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25  dermatitis), inflammation associated with infection (such as viral inflammation
(including influenza and hepatitis) and Guillian-Barre syndrome syndrome), chronic
bronchitis, xeno-transplantation, transplantation tissue rejection (chronic and acute),
organ rejection (chronic and acute), atherosclerosis, restenosis (including, but not
limited to, restenosis following balloon and/or stent insertion), HIV infectivity (co-

30 receptor usage), and granulomatous diseases (including sarcoidosis, 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 inflammatory sites, including but not limited to TNF and IL-1, as a

35  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
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25  shown decreased inflammatory responses, prolonged survival of allogeneic tissue
transplants (Gao et. al. J. Clin Invest 105; 35 (2000)), and decreased disease in a
model of multiple sclerosis (Rottman et al Eur. J. Imm 30; 2372 (2000). Together this
data demonstrates that CCR1 receptor antagonists would be an effective treatment
of several immune based diseases. The compounds described within are potent and

30 selective antagonists of the CCR1 receptor.

Different piperazine derivatives have been recently described as anti-
inflammatory agents in US Patent No.6,207,665, which is incorporated herein in its
entirety for all purposes. These agents are also described as inhibiting the activity of
the chemokines, MIP-1a and RANTES.
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-3- 5 Summary of the Invention In one aspect, the present invention relates
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or 5, bis O, 1 or 2, cis 0, 1, or 2, dis O, 1, 2, 3, or 4; Xis -0-,
-S-, -CH2-, or -NR6-; 15 Y is (C6-C,o)ar% or (C2 Cg)heteroaryl each R1
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(C -C8)al kyl -, NC, H2N-, H2N-(C,-C8)al kyl -, HO (C=0O) -, '
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X is -O-, -8-, -CH2-, or -NR®;
15 Y is (Cs-Cyo)aryl, or (C,-Cg)heteroaryl;
each R' is independently H-, HO-, halo-, (C,-Cs)alkyl-, (C4-Cg)alkyl-O-, HO-
(C4-Cg)alkyl-, NC-, HoN-, HoN-(C4-Cg)alkyl-, HO-(C=0)-, (C,4-Cs)alkyl-(C=0)-, (C;-
Cs)alkyl-(C=0)-(C4-Csg)alkyl-, H;N-(C=0)-, or H,N-(C=0)-(C+-Cs)alkyl-;
each R? and R?® are independently H-, oxo, (C1-Cs)alkyl-, (Cs-Cs)cycloalkyl-

20  (C4-Cglalkyl-, (Ce-Cop)aryl-, (Ce-Cyo)aryl-(C4-Cg)alkyl-, HO-(C-Cs)alkyl-, (C4-Csg)alkyl-
0O-(C4-Cs)alkyl-, HoN-(C4-Cg)alkyl-, (C4-Cg)alkyl-NH-(C4-Cg)alkyl-, [(C4-Cg)alkyl]oN-(C4-
Cg)alkyl-, (Co-Cg)heterocyclyl-(C4-Cg)alkyl-, (Cs-Cg)cycloalkyl-NH-(C4-Csg)alkyl-, (C4-
Cs)alkyl-(C=0)-NH-(C4-Cg)alkyl-, (C4-Cg)alkyl-O-(C=0)-NH-(C4-Cs)alkyl-, H,N-(C=0)-
NH-(C,-Cg)alkyl-, (C4-Csg)alkyl-SO,-NH-(C4-Cs)alkyl-, (C-Co)heteroaryl-(C4-Cg)alkyl-,

25  HyN-(C=0)-, or H,N-(C=0)-(C,-Cs)alkyl-;

R* is [HO-(C=0)-][H.N-](C:-Cg)alkyl-, [HO-(C=0)-][(C;-Cs)alkyl)NH-}(C;-
Cg)alkyl-, [HO-(C=0)-]J[((C;-Cs)alkyl),N-](C4-Cs)alkyl-, HO-(C=0)-(C;-Cg)alkyl-NH-,
HO-(C=0)-(C4-Cs)alkyl-NH-(C;-Csg)alkyl-, [HO-(C=0)-(C,-Cs)alkyl][(C,-Cs)alkyl]N-,
[HO-(C=0)-(C,-Cs)alkyl][(C4-Cs)alkyl]N-(C4-Cs)alkyl-, [HO-(C=0)-(C+-Cg)alkyl][(C;-

30  Cg)alkyl-SO)N-, [HO-(C=0)-(C4-Cs)alkyl][(C,-Cs)alkyl-SO,]N-(C,4-Cg)alkyl-, [HO-
(C=0)-(C4-Cs)alkyl][(C4-Csg)alkyl-(C=0)-]N-, [HO-(C=0)-(C,-Cs)alkyl][(C,-Cs)alkyl-
(C=0)-]N-(C4-Cg)alkyl-, [HO-(C=0)-(C4-Cs)alkyl][(C4-Csg)alkyl-O-(C=0)-]N-, [HO-
(C=0)~(C4-Cs)alkyl][(C4-Cg)alkyl-O-(C=0)-]N-(C,-Cs)alkyl-, [HO-(C=0)-(C;-



5 C8)a|ky|][(C1-08)aIkyIN—(C:O)-]N—,
[HO (C=0)-(C, -C8)al kyl ][ (C, - C8)al kyl - NH (C=0)-]N- (Cl-C8)al kyl -,
HO- ( C=0) -WO0,03@836af kyl - O- N=(C, - C8) al kyl -, HO (C=O) - ( C, - C8) ®iCayiBe23(3289,
HO- ( C=0) - (C1- C8) al kyl - SC2- (C, - C8) al kyl -, HO (C=0) -(C, - C5)al kyl - SO2- N, HO-
(C=0) - (C, -C8)al kyl - SC2- NH (C, - C8) al kyl -, HO (C=0) - (C, - C8) al kyl - NH SO2-, HO
(C=0) - (C, - C8) al kyl - NH SO2- (C, - C8) al kyl - ;4 HO (C=0) - (C=0) - NH S?2-, HO- (C=0
10 (C=0)- NH S2-(C, -C8)al kyl -, HO (C=0 - (C, -C8)al kyl - NH (C=0) - NH,
HO (C=0)- (C, - C8)al kyl - NH(C=0) - NH-(C, - C8) al kyl -, HO (C=0)- (G, -C8)al kyl -O,
HO ( C=0 C, t1tuted
D Dy xR ey aiky b3 AR o =P E ot Ehalky - T IN:
( (C@g)et leﬁoms’)larkbl (Hb(&wtctsycta@wl dﬂrtcﬁ%fbﬁkw GO 30 )-(OFCs BRyRBRY, -

a
( ~C9) heter%%l 91‘5)(@1 %Qg)(ﬂt‘c‘& (@;ﬂirﬂ CoRYR M eyl yi - O |

(C C9) heter(oecar_thL m%m;aw(dwba)alkglcHo®#0p(@:©@a|w|m SO,-, HO-

(0 het erganyle O (G BRI ) HR S8 Louicale S elPeon, s

(C - C9)bet ecooymHY$0L- € =CHAIRYIK HO-EL®-(CT8), AIKGNH-(C=0)-NH-, HO-(C=0)-(C;-
(C -C9) hetero

_(C, - [kyl - S- -
(G109 et ercopt ] e BN 1 6 ot =0 MG ot RSN Cs. . (. 20
C?:) h?:t9 eL otcy;da)drl FOQS(QmK’}"-kMP&(’%@(CQ@Z)bﬁ%ﬁil@gﬁtmed&itlhkhyldro|<|<|)_/i._ HO-(C=0)-
(S el C A oG O B S e
H&(&Co)) (gO @)Ky, @C&‘)'hbté@aﬁ)lia E0alk@-®), { C@Eg)ﬁabﬁakwi(%@?)alkyl cg-o c
N O S R iy e el skl 6 b3l s i e i (2 (C
%?lclfg ‘c f‘(e@féak rykGC, (@éﬁ:@?k&lroa(n)@mcfcs alkyl-, HO-(C= 0) (C4-Cs)alkyl-S-, HO-
1O (0 (C e ALK 906 (6038 B Kt ersiont (C RIS 651 - (00 -
[N(CCNH-C8§ gI_E)C helNgoN gg} SAlky I—I| 25%3) 1&CHatkyl-, (C,-Co)heteroaryl-(C,-Csg)alkyl-S-, (Cy-
(C,-c8)al ky|d élﬁ‘gefﬂﬁlp’ @68 a"k{’ € %éﬂ”ﬂ’? @éy'?@né’(’@@@)' -SdCres) al kyl -
( C gg @lb ty:CgSh‘éQii'oNdry{ 6<0)-C f:8()c‘6,1(1<9)ﬂeté\db’a I-S-, (Cs- Cg)heterolaryl -S-(Cs-

a
[(c c8) al iﬁﬂ%ﬁ'\ﬁh@%&( En)a C@@é‘héﬁ% g‘%&?aﬁ%{ﬂ GRKYHNH- SOz NH-
E é C_ (BC%?LK?(Q -80)atkyNHHOCeED)- (C?rCé}EkﬁlS(ll’zLI‘}J\IIH((Cro?SM@L(KAHd)NB( o)l sbkyl -,
(C G ol kB Qb d g oo %py AR Nr$05 HRHC=ON(C -
(C, - C8) al kylC,5=iA-MEQARSA LG, @)amtyky HOSC2OWE=O)- HO-(C—O)-(C—O)—(C1
(C &) By GO &) <{zc%§§%@§?$ g%?fc“{% SRR C -Coalkyt-

C8) al kyl - SOHMNE£OCF @ = ShetéB@IWYE=CPHOGC=03)J-BY)heteroaryl-(C=0)-, NC-NH-
(C, -C8)al kyl

Py ky|<C§§§ N EL O Do, [y GrRYY SO NH-Es PGSt o= -

(C, - @8) al kyl(e(-CzRkyl-SO,-NH-(C=0)-, (C;-Cs)alkyl-SO,-NH-(C=0)-(C4-Cs)alkyl-, (Cs-Cs)alkyl-

RIS NERC RN O R S

HO WO 0360355 aikyRCC]-BRRIKIBSGRINH-(C=0)-(C,-Cs)alkyl][(C1-Cs)alkyl]N-, [(C1-Cs)alkyl-SO,-
NH-(C=0)-(C;-Cg)alkyl][(C;-Cs)alkyl]N-(C4-Cs)alkyl-, (C-Cs)alkyl-SO2-NH-(C=0)-(C;-
Cs)alkyl-NH-SO,-, (C;-Cs)alkyl-SO,-NH-(C=0)-(C;-Cs)alkyl-NH-SO,-(C-Cg)alkyl-,
(C+-Cg)alkyl-SO,-NH-(C=0)-(C;-Cg)alkyl-SO,-NH-, (C;-Cg)alkyl-SO,-NH-(C=0)-(C;-
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35  Cg)alkyl-SO,-NH-(C=0)-(C;-Cs)alkyl-SO,-(C;-Cs)alkyl-, (C1-Cs)alkyl-SO,-NH-(C=0)-

(C=0)-, (C+-Cs)alkyl-SO2-NH-(C=0)-(C=0)-(C,-Cs)alkyl-, (C1-Cs)alkyl-SO,-NH-(C=0)-
(C4-Cg)alkyl-(C=0)-, (C4-Cs)alkyl-SO,-NH-(C=0)-(C;-Cs)alkyl-(C=0)-(C;-Cs)alkyi-,
NC-(C;-Cs)alkyl-SO,-NH-(C=0)-, NC-(C+-Cs)alkyl-SO,-NH-(C=0)~(C,-Cy)alkyl-, HO-
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Cio)aryl-S (C= 0) O (C1 -Ca)alkyl-, (Ce 1o)ary -SO.- =0)-NH-, (Ce

30  Cyparyl- SOZ NH-(C=0)-NH-(C,-Cs)alkyl-, (C;-Cs)heteroaryl-SO,-NH-(C=0)-0O-, (C;-
Co)heteroaryl-SO,-NH-(C=0)-0O-(C;-Cs)alkyl-, NHz-SO,-NH-(C=0)-0-, NH,-SO,-NH-
(C=0)-0-(C4-Cg)alkyl-, (C4-Co)heteroaryl-SO,-NH-(C=0)-NH-, (C;-Cg)heteroaryl-SO,-
NH-(C=0)-NH-(C;-Cs)alkyl-, NH,-SO,-NH-(C=0)-NH-, NH>-SO,-NH-(C=0)-NH-~(C;-
Cs)alkyl-, HO-(C=0)-(C4-Cs)alkyl-NH-(C=0)-O-, HO-(C=0)-(C,-Csg)alkyl-NH-(C=0)-O-

35  (C4-Cg)alkyl-, HO-(C=0)-(C,-Cs)alkyl-O-(C=0)-NH-, HO-(C=0)-(C;-Cs)alkyl-O-(C=0)-
NH-(C;-Cs)alkyl-, (C4-Cg)alkyl-(C=0)-NH-SO>-NH-, (C;-Cs)alkyl-(C=0)-NH-SO,-NH-
(C4-Cs)alkyl, (Ce-Cyg)aryl-(C=0)-NH-SO,-NH-, (C¢-Cyg)aryl-(C=0)-NH-SO,-NH-(C;-
Cs)alkyl, (C4-Co)heteroaryl-(C=0)-NH-SO,-NH-, (C1-Cg)heteroaryl-(C=0)-NH-SO,-



WD 03/ 035627 PCT/1B02/03989 -6 5 NH(C,-C8)al kyl, NH2-(C=0) - NH SO2- NH,
NH2- (C=0) - NH- SO2- NH- (C, - C8) al kyl, (C,- C9)heteroaryl-(C,-C8)al kyl-(C=0) -,
(C, - @) hewersoyskyl - (C, - C8) al kyl - (CO -, (C, - PCT/IB02/03989

C9) het eroaryl - (Cg- C8) al kyl - (C=0O) - (C, -C8) al kyl -,

(C -C9) heterocyclyl-(C -C8)al kyl- (CO-(C, -C8)al kyl -,

(C -C9) heteroaryl-(C=O-(C, -C8)al kyl -, (C, -C9) heterocycl yl -

(C=O-(C -C8)alkyl, HO-(C=O-(C,-C8)al kyl -, (C,-C9) heteroaryl -,

(C CQ)heterocycIyI , 10 (C CQ)heteroaryI -(C, - 08)al kyl, or
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) gj ((:C108 C@hmklkal (CEOF, o:cmzdsb@ruw sN;ir (C=0 -] ;\L Eg C8) a; kyl - .
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57 | oo B, HO G R feial ‘é@aa(@ PTGt (020 - Nt
O) ( C.Co)MRNRLKThyaMsN Cr+ OO S-@ ~ CHAIRYIIND, -G )AHPNNGERIC, ffkyt- GBIl ky! - O,

- (C 0)-(C4-Cs)alkyl][(C4-Cs)alkyl-SO,]N-, [HO-(C=0)-(C4-Cs)alkyl][(C4-Cs)alkyl-SO]N-
(C4-Cs)alkyl-, [HO-(C=0)-(C4-Cs)alkyl][(C4-Cs)alkyl-(C=0)-]N-, [HO-(C=0)-(C;-
Cs)alkyl][(C;-Cg)alkyl-(C=0)-IN-(C;-Cg)alkyl-, [HO-(C=0)-(C;-Cs)alkyl][(Cs-Cs)alkyl-O-

30 (C=0)N-, [HO-(C=0)-(C;-Cs)alkyl][(C:-Cs)alkyl-O-(C=0)-IN-(C;-Cs)alkyl-, [HO-
(C=0)-(C+-Cs)alkyl][(C1-Cs)alkyIN-(C=0)-]N-, [HO-(C=0)-(C;-Cs)alkyl][(C;-Cs)alkyl-
NH-(C=0)-N-(C;-Cg)alkyl-, HO-(C=0)-(C,-Cs)alkyl-O-N=(C4-Cs)alkyl-, HO-(C=0)-(C-
Cg)alkyl-SO,-, HO-(C=0)-(C4-Cs)alkyl-SO,-(C4-Cs)alkyl-, HO-(C=0)-(C;-Cs)alkyl-SO,-
NH-, HO-(C=0)-(C;-Cs)alkyl-SO,-NH-(C;-Cs)alkyl-, HO-(C=0)-(C4-Cg)alkyl-NH-SO -,

35 HO-(C=0)-(C,-Cs)alkyl-NH-SO-(C,-Cs)alkyl-, HO-(C=0)-(C=0)-NH-SO,-, HO-(C=0)-

(C=0)-NH-S0,-(C+-Cg)alkyl-, HO-(C=0)-(C,-Cs)alkyl-NH-(C=0)-NH-, HO-(C=0)-(C;-

Cag)alkyl-NH-(C=0)-NH-(C,-Cg)alkyl-, HO-(C=0)-(C4-Cs)alkyl-O-, HO-(C=0)-(C;-

Cs)alkyl-O-(C4-Cg)alkyl-, HO-(C=0)-(C,-Cg)alkenyl-, (C,-Cs)heterocyclyl-(C4-Cg)alkyl-
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C8)al kyl -G (C, -C8) al kyl -, HO (C=0) - (C2-C8)al kenyl -,

C2- C9) heterocycl yl - (C1-C8) al kyl WD 03/035627 PCT/1B02/03989 -7 5 O-,
CD) hewergogskyl - (C, - C8) al kyl - O (C, - C8) al kyl -, PCT/IB02/03989

) heteroaryl-(C,-C8)al kyl-O ,

)heteroaryl-(C, -C8)al kyl -0 (C,-C8)al kyl -, (C2-C9)heterocyclyl -0,
C9) heterocyclyl -0 (C, -C8) al kyl - ((,72 C9) heteroaryl - O,
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, (C2-Co)heterocyclyl-SO,-NH-(C=0)-, (C,-Cg)heterocyclyl-SO,-NH-(C=0)-(C;-
Cg)alkyl-, (C2-Co)heterocyclyl-(C,-Cg)alkyl-SO,-NH-(C=0)-, (C,-Co)heterocyclyl-(C;-
Ca)&lkW'SOz'NH-(C=O)-(C1-Ca)a|kw-, (Ce-C1o)ﬁle-SOz-NH-(C=O)', (Cs'C10)arY|-802'
35  NH-(C=0)-(C,-Cg)alkyl-, (C,-Co)heteroaryl-SO,-NH-(C=0)-, (C,-Co)heteroaryl-SO,-
NH-(C=0)-(C1-Cy)alkyl-, H;N-8O,-NH-(C=0)-, HoN-SO,-NH-(C=0)-(C,-Cs)alkyl-, (C:-
Cs)alkyl-NH-S0,-NH-(C=0)-, (C1-Cs)alkyl-NH-SO,-NH-(C=0)-(C;-Cs)alkyl-, [(C+-
Cs)alkyl].N-SO,-NH-(C=0)-, [(C+-Cs)alkyl];N-SO-NH-(C=0)-(C1-Cg)alkyl-, (C:-
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c8) al kyl - NH SO2- NH- (C=0) -, (G, - C8) al kyl - NH SC2- NH- ( C=0) - (G, - C8) al kyl -,
[(C - C8)al kyl] 2N SQ2- NH (C=O) -,

[ (C, - C8) aWRyBpRRBO2- NH (C=0) - (C, - C8) al kyl -, (O WD 03/ 03B62/AB02/03989
PCT/ 1 B02/ 03989 -8 5 C8)al kyl - S02- NH- (C=0) - (C, - C8) al kyl - O-,

(C, - C8) al kyl - S02-NH (C=0) - (C, - C8) al kyl - Q@ (G, - C8) al kyi -,

(C, - C8) al kyl - (C=0) - N S02-, H2N-SO2- (C, -&8) al kyl -, (C,-C8)alkyl- (C=0)-N
H S2-(C, - C8) al kyl -, NC-(C, -C8)al kyl - (C=0) - NH SO2- ( C, - C8) al kyl -, HO (C, -
C8) al kyl - (C=0) - N SO2- (C, - C8) al kyl -, (CB-C, 0)aryl - (C=0) - N+ SC2-

C6- C, C=0Q,- N 2-(G - | -, - C9).h yl - (C=0) - NH SC2-,
[ Co- Coy hat oA S NG ORG-S 0 6y i PO REIC G, osally O
ég CthC?) het erQcreaiklt ((COs)yaMi-&0)-NH-SD,-, H,N-SO,-(C4-C)alkyl-, (C,4-Cg)alkyl-
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1?:2 cscg )a|hl|6%/| {C= OWEL@@@CMRW (%uﬂ)sét@)oc)wy@&e)) NH-SO,-, (C»-
ete
( _c8)al ky|°o%e¥%‘£@)c'yﬁ&%)zw§% &e% ‘g’ﬁ A &:—%} PNREP Qo I C=QN ) Ky -
-C, ;)) ;’ﬂk y:mS(yOG%ﬁ)kyNHCS@eialkﬂm @@)WHJ%&HCQGQ)MK%N%@-OWH $8)-al kyl -,
- a - , ,
-c8) al k§|(Cs%> N'J [&%B)W'h“{f (@8%1%7 f(%;\l ﬁéyﬁ_c_@dfmﬁ*tg@&#m kyl -

é(i )Clo) f(ra)dlkyﬁmemh)(a@*@* @-;O)(msaquaé ?zhoaésvmmbeoa:m -SB(-(C 683 a: ty: :
- 0)ar a ,
- 9) Hat )é %&%yl? mg_(égm_ér()@byl%@ OS:I\m gOy (C',S %g)h"_é-e oary?)l\li-‘\%ioci NI? y
-g90)2hﬁtkfr8ww10 deﬂl?s‘)kélk -C=NRISO4, (? ?HQWC@%NHO N9=§!)>N€£1r
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_ C9) het e&gﬁy’l é@% '>) )\5 H#“%"Ego@;@r% ylo ’Kﬁ? %ﬁxé‘%ﬁb« O -NH . NH
25 S02- NH- ( %@WNH(LCCMB)I«%O&WH (CHO)-0GXO)- lcé)ﬁllkvEBQJ.@«Nkv CQ-(EL5)akyl-
%E&% (G (ggé?wyé%%%%%(&@&%& KY,-NH-(C=0)-NH-(C,-Ca)alkyl (Co-

E SIO) cz(3 )@Dl <k3€€) @?MBOQNFG@GW (S GQ&W{S@}NH((CEO? @OCgl%lyélkxﬂC?@Cﬂdgﬁ@ NuH ,

- a o - — - - ,
(C6. G o)ar y<.J,o @3: QH@%@N@@W &) &Hﬁ{ﬂ o)NRIG- )3, (T Theldrbanr
(czhcg) het ersmgnryﬂi-(?espb- NS, 8hebdrbary |§$z|22 @lﬂ (C= <H)) -O- (C_C1 OCJB)alkyI-, NH,-SO,-NH- o
C9) het er oar , -(C=0, - - -
(20 - i S0 CRPFEC s GrRHE-5R0 16 Goopln, (BeSs &gseﬁ%q@%%%‘ Q4B hen
R4 can ﬁl so loez e@aét@x@}yl(smz cht)a@ka-(cA@%ﬂ@G)hlla; -SORNHHE50)-NH-, NH,-

C2-C9 ter rgar
(G- o) 115t er D P=PeNFEE R BTGNP RONO- HRCHPEsent
i nvention i qcn Gg)eB(yIGNHﬂouO()is) (@;-Ceduliop, BIO-(C=0)-(C,-Cs)alkyl-O-(C=0)-NH-, HO-

(C=0)-(C;-Cg)alkyl-O-(C=0)-NH-(C,-Cs)alkyl-, (C;-Cs)alkyl-(C=0)-NH-SO,-NH-, (C;-
Cs)alkyl-(C=0)-NH-SO,-NH-(C;-Cs)alkyl, (Ce-C1o)aryl-(C=0)-NH-SO,-NH-, (C¢-
Cro)aryl-(C=0)-NH-SO,-NH-(C;-Cs)alkyl, (C,-Co)heteroaryl-(C=0)-NH-SO,-NH-, (C,-
30  Co)heteroaryl-(C=0)-NH-SO,-NH-(C;-Cs)alkyl, NH,~(C=0)-NH-SO,-NH-, or NH,-

(C=0)-NH-S0O,-NH-(C;-Cs)alkyl;

or, if Y is a (C,-Co)heteroaryl group, then R* can also be HO-(C=0)-(C;-
Cs)alkyl-, (C-Cg)heteroaryl-, (C-Cg)heterocyclyl-, (C,-Co)heteroaryl-(C4-Cs)alkyl, or
(C-Co)heterocyclyl-(C4-Cg)alkyl.

35 In another embodiment, the present invention includes compounds of formula

ﬁ %§§§§BB§3

| or the pharmaceutically acceptable salts or prodrugs thereof.
Preferred compounds of formula | include those wherein each R' is
independently H-, HO-, halo, NC-, (C4-Cs)alkyl-, or (C4-Cs)alkyl-O-.



| or the pharmaceutically acceptable salts or prodrugs thereof. Preferred
conpounds of formula | include those wherein each R is independently H,
HO-, hal owONG0356¢TC, - C8) al kyl -, or (C, -C8)al kyl-O. WO 03/ @834RB72/03989
PCT/1B02/ 03989 -9 5 O her preferred conpounds of formula | include those
wherein each R2 and R3 are independently H, (C -C8)alkyl-,

(C3-C8) cycl oal kyl - (C, -C8)al kyl-, (C6-Cl0yaryl -,

(C6-C,0)aryl-(C, -C8)al kyl -, HO (C, -C8)al kyl -, H2N-(C, - C8) al kyl -,

(C, -C9) het erocycl yl - (C C8)al kyl -, (C,-C8)alkyl-O(C=0O-NH(C, -C8)al kyl -,

l(_%N- (C9C)_%t er_t)grcylocf?%f pr@%jrgp Q9l$1pbl]q(§:f§,@3 cléélﬁ % mcdl:l\lé_'- t%géé Cﬁgr%!nkélalch’Rz and

{*ﬁ'\* ( Cv;ﬁ) ( R*-ee8)nakpen dentOHNEC,-BERfkoF r(@@ozwaeamﬂacotafamymm 0&o>aml udeOI
ose wher ei s _a rin r pr rred conpounds

of formula I(8 é@b%‘e&t @@ymgbe(ch @p‘ﬂ?‘%}/ EZNS 1dC°% Eﬁ (§ §g)ﬁ?t&§i~“rcy?'v'gg 15

Ao AR e e ”@4&“}‘13’;” A Ror o A g those

o PO o NP ULt o8 SOTPAURL SO B 26

[ HO (C=Qb- ][I-(zﬂr(Ce@))f@Cl‘«EL))aN!VH (C,-C8)alkyl -, [HO (C=O)-

LQ E CC;_O)CS% Eél k&) ﬁ\lh%n prgfgrr ce@%o%@@mulg | ugc?udecﬁ%se erremlk iIs-O-and Y

[HO (GO - (s apBemhikimg] [ (C - CB)al kyl [N, [HO (C=O-(C, -

?8C) alcgg/;} L§,|C Sgg)cﬁhé(ny@g% g%@o%&n’rﬁ(@@rmuﬁd include those wherein X is -O-and Y
(C, -C8)al kyhséS@?nNHnﬁg:—O) (C -C8)al kyl-, HO (C, -C8)al kyl -SQ2-NH (C=0O - (C, -

??:) alcggl lHét er ocy%“g%%g%ﬁ'&fémﬁ Sozdé(l\%#‘?((ﬁ %%?U@%&Wﬁ?w X is -NR®- and

(G, - C9) het enoigrayyrid@dingH (C=0 - (C, - CB) al kyl -, 25

l(_%N_ %O)Za:\";;”( C_O) Cgtﬁ:ﬁ_ Cngal gy b@&}daqg@ m@@ll |n<|:}ll|1_c|i_est ose whéreln% is [HO-

I(—| gN gSO)zal( EW(CS@?}[NEN-G(C?@%H@I [mjk(ﬂi@)L 1H(C5-CR)atkgBNALIKT-Cs) alkyl [HO-(C=0)-

NC- (C, - C8) aI]@ ad F @N-ﬁg& -é‘%lk(yg MéS(%: )‘?1 Cs)algzl l\(llg H%zca (SSYJQ -Cs)alkyl-

(l':'g) é, gt E?EL?NH# &@?@(leTHS@'O@(C@G%)&kW{(QrCaﬁfﬂkyi]N » [HO-(C=0)-(C4-

(C - o) het X AIMIE o2y MESEpale: oo RGFNHHC=0)(C-Copalkyl-, NC-

2 )Na (&9- N*(‘ESOZ)a(k@rS@NHL(IQHOQL(C( Co)al@9). HEYLr Ubal(l<9§0? >NH-@0)(C/

(© 28} al ey ISR Ryt eToRysy SO RO o e G e sty Co..

HO- (C=0) - (CCBWWBWJNI-Q(CC@} (@)Gibdmyll- (C4-Cg)heteroaryl-SO,-NH-(C=0)-(C;-Cg)alkyl-,

Eg gg %'gﬁ%@%(p%ﬁ@%%pk)c@l (@'(:@alkyl NH-SO,-NH-(C=0)-, (C-Cg)alkyl-SO,-

C9) het er ocy NHH{C£®)-(CLR)FdIKYHO- QO L) alli3)-80KINH-(C=0)-(C;-Cs)alkyl-O-(C1-Cg)alkyl-,

(C - ) hetenprrad, (e ST e Rikyi{E20)-NH-50,-(C,-Coalkyl-, NC-(Cr-Ca)alkyl-
(C=0)-NH-S0,-(C,-Cg)alkyl-, HO-(C,-Cs)alkyl-(C=0)-NH-SO,-(C,-Cs)alkyl-, (C,-
Co)heteroaryl-(C=0)-NH-SO,-(C4-Cs)alkyl-, (C4-Cg)heterocyclyl-(C=0)-NH-SO,-(C;-

30 Cs)alkyl-, H:N-(C=0)-NH-SO,~(C4-Cs)alkyl-, (C4-Cs)alkyl-NH-(C=0)-NH-SO,-(C-
Cs)alkyl-, (C4-Cg)alkyl-SO,-NH-(C=0)-NH-(C,-Csg)alkyl-, (C4-Cs)alkyl-(C=0)-NH-SO,-
NH-(C;-Csg)alkyl, HO-(C=0)-(C,-Cs)alkyl-O-, HO-(C=0)-(C;-Cg)alkyl-O-(C4-Cs)alkyl-,
(C4-Cg)alkyl-SO,-NH-(C=0)-(C4-Cs)alkyl-O-, (C4-Co)heterocyclyl-(C4-Cg)alkyl-O-, (C4-
Co)heterocyclyl-(C;-Cg)alkyl-O-(C4-Csg)alkyl-, (C4-Cgo)heteroaryl-(C4-Cg)alkyl-O-, (C,-

35  Cg)heteroaryl-(C4-Cg)alkyl-O-(C4-Cg)alkyl-, (C4-Co)heterocyclyl-O-, (C4-
Co)heterocyclyl-O-(C4-Cs)alkyl-, (C4-Cq)heteroaryl-O-, (C4-Cg)heteroaryl-O-(C;-
Cs)alkyl-, HO-(C=0)-(C,-Cs)alkyl-S-, HO-(C=0)-(C,-Csg)alkyl-S-(C;-Csg)alkyl-, (C4-
Co)heterocyclyl-(C4-Cg)alkyl-S-, (C4-Co)heterocyclyl-(C,-Cs)alkyl-S-(C4-Cg)alkyl-, (C4-



35 C9) heteroaryl-(C,-C8)al kyl-O(C,-C8)al kyl -, (C,-C9)heterocyclyl-0, (C
C9) heterocyclyl -0 (C,-C8)al kyl -, (C, -C9) heteroaryl -0,

(C, - C9) hewermsasisk? O- (C, - C8)al kyl -, HO (C=0 -(C, - C8) al kyl PE1/1B02/03989

HO (C=O-(C,-C8)al kyl -S-(C,-C8)al kyl -, (C, -

C9) het erocycl yl - (C, -C8) al kyl -S-,

(C, -C9) heterocyclyl-(C,-C8)al kyI S-(C '@%) al kyl -, (d WD 03/035627

PCT/ 1 B02/ 03989 -10 5 C9)heteroaryl-(Cl-C8)al kyl -S-,

(C1- C9) het eroaryl - (C1- C8) al kyI S—(Cl C8) al kyl -, (Cl- C9)heterocyclyl-S,
(C1- C9)heterocyc|y| S-(Cl-C8)al k ( Cl- C9) heteroaryl -S-, (Cil-

C9) het er dar §3I9 Jhet e(fQﬁW'd@‘QB)@shy S' I‘é) @@_g)erc(a@i (%?&aﬁ‘%g‘é%zcdaﬁ‘y' (Cs-

HO- ( C=0) - ( Cl, mRicrb )yt SSQ@ Cgﬂ»e\@iﬁgr%% G-Ik = OR6lerddall-9-8)al ky! -

PSR SR Pl U O Ih B -

(Cl-C9) hetersmzxe rcla)aﬂ@ﬂ @)<@Ebrke£@>;@ <G)dMkyNE HOP(C rrce@amrrp @ohs of
formul a | |ncIu hose erel(gl each R5 1s_  indepe (t: I—f— g)
e P s P EL0) RRSh oy o SBEASEIE bl B, OF
preferraqg CQ@pggng@r&pdﬁch&mw 1@:@)ude t hose wherein R6 is H, (Cl- 15
C8) al kyl -, H2N- (C=O - Wé. Kyl - QO her referred conpounds of
fornula | incl ud@t?‘ﬁd’é%fe %F%mﬂ ‘Qdﬁé’f@rmb{'allénd‘ﬁje thosg Wherpipgaeh ggéﬁ yl; Rlis
hal 0; R2 anchd2BerdentipasNHOLAOOL (DLOYhK rH(gr cg)arky@) aEkglyalkyRot0)Rsr s hal o.
O her preferred conpounds of the for rqu include those wth the absol ute
20 stereoch@r"Hostry as depicted in forrrula | a wherein b and ¢ are each 1.

(R3)c Ra~ (RS) dbtﬁérmréfeﬂré@c&rﬁpodrﬁs%}fd@mEpsarmilm thbseSwBGrein P i eoynds  of
the fornmula | are the foll

(2-{2-[ (2R Ggwrbmwvexﬁrrc gcaééikw'r%ro benzyl ) - pi per azi n- 1-yl ] - 2- oxo-

et hoxy} - 5-chl or om Zﬁéﬁébre@@@hb@ur@@loﬂforrﬁﬁlal|nclude those wherelna|s1 X is -O-;
(2-{2-[(2R) - 2-Ethyl -4-(4:fl uoro-benz erazin-1- A 2- 0X0- ethox& 5- et
hyl - phenyl )Y is §eq @)aﬂl, B is halo; R andRXare gac% mdependentK/ -or (C4-Cg)alkyl-; a
(2-{2-[4- (4FligpHO- benzyl) (2R) - 2- net hyl - pi perazi n-1-yl ] - 2- oxo- et hoxy} - 5-
nmet hyl - phenyl )-acetic acid

(2-{2-[4-(4-F uorQSh?fé?‘i%fW?d EIRPoUIROf fRp fopmyial lsiude fhasewith thg bl WBixy ) - 5-
30 triflhyor eeédihennig gl depitRidia il RAHErSI8 b and ¢ are each 1.

o R
RA x
\/Y/ \)j\N/\ ~ I 1 la
(R4 K‘/N R
(R%)p

Examples of specific compounds of the formula | are the following:
(2-{2-[(2R)-2-Carbamoylmethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-
ethoxy}-5-chloro-phenoxy)-acetic acid;
25 (2-{2-[(2R)-2-Ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-ethoxy}-5-methyi-
phenyl)-acetic acid;
(2-{2-[4-(4-Fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-5-
methyl-phenyl)-acetic acid;
(2-{2-[4-(4-Fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-5-
30 trifluoromethyl-phenyl)-methanesulfonamide;
(2-{2-[4-(4-Fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-4-
methoxy-phenyl)-acetic acid;
(2-{2-[4-(4-Fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-5-
methyl-benzylideneaminooxy)-acetic acid;



-{2-[4-(4-Fl uoro-benzyl)- (2R 5S)-2, 5-di net hyl - pi perazi n-1-yl]-2-oxo- et hox
-4- met hoxy- phenyl ) -acetic acid,;
-{2-[ 4-Wo-0BlossseD- benzyl ) - (2R, 5S) - 2, 5- di et hyl - pi per azi nPCIUBH2/BIgYX0- et hox
-5- net hyl -benzyl i deneam nooxy)-acetic acid; WO 03/035627 PCT/1B02/ 03989
15 (2-{2-[4-(4-Fluoro-benzyl)-(2R 5S)-2, 5- dlnethyl pi perazin-1
| ]-2-oxo0-ethoxy}-5- nethyl-phenyl)- acéﬂlc aci d;

2-[4- (4-Fl uoro-benzyl)- (2R, 5S)-2, 5-di net hyl - p|perazin-1-y|]-2-oxo-ethox
- trifluoronethyl-phenyl) - nethanesulfonanlde

h\f-‘/-\\</'\l |\<A\</-\

-
5
%51 °10" et hoxy- GEnGRg e bRy RkpRis8) 2 eamethy- BpdieaR Ayl dord sthok 3 P OPY!

(2-{3-[4- (4'rr|r_étl';w-Fﬁerﬁwfh70)éhéadlaR 5S) - 2, 5-di net hyI pi perazi n-1
-yl]-3- t

bonseneanl T vt} (i bRk 5eG S B aime i paerb AL Lerersing -5
(2R, 59) - 2, S5t@uBRimBthyl pherg@rragthé}-.ekuyédanﬁd@xo et hoxy}-benzyl ester; 15

(2R)-2-(5- Cnl Oro;(é;({/é (%Aig %Tplpﬁz%bg(gg%gﬁs)dl&zﬁ)yl Godelny! 7 Bl Re E%Zp'yﬁ'sl yHi-2-

oxo- et hoxy}-phe

(2R) - 2- (1b- CIMeuﬁdyy%h{;ao){yz;Laééhcfdcupro benzyl) - (2R, 5S) - 2, 5- di net hyl - pi perazin-1
-yl]- 2-oxo0-etho

R Ao e B B PR s h R R 3% §50<§w;91v§p'waﬁn 1gys3-01-prgoy)-p-

met hyl - 20 mhw.@ﬁenbxy)ydel.cac@xo et hoxy} - phenoxy) - butyric acid;

gi? ) g; gg;(%” 8;2&%&%%8%%%{1 Blcar%n%ﬁ/c! gc‘éngﬂor-O'g:?é'[h 84 fﬁjopetgearl1zzlylg| 1-yl]-2-
(2|S% 22(5 O@F?ES)25{o%étﬁyll(p4pérbzs@n%]kzemyéthoxyjat}’e&@)eﬁerS di met hyl - pi perazi n-|
- - oxo- et ho oni c ac

(35) - 2- (5. cni oro§¥>{§?$§¥'e@- Yl QRaR AR BR)2e Y iRs A AN 2P e azi n- |
-yl']- 2- oxoegioR@phen c)mcpé(ﬁd)l onic acid; (2S)-2- Am

o per s e oyl ] i@)&éé—éwﬁ@‘ . e RS & ey T 1
I(ZS%}OZ iA]m gQ-cﬂ(o(éihcﬁdy} Béﬁy%x&)?pr{)ﬁo[géa&b_uoro benzyl) - (2R) - 2- met hyl - pi per azi n-
- - 2- OXO- (o) - - QUL VI I acl d, .

(29)- 2” A 1o~ 4. (Zﬁwé}fﬁ%‘? ?@Y&O&%ﬁ&%F'Bmei’ﬁ%)f');(?ﬁz’i@ -2 dimethyl-gi et hyl -
pi per azizo- 1pyelazi- 0¥P-25xB@Maxy pﬂsrm XyhbubMtweidc aci d,

(4-Chl oro- 2- {2- [@é) 2- é-&?krar%-? ?2- -(4 ﬂu ro-t?enzyl?&ﬁ?r)%l mgth&e;)np?ezrlagn -1-yl]-2-oxo-

-yl ]-2-o0xo- et hox
ethoxy}-phenoxy)-propionic acid,;

(2S)-2-(5-Chloro-2-{2-{4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-
2-oxo-ethoxy}-benzyloxy)-propionic acid;
25 (28)-2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yi}-
2-oxo-ethoxy}-phenoxy)-propionic acid;
(2S)-2-Amino-4-(5-bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-butyric acid;
(2S)-2-Amino-4-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-
30  yl}-2-oxo-ethoxy}-phenoxy)-butyric acid;
(2S)-2-Amino-4-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-butyric acid;
(4-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-acetic acid;
35 (4-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-oxo-
ethoxy}-phenyl)-acetic acid,;
(4S)-4-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenoxy)-pyrrolidine-(2S)-2-carboxylic acid;



phenyl)-acetic acid; 35

(4-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R 5S)-2, 5-di net hyl - pi perazin-|-yl]-2-
oxo- et howglospbssnyl ) - acetic aci d; PCT/IB02/03989
(4S)-4-(5-Brono- 2-{2-[4-(4-fluoro-benzyl)-(2R)-2-net hyl - pi perazin-|

-yl ]-2-o0xo0- ethoxy}-phenoxy)-pyrrolidi ne: (28) 2-carboxylic acid; WO

03/ 035627 PCT/1B02/03989 -12 5

(4S)-4- (5-Brono- 2-{2-[4-(4-fluoro-benzyl)- (2R 59)-2,5-di met hyl - pi perazin-1-
yl]- 2-oxo-et hoxy} phenoxy) - pyrrolidi ne-(2S)-2-carboxylic acid;

() - O o ot P e o b 2R 88 B O 2l
(o7, el st Byt 852,50, 01V gy per i -3
(ZS) 4- (5- Chl oro(ﬁs){"};’ I g“'?@'i‘ i%@r( 'H%fﬁztgﬁ”fﬁt&%%%)) é% %Matpﬁgﬁz'”pfﬁ'ér azin-1
-yl ] - 2- oxo-pedpethdxyP I%WV))T—ﬁté[HyDﬂ)yrﬂillﬂlﬁe-ZZS)al Emshyii€ adig; d;

S’ Bgﬁgﬁyf){gc[eg ,%%R%)a% %&nlél S SR YR 58 DS RZI Siphtdinci S50 €t hox

(}5 BrﬁWQolZ) &%{oﬁ&l@xy?—pﬁéri@)@)—ﬁ’ynbﬁdnﬁé -(2%)@-Reiylid adid; per azi n- 1- yl ] - 2- oxo- et hox
- en nmet S

(L B ono: 2. {2 | 4 HS-HT G BRLETE - TusiRy s R, TSR ey Ppetpn b b o.

et hoxy} phenyloxsadtheny hérfoa idkdine-2-carboxylic acid; | _—
Koo 20 ﬁoii}[éméﬁw -%é?ﬁéﬁgétﬂt%%i#ﬂ@% 2h 2SI R LR V1 1- 20
( 5- Brono- 2- pRehyh)-4cttit beigy o- benzyl ) - (2R) - 2- net hyl - pi per azi n- 1-yl ] - 2- oxo- et ho
Xy} - phenoxy) ac %I Cc ac

L ) B T o a3 16BN 2 ity - luoro her AR P A MY O o 0- et ho

xy}- phenoxyhefifiebapesdfehdmtideci d; 25

(5, Bromo- 2. (2 [ 44 & 1180191 PRPZYL) A8 Br B itk BRSLAZ) G bgbl -2 oxo-et o

xy}- phenyl) - acet

( 5- Br ono- 2- {ethdxfiphénylimettizmebaifonsmide( 2R) - 2- et hyl - pi per azi n-1-yl ] - 2- oxo-et ho
- phenyl) - net | £ opapmi de; , _ ,

B o oo 12 T 4 BB ere e TSy bR ER 52 5 R Pog Ay -2

x0- 30 ebhoxoxbestenll)detiemebuRasyidepcet i ¢ aci d;

(5-Bromo-2- {22 [4(g§ 5@@%{?&?&@&@3 béanl)?fﬁ)-zz-methy'l USRI AR AR P

Xx0- et hoxy}-phen
phenoxy)-acetic acid;

(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenoxy)-difluoro-acetic acid;
25 (6-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-acetic acid;
(6-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-methanesulfonamide;
(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
30  ethoxy}-benzylideneaminooxy)-acetic acid;
(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenoxy)-acetic acid;
(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-oxo-
ethoxy}-phenoxy)-difluoro-acetic acid;
35 (5-Bromo-2-{2-[4-~(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-acetic acid;
(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-methanesulfonamide;



(5-Bronmo-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2,5-di net hyl - pi perazin-1-yl]-2-0
Xx0- et hoxy}-phenoxy)-difluoro-acetic acid; 35

( 5- Br ono-we{024036271 4- f | uor o- benzyl ) - (2R, 5S) - 2, 5- di net hyl - pPpenBE/0398h- y1 ] - 2- 0
x0- et hoxy}-phenyl)-acetic acid;

(5-Bronmo-2-{2-[4-(4-fluoro-benzyl)-(2R 59) -2, 5-di net hyl - pi perazin-1-yl]-2-0
x0- et hoxy}- phenyl ) - met hanesul f onani de; "D 03/ 035627 PCT/ | B02/ 03989 -13 5
(5-Chloro-2-{2-[(2R) - 2-et hyl - 4- (4-fl uoro-benzyl) - pi perazi n-1-yl ] -2-oxo-et ho
xy}- phenoxy)-acetic acid;

(5-Chloro-2-{2-[(2R) - 2-et hy) -4-(4-fl uoro-benzyl)-pi .

perazin-2-yl]-2- dﬁd@%‘%%ﬁ&%ﬂéﬁﬁhﬂl'f"fzg'@lé?ri‘" eaél%;’)lgerazm-1-yI]-2-oxo-ethoxy}-

(5-Chl oro- Z-dhanJ))(y?—B%etiZ:-a@Idlf;\%” -4-(4-fluoro-benzyl)-pi perazin-1-yl]-2-oxo-etho
xy}- 10 phenyl) - net hanesu i de; . .

(5 il or b5 12 [ AB RS arte 3BT Bl uprorera HIPRGFT e? GO | - 2- oxo
( 5e'a]h|oxy} i ghmgﬁ%lia@ﬁegbid;. af:i o I 2R) - 2 hyl - pi in-1-yl]-2

0 thoxy) - phenyl \EHARR AL RS Ao Senyif perbzini %S SE-Bhaf | == 0
( 5- Chl or- 2-pghénjimethadedlifbharide- benzyl ) - (2R 5S) - 2, 5- di et hyl - pi per azi n- 1-yl
] -2- oxo-ethoxy}- | ) - i cid; . .

(5-Chl oro-2-{2-] 48@%@@{2&%@%‘9E‘H?f?gﬁej‘gx'&ﬁ%éjm?,hétp&?%ﬁ"Pf9/1Yﬂ'&|‘?3ﬁ8f azin-i
-yl']-2- oxo-edidgkpienphansticadet hanesul f onam de; _ _

(5 Ol oro- 2 {2 [ 4 b5 0a DER o2l PR Wb R SR Rt 2 0x0- et

oxy}- 20 phenyl) -

( 5- Chl or o- 2-étRoxyRplehyl-imeliianebaifohyidel 2R) - 2- met hyl - pi perazi n-1-yl ] - 2-oxo-eth
- ph |) - met | f j de: : . :

(52t brBe 51 20 [ A5 TSP a T o bore RIS A AP LY R - 1] - 2-

OXO-Cth hOXy}oxﬁkwka/})plﬁ?biacet&iddﬂ;l ™ di hyl - pi in:l-vyl

Crio- et hoxy}- pher T REPHatE Lt PEHaR By - eR 5S £ Brieti ppelah?fyfiz: -1 1-2

(5- Chl or 0- 2-dx3-eltfbx{¥ptienyipntetieragitiohamide; _

(2R,59) 2. 5- di et Bl i pb BRO R\ Lerlont deny 58 2Sh AR seP ST M 258 s -

(5- Chl orm- 2-ghényitadedicbtidor o- benzyl ) - (2R) - 2- net hyl - pi perazi n-1-yl ] -2-oxo-eth

oxy}- 30 phenoxy)

(52t or oF 2 { 2. | A5 BJR Hhstigrbenaty CRHAar R ARsgRAn V20091 b o o h
oxy} - phenyl)-methanesulfonamide;
(5-Chloro-2-{2-[4-(4-chloro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-acetic acid;
25 (5-Chloro-2-{2-[4-(4-chloro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-methanesulfonamide;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-oxo-acetic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
30  phenoxy)-acetic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenoxy)-difluoro-acetic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl}-2-oxo-ethoxy}-
phenyl)-acetic acid;
35 (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonamide;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-

phenylmethanesulfonylamino)-oxo-acetic acid;



phenoxy)-di fl uoro-acetic acid;

(5-Chloro-2-{2-[4-(4-fl uoro-benzyl)-(2R)-2-nethyl - pi perazi n-|

-yl ]-2- oxwoaBlssey} - phenyl)-acetic acid; 35 PCT/IB02/03989
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-nethyl -pi perazi n-1-yl]-2-o0xo-eth
OoXy}- phenyl ) - met hanesul f onam de;

(5-Chloro-2-{2-[4-(4-fl uoro-benzyl) - (2R)14‘2 met hyl - pi per azi n-|

-yl ]-2-o0xo-et hoxy}- phenyl met hanesul f onyl am no) - oxo-acetic acid; WO

03/ 035627 PCT/1B02/03989 -14 5

Chl 2-{2- fl 2R, 5S h ] -2-
(()>5<o e?[]gxy} { beﬁ%&@?ﬂ‘i’ 53% g‘r#‘i‘?\éﬁ 2’%1'{(%'9 )éé) %3 ddmgﬁgd ;}(pergznﬁo? ﬁzzl oxo- R
(5I ?h;oggOZgrﬁygi%&%Zii@%WMn@ydckué&Eﬁ -5S) - 2, Sedl met Elyld pi perazi n-|1
()é Chl or 0- 2- { 2- [ié -Ehlore- ot {f‘ % ? ezl %%?gbg 5 @Pﬁ‘@ﬁmefﬁ?"béryﬂﬁ TROr
-yl] - 2- ox0- elfbx@thmednesd rmxm)oxaca%tewd adi@t hanesul f onani de;

(5-Chl oro-2-{2- 4-f | e th in-1-yl]-2-
oxo- et hoxy}- ben ké‘[‘i’lr s §%$4 F‘ @t‘%’q %“(Zé(gl(ﬁé %ngg ddmgﬁy' a(pergz"ﬁj? ﬁzz ox0-
(5-Chl OEO Ze{rayﬁ{(}abe(néylbky;%_@tyhaatpgbésfg&arﬁ&a 2, 5-di et hyl - pi perazin-1-yl]-2-
(5 Chtor o 3 (o [ ASEHor G aar L a2 h2 SRR R MR ROL y 1 | - 2-
0x0- et hoxy Jethurgaserizylisalidmdyl)faeeticasid;c aci d;
(5- Chlor02{2[ th 1-yl]-2-
oxo- et hoxy}- phe%’&r’?ﬁ%ggé&&r%% %Eﬂ?@%ﬁﬁgg ddmgﬁw B(pergzu?? ﬁ72| 0x0-
( 5- Chl or o- 2-efhbx|¥pHetoky)aeetr dsdizy| ) - (2R 5S) - 2, 5-di net hyl - pi perazi n-1-yl]-2-
(5 chtorlg. o (2 | A Ehoro gt G ety b BQ(@%%S?% Frabrrr A RoL y1 | - 2.
e )
-Chloro-2-{2-[4-(4- -benzyl ) - \ =2~ 9-di razj n-1-yl]-2-
oxo- et hoxy}- pyri? | loéo'gﬁé%%b?”%%é?@ﬁéﬁ)ﬁ?%gé?mgﬁ ;}[pergzuﬁ)? ﬁzz Sior
(5-Chl oro- lzie&tﬂ)ﬁ[/ﬂpﬂeﬁyﬁﬂdﬂﬁd’r\-@s@mylﬁbdetkéad5S) -2, 5-di met hyl - pi perazin-1-yl]-3-
oxo- propyl}-phe -a i 1 d; , . .
[(4- Chl of - 2-{ 2- Ré’rﬁﬁ@r Paeib iR PR &Y Ssip AR ER B2 |
-yl ]-2- @0- etfidxgkpenpifsiydnktbulfingimitofors-acatiderid,
JERIEE R st e TR TR SR
ethoxy}-phenylsulfamoyl)-acetic acid,;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-pyridin-3-ylamino)-acetic acid,;
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N-[(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
30  oxo-ethoxy}-phenoxy)-acetyl]-methanesulfonamide;
N-[(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acetyl]-methanesulfonamide;
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N-[(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
acetyl]-methanesulfonamide;
35 N-[(5-Chloro-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-
ethoxy}-phenoxy)-acetyl]-methanesulfonamide;
N-[(5-Chloro-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-acetyl]-methanesulfonamide;



25

N-[ (5-Bronp-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-nethyl -pi perazin-1-yl]-2-o0x0
et hoxy} - pWerang¥62acet yl | - net hanesul f onam de; PCT/IB02/03989

N-[ (5-Brono-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-nethyl -pi perazin-1-yl]-2-oxo-
et hoxy} - phenyl ) - acetyl ] - met hanesul f onam g

N-[ (5-Bronp-2-{2-[4-(4-fluoro-benzyl)- (f 5S) - 2, 5-di net hyl - pi perazin-1-yl]-
2- 30 oxo-ethoxy}-phenoxy)-acetyl]-methanesul f onani de;

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

N L(5 Br o 2. {2 AUk ede Dt IRe Sen Az RE 2 meshyPootaeis LYABRS- pheny! )
I-\l- acgt >(l:lh} o??t r’g:&{}e;mdnillgaaaylpm,ethaﬁesulfznafr?lggr azin 2- 0X0-
et Lgxy} phenoxy) %ﬁké%\/ Ofoﬁ"g{zﬁg{?e%ﬁ' "I‘%ﬂgﬁ{‘ @ (950‘5@; 2) 5> 8"%% p'peraz'ny1 Jl]

N- [ ( 5- Chl or @-dkofethdxyRpherdt)aicatyl-mét{ahesllfonamideenzyl ) - pi per azi n- 1-yl ] - 2- oxo
et hoxy} - phenyl) - gL vl - B hanGsYl QR AorY L AR REAL PR bR/ 03989
N—[(5 ?leorietrﬂaﬁyppﬂeﬁyloacétylﬂnéthaoerbem?lgé) (2R) - 2- et hyl - pi perazin-1-yl]-2-
oxo- et hoxy}-phe u
N-[ (5- Chl or o- 2- {%}I{&'C?' ¥(#HT§4 %orﬁ %?&%1?%??§ dl@e@yhpp@rgwﬂ %%er azin-1
-yl] 2-oxo- ewb@w)}(y}mxenylb }aeétwpmyih]anemnfbmsegl f onam de; _
10 et oy} - pheny e P IEERREY BRI etk Bl 3 Soxs Y1 | -2 0X0-
N-[ (5- Chl orm%xy}%ﬁeﬁokﬂ-acbﬂymnmtﬂw\ezwohamm 5S) - 2, 5- di et hyl - pi perazi n-1-yl ]
2 GOy Rt s e AR BB DRI o 201 . oo
et hoxy} - pheruﬂaqx)'}-[ate‘ayly-la]:emlpmemaeesulfbmdeﬁe 1s
N-[ (5-Chl oro-2-{ 4-f ro; b R% % %h&( tR per azi.n- )él] 2- 0X0-
et hoxy} - phenyl ) - i‘%gém r?ré"ﬂ%é‘ﬁ@s@ %h%ﬂ%&ﬁ‘ R, S{nj methylpiperazin-1- yI]
N- [ (5- Chl or @xa@-efhdx]¥phehoky)aaetyl- benmpb$ulib25tnlﬁl$) 2, 5-di et hyl - pi perazi n-1-yl ]
-2- 0xo-et hoxy}- ane i.de: . .
(2 2 eLnoy) RBRAG B9ty A ISt DRSS SR e 1
-2 20 0x0- etdroxctHoxpleenyl)-acetd]- X-I‘Iﬂjera-h‘ehszesmﬁmamsul fonam de;
N-[ (5- Chl or o- 2- {E*Qﬁﬁ(hfr %g?r‘f)-‘lb@nﬁ %{] gl%%gé é 5 d| ﬁée i) %m n-1-yl]
- 2- oxo- et hoxy} Y )Li 0 b héSHip £asn-
N- [ ( 5- Chl or @xa@-efridxj¥phehyl)-acatyip2-ettry-benzeAesUifBharRidb: d| rret hyl - pi perazi n-1-yl ]
-2 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acetyl]-4-fluoro-benzenesulfonamide;
25 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-
oxo-ethoxy}-phenyl)-acetyl]-4-methoxy-benzenesulfonamide;
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acetyl]-4-methyl-benzenesulfonamide;
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
30  oxo-ethoxy}-phenyl)-acetyl]-benzenesulfonamide;
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acetyl]-C,C,C-trifluoro-methanesulfonamide;
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acetyl]-C-phenyl-methanesulfonamide;
35 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acetyl]-methanesulfonamide;
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acetyl]-sulfamide;



0x0- et hoxy} - phenyl )-acetyl]-4-fluoro-benzenesul fonam de; 25
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi perazin-1-yl]
- 2- oxo- ewlbawpssephenyl )-acetyl]-4-nmet hoxy- benzenesu | f onaaiTdB(2/03989
N-[(5-Chl oro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi perazin-1-yl]
-2 oxo- et hoxy}-phenyl)-acetyl]-4-nethyl - benzenesul f onani de;

N-[ (5- Chl or 0- 2- { 2- [ 4- (4-f | uor o- benzyl ) -8R 5S) - 2, 5- di net hyl - pi perazi n- 1-yl ]
-2- 30 oxo- et hoxy}-phenyl)-acetyl]-benzenesul f onan de;

N-[(5-Chl oro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi perazin-1-yl]
- 2- o0xo-et hoxy}-phenyl )-ace -trifluoro-nethanesul f onam de;

vl (5 Crforo- - By B G S G ELugtop e hancoul g de:

- 2 0xo- et hoxy, fﬁ,dﬁcgaﬁyb(}et -ReaYesuisidmmagsul f onam de; 35
N-[(5- Chlor02{ g | uor o- enzyl) (2R, 55) - i meth

-2- oxo- et hoxy} - phiéer{ Qr%fg'ég'% {4 fhorarbepayiPing Zhgl-g-oxo etR/OXy} pr%%gl I?_zi n-1-yl]

N-[ (5-Chl or%g,}yﬂ_%eﬁmgmfdngm;o@- benzyl) - (2R, 5S) -2, 5-di net hyl - pi perazi n-1-yl ]

- 2- 0Xo0- et hoxy E 11 ul fam de; WO 03/ 035627 PCT/ | B02/ 03989 -25
5 N [3- ()é -{2-[(2R)-2- Et yI-4 (4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-ethoxy}-5-

N- [ (5- Chjgor Qnam{l%héAmd%ﬁ\-oﬁ.bhw]tmethsﬁb@mlfana&ra&é 5S) - 2, 5- di net hyl pi perazin-1-yl]

-2- 0Xo0-et hox et hanesul f onam_d

N- [ ( 5- Chl or o- 2- {Z\Y -[312e{2-141 Kﬁ%&uef%@ﬁzxﬁl 12BethyrniRerazin--vi- 2098@ LRBYkY - phenyl

) - acetyl ] - rpdthapasmiiss Bhﬂﬁn th lfonamid
N[3-(2-{2- [(ZQ?J"b 'E{f-& 4 4 ?Iﬁ%ersg %rgrg )e%% erazin-1-yl]-2-oxo-ethoxy}-
f

5- 10 nethyl - pherN][3)'(2 tf;‘b‘”o Wipro-baozyk ealéyl piperaziri- 1-]yl] 2-0X0-
N-[3-(2-{2- [en gEHéﬂmpb@r%;ﬂram&@ﬁ)m&hmm&nam@eraZI n-1-yl]-2-oxo- et hoxy}

-5 net hyl - pheny met hanesul f on

N[ 3- ( 2- 1{52 [4-(4 N- %@rgjﬁ-zc}‘[lfypp t(ezpy g@ﬁ @S)@ @-dlmethyl piperazin-1-yl]-2-oxo-
i met hyl - pi p%rtl@e%(?l}?pﬂenyl)-brébld?fyﬂ-methanesulfonamlde

et hoxy}-5-neth Ne_ enyl) - propi onyl ] - met hanesul f onani d
N[ 02 {20 Lo {4 TG b o ook B R S5 S R PRSI KA R:210y 1 1 - 2- ox0-
et hoxy} - pheryh Pt dinTR wrﬁarféeulfonamm
N-[3-(3-{2- [46(x£yl}3@|§: uo@gwﬁenzi/;y[l))g 5-d i net hyI pi perazjn-1-yl]-2-o0xo0
et hoxy} - 6- net hyl Njﬁr PeBrPMR:= Al ﬁFQfBTbSHW')I(-Zﬁé'?ﬂ%@QIE’FHe%H? éfuz'z'oxo'
N- [ 3- (5-A8r ongnoky &Mn(oéop‘ddyqrn%tmgmfoham@) 2- rret hyl -pi perazin-1-yl]-2-oxo
- 20 et hoxy}- phe l\}é'{) {?rl]é nesul f ona
N3 (5 Br oo - I R OrA G B o P PIHOBE 2 sdiethy-piperazin-i-yI-2-
i met hyl - pi pejx@zitvx Mdnyl?—proplonyl] methanesulfonamlde
0X0- et hoxy} - phenyl ro nQIZ] anesul f onam
8‘5 Chloro -{2-[4- (4-ﬂuoro benzyl)- (2R) -2- methyl piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-propionyl]-methanesulfonamide;
25 N-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-propionyl}-methanesulfonamide;
N-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-
oxo-ethoxy}-pyridin-3-yl)-propionyl]-methanesulfonamide;
N-Acetyl-5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-
30  2-oxo-ethoxy}-benzenesulfonamide;
N-Acetyl-C-(2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl}-2-oxo-
ethoxy}-5-trifluoromethyl-phenyl)-methanesulfonamide;
N-Acetyl-C-(2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-5-trifluoromethyl-phenyl)-methanesulfonamide;
35 N-Acetyl-C-(5-bromo-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl}-2-
oxo-ethoxy}-phenyl)-methanesulfonamide;
N-Acetyl-C-(5-bromo-2-{2-[4-(4-chloro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-methanesulfonamide;




N-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-nethyl -pi perazin-1-yl]-2-o0x
o et hoxy}-phenyl) - propionyl]-net hanesul fonam de; 25

N[ 3- ( 5- GvDeBW033827 2- [ 4- (4-f | uor o- benzyl ) - (2R, 5S) - 2, 5- di nePhyIBW/(3e8%zi n- 1-y
|']-2- oxo-ethoxy}-phenyl)-propionyl]-nethanesul f onam de;
N-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi perazin-1-y
i]-2- oxo-ethoxy}-pyrid in-3-yl)-propioifyl]-nmet hanesul f onam de;

N- Acet yl - 5-chl oro-2-{2-[4- (4-fl uoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi perazi n-
1-yl]- 30 2-oxo-ethoxy}-benzenesul f onam de;

N Acetyl -C (2-{2- I -b 1 )).- (2R) - 2- net hyl_- pi i 2- -
cthowy) - 8111 11| udFAREV TS BB HelbrraRes bl e S e pipefadin =~
N- Acet yl hC— (1}?y|]£20{<61-?llhéxyf}lpmenyﬁ) rlnethayés)ulifér?dhaﬁ) 2, 5- ](CZII met hél pi per azin-1-yl]-
2 oxo-ethoxy}-5-t (o) onam de;
gp Acet yl tﬁ- ( Sbbr ;ﬂ‘é?ﬁ ﬁ@l Zszu%gr@}dﬂtﬁm( Wﬁéﬁ!{) Zﬁaﬂ%jf'm‘p%‘f‘%ﬂdﬂ %i-1-yl ] -
- 0X0- et hoxoxp-effivapyphenppirictizme an e;
N- Acetyl - G (5-br { benzyl) - - 2- et hyl - pi perazi n-1-yl ]
-2- oxo- et hoxy} - gﬂgﬁél gﬁipﬁ?é??eég'@cf%%?r& ,G“M'é@'?é?g%' ’P%G?IZU)‘B%Q
;\I-Zicgt yIlOC (1éy”b$ onn etho>{<y} phznyl)élmgthlanesuIforéamigcle; 2R, 5S 5- di jret pi per azi
e o b o
cetyl - G (dxo e amideenzyl ) - -2-nmet hyl - pi perazin-1-y
-2 -eth f 1 de;
N- Ag)é'? ny COE%} bfm&i@ {(g'?ft[ [i% ?rﬂs#&dg'pgg{?gﬁﬂﬂ'W{Z!'ﬁ?,(%?é)z-'@,e@y BRIRRRAHT Y per azi
n- 10 1-yl ] -Rexoxah@tyhphety)mhetnaresulf@iahideesul f onani de;
e oG e Pt PR P e oo -1
N-Acet yl - C (pipetdiro-91]-2-dxd-dtHoxyBpHengl) imdtitanestioaapide; ( 2R) - 2- met hyl - pi per azi n-
N Acet yi - O (- chiRSee BT o oA BRSPS Y mrtneosssain ety -
pi per azi n- 1-oxblethidxgishealhmeanpfigionhmideet hanesul fonam de;
N- Acet yl - G (5-chloro 2I L 0: be 2, Z?FQ L pi perazi n-1|
-yl ]-2 oxo- et hox '\fAfﬁ% ‘{yfﬁ Iﬂ%’%’%@ﬁé@% FB'ﬂr ') 852, Bimet yl-piperazin-
N- Acet y120C- (15ylerbxg-ethdxy}dhbdy kK rhethbhesuforzemidy:| ) (2R, 59) - . 2, 5-di net hyl - pi per az
oot L % RS BReT kLRSS OB S oran 12 1
]-2- oxo-ethoxy}-phenyl)-methanesulfonamide;
N-Acetyl-C-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-
yl}-2-oxo-ethoxy}-phenyl)-methanesulfonamide;
25 Propane-1-sulfonic acid [(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-
dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetyl]-amide; and
Propane-2-sulfonic acid [(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-
dimethyl-piperazin-1-yl}-2-oxo-ethoxy}-phenyl)-acetyl]-amide.
In one embodiment, the compound of formula 1 is:
30 (2-{2-[4-(4-Fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-5-
trifluoromethyl-phenyl)-methanesulfonamide;
(2-{3-[4-(4-Fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-3-oxo-propyl}-5-
methyl-phenoxy)-acetic acid;
(4-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl}-2-oxo-ethoxy}-
35  phenyl)-acetic acid,;
(5-Bromo-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonamide;



0x0- et hoxy} - phenyl) - met hanesul f onam de;

N- Acetyl -C (5-chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi peraz
i n-1- yl JwB-0amsseer hoxy} - phenyl ) - met hanesul f onam de; 25 Pr @panBe2/03989 f oni c
acid [(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R, 5S)-2, 5-

di et hyl - pi perazi n-1-yl]-2-oxo- et hoxy}-phenyl)-acetyl]-am de; and

Propane- 2-sul fonic acid [(5-chl oro- 2-{2'—2f'4-(4-f | uor o- benzyl)- (2R 55)-2,5

di met hyl - pi perazi n- 1-yl ] - 2- oxo- et hoxy} - phenyl ) -acetyl ] -am de. In one
enbodi nment, the conpound of formula I is: 30

B
(2I {33[4 (4e'Fde9{pﬁer|il,¢)ﬁ7eyﬁa)1eétﬁan5lﬁ)de2 5-di {ret hyI p| perazin-1

. -3- -pr cetic a
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oxy}- 35 ghqjgyhyl)smﬂtaadam d4 o I . .

5-B -2-{2- - 2- -4- uor - pi zin 0xo0- et hox
vy phenyt) et hARCORT SRl Hedr o SRR PP G B gt i £ 6%
gtShE;o;rugé;]{elft};d;ﬁ-;ﬂﬁr?y@ﬁe?md@mzgI_) (2R) - 2- et hyl - pi perazi n-1-yl ] - 2- oxo-
(5- ohi or o, 2¥{ 2- (‘%ﬁ’éq'gt{%g‘?@ﬂ?%ﬁq"f’?%P‘éz%éﬁ)z%ﬁ)d-"B?‘B)é'r%i%fﬂ%"1'-1 WhZPCsx0- et ho
Xy}- phenyl Jetraxgl-behzgioky:acetyl methanesulfonamide; o oo
2 el e il s 2 R 5112
(5- Chl ;)ro 2ﬁﬁiﬁnd}%yﬁbh%%aﬁﬁf@&ia}rnr{@ﬁci&ﬁ)ac&i 5- d| met hyl - pi perazin-1-yl]-2-
oxo- et hoxy} -

(5 ol O 5. {5 pretiom s s iR Ppet (é%%%iz%e@li"ﬁﬂ’ttheﬁ?'ﬁerﬂ]z?n 1yl]-2
- 0X0 31 IhyI ard;a{@]éhonp%n?ma-matgmnytdleamambkylmtd g amt ﬂ | 15 e 1oyl ]
2-(5- 0-2-{2-[A-(4- or o- ben - - me = zi n-1- -
>~ oxo et hoxy} - picassli it bR AR S SaattR e i ke et
3-(}2-{%-[4; ﬁ&hylmnidﬁpmpbhrc(azla 53) ;12, 5-di net hyl - pi perazi n-1-yl]-2-o0oxo0-eth
oxy} - me : . ,

VL i oror b { bR T bp Ry 2 et PRSI B R0 - 2- oxo-
20 et hoxy} - plrexyl-pheagl)-ptiyic @id;d;

3-[3-(5-Cnloro- 2_3{-[5-_(£-%h§oro B! A-Gmiens Xer?zy‘) %5-){ nmypzlper%z#\e -)ﬂ]z 55 Ak V! I-2-ox

O_
ethoxy}-phenyl)-ureido]-propionic acid;

4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-4-oxo-butyric acid;
25 5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yi]-2-
- oxo-ethoxy}-phenoxy)-5-methyl-pyrimidine-2,4,6-trione;
6-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenoxymethyl)-nicotinic acid;
C-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl}-2-oxo-
30  ethoxy}-phenyl)-N-(3-hydroxy-3-methyl-butyryl)-methanesulfonamide;
C-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-N-hydroxyacetyl-methanesulfonamide;
N-[(2-{2-[4-(4-Fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-oxo-
ethoxy}-4-methoxy-phenyl)-acetyl]-methanesulfonamide; or
35 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acetyl]-4-fluoro-benzenesulfonamide.

In another embodiment, the compound of formula | is:



et hoxy} - phenyl ) -urei do] - propi oni ¢ acid;
4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-net hyl - pi perazi n-1-yl]-2-oxo-
et hoxy} - pWenglo}s647 oxo- but yric acid; 25 PCT/IB02/03989
5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi perazin-1-yl]-
2- 0xo0- et hoxy}-phenoxy)-5-nmethyl-pyri md ine-2,4, 6-trione;

6- (5-Chl oro-2-{2-[4-(4-fl uoro-benzyl )-(fﬁjSS)-Z, 5-di net hyl - pi perazin-1-yl]-
2 0xo0- et hoxy}-phenoxymet hyl )-nicotinic acid;

C (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-nethyl - pi perazi n-1-yl]-2-oxo-

3 th h I th I t t | f i de;
O (5 G g ol e B AT SR P A e bbb R st - 1-y1 ] -
2- oxo-etho ﬁa@g}em;yll.)zd&ol:a(m)dyp mggydutymtala‘@nesul f onam de;
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x0- 10 et hoxthodp aetruw@;) acetic acid;
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selected from autoimmune diseases, lupus, acute and chronic inflammatory
conditions, allergic conditions, inflammation associated with infection, viral, chronic
bronchitis, xeno-transplantation, transplantation tissue rejection, atherosclerosis,
restenosis, HIV infectivity, and granulomatous diseases.

30 In another aspect, the present invention relates to the use of compounds
according to formula I, wherein the use comprises administering a pharmaceutically
effective amount of a compound of formula I, or a pharmaceutically acceptable form
thereof, to a mammal to treat or prevent a disorder or condition that can be treated or
prevented by antagonizing the CCR1 receptor in a mammal.

35 Furthermore, another aspect of the present invention relates to the use of
compositions comprising compounds of formula | or pharmaceutically acceptable forms

thereof, wherein the use comprises administering a pharmaceutically effective amount
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pharmaceutically acceptable acid addition salts of the aforementioned base
compounds of this invention are those which form non-toxic acid addition salts, i.e.,
salts containing pharmacologically acceptable anions, such as the hydrochloride,

25 hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid phosphate,
acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate, maleate, fumarate,
gluconate, saccharate, benzoate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate (i.e.,
1,1'-methylene-bis-(2-hydroxy-3- naphthoate)) salts.

30 The invention also relates to base addition salts of formula I. The chemical
bases that may be used as reagents to prepare pharmaceutically acceptable base
salts of those compounds of formula | that are acidic in nature are those that form non-
toxic base salts with such compounds. Such non-toxic base salts include, but are not
limited to those derived from such pharmacologically acceptable cations such as alkali

35  metal cations (e.g., potassium and sodium) and alkaline earth metal cations (e.q.,
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.
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preferred in some circumstances. Isotoprcally labeled compounds of Formula I of

25 this invention and prodrugs thereof can generally be prepared by carrying out the
procedures disclosed in the schemes and/or in the Examples below, by substituting a
readily available isotopically labeled reagent for a non-isotopically labeled reagent. -

In this specification and in the claims that follow, reference will be made to a
number of terms that shall be defined to have the following meanings:

30 Unless otherwise indicated, “alkyl” referred to herein may be linear or
branched, a and they may also be cyclic (e.q., cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl) or bicyclic (e.q., norbornanyl, bicyclo [3.2.1]octane) or contain
cyclic groups. “Alkyl” includes alkyl radicals, generally known as alkylenes, including,
but not limited to, methylene, ethylene, propylene, and the like. They may also contain

35  zero to two levels of unsaturation and may be optionally substituted with 1, 2 or 3
substituents independently selected from the group consisting of but not limited to:
halo-, HO-, NC-, H;N-, (C,-Cs)alkyl-NH-, [(C4-Cs)alkyl]N-, HO-(C=0)-, HoN-(C=0)-.
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25  1-yl, piperidinyl, thiomorpholinyl, 1,2-tetrahydrothiazin-2-yl, 1,3-tetrahydrothiazin-3-yl,
tetrahydrothiadiazinyl, morpholinyl, 1,2-tetrahydrodiazin-2-yl, 1,3-tetrahydrodiazin-1-yl,
tetrahydroazepinyl, piperazinyl and chromanyl. Said heterocyclyl group at least one
carbon atom, wherein the heteroatoms may be any combination of N, O, or S.
Preferably, the heterocyclyl group is attached through a carbon or a nitrogen atom
30 and may be optionally substituted with 1 to 4 substituents independently selected from
the group consisting of, but not limited to: H-, HO-, halo-, oxo-, HN=, (C,-Cg)alkyl-,
(C1-Cs)alkyl-O-, HO-(C4-Cs)alkyl-, NC-, H,N-, (C4-Cg)alkyl-NH-, [(C4-Cs)alkyl]N-, H,N-
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(C=0)-(C4-Cg)alkyl-, H,N-(C=0)-, HN-(C=0)-(C4-Cs)alkyl-, H;,NSO,-, (C4-Cs)alkyl-
35  SO,-NH-.
“Heteroaryl” refers but is not limited to furyl, thienyl, thiazolyl, pyrazolyl,
isothiazolyl, oxazolyl, isoxazolyl, pyrrolyl, triazolyl, tetrazolyl, imidazolyl, 1,3,5-
oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,3-oxadiazolyl, 1,3,5-thiadiazolyl, 1,2,3-thiadiazolyl,
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qui noxal i nyI qu@Ya?B‘F‘m%/ﬂPF“téﬁ?HY a%ﬁ%i@aﬁ mERNt appigrialdhatis e Oﬁg'ﬁ%ﬂy or
cont ai ngypat dtl@e’ﬁﬁse%@eﬁ@b@ne atr@rﬁwaﬂéhﬁfn‘?éybé AEminRered RAArORBIvIABY iithoany
conbi nati on of N, .. Preferabl he heteroarétﬁ grougm)l s attached

through a c&PH8RY SF‘Y é“t?ﬁtﬁr}t'al&)éﬁ‘f‘dﬁ%t?'éh@ RGR! BecERPN IR b deIPleliPe with

1 to 4 substrhinHRtih laﬁ?'@ﬂlﬁ@‘éﬂﬁr'cﬁm?@ﬁé?ﬁé@ﬁbE)ﬁé?ﬁﬁbb&ﬁlcgrévﬁﬁbo%maﬁirﬁWhlalﬁlltOf
but not 15I|mtedto : : oxo-, HN=, (C, 08)alkyl

(C, - C8) al kyI™Ry be gegtaiped.cg) al kyl -, NG, H2N-, (Cl-C8)al kyl -
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(e.g., cis and trans isomers) and all optlcal isomers (e.g., enantiomers and
diastereomers), racemic, diastereomeric and other mixtures of such isomers, as well
as solvates, hydrates, isomorphs, polymorphs, tautomers, esters, sait forms, and
prodrugs. By “tautomers” is meant chemical compounds that may exist in two or
30 more forms of different structure (isomers) in equilibrium, the forms differing, usually,
in the position of a hydrogen atom. Various types of tautomerism can occur,
including keto-enol, ring-chain and ring-ring tautomerism.
The following reaction Schemes illustrate the preparation of the compounds
of the present invention. Unless otherwise indicated a, b, ¢, d, and R’ through R®
35  and structural formula I in the reaction Schemes and the discussion that follow are
defined as above. R refers to an amino radical that can be unsubstituted,
monosubstituted, disubstituted, cyclic or acyclic.



By "pharmaceutically acceptable” is nmeant a material that is not
biologically or 20 otherwi se undesirable, i.e., the material my be

adm ni st ewedstssean i ndi vi dual without causing any subst amCiraB02/03989

undesi rabl e bi ol ogical effects or interacting in a deleterious mnanner with
any of the other conponents of a pharnaceuti cal conp05|t|on in which it

may be contained. "Pharmaceutically acceptable forns" when used herein
refers to any 25 pharmaceutically acceptable derivative or variation,
including confornational isomers (ea, cis and trans isoners) and al

optical isoners .. enantionmers and diastereoners), racemnc,

di ast er eémerl c aﬁ'(ﬂ‘ed??fé'Pnﬁ‘ﬂ@(‘f‘%P Erpapatiogs @pd ﬁgBﬁggare&eSqu in geMEINYat es

hydr at es, H’?ﬁ&héo p&@i.rygrasmm@uonts@%mmUssnes)g/csasazzs fﬁ|e‘d M&aeneo, 200d,
pr odr ugs. "fautonmers” 1s neant chem cal ngounds th %y X 3 in two
19 grb G
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differing, uysdigstisures Bf Whigh BrRShddredtafld erdll 8 RgERNaé Mtheilahtirfetsfol yipes of

taut omeri sm can occur, including keto-enol, ring-chain and ring-ring
tautonerlsnPUTH§e$ollomnng reaction Schenes illustrate the preparation of
t he compgunds of the present invention. Unless otherw se indicated a, b,
c, d, and R1L through Re 35 and structural formula | in the reaction

Schenes and the discussion that follow are defined as above. R7 refers to
an am no radi cal that can be unsubstituted, nonosubstituted, disubstituted,
cyclic or acyclic. WO 03/035627 PCT/1B02/03989 -35 5 The reactions in the
Preparations and Schenes are described in commonly assigned co-pendi ng
application serial no. USSN. 09/821322, filed March 29, 2001, and
provi si onal copendi ng application serial no. 60/241804 filed Cctober 19,
2000, the disclosures of which are incorporated herein by reference in
their entirties for all purposes. 10 WO 03/035627 PCT/1B02/03989 -36 5
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10 benzal dehyde conpound of the fornula O (R) e Hin the presence of a
base, such as triethylam ne, and a reduci ng agent, such as sodium

triacet oxwbososssdri de, in an aprotic solvent, such as 1, 2Pdirahbé2r3est hane.
The reaction mxture is stirred at roomtenperature for a tine period

bet ween about 1 15 hour to about 4 hour% preferably about 2 hours. In
reaction 2 of Preparation A the conpouha'of formula I'll is converted to
the correspondi ng conpound of formula IV by first reacting a conpound of
the formula 0 H (H3C)3COy NH 0 (R3)c O WD 03/035627 PCT/1B02/03989 -47
5 wherein cis 0, 1 or 2, with 4-nethg“ nnrgholine and

i sobutyl ¢chl oroformate in the presen 5 pol ar aprotic solvent, such as
tetrahydrofuran, followed by reacting the internediate so formed with the
conmpound of forrruloétTJA%We The reaction mxture, so formed, is stirred
overni ght at anbient| tegperature. In reaction 3 of Preparation A, the
conpound of formnul "%’ converted to the 10 correspondi ng
piperizine-2,5-d%§§st¥;npound ofyfformula V by treating IV with
trifluoroaceticr@@cira”1n the presence of a polar aprotic solvent, such as
met hyl ene chloride.| The reaction is stirred, at roomtenperature, for a
time period between 0 1 hour to about 4 hours, preferably about 2
hours. In reaction 4 af Preffaration A, the conpound of formula Vis
converted to the 15 correspondi ng conpound of forrmula VI by reducing V

wi th a reducing agent, such as |ithium alum num hydride. The reaction is
conducted at a tenpgrature between about -10C to about 10C, preferably
about 0C, for a ti iperiod between about 10 mnutes to about 90 m nutes,
preferably about 40ym nutes. In reaction 5 of Preparation A, the conpound
of fornula VI is converted Yo the 20 corresponding conpound of fornula VI
by reacting VI w th chxﬁﬂbacetyl chloride in the presence of a base, such
as triethyl am ne, potag,Aproti c solvent, such as nmethylene chloride,
at anbi ent tenperatNre@gor a tinme period between 15 mnutes and 3 hours,

preferably about ut es.
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In reaction 6 of Preparation A the conpound of forrmula VI is converted to
the 25 corresponding conpound of formula VIIlI by reacting VI with acetoxy
acet yl chlwpiod®3ien7 the presence of a base, such as tri et hhplCanBm#39$m a
pol ar aprotic solvent, such as nethylene chloride, at anbient tenperature
for a tinme period between 15 m nutes aqg 4 hours, preferably about 1 hour.
The resulting acetyl -protected al cohol " reacted with lithium hydroxide
hydrate in a solvent mxture including water, 30 tetrahydrofuran and

met hanol , at anbient tenperature for a tinme period between 1 hour and 8
hours, preferably about 2 hours. In rgictiqy 7 of Preparation A, the
conpound”of fornmula VI is converted t < correspondi ng conpound of
formula I X by reacting VI with N-(t- Sutoxycarbonyl)glycine in the presence
of a base, such as dinethylanin8\ﬁyp/dine 35 and a coupling reagent, such
as 1-(3-dinethyl am nopropyl) - 3-et ylcarbodllnlne in a polar aprotic

sol vent, such as nethylene chlo R3t anbi ent tenperature for a tine
peri od bet ween 4 hours and 18 Eﬁ;rs preferably about 12 hours. The
resulting conpound containi (t-but oxycarbo¥lyl ) protecting group is
reacted with WD 03/035627 P / BOP/ 03989 -48 5 trifluoroacetic acid in a
pol ar aprotic solvent, such as netk e chloride, at anmbient tenperature
for a tine period between 30 m nuteg 1 _Ggrhours, preferably about 2
hours. One skilled in the art woul d>egogni ze that Preparation A allows
access to all the various isoners, diastereoners and enantioners of
formula VI. In particular, 10 Preparation A can be utilized to prepare
conpounds with the preferred sterlebchenmistry as depicted in the fornula:
(RB)¢c HN t Ni (R )aVia (R2)b In reaction 1 of Preparation B, the
compound of fornmula X is converted to the corresponding conpound of
formula XI by reacting X wwth an appropriate amne in 15 the presence of a
pol ar aprotic solvent, such as tetrahydrof@man. The reaction mxture is
stirred at anbient tenperature fq;%fh} peri od between about 1 hour to

about 24 hours, preferably about® yelN reaction 2 of Preparation B,
the conmpound of formula Xl is conv rted t ot correspondi ng conpound of

formula XIl by reacting XI with t nol in the
XXIX
G

X

(R"),

Z

(R"),



20 presence of a base, such as sodium hydride, and a polar aprotic sol vent,
such as dinethylformam de. The reaction is heated to reflux for a tine
peri od bevaman3mbout 1 hour to about 10 hours, preferabl yCahbedo3gsshours.
In reaction 1 of Preparation C the conpound of fornmula X I, where e is
1-4, is converted to the correspondi ng ﬁonpound of formula XIV by first
converting the 25 hydroxyl group to a cHPor o group by reacting XiIl with
thionyl chloride, in the presence of an aprotic solvent, such as nethyl ene
chloride. The reaction is heated to reflux, for a time period between
about 1 gour to about 10 hours, prefeigblé gbout 3 hours. The resulting
al kyl chrforide is then treated with t¥%i ic acid in the presence of a
base, such as cesium carbonate, in a polar aprotic solvent, such as

di mret hyl f ormam de at 30 anbient tenpergture for a tinme period between 6
hours and 24 hours, preferably albQut hours. In reaction 2 of
Preparation C the conmpound of fornmula XIVis converted to the
correspondi ng conpound of formula ¢ eacting XI'V with hydrogen peroxide
(aqueous solution) in acetic aciqggy nbi ent tenperature for a tine period
bet ween 6 35 hours and 24 hour sgyprgferably abou12 hours. WO 03/035627
PCT/1B02/ 03989 -49 5 In reaction 3|of Preparation C the conpound of
formula XV is converted to the corr di ng conpound of formla XVI by
first reacting XV with phosphorous pentgcHideride in an aprotic solvent,
such as toluene, at a tenperature bet n anbient and reflux, preferably
at reflux for a tine period between 1 hour and 8 hours, preferably 3 hours
to give the correspondi ng sul fonyl ﬁhhoride. The sul fonyl chloride 10 is
then reacted with an appropriate amjne in a polar aprotic solvent, such as
tetrahydrofuran, at anbient tenperature for, a tinme period between 3 hours
and 24 hours, preferably 12 hours. In redt¥ion 4 of Preparation C the
conpound of formula XVI is convertgd t '_ﬁhe correspondi ng conpound of
formula XVI1 according to the proce e d¥scribed in 15 reaction 2 of
Preparation B. In reaction 1 of Preparafjon D the conpound of fornmula XViI
is converted to the correspondi ng cgﬁbound of the formula XI X by treating
XVIIl with a reducing agent, sug l'ithium alum num hydride, in an

aprotic solvent, such as tetraﬁyarf*uran. The reaction mxture is heated
to reflux for a time period betweenur and 6 hours, preferably about

2 hours. In reaction 2 of Preparation reRGonpound of formula XIX is
converted to



t he correspondi ng conpound of the formula XX by first converting the
hydr oxyl group to a chloro group by reacting XIX with thionyl chloride, in
t he presewoasosséan aprotic solvent, such as nethyl ene chipemitH&/0338%e
reaction is heated to reflux, for a tine 25 period between about 1 hour to
about 10 hours, preferably about 3 hours. The resulting alkyl chloride is
then treated with a cyani de source, suct®as potassium cyanide, in the
presence of an aprotic solvent, such as acetonitrile and a crown et her,
such as 18-crown-6. The reaction mxture is stirred at anbient tenperature
for a tinme period between about 1 hoyr to about 10 hours, preferably about
3 hours. °30 In reaction 3 of Preparatggﬁiﬁifhe conpound of formula XX is
converted to the compound of forrmula XXI by treating XX with a hydroxi de
source, such as potassium hydroxide in,a mxture of ethanol and water. The
reaction mxture is heated to reflgx of a time period between about 1
hour to about 10 hours, preferabl;ﬂaﬁﬁﬁt 8 hours. In reaction 4 of
Preparation D the conpound of for W4 is converted to 35 the conpound
of formula XXII, wherein f is 1, by fijrst denethyl ati ng the methyl ether
by treatment with acid, such asg g ueous hydrogen brom de. The reaction
m xture is heated to reflux for a tijne period between about 10 hours to
about 30 hours, preferably about 24 . The phenolic acid is finally

4]

converted to the WO 03/ 035627 PCT/ | BO ®)% -50 5 correspondi ng conpound
of formula XXII, wherein f is 1, by tre&ing with ethanol in the presence
of an acid, such as hydrochloric acid, at anbient tenperature for a tine
peri od between about 8 hours to about ,16 hours, preferably about 12 hours.
In reaction 5 of Preparation D the cprmpound of formula XIX is converted to
the correspondi ng compound of formula XxXI1l, by treating XIX with an
oxi di zing 10 agent, such as Dess-Nhrtiﬁ peRPodi nane, in the presence of an
aprotic solvent, such as tetrahydgofurﬁﬁTat anbi ent tenperature for a tine
peri od between about 1 hour to aboﬁg/{G Rburs, preferably about 4 hours.
In reaction 6 of Preparation D the ¢ ind of formula XXIIl is converted
to the correspondi ng conpound of formula XXIl wherein f is 2 - 8, by
treating XXII'l with 15 a phosphgpi | i de derived fromthe phosphoni um
salt of the fornula: ClL ph3+p g™®”" wherein gis 1 - 7, in the presence of
an aprotic solvent, such as tetrahyd n. The reaction is conducted at
a tenperature between -78 C and refl ux rRphseferred tenperature is
dependent on whi ch phosphoniumylide i ilized, for a tine period

In reaction 1 of Preparation A, the compound of formula Il wherein bis 0, 1 or

2, is converted to the corresponding compound of formula Ill by reacting Il with a

10  benzaldehyde compound of the formula
0

(R1)©)\H

in the presence of a base, such as triethylamine, and a reducing agent, such as
sodium triacetoxyborohydride, in an aprotic solvent, such as 1,2-dichloroethane. The
reaction mixture is stirred at room temperature for a time period between about 1
15 hour to about 4 hours, preferably about 2 hours.
In reaction 2 of Preparation A, the compound of formula Ill is converted to the

corresponding compound of formula IV by first reacting a compound of the formula
0

H
(H3C)sC—0 N
OH

o (R



20 between about 4 hours to about 16 hours, preferably about 10 hours (for
simlar transformations, see: J. Am Chem Soc. 1985, 107, 217). The

resul ti ngwoloafossseT ester is then hydrogenated by shaki ngpamdBe2/@9gpositi ve
pressure of hydrogen in the presence of a catal yst, such as platinum
dioxide, in the presence of an aprotic solvent such as ethyl acetate. The
nmet hyl ether is then deprotected accordlﬁg to the 25 procedure described in
reaction 2 of Preparation B. In reaction 1 of Schene 1, the conpound of
formula VI is converted to the correspondi ng conpound of formula I

reacting_Vi thac npound . of the for X- Y. 5d](R4)

in the presdfEERe! 1a%rg,?“§t84ﬁnﬁ ylgmorg Wrﬂng%é%&’?%ﬁaa '515‘6) coupl i ng
re?gent S?@Fbs%ﬁlcé-o(ﬁpdiar@rbt}dSimemrsluelpﬁé)etl&ﬂyd}oﬁirdwlf@@Mbﬁdiy![readnag thenta .
pol ar aproti SOl Yy Suc ene reacl.l,on IS stirre
D o r ot iR s (e WA e cdipdaa &ty e del BRTSTE. R urs,
preferabljy a@mhw &&tlhg@bSermghtarmﬁ.¢me%mp?rb?m,comorng o¥ formula V1 ISVI
converte to the corr n n C u 0 or mu I r st Ct ng
wth a  conpound R 2B e R R B s deh Prriwg N e R $d) o
G ~' Cx 10 t kerrpsmmeing ipefizias- mdmhéeompbmffomvm ticatingnewitat  a

terrper at ur

t we t d f f | f ti
peri od bet \?\é&ﬁ’%ﬂ?&ﬁ?c aFr]EBUBE p?egeﬁéeotj |§'p rpg?@sé’?@ﬁ? ;588'5%%fneg@‘eﬁ%ur Is.rTEThe
phenol t hu;s cf\_blhd_T@.dT?@I‘Eaﬁfmnlsbgrriécloml&fdnegérr]ﬁpbratammlolalﬁdﬁe nénd;ddo“ewél@ ][ gyh
reactions famljar ose ski e n reaction 1 of Schene
2, the corrpé‘gh‘dt @FOLFE(? Lig'\ﬂof‘rsl Qreg‘ffﬁgléralb%taé ROYPe correspondi ng conpound
of for még?d]XXI V' Iy rdaetiont 4 ofPiébbratioh A, memmum:looforrhnhia V ik @omédriad to the
H X-Y resence
pot as[5|( drh c&%ﬁ%?‘%’t”%gﬁéfm%” ﬂﬁwa'aXFB%ed;ﬂﬁ'“ay ‘8'1”? % e ngifgenty ﬁ'd

but anone.  Tithun ar@dihm hiygridee athedeidlion ¢ tandutted aaatterﬁaerpmm betweenh ween about
4 hours to about 8 15 hoursgrg{ezgerabl gga bout 6 hours. In reaction 2 of

Scheme 2, tREWGHPSuIRROM I ably goput ChnlosAia Resiodhetwessatosbhdi ng

conpound of iRitad kAabKY 90 Ynif)el, @gaa@bly%omwmirmuéshe presence of a
catal yst, such as platinum on car bo nd polar_ protic. solvent, such as

et hanol . The redtf§ashon goﬁ%@?@ao%&t tht?rﬁ?@?’poél"?)%fé’é‘ﬂﬁ"é Mbist cRsusrtedbiodbe 30 psi
to aboutyp40 Bﬁéspo?]@m@rc@fﬁbbaﬁﬂ ¥f faRauA v%ynéaetmgom with ichiBPodeetyl sloffRtineen

about 5 m m#ﬁees to about 1 hour, 'preferabl 0 m nutes.
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, preferably about 30 minutes.

In reaction 6 of Preparation A, the compound of formula VI is converted to the

25  corresponding compound of formula VIl by reacting VI with acetoxy acetylchloride 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 4 hours, preferably about 1 hour. The resulting acetyl-protected alcohol is
reacted with lithium hydroxide hydrate in a solvent mixture including water,

30 tetrahydrofuran and methanol, at ambient temperature for a time period between 1
hour and 8 hours, preferably about 2 hours.

In reaction 7 of Preparation A, the compound of formula VIl is converted to the
corresponding compound of formula IX by reacting VI with N-(t-
butoxycarbonyl)glycine in the presence of a base, such as dimethylamino pyridine

35 and a coupling reagent, such as 1-(3-dimethylaminopropyl)-3-ethylcarbodiimine, in a
polar aprotic solvent, such as methylene chloride, at ambient temperature for a time
period between 4 hours and 18 hours, preferably about 12 hours. The resulting
compound containing an N-(t-butoxycarbonyl) protecting group is reacted with



In reaction 3 of Scheme 2 the conmpound of formula XXV is converted to the
corresponding urea of fornmula I, by first reacting XXV with 4-nitrophenyl
chl or of orwetosa/03321 he presence of a base, such as pyri di nepcanBo2zo3pssl ar
aprotic 25 solvent, such as nmethlyene chloride, followed by reacting the
internediate so formed w th an appropriate am ne or sul fonam de. The
reaction mxture, so forned, is al | oned®i o stir overni ght at anbi ent
tenperature. The conpound of fornmula XXV is reacted with an appropriate
sul fonyl chloride to formthe correspondi ng sul fonam des of formula I, in

t he presence of a base, such as trjethylanmi nge, an ol ar. aprotic 30
Sot vent . SoydiftuesSaBfa g it PRRTanhlS St Al o BiFtnderrornid e o
anbi ent  t enp@pedature for Btimes perivadtyeaN30@irfutsserid OMows, dreferablyeabout 2he
conmpound of forrmula XXV is reacted with an appropriate al dehyde in the

presence of hé’“ff‘ase, such as triethylam ne, and a reduci ng agent, such as
sodi um tri acet ox iy sKiedrin the, ari wowdld recdphiaé itreat Pedpaeation ASalivsascess to all

1, 2-di chl OYQ$t hane. .The recf\cé‘ieon m xt ure if sti ”ffd aF \aSIanbi.eLHt

t enper at ur e "POF PSS PR S BRTHEAN BN RSP 4 o i PAIHRurr s,

pr ef er abloy a&yepdratich Aeai be ulifed 36 PRpar/cdrpunBORItD ER3Srefered 5 I n reaction 1
of Schene 3, ,the conpound, of fdo.rr%llfa VI |I_is converted to the corresponding
conmpound of sHPaThe! S qapidted i theiggmulag 5 0o or g ng to the procedure
descri bed abow®& in reaction 1 of Scheme 2. In reaction 2 of Schene 3, the
compound of formula XXVI is converted to the corresponding am ne of

formul a | by*N@qact i[/ng_g)g()\/l W t4y an appropriate amine in the 10 presence of
a 10:1 ratio s#’ of ~di chl oroet hane/ acetic acid. The reaction mxture
is stirred, atrggnbient tenperature, for a tine period between about 30

mnutes to about 2 hgurs, preferably about 1 hour. A reducing agent, such
as sodi um cyanoBBf‘?ﬂW@ﬁ?&’EBf@af%Qﬂ %Hl?e‘i?”?@“f‘ﬂ@ﬁ?f’?%"ﬁr’%‘séﬁavetwq?gé?cti on

is allowed t@répdnding\RhiboRd obforrAldiaiXe BY rdRAREKaWith h agprogridte afingen t hus
formed is prjmary or secondary, 15 the conpound formula | may further be

Y,.. und of ay
react ed AccdPRPIFGERS A RPIRTFPE G SOIVeRk SN Blgtrabliefuran. (lbgderdiain3 of Schene

2, to provi deixWFERStIRE] SUArnBIBAITEMPEratUrE for L£HTP Pt itwber abduR 1 68\t td S
converted to the corresponding oxine of formula | by reacting XXVI with an

appr opr i at e 2RPRRABOHH PTERrabHAROMEL2 ReWSof a base, such as triethyl ani ne
and a pol ar prot ilg regtiseplof Prpakatiof Breichentioundbf Rrih@RaNE idtdHvertdeiomen 20
O o ol o BB ST S hoheha blEe Pon' Sy
Schene 4o t heespa®otddasy, shien 316aih hylifdes and 8pbRd apftit B6ivent, such as
dimethylformamide. The reaction is heated to reflux for a time period between about
1 hour to about 10 hours, preferably about 4 hours.
In reaction 1 of Preparation C the compound of formula XIll, where e is 1-4, is
converted to the corresponding compound of formula XIV by first converting the
25 hydroxyl group to a chloro group by reacting XIlll with thionyl chloride, in the presence
of an aprotic solvent, such as methylene chloride. The reaction is heated to reflux, for
a time period between about 1 hour to about 10 hours, preferably about 3 hours. The
resulting alkyl chloride is then treated with thioacetic acid in the presence of a base,
such as cesium carbonate, in a polar aprotic solvent, such as dimethylformamide at
30 ambient temperature for a time period between 6 hours and 24 hours, preferably
about 12 hours.
In reaction 2 of Preparation C the compound of formula XIV is converted to
the corresponding compound of formula XV by reacting XIV with hydrogen peroxide
(aqueous solution) in acetic acid at ambient temperature for a time period between 6
35 hours and 24 hours, preferably about 12 hours.



correspondi ng conpound of formula XXVII by reacting VII with a conpound of
the formula, HX-Y[(R5)d] (CH2); CO2Et, wherein Xis -0-, -S, or -NH and i
is 0 - 3,wP33amszeT ding to the procedure described in reactcanBl2/abssSchene
2. In reaction 2 of Schenme 4, the conpound of fornmula XXVII is converted to
the correspondi ng conpound of formula XXVIIIl by reacting XXVII with a
reduci ng agent, such as sodi um borohyd?‘ﬁgde, In a polar protic solvent,
such as nethanol, at anmbient tenperature for a tinme period between about 1
hour to about 10 hours, preferably 30 about 3 hours. In reaction 3 of

Schene 4, the conpound o rmul a Il is copverte . the correspondi ng
et her of >fornul a "ﬁ?ﬂ?? Eé’} Bﬁ?ﬂqff’g'f’?g e pPFn$BﬁP@%8&r'§§Wﬁ8?ﬂ& f?‘ﬁl kyl
chloride as ddaespariaed dompoaad bf formdia 0dvI By fipst Fezictio XV.withhghogptarbuschl ori de i s
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appropriate isocyanate i e presence of a base, su s triethylam ne,
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peri od bet waled cérrdsponding oompdurftosfifermul XVIR aaddrying wtie ptacdaaty descrither) ih0
conpound of formul.a ?(VI I It. i s%converted to the correspondi ng acyl sul fam de
{eREAE

of fornil a PAHPNE Y g XXVII1 with a BOC protected sul fam de, such

as tert- but oxycan bemyibs ulof Rrépdeation X the cpmpsemef fofmdla XKVIIER cbweahé ne and
di et hyl azodi.car boel%
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solvent, such as methylene chloride. The reaction is heated to reflux, for a time

25  period between about 1 hour to about 10 hours, preferably about 3 hours. The
resulting alkyl chloride is then treated with a cyanide source, such as potassium
cyanide, in the presence of an aprotic solvent, such as acetonitrile and a crown ether,
such as 18-crown-6. The reaction mixture is stirred at ambient temperature for a
time period between about 1 hour to about 10 hours, preferably about 3 hours.

30 In reaction 3 of Preparation D the compound of formula XX is converted to the
compound of formula XXI by treating XX with a hydroxide source, such as potassium
hydroxide in a mixture of ethanol 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 D the compound of formula XXI is converted to

35  the compound of formula XXII, wherein f is 1, by first demethylating the methyl ether
by treatment with acid, such as 47% aqueous hydrogen bromide. The reaction
mixture is heated to reflux for a time period between about 10 hours to about 30

hours, preferably about 24 hours. The phenolic acid is finally converted to the



BOC- protected acyl sul fam de thus fornmed is treated with a strong acid, such
as trifluoracetic acid, in a polar aprotic solvent, such as

di chl or onwDlvanes62at anbi ent tenperature for a tine peri o®CyaBoxesnsdl hour
and 6 hours, preferably about 3 hours, 25 thus giving conpounds of fornula
. In reaction 4 of Schene 4, the corrpound of formula XXVIl is converted to
the correspondi ng conpound of formula 1° by reacting XXVil with lithium
hydr oxi de nonohydrate in the presence of nethanol, tetrahydrofuran and
water to give the corresponding carboxylic acid. The reaction mxture is
stirred at anbient 30 tenperature for a tine, i od between 8 and 24 hours,
pr ef er abPy f?frﬁﬁrmr@mwpoeaﬁ’ B%?WVEW'» Whﬁ@"g ﬁJePXE%at'f‘S WiRethanol Bs pondi ng

acyl sul fonarfhélFrééfancfé)chfEMl\nd stidvh ad wéérﬂw.ctm aﬁérh@léml tbmparandewtémm@
appropriate sulfonamde in gr esence of 15?‘ ]
( ours.
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formula | by reactl{r}gthe cah I|c aci. d wi.th chlorosul fo |soc¥anate|n

a pol ar apr G&Sitetrayd{lyian atg@ '985 empsrajigheda) HBE Perietastvaen Abadddour )
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anbient, for a t| me peri o?l bet and 24 é)@r Nluiﬁ %kﬁ abI about 12
hours, to give a 'NEARYBUAE’ Brere 'FH]I—Da egoRroRnd ¢ forqyla I5c0 ”ie W 'x NC
(R5)d (R). the cérréépowﬁnhgbomfsoar{m&nfdsmmréxﬁuwmel‘buanus@pra ep trieafiry YXOMINGthi N a
pol ar aprotic sol ven et rah drofuré’;} at _anbj ent tenperature

t as
Por "5 {1, goptasanouyalip derieg fomHa PoasTRBRrLSa H dRIORBHg: about 12 hour <.
In reaction 1 of henmg_5, the conmpound of fornula VII is converted to the
correspondi r@Pt;ae d of~formula XXI X by reacting VII with a conmpound of
the fornula, H X-Y[{R5)d] (CH2)j SO2NH2, wherein X is -0-, -S-, or -NR6- and
j is 0 - 4, 15 according to the procedure described in reaction 1 of
Schene 2. wherein g is 1 - 7, in the presence of an aprotic solvent, such as tetrahydrofuran.

The reaction is conducted at a temperature between —78 °C and reflux, the preferred
temperature is dependent on which phosphonium ylide is utilized, for a time period

20  between about 4 hours to about 16 hours, preferably about 10 hours (for similar
transformations, see: J. Am. Chem. Soc. 1985, 107, 217). The resulting olefinic ester

is then hydrogenated by shaking under a positive pressure of hydrogen in the

presence of a catalyst, such as platinum dioxide, in the presence of an aprotic

solvent such as ethyl acetate. The methyl ether is then deprotected according to the
25  procedure described in reaction 2 of Preparation B.

In reaction 1 of Scheme 1, the compound of formula VI is converted to the
corresponding compound of formula I by reacting VI with a compound of the formula,
HO-(C=0)-CH2-X-Y[(R%)q)(R"), in the presence of a base, such as 4-
dimethylaminopyridine, and a coupling reagent, such as 1-(3-dimethylaminopropyl)-

30  3-ethylcarbodiimine, in a polar aprotic solvent, such as methylene chloride. The
reaction is stirred at ambient temperature for a time period between 4 hours and 24
hours, preferably about 12 hours. Alternatively, the compound of formula Vi is
converted to the corresponding compound of formula I by first reacting VI with a

compound of the formula:



In reaction 2 of Schenme 5, the conpound of fornmula XXIX is converted to the
correspondi ng acyl sul fonam de of forrmula | by reacting XXI X with an
appropri awe 033Xyl ic acid in the presence of a base, s®PCH/IB82/03989

4- di met hyl am nopyri dine, and a coupling reagent, such as

1- (3-di net hyl am nopr opyl ) - 3- ethylcarbodllnlne in a polar 20 aprotic

sol vent, such as nethyl ene chlori de. Th@'reaction is stirred at anbient
tenperature for a tine period between 4 hours and 24 hours, preferably
about 12 hours. The conpound of fornmula XXIX is converted to the
correspondlng sul fonylurea of formula I by reacting XXIX with an
approprlate(R§mcya8at in the presence of a base, such as

1, 8-di azobi cy undec-7-ene and a polar aprotic 25 solvent, such as
tetrahydrofur The reaction is stirred at a tenperature between anbient
and refl @x, fer ¥ ly reflux for a tinme period of 6 hours to 24 hours,

preferably eabmét rddonB0Uf 8n adiofic SHRRAUIRNGS diakiiB bea hobrbrcosuged ed to the
correspondi ng su fonyl carbamate of fornula | by reactin th an

appr opr i at e andtignd apd frflvet Rreferakineefigx.deremtive @feﬂ%d befween §8@tﬁ 4at§urs to 18

1, 8- di azobi GiglObridtabl] WBIRC2 RS B Moﬁh@@f&he@@éﬂﬁeﬁ b%cﬂo\ﬁ@éﬁed gguch as
tetrahydrofuran The reaction is stirred at a nper at ure between anbi ent

and ref | ux, SOMPPERdSATJormaia Ly 'Pé?t'%stf‘"l"'ﬁ@arﬁérth% Sbf"e‘é'” fhe@ts to 24 hours,

preferahhy about |dgdJe6eH $ of §&%n€&ﬁﬁﬁé’6&n9&uﬁd@f?@fh®la?%l % dohvertwsard ed to
t he correspondi ng al kyl ated sul f onam de formul a by first treating

conpound XXICRIT@FRARAMG-compard ofifperaylp XKk EY r%ct'mﬂaVBM@B@r@@mn@%@es uch as

35 triethyl apfmea, M- ﬁﬁ tngﬁérbm@wodl Qeo'rﬂ\lﬁ-nﬁ%é‘ﬁreéeﬁéétdfc sol vent
such as WD 03/ 035627 02/ 03989 -55 5 dichl oromet hane. The resul ting

N-t-butyl ox POSBURFarpRnRAte PoEFSH iPdiAa ANd an ppratin salvent saheds BMtanengn al kyl

halide in t h%eﬁéé‘cﬁ@ﬁ‘fsehégtecﬂtoﬂ@h@( for 8RMRJefiod BEMRRBH aBHGY RSurs to about 8
di met hyl f or mam de. Th - but yl oxycar bonyl protected secondary sul fonani de

e
i s therlSdepodtse pieirably aPP@aﬁ MM5S-wi t h acid, such as trifluoroacetic acid in

the presence of Iﬁréé‘%héﬂ2%@éc‘!rﬁé?ﬁe QLlﬁ@c@fﬁ?gjerer%rﬁﬂﬁﬁﬂﬂﬂs c@)ﬁ\/én@drt@ﬁ‘fét' on 1
of Schene 6, the conpound of fornula VIII is converted to

cor r espondi r?@"é%f?ﬁﬁ‘élﬁ‘ﬂd:ompoﬂm pUPEMyla XXV: yfydraagnating X8Vt iR ﬂae B@?Qﬂf@ PHase,

such as sodj é%lwdédcﬂ%s pllel’t‘m@ﬁ‘l o?PcFa%drPaﬁ@E\b%l% protie&BIvast, s Bnarfdl. @
tenperature between about -10 C and anbient temperature, preferably about

0 C for a tilhe BRGtoBds casdedRdiindsr Hpiesss behreend@berh3q s to Bbatt dP#BLy about
30 mi nut@gs. gg eFa'BIySaHoﬁtl%lgﬁdfoﬁa Lﬁlem%eﬂ,e@h ab8itBinfhutds tX[a65%§¢)1deR4) wher e

Yis a (C1-C9) heteroaryl wherein the lorine i's attached to a carbon
atom t hat i PrefajaRlyEIR Myt het er oat om (for exampl e, 2-pyridyl). The

reactants are stilf Fftieh 3af SGENE AiHE @ritIune 8Nforiilia 80tV BRBnidHddUs the

corresponding urea of formula |, by first reacting XXV with 4-nitrophenyl
chloroformate in the presence of a base, such as pyridine, and a polar aprotic

25  solvent, such as methlyene chloride, followed by reacting the intermediate so formed
with an appropriate amine or sulfonamide. The reaction mixture, so formed, is
allowed to stir overnight at ambient temperature. The compound of formula XXV is
reacted with an appropriate sulfonyl chloride to form the corresponding sulfonamides
of formula |, in the presence of a base, such as triethylamine, and a polar aprotic

30  solvent, such as methylene chloride. The reaction is stirred overnight at ambient
temperature. For secondary amine formation of formula I, the compound of formula
XXV is reacted with an appropriate aldehyde in the presence of a base, such as
triethylamine, and a reducing agent, such as sodium triacetoxyborohydride, in an
aprotic solvent, such as 1,2-dichloroethane. The reaction mixture is stirred at

35  ambient temperature for a time period between about 1 hour to about 12 hours,
preferably about 10 hours.



preferably anbient tenperature for a tinme period between 8 hours and 24
hours, preferably 12 hours. 20 In reaction 1 of Schene 7, the conpound of
formul a IWois/ewaverted to the correspondi ng conpound of picariBod/@s9$9 wher e
R6 is H, by reacting I X wth a compound of forrmula Cl-Y[(R5)d] (R4) where
Yis a (Cl-C9) heteroaryl wherein the choj orine is attached to a carbon
atomthat is adjacent to a heteroatom (f@i exanple, 2-pyridyl). The
reactants are stirred in a polar aprotic solvent, such as acetonitrile, in
the 25 presence of a base, such as triethylamne, at reflux tenperature for

atinme period between aho 4 hoyrs and 24 rs f er abl t 12
hours. THe corrpoﬁﬂ&eacﬁt'on ?8?#5'?%“? gv\ﬁglcgm%urf oht r'ﬁ%gyﬁﬂﬁl‘équg%ef@qﬁﬁe
conpound of dooespdraling sungroandR6f fosmala XXM Mheregh 3LP— Byacterdrigitdithet he conpound
of fornmula I_where R6 i. wi th an.appropriate, alkyl halide in the
presence of PIOFINE d%ﬁ?ﬂﬁeﬁbq\’ﬁ'r&ﬁiﬂqﬁfﬂ‘g,gc%ﬁ'be%i pol ar aprotic 30 sol vent,
such as tetrahydriofeaction atof Schermng 8y thé compbearidefdornaud XXWt isaadverteditothe

preferably at lent te ture for a.ti eriod of 8 . hours to 24 hours,
D of or abl v RBSRO AR e ATE of BiHUE 4 h beruh RV S <BeroRunte 2rind 8 6F ['c
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reflux, for formula, H-X-Y[(R®)](CH.)CO.Et, wherein X is -O-, -S-, or -NH- and i is 0 - 3,

25  according to the procedure described in reaction 1 of Scheme 2.

In reaction 2 of Scheme 4, the compound of formula XXVII is converted to the
corresponding compound of formula XXVIII by reacting XXVII with a reducing agent,
such as sodium borohydride, in a polar protic solvent, such as methanol, at ambient
temperature for a time period between about 1 hour to about 10 hours, preferably

30 about 3 hours.

In reaction 3 of Scheme 4, the compound of formula XXVIII is converted to
the corresponding ether of formula | by first converting XXVIIl to the corresponding
alkyl chloride as described in reaction 2 of Preparation D. The alkyl chloride is then
reacted with an appropriate alcohol which has previously been reacted with a strong

35 base, such as NaH, in a polar aprotic solvent, such as dimethylformamide 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, preferably about 40 minutes.
The alkyl chloride is stirred with the resulting alkoxide at ambient temperature for a



atinme period of 4 hours to 18 hours, preferably about 12 hours. The
conpound of formula | where R6 is H is converted to the conmpound of
formul a IwatwensseR6 t aken together with the nitrogen to WRCTHBIZ03PSY
attached forns a sul fonam de, by reacting the 20 conmpound of formula I
where R6 is H with an appropriate sulfggylchl oride in the presence of a

base, such as triethyam ne, and a pol ar “aprotic sol vent, such as

tetrahydrofuran. The reaction is stirred at a tenperature between anbi ent
and reflux, preferably reflux, for a time period of 4 hours to 18 hours,
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In reaction 4 of Scheme 4, the compound of formula XXVII is converted to the
corresponding compound of formula | by reacting XXVII with lithium hydroxide
monohydrate in the presence of methanol, tetrahydrofuran and water to give the
corresponding carboxylic acid. The reaction mixture is stirred at ambient
30 temperature for a time period between 8 and 24 hours, preferably 12 hours. The
carboxylic acid is converted to the corresponding acylsulfonamide of formula | by
reacting the carboxylic acid with an appropriate sulfonamide in the presence of a
base, such as 4-dimethylaminopyridine and coupling reagent, such as 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimine, in a polar aprotic solvent, such as
35  methylene chloride. The reaction is stirred at ambient temperature for a time period
between 4 hours and 24 hours, preferably about 12 hours. The carboxylic acid is
converted to the corresponding acylsulfamide of formula | by reacting the carboxylic

acid with chlorosulfonylisocyanate in a polar aprotic solvent, such as 1,2-



conventional techniques. The chem cal bases which are used as reagents to
prepare the pharnmaceutically acceptable base salts of this invention are

t hose whiwl 03foa3627 Nnon-t oxi ¢ base salts with the herein de®cmiiBexs3agy di c
conpounds of formula I. These non-toxic base salts include those derived
from such pharmacol ogically 20 acceptablg cations as sodi um potassium

cal ci um and magnesi um etc. These sal t s™*can easily be prepared by treating
t he correspondi ng acidic compounds with an aqueous solution containing the
desired pharnacologically acceptable cations, and then evaporating the
resultin |on to dr ness, preferabl nder uced ssur.e.
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together, and the ?Rﬁratlng t he resultlng solution to dryness in the
same manner “Q8PRET qgor either case, stoichionetric quantities of
reagents are preferably.engloyed in order to ensure conpleteness of
reacti on and- cnunlpr du t yi el ds. Conpounds of the formula | and their
pharnaceutic&g&;i[l alts’|30 hereinafter also referred to,

col l ectively, as‘“ﬁhe act v N 0 nds ) are potent antagonists of the

CCR1 receptor. The active gonpounds are useful in the treatnent or
prevention of autoi mune di*seases (such as rheumatoid arthritis, type |
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linked to hours. The compound of formula XXIX is converted to the corresponding

sulfonylurea of formula I by reacting XXIX with an appropriate isocyanate in the
presence of a base, such as 1,8-diazobicyclo[5.4.0]lundec-7-ene and a polar aprotic

25  solvent, such as tetrahydrofuran. The reaction is stirred at a temperature between
ambient and reflux, preferably reflux for a time period of 6 hours to 24 hours,
preferably about 12 hours. The compound of formula XXIX is converted to the
corresponding sulfonylcarbamate of formula | by reacting XXIX with an appropriate
chloroformate in the presence of a base, such as 1,8-diazobicyclo[5.4.0Jundec-7-ene

30 and a polar aprotic solvent, such as tetrahydrofuran. The reaction is stirred at a
temperature between ambient and reflux, preferably reflux for a time period of 6
hours to 24 hours, preferably about 12 hours. The compound of formula XXIX is
converted to the corresponding alkylated sulfonamide of formula I by first treating
compound XXIX with di-t-butyl-dicarbonate in the presence of base such as

35 triethylamine and 4-dimethylaminopyridine in a polar aprotic solvent such as



15 TNF and IL-1, including congestive heart failure, pulnonary enphysenma or
dyspnea associated therewith, enphysema; H V-1, H V-2, H V-3;

cyt omregal woioBw3s6¢CW), adenoviruses, Herpes viruses (Herpes/iBaiiless and

Her pes sinplex). They may al so provide benefit for the sequel ae associ at ed
with infection where such infection induces production of detrinental

I nfl ammat ory cyt oki nes such as TNF e. g,‘5f5UngaI 20 nmeningitis, joint tissue
damage, hyperpl asia, pannus formati on and bone resorption, psoriatic
arthritis, hepatic failure, bacterial neni ngi tis, Kawasaki syndrone,

nyocar di aI I nfarction, acute |jiver failure, di sease, septic shock,
cancer, fr a&’iﬁﬁ"ororﬁﬁ@aﬂﬁl Lbg tesulipg N- tﬁ%y'@ﬁ’ﬁ?ﬁpf’%gepé?te?tﬁg SHWB’EF%FH@ 8N t he

i nvention cakafRy mﬁﬁ@sa@d haﬁd‘es)lhdhé]ﬁtegﬁqce?cﬁ alfons CABERSsdERtslich ddhose of
ordinary skill in the a | ze met hods erm ni ng

G| e TGN TG ea T F BN Yo BRHECIes SSEONCErKSUICEEUAE S M

Mar gul i es, [hdh dep'i&e&téalby trEaMg w@té@@ﬁguch\ﬁétrﬂﬂbidé"céhc&ﬂfn&ﬁé prelSeadensfol s In
| mmunol ogy, 6.12.1- dﬁJo n and Sons, NY, 1991). One specific

exanpl e of I@o‘?ﬁ'?rosoa’éf‘b'?qﬁ‘r?é %’f%feﬂ 9P y of a corrpound for inhibiting 30

mgratiag i s desghidRbon M ofiSttadnhe @&h@%mpmtf@ﬂwﬁa YaIsaonvERted aihei ty of
conmpounds to inhibit the chemp o various chenokj nes can l?]e eval uat ed

usi ng st and&PHESRPNGINIFEMASHNd B{)fa%‘ﬂa v Fascing Y1k withya 8iroRa-bass
E{; :Vlycaz go n%s@?ﬁwkﬁ)@rnde%;an rapaﬂ@@bﬁe?ttn&mﬁsl tgluéﬁél fa t&h@&&{@ﬂ bew{eﬁhinda; (rer

I oWhi ti kker ue culture | um sup nted w ngy
of bovine &BPUMY b‘tﬁpﬂa"% ﬁ"gPefﬁ\Wf@ P% rﬁ%‘k’)%?‘étéﬁ Sqeca timepefiodsyy 275,
R}(gcg HIB Il d'Bé)weﬁarn 1%h@festéi18t90&ﬁlﬁﬂtle§t7 gfée%l Bgtbﬁggd nhlﬁl'!lt@sé t9 metH|@1s€ardd§%anbters
0 e oy en cha - PO car ponat e
T toe Y eamPaing Suaralis CACEIED heTLE 3 (ot Beteroand WHbtRin fHen
agoni st chosamrihs id é‘@tch@@tc% Barbeslatom mav.e aH emes lamkeramumor@&ambenot axis
in this ystem ( MP-1a s uat e

M f or THP-1 cells
(ATCE T1 8 Sy Bhe (rantama ey i BB aySo SHBRBAE NN <ol at ed
by standar d gréreriytaifsiestambéraiurd for admesipdrivdtdetwedo@ hodre abb 2a1heuss, i N
triplicate tpﬁget hglr V\%t h various concentrations of the test corrpound
Conpound di IETPER Y2 prepared using standard serol ogi cal techniques

and are 2om xed Wik haacaabrh $ oPStKEME P, taeldbmgow csfh@mﬁlr@mgrconw;rtearto %3; ui tabl e
ur s or -

col 15" 90" meAUESOTRR SORIRRRG oHORBAg BEsTe 1S HEianSarTA iR GRp e cel | s
In of formula CI- Y[(Rs)d](R“) where Y is a (C;-C,) heteroaryl wherein the chlorine is
attached to a carbon atom that is adjacent to a heteroatom (for example, 2-pyridyl).
The reactants are stirred in a polar aprotic solvent, such as acetonitrile, in the
25  presence of a base, such as triethylamine, at reflux temperature for a time period
between about 4 hours and 24 hours, preferably about 12 hours. The compound of
formula | where R® is H- is converted to the compound of formula | where R® is an
alky! group by reacting the compound of formula | where R® is H- with an appropriate
alkyl halide in the presence of a base, such as triethylamine, and a polar aprotic
30  solvent, such as tetrahydrofuran at a temperature between ambient and reflux,
preferably at ambient temperature for a time period of 8 hours to 24 hours, preferably
about 18 hours. The compound of formula | where R® is H- is converted to the
compound of formula | where R® taken together with the nitrogen to which it is
attached forms an amide, by reacting the compound of formula | where R® is H- with
35  an appropriate carboxylic acid in the presence of a base, such as 4-
dimethylaminopyridine, and a coupling reagent, such as 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimine, in a polar aprotic solvent, such as methylene chloride. The
reaction is stirred at ambient temperature for a time period between 4 hours and 24



15 the upper chanber aspirated, the upper part of the filter w ped and the
nunber of cells mgrating can be determ ned according to the follow ng

nmet hod. Woro3/Ds#8e21 cell s, the chanber (a 96 well variety mramaBexd3used by
Neur opr obe) can be centrifuged to push cells off the | ower chanber and the
nunber of cells can be quantitated against a standard curve by a col or
change of the dye 20 fluorocein diacet at’®  For primary human nonocytes, or
| ynphocytes, the filter can be stained with Dif Quik(r) dye (American
Scientific Products) and the nunber of cells mgrating can be determ ned

m croscopi cally. The nunber, of cells mgrati in th re ce of the
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preferably reflux, for a time period of 4 hours to 18 hours, preferably about 12 hours.
Unless indicated otherwise, the pressure of each of the above reactions is not
25  critical. Generally, the reactions will be conducted at a pressure of about one to
about three 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 must be pharmaceutically acceptable for administration to
30 animals, it is often desirable in practice to initially isolate a compound of the formula |
from the reaction mixture as a pharmaceutically unacceptable salt and then simply
convert the latter back to the free base compound by treatment with an alkaline
reagent, and subsequently convert the free base to a pharmaceutically acceptable
acid addition salt. The acid addition salts of the base compounds of this invention
35 are readily prepared by treating the base compound with a substantially equivalent
amount of the chosen mineral or organic acid in an aqueous solvent medium or in a
suitable organic solvent such as methanol or ethanol. Upon careful evaporation of
the solvent, a solid salt is obtained.



as a dry product for constitution with water or other suitable vehicle
before use. Such 15 liquid preparations nay be prepared by conventi onal
means W tWopbasiserceutically acceptable additives such aspsuapexddsyy agent s
(e., sorbitol syrup, nmethyl cellulose or hydrogenated edible fats);

enmul sifying agents (e., lecithin or acacia); non-aqueous vehicles (e.,
alnond oil, oily esters or ethyl al cohoTVE and preservatives (etc .,

met hyl or propyl p-hydroxybenzoates or sorbic acid). 20 For buccal
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pressure. Alternatively, they may also be prepared by mixing lower alkanolic

25  solutions of the acidic compounds and the desired alkali metal alkoxide together, and
then evaporating the resulting 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 formula | and their pharmaceutically acceptable salts

30 (hereinafter also referred to, collectively, as "the active compounds") are potent
antagonists of the CCR1 receptor. The active compounds are useful in the treatment
or prevention of autoimmune diseases (such as rheumatoid arthritis, type | diabetes
(recent onset), lupus, inflammatory bowel disease, optic neuritis, psoriasis, multiple
sclerosis, polymyalgia rheumatica, uveitis, and vasculitis), acute and chronic

35 inflammatory conditions (such as osteoarthritis, adult Respiratory Distress Syndrome,
Respiratory Distress Syndrome of infancy, ischemia reperfusion injury, and
glomerulonephritis), allergic conditions (such as asthma and atopic dermatitis),

infection associated with inflammation (such as viral inflammation (including influenza



conditions referred to above (e., rheumatoid arthritis) is 0.1 to 1000 ny
of the active ingredient per unit dose which could be adm nistered, for
exanpl e, Wotoa/0ds6eT nes per 15 day. Aerosol fornul ations foPcrnpetosesst of the
conditions referred to above (e., rheumatoid arthritis) in the average
adult human are preferably arranged so tgat each netered dose or "puff' of
aerosol contains 20 g to 1000 g of the & nmpound of the invention. The
overall daily dose with an aerosol will be within the range 0.1 ng to 20
1000 ng. Administration nay be several tinmes daily, for exanmple 2, 3, 4 or
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myocardial infarction, acute liver failure, lyme disease, septic shock, cancer, trauma,

and malaria, etc.

The activity of the compounds of the invention can be assessed according to
25  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., 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

30 migration is described in detail below.

Chemotaxis Assay:

The ability of compounds to inhibit the chemotaxis to various chemokines can
be evaluated using standard 48 or 96 well Boyden Chambers with a 5 micron
35  polycarbonate filter. 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-1a (Peprotech, Inc., P.O. Box 275, Rocky Hill NJ) or
other test agonists, are placed into the lower chambers of the Boyden chamber. A



exenplary of the invention and are not intended to Iimt the scope of what
the inventors regard as their invention. Unless indicated otherw se,
percent iwOpawg®ar by 15 wei ght given the conponent and tReTuB021398%i ght of
the conposition, tenperature is in Cor is at anbient tenperature, and
pressure is at or near atnospheric. Co rcial reagents were utilized

wi thout further purification. Chronatography refers to colum

chr omat ogr aphy perforned using 32-63 mmsilica gel and executed under
nitrogen pressure (flash chromatography) conditions. Particle Beam Mass 20
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reaction be determined microscopically.
The number of cells migrating in the presence of the compound are divided
25 by the number of cells migrating in control wells (without the compound). The
quotant is the % inhibition for the compound which can then be plotted using
standard graphics techniques against the concentration of compound used. The
50% inhibition point is then determined using a line fit analysis for all concentrations
tested. The line fit for all data points must have an coefficient of correlation (R
30  squared) of > 90% to be considered a valid assay.
All of the compounds of the invention illustrated in the following examples had
ICs of less than 10uM, in the Chemotaxis assay.
The compositions of the present invention may be formulated in a
conventional manner using one or more pharmaceutically acceptable carriers. Thus,
35 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.



was allowed to warmto anbient tenperature and stirred for two hours. This
was followed by the addition of (S)-2-(4-fluoro-benzylam no)-propionic

aci d net hwio se8®r7 (34.4 g, 162 mmol ). The resul ting m xt ®xCa/Be=E03989 rr ed
overni ght at ambient 15 tenperature. The reaction m xture was filtered
through a pad of celite and the filter cake was washed wth ethyl acetate.
The filtrate was concentrated in vacuo, ®iluted wth ethyl acetate and
washed with water and brine. The organic |ayer was dried over naghesi um
sulfate, filtered and concentrat ed in vacuo. Chromatography on silica gel
gave the title caonmpound (43.2
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concentrated in vacuo to give the title conpound
1- [ 4- ( 4- Fl ud¥e3a5eaiyss feq-p G%BQVZDTBPHPWPWVQ%ZB%‘%EFﬁOfE'CyEICP)S (2- hydr oxy- 4-
et hyl - phenyl ) - prrep80cck Q&ﬂlnﬁﬂaﬁoﬁ%élédrﬁ;ﬁbsﬂfon(n?&take the form of tablets or

5S) - 1- (4-fl uoro-benz di net h perazine (0.25 g, 10 1.12 muol) in
t ol uene (10 %ﬁ‘gﬁ&?r'ﬁﬂéfﬁﬂf"?cﬂﬁ‘tww%ﬁ%ﬁﬁh 2-one (0.25 g, 1.54 nmmol) and

the resulting solfhel R2ve\esmpRtds @f ine imhtiok mb9 be4&niiMited for PBRNERAICt | on was
administration by injection, including using conventional catheterization techniques or
infusion. Formulations for injection may be presented in unit dosage form, e.g., in '

25 ampules or in multi-dose containers, with an added preservative. The compositions
may take such forms as suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contain formulating agents such as suspending, stabilizing and/or
dispersing agents. Alternatively, the active ingredient may be in powder form for
reconstitution with a suitable vehicle, e.q., sterile pyrogen-free water, before use.

30 The active compounds of the invention may also be formulated in rectal
compositions such as suppositories or retention enemas, e.9., containing
conventional suppository bases such as cocoa butter or other glycerides.

For intranasal administration or administration by inhalation, the active
compounds of the invention are conveniently delivered in the form of a solution or

35  suspension from a pump spray container that is squeezed or pumped by the patient
or as an aerosol spray presentation from a pressurized container or a nebulizer, with
the use of a suitable propellant, e.qg., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable



cool ed, concentrated in vacuo and purified via chromatography on silica gel
to give the title conmpound (0.34 g).
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1-[4-(4-fluoro-benzyl)- (2R 5S)-2, 5-di net hyl - pi perazin-1-yl]-3-
(2-hydroxy-4-nethy|-phenyl)-propan-l-on@1(0.15 g, 0.38 mmol) in
tetrahydrofuran (2 nL) at 0 C was added sodi um hydride (0.023 g, 0.57
mmol ). The reaction was stirred for 5 mnutes, then bronoacetic acid

met hyl ester (0,043 nlL .45 mml ), was added and the reaction,was
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tenperature for éB hours. The reaction m xture was then diluted with

di chl or omet 99 PR EXABRAl ARTBHA5e2 eRF MY 0RouUs hydrochl oric acid. The
organi c | ayer washdrdceek ayeits EROERHIMEY fdrodustaid RANGPALERbIRgté N 15

\éﬁfg?i d-(la-?gi g%qbiggdspvrvglﬂyn%hn\qlg%ho%grolf ]:m!diencg—,\ryl/3 gkil% irnI t;[ulaJ raﬁ.t IE(>)(anm|plr<:lzs %?Eu?cw ene
formulations can be found in United States Patents 3,538,214, 4,060,598, 4,173,626,

25 3,119,742, and 3,492,397 all of which are incorporated herein in their entireties for all
purposes.

The compounds of the invention may also be utilized in combination therapy
with other therapeutic agents such as Cyclosporin A, ISAtx247, Rapamycin,
Everolimus, FK-506, Azathioprine, Mycophenolate mofetil, Mycophenolic acid,

30  Daclizumab, Basiliximab, Muromonab, Horse anti-thymocyte globulin, Polyclonal
rabbit antithymocyte globulin, Leflunomide, FK-778 (MNA-715), FTY-720, BMS-
188667 (CTLA4-1g), RG-1046 (CTLA4-Ig), Prednisone, Prednisolone,
Methylprednisolone suleptanate, Cortisone, Hydrocortisone, Methotrexate,
Sulfasalazine, Etanercept, Infliximab, Adalimumab (D2E7), CDP-571, CDP-870,

35  Anakinra, NSAIDS (aspirin, acetaminophen, naproxen, ibuprofen, ketoprofen,
diclofenac and piroxicam), COX-2 inhibitors (Celecoxib, Valdecoxib, Rofecoxib,
Parecoxib, Etoricoxib, L-745337, COX-189, BMS-347070, S-2474, JTE-522, CS-502,
P-54, DFP), Anti-interleukin-6 receptor monoclonal antibody (MRA), Glatiramer



et her/ hexanes to give the title conpound (0.050 g, LRWVS: 520.3). Exanple 2
N-f (5-Chl oro-242-f4-(4-fluoro-benzyl)- (2R, 5S)-2,5-di net hvl -pi

per azi n- Iwoli340256220 oxo- et hoxy} - phenoxy) - acet vl | - net hanes wicfraBear3dgs

(4- Chl or o- 2- met hoxy- phenoxy) -acetic acid To a solution of sodium hydroxide
(6.6 g, 160 mml) in water (45 m-) was added 4-chl oro-2-net hoxy- phenol
(2.0 nL, 16 mmwl) and chl oroacetic acid®7.7 g, 81 mml). The resulting
m xture was heated to 95 C and stirred for three hours. The 25 reaction
was all owed to cool to anbient tenperature and slowy acidified with

concentrated hydrochloric acid (10 nL) until the m xture becane a sol ution
and then’ ex@cPis. dedigen bﬂ'ﬁ”‘e%ﬁy‘l‘teéfﬁf%‘rbetq . ditpxAntEonea FEReqiRlEnys: Ped over

magnesi um Slé'%feﬁtfs‘i‘hat ﬁm&.i@emeécramem@@ﬁwsmsqég mmartafs%.ﬁt 8gréH Mﬁe?lh@ndn' the
conpound (4 Chl or o- benzof 1, 41di oxi n-2-one o a solution of

7-
48% aqueous %w%%'@@é?ﬁ afferdakosytedmigkingwas added (4-
chl or o- 2- net hoxy- phenoxy) -acetic acid (2.1 g, 9.7 nmmol). The resulting
m xture was heated to reflux overnight. The m xture was cool ed to anbient
tenperature, dil Eearmeptalh, water and extracted with diethyl ether. The

organi ¢ jhayer wasm@rfbm.@@(amm@m@&yumhﬁtsbfa@tt@ rJvldbttﬁés%doan&g@ﬁmm rated

I n vacuo to give (4-chloro-2-hydroxy 35 phenoxy)-acetic acid e crude
product was ”é‘%lé’é&"tf‘@ disciesua anshoescripian o ihapvihe peMPRndeneonarasitigRRtand( 0. 10 g,

0.40 mml) iReth&ds@Rmet Haiihe: ma'dbeaﬁcﬁé\kﬂlddtélﬂaﬂhéfréllh%n\d’ééto hephred to reflux
for five hours. The reaction was allowed to cool to anbient WO 03/ 035627

PCT/ | BO2/ 03$39MPplagsofdhe iysationandeara gt iptsRdechia limitiheisroraeiat % ot ogr aphy

on silica gehved@terddafd 4 theR inve G UtledOn&idatad otheanse percent is percent by
2-(4-Cnhl oro-2- hydr oXY- phenoxy)gé}c{mﬁg% f | yor o- benzyl) - éZR 59) - - di et hyl -

pi per azii- 1WAt GVRANheoMRPNEN a'cwe'@ht&ﬁm@nm 'SP'lteﬂ'PG"a&(Pr'ﬁ 2- one
(0.48 g, 2. 6,508}k dt Bn‘Fer'nF eratlre( gncf'breEsM@?s 84448 ar atmospheric,

1- (4-fl uoro-benzyl) -2, 5-dinet hyl - pi perazine (0.59g, 2.6 mmol).
The resul ti rﬁynftmszrtcml @a@eetsw@& eidized wyBOl@fwAﬂr@ugﬂmatlorrhGhmmi@gremhw\/as

cool ed to_anbieRo oRARFLHEGoRR GEAGRRRIEI 63 HAFkia GILATBKAGGPNY O

silica gel gave the title co

(5- ChI or o 2-under njtrogprf pregiuce G@ﬁlzyhrpn(amr@s)y) gomlitifinge PadticleBeam Masa- 1-y| | - 2-
0XO- @;\&M%F@&bm@&% lefh&cd qemhfné'ckﬁats@@g@qjtmz.ﬁa'cHémfaal of

2-(4- chI oro dr oxy- phenoxy)-1-[4- (4-fl uoro-benzyl
|on|zat|on (ammonlum) or a Fisons (or MicroMass) Atmospherlc Pressure Chemical

lonization (APCI) platform which uses a 50/50 mixture of acetonitrile/water. Room or
ambient temperature refers to 20-25 °C. All non-aqueous reactions were run under a
nitrogen atmosphere for convenience and to maximize yields. Concentration in
25  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-[(2-{3-[4-(4-Fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-3-oxo-propyl}-
30  5-methyl-phenoxy)-acetyl]-methanesulfonamide
(S)-2-(4-Fluoro-benzylamino)-propionic acid methyl ester

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



(2R, 5S) - 2, 5-di net hyl - pi perazi n-1-yl ] -et hanone (0.30 g, 0.75 nmmol) and
brono-acetic acid nethyl ester (0.14 nm, 1.5 nmol) in dioxane (3 nL) was
added ceswoms/iosmebonate (0.50 g, 1.5 mml ). The resul ti ng POTABIR/ESISES
stirred at anbient 20 tenperature overnight. The reaction was quenched with
water and the mxture was extracted with ethyl acetate. The organic |ayer
was washed with brine, dried over nagn@glun1sulfate and concentrated in
vacuo to give the title conpound (0.61 g).

(5-Chloro-2-{2-[4-(4- quoro benzyl)- (2R, 59)- 2, 5- dinethyl pi perazin-1-yll-2-
oxo0- et hoxy} - phenox tlc acid 25.To

(5-chl or 8- 2 °{f T%‘at’é) wq QYSBEX?P’)‘QS(“QFQSEEQ‘);% z‘“gfed’ﬁ}P‘S‘tWFe"“ated in vacuo.

pi perazi n- 1oﬂrbmatogmhszbh@wégplfwexbémmﬁnpbuam(xh 4ng; hyI ester (0.21 g,
0.46 mmol) in Q tetrah orofuran. .

was added | it hi urF2h§d it ' GHORes .
resul ting nux@mmmcnaarmﬂhmbgﬁrat anbient tenperature for three hours. The
reaction was acidifed to 2 N.30 agueous hydroc cid and
extracted with et S%l'ét&"acll?éé)'w BYtgRYcREPONYRYNQ IO éﬂé rine,
dried O}A];o_r rm;galgerﬂ dHntettahfyarioturam (250N DI atvess adaeuatqu@thym’ﬁerphslméctm Br oduct
was purified

the Title compdshanma) R Biisspaiebraiitele (2814 AT, 55 v, Thersastion (o

5S) - 2, 5- di meids\dilowed & wainmtolanbidntZemPérature and stirred for two hours. Thls was

T e R e P i
pi perazin- 1(g4. thﬂwﬁm&ﬂhm}reﬂhmmwur@mé istirréc bebrhighCftbngbierd. 10 mmol ) in

t hyl hi ded 4-di hyl am n e 2 g, 0.18
ool U8 \irealite s TRl Somns es MaRa s U Py Phi e G fiEe Chy |
car bodi | m d&ah&%@%bﬁéd with 6y Qatdtale. Dhélfiltrawnlgs, conﬁeﬁtmwmulaf:@cm&it’mtée (0.016

e rea 1.ON was

, 0.17 mol dtrl | am ne 004 n,. 0.29 ).

Stirred at belsnddden ingitted b bing THROIGSIe e elas | nen
diluted wit h;vér mb@msnmtshm fiteckdvmalvedcenitiatedlil Yaasn) e Chfoneatégraphyper d.  The
organi c IayerI was vvasH th sat H&ﬁ%gd aqueous sodi um hydrogen car bonat e,
10 dried ovel*AggHIave g ‘f’%ﬂ%‘)u& Qtentrated in vacuo. Chromatography
on silica gel fcoBR@wd (bsFllﬁdrb-bunzmi@ﬂ-dwléthvlrmiéﬂﬁlme scdibry | de/ hydr ogen

gg: ? ' I( geoilg gi e}_ Qu?nlof?g%)az &?fg jéga%f%(ynggrgggylgnsnng rE)(:F‘oph]a/ny )E)(igllugrroi-de
2-(5-Chloro b%ni;ayérﬁmbppﬁobmrocaohﬂméwl)es&é%l%qt@tj) 382 il tielordmaigarazi1ro 1- vI | -
2- 0x0- et hoxvrkL) 8Q8Xu¥35 éaJdeB tr(l)fmoroace{lcdamd (60 mL). The reaction was allowed to

warm to ambient temperature and stirred for 2 hours. The reaction was cooled to 0

25  °C and slowly quenched by addition of 3 N sodium hydroxide until basic. The
resulting mixture was extracted with dichloromethane. The organic layer was dried
over magnesium sulfate, filtered and concentrated in vacuo to give the title
compound (22 g).

(2R, 585)-1-(4-Fluoro-benzyl)-2,5-dimethyl-piperazine
30 To a solution of (3R, 6S)-1-(4-fluoro-benzyl)-3,6-dimethyl-piperazine-2,5-

dione (22 g, 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

35 filtered through a pad of celite and the filter cake was washed with ethyl acetate. The
filtrate was then concentrated, diluted with ethyl acetate and washed with saturated
aqueous sodium hydrogen carbonate. The organic layer was separated, dried over



2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2, 5-di net hvl - pi perazi n-1-yl 1-
2 oxo- et hoxv}-phenoxy)-propionic acid ethyl ester To a sol ution of

2- (4- chl owoe-3/B36dT oxy- phenoxy) - 1- [ 4- (4-f | uor o- benzyl ) - 20 PCT/IB02/03989

(2R, 59) -2, 5-di net hyl - pi perazi n-1-yl ] -ethanone (0.076 g, 0.18 mmol),
trlphenylphosphlne (0.076 g, 0.29 mmol) and (2S)-2-hydroxy-propionic acid
ethyl ester (0.036 g, 0.31 mmol) in te@#ahydrofuran (1 mM-) was added

di et hyl - azodi carboxyl ate (0.049 g, 0.29 mol ). The resulting m xture was
stirred at anbient tenperature overnight. The reaction mas concentrat ed

i n-vacuo. Chromatogra n 2 Ilca avethet| ound, (0.078 g)
(2- (5 Cnb or Grenpscihs e Nipseg et roryeyfontowrus (ot s i CSBRRERA L - 1-y 11
-2- oxo- et hgxxuygphenoxy) - propionic acid To a sol ution of

2- (5- chlor02{2-[-4}:fluroz-e - (2R 5 -5 dl t hyl -

pi perazin-1-yl]- ; : < “40. 075 g,

0.15 30 mmlg)ethﬂ-@hlﬂg@bag.a,oﬁenu tetrahydrofuran (0 4 n1 ) and wat er

(0.2 m-) was added ydr.ox oh nmol ) .

The resulting ni 3t%u?r%°' L@%Qﬁ%& Q%a%gﬂ?%gﬁﬁrga}egﬁygme et(ﬁ&éeg hour s.

The reaqgi on.?mnﬁqiudtdlMet(mo m%d%waswaéu Dnabtihy-2hitoBHnS2- bm@l(ozxsamd;o'rBT:3 acid and

extracted wt t acet ate e or S Wt ri ne

r 1 ed over | MIGAEET edERi eEsalgn ot e S kio sl Wit erifector es

product was cpoletfdoedemtyatéd intuacad bod pwvifled vigetHryingtdgraphl ohisilies delbiie et her

to give the tiHe co oag(gpré)o 066 g, LRMVMS: 479.2, 481.2). WD 03/035627

PCT/ | B02/ 03§3tile qasnp Lg

z21 (5- Chl oL 0- 2- {2(243 (4464F|uabqod@evuga 5$)2_Rs-ﬂﬁiletﬂvl5mtﬁbrﬁﬁthI]-Slbmb@bvm-| -Vii -
oxo- ethoxy

4- (5- chlldro |caC|d10Toasqut|onof

1- chl or o- 4- et hoﬂw'dﬂﬁdlzt&me)fﬁJ[4l4ﬂuo£vbbnm{2R 5%)- Z,S&mélhﬂfﬂmﬁraﬁhhaﬂl]%(S 0

mL dd |

Thl or rae 2 ey andnd LA 6 0p b om0 Dbl T ef AR Grolent
tehrrp?ar ature nﬁngrate ¢gly/& addled sbeuamﬂydﬂﬂ?\mowglrcew miad). IThe ramhodiWast ed with

et acet at 0 ue rocC or.1 C e ueou a r WwWas
tached 15 weREL IR pImBEEEAnEn DGR MLy Fetsel RETHED B i vato,
dried owver mga@asnwme reddtiontweas sﬁurrbaet@ﬂb@ndtemam*eroaéﬂﬁbm NTNafdetidro gi ve a

E ?? | ZOLIO(rjrpo-&‘P?% o(su%lnérgeéi) ysthg radgil%ﬁle E)fe water arEJ' thg%x It]reeswéasnt(ajxtr]falc{ed wi ethﬁ give the

acetate. The organic layer was dried over magnesium sulfate and concentrated in

vacuo to give the title compound (0.18 g).
(2-{3-[4-(4-Fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-3-oxo-propyl}-
25  5-methyl-phenoxy)-acetic acid
To a solution of (2-{3-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-
yl]-3-oxo-propyl}-5-methyl-phenoxy)-acetic acid methyl ester (0.18 g, 0.40 mmol) in

2:2:1 tetrahydrofuran:methanol:water (5 mL) was added lithium hydroxide hydrate
(0.026 g, 0.62 mmol) and the reaction was stirred at ambient temperature for 2 hours.

30  The reaction was diluted with 0.2 M hydrochloric acid, then extracted with ethyl
acetate. The organic layer was dried over magnesium sulfate and concentrated in
vacuo. The crude product was purified by trituration in methylene chloride/diethyl
ether to give the title compound (0.16 g).



4- (5- Chl or 0- 2- hydr oxy- phenyl ) - 4- oxo-butyric acid ethyl ester A solution of
4- (5-chl oro- 2- hydr oxy- phenyl ) - 4- oxo-butyric acid (0.25 g, 1.09 20 mmol) in
et hanol (WO ogio}sesat urated with hydrogen chloride (g) was PCrTnBed3ats anbi ent
tenperature for 12 hours. The reaction was concentrated in vacuo, dissolved
in diethyl ether and washed with saturated aqueous sodi um bi carbonate. The
organic |ayer was dried over nagnesiunﬁéulfate, filtered and concentrated
in vacuo to give the title compound (0.259 g). 25

4- (5-Chl oro-2-{2-[4-(4-fluoro-benzyl)-(2R 59)-2, 5-dinet hvl - pi perazin-1-yl]-
2- 0XO0- ethoxy} phenyl b I tjon of

2-chl or021- [ 4- (4DH(gd 21 29)-4.5 elazinyla ‘

Z| ](56'[ E?non%éddr%l}@nﬁthvpel%oﬁm cetyll- rhel;th?nes’ulfonamlde | 0 11 0 43
cnl or o- ydar ox n OXO0-butyric g,

on) Cang 1. 5. 7 (0SSR (ST RS S I aPe SEp B

crosslinked Wﬁ—diko%%-ﬁ&t%pﬂen&yﬁécéf&@cbd (oro5acgeoqlzlrhmbl)m méthﬁlené) was

stirred at a era hour s, [ re was

filtered mﬂ@aéﬁ k”@ﬁ@%a “[4 dE’b“ﬁ% 'PSMH’"]GA 022 E”ﬁ 64 ®7ed via

2 I ?zh C;:”hr)o :ﬁ@mr@mm??aﬁp?l)éthmagﬁiduﬁw@egwﬁbcht@ﬂdé (0.082 gccmupl umbl)(o- Q8419)|-]
oro uor V4 - Pl razi n- 1-y -

> 35 oxo. ertRRGESHIRIIISS (B Giott Ba o ZoA ey eI 08S ks P25 ol

4- I(j‘S <2:hl OFOTﬁﬁ{ré’ac{tlén(ﬁvésfshM@dlll Qté)ﬁﬂiiéNt|tt)zmb@rBtLﬁ@LorZf&o@rim'EHWHeagWSQg&@Zé 8 i6
0Xo0- et e OX0- DU C, acCl e er

) i S Srap e R iR oA A see 5 0 §dalieote haioanrin i

hydr oxi de V\@cra?»/m%g%.m'yrédmmmr magﬁeéurﬁ@nmwhawnde(atr%dm 0.79

mol ). The resul t ng S‘E%Ut on was s our s rrperature

rred 1
Then corentRattsd i cvoR Hotoaissc et Bf bisiaionianeiidens GaraaseBiby
acet ate and egrsinesanisttd gile Mt sopfidoant ¢0.650 g, LRNS: S2@ani cs were dried
over magnesium sul fate, filtered and concentrated in vacuo to give the
title conmpound (0.072g, LRMS: 489.4, 491.4). 10 Exanple 5
3-[3-(5- Chl Exampid 2- [ 4- (4-f 1 uor o- benzvl) (2R) - 2- net hyl - pi perazin-1-yll-2-o0x

0o- et hoxy}- %
(3R)-1- (4-Fl -l 44 : 1 nipe ¥
(2R) - 2- ot hxdxo@tgexy}zg gﬂ &gyl]%tﬁﬂﬁ&shlﬁohaﬁﬁdr@nol (80 n1 ) was added

4-fl uor obenzyl CQ4%hloro o2 tﬁoxynthenoxy) acrg{lrgagldand sodi um hydr ogen

To a solution of sodium hydroxide (6.6 g, 160 mmol) in water (45 mL) was

added 4-chloro-2-methoxy-phenol (2.0 mL, 16 mmol) and chloroacetic acid (7.7 g, 81
mmol). The resulting mixture was heated to 95 °C and stirred for three hours. The
25  reaction was allowed to cool to ambient temperature and slowly acidified with
concentrated hydrochloric acid (10 mL) until the mixture became a solution and then
extracted with diethyl ether. The organic layer was dried over magnesium sulfate,
filtered and concentrated in vacuo to give the title compound (4.16 g).
7-Chloro-benzo[1.4]dioxin-2-one

30 To a solution of 48% aqueous hyrdrogen bromide (20 mL) was added (4-
chloro-2-methoxy-phenoxy)-acetic acid (2.1 g, 9.7 mmol). The resulting mixture was
heated to reflux overnight. The mixture was cooled to ambient temperature, diluted
with water and extracted with diethyl ether. The organic layer was dried over
magnesium sulfate, filtered and concentrated in vacuo to give (4-chloro-2-hydroxy-

35  phenoxy)-acetic acid. The crude product was added to a solution of pyridinium p-
toluene sulfonate (0.10 g, 0.40 mmol) in toluene (100 mL). The resulting mixture was
heated to reflux for five hours. The reaction was allowed to cool to ambient



carbonate (11.3 g, 135 nmol). The reaction was refluxed overnight, cooled
and concentrated. The renai ning residue was diluted w th dichl oronethane
and washeaowstbseaat er. The organi c | ayer was separat ed an®CaaBexosvssat ed to
give a clear oil. 20 Chromatography on silica gel gave the title conpound
(5.0 9).

2- Chl or 0- 1-[ 4- (4-f | uor o- benzvl ) - (2R) - 2- %8t hyl - pi perazin-1-yl]-ethanone To
a solution of (3R)-1-(4-fluoro-benzyl)-3-nethyl-piperazine (3g, 14.4 mmol)
i n dichl oronethane (40 m-) was added triethylamne (2.0 nL, 14.4 mmol).
The reaction was cooled to 0 C and chl oroacetyl chloride was added (1.1
nL, 14. 4525 emperpturerpad cencepiraifd b P SRHEINAMBIRRAPYPR Silichae!aave tf@rﬂ%‘@r ature
and stirred dfipodnd (18 §). The reaction is diluted wth dichloromethane and
washed with 10 %C|tr|c aC|d The or anlc Iayer was se'garated, dried over
magnesi um sul f at &4¢Ghlerg, EHRX MorgyDengyl) pediFiginy

Silica gel Gayeadhelidhanoaempound (3.9 g). 30
2- (4- Chl oro- Z-nltro henox uor o- benZV|34é2R%6mmolt hyl - pi perazin

-1- vyl | -et hanone 130'3 Igt{ﬂn f)70qlplc{5@ bgnzo[1 ,4]dioxin-2-one ( ) in"toluene

2- chl or orol- [(4mil4wiak &ated BgaFbb-HeAR))-R2R1ES) b- | 4 th@none
(0.40 g,ol ; TI{LA} ¥ bﬁt aﬁor}])ed A P2 ggggﬂy?ﬂ)é}ao?% d259m9”g_ phenol

(0.25 g, 1. J"Wﬁ'bl %he W@E%Wr@é’f’m%}t@@%g Qyerygtd. Hhe IrgacipWest assi um 35

i odi de (233 dgBled o 4mbiant bempEmu@@@tdoaeemOr.ﬁfvbeubeobmﬁfamg@éﬁhy draflcad and
concentrated in vacuo, ronatography on silica gel gave the title conpound

(0.56 g). \@e gavedhe e corRoundd9fi W - 70 5

2- (2- Ami no- 4- chl gs.@herPoey(4-filidrolbnky HERSHENS Minethd Pipetasifeh ylo-pidrer azi n
- 1-yll-ethanone To a sol utlondof

2- (4- chl'dr o-SM9iPRenoxy-acelic agidmethv eglefior o- benzy! ) - (2R) - 2-
met hyl - pi per azi nwyédluwnfamaazh(&oéﬁu ;oxg-paemb)l [uamaé}er&hzy(x)% m) was

added pl atinum di oxi de on car g % on_car bon) he reacti on was
subj ect to 35RP)IBst dlwmyba@ﬁrag@é V'J)Pth?O BR @Lﬁoe% 0. ﬁﬁ@rqo@a?ad.bwmge&%en

filtered t hraawhetﬁﬂlest& (@74 mit, N e midol)riRbRxARS(3FANCRY ddie8tetiangi ve the
title conpoun

(5-Chl oro-2 C{aﬂ’oé’ﬂte(@ ﬁ) q;dr%mﬂ@ﬁzﬁh? Tesuitinggnixiure s pirpd atAambienty | - 2- oxo

et hoxy} z@herwﬂn erﬁﬁﬁ@@%rﬁlgﬁﬁl'Fhe“re@bttdn%ééhﬁ@)ﬁl:h&:ﬁhnﬂ{ wéﬁ@r awaie%m?e abs
2-(2-am no- | or o- heno é? : 4f|uoro benzyl) - (2R) - 2-
e

met hyl - pi pere&‘Er??fe‘iW Ei '_’LQP”@: 'al{?"ﬁ‘@erﬁﬂr‘?d W'fh@F'BﬂIQSHeGr?H?hane (5
nm) was addﬁébri@&nﬁhﬁ@dﬁte(é}\db%acéﬂtratéh 18 Yabtelo) give e 4itl 8 icbipBtYRI0!61 g).

chlorofornate (0. 07%10%0 2-{2- [4 (4-fluoro-benzyl)-(2R,5S5)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenoxy)-acetic acid
25 To a solution of (5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-acetic acid methyl ester (0.21 g, 0.46 mmol)

in methanol (2 mL), tetrahydrofuran (2 mL) and water (1 mL) was added lithium
hydroxide monohydrate (0.039 g, 0.93 mmol). The resulting mixture was stirred at
ambient temperature for three hours. The reaction was acidifed to pH 4 with 0.2 N
30  aqueous hydrochloric acid and extracted with ethyl acetate. The organic layer was
washed with brine, dried over magnesium sulfate and concentrated in vacuo. The
crude product was purified by trituration with methylene chloride/diethyl ether to give
the title compound (0.16 g).
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzy)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
35  oxo-ethoxy}-phenoxy)-acetyl]l-methanesulfonamide
To a solution of (5-chloro-2-{2-[4-(4-fluoro-benzyl)- (2R,5S)-2,5-dimethyi-
piperazin-1-yl}-2-oxo-ethoxy}-phenoxy)-acetic acid (0.051 g, 0.10 mmol) in methylene

chloride (1 mL) was added 4-dimethylaminopyridine (0.022 g, 0.18 mmol), (3-



mmol ). The reaction was stirred at anbient tenperature for one hour and
concentrated in vacuo to give the title conpound (0.20 g).

3-[ 3- (5- GND®BWO33821 2- [ 4- (4-fl uor o- benzyl ) - (2R) - 2- et hyl - pi peraBo2n3asyyl | - 2- ox
0- 20 et hoxy}-phenyl)-ureidol-propionic acid nethyl ester To a solution of
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (ZR% 2- met hyl - pi perazin-1-

yl]-2- oxo- et hoxy}-phenyl)-carbam c acid A= nitro- phenyl ester (0.10 g, 0.18
mmol ) in methanol was added [ 3-al ani ne nethyl ester hydrochl oride (0.038
g, 0.27 mml) and triethylam ne (0 038 m., 0.27 mol ). The reaction was

and puri i 0PIV ATGIRETROr BHi iy o etdn Barasplors (GRS e Tde “canpound

(0. 07? g%:hl methanesulfonamide ]gol 016 g, Ob17 mmlol) and trlethylammﬁ (0.040 mL, 0.29 mmol)I I
3-[3-(5 - (4-1 1 upro-benzvl)-(2R)-2- et - piperazi.n-1-yll-2-o0x
oot hoxy - ABTGRSPTMiiren FOATRRC b TS Yo L, 1 bR Peeton ridre

3- [ 3- (5- chl avas-tBerf EHL[téld(vdh tichioropdilearmyand- wasRed 2vithetOy aquiidus acetic acid.

pi per azi n- 1-

2- t do d t t
(0057 o Frelrgarts Byt vrsthl Pbriith B Shbe bl ah fyctoeh Frbotitect or (1
m.) was iaddettied lové&trhagndsiuin Q.)dﬁatbearm)micyntraié@lr‘(\&cOQB (Qworﬁaﬁ@ramhy)bh siliche

reacti on was rre t npera vern ance ed in
vacuo, takergeﬁ{?h?‘ﬁe‘ﬂg h'&ﬁa{m ‘?Slg'b epﬁrch@aﬁelﬁ}(loer %ﬁ&@ﬁ%ﬁ@g'e Ig}rt[?ﬁ and

t hen treat edjawe the titiecboopeond bs 01e|hydrcg:abndesglt {020 135y, ILURMS:1 54261, 6eappund as
Its hydrochloride salt (0.035 g, LRVs: 507.2). WO 03/035627 PCT/ | B02/ 03989
-71- 5 Exanple 6
(5- Chl or o- 2-Exaniple 84- f | uor o- benzyl) (2R 55)-2. 5-di rrethvl pi perazi n-|1
-yll-2-qgxo- ethoxy 1§ & |« N
[4-(4-fldoro-ben =P 2;

sol ution of 2-@k-e gggbdnémm@.ba@gg-z 5- d| rret hyI p| pera2| ne (2 59, 10
11.2 mmol ) in dry, di r]

(1.57 m, 11.2 : ~ i
mol ). The axe&tﬂmwhmmﬁpromomnbudr@hylvastest| rred for 30 i nut es The

t then filt d d h
G ohi or omet hane. ek FHEIPS 2 iRl RvRBR PhaSSubafa et st
Chr omat agr agBR,58)-2s5-timethyypipegainet -yiiethahbhee(00aMdp S rhizhof4 g) 15

B g e ey

[4-(4-fl uor@stmr(l(ZQBa g(@B bitolin Tetcinyatofyrbn (inhewag addel gigthylet hanone (1.0 g,

3.35 nmol) Ia'%o car oxngte((g 8455“@) 0. %mmo declihe resu}tlng mixture was stirred at ambient

temperature overnight. The reaction was concentrated in-vacuo. Chromatography on

25  silica gel gave the title compound (0.078 g)
(2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S8)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenoxy)-propionic acid
To a solution of 2-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-propionic acid ethyl ester (0.075 g, 0.15

30  mmol) in methanol (0.4 mL), tetrahydrofuran (0.4 mL) and water (0.2 mL) was added
lithium hydroxide monohydrate (0.010 g, 0.24 mmol). The resulting mixture was
stirred at ambient temperature for three hours. The reaction was acidifed to pH 4
with 0.2 N aqueous hydrochloric acid and extracted with ethyl acetate. The organic
layer was washed with brine, dried over magnesium sulfate and concentrated in

35 vacuo. The crude product was purified by trituration with methylene chloride/diethyl
ether to give the title compound (0.066 g, LRMS: 479.2, 481.2).



4- chl orophenol (0.64 g, 3.69 muol ), potassium carbonate (0.93 g, 6. 7mmmol)
and 20 potassiumiodide (0.56 g, 3.35 mmol ). The reaction m xture was

heat ed atwoaBloss627 over ni ght. The reaction m xture was themcraBbxrsadi | ut ed
with water and extracted wth ethyl acetate. The organic |ayer was dried
over magnesiumsul fate, filtered and cqpcentrated to give an orange oil.
Chr omat ogr aphy on silica gel gave the t1%1 e conpound (1.35 g). 25

2- (2- Am no- 4- chl or o- phenoxy) - 1-[ 4- (4-fl uor o- benzyl ) - (2R, 5S) - 2, 5- di net hyl -

pi perazin-1 yll-ethanone To a sol ution of

2- (4-chl gro-2-nitro-phenoxy)-1-[4-(4-fluoro-benzyl)- (2R, 5S)-

2, 5-di melshyl - pi perazin-1-yl]-ethanone (2.2 g, 5.05 mol) in ethanol (50 nlL)
in a par b@Exahpleds added 5% pl ati numon carbon (2.2 g). The reaction

m xture was 38 Shﬂ egt hxrdr en 93 i thoL 30 rrin;ljt oThe
reacti on m »PeF MMH—"{—E&&)@E B+ - - S e
washed w t h ethdvd)Phenyia-dxd-bugtie asis concentrated in vacuo.

Chr omat ogr aph sil|c el gaye th itle conpound (1.42 Q).

(5- Chl or 0- 2R R0 AYqIAXYS PFROUAT °'°§,5-di net hvl - pi perazin-1-vl | - 2-
ox0- 35 1ot hoxy} - pleenydistidnfat mahiore-danéthoxyalsértterde (A1 §o8.atmmal) o 1,2-

2-(2- \ -4-chl - ph -1- -(4-fl .uoro- [ )-(2R 5S) -

At o i GE BB B was hdiddsuler R Zngrc G35 Sabion and

di nr:a; hyl 1;] Ior rmhjlclﬂ?us éllﬂrrﬁmft ghigde (gg?@,dgggm PéiT;JTIh&:)?/sglmg@gmlﬁra.v&%&tigpdo. t2ﬁ9I
nmo , C or osu (0] -ac | - . acl e
Toter (603 Bimplenbiamtsitaior Pove SThaedction as pepgsemiodee aid et ity $o6%,
80,d 6f71 alnfi i ?c?tﬁfendgsp/ﬂ?%ll_wdlous b&&%&lp%@éﬂd. Ti}ila{ aki;mszahb?]dyéovm?ﬂrédﬁed 0t5 m )
an I ha ca | C | a no ri di ne. 3 er . nNour s e reactl on
fas a1 U eq WP Sesie” TR R e et it e dicd e maB B SR er
(0.05 M. Thealfstegiiered drayhcensted invaduetegiveragaresolidmTae lsbiid was fritdrdteded and

trated.. Th d t 0.t hen di I in 1:1
Lot ahydr of JPANIERE TG 1 e (IR EARRHPRR G e hydrate (0,004 g,

0. 095 mmol ) was ad@eChliort2-Rydrdy-praanyh-4tdxe-budaictddethaestpncent r at ed and

the €1 t1'e_coMpouNd, gus) (oo o0 LSS on S B SR ERD Y00 995, oL
3- (5- Chl2or o-rAmbBirf ethéribl {10reL Psdiear witr{ RBr&Bh-Rididd (gidsvtiret Reamblont 1- y11-
Ezi;:ioég: argﬁ\é;@g?ergﬁglgf?c{p A_E%)ogg{ gﬁ{ggﬁégc)io?_was concentrated in vacuo, dissolved in

(2R, 5S) - 2, 5-dibthptethdr apd pasked WithLsatlitatett agteoed Betivh blvartoaktte hykkeorbania

solution of Ia2)7e$ WMol dPed bLeA?'_rg;"drIelsH(r)r{ gdlgge%&/elréa (AR endentattath TRLOYS give
the title compound (0.259 g).
25 4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl}-4-oxo-butyric acid ethyl ester
A solution of 2-chloro-1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-
yl]-ethanone (0.11 g, 0.36 mmol), 4-(5-chloro-2-hydroxy-phenyl)-4-oxo-butyric acid

ethyl ester (0.11 g, 0.43 mmol) and 1,5,7-triazabicyclo[4,4,0]dec-5-ene bound to
30  polystyrene crosslinked with 2% DVB (0.21 g, 0.54 mmol) in acetonitrile (1.8 mL) was
stirred at ambient temperature for 12 hours. The reaction mixture was filtered
through a glass frit, concentrated in vacuo and purified via flash chromatography on
silica gel to give the title compound (0.084 g).
4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S3)-2,5-dimethyl-piperazin-1-yl]-2-
35  oxo-ethoxy}-phenyl)-4-oxo-butyric acid
To a solution of 4-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-4-oxo-butyric acid ethyl ester (0.082 g, 0.16

mmol) in 2:2:1 tetrahydrofuran:methanol:water(1.5 mL) was added lithium hydroxide



pi perazin-1-yl]-ethanone (2.87 g, 9.6 mol) in dinethylformam de (20 nl -)
was 20 added 5-chl orosalicyl al dehyde (1.65 g, 10.5 mol), potassium

car bonat ew0236356g7 19.2 mol) and potassium i odide (1.59 @CTAB®/03089 ). The
resulting mxture was heated to 100 C for 12 hours. The reaction was
cooled, diluted with saturated aqueous ?I’I ne and extracted with ethyl
acetate. The organic |layer was dried ové magnesi um sul fate and filtered.
The filtrate was concentrated in vacuo to give crude 25 product.
Purification via chromatography on silica gel gave the title conpound (3.40

g) (5- Chl 8r o.MRNEhyqrate @-34 ¢ 9y "S- BERYy The [esgltipg solitian wasstiFrAd 120 8%i n- 1-vi |1 -
2- oxo-et hO)éYr}mé?ﬂMﬁ@&u?@lhdﬁf@hb@rﬁttéﬁeeﬁml\dcmtWé cr@gé gfodTet Wassdibsolvedn of

5ch|or02 | uor o- ben R 5S) -2, 5-di net h
pi perazi n- 11§ yF#’Y'?%%e@?%Wﬁﬁe‘%‘éﬂiﬁw 'fjl‘sr%' %QQ%CWF)"”F?% net hanol
(2 M-) vapvadeaghesins it fineieding cameimtrﬁmdhyk/aa&itergudwﬁlé@wl oride salt

(0.063 g, 0.45 f solution was adjusted to 5-6 with
triethylam ﬁ@”‘&ﬂ%@e‘?%@ L%@"ﬁd M 49r1e ttion mixture was stirred at anbient
tenperatigre for 1 hour. To the resulting reaction m xture was added sodi um

cyanobor ohy ideé .023 g, 0.36 35 mol ), and the pH of the solution was
agai n adj ust H5 with acetic acid and triethylam ne. The reaction

m xt ure was 3S[B|-(srcadoﬁi-241aip4-e41ﬂu<bwamg§9g2k) -DnsgtRyighiberazihi-il Wij<Xoxe-t h et hyl

acetate and sa.tu at ed agueous sodi um hydrogen carbonate. The
organi c | ay& i #sul fate, filtered and WO 03/ 035627

PCT/ 1 BO2/ 03989 13@) 5.(4:.9m©fmbémm mahwaﬂ@azﬂ@e crude product was purified

3 (5 olor o2 {2 ot A e et PSR SS9 BRI PrhPS A 1. 11 1.

2 0x0- et hoxyaskridey 4aniorshenpy eplofide (5.38°md, 450 mrﬁcﬂ } &aid ﬂmmﬁ hydrogen

3-(5-chl 2-1 5 | -
3 ol OO el St hR S e B AP S b ndest er
(0.035 g, Qoﬁé&tm@ml )Thietetn@inirgimesid oé wraglm(ted antmd)mlor@héma@é adwash¥d-) and

water (0.1 nm.-) was _ added I t hi um h Xl de nnnoh e (0.0 0. 35
ol ) . (The P’E@d”ﬁtﬁ" Theqrgpnic %’Wéﬁ?‘;r/pra e%?”%ﬁ‘?ﬂcéﬁ %'g’%@&fe@ g\rerni ght .
The reacii orcmbmmgfapw@ntsme@gelcgwémwt@tm;joow@@ug) and the resulting
resi due was di ssq) dj c Ioronet ang treateo h hydr ogen
chloride gas. The 5 a6 o
acetonitrile was rroxmmmmfro:sm)a'r @ﬂﬂlidbo-gewﬁjl)t:bmethyt bl@e&QIﬁBQB@d%mMO‘IG)
hydrochl oride oot o h e @8 ml) e added trikylamine (2.0 mL, 14.4 mmol). The

reaction was cooled to 0 °C and chloroacetyl chloride was added (1.1 mL, 14.4

25 mmol). The reaction was allowed to warm to ambient temperature and stirred for 2
hours. The reaction is diluted with dichloromethane and washed with 10 % citric
acid. The organic layer was separated, dried over magnesium sulfate, filtered and
concentrated in vacuo. Chromatography on silica gel gave the title compound (3.9
9).

30 2-(4-Chloro-2-nitro-phenoxy)-1-[4-(4-fluoro-benzyh)-(2R)-2-methyl-piperazin-1-

yll-ethanone
To a solution of 2-chloro-1-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl}-

ethanone (0.40 g, 1.4 mmol) in 2-butanone (14 mL) was added 4-chloro-2-nitro-

phenol (0.25 g, 1.4 mmol), potassium carbonate (0.39 g, 2.8 mmol) and potassium
35 iodide (233 mg, 1.4 mmol). The reaction was refluxed overnight, cooled and

concentrated in vacuo. Chromatography on silica gel gave the title compound (0.56

9)-



Exampl e 8 20

1-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hvl - pi perazin-1-yl1-
2- 0Xx0- etWoxsh3senzyl ) - 3- (2- met hyl benzenesu | fonyl)-urea PCT/IB02/03989

2- (5- Chl or o- 2- hydr oxy- benzvl ) -i soi ndol e- 1. 3-di one To 4-chl orophenol (2.0
g, 15.5 mmol) and chl oronet hyl pht hal am de (2.62 g, 13.4 mmol) was added
zinc chloride (3 nL, 0.5 Min tetrahydrdfuran, 1.5 mol). The 25 reaction
was stirred at 90 C for 48 hours. After cooling the reaction was dil uted
with nmethanol (15 m-) and brought to reflux. After 30 m nutes the hot
suspension was filtered through a nmedi um gl ass fr|t and concentrat ed to an
of f-whité solid. 2u2tAmingt4-chioro-DREngx 444 2 nethy e

brought to rﬁ;q érthandﬁ?ter 3 hours the hot suspen5| on was f||tered through a

medi um gl as concentrated to an off-white 30 solid. The crude

product was puri fTOe%ISQ}vta)n&ﬁﬁdﬁﬁ‘l@gf? aptio-phenoxy ) tB-GeluorebenayB-RE2- titl e
conmpound (3..8Gn4) |pe%a£|r5‘l diofe (@554 {énﬁrhbl?fn %Yi@mﬁ)zﬁas adder2,

l
5-di met hvl - pi per Zin-1 9‘} - 0OXxo-et ﬁoxv -benzvl) -1 soil ndol'e-1, 3-dione To a
sol ution of pzat@hmleﬂqe?mcqrhom Qﬁﬁe-fbéﬁwerbqrm? eyeactign wapsUPipst 1835
Pl perazu@ - 1p4l BydPSQEARRT0 2 fiutbs, 3118QedBBh lusk indlf therddidighcafigmAlide (25
was otassium i odid ?
2 (5 chl oro-ﬂzefhI dieonas geRenirated toszb\reh@e ide SEOpr@HWr(Q“(ZCE)SO g, 2.76 mml) and

pot assi um car bongk epido H2G4- (@flﬁ&o-mt &;z@%éh;@ﬂ.%éraanm@t%ﬁo was heat ed
to 70C for 23 hours € reac |on was -74 5
cool ed to argaxy 2 ghs; and extracted with 1:1

di ethyl ether/ hweauﬁ%z&twm% @admors ﬁéﬁ%x? wem@ BREW)-(2R5pEd Wi th

water and brine, dried over ghesi um su ate filtered and ‘evaporated to
gi ve thdsti tm@hylmwm&—y@]@tl&moge (0.14 g, 0.36 mmolj in dichioromethane (5 mL) was

2- (2- Am nonmej4auh peridiid G?KZHHE@S‘Q’%n@o‘I)[éhd(AmfrhWn?r@%réfﬁrr}wa{e%ﬁﬁ@g g39- 10

di et hvl - pi perazi h-1- va et hanone

2- (5- chl or o-mph.- The (Qacthmwa%stj@qiz%r|a)nbremt65'$;er@tue=-ferﬁ@@ our-a9fper azi n- 1-yl ] -
2, 0xo- et hoxyhnBeitand SOl e the fnd bafolP. @720@1) 1.59 mol ) "in et hanol
(20 mM-) was added 35% hydra2| ne . After 17 hours t he
reaction was fi e 20 wizliil @ O¥O\Wa s

trituratgd \@tﬁggwpsﬁm)qudglsoggb%lag@ rﬁ&qyltegpertl tle corrpound was obt ai ned

after filtration,_drying over gnesium suffate and concentrating in vacuo

(0.62 g). (2-netHa aaecpiu@mee‘t@wcblﬁgq 3-{2tr Yfhoro-benzy!)-(2R)-2-methyl-piperazin-1-
5- chl or o- 2- {{A-4 4ed 8mblkyiPheniREFYAmic acid 4-nitro-phenyl ester (0.10 g, 0.18 mmol) in

methanol was added B-alanine methyl ester hydrochloride (0.038 g, 0.27 mmol) and

triethylamine (0.038 mL, 0.27 mmol). The reaction was stirred at ambient
25  temperature overnight. The reaction was concentrated and purified via
chromatography on silica gel to give the title compound (0.075 g).
3-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-ureido]-propionic acid
To a solution of 3-[3-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-
30  piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-ureido]-propionic acid methyl ester (0.057 g,

0.11 mmol) in tetrahydrofuran (3mL), methanol (3mL) and water (1 mL) was added

lithium hydroxide monohydrate (0.023 g, 0.55 mmol). The reaction was stirred at

ambient temperature overnight, concentrated in vacuo, taken up in methanol, passed

through an ion exchange column and then treated with hydrogen chloride gas to give
35 the title compound as its hydrochloride salt (0.035 g, LRMS: 507.2).



(2R, 55) -2, 5-di net hvl - pi perazi n-1-yl | - 2- oxo- et hoxy}-benzvl ester To a

sol ution of 2-(2-am nonethyl -4-chl oro-phenoxy)-1 -[4-(4-fluoro-benzyl)- 20
(2R, 5S)-wp3dsieer hyl - pi perazi n-1-yl]-ethanone (0.050 g, ®@CIABoBPEY i n dry
toluene (2 m-) was added o-tol uenesul fonylisocyanate (0.05 ni, 0.36
mol ). The reaction was concentrated tq dryness and purified via

chromat ography on silica gel to give thdltitle conpound (0.048 g, LRV
617.2). 25 Exanple 9
2-(5-Chloro-2-{2-[4-(4-fluoro-benzvl)-(2R 5S)-2, 5-di nmet hyl - pi perazi n-1-vl |-

2- 0x0- et hoé%y}i_b‘?néyl sul f anoyl ) - propi onic acid To a solution of
2-(2-am Ao chl or o- phenoxy) 1-[4-(4-fl uoro benzyl)

(2R, 59) - 2, 5-{giCHbreyd-{Di4E )-(E52 BSN2/BifR i Mxo-i N 30
tetrahydrofuran ] 0.021 m, 0.151
mol ), cat @Ry Farmnopyrarwe and finally a solution of

2- chi or osul fonyl @ @ooﬂl[¢-(4-ﬂﬁd)rd behiy)- (28552, S-Hiethyl Sir adin-91yl]-cigonke] v.

Chi Act 19 80, 67 | 197 7)_ (0.029
o O 14e ot ) 1T TOla oo o 6 S s Repsn e R e PRe e (28 The
reacti onowas1ad dnquh ty diétigroinethaindi (@ MimLt) @D eC aldsrided triethyiamingd $1.6pur s t he

but for (0. 5 My 1 riEmel el B B PR b e Bina DR Rgh bl bR ko e,

filtered andemn@eeédmhedxtuf’amadgt&rerdefdrmmdwms Vi resaloatveai tMérdfiltgréd ca gel

chr omat ogr aph 0. Thi s, est olvd|n11V\D

03/ 035627 PMF&?}EP@%Q@@'“‘* Y’@S%e‘fléﬁ'? 8\(?8'8 %ﬁ%&ﬁgﬁ res mg)fﬁé?ﬁ?iw??'t hi um

hydr oxi de hygdnedrerafca. 8Cﬁ@>mdﬂ:gl§;ﬁ'1mll)cavmga\midedtle éémﬁdiurﬂﬂ(Z!fMLg)S tlhe I

reaction was congent d oh e t silica ge

chr omat oléraphy (&= ? E B ' et 'tRaé 95% thy:

(5- Chl or o- 2pip&rizn- (14'+14‘e|thawoﬁebenzyl ) (2R 58) 2, 5- d| met hyl - pi perazin-1-yl | - 2-
I fo

oxo- et hoxy}-ben ).-acetyl meth

> (4- Chl o o) 2 ny dPAIIRT 23atieony - aliar By P S5EAAmetR 59 - 2, 5-

di mﬁlt hvl - pl Weazznm M]aémar@héanorgeﬂ(e annglgl)mﬁzutmmf@s le) was added 2-nitro-

5-chl oro- e | Te

pi per azi n- 1 +°r§ |®t41409<3§&[z)%‘ﬁ%39t a%tﬂwfe%ggatﬁlb%%%%mﬁ') anf dry

rreth hanolzg( 25)ota3§hru}n iodide mﬂd@dd:s GdlngmmoTWdéﬂdﬂ&né(erég/ag heéteeat iiémﬁk) . After

1 hour the reacti ciditied t I t

hydr ochl or | @VEEHAL RFet ERACHOHN rggvals é\%’%’f’@}’g gh We rrag fté%"t?ﬁ'th 1N

sodi um hydr awthdghyadethiee Tetdagarid Iay@fwasedhddy)ver magnesium sulfate, filtered and
concentrated to give an orange oil. Chromatography on silica gel gave the title

compound (1.35 g).
25 2-(2-Amino-4-chloro-phenoxy)-1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yll-ethanone
To a solution of 2-(4-chloro-2-nitro-phenoxy)-1-[4-(4-fluoro-benzyl)-(2R,5S)-
2,5-dimethyl-piperazin-1-yl]-ethanone (2.2 g, 5.05 mmol) in ethanol (50 mL) in a par

bottle was added 5% platinum on carbon (2.2 g). The reaction mixture was
30  subjected to hydrogen gas (35 psi) for 30 minutes. The reaction mixture was filtered
through celite and the filter cake was washed with ethanol. The filtrate was
concentrated in vacuo. Chromatography on silica gel gave the title compound (1.42
a).
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
35  ethoxy}-phenylsulfamoyl)-acetic acid

To a solution of 2-(2-amino-4-chloro-phenoxy)-1-[4-(4-fluoro-benzyl)-(2R,5S)-
2,5-dimethyl-piperazin-1-yl]-ethanone (0.030 g, 0.074 mmol) in dimethylformamide
(0.5 ml) was added potassium carbonate (0.030 g, 0.239 mmol), chlorosulfonyl-acetic



evaporation. The resulting aqueous suspensi on was extracted with ethyl
acetate. 20 The organic | ayer was washed with brine, dried over nagnesi um
sul f at e, WoDloB@s®Ad7 and evaporated to give the title conpoad/1B/388%) .
(5-Chloro-2-{2-f4-(4-fluoro-benzyl)- (2R 5S)-2.5-di net hvl - pi perazin-1-yl | -2-
ox0 et hoxy}-benzyl oxy)-acetic acid tert- gutyl ester To a 0 C solution of
sodi um hydride (0.025 g, 60% di spersion;“1.0 mml) in 25 tetrahydrofuran
(2 mM-) was added a solution of 2- (4 chl or 0- 2- hydr oxynet hyl p he noxy)- 1
-[4-(4-fl uoro-be nzyl)-(2 R 5S)-2,5-d i methyl-pi perazi n- 1 -yl]-etha

Lot ahydior @%@ﬁqﬁégsﬁ?@%ﬁ%iﬁﬁql ; twe&%%ﬁé% He it Aol ™ ) "

tenperature 8D)y67ﬂérghBull @aoenchied Fr. (1 975) vEU7e in dmdtkdlfd:mtaﬁddd\/((l $1n¢)tdrwl acet ate.

Thcuo. Sihe’ dralEa g A efem T idon She 2 e Tb R G o1 1o

?%V(ca:hf he t Iztét 3] leﬁ‘mﬁ v(a&héet!;wgh pH 7.0 phosphate buffer (0. OE; M). The organic Iayei oo
or o- uor o- ben per zi n- -2-

o s hoxo PESEE o83y TSI L S Thg o 3abcahetntrafie. The (ude i was! Y

('5- chl or10- 2-tieh didsdjvedfih dor tetritgazaflan(wier8)s-ral) Endllﬂm&ﬁﬂﬂwdroﬁ& hydrate

p| perazin - 2- eth zy cetic acid tert ter (0.14
0 oL o5 st pbd & GP3R Fmdikes e wReY 16 Bt Bantar Fos reieAESERE hoi d
(0.5 nL). Thiee titeeomhpgdund pmm@tdﬂyesumsgatnmmetbgadphwboeeg LRNBE526.8). €
overnight, diluted with WO 03/035627 PCT/I1B02/03989 -76 5 dichl oronethane
and treated with excess hydrogen chloride gas. The m xture was

concent r at eExampl@Zuo to give the title conpound as its hydrochl oride salt
(0.14 g)1 2 y - : ) s 2y 0=

i met hyl - Blpera2| Bt ' RRgHAEN YA ani de
To a sol uti beﬂ-eﬂﬁxvhbmmﬂn{nbtugéléni‘clam&cblertzmﬂ Qﬂluﬁﬁ)-banﬂ)dl rret hyl -
10 pi perazi i d (0.11 g, 0.22 nmol)
in dichl or offee? ‘ g LRy ooyt | di ne (0.04 g, 0.33
mmol ) and 1, 3- d|T©;ec§;dblhtEm>deaahlmd41L[m(dﬁuér6 tiMthlg(ZFOSQ)@ garhgthylThe resul ting

reaction mxture I ent,. tenpe ure 0 utes and .
t hen treat edRAF™ \fvaﬁ@tei%ﬁ%’g % g-zgngg 7)) @fgga{hy@o ”H‘ﬁ%fz)% % eact i on
was stirmoed aa!tiewﬂimhbﬁbsa]ﬁ@léléémém 859, ﬂ«ns mirBol}) @utassiufi ddrissreste (2640¢40h a pad
of celite a h dl)ﬁm or oret hane.

She conb: nadSa B e potdiupiiotiie (£885, o A MR IR msuliflo Fpile s
g gg orzn)at ogr apiewtedno 300 FC forgid hdues. JTheerebttdntwdd eor@npiiediwitl) sdfatedy, LRVS:

aqueous brine and extracted with ethyl acetate. The organic layer was dried over
magnesium sulfate and filtered. The filtrate was concentrated in vacuo to give crude
25  product. Purification via chromatography on silica gel gave the title compound (3.40
g).
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-benzylamino)-propionic acid methyl ester
To a solution of 5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
30  piperazin-1-yl]-2-oxo-ethoxy}-benzaldehyde (0.075 g, 0.18 mmol) in methanol (2 mL)

was added 3-amino-propionic acid methyl ester hydrochloride salt (0.063 g, 0.45
mmol) and the pH of the solution was adjusted to 5-6 with triethylamine and acetic
acid. The reaction mixture was stirred at ambient temperature for 1 hour. To the
resulting reaction mixture was added sodium cyanoborohydride (0.023 g, 0.36

35  mmol), and the pH of the solution was again adjusted to pH 5 with acetic acid and
triethylamine. The reaction mixture was stirred at ambient temperature overnight,
diluted with ethyl acetate and washed with saturated aqueous sodium hydrogen

carbonate. The organic layer was dried over magnesium sulfate, filtered and



20 Exanple 11

1- Acetyl -3-(5-chloro-2-{2-[4-(4-fluoro-benzvl)- (2R, 5S)-2, 5-di net hvl - pi peraz
i n-1- yl IwD-00x856e1 hoxy} - benzyl )su | fam i de PCT/IB02/03989
1-(tert-Butoxycarbonyl)-1-(5-chloro-2-{2-[4-(4-fluoro-benzvl)-(2R 5S)-2, 5-
di et hyl - pi perazi n-1-yl | - 2- oxo- et hoxy} - b@nzyl )sulfam de 25 To a solution
of 2-(4-chl oro-2-hydroxynet hyl - phenoxy) =‘'£-[ 4- (4-f | uor o- benzyl)

2, 5-di met hyl - pi perazin-1-yl]-ethanone (0.2 g, 0.48 nmol) in tetrahydrofuran
(2 M) was added tert-butoxycarbonyl sul fam de (for preparation see: EP

557122A1 0.14 I,phe e (0 2 mol ).
The reac%Sl (()rFOH’F‘?&t% 'Mgcuocohi eﬁ“éj%pmd@g‘@/éﬁ‘d?%‘?&( E@/Pgné ‘g'iro&faﬁlaat e
(0.10 m, ngéﬂtd'gmmemécadﬂadqda(oojss@w se. The reactlon was warnmed to 10 C
over 2 hours and { haII Gharm to 5 : Sors Tihe reaction

was diluted with ; ., ‘ er (0.5
M and bri nQ)xarmhdeBenigﬂa&ﬁhQ@ gmﬂﬂgaa gi um suI fat e. The react I on was

concentrated to d'{%%gfﬁ@ an??B(ngflf’ %g{g [2(fﬂuoro g{ a&llysé))rbgl I 'e(iﬁylgel to

give the title co
1- Acet yl103- (p@pe?iililmﬂqu]&é)&fétﬁoiy‘}-bfehxl,@érﬁmb)%ﬁ@blohm(a%@ p&hyLedterd0iDBE Y| - pi per az

1"t or - but SRRAPBIY biraESlabtogT DL Siliarphic? by P By (9.1 mL) was

(2R, 5S) - 2, 5-adide@lifAjim hydvexide mondhydrate 20.0x5geo. BSMolbenialﬂe}aeﬁdnfralmuﬂ@ (0.05
g, 0.08 Wb 03/0 5667 PCT/ | 02/03 89 -7%‘g ﬂ}%‘% L é?% Iene chloride (1
m) was addd¥FSE0 R PRRIEALEPREFUOver! [SRCUOL I V}g"@% B8N de (0. 007
n, 0.098 nmoheraratediatvatyd arel i nedutingaesiocewas dlsmVed%tdmhloTBmeMHés t he
reacti on _was

|Iue oncent r at.ed ess a purified

Ve chr drin: pRdisirmUnRratEn GBI o851 6 resaling viie SPICINER wagies bl ) e
di ssol ved i mcmhméerrae ebétamutrntewééh whs ccamxéh ntratet Itmgwemaeﬁtlegccﬁmodgd &s rdrs] )
After 3 hours at, 1Q a the reaction was diluted wt

net hyl ene cfﬂ%?@ﬁé”%%h@% g‘BWt“HB % sodi um carbonate. The layers were
separated and the aqueous |ayer washed twice with nethylene chloride. The
organic | aye!_res ﬁrg conbi ned, washed wth brine, dried over nmagnesium
sul fate and rated to dryness. The t|tIe corrpound was afforded after
silica gel ch{5Cnioe 14-(4 8
5-Chl oro- 2-{ € (2l plperazm 1-yll-2-0
x0- et hoxy} Sl UNSE 5 L

2-(5- Chloro-2 hydroxy-benzyl) |somdole-1 3-dione

To 4-chlorophenol (2.0 g, 15.5 mmol) and chloromethyiphthalamide (2.62 g,
13.4 mmol) was added zinc chloride (3 mL, 0.5 M in tetrahydrofuran, 1.5 mmol). The
25  reaction was stirred at 90 °C for 48 hours. After cooling the reaction was diluted with
methanol (15 mL) and brought to reflux. After 30 minutes the hot suspension was
filtered through a medium glass frit and concentrated to an off-white solid. Methanol
(50 mL) was again added and the reaction brought to reflux. After 3 hours the hot
suspension was filtered through a medium glass frit and concentrated to an off-white
30 solid. The crude product was purified via chromatography on silica gel to give the
title compound (3.86 g).
2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-benzyl)-isoindole-1,3-dione
To a solution of 2-chloro-1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
35  piperazin-1-yl]-ethanone (0.75 g, 2.50 mmol) in dry dimethylformamide (25 mL) was

added potassium iodide (0.40 g, 2.39 mmol), 2-(5-chloro-2-hydroxy-benzyl)-
isoindole-1,3-dione (0.80 g, 2.76 mmol) and potassium carbonate (0.70 g, 5.10

mmol). The resulting mixture was heated to 70°C for 23 hours. The reaction was



To a solution of 5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R, 5S)-2,5-di nethyl 20
pi per azi n-1-yl ] -2- oxo- et hoxy}-benzal dehyde (0.050 g, 0.12 nmol) in nethanol
(1 nm) waeoadsked7triethylam ne (excess) and car boxymnet horgirapmes9so

hem hydrochl oride (0.030 g, 0.24 mmol ). After 3 hours at anbient
tenperature the reaction was concentrat ed and the desired product purified
by silica gel chronatography (0.045 g, “"fRVS: 492.1) 25 Exanple 13

(2- Met hyl benzenesul fonyl ) -carbam ¢ acid 5-chl oro-2-{2-f4-(4-fluoro-benzyl) -
(2R, 5S) -2, 5-di net hvl - pi perazi n-1-yl | - 2- oxo- et hoxy}-benzyl ester To a

sol ution of 2- (4-chl or o- 2- hydr oxynet h I-phenoxy%) @4@(4 fl uoro l?enzyl)-
(2R, 59)- 3, 5-CGPH€tt%?F‘bi§Pb@FEEF"H“rf diutebvitywates apde in dry
tol uene (2 difdr/heRsneaddr s THé &Esrytea%fsewér@ c@ﬁlbﬂ%d \Qa&ﬁedrmmlv)/até,oéddowed by o-

t ol uenesul fonyl i socyanat e and cat ai)ét ic 4-
di net hyl ani rH§rqrigdrryer WPQ@?S'%SH'@J? diltered Wéd’?ﬁ’%fﬁte\ﬁdgg hettle 0 55 C for 2
hours.  Aft @bnfpeQhd gggﬁ@)e reaction was evaporated to dryness and the title

conpound urlfled 35 by silica gel chronmatograph 0.074 LRIVB 618. 1
o Do) 0g5hay brr - Ganiegstina-efores asrdmr b - lors-berzv-(IR S8 TS )

N[ ( 5- mborqmael{@_é.@,gmamzyu (2R, 55) - 2, 5- di met hyl - pi per azi n-1-yI |
- 2- 0xo- et hoxy é_)n) acetyl I - net hanesul f onam

(5- Chl or o- 2- net hJ>9y2 EngrPy2- el r{astlypro- %\Z}Q)g%ﬁéﬂ & 5-diethyl-piperazin-1-yl]-
5-chl oro- 2- rﬁE@MMomJbé@z .a&h@blémtdwbn@wwg(ﬁsb &mcﬁ)nﬁ%th&@ioﬂ(@'rﬁu' n THE

(100 nL) at 0 C was added dropwi se a solution of_lithium alum num hydride

(210 ni, 210vasAsided 85Ky ygrazing @ M. 1 PmEDs AfSE 1 bROWEsthEReRFiRRMAEd t o

reflux for Ziteedrahd cBh@erﬂr%%éﬁtb%ﬂaM‘@éhdl0FH|@§bI’6Qve@ tueeted aan afethyishequenched
by the addlcci?l on of cold water. The m xture filtered through celite and

the filtlér CHIO8IGA8d hetligeemaopnd H’?éPHS'f‘I'“th"‘W@F itrgiQ0. Anfing ee MRREe¥Bhed

W th saturatsgﬁata%g%ﬁcmt.hgnnlécmw@ggp carbonate then dried over
magnesi um sul f at e Concentrat| on 1N vacuo - gave t he |tIe corrpound (17.2
g). (5-Chloro-2- € fzgpesuifo parpic;ackl 5-¢ gbenzyl)-
(5-chl oro- Zuzratdwmemh@mw brp@ﬁtzhhaﬂ&’lh 2(01@6 ethdy}- 9&&@5@4) in methylene
chloride (100 m-) was added t X chlioride ( 198 mmpl ). The 20
reaction was sti rioeRISAPINT | 2elé- WP rgeiyiot- Ehlor@o‘?ﬂe@@‘){) Md&rﬂ“? ¥Wure and

20 (2R, 5S)-2,5-dimethyl-piperazin-1-yl]-ethanone (0.050 g, 0.12 mmol) in dry toluene (2
mL) was added o-toluenesulfonylisocyanate (0.05 mL, 0.36 mmol). The reaction was

concentrated to dryness and purified via chromatography on silica gel to give the title
compound (0.048 g, LRMS: 617.2).

25 Example 9
2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-

ethoxy}-benzylsulfamoyl)-propionic acid
To a solution of 2-(2-aminomethyl-4-chloro-phenoxy)-1-[4-(4-fluoro-benzyl)-
(2R,5S)-2,5-dimethyl-piperazin-1-yl]-ethanone (0.05 g, 0.119 mmol) in
30 tetrahydrofuran (1 ml) at — 40 °C was added triethylamine (0.021 ml, 0.151 mmol),

catalytic dimethylaminopyridine and finally a solution of 2-chlorosuifonyl-propionic
acid ethy! ester (for preparation, see: Helv. Chim. Acta., (1997) 80, 671 and Bull.
Soc. Chim. Fr. (1975), 807) (0.029 g, 0.145 mmol) in tetrahydrofuran (0.25 ml),
added over 5 minutes. The reaction was allowed to warm to ambient temperature.
35  After 23 hours the reaction was diluted with ethyl acetate and washed with pH 7
phosphate buffer (0.5 M). The organic layer was dried over magnesium sulfate,
filtered and concentrated. The desired product was isolated via silica gel
chromatography (0.047 g). This ester (0.07 mmol) was dissolved in 1:1



concentrated in vacuo. The crude product was dissolved in nethyl ene
chloride and washed with saturated aqueous sodi um hydrogen carbonate then
dri ed ovewoO aamgssesi um sul fate. Concentration in vacuo gaveCT/IB02/03989

4-chl or o- 2-chl oronet hyl - 1- net hoxy-benzene (18.4 g). To a solution of

4- chl or 0- 2- chl or onet hyl - 1- net hoxy 25 benzene (18.4 g, 96.4 mol) in
acetonitrile (100 m-) was added potaSS|én1cyan|de (12.5 g, 193 mmol ) and
18-crown-6 (2.54 g, 9.64 mol). The reaction was stirred 12 hours at

anbi ent tenperature diluted with ethyl acetate and washed with aqueous

sodi um h drogen carbonate. or.gani c Ia er wa ed ov Si um

sul fate “an qﬁ%we@mr?at’@&?n(h 'th'tfrﬁé‘yeroﬁﬂé hf)fa@g‘h{:s@ Wﬂsgﬂagﬁgﬁ“gh‘”ﬁ
faSSI ng It L %Fﬂt@clllghft& Za%dm?@th@freédtubh%s%@hcerﬁbtédldizﬂtmtsﬂflb e@ﬁ;rb]bdneln)e chl ?rl de
0 give etitle co nmet hoxy- pheny acetic
nci d To & SOPIATSHAGr SUe eolicBrasiraemo e hiMS Zbdont 1111 (17 2 g,

96. 3 Mol ) |n et hanol (200 m-) and water (20 m -) was added potassium

hydr oxi de (27 481 mmol ). The reaction was heated to reflux for 12
hours, cool e ethanol was 35 renoved by concentrating in vacuo. The
remai ni ng S%Jamc% mmwwhdrbafén R.38):2 GtSindeyil1 Qibéragincl-pgi2cbxo3 M and
extracted wwth dieth et her The or ayer was dried over rragnesi um
sul f at e and SERNYE : ' S ethapesy aMHEetitle conpound (15.6 g). WO
03/ 035627 PCT/ | BQg(/z;Cm&%zhz&o@;ﬁ @h@ﬁ@w&*ﬂéfm foropeAAN]-(PRESIA 8- aci d
ethyl ester / Stl utlon .0 QS chl or o- 2- met hoxy- phenyl ) -acetic acid (15.5 g,

77.5 mol) Fsrarogen brom de was heated to reflux for 20
hours. The sol ut m@na mlon@GLcﬁﬂbro-Ql{bll!LSAiﬂMbrblbeWI)?(Q%Eb -E3dindsth@d Wt h
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reaction wa$emaﬁ mtsrr%tjﬁéhzeu Witk AGLspdidnh Aydrbkige andl G rﬁémdmtremasednbyssol ved
in diethyl ether and she@Fw’th sat urat ed agueous S‘i?dlu en

carbonat e. PHEPYRRMN the iE5Wtng,AAuegps susresipn was exiacied wih & Y%& €5 i | tered
and conggnt f'ﬁhbeﬁgarfb M § Wadhed Qvithheink] drie@i cﬁ/@ﬁﬁ@gﬁ@huurb Ydifate Jiltered and

(5-Chloro-2-{2-f4- uor Q- benzvl %ggﬁ -2,
i met hyl - pi p a;zqrﬁte tvslveéh%%‘ coaney ghyl ) - acetl c acid ethyl ester To a

sol ution of 2-chlsuomdrod2(4-(4-usroDeheNE PR 5%) 2R 2 etRyl pistragi-1yi]-2-oxo-

ethoxy}-benzyloxy)-acetic acid tert-butyl ester

To a 0 °C solution of sodium hydride (0.025 g, 60% dispersion, 1.0 mmol) in
25  tetrahydrofuran (2 mL) was added a solution of 2-(4-chloro-2-hydroxymethyl-
phenoxy)-1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-ethanone (0.17
g, 0.40 mmol) and tert-butyl bromoacetate (0.23 g, 3.0 mmol) in tetrahydrofuran (2
mL). The reaction mixture was warmed to ambient temperature overnight, quenched
with water and diluted with ethyl acetate. The organic layer was dried over
30 magnesium sulfate and concentrated in vacuo. The crude product was purified via
chromatography on silica gel to give the title compound (0.14 g).
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-benzyloxy)-acetic acid
To a solution of (5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
35  piperazin-1-yl]-2-oxo-ethoxy}-benzyloxy)-acetic acid tert-butyl ester (0.14 g, 0.25

mmol) in dichloromethane (5.0 mL) was added trifluoroacetic acid (0.5 mL). The

resulting mixture was stirred at ambient temperature overnight, diluted with



20 piperazin-1 -yl]-ethanone (3.3 g, 11.0 mol) in 2-butanone (100 nlL) was
added (5- chl oro-2-hydroxy-phenyl)-acetic acid ethyl ester (2.3 g, 11.0
nmol ), powagssiosswe7 car bonate (3.05 g, 22.1 nmol), and pot a®eTuBvi/esdsde (1. 83
g, 11.0 mmol ). The reaction was heated at reflux for 48 hrs. The sol ution
was cool ed, diluted with ethyl acetate _and washed wth brine. The organic
| ayer was drred over nmagnesi um 25 sul fat’d; filtered and concentrated in
vacuo. The crude product was purified by dissolving in dichloromethane and
passi ng through a pad of silica gel. Concentration in vacuo gave the title

compound (5.1 r02 2f4 4-f | uoro-benzvl)- (2R, 59)-2,5-d

i rrerr}r)hyl fp&'é%g%’rmft(h)?f‘F and fgated tﬁc?% ssdlydrRgen chloage 8%, The @B‘tgfﬁ WaSso| uti on
of (5- Chl or Q:oace[rﬁra[té&.(r%éddr@rgwehﬁéwé torhBBRINeDs-ifd: rﬁ/dﬂjcmehby kalt (0.14 g)
pi perazin-1-yl]- = 0X0- et h%x }- henyI )-acetic acid ethyl est er .
mol) in tet rah S gk 1

added lithi Lgmoxhysé@y]osle)mh@r@bgm{&,a&"@ 53.5 mml) The reactron was
stirred for 18 haqur at a reaction was the

_ te

concentrated in J&%BO%RWQWSC@? F e 4H£§‘°§Q5P‘Eﬁ4y8r(2'ﬁr§§) B ‘HWPFWH with a1l

M aqueouls hWeaaﬂh-gryr]czda@j @lthaiy}Lbexiyr@@-asﬁzt%cvatctdﬁ(o?rlfdsloozzqr’rmod r)cgrle Thet o

organi c aye S rne ove U Su al e | ere an concen rat e

i ngvacuo r#hxgafaethaf‘%&rlpcm[he@g G‘ﬁ%@ﬁ"ﬂﬁtqwrﬂf‘?ﬂmlne\ﬁﬁ)oﬁﬂ §35¢p70l)

PCT/ 1 BO2/ 03%&8138@réorrhx9hlarbbarmvbwe4agob i eirhof). Bidvebui@preadiited. A white
e

recipitate s col ted b filtration ive the title conpound (3.93
P P mVY)?ture was st(r;rred at aymbrent temperature }or 28 minutes and then treategpwrth (

g) .

|\r2[(5 Ch![ﬁr(?n&hé%shﬁor(a‘imaé wmz&@wﬂn)m()f?hé%a&noﬁw%ls@aﬁb&llarfhth@ﬁtafzI n-1-yll
-2 oxo- et hox en anesul f onam 0 a solu

(5- ohb ond. 2 opPa S ot 1RERUNS, ieFs o =g o ool anei g resplyng itr cake

ph (r])le(r]I ai l nd1we|ts]hwa%heuwmtcrmw&mahgne§Ifsrhea@@ﬁbraecaergdnkawéﬂe €bncéntfidtedtpl ) Was
adde I me

(3- (di met hyIVafY %’3%1?‘68%"&%? @araaaﬂprm"a%grrgas@eﬁr%rtrwwuné (@049 16
mol ), met hgperms: geamy.de (0.15 g, 1.58 nmmol) and triethylam ne (0.40 ni,
2.88 mmol). The reaction was stirred at anbient tenperature for 18 hours.
The reaction mxture was then diluted with 15 di chl oronet hane and washed
with 1 Mbaqmmmyqlr ochloric acid. The organic layer was dried over
magnesi um s(LiJ ate _Tlltere ﬂ ?ncen rat d Y vacuo, The crude pr oduct
was purifie tyis343% 2 ound

(0.34 g, LRMR-0k38&tRxy}HRnEWRMacids
1-(tert-Butoxycarbonyl)-1-(5-chloro-2-{2-[4-(4-fluoro-benzy)-(2R,58)-2,5-
dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-benzyl)sulfamide

qro-benzv sk 59)agogimeth

25 To a solution of 2-(4-chloro-2-hydroxymethyl-phenoxy)-1-[4-(4-fluoro-benzyl)-
2,5-dimethyl-piperazin-1-yl]-ethanone (0.2 g, 0.48 mmol) in tetrahydrofuran (2 ml)
was added tert-butoxycarbonylsulfamide (for preparation, see: EP 557122A1) (0.14
g, 0.71 mmol) and triphenylphosphine (0.16 g, 0.62 mmol). The reaction mixture was
cooled to — 60 °C and diethyl azodicarboxalate (0.10 ml, 0.64 mmol) was added

30 dropwise. The reaction was warmed to 10 °C over 2 hours and then allowed to warm
to room temperature. The reaction was diluted with ethyl acetate and washed with
pH 7 phosphate buffer (0.5 M) and brine and then dried over magnesium sulfate. The
reaction was concentrated to dryness and purified via chromatography on silica gel to
give the title compound (0.28 g).

35 1-Acetyl-3-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-
1-yl]-2-oxo-ethoxy}-benzyl)sulfamide

To a solution of 1-(tert-butoxycarbony!)-1-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-
(2R,58)-2,5-dimethyl-piperazin-1-yi}-2-oxo-ethoxy}-benzyl)sulfamide (0.05 g, 0.08



N-[(5-Chl oro-242-[4-(4-fluoro-benzyl)-(2R 5S)-2,5-di net hvl - pi perazin-1-yl 1-
2- 0xo-ethoxy}-phenyl)-acetvl|-sul fam de A sol ution of

(5- chl or owd-08/@33647 (4-f | uor o- benzyl ) - (2R, 5S) - 2, 5- di et hyl - PCT/IB02/03989

pi perazi n-1-yl]-2-oxo- et hoxy}-phenyl)-acetic acid (0.10 g, 0.21 nmml) in
thionyl 25 chloride (2nL) was stirred at_anbi ent tenperature for two hours.
The reaction was concentrated to drynegz and the crude acid chloride was
di ssolved in 1,4-dioxane (4 nL) followed by addition of sulfam de (0.022
g, 0.23 mmol ). The reaction was stirred at anbient tenperature for 3 days.

T e ae o Wi 508k s 0eh 2 e PR Fb1 3 i, 0 v e
N- [ 3 ( 5- Chl aicetyPeHIGde4A 0067 inhiL®@0OS bﬁﬂﬂ)}’érbd dabdR/teYimethPladtineplyhdihe PARET BB N- 1-y

|3| E 5_ Cﬁrgr gthgoréh hengp ?lvagpglﬁg(gyéb mertrr?t h %%J)\Sgefttrgpe%rpé%?yness and purified

5-di et hvl - maoaframamgaapwbn%ﬂucﬁ@eq&metgmoxwnph@rmyko o@cimyrdl)avaci d et hyl
ester To a s

5- chl or o- 2- sme&p 'PPW(XPBe Ghiqgde {1.mb gnd &fflusraacgticagiq, (f mi). After 3 hours at
pi per azi- 1-grtient temperafufothe redition aladefiytde with. rﬁ&hﬂenécﬁl&dﬁ@id)qdeﬁclﬁmanm

(10 nL) at .adde m car bonat e nmol, 6 M

Sol ut i on' i n YA SO bbb e e srreband e ckeel By
phosphonoac&ﬁa&h@d (\Mcé\Xntlﬁlhetr%/léherﬁﬂﬁn)je The orgmwtlams Wefe &drhtsingd) walkhéd C f or
2 hours, then lent te eraturelgiljz h‘i . Ther sctlon s, diluted
with ethyl r@?e P er e P%%“’PHP olisk CB%&?”H?teéé? oSSR it 1 at e was
t hen washed dMTtpbundSW"asléﬁéredd afjeresiica gedetiromatogiphy €008 DCRMS £5418). br i ne.
The or gaanl c layer was dried over magnesiumsulfate, filtered and
concentr'dted in vacuo. The crude product 10 was purified by chromat ography
on silica geﬁxamplgnze the title conpound (0.51 Q)

3-(5-Chl oro- ‘ : ( = 2, >
2- 0Xx0- et hoX¥vF—ph

3-(5-chl or oahé)ar}{b@nmddmnﬂnwmu aadss) 2,5- di met hyI

1-yl th h d st 0.50 1.0
oty in 15 et g0 SRRy PiorRrs i Mo f‘*ﬁ%@%é%a?d%gaﬁ%\wéu num
dioglxit Iol\e/eza;nr g?édam 0@1]225o>m-et5&ﬁmea€a1dmfgl)ie 1‘(ch ?m gi o<t|21rrenmpia nsdigden(Uider a
P oper at ur e WaRSOR VA aAAS (eiteed g et prta RN Fer i DlodH
concentr at edo 10680 gj 0.24 tirRol}. i Afted RO AEINtiént4emPgrature the reaction was

‘;’_ (5-Cnloro c%n{:entnlated(and tL Eeglre%epnroguc} b&r?ﬂ%’d%?r)s_il%é%epéhqg%g%lgrz;%'he % 8%&% p-1-yli-
LRMS: 492.1)

ra2| n-1-yl 1-

25

Example 13
(2-Methylbenzenesulfonyl)-carbamic acid 5-chloro-2-{2-[4-(4-fluoro-benzyl)-

(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-benzyl ester

To a solution of 2-(4-chloro-2-hydroxymethyl-phenoxy)-1-[4-(4-fluoro-benzyl)-
30 (2R,5S)-2,5-dimethyl-piperazin-1-yl]-ethanone (0.050 g, 0.12 mmol) in dry toluene (2
mL) was added triethylamine (0.05 mL, 0.36 mmol) followed by o-
toluenesulfonylisocyanate (0.05 mL, 0.36 mmol) and catalytic 4-
dimethylaminopyridine. After 23 hours the reaction was warmed to 55 °C for 2 hours.
After cooling the reaction was evaporated to dryness and the title compound purified
35 by silica gel chromatography (0.074 g, LRMS: 618.1).



20 oxo- et hoxy}-phenyl)-propionic acid To a solution of
3-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R, 5S)-2,5-di net hyl -

pi per azi rw0-081035627 oxo- et hoxy} - phenyl ) - propi oni ¢ aci d et hylPCeaBex03089. 3 g,
2.7 mol) in tetrahydrofuran (10 nmi), nmethanol (10 nL) and water (4nlL) was
added lithium hydroxi de nonohydrate (0. g? g, 13.3 mmol). The reaction was
stirred at anbient 25 tenperature for 27 hours, then nade acidic by the
addition of 1 Mhydrochloric acid. The solution was then extracted with
nmet hyl ene chl oride and the organic |ayer was dried over nagnesium sul fate.

Concentrati inv uo gave the title conpound (1.0 g).

N- [ 3- (5- énl MM ?4 f | uor o- benzyl)m()ZR 5S) - 2, 5-di met hvl - pi perazin-1-y
|1- 30 2- oxuwmmmmmwpwmmm ution of
3-(5- chIoroZ{%L4- | ) -2, 5-di met hyl -

pi perazi n- 1-3X2r1302 : : e acid (0.20 g, 0.40 nmol)
was deedh I4 di rrq_ﬂic&mmﬁémw\djrﬁwv()ﬁné]ﬂ&qé 0. 30 mrIDI) 0 60

3- (di net am n et AL tpcC .
ol )| et hanes uog SRR 9 G easS Mgy B e BALY etk B batPhe (0-12
L, 0. 84omohmol) IHTEHF eRIDt MDY at\6CE Was added d%pvaﬁé)aeamort efpsivatalurginbor 18

hours The re s thep di di chl,or onet hgne and
washed with W@B)éea@HB tzgéé‘ﬁv@ %Mlst‘]m ’f‘h-llé'wc?r 3§ﬁ|58|aﬁ'a§/>é’ﬁs6%€§‘w%ime§ Cover
magnesi um suéﬂ@tferzﬁomrtserrad r@awonwagemlé@tcﬁmi°¢ Gnd’@ﬁﬂemlly'ﬁbén&i’eutfb?tfm oduct WO

gol to gl ve AR A 0 balesoue Bt R iharaisr i e RhRRIs c2he Vs

3-(5-Chl or O-V\Zhs{@d fvith dikttiyl ethen- bWﬁlyht)a-v(a%Rvéisﬁ)ad wutﬁsdtumtemhu@mesbamnﬂ 1-yll-

2- oxo- 10 et C ac To.a sol

3 (5 ohi'gr o aaieser Bapatee At o ropdreiapliisa Bndtnstion in vacuo

pi perazi n- 1gak/a;{ribtmemoa~tdmw}wpﬁgpyl) acrylic acid nethyl ester (0.060 g,
0.13 nmmol) in tetr k|1 drofuran met anol fill."d water (1 m each) was added
l'i t hi um hydr oxi d M&ol). After 1 hour at 50 C the
reacti on was conGwed salliticeh df?q5-ahldrdhmdthdxy@hemﬂpmuﬂdnwwI1&,p|99I1edmbb) in

h h 032 L
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concentrated in vacuo. The crude product was dissolved in methylene chloride and

washed with saturated aqueous sodium 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-chloromethyl-1-methoxy-

25  benzene (18.4 g, 96.4 mmol) in acetonitrile (100 mL) was added potassium cyanide
(12.5 g, 193 mmol) and 18-crown-6 (2.54 g, 9.64 mmol). The reaction was stirred 12
hours at ambient temperature, diluted with ethyl acetate and washed with aqueous
sodium hydrogen carbonate. The organic layer was dried over magnesium sulfate
and concentrated in vacuo. The crude product was purified by passing it through a

30  pad of silica gel, eluting with methylene chloride to give the title compound (17.2 g).

(5-Chloro-2-methoxy-phenyl)-acetic acid

To a solution of (5-chloro-2-methoxy-phenyl)-acetonitrile (17.2 g, 96.3 mmol)
in ethanol (200 mL) and water (20 mL) was added potassium hydroxide (27 g, 481
mmol). The reaction was heated to reflux for 12 hours, cooled and the ethanol was
35 removed by concentrating in vacuo. The remaining solution was acidified with
aqueous hydrochloric acid (3 M) and extracted with diethyl ether. The organic layer
was dried over magnesium sulfate and concentrated in vacuo to give the title

compound (15.6 g).



5- Chl or 0- 2- met hoxy- benzenesul fonam de To a sol ution of

5-chl or o- 2- net hoxybenzene sul fonyl chloride (1.0 g, 4.15 mol) in

t et r ahydrwbuwsasset210 nl) was bubbl ed amoni a gas until sat icatiBe/03%8ve
reaction was stirred overnight. The white solid that precipitated out of
solution was 25 collected by filtration_and washed with di chl oronmethane to
give the title conpound (0.52 g). 5- Chi’8r o- 2- hydr oxy- benzenesul f onam de

To a suspension of 5-chloro-2-nethoxy-benzenesul f onam de (0.52 g, 2.33
mol ) in dichloromethane (25 nL) at -78 C was added boron tribromde (1 M
30 solutlon in dlchloronethane The reaction was stirred
at -78 C° for 30 {eiShigre : s tenperature and stirred

overnight. The rpeaﬂ&tlo%fw§h|aﬂ¢ezlﬁlé&%xwphéanaé@mac é&d?q@s mg) 7ﬁ5¢nr’h€l§fln
preC|p|tateforrred was renoved ltratio
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on silica geboled, diukl wittewatet & @)@fﬂé@dﬂﬂtt{&etﬁg efher. 3ﬁe organic layer was
5Ch|or02{2§&4 (4-fl uoro- blg vI-plpera2|n3.uc¥II-20

x0- et hoxv} -H5ER L¥eIdBRgNESHANS TIéteTB t%{gg 6[‘@1?%’%?”8?"3(’ in vacuo. The crude pro
2- chl or ao1- [whs(ArifitdBy Ritdrgiryih - ( I%Bthg@he Zhforidé:ABtamel to give (5-chloro-2-

pi per azi n-1-yl ] - et hangne in 2-butanone (10 rrL? was

added 5 WO dgp@ggggqnxﬁ@qeilgégpé&agg) Tlggwgs)dlssolved in a solution of ethano

chl oro- 2- hyfé'éﬁ)ﬁé‘te@ﬂl’tﬁ %g@@bﬁ%@@@ﬁd éRd 6tredD1 Dnodds. IPheraalclion Wad @&rﬁ:lelclﬁéted
carbonate (0.27 ot.assi um i odi de 96 Mol ).

2 mol ) and
The reacti o Y@&I° ?‘@f‘lﬂl‘ﬁ("ébld‘? B%OdHCtFW?Esr@SSO 581 diety| f‘é’ﬂa% ‘ﬁ’%s'@fjﬁmh acetate

and washed Watuiatbs ba@eou’é&@duuﬁf%@mg‘enlo@v&fnawasrwgéra@ Rifer Wasd @fbdONRF
magnesi umsul fate, filter LHc1oncent rated in vacug. Chronmat ogr aphy on

silica dél ¢rRavesHm ﬁli'fﬁﬁeeﬁt% genegNEated jn vagyo (@ give thegiie,qompap
(5-chl oro-2-{27([g4- (4-f | uor o- benzyl) (2R, 59) -2, 5-

di et hyl - pi per azi n- | | benzenesul f onvl am no .
of 5-chl oro- 2- { 24p%&NJ d S-gimeth
-yl']-2- oxo- %&M&ﬂhé@ﬁ%@mﬁ.d @ﬂnwam (0. 10 g, 0 21 rmDI) in

di chl or onet hane ﬁ_ Q) 4-di met h &'ﬁgl’l di ne (0 010 g,'0.08
mol ), 15 tri et A& n(OéZcFJD?f?n l41§4~§*1°r 7V') D2 oEmetByl y |

di car bonat e gifbr&ié194)- e(tha%'énmta)g 11T benrh@mmtz smamﬁ@(uoe M9 vaslddbeé gb-at
anbi ent tenperature for 1 wat er °®d brine. The
organi ¢ | ay&NofRy -'HPE%&PB%*M) ?ﬁ?@ﬁég' L‘?ltﬁyéﬁ?tfe%g H:q el PlAE BN cent r at ed

in vacuo to dél‘bdﬁafel”(@ dslgt e 1GAfmBIg LA ;(dﬁasl‘i‘lmgbdld%l'(ﬂ 8Blg, hyby¥hmeRr Peaat e

5- Chl or o- 2- uor o- henzyl 2R
( ré.actlL)n was heated at reflux fa/r 4>8 hrg The sglutlon was cooled, diluted with ethyl

acetate and washed with brine. The organic layer was dried over magnesium

Q)nat e

To a soI ution

25  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).
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-acetic acid
30 To a solution of (5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetic acid ethyl ester (5.1 g, 10.7 mmol) in

tetrahydrofuran (30 mL), methanol (30 mL) and water (6 mL) was added lithium
hydroxide monohydrate (2.2 g, 53.5 mmol). The reaction was stirred for 18 hour at
ambient temperature. The reaction was then concentrated in vacuo and the

35  remaining solution was acidified with a 1M aqueous hydrochloric acid and extracted
with dichloromethane. The organic layer was dried over magnesium sulfate, filtered

and concentrated in vacuo. The crude product was diluted with minimal



20 di met hvl - pi perazi n-1-yl | - 2- oxo- et hoxy} - benzenesul f onvl am no) -acetic acid
tert-butyl ester To a solution of N-tert butyl carbonate

(5-chl or owd-08®33647 (4-f | uor o- benzyl ) - PCT/IB02/03989

(2R, 59) - 2, 5-di net hyl - pi perazi n-1-yl | - 2- oxo- et hoxy} - benzenesul f onyl am no
(0.13 g, 0.22 mol) in dinmethylformam de (1.0 nL) was added brono-acetic
acid tert-butyl 25 ester (0.049 g, 0.258Anpl) and potassi um carbonate (0.15
g, 1.10 mmol). The resulting reaction mxture was stirred at anbi ent
tenperature overnight, washed with brine, and extracted with ethyl

acetate. The organic | ayer was dried over magnesium_ sulfate, filtered and
concent r &t edlishipromethiane and digthyhethermrsaddesy Aayhile RiESPitale wasicalleqted Py

conpound (Ofﬂflal{_’lomo %)the title compound (3. 93 g%

(5-Chloro-2-{2-[4 % uoro-benz l) - S-

oxo- et hoxy}- bendk wqf@rr?r : :
niétweemhﬁﬁﬁvda
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over ni ght concentrated in vacuo and treate di ethyl ether saturated

wi th hydr ocHiBethyaminogyridiee (28915 Mo Chidspethasminodprepyletiyy! it | e

ggpngrgdl( 0. @ dfmideRYBrochiéflde310.42'8) 236 AR helfaheb FRAMIEEG. 15 H4:58

5- Chl or o- 2- {Pmplapditriethylangng €hsQ ML 2.8 mmgl).o2The R Was gl ambient v - 2- o

xo- et hoxy} -t&lnbér%wéfwbm&omr@%%Im.ﬁ@f@ﬁmehfm@m 5-Ch
| oro-2-{2-[ fluoro-benzvl) - 5S5)-2,5-d inethyl- plpera2|n 1-yll-2-o0xo0

et hoxy} - 1|§L[( epeihane Aey waﬁfm]w'FhiMaqze%swdeﬁhm@é' 1depsIaisEYef i on of
5-chl oro- 2- {v?a's[cf}reﬁ%vérl MQ%&SW%MH(& fn(t&@d%ﬁhtgn&rﬂb@tlh%cuo The crudeI

pi perazi n-1-yl]-2-oxo- et benzenesul f onam de (0 g{

t et r ahydr of Ui (waspmedmsc EQIRRIagERBY P BYiFa gel 6%9%;9%9@ (eocoamunﬂ(
ol ) and 1y 8riligazadpeyclo [ 5.4.0 Jundec-7-ene (0.034 ni, 0.23 rrrml) The
reaction was stirred at 60 C overnight. The reaction was concentrat ed and
purified by 15 chromatography on silica gel to give the title conpound

(0. 06 g,20LR¥angfi&18) Exampl e 20
5-Chl oro- N |rrethvl-rolonyl) 2- {244 4 quoro benzvl)-{ZR,SS)-Z,S-
di et hyl - pi peEddZsThero: 219 Ee : 0~¥9"45 sol ution

of 5-chloro &b{&hﬁﬂv}(ﬁhéwyﬂo‘{détﬂﬁgiﬁér%id@zR 5S) - 2, 5 di met hy!
A solution of (5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetic acid (0.10 g, 0.21 mmol) in thionyl

2, 5- d| rret th

plpera2|n 1-yll-2-
Rerazin-{ g 2‘buty|

I n

25  chloride (2mL) was stirred at ambient temperature for two hours. The reaction was
concentrated to dryness and the crude acid chloride was dissolved in 1,4-dioxane (4
mL) followed by addition of sulfamide (0.022 g, 0.23 mmol). The reaction was stirred
at ambient temperature for 3 days. The reaction was concentrated and
chromatographed on silica gel to give the title compound (0.014 g, LRMS: 525.1).
30
Example 16
N-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-propionyl]-methanesulfonamide
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
35  oxo-ethoxy}-phenyl)-acrylic acid ethyl ester
To a solution of 5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S8)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-benzaldehyde (0.50 g, 1.19 mmol) in ethanol (10 mL) at

0 °C was added potassium carbonate (0.4 mL, 2.4 mmol, 6 M solution in water) and



pi perazi n-1-yl]-2-oxo- et hoxy}-benzenesul fonam de (0.050 g, 0.11 mml) in
acetonitrile (1.0 nL) was added 2, 2-di net hyl - propi onyl chloride (0.050 g,

0. 47 nmol wo tanesel7 8- di azobi cycl o[ 5. 4. 0] undec- 7-ene (0.25 wCI/IR0BOBISINDI ) .
The resulting reaction mxture was heated to 50 C for 2 hours,
concentrated in vacuo and purified by silica 25 gel chromatography to give
the title conmpound (0.030 g, LRMS: 554.ﬁ¥? Exanpl e 21

5-Chl oro-2-{2-[4-(4-fluoro-benzvl)- (2R, 5S)-2, 5-di net hvl - pi perazin-1-vll-2-0
x0- et hoxy}-N-(2-hydroxy-2-nethyl -propi onyl)-benzenesul fonam de 30 Acetic
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di met hyl am n ridine
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reacti onom xfasrpirified bﬁthrbfr%tbg&éphymlleatget t@rgwmétﬁﬂ@c@mpmmgbtsn d)r eat ed
with 0.2 N hydrogh d 352.

-85 5 dichl or onet ‘ : 4
concent r at edxbet cﬁmctbddet d&té tIe corrpound (0 140 g)
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di met hy1'>pi SEMAIFeiate(1R mLHN A RArERofis yps aadebpiatinnm giyide aneasen (9-28i%ret hyl -
- ox0- et hyl sesbecarbon)l4Tre, mﬂtu?elwmhakenrurfdet & pbyw@;ﬁrumme o2hytikggenratapanol

0.2 nL d dro noh drate (0. 020
6" 0. 45 ot RS minded et deBbergfire. Ko MR e eeadhiano pie
terrperaturecetrterand@bhcentr@tﬁddﬁ@tvegh@nﬂryccﬁmc&mb|(oa7@§el of t he reactlon

m xture provided t eCt Lt (?und 15 . 3).. npl e 22

N-Acetyl - C- ( 5- chl—e&e—g—gaf—f—n&@m%?%‘— I = pi per az

in-1 - yb]- bxceeﬂm(vhmen}ﬁ)mﬂ@ﬁldaMt hanesul fonani de 20 Thi oacetic acid

S- (5-chl or o- 2- nethoxv nz e | ut i, on ate (0.55

g, 1.70 mmol) mﬁ%cf"ﬂiﬂ f%?r@r’?ﬁ? %ﬁ‘?ffffﬁ uQradenzy e@&leiﬁ)olg%é ﬁm d (0.24

g, 3. 14 molpjpeiradin-owdd-do-etdobyl-phenydfprépionic acid ethyl ester (1.3 g, 2.7 mmol) in
tetrahydrofuran (10 mL}), methanol (10 mL) and water (4mL) was added lithium

hydroxide monohydrate (0.57 g, 13.3 mmol). The reaction was stirred at ambient
25  temperature for 12 hours, then made acidic by the addition of 1 M hydrochloric acid.
The solution was then extracted with methylene chloride and the organic layer was
dried over magnesium sulfate. Concentration in vacuo gave the title compound (1.0
¢)2
N-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-
30  2-oxo-ethoxy}-phenvyl)-propionyl]l-methanesulfonamide
To a solution of 3-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-propionic acid (0.20 g, 0.40 mmol) was added

4-dimethylaminopyridine (0.075 g, 0.60 mmol), (3-(dimethylamino)propyl)ethyl
carbodiimide hydrochloride (0.12 g, 0.60 mmol), methanesulfonamide (0.045 g, 0.48
35  mmol) and triethylamine (0.12 mL, 0.84 mmol). The reaction was stirred at ambient
temperature for 18 hours. The reaction mixture was then diluted with
dichloromethane and washed with 10% aqueous acetic acid. The organic layer was

dried over magnesium sulfate, filtered and concentrated in vacuo. The crude product



chl or o- 2- chl or onet hyl - 1- met hoxybenzene (0.50 g, 2.62 nmol) in one portion.
The reaction was stirred in the dark at anbient tenperature overnight. The
reacti on wa3A36d7 | uted with ethyl acetate, washed w th wecanBo3fsgueous
sodi um hydrogen carbonate, and brine. The organic | ayer was separat ed,
dried over sodiumsulfate, filtered and_concentrated in vacuo.

Chr omat ogr aphy on silica gel gave the tP1e conpound (0.58 g).

(5- Chl or o- 2- net hoxy- phenyl ) - met hanesul fonic acid 30 To a sol ution of

t hi oacetic acid S (5-chl oro-2-nethoxy-benzyl) ester (0.30 g, 1.3 nmml) in

acetic acid (1. was added sol yti on of en i 1.5 nm, 30
% in water) Ye§ péfﬂﬁﬁ‘i Ry chrpgalogr ar?l%)( onffiga 98'&89?"8 Hﬁ/g@e E‘t"ﬁ L@é @38 hi ght  at
anbi ent tenpems: B4e.2).This was fol |l owed by addition of palladi umon carbon
(0.006 g, 10%on carbon) to break down excess hydrogen peroxide. The
reaction was 35 stirred for 10 mnutes and filtered through a nylon filter,
then azeotr gxasphé th tol uene (3X) and concentrat ed in vacuo to give the
title conpo%ng 55_32

(5-Chl oro- 27

(5-chl ono- Z%W%ﬁgmmmmanesulfom c aC| d (0 15 g, 0. 63 mol ) in
benzene (6 oro rid 2 ol

The reac'gl on vvas\q%@‘?q}k OFgr(g‘fn@r%gz‘?gﬁ& r% € ﬁ(égrf’gsgrf’% QWE&H n vaczto
The resul ti pipeFfsn-ayf-VE®- edhcsmbmewmamrtletarcmhydmrfestmo060@1 813 ambolpnMDNI UM

anbi et d?fbtssraﬁ‘wéfuran@e elanshvaigE O HLercnl o aveed Fundberoey *

extracted vmht/tilraﬁ (rumtzo g’:1©§iﬁ1a’hmo()3)ﬁ‘ter Theurait gaﬁccthé Rselich Was eormeﬁtaateed, dried
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(5- Chl or o- 241 RpuB:asy-1phenyl ) - met hanesul f onam de To a suspensi on of

(5-chl or o- 2- net hoxy- phenyl ) - met hanesul f onam de (0.03 g, 0.13 nmmol) in

di chl oroethane (1.5 m-) was added boron tribrom de solution (1 Min

di chl or onet IExampl®186 m_ 0.26 mmol ). The reacti on was sti rred for one hour
at anbi ent . ) '. saturated

wi th sodi umt3 ‘ ' E Frazing:¥ ic layer
was dri ed O\éﬂliomdieuﬁeneyullfbayhmlﬁbi é(fﬂtﬁ(ho@dld concentrat ed to gi ve the title
conpound (0.025 Q)

(5- Chl oro- 2-{ 2- [Mﬁﬁﬁw 5- di met hvl - pi per azi n- 1-yl 1- 2-
oxo- et hoxy} - phemylg solgtiohan ssahldre-aangttiéxybenzene sulfonyl chloride (1.0 g, 4.15

mmol) in tetrahydrofuran (10 mL) was bubbled ammonia gas until saturated. The

reaction was stirred overnight. The white solid that precipitated out of solution was
25  collected by filtration and washed with dichloromethane to give the title compound
(0.52 g).
5-Chloro-2-hydroxy-benzenesulfonamide

To a suspension of 5-chloro-2-methoxy-benzenesulfonamide (0.52 g, 2.33
mmol) in dichloromethane (25 mL) at —78 °C was added boron tribromide (1M
30  solution in dichloromethane, 3.5 mL, 3.5 mmol). The reaction was stirred at -78 °C
for 30 minutes and then warmed to ambient temperature and stirred overnight. The
reaction was quenched with water (0.30 mL) and the precipitate formed was removed
by filtration. The filtrate was concentrated in vacuo and the crude product was
purified by chromatography on silica gel to give the title compound (0.32 g).
35 5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-benzenesulfonamide
To a solution of 2-chloro-1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-ethanone (0.29 g, 0.96 mmol) in 2-butanone (10 mL) was added 5-




To a solution of 2-chloro-1-[4-(4-fluoro-benzyl)- (2R 5S)-2,5-dinmethyl 25
pi perazi n-1-yl]-ethanone (0.028 g, 0.094 mmol) in dinethylformamde (1 m-)
was added@o(BAsiskDr o- 2- hydr oxy- phenyl ) - net hanesul f onam de PCa/182303989 0. 10
mol ), potassium carbonate (0.026 g, 0.19 mmol) and potassi um i odi de
(0.016 g, 0.094 mol). The reaction was_heated at 60 C for 17 hours,
cooled, diluted with water and extract® with et hyl acetate (3X). The
organi c | ayers were conbi ned, dried over 30 sodiumsulfate, filtered and
concentrated in vacuo. Chronmatography on silica gel gave the title
conmpound (0. g} g
N-Acet yl 5C- CBloggigdwgrosy-penzenepufonamide 0o &% 96 TR srgtassiym garbapdis| - pi per az
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mol ) in dicegdna iap@tveansepadated, d}leﬂ\/@%r&ﬂdbﬁésﬁlﬁeﬁmf@teaﬂltded an@@c?n@ntrateaZ
mmol ), (3- énﬁlmethrdam noé%rgﬁé ;?t zl Mar3?odt m de L 28/19 aq 0.16 mmol ),
4- di et hyl hieRRtoBFPEY 8 §ilicy 94! ga %t' f®MAoUBY (Y P28 ne (0.023 g,
0.23 mmb). WO OCN&’ﬁﬂﬁ&\ﬁcE’sGBhstQBJcﬁB&ﬂ@-{Z-{zﬁ(ﬁ-ﬁJonileeﬁmCmRCBS)% stirred at

anbi ent tenper as di luted wth
di chl or onet o M bi carbonate sol ution

and t he aqueous Imwsonhxaml@femuca@ize{d [4\4(4 hu&b@éh@lpmwrmS@aﬁ@thlehe
organi cs were

d dr er so um s Ite d and
concent r at e(ﬂ"qeﬁaZ\/ggIYH 6"@n‘? %&P%&ﬂ?ﬁ“ tﬂﬁ‘awﬁ% {9 1t0g%l % H’é title
conpound ( 0.dBbrémethBMS(1.6741) 3@} addéd Bdangth@amopyridine (O 010 g, 0.08 mmol),

C (5- Chlor02 fa-(4-1 in-1-yll-
- oo denolRtgAEIe G 0w (. A AlBROb e T b s b a8 1 onar de
Aceti c aci d ndmélp- The asaetich hiktdrd wed stifre@&arhsivamtenperRird Br-12hdur dhdret hyl 15
pi pe [1;"2' N L ashod Wl Siafi B hinE "FRY orahicdayar Was 3Mbd SVar HRdgresitin sulble, V! ~ 2 O
5- Chl or o- 2- {fiRered-and-cohtemtratdaein sicyo togrethe tifle Eordpcﬁmidr(mm gql perazin-1

-yl ]-2-oxo- ethoxy- enyl rreth If nr, ( Dl ),
chl orocar bonyl - <

triethylam rdenaavl(pl@erggm-1Q:l}O;SXotéthoW}-b%azénmhﬁorwmmao)Cﬁeabgbuucteraﬁmvnt of
4- (di met hyl anjno) pyridine in dichloronethane (1 m-) was stirred at
anbient te ture. After 18 h the solution was purified directly using

radi al chromat ogrmaphsollitonydf &-@ritbigyl tarbbeate @5eRIBrRE2-{2-[4-(4-fluoro-benzyl)-
(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-benzenesulfonylamino (0.13 g,

,.... - st

0.22 mmol) in dimethylformamide (1.0 mL) was added bromo-acetic acid tert-butyl
25  ester (0.049 g, 0.25 mmol) and potassium carbonate (0.15 g, 1.10 mmol). The
resulting reaction mixture was stirred at ambient temperature overnight, washed with
brine, and extracted with ethyl acetate. The organic layer was dried over magnesium
sulfate, filtered and concentrated in vacuo. Silica gel chromatography provided the
titte compound (0.045 g).
30 (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-benzenesulfonylamino)-acetic acid
A solution of N-tert butyl carbonate (5-chloro-2-{2-[4-(4-fluoro-benzyl)-
(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-benzenesulfonylamino)-acetic
acid tert-butyl ester (0.044 g, 0.064 mmol) in dichloromethane (3.0 mL) and

35 trifluoroacetic acid (1.0 mL) was stirred at ambient temperature overnight,

concentrated in vacuo and treated with diethyl ether saturated with hydrochloric acid
to give the hydrochloride salt of the title compound (0.040 g, LRMS: 528.3).



(0.033 g). G (5-Chloro-2-{2-f4-(4-fl uoro-benzyl)-(2R 5S)-2, 5-d

I met hyl - pi perazin-1-vll-2- 25

0X0- et hoxwp-osheseg? ) - N- ( 2- hvdr oxv- 2- met hyl - pr opi onyl ) - met haacgasbf/@aagam de A
solution of acetic acid 2-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R, 5S)-2, 5-
di met hyl - pi perazi n-1-yl ] - 2- oxo- et hoxy} - phenyl nmet hanesul f onyl am no) - 1, 1- di ne
t hyl -2- oxo-ethyl ester (0.030 g, 0.049£ﬁﬁnl) and |ithium hydroxide
nonohydrate (0.004 g, 0.098 mmol) in tetrahydrofuran (0.5 nlL), nethanol
(0.25 m-) and water (0.25 nL) 30 was stirred for 20 h. The resulting

sol ution _was_ con eq rated and partitioned between 1 M hydrochloric acid
and ethyP a he aqueous Iayer was extracted twce wth ethyl

acetate. The.CRIG-2 -b esémmanpzi-oxaqueous

Ior02{2-[ ' ' 5 ¥t - pi perazin-1-yll-2-oxo-
et hoxy} mhenyl) No(@édnwoa:rafrsqsmﬂrmrml;wﬁmdsrawgm lessgigsd}m%aiyut i on of

5-chl or o- 2- fluoro R t

pi perazin-1 %’ 3%’8 SPIBR ?Xyé%f?@hﬁ(r‘)e W&%Hﬁ@s Mﬁﬁ’e’“m')d‘jo g, 0.103
mol ), 10 eétkaﬂydrowemﬂahﬂ_)(mfés%ae@nsoaro@mscsdyan&e 1662270, D. 2armino? and

1, 8-di azabi Cyéﬂla

e 023 ) in

t et r ahydr of dr %ﬁbw&wé %E’&F%QSHQZO 85‘?15\%139%9 %'yLTh%E?a@'O”A‘P’?%r 5h the
scﬁl ution wastige®hesy ?G)g@éf’ﬁlgﬁﬂtTrTe&@@ﬁmtwsEtoﬁBéhtrdmdérde%ﬂmUébggBYZldl 2{55 .
(i5r (éxrrgt a3 apfg}/o to&lrag y org S|Fce;[ gl;él toe gl(\:/g t eotﬂlg cognpound (0g06 gL I\/[?\/IS 555.2) ).
N-(5- ChI oro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-nethyl -pi perazin-1 -yll-2-oxo-
et hoxy} - pvr iBXample 20) - succi nam ¢ aci d
1-[4-(4-Fluq 2 ) | A7 -et hanone 20
To a sol uti G ‘ TORIORY Ll ee 145l S AN ro-benzy B8 nopyr i di ne
(catal ytic) dime m&p @raanﬂlvlbz dxb-et[iax\ﬂ tmmbhesmmdfamldechl or orret hane (20

m.) was added tr. L sil .yl chl ot The
reacti of’was st |1‘r°rae8°§ c?% %}Jﬁro lzé(grgé é{lﬂqrgqéd?ﬁh&ﬁ%% %"F q%ﬂact i on was
t hen cool ed pﬁp:sr@zum eyn]dz oxxathbyt-benzinestifonafride@osdey, 031 10hepl in was added
fol I owed by additho0 853X HsYadded 2,2-dimethyl-propionyl chloride (0.050 g, 0.47 mmol)

and 1,8-diazobicyclo[5.4.0Jundec-7-ene (0.25 mL, 1.64 mmol). The resulting reaction

mixture was heated to 50 °C for 2 hours, concentrated in vacuo and purified by silica

25  gel chromatography to give the title compound (0.030 g, LRMS: 554.4).

Example 21
5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-N-(2-hydroxy-2-methyl-propionyl)-benzenesulfonamide

30 Acetic acid 2-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S8)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-benzenesulfonylamino)-1,1-dimethyl-2-oxo-ethyl ester

To a solution of 5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-

piperazin-1-yl]-2-oxo-ethoxy}-benzenesulfonamide (0.10 g, 0.21 mmol) in
dichloromethane (2 mL) was added triethylamine (0.033 mL, 0.23 mmol), 4-

35  dimethylaminopyridine (5 mg, 0.04 mmol) and acetic acid 1-chlorocarbonyl-1-methyl-

ethyl ester (0.037 mL, 0.25 mmol). The resulting reaction mixture was stirred at
ambient temperature overnight, treated with 0.2 N hydrochloric acid,extracted with



25 chloride. The reaction was stirred at 0 C for one hour and then 30

m nutes at anbient tenperature. The reaction was cool ed back to 0 C and
(3R) - 1- (4wbDloamBss27 benzyl ) - 3- met hyl - pi perazine (2.11 g, 10PCZ/1BoR3psINaAS
added as a solution in pyridine (2.45 nL., 30.4 mml). The reaction was
allowed to warmto anbient tenperature and stirred for 2 hours. The
reaction was neutralized with 1 N hydrod®8toric acid and 30 extracted wth
di chl oronet hane (2X). The organic | ayers were conbi ned, dried over
magnesi um sul fate, filtered and concentrat ed i n vacuo. Chromatography on
silica gel gave the title conmpound (1.84

2- (5- Chl 8r o- remgthaoe idaﬁzqhowwwylumqwfamﬁlfqr%?m prnegpirated frRyacgo feet hy| -

pi perazi n-1- 5 loufyi on of
1-[4-(4-fl uog?\{)éﬂb]gtr?gﬁ@q@ céépg%ﬂﬁﬂoﬁgl peéam n- 1 yll - hydr oxy-et hanone

(0.13 g, 3. 2.40B301-N-(808 .%'x 9%% rb o : @é&bnéwfbnarm@ reaction was stirred
for 30 m nutes a | o r03n|tr0£yr|d|ne

WO 03/ 035627 PCT/TOBW@@@@S acet8>9aq5d %1()5-6@0@ 2@ h48(4rﬂ%9r9 berzyh-(3RI6S2

tol uene 15 %ethﬁtﬁpérﬁﬁﬁlﬂ-ﬁ]uz B@@eﬁrbk }fﬁéﬂzéﬂesuma@ﬁlﬁo)ﬁ? Wmﬁéﬁﬁfﬁo%\ler ni ght.
The reaction was concentrated and romat og razme) on silica gi ve

the title C(ﬁﬁ%gﬁgr (%149@ %1 mmol) in tetrahydrofuran( methanol (0.2 m%) and
2- (13- Ami no- Seé @OmPYNALAdted- |u‘ﬁ4n%%}ydr%¥ﬁéh€&foﬁ&&f@f&0bﬁ@7gy blas(dRdn 2TRE hy! -
pi perazin-1-yll-ethanone 10 To a solution of

2- ( 5- chl or o-r8s\ifingrrgaglipni raixirewss shirsd at-ambigrt tempRsplyIHRYEFHight

(2R) - 2- met hydrBinBRigAHhP ok smkigatchwa@%cﬁ&n%ﬁt@e provRieBTiRd dtid ébn%daﬁaol (25
m.) was added plafinum di oxi de on carbon (O. ng, 5% on carbon)

react i onSwad0- 1961151 ERMSt 8588). psi  hydrogen gas for 20 ninutes. The reactl on
was filtered through celite, concentrated in vacuo and chromatographed on
silica gel to give the title 15 compound (0.78 g).

N- (5- Chi or o-EXample 22 4- | uor o- benzyl ) - (2R) - 2- met hyl - pi per azi n- 1- yI | - 2- oxo-

et hoxy} - pvr inliage&n-(5- \4:(Bfth ol ri3yA LR 5592 Pfimethyl-piperazin-1-

2- (3-am no- 5-Chl oro- pyr 4 uor o- benzyT ) -

( 2R) - 2- et hyll-¢roxareth ! : 8, 0.26 mol) in

di chl or oet hane (ﬁ.oa%at.@aa.dms dﬁPJﬁ'@-@ n%tn@%ytwe!nwseéleh ne (0.028 ni, 0.26

mmol ) and succi ni’C anhydride (0.0Z6 g, 26 Mol The reaction was stirred
at anbi ent terrperTéJt%F@UthS‘rOf@eﬂW‘scarboﬂﬁ? (05 i1ef? ME!)dn dimedkyfampamide

di chl or met hang niyhasRadesithiacBricladt (/s 9o &mnw)afsndiveoetgl éadnraﬂ of dhe organic
| ayer was separated, dried over magnesi um sul f at tered

chloro-2- ch'loromethyl 1-methoxybenzene (0.50 g, 2. 62 mmoI) in one portion. The

reaction was stirred in the dark at ambient temperature overnight. The reaction was

25  diluted with ethyl acetate, washed with water, 5% aqueous sodium hydrogen

carbonate, and brine. The organic layer was separated, dried over sodium sulfate,

filtered and concentrated in vacuo. Chromatography on silica gel gave the title

compound (0.58 g).

(5-Chloro-2-methoxy-phenyl)-methanesulfonic acid

30 To a solution of thioacetic acid S-(5-chloro-2-methoxy-benzyl) ester (0.30 g,
1.3 mmol) in acetic acid (1.5 mL) was added a solution of hydrogen peroxide (1.5
mL, 30 % in water) in acetic acid (3 mL). The reaction was stirred overnight at
ambient temperature. This was followed by addition of palladium on carbon (0.006
g, 10% on carbon) to break down excess hydrogen peroxide. The reaction was

35  stirred for 10 minutes and filtered through a nylon filter, then azeotroped with toluene
(3X) and concentrated in vacuo to give the title compound (0.32 g).



and concentrated in vacuo. Chromatography on silica gel gave the title
conpound 25 (0.040 g, LRVS: 493.2). Exanple 26

N-[ (5- Chiwom3@3{627 f 4- (4-f | uor o- benzyl ) - (2R, 5S) - 2, 5- di net hpCTaBE239%9 n- 1- yl |
-2- oxo-ethoxy}-pvridin-3-yl)-acetyll-nethanesul fonam de 30

4- Chl oro-but-3-enenitrile To a solution of 1,3-dichloropropene (20.0 g, 180
mml) in acetonitrile (110 nl) was add®f- potassiumiodide (0.75 g, 4.5
nol ) and potassium cyanide (70.0 g, 1080 mmol). The reaction m xture was
stirred at anbient tenperature for 72 hours, filtered through a pad of
celite, and the resulting fllter cake was wa?hed with diethyl 35 ether.

The di et ﬁyl et hedS=Shiorg2-methoxy-ph etha Fide)f f under  at nospheri c

pressure and the V@sauﬂmvms-amw&z ﬁ@trtby(yfphaﬁyl) meﬂianémrohicla@rdl(gnstgo gi ve
the title co ou as a nmx Eorrers wth sreglmsorrer

4- chl or o- but® iif PENZENE AC Q‘L?&')as %B’)Q?@Q@'??'SPWPF je@ode. 0.0 5

2,5-Dichl orcmrﬁwlﬂh@aea%u@awb@}dﬂekw@r is rfbuﬁé?bblélé@ﬁn@ﬁoncentrated in vacuo.
4- chl or o- bu di et hyl f ormam de (8.6

nitri (2.25 g, 22.3 1) i
S e ada gt sratiaebinte hes Atsdved § Biraardan (B Bhd SENaE) ¢ | ng
react i onon HydroRideds Mg alaedued. 1@513 @a@wwagmrseder@omcuaty@ aOaer@ﬁpl quenched
with water. . The s odu { was, extra or onet hane aﬂd the 10

organi c | aydfm i Ce W&POW@% L?HH‘VYIQ%Jtht“@terfqnpteéfréﬁeQWH EbWtent r at ed
i n vacuo. aegraxes(tsad)l TR&bigaRicllayn W@Péadbﬁﬂalﬁdoutlétﬁévér@@dhhiétﬁat@owd (2.0

g). (2,5-Dichloro- acetic acid th ester

P11 et hoxyorPGPBAPE B Vasiar ChraBagEAeTY a:ch G4l PR e e compound

di phenyl phogplsag).chloride (11.0 g, 50 mmol) at anbient tenperature. After
the 15 reactlon re SO|IdIerd ab 1 our? the solid was heated to
110C for®2 hours: Yephe Ay ool ed to anbi ent

tenperature and e Mfdpéhélbri epl(sf-dmm 2tr@étu6>QEprwmgl|)Wét|eéne‘smfdﬁaﬁvw@ 03

di met h th h t f
i 1 Sopr oyt Sl taeh FioiBSBligng (0 1l was 2Bt nrap drieaine sphom M
added n-but )dlchldrérhé!hﬁhé . Z@m'ELO 28 mfimdl). i Thewatimswadstired26r sAEMHoLr aifhe

reacti on m xt r. s st rreg at -78 C for 20 m nute and OC for 15 m nutes,
AT NN N 0 O TER Rt

di met hoxy WEtohwhdéi bﬁ@@m’éctwﬁﬁmbﬁh?l&adét@téiﬂ Iﬁe?erbgmg lay@r Wa8@REd oVl sodium
t et rahydr of ur 120, nL) and theé‘n ﬂl chl oro- pyri di ne- § car bal dehyde
(1.37 g, 8. @uﬁ%ﬁ ltered and concentrated to glvet title compound (0.025 g
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yi]-2-oxo-
ethoxy}-phenyl)-methanesulfonamide
To a solution of 2-chloro-1-[4-(4-fluoro-benzyl)-(2R,5S8)-2,5-dimethyl-
25  piperazin-1-yl]-ethanone (0.028 g, 0.094 mmol) in dimethylformamide (1 mL) was

added (5-chloro-2-hydroxy-phenyl)-methanesulfonamide (0.023 g, 0.10 mmol),
potassium carbonate (0.026 g, 0.19 mmol) and potassium iodide (0.016 g, 0.094
mmol). The reaction was heated at 60 °C for 17 hours, cooled, diluted with water and
extracted with ethyl acetate (3X). The organic layers were combined, dried over
30  sodium sulfate, filtered and concentrated in vacuo. Chromatography on silica gel
gave the title compound (0.014 g).
N-Acetyl-C-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-
1-yl]-2-oxo-ethoxy}-phenyl)-methanesulfonamide
To a solution of (5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
35  piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-methanesulfonamide (0.05 g, 0.10 mmol) in
dichloromethane (1 mL) was added acetic acid (0.007 g, 0.12 mmol), (3-

(dimethylamino)propyl)ethyl carbodiimide (0.030 g, 0.16 mmol), 4-
dimethylaminopyridine (0.019 g, 0.16 mmol) and triethylamine (0.023 g, 0.23 mmol).



tetrahydrofuran (15 nL) while keeping the reaction tenperature |ess than
-100C. 25 The reaction m xture was stirred at -110 C for 45 m nutes and

t hen gquenwbead/osdsth water (50 nli), extracted with diethyl petrhBo2/eogh washed
with brine. The organic |ayer was dried over nmagnesium sul fate and
concentrated in vacuo. The resulting resi_due was azeotroped wth toluene
and then dissolved in tetrahydrofuran (@5 m.) and treated with potassium
tert-butoxide (0.97 g, 9.0 mmol ) at anbient tenperature. 30 After stirring
for 2 hours the dark solution was treated with 1 N hydrochloric acid and
extract ed wi_t h diet hyl her. The organic |ayer shed . w th ur at ed
Sueaus. Ssod R BRYERS RN BLAREEN e e eemi e LT PCAT SR Ihed ¢ er e
and conge?g nathedichibromedrine, widhed WathGaiuratey aqiediis| sodringBitardanate sbiation t | e
conpoun :

6 . . .
( 5- Chl or o- 2-1‘%-‘8%%%%“? (RYEE PR RXYAsted yishalighlosomethana (§) THP Qiganigsverey | | - o-
oxo- 35 et hmsyf}mrmdrdﬁ&cno@r;bduumcsetféte fate'reﬂ aref doncestrdted inh@acao.0 C sol ution of

(25,0 o B o 55t AT 0 68 L0l 32905

03/ 0356216 PCT/1B02/03989 -91 5 hydroxy-ethanone (0.52 g, 1.86 mmol) in

t ol uene (5. % rrL; @22 added sodi um hydride (0.082 g, 2.05 mvol, 60%

di spersion i | oil) in toluene (9.3 nL). The reaction m xture was
sl oW y war megk(5- Ohwrb+29{2t[4t(emr@-b6hwlﬁm 5$)e25dirabthyl-biper&dih-dxyl]-2o&bAi ght .
The resul ting re bi ent ten‘ﬁerat e, guenched
Wi th water aho—es s washed

10 with saturat ed\cﬁqueaw (SaﬂldudiFQHQM-O@&lnbrﬁa)ébmmR 5sjrz Sdinmtieyl- rragne5| um

sulfate, . fdised and conepntsaled b kaeton CONONRY S5 800N, O Sl 2 9°

(5-chl or o- 2-gster[ 4- (4-fl uoro- benzyl) (2R 59)-2, 5-di rrethyl pi perazin-1

-yl]-2- th d d (0
L2 ox St oKy e Bt PR 9B S B Bk imetyt 1 y11 2
?>5<o- hI15 et gqm}éramry-n ngkzlnewyﬂnbxﬂ@aénya) metr?g?*wlfagsm!dut(s@mlgobﬁ03 mmol), 1-
-chl or o- uor.o , -2 5-di - . .

pi perazin-1 c&%ﬂ é‘?ré)% Q‘Q‘%ﬁgf#% %agmv)o-‘é@éf‘ﬂcﬁt‘%"ﬂ?@t fethvlaging (0. 14
?, g 3 mgog)msmg t)elmallﬂy(d)rtﬁgunmal())égga catalyticantbunedfes- (dlﬁle&yrdn)lndmndﬂdEd

Ithium r.o t enper at ur e.
After sti ?/r i 'Cgﬁforﬁqﬁﬁrﬂ%@ @@W eSt'r"(?éca?F@g eHFWéQtW'QS & eft1 ér&e t mough a
pad of sili calugieh wakputifgl difectly d€ig ravid baomatalraptyas glert thanide cdipodiid trat e
was concentragﬁg n vacuo to provide the title conpound (0.061 g).
N-[ (5-Chl orc‘ [4 (4-fluoro-benzvl)- (2R 5S) -2, 5-di net hvl - pi perazi n-1-yl |
-2- C-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-

25  oxo-ethoxy}-phenyl)-N-(2-hydroxy-2-methyl-propionyl)-methanesulfonamide
A solution of acetic acid 2-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-
dimethyl-piperazin-1-yli]-2-oxo-ethoxy}-phenylmethanesulfonylamino)-1,1-dimethyl-2-

oxo-ethyl ester (0.030 g, 0.049 mmol) and lithium hydroxide monohydrate (0.004 g,

0.098 mmol) in tetrahydrofuran (0.5 mL), methanol (0.25 mL) and water (0.25 mL)
30 was stirred for 20 h. The resulting solution was concentrated and partitioned

between 1M hydrochloric acid and ethyl acetate. The aqueous layer was extracted

twice with ethyl acetate. The combined organic layers were washed with saturated

aqueous sodium chloride and dried over sodium sulfate. The solution was filtered,

concentrated and purified using radial chromatography to yield the title compound
35  (0.022 g, LRMS: 568.2, 570.3).



0xo0- et hoxy}-pyridin-3-yl)-acetyll-nethanesul fonam de 25 To a solution of
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl

pi per azi n(wb-03lops627 oxo- et hoxy} - pyri di n-3-yl)-acetic acid (@CQABID39®. 10
mmol ) in dichloronethane (2 nm.) was added 4-di net hyl am nopyridi ne (0.018
g, 0.15 mml), and 1, 3-dicyclohexylcarbodiimde (0.023 g, 0.11 mmol ). The
resulting reaction mxture was stirredB8 anbient tenperature for 20

m nutes, and then treated with 30 net hanesul fonam de (0.011 g, 0.12 mmol).
The reaction was stirred at anmbient tenperature for 18 hours, filtered
through a pad of celite and the resulting filter cake was washed W th

di chl or ofet H28RlgR4 conbi ned organi cs were concentrated in vacuo and
purified by gid.Chmre2{20aA RioASbRRI)-{2R, 5HVES-ditefhiyi-bleRdifA - -ﬁia.xo-

di chl oronet hané t o glve [he T1tle corrpoun . g, . -3,

35 WO 03/ 03 min esulfonamide

3-(5-Chloro-2- {ZAéolmnfdﬂs%@Qr{m{h)(z: ﬁ@&o%hzﬁymm imdthper azin-1-yl | -

2- 0xo- et hoxy}-pvridin-3-yl)- ionic i d
2, 5- Di chl or RAFEZIH r¥d: ZSQ’EPa‘T’t Q’Fy&'@ﬁ?%) m?%‘aﬁe%‘ﬁfpﬁ‘t’m@ﬁ (8050 g, 0.103 mmol),

2, 5- Di chlpor qstiyi ekjdmnam (ocmhcg K)dﬁ 2(rﬂ45 cmssQn%ib aH@'1)8 diBzadicycRiy. @b}(ﬂ&@é uran

was added tri butél - St annane portionwi'se over

mi nutes. The $&OIa% ey rﬂzi;trﬂhé) W%‘PDM@WBW@H@%@W%@NM%@"I’or 50
ni nut es, a@@laké}%té X250 %‘1 WitdBHRE SalhST Whd Emiooé}%@ﬂ'téﬁb&%\drégham( 0)

(0.82 g, 0.00071 nmol). The reaction m xture was stirred nbi ent

t enper at ur e Pugfediusieg ragial pyamatparanty to wigldehe titlyeorppeingcP. Qﬁésﬂ ERMSacted with
et hyl acet at e53t4165697bi ned organi cs were dried 15 over magnesium sul fate,
filtered and concentrated in vacuo. Silica gel chromatography (10% et hyl
acet at e/lAexanes) followed by recrystallization from hexanes/ethyl acetate
gave the titg,g g@gund (4.3 9).

5- Chl oro- 2{'2_ -f | uor o- benzyl) (2R, 58)
x0- et hoxy} -Nx& Rloraz2-{2-4:{¢ R-HonAzyIp(2
hydri de (60%gd iidqmy §Ud&ﬁ¥aﬁ'ﬁnc%‘cid 0 031 g, 0.78 mol) in toluene (3
m.) was added I- ZT- OT 0- DeT - R 58) 2 5-
di met hyl - pi per azild4s ' i en t ol uene

(2 nm). ,9The rea t A ; HH}H% p nd then
treated \(/)\n th 2, S%dé)%mcﬁﬁodfg gf@g% ggnhogdgqn(géﬁﬁl 9"skdéne’?rrml ). The
resul ting ni(sataytic)aad pyedinef @&Gﬂ} 1‘%5 nmelbinrdsy d@bbr%ﬂeth@weaea&r@lmwas

tenper at ur e ARy WRSIRsiNIchidriga 258 Ed2.05 mmol) dropwise. The reaction was

stirred at ambient temperature for 4 hours. The reaction was then cooled to 0 °C and

-2 5- dlnethvl-p|cgra2|n 1-yll-2-0

catalytic dimethylformamide (3 drops) was added followed by addition of oxalyl

25  chloride. The reaction was stirred at 0 °C for one hour and then 30 minutes at
ambient temperature. The reaction was cooled back to 0 °C and (3R)-1-(4-fluoro-
benzyl)-3-methyl-piperazine (2.11 g, 10.12 mmol) was added as a solution in pyridine
(2.45 mL, 30.4 mmol). The reaction was allowed to warm to ambient temperature
and stirred for 2 hours. The reaction was neutralized with 1N hydrochloric acid and

30  extracted with dichloromethane (2X). The organic layers were combined, dried over
magnesium sulfate, filtered and concentrated in vacuo. Chromatography on silica
gel gave the title compound (1.84 g).

2-(5-Chloro-3-nitro-pyridin-2-yloxy)-1-[4-(4-fluoro-benzyl)-(2R)-2-methyl-

piperazin-1-yil-ethanone

35 To a solution of 1-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-
hydroxy-ethanone (0.77 g, 2.9 mmol) in dry toluene (30 mL) at 0°C was added
sodium hydride (0.13 g, 3.2 mmol, 60% dispersion in mineral oil). The reaction was
stirred for 30 minutes at 0 °C followed by addition of 2,5-dichloro-3-nitro-pyridine



aqueous sodi um hydrogen carbonate and brine. The organic |ayer was dried
over magnesiumsulfate, filtered and concentrated in vacuo. Silica gel

chr omat ogweyalyw3sepr ovi ded the title conmpound (0.20 g). PCT/IB02/03989
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hvl - pi perazi n-|
-yl'l1-2- 30 oxo-ethoxv}-pvridin-3-vl)- acrélic acid ethyl ester To a 0 C

sol ution of 5-chloro-2-{2-[4-(4-fluoro- 1% hzyl ) -2, 5-di net hyl - pi per azi n-
1-yl]-2-o0xo0-et hoxy}-pyridine-3-carbal dehyde (0.200 g, 0.47 mol) in ethanol
(5 nL) was added potassium carbonate (0.131 g, 0 95 mmol ) in water (0.30
nm) and trieth phosphoni um acetate (0.21 19 nL). The reaction

m xture was (Q&g@ea 18aPelpas 5§°F§%@rtﬁl"9?‘%(%@g} e W@th*%" was stiredéd t hr ough
celite, the fididRierRSdratur@sveright drhdirkictioRWRanShcadidPafent rated in vacuo.
Purification via chromatography on silica gel gave the title conpound
(0.102 g). \Wyastegrsphed mﬁqmﬁwwﬁle tLt'Q:?OB‘pOU”d (0.96 g).

3- (5- Cnl or o- 2- { 2 &-AflinblaEHIGoREN 2 viéxdiR1 S)Muémcbéﬁal RIP-RRIEI N-1-y11-

2- oxo- et hoxy}- pyridin-3-yl)-proplonic acl yI ester To a solufion of
3-(5-chl or oA 0- benzyl) - (2R, 58) 2, 5-di net hyl -

pi perazig-1-yl ] - 2rooa<9cs|@ttdmsf>2}(smﬁrdr@hsnm% d}r)mrﬂgfylﬂxym-?@(ﬂﬂlﬁrdi%énz?gter (0.102
g, 0.21 i n et hanol The

t d .
reaction m %?%}‘% ”f@hX)v@?e@?t(Hké‘rY“ﬁHH’@P”%&% Y &é&gl?rﬁ?ﬁ(%w?%@g@ﬁ gas (20
psi) for 20 dabe&b@anurﬁfaﬂ)x.dewatrwg(om@%gl@/ovsﬁ%afuoht,& eTl%jretand?i-Wék a pad of

celite, the filter cake was washed with ethanol, and the conbined filtrate

was concent rs4Piggt tp 3SRt hsireaenggasdor #tminutase Thegrpeienavasdiltored tpugh

3- (5- Chl or o-céiite 2cdrftehtfatbd HORuE ARG ¥hroniatdgragheld-oh silica gel to give the title
5-di net hvl - pi per a2| n-1-yll-2- 15 oxo-et hoxy}-pyridin- yl% propi oni ¢ acid

To a solldti &@meeund (0.78 g).
3- (5-chl or 0- 2- { 2N-(5-CAofd-P95- - e BYe-bed 2. (2R)-2 facthfHpiFRk Wi -1-y1]-2-0x0-

pi perazin-1-yl]-2-o0oxo-ethoxyf-pyridin-3-yl)-propionic acid ethyl ester
(0.081 g, O.€thoxyhpyidin-3yilspeeinaNig@sdur an (2 nL), methanol (2 nl) and water

(1 m) was added 1d4 §dlitbn &M%uﬂ@-s% Pﬁﬂ‘(ﬁﬁ ©-y( By L334 ?c:)—p&%ré%eﬁiw ). The

reaction mxture was 20 stirred at anbien rrgerature hour’s

neutr al i zed @RHE-MEtPiRERRZIE hivdethangee €. 1480 Bﬁmh@é"%ﬁ?@?th@bﬂ( and
extract eg Wi v@és@ﬁd@@ %akmylr{{é}sh&mgt@o gl mLob%err‘ﬁél) WRé §u<SE‘ dl@Qnr%ﬁHe

magnesi um sulfate, filtered _and concentrated in vacuo. Purification wth

via HPLC gaJ@Ogfe. @.2§|r@nelbnﬁemwacw warpstigred| akerbieng lemperatore ferd gy 28
[ (5- Chl or 0- Zrrfedebdivh4vds! diQtc@WigHdHIdrmietiane Bhd washéd Wik AN yBlRBIAZ BBiyl- y! | - 2

- 0XO0-
solution. The organic layer was separated, dried over magnesium sulfate, filtered

and concentrated in vacuo. Chromatography on silica gel gave the title compound
25  (0.040 g, LRMS: 493.2).

Example 26
N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-pyridin-3-yl)-acetyl]-methanesulfonamide

30 4-Chloro-but-3-enenitrile

To a solution of 1,3-dichloropropene (20.0 g, 180 mmol) in acetonitrile (110
mL) was added potassium iodide (0.75 g, 4.5 mol) and potassium cyanide (70.0 g,
1080 mmol). The reaction mixture was stirred at ambient temperature for 72 hours,
filtered through a pad of celite, and the resuliting filter cake was washed with diethyl
35 ether. The diethyl ether and acetonitrile were distilled off under atmospheric
pressure and the residue was purified by fractional distillation to give the title

compound as a mixture of isomers with its regioisomer 4-chloro-but-2-enenitrile (2.2
)



et hyl am no} - pyri di ne- 3-car bonyl ) -am nol -acetic acid

{2-[4-(4-Fl uoro-benzyl)-(2R 5S)-2,5-di nethvl -pi perazin-1 -yll-2-o0xo0-ethyl}-
car bam ¢ woiod/ossset - butyl ester 30 To a sol ution of PCT/IB02/03989

t ert-but oxycarbonyl am no-acetic acid (0.71 g, 4.05 nmol) in

di chl oronet hane (40 L) was added 4-di net hyl am nopyridine (0.74 g, 6.07
nmmol ), 1-(3-dinet hyI ami nopr opyl ) - 3- et hyPcar bodi i m de hydrochl oride (1.16
g, 6.07 mmol) and 1-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi per azi ne
(0.90 g, 4.05 mml ). The reaction was stirred overni ght at ambient
tenperature. The reacti on was d| I ut ed wi th 35 di chl oronet hane and washed
with brifde. The & ; : d8ggn¥i%ed, dried over magnesium sul fate,
filtered and Conq%%@&tﬁﬁl dfa dﬁ&ﬁ&@ t- &mﬁ&grz@ggm@mr@ ihca gel gave the
title conpound (1.45 Q). 035627 PCT/ | B

2- Ani no- 1- [ Aip Ylfqn@aasuq?e(ﬁzﬁ\m}lw@qaad@s)ms@w@émw(H?4mL 111 mmol).
perazin- 1-ylq, o °

U2 [ (4-F] ﬁo?ggi}ﬁﬁen@ ?ct%;ﬂ rﬁﬁxtﬁfﬂ \gééS Hé(;'altrgrcg tg 100 [%%Veerrg ht c oIe ]oo C and

oxo- et hyl } - meb@hﬁdwiﬂwajen eThe—mgdtg,qt V\@§teatrar(te_d with g;cthrczaetham ynd the

di chl or qget c(lgz%f VVgs)dr?@a%v@fjﬁ{Egnésr idrh EHPJtQaF&@rte'dCar@ %érﬁ%téﬁ-]l)'l vadlt$
reaction was Stirr at anbi ent erature for tvvo ours e reaction
was di | ut ed Recrystallizatiorofremdexanes F}Iﬂ‘dd%thwéﬂﬁﬁéﬁnwlﬂﬂﬁ (.0N9)sodi um hydr oxi de.

The organic | ayer, wgs rﬁé‘rB LRdh. |_ k Qa%fb‘%eth%éﬁs' um sul fate, filtered

and concentrated 03 g).
5- Chl or o- 2- { 2- [4-T(o4rlmenh@xxprt5@fpzma§e(ém rgis) Stoamaétslﬂwly pigest azin-1-vl 1 -2-0

xo0- et hvl amdrt%ﬁe Qpﬁ&ﬁohmbfchﬁﬁw(me gﬁﬁﬁoﬁga& b?sf]rﬁ@érHﬁér%ré)fAfterthe

2-amno-1-[4 o- benzyl) - (2R’5
pi per azilA- 14gadtioamidnisreslidified @bgut DhaRr) thewiolid was aeetedm fl 199Cefo( B haws. was

aaet 2, S8R50 Rk 8188 B\ iRl Bk i B el fog ™

hours. The relaend and water toarodde dm@hbxymedwyphphe‘nylam‘lolsyhuoh ogide{tyglaphy on

Ei 'C‘hfﬁr 86'2 };’ ?Ll\‘lfbf hﬁfclf% |§té0(£@pqg€pg?éyg§r)qﬁ?nfg()l 221 mL, 9.0 mmol) in
5-di met hvl - petpahydmifurad { 400l mP) wascadded rebutyillignium ¢3.48indg Ri5dn hexames 0.0

| uti f 5-Chl 2 4-f b ) t hyl -
;?pgr;gﬁﬁ?l-w%]- e ‘H\/I“Bﬁtrf’ﬁé?’}as% g ?‘rewr]@yégcff’g%&m?@}? aB‘SP FE.(,EGE31’6 g, 0.36
mol) in tehiheley refthérlodied L)110vE! h’@ﬁﬁé céaedﬂea)ct.&m.mwas(aadaa) vas
added lithium hy dr oxi de nono%drate 075 78 mmol ). The reaction was

stirred at é#'fﬁ?t@ﬁ’éynﬁhX'QIPﬁéF'ﬁ P@%?W%ﬁwg%&ﬁmqlb!ﬂé@rﬁmdwa% di | ut ed

wi th dichl or Wﬁn\lﬁaﬁd iﬁ@ﬂ 2,503ieRIBR- é)}?ﬁﬁiégﬁca}bglhél%ef(ﬁ i3y g, Bltembrol)tis at e was
treated with diet her saturated
tetrahydrofuran (15 mL) while keeping the reactlon temperature less than -100°C.

N

25  The reaction mixture was stirred at —110 °C for 45 minutes and then quenched with
water (50 mL), extracted with diethyl ether and washed with brine. The organic layer
was dried over magnesium sulfate and concentrated in vacuo. The resulting residue
was azeotroped with toluene and then dissolved in tetrahydrofuran (80 mL) and
treated with potassium tert-butoxide (0.97 g, 9.0 mmol) at ambient temperature.

30  After stirring for 2 hours the dark solution was treated with 1N hydrochloric acid and
extracted with diethyl ether. The organic layer was washed with saturated aqueous
sodium hydrogen carbonate, dried over magnesium sulfate, filtered and concentrated
in vacuo. Chromatography on silica gel gave the title compound (0.61 g).

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

35  ethoxy}-pyridin-3-yl)-acetic acid methyl ester

To a 0 °C solution of (2,5-dichloro-pyridin-3-yl)-acetic acid methyl ester (0.45
g, 2.05 mmol) and 1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-



hydrogen chl oride gas, and the white precipitate thus formed was coll ected
by filtration to give the title conpound as its hydrochloride salt (0.13
g). WO 03/035627 PCT/IB02/03989
[ (5-Chl oro-2-{2-[4-(4-fluoro-benzyl)-(2R 595)-2,5-dinmethvl-piperazin-1-yll-2
- 30 oxo- et hvl am no}-pyridi ne- 3-carbonyl ) -am noI acetic acid nethyl ester
To a suspension of 5-chloro-2-{2-[4-(4-% 1Uoro- benzyl) - (2R, 5S) -2, 5-di net hyl -
pi perazi n-1-yl]-2-o0xo-ethyl am no}-nicotinic acid hydrochloride salt (0.060
g, 0.12 mol) in dichloronethane (2 nL) was added
1- (3-di net hyl gm nopropyl )-3- e | carbodiimd ochloride (0.034. g, 0.18
ol ) e bR amente {57 oot S il in Gribbier aned Seha rdiifBes.
Ehid S Wﬂ.ls folcgt)%e@, bxasadﬂcb 116@% dﬁsfpemnimhlnﬂﬁerﬁf?;l)gimttjeﬁe (DretntiLy) Tﬂét@"cnc{g N
rochloride (0.015 nd triet nmo
G0 Chil or oI gBu digrmed R albRat Iestpeiae A NER hested oBiug i et
t enper at ur e gvemightgihe reBoRing e@abtnommum whs dolord toMabribieht téﬁp?err@tm hane and

washed WO 03/035627 .PCT/.I1 BO2{ 0 5 E F\ ani ¢ Layer was

ceparat od, qHeBches Il WaBHAH SRtetn ety Bpo@ieahe Biapneavi eratastet

vacuo. Glor onithagitapley aqnecsusl swmngaydrg@etﬁcatrmate tdried @%mﬁa@'rtbsm("rﬁsmfé g).

T oo et hyl PR PTER BRI (P By ORGP 4 B B2 98] SPVBURT TS, ool ut i on

of [(5-chi orconpo{iad (044 é)—éddt(eronmldne-QZ{XZJ[‘}-’(‘( ﬂtlfbras)sniylﬁ(zm 58)th5dimethyl-

el byl - oot AP YT o GRS SR RER PR (T o). et hanal (1

nL) and water (Q5-meldﬂ_)-—2){2\4ﬂ—$4-ﬂd_ﬁfed)eh2\tlNM$1) 5-aimethyl bk ale2-6%>-018 g,

Concent s, o R h RIS S ABEA4E | BT, Nl O Grred hane: and passed ¢ hrough a

fritted funnel. Tiea §dltianadf ¢5-chlerd-2-£&4e@-flusrd-beregt) PR I5SH2[B dimegsn chl ori de

1 trat on PPRIE TR o PRoBARERE 1B G5 ST HepiBRE 0.5 C2edioh ¢ 20

20 in tetrahydrofuran (3.0 mL) and water (0.6 mL) was added lithium hydrOX|de

2. oo~ et ol KRR Cardh g 5o el e bk L ik Aer strihg Rr afours Y1

1
algic ] Y pr

(Fz)(r)g%ir eglf Hc%ﬁﬁinﬁd@‘bo (If(ﬁ (%3] g?%g. 9 HEDIE)g\f?ilascgpaddZd 421%)8?:;3?%% c acid (525

m). The reactiqp uas NealSqs L nl &b e ARl Ee) WY indthy M it 1 - 4.ne

sol vent was

oxo-ethoxy}-pyridin-3-yl)-acetyl]-methanesulfonamide

25 To a solution of N-[(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-yl)-acetic acid (0.045 g, 0.10 mmol) in
dichloromethane (2 mL) was added 4-dimethylaminopyridine (0.018 g, 0.15 mmol),

and 1,3-dicyclohexylcarbodiimide (0.023 g, 0.11 mmol). The resulting reaction
mixture was stirred at ambient temperature for 20 minutes, and then treated with

30 methanesulfonamide (0.011 g, 0.12 mmol). The reaction was stirred at ambient
temperature for 18 hours, filtered through a pad of celite and the resulting filter cake
was washed with dichloromethane. The combined organics were concentrated in
vacuo and purified by silica gel chromatography followed by trituration with
dichloromethane to give the title compound (0.037 g, LRMS: 525.3, 527.2).

35



renoved by evaporation. To the crude acid phenol was added toluene (5 m)
and catalytic pyridiniump-toluenesul fonate. After 12 hours of heating at
refl ux thwo meask?i on was concentrated and the title conpowad/eexso3vsol at ed
by chromat ography 30 on silica gel (0.27 g).
2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2, 5-di net hvl - pi perazin-1-yl |-
2- oxo-et hoxy}-phenyl sul fanyl)-2-net hyl =5t opi onic acid ethyl ester To

6- chl or o- 3, 3-di met hyl - benzo[ 1, 4] oxat hii n-2-one (0.050 g, 0.22 nmmol) in

et hanol and tetrahydrofuran (1 m each) was added potassi um carbonate
(0.015 g, 33 0. Jlliz’rml). After 2 hours at 50 C the reaction was
concentréte phenol ethyl ester was isolated by chronmat ography on
silica gel (3(580io80-2-{244(SHudhpkénsiineel.5S)2, S-diméthylpiberasifeh yl]-2-oxo-
trlphenylph(ﬁihl e‘.OOQg 019 mol) and

1-[4-(4-flu agid vt hyl - pi perazin-1-yl ] - 2- hydr oxy WO
03/ 035627 PCT/ 1 B02/ 03@0@&@0@{@.&1@3@@3@&}15@ g, 0.13 mmol) in tol uene
(1.2 M) was sIo ded azodl ca te (0. m, 0.19 mol).
After 14 hours at %"?) %’ q?%@éhgﬁo Wﬁgt'"oé’[)‘gl?%'@eta(agrgogﬁf&?ﬁé? ature and
dih : ut _eg 104 L hetﬁwaqulﬁmts%ddé‘d tri@[:ty%@t%d Ahdre (@410, oaramﬁw??ﬂbmaé gelerrs?sdi urnI
chl oride the_organ ayer was, dried over um su and the title
conpound isdﬁ"ﬁ?tga Eﬁe{:#g'ﬁﬁmﬁP?p‘ﬁ?ﬁ 8Hre§|qt|ag1g> i#e”m?rﬁﬂ’@ ? 0 miputes,

2 (5-Cnl OL O-a?!d{tl?er{tﬂee(téd W][tumakb@nmwn%]/mﬁaﬁrﬁ@)péﬂaamm(ﬂﬁbf&'g,lmlqmevamdnr1 yll-
- 0xo-etho an i onj ¢

2 (5- Chl oroxléz“} gaé[’:t X("Q!utf“f%‘ﬁ%/%gtﬁ'@ﬁ% f% 55&3‘” ,“‘:‘?ﬁfﬁg?ﬁﬂ?r PHBLING | n-1-y1 ] -

2- 0Xx0- et hOXWa{@hﬂfeyﬂrS&UdtWﬁyle)(tfébté@ﬁvmybmpl’aﬁaa@ﬂté aphbinet drghnieswerte dred020 g,

1 ¢ umhycret @a0Rept) Suisié e Had gonestistaiih vholon Slie Gibur “at 150 C t he
r ﬁact i on washeameategrapky €1d% ethg dcbfaté/hé)laﬁeﬁ)dﬁmédcbwv)ésrystsmlzatlicﬁﬁrdhy

chromat ogra LR 509. 4 Exanpl e 30 20

2- (5- Chl or oq‘fx?'éesfejﬂ‘x'i"q??tgg%é%83%0?”?%,‘ 39)-5_di net hvl - pi perazin-1-yl | -
2- 0X0- et hoxy} - beagkioes2H2-piaiuorb-baiAay(2RESPRBAdihetyi-pipdazi- @l-Rioxen of
2-(5-chloro-2-{2-]4- 4- Iu r o- e%(z]yl)-(ZR, 5S) - 2, 5-di net hyl -

pi perazin-1 =2 & yl sul fanyl)-2-met hyl - propi oni c acid et hyl
ester (0. 020 9 TQHQG mkﬁenlsiibnr&h&ﬂﬂﬂmyaﬁd’e Batedisersibh irtafital W so.esided
Oxone (0.12 . After 2 hours the reaction was diluted with

net hyl ene clé Qr78d'@m89idi1 t%@ﬁ&”w was agdrchirid- @aﬂW‘&Pé@FYQdaRtﬁﬁ)@kﬁ oride. The
organi ¢ | ay &fime@§l-glseragin AUAIL2-hydroxy-ethanone (0.20 g, 0.71 mmol) in toluene (2 mL).

The reaction mixture was stirred at 0 °C for 30 minutes, and then treated with 2,5-

dichloro-pyridine-3-carbaldehyde (0.14 g, 0.78 mmol). The resulting mixture was
25  refluxed for 4 hours, cooled to ambient temperature and washed with saturated
aqueous sodium hydrogen carbonate and brine. The organic layer was dried over
magnesium sulfate, filtered and concentrated in vacuo. Silica gel chromatography
provided the title compound (0.20 g).
3-(5-Chloro-2-{2-
30  oxo-ethoxy}-pyridin-3-yl)-acrylic acid ethyl ester

4-(4-fluoro-benzyl)- -2,5-dimethyl-piperazin-1-yl]-2-

To a 0 °C solution of 5-chloro-2-{2-[4-(4-fluoro-benzyl)-2,5-dimethyl-piperazin-
1-yl]-2-oxo-ethoxy}-pyridine-3-carbaldehyde (0.200 g, 0.47 mmol) in ethanol (5 mL)
was added potassium carbonate (0.131 g, 0.95 mmol) in water (0.30 mL) and triethyl
phosphonium acetate (0.21 g, 0.19 mL). The reaction mixture was warmed to room

35  temperature over 48 hours, filtered through celite, the filter cake was washed with
ethanol and concentrated in vacuo. Purification via chromatography on silica gel
gave the title compound (0.102 g).



magnesi um sul fate and the sul fone ester isolated by chromatography on
silica gel (0.014 g). The above ester was dissolved in tetrahydrofuran and
wat er (0.worm/ogemeh) 30 and |ithium hydroxi de hydrate (0. ®C3/1802/@3983 Mol )
was added. After 4 hours the solvent was renoved in vacuo and the title
conpound was isol ated by chromat ography on silica gel (0.019 g, LRMS:
541.4). 35 WD 03/035627 PCT/|B02/0398993:97- 5 Exanple 31
(5-Chloro-2-{2-14-(4-fluoro-benzyl)-(2R, 5S)-2,5-di met hyl - pi perazi n-1-yl | - 2-
oxo- et hoxy}-phenyl net hanesul fonyl)-acetic aci d
(5-Chloro-2-{2-[4-(4-fluoro- benz ) - (2R 5S) -2, 5-di rrethyl piperazin-1-yl1-2
0X0- et ho)iy} benz __‘ESJ'. "_39 '2,' al= f'Ur 3 ey Ry D -dt e |_| -0 eraZ|n'1' I 2

2- (4-chl oroo&ow@ig@quwfﬁ}_ﬁabaae{@réélerfI uor o- benzyl) - (2R, 5S) - 2, 5-
di met hyl - pi perazin- I- an gz was added t hi onyI
Chioride (3 ). ToPhEoiSRcH A oo R AT tH-1 P DenaN-@Bro S 4otk ¢ of
concentrati ?(;betré‘ﬁni?%Zzlb)kdlethéw}%w«ﬂﬁ-3Vﬁ)saér§l$é| RiPethPesth (@782 §95.8Phy on

| |
e (1S Pe o e rcataal 29 bR A At oS O YO@n The Teqcing BESUE, 5. 15
di met hylppi Ws%‘aﬁe#uﬂdér‘p@&ﬂ@&@@s&@of'-ﬁ’ycﬁlo é?rg?ag (Eﬁglsl) ferO?ﬁlﬁﬁtEE'Y#hé or mam de

(2 M) was ad pot assi um car bonat e

t et rabutyl aﬁﬁﬂﬂ‘?ﬂﬂrﬁ‘i"&tﬂ? was fitered gowg) a ea@af ?ﬁ‘f% shedfiigr eakearas wagher yyith

t hi ogl ycol ategndrd, @Ad e cdnEiRedPhte - waEt@®ncématdd |ﬁ'?/a¥9@§t05§|\ber fheguat 50 C for
19 hours. The reaction was diluted with ethyl acetate and washed with pH 7
phosphat e b@PEPUPD(QEENG)- and aqueous saturated 20 sodium chloride. The
organic |ayer wag @ cRero0). SRES)-2BHimBRYIpibeRzinooPRUNd Was
i sol ated by chromatograp : g
(5- Chl or'é- 2%&@@%&&5&@&@&1@& 5S) - 2, 5-di net hyl - pi perazi n-1-yI | - 2-
oxo et hoxy} - thHWJ@waﬁwﬁdﬂﬁ(@r&&ﬂo}o@f{QqA@ _AGdre- b&Azyl)-(2R,5S)-2,5-dimethyl-
(5-chloro-2 %4f|uoro- yl).

-(2R, 5S) -2, @Jgﬁr%@ M- %p)ﬁbgtg%}ﬁpyc@pp y)-progionic acid ethyl ester (0.081 g, 0.17

0XO0- ethoxy}nb,gam thi Lisan@® @il Cmath I 9 mmol) in
nmet hanol (1 m ? at'? g%a?/\f/asangddeLc)l ncw)%oﬁgol"(?hh%anéﬁa%réﬁ 91L(M\@Sf%(()jijigdovved by the

dropwi se  adli¥mnéydrexidgapanohydrate (P, 01?!9@Or(:ige{ﬁmpgn-r%?aﬁp‘l”bm@"?(‘ﬂaﬁlar mto

room t ergger atiked at arﬁf)lbﬁfte%em% $ortﬁ1l%dr§a\%htr9|&emhcb imh@&#o\embrb s@4 hyl ene
chloride and washed with aqueous saturated sodi um chloride. The organic

| ayer was drAndPhesetiatefigffesdpitim Banslpracied i etheacstate.ofBe gambiped sol at ed by
chromat ogr apiyarfids wéreldfigd @9ér rhigriébtindduifate, filtered and concentrated in vacuo.

Purification with via HPLC gave the title compound (0.020 g, LRMS: 464.4).

25 Example 28
[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethylamino}-pyridine-3-carbonyl)-amino]-acetic acid

{2-[4-(4-Fluoro-benzyl)-(2R,5S5)-2,5-dimethyl-piperazin-1-yl]-2-oxo-ethyl}-

carbamic acid tert-butyl ester

30 To a solution of tert-butoxycarbonylamino-acetic acid (0.71 g, 4.05 mmol) in
dichloromethane (40 mL) was added 4-dimethylaminopyridine (0.74 g, 6.07 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.16 g, 6.07 mmol)
and 1-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazine (0.90 g, 4.05 mmol). The
reaction was stirred overnight at ambient temperature. The reaction was diluted with

35  dichloromethane and washed with brine. The organic layer was separated, dried
over magnesium sulfate, filtered and concentrated in vacuo. Chromatography on

silica gel gave the title compound (1.45 g).



The above ester (0.014 g, 0.03 mml) was dissolved in tetrahydrofuran and
water (0.5 m each) and |ithium hydroxi de hydrate (0.003 g, 0.08 mmpl) was
added. AWDes/02B2hours the sol vent was renoved in vacuo amdTiIRe2/d3p89 e
conpound was isol ated by chromat ography on silica gel (0.007 g, LRMS:
527.1). 35 WD 03/035627 PCT/ | B02/ 03989g -98- 5 Exanple 32
N-[3-(3-{2-f4-(4-Fluoro-benzyl)- (2R, SS)ZQ', 5-di net hyl - pi perazin-1-vl| -2-oxo-
et hoxy}- 6- net hyl - pvri di n-2-vl)-propi onyl | -met hanesu | f onam de

3- Hydr oxy- 6- net hyl - pyri di ne- 2- car bal dehyd To a sol ution of

2- hydrox¥rret hyl - §- et hy PP r'udi n: 3- 0 Mol i.n11 thx(leene
chloride (30 m) b€t SHPeT St ee t el (12.5
g, 143 mmol ). Tho®ssttions {Re8-($flusroednky)-(2A485$)215imétharpipdrazisnadl-2-hr ough

it d ted t [ t titl d (0.070 .
3o (47 - DA EATS BeBebbesiin st B IPeh I AEofetnane 8. ot noxy
}- h6;jmet hylfs-nmf)[vglail ma;gmowgdmmb l(ZDFrEEI')g %egebct?ﬂonwasm‘éiged at arlnt)nient
3- r oxy- 6-ne - pyri di ne- 2- car bal dehyde (. i,n
3 ot hyl {or &E’HP%!él%QY% o RRWS , dHhiegeacten) oé'fieﬁﬂ'%ﬁ'%ﬂ'%m%ﬁm’)-
(2R, 595) -13, 5-vdaisged lech-mismgrmhyugaxidé.] ﬂfﬁ dsrgaoineayfeﬁwéé sgpe_\rétg_agdrmtdo VEr L8

t onat e .5 mpl) a ot assi um i odi de (0. , 1.
o) The FERTTERRTEE RIS Hietee 3ng odfeRpted s R he he Pmpsrthla 3 ut oo
with Et CAc, washedChiotd242-[4@-fRdrahehdyNE2RISGRRISdim@tet-pipeidizinr 1-H2-oxes
nmagnesi um suI”f ai\t e }E}“I ttfn?ééc%‘mfeﬂml ‘géqgrd by concentration in vacuo gave the
titl :
3|£ g 3?{ };?Fﬂpf?( ffh F: J@rmsddmﬁm%df)zl-a(rﬁiﬁoaS[)H&-,ﬂﬁerdgbmlzylyf2m5$)82,&?'(i)m?hylévI I _-(2);] 0)(;]9
et hoxy}-6-ne - pyr.i.din- 2- +aCr c a e .ester i
o {2 Lo Gl Ry Taensd 285, § s b e B BRa F e Jpfcd 25
(7T0) At S oot erPor At ¢ was. added 411 et byl Bhosphonoacelate. (0. 65 g

a en J : :

o ol 3 at! BBl SRR ATEBEY T 7 o e RAGTRIERC R B Aed cnc s on
vacuo. Chronat ogr

3-(3-{2-[4-(4-F vy iaw L e o Pers
et hoxy} -2%- nedtiwamipu)-nidotiniaagid ) - pr opi oni ¢ acid ethyl ester To a solution of

3-(3-{2-[4- (4-T1yqr o henz Ve (Rl 332 n 0 T - RPEE BF 5 i Aty

piperazin-1-yl]-2-oxo-ethylamino}-nicotinic acid methyl ester (0.16 g, 0.36 mmol) in

tetrahydrofuran (3 mL), methanol (3 mL) and water (1 mL) was added lithium
hydroxide monohydrate (0.075 g, 1.78 mmol). The reaction was stirred at ambient
25  temperature overnight, concentrated in vacuo, diluted with dichloromethane and
passed through a glass frit. The filtrate was treated with diethyl ether saturated with
hydrogen chloride gas, and the white precipitate thus formed was collected by
filtration to give the title compound as its hydrochloride salt (0.13 g).
[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
30  oxo-ethylamino}-pyridine-3-carbonyl)-aminol-acetic acid methyl ester
To a suspension of 5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-
piperazin-1-yl}-2-oxo-ethylamino}-nicotinic acid hydrochloride salt (0.060 g, 0.12

mmol) in dichloromethane (2 mL) was added 1-(3-dimethylaminopropy!)-3-

ethylcarbodiimide hydrochloride (0.034 g, 0.18 mmol). The reaction was stirred at
35  ambient temperature for 5 minutes. This was followed by addition of solution of

glycine methyl ester hydrochloride (0.015 g, 0.12 mmol) and triethylamine (0.016 mL,

0.12 mmol) in dichloromethane (0.5 mL). The reaction was then stirred at ambient
temperature overnight. The reaction was diluted with dichloromethane and washed



yl]-2-o0xo- et hoxy}-6-nethyl-pyridin-2-yl)-acrylic acid ethyl ester (0.54 g,
1.15 mmol) in EtOCH (5.0 n.) was added pl atinum oxide (0.050 g) and the

m xt ure wa® 13633s90r ogenated at 45 psi for 90 m nutes. The POTABW/@ISES
filtered through celite and concentrated in vacuo to give the title
conpound (0.50 g). WO 03/035627 PCT/1B02/03989 -99 5

3- (3-{2-[4- (4-Fluoro-benzyl)- (2R, 5S)-2, i net hvl - pi per azi n- 1- vl | - 2- oxo-
et hoxy}-6-net hyl -pyridin-2-yl)-propionic acid To a sol ution of
3-(3-{2-[4-(4-fluoro-benzyl)- (2R 5S)- 2 5- dinethyl pi perazin-1-

yl]-2-oxo- et hoxy} - 6-_net hy I- |d|n 2- o lonic acid ethyl ester (0.50
g, 1.06 rmo/With Wﬁ%efz Th?‘ifg?'@ ﬁ&/‘ﬁ?%?‘?ﬂa ”ﬁar%f’r %9'@5'%5@1@%&?”%\'}&9 added

l'i t hi um hydrgpygicdRcefrafdddh dbgud. %&S&a&gra%h;«%nmbgel dde teetitid égphpoa@ stirred
at anbient te erature for 2 hours, concentrate diluted in ethyl acetate
and washed WPORO@Ater. The organic layer was dried over magnesi um sul fate,

fi : Eez gdzgnd) Conqgﬂcmaioeﬂ{z [1-(MARIOFD- béhzgnx 56he stdinethyESPBRERD @22 sodi um
sa

N-[3-(3-{2- ? = : = ic ggidny | - pi perazin-1-vll-2-oxo-
15 et hoxy} - 6- net hsdawnﬁcm dﬁ@ dhi&ro-&%ﬂ%-@ﬂﬂuéro%hﬂﬂﬁ%ﬂééé)@gﬂinﬁiﬁh yio a
- di

sol ution of 3-(3- Jn& 4-f | uor 0- benz 2R, 5S nmet hyl - pi perazi n- 1-
yl]-2-oxo- etWR%E‘;‘F}' B -%—%y'wm%wn 'P% 3[5‘?819”&5 '?E“%‘iaﬁet{‘{)aciq)mﬁt Yb 23 mol )
in methyl ergteiind.ons geo 085 mn)ol)vmm@ﬁ?@dﬂﬁard(1rmLhyﬂeaﬁadappythﬂadaa~éth 032 g,
0.27 mmol ), %Br?éhgl met hyl am F\%)ﬁgro q)(%]et hyl carbodiim de h drochl oride
(0.051 g, 0.0825mkWas asiged it Bidiprice mionaydraie d9418,9. $43 Hheand
triethylam ﬁ@adti@n%g sfitred Bverhight!Dt e readtion We%aﬂie'n%n&@rﬁrafﬁéd |hrv§QJ@Hlllﬁ€@| ent

t enperat ure hours. The reactjon m x iluted with

F CPF o ohins riftichlroRatibs AR PRSNRLAD B A8 TP, ABF Aivatees Grajeth o | ayer

was dried owgmh sfmga@al ah uht:ﬁubﬁde i‘nlduétwl@%ea@ddwwmtaﬁra&.[a@bterbrm\éacuo The
crude product ica Plve t he 25

wa e chr omat on_Si
title compodtas c@ﬁ ded )jflltrE g5\Qalth§)t|t aﬁﬂdéoygz o LRIIS: 4922
2- Am no- 3- (5-chl oro-2-{2-f4- (4 fluoro-benzyl)- (2R 5S)-2, 5-di met hyl - pi per azi
n-1- Yll-2- o et hgxy} - phenyl ) -propionic acid 30
3-(5-Chloro ! 9(4f|uoro benzyl) - (2R, 5S) - 2, 5- di net hvl - pi perazin-|-vl| -

2- 0x0- elohoxy5-OMery-2){244 4-\‘Ihard-\b@|ﬁ>i DARR, mlﬁ-ﬂtﬁié‘thyﬁﬁibéfaz'fm1¥' ]tz-ex@-cet ic
acid ethyl ester : SQdI um p] car bonat e g, 19
mol ) and t SRRPUIBNENYISHS IV e isPropIQiig 'd024m"m|)|nd|methyl
f20r Zamhfje (52”1 %lﬁﬂaﬁloﬂﬁﬁ@%mﬁthvl benzo[1 Aloxathiin- 2 one
chloro-2-c r omet enox
( 'Ip 2-(5- chlgro éa methoxy)//-phen)xsulfgnyl) 2- methyl propionic acid methyl
ester (prepared from 5-chloro-2-methoxy-benzenesulfonyl chloride: Syn. Comm.,
25  (2001), 31, 505-510) (0.25 g, 0.9 mmol) was added 48% hydrobromic acid (5 ml).

The reaction was heated to reflux for 24 hours at which time the solvent was

removed by evaporation. To the crude acid phenol was added toluene (5 ml) and
catalytic pyridinium p-toluenesulfonate. After 12 hours of heating at reflux the
reaction was concentrated and the title compound was isolated by chromatography
30 onsilica gel (0.27 g).
2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-
oxo-ethoxy}-phenylsulfanyl)-2-methyl-propionic acid ethyl ester
To 6-chloro-3,3-dimethyl-benzo[1,4]oxathiin-2-one (0.050 g, 0.22 mmol) in
ethanol and tetrahydrofuran (1 ml each) was added potassium carbonate (0.015 g,

35  0.11 mmol). After 2 hours at 50 °C the reaction was concentrated and the phenol
ethyl ester was isolated by chromatography on silica gel (0.043 g).
To the above phenol (0.041 g, 0.15 mmol), triphenylphosphine (0.049 g, 0.19
mmol) and 1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-hydroxy-



35 benzyl)- (2R, 5S)-2, 5-di net hyl -pi perazin-1 -yl ]-ethanone (0.52 g, 1.19
nmml ). After 1 hour of heating at 60 C the reaction was concentrated and
t hen di | wedsmsisk7 net hyl ene chl oride. After washi ng w t hpraguBausIssat ur at ed
sodi um bi carbonate and saturated sodium chloride the organic |ayer was
dried over magnesium sul fate, WO 03/035627 PCT/1B02/03989 -100 5 filtered
and concentrated in vacuo. Chronatograpt¥ - on silica gel gave the title
conmpound (0.30 g).

2- Am no- 3- (5-chl oro-2-{2-[ 4- (4 fluoro-benzyl)- (2R 5S)-2, 5-di met hvl - pi per azi
n- 1-yll-2-o0xo0-ethoxv}-phenyl)-propionic acid et hY ester To a sol ution of
3- (5- chl ér o-eh3nene Q.9 $,|QJ m%ﬂam'yeqez(ﬂezaswy@s 1naddgd diethy

pi perazi n- 1‘a‘éinucé’rb8RSlPat6t(d5‘QZM}l -Phe Aol Zacffyrﬁmowmsoncqr]@@adn&myé ester
(0.035 g, 0.0 mmol) in acetic aci I%y was added zinc dust (0.085 g,
1.3 mol). RPP@P t‘zmoﬁb‘ﬁ@e@tuﬂ‘?@ﬂdldﬂﬁteﬂtw'@(?t | preiatee AXter wasHBS WM t er ed and
concent (rjaE gfbobéo&éaéaﬁﬂated@&ﬂﬂﬁﬁﬁérﬂ&wéﬁhd ofJankildye? Had Aried BVEr thaghesiuid €

compoun

2- Anmi no- 3- (E§“EWP&"61@¥@ qompesng r%@%ﬁ%ﬂmmytoemhsgp 92'0396| B8\ - pi per azi

n- 15 1- 1‘(j| | - 2- ox@-@tdWrsio-
2-am no- 3- (5-chl oro-2-12-|§ -
di net hyl - pi XLV rDRenyIsalfanyk e propl onic acid et hyl ester

(0.033 g, 0.065 Tymis-cHidrotefx wm@rfottre%al b 2)'5 dﬂﬂém fiA-10)-each)
was added |ithium h{ d(r: oxf)de{ [ gr ate Y)(m P I%rr?elr ?]hours

the reacti ort"QPsCtBOH @h?méwanyib%mﬁt @ERP'%{}‘ﬁjafi“l’@thM Qﬁt%f (PRPSuAd me))

l[ ?ol ated by i Rt@RRdre@ira0 etitdhoPahd wated 8l m( EaBPwvas ddédMRuhifdroxideExanpl e 34
hl or o- 2-162- fwdrate {0.QR% b Opkhpine]. ASRr BpuratS04C e FRACN as snasntrated| - 2- oxo-
25 et hoxv} - bpaane fited ®nhpound Wak BolRESbY @hr@ﬁia@bgraphg on silica gel (0.010 g,

[ (5-Chl oro-2- 2f4(4f|uoro benzyl) - (2R, 5S) - di

met hy! - pi perl&$-399A4) - 2 oxo- et hoxv} - benzyl ) - net hyl - ami nol - aceti ¢ aci d

met hyl ester To a sol ution of

5-chloro-2-{2-[4-(4-fl uoro-benzyl)- (2R, 5S)-2, 5-di net hyl -

pi per azi n- 15&%&20 et hoxy} - benzal dehyde (0.10 g, 0.24 mmol) in nethanol
(2.5 m )z 3G. Mhl@ﬁﬂgng&ﬂﬁbf&b ﬂ)( RSH) 2 5-BiREATRbRe£Hh-$30]L2-680-10 O,
0.72 mmol) followe sodl umtrlace OX\ borohydrlde (0. g, mol ) .
After 15 hot82 = MfopyL ai e idresultant solid taken up in

met hyl ene chl or i de a &b M@S(bldh!brwzi{b (4 Joreﬁm)a@a By SinidnflS M) and

sat urated agueous sodi um chl oride the organl C er dried over
magnesi um sRRe5REN- 1A% ethexviphenyigmign bﬁ'@éﬁﬁ'ﬁ'ﬂ PRIgNIE ﬂ@d thy| ester

(0.020 g, 0.04 mmol) in methanol and water (1 ml each) was added Oxone (0.12 g,

25  0.19 mmol). After 2 hours the reaction was diluted with methylene chloride and
washed with aqueous saturated sodium chloride. The organic layer was dried over
magnesium sulfate and the sulfone ester isolated by chromatography on silica gel
(0.014 g).

The above ester was dissolved in tetrahydrofuran and water (0.5 ml each)

30  and lithium hydroxide hydrate (0.013 g, 0.33 mmol) was added. After 4 hours the
solvent was removed in vacuo and the title compound was isolated by
chromatography on silica gel (0.019 g, LRMS: 541.4).

35



35 conpound was i sol ated by chromatography on silica gel (0.051 g). WO
03/ 035627 PCT/1B02/03989 -101 5
[ (5- Chl orwodBfpa56p7- (4-f | uor o- benzyl ) - (2R, 5S) - 2, 5- di net hvl PoiTaBOZBYSY- 1- yI | - 2
- 0Xxo0-et hoxy}-benzyl)-nmethyl -am nol -acetic acid To a sol ution of
[ (5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R.5S)-2,5-di nethyl- piperazin-1
-yI]-2-oxo-ethoxy}-benzyl)-nethyl-aninofyacetic acid nethyl ester (0.051
g, 0.10 mmol) in 1:1 tetrahydrofuran:water (1 m) and |ithium hydroxide
hydrate 10 (0.016 g, 0.38 nmol) was added. After 1.5 hours the reaction was
concentrated and_ the title conpound isolated by chromat ography on silica
gel (0. 045 Exammle31492 4). Exanple 35

2- [ 4- Chl or o8-Chidtot2}2-ArE@Lfitory i HEnzR, 5812 5iMetHyl {pfpdrazinl L -2:@azy | ) - (2R
,5S)- 15 2, 5- dlnethv -plpera2|n in-1- 11 -ethanone
(5 Chi or o- 2-8thoxXy, S acetic aeid 2, 5-di net hvl - pi perazin-1-yl | - 2-
0xo- et hoxy}- phengxy piperazin-1-yll-2-
2-(4-chloro-2-h penzyl ) -
(2R, 59) -2, 5-244% 12K : £€(0.10 g, 0.24 mvl), and
cesi um 2@ car bonafoez @%H&o@rhﬁr&gmaﬁw hérfbxgi) Q—F@(lﬁfll.(olo-'ﬂibnﬁyl)\l(léﬁ 55y gesl

br onbacetonitrile (0.034 reutlngmxt re was stirred
¢

at anbi ent tAREY! é’c’ﬁﬁ’%z"bﬁé%rﬁt@?ﬂone (GRR9r éa&mfa?.') was agded hianyhGhigiidg(Ry |

acet at e and mipshidresttidh W idatedfoeeMixXIaNs Gours ARET ¥eteh@atidndnabélkyiat ur at ed
aqueous sodi um chl oride, dried over nagnesium sulfate and concentrat ed in

vacuo to gi VAIofifie Wes fSolte b shaeratagraphy g siliss gel (0-27 g).

2-[4-Chl oro- 2- (Z%txwmbﬁcmérmmxwa@h@mw -fmombémzyf)l(mss)hemzyl)
(2R 5S5)-2,5-di ne 'E)eraz n- gt hangne 0 a solutio
(5- chl orld- 2d{fﬁet[‘n' m%rgfﬂ idrd- qs%%wﬁ)(oé &; 85p-mme)) i dimetiyl formamie (2 mi)

pi perazi n- 11&ds]adae@1§6ta§§|bm>@é}bdhbm>ﬂ77b gaocmcrﬁmbl)ltb@atmyléﬂqn@muﬁw id&idenol ) in

ot) 30 RO s 4 TR pos Baaly eio/ BosHRAGte (FHemIdbar TTRY. AR ur e was

stirred at }@iktionak sﬁ@ed"@!ﬂ(ﬁ% th&ghea@t BB rwoﬁ%b@dutaadntﬁllemﬂ ed with
et hyl acetate and washed ter. The organic ger was washed with

sat ur at ed a(ﬁ&@@ﬁ%a@o‘ﬁ?ﬁh‘?\dd’mr‘m ZIQhOSRE‘PfeeQPf@\r/ OMHB PAvsUSIsplraled ng

concent rgt edobiiinVéfdile. Thietorgaid |@Ver\wdsmrtéueivbyﬂna I%shﬂﬁ saiffle BRd theltRiee
chl ori de gave the@éltle corgl)ound 0 018 LRVS 4 491.5). 35 W

03/ 035627 PEPMPRHAY Wagisglated;bychro atography on silica gel (O 046 Q).
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-ox0-

ethoxy}-phenylmethanesulfonyl)-acetic acid
To (5-chloro-2-{2-[4-(4-fluoro-benzyl) -(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
25  oxo-ethoxy}-benzylsulfanyl)-acetic acid methyl ester (0.046 g, 0.9 mmol) in methanol

(1 ml) at 0 °C was added Oxone (0.16 g, 0.27 mmol) followed by the dropwise
addition of water (1ml). The reaction was allowed to warm to room temperature.
After 14 hours the reaction was diluted with methylene chloride and washed with
aqueous saturated sodium chloride. The organic layer was dried over magnesium

30 sulfate and the sulfone ester isolated by chromatography on silica gel (0.014 g).

The above ester (0.014 g, 0.03 mmol) was dissolved in tetrahydrofuran and

water (0.5 ml each) and lithium hydroxide hydrate (0.003 g, 0.08 mmol) was added.
After 25 hours the solvent was removed in vacuo and the title compound was
isolated by chromatography on silica gel (0.007 g, LRMS: 527.1).

35



5 Exanpl e 36

2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hyl - pi perazin-1-yl| -
2- 0X0- etWOXgh3phEnoXy)-nicotinic acid To a solution of PCT/IB02/03989

2- (4- chl or o- 2- hydr oxy- phenoxy) - 1- [ 4- (4-f | uor o- benzyl ) -

(2R, 5S) -2, 5-di net hyl -pi perazin-1-yl]-ethanone (0.10 g, 0.25 mmol), and
2-chloro- 10 nicotinic acid (0.045 g, 098 mvl) in dinethylformanide (0.75
nm.) were added potassium carbonate (0.084 g, 0.60 mol ), copper (0.0050 g,
0.078 mml) and copper (1) iodide (0.0050 g, 0.0.026 nmol). The resulting
m xture was stirred at 145 C for 2 hours. The reaction was cool ed and
diluted Wit Iﬁléﬂl%m%cet ate and washed wth water. The organic | ayer was

washed with mpy-estg@cum%n&mm Sﬂh,(yidhﬁ'%th%?p iPéralfh-RYRR2-gRgnNesi um
sul fate and concentrate I n_vacuo romat ography on siLlica ge fol |l oned
by triturat iCSHXMONMEY yddin-2-Mi)-propignylj-meihanesulfopamide | , ¢ et hyl ether
gave the title cq et m@gjagmah@ﬁ &alt (0.022 g, LRVS 528. 4,
530.4). Exanple

22- - {2-[ (2R) - 2- cdPFasyHioRe RyydpxymetnyRsmetybryidin-3ral bbP 8274 MPl) in2- oxo-

et hoxy} -1b- C'ﬁh&ﬁﬂeri&"@ﬂ&?@é)(t%@ﬁﬁl) bﬁarﬁ@u’eﬁt temperature was added manganese dioxide
(2-(4-fluoro- benz | am ng)-ethyll-carbamc acid tert-b est er

( 2- Ani no- et Ki4 4?063qu) aEh%fe?etHnSMﬁSﬁt'"égtffMS(@U%tf&n fét?feﬂ thieeeh, 4
f1 uor obenzalcemtaxéde coRedhfrated t9Qive trﬁﬁfﬁ’decoﬁ‘np’buﬁh)(e oo gfst hyl amine (1.50 g, 14.9

mol, 25 2.1 n) and e ne5|um sul TD| were stirred in

nmet hanol (50 L} : ‘ '
bor ohydri de g(iReth r,ag.a, 2-FEFBélbje 8 added in portlons After 2 h the
reactlon was quenche and extracted three ti nes wi th et hyl

acet at e.!>The conﬂ-lor?e%f’"dloﬁéﬁ ?ﬂ‘yp‘éﬁvé PGBy lePyidieRaticarbalf ey dei (Bed 9wl R wat er

and the desinifigl) mrm@mw&mahﬁ@é danés éd&dazqm@@a [43()43froM béhzg)- 0.5 M
hydrochl ori c_aci d (s"q conmbi ned acid sh vvas cooled to 0 C
a

and basi fi ed®Rrh2 'WPQXVEHP%@E'@&U@ %tﬁﬁﬁ?ﬂ%ﬁ%roy'a@o )TRRIagHBous | ayer

was extraciagbohbfeq0.4bigreS mmbh affl lpafae§iarTbaiad (0. b@gcpa‘ﬂhrﬁ@?j THhe @sotieg M
| ayer washed three tines with water, dried over sodiumsulfate and

concent r at ediKtyrawas sfiredeat 60 Covermight dhemdiliedwitlh EiAG sasBed wity bite o) . 35
WO 03/ 03562405 6@9%%@8&% aé&ﬁo\%r m neSIum sulfate Filtration followed by

4-[(2-tert-butoxycarbonyl am no- g | uor o- benzyl') - am nol -but 2-enoi ¢
aci d net hyI cegeasitrafion (‘4’3@%9@\@-‘56111 %/P%{HPW (B38ya)] - carbamic acid tert-butyl

ester (7.0 g, 263)3(2[4-(4-Fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yi]-2-oxo-
ethoxy}-6-methyl-pyridin-2-yh)-acrylic acid ethyl ester
To a solution of 3-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-
25  2-oxo-ethoxy}-6-methyl-pyridine-2-carbaldehyde (0.58 g, 1.45 mmol) in EtOH (7 mL)
at ambient temperature was added triethyl phosphonoacetate (0.65 g, 2.9 mmol) and

g-- a d

potassium carbonate (0.4 g in 1.0 mL of water). The reaction was stirred for 12
hours, then filtered through celite and concentrated in vacuo. Chromatography on
silica gel gave the title compound (0.55 g).
30 3-(3-{2-[4-(4-Fluoro-benzyl)-(2R,5S8)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-6-methyl-pyridin-2-yl)-propionic acid ethyl ester
To a solution of 3-(3-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-
yl]-2-oxo-ethoxy}-6-methyl-pyridin-2-yl)-acrylic acid ethyl ester (0.54 g, 1.15 mmol) in

EtOH (5.0 mL) was added platinum oxide (0.050 g) and the mixture was
35  hydrogenated at 45 psi for 90 minutes. The mixture was filtered through celite and
concentrated in vacuo to give the title compound (0.50 g).



mol ) and potassium carbonate (7.2 g, 52.2 mmol) were stirred in acetone
(150 m.). A mxture of nmethyl 4-bronocrotonate (4.7 g, 26.1 nmol, 3.1 m-)
i n acet orw0(08@3327) 10 was added to this solution dropw seCcagBozi3asy
addition funnel. After 18 h the solution was filtered, concentrated and
chromat ographed on silica gel to yield the title conpound as a yellow oil
(8.53 g). [(4R) -4-(4-Fl uoro-benzyl) - pi p'é;?'azi n-2-yll-acetic acid nethyl
ester A solution of

4-[ (2-tert-butoxycarbonyl am no-et hyl)-(4-fluoro-benzyl)-am no]- 15

but - 2-engic acid t Bler tg8.5 g ol ) jn dichlor t hane (250
m-) and’ trif|ué@%@%@%ﬁﬁ§—kﬁéﬂ%@%@%&hen
C(ﬁncent r at e@ého’ih%-gﬁwl-bwﬂﬂn-zgﬂajrdpieniwagiddi | ut ed wi a—: di chl or onet hanﬁ and
the pH was a jus;re tq? 10 %t ‘ZE‘{H te baq{Uﬁogé cg i%g)c:ﬁréyonate. Ie
aqueous | ayer was OATPYONA StAKEE {4 THoLo-bgpaR-( n'i} - BMARYRIvE A -

conbi ned or gﬂ@i—@m@h@(y}@bﬁétﬁylﬂjyﬁeid-Zlaypprosfnﬂidﬂﬁcfethillfﬁs&r (0.80 of 1.06 e&iraol) and
concentrated tQ give 6.05 g of a pale vy ow oil. The racem c .ni xture was
separat ed offl é‘géhﬁeﬁﬁtﬂydé&]@%ﬂ“"d@?'ﬁg“ﬁfeéﬁghﬂlg“{aé a&dﬁaﬁm@" F}r'%rp’élg%orrpound as
a Wwhi t e 10S0lhyérate (0.089 g, 2.12 mmol). The solution was stirred at ambient temperature for 2
a3 S o ol o R
aci d net hyl |8&t eas (ledbvey, mayndiumnsuitbie, iesed bns obnwedtrated irevdvabed givd0 i)
and anmoni at'gﬂr1a€t| was_ bubbl ed IBIO t%&@ﬂig%uuon for 10 m nutes. The reaction

flask was ti &§CARNEY 23 AFOLHE" § stirred overnight. After thin
| ayer chromat ogr ap[8y(3-{aq44-CaFrRArd-benzy 58n2\5dimethyRpbeiagin-1-Ip29b-Ut | ON was

concentrated an hetr si due . di ssol.ve(i in toluene (9 nm). 30
7-chl ord%eﬁ%—%—éﬁ—@iﬁﬁ—i&ﬁ@w & PRGN g RIEDI M@Qﬂiﬁ%e a IC%s added and the
sol ution heat edTtooaQﬁutﬁm(‘jdbB-(?&z-[v.-(4Tﬂ1ﬁ>(;d5-eﬁﬁiw)qaRyw-wdihmih%I]-@iperdzirem-t hed
tenperature, . .conceptrated in vacuog the resplt] oi] chromat ographe
on 511 en gull RS ptyprReth AT A EeR TR 0TS, 623 it
(2;] {Z-E(ZR) ﬂ?eth\,aértmmcyrih des(R yl)-whs (adtdbd umimeihﬁllaﬁ'yr?dpyﬁdipe(@%mg,l&w mndipxo- 35
et hoxy}-5-c¢ ro- naxy)-acetjc agid.tert-hutyl .este
CoRy 5 1o [ G eGP ihy cathodiea udielionds 105 a2 LB ) - pi per az
i n 2-yl hoacetanarsufdhaide ©.025.dl®.2mmmbl) abestiethylsaine(0aB? n(LQOQ?&T\@oI).O. 24
mmol ) and nt - but yl braonoacet at.e (0. 038 0.,028 nl,..0.193 mmpl) were
stirred in di"6X&H '0%42"3\?\6'6%516'3%8 ?“tﬁ?ﬂ“PF@E}g?Ef’édgé‘wfﬁoﬁ‘%eﬁitjqn Wz“é‘? 2.5
days, the solastthemndineed With tienlobmetioareeanidredshdd it 0ChMyatagionplaeid. on
stlica gel t‘I‘?\eB()Irgez;n(ljc HQ& sz;stérFedCo(\)/e r%%grqes?usm %ul%é,tfﬁterse%la{n% c%gbgnz%te@ih

vacuo. The crude product was purified by chromatography on silica gel to give the

25  title compound (0.051 g, LRMS: 521.5).

Example 33
2-Amino-3-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-

yl]-2-oxo-ethoxy}-phenyl)-propionic acid
30 3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,55)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-2-nitro-propionic acid ethyl ester

To nitro-acetic acid ethyl ester (0.32 g, 2.39 mmol), sodium bicarbonate (0.10
g, 1.19 mmol) and tetrabutyl ammonium iodide (0.088 g, 0.24 mmol) in dimethyl
formamide (5 ml) was added 2-(4-chloro-2-chloromethyl-phenoxy)-1-[4-(4-fluoro-
35  benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-ethanone (0.52 g, 1.19 mmol). After 1
hour of heating at 60 °C the reaction was concentrated and then diluted with
methylene chloride. After washing with aqueous saturated sodium bicarbonate and

saturated sodium chioride the organic layer was dried over magnesium sulfate,



(2-{2-[(2R) - 2- Car banoyl| net hyl - 4- (4-f | uor o- benzyl ) - pi perazi n- 1-yl | - 2- oxo-
et hoxy} - 5- chl or o- phenoxv) -acetic acid A sol ution of

(2-{2-[ ( 2Rp-dremebanoyl met hyl - 4- (4-fl uor o- benzyl ) - pi per aziPaTABOZEB9IS9

yl ] - 2- oxo- et hoxy}-5-chl oro- phenoxy) -acetic acid tert-butyl ester (0.070 g,
0.13 mml ) in dichloronethane (1 nL) and trifluoroacetic acid (0.10 ni)
was stirred for 3.5 h and then concent?¥®red. The resul ti ng residue was
diluted with dichloromethane and the excess trifluoroacetic acid was
guenched with saturated aqueous sodi um carbonate. The aqueous | ayer was
neutralized with 0.1 N h¥droc,hl ori C@ci d and extrafted one 15 time with

di chl or ortet [{H#er RBE ILARGAMIAEAIRN vacke- CfematagreRMeehyficagelsavethetile  conbi ned
organi c | ayepmpeehdodso ¢d over magnesium sul fate, filtered and
e © $ i S LR o6 S s iR

(4|S|)-421-(5- ChL\?%_pozg-éﬂmMﬂhfénmmgwmant iy éﬂwll(e%gérSS)-g, 5-di met Byl‘-}O! perazijn-l
- -<2- 0XO0-e¢€ oXYyj - enox - 1- - r | dIl. nNe- - ¢2-Cal DOX I C aC
(ZS) - 4-(5-Chl or oisf?-% gg‘ftk?-”(gﬁf(%tfgﬁ’éq-ééﬁ%K‘g'ﬁl(%?z,bs%3“/5)Z%Jé)f?e?ﬂwé{’b\i"per azin-1
vl It - 2- o¥o- etphsélxa'z%in—nﬂwrz?m)etﬁwy}@hbﬁi}mzn&r02p$o§tbﬁiabbia>@ﬂhw estee{obatigtert-butyl
ester 0O a solution.o . ) .

2- (4-chl or o-OzQ%/HWBBw predifGR) (1 i) wag addad ancdyst (989 9.0%53 mmol). Atter 2
§ 2R, ﬁS) - I2 ﬁ-rﬁhrr“lﬁ_adfihyébﬁrrd agwoavcl 't?e éea&ibr? whé ﬂléb?r@@ ah® cSricetratbdZn VaBRb) |

ri en (0] I ne . .y . .an

(o am 4P h s Bayhis P sk 04l GV et B PIROUNGQ.8530) t or - butyl ester
(0.56 g, 1.9 nMmIAmmotB{T-eHrrdrofman-fi(drd-enkyI VIR, 8SH2 8-dithethiivdiperazin-
azodi carboxyl ate (0.34 g, ,1.9 mol ). The resulting mxture was stirred at
anbi ent 1>t edpEkaere-gihoxwi-onenp)-propignic acic i on was concentrated in vacuo.

(CQ g ;3 rrzt ?gr féﬁhy rrsztlfnzm inQ@V(g-dhhﬁ?-Qi{le[ﬁ(ﬁgu@g%?da@P(ZF@S})Z@- -
-4-(o-Cnloro-2-42-1.4-(4-11U0ro-oen : ' - - al - pl perazi n-
o 2 o MnaBuGid i ol 2 By B Ra e bbiopen e Sy aoier 535 s

(4S|) ] 4-2 (5- Cfd.aar?Qn&f{)ZrL {efrabdrbfutty, awlqﬂ?myéafwa@a @Shr%ao'ﬁ) ?/:laéfatid!‘e_ddliﬂﬁlh@ﬁr azin-1
-y -2- 0X0-et hox - n - Pyrl.oll ne-.1, - dl car DOXyl I C acCl

di Lter e bt o Bt B b N S minoh Rt & Rolis s pvken was SoReRyelPg gen

chl ori deoi n islvgeuanmd(tBtitd-¢ompdimd MesUsdlated biricKiorizoghashysdn siiciCent0.@ambi ent
tenperature fgmg%&{\ urs. The reaction was concentrated in vacuo. The

crude produé rfied by trituration with diethyl ether to give the
title conpound as the bis-hydrochloride salt (0.76 g). WO 03/035627

PCT/ 1 BO2/ 03989 -Il 5
(4S)-4-(5- 2-[4-(4-fluoro-benzyl)-(2R 5S)-2,5-di net hyl - pi perazin-|
-yl | - 2- oxo-[5-ORkYd-2p2qAGAuoio-BBhIN)-(2RY5S) i, 5-diriethlyE Diperain1 BOKY-bk6- aci d
25  ethoxy}-benzyl)-methyl-amino]-acetic acid
[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-benzyl)-methyl-aminol-acetic acid methyl ester
To a solution of 5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-benzaldehyde (0.10 g, 0.24 mmol) in methanol (2.5 ml)

30  was added sarcosine methyl ester hydrochloride sait (0.10 g, 0.72 mmol) followed by
sodium triacetoxyborohydride (0.155 g, 0.73 mmol). After 15 hours the solvent was
removed and the resultant solid taken up in methylene chloride. After washing with
pH 7 phosphate buffer (0.05 M) and saturated aqueous sodium chloride the organic
layer was dried over magnesium sulfate. After filtration and concentration the title

35  compound was isolated by chromatography on silica gel (0.051 g).



To a solution of (4S)-4-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2,5-

di met hyl - pi perazi n- 1-yl ] - 2- oxo- et hoxy} - phenoxy) - pyrrol i di ne- (2S) - 2- car boxyl
ic acid wWD93hgdenchl oride (0.030 g, 0.051 mml ) in ethan@CT{Bo2d39§9 was
added 37% aqueous 10 fornal dehyde (0.10 nL), and 10% pal | adi um on car bon
(0.010 g). The resulting mxture was h{drogenat ed on a Parr shaker at 30
psi of hydrogen for 12 hours at anbien errperature The m xture was
filtered through a 0.45 mfilter and concentrated in vacuo. The crude
product was purified by trituration with methylene chloride/hydrogen
chloride_in diethyl ether to glve the tjt]e nd as the bis 1

hydr ochl dri de sall2-€notesérizl4-@riluerabenzy)- ggin-1-yl-

C (5-Chl oron&oie&dxﬁ.ﬁ fol)'@z @Ila)ceg&ﬁ,.@S) 2' 5-di rret hI pi perazin-1-yl| -
2- - eth 0 nmet hane f onam de 20

(5 c or o 1. P A s o e RIuT o (R B 05 BTy A O BiangOvh. 1 y1 ] - 2.
0X0 et hoxy} pifeeanih-) -yifed- bmqaauky}%aml)dmewLaﬁaoyacéﬁcJa@i& rﬁétﬁyl)estéN(o\bm

di | et hyl
Chi o of of e CA0GTE0 ity 1 getmsyrelisAng e L b g i e egyate
di chl or anet hge,nee glo. sa)mm&; vas addenl. Aftwl‘l&} fhdles tel rehdtion wiscopbéritiaterardti r ect | y

gzlzng ' ggba tfg(z g rg o){ateé) by chroma org];?aptr{ytolnesmca ge?&)n&%unq_RGVIOS 0}32 1?) LRVE:

6- ( 5- bhl oro-2-{2- (4 (4-fluoro-benzyl)- (2R 5S)-2,5-di net hyl - pi perazin-1-vll-
2- 0xo- et ho%é- Eﬂeggxyrret hyl )-ni cotinic acid 30 6-Brononet hyl -nicotinic
aci d net hyl € a solution of 6-nmethyl-nicotinic acid nethyl ester

(0.54 g, 3. &'22[4nmmb}o-rzr(2an1rrbm-5t\ﬂwemﬂ hdRoxvi| 01 -[I-(4)flu66 -RAg@s- (2R, 58)-
2,2' - azos 0.030 g, 0.18 mml) and
N—bronD cci The solution was stirred at

reflux for 12 hous-s:mowQL{emmu@ommﬁm@B)L \dafiétByl-gnlersdin-6 M|@i8kd2gr aphy

on 35 silic rovi ded tf}e title conpound (0 28 g). WD 037035627

PCT/ | BO2/ 03@@@&4’—&%

6 (5- Chl OL 0- 2- { 2-Tcda gcﬁutidm%mbml&wz)hyemy%bn&ﬁﬂqumbdrb uéhzw-alzi n-1-yl :c
- oxo-etho ni c aci est a.solution o

2 (4-chl oroiéﬁﬁggﬁg@xﬁ%ﬂéyﬁ azT'f’X' ﬁ‘af‘?% o@%@% cesium

<(:| 2R, 59) 2(315:1drbmbfey(b-1l2lg)@f%zmmo[bﬂyﬂlbxaﬁfef‘(aﬁﬁl_r)ﬂve(s(hdhéd%rc:jr@oa”c%;]d’rﬁmb)(o 094(0 075
i oxane was, . a r onp icotinic acid ne ester

g, 0.32 mmol9 O%Q@Tﬁl)cgﬂ]edﬁ?% "%’6 s[}r GCSat ginbjgnt ﬁﬁ’BP?raE“T%QV‘?rB'SE{l on was

stirred at ameiresdtion was diluted with ethyl acetate and washed with water. The organic

layer was washed with saturated aqueous sodium chloride, dried over magnesium

sulfate and concentrated in vacuo to give the title compound (0.11 g).
25 2-[4-Chloro-2-(2H-tetrazol-5-ylmethoxy)-phenoxy]-1-[4-(4-fluoro-benzyl)-
(2R,58)-2 5-dimethyl-piperazin-1-yl]-ethanone
To a solution of (5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-acetonitrile (0.11 g, 0.25 mmol) in

dimethylformamide (0.50 mL) was added ammonium chloride (0.058 g, 1.1 mmol)

30 and sodium azide (0.055 g, 0.85 mmol). The resulting mixture was stirred at 100 °C
for 12 hours. The reaction was cooled and diluted with ethyl acetate and washed
with water. The organic layer was washed with saturated aqueous sodium chloride,
dried over magnesium sulfate and concentrated in vacuo. Trituration with diethyl
ether and methylene chloride gave the title compound (0.018 g, LRMS 489.4, 491.5).
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tenperature for 6 days, then concentrated. Chromatography on silica gel
gave the title conmpound (0.13 g). 6-(5-Chloro-2-{2-[4-(4-fl

uor o- benzwlin)03(029827 5S) - 2, 5- di et hvl - pi perazi n-1-yl | - 2- oxo-PerhBu/}39§y
henoxynet hyl )-ni cotinic acid 15 To a sol ution of

6- (5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2,5-dinet hyl -

pi perazi n- 1-yl | - 2- oxo- et hoxy} - phenoxynef®yl ) - ni cotinic acid methyl ester
(0.13 g, 0.23 mmol) in 2:2:1 tetrahydrofuran: methanol: H20 (2 m-) was
added lithium hydroxi de hydrate (0.020 g, 0.48 nmol). The reaction was
stirred at anbient _tenperature for 3 hours, the pH was then adjusted to 4
with 0.25M @8R8, i c acid. 20 The solution was extracted with ethyl

acet ate and Z{5CRIbERDi{S-[4--A0oMRBe R JIRBEI2, STBIRGHYIPInS iR ﬁl]-i-bké-ﬁ‘r ed
and concentrated _ 1n vacuo., Trituratiron rn diethyl ether provided the title
conmpound (OMW. 5). Exanple 41 25

5-(5-Cnl oro- 2- {21fo45éoqutfdnwmzttmrwb)hyamy-‘é%n&ysmqnmmwrb HehBgy-azi n-1-yl | -

2- 0Xx0- et ho>§ r}{ nyl ) - 5- oxo ent anoi

Ol o R e B ateltundbs PE N B BARSR 0 O QR FRRY. 286 2rehiggo

sol uti ongpof n'i:oﬁlﬁrc%\BidC(OWB'ghMQBWoIPhﬁﬂr}‘\bﬁtyﬁorﬁ?éﬁn@@(ﬂ%‘ﬁLFw@@'éﬂidéQ 38 g,

0.23 mml, this co repar e oé net hods_descri bed in; Med.
u

30 Chem 19919t332@mn§92@9"%t%(0e‘? &GQ/@@ mﬂpéa<0n91%ﬁpc99@rp7@rmf69h>a@d(g) for 10

mnutes. Thepp&yliddided(oseusatd, 0. (vmnmbl)r TRE rés@mng nﬁiamse whs awtadealtms
terrper ature. Concentratl on ave the

5 B on or o6 Tons ot The Rachon A 09916 an S&eDIE SinAGRIANE BihuRshEh- 1- v! 1-

2-  0x0- et hoxpith-wdiemn yihe- &gmetapemaélwagme@qmm @&dmied%‘qheéuﬁ&dm ahisfdejt i on of
(2-chloro-1- 4 4-f| uor o- benz di net h 51\g)éfgerazm 1-yl]- et hanone

(0.10 g,%%0. £ Magnesium s E%%T‘C{‘ioﬁ??”t)'at @d %?’H@E’B[ﬂﬁ’f%&?ﬁﬂiﬁ%te
(0.13 g, 0. %@l mmhéd b)p@'hﬁéﬁdrimﬁ metrg%né%l@ﬁéelgydr@géﬁcﬁme)maré@hyl ether

5- (5-chl oro-2- h%etroxﬁ%sﬁ)os@ % 0X0- ent anoic acld %/ ester 0.11 g,
0.39 ol ). 9pNe thetklet 8 }Wéi"F WP%@@/%@QRM §78.4 )stirred at
60 C for 12 hours, then cool ed and concentrated. Chromat ography on silica

gel gave th t|tIe corrpound (0.089 g).
5-(5-Chloro _ ' (4f|uoro benzyl )- (2R, 5S)-2.5-d i

et hyl - ploper(az thokay4-Al6rtben
solution of 5-( ] benzy -di met hyl 10
pi perazi n- 137 8- 0X0- pent anoi c aci d et hyl ester

(0.089 g, 0.17 [2- (4-f|uoro benzylamino)- ethvl] carbamic acid tert-butyl ester
(2-Amino-ethyl)-carbamic acid tert-butyl ester (5.95 g, 37.1 mmol), 4-
fluorobenzaldehyde (5.07 g, 40.9 mmol, 4.4 mL), triethylamine (1.50 g, 14.9 mmol,
25 2.1 mL) and magnesium sulfate (6.71 g, 55.7 mmol) were stirred in methanol (50
mL). After 1.5 h the solution was cooled to 0 °C and sodium borohydride (8.4 g, 223

mmol) was added in portions. After 2 h the reaction was quenched with water and

pfiLoxs-i d To a

extracted three times with ethyl acetate. The combined organic layers were washed
three times with water and the desired product extracted into the aqueous layer with

30 0.5 M hydrochloric acid (4 x 50 mL). The combined acid wash was cooled to 0 °C
and basified with saturated aqueous ammonium hydroxide. The aqueous layer was
extracted three times with chloroform and the combined chloroform layer washed
three times with water, dried over sodium sulfate and concentrated to yield the title
compound as a colorless oil (7.49 g).
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mml) in 2:2:1 tetrahydrofuran: methanol: H20 (2 nL) was added |ithium

hydr oxi de hydrate (0.025 g, 0.60 mmol). The reaction was stirred at

anbi ent twopanaieare for 4 hours. The pH was then adj ust e®craBdz/esvgsh 0.2 M
hydrochl oric acid. The solution was extracted with ethyl acetate and the
organic | ayer was dried over magnesium 15 sulfate, filtered and
concentrated in vacuo. Anion exchange chonmat ography (MCX) provided the
title conpound (0.014 g, LRMS: 505.5, 507.5). Exanple 42 20
5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (2R, 5S)-2, 5-di net hvl - pi perazi n-1-vl J-
2- 0x0- et hoxv} - phenyl -d| hvdro furan 2-onhe .

4- (5- Chl 8r o- 2- { 24k £ 3 gt
2 0xo-et hOX\é};rdnh@tnwegté} hydroxy butyrl ¢ aci d To a soI utlon of

4-(5- chloro2{2 %4f|uoro benzyl% (2R, 59) -2, 5-di

pi per azi n- 1- yl ] - 22-6&6RIHREARY 2RI At y”ZFab@?tS“'BﬁF'?rt‘?%b%M %Ft?rd7:9(9 ¢%-10. 20
mol ) in rr&ﬁmr)\ahd pétasdioh cmnatéotedz gsmlzmnbgm@aaatrrraﬁn(a@e@ﬁa(mo rﬁL)32

mol ). The reaction

reacti on wad PhéHegf F‘Gf@ﬂthwcrﬂg%‘?{gq% ené?%?‘g[g t1\lljﬂr‘f)H”é‘P?f9'Pe g‘slcb 5)( e The

or gani ¢ ibay efasViiged td B tfion rmgﬂﬁ% usihg Snlbadiich fuﬁnéit wtedmn%ecmmt rat ed
I n vacuo. Tri tgr ation in dieth et her / met hyI ene. 30 ?to yleld cLe/ hexanes gave

the title coYASJMHREI( ?PWQB”%}GC’E hrogogsaphggon-glica ge e title

5- (5- Chl orocan{pau.ﬁéagéyéndw@.p(-m@yl) (2R, 5S) - 2, 5-di net hvl - pi perazin-1-yl | -
2- oxo-ethoxv}-p , )4 Ik d ,-o e T_ a sol utlont of

4- (5-chl oro- 2- {2
pi perazi n- 1 yl] 2‘:Qih@trcﬁz\tdﬂ@Wz}-teﬁWyﬂ\.aﬂoﬁw%mﬁﬁmtmrﬂﬁr@&rﬁylﬁﬁnm g, 0.10

mol) in | uene L t ol ul e 0.040 g) and
The. | eadsi oo Acaogy S G5 G 07 SmplredcAomeliate 2 Wl afbol on,
Setate. " Th “”m"”"@“@*'@m‘a‘”w?g‘““%”%?é‘??&%%ﬁ? T el ety
acetat e. e Qrgani c S ri -

over magnesi'&H? W?%?@tgqewntﬁce'a ramRih ¢ RHavps 3 %‘&9 10I"?’%"t uration in
2i7$t gyl et Q@fdrél@déﬂ@@&asbﬂluhh@rbd)ﬁdt@ T RqUsds (YyePrds Bxtrdd®dShret tfmed,

4- ( 5- ChI oro "2 {eéhﬁﬂc%tﬂter?’lﬁ’dP%CB@Hi‘W Proesi] layey's wee ‘éﬁeﬁ’é%"ﬁwo%ﬁ"ﬁél-’@?'n 1-yil -

10 2- oxgoet hipsieH-dpdcoftehtrated taGive®. eﬂ)glbi/é 'pﬁle@@lldi/v oil. The racemic mixture was

2-(5-Chloro-3-nitro-pvridin-2-yl oxy) Eéé uor o- benz c? 2R. 5

di net hyl - pi pEP&Afes %/Fh'raéfﬂaﬁ%r\’é”%d’f%o FErite SWecS‘Fe title compaound as a wi 'te

1-[4-(4-fl ugohd.benzyl) - (2R, 5S) - 2, 5- di net hyl - pi perazin-1-yl]-2-
(2R)-2-[1-[(4-Chloro-2-hydroxy-phenoxy)-acetyl]-4-(4-fluoro-benzyl)-piperazin-

2-yl]-acetamide

25 [(4R)-4-(4-Fluoro-benzyl)-piperazin-2-yl}-acetic acid methyl ester (0.25 g, 0.94
mmol) was dissolved in methanol (10 mL) and ammonia gas was bubbled into the
solution for 10 minutes. The reaction flask was tightly capped and the reaction
stirred overnight. After thin layer chromatography indicated the reaction was
complete, the solution was concentrated and the residue dissolved in toluene (9 mL).

30  7-chloro-benzo[1,4]dioxin-2-one (0.17 g, 0.94 mmol) was added and the solution
heated to 95 °C for 16 h. The reaction was cooled to ambient temperature,
concentrated in vacuo and the resulting oil chromatographed on silica gel to yield the
titte compound (0.19 g).

(2-{2-[(2R)-2-carbamoylmethyl-4-(4-fluoro-benzyl)-piperazin-1-yl}-2-oxo-

35 ethoxy}-5-chloro-phenoxy)-acetic acid tert-butyl ester

(2R)-2-[1-[(4-Chloro-2-hydroxy-phenoxy)-acetyl]-4-(4-fluoro-benzyl)-piperazin-
2-yl]-acetamide (0.070 g, 0.16 mmol), cesium carbonate (0.078 g, 0.24 mmol) and
tert-butyl bromoacetate (0.038 g, 0.028 mL, 0.193 mmol) were stirred in dioxane (2



hydr oxy- et hanone (0.90 g, 3.2 mmol) in toluene (20 nL) at 0 C was added
sodium 15 hydride (0.18 g, 4.5 mol, 60%dispersion in mneral oil). The
reacti on wa3®sieer ed for 15 mnutes, then 2,5-dichl oro- 3- RCTrBeBp$adi ne
(0.65 g, 3.38 nmpl) was added and the solution was stirred at anbient
tenperature for 18 hours. The reaction was quenched by the slow addition
of water (5 nL) then extracted with ethi@4-acetate. The organic |ayer was
washed with brine, dried over nmagnesiumsul fate, filtered and 20
concentrated in vacuo. Flash chromatography on silica gel gave the title
conmpound (1. ZSAgt)p

2- (3- Ami ﬁo snloh AMen25\day sl the solytiaswyas filterer, cangantiates-andehgamategrapled op 5.
di met hyl - pi REEAgeMo Yierd {neqmaeaapsur?aoasaa wﬂhygémo@fw %

2- (5-Cnhl oro- 3- nltro- din-2 oxy)-1- | 'uor o- enzyl) 25

(2R, 59)-2, 5-di ne ‘- llndre

et hanol (50 giflohyi- %mo%jgﬁéhﬁzbagdeﬂygb,gl OXI de (0 92 g) The mxture was
hydr ogenat ed on a Parr 3en for 5 m nutes at
anbi ent t enper at u’ﬁr@'Uméfﬁ%%ﬂz%ﬁﬁﬂ@amph'mﬂ%ﬂdé lugforhengyh-pipgeazingrd

filteredgthn yﬂbzg&ocahb%a Jdrb%oighéﬁcs)@ -SciRBckiaBR My 8dted(0l0Y0 ¢/ 80uamine)gi ve
the title conpound (

4- ( 5- Chl or o4rdichlojamegthans (ﬂcﬁ*ld -perpfroyeacetic acly (316 mi) was Blirepiopdddyand 1- vi 1-
2- 0x0- et hOXNdr BHchAtrdled- Tﬁ@#@sﬂlﬂhg Fééidﬁ(e'v&"asad?lh%d%ﬁvdncrﬁ&bﬁfeth%e%na%éﬂ ion of
2- (3-am no-5-chl oro-pyridin-2-yl oxy)-1-[4-(4-fluoro-benzyl

(2R, 59)-2,5 %F%’@ttﬁfwm%ﬁﬁ%? agif was qpenchediyiiicadragd @ageeys 9 !LLB“ ARrBPYateN
ethanol (1 righ 59 W@éusalgg&(;ﬁvéé L@ aRzeB Withd. ?Nﬁ?dr@cﬁémém@%@éxtf&t%em— 0.21

mol ), sodi um 35 bi car and potassium i odi de (-

0.030 g)i5 Tﬁ@er‘é%*h‘lj'ﬁmﬁ@m%'ﬁﬁnﬁgméihaw% ékandrweamghmhxtapeﬁatem%urs
Addi ti onal %ﬁ'ﬁﬁﬂfelalﬂrdé'rh&la%q/e?é Bbféd @ﬁr%afnéguﬂ@llfgﬂe nt@ré’dlarﬁHm| ) was added

and the reaction was stirred rs 035627

PCT/ | BO2/ 03%80centragesl tg givedhe B%@QWPMNQ@@%%'@RM%%%M%A% in vacuo and
purified via flash chromatography on silica gel to give the title conpound
(0.034 g). 4-(5-Chloro-2-{2-[4-(4-fl uoro-benzyl)-(2R 55)-2, 5-d

i met hyl - pi p&xample 388y| 1-2 oxo- et hoxv} - pvri di n- 3-yl ani no) - but yr | c acid To a
sol uti ongof (4s phyl - 10
pi perazin-17-y ester

(0.034 g, @Xosethaxyirphenoxy)- LRIl , (1yrrL) was
added | ithium hXﬂSP&(ﬁ@hmmﬂf @Mhdr&b@%ﬂmg&R%s% Me\hvl DlpgrdARel i on was

stirred at anbient terrperature for 3 hours. The pH of the soluflon was
adj usted to 0 - rrolldlne 1,2S-dicarboxylic acid di-tert-butyl ester

- OX0- et nox

To a solution of 2-(4-chloro-2-hydroxy-phenoxy)-1-[4-(4-fluoro-benzyl)-

25  (2R,5S8)-2,5-dimethyl-piperazin-1-yl]-ethanone (0.51 g, 1.2 mmol), triphenylphosphine
(0.51 g, 1.9 mmol) and (2S,4R)-4-hydroxy-pyrrolidine-1,2-dicarboxylic acid di-tert-
butyl ester (0.56 g, 1.9 mmol) in tetrahydrofuran (12 mL) was added diethyl-
azodicarboxylate (0.34 g, 1.9 mmol). The resulting mixture was stirred at ambient
temperature overnight. The reaction was concentrated in vacuo. Chromatography on

30 silica gel gave the title compound (0.76 g).

(48)-4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-
yll-2-oxo-ethoxy}-phenoxy)-pyrrolidine-(2S)-2-carboxylic acid

(4S)-4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-
yl]-2-oxo-ethoxy}-phenoxy)-pyrrolidine-1,2S-dicarboxylic acid di-tert-butyl ester (0.76

35 g,1.1 mmol) was dissolved in 4 N hydrogen chloride in dioxane (20 mL). The
resulting mixture was stirred at ambient temperature for six hours. The reaction was
concentrated in vacuo. The crude product was purified by trituration with diethyl

ether to give the title compound as the bis-hydrochloride salt (0.76 g).



of 0.2 Mhydrochloric acid, then diluted with brine and extracted with
ethyl acetate. 15 The organic |ayer was dried over magnesi um sul fate,
filtered wod3maseeentrated in vacuo. The product was puri fPiCadBim/03ass on
exchange chromatography to give the title conpound as its acetic acid
addition salt (0.020 g, LRMS: 493.1, 495.3) Exanple 44 20

(5- Chl oro- 2-{2-[ 4- (4-fl uoro-benzyl ) - (2R!®S) - 2, 5- di met hvl - pi perazi n-1-vl ] - 2-
0x0- et hoxv}-pvridin-3-yl am no)-acetic acid
(5-Chloro-2-{2-[4-(4-fluoro-benzvl)- (2R 5S)-2,5-di net hvl - pi perazin-1-vl | -2-
ox0 et hoxv}-pvridin-3- Iam no)-acetl c acid eth I ester_ To a solution of

2- ( 3- am Ao- 5- chl B4 ; or{4pif gnZ

(2R, 5S) - 2, 5HiB{thoR) 14=néf||1 E QIW S Q~c:la9(§> lic 2i@6 rrm)l) in1,2-

di chl or oet hane |,

.5 Mo
50% sol ution in %A %Ré‘l’f@ﬂ Ofé”c,%t‘} & ‘H&‘Prél%('é [éiﬁ‘ﬂHP_ro kgnzy)- @%5@ %tﬁd sodi um

triacet oxybe L ). d at
by ont ) eompevtieRadb-(% - 9‘“&%?“91‘%’%&%fmq‘zs’ylgxdyé?"?@"dﬁdfsso -

0.5 nmol, 56% @@rwlq;tdpdﬂOﬁﬂgt%%bmol)dn&ﬂ&@ewﬁdn%)m:!s qaed £6%n2quegus ol )
vere addgd a&%aqaw%%ﬁm W awaaowma.uhpoﬁ&frbéwdmro@ h%rrésuuﬂge reaction

was then cooled to ent tenperature, sodi um cyanoboroh ide (- 0.030
g, 0.48 mml")“XRHéesWa%B}éﬂogﬁE@tqdr%‘ a Paaehalss ahaQ P§'tqf¥V@89%rﬂ foaﬁ&hewts a

tenper at ur e dffiert forfjbiatre, THHRe rfAGle)PAL tifBFocthiodaR 0.48 L it &1 and
extracted with nethyl ene chloride. The organic er was dried over 35
magnesi um s genegrirated in vaeusd Teiﬁcﬁ@dﬁ\@féﬁwta\taéd)uﬂf*ﬁd/ fituratigrawith watyieRe 0gr aphy
on silica 27

CT/ LBO2/ 038:§|é)r|9é/ﬂ¥drg§9n EdSride! ih ot BRRHR it %Re BdmpYii PR Hd BR2

( 5- Chl orlé- 2-hydroehlofide $alt (93015 hRMS 539R 536)3)2, 5- di net hyl - pi per azi n-1-yl | - 2-
oxo- ethoxy}-pyridin-3-ylamno)-acetic acid To a sol ution of

(5-chl oro-2-§2-[4 24 fluoro-benzyl)- (2R 5S)-2, 5-di met hyl -

pi perazin-1 0- et hoxy} pyri di n- 3- yI am no) acetl c acid ethyl ester

(0.080, 0.l (51BRlorol2 gk), was
addedllthlumny ‘ action

was stirred ethoxyph (P pthg ﬂsﬂlfomldﬂ-l of the sol ution was

ad] uSt edgt 0 - 4 by g zla ﬁa b%nZleZdB’Qrﬁﬁlalrﬁéiﬁ iRt 5 ut ed

with brine and extracte acet at é was dried
over magnesielimyhphenyt; mqthqarteéplé@agn@p oPfdegn tO: HX3gimoll, NAbuo.  The product

was purifi edsibynrgslict 326980 §NH QTBLRRLIAPHY7 kP) Shd MetYPcriid to‘?m;é conpound
as its acetlclzI acé@’ M%F}og a?tEJ ? 0.058 g, LRWE: ) '23 eH} % r%

(0.012 g, 0.124 mmol, 0. 010 mL) were stirred in dlchloromethane (1 mL) After 3.5

hours the solution was purified directly using radial chromatography to yield the title

25 compound (0.021 g, LRMS: 542.1, 540.2).

Example 40
6-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenoxymethyl)-nicotinic acid

30 6-Bromomethyl-nicotinic acid methyl ester

To a solution of 6-methyl-nicotinic acid methyl ester (0.54 g, 3.57 mmol) in
carbon tetrachloride (10 mL) was added 2,2'-azobis(2-methyl-proprionitrile) (0.030 g,
0.18 mmol) and N-bromosuccinimide (0.703 g, 3.95 mmol). The solution was stirred
at reflux for 12 hours, cooled and concentrated in vacuo. Flash chromatography on
35  silica gel provided the title compound (0.28 g).



Exanpl e 45

2-[4-Chloro-2-(2Htetrazol - 5-yl oxy) - phenoxvl - 1-[ 4- (4-f | uor o- benzvl) - (2R) -

2- met hyl -wopenassen- 1- vl | - et hanone PCT/IB02/03989

2- (4- Cnhl or o- 2- hydr oxy- phenoxy) - 1- [ 4- (4-f | uor o- benzvl ) - (2R) - 2- et hyl - 20

pi perazin-1-vll-ethanone To a solution of 7-chloro-benzo[1, 4]di oxi n-2-one
(0.845 g, 4.81 mmol) in toluene (25 n1'396'was added
(3R)-1-(4-fluoro-benzyl)-3-nethyl -pi perazine (1.003 g, 4.81 nmol). The
resulting mxture was heated to 95 C overnight. The reaction was cooled to
anbi ent tenper at |n vacuo. Chromato raphy 25
on silica gel ga 2 hyi-piperazin-1-yl[-2-

I

2- (4- Chl or(i-o&lofé dﬂw ¥ liarcbﬁméécufﬂrhtﬁlﬁ eb@Rzvl ) - (2R) - 2- met hyl -
i perazin- - S
5- (4- chi or o-2- hy rooaA“ oo 25 e 2 o R aenya - fugip-bsnay)-
En;t E{I) P 13 ger(amssa& walhmmyhmpemun(ﬂyl;éﬁagoné) (O42ATg, ronet mmdn) .natoharhefeﬁ?nehl oride

was trie ol uti on was
Cool e to - eReted SAbutteRhERrR A Telfuhetinbaliae biaamaed aad added
(0.22 nlp 0.ceSiungdrhonatel (015 §ac47 mmd»asruétreédtuad_ws stirr@d &t &r@bie®0 M nut es
t hen concentrated I n_vacpo t crude title co Pund whi ch was
t aken direct ?rg)pgﬁtt{r%fo[r%;qxaxtﬁelgf:%e(l q &}{romatography on silica gel gave the
2-[4-Chl or o-tuﬂei:addpb@td(@z‘rﬂg)S yI oxy) phenoxvl 1-[4-(4-fluoro-benzvl)-(2R)-2-
35 net hyl - pi perazj T .

2- (4-chl oro- 2- cyah : 4 . )
met hyl - pi pero&melﬂwo&vbjbﬂer@khaémw(?—nkatniﬂag_ 0 427 mmol) in acetone (2 m-) was

h d

FefTux 1o 3 hour® @ SR qﬁ%g@ﬁ%se%%@fﬁ%é@%nﬁh@%ﬁ%ﬁ@?%@%ﬁv@3et o
anbi ent Ej e MpipeRdin-8- quioxﬁ ethoBg-ph8ndigthicthyl) TieotinRaid :Pathmtsh(bgta@dd Wi th
wat er and extracte etate rgani.c | a s dried over

nmagnesi um s #g f"\{vllztzé é&faémgf@m%{’?'&‘g&e) (2 ’aﬁ QY\%MB‘Huct was
purified by hym?umadrgum@@q:@mmog@nanhy réatctugnv\@stshﬁeed bt%rﬁbléritgpgnd Fts 26
its acetic acid addi sal t a e
1- (5- Chl or o- %’“??af%e EOA%QW %@%WF?“G?‘?J' %d s "sw'én Pr@ﬁgvdf)ﬁ%%%%'% 1-vl]-
2- 0X0- etdoxhezbitigh )/vagwe&tlacttbd @1th &9l adetaté hn@ tHeadrgasc Iayerwas dried over
2-(4-Cnloro maglnséglﬁ%zs%lfaée Yltergd ang gr?centréted $n4vafc|ugotl'9ltutr)aetlr<])%1¥n dleghyl et S? 2,5

provided the title compound (0.034 g, LRMS: 542.4, 544.5).

Example 41
25  5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-5-oxo-pentanoic acid

5-(5-chloro-2-hydroxy-phenyl)-5-oxo-pentanoic acid ethyl ester

To a solution of 5-(5-chloro-2-hydroxy-phenyl)-5-oxo-pentanoic acid (0.38 g,
0.23 mmol, this compound was prepared by methods described in: Eur. J. Med.

30 Chem. 1990, 25, 749) in ethanol was bubbled hydrogen chloride (g) for 10 minutes.
The resulting solution was stirred for 3 days at ambient temperature. Concentration
gave the title compound (0.39 g).

5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-5-oxo-pentanoic acid ethyl ester

35 To a solution of (2-chloro-1-[4-(4-fluoro-benzyl)-2,5-dimethyl-piperazin-1-yl]-
ethanone (0.10 g, 0.35 mmol) in 2-butanone (1 mL) was added potassium carbonate
(0.13 g, 0.90 mmol), potassium iodide (0.065 g, 0.39 mmol) and 5-(5-chloro-2-
hydroxy-phenyl)-5-oxo-pentanoic acid ethyl ester (0.11 g, 0.39 mmol). The reaction



15 di net hvl - pi perazi n-1-vl | - et hanone To a sol ution of

(2-chloro-1-[4-(4-fl uoro-benzyl)-2,5-di nethyl - pi perazin-1-yl]- ethanone

(0.30 g, wo3msssk) in acetonitrile (10 m -) was added pot @s3iBm/@asbonat e

(0.207 g, 1.5 mmmol ), potassiumiodide (0.033 g, 0.20 nmol) and

4-chl or o- 2-i soxazol - 5-yl -phenol (0.215 1.1 mmol ). The resulting m xture

was stirred for 18 hours at 20 anbient 1 nperature. The reaction was

diluted with tetrahydrofuran (10 nL), filtered and concentrated in vacuo

to give the title conpound (0.465 q).

3-(5-Chloro-2-{2 ro-benzyl)-(2 R 5S)-2,

5- di met hvl - M%éﬁ'ﬁ%‘i”ﬁ 90 ;)‘31%1J é% hoYEs: éleﬁcé?%ed&”HéﬁQ‘F%“t@t%‘x&*}S?’BB‘PSWPNPP le To

gSStI rregdmgmwgel gtive IRdliitienecpigtant deosPg)l4 9, 1.0 mml) in ethanol (2 ni)
was adde

2- (4- chl or 0- 2- i sexa2NAR-471c-IGHANE

di net hyl - pi m@@mﬁyﬂp%rﬁ\})@@t@@m@ar@@&@ﬁ g 1.0 mml) in et hanol (3 rrL)
The resulting mxture was stirred af anmb tenperature for 3 hours. To

the reaction was Toth¥iutiondl 3-@oniyrrdet- &'f'@r%@Pﬂzyd)z(zﬁiﬁs)) Zemeimatyly esul ti ng
sol ut i onowapigepatired-yij it eko- dtaw} pﬁéw)nf;bxo E&htsnmasc.%myaééteﬂ(ovmatgfg etyy!

acetate and the or ani c Ihé)/ was 30 wash rine, dried over
r

e
magnesi um s & ?|1 |tetErnyEroiwan-shanet et g%mf-hw9%€9‘39d lithip Bdfpydroxide
chromat ogr arhburawWémods & ®.BhMBHY The Reactibh Was @Watruinm@nt?cémgérature for 4

£l v L
1-(5- Chloro- %h |g4\ga§ %H)ngg%ﬁe%vgt%\%gﬁfﬂm 'rfr%?'d\é Tﬁ%(%}’:'gﬁlop goél ﬁm

2 0x0- et hox PPy

azi de (0.06%zg, exﬁa&éd Wfﬁ'e)hyﬁﬁébt@tblaﬁbmrbém@hdyéf wele drig®old}- n%aeguurrp 31
mmol ) was add 5-chl o 4f| or o- benzyl )

G et hy 15 pr gl THeEdATE SoPegatdec iAo Fravee Epea R RI¥)o. 035
g, 0.076 mpedvidddthé &llé 8bHsEUNdUD.aN4 G2LRIME: 50418, s07emt i on was warned to 70 C
and stirred for 18 hours. To this was added saturated aqueous sodi um

bi carbonate (0.5 m-) and WD 03/035627 PCT/1B02/03989 -112 5

di met hyl sul f oxi d@x@m&n) and the solution was stirred for 1 hour at

anbi ent tenperature e solids were renoved by filtration and the
filtrate was concentrated in vacuo. The crude product was purlfl ed by
reverse zphase HPls s § v,

hydr ochl ori
1-(5-Chloro
2- 0x0- et hoxv} - ph
4- (5-Chl oro- 2-
1-(5-chloro

e sal
0y

To a solutlon of 4-(5- chloro 2-{2-[4- (4-fluoro benzyl) (2R,58)-2,5-dimethyl-
25  piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-4-oxo-butyric acid (0.10 g, 0.20 mmol) in

methanol (4 mL) was added sodium borohydride (0.012 g, 0.32 mmol). The reaction
was stirred at ambient temperature for 3 hours. The reaction was then diluted with
brine and extracted with ethyl acetate. The organic layer was dried over magnesium
sulfate, filtered and concentrated in vacuo. Trituration in diethyl ether/methylene
30  chloride/hexanes gave the title compound (0.095 g, LRMS: 493.2, 495.3).
5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-dihydro-furan-2-one
To a solution of 4-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-4-hydroxy-butyric acid (0.050 g, 0.10 mmol) in

35 toluene (5 mL) was added p-toluene sulfonic acid (0.040 g) and the reaction was
stirred at reflux for 4 hours. The reaction was cooled, diluted with saturated aqueous

sodium bicarbonate and extracted with ethyl acetate. The organic layer was dried



magnesi um net hyl carbonate (13 nL, 32.5 mvol, 2.5 Msolution in DVF) was
stirred 15 at 120 C for 3 hours. The m xture was cool ed to anbi ent

t enper at uwe Bobicowed by the addition of bronpacetonitril @CTiBE2039%9, 17.6
mmol ). The resulting solution was stirred at 90 C for 3 hours. The
reaction was cooled to anbient tenperat £ then slowy poured into 1 M
hydrochloric acid (200 nL). This was ex 8cted with ethyl acetate, washed
with brine, dried over magnesium sulfate, filtered and concentrated. 20

Fl ash chromat ography on silica gel gave the title conpound (0.72 g).

4- (5- Chl 2-{2- 4- 2R. 5 2. 5-d th 1-vl 1-
BN o B gt B Y L e

4- (5-chl orOeawénmdkmxg@bemdt)trezbomp@ubal(wmm,tmnhst 405.2477.3). 0. 70 nmol ) in
acetonitrile (4 m-) was added potassium carbonate (0.16 g, 1.16 25 mol),
pot assium i odide (0.040 g, 0.24 mml) and (2-chloro-1-[4-(4-fluoro-benzyl)-
2, 5-di et hyl - pi p@xaniple 3y|] ethanone (0.21 g, 0.70 mml ). The reaction was
stirred for 20 I )

added and sol i ds =¥ ~ F =5 :

and t he 10r u@eoxy-othoxi)- pmldlmfajldnbno)f-m&shcabrdorrat ogr aphy to g| ve t he title
conpound (0.31 g). 3

1- ( 5- Chl or 0- 2- { 258~ ' 8y THOTR RNz e ‘ azin-1-yl 1-
2- oxo- et hommmmm dthérﬁineazol 5- y|) pr opan 1 -one To a mxture of

sodi um azi de (0. chl ori.de 0.31

o) M Saded” doS e ?T{?J&)f'r%c’dbfnfﬁ%g%e%émet%ﬂw' -2

di rrgt B¥I6 g% W@Gl@&y-@thhn?rhdt (dzs?]o)gqa %Hmyhmbm 2))11&_)@(0-‘3{3% &ﬁie'd rstn@n‘Ej 0t 03?0
, m*ro 1 N etra rorura e.re | ONn.was wal ne (0]

2 i asisr s bnas 0T, el e 0 eersige Thhinsi oul TR ts8CtaN R B Lon

bi carbonat e férouﬁnmhﬁesaﬂndn 2B- H@ﬁlbbd-@-ﬁitrf)q:}yhdiﬂe %@65 gnslaeamloll) Ras agded AN Was

stirred for 1 hour at anbient rTEeratu e. i ds, were renoved by

filtration APRISQIHIONWAS: $tigred %ﬁg‘b teamwerafyredonis @%lfﬁrsﬁb%ﬁeqﬁﬁﬂfl Va®)2/ 03989

-113 5 in vaﬁuﬁcheﬁhﬁ theé gldw JAfidH ©F water (5 sty e&ﬁaaéw.tﬁlaagﬁadé%:@ TRe gi ve
the title was converted to its é/ roch]l oride salt (0.008 g,

0
LRVBS: 515. 2 ors?%lc;laggrwapﬁ/éa%]gﬁ%tgmgefqr@ﬁ,oygbmggq P sulfteJiteed 3dcor di ng to

t he met hgds cofl&sitiatdaad vakley eFlagh @x@matbg@é)ﬂa 6ifsmI@Pé|ezgaLe thREdothgoRA@ounds
pr epar ed Exazn‘gle ~ Name 4 LRVMS 48 (2 { 4 (4-Fluor o- benzyl) -
22R,59)-2,5 & ﬁﬁl)hyl pi perazin-1-1]-3-0ox0- 457.4 ro | -5-netho -henox
-acetic acid 2-(3-Amino-5-chloro-pyridin- 2-v|oxv)—1-[4-(4-f|uoro-benzvl)—(2R,5$)-2.5-

dimethyl-piperazin-1-yl]-ethanone

To a solution of 2-(5-chloro-3-nitro-pyridin-2-yloxy)-1-[4-(4-fluoro-benzyl)-

25  (2R,5S)-2,5-dimethyl-piperazin-1-yl]-ethanone (1.25 g, 2.86 mmol) in ethanol (50 mL)
was added platinum dioxide (0.92 g). The mixture was hydrogenated on a Parr
shaker at 35 psi of hydrogen for § minutes at ambient temperature. The reaction was
then purged with nitrogen and filtered through celite. The filtrate was concentrated in
vacuo to give the title compound (1.08 g).

30 4-(5-Chioro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S8)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-pyridin-3-ylamino)-butyric acid ethyl ester

To a solution of 2-(3-amino-5-chloro-pyridin-2-yloxy)-1-[4-(4-fluoro-benzyl)-
(2R,5S)-2,5-dimethyl-piperazin-1-yl]-ethanone (0.072 g, 0.18 mmol) in ethanol (1 mL)
was added 4-bromo-butyric acid ethyl ester (0.030 mL, 0.21 mmol), sodium

35  bicarbonate (0.031 g, 0.37 mmol) and potassium iodide (~ 0.030 g). The resulting
solution was stirred at 70 °C for 18 hours. Additional bromo-butyric acid ethyl ester

(0.030 mL, 0.21 mmol) was added and the reaction was stirred at 70 °C for 18 hours.
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ethoxy}-pyridin-3-ylamino)-acetic acid ethyl ester

To a solution of 2-(3-amino-5-chloro-pyridin-2-yloxy)-1-[4-(4-fluoro-benzyl)-

25  (2R,5S)-2,5-dimethyl-piperazin-1-yl]-ethanone (0.105 g, 0.26 mmol) in 1,2-
dichloroethane (2 mL) was added ethyl glyoxylate (0.050 mL, ~ 0.5 mmol, 50%
solution in toluene), acetic acid (0.016 mL, 0.28 mmol) and sodium
triacetoxyborohydride (0.085 g, 0.40 mmol). The reaction was stirred at ambient
temperature for 18 hours. Additional ethyl glyoxylate (0.050 mL, ~ 0.5 mmol, 50%

30  solution in toluene) and acetic acid (0.016 mL, 0.28 mmol) were added and the
reaction was warmed to reflux for 3 hours. The reaction was then cooled to ambient
température, sodium cyanoborohydride (~ 0.030 g, 0.48 mmol) was added and the
reaction was stirred at ambient temperature for 18 hours. The reaction was diluted
with water and extracted with methylene chloride. The organic layer was dried over

35  magnesium suifate, filtered and concentrated in vacuo. Flash chromatography on
silica gel provided the title compound (0.085 g).
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To a solution of 7-chloro-benzo[1,4]dioxin-2-one (0.845 g, 4.81 mmol) in
toluene (25 mL) was added (3R)-1-(4-fluoro-benzyl)-3-methyl-piperazine (1.003 g,
4.81 mmol). The resulting mixture was heated to 95 °C overnight. The reaction was
cooled to ambient temperature, filtered and concentrated in vacuo. Chromatography
25  on silica gel gave the title compound (~ 1 g).
2-(4-Chloro-2-cyanato-phenoxy)-1-[4-(4-fluoro-benzyl)-(2R)-2-methyl-

piperazin-1-yll-ethanone

To a solution of 2-(4-chloro-2-hydroxy-phenoxy)-1-[4-(4-fluoro-benzyl)-(2R)-2-
methyl-piperazin-1-yl]-ethanone (0.168 g, 0.427 mmol) in methylene chloride (2 mL)
30 was added triethylamine (0.12 mL, 0.86 mmol). The solution was cooled to - 5 °C
via an acetone/ice bath then cyanogen bromide was added (0.22 mL, 0.66 mmol).
The reaction was stirred at - 5 °C for 30 minutes then concentrated in vacuo to give
the crude title compound which was taken directly on to the next step (0.17 g).
2-[4-Chloro-2-(2H-tetrazol-5-yloxy)-phenoxy]-1-[4-(4-fluoro-benzyl)-(2R)-2-
35  methyl-piperazin-1-yl}-ethanone

To a solution of 2-(4-chloro-2-cyanato-phenoxy)-1-[4-(4-fluoro-benzyl)-(2R)-2-
methyl-piperazin-1-yl}-ethanone (0.17 g, 0.427 mmol) in acetone (2 mL) was added
sodium azide (0.061 g, 0.94 mmol) and the reaction was stirred at reflux for 3 hours,
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(0.207 g, 1.5 mmol), potassium iodide (0.033 g, 0.20 mmol) and 4-chloro-2-isoxazol-

5-yl-phenol (0.215 g, 1.1 mmol). The resulting mixture was stirred for 18 hours at
20 ambient temperature. The reaction was diluted with tetrahydrofuran (10 mL), filtered
and concentrated in vacuo to give the title compound (0.465 g).
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-3-oxo-propionitrile

To a stirred mixture of sodium ethoxide (0.14 g, 1.0 mmol) in ethanol (2 mL)
25  was added 2-(4-chloro-2-isoxazol-5-yl-phenoxy)-1-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-
dimethyl-piperazin-1-yl]-ethanone (0.465 g, 1.0 mmol) in ethanol (3 mL). The
resulting mixture was stirred at ambient temperature for 3 hours. To the reaction was
then added 3M hydrochloric acid (2 mL) and the resulting solution was poured into
water (30 mL). This was extracted with ethyl acetate and the organic layer was
30  washed with brine, dried over magnesium sulfate, filtered and concentrated in vacuo.
Flash chromatography on silica gel gave the title compound (0.34 g).
1-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-2-(1H-tetrazol-5-yl)-ethanone

To a mixture of sodium azide (0.061 g, 0.95 mmol) and aluminum trichloride
35  (0.042 g, 0.31 mmol) was added 3-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-
dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-3-oxo-propionitrile (0.035 g, 0.076
mmol) in tetrahydrofuran (2 mL). The reaction was warmed to 70 °C and stirred for

18 hours. To this was added saturated aqueous sodium bicarbonate (0.5 mL) and
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4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-4-oxo-butyronitrile

To a solution of 4-(5-chloro-2-hydroxy-phenyl)-4-oxo-butyronitrile (0.15 g,

0.70 mmol) in acetonitrile (4 mL) was added potassium carbonate (0.16 g, 1.16

25  mmol), potassium iodide (0.040 g, 0.24 mmol) and (2-chloro-1-[4-(4-fluoro-benzyl)-
2,5-dimethyl-piperazin-1-yl]-ethanone (0.21 g, 0.70 mmol). The reaction was stirred
for 20 hours at ambient temperature. Tetrahydrofuran (8 mL) was added and solids
were removed by filtration. The filtrate was concentrated and the crude product
purified by flash chromatography to give the title compound (0.31 g).

30 1-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S5)-2.5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-3-(1H-tetrazol-5-yl)-propan-1-one

To a mixture of sodium azide (0.061 g, 0.95 mmol) and aluminum trichloride
(0.042 g, 0.31 mmol) was added 3-(5-chloro-2-{2-[4-(4-fluoro-benzy!)-(2R,5S)-2,5-
dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-3-oxo-propionitrile (0.036 g, 0.076
35  mmol) in tetrahydrofuran (2 mL). The reaction was warmed to 70 °C and stirred for
18 hours. To this was added saturated aqueous sodium bicarbonate (0.5 mL) and
dimethylsulfoxide (0.5 mL) and the solution was stirred for 1 hour at ambient
temperature. The solids were removed by filtration and the filtrate was concentrated
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55 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- | 528.1,
2-oxo-ethoxy}-phenoxy)-acetyl]-methanesulfonamide 530.1
56 (5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin- 5091,
1-yl]-2-oxo-ethoxy}-phenoxy)-acetic acid 511.1
57 (5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2- 495.2,
oxo-ethoxy}-phenoxy)-acetic acid 497.2
58 (5-Chloro-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2- 465.1,
oxo-ethoxy}-phenoxy)-acetic acid 467.2
59 N-[(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 586.0,

piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-acetyl]-methanesulfonamide | 588.0
60 N-[(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- | 572.0,
2-oxo-ethoxy}-phenoxy)-acetyl]-methanesulfonamide 574.0
61 N-[(5-Chloro-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2- | 542.1
oxo-ethoxy}-phenoxy)-acetyl]-methanesulfonamide

62 2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 493.2,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-2-methyl-propionic acid 495.2
63 4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 493.2,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-butyric acid 495.2
64 6-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 528.2,

piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-pyridine-2-carboxylic acid 530.2
65 (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin- 501 .4,
1-yl]-2-oxo-ethoxy}-phenoxy)-difluoro-acetic acid 503.5
66 (2R)-2-Amino-4-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5- 508.4
dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-butyric acid
67 (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2- 487 4,
oxo-ethoxy}-phenoxy)-difluoro-acetic acid 489.3
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2- 0x0- et hoX - hen || 2-ezeethoxyrpitehaxgdubyriorgidi de 129 481.5
N- [ ( 5- Br onmp- 2-692- [ g2+ 3-Chlono 224 (Rflidre-bamRy )2 2Re-Limethylipiearazin-i-yil- y 1| | 47%6%6 | 2,
2- oxo-et ho |- hen | | 2o80-ethoxylepHennegd-fethakprdgiobBdcid WO 03/ 035627 481.5
PCT/ 1 B02/ 0398970 - 1[1{2Sh2aArainbiaia-chldrviz-{24804-fluoro-benzyl)-(2R,58)-2,5- 508.5
N-[ (5- Chl ono- 2- { 2- [ dimefhyi-piperazinbtpli-2ioxo{eBRpGEphehoxy dhutpidadid 618. 2
pi perazi n- 1- yl41- 2- p2g5-8rdmo-2}{2{Mrehfllgre-benty) (PRESFL Srdiethydenzenes il $3m2am| de
131 2- Chl ono- N-[ ( 5t piperarin- Ryl{-2-oxd-efhbxf)-prenoxermethyl-pidBiobs)ack] 5- 6$2339.2
di net hyl - pi|perazi n} (5-Biomo22-(x i @tfuerorbendyBiaR pSHe - ginethybpipa@aies ull f B4t de
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2, 5-dinmeth T-74 € gze )2-Aminb-4-% -&691092—%%4 -(@1eBro-beragi§i 2R 55RpBde 136550.2,
[ (4- Chl or 0-2- { 2- [ 4} fifnetthypipRraeRTYl L-dx3RRRY}-Bhdrdity Bt adl Per azi ns5433 . 2
77 4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 521.5
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-pyridine-2-carboxylic acid
78 N-[(2R)-2-Amino-4-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5- 585.5,
dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-butyryl]- 587.5
methanesulfonamide
79 2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 548.2,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxymethyl)-thiazole-4-carboxylic 550.3
acid
80 3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 531.2,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxymethyl)-furan-2-carboxylic 533.2
acid
81 5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 531.3,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxymethyl)-furan-2-carboxylic 533.3
acid
82 3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 547.2,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxymethyl)-thiophene-2- 548.3
carboxylic acid
83 2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 531.2,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxymethyl)-furan-3-carboxylic 533.3
acid
84 5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethy!- 547.2,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxymethyl)-thiophene-2- 549.2
carboxylic acid
85 3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- 5171,
2-oxo-ethoxy}-phenoxymethyl)-furan-2-carboxylic acid 519.2
86 3-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-2-methyl-piperazin-1-yl]-2-oxo- | 561.1,
ethoxy}-phenoxymethyl)-furan-2-carboxylic acid 563.1
87 5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 5911,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-5-(2-methoxy-ethyl)- 593.3
pyrimidine-2,4,6-trione
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N[ ( 5- Chl orla- 2- { 2- | iperazin-11y§-Piexe-ethaxnlyphenoxpepropionia @aid - ni per azi - #181.830.
| -2-o0x0-etho¥®1-he n(aR;-?a@thleo - HdAdwarorbanam-(RR) 1z methyl-piperazin- | 465.2,
N- [ ( 5- Chl orla-2- { 2- [ {-¥tRR-gxo-ethoxy}-phenpxy)-prop@niseasidy| ) - pi perazin- 1-yl|]467.2
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ethox -5-mgth | -hepa¢id- ro ion | -nethanesul fonam de WD 03/ 035627
PCT/ 1 B02/ 039896 - 1[8+Ir4n{5-Bromel-{P~{4-(4 QRkito-tenzyl)-(AR)12-methyl-piperazin- 550.4,
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2- 0X0- et hox - B7met n(4S)-4EFCHloro-2-{2-4gA-fluorortarizgin¢zR| 68 PR ardimethyl- 520.4
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-pyrrolidine-(2S)-2-carboxylic
acid
98 N-[(4S)-4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 597.5
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-pyrrolidine-(2S)-2-carbonyl]-
methanesulfonamide
99 [3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 507.2
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-ureido]-acetic acid
100 3-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 521.2
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-ureido]-propionic acid
101 3-[3-(4-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 521.2
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-ureido]-propionic acid
102 [3-(4-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 507.2
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-ureido]-acetic acid
103 1-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 527.2
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-3-(methysulfonyl)-urea
104 (6-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin- 542.3
1-yl]-2-oxo-ethoxy}-benzylsulfamoyl)-acetic acid
105 1-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 541.2
piperazin-1-yl]-2-oxo-ethoxy}-benzyl)-3-(methylsulfonyl)-urea
106 1-[(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 617.2
piperazin-1-yl]-2-oxo-ethoxy}-benzyl)]-3-(2-methylbenzoyl)sulfamide
107 (5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S8)-2,5-dimethyl-piperazin- 538.2
1-yl}-2-oxo-ethoxy}-benzylideneaminooxy)-acetic acid
108 [1-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl- 506.2
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-ethylideneaminooxy]-acetic
acid
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yl ] -2-0x0- ¢t ho4} - N2(2Chirde24{2{ih&hxiicaaoibeniyta?Ro8)1 A, S-diemstieylesul f onanbd@26 163
5- Chl or 0- 21{ 2- [ 4- ( Apibtrasinet-Yi By b-etHORR-BeBzy B x-2Ametityhplopjminpeacazi n{1- 6071
yl] - 2- ox0- et hoxy} - Nmethyfsuliarybcarbemid aoid Srehloes-D¢2HA-{4-fhena-barsi) f onanb4k3, 164
5- Chl or 0- 24{ 2- [ 4- ( A(2R,58)F2)5denathy pife2&in-3) ] 2-Sxaethety)ybenpyl peteazi n4{1542.20. 3
yl | - 2- oxo0- ¢t hox§} - NN((FEIhmaPe@ibemliprotbmnz@ ) R)5$ o2 Badirdeth 116 5 512.2
5- Chl or 0- 2{{ 2- [ 4- ( Apibrainor-yipP-DYb-etHoXR-Epzo)-methames litfdnamigeer azi n{1- 4703
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yl'l - 2- 0xo- et hoxg } - NN GEBrdo-3-{2-PIe@ZRIBES ben9)42R 6)-2 Hdimethyl- 570.0,
5- Chl or o- Nqcycl opr ppiperagiarbapgloxd-eftibxl¥pHehyh) lageryp-rwimanesiifdndRidsS) 1 53814 | 2,
S-dimeth | { 1 1&g az| R=[5-Chloro2- X p@LfiN0-bEEHEDNRSAHIA-OVHD-E-ethoxy}- | 498.1
phenyl)-acetyl]-methanesulfonamide
120 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 579.3
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetyl]-C,C,C-trifluoro-
methanesulfonamide
121 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 607.1
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetyl]-4-fluoro-
benzenesulfonamide
122 N-[(2-{2-[4-(4-Fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2- | 522.3
oxo-ethoxy}-4-methoxy-phenyl)-acetyl]-methanesulfonamide
123 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 588.4
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetyl]-benzenesulfonamide
124 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 602.4
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetyl}]-2-methyl-
benzenesulfonamide
125 Ethanesulfonic acid [(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5- | 540.3
dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetyl]-amide
126 3,5-Dimethyl-isoxazole-4-sulfonic acid [(5-chloro-2-{2-{4-(4-fluoro- 607.2
benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-
acetyll-amide
127 N-[(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-piperazin-1-yl]-2-oxo-ethoxy}- | 542.1,
phenyl)-acetyl]-methanesulfonamide 544.1
128 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- | 512.0
2-oxo-ethoxy}-phenyl)-acetyl]-methanesulfonamide
129 N-[(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- | 556.2,
2-oxo-ethoxy}-phenyl)-acetyl]-methanesulfonamide 558.1
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N-(5- Chl or o- 2- {2 [4 (4- quoro benzyl) (2R 58) 2,5-di rrethyl

507. 2

pi per azi n- '
3-(5-Chlor SOEEL .. AR DS ] .
pi perazin-1-y NONT T d§ fghigrasbenzy)-42Rp5)-¢.5dimgthyb s 8.1
3- (5- Chl or ¢ 4D'eatafl|nub 2osaAopviprenyN-bydroagelyhy| - 463. 4,
pi per azi n- qmimnﬁw HﬁWH}ﬁ- pyridin-3-vyi)-propionic acid 461 4 229
N- [ 3- (5- Chl D Cr(3-Ghierpt 203rB=(B Arshfjora-penyB PR B SH-2 - dhnettyl-- 541 560.1
pi perazin-1 bRIgE@ZiRoLYT-219xpiethaxysRanyDN-Bysirexvacetyhet hanesul fonami dé
230 2- Ani n@-3-( 5- chmsthanesyl Dﬁ@ﬂed fluoro-henzyl)-(2R 5S)-2 5-djinethyl -
479.4, pi per 8% n- 1%6}%@@:?0%%6& roghanei-2R3-3, Zﬂwk@per@nmﬂ ki § 97027
231 [ (5- Chllor o- 2- { p2{oxoethoxylarfiasw YreR-mejiybbaydinet hyl - pi per 668 A-
479.2, 1 41L_-2- nmmefhmﬁsulfonamide 3- lmeth | -anino -acetic acid 477.5 232
2- (5- Chl or ¢- 22@- [ 4C¢(- Gthr@r?oQHér{é«ﬂu ofbERzEB2R); Zmgthirepipgrazinslag]-2|  554.4,
pi per azi n- 1-yl | - 2- pRexecthoxyk Zﬂyhxslrwmyylppwaneﬁamwlm 545,3552.3
car boxyl i c lacid V\D oethersss nﬁ*@ﬂel B02/03989 -122 Exans le Na e : Il = LR|S
233 2-(5- Chil oP®8 2- [ ©-(R42(4-(4-Fluorcobargn (2R, 58 PR3 ethypipg ragintiyyll-2-548516.3
pi perazin-1-yl]- aQm-etthhm?%tnﬂmrnmWL-mhemt)ﬁyhyctthyamwb- 5- 550.2
car boxyl i ¢ |aci d 23ymethanesulfonamide
6- (5- Chl or 9- 22{92- [ 4C¢(2-{R1[4r(4-blubenberizy)-(ZRRHE B2 SAibettiypipérakin-15282-1 | 604.1
erazin-1- | - 2- oxo} exdethoxyieniilucrametiyi-phenybdN-(2-53100)3-2-a@thyl-
2- ( 5- Chl or @- 2- { 2- [ Apfepionyrorethdneaulfonamider, 5S) - 2, 5- di met hyl - 542. 4,
pi per azi n- 1- yRP0O 2- pkea 2214 Flupteebenzyli2R)y2-nethye piperazin- byll-8-0%d4. 5| 2962
6- [ (5- Chl orlo- 2- { 2- [ d@thpxy}f3-uibuarometiyisbhenyDN-6ydRoxXy-24metityhpropiobsiy-. (
pi perazi n- 1-yl ] - 2- pretretnkexfphamidei di n- 3- yl am no) - net hyl ] - ni coti ni g
221 C-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- 526.2,
2-oxo-ethoxy}-phenyl)-N-(methoxycarbonyl)-methanesulfonamide 528.3
222 C-(5-Chloro-2-{2-[4-(4-chloro-benzyl)-(2R,5S)-2,5-dimethyl- 558.1
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-N-(methoxycarbonyl)-
methanesulfonamide
223 C-(5-Chloro-2-{2-[4-(3,4-difluoro-benzyl)-(2R,5S)-2,5-dimethyl- 560.1
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-N-(methoxycarbonyl)-
methanesulfonamide
224 N-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- 521.2
2-oxo-ethoxy}-pyridin-3-yl)-2,2-dimethyl-succinamic acid
225 [(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin- | 493.2
1-yl]-2-oxo-ethoxy}-pyridine-3-carbonyl)-amino}-acetic acid
226 N-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 507.2
piperazin-1-yl}-2-oxo-ethoxy}-pyridin-3-yl)-succinamic acid
227 3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 462.2
piperazin-1-yl}-2-oxo-ethoxy}-pyridin-3-yl)-acrylic acid
228 3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 463.4,
piperazin-1-yl}-2-oxo-ethylamino}-pyridin-3-yl)-propionic acid - 461.4
229 N-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 541
piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-yl)-propionyl]-
methanesulfonamide
230 2-Amino-3-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- | 479.4,
piperazin-1-yl]-2-oxo-ethoxy}-pyridin-3-yl)-propionic acid 477.7
231 [(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin- | 479.2,
1-yl]-2-oxo-ethoxy}-pyridin-3-ylmethyl)-amino]-acetic acid 477.5
232 2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 543.2,
piperazin-1-yl]-2-oxo-ethoxy}-phenoxy)-6-methyl-pyrimidine-4- 545.3
carboxylic acid




acid 237

2-[4-Chl oro-2-(2Htetrazol - 5-yl oxy) - phenoxy] - 1-[ 4- (4-fl uor o- benzyl)- 473. 4,

2R 5S -2, wodizmweich7 | -

i erazin-1- | -ethanone 475.4 238 PCT/IB02/039

89

2-[ 4-Brono- 2- (2H-tetrazol - 5-yl oxy) - phenoxy] - 1- [ 4- (4-f | uor o- benzyl ) - 505. 2,

2R -2-meth |- i erazin-1- | -ethanone 507.2 239
(5-Chloro-2-{2-[4-(4-fl uoro-benzyl)-( 2R32-22- nmet hyl - pi perazin-1 -yl]-2- 435
oxo-ethox -hen | -acetic acid 240
(5-Bronmo-2-{2-[4-(4-fluoro-benzyl) - pi perazi n- 495. 1,
1 -1 -2-o0x hop _L__ 2 ' C :
(5-Brono-2 S Ll N
oxo- et hox {heR3$ - hagéd-Chlose-Ly24rs benzyl)-(2R,5S)-2,5-dimethyl-
(2- { 2- [ 4- (4- FI uor o} BegRgINy LylbRoxeethoxy)-phenginy-mgiykiniazole-5- y| | - 2-
ox0- et hox 44-net hokCarRlit acidcet i c acid 243 :
3- (5- Chl or ¢- 228%- [ 4%&%]%?62%&&?*1'%0{02R}w)z(ZﬁéiSﬁ;a,5-91?%%&2i n-1-yl]92%ho| 1,
2- 0Xx0- et hox_-_hen || PiPe@zZinphyll-2-9xp-gthexyl-phengxy)-nicotinic aci 530.2
(4- Chl or o- 2- { 239 4- [ &(FChir&2d éld{A-fluqroRenzy)-@REN esdimatbyi per azi n-544%. 2,
1- | -2-oxq-et hox | Pipéragin:dk2i0x0-gthoxypivengxymethyl)-nicotinic acid 544.5
(4- Chl or o- 2- { 236 4- [ G-{EtCidere-hEnAy(Hfluprerbenzy b §H)-Bosimathvh- 1- vyl ] {254285] 2,
oxo- et hox dhen | - aripgf@ginacyli2938-ethoxyepyridin-3-ylamino)-methyl]-nicotinic
3-(2-{2-[4{(4-Fluotrecihenzyl ) - (2R) - 2- et hyl - pi perazin-1-yl]-2- oxo- 429 3
et hox - 5- met h2BZ he244-Chioso-RdAideteazobi5-ylory)-phenoxy]-1-[4-(4-fiuoro-benzyl)- | 473.4,
3- ( 2-{ 2- [ 4-(4- FI uor @R®S)72:5-dinetiylpperazing] dilrathangnepi per azi n- 1-yl ] 12479433
0x0- et hox -5-R288h | 24deBramo-2+(3Htetrazol-ryiody)2t@noxyl-1-[4-(4-fluoro-benzyl)- | 505.2,
3- (5- Br onp-2- { 2- [ 4t (2R){Zmethyl-piperaginyl-yIPethaoneet hyl - pi perazin-1 -yl|] S0483/1,
2- 0x0- et hoy - B3% || (5-Cloice?r{2[4a@ftionsberizyl)22R)-2-methyl-piperazin-1-yl]-2- 435
3- (5- Bronp-2- { 2- [ 4} ¢xp-¢thaxy}phbeylrgdetic@2R, 5S) - 2, 5-di net hyl - 507. 1, |pi pe
azin-1 - 1 |- 224680- p(5aBromadi2-R-[4-(4-fluora-benizyl)42R 8 SHAB-dimeffyBpiperazin- 495.1,
(5-Chl oro- 2-{ 2- [ 4- [ B-yh-2chxoleiboxy}-pberpy)laceli@i8S) - 2, 5- di net hyl - 465./2493.1
pi per azi n- 1- yR#1 2- ptoaBeoe2-y2-Mpldciuprd-bertyt)i(2R)p2-ntktidb-piperazin-1-yl]-2- 479.1
(5- Chl oro- 2- { 2- [ 4- [ dxcctthoxydpheny)bdetiC 2BId5S) - 2, 5- di net hyl - pi per azi n- 467. 2
1 -1 -2-0xQ-elhDx | (2f2-[4-(4-&hairo-Dedayl)d2RBB)-2,5-dimethyl-piperazin-1-yl]-2- 445.4
(5- Chl or o- 2- { 2- [ ( 2Ryxc2etbbxp4-reihdxy-phenyd-deetieydid - pi per azi n-1-yl]-2- 449. 2,
0xo0- et hox -he@4d - pB€5-Obloac-2d24%54-Ruordbdnzyl)-(2R)-2-methyl-piperazin-1-yl]- | 449.1,
(5- Brono- 2-{ 2- [ ( 2R) 2-2xeehoxyfpHehyh-brapionideda y! ) - pi perazin-1-yl]1-24 489832,
oxo0- et ho - hen2h4 - arEtChlors2-4R-fO@-Rioro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin- | 449.2,
1-yl]-2-oxo-ethoxy}-phenyl)-acetic acid 447 .4
245 (4-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl}-2- 435.2,
oxo-ethoxy}-phenyl)-acetic acid 433.4
246 3-(2-{2-[4-(4-Fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo- 429.3
ethoxy}-5-methyl-phenyl)-propionic acid
247 3-(2-{2-[4-(4-Fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2- 443.3
oxo-ethoxy}-5-methyl-phenyl)-propionic acid
248 3-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- 4931,
2-oxo-ethoxy}-phenyl)-propionic acid 495.1
249 3-(5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl- 507.1,
piperazin-1-yl}-2-oxo-ethoxy}-phenyl)-propionic acid 509.1
250 (5-Chloro-2-{2-[4-(3,4-difluoro-benzyl)-(2R,5S)-2,5-dimethyl- 465.2
piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetic acid
251 (5-Chloro-2-{2-[4-(4-chloro-benzyl)-(2R,58)-2,5-dimethyl-piperazin- 467.2
1-yl]-2-oxo-ethoxy}-phenyl)-acetic acid
252 (5-Chloro-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2- 449.2,
oxo-ethoxy}-phenyl)-acetic acid 451.2
253 (5-Bromo-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl}-2- 493.2,
oxo-ethoxy}-phenyl)-acetic acid 495.2
254 (5-Chloro-2-{2-[4-(4-chloro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2- 4511
oxo-ethoxy}-phenyl)-acetic acid
255 (5-Chloro-2-{2-[4-(3,4-difluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]- | 453.1
2-oxo-ethoxy}-phenyl)-acetic acid




254 (5-Chloro-2-{2-[4-(4-chl oro-benzyl)-(2R)-2-nethyl -pi perazin-1-yl]-2-
451.1 oxo-ethox -hen | -acetic acid 255

(5- Chl or owd-08@33647 ( 3, 4- di f | uor o- benzyl ) - (2R) - 2- net hyl - pi p@caaBo/@B9sy | -
453.1 2-oxo-etho -hen | -acetic acid WD 03/035627 PCT/1B02/03989 -123
E-xari le NaneL'S 256 (2-{2-[(2R)-2-Ethyl-4-(4-fluoro-benzyl)-piperazin-1
-yl ]-2-o0xo0-ethoxy}- 429.2 5-nethyl-phémyT)-acetic acid 257
(2-{2-[4-(4-Fluoro-benzyl)-(2R)-2-net hyl - pi perazin-1 -yl]-2-o0xo- 415. 2,
ethox -5-meth I-hen I -acetic acid 413.3 258

(2-{2-[4-( - Zio 110 4>
0X0- et hox L : NS CURSC O
3-(2-{2-[(2R) 296 Et 12&-{24[(% F-EthyH (b Buprgbpnpipripeazin- 11yl 2 pxo-etiosy}- 444292
et hox -5-neth |- hehSimethylphegyi-acetieplids Thr aughout this applicatign
various publi 8% oh@-&lé-Fluarehersy)-(3Ru2-roptevipipaRz 1l-20se publ #1282 ons
in their entiretiesehpewiiemety-phamybeeetiaadd hy reference intg thi s413.3
application f@&p8al | (DiZr[ddd&diore-pengyi(2BESaggudimethy-girerasielyiket | ed #49-2he
art that various npeXxg-eeaxyidraetibphenyh-aeetigadiths can be made in the4afdsent
i nvention witRBdUt (d1i&(2-[(AG)-2EdmlBHE-flyeroreray!)-pipprazint1yl-2tae- i nvent féh2
Q her enbodi nent s _oethpkg-S-metytpranyliprepidc agidarent to those skillled in
the art from consi deration of the specification and practice of the

i nvention discl hid-anhfi~skiSe 1VAE ; I.f§ cafl on and
exanpl es be consﬁzlgcg"gggg@hg@fh%&'g?’yﬁhﬁ?@;%ﬁ%}ﬁﬁgtaﬁ Lezagﬁ%%é TZ’%d spirit of
t he inventi disclosireg of thgise ublitatigns indheircerttisgties wrergerebwingsrporaEdBy 035627

PCT/ 1 BO2/ OSQQ%ﬁnF%Q%i}%t% WE?@@ %“ 5@.9043%5 1. A conpound of the fornula I

0 (Rc aR
It will be apparent to those skilled in the art that various modifications and

174

10 variations can be made in the present invention without departing from the scope or
spirit of the invention. Other embodiments of the invention will be apparent to those
skilled in the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the

15 following claims.



(R2)b 10 or a pharnmaceutically acceptable formthereof; wherein ais 0, 1,
2, 3, 4, or 5 bis 0, 1, or 2, cis O, 1, or 2; dis O, 1, 2, 3, or 4; 15
X is -0-,w083/03562H2-, or -NR6-; Y is (C6-Cl0)aryl or (C2-egrhpoxnsosryl ;
each Rl is independently H, HO, halo-, (Cl-C8)alkyl-, (Cl-C8)alkyl-0O,
HO (Cl-C8)al kyl -, NG, H2N-, H2N-(Cl- galkyl-, HO (C=O) -,

(C1-C8)al kyl-(CO-, (Ci1- CB)alkyl - (C-O Cl-C8)aIkyI-, H2N- (C=0O) -, or
H2N- (C=0) - (C1-C8) al kyl -; 20 each R2 and R3 are independently H, oxo,
(C1-C8)al kyl -, (C3-C8)cycloal kyl - (C1-C8)al kyl-, (C6-C10)aryl -
(C6-Cl0)aryl -(C1-C8)al kyl -, HO (Cl-C8)al kyl -, (C1-C8)al kyl -

O (Cl- C8Yal kyl -, H2N-(Cl-C8)al kyl -, (Cl-C8)al kyl - NH (C1-C8) al kyl -,

( C1- CB) al kyWhahs &&6kedGd) al kyl -, (C2-C9) heterocycl yl - (C1-C8) al kyl -,

-C8) cycl oal kyl - NH (C1- C8) al kyl -, (Cl- C8)al kyl -(C=0) - NH (Cl1-C8)al kyl -
-C8)al kyl -O (C=0) - NH (C1-C8) al kyl -, H2N-(C=0) 25 NH- (C1-C8)al kyI-

- C8) al kyl1; SO2-ANcbri$ebmd®F tekytmula ( C2- C9) het er oar yl - (CL- C8) al kyl -

(CO-, or 2ZN-(CO-(C1-C8)al kyl-; R4 is

(CO-][H2N-] (C1-C8) al kyl -, o[ﬁ;\:}-q ][ (CLl-C8)al kyl ) NH-] (C1-

ﬁIAAAﬁ
zS00g

8

yal kyl -, [HO (C=O) - ]F{‘t((cgz c8)l ky| ) 2N-1 (C1- C8) al ky! -
(C=0) - (C1- C8) al kyl - ) C1- kyl - NH-(Cl C8) al kyl -

o

[ HO- (C=0) - (C1- C8) al kyl@,s((Cl c8) al kyl | 30 R,

[ HO- (C=0) - (C1- C8) al kyl ] [ (CL- C8) al al kyl -

[ HO- (C=0) - (C1-C8) al kyl [ (CL- C8)al k I-SOZ]N—

[ HO- (C=0) - (C1- C8) al kyl ] [ ( CL- C8) al ky#®SC2] N- ( C1- C8) al kyl -, [HO-

c=0 C8) al k

E HO- % c(_g)% ( ci m?dé%@%ﬁ%%y aféé;ﬁ[ga'? %thde(’ Xﬁ‘e&’} al kyl -

[ HO- ( C=0) - ( C1- C8)aib Ry )3, 3C4-@®) al kyl - O (C=0) -] N-,

(C=0) - (Cl- C8) al k }@(gloégs)m kyl - O (C=0) - ]N-(Cl C8)a| kyl -, [HO (C-O) (CL WO

03/ 035627 PCT/ | B0? 2125 5 C8)al kyl ][ (CL- C8) al kyl N- (C=0) -] N-

[ HO- (C=0) - ( Cl- (B)CHSQyH]C[r(ZC1 C8) al kyl - NH- (C=0) -] N-~ (CL- C8) al kyl -

HO- ( C=0) - ( C1- C8) E 1?0%; ~C8)al kyl -, HO (C=O)-(CL-C8)alkyl-S02- ,

HO- (C=0) - (Cl- C8) a %’ - C8)al kyl -, HO-(C=0) - (CL-C8) al kyl - SC2- NH-, HO-

(C=0) - ( Q3- cz)alky(ssoz -SH-Clit, @8NR%Kyl -, HO- (C=O) - (Cl- C8) al kyl - NH SC2-, HO-

C=0 - (Cl-C8) al k HO- ( C=0) - ( C=0) - NH- SO2-, HO- (C=O

(10 ()C_(O) NH-)SOZ ﬂdfwg (5?{% (887483’ @éﬁa ea g;s al) k§/|-N)H(C_O) NH- (<9

HO (C=O) - (Cl- C8)eath{R' isNFEEmRROpRtiyHE( el (GHCo)a alg | kyl -
kR’ isNFdEEa0p M—H 80-a%)! (@C) Ik, (C=C))alkg10-CHICk

HO-

(C=0 - (Cle,-cy)alkyl-, NC-, HoN-, HoN-(C1-Cg)alkyl-, HO-(C=0)-, (C;-Ca)alkyl-(C=0)-, (C+-
Cs)alkyl-(C=0)-(C4-Cg)alkyl-, HoN-(C=0)-, or H,N-(C=0)-(C,-Cs)alkyl-;

20 each R? and R® are independently H-, oxo, (C;-Cs)alkyl-, (C3-Cs)cycloalkyl-
(C4-Cs)alkyl-, (Ce-Cyp)aryl-, (Cs-Cio)aryl-(C4-Cg)alkyl-, HO-(C,-Cs)alkyl-, (C4-Cg)alkyl-
O-(C-Cg)alkyl-, HoN-(C4-Cg)alkyl-, (C1-Cg)alkyl-NH-(C4-Cs)alkyl-, [(C4-Cs)alkyl].N-(C;-
Cs)alkyl-, (C,-Co)heterocyclyl-(C4-Cs)alkyl-, (Cs-Cs)cycloalkyl-NH-(C4-Cs)alkyl-, (C;-
Co)alkyl-(C=0)-NH-(C1-Cg)alkyl-, (C;-Ca)alkyl-O-(C=0)-NH-(C;-Cs)alkyl-, HoN-(C=0)-

25 NH-(C1-Ca)alkyl-, (C1-Ca)alkyl-SO,-NH-(C1-Cg)alkyl-, (C,-Co)heteroaryl-(C-Cg)alkyl-,
HoN-(C=0)-, or HoN-(C=0)-(C;-Ca)alkyl-;

R* is [HO-(C=0)-][H2N-J(Cs-Ca)alkyl-, [HO-(C=O)-][(C+-Ca)alky)NH-](C1-
Ca)alkyl-, [HO-(C=O)J[((C1-Cs)alkyl);N-](Cs-Ca)alkyl-, HO-(C=0)-(C,-Cs)alkyl-NH-,
HO-(C=0)-(C1-Cs)alkyl-NH-(C;-Ca)alkyl-, [HO-(C=0)-(C1-Cas)alkyl][(Cs-Ca)alkyl]N-,

30 [HO-(C=0)-(C4-Cs)alkyl][(C,-Cs)alkyl]N-(C4-Cs)alkyl-, [HO-(C=0)-(C4-Cs)alkyl][(C+-
Ca)alkyl-SO,IN-, [HO-(C=0)-(C1-Cs)alkyl][(C;-Ca)alkyl-SO5N-(C;-Cs)alkyl-, [HO-
(C=0)-(C1-Cs)alkyl][(C1-Cs)alkyl-(C=O)-IN-, [HO-(C=0)-(C1-Cs)alkyl][(C:-Ca)alkyl-
(C=0)-IN-(C-Cg)alkyl-, [HO-(C=0)-(C;-Cs)alkylJ[(C1-Cs)alkyl-O-(C=0)-]N-, [HO-
(C=0)~(C1-Ca)alkyl][(C-Cs)alkyl-O-(C=0)-IN-(C;-Cs)alkyl-, [HO-(C=0)-(C:-



C8) al kyl - O (C1-C8) al kyl -, HO (C=0 - (Cl-C8)al kyl substituted w th hydroxy,
HO (C=0 - (C2-(C8)al kenyl -, (Cl-C9)heterocyclyl-(Cl-C8)alkyl-0,

(C1- @) hewermsoywbkyl - (C1- C8) al kyl - O (C1-C8)al kyl -, PCT/IB02/03989
(C1-C9) heteroaryl - (Cl-C8)al kyl -0, (C1l-C9)heteroaryl-(Cl-C8)al kyl-0O 15
(C1-C8)al kyl -, (C1- CB)heterocycIyI o, gcn C9) het erocycl yl - O ( Cl1- C8) al kyl -
(C1l- C9)heteroaryl-0, (Ci- C9)heteroary %(Cl C8) al kyl -
FK}(C:C»-(CH-CB)aIkyI-S HO (C=0 - (Cl- CB)aIkyI-S—(Cl-CB)aIkyI-,

(C1- C9)heterocyc|y| (C1- C8)a|ky| S, (C1-

C9) heterocycl -S-(Cl-C8) a
(Cl- 9) et Lol ]L @c@a@%ﬁ (GAQEN- [bg)lcc ~(Ci-Cs)alkyl][(C+-Cs)alkyl-NH-(C=O)-IN-
C9) het er oar y; C%”g éakof(cﬁﬁéa)g@l@m C1FCE()QVeyIC9I)ibE(t€U?QEFb}’)brkﬁ SO4CL 20

C9) het er ocycl het er oar

(Cl. 0) het or 612 ) B0 - Comio oy € f@ﬁ%scyeawmswwcm
HO- ( C=0) - (Cle% -€¢1k(24) Mhlrs%?N 0) rk%r«b gZLo)- gx Cci}galk INH SO,-,

HO- (C=0) - (Cl- R} al kej( S0p- NEE | é&C))O} m |-‘T’002
NH (C=0) - (C g)a y%@&@n@@f%) PUEFOHETY)- T(@T@C—O) (Cl-
C8) al kyl1o( CxO:ON NHS% iﬂ I0- G cb’RdQ%Qlkw NHQC=0)HM Qfﬂ)cicﬁr(@). (CL 25

c8) al kyl - i g e
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NH-(C=0)-(C,-Cs)alkyl][(C1-Cs)alkyl]N-(C4-Cs)alkyl-, (C4-Cg)alkyl-SO,-NH-(C=0)-(C;-
Cs)alkyl-NH-SO,-, (C4-Cg)alkyl-SO,-NH-(C=0)-(C+-Cs)alkyl-NH-SO,-(C4-Cs)alkyl-,
(C4-Cg)alkyl-SO-NH-(C=0)-(C4-Cg)alkyl-SO,-NH-, (C+-Cg)alkyl-SO,-NH-(C=0)-(C;-
Cs)alkyl-S0,-NH-(C,-Ca)alkyl-, (C1-Cg)alkyl-SO,-NH-(C=0)-(C4-Cs)alkyl-SO,-, (Ci-
35  Cg)alkyl-SO,-NH-(C=0)-(C;-Cg)alkyl-SO,-(C4-Cg)alkyl-, (C4-Cs)alkyl-SO,-NH-(C=0)-
(C=0)-, (C+-Cs)alkyl-SO,-NH-(C=0)-(C=0)-(C4-Cs)alkyl-, (C4-Cs)alkyl-SO,-NH-(C=0)-
(C1-Cs)alkyl-(C=0)-, (C4-Cs)alkyl-SO,-NH-(C=0)-(C;-Cg)alkyl-(C=0)-(C;-Cg)alkyl-,
NC-(C-Ce)alkyl-SO,-NH-(C=0)-, NC~(C1-Ca)alkyl-SO,-NH-(C=0)-(C,-Cq)alkyl-, HO-



, H2N- SC2- NH (C=0) - (C1- C8) al kyl -, (Cl1-C8)al kyl - NH SO2- NH- ( C=0) -,
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C10)aryl-S0,-NH-(C=0)-O-(C;-Cs)alkyl-, (Ce-Cio)aryl-SO,-NH-(C=0)-NH-, (Ce-

30 Cyo)aryl-SO;-NH-(C=0)-NH-(C;-Cs)alkyl-, (C4-Cg)heteroaryl-SO,-NH-(C=0)-0O-, (C;-
Cs)heteroaryl-SO,-NH-(C=0)-0-(C;-Cg)alkyl-, NH,-SO,-NH-(C=0)-0-, NH,-SO,-NH-
(C=0)-0-(C,-Ca)alkyl-, (C1-Cs)heteroaryl-S0,-NH-(C=0)-NH-, (C:-Co)heteroaryl-SO,-
NH-(C=0)-NH-(C;-Ca)alkyl-, NH,-SO,-NH-(C=0)-NH-, NH3-SO,-NH-(C=0)-NH-(C;-
Cs)alkyl-, HO-(C=0)-(C1-Ca)alkyl-NH-(C=0)-O-, HO-(C=0)-(C;-Cs)alkyl-NH-(C=0)-O-

35 (Cy-Ca)alkyl-, HO-(C=0)~(Cs-Ca)alkyl-O-(C=0)-NH-, HO-(C=0)-(C,-Cs)alkyl-O-(C=0)-
NH-(C1-Cs)alkyl-, (C1-Cs)alkyl-(C=0)-NH-SO,-NH-, (C;-Ca)alkyl-(C=0)-NH-SO,-NH-
(C1-Ca)alkyl, (Ce-Cro)aryl-(C=0)-NH-SO,-NH-, (C-C10)aryl-(C=0)-NH-SO,-NH-(C-
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HO- (C=0) - ( CL- | kyl - NH- (
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C9) eterocycly (Cl-C8

Q
3

)h?éterocyclyl (Cl-C8) al kyl - O (C1-C8) al kyl -, (C2-
2. A compound according to claim 1, wherein R* is [HO-(C=0)-][H,N-](C:-

Ca)alkyl-, [HO-(C=0)-][(C-Cs)alkyl)NH-](C;-Cs)alkyl-, [HO-(C=0)-][((C-Cs)alkyl).N-
1(C4-Cs)alkyl-, HO-(C=0)-(C4-Cs)alkyl-NH-, HO-(C=0)-(C+-Cs)alkyl-NH-(C,-Cs)alkyl-,
[HO-(C=0)-(C1-Cs)alkyl][(C-Cs)alkyl]N-, [HO-(C=0)-(C+-Cs)alkyl][(C+-Cs)alkyl]N-(C;-

30 Cg)alkyl-, [HO-(C=0)-(C;-Cs)alkyl][(C1-Cs)alkyl-SO,IN-, [HO-(C=0)-(C+-Cs)alkyl][(C:-
Cs)alkyl-SO;]N-(C,-Cg)alkyl-, [HO-(C=0)-(C1-Cs)alkyl][(C1-Cs)alkyl-(C=0)-]N-, [HO-
(C=0)-(C+-Cs)alkyl][(C+-Cg)alkyl-(C=0)-]N-(C4-Cg)alkyl-, [HO-(C=0)-(C4-Cs)alkyl][(C-
Cs)alkyl-O-(C=0)-]N-, [HO-(C=0)-(C1-Cs)alkyl][(C;-Cs)alkyl-O-(C=0)-]N-(Cs-Cs)alkyl-,
[HO-(C=0)-(C;-Cs)alkyl][(Cs-Cs)alkyIN-(C=0)-]N-, [HO-(C=0)~(C,-Cg)alky][(C:-

35 Cg)alkyl-NH-(C=0)-]N~(C;-Cs)alkyl-, HO-(C=0)-(C;-Cs)alkyl-O-N=(C;-Cs)alkyl-, HO-
(C=0)~(C4-Cs)alkyl-SO,-, HO-(C=0)~(C;-Cs)alkyl-SO,~(C;-Cg)alkyl-, HO-(C=0)-(C,-
Cs)alkyl-SO2-NH-, HO-(C=0)-(C1-Cs)alkyl-SO,-NH-(C;-Cs)alkyl-, HO-(C=0)-(C;-
Cs)alkyl-NH-SO,-, HO-(C=0)~(C+-Cs)alkyl-NH-S0,~(C;-Cg)alkyl-, HO-(C=0)-(C=0)-



C9) het eroaryl - (C1- C8) al kyl - O,
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Cg)alkyl-, (C1-Ca)8|kY|-SOz'NH'(C=O)-(C1-Cg)3|kY|-SOz-, (C1'Cg)alkYI-802-NH-(C=O)-
30 (Cy-Cg)alkyl-SO,~(C4-Cg)alkyl-, (C4-Cg)alkyl-SO,-NH-(C=0)-(C=0)-, (C;-Cs)alkyl-SO,-
NH-(C=0)-(C=0)-(C1-Cs)alkyl-, (C;-Cs)alkyl-SO,-NH-(C=0)-(C;-Cs)alkyl-(C=0)-, (C;-
Csg)alkyl-SO,-NH-(C=0)-(C,-Cs)alkyl-(C=0)-(C;-Cs)alkyl-, NC-(C;-Cs)alkyl-SO,-NH-
(C=0)-, NC~(C;-Cg)alkyl-SO,-NH-(C=0)-(C;-Cs)alkyl-, HO-(C;-Cs)alkyl-SO,-NH-
(C=0)-, HO-(C;-Cg)alkyl-SO2-NH-(C=0)-(C,-Cg)alkyl-, (C;-Cs)alkyl-SO,-NH-(C=0)-
35 (Cx-Cglalkenyl-, (C,-Co)heterocyclyl-SO,-NH-(C=0)-, (C-Cg)heterocyclyl-SO,-NH-
(C=0)-(C;-Cg)alkyl-, (C,-Co)heterocyclyl-(C4-Cs)alkyl-SO,-NH-(C=0)-, (C,-
Co)heterocyclyl-(C4-Cg)alkyl-SO,-NH-(C=0)-(C;-Cs)alkyl-, (Ce-C1o)aryl-SO,-NH-
(C=0)-, (C4-C1o)aryl-SO2-NH-(C=0)-(C,-Cg)alkyl-, (C,-Cs)heteroaryl-SO,-NH-(C=0)-,



(C=O-(C1-C8)al kyl -, (C1-C8)al kyl-S02-NH (C=0)-(C1-C8)alkyl -0,
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g%;il ky:(CNOQE@-@,T)Ql)(W )é@ Nk}gl}@—‘@)f NH-(8SB))+(C;-Cs)alkyl-O-, (C;-Cg)alkyl-SO,-

- ar =0) - : 3 a R

0 G R R A e P50 R bt

- g:g)l II@E) lﬂsb@bmyi » (G @) EINIACKP)-NO-SO-@Q - CHaIPL NC-(C;-Cg)alkyl-(C=0)-NH-SO-
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Gy ar o IG5 BRIy R ool G RN S Gy (GaG e PSRN a ky! -

- gg a: ty :chQZCNBac()@?EOC{@ )sNH-8D,(B)- Gk)blklyh JC2-Oifitteterody - @=0FNH-8g, k?/lk |’

- a a

- 0) o FEabekritks -SG5 i (b Rplet G e i ky

- Cl;J) a{ y(€2-69BetdrbdyElyQACIHNH-8CE-(CLO) falky - FERR(ONHD NGO NIHLNGL=03) al kyl o

er

0o 1t B ESV-Eg eI ot B Bt G QNSO B GGy N

- ggO)Zh N{-F (SOCH-Cs il Wacl@wkyﬂz N-(Q-@PNHGS@{ q&NCHs)ﬁﬁﬁ}zNH(CC@)@l;imz D

- et erna -

Nt ( oo CREVR G NP e (¥ a7 O G { 0 -

3(():8% ?;l_ gleawkyq C@G}C&dt&ba@)é&l—(l@tb) NHHSOQ()F@-G&)E&te%};&JN{-y ([COXNHO) - NH-,

(C1- C8) al ky|§<§é§@ %Wédé? l\@; s g&@ﬁ% Fé&&)alﬁﬂ%& RSOyl Kyl |

E&G %?)hza:ylcaléﬂﬁﬁ (CNFEMW (C= (I\JI%LH -S00), &CayC o[y~ (I CHPH8{(CL- CB) al kyl ,

- et eroaryl - (C=0)- - N - _
059 hot 21 oar o e R SN QT r-Colly - SRt HGTUL REEDY -
E E—O) RTH- SOZ(?I#BK)@kyICﬁ)ﬁNHXbFEDB&IFDr GC1’?Cfs)a“?yil-SO%-N%@)NHt(eﬁ-%)fawyl-g(muIO,
en can SO =Q) ~ - - C2s et eroaryl -

(G o) het e OBR DN e G ETRIRAC AT (Co-Cunlary

(C2- C9) het erSﬂ‘zmHﬂ(C-O@NrQ&dethryl -$0,-01B1- @@?WHJP@TCL)B@W,Q?WP&&*@VI- 53. A

conpound _ac t r |

aC(r:ne)pt a%? fcsg:; ﬂ?“qgc Bﬁﬁ)a'?(ﬁg]glme eé%ﬁryl\;}g@%: 53955390@&%'? P@gr{% Nrer eof .
(C=0)-0-, NH2-SO,-NH-(C=0)-0-(C;-Cs)alkyl-, (C,-Cs)heteroaryl-SO,-NH-(C=0)-NH-
, (C2-Co)heteroaryl-SO,-NH-(C=0)-NH-(C;-Cg)alkyl-, NH,-SO,-NH-(C=0)-NH-, NH,-
S0,-NH-(C=0)-NH-(C;-Cg)alkyl-, HO-(C=0)-(C4-Cs)alkyl-NH-(C=0)-O-, HO-(C=0)-
(C4-Cg)alkyl-NH-(C=0)-0-(C,-Cs)alkyl-, HO-(C=0)-(C,-Cs)alkyl-O-(C=0)-NH-, HO-

30 (C=0)-(C;-Cs)alkyl-O-(C=0)-NH-(C;-Cs)alkyl-, (C;-Cs)alkyl-(C=0)-NH-SO,-NH-, (C;-
Cs)alkyl-(C=0)-NH-SO,-NH-(C;-Cs)alkyl, (Ce-C1o)aryl-(C=0)-NH-SO,-NH-, (C-
Cio)aryl-(C=0)-NH-SO,-NH-(C,-Cs)alkyl, (C,-Co)heteroaryl-(C=0)-NH-SO,-NH-, (C,-
Co)heteroaryl-(C=0)-NH-SO,-NH-(C;-Cg)alkyl, NH,-(C=0)-NH-SO,-NH-, or NH,-
(C=0)-NH-SO,-NH-(C;-Cg)alkyl;

35 or, if Y is a (C,-Co)heteroaryl group, then R* can also be HO-(C=0)-(C;-

Cs)alkyl-, (C,-Cg)heteroaryl-, (C,-Cg)heterocyclyl-, (C,-Co)heteroaryl-(C-Csg)alkyl, or
(C,-Co)heterocyclyl-(C4-Cg)alkyl.
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4. A conpound according to claim1, 2, or 3, wherein the stereochem stry is
as 10 depicted in fornmula la and b is O or 1 and c is 1. (R3)c a Rs Y/ X~N
la (R )owRogR33a7 (R2)b 5. A conpound according to clai m 2CTHRer®psy each Rl
i s independently H, HO, halo, NC, (Cl-C8)al kyl, or (Cl-C8)al kyl-O; and
ais 1or 2. 15 6. A conmpound according,to claim4, wherein R2 and R3 are
each independently H, (Cl-C8)alkyl-, 3%93 C8) cycl oal kyl -

(C3-C8) cycl oal kyl - (C1-C8)al kyl -, (C6-Cl0)aryl-, (C6-

Cl0)aryl -(C1-C8)al kyl -, HO (Cl-C8)al kyl -, H2N- (Cl-C8) al kyl -,

(C1- Q) heterocycl yl - (C1- C8)al kyl -, (Cl1l-C8)al kyl-0O (C=0) -NH (CLl-C8)al kyl -
H2N- (C=0p- NH (C1- C8) al kyl -, (Cl 20 C8)al kyl - S02- N4 ( C1- C8) al ky! -

( C1- C9) het ermar yla ¢deapdant akckording ti2idNing €o0R; whéreinhR&Nphérzdbutic@lly c8) al kyl -

7. A d a t H2N-1 ( C1-
Gy al kgl - TpR ooy o e presanauig MACT rbies baporub erkor |
[HO(C-O)][)(Cl C3)alkyl) 2N 25 1 (CL-GB)al kyl -, HO (G0 -(CL-CB)al kyl -N

ol C_CE))O) ( (C (ﬁ'{ﬁﬁu[\g g&é@ﬁéf&;}%m 2, or 3, wherein the stereochemistry is as

HO- (

HO- ( C=Qp- ( Gbpﬁ&)dah korhu[(18nE®)ig Dk 1]dNd (cGd 4: CB) al kyl -

Cl- C8) al kyl - SO2- NH ( C=0) - (C1- C8B) al kyI N NC- ( C1- C8) al kyI S2- NH ( C=0 -
Cl-C8) al kyl -, HO (C1-C8)al kyI SO2- ‘C—O) (Cl C8) al kyl -

Cl1- C9) heterocycl yl - SO2- NH ( Hﬁ&%al

( Cl- C9) het erocycl yl - (C1- C8) al kyfl - SO2 —(—€(B->a08) al'kyl 30 ,

(C1- C9) het er oar yl - SO2- NH-(C-O) (C1-C8)

H2N- SO2- NH- (C=0) - (C1- C8) al kyl -, (Cl1- %?bal kyI - NH SQ2- NH-.( C=0 -,
(Cl-C8)al kyl -S2-NH (C=0O - (C1-C8)al kyl -O, (C1-

C8) al kyl - SO2- NH (C=0O) - (C1- C8) al kyl - O (C1- C8) al kyl - ; H2N- SO2- ( C1- C8) al kyl -
(Cl- C8)al k- (c:@o)ommusd)acqcn;qlnmqalky} wherein each R’ is independently H-, HO-,

Hg E gi gg 2: ?\‘;:’_g dsaﬁ@g? ((gil%kg' éylanfj ais1or2.

(C1l- ) Héteroaryl (CO-NH S2-(C1 35 CB)al kyl -

(S} osabnet ey S Wloddorh s i id G Peleth r? ahERP GlEEenideibhadity O

03/ 035627 P /I B
(Cl-C8) al kyIH-I\IKI‘H(QBiEIJ?})d-I\I(-%S@C)(C@Blk@B)(é]si@e)cyploelm=(©8pa)aﬂsvl-r(SIB—%NBW(-C&R)- N

Gyl ot o RS TR, B 0 IR Kol B Rufierodfii 0 (-

(C1-C8) al kyICaSII*Q/J NEE 1 CRaty-OC= QjS)HEH(Qst)GkaH H2N-(C=0)-NH-(C,-Cs)alkyl-, (C4-
(C1- C9) hgt erQeyigh-Blo, NrE G FAIN!, 18-co)h&brda B LENARYIE IN- (=) R LY ! - O-

(C=0)-(C,-Cs)alkyl-.

NN N

7. A compound according to claim 4, wherein R* is [HO-(C=0)-][H.N-](C-
Cs)alkyl-, [HO-(C=0)-][(C4-Cs)alkyl)NH-](C;-Cs)alkyl-, [HO-(C=0)-][)(C;-Cg)alkyl),N-
25 J(C4-Cglalkyl-, HO-(C=0)-(C4-Cg)alkyl-NH-, HO-(C=0)-(C;-Cs)alkyl-NH-(C,-Cs)alkyl-,
[HO-(C=0)-(C4-Cg)alkyl][(C4-Cg)alkyl]N-, [HO-(C=0)-(C4-Cs)alkyl][(C4-Csg)alkyl]N-(C;-
Cs)alkyl-, (C4-Cg)alkyl-SO,-NH-(C=0)-(C,-Csg)alkyl-, NC-(C;-Cg)alkyl-SO,-NH-(C=0)-
(C4-Ce)alkyl-, HO-(C4-Csg)alkyl-SO2-NH-(C=0)-(Cs-Cg)alkyl-, (C4-Co)heterocyclyl-SO,-
NH-(C=0)-(C4-Cs)alkyl-, (C1-Cg)heterocyclyl-(C4-Cs)alkyl-SO,-NH-(C=0)-(C4-Csg)alkyl-
30, (Cy4-Co)heteroaryl-SO,-NH-(C=0)-(C,-Csg)alkyl-, H,N-SO,-NH-(C=0)-(C,-Csg)alkyl-,
(C4-Cg)alkyl-NH-SO,-NH-(C=0)-, (C4-Cs)alkyl-SO,-NH-(C=0)-(C,-Csg)alkyl-O-, (Cs-
Cs)alkyl-SO,-NH-(C=0)-(C+-Cs)alkyl-O-(C4-Cs)alkyl-, HoN-SO,~(C4-Cg)alkyl-, (C4-
Cs)alkyl-(C=0)-NH-SO,-(C+-Cs)alkyl-, NC-(C4-Cg)alkyl-(C=0)-NH-SO,-(C;-Csg)alkyl-,
HO-(C;-Cg)alkyl-(C=0)-NH-SO,~(C4-Cs)alkyl-, (C;-Cq)heteroaryl-(C=0)-NH-SO~(C;-
35  Cglalkyl-, (C4-Co)heterocyclyl-(C=0)-NH-SO,-(C;-Cg)alkyl-, H,N-(C=0)-NH-SO»-(C;-



(C1-C8)al kyl -, (C1-Q9)heteroaryl-(Cl-C8)al kyl -0,

(C1-C9) heteroaryl -(Cl-C8)al kyl-O(C1 10 C8)al kyl -, (C1-C9)heterocyclyl-0

( C1l- C9) hewerogpgsky!l - O (CLl- C8) al kyl -, (Cl- C9) het eroaryl - OPCT/IB02/03989
(Cl-C9) heteroaryl -O (CLl-C8)al kyl -, HO (C=0O-(Cl-C8)al kyl -S-, HO
(C=O-(C1-CB)al kyl -S-(C1-C8) al kyl -, (C11g) het er ocycl yl - (C1l- C8) al kyl - S-,
(C1- ) heterocyclyl-(C1-C8)al kyI S-(CL ) al kyl -,

(C1- C9) heteroaryl - (Cl-C8) al kyl -S-, (C1-

C9) het eroaryl - (Cl1l- C8) al kyl -S-(C1-C8)al kyl -, (C1l-C9)heterocyclyl-S, (Cl1 15

C9) het er Qcy ( ) y
(- Co) hat T Skl Gan i Eoe ok (G Eaat- gt -0
HO E &3 EgMG&@wallkyls% -CEYaIKGEICRIOINH- SO, INB- (<§$=@|§R))alk>@=l€1)> ) al) kol -
Y Y, y
(C1- C9) het e?cd%l)? d‘ioé(g_ 9 S 5'%&@)_& Cbﬁ?’f"&% (8:-E)aii SONHTE-BE!-
V\Cﬁ) het er ocycﬂa)dlky( 01 (@-Q)He}dreoﬁy@y@& Cgﬂk%o A(@ccspm%\dcwdcgglkymcl aim 7,
erein a i i 'S y
(1. Co) hot enGEFFRITE: {n CrbeleofGisenity Py 16 Cogierbatgls - Yaaoro-c-
(C1- C8) abky|Gg)atiyl-( @-CHetédogychy®GQ-, (CZ&QR%tabdydgiBCE(rca @&alkyld, (Clependent |y H-,
(C1-C8) al kyl 2 clpal kyl - ((C1- kyl =,
( 06- C10) arleg)heéeé%a%%} é&yﬁ%&%r‘@ﬂﬁ%ggﬂ% (ﬁfé%{%gﬁ ﬁ%ﬁ"s v HO-
FQF E:g)laﬁj) |€(Ck§0 g0¢g?]uk% -(CECyY)alkylc (@4 C&)ﬁéte@ydi’ll‘(ﬂﬂe)alkyl S-, (C1|-
y
E kbl o kv e i
8 Y, oty aryl or
(CL- C3) iyl e o Racaiaibvs. (e Gaystma g (oLt e 7 wher el n
ais 1 or 2;CylllgkpHD-(C=8H-(8,-Cs)akP-SO¥, HO-(CSO)-TTO Tkl SOR(]Cﬂ-Gg)dﬂI&}I-Q; R2 is
H or (Cl Y 3/ 627 [ / Q3989 , - 132 3
(c, 8) ai ky O GG PR B =D PR 5P i o 10,
conpound seICMHJIQG(&#@M@#(Q)ajkw}u(ae@)mtabal‘yg(mics)alkyl (C=0)-, or (Cs-
(2-{2-[ 4- (4(!:Bhe?err8cy% @/J ();8)£|%ﬁ)(c Ol)”ret hyl - pi perazi n-1-yl ] - 2- oxo- et hoxy} - 5-

20

8. A compound according to claim 7, wherein ais 1 or 2;
X is -O-or -NR%-;
Y is (Ce-C1o)aryl or (C4-Cg)heteroaryl;
each R' is independently H-, HO-, halo, NC-, (C4-Cs)alkyl, or (C4-Cg)alkyl-O-;

25 R? and R® are each independently H-, (C;-Cg)alkyl-, (Cs-Cs)cycloalkyl-, (C3-
Cg)CyC|Oa|ky|-(C1-Ca)alkYI', (Ce-Cw)aryl', (CS-C10)aryl-(C1-Cg)alkyl-, HO-(C1-C8)a|kyI-,
H,N-(C;-Cg)alkyl-, (C4-Cs)heterocyclyl-(C4-Cs)alkyl-, (C1-Cs)alkyl-O-(C=0)-NH-(C;-

Cs)alkyl-, HoN-(C=0)-NH-(C;-Cs)alkyl-, (C-Cg)alkyl-SO,-NH-(C,-Cg)alkyl-, (C4-
Co)heteroaryl-(C4-Cg)alkyl-, Ho,N-(C=0)-, or H;N-(C=0)-(C;-Cg)alkyl-;
30 andY is (Ce-Cyg)aryl or (C4-Cy)heteroaryl; and
R®is H-, HO-, NC-, (C;-Cs)alkyl-, (C4-Csg)alkyl-O-, (C4-Cs)alkyl-(C=0)-, or halo.

9. A compound according to claim 7, wherein ais 1 or 2;
dis1or2;
35 Xis -O-;
Y is (Ce-Coo)aryl;
R’ is halo;
R%is H- or (C;-Cg)alkyl-;



10 trifluoronethyl -phenyl)-nmet hanesul f onam de;

(2-{3-[4-(4-Fl uoro-benzyl)- (2R, 5S) -2, 5-di net hyl - pi perazi n-1-yl ] - 3-o0xo- propy
| }-5- nmetwolospbssabxy) - aceti c aci d; PCT/IB02/03989
(4-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl -pi perazin-1-yl]-2-oxo-eth
oxy}- phenyl)-acetic acid; 15

(5-Bromp-2-{2-[(2R) - 2- ethyl 4- (4- quoroQ?enzyI) pi per azi n-1-yl ] - 2- oxo- et hox
y}- phenyl) - net hanesul f onam de;

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

et hoxy} phenyl ) rret

(5-Chl or 3- 2- {2-] &i‘ (Leﬁtﬁ&ﬁ %4 fl uoro-benzyl) - pi perazi n-1-yl]-2-o0xo0-etho

xy}- 20 phenyl)- aRf’e§ HC, ha®, ¢C;- Ca)alk?/l , or(C-Cg)alky |o- _ _ _
(5-Chloro-2-{2-[4-(4- chl or o- benzyl) - (2R, 55) - 2, 5- di net hyl - pi perazin-1-yl ] -2-
oxo- et hoxy}-phenyl)-acetic acid;

(5- Cnl or o- 2-1002- [%édmﬁduu@sereaenzrbhﬂthéQ&S&n&tﬁg@rret hyl - pi perazin-1-yl]-2-

[(5- onl or o 3. { o- (R bbenPdy R EStetbpiarashil MB2RP- 1B Szi n- 1-y1) - 2

- oxo0- etioy!| affiudadmeiiyl- derﬁw-raetﬂaﬂiéwﬁoﬂa)m@éﬂ no] -acetic acid,
2-(5-Chloro-2-{2

2, 5-d th -1-yl
2 oxo- et hoxy}- phé%g:?(b“)'@ I‘:‘Jfgg’ T‘Z@F‘%E 28 é%ggémb%wr:ag'ﬁacﬁﬁ -0X Srr"%ﬁ -
gx(}z_{go[g gn:ettﬁ%paémxppgeejb)amezsnISS) 2, 5'd| met hyl - pi perazin-1-yl]-2-o0xo-eth
3- {5 Chl or o- 2- { 2~ %F’ % %%‘&DB{%‘} 1arjzy )g%ﬁ)f%ﬂmyhVPg'ﬁ‘Fiﬂéf\é&'?‘H?«Tetﬁ?W}: 2- OXO0-
th hemykhyl ti d;
g [gle}S c le(r)p{\()mé)ameyi S g rret h}/ pi per a2|R yl]-2-o0x
o- ethoxy}- phenyl(‘jl’ %’B?égi‘ﬂ&gg%em %@ég Yt %§é -piperazin-1-yJ-2-oxo-ethoxy)-
4t E}S C?I oLo-phlel){\ﬁ)-r[néméﬂes‘ulfmrmd@enzyI) (2R) - 2- et hyl - pi perazi n-1-yl ] - 2- oxo-
et hox en
S (- 0hi br o 511 2 PRI Pk B BorDiPey AR PR ERAT VI azi - 1-y1] -
2- 0xo0- et hoxoxpiphenyhnathanebulforbdmide: pyri md i ne-2,4, 6-tri on e; WO
03/ 035627 PCT/ I B

6- (5- Chl or 0- 2- { 2?%'/E%f"’?ig%{%ﬁ%gﬁ%‘%ﬁ%ﬂ)@'{’%%?@95‘%):%9‘?{ PR P2 PRt 1-yi ] -
2- 0xo0- ebhoxyenphamtx yaet hyl ) - ni cotinic acid;
oo e oL PR3 0 T B PRS2 0
ethoxy}-phenyl)-acetic acid,;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-oxo-
ethoxy}-benzyloxy)-acetyl methanesulfonamide;
25 [(6-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethylamino}-pyridine-3-carbonyl)-amino]-acetic acid;
2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenoxy)-4-methyl-thiazole-5-carboxylic acid;
3-(2-{2-[4-(4-Fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-
30  5-methyl-phenyl)-propionic acid;
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-acrylic acid;
3-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-ureido]-propionic acid;
35 4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenyl)-4-oxo-butyric acid;
5-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl}-2-
oxo-ethoxy}-phenoxy)-5-methyl-pyrimidine-2,4,6-trione;



C- (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2, 5-di net hyl - pi perazi n-1-yl]-
2- 10 oxo- et hoxy}-phenyl)-N-hydroxyacetyl - net hanesul f onam de;

N-[ (2- { 2-Wé-03433ekuior 0- benzyl ) - (2R, 55) - 2, 5- di net hyl - pi per a2CHABO/I3PSR - 0X 0~
et hoxy} - 4- net hoxy- phenyl ) -acetyl ] - nethanesulfonanlde and
N-[(5-Chloro-2-{2-[4-(4-fluoro- benzyl)_{ R, 5S) - 2, 5-di et hyl - pi perazi n-1-yl |
-2 oxo- et hoxy}-phenyl)-acetyl]-4-fl uoro- enzenesulfonanide; 15 or a
pharmaceutically acceptable formthereof. 11. A conpound selected fromthe
group consisting of.

2S) - 2- Ami -4- 4f| R 5 t hyl -

E)i pZar azi H] E?yl ]- ( @%1?%?]’?2{%}% (%ﬂlé ??Zy Lf??lr%’rsnéya#c%'ﬂ"g@bp'p raih’ 'ﬂ] pethy
E4|S%:4-2(g;(gjmggﬁgmﬂy}{;ﬂrehéxwmﬁylpfdﬁcéﬁntngcwI )- (2R, 59) - goi di met hiyld? pi perazin-1
()é Br ono- 2- { 2- [4%;(/&? &]8@9%?%%§§VP?'°(W@5§2@)2§“%‘@& 'ﬁa@%a%’h- 1-yl]-2-0
X0 et hoxy}- lemmzy}l-phdaemmln(ﬁnqdvqu-3arﬁethyl£bu£wyl)imethanesulfonamlde

(5 Brom. & (2[4 bl s O henEM e CRR ARtos £ BRI e 7 o Y1 270

x0- 25 et hoxy}-phe
(5- Chl orio- 2oka-e{héxﬁ}@rfehw¢Nmyldmade)yl-ﬁ%dﬁS);uIﬂ),naﬁmdde

i met hyl - pi perazin: 1s eth acetic i d;
(5- Chl oro- 2-{ 2- [ 2!—%%&34 ; “068H?Wﬁ)%%ég%%y‘ﬂ”@hé{fjﬁ?fﬁw 1p¥'€%f”édzi n-1-yl]-2-
0Xxo0- et hoxy]ethy}z:}Lhthoﬁ(wpfbmiy))-am@ll]Jmetmedulfo%ﬁmlde and _ _
2. oxo- et hoxy} - phefyer- 36 PRl le b 2y 53 2 dmator poerbak 152 1 Y1 1
3 ( 5- Chl or o-oRefthok@-phéndl) amtyl}-bﬂmJb)ani@Bs&lﬁha&;cﬁr di et hyl - pi perazin-1-yl]-
- 0XO0 hoxy} - ph
3 [ 3- (Sq%hl or 0- 2 {E%&m@%‘%?jﬁ' BC%eé)ﬁath Sonpég?rggf) 2, 5- di met hyl - pi per azi
n-1-yl]-2- 35 oxo-ethoxy}-phenyl)-ureido]- proplonlc aci d;
4- (5-Chl oro-2-{2- 4-fl uarg- benz - (2R, dlrrethyl pi perazin-1-yl]-
2- oxo- et hoX 5} pht 6‘&#“&5???@?&@’9@%%9’%’&&?” Sthg °& WO 03/ 035627
PCT/ 1 BO2/ 03989  {29)42-Bmino-4-(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-
LB AR AR = o P e -
4 (5- ChlZ?L 0- 2-{ 2{438)-4- @—@hlumb{bpqaylbdro(ﬁﬁzﬁﬁozfsﬁ 2)b-aetdiyl-ppepiaz-yp- 1-yl ] -
- 0xo-etho Il C_aci
5 (5-¢Cnhl OrO)éf}nglr%yi(-ﬂhgqo%@rqyrrB@%{r}@'%%Xgzcﬁrtg%(yh%%d 'di met hyl - pi perazin-1-yl]-
2- (5-Bromo-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-benzylideneaminooxy)-acetic acid;
(5-Bromo-2-{2-{4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
25  ethoxy}-phenoxy)-acetic acid;
(5-Chloro-2-{2-{4-(4-flucro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
ethoxy}-benzylamino)-acetic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-y{]-2-oxo-
ethoxy}-benzylsulfamoyl)-acetic acid;
30 1-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-
oxo-ethoxy}-phenyl)-2-(1H-tetrazol-5-yl)-ethanone;
3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-acrylic acid,;
3-[3-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-
35  oxo-ethoxy}-phenyl)-ureido]-propionic acid;
4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenoxy)-pyridine-2-carboxylic acid;



10 oxo- et hoxy} - phenyl) - 5- oxo- pent anoi ¢ aci d;

5-Chl oro-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2,5-di nethyl -pi perazin-1-yl]-2-0
X0- et hoxwp-obesssyt i deneam nooxy) -aceti c aci d; PCT/IB02/03989

6- (5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2, 5-di net hyl - pi perazi n-1-yl]-
2- oxo-et hoxy}-phenoxy)-nicotinic acid; 15

C (5-Chloro-2-{2-[4-(4-fluoro-benzyl)- (234 5S) - 2, 5-di net hyl - pi perazin-1-yl]-
2- oxo-et hoxy}-phenyl)-N hyd roxyacetyl - net hanesul f onani de;

N-[ (5-Brono-2-{2-[4-(4-fluoro-benzyl)- (2R)-2- met hyl - pi perazi n-1-yl]-2-o0xo0
et hoxy} - phenyl)-acetyl ] -nmet hanesul f onam de; _ _ .

N-[ (5- ChPor o- 2- { & (ngmoroﬁ@dﬂﬁ BB‘?TQ}PP?ZW)%Q? SElgexr-pinethyl-pieeazinnl-wl-21 | - 2- oxo-
20 et hoxy} - pheRHok }?@BYIH&E%U@H@%HUOM”‘ de;
N-[(5-Chloro-2-{2 | uor o- benzyl 5S di met h I-plperazm 1-yl]
-2- oxo- et hoxy} - mé 9roa"c{§t[91(‘}'ﬂﬁ%!9ﬁ’§ R S methGpiperazin T2

N[ (5l of oxslrddlinid gk Aoengud dod 2R 59) - 2, 5- df et hyl - pi per azi n-1-y1]
-2 oxo-ethoxy}-pyrid_in- -é[ﬂ- acet nesu | fonam de; 25 or a

phar maceut i cal | y SA@depera-&-f4¢ ﬂ#’@fﬁé’ﬁé%}‘f') (2RP§) 2/-dipeiyhpigesendcy® from t he

group cqgsi %txb-@%o‘ilf/}\-prk%gi) 5?ox6$e%n0|c ac:d
| oro-2-{2-[ 4- | Uor o- benzy 2R) - -rrethgs)é%dperazm 1- yIJ 2- 0XO-

et hoxy} phenoxy) SpQQj@rp@q{%Me(&ﬂHorog@nzyl) (2R imethyl-piperazin-1-yl}-2-oxo-

(4S) - 4- ( 5- Clahipy l?én{z?ludﬁeﬂeérﬂmf)&%@et#é%@") (2R, 59)- 2, 5- di met hyl - pi per azi n- 1
-yl]- 2-oxo-ethoXx zé) enOXé é%_rﬂrol i di ne-2-carboxylic acid;

(5-Cnl or o- 2. { 2- [&y%s 0T G- Ayary-be Ty - ERES) Ry IR BRPAZO- Y1k 22- oxo- et h
OXy} - phenylo)(o@ﬂ%(y h%ﬁb@) nicotinic acid;

(5-Chloro-2-{2-] | uor o- benz -(2R 5 di et hyl - pi perazin-1-yl] - 2-

oxo- 35 &t hoxy} - &&n%'@ﬁ% éﬁw{f}y(r‘)f%ar@éﬁnéylb@%ﬁs)25-d'methyl -piperazin-1-yl]-2-
4- (5- Chl Oroo&o-!e?now} Arenfih NIOrF ro Q@é()“-)ﬂét%esulfonamlde

5S) - 2, 5-di net hyl gera2| n-
oxo- et hoxy} - phen;}‘j) fﬂuoso BerAYD- (2RI methyl-piperezinebyl-Pexe-| B02/ 03989

-135 5 ethox }-phen )acetyl] methanesulfonamld
4- (5- Chlor02{ H\L | uor o- benzyl ) - (2R, 5S) - 2, 5-di met hyl - p |£)era2|n1yl]
2- oxo- et hoxy} - pREl PLOAQ ﬁ;fa{%%yﬂ%m g2y 4gR)R-methyl- plperazm 1-yl]-2-oxo-

2- oxo- et hoxy} - phen -3-enoi c ac
4-[ 2- (5- Chl or o- ZJ\{ﬁ 1°(Qr2f{?'l[ﬂ5%ﬂhl9é919%2yl)((ﬁ5§é?52""5‘~*@V'rﬁé@919¥'°‘6r¥ﬂé’raz| n-1-y
I7-2- 10 oxexslcfdsyppHeRanytetyimatansduishdmivgarazol i di ne- 3, 5- di one;

N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-2-
oxo-ethoxy}-pyridin-3-yl)-acetyl]-methanesulfonamide;

4- (5- mlzgroe%c{xgy ja&é pﬁ@trgggglyfb},arﬁ,age 5S5) - 2, 5-di net hyl - pi perazin-1-yl]-

25 or a pharmaceutically acceptable form thereof.

12. A compound selected from the group consisting of:
(2R)-2-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-
ethoxy}-phenoxy)-propionic acid;
30 (4S)-4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl]-
2-oxo-ethoxy}-phenoxy)-pyrrolidine-2-carboxylic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-oxo-ethoxy}-
phenyl)-acetic acid;
(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,58)-2,5-dimethyl-piperazin-1-yl]-2-oxo-
35  ethoxy}-phenylsulfamoyl)-acetic acid;
4-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R, 5S)-2,5-dimethyl-piperazin-1-yl}-2-
oxo-ethoxy}-phenyl)-4-hydroxy-but-3-enoic acid;



4-12-(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R 5S)-2,5-di net hyl - pi perazin-1-y
1]1-2

0X0- et hoxwp-o3hesegt? ) - 2- oxo-et hyl ] -1, 1-di oxo-[ 1, 2, 6] t hi adi azcTaBe/@9®- di one;
5-[2-(5-Chl oro-2-{2-[4-(4-fluoro- benzyl) (2R 5S) -2, 5-di net hyl - pi perazin-1-y
| ]-2- oxo-ethoxy}-phenyl)-2-oxo-ethyl]- th| oxo-d i

hydr o- pyri m di ne- 4, 6-di one; 15

5-12-(5-Chl oro-2-{2-[4-(4- fIuoro-benzyl)-(2R,58)-2,5-di nmet hyl - pi perazin-1-y
| ]-2- oxo-ethoxy}-phenyl)-2-oxo- ethyl] pyrlm'd i ne-2, 4, 6- trlone

5-[2-(5- Chlor02{2 (4-11uaro-benzy RST?) 25d|rrethyl f)erazm l-y
> orodot hovy] BB g SUTpE N BT GRS 5By et ViE2

]-
ne- 4, 6- di ongo- ethox§} phen l)-4 hydroxy-butync acud
[ 2-(5-Chl oro-2-{ é 2R, 5S) - nmet hy| - Yﬁerazm 1l-y

e 0 oy o b CHlsrriA2 3 Sigodeto: CRESHAS-drsihobn Y Eone

|-
N- (5- Chl oroﬁo%&ﬂy&rénybaemeh@aamb) (2R, o
5S) - 2, 5-di net hyl - pl perazin- 1- %f‘o% 0- et hox cci nam c

nord- N [(5- Br o B b eI 2g2H i orbbRE o SR Segmeiypiberkain 131} 2
5- di net hyl - Fbx@%lrﬂ)&é leenYI') ]2 oko- ethyl] |soxazoI|d|ne 3 5 dlone

I
i
6-

oxo- et hoxy} - phenyl ]L? nesul

N-[ (5-Chl oro- 2- {2+ 45@'%9- d?é%‘bﬂm PGQZZ&(%%PSZ-@ dmetyRiPerBERd il n- 1- v |

I-\I-2,-A 0?0| eéh%ﬁ-%at%ﬂﬂb’zﬂeh I@-Qﬂixﬁlelh)ﬁlldﬂ 1- 616)661[31 2,61t hladlazmane 3 5 dlone 1y1)
ce - r Qo or o- benz erazin-

Npeetyl- C (oo (L L oo en YA (e I I oL 1o

N-Acetyl - C (o&o%mdiy}opr%n&l?—ﬂd)@@hy% =22thidyd-dihylré=gyritidife-D8iiote) - pi per azi n-1-yl ]

-2- 30 oxo et hox hen sul fona

N Aoty 50 (o on 2B R Hord 2B e B 5S)-8 & dimpihyi-piperazin-1-yll-2-

?) di net hyl - Flix@i%;tﬂ)&y}ﬂphehybﬂﬂoxa B A=pFifARNNE2, mlaaﬂoﬂéfl met hagesul fona?Rdgs) agd5
ropane- -Su uor o enz -
i et hy! - pi per az H2ASCTO E3 I sty PorB IR F ke g P e S n

phar maceut i Coabieyhoay}cmhwiza)xf;@tm]tznuﬁfmmydP@pQr%faﬁfé&Zé dighd; | B02/ 03989 - 136

5 13. A pharnmaceut)cal conpositi arnaceuti cal | y effective

oroont - bf - comBlana TR B oS D PSRy B e thgybigerazin-yil -

phar maceygt i %&blemoaypﬁrgnaiyiz%xbwtm] [1 BRiLepancan g, 7ariear maceuti cal |y
acceptable carri

wherein the use Et:éﬂjﬁ?ngg%P @%Uﬁiog%gﬂggﬁggﬁﬁg'? H%'Fé@fl ?’E’éfq%iﬂ ?Vlﬂalggfl \%e12
amount of a oxeuErd\@dinadYI)- gucc"ghméﬁ;d 1-12, or a pharmaceutically
R VAR i LGNy TN USSP R i
i nf | ammat or yoxe-@fbixy)-sHehyl-atét@l-Gethapesitfoharmias;, | nfl ammtl on associated with
25 N-[(5-Chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-1-yl}-2-
oxo-ethoxy}-phenyl)-acetyl]-sulfamide;
N-Acetyl-C-(5-bromo-2-{2-[4-(4-chloro-benzyl)-(2R)-2-methyl-piperazin-1-yl]-2-
oxo-ethoxy}-phenyl)-methanesulfonamide;
N-Acetyl-C-(5-chloro-2-{2-[(2R)-2-ethyl-4-(4-fluoro-benzyl)-piperazin-1-yl]-2-
30 oxo-ethoxy}-phenyl)-methanesulfonamide;
N-Acetyl-C-(5-chloro-2-{2-[4-(4-chloro-benzyl)-(2R,5S)-2,5-dimethyl-piperazin-
1-yl]-2-oxo-ethoxy}-phenyl)-methanesulfonamide; and
Propane-1-sulfonic acid [(5-chloro-2-{2-[4-(4-fluoro-benzyl)-(2R,5S)-2,5-
dimethyl-piperazin-1-yl]-2-oxo-ethoxy}-phenyl)-acetyl]-amide;

35 or a pharmaceutically acceptable form thereof.



i nfection, viral, chronic bronchitis, xeno-transplantation, transplantation
tissue 15 rejection, atherosclerosis, restenosis, HV infectivity, and

gr anul omewous/osieease. 15. Use of a conpound accordi ng t @canpond3ogd ai s
1-12, wherein the use conprises admnistering a pharnmaceutically effective
amount of a conmpound of any of <clains 1-12, or a pharmaceutically
acceptable formthereof, to a manmal to'3§eat or 20 prevent a disorder or
condition that can be treated or prevented by antagoni zing the CCRL
receptor in a manmal .

5 13. A pharmaceutical composition comprising a pharmaceutically effective amount
of a compound according to any of claims 1-12, or a pharmaceutically acceptable form

thereof, and a pharmaceutically acceptable carrier.

14. Use of a compound according to any of claims 1-12, wherein the use

10  comprises administering a pharmaceutically effective amount of a compound of any of
claims 1-12, or a pharmaceutically acceptable form thereof, to a mammal to treat or
prevent a disorder or condition selected from autoimmune diseases, lupus, acute and
chronic inflammatory conditions, allergic conditions, inflammation associated with
infection, viral, chronic bronchitis, xeno-transplantation, transplantation tissue

15  rejection, atherosclerosis, restenosis, HIV infectivity, and granulomatous disease.

15. Use of a compound according to any of claims 1-12, wherein the use
comprises administering a pharmaceutically effective amount of a compound of any of
claims 1-12, or a pharmaceutically acceptable form thereof, to a mammal to treat or

20 prevent a disorder or condition that can be treated or prevented by antagonizing the
CCR1 receptor in a mammal.



