélan oil that was

triturategdipeonaehfy] etieekal shérsanps? 4 0 Pf@tostepbetz 19 16898) (bl -

6- met hoxy; 3-[4-[ 2- (1- pi peridinyl)eth o
I[oheggxyf i(gb%ﬁ«{-’%{’ﬁoé@p‘ﬁ%ﬁ?eﬂ?‘lﬁ%%‘i ef%ﬁof%% ofRedé9r<78xi Ger- hd™R 1 i ght
yel | ow solDMSOr@sD 78 F0BIC. (sLH IR (TDVBO-(d6) Jd=7768 ¥d, IJHE, 27 154(d1H)

7.62 (d, J 7 8.8, Hz 06-56.9 6H), 6. J = 8.8 Hz, 12H), 3.94
(t) 54 6.'0%5,%#0?‘*%%7':{65%3%,?r%'.(%*)('g%'ﬁ)?éz.(gg) t,E'?B:(E‘.%OJHE? 2H) |

2.39-2.328( fn HaH) 2H1, 44-10 3pm( n2HBH)3 . Zhalm., C&)cd2.P8r2CZHHIMNOSE) . C,

68.89; H 166881 Ny 2m/76ufoundal C cdfedSirdd 8,84 ndsd 56 cr@03uMAY 2003

-89 Exanvi e 31 Prepared in an anal ogous manner was

[ 3-[4-[2-C1pbpetPdihyl Y et hoxy] phehoxy|ERUG- ot ©8xYFheHy| P} 49: N,
benzo[ b] t hi gphene- (S-oxide) wN~ 0 O/ oca, -s Il 0 Oil. 1H NWVR (DVSO-d6) d
8.03 (m 1H), 7.65 (d, J = 8.7 Hz, 2H), 7.53-7.50 (m 2H), 7.09-6.82 (m
7H), 3.94 (bt, J =5.9 Hz, 2H), 3.74 (s, 3H), 2.56 (bt, J = 5.9 Hz, 2H),

2.362.33 (m 4H), 1.45-1.31 (m 6HExaE®»ImsP spec: 475. Anal. Calcd. for
C2gH29N04S: C, 70.71; H, 6.15; N, 2.94. Found: C, 70.44; H 6.43; N, 3.20.
Exanpl e 32

[ 6- Met hoxy- 3-[ £ ééff-zp'i iJJéFPa'lpneyf3%%%3)%})]%%%?\’5%9]"—%’319%&] h-ozx-ybﬁényl )] benzol
b] t hi opherdwaydxyriienyde Jdvensh{bdCHBi bipBeme was converted to its
hydrochloride salt in 90% yield by treatment with

ethyl etherehydrochloric acid in ethyl acetate

*HC1

O’”°Q

Data for Example 2 mp 233-240° C. 1H NMR (DMSO-dg) d
10.43 (m, 1H), 9.89 (s, 1H}), 7.93-7.95 (m, 1H), 7.60-7.64 (m,
2H), 7.35-7.50 (m, 3H), 6.83-7.03 (m, 6H), 4.27-4.30 (m, 2H),
3.40-3.60 (m, 4H), 2.96-3.10 (m, 2H), 1.70-1.95 (m, S5H),
1.40-1.53 (m, 1H). FD mass spec: 446. Anal. Calcd. for
C27H29NO3S+1.0HCl: C, 67.28; H, 5.86; N, 2.91. Found: C,
67,07; H, 5.66; N, 2.96.



0 5 MAY 2003 -90 To a solution of [6-nmethoxy-3-[4-[2-(1-piperidinyl)

et hoxy] phenoxy] - 2-(4- nmet hoxyphenyl )] benzo[ b] t hi ophene- ( Soxi de) (Exanpl e
30) f3.00 g, 5.94 mmol) in 200 nL of anhydrous THF under nitrogen gas at O
C was added lithium alum num hydride (0.34 g, 8.91 nmol) i n(ﬁﬂWA% tions.
After stirring for 30 m nutes, the reacé)};(on was quenched by ‘the ul
addition of 5.0 nL of 2.0 N sodi um hydroxide. The m xture was stirred
vigorously for 30 mnutes, and additional 2.0 N sodi um hydroxi de was added
to dissolve salts. The m xture was %hen gi stéi but ed between water and 100
sodi um hydroxi de. The | ayers were nd the aqueous extracted
several tinmes with | oo ethanol/ethyl acetate. The organic |ayer was dried
(sodi um sHrfegtagedand sonaraloaded mannecuwete tme ofdllckhieng rexdenpiesduct was
dissolved in 50 nL of 1:1 ethyl acetate/ethyl ether and treated with excess
et hyl ether hydrochl oride. The resulting precipitate was collected and
dried to provi dé-2l 98[Q'((9‘6ﬂ)YGP1[@#1%1(%6)@#‘—130{(2-]?216{!10191([36@'di hyl)

et hoxy] phenoxy] - 2- (4ma{h@x ¥R éﬂ;gqq@égl,_gmt%th@{@pwé)chl oride as a
white solid. Exanple 6 was also prepared from Exanple 31 by the sane
procedure. Preparation 13 6- Met hoxybenzo[ b]t hi ophene-2-boronic acid scos),
s,co To a solution of 6-ne yownze[ b] t hi ophene (18.13 g, .111 nol) in 150
nmL of anhydrous tetrahydrofurdn ( THF)Y=fE\-60 C was added n-butyllithium
(76.2 L, .122 nol, 1.6 Msolution i nes), dropwi se via syringe. After
stirring for 30 mnutes, triisopropyl serfQte (28.2 nL, .122 nol) was 05
MAY 2003 -91 introduced via syringe. The r@sulting mxture was allowed to
gradually warmto O C and then di st iy o4 bet p=an 1N _hydrochloric acid
and ethyl acetate (300 nlL each). Th H—WE yepa at ed, and the organic
| ayer was dried over sodium sul fat eNgémne in vacuo produced a
white solid that was triturated fromethyl ether hexanes. Filtration
provided 16.4 g (710) of 6-nethoxybenzo[b] thiophene-2-boronic acid as a

white solid. nmup2@80Cigeeq). LiH NMR (BMSO-dR) d 9.88 (s, M), 7.988 (¢, J =
8.6 Hz, ll-l),_né.gl é)d, J =2.0H, 1H), 6.97 (dd, J = 8.6, 2.0 Hz, 1H), 3.82
(s, 3H). ED"mis& Epeclibog’ T wiat] on 84 Hz, 2H), 7.36-7.26 (m, 3H),

[ 6- Met hox - 84( 4sirethpnesut § ony) axyphery|ni benzol by . dd hiephems ,09090a, H3cO

To a sol ut,jon 65 hoxyb o[ b]i.hi pphene- 2-boronic_acid (3.00 g, 14.4
mmol) in 180 gszgﬁu e ‘@gi aﬁdﬂ}e% ﬁ{)'rre‘{]}ﬁ)anesﬁﬂ? nﬁagﬂﬂ)'p%é’ﬁyl bromi de
(3.98 g, T35682aNe0Sy 0f. 3B 6ReCOHY: 160 M 62D N S.odi;uM,c&r.90nat €osobut i on.
After stifri r 40 i putes, aki stri phenyl phosphi nepal | adi um (0. 60 g,
0.52 mmI)E'\Agg'ggde , Eg!ngél'tﬁ[\z’ r%‘?u ting mixture was heated to reflux for 5
hours. The reaction m xture was then allowed to cool to anbient tenperature
wher eupon the product precipitat ed#ﬂﬁwr gani ¢ phase. The agueous
phase was renoved and the organic |ayer was concentrated in vacuo to a
solid. Trit ra{i on_frogmethyl ether yielded a solid that was filtered and
dried in va{LcJ%J'o tolprddihexamgthyyeppigino) ethoxylphenoxy] -2~ (4~

[ 6ret hoxy- 2- (4- met hanestd f eRyphren pgnNHed 26NEA[HY { bpaphane as a tan solid.
np 197-201 C. 1H NWR (DVSO-d6) 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, 1H), 3.80 (s, ¥\ o

Q

mp 189-191° C. 1H NMR (DMSO-dg) 4 7.91 (d, J = 7.6 Hz,
1H), 7.52 (d, J = 8.5 Hz, 2H), 7.34-7.25 (m, 3H), 6.81 (s,
4H), 6.75 (d, J = 8.6 Hz, 2H), 3.89 (bt, 2H), 2.75 (bt, 2H),
2.68 (m, 4H), 1.48 (m, 8H). Anal. Calcd. for CgHz9NO3S«1.50



0 5 MAY 2003 -92 3H), 3.39 (s, 3H). FD mass spec 334. Anal. Calcd. for
Cl6H14~4S2~ C. 57.46; H, 4.21. Found: C, 57.76; H, 4.21. Preparation 15
Prepared in an anal ogous manner to Preparation 14 was

[ 6- met hoxy- 2- (4- benzyl oxyphenyl )] benzo[ b] t hi ophene oBn HaCd 3 MAYY2083 d = 73
0. nmp 217-221 C. 1H NNHt (DWVSO-d6) d 7;g§:7.60 (m 3H), 7.59-7.26 (m 7H),
7.02 (d, J =8.7 Hz, 2H), 6.96 (dd, .7 =8.8, 2.2 Hz, 1H), 5.11 (s, 2H
3.88 (s, 3H). FD mass spec 346. Anal. Calcd. for C22H1802S:. C, 76.27; H,
5.24. Found.C, ~76,.Q0;+H, ..5. 25-oPrenasrgti o ) ] .

[ 6- Hydr ox;}f-jzg-’(49r’ret6 ahasuttt oﬁy Dy hony ]ben";“g{dﬁ] GhilSoterie s& &3 Ho 1 s
To a sol utN,or2 .68.

(6- met hoxy- 2- (4- net hanesul f onyl oxyphenyl )] benzo(b]thi ophene (9.50 g, 28.40
mol ) in anhydrous mnet hyl ene chloride (200 nL) at room under nitrogen gas
was added boron tribrom de (14.20 ExamBlenS 56.8 mvl). The resulting

m xture was stirred at anbient tenperature for 3 hours. The reaction was
quenched by g3 owgy ppu(ing, NUPi8EB§IRhTRoVekNox W belendgpreEs! yastirring
for 30 m nutes, the mhitg preciﬁitaés S colggcted by filtration, washed
several times with wat®YIrQXYRRERYd)iIRERACIRIFF 1 BPHRRST de 8. 92 g (980)
of [6-hydroxy-2-(4-nethanesul fonyl oxyphenyl )] benzo(b]thi ophene as a white
solid. np 239-243 C. 1H NNRAN Q,Q\B?Y 2003 -93 (DVMSO-d6) d 9.70 (s, 1H)
7.76 (d, J = 8.7 Hz, 2H), 7.7 (s™1WN,7.62 (d, J = 8.7 Hz, 1H), 7.38 (d,
J =8.7 Hz, 2H), 7.24 (d, J 1.7 Hz, 6.86 (dd, J =8.7, 1.7 Hz, 1H
3.38 (s, 3H). FD nmass spec 320. Anal. d. for C15H1204S2: C, 56.23; H,
3.77. Found: C, 56.49; H 3.68. Prevaratiog 17

[ 6- Benzyl oxy- 2- (4- met hanesul f onyl oxyphenyl) ] benzo [ b]thi ophene
s

mp 70° C¢. 1H NMR (DMSO-dg) 4 9.91 (bs, 1H), 7.92 (d, J =
7.9 Hz, 1H), 7.54 (4, J = 8.6 Hz, 2H), 7.35-7.24 (m, 3H),
6.82 (s, 4H), 6.78 (d, J = 8.6 Hz, 2H), 3.88 (bt, 2H), 2.76
(bt, 2H), 2.51 (m, 4H), 0.91 (m, 6H). FD mass spec: 434.
Anal. Calcd. for CpgH27NO3S«0.50 Hy0: C, 70.56; H, 6.38; N,
3.16 Found: C, 70.45; H, 6.26; N, 3.20.

xXam e

3-[(4-[2-(1-piperidinyl)ethoxylphenoxyl-2-(4-
methoxyphenyl)]lbenzo[blthiophene hydrochloride

*HC1

O‘“°Q

@ \ Q

mp = 228-230° ¢. 1H NMR (DMSO-dg) 4 7.96 (d, J = 7.5 Hz,
1H), 7.66 (d, J = 8.8 Hz, 2H), 7.35-7.50 (m, 3H), 6.98 (4, J
= 8.7 Hz, 2H), 6.86-6.90 (m, 4H), 4.28-4.31 (m, 2H), 3.74 (s,



0so0,ca, i Hno To a solution of [6-hydroxy-2-(4-nethanesul fonyl oxyphenyl)]
benzo[ b] t hi ophene (3.20 g, 10.0 mmol) in 75 nL of anhydrous DVMF was added
Cs2C03 (5.75 g, 17.7 mol) followed by benzylchloride (1.72 ni, 11.0 mmol).
The resulting mixture was stirred vigorously for 24 hours. OHeMA¥I 28t was
removed in vacuo, and the solid residue was suspended in 200 nL of water.
The white precipitate was coll ected by"QQ1tration and washed several tines
with water. Upon drying in vacuo, the crude product was suspended in 1:1

hexanes: et hyl et her, e solid wa | lected t rovJ i/ (919, of

[ 6- benzyl M¥2- (%4-3ﬁét3hgﬁe§’ﬂr f &Ryt o yé:%h%n?% ) f‘be??i@['b]it-gﬁ%déhé%~gmas %ﬁ Whi t e
solid. np 198 26w CH)1H RRn&OVBEPEE) 459. 8laralr&gImd 3pxr 7.72 (d, J = 8.7
Hz, 1H), = .He, 1. 4A7-£.30. ( 5. . 2H), 3.39
(s an). CORattoA s OB By o801 o 1§ 90 (M 7102, Srd &

[ 6- Benzyl ®8y.-0%-;( & h¥idr 6x§PheNyl 3]1®@nzo[ b] t hi ophene os eno ~s 0 5 MAY
2003 -94 To a solution of
(6-benzy|o%g-z-(4-nethanesultonyloxyph%ﬁﬁlé]benzo(thhiophene &%2.50 g,

30. 50 moAltersageniSxAathrmic vE TRE (huke rsbytogtaxyard eny hibident4 -
tenperature was addegehizti 4503, FLBEABRY N EEH L8162 ¢34 SphbheO Mol ) in snall
portions. The m xture was then stirred at anbient tenperature for 3 hours
and then quenched by carefully pouring the m xture into an excess of cold
1.0 N hydrochloric acid. The agupaepapetsiomas7 extracted with et hyl

acetate. The organic was then washed several tines with water and then
dried (sodiumsuylfate) and concentrated i vacuo,,t .solid. r omat ogr aphy
(silicon dioxi d3,5-3m-&%%¥ﬁ)°’wﬂef*aga’§f eazﬁs%ft%f‘”henegg'

[ 6- benzyl oxy- 2- (4- hydr oxyphenyl ) | henpafixd abidphene as a white solid. np
212-216 C. 1H NWR (DVMBO-d6) ¢c3 9.70 (s, 1H), 7.63 (d, J = 8.7 Hz, 1H), 7.56
(d, J = 2.2 H, 1H, 7.51-7.30 8H), 7.00 (dd, J =8.7, 2.2 Hz, 1H

6.80 (d, J - 8.6 Hz) 2H), 5. 14 2H). FD mass spec 331. Anal. Calcd. for
C21H16~2S: C, 75.88; H, 4.85. \ d: C 75.64; H 4.85. Exanple 19

[ 6- Henzyl oxy- 2- (4- met hoxyphenyl ) ] ber2Q[ b] t hi ophene OCS3 s Hao To a sol ution
of (6-benzyl oxy-2-(4-hydroxyphenyl)] bpfzw] b] thi ophene (8.50 g, 26.40
mol ) in 200 nL of anhydrous DMF under ogen gas at anbient tenperature
was added sodi um hydride (1.66 g, 41.5 ¥to\) in snmall portions. Once gas
evol uti on had ceased, iodonethane (3.25 nL,f52.18 mol) was added dropwi se.
The reaction was stirred for 3 hours &t »w{ent tenperature. The sol vent
was then renoved in vacuo, and the r§ f
acetate. The layers were separated, an e organi c phase was washed
several tinmes with water. The organic |ayer was then dried (sodium sulfate)
and concentrated ~.n vacuo to provide 9.00 g (98% of

[ 6- benzyl oxy- 2-To4aret/Bdxy pdehyt )dn oD [ MY B3 -0y ) phenoxy l benzo
[b]-thiophene (5.00 g, 15.1 mmol) in 20 mL of anhydrous
tetrahydrofuran under N; was added n-butyllithium (9.90 mL,

15.8 mmol, 1.6 M in hexanes) dropwise via syringe. After
stirring for 15 minutes, B(OiPr)i (3.83 mL, 16.6 mmol) was
added via syringe, and the resulting mixture was allowed to
warm to 0° C. The reaction was then guenched by distributing
between ethyl acetate and 1.0N hydrochloric acid (100 mL
each). The layers were separated and the organic was
extracted with water (1 x 100 mL). The organic layer was
dried (sodium sulfate) and concentrated in vacuo to a solid
that was triturated from ethyl ether/hexanes. Filtration
provided 3.96 g (70%) of [3-(4-benzyloxy)phenoxy]
benzo[b]thiophene-2-boronic acid as a white solid. mp 115-
121° ¢. lH NMR (DMSO-dg) 4 8.16 (4, J = 8.5 Hz, 1H), 7.98 (4,



benzo[ b] t hi ophene as a white solid. np 180-185 C. 1H NVMR (DVSO d6) d
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 nmass spec 346. Anal.

Cal cd. for C22H1802S: C, 76.27; H, 5.24. Found: C, 76.54; H0%MAY. 2003
preparation 20 [6-Benzy|oxy-2-(4-nethox%ghenyl) 3- br onp] benzol b] t hi ophene
8r \ ~ ~."H7 eno [6-Benzyl oxy-2-(4-nmethoxyphenyl )] benzo[ b]thi ophene (10.0
g, 28.9 mml) was placed in 200 mL of chloroforn1along with 10.0 g of solid
sodi um bi car bgnat nt tu t suspensi Qn s added
brom ne (%a 3 % %ﬁgng 43r ggﬁsg Zg) GHQ%UV%S d$ a gopu “on in 100
mL of chldmnfor610Wpdm cdmpletMﬂalofCamedadﬂor|@u1H1maaSB (200 #1)04was added
and the | ers re rat.ed.,.The ofgani phase was dried (sodium sulfate)
and concen ratggel %% §7mﬂﬁteﬁ50 8 Crystal lization from nethyl ene
chl ori de/ nethanol prOV|ded 10.50 g (850) of

ol 1. mp. 146- 160 @ EHRIER LbRAndko TRENENEE UMARRIRR ARG, | o
(m 3H), Vag7reagge@nivish) 4-1- mgrcbuyoxykbnsoraob@aew aqqq)rdmgoaq d¢hey =

8.7 He 15347 Cal cd
ool OZSEFndQF%BnQSde%H} b%d §b6§e §5Q FfIiﬁgi fﬁﬁQx§ﬁ§fcﬁ§35 A §0p3 or

-96 Pr eva%@mwé:rbpp@ﬁébé&hpﬁpaﬁnan«anégﬁuétW%@hewl boronic
[ 6- met hoxyacad(éaegawbomphany&cﬁuby@mm (4t ti-ophene sr oHn HaCO

Yield = 9 96 12 2 64 o - 61 ( 4H), 7.46-7.31
(m 5H), ggo §P#F“§HY] gnfg iDNEFﬁph%n%Zl? 1%Biekd nass spec 346.
Anal . Calcd. for C22H1~02SBr: C, 62.13; H 4. 03 Found: C, 62.33; H 3.93.
Prepared i n |.go e 2 es 3334. ~xam-l e 33
[6-Benzy|g%?ﬁgggg-ﬁéfﬁggﬁghg ykﬁngg %Di enzo I%%fl[l‘%}—ophene (S-oxide) ar
oca, Bno O

xam 7

[3-[4-[2-(1l-piperidinyl)ethoxy]lphenoxy]-2-
(phenyl) lbenzo [blthiophene hydrochloride

*<HC1

O””°@

-0

mp 223-226° C. lH NMR (DMSO-dg) 4 7.99 (4, J = 8.2 Hz,
1H), 7.71 (d, J = 7.3 Hz, 1H), 7.44-7.30 (m, 7H), 6.90 (s,
4H), 4.27 (m, 2H), 3.43-3.35 (m, 4H), 2.97-2.88 (m, 2H),
1.73-1.61 (m, S5H), 1.34 (m, 1H). Anal. Calcd. for
C27H27NO2S«1.0 HC1: C, 69.59; H, 6.06; N, 3.00. Found: C,
69.88; H, 6.11; N, 3.19.



| sol ated as a yellow solid by crystallization fromethyl acetate. np
202-205 C. 1H NWR (DNBC>d6) a7.80td, J=22H, 1H), 7.68 (d, J =

Hz, 2H), 7.55(d, J 8.4 Hz, 1H) 7.47-7.32 (m GFD, 7.10 (d éﬂ gnﬁ FE
oH), 5.23 (s, 2H). 3.80 (s, 3H). FD mmss spec 441. Anal. CaPGMAY
C22H1~03SBr: C, 59.87; H, 3.88. Found: § 59.59; H, 3.78. 5 MAY 2pp-~
-97_ Exanple 34 [6- N@thoxy 2- (4-benzyl o §phenyl) 3- bronn)benzo[b]

t hi ophene- (S-oxi de) H oHn H3Co 0 Isolated as a yellow solid by

chromat ography (Si 02, CHC13). np 1 1 HI~1MR (DMSO-d6) d 7.73 (d, J
= 2.2 Hz, 1H), 7.68 (d, J = 8.8 Hz, N (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) - [ED [PasEl spépeildinyd ) e thbxy ] flvenGXIN-D368r: C,

59.87; H, 3.88. Found: fq3°5‘g‘g°1’§x A%?j]§%nféfgqrtqpléghgnganner anal agous to

Exanple 30 are Exanples
[ 6- Henzyl oxy-3-[4-[ 2- (1- p|per|d|n¥l)ethoxy]phenoxy] 2( 4- met hoxyphenyl )] benz

o[ b] t hi ophene- (S- oxi de) ~ut:i:?:E\ESH3 Ba0 O

-

mp 219-226° C. 1H NMR (DMSO-dg) 4 10.20 (bs, 1H), 7.99
(d, 3 = 8.2 Hz, 1H), 7.77-7.73 (m, 4H), 7.42-7.25 (m, 5H),
6.90 (s, 4H), 4.27 (m, 2H), 3.44-3.31 (m, 4H), 2.96-2.89 (m,
2H), 1.78-1.61 (m, 5H), 1.34 (m, 1H). FD mass spec: 447.
Anal. Calcd. for Cy7H3gNO2SF«1.0 HCl: C, 67.00; H, 5.62; N,

2.89. Found: C, 67.26; H, 5.67; N, 3.03.

Synthesis of [6-Hydroxy-3-[4-[2-(1-
piperidinyl)ethoxy] -phenoxyl]-2-(4-
hydroxyphenyl) lbenzo[b]lthiophene

[6-methoxy-2-(4-methoxyphenyl)-3-bromo]lbenzo-
[blthiophene

Br

0 \ Q

To a solution of [6-methoxy-2-(4-methoxyphenyl) lbenzo
[blthiophene (27.0 g, 100 mmol)in 1.10 L of chloroform at
60° C was added bromine (15.98 g, 100 mmol) dropwise as a

H,CO

solution in 200 mL of chloroform. After the addition was
complete, the reaction was cooled to room temperature, and



Yel low oi | . 1H NMR (DVMSO-d6) d 7.76 (d, J H, 7.62 (d, J = 8.8

1
Hz, 2H), 7.44-7.30 (m 5H), 7.12 (dd, J 2.2 Hz, 1 , 7.03-6. 93 (m
SFD, 6.85 (d, J = 8.8 Hz, 0 5 MAY 2003 2H), 5.18 Ogyhﬂ 3.94 (bt
J 5.8 Hz, 2H), 3.73 (s, 3H), 2.56 (bt, J = 5.8 Hz, ZW
4FD 1.45-1.32 (m 6H). FD mass spec 592. Anal Cal cd. for C35H35N058 C
72.26; H 6.06; N, 2.41. Found: C, 72.19; H 5.99; N, 2.11. Exanple 36
[ 6- Met hoxy- 3- [4 [2-(1- p|per|d|nyl)ethoxy]phenoxy] 2(4-benzyl oxyphenyl )] benz

b] t hi Yey 4 | 93 C. 1H
LT e e leola O W0 S Sy e
7.42-7. 28m@ﬁ¥xom2 74 oBe Bhowy phensH) - 3ﬂomqldaen10:[té t@igpheng) assagg (s,
2H), 3.94whbte 80¥i8.8 xhtz 82H5° 3 .81 15s NMBHXDME058( bd ,7 J70=5.682 Ha, 2H),

2.37-2.34 1.45-1.31 (m FD mass _spec 592._ Ana| Calcd for
C35H35NC13§£5)257H1?)A dch7=;L &b, #I&%{ ) 2 73969 Sund- —caé 4185 4 5. 96

N, 2.71. PHéparED masa spaoer3adal 35ous Ame Exagllcd .l car € 16X anpe3Br3:738. 0
5 MAY 20p

[ 6- Benzyl gxygg?f’gix[a’g?(iigper?%‘m@i )%t iyl %héHody]22( 4- met hoxyphenyl )] benz

o[ b] t hi ophene

.2 H)
2

Example 9

[6-methoxy-2-(4-methoxyphenyl)-3-(4~-benzyloxy)
phenoxy)l-benzo[blthiophene

QOQ

o)

To a solution of [6-methoxy-2-(4-methoxyphenyl)-3-bromo]
benzo[b]lthiophene (34.00 g, 97.4 mmol) in 60 mL of collidine
under N was added 4-benzyloxyphenol (38.96 g, 194.8 mmol)

H,CO

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 acetone (200 mL),
and the inorganic solids were removed by filtration. The
filtrate was concentrated in vacuo, and the residue dissolved
in methylene chloride (500 mL). The methylene chloride
solution was washed with 3N hydrochloric acid (3 X 300 mL),
followed by 1N sodium hydroxide (3 x 300 mL). The organic
layer was dried (sodium sulfate), and concentrated in vacuo.
The residue was taken up in 100 mL of ethyl acetate whereupon
a white solid formed that was collected by filtration
[recovered [6-methoxy-2-(4-methoxyphenyl) ]Jbenzo~[b]thiophene
(4.62 g, 17.11 mmol)}. The filtrate was concentrated in



WN~O O OCH3 BnO / S Isolated in 950 overall yield starting from

[ 6benzyl oxy- 2- (4- met hoxyphenyl ) - 3- br ono] benzo[ b] t hi ophene- ( Soxi de) .
Purified by chromatography (Si 02, 1-50 met hanol/chl orof or to provide an
of f-white solid. np 105108 C. 1H NMR (DMBO-d6) d 7.62 (d, §9:=MAY 200, 1p),
7.59 (d, ,7 = 8.8 Hz, 2H), 7.45-7.30 (m 5H), 7.15 (dd, J = 8.6 Hz, 1H),
7.00-6.94 (m 3H), 6.82 (s, 4H), 5.13't40-2H), 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
4H). FD mass spec 565, Anal. Calcd. for C35H35N04S; C, 74.31; H. 6.24; N,
2.48. Fourkfcus, pRd3shep pgsged Rprough a sbemt pag of silica gel

[ Fbivﬂl hox yerdtrdrlezve( J;hmbpeaedaﬁyéleahexywmétwé Bdsqehmaydw%?@dnyl )] benz
o 10 ne e %

The 110° 61K, SlEteBeckRsesonc enbear 80 A e by, Akt Heb

Hz, 1H), Z&rA&tala8zed £obin, h@xdBeé detbByr &cdtate t]gH)pro?\IJ(IBe (mltaiail& 8 Hz

2 6. 82 0 3 78 s, 3H),
oL (bt . 39 %ijs g‘ﬁ%ﬁ" £ 42 @g’iﬁg&yﬂew b 20 m D ooy
spec 565. mylown@henpw]bssmmmsﬂmphme Fs an csffmw Jme 2 48. Found:

C,74.26, d#¥§ia§aan@ sglza E%nghétﬁgr 11 or was concentrated
[ 6- Hydr oxy- pi_peridinyl) ethoxyé enox nethoxyphenyl)]benzo[
exa

b t hi opher@r%at-oggaﬂbe%oa §bl LER oFe bf nesyethyl acetate 80:
[?hbGHTYLQﬁy Ezaﬁl?ﬁﬂD@ibﬂéDYi)%l g ?f pﬁeduct Total yleldlgfo ¥

et hoxy] pheno oxyphen i 0 Mo
in 300 niL "%‘—] Fr@?ﬁ@?x%%}é%%k’ﬂmgﬂad%’af Blacr fﬁ%lﬁﬂod%alck (1.50 g))
ammoni um fhmﬁﬁi[e)](tﬁ.15ﬁhgne5\5a§ od ) g 624i% IadBd adn \A&tc&fver‘létae stesttlitigng

m xture t e a t d T apRr Qxi y 3
hour s, t\rll\%%rt%ac{aﬁgn \‘%/lgé Egg&d&g%@?%t‘gégndp?%ehgéo ut| r?wag %&?ngﬁto
anbi ent témmllpmcweldea@md otchevasewlttmtecpxtdumgiatae pad leicted bye to

renove cat@gliysty ; gﬂdaBEed;%g%rgée nas f?“?%f Isgﬁh&%%%gggoto a solid. The

IS ri etween S@.t ura nat e sol Utl on

concentrahgwg i

and 50 et VAR PReReat at B FPR-183els weﬁéNggpéFQFéd) ahd 14 Ggah

phase was g ds0dinin 3us6as e)sand, compent 19 od dan uacuan The ser u@e
product MQF chro tg agh d_(silicon_djoxide, 1- 596nethano|/ch|oroforn) to
brovi de 6288 g (880 Sof Sib- Ayl ok 33ihe (B0 (2% (RaGH AAY. ARl
ethoxy]ph@mﬂxﬁ] Zot4a§§mpﬁyphengl)Vbelno[H}tELbﬁhenBo@mdfc&un14wﬂ4ﬁaﬂyerted

to 5.29.

[6-methoxy-2-(4-methoxyphenyl)-3-(4-hydroxy) -
phenoxylbenzo[blthiophene

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

H,CO

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-carbon (300 mg).

The mixture was hydrogenated at 40 psi for 20 minutes, after



fl 5 MAY 2~ -101 solid upon trituration with hexanes. np 174-176 C. 1H NWR
(DV8O-d6) d 9.77 (s, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.23 (d, J - 2.0 Hz,
1H, 7.07 (d, .7 = 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), 2957MA‘((520033H)
2.55 (bt, J = 5.9 Hz, 2H), 2.38-2.33 (%4 1.46-1.28 (m 6H). FD nass
spec 475. Anal. Calcd. for C2aH29NO04S: 70 71, H 6.15; N, 2.94. Found:

C, 70.46; H, 5.93; N, 2. 71 Exanul~ 40 Prepared in an anal ogous manner to
Exanpl e 3 6msth (1-pi.p in et ho eno 2-(4
hydroxyphé’r]i’y}l)sn]%éﬁlfof ft ﬁF éhB Wﬁﬁo%g ‘g ‘i’“glceot‘?yb?% Q% L 830.

147- 1S0 CchiidmdvRgirBivBY- d6Thelm@xZdrésvad Hassed timhugh €edideHto 1H), 7 48
(d, J = 84 = 8. 1 i) 5 2.2 Hz,
Ih 6. s1xencvg FRkaifsty bily Ing B:Popfre Slpodhghddbug adidsgle Y,
(s, 3H), wh3%e(lsplid.= 5h9 ErudeHproduges- vzaSBIiDa(sﬁedM-&)hrOllg&BSa wd( @f 6H). FD
nmass spec I g I&%M' - 94.
Found: C sga%&S B%l égﬂhsgﬁfggﬁ %2 %??%$§§t|$z aﬂ#b 39 ang 40 can be
prepared BylOhg sf&ﬂf@)tPéniﬁemehWMQ%nMw@m]é |‘ré1C‘tIy in 900

{geldtng drOXYBEhenOXy]gsné?[b thho ?ﬁne as a wh1t§45ﬁ%§% OXm I)]benz
-me
ool th stk ¢ i R R Jhay)

benzyl oxy 2&)L47[ B2( 1dp| peki di myh)et exy] phenoxy,) -2 4est exypmenyle). Bisenzo
[ b] t hi oph Qe (S-o0

[ 6- Hydrox E4 [g gﬁ%ﬁrpggﬁ y%‘?lailﬂ%gxﬁglﬁo%f‘;]‘?f( El-zrferlﬁ(;Xyéhgr’%yl()d]’benzo[

b]thlopheﬁe =( Bxangke 38),was6B8oderded ¢ 0 iHz, BHIr0ChITdr i(de Sallt, Bn7285%
yield by tgeatﬂgnt }gvbt Ha@&h?ébeﬁ} hgzé hydnoehlaride gy iyl gsatat & fol | oved

by cr ystal i zation from et hano
69.82; H, 4.79. Found: C, 70 06; H, 4.98.

Example 10

[6-methoxy-3-[4-[2-(1-piperidinyl)ethoxy])]-phenoxyl-2-
(4-methoxyphenyl) lbenzo{blthiophene.

*HO2CCOH

n/\,o\Q
o~

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

HLCO

hydroxy)phenoxylbenzo[b]lthiophene (1.12 g, 2.97 mmol) in 7 mL
of anhydrous N,N-dimethylformamide under N; was added cesium
carbonate (3.86 g, 11.88 mmol). After stirring for 10
minutes, 2-chloroethylpiperidine hydrochloride (1.10 g, 1.48
mmol) was added. The resultant mixture was stirred for 18
hours at ambient temperature. The reaction was the
distributed between chloroform/water (100 mL each). The
layers were separated and the agueous extracted with

chloroform (3 x 50 mL). The organic was combined and washed



acetate HCl ~N~-o i 0 oca, ao ~ s np 156-160 C. 1H NMR (DVBO-d6) d 10. 28
(bs, 1H), 9.85 (s, 1H), 7.56 (d, J 8 Hz, 2|—|) 725(d J = 2.0 Hz, 1H),
8.8
3.

= 8.
7.06 (d, J = 8.7 Hz, 1H), 6.93 (d, J = Hz, 6. 87 (002534;& : ,
4.27 (bt, J =5.9 Hz, 2H), 3.71 (s, 3H), 3.443. 31 (m 4H) X

2H), 1.74-1.60 (m 5H), 1.36-1.29 (m 1H) FD mass spec 475. Anal. Calcd

for C2gH29N04S1.0 HCLl: C, 65.68; H, 5.907 N, 2.73. Found: C, 65.98; H,

6.11; N, 2.64. 0 5 MAY 20p3 -103 ~xa~nnle 42 Prepared in a manner

anal ogous

[ 6hydr oxy- 3%P5§?ggkl(plper|%|ny?)et%%& T%h%%o&%ﬁ %f%ﬁPlc (sodium
nethoxyph@MﬂﬁﬁFBénQOﬁbF@hC@phE@blhydpb@ﬁl@¢dd@nF%Jl-Qhai|WQF(ﬁf / s s,co np

glg a%7 f h%HmMVBgQEBﬁngQ% Q119c§8%§P5%Z@FﬂetﬁhﬁghKéhldU@ﬁor%ﬂgz e J =

91-6.80 ( esam)ed fsa?Bl?HS weFeBC%nq'—&ntmed W B0 (Gl that ag pz, 2H) , 3
.78 (s, 3HliskoIvéd- 3n340 (ML éﬂet%'??a@e@été rﬁn@"@rea]te@w]a.t@ﬂ- o i5H) |

o0 B o B0 Rt & Chehn o (LA, 4 FRANRASLD U ©
[ 6- BenZOYMQ&£e3pEécﬁ§1£ét§|ﬁ@fmédnahd ﬁé§0d¢1p@@maxy$2iﬁﬂxbema@mlangphenyl)
]benzo[b]%@kg%h%gepg ggggh£9£&d§ 99&%) overall of [6-methoxy-3-[4-[2-

(1-piperidinyl)ethoxy]-phenoxy]-2- (4-methoxyphenyl) Jbenzo([b]

thiophene as the oxalate salt. mp 197-200° C (dec). 1H NMR

(DMSO-dgy @ 7.60 (d, J = 8.7 Hz, 2H), 7.55 (d, J = 1.1 Hz,

i), 7.14 (4, J = 8.8 Hz, 1H), 7.06 (d, J = 8.8 Hz, 2H), 6.91

(dd, g = 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 Cy9H31NO4S+0.88 HO,CCOH: C, 64.95; H,

5.80; N, 2.46. Found: C, 64.92; H, 5.77; N, 2.54.

Example 11

Treatment of free base with ethyl etherehydrochloric
acid provided [6-methoxy-3-[4-[2-(1-
piperidinyl)ethoxy] -phenoxy]-2-(4-
methoxyphenyl)lbenzo[blJthiophene hydrochloride

*HC1

N\ q

Q

[o]
\ ocn,

mp 216-220° C. H NMR (DMSO-dg) 4 10.20 (bs, 1H), 7.64
(d, J = 8.7 Hz, 2H), 7.59 (d, J = 1.5 Hz, 1H), 7.18 (d, J =
9.0 Hz, 1H), 7.00 (4, J = 8.7 Hz, 1H), 6.96 (dd, J = 9.0, 1.5
Hz, 1H), 6.92 (q, Jag = 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),

H.CO



~N~0o OO0l ~° _/ s 0 05 MY 2003 -104 To a solution of Example 20
(0.50 g, 1.08 nmol) in 20 nL of anhydrous tetrahydrofuran at 0 C was added
triethylamne (1.00 nL). To this m xture was added benzoylﬁhlorlde (0.28
m., 2.35 mmol). After stirring at 0 C for 2 hours) the rea

guenched by distributing between ethyl acetate/saturated sodi um bi carbonate
solution (100 nL each). The layers were7deparated and the organic was dried
(sodium sul fate) and concentrated in vacuo to a white solid. The crude
product was dissolved in_10 nL of ethyl acetate and treated wi th ethyl

et her hydr deior@ déild. EDWAeee §PECipABate fOBRALd $RLEIwakO¥ol | ect ed by
filtrati ongﬂgym(m;ﬁﬂr(n/lmtﬂd 3:9,0 6@,2(150@) &f.13; N, 2.66. Found: C,

[ 6- benzoyl % (% [% é% ; Ba

ethoxy]ph 25047 I’'oxyphenyl )] benzo [ b]thi ophene hydrochl ori de as
a mhlte SO|Id np 200-204 C. 1H NWR (DVMBO-d6) d 9.95 (bs, 1H), 8.18 (m

e, ot 167“9%?%% S5 BiaelioSs e et 5@@90131%1&%&9 1 L, 3

80 2.0 Hz, 1H), 7.00 (s, 4H), 4.32 (m 2H), 3.45 (m 4H), 2.99 (m 2H),

1 75 (m 5H), 1.39 (m 1H). Anal. 1 orlchll-lBSI\IO681 5HC1: C, 67.97; H,
5.08; N, 1.93, Found: C, 68.05; H b.24, .01. By the sane procedure was
pr epar ed:

44
[ 6- Et hyl sul &%@F&WA@!T 3-[[3 b2 pf pePxr AP Rdmoky ¢ PReradPhencxswet hyrsul f on

yl oxyphenyl )] benzo[ bht-keophere pheh 9L h¥ed Ko e} tdd6b Qe (O ) ~Et
Et (0 ZSO D5 MAY 2003 -105 Yield = 72% (bs, 1H) , 8.15 (d, 7.43 (m 3H),

7.34 4.31 (m 2H), 3.57 (m_5H), 1.40 (m C, 54.57; H, 5.32; 2.05. np
110-115 C. 1H NVR ( DVBO- d§) ¥ TON\L50,

Q

mp 95-98° C. lH NMR (DMSO-dg) @ 7.64 (d, J = 9.0 Hz, 2H),
7.58 (d, J = 2.0 Hz, 1H), 7.18 (4, 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 (¢, J = 6.0 Hz, 2H), 3.83 (s, 3H), 3.76 (s, 3H),
2.73 (¢, J = 6.0 Hz, 2H), 2.51 (m, 4H), 1.66 (m, 4H). FD
mass spec: 477. Anal. Calcd. for CpgHogNO4S: C, 70.71; H,
6.15; N, 2.99. Found: C, 70.59; H, 6.15; N, 3.01.

HLCO



J =2.0 H, 1H, 7.85 (d, J =7.0 Hz, 2H)) (dd, J = 9.0, 2.0 Hz, 1H), 6.97
(m 4H), (m 4H), 3.44 (m 4H), 2.97 (m 2H), 1.76 7H). Anal. Calcd. for
C31H35N(OgS31. 5HCL: N, 2.05. Found: C, 54.36; H, 5.37; N, B\ﬂ a simlar
procedure enpl oying triflouronethanesul fonic anhydride wasD SEMAHZIE 45

[ 6- Met hoxy-3-[4-[2-(1-pi peridinyl)et hoxﬁ- phenoxy] -2(4-trifl ouronet hanesul f
onyl oxyphenyl )] benzo[ b]thi ophene ~N~0"{*0 OSO-CF | H3C0 / S Yield = 810.
Gl. 1H NWR (DVSO-d6) d 7.82 (d, J = 8.7 Hz, 2H), 7.60 (d, J = 2.0 Hz, 1H),
7.54 (d, J =8.7 H, 2H), 7.17 (d, J = 8.8 Hz, 1H), 6.93 (dd, J =8.8, 2.0
Hz, 1H>, 6.84 (s, 4H), 3.92 (bt, J = 5.7 Hz, 2H), 3.79 (s, 3H), 2.56 (bt, J

= 5.7 Hz, 2H), 2.36-2.30 (m 4H), Exesmpledl J3n 6H). FD nmass spec: 607.
Anal . Cal cd. for C2gH2gNO6F3S2: C, 57.32; H, 4.64; N, 2.30. Found: C,

57.16; H 4. f/@_%@qé’%gé@r&eg rﬁr) fg-Zgo-rﬂgééﬂ%'t%;h%eiin{ﬂﬂ eRESEAHT es

wer e: 05
3-[ 4- [ 2- (1- pi pphiediony) eRid>é/mathoytp Ren2idrlogh eyl i ppbewe| b t hi oph
ene hydrochloride acl N~ o i O %fd:?ochloride

@ BRe

mp 189-192° ¢. 1H NMR (DMSO-dg) 4 10.55 (bs, 1H), 7.64
(d, 3 = 9.0 Hz, 2H), 7.58 (d, J = 2.0 Hz, 1H),-7.19 (4, 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 (¢, J = 6.0 Hz, 2H), 3.83 (s, 3H),
3.76 (s, 3H), 2.80 (t, J = 6.0 Hz, 2H), 2.66 (m, 4H), 1.53
(m, 8H). Anal. Calcd. for C3gH33NO4S-1.0 HCl: C, 66.71; H,

6.35; N, 2.59. Found: C, 66.43; H, 6.46; N, 2.84.

Example 14

{6-Methoxy-3-[4-[2-(1-N,N-
diethylamino)ethoxylphenoxyl]-2-(4-
methoxyphenyl) lbenzo[b]lthiophene hydrochloride

*HC1



O Yield = 85% np 190-198 C. 1H NWR (DVSO-d6) d 10.48 (br s, 1H), 8.00-8.10
(m 2H), 7.80-8.00 (m 3H), 7.60-7.53 (m 4H), 7.40-7.56 (m 6H), 6.93 (s,
2H), 4.37-4.43 (m 2H), 3.00-3.0S (m 2H), 2.53-2.63 (m EHR 1.7S-1.95 (m
3H)., 1.40-1.50 (m 1H). FD rmmss spec: 550. Ana3. Calcd. for05 MAY 2003
C3gH31NOgS1. OHCL: C, 74.29; H 5.68; N752.55. Found: C, 74.52; H, S.80; N,
2.59. ~xanrle 47 I
3-[4-[2-(1-piperidinyl)ethoxy] phenoxy]-2-(4pi val oyl oxyphenyl )] benzo[ b]thiop

h hydr ochl or i d i~ 0 ~ ~ Yiel d = 900. =193-197. C.  1HNMR
(prgo)éa; gclo?f“ﬂlﬁ( E?ggl}%ﬂ)a 8.1/1‘255?4& ‘P%Sg).‘élf?ﬁz‘,g ]1%‘?8(7).@?'( ,]“g)J' 173.66 Hz, 1H),
4334 40 (m 20 97%“3;‘%2%’5' (A ?Eé%’%ﬁ?z%slH%sgzg”’%d?So’%m o
120 (5. Srf HEp WALs ZpdR. Tdagt a0 Hey B & SladfsngyS1 ook 2 ’
67. 89;(SH, H;?]415)N,62871§Fq1201m:= @,.02&194,41{91,, e,gri; (I Z_Hizz.qB EXanp$e 48

3-[4-[ 2- i per i pyl "2- f | - b b
Pt i ophensthyas oihl 681 e O I SRR A, S M U LY - SO L PO Y
np = 98- 18488, (mH AR ( D\VBBl6)Calad. Ay Keed31N¢4S+18. 03y & 63818 /Hz,

1H), 7.82yx(dg 957 §, 72183 2Houdd AQ,7- &P 4d0 £HE. 76,08, (3, g4H), 4.30-4.40
(m 2H), 3.46-3766 (m 6H), 3.00-3.170 (m 2H), 1.70-1.95 (m 6H), 1.40-1.60
(m 4H), 0.87 (t, J = 7.3 Hz, 3H). FD nass spec: 565. Anal. Calcd. for
C31H35N05S21. OHC1: C, 61.83; H, 6.PRampile2.88. Found: C, 61.55; H, 6.15; N,
2.25. Prevaration 21

[6-Methoxy-3-[4-[2-(morpholino)ethoxy]lphenoxy]-2-(4-

methoxyphenyl)lbenzo[b]lthiophene hydrochloride

*HC1

o>

mp 208-211° c. 1H NMR (DMSO-dg) 4 10.6 (bs, 1H), 7.63
(d, 3 = 9.0 Hz, 2H), 7.60 (d, § = 2.0 Hz, 1H), 7.20 (J = 9.0
Hz, 1H), 7.00 (4, J = 9.0 Hz, 2H), 6.97 (dd, J = 9.0, 2.0 Hz,
1H), 6.91 (g, Jap = 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 CpgHpgNO5S.1.0 HCl: C, 63.09; H,
5.73; N, 2.65. Found: C, 63.39; H, 5.80; N, 2.40.



[ 6- Hydr oxy-3-[4-[2-(1-pi peridinyl)ethoxy]thi ophenoxy]-2-(4-hydroxyphenyl)]b
enzo[ b] t hi ophene ocHzocs, ~ sues s, coazco Preparation of

4- (met hoxynet hyl oxy) phenyl di sul fi de. D 5 MAY 2pp~ -108 To a sol ution of
4- hydr oxyphenyl di sul fide (650 ng, 2.60 nmol) in 10 nlL of arhlydAyuss

N, N- di met hyl f ormam de at 10 C was added godiun1hydride (230 ng, 5.75 mol,
600 dispersion in mneral oil). After st rring for 15 m nutes,

chl oronet hyl net hyl ether (0.44 nmL, 5.75 mmol) was added via syringe. The
reacti on was warned to anbi ent tengeratﬂre 3;@ stirred for 0.5 hours. The
m xture was distributed between bri etate (20 nL each). The

| ayers were separated and the aqueous phase extracted with ethyl acetate (2
X 20 nl). Tiée Metghoky -\Bas[ 41 i[8d (shplenddsiid é pp &b pandy Epheaotxyal €2 -t(d -a

| il (99 : 9 t] | .
Z?nefﬁBQLneghyﬁ833¥?%ﬁ§ﬁ%Pﬂﬁ2hf$?§é‘&Q@i%?gp #gﬁg%yhgﬁfgﬁ% %8F§6H§ (silicon

di oxi de, 4% et hyl acetate/hexanes). 1H NVR (DM5O-d6) d 7.40 (d, J = 6.9 Hz,

4H), 7.00 (d, J = 6.9 Hz, , 5.15 (s, 4H), 3.32 (s, 6H). FD mass spec:
338. Anal. Calcd. for ClqHlg@QqS2: C, 56.78; H, 5.36. Found: C, 57.08; H,
5.44. Exanple 49 N_-HC1

[ 6- Met hoxy- 2- (4- met hoxyphenyl) 5
t hi ophene s,coe,co i s 0oC83 H-CO To a
[ 6- met hoxy- 2- (4- met hoxyphenyl ) -3 bromgy zo[ b] t hi ophene (1.82 g, 5.2 mmuol)
in 10 nL of anhydrous tetrahydrofuran Bd& N2 at -60 C was added
nbutyllithium (3.15 nmL, 5.0 nmol, 1.6 M solfution in hexanes) dropw se via
syringe. The resulting m xture was waryg 76 for 10 m nutes, then
cool ed back to -60 C. 4(nethoxymneth : bé,de | 800 ny, 2.36
mmol) in 5 E,CO

ti on of

mp 195-200° ¢. 1H NMR (DMSO-dg) 4 9.90 (bs, 1H), 7.64
(d, 3 = 9.0 Hz, 2H), 7.59 (d, J = 2.0 Hz, 1H), 7.18 (4, J =
9.0 Hz, 1H), 7.00 (4, J = 9.0 Hz, 2H), 6.95 (dd, 0 = 9.0, 2.0
Hz, 1H), 6.88 (s, 4H), 3.97 (t, J = 6.0 Hz, 2H), 3.83 (s,
3H), 3.77 (s, 3H), 3.44 (m, 2H), 3.15 (m, 2H), 2.87 (m, 2H),
2.12 (m, 2H), 1.77 (m, 5H), 1.39 (m, 1H). Anal. Calcd. for
C30H33N0O4S+1.15 HC1: C, 66.01; H, -6.40; N, 2.73. Found: C,

66.01; H, 6.40; N, 2.73.

xampl 7

{6-Methoxy-3-[4-[3-(1-N,N-
diethylamino)propoxylphenoxy]-2-(4-methoxyphenyl) ]}
benzo[blthiophene hydrochloride

Y
\/u\-ﬂ/m\/



0 5 MAY 2003 -109 nL of anhydrous tetrahydrofuran was added to the lithio

species, and the resultant m xture was allowed to gradually warmto 0 C

After stirring for 20 m nutes, the reaction was quenched by distributing

bet ween brine/ethyl acetate (50 nL each). The layers were separMaYe@03 and

t he agueous phase was extracted with et 7yI acetate(2 x 50 nmL). The organic

| ayer was conbi ned, dried (SOdIUWISU|fgt and concentrated in vacuo to an

oil. Chronatography (silicon dioxide, 5@6ethy| acet at e/ hexanes) provi ded

287 ng (270) of

[ 6- met hoxy- 2( 4- met hoxyphenyl) 3- (4- met hoxynet hyl eneoxy) t hi o}ghenoxsy

benzo[b]th| ophepelfé-466dIGr | ééIsNMRI .( DHEONKR) (@I\B@'HGKb%’ AHo (1464) = 8.4

Hz, 58 (d, J 92 d, 8. 1H, 03-.6.85 (m
o 062,562 4 G Py Jls, (OB g Ral 1l T3l (g8 0l

Cal cd fo? QIZHHZZLHLBQJ c§>0 661737 4495308 Rélind6-85 699937 R, 950102 Exanpl e

50 [6- I\/Etﬁgxylﬁyﬁ‘ls”ﬁh@éyDMW/'? 9?9((4: hyndr-msv)o Hz,2H), 3.83 (s, 3H),

thlophenoxyibenzo % |op ene H3CO0 S To a_solution of

[ 6- met hoxy= 27 ( 4S methbxypheny(H- ﬁl‘()&m% t%y‘r’ipet t?}"l’enéo%?)tﬁvoﬁhenax% benzol b]
t hi ophenenéZBBHnU .Qn.53 nTalgd i nEchd aHoHehNEyd« 1.2 HAIXt W e 6. 9et Manol :

wat er : ydr, of was ad e sul foni,c aci .2 nm, 2.66 nmol).
The mi xt uftS gg/a Nhe t toF?lé‘?Cfuf:'f oég]gzr%oﬁlr euG4n yOOIC‘I'ﬁ ‘to anbi ent
tenperature, the reaction mxture was diluted with water. The aqueous phase

was extracted wth ethyl acetate (é’%%mﬂ?e Qéganl c layer was washed with
sat sodi um bi carbonate solution s S. The organic |ayer 0 5 MAY

2003 -110 was dried (sodiumsul fate) and concentrated in vacuo to provide
206 ny (9@3 Bydroxy-3-[4-[2-(1l-piperidinyl)ethoxy] -phenoxy]-2-

[ 6- met hoxy- 2- (4- met hpxy o] [b]th| ophene
as a colorless oil. p4< H%grydm}é%hd& dfgﬁ%%@(}]g&l?ﬁ@ﬂ@ 1p&%d J 8.4 Hz,
2H),7.61(d,J:20Hz 7.59 (d, J = 8.8 Hz, 1H), 708(dJ 8.4
Hz, 2H), 7.02 (dd, J = 8. & Od%,’oll—l) 6.90 (d, J = 8.6 Hz, 2H), 6.63 (d,
J =86 Hz, 2H). FD mass gpecy] 39 Angh Cal cd. for C22H1g03S2: C, 66. 98;
H, 4.60. Found: C, 67.26; M4.78. Ex e 51

[ 6- Met hoxy- 3-[ ~1-[ 2- (1- pi peridi nyl) et Rgx¥{] t hi ophenoxy] 2- ( 4- net hoxyphenyl )] b
enzo(b]thi ophene N~ OS/ ocs, g3co Vv -s o

[6-methoxy-3-[4-[2-(1-piperidinyl)ethoxy)phenoxy]l-2-(4-
methoxyphenyl) lbenzo[blthiophene hydrochloride (10.00 g,
19.05 mmol) was dissolved in 500 mL 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 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
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-



To a sol ution of

[ 6- nethoxy 2- (4- et hoxyphenyl ) - 3- (4hydr oxy) t hi ophenoxy] benzo[ b] t hi ophene
(242 ng, 0.61 nmol) in 8.0 nL of anhydrous N, N-di nethyl for W% added
cesium carbonate (820 ng, 2.5 mmol) followed by 2chl oroet hyl'pi peri e
hydrochl oride (194 ng, 1.05 mmol). The kgsulting m xture was stirred for 48
hours at anbient tenperature and then distributed between brine/ethyl
acetate. The layers were separated, and the aqueous phase was extracted

with ethyl Q.ﬁgfgaﬁnff’))()eth%]%m}& |3y e RS eﬁeﬁ Q‘?']th%tﬁiﬂe) and

concentrated I n vacuo to onato phy |co | ox] de,  0-
o haol CERiP BRS8N S0A M ( 95 G ne (it 241 9748
[ 6- met hoxy<{Bs[ 41§ 2, (ﬁ.asrmﬁg (dizml,) 7.45 (4, J = 8.6 Hz, 2H), 7.21 (4, J

et ho t hi ophPno, t ho hen I en bl th e a nber oi
aplp AU eI A < A A RS el EnLgonge 578 g
[ 6- nethoxyl38[Hz[ZH(ﬂmmqhmidlninEIH&xmehIOFhGESX¢} ? 648n&tgmxymmen¥L)]b
b] t hi rochl or t co 0] e
Sl antard pf IZGE AP SUUEHEN ) ) P ARNESS B2 58 B2 2R 288 I
NVR ( DVBO- éi8) , ct. 43 66n,( dH)J i .8.26 (miz, 22H)., FDomagd, spec: 2462Hz Ad&), 7.58

(1|O'||5 J6_9§ Callq. 14y @1%71(@453 <, ?7@ I, }?"%52 96; 0%1 (@0003J -F gﬁd |2—I§:0 Hz,
3. 49- 3. 39 é?n%m)H 5 99 i( W, 2H)14 1. ’82 1 62 (m 5H) 1 ’38 (m 1H). Anal .
Calcd. for CZgH32NO3S21.0 HCl: C, 64.28; H, 5.95; N, 2.58. Found: C, 64.09;
H 6.08 N, 2. 78. Examvle 53

[ 6- Hydr oxy-3-[4-[2- (1- p|per|d|nyI)é?ﬁ%%@%%hF%%henoxy] 2- (4- hydr oxyphenyl )] b
enzo[ b] t hi ophene N O s 0oa so ~ ~ s " To a solution of
[ 6- met hoxy- BeF#yi@rqdypBpdrddiayl(l -piperidinyl)ethoxylphenoxy] -2~

et hoxy] - thlop heny, enzol b].t hi ophene hydrochl ori de
(160 ny, pﬁ%g?%hﬁyéEFHE3534¥ﬁ ﬁ&&ﬁifhlopkéne 1% convgrEe% to
its oxalate salt in 80% yield by the procedure
described above. Data for [6-hydroxy-3-[4-[2-(1-
piperidinyl)-ethoxy]phenoxy]—ﬁ—(4-

hydroxyphenyl) l]benzo[blthiophene oxalate

* HO,CCOH

O’“°@

mp 246-249° C  (dec). lH NMR (DMSO-dg) 4 7.45 (d, J = 8.6
Hz, 2H), 7.22 (d, Jd = 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, 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.
Calcd. for Cp7H27NO4S«0.75 HOCCOH: C, 64.63; H, 5.42; N,
2.64. Found: C, 64.61; H, 5.55; N, 2.62.

HO



0 5 MAY 20p3 -112 nethylene chloride at 0 C under N2 was added boron
tribromide (0.15 nL). The resulting dark solution was stirred for 1 hour at
0-C and then inmediately poured into a stirred solution of ethyl

acet at e/ sat sodi um bi carbonate solution (50 nlL each). The | al&rNAY\2002
separated, and the aqueous phase was mazﬁed with ethyl acetate (3 x 30 ni).
The organic was dried (sodium sulfate) d concentrated in vacuo to a white
solid. Chromatography (silicon dioxide, 0-50 nethanol/ chloroform provided
91 ny (600) of
[ 6- hydroxy-3[4-[2-(1-piperidinyl)e enoxy] - 2- (4hydr oxyphenyl )] ben
zo[ b] -t hi ophene as a white solid. np 123127 C. 1H NVMR (DVSO-d6) d 9.79 (s,
1H), 9.71 (66-BE)drax%63(-d4J[2-8 14 Hpe2iiinyUPettioxXy }pBendky] 18, 7.26

e 8t 9 sl Ebuybdntly thepfodnF %’%Pge 43519 Prgtbyed ol
FD mass spec,!-tﬂlmydmhl@ahd@ gl tCinHBNe3gield By gFeatmgnrQof
2.93. Found: C 68pkdistbedpibe Nnlebhy EX@RBka ¥ with eth

[ 6- Hydr oxy- 3- peridi nyl) ethoxy t hi ophenoxy (4 hydyoxyphenyl)]be
nzo[ b] t hi oﬁﬁé’rﬁrhﬁiéaﬂﬂ%?ﬂéca&“ﬁ@%ﬂ g 0% éﬁn%ymm@ U4 AR

SDE/BS gGLZa 519 86 (782(911-1191 p8ri%ilfyl JEthok#P-plenbiy -2 -Ha - 2H), 7.42 (d,
6.86-6.81 (m Toxy, ?f‘?ﬂ*}’lél-‘é’e%zﬁl f%'?)#tﬂ?g&% lﬁyéé“f%ﬂz an%I%H)

1.77-1.60 (m 5H), 1.35-1.28 (m 1H). FD mass spec: 477. Anal. Calcd. for
C2~H2~N03S22. 2 HC1: C, 58.13, HrE8.28; N, 2.51. Found: C, 58.11; H, 5.10;

xam .2

N, 2.61. 0 5 MAY 20p3 -1 EPsreo by the sane procedures were: ~xanvle
55
[ 6- Met hoxy-3-[4-[2-(1-pyrol odinyl)eth hi ophenoxy] 2- (4- met hoxyphenyl )] be

nzo[ b] t hi ophene hydrochloride .aci S,

mp 158-165° C. lH NMR (DMSO-dg) 4 9.79 (s, 1H), 9.74 (s,
1H), 7.40 (d, J = 8.6 Hz, 2H), 7.23 (4, J = 2.0 Hz, 1lH), 7.04
(d, § = 8.6 Hz, 1H), 6.86 (g, Jag = 9.3 Hz, 4H), 6.76 (dd, J
8.6, 2.0 Hz, 1), 6.74 (4, J 8.6 Hz, 2H), 4.26 (bt, 2H),
3.37 (m, 4H), 2.91 (m, 2H), 1.72 (m, 5 H), 1.25 (m, 1H). FD
mass spec 461. Anal. Calcd. for Cy7H27N04S+<1.0 HCl: C, 65.11;
H, 5.67; N, 2.81. Found: C, 64.84; H, 5.64; N, 2.91.

i

Prepared in an analogous manner were the following examples:



0C93 H~CO nmp 215-218 C. 1H NWR (DVMSO-d6) d 7.61-7.58 (m 3H), 7.52 (d, J =
8.8 Hz, 1H), 7.04-6.95 (m 5H), 6.86 (d, J = 8.8 Hz, 2H), 4.22 (bt, 2H)
3.79 (s, 3H), 3.76 (s, 3H), 3.47-3.42 (m 4H), 3.01 (m 2H)p51Ma%-200380 (m
4H). FD mass spec: 491. Anal. Calcd. for C28H29N03S21. CHCl: C, 63.67; H,
5.73; N, 2.65. Found: C, 63.47; H 5.78,.N, 2.65. ~xanvle 5~
[6-Fwdroxy-3-[4-[2-(1-pyro|odinyl)ethoxg?thiophenoxy]2-(4-hydroxypheny|)]be
nzo[ b] t hi ophene hydrochloride $ci 0 S ~ off HOV - S v np 137-140 C (dec).
1H NWVR (DMBO-d6) d 9.86 (s, 1H), 9.8 e 1By 7.46 (d, J = 8.6 Hz, 2H)
7.42 (d, J = 8.7 Hz, D 5 MAY 2p03- ., 7.29 (d, J = 2.0 Hz, 1H),
6.96 (d, J = 8.7 Hz, 2H), 6.87-6.81 (m 5H), 4.21 (bt, 2H), 3.53-3.41 (m
4H), 3.01 (h$-Epdrox®s3:[32 [2n (AHPY IOl iddaypeet hogy ] pienox@dl ti- for
C26H25N~3S21. OHCL: C, 46. . 1N, N .36;" H 5.37; N,
2.61. ~xanole 57 Pr e;ggr é&’%%nﬁpﬁle&glr’% dgeﬁ?ogg#pqﬁeo%eg% t he

hydr ogenol ysis of the triflate as described bel ow in Exanpl e 58 was

6- met hoxy- 3-[4-[ 2-(1-pi peri yTNeidi0xy]

phenoxy] - 2- (phenyl )] benzo[ §] t Hi ophene ochloride aci ~N~0o 0 g,co ~ s np
187-195 C. 1H NWR (DWVBO-d6) d 7.66 (d 2.8 Hz, 2H), 7.58 (d, J = 2.0
Hz, 1H), 7.39 (t, J = 7.5 Hz, 2H), 7. 1H), 7.17 (d, J = 8.8 Hz, 1H

6.91 (dd, J = 8.8, 2.0 Hz) 1H), 6.89 (s,
3.79 (s, 3H), 3.45-3.38" (m 4H), 2.98
1H). FD mass spec: 960. Anal. Calcd.
6.10; N, 2.84. Found: C, 67.62; H A

4.23 (bt, J = 5.7 Hz, 2H),
77-1.61 (m 5HL, 1.31 (m
S1oOHC1: C, 67.80; H

mp 99-113° ¢. 1H 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 (d, 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. Calcd. for
C26Ho5N04S«0.5 H0: C, 68.40; H, 5.74; N, 3.07. Found: C,

68.52; H, 6.00; N, 3.34.
Example 22

[6-Hydroxy-3-[{4-[2-(l-hexamethyleneimino)ethoxy]
phenoxyl-2-(4-hydroxyphenyl)lbenzo[blthiophene

Q‘“"Q

mp 125-130° ¢c. 1H NMR (DMSO-dg) 4 9.75 (s, 1H), 9.71 (s,
1H), 7.50 (d, J = 9.0 Hz, 2H), 7.26 (4, J = 2.0 Hz, 1H), 7.09
(d, 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. Calcd. for
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6- 8ydr oxy-3-[4-[2-(1-pi peridinyl)ethoxy] phenoxy] -2(phenyl )] benzo[ b] t hi ophen
e. hydrochloride aci w0 O" / ~ \/ Ho v ~s v To a sol Utiorhé)fMAY 2009

6- hydr oxy-3-[4-[2-(1-pi peridinyl)

et hoxy] phenoxy] - 2- (4- hydr oxyphenyl )] benzo(b] t hi ophene hydrochl ori de (5.00
g, 10.0 mol) in 100 nL of anhydrous rﬁe@%‘yl ene chloride at 0 C under N2 was
added triethylamne (8.38 nm., 60.0 mmuol) followed by

triflouronethanesul fonic gnphydride (1,69 nl .0 | ). The,resulting

mi xture wie8HRsY ’t&’gr@d%‘l i r'ﬁnst;oNroan&gerrpg]ﬁFéfea-anzlcssﬁl’rr d for
1.5 hours.6.B1e mgaetiogn was then quenched by pouring into 200 nL of

sat urated sodi um bi carbonate sol ution. The agueous phase was then extracted
with ethyl acetate (3 x 100 nlL). The organic |ayer was dried (sodium

sul fate) and concentrated in vacuoExamgieni 23 Chr omat ography (0-3 0

nmet hanol / chl orof orn) provided 2.82 g (390) of

6trifl ouromet hanesul f onat e- 3-[ 4-[ 2- (1- pi peri di nyl ) et hoxy]

phenoxy] - 2- ( 4- { FrHvsronEtRankd slRF-diatepiedylogehaoiisio et bokanle, 1.82 ¢
(31% of a 1: i b _(a_ ,

6-triflouronmet g'r?étso:ﬁ!?]ongt e(-43-1f¥1‘-i[r§-x(yf%?%%rli)c}ibn?/IIl)zgt[r?o]xtyt]lBﬂgﬁgfﬁ - 2- (4phen
yl )] benzo[ b] t hi ophene and 3-[4-[2-(1-pi peridinyl)ethoxy]

phenoxy]-2-(4-trifl ouronet f onat ephenyl )] benzo[ b) thi ophene, and 1.48
g (360) of recovered staring terTa the free base. To a solution of a
1:1 mxture of nonotriflate rivativ omthe [ast reaction (0.50 g,

0.84 mml) in 60 nL of ethanol -ethyl e (5:1) was added triethylam ne
(2.0 m) and 50 pall adi umon-carbon f0.50 ). The resulting 0 5 MAY ~
-116 m xture was hydrogenated at 40 g.o ours. The m xture was then
filtered through CeliteO to renove [ ( Q o%]iltrate was
concentrated to an oil. The resul t LAQ B O #onohydroxy derivatives
was dissolved in ethyl acetate frf8m which

3-[4-[2-(1-piperidinyl)ethoxy] phenoxy]-2(4-hydroxyphenyl)]benzo[ b] -t hi ophen
e precipitated. TRe~fhltteate C et € a4 1 ¥tur o} n r pxy
derivatives wher eq§-7h>}érlo§(§:/i3-l[)‘ﬂ-i @-( -Ngopggf}d%ng}'?ét k‘l%)’(y HPOIYET O
phenoxy) - 2H)ph&nygP) |(BendoEbPt Ri Bphehd) was. 2he(dmj br= chripdtrentlH)Thd .09 t r at e
was concenty ated igh gvgGuog pandet FESUbE] NOe SOA | i ssal [ ) Ry mal

et hyl ace'?at e and 9t reglftiédl\l;lmyt'h6et§ﬁyl(§étjf}1%,rh§%'r%(%:h€%cgﬁ (S':Jsac;lgg‘.cb 'T%e'r@r gfszljl ting
sol i d was1Hder psi’dl I(Hzed Fr8rPelRandtl) t o3 givel®9 - (A.8MHDf AHMoneriTdal | y
pﬁre 6- ]hyctrc?XYr 3- |[640[ Bz 129'){992'.9%”%) e&IEP,XYih.ss_ (m, 6H). Anal.. o
phenoxy] - 2- (phen enzo 1i ophe dr gchl oy, | de; .

( DMSO- d6) %8‘15%87%(’)5'], Eiﬁé%%‘g;féﬂ (g:,' %‘3:9%,53&?-9%,%@95# 2(15‘9‘2‘91?‘1-4 v 7.10
(d, J = 866.F5,; HH) 5.8589N(s3.4b), 6.78 (dd, J = 8.6, 2.0 Hz, 1H), 4.22
(bt, 2H), 3.39-3.37 (m 4H), 2.97-2.90 (m 2H), 1.74-1.60 (m 5H), 1.39 (m .
1H). FD mass spec: 446. Anal. Calcd. for C2~H2~N03S1.d ~Cl: C, 67.28; H,

5.86; N, 2.91. Found: C, 67.00; H, ExamleN 24 87. Alternatively, Exanple 58
is prepared by denethylation of the product of Exanple 57 as described in

Example 18.16-fRya M3y 29034-[2- (morpholino)ethoxy]phenoxy] -2- (4-
hvdroxyphenyl)lbenzo{blthiophene hydrochloride

Q”\Q
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[ 6-1 soprpoxy-3-[4-(2-(1-piperidinyl)ethoxy] phenoxy] -2(4-met hoxyphenyl )] benz
of b] t hi ophene- (S-oxi de) was prepared as described for (6-nethoxy-3-[4-[2-(1
pi peri di nyl) et hoxy] phenoxy] - 2- (4met hoxyphenyl )] benzo(b] t hi dbﬁnéhé 2083 oxi de)
(Example 30). "N '~, Il OOCHB Yellow oil. 1H NWVR (DVMSO-d6) d 7.69 (d, J =
2.0 Hz, 1H), 7.67(d, J = 8.6 Hz, 2H), 7889-6.99 (m 5H), 6.96-6.87 (m 3H),
4.76(septet J:60Hz, 1H), 399(bt J = 6.0 Hz, 2H) 3.78 (s, 3H),
2.61 (bt, J = 6.0 Hz, : 53-1.43 (m _4H), 1.40-1.32
(m 2H), 1.29 WP 13{37—1@% illz)llémWFﬂgh%%sd@péc §1§)360Ar4§§ EHY ed? - BB

531532';@55(% 641209 .65 §8.,23m K §.8b (M, 3 279.foupd:2l, 67. 89 (4} FH. 3L,

[ 6- Isoprpdxf 8. F& [éHél BlﬁgrﬂévnglTe?th?fph%ﬁbxy? %%4(%efﬁﬁ&ypﬁeﬁyl)]benz
?éb]thhomﬁng 4m¥1dr<25cbtltor(ade vas Br e?ﬁmed] as, dgﬁprI@e@%fQﬁ, J = 9.0 H)zi,b :
- met hoxy.- ~ e enox e en enzo
L e e b (Do B ! N9yl Pheyl % (el heyypenyl) Toens
NVR (DNBO3d6)8 dmi0287 . (sAnaEI) Calb8.( doriCzsipsBlOs8 s HRHy, @, 502 (46; JH~ 1.3
Hz, 1 1 9 6. 92-6. 85
5H) | 2064%(;22[:5t§31€[ 2,80% Bgér?d H?Ery 8" gg((gt 5743 gqu%—[zgzﬁ) 3,72 (s,(rn
3H), 3.44-3.37 (m 4H) 2.95-2.89 (m 2H), 1.73-1.60 (m 5H) 1.36-1.28 (m
1H, 1.25 (d, J = 6.0 Hz, 6H). FD %%cﬁl Anal . Cal cd. for
CgiHSSNCqSLCI: C, 67.19, H,H%.SS; , 2.53. Found: C, 67.15; H, 6.29; N
2.62.
[ 6- | sopr poxy-3-[ 4-[é-= Fyﬂm%?i'éi'n[ﬁ)éﬁhd)érjli)hk!né%ﬁtlwl-4F¥létﬂﬂ))<yphenyl )] benz

o[ b] t hi ophene hYFE@?Hﬁ!Qﬁe"i‘?&x??m@r(@dhgﬁrox phenyl)
[ 6- hydr oxy- 3-[ 4- p1 peri_dinyl) et oxy}l enoxj eret oxyphenyl )] benzo|
b] t hi ophene by treat ment BPESRS A Xﬁt‘?"{ﬁ ‘B€}§‘~’at 0-10 Cin

anhydr ous di chl or onet hane (the nethyl ether is not cleaved under these

conditions). Test Prpcedure (‘§ner al Preparation Procedue

\/N sHC1
\V’ﬂ\V—O

Q

mp 185-191° C. 1H NMR (DMSO-dg) 4 9.94 (bs, 1H), 9.81
(s, 1H), 9.75 (s, 1H), 7.50 (4, J = 9.0 Hz, 2H), 7.27 (44, J
= 2.0 Hz, 1H), 7.10 (d, J = 9.0 Hz, 1H), 6.87 (s, 4H), 6.80
(dd, 3 = 9.0, 2.0 Hz, 1H), 6.79 (4, J = 9.0 Hz, 2H), 3.99 (t,
J = 6.0 Hz, 2H), 3.14 (m, 6H), 2.08 (m, 2H), 1.20 (£, J = 6.0
Hz, 6H). Anal. Calcd. for C57HygNO4Se«1.30HCl: C, 63.46; H,
5.98; N, 2.74. Found: C, 63.23; H, 6.03; N, 3.14.

BO



In the exanples illustrating the nethods, a postnenopausal nodel was used
in which effects of different treatnments upon circulating |ipids were
determ ned. Seventy-five day old femal e Sprague Dawl ey rats (wei ght range
of 200 to 225g) were obtained from Charles River Laboratori®§ MAR3ge,

M). The aninmals were either bilaterally ovariectom zed (OvVX) or exposed to
a Sham surgical procedure at Charles Rr§2r Laboratories, and then shipped
after one week. Upon arrival, they were housed in nmetal hanging cages in
groups of 3 or 4 per cage and had ad libitum access to food (cal cium
content approxi mately 0.5% and waE&RmRke of week. Room tenperature was
mai ntained at 22.2 1.7 Cwith a mnimumrelative humdity of 400. The

phot operiod in the roomwas 12 hours |ight and 12 hours dark. 0 5 MAY
2pp~ -119 ) Dosi oa H¥AF A¥Y A sbtiz (€0 (el Hn Qi 8RPTORNEAREMP Jaccl i mati on

period (thetefc¥ke)] phemaoibeks2pqut-K¥&r oddiplye Qi) &b kb [t h Lopheddl was
initiated. 17a-ethynyl estradiol .or_the_ test,conpound were given orally,

unl ess otherwi se stated, as a sugﬁe‘?ﬁf’(‘fﬁ]ﬁﬂ‘g €car boxynet hyl cel | ul ose or

di ssolved in 20~ cyclodextrin. Aninmals were dosed daily for 4 days.

Fol l owi ng the dosing , reginen,gaani mals were wei ghed and anesthetized with
a ketam ne: Xylazine (2:1, MYV) mxture and a bl ood sanple was coll ected by
cardi ac puncture. The anin@ls NEere~hen sacrificed by asphyxiation with
C02, the uterus was renoved thkough a ine incision, and a wet uterine
wei ght was determ ned. Chol esterol An s. Blood sanples were allowed to
clot at roomtenperature for 2 hours, Ser um was obt ai ned fol |l owi ng
centrifugation for 10 m nutes at 3000 rpm PSerum chol est erol was det er ni ned
using a Boehringer Mannhei m Di agnost# & g pr mance chol esterol assay.

Briefly the cholesterol was oxidizeq ) 0B- one and hydrogen
peroxi de. The hydrogen peroxide was eéh Teact Mt h phenol and

4- am nophenazone in the presence of per oxi dase to produce a p-qui none im ne
dye, which was read spectrophotenetrically at 500 nm Chol esterol
concentration was 128334l cul atldidRyai DMIO-adQt @ndaBd dlsvelHThedenbire

assay was t te i i omek , Aut grmat ed t at

Eosi noy~hi fsu re{ﬁdxgdgéeq%EPbF)Asngaﬁé ttﬁertt] %6@ éI?P'Af Jétﬁ?tt{]“f time of
enzymat i ¢ ldhal y7$|059 (fheJutePi. OwBee 1Hén hofdgési zeﬂ) i n6 509 vohunes .of 50 nM
Tris buffef l(gpl-(ng cogt gigni 919 941005%0 dpi {gn 5(,#001 Ypop, addity on of 0.010

hydr ogen peroxid phenyl’enedl am ne i nal concent ratl ons) in

Tris buffetrad n&aelééie |fﬁra5§§>}r11ﬂ&‘]%§ “Wasd3B6Ait oFed BoP2on8 nPrlfe Mt 450 nm

The preserces@f eRzemOPki | $3i.82thg ukesys §S angindi cation of estrogenic
activity of a conpound. The maxi mal verl oci ty of a 15 second O5MAY~ -120

interval was determ ned over the initial, linear portion of the reaction
curve. source of Corrpound 17a- et hgmm_r_aﬂ ol was obtained from Si gma
Chemical Co., St. Louis, MO Influence of Formula |I Conmpounds on Serum

Cholesterol maJnagj o of Aaoni st Aaoni st ivity a

present ed |n %gb&e&%&bé (/\7i Eow‘é’on%ar z‘t".[lv? %Itoxxéﬁ%hen?/’%ﬁét o(rﬁ"zed
rats, rats trehvddoxybhénadt hybeh zest hthdlo fiEeRe deathyoemaié able form
of estrogen), and rats treated with certain conpounds of the present

i nvention. Al though EEz caused a decrease in serum chol esterol when orally
adm nistered at 0.1 nyg/kg/fday) it also exerted a stinulatory action on the
uterus so that EE2 uterin { gltr was substantially greater than the
uterine wei ght of ovariectom z‘e.drt\eito animals. This uterine response to
estrogen is well recognized in theTart\N_Qt only did the conpounds of the

present invention generally reduce ser @
> ]

ol esterol conpared to the
wei ght was only mnimally

ovari ectoni zed cont rol aninmals, but ut

serum choI esterol reduction wthout 4
quite rare and desirable. As is exprd N\ bg
al so was assessed by eval uating tH& ad ersé response of eosi nophi |
infiltration into the uterus. The conpounds of the present i nvention did
not cause any |n rfbags% jl [:he \?\ﬂ"}}?ﬁﬁ 1§M§§ )op(p S’ 5850 esbvelqI in tge st ronal
| ayer of ovari ect or ze Fa € estra cause a su starttl al, expect ed
i ncrease i ts easinophils i, Iat o680 The dat=a9p0e§ent ed)in7the Tables- 1

bel ow reflects the response of 5 to 6 rats per treatnent.



0 5 MAY 2003 -121 Table 1 DoseUterine WeightU erine EPOSerum

Chol esterol Coi n op andn®3S~ increase vs. OVX) (V. maxi ~~ decrease Vvs.

OvX) EE20. 1229. 2308. 194. 8Exanpl e 05 MAY 2003
30.0129. 11. 850. 60. 155. 44. 847. 81. 061. 95. 449. 2Exanpl e

40. 133. 23. 9S3. 71. 035. 64. 862. 110. 034. 73. 065. 3
Exanple50.166.77.267.21.0106.954.667ﬁﬁﬁﬁ0109.859.460.2Exanp|e70.132.04.856
.21.044. 34.542. 65. 041. 64. 829. 5Exanpl €100. 119. 712. 050. 21. 018. 417. 7S9. 010. 013

.39.838.9 e19Q.0111.42.125_10. 124. 92. 445_ 3 4.73.653. 6 | e200. 011
6.90.929.56%0 Eo.gg?oséréé.iéo.%3?0%897§&aﬁﬁﬂez%bgéhéf¥of§§26E§%5gzg.84.847
.51. 051. 49d85474= 9005 RAY ROD31H1226 Tahl 63,1 J Got..0 HxoseBer i3nd7 (t,

pe I Lol e £ BORE! UBLPIOL o3k o1R) CBRPOUIARY R 21O o YD (V

max) (~ decrease VsS.

OVvX) , Exangl-é230mp12H) 631338. 0. 138) 484. 3% 7(m1. 10148, Fasd 6681 Bcafere240. 019

. 23. 623. 7@,4A SN0 7414081, 029647873E4AND| €250 015, AB. 01kl 1X6, 73. 367. 6
1. 096. 636. 073. 9Exanpl €260. 0114, 04. 829. 00. 181. 029. 145. 21. 0117. 1175. 162. 7Exam
pl €270. 0187284318, 20:9%9. ¥4 856881. 086. 452. 576. 5Exanpl e430. 010. 03. 39. 20. 117
. 24.843. 81. 031. 06. 039. 4Exanpl e440. 0143. 83. 612. 60. 180. 588. 593. 81. 074. 894. 567
.4Exanp|e530.1§3.60.962.7 . 024, 11, 357. S10, 032. 04, 858. 7 O5NAY~ -12ﬁ€|n
addition to t h& GERBASEVELEd BENERPYR HF FFRENOoun dRHA ¢ X aiPd<e

i nvent i onwaespeepakky wheng colpanerhdoymsitedi (oM )t pa-caleetd ndabarotbear | y

denonstr at, C f Fornula .l are not..estrqgen _m,netics,

Furt her m)ragl, E%Ege?g{)@?%ﬁﬁt oX %I%%%%C?s eafl?eecgtlge(:gﬁ via\?z?ll)og\ﬁlélrse t8bser ved
with any thesengnst @ssevpbed QswitiTeshe Rromgrhuon Edlatowihey MOMe gGenpssal
Prepar ati gpePLapegduReini hEas; fe Sels MPTdd dngg'i'sy for 35 days (6

rats per treatnent group) and sacri by ‘carbon xi de asphyxi ati on on
the 36th day. The 35 day tinme period was sufficient to all ow nmaxi nal
reduction in bone density, nmeasured as described herein. At the tine of

sacrifice, the uteri were rermvggi dissgcted free of extraneous tissue, and
the fluid contents were expelle rnati on of wet weight in
order to confirm estrogen deficiency associated with conpl ete ovariectony.
Ut eri ne wébgiMe tviaexyel+ (&Fmertdtbierd talyald x Ypieny I eSsporde-bénaydidees ony.

The uteri were then place% in 100 neutr al ffered formalin to allow for
subsequent hi st ol ogi cal aeﬂ%%???lgenzo[bq%hIOPHene

QOQ

O
s

mp 94-96° C. 1H NMR (DMSO-dg) 4 7.65 (d, J = 2.0 Hz,
1H), 7.64 (4, J = 8.6 Hz, 2H), 7.43-7.32 (m, 5H), 7.23 (d, J
= 8.8 Hz, 1H), 7.08 (d, J =8.6 Hz, 2H), 7.04 (44, J = 8.8,
2.0 Hz, 1H), 6.92 (g, Jap = 9.2 Hz, 4H), 5.26 (s, 2H), 5.21
(s, 2H), 5.01 (s, 3H), 3.40 (s, 3H), 3.37 (s, 3H). FD mass
spec 528.

HiCOH,CO0



The right femurs were excised and digitilized xrays generated and anal yzed
by an inmage analysis program (NIH i mage) at the distal netaphysis. The
proxi mal aspect of the tibiae fromthese aninmals were al so scanned by
quantitative conputed tonmpgraphy. In accordance with the abold& MAbQ@ur es.
conmpounds of the present invention and ethynyl estradiol (EE2) in 20%
hydr oxypr opyl b-cycl odextrin were oral18f-adm ni stered to test aninals.

Di stal fenur netaphysis data presented in Tables 2 and 3 bel ow are the

results of fornmula |I conpound treatnents conpared to intact and

ovari ectom zed test aninals. Resgﬁ—?%g—ﬁ-?—w&eiled as the nmean the standard
error of the nean. 0 5 MAY 2003 -124 Table 2 Distal Fenmur Metaphysis
(X-ray I mage AnalWEe&mmLTueatdu%xamykexgap@e@measham (20~

cyclodextrln) - Overi.eqto trol 1. 0o cycl odextrin)
EE2 0.1 ng 11.5 2 34 %&%Pé‘yl’é’ é%ﬁf&o’ '%“1“’3’ t]f‘b° e&’560 3.5* 10.0 ng
15.3 4. 0* *P<=0.5tw tailed Student's T Test on raw data. Table 3

Di stal Fermur Metaphysis (X-ray @gpaound/ Treat nent Dose /kg | nmage

Anal ysi s-Gray Score Sham (200 cycl /oG rin) - 31.1 6.3 Overiectony control
- 6.2 1.4 (20%cycl odextrin) EE2Q mg 17.8 3.5 Exanple 10 0.1 ng 15.3

3.01.0ng 15.2 3.7 3.0 ng 18.5
C-Om
S

mp 90-91° ¢c. 1H NMR (DMSO-dg) 4 9.15 (s, 1H), 7.65 (4, J

= 8.1 Hz, 2H), 7.63 (d, J = 2.0 Hz, 1H), 7.22 (d, J = 8.8 Hz,
1H), 7.05 (dd4, J = 8.8, 2.0 Hz, 1H), 6.72 (g, dJdap = 9.1 Hz,
4H), 5.26 (s, 2H), 5.21 (s, 2H), 3.40 (s, 3H), 3.37 (s, 3H).
FD mass spec 438. Anal. Calcd. for Cp4Hp304S: C, 65.74; H,
5.06. Found: C, 65.50; H, 4.99.

H,COH,CO

xampl 2

[6-Methoxy-2-(4-methoxyphenyl)-3-bromolbenzol[b]
thiophene- (S-oxide)

Br
\ OCH3
o
(¢]

To a solution of [6-methoxy-2-(4-methoxyphenyl)-3-
bromo]lbenzo [b]lthiophene (10.0 g, 28.6 mmol) in 50 mL of
anhydrous methylene chloride was added 50 mL of
triflouroacetic acid. After stirring for 5 minutes, hydrogen
peroxide (4.0 mL, 28.6 mmol, 30% aqueous solution) was added.
The resulting mixture was stirred at ambient temperature for
2 hours. Solid sodium bisulfite (1.25 g) was added to the
dark solution followed by 15 mL of water. The mixture was
stirred vigorously for 15 minutes then concentrated in vacuo.



Example 24 0.1 ng 18.3 2.6* 1.0 ng 19.6 2.3* 3.0 ma 17.1 ~ 5.5 *P <= 0.05
two failed Student's T Test on raw dat a. 0 5 MAY 2003 -125 I n sunmary,
ovariectomy of the test aninals caused a significant reduction in ferur
density conpared to intact, vehicle treated controls. O al Iﬂﬁ MAY W03t er ed
et hynyl estradiol (EE2) prevent ed this Ioss but the risk of uterine
stinmuiation with this treatnent is evéP® present. The conpounds of the
present invention also prevented bone loss in a general, dose-dependent
manner . ordin t he conmpounds re i.nvention_are.useful for
Uhe L1 eat ER: F BT 008 CHoie R ey h S E R T L PEGE T Ty SERERpS T ost s MR- 7
Prolifer asbdhum\slsmamakéarsmdsitmd)er(d@@r maneata)ceI rhe( AI@éerﬁBeﬁez) wer e
mai nt ai ne Q/E%( #paj t I St.

Loui s, ppl 1 me grl?[ldé] W t ggaf gt bg\%lg]ng&ggrgg%ne?F%g %‘gg@ed

L- gl ut ani ﬁ@d{tzmnmcamim mqhwap@ (1Tﬂ1rm OrpERES layer was then

{ (N-[ 2- hydr pXy et 943 psedﬁzae(}q N %%h*&%ﬂ%&glc%enhﬁ %faf'c%l@onmsohd

non- essential am no acids and bovine insulin (mai nt enance
nedi un) . TRAt degs priviratehdeap otwhwl7 egherd efBy §ﬁFFéﬁ@d t o mai nt enance

medi um suppl epRPi &4l ﬂ!éxﬁhd&p glext rgart emat 8d qhameenbxpthipped fetal bovine
serum ( DCC- FBS) assay. nedium in pla 100, FBS t o depl.ete internal

stores of MeERPHYRRENNIOF 7 Rrgnod gz r[EEﬁVéBPPFBﬁ‘ﬁﬁl A¥eAghc@Sffasks using
cell dlSSpéLBbWO@oDEﬂHuﬁH(Gﬁﬁﬁ&k@ttcEyeeaHBSSeﬁphebmletﬁﬂifaeéﬁate.

suppl enent e HERE T, |1 e h tw,ce with
assay megllﬁ]ugn an%@a%%u?tged to celt%g ?L %pr(?xy\?rat e%élgg'n{\h?& 000
cells) weVeb@dléd 3 o=f8 &t 1~bzott2mh m7CI5(40Uﬁt, ude=w8l. bsHe¢CodHar B596) (&ad

i ncubatedyat g75C 4 %4602 di {4 ed LnguBator for 48ghouLs aIIow
for cell adhegence an zzquﬁgl b?:ttrﬂloon(déf ?er tgrgngferm él 8? glélu% i ohs of

drugs or DMED 58 BB 1 uektalofialad . wepE Ba epraQed By a§sa§2m§alruh‘vand 50 niL

transferrgdséo tgiphdcat e 99 gacy tures followed by 50 nL assay nmedium for
a final volume of 200 mi. ‘After an additional 48 hours at 37 Cin a 50 C02
hum di fied i ncubator, mcrocultures were pulsed with tritiated thym di ne

0 5 MAY 2003 -126 (1 uC/well) foExhdwlgs.29ultures were term nated by
freezing at -70 C for 24 hours foll owed by thawi ng and harvesting of

m crocul tures usd %% S&atron Sem aut omatic Cel |l Harvester,. {ejlrrpl es were
counted by |iquitF RIREFI 1T i BR RPAYOIONE IR, BEFaPfARe Echlinter. Results
in Tabl e 4 obet boxyipdveds vz ) -G5b if omog ®reraz ¢ [ B MilsWE edfe 4 he- pradat .

i nvention. Table 4 Conpound | CSpnM Exanple 3 4.0

Br

(o}

mp 120-125 °C. !H NMR (DMSO-dg) & 8.06 (d, J = 7.6 Hz, 1H),
7.78-7.59 (m, SH), 7.13 (d, J = 8.7 Hz, 2H), 3.81 (s, 3H). FD
mass spec: 335. Anal. Calcd. for CisH33032SBr: C, 53.75; H,
3.31. Found: C, 53.71; H, 3.46.



Exanpl e 10 2. 00 Exanple 19 0.028 Exanple 21 0.05 Exanple 23 0.08 Exanple 53
0. 28 DVBA- | nduced Manmmary Tunor | nhibition Estrogen-dependent mammary
tunors are produced in femal e Sprague-Dawl ey rats which are purchased from
Harl an Industries, Indianapolis, Indiana. At about 55 days b5 MXye2p03 he rats
receive a single oral feeding of 20 ng 7, 12di et hyl benz[ a] ant hr acene
(DVBA). About 6 weeks after DVBA adnministration, the mammary gl ands are

pal pated at weekly intervals for the appearance of tunors. Wenever one or
nore tunors appear, the |ongest and short.est ﬁiimst ers of each tunor are
nmeasured with a netric caliper, are recorded, and that
animal is selected for experinentation. An attenpt is made to unifornmy

di stribute tfwepy@racisnsi 5 of - {@rRUNspipéhedingdt)edt laswey & ephealo lgr oups
such that average-sized tunors are equivalently di stributed between test

groups. Control groups and test grqups \g;,ggc experinment contain 5 to 9
ani mal s. Conpounds of Fornula | xAm st i ther through
al |

intraperitoneal injections in 2%lacadi a, 0 5 MAY 2003 -127
Orally adm ni stered conpounds sfe ®ft her dISSO ed or suspended in 0.2 nL
corn oil. Each treatnent, including acacia and corn oil control treatnents,
is adm nistered once daily to each test animal._ Follow ng the initial tunor
measur ement an@osél 6eLnba0BT of edt PERFWHAPEYPRERO} s (20 Shehs &P &4 week by

t he abOVG:LE‘iEBtSbOBEdoFEéHWer@@ ey aE i dded msw:ej&miyqqupe@aumbs
continue fo 3 to 5 mgg ﬁt mhlgh tine,the fi aj eas of the tunors are
detern1ned46F P 8ach hd & t%Bn??hﬁr%?%a‘Néﬁt ¥ %&Fange in the nean

tunor ar e@oltasd&tmr awbdnaté es2ne & bd 0375 neby al?rd)cmahﬂws cBebomene3 and
20 wonen g r05|s ni st er ound of the present
|nvent|onn%¥h@ g o?o%g éﬁ%& ?%re%ﬁei? .gf% §%f886 ng/ day,

and t he penmmurefwadnsnlsreélVnmorsuglmnmthsmbﬂ&mtvwnmgenauyn@b§@rvé@ during
the per i ogqlcadii SLEAL| AR wB0% hBn | o SRNEAS, Al dispgoni)nuagee of

adnlnlstratlon or e CtS on utérine r osl s. he sane procedure
i s used agxtmatrsed witkxmephy i ¢lee pelnl 0uide . adhieiwtganicowass theront hs. The

iam? pr Og%QFESctéde%?Qhaﬁ ki Nsd&8tim Ihy 8X6£PEe t 6y PLLI Ad s 30 BiighAalion is
year. agghed with brine. The organic layer was then dried (sodium

sulfate) and concentrated in vacuo to an oil. Chromatography
(Si02, 1:1 hexanes/ethyl acetate) provided 60.0 g (77%) of 4-
[2- (1l-piperidinyl)ethoxy]lphenoxybenzyl ether as a colorless
oil. 1 NMR (DMSO-dg) 4 7.40-7.27 (m, S5H), 6.84 (g, Jap =
11.5 Hz, 4H), 4.98 (s, 2H), 3.93 (t, J = 6.0 Hz, 2H), 2.56
(¢, J = 6.0 Hz, 2H), 2.35-2.37 (m, 4H), 1.48-1.32 (m, 6H)..
FD mass spec: 311. Anal. Calcd. for CpgHagNOz: C, 77.14; H,
8.09; N, 4.50. Found: C, 77.34; H, 8.18; N, 4.64.
4-[2-(1-Piperidinyl)ethoxy]phenoxybenzyl ether (21.40 g,
68,81 mmol) was dissolved in 200 mL of 1:1 EtOH/EtOAc
containing 1% con. HCl. The solution was transferred to a
Parr bottle, and 5% palladium-on-carbon (3.4 g) was added.
The mixture was hydrogenated at 40 psi for 2 hours. The
mixture was then passed through a plug of Celite to remove
catalyst. The filtrate was concentrated in vacuo to a solid
that was slurried in ethyl ether and filtered to provide
12.10 g (83%) of 4-(2-(l-piperidinyl) ethoxy)-phenol. mp 148-
150° ¢. 1H NMR (DMSO-dg) & 8.40 (s, 1H), 6.70 (g, Jap = 11.5
Hz, 4H), 3.93 (¢, J = 6.0 Hz, 2H), 2.59 (t, J = 6.0 Hz, 2H),



A. Induction of fibroid tunors in guinea pig. Prolonged estrogen
stimilation is used to induce |leiomyomata in sexually mature fenmal e gui nea
pigs. Aninals are dosed with estradiol 3-5 tinmes per week by injection for
2-4 nonths or until tunors arise. Treatnents consisting of § APy of
the invention or vehicle is adm nistered daily 0 5 MAY 2003 -128 for 3-16
weeks and then animals are sacrificed @R the uteri harvested and anal yzed
for tunor regression. B. Inplantation of human uterine fibroid tissue in

nude mce, Tissug_from human_|ejo are inmplanted into the.peritonea
cavity ana'g?'gt gpi 4B nﬁ%ﬂgt}i%ﬁg?gg alq%)) mat é‘)ascsasﬁqeaﬁ'eé,ﬁf'erml e,
nude mi ceAnBlog€adad.eforogesH1aNo2sufpl 7@d56 o Hnddiced gridmt 4. . t he

expl anted_tj.ssue,. | B~SORE £asSLSy 1 rvested tunor cells are cultured in
vitro prig%hﬁg‘iﬁpIZHfzgfo%f ?%%tggh?§€%§3isting of a conmpound of the
present invention or vehicle is supplied by gastric |avage on a daily basis
for 3-16 weeks and inplants are rq&gﬁﬁg%gﬂglgpasured for growh or
regression. At the time of sacrifice, e uteri is harvested to assess the
status of the organ. A._Tissue fromhuman uterine fibroid tunors is

har vest ed dfdMethexvired; [#n @it ¢ b PaP oFid bRy It Raxdtlq heroxylt- g es.
Sur gi cal speci rmnsm@eso&ﬁ}e@lnwr)qmthﬁoqbq_rdﬂfoﬁns;m@r(SL@\s@,d@r ‘
alternately teased apart from surrounding tissue to produce a single cel
suspension. Cells are maintained in nedia containing | oo serum and
antibiotic. Rates of gro INTN(e_ presence and absence of estrogen are
determ ned. Cells are assjayed for thye=N\ability to produce conpl enent
conponent C3 and their respgnse to «@ factors and growth hornone. In
vitro cultures are assessed for theirNp#§|iferative response foll ow ng
treatment with progestins, GiRH, a conpourd of the present invention and
vehicle. Levels of steroid hornone Le g\ assessed weekly to
determ ne whether inportant cell c pLecipl Nntained in vitro.

Tissue from5-25 patients are ytilraegs~ACti In at | east one of the
above tests indicates the conpolinds of tHk present invention are of
potential in the treatnment of uterine fibtosis. 0 5 MAY ~ -129

Endonetri osis Test Procedure In Tests 1 and 2, effects of 14-day and 21-day

admi ni strati onpgf aCQFFEQEE.‘Qﬁ ok Ehg.zep’if%i”ﬁeﬂﬁ’FrWit)oéltM)hﬁpr%M h of

expl anted endonetrial tissue can examned. Tes Twelve to thirty adult

CD strain(Peddl € r bt 43 apBol) kP 480 teitanddrgus Diffeydtard@ldisfitded i nt o

thr_ete grgﬁéﬁ\p@faEGﬂé| wadnhessd doei@sthpusidycie 9F Alh v mlay,i $0%
noni t or eq.

Fomal oo | HSRERSPBLT HERCTRE. PEIL- uteri i SHord hhohFad, Lo GaereRed | nt o

smal | squébemethogdytbe (4guatesxypipenpDsed Yorsatidirtash Al [ bladt iaph esid-€S -

adj acent 0,h0p PESERLSTI £ ) ORtL]] QWhs ' Jadilf 1 WHa {1 PSS dify G oup 2 have
After stirring for 1 hour, the reaction was judged complete
by TLC analysis. The solvent was removed in vacuo, and the
residue was distributed between water and 10% ethanol/ethyl
acetate. The organic was washed several times with water and
then dried (sodium sulfate). Concentration in vacuo gave an
0il that was triturated from ethyl acetate/hexanes to provide
0.62 g (89%) of [6-methoxy-3-[4-[2-(l-piperidinyl)ethoxy]
phenoxy]-2-(4-methoxyphenyl) ]benzo [b]thiophene-(S-oxide) as
a light yellow solid. mp 97-100° ¢. 1H NMR (DMSO-dg) 4 7.68
(&, 0 = 2.1 Hz, 1H), 7.62 (4, J = 8.8 Hz, 2H), 7.06-6.92 (m,
6H), 6.85 (d, J = 8.8 Hz, 2H), 3.94 (¢, J = 6.0 Hz, 2H), 3.81
(s, 3H), 3.72 (s, 3H), 2.56 (¢, J = 6.0 Hz, 2H), 2.39-2.32
(m, 4H), 1.47-1.32 (m, 6H). Anal. Calcd. for C39H31NOs5S: C,

68.89; H, 6.18; N, 2.77. Found: C, 68.95; H, 6.04; N, 2.57.



On the day follow ng surgery, animals in Goups 1 and 2 receive
intraperitoneal injections of water for 14 days whereas animals in Goup 3
receive intraperitoneal injections of 1.0 ng of a conpound of t he present

i nvention per kilogram of body weight for the same duration05FMAY @MBng 19
days of treatnent, each fermale is sacrg&;ced and the endonetrial explants,
adr enal s, renaining uterus, and ovaries;” where applicable, are renpved and
prepared for histological exam nation. The ovaries and adrenals are

wei ghed. Twelve to thirty adult CD strain female rats are used as test
animals. They are divided into two equal groups. The estrous cycle of all
animals is nonitored. On the day oExpmpdetrdd surgery is perfornmed on each
femal e. Fenales in each group have the left uterine horn renoved, sectioned
into small squares, and the squares are |oosely sutured_at various sites
adj acent to tReepaEett dm cam osaelagRuspPRSRSTt UB§ 503dd¢s [Ra1(Iowi ng
surgery, aning I1gRed nRGE) ¥ £ 21-Ntd aRet hbXa e h $19Ct | ons  of
wat er for Zlq%aiggaﬁéreas)SﬁpﬁgﬁyppﬁeG?oupy rgcelve 05 NAszggg 130

i ntraperitoneal |njectloﬁ?%ﬁ°ibdﬁﬁfQPhSn€bNH50HHHﬁe%he present invention
per kilogram of body weight for the same duration. Follow ng 21 days of
treatment, each female is sacrificed and the endonetrial explants and
adrenal s are renoved and wei ghed. The explants are neasured as an

i ndi cati on of grow h. Est[:i§i1ﬂwQLg§ are nonitored. Test 3 A Surgical

i nducti on of endonetriosils Aut ography=¢& endonetrial tissue are used to

i nduce endonetriosis inra and/ or v@ s. Female aninmals at reproductive
maturity undergo bil ateral oophorecto and estrogen is supplied
exogenously thus providing a specific andoconstant | evel of hornone.

Aut ol ogous endonetrial ,tissue is inpkg B¢ peritoneum of 5-150

ani mal s and estrogen supplled to i A er,expl anted tissue.

i sti ~ invention is supplied by
gastric lavage on a daily basis for 3 16|Meeks and inplants are renoved
and neasured for growth or regression. At°the time of sacrifice, the,intact
horn of the uterus is harvested to assess status of endonetrium B.

| mpl ant ati on ofy;humen grdomshshal ﬁh?%P%B'QHPUQ%)”‘gesFTHESUE frgm, hunman

endonetri al IeS|ons I's 1 np anted fnto the per'i fonéum o sexually mat ur e,
castr at edHzf egHl e, 7 nbidie’? @@e(ma%@bnohso%s& r&hem.i IHuppl-i%éd (bt i ddece

growt h of5tbeH§prgyte§ hspye. 3k SPME cases.y the hanvesbed enpdapetria

cells are culture in vitro prior to inplantation.” Treat'nent consisting of
a conpound -8f tRe ﬂ)’flése%t’i?ﬁﬁe?’ﬁl s‘iﬁ)’pi i P BAFasReE 4dvagdigd-a daily
basi s for c3ita. weeksczg%%Nlomgl ants aope7Lemyed. aphd mepaswed frgurgiow,h or

regressio of sacrjifice, the uteri is harvested to assess the
Yondtinback: Shioter st

status of Test 4 A Tissue fromhuman endonetri al

| esions is harvested and mai nt ai ned in vitro as primary nontransforned

cul tures. 0 5 MAY 2003 -131 Surgj echyens are pushed through a
sterile nesh or sieve, or alternat apart from surrounding tissue

to produce a single cell suspension. Cells are nmaintained in nedia
cont ai ni ng lllocoMethomyarit- &atill® -0t 1 e p ifReebd dhydrioat hoxy lidtee pogydncz2- and

absence of eglyr QQaY, 3G P& I A%knzo (bl thiophene hydrochloride

*HC1

N’\/o

|9}



Cells are assayed for their ability to produce conpl enent conponent C3 and
their response to growh factors and growh hornone. In vitro cultures are
assessed for their proliferative response following treatnment with
progestins, GiRH, a conpound of the invention, and vehicl e. (LeWaAYS200§
steroid hornone receptors are assessed ¥veek| y to determ ne whet her

i nportant cell characteristics are main Qined in vitro. Tissue from5-25
patients is utilized. Activity in any of the above assays indicat es that

t he conpounds q the ent nt i are_usef in the tre

endorretrrPi osis. cg]s ﬁ\fgr{tl B‘ﬁ%EIPg% Brigi'ggé (g—%t)%ﬁ t)?}r}g I eV| ating

post - nenomulmty]s;pimrmw]l—ri-v(ﬂmatmmphenymrilselszcb ble] talhbm@tmmﬁ1 ¢hred net hod

usi ng CONQQUL Qﬂ%D (f%)é% angBuBt hgr Oﬁ% ejs_n %J tefing to a wonan
rea

an effective str en r‘oges ese nents are

parti cul ardnhvirwdus THE Lmd@at mgrogeeopeso@t S0 arfd wasvaddag dertddum
chol est er%llxﬁ@ﬁﬁﬂt?%}d}%d%at('oe% Wl secghye) the Sraelipsrofogach

phar maceut i cal agent il e the conpounds of the present invention woul d
i nhi bit urfddSy aﬁotllé?r#@efétrf 86t BipHtes: r biRnT BREC HPBJERS | FLeNREYRY) of

these conhimatdHreduleddlrlisn BFapy 0ohLt 88 POStN n@é@msm}dﬁ@si&e .infra,
i ndi cat es that the conbi nation treatnents arﬁO V§$ for all erb(#atl ng the

synpt ons GRS dEHEGHRFo paFs S 1Ly Rt YAEOT AUGhYe i BHRUFSF st estrogen
?nd pr ogeﬁddma{]cma:tommrm abﬁyugvayaabkeggﬁsaf dog@@ecbats&ddiamml \Seoi (r)lcl “dS’
or exa estrogen : - Q. mest rang : - 0.15

g day) | A oy (o S ERRoYER ERRB: RLREE BAER Mo ey fer ant

(Wet h- AyelrG ;sdilidim h¥ydromgheay) ThEr bgest s mbase ds epmnd tsed nemhdidshe f or

exanpl e, r N a V, ny/ day),

nor et hyl no;r%ﬁ‘[ﬁ%%go 88&%%% %ﬁ%ggb Elﬁég ‘%a& ié‘? Qﬁ;ﬂang }5 et hi ndr one
(0.5 - 2. RGRYaISr) . TRepogpaniedlageroyan- dased w@mmdsm%fweemndw and

nor et hyl nqdmﬂera&cét@ar qtahva@rugn%oaas eifferfﬁé @f@@@%f&@@é@%@gents The
met hod of istrati on of each estrogen- g gnstl n- based agent is

consi stentdajvﬁst &t AiOc AL §fkh09\heFHYth%C%??t £rhy hee 803 of the

met hods Oftrtehftem esaM exdegrt e@Ry1cetpedNggdobclirDsrida. | FHe ehHd It isieer ed
conti nuousl milto 3t i

especi al | 3}3 lLPsl € S ﬁé’lg? 5?%%60&%%0%@ %’léllr(gal tgri Eét{f‘%

acutely durf rigﬁ—maauifa:dy—at—t[acl{ﬁ ¢l -phpedi dbagk) émdnkge]pla&eonqﬂ-rkstaanom S,

et any et i e R o LU 2, [ Lo el

means an &futt- of conpound of the present invention which is capable of
alleviating the synptoms of the various pathological conditions herein
descri bed. The speC| fic dose of a conpound adm ni stered according to this

i nvent i on B#aMPLlef bcRsealse defepareaed Bym hExpartecud br byi rdimssanées
surroundi prddwigase i ncluding, for exanple, the conpound adm nistered, the
route of admnistration, the state of being of the patient) and the

pat hol ogi cal condition be| ng treated. Atypical daily dose will contain a

nont oxi ¢ dosage |evel of from abhoepanayiton atighit 600 ny/day of a conpound
of the present invention. Preferred daily doses generally will be from

about 15 ng to abpu / ay-. oS npounds. o hIS |nvent| can be
adm ni stered by aevgrﬁé GE%E ¥5h Q%llnéfﬁglﬂéeo%al recfai ?r nsder mal ,
subucut aneus, intravenous, intranuscular, and intranasal . These conpounds
preferably are fornulated prior to wpi-atration, the selection of which
wi |l be decided by the attending p D-Fhus), anot her aspect of the
present invention is a pharnacgq% eorghsition conprising an effective
amount of a conpound of Formula’l, or a pharmaceutically acceptable salt
t hereof, optionally D 5 MAY 2003 133 contai ning an effective anount of
estrogen or progesidyy @A SaLiRE b b4 (BFERRbBRLRCCRIEL 85, oI | uent,

or excipient. The t ot ][ active ingredients in such tornu atlons Cc I'TpI’ISGS

from 0. 1% t6t 09T By WSyl OF taﬁélYf36PHﬁl BeFBALY ByCfpRar nhEBEL i 2%l | y

accept abl e”6¢t ¢ waReantelhg-patyL ELehdiuh UETY .2 @XC) Pl EN sndind 54 ty must be
conpati bl e vith the o her mg;redl ents of the fornulatio and not

del 6t eri oEOTHF 1A 1% U hEFOBII SBRYiARE KR IES! | BF HET APFOREIRA ¢ he
pr esent Inﬁ/cﬁﬂtii(Dﬁnﬁ&Itd’zQ predaopdoby 1Ipboceadar ¢38kpomn, i n1phemal} wiséng wel |
known and readily avail able ingredients. For exanple, the conpounds of
formula I, with or without an estrogen or progestin conpound, can be

formul ated with comon excipients, diluents, or carriers, and forned into
tabl ets, capsul es, suspensions, powders, and the |like. Exanples of
excipients, diluents, and carriers that are suitable for such formnul ations
i nclude the foll ow ng: flllers and extenders such as starch sugars,

oy




The conpounds al so can be fornulated as elixirs or solutions for convenient
oral 'adm nistration or as solutions appropriate for parenteral

adm ni stration, for exanple, by intranuscul ar, subcutaneous or intravenous
routes. Additionally, the conpounds are well suited to formg BtMAY 2005
sust ai ned rel ease dosage forns and the_%'ige. The fornul ati ons can be so
constituted that they release the activé ingredient only or preferably in a

particul ar physiol ogi cal |ocation, possibly over a period of time. The ~0
5 MAY 2~ 'i%el:‘}:o‘if?zl%te'dngﬁa E%ﬁbﬁ@e@ Tﬂ@drBEQiEﬁ&VxﬁiMd{é TRY RredTade, for
exanpl e, from polynmeric subStances_or waxes. npounds of fornula |, alone

or in conitRueddYwivaRMa teh&r naceid i ehen dherhr idutede bstwsent 1Nnventi on,

general | y Widdodia c2d® B3heLAE eRhy1CaR¥eRLEN 36O Ml aidion. e fol | owi ng
fornmul ati gn exanples only are illuStrative and are not intended to limt

the scope & 9% visres&/ParAGEAri 8RS FBENDFSRRbhslaYEE S % VERs whi ch
fo: low, " ﬁs@di\(ﬁ\ islrgxgrfad}een_t Eoﬁ%éﬁ%r?t@_@ﬁpﬁ’ﬁndal@flof%fad’ﬂ(jlc&adl a Qchiatesallt or

sol vate thereof. Fornulation 1: tin syl e r el atin capsules are
Quantity G Fddteyasr EﬁéF&HaﬁgﬁngrPﬂe%reﬁéﬁﬁ RFE i ngredient 0.1 -
1000 Star dilthifatQon provitetchef hogalhl?@s powfler 6 met bt/ feirdcddrie fl uid 350
centistokes .0 - 15 The farnul ati.gqn_gabgve changed, q o] jance wth
t he reasoﬁ%ﬁf§ﬂ§gff§f§8ﬁ§ng?o9%é§dégAgtg%?@% %@%hula |g%k?sep?§%g?éd usi ng
the ingredHeB KBMEQA-ds) D157 MY PDO3LENIS £16f nifl atd 6n 826 Hah| éHS .

I ngredi ent; @antd ty Lg/ paplbet ) yhct gveri pggedientg 2 5 7 o1QRO Gglyl ul ose,
nicrocrystaﬁ%iﬂe'zgo 6?0 %Vlécgh digxiée,'funed 10 - 650 SteaRate acid 5
- 15 3.82 (s, 3H). FD mass spec: 2

r r ion 14

[6-Methoxy~-2~-(4-methanesulfonyloxyphenyl) lbenzol[b]
‘thiophene

@ ) (o

To a solution of 6-methoxybenzo([b]lthiophene-2-boronic
acid (3.00 g, 14.4 mmol) in 100 mL of toluene was added 4-

H,CO

(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
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. Trituration from ethyl ether yielded a solid that was
filtered and dried in vacuo to provide 3.70 g (77%) of [6-
methoxy-2- (4-methanesulfonyloxy-phenyl) lbenzo[b]thiophene as
a tan solid. mp 197-201° C. 1H NMR (DMSO-dg) 4 7.82-7.77 (m,
3H), 7.71 (4, J = 8.8 Hz, 1H), 7.54 (d, J = 2.3 Hz, 1lH), 7.40
(d, J = 8.7 Hz, 2H), 6.98 (dd, J = 8.7, 1.5 Hz, 1lH), 3.80 (s,



The conponents are bl ended and conpressed to formtablets. Alternatively,
tabl ets each containing 2.5 - 1000 ng of active ingredient are made up as
follows: Formulation 3: Tablets Ingredient Quantity fng/tabbgfhxéﬁhbve
ingredient 25 - 1000 Starch 45 Cellul ose, mcrocrystalline

Pol yvi nyl pyrrolidone 9 (as 10% sol uti qg in water) Sodi um carboxynet hyl
cellulose 4.5 Magnesium stearate 0.5 T Fc 1 The active ingredient, starch
and cel lul ose are passed through a No. 45 mesh U. S. sieve and m xed

t hor oughl Th VI Iy I, ,do S t he
resultanty%ongrs mﬁrch are t %‘ aség%atﬁégu %%al Eh}gﬁ WEEP Si eve.
The granufesfiie@sfebdeiced et dii e 2k - BT CCan(§57pﬂ§se(IjI t Br- Bégh a No. 18

mesh U.S. sieve. The sodi um carboxynet hyl starch, magnesi um stearate, and
talc, previously passed through a No. 60 U S. _sieve, are then added to the

granul es which, after mxing, a a tablet machine to yield
tabl ets. Suspensions each containing 0.1 - 1000 ng of nedicanment per 5 ni
dose are aaéeéolllrpW&n a&aﬁoMXsZQﬁb?nnéﬁ &cFOPmélp%tﬁm&n SUYspeasi ons

| ngr edi ent anti t Active ingredie Sodi um

car boxymet h%"d’éﬁ? ﬁé’e 2o‘O( ﬁngﬁW‘i"Y t’rﬁf‘%ﬁ&rﬂge@ﬁ%i’gq ’Lﬁ‘i’%ﬁnﬁ 10 niL
Flavor qg.v. Color q.v. Purified water to 5 nmL The nedicanment is passed
through a No. 45 nesh U S. sieve-a p t he sodi um car boxynet hyl
cellulose and syrup to forma s hegzoi ¢ acid sol ution,
flavor, and color are diluted ater and added, with

stirring. Sufficient waterEc8 the \produce the required volune. An
aerosol solution is prepared containing the follomjng ingredients

For mul ati on 5 Aerosol | ngredient Quantjty wei Active ingredient
0.25 Et haht#ld5 753 Fropdl® &/ 2210 chr ori or%‘ﬁ%q e) 70530 7TRE acti ve

i ngredi entm] s3m xed, 59t =4 hramolnﬁnd 7t.he mdxt ure gddegzt 028)posteen of the

propel | an cool ed to 30 C, d transferr o_a fillin evice. The

required Ea‘?’r%urﬂ At&ren? fedigo st i ﬁ'lqes@ s?@él' oﬁ@al(ﬁergggd dfPuted with

the remimasy spapel4@ntAnalhe Qadlode foirt £2aHeg0d8en d,i tA@ 7t;0 H,hé& .@dnt ai ner .
Found: C, 76.00; H, 5.25.

P ion

[6~-Hydroxy~-2-(4-methanesulfonyloxyphenyl) ]lbenzo[b]
thiophene

@ \ s,

To a solution of [6-methoxy-2-(4-methanesulfonyloxy-
phenyl) ]benzo[b]thiophene (9.50 g, 28.40 mmol) in anhydrous
methylene chloride (200 mL) at room under nitrogen gas was
added boron tribromide (14.20 g, 5.36 mL, 56.8 mmol). The

HO

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,
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



Q 5 MAY 2003 -137 Suppositories are prepared as follows: Fornul ation 6:
Supposi tories Ingredient Quantity (ng/suppository) Active ingredient 250
Saturated fatty acid glycerides 2,000 The active ingredient assed
through a No. 60 nmesh U S. sieve and suspended in the saturoaéé@ y acid
glycerides previously nelted using the mnimal necessary heat. The m Xxture
IS then poured into a suppository nol & 9% noni nal 2 g capacity and al |l owed
to cool. An intravenous formulation is prepared as follows: Fornulation 7:

Sl i no 1 ORSRLIhd ol | G OFchd dovd-i Mo ohr dnte: i € ni f albnbisl y

admi ni stergg, tp, azped; ent= ad. A HAt e110f, abas @,y pes. m Hut,eZHIForﬁruDat i on

S0 Pronmr 1 1940 bel B TV 50 Sar (1500 1780 -2 Fcon0r| 22 %uath 80
0. SO Cab-8H5i| PBD2Bass GredS2®~32rd.B8 Fdratul mmﬁlgﬁlﬁuﬁy n&ti 816 .€3psul e
H H, 3.77. Found: C, 56.49; H, 3.68.

Pr ration 17

[6-Benzyloxy-2-(4-methanesulfonyloxyphenyl)lbenzo
[blthiophene

O \ O os0,cE,

To a solution of [6-hydroxy-2-(4-methanesulfonyloxy-
phenyl)] benzo{blthiophene (3.20 g, 10.0 mmol) in 75 mL of
anhydrous DMF was added Cs3CO3 (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 was removed

BnO

in vacuo, and the solid residue was suspended in 200 mL of
water. The white precipitate was collected by filtration and
washed several times with water. Upon drying in vacuo, the
crude product was suspended in 1l:1 hexanes:ethyl ether. The
solid was collected to provide 3.72 g (91%) of [6-benzyloxy-
2-(4-methanesulfonyloxy-phenyl)lbenzo{blthiophene as a white
solid. mp 198-202° C. 1H NMR (DMSO-ds) 4 7.81-7.78 (m, 3H),
7.72 (4, 3 = 8.7 Hz, 1H), 7.64 (d, J = 2.2 Hz, 1H), 7.47-7.30
(m, 7H), 5.15 (s, 2H), 3.39 (s, 3H). FD mass spec 410.

[6-Benzyloxy-2-(4-hydroxyphenyl)]lbenzo([(blthiophene

S W

BnO



I ngredient Quantity (ng/capsule) Active ingredient 50 Norethylnodrel 5

Avi cel pH 101 82.50 Starch 1500 90 Silicon Gl 2 Tween 80 0.50 Fornul ation
10: Conbi nation Tabl et |ngredientQuantity (ngl capsul e)Active

i ngredi ent 50Premari n1Corn Starch NF50Povi done, K29-326Avi c@l5 RAY 2003

10141. 50Avi cel pH 102136. 50Cr ospovi done, , XL102. 50Magnesi um

St ear at €0. 50Cab-0- Si | 0. 50 0 5 MAY 2p§§ 139 | Cla|n1 1. A conpound of
formula |l R3-(CHZ)n Z\ RR ~ S\ / wherein RLis -H -OH -QCl-Cg

I kyl). - : Ho-OH
aO()Cljl)Cq al k |?§ o%%ogﬁ%fg%ﬁ;ﬁ’&s %&Zd%{%lfl"%% X5 o,
R3is 1- ppbenydli)hpel)lzqmytﬁhmpl'mrwlQlﬂrét(h)g.- By 0o mm@ilayin 300 mL of
di met hyl - énH%HEBhédTﬁﬁ’lmn&ef’qa ddiP gl TRt @)ﬁ{kﬁ'@rﬁot_e?ﬂp%frléfh%@‘ Ms

di i svpropyl.am no, or lhexanet nel mno, nis 3; Is -0- - S

or a phar adéedt lééhwma%berb%r&m ddide Her-83 9. 261A006W|9édndna§5‘6%éll ng to :

Caiml wherehBnsal 0k WDk trd SvdS-thel By rdd=lt? ambient
-(1pyrrolidinyl)ethoxyl phenoxy] - 2-(4- nethoxyphenyl% benzo bh t hi ophene,

representéamﬁﬁrﬁﬁérgt %Et%r%?urs and then quenched care
pouring the mixture into an excess of cold 1.0 N hydrochloric

acid. The aqueous phase was extracted with 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 212-216° C. 1H NMR (DMSO-dg) 4 9.70 (s,
lH), 7.63 (4, J = 8.7 Hz, 1H), 7.56 (d, J = 2.2 Hz, 1lH),
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 (s, 2H). FD mass spec 331. Anal. Calcd.
for C3;1H1602S: C, 75.88; H, 4.85. Found: C, 75.64; H, 4.85.

Example 19

[6-Benzyloxy-2~(4-methoxyphenyl)lbenzo[blthiophene

To a solution of [6-benzyloxy-2-(4-hydroxyphenyl)]
benzo[b] thiophene (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 smail portions.
Once gas evolution had ceased, iodomethane (3.25 mL, 52.18
mmol) was added dropwise. The reaction was stirred for 3
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
provide 9.00 g (98%) of [6-benzyloxy-2-(4-methoxyphenyl)]



or a pharmaceutically acceptable salt. 3. A conpound according to Claim?2
wherein said Salt is the hydrochloride salt.

CA{ LAY, L A@, A ATU?. ASLL. A@GIL_. A@Y. A A AU . A Ase. AR Al . A AE@g«)MﬁYﬁw

2. r.A3.2. A& A 2.AY. AL. A{F.A{.Al?. A (L.A.Ah A _.A AL AYL

CACA AU% A A{ L A3, . Ah, L A{. Ae. AFu. AL A A A A A . A A3 A AE A{.A& A . A Ah
ACA{ AL Ahy. A{L.AY . A N AL. A% AL. Ay. AEA39. A. A % Ae. AFU

AR Y. AS{R A Ar. Ay. AL LA Ae. Ar. A LAL.A L. A% A AY. A3% A
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A A9, A AG?.“&O{[b.]E*_‘.l&@ SNANES AR WILLR é\g%ﬁ . %ﬁ_sf {%'.g.%A. .As%.
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BnO

[6-Benzyloxy-2- (4-methoxyphenyl) lJbenzo[b]thiophene (10.0
g, 28.9 mmol) was placed in 200 mL of chloroform along with
10.0 g of solid sodium bicarbonate at ambient temperature.
To this suspension was added bromine (1.50 mL, 29.1 mmol)
dropwise over 30 minutes as a solution in 100 mL of
chloroform. Upon completion of the addition, water (200 mL)
was added and the layers were separated. The organic phase
was dried (sodium sulfate) and concentrated in vacuo to a
white solid. Crystallization from methylene chloride/
methanol provided 10.50 g (85%) of [6-benzyloxy-2-(4-
methoxyphenyl)-3-bromolbenzo-[b]thiophene as a white solid.
mp 146-150° ¢. 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
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 CyyH1703SBr: C,
62.13; H, 4.03. Found: C, 61.87; H, 4.00.
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Yellow oil. 1H NMR (DMSO-dg) 4 7.76 (d, J = 2.2 Hz, 1lH),
7.62 (d, J = 8.8 Hz, 2H), 7.44-7.30 (m, S5H), 7.12 (44, J =
8.6, 2.2 Hz, 1H), 7.03-6.93 (m, SH), 6.85 (d, J = 8.8 Hz,

n

¢}



U]l c”a] ca] ca] ca] caV] ca] ca] ca] caU] ca] caU] cal] ca

Ul c*a] ca] ca] ca] ca] cPa] ca] cPa] cal] ca] ca

Q?X?Z?_?a? @@ @d AKAYAAAADDEEEaEgEEF$G GGGGEGEE HeHyt oi d”YSni X] Cﬁ.}\cam%lsca] cal

caJ ca] ca 0

U]l c”a] ca] ca] caV] ca] ca] ca] ca] caV] ca] ca] caé cal] ca] c*a] calU] ca] ca] ca] ca] ca] cay

calcaU ca cHHHHH-I 21 71 91 ;

| =1 %+3JJJJJ, KOKJ KkLm_xL} LMWAN N) N+N- N~yr| fa[ Vi d’\YSnl V] ] caU] ca] caU] cal] ca
c"a] ca ajc N a U ca]ca]c

aU]] c"a} ca} ?%}) N“\}EIQ(i }\IC%EQ%?LJ%%;J %i’att/J] \7f1 \%l’ﬁ ] Cfl 7;5] L(%' ]é?@RI d"YSD

] ca] cal] c@U]Stﬁalﬂ]OCa] da#J] Ba8 Uiz alKh] cZa]l:h—]Z:aIﬂ%a(ln],cath)a] da]4(5a1 32 (m,

Ul c"a] caVigegl.ca¥bcakeal 6abl cod saVical catd rad catde s Yaaadabigh! b#b(b

)b] ¢_cj cocccc3d>dddddddd] vgl T~ [ Ui'dAYSD U] ca] caL%( cPaU] ca

U c”a] ca] HaVPclPcaNead chl) cBenrd cdf cajzalyicdl] %%zU]l\ba]%

U d*YSD
U][cl‘a] ca] ]cg?tﬂa]cglllcﬂatﬂag?] cal] ca] c: W&-&bﬂ-@é} cal] ca

U] c”a] caU] ca] caU] caU] cal] ca

c"a] ca c 2k8kBkI [ 11~ mpy Nt O, ooo 00000k zt.ni c’\YS| ary
SDUL ool on) R R&F Batea ¢ bAT (A BT BAP AR QLRI St pea) Shy Rae
U] cMa] cal] ca] ddUjwentk ¢absatdficen ¢1a]|1ded nabd M| tcla] o shai ¢ © U sopaivde X XXXXXXJZL
zNzWe\ zdzgz{{{{{{{{zt oi cAYSi d*YSD] c”a] ca] cal] cal] ca] cal] ca] ca] c"a
Ul c”*a] caU] ca] cal] ca] ca] c’\ ca] cal ca] cal] cal] cal] ca
Ul c”a] ca] ca]ca] caV]ca] c @H~ ~/ : =@\~DHIV
K{ upkf a[ Ui d*YSD] U] ca] c"f] ca llca] ca c sl al] ca
U]l c”a] ca] ca] ca] ca] cal] ca U] caU] ca 5
U] cMa] ca] ca] ca] caKMRZ[ ] _ai kp} $HILUZeNg! & YTi d*YSD] ] cal] cal] ca
] caU] ca

\

Yellow solid. mp 89-93° ¢. 1H NMR (DMSO-dg) 4 7.68 (d, J
= 2.2 Hz, 1H), 7.62 (d, J = 8.8 Hz, 2H), 7.42-7.28 (m, SH),
7.08-6.92 (m, 6H), 6.86 (d, J = 8.8 Hz, 2H), 5.09 (s, 2H),
3.94 (bt, J = 5.8 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
592. Anal. Calcd. for C3gH3g5NOg5Se0.25 EtOAc: C, 71.62; H,
6.18; N, 2.32. Found: C, 71.32; H, 5.96; N, 2.71.
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Prepared in a manner analagous to Example 11 are Exampes 37-
38.
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Isolated in 95% overall vield starting from [6-
benzyloxy-2- (4-methoxyphenyl) -3-bromo]benzo[b]thiophene- (S-
oxide). Purified by chromatography (SiOp, 1-5%
methanol/chloroform) to provide an off-white solid. mp 105-
108° c. 14 NMR (DMSO-dg) 4 7.62 (d, J = 2.2 Hz, 1H), 7.59 (4,
J = 8.8 Hz, 2H), 7.45-7.30 (m, 5H), 7.15 (dd, J = 8.6 Hz,
1H), 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, 4H). FD mass spec 565.
Anal. Calcd. for Ci3gH3sNO4S: C, 74.31; H, 6.24; N, 2.48.

Found: C, 74.35; H, 6.07; N, 2.76.

xampl

[6-Methoxy-3-[4-[2~(1l-piperidinyl)ethoxylphenoxyl-2-
(4-benzyloxyphenyl)lbenzo[blthiophene
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4H) . FD mass spec 565. Anal. Calcd. for C3sH3sNO4S: C, 74.31;

H, 6.24; N, 2.48. Found: C, 74.26; H, 6.17; N, 2.73.

Example 39

[6-Hydroxy-3-[4-[2-(1l-piperidinyl)ethoxylphenoxyl-2-
(4-methoxyphenyl)]lbenzo[b]lthiophene

Ny
C Q
PO @S

To a solution of [6-benzyloxy-3-[4-[2-(l-piperidinyl)
ethoxylphenoxy]-2-(4-methoxyphenyl) ]benzo[blthiophene (8.50
g, 15.0 mmol) in 300 mL of 5:1 ethanol/ethyl acetate was
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 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 (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-(1l-piperidinyl) ethoxy]phenoxy]-2-(4-
methoxyphenyl) lbenzo[b)thiophene as foam that converted to
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vield = 88%. mp 147-150° C. 1H NMR (DMSO-dg) 4 9.72 (s,
1), 7.51 (4, 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), 6.81 (s,
4H), 6.76 (d, J = 8.6, 2H), 3.91 (bt, J = 5.9 Hz, 2H), 3.77
(s, 3H), 2.55 (bt, J = 5.9 Hz, 2H), 2.38-2.33 (m, 4H), 1l.46-

1.28 (m, 6H). FD mass spec 475. Anal. Calcd. for Co;gHpgN04S:
¢, 70.71; H, 6.15; N, 2.94. Found: C, 71.00; H, 6.17; N,
2.94.

Alternatively, Examples 39 and 40 can be prepared by the same
transfer hydrogenolysis procedure directly in 90% yield from
[6-methoxy-3-[4-[2-(1-piperidinyl)ethoxy]phenoxy]-2-(4-
benzyloxyphenyl) lbenzo[b]thiophene- (S-oxide) and [6-
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methoxyphenyl) lbenzo [b]thiophene-(S-oxide), respectively.

Example 41

[6-Hydroxy-3-[4-[2-(1l~-piperidinyl)ethoxylphenoxy]-2-
(4-methoxyphenyl)]lbenzo([b]lthiophene (Example 39) was
converted to its hydrochloride salt in 85% yield by
treatment with ethyl ether/hydrochloride in ethyl
acetate followed by crystallization from ethanol/ethyl
acetate

O \ Q

mp 156-160° C. 1H NMR (DMSO-dg) d 10.28 (bs, 1H), 9.85 (s,
1H), 7.56 (d, J = 8.8 Hz, 2H), 7.25 (d, 0 = 2.0 Hz, 1H), 7.06
(d, J = 8.7 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 6.87 (g, JaB =
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, 5H), 1.36-1.29
(m, 1H) FD mass spec 475. Anal. Calcd. for CpgHpgNO4gS+1.0
HCl: C, 65.68; H, 5.90; N, 2.73. Found: C, 65.98; H, 6.11; N,
2.64.

HO
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Example 42

Prepared in a manner analogous to Example 41 was [6-
hydroxy-3-[4-[2-(1l-piperidinyl)ethoxylphenoxyl]l-2-(4-
methoxyphenyl)]lbenzo[b]l]thiophene hydrochloride

*HCI

Q’”°Q

mp 215-217° ¢c. 1H NMR (DMSO-dg) 4 10.28 (bs, 1H), 9.80 (s,
1H), 7.52 (d, § = 2.2 Hz, 1H), 7.47 (4, J = 8.6 Hz, 2H), 7.12
(d, J = 8.4 Hz, 1H), 6.91-6.80 (m, 5H), 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 CzgH29N04S+1.0 HCl: C,
65.68; H, 5.90; N, 2.73. Found: C, 65.87; H, 5.79; N, 2.99.

[6-Benzoyloxy-3-[4-[2-(1-piperidinyl)-ethoxylphenoxy] -
2-(4-benzoyloxyphenyl)]lbenzo[blthiophene hydrochloride

<HC1
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of anhydrous tetrahydrofuran at 0° C was added triethylamine
(1.00 mL). To this mixture was added benzoylchloride (0.28
mL, 2.35 mmol). After stirring at 0° C for 2 hours, the
reaction was quenched by distributing between ethyl
acetate/saturated sodium bicarbonate solution (100 mL each).
The layers were separated and the organic was dried (sodium
sulfate) and concentrated in vacuo to a white solid. The |
crude product was dissolved in 10 mL of ethyl acetate and
treated with ethyl ethershydrochloric acid. A white
precipitate formed that was collected by filtration. Drying
provided 390 mg (50%) of [6-benzoyloxy-3-[4-[2-(1~
piperidinyl) ethoxylphenoxy]-2-(4-benzoyloxyphenyl) lbenzo
[b)thiophene hydrochloride as a white solid. mp 200-204° C.
lH NMR (DMSO-dg) @ 9.95 (bs, 1H), 8.18 (m, 1H), 8.16 (m, 2H),
8.12 (dd, 9 = 10.0, 2.0 Hz, 2H), 7.87 (dd, J = 7.0, 2.0 Hz,
2H), 7.78 (m, 2H), 7.64 (m, 2H), 7.42 (d, J = 7.0 Hz, 2H),
7.34 (dd, J = 8.0, 2.0 Hz, 1H), 7.00 (s, 4H), 4.32 (m, 2H),

()-@

@

LY. 30801 WPB it W o ko 0@ 1086 fhor) 1@ 30%RLE O

3.45 (m, 4H), 2.99 (m, 2H), 1.75 (m, 5H), 1.39 (m, 1H). Anal.

Calcd. for C4q1H3sNOgSe1.5HC1l: C, 67.97; H, 5.08; N, 1.93,
Found: C, 68.05; H, 5.24; N, 2.01.

By the same procedure was prepared:
Example 44

[6-Ethylsulfonyloxy-3-{4-[2-(1l-piperidinyl)ethoxy]-
phenoxyl-2-(4-ethylsulfonyloxyphenyl)]
benzo[blthiophene hydrochloride

*HCl

N“\v_o

Q

[o}

O \ O 0S (0)2EL
S

Et (0),SO
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Yield = 72%. mp 110-115° C. 1B NMR (DMSO-dg) 4 10.15
(bs, 1H), 8.15 (d, J = 2.0 Hz, 1H), 7.85 (d, J = 7.0 Hz, 2H),
7.43 (m, 3H), 7.34 (dd, J = 9.0, 2.0 Hz, 1H), 6.97 (m, 4H),
4.31 (m, 2H), 3.57 (m, 4H), 3.44 (m, 4H), 2.97 (m, 2H), 1.76
(m, 5H), 1.40 (m, 7H). Anal. Calcd. for C31H3s5NOgS3+1.5HCI:
C, 54.57; H, 5.32; N, 2.05. Found: C, 54.36; H, 5.37; N,
2.05.

By a similar procedure employing triflouromethanesulfonic
anhydride was:

Example 45

[6-Methoxy-3-[4-[2-(1-piperidinyl)ethoxy]-phenoxyl]-2-
(4-triflouromethanesulfonyloxyphenyl)]

benzo[blthiophene

OSO,CF,

Yield = 81%. 0il. lH NMR (DMSO-dg) 4 7.82 (d, J = 8.7 Hz,
2H), 7.60 (4, J = 2.0 Hz, 1H), 7.54 (4, J = 8.7 Hz, 2H), 7.17
(d, J = 8.8 Hz, 1H), 6.93 (dd, J = 8.8, 2.0 Hz, 1lH), 6.84 (s,
4H), 3.92 (bt, J = 5.7 Hz, 2H), 3.79 (s, 3H), 2.56 (bt, J =
5.7 Hz, 2H), 2.36-2.30 (m, 4H), 1.44-1.31 (m, 6H). FD mass
spec: 607. Anal. Calcd. for CagH28NOgF3S>: C, 57.32; H,
4.64; N, 2.30. Found: C, 57.16; H, 4.52; N, 2.01.

Prepared from Example 1 by similar procedures were:

3
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3-[4-[2-(1~piperidinyl)ethoxylphenoxyl-2-(4-
benzoyloxyphenyl)lbenzo[blthiophene hydrochloride

Q

Yield = 85%. mp 190-198° C. 1H NMR (DMSO-dg) d 10.48
(br s, 1H), 8.00-8.10 (m, 2H), 7.80-8.00 (m, 3H), 7.60-7.53
(m, 4H), 7.40-7.56 (m, 6H), 6.93 (s, 2H), 4.37-4.43 (m, 2H),
3.00-3.05 (m, 2H), 2.53-2.63 (m, 6H), 1.75-1.95 (m, 3H),
1.40-1.50 (m, 1H). FD mass spec: 550. Anal. Calcd. for
C34H31NO4S+1.0HC1l: C, 74.29; H, 5.68; N, 2.55. Found: C,
74.52; H, 5.80; N, 2.59.

*HC1

NN-©

x 47

3~-[4-[2-(1-piperidinyl)ethoxylphenoxyl-2-(4-
rivaloyloxyphenyl)lbenzo[blthiophene hydrochloride

Yield = 90%. mp = 193-197° ¢. 1H NMR (DMSO-dg) 4 10.10
(br s, 1H), 8.12 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.6 Hz,
1H), 7.40-7.53 (m, 3H), 7.15 (d, J = 6.7 Hz, 2 H), 7.00 (s,
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5H), 4.33-4.40 (m, 2H), 3.45-3.60 (m, 4H), 3.00-3.10 (m, 2H),
1.70-1.90 (m, 6H), 1.40 (s, 9H). FD mass spec: 529. Anal.
Calcd. for C33H3sNO4Se«1.0HCl: C, 67.89; H, 6.41; N, 2.47.

Found: C, 68.94; H, 6.61; N, 1.72.
Example 48

3-[4-[2-(1-piperidinvy]l)ethoxylphenoxyl-2-(4-
butylsulfonyl-oxyphenyl)lbenzo{blthiophene
hydrochloride

O \ O o5 (01

Yield = 85% white solid. mp = 98-104° C. 1H NMR (DMSO-
dg) 4@ 10.20 (br s, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.82 (d, J =
8.7 Hz, 2H), 7.40-7.55 (m, SH), 7.00 (s, 4H), 4.30-4.40 (m,
2H), 3.46-3.66 (m, 6H), 3.00-3.10 (m, 2H), 1.70-1.95 (m, 6H),
1.40-1.60 (m, 4H), 0.87 (t, J = 7.3 Hz, 3H). FD mass specC:
565. Anal. Calcd. for C31H3gNOsS;+1.0HCl: C, 61.83; H, 6.03;

N, 2.33. Found: C, 61.55; H, 6.15; N, 2.25.

Pr x ion 21

[6-Hydroxy-3-[4-[2-(l-piperidinyl)ethoxy]-
thiophenoxy)]-2-(4-hydroxyphenyl) l]benzo[blthiophene

/@OCH:OCH;
[
E,COE,CO

Preparation of 4-{(methoxymethyloxy)phenyldisulfide.
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To a solution of 4-hydroxyphenyldisulfide (650 mg, 2.60

mmol) in 10 mL of anhydrous N,N-dimethylformamide at 10° C

was added sodium hydride (230 mg, 5.75 mmol, 60% dispersion

in mineral oil). After stirring for 15 minutes,
chloromethylmethyl ether (0.44 mL, 5.75 mmol) was added via
syringe. The reaction was warmed to ambient temperature and

stirred for 0.5 hours. The mixture was distributed between

brine/ethyl acetate (20 mL each). The layers were separated

and the aqueous phase extracted with ethyl acetate (2 x 20

mL) .

The organic was dried (sodium sulfate) and concentrated

to a yellow oil (993 mg, 100%). An analytical sample of 4-

(methoxymethyloxy) -phenyldisulfide was prepared by

chromatography (silicon dioxide, 4% ethyl acetate/hexanes).
1y NMR (DMSO-dg) @ 7.40 (d, J = 6.9 Hz, 4H), 7.00 (d, J = 6.9

Hz, 4H), 5.15 (s, 4H), 3.32 (s, 6H). FD mass spec: 338.

Anal.

Calcd. for CjgH1804S2: C, 56.78; H, 5.36. Found: C,

57.08; H, 5.44.

Example 49

[6-Methoxy-2-(4-methoxyphenyl)-3-(4-

methoxymethyleneoxy)thiophenoxylbenzol[blthiophene

HiCOHCO

s

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

H,;CO

bromo]lbenzo[blthiophene (1.82 g, 5.2 mmol) in 10 mL of
anhydrous tetrahydrofuran under N at -60° C was added n-

butyllithium (3.15 mL, 5.0 mmol, 1.6 M solution in hexanes)

dropwise via syringe. The resulting mixture was warmed to
-20° C for 10 minutes, then cooled back to -60° C. 4-
(methoxymethyloxy) -phenyldisulfide (800 mg, 2.36 mmol) in 5
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species, and the resultant mixture was allowed to gradually
warm to 0° C. After stirring for 20 minutes, the reaction
was quenched by distributing between brine/ethyl acetate (50
mL each). The layers were separated, and the aqueous phase
was extracted with ethyl acetate(2 x 50 mL). The organic
layer was combined, dried (sodium sulfate), and concentratedl
in vacuo to an oil. Chromatography (silicon dioxide, 5%
ethyl acetate/hexanes) provided 287 mg (27%) of [6-methoxy-2-
(4-methoxyphenyl) -3- (4-methoxymethyleneoxy)thiophenoxy]
benzo[blthiophene as a colorless oil. lH NMR (DMSO-dg) 4 7.59
(d, J = 8.4 Hz, 2H), 7.58 (d, J = 2.0 Hz, 1H), 7.52 (d, J =
8.8 Hz, 1H), 7.03- 6.85 (m, 7H), 5.06 (s, 2H), 3.79 (s, 3H),
3.76 (s, 3H). FD mass spec: 438. Anal. Calcd. for Cp4H2204S>:
C, 65.73; H, 5.06. Found: C, 65.93; H, 5.10.

xampl 0

[6-Methoxy-2-(4-methoxyphenyl)-3-(4-hydroxy)
thiophenoxylbenzo([blthiophene

Q

s

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

HO,

H,CO

methoxymethyleneoxy)thiophenoxylbenzo[b]lthiophene (233 mg,
0.53 mmol) in 10 mL of a 1:1:2 mixture of methanol:water:
tetrahydrofuran was added methane sulfonic acid (0.2 mL, 2.66
mmol). The mixture was heated to reflux for 5 hour. Upon
cooling to ambient temperature, the reaction mixture was
diluted with water. The agueous phase was extracted with
ethyl acetate (2x). The organic layer was washed with sat

sodium bicarbonate solution several times. The organic layer
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-dg) a 9.43 (s, Y, 7.63 (d, = 8.4 Hz, 2H),

7.61 (4, J = 2.0 Hz, 1H), 7.59 (d, J = 8.8 Hz, 1H), 7.08 (d,

J = 8.4 Hz, 2H), 7.02 (dd, J = 8.8, 2.0 Hz, 1H), 6.90 (d, J =

8.6 Hz, 2H), 6.63 (4, J = 8.6 Hz, 2H). FD mass spec: 395.

Anal. Calcd. for CppH1803S2: C, 66.98; H, 4.60. Found: C,

67.26; H, 4.78.

Example 51

[6-Methoxy-3-[4-[2-(1l-piperidinyl)ethoxylthiophenoxy] -
2-(4-methoxyphenyl)]lbenzo[blthiophene

PO

To a solution of [6-methoxy-2-(4-methoxyphenyl)-3-(4-
hydroxy) thiophenoxylbenzo[b]lthiophene (242 mg, 0.61 mmol) in
8.0 mL of anhydrous N,N-dimethylformamide was added cesium
carbonate (820 mg, 2.5 mmol) followed by 2-
chloroethylpiperidine hydrochloride (194 mg, 1.05 mmol). The
resulting mixture was stirred for 48 hours at ambient
temperature and then distributed between brine/ethyl acetate.
The layers were separated, and the aqueous phase was
extracted with ethyl acetate (3x). The organic layer was
dried (sodium sulfate) and concentrated in vacuo to an oil.
Chromatography (silicon dioxide, 0-2% methanol/chloroform)
provided 244 mg (92 %) of [6-methoxy-3-[4-[2-(1l-piperidinyl)
ethoxylthiophenoxy]-2- (4-methoxyphenyl) lbenzo-{blthiophene as
an amber oil.

Example 52
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A sample of [6-methoxy-3-[4-[2-(1l-piperidinyl)ethoxy]-

thiophenoxyl-2-(4-methoxyphenyl)]lbenzo[blthiophene was

converted to its hydrochloride salt according to the
standard procedure in 72% yield

Q@%\@

mp 198-201° ¢. 1H NMR (DMSO-dg) 4 7.63 (d, J = 8.6 Hz,
2H), 7.62 (d, J = 2.0 Hz, 1H), 7.58 (d, J = 8.2 Hz, 1lH), 7.07
(d, J = 8.6 Hz, 2H), 7.02 (dd, J = 8.2, 2.0 Hz, 1H), 6.92 (q,
Jag = 9.0 Hz, 4H), 4.24 (bt, 2H), 3.82 (s, 3H), 3.80 (s, 3H),
3.49-3.39 (m, 4H), 2.93 (m, 2H), 1.82-1.62 (m, 5H), 1.38 (m,
1H). Anal. Calcd. for CpgH32N03S3+1.0 HCl: C, 64.28; H, 5.95;

N, 2.58. Found: C, 64.09; H, 6.08; N, 2.78.
Example 53

[6-Hydroxy-3-[4-[2-(1l-piperidinyl)ethoxy] -
thiophenoxyl-2-(4-hydroxyphenyl)lbenzol[blthiophene

To a solution of [6-methoxy-3-[4-[2-(1l-piperidinyl)
ethoxy]-thiophenoxy]-2-(4-methoxyphenyl) lbenzo[b]thiophene
hydrochloride (160 mg, 0.29 mmol) in 15 mL of anhydrous
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' 10% & ()-St]ioro{f(e% (f)o_r#ﬁ%%%ﬁ?u%%:g O3 C and then immediately poured into a
stirred solution of ethyl acetate/sat sodium bicarbonate
solution (50 mL each). The layers were separated, and the
aqueous phase was washed with ethyl acetate (3 x 30 mL). The
organic was dried (sodium sulfate) and concentrated in vacuo
to a white solid. Chromatography (silicon dioxide, 0-5%
methanol/ chloroform) provided 91 mg (60%) of [6-hydroxy-3-
[4-[2-(1l-piperidinyl)ethoxy]thiophenoxy]-2-(4-
hydroxyphenyl) ]benzo([b] -thiophene as a white solid. mp 123-
127° Cc. 1H NMR (DMSO-dg) 4 9.79 (s, 1H), 9.71 (s, 1H), 7.46
(d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.9 Hz, 1H), 7.26 (d, J =
2.0 Hz, 1H), 6.91 (d, J = 8.8 Hz,2H), 6.82-6.76 (m, 5H),
3.91 (¢, J = 8.8 Hz, 2H), 2.56 (t, J = 5.8 Hz, 2H), 2.40 (m,
4H), 1.41-1.28 (m, 6H). FD mass spec: 478. Anal. Calcd. for
C27H27NO3S2: C, 67.90; H, 5.70; N, 2.93. Found: C, 68.14; H,
5.84; N, 2.65.
xampl 4

[6-Hydroxy-3-[4-[2-(1l-piperidinyl)ethoxylthiophenoxy] -
2-(4-hydroxyphenyl) ]benzo[blthiophene hydrochloride

PO W

mp 180-190° C. 'H NMR (DMSO-dg) 4 9.86 (s, 1H), 9.79 (s,
1H), 7.46 (4, J = 8.5 Hz, 2H), 7.42 (d, J = 8.7 Hz, 1H), 7.29
(d, J = 2.0 Hz, 1H), 6.96 (d, J = 8.7 Hz, 2H), 6.86-6.81 (m,
5H), 4.27 (m, 2H), 3.41-3.37 (m, 4H), 2.96-2.84 (m, 2H),
1.77-1.60 (m, 5H), 1.35-1.28 (m, 1H). FD mass spec: 477.
Anal. Calcd. for C37H37N03S3+2.2 HCl: C, 58.13; H, 5.28; N,
2.51. Found: C, 58.11; H, 5.10; N, 2.61.
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Prepared by the same procedures were:

Example 55

[6-Methoxy-3-[4-[2-(1-pyrolodinyl)ethoxylthiophenoxyl] -
2-(4-methoxyphenyl)lbenzo[blthiophene hydrochloride

<HC1

C'*’\/O\Q

mp 215-218° C. 1H NMR (DMSO-dg) 4 7.61-7.58 (m, 3H), 7.52
(d, J = 8.8 Hz, 1H), 7.04-6.95 (m, 5H), 6.86 (d, J = 8.8 Hz,
2H), 4.22 (bt, 2H), 3.79 (s, 3H), 3.76 (s, 3H), 3.47-3.42 (m,
4H), 3.01 (m, 2H), 1.94-1.80 (m, 4H). FD mass spec: 491.
Anal. Calcd. for CpgHp9NO3S2¢1.0HCl: C, 63.67; H, 5.73; N,

2.65. Found: C, 63.47; H, 5.78; N, 2.65.

Example 56

[6-Hydroxy-3-[4-[2-(1l-pyrolodinyl)ethoxylthiophenoxy] -
2-(4-hydroxyphenyl) lbenzo([blthiophene hydrochloride

*HC1

Ca “’\Q\

mp 137-140° C (dec). H NMR (DMSO-dg) & 9.86 (s, 1H),
9.80 (s, 1H), 7.46 (d, J = 8.6 Hz, 2H), 7.42 (4, J = 8.7 Hz,
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Example 57

Prepared from the product of Example 45 by the
hydrogenolysis of the triflate as described below in
Example 58 was 6-methoxy-3-[4-[2-(1l-piperidinyl)
ethoxy] phenoxyl-2-(phenyl)]lbenzo[blthiophene
hydrochloride

¢HC1

O’”°@

-0

mp 187-195° C. H NMR (DMSO-dg) 4 7.66 (d, J = 2.8 Hz,
2H), 7.58 (d, J = 2.0 Hz, 1H), 7.39 (t, J = 7.5 Hz, 2H), 7.28
(m, 1H), 7.17 (4, J = 8.8 Hz, 1H), 6.91 (dd, J = 8.8, 2.0 Hz,
1H), 6.89 (s, 4H), 4.23 (bt, J = 5.7 Hz, 2H), 3.79 (s, 3H),
3.45-3.38 (m, 4H), 2.98 (m, 2H), 1.77-1.61 (m, 5H), 1.31 (m,
1H). FD mass spec: 460. Anal. Calcd. for CpgHz9NO3S«1.0HCl:
C, 67.80; H, 6.10; N, 2.84. Found: C, 67.62; H, 5.89; N,
2.67.

H,CO
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To a solution of 6-hydroxy-3-[4-[2-(l-piperidinyl)
ethoxy]phenoxy]l-2- (4-hydroxyphenyl) l1benzo(b]thiophene
hydrochloride (5.00 g, 10.0 mmol) in 100 mL of anhydrous
methylene chloride at 0° C under N; was added triethylamine
(8.38 mL, 60.0 mmol) followed by triflouromethanesulfonic
anhydride (1.69 mL, 10.0 mmol). The resulting mixture was
allowed to gradually warm to room temperature and stirred for
1.5 hours. The reaction was then quenched by pouring into
200 mL of saturated sodium bicarbonate solution. The agqueous
phase was then extracted with ethyl acetate (3 x 100 mL).

The organic layer was dried (sodium sulfate) and concentrated
in vacuo to an oil. Chromatography (0-3 %
methanol/chloroform) provided 2.82 g (39%) of 6-
triflouromethanesulfonate-3-[4-[2-(1l-piperidinyl)ethoxy]
phenoxyl-2-{4-triflouromethane-sulfonatephenyl) ]benzo[b]
thiophene, 1.82 g (31%) of a 1:1 mixture of 6-triflouro-
methanesul fonate-3-[4-[2-(1l-piperidinyl)ethoxy]phenoxy]-2-(4-
phenyl) lbenzo[b]thiophene and 3-[4-[2-(l-piperidinyl)ethoxy]
phenoxyl-2-(4-triflouromethanesulfonatephenyl) ]lbenzo{b]
thiophene, and 1.48 g (36%) of recovered staring material as
the free base.

To a solution of a 1:1 mixture of monotriflate
derivatives from the last reaction (0.50 g, 0.84 mmol) in 60
mlL. of ethanol-ethyl acetate (5:1) was added triethylamine
(2.0 mL) and 5% palladium-on-carbon (0.50 g). The resulting
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isomerically pure 6-hydroxy-3-[4-[2-(l-piperidinyl)ethoxy]
phenoxy]-2- (phenyl) ]benzo[b) thiophene hydrochloride. mp 217-
219° c. 1 NMR (DMSO-dg) 4 9.87 (s, 1H), 7.64 (d, J = 7.5 Hz,
2H), 7.39-7.26 (m, 4H), 7.10 (d, J = 8.6 Hz, 1H), 6.89 (s,
4H), 6.78 (dd, J = 8.6, 2.0 Hz, 1lH), 4.22 (bt, 2H), 3.39-3.37
(m, 4H), 2.97-2.90 (m, 2H), 1.74-1.60 (m, S5H), 1.39 (m, 1H).
FD mass spec: 446. Anal. Calcd. for Cy7Hy7NO3S-1.0HCLl: C,
67.28; H, 5.86; N, 2.91, Found: C, 67.00; H, 5.59; N, 2.87.
Alternatively, Example 58 is prepared by demethylation of the
product of Example 57 as described in Example 18.
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methoxyphenyl) lbenzo[b]thiophene (Example 32).
«HCI

ON/\,OQ
IO



21 [:vU410 F3110% & ()-S 3.110% & ()-T 3*y 10% & ()-S FA&L0%B & ()-S
311109 & ()-g 3'10% & ()-Stvwal0 109 & ()-f 10%& ()-g ,10% & ()-
#109% & ()- 10!10!' 10! FY7!109% & ()-gl*9|[:vU410 Fy&S 109% & 3"
10% & ()-S 109 & ()-T '10%& ()-S s!'10%& ()-@ ,!10%&'{1%#\2\29!]3[ - 410!
37109% & ()- @341 109% & ()- Y93 10% & ()- 3 110% & ()-S *110%& ()-T
1098 & ()-WHhA410! 110% & ()-g ! 10% &¥H%S z 109% & ()-g 10% & () -
y#lO%&'()-10!10!4 h@[:-4101 f& 1109 & ()- f& ! 10%& ()- F'!110% & ()-
1094 & ()-T 10% & ()-@s! 10% & ()-S_bA410! \ 110%c& ()- !10% & ()-
@o0% & ()- 10% & (136 #109% & ()- 10! 10! E{ ZM@31010 10 10 & "& "10% & ()- & &
"10% & () - & L! ravsle §L7.08°¢ . pﬂilm (DMSOydalond & Q3% (5[ Wi 10168  10%

@&l & ()=~ 478 B0 v 48 00852 éd@g% ‘%?QHZN%& (7:12 (4, g =

1090! 9&' () ﬁbumolﬂ@ﬂ,gﬁlaﬁg&d()J@§081 yaz()ZH), 2-6.85 (m, 5H),
"B#F#R#O" 4 64 %%09' 19108!, 8199' 91510"/@' 9& ((ia '30»4915 9§ f2; IHEL0%& () -
&10%& () - 0901 9& ()

0(765( 09008 ( % 1\,&' 10%/& () -
Fs! 109 & 3) ‘@10% ()34 4403 & sﬁ%%& ?? %a(&%P('i)v )4 [ Nerto
R+109%/Y&' ()m, SE510% &6()L EBSTHRO%A) () 1.250%8& (T)—-61®%Ir& (6H 1088 () -

i (/00 NG s 60, AR L)

@.09% & () -6 HELOW,&2.)53 . FbOsE &() 67 +154 . Hi/ 6L 28 B/ K/ 22(862) 1098 && ()--
109&! && ()-- "109&! && ()-- 10! 10! 10! s&$s10% & () -

|1-109% & ()-,L////?3H51 5J5K5| [ NA41010& &10& & 10& & ! 109&! && () - #

| 1098 && ()-# 910% & ()- @910%W& ()- @, 10%! && () - TKEX5] 537=778| [ : NA41010

M 31 <1 10%; 0% Lovrdl gl S0RL 851 EB0ULER, () cnsAPYBh BRI 5o IR &2 () -
methoxyphenyl)]benzo[b]thlophene hydrochloride was converted

to [6-hydroxy-3-[4-[2-(l-piperidinyl)ethoxy]lphenoxyj-2-(4-
methoxyphenyl) lbenzo[b]thiophene by treatment with 2.0
equivalents of BCljy at 0-10 °C in anhydrous dichloromethane

(the methyl ether is not cleaved under these conditions).
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In the examples illustrating the methods, a post-
menopausal model was used in which effects of different
treatments upon circulating lipids were determined.

Seventy-five day o0ld female Sprague Dawley rats
(weight range of 200 to 225g) were obtained from Charles
River Laboratories (Portage, MI). The animals were either
bilaterally ovariectomized (OVX) or exposed to a Sham
surgical procedure at Charles River Laboratories, and then
shipped after one week. Upon arrival, they were housed in
metal hanging cages in groups of 3 or 4 per cage and had ad
libitum access to food (calcium content approximately 0.5%)
and water for one week. Room temperature was maintained at
22.2° %+ 1.7° C with a minimum relative humidity of 40%. The

photoperiod in the room was 12 hours light and 12 hours dark.
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Animals were dosed daily for 4 days. Following the dosing

regimen, animals were weighed and anesthetized with a
ketamine: Xylazine (2:1, V:V) mixture and a blood sample was
collected by cardiac puncture. The animals were then
sacrificed by asphyxiation with COj;, the uterus was removed

through a midline incision, and a wet uterine weight was

determined.
Cholesterol]l Analysis. Blood samples were allowed to clot at

room temperature for 2 hours, and serum was obtained
following centrifugation for 10 minutes at 3000 rpm. Serum
cholesterol was determined using a Boehringer Mannheim
Diagnostics high performance cholesterol assay. Briefly the
cholesterol was oxidized to cholest-4-en-3-one and hydrogen
peroxide. The hydrogen peroxide was then reacted with phenol
and 4-aminophenazone in the presence of peroxidase to produce
a p-quinone imine dye, which was read spectrophotemetrically
at 500 nm. Cholesterol concentration was then calculated
against a standard curve. The entire assay was automated

using a Biomek Automated Workstation.

Uterine Eosinophil Peroxidase (EPQO) Assay. Uteri were kept
at 4° C until time of enzymatic analysis. The uteri were
then homogenized in 50 volumes of 50 mM Tris buffer (pH -
8.0) containing 0.005% Triton X-100. Upon addition of 0.01%
hydrogen peroxide and 10 mM O-phenylenediamine (final
concentrations) in Tris buffer, increase in absorbance was
monitored for one minute at 450 nm. The presence of
eosonophils in the uterus is an indication of estrogenic

activity of a compound. The maximal velocity of a 15 second
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uterine weight was substantially greater than the uterine
weight of ovariectomized test animals. This uterine response
to estrogen is well recognized in the art.

Not only did the compounds of the present invention
generally reduce serum cholesterol compared to the
ovariectomized control animals, but uterine weight was only
minimally increased to slightly decreased with the majority
of the formula compounds tested. Compared to estrogenic
compounds known in the art, the benefit of serum cholesterol
reduction without adversely affecting uterine weight is quite
rare and desirable.

As is expressed in the below data, estrogenicity
also was assessed by evaluating the adverse response of
eosinophil infiltration into the uterus. The compounds of
the present invention did not cause any increase in the
number of eosinophils observed in the stromal layer of
ovariectomized rats, while estradiol cause a substantial,
expected increase in eosinophil infiltration.

The data presented in the Tables 1 below reflects
the response of 5 to 6 rats per treatment.
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Dose Uterine Weight Uterine EPO Serum Cholesterol
Compound ma/kg ($ increase vs. OVX) (V. max) (% decrease vs. OVX)
EE2 0.1 229.2 308.1 94.8
Example 3 0.01 29.1 1.8 50.6
0.1 55.4 4.8 47.8
1.0 61.9 5.4 49.2
Example 4 0.1 33.2 3.9 53.7
1.0 35.6 4.8 62.1
10.0 34.7 3.0 65.3
Example 5 0.1 66.7 7.2 67.2
1.0 106.9 54.6 67.7
10.0 109.8 59.4 60.2
Example 7 0.1 32.0 4.8 56.2
1.0 44.3 4.5 42.6
5.0 41.6 4.8 29.5
Example 10 0.1 15.7 12.0 50.2
1.0 18.4 17.7 59.0
10.0 13.3 4.8 38.9
Example 19 0.01 11.4 2.1 25.1
0.1 24.9 2.4 45.3
1.0 24.7 3.6 53.6
Example 20 0.01 16.9 0.9 29.4
0.05 40.9 3.0 35.9
0.1 30.6 3.0 58.7
Example 21 0.01 21.0 1.2 26.8
0.1 24.8 4.8 47.5
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Table 1 (Cont.)

Dose Uterine Weight Uterine EPO Serum Cholesterol
Compound ma/kg (% _increase vs. OVX) (V. max) % decrease vs. OVX)
Example 23 0.01 21.6 3.3 36.2
0.1 33.4 84.3 47.2
1.0 148.9 150.6 66.1
Example 24 0.01 9.2 3.6 23.7
0.1 18.2 0.9 46.4
1.0 81.0 29.4 79.3
Example 25 0.01 5.4 3.0 13.1
0.1 16.7 3.3 67.6
1.0 96.6 36.0 73.9
Example 26 0.01 14.0 4.8 29.0
0.1 81.0 29.1 45.2
1.0 117.1 175.1 62.7
Example 27 0.01 2.2 3.3 12.2
0.1 49.2 4.8 50.8
1.0 86.4 52.8 76.5
Example 43 0.01 0.0 3.3 9.2
0.1 17.2 4.8 43.8
1.0 31.0 6.0 39.4
Example 44 0.01 43.8 3.6 12.6
0.1 80.5 88.5 43.8
1.0 74.8 94.5 67.4
Example 53 0.1 40.6 0.9 62.7
1.0 24.1 1.3 57.5

10.0 32.0 4.8 58.7
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In addition to the demonstrated benefits of the
compounds of the present invention, especially when compared
to estradiol, the above data clearly demonstrate that
compounds of Formula I are not estrogen mimetics.
Furthermore, no deleterious toxicological effects (survival)

were observed with any treatment.
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Following the General Preparation Procedure, infra,
the rats were treated daily for 35 days (6 rats per treatment
group) and sacrificed by carbon dioxide asphyxiation on the
36th day. The 35 day time period was sufficient to allow
maximal reduction in bone density, measured as described
herein. At the time of sacrifice, the uteri were removed,
dissected free of extraneous tissue, and the fluid contents
were expelled before determination of wet weight in order to
confirm estrogen deficiency associated with complete
ovariectomy. Uterine weight was routinely reduced about 75%
in response to ovariectomy. The uteri were then placed in
10% neutral buffered formalin to allow for subsequent
histological analysis.

The right femurs were excised and digitilized x-
rays generated and analyzed by an image analysis program (NIH
image) at the distal metaphysis. The proximal aspect of the
tibiae from these animals were also scanned by quantitative
computed tomography.

In accordance with the above procedures, compounds
of the present invention and ethynyl estradiol (EE;) in 20%
hydroxypropyl b-cyclodextrin were orally administered to test
animals. Distal femur metaphysis data presented in Tables 2
and 3 below are the results of formula I compound treatments
compared to intact and ovariectomized test animals. Results

are reported as the mean * the standard error of the mean.
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Compound/Treatment Dose ray Score
Sham (20% cyclodextrin) - 27.2 6.0
Overiectomy control - 8.1 + 1.8
(20% cyclodextrin)
EE2 0.1 mg 11.5 £ 2.9+
Example 19 0.1 mg 14.7 £ 1.9
1.0 mg 15.0 + 3.5*
10.0 mg 15.3 * 4.0*

*P <= 0.5 two tailed Student’s T Test on raw data.

Table 3
Distal Femur
Metaphysis (X-ray
Compound/Treatment Dose /kg Image Analysis-Gray
Score
Sham (20% cyclodextrin) - 31.1 + 6.3
Overiectomy control - 6.2 £ 1.4
(20% cyclodextrin)
EE2 0.1 mg 17.8 £ 3.5
Example 10 0.1 mg 15.3 % 0
0 mg 15.2 £ 3.7
3.0 mg 18.5 £ 3.2*
Example 24 0.1 mg 18.3 £ 2.6*
1.0 mg 19.6 £ 2.3*
3.0 mg 17.1 £ 5.5

*P <= 0.05 two tailed Student’s T Test on raw data.
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MCF-7 breast adenocarcinoma cells (ATCC HTB 22)
were maintained in MEM (minimal essential medium, phenol red-
free, Sigma, St. Louis, MO) supplimented with 10% fetal
bovine serum (FBS) (V/V), L-glutamine (2 mM), sodium pyruvate
(1 mM), HEPES {(N-[2-hydroxyethyllpiperazine-N‘'-[2-
ethanesulfonic acid]1l0 mM}, non-essential amino acids and
bovine insulin (1 ug/mL) (maintenance medium). Ten days
prior to assay, MCF-7 cells were switched to maintenance
medium supplemented with 10% dextran coated charcoal stripped
fetal bovine serum (DCC-FBS) assay medium) in place of 10%
FBS to deplete internal stores of steroids. MCF-7 cells were
removed from maintenance flasks using cell dissociation
medium (Ca++/Mg++ free HBSS (phenol red-free) supplemented
with 10 mM HEPES and 2 mM EDTA). Cells were washed twice
with assay medium and adjusted to 80,000 cells/mL.
Approximately 100 mL (8,000 cells) were added to flat-bottom
microculture wells (Costar 3596) and incubated at 37° C in a
5% CO, humidified incubator fof 48 hours to allow for cell
adherence and equilibration after transfer. Serial dilutions
of drugs or DMSO as a diluent control were prepared in assay
medium and 50 mL transferred to triplicate microcultures
followed by 50 mL assay medium for a final volume of 200 mL.
After an additional 48 hours at 37° C in a 5% CO; humidified

incubator, microcultures were pulsed with tritiated thymidine
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DMBA-In Mamm mor ibition

Estrogen-dependent mammary tumors are produced in
female Sprague-Dawley rats which are purchased from Harlan
Industries, Indianapolis, Indiana. At about 55 days of age,
the rats receive a single oral feeding of 20 mg of 7,12-
dimethylbenz[alanthracene (DMBA). About 6 weeks after DMBA
administration, the mammary glands are palpated at weekly
intervals for the appearance of tumors. Whenever one or more
tumors appear, the longest and shortest diameters of each
tumor are measured with a metric caliper, the measurements
are recorded, and that animal is selected for
experimentation. An attempt is made to uniformly distribute
the various sizes of tumors in the treated and control groups
such that average-sized tumors are equivalently distributed
between test groups. Control groups and test groups for each
experiment contain 5 to 9 animals.

Compounds of Formula I are administered either

through intraperitoneal injections in 2% acacia, or orally.
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daily to each test animal. Following the initial tumor
measurement and selection of test animals, tumors are
measured each week by the above-mentioned method. The
treatment and measurements of animals continue for 3 to 5
weeks at which time the final areas of the tumors are
determined. For each compound and control treatment, the

change in the mean tumor area is determined.
rin ibrogsig T p r

Test 1

Between 3 and 20 women having uterine fibrosis are
administered a compound of the present invention. The amount
of compound administered is from 0.1 to 1000 mg/day, and the
period of administration is 3 months.

The women are observed during the period of
administration, and up to 3 months after discontinuance of

administration, for effects on uterine fibrosis.

Test 2
The same procedure is used as in Test 1, except the
period of administration is 6 months.

Test 3

The same procedure is used as in Test 1, except the
period of administration is 1 year.

Test 4
A. 1Induction of fibroid tumors in guinea pig.

Prolonged estrogen stimulation is used to induce
leiomyomata in sexually mature female guinea pigs. Animals
are dosed with estradiol 3-5 times per week by injection for
2-4 months or until tumors arise. Treatments consisting of a

compound of the invention or vehicle is administered daily
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Implantation of human uterine fibroid tissue in nude
mice.

Tissue from human leiomyomas are implanted into the
peritoneal cavity and or uterine myometrium of sexually '
mature, castrated, female, nude mice. EXogenous estrogen are
supplied to induce growth of the explanted tissue. In some
cases, the harvested tumor cells are cultured in vitro prior
to implantation. Treatment consisting of a compound of the
present invention or vehicle is supplied by gastric lavage on
a daily basis for 3-16 weeks and implants are removed and
measured for growth or regression. At the time of sacrifice,

the uteri is harvested to assess the status of the organ.

Test 5

A, Tissue from human uterine fibroid tumors is harvested
and maintained, in vitro, as primary nontransformed cultures.
Surgical specimens are pushed through a sterile mesh or
sieve, or alternately teased apart from surrounding tissue to
produce a single cell suspension. Cells are maintained in
media containing 10% serum and antibiotic. Rates of growth
in the presence and absence of estrogen are determined.
Cells are assayed for their ability to produce complement
component C3 and their response to growth factors and growth
hormone. In vitro cultures are assessed for their
proliferative response following treatment with progestins,
GnRH, a compound of the present invention and vehicle.
Levels of steroid hormone receptors are assessed weekly to
determine whether important cell characteristics are
maintained in vitro. Tissue from 5-25 patients are utilized.
Activity in at least one of the above tests
indicates the compounds of the present invention are of

potential in the treatment of uterine fibrosis.
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growth of explanted endometrial tissue can be examined.

Test 1

Twelve to thirty adult CD strain female rats are
used as test animals. They are divided into three groups of
equal numbers. The estrous cycle of all animals is
monitored. On the day of proestrus, surgery is performed on
each female. Females in each group have the left uterine
horn removed, sectioned into small squares, and the squares
are loosely sutured at various sites adjacent to the
mesenteric blood flow. In addition, females in Group 2 have
the ovaries removed.

On the day following surgery, animals in Groups 1
and 2 receive intraperitoneal injections of water for 14 days
whereas animals in Group 3 receive intraperitoneal injections
of 1.0 mg of a compound of the present invention per kilogram
of body weight for the same duration. Following 14 days of
treatment, each female is sacrificed and the endometrial
explants, adrenals, remaining uterus, and ovaries, where
applicable, are removed and prepared for histological

examination. The ovaries and adrenals are weighed.

Test 2

Twelve to thirty adult CD strain female rats are
used as test animals. They are divided into twc equal
groups. The estrous cycle of all animals is monitored. On
the day of proestrus, surgery is performed on each female.
Females in each group have the left uterine horn removed,
sectioned into small squares, and the squares are loosely
sutured at various sites adjacent to the mesenteric blood
flow.

Approximately 50 days following surgery, animals
assigned to Group 1 receive intraperitoneal injections of

water for 21 days whereas animals in Group 2 receive
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duration. Following 21 days of treatment, each female is
sacrificed and the endometrial explants and adrenals are
removed and weighed. The explants are measured as an

indication of growth. Estrous cycles are monitored.

Test 3
A. Surgical induction of endometriosis

Autographs of endometrial tissue are used to induce
endometriosis in rats and/or rabbits. Female animals at
reproductive maturity undergo bilateral oophorectomy, and
estrogen is supplied exogenously thus providing a specific
and constant level of hormone. Autologous endometrial tissue
is implanted in the peritoneum of 5-150 animals and estrogen
supplied to induce growth of the explanted tissue. Treatment
consisting of a compound of the present invention is supplied
by gastric lavage on a daily basis for 3-16 weeks, and
implants are removed and measured for growth or regression.
At the time of sacrifice, the intact horn of the uterus is

harvested to assess status of endometrium.

B. Implantation of human endometrial tissue in nude mice.
Tissue from human endometrial lesions is implanted
into the peritoneum of sexually mature, castrated, female,
nude mice. EXogenous estrogen is supplied to induce growth
of the explanted tissue. In some cases, the harvested
endometrial cells are cultured in vitro prior to
implantation. Treatment consisting of a compound of the
present invention supplied by gastric lavage on a daily basis
for 3-16 weeks, and implants are removed and measured for
growth or regression. At the time of sacrifice, the uteri
is harvested to assess the status of the intact endometrium.

Tegt 4
A. Tissue from human endometrial lesions is harvested and

maintained in vitro as primary nontransformed cultures.
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proliferative response following treatment with progestins,
GnRH, a compound of the invention, and vehicle. Levels of
steroid hormone receptors are assessed weekly to determine
whether important cell characteristics are maintained in
vitro. Tissue from 5-25 patients is utilized.

Activity in any of the above assays indicates that
the compounds of the present invention are useful in the
treatment of endometriosis.

The present invention also provides a method of
alleviating post-menopausal syndrome in women which comprises
the aforementioned method using compounds of Formula I and
further comprises administering to a woman an effective
amount of estrogen or progestin. These treatments are
particularly useful for treating osteoporosis and lowering
serum cholesterol because the patient will receive the
benefits of each pharmaceutical agent while the compounds of
the present invention would inhibit undesirable side-effects
of estrogen and progestin. Activity of these combination
treatments in any of the post-menopausal tests, infra,
indicates that the combination treatments are useful for
alleviating the symptoms of post-menopausal symptoms in
women.

various forms of estrogen and progestin are
commercially available. Estrogen-based agents include, for
example, ethynyl estrogen (0.01 - 0.03 mg/day), mestranol
(0.05 - 0.15 mg/day), and conjugated estrogenic hormones such
as Premarin®’(WYeth-Ayerst; 0.3 - 2.5 mg/day). Progestin-
based agents include, for example, medroxyprogesterone such

as Provera® (Upjohn; 2.5 -10 mg/day)., norethylnodrel (1.0 -
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These compounds preferably are formulated prior to
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

pharmaceutically acceptable salt thereof, optionally
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rogen or progestln compound, can be formulated with commo

excipients, diluents, or carriers, and formed into tablets,
capsules, suspensions, powders, and the like. Examples of
excipients, diluents, and carriers that are suitable for such
formulations include the following: fillers and extenders
such as starch, sugars, mannitol, and silicic derivatives;
binding agents such as carboxymethyl cellulose and other
cellulose derivatives, alginates, gelatin, and polyvinyl-
pyrrolidone; moisturizing agents such as glycerol;
disintegrating agents such as calcium carbonate and sodium
bicarbonate; agents for retarding dissolution such as
paraffin; resorption accelerators such as quaternary ammonium
compounds; surface active agents such as cetyl alcohol,
glycerol monostearate; adsorptive carriers such as kaolin and
bentonite; and lubricants such as talc, calcium and magnesium
stearate, and solid polyethyl glycols.

The compounds also can be formulated as elixirs or
solutions for convenient oral administration or as solutions
appropriate for parenteral administration, for example, by
intramuscular, subcutaneous or intravenous routes.
Additionally, the compounds are well suited to formulation as
sustained release dosage forms and the like. The
formulations can be so constituted that they release the
active ingredient only or preferably in a particular

physiological location, possibly over a period of time. The
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The formulation above may be changed in compliance
with the reasonable variations provided.

A tablet formulation is prepared using the
ingredients below:
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Ingredient Quantity (mg/tablet)

Active ingredient 25 - 1000
Starch 45
Cellulose, microcrystalline 35
Polyvinylpyrrolidone 4

(as 10% solution in water)

Sodium carboxymethyl cellulose 4.5
Magnesium stearate 0.5

Talc 1

The active ingredient, starch, and cellulose are
passed through a No. 45 mesh U.S. sieve and mixed thoroughly.
The solution of polyvinylpyrrolidone is mixed with the
resultant powders which are then passed through a No. 14 mesh
U.S. sieve. The granules so produced are dried at 50°-60° C
and passed through a No. 18 mesh U.S. sieve. The sodium
carboxymethyl starch, magnesium stearate, and talc,
previously passed through a No. 60 U.S. sieve, are then added
to the granules which, after mixing, are compressed on a
tablet machine to yield tablets.

Suspensions each containing 0.1 - 1000 mg of
medicament per 5 ml dose are made as follows:
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Benzoic acid solution 0.10 mL
Flavor qg.v.
Color g.v.
Purified water to 5 mL

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 added, with
stirring. Sufficient water is then added to produce the

reqguired volume.

An aerosol solution is prepared containing the following

ingredients:
Form ion 5: Aerosol

Ingredient Quantity (% by weight)
Active ingredient 0.25
Ethanol 25.75
Propellant 22 (Chlorodifluoromethane) 70.00

The active ingredient is mixed with ethanol and the
mixture added to a portion of the propellant 22, cooled to
30° ¢, and transferred to a filling device. The required
amount is then fed to a stainless steel container and diluted
with the remaining propellant. The valve units are then

fitted to the container.



05 MAY 2003

-137-

Suppositories are prepared as follows:

Formulation 6: Suppositories

Ingredient Quantity (mg/suppository)
Active ingredient 250
Saturated fatty acid glycerides _ 2,000

The active ingredient is passed through a No. 60
mesh U.S. sieve and suspended in the saturated fatty acid
glycerides previously melted using the minimal necessary
heat. The mixture is then poured into a suppository mold of

nominal 2 g capacity and allowed to cool.

An intravenous formulation is prepared as follows:

Formulation 7: Intravenous Solution

Ingredient cuantity
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
mlL per minute.

rm ion 8: Combination Capsule I
Ingredient Quantity (mg/capsule)
Active ingredient 50
Premarin 1
Avicel pH 101 50
Starch 1500 117.50
Silicon 0il 2
Tween 80 0.50
Cab-0-Sil 0.25

—  — — — — ———  — — — — _— ——__— ——— — — ]
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Formulation 9: Combination Capsule II

Ingredient Quantity {(mg/capsule)
Active ingredient 50
Norethylnodrel 5
Avicel pH 101 82.50
Starch 1500 90
Silicon 0il 2
Tween 80 0.50
Formulation 10: Combination Tablet

Ingredient Quantity (mg/capsule)
Active ingredient 50
Premarin 1
Corn Starch NF 50
Povidone, K29-32 6
Avicel pH 101 41.50
Avicel pH 102 136.50
Crospovidone XL10 2.50
Magnesium Stearate 0.50
Cab-0-8il 0.50
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I Claim:
1. A compound of formula I
3 —
R’ - (CH3) R
2
R! S
I
wherein

Rl is -H, -OH, -0(C;-Cg alkyl), -OCOCgHs, -0CO{C;-Cg
alkyl), or -0802(C3-Cg alkyl);

R? is -H, -OH, -0(C3-Cq4 alkyl), -0COCgHs, -0CO(C;-Cg
alkyl), -0S0;(C2-Cg alkyl), or halo;

R3 is l-piperidinyl, 1l-pyrrolidinyl, methyl-1-
pyrrolidinyl, dimethyl-l-pyrrolidinyl, 4-morpholino,
dimethylamino, diethylamino, diisopropylamino, or 1-
hexamethyleneimino;

n is 2 or 3; and

Z is -0- or -8-;
or a pharmaceutically acceptable salt thereof.

2. A compound according to Claim 1 wherein
said compound is [6~hydroxy-3-[4-[2~ (1~
pyrrolidinyl)ethoxylphenoxy]-2- (4-mathoxyphenyl) benzo[b]
thiophene, represented by the structure

am-
A

or a pharmaceutically acceptable salt.

3. A compound according to Claim 2 wherein
said salt is the hydrochloride salt.



