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chemotactic @&{?ﬁcjuq@ss in(tﬁ@esgpé%i rﬂgfgilsc\/\wnﬁ Ifheaﬁr‘casduction of cytokines at inflammatory sites,
25  including but not limited to TNF and IL-1, as a consequence of decreasing cell infiltration,
providing benefit for diseases linked to TNF and IL-1, including congestive heart failure,
pulmonary emphysema or dyspnea associated therewith, emphysema; HIV-1, HIV-2, HIV-3;
cytomegalovirus (CMV), adenoviruses, Herpes viruses' (Herpes zoster and Herpes simplex).
They may also provide benefit for the sequelae associated with infection where such infection
30  induces production of detrimental inflammatory cytokines such as TNF e.g, fungal meningitis,
joint tissue damage, hyperplasia, pannus formation and bone resorption, psoriatic arthritis,
hepatic failure, bacterial meningitis, Kawasaki syndrome, myocardial infarction, acute liver
failure, lyme disease, septic shock, cancer, trauma, and malaria, etc.
MIP-1ec and RANTES are soluble chemotactic peptides (chemokines) which are
35  produced by inflammatory cells, in particular CD8+ lymphocytes, polymorphonuclear
4 leukocytes (PMNs) and macrophages, J.Biol. Chem., 270 (30) 29671-29675 (1995). These
chemokines act by inducing the migration and activation of key inflammatory and



35 produced by inflammatory cells, in particular CD38+ | ynphocytes,
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i mmunonodul atory cells. Elevated | evels of chenoki nes have been found in
the synovial fluid of rheumatoid arthrit3s patients, chronic and rejecting
tissue fromtransplant patients and in the nasal secretions of allergic
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15 or the pharmaceutically acceptable salts and prodrugs thereof; wherein
a=0-5,
b=0-2,
c=0-2
d=0-4
20 X is -O-, -8-, -CH,-, -NR"-
Y is (Cg-Cig)aryl, or (C,-Cg)heteroaryl,
each R' is independently selected from the group consisting of: H-, HO-, halo-, (C4-
Cs)alkyl- optionally substituted with 1-3 fluorine atoms, (C4-Cg)alkyl-O- wherein the alkyl group
is optionally substituted with 1-3 fluorine atoms, HO-(C;-Cg)alkyl-, NC-, HyN-, H,N-(C;-
25  Cglalkyl-, HO-(C=0)-, (C;-Cs)alkyl-(C=0)-, (C1-Cg)alkyl-(C=0)~(C4-Cg)alkyl-, H;N-(C=0)-, H,N-
(C=0)~(Cs-Cslalkyl-;
each R? and R is independently selected from the group consisting of: H-, oxo, (C4-
Csg)alkyl- optionally substituted with 1-3 fiuorine atoms, (C,-Cg)alkyi-, (Cs-Cro)aryl-, (Ce-
Cio)aryl-(C4-Cg)alkyl-, HO-(C4-Cg)aikyl-, (C4-Cg)alkyl-O-(C4-Cglalkyl-, HoN-(C4-Cg)alkyl-, (C4-
30  Csg)alkyl-NH-(C4-Cglalkyl-, [(C1-Cg)alkyil.N-(C+-Cs)alkyl-, (Co-Co)heterocyclyl-(C4-Csg)alkyl-, (C4-
Cs)alkyl-(C=0)-NH-(C,-Cg)alkyl-, (C4-Cs)alkyl-O-(C=0)-NH-(C4-Cg)alkyl-, H,N-(C=0)-NH-(C;-
Cylalkyl-, (C4-Csg)alkyl-SO,-NH-(C4-Cs)alkyl-, (Co-Cg)heteroaryl-(Cy-Cg)alkyl-, H,N-(C=0)-,
H,N-(C=0)-(C+-Cy)alkyl-;



Cl0)aryl - (C1-C8)al kyl -, HO (Cl1-C8)al kyl -, (Cl-C8)alkyl -0 (C1-C8)al kyl -

H2N- (C1-C8) al kyl -, (Cl 30 C8)al kyl - NH (C1-C8) al kyl -,

[ (C1- CB) avkybkh@N81 C1- C8) al kyl -, (C2-C9) het erocycl yl - (Cl- CBralRgd/o1403 C1-
C8) al kyl - (C=0O -NH (C1-C8)al kyl -, (Cl1-C8)al kyl -0 (C=0 -NH (C1-CB)al kyl -

H2N- (C=0) - NH- (C1- C8)al kyl -, (Cl-C8)al kyl - SO2- NH ( C1- C8) al kyl -,

(C2-C9) heteroaryl -(CL-C8)al kyl -, H2ZN-(C=3)-, HN-(C=O-(Cl1l-C8)al kyl-; WO
02/ 102787 PCT/1B02/ 01403 -3 each R4 is independently selected fromthe
group consisting of: H, HO, halo-, NG, HO(CO-, H2N,
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sodium) and alkaline earth metal cations (e.g., calcium and magnesium), ammonium or water-
soluble amine addition salts such as N-methylglucamine-(meglumine), and the lower
alkanolammonium and other base salts of pharmaceutically acceptable organic amines. .
The compounds of this invention may contain olefin-like double bonds. When such
30  bonds are present, the compounds of the invention exist as cis and trans configurations and as
mixtures thereof.
The present invention also relates to compounds of formula | wherein any of the
hydrogens may optionally be replaced by deuterium.
Unless otherwise indicated, the alkyl groups referred to herein may be linear or
35 branched, and they may also be cyclic (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl) or bicyclic (e.g., norbornanyl, bicyclo [3.2.1]octane) or contain cyclic groups. They
may also contain zero to two levels of unsaturation and may be optionally substituted with 1 to 3
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H2N- ( C1- C8) aW}H HoNKO- G2t - HO((CTOES YGil G}l ky(HC=0)-- (C1~Ca)a|ky| -(C=0)-(C1-Cq)alkyl-,
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H-, HO-, halo-, (C;-Cg)alkyl- optionally substituted with 1-3 fluorine atoms, (C4-Cg)alkyl-O-
wherein the alkyl group is optionally substituted with 1-3 fluorine atoms, HO-(C4-Csg)alkyl-, NC-
, HoN-, HoN-(C;-Cgalkyl-, HO-(C=0)-, (C4-Cg)alkyl-(C=0)-, (C4-Cg)alkyl-(C=0)-(C4-Cg)alkyl-,

30  HuN-(C=0)-, HN-(C=0)-(C4-Cg)alkyl-, Ho2NSO,-, (C4-Cs)alkyl-SO-NH-;
The compounds of this invention include all conformational isomers (e.g., cis and trans

or

isomers) and all optical isomers of compounds of the formula I (e.g., enantiomers and
diastereomers), as well as racemic, diastereomeric and other mixtures of such isomers.
Examples of specific preferred compounds of the formula | are the following:
35 (5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl}-2-oxo-ethoxy}-phenyl)-

methanesulfonic acid;



H, HO, halo-, (Cl1-C8)al kyl- optionally substituted with 1-3 fluorine
atons, (C-C8)al kyl-O wherein the alkyl group is optionally substituted

wi th 1-3 Wwbuwoeno21e7 at ons, HO (Cl-C8)al kyl -, NC , H2N-, H2RCTaBea@8yes kyl -,
HO (C=O) -, (Cl-C8)alkyl-(CO-, (Cl1-C8)alkyl-(C=O-(d-C8)alkyl-, 30

H2N- (C=0) -, H2N- (C=0) - (Cl1-C8) al kyl -, H2NS2-, (Cl-C8)al kyl -S02-NH; The
conpounds of this invention include all -&onfornmational isoners (e.g., cis
and trans isoners) and all optical isoners of conpounds of the fornula I
(e.g., enantioners and diastereoners), as well as racem c, diastereoneric
and other m xtures of such isoners. Exanples of specific preferred
conpounds of t he (3-Ghlonot2a{2H4-#-ehldrbrberizgl)-RB\ASAimetBB-piperazin-1-yi]-2-oxo-ethoxy}-
(5-Brono- 2- {{Rs ] A4 = zyl ) - 2R- net hyl - pi perazi n- 1-yl ] - 2- oxo- et hoxy} -
phenyl ) - rre%ﬁ%’l%ggﬁeﬁa&%#@sg%? 8200 02/ 100787 PCT/ | BO2/ 01403 -5

(5- Chl or 0- 2- { 2- [ £=(PBIEPR-Si %l Hdfysre-perzi)- B eathvbpiRGRZipT ylrxpRthexwPiewlox o- et
hoxy} - phengthhnestiidharesdil f oni ¢ aci d;

}?_ I(Oﬁeﬁ;f ‘ g . ﬁgngzga-ﬁzﬁgﬁc}-g-?%@f(g.;?;ﬁé%lt)en,zzyf)*-z'ﬁ‘?ééﬁ%lneﬂyupp%{e‘?‘azz%nﬂ-]n-é’.LJo-e%ho%‘? et hoxy
2- ( 5- Chl or oPhenyh- §taaneauliohic 8¢id- benzyl ) - 2R, 5S- di net hyl - pi per azi n- 1-yl ] - 2- oxo-
et hoxy}- phenyl) 14-§Fdﬁmﬁz'-{hf(4lﬂdld§o-§&1zg§-2R,SS-_dimethyl- iperazin-1-yl]-2-oxo-ethoxy}-

(4- Br ono- 2- {p%r{)(éﬁé#‘gl uor a- be(ril_zyl ) - 2R 5S- di net hyF- pi perazin-1-yl]-2-oxo-eth
oxy}- phenyPYeHETIFARBEHPYRPESaci d:

(3- Chl or 0- 2- { 2- [ 43-CHllofd-21{2r[é~(PEumry-benzPRRB.SS dinmtthpiberpripd ryd2iane-gthgyj~ 2- oxo- et
hoxy}- 1@ p?ﬁ&#ﬁ%éﬁnl@ﬁ%%‘b&&}m c_acid; , , ,
(5-Brono-2-{2-[4-(4-chl oro-benzyl)-2R 5S-di net hyl - pi per azi n- 1-¥I L 2- 0x0-eth
oxy}- phenyl)- mst( BrPa#1% T(%'C grp-&)}enzyi)-ZR,SS-dlmeth I-piperazin-1-yl]-2-oxo-ethoxy}

(5- Chl or o- 2phéhy)4ndtibnbswionioatienzyl ) - 2R- net hyl - pi per azi n- 1-yl j - 2- oxo- et hoxy}
-pyridin-3- yl)-ng g mo .
Brono- 2-{2-[ 4- ( 4?‘? IEH@B)? e_[%% Worc%%ér%&% %@"feﬁ}ybpe'?‘?{??'?ﬂ f'] >2/Iof“3 St-h%%)Pyer!tdWosxy} - pyr
i di n-3- yl) Yheteharelirrioatd aci d;

(5- Chl orte- 2- { 2- [ 45 Srothot-{Plja+pr-fuolasen)) 2FR2RethB-pibcrainhny - P oxpestitoxi Wpylidipi3} - 2- ox

0- et hoxy} - - ul fonic acid; (5- Brono
-2-{2-] Z} ( SQQ‘?%Yd%agﬁﬁ%mggﬁ;yl ) - 2R, 5S-di ma'g hyl - pi tEer azi n-1-yl]-2-oxo-et hoxy}

- 20 phenyl) - et HerFBe[A-2-nltd3.4dlifigero-benzyi)-2R,58-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-

( 5- Chl or 0- 2phemiydndtidenebliBhioatignzyl ) - 2R- et hyl - pi perazi n- 1-yl ] - 2- oxo- et hoxy}

- phenyl ) - et han f oni igd, (5- Bro . . .

DT LU oni ors: Ry T B P BB B BT PSRy Beny ) -

met hane2dl f eheryhaedtispnesulfonic acid;
{5-Chloro-2-{2-[4-(4-chloro-benzyi)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-

methanesulfonic acid;
(5- Bromo -2-{2-[4-(4-chloro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyi)-
methanesulfonic acid;
25 (5-Chloro-2-{2-[4-(3,4-diflucro-benzyl)-2R-methyl-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
(5-Bromo-2-{2-[4-(3,4-difluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
30 phenyl)-ethanesulfonic acid;
(6-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yi}-2-oxo-ethoxy}-pyridin-3-
yl)- ethanesulfonic acid;
(4-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
35 (3-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;



25

(5-Chloro-2-{2-[4-(3, 4-difluoro-benzyl)-2R-net hyl - pi perazi n-1-yl]-2-o0xo-eth
oxy}- phewglopAmIshanesul foni c aci d; PCT/IB02/01403
(5-Bronmp-2-{2-[4-(3,4-difluoro-benzyl)-2R-net hyl - pi perazi n-1-yl]-2-oxo-etho
xy}- phenyl)-net hanesul foni ¢ aci d;
2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R65S-di et hyl - pi perazi n-1-yl ] - 2- oxo-
et hoxy}- 30 phenyl)-ethanesul foni c acid;
(5-Brono-2-{2-[4-(4-fluoro-benzyl)-2R- et hyl - pi perazi n-1-yl ] - 2- oxo- et hoxy} -
pyridin-3- yl)- ethanesul fonic acid,

(4- Chl or 0- 2- { 2- [ 42-Chiofor@tgrié-(bBurre-PgnzRZB SSdimetivhpiberpripd il 2-axo-ethpkyfl~ 2- oxo- et
hoxy} - phenmh)amgffmmewaﬁ.eaw acid; 35

(3-Bronmo-2-{2-[

4-fl uo benz R 5S- di net h erazj | ].- 2- oxo eth
ey} phenyl) - et AR EORR TR R ot BB 2 Yo iy
(2-Chl or o- 6- p[hany[l 4ne(thbné$ulfomnoad:jenzyl ) - 2R, 5S- di net hyl - pi perazin-1-yl]- 2 oxo- et
hoxy}- pigenyl)- 1bfoni ] ] : _
(5-Br om)gz {2-] &ﬁ&l%{%g ﬂg((g)rjfg)egzgr% 2RI5)S néeﬂr%tp Wy az'{)‘. 1p)g 2a%xlone-t X {}I ]-2-o0xo
- et hoxy} - pH%‘ﬁW )e-”i?é??r‘l‘ﬁ?l‘?é%@ﬁ'q onic acid; 5
2- (5- Brono- 2- { 2- [ &=GHord- I2442>[40(4kﬂaamydehzyaaﬂﬁﬁetﬁlﬁmbhyihﬂp,i|]|:zads>a>zdtrmx9}=pﬁbﬂuw)2- 0X0-e
t hoxy}- phen %%-negljgkgrrl}??%fom c aci d
(5-Cnhl oro- 2-%{ T 2247 FUGr o benz?/ - 2R- et hyl - pi perazi n-1-yl ] - 2- oxo- et hoxy}
- phenyl) - nmet hanes@tireane-é-{&k(@-chloro- -benzyl)-2R, 58 -dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-

2- (5- Br qgo- Zsieryl ﬁémﬁﬂgmﬁhggadbenzyl) 2R, 5S- di net hyl - pi perazi n-1-yl ] -2-oxo0-¢€
t hoxy}- 10 phenyl

2- (5. Chl o - 2- {z% s G B 2 S GRS R - 1-y1 1 - 2-
ox0- et hoxyletiph@rmpew)- ethérsalfonicfagiti ¢ aci d;
2- (5- Chl or 0- 2- { 2-1. - d}#o‘r&hl{@[@(n%B?d%&zﬂﬁ%&th%lpgﬁ'r&%tﬁﬂ]-ﬂbxd cthory)-

-yi]-2-o0xo- et hoxy - et hanesul Tonic aci
-2-{2-[ 4- (4- Qf‘ﬁ[“fyb thﬂ%ﬁ%{% 25 net hyl - pi per azi n- 1- yl ] - 2- oxo- et hoxy}
phenyl ) -156et hanesud-Goni Broawi d;-2-{2-[4-(4-chloro-benzyl)-2R-methyl-piperazin-1-yi}-2-oxo-ethoxy}-

(5-Chl oro-2- n)[|)4 r&élhefs I%g[C%C,genzyl) 2R, 5S-di net hyl - pi perazi n-1-yi ] - 2- oxo- et
hoxy}- phen anesul

2- (5- Chl oro- 2- { 2- (Pﬁhb’@ %rf7dﬁ4f<11 dmra bs%%ﬁ)‘isziﬁ‘%@ﬂ RpPragn Yl PR-=h%yH - 2- oxo- e
t hoxy}- 20 pirenylnethaichdfosisationi c aci d; (5- Brono

ézyl{ )2 [ gt ﬁjngg lulo; oﬁwghﬁz IR - B A Bih i bz 232 BlNQNKy PY T 1 i -
20  phenyl)- ethanesulfonic acid;

(5- Bromo -2-{2-[4-(4-chloro-benzyl)-2R-methyl-piperazin-1-yli]-2-oxo-ethoxy}-pyridin- -
3-yl)- ethanesulfonic acid;
3-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)- propane-1-sulfonic acid;
25 3-(5-Chloro-2-{2-{4-(4-fluoro-benzyi)-2R-methyl-piperazin-1-yi]-2-oxo-ethoxy}-phenyl)-
propane-1-sulfonic acid;
3-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
propane-1-sulfonic acid,;
(2-Bromo-6-{2-{4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi}-2-oxo-ethoxy}-
30  phenyl)-methanesulfonic acid,;
(5-Chloro-2-{2-[2E-ethyl-4-(4-fluoro-benzyl)}-5S-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
3-(56-Chloro-2-{2-[4-(4-chloro-benzyl)}-2R,5S-dimethyl-piperazin-1-ylj-2-oxo-ethoxy}-
phenyl)- propane-1-sulfonic acid;
35 2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-

ethanesulfonic acid;



3-(5-Brono-2-{2-[4-(4-fluoro-benzyl)-2R, 5S-di net hyl - pi perazi n-1-yl]-2-oxo0-e
t hoxy}- phenyl)- propane-1-sulfonic acid; 25

3- (5- Chl owo-024¢2287 4- (4-f | uor o- benzyl ) - 2R- net hyl - pi per azi nPLTPBI2/A4@X 0- et hox
y}-phenyl)- propane-1-sul fonic acid;
3-(5-Bronp-2-{2-[4-(4-fluoro-benzyl)-2R-net hyl - pi perazi n-1-yi ] - 2- oxo- et hoxy
}- phenyl ) - propane-1-sul fonic acid, -7-
(2-Brono-6-{2-[4-(4-fluoro-benzyl)-2R, 5S-di net hyl - pi perazi n-1-yl]-2-o0xo0-eth
oxy}- 30 phenyl)-net hanesul foni c aci d;
(5-Chloro-2-{2-[2E-et hyl -4-(4-fluoro-benzyl)-5S-net hyl - pi perazi n-1-yl]-2-o0x
0- et hoxy}- pheny B (siBeanmarés[di(4-omoro-badyt):2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-

3-(5-Chl oropge,{yg ;{rgpgng 1cga|f&,ré)acfg,enzyl) 2R 58—d| nmet hyl - pi perazi n-1-yl ] - 2- oxo-
et hoxy}- phenyl’) - gro pane- 1-sul f

2- (5- Chl or o- 2- { 2[@Bme-2- é?o[f‘t@ﬂ)QWEVP“)beW-)T?BtW"I‘ﬁMQPQWH 1A 9%02- ox0- et hox
y}- phenyl ) - etiokapaewl)f @nires@iohid aciO 02/ 102787 PCT/ | B02/ 01403 -7

5-B -2 2- - . . .
ety ot per et B e ARt pERIR S ameiy BRI AR ¢ aci o
2- ( 5- Br ono- 2thpaylphe Eroléﬁnﬁ%ﬁfoQW 7yl ) - 2R, 5S-di net hyl - pi perazin-1-yl]-2-0

Xo0- et hoxy}- phen)BL(\frCh!Hr&]@-{Ee[ﬂléJl F$19926-8er2Gi-IR, 58-dimethyl-piperazin-1-yl]-2-oxo- -ethoxy}-
3- (5-Chl oro-2- Iuoro benzyl) - 2R, SS-derget hyl ydl per azi ny}l yl]-2-

oxo- et hoxyPYsis % f"("p%'}e'ﬁ%%an"i 2441 f oni ¢ aci d-
3-(5-Chl oro-2-{ 2.(€P -Broap-2-{2t[é6f ol upenbanizyl)-2R5S- dlmethyl-piperazin-1-yl]—2-oxo-ethoxy}-

5S- di meybyl ppidies-gE-iathhndsuifonts R160- €t hoxy} - pyridi n-3-yl ) - propane-1-sul fonic
aci d;

( 5- Br ono- 2- { 2- [ 4- (@2 BEHgyere- bﬁﬁyﬁgwm'ﬁ?f”aﬁ'ﬂﬂéﬁ”ézz?’ﬁ‘? Sfho¥Yl - 2- oxo- et h
oxy}- 10 pymphehyh-Bogdne-1mtidréreesiil f oni c acid ;
3-(5-Chloro-2-{ 2'(£ érc(nﬁo f&l @'2194 Qﬁlﬁlﬂf bgnzngZE?rE)n CplBérB%H "117y|] B: o;(o ethoxy}-

-yl ]-2-o0xo0-et hoxg )- propane-1-5su
( 5- Br ono- 2- £2Iqin3 i ei“%??“l”%‘f?f’%enzyl ) - 2R- et hy! - pi perazi n- 1
-yl ] - 2- 0%0- et hoxy§-Bramyur-2-(bi[PR-8thyl-)-H4-flabloctea syl Foométtyl-apiehzin U5yi]-2-oxo-ethoxy}-

(5- Brono- 2- fﬁae%%‘ﬁé&% lforArc(a‘li fluoro-benzyl)-5S-net hyl - pi perazin-1-yl]-2-o0xo
- et hoxy} - nesul onlc aci d;

3- (5- Brono- 2- { 2- [34(5(1340%%% (freforptbpnyR-2Remelyy-pippisaind Al2-aoyptiiaxg: oxo- et hoxy
}- phenyl)- ppérqpaps\epaheswuffm@clcacu d;

3-(5-Chloro-2-{2 } benz -yl.] - 2- oxo-e
t hoxy} - 20 phenyl%é ‘%‘f"?% 4f§l pesice %})c) Zﬁﬁme ra%nFLyl]- -oxo—e%hoXy}-
phenyl)- propane-1-sulfonic acnd

(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
pyridin-3-yl)- ethanesulfonic acid;
3-(5-Bromo -2-{2-[4-(3,4~difluoro-benzyl)-2R-methyl-piperazin-1-yl}-2-oxo-gthoxy}-
phenyl)- propane-1-sulfonic acid;
25 (2-{2-[4-(4-Fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-5-methyl-
phenyi)-methanesulfonic acid;
2-(5-Bromo-2-{2-[4-(3,4-difluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-ethanesulfonic acid; '
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
30  phenyl)-propane-1-sulfonic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
pyridin-3-yl)-methanesulfonic acid;
(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
35 (5-Chloro-2-{2-[4-(3,4-difluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-
pyridin-3-yl)-methanesulfonic acid;



(5-Brono-2-{2-[4-(4-fluoro-benzyl)-2R, 5S-di net hyl - pi perazin-1

-yl ]-2-o0xo0-ethoxy}- pyridin-3-yl)- ethanesul fonic acid; 3-(5-Bronp

- 2-{2- [ 4-wB,04A0ad78T uor o- benzyl ) - 2R- net hyl - pi perazi n-1 -yl ]| PETAR@®/@EHIZOXY]} -
phenyl)- propane-I|-sulfonic acid; 25

(2-{2-[4-(4-Fluoro-benzyl)-2R 5S-di net hyl - pi perazin-1

-yl ]-2-o0xo-et hoxy}-5-net hyl - phenyl) - nmet#anesul f oni ¢ aci d;

2- (5-Brono-2-{2-[4-(3, 4-di fl uoro-benzyl) - 2R- net hyl - pi perazin-1

. -yl ]-2-o0xo0-ethoxy}- phenyl)-ethanesul fonic acid;
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- 2R 5S-di met hyl - pi perazin-1-yl]-2-oxo-
et hoxy}- 30 pheny(5)ChiaroRdaé-(4-ahiprd-mnizyd)-2i65dimethyl-piperazin-1-yi]-2-oxo-ethoxy}-

(5-Chl oro-2- 5)%d|h$)ﬁ)4ngth%ggfopggglgl) 2R, 58—d| met hyl - pi perazi n-1-yl ] - 2- oxo- et
zfﬁ) met anesulfonlc aci d

h d

( gx)él}: orrgyrzl { |2 4 % f?’f“ﬁ&r{gl‘b(a Emprc) 92§,|)52§ %ﬁ WW‘ p%?r%réill] A-0%0- -ethoxy}-

-yl ] - 2- oxo- epyhiayshyi)-rpdteamssyifonetabianesul f oni ¢ aci d; 35
5- Chl 2 2- 4 1] -2-

(5 ot or s 2. U2 Lo oL 2ol A SR L DL BB B ALY 1 2.
-8 pyridin-3-yl)- methanesulfonlc acid;

(5- Chl or o- 2- {2 [465(B}o;<ﬁblqu_rp¢ taemmdo)o@Rzﬁ@minamwmdermrpﬁymz.bmelhdfcw 2- oxo0- et
hoxy}- pyrid 3y )) I ni ¢ acid;
( 5- Br onp- 2- {%V”f"&‘ - 'E%F%’}‘*SUE"EH%‘/"?) 2R 5S-di net hyl - pi per azi n- 1-yl | - 2- oxo- et h
oxy}- pyri di n- 3- y(5ChierpizeRdésk (f-dhior-renzd)-2R-mgthyl-piperazin-1-yl}-2-oxo-ethoxy}-pyridin-3-
(5-Chl or gy 2-&1)2mgma,(e§u|ﬁohq;gc|duor 0- benzyl ) - 2R- et hyl - pi perazi n-1-yl ] - 2- oxo-eth
0X ridin-3-yl)- . . -
(52 by oo 2°1 - [ 4 (Bt Ao RIS o - SRV R SV PR 9N 295 ot ho
Xy}- pyridi nlemgzm:neselfdmmsiul fonic acid;
(5-Chloro-2-{2-[4 Qélcﬁlb.looza[@gmmlrabe%%dmi By bimfekRpigdh-Fyiyb b Zeheg-et hoxy}
-pyridin-3- 10 yl)-nethanesul fonic aci
( 5- Br ono- 2- {QY”PHI? W-PANsPYOBERSN ) - 2R net hyl - pi per azi n- 1-yl | - 2- oxo- et hoxy} -
pyri di n-35 yl) - metsemeas-Roh{34-dittiots-benzyl)-2R,5S-dimethyi-piperazin-1-yl]-2-oxo-ethoxy}-
2- (5-Chl oro- L@%J— a;;é URs s Aspzyl) - 2R, 5S- di et hyl - pi per azi n-1-yl ] - 2- oxo-
et hoxy} - pyr (5 hanesul foni ¢ aci d; 15
(5- Chi oro- 2-{ 2- [4(5c owoc?r{?tlﬁ@%d'w@fngﬂw)z% 5 dimetirt-pigeragin-pa-g2Lxmetot - 2- ox
?-Se}shoxy} . ?gyri[dgma:ylﬁembhesuﬁéﬁmﬁsul fonic acid; _ _ -2

- Br ono- - . hyl -.pi 21 - 2- 0X0
5 hoxy} py“ Lt %Cfﬂ?r% J%Tﬁgn@i)oﬁ %z%l)c-%gglé-ﬁgngétﬂﬁbgé’ﬂazuﬁ-1Qﬁ-"z%%-@thé'sx%-

pyridin-3-yl)- ethanesulfonic acid;

(5-Bromo-2-{2-[4-(4-chloro-benzyl)-2R,5S-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-
pyridin-3-yl}- ethanesulfonic acid;
3-(5-Bromo-2-{2-[4~(3,4-difluoro-benzyl)-2R,5S~dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)- propane-1-sulfonic acid;
25 (5-Chioro-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-
y1)- ethanesulfonic acid;
(5-Chloro-2-{2-[4-(3,4-difluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
pyridin-3-yl)- ethanesulfonic acid;
(5-Bromo  -2-{2-[4-(3,4-difluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
30  pyridin-3-yl)-methanesulfonic acid;
(5-Chloro-2-{2-[4-(4-chloro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-
yl)- ethanesulfonic acid,;
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
pyridin-3-yl)-propane-1-sulfonic acid;
35 2-(5-Chloro-2-{2-[4-(4-fluoro-benzy!)-2R,5S-dimethyl-piperazin-1-yi]-2-oxo-ethoxy}-

phenyl)-propane-2-sulfonic acid;



(5-Chloro-2-{2-[4-(4-chl oro-benzyl)-2R, 5S-di net hyl - pi perazi n-1-yl ] - 2- oxo- et
hoxy}- 20 pyridin-3-yl)- ethanesul fonic acid,

( 5- Br ono-wo{024)24871 4- chl or o- benzyl ) - 2R, 5S- di et hyl - pi per aziPeTAB§2/414@3- 0x0- et h
oxy}- pyridin-3-yl)- ethanesul fonic acid,

3-(5-Bronp-2-{2-[4-(3, 4-difluoro-benzyl)-2R, 5S-di net hyl - pi perazin-1-yl]-2-0
x0- et hoxy}-phenyl)- propane-|-sulfonic 8cid; 25

(5-Chl oro-2-{2-[4-(4-fluoro-benzyl)-2R- et hyl - pi perazi n-1-yl ]-2-oxo- et hoxy}
-pyridin-3- yl)- ethanesul fonic acid;

(5-Chloro-2-{2-[4-(3,4-difluoro- benzyl ) - 2R- et hyl - pi perazi n-1-yl ] -2-o0oxo0-eth
oxy}- pyridi n- 3- @A-(-Brenmanikdt floeriodear)@R.5S5liBpbypIperazin-1-yi]-2-oxo- ethoxy}-

-2-{2-14-(3, Fﬂ-,-eﬁlﬂ)fdré@ﬁg.zlg@%)@a};mm? 5S- di net hyl - pi perazi n-1-yl ] - 2- oxo- et hoxy}
- 30 di n- 3-
(5- Chlp)cl);lo I2n{2 f/z?) @Z%‘?‘i 8?% gleffg)b%m Bﬁé‘tﬁ%ﬁ"“ﬁ%é’wgﬁzw IYlR-pxo el et hoxy)

-pyridin-3- ghlemyl) 2hbthylesaplahe hsaifaaci adid;

% (5 g_ Ei::ﬂrret oL é Zpi_eéaérlérﬁ(g bi{%—[zi@t?lﬁ%ﬂe)mzyﬁ 2R, %S -dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-

- 2- 0X0- et
pyri di n- 3- yIBepykpmalay-propgng-bspiionicacld 35
2- (15- Chl or 0- 2- { 2- {-@-CHord-LYp{EhREDYeh 2y BRRES-dinatay pjlerazinpryl Bz biv-thoxl} - 2- oxo-

th h I ' d; WO 02/102787 PCT/I1B02/01403 -9
S (gxg orrg g‘“%b))l ?&%ﬂﬁﬁ‘?@%néﬁsnﬁ&ﬁﬁi %SIR 5S- di net hyl - pi perazi n-1-yl]-2-oxo-e

t hoxy}- phenyl) - dpdb&r(éfgmgq]bqr@yi} g@-,quethyl piperazin-1-yl]-2-oxo-ethoxy}-5-
2- (5- Chlqar o- taﬁdo%ﬂeﬁwy(ﬂwehylyméma;l%nﬂdfﬁc)acm 5S- di met hyl - pi perazin-1-yl ] - 2- oxo-

th - phenyl) - 2- '
S (ot oo oo 2 1 G R BRRNE R S B BB B th 1 11 - 2- oxo-
t hoxy} - phentyifijorametipt- m:alnylbmetbam@uttormﬁcfdom c acid;

1- (5- Chl or o- 2- {2 (Mz Aﬁfﬁxm -BerRANZN 53 -dithdtRPpi Qérﬁﬁﬁ hyl}-2RkE2EdRy}-B-retiy)] - 2- 0X0-

et hoxy}- phe Q ) Qane 2-sulfonic acid
(2-{2-] 4- (4- PHendFBe e 955 di met hyl - pi per azi n- 1- yI ] - 2- oxo- et hoxy} - 5-
10 trifl1Por onet hy(s- CiﬂmemW{Z) WMAéﬁﬂmdr@heraylh%methyl piperazin-1-yl]-2-oxo-ethoxy}-
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§5e9'hl)§;§ 2 oy LB o ey O ‘ﬂué?seé&bnz-séﬁ,ew B¥keaBhRSh 35k Sediodh] - 2- o

phenyl) -ethanesulfonic acid;
(5-Chloro-2-{2-[2R-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-ethoxy}-phenyi)-
methanesulfonic acid;
(5-Bromo-2-{2-[2R-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl}-2-oxo-ethoxy}-phenyl)-
methanesulfonic acid;
25 {(5-Chloro-2-{2-[2R-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
ethanesulfonic acid;
(5-Bromo-2-{2-[2R-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
ethanesulfonic acid;
1-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi]-2-oxo-ethoxy}-
30  phenyl)-2-methyl-propane-2-sulfonic acid;
2-(5-Chioro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-
ethylamino}-phenyl)-ethanesulfonic acid and
(5-Chioro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl}-2-oxo-ethylamino}-
phenyl)-methanesulfonic acid;
35 The present invention also relates to a pharmaceutical composition for treating or
preventing a disorder or condition selected from autoimmune diseases, rheumatoid arthritis,
recent onset type | diabetes, lupus, inflammatory bowel disease, optic neuritis, psoriasis,
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The present invention also relates to a pharmaceutical composition for treating or

25  preventing a disorder or condition that can be treated or prevented by inhibiting chemokine
binding to the receptor CCR1 in a mammal, preferably a human, comprising an amount of a
compound of the formula |, or a pharmaceutically acceptable salt thereof, effective in treating or
preventing such disorder or condition and a pharmaceutically acceptable carrier. Examples of
such disorders and conditions are those enumerated in the preceding paragraph.

30 The present invention also relates to a method for treating or preventing a disorder or
condition selected from autoimmune diseases, rheumatoid arthritis, recent onset type |
diabetes, lupus, inflammatory bowel disease, optic neuritis, psoriasis, multiple sclerosis,
polymyalgia rheumatica, uveitis, vasculitis, acute and chronic inflammatory conditions,
osteoarthritis, adult Respiratory Distress Syndrome, Respiratory Distress Syndrome of

35  infancy, ischemia reperfusion injury, glomerulonephritis, allergic conditions, asthma, atopic
dermatitis, infection associated with inflammation, viral inflammation, influenza, hepatitis,
Guillian-Barre, chronic bronchitis, xeno-transplantation, chronic and acute transplantation



heart failure, pulnonary enphysema or dyspnea associ ated therew th,
enphysema; H V-1, 15 HI V-2, H V-3; cytonegal ovirus (CW), adenoviruses,
Her pes viw0ed0(7Ber pes zoster and Herpes sinplex). They may/IBOB@4¢3 ovi de
benefit for the sequel ae associated with infection where such infection
i nduces production of detrinental inflamuatory cytokines such as TNF e.qg,
fungal neningitis, joint tissue damage, -Hyperpl asi a, pannus formation and
bone resorption, psoriatic arthritis, hepatic failure, bacterial
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Her pes si rrp|rec@)1t onset type | diabetes, lupus, inflammatory bowel disease, optlc neuritis, psoriasis,
multiple sclerosis, polymyalgia rheumatica, uveitis, vasculitis, acute and chronic inflammatory

conditions, osteoarthritis, adult Respiratory Distress Syndrome, Respiratory Distress

Syndrome of infancy, ischemia reperfusion injury, glomerulonephritis, allergic conditions,

30 asthma, atopic dermatitis, infection associated with inflammation, viral inflammation,

influenza, hepatitis, Guillian-Barre, chronic bronchitis, xeno-transplantation, chronic and acute

transplantation tissue rejection, chronic and acute organ transplant rejection, atherosclerosis,

restenosis (including, but not limited to, restenosis following balloon and/or stent insertion),

HIV infectivity (co-receptor usage), and granulomatous diseases (including sarcoidosis,

35 leprosy and tuberculosis) and sequelae associated with certain cancers such as multiple

myeloma. Compounds in this series may also have utility for the prevention of cancer

metastasis. Compounds in this series may also limit the production of cytokines at



They may al so provide benefit for the sequel ae associated with infection
where such infection induces production of detrinental inflammtory

cyt oki nesweouwehozs7 TNF e. g, fungal neningitis, |joint tiss®RETARIAYE)3
hyper pl asi a, pannus formati on and bone resorption, psoriatic arthritis,
hepatic failure, bacterial neningitis, Kawasaki syndrone, nyocardi al
infarction, acute liver 15 failure, |yneldi sease, septic shock, cancer,
trauma, and nmalaria in a mammal, preferably a human, conpri sing
admnistering to a mammal in need of such treatnment or prevention an

amount of a conmpound of the fornmula I, or a pharmaceutically acceptable
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Conpounds i S e t f
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bone tissue rejectlon chronic and acute organ transplant rejection, atherosclerosis, restenosis

(including, but not limited to, restenosis following balloon and/or stent insertion), HIV infectivity
(co-receptor usage), and granulomatous diseases (including sarcoidosis, leprosy and
tuberculosis) and sequelae associated with certain cancers such as multiple myeloma.
30  Compounds in this series may also have utility for the prevention of cancer metastasis.
Compounds in this series may also limit the production of cytokines at inflammatory sites,
including but not limited o TNF and IL-1, as a consequence of decreasing cell infiltration,
providing benefit for diseases linked to TNF and IL-1, including congestive heart failure,
pulmonary emphysema or dyspnea associated therewith, emphysema; HIV-1, HIV-2, HIV-3;
35  cytomegalovirus (CMV), adenoviruses, Herpes viruses (Herpes zoster and Herpes simplex).
They may also provide benefit for the sequelae associated with infection where such infection
induces production of detrimental inflammatory cytokines such as TNF e.g, fungal meningitis,



resorption, psoriatic arthritis, hepatic failure, bacterial neningitis,
Kawasaki syndrone, nmnyocardial infarction, acute liver failure, |lyne

di sease, wepriie278hock, cancer, trauma, and 10 nalaria i n CPABIRAI1403
preferably a human, conprising a CCRI receptor antagonizing effective
amount of a conpound of the fornmula I, or a pharmaceutically acceptable
salt thereof, and a pharnaceutically aeSeptable carrier. The present
invention also relates to a pharmaceutical conposition for treating or
preventing a disorder or condition that can be treated or prevented by
antagoni zing the CCRI 15 receptor in a manmmal , preferably a human,
conpri si ng goitGRIue darasyeo hypeaatpo parmus gormbfiaacandvieonanesonitionf psariationgibuiisd  of
the formula hleFTthfaiﬂlrep hRLERS SHdeRt ] Nav%glg%&ﬁ&?!)lﬁe Sé c;caltdréﬂn@é?&ion andidiiver
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Compounds in this series may also limt the production of cytokines at
inflammatory sites, including but not limted to TNF and IL-1, as a
consequence of decreasing cell infiltration, providing benefit for

di seases linked to TNF and IL-1, including congestive heart failure,

pul nonary enphysenma or dyspnea associ ated therewi th, enphysema; H V-1,

H V-2, HV-3; 35 cytonegal ovirus (CW), adenoviruses, Herpes viruses

(Her pes zoster and Herpes sinplex). They nmay al so provide benefit for the
sequel ae associated with infection where such infection induces production
of detrinmental inflammatory cytokines such as TNF e.g, fungal neningitis,
WO 02/102787 PCT/1B02/ 01403 -13 joint tissue damage, hyperplasia, pannus
formati on and bone resorption, psoriatic arthritis, hepatic failure,
bacterial nmeningitis, Kawasaki syndrome, nyocardial infarction, acute liver
failure, |lyme disease, septic shock, cancer, trauma, and malaria in a
mammal , preferably a human, conprising admnistering to a mammal in need
of such treatnment or prevention a




5 CCR1 "receptor antagonizing effective anount of a conpound of fornula I,
or a pharmaceutically acceptable salt thereof. Detailed Description of the

| nvent i orwOhe/16298T owi ng reacti on Schenes illustrate the prepaBexiiaes of the
conpounds of the present invention. Unless otherwise indicated a, b, ¢, d
and R1 through R6 and structural 10 forrqula | in the reaction Schenes and

t he di scussion that follow are defined as™above. The reactions in the
Preparati ons and Schenes are described in conmonly assigned co-pending
provi si onal applications serial no. 60/193789, filed March 31, 2000, serial
no. 60/241084 filed Cctober 19, Zoggﬁﬁﬂ@éiggbg no. 09/821322, filed March
29, 2001, the disclosure of which i ted herein by reference
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2 (Rb N(R b N (R. W 02/102787 PCT/|B02/ 01403 -15 PREPARATION B (R)d
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4 WD 02/102787 PCT/1B02/01403 -19 In reaction 1 of Preparation A, the
conpound of forrmula Il, wherein b is 0, 1 or 2, is converted to the
correspomaprig/iespound of formula Il by reacting Il w t hpaThBozak@ehyde
conpound of the formula OH (R)a 5 in the presence of a base, such as
triethylamne, and a reducing agent, such as sodium triacetoxyborohydride,
in an aprotic solvent, such as 1, 2- dlchﬂéToethane The reaction mxture is
stirred at roon1tenperature for a tine period between about 1 hour to about
4 hours, preferably about 2 hours. In reaction 2 of Preparation A, the
conpound of formula Ill is converted to the 10 correspondi ng conpound of
formula IV by first reacting a conpou$tiEBME8he formula 0 (H3C)3GOYN OH O
(R3)c wherein c is 0, 1 or 2, with 4-nmethyl norphe)ine and

i sobutyl chioroformate in the presence of a r aprotic sol vent, such as
tetrahydrofuran, followed by reacting the |nt ate so fornmed with the
conpound of forrmula Ill1. The reaction m xtu rmed, is stirred

overnight 15 at anbient tenperature. In re t| n 3 of Preparation A the
compound of formula I'V Vs cenverted#o t Ry r espongung

pi perizi ne-2,5-di one conpound of formula V by tre tlng IV with
trlfluoroacetlc acid in the presence of a polal ﬁ% c solvent, such as
nmet hyl ene chloride. The reaction is stirred, a enperature, for a
time period between about 1 hour to about 4 ho rs, 20 preferably about 2
hours. In reaction 4 of Preparation A the conpoind of formula Vis
converted to the correspondi ng conpound of fo§nula XL by reducing V with a
reduci ng agent, such as lithium alunlnun1hydr|d§{ The reaction is
conducted at a tenperature between about -10 5§gimﬁﬁc preferably
about OC, for a tinme period between about 10 nutes t'd about 90 mi nutes,
25 preferably about 40 mnutes. In reaction 5 R&par ati on A, the

conmpound of forrmula VI is converted to the or r espondi ng conpound of
formula VIl by reacting VI with chloroaceg ride xyxmthe presence of a

base, such as triethylamne, in a polar Otl?\%ﬁiﬁent, such as net hyl ene
| \\
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chloride, at anbient tenperature for a tinme period between 15 mnutes and 3
hours, 30 preferably about 30 mnutes. In reaction 6 of Preparation A the
conpound wb okao2ateét a VI is converted to the correspondi ngPcoanpaundosof
formula VIIl by reacting VI with acetoxy acetylchloride in the WO 02/ 102787
PCT/ 1 B0O2/ 01403 -20 presence of a base, such as triethylamne, in a polar
aprotic solvent, such as methylene chlof%de, at anbient tenperature for a
time period bet ween 15 nminutes and 4 hours, preferably about 1 hour. The
resulting acetyl-protected al cohol is reacted with Iithium hydroxide
hydrate in a solvent mxture including water, tetrahydrofuran and ngethanol,
at 5 anbi ent tenp@regcigne! pidtreparationd H\?rqofﬁ‘ﬂo%@tmfﬁ“'f lwhereids 8. heut-ds

]E)ref elrabl y adofuited tdmurcs:respbﬂuum@a@ﬁpoom &ffgl’fmd%f H!p:@!rré&dtlg@ IIwaﬂwhf‘EEbe]EhQM}de oL
ormula I X i VoA the correspondi ng conpound of the formula X by
treating I X Sonﬁﬁlpg o}ceggcg&ﬁlﬁl agent, such as [lithium alum num hydride, in an
aprotic solvent, such as tetrahydrofuran. Th& reaction mxture is heated
toreflux for a time period between 1 hour and 6 hours, preferably about 2
hours. 10 In reaction 2 of Preparatlo he coggpound of fornula X is
converted to the correspondi ng cdRp | the formula XI by first
converting the hydroxyl group to a chl group by reacting X with thionyl
chloride, in the presence of an aprotic solvent, such as nethyl ene

chl ori de.5 Thie theepresénoa of @ besat ®ghtas triadfiylamine, fapd aaretiucingg pgani, edctbes wedium about
1 hour to athgwoxg&rﬁwo% .nrah%t;r%f.@gmmamtas% 2fb%mo$oeu;§as TRSMbdtoR i@l Y|

chloride is then eaf ed th 15 cyani de source, ch as pot assi um
cyani de, in AT %tsré?R?ée'BFPer%lHre i5F Bt"'i"t? %%‘P%@ﬁ?”ee%ﬁﬁwtésm%é%?%‘?ﬂt AU - and a
crown et her, prefachlyasodt 8-hourewn- 6. The reaction mxture is stirred at anbi ent

temperature {or dglrbiioRd bOBBSLIRCR ABUpRAOH ol AUARPW pdfoliBiSne

preferabﬁ/ about e conmpoun
fornul a i COrERRERY eNRoYNY pfdormpii I¥ By fisiRRFtiDg 2 P@P?ﬁﬂ“ﬁ ofkhe foppla i r st
treating XI with a hydroxide source, such WX%as& um hydroxide in a

m xture of ethanol and water. Thepigachi opnm xture is heated to reflux for
a tine period between about 1 hour to ajouty 10CHours, preferably about 8
hours. In reaction 4 of Preparation B the caipound of formula XIl is

converted to Itlé;'gin c%odTnoc}ll %dwﬂ'f 4-&%(%&8@{1 aeryls<§buE%HoFbgorW ehn ﬁyﬂ)féggllw '(Q the

presence of an acid, 'suc oric acl erat ure

for a time perPedapeiceienkiseeh a8 t?ﬁ@l]lfdé(’f‘ﬂrén Apiswed bygeping éhe rBFeé'T‘%CF%%IS?

about 12 h0Ufoﬁned|Wlthﬁﬁiz’:‘&irﬂp@ﬂnc’ﬁof@émﬂfaﬂma'l'r%trééwometxﬁ@e corfRALads Qfred evamigR X | |
i's COI’IVE{%( ta%b[ehtetemgg spondl ng conpound of forrmula XV, by first
treating f anrreduci ng agent, as above in reaction | of
Preparation B. Thie readign t3anft Peperstiul An’ﬁ*? dempewgvel foralia dV g vonwprted t@nthso

oxi di zi ng ag&mespo?’:tilﬁ pRBriZMRSS5-NRhE bmRRRd BHRANEY byrebil®) NNAGaRRSrcatetdN
aprotic sol Venc} n tﬁe presence of a polar aprotic solvent, such as methylene chloride. The reaction is
stirred, at room temperature, for a time period between about 1 hour to about 4 hours,
20  preferably about 2 hours.

In reaction 4 of Preparation A, the compound of formula V is converted to the
corresponding compound of formula VI by reducing V with a reducing agent, such as lithium
aluminum hydride. The reaction is conducted at a temperature between about -10°C to about
10°C, preferably about 0°C, for a time period between about 10 minutes to about 90 minutes,

25  preferably about 40 minutes.

In reaction 5 of Preparation A, the compound of formula VI is converted to the
corresponding compound of formuta VIl by reacting VI with chloroacetyl chloride in the
presence of a base, such as triethylamine, in a polar aprotic solvent, such as methylene
chloride, at ambient temperature for a time period between 15 minutes and 3 hours,

30  preferably about 30 minutes.
In reaction 6 of Preparation A, the compound of formula VI is converted to the

corresponding compound of formula VIII by reacting VI with acetoxy acetylchloride in the



as tetrahydrofuran at anbient tenperature for a tinme period between about 1
hour to about 16 hours, preferably about 4 hours. In reaction 6 of

Pr epar at iwo 0104187 conpound of fornula X is converted to tireT/IBa@Xr1@g&Gpondi ng
conmpound of formula XV by first treating X with an oxidizing agent, such as
35 Dess-Martin periodinane, in the presence of an aprotic solvent, such as
tetrahydrofuran at anbient tenperature f& a tinme period between about 1
hour to about 16 hours, preferably about 4 hours. WD 02/102787
PCT/ 1 B02/ 01403 -21 In reaction 7 of Preparation B the conmpound of fornmula
XV is converted to the corresponding conpound of formula XVI, wherein e
may equal 2-PTesehsp ofia baset pucht antjetivaminehingg pelOaRRlisHsoleny Isideas Beihyiere f r om
Lhe( ghog ?hoﬂihlémieg \?\J}gtanﬂﬁen'i hﬁlﬁ&zﬁtﬂﬂé' Rr faChme RRA&t betwee® i/ mantes 5ari&h$ rrbeﬂ;f f may
e a al ky i ne 0 of an
aprotic sol \Pé‘%?rab%@gﬂ‘ﬁag how: rhﬁ?d? Wpaﬁ?etyﬁ‘?{gt%ggécaﬁoha 'issre% alict ig"uén a

t enper at ur e Hydiowide hydrat8 iICa soheknt aixturs indudimgpraiére tetrablydrefnpe reat umethangl, at
dependent orgmnmmea%mgm bR %érfog Belndel's h&dr%ﬁ&le hoJrQ rprérertamgsbdaeﬁ h&fs.

bet ween about 4 hours to ab hours, preferab % about hour s (.For
sinilar transfor dRtIPIFHY 1s‘?§e° reBaratﬂFhB e fmRgYRd of dgEula; TS eppvarted fip dhe
resul ting olcfresposdigs te@ipolifd bf thelfemmulyy Xriygiesesibe X Bith sheludig agedgrsueh as

posi tive i Sl Sl numgérfag%nah aprahfsowe%sﬁﬁ%s%a dr&@rgﬁw reac%Uﬁ;nllg;@ﬁ

pl ati num di oxi tic so suc
acet ate. TH%h‘é?éQdéP rgfigx fph@me eeripd dgtwerp ! rhe%@ine ﬁi\ewsms%ferraa'w Aoyt 8 hP‘I‘fé
procedurie descrl hededdiot @asit PreparbtionOf tht ep@painid odf Brmiuta &f & odotiveretpoune of

formula XVI. |n reaction ar XV or
o ar e sanualPa g bfbofhdlr Ad BRANEM Bhot SRIBAUIAG itk LAY 6 F{roro
wher ei n g eqaiedpsbyorepctingyX wisindhiom a"ﬂlpfmg m%e miesenga ofegmaprolig soveakisych §ich as

47;’/0 aqueous rhé‘tﬁlilé?ﬂ%ﬂlo@dé)méi%actﬂ;h% HeBRE td RAuxTToxh Uhe plarfﬁod dw@readbam hedidtelx for
a tlne per i

bet s to_about. 30 h bout
54 hour 0" | ARl TRgR BeBibudhalic ot R RRE IOD e B FaT bRt wPS
convert el t coyaiide s@fcec suches pofedsing ayanigso imitie pfeskatenailaa axxdtic Isolvethesueh @s g
equal s 0-7, &ﬁtoﬁ@rﬁ’&&dd%ré&ﬂ etidrl NicRas @9%@%‘1 TRE rdabfonfrakiindliPsttt™d bt dbidrie

presence of pot assi um car bonat e, c so] yent,
Blich s di mebRyT Bt das prie bbet Sl & Mddp eiofq oreh iy R
peri od betweenrsabout 4 hours to about 8 hours, preferably about 6 hours In

reaction 2 of Sc hlﬁ NBackion BN& ﬁ%%&%dB Qfe fc%v\g@ﬂ)na K ¥brhuid ﬁl GOHGEARCot Pt NE

25 correspondi ng npoun or mul a erein equals 0-7, by reacting
XVI 11 widoh aCOW}P@%’c?frf@mwb?e?ﬂ' by it eragngsé'd\’vﬂh? HeHEN FP‘H‘ée SUFN &n PR ¢

sol vent, sucthydaside @t a alnyae of bihamvl and water. The reaction mixture is heated to reflux for a
time period between about 1 hour to about 10 hours, preferably about 8 hours.

In reaction 4 of Preparation B the compound of formula Xll is converted to the
compound of formula Xl by treating with ethanol in the presence of an acid, such as

25 hydrochloric acid, at ambient temperature for a time period between about 8 hours to about
16 hours, preferably about 12 hours.

In reaction 5 of Preparation B the compound of formula XHI is converted to the
corresponding compound of formula XIV, by first treating XIlI with an reducing agent, as
above in reaction 1 of Preparation B. The resultant alcohol may be converted to XIV with an

30 oxidizing agent, such as Dess-Martin periodinane, in the presence of an aprotic solvent, such
as tetrahydrofuran at ambient temperature for a time period between about 1 hour to about 16
hours, preferably about 4 hours.

In reaction 6 of Preparation B the compound of formula X is converted to the
corresponding compound of formula XV by first treating X with an oxidizing agent, such as

35  Dess-Martin periodinane, in the presence of an aprotic solvent, such as tetrahydrofuran at
ambient temperature for a time period between about 1 hour to about 16 hours, preferably

about 4 hours.



at a tenperature between about -10C and anbi ent tenperature, preferably
anbient for a tine period between 15 m nutes and 90 m nutes, preferably
about 60 wDmatiess87 I n reaction 3 of Schene 1, the conpoundPefi/IBavemwdsa Xl X i s
converted to the 30 correspondi ng conpound of formula XX, wherein g equals
0-7, as described in reaction 2 of preparation B. In reaction 4 of Schene
1, the conpound of fornmula XX is convertéd to the corresponding conpound
of formula | by reacting XX with sodiumsulfite in water, at a tenperature
bet ween 70C and 100C, preferably 100C for a time period between |I and 5 35
hours, preferably about 1 hour. The addition of catalytic sodiumiodide may
be advant ageous In weclpy 10P Pepartan BBbe/@mrosd of2prmua X¥aie tdoamerted ¢¢ H8chenme

2, the come&mg@hmfg%mgb@m\éflfdrmu@xwwa@heginapecsdam -7 08tk R FBARE XVviapound

of formula reactin conpo rmul a

d-Y[(R4)dl P fede f?‘“.“éepimf “'E‘@)SaKBﬂB‘?%’HP@? wherein the chlorine
i's attachedtoacarbon atomthat is + dj ament -to a heteroatom (for
exanpl e, 2-pyridyl)and wherein Hlefbsls ) e reactants are stirred in

a polar aprotic solvent, such as acetonitggle, in the presence of a base,
such as _triethylamne, at reflux tenperature for a tinme period between
about 4 Roumberghd My bedGra-alkvipwiarein kylys dasiaer asigbong,ip the pﬁ?e’ﬂ“@é’é?i‘ 8Prodc of

Schene 2, tb&v&@@mme@ihy&@fuml ahé(PQactldM@écﬁld%téﬁat& térﬁ?eréi&)e beﬂq@elhe‘kEE‘rCDarW
may be conve i es, des ed. ab % ene

1. In react® {3(% e%u’b heSBrﬁgeﬁ[gd g‘%&eﬁg”r%bsn%@u'ﬁ og?n PEEATS 105 OP'UWE@X%'S WEer t ed
to the cor fespordpargd deweeuatbubh pws taikkoulki@ hoursipesferalyly iagoud 19 @oureg)or

heteroaryl, smxarmeﬁohﬁ@m}é Lee: VY. labh. EREH .S msxcmb@mﬂ fhd ﬂ@@an@@%téﬂﬁ.c@gﬂeﬂ in
an aprotic solvent, such ne chlo car,bodi i m de, such

i cyel oty FOPE B qeRTEES BY AR UpiEE S aathecres il vchoffeyn 18 Frasenes of a
tri et hyl am wmetalysit such aspiaépediaider ie tfeqmresente ofanmeratio soleat susk as etbywcethteand 24
hours, pr ef‘lﬂ%%@tlevy is g'pegqulﬁ?@ oM I%OX!(}- % &9&&9%‘ Wth@fprdccgéd?é' li@sc?@gdlm F¥tion 5

subsequentl romthis carbama he action of
trifluor oacé’ff’r@p%{éti'%'—%ﬁoaffBrSr?P'F‘%?fB@P%lfPﬁ‘?Lléa¥Wr a t| rre period between about 1
and 12 hours, preafegaéioh\ ofbapbraton® tbspounts offaiulzaXiv 22XV br X84 henendsriet] he

conmpoundzof yf o I r ound
of TormiPa 318 fPebdhnlnl coMfnd oy GIRIENRE rBrhlS calele S B SBROAAG TR LTS
set forth i metvhehpiowi agd, 986'?1@?71‘1-7"@ aqP?Pl#Sé‘é(éﬂop%fhb@”Eﬁe SBWerﬁictlsn mbfge is

conpound of negtedntd rafufbr d tinfeyerib@ ber@ssreatboaith otdutshe abse BO REPS Pebfdgblg arguound
of formula é)( \V, where Y is a (C2-C9) heteroaryl, by first reducing the

ester to th S?Pespondl ng al cohol with a reduci ng agent, such as sodi um
bor ohydri de, in In reaction 1 of Scheme 1, the compound of formula VIl is converted to the

20  corresponding compound of formula XVIII, wherein g equals 0-7, by reacting VIl with a
compound of the formula XVII in the presence of potassium carbonate, potassium iodide and
an aprotic solvent, such as dimethylformamide. The reaction is heated to reflux for a time
period between about 4 hours to about 8 hours, preferably about 6 hours.

In reaction 2 of Scheme 1, the compound of formula XVIIl is converted to the

25  corresponding compound of formula XIX, wherein g equals 0-7, by reacting XVII with a
reducing agent, such as sodium borohydride, in an aprotic solvent, such as tetrahydrofuran,
at a temperature between about —10°C and ambient temperature, preferably ambient for a
time period between 15 minutes and 90 minutes, preferably about 60 minutes.

In reaction 3 of Scheme 1

the compound of formula XIX is converted to the
30  corresponding compound of formula XX, wherein g equals 0-7, as described in reaction 2 of
preparation B.

In reaction 4 of Scheme 1, the compound of formula XX is converted to the

corresponding compound of formula 1 by reacting XX with sodium suliite in water, at a
temperature between 70°C and 100°C, preferably 100°C for a time period between 1 and 5
35 hours, preferably about 1 hour. The addition of catalytic sodium iodide may be

advantageous.



25 tert-butanol and nethanol, at a tenperature between about 20C and
reflux, preferably reflux for a tinme period between 1 hour and 6 hours,

pr ef er ablwoabow7871 hour. The resultant al cohol may be comgenBedita t he
conpound of forrmula XXIV by treating with an oxidizing agent, such as
Dess-Martin periodinane, in the presence of an aprotic solvent, such as
tetrahydrofuran at anbient tenperature‘%%r a tinme period between about 1
hour to about 16 hours, preferably 30 about 4 hours. In reaction 4 of
Schene 3, the conpound of formula XXI'V, where Y is a (C2-C9) heteroaryl,
may be converted into usi ng the net hodol ogi es descri bed above in Schene
1. Unless indicdt é%acﬂ?'hérw ghemend feccsiprEndh of dxpHiagY il ipecogyriigd tpabit i ons

i's not criticosgspofaimeroaipbynd dffiemuiea byoresctng Mill itk Lcantbacicas fahula pressure
of about one to about three 35 atd@gﬁﬁﬁ(ﬁh%] <gferably at anbi ent pressure
(about one atnosphere). The conp rrrul al which are basic in
nature are CHIHOYdés BC2- @phheﬁgrogryl wivetein (her ghiaripe df altfichécetoemtarber] etomvihaths

vari ous I5n0r@ﬁ8ér¢toad'l€bté}6ﬁarﬂl(ﬁré§€‘dr@ﬁe 2Bl e kGTh SqlalsD-MOHAZLdLA RS o
PCT/ 1 BO2/ 01403 utica ?(accgtalefor abgmnlstratlon

to animls, 74D aoP‘gur apﬂ%?l?ﬁ'ﬁpt PR AR B &S RiePSSP o) 2 Res ueh 3
conmpound of tid¥eylamiremat eefllx femperature for eativnd pavioribetwere abewt 2 hoohsaamieddehdursc al | y
unaccept abl q,@@fgg,yagml,tm%r@ nply convert the latter back to the free base
conpound by treatne al kal i ne rea%p and subsequently convert

n
the free base to "&r%acﬁ?{h% r?é% heme &l iy cRrPaTca famida XXbaders §ris 2aCR:Cohe
aci d addiot i detessant, snayfbetcoavepiad to lasinp temakthaaiblobies Sedcribeaindbiownin Stieentecdi | y
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addi ti ol sér"tﬂy'ammee at rogm; tempgiatuss fetngy tviea perindobeiyeara PSut dlc eeth24bihaars,
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ol te witth Varedai sl heraile Bk sk e S Ponteresy feoen
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prepared by conven‘%l onal (f M em cal whi ch are used as
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the ester to the corresponding alcohol with a reducing agent, such as sodium borohydride, in
25  tert-butanol and methanol, at a temperature between about 20°C and reflux, preferably reflux
for a time period between 1 hour and 6 hours, preferably about 1 hour. The resultant alcohol
may be converied to the compound of formula XXIV by treating with an oxidizing agent, such
as Dess-Martin periodinane, in the presence of an aprotic solvent, such as tetrahydrofuran at
ambient temperature for a time period between about 1 hour to about 16 hours, preferably
30  about 4 hours.
In reaction 4 of Scheme 3, the compound of formula XXIV, where Y is a (C2-Cg)
heteroaryl, may be converted into | using the methodologies described above in Scheme 1.
Unless indicated otherwise, the pressure of each of the above reactions is not critical.
Generally, the reactions will be conducted at a pressure of about one to about three
35  atmospheres, preferably at ambient pressure (about one atmosphere).
The compounds of the formula | which are basic in nature are capable of forming a

wide variety of different salts with various inorganic and organic acids. Although such salts



this invention are those which formnon-toxic base salts with the herein
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reduced pressure. Alternatively, they may al so be prepared by m xi ng | ower
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aqueous solution containing the desired pharmacologically acceptable cations, and then

evaporating the resulting solution to dryness, preferably under reduced pressure.

Alternatively, they may also be prepared by mixing lower alkanolic solutions of the acidic

compounds and the desired alkali metal alkoxide together, and then evaporating the resulting

30 solution to dryness in the same manner as before. In either case, stoichiometric quantities of

reagents are preferably employed in order to ensure completeness of reaction and maximum
product yields.

Compounds of the formuia 1 and their pharmaceutically acceptable salts (hereinafter

also referred to, collectively, as "the active compounds") are potent antagonists of the CCR1

35 receptor. The active compounds are useful in the treatment or prevention of autoimmune

diseases (such as rheumatoid arthritis, type | diabetes (recent onset), lupus, inflammatory

bowe} disease, optic neuritis, psoriasis, multiple sclerosis, polymyalgia rheumatica, uveitis,



formati on and bone resorption, psoriatic arthritis, hepatic failure,
bacterial neningitis, 20 Kawasaki syndrone, nyocardial infarction, acute

i ver faiwore/10d79me di sease, septic shock, cancer, traumeCTaRe/omad3ari a,
etc. The activity of the conpounds of the invention can be assessed
according to procedures know to those of ordinary skill in the art.

Exanpl es of recogni zed nmet hods for dete#4ri ning CCR1 i nduced migration can
be found in Coligan, J. E., Kruisbeek, A M, 25 Margulies, D.H , Shevach,
E.M, Strober, W editors: Current Protocols In Immunol ogy, 6. 12. 1-
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by the The activity of the compounds of the invention can be assessed according to
procedures know to those of ordinary skill in the art. Examples of recognized methods for
determining CCR1 induced migration can be found in Coligan, J. E., Kruisbeek, A.M.,
25 Margulies, D.H., Shevach, E.M., Strober, W. editors:_Current Protocols In_|Immunology,
6.12.1- 6.12.3. (John Wiley and Sons, NY, 1991). One specific example of how to determine

the activity of a compound for inhibiting migration is described in detail below.

Chemotaxis Assay:

The ability of compounds to inhibit the chemotaxis to various chemokines can be

30  evaluated using standard 48 or 96 well Boyden Chambers with a 5 micron polycarbonate
fiiter. All reagents and cells can be prepared in standard RPMI (BioWhitikker Inc.) tissue
culture medium supplemented with 1 mg/mL of bovine serum albumin. Briefly, MIP-1c
(Peprotech, Inc., P.O. Box 275, Rocky Hill NJ) or other test agonists, are placed into the lower
chambers of the Boyden chamber. A polycarbonate filter is then applied and the upper

35  chamber fastened. The amount of agonist chosen is that determined to give the maximal

amount of chemotaxis in this system (e.g., 1 nM for MIP-1a should be adequate).



nunber of cells mgrating in control wells (w thout the conpound). The
quotant is the % inhibition for the conpound which can then be plotted

usi ng st awoaedoxysaphi cs techni ques agai nst the concentratrconBefoig@rpound
used. The 50% inhibition point is then determined 20 using a line fit
analysis for all concentrations tested. The line fit for all data points
must have an coefficient of correlati on?2%R squared) of > 90%to be
considered a valid assay. Al of the conpounds of the invention illustrated
in the follow ng exanples had ICSO of |ess than 10M in the Chenotaxis
assay. The conpositions of the present invention may be fornulated in a
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vehicles, and maytgOREApdEitions of the present invention may be formulated in a conventional

25 manner using one or more pharmaceutically acceptable carriers. Thus, the active
compounds of the invention may be formulated for oral, buccal, intranasal, parenteral (e.g.,
intravenous, intramuscular or subcutaneous) or rectal administration or in a form suitable for
administration by inhalation or insufflation. The active compounds of the invention may also
be formulated for sustained delivery.

30 For oral administration, the pharmaceutical compositions may take the form of, for
example, tablets or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g., pregelatinized maize starch,
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose, microcrystalline
cellulose or calcium phosphate); lubricants (e.g., magnesium stearate, talc or silica);

35 disintegrants (e.g., potato starch or sodium starch glycolate); or wetting agents (e.g., sodium
lauryl sulphate). The tablets may be coated by methods well known in the art. Liquid

preparations for oral administration may take the form of, for example, solutions, syrups or



formul ati ng agents such as suspendi ng, stabilizing and/or dispersing
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reconsti twnioeno2wt h a suitable vehicle, e.g" sterile pyr®genBéveeodnat er,
before use. The active conpounds of the invention may al so be formulated in
rectal conpositions such as suppositories or retention enenmas, e.g"
cont ai ni ng conventional suppository base8- such as cocoa butter or other

gl ycerides. 20 For intranasal adm nistration or adm nistration by
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e.q., dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
25 dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage unit may be

determined by providing a valve to deliver a metered amount. The pressurized container or

nebulizer may contain a solution or suspension of the active compound. Capsules and

cartridges (made, for example, from gelatin) for use in an inhaler or insufflator may be

formulated containing a powder mix of a compound of the invention and a suitable powder
30 base such as lactose or starch.

A proposed dose of the active compounds of the invention for oral, parenteral or
buccal administration to the average adult human for the treatment of the conditions referred
to above (e.g., rheumatoid arthritis) is 0.1 to 1000 mg of the active ingredient per unit dose
which could be administered, for example, 1 to 4 times per day.

35 Aerosol formulations for treatment of the conditions referred to above (e.q.,
rheumatoid arthritis) in the average adult human are preferably arranged so that each

metered dose or “puff’ of aerosol contains 20 pg to 1000 pg of the compound of the invention.
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extracted wi th WGnA341bQid FkaRpits IBAEHO #t0ReparABn SF %l&éﬁgg%%%%e did€ent

organi c | ayer s dried over magnesium sulfate, filtered concentr at ed
in vacuo. GHQVS%OQ(#% C'?Jr{e%qef‘gd’l’aerﬁé‘f"'zﬁ‘g\‘?’éh‘i%@’q‘?&W%‘f'%%o%@"m@?hb).
(29) - 2- [1$ 2Ryefgr2-to @plumBehrongiograbipnyeréomherbusgingods-&inyin) silicd -gel arer @eb@ed ywhder am
i nol - propi QRlcged hdsdFE (fsh @Rdnograph %n%ﬂ!)ﬂg"t.i 9 Beam Mas tr:
(R-2-tert- butg y%ar bon&l am no- prggal‘pog)l c acl. (g%Tg ) 13%1 Mol ?p??na “éferr?/
t et r ahydr of UPRFEEEPReN2 Hewlglt Pagkard 2088@tlizingsgheiicahignigation i(@ameriumis ofd . 195
nmol ) Fisons (or MicroMass) Atmospheric Pressure Chemical lonization (APCI) platform which uses

a 50/50 mixture of acetonitrile/water. Room or ambient temperature refers to 20-25 °C. All

20 non-aqueous reactions were run under a nitrogen atmosphere for convenience and to

maximize yields. Concentration in vacuo means that a rotary evaporator was used. The

names for the compounds of the invention were created by the Autonom 2.0 PC-batch

version from Beilstein Informationssysteme GmbH (ISBN 3-89536-976-4)

Example 1

N

. T

(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-methanesulfonic acid

25

(8)-2-(4-Fiuoro-benzylamino)-propionic acid methyl ester

To a solution of (S)-2-amino-propionic acid methyl ester hydrochloride (25 g, 179

30 mmol) and 4-fluorobenzaldehyde (23 mL, 215 mmol) in 1,2-dichloroethane (200 mL) was
added triethylamine (25 mL, 179 mmol). The resulting mixture was stirred for two hours at
ambient temperature followed by addition of sodium triacetoxyborohydride (57 g, 268 mmol)

in four portions. The resulting mixture was stirred overnight at ambient temperature. The
reaction was neutralized with dilute aqueous sodium hydroxide solution and extracted with



foll owed by isobutylchloroformate (25.3 nL, 195 nmol ). The reacti on was
allowed to warmto anbient tenperature and stirred for two hours. This was
fol | oned W9 okhe27addi ti on of (S)-2-(4- fluoro-benzyl am no) Perapiunie aci d
met hyl ester (34.4 g, 162 mol). The resulting mxture 10 was stirred
overni ght at anbient tenperature. The reaction m xture was filtered through
a pad of celite and the filter cake was®®vashed with ethyl acetate. The
filtrate was concentrated in vacuo, diluted with ethyl acetate and washed
with water and brine. The organic |ayer was dried over magnesi um sul f ate,
filtered and concentrated in vacuo. Chromatography on silica gel gave the
title Conpogﬁalo(oﬂ?“'@”@) They organic layer was dried over magnesium sulfate, filtered” and

(3R, 6S) - 1- ( 4orderpsted iaefaeuy)l bh&m@tdérarmybrvlsmc;ag@egaaémaamac&npbuﬁmm%)a sol ution
of (29)-2-[(2R)- bonyl

am no] - propi oni c »
m-) at 0 Cpuapéonic thyvt esteruor oacetic acid (60 nL). The reaction was

?Ieggrllegnsaa\sﬂlagg] t1® A8RLRALF (k) ﬁrbatowo%rb%nﬂarﬁ,hb gfosféma %Eldf(??‘glﬁ'f% mms in odi um
e ot e et ROReraETamirg0 m!.rga e A L TnPhales (a1 G958 ol

di chl or onet lidneed B’Y]BommmrqﬁorMatyee(ES Svard., thS redolpVvBTe reatjoresasiationed foavaem to
filtered a”%mb?e‘ﬂgfé%waﬁ&@&hd'sgrryoam%ﬁfexf tr%uQ;' ViRisl2E féllb&vé@bf@%ﬁ&im c(f%%) A (2R,

5S) - 1- (4- Fl uor o- benz perazi ne

6S) - 1- (4 f 1 98- bS@WﬁW ')°)‘Br°B'°EI‘F ﬁé‘E‘H?‘Fth%eﬁ’éF BAihe- 1?25“’6?'bn§h? 292“'5”9 m2‘§“%7 9
mvol ) i nodr waketirehyebntghi aaamgidtiGemberptunt.  TheGeunetivn added veassiterat itapug a
lithium al Ugb&'gg&euféyé%'ﬂ%‘%lt%&al}/é B %v%hream(tqr Hc8te, 3[‘%% flmjate v?%%o #r;ted
dropwi se ov reactron re was enre uxe

hours, cool dHvacgoziiied with elyhseetatennd waptpdswihwajer ge Rtnte dhevdrgaRiofaxes vas The
resul ting mdnwb\a;rmgnésiuh{ Sfetd, Mibrea e canchaehtd in 0&dubl ecrdlatbdrepHyi dntsitica cake
was washed Wf N gqtém %(go%hr%ﬁ3 The filtrate was then concentrated, diluted
wi th ethyl Rt € %ana® e& th saturat ed aqueous sodi um hydrogen

car bonatlé. The or(gR388:1-4 Syehi) giperdzine-d.5cdigne magnesi um sul f at e,

filtered and conqemgm.emoﬂ(ts) (t-%ngc;uv@(yédaﬁmplbmins-prdampurfmo.(olﬂmzyn)g)

2- Chl 1- 4-f | b ;
5- di rrg'[ ﬁvl ﬁi”b'b“ﬁ B?pwg'(ﬂ)frag'ﬁ |~F§ 5 éd]-g %mg}gl)d}q@,l?r%?eﬂ(a?ﬁﬂzo mL) at 0 °C was
5S) - 1- (4-f | wdded lydFlugpkgeti@  gidd[6Fetih)| - pThpe regeionewés afowed fol warm 36 amhdrt i n

dry dichl or qemidiaie dndiLtirda tbr z‘iFIoLQQ Wae reddatiwhd éo%?emfé 8r% RAd @I%w@ﬁl:@?aoheél 2
nmol ) foIIovved b%nH{%oroacet oride (0.86 vl

resul tifg r &XA%H 7 g}’dr%‘tdler@@obﬁst‘}r HE T Pr?“r'ﬂ!?@ é@Xt“"Fh‘%a%%‘é(@?tF%W'thas
t hen filt er elthtdnoaiigdmea phe adanee layere wasadied dover tnfag€3id2 /<@ 8Hlitered and

PCT/ 1 BO2/ 01483 f%@dﬁ'\%mq Jgg{hlglql p, ofgsulting filtrate was
concentr at e% Ghr onat ogr a) ?Ig H |ca u ?& Zve the title conpound (2.84
(2R, 5S8)- -(4 Fluoro benzvl)-2 5- dlmethvl plperazme

g) -
5-Chloro-2-{2-[ 4-'(o4a Bolutidh of (3eNBF)-)-(ARBoSSBhzyR)-H6-dimetlipidergiineed, Bdione ©2yd,| - 2- 0
X0- et hoxy} -

87.9 mmol) in dry tetrahydrofuran (160 mL) at 0 °C was added a solution of lithium aluminum
hydride (1M in tetrahydrofuran, 373 mL, 373 mmol) dropwise over 40 minutes. The reaction
mixture was then refluxed for 4 hours, cooled to ambient temperature and slowly quenched
with water. The resulting mixture was filtered through a pad of celite and the filter cake was
washed with ethyl acetate. The filirate was then concentrated, diluted with ethyl acetate and
30 washed with saturated aqueous sodium hydrogen carbonate. The organic layer was
separated, dried over magnesium sulfate, filtered and concentrated in vacuo to give the title
compound (17.7 g).
2-Chloro-1- [4-(4-fluoro-benzyh)-(2R,58)-2,5-dimethyl-piperazin-1-yi]-ethanone
To a solution of (2R, 5S)-1-(4-fluoro-benzyl)-2,5-dimethyl-piperazine (2.5 g, 11.2
35 mmol) in dry dichloromethane (11 mL) at 0°C was added triethylamine (1.57 mL, 11.2 mmol)

followed by chloroacetyl chloride (0.86 mL, 11.2 mmol). The resulting reaction mixture was
stirred for 30 minutes. The reaction was then filtered through a pad of celite, washed with



benzal dehyde 5 To a sol ution of

2-chloro-1-[4-(4-fluoro-benzyl)-(2R 5S)-2, 5-di net hyl - pi perazin-1-yl]-

et hanone W0.08/102387 9. 6 Mol ) in di met hyl formam de (20 nL) ®»a3/1BEME035-

chl orosal i cyl al dehyde (1.65 g, 10.5 nmol), potassium carbonate (2.64 g,
19.2 mml) and potassiumiodide (1.59 g, 9.6 nmol). The resulting m xture
was heated to 100C for 12 hours. The r&action was cooled, diluted with
sat urated aqueous brine and extracted with ethyl 10 acetate. The organic
| ayer was dried over magnesiumsulfate and filtered. The filtrate was
concentrated in vacuo to give crude roduct Purification via

chr onat ogr apyosmetiang gad %@Fesua'a@é'tr? Vs ‘iof“ée”ﬁrﬁtﬁﬁou%m(‘%mgf@p*@')m sifica gel

2- (4- Chl or og@reltyatit@xcompound (2.84 g).

ymet hy! - Phenoxykechidrd ol Al bA058b0RRANAR 56 25 Bitteirr-otoi4AHR1 Db -oxo-ethonyt:

pi perazin-1-yll - futTon of

5- chl or o- 2- penzeldebvdef | yor o- benzyl) (2R 5S) - 2, 5-di net hyl - pi per azi n- 1-

yl]- ZdSXg et hgxy}rog@l&ﬁﬁdge&yﬂm%&Q&(zgﬂuo?o-%zym@h)ssoMdirruelumsﬁblbarragh -1A5 m -)
was adde i um ydride (0. our

reacti on wa$ 5'&? §i f(?gz t% Bg i'gng)} {"he "Eﬁtg}%{or%?{n é? Aﬁfo m'f‘? dr Bc i cd)?l ¢ aci d.
After 5 m nghlessalicdaldeiyde i(bed vato. ﬁemcvl)alpp@e@lumcarmhaw NZ 64 @dﬂ%mmd) exd de

and the net Bgaediukh %max@dséjgy g%may ameq&uumaenp&@@ W héweoﬁeu@@@so% hours.
suspenS| on was extr

o T hehri . 1S rEAnig s Sohatifisth i Saraled 1990 D G USRS e

the tithe ceogatandhéOrddBicdhyer was dried over magnesium sulfate and filtered. The filtrate was

2- (4- Chl or oy gn hth é&mblyd RN prdduett - FhrifidaH Az BRBAYoYrapnyPorbifgt day ! - pi p

erazin-1- vl anone

2- (4-chl oroszverfpalﬂ'%@ﬁ@?m(%ﬂehoxy) 1-[ 4- (4-fl uor o- benzyl )- (2R 58)-2,5- 25
di met hyl - pi per aziga4hird-2-aydragmetryitdhebixy i -[4H43luomtehzy12RBS Y b-dinetoh| or i de
(6 M) was g_&gr%%n 1t-?ﬂi-%ﬂﬁ!onechl oride (0.26 m, 3.58 mmol ). The reaction was
heated to r s. After cooling the reaction was quenched by
the addilBi on of W&t 2rsolutigneofof-ghlproe-Pdd e fiugessbanadhi@l SSue Pifineieypiae@a@ndodi um
bi car bonat e yf-2ldx6:e@dxydbefalddhyaie 60.98 0 €8BS mHdi i ikl nC MeMBhdl €25 T1g waer g@sd C

l(g‘ygg \év)as ggo:{lgﬂ%ﬁ oonc}r{d t((f% ! ?fl %r];w%ro O?\Eerb{eh ulrﬁ-)e r%%@&%gs gédl{aedytgl ll—PﬁNb)(?l !
5S) - 2, 5- di méehgdditioh wéﬁbmyﬁrogmcymac@- oAftsr Seningiry heghratign yasraettetieasiuwitrohY ¢
acid To sodium hydroxide and the methanol removed by eva oration. The resulting a ueous

o1 per a2 3 SPERROR SO el B g pegat g oropicla %f@%eaﬁi%agef»ﬁ@w“? ) v
added sodi umversoadnesien S@faks fiigpredsang 2vapedtgd toTive thedilie corarpund §0.¥edit ed t o

reflux for 12 houl&.cnitfré-8/cni6@RkINDIG Hehsky BP14-BaGbLDRNANAS FARERRl it Sth-ANd

purified by chrorratography on siltca gel to afford the titlTe conmpound

(0.39 g) as WrelBRN®m salt. WD 02/ 102787 PCT/|B02/ 01403 -30 Exanple 2
To 2-(4-chloro-2-hydroxymethyl-phenoxy)-1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-

25  dimethyl-piperazin-1-yl]-ethanone (0.55 g, 1.3 mmol) in methylene chloride (6 ml) was added

thionyl chloride (0.26 ml, 3.58 mmol). The reaction was heated to reflux for 2 hours. After
cooling the reaction was quenched by the addition of water. The organic layer was washed
with saturated sodium bicarbonate followed by saturated aqueous sodium chloride. The

organic layer was then concentrated to afford the title compound as a yellow oil (0.52 g).

30 (5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R,  5S8)-2,5-dimethyl-piperazin-1-yi]-2-oxo-
ethoxy}-phenyl)-methanesulfonic acid
To 2-(4-chloro-2-chloromethyl-phenoxy)-1-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-

piperazin-1-yl]-ethanone (0.52 g, 1.2 mmol) in 1:1 ethanol:water (6 mL) was added sodium
sulfite (0.75 g, 5.97 mmol). The reaction was heated to reflux for 12 hours. After cooling the
35 reaction was concentrated and purified by chromatography on silica gel to afford the title

compound (0.39 g) as a sodium salt.



011//0 HO0.S 0 dC N

(5-Chloro-2-{2-[4-(4-fl uoro-benzyl)-2R-net hyl - pi perazi n-1-yl]-2-oxo- et hoxy}
- phenyl )wowtheatesul fonic acid 5 (3R)-1 PCT/IB02/01403

- (4- Fl uor o- benzyl ) - 3- et hyl - pi perazi ne To a sol uti on of

(2R) - 2- et hyl - pi perazine (4.5 g, 45 mol) in ethanol (80 m-) was added
4-fl uorobenzyl chloride (5.38 nm., 45.0 | ) and sodi um hydrogen carbonate
.(11.3 g, 135 nmol). The reaction was refluxed overni ght, cooled and
concentrated. The remaining residue was diluted with dichloronethane and
washed with water. The organic |ayer was 10 separated and concentrated to
give a clear oil. Chromatography on si@‘?‘—’é@iﬁéel gave the title conpound
(5.0 g). 2-Chloro-1-f4-(4-fl uorg-benzyl)-2

R- met hyl - pi per azi n- 1- yII-ethaﬁ‘ron To a sol utlon of

(3R)-1-(4-fluoro-benzyl) - 3-net hyl | g 144 nmol) in :
di chl oronet hane (40 m -) was addg rieth .0 n., 14.4 mol). The
reaction was 15 cooled to 0Cg |oroac ri de was added (1.1 nm,
14.4 nmmol ). The r t 0 _anbi ent ture and
stirred for 2 hodgacq't' g'&%‘i’&‘ﬁuff? ﬁ%ﬁ?’g{ﬁ'ypﬂf?rﬁz'ﬁlﬁc‘fﬁ'@f’ ﬂ’&ﬁe and
washed wi t h g@ngh-viethranesuloinig.acithe organl c layer was separated, dried over

magnesi u@ sul f at ggRi. I,J(L{_ﬁn@rg_b@,&dn ggﬁg{@pglb%gdel n vacuo. Chronatography on
silica gel gave the t1fle co

5- Chl or 0- 2- ( 2-f 4- -E°4aFP'Htéﬂ“oo‘clS@"z?y‘P‘/’th('?F?eB%)“ez(ﬁ5r%ﬁﬁﬂm‘ﬂ) Bestanpin@e My was. oxo-

et hoxy} - benzdedétiyatebehiayl ahlsiley(s.68 mLE45.0 mmol) and sodium hydrogen carbonate (11.3 g,
2-chloro-1- [ﬁB(rﬁrhglgugﬁé)reQ &Wal réf%%cﬁ&?e{n%h% &L!o%gtapé o ?%&Z'ﬂgi |abi‘ng

et hanone (0. 1q,
chl or osal i cyFftfengdiutesow dlcftborea?thw washe @whmt%arTwemae'qlewaso 704

mol ) angd Z&ep%&ﬁsand wohdediraled oS cledt. 0352:mmta)gra&iyemrs%u lgkli d2@e Mexdtldr €
was heat ed tQ %g |% 2 hours. The reaction was cooled and the

di met hyl f or mam V\sas gr)em)ved | n vacuo. The cr ude reactl on was dil uted
with ethyl acet at&Chigshidd4- eyh) athyhpi gthapeneor gani ¢ | ayer

was dried over Wﬁ'ﬁﬂ%bdltﬁﬁoﬁ%fﬂ@kﬁ—@@ﬂnofd ﬂ)énQijI?ngefF‘?ﬁplﬁéréﬁr{eatiﬁ; Wwa s mmol) in
g??gg” ;a;[ ﬁdd (%,_'héor? T(;:tﬁ%ne (ﬁg ng_;) \é/es tag%adt tlrletLﬁammgQ? bl q_ (11' ﬂ nqg? WQe reactlon wa used

( 5- Chl or'§- 2-qoplefi4o p% ﬁﬂqmmﬂﬁefmlz%hlqlde Rasratdedl (1 §imleridZi mmal).yThe @actiop-vetshoxy}
- phenyl) - nEéHG@Q@W\IVérﬂmo%n%én@teHbe?&tLﬁé) Iah'd 5@%&& 2 hours. The reactlon was diluted
SChIorOZ{ZI{i 4-1| oro benz%}g)ﬁflj‘-3 ?g-pl per azi n- éY‘F]’ 2- 0X0-

et hoxy} - benz%4fud 8”‘? ey "@s WithOY Yo pikicagd, ate Nl 1ayer (ves seegraiGls
added sodi undried overhyabnesien c@&tenijter®d &6i/convasitrpted Af tazno.1Chromatoptaphy easiidaon
was diluted yi bhvethditle BRbANE (RHE). WO 02/ 102787 PCT/ 1 B02/ 01403

20 5-Chloro-2-{2-[4- yl-piperazin-1-yl
benzaldehyde
To a solution of 2-chloro-1-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl}-
ethanone (0.1g, 0.352 mmol) in dimethylformamide (5 mL) was added 5-
chlorosalicylaldehyde (60 mg, 0.387 mmol), potassium carbonate (97mg, 0.704 mmol) and

25  potassium iodide (58 mg, 0.352 mmol). The resulting mixture was heated to 65 °C for 2
hours. The reaction was cooled and the dimethylformamide was removed in vacuo. The
crude reaction was diluted with ethyl acetate, washed with saturated aqueous and the organic
layer was dried over magnesium sulfate and filtered. The filtrate was concentrated in vacuo
to give the title compound (140 mg) which was used directly in the following step.

30 (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
methanesulfonic acid

To a solution of 5-chloro-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl}-2-oxo-
ethoxy}-benzaldehyde (90 mg, 0.223 mmol) in tetrahydrofuran (2 mL) was added sodium
borohydride (25 mg, 0.667 mmol). After 1 hour the reaction was diluted with ethyl actate and



-31 washed wth water followed by brine. The organic | ayer was dried over
magnesi um sul fate, filtered and concentrated in vacuo to afford the
correspormiprig/1ed78ohol , whi ch was taken on to the next st@pT/IBa@/01403
2- (4- chl or o- 2- hydr oxynet hyl - phenoxy) - 1-[ 4- (4-f | uor o- benzyl ) - (2R, 5S) - 2R- net h
yl - 5 piperazin-1-yl]-ethanone (0.223 nmml) in nethylene chloride (3 m)
was added thionyl chloride (0.04 nml, 0.868 mmol ). The reacti on was heat ed
to reflux for 1 hour. After cooling the reaction was diluted with
addi ti onal nethylene chloride, washed with saturated agueous sodium
bi carbonate foll owed by brine. The organic |ayer was then dried over
magnesi um sWYaghad with mates dower pyalring. iThe weganio laver wis difed avhiremaanesies polfie.ng
chloride as gyl dn@WoRehtratddlinGBeuokd ai6ra tHeloRBspRRdihPalbdHR), IB%h wad BRen diPto
2- (4-chl oro-2-chl oy onet hyl - phenoxy) - 1-[ 4- (4-f 1 uor o- benzyl ) - 2R- et hyl - pi per a
zin-1- yl]-eRARESEP(0. 223 mol) in 1:1 ethanol :water (2 m-) was added
sodi um sul fite (0T¥5 2¢4-cBo@2-hydrosyethyHpBeroeyetti dhilvasbéreg)-@R,530-2Rafidthwk- f or
12 hours.; Af¢; 200, t e egd | ngl.
pur i 1 cd by CRyaa gieReholl [26] el MR RAEECBMRELE 1), VAF Ufuibiony
(exampl e 2) SUore o0 (inaaseimalb T edRags Beded [oeiipder 1 boe: Aler oD
2- (5- Chl or o- Ref{&aclidh (vds Gilutearraithbeidiyna maRyfehe Idhlamtehwbsrph [6th 3Ziuratel- adubm&—h 0X ol-
et hoxy} - phen - et i cld 2 5-Chl oro- 2- 0xV-.P - ano
To a sol uti o%ddzﬂn E'Q %ﬁﬁ%?%fog&rédt tﬁ'oﬂ’r&? bgrr?%oc}r e'accllagerr%r'vea[gﬁé% &é}ég eop g?é%anéegﬁé 97
mol ) in THElfeteGodgrooentated D Vrewy tadfierd tor epsesranding sBibtids asrp ysflow ot ihigh
al um numady dwhshekdr?dlo e nextZtdp. ol , 1M soln. in THF). The sol ution was
then warned to retl for urs.. Th r [ was C d to 0C and
careful 'y quenc he@0 %34't°ﬁ|8r°§2ﬂ%?°{?%eﬁhy1'f) ﬁ%"(?f“‘ég%g't(‘gﬂgor%ﬁ%"zﬁr??t%me YBRIPRfgedn-1-
filtered thrdlhefhanoat (@-223znmol) hd:fdthanekwaleride mia wasadred dodiirn Ruliite €3.76/¢. S5e@7her .
tTﬂe f:j It rgt emWRS. W@S&ioﬁ“ﬁéﬁlhf%@!;eblrtatr@ﬂxx&&;l@@;ﬂ%u@.o%ﬂéﬁ‘cbm% %eeféa&%hh&%lﬁ e
en dried over nesi um sul fate. ncentrati on in _yacuqQ gav e e
Conpound. (17558 RRAS TP 1S, ity BB PRk oM 99 O Frch Mol | on
of (5- chl®r oe@npoebdExymphe)ad g sodietrhait¢1010d)7. 1 g, 99.1 nmmol ) in 30

met hyl ene chloride (100 m -) was addedgfRisdy! chloride (14.5 ni, 198
mol ). The reacti on was stirr_eg at refTux Tor 3 hours, cooled to room

tenperature and concentratedH nyaguo. T crude product was dissolved in

met hyl ene chloride and washed W ©h saieu ate ~aquegps _Fsodi um hydr ogen

carbonate then dried over magnesi ul fat%r ncr ation in vacuo gave
Cl

2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-ethanesulfonic acid
20 (5-Chloro-2-methoxy-phenyl)-methanol

To a solution of 5-chloro-2-methoxy-benzoic acid methyl ester (20 g, 9.97 mmol) in
THF (100 mL) at 0°C was added dropwise a solution of lithium aluminum hydride (210 mL,
210 mmol, 1M soln. in THF). The solution was then warmed to reflux for 2 hours. The
reaction was cooled to 0°C and carefully quenched by the addition of cold water. The mixture
25  was filtered through celite and the filter cake was washed with diethyl ether. The filtrate was
washed with saturated aqueous sodium hydrogen carbonate then dried over magnesium
sulfate. Concentration in vacuo gave the title compound (17.2 g).
(5-Chloro-2-methoxy-phenyl)-acetonitrile

To a solution of (5-chloro-2-methoxy-phenyl)-methanol (17.1 g, 99.1 mmol) in

30  methylene chloride (100 mL) was added thionyl chloride (14.5 mL, 198 mmol). The reaction
was stirred at reflux for 3 hours, cooled to room temperature and concentrated in vacuo. The
crude product was dissolved in methylene chloride and washed with saturated aqueous
sadium hydrogen carbonate then dried over magnesium sulfate. Concentration in vacuo gave
4-chloro-2-chloromethyl-1-methoxy-benzene (18.4 g). To a solution of 4-chloro-2-



4- chl or o- 2-chl oronet hyl - 1-met hoxy-benzene (18.4 g). To a solution of
4-chl oro-2 WO 02/ 102787 PCT/1B02/ 01403 -32 chlorom et hyl -

1- met hoxywbeni4ex1e7 (18.4 g, 96.4 mmol) in acetonitrile (10®@CwiIBo24ag03added
pot assi um cyanide (12.5 g, 193 mmol) and 18-crown-6 (2.54 g, 9.64 mmol).
The reaction was stirred 12 hours at anbient tenperature, diluted with
et hyl acetate and washed with aqueous s#di um hydrogen carbonate. The
organi c | ayer was dried over magnesium sulfate 5 and concentrated in vacuo.
The crude product was purified by passing it through a pad of silica gel,
eluting with nethylene chloride to give the title conpound (17.2 Q).

( 5- Chl or o- 2chieromsiyl-pinethpky-bexcens (84cd, P6Fomenodch Lacetomitrief (100 mL) was added
(5-chl oro-2y %BQQK%ZW b)s @%ﬁ%&grédd%(&c?wr%%&?é é”aﬁﬂ?éc)?) e rEdiano!

(200 nL) and water ﬁ"é? ‘-’{r% ot assi um hydr oxi d , 481 nmmol ).
The 10 readf® e e '%femﬁ e dilgted grihssthyt G6ptats a&ﬁd"’elsh@ #ithanol
was renoved agyeaus sodiorh thadrogen éarbonatel The TBI‘gemb ¢ayar wasgriesiadvet n m@gmeyvarﬁ S&lfatdl fied

Wi th aqugousanmgﬁc%gﬂatm InCaBS. Il chudd orBilfL G2 pAFHEE Yy Yaldhodl heg. The

organi c layer was over ghesi rat d |n vacuo
to give t he sflicq o¢d, %'ﬁ%’ﬁrﬁlﬂ‘et"l‘sn%"@”de tosieHheitte-cprrgunddii:2 p)nenyl )-acetic
acid ethyl ester @@hkr@mmtnompmvm&eﬁmcﬁuo 2- met hoxy- phenyl) acetic acid

(15.5 g, 77.5 [ 8% rom to eflux
for 20 hours. 'rIT'TPIIe)|1°?,~:oIQ)ml 0\5\3 r8I dé/ﬂq %ﬁmygc?ceto?ﬁ"%\m@ts’e%h e'W'P c? ed
wi th di et hylethenpldp00 mh)eartgrvgaému(%o milywas agdesd rmtaseurrdwdromdﬁwrmésmmm fThee,
filter edoandemmmt;r@a&;a foNrevt@e ¥R - 12TR6UrS," SHdRAPERAUE! oM@l RIkST fehBted ¥y

trituration in 2 ne, chl ori, xanes
Ao e P A T i e i ppeou srompiogbpefia |
a solution d® Nétalnarewacwtwntham@wl wiheh The drgacib layer wasadied avardmagiesinm esdift@

hours. The ra%é%hcﬁﬁtré’é@cﬁmQQ&%Q@&C@%@%@&ﬁb@&&&ﬂsb@ n the crude product was
di ssol ved in diet )é:h et r andhvva?hed V\nthtsatura ‘ed aqueous sodi um

hydrogen car bonat over magnesi um sul fate,
filteredsand conckesbintrnest (brehivac2iaethaxy-pheme)-dchic beid |(65.8£ gnpnamendlll . 48%) . 25

(5- Cnl oro- 2- a%geJu% h(yéroF]JeﬁJP oﬂu&%e@@/ llu»') &i to reﬂ for 20 hours. The solutua\ w? oled
5-di et hyl - p1_per azl n- D 0X0. et h ? eny ()) acetic acl %y? eéter
To a sol uti &ijutgd with water and extracted thh dle hyl ether. The organic Iayer was dried over

2- chl or o- 1- [Magndsiiith wolfzte, Hitaray lahd caeefiBted?in YaclioTetHeydrady med@zwas parified by

et hanone (3. tﬁ)’tu%ﬂonllq\ é)k mzﬁ-iygené r&h%ﬂ&%%%%?\%g?o él (85 (':,[pl‘ft%ro-\ék-1'ky§ro§)fj &en)i)_l_aﬁtl%n%fi)

(5-chloro-2-h \é_ acet acl
pot assi & cdiHB et h'@f&"ﬁ??'ﬁowﬁ@ inja peteion of &ﬁ'@nGGBabm’f%wltm hydrestiote a¢id 288 g,
11.0 mmol ). sfihed I’IE&@UHSQ”TW@&&&IB@NM &incérﬁtfa{euxmf\iébu&lahéﬂ fhe chiiR prSQJcUWaQn was

2001 e Wt b e L Ao il SARNTE AR5 B SR SRR The
crude pr oduc"ihe\mganlodayqr fwae diripy ovir sraghesiyng siilfated ifitdred pachedncentrated rial vgalgsio ng
through a pafledhe el dofBo@l(12.7 g).
25 (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2,5-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-phenyl)-
acetic acid ethyl ester

To a solution of 2-chloro-1-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-
ethanone (3.3 g, 11.0 mmol) in 2-butanone (100 mL) was added (5-chloro-2-hydroxy-phenyl)-
acetic acid ethyl ester (2.3 g, 11.0 mmol), potassium carbonate (3.05 g, 22.1 mmol), and

30 potassium iodide (1.83 g, 11.0 mmol). The reaction was heated at reflux for 48 hrs. The
solution was cooled, diluted with ethyl acetate and washed with brine. The organic layer was
dried over magnesium sulfate, filtered and concentrated in vacuo. The crude product was
purified by dissolving in dichloromethane and passing through a pad of silica gel.
Concentration in vacuo gave the title compound (5.13 g).



Concentration in vacuo gave the title compound (5.13 g). WO 02/ 102787

PCT/ 1 B0O2/ 01403 -33

2- (4- Chl owo-02A¢2Z28hydr oxy- et hyl ) - phenoxyl - 1-[ 4- (4-f | uor o- b@aTPB)ZARBSS- di et
h Il- piperazin-1-yll-ethanone To a sol ution of
(5-chloro-2-{2-[4-(4-fluoro-benzyl)-2,5-di net hyl - pi perazi n-1-yl ] -2- oxo-

et hoxy}-phenyl)-acetic acid ethyl ester-39.05 g, 0.1 nmol) in tert-butanol
(1 M) was added 5 lithium borohydride (0.01 g, 0.26 mmol). The reaction
was heated to reflux and nmethanol (0.2 nml) was added over one hour. After 1
hour the reaction was diluted W|th W|th et hyI acetate The organlc | ayer
was washed with e p gethythroiname &{A-flus -

concentr at eqnderz}ﬁa‘PﬂpetﬁéHd)nQU“ fied by si lica gel chrorrat ography to give the
title conpound &Bo ?

2- (5-Chl oro-2-{2- T["4a BolUton 96 FBehiREn 214 -4y g ban R fimpth Yeirg A vlA-P: 2- oxo
- et hoxy} - pletiogi})phetyieavettiddioning eater (D.08g, 0.1 mmol) in tert-butanol (1 ml) was added

2[ 54 ( Zh:c l%Lgr %L&ﬁ%@X@dﬂ%O%@yb b6 {ﬁﬂ-ﬁpoﬁ(é reé?tgg was Teatﬁ to refHJx and met{nsno(s (702

0.166 nmol ) Mhwvaee Péwer FRINGH: d%te( ?hﬁtr)t ct&tad/@f dnvw ewtw'ﬂeﬁthqucaete( o 1

m , 0.83 muihk. ordéific naa/ectmaenmawed iith roriael aﬁedre@mm@gmanratswfetef iterdd? add
hours and hecet)t]ce;()jr,t 194 re\fl ICH(%( Obur f"? g t| Oeﬁ]%‘hr 3 popar§ Af. teetreegolcl)rﬁ%at he
reaction was guencned V45 pr&bulin BY Bliceee Ko o Ryid Siveche S RO onal
met hyl ene cHP84gde. The organic |ayer was washed with saturated sodi um

bi car bonat e f ol | ougtcHdto-23b U @Liasto BEMSNDR 53 EHYVIGHeRzintey-2-daestidik@ani C

| ayer was th n &0 cent r”alt"ggm(tjo afford the correspondi ng chloride as a brown
oil (0.075

2-[4-chl oro-2- (2 -ohl 02-F-atohoy2-J2-pderp etpy)-dhahdxy]-2-[4-([4doo-tpemtyaR 5MMEBYIi net h
1) \mb adadpo LhGhYELRARADROLP O B8S g PR A B B e RS s
g, 0.16 nmolHionRRIoyde 0t Bl Owﬁéé“m%at“%feﬁamf‘é’ﬁﬂﬁt‘”’?%?t PEMHEUPY At ff’éf“*

cool i ng t5he hoeacint beated® refuxde@rah madigtialhitbupu rAffer eabliliy the cdactumetasguenhyd on

SE;( !'stlm(;?egil Eb?/ i %_@gﬁ%%hﬁat%]atnh%mﬁ?ﬂﬂ%%&n&%”% {ﬁ?len@aﬂ%glﬂéo%%% ibyer fr3s

| oro-2-{2-[ 4’!&(311@‘? Vit sYUBIEA ApHiym PiRathangie fRIPWEA 53@??3@?’&%%‘%“%9”? spdiym ghigride.

et hoxy} - pyr I'[hel’br&ny:l Iyl #ea Sthdentrdtel ta_(ﬁffdrdAﬁeatdrfesﬁtmdﬁhg chloride as a brown oil
_%_[411(21” uq %g zy:) gg gggl met Ey: pi perazin-1-ylI- 9oxo Ft hyl estﬁrl 30
Cﬁ| 0; |( d_ezo uoro- 'Ir']ozy é -[4- chlorc;-2 I(2n§hlorgl et-h)F/)I) ;F))r?erng)%;] qef4 g -ﬂuo?o bengJIT;D ZIQ 58I glmgﬁtyl- ene

piperazin-1-yi]-ethanone (0.075 g, 0.166 mmol} in 1:1 ethanolwater (6 mL) was added

sodium sulfite (0.1 g, 0.79 mmol) and sodium iodide (0.024 g, 0.16 mmol). The reaction was
heated to reflux for 20 hours. After cooling the reaction was concentrated and purified by
chromatography on silica gel to afford the title compound (6.0 mg) as a sodium salt.

25 Example 4
o, 0
H‘O

o
o\/U\ : F
B NﬁNV@
o N KI/
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,55-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-pyridin-3-yl)-methanesulfonic acid

Acetic acid 2-[4- -2R,58-dimethyl-
30 To 1-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazine (2 g, 9 mmol) in methylene chloride

b

4-fluoro-benzyl iperazin-1-vil-2-oxo-ethyl ester

(45 ml) at 0°C was added triethylamine (1.36 ml, 9.9 mmol) followed by acetic acid
chlorocarbonylmethyl ester (1.06 ml, 9.9 mmol). After three hours the reaction was washed

with saturated sodium bicarbonate. The organic layer was dried over magnesium sulfate,



(45 m) at OC was added triethylamrie (1.36 M, 9.9 mol) followed by
acetic acid chlorocarbonyl nethyl ester (1.06 m, 9.9 mmvl). After three
hours t hewp®ag0i7en was washed w th saturated sodi um bi caPb®nBex0140Bhe
organic layer was dried over magnesium sulfate, WO 02/102787 PCT/|B02/ 01403
-34 filtered, concentrated and purified by chromatography on silica gel to
afford the title conpound (2.6 g). -34-

1-f4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hvl - pi perazi n-1-vl | -2-hydroxy- et han
one To acetic acid

2-[4-(4-fluoro- benzyl - 2R, 5S-di net hyl - pi perazi n-1-yl ] - 2-oxo-ethyl ester 5
(2.6 g, 8 niHsred: jgng f?tﬁﬁyﬂ\dowjﬁ'%/%wmwramyepn (sfica . ge! to@ffaid) thgatileadded
l'i t hi um hydeswgoded (Ryglgate (0.5 g, 12 rrm)l) After two hours the reaction
was concentrated,tp dfyness an | 418, OF gani ¢

| ayer was washed gnesi um
sul fate, filteredo @ﬁ@f'cc&ﬂ%%fﬂt(ﬂdv@d-bef@ya-ﬂﬁ&sddImh’féyltplpteraelncl@ﬁﬂr&ﬁmtttwes_ter 9).

5- C?I g B 05 2- (226 8, ‘B’rﬁﬁ'\olf) hmetrré}ry%m@ﬁmeu?a%oﬁ&t&l EBUNYb mBivREB8dddNitnhunY hydrakidex0- et h
oxy ni c

1-[4-(4-f1 u&dégﬁg%g zfﬁn‘gg é?%‘f’?\;‘/’P“rﬁlt'beeFe&‘? fi9R- was, faneeniieg o dpnetshaiifone
(0.05 g, Otakétsummeltl)yl agetatet Thfiwghn@ﬂaueawai Wastep with s@ﬁratmissoaldmeﬂba&mdatam

hydride (11q/@hover RdgheSm!sbifatd, Qhd Qd"ﬁ& Batel BMtoR the Q

After 15 m nut eosv lihe(“}ﬁ]reeactl oan vvasf cfgh| 0 vvarr% to ar?brElgrg n&gz ature
and 2, 5-di chl or o 2/ANAE-HE-K Ty HIOFE ieZ7oxpming (from
nmodi f| cai onlcoiﬁwua]acndl‘vbﬂhvl élftem 1997, 40, 2674) in tet rahydrofuran (0.25 m)

was sl owly added, 1ehddBehOls® sk ARG 48052 ERENSH i Roabur at ed

aqueous sodi um bicarbonate andt’ exiract ree acefate.
The conbi ne8-16% Gae)dn lelighydeofyirr @ mei Siewaswhddediseding hydride &4 mé’r27ﬁﬂng‘d)5| um

sul f a: ﬁ I i tc?l&ﬁ&ﬂbﬁ@cr@@ﬁlﬁe(% M3t @80 HiloaCAHRr 15 FMUREHO RN WA aIsivbd 62 gel
gave e ti

d
32(5- il or o2 PRSUAC RGPS i - sriqpionyipotiie acd metpl e B9 929
5S- di methyl mrrml);j@praqulﬂg_atyh lof & tMeanGheen. TH97, 40, 2674) in tetrahydrofuran (0.25 ml) was
5-chl oro- 2- 'Elgw[yda'dﬁéd f Mﬂé}rtﬂb s )ﬁlle) regaroﬁ%ag'dﬂgﬁaﬁéh vﬂh@%(u?’a?éd"adhews] Sofiufxo-eth

oxy}- nicot nd sodi um

bor ohydri de”¢ %%a? J@z’ ﬁ%%ee 4me t"\é‘P%iﬁC&m e %?F)b'“a? oigaRis [Feerde e dded
met hanol ( Owasghedi witHl bfke, naried ) oveAlmiagnesBtn rsuifaié,eRitetdue a@b coreasitatean invascuoool ed
to anbi ent CRAREEGQHME oRBftald3BgRONGHE c4rfiR ifyvacuo. The reaction was
t aki ng ug i n wat ed;é égngoext raadc&tgeag W\%rleéécél ne}s{&\g\znst )mat hyI ene chl ori de The
conbi ned® or gani Qs 3-pr X VRG W ayrid V)i 1nld-(4-HugrecgenziisZR Gawlimath,

sul fate, fi btperraend-mmebthanommentrat ed in vacuo Chr omat ogr aphy on silica gel

gavethetltlec 0 22 ()4 f fl.u benzyl
5S- di net hvl - e?ggl lﬁfk?ﬂoﬁﬁ{g[g X ﬂ&o %}I % 9R'§8 d%n&ﬁlyl F’ﬁer@zml )y o thﬂéﬁ]e}qal fonic
acid To nlcotlmc acid methyl ester (24 mg 0. 053 mmol) and sodlum borohydrlde (5 mg, 0.132 mmol)

2- (5- chl or oindefyataeo Y1) Bylofiyiids didedmathaney 0-0k-rhidt detminby oA bE AftkestRR, 5S-

25  reaction was cooled to ambient temperature and the solvent removed in vacuo. The reaction

was taking up in water and extracted three times with methylene chloride. The combined
organic layers were washed with brine, dried over magnesium sulfate, filtered and
concentrated in vacuo. Chromatography on silica gel gave the title compound (22 mg).
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)}-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
30  pyridin-3-yl)-methanesulfonic acid
To 2-(5-chloro-3-hydroxymethyl-pyridin-2-yloxy)-1-{4-(4-fluoro-benzyl}-2R,5S~
dimethyl-piperazin-1-yl]-ethanone (0.067 g, 0.159 mmol) in methylene chloride (1.5 ml) was
added thionyl chioride (0.04 ml, 0.49 mmol). The reaction was stirred at room temperature for

one hour. The reaction was quenched by the addition of water and diluted with additional

35  methylene chioride. The organic layer was washed with saturated aqueous sodium chioride
and dried over magnesium sulfate. The organic layer was then concentrated to afford the
corresponding chloride as a brown oil (0.07 g).



di met hyl - pi perazi n-1-yl]-ethanone (0.067 g, 0.159 mmol)
chloride (1.5 mM) was added thionyl chloride (0.04 m, 0.49 mmol). The
reacti on we9240378T ed at room tenperature for one hour. TRETNBEXIH@GN Was
guenched by the addition of water and diluted with additional 35 nethyl ene
chloride. The organic |ayer was washed with saturated agueous sodi um
chloride and dried over magnesium sul f&Pe. The organic |ayer was then

i n nmethyl ene

concentrated to afford the
WO 02/ 102787 PCT/ |1 B02/ 01403

2- (5-chl or o- 3-chl oronet hyl - pyri di n- 2-
pi per azi mo 12§-shiceRhloreethol-psdig-2- WPX!)S H“nffdiugroibanzy)2R&ESHiRe Y wat er

nmet hyl -
(1 nm-) wasp

heated to re
and purified"

-35 To

yl oxy)-1-[4-(4

correspondi ng chloride as a brown

oi |

4-f | uoro-benzyl) -

(0.07 g).
2R 5S-di

éld%M%@@tﬂéﬁbn&@b%lgt 616 OmMél) m 1: Oeﬁanmle) (1 riDEvas @aeéd Sdiunas

W%@f%éﬁ?%oﬁﬁ?‘ﬁéh{ﬁﬂﬁg &hn F1@5hs

A b2 b

kﬁiﬁ?sr céglfr']‘éet‘nt r at ed

conpound (46antipn wes eorsetiatath sl nurlfl@(wmrema@gfﬁpﬁ'men siiceparia efferdcghe Tl e 1

wer e pre@ar g(qn@&gépg rﬁé;aggsgmgnqg; hods descri bed above. exanple # | UPAC
LRMS (5-Chloro-2-{2-[4-(4-fluoro- benz%?ﬁ) 2R, 5S-di net hyl - pi perazin- 485.3
1-yl]- 2-oxo-ethoxy}- phenyl ) - met haneSX# ¥oacid 2
(5- Chl or 0- 2- { 2- [ #h¢ 4eibolmd fb@raple) + ABrenertibared poqediay ionthd mettjods 468ribed
2- 0x0- et hox;% V?henyl ) - met hanesul fonic acid 3
2- (5-Chl oro- 2-[4-(4-fluoro-benzyl)-2R, RQ-dl met hyl - 499 4
pi per azi n- 11 gxgmee Hx d-lEPABXY} - phenyl ) - et hanesul foni ¢ acid 4 |LRMS
(5-Chloro-21§2-T4-14- T(bmroﬂ:@ Y4 )luoéckibahyxwmsmetwl p@érazmn 4888, 4
1-yl]-2-oxo¢tet hoxy}-npy r|d t;?)% %qg glf%ﬁlc ac
(5- Brono- 2-{ 2-[ 4- (4-1|i " 05%?1 yye SSePE AY1 < er a2| n- |529.1
1-yl]-2-oxot 2t hoxy} - pﬂmloywm‘;& -Hdhbeud-benyik2RoiathyGpiperazin-1-yl]- | 469.1
(5-Brono-2-1{2-[4-(4- fIMoc&mﬂz&ggaw)%t%gwomglaggra2| n-1-yl]¢ 513.2
2- et hoxy} - p”IF\I"IV| ) -netlhanesul fonic acid WD 02/102787 PCT/ 1 B02401403 - 36
CLAIMS 1. A3conpound 20@-GhiRso-R4#-Krff-HuarobgpsypRB)SSdimpiy- + x JN| £99-4
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-ethanesulfonic acid
4 (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin- | 486.4
1-yl]-2-oxo-ethoxy}-pyridin-3-yl}-methanesulfonic acid
5 (5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin- | 529.1
1-yl]-2-oxo-ethoxy}-phenyl)-methanesulfonic acid
6 (5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl}- | 513.2
2-ethoxy}-phenyl)-methanesulfonic acid




(RR4)d N (R, (22)n | or the pharmaceutically acceptable salts and
prodrugs thereof; wherein 5 a=0-5, b=0-2, ¢=0-2 d=0-4 Xis -0-, -S,
-CH2-, -NRO602002787Ts (C6-Cl0)aryl, or (C2-C9)heteroaryl, e&Ch/IBRL/(11303

i ndependently selected fromthe group consisting of: H, HO, halo-, (Cl-
C8)al kyl - optionally substituted with 1-3 fluorine atoms (C1-C8)al kyl -O
wherein the alkyl group is optionally sbstituted with 1 3 fluorine atons,
HO (Cl1-C8)al kyl -, NC-, H2N-, H2N-(Cl- C8)al kyl -, HO (C=0O) -

(C1-c8)al kyl - (C=0) -, (Cl-OB)aI kyl - (C=0) - (C1- C8) al kyl -, H2N-(C-O) H2N- 15
(C=O-(C1-C8)al kyl-; each R2 and R3 is independently sel ected fromthe
group consisting of: H, oxo, (Cl- C8)@AMB- optionally substituted with
1-3 fluorine atons, ((K].ccﬁb);)aﬁd@ﬂh-eforh% Ci0)aryl -, (C6-

ClO) aryl - (C1-C8) al kyl -, HOg(C1-C8) al kyl -, (Cl-C8)al kyl - O (Cl-C8)al kyl -
H2N- ( C1- C8) al kyl -, (Cl csYal kyl - Hﬁ%q C8) al kyl -

[ (C1- C8) al kyl ] 2N- (C1- C8) al Yl/-x %het cycIyI (C1-C8)al kyl -, (Cl 20
C8) al kyl - (C=0) - NH- (C1- C8) @Kyl -, ( )aI kyI_O_(FQ—O) NH ( C1- C8) al kyl -

H2N- (C=0) - NH- (C1- C8) al kyI : (Cl C8 R H-(Cl C8) al kyl -

(C2- C9) het eroaryl - (C1-C8) al kyl -, H Qk)(C-O) H2N- (C=O - (C 1- CB)aI kyl -;
each R4 is independently sel ect ed fromthe group consisting of: H, HO,
hal o-, NG, or fRep(iamapeuticaiy Roceplabie saif$)aa leyddsudsitherdof;@he@8) al kyl ] 2N-,

(C1- 08) abkyl optai=omak5ly substituted with 25 1-3 fluorine atons,

(C1-C8)al kyl - }ggj ?n the al kyl group is optionally substituted with 1-3
fluorine atons, (E C8) al kyl -, (Cl1-C8)al kyl -O (C1-C8)al kyl -

H2N- ( C1- C8) al kyI <=q€2-C8) al kyl - NH (Cl1-C8)al kyl -,

[ (Cl-C8) al kyl ] 2I\|—d(_C‘éL £8) al kyI " (C1-C8)al kyl - (C=0) -,

(C1-C8)al kyl - (22 (C1- %;—« k-, (C6-Cio)aryl-, (C2-C9)heteroaryl -

(C6- Clo) ary! oxy iBRe (=62 NN (C=0) - (C1- C8) al kyl -,

(C1- C8) abkyl - NH (Yﬁs@s-C1o)é®ﬂ.oEE)z-@L)hytbmbﬂyi+(C—C)) (C1- C8) al kyl -

[ (C1-C8)ai kyl ] 2N d Y]zie (o
(C3- C8) cycl oal kyle§9n %&lep)id er{c{?ﬂy s%%@h#r%%%e&?&u%@@ *hﬁ%ﬂ’o@ll 6“6( halo (Cq

( Cl- C8) al ky Cefetistiopptiqrelly 3% eé_ i INHluoringpaemE4©)- kax(l@twwlaﬁhmlkw gRIP S
(C1-C8) al kylis opﬁA@al&ZAa&mﬁ&a \HGTM:aBﬂw.ﬁ)el%s -RF-(@-CoHaligPTRCU NELNAC BIgN-(E,0g t O

i o, ﬁb“’“{?’&%‘k&@? oS T G AR SR B GO IR anc
(C1- C8) dPkyl(CT®) (\%IW@p)@kW the al kyl group is optionally substituted with 1-3
fluorine atonms. ZacthREaPRYUBGhdaesHaERIy RBIcEBd Fbi the grbuPEondistingl @&l BkoRec,and R3
are each o oyl optionally substituted with 1-3 fluorine atoms, (Ci-Celalkyl (Ce-Cro)aryl (Ce-
Cio)aryl-(C1-Ca)alkyl-, HO-(C;-Cg)alkyl-, (C1-Cs)alkyl-O-(C-Ca)alkyl-, HoN-(C(-Ce)alkyl- (Ci-
Ce)alkyl-NH-(C1-Cg)alkyl-, [(C4-Csg)alkyl]N-(C4-Cs)alkyl-, (C,-Co)heterocyclyl-(C4-Cg)alkyl-, (C4-
20  Cglalkyl-(C=0)-NH-(C-Cs)alkyl-, (C1-Cg)alkyl-O-(C=0)-NH-(C;-Cg)alkyl-, H,N-(C=0)-NH-(C:-
Cslalkyl-, (C4-Cg)alkyl-SO-NH-(C4-Cg)alkyl-, (C.-Co)heteroaryl-(Cy-Cglalkyl-, HoN-(C=0)-,
HoN-(C=0)~(C4-Cg)alkyl-;
each R* is independently selected from the group consisting of: H-, HO-, halo-, NC-,
HO-(C=0)-, HaoN-, (C4-Cg)alkyl-NH-, [(C4-Cs)alkyl]l.N-, (C4-Cg)alkyl- optionally substituted with
25  1-3 fluorine atoms, (C4-Cg)alkyl-O- wherein the alkyl group is optionally substituted with 1-3
fluorine atoms, HO-(C4-Cg)alkyl-, (C4-Cg)alkyl-O-(C+-Cg)alkyl-, H,N-(C4-Cg)alkyl-, (C4-Cg)alkyl-
NH-(C1-Cg)alkyl-, [(C4-Cg)alkyl],N-(C4-Cs)alkyl-, (C4-Cs)alkyl-(C=0)-, (C;-Cg)alkyl-(C=0)-(C;-
Celalkyl-, (Ce-Cio)aryl-, (Cx-Co)heteroaryl-, (Cs-Cyo)aryloxy-, HsN-(C=0)-, HoN-(C=0)-(C;-
Cglalkyl-, (C4-Cg)alkyl-NH-(C=0)-, (C4-Cg)alkyl-NH-(C=0)-(C,-Cg)alkyl-, [(C;-Cg)alkyl].N-
30 (C=0)-, [(C1-Cg)alkyl]z-N;(C=O)-(C1-Cg)alkyl-, (Cs-Cs)cycloalkyl-, (C4-Cg)alkyl-SO,-, NC-(C-
Ca)alkyl-, (C4-Cg)alkyl-(C=0)-NH-, H,N-(C=0)-NH-, HoN-(C=0)-NH-(C+-Cs)alky}-;
R’ is (C4-Cg)alkyl-.




5 independently selected fromthe group consisting of: H, (Cl-C8)alkyl-
(C3-C8) cycl oal kyl -, (C3- C3)cycl oal kyl -(C1-C8)al kyl -, (C6-C10)aryl -,

(C6- C10) awwlo21@rst8) al kyl -, HO (Cl-C8)al kyl -, H2N- (Cl- C3palrkBo2/q1403
(C2-C9) het erocycl yl - (C1-C8) al kyl -, (C1-C8)al kyl -0 (C=0 - NH (C1-C8) al kyl -
H2N- (C=0O - NH (C1- C3) al kyl -, (Cl-CB)al kyl - SO2- NH ( C1- C8) al kyl -,

(C2-C9) heteroaryl -(Cl-C8)al kyl -, H2N- (€0 -, H2N-(C=0 - (Cl-C8)al kyl-. 10
4. A conpound according to claiml or 2, wherein Xis -0- and Y is
(C6-Cl0)aryl or (C2-C9)heteroaryl. 5. A conpound according to claiml, 2,
or 4, wherein R4 is selected fromthe group con5|st|ng of H, HO, NC-
(C1- C8) al kyl -, (@lL- C8)Aakfypoum accp@lﬂ@d@)%llnyﬂ where) R isoselértgddoirom ghe group
colrmo;mg ?ccaeﬁéigung of OHS IH- Mgy, Waer @i- Cg)é‘fﬁfl%pt\(on'aﬁy BBt G @ WA Y3, ﬂu%é ﬁ%ﬂ@

sel ecte rom consi erein
The al kyl | oPBCTRRIgE: G Peclfharoun i abpobayisbTtaclvil S ot RT

(C1-C8)al kyl-O v&her ei/A coinpouat kacbordin@ i clagms cbpdm anMérgmsRPosmd Rﬁtaeel eacthh 1-3
fluori nesat gnR erfa@;rt e%eﬁwom(tﬁé—%)))?p coglglsﬂﬁl& H-2 d’%ﬁ&l YCa-ég)cg/?Ioal HYI_ (Ca-

(C2-C9) het eroar IS selecte romt glrou cons

NC-, (C1- cs)Ca}CN‘g)Pa'kY\'M?erCe?aH‘V'r Hes-Gtolept~ GeSupa s Copt) eP'bYﬁ“aHPy(Cs’gk)g'kY't lh*tz'?éécw th
1-g I! ;Jo[l ge:sml@m% (dz@)h%boabdtwkC@e%&yu\he«O@;Oa)ameomJQoleG(G?W)alkw 0m2N9n2| Iy
supstitute I N .
conpound accor(tc)irn (gb&%‘%ﬂ%{ @ \%)g'r@ 862%1 f@‘%%h{ﬂ gg?@%)l&et?ro%)\r%l (E é‘salky

( C6- C10) ar yIHMr{@=Rhebk-(¢= ﬁ%(‘-’r Lal3ikvit-o C3 al kyl when Y is (C2 09) het er oaryl .

8. A compound accpr di n@cénﬁbo@h@bd&brﬁmg\ﬁﬂ%@mm &, Ah&8IPONNG- 4l YRl (EGLRRAN T om

25 the group &{)z}fkhg

(5- Br ono- 2- {05 i ro benzyl ) - 2R- net hyl - pi per azi n- 1 yl]-2-oxo-et hoxy}
phenyl ) - net hanesul forﬁ gorapdudd aQ@ﬂOKdgltng@mZHZ, gr4, (heretnl R is -sbleete fpmaRe 5S- d

i met hyl - pi p%r@?lc@néstmbbfﬁ- ABONRL h@ anl%@h@ﬂﬁ ?ald”yrﬁéh@ﬂftﬁ)ﬂlk%p(ﬁhé) -a6rindio. 30

2- (5- Br ono- sk 0
}- l(ohenxr/f);n? et haneasmf goraglingea%%d%g 2 LR EIE e ém)aryP)%Q s O%Y

2- (5- Chlér o-szle{:@d [frédm(tle gmhmlcmsisemgzgfl b~ 2R-SI8( (Cre@Hatyl- hpeirathe alkgl-group-i2- oxo-

et hoxy} - %%M&r)aﬂy %EM@%U%fﬂPQ@Cﬂ@ﬁhgatoms (C1— alkyl -O- wherein the alkyl group is
(4-Brono- 2-{ ro-benzyl)-2R 5 C)aleI(C?C?)eraZI n-1-yl - 2-0xo0-eth
“\g

oxy}- 35 phé’ﬁf}‘i[")a"géftf’?a @é’lﬂ”?ﬂoh? élu%{@pcptor{]s (C1 or halo, and when Y is
( 3- Chl or o- 2-(€2€])tetérbalyl, RS0 sdietalyirgm 28, Grbumlconststiyd ofiHoeHAZ ING-1¢Ci(s)alyloX 0- et

(211 oo b VPSR, JOELAGEIE R RS mE, |
oxy} - 20 wherem e alkyl group is optlona y substituted with 1-3 ﬂuorlne atoms, (Cy- Cg)alky -(C=0)-
or halo.
7. A compound according to claim 6 wherein R® is C; to C; alkyl when Y is
(Ce-Cro)aryl and wherein R’ is C; to C; alkyl when Y is (C-Co)heteroaryl.
8. A compound according to claim 1 wherein said compound is selected from
25  the group consisting of:
(5-Bromo-2-{2-{4-(4-fluoro-benzyt)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
methanesulfonic acid;
(5-Chloro-2-{2-[4-(4-chloro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
30 2-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
ethanesulfonic acid;
2~(5-Chloro-2-{2-[4-(4-chloro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)- ethanesulfonic acid;
(4-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
35  phenyl)-methanesulfonic acid; 4
(3-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl}-methanesulfonic acid;



phenyl ) - met hanesul f oni ¢ aci d;
(5-Chloro-2-{2-[4-(4-fl uoro-benzyl)-2R-net hyl - pi perazi n-1-yl]-2-oxo- et hoxy}
- pyri di n-8o ogi1)278et hanesul fonic acid; 5 (5- PCT/IB02/01403

Brono- 2- { 2-[ 4- (4-f | uor o- benzyl ) - 2R- net hyl - pi per azi n- 1-yl ] - 2- oxo- et hoxy} - pyr
i din-3- yl)-nmethanesul fonic acid;
(5-Chloro-2-{2-[4-(3, 4-di fl uoro-benzyl)-38R, 55 di net hyl - pi perazi n-1-yl ] - 2-ox
o- et hoxy}- phenyl)-net hanesul fonic acid; (5- Brono
-2-{2-[4-(3,4-difluoro-benzyl)-2R 5S-di net hyl - pi perazi n-1-yi] - 2- oxo- et hoxy}
- 10 phenyl) - net hanesul foni ¢ aci d;

(5- Chl or 0- 2- { 2- [ 45-BrbroHl- {2F[é>—(4bdmry-b¢n221R2lﬁﬁsmyhetmlpépeazihn-yJ]-Zydx]J-eMyéo- et hoxy}

- phenyl) - et BaneRHheLir @Sd (5 Br omo
-2-{2-[4-(4- chﬁzro aenz 5 oF t hyl - pi perazin-1-yl]-2-0xo0- ethoxy} phenyl) -
met hanesul f oni ¢ é%palorol { [4 (4-ﬂuoro -benzyl)-2R-methyl-piperaZin- -yl] 2-oxo-ethoxy}-pyridin-3-

(5- Chl or o- 2yif-thefrdinésaifdnicladid; uor o- benzyl ) - 2R- net hyl - pi perazi n-1-yl ] - 2- oxo-eth
OXy} - phg nyl) - ma%%wé}gr%u '2‘;{9 {A-ﬁ)—fﬁgﬂﬁ%en{yﬁ-z Ef'ﬁ&ﬁﬁ erazm1 % Xé) ethoxy} é)tyhdm 3-

-2-{2-[4-(3,4 uoro-b plpe &z
phenyl ) - net Mamedanessipric agd: d:
2-(5-Cnl or 0 2- {215 éhior-3- {zt[@r(mbmﬁw bénzanfizéSsdj.rﬁahmslper@maaryqadxo-letrww}- 2- oxo0-

ethoxy} E %F% eth nesulfonlc acid; (5-
Br ono- {2 PR %@?% BER3YEY - 2R- net hyl - pi per azi n- 1- yl ] - 2- oxo- et hoxy} - pyr
idin-3- yl)- ethénerond eh{24434-difluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi]-2-oxo-ethoxy}-

(4- Chl onp- 2pfiyh dnditnbiiehi®=d@nzy! ) - 2R 5S-di met hyl - pi per azi n- 1-yl ] - 2- oxo- et
hoxy}- pheny I) thanesu

(3 Blom- 2 1214 ?thpf%&o@g%ﬁfﬂw%ew?g%na%‘f%P'nWZ*B. YA RO PRy o et h
oxy}- phenymethapedhiiogsadid;oni c aci d;
(2-Chloro-6-{2-[4s. (é’for‘fnl) ?mQ@@ﬁéfrbﬁeﬁzﬁ)éﬁ SRR b R¥aziR i BA kb bl phardn0 X 0- et

hoxy} - phenyl% met hanesu onlc
( 5- Br onp- 2- {EIEORSUERHG RS- (4-f | uor 0- benzyl ) - 5S- net hyl - pi per azi n- 1-yl | - 2- oxo
-ethoxy}is 30 pheng-Chioret-{pan€s edffioso-beragl)-dR-methyl-piperazin-1-yl]-2-oxo-ethoxy}-

2- (5- Brono- ﬁhfﬁﬂLéﬂ&$e&h Egmgenzyl) 2R, 5S- di net hyl - pi perazi n-1-yl ] -2-o0xo0-¢€
t hoxy}- phe anesul foni C

(5- Chl or 0- 2- { 2- [ 45-( 4Brangor 0215%542(9 I4')d1ﬂ2%011?§{‘4Y912Rp’P?i€¥"&EPWZ'E’W']]Z%Qtﬁ?t?xﬁt hoxy}
-phenyl ) - ng mne.wha‘n@mn@maauat 35
Choxy} - phenyl ) - AP IAIEERNY Brra aart e oo BT B Bz = @
20  phenyl)- ethanesulfonlc acid,;
(5- Bromo-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-
yl)- ethanesulfonic acid;
(4-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
25 (3-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyi-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
(2-Chloro-6-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
(5-Bromo-2-{2-[2R-ethyl-4-(4-fluoro-benzyl)-5S-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
30  phenyl)-methanesulfonic acid;
2~(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-ethanesulfonic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
methanesulfonic acid;
35 2~(5-Bromo-2-{2-[4-(4-chloro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-

phenyl)- ethanesulfpnic acid;



-39
2-(5-Chloro-2-{2-[4-(3,4-di fluoro-benzyl)-2R, 5S-di net hyl - pi perazin-1-yl]-2-
oxo- et howgloepmIgyl ) - et hanesul fonic aci d; PCT/IB02/01403
2-(5-Chloro-2-{2-[4-(4-chl oro-benzyl)-2R- net hyl - pi perazin-1
-yl ]-2-oxo-ethoxy}- phenyl)- ethanesulfonic acid; 5
2- (5- Bronp- 2- { 2- [ 4- (4- chl or o- benzyl ) - 2R3%et hyl - pi per azi n- 1-yl | - 2- oxo- et hoxy
}- phenyl)- ethanesul fonic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R 5S-di net hyl - pi perazi n-1-yl]-2-o0xo0- et
hoxy}- phenyl)-net hanesul f oni ¢ aci d; _ , _ ,
2- (5- Chl or o- 2- { 22{(xChigros2-g (3 rHuase AR -2 BRSrim ey -peFainalili-axoy | | - 2- oxo- e
t hoxy}- 10 phenybhenydtdieamesurohioadid; aci d; (5- Brono
-2-{2-[4-(4-chl or,Qz. - phperazin-1-ylJ]-2-0x0-ethoxy}-pyridin-
3-yl)- et hanesul ?3% ?@Bgo\é%g_’ [%%4 gﬁér@%!&nz@f)ﬂﬁ r#ezthyl p|pe>é21]n 1 yl]%&o e‘hox%
3- ( 5- Br onp- phgnab{ethangsylfepippeid:benzyl ) - 2R, 5S- di net hyl - pi per azi n- 1-yl | - 2- oxo- e
t hoxy} - phenyl) - ops-BRAME2--BYL-ER6b Be@G) BR-r&hyi-piperazin-1-yi]-2-oxo-ethoxy)-
3- (5- Chl or o-%-&ﬁ_—%‘ﬁf- %4-{?I.uor. ooyl ) T IR ety PPerEEn Y2 oxp-ethoxy)
-yl ] - 2- oxo- RPHRLyAanREY T")’?C'gr opane- 1- sul foni ¢ aci d;
3- ('5- Brono- 2- { 2- [(#Clldrof2-2eif-G+-tormelyanyy PAR, 5@ timetthyppiperziz-il yl-2-oyé-pthxypx o- et hoxy
}- phenyl ) - P thnestbliORiE aci d; _ _ _
(2-Brono-6-{2-[4-(4-f|uoro-benzyl)-2R 5S-di nmet hyl - pi perazi n-1-yl]-2-o0xo0-eth
oxy}- 20 phenyl ).Zrﬁéﬂ}i'ﬁ)ﬁé%‘ -[ftd%,ft-éilﬂ %rp-atanzyl)-2R-methyl-p|perazm-1-yl]—2-oxo-e hoxy}-
(5- Chl ono- 2phéw|)2dhariebytionid a¢id- f | uor o- benzyl ) - 5S- net hyl - pi perazi n-1-yl ] - 2- ox
o- et hoxy} - phenyl?_- 1132888 1R fo-ARhoR. i g o o R
- (5 Onl o ok 2 { 5. SPRECRIE ML RRR R 2rcmethypincrean Lz ororenon oy o
et hoxy}- phéndi§thanseyiaisé@sirs sul f oni ¢ aci d; 25
2- (5- Chl or o- 2- { 2-3[(8-Bfemd-2{mHq4-Nena-yénzyl2BR meldiéthbperaaini1nd) 2-gkblethdx@x 0- et hox
y}-phenyl) - n o
3- ( 5- Br ono- Bﬁ«%@f}[;ﬁ zr?%“ﬁ?@“f’%"ﬁ%zw ) - 2R, 5S-di net hyl - pi per azi n- 1
-yl ] - 2- dRo- et hox BE-Giteans3-14-(Aflegserhenzy)-s Bimedim-sirerarin1-yil-2(axo-epxyhphenyl)-
- 2-{2-[ 4- ( 3 pfopdhd-tw@fonarckeiazy! ) - 2R, 5S-di net hyl - pi perazi n-1-yl]-2-oxo- 30
et hoxy} - phenyl)- e nesyl i,c acid: . .
(5 G br o2 1 2 G P B bin) PR e oA N RSP PREYD | - 0.
0x0- et hoxy prophenysylionjgragidane- 1- sul f oni ¢ aci d; _ _
3-(5-Chloro-2-{2- %rénﬂo-%l{tlplr-@:ﬂb&eln}éhz;ynéﬁ;&Qﬁlﬁbtﬂﬁg{gb&a'zpiﬂﬁ]tﬁéﬂofbﬂdxw—] - 2- 0X0-
et hoxy} - 0pyrbdl B thln)ﬂ@fro an%- 1-sul fonic acid,
( 5- Br omB? 2- PR G ERHIPYC BEfizyl ) - 2R 5S- di et hyl - pi per azi n-1 -yl ] - 2- oxo- et h
oxy}- (5-Chioro-2-{2-[2E-ethyl-4-(4-fluoro-benzyl}-5S-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
3-(5-Chloro-2-{2-{4-(4-chloro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)- propane-1-sulfonic acid;
25 2-(5-Chloro-2-{2-{4-(4-fluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
ethanesulfonic acid; A
3-(5-Bromo-2-{2-[4-(4-chloro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
pheny!)- propane-1-sulfonic acid;
2-(5- Bromo  -2-{2-[4~(3,4-difluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi]-2-oxo-
30 ethoxy}-phenyl)- ethanesulfonic acid;
3-(5-Chloro-2-{2-[4-(3,4-difluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi]-2-oxo-
ethoxy}-phenyl)- propane-1-sulfonic acid;
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi}-2-oxo-ethoxy}-
pyridin-3-yl)-propane-1-sulfonic acid;
35 (5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi]-2-oxo-ethoxy}-
pyridin-3-yl)-methanesulfonic acid;



pyridi n-3-yl)-net hanesul fonic acid; WO 02/102787 PCT/I1B02/ 01403 -40
3-(5-Chloro-2-{2-[4-(4-chl oro-benzyl)-2R-net hyl - pi perazi n- 1-yl ] - 2- oxo- et hox
y}- phenywp-02p099ane- 1- sul f oni ¢ aci d; PCT/IB02/01403
(5-Bromo-2-{2-[4-(3, 4-di fluoro-benzyl)- 2R net hyl - pi perazi n-1-yl ] - 2- oxo- et ho
Xy}- pyridin-3-yl)- ethanesul fonic acid;, 5

(5-Bronp-2-{2-[ 2R-et hyl - 4- (4-fl uor o- benzf?T) 5S- net hyl - pi perazi n-1-yl]-2-o0xo
- et hoxy}- phenyl)- ethanesul fonic acid,;

3-(5-Bronp-2-{2-[4-(4-chl oro-benzyl)-2R-net hyl - pi perazi n- 1-yl ] - 2- oxo- et hoxy

- phenyl ro su
%} (g Ch%/oz o- FZ) {gg{zgc%‘ i{ﬂ— ?1(%86%0%8?6’9125 RYRPRE N VG R IEOMY | | - 2- oxo- e
t hoxy}- 10 [Jhaeumly-lp)epapemsamqacgiul fonic acid;
(5- Bromo- 2- {2- [4'(‘31»- roHol-'EQ{rZC[ZL @?ﬁalﬁ&&o-gﬁzﬁﬁzﬁ rrfmg/hy gerQilrp‘Fryﬁlé'oQo din¥hy}-- 2- oxo-eth
oxy}- pyridin- 3- hanesul f oni ¢ acl d;
-2-{2-[ a- (3pﬂ'dﬂi‘3¥¥' GFF@“%%‘H%H?C“’ZR net hyl - pi per azi n- 1-yl ] - 2- oxo- et hoxy} -
phenyl ) - 5 pr opane{(slB@tHof2{2i{ZR-amick-(4HDoro-benzyl)-5S-methyl-piperazin- 1—yl] -2-oxo-ethoxy}-

2-{2-[4-(4- 5S-di et hyl - 1- -eth -5-
(2-{2-] (gf%nls}ﬁe%hap]ggﬁ%{]% A i met hyl - pi perazi n-1-yi]-2- oxo- et hoxy}-5-m

et hyl - phen anesul Toni'c acid; 2-(5- Brono
-2-{2-[4-(3, 4-di ﬁt(&@r%nq:%f?z[f;lt(ﬁ-cwoﬁeww Ronegfey-pippigzin-1plj2-axowihexdt hoxy} -

henyl th n6-1asirdhi
g (egyc%ﬂ gr Oﬁﬁ&?z dred 61%2" [Ellc(zzcg énz g )0 gg tﬁ"’? X R'1P r2az| th %I] 2- 0X0-
20 phen?ﬂ? é’;oo}:—) hbo I [raognzyN2-methyl-pip razin-1ty1]-256xo-ethox

et hoxy} - oni
(5- Chl 0t®- 2plieny]préppneiicrolfenidasivizy | ) - 2R, 5S- di met hyl - pi per azi n- 1-yl ] - 2- oxo- et

hoxy)- pyridin-3 fybao loFQBHnGyIRER §3-dimethyl-piperazin-1-yl]-2-oxo- ethox}
(5- Br ono- 2- F) {ﬂ; uo{riqm.gzgnz ) - 2)Il?)a25p{s-d| Innr':ft ﬁ/y‘l)ppl perfﬁl n-1-yl ]y 2- 0xo-eth
)}rld %M‘é

oxy} - pheny r‘?H?ﬂFﬁ‘“ M'eadei d; 25
(5- Chl or 0- 2- { 2- [ 4-(63, Brouibf I2&(&[é-(:be-ldIﬂWrg»-bQFRYB-SRdﬁe’tm-hipbragh-pe'f]-azdxnemoyv}-] - 2- oX

o- et hoxy} - Adel] %) s iE; suI fonic acid;
(5-Chl or o- 2B Y &O&m Sgr 0- benzyl ) - 2R 5S- di rreth I-f)zgeram n-

hoxy}- P9ridin- &@i?ﬂ%f&warﬁebgnw 5 Gppiy ooz 1512 5o bt

( 5- Br ono- 2- pRerlyd-nfethanbsutiome 8adzyl ) - 2R, 5S- di net hyl - pi perazi n-1-yl ] -2-o0xo0-eth

oxy}- 30 pyridi n-3zvyl th in-1-v11-2-0X0-~ -

(5- Chl or o- 2- { 2- ﬁf’ 3ot 20 ﬁl{%&ﬁ@h ?ﬁ’%@&éR P Pas P - et h

oxy}- pyri dPhemDypthanessifenisasdil f oni ¢ aci d:

(5- Brono- 2- { 2- [ 4-3((8-Chiod- fzJ{zJpr(aLﬂtmmzydz)/a-zRss&ﬁdwhymipp@ziazLw]-zslcxyle}hozy}oxo- et ho

Xy}~ 20  phenyl)-propane-1-sulfonic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi]-2-oxo-ethoxy}-

pyridin-3-yl)-methanesuifonic acid;

2- 0Xo- et

(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-methanesulfonic acid;
25 (5-Chloro-2-{2-[4-(3,4-difluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-
pyridin-3-yl)-methanesulfonic acid;
(5-Chloro-2-{2-[4-(4-chloro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
pyridin-3-yl)-methanesulfonic acid;
(5-Bromo-2-{2-[4-(4-chloro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
30  pyridin-3-yl)-methanesulfonic acid;
(5-Chloro-2-{2-[4~(3,4-difluoro-benzyl)-2R-methyl-piperazin-1-y{]-2-oxo-ethoxy}-
pyridin-3-yl)-methanesulfonic acid;
(5-Bromo-2-{2-[4-(3,4-difluoro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
pyridin-3-yl)-methanesulfonic acid;
35 (6-Chloro-2-{2-[4~(4-chloro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-

yl)-methanesulfonic acid;



pyridi n-3-yl)-net hanesul fonic acid; 35

(5-Chloro-2-{2-[4-(4-chl oro-benzyl)-2R- net hyl - pi perazi n-1-yl] - 2- oxo- et hoxy}
- pyridi n-80 ogl1y278et hanesul foni ¢ aci d; WO 02/ 102787 PCT/ | Begr0geé0B403- 41 ( 5-
Br ono- 2- {2-[ 4- (4-chl or o- benzyl ) - 2R- net hyl - pi perazi n-1 -yl ] - 2- oxo- et hoxy} - pyr
idin- 3-yl)-nmethanesul fonic acid;

2-(5-Chl oro-2-{2- [4 (4-fl uoro- benzyl) 2®15S- di met hyl - pi per azi n- 1-yl ] - 2- oxo-
et hoxy} - pyr|d|n yI) et hanesul fonic acid; 5

(5-Chloro-2-{2-[4-(3, 4-difluoro-benzyl)-2R 5S-di net hyl - pi perazi n-1-yl ] - 2-o0x
o- et hoxy}- pyridin-3-yl)- ethanesul fonic acid; (5- Brono

-2-{2-[4-(3, 4-di ¥ ucﬁf@“ﬁ-&{%%(ﬁ°2lm05tsn61'>r%%m9wlmlq§ea2@z1 -Hl-2-oxptgthaxylepygdiet hoxy}
i pg}: di n- 33?/|)—)1'[|etieinbﬁnfeﬁiblbéldml c a|C| d; . |

5 oro-2-{2 - [Sor 7 i et - pi perazi 2- 0X0- et
hoxy}- 10 pyridi % ééﬁ$‘{9§?[ﬁgﬁ’gg‘% %enﬁmééégd"m t@?f—pg?rg%B ﬁz et l

- 2-{ 2- [ 4- (4pyisinod-gh-peanepllfonZRCBS- di net hyl - pi per azi n- 1-yl ] - 2- oxo- et hoxy} -

pyridin-g-yl)- e‘fﬂ@ﬂl@ﬁﬁé (£ 4-88idio-b -2R,5S-dimethyl- 1-yl}-2-0x0-eth
3- (5- Brono- 2- [ %qu I(uorcj)lf %n%nﬁlg 2R, 5|Srr_1e iy ﬁr)“/alzmplyderoé(z)lenofy}yl] 2-0

Xo- et hoxy} p}ffi?zg}i 'P" Wﬁwﬁ%‘;a‘i‘ 'sul foni ¢ acid; 15
(5- Chl or 0- 2- { 2- [ 45-(Bterhb 4R diftliore- lﬁzmﬂhﬁs-qnh@mn-ambnazifﬂwl]-]z-o&e@mxﬁl hoxy}

-pyridin-3-, r|d)n-39l %%ééuuf&q@é&d aci d;
(5-Chloro-2-{2-]4- 4-di f['uor o-benzy II)ZBZR-rreth yl - pi per azi n-1- Yh -2 oxo-eth
OX

oxy}- pyridin-3- ¥ h'c’@f%%'{é%ﬂf'%ﬂ‘fo%“z&'é SS(detp-pipgrazin-1-yi]-2-oxo-
- 2- { 2- [ 40 ( 3 peidih-8-yiatieenbairayit dcid R, 5S- di et hyl - pi perazi n-1 -yl ]-2-o0xo- et hoxy}

- 20 i di n-3-

(5-Chl oro0-2- (2. [yﬁ D o e farB b 2R -y R PREE T BP9 50854 hoxy)
- pyri di n- 3- Pyidin-3-yteifieesdierinadd. aci d;

3- (5- Chl or o- 2- {2-3[(943&&116 bympqs hramz.arb%eml)&ﬁ mmgtgwpm@rd@mnaz]tzaox% yl']-2-oxo-

et hoxy} - pYyL, N sulfonic acid
2- (5-Chl oro- {?g%)g pﬁﬁ ) r?#%’%?‘osw%nﬁczacf - 2R, 5S- di net hyl - pi per azi n-1-yl] - 2-oxo-

et hoxy} 15 phenyl) _(@-pblpm%&g[ééﬁfqum-,b@zﬂbzI@-methyl piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-

2- ( 5- Br ono- gp{etndrdsifdnit bei@r o- benzyl ) - 2R, 5S- di net hyl - pi per azi n- 1-yl ] - 2- oxo-e
t hoxy}- phenyl) nes 2-

2 (5 Gl bro- 2- | 2 SRERH BT By P ARemst e sl Gevashaol

-yl ] - 2- oxo- eyithx§yh- eBtrnphidfoyi¢ yci®- net hyl - propane-1 -sul foni ¢ aci d;

2- (15- Brono- 2- { 2- [(4-gifmb Lo e He Bﬁbfdré—b%yl?%@sm&%h pRERERAZN Dz ckoh h]oxﬁ oxo0-€

t hox
y}- 20  pyridin-3-yl)-methanesulfonic acid;

(5-Chioro-2-{2-[4-(4-chloro-benzyl)-2R-methyl-piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-
yl}- ethanesulfonic acid;
3-(5-Chloro-2-{2-{4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
pyridin-3-yl)-propane-1-sulfonic acid;
25 2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-propane-2-sulfonic acid;
2-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-propane-2-sulfonic acid;
2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
30  phenyl)-2-methyl-propane-1-sulfonic acid;
2-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-2-methyl-propane-1-sulfonic acid;
1~(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S8-dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-2-methyl-propane-2-sulfonic acid;
35 (2-{2-[4~(4-Fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-5-
trifluoromethyl-phenyl)-methanesulfonic acid;



phenyl ) - 2- et hyl - pr opane- 1- sul foni ¢ aci d;

1-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R 5S-di net hyl - pi perazi n-1-yl ] - 2- oxo-

et hoxy}- wbenydd782- net hyl - pr opane- 2-sul foni ¢ acid; 35 PCT/IB02/01403

(2-{2-[4-(4-Fluoro-benzyl)-2R 5S-di net hyl - pi perazi n-1-yl]-2-oxo-et hoxy} - 5-

trifluoronethyl-phenyl)-nethanesul fonic azci d; WD 02/102787 PCT/1B02/ 01403

- 42 -42-

(2-{2-[4-(4-Fl uoro-benzyl)-2R, 55 di nmet hyl - pi perazi n-1-yl ] - 2- oxo- et hoxy} - 5-

trifluoronethyl-phenyl)-nethanesul fonic aci d;

(2-{2-[4-(4-Fluoro-benzyl)-2R, 5S-di net hyl - pi perazi n-1-yl ] - 2- oxo- et hoxy}-5-m

et hyl - phenyl) - me@Hértfedilyosmbenzy 2R} 5S-gimethyl-piperazin-1-yl]-2-oxo-ethoxy}-5-

(5- Chhl or?- 21ﬁf2mfo2rFé'trQ/LbI§QnyI{1m(a$aﬁdsUWnQ RRNzyl ) - 5S-met hyl - pi perazi n-1-yl ] - 2- ox

o- et hoxy}- phenyl esu

( 5- Br onp- 2- { 2- [ 2K )Zé?ﬁ“t Pa’ﬂ“(d’ {’]L?%E%QWH PIBXAZR A= RPEEPRA SN 1 - 2- ox0

- et hoxy} - pl@nwl}mﬁ%@mmmmaﬁdm c acid;

(5-Chlorg-2-{2- Z(Rcﬁﬁdwb{ﬁ[zhéaﬁw U mjob@mw 5SRRLYdra-PST-2bklathon-] - 2- 0X

o- et hoxy} - 10 e@g % hanesul f oni ¢ aci

(5- Chl or o- 2- F{h? yidl! W’F?F' Oﬂ'c(a&'dfl uor o- benzyl ) - pi perazi n-1-yl] - 2- oxo- et hoxy} -

phenyl)- net hanes(ﬁH‘:‘rm'noQ {&[2Rekthyl-4-(4-fluoro-benzyl)-5S-methyl- piperazin-1-yl]-2-oxo-ethoxy}-

(5- Br ono- 2- &;{1 Lﬁﬁn?%gyésuﬁlbn&%c@l uor o- benzyl) - pi perazi n- 1-yl ] - 2- oxo- et hoxy}-p
0

h |

(5t or 0r 2 2- [ 2GR PIATERRIT s BB S TIsibaPerad-y - 29%egboBkhoxy ) -
phenyl ) -10et haveadH lethanéstifet atid; . .

f}gna f"oetzhéﬁe[sﬁﬁﬁgéﬁ fb- 2?-&ﬂz‘-&ﬁ;}r‘-ﬂ(&)—ﬂ&?&EMz}l}-Bﬁer%E‘ﬁﬁ W2l eliofy PGyt Noxy} - p
1- ( 5- Br ono- Zn¢tharfesulfonictacidor o- benzyl ) - 2R, 5S- di et hyl - pi per azi n-1-yl ] - 2- oxo- e

t hoxy}- 20 phenyl Q’omqy—tzmétwmﬂr&ﬂéﬁzwlb@eﬁﬁihﬂ,yl]20xo ethoxy} phenyl)-
2-(5-Chloro-2-{2- ulfo§14 fl.uoro-benzyl) -

R 5S- di met hyT'SPRPEr a2l t: y1 ] - 2- oxo- thyI am no} - phenyl ) - et hanesul f oni ¢
aci d; 15 (5-Chloro-2-{2-[2R-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl}-2-oxo-ethoxy}-phenyl)-

(5- Chl or o- 2- dtRarlcorfofticiakidor o- benzyl ) - 2R, 5S- di net hyl - pi per azi n- 1 yI ] 2- 0X0- et
hyl am no}- phenyl fonic acid, 25 ar.maceuti c osition
T O e e L B e 2o P R e er P SRS

| upus, acut eetbar@sdfonior@cid; | nf | ammat ory conditions, allergic conditions,

I nfection associ agegdpidol. fz’ﬁ*@ﬂm&tdeﬂ%) 2ﬂ5§humeﬁ{9f&5&r§zu@ﬁ g?g'&ké -btRoxy}-

xeno-transpl antation, transplantation tissue reject eroscl efosis,
rest enostls, MREOYI-AMety|-RrPRape-2a4Honiaacithul omat ous in a rramml conprising an
anount of a conpoH@iChloa-@iag-tuorosieary)-AR, shrdinetrsyl-piperazin- 1-y|]20xo-

ethylamino}-phenyl)-ethanesulfonic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-2R,5S-dimethyl-piperazin-1-yi]-2-oxo-ethylamino}-
phenyl)-methanesulfonic acid.

25 9. A pharmaceutical composition for treating a disorder or condition selected from
autoimmune diseases, lupus, acute and chronic inflammatory conditions, allergic conditions,
infection associated with inflammation, viral, chronic bronchitis, xeno-transplantation,
fransplantation tissue rejection, atherosclerosis, restenosis, HIV infectivity, and
granulomatous in a mammal, comprising an amount of a compound according to claim 1 that is

30 effective in treating or preventing such disorder or condition and a pharmaceutically acceptable
carrier.

10. A pharmaceutical composition for freating a disorder or condition that can be
treated or prevented by inhibiting MIP-1o and/or RANTES binding to the receptor CCR1 in a
mammal, comprising an amount of a compound according to claim 1, or a pharmaceutically

35 acceptable salt thereof, effective in treating or preventing such disorder or condition and a
pharmaceutically acceptable carrier.



30 effective in treating or preventing such disorder or condition and a
phar maceutically acceptable carrier. 10. A pharmaceutical conposition for
treati ng wodeaa7der or condition that can be treated or pCauBo@EdodDy
inhibiting MP-1a and/or RANTES binding to the receptor CCRL in a mamal,
conprising an anmount of a conpound according to claiml1, or a
pharmaceutically 35 acceptable salt ther®of, effective in treating or
preventing such disorder or condition and a pharnmaceutically acceptable
carrier. WO 02/102787 PCT/1B02/01403 -43 11. A nethod for treating a

di sorder or condition selected from autoi mune diseases, |upus, acute and
chronic inflammtdry cbmERIPRE frealing & iserderofidfFandlias selppipe domoritoimawag at ed
with i Inf | anmuisebses, lupls, aécuterrﬁd)ﬁlhrﬁnlbrr(ﬂﬁmhbtor)ﬁ coniions, t dllaryeptaratios| Qﬂectlon
transpl ant at] | [ ro TS

i nfectivity SQ(.Q‘. éltetd W E"Hﬁﬂarn‘ﬁ#aq(éﬁ \Iﬁl’gl’ cf:%mg E%ﬁght% Qo —tltangpq%ntaet trﬁhsgr é‘ﬁtlﬂ'b to a
manmmal in néléwedﬂe@t@e,ratmerr@@tm re@ien@ﬁfSevléhmfegwlt&rﬁndmmtomfous i acvapoend

accor di ng t Gompading ahm.mgtermgnaarmwtnl rfeddl bi/sak 8RHRRM & prkitioh BEERGINt o? hat

is effective in tr 0 reventing, such r
met hod for t& &5YRH ﬁccﬁ’i”g??r ffeBa'B‘r an%i%{l?rgﬁc?lﬁ&'cﬁlycagﬁepé%let P@bﬁ“@r&"g that 16"
prevent ed |®ffeciiMe mgeairg agrevhgin@ORh disecieporarndiiipna manmmal , conpri si ng

adm ni stering to @ ”amlethb@for iIrQatHS@%s@rfdelséjr%nélﬁcﬁatﬁér%gﬁ b&lreddd %F@vbl@t@d an
amount of a £ ound accor di claim11l, or a pharmaceutically acceptable

sal't thereof®y 3RgpPniFing @qu&W K 8eﬁt?‘i 'Q?@‘éﬂ% COMPYTRA, RAMINIFIErNg B B MRANEYHer or
condi ti dn. haed 4f phohtrmalceat orgaéveottompmsantduohoff adcorhpomiad ec@rcﬁwg:tbﬁarrﬁler o104
condition t t

Coceptor i n HemEREAly idEahal o WIGHRLEE tecfldl AORBIA Y clln i TEh
amount of a 4S6FASBRFANAERer ding to claim 1, or a pharnaceutlcally
acceptabl e salt tiBer e phanideeatiqhesnipasifon focwdatig aeiebad ®ndih s can be

treated or prevented by antagonizing the CCR1 receptor in @ mammal, comprising a CCR1

Fective

15 receptor antagonizing effective amount of a compound according to claim 1, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.



