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of the Invention [0001] This invention is in the field of nedicinal

chemi stry and rel ates to conpounds, and pharmaceutical conpositions

t her eof , t W& 2004k06804t caspases that nediate cell apopteeT&SzU0£016706

i nfl ammation. The invention also 5 'relates to processes for preparing these
conpounds. The invention further relates to nethods of using the conpounds
and pharmaceuti cal conpositions of this invention to treat diseases where
caspase activity is inplicated. 10 Background of the |Invention 0002]
Apoptosi s, or programmed cell death, is a principal mechani sm by which
organi sns elimnate unwanted cells. The deregul ati on of apoptosis, either
excessive apoptosis or the failure to undergo it, has been 15 inplicated in
a nunber of diseases such as cancer, acute inflammatory and autoi nmune

di sorders, ischem c diseases and certain neurodegenerative disorders (see
generally Science, 1998, 281, 1283-1312; Ellis et al., Ann. Rev. Cell.
Biol., 1991, 7, 663). 20 [00031 Caspases are a famly of cysteine protease
enzynes that are key mediators in the signaling pathways forapoptosis and
cell disassenbly (Thornberry, Chem Biol., 1998, 5 R97-R103). These

si gnal i ng pathways vary WO 2004/ 106304 PCT/ US2004/ 016706 -2 dependi ng on
cell type and stimulus, but all apoptosis pathways appear to converge at a
common effector pathway |eading to proteolysis of key proteins. Caspases

are involved in both the E&%ﬁﬁ%ﬁhhﬁﬁgﬁoﬁ A&Jﬂeuéﬁgnﬁ'éﬁ%ﬁs pat hway and

further upstreamat its in

Field of the Invention

[0001] This invention is in the field of medicinal
chemistry and relates to compounds, and pharmaceutical
compqsitions thereof, that inhibit caspases that mediate
cell apoptosis and inflammation. The invention also

5 ‘*relates to processes for preparing these compounds.  The
invention further relates .to methods of using the
compounds and pharmaceutical compositions of this
invention to treat diseases where caspase activity is
implicated,

10 Background of the Invention

0002] Apoptosis, or programmed cell death, is a
principal mechanism by which organisms eliminate unwanted
cells. The deregulation of apoptosis, either excegsive
apoptosis or the failure to undergo it, hds been

15 implicated in a number of diseases such as c¢ancer, acute
inflammatory and autoimmune disorders, ischemic diseaées
and certain neurodegenerative disorders (seé generally
Science, 1998, 281, 1283-1312; Ellis et al., Ann. Rev.
Cell. Biol., 1991, 7, 663).

20 [0003] Caspases are a family of cysteine protease
enzymes that are key mediators in the signaling pathways
for apoptosis and cell disassembly (Thornberry, Chem.
Biol., 1998, 5, R97-R103). These signaling pathways vary



upstream caspases involved in initiation events becone activated and in
turn activate other caspases that are involved in the |ater phases of
apoptosis. [00041 Caspase-1, the first identified caspase, is 10 also known
as interl eyiiovsaoiverti ng enzyne or "ICE " Caspase- 1 R§iTAER004/0678¢ ur sor
interleukin-15 ("plL-1'3") to the pro-inflammatory active formby specific
cl eavage of plL-1(3 between Asp-116 and Al a-117. Besides caspase-1 there
are al so el even ot her known human caspases, all of 15 which cleave ;
specifically at aspartyl residues. They are also observed to have stringent
requi renents for at least four amno acid residues on the N-term nal side
of the «cleavage site. [00053 The caspases-have been classified into three
20 groups depending on the am no acid sequence that is preferred or
primarily recognigeshdaiiBeosr@din efpe CasPasesulvd) Wuel ALl udRpreaspases 1, 4,
5 and 13, have been shown to prefer hydrophobic aromatic am no acids at
position 4 on t WY ENRRREA St ReCORVRTRS EFedVERECT; FELCOEPIARGERERY gr oup
whi ch includes caspasestd, pPotitflyéis $LIRGNpZELATRAS t Phopasdues at both
positions 1 and 4 on the N-termnal side of the :cleavage site, and
preferably a seh%‘é??é’?danAE%tﬁ'Gtﬁ-eﬁﬁgepﬁtoﬂ PREFRI fr G0, STHRTHADY nel udes
caspases 6, & OpattivalOanbof@ftee UPSYredi B Sk aciidsakbod he Tkl mary
recogni ti on sequence, but seemtaoq efer, residues with branc$ed, aliphatic
i de chai ns SUCHIPSFSFRl PASDIART RBUCITRE 4P pBATIT ™ SV TS50/ 106304
PCT/ US2004/ 01670&ct v t2d080d heueaspasestkayehat sasbaeas gtlaitpadeaccor di ng
to their perceived fungthone N bh $asPLembdocosis.

[0004] Caspase-1l, the first identified caspase, is

10 also known as interleukin converting enzyme or “ICE.”
Caspase—l converts precursor interleukin-1f (“pIL-1B”) to
the pro-inflammatory active form by specific cleavage of
pIL-1p between As§—116 and Ala-117. Besides caspase-1
there are also eleven other krown human caspases, all of

15 which cleave specifically at aspartyl residues. They are

also obgserved to have stringent reguirements for at least
four amino acid residues on the N-terminal side of the
cleavage site.
[0005] The caspases have been classified into three

20 groups depending on the amino acid ‘seguence that is
preferred or primarily recognized. The group of .
caspases, which includes caspases 1, 4, 5 and 13, have
been shown to prefer hydrophobic aromatic amino acids at
position 4 on the N-terminal side of the cleavage site.

25  Another group which includes éaspases 2, 3 and 7,
recognize aspartyl residues at both positions 1 and 4 on
the N-terminal side of the cleavage site, and preferably
a sequence of Asp-Glu-X-Asp. A third group, which
includes caspases 6, 8, 9 and 10, tolerate many amino

30 acids in the primary recognition sequence, but seem to

prefer residues with branched, aliphatic side chains such

as valine and leucine at position 4,




consi sts of caspases-1 (ICE), 4, 5 and 13. These caspases have been shown
to be involved in pro 5 inflanmatory cytokine processing and therefore play
an inportant role in inflammation. Caspase-1, the nost studi ed enzyne of
this classwembi/wasees the IL-1  precursor by proteolytlpcnmsamagmmehls
enzyne therefore plays a key role in theinflammatory response. Caspase-| 10
is also involved in the processing of interferon-y inducing factor (IGQF,

al so known as I1L-18) which stimulates the production of interferon gamm, a
key i munoregul ator that npodul ates antigen presentation, T cell activation
and cell adhesion. 15 100073 The remnai ni ng caspases nake up the second and
third subfamlies. These enzynes are of céntral inportance in the

intracel lular signaling pathways |eading to apoptosis. One subfam |y

consi sts of the joeoBynes THaveh¥ypssdd hakkt 4Bd weﬁvgf&ﬁoédnatsbsr@ﬁ@ot otic 20
pat hway, including fransduction_ of signals fron1the | asma nenbr ane.
Menbers of thi s tQubPSH IRPESRAVEdefuncidpasedtie t4rsh %Hjﬂfaﬁ‘elyThe ot her

subfani |y, consicghkngts At tAepeééLct QLCBRPSASES add 3 andthégeare involved in
the final downstream cleavage events thgg?result in the 25 systematic

br eakdown and dEFERADTS Y Sc BFF™ B3P WFo 5P 0% SLRVOEsEasb PT%Avol ved i nt he
upstream si gsal 1hlfaaﬁld&l@iﬂy0@ytaﬁiméﬁ§x©cé5§n@\éﬁ&t EB@f&ﬂt&%p@ﬂi&ﬁ amhi ch then
di sabl e DNA repalr chani.snms, fr g smant %ﬁf cel
cytoskel et on and"PPhaf ?§:¥?§bﬁﬁn%n€ﬁ%m@ o ébfﬁﬁﬁ%l'Kﬁ Ba%% of the four
anmi no aci d sequenclielrddimd Bl eenonriasd, ediRareaspasas.-hgs been used to
desi gn caspase inhibitors. Reversible tetrapeptlde WO 2004/ 106304

PCT/ U52004/ 0167 ®8SCUFAPT Bt EFotRakE-isechepragsar edhhainry™enEN Y RRT Ur e
CH3Q0- (P4] - [ P3] (hBek- £H&) G2E02H mhenar Pl A 24 EERSERRN! - caspase-1

10 is also involved in the processing of interferon-y
inducing factor (IGIF, also known as IL-18) which
stimulates the production of ‘interferon gamﬁa, a key
immunoregulator that modulates antigen presentation; T=
cell activation and cell adhesion.

15 [0007] The remaining caspases make up the second and
third subfamilies. These enzymes are of central '
importance in the intracellular signaling pathways
leading to apoptosis. One subfamily consists of the
enzymes-involved in initilating events in the apoptotic

20 pathway, including transduction of signals from. the
plasma membrane. Members of thig subfamily include
caspases-2, 8, 9 and 10. The other subfamily, consisting
of the effector capsases 3, 6 and 7, are involved in the
final downstream cleavage events that result in the

25 systeﬁatic breakdown and death of the cell by apoptosis.
Caspases involved in the upstream signal transduction
activate the downstream caspases, which then disable DNA
repair mechanisms, fragment DNA, dismantle the cell
cytoskeleton and finally fragment the cell.

30 [0008] Knowledge of the four amino: acid sequence
primarily recognized by the caspases has been used to

design caspase inhibitors. ~Reversible tetrapeptide



an optimal am no acid recognition sequence and Ris an aldehyde, nitrile or
ket one capable of binding to the 5 caspase cystei ne sul fhydryl. Rano and
Thornberry, Chem Biol. 4, 149-155 (1997); Malli, et al., Bioorg. Med.
Chem Lett WH2005E8¥45692 (1993) ; Nicholson et al., Nat HFE}US@W?M%’}‘- 43
(1995), Irreversible inhibitors based on the anal ogous tetrapeptide

recogni ti on sequence have been 10 prepared where R is an acyl oxymet hyl ket one
-COCH20COR . R is exenplified by an optionally substituted phenyl such as
2, 6-di chl orobenzoyl oxy and where Ris COCH2X where X is a |eaving group
such as F or A. Thornberry et a]. Biochgmstry 33, 3934 (1994); Dolle et
al., J Med, Chem 15 37, 563-564 (1994). [00091 The utility of caspase
inhibitors to treat,.a. var, e%%/s)of mamral i an, di sease states associated with

an increase in TEFPOFEFS 075t GEFR PP ER YL SRR af B & PNg pept i di ¢
caspase i nhi bi t amcoFppd lexX@IPler2i-THI0) codent wikdel 52 caspas eeppBidtid-or s have
been shown to reducgéi niarct si.ze_and inhibit cardi onyocyte ,apolgt 0Si S

after myocardi al®} MPAFRET o1 2FEAFREEBL FHP viRIWRECaPd BedfofBgi cal
deficit resultingdehgaest il let orriesithr cpeghtd EUBBhdTnARRPERSI S and

neurol ogi cal deficit in 25 traumatjc brain injury, to be effectjve in
treating fulsﬂ‘i NP APy 67 HedtS EBHW#Y nd ]f‘%‘l“? %Fgar’g?ﬁRWVaF}’elﬁf ter

endot oxi ¢ shock.BMaloi #ta 249-db5 (CheTU atikabi, 9% al276B{d&98) MeBndres et al .,
J Cerebral Bl ood.El ow,an i 38,. £1998); .Cheng al ., J.
Cin. 30 Invest .?he.f[bl,z'%fggzi\{??ggg)%&@ak(é\gﬁ:ég' gflcao.%,so e‘i\leat;elr‘ds@%‘élﬁléee, 17,
7415 (1997); RodBT1&queéZ-é3 £1995)). Exmverbidle B4 pi2069 Kak@9opn Grobnyer et

al . Nl Ned, 5,585 (1990)., 62004/ 106304, RCTLUS2004/ 16409 10010 I

general , the peptidic 1nhi escri
10  prepared where R is an acyloxymethyvlketone 'CPCHQOCOR'.

R’ is exemplified by an optionally substituted phenyl
such as 2,6-dichlorobenzoyloxy and where R is COCHyX where
X is a leaving group such as F or Cl. Thornberry et al.,
Biochemistry 33, 3934 (1994); Dolle et al., J Med. Chem.

15 37, 563-564 (1994).

{00091 The utility of caspase inhibitors to treat a
variety of mammalian disease states associated with an
increase in cellular apoptosis has been demonstrated
using peptidic caspase inhibitors. For example, in

20 - rodent models caspase inhibitors have been shown to
réduce infarct size and inhibit cardiomvocyte apoptosis
after myocardial infarction, to reduce lesion volume and
neurological deficit resulting from stroke, to reduce
post-traumatic apoptogis and neurological deficit in

25 traumatic brain injury, to be effective in treating
fulminant liver destruction, and to improved survival
after endotoxic shock. Yaoita et al., Circulation, 97,
276 {(1998); Endres et al., J Cerebral Blood Flow and
Metabolism, 18, 238, (1998); Cheng et al., J. Clin.

30  Invest., 101, 1992 (1998); Yakovlev et al., J
Neuroscience, 17, 7415 (1997); Rodriguez et al., J. Exp.
Med., 184, 2067 (1996); Grobmyer et al., Mol. Med., 5,
585 (1999).



above are very potent against:-sone of the caspase enzynes. However, this
pot ency has not always been reflected in cellular nodels of apoptosis. In
addition 5 peptide inhibitors are typically characterized by undesirable
phar macol ogwoabospneaperti es such as poor oral absorptloqxnﬁgﬁﬁ ?lelty and
rapid metabolism Plattner and Norbeck, in Drug D scovery Tec nol ogi es,

Cl ark and Moos, Eds. (Ellis Horwood, Chichester, Engl and, 10)1990) [ 0011]
Recogni-zing the need to inprove the pharnacological properties of. the
peptidic caspase inhibitors, peptidom netic inhibitors have been reported.
Anongst these, inhibitors where the P3 amino acid has 15 been repl aced by
derivatives of 3-am nopyridin-2-ones and Ekaninopyrinidin 4- ones have been
reported (U. S. Patent 5,756,466 (Bem s et al. ; PCT Publication No. WO

95/35308 (Bemi s;@416y . ) | tRObd::R, abne bepMedic HADb38rs 24l vkl 996):
CGol ec et al. Bloorg Med. “Chem Lett. 181, 20 (1997); Senple et al,

Biorg. Med. Chendbeed tare7V63138$Pten(t1@9573)I)St Fequqf e €8SPIRE i nher ent

problens of the Qﬁ%ﬁrﬁé@ C gbPbidi ! @hss SRR fﬁ&élﬂu@%mgyg%@enneed for small
nmol ecul e, nonpepti caspase inhibitors that are potent, 25 stable, and

penetrate nenbraﬁ%%qu¥%§révl%ﬁi%ﬂﬂ?@c@?@@is|0ﬁhﬁB¢E¢Qﬁ1Sef Epasidesiieni n vi vo.

Such conpounds wgubeh fe 1n8Xb1 €58 YruSefplcdifyt ERAEd NG 4 heq afpr ement i oned
di seases where caspase _enzynes play a role. WO 2004/ 106304

PCT/ US200410167 08146 5btRaplaiatacop e ¢ide MRt | DerL SuChhas @asgertal nvent i on
provi des a conmpoyRghAft1chor puba stabhi®ity and rapid metabollsm

Plattner and Norbeck, in Drug Dlscovery Technologles,
Clark and Moos, Eds. (Ellis Horwood, Chlchester, England,

10 1990). ,
[0011] Recognizing the need to improve the
pharmacological properties of. the pepfidic caspase
inhibitors,  peptidomimetic inhibitors have been reported.
Amongst these, ‘inhibitors where the P3 amino acid has

15  been replaced by derivatives of 3-aminopyridin-2-ones and
S5-aminopyrimidin-4-ones have been reported (U.S. Patent
5,756,466 (Bemis et al.); PCT Publication No. WQ 95/35308
(Bemis et al.); Dolle et al. J. Med. Chem. 39, 2438,
(1996); Golec et al. Bioorg. Med. Chem. Lett. 7, 2181;

20 (1997); Semple et al, Biorg. Med, Chem. Lett. 7, 1337,
{1997)).
[0012] Due to the inherent problems of the peptidic
inhibitors, there continues to be a need for small
molecule, nonpeptide caspase inhibitors that are potent,

25  stable, and penetrate membranes to provide effective
inhibition of apoptosis iﬁ vivo. Such compounds would be
extremely useful in treating the aforementioned diseases

where cagpase enzymes play a role,



R4 \ 0 RI111 NN~-NR5 Ho Rs HO 5 wherein: R, R, R3, R, and R5 are
as defined herein. [0014] The present invention also provides

phar maceutical conpositions conprising a compound of formula |I and nethods
usi ng suchvwmeeursd and 10 conpositions for treating caspassiowesizest ed

di seases. The present invention also provides processes for preparing the
conpounds of formula |. Detail ed Description ofthe Invention [00151 The
present invention provides a conpound of 15 formula |l: R2 R4 0 R ~N NN Rb5
HOR3HO wherein: R is RGC(O-, HC(O-, R6S02-, R60C(O -, (R6)2NC(O) -

20 (R6) (H)NC(0)-, R6(0)C(O-,1 R6-, (R6)2NC(O)C(O) (R6) (H) NC(0) C(0) -,

or R6OC(0)C(O-; R2 is hydrogen, -CF3, ha'do i - OR7, -NOZ -OCF3, -CN, or R8
R3 is hydrogen or (Cl-C4)-4liphatic-; R4 is -COOH or -COORS; 25 R5 is -CH2F
or -CH20 2, 3,5, 6-tetrafl uor ophefytnaryo20tke MIFLOYIRCT( US2004( 016706 -7 R6
is (MCl2)-aliph ( )

(&RB-AO- heteroc;la/(%:l g‘lj %£%8§¥ﬁ%%§{gﬁgg?é+%&% %11% Cﬂp\éhna ot

cycl oal i phati c- (f@tm@ia)l

RZ
R4
) g
=¥ N , 5
N \)/LN R
H o RS H o
5 I

wherein: R!, R?, R’, R?, and R® are as defined herein.
f0014] The present invention also provides
pharmaceutical compositions comprising a compound of
formula T and methods using  such cdmpounds and

10 compositions for treating caspase-mediated diseases. The
present invention also provides processes for preparing
the compounds of formula I.

Detailed Description of the Invention

[0015] The present invention provides a compound of
15  formula I:

wherein:
R' is RéC(0)-, HC(O)-, R®S0;-, RPOC(0O)-, (R%)sNC(O)-,
20  (R%®) (H)NC(O)-, R°cC(O)C(0O)-, RS-, (Ré)zNC(O)C(O)n
(R®) (H)NC (0)C(0)~, or R°OC(0)C(0)-;
R? is hydrogen, -CFs, halo, -OR’, -NO,, -OCF;, -CN, or R%;
R® is hydrogen or (C1-C4)-aliphatic-;
R* is -COOH or -COOR®;
25 R° is -CHF or -CH;0-2,3,5,6-tetrafluorophenyl;




al i phatic-, (C6-C0)-aryl-(Cl-C12)-aliphatic-, (C3 5

C10) - heterocycl yl - (Cl -C12)-al i phatic-, (C5-C10)-

het er oaryl (Cl1-Cl12)-al i phatic-, or two R6 groups bound to the sane atomform
t oget her wWwWoRp4i6304t om a 3- to 10-nenbered aromati c OPCHORWO4NMETOCC rlng,
wherein the ring is optionally fused to a (C6-Cl0)aryl, (C5 10

C 0) heteroaryl, (C3-C10)cycloalkyl, or a (C3 C10) heterocyclyl wherei n up
to 3 aliphatic carbon atons may be replaced by a group sel ect ed from 0, N,
N(R), S, SO and S02; and wherein R6 is substituted wth up to 6
substituents i ndependentl y selected from 715 R, R is halogen, -OR7,
-OC(ONR )2, -N@®, CN,-CF3, -0OCF3, -R7, 'oxo, thioxo, =NR7, =N(OR7), -

1, 2- et hyl enedi oxy, 1, 2-ethylenedioxy, -N (R7)2' -SR7, -SOR, -S02R7,

- S02N(R7) 2, SO3R?7, 1@(@)1R¢121qb)p@@@¢e= (%@@p@(@)@z@ahp@egm(oymgﬁ?)z 20

0) CH2C(0) R7, - : 0 N(R7) 2,
gC()O)N( g(?))z C(S) N R% ! ?o%%éo&ﬁ(ﬁ é?fdﬁ-qr\l( C)OR(7 )
- N(R7) N( R7) C( 0) ORAetaqerryhe R7<)®@N@¢2)77czfcloméml)asamw1 N{me SOZN( R7) 2,

-N(R7) C(O) OR?7, - N(.RZ% g Z,
-NER?%g((SgN(R')Z (A;SQP%Q}LE?J (d‘é(BZbﬁ(%ﬁ F&Clb&ﬁ %R‘/)Z -C(O) N (OR )

R, -C(=NORP)R7, Ci&P FtFG’W@Yl P@tnc Ppbishatioy) (RGO -P(0) (1

(OR7) , two R7 gr ounS A0t hel-hizhbai henatious &0 why ﬁh dheps Bbgndound form
a 3- to 10-nmenbered aromatic or non 30 aronafic rlng%1 tavm up to 3
S

het er oat ons i ndepefidiel Famg teet Errigngather(Wtip thet Sepm gy 33020 wher ei n

the ring is opti qmirde»ﬁbtn,yé@daxto%a%lé@r ARk s i d CBngClindietier egey! ,
(C3-a Ocycloal kyl, or a (C3 WO 2004/ 106304 PCTI Us2004/ 016706 g

C10) het er ocycl yl , B \?ﬁePEFW%Yr friehd® ap(¢o@0)aryl, (C5-
10 Cl0)heteroaryl, (C3-Cl0)cycloalkyl, oxr a (C3-

Cl0)heterocyclyl; wherein up to 3 aliphatic carbon
atoms may be replaced by a group selected from O, N,
N(R), S, SO, and SO.; and wherein R® is substituted
with: up to 6 substituents indepéndently selected from

15 R;

R is halogen, -OR’, -OC(O)N(R’)z, -NO;, -CN, -CFs,
-OCF;, -R’7, oxo, thioxo, =NR’, =N(OR”), 1,2-methylenedioxy,
1,2-ethylenedioxy, -N(R’)z, -SR’, -SOR’, -SO;R’, -SO;N(R')j,
_SOsR", -C(0)R!, ~C(0)C(O)R?, ~C(0)C(0)OR!, -C(0)C(O)N(R")s,

20 -C(O)CH:C(0)R’, ~C(S)R’, -C(S)OR’, -C(0)OR’, -OC(O)R’,
~-C(0)N(R")z, -OC{O)N(R")z, -C(S)N(R")z, =-(CHj),-sNHC(O)R’,
-N(RT)N(R7)COR’, -N{(R")N(R7)C(0)OR’, -N(R’)N(R’)CON(R")2,
-N(R7) SO;R”, -N(R")SO;N(R’)2, -N(R")C(0)OR’, -N(R")C(O)R’,
-N(R7)C(S)R?, -N(R")C(O)N(R")2, -N(R")C(S)N(R"),,

25 -N(COR7)COR’, -N(OR")R’, -C(=NH)N(R’)2, ~C(O)N(OR")R’,
-C(=NOR"}R7, -0P(0) (OR")z, -P(0) (R7)z, ~P(0) (OR"),, or
-P(0) (H) (OR") ;

two R’ groups together with the atoms to which they
are bound form a 3- to l0-membered aromatic or non-

30 aromatic ring having up to 3 heteroatoms independently
selected from N, N(R), O, S, SO, or SO;, wherein the ring
is optionally fused to a (C6-ClO)aryl, (CbH-
Cl0)heteroaryl, (C3-Cl0)cycloalkyl, or a (C3-



substituents sel ected i ndependently fromJ2; or each R7 is independently
sel ected from hydrogen-, 5 (Cl-Cl2)-aliphatic-, (C3-C0)-cycloaliphatic-,
(C3-C10)-cycl oali phatic-(Cl-Cl12)-aliphatic-, (C6-Cl0)-aryl
(C6- C10) - aMr 200406302 2) al | phatic-, 10 (C3- ClO) het er ocyBE€YNUS2004/016706
(C6-C10) - heterocycl yl -(C1-C12)aliphatic (C5-ClO-heteroaryl-, or
(C5-A O -heteroaryl -(C1l-Cl1l2)-aliphatic-; wherein R7 has up to 3 substituents
sel ected i ndependently 15 fromJ2; and J2 is hal ogen, OR7, -0OC(O N(R7) 2,
NO2, -CF3, -OCF3, -R7, oxo, thioxo, =NR7, =NOR, 1,2-nethyl enedi oxy, 1, 2-
et hyl enedi oxy, -N(R7)2, -SR7, -SOR7, -S02R7, -S02N(R7)2, S03117, -C(O R7,
-C(O (O R7, -C(OC(O0OR7, 20 C(0)C(0)N(RPy2, -C(0)CH2C(0)R7, C(S)R?,
-C(SOR7, -C(OOR7 OC(OR7, -C(ONR7)2;,-CC(ONR7)2, -C(S)N(R7)2,
- (CH2) a- 2NHC( 0) R7,0) hNt & 9IYRYLCORY] wWiefBIn )ady @RnYy Kad Ojp ©) 3

- N(R7) N( R7) CON( R¢ R7 O OR7,
NRT) OOy Rr 25 R h%%g%%ﬂcﬁ%ﬁ%@%ﬁ%@ HRryo(SNR ) 2.
N(COR7) COR', - N(OR7) Ri¢h is- Gdeidnier7) 2 selecd(fBRM):R7, - C( =NOR7) R7,
-OP(O (OR7)2, -P(O (R7)6fyr BLO) (OR7) 2, or -P(O)(H)(O??), and R8 is
(C1-C12)-aliphatic- cycl oaI i phatic-, (C5- 30 C10)-aryl -

(C3-C10) - hetérocyclyl . (CB-C19) -aligthertdaryl -

(C3-C1O) -cycl oal i phatic-( -
(CB-ClO)-aryl - (d - CL2) - al %S}Ll@c-cfél&h%}l?tlheteroc clyl - (CL-Cl2) - aliphati c

or (C5-Cl0) WO 2004110630@3@1%326@4:@@15#@@0 (c1-c12)-aliphatic-,
{C6-C10)-aryl-,
(C6-C10) -aryl-(Cl-Cl2)aliphatic-,

10 (C3-C10) -heterocyclyl-,

(C6-C10) -heterocyclyl-(Cl-Cl2)aliphatic-,

(C5-C1l0)-hetercaryl-, or _

(C5-C10) ~heteroaryl-{Cl1-Cl12)-aliphatic-;
wherein R? has up to 3 substituents selected independently

15 from Jz; and

J, is halogen, -OR’, -OC(O)N(R')z, -NO;, ~CN, -CFs;, -OCFj3,
-R’, oxo, thioxo, =NR’, =NOR’, 1,2-methylenedioxy, 1,2-
ethylenedioxy, -N(R")2, -SR’, -SOR’, -SO;R’, -SO,N(R")a,
~803R7, -C(0)R7, -C(0)C(0O)R", -C(0O)C(0)OR’,

20 ~C(0)C(0)N(R");, -C(O)CH;C(O)R, -C(S)R’, -C(S)OR’,
-C(0)OR?, -0C(0)R’, -C(O)N(R")z, -OC(O)N(R")z,
-C(S)N(R")z, -(CHz)o-2NHC(0)R’, -N(R")N(R")COR’,
~-N(R")N(R7)C(0)OR?, -N(R7)N(R7)CON(R"),, -N(R’)SO;R’,
-N(R") SON(R")3, -N(R’)C(O)OR’, -N(R’)C(0)R’,

25 -N(R")C(S)R7, -N(R")C(O)N(R")z, -N(R’)C(S)N(R")3,
-N{COR’)COR’, -N(OR")R’, -CN, -C(=NH)N(R"),
~-C(O)N(OR7)R?, -C(=NOR")R’, -OP(0) (OR’);, -P(0)(R")3,
-P(0) (OR");, or -P(O) (H) (OR”); and

R® is (C1l~cl12)-aliphatic- (C3-C10)-cycloaliphatic~, (C6-

30 C10) -aryl-, (C3-C10)-heterocyclyl-, (C5-CL0)-
heteroaryl-, (C3-Cl0)-cycloaliphatic-(C1l-C12)-
aliphatic~, (C6-Cl0)-aryl-(Cl-Cl1l2)-aliphatic~—, (C3-
C10) -heterocyclyl-(C1l-Cl12) -aliphatic-, or (C5-Cl10)-



9 heteroaryl (Cl-Cl2)-aliphatic-, wherein up to 3 aliphatic carbon atons nmay
be replaced with a group selected fromO, N, N(R), S, SO and S02, and
wherein R8 is optionally substituted with up to 6 substituents 5

i ndependenigbyocabeed ed from R [0016] The present i nvertdmus2a04#06706 ovi des a
conmpound of formulal: RZ R4 OR~HI NNR5 HRaHO O 10 wherein: R1
is RGC (O R6S02-, R6OC(O -, (R6) 2NC (O R6C (O C(0) R6-,

(R6) 2NC(O) C(O -, or REOC(OC(O R2 is hydrogen, -CF3, halo, -OR7, -NQ2,
-OCF3, -CN, or R8; R3 is hydrogen or (Cl-C4)-aliphatic-; 15 R4 is -COCH or
-COORS; R5 is -CH2For -CH2O 2, 3,5, 6-tetrafl uorophenyl; R6 is
(Cl-C12)-aliphatic-(C3-Cl10)>cycl oal i phati¢-, (C6- Cl0)-aryl-

(C3-C10) -heterocyclyl -, (C5-Cl0O)- heteroaryl -

(C3-Cl10) - cycl oal i phatéfod- @i%lﬂaaallbﬁ)@@id—c wherein up to 3
(C6-Cl10)-aryl-(Cl-Cl2)-ali phatlc- (C3-

C10) - het er ocycl yl - BEIPRIDC SRFRPRAtONS 1R ke gpplaced with a group

het er oaryl (Cl- C12) sal éphd ifgom O N,War(RP, 06 0Wps BRENSD, :t ond ReesaAR atom form
together with that _ atoma 3- to 10-nenbered aromatic or nonaromatic ring,

wherein the 25 rin§ i%® GpELoretlYy SEHEBH YL WEER- WL FPafy PubRiESuents
C10) het er oar y4 , (@n@é@éﬁé@ﬂt@gl k¥lecten aréfcRk. C10) heterocycl yl; wherein up

to 3 aliphatic c ato ber | aced: b oup_sel ected f 0,
PRV B WS S B R T éy%w%tov ﬁ?%ﬁa Conpbund O

of formula I:

10 .. wherein:

R* is R°C(0)-, R®S0;-, RS0C(0)-, (R®),NC(0)-, R®°C(O)C(0Q)-
RS-, (R®),NC(0)C(0)-, or R®OC(0)C(0)~-;

R? is hydrogen, -CF3, halo, -OR’, -NO;, -OCFs;, -CN, or RY;

R?® is hydrogen or (Cl-C4)-aliphatic-;

15 R* is -COOH or -COOR?;

R® is -CH,F or -CH,0-2,3,5,6-tetrafluorophenyl;

R® is (Cl1-Cl1l2)-aliphatic- (C3-C10)-cycloaliphatic-, (C6-
Cl0)-aryl-, (C3=Cl0)-heterocyclyl-, {C5-ClD)~=
heterocaryl-, (C3-Cl0)-cycloaliphatic-{Cl-Cl2)-

20 aliphatic-, (C6-Cl0)-aryl-(Cl-Cl2)-aliphatic~, (C3-
C10) -heterocyclyl-{Cl1-C12)-aliphatic~, (C5-C10)~-
heteroaryl (C1-C12)-aliphatic-, or two R® groups bound
to the same atom form together with that atom a 3- to
10-membered aromatic or nonaromatic ring; wherein the

25 ring is optionally fused to a (C6-Cl0)arvl, (C5-
ClO)heteroaryl, (C3-Cl0)cycloalkyl, or a (C3-
Cl0)heterocyclyl; wherein up to 3 aliphatic carbon
atoms may be replaced by a group selected from O, N(H),
N(R), S, SO, and S0;; and wherein R® is substituted



WD 20041106304 PCT/ US2004/ 016706 -10 with up to 6 substituents

i ndependently selected from Ri's halogen, -OR 7, -OC(ON(R7)2, -N0O2, CN,
CF3, -OCF3,--R7, oxo, thioxo, 1,2-nethylenedioxy, 1,2 5 ethylenedioxy,
-N(R7) 2, SRP 200408304 - SO2R7, -S02N(R7)2, SO3R7, -C( 0O RPCTUSKQ/BETVPRY,
-C(OCH2C(OR7, C(S)R7, -C(OOR7, -OCC(OR7, -C(ONR7)2, -OC(O NR7)2,
-C(S)N(R7)2, -(CH2)0-2NHC(O) R7, -N(R7)N(R7)COR7, -N(R7)N(R7)C(O) OR7,

_N(R7) N(R7) CON(R7) 2, N(R7) SO2R7, -N(R7)S02N(R7)2, 10 N(R7)C(O OR7,
“N(R7) (O R7, -N(R7)C(S)R?, -N(R?)C(O)N(R?)Z, -N(R7) C(S) N(R7) 2,

-N(COR7) COR7, -N(OR7)R , -C(=NH)N(R) 2, O N(OR7)R7, C(=NOR7)R7 -0P(O
(OR7)2, -P(O (R7)2, -P(0) (OR7)2, or -P(0) (H (OR7) ; two R7 groups
together with the atons to which they 15 are bound forma 3- to 10-nmenbered
aromatic or non- arigiaticteihGubslireens todeperdantdut satetirfefelent | y
selected from N(Hg. N(R), 0, S, SO or SO2, wherein the ring is optionally
fused to a (C6-C10) aryl (CS- C10) hqteroaryl (C3-C10) cycl oal kyl, or a (C3
20 C10) het er ocycl yl , Rahdl heeenn d?%/lrr%(%géf{dp t % sEstiFaent s sel ect ed

i ndependent |y fuy@Fg -l ofAChRRExh S 1 Bdgpendrntdy oge! ected from
hydrogen-, (Cl-C12) ali hatlc 25 (C3- C 0)-cycloalip

atic-,
( C3- C10) - cyc|50a|qt&slwéﬁn ¥oew Ct¥YRAki gl i c= SOR(ceﬁQzEg 0N (R") 2,

CB- C10 | 2 1 ) 7
(b CL0) - et er o6 C%|?ab"?"@'}g7f,<o d@aarpstaelylogte, |

2004/ 106304 PCT/19S9 @a/or@%@ . C<0>N<R)zv -OC<ORN<R 21 C<}S/>N<R>z'
- (CH,) ¢-2NHC (O)R7, -N(R’ )N(R7)COR , =N(R")N(R")C(0O)OR’,

~N(R7)N(R")CON(R") 2, -N(R")SO:R’, -N(R’)S0:N(R")2,

10 -N(R7)C(O)OR’, -N(R")C(O)R’, -N(R")C(S)R", -N(R")C(O)N(R)3,
 -N(R))C(S)N(R"),, -N(COR')COR’, -N(OR")R’, -C(=NH)N(R’),,
~C(0)N(OR")R, -C(=NOR")R, -OP(0) (OR");, -P(0) (R7)3,

-P(0) (OR")z, or -P(0) (H) (OR);
two R’ groups together with the atoms to which they
15 ~are bound form a 3- to lO0-membered aromatic or non-
aromatic ring having up to 3 heteroatoms independently
selected from N(H), N(R), 0, S, SO, or S0;, wherein the
ring is optionally fused to a (C6-Cl0)aryl, (C5-
Cl0)heteroaryl, (C3-Cl0)cycloalkyl, or ; (C3-
20 Cl0)heterocyclyl, and wherein any ring has up to 3
substituents selected independently from J,; or
each R’ is independently selected from:
hydrogen-,
(C1l-C12)-aliphatic-,

25 (C3-C1l0) ~cycloaliphatic-,
(C3~-Cc10)~cycloaliphatic-(Cl-Cc12)-aliphatic-,
(C6-C10)-aryl-,
(C6-Ccl0)=-aryl-(Cl-Cl2)aliphatic-,

(C3-C10) -heterocyclyl-,

30 (C6-C10) -heterocyclyl- (Cl-Cl2)aliphatic-,

(C5-C10) -heteroaryl-, or



-11 (C5-C10) - heteroaryl -(Cl-Cl12)-aliphatic-; wherein R7 has up to 3
substituents selected independently fromJ2; and J2 is hal ogen, -OR7,
-OC(ON(R7)2, -N02, -CN, -CF3, -OCF3, 5 R7, oxo, thioxo,

1, 2- met hylwoeehsaxgsos 1, 2- et hyl enedi oxy, -N(R7)2, -SR7, PESORIS20048075%/
-'S02N(R7) 2, SO3R7, -C(OQR7, -C(OC(OR7, -C(OCH2C(OR7, -C(S)R7,

C(OOR7, -OC(OR7, -C(ON(R7)2, -OC(ON(R7)2, C(S)N(R7)2, (CH2)0-2NHC(O R7,
-N(R7) N(R7) COR7, 10 -N(R7)N(R7) C(0) OR7, N(R7)N(R7)CON(R7)i, N(R7)S02R7,
N(R7) 502N(R7) 2, N(R7)C(O OR7, -N(R7)C(O R7, N(R7)C(S)R7, -N(R7)C(0)N(R7)2,
N(R7) C(S)N(R7) 2, N(COR7)COR7, N(OR7)R7,-CN, -C(=NH)N(R7)2, C(O N(OR7)R7
C(=NOR7)R7, -OP(O (OR7)2, P(0) (R7)2, 151P{O(OR7)i, or -P (0) (H (OR7) ;
and Reis (Cl-Cl2)-aliphatic- (C3-Cl0)-cycloaliphatic-, (C6- Cl0)-aryl-
(C3-C10) - heterocycl yl -, (@5-@1@) -héed a0l ylel-c12) -aliphatic-;

gg g_'gg g}/;: oal %%I C%'fl ﬁaﬁ’ to, a;%l( Iéggg%nl.’gue’nts selected independently

C10) - heterocycl yfrc(nCiIhC]aE:)d— aI i phati c-, or (C5-C10)

het er oaryl (C1, 2 hat whe 2to 3. aliphatig._car at ons nay
be replaced wi tﬁalalﬁf%%% Sl e%éd ?82({5‘1)'%& %\T(H)NON( RI)%RI 8 §§d3 'SQR.

[0017] Anot hér enberll,merb, otthntd:qos iLni’/em’ahwﬁlepecﬂnmd»esiaz 25 corrpound V\/nerel n,
R is REC(O R6SCZ n . p{ ef epred di i In
anot her preferred }rl?gloe %%lb ah(R {?36 gﬁ EBRO %& her ON%F‘R%I’e

embodi ment, R is R603R[ 00—1C8(]O)Aﬁot-|®dlo)emtiﬂ|, rre@ntO)OZszCmm7l, nv@hs)lfﬂn provi des a

30 conpound wherein ( 0) - preferred
embodi nent, RL is ( R@(%{\'%ﬁ anoct(%%N 113Stzéf eoﬁ‘é’&ﬁéﬁ%m ment, Rl is
(R6) (HNC(0)-. In y@(S)a‘h(th hﬁr - (CHz) 0-2NHC (O)R”, -N(R")N(R’)COR’,

10 -N(R")N(R”)C(0)OR’, -N(R”)N(R")CON(R")2, -N(R")SO.R’,

-N(R") S0:N(R") 5, -N(R")C(0)OR’, -N(R")C(0)R’,
-N(R")C(8)R7, -N(R")C(O)N(R");, -N(R")C(S)N(R"),
~-N(COR7)COR’, -N(OR’)R’, -CN, -C(=NH)N(R’),,
-C(O)N(OR7)R’, -C(=NOR")R’, -OP(0) (OR")2, -P(0) (R")z,

15 -P(0) (OR7)3, or -P(0) (H) (OR7); and

R® is (Cl-Cl1l2)-aliphatic- (C3-C10)-cycloaliphatic-, (C6-
C10)-aryl-, (C3-Cl0)-heterocyclyl-, (€5-Cl0)-~-
heteroaxryl-, (C3-Cl0)-cycloaliphatic-=(Cl1-Cl2)-
aliphatic-, (éG—ClO)-aryl—(Cl—ClZ)—aliphatic—, {(C3-

20 C10)}-heterocyclyl-(C1l-Cl2})-aliphatic~, or (C5-C1l0)-
heteroaryl(Cl-Cl2)-aliphatic-, wherein up to 3
aliphatic carbon atoms may be replaced with a group
selected from O, N(H), N{(R), S, SO, and SO,.

[0017] Another embodiment of this invention provides a

25 compound wherein, R' is R®C(0)-, R%S0,-, or R®~. 1In a

preferred embodiment, R' is R®C(0)-. 1In another preferred

embodiment, R is R®S0O,~. 1In yet another preferred
embodiment, R' is R°®-.

[0018] Another embodiment of this inverition provides a

30 compound wherein R* is (R®),NC(0)- or (R®)0C(O)-. 1In a

preferred embodiment, R' is (R®)3NC(0O)-. In another

prefera:fed embodiment, R is (R®) (H)NC(O)-. In yet another
preferred embodiment, R* is (R®)0C(0)-



preferred enbodinent, RL is (R6)OC(0)-. 6 WO 2004/ 106304 PCT/ US2004/ 016706
-12 [0019] In one enbodi nent of this invention, each R6 is independently
(d-c4)-aliphatic-, (C3-C1O*' cycloaliphatic, (C3-CD0)-heterocyclyl,
(C5-C1O Wen289468p308 | ( C6- C10) aryl or (C6-Cl10)-aryl - ( CPCTURP04E16706 bei ng
under stood that optionally up to 3 aliphatic carbon atons may be repl aced
by a group selected fromO, N, N(R), s, SO and 502; and wherein R6 is
optionally substituted with up to 6 substituents independently selected
fromR or R6 is substituted as disclosed in any 10 of the enbodi nents
herein). [0020] In another enbodi nent, eg R6 is independently H,
(d-c4)-aliphatic- or (C6-C10)- aryl or each R6 together with the N-atomis
a (C3-C7)-cycloalli hatl c.__[0021] In another enbodi nent, each RG is

i ndependent 1y 1590€P1ca) -1 PBﬁa‘FIF]?Pdm@@B T Phifef BY RriAR o PREER cie) aryl-
wherei n the het e__haabyﬁd@{tlg.r yblla)%tlhgﬂgﬂd. subsgiguut ed or wherein each R6

together with the N—atoml é cloall phatic group. [00221 in
anot her enbodi nEHE; O%]ajcq’}“aﬁécv ( %Eé"ﬁén TIT%FYC’}Ml(CﬁCEO% 94 phatic- or

(C6-C10) -aryl -, nalegreityl, hQCGI’-QiO)l-&rythI@;_Fla(ldsyc§glb$gtﬂ1£1ut ed-or2wher ei n each
R6 t oget her th tge I\L%ﬁ%rg S & %%C hat| C. %0023114 n yet
anot her enbo g% F8%°9 & FEERL
(C3-C7)-cycl oaI |qahabncatoz1&5mé@6b£m}ggrlabya by (aCSrGlﬂ)sek‘ﬂfﬁlﬁi’edafyd)m opherein the
neveroaryl and aYhRle SRy gl SBLEnal 1o aubeLgted, o cach
to a preferred esmﬂbedmetr&d ofithhiys to 6 substituents independently
selgcted from R or R®is substituted as disclosed in any
10 - of ﬁhe embodiments herein). '
[0010] In another embodiment, each R® is independently
H, (Cl-C4)-aliphatic- or (C6-C10)-aryl- or each R®
together with the N-atom ig a (C3-C7)-cycloaliphatic.
[0021] In another embodiment, each R® is independently
15  (C1-C4)-aliphatic-, (C5-C10)-heteroaryl-, or (C6-C10)-
aryi~, wherein the heteroaryl or aryl is optionally
substituted or wherein each R® together with the N-atom is
a (C3-C7)-cycloaliphatic group.
[0022] In another embodiment, each R® is independently
20 (Cl%C4)—a1iphatic— or (C6-Cl0)-aryl-; wherein the aryl is
optionally substituted or wherein each R® together with
the N-atom is a {C3-C7)-cycloaliphatic.
[00231] In yet another embodiment, each R® is
independently (Cl-C4)-aliphatic-, {C3-C7)-cyc¢loaliphatic,
25 (C6-C1l0)-aryl-, (C5-Cl0)-heteroaryl, wherein the
heteroaryl and aryl are independently and optionally
substituted, or each R® together with the N-atom is a
(C3~-¢7)>cycloaliphatic.
[0024] According to a preferred embodiment of this
30 invention, R? is hydrogen, Cl-, C2-, C3-, or Céd-alkyl-,
-CF3;, -Cl, -OR’, -NO,, -OCF3, or -CN. More preferably, R?
is hydrogen, Cl-alkyl-, C2-alkyl-, or CF3. More
preferably, R? is hydrogen or CF;.



30 invention, R2 is hydrogen, -, C-, C3-, or C4-alkyl-, -CF3, -d, -OR7,
N2, -OCF3, or -CN. More preferably, R2 is hydrogen, G -alkyl-, C2-alkyl -,
or CF3. Mire preferably, R2 is hydrogen or CF3. WD 2004/106304

PCTI US2004W0260A066304 i - 13 [ 0025] Accordi ng to anot her pREiEs2ePIeNd0di nent ,
R3 is ethyl [0026] According to another preferred enbodinent, RS is

CH20-2, 3, 5, 6-tetrafluorophenyl 5 [0027] According to another preferred
enbodi ment, R5 is -CH2F. [0028] According to another preferred enbodi nent,
R8 is (Cl-Cl2)-alkyl. Mre preferably, R3 is (Cl-C4)-al kyl: [0029]
According to a preferred enbodi nent, each R and 10 J2 are independently

hal ogen, -OR 7,-0C(0O N(R7)2,-NC2, CN,-CF33--OCF3, -R7, oxo,

1, 2- et hyl enedi oxy, 1,2- ethylenedioxy, -N(R7)2, -C(OR7, -C(O C(O R7,
C(OOR7, OC(O) Rr0025) O) NARFYingr to OB{@HRPY efef3030badinesed Rérigi n, the
carbon atom desi, jons 15 may have the indicated integer and any
intervening integer. For exanple, the nunber of carbon atons in a

(A -C4)-al kyl gr 60926k 1, Aggolingr t4, andthsiropkdfdmredupdbodimod ,t Ratis hese
desi gnation refer _bh al.. _af ons in the appropriate group.
For exanple, 20 i%ﬁ% %Cgigdlo%)aé-eﬁgtag%%og?ﬁ@%he total nunber of carbon atons
and het er oat ofrs [8027) as PAcAEdingditaejnothersprefenred enbadtpsrvl,i Re)is 7, 8,
9, or 10. [0031] _Ag,pused herein, an aliphatic group i hcl udes

strai ght - chai ned and branched (?r oups having the _specified 25 nunper of

atons. |f the nufP@#8bf afeRRrddcuseperethddrreferzad sRarttnettouf Hes from 1

to 12 carbon atong1-Ag)-warld. betadsrstaagyal kenyl (@ndéor-zakkyny!
aliphatic [0029] According to a preferred embodiment, each R and

10 J; are independently halogen, -OR’, -OC(O)N(R')z, -NOg,
~-CN, -CF3, -OCF;, -R’, oxd, 1,2-methylenedioxy, 1,2-
ethylenedioxy, -N(R’);, -C(O)R’, -C(0)C(O)R’, -C(0)OR’,
-0C(0)R’, -C(O)N(R")3, or -OC(O)N(R’),.
[0030] As used herein, the éarbon atom designations

15 may have the indicated integer and any intervening
integer. For example, the number of carbon dtoms in a
(Cl-c4)~alkyl group is 1, 2, 3, or 4. It should be
understood that these designation refer to the total
number of atoms in the appropriate group. For example,

20  din a (C3-Cl0)-heterocyclyl the total number of carbon
atoms and heteroatoms is 3 (as in aziridine), 4, 5, 6 (as
in morpholine), 7, 8, 9, or 10. ‘
[0031] As used herein, an aliphatic group includes
straight-chained and branched groups having the specified

25 number of atoms. If the number of atoms is unspecified,
the aliphatic group has from 1 to 12 carbon atoms. As
would be understood, alkenyl and/or alkynyl aliphatic
groups have a minimum of 2 carbon atoms. Preferred
aliphatic groups are alkyl groups (preferably having from

30 1 to 6 atoms).
[0032] Accordingly, unless otherwise specified,
preferred aliphatic groups of this invention are alkyl

groups and have 1, 2, 3, 4, 5, or 6 carbon atoms. More



groups have a minimumof 2 carbon atons. Preferred aliphatic groups are

al kyl groups (preferably having from 30 1 to 6 atons).
unl ess ot herw se specified,

carbon atons.

2, 3, 4, 5, or,

carbon atons and are nonocyclic or bicycljg, including linearly fused,

[ 0032] Accordingly,
preferred aliphatic groups of this invention
are al kyl Woruwogwedd have 1, 2, 3, 4, 5, or 6 carbon aPORAIS200WAE7060
2004/ 106304 PCT/ US20041016706 - 14 preferred al kyl groups have 1, 2, 3,
Preferred al kenyl and al kynyl groups of this invention

or 4
have

6 carbon atons and nore preferably, from2, 3, or 4 carbon
atons. 5 [0033] Cycloal kyl and cycl oal kenyl groups have between 3 and 10

bri dged, or spirocyclic. A cycloaliphatit group is, preferably, a
cyl coal kenyl.. More preferred cycloalrphatlc groups are 10
e fprredaied ereges thaxe are2. Mor er fbrqa,arrémbayom%ycl oal kyl

cycl oal kyl or
3-, 4-, 5-, 6-,

rings. [0034] A%r‘é%%grgéra.el]{enylaéﬂcﬁmatl'k‘izngﬁ Oé'%up%r of e

6- 10- nenbered ri ng.systemthat contains at
of aromatic rind®VE52j ngl utle Spheny| 6 drdbanphtIns anflonds] pasfgsedliher ei n

a"heteroaryl" r3é§ﬁ§2t03rhﬂg4 s¥sb&mNawkng 5-10 nenbers and 1, 2,
wherein at | @astl®@3&lrin

a

het er oat ons i ndepe ndentgg selected fromN, N(R 0, S, SO and 502
y

inkBhEIS 1O @

| east one aromatic ring. Exanple

or 3

@%k@%ﬁ%ﬁﬁﬁ@a@?r@l IpeuRfy Hegel PebfRESbhene, or

thiazole). Prefesred Net@LamY htof OURE aBECndiodi18: BIMGILd1EENgs having 1
or 2 heteroatons. In certain enbodinents of this invention, nore preferred

heteroar’yl groupcAigipgokinaardy Fasrs, @6%1%1?‘?7 KT SRET QYIS - 255 0036]

Exanpl es of het efRaALKL i phags |g@6hb|d.'@s,2ﬁré'féﬁé@>ly, a cycloalkyl or a

10

15

20

25

30

cylcoalkenyl, More preferred cycloaliphatic groups are
3-, 4-, 5=, 6-, or 7-membered rings that are, more
preferably, cycloalkyl rings.

[0034] As used herein, "aromatic group”" or "aryl"
refers to a 6-1l0-membered ring system that contains at
least one aromatic ring. Example of aromatic rings
include phenyl and naphthyl.

[0035] As used herein a "heteroaryl" refers to ring
gystem having 5-10 members and 1, 2, or 3 heterocatoms
independently selected from N, N(R), 0O, 8, 80, and S0;.,
wherein at least one ring is heteroaromatic (e.g.x
pyridyl, thiophene, or thiazole). Preferred heteroaryl
groups are 5- or 6-membered rings having 1 or 2
heteroatoms. In certain embodiments of this invention,
more preferred heteroaryl groups are those that have
contain a "=N" group.

[0036] Examples of heterodryl rings include 2-furanyl,
3-furanyl, N-imidazolyl, 2-imidazolyl, 4-imidazolyl, 5-
imidazolyl, benzimidazolyl, 3-isoxazolyl, 4-isoxazolyl,
5-isoxazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, N-
pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl,
pyridazinyl (e.g., 3-pyridazinyl), 2-thiazolyl, 4-
thiazolyl, 5-thiazolyl, tetrazolyl (e.g., 5-tetrazolyl),
triazolyl f{e.g., 2-triazolyl and 5-triazolyl), 2=thienyl,



3-furanyl, Nimdazolyl, 2-imdazolyl, 4-imdazolyl, 5- imdazolyl,
benzi m dazol yl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-oxazolyl,

4- oxazol yl, 5-oxazolyl, N pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-pyridyl,
3- pyridyl " VaD2044/ppl4dy| , 2- pyrlnldlnyl 4- pyrlnldlnyl Pcpussivi/disnosl
pyridazinyl (e.g., 3-pyridazinyl), 2- thlazolyl 4- thlazolyl, 5-thi azol yl,
tetrazolyl (e. g., 5-tetrazolyl), - triazolyl (e.g., 2-triazolyl and
5-triazolyl), 2-thienyl, WD 2004/106304 PCTI US20041016706 -15 3-thienyl,
benzofuryl, benzothi ophenyl, indolyl (e.g., 2- indolyl), pyrazolyl (e.g.,
2-pyrazolyl), isothiazelyl, 1,2,3- oxad| ol yl, 1,2, 5-oxadi azol yl,

1, 2, 4-oxadi azol yl, 1,2, 3- trrazolyl thladlazolyl

1, 3, 4-thiad. IazonI 51,2,5- thladlazolyl purinyl, pyrazll I,

1,3, 5-triazinyl 3~ t&aﬁﬁﬂﬂd ﬁ@@zeéugyl @EGEPthﬂQQ¥$P¥18 %RQQ%ﬂ1|ﬁ9}9 4 2=

qU|noI|nyI) and i,806ui Nol kel 61 Ote. gl- | nehinyl , Hig@dw-nol i nyl, or
4-isoqui noli nyl)n% g 9 %g u(s)eglh(eergl n g (—:‘atglrlgcycllegbtré ergyto ring 10

system havi ng 3-4@: ﬁeﬁm@zéﬁﬁll 12, 5opxgdiracdvdat bn: 4ioradpaneibrt | v

sel ected from N M(R)trfhzo3y1501, 2 8044110 €1 1, ?%Iﬂﬂlgdhézéiﬂ”at' c
(e.g. plperldlne and norp g |ne) Preferred heterocch%é groups are 5- or
B

6- nenbered B nds 2h§vF1hbadila@P121hét‘é?lélaﬂ-orﬁYrafﬁnV@)OS%'P pesavl,

of heterocyclic rgngs1iagl ude o3; 14l pheRai 0320l 2n0080y1, 4-
3-(1-al kyl)- benf%nl azﬂf-Z o%ﬁ -@$%traﬂ¥drofﬁ$aﬁxl y tetrahydrofuranyl

2- tetrahydrot m%ﬁﬁeﬁwyl)a @@tiraﬁwwpﬁpe%ewg ol-hnpHerlieyl, 3-

3-nor phol i no, ﬂ&kﬂmﬁblﬂgﬂ_ZD}thﬂQkﬁHleﬁgﬂjzo 3-t hi onor phol i no,
4-t hi onor phol i no; yrrolldln yrrolldlnyl 3-pyrrolidinyl,

1-t et'r ahydr opi pe':roé’z"‘l E @%r%ﬁ’iﬁﬁrbﬁl PRFLRGRYELe S ’feeﬁ‘?‘rém‘}aer‘F%er azi nyl ,
1 piperiding, ?gyf%ltléﬁrhéj\hmd 3-30 phdd@idr@i Bxd . 1,120y bazdl Hdtdroatoms

independently selected from N, N{(R), O, S, S0, and SO,
wherein no.ring is aromatic (e.g., piperidine and
morpholine). Preferred heterocyclyl groups are 5- or 6-
membered rings having 1 or 2 heteroatoms.

15 [0038] Examples of heterocyclic rings incdlude 3-1H-
benzimidazol-2-one, 3-(l-alkyl)-benzimidazol-2-one, 2-
tetrahydrofuranyl, 3-tetrahydrofuranyl, 2-
tetrahydrothiophenyl, 3-tetrahydrothiophenyl, 2-
morpholino, 3-morpholino, Z—morpholino, 2-thiomorpholino,

20 3-thiomorpholino, 4-thiomorpholino, l-pyrrolidinyl, 2-
pyrrolidinyl, 3-pyrrolidinyl, l-tetrahydropiperazinyl, 2-
tetrahydropiperazinyl, 3-tetrahydropiperazinyl, 1-
piperidinyl, 2-piperidinyl, 3-piperidinyl, 1—pyrazolinyi,
3-pyrazolinyl, 4-pyrazolinyl, 5-pyrazolinyl, 1-

25 - piperidinyl, 2—piperidinyl, 3-piperidinyl, 4-piperidinyl,
2-thiazolidinyl, 3-thiazolidinyl, 4-thiazeolidinyl, 1-
imidazolidinyl, 2-imidazolidinyl, 4-imidazolidinyl, 5-
imidazolidinyl, indolinyl, tetrahydrogquinolinyl,
tetrahydroisoquinolinyl, benzothiolane, benzodithiane,

30 and 1,3-dihydro-imidazol-2-one.

[0039] Any of these cycloaliphatic, heterocyclyl, and
heteroaryl groups are optionally fused with a 5- or 6-

membered aryl or heteroaryl ring. Furthermore, each of



3-pyrazolinyl, 4-pyrazolinyl, 5-pyrazolinyl, 1 25 piperidinyl,

2- pi peridinyl, 3-piperidinyl, 4-piperidinyl, 2-thiazolidinyl,
3-thiazolidinyl, 4-thiazolidinyl, 1- imdazolidinyl, 2-imdazolidinyl,

4-i mi dazol Wi 2094/10684 i i dazol i di nyl, indolinyl, tetrahyB¢BYBPBIETHY]

t et r ahydr oi soqui nol i nyl, ‘benzot hi ol ane, benzodithiane, 30 and '

1, 3-di hydro-i m dazol - 2-one. 100391 Any of these cycloaliphatic,

het erocyclyl, and heteroaryl groups are optionally fused with a 5- or 6
menbered aryl or heteroaryl ring. Furthernore, each of WO 2004/106304

PCT/ US2004/ 016706 -16 any aliphatic, aryl, cycloaliphatic, heteroaryl, and
het erocycl yl may contain appropriate substi®uent s (preferably up to 5, nore
preferable up to 3, and even nore preferably, 0 or 1) independently

sel ected from fervsabigimpile, earbosyrlaabimatprefketpasubst#ntdient s

(i ncluding R andpd2ir&bfeiRal RGN ot SRE ap%rié@g?’subs@%%entgz oxo, -O0R,
- 0- benzyl, -0-phenyl, 1, 2-methyl enedi oxy, , 2- et hyl enedi oxy, -N(R7) 2,
-C(O R7, -COOR7 dPreteNiRiy) 2p toifer creRyreier@biend trerei ARE £IFT s

preferably H (Cyol@ &?&f@aﬁ%; ®ox{ €3~ CRietlrisenyl y and Rlckynyldm, Wokh
(A -C6)- alkyl being nost preferred). It should be understood that this
definition wotl d SKAEPiRIe CRrperY} lﬁiﬁ‘ R3t eBrefacyrd gt tuenba0] In

embodi ments of thigcidyaly ROBNINE)CaRe iaidgedd SHUST LiwigNtcB aohfki,rogen
atom preferred R groups are, selected fromthe group consisting of -R7,
SOR7, -S02R , - SH2N(FROy 2, OB 303R7PeRY @) RY; PRI Cloy RS thyderpi OReR 7,
C(0) (O N(R7) 2, 1C6 O OGRSy, CHERR ,, CERIERTY, -codi"OpORTcon & Q,N(R7) 2,
-C(S)N(R )2, -(CH2)0-2NHC(O R7, .20 N(R7).N(R7) COR7, -N(R7)N(R )CéO) O0R7,

N( R7) N( R7) CON( R y'2ereg jy) ko sief inefy reredoo (pheh )i PrReReyyy Ry (C1-

-N(R)X(OQR710 c6)-alkyl, or (C2-C6)-alkenyl and alkynyl), with (C1-C6)-
alkyl being most preferred). It should be uﬁdérstood
that this definition would include a perfluorinated alkyl
group.

[0040] In embodiments of this invention where R is a

15 ° substituerit on & nitrogen atom, preferred R groups-are
selected from the group consisting of -R7, -SOR’, -SO.R,
~S0;N(R")z, =-SO0sR’, -C(O)R’, -C(O)C(0)R’, -C(0O)C(0)OR’,
-C(0)C(0)N(R")z, -C(O)CH,C(O)R’, -C(S)R’, -C(S)OR’,
~C(O)OR?, ~C(O)N(R")z, -CISIN(R)z, - (CHp) o sNHC(O)R?,

20 -N(R")N(R")COR’, -N(R")N(R’)C(0)OR’, -N(R’)N(R")CON(R’)j,
-N(R’) SO;R7, -N(R’)S0.N(R7), -N(R7)C(O)OR’, -N(R’")C(O)R’,
-N(R")C(S)R?, -N(R")C(O)N(R")2, -N(R7)C(S)N(R')z,
-N(COR’)COR?, -N(OR")R’, -C(=NH)N(R’),, -C(O)N(OR")R’,
-C(=NOR")R”, -OP(0) (OR7)2, -P(0) (R"),, -P(0) (OR")z, and

25  -P(0) (H) (OR’), wherein R’ is defined herein (and is
preferably H, (Cl-C6)-alkyl, or (C2-Ch)-alkenyl and
alkynyl), withﬂ(Cl—CG)—alkyi being most preferred). More
preferably, such R groups are selected from the group
consisting of -R’ and -C(O)R’.

30 [0041] In preferred compounds of this invention, the

stereochemistry is as depicted below:




-N(R)C(S R, -N(R7))C(ON(R7)2, -N(R7)C(S)N(R7)2, -N(COR7)COR , -N(OR7)R7,
-C(=NH)N(R )2, -C(ONOR/)R, C(=NOR7)R7, -OP(O (OR) 2, -P(O) (R7)2,
-P(O (OR7)2, and 25 -P(O (H) (OR7), wherein R7 is defined herein (and is
preferably Wp 20610636) - al kyl , or (C2-C6)-al kenyl and - al ky; A
(C1-C6)-al kyl being nost preferred). Mdire preferably, syu(f;%bgl%og\rmcl)%@% are
selected fromthe group consisting of -R and -C(O R7 30 [0041] In
preferred conmpounds of this invention, the stereochem stry is as depicted
bel ow; WO 2004/ 106304 PCT/ US2004/ 016706 -17_ R2 R4 O RI~-NNNR5 HR3 HO
[0042] Any of the enbodi nents disclosed herein nmay be conbined to provide
alternative enbodinents of this inventiof7-Specific enbodi nents of this
invention may be 5 selected fromthe substituents depicted in the conpounds
of Table 1 [00431 The conpounds of thq%present invention are broad caspase
i nhibitors and have an inproved abilit over reported conpounds to inhibit

apoptosis (see 10 Exanples 42 and 43 ~x10044], Acc ing to a preferred
enbodi nent, this invention provi‘desla cpnpofind & formula la or |Ib RZF Rz
RN AN BN ORB HO F HORS HO
o rR M o

aa \ Ol~(RFOR R, N;NIRQ;%
[0042] any of the embodiments disclosed herein mhy be

H

combined to provide alternative embodiments of this
invention. Specific embodiments of this invention may be
5 'selected from the substituents depicted in the compounds
of Table 1 '
[0043] The compounds of the present invention are
broad caspase inhibitors and have an improved ability
over reported compounds to inhibit apoptosis (see
10 Examples 42 and 43).
[0044] According to a preferred embodiment, this

invention provides a compound of formula Ia or Ib

R? F R?
N o R* F N o F
R\ I N\:/U\NL”/\OQF R1\N”¢"\=/U\NL(\F
H o R H 0 F H o R H 0O
Ia Ib;

15 wherein R, R?, R?®, and R* are as defined in any of the

embodiments herein.

100451 According to a more preferred embodiment, the

compound of formula I of present invention provides a

compound of formula II, selected from Table 1 below:

20 o oII



la 1b; 15 wherein R, R2, R3, and R4 are as defined in any of the
enbodi ments herein. [00451 According to a nore preferred enbodi nent, the
conpound of formula | of present invention provides a conpound of fornula
11, selectdW2006§k063Hbl e 1 below. R2 OH Rl1~ NN R5 H R3POI/USIFPI6TH

2004/ 106304 PCT/ US2004/ 016706 -18 Table 1. Conpounds of the invention; E t
Rc.n7 RTEt Alt, M(CO HCHO0 23,5, 6-tetrafluorophenyl Et(C0)- H
CH2O 2, 3,5, 6-tetrafluorophenyl n-Pr(C=0) HCH2O 2, 3,5, 6-tetrafl uorophenyl
4 c-Pr(C=0)- H CH2O 2,3,5,6-tetrafl uorophenyl i-Pr(C=0)- HFt CH20-
2,3,5,6-tetrafl uorophenyl MOCH2(C=0 I—é Et CH O+- 2,3,5,6-tetrafl uorophenyl
~r 2-Furyl (C=0)- HEt CHZO 2,3,5,6- t ety quorophenyI S$, 3-Furyl (CO- H
Et CH2O 2, 3, 5, 6 tetrafluorophenyl 3 PyrldyI(C—O) HE CHRO 2,3,5 6-tetra

Iuorphea~y|
11 Ph(Q%;.
h ronlkl b o {F
'ﬁ'_f,“f;aar;:l)a\tﬁgnyr'yllG PJr ol 8 “'A’ Bt d%raflgogo%h?né’t afll u
TBr MeB{FEet0yOH Et GHg® 2| 3E5, GSGHQ,GH 2, Buaoﬁ)hmmclafluorophenyl
G-PT (C=0) - H Et ”fCH;Oﬁ 2.3,5,6+ tetrafluorcphenyl
i—Pr(é;iO)— H Et f‘CHz‘OS—, 2,3,5,6- tetraf‘luorophenyl
MeOCH; (C=0) - R | Bt [CH0- 23,5, §-tetrafiuorophenyl
2-Fury11(C=§0)- H BE CH0- 2,3,5,6~ tetraf‘luog;;,phényl“
3-Furyl (C=0) - H Bt | cﬂgq#i 2,3,5,6-tetraf | ,~,1;‘1‘3)pher1yl
3-Pyridyl (C=0)- H | Bt |CH0- 2,3,5,6-tetrafluorophenyl
3—Isothiazolé (C=0)| H Bt (‘HA- 2,3,5,6—tetr1‘[jq e
Ph(C=0) ¢ 5 Bt | CHjo 2.3,5,6-tetx
B0 (C=0) - H | Bt | CH0- 2,3,5,6-te
Me (C=0) - CF, | Bt |G- 2,3.5, 6-te
BENH (C=0) - H | Bt 2,3,5,6-te
‘ (Et),N(C=0) - H | Bt 2,3,5,6
"I Byrrolidinyl(C=0)- | H | Bt 2,3,5,6-tat:
" MeO (C=0) - H Bt | CH0- 2,3,5,6-tets '
;: Et (S0 - H | Bt | CH0- 2,3,5,6-Eat
n-Pr(s0z) - H Et | CHyO- 2,3,5,6—te£t:-
720 1-Pr (8051 - H | Bt |CH;d- 2,3,5,6-te
21 Ph(S0;) - 5 [ Et | CHb- 3,3,5,6-ta Toph
27 EE (S0;) - G, | Bt |CH0- 2,3,5, 6-tetratlus e v
23 Bn (C=0) B | 1-Pr | CH;0- 2,3,5,6-tetzrafl “3‘?ro1§;;ﬂeny1
28, Et (S0) TH | i-Br | CH0- 2,3,5, 6-tetratlusropienyl
25 Et(C=0) T we | CH:F Eeat
26 Ph(C=0) H | Me CH;F
TG [ 2, 6-DiciPh(C=0) H | Me CHF
28 Bn (C=0) H | Me CH;F
29 Et (C=0) H Et CHsF




18 Et (S02) H Et CH202,3,5,6-t tr&tluQo enyl 19 n-Pr(S02)- H Et CH20
2,3,5,6-te4llucroPl henyl 20 i-Pr(S02)- HEt CP,I20-

2,3,5 6-tetol flu6toi h'enyl 21 Ph(502)- HEt CO- 2,3,5,6- etr |udpophenyl

22 Et (S02) WaTpB4/Hoe3@HO- 2, 3,5, 6-t tr~fNro3t~enyl 23" BRCTUSH0MOI6TEr ' CH 2b-
2,3,5,6-tptx6fluoroMenyl 24 Et(S02) Hi-Pr CI 2,3,5, 6-tetrafLu6’ op', enyl
25 Et(C=0) H Me CH2F 26 Ph(C=0) H Me CH2F 27 2,6-DClPh(C=0) H Me CH2F 28
Bn(C=0) H Me CH2F .29 Et(C=0O H Et CH2F WD 2004/ 106304 PCTI US2004/ 016706
-199S Fxa~R & gr S-3p +Ph (CO HE CHF 31 2,6-DidPh(C=O H
Et CH2F 3'2 2-Pyridyl (C=0) H Et CHF .\,33 Bn(C=0) H Et CH2F 34 3-MEn(C=0
HEt CHF u 35a Et (C=0) H n-Pr CH2F ég Et (C=A) Hi-Bul CH2F 37 Bn(C=0O) M

Et CH2F 33 Thiazol-2-yl HFEt CHO 2 3 5 6-tetxafluorophenyl _39' n-Pro pyl
H Et CHRBy S ebxaf [uorophenyl TO0RE] Accor dig; £o ant
enbodi n : the : X QB Faventon 'ﬁl'“w f S AT £ e e s 31
conpri s Ag 5 a) a conpound gf orrruEFta 1, as defined h&rein, or
phar macptitiizcal y6-swicdphatt@ sql tit heriof| and b) a phaHgBceutically
aCCEpt a ! - ey B I)IL " B 1 CHSF
733 ~Bn (C=0) H | Et T CHyF
3-HeBn (C=0) H Et CH,F
Et (C=0] H |n-Pr CHoF
BE(C=0) H | i-Bu " CH,F
Bn (C=0) Me | Et | CH,F |
Thiazol-2-y1 H | Et | CH;0- 2,3,5,6-tetratluorophenyl
n-Propyl "H | Bt |CH;0- 2,3,5,6-tetrafluorophenyl
[0046] According to another embodiment, the present

inverition provides a pharmaceutical composition
comprising:

5 a) a compound of formula I, as defined herein; or a

pharmaceutically acceptable sélt thereof; and
b) a pharmaceutically acdeptablg carrier, adjuvant
or vehicle.
[0047] It will be apparent to one skilled in the art
10 that certain compounds of this invention may exist in
tautomeric forms or hydrated forms, all such forms of the
compourids - being within the scope of the invention.
Unless otherwise stated, structures depicted herein are
also meant to include all stereochemical forms of the
15  structure; i.e., the R and S coﬁfigurations for each
asymmetric center. Therefore, single stereochemical
isomers as well as enantiomeric and diastereomeric
mixtures of the present compounds are within the scope of
the invention. Unless otherwise stated, structures
20 depicted herein are also meant to include compounds that

differ only in the presence of one or more isotopically




or vehicle. [0047] It will be apparent to one skilled in the art 10 that
certain conpounds of this invention may exist in tautoneric forns or
hydrated forns, all such forns of the conmpounds being within the scope of

t he inventiwo.20ddnbess ot herw se stated, structures depi Cﬁ@ﬁU@%ﬁM‘m@re al so

meant to include all stereochem cal forms of the 15 structure; i.e., the R
and S configurations for each asymmetric center. Therefore, single
stereochemcal isoners as well as enantioneric and diastereoneric m xtures

of the present conpounds are within the scope of the invention. Unless

ot herwi se stated, structures 20 depicted herein are also neant to include
conpounds that differ only in the presenam-of one or nore isotopically WO
2004/ 106304 PCT/ US2004/ 016706 -20 enriched atoms. For exanple, conpounds
P e DreSeRliShIUChings GRGORahOlo | NEnbBRLAL SERALGOLEE | YT Ogen by
a deuteriumor tritrum or e replacenent of “a carbon al3C or

14C enri ched car bogsere %Wtﬂrﬁﬁ@}ge@co@@r dthet hﬁslic?ﬁi@mtl of a[ 00489 The
conpounds of this i epar 10 g 1{;@5 nown to
those skilled in gg%%% @Pg?ﬁé%@{r %uggcgﬂtolﬁlﬁldsggﬁ{c}?é Jé}élggé ar lgtl ve
exanpl es that f@& FawborFdw taheCpu%os@sef@TlChI@ﬁu@ﬁ@ﬁ éﬁe Wh*é’llmt |1 owi ng
Schenes I-1115fo CB g gyrgﬂl%shﬁvggtltolﬁe conpounds.of the present invention
are provided. oul d be understood that any protective group depicted
in the scherres rre[;?ol%] var ie¢ a8"RPPIISpPE atlls AVPRW Gt MAyoRBaPTERATCY with

ot her substituentjs. gdRelH049] m¥@1ﬂé&§l§n8mt€&tdﬂagegéﬁimm g Usad in the
met hods of this invention (see, e. T.W. Geene & FF.GM Witz, "Protective

Groups in Crganléogyﬂ??&EQQ¥s cg@gpunds and by the preparative examples
that follow. For the purposes of illustration, the

10  following Schemes I-III for the synthegsis of the

compounds of the present invention are provided. - It
should be understood that any protective grbup depicted
in the schemes may be varied as appropriate‘in view of
compatibility with other substituents.

15 (00491 Various protecting groups may be used in the
methods of this invention (see, e.g., T.W. Greene & P.G.M
Wutz, "Protective Groups in Organic Synthesis", 3%
Edition, John Wiley & Sons, Inc. (1999) and the earlier
editions of &his book). Typical functional groups that

20 must be protected are amines. Any amineg and other
functional groups may be protected according to methods
known in the art. Compounds, including amines, may be’
used with or without isolation from the reaction
mixtures.

25



Edition, John Wley & Sons, Inc. (1999) and the earlier editions of this
book). Typical functional groups that 20 nust be protected are am nes. Any
am nes and ‘other functional groups may be protected according to nethods
known i n t M) #P4/10680dnpounds, including am nes, nmay be BEEWSANIH/M6RNs Wi t hout
isolation fromthe reaction m xtures. 25 WO 2004/106304 PCT/ US2004/ 016706
21 Schemel 4 ? AR N2 RA RRRI~I NRS ,HOHa HR3IHOH R3R2 RL,N
NN RS HH Scheme | (a) EDC/ DMAP/ HOBt/ THF; (b) Dess-Martin periodinane; (c)
TFA/DCM 5 (0050] In Schene | above, the follow ng abbreviations are used:
EDC is 1-(3-dinethylamnm nopropyl)-3 ethylgcarbodiinide, HOBt is

1- hydr oxybenzotriazole; THFis tetrahydrofuran; TFA is trifluoroacetic acid;
DCM is dichloronmet hane; DVAP is 4-dinethylam nopyridine. Acid 1 10 is
coupl ed to ami n@chemahbl 2. Here the coupling is depicted using

EDC/ DVAP/ HOBt / THF, however, other suitable conditions nay al so be used.
Dependi ng on the nature of R4 £R85 an ami no R&t one may be used, I n place

of the \‘\Vjt L
R5
N ~" ~OH
R3

R4

R& ’

‘Scheme I (a) EDC/DMAP/HOBt/THF; (b) Dess-Martin
periodinane; (c) TFA/DCM

5 [0050] In Scheme I above, the following abbreviations
are used: EDC is 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide; HOBt is l-hydroxybenzotriazole; THF is
tetrahydrofuran; TFA is trifluorocacetic acid; DCM is
dichloromethane; DMAP ig 4-dimethylaminopyridine. Acid 1

10  is coupled to amino alcohol 2. ° Here the coupling is
depicted using EDC/DMAP/HOBt /THF, however, other suitable
conditions may also be used. Depending on the nature of
R* and R® an amino ketone may be used, in place of the
amino alcohol, thus avoiding the subsecquent oxidation

15 step. In the case of fluoromethyl ketones where R® ig
CH,F, the amino alcohol 2 may be obtained according to the
method of Revesz et al., Tetrahedron Lett. 1994, 35,

9693. In the case of tetrafluorophenoxy ketones where R®
is —CH¢O~2,3,5,6—tetrafluofbphenyl, amino alcohol 2 may be

20  obtained by methods analogous to those of Semple et al.,



am no al cohol, thus avoiding the subsequent oxidation 15 step. In the case
of fluoromethyl ketones where Rs is CH2F, the am no al cohol 2 may be

obt ai ned according to the nmethod of Revesz et al., Tetrahedron Lett. 1994,
35, 9693. MWo2he1m38e of tetrafl uorophenoxy ketones whereTRS2004/816706

-CH20 2, 3,5, 6-tetrafl uorophenyl, am no al cohol 2 may be -20 obtai ned by

nmet hods anal ogous to those of Senple et al., WO 2004/106304

PCT/ US2004/ 016706 -22 Bioorgani c and Medicinal Chem stry Letters, 1997, 7,
1337 (Schene 11). (0051] Finally the hydroxy group in conpound 3 is
oxidized (e.g., with Dess-Martin periodinane) and the 5 resulting conpound
treated appropriately according to the nature of R4. For exanple, in
product | if R4 is a carboxylic acid, then R4 in 3 is preferably an ester
that is hydrol ygbrbrigant heard #eldisiepl cthemhestre Habtersf 1 7estdt’/is a
t-butyl ester (i sechemisfxﬁzl is C02tBu), 10 treatnent with trifluoroacetic
acid will give the acrd. " The ester is preferably a t-butyl ester when the
other substituel0S1] | aFinaldapsahephedngvhoreinliie comar¥rddsis (0052] If R4
in product | is @}E&c@%ﬁf’(e?&‘ﬁ desh! 86k s 8RL-BE N B R8 1 REEPAT M Bucest eri fying
the corresponding 15 acid or by having the desired ester group already
present in conpoemd t2Ang\ePusoad] 063aePerPUSPUict/e3Y670eording teckHe |1 R4

R& "0 NS 1/ paeudd Qlred Eorbeégmple, in producg T if rR* is a
carboxylic acid, then R* in 3 is preferably an ester that
is hydrolyzed in the final step of the scheme. If thét
ester is a t-butyl ester (i.e., if R? is CO,tBu),

10 treatment -with trifluoroacetic acid will give the acid.
The ester is preferably a t-butyl ester when the other
substituents in I are compatible with acidic conditioﬁs.
[0052] 1f R* in product I is an ester, the desired
ester may be prepared by esterifying the corresponding

15 acid or by having the desired ester group already present

in compound 2.



R&> FR4 FzZN Y-OFFIIIOHF H " 6 F Schene |l (a)KF/ DVF/ ArOH, (b)
NaBH4/ THF; (c) H2/Pd/ C/ MeOH 5 [00531 In schene Il above, the follow ng
abreviations are used: KF is potassiumfluoride, DVF is N N

di met hyl f or!HQR90H@063Mr OH i s 2, 3, 5, 6-t et raf |l uor ophenol ; THET/US2004/016706

t et ahydrofuran; MeOH is nethanol. Conmercially available bronoketone 4
(R4A=CQ2tBu) is reacted with 10 2,3,5,6-tetrafl uorophenol and potassium
fluoride to give phenoxy ketone 5. The ketone is then reduced with, for
exanpl e, sodi um borohydride to give the alcohol 6, which is hydrogenated by
usi ng, for exanple, palladiumon carbon $ catalyst to give the amno

al cohol 2 (R4= 15 C2tBu, R5= CH2O 2, 3,5;6=Tetrafluorophenyl). WO

2004/ 106304 PCT/ US2004/ 016706 24 Scheme IIlI R2.... ONaN ZHN OH OH d, a
~ of HZtUN QGa&88Yme IM OH R3," R3 O HOSB -.r Tfo OBU 3 Y,

o = My
0

Scheme II (a)KF/DMF/ArOH; (b) NaBHy/THF; (c¢) Hy/Pd/C/MeCH

5 [0053] In scheme II above, the’following abreviations
are used: KF is potassium fluoride; DMF is N,N-
dimethylformamide; ArOH is. 2,3,5,6-tetrafluorophenol; THF
is tetahydrofuran; MeOH is methanol. Commercially
avalilable bromoketohe 4 (R*=CO,tBu) is reacted with

10 2,3,5,6—tetrafluorophenol and potassium fluoride to give
phenoxy ketone 5. The ketone is then reduced with, for
example, sodium borohydride to give the alcohol 6, which
is hydrogenated by using, for example, palladium on
carbon as catalyst to give the amino alcohol 2 (R*=

15 CO,tBu, R°= CHy0-2,3,5,6-tetrafluorophenyl) .



R3 Schenme 11 (a)H2 Pd/C McOH, (b) 5 PhCH2Q( CO) C / Na2CO3/ H20/ THF; (c¢)
(CF3SR)20 / 2,6 Lutidine/DCM (d) NaH THF; (e) Rl-d /Et3N DVAP/DCM ~ (f)

deprotonation with so
Rermoval WO 2004/ 1063

This is then reagt

chl oride may be used.

corresponding triflate.
(2-oxo-1, 2-di hydro-pyridin-3-yl)-carbam c acid benzyl ester (prepared by

TFA/ DCM [ 0054] In Schene 111 the folow ng abreviatons are wused; Zis a
benzyl oxycarmzmaylosprsot ecti ng group McOH i s 10 net hanol pCDOSLG04/016706

di chl oronet hane; TFA is trifluoroacetic acid; DVAP

i s4-di met hyl am nopyridine; THF is tetrahydrofuran. Pyridone acid derivatives
| can be prepared in chiral formusing the synthetic sequence shown in
Scheme I'l1l1. The starting (2-oxo0-1,2-di hydro 15 pyridin-3-yl)-carbam c acid
benzyl ester (R2=H) is
by Warner et al J. Med. Chem 1994, 37(194~ 3090-3099 Commercially
avai lable (R)-tert-butyl
trifl uoronet hanesaghphenitrr 20 anhydride and 2,6-lutidine in DCMto give the

prepared using a procedure simlar to that described
-2-hydroxybutyrate (R3=ethyl) is treated with

Reaction of the triflate with the anion of

i um hydri in THF) gives the N al kylated pyridone.

~

4 PGl US20044014706 -25 of the benzyl oxycar bonyl
protecting group u5|mg hydrbgenl‘ghd pal | adi um on carbon gives the an ne.

t h amiNapgfopri ate el ectrophile, tricethylam ne and

DVAP i nBCM  For exanpte ifRL is oequired to be RC=O 5 (an am ge) then an
appropriately substituted acid
be RS?(=0) 2 (sul phonam de) then anaappr \iﬁgﬁy sﬂbstltut p ul fronyl
If R is t

substituted chlorof ormate may be used N f OBy

| " M
OBu

Scheme III . (a)H; PA/C MeOH; (b)

crequired to

hl ori de iy be used. If R i
tar t ey then & nm

5 PhCH,0(C0O)CLl/NayC03/H,0/ THE; (C)V(CF3SOZ)ZO /- 2,6=
Lutidine/DCM; (d) NaH/THF; (e) R1-Cl/EtsN/DMAP/DCM; (£)
TFA/DCM
[0054]
used: Z is a benzyloxycarbonyl protecting group; MeOH is

In Scheme III the folowing abreviatons are

10  methanol; DCM is dichléromethane; TFA is trifluoroacetic
acid; DMAP is 4-dimethylaminopyridine; THF is
tetrahydrofuran. Pyridone acid derivatives I can be
prepared in chiral form using the synthetic seqguence
shown in Scheme III. The starting (2-oxo-1,2-dihydro-

15 pyridin-3-yl)-carbamic acid benzyl ester (R?*=H) is
prepared using a procedure similar to that described by
Warner et al J. Med. Chem. 1994, 37(19), 3090-3099
Commercially available (R)-tert-butyl-2-hydroxybutyrate
(R®=ethyl) is treated with trifluoromethanesulphonic

20 anhydride and 2,6-lutidine in DCM to give the
corresponding triflate. Reaction of the triflate with
the anion of (2-oxo-1,2-dihydro-pyridin-3-yl)-carbamic
acid benzyl ester (prepared by deprotonation with sodium

hydride in THF) gives the N-alkylated pyridone. Removal



10 R1 is RN(C=0) (urea) then an appropriately substituted carbanoyl

chl oride or isocyanate nmay be used. The other Rl groups nay be prepared
accordingly. Acid 1 is then prepared by deprotection of the ester by, for
exanpl e, o0 294/1068¢4l uor oacetic acid. The acid is then egupisemdsnmsio615 am no
al cohol 2 (Schene 1) [0055] Therefore, another enbodi ment of this invention
provi des a process for preparing-a conpound of formula |l: Rz RA 0O RN N-N
R HOR3 HQ (I) 20 wherein Rl, R2, R3, R4, and Rs, are as defined in
any of the enbodi nents herein, conprising: (a) reacting a conmpound of
formula (1Il1): RZ O RO NY!l-- OM OR3 (lIl)" - -- ----mmmmma- VO
2004/ 106304 PCT/ US2004/ 016706 -26- whereim™5R9 is -N®2, -C(OOR,

REC(O N(H) -, R6S02N(H)-, R60OC(OQN(H)-, (R6)2NC(QN(H) -, R6C(O C(O N(H)-
REN(H) -,  ( R6) 2NOEOFIBE Q)i oy o iRE0I( @r@ééa)ﬂ!d(nb') ool REAnbSnjadapendent | y

(LGS hetor oot PIRELR e GhriiChifg) 9% WRIRG, SymalDa Aty 21! -
cycl oal i phati c- (@@aqﬂgg.wguhphatamp;op@&ﬁtéﬂéﬂedi&pbh(IE4 trlethylamlne
and DMAP in DCM. For example if R' is required to be RC=0
5 (an amide) then an appropriately substituted acid
chloride may be used. If R' is required to be Ré(=0)2
(sulphonamide) then an appropriately substitutedréulfonyl :
chloride may be used. If R! is RO(C=0) (carbamate) then an
appropriately substituted chloroformate may be used. If
10 R is RN(C=0) (urea) then an appropriately substituted

carbamoyl chloride or isocyanate may be used. The other

R! groups may be prepared accordingly. Acid 1 ié then

prepared by deprotection of the ester by, for example,

using trifluorocacetic acid. The acid is then coﬁbled to
15 amino alcohol 2 (Scheme 1).

[0055] Therefore, another embodiment of this invention

provides a process for preparing a compound of formula T:

RZ
N 0 ,R4
R | NW/\LN/(“/RS
H o) RS H R

, (1)
20 wherein R, R?, R, R*, and R®, are as defined in any of
the embodiments herein, comprising:

(a) reacting a c¢compound of formula (III):




Cl2)-aliphatic-, (C3 Cl0)-heterocyclyl-(Cl-C12) 10 aliphatic-, (C5-Cl0)

het er oaryl (Cl1-Cl2)-al i phatic-, wherein up to 3 aliphatic carbon atons may
be replaced with a group selected fromO, NH, NR, S SO and. 502; and
wherei n RL&o0 mogpiss@anal |y substituted with up to 6 substirtusgnisieros

i ndependently selected fromR and 15 R, R2, R3 and R6 are as defined in any
of the enbodinments of formula (1) herein; with a conpound of fornula (I1V):
H2ZN 4 Y (IV) 20 wherein Y is either a carbonyl group or an OH group; and
R4 and R5 are as defined in any of the enbodinments of fornula (1) herein;
in the presence of peptide coupling conditions and a solvent; 25 provided
that if Y is an OH group, then the proces86-further conprises (b) oxidizing
the OH group to provide the conmpound of forrmula (I); and provided that if
RO is -N®, -C(QiRGn,.or -CN, the process conprises the further step of

t the -NCZ, 30 nt O N R SON
(2:8(%6 r1013&84 P?:Tf@SZ@Oth@an?GSO)Q‘%% ﬁé@@@m@ y {*RQF%C);’E@%D N( H) - LH. Y0

R6C(O) C(O N(H) -, ReMd{o)w (1 R6) @iﬁ'%@@ RAANH) = o5) dezbOﬁ«@) O @N(H)-. [00563
The coupling condi ti ons ma own to skill practitioners for

form ng pepti dyl bdﬁd)szNCSO%/‘F (é:f)érr(ﬁid' U ?%bO)@dH&Fﬁlbn's are EDC/ DVAP/ HOBt. A
preferred sol yengii pst hgrcpaauenenpagiaresen) S(CIHEL2) {A0Fhbtlin-a(r-ef erred

enbodi ment, - the Coggg?ngycfoallphatlc- (C6=C10)-aryl-, (C3- ClO)
heterocyclyl-; (C5—C105-heteroaryl—, (C3-C10) -
cycloaliphatic- (C1-Cl2)-aliphatic-, (C6-C10)-aryl-(Cl-
C12)-aliphatic-, (C3-C10)-heterocyclyl-(C1-Cl2)-

10 aliphatic-, (C5—C10)—heteroaryl(Cl—ClZ)—alippatic—,
wherein up to 3 aliphatic carbon atoms may be replaced
with a group selected from O, N(H), N(R), S, SO, and
SO,; and wherein R® is optionally substituted with up
to 6 substituents independently selected from R; and

15 R, R?, R? and R® are as defined in any of the embodiments

of formula (I) herein;

with a compound of formula (IV):

(TV)

20 wherein Y is either a carbonyl group or an OH group; and
R* and R® are as defined in any of the embodiments of
formula (I) herein;
in the presence of peptide coupling conditions and a
solvent;

25 provided that if ¥ is an OH group, then the process
further comprises (b) oxidizing the OH grdup to provide
the compound of formula (I); and
provided that if R® is -NO,, -C(0)OR', or -CN, the process
comprises the further step of converting the -NOg,

30 -C(O)ORY, or -CN into R°C(O)N(H)-, R°SO:N(H)-



formula (111) RZ ROR3 10 (II1) wherein R2, R3_, and RO are as defined
herein; 1is prepared by a process conprising: (c) reacting a conpound of
formula (V): R? ORs NORIO OR3 15 (V) wherein R R2, R3, and R9 are as
defi ned heWl 904/106304¢ sol vent in the presence of deprot eBETHG0HMEIi ons.

[ 0058] The deprotecting conditions will depend on the specific protecting
group (i.e., R10). For exanple, if Ro 20 is t-butyl, then preferred
deprotecting conditions would include acid hydrolysis. A preferred acid is
TFA. A preferred solvent is DCM Mre preferably the solvent and the
hydr ol yzi ng conditions conprise TFA and DCM |If R10is nethyl or ethyl, then
preferred deprotecting WO 2004/ 106304 PCT149520041016706 -28 conditions

woul d be basic (e g., aqueous NaOH). If RIC is benzyl, then the benzyl
group coul d be refower Miy) - hy tBR°ogena)wsis- [ G0699) d (0)a (gy ef ex’Ned) enbodi nent

the compound of - a¢f QLMY W2, dr RoEUTED R E-. (V)
[0056] The coupling conditions may be aﬁy known to
skilled practitioners for forming peptidyl bonds.
5 Preferred coupling conditions are EDC/DMAP/HOBt. A
preferred solvent in thé above embodiment is THF.
[0057] In a preferred embodiment, the compound of
formula (IIX}:

10
wherein R?, R?®, and R® are as defined herein;
is prepared by a process comprising:
(c) reacting a compound of formula (V):

15

wherein R, R%, R?®, and R’ are as defined herein;

in a solvent in' the presence of ‘deprotecting conditions.

[0058] The deprotecting conditions will depend on'the
specific protecting group (i.e., R!®). For example, if RC

20 . is t-butyl, then preferred deprotecting conditions would
include acid hydrolysis. EA preferred acid is TFA. A
preferred solvent is DCM.% More preferably the solvent
and the hydrolyzing condi@ions comprise TFA and DCM. If
RY is methyl or ethyl, thén preferred deprotecting




wherein R2, R3, RO, and R1Q are as defined herein; 1is prepared by a process
conprising: 10 (d) reacting a conpound of formula (M) R2 RO ~NH (V)
wherein R2 and RO are as defined herein; wth a conpound of fornula (VII):
15 O R3 (WVO2p04/8hWrein X is a suitable |eaving group; BEHUSRG/HAWORL are as
defined herein; 20 in the presence of a solvent and a base. (0060]

Preferably, Xis -I, -Sr, --d, -0OH, an alkylsulfonate, or an aryl
sul fonate. Wien X is -OH an WD 2004/ 106304 PCT/ US2004/ 016766 -29
appropriate | eaving group may be generated in situ (e.g., as in the

M t sunobu reaction). Preferred sulfonates.  include

-0-trifluoronethanesul fonate, -0- net hane®&ll f onat e, -0-benzenesul fonate,
-0-p 5 toluenesul fonate, -0-mnitrobenzenesul fonate, and -0-p-

ni t r obenzenesul fcwmdttelox&moalbﬂebdi &aring (groupaausens | NaGH) tth et Héds of
this invention 0 i g s Advanced
Organi ¢ Chem st ?)y th 1@51 \,%e d?%élém%?h?p I\/lc'i‘ﬁl%d gﬁdr?\“/éor‘f:%% ., John Wley &
Sons, New 10 Yderpﬁe@d_)ysi[SO%l] Any solvent that is conpatible with the-

gener ati on of anjyas; ey fie 5edeeRal eRbEMiABICENS chiithdeoBVF, Lol vene,
an : :

5. - formula (V):

(V)
wherein R?, R?, R?, and R' are as defined herein;
is prepared by a process comprising:

10 {d) reacting a compound of formula (VI):

OH
(VI)
wherein R* and R’ are as defined herein;
with a compound of formula (VII):
15
0
X\‘)J\OR“’
R®
(VII)
wherein X is a suitable leaving group; and
R* and R are as defined herein;
20  in the presence of a solvent and a baSe. ,
[0060] preferably, X is -I, -Br, ~-Cl, -OH, an

alkylsulfonate, or an aryl sulfonate. When X is -OH, an



[ 00621 Suitable bases include any that may renove a 15 proton fromthe
hydroxy group in (V). Such bases include BuLi,LDA, LHMDS, and NaH.
Preferably, the base is NaH [00631 Another enbodi nent of this invention
provi des aw@oowssn4f or preparing a conpound of fornul ap¢viokiopaoes \ 0
ReOR70 O R 20 (VIIl) wherein R is -CF3, -d, -OR, -NO®2, -OCF3, -CN, or
R8; and R3, R, R9, and R10 are as defined herein; conprising the step of
(e) reacting a conpound of forrmula 25 (1X): WD 2004/ 106304

PCT/ 11S2004/ 016706 -30 RZ Re, i N OH (I X) wherein R2 and RO are as

defined herein; wth a conpound of fornula (VII): O XLORL 5 R3 (VII)
wherein R3 and R10 are as defined hereint2%nd X is a suitable |eavi ng
group; in the presence of a solvent and a base. 10 (0064] Preferably, X is
-1, -Br, -0, -Ggproprist&ylesvifionatep anyave arplersted gimtsdtuwberg X is - OH,
an appropriate leaving qrQupIRY D& Q90gS at ek ded SLE Yl Frddhmtes
include -O-trifluoromethanesulfonate, -0-
methanesulfonate, -O-benzenesulfonate, -O-p-
5 toluenesulfonate, -O-m-nitrobenzenesulfonate, and =0-p-
nitrobenzenesulfonate. Suitable leaving groups useful in
the methods of this invention are well known in the art.
See, e.g., "March's Advanced Organic Chemistry", 5% Bq.,
Ed.: Smith, M.B. and March, J., John Wiley & Sons, New
10 York (2001).
[0061] Any solvent that is compatible with the
generation of anions may be used. Préferred gsolvents
include DMF, toluene, and THF.
[0062] Suitable bases include any that may remove a
15 proton from the hydroxy group in (V). Such bases include
BuL3i, LDA, LHMDS, and NaH. Preferably, the base is NaH.
[0063] Another embodiment of this invention provides a

process for preparing a compound of formula (VIII):

20 (VITI)
wherein: '
R? is -CF;, -Cl, -OR’, -NO,, -OCF;, -CN, or R%; and
rR?, R%, R®, and R'® are as defined herein;
comprising the step of (e) reacting a compound of formula

25 (IX) M - 1



as in the Mtsunobu reaction). Preferred sulfonates include
O-trifluoronmethanesul fonate, -0 15 net hanesul fonate, 0-benzenesul fonate,

-0-p toluenesul fonate 0-mnitrobenzenesul fonate, and -0-p

ni t robenzeMssWh4/Ha3e. [ 0065] Any sol vent is conpati bl ePGIUR2005@16¢8Ner at i on
of anions may be used. Such solvents include DM, 20 toluene, and THF.
Preferably, the solvent is THF. [0066] Suitable bases include any that may
renove a proton fromthe hydroxy group in (V). Such bases include Buli,
LDA, LHVDS, and NaH. Preferably, the base is NaH [0067] Another enbodi nent
of this invention provides a 25 process for preparing a conpound of fornula
(1); 1 WD 2004/106304 PCT/ U82004/ 016705 -3031 R2 R4 ORI~ NNSNR5 HO
HOR(l) wherein Rl, R, R3, R4, and R5, are as defined in any of .the
embodi ments herein, conprising. 5 (a) reactigig a conpound of formula (VI or
IX) R2 RO ~NOH (VI or IX) wherein: R9 ijs-NOX2, -C(O OR10, CN,

REC(O N(H) -, R6s02N(H)-, 10 R60C(0) N(H) -, 2NC(0) N(H) -, R6C(O) (O N(H) -,
REN(H) -,

OH
(IX)

wherein R? and R® are as defined herein;
with a compound of: formula (VII):
0

5 R®
‘ (VII)

wherein R’ and R'’ are as defined herein; and
X is a suitable leaving group;
in the presence of a solvent and a base.

10 [0064] Preferably, X is -I, =Br, =Cl, -0H, an
alkylsulfonate, or an aryl sulfonate. When X is -OH, an
appropriate leaving group-may be generated in situ (e.g.,
as in the Mitsunobu reaction). Preferred sulfonates
include -O-trifluoromethanesulfonate, -0-=

15 methanesulfonate, -0O-benzenesulfonate; -O0-p-
toluenesulfonate, —O—m—nitfobenzenesulfonate, and -0O=p=-
nitrobenzenesulfonate.

[0065] - Any solvent is compatible with the generation
of anions may be used. Such solvents include DMF,

20  toluene, ‘and THF. Preferably, the solvent is THF.

[0066] Suitable bases include any that may remove a
proton from the hydroxy group in (V). Such bases include’
BulLi, LDA, LHMDS, and NaH. Preferably, the base is NaH.
[0067] Another embodiment of this invention provides a

25 process for preparing a compound of formula (I):




(R6) 2NC(O C(O) N(H) -, or REOC(OC(ONH-; and R2, R3 and R6 are as defined
herein; wth a conpound of fornmula (X): R4 OYL NRS H R 15 (X) wherein
Y is either a carbonyl group or an OH group; and R4 and R5 are as defined
herei n; i nWOR804s0eHdnce of any of the coupling conditi oRET/HEINHEG706her ei n
and a solvent; 4 WD 2004/ 106304 PCTI US2004/ 016706 -32 provided that if Y is
an OH group, then the process further conprises (b) oxidizing the OH group
to provide the compound of formula (1), and provided that if R9 is -NO2,
-C(OOR O, or -CN, the 5 process conprises the further step of converting
the -NO2, -C(OOR10, or -CNinto R6C(O)I\é(1H)-, R6SO02N(H) -,  R6OC(0) N(H) -,
(R6) 2NC(OQ N(H) -, R6C(O C(O N(H) , RGN(H)-%~" (R6) 2NC(0) C(0) N(H) -, or

R60C(0) C(0) N(H) [0068] The compounds of this invention can be assayed 10
for their, ability to inhibit the relgpase of IL-1(3, caspase activity, or
apoptosis directly. Assays for each of the activities are known in the art.
Sel ected assays are described bel o™ rmaceutically acceptabl e
salts of the 15 conpounds of this |nvemtionf arel utilized in these
conpositions, those salts are Prefe ] ] i norgani ¢ or organic
acids and bases. Included anong

o R

(1)
wherein R, R?, R?, R*, and R®°, are as defined in any of
the embodiments herein, comprising:

5 (a) reacting a compound of formula (VI or IX):

RZ
\
R N
OH |
(VI -or IX)
wherein:
R® is -NO;, -C(0)ORY®, -CN, R°C(O)N(H)~, R®SO;N(H)-,
10 R6OC (O)N(H) -, (R®),NC(O)N(H)-, R®C(0O)C(0)N(H)-, R°N(H)-,

(R®) ,NC (0) C (0)N(H) -, or R°0C(0)C(O)N(H)-; and
R?, R? and R® are as defined herein;

with a compound of formula (X):

15 (X)
wherein Y is either a carbonyl group or an OH group; and
R* and R® are as defined herein;
in the presence of any of the coupling conditions defined

herein and a solvent;



such acid salts are the follow ng: acetate, adipate, alginate, aspartate,
benzoate, benzene sul fonate, 20 bisulfate, butyrate, citrate, canphorate,
canphor sulfonate, cyclopentanepropionate, digluconate, dodecylsulfate,

et hanesul f W@0&/1063kar at e, gl ucohept anoate, glycer opho%%ﬁﬁ?’@“‘“ EWPsul f at e,
hept anoat e, hexanoat e, hydrochl ori de, hydrobronm de, 25 hydroi odi de,

2- hydr oxyet hanesul fonat e, | actate, nal eate, = nethanesul fonate,

2-napht hal enesul f onat e, ni coti nate, oxal ate, panpate, pectinate, persulfate,
3- phenyl - propionate, picrate, pivalate, propionate, succinate, tartrate,
thi ocyanate, tosylate and undecanoate. Basg 30 salts include amonium salts,
al kali metal salts, such as sodium and pot assiumsalts, alkaline earth
metal salts, such as calciumand magnesiumsalts, salts with organic WO
2004/ 106304 PCT/ U3200yUigrd6thaldithysés, ayudl a§°@l@cyfé16@hék9ll%ﬁﬁwéssal ts,

N- et hyl - D- g ucam@helara%m@@hgés Wihh 028k 00 ACkds SHCRRS cBrgiUiae. | ysi ne,

and so forth. [0070] the basic nitrogen-containing groups can 5 be
quat er ni zed wi t ht§ﬂc¢PWsoﬁsf<Pli§%la alkyladal i des, such as nethyl, ethyl,

propyl, and butyl chlgrdf@ea BrOF degs and -m@gl desp) Bkl kyk S fahes, such as
dlnethyl diethyl, dibutyl and dianyl sul fates, |ong chain halides such as

decyl, | auryl 5 nprPSess srgricearine EHEBReT E$eP1 0f RGHIcFEnanths odiPdes,

ar al kyI hal i des, _sjlqgholas Qernz_ﬂq anco fobenrnt (il , bres, A es) and ot hers.. Water or
oi | -sol ubl e or (E)er5| bl e prqducts are there{% obt ai ned Sl£0071 The

conpounds utili 2500 (OHE) conffod NG OHY (Bhth Rt W) H hi SKNAFENt i on may

al so be nodified (Ry) kb (@PPeNH (BY-2PHF Ao pd)&: (oYRehjonalities to enhance

sel ective biol ogl caI ]oropert| es. Such nmodifj cations, are
The compounds of this invention can be assayed

10 for their,ability to inhibit the release of IL-1B, caspase
activity, or apoptosis di;ectly. Assays for each of the
activities are known in the art. Selected assays are
described below}

[0069] If pharmaceutically acceptable salts of the

15 compounds of this invention are utilized in these
compositions, those salts are preferably derived from
inorganic or organic acids and bases. ‘Included among
such acid salts are the following: acetate, adipate,
alginate, aspartate, benzoate, benzene sulfonate,

20. - bisulfate, butyrate, citrate, camphorate, camphor
sulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate; fumarate,
glucoheptanoate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, hydrochloride, hydrobromide,

25  hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate, 3-phenyl-
propilonate, picrate, pivalate, propionate; succinate;
tartrate, thiocyanate, tosylate and undecanoate. Base

30 salts include ammonium salts, alkali metal salts, such as
sodium and potassium salts, alkaline earth metal salts,

such as calcium and magnesium salts, salts with organic



known in the art and include those which increase biological penetration
into a given biological system (e.g., blood, |lynphatic system central
nervous system, 20 increase oral avai | abi | i ty, increase solubility to allow
adm ni st r atwonodayodsnd ection, alter metabolismand alter Pdﬁﬁ%mﬂ%léﬂﬁ&r etion.
[0072] Pharnaceutically acceptable carriers that may be used in these
conposi tions include, but are not 25 |imted to, ion exchangers 'alum na,
al umi num stearate, |lecithin, serumproteins, such as human serum al bum n,
buffer substances such as phosphates, glycine, sorbic acid, potassium
sorbate, partial glyceride m xtures of saturated vegetable fatty acids,
wat er, salts or 30 electrolytes, such as-géotanine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphat e, sodium chloride, zinc
sal ts, coll oi dal b&ddd,cancHegdeRicyl ohébSlidniaat €149l yvi nyl pyrrolidone,

cel | ul ose-based WO Zc%é,il{%%fm PCT/ US c%)04/ 21670% - 34 subs anc?&?‘
pol yet hyl ene gl YRt ¥oaPudt "o B6x y 7t MALEE| Vit bS8 n80RTH e8® waxes,
pol yet hyl ene- pol yoxirinepylesnind) aal p@lwmms poI yet hyl ene gI ycol and wool
fat. 5 [0073] Ac ng t preferred e t he, ositions of this
i nvention are fof%ﬁa{t ad FE70! t%gr BRI ol R ng%%rﬁ tgtlpéfl? ?r:lpul?s “Fanmal ,
preferably a hunaa cbfaltngnl.{:émmthuubh pii_:fiaﬁ'ﬂ'ffEC&sltlcler G.CD]Q‘IDDSYh&t]]l@RS of the
hal ati on spr ey - ToReCAFFE L r Pt P dal 9 BURAR PPy R nal 1y or via
an 1 npl ant ed reseragides 3hé ietimies}patsiityar ahlfa@emsedcheamchrdemhirlldes
subcut aneous, i&iééﬁ&iﬁoa but§¥ %UESé%yr’suh@t g%f“f&n%ukﬁain halides
. such as decyl, lauryl, myristyl and stearyl chlorides,
10 bromides and iodides, aralkyl halides, such as benzyl and
‘phenethyl bromides ‘and others. Water or oil-soluble or
dispersible products are thereby obtained.
[0071] The compounds utilized in the compositions and
methods of this invention may also be modified by
15 = appending appropriate functionalities to enhance
selective biological propertiés. Such modifications are
known in the art and include those which increase
biological penetration into a given biological system
(e.g., blood, 1ymp£atic system, central nervous gystem),
20 increase oral availability, increase solubility to allow
administration by injection, alter metabolism and alter
rate of excretion.
[0072] Pharmaceutically acceptable carriers that may
be used in these compositions include, but are not
25 limited to, ion exchangers, ‘alumina, aluminum stearate,
lecithin, serum proteins, such as human serum albumin,
buffer substances such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
30 electrolytes, such as protamine sulfate; disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride; zinc salts, colloidal silica,rmagnesium

trisilicate, polyvinyl pyrrolidone, cellulose-based




15 intra-synovial, intrasternal, intrathecal, intrahepatic, intralesiona
and intracranial injection or infusion techniques. Preferably, the
conpositions are administered orally or intravenously. 10075] Sterile

i nj ect abl ewbaomyn 06304 t he conpositions of 20 this i nventRGHUSEAH/BEaqueous or
ol eagi nous suspension. These suspensions may be fornmul ated according to
techni ques known in the art using suitable dispersing or wetting agents and
suspendi ng agents. The sterile injectable preparation may also be a sterile
injectable 25 solution or suspension in a non-toxic parenterally-acceptable
di luent or solvent, for exanple as a solution in 1,3-butanediol, Anong the
acceptabl e vehicles and sol vents that ma@4be enployed are water, Ringer's
sol ution and isotonic sodiumchloride solution. 30 In addition, sterile,
fixed oils are cenberdriazal bylyerplleyedghscd ,sebdttmt or suspendi ng nmedi um

For this purpos é bl.an fixed ail he.enpl oyed including synthetic
nono- or di-dgl ycée'?F%%; ; elj—:gl%’??eciiiéﬁ $° shie azicsry@\ﬁggﬁoﬂafﬁ@304
PCT/ US2004/ 0167060ly85ndlescepatyckyamdpyisnaibloeki pel derisvat i ves are usef ul
in the preparat| - Janj.ect.. - 1S tura

SO S POL A2 "y 801, 2

phar maceuti cal | y=ar such as olive oil or castor oif,

especi al 'y in5thdPP7pbl yoRgeohging d¢ 8 veefsirgnd. ebediancpitl, Soé utions or
suspensi ons TRy aba0os GO Be A ANGnGOALILALCANRLAfllIdiQR! £8f di Sper sant,
such as car boxymnet yﬁ cell'ulose; 'or simTar dispersing agents which are
commonl y used i nPhhvndeauniical i afmisfisgharhurdgt cadinelac psptabielwiesage forns
including 10 emyl,gLQns.;@Qd suspensions. Qther comonly used surfactants,
such as Tweens, Spans and other enulsifying agents or bioavailability
enhancers whi ch dpg7@bnnnﬁpyh pharmaceutical compositions of the present

10 invention may be administered orally, parenterally, by
inhalation: spray, topically, rectally, nasally, buccally,
vaginally or via an implanted reservoir. ~The term
“parenteral” asg used herein includes subcutaneous,
intravenous, ‘intramuscular, intra-articular,

15 = intra-~synovial, intrasternal, intrathecal, intrahepatic,
intralesional and intracranial injection or infusion
technigues. Preferably, the compositions are
administered orally or intravenously.

[0075] Sterile injectable forms of the compositions of

20 this invention may be aqueous or oleaginous suspension.
These suspensions may be formulated according to
techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectable

25  solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example
as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are water,
Ringer's solution and isotonic sodium chloride solution.

30 In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this
purpose, any bland fixed oil may be employved including

synthetic mono- or di-glycerides. Fatty acids, such as



used in the manufacture of pharmaceutically acceptable solid, liquid, or
ot her dosage fornms may al so be used for 15 the purposes of formulation.
[0076] The pharmaceutical conpositions.of this invention may be orally
admi ni st erwd 2003186394 oral | y accept abl e dosage f or m i nclREH/BFI04ME70% ot
limted to, capsules, tablets, aqueous suspensions or solutions. in 20 the
case of tablets for oral use, carriers which are comonly used include

| act ose and corn starch. Lubricating agents, such as nmagnesi um stearate,
are also typically added; For oral administration in a capsule form
useful diluents include | actose and dried_corn 25 starch. \Wen aqueous
suspensions are required for oral use, tRe-active i ngredient is conbined
wi'th emul sifying and suspending agents. |f desired, certain sweetening,
flavoring or col oteihy aagentsdnits allsoebiladidedvaf DOkl hrAl tieehdt iivel y, t he
pharmaceutical c It .30 0of, this .invention my be adm nistered in the
form of  supposi %??ﬁellsetp %r%%%%toaf A ﬁ"f%?bs Fat %%n?rerf%ggrégn be prepared by
m xi ng t he agent phatteceusdrady-ecoephable ididsi ngu@x @spiodhtewhilclori s sol i d at
room WO 20041106304 .US2004 6, -36.te rag.l iquid at recta
t enper ature and g?ﬁ%ﬁ%}é?é g??%g%gﬁg f%'%ﬁg&rgggﬂﬁé#%ﬁyggégée t he drug.
Such mat eri al § i metsdmscocThachaitaidr sobeeiswmx ognsusyisjiensyhanelgloycol s. 5
[0078] The phar ical 5t [ L ny.end.it al be

adm ni stered toglE ggﬁllyr?%e%ggg‘ipgfl& g\?\g%lﬁglt tt?’glltagrrlgg%&eor%l S?r@ gg%?r%’ntsalgﬁcl udes
areas or organs apeiNopvaetleglidsldubgse o Gahihppldismershng i auanddi ng

di seases of the gye.nthe gghﬁ;@?fy JdsBe {ovWele ieBlgsidiin L@ tract. Suitable

topical fornulations are readily . :
pharmaceutically acceptable dosage forms including

10  emulsions and suspensions. Other commonly psed
surfactants; such as Tweens; Spans and other emulsifying
agents or bicavailability enhancers which are commonly
used in the manufacture of pharmaceutically acceptable
solid, ligquid, or other dosage forms may also be used for

15 the purposes of formulation.

[0076] The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, bqt not limited to,
capsules, tablets, aqueous suspensions or solutions. In

20 the case of tablets for oral use, carriers which are
commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in -a capsule
form, useful diluents include lactose and dried corn

25 starch. When aqueous suspensions are required for oral
use, the active ingredient is combined with emulsifying
and suspending agents. If desired, certain sweetening,
flavoring or coloring agents may also be added.

[0077] Alternatively, the pharmaceutical compositions

30 “of this invention may be administered in the form of
suppositories for rectal adminigtration. These can be
prepared by mixing the agent with a suitable

‘non-irritating excipient which is solid at room



prepared for each of these areas or organs. [0079] Topical application for
the lower intestinal tract can be effected in a rectal suppository
fornmul ation (see above) or in a suitable enema formulation. 15
Topi cal | y- Wa29gdedetl pat ches nmay al so be used. [0080] PBEE/USH9#/614I06
applications, the pharmaceutical conpositions may be fornmulated in a
suitabl e ointnment containing the active conponent suspended or dissolved in
one or nore carriers. Carriers for topical 20 adnministration of the
conpounds of this invention include, but are not limted to, mneral oil,
liquid petrolatum white petrolatum pr 32_%; ene glycol, polyoxyethylene,
pol yoxypropyl ene conpound, emulsifying wa¥ and water. Alternatively, the
phar maceuti cal 25 conpositions can be fornulated in a suitable lotion or
cream cont ai ni ng tehpextiree bubnpioment st susqperidedmperatdiresahited in one or
nor e phar maceut i c b carrjers. Suitable carriers_include, but
are not linited %?%fgﬁl&cneer%gﬁ%o%‘ -Sorbit %nr‘?%ﬁ%ns%8a’?§teea‘,sep5ﬁ§s%rrur?ate 60, 30
cetyl esters waxguchktmsreriadkcoholyde? cocty Imadeeanoteswarenagl al cohol and
wat er. [0081] Fo | m_c he pharnmaceutical conpositions my be
formul ated as mi @F%ﬁ?{ze e?&sﬁe CE‘?lost‘n's WO 2004/ 106304 PCT/ US2004/ 016706 - 37
in isotonic, pH d8PU8ted Fher Pharmsdaunécabroonmprefeiaid ywf thsssol utions in
i sotonic, pH adj il e i:ne j W 0 i thout a
preservative suc%ﬁgggt enyﬁpaﬁf;%ﬂ%m’ac ?%%%%?WA}:{;%%%JTWVelafr?ecfloarl;l\o’pht hal m c
5 uses, the phar wheeuths dargenpotittcotnentyingd ufles mifersedr drgars oi nt ment
such as petrol at eyt | , ifi 2this
i nvention nay al ggh %ieﬂg%ﬁgg%%gwgseggéﬁaggggggggf%é, (mélgélﬁgh

diseases of the eye, the skin, or the lower intestinal

10  tract. Suitable topical formulations are readily
prepared for each of these areas or organs.
[0079] Topical application for tﬁe lower intestinal
tract can be effected in a rectal suppository formulation
(see above) or in a suitable enema formulation.

15 Topically-transdermal patches may also be used.
[0080] For topical applications, the pharmaceutical
compositions may be formulated in a suitable ointment

containing the active component suspended or dissolwved in

one or more carriers. Carriers for topical

20 administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, -polyoxypropylene compound, emulsifying
wax and water. Alternatively, the pharmaceutical

25 compositions can be formulated in a suitable lotion or
cream containing the active components suspended or
dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limited
to, mineral oil, sorbitan monostearate, polysorbate 60,

30 cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,
benzyl alcohol and water.
[0081] For ophthalmic ‘uge, the pharmaceutical

compositions may be formulated as micronized suspensions




i nhal ation. Such-conpositions are prepared according to 10 techni ques

wel | -known in the art of pharmaceutical fornulation and may be prepared as

solutions in saline, enploying benzyl alcohol or other suitable

preser vat i WO2004/186886r pt i on pronoters to enhance bi oavai PEHV$Z094016706

fl uorocarbons, and/or other conventional solubilizing or 15 dispersing

agents. [0083] The above-described conpositions are particularly useful in

t herapeutic applications relating to an SL-1 nedi ated di sease, an apoptosis

medi ated disease, an inflammatory di sease, an autoi munedi sease, 20 a

destructive bone disorder, a proliferativ§7disorder, an infectious disease,
t

a degenerative disease, a disease associated with cell death, or various

fornms of liver disease. Such diseases include those related to
r heumat ol ogy andiBuintemaai t9H lcistad straddat 8RS @ry hPFeferably,

osteoarthritis, QsteORAHESLSin SHIOHLE, IMPWa ustyd NRBLEISUS,) 81, er oder ma,
chronic thyroiditis, Gave's disease, nyastﬁen|a gravi s, autoi nmune

neut ropeni a,  autdFbRiuTE the®BT ytitdoahedriRresehF bR 6Penfa, juvenile

rheumat oi d ar t hr bbh 5,1 00801 wBENCR)r18eSY NKNQIRat Sy, Fo30osMadaTE,
macr ophage activation syndrome, and sarcoidosis; auto-inflammtory

syndromes, sueh #§eScrifiSpyPrreraddrat etPmPesibéres JavdPentermyliatefudi ng

Mickl e- Wl | s' syndpoge,oinaficht adugolad petigakia, chronic WO 2004/ 106304
PCT/ US2004/ 016706 __-38 infantile neurol ogi cal cutaneous and articular

syndrome (a. k. al9%8dhat afPerRRaMacebE 58k SRMPAFHaARE Ofy this sease) ),

fam 'ial mediteriaheaitdnewel, aTd-RE Associ Akeda RerdLdiicasyasione ( TRAPS),
Hyper-1gD periodic, fever 5 Syndrone (H DS), and Bl au' ssyndrone, dernatol ogy,

such as psori asiBRaAtGRe derPRIGAPLSILIons pRE, PEARFFEE aCCad@y to

}O techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing bénzyl alcohol or other suitable preservatives,
absorption promoters to enhance biocavailability,
fluorocarbons, and/or other conventional solubilizing or

15 -dispersing agents.

[0083] The above-described compositions are
particularly useful in therapeutic applicationg relating
to an IL-1 mediated disease, an apoptosis mediated
disease, an inflammatory diséase, an autoimmune disease,

20 - a destructive bone disorder, a proliferative disorder, an
infectious disease, a degenerative disease, a disease
associated with cell death, or various forms of liver
diseage. Such diseases inc¢lude those related to
rheumatology and autoimmunity, such as rheumatoid

25 arthritis, osteoarthritis, osteoporosis, systemic lupus

erythematosus, scleroderma,; chronic thyroiditis, Grave’s
disease, myasthenia gravis, autoimmune neutropenia,
autoimmune hemolytic anemia, thrombocyvtopenia, juvenile
rheumatoid arthritis, gout, Behcet’s syndrome, Still’s
30 syndrome,; macrophage activation syndrome, and
sarcoidosis; auto-inflammatory syndromes, such as
cryopyrin-associated Periodic Syndromes, (including

Muckle-Wells syndrome; familial cold urticaria, chronic




vul garis, and penphigus; respiratory, such as asthma, adult respiratory

di stress syndrone, cystic fibrosis, enphysema, chronic bronchitis, chronic
obstructive 10 pul nobnary di sease, and idiopathic pulnonary fibrosis;

i nternal nB@ W4HWS3duch as inflammtory peritonitis, i RETARMAY/O6T06bowel

di sease, Crohn's disease, ulcerative colitis, autoimune gastritis,

H pylori-,associated gastric and duodenal ulcer disease, diabetes, 15
pancreatitis, glonmerulonephritis, chronic active hepatitis, excess dietary
al cohol intake disease, renal disease, polycystic kidney disease, burns,
organ apoptosis after burn injury, haenorrhagic shock, organ failure
(e.g., hepatic failure, acute renal fail w8, and 20 acute respiratory
failure), and endonmetriosis; transplants, such as graft vs, host disease
(GVHD) and orgatnfamndpl aptroBjeictalobutarmealsogyd stttivuaar! epkfomes  and
rel ated disorder el odys tic syndronme, nultiple el oma-rel ated bone
di sorder, acute Z%é?%ﬁeﬁﬁ%ngégfV%ﬁf%npgit%%?%ﬁpcl FBGERGYs | eukeni a,
netastati c nel adbseasedposamnsl 56 oedbtearmhenul fepie MPERDABssociated

cardi ovascul ar, such.as. GORaphe. Nadhbsfll S6986. rapULE s J6AT Fdlsease,
nyocardi al infarction, nmyocardial ~1schem’a, conhg Tive hear ailure,
at her oscl er os¥ s, SgadramoAEIDS ar tardy Bhgpas sygdabne ( BB Lodagdy acwicd cor onary

syndrome; t he cegtraloand per i phral detuaus SYSLEMRiy, SHEHoas, Auzhel mer s

di sease, Parkinson''s disease, ntington’s disease, nedy’s di sease,
prion di sease, WO:2982/s10683040RCHigBR001¢DNBROSrY - 3P cderebastimaschen a,

epil epsy, spinal Jee Yl AL aLL NN o RINOULARBLG. | ALRral: sehesasls, multiple
sclerosis, HV related encephalitis, traumatic brain’injury, spinal cord
i nj ury, neur ol ogeERlhysfagehdorie droncbkiels dichbenie obstructive

10  pulmonary disease, and idiopathic pulmonary fibrosis;
internal medicine, such as inflammatory peritoﬂitis,
inflammatory bowel disease, Crohn's disease; uicerative
colitis, autoimmune gastritis, H.pylori-associ%ted
gastric and duodenal ulcer disease, diabetes,

15 ‘pancreatitis, glomerulonephritis, chronic active
hepatitis, excess dietary alcohol intake disease, renal
disease, polycystic kidney disease, burns, organ
apoptosis after burn injury, haemorrhagic shock, organ
failﬁre {e.g., hepatic failure, acute renal failure, and

20 acute respiratory failure), and endometriosis;
transplants, such as graft vs. host disease (GVHD) -‘and
organ transplant rejection; oncology, such as leukemias
and related disorders, myelodysplastic syndrome, multiple
myeloma-related bone disorder, acute myelogenous

25 leukemia, chronic myelogenous leukemia, metastatic
melanoma, Kaposi’s sarcoma, and multiple myeloma;
cardiovascular, such as chronic heart disease, acute
heart disease, myocardial infarction, myocardial
igchemia, congestive heart failure, atherosclerosis,

30 . coronary artery bypass graft (CABG), and acute coronary
syndrome; the central and peripheral nervoﬁs systems;
such as Alzheimer’s disease, Parkinson’g disease,

Huntington’s disease, Kennedy'’s disease, prion disease,



5 neuropat hy, and acute and chroni c pain; ophthal onol ogy, such as uveitis,
retinal disorders, diabetic retinopathy, glaucoma, and keratitis;

i nfectious diseases, such as viral nedi ated di sease, sepsis, septic shock,
Shi gel | osi wp Zoeypasiosi s- B, hepatitis-C, hepatitis-G 10 BEI/USR0HEYWS, dengue
fever, Japanese encephalitis, H'V infection, tuberculosis, nmeningitis,
Pseudonmonas infection, and Acinetobacter infection; and other diseases,
such as agi ng. The conpounds and conpositions are al so useful in treating
conplications associated with 15 coronary artery bypass grafts. The anpunt
of conmpound present in the above-described conpositions should be
sufficient to cause a detectable decrease3Pn the severity of the disease or
in caspase activity and/or cell apoptosis, as neasured by any of the assays

known in the 20cafébrdl0Q84HemLOingpdp, apehiermeytad-NBitopty)e o
conpositions of this in ention‘nay'fyrther conprise. another therapeutic
agent. Such agen??y?ﬁﬁﬂﬁﬁﬂé, BHr A ECLRELS IS e R SOHPERABHY y i "agent s
such as tissue 2bepatsiricnegphaBidiisyatoaumitd cShEepi akdrasge. sphen acgsgcond
agent is used, thg.second aggnt,ggydbe admj nistered either as a separate
dosage form or asPPErf GFUACSPHEIE “GREYE FoFth SriHS h&d 8BRpdunds or
conposi tions bf hbisopdthyenthdnacudecandiditdonicapsmbiopddhpl epslicatyi, on for 30
si mul taneous, se S‘rff‘tae or i.égguerntti.%l lu e ir§ ggov%d%de b% ! j S i nglenti on.
[0085] Dosage | eVers BF I'SEtikeh Aottt 0 0P 878" abdtAC THo R EF B8y wei ght
per day, preferablyudeiareendaberdtiWs?0Ddfll#6804 PEHAIS80460462636 40 0.5
and about 75 mo/ kg, bpdy. el ght s ARL,odaY, gfs e s BELL §ARE, NN bi tor compounds
descri bed herein are usetul
Shigellosis, hepatitis-B, hepatitis-C, hepatitis-G,
10 vellow fever, dengue fever, Japanese encephalitis, HIy
infection, tuberculosis, meningitis, Pseudomonas
infection, and Acinetobacter infection; and other
diseases, such as aging. The compounds and compositions
are also useful in treating complications associated with
15 . coronary artery bypass grafts. The amount of compound
present in the above-described compositions should be
sufficient to cause a detectable decrease in the severity
of the disease or in caspase activity and/or cell
apoptosis, as measured by any of the assays known in the
200 art,
[0084] According to another embodiment, the
compositions  of this invention may further comprise
another therapeutic agent. Such agents include, but are
not limited to, thrombolytic agents such as tissue
25  plasminogen activator and $treptokinase. When a second
agent is used, the second agent may be administered
either as a separate dosagé form or as part of a single
|
dosage form with the compopnds or compositions of this
invention. Accordingly, a?combined preparation for
30 simultaneous, separate, orjsequential use is provided by
this invention. i
[0085] Dosage levels ofibetween about 0.01 and about
100 mg/kg body weight per aay, preferably between about



in a nonot herapy for the prevention and treatnent of a disease involving
caspase activity and/or apoptosis. 5 [0086] Typically, the pharmaceuti cal
conpositions of this invention will be adm nistered fromabout 1 to about

5 tinmes peWQwg4/9630dl t ernati vel y, as a continuous i nf uBCOWS2084/616706

adm nistration can be used as a chronic  or acute therapy. The amount of
active ingredient that 10 may be conbined with the carrier materials to
produce a single dosage formw || vary dependi ng upon the host treated and
the particular node of administration. A typical preparation wll contain
from about 5% to about 95% active conpound (W w). Preferably, such
preparations 15 contain from about 20% t o-“bout 80% acti ve conpound.  [0087]
When the conpositions of this invention conprise a conbination of a
conpound of formdl.& andredboone75 atigtker Boagdidiighnapet h@fapEULthe or

rophyl acti c agent bot.h.the conpound and the. additional agent should be
IC2)0 Brgsent at go?ﬁétée Tve ‘glg%t%ﬁ%é’ﬁuﬂ%%tﬂesfﬁlgﬁ ﬁﬁﬁ%lnaﬁﬁg YRG!
preferably between abuwartotberhpy 8896 athet beetordga andrimidtyeatbmiast ered in a

nonot her apy regi 088] s1t_shoul d al so be understood that. a specific
dosage and treat ﬁﬁég?a%eggl%n"]grllvf%? Y Bar Treu gy Bﬁ%f%tapo§§owq.| depend upon
a variety of Pactl@P861 i ncllyningllishe thet Phaimaceiittbel spegioki ¢iammpdund

enpl oyed, the age,.bo i.ght eral . héal th ex iet, tinme_ of
adni ni stration, s'lélltlg %?veél\ﬁfgtwioln'?g)r u&%‘gl lls%aetriegn?r%%aa%ofl}qeljﬁ%&?@ﬁ of the

treating physici antames wes deveer tayltfé@n@tivdigr,pasthccndrﬂ:rindbaease bei ng
s R
conposi tion. WO 200310630 rROT/ US2G04M0UB70E acdlve ingredient that
10 may be combined with the car;ier materials to éroduce a
single dosage form will vary depending upon thé host
treated and the particular mode of administrafion. A
typical preparation will contain from about 5% to about
95% active compound (w/w). Preferably, such preparations
15 contain from about 20% to about 80% active comﬁound.
[0087] When the compositions of this invention
comprise a combination of a compound of formula I and one
or more additional therapeutic or prophylactic‘agents,
both the compound and the additional agent should be
20 present at dosage levels of between about 10 to 100%, and
more preferably between aboﬁt 10 to 80% of the dosage
normally administered in a monotherapy regimen.
[0088] It should also be understood that a specific
dosage and treatment regimen for any particular patient
- 25 will depend upon a variety of factors, including the
activity of the specific compound employed, the age, body
weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and
the judgment of the treating physician and the severity
30 of the particular disease being treated. The amount of
active ingredients will also depend upon the particular
compound and other therapeutic agent, if present, in the

composition.



[00891 In a preferred enbodi nent, the invention provides a nmethod of
treating a mammal, having one of the aforenentioned diseases, conprising
the step of admnistering to said mammal a pharnmaceutically 5 acceptable
conposi ti oWQWeEeWed above. In this enbodi nent, if thBCPaSIE#016705 al so
adm ni stered another therapeutic agent or caspase inhibitor, it may be
delivered together with the conpound of this invention in a single dosage
form or, as a separate dosage form 10 When admi ni stered as a separate
dosage form the other caspase inhibitor or agent nmay be adm ni stered prior
to, at the sane tine as, or follow ng adm nistration of a pharmaceutically
accept abl e conposition conprising a corrp'é‘&ﬁd of ‘this invention. 15 [0090]
In order that this invention be nore fully understood, the follow ng
preparative and f£8€83hg éraappesfeaaredsatbdddneht, THesengranpdres are for the

purpose of 111 Usprati B aNL-ANd ¥ £-00L1P DE 05! 4Sag25nd 10H LhO the

scope of the invention in any
3-[2-(3-Acetyl anﬁﬁ@r@n@t@oﬂbﬁp@xseﬁsﬁzzel-wn)pribdlngrt;heardt@ol ofl- 0X0- 5

Vet hod A (9)-2- o BRSOy o PR RENES! Budiuleasdeciny) U1 Y Butyric
acid tert-but§l estertande?200didOB30s PEIE1ISRA04HOMS.70Gn tU2s :
embodﬁment, if the patient is also administered another
therapeutic agent or caspase inhibitor, it may be
delivered together Wifh the compound of this invention in
a single dosage form, or, as a separate dosage form.
10 When gdministered as a separate dosage form, the other
caspase inhibitor or agent may be administered prior to,
at the same time as, 6r following administration of a
pharmaceutically acceptable composition comprising a
compound of this invention.
15 [0090] In order that this invention be more fully
understood, the following preparative and testing
examples are set forth. These examples aré for the
-pﬁrpose of illustration only and are not to be constried
as limiting the scope of the inventioﬁ in any way.
20 | Example ‘1
(S,S)-3-[2—(3—Acetylamino—z—oxo—ZHprridin—1—y1)—
butyrylamino] ~4-oxo-5-(2,3,5, 6-tetrafluoro-pherioxy) -

pentanoic acid

25

0
0] I\ ®) OH E
/”\” N\:)LE:ll ~o .
0 XN 0
F
F

Method A:
(8)-2-(3-Benzyloxycarbonylamino-2-oxo-2H-pyridin-1-yl) =
butyric acid tert-butyl ester



0 [0091] To a cooled (0C) solution of (R -tert-butyl hydroxybutyrate (1.03
g, 6.43 mmol) in dichloronethane (25 nL), was slowy added 2, 6-1utidine
(1.38 g,12.9 5 mol) and then trifl uoronethanesul fonic anhydride (3.45 g,
12.2 nmol ) WOTHe4/H063d1 t i ng mi xture was stirred at 0C f oPCT/URMAH016106en
partitioned between tert-butylnmethyl ether (150 nlL) and an aqueous sol ution
of IMHC (30 nL). The organic |ayer was washed with brine (30 nL), dried
10 (sodiumsulfate), filtered and concentrated to afford the triflate as a
| ight brown oil. [0092] To a solution of(2=o0x0-1,2 dihydro-pyridin-3-
yl')-carbam ¢ acid benzyl ester (P. Warner et al., J. Med. Chem, 37, 19,
1994, 3090-3099)(1.73 g, 7.07 mmol) in dr‘y42I5 THE (60 nlL) was added sodi um
hydri de (60% di spersion, 257 ng, 6.43 muol) and the solution was stirred at
room tenperature for 45 mnutes. The reaction mxture was then slowy

transferred with a canul @ongo X sol utjion of the triflate prepared above in
. NQLé\ ,
q

THE (3 nL). The reagii BJQ(RI stirred at roomtenperature for 90
m nutes and quenthHa ous ammoni um chloride (10 nL). Most of the

sol vent was evaporafed and the resStdue was partitioned between Et OAc and
saturated aqueous NH4ACl. The organic |ayer was washed with brine (30 nm),

1 ash ohr omatogt SRS T0vc st AyFoc BRbt e el rrskanara 8t arvora ERE e
conmpound as a cayGuskEsgyaiake( 2148 @, &0094mmbH) NMR {400 ovbimetiE@XE13) 6 0. 92
(38 Lody el oy (oS Bl lgpech A e s W30 2098 100000
7.32- 5 mmol) and then trifluoromethanesulfonic anhydride (3.45
g, 12.2 mmol) .  The resulting mixture was stirred at 0°C
for 1 hour, then partitioned between tert-butylmethyl
ether (150 mL) and an aqueous solution of 1M HCL (30 mk).
The organic layer was washed with brine (30 mL), dried
10 (sodium sulfate), filtered and concentrated to afford the
triflate as a light brown oil.
[0092] To a solution of (2=oxo0-1,2-dihydro-pyridin-3-
vl)-carbamic acid benzyl ester (P. Warner et al., J. Med.
Chem., 37, 19, 1994, 3090-3099)(1.73 g, 7.07 mmol) in dry
15 THF (60 mL) was added sodium hydride (60% dispersion, 257
mg, 6.43 mmolf and the solution was stirred at room
temperature for 45 minutes. The reaction mixture was
then slowly transferred with a canula onto a solution of
the triflate prepared above in THF (3 mL). -The reaction

20 mixture was stirred at room temperature for 90 minutes

and gquenched with aqueous ammonium chloride (10 mL).
Most of the solvent was evaporated and the residue was
partitioned between EtOAc and saturated agueous NH,C1.
The organic layer was washed with brine (30 mL), dried

25 (MgS0,), filtered and evaporated. The residue was
purified by flash chromatography (10% ethyl

acetate/hexane) to afford the title compound as a
colourless oil (2.48 g, 100%): 'H NMR (400 MHz, CDCls) §
0.92 (3H, t), 1.45(9H, s), 1.94(1H, m), 2.25(1H, m), 5.23




7.43 (5H, m 7.92 (1H, s), 8.06 (1H, br d). Method B: (S)-2

(3- Am no- 2- oxo- 2H pyridin-1-yl) butyric acid text- 5 butyl ester O H2N o'
O [0093) To a solution of (S)-2-(3-

Benzyl oxyc¥Mb¥M/108¥H no- 2- oxo- 2Hpyri di n- 1-yl)-butyric 18CEHEPYWM4/e6T06but vl
“ester (2.48 g, 6.43 mol) in a mxture of McOH (15 nL) and EtOAc (15 nlL) was
added 10% Pd/ C (250 ng). The m xture was degassed and stirred at room
~tenmperature for 90 mi nutes under an atnosphere of hydrogen (ball oon
pressure), The reaction mxture was 15 filtered through a short pad of
silica which was then flushed with McOH The conbined filtrateswere
evapor at ed under reduced pressure to affdﬁ@‘the title conpound as a white
solid (1.62 g, 100%j 1H NMR(400 MHz, CDC13) S 0.91 (3H, t), 1.44(9H, s),
1.91(1H m, 2. 21(zH.Hszo 5T 41RA c'(dZH 6b32 S()l,H Sth 1104, (dd),ap, ¥L3elH t),
6.53 (1H d),

-2-(3-Acetyl am no % 0XO0- Zgbpyr:\% ﬂ% yF buto);r |(1Hac]?’adtert butyl ester 25
AN Nk H 0 WO 2884hd®dE804 PCT/ US2004/ 016706 -44 [0094] To a cool ed (00

sol ution of (S) %Sg32/¥§'%%1ﬁo Qﬁ%ﬁ%?ﬁgé%ﬁcafﬁ |(§5%E$H§é§kga§q%d tq;t but yl

ester (500 In di Trane
triethylanine5(2@9tﬁh esgter8 mmol) foll owed by acetic

SO K
AN

[0093] To a solution of (8)-2-(3-
Benzyloxycarbonylamino—2—oxo—zH;pyridin—l-yl)—butyric

10 acid tert-butyl ester (2.48 g, 6.43 mmoi) in a mixture of
MeOH (15 mL) and EtOAc (15 mL) was added 10% Pd/C (250
mg). - The mixture was degasged and stirred at room
temperature for 90 minuteé under an atmosphere of
hydrogen (balloon pressuré). The reaction mixture was

15 filtered through a short pad of silica which was then
flushed with MeOH. The combined filtrates were
evaporated under reduced pressure to afford the title
compound as a white solid (1.62 g, 100%); 'H NMR (400 MHz,
CDCls) O 0.91 (3H, t), 1.44(9H, s), 1.91(1H, m), 2.21(1H,

200 m), 4.24 (2H, br s), 5.50 (1H, dd), 6.11 (1H, t), 6.53
(1H, d), 6.77 (1H, 4).
(S)~-2-(3-Acetylamino~2-oxo-2H-pyridin-1-yl)-butyric acid
tert-butyl ester

25



5 anhydride (202 ng, 1:98 mmol ). The reaction m xture was stirred at room
tenperature for 12 hours and then partitioned between Et OAc and aqueous 1M
HCl . The organic layer was washed with saturated aqueous NaHCO3, brine (30
m.), driedwOMy®0ds304filtered and evaporated. 10 The respPdiesaegoipwsi fied by
fl ash chromatography (40% ethyl acetate/ hexane) to afford the title
conpound as a colourless oil (569 ng, 97%: 1H NMR (400 MHz, CDCl13) S 0.87
(3H, t), 1.40(9H, s), 1.91(2H, m, 2.13 (3H, s), 2.19(111, m, 5.38 (1H
dd), 6.26 (1H, t), 6.99(111, d), 15 8.33 (1H, d), 8.43(1H, brs). Method D
(5) -2-(3-Acetylam no-2 oxo-2H pyridin-l-yl) butyric acid 0 0 ANN)H O 20
[ 0095] A solution of (S)-2-(3-Acetyl ani no42-ox0-2H pyridin-1-yl)-butyric
acid tert-butyl ester (569 ng, 1.93 nmol) in dichloronmethane (5 nlL) was
cooled to OC.  Tibdd4lor oareta ccaried (&oan sonasiasdded @ydat e Agsdlslng

m xture allowed to mto.roo nperature and stir for 25 2 hours. The

m xture was then?’é%ﬁcéﬁ?’?é?éﬁ'@ﬁ’ézrrIRP'é‘d‘fftFeG‘ClﬁrE%E%‘rl%lté(ﬁde%w r@8Pdue

redi sol ved in dishl dr.osetmhabp:in Bichl praeasnan®ass mepeakedag@neral tinmes in
order to renove_excess trifl oacetjc acid., Theresulting solid was
slurried in diet E§ﬁect§rty§8?‘}n?i r&‘g'a%ﬁdlﬁﬂg‘ﬁéb TP HiPHRe droadstis304
PCT/ US2004101%708nhyd5 deo( 202lingt, hyil. 98thesl) . Thehs ofdattwas hhen @ iied to
constant wei ght er cuum . Thi s ve the tjitle prodyct. as a white solid
(327 ny, 719% : iﬁ%ﬁﬂ %ﬁoﬁ"%’ieméi’é-r%%iéﬁ) fjér 5)5 ﬂ%o‘tl%H,anH)Fheﬁ 02-2.17 (5H,
m, 4.98 (1H, ddpartB.tionedHpetrden, EY0BS fnbHagddous. 1M uElH, mhHe 9.30 (1H, s),
13.07 (1H, organic layer was washed with saturated aqueous NaHCOs,
brine (30 mL), dried (MgSO;), filtered and evaporated.
10 The residue was purified by flash chromatography (40%

ethyl acetate/hexane) to afford the title compound as a

colourless oil (569 mg, 97%): H NMR (400 MHz, CDCls) &
0.87 (3H, t), 1.40(9H, s), 1.91(1H, m), 2.13 (3H, s),
©2.19(1H, m), 5.38 (1H, dd), 6.26 (1H, t), 6.99 (1H, 4),
15 .8.33 (1H, d), 8.43 (1lH, br s).
Method D:
(8)-2-(3-Acetylamino-2-oxo-2H-pyridin-1-yl)-butyric acid

20 [0095] A solutiocn of (8)-2-(3-Acetylamino~2-oxo-2H-
pyridin-1-y1)-butyric acid: tert-butyl ester (569 mg; 1.93
mmol) in dichloromethane'(5 ml:) was cooled to 0°C.
Trifluoroacetic aéid (5 ml) was added and the resulting
mixture allowed to warm to room temperature and stir for

25 '2 hours. The mixture was ghen concentrated under reduced
pressure and the residue rédisolved in dichloromethane; .
This process was repeated éeveral times in. order to
remove excess trifluoroace%ic acid. The resulting solid

wag slurried in diethyl etﬁer, filtered and washed with



vbr s). Method E: (S, S)-3-[2-(3-Acetyl am no-2-ox0-2H pyridin 1-yl)-

but yryl am nol - 4- hydr oxy-5-(2, 3, 5, 6-tetrafl uoro-phenoxy) 10 pentanoic acid
tert-butyl ester 0 0 OFHOHOHdI F [0096] A stirred m xture of

(S) - 2- ( 3- Awet2p642m05300- 2  0x0- 2H- pyri di n- 1-yl ) -butyri c acPEI/P3296#/41§706
0.42'mmol ) 3 15 ami no-5- (2, 3,5, 6-tetrafl uorophenoxy) 4-hydroxy-pentanoic
acid tart-butyl ester (163 ng, 0.462 mol), HOBt (62 ng, 0.462 mol), DVAP
(56 ng, 0.462 mmol)and THE (5 nL) was cooled to OC then EDC (89 ny, 0.462
mol ) was added. The mixture was allowed to warmto roomtenperature 20
during 16h then concentrated under reduced pressure. The. residue was :
purified by flash chromatography (50-50%-4%hyl acetate/hexane) to afford
the title conpound as a white foam (221 ng, 92% ; }H NWR (400 MHz, CDC1,)
8 0,88- 0.93(3H, mpre diskhvi. 38hé:9H T8S) soiLch@aé Qﬁexﬂ J&tlea) t025or2stb5t2. 25
(4H, m, 255271%H,’n;3 70-4. 64 rgﬁ & , 6.30-6.35
(1H ). 6,75-6. YBI¢RH uaper vacyumy "4h fz‘ﬁ" thest-"s‘il% Prz??l EEH”lS ®. VO

2004/ 106304 PCT/ |§2004 HLG7Q627- regg e hodt Bi (400 iz, d6-DS0) 8

(S, S)-3-[2-(3-Acetyl am no- 2- 0xo- 2 r|d|nI- | ) -

but yryl ani no] - 4- 8x885(3, ¥)5, 8.9%t% d~f7l Lﬁélrlo—“ﬁheﬁ@%)ilfbeﬁi@énoﬁcz%lc(lléf

tert-butyl esger ¢y, 07)3DI{k, Paf, HA KL, Ry, 9.30 (am, s), 13.07 (1E,

vbr s).

Method E: ,
(8,8)~=3-[2~-(3-Acetylamino-2-oxo-2H-pyridin-1-y1}-
butyrylamino]—4-hydroxy~5—(2,3,5,6+tetraf1uoro-phénoxy)-

10 pentanoic acid tert-butyl ester

0 /l<
oM™ o o7
0 OH
F

[0096] A stirred mixture of (S)-2-(3=Acetylamino-2=

oxo-2H-pyridin-1-yl)-butyric acid (100 mg, 0.42 mmol), 3-

15  amino-5-(2,3,5,6- tetrafluorophenoxy) -4-hydroxy-pentanoic
acid tert-butyl ester (163 mg, 0. 462 mmol), HOBt (62 mg,
0.462 mmol), DMAP (56 mg, 0.462 mmol)and THF (5 mL) was
cooled to 0°C then EDC (89 nmg, 0.462 mmol) was added.
The mixture was allowed to warm to room temperature

20  during 16h then concentrated under reduced pressure. The.
residue was purified by flash chromatography (50-50%
ethyl acetate/hexane) to afford the title compound as a
white foam (221 mg, 92%); 'H NMR (400 MHz, CDCl;) & 0.88-
0.93 (3H, m), 1.37-1.38 (9K, 2g), 1.86-1.96 (1H, m),

25 '2.15-2.25(4H, m), 2.55-2.71 (2H, m}), 3.70-4.64 (5H, m),
5.30-5.39 (1H, m), 6.30-6.35 (1H, m), 6.75-6.86 (1lH, m),
7.17-7.31 (2H, m), 8.31-8.47 (2H, m).




HOIOFF [00971 A stirred solution of (S, §)-3-[2- (3-
Acetyl am no- 2- oxo- 2H pyri di n-1-yl ) - but yryl am no] - 4-
hydr oxy-5-(2, 3,5, 6-tetrafl uoro-phenoxy)-pentanoic acid 10 tert-butyl ester

(221 ny, 0.y88%2003MWd3p4 | N anhydrous DCM (10 nL) was treat
1,1, 1-triacetoxy-1,1-di hydro 1, 2-benzi odoxol -3(1H)-one @i@gﬁ&mgog

at 0C. The resulting mxture was kept at OC for 2hr, diluted with ethyl
acetate, then poured into a 1:1 mxture of 15 saturat ed aqueous sodi um
hydr ogen carbonate and saturated aqueous sodiumthiosulfate. The organic
| ayer was renoved and the aqueous |ayer re-extracted with ethyl acetate.
The conbi ned organic extracts were dried-46Magnesi um sul fate) and
concentrated. The residue was 20 purified by flash chromatography (50-50%
ethyl acetatel/ hggang st,0 afford the title conpound as a white solid (187

, 85% ; 'HNNRgZFO'O_IVI-IZ CDC13) 5 0.93 (3H, t), 1.36 (3H, s), 1.95 (1H,
nrr)g 2.2/01 (3H, s -((2H -Metﬂamenqzﬂ#(oxedw—&zm@lpﬂ-ﬁybm )4 91 (1|(4, n,
5.04-5.17 25 (2 @rgl@nﬁzo 14'1*0}{9—’5 @2%5(16Htea' % )%Zev— 7.19 (1H
m, 7.68 (1H, d) US2004/ 016706 - 47-

é{ ng WO 2004/ 106304 PCT:

met hod G (S, S)- Bel[‘fzaf{c&CAééf- | SRR TEUDED RFCER pyridin-1-yl)- butyrylamno]-4
0x0-5-(2, 3,5,6-tetrafl uoro-phenoxy)- pentanoic acid 50 NNNO:1( F HOH
O .

(0]
o Ak
Ay N\__/U\N 0
H o) :\H 0
F

[0097]1 °~ A stirred solution of (S,S)-3-[2-(3-
Acetylamino-2-oxo-2H-pyridin-1-yl)-butyrylamino}-4-
hydroxy-5-(2,3,5, 6-tetrafluoro-phenoxy) -pentanoic acid

10  tert-butyl ester (221 mg, 0.385 mmol) in anhydrous DCM
(10 mL) was treated with 1,1,l-triacetoxy-1,1-dihyvdro-
1,2-benziodoxol-3(1H)-one (212 mg, 0.5 mmol) at 0°C. The
resulting mixture wag kept at 0°C for 2hr} diluted with
ethyl acetate, then poured into a 1:1 mixture of

‘15 saturated agueous sodium hydrogen carbonate and saturated
agueous sodium thiosulfate. The organic layer was
removed and the agqueous layer re-extracted with ethyl
acetate. The combined organic extracts were dried
{Magnesium sulfate) and concentrated.  The residue was

20 purified by flash chromatography {(50-50% ethyl
acetate/hexane) to afford the title compound as a white
solid (187 mg, 85%); W NMR (400 MHz, CDCl;) & 0.93 (3H,
t), 1.36 (3H, s), 1.95 (1H, m), 2.21 (3H, s), 2.25 (1H,
m), 2.73 (2H, dd), 2.89 (1H, dd), 4.91 (1H, m), 5.04-5.17

25 (2H, m), 5.47 (1H, m), 6.34 (1H, t), 6.80 (1H, m), 7.19
(1H, m), 7.68 (1H, d), 8.36-8.41 (2H, m).



F F [0098] A solution of (S;S)-3-[2-(3-Aoetylam no-2-oxo-

2H pyridin-1-yl)-butyrylam no]-4-oxo0-5 (2,3,5,6

tetrafl uoro- phenoxy)-pentanoic acid tert-butyl ester (187 ng, 0.327 nmol)
in di chl or owetzianedsds nL) was cooled to 10 0C. Trifl uor oagstiiGedbideé® ™M)
was added and the resulting mxture allowed to warmto room tenperature and
stir for 2 hours. The m xture was then concentrated under reduced pressure
and the residue redisolved in dichloronethane. This process was repeated
several tinmes 15 in order to renove excess trifluoroacetic acid. The
resulting solid was slurried in diethyl ether, filtered and washed with
nore diethyl ether. The solid was then du7ed to constant wei ght under
vacuum This gave the title product as a white solid (138 ng, 82% ; 'H NMR
(400 20 MHz, dG-Q\Q@Qd%O 78 (3H, t), 1.87-2.13 (5H, m, 2.56- 2.78 (2H, m,
4.62 (1H, n) 5.18-5.29 (2 m, 540 (111, m, 6.28 (1H t), 7.37 (113,

d), 7.53-7.66 (11 ¥)73-8. 113 ooty lapninorg-oxp-ga-pyridia-1~91p1 (1H, s), 12.51
(1H, br s); 19F, aﬁu -4 08 MB0, | Protn.decaupledhansdpt. 9, 25

-141,1; MH 516. 2, 514. WO 2004/ 106304 PCT/U82004 0167 -48 Exanpl e
2 (S, S)- 4 Oxo- BPF?Ei@WE&GQderoplonylanlno 2H- pyri di n-
yl)-butyryl amgo] -5-(2, 3,5, 6-tetrafl uor.o- phenoxy)- pentanoic acid 0 | ' /~ H

FNNNOF HOHOF o
/ﬂ\ﬁ N\KJLN o} F
o M o
F

[0098] A solution of (S,8)-3-[{2-(3-Acetylamino-2~oxo-
2H-pyridin-1-yl)-butyrylamino]-4-oxo-5-(2,3,5,6-
tetrafluoro—phenoxY)—pentaﬁdic acid tert-butyl ester (187
mg, 0.327 mmol) in dichloromethane (5 mL) was cooled to
10 - 0°C., Trifluoroacetic acid (5 ml) was added and the
resulting mixture allowed to warm to room temperature and
stir for 2 hours. The mixture was then concentrated
under reduced pressure and the residue redisolved in
dichloromethane. This process was repeated several times
15 -~ in order to remove excess trifluorocacetic acid. The
resulting solid was slurried in diethyl'ether, filtered
and washed with more diethyl etlhier. The sgolid was thén
dried to constant weight under vacuum. ~Thig gave the
title product as a white solid (138 mg, 82%); 'H NMR (400
20 MHz, d6-DMSO) 8 0.78 (3H, t), 1.87-2.13 (5H, m), 2.56~
2.78 (2H, m), 4.62 (1H, m), 5.18-5.29 (2H, m), 5.40 (1H,
m), 6.28 (LH, t), 7.37 (IH, d), 7.53-7.66 (1H, m), 8.17-
8.21 (1H, m), 8.92 (1H, d), 9.21 (1H, s8), 12.51 (1H, br
g); ¥F NMR (376 MHz, d6-DMSO, proton-decoupled) § -156.9,
25 -141.1; M+H 516.2, M-H 514.2.




F 5 [0099] Prepared from(S)-2-(3-Amno-2-0x0-2H pyridin- 1-yl)-butyric
acid tert-butyl ester and propionic anhydride according to nmethods GG
white solid,, IR (solid) 1584, 1642, 1662, 1717, 1749 cm1; 1H NWR (400
MHz, dG DVB®)2@40063@® (3H, t) , 1. 04(3H, t) , 1.88-2.11ptG/us2idsorgres 2. 43
(2H, q), 2.59 (1H, d), 2.75 (1H, dd), 4.61 {1H, m, 5.18-5.29 (2H, 2dd),
5.40 (1H, m, 6.29 (1H, t), 7.37 (in, d), 7.58 (1H m, 8.22 (IH d), 8.91
(1H, d) 9.08 (1H, s), 12.50 (1H, br s); 19F NWR (376 MHz, d6- DMSO,

pr ot on- decoupl ed) 5 -140.6, -140.8, -141.1, -156.8, 15 157.0; M+H 530.2, MH
528.3. Exanple 3 (S, S)- 3-[2-(3-Butyryl am no- 2- oxo-2H pyridin-1-y1)

butyryl am no) - 4-oxo-5-(2, 3,5, 6-tetrafl uoré8phenoxy) - pentanoic acid 0 'HF
NNOAF HOHF 20 [0100] Prepared from (S)-2-(3-Am no-2-o0xo-2H pyridin-
1-yl)-butyric acid tert-butyl ester andxdmglyr ¢l chloride according to

methods C-G bei olid IR (solid) 1659. VO 2004/.106304 PCT/.US2004/ 016706
49 1645, 1509, it 'c#f??‘o%ﬁjWz(éﬁ%%ﬁzr?pa%ﬁl%\p?é‘bf@‘g%%ﬁﬁl 0%(3H, m,
0.88 (3H, t), 1.EBr-AnBSr{2hnim)-5t(883 15 $3tettsflunro-phedor)09 (1H, m
2.37-2.41 (2H m, 2 59 (1, dd), 2.70-2.81 (1H m, 4.59-4.63(1H m,
5.20-5.25 (2H, 5PT%558%5'%0 (in, 2 x m) 7.36-7.38 (1H ), 7.55 7.61

(in, m, 8.21-8.23 (1H, m), 8.61-8.92 (1H, 3 x d), 9.06- 9.10 (1H, m, 12.49

(1H br s) : 19FNMR (376 Mz, d6- DNBO
(o] , = 0] OH s
o XMoo JXJ
F
F
5 [0099] Prepared from (S)-2-(3-Amino-2-oxo-2K-pyridin-

1-y1l)-butyric acid tert-butyl ester and propionic
anhydridé according to methods C-G; white gsolid; IR
(solid) 1584, 1642, 1662, 1717, 1749 cm-1; *H NMR (400
MHz, d6-DMSO) o0 0.78 (3H, t), 1.04 (3H, t), 1.88-2.11

10 (2H, m), 2.43 (2H, ), 2.59 (1H, 4), 2.75 (1H, 4d), 4.61
(1H, n), 5.18-5.29 (2H, 24d), 5.40 (1H, m), 6.29 (1H, t),
7.37 {14, d4), 7.58 (1H, m), 8.22° (1H, d4), 5.91 (11, d4d),
9.08 (1H, s), 12.50 (1H, br s); F NMR (376 MHz, d6-DMSO,
proton—-decoupled) § -140.6, -140.8, -141.1, -156.8,

15 =157.0; M+H 530.2, M-H 528.,3.

Example 3

{s,8)= 3—[2—(3~But§rylamino—2—oxo—2H>pyridin~1—yl)-
butyrylaminol-4-oxo-5-(2,3,5, 6-tetrafluoro-phenoxy) -

pentanoic acid

0
o N o (on |
/\)LH N\:.)LN oA F
. o " o

F
F

20 [0100]} Prepared from (8)-2-(3-Amino-2-oxo-2H-pyridin-
1-vl)-butyric acid tert-butyl ester and butyryl chloride
according to methods C-G; beige solid; IR (solid) 1659,



prot on-decoupl ed) S -140.6, -141,1, -156.9, -157.C M+tH 544.3, MH 542.3. 10
Example 4 (S, S)-3-{2-[3-(Cycl opropanecar bonyl -am no) - 2- oxo- 2H
pyridin-1-yl]-butyryl am no)-4-oxo0-5-(2,3,5,6 tetrafluoro- phenoxy) - pentanoic
acid 0 O Do20pMod4F V HH OF~ F 15 [0101] Prepar edptras2ap8disc7dd- ( 3- Am no
2--0X0 2H-pyridin- 1-yl)-butyric acid tert-butyl ester and

cycl opr opanecar bonyl chloride according to nethods GG white solid, 1H NWR
(400 MHz, d6-DMSO) S 0.74-0.82 (7H, 20 m), 1.93 (1H m, 2.07 (1H m, 2.17
(1H, m, 2.59 (1H, d), 2.75 (iH dd), 4.62 (1H m, 5.19-5.30 (2H, 2dd),
5.41 (1H, m, 6.27 (1H, t), 7.37 (1H d), 7.57 (1H m, 8.17 (1H, d), 8.92
(1H, d) 9.49 (1H, s),12.51 (1H, br s); -M&H 542. 2 MH 540. 3. 25 Exanple 5
(S,S) 3 [2-(3-1sobutyryl am no-2-o0xo-2H pyridin-1-y

el o e e e et
0.80 (3H, m), 0.88 /(3H, t), 1.53-1.58 (2H, m), 1.88-1.,93
(1H, m), 2.01-2.09 (1H, m), 2.37-2.41 (2H, m), 2.59 (1H,
ad), 2.70-2.81 (1H, m), 4.59-4.63 (1H, m), 5.20-5.25 (2H,

5 m), 5.38-5.50 (1H, 2 x m)j‘7.36—7.38 (1H, m), 7.55=-7.61
(1H, m), 8.21-8.23 (1H, ﬁ), 8.61-8.92 (1H, 3 x d); 9.06-
9.10 (1H, m), 12.49 (1H, br s); F NMR (376 MHz, d6-DMSO,
proton-decoupled) & -140.6, -141.1, —156.9, —157.0;M+H
544.3, M-H 542.3.
10 Example 4

(S,S)—3—{2—[3—(Cyclopropanecarbonyl—amino)—24oxo-2H%
pyridin-1-yll-butyrylamino}-4-oxo-5-(2,3,5, 6-tetrafluoro-

phenoxy) -pentanoic adid

0O
@) l = 0 OH E
o LM o
F
F

[0101] Prepared from (8)-2-(3-Amino-2-oxo-2H-pyridin-
I-vi)-butyric acid tert-butyl ester and

15

cyclopropanecarbonyl chloride according to methods C-G;
white solid; 'H NMR (400 MHz, d6-DMSO) & 0.74-0.82 (7H,
200 m), 1.93 (1H, m), 2.07 (1H, m), 2.17 (1H, m), 2.59 (1H,
d), 2.75 (1H, d4d), 4.62 (1H, m), 5.19-5.30 (2H, 2d44),
5.41 (1H, m), 6.27 (1H, t), 7.37 (1H, 4), 7.57 (1H, m),
8.17 (1H, d4), 8.92 (1H, d4), 9.49 (1H, s), 12.51 (1H, br
s); M+H 542.2, M-H 540.3.
25 Example 5
(S,8) - 3-[2-(3-Isobutyrylamino-2-oxo-2H-pyridin-l-yl)-
butyrylamino]-4—oxo—5?(2,3,5,6—tetrafluoro~phenoxy)



F 10102] Prepared from (S)-2-(3-Am no-2-0x0-2H pyridin- 1 yl)-butyric
acidtert-butyl ester and isobutyryl chloride according to nethods C G
white solid; IR5 (solid) 1664, 1517, 1491 cm1; 1H NWR (400 MHz, d6-DVSO) 8
1.75-1. 85 W3MR0A4/10630405 (6H, d), 1,9-2.1 (2H, m, 2.6-2. GCT(USHO4/pR6706
4.55-4.62(1H m, 5.2-5.35 (2H, M, 5.4-5.43 (1H m, 6.25 (1H 1),
7.4-7.45 (4H m, 7.6-7.7 (1H m, 8.2-8.24 (1H m, 8.8-9.0 (2H, m; MHH
544,3, M-H 542.3. 10 Exanple 6 (S, 9)-3-{2-[3-(2-Mthoxy-acetyl am no)-2-oxo
2Hpyridin-1- yl]-butyrylam no} 4-oxo0-5-(2,3,5,6-tetrafluoro-
phenoxy)-pentanoic acid O0 ~1 NNOHOF ~0~-NF F F 15 [01037 Prepared
from (S)-2-(3-Am no-2-o0x0-2H pyridin- 1- 3‘/?9‘- butyric acid tert-butyl ester
and net hoxyacetyl chloride according to nethods CG pink solid; 'H NW
(400 WMHz, d6- DMgfdntanBidS5aéid0(3H, m, 1.88-1.97 (1H, m, 20 2.02-2.10 (1H,
m, 2.56-2.63 (1H, m, 2,72-2.79(1H, m, 3.37-3.40 (3H, m, 4.00-4,03 (2H,
m, 4.53-4.65(1H m, 5.13-,5.48 (3H, m, 6.32-6.35 (1H,, n), 7.39-7.45
(1H, m, WD 2004/106304.PCT/ US20841016706 -51 7.51-7.66 (1H, m, 8.21-8.26
(1H, m, 8.92-8.987(1H, , Q9. 12- B 17,(1H, n), 12.51 (1H br s); MH 546. 2,
MH 544, 2. Exam?kg f 13N2Z>p3- I Er an- 2- car bonyl ) - ami no] - 2- oxo- 2H

H i H ‘ ‘

0O ~ 0O

[0102] Prepared from (S)-2-(3-Amino-2-oxo-2H-pyridin-
1-yl)-butyric acid tert-butyl ester and iSobutyryl
chloride according to methods C-G; white solid; IR
5 (solid) 1664, 1517, 1491 cm-*; 'H NMR (400 MHz, d6-DMSO) &
1.75-1.85 (3H, m), 1.05 (6H, d), 1.9-2.1 (2H, m), 2.6-2.9
(3H, m), 4.55-4.62 (1H, m), 5.2-5.35 (2H, m), 5.4-5.43
(1H, m), 6.25 (1H, t), 7.4-7.45 (1H, m), 7.6-7.7 (1H, m),
8.2-8.24 (1H, m), 8.8~9.0 (2H, m); M+H 544.3, M-H 542.3.
10 Example 6
(S,8) -3-{2-[3- (2-Methoxy-acetylamino) -2 ~oxo-2H-pyridin-1-
v1]-butyrylamino}-4-oxo-5-(2,3,5,6-tetrafluoro-

phenoxy) -pentanoic acid

0 ‘ .
0] l = 0 "OH E
0 L o ]
F p

15
[0103] Prepared from (S)—2—(3—Amino—Z—oxo—ZH—pyridin—
1-v1l)-butyric acid tert—bgtyl egter and methoxyacetyl
chloride according to methods C-G; pink solid; 'H NMR (400
MHz, d6-DMSO) § 0.75-0.80 (3H, m), 1.88-1.97 (1H, m),

20 2.02-2.10 (1H, m), 2.56—2;63 (1", m), 2.72-2.79 (1H, m),
3.37-3.40 (3H, m), 4.00-4.03 (2H, m), 4.53-4.65 (1H, m),
5.13-5.46 (3H, m), 6.32-6.35 (1H, m), 7.39-7.45 (1H, m),



pyridin-1-yl)-butyrylam no)-4-oxo-5-(2,3,5,6-tetrafl uoro- phenoxy) - pentanoic
acid 0O el Ol NN OHF HNOe FOOF, F 10 [0104] Prepared from(S)-2
(3- Ami no- 2-oxo-2H-pyridin 1-yl)-butyric acid tert-butyl ester and 2-furoyl
chloride 3rWPH1063)4t 0 nmet hods GG white solid; 1HNVR PADMSHN/016706- DVMSO) 8
0.81 (3H M; 1.95 (1H m, 2.09 (1H, mM, 2.60 (1H, dd), 2.77 (1H, dd),
4.61 (1H, m, 5.19-5.29(2H, m, 15 5.42 (1H m, 6.39 (1H t), 6.74 (1H m,
7.30 (1H, m, 7.46-7.58 (2H, m, 7.95 (1H, m, 8.27 (1H, d), 8.98 (1Hd),

- 9.16(1H, s), 12.50 (1H, br s) MrH 568.3, MH 566.3. Exanple 8 20
(S,S)-3-(2-{3-[ (Furan-3 carbonyl)-am no9- 2- oxo-2H
pyridin-1-yl)-butyrylam no)-4 oxo-5-(2,3f5¥6—tetrafluoro phenoxy) - pent anoi c
acid WO 2004/ 106304 PCT/US2004/016706 -52- 0 0l OOHF HHHOF pp L. O
F F [0105] PrepérBt-Tr@mi(8)-2) (3.A0-802@ (lexom) 2H ma-isdion- (1s,ym) - butyric
acid tert-butyl ester -furoyl. chlorjde. accordi to_ne ds CG
A so|id;9riﬁ(%§??d§H' [Pyl chlorfde, acggording Lo metho

544.2.

Example 7
5 (S,8)-3-(2-{3-[ (Furan~2-carbonyl)+aminol=2-0xc=2H=
pyridin-1-yl}-butyrylamino)-4-oxo-5-(2,3,5, 6-tetrafluoro-

phenoxy) -pentanocic ac¢id

0
o My o oH
szrJLH N\{j\” o :
o i " o

F
F

10 [0104] Prepared from (S)42—(3—Amino—Z—oxo—ZHprridin—
1-yl)-butyric acid tert-butyl ester and 2-furoyl chloride
according to methods C-G; white solid; 'H NMR (400 MHz,
d6-DMSO) é 0.81 (3H, m), 1.95 (1H, m), 2.09 (1H, m), 2.60
(1, dd), 2.77 (1H, 4dd), 4.61 (1H, m), 5.19-5,29 (2H, m),

15  5.42 (1H, m), 6.39 (1H, t), 6.74 (1H, m), 7.30 (1H, m),
7.46-7.58 (2H, m), 7.95 (1H, m), 8.27 (1H, d4d), 8.98"
(1Hd), 9.16 (1H, s), 12.50 (1H, br s); M+H 568.3, M-H
566.3.

Example 8

20 (S,8)-3-(2-{3-[ (Furan~3-carbonyl)-amino]-2-oxo-2H-

pyridin-1l-yl}-butyrylamino)-4-oxo-5-~(2, 3,5, 6-tetrafluoro-

phenoxy) -pentanoic acid




5 1748, 1711, 1663, 1640, 1583, 1517, 1488 cm1; 'H NWR (400 WMHz, d6-DMVBO) 6
0.80(3H, m, 1.90-2.20 (2H, mM,2.60 2.90 (2H, m, 4.65 (1H, m, 5.10-5.60
(3H m, 6.40 (1H, t), 6.95 (1H m, 7.40-7.65 (2H, m, 7.85 (in, s), 8.20
(1H, m, 8wsD2004tis3m), 8.90-9.20 (2H, m; 19F NVR (376 »OTNSZO04/06B708VEO0,

pr ot on-decoupled) 6 -141.0, -156.8; MtH 568.2, M-H 566.3. Exanple 9 (S

5) - 4- Ox0- 3- (2- (2- ox0- 3-[ (pyri di ne- 3-car bonyl ) - am no] -

2H pyridin-1-yl}-butyrylam no)-5-(2,3,5,6-tetrafluoro- 15 phenoxy) -pentanoic
acid 0 0, 1 =0HF NHOHOI FF [0106] Prepared from

(S)-2-(3-Am no-2-0x0-2H-pyridin- 1-yl)-butyric acid tent-butyl ester and 3
20 pyridi necarbonyl chloride according to>ethods GG (isolated as a TFA
salt); yellowsolid; IR (solid) 1745, 1678, 1650, 1517, 1488; 'H NWVR (400
MHz, d6-DVBO) 6 0.80 { WO 2004/106304 PCT/US2004/016706 53 (3H, m,
1.90-2.30 (2H, m, 2.50-2.90 (2H, 4.65 (1H, m, 5.10-5. 65 (3H, m,
6.45 (1H, t), 7.40.7.80 n., -8.40 (2H, m, 8.85 (1H, s), 8.90-9.20

(2H, m, 9.65 (1H, , 19F IN , Fd6- DMSO, proton-decoupled) S 5

-141.0, -156.8; 2, "3y Bxample 10 (S, 9)-3

(2-{3-[ (I sot hi azole~ 3- carbmnykl-anino]-z -2H

pyridin-1-yl}-butyryl am no)-4-o0xo-5- (23 %6- tetrafl uorophenoxy)-pentanoic

aci d F :
[0105] Prepared from ($)-2-(3-Amino-2-oxo-2H-pyridin-

1-yl)-butyric acid tert-butyl ester and 3-furoyl chloride
according to methods C-G; off-white solid; IR (sgolid)

5 1748, 1711, 1663, 1640, 1583, 1517, 1488 cm-*; 'H NMR (400 '
MHz, d6-DMSO) & 0.80 (3H, m), 1.90-2.20 (2H, m), 2.60-
2.90 (2H, m), 4.65 (1H, m), 5.10-5.60 (3H, m), 6.40 (1H,
t), 6.95 (1H, m), 7.40-7.65 (2H, m), 7.85 (1H, s), 8.20
(1, m), 8.50 (1H, m), 8.90-9.20 (2H, m); F NMR (376

10 MHz, d6-DMSO, proton-decoupled) § -141.0, -156.8; M+H
568.2, M-H 566.3.
Example. 9
(S,S) ~4-~0x0-3~(2-{2~0x0-3~[ (pyridine-3-carbonyl) -amino] -
2H%pyridin—l—y1}—butyrylamino)-S—(2,3,5,6—tetraf1uoro—

15 phenoxy)-pentanoic acid
O
l R (@) OH F
N 0 ¢] :
e }
F

[0106] Prepared from (S)-2-(3-Amino-2-oxo-2H-pyridin-
1-y1)-butyric acid tert-butyl ester and 3-
20 pyridinecarbonyl chloride according to methods C-G

(isolated as a TFA salt); yellow solid; IR (solid) 1745,
1678, 1650, 1517, 1488; H NMR (400 MHz, d6-DMSO) & 0.80



100 OO0 OH NNJjNOFSHOHOI F [0107] Prepared from

(S)-2-(3-Am no-2-0x0-2Hpyridin- 1-yl)-butyric acid tert butyl ester and 3-
i sot hi azol ecar bonyl chloride according to nethods C -G pink solid; IR
(solid) 1678 2006483041516, 1493 cm1; 1H NVR 15 (400 MHz pCuasBivBO67d 0. 85
(3H, m, 1.85-2.30 (2H, m, 2.50-2.90 (2H, n), 4.20-4.70 (1H, 2m,
5.10-5.60 (3H, m, 6.45 (1H, t), 7.40-7.70 (2H, m, 7.95 (1H m, 8.40 (1H,
d), 8.95-9.15 (1H, 2m, 9.30 (iHd), 10.00 (1H, 2s); 19F NWVR(376 Mz,

d6- DVMBSO, proton-decoupled) S -141.0, 20 156.9; M-H 585.1, M H 583. 2.

Example 11 (S, 5)-3-[2-(3-Benzoyl am no-2-o0xo0 2Hpyridin-1 yl)

but yryl am no] - 4- oxo-5-(2, 3,5, 6-tetrafl uord3phenoxy)- pentanoic acid 3 WD
2004/ 106304 PCT/ US2004/ 016706 -54- .01 IplOHF OHOF HO FHF [0108]
$repared from (S)(38; (B Ali.B0~2: BKOCZEF pyr | Zisv-219y J2ibutyr,i 6. exi @t ert - butyl

ester and benzoyl,chlorjde .o au 1) 6.45 (1m, ), 7.20-7.80 (31, m),
8.10-8.40 (2H, m), 8.85 (1H, s), 8.90-9.20 (24, m), 9.65
(1, m); F NMR (376 MHz, d6-DMSO, protoh—derupléd) )
5 -141.0, -156.8; M+H 579.2, M-H 577.3. |
| Example 10
(S,S)-3—(2—{3—[(Isothiazole-B—carbonyl)—amino]—2~oxo—2H—
pyridin-1-yl}-butyrylamino)-4-oxo-5-(2,3,5, 6=

tetrafluorophenoxy) ~pentanoic acid

0
(0] I B o] OH E
o o
F

10

s—N

[01071 Prepared from (S)-2-(3-Amino-2-oxo-2H-pyridin-
1l=vl)=-butyric acid tert—butyl egter and 3-
isothiazolecarbonyl chloride according to methods C-G;
pink solid; IR (solid) 1678, 1649, 1516, 1493 cm-%; H NMR
15 (400 MHz, d6-DMSO) & 0.85 (3H, m), 1.85-2.30 (2H, m),
2.50-2.90 (2H, m), 4.20-4.70 (iH, 2m), 5.10-5.60 (3H, m),
6.45 (1H, t), 7.40-7.70 (2H, m), 7.95 (1H, m), 8.40 (1H,
d), 8.95-9.15 (1H, 2m), 9.30 (1H, d4), 10.00 (1H, 2s); ’F
NMR (376 MHz, d6-DMSO, proton-decoﬁﬁled) 8 -141.0,
20 -156.9; M+H 585.1, M-H 583.2.
Example 11
(S,S)—3—[2—(3—Benzoylaminé—z—oxo—2H%pyridin—1—yl)—
butyrylamino]—4—oxo~5—(2,3,5,6—tetrafluoro—phenoky)—

pentanoic acid



R

according to nethods GG pink solid; IR (solid) 1645, 1509, 1490 cm't; 1H
NVR (400 MHz, d6-DVMSO 8 0.79-0.85 5 (311,nm), 1.95-1.99(111, m, 2.06-2.10
(1H, m, 2.60 (1H, dd), 2.77 QLH, dd), 4.59-4.63 (1H m, 5.25 (2H m,
5.42-5.55 (WHO200#j106364 38-6.42 (1H, n), 7.51-7.62 (SH, ,PCT7U§904701(9,@6(2H rr)
8.27-8.31 (1H, m, 8.69 8.99 (1H, mM 9.28 (1H mM, "F MM (37
proton-decoupl ed) 10 8 140.6, -141.0, -156.9, -157.0; M+H 578 2, N¢H 576 2
Exanple 12 (S, S)-4-Oxo-3-(2-(2-0x0-3-phenyl acetyl am no-2H pyri din-1
yl)-butyrylam no]-5-(2,3,5, 6-tetrafl uoro-phenoxy)- pentanoic acid 15 0 O
Nj H LN HOFFF [0109] Prepared from (S)-2-(3-Am no-2-o0xo0-2H pyridin-
1-yl)-butyric. acid tert-butyl ester and-pAenylacetyl chloride according to
met hods CG-G pink solid; IR (solid)g20 1659, 1635, 1519 cm1; IH NMR (40Q
MHz, d6-DMVMSO) 8 0.77 (3H t), 1. 85 1.96 (1H, nm), 2.03-2.07 (1H, m, 2.59
(14, dd), 2.71-2.77 1H3 &ﬁz 4.61-4.66 (1H m, 5.16-5,29
(2H, in),5.35-5. £- 24 WD 2004/ 106304

PCT/ U82004/01670 55 : (BH, Hn)O 67 (1H, m, 8.19-8.21 (111, m,
8.61- 8.92 (1H, 9.28 (1H, br S); 19 (376 MHz, d6-DWVSO,

pr ot on- decoupl ed) 8 140.6, -141.0, -156.p0, -157.0; MtH 592.2 MH 590.2. 5

Exanpl e 13 (S, Sod- (3phesiylmag- 45050 5-kil{d oromeshyl 24

1-yl)-butyric acid tert—butyl ester and benzoylychloride

1
1

according ‘to methods C-G; pink solid; IR (so0lid) 1645,
1509, 1490 cm-*; 'H NMR (400 MHz, d6-DMSO) & 0.79-0.85

5 (3H, m), 1.95~-1.99 (1H, m), 2.06-2.10 (1H, m), 2.:60 (1H,
dd), 2.77 (1H, dd), 4.59-4.63 (1H, m), 5.25 (2H, m),
5.42-5.55 (1H, m), 6.38-6.42 (1H, m), 7.51-7.62 (5H, m),
7.89-7.91 (2H, m); 8.27-8.31 (1H, m), 8.69-8.99 (1H, m),
9.28 (1H, m); *F NMR (376 MHz, d6-DMSO, proton-decoupled)

10 6 -140.6, -141.0, -156.9, -157.0; M+H 578.2, M-H 576.2.

Example 12

(S,8)~4-0xo-3-[2-(2~0%0~3~phenylacetylamino-2H~-pyridin-1-
yl)-butyrylamino]=5-(2,3,5, 6-tetrafluoro-phénoxy) - |

pentanoic acid
‘ 0
QR R
”N\)Lﬁ 5 -
0 o]
F
F

[01089] Prepared from (8)-2-(3+«Amino-2~oxo-2H-pyridin-

15

1-yl)-butyric acid tert-butyl ester and phenylacetyl
chloride according to methods C-G; pink solid; IR (solid)
20 1659, 1635, 1519 cm-*; 'H NMR (400 MHz, d6-DMSO) § 0.77
(35, t), 1.85~1.96 (1H, m), 2.03-2.07 (1H, m), 2.59 (1H,
dd), 2.71-2.77 (1B, m), 3.79 (2H, s), 4.61-4.66 (1H, m),
5.16-5.29 (2H, m), 5.35-5.44 (1H, m), 6.28 (1H, t), 7.24-



pyridin-1 yl)-butyrylam no]-4-o0xo-5-(2,3,5,6-tetrafl uoro- phenoxy)-pentanoic
acid CFS O OHF NNOF O\ HOFF 10 [0110] Prepared from
(2-oxo0-5-trifluoronethyl-1,2- dihydro-pyridin-3-yl)-carbamc acid benzyl
ester accHiORMYLOPH4 et hods A-G white solid: |R(solid)PEEES2004/816704 cm ;

" HNVR (400 MHz, d6-DMSO) 6 0.79 (3H, t), 2.07 15 2.33 (SH, m, 2.59-2, 79
(2H, m, 4.59-4.63 (1H, m, 5.18- 5.29 (2H, m, 5.41-5.45 (1H, m, 7.55-7. 62
(1H, m, 7.89 (1H, s), 8.41-8.43 (1H, mM, 9.04 (1H, d), 9.61-9.63 (1H, M;
19F NWR (376 MHz, d6-DVSO, proton-decoupled) 8 -61.4, 140.7, -141.1,

-156. 8-156.9 -157.02, -157.1, MtH 584.2, 20 MH 582.2. Exanple 14

(S, S)-3-{2-[3-(3-Et hyl - ur ei do) - 2- oxo- 2H pPPrdi n-| yl] butyrylanino]
4-0x0-5-(2, 3,5, 6-tetrafl uoro-phenoxy)- pentanoic acid 25 3 WO 2004/106304
PCT/ US2004/ 016708.3%66H) M) OH FB2-1.8H OLE; m), Z8. 1:9-FB 210114] oBrepased from

(S)-2-(3-Am no- 25040 @b Pyfl diNig (15, br g); “F MR (376 MHz, A6-DMSO,
proton-decoupled) & -140.6, -141.0, =156.90, —157.0; M+H
592.2, M-H 590.2. |
5 Example 13 _
(S,S)—3—[2—(3—Acetylamino—Z—oxo—5—trifluoromethy1—2H>
pyridin—l—yl)~butyrylamino]—4—oxo—5—(2,3,5,6—tetrafluoro—

phenoxy) -pentanoic acid

' CF3 o)
0 I\ o) “OH -
0 ol
F
F

10
[0110] Prepared from (2-oxo-5-trifluorcmethyl-1,2-
dihydro-pyridin-3-yl)-carbamic acid benzyl ester
according to methods A-G; white 'solid; IR (solid) 1659,

1514 cm-'; ‘H NMMR (460 MHz, d6-DMSO) & 0.79 (3H, t), 2.07-
15 2.33 (5H, m), 2.59-2.79 (2H, m), 4.59-4.63 (1H, m), 5.18-

5.29 (2H, m), 5.41-5.45 (1H, m), 7.55-7.62 (1H, m}), 7.89

(1, =), 8.41-8.43 (1H, m), 9.04 (1H, d), 9.61-9.63 (1H,

m); F NMR (376 MHz, d6-DMSO, proton-decoupled) & -61.4,

-140.7, ~141.1, =-156.8-156.9 -157.02, ~157.1; M+H 584.2,
20 M-H 582.2. '

Example 14
(S,8)-3-{2-[3~-(3-Ethyl-ureido) ~2-ox0-2H-pyridin-1-yl]-
butyrylamino}-4-oxo-5~(2,3,5, 6-tetrafluoro-phenoxy) -
pentanoic acid

25




1-yl)-butyric acid tert-butyl ester and ethyl isocyanate according to
nmethods GG pink solid; IR(solid)1664, 5 1645, 1550, 1493, 1208 cm1; 1H
NVR (400 MHz, d6-DMSO) 5 0.80 (3H, t), 1.05 (3H, t), 1.80-2.20 (2H, m,
2.50- 2. 85 WQH4/Mp3043. 15 (2H, n), 4.65 (1H, n), 5.25 (2HACTAER0048162¢ (1H,
m, 6.25 (1H t), 7.15 (1H, s), 7.25 (1H d), 7.60 (2H m, 8.05 (1H m,
8;20 (1H, s), 8.95 (1H, d) ; 19F NWMR 10 (376 MHz, d6-DMSO, proton-decoupl ed)
8 -141.1, -156.9, MtF 545.2, MH 543.2 Exanple 15

(S,S)-3-{2-[3-(3,3-Di et hyl -urei do)-2-oxo 2Hpyridin-1 vyl]-butyrylam no}

4- oxo0-5-(2, 3,5, 6-tetrafl uoro-phenoxy) - 5pent angic acid 0. OJO- OH '/
NNVWAWV "NOF HOHOF Mthod H [0112'16T'o a cooled (0C) solution of
(S)-2-0-Am no-2- 20 oxo-2H pyridin-1-yl)-butyric acid tent-butyl ester (400
ng, 1.59 mmol) in dichloroethane (3 nL) was added triethylamne (0.254 ni,
1.82 mmol ). This solution was WO 2§041106304 PCT/ [ TS2004/ 016706 -57 added

dropwi se to a solutign pt@ps H0.11 nm, 0.91 nmmol) in dichloroethane
(7 m) at OC over 10 m flut reactifon m-xture was stirred at room
ut S '

tenperature for 9 m Nthn Pars

iFoned between Et OAc and aqueous 5
prine, dried (MgSOM), filtered

1M HC1. The organi c Iayerowas\wash@d Wi

and evaporated to afford the isocyanafe Yas a brown oil. [0113] To a cool ed
(0C) solution of the isocyanate F
[0111] Prepared from (S)-2-(3-Amino-2-oxo-2H-pyridin-

1-yl) -butyric acid tert-butyl ester and ethyl isocyanate
according to methods C-G; pink solid; IR (solid) 1664,

5 1645, 1550, 1493, 1208 cm-1; *H NMR (400 MHZ, d6-DMSO)
0.80 (3H, t), 1.05 (3H, t), 1.80-2.20 (2H, m), 2.50-2.85
(2H, m), 3.15 (2H, m), 4.65 (1H, m), 5.25 (2H, dd), 5.40
(lH, m), 6.25 (1H, t), 7.15 (1H, s), 7.25 (1H, d), 7.60
(1H, m), 8.05 (1H, m), 8.20 (1H, s), 8.95 (1H, d); F NMR

10 = (376 MHz, d6-DMSO, proton-decoupled) § -141.1, -156.9;
M+H 545.2, M-H 543.2.
Example .15
(S,8)~3-{2-13- (3, 3-Diethyl-ureido) -2-oxo-2H-pyridin-1-
yll-butyrylamino}-4-oxo-5-(2,3,5, 6-tetrafluoro-phenoxy) -

15 = pentanoic acid
0
ji l N 0 OH £
N N\/IL” . c
0 o)
F
F.‘

Method H:

[0112] To a cooled (0°C):solution of (8)-2-(3-Amino-2-
20  oxo-2H-pyridin-1-yl)-butyric acid tert-butyl ester (400

mg, 1.59 mmol) in dichloroetharie (3 mL) was added

triethylamine (0,254 mL, 1.82 mmol). This solution was




prepared above (244 ng, 0.79 mmol) in dichloroethane (4 10 nlL) was added
triethylamne (0.122 nL, 0:87 mmol) followed by diethylamne (0.082 niL, 0.79
mrol ) The reaction mxture was stirred at roomtenperature for 3 hours and
t hen parti wawedioessween Et OAc and aqueous 1M HCl. Therorgamoeoisznger was
washed with brine, dried 15 (MgSO™), filtered and evaporated to afford a
brown oily residue which was purified by flash colum chromatography (50%
et hyl acetate/hexane) to afford the diethylurea as a colourless oil. [0114]
This internediate was involved in the sequence 20 described in nmethods DG
to afford the title conpound; pink solid,, IR (solid) 1640, 1512, 1213
cm1; 1HNMR (400 MHz, d6-DVSO) 8 0.75-0.93-(3H, n) 1.10-1.40 (6H, m,
1.90-2.25 (2H, m, 2.60-2.90 (2H, m, 3.30-3.50 (4H, m, 4.75 (1H, m,
5.10-5.60 (3H, mgaéd ﬁo@ﬂrlﬂsetﬁq al s30ufildd oZ5dmphosgere (GH1 ML, 6.80 (1H,

, 8.05 (1H, 8.95-9.05 F_NM (376
moton def:oupl gﬁm‘é{) Ayl 6hl£ hg?“él\/&a g §& W%?%gzml‘%ﬁpl e 16

(S, S) - 4- Oxo- 3- (27he- Jt)ae(btaob(llﬂ:yﬂnﬂiel dasu&atllmabaﬁyfc)om 38mperature for
am no] - 2H- pyri di

but |
t et raf | uoro- phenggj(yl?y ti‘?ts;ﬁé‘iay rgg gg%/bl E%lg%‘é‘tﬁfrbéf%%zﬁ?ﬁf@%?tb% 58 O
Ol p OHF HNH OMRicD. 0The p£ddkb]c E?ap@arm fvaehed with brine, dried

(9)- 2-(3- A no- 2:ggs 31 pYT{ il VL) RUMLC. 2R LET bl eatey and

as a brown oil. |
{01131 To a cooled (0°C) solution of the isocyanate
prepared above (244 mg, 0.79 mmol) in-dichloroethane (4
10 mbL) wasg added triethylamine (0.122 mL, 0.87 mmol)
followed by diethylamine (0.082 mL, 0.79 mmol). - The
reaction mixture was stirred at room temperature for 3
hours and then partitioned between EtOAc and agueous 1M
HCl. The organic layer was washed with brine, dried
15 (MgS04) , filtered and evaporated to afford a brown oily
residue which was purified by flash column chromatography

(50% ethyl acetate/hexane) to afford the diethylurea as a

colourless oil.

[0114] This intermediate was involved in the sequence
20 described in methods D-G to afford the title compound;

pink solid; IR (solid) 1640, 1512, 1213 cm-1; 'H NMR (400

MHz, d6-DMSO) 8 0.75-0.95 (3H, m), 1.10-1.40 (6H, m),

1.90-2.25 (2H, m), 2.60-2.90 (2H, m), 3.30-3.50 (4H, m),

4.75 (1H, m), 5.10-5.60 (3H, m), 6.35 (1H, t), 7.30 (1H,
25 m), 7.75 (1H, m), 7.80 (1H, m), 8.05 (1H, m), 8.85=9,05

(1, m); F NMR (376 MHz, d6-DMSO, proton-decoupled) §
-141.0, -156.9; M+H 573.3, M-H 571.2.
Example 16
(S,S)—4—Oxo;3—(2—{2-oxo—3-[(pyrrolidine—l—carbonyl)—
30 aminol-2H-pyridin-1-yl}-butyrylamino)-5-(2,3,5,6-

tetrafluoro~phenoxy) ~pentanoic acid




according to nethods H D-G pink solid; IR (solid) 1650, 5 1593, 1512,
1489, 1208 cm1; 1H NWR (400 MHz, d6-DVMSO) S 0.80 (3H, m), 1.80-2,20 (6H,
m, 2.60'-2.90 (2H, m, 3.30- 3.50 (4H, m, 4.60-4.75 (1H, m, 5.10-5.50
(3H, m), 6W3D2004/206304t) 7.35 (1H, m), 7.50-7.75 (2H, mn) PCBUSWO/A16706/) ,
8.85-8.95 (1H, m; 19F NWR (376 M1z, d6-DWVSO, proton 10 decoupled) 8 -141.1,
156.9; MH 571.3, MH 569.3. Exanple 17 (S, S)

3-[2- (3- Met hoxycar bonyl am no- 2- oxo- 2H pyri di n- |- :
yl)-butyryl am nol - 4- oxo-5-(2, 3, 5, 6-tetrafl uoro-phenoxy)- pentanoic acid 15 O
ONO~ F Ik N"fl f NOHFHOHOF _[0116] Prepared from

(S)-2-(3-Am no-2-o0x0-2H pyridin- 1-yl )-bﬁ?é?i c acid tert-butyl ester and

met hyl chl orof ormate according to methods GG pink solid; IR (solid)
1644, 1661, 1709 cm1; 1H NWR (40% MHz, d6-DMSO S 20 0.81(3H, m, 1.95 (1H,
m, 2.09 (1H ), 2.50-2.98 (2H, , 3.70 (3H, s), 4.20-5.50 (4x, m, 6.31

(1H, m, 7.40 (1H oM 1H H 7. 82 (1H, m, 8.20 (1H, s), 8.55 WO
2004/ 106304 PCT/ 2&94@\5& 00 1H, d); 19F NWR (376 MHz, d6-DMSO,
pr ot on- decouple NG N F _156.80,-156.9, -157.0, 157.1:
MtH 532.3, MH ERanphe 18C5

(S, 9-3-[2-(3- Ethanesulfonyl am no- 2- 8xo-PH pyridin-1-yl)-

but yryl am no] - 4- oxo-5-(2, 3,5, 6 tetrafl udto-phenoxy)- pentanoic acid

[0115] Prepared from (S)—2—(3—Amino—2~oxo~2HEpyridin—
1-y1)-butyric acid tert-butyl ester and pyrrolidine
according to methods H, D-G; pink solid; IR (solid) 1650,
5 1593, 1512, 1489, 1208 cm-1; ‘H NMMR (400 MHz, d6-DMS0) &
0.80 (3H, m), 1.80-2.20 (6H, m), 2.60-2.90 (2H, m), 3f30'
3.50’(4H, m), 4.60-4.75 (1H, m), 5.10-5.50 (3H, m), 6.30
(1#, t), 7.35 (1H, m), 7.50-7.75 (24, m), 8.00 (1H, m},
8.85-8.95 (1H, m); F NMR (376 MHz, d6-DMSO, proton-
10 decoupled) § -141.1, -156.9; M+H 571.3, M-H 569.3.
Example 17
(8, 8)-3-[2-(3-Methoxycarbonylamino-2-oxo-2H-pyridin-1-
yl)—butyrylamino]-4—oxo-5—(2,3,5,6—tetrafluoro—phenox&)—

pentanoic acid

0]
0 l = (o] OH g
A N\rJ\N o -
H o) :\ H 3
F

[0116] prepared from (S)-2-(3-Amino-2-oxo-2H-pyridin-

15

-

1-yl)-butyric acid tert-butyl ester and methyl
chloroformate according to methods C-G; pink solid; IR
(solid) 1644, 1661, 1709 cm-1; *H NMR (400 MHz, d6-DMSO) &
20 0.81 (3H, m), 1.95 (1H, m), 2.09 (1H, m), 2.50-2.98 (2H,
m), 3.70 (34, s), 4.20-5.50 (4H, m), 6.31 (1H, m}), 7.40
(1H, m), 7.59 (1H, m), 7.82 (1H, m), 8.20 (1H, s), 8.55-



0O O0,, OUSHN-NI OF H O-\ FI O FF [01171 Prepared from
(S)-2-(3-Am no-2-0x0-2Hpyridin- 10 1-yl)-butyric acid tert-butyl ester and
et hanesul fonyl chl oride according to methods GG pink solid; 1H NVR (400
MHz, d6- DVMBO)208+/1963P4-0. 82 (3H, m, 1.17-1.25 (3H n), BCHESHO4Y6TIOH 1),

2.54-2.79 (2H, m), 3.09-3.15 (2H, n), 4.58-4.68 (1H m), 5.13-5.38 (2H m),

6.26-6.31(1H, m, 15 7.34-7.38 (1H, m, 7.51-7.73 (2H, m, 8.72-8.76 (1H,

m, 8.89-8.97 (1H, m), 12.51 (1H, br s); M-H 566.2, MH 564.2. Exanple 19
(S, S)-4-0xo-3-{2-[2- ox0-3-(propane-|-sul fonyl am no)-2H 20 pyridin-1-yl]
butyrylam no)-5-(2, 3,5, 6-tetrafl uoro- phenoxy) pentanoic acid 0 O 00 'HF
NNOF HOHO I FF W 2004/106304 PCTP®S2004/ 016706 -60 [01181 Prepared
from(S)-2-(3-Am no-2-o0xo0-2H pyridin- 1-yl)-butyric acid tert-butyl ester
and propanesul f oAy00 ¢H,o0d) de Bt di3A§ Mz netshoMso CEqrionkdesminled) 1H N1

(o0, M, 98 B0, 0 8 T8 R (I 1 8080 AR Iy oo 174 (21
-157.1; M+H 532.3, M-H 530.3.
Example 18
5 (S,8)-3-[2-(3~Ethanesulfonylamino-2-oxo-2H-pyridin-1-yl)~
- butyrylaminol]-4-oxo-5~(2,3,5, 6-tetrafluoro-phenoxy) -

pentanoic acid
o ,
' = 0 OH
\‘}sz‘;an]lvlLNJ?O -
H ol :\ H 0 .
’ F
F

[0117] Prepared from (S)-2-(3-Amino-2-oxo-2H-pyridin-
10  1-yl)-butyric acid tert-butyl ester and ethanesul fonyl
chloride according to methods C-G; pink Sdlid; H NMR (400
MHz, d6-DMSO) & 0.74-0.82 (3H, m), 1.17-1.25 (3H, m),
1.85-2.10 (2H, m), 2.54-2.79 (2H, m), 3.09=3.15 (2H, m},
4.58-4.68 (1H, m), 5.13-5.38 (2H, m), 6.26-6.31 (1H, m),
}15 7.34-7.38 (1H, m), 7.51-7.73 (2H, m), 8.72-8.76 (1H, m),
8.89—8.97 (1H, m), 12.51 (1H, br s); M+H 566.2, M-H
564.2.
Example 19
(S,S)—4—Oxo—3-{2—[2—oxo—3-(propane—l—sulfonylamino)-ZHL
20  pyridin-1-yl]-butyrylamino}-5-(2,3,5,6-tetrafluoro-

phenoxy) -pentanoic acid

0O
\
o\\s,,0| N\)OL OH .
/\/*H ; H o) F
0 0
F
F



3.06-3.13 (2H, n) 4,58-4.68 (1H, m, 5.13-5.40 (2H, M, 6.26-6.31 (1H m,
7.34-7.37 (1H, m, 7.50-7.62 (2H, m, 8.71-8.75 (1H, m, 8.90-8.97 (111,
m, 12.53 (1H, br s); MH 580.3, MHJ578.3; 10 Exanple 20
(S, S) - 4- Ox¥@ROPPLBH40x 0- 3- ( pr opane- 2- sul f onyl ani no) - 2H PCT/US2004/016706
o pyridin-1-yl]-butyrylam no) 5-(2,3 5,6-tetrafluoro phenoxy)-pentanoic acid
0O ~y-SNNNOF OHO" OFF 15 [0119] Prepared from
(S)-2-(3-Am no-2-o0x0-2Hpyridin- 1-yl)-butyric acid tert-butyl ester and
i sopropyl sul fonyl chloride using nethods simlar to GG pink solid; IR
(solid) 1645, 1518 cm1; 1H MVR (400 MHz, d6-DMSO) 8 1.7- 1.8 (3H, m,
1.18-1,25 (6H, m, 1.85-2.05(2H, m, 2. 55690 2.8 (2H, m, 3.2-3.3 (1H m,
4.52-4.62 (1H, m, 5.15- 5.32 (3H, m 5.4-5.43 (1H m, 6.25 (1H, t),
7.3-7.35 (1H, n)0l¥8U5- 7 PBeped rromB (B} -B-A3Cklinon2-c&o928- 0y (itkin- m; MH
580.2, MH 578.2, r’g{h
enesul f onyl ani no- 2;1(2 @r% gg’ é%f?): Zéué;gl (e%tgg Néna propanesul fonyl
yl) - but yryl am nofhZexiis EaC(:EIGJ,IEg 6ot metlddauar-e; phmk))s;o)lldpelml MBI ¢4GXTi d WO
2004/106304 PCT/M§2004 ON%%QGS()%% 0. 8§I% H'%ﬂ)? 88 0.9 Eﬁiony 0 F
5 1.63-1.74 (2H, m), 1.85-2.10 {2H, m), 2.56-=2.79 (2H, m),
3.06-3.13 (2H, m), 4.58-4.68 (1H, m), 5.13-5.40 (2H, m),
6.26-6.31 (1H, m), 7.34-7.37 (1H, m), 7.50-7.62 (2H, m),
8.71-8.75 (1H, m), 8.90-8.97 (1H, m), 12.53 (1H, br s);

M+H 580.3, M-H 578.3.

10 Example 20
(S,8)-4-0x0-3-{2- [2~0x0-3- (propane-2-gulfonylamino) -2H-
pyridin-1-yl]-butyrylamino}-5-(2,3,5,6-tetrafluoro-

phenoxy)-pentanoic acid

0]
o [N © OH
1 N
V—“~{:{ \/u\” (0] E
0] O B 0.
F
F
15 [0119] Prepared from (S)-2-(3-Amino-2-oxo-2H-pyridin-

1-yl)-butyric acid tert-butyl ester and isopropylsulfonyl
- chloride using methods similar to C-=G; pink solid; IR
(solid) 1645, 1518 cm-'; *H NMR (400 MHz, d6-DMSO) & 1.7-
1.8 (3H; m), 1.18-1.25 (6H, m), 1.85-2.05 (2H, m), 2.55-
20 2.8 (2H, m), 3.2-3.3 (1H, m), 4.52-4.62 (1H, m), 5.15-
5.32 (3H, m), 5.4-5.43 (1H, m), 6.25 (1H, t), 7.3=7.35
(1H, m), 7.45-7.6 (2H, m), 8.6-8.7 (1H, m), 8.9-9.0 (1H,
m); M+H 580.2, M-H 578.2.
Example 21
25 (S,S)—3-[2-(3-Benzenesulfonylaminoéz—oxo+2H—pyridin~l~
yl)~butyrylamino]—4—oxo-5—(2,3,5,6—tetrafluoro—phenoxy)~

pentanoic acid



F [0120] Prepared from(S)-2 (3-.Am no-2-o0xo0-2H pyridin- 1-yl)-butyric acid
text-butyl ester and benzenesul fonyl chloride according to nmethods C -G
pink solid; 'H NWVR (400 5 MHz, d6-DWVSO) 0.55-0.66 (3H, r?l 72.1,84 (1H, m
1.91- 2. 01 WORN04rP6302. 53-2. 61 (1H, nm), 2.68-2.76 (1H mPCT/USBUIATEE (1H ),
5.06-5.32 (2H, m), 6.20-6.25 (1H, n), 6.98-7.86 (9H, m, 8.84-8.90 (1H m,
9.40-9.45 (1H, m, 12.51 (1H, br s) MH 614.1, MH 612.1. 10 Exanple 22

(S, S)-3-[2-(3-Et hanesul f onyl am no- 2- oxo- 5-

trifluoronethyl-2H pyridin-1-yl)-butyrylam no]-4-oxo-5

(2,3,5,6-tetrafl uoro-phenoxy) - pent anoi c a_ﬁ'LOLgI CF3 0 OOHF S NF HOOj F
F 15 [0121] Prepared from (2-oxo-5-trifludoronethyl-1,2

di hydr o- pyri din-3-yl)-carbani c aci dgbenzyl ester according to nmethods A -G
off-white solid; IR (solid 1664, 11519 cm1 1H NVR (400 MHz, d6-DWVSO 5
0.78-0.87 20 (3H, Mg b (3, 99, £.99-2.14 (2H, m, 2.55-2.80 (2H,

N7,

m, 3.19-3.25 (2H AW S 56, ¢ 5.20-5.30 (2H n), 5,35-5.45 (1H,
m 7.47 (1H, m -7. 1 1|-|\2 Ry, I8, ’s),9.05 (1H m, 9.31
(1H .'.s), 19FNMRM376 rr- WD 004/906]3 | US2004/ 016706 -62 Mz,

d6- DMSO, pr ot on- decoupl ed) 5 63.11, 139.6, £ 157. 1,

[0120] Prepared from (S)—2-(3—Amino—2foxo—2H;pyridin—
1-yl)-butyric acid tert-butyl ester and benzenesulfonyl
chloride according to methods C-G; pink solid; H NMR (400
5 MHz, d6-DMSO) 8 0.55-0.66 (3H, m), 1.72-1.84 (1H, m),

1.91-2.01 (1H, m), 2.53-2.61 (1H, m), 2,68=2.76 (1H, m;,
4.54-4.63 (1H, m), 5.06-5.32 (2H, m), 6.20-6.25 (1H, m),
6.98-7.86 (9H, m), 8.84-8.90 (1H, m), 9.40-9.45 (1H, m),
12.51 (1H, br s); M+H 614.1, M-H 612.1.

10 Exanple 22
(S,8)~3-[2=(3~Ethanesulfonylamino-2-oxo-5-
trifluoromethyl-2H~pyridin-1-yl)-butyrylaminol-4-oxo-5-

(2,3,5,6—tetrafluoro-phenoxy)—péntanoic acid

CFa 0
™ 0 OH
00 || , r
o " o
F ?
F

[0121] Prepared from (2-oxo-5-trifluoromethyl-1,2-

15

dihydro-pyridin-3-yl)~carbamic acid benzyl ester
according to methods 2-G; off-white solid; IR {(so0lid)
1664, 1519 cm-?; H NMR (400 MHz, d6-DMSO) & 0.78-0.87

20 (3H, m), 1.18-1,23 (3H, m), 1.99-2.14 (2H, m), 2.55-2.80
(2H, m), 3.19-3.25 (2H, m), 4.54-4.66 (1H, m), 5.20-5.30
(2, m), 5.35-5.45 (1H, m), 7.47 (1H, m), 7.55-7.71 (1H,
m), 8.01 (1H, s), 9.05 (1H, m), 9.31 (1H, s); °F NMR (376



-157.2; MtH 634.1, MH 632.1 Exanple 23

(S, S)-3-[3-Methyl - 2-(2- oxo- 3- phenyl acetyl am no-2H 5 ,
pyridin-1-yl)-butyrylam no]-4 oxo-5-(2,3,5,6-tetrafluoro- phenoxy)-pentanoic
acid 0 O WONEGHAMRM N O\ F HO "';\ HO I/ F F [O012RCTRERMOHIWTI6f r om
(2-ox0-1, 2-di hydro pyridin 3-yl) carbam c acid benzyl ~ester according to
met hods A-G, pink 10 solid, IR (solid) 1644, 1683, 1740, 1791 cm 1; 1H NMR
(400 MHz, d6-DMSO 8 0.6 (3H, m, 1.0 (3H m, 2.2-2;3 (in, n),2.5-3.0 (2H
m, 3.7-3.8 (2H, m, 4.1-5.4 (4H m, 6.2-6.3 (1H, m, 7.2-7.4 (5H m,
7.5-7.7 (2H, m, 8.1- 8. 2 (1H m, 8.7-9. 2 (2H, m ; 19F NWR (376 MHz, d6
DVBO, 15 proton-decoupled) S 140.6, 141. 0%2-156,8, -157.0, -157;2: M-H
606. 3, M H 604.3. Exanple 24

(S,S)-3-[2-(3-EthHﬂES&64hmmplapidﬁbnzdeﬁﬁhﬁdédpyﬁidéjlIhuyLl39.6, -157.1,

3- et hyl - but yryl amo] ; 4- X0 etrafluoro- 20 phenoxy) - pent anoi ¢
acid 0 00 1 ot H52ﬁ* E’OMi:H tH o F [0123] Prepared from
(2-oxo0-1, 2-di hydro- pyrldln 3- yI) car bewdnblacRsl benzyl ester according to

methods A-Gof f- by te solidh | (5oLl 91598, 1045, 1682, 1742, 1789 cm1;
5 yrldln—l—yl)—butyrylam1no]—4—qxo—5—(2,3,5,6—tetrafluoro—

‘phenoxy) -pentanoic acid

QVLQdLi;fj

[0122] Prepared from (2—oxo—1,2—dihydro—pyriain—3—yl)—
carbamic acid benzyl ester according to methods A-G; .pink
10 = solid; IR (solid) 1644, 1683, 1740, 1791 cm-1; 'H NMR (400
MHz, d6-DMSO) 6 0.6 (3H, m), 1.0 (3H, m), 2.2-2.3 (1H,
m), 2.5-3.0 (2H, m), 3.7—3.8‘(2H, m), 4.1-5.4 (4H, m),
6.2-6.3 (1H, m), 7.2-7.4 (5H, m), 7.5-7.7 (2H, m), 8.1-
8.2 (1H, m), 8.7-9.2 (2H, m); F NMR (376 MHz, d6-DMSO,
15 proton-decoupled) & -140.6, -141.0, -156.8, -157.0,
-157.2; M+H 606.3, M-H 604.3.
: Example 24
(S,8)-3-[2- (3-Ethanesul fonylamino-2-oxo-2H-pyridin-1-yl) -
3-methyl-butyrylamino]-4-oxo-5-(2,3,5,6-tetrafluoro-
20 - phenoxy)-pentanocic acid

o]
LY OH
N7
S‘N N\/J\N (o} F
H :H uli
S 0
F
F
[0123] Prepared from (2-oxo-1,2-dihydro-pyridin-3-yl)-

carbamic acid benzyl ester according to methods A—G; off~-
white solid; IR (solid) 1595, 1646, 1682, 1742, 1789 cm-1;




WD 2004/ 106304 PCT1US2004/ 016706 63 1H NMR(400 MHz, d6-DMSO) 80.7 (3H, m,
0.9-1.0 (3H mM, 1.2 (3H mM, 2.3 (1H mM, 2.6 3.0 (2H M, 3.1 (2H m,
4.1-5.4 (4H m, 6.3 (1H m, 7.3(1H m, 7.5-7.7 (2H, m, 8.7-9.2 (2H, m;
19F NVR ( 3W® 0P#106¢8- DMSO, proton 5 decoupl ed) 8 -140, 6PCT/UR200401670856, 7,
-157.0, -157,1; M+H 580.2, MH 578.3. Exanple 25 (S)-5-Fluoro-4-o0x0-3-[2
(2-oxo- 3- propi onyI am no- 2H- pyridin-1-yl)-propionyl am no] - pentanoic acid 10
0 Ol H ~-N-N H=HO0O [0124] Prepared from

(2=0xo0-1, 2-di hydro-pyridin-3-yl)- carbam c acid benzyl ester and

3- Anmi no- 5 fl uoro-4- hydroxy pent anoi ¢ acid tent-butyl ester according to 15
met hods A-G pink solid; IR (solid) 1643763658, 1711, 1740 cm1; 1H NMWR
(400 MHz, d6-DVSO) 81012(3H m 1.4-1.6(3H m, 2.4-3.2 (4H, n)

4.2-4.6(1.511, my N’QROM@O 641&2 ékLDNfQo) 6.8 A YBa,mhy, o @—(11b+ (51, 1@ (1H,
n, 8.3-8, 8(1H‘r2§ nzj 19FNI\/R376M—|Z 6- DVEO,
pr ot on- decoupl ed}-% ¢ 26m8 2'2326 nh3F 8 342k, m) . 2?’321 725, 28‘2 8; M+H
?g? g [g*F3338 3. %ﬁampk@HZQm, SFE (ldem, 7. 3 (1H, m), 7.5-7.7 (2H,
-3-[2-(3-Benzo amn 0 pyri din
propi onyl ami no] -BLf 14 g&% At :;ﬁoWa@i% k"52"0 H EMSR PRI F
5 decoupl__ed) 8 ~-140.6, -141.0, -156.7, -157.0, -157.1; M+H
580.2, M=H 578.3.
Example 25
(S)—5—F1uoro—4—oxo—3—[2—(2-oxo—3—propiony1amino—2H>

pyridin—léyl)-propionylamino]—pentanoic acid

0
0 l\\' o) OH
\/U\N ' N\./lLN F
Hodos ow

[0124] Prepared from (2-oxo-1,2-dihydro-pyridin-3-y1)-

10

carbamic acid benzyl eéster and 3-Amino-5-fluoro-4-
hyvdroxy-pentanoic acid tert-butyl ester according to
15 methods A-G; pink solid; IR (solid) 1643, 1658, 1711,
1740 cm-1; H NMR (400 MHz, d6-DMSO) & 1.0-1.2 (3H, m),
1.4-1.6 (3H, m), 2.4-3.2 (4H, m), 4.2-4.6 (1.5H, m), 5.0-
5.6 (2.5, m), 6.3 (1H, m), 7.3 (1H, m), 8.2 (1H, m),
8.3-8.8( 1H, m), 9.1 (1H, m); F NMR (376 MHz, d6-DMSO,
20 proton-decoupled) 6 -226.8, -226.9, -230.6, -231.4,
-232.7, =232.8; M+H 370.4, M-H 368.3.
Example 26 ’
(S)-3-[2-(3-Benzoylamino-2-oxo-2H-pyridin-1-yl) -

propionylamino]-5-fluoro-4-oxo=pentanoic acid

0
0 I\~o OH
N N\;)L” F

H o @ o)

[0125] Prepared from (2-oxo-1,2-dihydro=pyridin-3-yl)-

25

carbamic acid benzyl ester and 3-Amino-5-fluoro-4-



25M O [ 01251 Prepared from (2-oxo0-1, 2-di hydro-pyridin-3-yl)- carbamc acid
benzyl ester and 3- Am no-5-fluoro-4 WO 2004/ 106304 PCT/ US2004/ 016706 -64
hydr oxy-pentanoic acid tert-butyl ester according to nethods A-G pink
solid; IR PeOIOHI063W23 1644 cm 1; 1H NWR (400 MHz, d6- DWB@)SZ(@M&W((@H m,
2.5-3.2 (2H, M), 4.2-4:7 (1.5H n), 5.0-5.6 (2.5H, m, 6.4 (1R m, 7.4 5
7.6(3H m, 7.9 (2H m, 83 (1HmM, 8.5-8.9 (iH M, 9.3 (1H m) 19F NWR
(376 MHz, d6DMSO, proton-docoupled) S 226.7, -226.8, -230.4, -231.3,
-232.8, -232.9, M+rH 418.3, MH 416.3. Example 27 10

(S)-3-{2-[3-(2,6-Di chl oro-benzoyl am no) - 2- oxo- 2H pyridin | ‘

yl ] - pr opi onyl ani no} - 5-f uor o- 4- oxo- pent andi® acid 0 C O fOfH N NN F CH
0 HO (0126] Prepared from (2-oxo 1, 2-dihydro-pyridin-3-yl)15 carbam c acid
benzyl ester andhafdAmcyr@@tfahubq:oaamd et exytyvieps aaoi accaeiddng etd - but yl  ester

di t k. i 1, 46 rL;. 1H
N 400 e o Bhetyas e bk (g b (G 1 SaE L 8 S by 1
nm, 5.0-5.5 (2. 5|1<1MRrT140@153%26 és(ﬂﬂm)ZG ms (B4 ﬁ)f’ 2(35H,3 mxzz& ?m)( 1H,
m.8.5-8.9 (1H ), 10,2 19F NMVR (376
pr ot on- decoupl ed)*-874: 528 - H' ‘Zbﬁ %0‘§36 62 2h3m) g, 62432(1%I 12?32 G4 wHH

486:3, MH 484.3.7, Exammjem28725 (2H, m), 8.3 (1H, m), 8.5-8.9 (1H, m),
byl i e Toyl) - pr opP okt ario] o bR arty e e 1o Ge B804 TBERAecoupled)
PCT/ US2004/ 016706 -226.7, -226.8, -230.4, -231.3, -232.8, -232.9; M+H
418.3, M-H 416.3.
Example 27
10 (S)—3—{2—[3—(2,6—Dichloro-beﬁzoylamino)—2—oxo-2HEpyridin—

_1—y1]—propionylamino}—5—fluoro—4—6xo—pentanoic acid

¢
Cl

[0126] Prepared from (2-oxo-1,2-dihydro-pyridin-3-yl)-

15 carbamic acid b?nzyl ester and 3-Amino-5-fluoro-4-

hydroxy-pentanoic acid tert-butyl ester according to
methods A-G; pink solid; IR (solid) 1521, 1646 cm-1; 'H
NMR (400 MHz, d6-DMSO) 8 1.5-1.6 (3H, m), 2.5-3,2 (2H,
m), 4.2-4.7 (1.5H, m), 5.0-5.5 (2.5H, m), 6.3-6.4 (1H,
20 m), 7.4-7.5 (3H, m), 8.3  (1H, m), 8.5-8.9 (1H, m), 10.2
(1H, m); YF NMR (376 MHz, d6-DMSO, proton-decoupled) §
-226.7, -226.8, -230.6, —é31.4, -232.8, -232.9; M+H
486.3, M-H 484.3.
Example 28
25  (8)~5~Fluoro-4-oxo-3-[2-(2-0xo-3-phenylacetylamino-2H-

pyridin-1l-yl) -propionylamino]-pentanoic acid




-65- 00 0O OH 00 HIJ[0127] Prepared from (2-o0xo0-1, 2-di hydro-pyridin-3-yl)
carbam c acid benzylester and 3- Am no-5-fluoro-4 5 hydroxy-pentanoic acid
tert-butyl ester according to nethods A-G pink solid; IR (solid) 1524. 2,
1652. 4 cm WO 2004AL06BR (400 MHz, d6-DVSO) 3 1.5 (3H, n), RCBAS2R4/BMS m), 3.8
(2H, m, 4.2-4.7 (1.5H m, 5.0-5".5 (2.5H, n, 6.3 (1H M 7.2-7.4 (6H m
8.2 (1H, m 8.4-8.9 (1H, m, 10 9.3 (1H, nm; 19F NWR (376 Mz, d6- DMSO,

pr ot on- decoupl ed) 8 -226.7, -226_8, -230.6, 231.5,-232.8,.-232.9; MH
432.3, M-H 430.3. Exanple 29 (8) -5-Fluoro-4 oxo-3-[2 (2-0x0-3.
propi onyl am no-2H 15 pyridin-1-yl)-butyryl am no]-pentanoic acid O N NN ~N
| H HF 0 0 [01281 Prepared from (2-0xo:66-2-di hydro-pyridin-3-yl)-
carbainic acid benzyl ester and 3-Am no-5-fl uoro-4- hydroxy-pentanoic acid
tert-butyl ester according to 20 netRods A-G pink solid; IR (solid) 1644,

1585, 1518, 1214.cm 1, 1H 400 d6-DMVBD) S 0.8-0.9 (3H, n), 1.05
(3H, t), 1.9-2.1 Cm Ll 24-% 5 MM, 2.6-2.95 (2H, in), 4.2-4.5(2H,
m, 5 .1-5.5 (3H>MM 6087 . F 7.4-7.45 (1H, m), 8.2-8.25 (1H, m,

2
8.B-8.9 (1H, m'. 25 9.1M9.45 ¢1H mp: 19F NVR (376 Mz, d6- DMBO, pr ot on-
decoupled) S -226.7, -232.6; M+H 384.3, MH 382. 3. ~

[0127] Preparéd from (2-oxo-1,2-dihydro-pyridin-3-yl)-
carbamic acid benzyl ester and 3-Amino-5-fluoro-4-
5  hydroxy-pentanoic acid tert-butyl ester according to
methods ‘A-G; pink solid; IR (solid) 1524.2, 1652.4 cm-1;
'H NMR (400 MHz, d6-DMSO) & 1.5 (3H, m), 2.5-3.2 (2H, m),
3.8 (2H, m), 4.2-4.7 (1.5H, m), 5.0-5.5 (2.5H, m), 6.3
(l1H, m), 7.2-7.4 (6H, m), 8.2 (1H, m), 8.4-8.9 (1H, m),
10 9.3 (1H, m); ' F NMR (376 MHz,d6-DMSO, proton-decoupled) &
-226.7, -226.8, =230.6, -231.5, -232.8, -232.9; M+H
432,3, M-H 430.3.
Example 29
(S)-5-Fluoro-4-ox0-3-[2~(2-0x0-3=propionylamino-2H- ;

15 " pyridin-1l-yl)-butyrvlamino]-pentanoic acid

0]

0] = 0 OH
\)LN/Q\I\/”\J:[:\AF
R S b 8

~

[0128] Prepared from (2-oxo-1,2=dihydro-pyridin-3-yl)=-

carbamic acid benzyl ester and 3-Amino~5¥f1uoro—4—
hydroxy-pentanoic acid tert-butyl ester according to

20  methods A-G; pink solid; TR (solid) 1644, 1585, 1518,
1214 cm-1; H NMR (400 MHz, d6-DMSO) & 0.8-0.9 (3H, m),
1.05 (3H, t), 1.9-2.1 (2H, m), 2.4-2.5 (2H, m), 2.6-2.95
(2H, m), 4.2-4.5(2H, m), 5.1-5.5 (3H, m), 6.3-6.35 (1H,
m), 7.4-7.45 (1H, m), 8.2-8.25 (1H, m), 8.8-8.9 (1H, m),

25  9.1-9.15 (1H, m); F NMR (376 MHz,d6-DMSO, proton-

decoupled) & -226.7, -232.6; M+H 384.3, M-H 382.3.




{ WD 2004/106304 PCT/ US2004/016706 -66 Exanple 30

(S)-3-[2-(3-Benzoyl am no- 2- oxo- 2H pyri din-1-yl)

butyryl am no] - 5-f | uor o- 4- oxo-pentanoic acid 0 0\ N,, Nj HF HO O\ 05
[ 0129] Pr epar 1a4/50680h ( 2- oxo- 1, 2-di hydro pyridin 3 yl)-' PCTtasanwieci d

benzyl ester and 3-Ami no 5-fluoro 4- hydroxy pentanoic acid tert-butyl ester
according to nethods A-G pink solid; IR (solid) 1643, 1522, 1204 cm1; 1H
NVR (400 MHz, d6-DVMSO 60.75-0.85 (3H, M, 1.9 10 2.2 (2H, m, 2.6-2.9 (2H,
n, 4.3-4.7(2H, n), 5.1-5.6 (2H, nb6.4-6.5 (1H, mM; 7.5-7.85 (4H, m,
7.9-8.0 (1H, m, 8.3-8.4 (111, m, 8.85-8.95 (1H, m, 9.35 (1H, s), M+H
432.3, M-H 430.3. Exanple 31 15 (S)-3-{2663-(2,6-Di chloro

benzoyl am no) - 2- oxo- 2H pyri din- 1-yl]-butyryl am no}-5-fl uoro 4-oxo- pent anoi c
acid 0 C OO0 OH NNNF CH 0 O [ 01308xdapeased from ~

(2-o0oxo0--1, 2-di hy y carbam ¢ I dben er and
3- Ami no- 5-f uoroqﬁPQg BI:%/g 9?“%‘@)&%8% e i Fe?%’r’céﬂlll {er according to
met hods A-G whi betgofliadiinbR-% stilluodp -1 66 -pkbdbnoldb&Fid 1516, 1216 cm 1; 1H

NVR (400 MHz, d6-DVMBSO) 6 0.8-0.9 (3H m, 1.9-2.1 (2H, m, 2.6-2.85 (2H
m, 4.4-4.7(2H, m, 5.1-55 (2H, , 6.4-6.5 (1H, m; 7.5-7.6 (4H, m, 8.33
N N\{)LN F
H 0 i\ H o
5 [0129] Prepared from (2—oxo¥1,2—dihydro—pyridin—3—y1)J

carbamic agid benzyl ester and 3-Amino-5-fluoro-4-
hydroxy—pentanoic acid tert-butyl ester according to
methods A-G; pink solid; IR (solid) 1643, 1522, 1204
cm-1; 'H NMR (400 MHz, d6-DMSO) & 0.75-0.85 (3H, m), 1.9-'
10 2.2 (2H, m), 2.6-2.9 (2H, m), 4.3-4.7(2H, m), 5.1-5.6
(2H, m6.4-6.5 (1H, m), 7.5-7.85 (4H, m), 7.9-8.0 (IH, m),
8.3-8.4 (1H, m), 8.85-8.95 (1H, m), 9.35 (1H, s); M+H
432.3, M-H 430.3.
; Example 31
15 (8y-3-{2-[3-(2,6-Dichloro-benzoylamino)-2-oxo-2H-pyridin-

1-v1]-butyrylamino}-5-fluoro-4-oxo-pentanoic acid

: 0]
CKLQ‘ N F
cl (0] N 0]

[0130] Prepared from (2—oxo~1,2—dihydro—pyridin—3—yl)-
carbamic acid benzyl ester and 3~Amino—5—fludro—4—

20 hydroxy-pentanoic acid teft—butyl ester according to
methods A-G; white solid; IR (solid) 1682, 1645, 1580,
1516, 1216 cm-1; 'H NMR (400 MHz, d6-DMSO) & 0.8-0.9 (3H,
m), 1.9-2.1 (24, m), 2.6-2.85 (2H, m), 4.4-4.7(2H, m),
5.1-5.5 (2H, m), 6.4-6.5 (1H, m), 7.5-7.6 (4H, m), 8.33-

25 8.38 (1H, m), 8.85-8.95 (1H, m), 9.15-9.25 (1H, s); M+H
500.3, M-H 498.3,



25 8.38 (1H, m, 8.85-8.95 (1H, nm, 9.15-9.25 (1H, s); M+H 500.3, MH

498. 3. WD 2004/ 106304 PCT/ US2004/ 016706 -67 Exanple 32

(S) - 5-Fl uoro-4- oxo- 3- (2-{ 2- oxo- 3-[ (pyri di ne- 2- car bonyl ) - {

am noj - 2H P 200/M64y| } - but yryl am no) - pent anoi ¢ acid O PCI/USIOPMHOIREOSNN- * Nr p
NHOO S5 [0131] Prepared from (2-oxo 1,2-dihydro pyridin 3-yl)- carbamc
acid benzyl ester and 3- Am no-5-fluoro- 4- hydr oxy-pentanoic acid tert-butyl
ester according to nethods A-G creamsolid, IR (solid) 1685, 1644, 1521
cm 1; 1HNWVR (400 MHz, d6-DMSO 6 0.81-0.86(3H, m, 1.90 10 2.05 (1H, m,
2.06-2.19 (1H, m), 2,54-2.90 (2H, m, 4.58- 4.72 (1H, m, 5.07-5.31 (2H, m,
5.42-5.57 (1H, m, 6.40- 6.44 (1H, m, 7.%47-7.49 (1H m, 6.68-7.72 (1H m,
8.09- 8.11 (1H, m, 8.18(1H, d), 8.45-8.47 (1H, m, 8,73-8.75 (1H, m,8.87
(1H,dd), 10.74 (1H, s), 12.45 (1H, brdexsmpld5349F NVR (376 M—Iz -d6- DVBO,

pr ot on- decoupl ed), 230 2 232 S - 232x8,
0232.9;  MeH 433‘51"S R4 O’Eanéﬁeg’%f"&)’ ?épﬁllﬁi&%l% ~ R Y?% (2- oxo
3- phenyl acet yl anbnin@H2 R2Oypydirdilnyl} ybytbutlpmyharipealtapent sawidc acid 0

Q\NOI NNH 0 O0OF HWH[0132] Prepared from (2-oxo-1, 2-dihydro pyridin-3-yl)-

No/@\)ol\: OH
= o L ©
5 [0131j Prepared from (2-oxo-1,2-dihydro-pyridin-3-yl)-
carbamic acid benzyl ester and 3-Amino-5-fluoro-4-
hydroxy-pentanoic acid tert=butyl ester according to
methods A-G; cream solid; IR (solid) 1685, 1644, 1521 cm-
1; 'H NMR (400 MHz, d6-DMSO) & 0.81-0.86 (3H, m), 1,90-
10 2.05 (1H, m), 2.06-2.19 (1H, m), 2.54-2.90 (2H, m), 4.58-
4.72 (1H, m), 5.07-5.31 (2H, m), 5.42-5.57 (1H, m), 6.40-
6.44 (1H, m), 7.47-7.49 (1H, m), 6.68-7.72 (1H, m), 8.09-
8.11 (1H, m), 8.18 (1H, d), 8:45-8.47 (1H, m), 8.73-8.75
(1H, m), 8.87 (1H, dd), 10.74 (1H, s), 12.45 (1H, brd s);
15 *°F NMR (376 MHz, d6~DMSO, proton-decoupled) & -226.8,
-230.4, -230.6, -231.0, -232.5, -232.6, -232.8, —532.9;
M+H 433.4, M-H 431.4.

Example 33
(Sy=-5-Fluoro~4-oxo~3-[2- {2-oxo-3-phenylacetylamino-2H-
20 pyridin-1l-yl)-butyrylamino]-pentanoic acid

0
, ﬁk N\:/U\hl 5
0 _  ©

[01321] Prepared from (2-oxo-1,2-dihydro-pyridin-3-yl)-
carbamic acid benzyl ester and 3-Aminb—5-fluoro—4-
hydroxy-pentanoic acid tert-butyl ester according to

25 methods A-G; pink solid; IR (solid) 1644, 1672; 1742;
1785 cm-1; 1H NMR (400 MHz, d6-DMSO) & 0.7-0.8 (3H, m),
1.8-2.2 (2H, m), 2.5-3.2 (2H, m), 3.8 (2H, s), 4.2-4.7




carbam c acid benzyl ester and 3-Am no-5-fluoro-4- hydroxy-pentanoic acid
tert-butyl ester according to 25 nethods A-G pink solid IR (solid) 1644,
1672, 1742, 1785 cm1; 1H NWR (400 MHz, dG DNSO 3 0.7- 3H %?,
1.8-2.2 (2WOWP4108308-3 2 (2H, n), 3.8 (2H s), 4'.2-4. 7PW§U BHI1§96304
PCT/ US2004/ 016706 -68 (2H, m , 5.1-5.5 (2H m , 6.3 (1H m , 7.2-7.4
(6H m 8.2 (1H, mM,8.5-9.4 (2H, m; 19F NWR (376 Miz, d6- DMSO
proton-decoupl ed) 8 226.7, 226.7, -230.4, -231.2, -232,6, -232.6; MH
446.3, MH 444.3. 5 Exanple 34

(S)-5-Fl uoro-4-oxo-3-{2-[ 2- oxo- 3-( 2- n}toly acetylanlno)

2H pyridin-1-yl]-butyryl am no) - pent anoi cat 83 00 J: O NHF 0 o [0133]
Prepared from (2=oxo-1, 2-di hydro-pyridin-3-yl)- 10 car bani ¢ aci d benzyl
ester and 3-Anind251fmhoﬁb445 hyRtoxy) pemtlandHe mki o7 t2ef7t 4bleyl mst er

AU Lo ISR e Y 6, [0 it gy 11 0

(2H, ), 3.7-3.8pkdtbnsjecolip2ed) 5 +5264H, +205.6, &:(3044 n)-2337 D-7.3 (4H, m

7.4 (1H, 8.2 5- 3 (1H, m; 19F NWR (376
MHz, (d6 Dmso pro?g H%ecou&l ed)l\g}ﬁ? 4%%637®1ﬁé4% 3: 238 4. 1231.2, -23(2.6,

-232 7, MrH 460.3, MH 459.4. Exanpl e Bbamile( 3} 5- FIuoro 4 0x0-3-[ 2-(2-0x0
3-propi onyl ami no- 2kt s by | Jign 4 15 %0 )5 ReNY 2oy am (9ol - penhanelc, fghd 9 -

2H-pyridin-1-yl]-butyrylamino}-pentanoic acid
O
N N\r)LH F
"o S 0

{0133] "Prepared from (2—oxo—1,2—dihydro?pyridin—3—y1)_

10 carbamic acid benzyl ester and 3-Amino-5-fluoro-4-
hydroxy-pentanoic acid tert4butyl ester according to
methods A-G; ochre solid; IR (solid) 1644, 1678 cm—l; 'y
NMR (400 MHz, d6-DMSO) & 0,7-0.8(3H, m), 1.8-2.2 (2H, m),
2.3 (3H, s), 2.5-3.2 (2H, m), 3.7-3.8 (2H, s), 4.2~5.5

15 (4H, m), 6.3 (1H, m), 7.0-7.3 (44, m), 7.4 (1H, m), 8.2
(1H, m), 8.5-8.9 (1H, m), 9.2-9.3 (1H, m); °F NMR (376
MHz, d6-DMSQ, proton-decoupled) & -226.7, -226.7, -230.4,
-231.2, -232.6, =232.7; M+H 460.3, M-H 459.4.

Example 35
20 (S)-5-Fluoro-4-oxo-3-[2-(2-oxo-3-propionylamino-2H-

pyridin-1-yl)-pentanoylamino]~pentanoic acid

P

[0134] Prepared from (2-oxo-1,2-dihydro-pyridin-3-yl)-
carbamic acid benzyl ester and 3-Amino-5-fluoro-4-

25 hydroxy-pentanoic acid tert-butyl ester according to
methods A-G; white solid; 'H NMR (400 MHz, d6-DMSO) & 0




X\ OH NN-NII'F HOHO [0134] Prepared from
(2-oxo0-1, 2-di hydro-pyridin-3-yl)- carbam c acid benzyl ester and
3- Ami no-5-fluoro-4 25 hydroxy-pentanoic acid tert-butyl ester according to
met hods A- 80 241030l i d; 1H NVR (400 MHz, d6-DVSO 8 OPQDUIDHNBOB304
PCT/ US2004/ 016706 69 0.85-0-95 (3H, m, 1.0-1.1,(3H, m, 1.1-1.17 (2H, m,
1.9-2.0 (2H, m, 2.4-2.5 (2H, M, 2.6-2.90 (2H, m, 4.5- 4.65 (1H,
m,5.1-5.5 (3H m, 6.3-6.35 (1H, m, 7.4-7.43 (1H m, 8.2-8.23 (1H, n)
8.8-8.9 (1H, m, 9.05-9.1 (1H, 5 m; 19F NWR (376 Mz, d6- DMBO,
prot on-decoupled) 6 -226.7, -232.6; MtH 398.4, MH 396 4. Exanple 36
(S) - 5- Fl uoro- 3- [ 4- et hyl - 2- ( 2- oxo- 3- pr opi-®Ayl ami no- 2H-
pyridi n-1-yl)-pent anoyl am noj - 4- oxo-pentanoic acid 0 NNNF HOHO 10
[ 0135] Prepared brestd 250X09u]1, 12)- dilhy)dnol Py, diaf; 3t ¥l i-, 192K P@Ming ,aci d benzyl
ester and 3- Am no- g fl uoro 4- hydroxy-pentanoi c_aci d tert butyl —ester
according to nmethdods Q- @ pihk SdEdS 4ENUR (200 MY, (d8- DNBOE-8-15
?ALFSESH 4n%0 i @56%3HJIth) , 15 30-5. EHy 3ﬂzgﬂl 30326IQ3«ZH" ﬁ),X7n&gSZ?ia 3n$0
7.45 (1H m, g W rg)n)? gagiaélﬁlrf“ 8.8~ f59(?5‘r¥ ﬁ‘)"; 1@%—'3\"\%?(@5}76 MHz,
d6- DVBO, progonmﬂecwpmﬂ) 156 325, 61382, BioddhHaliduh e A0sRXpple 37

(S)-5-Fluoro- 5 rret h¥1 398oxoM3Hp£19eg1yf acetyl am no
Example 36

(S)—5—Fluoro—3—[4—methyl-2-(2—oxo—3—propionylaminosz—

pyridin—l—yl)—pentanoylamino]—4—oxo—pentanoic acid

o)

o N o o

\)LN N\./U\N F
0 ij/ﬂ 0

[0135] Prepared from (2-oxo0-1,2-dihydro-pyridin-3-yl)-

10

carbamic acid benzyl ester and 3-Amino-5-fluoro-4-
hydroxy-pentanoic acid tert-butyl ester according to
methods A-G; pink solid; 'H NMR (400 MHz, A6-DMSO) §

15 0.85(6H, m), 1.05 (3H, t), 1.30 (1H, m), 1.70-2.10 (2H, 2
x m), 2.30-3.00 (4H, m), 4.60-4.80 (1H, m), 5.05-5.40
(2H; m), 5.65 (1H, m), 6.35 (1H, m), 7.45 (1H, m), 8.25
(1H, m), 8.95 (1H, m), 9.15 (1H, m); *°F NMR. (376 MHz, d6-
DMSO, proton-decoupled) 6 -226.7, -=232.5; M+H 412.3.

20 : Exampie 37
(S)—5—Fluoro—3—[2—(5~methy1—2—oxo—3—phenylacetylamino—ZH;

pyridin-1-yl)-butyrylaminol-4-oxo-pentanoic &cid

0]
WAL
oz\Ho
[0136]  Prepared from (5-Methyl-2-oxo-1,2-dihydro-

N
H

25 + pyridin-3-yl)-carbamic acid benzyl ester and 3-Aminoc-5-

fluoro-4-hydroxy-pentanoic acid tert-butyl ester




pyridi n-1-yl)-butyryl am no] - 4- oxo-pentanoic acid 0 o NH N-IANF HOHDO
[0136] Prepared from (5-Met hyl -2-o0xo0-1, 2-di hydro 25 pyridin 3-yl)-carbamc
acid benzyl ester: and 3-Am no-5 fluoro-4 hydroxy pentanoic acid tert-butyl
ester WO MDWIH4DPEIA4 PCT/ 1352004/ 016706 -70 accor di ngPEHUREOHHGHOA- G
yellow solid; IR (solid) 1654, 1741, 1785 cm1l; 1H NWR (400 MHz, d6-DMSO) S
0.7-0.8 (3H, mM 1.8-2.2 (5H, m, 2.5-3.2 (2H, mM, 3,8 (2H, s), 4.2- 5.5
(44 m, 7.12-7.4 (6H m, 8.1(1H m, 8.4-8.9 (1H, 5 m', 9.2-9.4 (1H m
19F NWR (376 MHz, d6-DMBO, proton decoupled)8 -226.7, -226,7, -227.5,
-230.5, -231.3, -232.6, -232.6, -233,4; MtH 460.4, MH 458.4. Exanple 38
(S, S) - 4- Ox0- 3-{2-[ 2- 0x0- 3- (t hi azol -2 yl ami ¥6) - 2H-pyridin- 10 1
yl]-butyrylam no)-5-(2, 3,5, 6-tetrafl uoro-phenoxy)- pentanoic acid O S 11 N
~ OHF NN O F Fagcong@itmdol meBh¢dRhiragol y&lidwamphods TH pyoilddn-Desdne | N

VS-NNH 15 H O [Q137] T 50k Y4008l (A5 0 2L R 9% 27,978 (240

m), 1.8-2.2 (58, m), 2.5-3.2 (2K, m), 3.8 (2H, s), 4.2-
5.5 {48, m), 7.1-7.4 (6H, m), 8.1(1H, m), 8.4-8.9 (1H,

5 m), 9.2-9.4 (1H, m); F NMR (376 MHz, d6-DMSO, proton-
decoupled) & -226.7, -226.7, -227.5, -230.5, eéBl.é,
-232.6, -232.6, -233.4; M+H 460.4, M-H 458.4,

Example 38

(S,8)-4~0x0-3-{2-[2-0x0-3- (thiazol-2-ylamino) -2H-pyridin-

10 l—yl]—butyrylamino}—S—(2,3,5,6—tetrafluoro~phénoxY)—

pentanoic acid
€]
<7‘N = o - OH
oo F
0 R 0
F
F

Method I:
3= (Thiazol-2-ylamino)~1H-pyridin-2-one

H

15 0
[10137] To a solution of 3-Amino-1H-pyridin-2-one (2.0
g, 18.7 mmol) in water (2 mh) was added 15% HCLl (10 mlL,
18 mmol) followed by ammonium thiocyanate (1.5 g, 18
mmbl) and the mixture was?heated to reflux for two hours.

20 Upon cooling the intermediate thiourea was found to
precipitaté as a red-brown golid. The mixture was
filtered and the solid washed with water (5 mls) .
To a solution of the thiourea (1.3 g, 7.7 mmol) in EtOH
(20 mL) and water (5 mL) was added chloroacetaldehyde

25 (2.3 mL), 16.4 mmol) and the mixture was heated to reflux
for four hours. On cooling, the mixture was diluted with

EtOAc (30 mL) and washed with 10% NaHCOs; and brine. The



g, 18.7 mmol) in water (2 nL) was added 15% HC1 (10 niL, 18 mmol) fol |l owed
by ammoni um t hi ocyanate (1.5 g, 18 mmol) and the m xture was heated to ref
l'ux for two hours. 20 Upon cooling the internediate thiourea was found to
preci pi t at Wo2041068d- br own solid. The mixture was filtBEBYSHAHOTIE sol i d
washed with water (5 nmL) To a solution of the thiourea (1.3 g, 7.7 mmol) in
EtOH (20 nmL) and water (5 nL) was added chl or oacet al dehyde 25 (2.3 ),
16.4 mml ) and the m xture was heated to‘ reflux for four hours. On cooling,
the mixture was diluted with EtOAc (30 nl) and washed with 10% NaHCO3 and
brine. The WO 2004/106304 PCT/U52004/016706 71 organic phase was dried over
MyS04 and concentrated in vacuo. The res/due was purified by flash col um
chromat ogr aphy (100%kt OAc) to afford the title conmpound as a pale green
solid (1.43 g, 4@8§anitHohide (WEB0dkked &re@DU3), 8nd. Corfdddtrsredbidb (1H, t),
6.75 (1H 's),7.0p .7 10 4 42 5:8.5 (2H, m; MH
194.1, MH 192,17 ‘T”c?lssfﬁ%%%é?dﬁtger%%o"u“gled B 1 s it 21 sequence
descri bed in netdiotsmasognap: G100%akfera ttheaEfaudpltbe3Bit id cagpaumhi t e

0 750,85 (31 150 A Y605 St bitd ‘%44%05‘33&%%%%(%%3 Wiy 2O °
FRIE S EH A vl St o I T gﬁoﬁH P
9 (1H, (br s;ﬁ 1oL (L mgrdH’-é)%?‘Hg?f (W§76yﬂ§8dé ?ﬁgo i XA

rot on- decoupl ed)® 141 m0H 19456. 9; 14+11 557.2, M H 555.2. Exanmple 39 (S,
S)4Q<o3[2(2 3-pr am _no- 2H dnl
but yryl am no] - %]5 6- ﬁé)%l? ari*Go73 gkp%yend’??) l]bv%]tJe?lqoln thesequence

descrlbed in methods A and B=G to afford the example 38
10 as a white solid; IR (solid) 1648, 1593, 1517, 1490 cm-1;

:

| f

5
7.
9.
p

'H NMR (400 MHz, d6-DMSO) & 0.75-0.85 (3H, t), 1.9-2.2
(24, m), 2.6-2.8 (2H, m), 4.6-4.7 (1H, m), 5:2-5.3 (2H,
m), 5.35-5.45 (1H, m), 6.3-6.35 (1H, m), 6.96-6.98 (1H,
m), 7.2-7,3 (2H, m), 7.5-7.65 (1H, m), 8.4-8.43 (1lH, m),
15 8.8-8.9(1H, 2 x d), 9.9 (1H, br s), 12.5 (1H, brd s); *°
NMR (376 MHz, d6-DMSO, proton-decoupled) & .-141.0,
-156.9; M+4H 557.2, M-H 555.2.
Example 39
(8,8)~4~0x0o-3~[2=(2-0ox0-3-propylamino-2H-pyridin-1-y1)-
20 butyrylaminol-5-(2,3,5, 6-tetrafluoro-phenoxy) -pentanoic

acid
O .
l S 0 OH ’F
\\//\ﬁ N\:/U\II:ll \ o F
0 BN 0
F
F
Methqd;J:

(8)-2-[3-{Benzyloxycarbonyl-propyl-amino)-2-oxo-2H~
25  pyridin-1-yl]-butyric acid tert-butyl ester



acid 0 P O(X¥XOHF HO\ MOI FF Method J:

(S)-2-[3-(Benzyl oxycar bonyl - propyl - am no) - 2- oxo-2H 25 pyridin-1-yl]-butyric
acid tert-butyl ester I \ W) 2004/106304 PCT/ US2004/016706 -72 E0139] To a
sol uti on oWQRY/M6FR- Benzyl oxycar bonyl am no- 2- oxo- 273- BYEU82004/416306) - but yri ¢
acid tert-butyl ester (100 ng, 0.26 nmmol) in anhydrous DM (3 nlL) was added
NaH (60% di spersion, 10 ng, 0.26 5 nmol) and the reaction was stirred at

anbi ent tenperature for 30 mnutes. Propyliodide (30 p, 0.31 nmol) was
addeddropw se and the reaction stirred at anbient tenperature overnight.
The m xture was concentrated in vacuo to a solid and partitioned between

Et OAc (10 mlL) 10 and, water (10 nmlL). The WOfganic |ayer was separated, dried
over MySO4, and concentrated in vacuo. The residue was purified by flash
col utm chr omat ogi&pd9l ( 30%cEe delutilbexane)s)t-a-agford the title conpound as a

pale green soli 1,430,409 1H NVR, (400 Mz (I ﬁl":?ﬁy 0,85-0.95 15 (6H,
m, 1.35 (9H, s),ge%.Z jg‘f’%cégg{%ﬁamrﬁn? i.%%?l%%yh : i’z‘?%*!rzl.cn (1H m,
3.6-3.7 (2H, m, abid5eért2bu2H] edter 3160 s (O1Bb mhQl)6.iRSabltirdys 7. 25-7A5
(7H, m, MH 42 . 0 hi s i j.ate was_ involved int sequence
20 described in %%“téhéég‘%‘é a%n%&?"idqn%“??‘;?gdubjdgﬂ??%’és%%n' 16°8g’ o 14

5 mmol) and the reaction was stirred at ambient temperature -

for 30 minutes. Propyliodide (30 pL, 0.31 mmol) was
added dropwise and the reaction stirred at ambient
temperature overnight. The mixture was concentrated in
vacuo to a solid and partitioned between EtOAc (10~mL)
10 and water (10 mlL). 'The organic layer was separated,
dried over ‘MgSQa, and concentrated in vacuo. The residue
was purified by flash column chromatography (30% EtOAc/
hexane) to afford the title compound as a pale green
solid (1.43g, 40%): 'H NMR (400 MHz, CDCls;) & 0.85-0.95
15 (6H, m), 1.35 (9H, s), 1.55-1.65 (2H, m), 1.85-1.95 (1H,
m), 2.20-2.27 (1H, m), 3.6-3.7 (2H, m), 5.15-5.2 (2H, m),
5.5-5.6 (1H, m), 6.25 (1H, t), 7.25-7.45 (7H, m); M+H
429.4. ,
[0140] This intermediate was involwved in the seguence
20 described in methods C=-G and finally subjected to
hydrogenolysis as described in method B to afford
example 39 as an off-white solid; IR (solid) 1581, 1517,
1489, 938 cm-1; 'H NMR (400 MHz, d6-DMSO) & 0.80 (3H, t),
0.9 (3%, t), 1.5-1.6 (2H, m), 1.8-2.05 (2H, m), 2.5-2.7
25 (2H, m), 2.9-3.0 (2H, m), 4.6-4.7 (1H, m), 5.1-5.4 (3H,
m), 6.1-6.2 (2H, m), 6.85-6.9 (1H, m), 7.5-7.65 (1lH, m),
8.7-8.90 (1H, 3 x d), 12.5 (1H, brd s); M+H 516.2, M-H

514.2.
Example 40
30 _Enzyme Assays
[0141] The assays for caspase inhibition are based on

the cleavage of a fluorogenic substrate by recombinant,



hydr ogenol ysis as described in method B to afford exanple 39 as an
off-white solid; IR (solid) 1581, 1517, 1489, 938 cm1; 1H NVR (400 MHz,
d6-DVb0) S 0.80 (3H, t), 0.9 (3H, t), 1.5-1.6 (211, m, -2.05 SZH, n,
2.5-2.7 25WORPP4/18§309 9-3.0 (2H, in),-4.6-4.7 (1H, m 5. 11€"§Ua20943%670
m,6.1-6.2 (2H, nm, 6.85-6.9 (1H mM, 7.5-7.65 (1H m, 8.7-8.90 (1H 3 x
d, 12.5 (111, brd s), MtH 516.2, MH 514.2. Exanple 40 30 Enzyne Assays
(0141] The assays for caspase i nhi bition are based on the cl eavage of a

fl uorogeni c ‘substrate by reconbi nant, W) 2004/ 106304 PCT/ U52004/ 016706 -73
purified human Caspases -1, -3, or -8. The_assays are run in essentially
the sane way as those reported by Garci a’&alvo et al. (J. Biol. Chem 273
(1998), 32608- 32613), using a substrate specific for each enzyne. The 5
substrate for CoppasEiell hsmiwealaspadys-\al —Al aoAsts .anithe- adsayet hykcoumari n.
The substrate for Casp n :
Acet yl - Asp- QG u- val - As -%g'%aﬁ%liﬁ%tﬁél%a&enﬁvra no*s B%}f%e reBsttf dt bél are known in
the art. [0142] Crhecxm@@ﬂvedetr atls dt‘T eﬁzqdnec'hazactﬂBat(MQBBt 360806 particul ar

i nhi bi tor concen t i ata to

t he equation der%’%e us#ﬁ rnbél?)rs)%/?g?éj ﬁ%%c?él ocC e%%ét(:%yg%@ﬁ{l %‘g
3943-3939)  uSi nguwtrmﬂel fenrCdsmase-sqimrfestahalysivelcddpudsr-gniogram
(PRISM 2. 0. G aphiad sAlbifledn, Ton@blald e 26F UUlohacardfladale constant,

ki nact, kaba val ues are plotted against their respective i nhi
concentrat i ons ahd Mﬁﬁa’érz‘\ﬁmféﬂéisvaérés@wsl@@uénlth?l;hy@-mo@@ﬁm%d l%ﬁath

conputerized |iNgghstfRYE55E Ohown0143lnd hichi ti on of caspases-1, 3, and -8

activity [0142] The: observed rate of enzyme inactivation at é

10 particular inhibitor concentration, Kems, 18 computed by
direct fits of the data toe the equation derived by
Thornberry eE al. (Blochemistry 33 (1994), 3943-3939)
using a nonlinear least-squares analysis computer program
(PRISM 2.0; GraphPad software). To obtain the second

15 order rate coastant, Kinsce, Kobs values are plotted against
their respective inhibitor concentrations and Kinc: values
are subsequently calculated by computerized linear
regression.
[0143] Iﬁhibition of caspases=1l, -3, and -8 aCtivity

20  for selected compounds of this invention was determined
by the above method. Compounds 1-39 inhibited caspase-l
with a kipaer OFf >200,000 (M's™), caspase-3 with a kinaer OF
at >50,000 (Kinaer (M's™), and caspase-8 with a kinace Of at
>50,000 (Kinger (M's™).

Example 41

25 Inhibition of IL-1B secretion from Whole Blood

[0144] Human blood is freshly drawn from healthy

donors and diluted 1:2 in PBS. To 500 ul of diluted

blood 50ml of prediluted test compound in RPMI medium and

10 ml LPS (5ng/ml final concentration on the plate) are
30 added (LPS, Serotype 0111:B4, Sigma L3012). After

stimulation for 18 hours supernatants are collected and



20 for selected conpounds of this invention was determined by the above
nmet hod. Conpounds 1-39 inhibited caspase-I wth a kinace of >200, 000
(Ms-") , caspase-3 with a kanact of -at >50, 000 (kinact (Ms-') , and
caspase- 8 WGAMN4I0kI04act of at >50,000 (kinace (M s-') PCEYEHWPHHHE 25

I nhibition of IL-1 secretion fromwhole Blood [0144] Human blood is freshly
drawn from healthy donors and diluted 1:2 in PBS. To 500 pl of diluted

bl ood 50m of prediluted test conmpound in RPM nediumand 10 m LPS (5ng/ m
final concentration on the plate) are 30 added (LPS, SerotypeOl1l1ll: B4, Signa
L3012). After stimulation for 18 hours sypernatants are collected and WO
2004/ 106304 PCT/ US2004/ 016706 -74 assayel “or IL-10 levels usi ng the
appropriate ELISA kit (R& systens). [0145] Table 2 bel ow shows inhibition
of IL-1(3 secretbsaydd dorhonelp ikekssbhxiady fthe sehepirédteommumamast of this
I nvention as det?rm' ned .individually by the above nethods Table 2.

I nhibition of ILFES >0n Conmpound Number 1C-a (M 1, 2, 3, 5, 7, 10,
11, 14, 17, & 29[g04%) 4, 18518.2 Delbd shdvs 1onibbeidBorl9-29, 21, 0.5-5
22, 23, 28., 36, 38, & 39 Exanple 42 5Hypoxia-induced apoptosis of rat
cortical neuronsSefpae EsPRiBMamabpbadlaod dpsstrliosted cePmAWESt ar  rat
enbryos (E17) byoz e fingaht 06h ifs GRecPhOLRAULE: P{audlagehs le &lbovd 997,
Brain Res. Bulletin, 44:131. Briefly, cerebral cortices are isolated -
aseptically fronMeBhads 20 Wstar rat enbryos. A cell suspension is prepared

Table 2. Inhibition of IL-1f secretion

Compound Number IC% ()
1, 2, 3, 5, 7, 10, 11, 14, 17, & 29 | <0.5
. . 1
4, 6, 8, 9, 12, 13, 15, 16, 18, 19, 20, 21, | o.5.5
22, 23, 28., 36, 38, & 39

Example 42

5 . "Hypoxia-induced apoptosis of rat cortical neurons

[0146] Cortical neurons are dissociated from Wistar
rat embryos (E17) by a modification of the procedure of
Rogers et al. 1997, Brain Res. Bulletin, 44:131.
Briefly, cerebral cortices are isolated aseptically from
10 15-20 Wistar rat embryos. A ¢ell suspension is prepared
by mincing the cerebral cortices and digesting them with
papain. Cells are washed With ovomucold enzyme inhibitor
and DNaseI and plated onto Poly-D lysine coated plates in
high glucose DMEM containing 10% heat-inactivated  fetal

15  calf serum, L-glutamine, penicillin and streptomycin.

The vield of neurons is 10x7 per embryo and they are 80-
90% viable as assessed by Trypan blue exclusion.
[0147] The neurons are cultured in complete medium at
37 °C in a normal atmosphere for 48 hours prior to the

20 hypoxia experiments. For hypoxia, the normal cell medium
is replaced by oxygen-depleted serum-free medium. Cells
are incubated in an atmosphere of 95% N2/5% C02 for

various lengths of time. Compounds are dissolved in DMSO




by m ncing the cerebral cortices and digesting themwth papain. Cells are
washed wi th ovonucoid enzyne inhibitor and DNasel and plated onto Poly-D

| ysine coated plates in high glucose DVEM contai ning 10% heat -i nacti vat ed
fetal 15 cavO2e@nesp4 L-gl utanmine, penicillin and strept gpGidioosoldts Yi € d of
neurons is 10x7 per enbryo and they are 80- 90% vi abl e as assessed by Trypan
bl ue exclusion. [0147] The neurons are cultured in conplete nediumat 37 C
in a norrmal atnosphere for 48 hours prior to the 20 hypoxi a experiments. For
hypoxi a, the normal cell nedium isreplaced by oxygen-depleted serumfree
medium Cells are incubated in an atnosphere of 95% N2/ 5% CO02 for various
| engt hs of tine. Conmpounds are dissol ved-i7A-DVBO WO 2004/ 106301

PCT/ US2004/ 016706 -75 c t 100mM then diluted in medi umand added to the

cul ture from tige=homdhenke Vel 1 @ksaponianing hsd Ry ¢d Usi nguayel | Death
Det ection ELI SAkit (Roche) which _detects DNA fragnmentation. Plates are read
at 405nm Cont r of£°% Gierlded™& syt upk lﬁPQHtPﬁl%telr%BieéSE’éﬁ%h‘ﬁl@ﬁsal n Serum

cont ai ni ng ﬂEdlUGéIFSRﬁMH)Dé@@h&ﬁ&ﬂELSQAUukede@h@ﬁHﬂﬁbﬁ Asedulct DRAS i N
serumdepri ved ngdlun1 serum 01481 Tabl goms the resul'ts of the
I

activity of TIEF 8ﬁb8ﬁnd§? SEhPE® iR n?F 0385t eJOPHERAA dual Iy 10 in
t he Hypoxi a- |mdUEﬁmuuﬂympt@$1§ &Hluu&de£mtae&ablaemﬁﬂuﬁtloﬂébiﬁeé%ruﬁctlVlty in

Hypoxi a- i nduced tOSIS Assa ound F CR0 2, 5, .10, 11, 12,
13, 15, 17, 20, $ %ﬁ?lna BgdL ‘fsggumh. f{% C%ituéw% i, 2oFgbigg 21,

24, 1-10 29, 30coRditidhs B&, séﬁh&—&@pﬁ%&ﬁphﬁdﬂ@m {-%Ainl) < Fas | nduced
Apopt05|s Assay [0148]

Table 3 shows the results of the act1v1ty of
selected compounds of this invention tested individually

10 - in the Hypoxia-induced apoptosis of ;at cortical @éurons.

Table 3. Activity in Hypoxia-induced aApoptosis Assay

Compound ‘Numbeir ICsq (M)
2, 5, 10, 11, 12, 13, 15, 17, 20, 22, 38, & | <1
: 39
1, 3, 4, 6, 7, 8, 9, 14, 16, 18, 19, 21, 24, 1910
29, 30, 31, 34, 35, 36 & 37

Example 43
15 Anti~Fas Induced 2Apoptosis Assay

[0149] Cellulax apoptosis may be. induced by the
binding of Fas ligand (FasL) to itg receptor, CD95 (Fas).
CD95 is one of a family of related receptors, known as
death receptors, which can trigger apoptosis in cells via
20 activation of the caspase enzyme cascade. The process is
initidted by the binding of the adapter molecule
FADD/MORT-1 to the cytoplasmic domain of the CD-95
receptor-ligand complex. Caspase-8 then binds FADD and
becomes activated, initiating a cascade of events that .
25  involve the activation of downstream caspases and
subsequent cellular apoptosis. Apoptogis can also be
induced in cells expressing CD95 e.g., the Jurkat E6.1 T
cell lymphoma cell line, using an antibody, rather than



[0149] Cel lul ar apoptosis may be induced by the binding of Fas |igand
(Fast) to its receptor, CD95 (Fas).  CD95 is one of a famly of related
receptors, known as death receptors, which can trigger apoptosis in cells
via 20 act WR08H6YH t he caspase enzyne cascade. The pr 8CERS2004016706i t i at ed
by the binding of the adapter nolecule FADD MORT-1 to the cytoplasmc
domain of the CD-95 receptor-ligand conpl ex. Caspase-8 then binds FADD and
becones activated, initiating a cascade of events that 25 involve the
activation of downstream caspases and subsequent cellul ar apoptosis.
Apoptosis can also be induced in cells e7pressi ng CD95 e.g., the Jurkat
E6.1 T cell |ynphoma cell line, using am’mtibody, rather than WO

2004/ 106304 PCTI US2004/ 016706 76 FasL, to crosslink the cell surface CD95.
Anti - Fas- i nducedaapopt®iresisdink sthet lcieglgema:cfawzbacbm aghityaraon of
caspase-8. This S ed as 0..screen
conpounds for mﬁl gl:{%?%rslapg B géclass%fééc’g gF:E)gger& &4 %lp%ﬁt ot1 %tlpoﬁt ﬁ\%/a
Experi mental Pr o@ésm%e-[EMS(JTuSmmmES uh@éilalsssaoé z Wetldr bdséd aeapl et e

medi um consi st i ngoogcgé\ﬂ &ﬁéggﬁ@nﬁo%ﬂﬁ%@g?e{% f)%gg%_ﬁsigar um (G bco

BRL No. 10099-141) 2m\ L-g e cells are
harvested in ﬁogmsﬁa%ed googtoti . patd@awt of cells at 5-8x105 cells/nml are

transferred to stepil .o E%Eé)dhxf‘eent“ fuge tubes and centrifuged for 5
m nutes at 100x %m‘renggm The supernatant is renoved and the
conbi ned cel | peI[PéFQJ 15 PEskspetfidd cehlese ehltuned dire coppiea The cel l's

are counted andmgameemstﬁtégbt@é %M&ole?@@lg@es!ng%m Wlbb; £GOTR! et e
medi um [ 01511 The_test comnpound di ssol ved in di net hyl
calf serum (Gibco BRL No.10099-141) + 2mM L-glutamine

10 (Sigma No. G—7513). The cells are harvested in log phase
of growth. 100 ml of cells at 5-8x105 cells/ﬁl are
transferred to sterile 50ml Félcon’centrifugeitubes and
centrifuged for 5 minutes at 100xg at room teﬁperature.
The supernatant is removed and the combined cell pellets

15 resuspended in 25ml of complete medium. The cells are
counted and the density adjusted to 2x106cells/ml with
complete medium.

o151} The test compound is dissolved in dimethyl
sulfoxide (DMSOQ) (Sigma No. D-2650) to give a iOOmM stock

20 solution. Thisg is diluted to 400uM in complete medium,
then serially diluted in a 96-well plate prior to
addition to the cell assay plate.

[0152] 100nl of the cell suspension (2x106 cells) is
added to each well of a sterile 96-well round-bottomed

25 cluster plate (Costar No. 3790). 50ul of compound
solution at the appropriate dilution:and 50ul of anti-Fas
antibody, clone CH-11 (Upstate, Cat No.l 544 675) at a
final concentration of 10ng/ml, are added to the wells.
Control wells are set up minus antibody and minus

30 compound but with a serial dilution of DMSO as vehicle
control. The plates are incubated for 16-18hrs at 37°C
in 5% C02 and 95% humidity.

[0153] Apoptosis of the cells is measured by the



sul f oxi de(DMSO) (Si gna No. D-2650) to give a 100nmM stock 20 solution. This
Is diluted to 400Min conplete nmedium then serially diluted in a 96-well
plate prior to addition to the cell assay plate. [0152] 1001l of the cell
suspensi onWR9IPM| | s) is added to each well of a st 8FETIUE209§014&I6|
round-bottoned 25 cluster plate (Costar No. 3790). 501lil of conpound
solution at the appropriate dilution and 50111 of anti-Fas antibody, clone
CH 11 (Upstate, Cat No.1l 544 675) at a final concentration of IOng/m, are
added to the wells. Control wells are set up mnus antibody and m nus 30
conpound but with a serial dilution of DVBO as vehicle control. The plates
are incubated for 16-18hrs at 37C in 5% 32 and 95% huni dity. [0153]
Apoptosis of the cells is nmeasured by the WD 2004/ 106304 PCT/ US2004/ 016706
-77 quantitati ongedntitatioagat Ml ifoagueitagian Celig Beathll Dedzatt i on Assay’
from Roche di agn 5 L. | f 8hrs the
assay plates ar eBélt(::ée%’tslral uge%55 r%‘oﬁact'g% dﬁgg%g%g%r%ur%#%% mnutes. 5
150ul of the sup@Eher aln’tCUé?ael@lerﬁwedGah%hnsephaceﬂsw pla%eE afe fresh conplete
medi um The cell a 204, S fer
suppliedin the gg@%ﬁ |tlaa?g %(y d%?'o eacﬁt%\%giefgéw{\eefl@yec sm%{Iete% ‘triturated
to ensure conpl etelnygifs thedsupemizdent 4 r3ooved muslitteplacedi®y The pl at es
are then centri fugegh &l r1300XGorloc Ottt esoagddie supernal ants di| ut ed
1:20 in theincubation fer provided solution is then
assayed accor di nBafYSeﬁ’tq?@ ﬁ‘ﬁﬁu? Btlurodr the ]ryi%tsr B‘é?f%"r@@@éﬂa?@e@ Wwieh the kit.

OoD405nm i s measup88ay 5140 s Nl sy bt sscadiiihi onped dhasfhpal substrate in a
SPECTRAmax Pl us pl ate reader (Ml ecul ar. Devi_ces)

triturated to ensure complete lysis and 1ncubated for 30
10 minutes at 4°C. The plates are then centrlfuged,at
1900xg for 10 minutes and the supernatants dilutéd 1:20
in thé incubation buffer provided. 100pl of this
solution is then assayed according to the manufabturer’s

instructions supplied with the kit. OD405nm is measured

15 20 minutes after addition of the final substrate in a
SPECTRAmMAax Plus plate reader (Molecular Devices).
OD405nm is plotted versus compound concentfation and the
IC50 wvalues for the compounds are calculated using the.
curve—fitting'program!SOFTmax Pro (Molecular Devices)

20  using the four parameter fit option.

Selected compounds have been tested in this assay and

shown to inhibit Fas-induced apoptosis of Jurkat cells

with IC50 values between 0.001pM and 0.15uM.

Table 4. Activity in FAS-induced Apoptosis Assay

Compound Number ‘ ICW (1)
1, 2, 4, 5, 7,11, 13, 17,18, 19, 22, 25, <0:5
27, 29, 30, 31, 32, 33, 34, 35, 37
26, 28, 36 0.5-2

25
[0154] While we have described a number of embodiments
of this invention, it is apparent that our basic'examples
may be altered to provide other embodiments which utilize

the compounds and methods of this invention. Therefore,



OD405nm i s plotted versus conpound concentration and the |C50 values for

t he conpounds are cal cul ated using the curve-fitting program SOFTmax Pro
(Mol ecul ar Devi ces%p 20 using the four parameter fit option. Selected
conpounds MWAWHBHEH4t ested in this assay and shown to PERUBR04/H8206 nduced
apoptosis ofJurkat cells wth 1C50 values between 0.001M and 0. 15M Tabl e
4. Activity in FAS-induced Apoptosis Assay Conpound Nunmber 1C50 (PM 1, 2,
4, 5, 7,11, 13, 17, 18, 19, 22, 25, <0.5 27, 29, 30, 31, 32, 33, 34, 35, 37
26, 28, 36 0.5-2 25 [0154] Wile we have described a nunber of enbodi nents
of this invention, it is apparent that our basic exanples may be altered to
provi de ot her enbodi nents which utilize Re conpounds and nethods of this

i nvention. Therefore, WO 2004/106304 PCTI US2004/016706 -78 it will be
appreci at ed t hat it heiSc dpe apbrediiatednient ithe stspé omwibehdef imeshthipnt he
appended cl ai nms gather, than.. pecific .e di ments that have been
represented by \%\gy@%fbeeglgr%ﬁ %da%g\%l.% %@er{ﬂ%dcﬁgf%ﬁr%s fattiegorrpaélu%a' of formula
2: O OH O NJ N Ntize Ferd¢i®id Onpodiments atipitatame elbkdrc aldpyeaentspnt &yl e sal t

t hereof . 12. Thew&?@@‘é@c@mﬁ&e%@éx@.L as represented by formula |1":



OHOHNHOF OOFF 3. The conpound of claim?2, as
formula 1": ONOH OIND NOF HHOOI/ F F4. Ap
conposition conprising: a) a conmpound according to any o
and b) a pharnmaceutically acceptable carrier, adjuvant

A conpound according to any one of cla ns 1-3 or a phar
conposition according to claim4 for use in treating rh
osteoarthritis, osteoporosis, systemc |lupus erythemato

chroni|oet tmdindi tis, G ave's di sease, nyasthenia gravis,

neutir openi a, aut oi mune henol yti c anem a, thronbocytope
rheumatoid arthritis, gout, Behcet's syndrome, Still'
activatii onasyBepelBd &8I €6+8@84 ST: Mickl e- Wl ls syndrone
urticaria, chronic infantile neurological cutaneous and
familial mediterranean fever, TNFRL-Assofiated Peri odic
(TRAPS) Hyper-1gD perlodlc fev syngro 6ﬁ[¥3 Bl au' s
psor|q5|s atopic dernatlt lscarripg, |al opeciar acne
asthma, adult respiratorp d 0-.C t|¢ fib
chronic bronchitis,

ior a pharmaceutically acceptable salt thereof.

represented by
har maceuti cal
ne of clainms 1-3;
or vehicle. 80 5.
maceuti ca
eumatoid arthritis,
sus, scl eroderng,
aut oi nmune
nia, juvenile
syndr onme, nacrophage
famlial cold
articular syndrone,
Syndr one
syndr one,
vul garis, penphigus,
rosi s, enphysensn,

i2. The compound of claim 1, as represented by formula I’:

)(l)\ | N o) OH .
N N\)Lu o A
o BN (0] : ;
F
F

0
X
PSS S S
N N ‘
(0] H : ” (@] F
(0] N (6]
F

F

4. A pharmaceutical composition comprising:

3. The compound of claim. 2, as represénted by formula I”:

a) a compound according to any one of claims 1-3; and

b) a pharmaceutically acceptable carrier, adjuvant or

vehicle.



chronic obstructive pulnonary disease, idiopathic pulnonary fibrosis,
i-nflanmatory peritonitis, inflammtory bowel disease, Crohn's disease,
ul cerative colitis, autoimmunegastritis, H pylori-associated gastric and
duodenal ul cer disease, diabetes, pancreatitis, glonmerulonephritis, chronic
active hepatitis, excess dietary al aghol intake disease, renal disease,
pol ycystic kidney disease, burns, organ apoptosis after burn injury,
haenor r hagi ¢ shock, organ failure, !endonetriosis, graft vs. host disease,
organ t¥-anspPasPmppepdcétenrdisakeri any mret odysyledstsi ¢ -Sywdreme, multiple
nyel o LSO ; ac enous, .l eykem a, . chronic
nyelogg%%hs%%EgEgggg,gh@?ég?g%?g %%?%ﬁ%ﬁ%fqﬁhﬁg%fﬁéﬂ gnggﬁg,lﬁultiple
nyel omerecitiani ehbheaatodiisaaskri ot} eodtasudr tidiisdase ostpopardisak , i nfarction,
myocar di al iS%hﬁnia, congestive heart_failure, atheraqsclerosis, coronary

g

artery 93 HPUS PEXBEFICLRBNDI | SRt AT AT o ciAOP N TRYZCdEibRgEry artery

bypass grghraf'ts, jacuh8eCORPRAENAYRUGRIR: s Al AN IMRlune He383%Penlih, 81

Par ki nson' s di sease, Huntington's disease, Kennedy's diseaSe, prion

di seasa@utedimewingl hemehehia, anginl@psyhrepiomit angsa arjuvaridghy, amyotrophi ¢
| at er al LOSisS L LpLe r osi V-r ed halitis, traumatic
brai n i%feglrm%,tgggi Aa %%lrcgg i ﬁjgllﬁ?y?g%%%?%{ﬂogsiygla g %‘a%?ét%g@e “to stroke,

di abet isyrmwnepatlayrophageeaanilvabi omi ©ymphione U\sairtdes dasdisi, naucitilsor der s,

di abet i retingpathy, _gl aucoma, ¥ ratitis,, viral nediated di.sease, sepsis,
septicV%ﬂ&ékfy?ﬁgﬁgﬁvoggg}fﬁ@gg?? gsuﬁfl?ﬁﬁkﬂdtq e H@E&FFPﬁ?-G, yel | ow
fever, [feniediewer cuéanangseafACEPHRbh1dS syrdd bnld)f &Gldiqn a1t uber cul osi s,
‘meningitis, Pseudononas infection, i Acinetobacter infection, or aging in a
pat i entmeds. terranegip §GMET ac EVFBI nfys $ec 3 tedn BBr igiddrce iSyndrengi sease i s
ost&oar?ﬂ&h&hs, QgL bhgg§i §§&h PQH!{ i&ﬁﬁﬁgy ji_st,r.ess syndrone,
gl onmer ul onep Hit?g, rﬁéu toid artErl?ls, Ar el ( Y ﬂiéﬁ S

e syndrome, psoriasis, atopic dermatitis, scarring, alopecia,

~acne vulgaris, pemphigus, asthma, adult respiratory distress

fsyndrome, cystic fibrosis, emphysema, c¢hronic bronchitig,

' chronic Qbstructive pulmonary disease, idiopathic pulmonary

Lfibrosis, inflammatory peritonitis, inflammatory bowel disease,

Crohn’s disease, ulcerative colitis, autoimmune gastritis,
~H.pylori-associated gastric and duodenal ulcer disease,

| diabetes, pancreatitis, glomerulenephritis, chronic active

hepatitis, excess dietary alcohol intake disease, renal

disease, polycystic kidney disease, burns,; organ apoptosis

after burn injury, haemorrhagic shock, organ failure,

endometriosis, graft vs. host disease, organ transplant
rejection, leukemia, myelodysplastic syndrome, multiple
myeloma-related bone disorder, acute myelogenous leukemia,
chronic myelogenous leukemia, metastatic melanoma, Kaposi‘s
.sarcoma, multiple myeloma, chronic heart disease, acute heart
disease, myocardial infarction, myocardial ischemia, congestive
heart failure, atherosclerosis, coronary artery bypass graft
A(CABG), a complication associated with a coronary artery bypass

‘graft, acute coronary syndrome, Alzheimer’s disease,



system c | upus erythematosus, scleroderma, chronic thyroiditis, Gave's

di sease, autoi nmune gastritis, insulin-dependent diabetes nellitus (Type
), autoi nmmune henol ytic anem a, autoi mmune neutropenia, thronbocytopenia,
chronic ‘active hepatitis, nyasthenia gravis, inflammatory bowel disease,
Crohn''s disease, psoriasis, graft vs.8lhost disease, osteoporosis, nultiple
nyel onma-rel ated bone di sorder, acute nyel ogenous |eukem a, chronic

nmyel ogenousl eukeni a, netastatic_ nel anoma, Kaposi's sarcoma, multiple

nyel onk2rkapsps; s s@pspese s Nhent isHiqely shissaseer enakdvdshdasaasayocar di al

i schem_ g, ...SRE S r ' r j cal.:dar ye_to stroke.

7 The PEaeBodCas Tor A parTa: r i et MBI T AT RGPt

conpl i extrophyasangdatephiv t hatteral analeraritser ywllypade grakkosB2, 8. A
conpound_according to any.one of clains 1-3 qr a .pharnmaceutical conposition
aoc0r ATy EELEFSANPRCPRRA LYY n RIS 4 e AGH MRS nBBLEF LSRRG on i n 4
patientinj8ry) AEHPOUBY] QST OdEMIKE [P bo Mt o¥e ClidlaBRtle3nlr8pathy,

phar maceutical conposition according to claim4 for use in decreasing IGF
or | FNaFuseodnet FhRONKC syl i epfel Ui, Aqtamadd ddsopdesen vidagbeblits, said
met hod I.Si t i ; __Ge (i i.gn of the
Compours - opaEAR, Ffandotl Dol 10 WIS Tt ated STebieta
conposistepsisacseptiingshock| asimi dlel ldsisThéeretthiad sa®;ohdbagitbdsetai m 10,
wherein said, .cells a ip: a) ap organ. intended for transplant;;or b)

abl oodhﬁpgﬁﬁgﬁ.s_ﬁzY?\E@B‘ﬁpgﬁwﬁgac@‘?ﬂ%?%&etv@ranfa@ﬁé‘eéﬁ EnSPRE211818r 4

phar magayt i aabce9BROSLLbOACALEHT &) Nl laign 4@ddsenhB 1hEeaLEBY, cancer
usi ng| i munot herapy. 13. The conpound according to any one of clainms 3-12,
wher ej gcinetobacter infection, or aging in a patient.

josteoarthritis, pancreatitis, asthma, adult respiratory

6. The compound according to claim 5, wherein the disease is

%distress syndrome, glomerulonephritis, rheumatoid arthritis,
~systemic lupus erythematosus, scleroderma, chronic thyroiditis,
Grave'’'s disease, autoimmune gastritis, insulin-dependent
diabetes mellitus (Type I), autoimmune hemolytic anemia,
iautoimmune neutropenia, thrombocytopenia, chronic active
 hepatitis, myasthenia gravis, inflammatory bowel disease,
Crohn’s disease, psoriasis, graft vs. host disease,
osteoporosis, multiple myeloma-related bone disorder, acute
myelogenous leukemia, chronic myelogenous leukemia, metastatic
;melanoma, Kaposi’s sarcoma, multiple myeloma, sepsis, septic
fshock, Shigellosis, cerebral ischemia, myocardial ischemia,

:spinal muscular atrophy, or neurological damage due to stroke.

7. The compound according to claim 5, wherein said disease is

~a complication associated with a coronary artery bypass graft.



said conmpound is used wth an additional therapeutic agent. 14. A process
for preparing a conpound of forrmula (I): OOHONNOF HOHOFBS83 (2)
conmprising: (a) reacting a conpound of formula (222) 0 ONN OH HO(Ill)

"\
with a conmpound of formula (IV): O gOF H2NF F F (I1V) in the presence of
coupling conditions and a solvent. 1932 The process according to claim 14,
wherein the compound of fornula (I11): OHOH O (IIl) is prepared by a
process conprising: (c) reacting a conpound of fornula (V): ONNg< O (V 84
%8. A compound according to any one of claims 1-3 or a ,
. pharmaceutical composition according to claim 4 for use in

inhibiting a caspase-mediated function in a patient.

9. A compound according to any one of claims 1-3 or a

' pharmaceutical composition according to claim 4 for use in

‘decreasing IGIF or IFN-y production in a patient.

10. A method of preserving cells, said method comprising the
step of bathing the cells in a solution of the compound
according to any one of claims 1-3 or a pharmaceutical

| .composition according to c¢laim 4.

'11. The method accoéording to claim 10, wherein éaid.cells are

in:
a) an organ intendqd for transplant;%or
| b) a blood product.
12. A compound according to any one of claims 1-3 or a

- pharmaceutical composition according to claim 4 for use in

treating cancer using immunotherapy.

13, The compound according to any one of claims 3-12, wherein

said compound is used with an additional  therapeutic agent.

14. A process for preparing a compound of formula (I):

(6] OH
N - /[iiﬁ\ i
N O: :t:,F
H 0
F
£ ,




in a solvent inthe presence of deprotecting conditions. 16. The process
according to claim15, wherein the conpound of formula (V) O OLNNJGk H O
(V) is prepared by a process conprising: (d) reacting a conpound of
fornula (M): O NV ~N HOH (VM) with a conmpound of formula (VII1): TfO
(MI1) in the presence of a solvent argB a base. 17. A process for preparing a
corrpoundof formula (1): O OHN ON~\ NOF HOHOFF (I)
conpri'sing: (a) reacting a conpound of fornmula (IIl): 85 ONIl gN H CH
(I'11)  with a conpound of fornula (X(IO

comprising:

~ (a) reacting a compound of formula (III)

\)'\J?ﬁk

| with a compound of formula (IV):

| F

| HN o) F

i o)

| F

| F
(IV)

in the presence of coupling conditions and a solvent.

‘15. The process according to claim 14, wherein the compound of

' formula (III):

| 2R
i ~o N ~ N 7" OH
0

(III)
t" is prepared by a process comprising:
(c) reacting a compound of formula (V)

ka




OO TTO" HF OF OFF Oin the presence of coupling conditions and a
sol vent .

84
|

' in a solvent in the presence of deprotecting conditions.

\ , , ,
- 16. The process according to claim 15, wherein the compound of

j\ N J<
\O N N\:/U\O,
H =
0] NG ,

(V)

I formula (V)

is prepared by a process comprising:

(d) reacting a compound of formula (VI):

1A
\O N ~N
H

- | OH |
! (V) '
with a compound of formula (VII): ‘

|

TfO CYL<
)

(VII

~in the presence of a.solvent and a base.

17. A process for preparing a.compound of formula (I):

o}
RN : :
S SesSel
0" N N o F
H o § H 5
~ F
' F

(I)

comprising:

j(a) reacting a compound of formula (III):




85

0 | =
\O/U\N =N
Ho on |
(II1I)

“with a compound of formula (X

)3
0]
o Ak
TiO N o F
H (0]
F
F
(X)

. 'in the presence of coupling conditions and a solvent.



