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due to increase snoot h nuscl e tone of the bl adder neck and the prostate

itself (which interferes with 25 enpt BARKGROWYNB bl adder) and is regul ated
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conponent  of 15BPHof alldmen older than 65 years have some degree of BPH and a third of these

men have clinical symptoms consistent with bladder outlet obstruction (Hieble
and Caine, 1986). Inthe U.S_, benign and malignant diseases of the prostate
are responsible for more surgery than diseases of any other organ in men
over the age of fifty.

20 There are two components of BPH, a static and a dynamic component.
The static component is due to enlargement of the prostate gland, which may
result in compression of the urethra and obstruction to the flow of urine from
the bladder. The dynamic component is due to increased smooth muscle
tone of the bladder neck and the prostate itself (which interferes with

25 emptying of the bladder) and is regulated by alpha 1 adrenergic receptors
(a1-ARs). The medical freatments available for BPH address these
components to varying degrees, and the therapeutic choices are expanding.

Surgical treatment options address the static component of BPH and
include transurethral resection of the prostate (TURP), transurethral incision

30 of the prostate (TUIP), open prostatectbmy, balioon diiatation, hyperthermia,
stents and laser ablation. TURP is the preferred treatment for patients with
BPH and approximately 320,000 TURPs were performed in the U.S. in 1990
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dihydrotestosterone in the prostate gland (Gormliey et al., 1992).

15 Dihydrotestosterone appears to be the major mitogen for prostate growth, and
agents which inhibit Sa-reductase reduce the size of the prostate and
improve urine flow through the prostatic urethra. Although finasteride is a
potent So-reductase inhibitor and causes a marked decrease in serum and
tissue concentrations of dihydrotestosterone, it is only moderately effective in

20 treating symptomatip BPH (Oesterling, 1995). The effects of finasteride take
6-12 months to become evident and for many men the clinical improvement is
minimal (Barry, 1997).

The dynamic component of BPH has been addressed by the use of
adrenergic receptor blocking agents (a.1-AR blockers) which act by

25 decreasing the smooth muscle tone within the prostate gland itself. A variety
of a1-AR blockers (terazosin, prazosin, and doxazosin) have been
investigated for the treatment of symptomatic bladder outlet obstruction due
to BPH, with terazosin (Hytrin", Abbott) being the most extensively studied.
Although the a1-AR blockers are well-tolerated, approximately 10-15% of

30 patients develop a clinically adverse event (Lepor, 1995). The undesirable
effects of all members of this class are similar, with postural hypotension
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play a dominant role in the control of blood pressure, nasal congestion, 10
prostrate functiocdg-AhdBomnoet aby 1RV Eoray ehalr, 1984, Hirasawa, et 8091993; However ,

there are a nunigl, 8ho%t 81 Cfbob S bdwiniel SC 08! WRIHNYP 8541, 1854 AT linber
' of labs have characterized the «1-ARs in human prostate by functional,

15 radioligand binding, and molecular biciogical techniques (Forray et al., 1994;
Hatano et al., 1994; Marshall et al., 1992; Marshall et al., 1995; Yamada st
al., 1994). These studies provide evidence in support of the concept that the
a1.-AR subtype comprises the majority of a1-ARs in human prostatic smooth
muscle and mediates contraction in this tissue. These findings suggest that

20 the development of a subtype-selective a1a-AR antagonist might result in a
therapeuticaliy effective agent with reduced side effects for the treatment of
BPH.

SUMMARY OF THE INVENTION
The compounds of this invention selectively bind to the a1.-AR

25 receptor, antagonize the activity of said receptor and are selective for
prostate tissue over aortic tissue. As such, these represent a viable
treatment for BHP without the side effects associated with known a.1-AR
antagonists,



[err] (Bruno et al., 1991; Forray et al., 1994; Hrasawa et al., 1993;
Ramarao et al., 1992; Schwinn et al., 1995; Winberg et al., 1994). A
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OF THE | NVENTI ON The conpounds tai s invention selectively bind to the-
[err] 25 receptor, antagoni zBsthe activity of said receptor and are
sel ective for prostate tissue over aorti < ti ssue. As such, these represent
a viable treatment for BHP without the side effects associated with known
[err] ant agonygférein: 3 WO 99/ 42448
PCTI US99J(03608 The invention includes conpounds of Fornula | [err] wherein:
5 Rerr] 5 iBihydsbydrgemairgen, Crealhy REOvLr&red® orferrjal kyl: R
is[err]al kyl, substituted [err]al kyl where the al kyl substituents are
i ndependently selected from

R,  is Cigalkyl, substituted C,salkyl

where the alky! substituents are independently selected from
one or more halogens,
10 phenyl,
substituted phenyl
where the phenyl substituents are independently selected from
one or more members of the group consisting of Cy.salkyl,
: C.salkoxy, and trihaloCqsalkyl,
15 phenyiC.salkyl,
or substituted phenylC,salkyl
where the phenyl substituents are independently selected from
one or more members of the group consisting of Cy.salkyl,
halogen, C,.salkoxy, and trihaloCysalkyl;

20
Rs is hydrogen, hydroxy or Cisalkoxy if the hashed line is absent or
is oxygen if the hashed line is present;
R4 is hydrogen, Ci.salkyl, phenylC,salkyl or substituted phenylC,.salkyl
25 where the phenyl substitutents are independently selected from

one or more members of the group consisting of Cy.salkyl,
Cisalkoxy, and trihaloCsalkyl;



one or noye hal.ogens, 1 0 phenyl , substituted phenyl where the
phenyl substituents are independently selected fromone or nore nenbers of
the group consisting of [err] [err]al koxy, and trihalo[err]al kyl, 15
phenyl [ err] al kewbgsapaassubst i t ut ed phenyl [err]al kyl where thePEHUR3PI03608
substituents are independently selected fromone or nore nenbers of the
group consisting of [err] hal ogen, [err]al koxy, and trihal o[err]al kyl; 20
Rl erer] i s hyRi ogiCrealldk oxy or [err]al koxy if the hashed |ine is absent

or is oxygen if the | S present; R4 i s hydrogen, [err[alkyl,
phenyl [err]al kyl or SQE%@??? ?ﬂ@%henyl [err]al kyl 25 where the

phenyl substitutents arewherddpealiaubstitutantcaredndependently salected E0Menber s of
(e g1 oul QST SN Of [er] ol ndghalgefixy: and triharoferlalion 4
is [err] substitutegnbgyir] where the alkyl substitutents are independently
selected from5 one or nore hal ogens, phenyl,
substituted phenyl .
where the phenyl substitutents are independently selected from
one or more members of the group consisting of Cysalkyl,
10 hydrogen, halogen, hydroxy, Cssalkyl,
substituted C..galkyl
where the alkyl substitutents are independently
selected from one or more halogens,
Cysalkoxy, amino, Cysalkylamino, diCysalkylamino,
15 C.salkylicarbonyl, C..salkoxycarbonyl, arylcarbonyt, nitrile,
aminosulfony!, Cysalkylsulfonyl, phenylsulfonyl, and
substituted phenylsulfonyl
where the pheny! substitutents are independently
selected from one or more members of the
20 group consisﬁng' of Cysalky! hydrogen,
halogen, hydroxy and nitro;
phenylC,salkyl,
substituted phenylC,.salkyl
where the pheny! substitutents are independently selected from
25 one or more members of the group consisting of C4.salky!
hydrogen, halogen, hydroxy, Cysalkyl, substituted
Cisalkyl
where the alky! substitutents are independently
selected from one or more halogens,
30 Cisalkoxy, amino, Cy.salkylamino, diCssalkylamino,
Ci.salkyicarbonyl, Cysalkoxycarbonyt, and nitro;
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substituted phenyl where the phenyl substitutents are independently

sel ected fromone or nore nenbers of the group consisting of [err] 10

hydr ogen, hal ogen, hydroxy, [err] substituted [err] where the al kyl

substi t ut entwoagized4sndependent |y sel ected from one or nore Qe Q66ses [ €'
amno, [err]alkylam no, [err] 15 [errr] [err],

aryl carbonyl, nitrile, am nosul fonyl, [err] phenylsul fonyl, and substituted
phenyl sul f onyW whisraxygens spifengrNKubst i t utents are i ndependently sel ected
fromone or nore nenbers of the 20 group

consisting of [err] hydrogen, hal ogen, hydroxy and nitro; [err] substituted
[err] where pharmeveniicallydoseptableaalts thiereof;, ndependent |y sel ected from 25

one or nope ne rs .of the group consisting,of [err] hydrogen, hal ogen,
hydroxy, Per @Hg&g?'ﬁ?mF@dr%@W "\Rﬁ‘gpﬁ' "Psrﬂé{giéﬁiﬁ a d ﬂﬂﬂrg ts are
i ndependent |y sel peadifitidr AR ifVhtioh coRtefhplates pREMmacititical compositions
[err] amno, [err] [err] and nitro;
containing an effective dose of compounds of Formula I. Still further this
invention contemplates methods of treating diseases associated with the a-1,
adrenergic receptor consisting of administering an effective dose of a
10 compound of Formulalto a mammal. This invention also contemplates a
method of treating benign prostatic hyperplasia consisting of administering an

effective dose of a compound of Formula | to a mammal.

DETAILED DESCRIPTION OF THE INVENTION

16 The terms used in describing the invention are commonly used and
known to those skilled in the art. However, the terms that could have other
meanings are defined. "HBSS" refers to Hank's Balanced Salt Solution.
"Independently” means that when there are more than one substituent, the
substitutents may be different. The term "alky!" refers to straight, cyclic and

20  branched-chain alky! groups and "alkoxy" refers O-alkyl where alkyl is as
defined supra. "DMAP” refers to dimethylaminopyridine, “‘HOBT” refers to
hydroxybenzotriazole hydrate, and “EDCI" refers to 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride. The term "HATU"
refers to O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetrametyluronium

25 hexafluorophosphate and the symbol "Ph" refers to phenyl, and "aryi"
includes mono and fused aromatic rings such as pheny! and naphthyl. The
symbol “ES" refers to electrospray and the symbol “MS” refers to mass
spectrum. Some of the compounds of Formula | include a chiral carbon atom.
Therefore those compounds may be prepared as stereoisomers, racemic

30 mixtures or pure enantiomers. All stereoisomers, pure enantiomers and
racemic mixtures are considered to be within the scope of this invention.

6



WO 99/ 42448 : PCT/ US99/ 03608 X IS
oxygen, sulfur or NH pharnmaceutically acceptable salts thereof; 5 and
stereoi sonmers, racem c mxtures, as well as enantioners thereof. In

addi tion this wosemMatHn cont enpl at es pharmaceuti cal conposi tACEASI¥BMBai ni ng
an effective dose ofTHsspouas of thEdivantion hay Biel prépdred biaehe fdilowingnvent i on

contenpl at es nmet hods of treating di seases associated with the a
adr ener gi ¢ r eceffhemesoWaere Some %ﬂf\em&ﬁfm@{%m% than ene %’EF?‘%}@eB{)%éF‘%f a 10
conpound of Foriﬁ%ﬁgdn. 4 1os¥REBY, thd Bhcicd SrRbmaNs alntettef BNiSaBLigH S a

met hod of treating benign prostatic hyperplasia consisting of adm nistering
an effective dowhicbfis witbioripoapebiltiesof ehemists. t o a nanmmal . DETAI LED

DESCRI PTI ON THE 1 NVE ' ki he

i nvention ar commr#\ﬁloﬁé_éwaﬁ%ﬂgw%??ﬁﬁéﬁsﬁﬁ@ﬁ?ﬁ%%?% lowever
the terns that R KdAOYEReIS8drogeanamRs & BiriflabromethylphdbgSthay béers to
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m)lrE ]than ](c)ne SHWFQWQSFW%&b TS W;g;’gg E}Pj:;;ieﬁ term |
"al kyl" refers ; ; groups an
"al koxy" refers}s&%ﬁﬁt%g?%Iiﬁ%tﬁ?gaggmddgf%%d sBpra. ﬁPDIVAP" refers to
di met hyl am nopy dexvative, 1b-foBabout@Fzdays to divattheazisieric tThisazideisirated e, and

"EDCl " ref to. 1-{3: di | a o i
nydrochi or 0. 918 PR e ot pALInREhER Sopet bl e 136 8K WEG amins |

tl, 3, ﬁ t elt ram&‘éI yhar crlng"sta_mxialé isdﬂmted Mba@gbq&-nmjbed timrwtpyhdirpm' ativePistich eL er sI
o phenyl, and Tar i ncl udes no. ang sed . aro | ngs su en
andpnapKt hyl . TH8 2§W~om§fhw&$wgam6‘05315@&'%55559"@ﬁé@ﬁ%_@W" IF\)/B Y
refers to mass an&ﬂ,q%oéeaﬁemg|am RAARAVNBAS cAIbrid@Eabct todniCl ude a
chiral carbon atom "Therefore those con&c;;nds may be prepared as

st er eoi soners, temparatirsor 2:16d ta give the dasired sampeunshefkormula 1. Sithis eoi soner s,

pure enanti gger g a0t may be used to prepare a number of compounds of Formula I, For

example, to prepare compounds where R, and R; vary, simply replace the
illustrated 1b with any known substituted piperazines. Although the
illustrated product was prepared from the racemic azide 1a, the pure
enantiomers of this azide are known and can be used in this scheme. To
20 prepare compounds where Rs is other than substituted phenyl, replace the
acy! pyridine derivative 1e with another acyl pyridine. For example to prepare
a compound where Rs is phenylmethyl, replace the illustrated 1e with 2-
[(phenylmethyl)amino}-3-pyridinecarbony! chioride. To prepare compounds
where X is other than NH, replace the amino substituted acylpyridine with a
25 thio or an oxy substituted pyridine. For example to prepare a compound
where X is sulfur, R, is hydrogen, R; is pheny!, Rs is hydroxy, R4 is hydrogen,
and Rs is phenyl, replace the illustrated 1e with 2-(phenylthio)pyridine -3-
carboxylic acid chloride.
To prepare compounds where R; is Cq.salkoxy replace starting material
30 1cwith 1-{1-azido-2-methoxypropan-1-yl}-4-[2-isopropoxyphenyl]piperazine
and carry out the remaining steps of the scheme.
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about 2-5 days to give the azide 1c. This azide is treated 10 with Pd/C
and H2 (5@ psi) in an inert solvent over 16 h to give the free anine 1d."
This amne is treated with a 3-acyl -2-substitut e%dlgéfh@ fe derivative, such
as 2-[(3-trifluoronethyl phenyl)am no] - 3-pyridi necarbonyl chloride, 1le ,
DVAP and N, N-diis opyl et hyl ami ne in methyl ene chloride at about room
tenperature fRy 2.6 botso give the desired conpound of Fornula I. This 15
schenme may be uséd t0 prepare a nunber of conpounds dornmul a 1. For

exanpl e, to prepar® conpounds where Rl err] and Y sinply replace the
illustrated I b w th nown_sugsti t ut edowi pngnes. Al t hougg,.t he
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enanti oners of I'N“azNde are known and~¥can~be Used in Phis schene. To 20

pr epare conpo \:J/her Rlerr] is other than subsyituted phenyl, replace
the acyl pyridine~derivathe |le with another acyl pyridine. For exanple to
prepare a conpoundgyghere Rerr] is phenylnmethyl, replace the illustrated 1
e wth 2- '

NH O

&

N Cl

- 1e
CF3

CF3
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[ (phenyl net hyl ).am no] - 3- pyri di necar bonyl chloride. To prepare conpounds
where X is other than NH, replace the am no substituted acyl pyridine with a
25 thio or an oxy substituted pyridine. For exanple to prepare a conpound
where X is sulwonysRberr] is hydrogen, R err] is phenyl, R &arjuspu3spgdr oxy,
R4 is hydrogen, and d@hehis PRAPYEUsEER) BrePatd Compdunts bRFemnUI | where X is

2- (phenyl t hi o) pyridine -3- car box?q”i c acid chloride. To prgﬁgﬁ conpounds

where Rierr] i ssgifurrRi isdpes: & & ethyli Ryisthvdeegeny Rais hydrogepy g1

-azi do- 2- et hox - = 2o J | i carry out
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over 30m nt olh. TReRiRative ie cohverted IR drhfhe, 2¢, by treatment with TFA and

PCr/ US99103608 Schene 2 may be used to prepare conpounds . of _Formul a |
X is sul fur, R oethylene ¢hieriesst regm tampearaiure o r&‘gr ﬁgerwﬁg\c%&ﬁ,coﬁg%ps

hydrogen. and Right] o s W BRI deriAfvE 2B LSRG DM YargDst | LUt ed

pi perazine derivative Za 1s tredte N-BOC protected 3-bronopropyl am ne
and cesi um car bopRidiisopropylethylamine in methylene chloride at about room temperature

10  for 2-6 h to give the desired compound of Formula |. As described in Scheme

wher e

1, Scheme 2 may be modified to give many compounds of Formula 1.

Scheme 2
F F
(\NQ/———-—» (\N ‘ —>
2a
BOC-NH 2b
+
BOC-NH\/\/BI‘
F 7 ]
cl
& B
/—/’ N\) Oy s °
NH, 2c Q 2d
ct
’.
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5 acetonitrile at reflux for 16 h to give the substituted piperazine,
derivative 2b. This derivative is converted to the free am ne 2c, by
treatment with TFA and net hyl ene chl ori de at roomtenperature over 2-6 h.
Derivative 2@oosusqspl €d With a substituted acyl pyridine . 2d
using DVAP, and N, N-diisopropylethylam ne_in gethylene ch or| e at about
roomtenperature 10 for 2-6 h to give th dgSired conpound of Fornula 1.
As described in Schenme 1, Schene 2 ma b dified to gi ve nmany conpounds
of Formula I. Sche

[err] 15 9 99142448
PCT/ US99/ 03608 [ er |j] ot herr net hog, of preg.rlng conpounds of the invention
isillustrated by B N

of deriBtati ve 2c and

2-chl oroni coti nic acild willt h HOBT, DWVAP, EDC1 and N, N-diisopropyl et hyl am ne
in methyl ene chlorid® at % about roomtenperature for 2-6 h gives the :
chl oropyridine 38 ~\{reatnent of this derivative with an aronmatic al cohol
such as 3b givey orrpound of the invention where X is oxygen, Rerr] is
fluoro, R err] thyI R3 is hydrogen, R4 is hydrogen, and Rlerr] is

4- met hyl phenyC! Schene 3 [err] 10

Another method of preparing compounds of the invention is illustrated

by Scheme 3. Treatment of derivative 2c and 2-chloronicotinic acid with
HOBT, DMAP, EDC! and N _N-diisopropylethylamine in methylene chioride at

5 about room temperature for 2-6 h gives the chloropyridine 3a. Treatment of
this derivative with an aromatic alcohol such as 3b gives a compound of the
invention where X is oxygen, R, is fluoro, R, is ethyl, R, is hydrogen, R, is
hydrogen, and Rs is 4-methylphenyl.

Scheme 3
F
e g
N
+ N oH —»
N\) e ct o
10 NH: 2c
F
7
(\ N Cl
N
/__/—' N\) O\Et s ©
NH, 2c Q 2d
ci
—J
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WD 99/ 42448 . PCTI US99J(C3608 [err] 5
To produce conpounds of the invention where R4 is other than hydrogen,
Schenme 4 nmay be used. The amino group of intermedi ates 2c nay be treated
with an al dehyd¥08#42448ch as benzal dehyde to give the inmi ne 4PCT/U$HH3608

i nternedi ate may be reduced with NaBH4 at dnperature to give 10 the
nonoam ne 4c. This amne is coupled with a ftituted acyl pyridine
derivative, using DVAP and N, N-dii sopr | 2 am ne in nethyl ene chloride
at about room tenper for 2-6 h t[o giN/e tlhhe desired compound of Formul a

1. As described in pr #tbgpaéy, chghe 4Qq$y be nodified to give a
nunber of conpounds o a~1. For exanpl e, o produce a conpound 15
where Rlerr] is hydroxyg replace 2c with internediate 1d and follow the
remai ni ng steps of Schene 4. WO 99/ 42448

PCF1US99/ 03608 Schg 4 [err] 5 To produce pure enantioners of
conpounds of Formu where R3 is hydroxy, Schenme 5 nmay be used. (S)(+)
epi chl orohydrin £87%ee)may be treated with benzylamne in a suitable
organi ¢ sol vent such as hexane at about room tenperature for about 48-72
hours to give hydroxy conpound 5a. This internediate may be treated with a
BOC reagent agent such as di-tert- 10 butyl dicarbonate, and an organic
base such as triethylamne in an inert 12

To produce compounds of the invention where R, is other than
hydrogen, Scheme 4 may be used. The amino group of intermediates 2¢ may
be treated with an aldehyde 4a such as benzaldehyde to give the imine 4b.
This intermediate may be reduced with NaBH, at room temperature to give

10 the monoamine 4c. This amine is coupled with a substituted acyl pyridine
derivative, using DMAP and N,N-diisopropylethylamine in methylene chioride
at about room temperature for 2-6 h to give the desired compound of Formula
l. As described in previous schemes, Scheme 4 may be modified to give a
number of compounds of Formula I. For example, to produce a compound

15 . where R; is hydroxy, replace 2¢ with intermediate 1d and follow the remaining
steps of Scheme 4.

11



WD 99/ 42448 PCr/ US99/ 03608 sol vent
such as THF at about O [err]C to about roomtenperature over 10 to 24 hto
give the N-protected derivative 5b. This internediate may be treated with
pi perazi ne dwoiswsdsasve, 5c, a base such as potassi um hydr oxpEi@ussb/iseae)

al coholic sol vent such as nethanol at a eme 4] C to about room
tenperature 5 over about 1 to about 3 days to give the coupled derivative
5d. This conmpound may be deprotected by treatnent with an acid such as TFA
at about roomtenperature over 18-24 h to gi vesreeFam ne 5e. This amine
may be debenzyl @6ed with using a palladi um ca kt and ammonium formate in
an al coholic solyent such as EtCOH at ab 45-80Q~Terr] C over 20 h to give
the 10 primary af@ne 5f. This am ne nmay bef[coupled to acids of type 5g

usi ng peptide coupp agents such a o] gm«gt a conmpound of Formulal.
As descri bed A rhe 1, Schene be nodified to give a nunber of
conpounds of la | —Schdre N[err] 4 13 Wo-99/ #2448

PCTI US99/ 03608N€rr] Al t hough t#e cl ai med conpounds are useful as
antagonists of [gr] - 5 AR s onpounds are nore active than others
and are either préferred or

<

cl
F
d | (\N
Nao N\/\/N\/' O\Et
s O
ct
5 To produce pure enantiomers of compounds of Formula | where Ra is

hydroxy, Scheme 5 may be used. (S)(+) epichlorohydrin (97% ee)may be

treated with benzylamine in a suitable organic solvent such as hexane at

about room temperature for about 48-72 hours to give hydroxy compound 5a.

This intermediate may be treated with a BOC reagent agent such as di-fert-
10  butyl dicarbonate, and an organ'ic base such as triethylamine in an inert

12



particularly preferred. The preferred conpounds of the invention include
conpounds where: R err] is halogen or hydroxy, R2 is phenyl or hydrogen,
10 R3 is (Jerr]alkoxy, Rerr] is (err]alkyl, Rerr] is

Clerr]al kyl, awWe9%X42448 s sul fur 15 The particul arly preferre®CEESPNINEs of
Formula | incl ustﬂvaﬁrﬁpduad!%mmuﬂwc to aOuD B tefrperature over 10to 24 h

PCJ/ US99103608 d | [ hy.
P US99103608 1 e bt suoLd S T i s 5 sk
qerr]al kyl -sub ipréiir%fHémQﬁ‘\)é 5  bide QKUY pohdsiupfngdioRde T dhne bi ol ogi cal

activity, the corrpounds of Formul a may be used in phar maceut i cal

conposi tions t oalcpbelic yeiuentadah E(srmﬁiﬁiﬁgl"laﬂﬁ@b@ﬂ%rc tecahoHt Epmylempetyt® der s
related to i hlrg{{érlé&g, pf\o \ép'dray ?Jgﬂ/g?rlé&ﬁfg‘e@&érﬁgfw&w s receptor.

The preferre 'S ora tron wever conpotinds Oral doses
range from aboutofipflind maﬁbadepmmttedjbwgeatmehywlth\baaeldtsheh apfliFdedt dose

A Y Y o
over a’period rgggieBendyldléd aRN AsiAh o PaREbiRn éé!al?ﬁ\aﬁﬂdmmomum formate in an
alcoholic solvent such as EtOH at about 45-60 °C over 20 h to give the
10 primary amine 5f. This amine may be coupled to acids of type 5g using
peptide coupling agents such as HATU to give a compound of Formula l. As
described in Scheme |, Scheme 5 may be modified to give a number of

compounds of Formula |.
Scheme §
o, oH —
NS T P N _A_C
5a

Boc OH

anﬁ\/?\/m foc SR N .
Ph N AN o\Ph
5b -

15
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15 daysmay be adm nistered by intravenous infusion. . The pharmaceuti cal
conpositions can be prepared using conventional pharnaceutical excipients
and conpoundi ng techni ques. Oral dosage forns may be elixers, syrups,

capsul es tabiwolesysamsl the |ike. Wiere the typical solid carpéfiisdonzdg | nert
substance such as | actose, starch, ogl ucose, nethyl 20 cellulose, magnesium
sterate, dical cium phosphate, ma gl and the like; and typical liquid

oral excipients include eth | g Jerol, water and the like. Al

exci pients may be Hi xe@Has [needfed th disintegrants, diluents, granulating

agents, |ubriegpts NWN and theJ i ke using conventiqnal technl gues
known to those sKI|I¥d i W the art of ;Breparl ng dosag

ms. 25
Par ent er al dosage forms may be prepared usi ng e aHother_glerile
carrier. Typically the g@rrpow For rrulg re f"sol dt ed and used as free

bases, however the conpounds mayNjQe |H§NW ed &g their
phar maceutical |y acceptabl e salts. Exanples of such sal t &M ncl ude 30

hydr obr om ¢, hydroi odi c, hydrochloric, perchloric, sulfuric, maleic,
fumaric, malic, tartatic, citric, benzoic, mandéfic, nethanesulfonic, WO
99/ 42448 PCTI US99/ 03608

hydr oet hanesul f oni ¢, benzenesul fonic, oxalic, panoic,

2- napht hal enesul foni ¢, p-tol uenesul fonic, cyclohexanesul fam c and

saccharic. |In order illustrate the invention the followi ng exanples are

i ncl uded. These exa do not Iimt the invention. They are neant only to
suggest a 5 nethodN ®Hcing the invention. Those know. edgeable in the
treat ment of benlgn pyostftic hyperpla5|a cheni cal synth

phar maceut i cal Ndi n@ as wel | ot her speC| aI i nd ot her
met hods of H N
N N o)
\/\/ \Ph

CF,

Although the claimed compounds are useful as antagonists of o1.-

§ AR, some compounds are more active than others and are either preferred or
particularly preferred. The preferred compounds of the invention include
compounds where:

is halogen or hydroxy,

is phenyl or hydrogen,

10 is Cy.salkoxy,

is Cysalkyl,

is Cysalkyl, and

is sulfur

XJPPPPD

15 The particularly preferred compounds of Formula | inciude compounds where:

14



practicing the invention. However those nethods are deened to be within the
scope of this invention. 10 16 WO 99/ 42448

PCJ/ US99/ 03608 PREPARATI VE EXAMPLES Exanple 1 [err] 5 The fumarate
salt of 1-2-i soPBMBphenyl)-piperazine (3.91 g, 12 mmol) wWeET/U$H9/03608:d

w th 20% NaCH [err] R;108 hytjogend extracted with nethyl ene chloride. The
conbi ned organic Iayérs, \(@re d]ri ed [err] and concentrated to give an oil
(2.74 g). A mixture s SesB¥ Y and 1 - azi do- 3- (p-

t ol uenesul f onyl oxy) F!%Opi%ﬂ'glardiyo(‘ﬁy&%g&a 12 mol, Antonin Holy, Collect. 10
Czech. Chem Comm 1989, 54(2), 446) was stirred at 100[err] C for 36 h.

The cool ed mi xture Jes @ihydfQS®Nwi t h wat er and extracted with ether, dried
(5111 o gely 8 ony T oIFg is Fheni RS Ll Blitddfihe 01 11T, BT TE DO aPTY,
M5 (ES) mz 320 (MHDerrie)axygeral . Calcd for [err] 60.17; 15 H, 7.89; N,
21.93. Found: C, 60.45:, 7.83:. N .22.01. Exanple 2 [er 10%
HO (6 nl) was added ‘“H‘cﬁﬁﬁ‘tq{’/rtge BP%%%BEWJV&W‘P?H‘?L’U?&%?‘?WH|3)”H% 10%
Pd/ C (1.22 g) inpd/assl nSShafthacdiidaliddfpsitions f e palielite afimdrithridnstaer H2 (50

psi) in a Parr shaker for 16 h at 20[err]C. The m xture was filtered
t hrough celite amammals)with digardergds! dphibiting the agtiwity of the a1, adrenergic

10 receptor. The preferred route is oral administration, however compounds
Ora! doses range from about 0.01 to about 100 mg/kg daily; where the
optimal dose range is about 0.1 to about 25 mg/kg/per day. Infusion doses
can range from about 0.001-1 mg/kg/min of inhibitor, admixed with a
pharmaceutical carrier over a period ranging from several minutes to several

15 daysmay be administered by intravenous infusion. .

The pharmaceutical compositions can be prepared using conventional
pharmaceutical excipients and compounding technigues. Oral dosage forms
may be elixers, syrups, capsules tablets and the like. Where the typical solid
carrier is an inert substance such as lactose, starch, glucose, methyl

20 cellulose, magnesium sterate, dicalcium phosphate, mannitol and the like;
and typical liquid oral excipients include ethanol, glycerol, water and the like.
All excipients may be mixed as needed with disintegrants, diluents,
granulating agents, lubricants, binders and the like using conventional
techniques known to those skilled in the art of preparing dosage forms.

25 Parenteral dosage forms may be prepared using water or another sterile
carrier.

Typically the compounds of Formula | are isolated and used as free
bases, however the compounds may be isolated and used as their
pharmaceutically acceptable salts. Examples of such salts include

30 hydrobromic, hydroiodic, hydrochloric, perchioric, sulfuric, maleic, fumaric,
malic, tartatic, citric, benzoic, mandelic, methanesulfonic,

15



resi due was basified with 20% NaOH and extracted with nmethylene 25
chl oride. The conbi ned organic layers were dried [err] and 17 WO

99/ 42448 PCTI US99/ 03608
concentr at edwoe942448 d conpound 2 as a yellowi sh oil (2.2 gectdos®n3edds ( ES)

mz: 294 (Mﬂyeﬁédtha@samne berizenédulfonicpexalid, parfibis! 2-haphthalpeBaiomt, 2 (100
nmg, 0.341 mol) heno%g';érl di ne- 3 carbonyl chloride (81 ng, 0.341

mol ), DVAP R'tﬁi‘ﬁ"e&Hﬁo’?lFt hexanesyiRmicand saeFPRNG 0. 23 nl) in et hyl ene

chloride (2 ni) ] e was
concentrated, di \I‘ﬁtg reo%?'td ﬂlﬁ&ﬁbé&ﬂ@gxﬁﬁt&iﬁ%@?&v@aﬂg éﬁa’ﬁ?‘%%??e ﬁﬁgjﬁggnbl ned

organi ¢ | ayeFhageexampias danatjlimitthe invention.r TheyiareTneant:amniytorsuggestiair i fi ed by

oL U 1% IR oy ghlct e oo e GABRRRY T 3 5

8.20 (d, J =béhign ptostaticHyperplasia chémical syhthdsis, phaiméceutidalH) , 6. 87 (m 4 H)

4,57 1 06 4 ,
2.79 E m 2 tgmpé"i!?g rég,ﬁs ‘Me%s °‘§e§§é?°6a“l%s m%%@qé‘%'d“ﬁgfpﬁ‘dﬁ/ef ( ES§ M z: H)491
(MHerr]). BExapindifg thelifveritioRO HeWbvelthose methods are deemed to be within :

the scope of this invention.

10
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3- Bronopr opyl ami ne hydrobrom de (5 g, 22.8 mmol) was dissolved in 1 0%NaCH
(50 nm.), extracted with nethylene chloride and concentrated . To the free
base in nmethyl ene chloride was added [err] (5.23 g, 23.9 18 WD 99142448
PCT/ US99/ 03608VR8¥#2#M8and this mixture was stirred at 20 [er PFEUPBO3HR  The
met hyl ene chloride | ayer was wasPREPARARIMEEXAMPLESed citric acid (6%,

[err] and sat NaCl solution, dried andE%}mgqtrat ed. The product was
purified by colum chromatography (silrca gel) to yield the protected am ne

(4.84g, 89% . The 5 fumarate salt of 1-(2is poxyphenyl ) - pi perazi ne (5.
1g, 15 mmol) was basified with 20% NaCH [err 00 nmL),extracted with

nmet hyl ene chloride, dried [err] and n€enfratfed to give a yellow oil (3.15
g). Amxture of the oil, the pr#4 Na,w'r'nec(S 42 g, 14.3 mmol), and _
[err] (4.66 g, 14.3 mmol) in CH3CN (50 nL) was heated at reflux overnight.
The solid was 10 filtered off and the filtrate was evaporated. The product
was purified by colum chromatography Cpdl ica gel) to yield conpound 4(4.4

(0. 185 g, 0553 fmol The WGP 9 PUL{F-RPRBOIRIE VP GTL0 o (5. i)
Mt t ol uene( STTOUARS PSR A NS oy 003 Y e ' by ext rac ed
wi th net hyl enemsttiyteriecshiqrizgie) Thercombined organic layers were dried (Na;SO,) and
concentrated to give an oil (2.74 g). A mixture of the oil and 1-azido-3-(p-
toluenesulfonyloxy)propan-2-ol (3.25 g, 12 mmol, Antonin Holy, Colfect.
10 Czech. Chem. Comm. 1989, 54(2), 446) was stirred at 100 °C for 36 h. The
cooled mixture was diluted with water and extracted with ether, dried
(Na,SO4) and concentrated. The product was purified by column
chromatography (silica get) to yield compound 1 as (2.92 g, 76%) as a light-
brown solid: MS (ES) m/z: 320 (MH"); Anal. Calcd for CyeH2sNs02:C, 60.17;
15 H,7.89; N, 21.93, Found: C, 60.45; H, 7.83; N, 22.01.

Example 2

2oX

HoN S OY
Cpd. 2
20 10% HCI (6 mL) was added to a mixture of compound 1 (2.43g, 7.6

mmol) and 10% Pd/C (1.22 g) in MeOH (60 mL) and the mixture was
hydrogenated under H, (50 psi) in a Parr shaker for 16 h at 20°C. The
mixture was filtered through celite and the filtrate was concentrated. The
residue was basified with 20% NaOH and extracted with methylene

25 chioride. The combined organic layers were dried (Na,$0.) and

17



[err] and concentrated to give a oil. This oil was dissolved in. nethylene
chloride (4 nL), diisopropylethyl amne (0.34 g, 2.64 mpl), catalytic
anount of DMAP and 2-phenoxypyri di ne-3-carbonyl chloride (0.12 g, 0.53
mol ). The rwadvu28 was stirred at 20 [err] C under N2 for PCHUSME3ES

concent r at ed. cohgsntrdted U yieltbconpountiieak & yelowishioil legm%grmsws{ silica
gel) to yield conpound,5 (0.2 g, 80%: [err]H NVR (300 MHz, [err]| [err]
8.61 (dd, J Wz5299(MHY), "1 1) 8.20 (dd, J =4.9, 2.0 Hz, 1 H), 8.05 (m
1H), 7.46 19 WD 99142448

PCr 1 US991 03608 (m 2H), 7.29 (d, J =7.4 Hz, 1H), 7.15 (m 3H), 6.88 (m
4H), 4.56 (m 1H), 3.59 (q, J =6.3 Hxamplg3 3.03 (m 4H), 2.56 (m 4H),
2.49 (t, J =7.0 Hz, 2H), 1.87 ( m 2H), 1.32 (d, =6.1 Hz, 6H); Ms (ES)
mz: 475 (MHerr]). 5 Exanple 6 [err] Cpd. 6

The fumarate salt of 1-(2-iso xyphegyl ) Pt Ine (112.5 g, 345 mmol)
was basified with 20% NaOH [ewl ; If5oﬁ q&?r ctgd with nethylene 10
chloride (3x), dried [err] and ¥on3entfat¥d to gi vbt/about 70 goil. A

m xture of the oil and (2S)F33a2i d® 2- hydr oxypropyll p-tol uenesul fonate (91

g, 335 mmol, Kristina Juri&ovg, Collect. Czech. Chem Comm 1995, 60, 237)

was stirrdd at 100 [err]CifTf NMP with triethylamne (70 g, 690 mol) for 30
h. The m xture was cooled, diluted W Cpdv@ter and extracted with ether (3 X

15 500 nmL). The conbi ned extracts were back washed with [err] (sat) (100
mL), dried (Na2SO#A mixtgre cempoynd &{100mg, §136am%?spmnquw col um

chr omat ogr aphy_cosiohiFchisHile) (83, 034Vt DR @At § 8Rd Ryy.ene

diisopropylethylamine (0.23 mL) in methylene chloride (2 mL) was stirred at

10 20 °C for 16 h. The mixture was concentrated, diluted with water and
extracted with EtOAc. The combined organic layer was dried (Na;SO,) and
concentrated. The product was purified by column chromatography (silica
gel) to yield 116 mg (69%) of compound 3 as a foam: '"H NMR (300 MHz,
CDCl;) 8§ 8.59 (d, J =6.3 Hz, 1 H), 8.32 (brs, 1 H), 8.20 (d, J=3.1 Hz, 1 H),

15 7.44 (m, 2 H), 7.21 (m, 4 H), 6.87 (m, 4 H), 4.57 (m, 1 H), 3.98 (m, 1 H),
3.75 (m, 1 H), 3.5 (m, 1 H), 3.06 (m, 4 H), 2.79 (m, 2 H), 2.48 (m, 4 H), 1.33
(d, J = 5.9 Hz, 6 H); MS (ES) m/z: 491(MH").

Example 4

e

BocHN\/-\,N\)N o
20 Y
Cpd. 4
3-Bromopropylamine hydrobromide (5 g, 22.8 mmol) was dissolved
in 10%NaOH (50 mL), extracted with methylene chloride and concentrated .
To the free base in methylene chloride was added (Boc).O (5.23 g, 23.9

18



chl oride/ hexanes) to yield 70.6 g (66% of conpound 6 (98.8% ee assay by
chiralcel AD colum) as a off-white: [err] o0-3.6[err] (c =1, [err] [err]H
NVR 20 (300 MHz, CDCl[err]) [err] 6.91 (m 4 H, 459 (m 1H, 3.93 (m 1
H, 3.67 (brs, VL’OH?W@ 42 (dd, J = 12.6, 3.8 Hz, 1 H), 3.23 (REI/USIN360B 6,
5.4 Hz, 1 H), 3Smfdi)@md thisiHixtuta 88s étimredati0 *CAHob3h.(The meihylené dhlbn@eld, J =

%(2) 2, \?;Dsgg|/z424lgggfw§sv%§sr(e%wﬂ1 Flzcs3 aquﬁ%i c;t?cléQ:ld (g@o) Egﬁlcﬁi ang) Lerr])

9/ 03608

Exanpl e 7 [err]sémﬁbn driéd and concehftateldCITheproduct was pusifieElly Eslumnni xt ur e of
conmpound 6 (15 47 rrrml‘{yr(aﬁd 10% Pd/ The

m xture was hyd gEAtRcERP ¢a gel) tﬂaoelgél% P%ﬁefaeﬁmmes(ﬁeﬁésr 8?'@3 e h at 20
[ ERR] C. The 555(9@{3?‘ was
concentr at ed£gn Tﬂma?aetg%%“f& “(%él?g fred w t?‘%%r%lﬁggbr ?8(8175;hhn1{?g E«éa%t racted
with methyl ene basifiechwith 208 N o (10050, extrecteshuithemathylenexhiatidep yi eI d
conpound 7 (14 as Qi r C~= 1,
[err] [err]H Nl\&?%é%zm ngcro?/‘?é'%@%‘f{&@“ééa(iﬁ%o\rﬁ’4—5(?3%%.939&("%”&9 , 3.76
(m 1H, 3.12 moamﬂd)pro@c&aa(me (3142cg ﬂ?m@oleﬂﬁCsZCBLm 86521481 1 H),
2.25-2.68 (m 8 H), & 6. I—? t) mz:. 294 (MHerr])
15 Exanple 8 [ Emol)@(q:Hsg (50 mL) was heated at refiux ovemngh The solid was

10 filtered off and the filtrate was evaporated. The product was purified by

column chromatography (silica gel) to yield compound 4(4.4 g, 81%): MS

(ES) m/z: 378(MH")

Cpd. 5

Compound 4 (0.185 g, 0.53 mmol), was dissolved in 25%
TFA/methylene chioride (5 mL) and stirred for 1.5 h. The solvent was
removed and the TFA salt was washed with toluene(3X) and then basified

20 with 20% NaOHgq followed by extracted with methylene chloride (3X), dried
(Na,S0,4) and concentrated to give a oil. This oil was dissolved in
methylene chloride (4 mL), diisopropylethy! amine (0.34 g, 2.64 mmol),
catalytic amount of DMAP and 2-phenoxypyridine-3-carbonyl chloride (0.12
g, 0.53 mmol). The reaction was stirred at 20 °C under N for 2 h and

25 concentrated. The product was purified by column chromatography (silica
gel) to yield combound 5 (0.2 g, 80%): "H NMR (300 MHz, CDCls) 5 8.61
(dd, J =7.5, 2.0 Hz, 1H), 8.20 (dd, J =4.9, 2.0 Hz, 1H), 8.05 (m, 1H), 7.46
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Piperazine 7 (8 g, 27.3 nmol) was dissolved in a mxture of 20 .

dii sopropylethylamne (14.1 g, 109.2 mmol) and net hyl ene chlori de (100 m) .
The resulting light-yellow sh solution was added slowly into a solution of
met hyl ene chivoroodsis 50 nL), 2- phenoxynicotinic acid (5.87 gcrdsesnsasol ),

EDCI ~ (5. 24 , wol )
at 20( [ ERR] %(angHth?%a J%ﬁz( ﬁ-{ﬁ% ﬂs("%"ﬁ m(}" aﬂ?f %ngﬁbl '[T?ngcgl :

WO 99/ 42448 3.59(q,J "63Hz 2H), 303 (m 4H) 256 (m 4H) 249 (tpEFT1.0d40 /203608 i xt ure

wih NaGs [ o bt BHa e R O M ey Rt BN o "Buri 11 ed by

col um chromat ography [err] rret hyl ene chl ori de/ acetone) to yield conpound 8
(8.4 g, 629% as a white foam [err] E§a4 8[§rr] (c =1, [err] 5 "HNW
(300 MHz, Jerr] 8 8.60 (dd, J = , 8.31 (brs, 1 H), 8.22 (dd,
J=4.7, 2 Hz,7 1 H), 7.43 (brt, J—7 , 7.14-7.30 (m 4 H, 6.87
(m 4H, 458 (m 1H, 33.97(m 1 H) 1 H, 3.51. (m 1 H, 3.06
(m 4H, 2.80(m 2 H, 2.49 (m 4I-H)(\ 3 d, J =6.0Hz, 6 H; M (ES
mz: 491 (MHerr]). 10 Exanple Ry . A m xture of conpound 2 (900
mg, 3.07 rmmol), 2-chloronicotic acid 15 (4853{173.07 mol ), EDCl (589 ny,
3.07 mmol ), HOBT (414 ngy, 3.07 mmol), DVAP (cat.) and

N, N-di i sopropyl ethylamne (2 nL) in mﬁﬂwbene chloride (20 nmL) was stirred
at 20 [err]C for 20 h. The m xture was
The fumarate salt of 1-(2-isopropoxyphenyl)-piperazine (112.5 g, 345

mmol) was basified with 20% NaOH g (500 mL),extracted with methylene

10 chioride (3x), dried (Na,S04), and concentrated to give about 70 g oil. A
mixture of the oil and (2S)-3-azido-2-hydroxypropyl p-toluenesulfonate (91
g, 335 mmol, Kristina Juricova, Collect. Czech. Chem. Comm. 1995, 60,
237) was stirred at 100 °C in NMP with triethylamine (70 g, 690 mmol) for 30
h. The mixture was cooled, diluted with water and extracted with ether (3 x

15 500 mL). The combined extracts were back washed with NaCl (sat) (100
mL), dried (Na.SO,) and concentrated. The product was purified by coiumn
chromatography (silica gel) and recrystallization (methylene
chloridefhexanes) to yield 70.6 g (66%) of compound 6 (98.8% ee assay by
chiralcel AD column) as a off-white: [o]*s -3.6° (¢ = 1, CH;OH); 'H NMR

20 (300 MHz, CDCl5) 5 6.91 (m, 4 H), 4.58 (m, 1 H), 3.93 (m, 1 H), 3.67 (brs,1
H), 3.42 (dd, J = 12.6, 3.8 Hz, 1 H), 3.23 (dd, J = 12.6, 5.4 Hz, 1 H), 3.12
(m, 4 H), 2.83 (M, 2 H), 2.63 (m, 3 H), 2.42(dd, J=12.2, 3.8 Hz, 1 H), 1.34
(d, J = 6.0 Hz, 6 H); MS (ES) m/z: 320 (MH")

20



concentrated, diluted with water and extracted wth ether. The organic

| ayer was dried [err] and concentrated. The product was purified by colum
20 chromatography (silica gel) to yield 580 ng (44% of conmpound 9 as a
white foam NS VO8Y424#8,: 433 (MH err]) Exanple 10 [err] 22 PpCHDs@®R3618448
PCT/ US99/ 03608 Cpd. 10 A m xture of conmpound 9 (43 ng, 0.1 nmol),

4- met hoxyphenol (124 ng, 1 mmol) and Céférauﬂ] ﬁarbonate (65 ng, 0.2 mol) in
NVP (1 nmL) was stirred at 110 [err]C f ©H. The resulting mxture was
cool ed, water was 5 added and this m xture wag~extracted with ether. The
extract was dried (Na2SO4) and concentr at ed. product was purified by
col um chromat ography (silica gel) toow compound 10 (36 ngy, 69% as a
white foam M (ES) mz: 521 (MH m_J o

Exanple 11 [err] Cpd. 11 A m xture of conpound 2Y(100 ng, 0.341 nmol),
niflumc acid (96 ng, 0.341 mmol ), EDCl (65 ng, 0.341 mmol ), HOBT (46 nyg,
0.34 mmol ), 15 DMAP (cat.) and N,N—diim&r pyl ethylamne (0.23 L) in

met hyl ene chloride (2 nL) was stirred at 20[err]C for 20 h. The m xture was
concentrat ed5 The pr $dUHCMEMI) was adadbddp ecroixiure of bonpeundd gy 47si lica .

?ﬁ/:_'% e£ ?] g/i eld C%’Fﬁ&k‘gﬁa H%(FJEQ& (Eﬂﬂ) inq\ﬁg@HaﬁO& nIL?.a%e Mlsmgrgs\)/asm z: 558
hydrogenated under H, (50 psi) in a Parr shaker for 21 h at 20 °C. The
mixture was filtered through celite and the filirate was concentrated. The
residue was basified with 20% NaOH.q (75 mL),extracted with methylene

10 chloride (3x), dried (Na,S0O,), and concentrated to yield compound 7 (14 g,
~100%) as a yellowish oil: [a}*p +23.6° (¢ = 1, CHCls); 'H NMR (300 MHz,
CDCl;) 8 6.91 (m, 4 H), 4.59 (m, 1 B), 3.76 (m, 1 H), 3.12 (m, 4 H), 2.83 (dd,
J=127,3.7Hz, 2 H), 2.82 (m, 1 H), 2.25-2.68 (m, 8 H), 1.34 (d, J =6.1 Hz,
6 H); MS (ES) m/z: 284 (MH")

15

Cpd. 8
Piperazine 7 (8 g, 27.3 mmol) was dissolved in a mixture of
20 diisopropylethylamine (14.1 g, 108.2 mmol) and methylene chioride (100
mL). The resulting Tight-yellowish solution was added slowly into a solution
of methylene chloride (50 mL), 2-phenoxynicotinic acid (5.87 g, 27.3 mmol),
EDC! {5.24 g, 27.3 mmol), HOBT (3.69 g, 27.3 mmol) and DMAP (50 mg,
cat.) at 20 °C and stirred for 18 h. Water was added and the resulting

21
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Example 12 [err] Cpd. 12 23 WD 99/ 42448

PCTi US99/ 03608 A m xture of conpound 2 (100 ng, 0.341 mmol), 2-(4-
chl orophenyl t hi o) pyri di ne-3-carboxylic acid (91 ng, 0.341 nmol), EDC (65
my, 0.341 mge)ohua4aBT (46 ng, 0.34 mmol ), DVAP (cat) and peiuseonseos

dii sopropy! ehirg fiedexdrctéd vithethér (3R}, MHe Bt bidlhid dafcls Wi Stirred at

5 20[ERR] C

he m xture was concentrated.” The product was

purified by washedwithNaGbtogiried{Na¢S04)iapd cgpeentrated:i Ehelprasiugbwasl 12 (128

Wi xtut e ot PEBRBR N Rygetoordy (P10% Hhathiisne BRHGe/keetoipl o, "2 R 55”

ng, 0.341 ”Wbﬁd,coﬁﬁﬁunﬂ@'fwmg, 62%6Yds awhitd fodrOBE)(81 48, (c& BLCHEE), ), DVAP

(cat.) and

N-di i sopr

| hyl i 0.2 i hyl 15 chl id 2
o s S b (IR GDEY) 8 Bebiad 2 T A RS HL B A R o 306

[err] was adg

dy £xt ' = 707 \5d Y trated.
Lhe broduct ng(gﬂr‘;l.@?&.ﬂé%z‘?q 1, 7aqpREY 7@7!—&,%4)’??.@@@.3@ £pycentrat e

fi'ed by colUrm chr omat ogr ap silica gel) to yield

conpound 13 .87 (my4 H)24684m, 4 H)od87 (vis1HISP. 781(m, 149038HperH) 20
3.06 (m, 4 H), 2.80 (m, 2 H), 2.49 (m, 4 H), 1.33(d, J =6.0 Hz, 6 H); MS
(ES) m/z: 491 (MH").

10

Example S
/I y OH N’Q
N NAUNS ©
cl O Y
Cpd. 9

A mixture of compound 2 (800 mg, 3.07 mmol), 2-chloronicotic acid

15 (485 mg, 3.07 mmol), EDCI (589 mg, 3.07 mmol), HOBT (414 mg, 3.07
mmol), DMAP (cat.) and N,N-diisopropylethylamine (2 mL) in methylene
chioride (20 mL) was stirred at 20 °C for 20 h. The mixture was
concentrated, diluted with water and extracted with ether. The organic layer
was dried (Na;SO,) and concentrated. The product was purified by column

20 chromatography (silica gel) to yield 580 mg (44%) of compound 9 as a white

foam: MS (ES) miz: 433 (MH")

Example 10

OH G’Q

o)

T

© O
HsCO

-
H
& N

22



Exanple 14 [err] Cpd. 14 25 Conmpound 1 (0.8 g, 2.5 mmol) was dissolved in
50 nL of anhydrous THF. The solution was cooled to O[err]C and 2 eq of 60%
NaH (0.2 g, 5.0 24 WD 99/ 42448

PCTI US99(03608 woshbk244ts added. The solution was stirred for POO/USPHOIENRd 1.5
eq of [err] (0.53 g, 3.8 mml) was addgpd. fthe reaction m xture was stirred

at O [err]Cfor 2 h. NaH (0.1 g, 2.5 muol) and leg of [err 0. m.) were
added and the ni xt urfempgiyedf compeund? (431881 “Q“‘ﬁ).v WE&‘P&F&\E;’BH%%S
guenched with s cfésﬂﬁ'n bpwaglueous

| ayer was mshe@bwﬁ%"%%y ene gﬂ#’éﬁ%ﬁ??&g}e Mgﬂ"gg%ma% rh) and
_concentrat ed. Téteregratdd0°Ciiars2diur The easulfingaaikiurmwas copiad.oMtapnes (si l i ca
gel) to yield of conpound 0.6 Q. ; err]). 10 .
Exanpl e 15 [®rr d‘fﬁ&?"#@'%%&“’?ﬁ%’%%@mﬁ%@ﬁ%’&?% éjrlrlxéej of conpound
14 (0. 64 g, 1. 9NEBD)) dHtrcohctiifraled. CTHé produg) wasipurified bycoldmin and the mi xture
was 15 hydrogenated under H2 (50 Si';ﬂﬂi n a Parr z‘jigker é)%grni %‘Hf The

m xture was fil chrpmatogrrhvdsilica el o vigld compornd 10 436mg-89%)a2 88t ed. The

resi due was basgl.i | Yasbia d extracted with nethyl ene chloride
(3x). The conbi*ﬁ’ghﬁgpg’g?z:@ktra t \?/gre dried (Na2SO4) and concentrated to

10 Example 11

3 OH N‘Q

Q\fn\/k’N\) oY

N

QNH o

FsC
Cpd. 11
A mixture of compound 2 (100 mg, 0.341 mmol), niflumic acid (96
mg, 0.341 mmol), EDC! (65 mg, 0.341 mmol), HOBT (46 mg, 0.34 mmol),

15 DMAP (cat.) and N,N-diisopropylethylamine (0.23 mL) in methylene chioride
(2 mL) was stirred at 20°C for 20 h. The mixture was concentrated. The
product was purified by column chromatography (silica gel) to yield
compound 11 (101 mg, 53%) as a foam: MS (ES) m/z: 558 (MH")

20 Example 12

/@N/?\gn OH ( J%

Cpd. 12

23



give a yellow oil at quantitative yield. M5 (ES) mz: 308 (Mderr]). 20
Exanple 16 [err] Cpd. 16 25 WD 99/ 42448

PCTI / US99/ 03608 Conpound 15 (0.15 g, 0.49 nmol) was di ssol ved in methyl ene
chloride (4 wbpoaass dii sopropylethyl amne (0.25 g, 1.95 np@inusodassendded.

To this solution wag,& ?fjcc%] 1z rr?o@5 4-0.49 mol) and
2- phenoxyni cot i ni c aC| 0 ﬁﬂdﬁhgﬁgﬁm%w%ﬂ é.CtIOﬂ was st|2red under
g_ N2I ovgr ni @E:oraphenvlthlo)wmmb%mrba&élcwmmem@d) %ﬁmmm) Eﬁ?lm was
i ssolved in e organic
| ayer was dr |%%2’§%&9 ﬁ@ﬁ‘éﬁ%%ﬁ%@y@&%ﬁ% %&LNDUI’I fied by
flash f:gronntdneds Wet[hyralﬂmermm'g\m)lm mbtmrenldmmﬂ'fﬂeqmn E) Wk stirregfat, 6,1 4:1)
oot fon, 5T . i v Sy A a1 % |
:7), ég Enm1 % "')colugnri%hr(ﬁ‘ato?ré'ﬁhy (grllﬁg gémto ﬁel@ eorﬂp&ﬁd(m &néagﬂ%ﬁ%?a??g”} dl v
=6.0 Hz, 6 H)afom (N'LSXEmmtz é@B(MMH err]) 15
Exanmple 17 Cpd. 17 Oxalyl chloride (0.03 g, 0.22 nmol) was dissolved in 0.3
mL of nethylene chloride. A mxture of DVSO (0.035 nL, 0.49 mol) in 20
met hyl ene chloride (3.0 nL) was addedEstample 32 to this solution at -78

-

[err] C
Q\( OH N‘Q
Na \/K,N\)

C,O o)

10 Hsf
Cpd. 13
A mixture of compound 2 (100 mg, 0.341 mmol), 2-methoxynicotinic
acid (52 mg, 0.341 mmol), EDCI (65 mg, 0.341 mmol), HOBT (46 mg, 0.34
mmol), DMAP (cat.) and N,N-diisopropylethylamine (0.23 mL) in methylene
15 chloride (2 mL) was stirred at 20°C for 20 h. The mixture was concentrated.
3% KCOsq Was added and extracted with ether, dried (Na.SO,) and
concentrated. The product was purified by column chromatography (silica
gel) to yield compound 13 (32 mg, 22%) as a foam: MS (ES) m/z: 429

(MH")
20
Example 14
OCH N’@
Ns \/K:'(\) OY
Cpd. 14
25

Compound 1 (0.8 g, 2.5 mmol) was dissolved in 50 mL of anhydrous
THF. The solution was cooled to 0°C and 2 eq of 60% NaH (0.2 g, 5.0

24



The m xture was. stirred at -78 C for 1h. A solution of conpound 3 (68414,
0.1 g, 0.2 mol) in nethylene chloride (0.4 nL) was added slowy. The

reaction mxture was stirred for 30 mn and TEA (0.14 nL, 1.02 mmol) was
added sl ow y. Wbh@9/mis& ure was allowed to warm up to room t ePFEAUSUASES 25

vater was addeqnRsy wadeaddeaUiThe Balutibriivis stinesfor10min iead VB &§ onEHElY | ene
chl oride. The conbined organic |ayers were dried (Na2SO4 tgdg‘%gjgg?ncentrat ed

to give conpour(@-@?gr(ﬁgmqwsl@%ﬁ- TheNRRetion was gtirr A2448

Pcr/ US99/ 03608 = , 8.23
Cdd, 3 206 te 20 NeHETL ZZ%W%@ PRI Gt e R T S ho (im
4 H), 4.57 (m rmbjure sasstired far appthes? b Therreactioniyas quenghedwih sat H) | 1. 33

d, J =597 Hz : X I err d. 1
g Pi per azi ne 7 Izlﬁfga%S@%M@ﬁ%ﬁ%&cﬁn@?%@%%ﬁgﬁ X uv?aes%o [10 b opd
di i sopropyl et hyiinethyléhehioridp (3x)ddried (Nd,S0¢) ahd concatréedniThe 2- (4-

(cat”) vir o St cads v RYE s B COMESpTaraopmPBY (als=LIohAID Phhe. i xt u
cat.) were a o e mxture
was stirred at I . ~ The product was
purified by colmgc‘ﬁg%%?’;%@ ’(wg*ﬁgzgg%gg)ﬁﬁ%i el d conpound 18 (146 15

ng, 57% as a foam M (ES) mz: 505 (MH{err]). Exanple 19
10 Example 15

2N

o)

Y
Cpd. 15

10%HCI (0.3 mL) was added to a mixture of compound 14 (0.64 g,
1.9 mmol) and 10% Pd/C (0.13 g) in MeOH (5 mL) and the mixture was
15 hydrogenated under H (50 psi) in a Parr shaker overnight. The mixture

HaN

was filtered through celite and the filtrate was concentrated. The residue
was basified with 20% NaOH and extracted with methylene chioride (3x).
The combined organic extract were dried (Na.SO4) and concentrated to
give a yellow oil at quantitative yield. MS (ES) m/z: 308 (MH").

20
Example 16

Ve e e

Cpd. 16

25



[err] Cpd. 19 A mxture of (S)-(+)-epichlorohydrin (10 g, 108.1 mmol,.

Al drich, 97%ee) 20 and benzylamne (11.57 g, 108.1 nmol) in hexane (40
m.) were stirred at 20 [err]C for 62 h. Wite solid precipitated. Mre
hexane (- 35®owhiz4agided, stirred for 20 min. and soni cat edp¢tuswesdst he big

chunks of white S@dnﬂaouﬁhels\’m'%@g ST ﬁmw)swss)a.ls@ab@di;rhﬁeﬂngiehéatlon and

washed wi th hexane ried under vacuumto give 19. white solid.

The white sol ¢hiorides(4rrelerans dijsopepylethy! aming @cm/ha&amollwagﬁd@eq? 76 g
731 (m 5 010 S ol pagptdded gglidy TG 161858, i anecr 1) [orT]
PCT/ US99/ 03603 pRendkyhitotidicacisl. (8. 11zg, 02434mot).. The feactidnMas Qm&lﬂ upder J =
pral | cal i, Neveraioht st doe Jaiveiwan eiapdrgtés afi the sieke s o0 10: 1

7.02; N 6. 92dis§olved in EtOAc. This solution was washdimm)ﬁ% RLO:Cthel Ofg_aﬁic 20 [err]
(11 g, 50.1 mol ) and trlethél am ne (10. 12 100 mmol ) were dissolved in

THF (25 ni) aleyercowrs died QNS @raqd@onpﬁetraﬁ#néfhsmw yaswnﬁedlby mol ) was
added in port qﬁﬁ&q r g de'?é't.:?rl war m to
20 [erlr] Cpoveirlnl g ?%gth?\?gfr@’ ﬁ%ﬁcboncerl\?} ated I n vgg’tt]gégh \?vater agged
The mi xture Mﬂ)m:ahMdeBdOhém, 63%)) asdmmhl K MR (30QiMbancent r at ed.

The crude, res e 9. 669
of 20 as V\hbabiég@sqéﬁ%r eZi Z‘ﬁﬂ) 'tqrbﬁi ?ﬁ@" fﬂ) ng‘F(m 29 9 (66%
H), 7.26 (m, 1 H), 7.17 (m, 3 H), 6.87 (m, 4 H), 4.58 (m, 1 H), 3.92 (m, 1 H),
3.55(m, 2 H), 3.42 (s, 3 H), 3.03 (brs, 4 H), 2.54 (m, 6 H), 1.33 (d, J=6.0 -
Hz, 6 H); MS (ES) m/z: 308 (MH").

15 Example 17

o

T

Cpd. 17 .
Oxalyl chioride (0.03 g, 0.22 mmol) was dissolved in 0.3 mL of

methylene chloride. A mixture of DMSO (0.035 mL, 0.4 mmol) in

20 methylene chioride (3.0 mL) was added dropwise to this solution at -78 °C.
The mixture was stirred at -78 °C for 1h. A solution of compound 3 (68414,
0.1 g, 0.2 mmol) in methylene chioride (0.4 mL) was added slowly. The
reaction mixture was stirred for 30 min and TEA (0.14 mL, 1.02 mmol) was
added slowly. The mixture was allowed to warm up to room temperature,

25 water was added and the resulting mixture was extracted with methyiene
chloride. The combined organic layers were dried (Na,SO, ) and
concentrated to give compound 17 (13.2 mg, 13%): "H NMR (300 MHz,

26



15 <concentrated (3.1 g as oil) and nore product was purified by colum
chromat ography (short colum, 8 cm height of [err] EtOAc/ hexane as
solvent). The oil was recrystallized from Et OAc/ hexane to give another 2.78
g (18% of 20WR%#24#8ite crystalline solid; [err] = -10.20 PE/ES036pHr ] ' H
NVR (300 MHz, €BCHL) s B®9r(brs(128); 8.63¢dd, =76 He, 1 4H)5228(dd, D 44.6 He, 88), (brs, 0.5

H, 20 3.96 (m 1 3, 36- 3. ( 4 : S ; ~ 322
(M+Na) :  Anal . @ﬁ&mgmﬂ-?&m’ﬁgésf&f%@ﬁ)»%ﬁg@' 4\!,"%377(’“%3 C, 60. 26,
H 7.42; N, 4. _ 33(d, 97 $1z24 HyamsESpd. 21 28
N ota e 4 @28, 3.15+(brs,4H),270(brs,4H),1 3 Pewwt M8 HhansiEspd. 2
(11.23 g, 200.®/2mB8 Mhas di ssol ved in nethanol (280 nmL), and the fumarate
salt of 1- (%-i sopr opoxyphenyl ) - pi perazine (10.9 g, 33.4 mol) was added and
stirred at 20 [err]C for 20 mn thenE%émél%qsto O [err]C. The Boc- protected
amne 20 (10 g, 33.4 mmmol) was added tT0 The nethanol solution 5 at O
[err]C and stirred for 20 h while the tenperature y&s warmup to 20 [err]C
overni ght. The solvent was renoved, water was adddd and the m xture was
extracted with ether (3x), driedffe r]Han@Hcoﬁ\ trgted. The product was
purified by col um chromat ographyy N I 8 Om height [err]

Et CAc/ hexane as solvent) to give 20. g (63% of 3 %00% ee, Chiral pak 10
4.6 x 250 mm 1 nlL/mn, 25 il e phase: 90/1010.1 of hexane/l PA/
0.1% di et hyl am ne) as a yell oil; [err]H NVR (300 WMHz, [err] [err]
7.26-7.35 (m 5 H), 6.91 MF 4°H), 4.68 (d, J = 15.6 Hz, 1 H), 4.59

Cpd.18
Piperazine 7 (150 mg, 0.51 mmol) was dissolved in a mixture of
10 diisopropylethylamine (0.35 mL) and methylene chloride (2 mL). 2-(4-
Methylphenoxy)pyridine-3-carbonyl chloride (126 mg, 0.51 mmol) and
DMAP {cat.) were added into the above methylene chloride solution. The
mixture was stirred at 20 °C for 16 h and concentrated. The product was
purified by column chromatography (silica gel) to yield compound 18 (146
16 mg, 57%) as a foam: MS (ES) m/z; 505 (MH").
Example 19
OH

Ph vn\/\/CI
Cpd. 19

A mixture of (S)-(+)-epichlorchydrin (10 g, 108.1 mmol, Aldrich, 97% ee)

20 and benzylamine (11.57 g, 108.1 mmol) in hexane (40 mL) were stirred at
20 °C for 62 h. White solid precipitated. More hexane (~ 350 mL) added,
stirred for 20 min. and sonicated to break the big chunks of white solid. The
white solid was collected by filtration and washed with hexane, dried under
vacuum to give 19.8 g (92%) white solid. The white solid was recrystallized

25 from EtOAc/hexane to give 17.76 g (82%) of 1 as a white crystallined solid;
'H NMR (300 MHz, CDCl;5) 8 7.31 (m, 5 H), 3.88 (m, 1 H), 3.79 (m, 2 H),

27



m 3H, 3.95(m 1H, 3.35-(m 2H, 3.11 (m 4H, 2.75 (m.2 H, 2.54
m 2 H, 2.38(m 2H, 1.45 (m 9 H, 1.34 (d, J =6.1 Hz, 6 H; M (ES):
84 15 (M. Exanple 22 [err] Cpd. 22 20 A m xture of corrpound 21 (233
ng, 0.48 nmowp samzda5% TFA/ met hyl ene chloride (3 nl) was sperossosss 20

[err]C for 1 54l HY'2B bagq dlm-w@wq resi due was
basified vmt%g%s&he: Hf@f')g)?t ri@?ggq’wthe@ t hyl ene chl orlﬁlgg (3x), dried

[err] and cor@9(ddien12.8, R 17); MP (E5200 BHDR Angl. Lelegl. for Used directly
t hout furt 5 WO 99/ 42448
BT Ua69.16360 ’°E§§pp(fl X0, ?e’rr%g@ 0 2Fodtif ¢, B RF W 7 go? 3‘26(92154 0.4

nmml ) and 10% Pd/C (154 ng) in EtOH (3 m.) was added anmoni umformate (151

ng, 2.4 |) and stirred at 55- 60ﬁ! %%aor 20 h. The m xture was
filtered ru celite and washed wt ol. The filtrate was

concentrated. The product was purifiedobyor short colum (5 cm hei ght of

[err] to give 63 ng (54% of 23 a®h wl 2 |r] 10 +23.6[err] (c =1,
CHCI3);1HN|VR(300M—IZ CDCl 3) 8 6. 4 H, 459(m 1H),376(m1
H, 3.12 (m 4 , 2.83 (dd, J = 12. ',deBZEHz 2 , 2.82 (m 1 H),

2.25-2.68 (m (H))(11 g, §61 mfnoﬁ and?rlegth%imneﬁb1 g, 1 ((JI(:)Srgnmcﬁg4 éNH[ errl).

dissolved in THF (25 mL) and cooled to 0 °C . The amine 19 (10 g, 50.1

10 mmol) was added in portions and stirred for 20 h while the temperature was
warm up to 20 °C overnight. The solvent was concentrated jn vacuo and
water added. The mixture was extracted with ether (3x), dried (Na,SO,) and
concentrated. The crude residue was recrystallized from EtOAc/hexane to
give 9.9 g (66%) of 20 as a white crystallined solid. The filtrate was

15 concentrated (3.1 g as oil) and more product was purified by column
chromatography (short column, 8 cm height of SiO,, EtOAc/hexane as
solvent). The oil was recrystallized from EtOAc/hexane to give another 2.78
g (18%) of 20 as a white crystalline solid; fa}o™ = -10.20 (¢ = 1, CHCL); 'H
NMR (300 MHz, CDCls) & 7.22-7.36 (m, 5 H), 4.52 (m, 2 H), 4.30 (brs, 0.5 H),

20 3.96 (m, 1 H), 3.36-3.97 (m, 4 H), 1.47 (s, 9 H); MS (ES): 322 (M+Na); Anal.
Calcd. for C1sH22NOsCl: C, 60.10; H, 7.40; N, 4.67. Found: C, 60.26, H, 7.42;

N, 463
25 Example 21
Boc OH NQ
Ph VN\/:\/ N\/l o\r
Cpd. 21



Bl OLOd CAL EXAMPLES The biol ogical activity and selectivity of conpounds of
the invention 15 was denonstrated by the follow ng assays. The first assay
tested the ability of conpounds of Formula | to bind to nmenbrane bound
receptors [errwopesz38 and [err] Exanple 24 The DNA sequencedCBHUSIHBESBNr ce
cloned human [ o (5108 gP2E0.5 MimolPRas Hiseoived i methedol (280 mhyranartbe t he

cl oned cDNAs have been expressed both trapsiently | cells and stably
in a variety ofoWﬁm’iﬁP?'&HPE'@'IWPWP%VW%S’P'H?KR?{5- 41%%3 mmqlﬁwas
fibroblast) andjayenieffted 3090 ¢ forZeimintnerRedibd GO CC bimhdi Bes-act i vi ty and

the ability to Couple to phosphoinositide hydrolysis. W used published DNA
sequence i nf or rprbiestectamide 20410 gr 334 mmaslpwas eddeditortire methanotselutign i fi cat i on

of each subtype .tq.0btai.n cl.o + tai ned from
comer ci al | gvﬁﬁlé%ﬁ%§%953988§ﬁgh@Rﬂ?@#ﬂ@@ﬁﬁﬁ?gg%%ﬁﬁ%ﬁéwﬁﬁﬁ prggtate
sanpl es, sog_r cefyéfﬁigugth Jh%\olﬁbl\}éﬂms'rérm{reidnwalgewgstadded ng/mfzqzzcéwawapr i mary
screen a radio ligan i ndi ng_assa s _use
PCr / US99/ 03608 emga@tﬁdéﬁm %19@%3??}3 M%ﬁ@&bﬁ?iﬁ@ﬁ&%&m@%|H’%d'~lé’§<pr essi ng
the, i ndi vidual GLo0GMdGARAGn SR BtodRadhALAle adnh gandiaigitsiop! ndi ng.

ee subtypes (non-sel ecti

activity on all ve) are comercially available

([ 1251] - HEAT, [BW@Ac/mexanessspivent) to give 1022ch(63%)of 3 (rtRpesr CB@PYIpe was
tClr ggggr T |ro?i 0&%@@?@3%@@%&@&%# %ﬁb@g\ ?fovvi ng sources of
pol yA+ RNA wer enaiepe/iPA/ 0.1 tiediethglamirg) @k a yetiowish oil; 'H NMR (300 MHz,
CDCls) & 7.26-7.35 (m, 5H), 6.91 (m, 4 H), 468 (d, J = 15.6 Hz, 1 H), 4.59
(m, 3 H), 3.95 (m, 1 H), 3.35 (m, 2 H), 3.11 (m, 4 H), 2.75 (m, 2 H), 2.54 (m,
2 H), 2.38 (m, 2 H), 1.45 (m, 9 H), 1.34(d, J = 6.1 Hz, 6 H); MS (ES): 484
15  (MH").

Example 22

o oYY

N
PhVN\/\,N\) O\r

H OH

Cpd. 22

20 A mixture of compound 21 (233 mg, 0.48 mmol) and 25% TFA/methylene
chloride (3 mL) was stirred at 20 °C for 18 h. The solvent was concentrated
in vacuo and the residue was basified with 20% NaOH (aq), extracted with
methylene chioride (3x), dried (Na,S04) and concentrated to give 174 mg
(~95%) of 22 as an oil. Used directly without further purification; MS (ES):

25 384 (MH).
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[err] receptor subtypes: [err] -AR human hi ppocanpus and prostate, [err]
human hi ppocanpus, [err] human hi ppocanpus. The resulting cDNAs 10 were
cloned into the pcDNA3 nanmal i an expression vector (Invitrogen Corp., San
D ego CA). keobyiid was sequenced for verification and to sEingRboiby
possi bl e nutations introduced during the anplification process, Any

devi ation in sequence fromthe published consensus for each receptor

subt ype was corrected by site-direcEampleR3genesis. 15 The three
[err] subtypes (a, b, d) were transfected injQ COS cells using a standard
DEAE- dextran procedure with a chl oroqui ne i‘( In this procedure, each

tissue culture dish (1 00mm was inggu Re h3.5x 10[err] cells and
transfected with 10 [err]g of DNA Zpp ;)gma ly 72 hours post-
transfection, the cells were hat Wested d nbranes were prepared. 20
Transfected COS cells from 25 plates (100nm re scraped and suspended in
15mL of TE buffer (50nmM Tris-HC, S%ED%? pH7.4). The suspensi on was

di srupted with a honogenizer. It was ef¥centrifuged at 1 000xg for 10

mnutes ap 40 d£mltlre ofi22 (SUSLMY, DA MMOR aH@MN0% PUMLS (1 SAtmgrin EOKHY(3f or 20
mnutes at 4 [err]C.  The I_‘gel | et was resuspended in 5nL E buffer (50mM

Tris- 25 HoML)syAa adsed ammppiymigeyate (11 wg, 2-fempbandistirgdiat ABr ane
Dbty et o G20 hetih i S ucloa il S G BRI,
TritonX-100. riéthardli Mheiltcte wasiconcenirated! The proddct wasparifiedibytde al- AR
on- o6l ot | vanpaEplutn e heiGhEBL: eive S i Bloe)ot 236 A dbbtted |1 ganc.
S0 P15 | BGRB8, 4% 458l
1 H),3.76 (m, 1 H), 3.12 (m, 4 H), 2.83 (dd, J =12.7, 3.7 Hz, 2 H), 2.82 (m,
1 H), 2.25-2.68 (m, 8 H), 1.34 (d, J = 6.1 Hz, 6 H); MS (ES): 294 (MH").
BIOLOGICAL EXAMPLES
The biological activity and selectivity of compounds of the invention
16 was demonstrated by the following assays. The first assay tested the ability
of compounds of Formula | to bind to membrane bound receptors a1.-AR,
a15-AR and a1s-AR. |
Example 24
The DNA sequences of the three cloned human a1-AR subtypes have
20 been published. Furthermore, the cloned cDNAs have been expressed both
transiently in COS cells and stably in a variety of mammalian cell lines (HeLa,
LM(tk-), CHO, rat -1 fibroblast) and have been shown to retain radioligand
binding activity and the ability to couple to phosphoinositide hydrolysis. We
used published DNA sequence information to design primers for use in RT-
25 PCR amplification of each subtype to obtain cloned cDNAs. Human poly A+
RNA was obtained from commercially available sources and included
hippocampus and prostate samples, sources which have been cited in the

literature. For the primary screen a radio ligand binding assay was used
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WD 99/ 42448 _

PCTI US99/ 03608 concentration 50 pM, 10 [err]L test conpound diluted in
DMSO (final concentration 1 pM10 [err]M, 25 nL COS cell nenbrane
preparati on exPOS8434% one of the three [err]1- AR subtypes (REIFSIW3P8 g
menbr ane pr ot eiwnich &hplopédiunemieanel prepdratiens frem cellhexpressing therindivdwalr at ur e

d the 5 i i { . C
Oni il ter 11t SlonsAdpemmtanfons isganegoa Ty AiEBBro BERA oSl 2 \ccuum
oven. Scintil | ahieasublypesl (HoAPselctivepareanfmsbreialieavdiiablel ((125HHEAT §3H]-| t er

plate was counted in a Packard Topcount scintillation counter. Data was
anal yzed usi ng PEeZRSIfPad Prism software. 10 Tables A lists [err]

val ues exprﬁssed inEQaqaqrgé%g{@%gg%%gﬁsi%egqfoﬁsblg% %ggwqmls of the

invention in all receptor s ABLE A1 ' - X Rerr]
Rlerr] R[ er rgtandard method of ré\ersd ttanscriptirepolymerase chaingeact®n (RT- 0

Py oce o ghownssoidot e kv b B pidrig] L,

0.76 668 18P subtses: al,-AR, hima Rippbdampusand prodtate, a1y-AR, 10. 2
889 514 (B recapieEsublyEbs: olyAR, himéi Ripocamp ; y

i -Prop _4-CCHerr]-Ph 24 1910
131 36 0 humarchippocampos; ofs-AR Fhuman hippocampus. The resuiting cDNAs 48 37
O i-Propyl CH 3-.Cl.-P : . o]
0 proby 1053 Bl B s s ifnaten pasion vl s, ©
i - propyl OH Corp2-SaniBisgd CR) Each DNA Was sequt$ed for verificafiod@ndfo 0
| - propyl CH 2-CCH err

i - propyl OH deted appp ﬁi?l]_e;mppr{ations i%t'rgdzgzed dﬁ%gggwmpl%'cgtﬁlqrgcess. Ng
IC]-lpr opzl_ oH erOr_l] /_\rlyhéévgtfoﬁhla sequence Srgg\ the puﬁﬁ’ézilled cons-er?s‘alg férleach recdptori - pr opy!
' ' subtype was corrected by site-directed mutagenesis.
15 The three a1-AR subtypes (g, b, d) were fransfected into COS cells
| using a standard DEAE-dextran procedure with a chloroquine shock. In this
procedure, each tissue culture dish (100mm) was inoculated with 3.5 x 10°
cells and transfected with 10 ug of DNA. Approximately 72 hours post-
transfection, the cells were harvested and COS membranes were prepared.
20 Transfected COS cells from 25 plates (100mm) were scraped and suspended
in 15mL of TE buffer (50mM Tris-HCI, 5SmM EDTA, pH7.4). The suspension
was disrupted with a homogenizer. It was then centrifuged at 1000xg for 10
minutes at 40 °C. The supernatant was centrifuged at 34,500xg for 20
minutes at 4 °C. The peliet was resuspended in SmL TNE buffer (50mM Tris-
25 HCl, 5mM EDTA, 150mM NaCl, pH7.4). The resulting membrane preparation
was aliquoted and stored at -70°C. The protein concentration was
determined following membrane solubilization with TritonX-100.
The ability of each compound to bind to each of the a.1-AR subtypes
was assessed in a receptor binding assay. [125I]-HEAT, a non-selective a1-
30 AR ligand, was used as the radiolabeled ligand. Each well of a 96-well plate

received: 140 pL TNE, 25 uL [1251}-HEAT diluted in TNE (50,000 cpm;, final
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30 42 O i-propyl OH 4-Cl - Ph 1 838 . 74 43

S i-propyl oH Ph 2 1220 70 18 0

i - propyl * H 4-Ch[err]-Ph 0.51 290 50 27 0

i - propy* Wbloy/42448 Cl - Ph 0. 86 791 57 28  pcr/Gsobfsoopy! **
OH  4- CH er pha&dhtration 50 BM), 10 uL 85t compound@ituté@ in DRSO (fing O 1 - Propy! H
A-CH err] - o, Conchtration 508, 10 ul, #65t compoury goMS el ™ o

3, 4- di - Cl - Ph coficentration 2284-10 uM), 23 nd.1COS cell membrane pyeparatiapH Ph
25

1570 73? 4¢xgr§ssir218 o:r% of }heptpgaﬁng_-'&\ﬁr {Jgtypesép'[ogﬂ# mg rﬁ)\gmbrane 3.5 30

>2, 000 19%rék8in). Phe glatewﬁk incubatedyfor 1 hodhat roorfi-tépbbeaturb@nhne 3. 3

>2, 000 78 32 WO 99142448 .

PCT/ US99/ 536 08action mixtures)were|filtereddyoughia Packard GF/C Unifijter filterpjate. 206 16
0 i-propyl gg?ﬁﬁb?bl‘é 94\§555dr;ied for 1 hotr th a vadutm?oven. 2§ciﬁﬁllation_fﬁ2ﬂ (28! opY! O

[err] 63 I ndicates "S" stereochemstry indicates "R’
st er eocheni stml) vasaadsed te dadhwel,anstbe fifer pigte was gounted inrePaekasdt i vity of

conpounds of .the 1Q- | I on r I ssuU orti.c_tissues as
wel | as thei r'°BfP 881"@@%@”8{?@0Pﬁf@%@%ﬁaﬁ’zﬁ@ﬁ%@ﬁ%‘%ﬁw actile
responses of goftlvafy,ostatic tissue and rat aorta tissues were examned in
the presence and absence. of antagoni st gﬁ(%ounds. an indication of the

sel ectivity of antableRilipts 1Gse valg$ BXRIR PE@ENOMEIRANy ascul ar snooth nuscl e
contractil it \yqhedhttationforadttbdt Bofmpounds of the invention in all receptor subtypes.

& Rs N
%H\)\/Q O\Rz
X ©

TABLE A
15 Cpd X R Ry Rs ola aib ald
3 O i-propyl OH Ph 1.5 909 211
5 O j-propyl H Ph 0.64 151 40
8 O -propyl* OH Ph 0.76 668 81
20 35 O j-propyi™ OH Ph 10.2 889 314
10 O i-propyl OH 4-OCH;-Ph 24 1910 131
36 O i-propyl OH 4-F-Ph 1.5 1182 148
37 O i-propyl OH 3-Cl-Ph 0.91 952 180
38 O j-propyl OH 3-N(CHa)-Ph 2 972 56
25 39 O i-propyl OH 2-CH3-Ph 1.1 730 17
40 O j-propyl OH 2-OCHs-Ph 1.7 580 22
1 NH j-propyl OH 3-CF:-Ph 25 1020 79
12 S ipropyl OH 4-Cl-Ph 26 806 299
41 O i-propyl OH 4-CHz-Ph 0.52 928 21
30 42 O i-propyl OH 4-Cl-Ph 1 838 74
43 $ i-propyl OH Ph 2 1220 70
18 O -propyl* OH 4-CHs-Ph 0.51 290 50
27 O |-propyl* OH 4-C+Ph 0.86 791 57
28 O i-propyl*™ OH 4-CH3-Ph 25 381 869
36 29 O ipropyl H 4-CHs-Ph 0.27 >2000 43
30 O i-propyl OH 3,4-di-Cl-Ph 2 2251 56
31 NH j-propyl OH Ph 25 736 25
32 O CH, OH Ph 30 1570 147
13 O i-propyl OH CHs 35 >2,000 191
40 33 O i-propyi OH 4-(CH3)sC-Ph 33 >2,000 78
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15 AR were conpared to the effects on prostatic snooth nuscle [err]
Strips of prostatic tissue and aortic rings were obtained from Long Evans
derived mal e rats wei ghing 275 grans and sacrificed by cervical

di sl ocation. THeOp¥43448ate ti ssue was placed under 1 gram ten®CONSIY0360810 ni
bat h cont ai ni ngsphospnat%is%fferfﬁd sBhine pH 7.9 at 32 [err]20&€. and

i sonetric tensi 4k 20 Owdeopdasur@dhwPeh force tFansdde®s. Bhe aortic
tissue was placdl und® OB ans 9 ensfértiRiPl 183w b&Bh cont® ni ng

phosphat e bugf e at 37 [err]C. The ability of test conpound
to reduce tht(;> nwﬁgﬁf{ﬁg%ﬁé@ ed contractile response by 50 % (1 Cerr])
was determ ned. Conpound 3 inhibited the contractile response in aortic
tissue with an IC[err] of 4.74 [errr] and in 25 prostate tissue with an
| err] of 0.143 [err]M Conpound 35 i BX#MPES the contractile response in

aortic tissue with a ue with an
IC[err] of 0.18 [err?R)IL'%Q%?iaﬁgaséﬁﬁewgz%ggfoﬁ%ah&{)fn@gnt|on wer e
tested for tDei finvention r]qr prastate tism&sayanhamcmba:?sl aao{aell aseth@l?li)xtafgmm:@d
increases in intrau t r re e se ect|V| of .t hese
conpounds was dé’Yﬁ§ &ﬂt B iﬁlﬁ)ﬁﬁr %ﬂ%@?f‘t BIFSPOPSERY {:é' obtaliGic ed

i ncreases i n NMeq@sid hed i'a%'aoﬂé ﬁ%%&@?&mh@d‘iﬁ&e@ﬁ&en@% and abEbRW ¢r2448
PCT/ US99103608 Mal e beagl e dogs were anesthetized and catheterized to

measur e i nt r aur @ntagenish cevpeHNds( ASEN indicalinn ¢fitos selectivity uoéemaaommatest
e chnesneBnphi gt FSRULER itk nade LRI GESAR Pyt o
32ny/ kg) of 15 AR)were compared to the effects on prostatic smooth muscle (a:1.-AR).
Strips of prostatic tissue and aortic rings were obtained from Long Evans
derived male rats weighing 275 grams and sacrificed by cervical dislocation.
The prostate tissue was placed under 1 gram tension in 2 10 mi bath
containing phosphate buffered saline pH 7.4 at 32 ° C. and isometric tension
20 was measured with force transducers. The aortic tissue was placed under 2
grams tension in a 10 mi bath containing phosphate buffered saline pH 7.4 at
37 °C. The ability of test compound to reduce the norepinephrine-induced
contractile response by 50 % (1Cso) was determined. Compound 3 inhibited
the contractile response in aortic tissue with an ICs of 4.74 uM and in
25 prostate tissue with an ICso of 0.143 uM. Compound 35 inhibited the
contractile response in aortic tissue with an ICs, of 8.5 uM and in prostate
tissue with an 1Cs 0of 0.18 uM.
Example 26
Select compounds of the invention were tested for their ability to
30 antagonize phenylephrine (PE) induced increases in intraurethral pressure in
dogs. The selectivity of these compoﬁnds was demonstrated by comparing
their effect upon PE induced increases in mean arterial pressure (MAP) in the
dog.
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5 phenyl ephrine (PE) to establish a control agonist dose-respanse curve.
| UP and MAP were recorded foll ow ng each dose until the IUP returned to
basel i ne. The dogs then were given an i.v. bolus dose of the antagoni st

conmpound, f Qydswessby i.v. PE challenges of ascending dosagrnsksessgest he
trol | st | 10
controt ~agont s ;@g;;g%p@@ﬁg%%ReétHQtnﬁ%M%tﬁa%ﬁMgsﬁﬂééere ow ng

each PE chal | eng ant agoni st conpound was tested over a
dose range ointrautethraDpressuredlUR) in thef pnoetg:ttbmtbrmrMean FNerialpressure bet ween

For ach t esMABRYBLMAas\RE Ugiisch Sxbe Bt PiebBl BTy B8 oralEReR. B B 2ge
reductions ' %&&Rtﬁﬂ?‘a%hétéﬁed@immw&o% (169<32mgh@) of0- 30- 20 1 0 O
0.1 1. 100. 1000. 0 Dose / Ef f ect s _of
Conpound 8 upbeﬂwﬁtﬂhﬂaﬁdpﬁhp %ﬁ‘a@"’["@r ‘F‘-]"&'Pk@g‘F'E& %gsedsgpqrémuwe * MAP
34 and MAP were recorded foliowing each dose until the IUP retumned to

baseline. The dogs then were given an i.v. bolus dose of the antagonist

compound, followed by i.v. PE challenges of ascending doses, as in the

control agonist dose-response curve. {UP and MAP measurements following

10 each PE challenge were recorded. The antagonist compound was tested

over a dose range of 3 to 300 ug/kg in half-log increments. The interval

between antagonist doses was at least 45 min and three experiments were

performed for each test compound. The graph below illustrates the mean

percentage reductions in IUP and MAP for Compound 8.
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o - R PCT/ US99/ 03608 Wat i s
clainmed is: 1. A conpound of Fornul a m\“\ \R[ err] is hydrogen,
hal ogen, ([ err]al koxy, hydroxyl, OM“%‘% \S‘ is Cerr]alkyl,
substitut ed Wwpepadsad kyl where the alMRYF "Substi tUents are ipegoewdsss! y
sel ected froRyp sQLairﬂPéﬁs: hal ogens, 10 phenyl , substituted phenyl
su

wher e the pheny stituents are independently selected fromone or nore
nmenbers of tHe gAcompeundoEFemulal Clerr]al kyl, Cerr]al koxy, and

trihal o(err]al kyl, 15 phenyl (err]al kyl, gf substituted
phenyl C[err] al kyl where the phenyl substituents g | ndependently sel ected
fromone or nore nenbers of the group consisting C err]al kyl, hal ogen,

C err]al koxy, and trihalo(err lyl&anRSﬁ\SN 7 ogen, hydroxy or
Cerr]al koxy if the hashed I|i i Nse L6 ogygen if the hashed |ine
Is-present; Rerr] is hydrogen, ICdrr]al kyl, phenyl® err]al kyl or
substituted phenyl ([ err]al kyl R2§ o where the phenyl substitutents
are independently selected fromone or nore nmenbers of the group consisting
of (Jerr]alkyl, ([err]al koxy, and trihaldC[err]al kyl; 38 :

5 R, is hydrogen, halogen, Cs.salkoxy, hydroxyl, or C,salkyl;

R is Ciealkyl, substituted Csalkyl
where the alkyl substituents are independently selected from
one or more halogens,
10 phenyil,
| substituted phenyl
where the phenyl substituents are independently selected from
one or more members of the group consisting of C,.salkyl,
C,salkoxy, and trihaloCy.salkyl,
15 phenylCysalkyl,
or substituted phenylC,.salkyl
where the phenyl substituents are independently selected from
one or more members of the group consisting of Cysalkyl,
halogen, Cy.salkoxy, and trihaloCysalkyl;
20
R is hydrogen, hydroxy or Cs.salkoxy if the hashed line is absent or
is oxygen if the hashed line is present;

R, is hydrogen, Ci.salkyl, phenylC,salkyl or substituted phenylCysatky!
25 where the phenyl substitutents are independently selected from
one or more members of the group consisting of Cy.salkyl,
C,salkoxy, and trihaloC,.salkyl;
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PCTI US99/ 03608 Rerr] is Clerr]alkyl,

substituted e'rr] al kyl where the al ker— substitutents are i ndependent |y
selected fromb5 re hal ogens, phenyl, °
substitut ed phswododedaere t he phenyl mh!ﬂ'b’ ﬂl‘t ﬂ'r ndeperUSBD/yssos

sel ected fromone or nore nenmbers of t

10

ing of Cferr]alkyl,
hydr ogen, hal ogen, hydroxy  &rr]al kyl, substitut ed

Cerr]al kyl whereRsli@Cabd¥l substitutents are independent!ly sel ected from
one or nore hal ogenssuggtgferd]@g 5@,}/ am no, (err]al kyl am no,

di ( err] al kyl am no,

Cl err]al kyl car bonyl ,

d err] al koxycarbonyl , ar whees theraly) substitutents wmamd%ﬂypeleqedrfm

al kyl sul fon
phenyl subs
t he 20

Yy
t

, phenyl sul f onyl 3§ ed phenyl sul fonyl where the
rtutents are inde%%%%ﬂ?* é'séeéeg%t ed fromone or nore nenbers

phenyl, group consisting of (err]al kyl

hydr ogen, hal ogen, hydroxy and njtro; phenyl{err]al kyl, substituted
phenyl C[ err] al kyl wHijbst] FH}?@M | substitutents are independently sel ected

from 25
Clerr]al kyl

10

15

20

25

whefd'thePheRY stibsfieptsSarelinddpbndemisdidiied Fbng of
one or more members of the group consisting of Cy.satkyl,
hydrogen, halogen, hydroxy, C,.salkyl, substituted
C1ealkyl
where the alkyl substitutents are independently
selected from one or more halogens,
Cisalkoxy, amino, Ci.salkylamino, diC,salkylamino,
C..salkyicarbony!, Csalkoxycarbonyl, arylcarbonyl, nitrite,
aminosulfonyi, C4salkylsulfonyl, phenyisulfonyl, and
substituted phenylsulfonyl
where the phenyl substitutents are independently
selected from one or more members the
group consisting of Cygalkyl hydrogen,
halogen, hydroxy and nitro;
phenylC,.salkyl,
substituted phenyiC.salky!
where the phenyl substitutents are independently selected from
one or more members of the group consisting of Cy.salky!
hydrogen, halogen, hydroxy, Ci.salkyl, substituted
Ciealkyi
where the alkyl substitutents are independently
selected from one or more halogens,
C,.salkoxy, amino, C.salkylamino, diCs.salkylamino,
C.salkylcarbonyl, Cisalkoxycarbonyl, and nitro;
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hydr ogen, hal ogen, hydroxy, Clerr]al kyl, substituted Cerr]al kyl where the
al kyl substitutents are independentty—selected-fromone or nore hal ogens,

30 d err] al koxy, | am no,

di ([ err] al kyysssiagas Cl err]al kyl car b(ﬁ“!!lﬂ@j!ﬂ l@! Mcar basthussesdosni t 1 0;
39 WO 99/ 42448 I s oxygen, sulfur
or NH, pharnmaceutically acceptable salts thereof; 5 and stereoisoners,
racem c mi xtXr es,is axyges| sulus oeNtht i oner s t’hereof. 2. The conpound of claim
1 wherein R3 is oxygen. 3. The conpound of claim1l wherein Rerr] is
hydrogen or hydroxy. 10 4. The conpound of claim3 wherein Rerr] is

hydr ogen, habmcemicanydc@mabl%ampéof hydrogen or C[err]al kyl, R4 is

C err]al kyl or hydrogen, and _I’ rr]al kyl or substituted
phenyl arfi xandstERAISAMESS, 13 W% %ﬁﬁﬁ%‘y B'P %Rm 4 wherein -
Rlerr] is hydrogen, R2 is C[err]al kyI R3 IS hydroxy, Rlerr] is hydrogen,

Rlerr] is substituted phenyl and IS 0Ox . The conpound of claim1
wherein Rl er2] iThegompayed of RaimJd whqselad%(dlsomqrs hydr oxy or hydrogen,
Rlerr] is hydrogen, R err] is phenyl or substituted phenyl 20 wher e

t he phenyl substitutents are independently selected fromone or nore
menbers of tBe drheusompoundf claim dfwitgreinrRaib khydogeh ok bydnoxy.
diderr]alkylamno Cferr]alkyl, and hal ogen substituted (Jerr]alkyl, and X
i's oxygem:

- 4. The compound of claim 3 wherein Ry is hydrogen, halogen, or hydroxy,
Rz phenyl, hydrogen or Cy.salkyl, Rq is Cysalkyl or hydrogen, and Rs is
Cisalkyl, phenyl or substituted phenyl and X is sulfur or oxygen.

15 5. The compound of claim 4 wherein R, is hydrogen, R; is Cy.salkyl, Rs is
hydroxy, R, is hydrogen, Rs is substituted phenyl and X is oxygen.

6. The compound of claim 1 wherein R, is hydrogen, R; is j-propyl, Rs is
hydroxy or hydrogen, R, is hydrogen, Rs is phenyl or substituted phenyi
20 where the phenyl substitutents are independently selected from one or
more members of the group consisting of Cy.salkoxy, halogen,
diCqsalkylamino C,.salkyl, and halogen substituted Ci.salkyl, and X is
oxygen.

25 7. The compound of claim 1 where R, is hydrogen, Rz is j-propyl, Rs is
hydroxy, R, is hydrogen, Rs is phenyl, X is oxygen and the
stereochemistry of the chiral carbon is S.

8. A method of treating benign prostatic hyperplasia consisting of
30 administering an effective dose of a compound of Formula i to a
mammal.
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25 7. The conpound of claim1l Wnﬁl Im‘m ll“ : mmir ogen, Rlerr] is
j-propyl, R3 is hydroxy, R4 is hyd " phenyl, X is oxygen and
the stereochenmistry of the chiral carbbn'is"s *8 A nmet hod of treating

beni gn prost atwo 99142848 pl asi a consi sting of 30 - adm ni s{PETURY/0398

effective dosegof FhemBthoddA cRim Bavtond thd offctive GBsEYBlabodiD. 1 to B9/ 42448
PCT1US99103608 9. The nethod of claim8 where the effective dose is about

0.1 to about 25.0 2RPEPKR0. A nethod of treating di seases associated with
the a-1[err] adrenergic 5 receptor consisting of adm nistering an
effective dose of a conmpound of Fornmula 1 to a manmal . 11. The net hod of
cl ai m 10 wher e 10heA aidtinar ofiteeatiog diseasesoansociatet with theoutl. &ifenergig/ kg. 10 12.

Formi a1 Ba. A pRAPRBLEUTRIS of BBty R AL ey BoSS3Ca SrPoRd B cct  ve
dose of a 15 FéaiuPtot @amhal.nul a | is about 0.1 to about 25.0 ng/kg.

14. A pharmaceutical conposition of claim12 where the effective dose of a
conmpound of Forrmula 1 is about 0.01 to about 1.0 ng/kg. 41

11. The method of claim 10 where the effective dose is about 0.1 to about
25.0 mg/kg.
10
12. A phamacsutical composition containing an effective dose of a
compound of Formula |.

13. A pharmaceutical composition of claim 12 where the effective dose of a
15 compound of Formula 1 is about 0.1 to about 25.0 mg/kg.

14. A pharmaceutical composition of claim 12 where the effective dose of
a compound of Formula { is about 0.01 to about 1.0 mg/kg.
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