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-1- AR Modul-ati on. of - Cal ci um Channel s

This invention relates to the discovery that a group of

2-aryl - 3-aroyl benzo[ b] t hi ophenes are effective in 5 nodul ati ng cal ci um

channel s, increawdgsdobss density of cal ci um channel s i n vasgefasocaond:
cardiac tissue, with no changes in inotropic or pressor response.

Repl acenent therapy with estrogen is generally acknow edged to produce
beneficial effects on the 10 cardi ovascul ar Systemin postnenopausal
wonen. See Knopt, Obstet. Gynecol., 72, 23s-30s (1988). In

post nenopausal wonen wWho r ecghaglfstdro@Fnealthan eradheyascul ar
nortality rate i s reduced by about 30%to about 50% and the

cerebrovascul ar nortality r [ % 1. er et
al., N*Engl. J. Med., 325, @f}g%%;fgﬁég%gya@e@%t E%g%lét%ﬁ’é’é%”b%e i Ci al
cardi ovascul ar ef {BEER Afiy2THYIIJearoylhenzg (I thhcrhenss pra pfbestivre dacent
dat a“suggest s shatmodula€shg cgaivitRychameelny dnbeeatim ahechbneisy o t he

vascul ar _respanses,, fcﬂ%ﬁ‘e&%s%%&’&E%aﬁg%%aéé{rc?{éce‘ciiggﬁe ,Sivgj:t% e ard

20 et al., J. PharnucCol. —ant peri men herapeuttcs, 22
(1988); W |ians &hagges &nrEAtEPrPofH, OB PresFHy- I68F°NSe. (1990); Gangar et
al ., Lancet, 388, 839-842 (#8Sljcemand therdWy |wiats estrdden idAGenerflly

452- 457 (1992). gg%gug%{%@%& i3] -Rraduc'é_ deqy &hRdgthelial - dependent

effects of estrogen been described in vascular trssué. See Jiang
et al., BAO J cardigvasewlar syghem )i RNORFIENORauasl womgRg efee Jnopt,
SR e e g R ey
et ugl - bardi oeas WORSE ?’ﬁﬁf%ﬁ?- Tgﬁggéfbs%)jc?l%éz%@%z%g CB% aiéllr?(?lé%arl&p ag _
Journal of Phar ma@@te igsgedured by abouy 130 wpput HP$,eangd| the
?8r7 Clljlg(ilt |( 28,948_1, Gk@??bi-ﬁi?iséd,&&o)nbrtalit;}?ﬁ’t@ Sibnﬁéducddi be &%@@m.gi)@ge
and Reis et al)']'.s, étam%ge’r:céfa?ll'dn@‘égfggz-%bq{éfggh?ég" ggs\%?asﬁ ﬁé{%gr}?é have
al so Although these beneficial cardiovascular effects may involve
alterations in lipid profile, recent data suggests that
estrogen may also have beneficial effects on the vascular
responses of atherosclerotic coronary arteries. See Gisclard
20 et al., J. Pharmacol. and Experimental Therapeutics, 244, 19-
22 (1988); williams et al., Circulation, 81, 1680-1687
(1990); Gangar et al., Lancet, 388, 839-842 (1991); and
Williams et al., JACC, 230, 452-457 (1992). Both endothelial-
independent and endothelial~dependent effects of estrogen’
25 have been described in vascular tissue. See Jiang et al.,
Br. J. Pharmacol., 104, 1033-1037 (1991); Jiang et. al.,
American Journal of Physiology, 32, H271-H275 (1992); Cheng
and Gruetter, European Journal Of Pharmacol., 215, 171-176
t1992) ; Mugge et al., Cardiovas. Res., 27, 1939-1942 (1993);
30 Salas et al.,EBuropean Journal of Pharmacol., 258, 47-55
{1994); williams et al., Circulation, 81, 16B80-1687 (1990);
. Cheng et al., Life Sciences, 10, 187-191 (1994); Gilligan et
al., Circulation, 89, 2545-2551 (1994); and Reis et al.,
. Circulation, 89, 52-60 (1994). Several reports have also
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- 2: ¥ suggested that the vasodil ating effects of estradiol and/or

its abili ty to attenuate contractile responses nay be medi at ed by
inhibition of calciuminflux via voltage dependent cal ci um channel s.
See Jiang et al woésmsessh 5 Pharmacol ., 104, 1033-1037 (1991) ;pchresogent:
al ., Anerican Journal of Physiol ogy, 32, H271-H275 (1992); Collins et
al ., Lancet, 341, 1264 (1993); Mick et al., Med. Sci. Res., 22, 19
(1994); and Sal as et al., European Journal of #harmacol ., 258, 47-55

(1994). Ot hers have postul ated that estradiol may 10 enhance cyclic AMP
and cyclitc GW cofiigfdstedr thae rgas @¥addfilatings effetty o Pistsadicl diayoe! S.

See Migge et al .5 (TiONE vy acBifiane Mone 14902 /ahlD) naptsl 1

al.,” Am Heart J.
2-aryl - 3-ar oyl beﬂ!@ﬂ%ﬂtﬁ% BpherRiRiGHRBUAEsCR iU §nf bk Higeyolkaghe met hods
of this inventi onjepir&ienkr 8dlcium dmahep@d Bee) gnafg agEl S3Uaqr 8z, as.

anti-fertili Ly agﬁpéﬁnac% e U 1%33P?P§ 1\%}[), gﬁgnglgt( |§lsuegﬁ%§n uary. 9,

1979). These mpounds are genera é I N Ssuppressin rowth
of manmary tufm#@alJé’ﬁeEhl’%\%@OQB’euﬁ tHRt1-32dPo(po%) 1 Kedding et al.
conpounds are partafcssr 3wiyseded (190933t Mesk re el .gntked. st irJN 0geN 19

oS SPY, Lo i Ll SR S BB, e ) 5 il

See U.S. Patent 4, ese
conpounds, 6- hydr&kp-(2294) Wéxb@%rﬁﬂ%tﬂé«a[igd(% gstradil ey
et hoxy) benzoyig begia{neet hyephermn/vaadcwcmmldmp gbhekmd @’ increddie ATP-

treatment of breasl, GANCE pod{USunfiOfRRIL S Gl filce ed F10XI EEhR0va;.
provi SR

formerly keoxifene: I AVenti o
nmodul ati ng cafes umzahaﬁﬂ%?sluzndllg%%? hgs%%rdéﬁs# ye d’P“ cgﬁérﬁrﬁohdﬁﬁel s

30 in vascular ayme-ci@diac tissue with no changes in inotropic or
pressor response, conprisigg.agm aSHerlngh& A 9t iophene compounds that
15 are used in the methods of this invention were first
developed by Jones and Suarez as anti-fertility agents. See
U.S. Patent No. 4,133,814 (issued January 9, 1979). These
compounds are generally useful in suppressing the growth of
mammary tumors. Jones later found that a group of these
20 compounds'are particularly useful for antiestrogen and
antiandrogen therapy., especially in the treatment of mammary
and prostatic tumors. See U.S. Patent 4,418,068 (issued
November 29, 1983). One of these compounds, 6- hydroxy -2- (4—
hydroxyphenyl)-3-[4-{2-piperidino-~
25 ethoxy)benzoyllbenzo[b]lthiophene was clinically studied for
the treatment of breast cancer. This compound igs called
raloxifene, formerly keoxifene.
This invention provides methods for modulating
calcium channels, increasing the density of calcium channels
30 in wvascular and cardiac tissue with no changes. in inotropic |
or pressor response, comprising administering to a warm-
blooded animal in need thereof an effective amount of a
compound of the formula



bl ooded animal in need thereof an effective anpbunt of a conmpound of the
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[err] ' wherein Rlerr] and R err] are independently
hydrogen, Cerrlwobesosis 5 alkyl, -CO ((err]-Cerr] alkyl), p&EAsvshInes .

or -CO Ar, wherein Ar is phenyl or substituted phenyl;

R2 is selected fromthe group consisting of pyrrolidino,
hexanet hyl enei m no, and pi peridino; or a -Yhar maceuti cal | y- accept abl e
salt thereof. The present 10 invention also provides the use of the
formula | conpounds, or pharmaceuticall y-accapt aklq, sgldzs thereof, for

al cium channel s in
ent invention concerns
ar oyl benzo[ b] t hi ophenes
formula |, are effective in
densf~=~of cal ci um channel s
igg@t ropi ¢ or pressor
bs net hods for

di ac tissue. One aspect

the manuf acture of a medi canent for nodu
vascCul ar and cardi ac tissue.

t he di Scovery that a 15 select group of
(benzol[ b] - t hi ophenes), the conpounds
modul ati ng cal ci um channel s, incregsf i

response. Therefore, the 20 prese
nmodul ating cal ci um channel &t
of the (1)

wherein R! and R3 are independently hydrogen, C3-Cy
5 alkyl, -CO-(Ci1-Cg¢ alkyl), -CH2Ar, or -CO-Ar, wherein Ar is
phenyl or substituted phenyl;
R2 is selected from the group consisting of
pyrrolidino, hexamethyleneimino, and piperidino; or a
pharmaceutically-acceptable salt thereof. The present
10 invention also provides the use of the formula I compounds,
or pharmaceutically~acceptable salts thereof, for the
manufacture of a medicament for modulating calcium channels
in vascular and cardiac tissue. '
The present invention concerns the discovery that a
15 select group of 2-aryl-3-aroylbenzo[b]thiophenes (benzoib]-
thiophenes), the compounds of formula I, are effective in
modulating calcium channels, increasing the density of
calcium channels in vascular and cardiac tissue, with no
changes in inotropic or pressor response. Therefore, the
20 present invention provides methods for modulating calcium
channels in vascular and cardiac tissue. One aspect of the
invention is a method for treating cardiac disorders,
including but not limited to variant angina, exertional
angina, unstable angina, ischemia-reperfusion injury to the
25 myocardium, and arrhythmias. Aanother aspect is a method for
. treating cerebral vascular disorders, including but not
limited to cerebral vasospasm due to arterial rupture,
' stroke, and migraine headaches. Another aspect is a method
for treating renal disorders by increasing renal clearance
30 due to increases in renal blood flow, useful for slowing. of
renal failure. Another aspect is a method for treating



I nvention is a nethod for treating cardiac di sorders, I ncl udi ng but not
‘limted to variant angina, exertional angi na, unstabl e angi na,

i schem a-reperfusion injury to the 25 myocardium and arrhythm as.

Anot her aspect is a nethod for treating cerebral vascul ar disorders,

I ncl udi ng but n@ioeemesdzi Mted to cerebral vasospasm due to ar tperiabeasist
rupture, stroke, and m grai ne headaches. Another aspect is a. nethod

for treating renal disorders by increasing renal clearance 30 due to

i ncreases in renal blood flow, useful for sldwi ng of renal failure.
Anot her aspect is a nethod for treating WO 96/ 39833

PCT/USQ6/09151 gastrointestinal disorders, including buft- not limited to
gastroi ntestinal "di sorders

d i.ncl udi byt not linit to di sgase :
reldated to diarr 8523868 hr%?satleéstan%%‘g&eadi gPrhet s BPRJHR 'nélﬁﬁrrg‘ﬁ%
therapeutic treatpredosipamyi dgdebyherapeutic knoatndnts previded tivcsiiiby
admi ni stering to ;3 atik| £e0eGachicdd BY alahiAeecklikg" €8f a dvarm-blooded
pharmaceuticall y-effective %gggﬁt off a_co oundqu fg£nula | or a_
phar maceut i caPl y-25¢88pt 3B ereof 3, phagpaceutically-efiective apounh b

fornul a, the term 'cGinpouhd Gjfefpimal&yl "or a pheprasmtisailytacheptapleysali,
or branched al kylyyghabe having 10 fromone to six carbon atons. Typica
Cerr]-Cerr] alkyl groups i ncl ude_net hyl, _ethyl . n-prapyl,. i.gopropyl,
n- butyl , I sobutyl, sec;%u'ihﬁ ?%PYSUF%I?II na-’péﬁ?y em} sgge‘g?yaflky - hexyl ,
cycl opropyl, cycheprepentsecistpenoht, aallicherylbrameiiethalkyl dhaie. haTieg
t ﬁr m " ﬁ[ err]a6l erf{ﬂonfbhal to IAR 8SePdS aito&tsr.fli_l gjﬂlbiclsgl t@-cfraan@he]grailx{y:
chai n having one to_fqQur carhon atops. pica ecr]- err] alky
Groups ncl ude metiPascRgetl on epghyin-prori ERtmpRY L. BRI s chut yi
i sobutyl, and t-bisopluryl, sec-butyl, t-kutyliennpeutyl.r épopentils grbepglsuch
as Shggw hand. cy%‘l%ﬁ?cbb;%ﬁ ,e(éyQESBM:yl J *’t%zctl%bghﬁﬂfl,b%&gwhéﬂrﬂh%%ﬁ' theas
use erein, r.epres s..a_pheny I " | . r nor e
noi eti es chosen f t hgﬂﬁrtoeﬁbnpcgﬁséf"s%l%ggofy%éﬁte geé&g avgé)%yl rgx% cyano,
nitro, ( err5C dmahcheyalky]] ehainCGiarirg ankoky, fauecarbon atoms.

' Typical C1-C4 alkyl groups include methyl, ethyl, n-propyl,

isopropyl, n-butyl, secbutyl, isobutyl, and t-butyl.
The term "Ar" represents groups such as phenyl and
substituted phenyl. The term “substituted phenyl”, as used

20 Therein, represents a phenyl group substituted with one or
more moieties chosen from the group consisting of halogen,
hydroxy, cyano, nitro, C1-C4 alkyl, C1-C4 alkoxy, acetyl,
formyl, trichloromethyl, or trifluoromethyl._ Examples of_a
substituted phenyl group include 4-chlorophenyl, 2,6-

25 dichlorophenyl, 2,5-dichlorophenyl, 3,4-dichlorophenyl, 3-
chlorophenyl, 3-bromophenyl, 4-bromophenyl, 3,4-dibromo-
phenyl, 3-chloro-4-fluorophenyl, 2-fluorophenyl, 4-
hydroxyphenyl, 3-hydroxyphenyl, 2,4-dihydroxyphenyl, 3-
nitrophenyl, 4-nitrophenyl, 4-cyanophenyl, 4-methylphenyl, 4-

30 ethylphenyl, 4-methoxyphenyl, 4-propylphenyl, -4-n-
butylphenyl, 4-t-butylphenyl, 3-fluoro-2-methylphenyl, 2,3-
difluorophenyl, 2,6-difluorophenyl, 2,6-dimethylphenyl, 2-
fluoro-5-methylphenyl, 2,4,6-trifluorophenyl, 2-
trifluoromethylphenyl, 2-chloro-5-trifluoromethylphenyl, 3,5-

35 bis({trifluoromethyl)phenyl, 2-methoxyphenyl, 3-methoxyphenyl,
3,5-dimethoxyphenyl, 4-hydroxy-3-methylphenyl, 3,5-dimethyl-
4-hydroxyphenyl, 2-methyl-4-nitrophenyl, 4-methoxy-2-



fornyl, trichloronethyl, or trifluoronmethyl. Exanples of a substituted
phenyl, group include 4-chlorophenyl, 2,6- 25 dichlorophenyl,

2, 5- dlchlorophenyl 3, 4-di chl orophenyl, 3- chl orophenyl , 3-bronophenyl,
4- br omophenyl , 3, 4-di br ono- phenyl, 3-chl oro-4-fl uorophenyl,
'2-f|uoropheny|,vﬁgggmmghydroxyphenyl, 3- hydr oxyphenyl , 2, 4-di hpgtoxwmbssiy! .
3- ni trophenyl, 4-nitrophenyl, 4-cyanophenyl, 4-nethyl phenyl, 4- 30

et hyl phenyl , 4-net hoxyphenyl, 4- propylphenyl 4-n- but yl phenyl
4-1t-butyl phenyl, 3-fluoro-2-imethyl phenyl, 35- di f1 uor ophenyl ,

2, 6-di fl uorophenyl, 2, 6-di nethyl phenyl, 2- f | uor o- 5- et hyl phenyl ,
2,4,6-trifl uoropf}%ﬂoph% 1, 2t4451|r1l19£8§1€é | PRBAYthe like. The term "C1=Ca
2- chl or o- 5- trlfluoroneth¥ is trif uorone%h*y hen

it hoxypneny| | SLKBSHoYSBRERIILS Groups mich ey AEKyERbr IOk ) Pi-PRoBoxy

4- hydr dxy- 3- net hylqurercpoxy 3, ﬂhhhﬁuayhyt butoxyf4am¢dtbaypﬁenylrhe term

2-net hyl - 4- ni t r ophigigent- PELNRHTS fluoro, chloroVVhbdha9%3d iodo.
PCT/'US96/ 09161 n|troE 1
y||

2, 4-di ni trophényl, and theTPFkEerWWu?hﬁﬁpﬁFeﬁf%ﬁ?ﬁlyCFZF?Ttlve anPKy
represents groups:saﬁ:lheatmnetdncvqgreeehban amqmmpoﬁyt;he formsmprbpn:naggound
n-butoxy, t-buto 3‘:1, thgabl&kor IB@rE&iﬂg{ the B@hQﬂﬁP off %Bi@ﬁ%ﬂ él'%a q50,

chl oro, brono, an erm " pharmaceyti ca ective

amount” i s u§§HVﬁ@F&#ﬁrtﬁmqéﬁ?@%@ﬁtt%ﬁFQﬁnMJﬁ eo?aY?ﬁFW%BFnﬁP% |19% &RSound
that is capabl e oformdmedscomgpdure @eidi ¢f ofursel beudetdarimelisby then
vascul ar - and jgar qiag it i%&'eclir&ﬁns% Sé%%@v{}r&ﬂﬁ‘inﬁf thdase, LRAEIMA] the

conmpound wi I | of “course det er m ne g articular circunstances
surroundi ng the GE®oURdcpdBintFtsred. the Frpithen gt aﬁ‘ﬂ‘f‘%‘ﬁ’ssctélaéél‘mt heh® out e of
adm ni stration, tgerticulpartonddtaioncondatedn dandegtintlannbnsidetrations.

consi derati ons. The t%_ ool 2 TRHY atéé‘@sedaﬁe e Q%i;?éé‘en S,
represents an increase in e density of cal ci um channel's vascu
15 and cardi ac t?%%reﬁb?tahl-‘i’lot}%?nélﬁﬁééw P (f& F&B{“c‘ﬂ?ﬂmﬁléséﬁr"asc‘ﬂar
response. 15 and cardidbetissun,” wadch i occlilegreaninaldqtrapioser pwssxion,

response.

The term "warm-blooded animal", as used herein,
includes humans; companion animals, such as dogs and cats;
and domestic animals, such as horses, cattle, sheep, swine,

20 goats and chickens. Preferably, the warm-blooded animal is a
human or cqmpanion animal. More preferably, the warm-blooded
animal is a human.

While all the formula I compounds are useful for
modulating calcium channels in vascular and cardiac tissué,

25 certaih compounds are preferred. Preferably, R! and R3 are
independently hydrogen, C31-Cs alkyl, -CO-(C1-Cg¢ alkyl), or
benzyl, and R2 is piperidino or pyrrolidino. Representative
compounds from this preferred group include 6-hydroxy-2-(4-
hydroxyphenyl)-3-[4-(2-pyrrolidinoethoxy)benzoyl]lbenzo[b] -

30 thiophene, 6-methoxy-2-(4-methoxyphenyl)-3-[4-(2-piperidino-
ethoxy)benzoyllbenzo[blthiophene, 6-acetoxy-2-(4-acetoxy-~
phenyl)-3-[4-{2-pyrrolidinoethoxy)benzoyl]benzo[b] thiophene,
and 6-benzyloxy-2-(4-benzyloxyphenyl)-3-[4-(2-piperidino~
ethoxy)benzoyl]benzo[b]thiophene.

35 More preferably, Rl and R3® are independently
hydrogen or Ci1-C4 alkyl, and R? is piperidino or pyrrolidino.
Representative compounds from this more preferred group



I ncl udes humans; conpani on ani mals, such as dogs and cats; and donestic
ani mal s, such as horses, cattle, sheep, swine, 20 goats and chickens.

Preferably, the warm bl ooded animal is a human or conpani on ani nal .
More preferably, the warm bl ooded animal is a human. )

VWhile all the faogovésesis conpounds are useful for nodul at i NecIese6/09168
channel s in vascul ar and cardiac tissue, 25 certain conpounds are
preferred. Preferably, Rerr] and Rerr] are i ndependent |y hydrogen,
Clerr]-Cerr] alkyl, -CO(Cerr]-Clerr] alkyt§; or benzyl, and R2 is

pi peridino or pyrrolidino. Representative conmpounds fromthis preferred

ﬁrSUp Inﬁl udf) BhYHéIﬁﬁé% ﬁﬂ'cliroxy-z t(4-hydropheny|l)b3 [4- (2-pyrrolld1no-h
r oxyphen rrol i di noe o nz.o i ophene,
o it nowy- 2. (4 meEFERaIRERGTY L PP SO R 6o RPER ) 2 - rar G
ethoxy)benzoyl]benhequﬂHrﬁrdéhé%mglnﬁnadéﬂeﬁghQBYObeaé@YbR@enZ0[bltthPhene'
ghgnyl)l?: [42(2 pﬂ:ﬁéﬂﬁo@:yﬂgew%mﬁdi agypmmhb](n%mﬁ@moeth@@-

enzyl ox enz
et hoxyglbengoylébeﬁ?%f%ﬁﬁﬁégﬁﬂg%@h% Cab? AP T ekfﬁ?’@' FGATR ViRl i (L =C
are independent|y3-[4- &%ﬂwnpgendxnoﬂqheﬁwPb@%zqmq]banny[b]thbnmaaﬁp] Nast

pi peridino or pyrgpbisiiaily, R1 A%ﬁmessﬁéawd&gean&wmslyﬁﬂ@éﬂ&n@remus
preferred grou

bCT/ USo6) 091617 most Prsferhhd %°‘?R?d‘?‘§x§;szs WRYH opnbhfpdroxyphenyl) -3-
-3-[4-(2- pyrrol|dmﬁﬂcz-plpeenﬂD&g@ﬁhamwd?BPb@ﬁﬂdﬁmFPhbbphmgnhene

Fb]h%/ﬂ_r OXK 2- (flp hydr oxy- hléhQBiz‘fnﬂlsB -1 %hgo@ﬁwruééan%gtﬂ%m&%ag%% E&i@z?
I ophene, noet nox -
5 benzgyl ] benzo[Bf?Tﬁ%ﬂ'@& ntg K@Q&Q '92%%%?% 55 3*)1%‘ o y

3-[4-(2-piperidi npetp¢ﬂ@u,r)el§en§‘é9h]¢ﬂarti?@FB] (113# dein -t Patenﬁr@?%-r ably,
Rlerr] and Rierr] s4ai®3 midr, 0aen18/66832 ah8 pj 380,i6d6N0a1 T whichasé

preferred conpound_is dr.oxy-2-(4- hydroxyphenyl) - 3-
[ 4- (2- pi peri di noethS %@%%yﬁb’é‘?é‘%'ﬁ‘%ﬁhﬁ% Tidbre. %ogeneral' the progess
formula | conp®undsaxtsediich 6hhydmptyods (4fhydrexyphepy beenzdlip) shiophenean be

made according topgst altdreR8l compdifCedUpsstect'ed) asyidlase adescsipad abn
U S. Patent Nos.
4-(2-aminoethoxy)benzoyl group, and optionally deprotected to

form the formula I compounds. Examples of the preparation of
such compounds are provided in the U.S. Patents discussed

20 above.

The compounds used in the methods of this invention
form pharmaceutically-acceptable acid and, wherein R! and/or
R3 is hydrogen, base addition salts with a wide variety of
organic and inorgénic acids and bases, including the .

25 physiologically-acceptable salts which are often used in
pharmaceutical chemistry. Typical inorganic acids used to
form such salts include hydrochloric, hydrobromic, hydriodic,
nitric, sulfuric, phosphoric, hypophosphoric, and the like.
Salts derived from organic acids, such as aliphatic mono- and

30 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,

35 Dbenzoate, chlorobenzoate, dinitrobenzoate, hydroxybenzoate,
methoxybenzoate, methylbenzoate, o-acetoxybenzoate,
naphthalene-2-benzoate, bromide, isobutyrate, phenylbutyrate,



4,133,814, 4,418,068, and 4, 380,635, all of which are I ncor por ated by
reference herein. In general the process 15 starts with

6- hydr oxy- 2- ( 4- hydroxyphenyl)benzo[b]thlophene This starting conpound
is protected, acylated at CG3 with a 4- (2- am noet hoxy) benzoyl group,
and opti onal I y Owploghesased to formthe fornula | conpounds pciXRégefsi Of
t he preparation of such conpounds are provided in the U S. Patents

di scussed 20 above. The conpounds used in the nethods of
this invention f orm phar maceuti cal | y- accept abl e acid and, wherein
Rlerr] and/or - R3.is hydrogen, base addition salts with a wide variety

of organi ¢ and nd 40 ng t he 25
physi ol ogi cal | y- §%€£3P5%§96%?§§%¥ % are o enﬁééég hexyn% %é?r&%%ﬁf ‘cal
cheristry. Typi cataprageganiprates uhédridr:. c1nhamar¢$umt$attes foohatoks

hydrochl oric, hydshghy, r%'ﬂec ii})’éHl'aQ@' Cheptancﬂaltter' Gecahb{td,| hipBliespboric,
hypophosphorlc nd the ve

f i E d f om or c_acli ds, such as
al i phatji ¢ nono- ;gﬁedlﬂﬁiﬂﬁkypﬁ CAEF us™Y PRRHTR- §ﬂ%§t%?39€8 €&t kanoi ¢
aci ds, hy &r o>meaidedabiec mesy lare: onyad:tkmaheol asanucbz,lmrtermmtram Aas,

al i phat ic and ar Q-B?ah'a%esu hORH 1G] géreﬁi?ﬁhﬂa%‘é bghésifithre, mondR
pharmaceutical | y-acc e saJ%;_thus I.ncl yde aceta%!ﬁ1 Ehenylacetate
trifluoroacetate, ISB gtend Pgen%%o Sat BECIRNAFPHBER 2 0at e

di ni trobenzoat e, pwhpiogbbateateopiolane! mwodienatel epghemytlpybbboaarad e

Ohacelt gx%/benzoat esallcylgﬁghté@da%&%eé Qg@&ﬁ?étee RuBE £, issqlytyrate,
EC%?%SQE/%B?&% bisulfate, pyrosdifate, sulfite, blsulgate, sulfaﬂ@te,

[ err] - hydr oxybut ywextznebul fomatle .4 pdbvanephdgypdysud £ond:«li ahilerobenzempt at e,
capryl ate, chlor 'aafoaaeaan@éﬁane%htﬁahstef qwowethgﬂg&&%ﬁatgl ycol ate,

hept anoat e, decanoate, , mal eat

ate

hydr oxymal eat e, REDRIE éuEE ?ﬁﬁhdEPBPEha¥EEﬁW1a§Blf?W%Rﬁ| nggthalene -2-
i soni coti nate, niguldfiomate, pecdluanesupfivist et eyleresphfiduaitat etaptwsphated
nonohydro- 15 the 1like. The most preferred salt is the hydrochloride salt.
The pharmaceutically-acceptable acid addition salts
are typically formed by reacting a compound of formula I with

an equimolar or excess amount of acid. The reactants are

generally combined in an organic solvent such as methanol,

20 diethyl ether, or benzene. The salt normally precipitates
out of solution within about one hour to 10 days and can be
isolated by filtration, or the solvent can be stripped off by
conventional means.

Bases commonly used for formation of salts include
25 ammonium hydroxide and alkali and alkaline earth metal
hydroxides, carbonates, as well as aliphatic primary,
secondary, and tertiary amines, and aliphatic diamines.
Bases especially useful in the preparation of addition salts
include ammonium hydroxide, potassium carbonate, methylamine,
30 diethylamine, ethylenediamine, and cyclohexylamine. These
salts are generally prepared by reacting a formula I
compound, wherein R! and/or R3® are hydrogen, with one of the
above bases in an organic solvent, such as methanol, diethyl
ether, or benzene. The salts are isolated as described in
35 the preceding paragraph.
' These pharmaceutically-acceptable salts generally
have enhanced solubility characteristics compared to the



genphosphat e, di hydrogenphosphat e, netaphosphat e, pyr ophosphat e,

propi ol ate, propionate, phenyl propionate, salicyl ate, sebacate,

‘succi nate, suberate, sulfate, 10 bisulfate, pyrosulfate, sulfite,
bisulfite, sulfonate, benzenesul f onat e, p-bronmophenyl sul f ohat e,

chl orobenzene- wopogiggdzonat e, et hanesul fonate, 2-hydroxyet hanggghisodéis,
et hanesul f onat e, napht hal ene- 1- sul f onat e, napht hal ene- 2- . sul fonate,
p-tol uenesul fonate, xylenesulfonate, tartrate, and 15 the like. The nost
preferred salt is the hydrochloride salt. -8- The
pharmaceutical |l y-acceptabl e acid addition salts’ are typically fornmed by

reacting a conpolihpunliOf féth Hich they arel@eR@ibdPlaia RhuSX£ES oRAERURbr&F
acid. The reactants a ggperaklé c%yghped in_an or%anlc sol vent such
as ret hanol, 20 a&}eé‘ﬁ‘??@? B0 He P MUSAC AR Ah e PAUHRE 25 O HSH-RBF Iy precipitates
out of solution within abofhecofrrmydar It comppundss axadrreferably formulasedd by
filtration, or thgioel ¢8Nhakdiidieasisn R @fsf iAYa phargReEepidOnal means.

Bases comonly usegd fqr formation of salts incl.ud ) ni um hydr oxi de
ond ol kal T and alEHIBtAah (oeLatos % OIRARRIRE FOmPgna B e el | as
al i phatic pri mar ypharmaceutberiblyy-acgeptakle icaryism rdsluentd of i pieipient.

di am nes.  Bas@aeRs pastahdettital Uk o It oRECRAE lrdedarel Bdiddwan salts
i ncl ude amoni um hydr axi de, pot assiggr/]n&car bon

rg te @Eihylangngl 30
di et hyl ani ne, et IRACSSEYF S Wetid WELL AL A aAPRG LY RYadaable o115 are
general | y prepar eichdrpdientsi ngiva mpling | these compospuions., theraduivil err|

and/or Rl err]jpar e dy¢@aeass will hisQae1Pibd iixed wdbOVE d2@seer) NiAMLREIBYI &
sol vent, such as nethanol, d sal t% are

|etgél . .et her, or.benagn%. Thgb h
i sol ated as descri®B&dern 95 SHHESSAAEHR, H&PAEF SpHRich may be in Theq oo
phar maceut i cal | y-fagweptfadbl eapsultes gasketl [paper, odnvetharhgaveainay.ubiheny

characteristics GHP¥editP dd¥8res as a diludh®, 99t BB de a solid, semi-
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whi ch they are deﬁfq]\}é’d or ik maEerigt whick acts as a vehicie) excipient,

15 or medium for the active ingredient. The compositions can be
in the form of tablets, pills, powders, lozenges, sachets,
cachets, elixirs, suspensions, emulsions, solutions, syrups,
aerosols, ointments containing, for example up to 10% by
weight of active compound, soft and hard gelatin capsules,

20 dermal patches, suppositories, sterile injectable solutions,
and sterile packaged powders.

Some examples of suitable carriers, excipients, and
diluents include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum, acacia, calcium phosphate,

25 alginates, tragacanth, gelatin, calcium silicate, micro-
crystalline cellulose, polyvinylpyrrolidone, cross-linked
polyvinylpyrrolidone, cellulose or derivatives therecf, water
syrup, methyl cellulose, methyl and propyl hydroxybenzoates.,
talc, magnesium sterate and mineral oil. The formulations

30 can additionally include lubricating agents, wetting agents
(e.g. surfactant), emulsifying and suspending agents,
disintegrating agents, preserving agents, sweetening agents,
or flavoring agents. Compositions of the inventions may be
formulated so as to provide quick, sustained, or delayed

35 release of the active ingredient after administration to the
patient by employing procedures well known in the art.



anenable to fornulation as |iquids or enul sions. The formul a
| conpounds, are preferably formulated prior to adm nistration such as
in a pharnaceutlcal 5 formul ati on conprising a conpound of formula | and a
pharmaceutical | y-acceptabl e carrier, diluent, or excipient. These

phar maceuti cal fya sgHogdsi ONs are prepared by known pr ocedur gSyrnuisekbdis1
wel | -known and readily avail abl e i ngredients. In nmaking these
conpositions, the active 10 ingredient will usually be mxed with a
carrier, diluted by a carrier, or enclosgd within a carrier which may
be in the formof a capsule, sachet, paper, or other container. Wen

‘the carrier serves as a di ‘I‘Hénﬁardﬂcxﬂﬁi B8sdges Yt Q c§ und of gabisha o
liquid materi al vvhlcha g aq ehlcle umf r the

lgcelm pi ﬁ fﬁe
active ingredi entt®IHHE BhdRd e Y v chapne %P’F?F‘S’fl Fait s,
pills, ‘powders, Im@ngespimwcordm@m@ss shvention, swd péndememsi upon

emul si ons, sol ut i QRS geSUFIBP, of thea%6ﬁ§9¢§on.0'tﬁ¥a”?&§t§e Cc&”"a@lnﬂhi]ﬂnrit‘ibn._
exanplg up to_10% elatin

capsul es, 20 derﬁ'ﬂ?]lyrﬁé?‘é%% %&?ﬁﬁo&g‘?t O%Iga?ﬁ%e‘frﬁyef?‘ﬁﬁ i ons,

and jsteri | e packawsipéader SGenerally, effectivBodeibxalnsess wallshe tiziphe
carriers, excipigioatr 8N to arHueuadbe ﬁ\é‘/iid&deahé%&séa1 b efro?:ll%beﬁé
sorbitol, c1glntol stargc (ﬂoes aum ac (i'i §3 cal ci u sgg{l

al gi nates, tragacshtR, 2gRntt10P Tg4PaY um 2i9h dpages i }Wtﬁrleflné"
cel lul ose, pol yviasupjecol inlorsd cheseef | fricad once Polabduty khyee ot inksneach
cel lul ose or 4 @er'ae@“ %eSmbher &ffen \agt Rbeded tBYEHPectRIdWY crghtutee, Methyl

and propyl r ox enzoat es, magnesi um steraté and mneral oil.
The for nul atl ons lEéﬂ“a%l’dﬁX“lﬂ’fé’F‘l y include lubricating agents, wetting
agents (e.g. surfactanty, iemdwililyi pgeﬁemresimpeadmxmglsx@mbs;:ompound of

2 over .eﬁrgafa'ggﬁt i%ﬂ‘még.iff‘g?“m“??ﬁ%“e?ﬁ?&a%&g%tﬁ as i ed s0
o g Raen = gt aRaRy (1 Ihe ana g ¥ Van BF MRt L TE 405
i ngredi ent aflSer kwdhiicngsowmt i such ast hbe plpqaaﬂuantgmperrpu?om sgclhhmupdaees

vel I known in thepy trollowing oral d¥&a@é/ RA%33are available.
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In the formulations which follow, “"Active

ingredient" means a compound of formula I.
20

Formulation 1: Gelatin Capsules
Hard gelatin capsules are prepared using the following:

Ingredient _Quantity (mg/capsule)
Active ingredient 0.1 - 1000
Starch, NF _ ¢ - B850
Starch flowable powder 0 - 650
Silicone fluid 350 centistokes 0 -~ 15

The ingredients are blended, passed through a No. 45 mesh
25 U.S. sieve, and filled into hard gelatin capsules.
Examples of specific capsule formulations of
raloxifene that have been made include those shown below:



-9- The particul ar dosage of a conmpound of formula |

requi red for nodul ati ng cal ci um channels in vascul ar and cardi ac
tissue, according to this invention, will depend upon the severity of
the condition, the route of admnistration, 5 and related factors that

wi || be deci dedwaysgessszatt endi ng physi cian. Cenerally, ef ipeqisycootiai | v
doses will be from about 0.1 to about 1000 ng/day, and nore typically
from about 10 to about 100 ng/day. Such dosages will be administered to
a subject in need thereof fromonce to aboutl@hree times each 10 day, or
nore often as needed to effectively treat the condition or synptom

It is usually predumuedrish M Ra3bLIFéhes @EPOUNE -Of formula I in the
formof an acid addition salt, as is custonmary in the adm ni stration of
pharmaceuti cal s a 15 Dbasic group, dino group.

For such purposes= . . o l-ysicmmmeimnr. Sipv-abl e.

In the fornul ati Géasoxikiénsh follom/ "Active ingrediant" means a conpound
of formula |. 20gapcpFQEmul ation 1: Gel atin Capsul esy;;, Hard gelatin
capsul es are prepared using the follow ng: I ngr edi ent
Quantity (ng/ capStREsf tlowatke: PIEST ngr edi ent 225.3 0.1 - 1000
Starch, NF Silicone fluid 350 centistékes 650 r @h7f 1 owabl e powder

0 - 650 Silicone fluid 350 centlstokes 0 - 15 The

i ngredi ents are bl ended, passed through a No. 45 nesh 25 U. S. sieve, and
filled into hardPg’é’Fﬂaﬂalhl%ﬁsm ggloxifene capsule Exanples of specific

capsul e fornugati ons of ral oxi fene that have been made i ncl ude those
shown bel ow. . )

Ingredient Quantity (mg/capsule)

Raloxifene 5

Starch, NF.' 108

Starch flowable powder ) 225.3

Silicone fluid 350 centistokes 1.7

Formulation 4: Raloxifene capsule

Ingredient Quantity (mg/capsule)
Raloxifene 10

Starch, NF 103

Starch flowable powder 225.3
Silicone fluid 350 centistokes 1.7

10 Formulation 5: Raloxifene capsule

Ingredient Quantity (mg/capsule)
Raloxifene 50

Starch, NF 150

starch flowable powder 397

Silicone fluid 350 centistokes 3.0

The gpecific formulations above may be changed in
compliance with the reasonable variations provided.
15 A tablet formulation is prepared using the
ingredients below:
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-10- . Fornmul ati on 2: Ral oxi fene capsul e I ngr edi ent
Cpantlty (ng/capsule) Ral oxi f ene 1
St ar ch, 112 Starch fl owabl e powder
225.3 Si | i gpHesAokis d 350 centi st okes 1.7 pCT/US96/09161
Fornmul ati on 3: Ral oxifene capsule 5 I ngr edi ent
Quantity (ng/capsul e) Ral oxi f ene 5
Starch, NF. 1+08- Starch flowabl e powder
225.3 Silicone fluid 350 centi stokes _ 1.7
Formul ati on 4: Reggppiuhgapecsapsulmpiets I ngr edi ent
Quantity (ng/capsul e) Ral oxi f ene 10
Starch, NF -+63 St-gr-efr—f+ewabl € powder
225.3 1 Si|icomgrddiemtd 350 centjstokes _Quantity (mg/taBlet)10
Formul ati on 5: sul e I ngredi e _
Cpantlty (ng/capsu#qf Eﬁﬂ%dﬁa oxi f ene 81 - 2000 50
Starch, Cellulose, microcrystalline 150 Osra®eéh 1 owabl e powder
397 S| | i conesifiethdaidhflad e fimestt Okes 0 -3.6680

_Stearate acid ___ o - 15

The components are blended and compressed to form tablets.
5 Alternatively, tablets each containing 0.1 - 1000
mg of Active ingredient are made up as follows:

Formulation 7: Tablets

Ingredient Quantity (mg/tablet)
Active ingredient 0.1 - 1000
Starch 45
Cellulose, microcrystalline as
Polyvinylpyrroliéone 4

(as 10% solution in water)

Sodium cérboxymethyl cellulose

Magnesium stearate 0.5
Talc

10
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
15 U.S. sieve. The granules so produced are dried at 50°-60° C
and passed through a No. 18 mesh U.S. sieve. ﬁhe sodium

1 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

20 tablet machine to vield tablets.
Suspen51ons each containing 0.1 - 1000 mg of Active
1ngred1ent per 5 mL dose are made as follows:



The specific formul ati ons above nmay be changed in conpliance with the

reasonabl e varlatlons provi ded. 15 A tablet formulation is
=prepared using the i ngredi ents bel ow WO 96/ 39833
- PCT/ US96/ 09161 ' -11- For nul ati on
'6: Tablets wo $¢iERdi ent Quantity ( ragrhivbd@dler
Active ingredient 0.1 - 1000 Cel | ul ose,
m crocrystalline 0 - 650 Silicon dioxide, fumed
0 - 650 Stearate acid -12- 0 - 15 The
conponents are bI ended and conpressed to formtablets. 5 _
‘Alternatively, Sl a£R26H §Dng@ggbﬂgh&h§. 1000 mg of Active
i ngredient are na e up as fol Formul ation 7: Tablets
| ngredi ent %enﬁ-t—y—é—ng#t—a-b-l—e-t—)——q&e-ﬁ-ve i ngredi ent
0.1 - 1000 Stmagediient guantlty (mg4® m1) Cel | ul ose,
_nic[ocrystalline Pol yvi nyl pyr oI
4 (as 10% sol uﬁvgnm%edletnt Sodi um car goi);ymat ay'fg cel | ul ose
4.5 Sodium carboxymethyl cellulose 50 mg
Syrup 1.25 mg
Benzoic acid solution 0.10 mL
.Flavor q.v.
Color gq.V.
_Purified water to R 5 mL

The Active ingredient is passed through a No. 45 mesh U.S.
5 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 required volume.

10 Illustrative compounds that can be used in the
methods of the present invention are shown in Table 1.

Table 1
Compound
No. Rl and R3 R2 Form
1 ~C (0O )—@—F piperidino base
2 ~-Cl{o )—@—F piperidino HC1
3 -C (O)—q piperidino base
4 -C {0 )—4 piperidino HC1
5 ~C{0O)CH2CH2CH3 piperidino base
6 ~C (O)}CH2CH2CH3 piperidino HC1
7 ~C{0)C(CH3)3 piperidino base
8 -C(0)C(CH3)3 piperidino HCl
9 -C(O)CH2C(CH3)3 piperidino base



Magnesi um st ear ate 0.5 Tal c

1 10, The Active ingredient, starch, and cellul ose are
passed through a No. 45 mesh U.S. sieve and nixed thoroughly. The
solution of polyvinylpyrrolidone is mxed with the resul tant powders
whi ch are then pygpRaedadr ough a No. 14 mesh 15 U.S. sieve. Tha-idis9éethéis
so produced are dried at 50-60 C and passed through a No. 18 mesh U. S
si eve. The sodium - carboxynethyl starch, magnesium stearate, and talc,
previ ously passed through a No. 60 U S. sievel3-are then added to the
granul es which, after mxing, are conpressed on a 20. tablet machine to
yield tablets. Suspensipg§e€aCh (ggat @i ng 0.1 - 1000 ngy of
Active i ngredient per 5 nL dose are made as foll ows: WO
96/ 39833 _ PCI/US96/ 09161

-12-- ™ For mul at i on E™P&¥¢hensi ons | ngr edi ent

Quantity (ng/5 m) R Yoara R3 r2 OF&m 1000 ny
Sodi um car boxynet hyl cel |l ul gse

50 ng Syrup
_ ) : . -C(O)CH2C(CH3) iperi 1§Y

1.25 g Benzoi ¢ acid &8I ution O cHCICH3I3 piperidyio) o mfct

Fl avor 11 ~C(0)—)~CHs . v. piperidGel or HCl

g.Vv. Purified water to 5 nL The

Active ingredient is passed2through ?;FNB."@ mesh Up&eridino base
_1 3 B priperidino base
14 H piperidino HCl
15 H pyrrolodino base
16 H pyrrolodino HC1
17 H hexamethyleneimino HC1
18 cH piperidino _ _HCL

~ The utility of the compounds of formula I is
5 illustrated by the positive impact they have in at least one
of the experiments described below.

Materials and Methods
Selection and dosing of rats were essentially as

10 described by Sato et al. 8Sato et al., J. Bone and Mineral
Research, 9, 715-724 (1994). Briefly, ovariectomized {ovex)
virgin female rats (6 months o0ld) were divided into 3 groﬁps
of 6, designated as: ovex; ethinyl estradiol (EE2, 0.1
mg/kg/day p.o.): and raloxifene (compound 14, 1.0 mg/kg/day

15 p.o.). A fourth group of sham-operated females (sham) served
as a second control. Doges of EE2 and 14 were selected for
comparable effects on bone density parameters (Sato et al.):;
incidentally they produced similarly significant (P,0.05 vs
ovex) effects at lowering total cholesterol (36%2 and 38%4

20 mg/dl, EE2 and 14, respectively, vs 85%7 and 8717 mg/dl, ovex
and sham, respectively). Sham and ovex rats were
administered vehicle (100 ug/g body weight of 20%
hydroxypropyl-S-cyclodextrin). Animals were dosed for 35
days and sacrificed by excess CO3.



5 sieve and mixed with the sodi um carboxymet hyl cellul ose and syrup

to forma snooth paste. The benzoic acid solution, flavor, and col or

are diluted’with some of the water and added, with stirring.

Sufficient water is then added to . produce the required volune. 10

Il'lustrative conyewgassss hat can be used in the met hods of p&fBsdsfosEe Nt

I nvention are shown in Table 1. Tabl e
Conpound _ No. Rlerr] and R err]

Rlerr] Form N 1 -l4-_c(O-[err]- F

pi peri di no base 2 -C(Oferr]- F

p!per!g!no HC1 Hearts and aortad were careful®l Qid#f¥dtled, quickly

pi peri di no

4 €
pi peri di no Cﬁrozen and stored at 570 C if me&a%% g%rfé‘r%rqxjeaquflr]
pi peridi no basimmediately. Microsgmal membrageQyesieias @drer i$@tead jfrom

plperlglno H@-4 g minced hearts oz aortas frof( Q&K Gdotb rh%[ﬁ%é&lously
pi peri di no

pi peri di no §)H escribed. Jones etgal“ J. B} 18(8@?&”]%‘{34[ g(rar %%’?err]
pi peri di no basEl979). Preparanydops/ geggstored in 0. M sucrose/30 mM

PCT/U596/0916} histidine at ~70°C. Binding studies usi%g increasing
Tabl'e 1 (Cont’d) concentrations of the calcium channel ligand [3H] PN200-110
(0.01-4.0 nM) were done in 12x75 mm glass tubes (total volume

10 500 pl) at 23°C for 2 h using 100 (heart) or 200 (aorta) ug
protein per tube. Assays were terminated by rapid filtration
onto Whatman GF/C filter paper. Assay (and wash}) buffer was
50 mM Tris/HCl (pH7.3), 1 mM EDTA and 12 mM MgCl,.
Nonspecific binding was defined as binding remaining in the

15 presence of 1 PM nifedipine.

Radioligand binding affinity and receptor density were
determined from saturation isotherm data using the nonlinear
regression analysis program LUNDON-1. Lundeen and Gordon, ,
in Receptor Binding in Drug Research, 31-49, 1986.

20 Cardiovascular hemodynamic parameters in response to BAY
k 8644 were determined in pithed rats from each of the four
groups (sham, ovex, EE2, and l4) as described by Hayes and
Bowling with the following modifications: the drug was
administered through the femoral vein; and direct measureﬁent

25 of left ventricular systolic blood pressure was obtained by
inserting a small section of PE 90 tubing attached to a
pressure transducer directly into the ‘left ventricle.

Hayes and Bowling, J. Pharmacol. and Exp. Ther., 241, 861-869
{1987). Measurements were obtained of mean, systolic and

30 diastolic blood pressure, heart rate, left ventricular

systolic pressure and left ventricular dp/dt.

Results
EE2 and 14 effects on Ca2* channel binding ([3H] PN-
35 200-110) in cardiac and aortic tissues, and on in vivo
hemodynamic responses to BAY k 8644 were determined and
compared to ovex and sham controls. Whereas high affinity



Conmpound No. Rlerr] and R err] R err]

Form . 10 -C(O CH2C(CH3) 3 pi peri di no HC1

11 S lYO-[err]- CHerr] pi peri di no HC1 12
-C(O [err] pi peri di no base : 13 _ H
pi peri di no bas 14 H pi icbki

HC1 ﬁ/ogfggsss H pyrrol odi no basrg‘i}fds%i’a
16 H pyrrol odi no HC1 17

H hexanet hyl enei m no HCl -1518 CH err] -
pi eridi no HC1 The utility of the conpounds of formula I

is 5 illustratedyg B;é?l bmakﬁév]glﬂdmcgleg@y@;&&q ] ééﬂéf%'b?tanﬁn%rtlc of

t he experinents de terials and

Sel ection and dostigpusis wers Gegelkicantdyafpgreasery md§§%rl%‘§%l 4y trgeeedt
al. . Sato et al.,rdts Bofrpazed 6bneved rats, Reielimgh af¥inidbes/ AKg¢ 1969 not
Brlefly ovariectg ) g < t

divided into 3 gr%ﬂ%%ﬁq'c(a%\ég} dl%feryént %H%lr’ir@&\?rexaﬁ éﬁtﬁr%%n %g'?r%g

(EE2, 071 hy/ ReF D YIS§URS- and raI oxi fene (conmpound 14, 1.0 ny/ kg/ day
15 p.o.). A fourth group of shamoperated females (sham) served as a
second control . Dgses of EE2_ nld 14 r(taﬁasr_,el ellr,}_l ( 259_100 aogg{g)axﬁglﬁ vs ovex
ef fects on bone densi y parane ers (Sa 0 et a ; ent aIIy ey
produced sim | ar| §=3 R ohéxFile " 242 R- LG e
‘total chol esterol 4&62(,@9@&7)38455,30 ngégi&sl EE2 andtﬂm resmstl vel y; 0ad . 857
and 877 ny/ dl res vel y am an ex rat r
adm ni st ered -\17%hl %ﬁ? (%8 %err /g bo V\éel ght )18?@30% Qsﬁ),( 2.9006
hydr oxypr opyl - S- c§% odxebrin) 3 *%«nl rral 5HEte do28#ERor 3333%26% gays ZmE0-6
sacrificed by excgsiex=Cd=2rs)| . 3atax 535$80%* 17118 12418+ 1.30.6

Despite the increase in Ca2* channel Byax, in vivo
15 contractile, heart rate and pressor responses to BAY k 8644
in EE2-treated rats were not increased compared to those of
ovex or sham controls. Thus increased Ca2* channel density
did not result in a more .sensitized response to the calcium

channel agonist.
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- 14- y Hearts and aortas were careful | y a~»--—~-- ------------
frozen“and Stored at - 70[ &hik $KeetiHas BeenBe wer e \

i mredi ately. M crosonmal ne | were is g

m nced hearts ORy@ogdogs fr S previot 06/091610NES
et al., J. Biol. Chem, 254, - (1979). Preparations were stored
in 0.25 M sucrose/ 30 mM histidine at -70[err]C Binding studies using
i ncreasing concentrations of the calciakbchannel ligand [[err]H]
'PN200- 110 (0.01-4.0 nM were done in 12x75 mm gl ass tubes (total

volume 10 500 [erthkimat 23[err]C for 2 h using 100 (heart) or 200 (aorta)

[err]g protein per tub Assa ete nat ed dflltratlon
ont o What man GF/ C filter gperA "léi&@e%%’ﬁd“ l‘b%f‘f'%]r‘“\}dg‘s
Tris{ HO (pH7. 3) ,vakcolaERTA aaddiac i sgy@ [cempnrlslng radmpeetérmmltnda ng was

ggl(‘j l nfd asdblb ndh%zﬁemcméw ain’imtamen.ﬂgi%eéa' enepssr of plaaﬂ:ﬁé&é\M;fHJlQQ'-phn]?

i oligan i ndi fini recept or n we erm ne rom
saturation isot hee% eEht e L?ﬁ/ % RE B0 é‘é‘ﬂ% ﬁav},rfge&%g SPB‘deﬁ]al ysis
program LUNDON-1. Lundeen and Gor don, in Receptor Binding in Drug
Research, 31-49, 1986. 20 Car di ovascul ar penpdeossdmRpar amet ers i n
response to BAY k 8644 were determned in Hd rats from each of the
f our groups (sham ovex, EE2, and 14)pgas I§S bed by Hayes and

Bowing wwth the follow ng nodifications: §fe dRag was adm ni stered

t hrough the fenoral vein; and direct of left ventricular
systolic bl ood pressure was obt ai ngd DY a small section of PE
90 tubing attached to a " pressu 3 9R? nto the left
ventricle. Hayes and Bow i o R . \8 Exp Ther., 241,

861- 869 (1987). Measurenen & vvere obt ai ned of nmean, systol | c and 30
di astolic blood pressure, heart rate, left ventricular systolic
pressure and |l eft ventricular dP/dt. H&3ul ts

wherein R! and R3 are independently hydrogen, C3-Ca
alkyl, -CO-(C3-Cg alkyl), or -CHzAr, -CO-Ar, wherein Ar is
phenyl or substituted phenyl;

R2 is selected from the group consisting of .
pyrrolidine, hexamethyleneimino, and piperidino; or a
pharmaceutically-acceptable salt thereof.

2. The method of Claim 1 wherein R! and R3 are
independently hydrogen, C1-C4 alkyl, -CO-(C1-Cg alkyl), or
benzyl; and R2 is piperidino or pyrrolidino.

3. The method of Claim 2 wherein R! and R3 are
independently hydrogen or C3-Cg alkyl, and R2 is piperidino or
pyrrolidino.

4. The method of Claim 3 wherein R! and R3 are
hydrogen and R2 is piperidino or pyrrolidino.

5. The method of Claim 4 wherein R2 is piperidino.

6. The method of Claim 5 wherein.said
pharmaééutically—acceptable salt is the hydrochloride salt.

7. The method of Claim 4 wherein R2? is
pvrrolidino.

8. The metheod of Claim 7 wherein said
pharmaceutically-acceptable salt is the hydrochloride salt.
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EE2 and 14 effects on Ca[err] channel binding ([err]H PN 35 200-110) in

cardi ac. and aortic tissues, and on in vivo henmodynam.e.responses to BAY
k 8644 wer.e determ ned and conpared to ovex and sha

high affinity WD 96/ 39833

PCT/ US96/ 09161 -15-

di hydropyridine binding sites (B[err]) in-pgrdiac and adrtfi c05 AUgi e
were significantly increased in EE2- and 14-treated

ovex rats, binding affinities (Kl err]) were not signi ficantTy df

anong groups irbﬁ'!epgg,cardi ac or 5 aortic tissues.

chol cardi Hl PN200- 100 aortic *p<0.05 vs ovex group

ng/dL B[err] (fnol/ng) Kd- (pM Blerr] (frnol/ng) Kd(nM ovex
(n=5-7) 857 29651 20019 6115 1.00.3 10 sham (n=4-6) 877
38576 188321.  ‘Hepiuse of a compoymdeof formgpd (n=5-7) 362+ 52565*
20421 13326* 2.50.6 Ral ox (n=4-5) 384* 53580* 17118
12418* 1.30.6 Despite the increase in 'C?%err] channel
Bl[err] in vivo 15 contractile, heart rate 25782

8644 in EE2-treated rats were not incr

ovex or shamcontrols. Thus increased,Ca[
result in a nore sensitized response ?,

st @GE sponses to BAY k
dj conpared to those of
hannel density di d not

esaf ci um channel agoni st.

R0

(1)

wherein .
R! and R? are independently hydrogen, C-C, alkyl, -CO-(C,-C, alkyl), or -
CH,Ar, -CO-Ar, wherein Ar is phenyl or substituted phenyl;
~ R%is selected from the group consisting of pyrrolidine, hexamethylenemino,
and piperidino; or a pharmaceutically-acceptable salt thereof; for use in modulating
calcium channels in vascular and cardiac tissue which comprises administering to
a warm-blooded animal in need thereof a pharmaceutically-effective amount of a

compound of formula I or a pharmaceutically acceptable salt or solvate thereof.

2. The use of Claim 1 wherein R and R? are independently hydrogen, C,-C,
alkyl, -CO-(C,-C; alkyl), or benzyl; and R, is piperidino or pyrrolidino.

3. The use of Claim 2 wherein R! and R® are independently hydrogen or C,-C,
alkyl, and R? is piperidino or pyrrolidino. '

4. The use of Claim 3 wherein R! and R? are hydrogen and R? is piperidino

or pyrrolidino.

5. The use of Claim 4 wherein R? is piperidino.
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‘. 16- CLAI Ms: 1. The use of a corrpou'hd of formula I [err]

(1) wherein Rlerr] and Rlerr] are independently derogen

Clerr]-Cferr] alkyl, -CO((err]- C[err] al kyl), or - CH Vraxals
Ar i s phenyl or substltut ed phenyl; ° Rlerr] is se tHeEE
group consi sting of pyrrolidine, hexarret hyl enem no, and| p} peri di no; or |a

pharmaceutical | y-acceptable salt thereof; for use in nodul aif BAUg9oguMm
channel s in vascular and cardiac tissue which conprises mnistering t
war m bl ooded ani mal in need thereof a phatlifaceutically-feffectTve
a conmpound of forrmula | or a pharmaceutically acceptablle.sali_or solvate
t her eof . 2. The use of Caiml wherein Rlerr] and R err] are

i ndependent |y hydrogen, C[err]-Cferr] alkyl, -CO((err]-Cferr] alkyl), or
benzyl; and R2 is piperidino or rrolidino. 3. The use of Caim?2
wherein R[err] 6and F'tﬁ@rusp @r@lailncép’énm&l? phprmapgutically-acteptatile Gpleris the

al kyl, and R[elilrh‘a) ﬁdE di no or pyrrolidino. 4, The use of Claim3
wher ei n Rl err] @[0 re hydrogen and Rlerr] is piperidino or
pyrrolidino.

7. The use of Claim 4 wherein R? is pyrrolidino.

8. The use of Claim 7 wherein said pharmaceutically-acceptable salt is the
hydrochloride salt.
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5. . The usé of Claim4 wherein Rerr] is piperidino. CNR)S" Y0 -3

-17-° . 6. 5 The use of Caim5 wherein said pharmaceutically-acce bl e
salt is the hydr ochl ori de sal.t: 7. The use of Claim4 V\hereﬂhy&[ ﬁ](s(xé
i's pyrrolidino. 8. The Use of Caim7 wherein said

pharmaceutical |l y- ac§ ?t abl e sal t I's the hydrochl oride salt.

'ORLD INTELLECTUAL PROPERTY ORGANIZATION
International Burean

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/39833
51758, Al . ’
%&lgo%%ogggm ’ (43) International Publication Date: 19 December 1996 (19.12.96)
4 | 21 International Application Number: PCT/US96/09161 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
‘e, CA, CH, CN, CZ, DE, DK, EE, ES, Fi, GB, GE, HU, IL,
2| 22) mternational Filing Date: 4 June 1996 (04.06.96) 1S, IP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV,
" MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT. RO, RU,
LA & 8D, SE, SK, T3, ™™, TR, TT, UA, UG, US, UZ,
(30) Priority Data: , ARTPO patent (KB, LS, MW, SD, SZ, UG), Eurasian
08/485,317 7 June 1995 (07.06.95) Us patent (AM, AZ, BY, KG, KZ, MD, RU, TI, TM), European
patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CL
(60) Parent Application or Grant CM, GA, GN, ML, MR, NE, SN, TD, TG).
(63) Related by Continuation
Us 08/485,317 (CON)
Filed on 7 June 1996 {07.06.96) | Published

v With international search report.
) Applicant (for al! desigrated States except US): ELI
AND COMPANY [US/US]; Lilly Corporate Center,
anapolis, IN 46285 (US).
(72) Inventor; and .
(75) Inventor/Applicant (for US only): BOWLING, Nancy, L.
[US/US]; 101 White Oak Drive, Greenfield, IN 46140 (US).

(74) Agents: STRODE, Janclle, D. et &l; Eli Lilly and Company,
Lilly Corporate Center, Indianiapolis, IN 46285 (US).

(54) Title: MODULATION OF CALCIUM CHANNV
(57) Abstract

A method for modulating calcium
channels, increasing the density of calcium
channels in vascular and cardiac tissve
with no changes in inotropic or pressor

comprising administering to a
warm-blooded animal in need thercof a
pharmacecutically-effective amount of a
compound having formula (I) wherein R}
and R3 are independently hydrogen, C;-C4
alkyl, -CO-(Cy-Cs alkyl), or -CHzAY, -CO-Ar,
whaemArxsphenylorsubsntntedphmyl.
R? is selected from the group consisting
of pymolidine, hexamethyleneimino, and
piperidino; or a pharmaceutically-acceptable
sait thereof.

—4




