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THERECF Field of the Invention This inventionis in the field of ne %%
chem st ry vamdis®@h@t es to novel conpounds, and phar naceuth,élmgfgﬁ;gﬁ%btlons
thereof, that inhibit caspases that nediate cell apoptosis an
I nflammation. 5 The invention also relates to nethods of using the
conpounds and pharnaceuti cal conpositions of this invention to treat
di seases where caspase activity is inplicated. Background of
t he-Inventi-an 10 Apoptosis, or programmed cell death, is a principal
mechani sm by whi ch organisns elimnate unwanted cells. The deregul ati on of
apoptosis, either excessive apoptosis or the failure to undergo it, has
been inplicated in a nunber of dlseases such as cancer, acute 15
i nfl anmat ory and aut oi m¥ o iid R AN SES ¢ REOKBINd certain
.neur odegener ati ve dlsorders (see generally SC|ence 1998, 281, 1283-1312;
Ellis et al., Ann. Rev. Cell. %9 7, 663). Caspases are a famly
of cysteine protease 20 enzynes id 9 ﬁﬁg IRVENLIQN i t he si gnal i ng
pat hways for apoptosis and cell dlsassenbly (Thornberry, Chem Biol.
1998, 5, R97-R103). Th@ﬁssshaoahtmanpagh\my%h\éaﬂelﬁew%eraac%ﬂe" type
and stimulus, but all apoptosis pathways appear to converge at a conmon
ef fector paI¢h@W1$5rYeenﬁngeﬂthSOteonyyﬁé chmpepndsot @nds. Caspases are
62}’2'2‘2’53 'P”c#&%égggg%égft8&83‘%%&8&& hgesldnal 19d,2 ;8,47 ,2004 VWO
caspases that mediate cell apoptosis and inflammation.

5 The invention also relates to methods of using the
compounds and pharmaceutical compositions of this
invention to treat diseases where caspase activity is

implicated.

Bac d o e

10 ' Apoptosis, or programmed cell death, is a
principal mechanism by which organisms eliminate unwanted
cells. The deregulation of apoptosis, either excessive
apoptosis or the failure to undergo it, has been
implicated in a number of diseases such as cancer, acute

15 inflammatory and autoimmune disorders, ischemic diseases
and certain neurodegenerative disorders ({see generally
Science, 1998, 281, 1283-1312; Ellis et al., Ann. Rev.
Cell. Biol., 1991, 7, 663).

Caspases are a family of cysteine protease

20 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
depending on cell type and stimulus, but all apoptosis
pathways appear to converge at a common effector pathway

25 leading to proteolysis of key proteins. Caspases are

involved in both the effector phase of the signaling



-2 pathway and further upstreamat its initiation. The upstream@agipeBgRs
involved in initiation events becone activated and in turn activate other

caspases wW@byangs i nvolved in the |ater phases of apoptosw%Td%dggggase-l
the first identified caspase, is also known as interleukin converting

enzyne or 'ICE.' Caspase-1 converts precursor interleukin-10 ("plL-113")
to the pro-inflammtory active formby sBecific cleavage of plL-10
bet ween Asp-116 and Al a-117. Besides caspase-1 10 there are al so el even

ot her known BuERRaGAS0R0 85y Al e UED £ SANP SPRCILI£8) 1 yrgl asparty

resi dues. They are served "t o have ringent” requi rehents for at

| east four epshream daspaiseédednmliteR] N ermiviadt Idriewdnt cbecbhavage
site. 15 The casgases have ,been classified into three groups dependi ng on

the amino acRQti¥ELERCETEhAP F¥TIpRstdMAle ALhRT RASRASTCUME 2888 The
group of caspasssvedihCRnkNghydes 9&&&%?%&5%pé§5i§f§“’13’ have been shown

to prefer hydrophobic aromatic am no acids at “p I'on 4 20 on the
N-term nal side of theCakpaseg?,sithe fAnctthedemyridiipdiadpase) utes
caspases 2, 3.and, 7, recognize aiggrtyl residues at both positions 1 and 4

on the N te?%?ﬁakngwaeaﬁflPﬁﬁr&F Rg&onMeZt im0 siams & y" H-Esequence of
psp- A u- X AsPaspalllidcdhOURe s BI-E AR LGRS 23 L35RASES G AN J0.
sInth pri % eq , t

tolerate many am no aci mary recognitlon nce seemto

prefer residuiee puwbthnlilammacdryahcRigle &ovindyipdis fEUC e Bsavadé nes and
| euci ne at position 4. The caspases have al so been grouped according 30 to
thei r perceiREd-1Bnbetwaen Thept 116t apdbRdri-1y 7c on Hestislesofcasramsds- 1

(1CE), fO 5 @Qgré3arlh§igocgf89335o@ﬁ%% known human caspases, all of
which cleave specifically at aspartyl residues. They are
also observed to have stringent requirements for at least
four amino acid residues on the N-terminal side of the
cleavage site.

15 The caspases have been classified into three
groups depending on the amino acid sequence 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

20 on the N-terminal side of the cleavage site. Another
group which includes caspases 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

25 caspases 6, 8, 9 and 10, tolerate many amino acids in the
primary recognition sequence, but seem to prefer residues
with branched, aliphatic side chains such as valine and
leucine at position 4.

The caspases have also been grouped accoxding

30 to their perceived function. The first subfamily consists
of caspases-1 (ICE), 4, 5 and 13. These caspases have

been shown to be involved in pro-inflammatory cytokine



been shown to be involved in pro-inflammtory cytokine 2 8 APR 2004 WO

01/ 42216 PCTf USOCQ 33260 -3 processing and therefore play an i nporZtiafirR 1004 €
in infl arpaboy@mie Caspase-1, the nost studi ed enzyne of thiP?:TﬂﬁoﬁB:?%o
activates the IL-1A precursor by proteolytic cleavage. This enzyne
therefore plays a key role in the 5 inflanmmtory response. Caspase-1 is
also involved in the processing of interBeron-1 inducing factor (IGF)
which stimulates the production of interferon gamma, a key

I mmunor egul a ddaty ' tation,  T- cell activation and
cel | adhesio%?ﬁﬁo Tﬁgﬁfgﬁg?ﬁﬁﬁaﬁggg%ggﬁghﬁa?gﬁu??#k?%%cﬁ%%eaﬁﬁ third
subfami | i es. iTifdsgmatipmes fespHseant rtte it tSACES éd ehPgmé N eaget Lul ar
signal i ng pathways | eading to apoptosis. one subfamly consists of the
enzymes i nvGRPEE i RGtAVEEES tdevidnt inrecve sapopnotpmo pat hywaic 15
including tr Lon.of. _signals fromthe plasm nbrane, Menbers of
thi s subfam I%g%%%%ltgjﬁdeT%éfsﬁ%f&&ez,thag,e%rfg?qﬂs H merle R aibey,
consi stiry ofinflemmatbedt eespapsaseTakpeead it AR A MRE I hthgfina
downst ream cl eavage events that result in the systematic 20 breakdown and

deat h of thePEeKckessingpoft oniter féaspayeindbcingokuedorn (BT FYPsiiedM si gnal

transducti on ﬁcti ate thﬁg downst ream caspases,_ which then di sabl e DNA
repair nmechant-THs 2 FFafRENPTBRRC GO @Ht Rotenderon cammmka dien  and

finally fragimminbiegtehtorKenwedgauahtl eaBQHb%?ﬁﬁF%%?ﬂégéﬁﬂﬂﬁqﬁg
primarily recognlzed.bj the caspases has been use 0 esl gn caspase
i nhi bitors. REdérarbivatéenapaptcgdl adhesion. .

10 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 initiating events in the apoptotic pathway,

15  including transduction of signals from the plasma
membrane. Members of this subfamily include caspases-2,
8, 5 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 systematic

20 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.

25 Knowledge of the four amino acid sequence
Primarily recognized by the caspases has been used to
design caspase inhibitors. Reversible tetrapeptide
inhibitors have been prepared having the structure
CH3CO-[P4]-[P3]-[P2] ~CH(R)CH,CO;H where P2 to P4 represent

30 an optimal amino acid recognition sequence and R is an
aldehyde, nitrile or ketone capable of Binding to the
Caspase cysteine sulfhydryl. Ranc and Thornberry, Chem.



I nhi bitors have been prepared having the structure 78 APR 2004

CH3CO- [ P4] -[P3]-[ P2] -CH(R) CH2CO. 2H where P2 to P4 represent 30 an opti nal

am no aci dvé%f;%}i'& tion sequence and Ris an aldehyde, nitrile or ketone
|

capabl e of binding to the caspase cysteine sul fhydryl. RarftfCEHHIp/33260
Thornberry, Chem 2 8 APR 2004 WD 01/42216 -4 PCTI USOQ 33260 Biol. 4,
149-155 (1997); Malli, et al., Bioorg. Mad. Chem Lett. 3, 2689-2692
(1993); Nicholson et al., Nature 376, 37-43 (1995). Irreversible

inhibitors b op t _apal o tetrapeptide recognition sequence have
been 5 prepa;%ggg\hhgl‘eeggi g‘%g’n oy Tt ht ket Bheal - COBEROXER MedR i s

exenplified lhean optitonal, | v enghstddut ety Ny S
2, 6-di chl or obenzo IOXé and where R is COCH2X Whle(?@!'.’If I?Se% ?%é\'/i lr%tarr up
such as F or3¢f: ThofAbdiPPSdt- allrreBimriihe sinlyiBBtoB9Hatéa%4h; thel | e et

al ., J Med. -564, (1994). The utility of caspase inhibitors
to treat a %rg%?gagf §%1Eﬁrgr§’%93ﬂ‘%cﬁ & G SRTEReR PRt hean

i ncrease S n peepatedl ¥RepeOR 3shasn QQE;] diﬁ’mﬂﬁ{ Sl idi C
caspase inhibitors. For_exanple, in 15 rodent rr%%Ee S %%sp%kg%ﬁ%quji tors

r

have been shBwnifoeXe@Rbédipaf bivc ersiors iomhl lyhi $ils thrut ednoketel apopt 0Si S

after nyocargjal Lafargt} ce .l esiaon yvol.une and, neur ol ogical
deficit resu%lé*lgé%r%mgs{i?gﬁ%?gtoggﬁég (::Lé’xyp(?sﬂ L AR TRt cl%p%cgé%g"? g"}éﬁﬁ?
neurol ogi calXdbfizileanilg groupasuehbsd IF il WY, tthdawdfegtéveain,
treating fug_,rin' nant .| {:ver gesgrggion, and to_inproved survival after
COBETERY et a1 3936 (dPA i oPoldr et Al (,19DgMed Endhes. et

endot oxi ¢ sHOCKS

al., J Cerelynl $¥noslcl! pyoens .

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

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

20 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.

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

In general, the peptidic inhibitors described

30 above are very potent against some of the caspase
enzymes. However, this potency has not always been
reflected in cellular models of apoptosis. In addition

peptide inhibitors are typically characterized by



Met aboU%mo 3, 238, (1998); Cheng et al., J. Cdin. 25 Invest., 101, 1992 )
(1998) " VaKovulev et al., J Neuroscience, 17, 7415 (1997): Rodr2&ARR 206k US00:
al ., J. Exp. Med. 184 2067 (1996); G obnyer et al., MI. Md., 5 585
(1999). in general, the peptidic inhibitors described 30 above are very

pot ent agai nst sone of the caspase enzynes. However, this potency has not

al ways been reflected in cellular nodels of- Bpoptosis. In addition

peptide inhibitors are typically characterized by -5 undesirable -

phar macol ogi cal pr ﬁﬂ@ééiﬁl&uﬁhamdmegleaﬁlpr@&em; m_n:.h RA80post alxallit y

and rapi dznet abollsm PI tt ner and Nor beck, in

Technol ogi-es, O ar®® osPOBEIS aPEﬁH:?é ?&ﬁmg %‘?géf’gr BRARET,
11539?%1 5 Rfcggni zuagdtmmeﬁd ut mwgpmyeoiééqu m{&aﬁamg)ﬂssglt cahrpranmlr)t i es
o e peptidic caspase . nhi or i ic inhihkitqrs, have been
report ed. Armngstaﬁ Pers £IS; nlﬁg %?r&ﬂg‘ﬁ'e @ggg Lot r%’ggéfl 'h%\ggaadéen

repl aced by Qerﬁ vatives of I{écagnhzm;g itthienngednes impdobe 1the

(Bemi o7 et a1 ) D TraRblphEedl HRgprEred o iyl ottt BhEMaE, [ 00 & al
Bi oorg. Med. Chemll'lltitbtitorﬂ, pm@omemm lngéhpter%thaafle bBenrrppavised -Chem
Lett. 7, 1337, (193@ngcheadesd, tm&savw%ﬁgfe BR o andbbUSLHE %ﬁsRﬁeen

15 where Rl is hydr €n or_vari ous groups rogen,

ethyl, R3 is al kylXeRIRERF bﬁrdwﬁaww ofari!damn%vraﬂm ausngsm%sﬂm

98/ 16502 di SC|1@SE%n&m%ﬂﬁlﬁdﬁ§erné§mﬂé Yetedfed much attention (US
Patent 5,756,466 {Remis et al.); Dolla et al. J. Med. Chem.
39, 2438, (1996); Golec et al. Bioorg. Med. Chem. Lett. 7,
2181, (1597); Seuwple et al, Biorg. Med. Chem. Lett. 7,

1337, (1897)) leading to compounds of general structure:

R3 coH
j\ Y 1
Ré H H
15 A2

where R' is hydrogen or various groups, R? is hydrogen,
methyl or ethyl, R® is alkyl, phenyl or phenalkyl, and R® is
various'groups. i .
WO 98/16502 discloses aspartate ester inhibitors of

20 interleukin-1B converting enzyme. WO 98/16505 discloses
sulfonamide derivatives that inhibit interleukin-1B
converting enzyme. WO 96/40647 disclosee alpba-{i,3-
dicarbonylencl ether) methyl ketones as cysteine protease
inhibitors.

.25 Due to the inherent prdblema of the peptidice
inhibitors, there continues to be a need for small
molecule, nonpeptide caspase inhibitors that are potent,
stable, and penetrate membranes to provide effective
inhibition of apoptosis in vivo. Such compounds would be

30 extremely useful in treating the aforementioned diseases

where caspase enzymes play a role.

AMENDED SHEET



20 interleukin-1E converting enzyme. WO 98/ 3. 6505 di scloses sul fdhAPR i
derivatives that inhibit interleukin-].B converting enzyne. WO 96/ 40647

di scl oses wab pirae24d., 3- di carbonyl enol ether) nethyl ketones ﬁﬁfg%%;:,gidae
protease inhibitors. 25 Due to the inherent problens of the pepti
inhibitors, there continues to be a need for small nol ecul e, nonpeptide
caspase inhibitors that are potent, stabPe, and penetrate menbranes to
provide effective inhibition of apoptosis in vivo. Such conpounds would be
30 extrenely useful in treatingibe, cases where caspase
enzynmes play a role. AMENDED S 8 ‘ #2216 PCT/ US00133260
-6 Summary of the Invention It has now been found t hat conmpounds of this

i nvention and phar maceuti ¢als e dsdd rurdderieof Sdfpoehidecdf vVeEhDSs

i nhibitors of casgases and cel | ul ar 5 apoptosis. These corrpounds have t he
general fornif¥eptioR and mphagmagenticgeqommosit gy ogeereel ateN2, R or
-CH2Y; Ris ti H%Eﬂ td 10 an aryl
group, a subg?F?EFg a?% g%?%%BFggﬁygﬁgl 5%%J§§§a sd%é?g?uted ar al kyl
group, asnonapephesis. hé’hers@cycomp@@dmmaare atYselperi i b df ooomva has oTat i C

x,ijl‘\{ﬁ\ /[;jn’

where R! is hydrogen, CN, CHN;, R, or -CH:Y;

_ R is an aliphatic group, a substituted aliphatic group,

10 an aryl group, a substituted aryl'group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic
heterocyclic group}

Y is an electronegative leaving group or -OR, -SR,

1s -0C=0(R), or -0PO(R?) (R?);

R? and R® are independently selected from R or OR;

R? is CO,H, CH;CO;H, or esters, amides or isosteres
thereof;

R? is hydrogen or a Ci-s straight chained or branched

20 alkyl;

Ring A contains zero to two double bonds, and is
optionally fused to a saturated cor unsaturated five to
seven membered ring containing zero to three
heteroatoms;

25 X, and X; in Ring A are independently selected from
nitrogen or carbon, and X; is selected from a valence
bond, oxygen, sulfur, nitrogen or carbon, wherein any X

with suitable valence may bear a substituent;



het erocyclic group; Y is an el ectronegative |eaving group or j{l}
--0C=O0(R) , or -OPO (Re) (R9) ; R8 and RO are independently selzcgcﬂp W’rom

R or -OR, wW8oisng2H CH2CO2H, or esters, anides or |sosteP%s‘r B f; R3
i's hydrogen or a Cl_6 straight chained or branched 20 alkyl; nﬁnl‘ifzﬁ@

contains zero to two double bonds, and is optionally fused to a saturat ed
or unsaturated five to seven rrenbered rthg containing zero to three
het eroatons; 25 X1 and X3 in Ring A are independently selected from

nitrogen or carhoRg, R0 §4 ths 58l1eGiRd J%}Oerﬂvﬁ ﬁj‘e&’f’é\%ﬂgon"dﬁ‘ence n%y bear a

sul fur, nltrogen or “carbon, wherein an R sul
substi t uent; 2 th\PRIODA ivg O/ ﬁi‘aéﬁnE’CT 15S0pA23éadent19achbearikoted t h
suitabl e val ence in Ring A including the fused ring if present, is

i ndependent | y SBpRYLIRIRP B2E9dr BgeRR. h8Ro, OR, BR:. SR, GHz NOEIR.ON, NH2,

R, NEIRJ)\I(ZR) o gfio") DRHERRY ﬁ%m 2’NWRN}%B£S%O%Eh o
=NNR2, =N OR, =NNHCORCR, MRCON\NHSOZ(OO&R N@omaa.crs OB} | SO4NHH e

nitrogen in Rng A.isS substltuted hydr ogen, S(0)2R, or CO2R 10
provi ded t hat (ClaRi s =R c 5% orrm‘ﬁi%‘u Zuen‘ﬁ‘I <9$ X% ‘tached by an

atom ot her t han-MHd@enN=namEd,H t Ber -RROVi ded that at |east one x in Ring

A is a nitrogen.
each substitutable nitrogen in Ring A is substituted by

hydrogen, R, COR, S(0);R, or COR;
10 provided that when X3 is a carbon, a substituent on X; is
attached by an atom other than nitrogen,
and further prévided that at least one X in Ring A is a
nitrogen. ‘
The compounds of this invention have potent
15 inhibition properties across a range of caspase targets
with good efficacy in cellular models of apobtosis. In
addition, these compounds are expected to have improved
cell penetratioh and pharmacokinetic properties and, as a
consequence of their potency, have imprdved efficacy

20 against diseases where caspases are implicated.

Detailed Description of the Invention

This invention provides novel compounds, and
pharmaceutically acceptable derivatives thereof, that are
useful as caspase inhibitors. These compounds have the

25 general formula I:

Iz



The conpounds of this invention have potent 15 inhibition propert§ @agR ampl oss
a range of caspase targets wth good efficacy in cellular nodels of
apoptosi swo oi/sadeli tion, these conpounds are expected to hape ¢ie046d

cell penetration and pharnacokinetic properties and, as a consequence of
their potency, have inproved efficacy 20 agai nst di seases where caspases
are inplicated. Detailed Description of tBe Invention This invention

provi des novel conpounds, and pharmaceutically acceptable derivatives

t hereof, that are wuseful as caspase inhibitors. These conpounds have the

25 general f agh: s 4 04442216 PCT/ 33260 -8 where Rl is
PRERGR 149 YRRV o S iR 1

hydr ogen, CN, CHN2, 2'all'pha iC dup, a substituted
aliphatic grBugs aanadriyhagrieugrousukstdussteitwied 41 DYRat 28 ?i—a{;{syl
group, a substituted aral kyl group, a _non-aromatic 5 heterocyclic group or
a substituted rfth- FRUPhet ePBEFELFUTEHOBBYL YIFroumn @rc@meddetat i ve

| eavi ng group sl 3 SRibst 7 - R8 ) . d RO are
i ndependent |y ggell-oe%edaf rorr? R%%Rgrﬁb% §J'§86%2H;A éﬁ?ﬂﬁ%&gkest ers,
am des oP i sosttetarocyelbofgr&3p i sr hy dsulgeni but 8dChofi-siriofiaglile chai ned or

branched al kyl;; Riquﬁgfontains zero to two double bonds, and is 15
optional Iy fusdtfTFFEAIF JEWRT unsaturated five to seven nenbered ring

containing zer @st ant Bleetronegative leaving group or -OR, -SR,
-0C=0(R), or -OPO(R®) (R%);
R® and R® are independently selected from R or OR:;
10 R? is CO.H, CH,CO.H, or esters, amides or isosteres
thereof;
R’ is hydrogen or a Cis straight chained or branched
alkyl;
Ring A contains zero to two double bonds, and is
15 optionally fused to a saturatéd or unsaturated five to
seven membered ring containing zero to three
heterocatoms;
X, and X3 in Ring A are independently selected from
nitrogen or carben, and X; is selected from a valence
20 bond, oxygen, sulfur, nitrogen or carbon, wherein any X
with suitable valence may bear a substituent;
each carbon with suitable valence in Ring A, including
the fused ring if present, is independently substituted
by hydrogen, halo, R, OR, SR, OH, NO;, CN, NH;, NHR,
25 N(R)2, NHCOR, NHCONHR, NHCON(R);, NRCOR, NHCO,R, CO:R,
CO;H, COR, CONHR, CON(R)2, S{0Q)2R, SONH,, S(O)R, SO;NHR,
NHS (O)2R, =0, =S, =NNHR, =NNR,, =N-OR, =NNHCOR,
=NNHCO,R, =NNHSO;R, or =NR;
each substitutable nitrogen in Ring A is substituted by
30 hydrogen, R, COR, S{(0)sR, or COsR;
provided that when X3 is a carbon, a substituent on X; is

attached by an atom other than nitrogen;



heteroatons; X1 and X3 in Ring A are independently selected from_ njtrogen
or carbon, and X2 is selected froma valence 20 bond, oxygenlﬁéﬁﬂﬂ
nitrogen avoepuiap, wherein any X with suitable val ence mypadpod3260
substituent; each carbon with suitable valence in Ring A including the
fused ring if present, is independently substituted by hydrogen, halo, R
OR, SR OH N02, CN, NH2, NHR, 25 N(R)2,~RHCOR NHCONHR, NHCON(R)2, NRCOR,
NHCO2R, CO2R, CO2H, COR, CONHR, CON(R)2, S(0)2R, SONH2, S(O R, SO2NHR,

NHS(O) 2R, =OanaSfurhbdR prithRéed MHdR atWNREER ond AR FRim "15‘59 or
=NR; each substitutable ﬁitroggh I n Riﬁb Als séggtituteghtggJ 0 %;%rogen,
R, COR, S(0)2Rnutr@@PAR provi ded that when X3 is a carbon, a substituent

on X3 is attached by an ato t her, than nitraogen; 2 R 2004 WO
01/ 22216 PCTFUSOQY 33268°- §588d PRT&iar t&eoxfic’&g‘g“‘tm érP!Ea"sP%eSl?@% Ri ng

Alis a nitraggny An1688doReERAse MO iQlt@H NG 18R] igt i oSy Shadticapply
unl ess otherw se indicated. The term"aliphatic" 5 as used herein-neans
strai ght Thahrfedselr harkdn BeapgcisiteaightCrhaiyadac dntenheadi ah eyelic

I I i.ch ' ' f i on.
For” exampl oo Sk BRpBOspPRRE SRR, e¥ Relbabtadb marRr o o

unsubsti t ut edhlicheabnthianehedoer moyel uaidlskwif, wdldetmratick). aldynyl groups
and hybrids thereof such as (ciqloalkyl)alkyl,,(cycloalkenyl)alkyl or
(cycl oal kyl ) SKRERYE: FHALRBLF eafppatigngrouproiyclyde) sulid wredLhar t

of a larger {gRkGbYtieheEed 19nBAED branched or cyclic alkyl, alkenyl,
10 alkynyl groups and hybrids thereof such as
(cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloelkyl)alkenyl. The term "alkyl" and “alkoxy” used
alone or as part of a larger moiety refers to both
straight and branched chains containing one to twelve
15 carbon atoms. The terms “alkenyl” and “alkynyl” used
alone or as part of a larger moiety shall include both
straight and branched chains containing two to twelve
carbon atoms. The terms “haloalkyl~”, “halocalkenyl” and
"haloalkoxy" means alkyl, alkenyl or alkoxy. as the case
20 may be, substituted with one or more halogen atoms. The
term *halogen* means F, Cl, Br, or I. The term
“hetercatom® means N, O or S.and shall include any
oxidized form of nitrogen and sulfur, and the guaternized
form of any basic nitrogen.
25 The term “aryl”, used alone or as part of a
larger moiety as in “aralkyl®, refers to aromatic ring
s groups having five to fourteen members, such as phenyl,
benzyl, l-naphthyl, 2-naphthyl, l-anthracyl and 2-
anthracyl, and heterocyclic aromatic groups or heteroaryl
30 groups such as 2-furanyl, 3-furanyl, N-imidazolyl, 2-
imidazolyl, 4-imidazoly1,.S-imidazolyl, 3-isoxazolyl, 4-
isoxazolyl, S5-isoxazolyl, 2-oxadiazolyl, 5-oxadiazolyl,

2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-pyrrolyl, 3-



strai ght and branched chai ns containing one to twelve 15 carbon fﬂﬁ"ﬁ The
ternms "al kenyl" and "al kynyl" used alone or as part of a Iarger ﬂ@
shal I i nclwigei/pnid strai ght and branched chains containing, i&@el ve
carbon atons. The terns "hal oal kyl ", "hal oal kenyl " and "haloa oxy means
al kyl, al kenyl or al koxy, as the case 20 may be, substituted with one or
more hal ogen atons. The term "halogen" -#fans F, C, Br, or |. The term
"heteroatont nmeans N, 0 or S and shall include any oxidized form of

ni trogen andg ?yggyyi agdpyggdgqatgr%b&q lfoa?kﬁééﬁﬂﬁnb yﬁ%91$£8§

The term"ary used alone of as part o s 1n afalkyl"
refers to arénmpyrimidpnd, grpypamhdmlngSprEﬂﬂaﬂxnylﬁxﬂppyw&ﬂmzlnynph as

phenyl, benzy|,.1-n t hyl .ant hracyl_and 2 anthracyl and
heterocyclicﬁéLBﬁ%??iﬁgroépghéF @?éro§r§#1@ﬁ9 - teterazelvls ur anyl |
3-furanyl, Noigkdazeiyl, 8-ciwidaaghy! ,2-4:h' @lﬂazolaal 34{111%& gazolyl,

0X

3- |soxazolyl 4- isoxazolyl, 5-isoxazolyl, 2-oxadiazol adlazolyl
2-oxazol ¥ , 4- oxazonIArslogagupylalSOpyncduﬂq fhédepH!?d&Eﬂhcvm)01/42216

PCT/ US00/ 332 yrroly r dy pyrid yr|d rimdyl,
4-pyrimdyl, 2 Oma ﬁ§?g %Yﬁy?%éa2|nvplc§ %yﬁ%%ﬂﬁqﬁﬁi :?%éﬁ%ﬁig
4-t hi azol yl , rﬁng f’tbﬁzl@é&éroéryﬂt Fangl ¥k, fudell taZUnd o® HidrZd Wer

2-thienyl, or 3-thienyl. 5 Ary grou ps al so include fused polycyclic
aromati c rlnﬁl%g%teﬁﬁx@ﬁpkﬁ$chn§ EQFb§§§€PhNqumﬂmhﬁhYlw ng or heteroaryl

{;??akidﬁgzggﬁéékﬁgﬁéﬁgl n1§g PSFhIEh% |en$ﬁkﬁ%%ﬁadiﬁgg%y i ndol yl,
10 quinolinyl, benzothlazolyl benzooxazolyl
benzimidazolyl, isoquinolinyl, isoindolyl, acridinyl,
benzoisoxazolyl, and the like. Also included within the
scope of the term “aryl”, as it is used herein, is a
group in which one or more carbocyclic aromatic rings

15 and/or hetercaryl rings are fused to a cycloalkyl or non-
aromatic heterocyclic ring, for example, indanyl or
tetrahydrobenzopyranyl.

Non-aromatic heterocyclic rings are non-
aromatic carbocyclic rings which include one or more

20 hetercatoms such as nitrogen, oxygen or sulfur in the
ring. The ring can be five, six, seven or eight-membered
and/or fused to another ring, such as a cycloalkyl or
aromatic ring. Examples include 3-1H-benzimidazol-2-one,
3-l-alkyl-benzimidazol-2-one, 2-tetrahydrofuranyl, 3-

25 tetrahydrofuranyl, 2-tetrahydrothiophenyl, 3-
tetrahydrothiophenyl, 2-morpholinoc, 3-morpholino, 4-
morpholino, 2-thiomorpholine, 3-thiomorpholino, 4-
thiomorpholino, 1-pyrrolidinyl, 2-pyrrolidinyl, 3-
pyrrolidinyl, l-piperazinyl, 2-piperazinyl, 1-

30 piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-piperidinyl,
4-thiazolidinyl, diazolonyl, N-substituted diazolonyl, 1-

phthalimidinyl, benzoxane, benzotriazol-1l-vyl,



10 qui nolinyl, benzothiazolyl, benzooxazolyl, benzim dazolyl, ZaAPRzmi
I soqui nolinyl, isoindolyl, acridinyl, benzoisoxazolyl, and the |ike. Al so

included wo bi/gx2idie scope of the term"aryl"”, as it is usegrRRo6sd s | S @
group in which one or nore carbocyclic aromatic rings 15 and/or heteroaryl

rings are fused to a cycloal kyl or non- aromatic heterocyclic ring, for
exanpl e, indanyl or tetrahydrobenzopyrahy¢t. Non-aromatic heterocyclic
rings are non- aromatic carbocyclic rings which include one or nore 20

het er oat ons S&cHoBPrPb11896R, BYKESR:RErIWinyY, iﬂ}ﬁé&&:ﬂ , The ring can be
five, six, seven or eight--nmenbered” and/or fused to another ring, such as

a cycl oal kylbenzothbabane, r and. bExaophésniencl ude 3- 1H benzi m dazol - 2- one,
3-1-al kyl - benzi mi dazol ; 2- one, 2-tetraghydrofuragnyl, 3 25 tetrahydrqfuranyl,
2-tetrahydrothiophenyl%n39rygt?59?8r2?é?§8ﬁ€' iC ANt qQﬁ¥8&1é3 or
3-mor phol i nGan Aar@P]E?IIOJT:].tBQp, 251BhOBBI BEALK10 o3 gHURITHPNO RO, 4-

t hi omor pholino, 1-pyrrolidinyl, 2-pyrrolidinyl, 3- pyrrolidinyl,

1- pi per azi nydontaim perazerymore Sobptptreotsyl Examples iofi ppitable

3- pi peri di ny, - Pl | di pyl 4-thiazol pdi.nyl . .di azql onyl, N substituted
i oot onyl St RERLEL X che HhaoBARR S Kar b BH M PR e B Tapr 2004
WO 01/ 42216 g¥ohig)SD¢ B3d60a - RA1bganopyRrL ok, nepenzpi per,di ne,

benzoxol ane, benzot hi ol ane, and benzot hi ane. _An aryl group (carbocyclic
and het er oc\RISCHRd QB APUFRyES gREVPOXY e hPREDYan AR ar ﬁl‘a‘gﬂwt,e%y 5

contain one gy, "UEpIULSELLEEPtEe ExgﬁﬂllegN@;’ s_ubﬁgbl_ﬁHz'su_lﬁﬁ't uents on the
unsaturated carbon atomof an ary
-N(R)2, -NHCOR, ~-NHCONER, -NHCON(R);, -NRCOR, -NHCO:R,
-CO;R, -COz;H, -COR, -CONHR, -CON(R)z, -S{(0O):R, -SONH:,
-S{(0O)R, -SOzNHR, or -NHS(0O):;R, where R is an aliphatic
group or a substituted aliphatic group.
An aliphatic group or a non-aromatic
15  heterocyclic ring may contain one or more substituents.
Examples of suitable substituents on the saturated carbon
of an aliphatic group or of a non-aromatic heterocyclic
"ring include those listed above for the unsaturated
carbon as well as the following: =0, =S, =NNHR, =NNR;, =N-
20 OR, =NNHCOR, =NNHCO;R, =NNHSO;R, or =NR.
A substitutable nitrogen on an aromatic¢ or non-
aromatic heterocyclic ring may be optionally substituted.
Suitable substituents on the nitrogen include R, COR,
5{0}zR, and CO;R, where R is an aliphatic group or a
25 substituted aliphatic group.
The term “electronegative leaving group” has
the definition known to those skilled in the art (see

March, Advanced Organic Chemistry, 4" Edition, John Wiley

& Sons, 1992). Examples of electronegative leaving

30 groups include halogens such as F, Cl, Br, I, - aryl and

alkylsulfonyloxy groups, trifluoromethanesulfonyloxy.




group include a halogen, -R -OR -0OH -SH, -SR, protected OH (such as

acyl oxy), phenyl (Ph), substituted Ph, -OPh, substituted -OPh, ’IﬂULCN’
~NH2, - NHo 884N R 2, - NHCOR, - NHCONHR, - NHCON(R) 2, - NRCC? =
- 02R, - CO2H, % -CONHR, -CON(R)2, -S(0)2R, -SONH2, -S 8)1. - HR, or

-NHS( O 2R, where Ris an aliphatic group or a substituted aliphatic group.
An aliphatic group or a non-aromatic 15-A@terocyclic ring may contai n one
or nore substituents. Exanples of suitable substituents on the saturated

b f | i phati f - tic het i |
ncl ude those 11 stea aBBYEEGEN 13 BAEARIARERES G GF SO 2813h0

foll owing: =Bstebs aNSHBRmidW¥RZesTNt2GrOR tHNEGRamiNEGO2R ANNHSERR, or
=NR. A substitutable nitrogen on an aromatic or non- ‘aromatic heterocyclic
ring may be 8pPHBnaLl ptomsstior gregte suneabicomnpmnd middt sigmikdwe nitrogen

I nclude R, 4 S i n _al ibphat.i.c aroup or a 25
substituted all %ﬁgé%ggRPguggrﬁégt é-'\rgm‘::&%l Egtrr 8%e§§tﬁt{)?§gﬁlé’z§vi%ﬁg1%’r oup"” has
the defi B ti eatknoos amitieoseThki bliedsostiehe carleplaeemevity ¢lay Aslyanced
organi ¢ Chemi tr¥, 4$lh Edi S_i on, John Wley _& Sons, 1992). Exanpl es of

el ect r onegat PR¥St a0 PRYLSE14¥00Fs LPROLGE& CRALYgbRS e ich A example mE | -

aryl and al kyl s @X ri=f,L.uqr f . WD 01/ 42216
-12 2 8 APR %%Oigb%’%%%gc%)’e %gg%ﬁF?%sFé%eg ggg‘%)i %?ﬂ%gt g%rg')sé of carboxylic

aci ds, esteFONEEQ; caikiek) resch tas rOPNES@:M=xchange of an atomor group of

atoms to create a nEMIeggggﬂggsm%%htﬁkgi&%@ention where R? is COOH or

10 CH;COOH are gamma {y = 1) or delta-ketoacids (y = 2) which
may exist in solution as either the open form 1 or the
cyclized hemiketal form 2. The representation herein of

- either isomeric form is meant to include the cother.

x2 COzH X O .
) ¢ Wy r”y o 7
xs“'x‘j)l\N R —_— X, x"\HKN O

o rR H o '(I)I' & Hupd B

15 Form 1 Form 2

Likewise it will be apparent to one skilled in
the art that certain compounds of this invention may
exist in tautomeric forms or hydrated forms, all such

20 forms of the compounds being within the scope of the
invention. Unless otherwise stated, structures depicted
herein are also meant to include all stereochemical forms
of the structure; i.e., the R and S configurations for
each asymmetric center. Therefore, single stereochemical

25 isomers as well as enantiomeric and diastereomeric
mixtures of the present compounds are within the scope of
the invention. Unless otherwise stated, structures
depicted herein are also meant to include compounds which
differ only in the presence of one or more isotopically

30 enriched atoms. For example, compounds having the



bi ol ogi cal properties to the parent carboxylic acid, 5 ester or AfiAfR200The
bi oi sosteric replacenent nmay be physicochemcally or topologically based.
-An exanpl evobi/aaz1é sosteric replacenment for a carboxylic acipgrikesss2eo
CONHSQ2( al kyl) such as CONHSO2Me. Conpounds of this invention where R2 is
COOH or- 10 CH2COCOH are gamma (y = 1) or delta-ketoacids (y = 2) which may
exist in solution as either the open ford3~ or the cyclized hemiketal form
2. The representation herein of either isonmeric formis meant to include

the ot her. 1§r5§"e&‘i!tlsE9ﬁ@t%r'e'sk%Wc%%ﬂ ol lthd & APRATGHERE ©Ne skilled in
the art that certain conpounds of this invention may exist in tautoneric
fornms or hydhygzggesr by, aaldeuseziur0 ofrortirs tdfunt, heorc dripeo uregsl dmsmen i ¢ Hi n
the scope of _th inventi_om,. Unl ess,..othetrw se stated, structures depicted
herein are a?sgg%gﬁt %yoai ndiud¥F aIF"?Pﬁ?\é\%ﬁﬁeﬁPE PRt BFfrs Wi thé"?’ep
structure; iseopet B BhasdiSvearficaurations for each asymmetric center.
Therefore, single stereochem cal 25 isoners as well as enantioneric and

di astered®neric nixtur B5edprrRd ppapeundsoefolids dmyenttinm are thage of
the inventio h ] a & depi herein are
al soI rr;ant | t§0§#§P§§§ ggngégﬁgga\?\gi c&gr&sh g?gggﬁ% i%lefl?ngé{%‘?’es%%%eo “one

or nore isotbpbsaklky BReeadfcheMoatoprefERredXaml ehos@R@Mdf ity idE the 1
B APR 2004 \r/rg 01/ 42216 PCTI USOQ 33260, -13 }ﬁr esent structures except for
the repl acenERFMYEaT KYEFEEREES B dbtit €P4HmBF SF59% unf™ifie (96

repl acement péosdefd BRBrBY¥FandCx, O s I4LE£OELENed carbon are within the
10 One embodiment of this invention relates to
compounds of formula I where X; is nitrogen, X; and X; are
carbon, and Ring A has two double bonds. These compounds

are represented by formula IA:

F|5
RG H4 Hz
(7 9
N 1
15 o R o)
IA

where R! is hydrogen, CN, CHN,, R, or -CH,Y;
R is an aliphatic group, a substituted aliphatic group,
20 an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic
heterocyclic group:;
Y is an electronegative leaving group or -OR, -SR,
25 -0C=0(R), or -OPO(R®) (R%);
R® and R® are independently selected from R or OR;
R? is CO,H, CH,CO;H, or esters, amides or isosteres

thereof;




scope of this invention. 5 Preferred conpounds of this invention E:@Ll se
conpounds of formula | where R2 is CO2H or ester, am de or isosz R

thereof. Madeypneferred are those conpounds of fornula | fﬁs%& R2 is
CO2H, or ester, amde or 10 isostere thereof and X1 is nitfoge

enbodi ment of this invention relates to conpounds of fornmula |I where X1 is
nitrogen, X2 and X3 are carbon, and R md4A has two doubl e bonds. These
conpounds are represented by formula- IA® A where RL is hydrogen, CN,

N BT RO nflSed 84| BNALL Co BEQNIN: ARUDRLLL Moy gﬁﬁ%g'c group,

20 an aryl group, a subStituted a rou an ara
substituted aral&ytl group, a non-aromatic heterocycl I C group or
substituted non- ar mat i, c terogycl ic group; Y is an _electrone atlve

| eavi ng gr ouf3BR © igpindepengengly) selgetedpdrome hydwmgen Rhakrl RO ar e
dependent |y sel et et R ol Bes ek L QRO O SO o
i s hydro8en or mlzﬁ(@braNgﬁﬁRchHHﬁ!w}mr blmmmd”(Mz.aNREbR eMHTOR, S is
i IO S T N
NHCO2R, CO2R, s@orkR, CoR NEERNGIR,R CON( R)2 S(O 2R SO\IHZ S(OR,
R’ is selected from hydrogen, halo, R, OR, SR, aryl,
substituted aryl, OH, CN, CO:R, CO;H, COR, CONHR,
1o CON(R)2, S(0)zR, SONH;, S(0)R, or SO,NHR.
Preferred compounds of formula IA are those
compounds where R' is CH,F, R® is CO.H, R® is H or methyl,
R*-R® is independently selected from hydrogen; R, ‘phenyl
or substituted phenyl, and R’ is hydrogen, R, phenyl or
15 substituted phenyl. Examples of IA compounds are shown
in Table 1.

Table 1. Examples of Formula IA Compounds

RS
RB | X R‘ o R2
- N\')LNL'rn‘
20 o M o

Number |R? R’ R’ R? R® R® R’
1A-1 CH,F | CO:H H H H H
1A-2 CH;F | COzH Me B H H H
1a-3 CH,F | CO:H H Me H H H
1A-4 CH,F |CO;H H H Ph H
1A-5 CH,F | CO.H H H Ph
1A-6 CH.F | COzH H Et H Ph




SO02NHR, or NHS(O) 2R, R7 is selected from hydrogen, halo, R OR SR Arariis,
substituted aryl, OH -CN, CO2R, C02H, COR, CONHR, 10 CON(R)2, S(O 2R,
SONH2, S( @dro1/421802NHR. Pref erred compounds of fornul a 'Aﬁ@fogﬁfﬁo
conmpounds where R' is CH2F, R2 is CO2H, R3 is H or nethyl

I ndependent | y- sel ected from hydrogen; R, - -phenyl or substituted phenyl,
and R7 is hydrogen, R, phenyl or .15 subétﬁ‘t uted phenyl. Exanples of A
conpounds are shown in Table 1. Table 1. _Exames of Formula | A Conpounds 20
Number RRRRRR 6R | A- 1CH2FCO2HHHHHH 1A- 2CH2FCO2Hwve' HHHH 1A- 3CH2 FCO2 HHVEHHH
1A- 4CH2FCO2HHHHPhH 1A- 5CH2FCO2HHHHHPh 1A- 6CH2FCO2HHEt HHPh 2 8 AKk' k RA WD
01/ 42216 PCTI USOY 3326Anoibemn@@rﬂmdimﬁmdiqfemhxﬁ iﬂﬂmtmntébmteelasbes to

conmpounds of rog . X2 gnd X3 ar car.bgn, ng A
has two doubf I’&égwags 8%’8% %mélﬁ& 35 | $5gBLRECIS ™ PRSed? %’F%rratlc
or non- ar ona¢afbosAr ROAYCAI Baki kYo ab%acea@oméﬂea%?dlwcwa RSl taﬁehs a
fused benzene ring. Such preferred conpounds have the general formula IB,

where R1° Rotogathexr faymRa fuseds a@@mmn@e@xabmre-eandnatmﬂused benzene
(1ng My be JdD-SHbptidt Eing VBRURELLEL S Un PSR, Hid B AYPRINYS are

shown in Tab
fused benzene ring. Such preferred compounds have the

general formula IB, where R!}, R?, R?, R® and R’ are as
described above and the fused benzene ring may be
10 substituted or unsubstituted. Examples of 1B compounds

are shown in Table 2.

HB
o R?
R
R” N
o
IB

i5

Table 2. Examples of Formula IB Compounds

Number R’ R? R’ R® R’

iB-1 CH,F COzH Me H

18-2 CH>F COzH H H H

Ancther embodiment of this invention relates to
compounds of formula I where X; is nitrogen, X; is
20 nitrogen or carbon, X; is carbon, the bond between X2 and
the adjacent CR® is either a double or single bond, and R®
and R’ taken together form a fused, aromatic or non-
aromatic carbocyclic ‘ring. Preferably, the carbocyclic
ring is a fused benzene ring. Such preferred compounds
25 have the general formula’IC, where R'-R° are as described

above, and the fused benzene ring may be substituted or



| B 15 Table 2. Exanples of Formula I B Conpounds Nunber RR2ZRRR
1B- 1CH2FCO2HVEHH 1B- 2CH2FCCRHHHH Anot her enbodi ment of this i nvehifgR 100t
rel ates twoongmeginds of formula | where X1 is nitrogen, Xdy eh r ogen
or carbon, X3 is carbon, the bond between X2 and the adjacent 3 I'S

ei ther a double or single bond, and R6 and R7 taken together forma fused,
aromatic or non- aromatic carbocyclic rid®- Preferably, the carbocyclic
ring is a fused benzene ring. Such preferred conpounds 25 have the general

formila |G whetpsRicEeel e asaipaed bad zcboys,o ik Le Idisedh begzene ring
may be substituted or 2 8 APR 2004 WO 0142216 P s R PR
unsubst it ut edabEraipl es of | C conpounds are shown in Table 3. R$ 4 R X2 R

Ol 1, r N5 Table 3. Exanples of Forrmula I C Conpounds Bond
No. Rl R2ZR3R4R5X20r der X2 - CR4

HS
| 4
X, A R?
N 1
\(“\ {:‘Ii A
R? s}
5 Ic

Table 3. Examples of Formula IC Compounds

Bond

No. R! R? R’ R* R® x?2 order
S| ' 0 x3-cr®
1C-1 | CHyF COzH H H H C Double
1c-2 | CH,F CO2H Me H H - Double
1C-3 | CH,F CO-H H - N Double
1C-4 | CHyF COH Hy H, cC Single
1C-5 | CH:OAr | COzH Me H H C Double
1C-6 | CH,F CO-H Me H - N Double
1C-7 | CH,0ATY | COH Me H - N Double
1C-8 | CH,F CO,H Et H - N Double
1C-9 | CH,F CO;E Et H - N Double
1C-10 | CHF COzH iPr H - N Double
IC~-11 | CH;F COzH Pr H - N Double
1c-12 |H COzH Et H - N Double

Another embodiment of this invention relates to
10 compounds of formula I where X; and X; are nitrogen, X; is
carbon, Ring A has one double bonds and R® and R® taken
together form a ring, preferentially an aromatic
carboéyclic ring. These compounds have the general

formula ID shown below, where R'-R? and R’ are as




1C 1CH2FCO2HHHHCDoubl e 1C- 2CH2FCO2HMeHHCDoub! e | G- 3CH2FCO2HHH- N

1C 4ACH2FCO2HHH2H2CSi ngl e 1C- 5CH2QAr CO2HVeHHCDoubl e 1C- 6 CH2FCO2H NDoubl e
1C 7CH2 OAweeiAMa i NDoubl e 1C- 8CH2FCO2HEt H- NDoubl e 1C- 9CH2 Feg hilshéAis2biPoubl e
1C- 10CH2FCO2Hi Pr H- NDoubl e | C- 11CH2FCO2HPr H- NDoubl e 1C- 12HCO2HEt H- NDoubl e
Anot her enbodi nent of this invention relates to 10 conpounds of fornula I
where X. and X3 are nitrogen, X2 is car béd- Ri ng A has one doubl e bonds and
R5 and R6 taken together forma ring, preferentially an aromatic
carbocyclic g&BeribBESane¥EROURSAMPALS (I 9P Nemouddy Mitd dHuwhiown bel ow,
where R1-R4 and R7 are as 2 8 APR 2004 WD 01/42216 PCT/ US00/ 33260 -17
descri bed ab®BwkleEfanpl es of | D conmpounds are shown in Table 4. ID 5 Table
4. Exanples of Formula | D Conpounds, NO. RIR2ZR3R4R7

1D 1CH2FCO2Hi Pr H23- C1PhCH2 Anot he odinment of this invention relates to
conmpounds of formula | where X1 i rogtn, X2mrfts 10 nitrogen or carbon,
X3 is carbon, the bond between X2 d It hesad) acent CR4 is either a double
or single bond, and R6 H?/N\“/N N R
0O H3 H
ID
5

Table 4. Examples of Formula ID Compounds’

No. R? R? R* r* R’

1D-1 CH,F CO:H iPr H; 3-C1PhCH;

Another embodiment of this invention relates to
compounds of formula I where X; is nitrogen, X; is

10 nitrogen or carbon, X; is carbon, the bond between X; and
the adjacent CR? is either a double or single bond, and R®
and R’ taken together form a fused, aromatic or non-
aromatic hétérocyclic ring. These compounds have the
general formula IE, where R)*-R° are as described above,

15 and the fused heterocyclic ring may be substituted or
unsubstituted. Preferably, the heterocyclic ring is a
five or six membered ring having one ring heteroatom.
These compounds have the general formula IE shown below.

Examples of IE compounds are shown in Table 5.




and R7 taken together forma fused, aromatic or non- aromatic hegﬁégég%hic
ring. These conpounds have the general formula IE, where R1-R5 2004
-descri bedwaponei6l> and the fused heterocyclic ring nmay be ppqiagdopiitcfd Of
unsubstituted. Preferably, the heterocyclic ring is a five or six nenbered
ring having one ring heteroatom These conpounds have the general formnula
| E shown bel ow. Exanples of |E conpound38are shown in Table 5. R5 X2 R4
-~R ' 20 WIxY H ME 2 8 APR 2004 WD 01/42216 -18 PCT/ US00133260 Table S.

Exanpl es of {EbERMBOUBGESmHRES %f%ﬁc%dﬁ% is CHE; RIis CO.H)
No. Het er ocycl eRIRARSXZB0ONU_0r der X2-CRA™ 1 ek

| E- 2Pyri di ng[ 4, 3~f] HHHC ' doubl e Anojher enbodi ment  of | t IBand rowedds on

relates to [cqumpoupds of fornul erge KL i$ nitrogepn, X2 is g bond, 5 X3

i s carbon, an And ﬂ?tﬁ§?8HCnget e® f briin & Rusled? aronﬁtﬁ%Ror

non-aronat i ¢ RECer PO I Ghddd D 3! ¥ O[TPEUITS e Rl ed fonmul a
IF, where RI-R5 arge as Ig%scr?%ed ve, BN he fu?ﬁd ri ng nay be
substit ut ed {oRE-@npuByridined4, PFéﬂerah{y Hheé Huded r| ng idoublss x 1
menber ed ri ng—Hrese—conpounds—have—the—gbneral formi

Another embodiment of this invention relates to
compounds of formula I where X; is nitrogen, X; is a bond,
5 X; is carbon, and R® and R’ taken together form a fused,
aromatic or non-aromatic heterocyclic ring. These
compounds have the general f-ormula IF, where R!-R® are as
described above, and the fused ring may be substituted or
unsubstituted. Preferably, the fused ring is a six
10 membered ring. These compounds have the general formula

IF shown below. Examples of IF compounds are shown in

Table 6.
R* 2
o R
1
N\')LN R
o R H o

IF

Table 6. Examples of IF Compounds

No. R’ R? R? R
IF-1 CH,F CO.H H H,
IF-2 CH,F CO.H Me =0
IF-3 CH;F COzE Me Ho

Another embodiment of this invention relates to
compounds of formula I where X; is nitrogen, X, is
nitrogen, X; is carbon, and Ring A has two double bonds.
These compounds have the general formula IG, where R!-R’

are as described above. These compounds have the general




| F shown bel ow. Exanples of |F conpounds are shown in Table 6. IF 15 Table
6. Exanples of |F Conpounds No. RIRZR3R4 | F- 1CH2FCO2HHH2 | F- 2CH2F

| F- 3CH2FCabivkiziénot her enbodi nent of this invention rel apgniofgepPounds
of formula | where X1 is nitrogen, X2 is 20 nitrogen, X3 is carbon, and
Ring A has two doubl e bonds. These conpounds have the general fornula I G
where RI-R7 are as described above. Théd€-conpounds have the general WO
01/ 42216 -19 2 B APR | PCT/ USOQO 33260 formula | G shown bel ow.. Exanpl es of
XG conpounds fakfiul 828N shBwhaPled ofr. 5 ekl et P! ESmMuhds coppounds

No. RLR2ZR3R4AR6R7 | G 1CH2FCO2HEt HHH ThHe conpounds of this 1 nvention nmay be
prepared inshewsrah Babidet Reds known to those skilled in the art 10 for
anal ogous conpounds, as illustrated by the genergl Schenes bel ow and by

the preparative exanples that f® | .ﬁf.f&h@rre/t:RS R6 i X2~r R4 O

R7 N\HLN R’
o R H
16
5
Table 7. Examples of IG compounds
No. r? R® R Rr® R® 7
IG-1 CH-F COz;H Et H H H

The compounds of this invention may be prepared
in general by methods known to those skilled in the art
10 for analogous compounds, as illustrated by the general
Schemes below and by the preparative examples that

follow.

Scheme I




RT'X3r X1 012R R.X2YRA0 RRR R7,X31X, N. HO ORa, bd, e
Rfi yX2 YRao R7'X3Ixi NR2 R 0O RBRHOH5 15 1 2 8 APR 2464 V\@&)Al?lhhﬂ&ha

PCT/ USO0/ %826f4228§- Reagents: (a) NaH THF; (b) NaOH THF/ H2Q, Tf]tfslm 260
EDC/ DVAP/ HOBt ; (d) Dess-Martin periodinane; (e) TFA/DCM In g ems% above,
the follow ng abbreviations 5 are used: EDC is 1- (3-dinethylam nopropyl)
-3 ethyl carbodiinide; HOBT is 1-hydroxybé&®zrotriazole; TFA is
trifluoroacetic acid; DCMis dichloromethane; and DVAP is

4- di met hyl ankpagghtdi:Nqg TﬁgH§&@&t| )h gMﬁ; ei t her

comer ci al | _EV%I‘T‘EU eqor) prepar ed g%’ rrg{ Hy (ﬁiafnél og&us to those
descri bed byEFOéEMaBdH&BCh (59nﬂee®—$ﬁax(th99®er:ﬁﬂil1rfﬁﬁa ud JeSEFsipaed
otherwi se. Starting heterocycle 1 is treated first with sodium hydride,

t hen
In Scheme I above, the following abbreviations

5 are used: EDC is 1-(3-dimethylaminopropyl)-3--
ethylcarbodiimide; HOBT is l-hydroxybenzotriazole; TFA is
trifluorcacetic acid; DCM is dichloromethane; and DMAP is
4-dimethylaminopyridine. The starting heterocycle 1, is
either commercially available or prepared by methods

10 analogous to those described by Fuss and Koch, Synthesis
(1990), 681-685, unless stated otherwise. Starting
heterocycle 1 is treated first with sodium hydride, then

" with an ester 2 (LG is a leaving group such as bromine or
O-triflate). The resulting ester 3 (e.g., Y = alkyl) is

15 first hydrolized using base or, when Y is a t-butyl
group, using trifluoroacetic acid. The acid 3 (Y = H) is
then coupled with the amino alcochol 4. Depending on the
nature of R' and R’ an amino ketone may be used, in place
of the amino alcchol, which avoids the subsequent

20 oxidation step. 1In the case of fluoromethyl ketones
where R' is CH,F, the amino alcchol 4 may be obtained
according to the method of Revesz et al., Tetrahedron
Lett., 19924, 35, 9693, Finally the hydroxyl in compound
5 is oxidized and the compound treated appropriately

25 according to the nature of R?. For example, if the product
I requires R? to be a carboxylic acid, then R? in 4 is
preferably an ester and the final step in the scheme is
hydrolysis.

Accordingly, one aspect of this invention relates to a

30 general method of preparing compounds of formula I
comprising the steps of:

(a) providing an acid or acid derivative of formula

II:



with an-ester 2 (LGis a leaving group such as bromne or O-triflate). The
resulting ester 3 (e.g., Y = alkyl) is 15 first hydrolized usinaadﬁﬁ W
when Y i swobrhmtiy!l group, using trifluoroacetic acid. Thecefisgesszke = H
is then coupled with the am no al cohol 4. Depending on the nature of Rl
and R2 an am no ketone nmay be used, in place of the am no al cohol, which
avoi ds the subsequent 20 oxidation step 2lm the case of fluoronethyl

ket ones where Ra is CH2F, the am no al cohol 4 may be obtained according to
the method of Revesz et al., Tetrahedrgg Lett., 1994, 35 9693. Finally

t he hydroxyl in compound 5 is oxidized d th@ conmpound treated
appropriately 25 according to the naggﬁ% f R2] For exanple, if the product
| requires R2 to be a carboxylic acid, v4 is preferably an ester

and the final step in the schene is hy&lrol ¥sis. Accordingly, one aspect of
this invention relates to a 30 general nethod of preparing conpounds of
formula | conprising the steps of: (a) propding an acid or acid
derivative of forrmula I'l: WO 01/42216 -21 X3TX, 0 5 2 9 APR 2004,

PCTI USOQ 33260 | s (P} b) covppiiingg Il wiithh aan amiineo adlcodied! cor aaminm ket one of
formula 4 to provide aﬂekghgrg§d%%&%ulgf4f%Bn%&%v&Hé an intermediate

5 of formula IIT:
X2 R2
i xr AQ 1 R
1 3 1
HzN’Er“ T \HL{I
Z o =R Z ; and
4 III

Caem s

fc) convertiné intermééiate-III to compound.I.
wherein Y is hydrogen or an organic radical; Z is =0 or
10 OH; and ring A, R, R?, R® X,, X, and X; are as described
above.

This method is particularly useful for
preparing chiral compounds of this invention, where the
carbon bearing the R® substituent is stereochemically

15 enriched. As exemplified below (see Examples 21-27),
intermediate acids or acid derivatives of formula II may
be obtained in chiral form. This is illustrated herein
for Ring A being a quinazolin-4-one (Examples 21-24, 26),
a pyrimidin-4-one (Example 25) and a dihydroquinazoline-

20 3-one (Example 27). The step (b) coupling of II and 4 to
provide III may be carried out according to any suitable
method. It is understood that when 4 is a ketone (2 =
0}, it may need to be generated in the presence of II,
for example, by in situ deprotection of the amino group.

25 1In step (c), the conversion of IIXI toc provide X will
depend on the nature of 2 and R?. Synthetic manipulation

of these groups, if necessary, may be performed as



H2N ; and 4 111 (c) converting internediate Il to conpound |, wherein Y
I s hydrogen or an organic radical; Zis =0 or 10 OH and rlng .8 KHR 10R2,
R3, X1, X3W@og4243sare as described above This method is pgidy ,ggﬂd(
useful for . preparing chiral conpounds of this invention, where t

carbon bearing the R3 substituent is stereochemcally 15 enriched. As
exenplified bel ow (see Exanpl es 21-27), -2i2nternedi ate acids. or acid
derivatives of formula Il may be obtained in chiral form This is
illustrated f 1: 24,
26), a pyri %ggsclﬁﬂ)fdo%er%l%xq%r% %‘?_Jc?} #%umﬂﬂﬁo%gﬁzégﬁggéﬁggo%é
(Exanpl e 27) thobe skep lek) mmbie raag;tof Il and 4 to provide |11l may be
carried out according to 40 su abI e, net hod, IS unders%ood t hat when 4

is a ketone (Z = 0), FEIAEF™& Bé‘t&éﬂﬁdeﬁaé'daﬁ Y heiPRELENERT of |1,
for exampl e mikihg ohiBolfREOLECEHIL Ohvidht M MUl WhePS | Pnotep (¢ (C)

t he conversi on of provi de epend on the nat ur .
Syntheti & namnpamedontesf atrﬁes‘epg‘les@petedi oyn ggpesisEirdinomss bEINeahdr ned as
2 8 APR 2004 VO 01%\%2216 PCTLUSOQ 33260 -22 decri bed herein or according
to other netRABds2FanFPEF=t those skilled in the art. Certain chiral

i nternmedi ates 11, useful for naking conpounds of this invention, are
novel. These 5 |nterrred| at es are represented by pyri m di nones |1 A and

gui nazol i nones 11 t;' @;r\l

{(S)-IIA (5)-IIB

v Ill
w

10 wherein Y is hydrogen or an organic radical, the
pyrimidinone and quinazolinone rings are optionally
substituted as described above for Ring A, and R> is a Ci¢

alkyl group.

15 Scheme II

0 a,b N3 CHO c, d N*' o
HoN — N — N
. oY \rJLoy “rJLOY
R R? o R®
6 8

o}
7
R?
e 1
HzNJ;,R
OH
4
nz R"’
j 1 g j 1
N\H-LN R 3 Nj)-LN R
o R O R H OH

I . 9
Reagents: {a) Ethyl formate/diisopropylamine; (b)
ArCOCl/THF; (¢) PPhy/xylene; (d) TFA/DCM; (e)
EDC/DMAP/HOBt; (f) Dess-Martin periodinane; (g) TFA/DCM
20



INNNO ~YOR3 (S) -ITA 10 wherein Y is hydrogen (S) -11B or @th(RrZQDE&‘mC
radi cal, the pyrimdinone and qui nazolinone rings are optionall%

subst it ut D arsxiescri bed above for Ring A, and R3 is al kylpcgrusomnss2éd
Schene Il O0a, b HZNOY Y, RB6 NOR3 7 aC-6 R e 1Hc Rt OH I

Reagent s: ArCOCI/THF; 9 (a) Ethyl forrra_gg/_diisopropyl amne; (b) (c)
PPh3/ xyl ene; (.d) TFADCM (e) 4
In Scheme II above, the starting amino acid
ester 6, which is commercially avaialable or synthesised
under standard corditions, is first formylated and then
treated with an 2-azido aromatic acid, activated for
5 example as an acid chloride. The resulting amide 7, is
treated with a reducing agent such as triphenyl phosphine
and the resulting ester (e.g., Y = alkyl) is hydrolized
using base or, when Y is a t-butyl group, using
trifluoroacetic acid. The synthesis is then completed as

10 outlined in Scheme I.

Scheme III

[(Im»ko — QO

O}i
6 2 11
R2
)R,FI‘
HoN
OH
4
2
e, f N.}I 0 R
\|)L n‘  —— ":WN\I)L '[(H‘
1 Tf N
o R H OH
I 12

Reagents: (a) EDC/DMAP/HOBt; {(b) HCl/EtOAc; (c¢)
15 (Et0)iCH/xylene; (3d) EDC/DMAP/HOBt; {(e) Dess-Martin
periodinane; (f) TFA/DCM

In Scheme III above, the starting amino acid
ester 6, which is commercially avaialable or synthesised
20 under known methods, is coupled with an unsaturated amino

acid under standard conditions to provide amide 10. The



EDC/ DVAP/ HOBt ; (f) Dess-Martin periodi nane; (g) TFA/ DCM N3 CHO @8QAPRIZI®O 2
8 APR 2D04 WO 01/ 42216 PCT/ USOQ 33260 -23 In Schene Il above, the starting
am no aci §yo ¢g§»®i¢ 6, which is commercially avai al abl e or S%ﬂf@%bﬁﬁgo under
standard conditions, is first fornmylated and then treated w an 2-azi do
aromatic acid, activated for 5 exanple as an acid chloride. The resulting
amide 7, is treated with a reduci ng aged#-such as triphenyl phosphine and
the resulting ester (e.g., Y = alkyl) is hydrolized using base or, when Y
is a t-butyl Py aUSKLN ' oageti c i_d. The synthesissi s then
conpl et ed asalg% z='Iot?l ?EegeP%EE%hgrgrQ ﬁg'ééher?rgce 5 He Zﬂ%l‘ﬁj{g :','dc N, 6 4 R4
| RO p2 el fcohdfxi&nk AAdotR47XE83uXEENgRAMINE HidteRWwith R HO OR3 H OH
1 12 Reagenis: (a) EDC DVAP/ HOBt; (b) HCL/EtQAc; (c) 15 (Et O 3CH xyl ene;
(d) EDC/ DVAPREY L2k RO DREST ar B9 ntT pEEIYdPE AR L qrmatera/ In Schene |11

above, the s{gfiifgaggtBotREhJdundergoes a thermal retro-Diels Alder

5 reaction to provide-1ll.  ‘The synthesis is then ' completed

as outlined in Scheme I.

Scheme IV
H
0 a NO2 b, ¢ N__.O
v Aoy —— (i g — M
A3 @:\LG \]S)Lo‘r \a\ov
NO, R © =R
6 18 13 14
d| ArLG
15
Ar Ar
:!1’ o R2 Nr 0 R?
Yo e,f ¥ o
N\HLN R' EP— N\])LN R'
o R H o ¢ R H On
17 16
g. h
94
4 ! 4 2
R\E)(z'_ R ,E:, 1
X x,j)L R
o N
R E B H o
T

10
Reagents: (a) Et;N/EtOH/18; (b) RaNi/H,/EtOH; (c) CDI/THF;
(d) NaH/DMSO/15; (e) TFA/DCM; (f) 4/EDC/DMAP/HOBt; {(g)
Dess-Martin periodinane; (h) TFA/DCM



ester 6, which is conmercially avaial able or synthesised 20 undg J{ﬂgqﬂm
net hods, is coupled with an unsaturated am no acid under standar

condi ti onswb@1mixayi de anmide 10. The YY ~0 Y R 2 d H2N RI 39
10 11 2 8 APR 2004 WO 01/42216 _24 PCTI USOQ 33260 am de 1 epro?ected

(e.g., P = Boc) using acid conditions and the resulting ami ne heated with
a fornylating agent, eg triethylorthofod®ate. The internediate then
undergoes a thernmal retro-Diels Alder 5 reaction to provide-11-.--The

synthesis is then conphgt @dheds o4} Id y‘tﬁﬁél t}ae%__ C. I N6 17 R4
Ra~x2 YRa0 R2 4.01 3YXIYLN RL R O o) }§% €1n§5£ﬁﬂ%b dcit
ester 6 is alkylated with a benzyl group (where LG may be

a2 halogen, tosylate, mesylate, triflate or the like) to
provide 13. The nitro group in 13 is reduced (for

5 example with Raney Nickel) and the diamine then cyclized
ontc a carbonyl scurce, {(e.g. carbonyl diimidazole,
"CDI”) to provide quinazolone 14. The resulting free NH
may be alkylated to provide compound 16. The synthesis

is then completed as outlined in Scheme I.

10
Example 1
5-Fluoro-4-ox0-3-[ (8} -2- (2-oxo-2H-pyridin-1-y1) -
propionylamino] ~-pentanocic acid (1A-2)
N COH
A
v F
! H
15 e -
Step A: (8)-2-(2-0x0-2H-pyrid-1-vl)-propionic acid ethyl
ester. A stirred solution of 1H-Pyridin-2-one (500mg,
5.26mmol) in anhydrous THF (50ml) at room temperature was
20 treated portionwise with 60% NaH (231mg, 5.78mmol}. The

reaction mixture was kept for 10 min then added over 5
min to a solution of (R)-2-triflucromethanesulfonyloxy)-
propionic acid ethyl ester (1315mg, 5.26mmol)} in
anhydrous THF (2.5ml) at room temperature. The resulting
25 mixture was stirred for 2h, then concentrated. The
residue was dissolved in ethyl acetate, and the resulting
solution was washed with ice cold dilute HCl. The organic
layer was removed and the agueous layer re-extracted with
ethyl acetate. The combined organic extracts were dried
30 {(MgS0y4), filtered and concentrated. The residue was

purified by flash chromatography (20% up to 80% ethyl



Reagents: (a) Et3NEtOH/ 16; (b) RaNi/H2/EtOH; (c) CDI/THF;, (@) APR 2004

NaH DMSQO' 15; (e) TFA/DCM (f) 4/ EDC DVAP/ HOBt; (g) Dess-Martin

peri odi nangg oidipif FADCM a 18 rAr N OR2 15 0 e, NNRL f ﬂc%ws foFr 00
R3 HOH 2 8 APR 2004 WD 01/42216 PCTI US00/ 33260 -25 In Schene ag)ove, t he
starting amno acid ester 6 is alkylated wwth a benzyl group (where LG may
be a halogen, tosylate, nesylate, trifl-dt or the like) to provide 13.
The nitro group in 13 is reduced (for 5 exanple with Raney N ckel) and the

di am ne then Lze o rce,, { . _carbonyl _diimdazol e,
"CDI") to pr3§¥gétéu?ﬁa§%%ﬁ%)lﬂob%%éor%és)u%lﬁ n%lﬁ%ecmo‘ﬁﬁ 3% 4l kyl at ed
to provide coapRERdoif. (EROmyYNAWSIS [dF7] Rencgonpel ted OUtrkd jn
Schene |. 10?- 5- Fl uoro-(4- oggg}/S- [("S) [2(*']?22'E oxo-ﬁl—r&pi g}-:n-gl -QS]IS)'-HHI:’ES"?B ’

pr opi ony! ani tb]Nyrent 4008mz acbd1{)LAS 2) . T 16) Stepsd\3n, d),
(S)-2-(2-O<o-2|—|—g%rid-l-yl)-%rSOpi onic acid ethyl ester. A stirred solution
of 1H Pyri di f-2{éReq) 508m§ (185, 2R -)2 (1H . arthy.drious( THE ¢50ni)2at room
tenper at wr e y\@§(gg tpeated portionwise with 60% NaH (231ng; 5.78mmmol). The
reaction mixture was képt for 10 min then added over 5

Step B: (S)-2-(2-Oxo-2H-pyridin-1-vyl)-propionic acid

A stirred mixture of (S)-2-{2-0Oxo0-2H-pyrid-1-yl)-
propionic acid ethyl ester (364mg, 1.87mmol), THF {(2ml),
10 water (1lml) and sodium hydroxide (90mg, .2.24mmol)} was
kept at room temperature for 1lh, then concentrated under
re@uced pressure. The residue was dissolved in ether and
"the resulting solution washed with Water."Theibrganic
layer was discarded and the ageous layer was'acidified
15 with concentrated HCl then extracted several times with
ethyl acetate. The combined organic extracts were dried
(MgSO), filtered and concentrated. The residue was
triturated with ether to afford the title compound as a

colorless solid (84mg, 27%): ()3 = -50° (c=0.2, CH;0H);

20 'H NMR (400MHz, DMSO) & 1.5(3H, d), 5.1(1H, q), 6.2(1H,
t), 6.4(1H, d), 7.4(1H, m)}, 7.6(1H, d4d).

Step C: 5~F1uoro-4—hydroxy-3—[(S)—2-(2-oxo-2H>pyridin—1—

Yl)-propionylamino]-pentancic acid tert-butyl ester

25
A stirred mixture of (S)-2-(2-Oxo-2H-pyridin-1-yl)-
propionic acid (70mg, 0.42mmol), 3-Amino-5-fluoroc-4-
hydroxy-pentanoic acid tert-butyl ester (9lmg, 0.44mmol),
HOAt (63mg, 0.46mmol) and DMAP (59mg, 0.48mmol) and

30 anhydrous THF (5ml} was cooled to 0°C then EDC (88mg,
0.46mmol) was added. The mixture was allowed to Qarm to

room temperature during 1léh then concentrated under



mn to a solution of (R)-2-trifluoronethanesul fonyl oxy) - propz' fm’m@f' d
ethyl ester (1315ngy, 5.26mmol) in anhydrous THE (2.5nl) at

roomt enpey@bitiRie The resulting 25 mxture was stirred for % Stoﬁﬁﬁéo
concentrated. The residue was dissolved in ethyl acetate, ’cpt e
resulting solution was washed with ice cold dilute HO - The organic | ayer
was renoved and the aqueous | ayer re-ext@dcted with ethyl acetate. The
conbi ned organic extracts were dried 30 (MgSO™4), filtered and concentrat ed.

The residue rifi fl (V 0% ethyl 2 B
APR 2004 WO %ﬁ&S%?GbE(%%%UE%O 3 O(ih{sg' acg{aas[)?ﬁlg\ﬁﬁex&janég %lga%ﬁf or)é t he
title conpounhramaaog;tablhgw (@iY rr(et&ﬁmg:l 46%eth}{]ala2ce&a=te)56:e4 A BES R 75,
CH2C12) ; IH &‘490 CDC13) 8 1. tf) 65( 3H, CQ 4 %S{ZM,
5.6(1H, q), B2S(EHE COB‘P&’ | ad) 2 ’r’ &5 Epam ((2'11—?71?3 e Bl

S)-2-(2-xo N s’ e of

Esg 2- gz O(Oiéﬁ)lbd;g' cped % pfojplo:glr# aC| dxé 1JZ é’?eﬂ%mﬁb 3 §7m"ml),
THE (2m ), 19.wats; finl )3 .3nd  $qdiy Moy dsxi-ge s((iiQ{m,mJZ iy )3 v|s, kept

at roomtenperature for 1h, then_concentrated under reduced pressure. The

resi due was M! ssbk 565 6 18 hay 'aﬁdl‘ﬁhé(ﬁé{sumhngg%oﬂmm oW §MERed with

15 wi i concolerah i a0 1hen S0 ok od S0ct Ll (PABSon Wb Adt acetat o

The conbi ned organic extracts were dried (MgSO4), filtered and

concentrated. The residue was triturated with ether to afford the title
conpound as SteepqPer | BsElusriod4¢e%ay3-118) —2FdR3oEo-25pyvrdairs-1-613cGH) ; 20

1H NVR q$00N5Z00 DABOY afli ho8 (Bbnedhoid 461E Dre- 858 ester

A stirred solution of 5-Fluoro-4-hydroxy-3-[(8)-2-(2-oxo-
2H-pyridin-1-yl)-propionylaminc] -pentancic acid tert- )
butyl ester (135mg, 0.38mmocl) in anhydrous DCM (5ml) was
15 treated with 1,1,1-triacetoxy-1,1-dihydro-1,2-
benziodoxol-3(1H)-one (193mg, 0.46mmol) at 0°C . The
resulting mixture was kept at 0°C for 1.5h, diluted with
ethyl acetate, then poured into a 1:1 mixture of
saturated agueous sodium hydrogen carbonate and saturated
20 agueous sodium thiosulphate. The organic layer was
removed and the agqueous layer re-extracted with ethyl
acetate. The coﬁbined organic extracts were dried (NaS04)
and concentrated. The residue was purified by flash
chromatography (1% methanol in ethyl acetate} to afford
25 the title compound as a colorless gum (125mg, 93%): H NMR
(400MHz, CDClj3) & 1.2-1.4(9H, 2xs), 2.6-2.9(2H, m), 4.7-
4.9(1H, m), 4.9-5.3(2H, m), 5.6-5.7(1H, m), 6.2-6.3(1H,
m), 6.5-6.6(1H, m), 7.2-7.4(1H, m), 7.5-7.6(1H, m), B.0-
8.2(1H, m); C NMR (100MHz, CDCl;) § 16.57, 16.87, 28.24,
30 28.29, 36.44, 36.60, 52.50, 52.62, 52.90, 53.09, 82.31,
82.44, 83.51, 83.72, 85.33, 85.55, 107.35, 107.44,
120.45, 120.49, 134.42, 134.67, 140.22, 140.36, 162.85,




t), 6.4(1H, d), 7.4(1H m, 7.6(1H, d). Ste C 5-Fluoro-4-h dz%ARlﬂ%l
-3-[(S)-2-(2-0x0-2H idin-1- 1)- ro ion |lamno)- entanoic acid tert-but
ester 25 Avebimsgg m xture of (S)-2-(2-Oxo-2H pyridin-1-yl)g I?ﬁ%}sg c aC|d
(70ng, 0.42mmol ), 3-Am no-5-fluoro-4- hydroxy-pentanoic aci cF

ester (91ng, O0.44mmol), HOAt (63ngy, 0.46mmol) and DVAP (59ny, 0.48mm|) and
30 anhydrous THE (5nl) was cooled to 0OC+tdfn EDC (88ng, O0.46mmol) was
added. The m xture was allowed to marn1to roomtenperature during 16h then
concentrat ed d 2 2 R L@_QO’ 6 2 edyced
pressure. Thé%raeg:educal%\?/;\?gpurq‘%l e ﬁ%jgﬁ éomat ozgé%p ?/ (%Eﬁrrg%ihanol in
et hyl acet at epztosaffzcmdsa hégﬂ‘lm pmﬁd éﬁc% tep3pagy (137my, 92%:
IH NVMR (400MHz, CDClZZ,’;! 1.3-1.5(9H, 2xs), 2.5-2.7(2H m, 3.4 5 3.7(1H,
m), 3.9-4. 6(4B1- 25 48(1H23@)-4%. 2-6.3(1H, 1), 6.5-6.6(1H ),
7.1-7.6(3H, m; 19F NVR (376MHz, CDC13) 8 -230.14, -230.14, -230.17,
-230.95, -231.07. Step D: 5-Fluoro-4-ox0-3-[(S)-2-(2-0x0-2H pyridin-1=yl)-
10 prropifonysaepnB: | Spéliaiei-¢ -asod 3t-qris)but yi2 astera i SiFiged- solyjLon of
5FIuoro4hdroxy3[(S)?(2 OXO0- _ ]

2H- pyri di n- 1REPPIERY A0S TDERF AR, g acid tert- butyl ester (135ny,
0. 38mmol ) in anhydrous DCM (5m ) was 15 treated wth

1,1, 1-triacetoxy-1, 1-di hydro-1, 2- benzi odoxol - 3(1H)-one (193ny, 0.46mmmovl)
at 0C . The Trégmuorngcntituaeidaszmptmrs GQAded to &h stlitvé@diveth et hyl
acet at e, thenggéureng nto a ure of saturated agqueous_ sodi um

hydr ogen car B3hat B°AHES5 BFaPeETEBquﬁeBEFé’ ~Sodi (ih 131 OSIPHhiA%ET The

or gani c 1loay epywe8in- -1-yl)-propionylamino] -pentanocic acid tert-butyl

ester (1i5mg, 0.32mmol)in anhydrous dichloromethane
(2ml) . The mixture was stirred at 0°C for 0.5h then at
room temperature for 0.5h. The mixture was concentrated
under reduced pressure and then the residue was
15 redissolved in dry dichloromethane. This process was
repeated several times in order to remove excess
trifluoroacetic acid. The gum was lyophilized twice from
HPLC grade water to afford the title compound as an off
white solid: IR (solid) 1789, 1730, 1654 cm™*; 'H NMR
20 (400MHz, DMSO) $1.4-1.6 (3H, m), 2.5-2.9 (2H, m), 4.2-
4.7 (24, m), 5.0-5.5 (2H, m), 6.2-6.3 (1H, m), 6.3-6.5
(14, m), 7.3-7.4 (1H, m), 7.6-7.7 (1H, m), 8.4-8.9 (1H,
m); °C NMR (100MHz, DMSO)} & 17.15, 17.27, 17.61, 17.87,
17.94, 33.50, 33.57, 35.02, 35.23, 35.31, 52.69, 53.08,
25 53.31, 53.42, 53.47, 53.79, 53.91, 54.49, 54.85, 81.55,
81.%2, 83.31, 83.68, 83,95, 84.07, 85.72, 85.84, 105.87,
106.07, 106.19, 115.67, 119.86, 120.26, 137.05, 137.31,
137.36, 137.40, 137.43, 140.60, 140.65, 140.74, 140.85,
162.14, 162.18, 162.28, 162.32, 171.25, 171.48, 171.62,
30 171.69, 172.55, 172.63, 173.63, 173.67, 174.52, 203.04,
203.18, 203.28, 203.42; MS (FAB +ve, HR) Calculated for
C1aH16FN20s  (MH+) 299.1043, found 299.1045.




renoved and the aqueous | ayer re-extracted with ethyl acetate. The

combi ned organic extracts were dried (Na2SO4) and concentrat e@ 8 APRS0N
resi due wago pij4d2ié ed by flash chromatography (1% nethanol pi /l%b@/ﬁﬂzﬁo
acetate) to afford 25 the title conpound as a col orl ess gum 5ny, 93%:
1H NVR (400MEl z, CDC13) 8 1.2-1.4(9H, 2xs), 2.6-2.9(2H, m), 4.7- 4.9(1H,
m, 4.9-5.3(2H, m, 5.6-5.7(1H m, 6. 2-@93(1H m, 6.5-6.6(1H m,
7.2-7.4(1H, m, 7.5-7.6(1H, m, 8.0- 8.2(1H m,; 13C NWR (100MHz, CDC13) 8
16.57, 16.87, 28.24, 30 2 8,.29, 36.44, 36.60, 52.50, 52.62, 52.90, 53.09,
82.31, 82.44, 83.51, 83.72, 85.33, 85.55, 107.35, 107.44, 120.45, 120.49,
134.42, 134.67, 140.22, 140.36, 162. &xampBe APR 7004 WO 01/ 42216
PCT/US(c)0133260 -28- 162.98, 169. 93, 169. 99, 17%%§9 170. 63, 202.58, 202. 64,

202. 75, 202. 80; 19F NVR(376MHz, CDC 331 231.96,-232.48,-232.49. 5
- 1)-
et c &cid (2ml) was added to a

Step E: 5-Fluoro-4-o0x0-3-[(S)-2-(%

prropi onyl am no] - pentanoi ¢ acid Tri

stirred ice cold solution of 5-Fl LR)ro 4- oxo- 8-1(S)-2-(2-0x0-2H 10
pyridin-1-ylg-g ny | agi ne) n 1

0 32l ) i % Bk8 Lo fﬂ‘?? 098 ; ] ¥
for 0.5h5t hep;ntanod)orratéﬁpelm-mew&erp&ebhreahenmaxmrmems;mnm\tmﬁt ed

under reduce ressure t hen the_residue was 15 redissolved jn dry
di chl or onet hgﬂg aﬁf’grbg%‘ge%% FHETPLEp Lo PEFEREY EPA AR St Pbrgé)r 4o

remove excesgrlf1u&£5ﬂé@ﬁsﬁégﬁlﬁshgloip? -BhEpWRS iy @RAld 1AGH, 1 i hGest T OM
HPLC grade water to afford the title conpound as an off white solid: IR

(solid) 1789is17eplagedsbynpuomasraic acid ethyl ester. The product
was isolated as a yellow solid: IR (solid) 1657.5,

10 1694.3, 1781.3 cm™*; 'H NMR (400MHz, DMSO) & 2.5-2.9(2H,
m), 4,3-4.7(3.54, m), 5.1-5.5(1.5H, m), 6.2(1H, m), 6.3-
6.4(1H, m), 7.4(1H, m), 7.6(1H,m), 8.5-9.0(1H, m); **C
NMR {100MHz, DMSO) & (DMSO) 28.71, 33.17, 51.13, 51.64,
51.70, 52.25, 52.91, 80.96, 81.74, 82.72, 83.46, 83.59,

15 85.35, 105.16, 105.23, 105.31, 119.54, 140.71, 140.82,
140.89, 161.82, 161.87, 161.94, 167.62, 167.73, 168.18,
172.12, 173.14, 173.80, 202.76, 202.89; °F (376MHz, DMSO)

0 -226.9(t), ~-231.8(t), -233.3(t).

20 Example 3

5-Fluoro-3-[2-(6-methyl-2-oxo-2H-pyridin-1-yl)-

acetylamino] -4-oxo-pentanoic acid {1A-3) was prepared in

25 a manner similar to that described in Example 2 to
provide colorless crystals: IR (solid) 3276, 1741, 1716,
1669, 1642, 1548, 1414, 1377, 1352, 1273, 1248, 1227,

1189, 1163, 1043, 796 cm™'; 'H NMR (400MHz, DMSO} & 2.25



20 (400MHz, DMBO) 8 1.4-1.6 (3H, m), 2.5-2.9 (2H m), 4.2- 4.7 (2H m,
5.0-5.5 (2H, m), 6.2-6.3 (1H, m), 6.3-6.5 (1H ), 7.3-7.4 (28 APR
7.6-7.7 (Whothzid-4-8.9 (1H m; 13C NMR (100MHz, DVBO) %cé'éus%@ lg% 27
17.61, 17.87, -17.94, 33.50, 33.57, 35.02, 35.23, 35.31, 53 60 "55B8 25
53.31, 53.42, 53.47, 53.79, 53.91, 54.49, 54.85, 81.55, 81.92, 83.31,
83.68, 83.95, 84.07, 85.72, 85.84, 105.830- 106.07, 106.19, 119.67, 119. 86,
120. 26, 137.05, 137.31, 137.36, 137.40, 137.43, 140.60, 140.65, 140.74,

140. 85, 162 2. 48::162028. 462,32, 417125, 48 171 62,.30 171, 69,
172. 55, 172.%%%‘1%@16%;5?7 fg$,‘f$g.§§: §0§.64§ ‘%éé.%@x %6§:§§f3 03.42; MS
(FAB +ve, HRj2Kalml} a6 edlsf ¢LH, Ch3HLGFE205 1@YH) , 299250431, aund 2991 1045. 2

8 APR 2004 WD 01/42216 PCT/USQQ 33260 -29 Exanple 2
5- Fl uor o- 3- [2-82- b¥B. 23 *y&} di n- € NMR- {d80MHani BMSH- k30 .83pedrt.&0i ¢ aci d

(I1'A-1) was pjepated:d n sip,m Lar t hat crjbed . in Exanple 1
except that ‘.iéﬁ‘gf'egsin’(% ”'g???rf Pg]ohgmeﬁﬁanggul &%P{#jygjﬁr'ﬁ'oni c acid
ethyl esbBer 163.8epleresl, by7pronoaget h¢ aphbdget hyl ester. The product was
isolated as a yellow solid: IR (solid) 1657.5, 10 1694.3, 1781.3 cm1 ; 1H
NVR (400MFi z, DMBO) S 2.5-2.9(2H, m), 4.3-4.7(3.5H, m, 5.1-5.5 (I.5H

m-, 6.2 (1H m, 6.3- 6.4(13, M), 7%@ 7.6(IlH mM, 8.5-9.0(13, m;
13C N b (100MHz, DVMSO) S (DMVMSO) 28. 7%, =4+ 51.13, 51.64, 51.70, 52.25,
52.91, 80.96, 81.74, 82.72, 83.46y 83.59, 15 85.35, 105.16, 105.23, 105. 31,
119. 54, 140.71, 140.82, 140. 81. 82, 161.87 61.94, 167.62, 167.73,
168.18, 172.12, 173. 14, 173.80,

%, 202.89-C49F (376Mz, DVSO) 8
226.9(t), -231.8(t), -233.3(t). .
H
C 10 ‘5=Fluoro-3-{2- (4-phenyl-2-oxo-2H-pyridin-1-y1) -

acetylamino] -4-oxo-pentancic acid (1A-4) was prepared

from 4-phenylpyrimin-2-one (Iwasaki et al, J. Med. Chem.
1996, 39, 2696) in a manner similar to that described in
Example 2 to provide a colorless solid: IR (solid)

15 3307.5, 3216.5, 1787.8, 1659.7, 1582.9, 1567.6, 1219.4,
1055.5, 927.5, 763.6 cm™®; 'H NMR (400MHz, DMSO) & 2.66
{1H, m), 2.85 (1H, m), 4.31-4.72 (3H, m), 5.28 (2H, m),
6.59 (1H, m), 6.69 (1H, m), 7.51 (3H, m), 7.70 (3H, m),
8.50-8.95 (1H, br); **C NMR (100MHz, DMSO) & 33.2, 34.7,

20 47.6, 50.8, 51.4, 52.3, 83.6, 85.4, 103.8, 104.0, 104.2 ,
104.3, 115.3, 127.0, 129.4, 129.9, 137.1, 140.7, 151.4,
151.6, 161.9, 162.0, 167.8, 168.2, 172.1, 173.1, 202.7,
202.9; F (376MHz, DMSO) 8§ -226.8 (t), -231.8 (t), -
233.27 (t).

25

Example 5

N COH
I N/["/\
F
H

Q



20 Exanple 3 co2H 5-Fluoro-3- [2- (6-nethl-2-0x0-2H idin-1- n%?]A R 2004
acetyl am no) - 4- oxo-pentanoic acid (1A-3) was prepared in 25 a ner
simlar tevdbgdzgiescribed in Exanple 2 to provide colorle I R
(solid) 3276mﬂi%g§ 1716, 1669, 1642, 1548, 1414, 1377, gggﬁﬁﬁg%%%é 248,
1227, 1189, 1163, 1043, 796 cm1; 1H NWVR (400MHz, DNBC» 8 2.25 2 8 APR
2004 WD 01142216 PCT/11S00/ 33260 -30 (3Bl-s), 2.55-2.95 (2H, nm), 4.3-4.8
(3H, m, 5.1-5.35 (2H, mM; 6.06 (1H mM, 6.22 (1H m, 7.27 (1H m, 8.51,
8.82 (1H, 2 x d); 13C NWR (100MHz, DVsO) 8 20.83, 34.83, 46.47, 52.15,
83.52, 85.29, 103.82, 116.32, 139.97, 5 162.8, 167.8, 172.0, 173.1, 202.86.
Exanpl e 4 103-FbuftaeBe{3~ (B2phehylhen okxo22dkeyidimiinyk)d ) - acet

| ami no] - 4- oxo- enianm c.acid (1A-4) Nas prepar ed@rfsr)on%pr@arm& na

4- phenyl pyri
manner sim |ﬁfoﬁ103lg g%gﬁ—hhﬁiﬁ -l onkXamBl-@hey W3R 22 Y Qpd LSS
solid: IR (solid) 3216.5, 1787.8, 16 1582.9, 1567. 6,

1219. 4, 51055repapeq. sy pEmdnemion o NYRiMAGANHE-cBSQOIEAB@AAH, 1),

2.85 (1H, n) 4. 31-4-72(3H, 5.28 (2 6 ,
7.51(3H, m . ‘“7%“‘(‘3% %‘%‘ E%)?B' -8G5 - (1?"“’%?');1?’5(55 lﬁwﬁj(’xo ‘ﬁ\?géYB
33.2, 34. ﬁﬁ@jéﬁluﬁomgdléteﬁ c53p31n§3w§th85eﬁze%@3kﬁui@ﬂxﬁéﬁﬁﬂﬁ2
104.3,115 3 127.0,129.4,129.9,137.1, 140.7, 151. 4, 151.6, 161. 9,

162. 0, 167. 8,2¢80pdig to1a3proggduye’ dgscyibed by PrewMPoDNEORls - 6P6. 8
(t), -231.8 fbd, chém3;2196)- 37, 3303). The rest of the synthesis

10 was completed in a manner similar to that described in
Example 2 to provide a colorless solid: IR (solid)
3392.3, 2941.1, 1745.4, 1673.9, 1635.4, 1564.0, 1396.3,
1236.2, 1203.4, 775.5, 700.9 cm™; 'H NMR (400MHz, DMSO) & -
2.64 (1H, m), 2.79 (1H, m), 4.21-4.81 (3H, m), 5.29

15 (2H,m), 6.37 (1H, m), 7.28-7.41 (3H, m), 7.62-7.25 (4H,
m), 8.2-8.9 (1H, brm); C NMR (100MHz, DMSO) & 32.2,
34.8, 47.6, S51.9, 52.2, 52.3, 80.9, 82.7, 83.6, 85.4,
103.8, 104.0, 105.4, 105.5, 105.6, 127.6, 127.7, 128.2,
129.6, 137.0, 137.1, 137.2, 138.6, 138.8, 139.5, 140.1,

20 158.4, 160.8, 160.9, 162.7, 167.7, 168.2, 169.9, 172.1,
173.1, 202.7, 202.9; ®F (376MHz, DMSO) & -226.8 (t),
-231.6 (t), -233.2 (t).

25

5-Fluoro-4-oxo-3-[(8}-2-(2-ox0-2H-gquinolin-1-yl) -

propionylaminol] -pentanoic acid (1B-1) was prepared in a

manner similar to that described in Example 1 to provide




25 Exile 5 2 8 APR 2004 WO 01/42216 PCT/ US00/ 33260 -31 5- Fl uoro- 38 APR-004
(3-henyl -2-o0xo0-2H ridin-1- |)- acetyl am no] - 4- oxo- pentanoi ¢ acid (1A—g[5

was prepaned oi/kneim 3- phenyl pyrimn-2-one. 3-Phenyl pyrimn A76s
prepared by brom nation of pyrimdin-2-one (Cswald and I\/a%tl nu 0?@33,&%

Chem Soc., 1982, 104, 4142), followed by palladium nediated coupling with
benzene boroni C aci d according to a prededure descri bed by Danmewood et al.
(J. Med. Chem, 1994, 37, 3303). The rest of the synthesis 10 was

colbr 1 ess sof ?a'm%e%so#% g g e PiaT, RETRE S, A MR C °
12640, 1996 (A00ukaI0nkisc) 32108 4w 7hiy, 59 200 % oY s Iy (400M.

DVSO) $ 2.64 (1H m, 2.79 (1H
6.37 (1H, m {175H8- M)414(.2H4.1®) (176632 ?n)255(41=+5 50(18412 mp, (5H5 broy); 1-C

NVR ( 100MHz, 52.2, 52.3 80.9, 82.7, 83.6,
85. 4( 103. 8} %%6 305 %gé‘ 5"3 o% -6 (112'17 &) 1 5% 37 1’&8(%3 hpomb,

137.0, 137.17.437.8, (188. §),19808g. bs 0. 8 166
162.7, 167.7, 168.2, 5133 9) 1721, 51i JTgdz]a? zz'ghojzégfﬂigé@%s?%m CDI\/SO)

S -226. 8 (t)NMR ZMOHI-I(zr,)DMSQ;%SBZth])s Exar:rmtae 684225, 14.39, 32.77,
5- Fl uor o- 4- Oﬁ g, [(S) é QX0Q- 2H-au inolin-1-yl)- prropi Call ani no3 ent anoi ¢
acid (1B-1) Was Bre 3r29:i 34223 mmAner 5si Sl-89t AR, R $belB i 4L Exanpl e
1 to provideg2. 89APR52094 85.26, 114.56, 114.94, 115.13, 115.38,
120.85, 121.43, 121.35, 121.61, 122.34, 122.42, 122.48,
10 129.53, 129.59, 129.65, 130.66, 130.84, 130.91, 130.95,
131.18, 140.24, 140.32, 158.36, 158.70, 160.98, 161.41,
161.47, 167.71, 170.38, 171.86, 172.14, 172.16, 173.26,
202.35, 202.49, 202.53, 202.66; MS (FAB +ve, HR)
Calculated for C;7H;gFN.Os (MH+) 349.1200, found 349.1206.
15

Example 7

COH

7
20 5-Fluoro-4-oxo-3-[(S)}-(R)-2-{2-ox0-2H-quinolin-1-vy1)-

acetylamino] -pentanoic acid {1B-2) was prepared in a

manner similar to that described in Example 2 to provide
a white powder: IR (solid) 1784, 1738, 1703, 1638 cm™?; H

NMR (400MHz, DMSO) & 2.5-3.2 (2H, m), 4.3-4.7 (1.3H, m),
25 4.8-5.4 (3.7H, m), 6.6 (1H, m), 7.2-7.3 (2H, m), 7.5-7.6
(1H, m), 7.7-7.8 {(iH, m), 7.9-8.0 (1H, m), 8.5-9.0 (1H,
m); C NMR (100MHz, DMSO) & 33.25, 34.90, 44.51, 44.64,
44.74, 47.71, 52.81, 81.22, 81.59, 82.98, 83.32, 83.51,
85.28, 114.80, 120.48, 120.53, 120.97, 121.09, 122.36,




WO 01/ 422
cml1; 1H
(1.5H, m
(1H m,

16 PCTJUSOQ 33260 -32 a white powder: IR (solid) 1782, ggg¢%2@941
NVR (400MHz, DMSO) 8 1.5 (311, m), 2.3-2.4 (0.5H, m, 2.6-3.

WaoR4218 (1.6H nm), 5.0-5.5 (1.4H m), 5.5-6.0 (pkuddb/sske 6. 6
7.3 (1H, m, 7.3-7.7 (2H, br m), 5 7.7-7.8 (1H ri) , 7.9-8.0 (1H

m , 8.2-8.5 (1H,' br m) ; 13C NWR (100MHz, DVBO) 8 14.06, 14.13, 14.25,

14.39, 32
83.49, 85
121.35, 1
130.84, 1
161. 41,

202.49, 2
349. 1200,
-2- (2-0x

.77, 32.85, 34.29, 34.43, 51.753751.99, 52.30, 53.05, 83.41,
.17, 85.26, 114.56, 114.94, 115.13, 115.38, 120.95, 121.43,

21. 822.132. 349 .322. 431 .522. 481 Y 1 31 120 $%2 1292 §5¢4130. 66,
30. 91, 130.3%? &%éli%é,b%4o§%3}k%?o%§¥?3%%3.%%§9%%8.$%§ %%0.98,

161149.27671%0.3870138,. 4871 184, - 48721164, . 5.2 . 11657 . 34.3. P67 - 202. 35,

oA B2 1386 PBrs a0 1750 %0 Wiy 202 ot 8 RS 1Y

0- 2kreNOHRN- talklilaeely el 0QlHRERLGN0I($mAGi 3618043 WasEpar ed

ina manner_simlar to that described in Exanple 2 to provide a white
powder: PR (33Pi 4P46784, 1738, 1703, 1638 cm1; 1H NVR (400MHz, DVBO) 6

2.5-3.2 (
7.2-7.3 (
8.5-9.0 (
44.74, 47
120.48, 1
PCT/ US00/

10

15

20

25

2H, nm), 4.3-4.7 (1.3H, m), 25 4...8-5.4 (3.7H, m) , 6.6 (1H m ,
2H, m , 7.5-7.6 (1H, m, 7.7-7.8 (1H m), 7.9-8.0 (1H m, '
1H, M, 13C NVR (100MHz, D¥B@mgL&838 25, 34.90, 44.51, 44.64,
.71, 52.81, 81.22, 81.59, 82.98, 83.32, 83.51, 85.28, 114.80,
20.53, 120.97, 121.09, 122.36, 2 8 APR 2004 WD 01/ 42216

33260 [::I;:l\/j: cop
H\F
O

O

S-Fluoro-4-oxo-3-[2-(1l-ox0-1H-isogquinolin-2-y1)-.

acetylaminol] -pentanoic acid (1C-1) was prepared in a

manner similar to that described in Example 2 to provide
a white powder: IR (solid) 1778, 1738, 1688, 1646 cm™!; 'H
"NMR (400MHZ, DMSO) & 2.6-3.2 {2H, m), 4.3-4.7 (3H, m),
5.1-5.4 (2H, m), 6.6 (1B, m}, 7.4-7.6 (2H, m), 7.6-7.8
(2H, m), 8.2 (1H, m), 8.4-8.9 (1H, m); *3C NMR (100MHz,
DMSO) & 33.20, 34.85, 51.01, 51.40, 47.59, 52.19, 52.91,
81.03, 81.72, 82.79, 83.44, 83.56, 85.32, 104.89, 104.97,
105.05, 125.57, 125.59, 126.48, 126.88, 126.93, 127.25,
127.28, 132.70, 132.74, 134.44, 134.48, 137.61, 137.64,
161.51, 161.58, 161.64, 167.95, 168.07, 168.46, 172.60,
173.13, 173.81, 202.72, 202.86, 204.52; MS (FAB +ve, HR)
Calculated fox Ci¢HigFN20s (MH+) 335.1043, found 335.1044.

Example 9




-33 122.41, 129. 24, 131. 02, 131. 06, 131. 21, 139. 92, 139. 99, 8 APR 2004
140. 27, 140. 34, 140. 48, 161. 48, 161. 56, 167. 54, 167. 74, 1

168. 09, 17w®@84biis 13, 173. 93, 202. 59, 202. 73; M5 (FAB +ve, HRpceRlshblsakfd for
C16H16FN205 (MH+) 335.1043 found 5 335.1046. Exanple 8 10

5- Fl uor o- 4- oxo-3-[ 2-(1-oxo-l Hiso inolin-2- |)-- acet |amno]- entanoic
acid (1CG1) was prepared in.a nanner sirAédlrar to that described in Exanple
2 to provide a white powder: IR (solid) 1778, 1738, 1688, 1646 cm1; 1H 15
NVR (400MHZ, DVMBSO) 6 2.6-3.2 (2H, m, 4.3-4.7 (3H, m, 5.1-5.4 (2H, zn),
6.6 (1H m, 7.4-7.6 (2H, m, 7.6-7.8 (2H, m, 8.2 (1H m, 8.4-8.9 (1H,
m; 13C NVR $-10DDMeieo-4ENBO)-3S{38) 20 (34085 - 1531-iGbaquEholidn 4~ 89, - 52. 19,
52.91, 81.03, 81. 72 82 7 83 44 83 56 85. 32 104. 89, 104.97, 20

105. 05, 125.25%CE 58 §-Rgntangl S5 14§ -2) o Wams; preprresg in 70,

132. 74, 134ﬁﬁhné§4 ﬂﬁ lé§7t§1th&§7d§§ H
168. 07, 168. 46, 172,60, 173.18. 173, sfrlzgg ?% %%%?éﬁ% gi’g%’vkgi(FAB
+ve, HR)S Ca ohitedrtwdericER6ENDEA) MUTR333575643, 16fmm'§351mm 25

Exanpl e 9 28 2001 WO 01/42216 PCT/ USOO/ 33260 34 5-F
| uor o- 4- oxo- @‘ﬁﬁ? 2o PY2Obx0-1 1B TS oqul 3Bt i Rl 2- 9 $- Po (2H, m), 4.3-

Gaotribed 1 1 Excupl or Ebr ot oot g6, e abph 0 pouder: | BrGofd) 1 78s, 1736,
1646 cm'; 'HONMRHA0OMHZ7 . NP3 &2H, 5ml, 68(3H,(m), m2 58326 8(.2H,(1H, 4. 3-
m); 'C NMR (100MHz, DMSO) & 16.07, 16.71, 16.80, 17.03,
16 17.28, 17.32, 32.99, 34.58, 34.71, 52.24, 52.46, 52.82,
52.88, 53.06, 53.20, 53.49, 53.80, 54.18, 83.43, 83.52,
85.20, 85.29, 105.19, 105.33, 105.37, 105.46, 105.49,
125.43, 125.48, 125.53, 125.57, 126.35, 126.42, 126.87,
126.91, 126.94, 127.02, 127.41, 127.49, 127.58, 130.28,
15 130.44, 130.50, 130.57, 131.47, 132.81, 137.09, 137.11,
137.15, 161.13, 161.26, 161,34, 161.42, 170.74, 170.91,
171.18, 171.30, 172.04, 172.09, 172.31, 173.15, 173.18,
202.56, 202.68, 202.70, 202.82; MS (FAB +ve, HR)
Calculated for C17H;pFN20s (MH+) 349.1200, found 349.1198.

20
Example 10

v\ COH

5-Fluoro-4-oxo-3-[2-(l-oxo-1H-isoquinolin-2-vy1) -

25 acetylamino)-pentanoic acid (1C-3) was prepared in a

manner similar to that described in Example 2 to provide
a white powder: IR (solid) 1784, 1721, 1667 cm™'; H NMR

(400MHz, DMSO) & 2.6-3.0 (1.9H, m), 3.2 (0.1H, m), 4.3-
4.6 (0.6H, m), 4.6-4.7 (1H, m) 4.7 (2H, m), 5.1-5.4
30 (1.4H, m), 7.5-7.6 (14, m), 7.7 (1H, m), 7.8-7.9 (14, m),




4.8 (1.7H, m,
7.6-7.8 (2H, m,

5.0-5.7 (2.3H
8.2 (1H m,

m, 6.6-6.7 (
8.2-8.9 (1H

16. 07, 16wklo1/40140, 17.03, 10 17.28, 17.32,

52.46, 52.82,
85.20, 85.29, 105.19, 105.33, 105. 37,
125.53, 125.57, 126.35, 126.42, 126.87,
127.49, 127.58, 130.28, 15 130.44, 130.50,
137.11, 137g15.g161
171. 30, 172.04, 172.69 17
202.82; M5 (FARN +veoMHR) GE[BOl)Il at gd.fior, G‘l?
349, 1198. 20 Exa le 10 5-Fl uor o-4- oxo- 3-

acet !am no)4 eﬁ?ané?e?‘a@l 83¢9&.3P0w8E .p

t hat descri bggl
1721, 1667 cm
4.3- 4.650.5H. as

7.5-7.6 (1H25€3 %g 81é085% (%ﬁ7 ﬁ;, 35%1§54

PCTI USOQO' 33
NVR (100M-z 1 ABR), 503. 43, 342880, 48035591
53. 01, 80.99, 81. 62 82. 75, . 1,

127. 43, 127. Q@lcﬂﬁﬂ?‘:%@ fﬁrlgilsI'BEFNaﬂ?A 8@'1"'1

160. 47, 160.56, 160.61, 167.32, 167.46, 16

52. 88, 53.06, 53.20, 53.49,
105. 4

202.55, 202.69, 203.59, 204.52; M5 (FAH +ve,
Example 11

COH
W%F
H
O

-dihydro-1H-isoquinolin-2-

10

5-Fluoro-4-oxo-3-[2-{l-oxo-3,4

28, LHRAR S aboRe 700 B2 S A (T 4 )

138- 897 Il.aBi 16) 44B.33H, 198. % 1-1&94;(130, (IetH7 .M,

1H n), 7.4- 7.6 (2H

M: 13C NVR ( 100MHZ, 2@/&8 108

32.99, 34.58, pedrfbeshen 24,
53.80, 54.18, 83.43, 83.52,

6, 105.49, 125.43, 125.48,

-3$26.91, 126.94, 127.02, 127.41,

130. 57, 131.47, 132.81, 137.09,

1.263-%6 164. 4 41 7QuPl, 13d71. 18,
ig, X 3% 31%331112(%17%{1)18% &0/ 41 TGPl 13d

202.56, 202.68, 202.70,

58 F43Q25( MdB). 5349.482&e, f ound
1- oxo- 1H i soqui nolin-2-yl) 25
e@r d 827, . Shithr to
1784,
0.1H m,

01 42216
13C

2 8 APR 2004
ABT - 80y, 19708 0 Y1306y -
8%, 548. 62 (rhik OBve 5322,
85. 28, 121. 75, 126. 39 127. 38,
483§309&ﬁ8 iQun@483§8 0913439 01,
7.80, 172.04, 173.06, 173.70,
HR)

15

vl)-acetylamino] -pentanoic acid (iC-4) was prepared from

Chem. ,

{solid) 1793, 1655, 1539, 1209,

20 942, 748 cm’;
4.01-4.81 (5H, m),

m), 7.50-7.52 (1H, m),

m);
47.4, 50.1,
85.3, 103.9, 104.0, 127.0,
132.1, 132.15, 13S8.3,
168.9, 169.4, 172.1,

50.4,

25 127.

173.2,
-2

(376MHz, DMSO) & -229.9 (t),

described in Example 1 to provide a white powder:

13- NMR (100MHz, DMSO) & 27.
52.0, 52.7, 81.2,

139.4, 164.1, 164.2,
173.9,

3,4-dihydro~1H-isoquinolin-l-one (Norman et al, J; Med.
1994, 37, 2552) in a manner similar to that

IR

1175, 1154, 1062, 1037,

'y NMR {400MHz, DMSO) & 2.54-2.95 {4H, m),
4.91-5.60 (3H, br m),
7.95 (1H, m),

7.24-7.41 (2H,
8.20-8.65 (1H, br
33.1, 34.8, 47.2,
81.6, 82.9, 83.5,
127.8, 129.1, 129.2,
164.3, 168.8,
202.9; °F

6,

7,

202.8,

30.8 (t), -232.2 (t).



Cal cul ated for C15H15FN305 (MH) 336.0996, found 336.0996. 10 ExaﬁlA‘?’Rjiﬂm
5- Fl uor o- 4- oxo- 3-[ 2- ( 1- oxo- 3, 4-di hydro-1 Hi soqui nolin-2- 15

yl) - acet ylwoionazipent anoi ¢ acid (1C-4) was prepared from PCTIU800133260

3, 4-di hydro-iHisoquinolin-1-one (Norman et al, J. Med. Chem, 1994, 37,
2552) in a manner simlar to that described in Exanple 1 to provide a
white powder: IR (solid) 1793, 1655, 153$- 1209, 1175, 1154, 1062, 1037,
20 942, 748 cm1; 1H NWVR (400MHz, DVSO) 8 2.54-2.95 (4H, m, 4.01-4.81
(5H m, 4.91-5.60 (3H, br m, 7.24- dldidiz M, 7.50-7.52 (1H, m), 7.95
(1H, m, 8.20-8.65 (iH br n ; 13C Hz, DVsO) 8 27.6, 33.1,
34.8, 47.2, 47.4, 50.1, 50.4, 52.0, 52.7, 81.2, 81.6, 82.9, 83.5, 25 85.3,
103.9, 104.0, 127.0, 127.7, 127.8, 129.1, 129. 132.1, 132.15, 139.3,

139.4, 164.1, 164.2, 164.3, 168. 19,016 .2"&”172 1, 173.2, 173.9,
202.8, 202.9; 19F (376HUz, DVSON 30.8 (t), -232.2 (t). 2 8
APR 200 WD 01/42216 PCT/ USOQ 33260 - appl df 12F5 5- FI uor o- 4- oxo- 3- [ 2-
(4-oxo-4Hthieno [2, 3-d] imdin-3- B-acet |afl no]- entanoic acid was
prepared in a manner simlar to that described in Exarrple 2 to provide a
white powder: IR (solid) 1666.2, 1723.-8, 1783.7 cm:; 1H NMR

(400MHz, BVBOB~81R0&03 4263k~ 3nﬂ2—443m<c5{40f—:uﬁ1eno[24 3d1p34rﬂfnimnﬂ3—

4.8(2H, M, 5.1- 7H. A(IH. M, . 7. 6(1H, 8. 4( 1H

8.7-9. 1(1H, T-3cd <s[ (e? B £ %"ﬁgﬁner

dr 0-i soi ndol simillhr aeetphinideelrigia e Ex%ﬁip(ie( PFth presrideparaei ¢eom 2-
powder: IR (solid) 1666.2, 1723.8, 1783.7 cm™!; 'H NMR

(400MHz,DMSO) & 2.6-3.2(2H, m), 4.3-4.5(0.3H, m), 4.6~
10 4.8(1H, m), 4.8(2H, m), 5.1-5.4(1.7H, m), 7.4(1H, m),
7.6(1H, m), 8.4(1H, m), 8.7-9.1(1H, m).

Example 13
o COCH
N F
o o]

15

5-Fluoro-4-oxo-3-[2-(l-oxo-1,3~-dihydro-isoindol-2-yl) -

acetylamino] -pentanoic acid (1F-1) was prepared from 2-

(1-oxo-1,3-dihydro-isoindol-2-yl)} -acetic acid using
methods similar to those described in steps C-E. The
20 title compound was obtained as a white solid. IR(solid)
1782, 1731, 1660, 1532, 1470, 1455, 1419, 1208, 1055, 922
em™; 'H NMR (400 MHz, DMSO-ds) & 2.58-2.90 (2E, m),
4.20-4.73 5H), 5.18 (1H, d4d), 5.29 (1H, dd), 7.50 (1H,
m), 7.61 (2H, m), 7.71 (1H, m), 8.38/8.69 (1H, 24); *F
25 NMR (376 MHz, DMSO-d¢) & -227.0 (t), -230.9 (t), -232.6

(t); ¥c NMR (100 MHz, DMSO-ds) & 34.8, 45.0, 50.9, 52.0,
84.3, 123.2, 123.8, 128.2, 131.9, 132.2, 142.6, 168.2,
168.8, 169.0, 172.1, 202.7.




(1-oxo-1, 3-di hydro-isoindol -2-yl)-acetic acid using nethods singBaPRym;
those described in steps GE. The 20 title conpound was obtained as a white
solid. | Rwobisde 1782, 1731, 1660, 1532, 1470, 1455, 1419,(%%&%&5%&55’ 922
cml1l; 1H NWR (400 MHz, DVsO-d6) S 2.58-2.90 (2H, m, 4.2614.73 5H), 5.18
(1H, dd), 5.29 (1H, dd), 7.50 (1H, m, 7.61 (2H, m, 7.71 (1H, m,
8.38/8.69 (1H, 2d); 19F 25 NMR (376 Mz 3@VBO d6) 8 -227.0 (t), -230.9 (t),
-232.6 (t) ; 13C NWR (100 MHz, DMsO-d6) S 34.8, 45.0, 50.9, 52.0, 84.3,
123.2, 123.8, 128.2, 131.9, 132.2, 142.6, 168.2, 168.8, 169.0, 172.1,
202.7. 2 8 APR 2004 WD 01142216 PCTI USOQO 33260 -37 Exanple 14

5- Fl uor o- 4- oxo- 3-[ (2S) - 2- (1- oxo- 1, 3- Bxhmgiie- i1goi ndol - 2-
yI)-propionyggn'no - pent anoi.c q%io 1F-2) 5 Step F:. (2S
(1, 3-di oxo-1 P28 Agdi2s) -2y (1soxe-Jdnd-dihydrerisqindel a2
suspensi on o{1§ 2%0?5335"]@11\3%@]'—E;Bh}‘.%n%%rcerac]i% h()ﬁq;_cg:f oride (2.05 g, 11.2
nol ), diisopropylethylam ne (Z1.83mnL, 10,06 mmof ) ad pht hal i ¢ anhydri de
(1.48 g, 10 mol) in toluene (1F M %8d for 3 hours under

Dean- Stark conditions. The react to room tenperature,
diluted with Et ZO washed wth 1IN H§ ith aq.sat. NaHCO3. The
organic | ayer was dried (MySO4), fidtered wndlievaporated to afford the
sub-titl @ compound as a white powder (2.465g.°9096: 1H NMR (400 Mz

CDC13) 8 1.45 (9H, s), 1.68 (3H, d), 4.90 (1H, q), 7.75 (2H, d), 7.88 (2H,
d). 20

Step F: (25)-2-(1,3-dioxo-1,3-dihydro-isoindol-2-vy1)-

propionic acid tert-butyl ester

A suspension of (28) alanine tert-butyl ester

10 hydrochloride (2.05 g, 11.2 mmol), diisopropylethylamine
(1.83mL, 10.6 mmol) and phthalic anhydride (1.48 g, 10
mmol) in teoluene (10 mL) was refluxed for 3 hours under
Dean-Stark conditions. The reaction was cooled to room
temperature, diluted with Et;0, washed with 1N HC1 and

15 then with ag.sat. NaHCO;. The organic layer was dried
(MgsS0,), filtered and evaporated to afford the sub-title
compound as a white powder (2.465g, 90%): H NMR (400 MHz
CDC13) & 1.45 {(9H, s), 1.68 (3H, d), 4.90 (1m, q), 7.75
(2H, d), 7.88 (2H, 4).

20
Step G: (28)-2-(l-hydroxy-3-oxc-1,3-dihydro-isoindol-2-

vl1)-propionic acid tert-butyl ester‘

To a solution of (28)-2-(1,3-dioxo-1,3-dihydro-isoindol-
2-yl)-propionic acid tert-butyl ester (426 mg, 1.55 mmol)
25 in a mixture of THF (10mL) and MeOH (2mL) was added
sodium borohydride (181 mg, 4.8 mmol) in one portion.
The reaction mixture was stirred for 30 minutes before
solvents were evaporated at room temperature and the

residue was columned on silica (Petrol/AcOEt, 8/2) to

30 afford the sub-title compound as colorless oil (284mg,




Step G (2S)-2-(1-hydroxy-3=oxo0-1, 3-di hydro-isoindol -2-- -yl )-propi baric :l8¢i d
tert-butyl ester To a solution of (25)-2-(1, 3-dioxo-1, 3-di hydro-i soi ndol -
2-yl)-promwmona2eci d tert-butyl ester (426 ng, 1.55 mmol) ﬁm@o@n@xture
of THE (1 OnL) and MeCOH (2nlL) was added sodi um borohydri de

mmol) in one portion. The reaction mxture was stirred for 30 m nutes '
before solvents were evaporated at room3&nperature and the residue was
columed on silica (Petrol/AcOet, 8/2) to 30 afford the sub-title conmpound

as colorless 2 01/ 6 SO 0,538 66%:
1H NVR (400 fi/ﬁus(:o%?% a8’ %hﬁoe@éh”v% gL o) ""EC%H( 32?§ ? 53~38-4. 45
(1H, m, 4.65:8407¢3f1H2am),, 4.388%-, 6;501(1(}11H,m)2d)4 §538:76 6d1 Ay d). 5 Step
H (2S)-2- (1 oxo0- 1. 3-di h dro-isoindol - | )- propionic acid To a sol ution
of (25)-2-(13 h%r6x913-(ékle 243 di’hydra-- 6|4s 4H01a- yI ) - propi oni ¢ aci d
tert-butyl ester (271 ng, 0.98 mmol) in TFA (5nmL) was added triethyl silane
(170 ng, 10 1.47 mmol) in one portion. The reaction mxture was stirred

for 1 hoor b2fepeHthé¢2SplLenlls wabe leBa@dtatdh-isdlindesiZugl was triturated
with Et20 and flltered to. deliver the sub-title conpound as a white solid

(165ng, 8208L 0 MHz DMSO-d6) 6 1.51 (3H, d), 4.49-4.55 15 (2H,
m, 4.85 (1lhoad 7&£( - Pl ) _
5- Fl uor o- 4- ox% 3- S((Zlé%?én %foig'Siﬂb él hy%gg(cl;?m né”foszl 3-dihydro

yl ) - pr opi onyd 204 }p@nYéhopcoacpdlm30pdepram}:d-Huwm AHEHRAS) (27 =g,
oxo-1, 3-di hy .e%:r'r;ﬁrgé't['gokn TEL\) 1Bhf I%Q'sca%ge% rler{glynfszﬁoa%se Shﬂ}d kS tO

t hose descri psTC
10 1.47 mmol) in one portion. The reaction mixture was

stirred for 1 hour before the solvents were evaporated.
The residue was triturated with Et,0 and filtered to
deliver the sub-title compound as a white solid (165mg,
82%): 'H NMR (400 MHz DMSO-dg) & 1.51 (3H, d), 4.49-4.55
15 (2B, m), 4.85 (1H, q}, 7.51-7.71 (4H, m), 12.90 (1H, br

s).

5-Fluoro-4-oxo-3-[{28)-2-(l-oxo-1,3-dihydro-isoindol-2-
y¥l) -propionylamino)-pentanoic acid was prepared from

20 (25)-2-(1- oxo-1,3-dihydro-iscindol-2-y1)-propionic acid
using methods similar to those described in steps C-E
above. The title compound was obtained as a white solid.
IR (solid) 1736, 1660, 1527, 1450, 1360, 1226, 1222 cm™
'H NMR (400 MHz, DMSO-d¢) & 1.42-1.46 (3H, m), 2.68 (1H,

25 m), 2.74 (1H, m), 4.52-4.63 (3H, m), 4.85 (1H, m), 5.14-
5.76 (2K, br m,), 7.48-7.53 (1H, m), 7.62-7.63 (2H, m),
7.70-7.72 (14, m), 8.66 (1H, br s), 12.50 (1H, br s); **F
NMR (376 MHz, DMSO-d¢) & -232.6; °C NMR (100 MHz, DMSO-dg)

6 16.0, 34.4, 47.4, 49.8, 52.2, 123.1/123.2, 123.8,
30 128.2, 131.8, 132.4, 142.8, 167.9, 172.5.




above. The title conmpound was obtained as a white solid. IR (sphikkr 200436,
1660, 1527, 1450, 1360, 1226, 1222 cm1l; 1H NWR (400 MHz, DMSO d6) 8
1.42-1. 46 wlldiiame 2.68 (1H 25 m), 2.74 (1H m, 4.52-4.63, 0 204 85
(1H, m, 5.14- 5.76 (2H, br m), 7.48-7.53 (1H m, 7.62-7.

7.70-7.72 (1H, m), 8.66 (1H, br s), 12.50 (1H, br s); 19F NWR (376 M,
DVBO- d6) 8 -232.6; 13C NVR (100 MHz, DVBGR6) 8 16.0, 34.4, 47.4, 49.9,
52.2, 123.1/123.2, 123.8, 30 128.2, 131.8, 132.4, 142.8, 167.9, 172.5. |
OR 2004 WD 01/42216 PCT/ USOQ 33260 - 39 Exanple 15 0

5- Fl uor o--4-oxo0-3-[(2S)-2-(1, 3-dioxo-1, 3-di h dro-isoindol- 5

2-yl) - propi onyl am no] - pent anoi ¢ aci d EbimR)e vi#s prepared from

(2S5)-2-(1, 3-dioxo-1, 3-di hydro-iso |doI 2-yl) propionic acid tert-butyl
ester using nethods simlar to d@scri bedcoaove in steps F and then
C-E. The title conpound was obt aza¢d colorless viscous oil. 10 IR
(film 1777, 1706, 1644, 1532, 1383, ¥ 58, 1045cm 1; 1H NWR
(400 MHz, DMSO-d6) 8 1.49--1.56 (3Hogm,z 2H42-22. .49 (1H m), 2.74-2.82 (1H,
m, 4.31--4.90 (2H, m, 4.91-5.39 (2H, m, 7. 7.92 (4H, m, 8.59/8.72
(1H, 2d); 1BEF NerPSiGowlelzB DVBS) d@)- (8 ,-3220 cko-1226-Bihy @~ Ds0id80232. 2,
-233.0, fg33 1; 00. NH% DNBC)da) 8 15 1/15. 2, 34.3734.4,

48. 0/ 48. = was jgpepared

134. 7/ 134. 8, fr&ﬁ4(33135 11 35513x01@9BLByﬂ%d¥o¥E§%fHé&¥Lﬂuyfpz 3. 20

Example 16 0 C
proplonlc acid tert-butyl ester using methods similar to

l

those described above in steps F and then C-E. The title
compound was obtained as a colorless viscous oil.

10 IR (film) 1777, 1706, 1644, 1532, 1383, 1363, 1204, 1158,
1045cm™; 'H NMR (400 MHz, DMSO-d¢) & 1.49-1.56 (3E, m),
2.42-2.49 {1H, m), 2.74-2.82 (1H, m), 4.31-4.90 (2H, m},
4.91-5.39 (2H, m), 7.86-7.92 (4H, m), 8.59/8.72 (1H, 2d):
F NMR (376 MHz, DMSO-dg) 8§ -226.7, -226.8, -231.0, -

15 232.2, -233.0, -233.1; ¢ NMR (100 MHz, DMSO-dg) &
15.1/15.2, 34.3/34.4, 48.0/48.1, 52.2/52.5, 84.1/84.2,
123.4/123.5, 123.5/123.7, 132.2, 134.7/134.8,
134.8/135.1, 167.7, 169.7/169.8, 172.0/172.1, 202.3.

20 ample 16

CQ#M‘?’;H;

2,6-Dichloro-benzoic_acid 4-carboxy-2-oxo-3-[2-(1-oxo-1H-

isoquinolin-2-yl)-propionylamino] -butyl ester (1C-5) Step

I: 2,6-Dichloro-benzoic acid 4-tert-butoxycarbonyl-2-

25  hydroxy-3-[2-(l1-oxo-1H-isoquinolin-2-y1)-propionylamino]-

butyl ester A stirred solution of 2-(l-oxo-1H-

isoquinolin-2-yl)-propionic acid {150mg, 0.7mmol) and

2,6-dichloro-benzoic acid 3-allyloxycarbonylamino-4-tert-




2,6-Di chl oro-benzoic acid 4-carbo -2-0x0-3-[2-(1-0ox0-1H iso irfof ABK 2004 1) -
roion lamno]-but | ester (1CG5)Ste 1: 2,6-D chloro-benzoic acid

4-tert-butwpoesaagy! -2 25 hydro -3-[2-(1-oxo-1Hiso inolin-Zs - i on

| am no)- butyl ester A stirred solution of 2-(1-oxo-1H ;Cbeg(mBE?so

I soqui nolin-2-yl)-propionic acid (150ng, 0. 7mmol) and 2, 6-dichl oro-benzoic
acid 3-allyloxycarbonyl am no-4-tert 2 8 AR '1904 WD 01/42216

PCTI USOQ' 33260 -40 but oxycarbonyl -2 _hydr oxy-butyl ester (319ng, O0.7mmol) in

a mxture of LaRRYGLRYS VT -0L1R/E, %@gflgs é’éi‘ I;ﬁ%%fﬁppirﬁﬁﬁbhégpm ne)

tenperature was tireated with a“cata noun

pal | adi um (| &) m¢htoriedef fahlydwehss OMNF dtDPWEE addi ¢ia 0f 4t iyt Wit in
hydri de (279?%b |.Omol ). After 5 rains, HOBt (186ng, 1,4mmmol) was added,
the reacti on® NP%t FPEPRXELUTE ¥aS Frpatedmi th ®rgatalytisvapowat afided and

the reacti onbikxtwi Sheay18hbeed ne)0 fili TadQlim L6 %"’g&ﬂi&gi& 3"\%{/} 18ykgom

tenperature. The 10 reaction m xture was poured on I 'Ce-co and
extract e@ wi®¥ €ropwisedatfdbiohe odr gamibmtpfibsin iedr ides hezh 9®mh sat ur at ed

aqueous sodi i bon ol l.owed sa ted sodi um chl ori de
sol uti on, dr?%?%zso%,%éﬁ %t &EFa NSt e 4mRl k a9 RA%RE: 15
triturated whé peaeelioanflikbarepuais icRbivg fdHsh %S e 93 @meent 1:1

petrol /EtOAc to afford the sub-title conpound as a colorless oam (190ny,
48%; 1H Nv{400ned) epe13§dgd) and] the rHactfjon missure 3vdBH 1 Dowed)) |

7106 (bntoyteyfybot peh Nhgilngt el cad o ko din Subidibele Bl ¢
acid 4-1€rt -tracttanbmixture-was- foli2edl con lilde-icd d Not iHCR-add- ro ion
l'ami no] - extracted with EtOAc and then the organic phase was
washed with saturated aquecus sodium bicarbonate,
followed by saturated sodium chloride solution, dried
(Na;S04), filtered and concentrated. The residue was
15 triturated with petrol and then purified by flash using
as eluent 1:1 petrol/EtOAc to afford the sub-title
compound as a colorless foam (190mg, 48%); H NMR (400MHz
CDC1l3) & 1.3-1.5 (10H, m), 1.65-1.75 (3H, 2 x d), 2.5-2.7
(2H, m), 4.1-4.5 (3H, m), 5.6 (1H, 2 x q), 6.6 (1H, 2 x
20 d)y, 7.1-7.6 (8H, m), 7.7 (1H, m), 8.4 (1H, 4).

Step J: 2,6-Dichloro-benzoic acid 4-tert-butoxycarbonyl-

2-0x0-3-[2~-(l-oxo-1H-isoguinolin-2-v1)-propionylamino] -

butyl ester A stirred solution of 2,6-dichloro-benzoic

25 acid 4-tert-butoxycarbonyl-2-hydroxy-3-[2-(1-oxo-1H-
isoquinolin—2—y1)-propionylamino]-butyl ester (l183mg,
0.32mmol) in anhydrous DCM (3ml) was treated with 1,1,1-
triacetoxy-1,1-dihydro-1, 2-benziodoxol-3 (1K) -one {(147mg,
0.34mmol) at 0°. The resulting mixture was kept at 0°C

30 for Sh, diluted with DCM, then poured into a 1:1 mixture
of saturated aqueous- sodium hydrogen carbonate and

saturated aqueous sodium thiosulphate. The organic layer




butyl ester A stirred solution of 2,6-dichloro-benzoic 25 aci dZB APR 004
4-tert-butoxycarbonyl - 2- hydr oxy- 3-[ 2- (1- oxo- 1H

I soqui nol iwe221M3216 pr opi onyl am no] -butyl ester (183ny, 0. 33Edsooksheo
anhydrous DCM (3m) was treated with 1,1, 1-

triacetoxy-1,1-di hydro-I, 2-benzi odoxol -3(1H)-one (147ng, 0.34mmvl) at OC
The resulting mxture was kept at OC 30 4~ 5h, diluted with DCM then
poured into a 1:1 mxture of saturated aqueous- sodi um hydrogen carbonate
and sat ur at gd cagia) aqi}g t r R 2004
WO 01/ 42216 %%T/ USOCY%%??Z%SHJMH%S re%e% and%%e&gé%ge%%gale%lé? 8Dé€

r e- ext r act ed Thiet lcobblinedT lve geoniid reect A iveex tdeicdd (e Salni,ed (Na2SH4),
filtered and g(incent rated. The residue was purifjed by flash

chr omat ogr apfiy 168FK§ 28% CeRGENFHEDe tr"g}‘? Eieskdue tvc‘)a%f?‘éﬁ%if’t% Kyib-title

1201 (or 3eSeeehat ety p("ilmnfﬁ Dl #E RS ¢

(1H, m, %. 6t91H;Ef2rxl the EUbrz:lﬁcl(eﬂd;om]:)qurﬁi zadﬂﬂcaﬁqué\&(fd&we) 576.
10 Step K 29 chloro benzoi c_acid 4-carbo -2-o0xo-3-[2- (1-oxo-1H-iso
inol i n-2- 1) {126mBonbR%N: no‘]x BUR (480MEE. €Pfp)i %rzba%‘eh% b2 d %ZJFrfL) was

addedt6a sfirged i Sel_ut i I ZQi ¢ aci -tert
15 but oxycar b?)nyFL g (§§§ 3- ? Igo;%o DIOBrz?lfsogﬂJl n% %‘-yl ﬁ? %)' wig
pr opi onyl am dK, bmﬂyl Sest éfLH(,lEleg;i)Q Mewy.)e i (VH,andydroous tirhlmyomet hane

(2ml). The nggt?% ? # red at OC for Ih and at room tenperature for
0.5h. The ®was concentrated under reduced pressure 20 and

t hen tha g esi due was red| ssolved in dry

Step K: 2,6-Dichloro-benzoic acid 4-carboxy-2-oxo0-3-[2-

(1-oxo-l1H-iscgquinolin-2-yl)}-propionylamino]-butyl ester

Trifluocroacetic acid (2ml) was added ;o'a'stifréd ice
cold solution of 2, 6-dichloro-benzoic acid 4-tert-

15 Dbutoxycarbonyl-2-oxo-3-[2-(1-oxo-1H-isoquinolin-2-yl)-
propionylamino]-butyl ester (110mg, 0.19mmol) in
anhydrous dichloromethane {2ml). The mixture was stirred
at 0°C for 1h and at room temperature for 0.5h. The
reaction mixture was concentrated under reduced pressure

20 and then the residue was redissolved in dry
dichloromethane. This process was repeated several times
in order to remove excess trifluorocacetic acid. The
residue was then lyophilized twice from HPLC grade water
and then purified by reverse phase HPLC using a gradient

25 eluent of 10:90 CHiCN:water to 100:0 CHi;CN:water to afford
the title compound as white solid (17mg, 16%): IR (so0lid)
3295, 1736, 1648, 1618, 1590 cm™’; 'H NMR (400MHz, DMSO)
1.57 (3H, 2 x d), 2.64-2.80 (2H, m), 4.73 (1H, m), 5.14-
5.33 (2H, m), 5.44-5.53 (1H, m), 6.67 {(1H, m), 7.44-7.74

30 (74, m), 8.20 (1H, d), .8.77-8.83 (1H, bd}; *’Cc mMR
(100MHz, DMSO} 16.72, 16.80 , 53.77, 105.36, 105.49,
125.48, 126.37, 126.50, 127.49, 128.85, 130.52, 130.67,




di chl oronet hane. This process was repeated several tinmes in or@drARRG00L
renpve excess trifluoroacetic acid. The residue was then |yophilized tw ce
from HPLCvgn afig2q@t er and then purified by reverse phase If(lrﬁ, }P?ﬂo
gradient 25 eluent of 10:90 CH3CN:water to 100:0 CH3CN. watér to a rd the
title conpound as white solid (17mg, 16%:- IR (solid) 3295, 1736, 1648,
1618, 1590 cm|; 1H NWR (400MHz, DMSO —]21257 (3H, 2 x d) 2.64-2.80 (2H,

m, 4.73 (1H, m, 5.14- 5.33 (2H, m, 544553(1H m, 6.67 (1H, m,

os0) 16. 75, 14 85 3347 152 B oM Tuh gk, Mdniaa qeleg OO

127.49, 128.8%3.530. 353.530. 67,1.25 APR a(gmm) QA® 2236, PERJ USOO 33260 - 42
131. 15, 132.47, 132.82, 132.93, 137.09, 137.12, 161.38, 163.56, 163. 64,

171. 15, 171. $8lchbatesh £oFe Co4iRoClaliCui(MHed £3P - 072620 Ernrarh B Y01 .
519. 0726, found 519.0701. 5. . . . Exanple 17 5-Fluoro-3-(2-(6-eth
| - 2-o0x0-2H pyridin-1- |)- acetyl am no]-4-oxo-pentanoic acid (1A-6) was
prepared3n 10 a manner similar to tExamgeecdizbed in Exanple 2 to provide
colorless crystals: IR (solid) 1792.9, 1664. 1644. 4, 1547.1, 1209.1,
1045.2, 1019.6, 922.3 cm1; 1H NWVR (400MHz, O 8 1.15 (3H, t),
2.52-2.71 (3H, m, 2.74- 2.93 (1H, (4H, m, 5.25 (1H, m,
6.10 (1H, 15 m, 6.29 (1H m, 7.3 785885(1Hn)1250
(1H, brs); 13C NWMR (100MHz, DWSO) S 2. 5.5, 25.6, 25.7, 33.2,
34.8 ,45.6, 46.1, 47.7, 52.2, 528081280834 83.6, 85. 103.7,
103. 8 103.9, 104.0, 116. 4, 116.5, 139.9, 140.0 ,152.6 ,162.7, 162.9,
167.8, 20 167.9, 168.3, 172.1, 173.1, 202.7, 202. 9 ; 19F (376M—Iz,
5-Fluoro-3-{2-(6-ethyl-2-oxo-2H-pyridin-1-y1}-

acetylamino] -4-oxo-pentanoic acid (1lA-6) was prepared in

10 a manner similar to that described in Example 2 to
provide colorless crystals: IR (solid) 1792.9, 1664.9,
1644.4, 1547.1, 1209.1, 1045.2, 1019.6, 922.3 cm?; 'H NMR
(400MHz, DMSO) & 1.15 (3H, t), 2.52-2.71 (3H, m), 2.74-
2.93 (1H, m), 4.28-4.81 (4H, m), 5.25 (1H, m), 6.10 (1H,

15 m), 6.29 {1H, m), 7.37 (1H, m), 7.85-8.85 (1H, m), 12.50
(1H,brs); **c NMR (100MHz, DMSO) & 12.4, 12.45, 25.5,
25.6, 25.7, 33.2, 34.8 ,45.6, 46.1, 47.7, 52.2, 52.8,
81.2, 83.0, 83.4, B3.6, 85., 103.7, 103.8, 103.9, 104.0,
116.4, 116.5, 139.9, 140.0 ,152.6 ,162.7, 162.9, 167.8,

20 167.9, 168.3, 172.1, 173.1, 202.7, 202.9 ; YF (376MHz,
DMSO) -226.9 (t}, -231.6 (t), -233.1 (t); MS (FAB +ve,
HR) Calculated for Cy34H15FN;O¢ (M+) 312.1122 found
312.1115.

25 Example 18:

5-Fluoro-4-oxo-3-[(28)-2- (4-ox0-4H-quinazolin-3-yl) -

propionylamino] -pentanocic acid




DMSO -226.9 (t), -231.6 (t), -233.1 (t); M5 (FAB +ve, HR) Calfyhﬁh?ﬁ‘for

Cl4H 7FN205 (M+) 312.1122 found 312.1115. 25 Ex |le 18:

5- Fl uor o- 4av0x0esd16 ( 2S) - 2- (4- oxo-4H inazolin-3- 1)--

or opi onyl ami no] - pentanoi c acid 2 8 APR 2004 WO 01/42216 PEHTOSSY %4560 - 43
Ste L: (2S) -2-formlamno- ro ionic acid tert-butyl ester To a suspension
of (2S) alanine tert-butyl ester 5 hydredRl-oride (3.63g, 20mml) in a

m xture of-ethyl formate (10 nL) and DCM (5nlL) was added

di i sopropyl et hyl am ne (3.83nL, 22mmvl) and the reaction m xture was

refl uxed overnight. The solvents were evaporated and the residue was then

triturated i BtEp20:ar@s)6 2-flarmgtieshinbieriddildriilesavd ecevaposeyed and the
residue was filtered through a short pad of silTica using ethyl acetate as
el uent. Evap88&EFon of the solvent afforded the sub-title conpound as a

| | [ [ t bl | ' . , 9.. 1H NMR
(2000516 Cocias EPEiRIeR, R  Raghise M B gheds 10 O (1
br s), 8_.536 FYQIIOG}lllosuép Wé52§)- 20fido(L2- Aln c#)ﬂﬁett?mel)oﬂ\l'-émyn propi oni ¢
ionic acid tert-but ster irced.solution o
(28)-2-forny?3%{“%§?)pl)r(&§i ) 55d, ge é%F-EBuf"ﬁs &8d8d (3.524 g, 20.3 mml) in
anhydrous THEiigbp#bpyneshiylaatad QB.B?&Q,WQQ&Hd@ﬁ(éﬂbiiﬂgnﬁéa§#¥5ﬁhe
zoyl chlor

reaction was stirred for 15min. A solution of 2- azidoben Ide (T.
Ckawa, T. SuBiHbrre waspygeéhpxed gvernighskefhe Hotlorembysciwere 1998, 47, 1,

375-382) (20eGapBPBtéa’ AnANBHE" 2US: BEE (20MEhe iR, iRER AP FE0Y 36PN

10 filtrated. The filtrates were evaporated and the residue

was filtered through a short pad of silica using ethyl
acetate as eluent. Evaporation of the solvent afforded
the sub-title compound as a colorless oil which
crystallised upon standing (2.806g, 81%): 'H NMR (400MHz

15 CDC1l;3) & 1.43 (3H, d), 1.50 (9H, s), 4.55 (1H, m), 6.31
(1H, br s), 8.16 (1H, s).

Step M: (28)-2-(N-(2-Azido-benzoyl)-N-formylamino) -

propionic acid tert-butyl ester

20 A_stirred solution of (2S8)-2-formylamino-propionic acid
tert-butyl ester (3.524 g, 20.3 mmol) in anhydrous THF
(50mL) was treated at -78°C with LDA (20.3 mmol) and the
reaction was stirred for 15min. A solution of 2-
azidobenzoyl chloride (T. Okawa, T. Sugimori, S. Eguchi

25 and A. Kakehi, Heterocycles, 1998, 47, 1, 375-382) (20.6
mmol) in anhydrous THF (20ml) was then added dropwise and
the reaction mixture was stirred at -78°C for 1h before
being quenched with saturated aq.NH,Cl. The reaction was
allowed to warm to room temperature and the organic layer

30 was washed with saturated ag.NH,Cl, dried {MgSO;),
filtered and evaporated and residue was purified by flash

chromatography (20% ethyl acetate in hexane) to afford




the reaction mxture was stirred at -78C for | h before being quenChMth
saturated aq. NHACl . The reaction was allowed to warmto roon1te

and the ong@woish@yer 30 was washed with saturated ag. NHACL, ‘l% }3 SH),
filtered and evaporated and residue was purified by flash ‘chrona aphy
(20% et hyl acetate in hexane) to afford 2 8 APR 2406 WD 01/42216

PCT/ USQQ 33260 -44 the sub-title conpoundtds a pale yellow oil (3.437 g,
53%: 1H NWR (400MHz CDC13) 8 1.49 (9H, s), 1.60 (3H, d), 5.18 (1H, m,
7.27 (2H, m (1H, : t S N:
(2S)-2-(4- oxghﬁf%n§z51%c§ﬁ%n%gﬁ ognl%ag%ggei%ert %ut y? ag?e?

Tri phenyl phosp®j ne'if3nde 9408818 omoh)) WSy agsledopog i onwgge (8, aggol ution
of (2S)-2-(N-(2-azido-benzoyl) 10 N-fornyl am no)-propionic acid ter ‘butyl
ester (3.4372¢18 {3Hg0Min(7): 27n (RYl.emd .( 70 4R) (XH, rdbm TehPpelBBure), The
reaction m xgu stsl)rred at roomtenperature until the evolution of

ni trogen ceased (approX.I'h), and then refluxed for 20h. The volatiles were
evapor at & and the 15 resi due was purified by flash chronmat-ography (30%
ethyl acetate in hexane) to afford the sub-title conpound as a colorless

oil (2.221 ¢ temolN: {2Sh\rR-(400KP aa.: ingzp 13m- I3H) dropigai¢ atid)
4.97 (1H, Q) pedt , @@k er’- 31 (1H m, 7.81 (1H, s), 7.86 (1H d), 8.55
(1H, m. 20 ‘St'é‘p%“%;ﬁ%u oxo0-4H inazolin-3- I)- roionic acid A

sol ution of ‘Iﬁ:ﬁ)hénﬂlphmphlthqw(aaml gn- 33y10) mhicAD WL added tert-butyl
ester (1.434 gttlonw1se t% gnsg N &on of)(2s) -2-{N-(2-azido-benzoyl) -
10 N-formylamino)-propionic acid tert-butyl ester (3.437 g,
10.80 mmol) in xylene (70 mL) at room temperature. The
reaction mixture was stirred at room temperature until
the evolution of nitrogen ceased (approx.lh), and then "
refluxed for 20h. The volatiles were evaporated and the
15 residue was purified by flash chromatography (30% ethyl
acetate in hexane) to afford the sub-title compound as a
colorless oil (2.221 g, 75%). 'H NMR (400MHz CgDg) & 1.30
(3H, d), 1.34 (9H, s), 4.97 (1H, q), 7.08 (1H, m), 7.31
(1H, m), 7.81 (1H, s), 7.86 (1H, d), 8.55 (1H, m}.
20
Step 0: (2S)-2-(4-ox0-4H-quinazolin-3-yl)-propionic acid

A solution of (2S)-2-(4-oxo-4H-quinazolin-3-yl)-propionic
acid tert-butyl ester (1.434 g, 5.23 mmol) in TFA (25 mL)
was stirred at room temperature for 5h. The mixture was
25 concentrated under reduced pressure and the residue was
dissolved in dry DCM. This process was repeated several
times to remove excess TFA. The gum was triturated with
diethyl ether, filtrated and washed several times with

diethyl ether to afford the sub-title compound as a white

30 powder (1.626 g, 94%): 'H NMR (400MHz DMSO-d¢) & 1.67 {(3H,
d), 5.26 (1H, q), 7.58 (1H, m), 7.71 (iH, 4), 7.87 (1H,
m), 8.15 (1H, m), 8.44 (1H, s).



was stirred at roomtenperature for 5h. The m xture was 25 concentp gtpPd 2004
under reduced pressure and' the residue was dissolved in dry DCM This
process wagobeweased several tinmes to renove excess TFA

triturated with diethyl ether, filtrated and washed several tines wth
diethyl ether to afford the sub-title co und as a white 30 powder (1.626
g, 94%: 1H NWR (400MHz.DWVSO-d6) 8 1.67 T 5.26 (1H, q), 7.58 (1H,
m, 7.71 (1H, d), 7.87 (1H, m, 8.15 (1H, n) 8 44 (1H, s). 2 8 APR 2004
WO 01/ 42216 PCTI USOQ 33260 -45

5- Fl uor o- 4- ox0- 3-[ (2S) - 2- (4- ox0- 4H qui nazol i n-3-yl) -
propionylaniﬁoFlpewpa40b60aékdﬁ&ﬁ#1ﬂ1ﬂkﬂqxb44ﬁﬁquihazd&in -3-yl)-

(4- oxo- 4H—qU|nazoI|n 3- propioni ¢ aci d using net hods. 5_sim to those
descri bed abBY&PHR™YE é %] e%lfglr{ontq &c %#&%ﬁ%%t%%d@é) é)Whl te
sol i d. I R(sol i(d) o¥éLdx- q&@ﬁ%@@l&nﬁ%—gﬁ% ¢ QA dDir%y InéBndab? (3
2t) , 2.51-2.91 (2H, m, 4.30-4.71 (1 m)509551(

7.55-7.58 (18imilar7te)theme éﬁscru@£d7a§pw§u4nrﬁtepﬁ)QrEA.sﬁq@ titiein),

e, DS dof PBETAR: e, pRaiaga e o ites s%%u%%») R%%ﬁﬁw 231,40
(1), - 232 836kBlm>;282xRR (ubo_WBG NWRIOLRD) g ia, dMBOEO) (34, L85, 16.72,

16.86, 17.28, 34.56, 34.62, 47.74, 52.27, 15 52. 34 52.49, 53.14. '53. 52,
83.41, 85. 182 5212551 124, 63) 3&26053 711.26[1655,H 12%,.)30,5 1@7—334;31 192&9,,

oS HeRh DTl tmih  AE, BN 4000 A0S0
19 10 8.14-8.16 (1H, m), 8.39-8.41 (1H, m), B8.59, 8.62, 8.79,
8.84, 8.90 (1H, m); *®F NMR (376 MHz, DMSO-dg¢) §-—75.41 (s),
-226.74 (t), -226.82 (t), -230.63 (t), -231.40 (t), -
232.85 (t), -232.95 (t); *C NMR (100 MHz, DMSO-dg) 3
16.65, 16.72, 16.86, 17.28, 34.56, 34.62, 47.74, 52.27,
15 52.34, 52.49, 53.14, 53.52, 83,41, 85.18, 121.59, 121.65,
126.52, 126.65, 127.30, 127.34, 127.49, 134.93, 146.73,
146.79, 147.70, 147.73, 158.45, 158.83, 160.40, 170.34,
170.52, 170.63, 172.01, 172.07, 172.12, 202.47, 202.51,
202.61.
20

2,6-Dichloro-benzoic acid 4-carboxy-2-oxo-3-[2-(4-oxo-4H-

guinazolin-3-yl) -propionylamino]l-butyl ester (1C-7) was

25 prepared from (28)-2-{4-oxo-4H-quinazolin-3-yl)-propionic
acid using the procedures described above in Steps I to K
to afford the title compound as a white solid (17mg, 57%)
IR (solid) 1735, 1676, 1612 cm™'; 'H NMR (400MHz, DMSO) §
1.61-1.68 (3H, m), 2.59-2.89 (2H, m), 4.72 {(1H, m), 5.19-
30 5.31 (2H, dd), 5.45 (1H, m), 7.54-7.68 (4H, m), 7.71




O OyH O C 2, 6-Di chl oro-benzoi c acid 4-carboxy-2-oxo0-3-[2--(4- oxo0- LEHALR 7004
qui nazol i n-3-yl)-propi onyl am no] -butyl ester (1C7) was 25 prepared from
(29) - 2- (4w or4theui nazol in-3-yl)-propionic acid using thegdg&esaisss
descri bed above in Steps | to K to afford the title conpound as a ite
solid (17my, 57% IR (solid) 1735, 1676, 1612 cm1; 1H NWR (400MHz, DMSO
S 1.61-1.68 (3H, m, 2.59-2.89 (2H, rr),—dcﬁ—72 (1H, rr), 5.19- 30 5.31 (2H,
dd), 5.45 (IH m, 7.54-7.68 (4H, m, 7.71 2a At' RRO14 WO 01/42216

TS S0 0 g I el el
32.91, 34.76g.4%, 79 9@2 Ak, 33:22) ,aaséwségg@m{%zlnﬁgg) §7 14175128. 80,
128.87, 131.04, 132.42, 132.97, 5 134.89, 14 47 60. 41 "163. 63,

170. 65, 172.82.252082101.19R .(7%76 474 DO)21,746571245)65 MoA ( F&B. 2ve, HR)
Cal cul ated f H1 2 TFA) 5 . 0678, found _520.0677. 10
EXAVPLE 20 09g1$%50r293 gﬁo §5¥H§PI ﬁ%@ [ 2B hthB 248 n- 232497,

acet yl amsno] 1pgnggnom5agl5(;l 015 28,19 69 .90 P43l éa_;xo-ll-)-b[@.j 6] i hoﬁl di n- 2-
| )-acetic acid tert- ut ester To a stirred sol utiion of

ZdS gaﬁghhyz?apnlp ( <,5 PPB’O mgso? Shanibl ) (sh; dug THEB( GvémLﬁR})v?s
adde OLLi.0 e sul tin
suspensi on mgs %$F§§”¥pk nﬁé%ét&#g FggA?léEhfﬂStgs éﬁﬂnﬁffurthe?

al i quot of dS?OTBE‘?QO.SnL) was

10 EXAMPLE 20
O
“ = 0 OH
A A,
S H

5-fluoro-4-oxo-3-[2-(1-ox0-1H-[2, 6l naphthyridin-2-vyl)-

acetylamino] -pentanocic acid (1E-2)

15 Step P: (l-oxo-1H-[2, 6]naphyridin-2-yl)-acetic acid tert-

butyl ester

To a stirred solution of 2,S-naphthyridin—l—(2H)—one
(80.7mg, 0.55mmol) in dry THF {(0.5mL) was added NaH
(27mg, 0.66mmol, 60% in o0il) in one portion. The

20 resulting suspension was stirred at room temperature for
15 minutes and a further aliquot of dry THF (0.5mL) was
added. After a further 5 minutes tert-butyl bromoacetate
{129mg, 0.66mmol) was added in one portion. After four
hours the solvent was removed under reduced pressure and

25 the resultant gum was partitioned between water and
EtOAc. The layers were separated and the agueous layer
was further extracted with EtOAc (3 x 15mL). The

organics were combined, dried (Na,S0,)}, filtere_d and

concentrated under reduced pressure. Column




added. After a further 5 mnutes tert-butyl bronpacetate (129ny, @Aﬁﬁ@yl)
was added in one portion. After four hours the solvent was rennd%

reduced pvagsis@i@gnd 25 the resultant gum was partiti onedppeipiaeis@t er
and Et OAc. The | ayers were separated and t he aqueous | ayer was further
extracted with EtOAc (3 x 15nL). The gani cs were conbi ned, dried
(Na2S04), filtered and concentrated und&f-reduced pressure. Colum 2 8 APR
2004 WO 01/ 42216 PCT/ USOQ 33260 -47 chronmat ography (2% MeOH in Et OAc) gave
sub-title co 0 0 2 - 2l )
RPN ggggmgtogﬁg@eqa% mgﬂf if bg%z&% g%% &4 tf(égl_é]\"\g(%rﬁm
8.2(1H, d, Aa¥, 6 a8d@épHprabge, saiig 9100mH, S4%AL) St ep

(1- oxo- IFF[Z, ] hr cetic acid.,Jo. a s sol uti on_ of

(1- oxo- 1H—[2}g %ﬁy#bﬁpg:’ ]]% Saaiéﬁrc Sci d5Pdrt - % Fg?ggste% i 5y Y mom
(2.5nm) cool gdsiny, 1@, ambre- banIaSaadqﬁ? JFE $21R)g i maepe pomtgn. The
resul tant |ight yeIIOM/squtlon was stirr at 0OC for 30 mnutes and at
room t emPer aBurdr} or 930 (AHnuSesArRenoval -of sol vent and TFA under reduced
pressure and repeated azeotroping of the resulting material with aliquots
of 15 dry DCM (10niL x 5) gave an orange- brown gum (143ngy, quant.) that was
used w thoutstepther (pHEkbECALIRNE ] naphyridin-2 -yl) acetlc acid

5-fl uoro-4-0x0-3-[ 2- (1I-oxo- IF-[ 2, 6] napht hyridi n-2-yT ) -

acet yl am no] TPeht BhbTEedcFELMEIOBr Bpaf édo?‘Poﬂrﬁ(‘izeﬁéanhiGldln 2-yl)-

[ 2, 6] naphyri y C u | ar 9 a3 ri bed
in steps C Egéér%%ct%%fg g%kr;%ogﬁggl %éegﬁt al ne agbgi‘ é?l Sﬁ{" yel | o%&sjg'ﬁllcd
(46ng, 1499 anR.¢Sobath was28dGed1BBA. 52 . 3MB5. 3nconk; poHtNR .( BVEO) 8

2. 6-3. 2(2H,

resultant light yellow solution was stirred at 0°C for 30
minutes and at room temperature for 30 minutes. Removal
of solvent and TFA under reduced pressure and repeated
azeotroping of the resulting material with aliquots of

15 dry DCM (10mL x 5) gave an orange-brown gum {143mg,

guant.) that was used without further purification.

5-fluoro-4-oxo-3-[2-(1l-oxo-1H-[2, 6lnaphthyridin-2-y1l) -
acetylamino] -pentancic acid was prepared from (l-oxo-1H-

20 [2, 6]lnaphyridin-2-y]l)-acetic acid using methods similar
to those described in steps C-E. The title compound was
obtained as a bright yellow solid {(46émg, 74%): IR (Sclid)
1628.0, 1664.5, 1785.3 cm®; 'H NMR (DMSO)} 8 2.6-3.2(2H,
m), 4.3-4.5(0.5H, m), 4.6(1H, m}, 4.7-4.8(2H, m), 5.1-

25 5.4(1.5H, m), 6.8(1H, m), 7.6{(1H, m), 8.1(1H, m),
8.6{(0.3H, m), 8.6-8.7(1H, m), 8.7-9.0(0.7H, m), 9.1~
9.2(1H, s);'°F (DMSO) § -226.5(minor), -226.8, -

230.9(minor), -231.4, -233.0; Bc (DMSO) & 33.16, 34.83,
47.60, 51.32, 51.64, 52.19, 52.93, 80.97, 81.65, 82.73,
30 83.38, 83.53, 85.30, 102.37, 102.49, 102.56, 120.13,
'120.19,130.42, 130.45, 132.26, 136.84, 136.93, 145.14,
145.23, 149.34, 149.39, 160.34, 160.42, 160.48, 167.44,




m, 4.3-4.5(0.5H, n), 4.6(1H nm), 4.7-4.8(2H, m), 5.1 25 5.4(1.5H,
6.8(1H, m, 7.6(1H, m, 8.1(1H m, 8.6(0.3H m, 8.6-8.7(1H, n;BAP 2004
8. 7-9. 0( Owidor/dhis 9- 1- 9.2 (1H, s) ;19F (DVBO) 8 -226.5 (mﬁp@m 226§6 8,
230.9(m nor), -231.4, -233.0; 13C (DVBO) 8 33.16, 34.83, TEGS0083268
51.64, 52.19, 52.93, 80.97, 81.65, 82.73, 30 .83.38, 83.53, 85.30, 102.37,
102. 49, 102.56, 120.13, 120.19,130.42, -B¥3- 45, 132.26, 136.84, 136.93,
145. 14, 145.23, 149.34, 149.39, 160.34, 160.42, 160.48, 167. 44, 2 8 APR

2004 WO 01/ 42g%465PCT 33 - 7. 9 172.0 gﬁ 173. 77,
202. 64, 202.78: ng@zggs @&g’gsﬁ .33{; é‘ay%3g709%é% 81,35 phBExanpl e’
21 5 5- Fl uor BRMSoRaid:[ 338).-0BAA-49X Fodid :| el ddePp7! ) +2. Oppm

but yryl ani nol - pentanoic acid (1C-8) was prepared from 2- azi dobenzoyl
chloride (T. Ckawa, T. Suginori, S. Eguchi 10 and A Kakehl, Het er ocycl es,
1998, 47, 1, 375-382) and 2- anB- nob agl,d tert-butyl "ester

hydroch' |'" orlde using nethods S|n1§aﬁﬂgg—92&5e descri bed above in steps
L-0 then GE. The title conpoung N obt g ned. @0 white -powder. IR

(solid) 1722, 1665, 1365, 1203, , 1lo59tm f; 15 1H NVR (400 Mz,
DVEO- d6) 8 1.81-1.89 (3H, m , 228 NPT NF2.55-2.91 (2H, M,
4.28-4.74 and 5.11-5.42 (4H  2m), 7054 31HH Ml 7770 (1H, m), 7.87 (1H,

m, 8.14%(1H m), 8.39 (1H m), 8.89-9701 (1H, m : '9F NMR (376 M,
DVBO-d6) S -75.4 (s, TFA salt) -226.7 (t), -226.8 (t), 20 230.4 (t),
2310 (1), :232.6 (1), -232.7 (1); 13C NWR (100 Mz, DVEO d6) & 9.16,
20, 2/22. 4, BrFlucyp-d=exo-3-£428) 58-94- SZOSAHEq@;thbIMnHH}Il){25 2,

125-9’ 126-%mtyrylamino]-pentanozc acid (1C-8) was prepared from 2-

azidobenzoyl chloride (T. Okawa, T. Sugimori, S. Eguchi
10 and A. Kakehi, Heterocycles, 1998, 47, 1, 375-382) and 2-
- 7 amincbutyric acid tert-butyl ‘estér hydrochioride, using
methods similar to those described above in steps L-0
then C-E. The title compound was obtained as a white
powder. IR (solid) 1722, 1665, 1365, 1203, 1136, 1055cm™>
'H NMR (400 MHz, DMSO-G) § 1.81-1.89 (3H, m), 2.03-2.27
(2H, m}, 2.55-2.91 (2H, m), 4.28-4.74 and 5.11-5.42 (4H,
2m), 7.54 (1H, m), 7.70 (1H, m), 7.87 (1H, m), 8.14 (1H,
m), 8.39 (1H, m), 8.89-9.01 (1H, m); °F NMR (376 Mz,
DMSO-d¢) & -75.4 (s, TFA salt), -226.7 (t), -226.8 (t), -
230.4 (t), -231.0 (t), -232.6 {(t), -232.7 (t); *c NMR
(100 MHz, DMSO-d¢) & 9.16, 22.2/22.4, 33.1, 50.7/50.9,
56.5/56.9, 82.8/82.9, 119.9/120.0, 125.2; 125.9, 126.1,
133.6, 145.3/145.4, 146.0/146.0, 159.2, 168.5/168.6
170.5/170.5, 201.1/201.1.

Example 22

2O
\0 -N/gr\
55 S I




133. 6, 145.3/145.4, 146.0/146.0, 159.2, 168.5/168.6 170.5/170 g, 200
201.1/201.1. 25 Exanple 22 2 8 APR 2004 WD 01/42216 PCT/USCEY% ng -£9
5- Fl uor o- Av@8n48i4 ( 2S) - 2- (6- et hoxy- 4- oxo-4H i nazolin- 3- plorrdddbsizggn noj -
entanoic acid (1C9) was prepared from 2-azi do-5-nethoxybenzoyl chloride
(T. Okawa, T. Suginori, S. Eguchi and A. Kakehi, Heterocycles, 1998,. 5
47, 1, 375-382) and 2-aminobutyric acidt%t-butyl ester hydrochl oride,
using methods sinilar to those described in steps L - 0 then C-E The

title corrpougdpwa@rght;alo%dg,._qqz% \My_t w\gﬁ; JPED. 1493,
1355, 1222, 3 T VR-200 PSO—T6 g80=—=0- 0. 84
(3H, nm), 1. 9M2éezm_zm%p(emanmcs)acm 1(710-(9],)de33 pl)&pa&'&B (3H,
s), 4.50-4.5 9-5.31_ (2H, b 45 ( 7.45-7. 47
(1H, m, 7.5 ré 5%21de%‘ tg?’%’ ﬁl?sl ‘3568 é’]"z@’rg-lﬁ' m,"' 8. 88-

8.95 (1H n)SuglﬁErmescs 26ubtis BMER. d@aak?e i75 ﬁegesm AdS saldy, -231.2
(br) ; 13C NMR (100 MHz, O-d6) 8 10.6/10. 7 24. 0/2 2, 56 0, 57 6/ 57. 8,

106.6, P27. é712? 33752482) @nd. 2 ammquutmniqsaqmﬁstgrtﬁhnuyl €810, 20

Exampl e 23 3: ) th | - 0- zol i -
1)-but lanmin %fwgégééggégém %S@Cm %ﬁﬁ%dhs Sp}lm ;}gfeéz qsf ;531 0‘0’3?1‘%)
chloride andimastepstBrt- buthknegt-gr. 'Iﬂhyédrt(i(tjlleordcﬂ@odjﬁj %gm{ﬂms;@a m | ar
to those descrl bedhlabove i.n steps L-Q and then steps C-E. After step D

t he

te powder.IR (solid) 1732, 1660, 1493, 1355,
1222, 1198, 1026, 83lcm™; 'H NMR (400 MHz, DMSO-dg) & 080-
10 0.84 (3H, m), 1.99-2.22 (2H, m), 2.56 {2H, br s), 3.17
{1H, br s), 3.88 (3H, s), 4.50-4.58 (1H, m), 4.99-5.31
(2H, br), 5.37-5.45 (1H, m), 7.45-7.47 (1H, m), 7.51-
7.53, 1H, m), 7.64-7.66 (1H, m), 8.27-8.29 (1H, m), B8.88-
8.95 (1H, m); *°F NMR (376 MHz, DMSO-d¢) & -75.1 (s, TFA
15 salt), -231.2 (br); **C NMR (100 MHz, DMSO-dg) @
10.6/10.7, 24.0/24.2, 56.0, 57.6/57.8, 106.6,
127.2/127.3, 124.4, 129.2, 142.2, 144.6, 158.3, 160.5,
169.9.

20 Example 23

5-Fluoro-4-oxo-3-[{2S)-3-methyl-2-(4-oxo-4H-quinazolin-3-

25 yl)-butyrvlamino] -pentanoic acid (1C-10) was prepared

from 2-azidobenzoyl chloride and valine tert-butyl ester
hydrochloride, using methods similar to those described
above in steps L-0 and then steps C-E. After step D, the
two diastereocisomers were separated by three successive

30 crystallisation in Et,0/Petrol {(1/1)}. These two




two di astereoi sonmers were separated by three successive 30 crys@éﬂ;s@g‘l on
in Et20/Petrol (1/1). These two 2 8 APR 2004 WO 01/42216 PCTI US

di ast er eonmpooBiRIger e used i ndependently in step E and werng-9g$a,9kb al ned
as white powders. Diastereoisoner 1. IR (solid) 1732, 1660, 1365, 1231,
1212, 1198cm1; '"H NMR 5 (400 MHz, DMBO-d6) 8 0.75-1.13 (6H, m, 1.24-1.53
(1H, m, 2.57-2.92 (2H, m), 4.13-5.39 (H¥-n), 7.56-7. 59 (1H
7.70-7.72 (1H, m, 7.85-7.88 (1H, m, 8.17-8.19 (1H, : 52857(1H

m, 8.92-9.27; g%@ =§%3ﬁmﬁ?ﬁ$ ./ éﬁ%}ﬁé?ﬁ%ﬁ TEA -226.8
(1), -232.3 (t) > 101 55 s éj%‘)‘igy %tés 50289 35, 2,
52.4, 61.4, w&#e?;aal:bl dhtalized asl hike Ipdvderd 35. 6, 147. 7, 147.9, 161.1,
169.8, 172.3,.203.0. Diastereoisoner 2 IR (solid) 1732, 1660, 1607, 1360,

1226, 1212, PigstereoispmeryINvR (400 MHz, DHSO d6) 8 0.75-1.11 . (6H, n).
1.24-1.35 1125 7 3 55-1 H,
n, 7.67-7. g%ﬁ(fﬁg’h&) eyl l(%'d(lg%r'r‘f %873%6 L4t ﬁ;s%@ 8. '3%?('

(1H, n) 8. 94480281 HoMED- ,d519F6|\b/R7$3161M‘|16HD|\1ﬁQd§) 28-17533 (4%, TFA),

-226.3 (t), -231.8 20 (t) : 13C NMR (100 MHz, O'd6) S 19.1, 19.'6, 30. 2,
34.5, 52.0,M$0. 4:58425] 212@H2 m1264913r§7359 (142?7 &) 135, 96-14%9 1{1HA7. 3,

160 5 169.4y 17%[?88)%(%2 EL o3’ '9724352@ 188, R, v . 8.17-8.19 (m,

- Fl uor o- 4- oxo 3 H-qU| nazo
ent anoyl am nm) ; p8n6arsi.67adid, (e, 1B). 989 pepansd i) or’2- RERdebgszoy|

chl ori de andm(_IZS) 2- am _no- pent anoi c acid
DMSO-ds) & -75.3 (s, TFA), -226.8 (t), -232.3 (t):

10 'C NMR (400 MHz, DMSO-dg) & 19.6, 20.2, 30.4, 35.2, 52.4,
61.4, 84.7, 121.8, 127.4, 128.0, 128.1, 135.6, 147.7,
147.9, 161.1, 169.8, 172.3, 203.0.

Diasterecisomer 2 . -
IR (solid) 1732, 1660, 1607, 1360, 1226, 1212, 1193cm™

15 'H NMR (400 MHz, DMSO-d¢) & 0.75-1.11 (6H, m), 1.24-1.35
(1H, m), 2.55-2.87 (2H, m), 4.37-5.35 (4H, m), 7.55-7.57
(1H, m), 7.67-7.71 (1H, m), 7.84-7.88 (1H, m), B8.16-8.18
(1H, m), 8.55-8.58 (1H, m), 8.98-9.25 (1H, m); °F NMR

(376 MHz, DMSO-d¢) & -75.3 (s, TFA), -226.3 (t), -231.8

20 (t); *3c NMR (100 MHz, DMSO-de¢) § 19.1, 19.6, 30.2, 34.5,
52.0, 60.4, 84.5, 121.2, 126.9, 127.5, 127.6, 135.1,
146.1, 147.3, 160.5, 169.4, 171.8, 202.5.

CQ MF

5-Fluoro-4-oxo-3-[(28) -2- {4-ox0-4H-quinazelin-3-y1) -

Example 24

25

pentanoylamino] -pentanoic acid (1C-11) was prepared from

2-azidobenzoyl chloride and (28) 2-amino-pentanoic acid

tert-butyl ester hydrochloride, using methods similar to




tert-butyl ester hydrochloride, using nmethods simlar to 2 8 API% g

01/ 42216  PCT/ U500/ 33260 -51 those described above in steps L-0 tifb RNN
steps C-Ewodbheniétl e conpound was obtained as a white sol pargskyisel i d) I R
(solid) 2918, 1736, 1665, 1607, 1365, 1226, 1222, 1193cm1; 1H NMR (400
MHz, DMBO-d6) 8 0.87-0.88 (3H, 5 m, 1.21-1.23 (2H m, 2.08-2.09 (2H, m,
2.44-2.90 (2H, n), 4.29-5.58 (4H, m), 7-58-7.59 (1H, m), 7.70-7.72 (1H

n, 7.84-7.88 (1H m), 8.15-8.17 (1H, nm), 8.41 (1H, s) 8.72, 9.01 (1H,
m; 19F NMWR d T 1, -226.8
(1), -230.4 (E?)zge'-v%fcgyggd( tg%m%'-ez?,lgl 3 %?) L ?Aﬁ ok s11":’3’%5i7\||\(/£Rﬁ(100 MHz,
DVSO- d6) 13TBE18i6leleofpoBRAc2i@d dbt3dned34s6 a 5&1121é3zsdﬂ,1d55 9/ 56. 4,

14761 147, 6, Ro6=BL 191 8R1ARP816) 204300078101 6K0. B0, A3y B2 e 25:
gyrF: %O{j?n4loy??§bhﬁ'§r§§ g‘ﬁ: gg Oiég%q?g;]gloc}%{gl le"If& ii)‘) é(ﬁ%BZO 0888 (QH

3-Exo-ter -bmyo caphen.kanipabi m)gl @.28221bo hep,- Eﬂen@ 2&48990 Sfmrm,yl ic
acid To a sol ution_of 3-ex0-am nobi c%cl o[ 2. 2. 1] - hept - 5-
I

exo- car boxyl "¢ aéi 4212 bigd2He. H@fmm ¥ St 7veeN (@ ¥enty \/\/&75-F"'Oac?’cw?d2 at1¥hc
di sopropyl et Ryl agi pg_¢1 §1$4lg 53@“35)-8 3%_fakl owsd By 41 (1y, s},

di -tert-butyl car bonate 89mml ).~ The react’i on was all owed to
warmto roonsteppepadlr ¢ 1HNdm) St Fh&dﬁqrs'rb hoiy s .DMd®-dgacd i oms i x{sy e was
partitioned between ethyl acetate and water and the q(ueous Iayer was

aci di fi ed wi TRR28pHE)L, bePdPe7bditdg -226.8 (t}, -230.4

10 (t), -232.6 (t), -232.7 (t); ¥C NMR (100 MHz, DMSO-dg) &
13.6/13.6, 15.0, 32.2/32.3, 34.6/34.6, 52.2/52.4,
55.9/56.4, 84.3/84.5, 121.4/121.5, 126.7, 127.4, 127.5,
135.0, 146.8/146;9, 147.6/147.6, 160.6, 170.1/170.6,
172.0/172.0, 202.5/202.6.

15
Example 25: 5-Fluoro-4-oxo-3-[(28)- 2-{6-ox0-6H~

pyrimidin-l—yl)—butyrylamino]—pentanoic acid (1G-1)
COCH

20 Step R: 3-Exo-tert-butoxycarbonylaminobicyclof2.2.1]-

hept-5-ene-2-exo-carboxylic acid

To a solution of 3-exo-aminobicyclo[2.2.1)-hept-5-ene-2-
exo-carboxylic acid (1.048g, 6.84mmol) in MeCN (10mL) was
added at 0°C disopropylethylamine (1.31imL, 7.53mmol),

25 followed by di-tert-butylcarbonate (1.941g, 8.8%mmol).
The reaction was allowed to warm to room temperature and
stirred for 4 hours. The reaction mixture was
partitioned between ethyl acetate and water and the

aqueous layer was acidified with 2N HC1 before being

30 extracted with ethyl acetate. The organic phase was




30 extracted with ethyl acetate. The organic phase was 2 8 APR 200 ﬁ/\@ﬂ
01/ 42216 PCT/ USQOQ 33260 -52 washed with brine, dried (MSOH), f| l'ter and
evapor at egwo bp429i¢ve the sub-title conpound as a whi te povvd W@,ﬁ?&, 94%
: 1H NMR (400MHz CDC13) 8 1.45 (9H, s), 1.67 (1H, : 2.

(1H, m, 2.74 (1H, s), 2.99 5 (1H, s), 3.96 (1H, n'), 619(2H , 698
(1H, m, 12.37 (1H, br s). Step S (2Syr52t(3-Exo-tert-buto carbon | am no
bic clo[2.2.1]-he t-5-ene-2-exo-carbon |)-amno]but ric 10 acid tert-butyl

ester A stir I3 X ex carb

bi cycl of 2. 2. f“?g'ﬁ%%t‘?’g‘t-%ngg gkogfér %%ts@xg ?%é’r‘?@ L SraRsTated
(2S) - 2- ani nobat yive ahedsﬁbr-t:.lﬂﬂlbylcoﬁ@foﬁhd @édfaO%thé dsowddO Ny . §3é@mml)
di i sopropyl et hgl am ne 15 (409ny, 3.16mmol), HOBt (415ny, 3. 16rnm)l) and

DVAP  (386ng24 )16m1‘b|1\)MIhnU4Q@iﬁj@lr©D@1§DH (2@ ) (s =bol edl. 6D (DK, t hen EDC
re was. allowed to warmto room

(606ng, 3. 16 ed. . The_m_xt

tenperature IB %mﬁéh?fﬁtan )congeﬁif<J gtlgd uRder rzeévtfce(:l”bre%)sur% 5% e

resi due \sas EQHpurg-,)‘j ed by fhash ﬁlljlrogagggr(gghym()ZO% adylimceipte in
hexane) to afford the sub-title conmpound as a white solid (1.116g, 98% :
1H n- MR (400NHz3CDCHR) Iy 05B9-0.94 (3H, ), . 1.42-1.54 (10H, m, 1.64-1,96
(2H, m, 2.13-2.15 (1H, nm, 2.35-2.39 (1H n), 2.70-2.74 (1H *m),
2.88-2.93 (1H, n), 25 3.84-3.95 (1H, m, 4.37-4.47 (1H, m, 5.44-5.84 (1H,
2d), 6. 14-6S2&p (8H, (2§) - B[ ep-Exo2Ert 2bit bRyERSboRRilRgibicycl o [2 _2 . 1]

- hept-5--ene-;:2- exp-carbon |)-am no but ric acid tert-but 1 _ester 30 To a
sol ution of M_ﬁé L B¥AyFaKPRayl) -aminojbutyric

10 acid tert-butyl ester

A stirred mixture of 3-exo-tert-butoxycarbonylamino
bicycle[2.2.1]-hept-~-5-ene-2-exo-carboxylic acid (728mg,
2.87mmol), (2S)-2-aminobutyric acid tert-butyl ester
hydrochloride (619mg, 3.1l6mmol}, diiéopropylethylamine

15 (409mg, 3.16mmol), HOBt (415mg, 3.16mmol) and DMAP
(386mg, 3.l16mmol) and anhydrous THF (20ml) was cooled to
0°C then EDC (606mg, 3.16mmol) was added. The mixture was
allowed to warm to room temperature during 16h then
concentrated under reduced pressure. The residue was

20 purified by flash chromatography (20% ethyl acetate in
hexane) to afford the sub-title compound as a white solid
(1.116g, 98%): 'H NMR (400MHz CDCl;) & 0.89-0.94 (3H, m),
1.42-1.54 (10H, m), 1.64-1.%6 (2H, m), 2.13-2.15 (1H, m),
2.35-2.39 (1H, m), 2.70-2.74 (1H, m), 2.88-2.93 (1H, m},

25 3.84-3.95 (1H, m), 4.37-4.47 (1H, m), 5.44-5.84 (1H, 24),
6.14-6.23 (3H, m).

Step T: {28)-2[(3-Exo- amino-bicyclo[2.2.1]-hept-5-ene-2-

exo-carbonyl)-amino]butyric acid tert-butyl ester

30 To a solution of (ZS)-2[(3-Exo-tert-butoxycarbonylamino-
bicyclo[2.2.1]-hept-5-ene-2-exo-carbonyl) -amino]lbutyric

acid tert-butyl ester (1.046g, 2.65mmol) in ethyl acetate




bicyclo [2.2. 1] -hept-5-ene-2-exo-carbonyl) -am no] butyric agi{idAP 00
tert-butyl ester (1.046g, 2.65mmol) in ethyl acetate 2 8 APR 20 \M

01/ 42216 MEI6148206 33260 -53 (2.5nmL) was added 2M HO in et pdraaekis6
(10m). The reaction was stirred at roomtenperature for 4h, then washed
with water, saturated ag. NaHCO3 and brine. The conbi ned aqueous | ayers
were extracted with DCM The 5 conbi ned -®3gani ¢ phases were dried (MySO™),
filtered and evaporated to afford the sub-title conmpound as a colorless

oil (677ny, Y mi 1 Hot, ,inde5), e 48-1.49
(9H, ( m, i 5§Zﬁﬂ?$%wl,§|¥§.a§4ﬁ-[é ) .%4%@‘“@%%@%&%“% e ’5 2. B> 30
(1H, m, 2.5%ea0t2e8lwaEHstrirred 94- 200 (tBhpaBatrd /€& 24h ( Ithe) ., 4. 46-
4.52 (1H, ,.6,19 (2 . 6.43-6.54 (1H, 2d). Step U (2S)-2 (6-0x0-6H

i mi di f,_| - F;WBﬁFeai %"‘g@i gj'atelrer F%&Fﬁt(eés@&-@% ango bRinén é‘f(he

2S) - 2[ ( 3- EX@omPBiRedbh 2. h ~ .
(5- eZ]e- [dexo-car bpnytli) %&Eg]hb&t%%alrg gq(%?:g teécrttr- cut;[eﬂ “élsrf%rDCI%BSS'Ir‘r%?

2. 22mol P i n"esgbined( eggenigarhagesdweriee thyilest t MfSD, Rt €1(128%wg atdb 7ol )

and the reacty )  ef ed r.ni.ght. The | vent was 20
evapor at ed a%ﬁ%%%éé?éﬁe\gggﬁgig éb?“?’?i;%ﬁll YRt X aﬁ\%f(heiane/ et hyl

tate 50/ & t b- gt 1 u r{ ess, v scous oil
(350m. 25 393 THTr ANEC L a0ome iy o OBs ThoBmd EBLTELIS 0 EIOE T
m, 2.28(1H (3, B.25(1H5)dd}.468-3749H(%H), m7.,90(.B3, (dH, H)1L4(1LH4-8).

5- Fl UOT 0- 4- OX0g 3- | {25) - < 2- (6 OXQ- i mi din-1-yl)-
but yryl am na('?gpgngéignbir@)ac%dlgég‘gb;gyjedmsro%' %6 2aiéy  LH, m}, 2.59-
10 2.61 (1H, m), 2.94-2.98 (1H, m), 3.17-3.21 (1H, m), 4.46-

4.52 {1H, m), 6.19 (2H, m), 6.43-6.54 (1H, 24).

Step U: (28)-2(6-oxo-6H-pyrimidin-1-yl)-butyric acid

tert-butyl ester

15 To a solution of (25)-2[ (3-Exo-amino-bicyclo[2.2.1]-hept-
5-ene-2-exo-carbonyl) -amino]butyric acid tert-butyl ester
(655mg, 2.22mmol) in xylene (10mL) was added
triethylorthoformate (989mg, 6.67mmol) and the reaction
mixture was refluxed overnight. The solvent was

20 evaporated and the residue purified by flash
chromatography (hexane/ethyl acetate 50/50) to afford the

sub-title compound as a colorless viscous oil (380mg,

72%). 'H NMR (400MHz CDCl;) & 0.98 (3H, t), 1.47 (9H, m),

1.98 (1H, m), 2.28 (1H, m), 5.25 (1H, 4d), 6.47 (1H, 4),
25 7.90 (1H, 4), 8.14 (1H, s).

5-Fluoro-4-oxo-3-[(28)-2-{6-oxo-6H-pyrimidin~1-y1) -
butyrylamino] -pentancic acid was prepared from the above

compound using procedures similar to those described

30 above in step O and then steps C-E.
IR (solid) 1717, 1665, 1527, 1365, 1241, 1155, 841.1775,
1727, 1665, 1551, 1417, 1188, 1136, 1055cm™; H NMR (400




conpound using procedures simlar to those described 30 above in step 0 and
then steps GE. IR (solid) 1717, 1665, 1527, 1365, 1241, 1155, 8 ﬁyﬁm
1727, 166Wwo éfimbie 1417, 1188, 1136, 1055cm 1; IH NWR (400 3.&,[@3%

01/ 42216 PCT/ USOQ 33260 -54 MHz, DVMsO-d5) S 0.77-0.81 (3H,

(2H, m, 257286(2Hn)428466(15Hn)506540(25H :
6.41-6.45 (1H, m, 7.93-7.95 (1H, m, 8.-6A8.50 (1H, m, 8.71-9.02 (1H m
; 19F NMR (376 M1z, DMSO-d6) 8 -75.4 5 (s, TFA salt), -226.7 (t), -226.8

ovso-de) 6 M%e PEED-S G758 51 3k m0°e3 e e s B,

84.3//84. 4,218%-3/8k4.®H 15D 9/415B 2% el5 53, /d.60p 5
169. 6/ 169. 7, 171.9/ 1726 , 13{3’202 5/ 202, 6661 glx?gé | e 261§00§ % %0 52. 51,

- 4- Oxo- 3- [(21!3) 25(410>6045|+(141'ha2rdl.| V--3347. 9% blHyrml,arﬁrm SHLE@ANOLE, aci d

1C-12 S) - 2-(4s 4H I 3-yl d

(111 1. P horor L PpP2pdry. Fldm 2 SIobEhS OYReeHPBRPT@ anch 134

ani nobut yy i c(&Ci @Fher_s;ﬂlgqtyl 28t 3r dydr aghlorg dg.y using, 48t ‘p)ods_ﬁfn'ﬁar to
57 . ‘ . , .

t hose described in steps L-03"an

(2RS, 3S) - al' | ytpxyeaBbonyl{an,ne232-.Benzyl;0X5e mXpi@grmygrgﬁg@aag( §53. 3ny,
0. 53mmmol ) accordl na to the_nethods described in vertex Patent W97/ 22619.
The title Ppo(hl - Ras2db’dRded rasd 4a 6dBR-Whi 52 -S0152 4B By, 5890 over

final two st@ sj,,é?izNh/R giqo-,.g/?a& ?Q%H%%S%Sﬁ 15 25 (3H, m), 2.00-2.38

(2Hm)245290 50-4.80 (1H, m),
5.40-5.75 (1¥53n3/1%378,16005/160.5, 169.6/169.7, 171.9/172.0,

10 202.5/202.6.

Example 26

\ COOH
COL1,
o] /; "5
(38) -4-0x0-3-[(25) -2- (4~ox0-4H-quinazolin-3-yl1)-

15 butyrylamino] -butancic acid (1C-12) was prepared from

(28)-2-(4-ox0o-4H-quinazolin-3-yl)-butancic acid (111.1mg,
0.45mmol) [prepared from 2-azidobenzoyl chloride and 2-
aminobutyric acid tert-butyl ester hydrochloride, using
methods similar to those described in steps L-0] and

20 (2RS, 38) ~allyloxycarbonylamino-2-benzyloxy-5-
oxotetrahydrofuran (153.3mg, 0.53mmol) according to the
methods described in Vertex Patent W097/22619. The title
compound was obtained as a off-white solid (45.5mg, 29%
over final two steps): H NMR (400 MHz, CD;OD) & 0.95-1.15

25 (3H, m), 2.00-2.38 (2H, m), 2.45-2.90 (2H, m), 4.25-4.45
(14, m), 4.50-4.80 (1H, m), 5.40-5.75 (1H, m), 7.75-7.90
(1H, m), 8.00-8.12 (1H, m), 8.32-8.44 (1H, m), 9.30-9.65

(1H, m); ¥c NMR (100 MHz, CDsOD) & 11.05/11.48,
25.38/26.79/26.85/27.,, 34.98/35.21/35.46,
30 50.21/50.61/52.95/53.04/53.22/53.30, 60.06/60.40/60.46,




(1H, m, 8.00-8.12 (1H, m, 8.32-8.44 (1H, m, 9.30-9.65 (1H, n); 13C NWR
(100 MHz, CD30D) 8 11.05/11.48, 25.38/26.79/26.85/27.,, 34.98/35.28/APR.1008,
30 50. 21/ %@ é11422% 95/ 53. 04/ 53. 22/ 53. 30, 60. 06/ 60. 40/ 60. 46, peTRIs66R2004 WO
01/ 42216 PCT/ US00/ 33260 -55 5 10 98.51/98. 73/98.80, 106.19/106.46, 121.54,
121.84/121.92/121.99, 129.29/129.59, 131.04/131.31, 138.33, 139.50/139. 58,
159. 92/ 160. 01, 170.28/170.40, 173.66. BEe&mle 27 5-Fl uoro-4-oxo-3-[(2S)-
2-[1-(3-chlorobenz 1)-2-0x0-1,4- dih dro-2H inazolin-3- 1]-3-neth |-but

| anino) - penyg! 59y 952659 961R01) 186ER SVin d2He - I MY | - 2- (2-ni tro- benz

| amino)-but ric acid tert-butyl ester "To a solution ‘of valine tert-butyl
ester hydrocth:BdélZ@19Bg121 ﬂsnnﬁQB|29A329459(}m31wm§/hﬂmeEﬂ
triethylamn II med after 10 minutes by 2

ni t robenzyl ﬁ%?o Sgnggféﬁg”g mﬁﬁ% e OriGdturle Qe /Y Herf St i rred for
20h under rei#yxsgefore it was evaporated. The residue was purified by
flash chronmatograhy (petrol/ethyl acetate, 85/15) to afford the 20
sub-titl & conmpound as a col orl ess oi §é§21§3§, 80%9. 'H NWR (400NHz CDC13)

3. a1l (1rietlobiory Y=t ot i gnbsngrian Mandle, 47

d). 25 Step Qhy@B-2H(Zuankneipan3~ baqhaohe%ﬂywﬁmﬂtyﬁymaminop£Id

tert-butyl ester
pentanoic acid (1D-1)

10
Step V: (28})-3-Methyl-2-{2-nitro-benzylamino)-butyric

acid tert-butyl ester

To a solution of valine tert-butyl ester hydrochloride
(1.5g, 7.15mmol) in E;OH (10mL) was added triethylamine

15 (2.09mL, 15mmol), followed after 10 minutes by 2-
nitrobenzyl chloride (1.227g, 7.15mmol). The mixture was
then stirred for 20h under reflux before it was
evaporated. The residue was purified by flash
chromatograhy (petrol/ethyl acetate, 85/15}) to afford the

20 sub-title compound as a colorless oil (1.753g, 80%). H
NMR (400MHz CDCls) & 0.93 (6H, m), 1.48 (9H, s), 1.83-1.96
(2H, m), 2.82 (1, d), 3.92 (iH, 4), 4.11 (1H, 4), 7.39
(1H, t), 7.57 (1H, t), 7.65 (144, 4), 7.89 (1H, d).

25 Step W: (28)-2-(2-amino-benzylamino)-3-Methyl-butyric

acid tert-butyl ester

To a solution of (28)-3-methyl-2-(2-nitro-benzylamino)-

butyric acid tert-butyl ester (1.753g, 5.68mmol) in EtOH

(30mL) was added Raney nickel (1.3mL) and the reacticn




To a solution of (2S)-3-nethyl-2-(2-nitro-benzylam no)- butyric BRIABR 2004
tert-butyl ester (1.753g, 5.68mmol) in EtOH (30n) was added Raney ni ckel
(1.3rnL) amdotmmiséeaction 2 6 APR 2004 WO 01/42216 PCTI USOQcqaai833786

m xture was hydrogenated under ballon pressure for 2 hours. The catalyst
was filtrated and the filtrate evaporated to give the sub-title conmpound
as a yellowoil (1.573g, 100% . 1H NVR-{00MHz CDC13) 8 0.81-0.90 (6H, m,
51.55 (9H, s), 1.90 (1H, ‘'m, 2.89 (1H, d), 3.62 (1H d), 3.86 (1H, d),
4.68 (2H, vb 7 e, Xt (29)
-3-Meth | -2- Enzs%yg@l% di él?ge?&t%na%lc?}l n- afolﬂ‘lfﬁéé%u‘% yii c%m d
tert-butyl ebomrsTo Thesgawailms tofwa2 i It t2drdnd-Nan 24 brgaog - 3- met hyl -
butyric acid tert-but f%% ester (1 573q1 5.65mmol) in THE (20m)_ was added
car bonyl di i m-d&F8F %‘ 6@9916’% 19 M%&%&{%@% ¥elieedobhder

reflux overnigh ol w u url |ed by
fl ash chroma'?ogr g% %’%ej(ane g@é ébgg?ggé%affbég %ﬁ
sub-titl & co&pGBndQHS &)yehl. ew S(QIHI drr()QG&nmg 3(&% d];H j\l@ (@@M—g, CDClS) S
0.95 (3H, d) 108{_“H d) &.1 20 s) 32(1 m, 39(1H, d),
4.60(1H d), 34‘3?2({} 4. éﬁ( 1RH. dyvhe, @4(1& 68) | (211 OIT()LH7£92 71118(1H
t), 8.68(1H g 7549 Y: nga 2-[1-(3-chloro-bent 1)-2-o0xo0-1,4-dih dro-2H
i nazol i n- 3- f 3-Met h I:L but 'i's acid tert- butyl ester 25 To a m xture of
(28)-3-rrethy| 2- (2-oxo-1, 4-di hydro-2H qui nazolin-3-yl)-butyric acid
e | i rBtED L9108 -32n@BRYRL S 0] 3,7 §LARNAR S e dAo LI

10 3-yl)-butyric acid tert-butyl ester

To a solution of (2S)-2-({2-amino-benzylamino}-3-methyl-
butyric acid tert-butyl ester (1.573g, 5.65mmol) in THF
{20mL) was added carbonyldiimidazol (1.008g, 6.2l1lmmol)
and the reaction was stirred under reflux overnight. The

15 solvent was evaporated and the residue purified by flash
chromatography (hexane/ethyl acetate, 50/50) to afford
the sub-title compound as a yellow solid (662mg, 38%). 'H
NMR (400MHz CDCli:) & 0.95 (3H, d), 1.08 (3H, d), 1.49 (94,
s), 2.32 (1H, m), 4.39 (1H, 4), 4.60 (1H, 4d), 4.72 (1H,

20 4d), 6.81 (1H, d), 65.94 (1H, t), 7.07 (1H, 4), 7.18 (1H,
t), 8.68 (1H, s).

Step Y: (2S)-2-[1-{3~chloro-benzyl)-2-oxc-1,4-dihydro-2H-~

gquinazolin-3-yl]-3-Methyl-butyric acid tert-butyl ester
25 To a mixture of (25)-3-methyl-2-(2-oxo-1, 4-dihydro-2H-

quinazolin-3-yl)-butyric acid tert-butyl ester (633mg,
2.08mmol) and 3-chlorobenzyl bromide (470mg, 2.2%9mmol) in
DMSO (10mL) was added sodium hydride (75mg, 1.87mmol) and
the reaction mixture was stirred at room temperature for
30 40 hours. To this reaction was then added sat. ag. NH,C1l
and the mixture was extracted with ethyl acetate. The

organic phase was dried (MgSQ;), filtered and evaporated.




DMSO (10mL) was added sodi um hydride (75ng, J..87mml) and the Eﬁgﬁﬁiﬁn
m xture was stirred at roomtenperature for 30 40 hours. To this i n

was then 8 ag. NHAC1 and the mi xture was extract
Wolegenk i g%@é&@?’% d. 28

acetate. The organic phase was dried (MgSO™4), filtered an

APR 2004 WD 01/42216 PCTIUSOQ 33260 -57 The residue was purified by flash
chromat ography (hexane/ethyl acetate, #8F30) to afford the title conpound
as a colorless oil (477my, 59% . 1H NVR (400MHz CDC13) $ 0.99 (3H d), 1.08

(0. 10" 2Fpb hpsthugZud, pbas Mledby f18, Cillopledbaily 7 (21 1

5- Fl uor 0- 4- oXxhe8ahé28rhy2- b&e&&t@hlGmeemzib)a%f@ﬁ@"théLtltle
di hydr o- 2H qui nazol i_.n- 3-yl 3- 3- net hyl - buty élan1no - entanoi ¢ acid was

grepargddfroﬁ?PﬁguEﬂo9§ Eﬁﬁﬁ&&ﬁ&e§§l RéL éﬁ 3@6ur§§%§|n1 aNMRo (AREMHZ
E 1736, , 13 1227, 1217,
1505cm 1. 1H R ?643’8%3; %@’%)ig’% G0 (%#Blnféﬂf $%0:3:53 (1H,

M, 2.54 2.87u(2h, M, 4% $9H5 34 (8H590h 69 (3u6. f8, (%HOEII)S- 1% @3- 6. 97
(1H, m, 7.11-7.35 n, 8.21-8.76 (1H, m; 19F NVR(376ML, G de) 8

-232.2 (t) ,ml236. @é(t}H lec RV ( 1@61115&, m&aems (.ﬁgi,4/nmg 5,
26.1/26.4, 34.6/34.8, 43.8, 45.6/45.7, 51.8/52.0, 62.7/63.1, 84. 1/84.3,
113.6, 121.3/121.4, 122.4/122.5, 125.3, 126.1, 126.6, 127.1, 20 128.2,
130. 7, 133. 55 HBJoB6488000-141(0514120]1-155cht 25bénz10 -8 -ck62.10/4172. 0,
202. 6/ 202. The. conpounds of Ehls i nyention are designed to _inhibit
caspases. 1TQ&Q¥%F% FREUEBABBLARS 3 oY1 i 1P seF v inPréN Ty A& edssayed for

their abiol i tyed ©ahdii: bhéi @SwaBOBkephSedt PEoh et ES8LB el kohDoUndC JATARRE

activity
procedures similar to those described in step O and then

C-E. IR ({solid) 1736, 1365, 1227, 1217, 1203cm™}; *H NMR
(400MHz, DMSO-ds) & 0.84-0.97 (6H, m), 2.30-2.33 (1H, m),
2.54-2.87 (2H, m), 4.39-5.24 (8H, m), 6.73-6.78 (1H, m),

15 6.93-6.97 (1H, m), 7.11-7.35 (6H, m), 8.21-8.76 (1H, m);
P NMR (376MHz, DMSO-ds) & -232.2 (t), -232.8 (t); “C NMR
{(100MHz, DMSO-ds) & 19.4/19.5, 26.1/26.4, 34.6/34.8, 43.8,
45.6/45.7, 51.8/52.0, 62.7/63.1, 84.1/84.3, 113.6,
121.3/7121.4, 122.4/122.5, 125.3, 126.1, 126.6, 127.1,

20 128.2, 130.7, 133.5, 137.9/138.0, 141.0/141.0,
155.5/155.7, 170.8, 172.0/172.0, 202.6/202.9.

The compounds of this invéntion are designed to
inhibit caspases. Therefore, the compounds of this
invention can be assayved for their ability to inhibit

25 apoptosis, the release of IL-1f or caspase activity
directly. Assays for each of the activities are known in
the art and are described below in detail in the Testing
section. -

According to another embodiment, the invention

30 provides a composition comprising a compougd of this

invention or a pharmaceutically acceptable salt thereof,




directly. Assays for each of the activities are known in the azrgApTﬂmare
descri bed below in detail in the Testing section. According to another
enbodi rentwo bhezigiventi on 30 provi des a conmposition conprixgd o %Hpound
of this invention or a pharmaceutically acceptable salt théreot, 3 APR
1004 WD 01/42216 PCT/ US00/ 33260 -58- as descri bed above, and a

phar maceutical ly acceptable carrier. |f58rarnmaceutically acceptable salts
of the conpounds of this invention are utilized in these 5 conpositions,

t hose salts gge I j ved § r.0 ' |.C r ' | ds and
bases. Incl udgddgﬁgﬁgbégu%ﬁggﬁ'd%gla tasrﬂgrdgaﬁ@oﬁ?%v%ﬁggggﬁ%%ieg adi pat e,
al gi nat e, asparraee, benzoate, benzene sulfondate, bisulfate, butyrate,

citrate, canphorate, cggphgr 10 sul f.onate, cycl opent anepropi onat e,
di gl uconate, dodecyl safff REAXTBCRRESAN I A et ARk a2 1 t g Uk et anoat e,

gl ycer ophospgigouhas’ skl tALS: inbeRiaRenkee RANOAlS 1AVdiQED! or i de,

hydr obr om de, ydroi odi de, 2-hydroxyet hanesul fonate, e, maleate, 15
met hanes @ f oR8MROS 2t hopht hthosesshfltsabee predicratily; dexdted efrgmnoat e,

pectinate, p , .3-phenyl.- propionate, pi crate, pi ate,

pr opi onat e, g%é%é%%%‘g ortngf’%tlg, gFﬁB&c?ﬁﬁaP@,s%syljﬁ%l% JiffRanoat e.
Base salts suchusleiansabtsmazal the ab&thiﬂgtzalac%ﬂéée, Hitipase 20 sodi um
and potassiunisalts, al kaline earth nmetal salts, such as cal cium and

magnesi um saft$1P3%P1 s2APRELBE GanPENzhases, benaienss stldanatitoxyl ani ne
salts,  N-mobiwhy £ 6L UCBEEPRat8NdcsakhE e EDnRHORRAS! Siiil): as

10 sulfonate, cyclopentanepropionate, digluconate,

dodecylsulfate, ethanesulfonate, fumarate,
glucoheptancate, glycerophosphate, hemisulfate,

" heptancate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,

15 methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate, 3-phenyl-
propionate, picrate, pivalate, propionate, succinate,
tartrate, thiocyanate, tosylate and undecanocate. Base
salts include ammonium salts, alkali metal salts, such as

20 sodium and potassium salts, alkaline earth metal salts,
such as calcium and magnesium salts, salts with organic
bases, such as dicyclohexylamine salts,
N-methyl-D-glucamine, and salts with amino acids such as
arginine, lysine, and so forth.

25 Also, the basic nitrogen-containing groups can
be quaternized with such agents as lower alkyl halides,
such as methyl, ethyl, propyl, and butyl chloride,
bromides and iodides; dialkyl sulfates, such as dimethyl,
diethyl, dibutyl and diamyl sulfates, long chain halides

3Q such as decyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides, aralkyl halides, such as benzyl and

phenethyl bromides and others. Water or oil-soluble or

dispersible products are thereby obtained.




arginine, lysine, and so forth. 25 Also, the basic nitrogen-conztjéi Béi@
groups can be quaternized with such agents as |ower al kyl hali §, bch

as net hyl .weftfydzs propyl, and butyl chloride, brom des and,iQdd ;
di al kyl sul fates, such as dinmethyl, diethyl, dibutyl and gﬁdgqnﬁogéa‘s at es,

| ong chain halides 30 such as decyl, lauryl, nyristyl and stearyl
chlorides, bromides and iodides, aral kyt>%alides, such as benzyl and
phenet hyl brom des and others. Water or oil-soluble or dispersible

products are thereby obhai tr}ﬁgnpcgngsdﬂiﬁ;@fzemglé %3%@%&##?9953%90 -59

The conpounds utilized in conposi trons and " nE sTinvention

may al so be medihbidsd dfy tlaippendiers: pprmpy | 81 €o fachoQ@bal &8 By t 0 enhance

sel ective bi ol ogi cal gpropertie,s. Such nmodifications are 5 known in the art

and i ncl ude ERESRAMRS RERFGRIATe 1 Wiyt a1 behes r 621 @RDRAREB a gi ven

bi ol ogi cal syahRPe i@ BiolYh1 | {£e2YSt 6N SRNAL 4 cBEEUAUSBYSt e
ubi alTow  a

increase oral availability, 1ncrease so Ity to m ni stration by
i nj ection? aknewnnémnalgble @mtarchdalimerludd tlatse ofhiolr hcpaase

Phar maceuti cal.l.y acceptabl e carr.i ers. that may be used in fhese
conposi t i ons%ilﬁéif)g&g?&bﬁ’tenfrtgaﬁ&ton IS & E{%Yer? gﬁl%ﬁ%ﬁhﬁﬁ r 8YS5fni na,
al um num st eqeage, blleeld,NiIRmMERAHEE RIS EEIMNS, c &G BSo dvBis S8 YRR} buni n,

15 buffer substances such as phosphates, glycine, sorbic acid, potassium
sorbat e, par ER&FEgEfcerPde aditgldst idly. saqqrenssl sebdehbleyfbet §lhewds,

e ohaSSRFPEESEIH By Uk At AL 05 o UL 0L
10 rate of excretion. ’

Pharmaceutically acceptable carriers that may
be used in these compositions include, but are not
‘limited to, ion exchangers, alumina, aluminum stearate,
lecithin, serum proteins, such as human serum albumin,

15 Dbuffer substances such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium

20 chloride, zinc salts, colleidal silica, magnesium
trisilicate, polyvinyl pyrro;idone, cellulose-based
substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers,

25 polyethylene glycol and wool fat.

According to a preferred embodiment, the
compositions of this invention are formulated for
pharmaceutical administration to a mammal, preferably a
human being.

30 Such pharmaceutical compositions of the present
invention may be administered orally, parenterally, by

inhalation spray, topically, rectally, nasally, buccally,

vaginally or via an implanted reservoir. The term




20 chloride, zinc salts, colloidal silica, magnesium trisilica}gAPR 200t
pol yvi nyl pyrrolidone, cellul ose-based substances, polyethylene glycol,
sodi um cavbexmpahyl cel | ul ose, pol yacryl ates, waxes, PCT,

pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, 25 polyethylen ’8??%%Fmand
wool fat. According to a preferred enbodi nent, the conpositions of this
invention are fornul ated for pharnmaceut -68F adninistration to a mamal ,
preferably a hunman being. 30 vaginally or via an inplanted reservoir. The
term Such pha »C [ sent |nvent|on may be
adni ni st er ed g?%f?gﬁégg%en$§Pg§Fa BE§e9%n%g? %ﬁ EBPEYEAPERNEAl 1y,
rectally, naSGﬂt@evémmuaJIyntﬁaﬁuéEElaﬁO ﬁafanhgtab 1ag,used herein

i ncl udes subcutaneous | nf rayenous, intranuscul ar, intra-articul ar,

i ntra-synovi ar? *T?ﬁ%?‘@r | inh¥rafRERal, intrakégsele, intamhepediignal and
i ntr acr ani al ﬂdﬁﬁié@{bﬂlIé}ﬁ&Siﬂeréc}SﬁEQinE@ecE’ESfer B2 hruklitn

conp03|t|ons are admnistered orally or Intra enous erirTé 1njectable
forms of % he t&HpoEUeDNS Eﬂefeimblynv9h6|oompaylbﬁoﬁquaﬁus or ol eagi nous

suspensi on spe SIO may be formul ated according to 10 techni ques
known in theégiﬁﬁéﬁﬁky%éh %ﬁ%yd¥§p%?§¥ﬁ§eB?“s tting agents and

suspendi ng agents. 1Tﬁésﬁé¥11é31ﬂj&@£&§@@ef&fﬁgaéﬁttﬂé E@Mp§§§elgﬁs of
sterile |nJecﬁab sol ution or suspension in a non-toxic
parenterally PEMATE AN MaY Be aoreews of oplexaimbes 1Suspeassohution in

1, 3- bUtaned'Qhes@“ﬂﬁ%ﬁéﬁ%fﬂﬂgﬂﬁé§”ﬁé formulated according to

10 techniques known in the art using suitable dispersing or

wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectable
"solution or suspension in-a non-toxic
parenterally-acceptable diluent or solvent, for example
15 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.
In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this
20 purpose, any bland fixed oil may be employed including
synthetic mono- or di-glycerides. Fatty acids, such as
oleic acid and its glyceride derivatives are useful in
the preparation of injectables, as are natural
pharmaceutically-acceptable oils, such as olive oil or
25 castor o0il, especially in their polyoxyethylated
versions. These oil solutions or suspensions may also
contain a long-chain alcohol diluent or dispersant, such
‘as carboxymethyl cellulose or similar dispersing agents
which are commonly used in the formulation of
30 pharm;ceutigally acceptable dosage forms including
emulsions and suspensions. Other commonly used

surfactants, such as Tweens, Spans and other emulsifying

agents or biocavailability enhancers which are commonly




vehi cl es and sol vents that may be enployed are water, R nger'f iﬁl lftlon
and i sotonic sodium chl oride sol ution. in addition, sterile § 48R Wﬁls

are convemnyyowiabiig enployed as a sol vent or suspendl ng meck;% sdof3 5265h' s 20
pur pose, any bland fixed oil nmay be enpl oyed including synt I C nono- or

di -glycerides. Fatty acids, such as oleic acid and its glyceride
derivatives are useful in the preparatioi-of injectables, as are natural
pharmaceutical | y-acceptable oils, such as olive oil or 25 castor oil,

especial ly i [ er.sions. These solu s or

suspensi ons %aé&gl sopaé:%(r%%%ﬁ#%é%Iﬁ%-%%a?}ﬁalgp%%ﬂb?lﬁ}ﬁ%n‘?cﬁ?pfi?ggﬁr sant,
such ,as carslm@d.)dret]t'ﬁ;d-u:(tbl lag aschex &@gﬁd@rfWQﬁ% N&N SgEBESusBAl ebrare
comonl y used . in the fornul ati on of 30 pharmaceuti | y accept abl e dosage

forms incl udith§ Fé%ﬁﬂ%ﬁ%sofarﬁf@l}%mfbﬂs Ot her comonly used

surfactants, \%qﬂ:%m l.si fyin nt r

bi oavai | abi I |T:t§ylécen ancers comm(ﬂ% o;‘é:l})ﬁ_.{ %enggﬁjoiiﬁﬁﬁG
PCT/ US00/3326¢a18Yy mdmmttel:@dmnufaam LtfleaD]fy et el ¢ C@bsygacespmabl e
solid, liquid t her ,dosage f.orns nay al so be used faor., the purposes of
formul ation. *# g“ﬂﬁﬁﬂm r’% 4 GRS tsonLapsules itakiRten AaYePes 5
orally adm nislgietd iohAvy Hoaklet RECEPtAplGdlosane dorni OEL ufbpa, but

not limted to, capsules, tablets, aqueous suspensions or utrons.
t he case of Pabllewq,oﬂacrralerlﬁs@hl@m Ay onmagilyanesebnmlydeised | ncI ude

toarat e, ar SISO RO STEY SRARGT Forb Bkt AHHS orF 7P S apsul e
form udef ul mdigheeium istekudete, are also typically added. For oral
administration in a capsule form, useful diluents include
lactose and dried corn starch. When aqueous suspensions
"are'required for oral use, the active ingredient - is
combined with emulsifying and suspending agents. If
15 desired, certain sweetening, flavoring or coloring agents
may also be added.

Alternatively, the pharmaceutical compositions
of this invention may be administered in the form of
suppositories for rectal administration. These can be

20 prepared by mixing the agent with a suitable
non-irritating excipient which is solid at room
temperature but liguid at rectal temperature and
therefore will melt in the rectum to release the drug.
Such materials include cocoa butter, beeswax and

25 polyethylene glycols.

The pharmaceutical compositions of this
invention may also be administered topically, especially
when the target of treatment includes areas or organs
readily accessible by topical application, including

30 diseases of the eye, the skin, or the lower intestinal
tract. Suitable topical formulations are readily

prepared for each of these areas or organs.
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suspendi ngvagemhss | f 15 desired, certain sweetening, flav | oring
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of this invention may be adm nistered in the formof suppositories for
rectal administration. These can be 2d pit@pared by mi xing the agent with a
suitable non-irritating excipient which is solid at room tenperature but

liquid at rectal tenperghurgiands,ijtikenafgr | t ind ctumto
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may al so be ?dninigtergd to icalléh especially when the target of
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appl | cat| on, TopeLatiipoe 200 daseRaES pak chlle f4G: e Sd Yyody, the | over

Intestinal tract. Itable topical fornulatrons aré readily prepared for
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Topi cal | i.cati £ t he | i ntestinal t t, be effected
cctal suppoSTROPy  FAPREITEY oRE FSERULAGHS) 10 & A ARIG BRI

rectal supposi
formul ati on.codepisohy Yehe casdevantoppbabas YN PONELsdBFed 4 Cal

applications, the pharmaceutical conpositions may be formulated in a
sui t abl e oi MPENPT BOREFIFHCTRe actrvaersnpometopssydended or di ssol ved

in administration of the compounds of this invention

10 include, but are not limited to, mineral oil, liquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying

- wax and water. Alternmatively, the pharmaceutical
compositions can be formulated in a suitable lotion or

15 cream containihg 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,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,

20 benzyl alcohol and water.

For ophthalmic use, the pharmaceutical
compositions may be formulated as micronized suspensions
in isotonic, pH adjusted sterile saline, or, preferably,
as solutions in isotonic, pH adjusted sterile saline,

25 either with our without a preservative such as
benzylalkonium chloride. BAlternatively, for ophthalmic
uses, the pharmaceutical compositions may be formulated
in an ointment such as petrolatum.

The pharmaceutical compositions of this

30 invention may also be administered by nasal aerosol or
inhalation. Such compositions are prepared according to
techniques well-known in the art of pharmaceutical

formulation and may be prepared as solutions in saline,




one or nore carriers. Carriers for topical admnistration of éh$ 3ﬁnpounds
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pharmaceutical conpositions can be fornulated in a suitable Iotion or 15
cream contai ning the active conponents s&dpended or dissolved in one or
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are not |in gaglclengMReZdn Aillonsar B QAL 60,
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saline, 25 egibger¥ihf Qeenwsthout a preservative such as benzyl al koni um
chloride. Alternatively, for ophthalmc wuses, the pharnaceuti cal
conposi tions may be foFhel abeve-desanibedt rempositicas @ater ol atum The

phar maceuti c Lfions_of ~this, 30 invention may also be adm nistered
by nasal aergégﬁggﬁng%KaPé??g%.1§u5ﬁe589ﬁ8§FFi89? & P8 SarEd- 24 di ng
to techniques &ﬂlthnQMEdiatéHedaééaQE,pQﬁnga%%b%§%|méayéﬂééﬂion and may
be prepared as solutions, in_saline, 2 8 APR 200 WO 01/ 42216

PCTI US001332865€83e5 @RplByiAGTREATY| daFeansl B8R suteirgwnealdisease,

preservatiVeé’deé@?@ﬁ@i%@anﬁQ”@i@&?d&?,eghBPSiiQE?%%@bEa@ngfﬁer, an

10 infectious disease, a degenerative disease, a disease
associated with cell death, an excess dietary alcohol
intake disease, a viral mediated disease, retinal

" "disorders, “uveitis, inflammatory peritonitis, B e e
osteocarthritis, pancreatitis, asthma, adult respiratory

15 distress syndrome, glomerulonephritis, rheumatoid
arthritis, systemic lupus erythematosus, scleroderma,
chronic thyroiditis, Grave’s disease, autoimmune
gastritis, diabetgs, autoimmune hemolytic anemia,
autoimmune neutropenia, thrombocytopenia, chronic active

20 hepatitis, myasthenia gravis, inflammatory bowel
disease, Crohn’s disease, psoriasis, atopic dermatitis,
scarring, graft vs host disease, organ transplant
rejection, organ apoptosis after burn injury,
osteoporosis, leukemias and related disorders,

25 myelodysplastic syndrome, multiple myeloma-related bone
disorder, acute myelogenous leukemia, chronic myelogenous
leukemia, metastatic melanoma, Kaposi‘'s sarcoma, multiple
myeloma, haemorrhagic shock, sepsis, septic shock, burns,
Shigellosis, Alzheimer'’s disease, Parkinson’s disease,

30 Huntington's disease, Kennedy's disease, prion disease,
cerebral ischemia,epilepsy, myocardial ischemia, acute
and chronic heart disease, myocardial infarction,

congestive heart failure, atherosclerosis, coronary



fl uorocarbons, and/or other conventional solubilizing or di sp& ?\PR‘QUDL
agents. The above-described conpositions are particularly use

t her apeut o apiphigcations relating to an IL-1 nediated di sgasfys 0@,93260
apoptosis nedi ated disease, an inflammtory di sease, an autol nmune

di sease, a destructive bone disorder, a proliferative disorder, an 10

i nfectious disease, a degenerative di sea$d- a di sease associated with cel
death, an excess dietary alcohol intake disease, a viral nediated disease,

retinal dISOégEé Hygl fl a Yy Egr aniti,s |t
pancreatitis, % % IIragspl ;Egﬁ%—%/l ddhaﬁ es%r%%q?#d ne‘[té{répﬁic

gl orer ul onephatéral sbém‘rso.lsd aulriplies sQecEi €, |RIPISr&latdemat osus,
scl er oder nm, chronic thyroiditis, .Gave's disease, autoimune astritis,

di abet es, aubBFFPRALikdSol $OE%n&HOReCiAyt SIgHAMO TR Y spaage due to
t hr onbocyt OPQE‘tékeChﬁQE'e‘i-a%‘iV V%o&ﬁtﬁgpatt'rtéﬁaﬂy@%ﬂ%m a

I sease, psoriasis r%f)pl c der matitis,

i nfl ammat ory bowel = di sease, ohn"s

scarring2 grspinad hberddllseaw,, hegammuanﬁpl &dpatriej iectd,on, organ
apopt osi s after gurn | Jur\F/ % oro is, |eukem as and reI at ed

di sor ders, o4 sBr a¥ ryj'(]:C FRONSITE RFel e JARBRSRE bone

di sor der, a%ﬁ@eﬁmﬂﬂeeaousah:%&gwemgh69”'1%8&8'&%%153 reqideen a,
nmet astati c nel anong, Kanm s sarcoma, multiple nyelom, haenorrhagic

shock, seps@ls%ﬁﬁd cPehBENStRGr hsdneSShdgélela@Q s H - Aptiginernss afi s,

Par ki nson’ s gseape 38 BUBEERELON 8.l 5338, Kenpsdy s disgase. prion

di sease, cerebra chem a, epi'Tepsy, nyocar schafi & aclite and
chroni clReartubksasbesisyoanddimg@hinglaietli The conpeasidsvaddart failure,
at her oscl er 03| s, corpnary 2 8 APR 2054
ompositions’ are also useful in treating complications
associated with coronary artery bypass grafts. The
amount of compound present in the above-described
compositions should be sufficient to cause a detectable
15 decrease in the severity of the disease or in caspase
activity and/or cell apoptosis, as measured by any of the
assays described in the examples.

According to another embodiment, the
compositions of this invention may further comprise

20 another therapeutic agent. Such agents include, but are
not limited to, thrombolytic agents such as tissue
plasminogen activator and streptokinase. When a second
agent is used, the second agent may be administered
either as a separate dosage form or as part of a single

25 dosage form with the compounds or compositions of this
invention.

It should also be understood that a specific
dosage and treatment regimen for any particular patient
will depend upon a variety of factors, including the

30 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
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atrophy, anyotrophic l|ateral sclerosis, multiple sclerosis, H»Mnekaoged

encephal i twg oy/@@16€9, al opecia, neurol ogi cal danage due to pgihRb§Hz3260

ul cerative colitis, traumatic brain injury, 5 spinal chord Injury,
hepatitis-B, hepatitis-C, hepatitis-G vyellow fever, dengue fever, or
Japanese encephalitis, various forns of-68S-ver disease, renal disease,
pol ycystic kidney disease, H pylori-associated gastric and duodenal ul cer

di sease, HI Vg ientgeti . reul 9shs, . jngiti T pporxnds and
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apopt osi s, aéoﬂnggq:gg, by any of the assays described in the exanples.
Accordi ng to anot her eﬁ‘soodi ment, the conpositions of this invention may

further cdonprise 20 andmnher piredeapedt embagdnten tSuadtheagantentinal ude, but are
not limted to,_ thrombol tb@{ﬁ?f ts such as tissu | asm nogen acti vat or
and st r ept okPhB¥&3efnan Mgt t1§aktngs 8, Dagm e%?é’dﬁlrﬂj RE e be

adni ni st er edafeikbhehtasneds eidedlsesdosaag@ianmgO s g 4 a single 25
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10 embodiment, if the patient is also administered another
therapeutic agent or caspase inhibitor, it may be
delivered together with the compound of this invention in

' asingle dosage form, or,' as a separate dosage form. v
When administered as a separate dosage form, the other

15 caspase inhibitor or agent may be administered prior to,
at the same time as, or following administration of a
pharmaceutically acceptable composition comprising a
compound of this invention.

In order that this invention be more fﬁlly

20 understood, the following preparative and testing
examples are set forth. These examples are for the
purpose of illustration only and are not to be construed

as limiting the scope of the invention in any way.

Example 28

25 Enzyme Assays

The assays for caspase inhibition are based on
the cleavage of a fluorogenic substrate by recombinant,
purified human Caspases -1, —3; -7 or -8. The assays are

30 run in essentially the same way as those reported by
Garcia-Calvo et al. (J. Biol. Chem. 273 (199%98), 32608-

32613), using a substrate specific for each enzyme. The




wei ght, general health, sex, diet, tinme of admnistration, t e of
excretion, drug conbination, and the judgnent of the treati ngapw&sm%i an
and the sewedidywi2 8 APR 2004 WO 01/42216 PCT/ US00/ 33260 ﬁéﬁgmfs%o
particul ar di sease being treated. The anount of active ingredients wll
al so depend upon the particular conpound and ot her therapeutic agent, if
present, in the conposition. 5 In a preférred enbodi nent, the invention
provi des a nethod of treating a mammal, having one of the aforenentioned

d seases, COSRbEErafe! R8roLaRALe-2ITLNLILRINIGH0 P G TRINE,. Sni o

pharmaceutically acceptable Conposition ed a n1his

enbodi ment, 4fmebkeypadumarins Fheosabsitriateerfed anxgieies ty®r appuang agent
or caspase ighj bi ory 'ht may ge d(fl i vered ,together with the conpound of
this invention*¥ r*C8 ¥LAGFR-GoNaYa  rBFR aBino—4s metdupaamarinosage -
form Wen adni ni ster egnas dhRRUA! £2 80508 L0%Phe! NoRHIS/ac 1k CAEPASE

i nhibitor or agent may be admi nistered prior to,” at the same tinme as, or
fol | owi n§ adpa¥tieubaronndfikitqrhacomcentiaaliby, adcgpl alilse conposéedi &y

conpri sing . ound,_of this.invention. In _order that this inventign be
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are not to be construed_,as linting the scope of the invention in any way.
Exanpl e 28 WSlTEhz§nBORddRGIITHEASSsHBIaT@S Avphivel s nhPbPELer Predrased on

(PRISM 2.0; GraphPad software). To obtain the second
10 order rate constant, Kinact, Keps Values are plotted against
their respective inhibitor concentrations and Kinset values
are subsequently calculated by computerized 1linear
regression. - G et S
Table 8 shows inhibition of caspase-1 activity
15 for selected compounds of this invention_as determined by

the above method.

Table B. Caspase-1 Activity

Compound Number : Kinact (M's™1)
1A-3 36000
1A-4 40000
1B-1 47000
ic-1 248000
1c-11 419000
1D-1 107000
1E-1 46000
1F-3 115000
1G-1 307000




the cl eavage of a fluorogenic substrate by reconbi nant, purified human
Caspases -1, -3, -7 or -8. The assays are 30 run in essentially?§ PR 3@fe
way as theagof/pppyted by Garcia-Calvo et al. (J. Biol. Chggzng%§3 98) ,
32608- 32613), using a substrate specific for each enzyne. e 8 APR 2004
WO 01/ 42216 PCT/ US00/ 33260 -66 substrate for Caspase-1 is

Acetyl - Tyr-Val - Al a- Asp-am no- 4-net hyl coumarin. The substrate for Caspases
-3, -7 and - 8 is Acetyl-Asp-d u-Val - Asp- am no- 4- met hyl counmarin. The
observed rat®ablecfzyhowsninhibation aff aaspapea~Bi @dtdriitnhifodt or
concentration, _kobs_ is--co uteg bg, diirect fits of the data(iq@%hgl
equation derfSe8°hSd GABPABRYF Ot tHiS ABVERRAPsASy dereryapd Byhe930)
usi ng a nonl | squares anal ysis conputer program (PRI SM 2.0;

G aphPad sof%ﬁg?é)#gg%agbtain t he second 10 order rate constant, kinact,
kobs values are plotted against their respective inhibitor concentrations

and kinsrt v%lugs are subseqyﬁnglg.cakculated by conputerized |inear
regressi on. = : S ' i f caspase-1 activity 15 for

Tablo 5. Codbase 3 Gembira MEBLE " o T T hact RAPRSE1 N %6000 |
1A- 440000 1B-TZ7000 TC 1248800 1C TIZ19000 TD II07000 51000

1a-4 -

1B-1 24000

1c-1 130000

1c-11 185000

1D-1 67000

1E-1 T 64000

1F-3 220000

Te-1 420000

Table 10 shows inhibition of caspase-7 and -8 activity
for selected compounds of this invention as determined by

the above methods.

Table 10. Caspase-7 and -8 Activity

Caspase-7 Caspase-8
Compound Number Kinact (Mis™) Kinact {(M's"!)
1a-3 - 6750
1Aa-4 - 13500
1B-1 - 12000
1c-1 26000 27000
ic-11 - 72500
1D-1 - 77000




1E- 146000 1F-3115000 1G 1307000 WD 01/42216 -67 2 8 APR 2004

PCT/ USOQ/ 33260 Tabl e 9 shows inhibition of caspase-3 activity 29 APR Wb ect ed
conpounds wah oi/kpizs6 | Nventi on as determ ned by the above net 'SOXB%GS 9.
Cas2a:se-r-3 Activity Conmpound Number Ki nact (M 1s-1) 1A-3510 1A-4-

1B- 124000 i C- 1130000 1C-11185000 1D- 167000 1E-164000 1F-3220000 1G 1420000
Tabl e 10 shows inhibition of caspase-7 arflB=8 activity for selected
conmpounds of this invention as determ ned by the above nethods. Table 10.

Cas ase-7 anfd -8 AC[liEXLffy Compornd f\iUIlel_\':dbpaac-7 pase=—prract
(M's-1)Kingct (M1s-1) | A-3-6750 1A-4-13500 1B-1-1P000 1C %027000
1F-3 - 15500
16-1 147000 68500
Example 29

Inhibition of IL-1B secretion from Mixed Population of

Periphefal Blood Moncnuclear Cells (PBMC)

Processing of pre-IL-1B by caspase-1 can be

measured in cell culture using a variety of cell sources.

5 Human PBMC obtained from healthy donors provides a mixed
population of lymphocyte and mononuclear cells that
produce a spectrum of interleukins and cytokines in

response to many classes of physiological stimulators.

10 Experimental procedure

The test compound is dissolved in dimethyl
sulfoxide (DMSO,Sigma #D-2650) to give a 100 mM stock
solution. This is diluted in complete medium consisting

15 of RPMI containing 10% heat inactivated FCS (Gibco BRL
#100995-141), 2mM L-Glutamine (Sigma, #G-7513), 1000
penicillin and 100 pg/ml streptomycin (Sigma #P-7539).
The final concentration range of test compound is from
100 pM down to 6 nM over eight dilution steps. The

20 highest concentration of test compound is equivalent to
0.1% DMSO in the assay.

Human PBMC are isolated from Buffy Coats
obtained from the blood bank using centrifugation on
Ficoll-Paque leukocyte separation medium {(Amersham, #17-

25 1440-02) and the cellular assay is performed in a sterile h

96 well flat-bottomed plate (Nunc). Each well contains

100 pl of the cell suspension, 1 x 10° cells, 50 pul of
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secret’i on woomsdged Popul ati on of Peripheral Bl ood anonqqgﬁﬁﬁm§§++s
(PBMC) Processing of pre-IL-143 by caspase-1 can be neasured 1n ce

culture using a variety of cell sources. 5 Human PBMC obtained from
heal t hy donors provides a mni xed popul atiorfof |ynphocyte and nononucl ear
cells that produce a spectrum of interleukins and cytokines in response

to many cl as f inlogical _stipylators. 1 eri nental _procedure The
t est c)c/)rrpoun %?r?%élln;g;)cl) lngu J‘%Dnrg i%‘%h% H uP?o%Pge%%ﬁg@, |1g'%‘é’ #5030t o
give a 100 mdgyhackeirkdl WdrFenthisids, di tghedoha egg@:;%tte JEEULe /-

consisting 15 of RPM containing 10% heat inactivated FCS (G bco BRL
#10099- 141) , LARvati@ulataore #9Hgan serdals8)lutliot) opedMSDI IGid wed 1100

g/m strepto i L g P-75 .. The fj.nal concentration range of_test
compound i s %om%éfg% %ngﬁgt %gépﬁﬁf]g\lerhé? gﬁtcLa&FFut"’Pb‘?l 3Pk ?%?ﬁe Ry
hi ghest concastnsh et Gf7 PEStirc ERMING 95 UIMBIRR altthosPhbrIVBO in the

assay. Human PBMC are isolated fromBuffy Coats obtained fromthe bl ood
bank using centrifugat Aftedn 1Erd8l 1B - pdfuesrpekBayaatseparat ikarvastiai

(Amrer sham #léver centrifuging the plates at 100 x g at 18 °C for 15
min and assayed for their IL-1B content. Measurement of
mature IL-1B in the supernatant is performed using the

10 Quantikine kits (R&D Systems) according to manufacturer’s
instructions. Mature IL-1§ levels of about 600-1500
pPg/ml are observed for PBMCs in positive control wells.

The inhibitory potency of the compounds can be
represented by an ICsp value, which is the concentration

15 of inhibitor at which 50% of the mature IL-1B is detected
in the supernatant as compared to the positive controls.
Table 11 shows inhibition of IL-1B secretion from
peripheral blood mononuclear cells for selected compounds

of this invention as determined by the above methods.

Table 1l1. Inhibition of IL-1B secretion from PBMC

Compound Number ICsy (uM)
1A-3 -
1A-4 -
1B-1 -
1c-1 2.8
1c-11 0.4
1D-1 -
1E-1 10.0
1F-3 4.0
1G-1 0.6




25 1440-02) and the cellular assay is perfornmed in a sterile 216 \RBM
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PCT/ US00/ 33260 -69 conpound dilutions and 50 | of LPS (Sigma #ﬂ"%f&‘? at 50
ng/ M final concentration. Controls consist of cells +/- LPS stinulation
and a serial dilution of DMSO diluted i m70t-he sane way as conpound.. The

pl ates are incubated for 5 16-iSh at 37 C in 5%CO2 & 95% hum dity

at nosphere. After 16-18 h the supernatants are harvested after
centrifuging the plates at 100 x g at 18 C for 15 mn and assayed for
their 1L-10 content. Measurenent of mature IL-1P in the supernatant is

per f or med usEﬁgmpme %@ Quantikine kits (R& Systens) according to

manuf acturer’'s 1 nstructions., Mature IL-10 | evels of about 600-1500 pg/m
are observed for PBMCs m%é%rfﬁspladncﬁdl QMSIM bitory potency of
t he conpounds can be t an I C50 alue |s t he
concentration 15 of InEE%E?SE Qg gﬁ eh °580%%0 %Iﬁ?QHﬁ &’ IT% i s detected
in the superbimdhhgasfcBapalédahd (Raspysitil e scorideptor, 'Eﬂiﬁé? iRashows

I nhi bitlgn gé%%# 1J3 secr t|o from per| heral bl ood nononuclear cells for
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-Tabl e 11. Inktbihi pBc8 Hf;l-ﬁ t i (M
Table 11. |nbehihi pacepbrbks] SRSER!LoR EragRBVG -y kel ] OSP4
activation of the caspase enzyme cascade. The process is

initiated by the binding of the adapter molecule
FADD/MORT-1 to the cytoplasmic domain of the CD-95

10 receptor-ligand complex. Caspase-8 then binds FADD and
becomes activated, initiating a cascade of events that
involve the activation of downstream caspases and
subsequent cellular apoptosis. Apoptosis can also be
induced in cells expressing CD95 eg the Jurkat E6.1 T

15 cell lymphoma cell line, using an antibody, rather than
FasL, to crosslink the cell surface CDS5.
Anti-Fas-induced apoptosis is also triggered via the
activation of caspase-8. This provides the basis of a
cell based assay to screen compounds for inhibition of

20 the caspase-8-mediated apoptotic pathway.

Experimental Procedure

Jurkat E6.1 cells are cultured in complete
medium consisting of RPMI-1640 (Sigma No) + 10% foetal
25 calf serum (Gibco BRL No.10099-141) + 2mM L-glutamine
(Sigma No. G-7513). The cells are harvested in log phase
of growth. 100ml Cells at 5-8x10° cells/ml are
transferred to sterile 50ml Falcon centrifuge tubes and

centrifuged for 5 minutes at 100xg at room temperature.

30 The supernatant is removed and the combined cell pellets




1D-1- 1E-110.0 1F-34.0 1G 10.6 2 8 APR 2004 WD 01/42216 PCT/USO%&%%@@R -70
Exanpl e 30 Anti-Fas | nduced Apoptosis Assay Cellul ar apoptosisl

i'nduced bwa bgadiedi ng of Fas ligand (FasL) to its recept Operfiddpsdikds) - S
CD95 is one of a famly of related receptors, known as death receptors,

whi ch can trigger apoptosis in cells via activation of the caspase enzyne
cascade. The process is initiated by tk&@bki nding of the adapter nolecule
FADD/ MORT-1 to the cytoplasm c donmain of the CD-95 10 receptor-Iigand

| ex. Ca : ' RAl d_.b act i d, initiati
Castads of cveRCEOPRAFS Tl dsrd  fn RPITRE B rowdtis SR apttes and

subsequent cebhnted apdptbhei Senlpept edijastad alc@NDicenddend witkel | s
expressing CD95 eg the Jurkat E6.1 T 15 cell |ynphoma cell line, using an
anti body, ratPRPLEREN™meAd¥M- to crosslink the cell surface CDO5.

Anti - Fas-i nduced apopt §§L.S +iL.S+a Lgger.ed . Vi .aCtd. ' of
caspase-8. This provi dg‘gbt ﬁg§gag?:§1p%¥:hg g@eﬁl\ébsg’s}é%%as}gla?l}{%g? reen
conpound$ f osulphokitdeonDME02( SibmacHepape2&StHditat ed vapeptldling! petduiay .

consi st ng O RREeRea0TPaFgha RruFesfoder GO0 48 CemelsbrueCti oo BR.
No. 10099- 141dhen 288k kadhyt agl deea( ShoERoMOweS1753ke F8cseklcs are
harvested in | og phase
addition to the cell assay plate.
100pl of the cell suspension (2x10° cells) is

10 added to each well of a sterile 96-well round-bottomed
cluster plate (Costar No. 3790}. 50pl of compound
solution at the appropriate dilution and 50pl of anti-Fas

*antibody, c¢lone CH-~11l (Kamiya No.MC-060) at'a final
concentration of 10ng/ml, are added to the wells.

15 Control wells are set up minus antibody and minus
compound but with a serial dilution of DMSO as vehicle
control. The plates are incubated for 16-18hrs at 37°C
in 5% CO; and 95% humidity.

Apoptosis of the cells is measured by the

20 quantitation of DNA fragmentation using a ‘Cell Death
Detection Assay’ from Boehringer-Mannheim, No. 1544 675.
After incubation for 16-18hrs the assay plates are
centrifuged at 100xg at room temperature for 5 minutes.
150nl1 of the supernatant are removed and replaced by

25 150nl of fresh complete medium. The cells are then
harvested and 200pl of the lysis buffer supplied in the
assay kit are added to each well. The cells are
triturated to ensure complete lysis and incubated for 30
minutes at 4°C. The plates are then centrifuged at

30 1900xg for 10 minutes and the supernatants diluted 1:20
in the incubation buffer provided. 100pl of this

solution is then assayed exactly according to the

manufacturer’s instructions supplied with the kit. ODgpsnm




of gr»odmhh.ﬁ-._.';b&om Cells at 5-8x105 cells/nl are transferred to sterile 50m _
Fal con” CERETIFuge tubes and centrifuged for 5 mnutes at 100xg 28 APRERs  USOOC
tenperature. 30 The supernatant is renoved and the conbined cell pellets 2

8 APR 2004 WO 01/42216 PCT/ USOQ 33260 resuspended in 25nl of conplete

medium The cells are counted and the density adjusted to 2xl G6cells/m

with conplete nmedium The test conpound is dFFf8sol ved in dinethyl 5

sul phoxi de (DVSO) (Sigma No. D-2650) to give a-100nmM stock solution. This

is diluted to 400pMig meesilréd @ o mdhiites 4fRR Sefidldy oF kHtediidl a 96-wel |
plate pri®r to addition to the cell assa ate._ 100pl of the cell

suspensi oR (2x106 ceﬂ“h’ﬁr‘?rse %%EBESTW%%§HHM4aﬁ Teadegy | fPIREMlAR|

round- bot tened cl usieeticptnl e cpCRamais NLot3420¥er fiP|catfpoaaapound  sol ution

at the appropriate dilution and 50}x1 of_ anti-Fas _antibod clope CH-11

(Kani ya No. MC- 060) ﬁmﬁeﬁ’ﬁﬁﬁlor’cﬁée&ﬁ? ForrBFeF ohgY ntbe é)légpﬁ Y F¥F t he

wel l's. 15 Controb weallsulstedsesing thausiraet Ebothingndograns SoRMeu Baobut

with a serial diluti %\748 i.cl.e nt t ol h e, r

i ncubated for 16- 18&8@1%“ Cgeiggc%gjo]ﬁi‘ngnggﬁéﬁ‘ﬁuﬁg %fnjg/gg%p%ipt?(? |t%°8f t he
cells is neasured by the 20 Trkde id2ashows ofheDigashingnehttis actdvivy of
"Cell Death Detect i@l ASSAY ARxBaghiLpger s Mannhel pé

After incubation for 1%- 18-h)r6§mg>he asg*%;tlg?gt%% are%%cg%t ???uged%éltgz%sxg at
room t enper at ure foPPSP¥RSHF @8§38Y150pl of the supernatant are renoved and
repl aced by 25 4p0ul of fresh conplete nmedium The cells are then

harvested and 200}xj,of the |ysis hulfer gupplied jg the .o o0y

Compound Number ICsy (1M)
1A-3 0.21
1la-4 0.65
1B-1 ¢.14
ic-1 | 0.06
iC-11 0.02
1D-1 ' .02
1E-1 . 0.07
i1F-3 0.03
1G~-1 0.02

AMENDED SHEET




assay kit are added to each well. The cells are triturated to ensure

conmpl ete lysis and incubated for 30 mnutes at 4C. The pl at es 74 BPR
centrifuged at 30 1900xg for 10 m nutes and the supernatants diluted 1:20
in the incubation buffer provided. 100}x1 of this solution is then assayed
exactly according to the nmanufacturer's instructions supplied wth the
kit. OD905nm O -/r U -1 %81 - 21 0 01 2,4 2 8 APR 2004 LJSOO: -72 :z -6
is measured 20 m nutes after addition of the final substrate in a
SPECTRAmax Pl us plate reader (Ml ecular Devices) OD.Lmsnmis plotted
versus conpound concentration and the Gy values f or the conpounds are S
cal cul ated using the curve fitting programmSOFTmax Pro (Mol ecul ar Devi ces)
using the four paraneter fit option. Table 12 ahows the results of the

activity of selected conmpoungsfuridics ignemdmmula tije: FAS i nduced
apoptosis assay. 20 Table 12. Activity in FAS i nduced Apoptosis Assay
Compound NunberI C.SD (1,M [|A-30.21 1A-40.65 1B-10.14 1C10.06 I C 110.02

10-10.02 I E-10.07 >
£,&1 o R
A 1
STI/)G\[)&N/;‘/R
H
0 B3 O

where R' is hydrogen, CN, CHN;, R, or -CHY;

R is an aliphatic group, a substituted aliphatic group,
an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic
heterocyclic group;

Y is an electronegative leaving group or -OR, -SR,
-0C=0(R}, or -OPO(R®) (R%);

R® and R? are independently selected from R or OR;

R? is CO.H, CH,CO,H, or esters, amides or isosteres
thereof;

R® is hydrogen or a C;.¢ straight chained or branched
alkyl;

Ring A contains zero to two double bonds, and is
optionally fused to a saturated or unsaturated five to
seven membered ring contalning zero to three
heteroatoms;

X, and X, in Ring A are independently selected from
nitrogen or carbon, and X, is selected from a valence
bond, oxygen, sulfur, nitrogen or carbon, wherein any X
with suitable valence may bear a substituent;

each carbon with suitable valence in Ring A, including

the fused ring if present, is independently substituted

by hydrogen, halo, R, OR, SR, OH, NO,, CN, NH;, NHR,




| F-30. 03 10-10.02 AMENDED SHEET 7 8 APR 2004 -73- CLAIMS 1. A conpound of
the formula (1): 1 1 where RL is hydrogen, CN, CHN2, R or -CH2Y; Ris an

al i phatic group, a substituted aliphatic group, an aryl group, 7g APR 2004
substituted aryl group, an aral kyl group, a substituted aral kyl group, a
non-aromati ¢ heterocyclic group or a substituted non-aromatic

het erocyclic group; Y is an electronega%g e leaving group or -OR, -SR
-0C=0 (R) , or -OPO (R$) (R9) ; R8 and are independently selected fromR
or OR R2 is CO2H, CH2CO2H, or esters, am des or isosteres thereof; R3 is

Paro o tvo dotbifd spoNaEeran EPEREY  hurERRE T F Ll b o iy
unsaturated five,th0 corvenonerberes (kR)Ng cont.A NigGrLer @ (09 ’,hiseeNHR,

heteroatons; X1 and X3 in Ring A are independently selected from nitrogen
or carbon, andN¥8 {03:Bel e€t edShr sHiHRvaFdNBe, HorfeR, oxyBORsul fur,

Subst 't Uent ;  oaaATSS Bon b FRCL 12hI @l ence i n R ng A 1 ncluding the
fused ring iéapnesebpititotabliepeitesyéy smbsihgubedls substituted by
hvdrogen, R, COR, S{0O):R, or COR;
provided that when X; is a carbon, a substituent on X; is
attached by an atom other than nitrogen;
provided that at least one X in Ring A is a nitrogen; and
further provided that:
(i} when R? is COOH, X, is CH,, and R' is CH,;Y, then Y
is not -0OC(=0)R;
{ii) when R? is COOH, X, is CH, R® is H, and R’ is R,
the R is not -CH,-NHSO;- (alkyl) or -CH;-NHSO,- (cycloalkyl).

2. The compound of claim 1 where R® is CO.H or

an ester, amide or carboxylic acid isoster.

3. The compound of claim 2 where R' is CH,Y and

Y is F, OR, SR,or -0C=0(R).

4. The compound of claim 3 where R’ is hydrogen

or Ci.3 alky:t. .

5. A compound of formula IA:

HS
R® N R4O R2
I ’
o R O

IA

where R! is hydrogen, CN, CHN,, R, -CH,Y;




by hydrogen, halo, R OR SR, OH NO2, CN, NH2, NHR, 28 APR 20 -74 N (R 2,
NHCOR, NHCONHR, NHCON (R) 2, NRCOR, NHCO2R, C02R, CO2H, COR, CONHR, CON
(R.2, S(O 2R SONH2, S (0) R SO02NHR, NHS(0)2R, =0, =S, =NNg APRIHIR2I
=N- OR, =NNHCOR, =NNHCO2R, =NNHSC2R, or =NR; each substitutable nitrogen in
Ring Ais substituted by hydrogen, R COR S(0)2R, or CO2R; provided that
when X3 is a carbon, a substituent on X3 Es attached by an atom ot her than
nitrogen; provided that at |east one X TR Ri ng Ais a nitrogen; and

further provided that: (i) when R2 is COOH, X2 is CH2, and Rl is CH2Y, then

i SOz R, (ii;),when R2 i's OOOH  X2.is CH R3 is H_and Rl is R
The & ot ot R Sy Busbnflip Beokd, g bukigssie e andarprie SodSine”

conpound of cl aiindryihej ol i s &SR Diutad £SFEIgram dea®raearpexylic acid
isoster. 3. The conpound of claim2 where Rl is CH2Y and Y is F, OR SR or
-OC=QR). 4. THREQEhWpGUrRTt t1eled Ruhdnel RBrowp hyalregferer@patGlc 3 al kyl .

5 APR 2004 - 75 1L TSIt o S St ke RS oroup, an-
aryl group, a sidasdrddiiexi argpogs oup, an aral kyl group, a substituted
aral kyl group, .a non-aromatic heterocyclic group or a substituted
non-aronmati cY 1s an electronegative leaving group, -OR, -SR,
-0C=0(R},or -OPO(R®) (R%);
R® and R’ are each independently selected from R or OR;
R? is CO,H, CH,CO.H, or egsters, amides or isosteres
thereof;
R’ is hydrogen or a C;.; straight chained or branched
alkyl;
each of R*-R® is independently selected from hydrogen,
halo, R, OR, SR, aryl, substituted aryl, OH, NO., CN,
NH,, NHR, N(R},, NHCOR, NHCONHR, NHCON(R),, NRCOR,
NHCO,R, CO.R, CO,H, COR, CONHR, CON{R);, S{0),R, SONH,,
S{O)R, SO,NHR, cr NHS(O).,R; and
R’ is selected from hydrogen, halo, R, OR, SR, aryl,
substituted aryl, OH, CN, CO,R, COH, COR, CONHR,

CON(R),, S({O):R, SONH;, S(O}R, or SO,;NHR.

6. The compound of claim 5 where R! is CH,Y and
Y is F, -OR, -SR, or -0OC=0(R); R® is CO;H or esters,
amides or isosteres thereof; R?> is hydrogen or C,.; alkyl,
each of R*-R® is irdependently selected from hydrogen, R,
phenyl or substituted phenyl; and R’ is hydrogen, R,
phenyl or substituted phenyl.

7. A compound of formula IB:




het erocyclic group; Y is an el ectronegative |eaving group, -OR -SR -0OC=0
(RN, or -OPO (R8) (R9) ; R8 and RO are each independently selected fromR
or ORy, "R2 is CO2H, CH2CO2H, or esters, am des or isosteres QWUPS is
hydrogen or a Cl_6 straight chained or branched alkyl; each of

i ndependently selected from hydrogen, halo, R OR SR aryl, substituted
aryl, OH NO2, CN, NH2, NHR N(R)2r C§R NHCONHR, NHCON( R) 2, NRCOR,
NHCCQR C2R, CQ02H, COR, CONHR, CON(R) 2, (0)2R SONH21 S(O R, SO02NHR, or
NHS(0) 2R, and R is selected from hydrogen, halo, R, OR SR, aryl,
substituted aryl, OH CN, CO2R, COX2H, (COR, CONHR, CON(R) 2, S(O)ZR, SONH2,
S(OR, or SOZNHR 6. The conpound of Im5 where RL is CH2Y and Y is F,
-OR, -SR, or -OC=Q(R); R2 is COz brs, apfdes or isosteres thereof;
R3 is hydrogen or Cl1_3 al kyl, IGF R4- ifs i ndependently selected from
hydrogen, R, phenyl or substitutee 'is hydrogen, R phenyl
or substituted phenyl. 7. A conﬁbund of lalllB: 2 8 APR 2004 -76 IB
where R is hydrogen, CN, CH\2, R, oFf - Y R Ps an aliphatic group, a
substituted aliphatic group, an aryl gregp, a substituted aryl group, an
aral kyl group, a substituted aral kyl group, a non-aromatic heterocyclic
group or a swhsetétRtdd rmniraxgenst N, [(8Ner oRycbi c-GHSUP;

R is an aliphatic group, a substituted aliphatic group,

an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic
heterocyclic group;

Y is an electronegative leaving group or -OR, -8R,
-0C=0{R), or -OPO(R®) (R%);

R® and R’ are each independently selected from R or OR;

R? is CO,H, CH,CO,H, or esters, amides or isosteres
thereof;

R® is hydrogen or a C;.¢ straight chained or branched
alkyl; |

R® is selected from hydrogen, halo, R, OR, SR, aryl,
substituted aryl, OH, NO,, CN, NH;, NHR, N(R);, NHCOR,
NHCONHR, NHCON({R),, NRCOR, NHCO;R, CO;R, CO.H, COR,
CONHR, CON(R)>, S(0)3R, SONH:, S(O}R, SO;NHR, or
NHS (O):R; and

R’ is selected from hydrogen, halo, R, OR, SR, aryl,
substituted aryl, OH, CN, CO;R, CO;H, COR, CONHR,
CON(R)2, S(0O)2R, SONH,, S{O)R, or SO;NHR.

8. The compound of claim 7 where R' is CH,Y and
Y is F, -OR, -8R, or -0C=0(R); R? is CO,H or esters,
amides or isosters thereof; and R’ is hydrogen or C,.,

alkyl, R® and R’ are each hydrogen.



Y is an el ectronegative leaving group or -OR, -SR -0OC=0O (R) , or CPO
(R8) (RO) ; R8 and R9 are each independently selected fromR or OR

CO2H, CH2CO2H, or esters, amides or isosteres thereof; R3 is hi{ﬁrﬁd’@éﬁﬂior a
Cl_6 straight chained or branched alkyl; R6 is select ed from hydr ogen,
halo, R, OR, SR, aryl, substituted aryl, OH NO2, CN, NH2, NHR N(R) 2,
NHCOR,  NHCONHR, NHCON (R 2, NRCOR NHC?;R C02R, QO2H, CCR CONHR,

CON(R) 2, S(0)2R, SONH2, S(O)R S02NHR NHS(O) 2R, and R7 is selected
from hydrogen, halo, R OR SR aryl, substituted aryl, OH CN, CO2R
CO2H, COR, CONHR, CON_ (R = é‘% 2R O\|H2 S EO) R, or SO02NHR. 8. The
conpound of claim 7 whére ﬁ PEPEESY Qhd OrVu;Lg FCOR -SR or -0C=Q(R):

R2 is CO2H or esters, anides or isosters thereof; and R3 is hydrogen or
Cl 3 alkyl, R6 and R7 are each hydro en. 20 APR 2004 -77 9. A conpound of
formula IC R3 1Cwhere R is hydrogen, CN, CHN2, R, or -CH2Y; Ris an
aliphatic group, a substituted aljphgticpdroup, gzan aryl group, a

substituted aryl group, an aral gtzgﬁp Oa s bstltut ed aral kyl group, a
ubsli t U edghon-aronati c

non-aronatic heterocyclic group
het erocyclic group; Y is an el ect ongatlveﬂI ea\fi ng group or -OR, -SR
-0C=O0 (R) , or -OPO (Re) (R9) ; o R 0

IC

where R' is hydrogen, CN, CHN,, R, or -CH,Y;

R is an aliphatic group, a substituted aliphatic group,
an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic
heterocyclic group;

Y ig an electronegative leaving group or -OR, -SR,
-0C=0(R), or -OPO(R®) (R%);

R® and R® are independently selected from R or OR;

R? is CO,H, CH,CO,H, or esters, amides or isosteres
thereotf;

R?® is hydrogen or a C:;.¢ straight chained or branched
alkyl;

X, is selected from a valence bond, oxygen, sulfur,
nitrogen or carbon;

R* and R® are each independently selected from hydrogen,
halo, R, OR, SR, aryl, substituted aryl, OH, NO;, CN,
NH,, NHR, N({(R),, NHCOR, NHCONHR, NHCON{R},, NRCCR,
NHCO,R, CO,R, CO,H, COR, CONHR, CON(R}:, S(O});R, SONH;,
S{0O)})R, SO;NHR, NHS(Q),;R, =0, =S, =NNHR, =NNR,, =N-CR,
=NNHCCR, =NNHCO:R, =NNHSO;R, or =NR;

provided that:

(i) when R? is COOH, X, is CH, and R' is CH;Y, then Y
is not -0OC(=0)}R;
(ii) when R? is COOH, X, is CH, R® is H, and R' is R,



R8 and R9 are independently selected fromR or OR R2 is CO2H, CH2CO2H, or

esters, amdes or isosteres thereof; R3 is hydrogen or a Cl-6 m dgﬂbl'
chai.ned or branched alkyl; X2 is sel ected froma val ence bond, 8‘5

sul fur, nitrogen or carbon; R4 and R5 are each independently sel ected from
hydrogen, halo, R OR, SR, aryl, substituted aryl, OH NO2, CN, NH2, NHR
N(R) 2, NHCOR, NHCONHR, NHCON (R) 2r RCO& NHCO2R, CO2R, CO2H, COR, CONHR,
CC]\I(R)Z S(0) 2R, SONH2, S(O R, S02NHR IQS(O)ZR, =0, =S, =NNHR, =NNR2,

=N- OR, =NNHCOR, =NNHCO2R, =NNHSOQ2R, or =NR;, provided that: (i) when R2 is

GO, X2 15 GH° o 4 A9 and R PO R SDUT R ook P Ced R -
- - CH2- NHS02-  (al kyl ) or - CH2- NHSQ2- (cycl oal kyl) . 10. The conpound of

claim9 where RLis CH2ZY and Yis F, -OR -SR or -OC=QQ(R),; R2 is CO2H or
esters, amides or isostlers HriterawioouRal i W@ﬂ@g@n@e@l% abk¢gH:Y R4 is

hydrogen and ro i t en QI’ 11. Acorrpound
of formula IBn%,‘i@H 'S vﬁer%ﬂl%hyffog d’é%q E«E)b%%

al i phatic grawides $4bsidddtteat alHgpwaifi;C 1@ @gphydaagahybrgcwpallayl
substituted agyl group, an aral k%L grou a substituted aral kyl group, a
non- aronatlcR is "hydrogen; and is hy rogen when X; is nitrdgen or

carbon.

11. A compound of formula ID:

Q,H4O HZ
R?,NTN\l)LNJ:’rFﬂ
o R H 0o
ID

where R' is hydrogen, CN, CHN,, R, -CH,Y;

R is an aliphatic group, a substituted aliphatic group,
an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-arocmatic
heterocyclic group;

Y is an electronegative leaving group or -OR, -8R,
-0C=0(R), or -OPO(R?®) (R®);

R® and R® are independently selected from R or OR;

R? is CO,H, CH,CO,H, or esters, amides or isosteres
thereof;

R® is hydrogen or a Cj;.¢ straight chained or branched
alkyl;

R* is independently selected from hydrogen, halo, R, OR,
SR, aryl, substituted aryl, OH, NO,, CN, NH,, NHR,

N(R);, NHCOR, NHCONHR, NHCON({(R),, NRCOR, NHCOzR, COiR,




het erocyclic group or a substituted non-aromatic heterocyclic group; Y is
an el ectronegative leaving group or -OR, -SR, -0C=0 (R) , or -0OPO (R8)
(R9) ; R8 and R9 are independently selected fromR or OR R2 is ©FAfR 2004
CH2CO2H, or esters, am des or isosteres thereof; R3 is hydrogen or a Cl-6
straight chained or branched alkyl; R4 is independently selected from
hydrogen, halo, R OR, SR aryl, substl ted aryl, OH N2, CN, NH2, NHR
N(R) 2, NHCOR, NHCONHR, NHCON(R) 2, NRCCR HCO2R, CDZR 2 8 APR 21 D4 -79
C2H, COR, CONHR, CON (R) 2, S (O 2R SO\|H2 S(O) R, SO02NHR, or

NHS(0) 2R, R7 i | ected fr hy n, gtltuted
WSOIZ K 3eR OEhg CLARYARIST, RS B SRa o

SO2NHR.  12. Th%rcqmgp(tquof claim1l vvhere Rl is CHY and Yis F, -OR
-SR, or -OC=QR); R2 is C2H or esters, amides or isosters thereof; R3 is

hydrogen or & 335 aﬁd&ﬁc’ced?zlflfcgﬂ H%dimﬁman?@ﬁh? i%, R k§R. asylA corrpound
of formula IE CH 2 is an
al i phatic grouﬁu Sbett I%luatré’&' ‘al | :@E cc%#zgup,y%z%h %?19_' &(9135\5 a

substituted aryloNgmoup, sao) ak al SoMH, Jroup.r a2 Gubst htiat, ed aral kyl group, a
non-aromati ¢ heterocyclic group or a substituted non-aromatic

het erocyclic group; Y is an el ectronegative |eaving group or -OR -SR,
12. The compound cf claim 11 where R' is CH.Y

and ¥ is F, -OR, -SR, or -0C=0(R); R® is CO,H or esters,
amides or isosters thereof; R® is hydrogen or C;.; alkyl;

R* is hydrogen and R’ is aralkyl.

13. A compound of formula IE:

RS
!

X,. _R* R?
Y 9 ,
N\T,H\N R

3 H 0

IE

where R' is hydrogen, CN, CHN,, R, -CH,Y;

R is an aliphatic group, a substituted aliphatic group,
an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic
heterocyclic group;

Y is an electronegative leaving group or -OR, -SR,
-0C=0(R), oxr -OPO(R®) (R%);

R® and R® are independently selected from R or OR;

R? is CO,H, CH,CO,H, or esters or isosteres thereof;

R® is hydrogen or a C, 4 straight chained or branched
alkyl;

X, is selected from a valence bond, oxygen, sulfur,

nitrogen or carbon;



-O0C=O0(R) , or -OPO (Re) (R9) ; R8 and R9 are independently selected fromR
or OR R2 is CO2H, CH2CO2H, or esters or isosteres thereof; R3 is
hydrogen or a Cl1_6 straight chained or branched alkyl; X2 is sel g§ AR IBiom
a val ence bond, oxygen, sulfur, nitrogen or carbon; 2 8 APR 2004 -80 R4
and R5 are each independently selected from hydrogen, halo, R OR SR
aryl, substituted aryl, OH N2, CN, NH2, NHR, N(R)2, NHCOR, NHCONHR,
NHCC]\I( R) 2, NRCOR, NHCOZR C02R, CO2H, COBQO CONHR, CON(R)2, S(O 2R, SONH2r
S(OR, SO02NHR, or NHS(O 2R, and the fused ring is an aromatic or

non-aromati c het erocycl i c ring. 14. The conpound of claim 13 where R is
CH2Y and Yis F, -OR -0C=O0(R) , R is C2H and esters, am des or

i sosters thegeof, R %ﬁ%ﬁfﬁ%&y&emﬁﬂ dhe ~ddsed- 4 r}g/drns.i)&ul{nldvgf or

si x nmenbered heterocyc e ring Heteroatom 15. A“co

formula I|F: N I[HFERlahet.e 03, |$Rhyai:r30?gensul@\titﬁlﬂli\@i eR;yb,r GIG-lmOz,Rst an
al i phatic group,_ a substi tl}{éed al i hati C 8roup ? i g?
substituted ar 2gr§§5 HiRdeal N?F RngHS N%Rsu%}s'??w GReer BT group, a

non-aromatic hei®i,RCYebLR, 9EOUP, QFomR, StEH ! Wad on- & @18ki Csony,,
heterocyclic group;” Y is an el ectronegative |eaving group or -OR -SR
-0C=0 (R) , or S(@P@.( RB):NHR9) oxr NHS (0)};R; and

the fused ring is an aromatic or non-aromatic

heterocyclic ring.

» 14. The compound of claim 13 where R' is CH,Y
and Y is F, -OR, -SR, -0OC=0(R), R? is CO,H and esters,
amides or isosters thereof, R’ is H or C;.; alkyl, and the
fused ring is a five or gix membered heterocycle having

one ring heterocatom.

15. A compound of formula IF:

R* =Y

. o)
R1
N\HLN
o R H 0
IF

where R' is hydrogen, CN, CHN,, R, or -CH;Y;

R is an aliphatic group, a substituted aliphatic group,
an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic
heterocyclic group;

Y is an electronegative leaving group or -OR, -8R,
-0C=0(R), or -OPO(R®) (R%);

R® and R’ are independently selected from R or OR;

R? is CO,H, CH,CO.H, or esters, amides or isosteres

thereof;



Re and R9 are independently selected fromR or OR R2 is CO2H, CH2CO2H, or
esters, amdes or isosteres thereof; 2 8 APR 2004 -81 R3 is hydr a
Cl 6 straight chained or branched alkyl; and R4 is independentl)zcggm@p%d
from hydrogen, halo, R OR, SR aryl, substituted aryl, OH NO2, CN, NH2,
NHR, N(R)2, NHCOR, NHCONHR, NHCON(R)2i NRCOR, NHCO2R, CO2R, CO2H, COR,
CONHR, CON(R)2, S(O 2R SONH2, S(OQR, SOZNHR, or NHS(O 2R 16. The
conmpound of claim 15 where R1 is CH2Y and-y is F, -OR -SR, or -OC=Q(R);

R2 is CO2H or esters, arri des or isosters thereof; R3 is hydrogen or Cl_3
al kyl;  and R4 IS H2_or ound f or. | G wher e
RL is hydrogén, *oNY ‘éﬂf@enRoro? Canggrﬁlg aﬁgﬁflflﬁﬂa??f?bﬁ}mgg?d
substituted al |g)h@§,t1p AhQuUp, an aryl group, a substituted aryl group, an
aral kyl group, a substituted aral kyl group, a non-aromatic heterocyclic

group or a subsidtis 8RAeRt D éé@ec‘ﬂ@&lef%ﬁﬁc 8r8§8HP; h¥1bs AN OR,
&b gr oup g? - CX:Y ?2 or CPO(Re) (R9) ;

el ectronegati ve | eavin ‘%Qb
R8 and RO are iHe p%ﬂﬂﬂnt?‘&b%té}@&%‘a ?’ﬂb%n FBr ¥R z |I‘§{2€D§ﬁ 'CH2CO2H, or
esters, am des M(R)i.SOMEIORS NHINRH,, NRITANS(R)L(r Wgeoror NACGIRS SbJR ght

chai ned or brarkc&%q COR, CONHR, CON{R),, S(O).R, SONH,, S(O)R, SO,NHR,
or NHS({O):R.

16. The compound of claim 15 where R' is CH;Y
and Y is F, -OR, -SR, or -0C=0(R); R® is CO,H or esters,
amides or isosters thereof; R? is hydrogen or C,.; alkyl;

and R* is H, or =0.

17. A compound of formula IG:

By

where R! is hydrogen, CN, CHN,, R, or -CH.Y;

R is an aliphatic group, a substituted aliphatic group,
an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted ﬁon-aromatic
heterocyclic group;

Y is an electronegative leaving group or -OR, -SR,
-0C=0(R), or -OPO(R") (R®);

R® and R® are independently selected from R or OR;

R? is CO,H, CH,CO.H, or esters, amides or isosteres

therecf;

R? is hydrogen or a C;.¢ straight chained or branched

alkyl;




al kyl; 2 8 APR 2004 -82 each of R4 and R6 is independently selected from
halo, R, OR, SR aryl, substituted aryl, OH NC2,. CN,28NPR 2004
NHR,, N(R) 2, NRCOR, NHCONHR, NHCON(R)2, NRCOR,

hydr ogen,

CONHR, CON(R)2, S(O) 2R SONH2, S(OR, S02NHR or NHS(0)2R and R7 is

sel ected from hydrogen, halo, R, OR, SR aryl, substituted aryl, OH CN,
C2l, CO2H, COR CONHR, CON(R 2, S(O2R,.SONH2, S(O R, or SO02NHR_ 18. The
conmpound of claim 17 where R is CH2Y and Y is F, -OR -SR or -OC=QR);
R2 is CO2H or esters, anmdes or isosters thereof; R3 is hydrogen or Cl-3
al kyl; and R4
those |isted

&a5n 8 01 2Faoosi 4 6 ROV O TRRY o 4 RERER) PR R 0B 7

| A- 1ICH2FCO2HHHHKD 4A- R2CHRFCOR=I MetiHHHs|1A=3CHRECQ2akyeHHE, NO,, CN,

1A- ACH2FCO2HHHHPhH 1A- 5CH2FC023HH

-83 Table 2

NH,, NHR, N{(R),, NHCOR, NHCONHR, NHCON(R),, NRCOR,
NHCO,R, CO;R, CO,H, COR, CONHR, CON(R}., S{O}R, SONH,
S{O)R, SO;NHR, or NHS(0O};R; and

is selected frcom hydrogen, halo, R, OR, SR, aryl,
substituted aryl, OH, CN, CO;R, CO,H, COR, CONHR,
CON(R)2, S({0)2R, SONH;, S(O)R, or SO,NHR.

18. The compound of claim 17 where R is CHY

and Y ig F, -OR, -SR, or -0C=0(R); R® is CO;H or esters,

amides or isosters thereof; R® is hydrogen or Ci;.; alkyl;

and R*, R® and R’ are each hydrogen.

19. A compound selected from those listed in

any of Tables 1-6 below:

Table 1

R® R’
H H
H H
H H
Ph H
Ph
Ph

NHCO2R, CO2R, CO2H, COR

Ph 1A- 6CH2FCO2HHEt HHPh 5 2 8 APR 7044




| B 5 Nunmber RLRR3R6R7 | B- 1CH2FCO2HVEHH 1B- 2CH2FCO2HHHH Table 3 I C 10 Bond
No. R RRR3R4ARSX20r der X2 -CR4 1C 1CH2FCO2HHHHCDoubl e 1C- 2CH2FCO2HMeHHCDoubl e
1C- 3CH2FCO2HHH- NDoubl e 1C- 4CH2FCO2HHH2H2CSi ngl e 1C- 5CH2CAr CDZHNEEIIﬂcmme
1C 6CH2FCO2HVEH- NDoubl e 1C- 7CH20Ar CO2HVeH- NDoubl e 1C- 8CH2FCO2HEt H- NDoubl e
1C 9CH2FCO2HEt H- NDoubl e 2 8 APR 2004 -84 Bond No. Rl p2R3R4AR5X20rder X2 - CR4
1C 10CH2FCQ2Hi Pr H- NDoubl e | G 11CH2FCO2HPr 5 NDoubl e 1C- 12HCO2HEt H- NDoubl e
Table 4 5 ID [ No. RIR2ZR3R4R7 1D 1CH2FCORFA 3 ~Pr H23- CI PhCH2

Table 2
6 2
R | N o R
N R!
) j)LﬁJ;r
o R 0
IB
5
Number Rr* R® R’ R® 7
1B-1 CH,F CO.H Me" H H
1B-2 CH,F CO.H H H H

Bond

order

o
'S
el
n
e
[ ]

X?-CRr*

Double

Double

Double

Single

Double

Double

Double

Double

o
2 2 2 @l ol o 2 o] o

| | m| @y oW
!

Double




10 Table 5 I E No. Het erocycl eR3BRAR5X2Bond order X2- CR4
| E- 1Thi ophene[ 2, 3-d] ' HH- Ndoubl e | E- 2Pyri di ne[ 4, 3- d] HHHCdoubl e 28 APR 2004
-85 Table 6 I F No. RLR2ZR3R4 | F- 1CH2FCO2HHH2 | F- 2CH2FCO2HMVE=0 7 8 APR 2004
| F- 3SCH2ZFCO2HMeH2 20. A pharnmaceutical conposition conprising: a) a
conmpound according to any one of clains 1-19; and b) a pharmaceutically
acceptabl e carrier, adjuvant or vehicle. ,21. Use of a conpound accordi ng
to any one of clains 1-19 in the manuf alfure of a nmedicament for treati ng
or preventing a disease selected froman IL-1 nediated di sease, an
apopt osi s negiatedgi-sease,—an-—+-nf-arrat-pry-—ti-sease—anrattot-mydn a
di sease, a destructive bone disorlder, a proliferative dj sorder °n
infectious d| sgase,| a gegener atti vg digease, atdi Sease
death, an exgess digetary alcohol Jintake fisease, a viral nediated, di sedse,
retinal disprders,| uveitis, inflammtory|peritonitis, [osteoar{h¥it¢E,

pancreatiti s —asthfen-—atht-i 4 e
gl oner ul onephtFeits, | tHedumad 68 ar syStettic Tupus efyt heRRWRIR,

scl er oder ma, [TEIR@NT & IAYT OCBLETS,| Gpve F diggeage, aul of Ne | pouble

1C-12 | H CO.H Et H - N Double

sogt at ed owigkh cel |

Table 4

No. R? R? Rr3? R* R’

1D-1 CH,F COzH iPr | H; 3-ClPhCH;

i0 Table 5

RS
]
X, _R? R?
2\r 0O
N R
N
R H o
IE
Bond order
No. Heterocycle R | R* | R° | %, X?-Ccr?
IE-1 | Thiophene[2,3-d] | H H - N double
IE-2 Pyridine [4,3-d] H H H C double




gastritis, diabetes, autoi mune henol ytic anem a, autoi nmune neutropeni a,
t hronbocyt openi a, chronic active hepatitis, nyasthenia gravis,

i nfl.ammatory bowel 2 0 APR 2004 -86 di sease, Crohn's disease, pso?ﬁé@ﬂgmk
atopic dermatitis, scarring, graft vs host di sease, organ transpl ant
rejection, organ apoptosis after burn injury, osteoporosis, |eukem as and
rel ated di sorders, nyel odysplastic synd% me, nmultiple nyelona-rel ated bone
di sorder, acute nyel ogenous | eukenm a, chronic nyel ogenous | eukeni a,

met astati c nmel anoma, Kaposi's sarcoma, nultiple nyeloma, haenorrhagic
shock, sepsis,_ ,septic shock, burns, Shigellosis, Al zheiner's disease,

Par ki nson' s gﬁﬁ%&s@, Huntington's di sease, Kennedy's di sease, prion

di sease, cerebral ischem a, epil epsy, nyﬁcardiahgischenia, acute and

chronic heart disease, nyocardia tion, ¢congestive heart failure,
3 aftl,_ spi nal nuscul ar -atrophy,

at heroscl erosis, coronary arterl |
anmyotrophic I|ateral sclerosis, tiPl eYsci®royis, H V-rel ated

encephal itis, aging, alopecia, neurol®@gi &l %anﬁge due to stroke,

ul cerative colitis, traumatic brain injugy, spinal chord injury,
hepatitis-B, hepatitis-C, hepatitis-G Yyellow fever, dengue fever, or
Japanese encephalitis, various forns of |iver disease, renal disease,

pol ycystic kidney disease,.H—pylori-associate gastric—and—dusdenal—ul cer
di sease, HI M inf#ction,| tub&wculosis, oR’neningitiskin a patie’ 22.| The
use accor di Ng—t-o—etair-2-l—her-e—t-hHe—=di-sease—Hs—ah—apopt-osi-s—Reaate
di sease, an |nfldmhtory di‘¥else, fan abkPei mune di séhse, a destcti Ve
bone di sordeT g POl eragye di Sordepg gn [ nfectTgos )

IF-3 CH,F CO-H Me H,

F PSR ey nodi At o

20. A pharmaceutical composition comprising:
a) a compound according to any one of claims 1-1%9; and b)
a pharmaceutically acceptable carrier, adjuvant or

vehicle.

21. Use of a compound according to any one Qf
claims 1-19 in the manufacture of a medicament for
treating or preventing a disease selected from an IL-1
mediated disease, an apoptosis mediated disease, an

9 inflammatory disease, an autoimmune disease, a
destructive bone disorder, a proliferative disorder, an
infectious disease, a degenerative disease, a disease
associated with cell death, an excess dietary alcohol
intake disease, a viral mediated disease, retinal
disorders, uveitisg, inflammatory peritonitis,
ostecarthritis, pancreatitis, asthma, adult respiratory
distress syndrome, glomerulonephritis, rheumatoid
arthritis, systemic lupus erythematosus, scleroderma,
chronic thyroiditis, Grave’s disease, autoimmune
gastritis, diabetes, autoimmune hemolytic anemia,

autoimmune neutropenia, thrombocytopenia, chronic active

hepatitis, myasthenia gravis, inflammatory bowel




di sease, a degenerative disease, a disease associated wth cell death, an
excess dietary al cohol intake disease, a viral nediated disease, 78 APR 2004
inflammatory peritonitis, glomerulonephritis, diabetes, autoinmune

henol yti ¢ anem a, autoi mmune neutropenia, thronbocytopenia, chronic active
hepatitis, scarring, graft vs host disease, organ transplant rejection,
organ apoptosis after burn injury, osteqporosis, |eukemas and 2 8 APR
2004 -87 rel ated disorders, nyel odyspl astic syndrone, netastatic melanons,
haenorrhagi ¢ shock, sepsis, septic shock, burns, Shigellosis, Al zheiner's
di sease, Parkinson's disease, Huntington's disease, Kennedy's disease,
prion di seasd Se@&eb &IOS ehehisgadsi | Py iaficoaradionia sefemtaitisacut e and
chroni ¢ hear tscdirsa3se, gpadcardi AodfBlddRN. orcgestdigingart failure,

at herosclerosis, coronary artery bypass graft, "spinal nuscul ar atrophy,
amyot r ophi ¢ HEIH&HCTs ¢ [B1E6S SPARHASIH @Id@te s Ind Wk el at ed

encepha! iti s,olsagd@g}ro@]i@pegie@,kemg@rg)lagﬁi Q@Ilgt@rm@_@@et@;, st rokg, .
hepat i o- G VAL ETE o R YRR P ap LS GHA e RSt | &
ki dney di seasiésoriderpylaaniteasyedicateed gadicnikendn] diodena mitedeigadicaaase,
{0 any one of = SEhie: Torasra YL TaAT har LA STt S e, Mg pie & O
i nhi biting amygdpnse- Madneredsbdec ishowki, n sepgdis.emept24 sbsekof tamwsvpound
accor di g t058NYeQ18sqk, GhanBimbrt il sLhe MEMhAGHUS f & ddicament for
decreasing |G For IFNy production in a patient. 25. Use of_ a conpound
accordi ng toPRmf1gaécnf s disease, Kennedy's disease, prion disease,
| cerebral ischemia,epilepsy, myocardial ischemia, acute
and chronic heart disease, myocardial infarction,
congestive heart failure, atherosclerosis, coronary
artery bypass graft, spinal muscular atrophy, amyotrophic
lateral sclerosis, multiple sclerosis, HIV-related
encephalitis, aging, alopecia, neurological damage due to
stroke, ulcerative colitis, traumatic brain injury,
spinal chord injury, hepatitis-B, hepatitis-C,
hepatitis-G, yellcw fever, dengue fever, or Japanese
encephalitis, various forms of liver disease, renal
disease, polycystic kidney disease, H. pylori-associated
gastric and duodenal ulcer disease, HIV infection,

tuberculosis, or meningitis in a patient.

22. The use according to claim 21, where the
disease is an apoptosis mediated disease, an inflammatory
disease, an autoimmune disease, a destructive bone
disorder, a proliferative disorder, an infectious
disease, a degenerative disease, a disease associated
with cell death, an excess dietary alcohol intake
disease, a viral mediated disease, inflammatory
peritonitis, glomerulonephritis, diabetes, autocimmune
hemolytic anemia, autoimmune neutropenia,
thrombocytopenia, chronic active hepatitis, scarring,

graft vs host disease, organ transplant rejection, organ

apoptosis after burn injury, osteoporosis, leukemias and




claims 1-19 in the manufacture of a nedicanment to treat conplications
associ ated with coronary artery bypass grafts. 26. Use of a conpound
according to any one of «clains 1-19 in the manufacture of a nedlcéh%ﬁPR;@+
the preservation of cells, said preservation conprising the step of
bathing the cells in a solution of the conpound or a pharmaceutically
acceptabl e derivative thereof. 2 8 APR 29U 28. Use of a conpound according
to any one of <clains 1-19 in the manufacture of a nedi canent for use as a
conponent of inmunotherapy for the treatnment of cancer. 27. Use of a
conpound according to any one of <clains _1-19 in the manufacture of a

nedi canent f 8elased disgrder§an™edrsyERARSEACE SYNETEMEn PEESECHETAG bl ood

products. 29meIQ%o%%e5h%%m%@%h@?@coghgbﬁ'”%e 5138 s @?%ﬁ%lﬁhbﬁﬁ medi canment s
are for admnlsterln%6 anofher th erapeu i.c agen 30.. A nethod of

preparing a EBKPSundPéLeldprmira flzpefper’ Ry Bse8§ER1P?r§&P&cﬁe§hod
conprising thessheps @untiaytphovi diBgage,akednedyaei dideaiseat iprd oaf
formula 11, éié%%se, cerebral ischemia, epilepsy, myocardial ischemia,
acute and chronic heart disease, myocardial infarction,
congestive heart failure, atherosclerosis, coronary
artery bypass graft, spinal muscular atrophy, amyotrophic
lateral sclerosis, multiple sclerosis, HIV-related
encephalitis, aging, alopecia, neurological damage due to
stroke, traumatic brain injury, spinal chord injury,
hepatitis-B, hepatitis-C, hepatitis-G, wvarious forms of
liver disease, renal disease, polycystic kidney disease,
H. pylori-associated gastric and duodenal ulcer disease,

HIV infection, tuberculosis, or meningitis.

23. Use of a compound according to any one of

claims 1-19 in the manufacture of a medicament for

inhibiting a caspase-mediated function in a patient.

24. Use of a compound according to any one of
claimg 1-19 in the manufacture of a medicament for

decreasing IGIF or IFN-yY production in a patient.

25. Use of a compound according to any one of
claims 1-19 in the manufacture of a medicament to treat
complications associated with coronary artery bypass

grafts.

26. Use of a compound according to any one of
claims 1-19 in the manufacture of a medicament for the
preservation of cells, said preservation comprising the

step of bathing the cells in a solution of the compound

or a pharmaceutically acceptable derivative thereof.




X3TXi OOY Il (b) coupling Il with an am no al cohol or am no ketone of
formula 4 to provide an internmediate of formula 111, 2 8 APR 2004 -89 H?N
rXA-1 x3TX, O ; and (c) converting internmediate Ill to conpound 2§ APR 2004
wherein Y is hydrogen or an organic radical; Zis =0 or OH, Rl is hydrogen,
CN, CHN2, R or -CH2Y; Ris an aliphatic group, a substituted aliphatic
group, an aryl group, a substituted ary ggroup, an aral kyl group, a
substituted aral kyl group, a non-aronmatic heterocyclic group or a
substituted non-aromatic heterocyclic group; Y is an el ectronegative

| eaving group or -OR SR .~..0OC= R) -.OP . )~ d are
i ndependently sel ected 21§r'omuﬁ%:r6?0%; coﬁ?%hgdcagﬁ,(ﬁgllf%g%ﬁ aglyé)g%eros%?

am des or ise3kemes i-tlheigotheRhahs fhydiegenfon amedl cansimaifght wiwaiized or
branched alkyl; Ring A contains zero to two doubl e bonds, and is
optional |y f@8e8ro8natiangrarsd 6F Gr¥at§eatiddPriepevgng Pblood

products.

28. Use of a compound according to any one of
claims 1-19 in the manufacture of a medicament for use as

a component of immunctherapy for the treatment of cancer.

! 29. The useg of any one of claims 21-28
wherein the medicaments are for administering with

another therapeutic agent.

30. A method of preparing a compound of

formula I,
R2
ng o
) A X R’
QT 1 ﬁ
0 K 0

said method comprising the steps of:

{a) providing an acid or acid derivative of formula
IT,
X2
O
(2]
T
0 =5 :
II
(b) coupling I with an amino alcohol or amino

ketone of formula 4 to provide an intermediate of formula

ITI,




seven nenbered ring containing zero to three heteroatons; Xl . and X3 in
Ring A are independently selected from nitrogen or carbon, and X2 J A
sel ected froma val ence bond, oxygen, sulfur, nitrogen or carbon, #ﬁé?%?%
any X wth suitable valence may bear a substituent; each carbon wth
suitable valence in Ring A including the fused ring if present, is

| ndependently substituted by hydrogen, lo, R, OR, SR OH, N2, CN, NH2,
NHR, 2 8 APR 2004 -90 N (R) 2, NHCOR, NHCONHR, NHCON (R) 2, NRCOR, NHCO2R,
C2R, CO2H, COR, CONHR, CON (R) 2, S (0) 2R, SONH2, S (O R, SO2NHR,
NHS(0) 2R, =0, =S, =NNHR, =NNR2, =N-OR, —NNHCCR =NNHCO2R, _~NNHSO02R, or

=NR; each substitutable nitrogen in Ring A js2subst jtute %y hydr ogen, R,
COR, S (0) 2R, or CO2R, p ®Vi ded that when X&x a garbdn, a substituent on
X3 is attached by an at %hher t han nitrdyg r-Brovi ded that
at least one X in Ring, ni trogen. 31. ou:ﬁé of| formula Il A or
1 B: (S)-IIAORSORSOYZN— AOYO(S)-IIB)WneFIin I SZ hydr egen or an
organic radical; R3 is a Cl_6 alkyl group; each substitutable carbon on

the pyrirnidine ring of 1BA or the qui nazéEZne ring of 1IBis

I ndependent | y {c) converting intermediate III to compound I,

wherein Y is hydrogen or an organic radical;

Z is =0 or QH;

R! is hydrogen, CN, CHN;, R, or -CHY;

R is an aliphatic group, a substituted aliphatic group,
an aryl group, a substituted aryl group, an aralkyl
group, a substituted aralkyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic
heterocyclic group;

Y is an electronegative leaving group or -OR, -SR,
-0C=0(R), or -OPO(R") (R%);

R? and R® are independently selected from R or OR;

R? is CO,H, CH,CO;H, or esters, amides or isosteres
thereof;

R® is hydrogen or a C;.¢ straight chained oxr branched
alkyl;

Ring A contains zero to two double bonds, and is
optionally fused to a saturated or unsaturated five to
seven membered ring containing zero to three
heteroatoms;

X, and X; in Ring A are independently selected from
nitrogen or carbon, and X; is selected from a valence
bond, oxygen, sulfur, nitrogen or carbon, wherein any X
with suitable valence may bear a substituent;

each carbon with suitable valence in Ring A, including

the fused ring if present, is independently substituted

by hydrogen, hale, R, OR, SR, OH, NO;, CN, NH, NHR,




substituted by hydrogen, halo, R, OR, SR, OH N2, CN, NH2, NHR N(R) 2,
NHCOR, NHCONHR, NHCON(R) 2, NRCOR, NHCO2R, CO2R, CO2H, COR, CONHR, CON(R) 2,
S(O 2R, SONH2, S(OR, SM2NHR, or NHS(O 2R, and Ris an optionally PR 7004
substituted Cl1.6 al kyl group. 32. The conpound of claim 31 whereinz‘r“\Ja
hydrogen or a Cl_6 al kyl group.

-90-

N(R),, NHCOR, NHCONHR, NHCON(R),, NRCOR, NHCO,R, CO;R,
CO;H, COR, CONHR, CCN(R}., S(0O)2R, 8ONH,, S{(QO)R, SO,NHR,
NHS (Q) R, =0, =8, =NNHR, =NNR,, =N-OR, =NNHCOR,
=NNHCO,R, =NNHSO,R, or =NR;

each substitutable nitrogen in Ring A is substituted by

- hydrogen, R, COR, S(0Q),R, or CO,R;

provided that when X3 is a carbon, a substituent on X; is
attached by an atom other than nitrogen;

and further provided that at least one X in Ring A is a

nitrogen.

31. A compound of formula IIA or IIB:

@9 SEU

(8) -IIA (S)-1IB
wherein Y 1s hydrogen or an organic radical;
R? is a C;.¢ alkyl group;
each substitutable carbon on the pyrimidine ring of IIA
or the gquinazoline ring of IIB is independently
substituted by hydrogen, halo, R, OR, SR, OH, NO,, CN,
NH,, NHR, N{R}., NHCOR, NHCONHR, NHCON(R},, NRCOR, NHCO;R,
COzR, COzH, COR, CONHR, CON(R):, S(O);R, SONH;, S(QO}R,
SO,NHR, or NHS(Q).R; and

R is an optionally substituted C;.¢ alkyl group.

32. The compound of claim 31 wherein Y is

hydrogen or a C;.¢ alkyl group.




